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NNPEAMET MATEMATUKA u.4

Teopusi BeposiTHOCTEH — 3TO MaTeMaTH4yecKas JUCHUIUIMHA, HM3YydYaroInas
3aKOHOMEPHOCTH MaCCOBBIX CITyYaiHBIX SIBICHUH.

Teopust BeposATHOCTEH HE MOXXET NPEACKa3aTh pe3yiabTaT OTACIBHOTO OIBITA CO
CIly4JallHBIMH HMCXOJaMH, HO OHA JIOCTaTOYHO HAJEKHO IPEICKA3bIBAET PE3yJabTaT OOJBIIOro
YHCJIA TAKUX OIBITOB.

OCHOBHBIMH OOBEKTAMH H3YYCHHST B TCOPUU BEPOSTHOCTEH SBIISIOTCS CIydailHbIC
COOBITHS M CITyYaiHbIC BETMUUHBI.

Cnyuatinoe cobvimue — 310 KauecTBeHHOe NoHsATHE. CoOBITHE MO0 MPOUCXOINT, JINOO HE
npoucxonut. Cryyatinas éeauyuHa — NOHATHE KOJMYECTBEHHOE: B PE3YNIbTATe OIbITA CITydaiHast
BEJINYMHA IPUHUMAET OHO U3 MHOXKECTBA CBOMX BO3MOJKHBIX 3HAYCHHH.

He Bce cnyuvaiiHble sBIEeHUS (SKCIEPUMEHTHI) MOXKHO HM3Yy4aThb METOJAMH TEOPHH
BEPOSTHOCTEH, a JINIIb T€, KOTOPHIE MOTYT OBITh BOCHPOU3BE/CHBI B OJTHUX M TEX )K€ YCIOBHSIX.
CiydaifHOCTh W XaoC — HE OHO M TO jke. OKa3bIBaeTCs, YTO U B CIYYalHBIX SKCIECPUMEHTAX
HaONIOJAIOTCS  HEKOTOpbIE  3aKOHOMEPHOCTH, HANpPUMEp, CBOUCMBO  CIMAMUCUYECKOl
ycmouuueocmu: 0TI SKCIEPUMEHTOB, B KOTOPBIX paccMaTpUBaeMoe COOBITHE IPOHM3OILIO,
UMEeT TCHCHIMIO CTa0MIM3UPOBATHCS C POCTOM OOIIEro YMCIia SKCIIEPUMEHTOB, PUOIHKAACH
K HEKOTOPOMY YHCIy. OTO UHCIO CIYXHT OOBEKTUBHOH XapaKTEPUCTHKOH cmeneHu
B03MONCHOCHU COOBITUIO TIPOU3OUTH.

MareMaTH4eCKOM CTATHMCTMKOM HA3bpIBAaCTCSA pa3fesl IPUKIATHOM MATEMATHKH,
U3yJarmii MeTopl cOopa, 00pabOTKM M aHalM3a CTATUCTUYCCKUX JAaHHBIX Ui HAyYHBIX H
NpaKTHYSCKUX Lienell. MaremaTnyeckasl CTaTHCTHKA 3aHMUMAETCs W3YYCHHEM 3aKOHOMEPHOCTEH,
KOTOPBIM TIOTYMHSFOTCS. MACCOBBIC SIBJICHHS, HA OCHOBE PE3YJIbTATOB HAOIIOICHHIA.

IIpeomemom uccnedosanus 6 mMamemMamuyeckou cmamucmuke sBISETCs COBOKYITHOCTb
00BEKTOB, 0OHOPOOHbIX OTHOCUTEIBHO HEKOTOPBIX IMPHU3HAKOB, HANpuMep, Malbuuku 12 ser
r.Tomcka; 6erynsl — Mactepa criopra Poccun.

[TpuBeneM npuMepbl NPUMEHEHUS! TEOPUHU BEPOATHOCTEN U MAaTEMaTUYECKON CTaTUCTUKHU

IIpumep 1.1. U3 pasroBopa 3aBOACKMX MEHEKEpPOB: «MacTepcKas AaeT ABalaTh TPH
npoueHTa Opaka». OHa eAMHMIIA IPOIYKIIMU HE MOXeET ObITh AedexTHa Ha 23%. OHa MOXKET
ObITh MO0 TOAHOW, NUOO nedexTHOH. Buaumo, mmeercs B BUAY, 4TO B MAapTHHU OOJBIIOrO
o0beMa comepkutcst mpuMepHo 23% nepeKTHBIX eUHUI] TPOAYKITMU. Toraa BOZHUKAET BOMPOC,
a 4ro 3HauuT «apumepHo»? Ecmm m3 100 npoBepeHHbIX enuHuI] npoaykuuu 30 okaxyrtces
nedextapivMu, Wi u3 1000 — 300, wam w3 100000 — 30000 u T.1., TO Kak OLEHHUTH 3TO
«IIpUMEPHO»?

Ipumep 1.2. Konmpone xauecmea nto60t npodykyuu. YToObl pemnTh, COOTBETCTBYET
WINA HE COOTBETCTBYET KOHTPOJIMpYEMasl MapTUsl MPOAYKIIUN YCTAHOBJICHHBIM TPeOOBaHUSAM, U3
Hee oTOupaercst BeiOOpKa. [1o pe3ynmpTaTam KOHTpOJISI BRIOOPKH JIeJaeTCs 3aKIIOUEHHUE O BCeH
naptuu. B 3TOM ciydae oueHb BaKHO M30exaTh CyObeKTUBU3MA MTPU (OPMUPOBAHUH BBIOOPKH,
T.. HE0OXOAUMO, 4YTOObI Kak[aas eJUHHUIA MPOAYKIMH B KOHTPOJUPYEMOM MHapTUU HMena
OJIMHAKOBYIO BEPOSATHOCTh OBITH OTOOpPaHHOW B BBIOOPKY. B NpOHM3BOJICTBEHHBIX YCIOBHSX
0TOOp €IMHUII TTPOAYKIIMH B BHIOOPKY OOBIYHO OCYIIECTBJISIOT HE C IMOMOIIBIO KpeOus, a 1o
CHeUMaNTbHBIM TAOMUIIAM CIy4yallHBIX YHCET WM C MOMOIIBI0 KOMIBIOTEPHBIX JIaTYUKOB
CIIy4alHBIX YUCE.

[Toxoxue mpoOneMbl obecrieueHUs: OOBEKTMBHOCTH CpPaBHEHHS BO3HUKAIOT MpU
COTIOCTABJICHUH PA3IMYHBIX CXEM OpraHU3alliu MMPOU3BOJICTBA, OIUIATHI TPYAA, PU MPOBEIECHUN
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TEH/IEPOB M KOHKYPCOB, 110100pa KaHIUIAaTOB HA BaKaHTHbIE OJDKHOCTH U T.N. Bcrogy HyxkHa
XKepeObeBKa WU TI0I00HBIC €1 TTPOTICTYPHI.

Mpumep 1.3. Ilpu 11060m usmepernuu edurnuy npodykyuuy (C MOMOIIBIO ITAHTCHITUPKYJIS,
MUKpOMETpa, aMIepMerpa U T.[I.) HUMEIOTCS MOrpeurHocTd. YToObl BBIACHUTH, €CTh JIU
CHCTEMAaTHUYECKHE IMOTPEIIHOCTH, HEOOXOAWMO CJelaTh MHOTOKPAaTHBIE H3MEPEHHS €IMHUIIBI
MPOAYKIIMH, XapaKTEPUCTUKU KOTOPOH H3BECTHBI (HalpuMep, craHgaptHoro ooOpasua). [lpu
3TOM CJIEIyEeT IOMHUTh, YTO KPOME CUCTEMATUYECKON MOTPEIIHOCTH IPUCYTCTBYET U CllydaiHas
MOTPEIIHOCTbD.

[Toaromy BcTaer Bompoc, Kak IO pe3yibTaraM M3MEPEHUN Y3HaTh, €CThb JIU
CHUCTeMaTHYeCcKasi MOTpelmHOCTb. Eciau oTMedarh TOJIbKO, SIBIISIETCS JIM TMOJNy4eHHas Mpu
OUYEPETHOM H3MEPEHUU IOIPEIIHOCTh IMOJOXKHUTEIbHOM WIM OTPULATENBHOM, TO, COIOCTaBUB
u3MepeHre ¢ OpocaHueM MOHETHI (MOJIOKHUTENbHYIO MOTPEHIHOCTh — C BBINAJEHUEM Trepda,
OTPULATENIbHYIO — PELIETKHU (HyJeBasi MOIPEUIHOCTh MPU JOCTATOYHOM YHUCIIE JEIEHUN LIKajbl
NpPAKTUYECKH HHUKOTJa HE BCTpeYaercs)), CBEAEM 3ajadyy IPOBEPKU  OTCYTCTBUS
CUCTEMATUYECKOM MOTPEIIHOCTH K MPOBEPKE CUMMETPUYHOCTH MOHETHI.

IIpumep 1.4. [lpu craTUCTHUYECKOM PETYIUPOBAHUM TEXHOJIOTMYECKUX MPOLECCOB Ha

OCHOBE METOZOB MAaTEMaTHYECKOH CTaTUCTHKM pa3padaThIBAlOTCS NpaBWa W IUIAHEI
CTaTHCTUYECKOTO KOHTPOJIS IPOIECCOB, HAIPaBICHHBIE Ha CBOEBPEMEHHOE OOHapyXEeHHUE
pa3naski TEXHOJOTMYECKUX IPOLECCOB M MPUHATHS Mep K MX HaJIAJKe W IPETOTBPALICHUIO
BBIITyCKa MPOJAYKIHMH, HE COOTBETCTBYIOLIEH YCTAHOBJICHHBIM TpeOOBaHUAM. OTH MeEphl
HAIIeJICHBl Ha COKpAIIEHUE M3JEP’KEK MPOHM3BOJICTBA U MOTEPh OT MOCTABKH HEKAYECTBEHHBIX
enuHul] npoxyknuu. [lpM cTaTHCTHYECKOM TNPUEMOYHOM KOHTPOJE HAa OCHOBE METO/IOB
MaTeMaTHYECKOW CTAaTHCTUKU DPa3padaThIBAIOTCSA IUIAHBI KOHTPOJIA KadecTBa IyTEM aHalu3a
BBIOOPOK M3 mapTuil mpoaykuuu. CIOXKHOCTH 3aKIIOYACTCS B TOM, YTOOBI YMETh HPaBUIBHO
CTPOUTH BEPOSITHOCTHO-CTATUCTHYECKUE MOJEIU MPHHATHS pelleHuil. B  MaTemaTnyeckoit
CTaTUCTHKE JJIsi 3TOr0 pa3pabOTaHbl BEPOSITHOCTHBIE MOJAETM U METObl NMPOBEPKU T'MIIOTE3, B
YaCTHOCTH, THUIIOTE3 O TOM, 4TO J0Js AC(PEKTHBIX €IUHMIl MPOIYKIIMU paBHA OINpPE/EICHHOMY
4HCITy po, Hanpumep, po = 0.23 (cm. npumep 1.1).

CJIYUYAHUHBIE COBBITUA
HNCIIBITAHUA U COBBITUSA

Cnyuatinbim cobbimuem (WM TIPOCTO coObimuem) HA3bIBAETCS JIIOOON (aKT, KOTOPHIMA
MOYKET UMETh MECTO TPH HAJIMYWHU ONPECTICHHONH COBOKYITHOCTH YCIIOBHIA.

Kaxmoe ocymiectBienne TpeOyeMoil COBOKYITHOCTH YCIOBUI Ha3bIBACTCS UCHbIMAHUEM
WA ONbIMOM.

Co0bITHS, KOTOPBIE MOTYT MIPOU30UTH B pe3yNabTaTe UCIBITAHUS, HA3bIBAIOTCS UCX00aAMU
naHHoro ucnbiTaHus. CoOBITUS TPHHIATO O0O3HAYATh 3aryIaBHBIMH (TIPONMHUCHBIMH) OYKBaMH
Hayana jatuHckoro andasuta: A, B, C u T.1. CoBecHOe ONucaHue COOBITUS 4acToO JAeTcs B
Takou popme:

A = {Bpimanenue "opna" npu 6pOCaHUU MOHETHI }.

BUJIbI COBBITUI

B teopuu BeposiTHOCTEM paznmuyaroT BUIBI COOBITHIA.
Jocmoseproe cobvimue. Tak Ha3bIBAIOT COOBITHE, KOTOPOE 00SA3aTEIbHO MPOUCXOAUT B
pe3yJbTaTe HCIBITaHusI.
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Hesoszmooicnoe cobvimue — coObITHE, KOTOPOE HE MOXKET IPOM3ONTH B JTaHHOM
HCIIBITAaHHH.

Cosemecmuvie u Hecoemecmuvle COOBITHSA. J[Ba COOBITHS Ha3bBIBAIOTCS HECOBMECTHBIMH,
€CJIM OHM HE MOTYT MIPOU30UTH BMECTE B OJIHOM HCIBITAHUH, B IPOTUBHOM CJIy4ae UX HA3bIBAIOT
coBMecTHBIMHU. COObITUS A1, A2, ..., An, HA3BIBAIOT NONAPHO HECOBMECMHbIMU, €CIIA HUKAKUE
JIBa U3 HUX HE MOTYT ITPOU30UTH BMECTE B OJJHOM HCITBITAHHH.

Ilpomusononosichvim COOBITUIO A HA3bIBACTCA COOBITHE A, cocTosilee B HEMOSBICHAH
co0bITHA A. O4eBUAHO, UTO COOBITUSL A U A SIBISIFOTCS HECOBMECTHBIMH.

I'oBopsT, uT0 cOOBITUS A1, A2 ,...,An B HEKOTOPOM HCIIBITAHUN OOPA3YIOT MOJHYIO 2PYNNY,
€CJIM B Pe3y/IbTaTe UCIBITAaHUS 0053aTEIILHO JODKHO IIPOU30MTH XOTS OBl OJTHO M3 HUX.

YcaoBuMCs TONMHYHO TPYNIy HECOBMECTHBIX HCXOJIOB Ha3bIBaTh MPOCTPAHCTBOM
3JIEMEHTAPHBIX COOBITHIA.

Ipumep 2.1. [locroBepHbIM siBisieTcs coObITHE 4 = {M3BJIeUeHNE OEIO0T0 11apa U3 YPHBI,
TJIe BCe IIaphl Oembie}.

HeBo3mosxubIM siBrisieTcst coObiTHE B = {M3BIedeHue 6enoro mapa u3 ypHsbl, Te BCe
IIapbl YSPHBIE} .

[IpakTuuecku HeBo3MOxkHOE coObiTHe: Cl={HaliTh UTONKY B CTOTE CEHa};
C2=={BpITamuth OenbIii map u3 ypusl, rae 1000 mapos yepHbie, a 1 — Oenblil}

[IpakTuuecku nocroBepHOe coObITHE: D={BBITalINTH OB Iap U3 YpHBL, Tae 999
n1apoB Oesble, a 1 — YepHbli };

Ipumep 2.2. HcnobiTaHue COCTOMT B OpOCaHMM WrpajbHOW KocTU. PaccmarpuBaem
COOBITHSI:

A = {BbINaJIcHUE IBYX OYKOB};

B = {BbImazieHne Tpex O4KOB};

C = {BbInajieHue YeTHOTO YHCIIa OYKOB}.

Cobbituss A u B, a takke B u C sBustorcs HecoBMmecTHbIMU. CoObitus 4 u C —
coBmectHbIe. [TonapHo HecoBMecTHBIMU COOBITHS A, B, C He SBISIOTCS.

Hpumep 2.3. [IpousBoaurcs 6pocaHne UrpaiabHOI KOCTH.
A = {BBINIaZICHNE IIECTH OYKOB};
A = {BBIMazieHue MOGOTO YHCIa OUKOB, KPOME IIECTH }.
I'oBopsT, uro coObiTHs A1, A2 ,...,An B HEKOTOPOM HCIIBITAHUM OOPA3YIOT HOIHYIO epYNNY,
€CJIM B pe3yJbTaTe UCIIBITAaHUSI 0053aTEIBbHO JOKHO MPOU3ONTH XOTs OBl OJTHO U3 HUX.

Ipumep 2.4. IIpousBoautcs 6pocanrie MoHeThI. [lomHyt0 rpynny o0pa3yioT coobITus A
= {Bbimanenue "opaa"}, B = {BeinaneHue "pemku’}.

KIIACCUYECKOE OITPEAEJIEHUE BEPOATHOCTH

Hcxompl MCTIBITAHUS HA3BIBAIOT PABHOBOZMONCHBIMU, €CITA HET OOBCKTHBHBIX PUIHH
CYHTATh, YTO KAaKHEe—THOO U3 HUX MOTYT ITPOUCXOIUTH Yallle, YeM JpyTHe.

CoObiTHe B Ha3bIBACTCS O.1a20Npusmcmayrowum coovimuto A, €Ciy MOsSBIEHUE COOBITHS
B 03HauaeT OAHOBPEMEHHO MOSBICHUE COOBITHS A.
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Mpumep 2.5. CoObitne B={BbimajieHHe JIBYX OYKOB HAa WUIPAILHONH KOCTH}
0JIaronpHUATCTBYET COOBITHIO A ={BBINIaJICHNE YETHOTO YKCIIa OYKOB}.

Onpenenenue (Kjaaccuueckoe). BeposSTHOCTBIO cOObITHS A B JAaHHOM  OIIBITE
Ha3bIBACTCSl OTHOIICHWE YHCIIA 7 WCXOJOB ONbITa, OJIATONPUATCTBYIONIMX COOBITHIO A, K
o0IIeMy YHCITy 7 HWCXOJOB OIbITa, OOpA3YIOIIUX HOJHVIO CPYANY NONAPHO HECOBMECHIHbIX
PABHOBO3ZMOICHBIX COOBIMULL

Ipumep 2.6. Ombir — Opocanue wurpanbHoii Koctu. CoObiTHe —A={BbINagcHUE
YETHOTO uHKciia O4YkoB}. VcXonpl ombiTa — BBINAJEHHE TOTO WJIM HHOTO YHCIIa OYKOB.
O4eBUAHO, YTO MIECTh BO3MOXKHBIX HCXOJOB OIBITa 00pa3ylOT MOJHYIO TPYIIY IOMNapHO
HECOBMECTHBIX PABHOBO3MOXHBIX COOBITHI (N=6) BiraronpusTcTBYIOT COOBITHIO A TPU UCXOA:
BbINajieHue 2—X, 3—X 1 6—u oukoB (M=3). CienoBareinbHo, P(4)= m/n =3/6=1/2.

W3 xnaccuueckoro ompeneneHust BepostHoctd cienyer, uro 0<P(A)<1, mnpuuem
BEPOSITHOCTh HEBO3MOJCHO20 COObIMuUs PaBHA HYIIO (MPAKMUYECKU HEBO3MONCHO20 COObIMUsL
OnmM3Ka K HYJI0), @ BEPOSTHOCTh JOCTOBEPHOIO — EAMHUIE (npakmuyuecku 00CMO8epHO20
coObimusi 0JM3Ka K €AMHHMIIE).

OCHOBHBIE ®OPMYJIbI KOMBUHATOPUKH

Kom0unaropuka — 370 paszen MaTeMaTHKU, TIOCBSIIEHHBIN PElIeHUI0 3a7a4 BeIOOpa U
PacoIOKEHUS 3JIEMEHTOB KOHEYHOTO MHOKECTBA B COOTBETCTBUU C 33/IaHHBIMU IIPaBUJIAMHU.
B Teopuu BeposiTHOCTEH (HOPMYJIBI KOMOMHATOPUKU IIUPOKO HMCIOJIB3YIOTCS IJIsl MOJCYETa
YHCJIa UCXOJIOB OIbITA.

OcHOBHOI1 NPpUHIMI KOMOMHATOPUKH. [IycTh TpeOyeTcs BBIMOIHUTH OJHO 3a APYTUM
k meiicTBHii, MpHUYeM IMEpPBOE ACHCTBHE MOXHO BBIMIOJHUTH M1, CIIOCOOAMH, BTOPOE — M)
crocobamu u T.1., Torja Bce K IeiCTBHIT MOXKHO BBIMOJHHUTE CICIYIOIIMM YHUCIOM CITIOCOOOB:

n=mnyny .. Nk

Bce npuBoanmbie Hike Gopmysbl KOMOMHATOPUKH BBIBOJSATCS KaK CJIEIICTBHUS U3 TOTO
OCHOBHOT'O IIpaBUJIA.

Coueranus. [Tycts ) — MHOXECTBO U3 1 37IeMeHTOB. [Ipou3BosbHOE (Heynopsdouennoe)
M—3JIEMEHTHOE TOJMHOXECTBO MHOYKECTBA M3 7 DJIEMEHTOB HA3BIBACTCS COYemaHuem u3 n
onemenmog no m. CoueTaHusIMU U3 TPEX HIEMEHTOB MO JBa SBISIIOTCS CIEIYIOIINE
HEYIOPsIOUEHHbBIE TOIMHOKEeCTBA MHOXecTBa {a, b, c}: {a,b},{a,c},{b,c}.

YUucno coueTanuit U3 n SIEMEHTOB TI0 M

m__ n!
" mi(n-m)’

Onpenenenue 2.1. MHOXECTBO HA3bIBACTCS YNOPIOOUEHHBIM, €CIIA KAKIOMY DIIEMEHTY
ATOT'0 MHOKECTBA MOCTABJICHO B COOTBETCTBHE HEKOTOPOE YU CIO (HOMEp deMeHTa) oT 1 1o n
(n — 4UCIIO DJIEMEHTOB MHOKECTBA) TaK, YTO PA3JIMYHBIM AJIEMEHTAM COOTBETCTBYIOT pa3iMyHbIE
qucna.



IlepectanoBku. Paznuunble ymopsiioueHHbIE MHOMKECTBA, KOTOPBIE OTJIMYAIOTCS JIMIIb
MOPSIZIKOM DJIEMEHTOB (T. €. MOTYT OBITh TMOJYyYEeHBl M3 TOrO KE CaMOr0 MHOXECTBA),
HA3BIBAIOTCS Nepecmanoékamu dTOro MHOecTBa. Hampumep, nepecranoBkamu MHOXecTBa {a,
b, ¢} sBistores ynopsimouennsie MHOKeCTBA (a, b, ¢), (a, ¢, b), (b, @, ¢), (b, ¢, @), (¢, a, b), (¢, b,
Q).

Uucrno nepecTaHoBOK U3 71 3JIEMEHTOB

pP,=1.2-...- (n-1) n=n!

Pa3zmemenust. Ynopsoouennoe M—3JIEMEHTHOE IIOJMHOXKECTBO MHOXECTBA U3 N
AJIEMEHTOB HA3bIBACTCS Pa3MEIIEHUEM U3 1 dJIEMEHTOB o m. Hampumep, pazMemeHus MU U3
TPEX BJIEMEHTOB 110 JIBa SIBJISIOTCS CICAYIOIINE YIIOPSIOUYCHHBIC TIOMHOXKECTBA MHOXKeCTBa (d,
b, ¢): (a, b), (b, a), (a, <), (¢, a), (b, ¢), (c, b).

Yucno pa3MenieHui U3 # 3JIEMEHTOB I10

AT n!
(n—m)r

Ipumep 2.7. Habupas HOMep TenedoHa, aOOHEHT 3a0bUT MOCIICIHHUE JIBE HMUPPHI H,
MOMHS, 94TO 3TH U(PHI pa3nTudHbl, HaOpan ux Hayaady. HaiiTm BeposSTHOCTH TOTO, YTO HAOpaH
IIPaBUJIbHBIA HOMED.

Pewenue. Bocronbp3yeMcsi KIIaCCHUECKUM OIpeIeTeHueM BeposTHocTH. OOIee dncio
MCXOJIOB UCHbITaHUA (BBIOOp B OMpENENEHHOM MOpsAIKE OBYX HU(P U3 JECATH) PaBHO YHUCITY
BapHAHTOB U3BJICUCHUS IBYX JIEMEHTOB U3 JIECATH C YUETOM MOPSAKA CIEAOBAHUS UX, T.€. YUCITY
pa3MeIIeHni U3 IeCATH SJIEMEHTOB 110 JIBa:

 _101_1:2:3-4:5:6:7:8:9:10 4 1 oo
8 1.2.3.4.5.6-7-8

bnar OHpI/I}ITHHﬁ UCXod HUCHBITAHHUA TOJIBKO OIHWH, m=1. CJ'Ie,Z[OBaTeJ'IBHO, HCKOMast

BEpOSATHOCTH paBHa P=1|90.
IIpumep 2.8. B naptum u3 aecaru aeraneil 7 crangapTHeIx. HaliTu BeposSTHOCTB TOTO,
4TO cpeau 6 B3ATBIX Haynady U3JeNni 4 CTaHIapTHBIX.

Pewenue. OOuiee 4ucno MCXOAOB HCMBITAHWS PABHO YWCIY BapUaHTOB H3BIICUEHMS
HIECTH JeTaliel u3 Jecatd 0e3 ydera MOps/IKa M3BICYEHUs, T.€. PaBHO YHCIY COUYETaHUU U3
JIECATH JIEMEHTOB I10 IIECTh!

e _100_7-8:9.10
076141 1.2.3.4

Yucno O1aronpusTHBIX MCXOJIOB COTVIACHO OCHOBHOMY NMpPaBUIIy KOMOMHATOPUKU PABHO

=7-3-10=210.

IMPOU3BCACHUIO YHCJIa BAPUAHTOB U3BJICUHCHUA YCTBIPCX J:[eTa.neﬁ N3 CEMU CTAaHAAPTHBIX HA YHCIIO
BApHUAHTOB U3BJICUCHHUA IBYX neTaﬂeﬁ U3 TPEX HECTAaHAAPTHBIX:

71 3 5.6.7
41 . 31 21 . 1 2
Hckomast BeposiTHOCTh paBHa p= 105/210= 1/2.

m=Cs.CZ= =105.

2.5. MMPOU3BEJAEHUE U CYMMA COBBITUI

IIpouzsedenuem 08yx cobvimuii A s B Ha3pIBaeTcs coObITHE AB, cocTosiiee B TOM, 4TO
MPOMCXONT KaXK/0€ M3 ITHX COOBITHI.
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IIpoussedenuem HecKoabKux cobObimuil HA3bIBACTCS COOBITHE, COCTOAIIECE B TOSBICHUU
BCEX ITHX COOBITHH.

Cymmotui 08yx cobwimuii A u B Ha3wpiBaeTcsi coObiTe A+B, cocTosiee B TOM, YTO
MPOUCXOUT XOTS OBbI OJTHO U3 3TUX COOBITHH.

Cymmou HecKoabKux coowbimutl Ha3bIBaeTCSl COOBITHE, COCTOSINEE B TIOSBICHUH XOTS OBl
OJTHOTO U3 ITUX COOBITHH.

Ipumep 2.9. U3 ypHBI, copepkaiieii He MEHee JBYX OCNbIX W JIBYX UYEPHBIX IIapOB,
II0CJIEI0BATENBHO U3BJIEKAIOTCS JIBa IIapa.

A = {6enpIii map Mpu MEPBOM U3BJICUCHUH | ;

B = {0enblii map npu BTOPOM U3BJICUCHUU } ;

AB = {6enpble mapbl Py MEPBOM M BTOPOM H3BIICUCHUSIX } ;

A+B = {nepBsIii map — Oeblid, BTOPOH — YEpHBIN, UJIU TIEPBBIN LIap — YEPHBIH, BTOPOH —
OeIbIi, WM TTEPBBIA U BTOPOH IIapbl — Oeble}.

YCJIOBHAA BEPOATHOCTb. BEPOSITHOCTD ITPOU3BEJEHUSI
COBBITUH

Onpenenenne 2.2. BepostHocTh cOObITHS A, BBIUMCICHHAas MpPU YCIOBHH, YTO
IPOU30ILIO0 COOBITHE B, HAa3bIBACTCA VCIOBHOU BEPOAMHOCMbIO cobbimusi A npu Haruyuu
cobvimusi B u o6o3navaetcs P(A|B).

Ipumep 2.10. OnpiT: nogdpaceiBanne 1ByX MOHET. COOBITHS:

A = {BbInajieHue «opia» Ha 00eux MOHETax };

B = {BpInajzieHne «opia» Ha OJTHON U3 MOHET}.

Haiitu BepositHocTh P(A4). OOIee 4nciio BO3MOXHBIX MCXOAOB ombita N=4 (0o, op, pp,
PO), OIarONPHUATCTBYOMIHIA HCXO OMH (00), cienoBarensHo, P(4)=1/4.

Haiitu Tenepp ycnoBHyto BepostHOcTh P(A|B). T1ockonbKy HM3BECTHO, YTO MPOHM3OIILIO
coObITHE B, 4UCIIO BO3MOXHBIX MCXOJOB HcIbITaHus n—1 (00, op, po), OJaronpusATCTBYIOMINN
UCXOJ1 TIO-TIPEXKHEMY OJIH, ciefoBarensHo, P(4|B)=1/3.

Teopema. BeposTHOCTh NpOM3BENECHUS JIBYX COOBITHM A M B, paBHa NpPOU3BEICHUIO
BEPOSITHOCTH OJIHOTO M3 3TUX COOBITMI Ha YCIOBHYIO BEPOSTHOCTh JIPyroro Mpu HaJIUYUU
IIEPBOTO:

P(AB) = P(4)P(B|4) unu P(AB) = P(B)P(A|B). (2.1)

Ota Teopema o0o0IIaeTcs Ha TI000e KOHEUHOE YMCII0 COOBITUH CIIEAYIONIUM 00pazoM:

P(AA,..A))=P(A)-P(A, |A)-P(ATAA)-...
=-P(A [AA..A).

Onpenenenue 2.3. JIBa cOOBITHS HA3BIBAIOTCS HE3ABUCHMBIMU, €CITH MOSIBIICHHUE JIFOOOTO
U3 HUX HE U3MEHSIET BEPOSTHOCTH JIPYTOro, T.€. COObITUS A U B He3aBucHMBI, eciiu P(A4|B)=P(A).

W3 dopmyn (2.1) crenyer, uTo ecnu BbINONHSETCS paBeHCTBO P(A|B)=P(A),.To
BBITIOJIHSICTCS ¥ paBeHCTBO P(B\A)=P(B).

(2.2)

Onpenenenue 2.4. Heckonbko coObiTHil, A1, Ay, ..., A,, Ha3bIBAIOTCS HE3aBUCUMBIMH B
COBOKYITHOCTH (WJIM TIPOCTO HE3aBHCHMBIMH), €CIIU TOSBJICHHUE TIOOBIX W3 HUX HE HU3MEHSET
BEPOATHOCTEH OCTANBHBIX. J{J1s1 HE3aBUCUMBIX COObITHI opmyna (2.2) mpuHUMAET BUI;

P(AJ_AZ An) = P(Al) 'P(Az'. . 'P(An).
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Ipumep 2.11. U3 ypHbI, coaepsxameid 3 6ebIX U 7 4epHBIX IIApOB, HAYAauy U3BJICKAIOT
nBa mapa. Haiitu BeposTHOCTB TOTO, 4TO 00a m1apa Gesble.

Pewenue. Cunraem, 4To mapsl u3BjiekaTcs mooyepento. Ilycts

A = {nepBblii mwap — Oenbiii}, B = {Bropoii map — 6enblii}, Torna AB — {o6a mapa —
Oeinpie}.

ITo teopeme ymuoxenus BepositHocteit P(AB)=P(A)P(B|A). CoriacHO KJIacCHYECKOMY
omnpenenenuto Bepositnoctu P(4)=3/10, P(B|4)=2/9. Cnenosareinbho, P(AB)= (3/10)-(2/9).

Ipumep 2.12. [IBa cTpenka CTPENSIIOT 110 OAHOM MHILIEHH. BeposTHOCTH mopaxeHus
MULIEHU NEPBBIM cTpeskoM paBHa 0.6, BTopsiM — 0.8. HaliTi BEposSTHOCTH TOrO, YTO B MUIIEHU
OyzIeT JBe MPOOOUHEI.

