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1. HaumeHoBaHue AUCIHHUIT/INHBI

«Teopuns BeposATHOCTEN M MATEMATUYECKAsL CTATUCTUKAY.

2. IlepevyeHb IMJIAHMPYEMBIX Pe3yJbTATOB OCBOEHHUsI 00pa30BaTeIbHON MpPO-

rpaMmsl (nepeyeHb KOMIIETEHUMI) ¢ YKa3aHMeM MHIMKATOPOB HX J0CTH-

JKEeHUH U IJIAHUPYEMBIX PE3YyJIbTAaTOB oﬁyqemm o IMCIOMIIJIMHE

Jucuuminaa « Teopust BEpOsSTHOCTENW U MaTeMaTHYeCKasi CTAaTUCTUKAy 0Oecreyu-

BaeT (popmupoBanue craexyromux kommerennmii: [IKH-1, [TKH-2

HAyYHBIX HCCIIE0-
BaHHH B 00JaCTH
MaTEMAaTHKN U KOM-
MBIOTEPHBIXHAYK,
TpeOyeMBbIX JUTS
dbopMupoBaHus 3a-
KJIIOYCHHUH I10 COOT-
BETCTBYIOIIIM
HAy4YHBIM HCCIIENIO-
BaHHUAM

IMMOCTAaBJICHHBIX HAYYHO-UC-
CJIICAOBATCIIbCKUX 3a1a4.

2. OTtOupaer ayis pereHus
HCCIIEN0BaTENbCKOMN 3a-
Jlayd MaTeMaTH4YeCKue Me-
TOJBI U MOJIETTH, OCYIIIECTB-
JsI€T MPOBEPKY aJIEKBATHO-
CTH MOJEIICH, aHaJIn3 U WH-
TEpIpeTaIuilo  pe3yibTa-
TOB.

Koxa HaumeHnoBanue Nupukaropsl  goctuike- | Pe3yabTaTsl 00ydyenusi (yMeHUs: U

KOM- KOMITETEHIIMH HHUS KOMIIETeHIHH 3HAHHA), COOTHECEHHbIE ¢ HHIUKA-

MneTeH- TOpaMHM JOCTHKEHUSI KOMIIETEeH-

117071 1107071

[IKH-1 | Cnocoben  cobu- | 1. PaGoraer ¢ wuCTOYHHU- | 3Hamb OCHOBHBIC (AKTHI, KOHIICI-
path, AaHAIM3HWPO- | KAMU WH(POPMAINH, BBIOW- | MU ¥ MPUHIIMITEI TCOPUU BEPOSTHO-
BaTh M CHCTEMAaTH- | pacT M OILICHHWBAET IMPHUME- | CTCH U MAaTEMAaTHYECKON CTaTHCTHKH,
3UpOBaTh JaHHBIC | HIMOCTh TIOJYYSHHOW WH- | YmMemdb CTPOro JOKa3bIBaTh MaTeMa-
COBPEMEHHBIX dopMaruu AN peUIeHHs | THYECKUE YTBEP)KIEHUS TEOPUU Be-

POSITHOCTEW M MAaTeMaTH4ECKOU cTa-
TUCTHUKH, BBIJIENISI TIIaBHBIE CMBICIIO-
BbI€ aCIIEKTHI B I0KA3aTEIbCTBAX;

3namp 361K TEOPUH BEPOSITHOCTEN U
MaTeMaTHYeCKOW CTAaTHCTUKU ISt
peleHus] NPUKIaJHBIX 3a1ad C Hc-
M0JIb30BAHUEM MAaTeMAaTUYECKUX Me-
TOJIOB;

Ymems npumeHsaTh 3HaHUS TEOpPUU
BEPOATHOCTEM H MaTEMaTHUYECKOH
CTaTUCTUKH JUISl PEIIEHUS MpaKTH4ie-
CKHX 3a/1a4; BBIOUPATh U MPUMEHSTH
MaTeMaTHYeCKHe METOIBI U METOJIBI
MOJICTTUPOBAHUSI HEOOXOIUMBIE IS
pelIeHNs TOCTaBJICHHBIX 3a/1a




[IKH-2 | Cnocoben ¢ momo- | 1. JleMoHCTpupyeT 3Ha- | 3Hamb OCHOBHBIC TOHSTHS TEOPUHU
IO MaTeMaTH4e- | Hue 0a30BBIX MaTeMaTh4de- | BEPOSATHOCTEH W MaTeMaTUYeCKOU
CKOM MoJenu pe-| CKUX Mojejell, MpuMeHsie- | CTAaTUCTUKH, METOJUKH pacyueTos,
IaTh  IOCTABJICH- | MBIX B PAa3IMYHBIX MPEA- | UCHOIb3yeMble MPH aHalu3e JaH-
HYI0  TEOpeTHYe- | METHBIX 00JIacTsIX. HBIX; BEPOATHOCTHBIEC M CTATUCTHYE-
CKYl0 WM TIpHU- CKHE METO/IBI.

KIAJHYI0  3ajady,
peaM30BbIBas  aJl- Ymemp victionb30BaTh UHCTPYMEHTHI
TOPUTM pEIICHUS B onucaTeIbHOW CTaTUCTHKH M BU3Yya-
BUJE  TIpOrpamMm- TU3alliU JaHHBIX, BEPOSITHOCTHBIC U
HOTO MOZYJISt CTaTHUCTUYECKUE METOJbI JUIsl pelie-
HUS TPO(ECCUOHATBHBIX 3a/1a4.
2. Apantupyer U 1pu- | 3Hams BEPOATHOCTHHIE U CTATUCTH-
MEHSIET  CYLIECTBYIOLUE | YECKHUE MOJENU B 00IacTU IPUKIIAL-
MaTeMaTUYeCKUe MOJENHU | HOrO MAllMHHOTO O0y4YeHHUS;
JUTSL PElICHHSI TIOCTaBJICH-
HOM MPHUKIAIHOW WU TeO- | Ymems momuduuupoBaTh MaTema-
PETHYECKOH 3a/1a4u. TUYECKHUE MOJEIH B O0JIacTH MpH-
KJIQJIHOTO MAIIMHHOTO O0YYCHHUS;
3. Bnageer Meronono-| 3Hame HaBBIKU pELICHUS 3a/1a4 B 00-
ruei MaTEMaTHYECKOTO | JIACTH SKOHOMHKHU W (PUHAHCOB C HC-
MOJICTTMPOBAHMS [UTs Pellie- | MOJIb30BaHHEM HHCTpyMeHTapus Mi-
Hus  npodeccronansHbiX | Crosoft Excel, R, Python (Jupyter
3aj1a4. Notebook), Wolfram Mathematica,
MATLAB.
Ymems vcnionb3zoBaTh HHCTPYMEHTA-
puii  Microsoft Excel, R, Python
(Jupyter Notebook), Wolfram Mathe-
matica, MATLAB oxs pewenus 3a0au
6 obnacmu NpUKIAOH020 MAUUHHOZO
00yueHus.
3. MecTo TUCHUIUINHBI B CTPYKTYpe 00pa30BaTe/ibHOM MPOrpaMmbl

I[I/ICLII/IH.HI/IHa «Teopuﬂ 6€p0}ll’l’ZHOCWl€12 u mamemamudecKkas cmamucmuka) OTHO-

cutcs k Lukiny maTeMaTuku 1 UHPOPMATUKH 10 HampasieHuto noarotosku 01.03.02

-IIpuxnannas maremaruka u nuapopmatuka, OIl «IIpukmannoe MmammHAOE OOYUICHHEH

[Tpoduns «IIpuknagHoe MaIMHHOE O0YUYCHHE.

I/I3yquHe JUCITUIIIINHBI «Teopuﬂ 6ep0ﬂmHocmeﬁ u mamemamudecKkasds cmamiu-

cmuka» 0a3upyeTcsl Ha 3HAHUSX, MMOJYUYCHHBIX B paMKaX W3yYEHHs] MaTEMaTHUUYECKUX
nucuuruinH, Bxoasumx B OI1 6akanaspa o Hanpasienuto 01.03.02 «/lpuxnaonas ma-
memamuka u uHgpopmamuxa»: Marematuueckuii ananus, Anredpa u reomerpus, Juc-

KpPETHAs MaTeMaTHKa, AJITOPUTMBI ¥ CTPYKTYPBI JaHHBIX B si3bike Python.




4, O0beM TUCHUNIMHBI (MOYJIf1) B 3a4€THBIX €IUHULAX U B aKaJeMH-

YeCKHX 4acax ¢ BbleJIeHHEM 00beMa ayAuTOPHOI (JIeKIUHM, CEMUHAPBI) U CAMO-

CTOATEJILHOM PadoThl 00YyYaKOIIUXCH

Buj yueoHoii padoThl Bcero Cemectp 2 Cemectp 3
0 JUCHMILIHHE (B 3/e m yacax) (B yacax) (B yacax)
O01masi Tpy10eMKOCTb JTUCIH- 9/324 144 180
TJIHHBI
Konmaxkmmuas paboma
- Aydumopubtga’an}lmuﬂ 136 66 68
Jlexyuu 32 34 34
Cemunapnl, 104 34 34
npakmudeckue 3aHAMus
Camocmosmenvnan paboma 188 76 112
Bun texymiero KOHTpoIIs KonTtposbHbIe KontposnbHas Konrtponbhas
paboThI pabota pabota

Bun npomexyrounon arrecra- 3auer, Hk3amen 3ayer DK3aMeH
UM

5. Conep:kanue TUCUMILIMHBI, CTPYKTYPHPOBAaHHOE MO TeMaM (pa3je-

JIaM) JUCUHMILIMHBI ¢ YKa3aHUEM MX 00beMOB (B aKaJIeMUYeCKHX 4acax) ¥ BUJA0B

yueOHBIX 3aHATHI

5.1. Coaepxanue TMCUMILTHHBI

Teopust

BEPOSITHOCTEM

Pa3znen 1. BepositTHoCTH COOBITHIT

Onepaupm HalI CJ'Iy‘I&fIHBIMH CO6BITI/I$[MI/I, CBs3aHHBIMU C OIIBITOM. FGOMCTpI/I‘Ie-

CKHC BCPOATHOCTH. CrartucTuueckoe KOIIPCACICHUC)» BCPOATHOCTH N AKCHMOMATHUKaA A.

H. KoamoropoBa. BeposiTHOCTHOE MPOCTPAHCTBO KaK MOJENb CIYYaWHOTO JKCIEpHU-

MeHTa. KoHeuHOe BEpOSATHOCTHOE MPOCTPAHCTBO M KJIACCHUUECKHUH CIIOCOO IMOJCYETA

BEPOATHOCTEH. JIMCKpETHOE BEPOSITHOCTHOE MPOCTpaHCTBO. Peanmsanus Ha Python

CTOXaCTUYCCKOI'0O J3KCICPHMMCHTA C OJAWMHAKOBO BO3MOKHBIMH HCXOJaMHU (MGTOIIBI

random.sample, random.choices).

YcnoBHbie BepoaTHOCTH. HezaBucHuMBbIe COOBITHS U TPABUIIO YMHOKEHUS BEPOSIT-

Hoctel. [Tonnas rpynmna coosiTuii. @opmyna noaHoi BepostHocTu. opmyra baiieca.

AnpHOpHBIE U AITOCTEPUOPHBIE BEPOATHOCTH TUIIOTES.
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Cxema MOBTOPHBIX HE3aBUCUMBIX HcHbITaHUM (cxema bepuymin). @opmyna bep-
HyJun. Haubosnee BeposiTHoe uucio ycnexoB B cxeme bepHymnu. [IpubnuxeHHbie
dbopmynsr Jlarutaca u [lyaccona. BeposTHOCTh OTKIIOHEHHMSI OTHOCUTEIIBHON YaCTOTHI
OT BEPOSITHOCTH.

Pa3nea 2. CiyuaiiHble BeJJMYNHBI

CnyuaiiHas BeIMYMHA KakK (YHKIMS HA MPOCTPAHCTBE JIEMEHTAPHBIX COOBITUM.
OyHKIMS pachpeesieHns CiaydaiiHoi BennuuHbl. CBOHCTBa (YHKIMHU pacipenene-
Hus. He3aBuCUMOCTD ciydailHbIX BeIMYUH. OYHKIMU OT OJHOM MIIA HECKOJIBKUX CITy-
YailHBIX BETUYHH. ApudMEeTHUECKHE Ollepalluy HaJl CIy4ailiHbIMU BETMYMHAMMU.

JuckpetHas cinyyaiinas BennurHa (JICB) u ee 3akoH pacnpenenenus. OCHOBHBIE
yuciioBble xapakrepuctuku JICB: MaTeMatndeckoe oxxuaanue, Iucnepcus, CTaHaapT-
HOE OTKJIOHEHHWE, KOBapHalus U KO3(PPUUUEHT Koppeasiuuu. MareMaTH4ecKoe 0XKH-
nanue ¢ynknuu ot JICB. HepaBenctso Hencena. Mcmonp3oBaHue —Kiacca
scipy.stats.rv_discrete mis moctpoeHus 3K3eMILIApOB pactpeaencHus JJCB.

CBoiicTBa MaTEMaTUYECKOTO OXUAAHUS, JUCIIEPCUM, KOBapHAIMU U KOdPpuiu-
€HTa KOppeJSLUU. BpuKciIeHNE OCHOBHBIX YHCIIOBBIX XapaKTEPUCTUK PACTIPENEIICHU I
MeTOoIaMu OMOIMOTEK NUMPY | SCIpY.

[Tpumepsl Ki1accuYecKuX TUCKPETHBIX pacnpeneneHuil (OMHOMUaNbHOE, ITyacco-
HOBCKOE, TEOMETPUYECKOE) U BBHIYMCIIEHUE UX YHCIOBBIX XapakTepucTuk. ['unepreo-
METPHUUYECKUH 3aKOH pacnpenenenus. [lonmmaomuansHoe pacnpenenenue. Ilyaccono-
BOCTb CYMMBbI HE3aBHUCHUMBIX ITyaCCOHOBCKHUX CIIyYalHBIX BeIWYUH. lIpoumsBopsinue
¢bynkuun. Peanuzanust Mojieneil TUCKPETHBIX CIy4ailHbIX BEJMYUH B makete Jupyter
Notebook. O6sextsr bernoulli, binom, poisson, geom, hypergeom u multinomial 6u6-
JIMOTEKH SCIpY.

HenpepoiBHbIE 1 aOCONIOTHO HEMpEpBIBHBIE Cly4yaliHble BeIMuuMHbI. CBONCTBa
GyHKIIUM TIIOTHOCTH. MaTeMaTH4ecKoe OKUIaHHe U JUCTepcusi abCOMIOTHO Hempe-
PBIBHOM ClTydaifHOM BeTu4YuHbI. MaTeMaTtnueckoe oxxkuaanue (yHKIUU OT aOCOIIOTHO
HEIPEPBIBHOU CIIy4anHOMN BEJINYUHBL. Hcnons3oBanne KJ1acca
scipy.stats.rv_continuous mJisi moCTpOeHUsI FK3EMIUIIPOB PACIIPESIICHUS] HENPEPHIB-

Heix CB.



PaBHOMEpHOE pacnpeneneHre Ha OTpE3Ke, TPEYrOJAbHOE paclpeesieHue (pacmpe-
nenenue CHUMIICOHA), TOKA3aTeIbHOE (IKCIIOHEHIMAIBHOE) paclpeiesieHue, pacipe-
nenenue Komwu, pacnpenenenue Jlamnaca, HOpMaJIbHOE U JJOTHOPMAJIBHOE pacnpene-
JICHUs, WX YHUCIIOBBIE XapaKTEPUCTUKU. HOpMaJbHOCTH CyMMBI HE3aBUCHMBIX HOp-
MaJbHBIX ClydaiHbIX BenuumH. OOBEKTHI UNiform, triang, expon, cauchy, norm,
lognorm GuGmmoTeku SCipy. YHUBeEpcaabHBIC CBOWCTBA PAaBHOMEPHOTO pacrpejeiie-
Hus. [loHsTHE KBAaHTUILHON (DYHKITUH.

HavanpHble M LEHTpajgbHBIE MOMEHTHI CIy4YalHOW BenuuuHbL [IpowmsBoxasimas
(GyHKIUS MOMEHTOB. ACUMMETpHS U Kclecc. Mosia, MelnaHa U KBaHTUIIM HENPEPhIB-
HOTI'O pacIpeieicHusl.

Pa3nen 3. CryyaiiHble BEKTOPbI

CoBMecCTHOE paclpeielIeHHe Ciiy4alHbIX BeauurH. CirydaiiHbId BEKTOP. 3aBUCH-
MBI€ M HE3aBUCHMBIE CITy4alHbIe BEKTOPBI. D yHKIUSA pacpeIeIeHNs CIIy4alHOTO BEK-
TOpa U ee cBoicTBa. OMHAKOBO paclpeeleHHbIe ClTydyaliHble BEKTOPhL. CBsA3b (PyHK-
LMY pacpeesIeHUs] CIIy4ailHOTO BEKTOpa ¢ (PYHKIMSIMH paclpeAesieHusl ero KOMIo-
HEHT.

JlucKpeTHbIe cilydaliHble BEKTOPBI. BEpOATHOCTH MOMNAaNaHus JUCKPETHOTO CIIy-
4ailHOrO BEKTOpAa B 33JJaHHOE MHO>KECTBO. 3aKOH pacIpeieiIeHUs] JBYMEPHOTO AMC-
KPETHOTO CIIy4YalHOT'O BEKTOPA U €0 CBA3b C PACIPENCIICHUSIMUA KOMIIOHEHT.

AOCOIIOTHO HENpPephIBHbIE Cy4yaliHble BEKTOpbI. BeposTHOCTh monamanus abco-
JIIOTHO HETIPEPHIBHOTO CIIy4YallHOTO BEKTOpA B 33JaHHOE MHOKECTBO. CBsA3b (QYHKIIUU
IUIOTHOCTHU pacIpesielieHus] CIy4yallHOro BeKTopa ¢ GyHKIUSAMH IJIOTHOCTH €ro KOM-
nmoHeHT. DyHKIUA TUIOTHOCTH M HE3aBUCHUMOCTh KOMIIOHEHT CIy4ailHOTO BEKTOpA.
PaBHOMepHOE pacnpeneneHre B orpaHuueHHON obsactu B R™. DyHKIMK OT Cydaid-
HBIX BEJIMYMH. 3aKOH paclpelesieHuss CyMMbl CIydallHbIX BenuuyuH. Popmyna
CBEPTKH.

YucnoBble XapaKTEPUCTUKU TUCKPETHBIX U a0COIIOTHO HETIPEPHIBHBIX CIyYalHBIX
BEKTOpOB. MaTemaTHuecKoe 0)kM1aHue (PyHKIIUN OT KOMIIOHEHT CJIy4ailHOTO BEKTOpa.
KoBapuanmonHas maTpuua ciy4aiiHoro Bekropa. Heotpunarenbnas onpeaeneHHOCTb

KOBapUalMOHHON MaTPULIBI.



Hopmanwshoe pacnpenenenue B R2. [IOTHOCTH ABYMEPHOTO HOPMAJIBHOTO pac-
peAeseHus, IPUBEICHUE K KAHOHUYECKOMY BUY. HopmasbHbIE CiiydaliHble BEKTOPBI
U MX CBOMCTBA. Peanm3anus Moenel HENpEePhIBHBIX CIyYalHBIX BEKTOPOB B MMAKETAX
R, Jupyter Notebook (metoxsr multivariate_normal u multivariate_t u3 oubnuoTexu
scipy.stats).

YcnoBHBIE pacnpeneNieHus] U YCIOBHBIE INIOTHOCTH. Y CJIOBHOE MAaTeMaTUYECKOE
0’KHMJIaHUE U ero cBoMcTBa. Popmylia MOJIHOTO MAaTEMAaTUYECKOTO OKUAAHUSA. Y CIOB-
Has aucrnepensi. @opmylia MOJIHOW TUCTIEPCUH. Y CIIOBHASI KOBApHUALWS CIIyYalHBIX Be-
T4rH X ¥ Y OTHOCHUTENBHO CITy4allHOW BEIWYUHBI Z. DopMyra MOJTHON KOBapHALIUH.

Pa3nen 4. IlpeaesibHble TeOpeMbl TEOPUHU BEPOATHOCTE

HepaBsenctBo MapkoBa u YeOsbimeBa. [IpaBuino «Tpex curm» B oO0IIEM ciyyae.
Teopembr YebsiméBa u bepuysuu. [locnenoBarenbHoCTH ciaydailHbiX BeauduH. Cxo-
JUMOCTB TI0 BEPOSTHOCTH U 3aKOH OonbImx yucen. Peanuzanus moaenu 3bY B make-
tax R, Jupyter Notebook.

[enTpanbuas npenenbHas teopema (LIIT) ans onuHakoBo pacnpeneneHHbIX He-
3aBucUMBIX ciaraembiX. I[lpumenenue IIIIT. HepaBenctBo beppu — Occeena o0
OIICHKE MOTPEITHOCTH MPUOIMKEHUS B LIEHTPAIBHOU MpeeabHo TeopeMe. Peannza-

s mogenu LIIIT B maketax R, Jupyter Notebook.

MaremaTn4yeckasi CTATUCTHKA
Paznen 1. CraTucTuka KOHEYHOH COBOKYITHOCTH

DMIIMPUYECKUE XAPAKTEPUCTUKH MPU3HaKa: cpeanee, gucnepcusi, CKO, acummer-
pusi, sKcuecc, GyHKIUS pacrupeiesieHusl. DMIUpUIecKas KoBapHalus ABYX MpHU3Ha-
KOB. Bapuanmonsslii psia, pasmax u smnupuyeckas Meauana. Cpeanee apupmernye-
CKO€ U JUCTEepPCHUsi COBOKYITHOCTH, pa3douToil Ha rpynnsl. CpenHee apudmeTuyeckoe u
JUCHEpCHs] UHTEPBAJILHOTO pacnpeeneHusi. CBs3b ¢ XapaKTepUCTUKAMU MCXOIHOU
coBokynHocTH. [lonpaska [lenmapna.

['eHepanbHasi COBOKYMHOCTb, BHIOOPKAa M OCHOBHBIE CIIOCOOBI OpraHM3aliy Bbi-

60opku. OCHOBHBIE BHIOOPOYHBIE XapaKTEPUCTUKH U UX cBocTBa. [loBTOpHBIE U Oec-



MMOBTOPHBIE BEIOOPKH. MaTeMaTrieckoe OXKUJaHue U JUCTIEPCHs BEIOOPOYHOTO Cpe-
Hero. KoBapuaiusi BHIOOPOUHBIX CPEHUX JBYX MPU3HAKOB. MaTeMaTruueckoe 0Kuaa-
HUE U AUCHEPCHS BBIOOPOYHOU JTOJIH.

Hcnonp3oBanue OuOIMOTEK NUMPY U SCipy.Stats st co3manust BBIOOPKU M3 pac-
npenencans, Gyaknuu beta, binomial, chisquare, exponential, f, gamma, geometric,
hypergeometric, lognormal, multinomial, normal, pareto, poisson, standard cauchy,
standard_t, uniform maxera numpy.random.

Pa3nen 2. ToueuHnble OLlEHKH MApaMeTPOB pacinpeaeieHni

Bribopka u3 pacnpenenenus. BapuaniMoHHBIN psii U MOPSIKOBBIE CTATUCTUKH.
Pacnpenenenrie mopsiKoBbIX CTaTUCTUK. CTaTUCTUUECKOE OLICHUBAHHUE MapamMeTpOB.
ToueuyHble OIEHKH U UX CBOMCTBA (HECMEIIEHHOCTh, COCTOSTENILHOCTh U A (PeKTuB-
HOCTh). COCTOSITENBHOCTh U CXOAUMOCTh IO BEPOSITHOCTU. ACUMITOTHYECKAss HOP-
MaJIbHOCTh. HecMmellieHHasi olleHKa HauyallbHOTO MOMEHTa IMPOU3BOJIBHOTO MOPSJIKA.
Bri6opounoe cpennee kak 3¢ ¢deKTHUBHAS OLIEHKAa MaTeMaTUYecKoro oxkujanus. Jlo-
CTATOYHBIC YCJIOBUSI COCTOSTEIBHOCTH CTAaTUCTUUECKON OIleHKU. COCTOSITeIbHBIC
OLICHKH HAa4aJbHBIX MOMEHTOB. HecMellleHHas OleHKa S’ reHepaibHON JUCTIEPCHN U
€€ COCTOSITEBbHOCTb.

HepaBeHcTBO nH(popMaim, MeTo ] MaKCUMaIbHOTO MPaBAONOA00US U METO MO-
MeHTOB. OLIEHKH NTapaMeTpOB pACHPEICICHUS] METOJJOM MOMEHTOB U UX COCTOSATEIb-
HOCTh. MeToa MakcumanbHOro npasnononoous. Hepasencrso Pao — Kpamepa u un-
dbopmarus Oumepa. OtHocuTenbHas G HEeKTUBHOCTL. BeiOOpoUHOE cpenHee Kak 3¢-
(exTHBHAs OIIEHKAa MaTEeMaTUYECKOTO OXKUJAHUS HOPMAJIbHOTO pAaCHpe/esieHUs] B
KJIACCE BCEX HECMEIICHHBIX OIIEHOK.

