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3a/1aun 110 YKOHOMETPHUKE

0€3 OTBETOB M PEIICHUH,

3a4TO CO BCTYIIMTCIIbHBIM CJIOBOM OT aBTOPOB.

Bor OHO, 3TO BCTYIIUTCJIIBbHOC CJIOBO.

31paBCTByWTE, JOPOTUE YUTATENH !

[lepen BamMu, KOHEYHO, HE KHUTA B IOJHOM CMBICIIC 3TOTO CIIOBA, & BCETO JIUIIb 3alaYHUK TI0
SKOHOMETpHUKE. X0UYeTCsI BEpUTh, UTO JAKe €CJIM OH HE CHIIBHO TIOMOXKET BaM OCBOUTH 3TY UCIUIUIMHY,
TO OyJeT, 1Mo KpaifHe Mepe, MpodnTaH (WIH XOTs OBl IPOCMOTPEH) C MHTEPECOM. A YK €CIIH TIOMOXKET
U B OCBOEHUH KypCa, U B TOJATOTOBKE K KOHTPOJIBHOU, MBI OYJIEM CUACTJIUBbHI BABOWHE.

MBI mocTapanych yCTPOHTh 3aJaUHKK TaK, YTOObI HAIIM YHTATENN. MOTIM OCBEXKHTH B MAMATH
9JIEMEHTHI TEOPUH BEPOSTHOCTEH U MaTEeMAaTUYECKOM CTAaTUCTUKHU, a 3aT€M MPHUCTYIUTh K COOCTBEHHO
sKOHOMETpHKe. B Kypce ke COOCTBEHHO SKOHOMETPUKH TMpEaraloTCs pa3HOIUIAHOBBIE 3ajauu,
pa3iMyHbIe 10 YPOBHIO CIIOKHOCTH M TeMaTuke. LleHTpaipbHOe MecTo 3/1ech, Kak U B OOJBIIMHCTBE
y4eOHBIX TOCOOUH 110 3TOMY MPEAMETY, OTBEAECHO KJIACCUUECKONH HOPMAJIIbHOM PErpecCUOHHON MO/IENH,
OJIHAKO MBI HaJIeeMCsl IO3HAKOMUTD YUTATENIEH U C TAKUMHU HE OUYEHb IMIMPOKO OCBEILIEHHBIMU pa3/ieflaMu,
KaK OIICHMBaHUE METOJIOM MAaKCHMAaJbHOTO TMPaBAOINOA00us, padoTa ¢ MOJAENSMU OWHAPHOTO U
MHO>KECTBEHHOTO BBIOOpPA, a TAKXKe SJIEMEHTHI aHAIIN3a BPEMEHH JKU3HH.

Hamero 3agaunuka HU 3a 4TO ObI HE CIIYYHJIOCH, €CJIA OBl HAC B CBOE BpeMsi HE 00ydaau TaKue
yynecuble moau, kak C.A. AiiBazsH, U.b. BockoOoitnukoB, b.b. Jlememen, O.A. JlemunoBa, T.A.
Hy6pora, 3.b. Epmos, I'.I'. Kantopouu, E.B. Koccoa, A.A. Makapos, I'.FO. MansimeBa, B.D.
Martsees, E.JO. Ha3pynnaeBa, T.A. PataukoBa, A.A. Ilepeceuxuii, M.}O. Typynuesa, A.C. IlIBenos.
OHu BenM y HAc pasHble KypChl, CBSI3aHHBIE C YKOHOMETPUKOW, MATEMaTHYECKONM W MPUKIAJTHON
CTaTHCTUKOMU, M MBI PEUINIH, YTO 37€Ch CaMO€ MECTO BBICKA3aTh UM 0JaroapHOCTh.

VYcnexoB BaM TBOPUECKUX U HAYUHBIX !

. Yepnebiuesa, K. ®ypmaHos,
kadenpa MareMaTHUECKONW HIKOHOMHKH U 3koHOMeTpukn HUY BIIID

ITo BceM Bompocam MOXHO oOpamiatscs o agpecam: ichernysheva@hse.ru u furmach@menja.net. Tyzna
K€ MBI POCHM COOOIIATh O HAMICHHBIX B COOPHHKE OMIMOKAX, HEJICTOCTIX M HeIOPa3yMEHHUSX.

CoOopHuKk, HaBepHOE, OyIET BpeMs 0T BpeMeHU OOHOBIsAThCs. HacTosimiast Bepcus Oblna moarorosieHa 11
suBaps 2021 roga.

1370, B 4aCTHOCTH, BBI.
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Yacte 1. D11eMeHTBI TEOpHUU BEPOSATHOCTEN U
MAaTEMATUYECKON CTATUCTUKHU

§1.1. Cayuaiinbie cOOBITHSA M CIyYaliHble BeTHYUHbI

Nel.1.1. UsBectHo, uto coObitusi A u B HecoBmecTHbI, a coObiTHS A u C HE3aBUCHMBI, TPUUYEM
P(A)=0.4,P(AuB)=0.8P(ANnC)=0.2, P(BNC)=0.1. Haiitu P(BUC).

Nel.1.2. [Ters npurnacun k cede apyseit: Bacto, Jleny u Hamro. Iletst nmpeamnonaraet, uro Jlena npuaér ¢
BeposATHOCTBIO 0.6, a Hans — ¢ BepositHocTho 0.3. [Ipu 3TOM OH 3HaeT, uto Jlena ¢ Hanel B ccope, Tak
YTO BMECTE OHHM TOYHO He mpuayT. Bacs, cornacHo [letunbiM oxugaHusM, NpuaET ¢ BeposTHOCTHIO (.8
HezaBucuMo oT Jlensl 1 Haau. C kakoii BeposiTHOCTBIO K [leTe mpuayT nBa rocts?

Nel.1.3. JlBa cTpeisika CTpENstoT 10 MuUllleHu. J{J1s mepBoro cTpesika BeposTHOCTh IpoMaxa COCTaBIISIET
0.3, nyis BToporo — 0.5. Pe3ynbTarhl BEICTPETIOB HE3aBUCUMBI.

a) KakoBa BeposITHOCTb TOTO, UTO MUILIEHb OyIeT MOpakeHa XOTs Obl OJJHUM U3 HUX?

0) Ilpu BbICTpesne ABYX CTPEJIKOB MHUIIEHb ObLIa MopakeHa (XoTs Obl oJHUM BbIcTpenoM). Kakosa
BEPOSITHOCTb TOT'O, YTO BTOPOM CTPEIOK IpoMaxHyIcs?

Nel.1.4. TlonOpaceiBatoTcsi ABe UrpajibHble KOCTH. KakoBa BEpOATHOCTH TOTO, YTO Ha MEPBOM KOCTH
BbITIajIa YeTBEPKA, €CIIM B CyMME Ha JIBYX KOCTSAX BBITIAJIO JECATH OUKOB?

Nel.1.5. Cnyuyaitnas BenuunHa X IHpUHUMAET 3HaueHUd -1 u 1, a ciydaiinas BennuuHa Y HPUHUMAET
sHaueHnss 0, 1 w 2. B npuBeaéHHoil HKe TalOiauIe 3amucaHbl BEPOSTHOCTH COOBITHH
PAX =x}{Y =y;}) mns paznmuunbix sHauennii Xj u y j - Haiinure uncrna a, b u C, ecau u3BecTHO,

yTo BeJIUUYUHBI X U Y HE3aBUCUMEL.

X\Y 0 1 2
-1 0.4 0.2 a
1 b 0.05 C

Nel.1.6. Psn pacnpenenenust ciny4aifHOW BeMMYMHBI X BBIMJISIIUT CIETYIOIINUM 00pa3oMm:
X . -4 0 4

P(X=x): a 03 b
Taxxe u3BecTHO, uto E(X) =1.2. Haiigure:

a)uncia a u b, 6) D(X), B) E(7-3X), D(7-3X).
Nel.1.7. CpenHsist CTOMMOCTD MOKYIIKM B Mara3suHe, BhlpakeHHas B pyOsisix, paBHa 400, a nucnepceust 3Toi
ctoumocTH — 2500. Uemy paBHBI cpeliHEE, IUCIIEPCHS] U CTAHAAPTHOE OTKIIOHEHUE CTOMMOCTH MOKYTIKH,

BBIPOKEHHOU B THICSYaX pyoOsen?

Nel.1.8. PomanTtuunas neBymika Pas mroOuT ragaTe Ha pomalikax: «IOOUT»-«HE Tro0uT». Ecim
MOJTy4aeTcsi, 4To oOuT, To Pas pagyercs, a ecnu HeT, TO OEpET HOBYIO POMAIIIKY — M TaK JI0 TeX TOp,
MOKa HE TIOJYYHUT JKETAHHBIN Pe3yJIbTaT WU He TIepeOepeT BCce pOMAIIKH BOKPYT. byjem cuurarh, 9ro
BEPOATHOCTH COpPBATh POMAIIKY C YETHBIM U C HEUYETHBIM KOJIMYECTBOM JIEMIECTKOB PABHBI U YTO
KOJIMYECTBA JITIECTKOB Ha Pa3HbIX POMAIIKaX — BEJIMYUHBI HE3aBHCHMEIE.

Pas yBugena Ha 000YMHE TOPOTH YETHIPE POMAIIIKH.

a) C kakoll BEpOSTHOCTBHIO 3TH POMAILIKH JTOCTABST €l paioCcTh?

0) KakoBo MaTemaTnueckoe OXHUJAaHNue YHclia poMalliek, KoTopeie nepedepér Pas?

B) Kakum Oyner orBeT Ha myHKT (0), ecniu Pas 3a0penét Ha pOMAIIKOBBIA JIYT, T/I€ YHCIIO POMAIICK
MO>KHO CUUTATh OECKOHEYHBIM?



Nel.1.9. [Ipo cnyygaitapie BenmuuuHbl X U Y u3BecTHO, uTo E(X +Y) =300, E(X -Y) = 200,
D(X)=1, D(X +Y)=1, Cov(X,Y)=-2. HaiiTu:
a) E(X +2Y -50), 6) D(X +2Y -50), B) Cov(2X +3,4-5Y), r) Corr(5—-X,7-2Y).

Nel.1.10. /Tana ¢hyHKIMS TUIOTHOCTH:
0, eciu X < a,

f(x)=4C, ecma<x<b,
0, ecau X > b.

Hailinure 3HaueHue napamerpa c.

Nel.1.11. Korga rpaxaanud @EQOp OTNpaBIseTCS O BOCKPECEHBSIM B Mara3uH, >KeHa HaKa3bIBaeT EMY
KYIUTh TPOAYKTHI, O0IIasi CTOMMOCTb KOTOPBIX B ThICSYaxX pyOseil — cirydaifHas BeMUIrHA ¢ QYHKITHCH
pacnpeneneHus:

2
F(x) = 1—exp(—x ) ecnu X >0,
0, eciu X < 0.

a) Cxosbko JeHer JokeH B3sATh DEmop, uToObl ¢ BepoITHOCTHIO (0.9 OH CMOT OIIATUThH MOKYMKY?
0) Kakum Oynet oTBeT B IyHKTE (@), €CIIM U3BECTHO, UTO MOKYINKa 000iaércs DEnopy HE MEHBIIIE, YeM
B ThICSUY?