Pewenue. BeeneM B paccMoTpeHHe COOBITHS, BEPOSITHOCTH KOTOPHIX N3BECTHBI:

A = {mopaxeHrue MUIIICHH ITIEPBBIM CTPEIIKOM },

B — {nopaxeHue MUIIIEHH BTOPBIM CTPEIIKOM | .

Wutepecyromee Hac coObITHE BBIpa3uM 4depe3 3TU coObITHS. [l TOro, 4ToObl MMEINO
MecTo coObiTe C={aBe MPOOOMHBI B MUIIICHH }, HAJI0, YTOOBI MPOU3OIILTA BMECTE COOBITUS A U B,
T.6. C=4B.

EcTtecTBeHHO cuuTaTh COOBITUSA A W B HE3aBHCHUMBIMH, IO3TOMY

P(C)=P(4)- P(B)=0.6-0.8.
BEPOSITHOCTbh CYMMBbI COBBITUI

Teopema 2.1. BeposITHOCTh CyMMBI IByX HECOBMECTHBIX COOBITHI paBHA CyMMe
BEPOSATHOCTEH 3TUX COOBITHI:

Teopema 2.2. Jlns mo0oro coObITUST A BEPOSTHOCTh MPOTHUBOIOJIOKHOTO COOBITHS A
BBIPa)KaETCsl PABEHCTBOM

P( A)=1-P(4)

Teopema 2.3. BepoATHOCTb CyMMbI JBYX COBMECTHBIX COOBITHMI paBHa CyMMe

BEPOSTHOCTEH ITUX COOBITUN MHUHYC BEPOSTHOCTh MX COBMECTHOT'O MOSBICHHUS:
P(A + B) = P(A)+ P(B) — P(4B).

Teopema crnoxenuss o0oOmaercss Ha 1000€ KOHEYHOE YMCIO COOBITUH CIEAYIOIIUM

o0pazom:

P(A+A +..+A)=P(A)+P(A)+..+P(A) -
—P(AA)-P(AA)—..—P(AA)+P(AAA) +...+ (2.3)
+P(ALALA) — .+ (D" P(AA,..A).

Ecmu coOwitust A1, Ay, ..., A, nonapno necoemecmuvie, To Gopmyina (2.3) MpUHUMAET BU/T;

P(A+A +..+A)=P(A)+P(A)+..+P(A).

3ameuanue. Ilpu pemeHun 3agady ¢ ucnoib3oBaHueM (opmyibl (2.3) MPUXOIUTCS
MPOU3BOAUTL  TPOMO3JKHE  BBIYMCIIEHHUS, [OATOMY  4YacTO  BBITOJIHEE  MEPEUTH K
MPOTUBOTIONIOKHBIM  COOBITHSIM, T.€. BMECTO BEPOSTHOCTH CYMMBI COObITHH Ait+Ax+...+A,

HaXOJUTh BEPOSITHOCTH MPOU3BECHUS IIPOTHUBOIMOJIOKHOTO COOBITHS AiAz . Ah . OueBUAHO, 4TO

O9THU ABa COOBITHS IMPOTHUBOIIOJIOXHEI, TIO3TOMY

P(A+A +..+A)=1-P(A.A..A) (2.4)



IIpumep 2.13. B ycnoBusix npumepa 2 NOPEObIAYNIEr0 MyHKTAa HAWTH BEPOATHOCTH
TIOSIBJICHUS XOm s Obl 0OHOU TIPOOOUHEI.

Pewenue. ]Jlannoe coObiTHE ecTb cymMma cOObITUH A WU B, mpuyem 53T COOBITHS
COBMECTHBIE, [TO3TOMY BEPOSTHOCTh MHTEPECYIOIIEro Hac coObiTusi paBHa P(A + B) = P(A4) +
P(B) — P(AB). Panee 6but0 HaiineHo, uto P(AB)=0.48, cnenosarensho, P(A + B) = 0.6 + 0.8 —
0.48 =0.92.

IIpumep 2.14. YCTpOHCTBO COIEPKUT YETHIPE HE3ABUCUMO PAaOOTAIOUIUX AJIEMEHTAa U
COXpaHseT paboTOCIOCOOHOCTh, €CIM paboTaeT XOTS Obl OJMH W3 3JIEMEHTOB. BepostHoCTH
0€30TKa3HOU pabOTHI AIIEMEHTOB B TEUCHHE OIPECICHHOTO CPOKAa COOTBETCTBEHHO paBHBI 0.9,
0.8, 0.7 u 0.6. HaiitTu BeposiTHOCTh 0€30TKa3HOM pabOTHI yCTpOIicTBa.

Pewenue. ITycts coObiTust A1 Az, A3 M A4 03HAYAIOT OE30TKa3HYIO pabOTy COOTBETCTBEHHO
HIEpBOrO, BTOPOTO, TPEThero M 4eTBepToro auieMeHToB. CoObitne A={0e30Tka3zHas paboTa
yCTpoiicTBa} eCTh cymma CoObITHH: A=A;+A,+A3+As. Cobbrtust A7 Ay, Az w1 A4 COBMECTHBIE,
I03TOMY BEpOSTHOCTh P(A4) Haa0 BBIYKCIATH 1Mo (hopmyste (2.3). UToObl yIPOCTHTH BBIYKCIICHUS,
BOCHOJb3yeMcs popmyroit (2.4):

P(A)=P(A+A+..+A)=1-P(A.A..A).

Tak xak coObITHs A1 A, A3 M A4 HE3aBUCUMBIE, TO TPOTUBOIIOJIOKHBIC COOBITHS

Ai’ AZ’ AB’ A4 TaxKoKC HC3aBHCHUMBI, 1'I03TOMy
P(A.A.AA)=P(A|P(A)P(A)P(A)=
=(1-P(A))(1-P(A))(1-P(A))(1-P(A))=

=(1-09)(1-0.8)(1-0.7)(1 - 0.6) =0.0024; n
P(4) =1-0.0024 = 0.9976.
Ipumep 2.15. IlponsBoautcs Tpu HE3aBUCHUMBIX BBICTpENia 10 MUILIEHU. BeposTHOCTH

NOMAaJaHusl B MULIEHb NIPU MEPBOM, BTOPOM U TPEThEM BBICTpENIaX COOTBETCTBEHHO paBHbI (.2,
0.5, 0.4. HaiiTi BEpoATHOCTB TOTO, YTO OyJIeT po6HO 1BA NONAJAHUS B MUILECHb.

Pewenue. Coobitiie A={posHo Osa monafaHus B MHUIICHb} BBIPAXKACTCS Yepe3 COOBITHS
A;={nomananrie mTpu TEpBOM BhICTpene}, A,={momagaHue TpPU BTOPOM BBICTpEIE),
As={nonagaHue Mpu TPETHEM BBICTPEJIC} CICIYIOIIUM 00pa3oM:

A=A-A-A+A-A-A+A-A-A.
Ortcro/1a, y9UThIBasi HECOBMECTHOCTh CYMMHUPYEMBIX TTPOU3BEICHUN COOBITHI U HE3aBUCUMOCTD
coObITHil A1, Ay, A3, HAXOIUM

P(A)=P(A)-P(A,)-P(A)+P(A)-P(A)-P(A)+

+P(A)-P(A)-P(A)=
=0.2-0.5-0.6+0.2-05-04+0.8-0.5-0.4=0.26

IIpumep 2.16. B 1ByX ypHax HaXOAATCs LIapbl, OTIUYAIOIIMECS TOIBKO I[BETOM: B
nepBoii ypHe 5 GesnbIx 1mapos, 11 yepHbIX U 8 KpacHbIX, BO BTOpoil 10 Gemnbix, 8 YepHbIX U 6
KpacHbIX. 13 00enx ypH Hayaauy U3BJIEKAIOT IO 0JHOMY I1apy. HaliTu BeposaTHOCTb TOTO, YTO
00a mapa oJHOTO I[BETA.
Pewenue. BBenem B pacCMOTpEHHE CIEAYIONNE COOBITHUSA:
Bi={u3Bneuenue Oenoro mapa u3 NepBoil ypHbI},
Bo={u3Bneuenue 6ea0ro0 1Mapa U3 BTOPOH ypHBI},
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(C1={u3BIIeUCHNE YEPHOTO I1apa U3 MEePBOU YPHBHI},

Cy={u3BieueHne 4YepHOTo 1apa U3 BTOPOH ypHBHI},

D;={u3Bnedyenne kpacHOTO 1apa 13 NepBON ypHBHI},

D,={u3BnedueHune KpacHOTO I1apa u3 BTOPOH ypHBI}.
Beipasum coObiTHe A= {M3BICUCHNE MIAPOB OJTHOTO LIBETA} Yepe3 STH COOBITHS:

A= By B+ Cy Co+ Dy Dy
CrenmoBarebHoO,
P(4) = P(B1)P(B2) + P(C1)P(C2) + P(D1)P(Dy).

Bepostaoctu cobbrtrii B, C, D Haiinem u3 kiaaccuueckoro onpeaeneaus: P(B1)=5/24,
P(B;)=10/24, P(C1)=11/24, P(C,)=8/24, P(D1)=8/24, P(D,)=6/24.
Taxum 00pazom, moaydaem

p(ay= > 10,11 8 8 6 186 .,
2424 24 24 24 24 576

®OPMYJIA IIOJTHOM BEPOSITHOCTH

[Tycth A — HEKOTOpOE COOBITHE, KOTOPOE MOKET MOSIBUTHCS COBMECTHO C OJTHUM M3 psilia
MOTMapHO HECOBMECTHBIX cOOBITUN H1, Hy,...,H, 00pa3ylouux noauyo spynny (P ( ) * 0)

Bynem HaszwiBaTh coObITHA H cunomesamu.

Teopema 2.4. BeposTHOCTb COOBITHSI A, KOTOPOE MOXKET IIPOU3OUTH BMECTE C OJHOU M3
runore3 Hi, Ho,....,H,, paBHa CyMMe MapHBIX NPOM3BEICHHI BEPOSITHOCTEH 3THUX TUIOTE3 Ha
COOTBETCTBYIOIINE UM YCIOBHBIE BEPOSITHOCTH COOBITHS A

ZP P(A/H,)

Ota ¢popMyia Ha3bIBaeTCs qbopMyﬂou NOJHOU 8EPOAMHOCIU.

Ipumep 2.17. IlepBrrit cranok npou3BoauT 25%, Bropoit — 35%, tpernii — 40% Bcex
u3aenuii. bpak B uX mpoyKIIMU COCTABIISIET COOTBETCTBEHHO 5%, 4% u 2%. Haiitu
BEPOSITHOCTH TOTO, UTO B3SITOE HAYTa/I U3JIENINE OKAXKETCs OpaKOBAHHBIM.

Pewenue. BBeneM runoressl:

Hi={B3sTOC M3€/INEe U3TOTOBJIEHO Ha MIEPBOM CTaHKE},

Hj={B3s1T0€ N3/1€/INe U3TOTOBIEHO Ha BTOPOM CTaHKeE },

Hs={B3siTO€ N3/I€NIE N3TOTOBJICHO HAa TPETHEM CTAHKE}.

CoObitust H1, Ho 1 H3 HecoBMeCTHBIE, 00pa3yroT MOJIHYIO TPy, U coObITHE A4
={B3sTOC U3/eNINe — OpaK} MPOUCXOAUT BMECTE C OJHUM U3 HUX, CIEJOBATEIbHO, OHU
JIEUCTBUTEIHFHO MOTYT OBITh B3SITHI B Ka4eCTBE THNOTE3 i coObITUS A. CornacHo popmyre
ITOJTHOM BEPOSTHOCTH

P(A)=P(H;)P(A/H,)+P(H,)P(A/H,)+P(H;)P(A/H,).
ITo ycnoBuro 3anauun
P(H1)=0.25, P(H,)=0.35, P(H5)=0.40, P(A/H,)=0.05,

P(A/H,)=0.04, P(A/H;)=0.02,

cnepoBarenabHo, P(4) =0.25+0.05+0.35 ¢ 0.04 + 0.40 « 0.02 = 0.0345.



3ameuanue. BeposTHOCTH P(Hi) XapaKTepU3yIOT BO3MOXKHOCTb OCYIIIECTBIICHUS

HEeKoTOpbIX yerosuit H;, a P( A/H, ) BO3MOYKHOCTb MOSIBJIEHUSI A IPU 3THX YCIOBHUSIX.

2.9. ®OPMYJIA BAMECA

[TycTb cobbiTHE A MOXET MPOU30UTH COBMECTHO C OJIHOW W3 rumnote3 Hi, Ho,..., H, .

Ecmu A0 INPOBCACHHSA OIIbITA OBLIIM M3BECTHBI BCPOATHOCTHU T'MIIOTE3 P(HI)’ a B pC3yJIbTATC

OTIBITA MPOU3OILIO COOBITHE A, TO YCIOBHBIE BEPOSITHOCTU TUIIOTE3 P( A/ H, ) BBIYUCIISIOTCS 10
dopmyne Baiteca:

P(A/H;)P(Hi) _ P(A/H;)P(H;)
P(A) _%P(A/HJ)P(HJ)

IIpumep 2.18. Ilepsoiii ctanok npousBoauT 20%, a Bropoir 80% Bcex aeraneid. bpak B

P(H;/A)=

UX IPOU3BOJCTBE COCTABJIIET COOTBETCTBEHHO 4% u 2%. B3sras Hayraa nerans okasaiach
OpaxoBaHHOM. HailTi BEpOATHOCTB TOTO, UTO 3T JIETalb U3TOTOBJICHA HA IEPBOM CTaHKE.

Pewenue. BBenem nBe rumore3sl uisi cCOObITHST A={B3sTas JeTajlb OKa3aJlach
OpaKOBaHHOM }

Hi={B3s1Tas neranab U3roTOBJICHA HA IEPBOM CTAHKE},

H,={B3dTas neranap U3rOTOBJICHA HA BTOPOM CTAaHKE}.

U3 ycnoBus 3anaun uzsectno: P(Hq)= 0.2, P(H;)=0.8, P(A/Hl) =0.04,
P ( A/H, ) =0.02.. ITo popmyne Baiteca naxoaum

P(A/H;)P(H,) P(A/H1)P(H,)
P(Hy/A)= P(A)  P(Hy)P(A/Hy)+P(H,)P(AH,)
0.2-0.04 1 0333

0.2-0.04+0.8-0.02 3

3ameuanue. @®opmyna  baileca  yka3piBaeT NyThb  MCIOJb30BAHMUS  HOBBIX

HKCINEPUMEHTAIBHBIX JaHHBIX [ KOPPEKUHMH anpuophbix (JOOMBITHBIX) BEPOSITHOCTHBIX
npescTaBICHUH 00 uccieayeMoM o0beKTe.

2.10. MOCJIEJOBATEJBbHOCTHU UCIIBITAHUI. ®OPMYJIA BEPHYJLIIA

[Iycte mpou3BOAMTCS psJ MCHOBITAHUNA, B KaXJIOM H3 KOTOPBIX C OINpPEIEIICHHOU
BEPOSITHOCTBIO p MOXET MPOU30UTH coObITHEe A. Ecnu BeposSTHOCTH COOBITHS A B KaKIOM
WCIIBITAHUH HE 3aBUCHUT OT MCXOAOB NPEABIAYIIMX UCIBITAHUM, TO TAKUE UCIIBITAHUS HA3bIBAIOT
He3a8UCUMbIMU OMHOCUmMenbHo codvimus A. Eciu npu 3ToM BEpOATHOCTh COOBITHS A B Ka)KIOM
WCIIBITAHUM OJIHA U Ta K€, TO IMOCIEAOBATEIBHOCTh WCIIBITAHUN HA3BIBAIOT cxemou bepuyniu.
BeposiTHOCTH TOTO, UTO B 77 UCHBITAHMSIX MO cXxeme bepHymiu coObiTre A MPOU30UIET m pa3 B
T000H TOCIe10BaTeTIbHOCTH, BBIYUCIISIETCS 110 popmyne Beprynnu:

P(m)=C'p"q"", m=01...,n,



I
m n!
rie Ci'=———, (q=1-p.
m !( n— m)!
3HaueHue M = My NOSIBJICHUN COOBITHS A B 7 UCHBITAHUSIX, IPU KOTOPOM BEPOSITHOCTD
Pn (m) HpI/IHI/IMaeT HaI/I60JILH_Iee 3HAa4YCHUC, HA3bIBACTCA HaueepOﬂmHeﬁmuM YUCTIOM ycnexoe nu

ONpENENAETCS U3 HEPABEHCTB:

np —qg<my<np +p.
Pa3HocTh rpaHUYHBIX 3HAYEHHUN B 3TOM JBOMHOM HepaBeHCTBE paBHa 1. Eciu np + p He
SABJISCTCS LENBbIM YACIOM, TO HAUBEPOSATHEMNIIEE YUCIO OJHO U paBHO Mg . Ecnm np + p — nenoe
YHUCIJI0, TO UMEETCS IBa HAUBEPOSTHENILNX YHUCIIa Mp: NP —q u Np + p.

IMpumep 2.19. BeposTHOCTH NOMNagaHus B 1edb IIPU OJAHOM BhICTpeisie paBHa 0.6. Haittu
BEPOSITHOCTb JIBYX MOIAIaHUN MIPU TPEX BBICTPENIAX.

Pewenue. meem €10 ¢ TpeMsi HE3aBUCUMBIMU UCIIBITAHUSMHU, B KaXKJIOM U3 KOTOPBIX C
BEPOATHOCTHIO P=0.6 MOXeT mpou3oiTH cobbiTie A={rnonaxanue B 1eib}. BeposTHOCTh IBYX
nomaganuii (B JIFOOOW TMOCIIEAOBATEIHHOCTH) MPHU TPEX BBICTPENAX HAXOJuM 1o (GopMmylie
bepnymmu:

|
R(2)=Cp’ 1—%-0.62-0.4:0.432.

Hpumep 2.20. VcnbiTeiBaeTcs 15 onHaKkoBbIX n3enuil. BeposTHOCTB TOTO, 4TO U3/€ETHE
BbIIEP)KUT ucnblTanue, paBHa 0.9. Haiitu HauBeposiTHelIlee 4MCIO M3IENUMN, BbLAECPKABIIMX
UCIIBITAHUE.

Pewenue. Tlo ycnosuo umeem: N=15 p=0.9, q=0.1. MoacraBum 5Tn nannwie B
HEpaBeHCTBA Ul Mo:

15-0.9-0.1 <mg<15-0.9+ 0.9 =>13.4<mg < 14.4.

Orcrona ciemyert, uro Mp=14.

2.11. MNPEJEJBbHBIE TEOPEMbBI B CXEME BEPHYJIJIN

Ec/u 4MCII0 MCIIBITAHMI 71 BENMKO, TO BBIYMCIEHHS 110 popMmyle BepHylIn cTaHoBATCA
3aTpyAHUTENBHBIMU. B TO %e BpeMs GoJblIMe 3HAYEHHUS 71 TI03BOJIAIOT 3aMEHATH 3Ty (GOpMyITy
NPUOIIMKEHHBIMH ACHMITOTHIECKAMH (hopMysIaMu. PaccMoTpuM Tpu Takue (GopMyIbL.

Teopema 2.5. (popmyna Ilyaccona) Ecnm N —> o0, P —> 0 Tak, ato NP —> A, 10

/1m
P(mz=P =" (2.5)
m!
®opmyna (2.5) maer xopomme pe3yabTaThl, ecinu NPg<9. Ecmm ke nNpg>9, to mis

BBIYMCIIEHHS BEPOSATHOCTU Pn (m) MOXKHO BOCIIOJIb30BaThLCA JIOKAILHOM Teopemoin Jlaraca.

Teopema 2.6. (roxamvnas meopema Myaspa—/lannaca). BeposTHOCTh TOSBICHUS
COOBITHSA M pa3 B 7 HE3aBUCHMBIX HCIBITAHUSAX TMPU OONBIIUX 3HAUEHUSX 71 MPUOTIKEHHO
ompezaensieTcs no Gopmyse

P (m) = o) 2.6)
npq



1 _en m-—np

e p(X)=——=e""'%, Xx= .
2z Jnpg

Teopema 2.7. (ummezcpanvruas meopema Myaspa—J/lannaca). BeposSsTHOCTH TOTO, YTO

YHCIIO MOSIBJIEHUI COOBITHS B # HE3aBUCHUMBIX MCIIBITAHUSIX HaxoIuTcCd B IIpcaciax m]_S m< my; 1
npu OOJIBIINX 3HAYCHUSX /1 PUOIMKEHHO OIpeensieTcs o Gpopmyiie

Pn (m1’ mz) = (D(Xz) - q)(xl)v (2.7)
rac
1 F e m, —np m, —np
—— et x =—t—, X, =—2—.
V2 ! Jnpg Tt Jnpg

Oynkuus D(x) Haswbiaercs gyuxyueti Jlanraca. Ona pynxumii @(X), P(X) umerorcs

d(x) =

Tabnuipl ee 3HaueHu. OyHKIusA (p(X) SIBJISIETCS YeTHOM, a (pyHkuus D(x) — HEYETHOM, T.e.

P(=X) = p(X) ; O~ x)= — DX);
13 HHTCFpaHBHOﬁ TCOPEMBI Jlarmaca MOXHO BBIBECTH (bOpMYJ'Iy IJIs1 BEPOATHOCTH
OTKJIOHEHHS OTHOCHUTEIBLHOM 4YacTOThl m/n COOBITHS B cepruun WUCIIBITAHUM OT IIOCTOSHHOM

evn
o)

Ipumep 2.21. 3aBox otmpaBun Ha 6a3y 500 uzngenuit. BeposSTHOCTH MOBPEKACHUS

BCPOATHOCTHU p 3TOI'O COOBITHA B OAHOM HCIIBITAHHUH:

o[

—-p (28)

n

Sg}=2CD

u3zenust B mytu paBHa 0.002. HaiiTu BeposSTHOCTb TOTO, YTO B MYyTH OYAYT MOBPEXIECHBI TPU
U3JIENNS.

Pewenue. M0OXHO cUUTaTh, YTO UMEEM JEJIO CO CXEMOU bepHyiuin, B KOTOPO! UCIIBITAHUS
npoBoaarcs 500 pa3. Tak kak yucno #=500 goctaToyHo BeiMko, a BepoaTtHocTh P=0.002 mana
(mpuuem nNpg=500.-0.002-0.998~2<9), To Bocmonb3zyeMcsi NpuOIKEeHHON (popmymnoii (2.5), rae
A=np =500-0.002=1:

3

P (3) ;%-e‘l =0.0613.

IIpumep 2.22. Haiitu BeposTHOCTH TOro, 4to coObiTHe npoucxoautr 80 paz B 400—x
UCTIBITAHUSIX, €CITH BEPOSITHOCTH ATOTO COOBITHS B KaXIOM HCIIBITaHUA paBHA (.2.

Pewenue. 3nece n=400 10CTaTOYHO BEIMKO, HO BEIMYMHA NPJ TaKXke BEIUKA
(npg=400-0.2-0.8=64>9), moatomy Bocmosb3yemcs hopmyioit (2.6). Beruucisem

w-m-np_ 80-400-0.2
Jnpg  +/400-0.2-0.8

[To Tabnune pyHKIUN (D(X) HaxoauM (P (0)=0.3989. OxoHYaTENbHO HONTyYaEM:
(80) = p(0)  _0.3989

\J400-0.2-08 8

P

400

=0.0499.
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IIpumep 2.23. Haiitu BepoATHOCTH TOTO, 4TO B 400—X HCTBITAHUSAX COOBITHE TTPOU30MUIET
He Oonee 70—Tu pas, ecIM BEPOSATHOCTD MOSBICHUS 3TOTO COOBITHS B Ka)KJIOM HCIIBITAHUN PaBHA

0.2.
Pewenue. BocnonbzyeMcsi HHTErpaibHOM TeopeMon Jlarmaca e BBIYMCIICHUS

BEPOSITHOCTH P400(0; 70):

= 0-400-02 _ . _ 70-400.02 _
J400-0.2-0.8 "% J400-0.2-0.8
Puo (0; 70) = ®(-1.25) - ®(-10) = D(10) - D(1.25) =

=0.500-0.394 =0.106.

Ipumep 2.24. OnpeaenuM, CKOJILKO HaJ0 TPOBECTH UCTIBITAHUHN, YTOOBI C BEPOSTHOCTHIO
0.95 orHOcWTeNbHAs YacTOTa BBHINAJCHHUS «OpJa» OTIMYajgach oT BeposTrHocTH p=0.5 3TOTrO
coObITUs He Oonee ueM Ha 5%.

Pewenue. Bocrionszyemcest popmynoii (2.8). B mamem cinydae p=0.5, 9=0.5, £=0.5
0.05=0.025. ITo ycnoButo 3a1a4u

eNn

Jra

AR CD(E\/H / «/ pPqg ) =0.475. Hone3ysace Tabauueil Gpynxuun Jlannaca, o 3Ha4EHUIO

=0.95

P ‘m—p <gp=20
n

(GYHKIIMM HAXOJIUM 3HAYEHHE apryMeHTa:
(gJﬁ 1Jpq ) ~1.96, r.c. 0.025-/n/~/0.5-0.5 =1.96.

Otcrona HaxoauM, uyTo n=1536.64. Takum oOpa3om, HaJ0 MPOBECTH He MeHee yeM 1537
UCIIBITaHUM.

CJIYYAMHBIE BEJITUYNHDBI
MOHSATUE CJIYYAMHOM BEJIUUYNUHDBI

Crnyuaunot eenuuuHol Ha3bIBACTCS BEIWYMHA, KOTOpas B pe3ylbTaTe HCIbITaHUM,
IIPOBOJIMMBIX B OJJHUX M T€X K€ YCIOBUSAX, IPUHUMAET pa3iMyHble, BOOOIE roBOps, 3HAUECHHUS,
3aBUCSIINE OT HE YUMTHIBAEMBIX CIydyalHBIX (akTopoB. [IprMepsl cilydaliHbIX BEIMUYUH: YHUCIIO
BBIMABIIUX OYKOB HA MTPAbHON KOCTH, YMCIO Ne(EKTHBIX HU3ACNUA B MApTHH, OTKIOHEHHE
TOYKH TMAJCHUs CHapsaa OT Lelu, BpeMs 0e30TKa3HOH paboThl ycTpoicTBa M T.N. Paznuuaror
JUCKPETHBIE M HENPEPHIBHBIE CIy4dallHble BEIWYMHBIL. /[uckpemuou Ha3bIBA€TCs CllydaiiHas
BEJINYMHA, BO3MOXKHbIE 3HAYEHUs KOTOPOH OOpa3ylOT CUETHOE MHOXKECTBO, KOHEYHOE WM
OeckoHeYHOE (T.€. TAKO€ MHOKECTBO, 3JIEMEHTHI KOTOPOTO MOT'YT OBITH 3aHYMEPOBAHBI).

Henpepuvignou Ha3bpIBaeTCs CiydailHasi BEJIMYMHA, BO3MOKHBIE 3HAYEHHS KOTOPOU
HENpPEpPBhIBHBIM 00pa30oM 3allOJIHAIOT HEKOTOPbIM KOHEYHBI WM OeCKOHEYHBIH WHTEepBal
YUCIOBOU OcU. UNCII0 3HAYCHHI HEMPEPHIBHOM CIIydaifHOW BETMYUHBI BCET1a 0ECKOHEYHO.

CrnyuyaitHple BenmuuMHBI OyneM o0003HayaTh 3arjlaBHBIMM OyKBaMHU KOHIIA JIATHHCKOTO
andasuta: X, Y, ...; 3HAYCHUS CIy4aifHOH BEIMYUHBI — CTPOUYHBIMU OYKBaMH: X, J, ... . Takum
o0pa3om, X 0003Ha4aeT BCIO COBOKYITHOCTh BO3MOXHBIX 3HAUEHHUH CITydaiiHOH BEIMYUHBI, a X —
HEKOTOpPOE €€ KOHKPETHOE 3HAUEHUE.
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3.3.

3AKOH PACIPEJEJIEHUA JUCKPETHOM CTYYAWHON BEJTUUNHBI

3axonom pacnpedeﬂeﬂuﬂ I[HCerTHOﬁ CJ'Iy‘I&fIHOfI BCJIIMYMHBI HA3bIBACTCA 3aJaBacMO€ B
JIF000I (bopMe COOTBETCTBHUEC MECKAY BO3MOXHBIMH 3HAUCHUSAMU Cﬂy‘lal\;IHOI;'I BCJIIMYMHBI U HUX
BEPOATHOCTSAMM.

ITycTe BO3MOMKHBIMHM 3HAYEHUAMM CIIy4allHOW BeIM4MHBI X sBistorca X, X,, ..., X . B
pe3yabTaTe UCIIBITAHUS CIyJYaiiHas BEJIMYMHA IMPUMET OJHO U3 dTUX 3HAYEHUH, T.C. npousoudem

00HO cOObIMUE U3 NOJHOU 2PYNNbL NONAPHO HECOBMECHHBIX COObIMULL.
IX=x}{X =%}, ..{X=x}.
[TycTb Takke U3BECTHBI BEPOSITHOCTH ITHX COOBITHIA:
p=P(X=x),p,=P(X=X), ...p,=P(X =Xx,).

3aKOH pacipeaciiCHus cnyqaﬁHoﬁ BCIIMYUHBI X MOXKET 6I>ITB 3alluCaH B BUJC Ta6J‘II/II_IBI,
KOTOPYIO Ha3bIBAIOT psA0OM pacnpeodeieHus TUCKPETHOMN CllydaiiHOW BEINYHHBIL:
X X1 Xo X3

P P1 P2 P3

n
Jl1st psiza pacmpesielieHus: IMeeT MecTo paBeHcTBo ), Pj =1 (ycioBue HopMupOBKH).
i=1
IIpumep 3.1. Haiitu 3aK0oH pacripeneneHus JUCKPETHOMN CITy4aiiHON BETMUUHBI X — YHCIA
TMIOSIBJICHUI «OpJia» MpU ABYX OPOCAHUSX MOHETBHI.
Pewenue. BozmoxHble 3HaueHus ciydaiiHoi BennuuHbl: 0, 1, 2. BeposTHOCTH 3THX
3HaYeHUH Haxo UM 1o Gopmyne bepnymmm:

21
po=P(X =0)=PR,(0)=C;p’q’ =

0L 2!
2!
P, = P(X :1): Pz(l) :C;plql :ﬁ051051 =0.50;

.0.5°-0.5° =0.25;

2!

2,20 2 0
pZZP(XZZ)sz(Z):Czpq :m'0-5 -0.5" =0.25.
3anuchIBaeM psjl paclpeaeeHus:
X 0 1 2
p 0.25 0.50 0.25

OYHKIUSA PACITPEAEJIEHUSA

OyHKIUSA ~ pacrpeneneHus
pacripesiesieHus KaK AUCKPETHBIX, TaK U HEMIPEPBHIBHBIX CIyYalHbIX BEJIMYUH.

ABIIIETCS YHUBEpPCAIbHON GopMON 3agaHusl 3aKOHA
Qynkyuel pacnpeoeieHusi CIyY4auHOU BelUYUHbL
ompezieNieHHasl Ha BCE YUCIIOBOM OCH CIIEAYIONUM 00pa3oM:
F(xX)= P(X <x),
T.e. F(X) ecTh BEpPOATHOCTH TOTO, YTO CIy4aiiHass BeIUYMHA X MPUMET 3HAUEHUE MEHbIIIEE, YeM
X.