Pasznen 3. UHTepBaibHbIE CTATHCTHYECKHE OLIEHKH

WNuTtepBanbHbie OIEHKH U JOBEpUTENbHBIE 0Onactu. baiiecoBckoe cratuctuue-
CKO€ olleHMBaHue. IHTepBabHbIE OIIEHKH [MApaMETPOB pacIpeaeIeHuUs, JOBEPUTEb-
Has BEPOSITHOCTh U TOYHOCTH OlIeHKHU. [locTpoeHns MHTEPBAIbHBIX OIIEHOK METOI0M
[EHTPAIPHON CTATHCTHKHU. 3aKOHBI pacipenesieHuss BEIOOPOUYHBIX XapaKTEPUCTUK B

HOPMAJIbHOM TreHepaibHOM COBOKynHOcTHU. Pacnipenenenust y?2. Cterogenra u du-



mepa. Onpenenenus v nmpocTeiiime cBorcTBa. JloBepuTeIbHbIN HHTEpBA 1J11 MaTe-
MaTHYECKOTO OKUJIaHUS IIPY U3BECTHOM Uciepcun. [JoBepUTEIbHbIE HHTEPBAJIbI IS
MaTEMaTHYECKOTO 0XKUJIaHUSI U BEPOSITHOCTH COOBITHS B ClIydae BHIOOPKU OOJIBIIOTO
o0beMa. JloBepUTEIbHBIN HHTEPBAIT JUIsl MAaTEMAaTHYECKOTO OKUaHUS IIPU HEU3BECT-
HOI aucnepcud. [JJoBepUTENbHBIA MHTEPBAN (CHMMETPUYHBIN MO BEPOATHOCTH) IS
JUCIIEPCUN IIPU U3BECTHOM MATEMATHUYECKOM OXKUAAHUU. [[0BEpUTEIBbHBIN HHTEPBAI
(CUMMETPHUYHBIN 1O BEPOSTHOCTH) JJIsl IUCIIEPCUU MPU HEU3BECTHOM MaTeMaThue-
CKOM OxuaaHuu. MHTepBan npeackazanus. ACUMITOTHYECKUI JOBEPUTEIIbHBIN WUH-
TepBai a1 Koddduimenta koppensiuuu p. JJoBepUTeNbHbIA HHTEPBAT IJIs1 BEPOSIT-
HOCTH. JIOBEpHUTENBHBIN JIIIUIC. ACUMITOTHYECKHUI TOBEPUTEIbHBIA HHTEPBAII C UC-
nosib30BaHueM uHpopmanuu no dumepy. MoaenrpoBanre J0BEPUTEIBLHON OLIEHKA
C UCTOJIb30BaHueM HHCTpyMeHTapus Jupyter Notebook.
Pasznen 4. CraTucTuyeckasi mpoBepKa runores

CraTucTrueckas MpoBEepKa FMIOTE3: OCHOBHbBIE THUIIBI TUIIOTE3 U 00IIas Joruye-
CKasl CXEMa CTATHCTUYECKOTO KPUTEPHS; XapaKTEPUCTUKU KadecTBa Kputepus. [Ipo-
BEpKa CTaTUCTHUYECKUX runote3. Kputuueckas obmnacts. MoniHocts kputepusa. OTHO-
neHue npasgonoaoous u iemma Helimana-Ilupcona. [lpumep noctpoenus nanbonee
MomHoro kpurepus. [IpoBepka rumnore3 o0 onpeaerneHHbIX 3HAYEHUSIX MapamMeTpoOB
HOPMAaJbHBIX pacrpeneneHui. [IpoBepka rurnoressl 0 paBEHCTBE CPEIHUX IPU U3BECT-
Hou aucrniepcuu. [IpoBepka runoressl 0 paBEHCTBE CPEAHUX PU HEU3BECTHOM IUCTIEDP-
cuu. P-3nauenue kpurepus. Onpenenenne u crnocod ero BeruucieHus. ROC-kpuBas
(Receiver operating characteristic) u ee cBoiicTBa. [IpoBepka rumoTe3sl 0 paBeHCTBE
mucniepcuid. Kpurepun baptierra u Kokpena. Kpurepuu cormacus. IIpoepka runo-
T€3bl O COOTBETCTBUM JMIMPUYECKUX AAHHBIX TEOPETHYECKOMY 3aKOHY C JAaHHOU
dbyHKIMEH pacnpenenenus mo kputepuro [lupcona. [Iposepka rumnoress 00 0THOPOI-
HOCTH HECKOJIbKMX BbIOOpOK mo kputepusiM [lupcona u Konmoroposa — CMmupHoOBa.
CpaBHEHHE HECKOJBKUX CPEIHHUX METOAOM AMCIIEPCHOHHOTO aHanu3a. A/B — tectu-
poBanue. Peanuzanus Mmozenel mpoBEepKU CTATUCTUUECKUX TUIOTE3 B makeTax R, Ju-

pyter Notebook.
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5.2.

Y4yeOHO-TEMATHYECCKHH TIIAH

Ne HaunMeHoBaHMe TeM TpynoémkocTh B yacax ®DopMBbI TEKy-
/1 (pa3nesioB) Bcero KounrakTHasi padora- Camo- 1ero KOHTPOJIst
AUCHMIIMHBI AyautopHasi pa6ora CTOs- ycrneBaeMoOCTH
OOmias, B | Jlekuun | CemuHapsl, | TeJbHas
T. 4.: npaKkTuye- padora
CKUe 3aHsI-
TUS
Teopusi BepossiTHOCTEH
1. | BepositHOCTH COOBI- 28 16 8 8 12
TUI BeicTyruienus y
2. | Cryuaiinble 36 20 10 10 16 AOCKH, TOMALIHNE
R — 3amanusi, codece-
JIOBaHUE TI0 MaTe-
3. | Cnyyaiinble 48 20 10 10 28 pHany i 06Cyx-
BCKTOPbI JICHUE PE3yJIbTa-
4, [TpenenpHBIC TEO- 32 12 6 6 20 TOB
PEMBI TEOPUH BEPOSIT-
HOCTEH
MartemaTn4eckasi CTATUCTHKA
1. | CraructukaKOHEUHON 38 12 6 6 26
COBOKYITHOCTHU BeicTynienus  y
2. ToueyHbIe OIICHKHIIA- 32 16 8 8 16 JIOCKH, JOMAIITHHE
pameTpoB pacrpene- 3ajaHusi, cobece-
JIeHU! JIOBaHHE IO Mare-
3. | UnrepBanbHbie cratu- | 42 18 8 10 24 puaiy u obcyxe-
CTHUYECKHE OLICHKU HUE pe3yNbTaToOB
4. | Crarucruyueckas mpo- 68 22 12 10 46
BEpKa TMIIOTE3
B nenom no nucuu- 324 136 68 68 188 CornacHo  y4eO-
TUIMHE HOMY IJIaHy: KOH-
TPOJIbHBIE PAOOTHI
Hroro B % 42 21 79 58
5.3. Coaep:xaHue CeMHHAPOB, MPAKTUYECKHUX 3aHATHIA
HanMeHoBAHME TeM Ilepeyenns BONpPOCOB 1Jisi 00CY’KIeHHMS Ha CeMHHAap- DopMbI
CKHX, MPAKTHYECKUX 3aHATUSX, peKOMEHyeMble HC- | NMPOBeIeHHs
(pa3zaesoB) 1ucuM- N
UIHHLI TOYHUKH M3 pa3feioB 8,9 (ykaspiBaercs pasjes H IO- 3aHATHI
PSAAKOBBIIl HOMEpP HCTOYHHMKA)
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Teopus BeposiTHOCTEH

Paszngea 1.
BepositHocTH coObITHI

Onepanuu HaJl CTy4allHBIMHA COOBITHSIMHE, CBSI3aHHBIMU

¢ onbIToM. ['eomerpuueckue BeposTHocTU. CTaTucTHye-
CKOE€ «OTIpEe/ICTICHHE» BEPOATHOCTH M akcmoMaTthka A.H.
KonmoropoBa. BeposiTHOCTHOE INPOCTPAHCTBO Kak MO-
JIeITh CITyYaiHOTO SKCIIEPHMEHTA.

PeKOMeH)IyeMLIe HUCTOYHHUKMU:
[8.1.-8.3.;9.1,9.2]

Kontposb
HAUAYAST U
BBIOOpOYHAs
pOBEpKa J10-
MaIIHero 3a-
TAHUS.

Pazgen 1. YcnoBHble BeposiTHOCTH. He3aBucuMble COOBITHS 1 KonTtpoins
BepositHocTH coOBITHI MPaBUJIO YMHOXEHHUS BEpOosTHOCTEH. DopMysa MOJHOW | HAIMYUA U
BeposiTHOCTH. Popmyra baiieca BeposTHOCTEl TUIIOTe3. | BEIOOpOYHAs
PexoMeHyeMble HCTOYHHMKH: IIPOBEPKa J10-
[8.1.-8.3.;9.1] MaIIHero 3a-
JIaHUsL.
Pazgen 1. HezaBucumble ucnbitanus. Cxema bepnymmu. Beposit- | KonTposs
BepositHOCTH COOBITHIA HOCTb 33JJaHHOTO YHCJIa YCIIEXOB U HauOoliee BEPOSTHOE | HAMUYMS U
YHCIIO YCIIEX0B B cxeMe bepHysn. BBIOOpOYHAS
[8.1.-8.3.;9.1,9.2] pOBEpKa J10-
MaIllHero 3a-
JAHUsL.
Pazpea 1. JlokanibHasi U MHTETpaIbHAs NPUOIMKEHHBIE (HOPMYJIIbI Kontpons
BepositHOCTH COOBITHIA Jlannaca. BeposiITHOCTh OTKJIOHEHUS! OTHOCUTEIBHOM Ya- | HAIM4uA |
CTOTHI OT BeposTHOCTH. [ [pubmmkennsie popmyssl [Tyac- | BeiOopouHas
COHa. IIPOBEPKA J10-
Pexomenayemble HCTOUHUKU: MaIIIHETO 3a-
[8.1.-8.3.;9.1,9.2] TAHUS.
Paznen 2. JluckpeTHas cilydaiiHas BEJIMYMHA U €€ 3aKOH pacnpene- | Kontposs
CrnyyaiiHble BETUUMHBI nenus. [IpuMepsl AMCKPETHBIX 3aKOHOB paclpeiefeHus: | Haluuusg U
OMHOMMAJIBHBIN, T'€OMETPUUECKUIl, TUIepreoMeTpuye- | BHIOOpOUHas
CKHMH, TOJIMHOMUAJbHBINA, MTyacCOHOBCKHU. Mcmonb3oBa- | mpoBEpKa J10-

HHe Kiacca Scipy.stats.rv_discrete.

PeKOMeH)IyeMbIe HCTOYHUKU .
[8.1.-8.3.;9.1,9.2]

MAaIIHero 3a-
JTaHUS.

Pasnen 2.
CrnyyaiiHble BETUYHHBI

MareMatnyeckoe OXUJaHUE U JTHUCIEPCUS AUCKPETHOU
ciy4yaiiHOM BenuuuHbl. CBOMCTBA MaTeMaTUYECKOTO
0KUJAHUS U JUCIIEPCUM NPOU3BOJIBHOM CIIy4YallHOU Be-
nmannsl. Hepasencrso Mercena. CtanzapTHoe U cpe-
HEe JINHEMHOE OTKIIOHEHHUS

PexomenayeMble HCTOYHUKMN:

[8.1. - 8.3.;9.1]

KonTtpons
HAJIMYUSL |
BBIOOpOYHAs
IpOBEpKa J10-
MaIllHeTo 3a-
TaHUsL.

Pasnen 2.
CrnyuaitHble BETUYHHBI

KoBapuanus u kosddunuent koppensuuu. [Ipoussons-
mas QyHKIUsS eTOYNCICHHON Cy4yallHOW BETMYUHBI U
YHCIIOBBIE XapaKTEPUCTUKU TUITMYHBIX JTUCKPETHBIX 3aKO0-
HOB. BpruncieHne 4icioBbIX XapaKTEPUCTHK CPEACTBAMU
numpy u scipy.

IlenTpanpHbple U HadaJbHbIE MOMEHTBI BEPOSTHOCTHOIO
pacnpenenenus. AcuMMmeTpus u dkciecc. [IpousBoasias
(GyHKIIMS MOMEHTOB U €€ CBOMCTBA.

PeKOMeHI[yeMBIe UCTOYHHUKMN:
[8.1. - 8.3.; 9.1]

Camotectu-
pOBaHHUE.
KonTtpons
HUINYMS U
BbIOOpOYHAs
IIPOBEPKA J10-
MAIIHETO 3a-
naHud. 3ader
10 KOHTPOJIb-
HOU pabore.
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Pasznen 2.
CiyyaliHble BETUYHHBI

AOGCOJIFOTHO HETPEPHIBHBIC CITyYaHBIC BETUYNHBI.
[li1oTHOCTE BEPOSITHOCTH M €€ cBoMcTBA. Maremaruue-
CKO€ 0XHJIaHUE U AUCTIepCHs] aOCOIIOTHO HETIPEPHIBHOM
CIIy4yalHOM BeIMYMHBI. PABHOMEpHOE paclpeeiieHue Ha
OTpEe3KE M MOKAa3aTeJIbHOE pacHpe/eleHue Ha MOJyINps-
Moi. MenraHa ¥ KBaHTWIA HENPEPBIBHOTO pacipeese-
HUSL.

PeKOMeHHyeMBIe NCTOYHUKMNU:
[8.1.-8.3.;9.1,9.2]

Kontposb
HUIMYAS |
BBIOOpOYHAs
pOBEpKa J10-
MaIIlHETO 3a-
JAHUS.

Paznen 2. HopMmanbHoe pacnpenenenue Ha npsimoii. CBoiictBa HOp- | KoHTpoJib
CrnyuaiiHble BETUUMHBI MQJIBHBIX CIy4alHbIX BeMWYMH. JlorapuMuyecku HOp- | HAUIMYHA U
MaJIbHOE PACIIPECIICHHE. BbIOOpOUHAs
Pexomenayemble HCTOYHUKH: IIPOBEPKA J10-
[8.1.-8.3.;9.1,9.2] MaIIHEro 3a-
JaHMsL.
Pazgen 3. 3aBUCHMBbIE U HE3aBUCUMBIE CIIy4aiiHbIE BEKTOPHI. KonTpons
CrnyyaiiHble BEKTOPbI OyHKIMA pacupesiesieHus CIy4alHOro BEKTOpa U ee HOINYUA WU
cBoiicTBa. OIMHAKOBO pacHpe/IeIICHHBIC CITY9aiiHbIC BeK- | BEIOOpOYHAsS
TOpbI. J[UCKpETHBIE C1y4aliHbIE BEKTOPBI. MIPOBEPKA J10-
PexomeHnnyemMble HCTOUHUKM: MAIHEro 3a-
[8.1.-8.3.;9.1,9.2] TTAHUSL.
Pa3nen 3. AOCOIIOTHO HenpephIBHbIE ciydyailiHble BeKTOpbl. CBs3b | KoHTposb
CnyyaiiHble BEKTOPbI (YHKIIUU TJIOTHOCTH pPACHpeNeeHHs] CIy4alHOro BEK- | HAIMYHUS |
Topa ¢ (QYHKIHMSIMH TUIOTHOCTH €r0 KOMIIOHEHT. PaBHO- | BEIOOpOUHAs
MEpHOE pacIpeielieHue B OTpaHUYEHHOM 00acTu. IIPOBEPKA J10-
Pexomenayemble HCTOYHUKHU: MaIHEro 3a-
[8.1.-8.3.;9.1,9.2] TAHUS.
Pazgen 3. VYcnoBHBIE pacnpesneseHuss W YCIOBHbIE IIOTHOCTH. | KOoHTpOb
Crny4daiiHble BEKTOPbI VYciI0BHOE MAaTEMaTUYECKOE OKHMAAHUE U €r0 CBOMCTBA. | HUIMUMS U
®dopmysa MOTHOTO MATEMAaTHYECKOIO 0XKUJIaHUS. Y CIIOB- | BEIOOpOUHAs
Has aucniepcus. PopMyiia NOJHOM TUCTIEPCU. IIpOBEPKA J10-
Pexomenayemble HCTOYHUKHU: MaIIHero 3a-
[8.1.-8.3.;9.1] JTaHUsL.
Paznen 3. MuoromepHoe HopMmalibHOE pactpenenenue. Ilpusene- | KonTposs
CnyyaitHble BEKTOPbI HUE K KaHOHHWYeCKOMY BHIy. HopmanpHble ciydaliHble | HAIMYUS U
BEKTOPHI U UX CBOICTBA. BbIOOpOUHAs
Pexomenayemble HCTOYHUKH: IIpOBEPKA J10-

[8.1.-8.3.;9.1] MaIITHETO 3a-
JAHUS.
Paznen 3. @YHKIMM OT CIy4YallHbIX BEIWYUH. 3aKOH pacnpenenenns | KoHTpons
Ciy4daiiHble BEKTOPBI CYMMBI CIIy4alHbIX BeIU4nH. PopMyra CBEPTKHU. Haau4yuss "
PexoMeHnyemble HCTOUHMKH: BbIOOpOYHAs
[8.1.-8.3.;9.1] IpOBEpKa J10-
MaIIIHETO 3a-
JAHUS.
Pazgen 3. Peanusanus moneneil HeNpepbIBHBIX CIydalHbIX BEKTO- | KOHTpOIb
Cry4alinple BEKTOPBI poB B makere <«Jupyter Notebooky  (MeTonpl | HAMIMYUA U
multivariate normal u multivariate t w3 OuOGIMOTEKH | BEIOOpOUHAs
scipy.stats). poBEpKa J10-
PexomeHnayemMble HCTOYHHKH: MaIIIHETO 3a-
[8.1.-8.3.; 9.1] JAHUS.
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Paznen 4. HepasencrBa Mapkoa u UeObIeBa. 3akoH 00mbmmx un- | KoHTpoas
IIpenenbpHble Teopembl | cen. Teopema YebOsimeBa. Teopema bepnysu. HaM4usg "
TEOPUHU BEPOSTHOCTEH PexoMeHyeMble HCTOYHMKH: BBIOOpOYHAs
[8.1.-8.3.;9.1] pOBEpKa J10-
MaIIHero 3a-
JaHUsL.
Pazpnen 4. lenTpanbHas npenenbHas Teopema s OIMHAKOBO pac- | KoHTpomns
IIpenenbHble  TEOPEMBI | MPEIEICHHBIX HE3aBHCUMBIX CJIaracMbIX. HaJIM4us U
TEOpUHU BEPOATHOCTEH PexomeHnyemble HCTOUHMKU: BBIOOpOYHAS
[8.1.-8.3.;9.1] pOBEpKa J10-

MaIITHEeTo 3a-
JTaHUS.

MartemaTH4eckasi CTATHCTHKA

Pazgea 1.
CraTucTHKa KOHEYHOU CO-
BOKYHHOCTI/I

OMIIMpUYECKHE XapaKTEPUCTUKU IIpPU3HAKA: CpeaHee,
nucnepcusi, CKO, acummerpusi, skcuecc, GyHKIHs pac-
IIpeleIcHNs. DOMINPUYEcKas KOBapHaLus ABYX IpHU3Ha-
KOB. BapranmoHHBIN psz, pasMax U SMIIMPUYECKas MeIu-
aHa.

PeKOMeH)IyeMLIe HCTOYHUKU .
[8.1. - 8.3.; 9.1]

Kontposib
HUIMIAS |
BBIOOpOYHAs
pOBEpKa J10-
MaIIHero 3a-
JAHUS.

Paszngea 1.
CraTucTrKa KOHEYHOH CO-
BOKYITHOCTHU

Cpennee apudmeTHuecKoe U JUCTIEPCUsi COBOKYITHOCTH,
pa3buTtoii Ha rpynnsl. Cpennee apuMeTH4ecKoe U JIuc-
Iepcusi UHTEPBAJIBHOTO pactipeneneHus. CBsA3b ¢ Xapak-
TEPUCTUKAMH UCXOJIHOM coBOKymHOCTH. [Tonmpaska [len-
napja.

PexoMeHyeMble HCTOUHHKH:

[8.1.-8.3.;9.1]

Kontposib
HAIMYUS |
BBIOOpOYHAS
poBepKa J10-
MaIIHero 3a-
JaHUS.

Paznea 1.
CraTucTHKAa KOHEYHOH CO-
BOKYITHOCTH

['enepanbHasi COBOKYIHOCTb, BHIOOPKA M OCHOBHBIE CIIO-
coObl OopraHu3anu BbIOOPKU. OCHOBHBIE BBIOOPOYHBIE
XapaKTepUCTHUKU U uX cBoiicTBa. [loBTOopHBIE M Oec-
MOBTOPHBIE  BBIOOPKH. Hcnons3oBanue  makera
numpy.random Juist co3gaHusl BBIOOPKH M3 pacrperere-
HUSL.

PeKOMeH)IyeMbIe HCTOYHUKU .
[8.1. - 8.3.; 9.1]

KonTtpons
HUINYUSA WU
BbIOOpOYHAs
IIPOBEPKA J10-
MaILIHETO 3a-
JAHUS.

Paznen 2.
ToueuHble OLEHKM Mapa-
METPOB pacrpeieIeHHI

Bri6opka u3 pacnpenenenusi. Bapuannonssiit psg u mno-
PAOKOBBIE CTATUCTUKU. Pacnipenenenne nopsaaKkoBbIX CTa-
TUCTUK. CTaTHCTUYECKOE OlIEHWBaHME MapaMeTpoB. To-
YeyHbl€ OLIEHKU U MX CBOWCTBA (HECMEIIEHHOCTh, COCTO-
ATEIBHOCTh U 3PPEKTUBHOCTH). ACUMITOTHYECKAsT HOP-
MaJIbHOCTb.

Pexomenayemble HCTOUYHUKM:

[8.1.-8.3.9.1,92]

KonTtpons
HUINYMS WU
BbIOOpOYHAs
IIPOBEPKA J10-
MaIlIHETo 3a-
JaHUS.

Paznen 2.
Toyeunsie OLEHKHU Mapa-
METPOB pacrpeieIeHHI

CocToATENbHOCTh U CXOIUMOCTh MO BeposiTHocTH. He-
CMEILEHHAsl OLEHKAa HAa4YaJbHOI'O MOMEHTAa IPOU3BOJIb-
Horo nopsaka. BeibopouHoe cpennee kak 3¢ dekTuBHas
OLIEHKa MaT€MaTU4YECKOr0 0)KHMIaHUS.

PeKOMeHI[yeMbIe HCTOYHUKU:
[8.1.-8.3.; 9.1, 9.2]

KonTtpons
HUINYMS U
BbIOOpOUHAs
IIPOBEPKa J10-
MAIIHETO 3a-
JAHUS.
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Paznen 2. JlocTatouHble YCIIOBHSI COCTOSITEIBHOCTU cTaTuctude- | KoHTposb
Toueunsle oneHkH napa- | ckoil oneHkr. COCTOATENbHBIE ONEHKA HAYaldbHLIX MO- | HAIUYHS U
METPOB pacIpeeIeHu MEHTOB. BBIOOpOYHAs
PexomenayeMblie HCTOYHUKU: MpoBepKa J0-
[8.1.-8.3.;9.1,9.2] MaIllHero 3a-
JTaHUA.
Pasznen 2. MeTo MakCHMMaabHOTO TPaBAOMOA00us U Meron Mo- | Kontporms
Toyeunble ouLeHKH Iapa- | MeHTOB. OIEHKU MMapaMeTPOB PaCIpeeICHUS METOJIOM | HAIMYUSA |
METPOB pacrpeieIeHUI MOMEHTOB U MX COCTOSITEIbHOCTh. METOJIT MaKCUMajb- | BBIOOpOYHAs
HOTO MIPaBIOMOI00Ms. MpoBepKa J0-

PeKOMeH)IyeMLIe HUCTOYHUKMHU:
[8.1.-8.3.;9.1,9.2]

MalIHETO 3a-
JaHUA.

Pa3nen 3.
ToueuHnsle olleHKH Napa-
METPOB paclpeIeICHHI

Hepasencto Pao — Kpamepa u nndopmanus
Oumepa. IpdextuBusie no Pao — Kpamepa oneHku.

PEKOMEHIIyeMBIe HCTOYHUKMN:
[8.1.-8.3.;9.1,9.2]

Kontpons
HAIAYUS U
BBIOOpOYHAs
pOBEpKa J10-
MaIIHero 3a-
TaHUS.

Pasnen 3.
HuTepBasbHble CTAaTHCTH-
YEeCKUE OLICHKHA

WuTtepBanbHbIe OIIEHKHM MapaMeTPOB pacipeaesieHus], 10-
BEpHUTENIbHAsL BEPOATHOCTh U TOYHOCTH olleHku. [locTpoe-
HUSI UTHTEPBAJIBHBIX OIICHOK METOJIOM ILIEHTPAJIbHOM CTa-
TUCTHKH.

PeKOMeH)IyeMLIe UCTOYHUKMU:
[8.1.-8.3.;9.1,9.2]

Kontpons
HINYMS U
BBIOOpOYHAs
IIPOBEPKA J10-
MaILIHETO 3a-
JAHUS.

Paspnen 3.
HHTepBanpHbIE CTaTUCTH-
YECKHUE OLEHKU

Pacnipenenenust xu-kBagpar Cterojenta u @umepa. Jo-
BEPUTEIIbHBIE UHTEPBAJIBI ISl IAPAMETPOB HOPMAJILHOTO
pacnpezneneHus.

PexomeHnayembie HCTOYHHKH:

[8.1.-8.3.;9.1,9.2,9.4]

KonTtpons
HUINYMS U
BbIOOpOYHAs
IIPOBEPKA J10-
MaILIHETO 3a-
JaHUS.

Paspen 3.
HHTepBanbHbIE CTATUCTH-
YECKUE OLEHKU

ACUMITOTUYECKUI TOBEPUTENbHBIN HHTEpBAJ A KOd(d-
¢dbunmenTa koppensiuu p. JloBepuTenbHbIN HHTEPBAI JJIs
BEPOSATHOCTH. J[OBEpUTEIBHBIN AIIUIC. ACHUMNOTOTHYE-
CKMU JIOBEPUTENIbHBIN MHTEPBAN C HUCIOJIb30BAaHUEM WH-
¢dbopmaruu o duiiepy.

PexomenayeMblie HCTOYHUKU:

[8.1.-8.3.;9.1,92]

KonTtpons
HAJIMYUSL |
BBIOOpOYHAs
IpOBEpPKa J10-
MaIllHero 3a-
TaHUsL.

Pasnen 4. Cratuctnueckue kpurepun. Cratucrtrueckas nposepka | KoHTpons
Cratuctuyeckas IPO- | TUMOTE3: OCHOBHBIE TUIBI TUIIOTE3 M OOIIas JOTHUECKas | HAIMYMA U
BEpKa T'MIIOTE3 CXEeMa CTaTUCTHUYECKOI0 KPUTEPHUsSI; XapaKTEPUCTUKU Ka- | BEIOOpOUHAs
yectBa kpurepust. ROC-kpusasi. IIPOBEPKA J10-
Pexomenayemble HCTOYHUKH: MaIIHEero 3a-
[8.1.-8.3.;9.1,9.2] JTaHUA.
Pasnen 4. [IpoBepka rumnore3 06 onpezeneHHbIX 3HadeHusIX napa- | KonTtposb
CraTtuctuueckas Ipo- | METPOB HOPMAJIbHBIX pacipeneneHuid. [IpoBepka runo- | Hanuyus |
BEpKa rMIoTe3 TE3bl O PABCHCTBE CPEAHUX MPU M3BECTHOM MUCIIEPCHH. | BBIOOpOYHAsS
Pexomenayemble HCTOYHHKH: IIPOBEPKa J10-
[8.1.-8.3.;9.1,9.2] MaIIIHETO 3a-
JaHUsL.
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Paznean 4.

[TpoBepka runotre3bl 0 paBEHCTBE CPpeIHUX IpU HensBecT- | KoHTpob

CraTtucruueckas Ipo- | HOM Jucnepcuu. P-3HaueHue kpurepusi. Haauyuss U
BEpKa I'MIIOTE3 PexomeHyemMble HCTOUHUKU: BbIOOpOYHAs
[8.1.-8.3.;9.2,9.3,9.4] IpOBEpKa J0-
MalllHero 3a-
JAHUS.
Paznean 4. [IpoBepka runores3 o Buae pacupenenenud. Kpurepui Kontposb
Crarucrtuyeckas npo- | [Mupcona. HaJIM4us U
BEpKa TMITOTE3 Pexomennyemble HCTOUHUKH: BBIOOpOYHAS
[8.1.-8.3.;9.1,9.2,9.4] pOBEpKa J10-
MaIIIHETO 3a-
JAHUS.
Paznea 4. [IpoBepka runore3bl 00 OJHOPOJHOCTH HECKOJIBKHUX KonTtpoins
CraTtuctuueckas po- | BeIOOpok mo kpurepusim [Tupcona u Koamoroposa — HOINYUA WU
BEpKa rMIoTe3 CmupHoBa. BBIOOpOYHAS
PexoMeHyeMble HCTOUHHKH: IIPOBEpKa J10-
[8.1.-8.3.; 9.1,9.2] MaIIHETO 3a-
JAHUS.

