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I1K-3

VYryoneHHoe — 3HaHHE
O0IIMX U CHeUHaTbHBIX
METOJIOB COBPEMEHHOMU
MIOJINTUYECKOM  HayKH,
YBEPEHHOE  BJIAJICHUE
HaBbIKAMU IIPUMEHEHUS
METOJI0JIOT U
MIOJIMTUYECKON HAyKH K
aHaJIM3y COBPEMEHHBIX
MOJINTUYECKUX
IIPOLIECCOB

[1K-3.1

3uanue 0o01mx u
cHeraIbHbIX METOJIOB
MOJUTUYECKOTO aHAIM3A.

IL1an Kypca:

Ne

HaumeHoBaHune

Conep:xanune

Tema 1

BBe,HeHI/Ie B CTaTUCTUKY U
HUCCIICAOBAHUC

» Kak MOJKHO 3a/1aBarh cofepyKaTebHbIe BOIPOCH U MOTyIaTh
JIOCTOBEPHBIE OTBETHI HA HUX?
* CitygaiiHble KCIIEPHMEHTHI U TIPOBEPKa Kay3aJIbHBIX OTHOIICHHIH,
o0cepBaroHHbie (HAOTIONATEBHBIE) HCCIIEOBAHHSI
* Omrcanue paboThI, HCCIEAOBAHMS U ONIPO CHUKH

TA: Beenenune B STATA (sior ¢aiinos, Data Editor, 3armcek napametpos)

Tema 2

IIpeaBapuTenbHbINA
aHaJIN3 JAHHBIX —
eIMHUYHAs] IepEMEHHAs

* Buzpl BapHaIloOHHBIX PSIOB, YaCTOTHOE pactpenenenue, I padudeckoe
m3obpaxenne (cronbyaTsie uarpammbl, KpyroBsie quarpaMmsi,
THCTOrPAMMBI)
* Crioco0BI ompesiesieH st 00IIel TeHAeHINN (CPEqHss BEINUNHA,
MeJlfana, MOIa), TUCTIEPCUOHHBII aHaN3

(KkBapTHITH . GOKCIUTOTHI , TUCTIEPCHS, CTAHIAPTHOE (KBaAPaTHIHOE
OTKJIOHEHHE)
» KpuBsie pacrpezeneHust, HOpMUPOBaHHOE (MM CTaHIapTHOE
pacmpenenerne ( Tabmuia Z -mpeobpa3oBanust, TpaQuKu Uist
MOCTPOEHHUsI KBAHTHIICH PACTIPE/ICIICHI)

STATA: Yacroraele Tabiuipl, rpadukd U rucrorpamMmbl. CymmapHas
CTaTUCTHKA

IIpeaBapuTenbHbIA
aHaJIN3 JAHHBIX — CBS3b
Tema 3 MEXy NEPEMEHHBIMHU

* CB#13b MEX/y KaTeropHaJbHBIMH HE3aBUCUMBIMHU NIEPEMECHHBIMU U
KOTMYECTBEHHBIMH T1€PEMEHHBIMH
* CB#13b MEXIY JABYMS KaTeropuajJbHbIMU NePEeMEHHBIMU

* CB#13b MEXIY JABYMS KONMYECTBCHHBIMH IEPEMECHHBIMHU. IHArpaMma
pasbpoca (paccensanust), Koppemsmst

STATA: TaGuuLpl CpeaHUX BEIHYHH, KPOCC-TaOIHIbI, TOYCUHBIC
JIarpaMMBl




HaumeHoBaHune

Conep:xanune

Tema 4

IIpeaBapuTenbHbIA

aHaJIM3 JaHHBIX — IPpOCTad

JIMHCHHAS perpeccus

« [pocras nuneiinas perpeccust (MeTom HAMMEHBIIHNX KBaPATOB, pacueT
Y MHTEpIpeTanys KooQHUIMEHTOB perpeccrm)

* [IpenmonaraeMsle 3HaUEHNS ¥ CTAaHIAPTHEHIC OTKIOHEHMs, R-KkBazpar,
BBIOPOCHI (IIPOMaxH), aCCOMMMUPOBAHHBIE CITYIAHbIC BETNIHHEI,
MIPUYUHHAS 00yCIIOBICHHOCTD