X wHazwiBaercs QyHkmus  F(x),



OYHKIIUIO paclpefiesiecHus] MOXKHO TpeACcTaBuTh Tpaduuecku. Jnsi  nuckpeTHo#

cllyyailHOM BenMuuHBI Tpaduk wuMmeer crymeH4arblii Bui. IloctpouMm, Hampumep, rpaduk
GYHKINU pacipeecHus CITydaiiHON BEJIMYMHBI, 33JaHHOM CIIeIYIOIUM psaaoM (puc. 3.1):

X 0 1 2
p 0.3 0.5 0.2
i)
10 |- ‘—
0, x<0; 08 | —
F(x)= 0.3, 0<x<0; é i
108, 1<x<2; E 5
1, x>2 o3 ' ;
0 T 2t

Puc. 3.1. I'paduk pyHKIMH pacipeaeeHus: JUCKPETHON CITy9ailHOW BETMYHNHBI

Cxauku (i)}’HKIII/H/I MMPOUCXOJAT B TOYKAX, COOTBCTCTBYIOIIMWX BO3MOKHBIM 3HAYCHUAM
CHy‘I&ﬁHOﬁ BCIIMYHHBI, 1 PaBHbI BCPOATHOCTAM IOTHUX 3HadyeHui. B Toukax pa3pbiBa Q)YHKHI/IH

F(X) HempepwIBHA CIICBa.
I'paduk QyHKIMKM pacrpeeseHus] HEMPEPHIBHOM CIy4ailHOM BEJIWYMHBI MPEICTABIACT

co00i1 HETIPEPHIBHYIO KPUBYIO.

I

_’/

Puc. 3.2. I'papuk GpyHKIIMM pacnipesieneHuss HeNpepbIBHON CIy4aifHOM BETMYMHBI
OyHKIUS pacnpeieneHus ooagaeT cleaAyoIUMI OYeBUIHBIMU CBOMCTBAMH:

1) 0< F(x)<1, 2) F(~0)=0, 3) F(+0)=1,

4) F(x)<F (%) mpu X <X,.

X

BEPOSITHOCTH ITOIIAJIAHUS CTYYAMHOM BEJIMUAHBI HA 3AJTAHHBIN
HUHTEPBAJI

3.4.

Bbynem HasbiBaTh cOOBITHE, COCTOSIIEE B TOM, YTO CiIy4aiHas BeTM4YMHA X MPUHUMAET
3HAYEHHE X, IPUHAAJIEKAIEEe HEKOTOPOMY MOIY3aMKHYTOMY MHTEpBally O< x </3, onaJjaHueM

CITy4aifHOW BETMYUHBI HA HHTEPBAI [, f).
Teopema 3.1. BeposiTHOCTh nonaiaHus CTy4aifHOIN BeTMYMHBI Ha UHTEpBal [, [) paBHa

npupameHnio GyHKIMU paclpeie]IeHus Ha TOM HHTepBaJIe:
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P(a<X <f)=F(f)-F(a) (31)

Eciu ymenbIiats untepBai [, f), momnaras, 4ro ,B —> O, To B npegene ¢popmyna (3.1)

BMCCTO BCPOATHOCTU IIONAJaHHA Ha HMHTCPBAJl AACT BCPOATHOCTL IIONMaJaHUA B TOYKY, T.C.

BCPOATHOCTB TOI'O, UTO cnyqaﬁHasI BCJIMYWHA IIPUMCT 3HAYCHUC .
P(Xza):’!mP(aSX<ﬁ’):’!|_rg[F(,B)—F(a)] (3.2)

Ecnn ¢yHkims pacrnpenelicHAss MMeeT pas3pblB B TOuke «, TO mpenen (3.2) paseH
3HAYEeHUIO ckauka (GyHKouM F(X) B TOYKe x=¢, T.€. BEPOATHOCTH TOrO, 4YTO CiIy4aiiHas
BEJIMYMHA MTPpUMET 3HaueHue o (puc. 3.3, a). Eciu ke ciydaiiHas BelMYWHA HENPEPBIBHA, T.C.
uenpepoiBHa Gyakius F(X), To npenen (3.2) paBen Hymo (puc. 3.3, 6)

Taxum 06pa3oM, BEPOATHOCTH JIFOOOr0 KOHKPETHOTO 3HAYCHHs HENPEPBIBHOM CITyd4ailHOM
BEJIMYUHBI paBHA HyI0. OIHAKO 3TO HE O3HAYaeT HEBO3MOXKHOCTH COOBITHS X=¢, a JHIIb
TOBOPHUT O TOM, YTO OTHOCHTENIbHAs 4acTOTa 3TOTO COOBITHSA OyIET CTPEMHUTHCS K HYIIO IPH
HEOTPAaHWYEHHOM YBEJIMUYEHHUH YKCIIA UCIIBITAHMHN.

Puc. 3.3. Cxavok (pyHKIIMH pacripeaeieHus

IVIOTHOCTb PACIIPEAEJIEHUSA

JUis HenpepbIBHBIX CIy4yailHBIX BEIMYMH HapsAAy ¢ (QyHKOUEH pacnpeaeneHus
UCIIOJIb3YETCS ellle 0JJHa hopMa 3aJjaHusl 3aKOHA pacIipeieNeHusl — INIOTHOCTh PACTIPEEIICHHUS.

Ecrm  AF (X) =F (X + AX) -F (X) —  BEpOATHOCTH IIONAJaHHMs HAa HHTEPBal
(X, X+ AX), to otHomenne AF (X) [ AX xapakTepusyer MIOTHOCTb, C KOTOPOIl BEPOSTHOCTD
pacrpesieieHa B OKPECTHOCTM TO4kd X . Ilpemen atoro othomenus npu AX —> 0 r.e.
npomssognas  dF (X) [ dX, maswBaercas miommocmwio  pacnpedenenusi  (INIOTHOCTHIO

pacnpez[eﬂeHI/Iﬂ BepOfITHOCTeﬁ, IIJIOTHOCTBHO BepOfITHOCTI/I) CJ’Iy‘IaI\;IHOI\/‘I BCIINMYUNHBI X YCHOBI/IMCH
IUIOTHOCTD pacIipe/ie/ieHusi 0003HAYHTh
dF (x)

f(x) ™ =F'(x).

Takum 00pa3oM, IJIOTHOCTh paclpeleNIeHUs] XapaKTepU3yeT BEPOSTHOCTH IMOTIAaHHS
CIIy4allHOM BEJINYHMHBI B OKPECTHOCTh TOYKH X.
I'paduk mmoTHOCTH pacipeneneHust Ha3bIBAIOT Kpusol pacnpedenenus (Puc. 3.4).

Puc. 3.4. Bua mioTHOCTH pacnpeneacHus



Hcxomss w3 ompeneneHuss W CBOWCTB (yHKIuMM pacnpexneneHus F(X), HeTpymHO
YCTAHOBUTH CIIEAYIOIIME CBOWCTBA INIOTHOCTH pactpenenenus f(X):
1) f(x)=0
X
2) F(x)= [ f(t)dt
+00
3) F ()= j f(x)dx=1
B
) P(a<X<p)=f(x)dx
a
JIns HenpephIBHOM Cly4alHOM BEJIWYMHBI B CUIIY TOTO, YTO BEPOSATHOCTD I1OIAaHUs
B TOYKY paBHa HYJIIO, UMEIOT MECTO CJIEIYIOIINE PAaBEHCTBA!

P(aSX <ﬁ):P(a<X S,B):P(aSX Sﬂ)zP(a< X <ﬁ).
IIpumep 3.2. Cnyuaiinas BennuuHa X 3a/1aHa IJIOTHOCTBIO pacIpeneeHus

1:(X):{a-cosx, -l2< X< 7l2,

0, X<-7l2, X>rxl2
TpeOyercst:
a) HaWTH 3Ha4YeHHUE KodpduimenTa a,
0) HAlTH QYHKIHIO pacipe/esieHus;

B)HaWTH BEPOSITHOCTH NONAJaHus cilydaiiHON BennuuHbl Ha uHtepsai (0, 7T / 2)
Pewenue, a) Bocrionib3dyemcsi CBOMCTBOM 3:

+jﬁof(x)dx—”jlza cos X -dx =a-sinx 7l =a-(1-(-1))=2a=1
—o0 _-71'/2 '72'/2_ a -

Ortcrona monydaem: a=1/2.
6) Ecm X < 77/2 10

X

F(x):if(t)dt:jo-dt:O;

ecn -t/2 < X < 7/2, 10
-zl2

F(x)= I 0-dt+ f%-cost-dt:%.sint :%-(sinx+1);

-zl2 -l2

ecm X > 77/2 , 10
-l 7l2 1

1 /2
F(x)= I 0-dt+ I —-cost-dt+J'O-dt:1-sint " =1
—0 -71'/22 72 2 -7[/2
Taxm 06pazom,
0, X <-7l2,
F(x)= %.(sinx+1), -l2< X< 7l2,
1 X>7l2.
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B) [lo cBoiicTBy 4:

P(0< X <7z/4):F(;z/4)—F(O):%-(sin(ﬂ/4)+1)—%-(sin0+1):

YUCJOBBIE XAPAKTEPUCTHUKHA CIYUYAWMHON BEJIUYNHBI

OyYHKIMS pacHpeleleHus] WU IUIOTHOCTh PAacCHpeNeeHUs] IOJHOCTHIO OIMCHIBAIOT
clydaiiHyro BeauuuHy. Yacrto, OJHaKo, IpU pPEHIEHUM MPaKTUYECKUX 3aJad  HeT
HEOOXOJMMOCTH B TIOJHOM 3HAaHUM 3aKOHA paclpeAesieHus, JJOCTaTOYHO 3HaTh JIUIIb
HEKOTOpbIE €ro XapakTepHble uepThl. [ 3TOro B TEOPUM BEPOSTHOCTEH HCHOIB3YHOTCA
YHCJIOBbIE XapaKTEPUCTUKU CIIy4yailHOM BEJIMYMHBI, BBIPAKAIOLINE PAa3JIMYHbIE CBOMCTBA 3aKOHA
pacnpeneneHus. OCHOBHBIMM YHCJIOBBIMU XapaKTEPUCTUKAMM SIBISIOTCS MamemMamuieckoe
odicudanue, oucnepcus u cpeoree KeaopamuiecKkoe OmriloHeHue.

MaremMaTH4ecKoe OKHAAHHME XapaKTepU3yeT IIOJIOKEHUE CIIy4alHOW BEJIMYMHBI Ha
YHUCIIOBOM OCH. DTO HEKOTOPOE CpElHEE 3HAaYeHUE CIIy4ailHOM BEJIMYUHBI, OKOJO KOTOPOTO
IPYIIUPYIOTCSA BCE €€ BOZMOXHbBIC 3HAYECHMUSI.

Maremaruueckoe 0KuIaHue CIydaitHoi BennauHbl X 0003HaYar0T cuMBosiamu M(X) nin
m. MareMaTH4eCcKuM OXKUJaHUEM JUCKPETHOM CllyyailHOM BEIMYMHBI Ha3bIBAeTCd CyMMa
HapHBIX MPOU3BEICHUH BCEX BOZMOXKHBIX 3HAUEHUH C1y4aliHOW BETMUYMHBI HA BEPOSTHOCTHU 3TUX
3HAYEHMI:

M (x):g X,

MaremaTudeckoe OXKUJaHHE HCHpCpHBHOfI CJ'Iy‘-I&fIHOfI BCJIIMYHUHBI ONPCHACIIAACTCA C
IIOMOIIBIO HECOOCTBEHHOI'O HHTCrpaia:

M (X)=Ix- f(x)dx

Hcxons u3 onpeneneHI/Iﬁ, HETPYAHO Y66,Z[I/ITBC$I B CIIPAaBCJIMBOCTHU CIICAYIOIINUX CBOICTB
MATEMATHUYCCKOI'O OXXHUAaHUA:

1. McC=C (maremarnueckoe OXHIaHWE HECIyYaWHON BENMYMHBI C PaBHO CaMOii
HECJIy4aiiHOH BEJIINYUHE).

2. EBcm X >0, 0 MX >0.

3. M(aX +bY)=a-MX +b-MY .

4, Ecmu X u Y wuezasucumol, T M(X -Y)=M(X)-|\/|(Y).

IIpumep 3.3. HaiiTu MaTemaTnueckoe OKHMIAaHUE AMCKPETHOM CIy4ailHOW BEJIMYUHBL,
3aIaHHOU PAJIOM pacIpeeIICHUS:
X 0 1 2 3

P 0.2 0.4 0.3 0.1

Pewenue.

4
M(X)=> px.=0-0.2 +1:0.4 +2:0.3 +3-0.1=1.3,
i=1



IMpumep 3.4. HaiiTu MaTeMaTH4ECKOE OKUIAHUE CIYUYalHON BEIWYUHBI, 3aJJaHHOU
IJIOTHOCTBIO pacipeieseHUs

f(x)— x/2, 0<x<2,
o, X <0, x>2

Peuwenue. M(X):Ixf(x)dx:J.x-x/Z-dx:—J.xz-dx=— =—=1.33
) 21 60 6

—0

Jucnepcust U cpeHee KBaJApaTH4yecKoe OTKJIOHEHHUe SBISIOTCS XapaKTepUCTUKAMU
paccerBaHUs CIIy4ailHON BEJIMYMHBI, OHU XapaKTepU3YIOT pa3dopoc ee BOZMOKHBIX 3HAUCHHI
OTHOCHUTEJIbHO MAaTEMaTUYECKOTO OKHUJIaHHUS.

Hucnepcueit D(X) cnywaiiHoi BenmuuumHbl X Ha3bIBACTCA MAaTEMAaTHYECKOE OXKHIAHHE
KBaJlpaTa OTKJIOHEHMsS CIy4yallHOM BEJIIMYMHBI OT €€ MaTeMaTH4ecKoro oxupanusa [ns
JHACKPETHOM CIIy4ailHOM BEJIMYMHBI JUCIIEPCUS BBIPAKAETCS CyMMOM:

D(X)=M (X -M (X)) (33)
a JUIsl HEIIPEPBIBHON — HHTErPaJIOM
D(X)= [ (x=M (X)) f (x)dx (34)

Jucniepcust umeer pa3MEpHOCTh KBaJpaTa CIIy4YalHOM BEJIMYMHBL. XapaKTEPUCTUKOU
paccemBaHusl, cognaoaroweli no pasmMepHoOCmuU CO CAYYAUHOU BelUYUHOU, CIYXKUT CpelHee
KBaJpaTHYECKOE OTKJIIOHEHUE.

CaoiicTBa AUCTIEPCUU:

1) D(a+bX)=b’D(X), a, b — nocrosunsre. B wactnocr,
2) D(a)=0, D(bX )=b?D(X).
D(X +Y)=M((X =MX)+(Y =MY)) =
— DX + DY +2M (X = MX)-(Y —=MY).
B wacTHOCTH,

D(X)=M(X =M (X)) =M (X" =2-X-M (X)+(M (X))

3)

(3.5)
=M (X2)=2-M(X)-M(X)+(M (X)) =M (X?)-(MX .
3amMeTuM, 4TO BBIYHCICHUE aucrepcuu mo (opmyne (3.5) wacTo okaspiBaeTcs Oosee
yn00HbIM, ueM 110 dhopmysie (3.3) unu (3.4).

Benuunna COV( X, Y) =M (X —MX ) . (Y — MY) Ha3bIBAETCA  Koeapuayuen

cryvaitabix Bemuune X € Y.
Ecmn DX >0, DY >0, to Benuunna

:cov(X,Y)

pIXY) JDX -DY

Ha3BIBAETCS K02 puyuernmom Koppensyuu cydainbix Beanuua X € Y .



MOKHO TMOKa3aTh, YTO €CIH p(X, Y) =41, 1o Bemmumunl X € Y nuHe#HO
3aBUCHMBIL: n=aX +b, rie a>0, anee p(X, Y)=1,
& a<0, & p(X,Y)=-1

Ormernm, uto ecit X € Y He3aBHCHMBI, TO
cov(&, 7)=M(X =M&)-(7-Mzn)=0 u D(X +Y)=DX +DY.

Mpumep 3.5. Haititm pucnepcuto  ciiydallHOM  BEJIMYMHBI, 3aJaHHON  PSIAOM
pacnpezeneHus u3 npumepa 1.

Pewenue. YToOBbl BBIYMCIUTH AMCIEPCUIO, HEOOXOIMMO 3HAaTh MaTEeMaTHYECKOe

oxuganue. Jlnsg MaHHOW CiydailHOW BEJIMYWHBI BBINIE ObLIO HaiijeHo: M=1.3. Beruucisem
mucnepcuto o gopmyse (3.5):

D(x):l\/|(><2)—m2:iz:xfpi—m2 =

=0°-0.2 + 1°-0.4+ 2°-0.3 + 3* -0.1-1.3° =0.81.

IIpumep 3.6. Criyuaiinas Benn4rHa 3aJjaHa IIOTHOCTBIO pacIipeieIeHHs

()2 (1/2)-cosx, X|<7l2,
(%)= 0, X|> 71 2.

Haiitn qucniepento u cpenHee KBaApaTUyeCKOe OTKIIOHEHHE.

Pewenue. Haxoaum cHaudajia MaTeEMaTUUYECKOE OKUIAHUE:
ml2

+o0
1
mzj xf (x)dx:—. I X-cosXx-dx=0
2 /2
—00 —7TT
(kKaKk MHTErpaJl OT HEYETHON QYHKLHHU [0 CUMMETPUUHOMY NIPOM EKYTKY).
Tenepb BBIUUCIISICM zmcnepcmo u cpeL[Hee KBaI[paTI/I‘-IeCKOC OTKJIOHCHUC:

) 7l2

D(X):I(x—m)zf(x)dx:%- | x*-cosx-dx=
—0 -7l2
7l2 7[/2 7l2
:Ixz-cosx-dx=x2-sinx —Z-Ix-sinx-dx:
0 0 0
7l2
:x2-sinx”/2+2x-cosx7z/2—2-jx-cosx-dx:
0
2 2
:xz-sinxﬁ/2+2x-cosxﬂ/2—25inxﬁ/2:7[ -7 _8;
4 4
2
o(X)=D(x) ==

MPUMEPBI IUCKPETHBIX PACIIPEJIEJIEHAM



1. bunomuanabHoe pacnpeneaenue. CiyyaiiHas BEIMUMHA X , pPaBHas 4YUCITY
«YCIIEXOB» B cxeme bepnyimim, nmeer OMHOMHUATIBLHOE pacpec/iCHUE:

P(x)=CXp*gq"™, x=0,1, ..., n.

MaremaTruecKoe OKHIaHUE CIYYaHON BEJIMYMHBI, PaCIPEAEIEHHOM 10
OMHOMHHAIBLHOMY 3aKOHY, PABHO

MX => xCXp*g"* =np.
x=0

Jucniepcust sToro pacnpenenenus pasaa DX =nNp(Q .

X

A
2. Pacnpenenenue ITyaccona P(X) = —Ie * x=012,...
X!

MaremaTtnyeckoe OXHIaHHE W AUCIEPCHs CIYYaWHOH BEIMYMHBI C PACIPEACICHHCM
Iyaccona | X =4, DX =A4.

Pacnpenenenue IlyaccoHa 4acTo HMCHONB3YyeTCs, KOrJa Mbl HUMEEM [I€JI0 C YHUCIOM
COOBITHI, TMOSBISIONIMXCS B MPOMEXKYTKE BPEMEHH WJIM IPOCTPAHCTBA, HAMPUMEpP: YHUCIO
MalIuH, NMPUOBIBIIMX HAa aBTOMOWKY B TEUEHHWH 4Yaca, YUCIO OCTAHOBOK CTAaHKOB B HEJEIIO,
YHUCIJIO JOPOKHBIX POUCHIECTBUM U T.J.

3. l'eomeTpuueckoe pacnpeaeneHue

Cnyuaiinas BenmuuuHa X HMEET 2eomempuueckoe pacnpeoenenue ¢ TNapaMeTPoM

pe (0,1) ,  €clH X npuaumaer  3Hadenms K =L12.. ¢  BeposTHocTAMH

k-1
P(X :k)= p(l— p) . CnyuaiiHas BelIMYMHA C TaKUM paCIpelEelICHUEM HMEET CMBbICI
HOMepa nepeoco YCNewHo20 ucnblmaxus B cXeMe BepHymau ¢ BeposATHOCTbIO ycmexa .

Tabnuna pacnipenenenus X HMeET BUJ:

X |1 2 o k
P - - - k—1
p |pl=p)| ... ‘ p(l—p)
3.8. MMPUMEPHI HEITPEPHIBHBIX PACIIPEJIEJTEHUN
1. PaBnomepHoe pacnpenenenue. ILIOTHOCTE pagromepro2o WA npAMOY201bHO20
pacrpeneneHus:
0, X<a
fy (X)=11/(B-a),xe[a,B],
0, X>f
T.€. BeposiTHOCTH P (Xi ) BCEX BO3MOXKHBIX 3HaueHud Xq1,Xo,...,X, ciydaiiHON BEJIUYMHEI

X onunaxossl u pasusl ¢ =1/ (f—a).

MareMaTudeckoe OKHAaAHUE CJ'Iy‘-IB.fIHOfI BCJIIMYHHBI C pa6HOMePHbIM PACIIPECACICHUCM

paBHO
B 1 B 4
MX =£fo (x)dx = ﬂ—aiXdX: = 2'8,



B 2 _ 2
JucIepcHs DXZI(X—a;ﬁj fx(x)dx:M.

DyHKIMS pacrpeneIeHus uMeeT Bua - (X) = J. fy (t)dt = , XE (a p ) (puc.

3.5).

1/ (B-a) ’;H,, £ ()

Ll

Puc. 3.5. I'paduku mnotHOCTH U QYHKIIUM PABHOMEPHOTO pacIpeieIeHUs

2. IMoka3aTeabHoe (IKCNOHEHIUAILHOE) pacHpeneleHne — 3aKOH, QYHKIHS

0 ,Xx<0
e x>0

pacnpenenenus A >0 ects meiicTBuTenBEHOE YnCiO (IIOCTOAHHEIN apameTp) (puc. 3.6).
OyHKIUS pacnpeiesieHns M0Ka3aTeIbHOT0 3aKOHA UMEET BUI:

IUIOTHOCTH PpaCHpCACIICHUA KOTOPOro HMMCECT BHA: fX (X): , A€ IapaMCTp

F(x)=]f()dx=[ e dx=1-€",
0 0

MartemMaTuueckoe OXHUAAHHE U AUCTICPCHUA CJ'Iy‘IaI\/’IHOI\/’I BCJIIMYHHEI, pacnpeﬂeneHHoﬁ 110

1 1

TOKa3aTeNbHOMY 3aKOHY, PaBHbI cOOTBeTCTBEHHO MX = —, DX =—.

A
f |

0 5] X

Puc. 3.6. I'paduku mu1oTHOCTH M (PYHKIIMH [TOKA3aTEIBHOTO pacHpeaeIeHUs

3. Hopmasibnoe  pacnpenenenne.  HopmaibHblli  3aKOH  pacHpezciICeHUs
BEPOSITHOCTEH 3aHMMaeT 0co00e MECTO CpeAM JPYT'MX 3aKOHOB pachpejeneHus. B teopum



BCPOATHOCTU JAOKA3bIBACTCA, YTO INNIOTHOCTH BCPOATHOCTU CYMMbI HC3aBUCHUMBIX WA C]Za60
3a6UCUMBLX, PABHOMEPHO MAJIBIX (T.€. HTPAIOLINX MPUMEPHO OJJMHAKOBYIO POJIb) CIAraeMbIX MPH
HEOTPAaHMYEHHOM YBEIMUYCHHHM WX YHCIa KaK YrOAHO ONM3KO MPUOIMKAETCS K HOPMAaJIbHOMY
3aKOHY pAacHpee/iCHHI0 HE3aBHCHMO OT TOTO, KaKHe 3aKOHBI PACIpEleNICHUS HMEIOT 3TH
cnaraemble (IIEHTpaJibHAs npeaenbHas Teopema A. M. JlsmyHoBa).

[ImoTHOCTE BEPOATHOCTU HOPMAJIBHO pacnpeﬂeneHHoﬁ CquafIHOﬁ BCJIIMYNHBI é: UMECT
2
1 _(X_m)
2
BHU/: fX (X) = —2e 20 , TIC m U O — BELICCTBECHHBIC nmapaMeETphI paclpeaCICHN,
OoNZTT

2
MMEIOLIME KOHEUHBIE 3HAYEHHS, [IPU 3TOM YacTo HCIONb3yIoT 06o3Hauerne & ~ N (m, o} )

(DYHKI_[I/IH pacnpeaciCHus 3allMCbIBACTCA B BUAC

1 (t—-m)’
q)m’O_Z(X):mJ.eXp _T‘Z dt:

X—m !

q 2 _
L _[exp _y7 dy=d,, x-n

Jox

3necs D, ( Z) — Ta0ynUpPOBaHHBIA MHTETPaAJ BEPOSTHOCTHU (3HAYCHMsSI HHTETpajia MOKHO HAlTH

BO BCEX Y4YeOHMKaXx M 3aJayHUKAaX IO Teopuu BeposTHocTel). DyHKIMA U IUIOTHOCTh
HOPMAaJILHOI'O paclpeaeneHus: n300paxkxeHbl Ha puc. 3.7.

Iz |

e

1
i
a x

Puc. 3.7. I'paduku mioTHOCTH U (HYHKIIMM HOPMAJILHOTO pactpeaeeHus

MateMaTHuecKoe OKHIaHUE HOpMaJIbHO pacnpeneHeHHoﬁ cnyqaﬁHoﬁ BCJIMYHUHBI PaBHO

i 2

| X =m, mucnepcus DX =o°. Takum o6paszom, mapamerpsl M u G uMeOT cMbIc
MaTEMAaTHYECKOTO OKMIAHWS M CPEIHEKBAJPATHIECKOTO 3HAYCHMs (OTKJIOHEHHMS) CIIyd4alHOM
BEJINYHHBI.

Pacnipenenenue, onmuceiBaeMoe (GyHKIMEH CDm 2 (X), Ha3bIBACTCS HOPMAIbHLIM WA
pacnpeoenenuem I aycca.

Ha puc.3.8 wu3o0pakeHbl KpHUBbIE HOPMAJIBHOTO  pACHpeneieHHs] ClIydalHbIX
HOTPELIHOCTEN IS Pa3IMYHbIX 3HAUYEHUH CPETHEKBAAPATUUECKOrO OTKIIOHEHUS O > O, > 0.



@& 1 S
g
O3
0 &

Puc. 3.8. KpuBble HOPMaJILHOIO Paclpeneienus, o; > 0, > O;.

N3 puc. 3.8 BUAHO, YTO MO MEpEe YBEIMYEHHS CPEIHEKBAIPATHUYECKOTO OTKJIOHEHMS
pactipenenenue Bce 6osee u 0oJiee pacIuIbIBACTCS, BEPOSITHOCTD MOSBICHUS OOJBIINX 3HAYCHUI
MOTPEUIHOCTEM BO3pacTaeT, a BEPOATHOCTh MEHBIIMX IOIPEIIHOCTEH COKpalaercs, T.€.
YBEJIMUMBAETCS paCCEUBAaHUE PE3YIbTATOB HAOIIOICHUM.

[IIupokoe pacnpocTpaHEHUE HOPMAJIBHOI'O PacHpeleleHUsl MOrPEIIHOCTEN B IMpPaKTUKE
U3MEPEHHUN OOBSCHACTCA YEHMPANbHOU HNpeOelbHOU meopemoli TEOPUU BEpPOSTHOCTEH,
SBIISIOIICHCS OJTHOM M3 CaMbIX 3aMeyYaTeIbHBIX MATEMAaTHYECKIX TEOPEM, B pa3pabOTKe KOTOPOi
IPUHUMAJIU y4acTHE€ MHOTME KpynHeiue matematuku — Myasp, Jlamac, ['aycc, UeOsbiieB u
JIamyHoB.

LenTpanbHasi mpegejbHasi TeopeMa YTBEPXKAAET, UYTO PACHPEICIICHUE CIIy4alHbIX
MorpemHocTeld Oyaer OJM3KO B HOPMAIbHOMY BCSAKHI pa3, Korja pe3ylbTaThl HAONOICHUs
(bopMHPYIOTCS TTOJT BIMSHUEM OOJIBIIOTO YHMCIAa HE3aBUCHMO JEHCTBYIOMHNX (HaKTOPOB, KaXKIbIN
U3 KOTOPBIX OKAa3bIBACT JIMIIb HE3HAYUTEIBHOE JEHUCTBHE 110 CPAaBHEHUIO C CyYMMapHbIM
JICUCTBUEM BCEX OCTAJIbHBIX.

CpoiicTBa HOPMAJIBLHOIO pacnpeaeJIeHus.

A~ —-m
A. Ecnn ciyuaiinas semmunna & ~ N (m,O'Z), I = 5— ~N (0,1).
B. Ecnu cniywaiinas Benmunna & ~ N (m, o? ), TO

X, —m -m
P(Xl<5<X2):q)m,02(xz)_q)m,az(Xl):q)m 2? — Dy, XlT

B uacTtHOCTH, P(‘g - m‘ < I): 2-®y, L
(o2

TakuM 06pa3oM, BBIYMCIIEHHE JIHOOBIX BEPOATHOCTEN ISl HOPMANBLHO PAcIpeneéHHOM
CITyJaifHON BE/IMYMHEI CBOXMTCS K BEIMMCICHMIO (yHkimm pacnpenenenus @, (X) . Ona
obnanaer crexyfommmu cBoiictamm: Dy, (O) =0.5; D, (—X) =1-D, (X)

C.Ecm &~ N (0,1) , To st moodoro X >0
P(|¢] < x)=1-2®,,(-X) = 2®,, (x)-1.
D. Ilpasuno mpex cuem. Ecma & ~ N (m,az), TO
P(|&-m|>30)=0.0027.



4.1.

41.1.

Bompmoro cmeiciaa B 3anoMuHadnu ynciaa 0.0027 HeT, HO MOJIE3HO MOMHHUTD, YTO IIOYTH

BCS Macca HOPMAIBHOTO pAaclpesieieHus. COCPENOTOYEHa B TPAHUIAX OT (a — 30') 110
(a + 30') :

Ipumep 3.7. Jlana cnyyaiinas Benmunna X ~ N (1, 4). Haiitn P(Z <X < 3).

Pewenue. o ¢popmyne coiictea B npu X, =2, X, =3, M=1 oc=2 nonyyaem
P(Z <X < 3) =®(1)—-D(0.5). To rtabmuue 11 ¢ynkuuu Jlanmaca  Haxoaum
®(0.5) =0.1915, (1) =0.3413.

P(Z <X< 3) =0.3413-0.1915=0.1498.

IIpumep 3.8. Cnyuaiinasg BenuuuHa X — OTKJIOHEHHE pa3Mepa M3LENus OT HOPMbI —

HOpMasbHO pacnpenenennas, mpuaém M (X)= 0. Haiitu o (X), eciu u3BecTHO, uto P(— 3 < X < 3)
=0.7.

3
Pewenue. P(- 3 <X <3)=P(|X|<3)=2-®,,| — |=0.7. Orcroga crenyer, 4ro
o

3

®,,| — |=0.35, u, ucnone3ys Tabnmussie naHHbIe (MprIoXKeHue 1), moxydaem 3/c =1.4, nim

c=3/14~214.

JEMEHTBI MATEMATUYECKOMW CTATUCTUKH
OcHoBHBIE 337]a41 MATEMaTUYECKOM CTaTUCTUKH

1. PazpaboTrka Metonojorud cOopa ¥ TPYNIUPOBKA CTATUCTHYECKOTO MarepHaa,
MOJIy4EHHOT0 B pe3yibTaTe HaOMI0IeHUH 3a CIlydaifHbIMU MPOLIECCAMHU.

2. Pa3paboTka METONOB aHAIM3a TOJYYEHHBIX CTAaTUCTHYECKHX JaHHBIX. JTOT aHAJIN3
BKJIIOYAET OLIEHKY BEpPOATHOCTEH COOBITHS, (YHKIMH paclpelesieHUus] BepOSTHOCTEH WM
IUIOTHOCTH BEPOSITHOCTH, OIIEHKY IMapaMEeTPOB M3BECTHOTO pACIpENEeNICHHUs, a TaKKe OICHKY
CBsi3el MEeXAY CIyJailHBIMH BETMUHMHAMH.