Paznea 4.

Cratuctudeckas npo- | Horo aHanu3a. A/B — TecTupoBaHue.

BEpKa I'MIIOTE3

PeKOMeH)]yeMBIe HCTOYHUKMU:
[8.1.-8.3.;9.1, 9.2, 9.4]

CpaBHeHI/Ie HCCKOJIBKHX CPEAHUX MECTOAOM AUCIICPCUOH- KOHTpOJH)

HAIMYHUSA |
BBIOOpOYHAS
IpoBEpKa J10-
MaIITHEr o 3a-
JaHUsL.

6. IlepeyeHb YUeOHO-METOAMYECKOr0 O0ecrevYeHusl 1Jisl CAMOCTOSITeIbHON pa-

00TbI 00yYAOIIUXCSH 110 TUCIUIIHHE

6.1. IlepeueHb BOMPOCOB, OTBOAUMBIX HA CAMOCTOATEIbLHOE OCBOEHHE THCIIH-

IUIMHBI, (P)OPMBbI BHEAYTUTOPHOM CAMOCTOSITEIbHON PadoThI

HaumeHoBaHue TemM
(pa3nesioB) auMcHu-
ILJTHHBI

IlepeyeHb BONPOCOB, OTBOAMMBIX HA
CaMoCTOsITeIbHOE OCBOEHHUE

®opMbI BHEAYAUTOPHOM ca-
MOCTOSITeJIbHOI padoThI

Teopus BeposiTHOCTEH

Pa3nen 1. BepositHo-
CTH COOBITHH

CraTucTuyecKkoe MOJCIMPOBAaHHE BEPO-
STHOCTH

[IporpammupoBanue pasind-
HBIX BEPOSITHOCTHBIX MOJIEeH
C WCIIOJb30BAHHEM HHCTPY-
MmeHTapus «Jupyter Notebook»
u «Wolfram Mathematica»

Paznea 2. Ciyyaii-
HBIC BEJIINYNHBI

Cratuctuueckoe MOJEIMPOBAHUE Da3-
JIMYHBIX PACTIPENEIICHUIN CIydYalHbIX Be-
JVYYMH

MOI[CJ'II/IpOBaHI/Ie Ppa3InYHbIX
pacrnpenesieHlil ¢ UCIoab30Ba-
HUEM HHCTPYMEHTapHUs
«Jupyter Notebook» u
«Wolfram Mathematica»

Paspen 3. Cnyuaii-
HBIC BCKTOPLIL

Cratuctuueckoe MOJETUPOBAaHUE JBY-
MEPHOI'0 HOPMAJILHOT'O 3aKOHa paclipe-

JEeJIEHUS.

MoaenupoBaHue  pa3IMYHbBIX
MHOTI'OMEPHBIX paclpeneIcHun
C WCIIOJb30BAHUEM HWHCTPY-
menTapust «Jupyter Notebook»
u «Wolfram Mathematica»
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Pasznea 4. [Ipenens-
HBIE TEOPEMBL TEOPUU

CratucTrdeckoe MOACIMPOBAHUE  3a-

KOHa OOJIBIINX YHCEN U EHTPATbHOU

Peanuzamus moxenu LIIT B
naketax R, Jupyter Notebook.

BEPOATHOCTEH [IPEACIIbHOM TEOPEMBI.
MartemaTH4ecKkasi CTATHCTHKA
Paznen 1. Cratu- | Cpeanee apudMeTndeckoe U AUCIEPCHs | DMIIMPUYECKHE  XapaKTepH-
CTHKa KOHEYHOH CO- | MHTEpPBAJIbHOIO pacnpeaencHus. CBs3b ¢ | CTUKU PU3HAKA C UCII0JIb30BaA-
BOKYITHOCTH. XapaKTePUCTHUKAMU HCXOJHOU COBOKYI- | HUEM MHCTPYMEHTapHs
Hocth. [TonpaBka Illenmapna. «Jupyter Notebook» u

«Wolfram Mathematica»

Pa3nen 2. Toueunsie
OLICHKH IapaMeTpPOB
pacrnpezaeneHuit (ma-
TeMaTuyeckasi CTaTH-
CTHKa)

Mertoa MakCUMaIbHOTO MPaBIONOA00US
1 MeToJ1 MOMeHTOB. OIIeHKH [apamMeTpoB
pacrnpesiesieHdss METOJOM MOMEHTOB U
UX COCTOSTEIHHOCTb.

I’II/ICJIE':HHI)IG METOAbBI HAXOXKIC-
HHA OLICHOK ITapaMCTpOB, HC-
MOJIb3YCMBIC MCTOJaMH MAaKCH-
MaAJIBHOT'O HpaBILOHO,I[O6I/I$[ nu
MECTOJA MOMCHTOB C HCIIOJIB30-
BAHUCM HHCTPYMCHTAPUA
«Jupyter Notebook»» u
«Wolfram Mathematica». Me-
TOJ{ CIICICUHTOB.

Pazpgea 3.
WHrepBanpHbIE CTa-
THCTUYECKHUE OLICHKU

[TpubnmxeHHbIe (ACUMITOTHYECKHUE) J10-
BepUTENIbHbIE WHTEpBaibl. JloBepHuTenh-
HbIC MHTEPBAJbl JUII MAaTeMaTHYECKOTO
OXKHU/IaHUSI U BEPOSITHOCTU COOBITHS B
ciydae BbIOOpKH Oonbiioro oobema. Mu-
TepBaJ MpeCKa3aHusl.

YucrieHHbIE METOJIbI HAXO0XKIE-
HUS OIICHOK TapameTpoB, HC-
M0JIb3YEMbIE€ METOIAMH MAKCH-
MaJIbHOTO MPaBJONOA0OUS U
METOJI MOMEHTOB C HCIOJIb30-
BaHUEM WHCTPpYMEHTapuUs
«Jupyter Notebook» u
«Wolfram Mathematica». Me-
TOJ CIEHCHHIOB.

Paznen 4. Cratucru-
4yeckasi MpoBepKa T'H-
nore3 (MareMmaruye-
CKasl CTaTHCTHKA)

[IpoBepka rumoTe3sl 00 OJTHOPOIHOCTH
HECKOJIbKUX BBIOOPOK IO KPUTEPHSIM
[Tupcona u Konmoroposa — CMupHoBa.

Peanuzanuss mpoBepka TUIO-
TE3LI 00 OOIHOPOJAHOCTH B IIa-
kere «Jupyter Notebook» u
«Wolfram Mathematicay.

6.1.

TPOJIIO

Hepequb BOIIPOCOB, 3az1aHm”4, TEM IJd IMOATOTOBKH K TEKYIIEMY KOH-

I[IpumepHbIe 3aJaHUS KOHTPOJIbHBIX padoT

1. Chopmynupyiite GopMyiTy BKIIOUCHHM-UCKIIOYCHUHN IS ONPEACIICHUS BEPOSIT-
HOCTH CYMMBI HECKOJIbKUX COBMECTHBIX COOBITHM. HaiiguTe BEepOsSTHOCTH TOTO,
YTO B IIEPECTAHOBKE U3 N 3JIEMEHTOB HU OJIUH DJIEMEHT HE CTOMT Ha CBOEM MECTE.

2. ChopMmynupyiiTe akCHOMBI TEOPUU BEPOSATHOCTEH U HA UX OCHOBE JOKAYKUTE CBOM-

CTBO HCIIPCPBIBHOCTH BCPOATHOCTH.
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10.

11.

JlaliTe ompenesieHNE MOHSATUN «HE3aBUCUMOCTh COOBITHIY. Kakne coObITHS Ha3bI-
BAIOTCS «HE3aBUCHMBIMHU B COBOKYMHOCTH». Crienyet jin u3 paBenctBa P(ABC) =

P(A)P(B)P(C) nomapuas He3aBUCUMOCTh. OTBET 000CHOBATH.

JlaiiTe omnpeneleHHe NMOHATUN «YCJIOBHAs BEPOSATHOCTBY», «IIOJHAs Ipymma Io-
apHO HECOBMECTHBIX COOBITUIY. ChopMyIUpyHTE U TOKAKUTE TEOPEMBI, YTBEP-
KIAIOIINE CIIPABEATUBOCTD (POPMYJIBI MIOJHON BEPOATHOCTEN U (POPMYJIBI MTOTHOM

BGpOHTHOCTCﬁ JJIIA MaTCMaTHYCCKOI'O OXKMAaHU.

JaiiTe onpenenenue cxembl bepuyiu. BeiBenute dhopmyity /Ui onpeiesieHus Be-
positHoctd Pr(k) HacTymieHus k yCrexoB B CEpUHU W3 N HE3aBHCHMBIX HCITBITA-

HUAX.

JlaiiTe onpenenenrne OMHOMUAIBLHOTO 3aKOHA pacnpeaenenus. Beiseaure popmyny
JUTsl HanboJiee BEpOSITHOTO YKCIIa YCIIEX0B B cxeMe bepHyin U3 n He3aBUCUMBIX

ucneiTanuil. [IpuBenure Gopmyny MOTUHOMHUAIBHOTO PaCIpeIeIeHuUS.

ChopmynupyiiTe u noKkaxxute npenesibHyo teopemy Ilyaccona. BriBegure dop-

MyJy JJi1 HauOoJiee BEposITHOTO 3HaueHus pacnpenenenus [lyaccona.

ChopmynupyiiTe MoHATHE CITyYalHON BEIMUUHBI U (PYHKITMU pacripeiesIeHUs CIIy-
YaitHOI BennuuHbL. [IpuBecTr mpuMep BEpOSTHOCTHOTO MPOCTPAHCTBA U (DYHKIIMH

Ha HEM, KOTOpas HE SIBISAETCS CIIy4alHON BEJIMYNHOM.

Haiite onpeneneHue QyHKIUU pacrpeeseHus CIIydalHONW BEJIMUUHBI U IOKAKUTE
OCHOBHBIE CBOWCTBa (yHKIIMU pactpenenenus. Haiinure QpyHkiuio pacrpezaerne-

HUS MUHIUKATOPa COOBITHS.

ChopmynupyiiTe onpeieieHue TUCKPETHOM CIydyailHOM BeIMUMHbI. BhIBeIUTE BBI-

paxxeHue aJig PyHKIUU pacrpeeseHus TUCKPETHON ClTydyalHON BEJIMUUHBI.

JlaliTe onpeieIeHne HE3aBUCUMOCTH B COBOKYITHOCTH IUCKPETHBIX CIIyYalHBIX BE-

mnavH. [1yctb 14, I, [c — iHIUKATOPHI TPEX HE3aBUCUMBIX COOBITHI. [lokazaTh, uTo

14, I, [c — HE3aBUCUMBIE CITyYalHbIE BEJINYMHBL.
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12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

JlaliTe onpeneieHue MaTEMAaTHYECKOTO OKUIAHUSA JUCKPETHOW CIIy4YaliHOW BEJU-
YUHBl. MOXET JM LENOYUCIICHHAs Cly4yalHas BEJIMYMHA UMEET MaTeMaTHYECKOEe

okHaHue, paBHoe 1?7 OTBET 000CHOBATE.

ChopmynupyiiTe U TOKaKUTE TEOPEMY CIOKEHUS JUIsI MAaTeMAaTUYECKUX OXKUia-

HUU.

ChopmynupyiiTe U JOKXKHUTE TEOPEMY YMHONKEHUS JIJI1 MATEMAaTUYECKUX OXKH]Ia-

HUMU.
ChopmynupyiiTe 1 JOKaKUTE HEPAaBEHCTBO MapkoBa.
ChopmynupyiiTe u JoKaKUTE HEpaBeHCTBO UeOrIméRa.

ChopmynupyiiTe onpeneneHue nponu3Bo e PyHKIIUU [IeIOYUCIICHHON HEOTPH-
HaTeabHOM ciydaiHON BenuuuHbl. Haiiaure npousBosiime GyHKIIMA OCHOBHBIX

JVCKPETHBIX PACIPENCICHUN.

CdopmynupyiiTe onpeneneHne mpou3Bo e GyHKIIUN IIETOYUCICHHON HEOTPH-
HaTeIbHON CiydyallHOU BelnurHbl. C MOMOIIBIO MPOU3BOASIIEH (QYyHKIIMHU JTOKA-
JKUTE IyaCCOHOBOCTb CYMMbl HE3aBUCHUMBIX CIYyYaWHBIX BEJIUYWH, PACIPENCIICH-

HBIX 110 3aKoHy Ilyaccona.

Haiite onpenenenue U chopMyIupyinTe OCHOBHBIE CBOMCTBA JTUCTIEPCUH JUCKPET-

HOU CIydyaiiHOU BeTMYMHBI. JJoKa)KUTE OJJTHOCTOPOHHEE HEpaBEHCTBO UeOniéRa.

ChopmynupyiiTe 1 JOKKUTE TEOPEMY CIOKEHUS 1JIs1 JUCTIEPCUH CYMMBbI HE3aBU-
CHMBIX CIy4aiiHbIX BenmuuH. Bepuo mu, uro Var(XY) = Var(X)Var(Y) ans ue-
3aBHCHMBIX clTydyaiHbIX BenuunH X u Y? OTBeT HeoOxoaumo o6ocHOBaTh. BriBe-
nuTe GopMyITy JUIs TUCTIEPCUU MTPOU3BEACHUS IBYX HE3aBUCUMBIX CIy4alHBIX Be-
JUYUH?

Chopmynupyiite onpeneneHne KoBapraly cly4yailHbIX BEIMYUH U IOKAXKHUTE OC-

HOBHBIEC CBOMCTBA KOBapHaluu.

Cdopmynupyiite onpeneneHue kodhPuieHTa KOppeasiuuy cydaiHbIX BeTUYHH

U JIOKQKHUTE OCHOBHBIE CBOMCTBA KO3 (ULIUEHTA KOPPEIIALINH.
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23.

24.

25.

26.

21.

28.

29.

30.

31

32.

33.

JaiiTe onpeneneHne HEKOPPEIUPOBAHHOCTHU CITyYailHbIX Beau4uH. ClenyeT Ju u3

HEKOPPEJIMPOBAHHOCTH HE3ABUCUMOCTb CIIy4alHbIX BeIMYUH? OTBET 000CHOBATD.

JlaiTe onpeneneHrne Ha4anbHOTO U LIEHTPAIBHOTO MOMEHTA CIIyYalHOW BEJIMYMHBL.

[lycTtsb V1, V2, ... — HAUAIIBHBIE, & U1, U2, ... — LIEHTPAIBHBIE MOMEHTBI HEKOTOPOH

Clly4ailHOW BelIn4uHBbI. JJokaxuTe, 4Tto s = V4 — 4v1v3 + 6v2v; — 3v4,
1 1

JlaliTe onpeienieHue Ha4aJIbHOTO ¥ IEHTPAJIbHOIO MOMEHTA CIIyYalHOW BEJTUYUHBI.
[lycte X n Y He3aBucuMblIe ciydaiinele BenuuuHsbl. [lokaxure, 4To

ua(X +Y) = pa(X) + pa(Y) + 6(X)(Y).
JlaiiTe onpenenenns aCUMMETPUH U dKcLecca pacnpenenerus. ChopmynupyiTe u
JOKQKUTE CBOMCTBO MHBAaPUAHTHOCTU aCUMMETPUU MU DKCLECCa OTHOCHUTEIIBHO
JIMHEWHOW 3aMEHBI CITy4YalHbIX BEJINYMH.
JlaiiTe onpenesieHuss aCHMMETPUH U DKcliecca pacupeneseus. Hannure acummer-

PHIO M DKCIIECC PABHOMEPHOTO PacIipeIesieHus Ha oTpe3ke [a; b].

BeiBeguTe dhopmynbl IS MAaTEMAaTHUYECKOTO OXXKHIAHUS CIyYalHOM BEITMYHMHBI,
pacrpeie]IeHHON TT0 HOPMAJIbHOMY 3aKOHY C IlapaMeTpaMu U U g2.

BriBenute hopmysbl A1 JUCTIEPCUH CITYYalHOW BEJIMUYUHBI, PACIIPEICIICHHOMN 0
HOPMaJIbHOMY 3aKOHY C TapaMeTpaMu U U 02,

Jlokaxkute, 4yTO JJisi HOPMAJIBHOW CIIy4YallHOM BEJIMYMHBI C MapaMeTpamu [ U 02

GyHKUHMS pacrpeaeneHus

1 x—u 1 x —t?

F() = @00) =+ Po(—) rae ®o(x) = [

2 dt — ¢pynkius Jlammaca.

ChopmynupyitTe onpeaenieHre Npou3Boasiieit GyHKIuu MoMeHTOB. C TOMOIIIBIO
MPOU3BOIAIICH (PYHKIIMM MOMEHTOB JOKAXXUTE€ HOPMAJIBLHOCTh CYMMBI HE3aBHUCH-

MBIX CHy‘I&fIHBIX BCJIMYHUH, PACIIPCACICHHBIX 11O HOPMAJIBHOMY 3aKOHY.

Jlokaxxute, 4TO i1 HENPEPBIBHOM CIIYYaWHOW BEJIMYWHBI, PACIPEICIICHHON 10

1
MOKa3aTeIbHOMY 3aKOHY ¢ TapaMeTpoM A MareMatudeckoe oxunanue E(X) = .

A

JIoKakuTe, 4TO JUIsi HENPEPBIBHOW CIIy4alHOM BEJIWYMWHBI, PACIPEAEIECHHON IO

NoKa3aTeIbHOMY 3aKOHY ¢ mapameTpoM A qucnepcust Var(X) = —.
A2
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34.

35.
36.

37.
38.

39.

40.

41,

42.

43.

44,

CdopmynupoBaTh 1 T0Ka3aTh 3aKOH OoJpinx yucen B popme Yebbimera u bep-

HYJUIH.
CdopmynupoBath U 10Ka3aTh yTBEPKICHUE, U3BECTHOE KaK «00I1ee MpaBuiio 30».

CdhopmynupoBaTh IIEHTPATBHYIO TPEISITbHYI0 TEOPEMY U HEpaBEHCTBO beppu —
Dcceena 00 OIEHKE MOTPEITHOCTH MPUOMKEHUS B IIEHTPATBHOMN MPeaeIbHON TeO-

peme.
CdopmynupoBaTh 1 JoKa3aTh MpeaesibHyIo Teopemy Myaspa — Jlamnaca.

[aiite onpenenenue pacupenesneHns Komm u 10KaXxuTe OCHOBHBIE CBOMCTBA CIIy-

YailHOM BEJIMYMHBI, KOTOpas umeeT pacnpezaenenune Komm ¢ napamerpamu a u b.

I[aﬁTe OIIPEACICHUE TIOTHOPMAJIBHOT'O 3aKOHA pacpEACICHUA C IapaMETpaM M u
o2 HpI/IBe,Z[I/ITC ¢)OpMYJII>I C A0Ka3aTcCJIbCTBOM JJII MaTCMAaTHUYCCKOI'O O KUAaHHA 1
AUCIICPCHUHA cnyqaﬁﬂoﬁ BCIIMYUHBI, KOTOpass MMCCT JIOTHOPMAJIbHOC PACIIPpCACIIC-

HUE C IapaMeTpaMu m u o2.

[lepeuncnure OCHOBHBIE CBOWMCTBA (DYHKIMH IUIOTHOCTU pacHpeesieHus AByMep-
HOTO ciydailHOro BekTtopa. Kakum 00pa3omM cBsA3aHbl (YHKUIMU MIIOTHOCTH U pac-
npeneneHua? Ykaxutre QyHKIUIO IIIOTHOCTH JJii paBHOMEPHOI'O pacipeeieHus

B oOmactu G C R.

JaiiTe onpeneneHue MIOTHOCTH ABYMEPHOIO HOPMAJIbHOTO 3aKOHA paclpejelie-
HUS Ha TUI0CKOCTH. JIokakuTe TeopeMy 00 IKBUBAJICHTHOCTH HE3aBUCUMOCTH U He-

KOPPETUPOBAHHOCTH KOMITOHEHT X U Y AByMepHOTo HopMaibHOTO BekTopa (X,Y).

Cnyyaitnsiii Bextop (X; Y) paBHOMEpHO pacmpejenieH B Kpyre paauyca R = 1.
Bynyt nmu X u Y @) He3aBUCHMBIME; 0) HeKOppeaupoBaHHbIMU? OTBET 000CHOBATH.
Haiite ompenenenue cBepTkU ABYX (yHKOui. [[ns aOCONMIOTHO HEMPEPHIBHOTO
ciydaitHoro Bektopa (X; Y) Halimute QyHKIHIO pacmpeneseHus W MJIOTHOCTD
pacnpenenenuss cymmpl X + Y. IlpuBenurte BbIpak€HUE IJIOTHOCTH CYMMBI
pacrpeiesieHus B cllydyae He3aBUCUMbIX KOMIIOHEHT X u Y.

Jns  abCconoTHO HEmpepbIBHOTO —ciydailHoro Bektopa (X; Y) wu  ero

dbynakuuonaasHOTO Tipeodpazoanus (U; V), tne U = g1(X,Y),V = g2(X,Y)
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50.

45.

46.

47.

48.

49,

ol.

52.

OpUBEIUTE C TMOSCHEHHMEM B  O0O3HAUYEHHUSAX COBMECTHYIO IUIOTHCOTH
pactpenenenus fuy(u; v).

Cdhopmynupyiite U JOKaKUTE «yHUBEPCATIbHBIE» CBOMCTBA PABHOMEPHOTO 3aKOHA
pacnpenenenus. Ilycte X ~ Exp(l) Fx (x) — ¢yHKmus pacrpenencHus
nokaszarenpbHoro 3akoHa, X ~ Exp(d). Kakomy 3akoHy pacmpeeneHus
COOTBETCTBYeT ciyuaiiHas BenuuuHa U = Fx(X). OtBeT 000CHOBATb.
Chopmynupyiite u TOKaXUTE TEOPEMY 00 YCIOBHOM IIIOTHOCTH IBYMEPHOTO HOP-

MaJIBHOI'O 3aKOHA PaCIIpCaACICHUA.

[ycts (X, Y) — nByMepHBIN HOpMAJbHBIN CIy4aliHbIN BEeKTOp. JlokaxuTe, 4ToO U3

paBenctBa Cov(X,Y) = 0 BeITeKaeT He3aBUCUMOCTh X 1 Y.

Chopmynupyiite onpeneneHne yCIoBHOIO MaTEMaTHUECKOIO OKUAAHUS CIydail-
HOU BeMWYMHBI X OTHOCUTEIBHO CIy4yalHOU BenuuuHbl Y. Jlokaxute hopmyny

noaHoro Marematudaeckoro oxxkumanus E(X) = E[E(X|Y)].

ChopmynupyitTe onpeieieHue yCIOBHOM TUCTIEPCUH CITyYailHOM BETUYUHBI X OT-
HOCHUTEJIbHO CllydaiiHoi BenuuuHbl Y. Jlokaxkute Ghopmyiny MOJHON IUCIIEPCUU

Var(X) = E[Var(X|Y)] + Var[E(X|Y)].

ChopmynupyiiTe onpeaeieHue yCIOBHON KOBapUaIluy CIy4ailHbIX BeTuyuH X u'Y
OTHOCHUTEJILHO CIIy4aitHOW BeMUMHEI Z. JlokakuTe popMyIy MOJTHON KOBapUaIliu

Cov(X,Y) = E[Cov(X,Y|Z)] + Cov[E(X|Z), E(Y|Z)].

[Iycth n 4yenmoBeK pacca)XMBarOTCs B CIIydanlHOM nopsiake. Haliaure BepoATHOCTD,
YTO MEXKy JBYMS OTIPEICTICHHBIMHI JIFOJIbMH OKKETCSI POBHO k YelIOBEK, €CIu: a)
pacCaXMBAIOTCS B P, 0) pacCaXKMBAKOTCS 32 KPYTJIbIM CTOJI.

Jlokaxxute ( ¢ COOTBETCTBYIOIIMMHU MOSICHEHUAMH B (hOpMYyJiaX IIPU BBIBOJIE), YTO
P(AoBo(C)=P(A)+P(B)+P(C)—2P(A-B)—2P(A-C)—2P(B-C) +
4P(A- B - (). (3necw uepe3 0 0003HAUCHA CUMMETPUUYECKAsl Pa3HOCTh JBYX

coowiThii, .. A0 B = (A\B) + (B\A).

22



53.

54,

99.

56.

o7.

58.

59.

Uucna 1; 2; ... ; n pacnoyioxeHbl Haynauy. KakoBa BEpOSTHOCTbH TOTO, YTO, IO
KpailHel Mepe, OJHO 4HuCiI0 OyneT paBHO HOMepy cBoero Mecta? K kakomy
npeJiesly CTPEMUTCA 3Ta BEPOATHOCTD MPU 1L —> 00,

BriOuparoT Hayauy oMH WiICH ONpeASIUTENs n-ro nopsiaka. KakoBa BeposTHOCTb
TOT'0, YTO OH HE COACPKHUT DJIEMEHTOB TJIaBHOM nuaroHanu? Pemmrs3amauy s a)
n = 5; 6) B o01eM ciydae.

PaccmaTtpuBaeTcss MHOXKECTBO HATYPAJIBHBIX YU CE, MPUHAIICKAIIUXITPOMEKYTKY
[2; N] (manpumep, N =1 000 000). 13 3Toro MHOXeCTBa Hayma4y OepeTcsl YHCIIO.
HaiitTi BeposSTHOCTH TOTO, YTO HAUOOJBIINK TPOCTON JICTUTENb

2
9TOTro 4Kcia OyaeT OOJbIIe, YeM CaMO YUCIIO B CTETICHH ¢, (HarmpuMep, Uit & = ).
3

(Moxuo wucnoib3oBaTh «Jupyter Notebook» ¢ moapoOHBIM 00BSICHEHHEM
QITOPUTMA BCEX BBIUHUCICHUN M KOMMEHTapHEB BCEX CTPOK K OCHOBHOMY KOy
IPOrapMMBbl).

JBaymua A u B ycnoBUIUCH BCTPETUTHCS B ONPEIEIEHHOM MECTE MEXTY ABYMSI U
TpeMs yacamu AHs. Jlumo A xpaet apyroro B TtedeHue 10 MHHYT, mocie 4ero
YXOIHUT; Lo B xaet apyroro B tedyenue 12 munyT. Cunras, 4T0 MOMEHT IIPUXOJa
Ha BCTpE4y BBIOMpAeTCs KaXIbIM «HayJady» B TMpelesax yKa3aHHOTO Yaca,
HalliuTe BEPOSATHOCTD, UTO a) BCTpEUYa COCTOUTCS; O) BCTpeya COCTOSIIACh, KOT/Aa
JI0 UCTEUEHUS Yaca OCTaBAJIOCh MEHBIIE d MUHYT, HAIIPUMEP, @ = 7 MUHYT.