STATA: npocTas perpeccus, IpocTas JMHEHHAs perpeccust

Tema 5

OCHOBBI TeOpHst
BEPOSTHOCTH

* OCHOBHbIE MIOHATHUS U ONPE/ICICHHS, CIIOKHOE COOBITHE U €0
BEPOSITHOCTB, BEPOSITHOCTH COBMECTHBIX COOBITHIA, BEPOSITHOCTD
HECOBMECTHBIX COOBITHIA

* Craructudeckast (He) 3aBHCHMOCTD CITY9IailHbIX BEJNUYMH, TaOIAIIBI
CIIy4aiHBIX 4uCEl

¢ CitydaiiHble BETUIUHBI (IMCKPETHBIC U TIOCTOSIHHBIE), CPEIHSIS
BEJIMYMHA U [T0KA3aTeNIH BapUalliK, paclpeieeHNs] BEpOSTHOCTEH
STATA: conpspkeHHbIe TabIHIB! (KpOCC-TabIrIIbT)

Tema 6

Jucnepcust BEIOOpKH

* [Ipumep pacnpenenenus BeauarH (pacieT BepOSTHOCTH BEIOOPOK C
OGUHOMHAITEHBIM PACTIPEIEICHAEM), TIPUMED PACTIPEACIICHIUSI IS
COOTHOIIECHHH, HOpMaJIbHAS ANNPOKCHMANVI OMHOMHATIBHOTO
pacnpenencHus

* Panpl pacripenencHus B cratuctuke. LieHTpanbHas npenenbHas
TeopeMa.

Tema 7

Kak nemaercs
CTATHCTHYECKOE
3aKIIFOYEHUE

e t-xpurepuii CreionenTa, JloBepUTeIbHBIN HHTEPBAT

* [IpoBepKa rumoTe3sl (HyIeBas TUIOTE3a U ANBTePHATHBHASI
THTIOTE3a,0JHOBBIOOPOYHBIH U ABYBBIOOPOUHBIN TeCTsI, P-3HaueHue)
STATA: OnHoBBIOOpOUHBIT KpuTepuii CThIOIEHTa

Tema 8

CraTHCTHYECKOE
CpaBHEHHE JABYX
BBEIOOPOYHEIX CPEITHUX
3HAYCHHUI, COBMECTHOE
pacnpezeneHue IByx
MIEPEMEHHBIX

» CpaBHEHHE [IBYX CPEAHUX 3HAYCHMI (HE3aBUCHUMbIE BBIOOPKH,
00beIMHEHHAs! TUCTIEPCHs), JOBEPUTEIBHBIN HHTEPBA OTHOCHTEIHBIX
TIOKa3aTesel, MpoBepKa THIOTE3bI

* [IpenmnonoxeHue 0 B3aNMOCBSI3H SIMHUIHbIX SIBICHUI
(doBepuTerbHbIC HHTEPBAIIBI, MPOBEPKA THITOTE3HI)

* [IpeArionoKenue o pasIHInn Mex Iy AByms mokasaresvu (Cl,
TIPOBEPKA THUTIOTE3bI)

STATA: Kpurepuii CTbloneHTa, 0HOBBIOOPOUHBIIT KpUTEPHIt
CThIOZieHTa, TAPHBIA BRIOOPOUHBIH {-TECT VIS CPeIHNUX BEIHIHH.

Tema 9

Ta6J’II/IHI)I COIIPSZKECHHOCTH

& npocrast nuHeHHas
perpeccus

* TaGIHIBI CONPSDKEHHOCTH (KPaTKuii 0030p), TECT XU-KBaAPaT ISt
OIIPE/ICNICHNSI CYIIIE CTBEHHON KOPPEISIIINN MEXTY ABYMS
KaTerOpHaIbHBIMHU NIePEMEHHBIMH.