Nel.1.12. Haiigure mMaTtemMatudeckoe OKUAAHUE, AUCHEPCUI0 U (DYHKIUIO pacmpeneseHus ciydyaiiHon
BEJIMYMHBI C 3aJJaHHON (PyHKIIMEN TUIOTHOCTH.

0, X <0,
3 X 0<x<1
2) f(X)={4X , ecmu X €[0], 6) f(x) = 22X
: unave. S 1< x<4,
3 6
0, X >4,
i e X>1
B) f(x)=4,2" “M77"

0, ecmu x<1.

Nel.1.13. Cnyyaiinas Bennunnaa X pacrpenenieHa papaomepHno Ha uHtepsaie (0; 1). Haliaure GpyHKImn
pacripesienenus cnydaitasx Bemmuns Y = X2 u Z = —In(X). HaiimuTe GyHKIMM KBaHTUIEH BemmdnH X,
Yul.

Nel.1.14. Oyukuus pacnpezaeneHus c.B. X UMeeT CIeAyIomui BUI:

0, x <0,
FOO=1-_ 1 x>0
1+x
Haiianre:
a) P(X>3), 0) COOTBETCTBYIOIIYIO (DYHKIINIO KBAaHTHUIIEH,

B) (hyHKIHMIO pacrpesienenus c.B. Y = X2,

Nel.1.15. Cayyaitnas BenununHa X mpuHUMaeT 3HadeHus -1, 2 u 3 ¢ BepostHocTsimu 0.2, 0.4 u 0.4
cooTBeTcTBeHHO. HauepTure rpaduku GpyHKIUHN pacripeneneHus 1 QyHKIMY KBaHTUIIEH BETUYUHBI X.

Nel.1.16. [IpuBenure npumep ciay4yailHOW BEIMYMHBI, Y KOTOPOH HET MaTEMAaTUYECKOTO OXKUAAHMS, U
IIpUMep BEJIMYUHBL, Y KOTOPOIl €CTh MaTEMaTHUECKOE OXKHUAAHNUE, HO HET TUCIIEPCUH.



Nel.1.17. Pacnipenesnienne ¢.B. X U3BECTHO C TOYHOCTHIO JI0 TApaMETPOB a u b:
3HaueHue: 110 (1] 2
seposmuocms. | a | 2a|b | 0.2
a) B kakux mpejenax nexar 3HaueHus a u b?

6) Homyctum, a = 0.1. Haueptute rpadguk cooTBETCTBYIONIEH ()YHKIIMH KBAaHTUJICH.

B) Bennunna Y mmeer 1o ke pacmpezeneHue, X u Y HesaBucumbl. Hainure E (X + XY), Cov(X —
7,X +Y). llpennonaraercs, uro a = 0.1.

§1.2. MHoroMepHbIe cjay4aiiHble BeJIMYHHbBI

Nel.2.1. 3a1aH0 COBMECTHOE paclpeIeiCHUE CIIy4aitHOM BeIMunHbl X , IpuHUMarolen 3Hauenus 0 u

1, u ciyyaliHoW BenM4uHBI Y , IpUHUMaroNiei 3Hadenus -1, 0 u 1:

X\Yy |[-1]0]1
0 01]0.1]0.2
1 02| a | 3a

a) Haiitu @, 0) nmpoBepuTh, SIBASIOTCI TU X W Y HE3aBUCHMBIMH,

B) BBINKCATh YaCTHYIO (QYHKIUIO paclpeneieHus ¢.B. X
r) Haiitu E(X), E(Y), D(X), D(Y), Cov(X,Y), Corr(X,Y)

) Haittu E(Y | X =0), D(Y | X =0), E(X |Y? =1).

Nel.2.2. AHalIMTHUK U3Y4yaeT CBS3b MEXKIY MECAYHBIMU JOXOJHOCTAMU akuuid kommnanuit A u B. Ha
OCHOBaHUHU paCrojiaraéMoil CTAaTUCTUKU OH JeNlaeT BBIBOJ, YTO JOXOIHOCTH aKIMil 00enx KOMIaHHM
nexat B npegnenax ot -1% 1o 2%, a uX COBMECTHOE pacIpeesICHHe MOKET ObITh OMUCAHO CIECAYIOIIEH
TaOJIMLIEH:

OXOJIHOCTH aKIMH KOMITaHU! A
1% 0% 1% 2%
1% 0.03 0.03 0.02 0.02
Jloxonrocts 0% 0.03 0.05 0.04 0.03
KO;;‘:I?;H 5 1% 0.05 0.1 0.2 0.15
2% 0.01 0.03 0.06 0.15

a) Haiimute koo pummeHT Koppensiiuu Mexay J0XOJHOCTSIMHU aKIUH.

6) CorynacHo HaIE&KHOMY SKCIIEPTHOMY MHEHHIO, B CJIEIYIONIEM MECSIE IOXOIHOCTh aKI[Ui KOMIIaHUU
A Oyzer nonoxxutenbHol. Haliiute MmaremMatndeckoe 0KUaHUe U CTAaHAAPTHOE OTKIIOHEHHUE AUCTICPCHH

JIOXOJIHOCTH aKIMi KoMmaHuu B ¢ yuéroM umeronieiicst uHGopmauu.

Nel.2.3. 3anaHo coBMeCTHOE pacnpeziesieHue TPEX TUCKPETHBIX ciydaiHbIX BesnuuH X,Y,Z ,

NpUHUMAOIKX 3HaueHus 0 wm 1:

Z=0 Z=1
X\Y 0 1 X\Y 0 1
0 0.1 0.1 0 0.2 0.1
1 0.1 0.1 1 0.1 0.2

Paccuuraiite BCKTOP MAaTEMATUYCCKUX OXXKHIAHUN U KOBapHallMOHHYIO MaTpully AJid BEKTOPOB

(X,Y,Z) u (X +Y, 2Z).

Nel.2.4. Onpenenute, Kakue U3 NPUBEAEHHBIX HUKE MATPUL] MOTYT OBITh KOBapUALIMOHHBIMHU:

TR

5 1
Y [1 —2}’

6 4
2 1

o

T

-2 3

2 4
4 1

Nel.2.5. CoBmecTtHast GyHKIUS TUIOTHOCTH CITy4alHBIX BeTMUUH X U Y HMEET BUJ:




cx’y?,0<x<1,0<y<1 c(x+y), 0<x<1,0<y<1
1) f(x,y) = : 2) f(x,y)=

0, unaue 0, unaye
Haiinure: a) uncio C, 0) yacTHbIe (PYHKIIUH MIIOTHOCTH BearunH X u Y,
B) YCIIOBHBIC (PYHKIIUHU IJIOTHOCTH BeaudnuH X 1 Y, r) E(X) u D(X),
n) E(X|Y=0.5), e) Cov(X, Y) u Corr(X, Y)

Nel.2.6. Ciiyyaitnbie BenmuuuHbl X W Y HE3aBHCHMBI, KaK1asg U3 HUX UMeeT (PYHKITHIO pacrpeaeieHus
1-e7 X, x>0,
F(x) = {

0, uHaue.

Brmummre coBMecTHbIE (PYHKIMH paclpeieeHus 1 MII0THOCTH i Bekropa (X,Y)'.

Nel.2.7. Jlana coBmecTHast PyHKIHS IIIOTHOCTH BeTHMYUH X U Y
2%, 0<x,y<L
f(xy)= {

0, unaue
Haiimute yactHbie QyHKIMH TIOTHOCTH X U Y U BEPOSATHOCTh cOObITUs {X<Y}.

Nel.2.8. Bacs paznuyaer aBa cbeJOOHBIX MPOyKTa: BUHETPET U MaprapuH. COBMECTHOE pacIipe/iesieHue
Macchl BUHerpeTa X U Maprapraa Y B XOJOAUIbHHUKE 33J]aHO CIIeNyroIIeH QyHKIeH (BCe BETUINHBI —
B KMJIOTpaMMax):

2
__1+5x+3y 5 mpux=0ny=0,
F(x,y)= (1+5x)(L+3y7)
0 mpu X< 0 mmm y < 0.

a) KakoBa BeposTHOCTh 00HapyXuTh B BacnnoM xononnnbpHuke He MeHee | kr BuHerpera u ot 200 10
500 r maprapuna?

0) Haiigute yactHble (MapruHaabHble) QYHKIMU paclipeiesieHus 11l MacChl BUHETpeTa U MaprapuHa.
B) [IpoBepsTe He3aBHCUMOCTh X U Y.

§1.3. HopmasbHoe u jorapudmMuuecKu HOpMaabHoOe pacnpenenaenusi. MHOromepHoe HOpMajibHOe
pacnpeneJieHue.

Nel.3.1. Jlns cnydaiiHON BeIWYMHBI Z , UMEIOLIEH CTaHAAPTHOE HOPMAJIBHOE pacIpeeIeHUe, HalliuTe

BEPOSTHOCTH:
a) P(-1.47 < Z <1.47), 0) P(Z>D),
B) P(-1<Z <2), r) Pl<Z<?2),
n) P(Z >0.65), e) P(Z <15).

Nel.3.2. IlponaBen nupoxkoB AHuca miIaTHT 3a apeHay ToproBoi ruiomanau 400 pyOrieil B neHb.
JlHeBHas BbIpyYKa OT MPOJAXH MUPOKKOB MOJYMHEHA HOPMAIBHOMY 3aKOHY C MaTeMaTHYeCKUM
oxxunanuem 700 pyOneit u crannaptHeiM oTkioHeHHeM 200 py6neil. Kak yacto AHduce He xBataeT
JTHEBHOM BBIPYUKH, YTOOBI 3aIUIaTUTh 32 apeHIy?

Nel.3.3. UsBectHO, uto X ~ N(2,1),Y ~N(3,4), X u Y He3aBucumsel. HaliTu:
a) P(X +Y <5), 0) P(Y <-9), B) Takoe ymucio a, yro P(|3X —2Y |<a) =0.95,
T) Takoe uncio a, uro P(X <a)=0.9.

Nel.3.4. Konaurep MHHOKeHTHI roToBUT 3Kiiepbl. 20% MPUTOTOBIEHHBIX 3KJIEpoB BecAT meHee 130
rpamm, u 20% skiepoB BecsaT 6osee 150 rpamm. MHHOKeHTHIT yOSXIEH, UTO Macca KiIepa — HOPMAJIbHO
pacupenenéHHas BeIUInHa.



a) Haiinute e€ MaremaTrdeckoe OXKUAaHUE M CTAaHIAPTHOE OTKJIIOHEHHE.
0) lnHOKeHTHI POJaET TOIBKO AKIIephl Maccoit Oosnee 130 rpamm, a ocTaibHbIE OTHOCHUT JIOMO JETSM.
Kakyro 105110 13 yncia 3KJIepoB, JOCTAIOMIUXCA JETAM, COCTABIIAIOT dKJIIEphl Maccoil MeHbIne 120 rpamm?