Ilycte n smn ycnmoBwimcs o Berpeue Mexay 10 m 11 wacamm yrtpa, mpudem
JIOTOBOPUWIINCH KJaTh ApyT Apyra He 6onee 60 - g munyt (@ < 1). Cuuras, 4To
MOMEHT MpPHXOJa Ha BCTpPeUy BBIOMpAETCA KaXKIbIM «HayJady» B IMpeaenax
YKa3aHHOT0 4aca, MOoKaxuTe (co BceMu (HopMysIaMu U MOSICHEHUSMH K HUM), YTO
BEPOSITHOCTh TOTO, YTO BCTPEYA COCTOUTCSI, ONIPENEIAECTCS PABEHCTBOM
Pn=nqgv1— (n — 1)gq~ Inan = 3 HaiimuTe TakKe BEPOSTHOCT TOTO, YTO BCTpeUa

10 KpallHEW Mepe ABYX JIUILl COCTOUTCH.
P(A)

P(B)

Hoxkaxute HepaBeHCTBO P(A|B) > 1

Ilycte m mnaccaxupoB (Hampumep, m = 6) caasTcs Ha OCTaHOBKE B IOE3[,

cocrosmmii U3 k BaroHOB (Hampumep, k = 4). Kaxapiii u3 maccaxupoB MOXKeT
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60.

61.

62.

63.

64.

CeCTh C OJIMHAKOBOM BEPOSTHOCTHIO B JI000i BaroH. Haliaure BeposITHOCTh, YTO
[ACCaXKUPBI CSAYT B OJIMH BaroH IpH YCIIOBUU, YTO XOTs Obl B OJTUH BaroH HE CAJIET
HU OJIMH MACCaXup.

HecummeTpruuHnas urpanbHas KOCTb OpocaeTcsi JO Te€X IOop, IOoKa HE BBIMAJET,
HaIlpuMep, equHUA. MI3BECTHO, 4TO NpH NIEPBOM MCIBITAHUN €UHUIIA HE BBINAJIA,
HaliiuTe BEpOATHOCTH TOTO, YTO MOTpeOyeTcst He MeHee k OpocaHwmii (Hampumep,

k = 3). BeposATHOCTb BbINaIcHHS SAMHUIIBI PaBHA, HaIIpuMep, L.
10

HezaBucumeblie ciyvaiinbie BenuuuHbl X, Y, Z MOTYT IPpUHUMATh TOJIBKO LIEJIbIC

3HaueHus: X — ot 0 no 12 ¢ BeposarHocThio 1, Y — o1 0 10 13 ¢ BeposiTHOCTBIO 1,
13 14

9 o
a Z ToybKo 3HaYeHus 3 u 7, npu 3toM P(Z = 3) = _. HaiinuTe: a) BEpOSTHOCTD
10

TOr0, YTO CyMMa JaHHBIX CIy4aillHbIX BeNWYMH Oyaer paBHa 12; 6) Hambomee
BEpOSITHOE 3HaueHue cymMmmbl X + Y + Z U BEpOATHOCTh TaKOro COOBITHS; B)
pacupenenenue X +Y + Z.

HesaBucumeble cirydaiinble BeTUUHHBI X, Y, Z TPUHUMAIOT TOJIBKO LENBIEC 3HAYEHUS:

X —or 1 no 13 ¢ BEpOSITHOCTHIO, TPONOPIUOHAIBHON NPUHUMAEMOMY LEJIOMY
3HaueHuto, T.e. P(X =) =A-i,i=1, ..,13;Y —or 1 10 12 c BeposSITHOCTBIO TaK¥KE
IPOMOPIMOHANFHO TNpUHUMaeMoMy 3Hauenuto P(Y=j)=B-j,j=1,..,12;
Z —ot1 no 8 cBepositHocthio P(Z = k) = C - k, k = 1, ... 8. Haiinute BeposiTHOCTH
TOro, uro X, Y, Z npuMyT pa3Hble 3HAUYCHUS,

Te. PX#Y, X+ Z)Y # 7)

He3zaBucumebie AuCKpeTHBIE CydailHble BeMUYUHbl X1, X2, ... , X2n NpPUHUMAIOT
TOJILKO TIOJIOKUTENbHBIE UM OTpHUIIaTeIbHbIC 3HaYeHUs, ipu 3ToM P(X; > 0) = p
(marmpumep, p = 0.98, i Bcex X; (i = 1,2, ...,2n). Haiigure P(X1X2 -+ X2n > 0).
[TopOpackiBaroTCs YETHIPE CHMMETPUYHBIEC UTPATIbHBIE KOCTH (C LIECTHIO TPAHSIMH).
O603HaunM yepe3 S cyMMy HauOOJIBIIKUX TPEX BBIMABIIMX OYKOB (HApUMeEp, €CIH
BBINIAJIO0 HA MEpBOMl KOCTH 1, HA BTOpOil — 2, Ha TpeTheil — 6, Ha yeTBepTOM — 1,
TOrja 3HAaYeHHE Takol cyMMbl cocrtaBiseT 9). Haligure (aHaIMTHYECKN)

MaTeMatuyeckoe oxunanue E(S).
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65.

66.

67.

68.

69.

70.

71.

12.

13.

Haiimure E (1), rae X — uMeeT reoMeTpHUEeCcKOe PACIpe/ieiCH e C IapaMeTpoM
1+X

p.

[Tycth X — HeoTpuIaTeNbHAS LIETOUMCIECHHAs ClIydaiiHasl BEIMYMHA C KOHEYHBIM

MaTeMaTU4ecKuM oxuaanuem. [lokaxure, 4To

E(X)=Y2, P(X > k).

Hammcano n nucem, HO ajpeca Ha KOHBEPTax HAMKMCaHbl B CIIyYalHOM IMOPSIKE.
[Tycth Xn — uncio nucem, KOTopble OyIyT MOIY4YEHbI TEMU aJpecaTaMu, KOTOPhIM

oHu nipenHazHavdanuck. Haitnure E(Xn) u Var(Xny).

Kop3una cogepxkut N npoHyMepoBaHHbIX mapoB 1; 2; . . . ; N. 3 kop3unsl 03
BO3BpalleHus n3BnekaoTess 1 < N mapos. [Iycts S 0603HauaeT cyMMy HOMEPOB
BEIHYTHIX mapoB. Haligute Maremarnueckoe oxunanue E(S) m mucrepcuto
Var(S) sroit cyMMblI (CO BCceMU MOSICHEHUSIMU K (hOpMyJIaMm).

Ilycte X — cnydaiiHas BenmuyuMHa ¢ KOHeyHoM nucnepcued. llokaxkwnre, 4To
KOX(POUIIUEHT KOppensuu cioydailHbix BenmuuuH X U sign(X) sBisercs

HeoTpuIateabHbIM, T.€. 0(X, sign(X)) > 0.

Ilyctb X1, X2, ..., Xn — cnyualinble BEIMYHUHBI, KOOP(ULUEHT KOPPEALUU JTHOObIX

JIBYX U3 HUX paBeH Q. [loka3aTe, uto 0 > —
n—1

[Tycte X u Y muckperHsle cmydaiinsie BennuuHbl, y KoTopeix E(X) = E(Y) = 0,
Var(X) =Var(Y) =1, p(X,Y) = p. Ilokaxure, yTo

E[max{X%Y2)] < 1+ V1 — p2.
[Ipennosioxxum, 4To UrpabHasi KOCTb HE SIBIIIETCA CAMMETPUYHOM U MacChl B HEN
pacmpeneNnieHbl Tak, 4YTO Macca KaXJIOoW TpaHW MPOMOPIHOHAIBHA €€ HOMepy.
HecummeTpuyHas urpaibHas KOCTh OpocaeTcs 10 TeX Mop, MOKa He BBIMAIYT BCE
yeTHbIe IUPpbl. Haiinure MatemaTrnueckoe 0>KuIaHue yucia OpOCKOB.
HecrtannapTtHast urpanbHasi KOCTb OTJIMYAETCSA OT CTAHAAPTHOW TOJIBKO TEM, UTO
BMECTO 6 OYKOB Ha OJHOM M3 ee rpaHeil BIOUTO 3 ouka (B pe3yjbTaTe UMEIOTCA
JBE TpaHM C TakUM 4YHCIOM OukoB). HecTtannmaprtHas wurpajbHas KOCTb
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nonopaceiBaeTcs 24 pasa, S — cymma BoinaBmux oukoB. Haitnure As(S) u Ex(S).
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14,

13.

76.

1.

78.

79.

80.

81.

82.

83.

[lokaxxute, uto Ex(X) > —2. IlpuBemute mnpuMmep pacmpeneieHus, Kormaa
JIOCTUTaeTCsl PAaBEHCTBO.
JIOKa)KuTe, 4YTO HE CYLIECTBYET TPEX CIy4auHbIX BeJMYMH X, YU Z, Takux, 4TO

KO3 PUIIMEHT KOpPESIIUM JIFOOBIX IBYX U3 HUX paBeH —1.

Cnyuyaitnas BenmuunHa X paBHOMEpHO pacrpenaenieHa Ha oTpeske [0; 1]. Haiigure

G 1
IUIOTHOCTD pacrpeieNieHus CTydyailHOM BennuuHbl: a) ¥ = X2;6)Y = ;B)Y = X
X

U TIOCTPOUTDH UX TpadUKH.
1 1

[TnoTHOCTh pacmpeneneHus ciaydaitHoW BemuuuHBl X paBHa f(x) =
T 1+x2

Haiinute pactipenenenue ciy4aitHoit Benuuunsl Y = arctg(X).

CnyyaitHas BenmnarHa X paBHOMEPHO pacrpeserneHa Ha otpeske [0; 2]. Hafigure
byHKIMIO pacripeneneHus cnyJyaitHoi Bennaunsl ¥ = |X — 1.

Crnydaiinas BenmnarHa X paBHOMEPHO pactpezenceHa Ha otpe3ke [0; 1]. Haiinure
o(X; X3).

Crnyuaiinas BenuurHa X umeeT cranaaptHoe pactpeaenenue Komm, X ~ Co(0,1),

1

TO €CTh, IUIOTHOCTh f(X) = Haiiiure IUIOTHOCTL —paclpeaeaeHus

n(1+x2)'

. X?
CJIy4alHOM BEJIMYMHBI ¥ =
14+X2

Cnyuaitnasg BenuunHa X pacrpe/ieneHa no noka3aTeabHOMY 3aKOHY C TapaMeTpoM
A = 1. Haiimute pacnpenenenue ciaydaiiHoii Bemuuunbl Y = [X]%, rme [x]
0003HaYaeT 1eJIyI0 YacTh X.

CnydaitHas BenmnuumHa X wuMmeeT pacnpenenenre Komm ¢ MIOTHOCTBIO

b o
pacnpeneneans  f(x) = . Halinure TUIOTHOCTH  pacrpeneacHus

[b24(x—a)?]

o 1
CJIY4anHOU BCIIMIUNHDBI Y =".
X

Ha oxpyxHoCcTH pannyca R 6epyT iBe TOUKU C pABHOMEPHBIM paclpeieICHUEM.

Haiimute QyHKIUIO pacupenencHuss pacCTOSHUS Y MEKIAYy HUMU W BBIYUCIIATE

E(y).

27



84.

85.

86.

87.

88.

89.

Ha orpeske [0; T] naynauy Opocunu e Touku. IlycTe y — paccTosiHue Mexmy

aumu. Haiinure dynkmuto pactpenenenus y u Berauciute E(y), Var(y), vi(y) =

E(y").

JIBa yenoBeKa T0TOBOPUIINCH BCTPETUTHCS B poMexyTke Bpemenu [0; T]. [lyctsb

T — BpeMs, KOTOpPO€ MPUAETCS KAATh OJJHOMY W3 HUX JI0 MOMEHTA BCTPEYH.

Haiinure dynkuuio pacnpeaenenus u Beruncinure E (7).

[Tycts S(n) o603HavaeT 1eHy akIUH K KOHILy n-0if Heaenu, n > 1. M3BectHo, 4TO

OTHOIICHHA LCH —S@—, n > 1, SBIAIOTCA HE3aBUCHUMBIMU  CIIy4YalHBIMU
S(n—1)

BEJIMUMHAMH, KOTOPBIE PACIPENENICHbl JIOTHOPMAJIbHO C MapaMeTpaMu [ =

0,00264 u 0 = 0,0671. Haiinute BEpOATHOCTb TOTO, YTO

a) LeHa aKuuu OyAeT pacTH MOAPSAJ IBE HEAENH; 0) 1IeHa AKIUU B KOHILIE YETBEPTON

Hezjenu OyJeT Bhlllie, YeM B KOHILIE NIEPBOM HEJENU; B) 3a TPU HEJIEIH ieHa aKIuu

BbIpacTeT Ooiiee, ueMm Ha 7%.

JIns He3aBUCHMBIX CIIyYalHbIX BEJIMYMH X1, X2, ..., PABHOMEPHO PACTIPEAECICHHBIX

Ha oTpe3ke [2,14], naiiaure mpenen

Im pexy 4+ Xn < 81— 2v).

[TycTh Xq — KBAaHTHIIb YPOBHS @, @ Xp — KBAaHTUJIb YPOBHS b HOPMaJIbHOTO
pacnpenenenust N(u, 02). BeiBenure popmymy ans kBantuiieit yposas q € (0; 1)

pacnpenenenust N(u; 0%) u ¢ ee MOMOIIbIO HAWIUTE OTHOIIIEHUE ¥4=Xb,
(2

W3BecTHO pacnipeaeneHne JUCKPETHOTO ciayvaitHoro Bekropa (X, Y):

X=2 X=3 X=4

Y = —1 1 1 1
6 12 6

Y =0 1 1 1
6 6 4

1) Haiinure pactpenenenue cinydaitnoit Bennuuasl U = min(4, X —Y) u (U);

28



2) Haiinure pacnpenenenue ciydaiiHor Benmmunnbl V = max(X,Y) u (V);
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3)

90.

91.

92.

93.

9.

95.

96.

97.

Haiigure xoBapuanuto (U, V) u kosddunment xoppensiuuu p(U, V).
Crnyuaitasiii BexkTop (X, Y) paBHOMEpHO pacnpesiesieH B TPEYTOJIbHUKE
x>0, y>0;, 5x+12y<60.
1) Haiigure 3Hauenue GyHkuuu pacupenenenus Fx(4). 2) Haitnure E(X), Var(X)
u E(X°Y). 3) Haitnute Cov(X,Y) u p(X,Y).

[TnoTHOCTE pacmpeaeneHus ciaydaiiHoro Bekropa (X, Y) umeer Bun:

3 =% 2_xy—x—y *=2y-1
fX,Y (x’ y) = 2

2m

1) Haiinure E(X), E(Y), Var(X), Var(Y), Cov(X,Y)u p(X,Y). 2) Haiinure
P(3X —7Y > 4).

UzsectHo, uto (X,Y) ~ N(2;4;5,0% p). llpu xakoMm oy, ciydyailHbIe BETHUMNHBI
2X — 3Y u 4X + 6Y He3aBucuUMBI?

Jns  HE3aBUCHUMBIX ~ HOPMAIBHBIX  CIy4alHbIX  BeKTOpoB  (X1,Y1) ~

1
N(3;—4;57, L) u (X2,Y2) ~ N(—2;1;4; 3; —) HaiiauTe TaKyl0 KOHCTaHTY «,
11 2

YTO KOMIIOHEHTHl  ciy4aiiHoro Bektopa (X1, Y1) + a(X2,Y2) saBustorcs
HE3aBUCHUMBIMU.

Ilycte X, Y, Z — He3aBUCUMBIE CiTy4alHbIE BEIMYUHBI, PABHOMEPHO PACIIPENEIIEHBI
Ha [0; 1]. Haiimute P(Z > XY).

[Iycte cnywaiinple BenuuuHbl X W Y — HE3aBUCUMBI M KaxJas HMEET

noKasaTelibHOe pacnpeneneHue ¢ napamerpom A. M mycts V =_% . Tlokaxwure,
X+Y

4TO CcydJaitHas BenmuunHa I/ paBHOMEpHO pacnpenenena Ha [0; 1].
IlycTh ciydaiinbie BenuuuHbl X U Y HE3aBUCUMBI U KaXKJasl UMEET CTaHAAPTHOE
HOpPMAaJIBHOE pacrpenenenue. [lokaxure, 4To cirydaiHas BEJIMYMHA

Z = 1(X? 4 Y2) umeer noxasaTeabHOE pacipeeleHue ¢ mapameTpoM A = 1.
2

Cnyuaiinble BelMuMHbl X U Y HE3aBUCHMBI M PAaBHOMEPHO pACTIPEIEICHbl Ha

orpeske [0; 1]. Haliaure pyHKIIMIO pacipeaeneHus CIrydaiiHON BETUIMHBI —X
X+Y

Touka P paBHOMEPHO pacnpeaeneHa B kpyre paauyca R. Ilycte Z — paccrosinue
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oT Touku P 1o neHtpa kpyra. Haiinure Qynkumro pactipenenenus Fz(x) u
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98.

99.

100.

101.

102.

IUIOTHOCTH pactpeaeneHus fz(x) ciydaiinoit Benuuunsl Z. [loctpouts rpaduku
byukuuii Fz(x) u fz(x). Haitnure E(Z) u Var(Z).
Cuyuaitabie BenmuunHbl X 1 Y HopManbHo pacnpenenensl N (0; 02) 1 He3aBUCHMBI.

X
HOKa}KI/ITC, YTO OTHONLICHHUE Z = _HUMEET PacipcaciCcHuc Komm.

Y
IIycte cmywakinbie BenuuuHbl X W Y — HE3aBUCHUMBI M KaXkaasd WMEET
X
nokasatesibHoe pacnpeneneHue ¢ napamerpoM A. U nycte U =X +Y, V =
X+Y

HatimuTe motHOCTH pacnpenenenus fuy(x,y) cnydaitnoro Bekropa (U, V).
Cnyvaitnple BenuuvHbl X © Y  HE3aBUCHMMBI M HMMEIOT [OKA3aTEJIbHOE
pacnpenenenue ¢ mapametrpom A = 1. HaliguTe MIOTHOCTH pacIlpeaciiCHUs
cilydaitHoi BenuuuHnel Z = |X — Y.

Cnyvaitnple BenuunHbl X © Y  HE3aBUCHMMBI M HMMEIOT [OKAa3aTEJIbHOE
pacnpenenenue ¢ mapametrpom A = 1. HaiiauTe MIOTHOCTH pacrpecieHUsI

o o X
CIy4anHOU BCIIMYNHBI Z ="
Y

Ciyuaiinpie BenuurHbl X 1Y HE3aBUCHMBI U UMEIOT PABHOMEPHOE PACIIPEACICHUE
Ha [a; b] (manpumep, [a; b] = [0; 1] wm X ~ U([0; 1]), Y ~ U([0; 2]). Haiigure
bynkuto pacnpeneneaus Fz(z) ¥ MIOTHOCTH pactpeaencHus fz(z) (BbIBecTH
dbopMyIibl ¢ MOAPOOHBIM MOSICHEHHEM B 0003HAUCHMSIX) CyMMBbI Z = X + Y,

X
pasHoctu Z = X — Y, npoussenenus Z = XY, OTHOWIEHUA Z = . a TaKkKe
Y

2
3HaueHue F; (¢), Hampumep, 15 ¢ = 3

Kpurtepuu 0a/U1bHON OLIEHKH PA3JIMYHBIX GOPM TEeKYyIEro KOHTPOJIA
yCIIeBaeMOCTH

Kpurtepuu 0amibHON OLIEHKU Pa3IMYHbIX (OPM TEKYIIETO KOHTPOJIsS yclieBae-

MOCTH COACPIKATCA B COOTBCTCTBYIOIINX MCTOJUYCCKHUX PCKOMCHIAIHAX I[enapTa-

MCHTAa aHajIn3a JaHHbIX U MAallIMHHOI'O O6y‘ICHI/I§I.
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/. ®OHJ OUEHOYHBIX CPEeACTB JJIfl MPOBeJAEHUS] MPOMEKYTOUYHON aTTecTalun
00y4aromuxcs Mo JMCUUILIHHE
[lepeueHb KOMIIETEHIIMI C yKa3aHUEM HWHJIUKATOPOB MX JIOCTUXKEHHUS B IMPO-
I[ECCe OCBOCHUS 00pa3oBaTeIbHON MPOTPaMMBI coiepkuTcs B pazzaene 2. «Ilepedenp
IUTAHUPYEMBIX PE3yIbTaTOB OCBOCHMSI 00pa30BaTeIbHON MporpaMmMbl (IepedyeHb KOM-
METEHIINI) ¢ YKa3aHUEM HUHAUKATOPOB UX JIOCTHXKEHUS U TJIAHUPYEMBIX Pe3yJIbTaTOB

O6y‘{€HH5{ 10 JUCHUIIIIMHC) .

Tunosblie KOHTPOJIBHBIC 3aJaHUA WIN UHbBIC MaTE€pHUaJibl, HCOﬁXOI[I/IMbIe

AJIA ONCHKH HHAUKATOPOB JOCTH/KCHUA KOMHeTeHHHﬁ, yMeHI/Iﬁ U 3HAHUH

Haunwmeno- Hanmenosa- PesynbraTel 00y4eHus TunoBble KOHTPOJIBHBIE
BaHUC KOM- | HHE UHAUKATO- | (YMECHHS U 3HAHUS), COOT- 3a7aHus
NETCHIUH POB JIOCTH)KE- | HECEHHBIC C HHMKATO-
HUSI KOMIICTEH- | PaMHU JOCTHXKECHUS KOM-
UM TICTECHIINU
[IKH-1 1. Paboraer ¢ | 3nams ocHoBHEIE akThl, | ChopMmynupyiite orpesieTieHue
CnocoOeH | UCTOYHUKAMH | KOHIICTIIMM W MPUHIIMIBI | YCIOBHOW AUCIEPCHUU CIydaiiHOIl Be-
cooupars, uHPOPMAIMK, | TEOPHH BEPOSTHOCTEH W | TUYMHBI X OTHOCHTEIBHO CIIyYaiHOM
aHAIM3UPO- | BBIOMpAeT ¥ | MAaTEeMaTHYECKOW CTaTu- | BeauuuHbl Y. Jlokaxure ¢dopmyiy
BaThb W CU- | OIICHUBAET CTHUKU; nosHoi aucnepcuu Var(X) =
CTEMATH3U- | IPUMEHUMOCTb | Ymems ctporo nokasel- | E[Var(X|Y)] + Var[E(X|Y)].
OBAaTh JaH- | MOJIy4CHHOU BaTh ~ MaTeMaTUYeCKue .
P A i Cnyuaiinple BenmuuuHbl X u Y
HBIE COBpE- | MH(pOpMAIHU YTBEPXKICHHS TCOPUU BE- 5
. HOpMaibHO pacnpeaeneHsr N(0; a2)
MEHHBIX IUISL  PEICHUS | POSTHOCTEW M MaTreMaTH-
N W He3aBUCUMBL. JlOKaxuTe, 4YTO
HAYYHBIX TOCTABJICHHBIX | YECKOW CTAaTHCTUKH, BbI- X
HCCIICIOBA- | HAy4HO-MCCIe- | JENss TIaBHble CMbicyo- | OTHOLICHHC zZ= uMeer
HUI B 001a- | I0BaTeNbCKUX | BBIE acleKThl B j0Kasa- | pacrnpenencuue Komm.
CTH MaTeMa- | 3ajau. TEIbCTBAX;
THUKHU U KOM-
nploTepHbIX | 2. OtOupaer | 3uamp s3bIK TEOpUU Be-
. s Tpex rpymm (GUHAHCOBBIX MOKa-
Ha e- | JUI1 pelieHus OSITHOCTEH W MaTeMaTu- 9
5 YK, Tpes | AT p p . 3arelei 1) X11, X12, X13;
eMBIX JJISl | UCCIIe/IOBa- YEeCKOM CTaTUCTHKHU IS
y A A N A 2) X21, X22, X23; 3) X31, X32, X33
bopMHUpO- | TENBbCKOW  3a- | pelIeHHs]  MPUKIATHBIX .
HaWICHBI ux 3HAYCHUSL:
BaHMS  3a- | Jaud MareMa- | 3aJa4 C MCIOJIb30BaHUEM
s A 1)5,6,7; 2) 7,8,9; 3)9,10,11. o
KIFOYCHUH | THYECKHE Me- | MATEeMAaTHYeCKUX  MeETO-
JAHHBIM ~ 3HAUCHUSIM  BBIYHCIIUTE
0 COOTBET- | TOABI M MO- | JIOB; ek HOBYIO M CPIIHION T
CTBYIOIIUM | JEJIH, ocy- IPYHIOBYIO P pym
noBytwo jaucnepcuu. Ilpennonara-
HAYYHBIM IIECTBIISCT Ymems npumMeHsTH 3HA-
ercs, uto: 1) Bce MoKa3aTenn He3aBu-
UCCIIE/IOBa- | IPOBEPKY HUS TEOPUU BEPOSTHO- .
. . | CHMBI ¥ HOpPMaJbHBI C OJMHAKOBOM
HHUSIM aJICcKBaTHOCTH | CTEH M MaTeMaTH4ecKou o .
. HEHU3BECTHOM JucTIepcHeit
MozieNeli, aHa- | CTATHCTHKH JUL PEIISHUS | |- - 2. 9 -
JU3 W HHTEP- | MPAKTHYECKHUX 3a/1ad; BbI- ar(Xy) = (_I ;2) B KaK0H Tpymme
IpeTanuio pe- | OMpaTh U MPUMEHSATH Ma- E(Xy) = w, i = 1,2,3. IIpoepsTe npu
3yJbTATOB. TeMaTHdecKne Merogpl 1 | YPOBHE 3HaummoctH o = 0,05
METOABl MOIEIUPOBAHUS TUIIOTE3Y O COBIMAACHUUN OKHUIACMBIX

33




HEOOXOAMMBIC JIJIs pertie-
HU IIOCTABJIEHHBIX 3a/a

3HAYCHUM TOKa3aTeleH, U1 = [z =
3.

[IKH-2
Cnocoben
MIPUMECHSITh
u Moaudu-
IUPOBATH
MaTeMaTH-
YeCKHEe MO-
Jend A
pereHus
3a7a4 B 00-
JACTH TIPO-
(heccuo-
HaJbHOU Jie-
ATEIBHOCTH

1. JlemoncTpm-
pyer  3HaHHE
0a30BBIX MaTe-
MaTUYECKUX
MOJIENIEN, IPU-
MEHSEMBIX B
Pa3IMIHBIX
MPEMETHBIX
o0JacTsix.

2. Apanrtu-
pyeT u npume-
HSET cylie-
CTBYIOIIIME Ma-
TEMaTHYCCKHE
MOJIEIIN TS
peumeHuss  mo-
CTaBIICHHOM
MIPUKJIaHON
WIM TEOPETH-
YECKOM 3aauH.