* [Ipocras nuHelHas perpeccus, JOCTOBEPHOCTb COBIAICHNS, YCIOBUS
I'aycca-Mapxosa

* Omnpenenenre K03 GuIHeHTa HAKITOHA (CTaHIapTHAS OIIHMOKa,
JIOBEPHUTENBHBIE HHTEPBAIBI, P-3HAUCHNUE)

STATA: Kpocc-tabnuiipl, Xu-KBaapar, OIEHKA POCTON PerpeCCuH,
OLICHKA CTATHCTHYECKOH 3HAUMMOCTH, PAacdeT MPEeANoIaraeMbIxX
3HAQUCHUI ¥ OCTaTOYHOM IIOIPEIIHOCTH, JOCTOBEPHOCTh

Tema 10

MHokecTBEHHAS
TUHEHHas perpeccus |

 CryqaifHble HaOMIONEHNS ¥ SKCIIEPUMEHTEI, OIpeersiomue (hakTopsl
* [Torck noaxoAsied MoAeny, IpoBepKa MPEIIOoN0KEHUN O PErpeccuH,
mpoBepka Mozenu. F-craructuka, koadduiment nerepmunamu (R-
KBaJIpar)

STATA: olLieHKa MHOKECTBEHHOH JIMHEHHOW perpeccu, aHaiu3
PETPECCHOHHBIX OCTATKOB

Tema 11

MHoxecTBeHHas
nHelHas perpeccust |l

* Crpykrypubie (QUKTHBHBIE) TIepeMeHHbIe (OTMHAKOBBIN K03 GHIMEHT
HAKIIOHA, Pa3JINYHbIE ePeCeUCHNS)

* 3aBrcHMbIe TepeMeHHbIe (pa3aHble K0o9()(PUIIHEHTHI HAKIIOHA,
Ppa3IUYHbIE [TePeCeUCHNS)

 KareropuaiibHble epeMEHHbIC

STATA: Pabora ¢ pUKTUBHBIMHU NIEPEMEHHBIMHU U 3aBHCHMbBIMHU
IICPEMEHHBIMHU

®opMBbI TEKYIIEr0 KOHTPOJISI M IPOMEKY TOYHOH ATTEeCTALNH
[Ipumepsl 3a1a4 B Ki1acce:




IIpumepsl 3a1a4, pelaeMbIX Ha 3aHITHSIX:

3amava 1. (10 6asoB.) [TokepHas KoMOWHAIIHSI

Camoii yacTo BcTpeuarolieiicss koMOWHAIMe B KapTaxX SBISIETCS KOMOWHANWS U3 OJHOW Taphl
UJCHTUYHBIX KapT, 3a HeW CIeAYyI0T KOMOMHANMA U3 IBYX U Tpex nap. KomOuHanus u3 AByx nap:
JIBE OJMHAKOBBIX KapThl OJHON MAacTH, JBE OAMHAKOBBIX KapThl APYroil MacTH, OCTaBIIasICs KapTa
HUMEET TPEThIO MacTh, HapuMmep {2¥, 24, 59, 5& Ko}

Tpoiika KapT OJAMHAKOBOIO JOCTOMHCTBA. TpHU ONMHAKOBBIE KapThl, OCTAIBHBIE IBE OTINYAIOTCH,
Harpumep {29, 24, 2& S& Ko}

PaccuuTaiiTe BeposITHOCTh Ka10T0 BuAa komOuHanuii? Kakast u3 Hux Haubosnee BeposiTHas?

3amaua 2. (10 6awtoB.) HecranmaprHblil (HETpaH3UTUBHBIN) UTPATBbHBIA KYOUK.

Ha 3ansTiu Mbl paboTaiiu ¢ HeCTaHAapTHBIM (HETPaH3UTHBHBIM) UTPATBHBIM KYOHKOM:
Kpacusrii: 333 33 6; 3enensiii: 1444 4 4; benvlit: 222555.

3akoHUMTE Jenarh Bamr HecTaHIapTHBIN KYOUK.

(a) Ha 3ansatun Bol BeIssCHHMIH, 4TO OCNBIN CHibHEe 0enoro. BBIICHHUTE, HACKOIBKO MCTHHHO
MPETOJIOKEHUE O TOM, YTO OEJIbIi CHIIbHEE 3eJICHOTO U YTO 3€JICHbIH CHIIbHEE KPacHOTO.
Vkaxute Bce BapuaHThl (IO TOPSIKY, OT JYYIIEro K XyIIIEMY), KOTOpPBIE BO3MOXKHBI IIPH
Opocanuu KyOuka ot nyumero Kk xyamemy? (Iloackaska: Mbl MMeeM €O C «OTCYTCTBHEM
TPaH3UTHBHOCTH)

(b) IMpenmonoxum, uto Bel Opocaere 1Ba OenbIx KyOMKa IPOTUB JBYX KpacHbBIX KyOukoB. KakoBa
BEPOSTHOCTH TOTO, YTO CyMMa 3Ha4€HH I O6eoro Kyorka Oyaer 60ble CyMMbI 3HaU€HH KpacHOTO
KyOuKa?