Nel.3.5. [l u3MepeHus ypoBHS T0XOJI0B HACEJICHUS 9YaCTO BMECTO CPEIHET0 3HAYCHHUS UCIIONIB3YeTCs
McnaHa, MOTOMY 4YTO OHAa MCHBIUIC OTKJIIOHACTCA B CTOPOHY HCTUIIMYHO OOJIBIINX J0XO0O0B, KOTOPBIC
HoJTy4aeT HeOObIIas 4acTh HaceeHHs. VI3BeCTHO, 4TO B HEKOTOPOM PETHOHE MEMAHHBIN JOXOJ] CEMbU
cocrasisieT 30 TeICsu pyOIieii B Mecsll, a CTaHAapTHOE OTKIIOHEHHE — 8 Thicsay pyOuieit. Haiinure cpeanuit
JI0XOJl B PETHOHE U JIOJI0 HACENICHHUs ¢ J0X0a0M Ooinbiue 40 ThICAY, €CIM pacipeie]ieHue T0XO0A0B B
pETHOHe MOAYMHEHO JIoTapu(PMUUECKH HOPMATIHLHOMY 3aKOHY.

Ne1.3.6. B HEKOTOpOM peruoHe J0XOAbl (BBIpaKEHHBIE B ThICAYaX pyOJiei) UMEIOT JIorapupMUIecKu
HOpMaJIbHOE pacrpe/eleHue ¢ napamerpamu u=3 u o = 0.5 . HaiijuTe oTHOLIEHHE KBAHTUIIN HOPSIKA

0.9 k kBanTIIIM TOpsiaKa 0.1, T.e. oTHOIEHHE Joxo0a camoro 6eaHoro u3 10% cambix OOraThIX K JOXOILY
camoro oorartoro u3 10% caMbIx OeqHBIX.

Nel.3.7. Marematnueckoe OXXHJIAaHHE JIOTHOPMaJIbHOM cilydailHoM BennuuHbl paBHO 100. B kakux
npeJienax MOKeT HaX0IUThes e€ MeuaHa?

X
o - 1
Nel.3.8. CJ'IyLIaI/IHBII/I BCKTOp HMECT ABYMCPHOC HOPMAJIbHOC PACIIPEACIICHUE C MATEMAaTUUCCKUM

0 1 -1
OXXKUJAHUEM |l = L U KOBapHallMOHHOW MaTpullel X = 1 4

Haiinure: a) P(2X1 + X, >11), 6) MaTemMaTH4ecKOe O’KMAAHNE U KOBAPHALIMOHHYIO MaTPHILy BEKTOpa
Y, X+ X,
Y, \2X,-X,

Ne1.3.9. Epmonait JlomaxuH penit OpucTynuTh K BeIpyOKe BUIIHEBOTO caja. OIHAKO BBIICHUIIOCH, UTO
pacTyT B HEM HE TOJBKO BUILIHHU, HO U A010HU. [Ipuuem, no cioBam Jlto0oBu AHnpeeBHbl PaneBckoH,
CpeiHee KOJMUYECTBO JIEPEBbEB (2 OHM MEPUOJIUYECKU MOTUOAIOT OT X0JI0a WM XKaphbl, TUO0 U3 CEeMsH
BBIPACTAalOT HOBBIE) B Ca/ly paclpeielIeHO B COOTBETCTBUU C HOPMAJIbHBIM 3aKOHOM (X — 4nCiIO S0JI0Hb,
Y — 4ucno BUILIEH) CO CIEAYIOUIMMU apaMeTpaMHu:

X N 20\ (5 4
Y 130)'\ 4 10

Haiinute BeposaTHocTh TOTO, uTo EpM™Mornaro Jlonaxuny npuaercs Beipyouts MeHee 150 nepeBbeB.
KakoBo oxumaemMoe 9uciio TOJUICKANINX BhIPYOKE BHINEH, €CIIM M3BECTHO, YTO MPEANPHUHUMYUBHIN H
noclneaoBaTenbHbIN JlonaxuH, He 3aTPOHYB HU OJTHOTO BUIITHEBOTO IepeBa, Haual OYUCTKY cajia ¢ si0JIOHb
1 Bce 25 a0J0Hb YK€ BRIPYOun?

Ne1.3.10. Cop @pancuc [NanbToH — yueéHbiil XIX-XX BeKOB, 0IMH U3 OCHOBOITOJIOKHUKOB KaK T€HETHUKH,
TaK M CTaTUCTUKH — M3y4Yall, CPEAM BCETO MPOYEro, CBSI3b MEXIY POCTOM Jered u poautenei. OH
HCCIIEIOBANl JaHHbIE O pocTe 928 I/IH}II/IBI/I,ZIOBZ (mycTh MX POCT B JIOMMax OIMCHIBACTCS CIyYaitHOU
BenmurHON C) u 0 cpemHeM apu(MeTHUYEeCKOM pOCTa OTIIA U MaTepu KaXJIoro (3Ty BEIHUUHY, TaKKe
U3MEpPEHHYI0 B MMiimMax, 06o3HauuMm 3a P ). CoriacHo OIleHKaM, MOJYYeHHBIM Ha OCHOBAHHH TEX
JIAHHBIX, BEKTOP MaTeMaTUYECKUX OKHIAHUH BBITJISAUT TaK:

E(C) 68.09

E(P) 68.31

A BorH KOBapHualiMOHHasA MaTpuna:

2 PocT sKeHIIIH ObL1 moMHOKeH Ha 1.08 1711 COMoCTaBMMOCTH C POCTOM MY KUHH.



D(C) Cov(C,P)| (634 2.06

Cov(P,C)  D(P) 2.06 3.19

1) OOparure BHMMaHHWE Ha TO, YTO JHMCIEPCUS POCTAa JETeil BBINIE IUCIEPCHU CPEIHEro pocrta
poauteneir. C yeM 3TO MOKET OBITh CBsI3aHO? YUTHTE, YTO POCT JeTeH U3MEPSIICS YXKE M0 JOCTHKCHUN
3pPEJIOCTH, TaK 4TO Pa3dpoc He JOIDKEH OBITh CBSI3aH C BO3PACTHBIMU Pa3INIUsIMHU.

2) PaccunTaiiTe KOppensHOHHY0 MaTpuily Bektopa (C,P)'.

3) Ilycte Benmuuunbl C U P Takke OTpakaroT POCT ASTEH U CPEIHUN POCT POTUTEINEH, HO N3MEPEHBI HE
B JI0liMax, a B cantuMeTpax (1 aroiim paBeH 2.54 cm). Beinumnre BEKTOp MaTEMATUYECKUX OXKUAAHUM,

KOBapUaIMOHHYIO U KOPPEIALIMOHHYI0 MaTpulbl Bekropa (C,P)".
4) Tlpennonoxum, uro Bektop (C,P) mmeer coBMecTHOE HOpMalbHOE pacipenesienue. Onpeaenure,

KaKOB OKHJIA€MbI pOCT MY>KUMHBI, CPEAHUN POCT POJUTENICH KOTOPOro cocTanisieT 72 arorima? Kakosa
BEPOATHOCTb TOT'O, UTO POCT TAKOT'O MYXYHUHBI IPEBBICUT 68 MHOHMOB?

Nel.3.11. Cayyaitnsiii Bektop (X,Y,Z)’ UMeeT COBMECTHOE HOPMAJILHOE pacIpe/iesICHUE:
X 1)(9 0 4

Y |[~NI| O [,|]O 4 -1
z -2)\4 -1 1
Paccuwnraiite BepositHocTH: a) P(0<X+Y-2Z<10), 6) P(2X-Y<Z)

Nel.3.12. OgauM U3 pacupoCTpaHEHHBIX MHCTPYMEHTOB aHAJIN3a (PMHAHCOBBIX PHIHKOB SIBJISIETCS] MOJIEINb
otieHKH (GoHm0BbIX (Win KanutanbHbiXx) aktHBoB CAPM (Capital Asset Pricing Model). Dta monens
OCHOBaHa Ha MPEIOJI0KEHUU O HAIMYUU OE3pUCKOBOT0O aKkTHBa (TrapaHTHPOBAHHO OOECIIEUMBAIOILETO
HEKOTOPYIO JIOXOJHOCTh Rf) M Ha MOHATUM PHIHOYHOTO moprdens — Habopa pa3IMUHBIX AKTHBOB
(Burouasi OE3pUCKOBBIN), HMMEIOMIETO MAaKCHMAaJIbHO BO3MOXHYIO OXHIAEMYIO JOXOAHOCTb TIPH
3aJjaHHOM nucnepcuu noxonHoctu. Ilpeanonaraercs, 4To CBsA3b AOXOAHOCTU HEKOTOPOro akThBa R ¢
JOXOJTHOCTbIO ~ PBIHOYHOTO  mopTdens Rm  ommchiBaeTcsi ~ CIEAYIOLIMM  YPaBHEHHUEM:
ER)-R, =BER)-R). e pe g2t
m
aKTHBa HaJ OE3pHCKOBOW JOXOJHOCTHIO MPOIMOPLHUOHAIBHO MPEBOCXOJCTBY OXKHAAEMOM TOXOJHOCTH
pBIHOYHOTO TOpTdhens Hax Oe3pucKoBOM oXxoAHOCThIO. KoadduuueHT mnponopiuoHanibHOCTH 3
OTpa’kKaeT YyBCTBUTEIHHOCTH JIOXOTHOCTH BRIOPAHHOTO aKTHBA K JMHAMUKE pBIHKA. [Ipearnonoxum, 94To
JIOXOJTHOCTh OE3pUCKOBOIO aKTHBa cOCTaBisieT 4%, okupaemas JOXOJHOCTb PBIHOYHOIO MOpTdens
paBHa 6%, a cuydaiinbiii BekTop (R, Rm) nMeer coBmecTHOe HOpManbHOE paclpeeseHue ¢
4 1

1

a) PaccunTaiite ko3 duinent P 11 paccMaTpuBaeMoOro aKTHBa

0) KakoBa oxumgaemasi JOXOJHOCTh PaCCMaTPHUBAEMOTO aKTHBA?

B) KakoBbI ojxuaeMast JOXOJHOCTb M CTaHAAPTHOE OTKIOHEHHE TOXOJHOCTH PAaCCMaTPUBAEMOT0 aKTHUBA,
€CITM JIOXOJTHOCTh PBIHOYHOTO MopTderns paBHa 8%?

. To ecTb, MPEBOCXOJICTBO OXKUAAEMOH JOXOJHOCTU

KOBapHallMOHHOW MaTpuLen 2 =

X
Nel.3.13. Cay4aiiHblil BEKTOP y MMEET HOPMAJIBHOE PACIPEICIICHUE C MATEMATHYECKUM OKHIAHUEM
1 . _(16 -4 . )
A ¥ KOBapHAIIMOHHOW MaTpHIIeH 4 36 Haitnure: P(X +2Y >-1), E[(X =Y)~].