3. Brmageer
METOJIOJIOTHEHN
MareMarhde-
CKOT'O MOJIENH-
poBaHHS IS
peIICHHS TPO-
(beccroHanb-
HBIX 3a]1a4.

3Hamb OCHOBHEIC TIOHS-
TUSL TEOPUU BEPOATHO-
CTeM W MaTeMaTH4eCKOM
CTAaTUCTHKH, METOIUKH
pacyeToB, UCMOJIb3yEMBIE
MIpY aHAJIU3€ JaHHBIX; Be-
POSITHOCTHBIE W CTaTH-
CTHYECKHE METOJIBI.

Ymem»  ucnonp3oBath
WHCTPYMEHTHI ormca-
TEJIPHOW CTAaTUCTUKH H
BU3yaJIU3alluy  JaHHBIX,
BEPOSITHOCTHBIC W CTaTH-
CTHYECKHE METOABI IS
pemennss  npodeccro-
HaJIBHBIX 3a7a4.

3namp BEpOATHOCTHBIE U
CTaTUCTHYECKUE MOJICIIU
B 00JIaCTH MPUKIIATHOTO
MAIIMHHOTO O0yUeHUS;

Ymems»  momuduuupo-
BaThb MAaTEMAaTUUYCCKUEC
MOZIETTH B 00JIacTH TpH-
KJIQJHOTO  MAaIIMHHOTO
o0yueHus;

3namb HaBBIKU peIlICHUS
3a/a4y B 00JIACTH JKOHO-
MHUKU U (PUHAHCOB C HUC-
MOJIb30BAaHUEM ~ WHCTPY-
menTtapus Microsoft Ex-
cel, R, Python (Jupyter

Notebook), Wolfram
Mathematica, MATLAB.

Ymems»  ucnomp3oBath
HHCTPYMEHTApHIA Mi-
crosoft Excel, R, Python
(Jupyter Notebook),

OnumuTe JUHEWHYI0O MOJECNb JUC-
nepcuoHHoro ananusa. Kakoro pona
TUIOTE3bI OPMYITUPYIOTCS U MTPOBE-
PAIOTCA B 3TOW MojeNn?

Ilycts X1, X2, ..., Xeu Y1, Y2, Y3—no-
XOQHOCTU (B 0a3MCHBIX MyHKTaX,
0.11.) GUHAHCOBBIX MHCTPYMEHTOB X
5 Y. [Ipennonaraercs, 4TO
X1, X2, ..., Xen Y1, Y2, Y3— HezaBucHu-
MbI€ HOpPMaJIbHbIE CIy4alHbIE BEIU-
YHHBI C HEU3BECTHBIMU CPETHUMU Lix
U [yd C OJAHAKOBOW HEU3BECTHOU
mucriepcueit 02, [lo KOHKpETHBIM
3HA4YCHUSIM JOXOIHOCTEH X1, ..., X6 U
Y1, Y2, Y3 TOJY4YEHbl BBIOOPOYHEIE

cpenaue X = 595,y= 588 u Hecme-
IICHHBIC OLEHKH IHCICPCHH S% =
81, s2 = 51. Ilpu ypoBHe 3HaAUYNMO-

y
ctu 0,05 mpoBepbTe THUMOTE3Y
Ho: px = |y OpOTHB aJlbTEPHATHB-

HOU rumoTe3sl Hi: px # Wy.

WNuBectop HabmomaeT 3a koaebaHu-
SIMM KOTUPOBOK aKIUW KOMITaHUH A
n B B teuenune 100 Toproseix nHeH
(mo 3akpeITHIO TOpProB). B pe3yib-
TaTe HaOII0ACHUN TTOJTyYeHa ceay-
IOIasl  CTATUCTHKA:  KOJIMYECTBO
JHEl, Kora o0e KOTUPOBKY Malaiu
— 30; o0e KOTHPOBKHU pociu — 27,
KOTHUPOBKH A majanu, a KOTUPOBKH
B 1pu 3TOM pocnu — 23; Ha000poT,
KOTUPOBKU A pociu, a KOTUPOBKU B
nagamn — 20. IIpu 1%-m ypoBHe
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Wolfram  Mathematica, | 3HauUMOCTH TIPOBEPHTE TUIIOTE3Y O
MATLAB o0Onsa pewenus | paBHOBEPOSITHOCTH yKa3aHHBIX de-
3a0au 6 oobiacmu npu- | THIpeX KOMOWHAIUN TAJCHUS U PO-
KIAOH020 ~ MAWUHHOZ0 | CTa.

00VueHus.

IIpumepsl NPAaKTHKO-OPUEHTHPOBAHHBIX(CUTYALIMOHHBIX) 3aJaHUH
[To naHHBIM, IPUBEICHHBIM HIKE, TPEOYyeTCsl TPOBEPUTH Ha 5%-HOM ypOBHE 3Ha-
YUMOCTH, UMEETCS JIM CYIIECTBEHHOE pa3inyue MexX1y noxoaHoctsamu Q, Q®@), QG
Tpex akmuit (mpeamnosaraercs, 4To oXoaHocty akiuid Q, Q@), QX pacnpeneineHbl

110 HOPMaJILHOMY 3aKOHY):

q(V:-0.0724514, 0.348339, 0.214579, 0.234001, 0.080152, 0.550343, 0.695598,
0.11335, 0.311405, 0.178259, 0.707557, -0.00388785, 0.311358, 0.461806, 0.175355,
0.604575, 0.0144682, 0.164384, 0.142543, 0.593697, 0.259534, 0.264568, 0.157433,
0.491485, 0.801349, 0.00482267, 0.396828, 0.367374, 0.133619, 0.523703, -
0.0413555, 0.265778, 0.390005, -0.0617123, 0.274367, 0.341692, 0.318834,
0.231129, 0.116686, 0.600259, 0.57894, 0.446113, 0.273421, 0.376668, -0.0444261,
0.438477, 0.530961, 0.108338, 0.398188, 0.942436, 0.470789, 0.352353, 0.750677,
0.559233, 0.344401, 0.209402, 0.373711, 0.381037, -0.0440512, 0.307625, 0.254757,
0.240125, 0.0755683, 0.229486, 0.022751, 0.394789, 0.405517, 0.333518, 0.422884,
0.268465, 0.406002, 0.242695, 0.390111, 0.614299, 0.468193, 0.434372, 0.173573,
0.347659,0.0771342, 0.608834, 0.0837221, 0.347069, 0.575629, 0.437637, 0.452505,
0.311783, 0.34139, 0.173038, 0.39376, 0.0118951, 0.439373, 0.105634, 0.515845,
0.0556552, 0.299372, 0.44125, 0.534503, 0.326354, 0.305192, -0.0677661

q(»:0.0760076, 0.276395, 0.563888, 0.459716, 0.326395, 0.25269, 0.306006,
0.389063, 0.47451, 0.465387, 0.482189, 0.233394, 0.28675, 0.013888, 0.322988,
0.0643255, 0.656926, 0.421046, 0.255888, 0.751859, 0.284468, 0.30853, 0.572919,
0.397649, 0.307229, 0.207558, 0.714226, 0.155008, 0.0934287, 0.449056, 0.48307,
0.218776, -0.0301462, 0.281453, 0.328324, 0.4/907, 0.537439, 0.2/8841, -
0.0104749, 0.542701, 0.518733, 0.417669, 0.208562, 0.654484, 0.255337, 0.149942,
0.303709, 0.20145, 0.0746767, 0.10894, -0.138775, 0.490/71, 0.14104, 0.645734,
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0.403321, 0.0538072, 0.630395, 0.0225026, 0.367597, 0.227261, 0.297801, 0.347481,
0.454552, 0.352614, 0.710885, 0.285879, -0.0728541, 0.191565, 0.13767, 0.0494314,
0.63165, 0.0874178, 0.473075, 0.419064, 0.356433, 0.322464, 0.390168, 0.252919,
0.750174, 0.251663, 0.631498, 0.0636435, 0.369709, 0.420973, 0.350015, 0.463658,
0.469403, 0.309336, -0.0878132, 0.491596, 0.515023, 0.505743, 0.219901, 0.578347,
0.531301, -0.152368, 0.115485, 0.615949, 0.135419, 0.407181

q®: 0.444592, 0.712087, 0.313076, 0.645062, 0.585544, 0.474014, 0.221915,
0.276645, 0.356567, 0.409686, 0.247493, 0.506481, 0.261083, 0.496345, 0.3712,
0.105807, 0.189129, 0.322793, 0.265872, 0.208426, 0.53622, 0.480958, 0.702705,
0.602311, 0.440274, 0.524586, 0.65099, 0.163421, 0.366639, 0.258607, 0.430439,
0.37879, 0.543402, 0.468498, 0.773798, 0.280801, 0.213493, 0.349076, 0.112629,
0.00863626, -0.0988291, 0.135398, 0.589182, 0.292923, 0.592833, -0.158578,
0.378974, 0.406636, 0.240427, 0.34263, 0.0989575, 0.172111, 0.65535, 0.747777,
0.291106, 0.358112, 0.418985, 0.418883, 0.363626, 0.23119, 0.335325, 0.474778,
0.295501, 0.586975, 0.327525, 0.708025, 0.393876, 0.267684, 0.513987, 0.294231,
0.322321, 0.556567, 0.330682, 0.36469, 0.651244, 0.654846, 0.685422, 0.535121,
0.231372, 0.181668, 0.488424, 0.166, 0.00396049, 0.314943, 0.636383, 0.305025, -
0.0645144,0.322822, 0.470865, 0.426079, 0.445955, 0.545085, -0.111493, 0.523563,
0.347434,0.422498, 0.509299, 0.329648, 0.667257, 0.264957

IIpumepHbIe BONPOCHI 1151 MOATOTOBKH K 3a4eTy
1. Chopmynupyiite GopMyTy BKIIOUCHHH-UCKITIOYCHUHN I ONPEACIICHUS BEPOSIT-
HOCTH CYMMBI HECKOJIbKUX COBMECTHBIX COOBITHM. HaiiguTe BEepOsSTHOCTH TOTO,
YTO B NIEPECTAHOBKE M3 N AJIEMEHTOB HU OJIMH AJIEMEHT HE CTOMT Ha CBOEM MECTE.
2. ChopmynupyiTe akCHOMBI TEOPUH BEPOSTHOCTEN U HA X OCHOBE JOKAXKUTE CBOM-

CTBO HCIIPCPBLIBHOCTH BEPOATHOCTH.

3. JlaiiTe omnpesesieHHe MOHATUN «HE3aBUCUMOCTh COOBITUIY». Kakue coObITHSI Ha3bl-
BAIOTCS «HE3aBUCHMBIMH B COBOKYIHOCTH». CrrexyeT u u3 paBercrsa P(ABC) =

P(A)P(B)P(C) nomapuast He3aBuCUMOCTh. OTBET 000CHOBATH.
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10.

11.

12.

13.

JlaliTe ompeneneHue NOHATHN «YCIIOBHAs BEPOSATHOCTH», «IOJIHAsS Ipymnna Io-
apHO HECOBMECTHBIX COOBITUIY». CHopMynUpyHTe U TOKAKUTE TEOPEMBI, YTBEP-
KIAIOIIKE CIIPABEATUBOCTD (POPMYJIBI MTOJHOM BEPOATHOCTEN U (DOPMYIIBI TOTHOM

BGpOHTHOCTCﬁ JJIIA MaTCMaTHYCCKOI'O OXKMAaHU.

Haiite onpenenenne cxembl bepaymnu. BeiBeaute hopmyity ass onpeseneHus Be-
positHoctH Pr(k) HacTyruieHHs kK yCIIEXOB B CEPHU U3 N HE3aBUCHUMbIX HCIIBITA-

HUAX.

JlaiiTe onpenenenrne OMHOMUAIBLHOTO 3aKOHA pacnpeaenenus. Beiseaure popmyny
JUTsl HanboJiee BEpOSITHOTO YKCIIa YCIIEX0B B cxeMe bepHyin U3 n He3aBUCUMBIX

ucneiTanuil. [IpuBenure Gopmyny MOJTUHOMHAIBHOTO pacCIpeIeIeHuUS.

ChopmynupyiiTe u nokaxxkute npeaeibHyo teopemy Ilyaccona. BeiBequte dop-

MYI1Y HJIAd HanoOoIee BCPOATHOI'O 3HAYCHUA PACIIPCACIICHUA HyaCCOHa.

Cdhopmynupyiite MoHITHE CITy4aliHON BEIWYUHBI M PYHKIIUU pacTIpeieIeHUs CITy-
yaiiHoi BeninuuHbl. [IpuBecTH mpumep BEpOSATHOCTHOTO MPOCTPAHCTBA U (DYHKIIMH

Ha HEM, KOTOpasi HE SIBJISIETCS CIIyYallHOM BEJIMYMHOM.

Haiite onpenenenue GyHKIUU pacrpeeseHus CIIydaiHON BEJIMUUHBI U IOKKUTE
OCHOBHBIE CBOMCTBa (yHKIIMU pactpenenenus. Haiinure QyHkiuio pacnpeaene-

HUS UHIUKATOPA COOBITHSI.

CdopmynupyiiTe onpeaenaeHue TMCKPETHON CIydaiiHON BeTUIMHBI. BeIBeuTE BBI-

paxxeHue aJig PyHKIUU pacrpeeseHus TUCKPETHON ClTydyalHON BEJIMUUHBI.

JlaliTe onpeiesIeHne HE3aBUCUMOCTH B COBOKYITHOCTH TUCKPETHBIX CIIyYalHBIX BE-

mnavH. [1yctb 14, I, [c — vHAUMKATOPBI TPEX HE3aBUCUMBIX cOObITUM. [ToKa3aTk, 4TO

14, I, [c — HE3aBUCUMBIE CITyYailHBIE BEJINYMHBI.

JlaliTe onpeneneHne MaTEMATHYECKOTO OXKUJIAHUS JUCKPETHOM CIyYalHOW BEJIM-
YuHbl. MOXET JIM LIEJIOYNCIIEHHAs Cly4aliHasi BEJIMYMHA UMEET MATEMATHYECKOE

oxxuaanue, paHoe 1?7 OTBET 000CHOBATE.

ChopmymupyiiTe U JOKAKHUTE TEOPEMY CIONKEHUS 1T MATEMaTUYECKUX OXKHJIa-
HUMU.
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14.

15.
16.
17.

18.

19.

20.

21.

22.

23.

24,

ChopmynupyiiTe 1 TOKaXKUTE TEOPEMY YMHOKECHHS IJIi MAaTEMaTHUECKUX OXKUa-

HHUI.
ChopmymupyiiTe 1 TOKOKUTE HEPABEHCTBO MapKoBa.
ChopmymupyiiTe U JOKaKUTE HEPABEHCTBO UeObIIERA.

ChopmynupyiiTe onpeeneHue Tpou3Bosieh GyHKIIUN IET0UYNCICHHOW HeOTPH-
1aTeJIbHON clydaitHoW BennuuHbl. Haiiaute mpousBosiyue GyHKIIMK OCHOBHBIX

JUCKPETHBIX pacripe/ieiIeHui.

ChopmynupyiiTe onpeneneHrue npou3Bosieid (GyHKIIUU 1EI0UYUCICHHOW HEOTPH-
aTeabHOM citydaitHoM BenudyuHbl. C MOMOIIBIO MPOU3BOJAIIEH (PYHKIIMU JTOKA-
YKUTE MyaCCOHOBOCTh CYMMBbl HE3aBUCHUMBIX CIyYalHBIX BEJIWYMH, pacrpeiesicH-

HBIX II0 3aKOHY HyaCCOHa.

HaiiTe onpenenenue U chopMyaupyinTe OCHOBHBIE CBOMCTBA JUCIIEPCUU AUCKPET-

HOM CTy4yaliHOW BEJIMYMHBI. J[oKaKUTEe OJJHOCTOPOHHEE HEpaBEHCTBO UeOniiéRa.

ChopmynupyiiTe U JOKKUTE TEOPEMY CIOKEHHUS ISl JUCTIEPCUH CYMMBbI HE3aBU-
CHMBIX CITydaiiHbIX BeauuuH. Bepuo nu, uro Var(XY) = Var(X)Var(Y) s ue-
3aBUCUMBIX clydailHbIX BenuynH X u Y? OtBeT HeoOx01uMo 000CHOBaTh. BhiBe-
aute GopMyITy JUIs AUCTIEPCUH TIPOU3BEICHHS ABYX HE3aBUCHUMBIX CIIyYaiHBIX Be-
JUYUH?

Cdopmynupyiite onpeeneHne KoBapHaluy CIy4ailHbIX BEJIUYHUH U JJOKAXKUTE OC-

HOBHBIEC CBOMCTBA KOBapHalunu.

Chopmynupyitte onpeaencHue kodgpGUiimeHTa Koppesaium CIydyalHbIX BEJIMUYUH

U JJOKQKHUTE OCHOBHBIE CBOMCTBA KOA((DUIIMEHTA KOPPEIISIIHH.

JlaiiTe onpeneneHne HEKOPPEIMPOBAHHOCTH CIIy4alHbIX BeIW4YuH. Clieiyer Jik u3

HEKOPPEJIMPOBAHHOCTH HE3aBUCUMOCTD CITy4ailHbIX BeMUnH? OTBET 000CHOBATH.

JlaiiTe orpeniesieHue Ha4YaJIbHOTO U IEHTPAIBHOIO MOMEHTA CITyYalHOW BEJIMYUHBL.

[lycThb V1, V2, ... — HaYallbHBIC, A Y1, U2, ... — IEHTPAIbHBIC MOMEHThI HEKOTOPOH

CIIy4ailHOM BeMYUHBI. JlokaxxuTe, 4To U4 = Va4 — 4v1v3 + 6v2v; — 3v4,
1 1
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25.

26.

21.

28.

29.

30.

31.

32.

33.

34,

35.
36.

JlaliTe onpeneneHrne Ha4yaabHOTO U IEHTPAJIbHOIO MOMEHTA CIIy4YalHOW BEJINYUHBI.
[lycte X n Y He3aBucuMblIe ciydaiinple BenuuuHbl. [lokaxure, 4To

ua(X +Y) = pa(X) + pa(Y) + 6(X)(Y).
JlaiiTe onpenenenns aCUMMETPUH U JKcLecca pacnpeneneHus. ChopmynupyiTe u
JOKQ)KUTE CBOMCTBO HMHBAPUAHTHOCTH ACUMMETPUU M JKCLECCA OTHOCHUTEIIBHO
JIMHEWHOW 3aMEHBI CITyYalHbIX BEJINYMH.
JlaiiTe onpeneneHrs aCUMMETPUH U JKCIecca pacupeaenenus. Hanure acumMmer-

PHIO U 9KCIIECC PABHOMEPHOTO pacrpe/ieieHus Ha oTpeske [a; b].

BreiBequte (opmynbl 1 MaTeMaTHYECKOTO OKUIAHUS CIy4yallHOW BEJIMYUHBI,
pacpeesIeHHON 110 HOpMAJIbBHOMY 3aKOHY C IapaMeTpaMu [ U 0.
BriBeaute hopMyIibl Uit AUCTIEPCUH CITyYallHON BEJIMYMHBI, paclpeesieHHON 110
HOPMAJIbHOMY 3aKOHY C ITapaMeTpamu [ U G2
JIOKaXXuTe, 4TO 11 HOPMAJIBHOM CIIy4ailHOM BEJIMYMHBI C IApaMETPAMH U U 02
GbyHKUHMS pacnpeaeneHus

1 x—u 1 x —t?

F(x) =d(x) = >+ @o (T)’ rae o(x) = . \/zﬂ_f o 2 dt — bynaknus Jlammaca.

Chopmynupyitte onpeaeneHue npousBoasiieit GyHKiuu MoMeHTOB. C MOMOIIbIO
MPOU3BOJISIICH (DYHKIIMM MOMEHTOB JOKAKUTE HOPMAIHHOCTh CyMMbI HE3aBUCH-
MBIX CJIy4alHBIX BEJIMYUH, PACIPEICICHHBIX 110 HOPMAJIBHOMY 3aKOHY.

Jlokaxxure, 4TO 11 HENPEPBHIBHOM CIIYYaWHOW BEJIMYWHBI, PACIPEICIICHHON II0
1

MOKa3aTeIbHOMY 3aKOHY € TapaMeTpoM A MatemaTudeckoe oxumaanne E(X) = ~.
|

Jlokaxxure, 4TO MUl HENPEPBIBHOM CIIy4YaHOW BEJIWMYMHBI, PACIPEICIICHHON 10

1
NoKa3aTeIbHOMY 3aKOHY ¢ apameTpoM A qucnepcust Var(X) = —.
A2

CdopmynupoBaTh U 0Ka3aTh 3aKOH OobIIKX yKcel B hopme YeObiéra u bep-

HYJUTH.
CdopmynupoBath U 10Ka3aTh yTBEPKACHHUE, U3BECTHOE KaK «00I1iee MpaBUiio 30».

CdopmynupoBaTh IIEHTPATBHYIO MIPEACTBHYIO TEOPEMY U HepaBeHCTBO beppu —

OcceeHa 00 OIEHKE MOTPEITHOCTH MPUOIMKEHUS B IEHTPaJIbHON MPEAEeTbHOM TEO-
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peme.
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37.

38.

39.

40.

41,

42.

43.

44,

45,

CdopmymupoBaTh 1 JOKa3aTh MpeaebHyIo Teopemy Myaspa — Jlamnaca.

I[aﬁTe OIIPCACIACHUC PACIIPCACICHUA Komm u JOKa>XKUTC OCHOBHBIC CBOMCTBaA Cl1y-

YailHOW BeIMUYMHBI, KOTOpas uMeeT pacnpezenenune Kommu ¢ mapamerpamu a u b.

JlaliTe onpeneneHue JOrHOpMaabHOIO 3aKOHA PacIIpelesIeHUs C TapaMeTpaMu m u
o2. IlpuBenute HOPMYIIBI C TOKA3ATEIHCTBOM JIJII MATEMATHUECKOTO OXUIAHUS U
JUCIIEPCUN CIIyYaMHOW BEJIMYMHBI, KOTOpPAasi UMEET JIOTHOPMAJIbHOE pacupesese-

HUE C TapaMeTpaMu m U 0.

[lepeunciure OCHOBHBIE CBOMCTBA (DYHKIIMH IJIOTHOCTU PACIIPEACIICHUS TBYMED-
HOTO ciydailHOro BekTopa. Kakum 00pa3oM cBsi3aHbl (PYHKIIUU IJIOTHOCTH U pac-
npeaeneHus? YKaxute PyHKIUIO MIOTHOCTH JII PABHOMEPHOI'O pacipeacicHus

B oOstactu G C R.

,Z[aﬁTe OIIPCACIICHUC INNIOTHOCTH ABYMCPHOI'O HOPMAJIBHOI'O 3dKOHA PaCIIpCACIC-
HUA HaA IINIOCKOCTH. I[OKa)KI/ITe TCOpEMY 00 PKBUBaJICHTHOCTH HE3aBUCUMOCTH U He-

KOPPETMPOBAHHOCTH KOMITOHEHT X 1 Y 1ByMepHOTo HOpMaibHOTrO BekTopa (X, Y).

Cnyyaitnsiii Bextop (X; Y) paBHOMEpHO pacmpezeneH B Kpyre paauyca R = 1.
Bynyt mu X u Y a) He3aBUCHMBIME; 0) HeKOppeaupoBaHHbIMU? OTBET 000CHOBATb.
JlaiiTe ompenaeneHue CBEPTKH NBYX (GyHKIuM. J[jisi aOCOMIOTHO HENPEPHIBHOTO
ciydaiiHoro Bektopa (X; Y) waiiaure QyHKIMIO pacmpeneneHus W MIOTHOCTD
pacnpenenenus cymmpbl X + Y. IlpuBenure BbIpak€HUE IUIOTHOCTH CYMMBI
pacnpeneneHus B ciy4ae He3aBUCUMBIX KOMIIOHEHT X u Y.

Jlns  aGCcoNMOTHO HEMpEepBIBHOTO —ciydailHoro Bektopa (X; Y) wm  ero
¢ynkimonansHoro npeodpazoBanus (U; V), rtne U = gi1(X, Y), V = g2(X, Y)
OpUBEIUTE C TMOSICHEHMEM B  OOO3HAUYEHHUAX COBMECTHYIO IIJIOTHCOTH
pacnpenenenus fuy(u; v).

Chopmynupyiite u TOKaXHUTE «yHUBEPCAIbHBIE)» CBOWCTBA PABHOMEPHOTO 3aKOHA
pacnpenenenus. Ilycte X ~ Exp(l) Fx (x) — ¢yHKmus pacrpenencHus
nokasarenbHoro 3akoHa, X ~ Exp(d). Kakomy 3akoHy pacmpeneieHus

COOTBETCTBYeT cirydaiinas BennunHa U = Fx(X). OTBeT 000CHOBATb.
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46.

41.

48.

49.

50.

Chopmynupyiite u J0KaXKUTE TEOpEMy 00 YCITOBHON INIOTHOCTHU IBYMEPHOTO HOP-

MaJIbHOI'O 3aKOHa pacClpCaACIICHUAA.

ITycts (X, Y) — mByMepHBI HOPMaIbHBIN CIy4aiHEBIH BEKTOP. JlOKaXHTE, 4TO U3

paBenctBa Cov(X,Y) = 0 BeITeKaeT He3aBUCUMOCTh X U Y.

CdopmynupyiiTe ornpeaesieHne YCIOBHOIO MaTeMAaTHYECKOT0 OXKHUAAHUS CIIydaii-
HOM BenM4WHBI X OTHOCUTENIBHO ciiydallHOW BenuuuHbl Y. Jlokaxute gopmyiy

oJHOro MateMatudeckoro oxkumanus E(X) = E[E(X|Y)].

ChopmynupyiiTe onpeieieHre yCIOBHOM TUCTIEPCUM CITyYailHON BETUYUHBI X OT-
HOCHUTEJIBHO cllydaiiHoi BenuuuHbl Y. Jlokaxkute Ghopmyiny MOJHON IUCIIEPCUU

Var(X) = E[Var(X|Y)] + Var[E(X|Y)].

ChopmynupyiiTe onpejeneHue yCIo0BHON KOBapHaIlUU CIy4alHbIX BeJIMUMH X U Y

OTHOCHUTEJIBHO CIIy4aliHOW BEIMUYMHEI Z. JloKakuTe popMyIly MOJTHON KOBapUaluu

Cov(X,Y) = E[Cov(X,Y|Z)] + Cov[E(X|Z), E(Y|Z)].