3amada 3. (20 6aywoB) [IHU pOXKIEHHUS: pacdeT ¥ MOJICITHPOBAHHE.

[Mponymepyem Bce auM To1a (HEBUCOKOCHOTO) OT 1 10 365. JlomycTum, 4TO THU POXKICHHS MOTYT
C OJJMHAKOBOM CTEMEHBIO BEPOATHOCTH MPUXOIUTHCS Ha J11000i neHb roga. PaccmoTpum rpynmny
u3 n uvenosek (Bl B Hee He Bxomurte). An element of the sample space Q will be a
MOCIIEZIOBATEIBHOCTh U3 N AHEH POXKICHUS (OJIMH ICHb ISl KaXK/I0TO).

(a) Onpenenute GYHKIMIO pacTpenesieHns: BeposTHOCTH P st Q..

(b) PaccmoTpum crienyroiiee:

A "y KOro-T0 U3 Y4aCTHUKOB I'PYIIIbI JE€Hb POKJIEHUS coBNagaeT ¢ Bamum”

B: “y xoro-To nBOMX B rpynne IHU POXKACHUS COBIAJAIOT

C: "y Tpoux 3 TpyNIbI IeHb POXKACHUS B OMH U TOT K€ JICHb

[ToapoOHO onMIIHTE TOAMHOXKECTBO {2 B KaXKJIOM CIIydae.

(c) Honbepure Tounyro hopmyny mist P(A). Kakoe camoe manenbkoe N, 4todsr P(A) > .57

(d) O6bsicHuTe, TOUeMy N Gombie 365, He MPOM3BO/IA PACUETOB (IalTe KPaTKHid OTBET, M0JIArasch
Ha JIOTHKY W/ HHTYULUIO)

(e) OcymecTBUTE UMHTAIIMOHHOE MOJCIMPOBAHKE JUIS OLICHKA HAWMEHBIIEr0 3HAuUCHHs N, I
kotoporo P(B) > .9. /lns cocraBieHus 3Tux Mojenei, koiaumdectBo anaau3os 10000.

Jlnist 3TOrO 3Ha4eHus N, OCYIIECTBUTE MOJICIUPOBAHUE HECKOJIBKO Pa3, YTOOBI YOIUTHCS B TOM,
YTO pe3yNbTaT KaKAbIN pa3 OyleT OJWHAKOBBIM.

OcymiectuB 10000 BBINOJIHEHHBIX aHAIU30B, Bl yoenuiuchk, uto B oueHke P(B) orkiionenue
3Ha4YeHUs oueHb HebOombIoe. [Ipoaenaiite 310 emre pas, ocymectsuB 30 aHAMKU30B, U YOSTUTECH B
TOM, YTO BEpPOSATHOCTb OLIMOKU B 3TOM CiTydae OOJbIIIe.

(f) Iox6epure Tounyro hopmyny wis P(B).

(9) BocnounbsyiiTech MMUTAIIMOHHBIM MOJICTTHPOBAHUEM, YTOOBI OLICHUTh HAMMEHbBIICE 3HAYCHUE
n, mis kotoporo P(C) > .5. Chosa ocymectute 10000 ananu3oB. Bel yoeautech B TOM, 4TO JBa
3HauYEHHs N OAMHAKOBO JOCTOBEPHBI. BBl MOXKETE MCIIOIB30BaTh OJTHO U3 HUX B OTBETE.

TunoBble OlleHOYHBIE CPEACTBA

[IncbMEHHBIN dK3aMEH: IpUMEpPHI 3a/1a4



1. CymmecTByeT TpH BapuaHTa pacroiioxeHus OykB cioBa «DAD» (nama), a umenno DAD,
ADD, u DDA. Ckonbko BapuaHTOB Pa3IMYHOTO pacronokeHus Oyks cioBa «PROBABILITY»
(BepOSTHOCTB)?