Nel.3.14. 3arpaTtel Ha OTOIUICHME Mpennpuatuss B siHBape Y (ThIC. pyO0.) CBA3aHBI CO CpexHEi
temneparypoit sHBapst 1 cootHomeHuem Y =12—-3T +&. Bemuuunst (T,g) HOpPMAaJIbHO

pacnpeaciCHbl, U3BECTHBI UX MATEMATUYCCKUEC OKUAAHUA U KOBapUallMOHHAasg MaTpula:



T -18 T 4 0
El |= Y -
€ 0 € 0 13
a) Haiinute MaTemaTtnyeckoe 0xuJlaHHE U IUCIEPCHIO 3aTpaT Ha OTOIUICHUE.
0) Beimmummre (GyHKINIO TUIOTHOCTH BEIUYHHBI Y.

B) C Kakoi BEpOsITHOCTBIO 3aTPaThl HA OTOIUICHUE MIPEBBICAT 73 ThIC. pyO?

§1.4. Touyeunbie OLIEHKHU

Nel.4.1. B teuenue nByxX JHEH HccienoBaTeIbCKasl Tpynna MpoOBOUIa ONMPOC HACEICHHUS] HEKOTOPOTO
ropoja C IENbI0 BBIICHUTH YPOBEHb MOMJICPKKH JEHCTBYIOMICH aJIMUHHCTPALIMA CPEId MECTHOTO
HaceJeHUs, JUIsi 4Yero pECHOHJCHTaM MpeIarajoch OIEHUTh CBOE OTHOUICHHWE K JACHCTBUSM
agmuHucTpanuu 1o 10-6amtbHOMN mkane. B Tedenune nepBoro aHs 66110 ornpomieHo 200 pecloHIeHTOB,

cpead KOTOpbIX cpenHuil Oamn coctaBuin X,. B Teuenue BTOporo nHs Obuio ompomeHo 300

PECIIOHJICHTOB M cpelHui 6ayt coctaBuil X, .

K coxanenuto, Bce pe3yibTaTbl Ompoca, KpoMme 3HaueHUM X, um X,, ObIM yTepsHBI, U

UCCIIEIOBATEM HE MOTJIHM BCIIOMHHTB, CKOJIBKO PECIIOHIEHTOB OBLIO OINMpPOIICHO 3a 3TH ABa IHA. B
pe3yJnbTare, AJ1s CPEAHEro MO FeHepaTbHOM COBOKYITHOCTH (MaTeMaTHYECKOTO OXKHJIaHUs1) OBLIO PEIICHO
5 X +X,

UCTIOJIB30BaTh OLEHKY X :T.

[Tokaxkute, 4Yro olEeHKAa X SBIAECTCS HECMEIIEHHOW IS CPEIHEro IO TEeHEepaIbHOMI
COBOKYITHOCTH. Paccuuraiite, HACKOJBKO €€ aucrepcust 00JIbIIE TUCIIEPCUH BHIOOPOYHOIO cpeiHero X
, paccuntannoro no Bcem 500 HabmoneHussM. CunTaiite, 94TO Bce HAO01aeMble Cly4YaiiHble BETUYMHbI

HC3aBUCUMBI U UMCIOT OJMHAKOBBIC MATCMATHYCCKOC O KUJAHUC U JTUCIICPCHUIO.

Nel.4.2. Umeetcs ciyuaiinas BelOopka Xq,..., Xy, T€ Bce X HE3aBUCHMBI U IPUHUMAIOT 3HaueHHs 1,

3 1 5 co crenyromuMu BepOSITHOCTSIMHU:

3HAYeHUsL: 1 3 5
8EPOSIMHOCIL: a 0.2 0.8-a
a) KakoBeI omryctumbie 3HaueHUs mapamerpa a ?

A 1 .
0) Ilpu kaxoM 3HaUeHHU M oneHka 4 =mX, +1.15+— z X, Ans mapamerpa a OyJeT HECMEIIEHHON?
n—1i=

Nel.4.3. Cryuaiinble BenmuuuHbl X1,..., X, HE3aBUCUMBI, PsJl paclpeeIeHus KaKa0i u3 BEMUUuH X

U3BECTEH C TOYHOCTHIO JI0 TTapaMeTpa -

Bo3MoxHBIE 3HAYCHUS BETHYUHBL X j n—2i H n+3Ji
BeposiTHOCTH 9THX 3HAYCHUIA: 0.3 0.5 0.2
va = X+ X, .+ X,

ITycte X - cpennee 3HaYeHUE BEMMUMH X1q,.., X1 X, =

n

n
a) Halimute MateMaTuyeckoe 0>kUJaHUE U JUCHepcuio X . .

6) JlocTaTouyHO N TMOJYYEHHBIX B MYHKTE (a) pe3yJbTaToB, YTOOBI yTBEpPXKIAaTh, YTO X, SBISAETCA

n

COCTOSITETIPHOM OLIEHKOH [T mapameTpa | ?

A A

Nel.4.4. Vimerotcst 1Be He3aBUCHMbIE HECMEIIEHHBIE OIIEHKH napaMeTpa 0, o6o3HaunM ux 01 u 02, a ux
~ A A
JICTIEPCHH COOTBETCTBEHHO G. W G, . HaiijuTe 3HaueHue o, npu KoTopoM orenka 0 = a 01+ (1— o) 02

OyJeT UMeTh HauMEHBIIYIO qucrepcuto. byaer mu 6 HecmeménHoit oneHkoi s 67



Nel.4.5. Ilycte X, HE3aBUCHMBI M OJAMHAKOBO PACIPEIENICHBl ¢ MAaTEMaTHYECKUM OXHIAHUEM L H
mucnepcueii o> . IlpeanararoTcs JBe OLEHKH MapamMeTpa i

N

Hy = Xy +0oX =3B X 5

N

M, = 0X, -PX,.
[pu Kakux 3HAYCHUSIX O, 3 00€ OLECHKH /I YU OyayT HECMEIIEHHBIMU?
Bri6epute u3 aByx 6omee 23 HEeKTUBHYIO OICHKY.

Nel.4.6. Wmerorcs N Habmopenuid  (N>3), mpencTaBiIsieMbIX  HE3aBUCUMBIMU  OJIMHAKOBO
pacnpenenéHHbBIMU  ClIydaiiHbIMH BenuuuHaMu  Xq,.., X, € MareMaTU4ecKUM OXUAAHUEM | H

mucniepcueil ¢°. ONpejenuTe, KaKUe W3 MPUBENEHHBIX HUXKE OLEHOK [i,, (i, M (i, SBIAIOTCS

HecMemEHHbIMU? Kakas u3 HECMEIIEHHBIX OLICHOK SBJISIETCS OTHOCUTEILHO Oosiee 3 PekTUBHOM?

a) ﬁlle’
. 1 <
0) “2:X1_X2+_22xi,
T4 =3
i, =20

Nel4.7. HWmerorcs N HaObmopeHuid  (N>2), MpencTaBIsEMbIX  HE3aBUCUMBIMU  OJIMHAKOBO
pacnpenenéHHbIMU  CIIly4allHbIMU BEJIMYMHAMU  Xq,..., X;; C MaTeMaTU4eCKMM OXHUIAHUEM [I U

o 2 .
qucnepcuedt o°. JlokaxkuTe, 4TO NpuUBENEHHBIE B NyHKTaX (a) ¥ (0) OLEHKM A | SIBISIOTCS
COCTOATENbHBIMH, a IPUBEAEHHAS B IIYHKTE (B) OLIEHKA COCTOSITENIbHON HE SBISETCS.

2X,+ DX,
2 = n#?
. 1 <
0) 1, =2 Xi
i=1
B) [ = X,.

Nel.4.8. Mmeetcs He3aBUcUMas citydaiiHas BBIOOpKa X1,..., X, U3 TEOMETPUUYECKOIO PACHIPEACTICHHS:

P(Xij =x)=(1-p)*p,x=0,1,2,.. Ipeanoxure HECMEIIEHHYI0O H COCTOATENHHYIO OLEHKY JUIs

napaMmerpa p .

Nel.4.9. Vmeercs BbIOOpka M3 N HaOJMIOJAEHHM, ONMUCHIBAEMBIX HE3aBUCUMBIMU CIyYalHBIMU
BEIMYMHAMU X1,..., Xy, UIMeOIIMMHU pactipenenenue bepuymmm ( X; =1 ¢ BepositHocThio p U X =0

¢ BepoATHOCThIO 1— p ). Haiinure MatemaTnueckoe oXKUIaHUE U AUCIIEPCUIO MPEIIOKEHHBIX OLIEHOK
napamerpa p:

. X, +3X,
a) p=——-2,
) P 4

1 1 &

6) p==X, +—— X,
) P n ' n-15""
B) P=X,-X,,
M p=2X,——3'X..

n-1=



ﬂJ’IH K&)I(I[Oﬁ M3 OLCHOK MPOBEPHTE, BBIMTOIHACTCA JIU JOCTATOYHOC YCIIOBUE COCTOATCIIBHOCTH.

Nel.4.10. [lan psia pacnipeiesieHus ClIy4ailHOM BETUYUHbl X !
X ~ 3HAYeHUs. . 0 1 2
eeposmnocmu . 6 20 1-30
a) OnpenenuTe MHOYKECTBO JIOMYCTHUMBIX 3HAaUeHUI mapameTpa 0 .

0) Ilpu kakux 3HaucHHsX a U D Beamuuna Y =a+bX Oymer HecMeImEHHON OLEHKOM st 6 ?

Nel.4.11. Cayuvaiinble BelMYMHBI Xi HE3aBUCUMBI U OJMHAKOBO PACIPENEIEHBI C MAaTEMaTHYECKUM

X+ + X,
n

3¢ (deKTUBHON OLIEHKOH 171 |1 B KJacce JMHEHHBIX HECMEIIEHHBIX OLEHOK, T.€. 00J1a1aeT HauMEeHbIIEeH

OKUIAHHEM [I U aucrepcueit o”. IlokaxkuTe, 4To BEIGOPOUHOE cpemHee X = SIBIIACTCS

A
JMCIIEPCUEN CPEIN BCEX HECMEMIEHHBIX OLEHOK Buaa =0, X; + o, X, +...+ 0o, X, 1€ o, - HEKOTOpbIE

KO3 PHUITUEHTBI.

Nel.4.12. Ilycte ciydaiiHble BelnMYMHBI X,,..., X, HE3aBHCHUMBI, & UX PACIpPEICIICHUE HU3BECTHO C

n
3HAYEHUA . 0 i

TOYHOCTBIO 10 IapameTpa 0: X, ~ 1 1
eeposimuocmu . 1—- -
I 1

HOKa)I(I/ITe, qTo Xn SIBJISIETCA  COCTOATCIBbHOM OLICHKOM  JIJIst 9, HO JO0CTAaTO4YHOC YCJIOBUC

COCTOSITCABHOCTH 151 HEE HE BBIIIOJIHSCTCS.

Nel.4.13. Cnydaiinble BeIMYUHBl X, ,..., X, HE3aBHCHMBI M OJMHAKOBO pacHpeieseHbl ¢ (QyHKIuen
IUIOTHOCTH, U3BECTHOM C TOYHOCTHIO 710 mapamerpa a € [0;2] :
£(x) = a+2x(l-a), 0<x<l,
0, HHaYe.
a) [Ipu xakom 3HaueHnu M onenka a=m-—3(X, + X,) a1t napamerpa a OyneT HeCMEIEHHON?
6) ITycts a=0. Haiiaure P(0.5<X<0.7).