IIpumepHbIe BONPOCHI 11 HOATOTOBKHU K IK3aMEHY
[aiiTe ompenelneHue  CiIydyalHOM  BEJIWYMHBI, KOTOpas MWMEET Tramma-
pacnpenenenue ['(a, A), u BIBeAWTE OCHOBHBIC CBOWCTBA raMMa-pacpeiecHusl.
3anumurte Ghopmyibl aia MaTeMatudcekoro oxunanus E(X) u aucnepcun
Var(X) ramma-pacnpesenenus.
JlaliTe onpefieneHue CIy4ailHOi BeJIMUUHbBI, KOTOpasi UMEET ) 2-pacipeesieHue ¢
N CTENEHSAMHU CBOOOJIBI. 3aNUINKMTE IUIOTHOCTH Y2 - pacmpesesicHus. BeiBeaute

dopmyiel s matemarudeckoro oxkumanus E(X) u mucnepcun Var(X) x2-

pacrpenenenue ¢ n creneHsmu cBobdoasl. Haiigure a) P(y2 > 10,9), roe y2 —
20 20

cly4yaiiHasi BEJIMYMHA, KOTOpas uMmeeT y2?— pacmpeaeneHue c¢ 20 creneHsMH
cB0001bI; 0) HaitmuTe 93% (BepxHIOK0) TOUKy Y2 (5) XH-KBaodop3aT pacupeaeicHus
¢ 5 crenensmu cBoboel. (P(x%> 10,9) = 20

0,948775; x303(5) = 1,34721).

JlaiiTe onpeneneHue Ciiy4aiiHOM BEJIWYHUHBI, KOTOPasi UMEET PacipeeiiCHUE

CTI)I'OI[CHTa C N CTCIICHAMU CBO6OI[BI Kax cBsi3aHbI pacupeaciCHuc Komm u
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pacnpenenenue CtproieHTa? 3anuuimTe IIOTHOCTh pacnpeneneHus CThioIeHTa C
YeThIpbMS CTENeHIMU cBoOoabl. Haiimure a) P(—2,5 < ts < —1,7), roe ts —
CiTyJaiiHasi BeTU4InHa, KoTopas umeeT pacnpezaencane CThI0IeHTa ¢ 5 cTeneHsaMu
cBoOobL; 0) HaiinuTe 10% (BepxHIOW) TOUKY to.1(7) pacnpenenenust CTbroqeHTa
7 crenensmu cBooopl. (P(—2,5 <ts< —1,7) = 0,0476933; to1(7) =
1,41492).

4. ]JlaiiTe ompeneneHue CiIy4yalHOW BEJIMYMHBI, KOTOpPash HMMEET paclpe/iesiCHHUe
Oumepa F(n, m) ¢ n U m CTEeNEHSIMH CBOOOJbI. 3alUIIUTE TJIOTHOCTh
pacnpenenenus Pumepa F(n,m) ¢ n 1 m creneHsMu cBoboabl. Kakoit 3akoH

pacrpeieliecHUs UMEET CllydaitHasi BeIMUMHA 1, ecnu citydaitHas BenuunHa [F umeet
F

pacnpenenenue Pumepa F(n,m) ¢ n u m crenensMu cBoboabi? OTBer

o 1 o
Heobxoammo obocHoBath. Haitmure a) P(3,1 < _< 10,7), tme F — caygaitHas
F

BEJIMYKMHA, KOTOpast uMeeT pacrpenencuue dumiepa ¢ 3 u 5 crenensMu cBoOOIbI,

F ~ F(3;5); 6) naiigute 5% (BepxHiow) Touky Foos(13;4) pacnpeneneHus
1

Oumepa ¢ 13 u 4 cremewsmu  co6omsr. (P(3,1 < . <10,7) =

0,150742; Foos(13;4) = 5,89114).

5. Jlaiite ompenesnieHUs] MPOLEHTHOM TOYKU U KBAHTUIM. YKAXKUTE CBA3b MEXKITY
MIPOIICHTHBIMUA TOYKaMH W KBaHTWIIMH. CHopMymnpyTe OCHOBHBIC CBOMTCBA
IPOIICHTHBIX TOo4YeK. BeIBemuTe GopMyny aiiss HaXOXACHUS MPOIICHTHOW TOYKH
CTaHJAPTHOTO HOPMAJIBHOTO 3aKOHA pacrpeaesieHus depe3 pynkiuio Jlammaca
®o(x). Haitnure P(0,3 < Z% < 3,7), ecnu ciydvaiiHas BeUYHMHA Z UMECT
cTaHgapTHOe HopManbHoe pacmpenenenue, Z ~ N(0;1). (P(0,3<Z2<3,7) =
0,52947).

6. CdopmynupyiiTe ornpeaeieHne caydyailHON BHIOOPKH M3 KOHEUHOW T€HEpPaIbHOMN
coBokymHocTU. Kakue Buabl BEIOOPOK Bam n3BecTHHI? [lepeuncnure (¢ ykazanuem
dopMysl)  OCHOBHBIE  XapaKTEPUCTUKH  BHIOOPOYHOH H  TeHEpaIbHON
COBOKYITHOCTEM.

7. ChopmynupyiiTe omnpeneneHue caydalHON BBIOOPKHU W3 pacmpenencHus. Kak B
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10.

11.

12,

13.

14.

15.

16.

17.

18.

MOMEHTHI BEIOOPKH, QYHKITHS pacrpeeieHns BRIOOpku? UTo B JaHHOM KOHTEKCTE
O3HauyaeT reHepanabHoe cpeaHee?

3anummre GOPMYIIBI IS MATEMAaTHIECKOTO OXUAAHUS U JUCTIEPCUH BHIOOPOYHON
JOJIM B cllydae TOBTOpHOW (OecroBTOpHOM) BBIOOpPKU. IlosicHuTe Bce
UCIOJIb3yeMble 0003HAUCHHUS.

Chopmynupyiite omnpeaeneHue BbIOOPOYHONM (DYHKIMM paclpeiesieHus Hu
TOKAXUTE €€ CXOJUMOCTh II0 BEPOSTHOCTH K TEOPETHYECKOW (PYHKITUU
pacnpenenenus. BreiBenutre (opMynbl IS MaTEMaTHYECKOTO OXHUJIAHUA U
JTUCIIEPCHH BBIOOPOYHOU (PYHKIIMU pacTIpeAeITHHUS.

Haiite ompenenenne k-oi MOPSAKOBOWM CTAaTHUCTUKHU. BuiBemeHue Qopmyssl Aiis
(GyHKUUN pacnpeieIeHUN SKCTPEMAIbHBIX CTATUCTHK.

Urto Takoe ToOYEUYHAs CTaTHUCTHYECKas oOleHKa? Kakuhe OLIEHKM Ha3bIBAIOTCA
HECMEIICHHBIMU, cocTOsTENbHBIMU? [IpuBeuTE MpUMEP OLIEHKU ¢ MUHUMAJIbHOU
JUCIIEPCUEN.

ChopmynupyiiTe 1 TOKKUTE TOCTATOYHOE YCIOBHE COCTOSITEIIbBHOCTH OLICHKH.
ChopmynupyiiTe omnpejereHue CpeIHEKBaApaTUYHONW omuOKu oreHku. Kakas
OIIEHKA Ha3bIBAE€TCSl ONTUMalbHOM? B dem 3akiroyaercs cpelHEeKBaIpaTUYECKUI
MOJXO0J K CPAaBHEHHIO OLIEHOK?

ChopmynupyiiTe  KpuTepuil  ONTUMAIBHOCTA  OLIGHKH, OCHOBAaHHOW Ha
HepaBeHcTBe Pao-Kpamepa.

Jlaiite  ompenenenne uHpopmaruun 1o  Dumepy u - chopMmyIupyHTe
uHpopmarmonHoe HepaBeHCTBO Pao-Kpamepa.

Chopmynupyiite onpeaenenne 3pdextuHoi orenkn o Pao-Kpamepy. Haiinure
s pexTuBHYIO OIIeHKY TTapameTpa 6 st pactipeaenenus bepaymum Bin(1, ).
Jloka)xuTe HECMEIIEHHOCTh, COCTOATEIBHOCTh U (P(HEKTUBHOCTH (B KJIaCCE€ BCEX
JTUHEHHBIX HECMEIIEHHBIX OI[EHOK) BEIOOPOYHOTO CPETHETO X.

Chopmynupyiite onpenenenne dpdextuBHoii orneHku no Pao—Kpamepy. s

pacnpenenenus Ilyaccona [1(A) mpemmaraercst ornenka mapamerpa A: AN = X,

[Toxaxkute, 4TO 3Ta OleHKa sBiseTcs AddexTuBHOM o Pao-Kpamepy.
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19.

20.

21,

22.

23.

24,

25.

26.

Chopmynupyiite napopmanmonnoe HepaBeHCTBO Pao—Kpamepa. Uccnenyiite Ha

x
N— .
3 PEKTUBHOCTB OLCHKY D™= _ 1519 GuHOMHAIBHOTO pacipenenenus Bin(m; p).
m

Haiite ompenenenne wuHpopmanuun no Oumepy. Brerumcnure unbopMmaluio
@umepa Isi HOPMaJIBHOTO 3aKoHA pacnpeneneHuss N(u; o%) (aucnepcusi o2
M3BECTHA) M ITIPOBEPHTE, YTO BHIOOpOUHOE cpemHee X sBisercs 3GPEKTUBHOIM
oreHko# mapamerpa U = E(X).

Jaiite onpenenenue nadopmaruu no Oumepy [(6) nis ogaoro Habm0AeHNS X U
2
nokaxute popmyny 1(0) = %(2"'9)]_

Kak nmnpousBomuTCs  OLEHKa HapaMeTpoB  aOCOJIIOTHO  HENPEPHIBHOTIO
pacnpeneneHus METOAOM MaKCUMAaJIbHOTO npaBonogoous? Kakoii
BEPOSATHOCTHBII CMBICIT B 3TOM cllydyae UMeeT PyHKIHS paBaononoous? Haiiaure
METOJIOM MAaKCHUMAaJIbHOTO IPaBIONOA00Us OLIEHKY MapameTpa 8 paBHOMEPHOTO
pacnpenenenus U([6; 8 + 5]).

Kak mpon3BoaMTCsS OLEHKa MapaMeTpoB PACHPEAEICHUS METOJIOM MOMEHTOB?
Haiinute MeTrogoM MOMEHTOB OIIGHKY TlapameTrpa 6  paBHOMEPHOIO
pacupenenenus U([—0; 0].

ChopmynupyiiTe  omnpenesieHHEe  JIOBEPUTEILHOW  OIEHKHM  TapaMerpa ¢
ko3 duimentom nosepus y. Kakoil wuHTepBan Ha3bIBAE€TCA aCUMITOTHYECKU
JOBEpUTENbHBIM. YTO Tako€ TOYHOCTh JJOBEPUTEIILHON OLICHKHU?

[TpuBenute ¢dopMyinbl (C BHIBOJOM) JOBEPUTEIBHOTO TOYHOI'O WHTEpBajia s
napameTpa casura 0 = u HopMmambHOW Moxmenu N(u; 02), Korjga mapamerp
macmTaba o2 wu3BecTeH. SBisieTcs JM Takol MHTEpBaJ CUMMETPUYHBIM 10
BeposiTHOcTU? OTBET 0O0OCHOBATD.

[IpuBenute dopmynsl (C BBIBOJAOM) JOBEPUTEIHLHOTO TOYHOTO WHTEpBaia JJIst
napameTpa macmraba 8 = ¢2 nopmanbHou monenu N(u; 6), Korga 3HaueHUE
napameTpa CBUra U U3BECTHO. SIBIsieTCA M TaKOW MHTEPBaJl CHMMETPUYHBIM 110

BepositHOCTU? OTBET 000CHOBATD.
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217,

28.

29.

30.

31.

32.

33.

34

1 — )2 i 7
SIBnsiercs im cratucthka s2 =~y K #)? HecMEIeHHOH 1 3)PeKTHBHOI

0 n k=1 k

(o Pao-Kpamepy) ToueuHoit orieHkoi mapamerpa 8 = a2 qis monenu N(u; 6),
korna u = E(X) — u3BectHo, a = 02 — Heu3BecTHO? OTBET 0OOCHOBATH.

1
2 = n o
SIBnsieTcst M CTaTUCTHKA S — Y (X — X)2 HECMEIICHHOH W

addextuBHON (1m0 Pao-Kpamepy) ToueuyHoil oreHkoi mapamerpa 60 = o2 md
moxaenu N(u; ), xorna oba mapamerpa yu = E(X) u 0 = 02— meusBectHbl? OTBET
000CHOBATb.

[TpuBenute dopmysbl (C BBIBOJAOM) JOBEPUTEIHLHOTO TOYHOTO HWHTEpBaia JJIs
napameTpa casura 0 = pu HopmanbHOU monenu N(y; 02), Korja mapamerp
MmaciTaba 02— Heu3BeCTeH. SIBJseTcs M TakoW MHTEPBAJ CUMMETPUUYHBIM I10

BeposiTHOCTH? OTBET 0OOCHOBATb.

[IpuBenute Gopmynsl (C BBIBOJAOM) JOBEPUTEIBHOTO TOYHOIO WHTEpBaia s
napameTpa macmraba 8 = o2 "HopMmansHOU Momenu N(w; 6), korga mapameTp
CIABUTa [l — HEWU3BECTEH. SIBNIETCS JIM TAaKOW MHTEpPBAJl CHUMMETPUYHBIM I10

BeposiTHocTU? OTBET 000CHOBATE.

Chopmynupyiite Teopemy Ouriepa. [lycrs X1, X2, ... Xn — BeiOOpKa 00beMa n u3
N(w; 02). Haitnre a) Cov(X: — X; X); 6) Cov(X: — X; X; — X),i # .

[TpuBenure QopmMyasl (C BBIBOJOM) JOBEPUTEILHOTO TOYHOIO HHTEpBaa
npeacka3zanus s Xn+1 1o BeiOOpKe X1, X2, ..., Xn U3 HOpMaANIBHON MoOJI€NH
N(u; %), korma o6a mapameTp U B 02— HEM3BECTHBI. SIBJISCTCS M TAKOW HHTEPBAI
CUMMETPUYHBIM 110 BEPOATHOCTU? OTBET 00OCHOBATS.

JlaiiTe onpeiesieHue aCUMITTOTHYECKOTO JJOBEPUTEILHOTO MHTEPBAJIa U MPUBEIUTE
dbopmynbl (C BBIBOJOM) aCHMIOTOTUYECKOTO JIOBEPUTEIHHOTO HWHTEpBasIAa ISt
koa(durmenTa koppensiuu p 1o Beioopke (X1; Y1), (X2;Y2), ... (Xn; Yn) 0ObeMa n
13 IByMepHOW HOpManbHOW momenu N (ui; pz; o2 i o2 ,2 p). SBnsgercs nu Takoun
MHTEPBAJl CHMMETPUYHBIM IO BeposATHOCTU? OTBET 000CHOBATb.

. JlaiiTe onpeneneHre aCUMITOTHYECKOTO JOBEPUTEITHLHOTO MHTEPBAja U IPUBEIUTE

dopmynbl (C BBIBOJOM) ACUMHOTOTUYECKOIO JIOBEPUTEIBHOIO HHTEpBasa ISt
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napamepa BeposiTHocTH 6 = p. BeiBenure ypaBHEHHE JOBEPUTEIBHOTO AILIUIICA.
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35.

36.

37.

38.

39.

40.

41.

42.

Iycte X} = (X1j, X2j, ... , Xn j) — BbIOOpKAa 00BEMa n; w3 N(uwj; 0?), roe j =
]
1, ..., k. IlpuBenute opmynbl (C BHIBOAOM) JOBEPUTEIBHOTO MHTEpBANA IS

napamMeTpa U;, UCI1oJb3ys B KA4YCCTBC HGCMGIHGHHOﬁ OLCHKHU ITapaMCTpa o2

OCTAaTOYHYH Jucmepento  —L- Yk ¥ X —Xx)2 g 5
; i - BIIETCS JIM TaKOW

WHTEpPBaJI CHMMETPUYHBIM IO BEpOATHOCTU? OTBET 0OOCHOBATD.

IIycte Xj = (Xvj, X2j, ..., Xn j) — Boibopka o0bema 1 m3 N(w; 0%), rae j =
1, ..., k. IlpuBenute Gopmymsl (C BBIBOAOM M HEOOXOIUMBIMH MOSICHCHUSIMH B
0003HAYEHUSX ) JUCTIEPCUOHHOTO TOXKIECTRA.

Iycts X = (Xyj, X2j, ..., Xn j) — BpOOpKa obbema n; w3 N(uj; 0%), rae j =
1, ..., k. Jlaiire onpenenenue daxropHoit aucnepcun. [IpuBenure hopmyy (¢
BBIBOJIOM M HEOOXOJIMMBIMH IMOSICHEHUSIMU B O0O3HAUYEHHUSX) MAaTEMaTH4YECKOIO
OKuJaHus PaKTOPHOU JUCTIEPCUU.

Onumure oOUIyI0 cXeMy MPOBEPKH CTAaTUCTHUECKHX Trunote3. Onpenenure
MOHSTHS: KPUTHUYECKass 00JacTh, YPOBEHb 3HAYMMOCTH, MOIIHOCTh KPUTEPUS.
Kakue runotessl Ha3bIBaIOTCS MPOCTHIMU (CIIOKHBIMH )?

[TpuBenuTe BEpOATHOCTHYIO HHTEPIIPETALIMIO OIIMOOK IEPBOTO U BTOPOTrO pojia, a
TaK)KE€ MOIIHOCTH KPHUTEpPHUS B CiIydae MPOCTHIX HYJIEBOW M albTepHATHBHOU
runotes. [I[puBecTu npumep KpuTepus ¢ BLIOOPOM KPUTHIECKOTO 3HAYCHHUSI Co, JIIS
KOTOPOTO CyMMa OIIIMOOK MEPBOT0 M BTOPOI0 pojia & + [ Obly1a O MUHUMAJIBHOM.
Jlaiite omnpeneneHue HECMELIEHHOCTH U COCTOATENBHOCTH Kpurepus. Ilycts

MOUTHOCTb KpUTEPHS ONPENETAETCA BRIPAKEHUEM
W) =1 g0 g~ B R R E O, = (u+00).

o
SBnsiercas Jm KpUTepudl C TakoW (yHKUIUMEH MOIIHOCTH HECMEIIEHHBIM MU
cocTosTeNbHbIM? OTBET 000CHOBATS.
Cohopmynupyiite nemmy Helimana-Ilupcona B ciyyae mpoBepKH JIBYX MPOCTHIX
runotes. [lpuBenure npumep nocTpoeHust HAMOOJIEE MOLTHOIO KPUTEPUSI.
[To BeIOOpKE X1, X2,...,Xn00bEMa N U3 HOPMANBHOTO 3aKOHA paclpeieieHUs
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N(u; 0?), xorna % = Var(X) — u3BecTHa, MpOBEPSIETCS HA YPOBHE 3HAYMMOCTH
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43.

44,

Q OCHOBHas runote3a Ho: |t = (o MPOTHUB albTEPHATUBHOM runoTe3sl Hi: 1 > Lo.
1) IIpuBenuTe HEOOXOIUMYIO CTATHCTUKY KPUTEPUS U KPUTHYCCKOEC MHOMKECTBO
st ipoBepku Ho mpotuB Hi. 2) IlpuBenurte (¢ aA0Ka3aTeIbCTBOM) OCHOBHbBIC
cBorictBa kputepus. 3) [lpuBeaute (¢ BBIBOAOM) BbIpaxeHUE Mg P-3HaueHUs
kputepusi. 4) IlpuBenure (¢ BBIBOJOM UM HEOOXOJIMMBIMU TMOSICHEHUSMH B
0003HAYEHHUAX) BBIPAXKEHUS 11 BEPOATHOCTH OIIMOKM BTOPOTO poaa [ u
MomHocTh Kputepus W. 5) SIBasercs nu KpUTepuid: a) COCTOSITENBHBIM; O)
HecMeleHHbIM? OTBEeT 000CHOBATH.

ITo BBIOOpKE X1, X2, ..., Xn 0OBEMaA N W3 HOPMAJIBHOTO 3aKOHA PACIPEICICHUS
N(u; 02), xorma 02 = Var(X) — u3BecTHa, MpoBepsETCS Ha YPOBHE 3HAUNMOCTHU
Q OCHOBHas runote3a Ho: |t = [lo POTUB anbTepHATUBHOM rumnote3bl Hi: u < Uo.
1) IlpuBeauTe HEOOXOAMMYIO CTATUCTHKY KPUTEPUS W KPUTHUICCKOEC MHOYKECTBO
s poBepku Ho mpotuB Hi. 2) IlpuBenute (¢ A0Ka3aTeIbCTBOM) OCHOBHBIC
cBoiictBa kputepus. 3) IlpuBenute (c BBIBOJOM) BbIpakeHHE JUisl P-3HaueHUs
kputepus. 4) IlpuBenure (¢ BBIBOAOM W HEOOXOJMMBIMHU IIOSCHCHUSMH B
0003HAYEHHUAX) BBIPAKEHUS JJIsi BEPOATHOCTH OLIMOKKA BTOPOrO poja [
MmormHocTu kputepus W. 5) SIBnseTcss nu KpuUTepuid: a) COCTOSTENbHBIM; O)
HecMenieHHbIM? OTBET 000CHOBATb.

[To BeIOOpPKE X1, X2, ..., Xn OOBEMa N W3 HOPMAJIHHOTO 3aKOHA PACIPENCTICHUS
N(u; 02), xorna o2 = Var(X) — u3BecTHa, MpoBEPsIeTCS HA YPOBHE 3HAUMMOCTHU
a OCHOBHas runote3a Ho: 4t = o IPOTUB AIbTEPHATUBHOW TUIOTE3BI H1: L # Lo.
1) IlpuBeauTe HEOOXOAMMYIO CTATUCTHKY KPUTEPHS U KPUTHUECKOE MHOXKECTBO
s poBepku Ho mpotuB Hi. 2) IlpuBenute (C 10Ka3aTeIbCTBOM) OCHOBHBIC
cBorictBa kputepusi. 3) [lpuBeaute (¢ BBIBOAOM) BbIpaxeHue Mg P-3HaueHUs
kputepus. 4) IlpuBenute (¢ BBIBOAOM U HEOOXOJIUMBIMH TMOSCHEHUSMH B
0003HAYEHHUAX) BBIPAXKEHUS [JIi BEPOATHOCTH OLIMOKM BTOPOTO poaa [ u
MomHocTH Kputepus W. 5) SIBnsiercs nu KpuTepuii: a) COCTOSITEIBHBIM; O)

HecMmeneHHbIM? OTBET 000CHOBATH.
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45.

46.

47.

[To BeIOOpKE X1, X2, ..., Xn00bEMa N U3 HOPMANBHOTO 3aKOHA paclpeneieHus
N(u; 02), xorna 02 = Var(X) — Heu3BeCcTHa, TPOBEPSICTCSI HA YPOBHE 3HAYMMOCTH
« OCHOBHas rumnore3a Ho: f = [lo IpOTUB AIBTEPHATUBHON THIIOTE3BI

Hi: g > po. 1) llpuBenure HEOOXOAUMYIO CTATUCTUKY KPUTEPUS U KPUTUUECKOE
MHOXeCTBO sl mpoBepku Ho mpotuB Hi. 2) IlpuBenure (C 10Ka3aTeIbCTBOM)
OCHOBHBbIE cBOMcTBa kputepus. 3) IlpuBenure (¢ BBIBOJAOM) BbIpaxeHue s P-
3HaueHus kputepus. 4) [IpuBeaute (¢ BHIBOJOM U HEOOXOAUMBIMU MOSICHEHUSIMHU
B 0003HAYEHMSIX) BBIPAXEHUs AJs1 BEPOATHOCTH OUIMOKM BTOpPOro pojaa [ H
MomHocth Kputepuss W. 5) SBasercs num KpUTepHid: a) COCTOSTENbHBIM; O)
HecMeleHHbIM? OTBEeT 000CHOBATH.

[To BbIOOpKE X1, X2, ..., Xn 00BEMAa N U3 HOPMAJILHOIO 3aKOHA pacHpeeICHUs
N(u; 02), xorna 02 = Var(X) — Heu3BecTHa, TPOBEPSIETCSI HA YPOBHE 3HAYMMOCTHU
« OCHOBHas rumnote3a Ho: 4t = plo IpOTUB aIbTEPHATUBHOW THIIOTE3bI

Hi: pu < po. 1) IIpuBennre HEOOXOAUMYIO CTATUCTUKY KPUTEPHUS U KPUTUUECKOE
MHOXECTBO 11l ipoBepku Ho mipotuB Hi. 2) IlpuBeaute (¢ A0Ka3aTeabCTBOM)
OCHOBHBIE CBOWCTBa kpurepus. 3) IlpuBenure (¢ BBIBOJAOM) BBIpaxeHue s P-
3HaueHus kputepus. 4) [lpuBeaute (¢ BHIBOAOM U HEOOXOAUMBIMU MOSICHEHUSAMHU
B 0003HAYECHMX) BBIPAXECHHs A1 BEPOATHOCTH OMIMOKH BTOpPOTOo pona [
mormHocTu kputepus W. 5) SIBnsercs nu KpuTepuid: a) COCTOSTENbHBIM; O)
HecMmeleHHbIM? OTBEeT 000CHOBATb.

[To BeIOOpKE X1,X2,...,Xn 00BEMAa N U3 HOPMAILHOTO 3aKOHA pPACHpEEICHUS
N(u; 02), xorga 0% = Var(X) — Heu3BecTHa, IPOBEPsIETCS HA YPOBHE 3HAUUMOCTHU
« OCHOBHas rurnore3a Ho: f = plo IPOTUB AIbTEPHATUBHON TMITOTE3bI

Hi: p # wo. 1) llpuBenure HEOOXOAUMYIO CTATUCTUKY KPUTEPHS U KPUTUUECKOE
MHOK€eCTBO iJisi ipoBepku Ho mpotuB Hi. 2) IlpuBeaute (C 10Ka3aTeIbCTBOM)
OCHOBHBbIE cBOcTBa kputepus. 3) IlpuBenure (c BbIBOJAOM) BbIpaxeHue s P-
3HaueHus kputepusd. 4) [IpuBenure (¢ BEIBOJAOM U HEOOXOAUMBIMU MOSICHEHUSIMU

B 0003HAYEHUSIX) BBIPAXKEHHUS Al BEPOATHOCTH OIMIMOKM BTOPOro poja ff u
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50.

48.

49.

MOIIHOCTH Kputepusi W. 5) SIBnsieTcss IM KpUTEpUN: a) COCTOSITENBHBIM; O)
HecMmenieHHeIM? OTBET 000CHOBATE.