BBIBOPOYHBIN METO/I
I'EHEPAJIBHASI COBOKYITHOCTDB U BIBOPOYHAS
Cmamucmuyeckue OaHHble TPEICTABISIOT cO00I JaHHBIE, MONyYeHHBbIE B Pe3ylbTaTe

O6CJ'I€,[[OB21HI/I$I 00JIBIIOr0 YKcIa OOBEKTOB WUIIN SBICHUM.

Oxcnepumenmanvhvie OanHble - ITO PE3YAbTATHl U3MEPEHHSI HEKOTOPBIX MTPU3HAKOB
00BEKTOB, BBIOPAHHBIX U3 OOJIBIION COBOKYITHOCTH OOBEKTOB.

Yacte OOBEKTOB HCCIENOBAHUS, OMPEICICHHBIM 00pa3oM BbIOpaHHas U3 OoJjee
OOITMPHON COBOKYITHOCTH, HA3bIBACTCS 8bIO0PKOU, A 6¢Cs1 UCXOJIHAS COBOKYITHOCTH, M3 KOTOPOU
B35ITa BBIOOPKA,- 2eHEePaNIbHOU (OCHOBHOU) COBOKYNHOCMbIO.

HccnenoBanusi, B KOTOPBIX YYacTBYIOT BCe 0€3 MCKIIOYEHHS OOBEKTHI, COCTABISIONINE
TCHEPAbHYI0  COBOKYITHOCTh,  HAa3BIBAIOTCS  CHIOWHBIMU — UCCIe0o8anusmu.  MoxeT
UCIIONIB30BATECS  8b100POUHBILL Memod, CYyThb KOTOpPOTO B TOM, YTO HJs 0OCIeIoBaHUs
MPUBJIEKACTCS YacTh TEHEPAIbHOW COBOKYIMHOCTH (8b100pKa), HO TIO pe3ylbTaTaM 3TOTO
o0crenoBaHus CyIsT O CBOMCTBAaX BCEl reHepalibHOM COBOKYITHOCTH.

[IpenMeToM M3ydeHUsl B CTATUCTHKE SBIISIOTCS BapbUPYIONTUECS PHU3HAKY (Ha3bIBacMbIe
cmamucmuyeckumu). OHU NENATCA HAa KAYECTBEHHBIE H KOTUYECTBEHHEIE.

Kauecmeennvimu npuznaxamu o0bekT obmagaeT oo He oomanaer. OHU HE TTOATAIOTCS
HEMOCPEJICTBEHHOMY U3MEPEHUIO (CTIOPTUBHAS CTICIIUATM3AIIHS, KBATH (UKL,
HAIMOHAJIBLHOCTh, TEPPUTOPHATILHAS TIPUHAICIKHOCTD U T. I1.).



4.1.2.

KonuyecTBeHHbIE MPHU3HAKK MPEACTABISAIOT COO0OM  pe3ynbTaThl IMOACYETa MU
u3MepeHus. B cooTBeTCTBUM € 3TUM OHM JIENATCS Ha OUCKpemHble U HenpepbléHble.
Hanpumep, usmepsiemass temneparypa BO3AyXa B HEKOTOPOM IYHKTE€ — HENpepbIBHAS

ciayyaliHas BelWyMHa (MOXKET MEHSThCS HA CKOJb YrOJAHO Malylo

COOTBCTCTBYIOIIIAd I¢HECpajibHasA COBOKYIIHOCTb MPCACTABJIACT €000 0eCKOHEUHOE MHOKECTBO

BEJIIMYMHY), H

3HAYEHUU.

IlosmopHoti Ha3BIBAIOT BBIOOPKY, MPH KOTOPOH OOBEKT mepen OTOOpOM CIEAYIOUIETO
BO3BpAIACTCs B TEHEPAJIBHYID COBOKYIHOCTh. becnosmopHoii Ha3bIBAIOT BBIOOPKY, NpHU
KOTOPOH OTOOpaHHBIN OOBEKT B TEHEPATBHYIO COBOKYITHOCTh HE BO3BPAIACTCS.

Ecnu BbIOOpKa MPaBHIIBHO OTPa)kaeT COOTHOIICHHS B TEHEPATbHON COBOKYITHOCTH, TO €€
Ha3bIBAIOT Ppenpe3eHmamueHoll (pencTaBUTETHLHON ). Hanpuwmep, pe3yabTaThI
COLIMOJIOTHYECKOTO OITpOoca HacelIeHus: OyIyT 3aBHCETh OT TOr'0, B KAKOM MECTE OH IMPOBOIUTCS,
Cpeau KaKuUX IPyIIIL.

BAPUALIMOHHBIN PA. IHOJIMT'OH YACTOT n
OMIIMPUYECKASA @YHKIIUA PACIHHPEAEJIEHUSA

ITycte X — HEKOTOpBIM NpPU3HAK M3y4yaeMOro OOBEKTa WM SIBICHUS (CPOK CIIyXKObI
AJIEKTPOJIAaMIIbI, BEC CTYAEHTAa, AMAMETP IIapuKa JUIsl HOJAMIMIIHMKA M T.I.). ['eHepanbHOU
COBOKYITHOCTBIO SIBIISIETCSI MHOJKECTBO BCEX BO3MOXHBIX 3HA4CHMM O3TOr0 IpHU3HAKa, a
pe3ynapTathl N HaOmroAeHWH Hax npu3HakoM X [gaayr HaMm  BRIOOpKY oObema N —

I'MCTOI'PAMMA

IIEPBOHAYAIBHBIE CTATHCTUYECKUE JAHHBIC, 3Ha4€HUSA Xi, Xo, ..., X, (mpocTas BRIOOpKaA, HE
CIpYyNIUPOBAHHbIE TAHHBIE)

[Ipu 5TOM 3HaueHME X; HONYYEHO IIPU NEPBOM HAOIIOJCHUM CIYYalHOH BEIUYMHBI X,

X, — IIpu BTOPOM HAOJII0JIEHUH TOM Ke CilydaiHOH BeTUUMHBI U T.1.
Bei0opky npeoOpa3yroT B gapuayuonnblil paod, pacrnonaras pe3ynbTaTbl HaOMIOJeHUN B
MOpSIIKE  BO3pacTaHUS:

< <...< i .
X(l) _X(2) _..._X(n).Ka)KJIBII/I 4JIEH X(I)BapI/IaHI/IOHHOFO psana

Ha3bIBACTCSl 6APUAHMON.

Ipumep 4.1.

1. U3mepena macca tena 10-tu neteit 6-tu net. [lonmyueHHble JaHHBIE 00pa3ylo0T MPOCTOM
CTaTHUCTUYECKUM psj: 24 22 23 28 24 23 25 27 25 25.

2. 13 10000 BbIMyIIEHHBIX Ha KOHBEHepe AMeKTpuYecKuX Jammnouek oroopano 300 mryk
a1 posepku kadectsa Beeil maptuu. 3xecs N =10000, a n=300.

OTtnenbHbIE 3HAYEHUSI CTATUCTUYECKOTO Psifia HAa3bIBAOTCA gapuanmamu. Ecny BapuaHTa
Xi TOSIBUJIACH M pa3, TO YHUCIIO M Ha3bIBAIOT ¥ACMOmoil, a e¢ OTHOIIIEHHE K 00beMy BBIOOpKH M/N
— OMHOCUMENBbHOU YaACMOmMOU.

ITocnenoBaTenbHOCTh BapHaHT, 3alMCaHHas B Bo3pacTaromieM (yObIBAIOIIEM) MOPSJIKE,
Ha3bIBACTCS PAHICUPOBAHHBIM PSOOM.
IIpumep 4.2. Jlna panxupoBaHHoro pspa: 23 23 24 24 25 25 25 27 28 B

HUKETPUBEICHHON TabIuIe B TIEPBOM CTPOKE 3alKCaHbl BCE 3HAUEHUS BETMYHUHBI (BapUAHTHI),
BO BTOpPOMl — COOTBETCTBYIOIIME MM YacTOThl (O€3bIHTEpBAJBHBIM BapUAallMOHHBIA psja), B
TpeTheil — HAKOIUIEHHBIE YaCTOTHI, B YETBEPTON — OTHOCHUTENIbHbIE YacTOThI (Tabm.4.1).

Tabauya 4.1. 3a4eHns BApUaHT U UX 4acCTOT

X 22 23 24 25 27 28
n; 1 2 2 3 1 1
Ny, 1 3 5 8 9 10




—L 0.1 0.2 0.2 0.3 0.1 0.1

Tonueonom uacmom Ha3BIBAIOT JIOMAHYIO JIMHUIO, OTPE3KU KOTOPOH COCTUHSIOT TOUYKH C
KoopauHatami (x;i; Nj) (puc. 4.1).
OTMeTHM, YTO CyMMa YacTOT CTATUCTHYECKOIrO psaa paBHa o0beMy BBIOOpKH. HacTo
CTATHCTUYCCKUH  PSAJ  COCTABIISAIOT, HCIOJb3yS  OTHOCHUTENIBHBIC YacTOThl ~ BapHaHT:
n .
hi =1 i=1 2, .., m (m — xonuuectBo pa3nnMuHbIX BapHaHT). CyMMa OTHOCHTEIbHBIX
n
4acTOT paBHA CIMHHUIIC.
Ilonueconom omuocumenvbHblX 4acmom Ha3bIBAIOT JIOMAHYIO JIMHUIO, OTPE3KH KOTOPOM
COEMHSIOT TOYKHU ¢ KoopauHaTaMu (xi; h;).

22 23 24 25 27 28

a) 0)

Pucynok 4.1. Ilonuron vactot a), KyMyJIsiTUBHas Kpuast 0)

OMIIMPUYECKUM aHaloroM rpaduka MHTErpaibHOM (YHKIIMH paCHpE]esICHUs SBISETCS
KymynsamusHasn kpusas (kymyasma). Jnst ee moctpoeHust Ha oc OX OTKIJIAIBIBAIOT 3HAYCHUS
BapuaHT, Ha ocu OY — HaKOIUICHHbIE YacTOThl WM OTHOCHTENbHbIE 4acTOThl. [lomyuyeHHas
IUIaBHAsI KpUBasi Ha3bIBAETCS KyMYJISATOM.

B ToM cayuae, ecnu BBIOOpKA Tpe/CTaBlieHa OOJBIIMM KOJWYECTBOM Pa3TMYHBIX
3HAUEHUIN HENPEPBIBHOW CIIy4allHOM BEJIMYMHBI, TO TPYNIHUPOBKY IaHHBIX IPOBOAST B BUAC
MHTEPBAJILHOTO BapuanuoHHoro psaa (MBP). Jlng storo nuama3oH BapbUpOBaHHS IpPH3HAKa
pa3buBaroT Ha HECKOJIbKO (5—10) paBHBIX HMHTEPBAJIOB M YKa3bIBAIOT KOJUYECTBO BapHUaHT,
MOMABIIKX B KaK/IbIil HHTEpBAJL.

ANTOpUTM NOCTPOEHUS HHTEPBAIBLHOTO BAPHUALIMOHHOTO PSI/IA.

1. Ucxons u3 oObema BbIOOPKH (N), ONpeAeauTh Koun4ecTBo nHTepBaioB (K) (cM. TadI.

4.2).

Tabnuua 4.2.PexoMenryeMoe COOTHOIIEHHE 00beM BRIOOPKU—YHCIIO HHTEPBAJIOB
n 25-40 40-60 60-100 100-200 >200
K 56 6-8 7-10 8-12 10-15

2. Beraucnuts pazmax psaga: R=Xmax — Xmin
3. Ompenenuts mwupuny uaTepBana: h=R/(k-1)




4. Haittu Hayaso nmepBoro uatepBana Xo = Xmin— h/2

5. CocTaBUTh UHTEPBAIbHBIN BapUALIMOHHBIN PSII.

I'padpuueckum uzobpaxxennem BP sBisercs eucmoepamma. JIns ee moctpoeHus: Ha OCH

OX OoTKIanbpIBAlOT WHTEPBAJbl IMHUPUHON N, HA KaXJIOM HWHTEPBaJe CTPOST MPSIMOYTOJIbHHK

Beicotoid M/h. Bennunna m/h HaseBaercst niomuocmolo yacmomsl. I'mcrorpaMmma siBnsiercst

SMITUPUYECKUM aHAJIOToM Trpaduka quddepeHnnanbsHol GyHKIMKA pacipeaesCHHs.
IMpumep 4.3. N3mepena macca tena 100 xenmuu 30 sier, monydeHsl 3HaueHus ot 60 1o

90 xr. [TocTpouTh MHTEPBATBHBIN BapUAIIMOHHBIN psia (Ta0i1. 4.3) U THCTOrpaMMYy.
Tabnuuya 4.3. InTepBalIbHBIN BapyUaLIMOHHBIN szt

WuTtepsan Cepenuna m m/h
UHTEpBaJa
60-65 62.5 14 | 2.8
65-70 67.5 32 | 64
70-75 72.5 28 | 5.6
75-80 77.5 14 | 2.8
80-85 82.5 7 1.4
85-90 87.5 2 0.4
35
30
25
20
15
10 +—
51+
0 1
6065 6570 70-75 75-80 80-85 8590

Pucynok 4.2. I'ucrorpamma

Omnupuueckas @yukyua pacnpeoenenuss HAXOAUTCS IO
(OTHOILIEHUE HAKOIIJIEHHBIX YAaCTOT K 00beMY BBIOOPKH):

cienyromeid  popmyne



4.2.
4.2.1.

0, X< X,
n
-1 X < X< Xy,
n
N, +n
L2 Xy < X < Xg,
n
F'(x)={n,+n,+n 4.1
(X) 1T Tl -y cx<x,, (4.1)
n
m-1n.
n=> -, Xig < X< X,
i=1 N
1, X > X

CTATUCTUYECKOE OIEHUBAHUE
OIIEHKA ITIAPAMETPOB 'EHEPAJIbHOI COBOKYITHOCTH. TOUEUYHASI
OIIEHKA 1 EE CBOVMCTBA
YucnoBble XapaKTEPUCTUKH T€HEPAIbHOM COBOKYIHOCTH HAa3bIBAKOTCS napamempamu

re€HEPAIIbHONW COBOKYITHOCTH.

Hanpuwmep, ans HOpMaJbHOTO pacHpeieieHUss 3TO MaTeMaTHYeCKOoe OXUIaHWE U
cpenHee kBaaparudeckoe oTkioHeHue (CKO), ansg paBHOMEpPHOrO paclnpenesneHuss — 3TO
I'paHUIIBI HHTEPBAJa, B KOTOPOM Ha0JI0Jat0TCs 3HAYEHUs 3TOH cl1y4ailHOM BETMYMHBI

Oyenka napamempa — COOTBETCTBYIOLIAsl YUCIIOBasi XapaKTEPUCTUKA, PACCUUTAHHAS I10
BbIOOpKe. Ecnu onieHka ornpenensercss OAHUM YHCIIOM, OHA Ha3bIBAETCS MOUeUHOU OYEHKOIL.

Hanpumep, cpenHee apudmeTnueckoe BBIOOPOYHBIX 3HAUEHHUH CIY)KUT OLIEHKOM
MaTeMaTHYECKOTO OXHJIaHUS. BBIOOpOYHBIE 3HAYEHUS CIYYalHBI, IMO3TOMY OIIEHKH MOYKHO
paccMaTpuMBaTh KaK CiydailHble BENMYMHBL [10CTPOMM TOUYEYHyHO OLEHKy mapamerpa @ mo

BBIOOpKE X{, X5, ..., X;, KaKk 3HAYCHUE HEKOTOPOM (DYHKIMH M IIEPEUMCIUM (GKETAEMBIE»

*
cBolicTBa oneHkn 6 .
*
Onpenenenne 4.1. Ouenka 6 HasbIBaeTC HecMewjeHHoll, €CIA €€ MaTeMaTHUeCKoe

*
0’XKHMJIaHUE PAaBHO HCTHHHOMY 3HAUEHMIO OlleHuBaeMoro napametpa: M@ =6.
JlaHHOE CBOWCTBO XapakTepU3yeT OTCYTCTBUE CUCMEeMamuyeckol owuobKu, T.e. TpH

*
MHOT'OKpaTHOM MHCITIOJIb30BAHUHU BMCCTO IIapaMCTpa 9 €ro OICHKH 0 CpC€aHCC 3HAYUCHUC

x
omu6ku npudmukenus | @ — @ | pasno nysto.

_ 1n
Tak, BBI60pO‘—IHOC cpenHee apI/I(bMeTI/ItIeCKoe X 2—2 Xi SIBJIICTCS HeCMeUjeHHOU
Ni=1

3 = 10 712
oyenKoli MaTeMaTHYECKOTO OKMIaHus, a BeiOOpounas mucnepens D =—3 (X; - X)) -
Ni=1
cmewjeHHas oyenka TeHepanbHOUW mucniepcun D. HecmereHHoW — OmEHKOW TeHEpaTbHON

2_ 1 2 712
JICTIEPCUH SBIISIETCS OLIEHKa («CTIpaBiennas gucnepeus») S° =——- > (X; — X)~.
— -:1



*
Onpeneaenne 4.2. Ouenxka 6 (X;, X,, ..., X,) HasblBaercs cocmosmenshoti, eciu

* P
OHA CXOUTCS 10 BEPOSATHOCTH K OLeHHBaeMoMy napamerpy & npu N—>o0. § —> 6.
N—o0

JlaHHOE CBOMCTBO XapaKTEePU3YET YAyUIIEHHUE OIICHKH C YBEIMYCHHEM 00beMa BEIOOPKH.

CxoauMOCTh MO BEPOATHOCTH O3HAYaeT, 4YTO MNpuU OoJbIIOM 0OBEME BBIOOPKH
BEPOSATHOCTH OOJIBIINX OTKJIOHEHHH OIEHKH OT UCTUHHOTO 3HAYCHUS MaJia.

Onpenenenue 4.3.. HecmeneHnnasi onieHKa SBISCTCS 3P @exmuenol, eCIu OHA UMEET
HAaMMEHBIIIYIO CPEAN BCEX HECMEIICHHBIX OLICHOK JIUCIIEPCHIO.

IIpumep 4.4.:

1. BerunciauTh cpeiHee 3HaYeHUE MacChl Tesla IeTel 6 JieT.

)?:24+22+23+28+241J:)23+25+27+25+25:24.6

2. Ecnu BBIOOpOYHOE CpenHee BBIYUCISAETCS 10 BAPHALMOHHOMY psITy, TO HaXOMAT
CyMMy IpPOM3BEICHHM BapUAaHT HAa COOTBETCTBYIOLIME YAaCTOThl, M JEJAT Ha KOJIMYECTBO

AJIEMEHTOB B BBIOOPKE: X =—§ni X .
Ni=1
g = 22+23-2+24-2+25-3+27+28:24.6

10

3. B ToMm citydae, KOrjia CTaTHCTUYECKUE JIaHHBIE MTPEIICTABICHBI B BUJC WHTEPBAJIHHOTO
BapUaIMOHHOTO Ps/ia, IPHU BHIYUCICHUU BEIOOPOYHOTO CPETHETO 3HAYCHUSMH BapUAHT CUUTAIOT
cepeiMHbI MHTEepBaNIoB. Tak, JJIsl BEIUMCIICHUS CPETHETO 3HAYCHUSI MAcChl Tena JkeHIIuH 30 JieT
u3 npumepa 4.3. UCIoNIb3YIT GOPMYITy:

5 _62514+67532+72.5:14+77.5:14+825-7+875-2
B 100

Z[pyTI/IMI/I XapaKTCPUCTUKaMU SABJIAIOTCA MOJdAa U Me/ITUaHA.

=71.5¢é4.

B Tteopun BeposATHOCTEW MOO0U M, TUCKPETHON CIydaliHOM BEIWYHMHBI HA3bIBACTCS €€
3HA4YECHHUE, KOTOPOE HMEET MaKCHUMAJIbHYIO BEPOSATHOCTb. MO0 HENPEPBIBHON CIIy4aiiHOU
BEJIMYMHBI HA3BIBACTCS TaKOE€ €€ 3HAY€HUE, IPHU KOTOPOM JOCTUIaeTCsl MaKCHMyM IUJIOTHOCTH

pacipeacicHus f(X).?)&KOH pacnpeaciICHUA HA3bIBACTCA YHHUMOAAJIBHBIM, €CJIKM MOJa

€IMHCTBeHHAa. B Maremaruueckoil craTucTuke Moja M, ompexaensercs MO BBIOOpPKE, Kak
sapuanma ¢ HauboILULEell YACMOMOU.

Meouanoii Ha3pIBaeTCs BapuaHTa, PACIOJIOKEHHAs B LEHTPE PAHICUPOBAHHO20 psod.
Ecnu psii cOCTOUT M3 YETHOTO YUCIIa BAPUAHT, TO MEAMAHOW CUUTAIOT CpeIHee apuPpMEeTHIECKOe
JIBYX BapHaHT, PACIOJI0KECHHBIX B IEHTPE PaH)KUPOBAHHOTO PsIJIa.

IIpumep 4.5. Haiitu Moay u MenuaHy BHIOOPOUHOI COBOKYITHOCTH 110 Macce Tena JeTel
6 ner.

Omeem: M, = 24; M, = 24.

OcHOBHBIE YHCJIOBbIe XaPAKTEPUCTHKH BHIOOPOYHOI COBOKYIHOCTH:

1) pasmax sapuayuonnoco psoa R=Xmax — Xmin. DTOT MOKa3aTelb SABJSICTCS Hauboliee
MPOCTON XapaKTEPUCTUKON pacCEesHUS U MOKA3bIBAECT JUANA30H BapbUPOBAHUS BEIUUUHBI. DTOU
XapaKTEPUCTHKON TOIB3YIOTCS MPH paboTe ¢ MaJbIMU BHIOOPKAMH,



4.2.2.

2) 6blOOpOUHOE CcpedHee HAXOMUTCS KaK B3BEIIEHHOE CcpeaHee apupMETHUCCKOe

m

Xg =':1—, KOTOpOE XapaKTepu3yeT CpeaHee 3HaueHHe npu3Haka X B TMpeenax

paccMaTpuBaeMoii BEHIOOPKU;

3) ewvlbopounas Oucnepcusi onpenensercs 1o (Gopmyle: DB == ,

KOTOpasi SBJISIETCS MEpOW paccesHUs BO3MOMKHBIX 3HAYEHMM IOKa3zarenst X BOKPYI CBOEIo
CPEIHEro 3HA4YEHUs, U €€ Pa3MEPHOCTh COBIAJAET C KBAIPATOM Pa3MEPHOCTU BapUAHTHI;

4) eviOOpouHOE cpednee Keaopamuyeckoe OMKIOHEHUe O'B()()Z,/DB OIMCHIBAET

aOcomoTHBIN pa3dpoc 3HaueHHi mokaszarens X. Ero pasmMepHOCTh COBIAIaeT C pa3MEpHOCTHIO

BapHMaHTHI;

5)  «ucnpasnennas» — Ooucnepcus  (BBIUHCIAIOT — npu  Mameix N, n<30)

m — \2
n Z(ﬁ—xs)'m
$%(X)=——D =i M UCNDABIEHHOe» CMAHOAPMHOE OMKIOHEHUE
n-1 ° n-1
S(X) =/S*(X);
_(X)
6) xoapppuyuenm eapuayuu V =——-100% xapakrepusyer OTHOCUTEILHYIO

Xg

N3MCHYHMBOCTD IMOKA3aTCJIsA X, TO €CTh OTHOCHTEIIbHBIN p336pOC BOKpPYT €r0 CPpCAHCTO 3HAYCHUA

Xy - Koo puument Bapuanuu ssisercs 6e3pa3sMepHON BEIUYUHOM, TO3TOMY OH IIPUTOAEH IS

CpaBHCHHA pacCCCIHHA BapUAllMOHHLIX PSAJ0B, BapHWAHTBI KOTOPBLIX HWMCEIOT Pa3IndHYIO
pa3MepHOCTb.

IIpumep 4.6.: Mzmepena amuna (X) u macca tena (Y) neBouek 10-tu net. Ilomydensr
cienyromue nokazarenu: X=130 cM, oy = 5 cm, Y = 32 kr, oy = 4 kr. Kakas BenuunHa nuMeeT
OOJIBIIYI0 BAPHATUBHOCTH?

Tak kak IJIMHa M Macca Tejla HU3MEPAIOTCA B pPa3HbBIX CAWHHIAX, TO BAPUATHBHOCTH
Henb3s cpaBHUTH npu nomoi CKO. Heob6xoauMo BBIYMCINTH OTHOCHTEIBHBIM IOKa3aTellb
BapHaLuu.

Vy = —.100% = 3.8%:
130

Vy = 4 -100% =12.5%.
32

Taxum oGpa3om, Macca Teaa UMeeT OOJbIIYI0 BApHATUBHOCTh, YEM JJIMHA Tea.
OIEHKA C HOMOLIBIO UHTEPBAJIOB
OrieHka mmapaMeTpoB € MOMOIIBI0 HHTEPBAJIOB 3aKIIOYAETCS B HAX0XKICHUH WHTEPBAJIOB,
HA3bIBAEMBIX  008epUMENbHbIMU, ~ MEXKAY TpaHUIAMH  KOTOPBIX C  OMpeleleHHBIMU
BEPOSITHOCTSIMU (JIOBEpUTEITHLHBIMHU) HAXO/IATCS UCTUHHBIC 3HAYCHHS OIIEHUBAEMBIX TTapaMETPOB.
Hnmepsanvhas oyenka onpenensercs IByMs YUCIaMi — KOHLIaMU UHTEpBaa.



[TycTs HaliileHHas MO JaHHBIM BBIOOPKH BETUYMHA ) CIIy’KUT OLICHKOM HEU3BECTHOI'O
napametpa 6. Ornenka g ompenenseTcss  TeM  TOYHee, YeM  MEHBIIe
|0— &, 1. e. uem MeHsbIue & B Hepaerctse |0 — 0 < 8, § > 0.

Jlosepumenshoii seposimuocmuio (Hadexcrocmuio) oueHKH ¢ mapamerpa 6 Ha3bIBaeTCS
BEPOSTHOCTH 1, C KOTOPOM OIIEHUBAETCS HEPABEHCTBO |0 — 6*|< 0.

Uucno =1 — Y Ha3bIBAaETCS YypOBHEM 3HAYUMOCMU, OTPEIEISIONIUM BEPOITHOCTh TOTO,
YTO OLICHWBAEMBIH IMapamMeTp He MONaJAeT B JOBEPUTEIbHBIN HHTEPBAI.

OObIuHO 3amaeTcss HAASKHOCTh 1 W ompexaensercs O. Yamie Bcero BepOSTHOCTh [
3amaercs 3HaueHUssMHU oT 0.95 u BhIe. HepaBeHcTBO |6 — 6*|< O MOKHO 3amucaTh B BUJIE

~3<0-G<sumd-5<0<G+6

JloeepumenvHvim uHmepeaniom Ha3bIBACTCS HWHTEPBaAI («9* - 5 6 + ), KOTOPBIN
MOKPBIBAET HEM3BECTHBIN MapaMeTp & ¢ 3aJaHHON HAIEKHOCTHIO.

Onpenenenne 10BepUTEIbHOr0 HHTEpPBAja [JIsl CpeHEro 3HAYEeHHsl HOPMAaJIbHO

o o o o o 2
pacnpeaci€cHHON U3MEPACMOU CIIYIaMHOU BECJIIMUNHBI Xl'[pI/I HU3BCCTHOM AUCIICPCUHU GX .

o 13
Ham yxe wusBectHo, uto M= X Z—Z Xi. MoxHo moka3zare [1-5], d4roO
N5

-
M (m) =m, o’ [I’ﬁ] = 7X (cymma M HOpMaBHO PACHPEICICHHBIX CIyYaiHbIX BEIUYHH

X, cama sIBISIeTCSl HOpMAIbHOM).

3ajaauM TOBEPUTEIILHYIO BEPOSATHOCTh 1 M HaleM IOBEepUTENbHBINA HHTEpBaI (M — O,

M + 8), KOTOPBI MOKPBIBaT ObI HEU3BECTHBIN Mapamerp M ¢ 3aaHHON HATEKHOCTHIO 1.
CornachHo ¢opmyiie B (cBolicTBa HOPMAILHOTO pacHpe/eICHUs, pa3aes 3)

on =2-@,,(t,)=7. (4.1)

P(|n‘1—m|<5):2-®0,1 =
X

Takum o00pa3zom, Ui OTHICKAHHsI BEIUYMHBI 008epUMENbHOU 2paHuybl CIy4ailHOro
OTKJIOHEHHS pe3yNbTaTOB HAOIIOJEHUI 110 dosepumenvHou eeposimHocmu 1 iMeeM ypaBHEHUE:

s

2-CI)0’1(t;,)=}/,rI[e '[y = -
X

IJie 3HaYeHUE ty HaxoauM 1o Tabnuie Jlamnaca (mpunokenue 1), ty Dy, (ty) =y/2.
IIpumep 4.7. Tlo pesynbraTam HaOmOAeHUN ObUla HaliieHa OIIEHKa HEU3BECTHOTO

o o 2
MaTEMaTU4YECKOI'0 OKHUIAAHU M CIIy4auHOU BCIUYHHBI é: ~ N (m,O' ), CCJIM TOYCYHAas OIICHKa

M=10.2, a mucnepcust oueHkun Oy =4. TpeOyercs ONEHHUTH JOBEPHUTENBHBI MHTEPBAN IS

OLIEHKA MAaTeMaTHYECKOT0 OXHUIaHUS 10 36-TH HaAOMIOAEHUSIM C 3aJaHHONH HaAe)KHOCTLIO
1=0.99.

=0.495. Orcrona momywaem, 4ro

0.99
Pewenue. N3 (4.1) cnenyer, 4to (Do,l (ty):_

_65Jn 2.58-4

=2.58 W TOJOBMHA MCKOMOIO MHTEpBala O 2?21.89. Tak kak

t

14 o,
M—-—O0<M<M+0J, to ¢ BepoarHocTbio 0.99 nOBepUTENbHBIA MHTEpBAT I OLEHKHU
Maremarudeckoro oxugaaus: 8.31<m<12.09.

Co cmywyaem, Korja pachpelelieHHe pe3yJbTaTOB HAOJIOJCHUN HOPMAlbHO, HO HX
JIUCTIEPCHST HEM3BECTHA, MOYKHO O3HAKOMHUTCS B [3, 4, 6].



4.3.

HPOBEPKA CTATUCTUYECKUX I'MITOTE3

Cmamucmuyeckas cunomesa — 3TO MPEIOJI0KEHNE

0 BHUJE 3aKOHA pacmpeaeiieHus («IaHHAs TeHepalibHasi COBOKYIMHOCTh HOPMAaJbHO
pacrpezienieHa);

0 3HAUEHUSX €ro MapaMeTpoB («T€HEPATILHOE CPEAHEE PABHO HYJIIIO));

00 OIHOPOJHOCTH JaHHBIX («3THU JIB€ BBIOOPKH HU3BJICYEHBI W3 OJIHON TeHepaibHOU
COBOKYITHOCTHY).

CratucTuyeckas IpoOBEpKa TUIOTE3bl COCTOUT B BBIICHEHHUH TOTO, COIJIACYIOTCS JIH
pe3yNbTaThl HAOMIOICHUH (BBIOOPOYHBIC TAHHBIC) C HAIIIMM MPEATIOI0KEHUEM.

PesynbraTroM TpoBEepKHM MOKET OBITh OTPHUIIATEIBHBIA OTBET: BBIOOPOUYHBIC TaHHBIC
MIPOTUBOpPEYAT BBICKA3aHHOW T'MIIOTE3€, MO3TOMY OT Hee clelyeT OoTKa3aThcs. B ciydae oTBera
HEOTPULATENILHOTO (BEIOOPOYHbIE JaHHBIE HE MPOTUBOPEYAT FMIIOTE3€) TUIIOTE3y MPUHUMAIOT B

KaueCTBE 00H020 U3 OONYCMUMbIX peuieHuti (He STUHCTBEHHO BEPHOTO).