Nel.4.14. Tumodeit u Hagexxna He3aBUCMMO JIpyr OT Jpyra MPOBOJAT BHIOOpOUHOE 00OcieroBaHUE
HACeJIEHUs, MBITasACh ONPENEIUTh JONI0 JIIOAEH, JarolmMX B3STKUA. Tumodel pemaer, 4To BOIpOC
JIOCTAaTOYHO MUKAHTHBIM, YTOOBI HE OXKHJAaTh YECTHOTO OTBETA, MOITOMY MOCTYMAeT TaK: KaXIOMy
PECHOHJEHTY OH JaéT TaliHO MOJOPOCUTH MOHETKY, OTOBOPHUB, UTO €CJIU BBIMAJET «OPEI», PECIIOHACHTY
ClIelyeT OTBEYaTh «J1a» Ha IOCIEOYIOIIHUN BOIPOC, & €CIM BBIMALET «PELIKa», TO OT PECHOHJEHTa
oxxumaercs yecTHw oTBeT. [locne atoro Tumodeit cnipammuBaet: «J{oBOAMIOCH M BaM 3a TOCJIETHUN
r'oJ] 1aBaTh KOMY-TH00 B3ATKY?» U 3alIMCHIBAET MOJIy4YeHHBIN 0TBET. [Ipeanonoxum, yTo onpamirBaeMble
BEIyT ce0st UMEHHO TaK, Kak oxugaeT Tumodei.

Y Hanu Takue riasa, 4To €l HEBO3MOXXHO BpaTh, IOATOMY OHA IPOCTO CIPAILIMBAET, JOBOJUIOCH JIH
PECTIOHJICHTY JaBaTh B3SATKU, U €l YECTHO OTBEYAIOT.

ITycts X,,..., X, — OTBeThl, nonyyaemble Tumodeem, a Y;,....,Y, — OTBeTHl, noidyyaemble Hanexmon
(oTBeThl KOAMpyroTCs Tak: 1 — «ma», 0 — «Her»). B kauecTBe OLIEHKH Ui JOJU JNAIOLIUX B3STKU
Xi+..+ X,

Tumodeit ucronp3yeT BEIMUUHY P =2 X (
m

- O.SJ , a Hansg — oObrdHyt0 BEIOOPOUYHYIO TOJTIO

L Y+ +Y
- .
a) [Tokaxwure, uro ucnonb3dyemas TumodeeM onieHka HecMem€HHas. [IpoBepbTe, BHIOIHAETCS JIU IS
HE€ JOCTATOYHOE YCIOBHE COCTOATENBHOCTH.



6) Tumodeit onpocun 100 yenoBek. CKOIBKO YEIOBEK JOCTATOYHO ONMPOCUTh Hamexae, 9aroon! e€ oreHka
HE yCTynaJia 1o TOYHOCTHU oueHke Tumodest?

Nel.4.15. Ciyyaiinbple BeIUYUHBL X,..., X, HE3aBUCUMBI, UX PaCIpeIeI€HHE U3BECTHO C TOYHOCTBIO J10
napameTtpa 0:

3HavyeHHUs: -1 0 |1
BepositHoctu: | 6 | 1-20 | O

a) Haiigure MSE(@) , TIIe 0= Xf.

n
0) IIpu kakom 3HaueHUU C OlIeHKa O = CZ X7 6yner HeCMEIEHHOI?
i=1

B) Haiinure MSE (6).

Nel.4.16. Jlokaxute ¢dopmyiry MSE(@) = Bias? (é) + D(é) , rae Bias (é) = E(é —-0) — cmenieHUe
OIICHKH.

Nel.4.17. CryuaiiHble BequuuHbl X1, ..., Xo He3aBucumsl, E(X;) = 0, D(X;) = 62. Cpasuure no MSE
oneHku s mapamerpa 0: (1) X, (2) 6 = %

Nel.4.18. Coyuaiinble BeanuuHbl Xy, ..., X, Hezasucumel, E (X;) = 0, D(X;) = 6. PaccMOTpUM OLIEHKY
B=c Yo X;. Ilpu KakoM 3HaYEHUH C 9Ta Ol[CHKA OyIeT MMETh HAMMEHBIIHI CPEIHUI KBaIpaT OIHOKH?

§1.5. Bb100OpoUYHbIe XapAKTEPUCTHKH.
OcHoBHBIE pacnpe/ieIeHNs MATEMATHYECKOH CTATUCTUKM.

Nel.5.1. Kypeepckas cnyx0a m3ydaeT CpelHee BpeMsl JOCTaBKM TMOCBUIOK MO Topoxy. CiyuaiiHas
BbIOOpKA M3 BpeMEH ocTaBKU A 10 MOCBUIOK /1ana CleAyIoUIre pe3yabTaThl (B yacax):
7,3,4,6,10,5,6, 4, 3, 8.

a) PaccuuTaiiTe BBIOOPOYHBIE XapaKTEPUCTHKH: CpegHee, MeJuaHy, IUCIEePCHI0 U CTaHIapTHOE
OTKJIOHEHHUE.

6) ITocTpoiite rpaguk BEIOOPOUHOHN (PYHKIIUMH pacripe/ieleHUs] BpEMEHH JJOCTaBKH.

Nel.5.2. Pomantuunas neByimika Pas mepeOpana 50 1BETKOB CUpEHU W OOHApY»KWJIa YEThIpe IBETKA C
MATHIO JIEMECTKaMH (B OCTaJbHBIX OBLJIO MO YeThIpe JienecTka). Paccuuraiite BEIOOpOUHOE cpeaHee U
BBIOOPOYHYIO TUCTIEPCHUIO JUIS YHUCIIA JIETIECTKOB B OJIHOM IIBETKE.

Nel.5.3. [lyctp X ~ ;(5, Y ~t, . Haiigure:
a) P(X>4.642), 0) P(1.424<X<7.815), B) P(|Y|<1.895), r) P(-0.402<Y<0.130)

Nel.5.4. Metkuii crpenok Bacumuca cTpenser mo MumieHH Tak, 4yTo kKoopAawHathl (X,Y) TOYKH, B

KOTOPYIO OHa TIIOTAaJaeT, MMEIOT COBMECTHOE CTaHJIapTHOE HOpMajbHOE pacmpenencHue. Hagano
KOOPJIMHAT COBIAJIA€T C IEHTPOM MHUILICHH.

KakoBa BeposSTHOCTH TOTO, UTO TIPH OYEPEITHOM BBICTpEsie Bacumuca OTKIOHHUTCS OT IIEHTPAa MUIIECHU
Oosee ueM Ha 2 moiima? MIMeHHO B TroliMax u3MepsroTes koopauHatel (X,Y).

Nel.5.5. Menemkep xoderinu «Y Arappu MarBeeBHBD» 3HAeT, YTO O0BEM CTAaHAAPTHON MOPLUU
ACTIPECCO TOJDKEH COCTaBIATh SO MIJI CO CTaHAAPTHBIM OTKJIOHEHHEM B 2 MiL. JKenast OHATh, HACKOJIBKO
TOYHO O(DMIMAHTHI HAJMBAIOT IIOCETUTENSIM TIIOJIOKEHHBIH O00BEM Kode, MeHeIkep BBIOOPOYHO
obcneayer HeckoibKo Yarmiek. CKOJIbKO Yaliek OH JIOJDKEH 00CiIeI0BaTh, YTOOBI C BEPOSATHOCTHIO 95%



OTKJIOHEHUE cpeqHero o0bEMa MOPIHK B BHIOOPKE OT TEHEPAJIbHOTO CPEIHEro He MPEBBIIIANO JABYX
MPOLICHTOB?

Nel.5.6. Ciiyuaiinble BeauunHbl X U Y HE3aBUCUMBI U pacpeieeHbl 10 CTAaHIaPTHOMY HOPMaJIbHOMY
3akoHy. KakoBa BEpOATHOCTh TOIO, YTO OJHA W3 HUX HPEBBICUT APYrylo Oojee 4eM B IATh pa3 10
MOAYJI0?

Nel.5.7. Criyyqaiinsie Benuuusbl X ,..., X, He3aBucumbl, X; ~ N(u, c?). CpaBuute o MSE nBe onieHkH

ans gucnepcun: S’ :EZ(Xi - X)* u &° :LZ(Xi — X)?. Tlpu KakoM 3Ha4YeHHH C OICHKA
n i=1 n - i=1

n
o’ = cZ:(Xi — X)? 6yaer UMeTh HAMMEHBLIYIO CPEHEKBAIPATHIECKYIO OMIUOKY?
i=1

Nel.5.8. Ectp aBe He3aBUCHMbIE BEIOOPKU U3 HOPMAJIBHOI'O PACIIpeeIeHUs ¢ OJJMHAKOBOM ucnepcuei,
B Kax10i1 o 8 HabmoaeHuit. C Kakoil BEpOATHOCThIO HECMEIIEHHAs OLEHKA AUCIIEPCUU, pACCUMTaHHAs
10 TIEPBOil BEIOOPKE, OKAKETCS OOJIBIIE OIEHKH TUCTIEPCHH IO BTOPOU BBIOOPKE XOTsI OBbI B CEMb pa3?

Nel.5.9. CrnyyaiiHble BETUUUHBI X1, ..., X1 HE3aBUCUMBI U HOPMAJIbHO PACIIPEIEIEHBI C MATEMAaTHUYECKUM
oxumanneMm 8 m gucnepcuert 25. Cpennee apudmerndeckoe 3TUX BeaudyuH oOo3HauuM X. Haiinure
BEPOATHOCTH COOBITHI:

a) {X > 8.75}, 6) {X18,(X; — X)? > 25}.

Nel.5.10. dapmarneBTHUECKas] KOMITAHUS IPOU3BOIUT TabneTku. [Ipu HataKeHHOM MPOU3BOICTBE
Macca aKTUBHOT'O MHIPEJUEHTA B COCTaBE OJHOM TaOJIETKU — HOpMaJIbHAA CilydaiiHas BETUYUHA C
MareMaTuyeckuM oxujanuem 3 rpamma u aucnepcueid 0.0025 rpamma B kajpate. Bpems oT BpeMeHu
OTJIeJ1 KOHTPOJIS KauecTBa 0TOMpaeT 16 mpon3BeEHHBIX TaOJETOK U PACCUUTHIBAET CPEIHIOID MaCCy
AKTHBHOT'O MHTPEIMEHTA U HECMEUIEHHYIO OLIEHKY aucnepcun. Eciu cpeqHss macca BEIXOAMT 3a
npeznens (2.97; 3.03) wim ouenénnas aucnepcus okaspiaercs Boime 0.0047, mpou3BoaCTBO
OCTaHaBIUBaeTcCs /s nepeHanagku. C Kakoil BEpOSITHOCTBIO OTJEN KOHTPOJISI KaueCcTBAa OCTaHABIMBACT
HaJIAKEHHOE MTPOU3BOJICTBO?

§1.6. loBepuTesibHbIE HHTEPBAJIBI.