[To BeIOOpKE X1, X2, ..., Xn 00BEMA M W3 HOPMAJIBLHOTO 3aKOHA paCTpeieIICHUS
N(u; 02), xornma 4 = E(X) — u3BecTHO, IPOBEpsAETCS HA YPOBHE 3HAUUMOCTH &
OCHOBHas TUNoTe3a Ho: ¢ = 0o NPOTUB aJIbTEPHATUBHOM rurore3sl Hi: 0 > do. 1)
[IpuBenuTe HEOOXOAUMYIO CTATUCTUKY KPUTEPHUS U KPUTHUECKOE MHOMXKECTBO IS
npoBepku Ho ipotuB Hi. 2) [IpuBenure (¢ 10Ka3aTeIbCTBOM) OCHOBHBIE CBOWCTBA
kputepus. 3) [IpuBenure (¢ BHIBOJIOM) BhIpakeHUE 1Jisi P-3HaueHus: kpurepus. 4)
[IpuBenute (C BBIBOAOM U HEOOXOAUMBIMU TOSICHEHUSIMU B OOO3HAUCHMSIX)
BBIPKCHHUS JIsI BEPOSITHOCTH OIMMOKHA BTOPOTO poja f ¥ MOIITHOCTH KpuTepust W.
5) SBnsercss nM KpUTEpPUM: a) COCTOSATENbHBIM; O) HecMmelmeHHbIM? OTBET
000CHOBATb.

[To BbIOOpKE X1, X2, ..., Xn 00BEMA N U3 HOPMAJILHOI'O 3aKOHA pacHpeCICHUs
N(u; 02), xornma u = E(X) — uzBecTHO, MPOBEPSETCS HA YPOBHE 3HAUUMOCTH &
OCHOBHasi runoTe3a Ho: ¢ = 0o NPOTUB alIbTEPHATUBHOM rumote3bl Hi: 0 < do. 1)
[TpuBeanTe HEOOXOIUMYIO CTATUCTUKY KPUTEPUS U KPUTUIECKOE MHOKECTBO JJIsI
npoBepku Ho npotus H1. 2) IlpuBeaute (¢ 10Ka3aTeI5CTBOM) OCHOBHBIE CBOMCTBA
kputepus. 3) IlpuBeauTte (c BEIBOJAOM) BbIpakeHHe Mg P-3HaueHust kpurepus. 4)
[IpuBenute (C BBIBOAOM U HEOOXOAUMBIMU TOSICHEHUSIMH B O0O3HAUYCHMSIX)
BBIPKEHUS J1JI BEPOSITHOCTH OIIMOKH BTOPOTO poja S U MOITHOCTU KpuTepust W.
5) SBnsercs nM KpUTEpUH: a) COCTOSATEIbHBIM; O) HecMmemeHHbIM? OTBET
00OCHOBATb.

ITo BwIOOpKE X1, X2, ..., Xn 00BEMaA M W3 HOPMAJIBHOTO 3aKOHA PACIPEIACICHUS
N(u; 02), korma p = [E(X) — u3BecTHO, IpOBEPSIETCS HA YPOBHE 3HAYUMOCTH X
OCHOBHas runote3a Ho: ¢ = 0o IPOTUB abTepPHATUBHOM runote3sl Hi: o # 0o. 1)
[TpuBeanTe HEOOXOAMMYIO CTATUCTUKY KPUTEPHUS U KPUTUUECKOE MHOXKECTBO JIJIsI
npoBepku Ho npotus Hi1. 2) [IpuBeaure (¢ J0Ka3aTeICTBOM) OCHOBHEIC CBOMCTBA
kputepus. 3) [IpuBeaute (¢ BEIBOOM) BhIpaKeHUE i1 P-3HaueHUS KpUTepus. 4)
[IpuBenuTe (C BBIBOJAOM U HEOOXOJAMMBIMHU TOSICHEHUSMU B O0O3HAYCHUSIX)

BBIPKEHUSI 17151 BEPOSITHOCTH OLIMOKHU BTOPOTO poJia S M MOIIIHOCTH Kputepus W.
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53.

ol.

52.

5) SBmsieTcst M KpUTEpPHUi: a) COCTOSATENBbHBIM;, 0) HecMmemeHHbIM? OTBET
00OCHOBATb.

[To BeIOOpKE X1, X2, ..., Xn 00BEMA N W3 HOPMAJIBLHOTO 3aKOHA pacHpeeIICHUS
N(u; 0%), korna u = [E(X) — Hem3BecTHO, IPOBEPSIETCS HA YPOBHE 3HAYMMOCTHU &
OCHOBHasi TunoTe3a Ho: 0 = 0o NPOTUB allbTePHATHUBHOM rumote3sl Hi: 0 > do. 1)
[IpuBenuTe HEOOXOAUMYIO CTATUCTUKY KPUTEPHUS U KPUTHUECKOE MHOMXKECTBO IS
npoBepku Ho npotuB H1. 2) [IpuBeaure (¢ 10Ka3aTeIbCTBOM) OCHOBHBIC CBOMCTBA
kputepus. 3) [IpuBenure (C BBIBOJOM) BbhIpaxKeHUe i P-3HaueHUs] KpUTepus. 4)
[IpuBenute (C BBIBOAOM U HEOOXOAUMBIMU TOSICHEHUSIMU B OOO3HAUCHMSIX)
BBIPKCHHUS JJISI BEPOSITHOCTH OITMOKHA BTOPOTO poja f 1 MOIITHOCTH KpuTtepust W,
5) SBnsercs UM KpUTEpUI: a) COCTOATCNBHBIM; 0) HecMerieHHbIM? OTBeT
00OCHOBATb.

[To BbIOOpKE X1, X2, ..., Xn 00BEMAa N U3 HOPMAJILHOIO 3aKOHA pacHpeCICHUs

N(u; 02), xorma u = E(X) — Hen3BecTHO, TPOBEPSETCS HA YPOBHE 3HAYMMOCTH
OCHOBHas TUnoTe3a Ho: ¢ = 0o NPOTUB aJIbTePHATUBHOM rumnore3sl Hi: 0 < do. 1)
[IpuBenuTe HEOOXOAUMYIO CTATUCTUKY KPUTEPHUS U KPUTUUECKOE MHOKECTBO JIS
npoBepku Ho npotus H1. 2) [IpuBeaute (¢ 10Ka3aTeI5CTBOM) OCHOBHBIE CBOMCTBA
kputepus. 3) IlpuBeaute (c BEIBOJAOM) BbhIpakeHHe Mg P-3HaueHust kpurepus. 4)
[IpuBenute (C BBIBOJOM M HEOOXOAUMBIMHM TMOSICHEHUSIMU B OO0O3HAUYECHMSIX)
BBIPKEHUS 1JI1 BEPOSITHOCTH OIIMOKU BTOPOTO poja f U MOITHOCTU KpuTepust W.
5) SlBmsiercst M KPUTEPHUil: a) COCTOSATENBHBIM; 0) HecMmemeHHBIM? OTBeET
000CHOBATb.

ITo BwIOOpKE X1, X2, ..., Xn 00BEMaA M W3 HOPMAJIBHOTO 3aKOHA PACIPEIACICHUS

N(u; 02), xorma u = [E(X) — HeusBecTHO, IPOBEPACTCS HA YPOBHE 3HAUNMOCTH (O
OCHOBHas runote3a Ho: ¢ = 0o IPOTUB ajbTepPHATUBHOM runoTe3sl Hi: o # 0o. 1)
[TpuBeauTe HEOOXOIUMYIO CTATUCTUKY KPUTEPHSI U KPUTHICCKOE MHOYKECTBO JIJIS

npoBepku Ho nmpotus Hi1. 2) [IpuBeaure (¢ J0Ka3aTeICTBOM) OCHOBHEIC CBOMCTBA
kputepus. 3) IIpuBeaute (¢ BEIBOIOM) BBIpaKeHUE 151 P-3HaueHus Kputepus. 4)

[IpuBenute (C BBIBOJAOM U HEOOXOJAMMBIMHU TOSICHEHUSIMU B O0O3HAYEHUSIX)

BBIPAKEHUSI 17151 BEPOSITHOCTH OLIMOKHU BTOPOTO poJia S M MOIIIHOCTHU Kputepusi W.
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56.

94,

55.

5) SBnsiercss MM KPUTEPHIA: a) COCTOSATENLHBIM; 0) HecMemeHHbIM? OTBET
00OCHOBATb.
ITo nBym He3aBHCHUMBIM BbIOOpKaM X1,X2,...,Xn 00beMa n u3 N(ux; %) u
Y1,Y2, ...,Ymo0bema m uz N(uy; 02), xorma o2 = Var(X) u 2 =Var(Y) —
Y X Y
M3BECTHBI, MPOBEPSIETCSI HA YPOBHE 3HAYMMOCTH @ OCHOBHasi runote3a Ho: pux =
Uy TIPOTHUB alIbTEPHATUBHOM rumnote3sl Hi: pux > py. 1) IlpuBeaure HeoOXxo1umyto
CTaTUCTUKY KPUTEPHUSI U KPUTHIECKOE MHOKECTBO ISl IpoBepku Ho mpotuB Hi.
2) IIpuBeauTe (¢ T0Ka3aTEILCTBOM) OCHOBHBIC CBOMCTBA KpuTepus. 3) [Ipuseaure
(c BBIBOJIOM) BBIpaKeHHE 111 P-3HaucHus kputepus. 4) [IpuBenure (¢ BIBOJOM U
HEOOXOAMMBIMH TIOSCHCHHSIMU B O0O03HAYCHUSIX) BBIPAKEHHUS ISl BEPOSITHOCTH
omuOKH BTOPOro pona S u MourHocTH Kputepust W. 5) SBisiercs u kputepuid: a)
COCTOATENBHBIM; 0) HecMeleHHBIM? OTBET 000CHOBATh.
IIo nBymM He3aBUCHMBIM BbIOOpKaM X1,X2,..,Xn oObeMa n u3 N(ux; 0?) u
Y1,Y2, ...,Ymo0bema m uz N(uy;0?), xorma o2 = Var(X) u 2 =Var(Y) —
Y X Y

M3BECTHBI, MPOBEPSIETCS HA YPOBHE 3HAYMMOCTH @ OCHOBHas rumnore3a Ho: pux =
Uy TIPOTUB alIbTEPHATUBHOM TUnoTe3bl Hi: pxy # py. 1) llpuBenure HeoOX0oAMMYIO
CTaTUCTUKY KPUTEPHUS U KPUTHUECKOE MHOXKECTBO JIsl TpoBepku Ho mpoTuB Hi.
2) [puBenute (C MOKa3aTEILCTBOM) OCHOBHBIC CBoOcTBa Kputepus. 3) [IpuBenute
(c BEIBOJIOM) BBIpaKeHUE 1Jisi P-3HaueHus kputepus. 4) [IpuBenure (C BBIBOIOM U
HEOOXOAMMBIMH TIOSCHCHHSIMU B 00O03HAYCHUSIX) BBIPAKCHUS ISl BEPOSITHOCTH
omurOKK BTOPOro poja S u MoutHocT kKputepust W. 5) SIBisiercs u kputepuid: a)
COCTOSITEILHBIM; 0) HecMeleHHbIM? OTBET 000CHOBATb.

Ilo nBym He3aBuUCHMBIM BblOOpKaM Xi,X2,..,Xn o0bema n u3z N(ux;a?) u

Y1,Y2, ...,Ym o0bema m us N(uy; %) C HEM3BECTHBIMH, HO PABHBIMU AUCIIEPCUSMHU

02 = 0? = 02, TpPOBEPAETCS HA YypPOBHE 3HAYMMOCTH « OCHOBHAs THUIOTE3a
X Y

Ho: pux = py mpoTHWB ajbTepHATUBHOM rumote3sl Hi: pux > uy. 1) lpusegure
HEOOXOJUMYIO CTATUCTUKY KPUTEPHUS U KPUTUUECKOE MHOXKECTBO JIJIsI TIPOBEPKHU
Ho npotuB H1. 2) [IpuBenuTe (¢ JOKa3aTSIILCTBOM) OCHOBHBIE CBOMCTBA KPUTEPHSI.

3) [IpuBenuTe (¢ BHIBOIOM) BhIpaXKeHHE it P-3Hauenus kputepus. 4) [lpusenure

55



57.

59.

58.

(C BBIBOJIOM U HEOOXOIUMBIMH TIOSICHEHUSIMA B O003HAUYCHUSX) BBIPAKEHUS JIJIS
BEPOSTHOCTH OIIMOKK BTOPOTO pojia § ¥ MOIIHOCTH Kputepus W. 5) SIBnsercs nu
KPUTEPUI: a) COCTOATEIbHBIM; 0) HecMerieHHbIM? OTBET 000CHOBATb.

Ilo nByM He3aBUCHMBIM BblOOpKaM Xi,X2,..,Xn o0bemMa n u3z N(ux; ) u

Y1,Y2,...,Ymo0bema m u3 N(uy; %) C HEH3BECTHBIMU, HO PABHBIMU AUCTIEPCUSMU

02 = g% = g2, OpoBepsIeTCSs HAa YPOBHE 3HAUYUMOCTH ( OCHOBHAsl THUIIOTE3a
X Y

Ho: pux = uy mpoTuB albTepHATUBHOM runore3sl Hi: pux # py. 1) [lpuBenure
HEOOXOIUMYIO CTATUCTUKY KPUTEPUS U KPUTHUECKOE MHOMXKECTBO JIJISl TIPOBEPKHU
Ho nipotuB H1. 2) IlpuBeaute (¢ 10Ka3aTeIbcTBOM) OCHOBHBIC CBOMCTBA KPUTEPHSI.
3) IIpuBenute (¢ BHIBOIOM) BeIpaskeHUe i P-3HaueHus kpurepus. 4) [IpuBenute
(C BBIBOJIOM U HEOOXOAUMBIMU MOSICHEHUSMHU B 0003HAUCHUSX) BBIPKCHUS IS
BEPOSTHOCTH OIIMOKH BTOPOTO pojia S 1 MOIIHOCTH Kputepus W. 5) SIBnsercs iau
KPUTEPHIL: a) COCTOSITENIbHBIM; 0) HecMeleHHbIM? OTBET 000CHOBATb.
[lo nBymM He3aBUCHMBIM BblOOpKaM Xi,X2,...,Xn 00beMa n u3 N(ux; 0%) u
Yy, Y2, ... , Ym obvema m u3 N(uy;y 02) C HEU3BECTHBIMHU U HE PaBHBIMHU
JUCIIEPCUSIMU, TPOBEPSIETCS HAa YPOBHE 3HAYMMOCTH « OCHOBHAsi THUIOTE3a
Ho: ux = py npoTHUB anbTepHATUBHOU TUNIOTE3bI H1: Ux # uy (mpobiema bepenca-
dumiepa). 1) [IpuBeanTe CTAaTHCTUKY KPUTEPHUS YdI1da U KPUTHUECKOE MHOYKECTBO
st poBepku Ho mpotuB Hi. 2) IlpuBenutre OoCHOBHOE CBOMCTBO CTATUCTUKH
kputepus. 3) [IpuBeaure (C BBIBOJOM) BbIpaXXKeHHE 17151 P-3HaueHus

kputepus. 4) IlpuBenure (¢ BBHIBOAOM M HEOOXOIMMBIMU TMOSICHEHUSMHU B
0003HAYEHHUAX) BBIPAXKEHUS [JIi BEPOATHOCTH OLIMOKM BTOpOTO poaa [ U
MoIHOCTH Kputepus W. 5) SIBnsiercs au kpuTepuit Yaida: a) COCTOSTEIbHBIM; 0)
HecMeneHHbIM? OTBET 000CHOBATH.

ITo nBym He3aBHCUMBIM BblOOpKaM X1,X2,..,Xn obbema n us N(ux;a?) un

Y1,Y2,...,Ym o0bema m u3 N(uy; g?) npoBepsieTcsi Ha ypOBHE 3HAUUMOCTH «

OCHOBHas runote3a Ho: 02 = 02 npoTUB aJIbTEpHATUBHOW rUnoTe3sl H1: 02 > 02
X Y b'¢ Y

1) [IpuBenuTe HEOOXOAUMYIO CTATUCTUKY KPUTEPUS U KPUTHUUECKOE MHOMXKECTBO

s npoBepku Ho ipotuB Hi. 2) IlpuBenute (C 10Ka3aTeIbCTBOM) OCHOBHBIC
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60.

61.

62.

cBorictBa kputepus. 3) [lpuBeaute (¢ BBIBOAOM) BbIpaxeHUe Mg P-3HaueHUs
kputepus. 4) IlpuBeaure (C BBIBOAOM U HEOOXOIUMBIMM IOSICHEHUSIMH B
0003HAUYEHHUAX) BBIPAXKEHUS JUIsI BEPOATHOCTH OIIMOKHM BTOPOro pojna [ H
MomHocTh Kputepus W. 5) SBasercs num KpuTepuid: a) COCTOSTENbHBIM; O)
HecMeleHHbIM? OTBET 000CHOBATH.

[Io nByM He3aBUCHMBIM BblOOpKaM X1, X2, ..,Xn o0beMa n u3 N(ux;g?) u

Y1,Y2, ...,Ym oObema m u3 N(uy; g?) NpoBepsercs Ha ypOBHE 3HAUUMOCTH «

OCHOBHas runote3a Ho: 02 = 02 npoTHB albTEPHATUBHOW TUIIOTE3bI H1: 02 # 02
b'¢ Y X Y

1) IlpuBenuTe HEOOXOOUMYIO CTATUCTUKY KPHUTEPUS U KPUTHICCKOE MHOKECTBO
st ipoBepku Ho mpotuB Hi. 2) IlpuBenurte (¢ a0Ka3aTeIbCTBOM) OCHOBHBIC
cBoiictBa kputepus. 3) IlpuBenure (c BBIBOJIOM) BbIpaXeHHE Mg P-3HaueHus
kputepusi. 4) IlpuBenure (C BBHIBOJOM M HEOOXOJIMMBIMU TMOSICHEHUSIMH B
0003HAYEHUAX) BBIPAXKEHUS 11 BEPOATHOCTH OIIMOKKM BTOPOTO poaa [ u
MomHocTh Kputepus W. 5) SIBasercs nu KpUTepuid: a) COCTOSITENBHBIM; O)
HecMeleHHbIM? OTBEeT 000CHOBATH.

Ilo nByM He3aBUCHMBIM BbIOOpKaM X1,X2,..,Xn o0bema n u3z N(ux;a?) u

Y1,Y2 ...,Ym o0bema m u3 N(uy; g?) C HEM3BECTHBIMH, HO PABHBIMH IUCHIEPCUSIMU

0% = g% = 02, OpOBEpSIETCS HAa YPOBHE 3HAUYUMOCTH ( OCHOBHAsl THUIIOTE3a
X Y

Ho: pux = py OpoTUB albTE€pHATUBHOM rumote3bl Hi: pux # py. 1) IlpuBenure
HEOO0XO0IMMYI0 cTaTUCTUKY [F — KpuTepus 0aHO(AKTOPHOTO IAUCIEPCHOHHOTO
aHajM3a U KPUTHYECKOE MHOKECTBO JiJisl ipoBepku Ho nmpotus Hi. 2) [IpuBenure
(C BBIBOJIOM W HEOOXOJUMBIMH TOSICHEHHSIMU B 00O3HA4YeHUSIX) 0OOCHOBaHHUE
paBEHCTBa MPOILEHTHBIX TOUEK fq«(1;n + m — 2) pacnpenenenus duriepa u

t2(n + m — 2) pacnpenenenus CTbioneHTa ¢ N + M — 2 cBOOOIBL.
2

Kakue BbIOOpKM Ha3bIBalOTCS OAHOPOAHBIMHU? ChopMynHpyHTe KpUTEpUd )2—
[lupcona mo mpoBepke C 3aJaHHBIM YPOBHEM 3HAYUMOCTH & THUIOTE3bl 00
OJIHOPOJTHOCTH HECKOJIKMX BbIOOpOK. IIpuBenuTe (¢ BBIBOJIOM U HEOOXOIUMBIMU
HOSICHEHUSIMU B 0003HAUEHUSIX) CTATUCTUKY KpuTepus y?— [lupcona ansnposepku

OJTHOPOJHOCTH JIBYX BBIOOPOK.
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64.

63.

65.

66.

67.

68.

69.

Cdhopmynupyiite kputepuii HezaBucUMOCTH x2?— Ilupcona. IlpuBemute (c
BBIBOJJOM M HEOOXOAMMBIMU TOSICHEHUSAMHU B OOO3HAUEHUSX) SIBHBIA BHJ
CTaTUCTUKH KPUTEPUS B CIIydae, KOoraa Tabiauia COnpsbkeHHOCTU ABYX MPU3HAKOB

X n Y nMmeet Bug

Y=y1 | Y=y

X =x1 a

QL ™

X = x2 c

ITycts X1, X2, ...,X6 — BBIOOpKA M3 PAaBHOMEPHOIO pPAacCHpEEICHUs] Ha OTPE3Ke

[5;8], Kx) — coorBeTcTByOIas BHIOOPOUHAS (DYHKIMS PpacHpe/ieeHus.

Haifmre: a) Beposttrocts P (6) = K 8)): 6) BeposiTHOCTS P(K7) = 12)

Nwmeetcst BoiOOpka X1, X2, ... , Xn o0beMa n U3 reHepalibHOW COBOKYIHOCTH C
dbynkuuenr  pacnpenenenuss  F(x). Hailimute dyHKUMM — pacnpenencHus
3KCTPEMAIIBHBIX CTATUCTUK X (1) U X (n).

[lyctb X u Y — 1Be He3aBUCHUMBIC HECMEIIICHHBIE OIIEHKHM MapameTpa 6 c
AUCTiepcusiMu 02 U 402 COOTBETCTBEHHO. a) SIBnsieTcss U X2 HecMeIlleHHON
orieHKoi mapamerpa 62?7 0) SABnsierca mu Z = X - Y HECMEIIEHHOW OIIEHKOM
napametpa 62?

Iycts #= T'(X4, ..., X») ouenka mapametpa 6, a b= (E[6] — 6) — cmemenue.
JlokazaTthb bopmyry A=Var(6) +b2, rme A = E[(6- 6)?] —
CpeIHEeKBaJpaTUyHas OMIKOKa OLIEHKH.

[Tyctb X1, X2 — BEIOOpKa 00BEMa 2 U3 HEKOTOPOTO PACTIPEEIICHHS C TeHEPATIbHBIM

cpenaum 0 = [E(X) u nucniepcueit 02 = Var(X). B xauecTBe omieHKH apameTpa
2
. 3BecTHO OTHOWIEHUWE 2 = _

0 ucnonb3yercsi OlleHKa BUJa 0= aX1 +2aX: o

Haiigute omieHKy ¢ HaMMEHbBIIEH CpeTHEKBaAPATUIECKON OMUMOKON. SBNseTcs u
3Ta OLEHKA HECMEILEHHOM?

[Tyctb X1, X2, X3 — BeIOOpKa U3 TEHEPANBHOTO paclpeieTICHHs ¢ MAaTEMaTHUYECKUM

OXKHUJIaHUEM U ¥ aucriepcueit 8 = o2, PaccMoTpuM JIBE OlieHKH mapaMerpa 6. a)
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70.

1.

72.

13.

§=caXi — X2)?2, 6) §=cf[(X1— X2)2+ (X1 — X3)2+ (X2 — X3)?].
HaiiiTe 3HAYCHHS C1 ¥ C2 TAKHE, YTO OLCHKH § 1 @ SBISIOTCS HECMEIICHHBIMH

OIOCHKaMM IlapaMCTpa JUCIICPCUU o2

X 42X +3X +4X a) Ilokaxure, uyto 00€
— 1 2 3 4 9

)

lé[yCTB 1, X2, X3, X4 — Bo10OpKa u3 N (@(,1@'%92_BQQQMPTPHM )I[BC OLICHKH TTapameTpa

1 10 2 10
OLICHKH SIBJIAIOTCSI HECMEIICHHBIMU 7151 TapameTpa 6; 0) Kakas u3 3TuxX o1eHok
SBIISIETCS OTNITUMAJILHON?
[Tycts X1, X2, ..., Xn — BBIOOpKA U3 T'€HEPANBHOTO pacHpe/iesieHusl U MycTh 6 =
E(X), 02 = Var(X) — matemaTtuyeckoe OxuaaHue U aucrepcus. PaccMoTpum
CJIeIyIOIMe OLICHKU apameTpa 6:

9:X1+X2 5 =X1+Xn+X2+"'+Xn—1 0 = X.

1 2 2 4 2(n —2) 3

a) byayt nu 3TH olleHKH HecMelleHHbIMU A1 napamerpa 67 0) Kakas u3 Hux
ABIISIETCSL COCTOSITENIBHOM [J1s TapameTpa 67

[Tycts X1, X2, ... , Xn — BBIOOpKA U3 paBHOMEepHOTO pactpeaenenus U([0; 0]) c
Heu3BeCTHBIM napameTpoMm O > (. Tpebyetcs onenuts napametp 6. B xauectse

OIIEHKa nmapameTpa 6 paccMaTpUBaIOTCS:

1 2 n n)

a) byayT nm OIleHKHM HECMEIIEHHBIMU?; 0) COCTOATENbHBIMU? B) HAWIUTE Cpeau
HUX ONTUMAJILHYIO.
[Tycts X1, X2, ... , Xn — BbIOOpKa U3 paBHOMepHOTO pacnpenenenus U([0; 6]) c
HEW3BeCTHBIM TapameTpoM 8 > 0. TpeOyercs oneHuth napametp 6. B kauectse
OIICHKA TapameTpa 6 paccMaTpPUBAIOTCS:

4 = 2X, 8 =mn+ DX
a) bynyt nu onienku HecMmeteHHbIMU?; 6) CoctosarenbHbiMU? B) HaliTu cpenn Hux

ONTUMAIBHYIO.
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74, Tlyctb X — ciydaiiHasi BEIMYMHA, KOTOPasi UMEET PABHOMEPHOE pacIpeiesieHue Ha

otpeske [0, 8]. PaccMoTpuM BBIGOPKY 00beMa 3 | Kiacc OLEHOK Buaa O= ¢ - X
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HEM3BeCTHOro mapamerpa 6. HaiimuTe Takoe ¢, 49TOGBI: a) oleHKa 6 —
HeCMeIeHHas; 0) oneHka - 3 (dexTHBHAs B paccMaTpUBAEMOM KiIacce.

75. Ilycte X1, X2, ... , Xn — BblOOpKa 0OBEMa 7T U3 PABHOMEPHOIO 3aKOHA
pacnpeneneHus Ha otpeske [—0; 0], rae 6 — Hem3BeCcTHBIN apameTp. B kauecTBe
OLICHKH IapameTpa 62 paCCMOTgl/IM CTaTUCTUKY

b= (X2 + X2 + -+ X?).
n 1 2 n

SBnsercs nm cTatMcTHKA 0 HecMemleHHOH omeHKol mapamerpa 62? Otser
000CHOBATb.
76. Ilycte Yi = fxr + €k, k=1, ...n,T0€ Xk — HEKOTOPHIC KOHCTAHTEHI, & Ek —

HC3aBUCHUMBIC OIHWMHAKOBO PaCIIPCACICHHBIC CHY‘I&fIHBIC BCIIMYHUHBI, &k ~

n

-1 Yk o o
N(0; 02). SBmsercs 1M OIIEHKA B= % HECMEILIEHHON OLIEHKOH

=1 "t

napametpa 5?7 OTBeT 000CHOBATH.