Pasnnuaror ocrosnyio (HyleByro) rumoresy (rumoresa, koropas nposepsercs, H;) u
AIbTEPHATHBHYIO (KOHKYPUPYIOLLYIO, IPOTHBOIIOCTABICHHYIO ocHOBHOM, H,). Hanpumep, eciu
Hynesas runoresa H: MX= 10 (1. e. MaTeMaTH4eCKOE 0KUIAHUE HOPMAIBHO PACIIPEACIICHHOM

BeMW4YuHBI paBHO 10), TOrAa rumnoresa H1 , MOJKET IMETh BHJ] Hl: MX #10.

Lleny cmamucmuyeckou nposepku 2unomes. Ha OCHOBAHWU BbIOOPOYHBIX JIAHHBIX
IIPUHATH PELIEHUE O CIPaBEUIMBOCTH OCHOBHOM TMIIOTE3bl WJIH OTKJIOHHUTH B €€ IIOJIb3Y
AJIbTEPHATUBHOM.

Tak kak mMpoBepKa OCYIIECTBISETCA HAa OCHOBAaHMHM BBIOOPKH, a HE BCEU IeHepaabHOM
COBOKYITHOCTH, TO CYIIECTBYEeT BEpPOSITHOCTb, BO3MOXKHO, OYEHb Malas, OIIMOO0YHOTO
3aKJITHOYEHUS.

Tak, HysIeBas TUIOTE3a MOXKET OBITh OTBEPTHYTA, B TO BPEeMsI KaK B JCHCTBUTEIHHOCTU B
reHepaTbHOW COBOKYITHOCTH OHA SIBJISIETCS CHpaBeIMBON. Takyro OMMOKY HA3BIBAIOT OWUOKOU
nepeoco pooa, a €€ BEPOATHOCTb — YPOGHeM 3Ha4YumMocmu U 0003HAYaT o (CTaHAAapTHHIE

3Hauenus o: 0.1, 0.05, 0.01, 0.001). Bo3moxxHO, 4TO HyJeBas TMIOTE3a MPUHUMAETCS, B TO
BpeMs Kak B T'€HEpaJbHOW COBOKYMHOCTH CHpaBe[JMBa albT€pHATHUBHAs THIoTe3a. Takyro
omKMOKy Ha3BIBAIOT OWUOKOU 6mopo2o podd, a €& BeposTHOCTh obosHauaor [ Ilposepka
CTaTUCTUYECKUX THUIIOTE3 OCYLIECTBISIETCS C HOMOWbIO cmamucmuiecko2o kpumepus K —
npaBuia (QYHKIMHM OT pe3yibTaToOB HAONIOIEHU), OIMpPENeNIonero Mepy pacXoxIAeHUs
pe3yIbTaTOB HAOMIO/EHUI ¢ HyNeBOH runore3oil. Beposthocts 1— £ naswiBaror mowrocmeio
KPUTEPHUSL.

3ameuanue. OmubKa MepBOro pojaa COCTOUT B TOM, YTO OyAET OTBEPrHyTa MpaBUIIbHAS
runote3a. OmubKka BTOPOTro pojia COCTOUT B TOM, UTO OyAET NPUHSATA HENPAaBUIbHAS THIIOTE3A.

Hanmpuwmep, ocHOBHasi TUIIOTE3a COCTOUT B TOM, YTO TPEANPHUITHE IMOIy4aeT MPUOBLID.
Ecnu 570 npaBmiibHas TunoTesa, TO OIMOKa MePBOro poja COCTOUT B TOM, YTO JIaHHAs TUIIOTE3a
oTBepraercs. Ecnm nmpuHUMaeTcs: pemeHne 0 TOM, YTO MPUOBLTb MPEANPHUIATHE HE TOIYYaeT, TO
3TO oHIMOKa BTOPOTo poja.

HNHorma omumbKy mepBOro pojaa Ha3bIBaIOT «alb(a-puck» (o-puck) a ommOKy BTOPOTO
pona «0eta-puck» (B-pHck).

N3 nByX KpuUTEpHEB, XapaKTEpU3YIOIIMUXCA OJHOM M TOW XK€ BEPOSTHOCTBIO X,
BBIOMPAIOT TOT, KOTOPOMY COOTBETCTBYET MEHbIIIAs OMIMOKA 2-TO poJia, T.€. OOJIbIIIas MOIIHOCTb.
YMEHBIIUTL BEPOSTHOCTH 00€MX OMMOOK ¢ W [} OJHOBPEMEHHO MOYXHO, YBEIHYUB 0OBEM
BBIOOPKH.

3nauenust kputepus K pasgenstorcs Ha JIBe 4acTH: OOJACTb OORYCHIUMBIX 3HAYEHUI
(obmacts npussitust runotesst H ) u kpumuueckyro oé6aacmep (06macTb NPUHSTHS THIOTE3bI



H,). Kpurtiaeckast 061acTb COCTOUT U3 TeX K€ 3HAUYCHUN KpuTepus K, KOTOPbIC MaIOBEPOSITHBI

npu CrpaBCIJIMBOCTH THUIIOTC3bI HO‘ Ecnu 3nauenme KHa6 KPpUTEpUA K, pacCUUTAHHOC I10

JI

BBI6OpOLIHI>IM JaHHBIM, IIOINagacT B KPUTHUYCCKYIO 06J'IaCTB, TO THIIOTE3a HO OTBEpPracTcia B
IMOJIb3Y aJII)TepHaTI/IBHOﬁ Hl B IPOTHUBHOM CJIyda€ Mbl YTBEpXKAAaEM, 4YTO HET OCHOBaHHI

OTKJIOHsTH rumnoresy H.

Ipumep 4.7. JIns MOATOTOBKY K 3a4eTy mpernogaBaTess chopmynupoBan 100 Bompocos
(reHepasibHasi COBOKYITHOCTD) M CUMTAET, YTO CTYJCHTY MOKHO TIOCTaBHUTh «3aYTCHOY, €CIIA TOT
3naet 60 % BompocoB (kpurepuid). [IpenogaBartens 3agaeT CTyASHTY 5 BOMPOCOB (BBIOOpKA U3
TeHEepaJIbHOW COBOKYITHOCTH) U CTaBHUT «3a4TE€HOY, €CITU MPABUIHHBIX OTBETOB HE MECHBIIIE TPEX.

I'mnoresa H,: «cryment kype ycsown», a muoxecrso {3, 4, 5}— o6nacts npunstus sroii
runotessl. Kputuueckoit o6nacteio snsercs muoxectso {0, 1, 2}— npasuibhbix oTBETOB

MCHBIIC TPCX, B 3TOM CJIydaC OCHOBHAA THMIIOTC3a OTBCPracTCd B IIOJIL3Y aHbTepHaTHBHOﬁ Hl

«CTYIEHT Kypc He YCBOMII, 3HaeT MeHbIe 60 % BOIpPOCOB».

Crynent A Beryumn 70 BompocoB u3 100, HO OTBETHII TPaBUIILHO TOJIBKO HA JBA U3 IISITH,
IpeUIOKEHHBIX MpernojaBareneM, — 3aueT He cllaH. B aToM ciaydae npenoaasaresb coBeplIaeT
OIMOKY IEePBOTO POJIa.

Cryaent b Bblyuni 50 Borpocos u3 100, HO eMy OBE3J10, U OH OTBETHJI PABWIIBHO Ha 3
BOIIpOCAa — 3a4eT C/IaH, HO COBEpIIeHa OIIMOKa BTOPOro poja.

IIpenonaBaTens MOKET YMEHBIINTh BEPOSATHOCTh ATUX OLIMOOK, YBEIMYUB KOJIUYECTBO
3a/1aBaeMbIX Ha 3a4€T€ BOIPOCOB.

Aneopumm npogepKu cmamucmuyeckux eunome3 CBOJUTCS K CleIyIOLEMY:

1) copmymmposats ocHoryro H u ansrepuarusuyro H, runoressy;
2) BbIOpaTh YPOBEHb 3HAUUMOCTU (X |
3) B cooTBeTCTBHM ¢ BUAOM rumotessl H, BbIOpaTh cratncTHueckuil KpuTepuil s ee

IPOBEPKH, T.€. CIydaiHyto BenuunHy K, pacnpeeneHre KOTOpoil U3BECTHO;
4) no Tabnuam pacrpeaeneHus caydyaiiHol BenuunHbl K HallTH TpaHUIly KPUTHUYECKOU

O6J'IaCTI/I KKp (BI/II[ KpHTH‘-IeCKOfI O6J'IaCTI/I ONpPCACIINTL 11O BHUAY aJ’IBTepHaTHBHOfI THUITOTE3bI
H,);

5) 110 BHIOOPOYHBIM JaHHBIM BBIYHCIHTH HaOmOAaemMoe 3Hauenue kpurepus K ;

6) IPUHATH CTATHCTUYECKOE peieHue: ecan K momajgaer B KpUTUYECKYIO 00J1acTh —

HaO

OTKJIOHUTBH THUIIOTE3Y HO B IIOJIB3Y aHBTepHaTHBHOﬁ Hl; CCJIn K nomnagacTt B 00J1acTh

HaoI
AO0IMYCTUMBIX 3Ha‘leHHfI, TO Hem OCHOGAHUL OMKIOHAMb OCHOBHYI0 cunomes)y.

4.3.1 TPOBEPKA T'MIIOTE3 O BUJIE PACIIPEJIEJIEHUS. KPUTEPUM
COI'VIACHUSA INPCOHA
OpHOll M3 BaXHBIX 337a4 MaTEMAaTHMYECKOM CTAaTUCTUKU SIBJISETCS YCTaHOBJIEHHE
TEOPETHYECKOr0 3aKOHA PacIpeleleHus] CIy4YalHON BEIMYMHBI, XapaKTEPU3YIOLEH U3ydaeMblii
IPU3HAK II0 OMIIMPUYECKOMY PACHPEACICHUIO, IIPEICTABIAIONIEMY BapUALMOHHBIA Ds.
[Ipeanonoxxenre O BHUAE 3aKOHA PACIPENCICHUS MOXHO CHeNaTh [0 TUCTOTpaMME WIIN
nonurony (Puc. 4.3)
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0)
Puc. 4.3. Bo3MoxHbIE BUIBI THCTOTPAMM:
a) HOPMaJIBHOTO, 0) IMOKA3aTEIHHOTO, B) PABHOMEPHOTO PaCIIpEACICHII

Hanpumep, no rucrorpamme (puc. 4.3, a)) MOXKHO cAeNaTh NPEIIOI0KEHUE O TOM, UTO
reHepajibHasi COBOKYIIHOCTh pacIpe/ieeHa 10 HOPMaJIbHOMY 3aKOHY.

Jlis mpoBepKH TUIOTE3 O BUJE pPACIpENeiCHHs CIYXaT CHElUaNbHbIE KPUTEPUU —
kpumepuu coenacusi. OHU OTBEYAIOT HAa BONPOC: COIJIACYIOTCS JIU PE3YJIbTAThl SKCIIEPUMEHTOB C
MPEIOJIOKEHUEM O TOM, YTO TeHepallbHasi COBOKYITHOCTh UMEET 33JJaHHOE paclpesiesieHue.

[IpoBepuM 3TO MpEANONOKEHUE C MOMOILBIO Kpumepusa coznacusa Ilupcona. B stom
KPUTEPUN MEPOU PACXOXKICHHUS MEXAY THIIOTETHUECKUM (IIPENIoaraeMbIM) U SMIUPUUYECKUM
pacHpeesIeHUeM CIIY>)KUT CTaTUCTHKA

Kk _ 2
(g (=)
i NP
rie N — o0beM BEIOOPKH;
K — KOJIM4ecTBO MHTEPBAIOB (TPYIII HAOIIOICHNUH);

N; — KoIM4ecTBO HaOJIIO/ICHNH, IOTIABIIUX B J-ii HHTEPBAJ;

P; — BEpOATHOCTH monafaHus B J-¥t uHTepBaN CITy4allHON BEJIMYHMHBI, pACIIPE/ICICHHON

M0 TUITOTETUYECKOMY 3aKOHY.
Ecan nmpennonoxenue o BHUIIE 3aKOHA pacHpelesieHHs CHpaBedJIUBO, TO CTATHCTHKA
T[TupcoHa pacrmpesieieHa Mo 3aKOHY «XH-KBaapaT» ¢ YncIoM cTemneneii ceoboasr K —r —1 (r —

2
YKCIIO TApaMETPOB PACIIPE/ENCHHUs, OLIEHMBAEMBIX 110 BhIOopke): K ~ X (k-r-1y"

OHGHI/IB&I—OTC?I HCU3BCCTHBIC IMApaMETpPhbl C HUCIIOJIB30BAHMEM TCOPHU TOYCUYHLIX OLICHOK

(cM. uctounuk [3], .16 u pazaen 3.8. HacTosIIer0 MOCOOUS), HEKOTOPHIE OLIEHKH MPUBEICHBI B
Tabm. 4.4.

Tabnuuya 4.4. OueHuBaeMble NapaMeTPbl U X TOUEUHBIE OLIEHKU

BI/II[ paCHpeI[eJ'IeHI/I}I OL[eHI/IBaCMLIe TO‘{e‘{HBIe OILICHKHA HapaMeTpOB
rmapamMeTphl
f 0 ,x<O A>0 7 1
X)= ==
x (%) e x>0 X,
O, X<«o Q, ﬂ :_B—\/é- 'D
fX(X): 1/(ﬂ_a)5xe[aaﬂ] :)_(B+\/§, 'D
0, X> f 8
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3mech X, = —— DB =
n n
KosmyectBo uuTepBaioB K pekomeHmyercss paccuuThiBaTh 1o (opmyne Crapmkeca
k=1+ 3.3-Ig N, tne N — o0beM BbIOOpKH. [IIHMHY i-rO HMHTEpBala MPHHUMAIOT PaBHON
Xy — X
h=2m "0 5

= " , Tae X(n)—HaI/I oJiblllee, a X(1)_ HaVMEHBIIIES 3HAYCHUE B BapUALlMOHHOM

panay.

Ipumep 4.8. [1ns cpennero 6amia cpeau 30-Tu rpynmn (¢ TOYHOCTHIO 10 COTHIX J0JIEH
0aa) NoTy4uIv BEIOOPKY X;.
3.7, 3.85, 3.7, 3.78, 3.6, 4.45, 4.2, 3.87, 3.33, 3.76, 3.75, 4.03, 3.8, 4.75, 3.25, 4.1, 3.55, 3.35,
3.38, 3.05, 3.56, 4.05, 3.24, 4.08, 3.58, 3.98, 3.4, 3.8, 3.06, 4.38. IIpoBepurp rumnoresy o
HOPMAJILHOM pacIpeeeHuu cpeaHero 6amna Ha yposre snaunmoctn o = 0.025.

Pewenue. Crpynnmupyem 5Ty BbIOOpKY. Haummenbmuii cpegnuii OGamn pasen 3.05,
Hanbonemmii — 4.75. Wntepsan [3; 4.8] pa3o6bem Ha 6 yacteii ammuoit h = 0.3, npumenss

n.
dopmyny Crapmxkeca (K =5.875= 6). Tlogcunraem yacrory N. (OTHOCHTENBHYIO 4acTOTY —- )

JUTSL KaXKJIOTO UHTEPBaa U MOJIYYUM CTPYIITMPOBAHHBIA CTATUCTHUECKU psix (Tadi. 4.5).
Tabauya 4.5. CtaTucTU4eCKui psij

Wnrepsanst | [3;3.3) [3.3.3.6) | [3.63.9) | [3.9:42) | [42,45) | [4.5/4.8)

Yacrotsl N, 4 7 10 5 3 1

OTHOCUTED
HEBIE

4aCTOTHI 0.133 0.233 0.3 0.167 0.1 0.033
n.

n

ChopMyIMpyeM OCHOBHYIO M albTEPHATUBHYIO THIIOTE3HL.

H,: X ~N(@, 6) — coyuaiinas Bemwumna X (cpemnmii Gamn) nomuuHsercs
HOPMAJILHOMY 3aKOHY C IapaMeTpamu &, O . Tak Kak MCTHHHBIX 3HAYEHHUH [apaMeTpoB &, O
MBI HE 3HaeM, BO3bMEM HX OIIEHKM, paccuMTaHHbIe 1o Beioopke: a =3.746, & =0.399.

H,: cayuaiinas Benvumna X He NOZYMHSETCS HOPMAIbHOMY 3aKOHY C J@HHBIMH
napaMeTpamH.

Paccunraem Habmomaemoe 3Hadenne K cratuctuku [Iupcona. OMnmpuyeckue

HaOI

4acToTl [ yKe H3BECTHBI (trabm. 4.5), a nnsg BbIUMCIEHUS BeposiTHocTed | j (B

NPEANONIOKEHIH, YT0 rumoresa H, chpaBemmuBa) npuMeHHM yke H3BECTHYIO (GOpMYIy
(cBoiicTBO B):

a.,—a a—a
p,=P(a, <X <aj+1):®(%]—cp[ )
(o2

o

] 1 les 21 ey k




u tabmuny pyakuuu Jlamnaca (mpunoxenue 1). [lomydeHHBIE pe3ynbTaThl CBEIEM B TAOJHILY
(Tabmn. 4.6). Habmomaemoe 3Hauenue cratuctuky Iupcona paao K =0.978.

OnpenenuM rpaHuily KpuTudeckoi oOmactu. Tak kak craructuka [lupcona usmepsieT
pasHUIly MEXIYy SMIMPUYECKHMM W TEOPETHMUYECKHUM pacIpeleieHUsIMU, TO 4YeM OoJiblle ee
Habmogaemoe 3Hauenue K

Ha01

a6y » TEM CHIIBHEE IOBOJ IPOTHB OCHOBHOW rurmore3sl. [loaTomy

KpUTHYECKas 06NacTh Ui STol craTucTHKM Beerna mpasoctoponmss: [K ; +00). Eé
rpanmny K = ;((Zk_r_l; ) HAXOJIMM TIO TaGIHMIAM PaCTIpEeNeH s «XU-KBa/paT» (IPHIOKEHHE
3) u 3anannbv 3Hadenuam o =0.025, K =6 (uucno untepanos), F =2 (mapamerpel & u
O ouenensi 1o BeGopke): K = 7°(6—-2-1; 0.025) = ¥*(3; 0.025) =9.4.
Ha6moiaeMoe 3HaYeHUE CTATUCTUKU IIMpCOHa He IONagaeT B KPUTHYECKYHO OOIAcTh:

K

HaGI < KKp’ IIO3TOMY Hem OCHOB8AHUU omeepzamb OCHOBHYI0 cUnomesy .

BoiBon: Ha ypoBHe 3Haummoctu 0.025 chpaBeasuBO MpPEANONIOKEHHE O TOM, 4YTO
cpeaHuii 6ayu1 UMeeT HOpMaJIbHOE paclpeieeHue.

Taonuya 4.6. CpaBHeHre HAOIIOAACMBIX U 0)KHJIAEMBIX YaCTOT

Nen/m | MaTEpBabI Ha6umonae | BepositHOCTh O>xunaemas Cnaraemsie
IPYNIUPOBKH | Mast P, momamamms | wacrora N- P, | CTATCTHKHA
[aj.ajﬂ) 4acToTa B j-i uHTepBAl [Tupcona
’ 2
nj (n i np j)
npj
1. [3; 3.3) 4 0.101 3.032 0.309
2. [3.3; 3.6) 7 0.225 6.761 0.008
3. [3.6; 3.9) 10 0.295 8.79 0.166
4. [3.9;4.2) 5 0.222 6.665 0.416
S. [4.2; 4.5) 3 0.098 2.946 0.001
6. [4.5; 4.8) 1 0.025 0.758 0.077
> — 30 0.965 28.95 K,., =0.978.

KOHTPOJIbBHAS PABOTA 3. Yacrs 1
Ykaszanua. «llokazarenbHble» TUIIOBBIE 3aJa4d U IPUMEPHl HAXOAATCSA IO YKa3aHHBIM

pazjenam.

3amgaga Nel Tema 2.3
3amgaga Ne2 Tema 2.4
3agaga Ne3 Temsr 2.5-2.7
3amgaua Ned Temsbr 2.8-2.9
3amada Ne5 Tema 2.10
3amauga Ne6 Tema 2.11
3agaun Ne7-9 Temsr 3.1-3.8

Bapuanr 1.1

1) Bpocatotcs nBe urpanbHbie KOcTH. ONpenenuTbs BEpOSTHOCTh TOTO, YTO CyMMa BBITIABIIMX
OUYKOB HE TIPEBOCXOIUT TPEX.

2) B ypHe Tpm OenmbiXx W MATH YepHbIX MmapoB. Haymady BeiHMMaroT aBa imapa. Kakosa
BEPOATHOCTH TOI'0O, YTO OTHU MIAPBI Pa3HBIX HBeTOB?

3) BeposiTHOCTh ONIagaHMs B LIENb PU OJJHOM BBICTpene paBHa 0.9. HaiiTu BeposSTHOCTB TOTO,



4TO B pe3ybTaTe ABYX BHICTPEIIOB OYAET XOTS OBbI OJTHO MOTATaHHE.

4) B THpe WMeeTcs MSATh BUHTOBOK, BEPOSTHOCTH IOMAJaHHs B IENb W3 KOTOPBIX PaBHBI
cootBerctBeHHo 0.5, 0.6, 0,7, 0,8 u 0,9. HaiiTu BeposSsTHOCTH MOMaaHUs B LEIb U3 B3ITOU
HayTaj BUHTOBKH.

5) 30% wu3menuii HEKOTOPOro MPEANPUSATHS — MPOAYKIHMs Bbicuiero copta. [IpuobOpereno 4
u3JIenust 3Toro npeanpusaTus. Kakosa BeposSTHOCTh TOTO, YTO 2 U3 HUX BBICHIETO copTa?

6) Haiitn BeposiTHOCTH TOro, uTo cpeau 300 m3nenuii okaxercs Ooliee Tpex OpaKOBaHHBIX,
€CJIM B CpeJlHeM OpaKOBaHHBIC U3/ COCTABIAOT 1,5%.

7) JlBa cTpeika JenarT MO OJHOMY BBICTpPENy B OJHY MHUIICHb. BEpOsSTHOCTH MomagaHus Jyis
nepBoro crpenka pasHa 0.5, nist Broporo — 0.4. X— ducio nomajganuii B MuiieHb. Tpedyercs
JUTSL TUCKPETHOM CITy4aifHOUW BETMUYMHBI X: a) MMOCTPOUTH PSJl pactpeesieHus; 0) BEIUUCITHUTD
M(X), D(X) u o(X); B) naiiti BepositHoCTh P(X<M(X)).

8) JlaHa IUIOTHOCTH pacHpeAeICHUs CIIy4ailHOH BeMNYnHBI X :

0, x<0
f(x)=4{bx?+05  0<x<1
0, x>1

Haiitu: a) konctanry b; dynkuuto pacnpenenenus F(x), B orBet BBectu F(1/3); F(1/2); B) MX; 1)
DX; n) P(1/3 <X <1/2).

9) Bechl Ist TSKETBIX MPEMETOB CYUTAOTCS TOJAHBIMH, €CJIM OTKJIOHEHHE X OT KOHTPOJIBHOIO
Beca Ha Oosiee UyBCTBUTENIbHBIX Becax He mpeblmaer 18 r Bennumna X — HopManbHO
pacnpenenennas u M(X)=0, D(X)=10 r. CKoJbKO IPOICHTOB MIPUTOIHBIX BECOB U3rOTABINBACT
3aBoa1? OTBET OKPYTJIUTH J0 LIEJbIX.

Bapmuanr 1.2

1) Ha tpuanaru kaprodykax Hamucanbl yrcnia ot 11 10 40. HaiiTi BeposSTHOCTh TOTO, 4TO CyMMa
u(p YuciIa Ha B3SITOM HayraJ KapTouke paBHA 5—TU WK 9—TH.

2) Crynent 3naer 50 u3 60 BompocoB mporpammbl. HallTu BepOsSITHOCTH TOTO, YTO CTYICHT
3HAET JIBa BOIIPOCA, COJEPKAILUECS B IK3aMEHAILIMOHHOM OuJeTe.

3) UrpanbHas kocTh Opocaercs mecth pa3. HallT BepOsITHOCTH TOTO, YTO YHCIIO BBIMABIINX
OUYKOB HU pa3y HE MOBTOPUTCS.

4) U3 ypHbl, comepxkaBiieil 3 OenblXx M 7 YEpHBIX IIAPOB, OJMH LIAPD HEH3BECTHOTO IIBETA
yrepsiH. HaiiTu BeposTHOCTB M3BJI€Ub HayJauy U3 YpHBI IIap O€oro seTa.

5) Usnmenuss HEKOTOPOrO MpeanpHsATHs coiepkar 5% Opaka. HaiiTu BeposTHOCTH TOTO, YTO
Cpelu MATH B3ATHIX HayJauy U3Aeui OKaKyTcsl 1Ba OpaKOBAHHBIX.

6) Ilonarasi BepOSITHOCTH POKICHUS MallburKa paBHO# 0.5, HAUTH BEPOSITHOCT TOTO, YTO CPEIU
200 HoBOpOkIeHHBIX OyzaeT: a) 100 manbunkos, 6) ot 90 1o 110 ManbYMKOB.

7) U3 kopoOku, coxepxamieil 3 CMHMX W 4 KpacHBIX KapaHJaila, Hayqady BBIHUMAWOT 3
KapaHjaama. X — 4uciIO0 KPacHbIX KapaHJaalleil cpenn BBIHYTBIX. Tpelyercs A AUCKPETHOU
CITy4ailHOW BEJIMYHMHBI X: a) MOCTPOUTH psij pactpenencHus; 0) Berancauth M(X), D(X) u
6(X); B) HaiiTu BeposTHOCTH P(X<M(X)).

8) 3amaHa IUIOTHOCTB pacIpe/IeNICHNs] BEPOSITHOCTEH

alx. x| <1
f(x)=
0, x| >1.
Haiitu: a) xoHcranTy a; 0) ¢yHkuuto pacnpenenenus F(X), B orBer BBecTH 3HaueHus F(—1/2),
F(1/2); B) M(X); r) D(X); 1) P(-1/2 < X < 2).
9) KOMIOHEHThI M3TrOTOBISEMOTO JICKAPCTBAa OTBEIIMBAIOTCS HAa Becax, ommoOka X KOTOPBIX
pacnpeneneHa HopmanbHo, npuuém M(X)= 0, o(X)= 0.00003 r. Hopma Beca nekapcta 0.02 T.



Onpenenutb BEpOSTHOCTh OTOpPaKOBAaHUS JIEKApPCTBA, €CIM MaKCHUMAaJbHO JOMYCTHMBIM Bec
MIPUHSTOrO K UCTOJIb30BaHMIO JiekapcTBa 0.021r.

Bapuanr 3

1) B ypHe 2 kpacHbIX, 7 3eJIeHbIX , 5 cuauX 1 10 HeokpamieHHbIX apoB. Haynauy ussiekaercs
onuH map. KakoBa BEposATHOCTH TOr0, YTO IIap OKAKETCS OKPALIEHHBIM?

2) B maprtuu u3 gecsatu usnaenuii 1sa OpakoBanHbix. Haynady BeiOuparoT msath u3aeinii. Kakosa
BEPOSTHOCTH TOTO, YTO CPEIU HUX OAHO OpakoBaHHOE?

3) B smumke 10 xpacHbIX U 6 CHHHUX IIyrOBHUIl. BBIHHUMAIOTCS Haymady aBe IMyroBuilsl. Haitu
BEPOSITHOCTH TOTO, YTO 00€ IYTOBHUIIBI OJTHOTO I[BETA.

4) Hwmeercs TeCSITh OJIMHAKOBBIX YPH, u3 KOTOPBIX B NEBSITH
HaXOJAATCS 1O 2 OeNbIX U 2 YepHBIX 1apa, a B OJHON — 5 6enbix u 1 uepHsIil map. U3 B3sTOM
HayraJ YpHbI U3BieyYeH Oenbiii map. KakoBa BEpOsSTHOCTh TOTO, UTO LIAp W3BJICYEH U3 YPHBI,
coaepxkaBiieii 5 OenbIx mapo?

5) BeposiTHOCTH TOTO, 4TO MOKYIMATE 0 moTpedyercs 00yBb 41-ro pa3smepa, pasua 0,2. Haiitu
BEPOSITHOCTh TOTO, YTO M3 ISATH IMOKYIATeNell TONBKO OJHOMY MOTpedyercs oOyBb 3TOTO
pa3Mepa.

6) Cpemu cemsin pxu umeercs 0.4% cemsiH copHsikoB. KakoBa BEpOSITHOCTH MpU CIIydailHOM
otbope 5000 cemsiH OOHAPYKUTDH 5 CEMSH COPHSIKOB?

7) UrpanbHas KOCTb OpocaeTcs 10 MOSIBJICHUS IIECTEPKU, HO HE Ooyiee ceMu pa3. X— 4uciio
Opocanuii koctu. TpebyeTcst Ajig NUCKPETHOW clydyallHOUW BelMMYUHBI X: a) MOCTPOUTH Psij
pactpenenenus; 0) Berurcautb M(X), D(X) u 6(X); B) Haiitu BepostHOCTh P(X<M(X)).

8) 3amaHa IIOTHOCTH pacIpeeICHUs BEPOSTHOCTEH

0, x<-1
f(x)={ax®+b, -1<x<1
1, x>1

Haiitu: a) koHcTaHThI a; b 6) dyHkuuio pacnpenenenus F(x), B otBer BBecTH 3HaueHus F(—1/2),
F(1/2); B) M(X); t) D(X); 1) P(-1/2 < X < 0.5).

9) Uznenue cuuTaeTcss UPUTOJHBIM, €CIM OTKIOHEHHE €ro pasMepa OT HOMHHAla He
npesbiiaer no monayno 1.45 mMMm. Ciydaiinble OTKJIOHEHUS X paclpenesaeHbl HOPMAalbHO,
npuuaém M(X)=0, o(X)=1.5 mMm. OnpeieIuTh BEPOSITHOCTh TOTO, YTO CIIyYaHO B3ATOE M3CITUE
ABJIIETCS IPUTOIHBIM.

Bapuanr 4

1) BpocatoTcst qBe urpaibHbie KOCTH. ONMpPeAeuTh BEPOSTHOCTH TOTO, YTO CyMMa BBIMABIIHX
OUYKOB HE IIPEBOCXOUT IATH.

2) B ypHe msTh MPOHYMEPOBAaHHBIX IIAPOB ¢ HOMepaMu OT 1 1o 5. M3 ypHBI Hayrax oiuH 3a
JIpYT'MM BBIHUMAlOTCS Bce miapbl. HailTu BepOsSTHOCTH TOTO, YTO UX HOMepa OyayT HATU B
BO3pacTaOIIEM NOPSIKE.

3) Crpenok BeaeT OroHb MO MPHONMKAIOIICHCS 1ed. BeposTHOCTh Momajanus B Ielb MPH
nepBoM BbicTpene paBHa 0.4 u yBenmumBaerca Ha 0.1 uId KaXZ0ro IOCIEIYHOIIETO
BbIcTpena. KakoBa BepOSITHOCTh MOJTYYHTh JIBa MOMalaHus IPU TPEX BhICTpesax?

4) B mkady CTOAT OJHOTUIHBIC MPHOOPHI, U3 KOTOPhIX 15 HOBBIX M 10 yxke ObIBOIMX B
sKcryaranuu. bepyrea Hayraa aBa npubopa M SKCIUTyaTHPYIOTCS B T€UEHHE HEKOTOPOIo
BpPEMEHH, IOCIE Yero BO3BpallaloTcs B Imkad. 3aTeM BTOpPUYHO OepyTcsi Hayraja [1Ba
npubopa. Hailitu BeposITHOCTB TOTO, 4TO 00a BTOPUYHO B3SATHIX MPUOOpa HOBBIE.