Nel.6.1. C nenbio u3ydeHus TPyA0BOM MOOMIBHOCTH MPOBOJUTCS BBIOOPOUYHBIH ONPOC HACETICHUS.
Paccuutannsiii mo orseram 400 pecnoHAEHTOB CpeJHHMH CTak pabOTHl Ha TEKylleM paboueM MecTe
cocTaBui 2.2 rojia, a olleHKa JUCIepCHH cocTaBuna 6° = 4. Paccuuraiite 99% 1oBepUTeNbHBI HHTEPBA
JUI CPEIHEro cTa)<a o reHepajbHOW COBOKYITHOCTH.

Nel.6.2. Ha xonnurepckoii habpuke OTaen KOHTPOJIS KauecTBa 0ToOpai 25 MIMTOK FOPHKOTO IIOKOoJaaa
JUIS IPOBEPKH cocTaBa MpoayKiuu. Ha ocHoBaHuuM aHanmn3a 0TOOpaHHBIX 00pa31oB OblI ocTpoeH 90%
JIOBEPUTENbHBINA HHTEPBAJ Ul CPEIHEr0 Beca Kakao B COCTaBe OJHOM IIUTKHU B rpammax: [59.5; 62.5].
[Ipu pacuére MHTEpBaja MpeaNOaraloch, 4TO BEC KaKao HMMEET HOPMaJbHOE pacHpeiesieHHe C
HEU3BECTHOM AUCIIEPCUEH.

HauvanbHuk oThena 3asBHJI, YTO XO4YeT HMETh Oosiee HaAEKHbIE pE3yJNbTaTbl U IOMPOCHI
paccuutath 95% JOBepUTENIbHBIH HMHTEpBal [UIsl CpEelHEro Beca Kakao. BbimomHuTe mNpoch0y
HayaJlbHUKA.

Ne1.6.3. B Teuenue 1ByX JHEH NPOBOAMIICS OIPOC HACEJIEHUS TOPOAA C LIEIBIO ONPENEICHNS OTHOLIEHHUS
XKHUTENeH K JeHCTBYyIoLed agMuHUCTpalui. B nepBoiil AeHb ObLI0 ompoineHo 256 yenosek. [lo aTum
HAOJIIOJIEHUSIM CTaTUCTUK TIOCTPOMJ JIOBEPUTEIbHBIM HHTEpBaJ JUIsl JIOJIM TE€X, KTO BbIPa3UiI
MOJIOKUTEIBHOE OTHOIIEHUE K pabote agmuumcTpanuu ropona: (31,57%; 43,43%). Bo BTOpoii aeHb



ObLTH ompotreHsl emé 144 yenoBeka, U3 KOTOPhIX 46 BBIPA3WIIN MOJOKUATEILHOE OTHOIIICHHE K padoTe
aJIMUHUCTpAIUH.

a) Kakoii ypoBeHb pgoBepus (JOBepUTENIbHAs BEPOSTHOCTH) HCIIONB30BAICA TMPHU IOCTPOSCHUU
JIOBEPUTEIILHOTO MHTEPBAJIA MO IAHHBIM MIEPBOTO JAHS omnpoca?

06) [lo mamHbIM 3a 00a nmHs paccumtaiite 90% AOBEpUTENTBLHBIH HWHTEPBAI IS JIOJIM HACEJICHUS,
MOJIOKUTEIHHO OTHOCSIIIETOCS K paboTe aIMUHUCTPAIIHH.

Nel.6.4. Cratuctuk Tumodeii olieHMBaeT TOBEPUTEIbHBIA HHTEPBAI JJIs1 MAaTEMAaTHUYECKOTO OKUIAHUS
. = G = G
no Oonbwodl BeIOOpKe 1O Qopmyne X -z, ——=<pu<X+2Z, T .
5 AN 5 NN
2 2

7n

HOPMAJIBHOI'O pacCrnpeaciCHusd U HE MOXKET TOUYHO BCIIOMHUTH 3HAUCHUC Za AJIs1 YPOBHA OOBCpUA 95%.
2

Tumodeit 3a0buT  TAOIHIIBI

Omnpenenure, KakoB OyJIET YPOBEHb JTOBEPHs, CIIN
a) Tumodeit moacTaBuT 3HaUeHue 7, =2;
2
0) Tumodeit BoCTIONb3yeTCsl CICIYIONUM BBIPAXKCHUEM JIJIS IOBEPUTEIHLHOTO HHTEpBAJIa:
- e} - 4]
X-=15—=<p< X +2.5T.
n

7

Nel.6.5. [To BEIOOpKE W3 HOPMAJIBHO PACHpPENCIEHHONW TeHEepaTbHOW COBOKYIHOCTH O00BEMOM B 16
HAOJIOICHNH paccuuTaHBl BHIOOpOUHOE cpemHee X =12.6 U OmeHKa mis JaucHepcun 6° =6.25.
Paccuuraiite 90% noBepUTENBHBIN UHTEPBAI JIJIs1 MAaTEMaTUUECKOro oxuaanus u 80% 1oBEepUTEIbHBIN
WHTEPBAJ JJIs1 AUCTICPCHH.

Ne1.6.6. [1ycTs n3BECTHO, YTO AUCIIEPCUs 10 HOPMAJIBHON F€HEPAIbHOW COBOKYNHOCTH paBHa 4. Kakum
JIOJKEH OBITh 00BEM BBIOOPKH, YTOOBI UprHA 95% HOBEPUTEIBHOTO HHTEPBANIA IS MATEMAaTHYECKOTO
O’KU/1aHus (pa3HOCTh BEpXHEH M HU)KHEN TpaHuIbl HHTEepBaia) Oblia He Oosee 17?

Ne1.6.7. I1o 25 HabntoeHUsIM U3 HOPMaJIbHON TeHepaibHOM COBOKYITHOCTH ¢ HEM3BECTHOM nucnepcuen
ObLT otieHeH 95% MOBEpUTENBbHBIN MHTEPBAN JUIsl MaTeMaTudeckoro oxxunanus: [37.3; 40.7]. Haitnure

BBEIOOPOYHOE CpeJIHEE M OLIEHKY JIMCTIEPCHH G~ .

Ne1.6.8. Craructuky Tumodero Hajoenu oObIYHBIE, CHMMETPHYHBIE MO BEPOSTHOCTH JI0BEPUTENIbHBIE
uHTepBabl. OH xoueT noctpouth 90% noBepUTENHHBIM HHTEPBAN U1 MAaTEMATUYECKOTO 0XKUIaHUS TaK,
4TOOBl MaTeMaTHYECKOEe OXKUJaHHE HEIO0OLEHMBAJIOCh C BEPOSATHOCTHIO 2%, a MepeoLeHUBAIOCh C
BeposATHOCTbIO 8%. Ilomorure Tumodero BbIBECTH BbIpaX€HUE sl TAKOrO HMHTEpBaja B cilydae
HOPMAaJIbHOW T'€HEPAJIbHON COBOKYITHOCTH U U3BECTHOW JUCIIEPCUU.

Nel.6.9. [TpousBoauTeNb OACKIBI XOUET Y3HATDH, KaKOU I[BET (yTOOJIOK MPEANOUNTAET 1IeNieBasi Tpymma:
MaJIMHOBBIN WIIH callaTOBBIN. B BEIOOpKE M3 225 venoBek 90 BhICKAa3aIKMCh B MOJIH3Yy MAaJTHHOBOTO I[BETA,
a 135 — B moib3y canaToBoro.

a) Paccuwnraiite 95% noBepuTenbHBIA HHTEPBAT JIJIS1 JOTU MIPEATIOYUTAIONINX CAIATOBBIN IBET.

0) Ctporuii HayaJbHUK XO4YeT, YTOOBI IIMPHUHA TOBEPUTEIHHOTO HHTEpBala (pa3HHIIA MEXIY €ro
BEepXHEW M HWXKHEW rpaHuieil) Obuta He Oonbie 0.1. Kakoil noBepuTeabHONW BEPOATHOCTH MOXKHO
TOOUTHCS B TAKOM ciiydae?

Ne1.6.10. Ilepen pa3zpaOoTkoii cOOCTBEHHOrO caiiTa Bacuimii muiaHupyeT ompoc HaceleHHUs ¢ IebIo
BBISICHUTD, KaKOM M3 BYX MPOEKTOB cailTa (0003HaunM ux A u b) Gosbiie HpaBUTCS MOTEHLIUATBHBIM
nocerutensiM. Bacuuit Hameper onpocuts 400 uesoBek U y3HaTh, KAKOW MPOEKT MPEINOUYUTACT KAk bIi
U3 HUX.

a) B kakux mpenmemax nexaT MaTeMaTHUeCKOe OXHMIAHMS W JUCHEPCUS 00y ONPOIIEHHBIX,
MPEANOYUTAIOMIHNX MPOEKT A?



6) [Tomorure Bacuiuio MOHATH, CKOJIBKO YE€IOBEK HYKHO OMPOCUTH, YTOOBI JOJS MPEANOYUTAIOLINX
OpOEKT A B BHIOOpKE OTIMYajach OT JIOJM B TeHEpaTbHOW COBOKYNMHOCTH He Oonee yem Ha 0.08 ¢
BEPOSITHOCTBIO 95%.

B) Bacunmii Bc€ paBuo onpocuit 400 uenoBek. M3 Hux 280 BbicKazaiuch B Moyb3y npoekra A. Haiiaure
95% noBepuTENbHBIA UHTEPBAJ TSI OJIH MPEANOYUTAIONINX ITOT IPOEKT B T€HEPAIbHON COBOKYITHOCTH.

Nel.6.11. Ilo Beibopke w3 14 HaOmromeHuid cratuctuk Tumodeit m mouteHHBIM crapen deomocuii
paccuuThiBalOT 95% MOBEpUTENBHBIA MHTEPBAN JJIsI MaTeMaTudeckoro oxujaanusi. O0a yBEpeHBI, 4To
BbIOOpKA B3sTa U3 HOPMaJbHOW reHepalbHONW COBOKYMHOCTH, HO TuModeil olleHuBaeT AUCIEPCHIO 10
UMEIoIMCs HaOmoneHusM, a @eoocuii TI0 OMBITY 3HAET, YTO JAUCIIEPCHS paBHa 25.

a) C kakol BepOATHOCTBIO MHTEpBa TuModes okakeTcs mupe nareppana deogocus?

0) ®eonocuii paccuntan Beibopounoe cpennee — 10.5. Ilomorure emy paccunTarb HHTEPBAI 10 KOHIIA.

Nel.6.12. Typuctuueckass KOMIaHHUs OLEHUBAET CTENEHb YJOBJIETBOPEHHOCTH KIMEHTOB, TOCETUBILNX
onpenenéHubplii Kypopt. M3 256 ompoimreHHBIX KIMEHTOB 32 yKa3zald B aHKETe, YTO II0€3]IKa He
YIOBJIETBOPHIIA X OXKHUIAHHSL.

a) Paccuwmraiite 90% noBepuTENbHBI MHTEpBad Ul OJM KJIMEHTOB, YbM OXXKHUJAHUA He ObUIM
YJIOBJIETBOPEHBI, B F€HEPAIbHOW COBOKYITHOCTH.