77. llycte Yi=fxk+ &, k=1,..n, ae Xx— HEKOTOpbIE KOHCTAHTHI, & Ek —

HE3aBUCUMBIC OJIMHAKOBO pacHpeeiICHHBIC CIIyJailHble BEIUYUHBI, & ~
1
N(0; 02). SBnsercs nu omenka  B= )" Y} HECMEIIICHHON OIICHKOMU

k=1 ()

n Xk

napametpa 3?7 OTBeT 000CHOBATH.
78. B Tabmuiie mpeacTaBieHBI JaHHBIC IO YUCITY CHEJOK Ha (OHIOBON OWpKe 3a
kBapTan 1 400 uHBECTOPOB:

xi 0 1 2 3 4 5 6 7 8 9 10
ng 146 97 73 34 23 10 6 3 3 3 2

B mpennonoxeHuu, 4TO CIy4aiiHOE YHUCIIO CICIIOK OMUCHIBACTCS paclpeieiCHUEM

[Tyaccona, onienuTe mapamerp A MeToA0M MOMEHTOB. OIpeie/iuTe BEPOSATHOCTH TOTO,

YTO YKCIIO CICJIOK 3a KBapTan OyJeT He MEHEee TPeX, MIPUMEHSISI: a) METOJ MOMEHTOB,;

0) HEMOCPEICTBEHHO 110 TabJIHIIE.

79. IlycTtp cmyuaiiHas BenmuuuHa X paBHOMEPHO pacmpezeneHa Ha otpeske [0; 40].
Haiinute MeTO0M MOMEHTOB OLICHKY JUIsl TTapameTpa 6. SBiseTcs u oneHka a)

HECMEIICHHOI; 0) cocTosTenbHOU? OTBET 000CHOBATD.
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80.

81.

[Tycth ciyvaitHas BenmuunHa X paBHOMEPHO pacripezeseHa Ha otpeske [0; 40].
Haiinute MeTO/I0M MOMEHTOB OIIEHKY JJisl TapameTpa 6. SIBnsiercst U OlleHKa a)
HECMeEIIeHHOH; ©) cocrosTenbHON? OTBeT 0060cHOBaTh.IlycTh citydaiiHas
BenmunHa X paBHOMEPHO pacmpeseieHa Ha oTpeske [a; b]. Haiitu meromom
MOMEHTOB OILICHKH JISI TApaMEeTPOB a U b.

CnyygaitHas BenmmuuHa X (CPOK CIY)KOBI H3IETHs) HMMEET TOKa3aTelIbHOE
pacmpezenenue ¢ mapamerpom A > 0. B tabnuiie npuBeneHbI CrPYIITUPOBAHHBIC

JAHHBIE 110 CpOKaM cIIy>KObI (B yacax) ans n = 200 uznenuid:

Xi 2,5 7,5 12,5 17,5 22,5 27,5

n; 133 45 13 6 2 1

HalimuTe MeTogOoM MOMEHTOB TOUYCUYHYIO OIIEHKY HEHM3BECTHOTO mapaMmerpa A

IIOKa3aTCJIIbHOI'O paclpCaAciICHUs. OneHute BpPCMs1, KOTOPOC MU3ACINC IIPOCIYKHT C

BEPOATHOCTHIO 86%.

82.

83.

84.

85.

M3BecTHO, 4TO AOJs BO3BPATOB MO KpeAUTaM B OaHKE HMMEET pacIpeleieHue
F(x) = xf, 0 < x < 1. HaGmronenus moka3ajy, 9TO B CPETHEM OHA COCTABIISET
78%. MeTomoM MOMEHTOB OIIEHUTE mapamMeTp [f U BEPOATHOCTHh TOTO, YTO OHA
OMYCTHUThCS HIKE 67%.

[lycte X1, X2,...,Xn — BBIOOpKA O0OBEMa n w3 pacmpeneneHus Ilyaccona c

napametpom A:  P(X =k) = e , k=0,1,2,.. Haiizure wMeTOoIOM
k!

MaKCUMAaJIbHOTO MPABIONOI00MS IO BBIOOPKE X1, X2, ... , Xn TOUCUHYIO OLICHKY
HEW3BECTHOTO mapameTrpa A pacnpenenenus [lyaccona.

Haiinure MeTOIOM MaKCHMAJIBHOTO TMPAaBAOIOA00MS MO BBEIOOPKE X1, X2, ..., Xn
TOUCYHYIO OIIEHKY A" HEM3BECTHOrOo mapaMerpa A TOKa3aTeIhbHOro 3aKOHA
pacnpezenenus, IOTHOCTh KoToporo f(x) = Ae=*, x> 0.

HatinuTe omieHku mapamMeTpoB a U b 1o MeTo1y MaKCUMAJIBHOTO MTPaBIOTIO00MS

s paBHOMepHoro pacnpenenenus U([a, b]).
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86.

87.

88.

89.

90.

[Tycts X1, X2, ..., Xn — BBIOOpKaA U3 AUCKpeTHOTO pactpeneneHus P(X = —1) =

1
0,P(X=1)=40,P(X =2)=20,P(X=0)=1-76,6 € (0;-)-  Haiingure
7

OIICHKY MapamMeTpa 6 1mo MeTOy MaKCUMAaJILHOTO TIPaBAONIOA00us. SABiseTcs Iu
MOJTy9YeHHAs OIICHKA: a) HECMEIICHHOM; 0) cocTosTenpHOU. OTBET 000CHOBATD.

[Tycte BBIOOpKAa COCTOMT W3 OJHOTO €IWHCTBEHHOTO HabmogeHus Xi ¢

1

TIOTHOCTBIO f (X) = ] (rurotHOCTH pactpeaenenus Komm). Onpenenure

w[1+(x—0)>2

B SIBHOM BUJE IPU Pa3HBIX 3HAYCHUAX C KPUTHUYECKOE MHOKECTBO KpPUTEpUs
Helimana-ITupcona nnst npoepku runotessl Ho: 8 = 0 MpOTHUB albTepHATUBHOM
runoressl Hi: 8 = 1. Haiinure B SBHOM BHJE KPUTHYECKOE MHOXECTBO U
BEPOSTHOCTH OIMIMOOK & U [§ B city4ae, korjna ¢ = 1.

HYCTI) BI)I60pKa COCTOUT H3 OAHOIO CIAHMHCTBCHHOI'O Ha6JII-OIIeHI/ISI X1 ¢

1

TIOTHOCTBIO f (X) = ] (rutotHOCTH pacnpenenenus Komm). Onpenenure

[1+(x—8)2

B SBHOM BHUJE NPU Pa3HBIX 3HAYCHUSX C KPUTHUUYECKOE MHOXKECTBO KPUTEPHUS
Heiimana-ITupcona quist mpoBepku rumnotessl Ho: 6 = 0 npoTUB albTEepHATUBHOU
runote3bl Hi: 6 = 1. Haliqute B SBHOM BHJI€ KPUTHYECKOE MHOXECTBO U

BEPOSITHOCTU OMMOOK ¢ U [ B CiTydae, Korja ¢ = 2.

2
B npennonoxennn, uro_f ¥~ y2(f), npusemure (¢ BHIBOJOM U HEOOXOIUMBIMU
o

w

MOSICHEHUSIMU B 0003HAYCHUSX ) (hOpMYITy JIJIsl YUCIa CTeTeHel cBoOoab! f BHIA:
1 1 ot o
- _[ —X + Y ]
fooow -1 m(m-1)
sz 52 o?  o?

3necy s2 =X +-Y — gecmelleHHas OLiCHKa napamerpa 02 =X + ¥,

w n m w n m
52 52 2
5 F+)
[Tyctes f"— omenka uwucia creneHeld cBoOoabl f  Buaa f/= 4 4
SX Sy

n4(n— 1)+mé(m— 1)

[Tokaxwure, yto min(n—1;,m—-1) < f’Xn+m—2.
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91. MuaBectop HabOMIOAAeT 3a KOJeOaHUSIMHU KOTHPOBOK akIui koMmmaHuii A u B B
teyeHue 100 ToproBbIX JHEH (IO 3aKpPBITHIO TOProB). B pe3ynpTaTe HaOIOACHUIA
[OJyyeHa CJeaylollas CTaTHCTHUKA: KOJMWYECTBO JHEH, Korja o0e KOTHUPOBKHU
naganu — 26;00e KOTUPOBKH POCTH — 25; KOTUPOBKUA A majiaiu, a KOTUpOBKU B
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IIPU 3TOM POCiH — 29; HA000POT, KOTUPOBKHU A pOCiH, a KOTUPOBKU B mamanu —
20. IIpn 1% -m ypOoBHE 3HAYUMOCTH IIPOBEPHTE TMIIOTE3Y O PABHOBEPOSITHOCTH
YKa3aHHBIX YEThIpEX KOMOMHALIMI MMaIEHAS U POCTA.

92. Tlaccaxxup, OPUXOIAMIMA B ClOy4yailHble MOMEHTHl BPEMEHH Ha aBTOOYCHYIO
OCTaHOBKY, B TEUCHHUE MATHU MOE37]0K GUKCUPOBAI BpeMs 0>kuIaHus aBToOyca: 5.1;
3.7; 1.2; 9.2; 4.8 wmuH. [IpoBepuTh TUIIOTE3y O TOM, UYTO BPEMS OXKHUJIAHUS
paBHOMEpHO pacnpeaeneHo Ha otpeske [0; 10] Ha ypoBHe 3Haunmoctu a = 0.05.

93. 13300 abuTypueHTOB, MOCTYINABIINX B UHCTUTYT, 97 4eI0BEK UMEJIH OIICHKY D"
[0 MaTeMaTuke B MIKoje W 48 mnomyuywin oneHky "5" Ha BCTYNHTEIbHBIX
AK3aMEHax o ToMy ke npenmery. KomnuecTBo aOuTypueHToB, uMeBIINX "5" 10
MaTeMaTHUKE B IIKOJIC U CAABIINX BCTYMUTEIbHBIN SK3aMEH 110 MaTEMaTHKe Ha D",
coctaBwiio 18 uenosek. C ypoBHeM 3Haunmoct @ = 0,1 mposepbre runoresy Ho
0 HE3aBUCHUMOCTH OLICHOK "5" B IIKOJIE M HA DK3aMEHaX.

94. TlocTymaromiyie B MHCTUTYT a0UTYypUEHTHI pa30uThI Ha J1Ba MoToka 1o 300 yenoBek
B KaXJ10M. VITOrM 3K3aMeHa 1o OJJHOMY U TOMY K€ MPEIMETY Ha KaXKIOM MOTOKE
OKazaluch creayromumu: Ha 1-om motoke Gamnst 2", "3", "4" u "5" nmomyuwmnu
cooTBeTCTBEHHO 33, 43, 80 u 144 yenoBeka; COOTBETCTBYIOIIUE K€ JAHHBIC JJIS
2-0ro 1oToka TakoBbl: 39, 35, 72 u 154. MoxHo nu nipu ypoBHe 3HaunMocTH 0.1
YTBEPK/IaTh, UTO 00a MOTOKA OJJHOPOTHBIMU?

95. CayuaitHast BbIOOpKa u3 395 denoBek Oblia pa3zieneHa o BO3pacTHOMY MPU3HAKY,
a TaKXke MO0 TOMY, NMEPEKIIYaroT JIK JIIOAU TEJIEBU3WOHHBIE KaHaJbl BO BpPEMs
npocMoTpa nepenadd. JlaHHbIE HMCCIEIOBAaHMs NPEICTABIECHBI B CIEIYHOLIEH

TabuIIe:

[lepexknatoyenue\Bospact "18 —24" "25—34" "35—-49" "50 — 64"
Ja 60 54 46 41

Het 40 44 53 57

Hcnonb3yst mpuBeieHHbIE JaHHbBIE, TPOBEphTe HA 5% -ypOBHE 3HAYMMOCTH THUIIOTE3Y
O TOM, 4YTO TMEPEKIOYECHUE KAHAJIOB M BO3PACT SBJISAKOTCS HE3aBUCMUMBIMU
npusHakamMu Haiinurte P-3Hau€HHE KPUTEPHUSL.

IIpumep dK3aMeHATMOHHOTO OHJIETA

IK3aMEHAIIMOHHBINA OnyieT Ne
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Bunet 1

1. (10) Tpuseanre dopmyms (¢ BEBOIOM) IOBEPHTETBHOTO TOYHONO HHTEpBana N4 mapaMeTpa Macmrada f = o?
HopMansHOH Momems N(u; 6). xorza mapaMeTp CIBHTA i — HeH3BecTeH. SIRIfeTca mH TakoH HETepBAT CHMMETPHYHBIM
no sepoATEOCTH? OTBET 0GOCHOBATS.
2. (10) Mo xBym mesasmcuuing sarGoprad X1, X2, ..., X, obsena n u3 N{ux;oy) 2 Y1,Ya,... Vi, obveram ms
N(py;o}) nponepmcz Ha YpOBHe IHAYHMOCTH (¢ OCHOBHAZ rumoTesa H:oy — 0, NPOTHE ATbTEpHATHBHOR
runoresst H, : 0} # o} . 1) [IpuBennTe HEOGXOTHMYHO CTATHCTHKY KPHTEPHS H KDHTHUECKOE MHOKECTBO /1A MPOBEPKH
Hy nporus H;. 2) Hpnemrre (c mokasaTenscTBOM) OCHOBHHeE CBOHCTBA KpHTepHA. 3) [Ipmsemmre (¢ BhIBOZOM)
BEIpaXeHHe 114 P -3Ravenus xpuTepua. 4) [IpuseauTe (¢ BHBOIOM H HeOGXOMMMEIMH MOACHEHHAMH B O0O3HAUEHHAX)
BHIDAKEHHA INA BEPOATHOCTH OMHOKH BToporo poxa § H MommocTH xpHTepui W . 5) fBagerca am xpurepmil: a)
cocToRTensHBIM; §) Hecmemensen? OTBeT 060CHOBATE.
3. (10) Hyers X1, X2, .-, Xn — nusopn ofbeMa n H3 pacmpedeneHHR L ¢ MoMeHTaMH i — 1(X) = E(X).

= ua(X) = ¢? = Var(X). = up(X) = E[(X - E(X))*],k = 3,4. Toxaxure, 910

X) 3(n-1)
m(xw sl A x).

4.(10) B rpyune {1 yuarcs CTVZEHTH: wi,...,w2s. [Iyetb X B Y — 100-GaxapEnie 3K3aMeHaUHOHHEIE OIEHKH IO
MaTeMaTHYeCKOMY aHATH3Y H TeOpHH BepoaTHOCTeH. ONeHKH CTyleHTa wi obosHadaroTcx: zi — X(wi) By = Ywi).
i=1,...,25. Bce oneHxnm m3BecTHH: z; — 67,y = 79, 23 =82,y = 73, z5 = 80,y; = 80, x4 = 86,y — 94,
s ~94y5 =89, 26 = 61,y5 =41, 27 = 4T, y7 = 51, 24 = 79, y5 = 95, 29 = 60,9 = 56, 2,9 = 57, y10 = 46,
I = = 37 wyu = 41. Iy = 68 YViza = M, iz = 70, Yis = 76. T = 63, Vs = = 43. I = 37 Yis = 40.
215 = 90,y15 = 74. 217 = 33, y17 = M. T3 = 96, y1g = 90. zy9 = 52, Y19 = 38. 239 = 64, yx = 47.
z2; = 43,yn = 43. 221=75 Yy = 94. 223—34312: =93. 22¢ = 34,y = 31. 235 = 83,y = 97. Tpe&ym
HafTH CIeIyIOIMHe YCIOBHEE IMIHPHISCKHEe XaPAKTepPHCTHEH: 1) KoBapHanuio X HY NpH VCIOBHH. 9T0 OJHOBPEMEHHO
X 2 50R8Y > 50;2) xo3pduumenT xopperauss X H Y IpH TOM e YCIOBHH.

5. (10) Jaz Tpex rpynn @EHaHCOBHIX Hoxasarened A. B, C' nposepieTcs rHIOTe3a O COBNAJEHHH OXHIASMEIX 3HAISHHER
noxasareneii. [Ipeanmonaraercs, wro sce moxasarenn X,; He3aBHCHMEI H pacOpeleleHEl OO HOPMATHOMY 3aKOHY
N(pj,0%) ¢ onumasoBoli memssecTHoH amcmepcmed Var(X,;) — o2, npEwem 1ax xammoi rpymmm
E(Xi;) = p;,7=1,2,3. 1) Ilo nameeM sEavenmaM (Qaiia ds5.9.0.csv) HafioHTe MEXATDPYNNOBY H CPEIHIOK
rpynmoeyio ucmepcur. ) Haitmure 95% xoBepuTensEEle HHTepBanhl A1f OKHIAEMBIX 3HAUEHHH MOKasaTedeR
;5,5 = 1,2,3. 3) Hafiaure 3sHa9eHHe CTATHCTHKH KPHTEPHS fy — Fys, . KpHTHUecKOe MHOKecTs0 K, B Ha 2% ypoBme
SHATHMOCTH NPOBEpbTE THIOTeSY O COBNANCHHH OAHIASMBIX 3HAUEHHH NOKasaTeleH. u1 — ua = us. 4) Haiimire
P-3HaueHHe KPHTEPHA H CIeNaHTe BRBOIHL

6. (10) Mycts (1, 31); .- -; (232, ys2) — peanmsamua caywaiimoit swbopxu (X1,Y1);. .. (X, Ysz) w3 asymeproro
HopMamsHOro pacmpenexemus N(p.; uy;of;alip). chw BEKTOPH 7 = (z1;...;20) 2 ¢ = (Y;...;952),

nocTpoiite acEMnToTHYeckHi (),91-10BepHTeNsHNI HETepBaa (#1;602) 111 xo3¢duumenTa Koppenaumn p. B orsere
ykazuTe: 1) BHOOPOUHNIE KO3Q(QHUHEHT KODPeIflHEH p; 1) BEPXHIOK IPAHHNY f2 NOCTPOSHHOIO JOBEPHTEILEOIO
HHTEepBaIa 1714 p.

Hcxonnsre nammse: « = (-0.451; -1.099; 2,091; -0.872; -0.445; 0.419; -0.022; 0,963; 0.664; 0.772; -0.523; -1,052; 0.76;
2,025; -0,771; 0,148; 0,516; -1,57; -1,013; 1,005; -1,021; 1.778; 0.952; -0,102; 1,511; -2,353; 0.2; -0,632; 1.329; -0,297;
1,135;-0.277). y =(-0,927; -1,004; 1,849; -0.751; -1,114; 0,961; -0,022; 0.707; 0,416; 0,17; 0,077; -1,18; 0.878; 1.612;
-0.16; 0.638; 1.047; -1.02; -0,532; 0,956; -1.619: 1.862; 0.561: -0.265; 1.131; -2,087; 0.878; 0.377; 1.616; 0.004; 1.09;
-0.112).

Ioarotosun: ﬁ’l)” ot cré Pados I1E.
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8. IlepeyeHb OCHOBHOW W /IONOJIHUTEJIbHOI y4eOHOW JHUTEpaTypbl, HEOOXOH-

MO IJIS1 0CBOEHHS I CIUTLTHHBI

a) OCHOBHASA

8.1. ConoBwes, B. . AHanu3 naHHBIX B SKOHOMUKE: TEOpUs BEPOSITHOCTEH, MPH-
KJIaJHas CTaTHCTHKA, 00paboTKa 1 BU3yanu3anus ganubix B Microsoft Excel: yueOnuk
JU1A HanpaBieHus OakanaBpuata "OxoHomuka u ynpasinenue" / B. M. ConoBbes; Ou-
HyHUBepcuTeT. - MockBa: Knopyc, 2019. - 498 c. - TekcT : HenocpencTBeHHbIH. - To
xe. — 2021. - ObC BOOK.ru. - URL: https://book.ru/book/938856 (mara oOpamieHus:
22.11.2022). — TekcrT : 3eKTPOHHBIH.

8.2. CoopnuK 3ama4 1o Kypcy "MaremaTtuka B skoHoMmuke". B 3 4. Y. 3: Teopus
BEPOSATHOCTEH: yueOHOe mocobue s CTyd., o0yd. mo crnen. "byx. yder, aHaiu3 u
aynut", Gunancel u kpeaut", "Hamoru u HamorooOsoxkenue" u "MupoBasi 3KOHO-
muka" / A. B. Bpaunos, A. C. CononoBaukoB; oj pen. B. A. babaiinieBa, B. b. 'ncuna.
— MockBa: ®uHaHCH U cTaTuctuka, 2013, 2017. - 125 c. — Tekcr: Henmocpea-CTBEHHBIH.

0) T1OMOJTHUTEJIbHAS:

8.3. COOopHUK 3a/lay MO TEOPUU BEPOSTHOCTEH, MATEMAaTUYECKOW CTAaTHUCTHKE U
TEOpHH CIydalHbIX (QyHKIMI: yuyeOHOoe mocobue / mon pen. A. A. CBemiHUKoBa. -
Cankr-IletepOypr : Jlanb, 2013. - 446 c. - Tekcr : HemocpeAcTBeHHBIN. - To xke. —
2021. - BBC Jlanwb. - URL: https://e.lanbook.com/book/168507 (maTa oOpamieHus:
22.11.2022). - TekcT : DIeKTPOHHBIN.

9. IlepeuyeHb pecypcoB MHGOPMAIMOHHO-TEJIEKOMMYHUKAUMOHHOUH ceTn «UH-
TepPHET», HeOOXOAUMbIX /IJISI OCBOECHHS TN CIUTLIHHBI.
9.1. HudopmannoHHO-00pa30BaATEIBHBIN MOPTAT OUHAHCOBOTO YHUBEPCH-
teta nipu [IpaBurensctBe Poccuiickoit ®enepanuu. http://portal.ufrf.ru/.
9.2. CaiiT nenmapTaMeHTa aHaJdu3a JAaHHBIX, TPUHATHUS pelleHu U (PUHAHCO-
BbIX TexHojorui. http://www.fa.ru/org/dep/findata/

9.3. DnexktponHas  Oubnumoreka  dunHaHcoBoro  yHuBepcuteta (Ob)

http://elib.fa.ru/
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9.4. DnexrponHo-6ubimoreunas cucrema BOOK.RU http://www.book.ru

9.5. DnexkTpoHHO-OMOIMOTEUHAsE CUCTEMa « Y HUBEPCUTETCKas OMOIMoTeKa
OHJIAMH» http://biblioclub.ru/

9.6. DnexTpoHHO-OMONMMOTEYHAs cucTeMa Znanium http://www.znanium.com

0.7. DIeKTpoHHO-OMOMMOTeYHas  cucreMa  m3jatensetBa  «HOPAWT»
https://www.biblio-online.ru/

9.8. DnekTpoHHO-OMOIMOTETHAS cucTema U3/IaTEIIbCTBA «JlaabY
https://e.lanbook.com/

9.9. enoras onnarin-onomuorexa Alpina Digital http:/lib.alpinadigital.ru/

9.10. Hayunas anextponHas oubnuoteka eLibrary.ru http://elibrary.ru

10. MeToauuyeckue yKazaHus A1 00y4AIOUIUXCH 110 OCBOCHUIO TUCHMIIIHHBI
CamocrosTenbHas paboTa CTyI€HTOB IPOXOJUT B KOMIIBIOTEPHBIX Kilaccax. Opra-
HU3ALUU CaMOCTOSTENbHON pabOThl CIYKUT KaJIEHAAPHO-TEMATUYECKUH TIJIaH U3y4e-
HUSI JUCHHIUIMHBL. B 3TOM I1aHe yKa3aHa TEMATHUKA JICKIUNA U IPAKTUYECKUX 3aHATHM.
[IpakTrueckue 3aHATUS NPOXOJAT, KaK MPaBUiIO, B MHTEPAKTUBHOU (hopme. MHTEepak-
TUBHAas (popma — perieHue 1a00opaTOpHbBIX (IPAKTUUECKUX) PAbOT MO TEMATUKE 3aHs-
TUS B MaJIbIX Tpynnax (2—4 cryieHTa) ¢ UCMOIb30BaHUEM MHCTpyMeHTapus «Jupyter

Notebooky, « Wolfram Mathematica», « MATLAB».

11. Ilepeyens nHGOPMAITUOHHBIX TEXHOJIOTHIA, HCIOJIb3YyEMbIX NPH OCYLIECTBJIE-
HHMHU 00Pa30BaTeJbLHOIO Mpouecca Mo AMCHHUILINHE, BKJIKYasi lepevyeHb Heo0-
XO0AMMOI'0 NMPOrPaMMHOIO odecneyeHUss U MHGPOPMALMOHHBIX CIPABOYHBIX
cHUCTEM

11.1. KoMIIEeKT TUIEH3UOHHOTO MPOTrPaMMHOT0 00eCTIeYeHUS:

1. [TakeT oducHBIX porpamMm
2. Anrtuupyc Kaspersky
11.2. CoBpemennbie npodeccruoHaabHbie 0a3bl TaHHBIX U WH(GOPMAIIMOHHEIE CIIpa-

BOYHBIC CUCTCMBI.

1.  Hudopmaunonno-npasosas cucrema «Koncynprant [Imrocy.
2. HNupopmanmonHo-npaBoBas cucrema «["apanr.
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3. DnextponHas sHIMKIomexus: hitp://ru.wikipedia.org/wiki/Wiki

4. Cucrema KoMIUIeKCHOTO packpeitus uHpopManuun «CKPUH» -
http://www.skrin.ru/
11.3. CeprudurmpoBaHHble IPOrpaMMHBIC U allllapaTHBIC CPECTBA 3AITUTHI HHPOP-
Malli| - HE TIPETyCMOTPEHBI.
11.4. Dxonomerpuyeckuii naket «R» u unrepdeic «RStudioy.
11.5. BubGmmoteku Python s opranusammu padotel B «Jupyter Notebook».
11.6. Ilpunoxenus c UCIIOJIb30BAaHUEM «Wolfram Mathematicay

https://demonstrations.wolfram.com/

11.7. TIporpamma «MatCalcy https://matcalc.ru/

12. Onucanne MaTepuaJIbHO-TEXHUYECKOH 0a3bl, HEOOXOAMMOM I OCYIIECTB-
JIeHHs1 00pa30BaTeJIbHOI0 MpoLecca Mo JMCUMILINHE
KommnbroTepHblii Kllacc, OCHAIIEHHBIN CUCTEMON TUHAMUYECKOTO TPOCIIUPOBAHUSL.
J171s1 OCBOCHUS IUCITUTIIIMHBI HEOOX0AUM KOMITbIoTep. [Ipr 3TOM BO3MOKHO MUCIIOIB30-
BaHUE KOMITBIOTEPOB B KOMITBIOTEPHBIX KJIacCaX YHUBEPCUTETA.

Bce N3y4aCMbIC TCXHOJIOTHH JOCTYIIHBI HA JIMYHBIX KOMIIBIOTCPAX CTYACHTOB.
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