5) Hmeercs 10 naptuii u3genui, Kaxxaas U3 KOTOPBIX COAEPKUT 1o 20 W3eNuii MepBoro copra
u 5 uznenuit Broporo copra. M3 xaxnoil maptun Oepyr mo uznaenuto. HaliTu BeposSTHOCTD
TOT'0, YTO B3SIThI M3IEIHsI OAHOIO COpTa.

6) KakoBa BeposATHOCTH TOTO, 4TO B cTOJIONKE M3 100 Hayraj yia0)KEHHBIX MOHET YHCJIO MOHET,



PacIoIOKEHHBIX «OpPJIOM» BBEPX, HAXOAUTCS B Ipeaenax ot 45 1o 55?

7) BeposATHOCTH MOMagaHus MSYOM B KOP3WHY MPH KakaoMm Opocanmu paBHa 0,4. X— umcio
nonagaHuil npu naTH Opockax. Tpebyercs s JUCKPETHON CilydyailHON BenWyuHBI X: a)
MOCTPOUTH psf pactipeaenenus; 0) Berauciautbh M(X), D(X) u o(X); B) HallTH BEpOSITHOCTD

P(X<M(X)).
8) 3agaHa IIOTHOCTH PACIIPENEIICHUs BEPOSITHOCTEM
a(l-x?), x| <1
fg 26X X
0, x| >1

Haiitu: a) koHcraHTy a; 0) ¢yHkumio pacnpenenenus F(x); B orBer BBectn 3HaueHus F(0),
F(1/2); B) M(X),; 1) D(X); 1) P(0 <X <0.5).

9) CunyuaiiHble ONIMOKU M3MEPUTENIS TITyOUHBI paclpeIe/ICHbI [0 HOPMaTbHOMY 3akoHY. Kakyro
CPEIHEKBAIPATHUECKYIO OMIMOKY JOJKEH UMETh U3MEPUTEINb TTyOUHBI, 9TOOBI C BEPOSITHOCTHIO
0.7 ommOka u3MepeHus NIyOMHBI 10 MOAY/II0 Obl1a MeHbIe 150 M.

Bapmuanrt 5

1) Ha copoka kaproukax Hamucanbl yucia ot 21 go 60. HaiiTu BeposSTHOCTh TOTO, 4TO CyMMa
nugp YKciIa Ha B3SATON HayraJ KapTouke paBHA MATH UM BOCEMHU.

2) ClOoBO «HMHTErpaj» COCTaBICHO M3 OYKB pa3pe3Hol a30yku. M3 3TUX BOCBMH KapTOYeK
HayJauy W3BJICKAIOT YEThIPE M CKJIAJBIBAIOT B PAM APYT 3a JPYTOM B MOPSAKE MOSBICHHUS.
KakoBa BepOSATHOCTb TOJIYYUTH TPU 3TOM CIOBO «HTPan?

3) Jlnst curHamu3anuk 00 aBapuK YCTAHOBJICHBI [[Ba HE3aBHCHUMO PabOTAMONIMX CHTHAIM3ATOpA.
BepositTHOCTH TOTO, YTO TIPU aBapuM CHUTHAIU3aToOp cpaboraer, paBHa (.96 My mepBOro
curnanuzaropa u 0.98 mis Broporo. HaliTu BepOsITHOCTH TOTO, YTO MPH aBapuu cpaboTaer
TOJILKO OJIMH CHTHAJIU3ATOP.

4) Ha ckmame BOEPEMEIIKY XPAHATCS JIaMIIbI, MOJYYEeHHBIE C YeThIpeX 3aBojaoB: 250 — ¢
MepBoTro 3aBojaa, 525 — co BToporo, 275 —¢ Tperbero u 950 — ¢ yerBeproro. BeposarHocTs
TOro, 4ro Jjamma npopaboraer Oonbmie 1500 wacoB, I MNPOAYKLMH 3TUX 3aBOJIOB
cootBercTBeHHO paBHa (.15, 0.3, 0.2 u 0.1. Haiitu BeposTHOCTH TOTO, UYTO B3siTasi HAyraj
namma npopabdotaet 6onbiie 1500 yacos.

5) Mmeercs nsaTh OAMHAKOBBIX MApTUi u3aenuil. Kakias nmapTus COCTOUT U3 YEThIPEX H3IEIUi
IEPBOT0 COpPTa M OJHOTO M3JeNus BToporo copra. M3 kaxxaoi mapTtuu O6epyT MO H3JIENHUIO.
Haiiti BepoATHOCTH TOTO, UTO Cpelr BBHIOPAHHBIX M3JENUI XOTS ObI TPH HU3AETHS TIEPBOTO
copra.

6) BeposTHOCTB A5 J1F000T0 a0OHEHTa MO3BOHUTH HA KOMMYTATOp B TeueHHe yaca paBHa 0.02.
Teneponnas cranuus obciyxuBaer 250 aboneHToB, KakoBa BepoSTHOCTH TOro, YTO B
TEYEHHUE Yaca MO3BOHAT TpU aOOHEHTA?

7) Momnera noaopachIBaeTcs IECTh pas. X - IPOU3BEICHUE
YHUCIa BBIMAICHUN «Opiay Ha YHCIO BBIMAJACHHUN «pemKuy». Tpedyercs sl AUCKPETHOM
CIIy4aifHON BeIMYMHBI X: a) MOCTPOUTh psia pacupenenenus; 0) Berancnuth M(X), D(X) u
o(X); B) HaifTu BepoaTHOCTh P(X<M(X)).

8) CunyuaifHas BeIHMYHHA f UMEeT IUIOTHOCTb pacIpe/ieIeHUs

1
Pg(x): > Xe[2,4]
0, x¢[2,4]

Jpyras cinyuaiiHas BeIMYMHA CBs3aHa C éj (GYHKIMOHAIBHOM 3aBUCUMOCTBIO 7] = 253 +1

Onpenenuts MaTeMaTHueckoe oxuganue M 1) ¥ JUCTIEPCHIO D77 CITy4aliHOW BEJIMYUHBI 7] .

9) Cpennsis nanbHOCThH MoJETa CHapsaa paBHa m. [Ipeamonaraercsi, 4TO AadbHOCTH Mmojéra X



pacnpeziesieHa 0 HOPMA@JIbHOMY 3aKOHY CO CPEIHUM KBaJApaTHUYHbIM OTKJIOHEHHEM 100 M.
Haiitn, xakoit mpoueHT cHapsAaoB 1aét nepenér ot 120 m 10150 m.

Bapuanr 6

1) B ypue 10 6enbix, 15 cunux u 25 KpacHbIX, mapoB. HaiiT BepOSATHOCTH TOTO, YTO B3ATHIN
HayJ[aqy I1ap OKKETCs OCIbIM.

2) B ypue 2 6enbix, 3 uepHbIX U 5 cuHMX mapoB. Haymauy ussieucHbl Tpu mapa. Kakosa
BEPOATHOCTH TOT'O, UTO BCE TPH LIapa Pa3HbIX LIBETOB?

3) Jleranb mMpOXOAMT TpH omepaiuu o0paOboTKH. BepositTHOoCTh mosydeHus Opaka Ha TEpPBOM
onepauuu pasHa 0.02, na Bropoit — 0.03, Ha Tperbeit — 0.04. HaiitTu BepOSATHOCTb MOJTy4YeHUS
netanu 0e3 Opaka 1mocje Tpex orneparui.

4) Ha cknaa noctynwio 200 MOAMIUMITHUKOB ¢ TepBoro 3aBojaa, 460 — co Broporo u 340 — ¢
TpeTrbero. BeposTHocTh Opaka B mpoaykiuu nepBoro 3asoja pasHa 0.03, Broporo — 0.02,
tperbero — 0.01. B3saThIil Hayrag NOJIIMITHUK OKa3ajics OpakoBaHHBIM. HaliTH BepoOSITHOCTB
TOT0, YTO OH M3TOTOBIICH Ha IEPBOM 3aBO/IE.

5) BeposTHOCTh M3rOTOBJCHUS TrOMHON JaeTanu paBHa (.7, a BEPOSTHOCTh TOTO, YTO TOJHAS
neTans nepBoro coprta paBna 0.3. Haynauy B3ato 5 netaneit. HaiiTu BeposSTHOCTH TOTO, UTO
Cpeu HUX POBHO TPH JIETAJIM [1EPBOTO COpTA.

6) IIpousBoxacTtBo maet 1% Opaka. KakoBa BEpOSTHOCTh TOTO, YTO M3 B3ATHIX HA UCCIICIOBAHUEC
1100 uznenuii Bb1OpakoBaHo OyneT He Oosiee ueM 17 uznenuii?

7) B maptum u3 gecsaTtH aertaneit umeercs 8 cranmaptHbix. Hayrag B3sto 4 meramu. X — 4ucIiio
CTaHJApPTHBIX JAeTajeil cpeau B3ATHIX JeTaned. TpeOyercs ans TUCKPETHOW cllydyalHOM
BeJIMUYMHBI X: a) MOCTpOouTh psin pacnpenenenus; 0) Boruucautb M(X), D(X) u o(X); B)
HalTH BeposATHOCTh P(X<M(X)).

8) CuyuaiiHas BeJIMYMHA f MMEET IJIOTHOCTh pacipeiesIeHus

P, (x) = (b-x*-a), xe[2,4]

0, x¢[2,4]
Haiit a, b. Jlpyras cnyuaiiHas BequuuHa CBs3aHa C 5 (YHKIIMOHAIBHON 3aBUCHUMOCTBIO

n=2&+1. Onpenenurs marematnueckoe oxkumanne M7 u macnepemio D7 cnyuaitnoit
BEJMYHMHBI 7] .

9) 3aBon wm3roraBiuBaeT Opycku. HomuHanpHbl pasmep (mmuHa) Opycka d = 15 mwm.
@DakTUUECKUI JMaMeTp — cllydaiiHas BeJIMYMHA C MAaTeMAaTHYEeCKUM OXKHUJIaHueM 15.5 MM u
cpenHekBapaTuueckuM oTkiaoHeHneM 0.3 mm. IIpu koHTpose OpakyroTcst Bce OpyCcKH, TUaMeTp
KOTOPBIX OTIMYaeTcs 0T HoMuHana 6osee, yeM Ha 0.1 Mmm. OnpenesnuTh NpoLeHT Opaka.

Bapuanr 7

1) Bpocatotcs nBe urpanbHbie KOcTH. ONpenenuTbh BEpOSTHOCTh TOTO, YTO CyMMa BBITIABIIMX
OYKOB HE MPEBOCXOJUT CEMH.

2) B maprum u3 50 u3genuit 6 OpakoBaHHBIX. M3 mapTuy BBHIOMPAIOTCS Haynady S5 W3IENUi.
Onpenenutb BEpOSITHOCTh TOTO, UTO CPEAM ITUX MATH U3AENUi 1Ba OpaKOBaHHBIX.

3) B maptum 20 wsnmenuii, U3 HUX 7 HecTaHmapTHeIX. Haynmauy B3sto 5 wsnmenuii. Haiitu
BEPOSATHOCTH TOTO, UTO CPEIX BHIOPAHHBIX U3ZENU XOTS ObI IBa HECTAaHAAPTHBIX.

4) Cpenu IBaJLATH ISATH SK3aMEHALMOHHBIX OMIIETOB IATH «XOpommx». HaiiTn BeposiTHOCTH
TOT0, UTO: @) MEPBBIA CTYAEHT B35 «XOPOILIUI» OuieT; 0) BTOPOil CTYAEHT B35 «XOPOIIUI»
ouner.

5) HaiiTi BEepOSITHOCTh TOTO, YTO MPH JCCATH OPOCAHUIX MOHETBI «OPEN» BBIMACT MATh Pa3.

6) B marasun ornpasieHo 1000 OyThUIOK MUHEpaJbHOH BOIBL. BeposTHOCTH TOrO, YTO MpH
nepeBo3ke OyThUIKa Oynmer pa3douta, paBHa 0.003. Haiitu BeposSTHOCTH TOTO, YTO Mara3uH



MOJIYYHT XOTs ObI OIHY Pa30UTYIO OYTBIUIKY.

7) B smuke nmexar mATh H3AETHIA, W3 KOTOPBIX OJHO OpakoBaHHOe. M3 AIIMKa W3BICKAIOT
U3JIeNUsl OJTHO 3a JIPYTMM JI0 T€X IOp, MokKa He OyJaeT BBIHYTO OpakoBaHHOE u3Aenue. X —
YUCJIO BBIHYTBIX u3Aenuid. TpeOyeTcs mJis IUCKPETHOW ClaydyalHOW BeIWYMHBI X: a)
nocTpouTh psin pacupeneneHus; 6) Beraucauts M(X), D(X) u o(X); B) HalTH BEpOATHOCTD
P(X<M(X)).

8) 3amaHa IUIOTHOCTH pacIpeeICHUs BEPOSTHOCTEH

0, Xx<-1
f(x)={ ax?, -1<x<1
1, x>1

Haiitu: a) xoHctanty a; 0) GyHkiuio pacmnpenenenus F(x), B orBer BBecTH 3Hauenus F(-1/3),
F(1/3); B) M(X), r) D(X); o) P(-1/2 < X < 0.5).

9) Cayuaiinas BenauurHa X — OTKJIOHEHHE pasMepa H3JACIHUs OT HOPMBI — HOPMAJIbHO
pactpeaenennast, npuuaém M(X)= 0. Haiitu o(X), eciiu u3BectHo, uro P(— 1<X<1) = 0.3.

BapuanTt 8

1) Haynauy BeIOpaHO HaTypajabHOE 4KCIIO0, He mpeBocxosimiee 20. KakoBa BeposITHOCTh TOTO,
YTO 3TO YHUCIIO KpaTHO 57

2) CloBO «MaTeMaTHKa» COCTaBICHO U3 OYKB pa3pe3Hoii a30yku. Haymauy u3BjiekaoT oTcioa
Tpu OYKBBI M pacrojiararoT JApyr 3a APYroM B IOpsjke u3BieueHus. KakoBa BEpOATHOCTb
TOTO, YTO IIPU 3TOM MOJIYUUTCS CIIOBO «MaK»?

3) U3 kononusl, comeprkaineii 36 kapT, BRIHUMAIOT Hayaady YeThipe KapThl. HaiiTu BeposITHOCTD
TOT'0, YTO CPEJIU B3SITHIX KapT €CTh XOTs Obl OJIUH TY3.

4) Wwmeetcs tpu ypHbL. IlepBas coaepxuT 2 OenbiX U 3 YepHBIX Iapa, Bropas — 4 Oenbix u 1
YepHbIi, TpeTbsd — 3 Oenbix mapa. Hayrag Gepercs ypHa u u3 Hee u3Biekaercs map. Haiitu
BEPOSITHOCTh TOT'0, YTO U3BJIEUEH O€NbIil map.

5) Cnenano 14 BBICTpeNOB 1O esd. BeposTHOCTh MomNajaHus MPH KaXJIOM BBICTpEJIe paBHA
0.2. HaiiT BEpOATHOCTH TOTO, YTO IPOU30LLIO TPU NOMAJAHUS B LIEIb.

6) BeposTHOCTh mMoOsiBIIeHUST cOObITHS A B KaxkaoMm u3 1500 ucneitanuii paBHa 0.4. Haiitu
BEPOATHOCTh TOTO, YTO YHCIIO MOSBIEHUIN cOOBITUS A 3akioueHo Mexay: a) 570 u 630, 0)
600 u 660.

7) WrpaibHy0 KOCTh OPOCAIOT MSTh pa3. X — YKCIIO BBIMAACHUI 1ecTH 04KOB. Tpedyercs s
JUCKPETHON Clay4dailHON BeNWYHMHBI X: @) MOCTPOUTH P pachpeneiaeHus; 0) BBIUUCIUTD
M(X), D(X) u 6(X); B) Haiitu BepoaTHOCTh P(X<M(X)).

8) JlaHa IUIOTHOCTD pachpee/eHusI CIyIaiiHOW BETMYHHBI X :

0, x<0
f(x)=4{b-x*+05, 0<x<1
0, x>1

Haiitu: a) koncranty b; dpynkuto pacnpenenenus F(x), B otBer BBectu F(1/3); F(1/2); B) M(X);
r) D(X); n) P(0.3 <x<0.9).

9) Jleranp, W3rOTOBJCHHAs AaBTOMATOM, CYHMTaeTCs TOIHOW, eciu OTkIoHeHHe X eé
KOHTPOJIMPYEMOTO pa3Mepa OT HOMMHaja He mpeBbimaer 18 mMm. Bemmumna X pacmpenenena
HOopMaibHO, npuuéM G(X)=9 mMm. HaliTu BepoATHOCTH TOro, 4TO JAeTaldb OyAeT MpU3HaHa
TOJTHOH.

Bapuanr 9
1) Bce OykBbI pycckoro andaBuTa HamucaHbl Ha 33—X KapToykax. Haymauy m3Biekaercs ojHa



KapTouka. HaiiTu BEpOsITHOCTH TOTO, UTO Ha 3TOW KapTOUKE HalKcaHa riacHas Oyksa.

2) B ypue 6 Genbix u 4 uepHbIX Imapa. M3 ypHBI Haymady u3BjacueHbl 5 mapoB. Haiitu
BEPOSTHOCTH TOTO, YTO CPEIU HUX 2 O€JbIX U 3 YEepHBIX.

3) Paboumii oOciykuBaeT TpU CTaHKa. BeposSTHOCTH TOro, YTO B TEYEHHE 4Yaca CTAHOK
norpedyeT BHMUMaHUs pabodero, /uis nepBoro cranka pasHa 0.9, mis Broporo — 0.8. mms
tperbero — 0.7. HaiiTu BEpOSITHOCTh TOrO, YTO B TE€YEHHUE Yaca 10 KpalHeW Mepe OJIMH U3
CTaHKOB NOTpeOyeT BHUMaHUs pabodero.

4) B nepBoii ypHe — 1 Oenblii ¥ 2 YepHBIX MIapa, BO BTOpoi — 3 GenbIx U 3 yepHbIX mapa. M3
BTOpPOIl YpHBI HayraJ NEpeoKUiau B MIEPBYIO OJIMH IIap, a 3aT€M U3 NEPBOM YpHBI BBIHYJIN
Hayraj oAuH map. HalTu BepOATHOCTb TOrO, YTO BBIHYTHIM IIap HAXOAMWICA paHee BO
BTOPOU ypHE, €CII U3BECTHO, YTO OH OCJbIii.

5) Tlaptus usnenuii conepxut 5% Opaka. HailTu BEpOSTHOCTH TOTO, YTO CPEIU ISTH B3SITHIX
HayJa4dy U3/eNUi: a) HeT HU OHOTO OpaKOBaHHOTO, 0) 1Ba OpaKOBAHHBIX M3/EIHSL.

6) BeposTHOCTh mpom3BojicTBa OpakoBaHHoi seranmu paBHa 0.008. KakoBa BeposSTHOCTH
HauOosee BEPOSTHOIO yucia OpakOBaHHBIX JI€Tallell Cpequ HayAauyy OTOOpaHHBIX THICSYM
neranen?

7) UrpanbHyl0 KOCTh OpOCArOT ABaXIbl. X— aOCOJIOTHAs BEIMYMHA PA3HOCTH BBIMABIINX
oukoB. TpebOyercs s OUCKPETHOW CIlydallHOM BeIMYMHBI X: a) MOCTPOUTH Psij
pacnpenenenus; 6) Beruncauts M(X), D(X) u o(X); B) HaiiTu BeposiTHOCTh P(X<M(X)).

8) CuyuaiiHas BenmunHa & MMEET IIOTHOCTD PACTIPEACIICHHUSI

1
P(:(x): §x+a, xe[2,4]
0, X &[2,4]

Haiftu a. Jlpyras cnydaiinas BenuuuHa cBs3aHa ¢ ¢ (QyHKUMOHAQIBHOW 3aBUCHMOCTBHIO

3 o
n=2&"+1 . Onpenennrs maremarndeckoe oxupanne M7 u mucnepento D7y cywaitnoit
BCJIMYNHBI 77 .

9) Cpennsis AanbHOCTh TONETa mynu paBHa 2m. Ilpenmonaraercs, 4TO NAIBHOCTH monéra X
pacripeziesieHa 1o HOpMaJIbHOMY 3aKOHY CO CPETHUM KBaJpaTUdHbIM oTKIoHeHHEM 90 M. Haiitu,
KaKOW ITPOLEHT CHapsAA0oB Ja€t nepenér ot 100 m 1o 110 m.

Bapuanr 10

1) BpocatoTcs aBe urpanbHbie KOCTUH. OINpPEAeUTh BEPOSITHOCTh TOTO, YTO CyMMa BBIMABIIMX
OYKOB HE MPEBOCXOAUT JIEBSTH.

2) Ilpu HaGope TenedoHHOrOo HOMepa abOHEHT 3a0bUT JBE MOCTeqHUE HUPPHI U HAOpal MX
Hayraj, 3Has, 4YTo 3TU LU(PbI HEUETHbIE U pa3Hble. HaliTh BEpOSATHOCTH TOTrO, YTO HOMEP
HaOpaH NpPaBUIIBHO.

3) Hwmeetcs nBe OMUHAKOBBIX MAPTUH U3JCIHHN, COACPIKAIIMX MO CEMH H3JCIUN EPBOTO CopTa
U TI0 OJIHOMY HW3JICNIMI0 BTOpPOro copta. M3 kaxmoit mapTuu OepyT IO YEThIpe H3IETHSI.
HaiiTu BEpOsATHOCTH TOT0, YTO COCTAB MAPTUH OCTAHETCS OJIMHAKOBBIM.

4) B rpymme u3 JecATH CTYJCHTOB, MPHUIICAIINX Ha SK3aMEH, TPU CTYIEHTa MOATOTOBJICHBI
OTJIMYHO, YEThIpE — XOpOIIO, JBa — TOCPEACTBEHHO M OAMH — IUI0X0. OTiIM4YHO
MOATOTOBJICHHBIA CTYJIEHT 3HaeT Bce 20 BOMPOCOB AK3aMEHAIIMOHHBIX OWJIETOB, XOPOIIO
HOJTrOTOBJICHHBINH — 16, TOCPEICTBEHHO MOATOTOBIEHHBIN — 10, MJI0X0 MOATOTOBICHHBIH — 5.
Bb13BaHHbBI Hayraa CTYJEHT OTBETHII Ha BCe TpU Bompoca Ouiera. HailTu BeposiTHOCTB TOTO,
YTO 3TOT CTYACHT MOArOTOBIIEH OTJIMYHO.

5) Nmeercs 7 OonMHAKOBBIX MapTwii w3aenwit. Kakmas mapTuss COCTOUT W3 MATH W3IEIHN
IEepBOTO COpPTa M TpexX HM3AeNnuil BToporo copra. M3 kaxmod maptum OepyT Haynmady Io
oHOMY u3fenuo. HaliTu BEposSTHOCTH TOTO, YTO B3ATO HE 00Jiee OJHOTO M3JIEIHsI BTOPOTO
copra.



6) Omsbit cocTout B Opocanuu MoneTsl 4040 pa3 (ombiT brod¢dona), «opem» Briman 2048 pas.
Haiiti BEpOATHOCTH TOTO, YTO MPHU MOBTOPEHHUH OmbITa broddoHa OTHOCHUTEIbHAS YacTOTa
TIOSIBJICHUS «OpJia» oTKIoHUTCs oT 0.5 He Oosee uem B onbiTe broddona.

7) BeposaTHOCTH NONagaHus MpH KaxaoM BeicTpese paBHa 0,7. OXOTHUK CTPEJSIET 10 MEPBOTo
NOTIAJIaHus, HO YCIEBAeT CHEeNaTh HE 0ojiee MATH BBICTPENOB. X — YHCIO MPOU3BEICHHBIX
BBICTpENIOB. TpeOyercs Mg JUCKPETHOW CIIyYalHOM BEIMYHMHBI X: a) MOCTPOUTH PsIa
pacupeaenenust; 0) Beraucauth M(X), D(X) u o(X); B) HaliTi BeposTHOCTh P(X<M(X)).

8) JlaHa INIOTHOCTD pacHpeaeICHHs CIyIaiiHOM BETHYHHBI X :

0, x<0
f(x)=<ax*+0.5, 0<x <1
0, Xx>1

Haiitu: a) xoHcranty a; ¢pynkuuio pacupenenenus F(X), B orBer BBectu F(1.3); F(0.5); B) MX;
r) DX; o) P(0.3 <X <0.8).

9) IIpousBoauTcs CTpesibda Mo eI, UMEIOIIEH BUI MOJIOCH! upuHO# 25 M. [IpunenuBanue
MPOU3BOAUTCS MO CpeaHed JUMHUM T0JIochl. CpelHEKBaapaTUYEeCKOE OTKIOHEHHE TOYKU
nonaJaHusi OT CEPEIUHBI MOJ0CH paBHO 16 M. HaifTu BeposSITHOCTH MomafaHusi B MOJIOCY MPHU
OJIHOM BBICTpEIIE.

BapuanT 11

1) Haynauy BeIOpaHO HaTypajbHOE 4HCIO, He npeBocxosimiee 20. KakoBa BeposTHOCTH TOTO,
yto 20 HaLEIO0 AeIUTCA Ha DTO YUCIO ?

2) U3 nsatu kaprouek ¢ OykBamu A, b, B, I', /| Haynauy BeiOuparot Tpu. KakoBa BeposTHOCTb
TOT'0, YTO U3 3TUX TPEX KAPTOUYEK MOYKHO COCTABUTH CIOBO «/IBA»?

3) IlapTHs COCTOMT M3 YETHIPEX M3ICIUI MEPBOrO COPTa W IISCTH H3JIENUil BTOPOro COpTa.
Haynauy B3sTO Tpu u3genus. KakoBa BEpOSITHOCTH TOrO, YTO POBHO [BAa U3 HUX OJHOTO
copra?

4) B ypHe NSKHT OAWH IIAp HEU3BECTHOTO IIBETA — C PABHOI BEPOSTHOCTHIO OECJbIA MM
yepHblil. B ypHY omyckaercs Oenblii map M 3aTeM Hayjaady W3BJIEKaeTcs OJUH IIap,
okasasiuuiics OenbiM. KakoBa BEpoSATHOCTB TOTO, YTO B YpHE ocTalics O6embli map?

5) Mmeercs msITh OJMHAKOBBIX MapTUil m3nenuit. Kakmas mapTusi COCTOMT M3 JIBYX HW3JCIHIA
IEpBOr0 copTa M Tpex u3Jenuil BToporo copra. M3 xaxaoi maptuu OepyT MO HU3AETUIO.
Haiiti BeposITHOCTH TOTO, YTO CPEIIN B3SITHIX U3JCIUNA €CTh XOTS Obl OJHO H3JEIHE MEePBOTO
copra.

6) Kuwura nznana tupaxom 10 ThICSY 3K3eMIUISIPOB. BeposSTHOCTH TOTO, YTO 3K3EMILISP KHUTH
cOpouIropoBaH HenmpaBuiabHO, paBHa 0.0001. HaiiTu BeposSTHOCTB TOTO, UTO THPAXK COAEPIKUT
5 OpaKkOBaHHBIX KHUT.

7) B oroit 3amaue TpeOyercst Uil AMCKPETHOM CIydailHOW BeNMYMHBI X — CyMMa OYKOB,
BBIMABIINUX MPHU JBYX OpOCAaHUSAX WUIPajJIbHOW KOCTU: @) MOCTPOUTH PSAJ pacmpeneneHus; 0)
BerancanTh M(X), D(X) u o(X); B) HaiiTu BepossTHOCTE P(X<M(X)).

8) JlaHa IUIOTHOCTH pacHpeAeIeHus CIIy4aifHOH BeNUYnHBI X :

0, x<0
f(x)=<bx*+0.5, 0<x<1
0, x>1

Haiitu: a) koncranty b; dynkuuto pacnpenenenus F(X), B orser BBectu F(1/3); F(1/2); B) MX; 1)

DX; o) P(1/3 <X < 1/2).

9) 3aBoj M3rOTaBIMBacT BeChl. Bechbl CYMTAIOTCA TOJHBIMH, €CIIM OTKJIOHEHHE X OT
KOHTPOJILHOTO Beca Ha 0oJjiee YyBCTBUTEIbHBIX Becax He mpesbimaeT 0.18 r. Bennuuna X —
HopMmanibHO pactpeaeneHdas U M(X)=0, D(X)=0.10 r. CkoabKkO MPOIEHTOB MPHUTOTHBIX



BECOB U3TOTABJIMBAET 3aBOL?

Bapuant 12

1) TlomOpouieHsl nBe MOHETH. KakoBa BEpOSITHOCTH TOTO, YTO Ha OOEMX MOHETaX BBINAICT
«opé€m»?

2) B kmacce 10 mampumkoB u 20 ngeBouek. Hayram oroOpanbl Tpoe yuamuxcs. Kakoa
BEPOATHOCTH TOTO, YTO CPE/IM HUX JIBE AEBOYKU U OJJUH MaJIbYUK?

3) U3 aByx opyamii IpOM3BEICH 3aJIl MO LEIU. BeposTHOCTh momnajaHus U3 NEPBOrO OPYAHs
paBHa 0.85, u3 Broporo — 0.91. HailTu BepoOATHOCTh MOpAKEHUS LEJIH, €CIH IS €€
HOPAXXKEHMsI TOCTATOUYHO OJHOTO MONaIaHus.

4) W3 nsatd CTPEIKOB [BOE IOMANAIOT B IEJb C BEpPOATHOCTBIO 0.6, a OCTajbHBIE — C
BepostHOCThIO 0.4. Hayran BwIOpaH cTpenok. Omnpenenuth, Kakoe M3 JBYX COOBITHIA
BeposiTHee: A={BBIOpaHHBIH CTPEJIOK TomaJ B 1Iedb}, B={BbIOpaHHBIl CTpeEIOK
IPOMaxHYJICs } .

5) Bcxokecth ceMsiH gaHHOro copra paBHa 80%. HailiTH BepoOSITHOCTH TOTO, YTO W3 IATH
MOCESIHHBIX CEMSIH B3OMIYT HE MEHEE YEThIPEX.

6) BeposTHOCTh MOSIBICHHS COOBITHS B KakAoM u3 625 wucoeitanwmii pasaa 0.8. Haiitu
BEPOATHOCTb TOI'O, YTO OTHOCUTENbHAS YAaCTOTa IOSBJICHUS COOBITHUS OTKJIOHUTCA OT €ro
BEepOATHOCTH He Oosiee yeM Ha 0.04.

7) Hmeercs ceMb 3arOTOBOK JUIS OJHOW M TOM K€ JeTali. BeposTHOCTh M3rOTOBJICHHS TOJHOM
JIeTanu W3 Kaxaou 3arotoBku paBHa 0.8. X — 4YHCIO 3aroTOBOK, OCTaBIIUXCS TOCHE
W3TOTOBJICHUS NIEPBON TroAHOM Jetanu. Tpedyercst uis AUCKPETHOM Ciay4yailHOW BEIMYMHBI
X: a) moctpouth psa pacnpeaeneHusi; 6) Beruucautb M(X), D(X) u o(X); B) HaiiTh
BeposATHOCTHh P(X<M(X)).

8) JlaHa IUIOTHOCTD pacmpee/eHusI CIIyIaiiHOW BETMYHHBI X :

1
() = m, x e[a,b]
0, X ¢[a,b]

Haiitu: mapamerp y; OmpenenuTh MaTeMaTtHueckoe oxunanue M (X) ¥ JUCIEPCUIO D(X)

cly4ailHOW BenMuuHbl X, (QYHKIHMIO pacnpeaeneHus F(X) u BepostHocTh P(a < X < p).
Ucxoaubie nanubie: a=1.5; b=3.0; o=2.0; f=2.5.

9) KOMIOHEHThI M3TrOTOBISIEMOTO JICKAPCTBAa OTBEIIMBAIOTCS HAa Becax, OMMOKa X KOTOPBIX
pacnpeneneHa HopmaibHo, npuuéM M(X)= 0, o(X)= 0.003 r. Hopma Beca nekapcrsa 0.02 T,

MaKCHUMaJIbHO JOMYCTHMBII BeC MPUHATOrO K Hcnoib3oBaHuio jJekapceTBa 0.021 r. Ompenenuthb
BEPOATHOCTH Opaxa.