0) CraTiCTHK paccuuTal JOBepuTeIbHbIN nHTepBal i 3tor noiu: (0.08; 0.17). Kakoii noBepurebHOM
BEPOSITHOCTH OH COOTBETCTBYET?

§1.7. IlpoBepka runores.

Nel.7.1. UssectHo, uro X ~ R[0;a]. Hccaenosarens mnposepsier rumoredy H,:a=10 mnporus
Ha :a>10 ¢ nomomsio ciaeayromero Kpurepus: orBepruyTb Hg B moms3y Ha, ecim X > €. Kakum

JOJI’KHO OBITh YUCIO C, 4TOOBI oOecnieunTh ypoBeHb 3HauuMoctu 10%? Ilpu HaiineHHOM C BBIpa3uTe
MOITHOCTb KpUTEPUS KaK (QYHKLHUIO OT a.

Nel.7.2. I'paxxnanun Enop pemraer NpoBEpUTh, HE KyJIbHUYAET JIM HAaNEPCTOUHUK AdaHacuil, Ui 4ero
npezuiaraetT Adanacuio celrpath 5 nmaptuil B Hanépcetku. OEQop pelaer, 4To B KaKI0W mapTuu Oynet
BbIOMpaTh OAMH U3 TPEX HANEPCTKOB HAyrajd, HE CMOTpsA Ha JBWXKEHHUS pyK Bexymiero. OCHOBHas
runote3a: AdaHacuil 4ecTeH, U BEPOSITHOCTh NMPAaBUIBHO yrajgaTh Han€pCTOK, MOJA KOTOPHIM CIIPSTaH
ITApUK, paBHA /3. AnbTepHAaTHBHAs THNOTe3a: AdaHacuil KaKUM-TO 00pa30M KyIbHHYAET (HampuMep,
HE3aMETHO MNpsAYeT IMIAPHK), TAK YTO BEPOATHOCTH YrajaTh HYKHBIH HamEpPCTOK MeHblle, deM /3.
CratucTH4ecKuil KpUTEpUil: OCHOBHAsI THIOTe3a oTBepraercs, ecnu dEnop HU pa3dy HE yramaer, TJe
HIapHUK.

a) Haitnute ypoBeHb 3HAUMMOCTH KPUTEPHSI.

6) Haiimute MOLITHOCTh KpUTEPHUS B TOM ciydae, Koraa AdaHacuil )KyJIbHUYAET, TaK YTO BEPOATHOCTh
yrajarth Hy’KHEIH HalEPCTOK paBHa /s.

Nel.7.3. Tlepen BeIOOpaMu TPOBOIUTCS OTIPOC C LETBIO BHIICHEHHS YPOBHS MOIEPKKH KaHIUIATOB A 1
B (mpyrux kangunatoB HeT). OCHOBHas TUIOTE3a: rojoca M30HpaTeneil pachpeAessioTcs MEXIY
KaHIuJaTaMy MOPOBHY. AJNbTepHAaTHUBHAS TMIIOTE3a: 1011 U30HupaTeseil, MoA/IepKUBAIOIINX KaHIuaaTa
A, Oonbire 50%. [Ins mpoBepku BbIOpaH ypoBeHb 3HauMMOCTH « =0.01. M3 500 ompomennbix 280
OTBETHJIM, YTO MOJICP>KUBAIOT KaHaAuAaTa A.

a) PaccumTaiite cTaTUCTHKY, C TOMOILBIO KOTOPOI MPOBEPSIETCS yKa3aHHAs TMIIOTE3a.

6) PaccunraiiTe KpuTHYECKOE 3HaYCHHE (MM 3HAYCHUS) JITIsl STOU CTATUCTHUKH.

B) Paccuuraiite p-3HadyeHue.

r) Onpexaenure, €CTh JIM OCHOBAHUS OTBEPTHYTh OCHOBHYIO THIIOTE3Y Ha 3a/JaHHOM YPOBHE 3HAYUMOCTH.

Nel.7.4. [Ipon3BouTens MIAMITyHS CJIEIUT 32 T€M, YTOOBI B CpeIHEM B yIakoBKe 06110 400 MJT IaMITyHSL.
[Tpu oOcnenoBannu ObLT U3MEPEH 00BEM aMIyHs B 12 ymakoBKax:



451 454 444 454 447 450 445 447 442 446 448 451
Ha ypoBHe 3naunmoctu 10% onpenenure, €CTh 11 OCHOBAHUS CUUTATh, UTO IPOM3BOACTBEHHBIH ITPOLIECC
TpeOyeT nepeHasaikH.

Nel.7.5. [lpu oTiaxeHHOM MpOIECCe YNAKOBKHM 4Yasi B OJIHY YIAKOBKY B cpellHeM momemaercs 125
IrpaMMOB 4asi, IIpU 3TOM JUCIEPCHUsI MacChl 4as B YNAKOBKE HE JOJDKHA IPEBBIMIATh 9 (rpaMMOB B
kBazpare). OTnen KOHTPOJS KadecTBa OTOOpan 25 ymakoBOK M paccuuTail HECMEHIEHHYIO OIICHKY

A2 1 $ v \2
JUCIIEPCHH & =—Z(Xi - X)*=135.

n-143

[Ipenmonaraercs, 4To Macca 4asi B yIlakoBKe UMEET HOpMalIbHOE paciipeiesieHHe.
a) Ectp 1M ocHOBaHMsI cuuTaTh, YTO JUCIEPCUS MAacChl 4Yasl IMPEBBIIIAECT AONYCTUMbIA mpenen?
Hcnons3yiiTe ypoBeHb 3HaunMoctu 1%.
0) I'unore3y o paBeHCTBE cpelHEl macchl 125 rpaMMaM peleHO MPOBEPSATh INPOTUB JABYCTOPOHHEU
aIbTEPHATUBBI C IMOMOUIBIO CIEIYIOIIETO KPUTEPHs: TMIIOTe3a O PAaBEHCTBE HE OTBEPraercs, eciu
CpeIHsis Macca 4asi B BEIOOpKe JIeKHT B mpenenax [123.452;126.548]. B nmpoTuBHOM ciydae OCHOBHAS

THITOTE3a OTBEPraeTcs, MPOIECC YITAKOBKH OCTAHABIUBACTCS IS TIEPEHANIAIKH.
[Tpenmonoxxum, YTO HACTOSIIAsL AUCIIEPCHUSI Macchl yasi B yHakoBKe paBHa 9. C Kakoi BEPOSITHOCTHIO
XOpOIIO OTJAKCHHBIH MPOLECC YMAKOBKM OyAET OCTAHOBJCH Ui MEepeHANaiKH (MHA4Ye TOBOPS,
MPOU30HAET OmMOKa IepBoro poja)?

Nel.7.6. Céctpbl AHs u TaHs O ouepeau MOIOT MOCYAY M BpeMs OT BPEMEHH 3Ty MOCYJy ObIOT. AHA
CUMTAaeT CecTpy HeyMexoil M yTBepxkjaaer, uro TaHs Ob€T mocyny uamie. TaHs ompaBabIBaeTcs U
IpeUiaraeT yCTPOUTh CIEeIYIOIUI SKCIIEPUMEHT: MBITh TapelKu 10 ouepenu (HaunmHasi ¢ AHH) JI0 TeX
1op, 1Moka cécTpbl He pa30o0bioT JBe Tapenku. Eciau o6a pa3a BuHoBata Oyner TaHs, To oHa mpu3HAETCS
HeyMexoil. OcHoBHas runore3a TaHu 3aKIIF04aeTCsl B TOM, YTO OHA OBET MOCYIy TaK )K€ 4acTo, Kak U
Ans. B xakux mpenenax HaXOAWUTCS BEPOSITHOCTh OLIMOKM IepBoro poja? B kxakom ciydae kpurepui
ABJIsIeTCS O0JIee MOILHBIM: €CIIU IIEPBOM MBITh IIOCcyAy HaunHaeT AHs unu Tana?

Nel.7.7. B cnyuaiinoii Bei6opke X,,..., X BeIMuMHBbl X; HE3aBUCHMBI U MPUHUMAIOT 3HadeHus 0 u 1,

BeposiTHOCTh  coObiTust {X; =1} o6o3naunm p. Jlns npoepku runoressl H,:p=1 mnporus

n
asnprepHaTuBbl H, : p <1 ncnons3yercs kpurepuii: otBeprars H,, ecnu Z X;<n.
i=1
a) Ilpennonoxum, uto Ha camoM jaene P =1. C kakoil BEpOSATHOCTBIO OCHOBHAas THIIOTE3a OyAeT
oTBepruyra’?
6) ITycts 0< p <1. Beimummnre MOIUTHOCTh KPUTEPHUS KaK QYHKLHUIO OT P .

Nel.7.8. Ciyuaiinple BennauHBl X, X, HE3aBUCHMBI U PaBHOMEPHO pacIipesiesieHbl Ha oTpeske [0; a).
HccnenoBatens nposepsier runote3dy Ho: a=0 npotuB anprepHaTHBbl Ha! @>1 ¢ momomibio KpuTepus:
OTBEPrHYTh OCHOBHYIO runotesy, ecan max( X,, X,) > 0.9. Kakoii ypoBeHb 3HAYNMOCTH COOTBETCTBYET
TOMY KpUTepHUI0? BhIMUIINTE MOUTHOCTh KPUTEPHUS KaK (PYHKIIHIO OT a.

Nel.7.9. Ha ppiHKE aKKyMyJISITOPOB €CTh JIBa TOBApa: KAYECTBEHHBIE AKKYMYJISITOPBI CO CPEJHUM CPOKOM
paboTsl 110 paszpsaku 100 yacoB 1 HEKaueCTBEHHBIE, pa3psikaronuecs B cpeaHeM 3a 85 yacos. U B Tom u
B IPYTOM ciiy4yae BpeMs paboThl HOpMAJIbHO pacipeienero ¢ aucnepeueit 63. Kommnanus npeanonaraer
3aKyIUTh MAPTHIO aKKYMYJIATOPOB Y HOBOT'O ITOCTABIIMKA U JJISl TPOBEPKH OCHOBHOM T'MIOTE3BI (CPpEIHUN
cpok paboTsl paBeH 100) mpoTHB anbTepHATUBHOM (CpeHUH CPOK paboThl — 85) cimyvaiiHo oTOMpaet 7
AKKyMYJISTOpPOB JUIsl ucnbiTaHus. OCHOBHasl TMIIOTE€3a OTBEPraeTcs, €Cld CpeIHU CpoK paboThl B
BEIOOpKE X < a.

a) [Tycte a = 94. Paccuuraiite BepostHocTu oubok | u Il pona.

0) Pemmeno mpoBepsATh TUIIOTE3Y HA ypoBHE 3HAUNMMOCTH 5%. Kakoe 3HaueHue a cieayeT ucroiab30BaTh?