2. Ha 3anaTun 6anbHBIMU TAHLIAMH MIPUCYTCTBYIOT IIECTh MYKYUH U CEMb KEHIUH. Eciu
BbIOpATh YeThIpeX KECHIIMH U YEeThIpeX MYXUYUH M MOCTAaBUTh MX B IMapbl, CKOJHKO Map MOXHO
COCTaBUTH?

3. O6o3HaunM 1Ba coObITus OykBamu A u B. IIpenmnonoxum, 4to BEpOATHOCTH TOTO, YTO
HU A HE B He mpowm3soiineT, paBHsiercs 2/3. KakoBa BeposITHOCTB TOTO, YTO MPOM30MIET UIIH OHO
i o0a coObITHS?

4. O6o3nauum nBa coobitust OykBamu C u D, rne P(C) = 0.25, P(D) = 0.45,u P(C N D) =
0.1.

KakoBo 3nauenue P(Cc N D)?

5. Ilpencraspte, uto BBl caere TecT ¢ BapuaHTaMu OTBETOB. IIpu oTBETE BEPOSTHOCTH
TOTO, 4T0 BBI Maaurte nmpaBwibHBIA 0TBEeT, paBHa P. Eciu Bl He 3Haere orBet, Bbl BrIOUpaeTe
NPOM3BOJILHBINA BapuaHT. KakoBa BEpOSATHOCTH TOro, 4to eciu Obl Bwl 3Hamu orBetr, Bbl Obl
OTBETHJIN TMPABUIIBHO?

6. Bpocuiu aBe UrpanbHbIX KyOuKa

A = ‘cymma 0YKOB Ha JIByX KyOHWKax paBHseTCS 3’
B = ‘cymma oukoB Ha /IByX KyOukax paBHsercs 7’
C = ‘mo kpaiiHeil Mmepe Ha 0THOM M3 KYOUKOB BbINajio 1 ouko’

(a) Yro o3nauaet P(A|C)?

(b) Yro o3nauaer P(B|C)?

(¢) AuC uesaBucumbie BernuuHbl? UTO MOXKHO cKa3arh 0 B u C?

7. Bo BpeMs dKk3aMeHa CTYIECHTY HEOOXOIUMO BhIOPATh MPABUIIBHBIN OTBET M3 YETHIPEX
BapuaHTOB. CTYICHT XOPOIIO MOATOTOBWICSA. BEpOATHOCTH TOTO, YTO OH Oy/leT 3HATh OTBET Ha
Bompoc, paBHa 0.5, BEpOSATHOCTH TOTO, YTO OH CMOXKET HUCKIIFOYUTH OJWH BapuaHT oTBeTa -0.25, B
OCTaJIbHBIX CIIy4asiX BCE YEThIPE OTBETA KAXKYTCS OJMHAKOBO BEPOSTHBIMHU.

Ecnu oH 3HaeT oTBeT, OH BbIOCPET MpaBWIbHBIN BapuaHT. Eciiu HeT, mpuaeTcs clienarh
BbIOOp M3 3 WK 4 mpeacTaBicHHbIX. Bbl yunTens 1 Bam mpencTouT OlCHUTh 3HAHUS CTYJACHTA.
Ecnu cTyneHT oTBeyaeT Ha BONPOC MPaBUIIBHO, KakOBa BEPOSTHOCTh OCO3HAHHOTO (HE
CIIy4aiftHOT0) BBIOOpA?

8. Ilpenmonoxum, uto P(A) = 0.4, P(B) = 0.3 and P((A U B)C) = 0.42. Ects 1u
3aBUCHMOCTH Mexy A and B?

9. Ilpeanonoxum , uro X mpuHUMaeT 3HadeHue Mexay O u 1 u uMeer MHTErpaTbHYIO
byHKIHIO 2X.

Beraucnure Var(X) u Var(X2).

10. PaccumTaiiTe BEpOSTHOCTD M OTKJIOHEHUE OCPHYIIIIMEBCKOW CITydaitHOM BeTHUUHBI ()
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