Bapuanr 13

1) BpocatoTcs nBe urpaibHbie KOCTH. HaliTH BEpOSITHOCTH TOTO, YTO MPOMU3BEICHUE BBIMABIINAX
OUYKOB HE IPEBOCXOJUT TPEX.

2) CnoBO «MHTErpai» COCTaBICHO M3 OYKB pa3pe3Hoi a30yku. Haymady u3BiIekarOT OTCrO/Ia
Tpu OYKBBI U PacHojiararoT ApYr 3a APYyroM B MOpsKe u3BieueHus. KakoBa BepOSITHOCTb
MOJIYYUTh CIIOBO «THP»?

3) B ypue 5 6enbix u 7 uepHbIX mapoB. Haynauy BeiHMMaroT 2 mapa. Haiitu BeposTHOCTH TOTO,
4yTO 00a IIapa OJIHOTO IBETA.

4) B rpymme cnoprcMeHoB 20 JBDKHUKOB, 6 BEJIOCHIIEIUCTOB W 4 OeryHa. BeposTHOCTB
BBITTOJIHUTH KBATH(PUKAIIMOHHYIO HOPMY JIJIs1 JIbDKHUKA paBHa 0.9, mis Benocunenucra — 0.8,
i 6eryna — 0.75. HaifTu BepOsSTHOCTB TOT0, YTO BBIOPAHHBIN HAayTaJ| CIIOPTCMEH BBITOJIHUT
HOPMY.

5) Uspmenus HEKOTOPOTrO MpennpusiTHs colepxkar 6% Opaka. HallTm BeposSTHOCTH TOTO, 4YTO



CpeIu TATH B3ATHIX HayraJl U3Jenuii He 6oee 0THOTO OpaKOBaHHOTO.

6) BeposTHOCTH MOMamaHus B IeNb NP KakaoM BeicTpesie paBHa 0.001. Haiiti BeposSTHOCTD
XO0Ts OBI OJTHOTO TOMAAAHUS, €CIIH YUCIIO BBICTpeNoB paBHO 5000.

7) Tlo MuIieHH MPOM3BOJMTCS YETHIPE BBICTPENa C BEPOSTHOCTHIO MOMAJAHHS MPH KaKIOM
BeIcTpenie paBHoU 0.85. X — 4ucino momaganwii B MUIIeHb. TpeOyercss Al JAUCKPETHOM
ClydaiiHOH BEIHYMHBI X: a) IMOCTPOHUTH psj pactpeneienus; 6) Beraucauts M(X), D(X) u
o(X); B) HaiiTu BeposiTHOCTh P(X<M(X)).

8) JlaHa IUTOTHOCTD PacIpeacICHHs CIyIaliHOM BETHUUHBI X

1
N et X € [a,b]

0, x ¢[a,b]
Haiitu: mapamerp y; ompenenuTh MaTeMatHueckoe oxuaanue M (X) ¥ JUCIIEPCUIO D(X)

ciy4yaiHOW BenuuuHbl X, GyHKIHIO pacnpeaeneHus F(X) u BepostHocTh P(a < X < p).
Hcxonnsie nannbie: a=2.5; b=4.0; o=3.0; p=3.5.

9) MHsaenue ycrmemHo MPOXOAUT KOHTPOJIb, €CIM OTKIOHEHHE €ro pasMepa OT HOMHHAJIA HE
npeBbImaet 1mo Moy 1.3 mM. CiydaiiHble OTKJIIOHEHHs X pacipeesieHbl HOpMaIIbHO, TPUYEM

M(X)=0, 6(X)=1.1 mm. OnipeenuTh BEPOSITHOCTh TOTO, YTO CIYYalHO B3ATOC M3JICIIUC YCIICIITHO
poiieT KOHTPOJIb.

Bapuanrt 14

1) Haynauy BbIOpaHa KOCTh JOMHHO M3 MOJHOTO Habopa (28 mt.). KakoBa BeposTHOCTH TOTO,
4YTO CyMMa OYKOB Ha Hell paBHa nsATH?

2) B ypue 43 Genbix u 21 uepHsiii map. Haynauy ussiedens 9 mapoB. KakoBa BeposTHOCTB
TOT0, YTO CPEeIU HUX 5 OeNbIX U 4 YepHBIX.

3) B ypue 20 mapos, u3 HEX 5 yepHbIX. Haymauy B3sTo 3 1rapa. HaiiTi BeposTHOCTH TOTO, YTO
CpeaM HUX €CTb XOTs Obl O/IUH YEPHBIH.

4) Tlo camolieTy MPOU3BOIUTCS TPHU BBICTpea. BeposTHOCTh TONaaHus IPU TIEPBOM BBICTPEIIC
paBHa 0.5. npu BTopoM — 0.6, ipu TperbeM — 0.8. IIpn ogHOM nonagaHuy caMoJIET BBIXOJUT
U3 CTposi ¢ BeposaTHOCThiO (.3, mpu JABYX MoOMagaHusx — ¢ BeposaTHOcThio 0.6. mpu Tpex
NOMAJAaHUAX — C BepoATHOCTBbIO 1. HaliTu BEposATHOCTH TOro, 4TO B pPE3yIbTaTE TPEX
BBICTPEJIOB CaMoJIeT Oy/ET BBIBEAECH U3 CTPOSL.

5) Uro BeposiTHEe: BBIMIPATh Y PABHOCHIBHOTO MPOTUBHHUKA [BE MAPTHH M3 YETHIPEX WU
yeTbIpe n3 BocbMu? HudelHble HCXO0/1bl HE YUUTHIBAIOTCS.

6) OmbIT coctouT B Opocanumu urpanbHOM koctd 600 pa3. HaiiTu BepoOSTHOCTH TOro, 4YTO
OTHOCHUTEJIbHAsl YacTOTa BBINAJCHUS IIECTEPKH OTKJIOHUTCA OT BEPOSITHOCTU BbIMA/ICHUS
HIeCTepKU B 0JIHOM Opocanuu MeHee yem Ha 0.02.

7) Ha myTtu &IBWKEHHS aBTOMOOWIIS HMMEETCsS 4YeThipe CBeTodopa, KakIbld M3 KOTOPBIX
paspelaeT Wi 3amnpellaeT JalbHelnlee IBHKeHUE ¢ BeposTHocThio 0.5. X — wwucio
cBeTO(OPOB, MPOUIEHHBIX aBTOMOOMIIEM J0 NEPBON OCTAaHOBKU. Tpedyercs uist TUCKPETHOU
CIIy4aifHOW BeIMYMHBI X: a) MOCTPOUTh psia pacnpenenenus; 0) Beraucants M(X), D(X) u
o(X); B) HaifTu BepoaTHOCTh P(X<M(X)).

8) JlaHa IUIOTHOCTH pacHpeAeIeHus CIIy4aifHOH BeNNYUHBI X :

1
N ot x € [a,b]

0, x ¢[a,b]



Haiiti: mapameTp 7y; ONpENENHTh MaTeMaTuuecKoe oxuganue M (X) U JTUCIEPCHUIO

D(X )cnyqaﬁHoﬁ BennurHbl X, QyHKIH0 pacnpenenenus F(X) u BeposTHOCTh P(a <X<f).

Hcxonusie nannsie: a=1.5; b=2.5; a=2.0; p=2.5.

9) CayuaiiHple OIMOKM W3MEPHUTENs TIYOMHBI DPACIpEleNieHbl 110 HOPMAIbHOMY 3aKOHY.
Kakyto cpenHekBagpaTHYecKyl0 OMIMOKY JODKEH HMETh H3MEpUTENbh TIYOMHBI, YTOOBI C
BepoATHOCTHIO (.3 ommOKka u3MepeHus rITyOuHBI 0 MOy IO Obu1a MeHblre 130 M.

Bapuanr 15

1) TlomOpouieHsl nBe MOHeThl. KakoBa BEpOSTHOCTH TOTO, YTO XOTsI Obl HAa OJHOM MOHETE
BBINAZET «OPEM»?

2) CnoBO «MaremMaTHKa» COCTaBJICHO U3 OyKB pa3pe3Hoil a30yku. Haynady u3BiaekaroT oTcioa
Tpu OYKBBI M pacojiararoT JIpyr 3a Jpyrom B Mopsjke u3BiedeHus. KakoBa BeposTHOCTb
TOT'0, YTO IIPU 3TOM IOJIYUUTCS CIIOBO «KUT»?

3) Ilaprust comepxut 8 u3menuii nepBoro copra u 32 uzzaenus Broporo copra. Haynauy B3sto 5
u3zenuii. HaliTu BeposITHOCTB TOTO, UTO CPEAM HUX POBHO 4 U3/ETUs OJJHOTO COPTA.

4) JIBa OXOTHHKA OJHOBPEMEHHO CTPEISAIOT B IieNb. VI3BECTHO, 4TO BEPOSTHOCTH IOMAJaHUsI
Juisi mepBoro oxoTHuka paBHa 0.2, a ana Broporo — 0.6. Ilpom3onuio TOIBKO OJHO
nonaaanue. Hailtu BEpOATHOCTB TOTO, YTO IIPOMAXHYJICS IIEPBBIA OXOTHUK.

5) Jlns npsaeHHs CMEIIaHbl MMOPOBHY Oenblil M OKpalleHHbIH xyonok. KakoBa BeposSTHOCTB
Cpelu MATH CIy4yailHO BHIOPAHHBIX BOJIOKOH CMECU OOHAPYKUTh MEHEE JIBYX OKpallleHHbIX?

6) 3aBox ornpasui Ha 6a3y 5000 100pOKAaYECTBEHHBIX H3ICIHNA. BeposSTHOCTD MOBPEKACHHS B
nyTH s Kakaoro uznenus pasua 0.0002. Haittu BeposITHOCTH TOTO, YTO OyI€T MOBPEXKICHO
He OoJiee Tpex U3JeIHi.

7) Monery mnoa0packiBalOT HIECTh pa3. X — OTHOIICHHE YMCIIa MOSBICHUN «Opja» K YUCITY
MOSIBIICHUN «petkuy». Tpedyercs uisi AUCKPETHOM cilydailHO#M BennuuHbl X: a) IOCTPOUTH
psan pacupenenenus; 6) Berancauts M(X), D(X) u o(X); B) HaliTu BeposiTHOCTh P(X<M(X)).

8) /[laHa IUIOTHOCTB pacIpe/ieNiCHUs CIIyJaiiHON BETUYUHBI X :

1
() = m, X €[a,b]
0, x ¢[a,b]

Haiitu: mapamerp y; OmpeenuTh MaTeMaTtHueckoe oxunanue M (X) ¥ JUCIEPCUIO D(X)

cnydaiinoit BenmunHbl X, (yHKIM0 pacmnpeaeneHus F(x) u BepositHocTh P(a < X < f).
Hcxonnsie nannsie: a=1.0; b=3.5; a=2.0; p=2.5.
9) Cpennss nanbHOCTB MoJETa CHapsaa paBHa m. [Ipeamonaraercsi, 4TO AadbHOCTBH Mojéra X

pacnpeneneHa o HopMajJbHOMY 3aKOHY CO CPEAHUM KBaJpaTUYHbIM oTKiIoHeHueM 30 m. Haiitu,
KaKoW MPOUEHT CHapsiAoB AA€T nepenet ot 65 m 10100 m.

Bapuanr 16

1) BpocaroTcs nBe urpajgbHbie KOCTH. HaliTH BEpOSTHOCTH TOTO, YTO MPOU3BEICHUE BBIMABIINAX
OUYKOB HE IIPEBOCXOJUT IIATH.

2) Ha oauH psiji, COCTOSIIMH W3 CEMH MECT, CIIy4alHBIM 00pa3oM pacCaKHMBAKOTCS CEMb
y4eHUKoB. HallTh BEpOSITHOCTB TOTO, UTO TPH ONPENEICHHBIX YUEHUKA OKAXKYTCS PSAIOM.

3) B ypmue 20 mrapos, u3 Hux 3 yepHbiX. Haymauy B3sto 5 mapos. HaiiTi BEposSTHOCTB TOTO, YTO
CpeM B3STHIX IAPOB HE 00JIee OHOTO YEPHOTO.

4) Ha cOopky MOCTYIMalT JAeTall ¢ TPEX CTaHKOB. M3BecTHO, uTo mepBbIii ctaHok gaet 0.3%
Opaka, BTopoit — 0.2%, Tpetmii — 0.4%. HaiiTu BeposTHOCTH momamgaHus Ha COOpKY
OpakoBaHHOM AeTayn, eciau ¢ rnepBoro cranka noctymwio 1000, co Broporo — 2000 u ¢
Tperbero — 2500 neranei.



5) Yro BeposiTHEe, BBIUIPATh Y PABHOCHJIBHOTO MPOTHBHHMKA JIBE MApTHH W3 YETHIPEX WU
yeThIpe U3 BocbMU? HuyeliHble NCXOAbl HE YYUTHIBAIOTCS.

6) BeposTHOCTh MOSBICHHUSI HEKOTOPOTO COOBITHS MPH OJHOM ucmbiTaHuu paBHa 0.4. Haiitu
BEpPOATHOCTh TOro, uro mnpu 1000 ucmbITaHUI OTHOCHTENBbHAs YacTOTa 3TOrO COOBITHS
OTKJIOHUTCS OT BEPOSATHOCTU He Oosee yem Ha 0.05.

7) JlBa cTpenka CTPEJSIIOT 1O OJHOW MHIICHH, Jejias IO JBa BBICTpeSa. BeposTHOCTH
NOTIAJIaHUsl B MUILIEHB JJIs1 IepBoro crpenka pasHa 0.5, ans Broporo — 0.6. X — obuiee yncio
MonaJaHuil B MUIIICHb. TpeOyeTcs /Il TUCKPETHON CITy4ailHOW BEIMYHMHBI X: a) MOCTPOUTH
psna pacupenenenus; 0) Beraucauth M(X), D(X) u o(X); B) HaliTi BeposiTHOCTh P(X<M(X)).

8) JlaHa INIOTHOCTB pacHpeaeiICHHs CIyIaiiHOM BETHYHHBI X :

£(x) = g, xely,b]
, x¢[y,b]

Haiitu: mapaMerp y; ONpeAeIuTh MaTeMaTHdeckoe oxuganne M (X) M IUCIIEPCHIO D(X)

ciy4aiHoW BeauuuHbl X, QYHKIHMIO pacrnpeneneHus F(X) u BepostHocTh P(a < X < p).
Wcxonnsie nannbie: a=1.0; b=3.5; a=2.5; =3.0.

9) 3aBox w3roraBiuBaeT Opycku. HomuHambHbIH pasmep (mamHa) Opycka d =10 mwm.
DakTUUECKUN JAMaMeTp — CllydailHas BeJIMYMHA C MAaTeMaTHYECKUM OXHAaHuem 12.5 MM u
cpenHekBagparudeckuM oTkioHeHHeM (.26 mm. Ilpu koHTposie OpakyroTcsi Bce Opyckw,
IaMeTp KOTOPBIX OTJIMYaeTcsi oT HoMmuHana Ooiee, yem Ha 0.01 mMm. OmpenenuTs MpouEHT
Opaka.

Bapuant 17

1) Dxk3amMeHalMOHHBIC PabOThI 3aumM(poBaHbl HENbIMH YuciaMu OT 1 10 90 BKIFOUUTEIBHO.
KakoBa BeposSITHOCTB TOTO, UTO HOMEP Hayraj B3aToil padoTel kpateH 10 wim 11?7

2) HaiiTi BEpOSTHOCTh TOTO, YTO BCE YETHIPE Ty3a B XOPOIIO MEPETACOBAHHOM KOJI0/e U3 361
KapT OKaXyTCs BMECTE.

3) Tpu cTpenka OJTHOBPEMEHHO CTPEISIOT B OJHY MHIICHb. HallTH BEpOSTHOCTH TOTO, YTO B
MUILEHN OyAeT XOTs Obl 0o/HAa MPOOOMHA, €CIM BEpOSATHOCTH MOMNaJaHUs B MUILEHb IS
KaXXJIOTO U3 CTPEIKOB cOOTBeTCTBEHHO paBHbI 0.9, 0.8 u 0.7.

4) W3nenwss ONPENENCHHOrO BHUJA M3TOTABIMBAIOTCS HA TPEX MOTOYHBIX JTHHUAX. [lepBas
muHus  npousBogut 20% wuzgenuid, Bropas — 30%, Tperba — 50%. Kaxpgas nunus
XapaKTEpU3YETCsl COOTBETCTBEHHO CIEAYIOUIMMH ITOKa3aTeIsIMU BBIXOJA TOJHBIX W3JIEIHN:
95%, 98% wu 97%. HailfTu BepoOSATHOCTH TOTO, YTO B3SATOE HAyrajg M OKa3aBIICEeCs
OpakoBaHHBIM U3JIEJINE U3TOTOBJIEHO HA NIEPBOM JIMHUU.

5) Cnenano 14 BbICTpENIOB 1O 11eH. BepoSTHOCTH MOMAaHUS B 1I€JIb NMPH KaXIOM BBICTpEIIS
paBHa 0.2. HaiiTu HamBeposTHeHIlee YNUCIO TONAJaHUM M BEPOSTHOCTH 3TOrO 4YHCIA
nonajaHuiu.

6) CkoIbKO HY)KHO IPOBECTH OIBITOB C OpPOCAHMEM MOHETHI, 4TOOBI ¢ BeposSTHOCTHIO (.92
MOKHO OBLJIO OKUJaTh, YTO OTHOCUTENIbHAS YacTOTA BBIMAJIEHUS «Opia» OTKIOHHUTCS OT
BeposATHOCcTH 0.5 menee uem Ha 0.01 ?

7) TlpuoOpeTeHO TSITh JIOTEpEHHBIX OMIETOB. BEeposATHOCTH BBIUTpHINIA MO OJHOMY OHJIETY
paBaa 0,05. X — uymcno BeMrpaBmux OwmietoB. TpeOyercs Ans TUCKPETHOW CiydaitHOU
BENTMYMHBI X: a) MOCTPOUTH psn pacnpeneneHus; 6) peraucautsh M(X), D(X) u o(X); B)
HalTH BepossTHOCTh P(X<M(X)).

8) JlaHa IUIOTHOCTH pacHpeAeIeHus CIIy4aifHOH BeNUYnHBI X :

£(x) = g, X ely,b]
, x¢[y,b]



Haiitu: mapaMerp y; ONpEAENUTh MaTeMaTHdeckoe oxuaanne M (X) ¥ IUCIIEPCHIO D(X)

ciydaiiHOW BennuuHbl X, QYHKIHMIO pacrnpeneneHus F(x) m BepostHocTh P(a < X < p).
Wcxonusie nannsie: a=1.0; b=2.8; a=2.1; p=2.5.

9) CayuaiiHas BenuyrHAa X — OTKJIOHCHUE KOHIICHTPAIMM PACTBOPAa OT HOPMBI — HOPMAJBHO
pacripenenennas, npuuém M(X)=0. Haiitu o(X), ecnu uzBectHo, uto P(— 0.01<X<0.01) =0.3.

Bapuanr 18

1) TlomOpomieHsl 1Be MOHETH. KakoBa BEpOSTHOCTH TOrO, YTO TOJILKO Ha OJHOW MOHETE
BBINIAJIET «OPEM»?

2) JlecsTh YeNOBEK CIIydailHBIM 0O0pa3oM pacCaXMBAIOTCA 3a KPYyribiM crojoM. KakoBa
BEPOSITHOCTh TOr'0, YTO JIBA ONPEIEICHHBIX JULA OKAXKYTCS CUAAILNUMHU PsIoM?

3) Hmeercs aBe maptum uszgenuit. Kaxmas napTus COCTOMT U3 MATH U3JEJINN IEPBOTO COPTA U
TpeX — BTOporo copra. M3 kaxmoil maptuum Hayraa OepyT mo aBa w3zenus. Haitu
BEPOATHOCTb TOT'O, UTO COCTAB MAPTHI OCTAHETCS] OAMHAKOBBIM.

4) B sAmuk, coaep)kaiinii TpPU OJMHAKOBBIX JCTad, OpOIleHa OJHA CTaHAapTHAs JeTallb, a
3aTeM HayJaudy u3BJI€UeHa OJHa JeTanb. HallTu BEpOSITHOCTH TOro, 4YTO U3BJIEYEHA
CTaHJapTHasl JAeTallb, €CIW PABHOBEPOSTHBI BCE BO3MOJKHBIE IPEANOJIOXKEHUS O YHCIIEe
CTaHJAPTHBIX JeTaJIel, IEPBOHAYATILHO HAXOUBIIUXCS B SIIUKE.

5) TIpou3BOAMTCS YETHIPE HE3aBUCHMBIX BBICTpEJA IO IEIHU. BepOSATHOCTH MOMagaHus B IEIb
npu KaxzaoMm BbicTperne paBHa 0.5. Jlns paspymieHus Leiau AOCTaTOYHO XOTsI Obl OJHOIO
nonaganus. HaliTu BeposTHOCTH TOTO, 4TO 1eJIb OyAET pa3pylieHa.

6) BeposSTHOCTh MOJyYCHHUS MOJOKUTEIBHOTO pe3yibTaTa B KaKIOM M3 OMbITOB paBHa 0.9.
CKOJIBKO HYXXHO MPOU3BECTH OIBITOB, UTOOBI C BEPOATHOCTHIO 0.98 MOXKHO OBUIO OXKUIIATH,
4yTO HEe MeHee 150 onbITOB AaayT NOJIOKUTEIbHBIA PE3yIbTaT?

7) OXOTHHMK HMEET YeThIpPe MaTpOHA U CTPEJISET B IeJb J0 MEPBOro momnajgaHus. BeposTHOCTh
nonajgaHusl NpU KaxkIoMm BeicTpene paBHa (0.25. X— 4uClIO M3pacXOJOBAaHHBIX MAaTPOHOB.
TpeOyeTcst st AMCKPETHOM CITy4ailHOM BETMYUHBI X: @) TIOCTPOUTD Psijl pacipeneneHus; 0)
BeruncianTh M(X), D(X) u o(X); B) Haiitu BeposiTHOCTh P(X<M(X)).

8) JlaHa IUIOTHOCTD pachpee/eHusI CIIyIaiiHOW BETMYHHBI X :

£(x) = g\, X €[y,b]
, x¢[y,b]

Haiitu: mapamerp y; onpeenuTh MaTeMatHueckoe oxunanue M (X) ¥ JUCIEPCHIO D(X)

ciy4aifHOM BenuuuHbl X, QyHKuMIO pacnpeneneHus F(x) u BepositHocTh P(a<X<f). Ucxonnsie
nauneie: a=1.0; b=2.0; a=1.2; p=1.8.

9) Jleranb, B3siTas C KOHBEWepa, CYMTACTCS TOJHOM, €ClI OTKJIOHEHHE X e€ KOHTPOJIMPYEMOTro
pasmepa oT HoMuHana He npesbimaet 0.15mm. Bennunna X pacnpeneneHa HOpMaibHO, PUUYEM
o0(X)=0.9mM. HaliTi BeposiITHOCTb TOTO, YTO AETadb HE OyJIeT MprU3HaHa OpPaKoM.

Bapuanr 19

1) BpocaroTcs nBe urpaibHble KOCTH. HailT BEpOSITHOCTH TOTO, YTO MPOU3BEICHUE BBITIABIIIMX
OYKOB HE MPEBOCXOJIUT CEMHU.

2) B maptum 20 wmsgenuii, w3 HUX 7 HecTaHmapTHbIX. Haymauy B3sro 5 wusnenuii. Haiitu
BEPOSITHOCTH TOT'O, YTO CPEU BHIOPAHHBIX M3/EIUNA 2 HECTAaHIAPTHHIX.

3) B mapTtum necsaTh M3AEIHIA, U3 KOTOPBIX TPU HECTaHAAPTHBIX. Haynauy B34TO MTh W3ICTHN.
Haiit BEposSITHOCTB TOTO, YTO CPeAr HUX XOTsI OBl OJTHO HECTAaHAAPTHOE.

4) BeposTHOCTh TOTO, YTO H3JEIHE HEKOTOPOTO MPEANPHUSITHS YIOBICTBOPSET CTaHIAPTY,
paBHa 0.95. YmponieHHas cxeMa MPOBEPKM KayecTBa JA€T MOJOKHUTENbHBIA PE3yNbTaT C
BeposATHOCTBIO (.98 1t m3nenuii, yaoBIETBOPSAIOIINX CTAaHAAPTY, U ¢ BeposTHOCTHIO 0.05



JUISL U3JIeTIUHN, HE YIOBJIETBOPSIOUIMX CTaHAapTy. HaillTu BeposITHOCTH TOTrO, YTO M3JENHE,
MPU3HAHHOE CTaH/IAPTHBIM, IEHCTBUTENBHO CTaHIaPTHOE.

5) IIpou3BoauTCs BOCEMb HE3aBUCHUMBIX HCIBITAHUHM, B KaXIOM M3 KOTOPHIX BEPOSTHOCTH
nosiBiieHus coobiTus 4 paBHa 0.1. HaliTu BeposSTHOCTH TOTO, 4YTO COOBITHE A TOSBUTCS B
ATHX UCIBITAHUSX XOTS OBbI OJIUH Pa3.

6) BeposTHocTh ycnexa B KaxaoMm u3 400 ucnbiranuii pasua 0.8. Haiitu Takoe mMOJIOKUTEILHOE
YHCIIO €, YTOOBI C BeposATHOCTHIO 0.9876 abcontoTHAs BETUYMHA OTKIOHEHUSI OTHOCUTEILHOM
YacTOTHI yCIIeXa OT €ro BEPOSTHOCTU HE MpeBbIIIaa €.

7) UrpanbHy0 KOCTh OpOCAIOT 10 JABYX MOJPS MOSIBICHUHN IIECTEPKH, HO HEe 00Jiee MIECTH pas.
X— uncno 6pocanuit. Tpebyercs ansl UCKPETHON CIyd4aifHOW BENWYHMHBI X: a) MOCTPOHTH
psan pactpenenenus; 0) Berauciautb M(X), D(X) u o(X); B) HaliTH BepossTHOCTh P(X<M(X)).

8) JlaHa INIOTHOCTD pacHpe/eieHHsI CITy4aiiHOW BETMYHHBI X :

£(x) = (c';l, X €[y,b]
, x ¢ [y,b]

Haiitu: mapamerp y; ompenenuTh MaTeMatHueckoe oxunanue M (X) ¥ JUCIEPCHIO D(X)

ciydaiiHoW BenmuuuHBI X, GyHKIUIO pacnpenenenus F(x) u BepostHocTs P(a<X<f). Ucxonnbie
nauneie: a=0.5; b=1.0; o=-0.5; =0.5.
9) Cpenusisi TaqpHOCTh MoJETa IMyNU paBHa m. [Ipennosiaraercs, 4To JaTbHOCTh Moiéra X

pacnpesieneHa 1o HopMaJlbHOMY 3aKOHY CO CPETHUM KBaJpaTHYHBIM OTKJIOHeHHueM S0m. Haiitn,
KaKoW MPOLEHT cHapsAa0B Ja€t nepenét ot 150 m g0 200 m.

Bapuant 20

1) Haynmauy BeiOupaercs nenoe uucio ot 1 g0 30 BkiarounrensHo. KakoBa BEpOSTHOCTH TOTO,
YTO OHO SIBJISIETCA AeauTeneM yucna 307?

2) U3 pecsatu J0TepeilHBIX OMIETOB BBIMTPHIIIHBIMU SBISIOTCS ABa. ONpeaenuTs BEepOsITHOCT
TOT0, YTO CPEJIU B3SITHIX Hay/ady NSATH OUJIETOB HAXOJATCS 00a BHIUTPBIIIHbIX.

3) Crtpenok cTpernsier TpH pas3a M0 YIAISIOMIECHCs [eli. BeposTHOCTD MoMafaHus Py MepPBOM
BbIcTpene paBHa (.8. mpu Bropom — 0.7, ipu TpetbeM — 0.6. KakoBa BEposSTHOCTH TOTO, UTO
OyZeT TONBKO OJTHO Momaaanue?

4) Hmeetcs mecTh OJUHAKOBBIX YPH. B msTH ypHaX HaxomuTcs 1o 2 OenbIX U 2 YepHBIX IIapa,
a B ogHOM — 5 Oenbix M 1 depHblii map. M3 B3dTOW Hayrajg ypHBI HM3BJEUEH IIap,
oKkazaBiuiicss 6enbiM. HailTi BEpOSTHOCTH TOTO, YTO IIAp B3ST U3 YPHBI, COJEpKaBIIEH S5
OembIX 1IapoB.

5) Tlpou3BoAMTCS YEThIPE HE3aBUCHMBIX BBICTpEJA IO ILENU. BeposTHOCTH MomajaHus B IEIb
npu KaxxaoMm BeicTpene paBHa 0.5. Jlnsg paspyuieHust Lend AOCTaTOYHO XOTA Obl OJHOTO
nonaganus. HaltTu BeposITHOCTH TOTO, YTO 1e/Ih OyAET pa3pylieHa

6) BeposiTHOCTh mosiBieHHsT COOBITHS 4 B KaxaoMm wucrbiTaHud paBHa 0.8. CKOJIBKO HYKHO
MIPOBECTU UCHBITAaHUH, 4TOOBI C BepOosATHOCTHIO 0.9 MOXKHO OBLJIO 0XHIATh, YTO COObITHE A
MOSIBUTCS HE MEHee ueM 75 pa3z?

7) U3 msatu KiIroYel K 3aMKy MOJXOIUT TOJIBKO OJMH. X — YHCIIO HEYJaYHbBIX MOMBITOK OTKPBITH
3aMOK. TpeOyeTrcs i JOUCKPETHOW CIy4alHOM BeNMWYMHBI X: a) MOCTPOUThH Pl
pacnpezaenenus; 6) Bprancautb M(X), D(X) u o(X); B) HaiiTi BeposiTHOCTh P(X<M(X)).

8) JlaHa IUIOTHOCTH pacHpeAeIeHus CIIy4aifHOH BeNNYUHBI X :

a, xely,b
£(x) = [7.b]
0, x¢[y,b]
HaiiTu: mapamerp y; onpenenuTh MaTeMaTHueckoe oxuaanue M (X) U JHUCIEPCHIO D(X)

ciyyaiiHOi BenmuuuHbl X, GyHKLUIO pacnpeaeneHus F(x) u BepostHocTh P(a<X<f). Ucxonnbie
nannblie: a=0.5; b=5.0; a=3.5; /=4.0.



9) IlpoumsBoauTcs CTpeNbOa MO e, UMEIOLIEeH BUJ MOJOCH MUpUHON 65 M. [IpurenuBanue
IIPOU3BOJUTCS 10 CpedHEH JMHUM Monockl. CpeaHEeKBaApaTU4YECKOE OTKJIOHEHHUE TOYKHU
NIOMAJIaHUsl OT CepeauHBbI Mosockl paBHO 18 M. Haiitu BeposTHOCTH momnajaHus B IOJIOCY NPHU
OJIHOM BBICTpEIIE.



KOHTPOJIbHAS PABOTA 3. Yacts 2
3aoaua 2.1. Tlytem omnpoca nosryueHs! ganubie (N=80):

Buvinonnumoe 3a0anus:

a) IOJYYHUTh AUCKPETHBIN BAPHAIIMOHHBIN PSIJI M CTATHCTUYECKOE pacIpeieiCHue
BBIOOPKH;

0) MOCTPOUTH MOJUTOH YaCTOT;

B) COCTAaBUTH PAJl PAaCIpPEICICHUS OTHOCUTEIIBHBIX YacTOT;

T') COCTaBUTbh AMIIMPUYECKYIO (DYHKIUIO pacpeeTIeHUS;

1) TOCTPOUTH I'paUK IMIUPHUECKON (PYHKIIUU paCTIpEICICHUS;

€) HAl'TH OCHOBHBIE YUCIIOBBIE XapaKTEPUCTUKU BApUAIIMOHHOTO psija (110 BO3SMOXHOCTH
UCTIOJIB30BaTh YIPOINAOIHE (POPMYJIBI JIISI X HAXOXKICHUS ):

1) BeIGOpOYHOE cpennee Xg ;
2) BeiOopouHyto mucnepcuto D(X);
3) BBIGOpOUHOE cpe/iHee KBajpaTtuyeckoe oTkaonenne o(X);

4) xoappunment Bapuanuu V;
5) MHTEPIPETUPOBATH MOIYYECHHBIE PE3YIbTATHI.

3aoaua 2.2°. B Tabuie (MCXONIHBIE JTaHHBIC IS 3aJlaHusl 2) TPHUBEACHBI pa3Mepbl
nuameTpoB TooBok 100 3aknenok (B MM), M3TOTOBICHHBIX CTaHKOM (KOTOPBIM JelaeT Hx
ThicsiluaMu). Bce KOHTponupyemble YCIOBHS, B KOTOPHIX paboTal CTaHOK, OCTaBaJIUCh
HEU3MEHHBIMH. B TOXXe Bpems AuaMeTpbl TOJOBOK pPa3 OT pa3y HECKOJIBKO H3MEHSUIUCH.
XapakTtepHas uepTa CIydyalHBIX KOJI€OaHM: WM3MEHEHHS BBITVIAIAT OECCUCTEMHBIMU,
XaOTUYHBIMHU.

Buinonnume 3a0anusi:

1. JIna BbIOOpKM AMaMETPOB IOJIOBOK 3aKJIETIOK BBIYUCIUTD CpeoHee 3HaueHue, Meouamy,
oucnepcuio, MUHUMATbHBIN U MAKCUMATbHBLL 971eMeHMbl.

2. JIns BBIOOPKHU AMAMETPOB HUISMOK 3aKJIENOK MOCTPOUTh THCTOTPaAMMY YacTOT C IIaroM
rpynnupoBku h (Hampumep, 0,075MM) Ha uHTepBane OT Xmin (Hampumep, 13mMM) 10 Xmax
(mampumep, 13,75Mm) (6€3 yueTa CUIBHO BBLACTSIONIETOCS HAOTI0IeH!S)

3. Ucnionb3yst HHCTpYMEHT <OnucamenbHas CMmamucmuka™> co3/1aTh TabJIUIy OCHOBHBIX
CTaTUCTUYECKUX XAPAKTEPUCTUK U PA3MECTUTH €€ C COOTBETCTBYIOIIMM 3ar0JIOBKOM CIIpaBa OT
UCXOJHBIX JAHHBIX. YMETh 00BSCHUTH CMBICI Ka)KJIOM CTaTUCTHKU.

4. O6pa0oTaTh JaHHBIE C LEJIbI0 BBIABI)KEHUS TUIOTE3bl O BHUJAE paCHpeleNeHHs
Ha0JII0/1aeMOM CiTydailHON BEIMUYMHBI U €€ TPOBEPKH.

5. [IpoBepuTh BBIABUHYTYIO TUNOTE3Y. ClenaTh BBIBOIBI.

Bapuanm 2.1

Ucxonubie nanuble 115 3aganus | Bapuanra 2.1
1414333106 1235143351 5243223313
2311431431 6434232331 4614534245
2641334131 0146474135

Hcxonubie nanuble 115 3a1aHus 2 BapuanTta 2.1
13,53 13,34 13,45 13,42 13,29 13,38 13,45 13,50

? PexoMenyercst BeimoaasTh B Excel wmu B MathCad.



13,55 13,33 13,32 13,69 13,46 13,32 13,32 13,48
13,29 13,25 13,44 13,60 13,43 13,51 13,43 13,38
13,24 13,28 13,58 13,31 13,31 13,45 13,43 13,44
13,34 13,49 13,50 13,38 13,48 13,43 13,37 13,29
13,54 13,33 13,36 13,46 13,23 13,44 13,38 13,27
13,66 13,26 13,40 13,52 13,59 13,48 13,46 13,40
13,43 13,26 13,50 13,38 13,43 13,34 13,41 13,24
13,42 13,55 13,37 13,41 13,38 13,14 13,42 13,52
13,38 13,54 13,30 13,18 13,32 13,46 13,39 13,35
13,34 13,37 13,50 13,61 13,42 13,32 13,35 13,40
13,57 13,31 13,40 13,36 13,28 13,58 13,58 13,38
13,32 13,20 13,43 13,34
Bapuanm 2.2
Hcxonubie nanubie 115 3aaaHus 1 BapuanTa 2.2
1514223106 5235141151 5243223013
2323431431 3434232331 3614534245
1241334131 0146474105
Hcxonuble nanHbie 115 3a1aHus 2 BapyuaHTa 2.2
13,33 13,33 13,31 13,45 13,39 13,45 13,41 13,45
13,39 13,43 13,54 13,64 13,40 13,55 13,40 13,26
13,42 13,50 13,32 13,31 13,28 13,52 13,46 13,63
13,38 13,44 13,52 13,53 13,37 13,33 13,24 13,13
13,53 13,53 13,39 13,57 13,51 13,34 13,39 13,47
13,51 13,48 13,62 13,58 13,57 13,33 13,51 13,40
13,30 13,48 13,40 13,57 13,51 13,40 13,52 13,56
13,40 13,34 13,23 13,37 13,48 13,48 13,62 13,35
13,40 13,36 13,45 13,48 13,29 13,58 13,44 13,56
13,28 13,59 13,47 13,46 13,62 13,54 13,20 13,38
13,43 13,36 13,56 13,51 13,47 13,40 13,29 13,20
13,46 13,44 13,42 13,29 13,41 13,39 13,50 13,48
13,26 13,37 13,28 13,39
Bapuanm 2.3
Ucxonnsle nanubie 11 3aganus 1 BapuanTa 2.3
2113223105 6235041150 1243223013
1324431436 1434232331 2614534245
0241334136 1046474106
Wcxonnble qanuble s 3aaHus 2 BapuaHTa 2.3
12,52 12,34 12,45 12,42 12,39 12,38 12,45 12,50
12,55 12,22 12,02 12,69 12,46 12,22 12,22 12,48
12,39 12,35 12,44 12,60 12,42 12,51 12,42 12,28




12,24 12,28 12,58 12,21 12,21 12,45 12,42 12,44
12,24 12,49 12,50 12,28 12,48 12,42 12,27 12,29
12,54 12,22 12,26 12,46 12,32 12,44 12,28 12,37
12,66 12,26 12,40 12,52 12,59 12,48 12,46 12,40
12,42 12,26 12,50 12,28 12,42 12,24 12,41 12,24
12,42 12,55 12,27 12,41 12,28 12,14 12,42 12,52
12,28 12,54 12,10 12,18 12,22 12,46 12,29 12,25
12,24 12,37 12,50 12,61 12,42 12,32 12,25 12,40
12,57 12,21 12,40 12,26 12,18 12,58 12,58 12,38
12,22 12,20 12,42 12,24
Bapuanm 2.4
Ucxonnsle nanueie 11 3aganus 1 BapuanTa 2.4
2003223105 5435041150 0133223013
1324431436 1545232331 2614534245
1121334136 6676474106
Ucxonnble nanubie 1715 3a1anus 2 BapuanTa 2.4
14,14 14,54 14,41 14,45 14,19 14,45 14,41 14,45
14,29 14,24 14,54 14,64 14,40 14,55 14,20 14,26
14,42 14,50 14,42 14,21 14,28 14,52 14,76 14,64
14,48 14,60 14,52 14,54 14,47 14,12 14,23 14,15
14,54 14,54 14,49 14,57 14,51 14,34 14,49 14,47
14,51 14,48 14,62 14,58 14,57 14,33 14,51 14,40
14,40 14,48 14,40 14,57 14,51 14,40 14,52 14,56
14,40 14,44 14,24 14,47 14,48 14,48 14,62 14,35
14,40 14,46 14,45 14,48 14,29 14,58 14,33 14,56
14,28 14,59 14,47 14,46 14,62 14,54 14,20 14,38
14,44 14,46 14,56 14,51 14,47 14,40 14,29 14,20
14,46 14,44 14,42 14,29 14,41 14,49 14,50 14,18
14,26 14,47 14,28 14,49
Bapuanm 2.5
Hcxonubie nanubie 115 3aaanaus 1 Bapuanra 2.5
2003223105 5435041150 0133223013
1324431436 1545232331 2614534245
1121334136 6676474106
Hcxonubie nanuble 1S 3a1aHus 2 BapuaHnTta 2.5
11,58 11,14 11,45 11,42 11,29 11,38 11,45 11,50
11,55 11,11 11,12 11,69 11,46 11,12 11,12 11,48
11,29 11,25 11,44 11,60 11,41 11,51 11,41 11,18
11,24 11,28 11,58 11,61 11,33 11,45 11,41 11,44
11,14 11,49 11,50 11,28 11,48 11,41 11,17 11,39




11,54 11,11 11,16 11,46 11,21 11,44 11,18 11,17
11,66 11,26 11,40 11,52 11,59 11,48 11,46 11,40
11,41 11,26 11,50 11,18 11,42 11,14 11,41 11,24
11,42 11,55 11,17 11,41 11,38 11,24 11,42 11,52
11,18 11,54 11,10 11,18 11,22 11,46 11,19 11,25
11,24 11,17 11,50 11,63 11,42 11,12 11,25 11,40
11,57 11,11 11,40 11,16 11,28 11,58 11,58 11,18
11,12 11,20 11,42 11,14
Bapuanm 2.6
Hcxonubie nanubie 11 3aganus 1 Bapuanra 2.6
0414333006 1235143351 1243223303
1311401431 1431232331 4114534245
2641334131 0146474035
Hcxonubie nanHbie Juis 3a/1aHus 2 BapuanTta 2.6
10,51 10,24 10,45 10,42 10,29 10,08 10,45 10,50
10,55 10,10 10,02 10,69 10,46 10,02 10,02 10,48
10,29 10,25 10,44 10,60 10,40 10,51 10,40 10,08
10,24 10,28 10,58 10,01 10,61 10,45 10,43 10,44
10,14 10,49 10,50 10,08 10,48 10,40 10,07 10,29
10,54 10,00 10,06 10,46 10,23 10,44 10,08 10,27
10,66 10,26 10,40 10,52 10,59 10,48 10,46 10,43
10,43 10,26 10,50 10,08 10,40 10,04 10,41 10,24
10,42 10,55 10,47 10,41 10,08 10,14 10,42 10,52
10,68 10,54 10,64 10,18 10,02 10,46 10,19 10,15
10,14 10,07 10,57 10,61 10,42 10,12 10,15 10,43
10,57 10,01 10,44 10,06 10,28 10,58 10,58 10,08
10,02 10,20 10,45 10,04
Bapuanm 2.7
Ucxonnsie nanuwie 115 3aqanus | BapuanTa 2.7
2514334106 5141233351 5243203313
3211431430 2331643423 1614534241
6334164130 0146101132
Hcxonuble nanuble Juis 3a1aHus 2 BapuanTta 2.7
18,51 18,04 18,45 18,42 18,29 18,10 18,45 18,50
18,55 18,08 18,02 18,69 18,46 18,02 18,12 18,40
18,29 18,25 18,44 18,60 18,41 18,51 18,41 18,10
18,24 18,28 18,58 18,11 18,01 18,45 18,48 18,44
18,04 18,49 18,50 18,08 18,48 18,40 18,07 18,29
18,54 18,08 18,86 18,46 18,28 18,44 18,08 18,27




18,66 18,26 18,40 18,52 18,59 18,48 18,46 18,40
18,48 18,26 18,50 18,88 18,48 18,84 18,41 18,24
18,42 18,55 18,87 18,41 18,88 18,14 18,42 18,52
18,88 18,54 18,80 18,18 18,82 18,46 18,89 18,85
18,84 18,87 18,50 18,61 18,42 18,82 18,85 18,40
18,57 18,81 18,40 18,86 18,28 18,58 18,58 18,88
18,82 18,20 18,48 18,84
Bapuanm 2.8
Hcxonubie nanubie 115 3aaanus 1 BapuanTa 2.8
1474333106 1235147351 5243723713
1311431471 1434232331 5614574245
1741734731 0146474135
Hcxonuble nanubie 115 3a1aHus 2 BapyanTa 2.8
11,51 11,14 11,45 11,42 11,29 11,18 11,45 11,50
11,55 11,11 11,12 11,69 11,46 11,12 11,12 11,48
11,29 11,25 11,44 11,60 11,41 11,51 11,41 11,18
11,24 11,28 11,58 11,11 11,11 11,45 11,41 11,44
11,14 11,49 11,50 11,18 11,48 11,41 11,17 11,29
11,54 11,11 11,16 11,46 11,21 11,44 11,18 11,27
11,66 11,26 11,40 11,52 11,59 11,48 11,46 11,40
11,41 11,26 11,50 11,18 11,41 11,14 11,41 11,24
11,42 11,55 11,17 11,41 11,18 11,14 11,42 11,52
11,18 11,54 11,10 11,18 11,12 11,46 11,19 11,15
11,14 11,17 11,50 11,61 11,42 11,12 11,15 11,40
11,57 11,11 11,40 11,16 11,28 11,58 11,58 11,18
11,12 11,20 11,41 11,14
Bapuanm 2.9
Hcxonnsle nanuble 15 3a1anus 1 BapuanTa 2.9
0414333106 1235043351 5243223313
0311401431 6434232311 0114534245
0641334131 1146424135
Hcxonnble qanuble 1715 3aaHus 2 BapuanTa 2.9
19,50 19,14 19,45 19,42 19,29 19,08 19,45 19,50
19,55 19,19 19,02 19,69 19,46 19,02 19,92 19,48
19,29 19,25 19,44 19,60 19,49 19,51 19,49 19,08
19,24 19,28 19,58 19,11 19,01 19,45 19,49 19,44
19,14 19,49 19,50 19,08 19,48 19,49 19,07 19,29
19,54 19,19 19,06 19,46 19,29 19,44 19,18 19,27
19,16 19,26 19,40 19,52 19,59 19,48 19,46 19,40
19,49 19,26 19,50 19,08 19,49 19,04 19,41 19,24




19,42 19,55 19,17 19,41 19,08 19,14 19,42 19,52
19,08 19,54 19,10 19,18 19,02 19,46 19,09 19,05
19,04 19,07 19,50 19,61 19,42 19,02 19,05 19,40
19,57 19,01 19,40 19,06 19,28 19,58 19,58 19,08
19,02 19,20 19,49 19,04
Bapuanm 2.10
Ucxonnsie nanuwie s 3aganus 1 BapuanTa 2.10
1414888106 1285148851 5248228818
2811481481 6484282881 4614584245
2641884181 0146474185
Ucxonnsie qanueie s 3aganus 2 BapuanTa 2.10
17,57 17,74 17,45 17,42 17,29 17,78 17,45 17,50
17,55 17,77 17,72 17,69 17,46 17,72 17,72 17,48
17,29 17,25 17,44 17,60 17,47 17,51 17,47 17,78
17,24 17,28 17,58 17,71 17,71 17,45 17,47 17,44
17,74 17,49 17,50 17,78 17,48 17,47 17,77 17,29
17,54 17,77 17,76 17,46 17,27 17,44 17,78 17,27
17,66 17,26 17,40 17,52 17,59 17,48 17,46 17,40
17,47 17,26 17,50 17,78 17,47 17,74 17,41 17,24
17,42 17,55 17,77 17,41 17,78 17,14 17,42 17,52
17,78 17,54 17,70 17,18 17,72 17,46 17,79 17,75
17,74 17,77 17,50 17,61 17,42 17,72 17,75 17,40
17,57 17,71 17,40 17,76 17,28 17,58 17,58 17,78
17,72 17,20 17,47 17,74




6.1.

IMPUMEP BBITIOJIHEHUSA KOHTPOJIbHOM PABOTHI 3 (u.2)

3aoaua 2.1. Tlytem ompoca motyueHsl ciieayrorue ganabie (N=80):
2424111206 1212241151 0241221111
1111211411 7414212111 4114514245
1641124111 0046474115

Buinonnume 3a0anus:

a) MOJYYHUTh AUCKPETHBIN BapHALIMOHHBIHN Psi/I M CTATUCTUYECKOE paclpeieieHue
BBIOODKY;

0) TOCTPOUTH MOJIUTOH YaCTOT;

B) COCTAaBHUTH PSIJI PACTIPEICICHUS OTHOCUTEIILHBIX YacTOT;,

') COCTaBUTh IMIUPUIECKYIO (QYHKIIUIO pacIpeICICHNUS;

) IOCTPOUTH IpauK IMIUPUICCKON HYHKIIUH PACTIPEICIICHHS;

¢) HalTH OCHOBHBIC YHCIIOBBIC XaPaKTEPUCTHKH BAPUAIIMOHHOTO Psijia (110 BO3MOXKHOCTH

HCIIOJIB30BaTh YIPOIIAOIINC (1)OpMy.]'IBI JJIA UX HaXO)KI[eHI/IH)Z

1) BeIOOpOUHOE cpenHee X ;

2) BeiOopouHyto mucnepcuio D(X);

1) BbIGOpOUHOE cpejHee KBajapaTHieckoe oTkionenue o (X);

4) ko3¢ dunuent Bapuanuu V;

5) MHTEPIIPETUPOBATH MOJTYYCHHBIC PE3YJIbTATHI.

Pewenue.

a) Jlist cocTaBiieHUs] TUCKPETHOT'O BapUAIIMOHHOTO Psijia OTCOPTUPYEM JaHHBIE OIpoca
10 BEJIMYUHE U PACIIOIOKUM HX B IOPSIIKE BO3PACTAHUS:

0000111111111111122222222222222111111111111111111111
1114444444444444444555566677.

CraTtucTudeckoe pacripesielieHue BBIOOPKH IpejcTaBieHo B Tabmuue 6.1, B KOTOpo#
nepBasi CTpoka — eapuanmul (HaOI0AaeMble 3HAaUEHUE), BTOpasi CTPOKA — 4acmombl NOSAGNIEeHUs

IMUX 6apuanm).

Tab6uamnua 6.1. BapuaHThl 1 MX 4aCTOTHI
Xi |0 1 2 1 4 5 6 7

ni |4 11 |14 |24 |16 |4 1 2

6) Jlist OCTPOEHHS IOIMIOHA YacTOT Hal/IeM OTHOCHTENbHBIE YacToTsl (Wi =1, /N, tae

m
N=2 N, rge M — 4UCIO pa3iIUYHBIX 3HaueHMH mpusHaka X (M<N) u B gaHHOM IpuMepe

i=1
M=8), KoTOpble OyJIeM BBIUYUCIATH C OJUHAKOBOW TOYHOCTHIO. [lONMMroH 4acToT — JoMaHas
JUHUSA, COSANHSIONIAs TOYKU ¢ KOOpAUHATAMHU (Xi,Wi) (Puc. 6.1). Pacuets! 3anumieM B Ta01.

6.2.

Taoauua 6.2. OTHOCUTENLHBIE YaCTOTHI U HAKOIUIEHHBIEC YaCTOTEI



OTHOCHUTEILHEIE HakoILIeHHbIE
Xi Ni 4acToThl W, YacTOTHI
0 4 0.050 0.050
1 11 0.161 0.211
2 14 0.175 0.188
1 24 0.100 0.688
4 16 0.200 0.888
5 4 0.050 0.918
6 1 0.018 0.975
7 2 0.025 1.000
Cymma 80 1

0,320

0,300 }\

0,280

0,260 AN

0,240 f \\\

0,220

0,200 /

0,150

0,160 /'/J/ Hl‘\

0,140

0,120 ! 4

0,100 / 4

IZI:EIEIZI / \

0,060 ‘;’! \3

0,040 =

0,020 i

0,000
0 1 2 3 4 5 B 7 8

Puc. 6.1. [lonuron 4acToT BapuarimOHHOTO psijia
B) 3anmiieM psij pacnpeaeneHus (Tadi. 6.1) OTHOCUTENbHBIX YacTOT B BUJE TaOIUIHI 1,
B KOTOpOM IepBasi CTpOKa — BapUaHTHI (M3y4aeMblil PU3HAK), BTOPasi CTPOKA — OTHOCUTEIHHBIE

4acToOThI (uacmocmu).

Tadauua 6.1. Pacnpez[eneHI/Ie OTHOCHUTCIIbHBIX YaCTOT MOABJICHUA IIPHU3HAKA

Xi 0 1 2 1 4 5) 6 7

ni 0.05 0.161 0.175 0.1 0.2 0.05 0.018 0.025

r) OMOUpuYeckylo GQYHKIMIO paclpeneieHus] HalaeMm, WCIONIb3ys HAKOIJICHHBIC
qacToThl (Tadm. 6.1, cronbuk 4) u hopmyny (4.1):



-

0, X <0,
0.05, 0O<x<1],
0.213, 1<x<2,
0.388, 2<x<3,

F'(x)=40.688, 3<x<4,
0.888, 4<x<5
0.938, 5<x<6,
0.975, 6<x<7,
1 X>7.

1) IToctpoum rpaduk smnupudeckoit GpyHKIMHM pacrpeneneHus (puc. 6.2), UCIONb3ys
3HAu€HUs, MOJIYYECHHbIE B IIYHKTE T).

1,000

0,900 1 Z—
0,800 -

0,700 + £
0600
0500 4
0,400 4 <
0,300 4

0,200 T
0,100 -
_n,nnn_‘/ﬁ

Puc. 6.2. I'paduk smMnuprueckoil pyHKIMH pacipeaeneHus

¢) [Jlnsa BeMuCIEHHMs BBIOOPOYHOrO CpemHEro X, M BBIOOPOYHOM JUCHEPCUM DB c

MCIIOJIb30BaHUEM MPUBEIECHHBIX BBILIE POPMYJI, YA0OHO COCTABIATh pacyeTHYIO Tadiuiy 6.2:

Tabauna 6.2. Pacuetnast Tabnuua /i BHIYUCICHUS BBIOOPOUHBIX BEIUYNH

Xi N Xi-Ni (Xi —XB)2 (Xi —XB)Z-ni

0 4 0 8.1796 12.7184

1 11 11 1.4596 44,9748

2 14 28 0.7196 10.1544

1 24 72 0.0196 0.4704

4 16 64 1.2996 20.7916

5 4 20 4.5796 18.1184

6 1 18 9.8596 29.5788

7 2 14 17.1196 14.2792
Cymma 80 229 191.488

Hcnonb3ys cyMMBl, MOTy4YeHHbIE B Ta0J. 6.2, ONpeAeTUM UCKOMbIE BEJIMUNHBI.



— Z X - 229
1) BeiGopounyro cpenmioro X, = =t = ~ 2.86.
n 80
3 (x X )2 n
) i~ s ) "l
2) BoiGopounyo mucnepento D = 1= = 191.488 ~ 2.39.
B n 80
1) BeibopouHoe cpesiHee KBaApaTHUECKOE OTKIOHEHHE
o, (X) =, /DB =+/2.39 = 1.55.
o, (X) 1.55
4) Kosdppunument papuamuu V = ——--100% = > 86 -100% ~ 54.2%.
X .

B

5) NHTepnperanus moryueHHbIX Pe3yIbTaTOB:
~  Benmumma X . ~ 2.86 xapakrepusyer cpejHee 3HaYCHHUE PU3HAKA X;
- cpeaHee KBaJAPaTHYCCKOC OTKIOHCHHC O-B (X ) OIMCHIBAET AOCOJIOTHBIN pa36poc
3HAUEHUI ITOKa3aTeiasd X OTHOCHUTEILHO CpEAHCTO 3HAYUCHUA U B NAHHOM CJIydac COCTABJISACT
o (X)~1.55;
- K03(1)(1)I/II_[I/ICHT Bapuannuu \ XapaKTCPU3YCT OTHOCUTCIIbHYIO U3MCHUYUBOCTL ITOKA3aTCJIA X,

TO €CTh OTHOCHUTEIIbLHBLIN pa36poc BOKpYI' €ro Cp€AHCro 3HAYCHUIA X U B JAHHOM CJIy4dac

cocrasisier V ~54.2%..
Omeem. X, =~ 2.86; DB ~2.39; GB(X) ~1.55:V =~ 54.2%.

3aoaua 2. Cwm. 3ananue 2 B KP 3 (vacts 2)

B

AJITOPUTM BBINIOJHEHHUS 3aaHUSI 110 IPOBEPKe CTATHCTHYECKOM THIOTe3bl 0 BHAE
pacnpeueneﬂnﬂ3

1. Ompenenuts pazmax BeIOOPKU: R=Xpmax — Xmin-

2. HaznauuTh uuciio kapMaHoB, M=8 (J1r060e uucio ot 7 110 25).

3. Haiitu cpennee 3Hauenue (M) u cTaHIapTHOE OTKIIOHEHUE ( O).

4. HaiiTu neBble U MpaBble TPaHMIIBI Ul KapMaHOB, IpoHyMepoBaHHbIX OT 0 10 M. Ilpu 3Tom
quist kapmana Ne O rpaBasi rpaHulla paBHa MUHUMYMY, /Ui KapMmaHa Ne 1 mpaBas rpaHuiia paBHa
MUHUMAaJIbHOMY 3HAUEHUIO IUIIOC JUIMHA KapMaHa, 1 T.1.

5. TlocTpouTh ruCTOrpaMMy U BBIABUHYTH TMIIOTE3Y O BUJE paCHpPEIeIICHNUS.

6. Haiitu 3nauenus npeanonaraemoir ®P Ha rpaHuax KapMaHOB:

Tak, U1t HOpMabHOTO pacrnpenenenus cyuiectsyer BerpoeHHas pynkiuss HOPMPACIIP(), roe
B KauecTBe nociuenHero aprymenra neyaraem MCTUHA.

7. Haiitu TeopeTnueckue BEpOSITHOCTH TOManaHus B KapMmaH (pasHocth ®P mo rpanuiam
KapMaHOB).

8. Haiitn TeopeTHuecKue 4acTOThI (MPOU3BECHIE TEOPETHUECKUX BEPOSITHOCTEH TMOMaaHus B
KapMaH Ha 00beM BBHIOOPKH).

9. BBIUHCIUTH CTONOCT BEIUYHH:

(BBIOOpOYHAs YaCTOTa—TEOPETHUECKas YacToTa) 2 / TeopeTuyecKas 4acToTa.

2
CyMmMa 3TUX BEJIUYUH SIBISETCS 3HAYEHUEM BBIOOPOUHOTO ) g6 KPUTEPHSL.

¥ PexoMeHIyeTCs BBIOJIHATH B makeTax Excel wm MathCad, 3aeck ykasansl BCTpoeHHbIE
byuxuuu Excel.



10. HaiitTn 3HaYeHHME TEOPETHUYECKOTO KpPUTEpUs COTracus szp Ipy 3aJlaHHOM YpOBHE
sHaunmoctu (y Hac 0.05) moxHO mo dopmyne XM2OBP (BeposSTHOCTH; YHCIIO CTENeHen
CcBOOOMBI), TIE 4YHCIO CTeneHed cBoOoabl K=m-1-r, nHampumep, r=2 mias HOPMaJILHOTO
pacripeieieHusl.

11. CpaBHHBaEM ¥ ms C XZTeop , JeNaeM BBIBOX: €CIH Ypws < szp , TO HET OCHOBAaHUU
OTBEpraTh OCHOBHYIO THIIOTE3Y, B IPOTUBHOM CIIy4yae OCHOBHAs TUIIOTE3a HE TPUHUMAETCH.
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IMPUJIOKEHUE 3

2
Kpurnuyeckue TOUKH pacnpenejeHus )

Yucno YpoBeHb 3HAYUMOCTH O

cTeneHen

cB00OIBI 0.01 0.025 0.05 0.95 0.975 0.99
k
1 6.6 5.0 3.8 0.0039 0.00098 0.00016
2 9.2 1.4 6.0 0.103 0.051 0.020
3 11.3 9.4 7.8 0.352 0.216 0.115
4 133 111 9.5 0.711 0.484 0.297
5 151 12.8 111 1.15 0.831 0.554
6 16.8 14.4 12.6 1.64 1.24 0.872
7 18.5 16.0 141 2.17 1.69 1.24
8 20.1 17.5 15.5 2.73 2.18 1.65
9 21.7 19.0 16.9 3.33 2.70 2.09
10 23.2 20.5 18.3 3.94 3.25 2.56
11 24.7 21.9 19.7 4.57 3.82 3.05
12 26.2 23.3 21.0 5.23 4.40 3.57
13 27.7 24.7 22.4 5.89 5.01 411
14 29.1 26.1 23.7 6.57 5.63 4.66
15 30.6 27.5 25.0 7.26 6.26 5.23
16 32.0 28.8 26.3 7.96 6.91 5.81
17 334 30.2 27.6 8.67 7.56 6.41
18 34.8 31.5 28.9 9.39 8.23 7.01
19 36.2 32.9 30.1 10.1 8.91 7.63
20 37.6 34.2 31.4 10.9 9.59 8.26
21 38.9 35.5 32.7 11.6 10.3 8.90
22 40.3 36.8 33.9 12.3 11.0 9.54
23 41.6 38.1 35.2 13.1 11.7 10.2
24 43.0 39.4 36.4 13.8 12.4 10.9
25 44.3 40.6 37.7 14.6 13.1 115
26 45.6 41.9 38.9 154 13.8 12.2
27 47.0 43.2 40.1 16.2 14.6 12.9
28 48.3 44.5 41.3 16.9 15.3 13.6
29 49.6 45.7 42.6 17.7 16.0 14.3
30 50.9 47.0 43.8 18.5 16.8 15.0
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Yucno creneHen

YPOBEHb 3HAUUMOCTH 0 (IBYCTOPOHHSISI KpUTHYECKAs

CBOOO/TBI 00J1aCTh)
k
0.10 0.05 0.02 0.01 0.002 | 0.001
1 6.31 12.7 31.82 63.7 318.3 | 637.0
2 2.92 4.30 6.97 9.92 22.33 31.6
3 2.35 3.18 4.54 5.84 10.22 12.9
4 2.13 2.78 3.75 4.60 7.17 8.61
5 2.01 2.57 3.37 4.03 5.89 6.86
6 1.94 2.45 3.14 3.71 521 5.96
7 1.89 2.36 3.00 3.50 4.79 5.40
8 1.86 2.31 2.90 3.36 4.50 5.04
9 1.83 2.26 2.82 3.25 4.30 4.78
10 1.81 2.23 2.76 3.17 4.14 4.59
11 1.80 2.20 2.72 3.11 4.03 4.44
12 1.78 2.18 2.68 3.05 3.93 4.32
13 1.77 2.16 2.65 3.01 3.85 4.22
14 1.76 2.14 2.62 2.98 3.79 4.14
15 1.75 2.13 2.60 2.95 3.73 4.07
16 1.75 2.12 2.58 2.92 3.69 4.01
17 1.74 211 2.57 2.90 3.65 3.95
18 1.73 2.10 2.55 2.88 3.61 3.92
19 1.73 2.09 2.54 2.86 3.58 3.88
20 1.73 2.09 2.53 2.85 3.55 3.85
21 1.72 2.08 2.52 2.83 3.53 3.82
22 1.72 2.07 2.51 2.82 3.51 3.79
23 1.71 2.07 2.50 2.81 3.59 3.77
24 1.71 2.06 2.49 2.80 3.47 3.74
25 1.71 2.06 2.49 2.79 3.45 3.72
26 1.71 2.06 2.48 2.78 3.44 3.71
27 1.71 2.05 2.47 2.77 3.42 3.69
28 1.70 2.05 2.46 2.76 3.40 3.66
29 1.70 2.05 2.46 2.76 3.40 3.66
30 1.70 2.04 2.46 2.75 3.39 3.65
40 1.68 2.02 2.42 2.70 3.31 3.55
60 1.67 2.00 2.39 2.66 3.23 3.46
120 1.66 1.98 2.36 2.62 3.17 3.37
0 1.64 1.96 2.33 2.58 3.09 3.29