Yacte 2. Kitaccuueckas TmHenHass HopMajibHast
pErpeCCUOHHAs MOJIEIIb: TapHas PErpeccus

§2.1. MeToa HaUMEeHbIIMX KBA/IPATOB

Ne2.1.1. Tlo mapam HaOmIONEHWH 3a JUIMHOM JIMHUM CyIbOBI Ha JaJ0HU B ¢cM ( X ) U BpeMEHeM,
HPOLIEIINM IO MOMEHTA BCTYIIJICHHUS YesloBeKa B Opak B rogax (Y ) METOJJ0OM HAMMEHBIINX KBaJPaTOB

OlLleHEHa 3aBHUCUMOCTb Y, =0+ X, +¢;. Haiinure ouenku xodpdunuento o u B, ecnmu X, =4;

X,=6; X;=8,Y,=20;Y,=30; Y, =25. Paccuuraiire KO3 PULUEHT AeTePMHUHALINN.

Ne2.1.2. [locrpoiiTe OlleHKY MeTOJa HAMMEHBIIMX KBaapaToB s kKoddduipenta 0 1o HaOOpy
HaOmoxenuit (X,,Y,), ...,(X,,Y,) B clenyomumx Moaemsx:

a) Y, =0-0X, +¢,, 0) Y, =0+2X, +¢,.

Ne2.1.3. [To HaGmroreHusM 3a cpenHeit remreparypoid 3uMbl 1 (°C) 1 3arpaTamu Ha oToruieHue 3umoit C
(ThIC. py0.) HA HEKOTOPOM NPEANPUATHH ObLIAa OICHCHA JIMHCHHAs 3aBUCHMMOCTh ¢ momoinsio MHK:

éi =18-0.2T,. Cxaxxure, kakumu Obiiu 661 MHK-onenku ko3 durirentos, eciu Obl:
a) 3aTpaThl U3MEPSUIHCH B PyOIIsIX,

0) Temneparypa usmepsnach B rpagycax no ®@apenreiry (T, =32+ gT ).

Ne2.1.4. Tlo uerblpéM HaOmronEHHAM OLIEHHMBAlach napHas perpeccus Y; =a+pX,+g ¢ HOMOIIBIO

METO/1a HAMMEHBIINX KBaJApaToB. Hurke mpuBeIeHbI OCTATKH PErPECCUH €j M 3HaYeHUs perpeccopa Xi:
ei: 6 0 a 2a

Xi: 10 13 12 b

Haiinure 3Hauenus a u b.

Ne2.1.5. Umeerca ouenénnoe ¢ nomouipto MHK ypaBHeHue perpeccum: YAI =17-0.3X,, RSS=200,
ESS=300. Haiiyiure BbIGOpOUHbIi KoddduimenT koppemsiuuy Mexay X u Y, mexay Y n Y .

Ne2.1.6. Haiinute MHK-onenky ﬁ B perpeccuu Y, = o +BX, +¢;, ecnu X =10,Y =10,6=2.

Ne2.1.7. MHorue HeJlMHENHbIE 3aBUCMOCTH MOYKHO CBECTH K JIMHEWHBIM U OLIECHUTH METOJIOM
HaMMEHBIINX KBaapaToB. Hanpumep, Mmonens Y; = Asz IpH Jorapu(PpMUPOBAHUU NPEBPAILAETCS B
muHeiinyo: InY; = InA +blnX; +Ing;. Sannmem eé BBune Y, =a + bX; + v, rae Y, = InY;, X; =
InX;,a=1InA, v; = Ing;. [Tpumerns MHK k npeoGpa30BaHHBIM MEPEMEHHBIM Y; H X;, MOKHO
TIOJTYYHTh OLIEHKH A i b U1 K03 duIMenToB a u b, a K03(PUIHEHT UCXOTHOTO YPABHEHHS A OLIEHHUT
1o opmyne A = e?,

ITogymaiite, Kak CBECTH K JINHEWHOMY BUJy CIEAYIOIINE YPAaBHEHHUS:

1 . C— AaBXip - _ _exp (Ba+BoXite)
a)Yi B1+B2Xi+g;’ 0) Y = Ae™e;; B) Yi 1+exp (B1+B2Xi+€i)

Ne2.1.8. CocraBpTe 1BE BHIOOPKH HAOIOIEHUHN 3a TIpU3HakaMu X H Y Tak, 4TOOBI B KKIOW M3 HUX
ypaBHeHue perpeccun Y; =0, +B,X; +€ umeno HyneBod K03Q(OUIMEHT IETEPMUHALUH, a IpH

OLIEHMBAHMK TOTO YpaBHEHHs 10 0O0BbeIUHEHHOH BEIOOpKe R® ObLN ONM30K K €AMHHIE (HampuMep,
6ompmre 0.9).



Ne2.1.9. Ouenuanue ypaBHenus Y; =3, +f3,X; +€; ¢ MOMOIIBIO METO/1a HAUMEHBIIUX KBAaPaTOB AaJ0

OLICHKH Bl u f’)z . Kakumu 6ynyr MHK-onenku ko3 puiieHToB v, u Y, ypaBHEHHUS:

Y, X, 7 <
a) EZY1+Y2Xi+Ui16) Y, :V1+V21_(I)+Ui’ B) (Vi =Y) =7 +7,(X; = X) +v;.

Ne2.1.10. He npoBoist BEIYMCIICHUM, TOTaalTeCh, KAKUMHU Oy 1yT KO OUIIMEHTH! ypaBHEHUS
Y, =B, +B, X, +¢;, nonorsansoro MHK 1o 4eTsIpéM HaOIIOACHUAM:

Yii|0]|0]1]1
Xi:]0]1]0)1
Kakum Oyzner ko3 dunment gerepmunanmm? [IpoepbTe CBOM TOTaAKH.

Kak mo6aBuTh 01HO HaOtOIEHNE, YTOOBI KOAGMHUIIMEHT AETEPMUHALIMK CTA MPUOIU3UTEILHO PaBEH
equuuue?

Ne2.1.11. Cratuctuk Tumodeil Kak-To OOMOJBWIICA, YTO €CJIM TPU OLEHHUBAHWU 3aBUCHMOCTHU
Y, =B, +B,X, +& KOXpPUIMEHT HAKIOHA OKAa3bIBACTCS HYJIEBBIM, TO KO3(D(MUIMEHT AeTepMHUHAIUU

Takxke paBeH Hymo. Crapen @eojocuilt mpuBEN mpuMep IAaHHBIX, U KOTOPBIX 3TO HE BBITOJHACTCS.
JloraiaiTeck, 4To 3TO OBLIT 32 IPUMED.

Ne2.1.12. Ilpunymaiite 1Ba Takux Habopa HaOI0AeHMM 3a pu3HakaMu X 1 Y, 4TOObI B KaKJJ0M Habope
METOJI HauMEHBUIMX KBaJpaTOB [aBajl IOJOKUTENbHBIM HAKJIOH IIPU OLEHUBAHUHM 3aBUCHMOCTH
Y, =B, +B,X,+¢;, a Ipu OLECHUBAHUU 110 OOBEIUHEHHOMY HAOOPY IAHHBIX HAKJIOH IMOArOHAEMOMN

PSMO# OBbLT OB OTPHULIATEITLHBIM.

Ne2.1.13. B BocbMH TOpProBbIX TOYKax B LEHTPE ropojia CPelHss CTOMMOCTh IMHPOXKKA C KalyCTOM
coctaBuna 30 py6reii, a BbIGOpouHas aucrepcus (CMeIménHas olenKa) — 9 py62. B 1ecaTH TOproBbIX
TOYKaX Ha OKpaWHE CpeNHss CTOMMOCTh MHPOXKKa cocTaBmia 25, a BbIOOpouHas nucmepcus — 12.
MeTo/10M HaMEHBIINX KBAJPaTOB olleHUTe K03 dunments ypasuenus P, =f, +B,C, +¢;, tne P —

1eHa nupokka B Touke I, C,=l, ecnam Touka | HaxomuTcs B LeHTpe ropoxa, u C,=0, ecim Touka i

HaxXoAUTCA Ha OKPAHUHC. Paccuuraiite KOB(i)(l)I/II_[I/IeHT ACTCPMUHAIUU.

Ne2.1.14. Omenena perpeccus Y ®a X u HaoGopor: Y =5—1.5X,X = 2.83 — 0.5Y. Haiimure
BbIOOPOYHBIN KOOPPUIIUEHT Koppensiuuu Mmexay X u Y.

§2.2. OueHuBaHuE NAPaMETPOB PerpecCMOHHON MOe/IH

Ne2.2.1. OuenuBaercsi perpeccusi ciy4yaiiHONl BeIMUMHBI HAa HOMep HaOdIoAeHUs B BbIOOpKE:
Y. =B, +B,i+¢;, i=1..,n. Ilpennonaraercs, YTO CIy4allHbIC COCTABISIONIHE €, HE3aBUCHUMBI,

1
E(e)=0, D(g)) =0
~ Y. =Y, . . A
a) IIpaBna jm, uro BenMuMHA f3, = 1 HecMeIEHHas olleHKa napamerpa 3, ? Haitaure D ([32) .
n —
0) IIpu xakoMm 3Ha4eHMH O, BEIUYMHA 61 =aY,—Y, Oyzner HecMemE€HHON oneHkoi ans B, ? Haiiaure

D(B,).

Ne2.2.2. DOxonomerpuct Hanmexna yOexaeHa, 4TO OLIEHMBAHHE PErpeccHd METOJOM HaWMEHBIINX
KBaJpaTOB — M3NUIIHsASA Mopoka. [To muenuto Hanu, koaddunuent B B ypaBHenuu Y, = BX, +¢&, MOXKHO

OLIEHUTh, OTUPASICh HA OJJHO-CINHCTBEHHOE HAO0AeHNE (0003HAYNM HOMED 3TOr0 HAOIIOACHHUS 3a | ):



B =—L. Tlokaxwure, 4To Takas oleHKa HECMEIIEHHAs, U ocoBeTylTe Haste, Kak BHIOpaTh HaOI0IeHHE

J
J , 4TOOBI pe3ynbTaT ObLI HAUOOJIEE TOYHBIM.

Ne2.2.3. Ilo n nHaOmoneHusiM oueHuBaercss mozaenb Y, =o+BX; +¢,. M3BectHo, urto E(g)=2,

OCTaJIbHBIE K€ MPENOChIIKY TeopeMbl ['aycca-MapkoBa BbinosiHeHsbl. [lokaxure, 4To OLleHKa METoa
HAaUMEHBIINX KBAJIPaTOB JJIs lapaMmeTpa 3 sBJseTcs HECMEIEHHOM, a Ul MapaMeTpa O - CMEIIEHHOM.

[IpennoxuTte HECMEUIEHHYIO OLIEHKY JUIS O .

Ne2.2.4. MeToioM HauMEHbILUX KBaJpaTOB OlleHUBaeTcs ypaBHeHue Y, = o+ B X, +¢;. [lokaxure, 4ro B

cirydae 3 =0 momyuaemasi OlleHKa ITapamMeTpa O OKa3bIBaeTCsi MeHee YPPEKTUBHOM, YeM olleHKa o =Y

Ne2.2.5. OnenuBanue perpeccun Y, =o+pX; +¢, mo 16 HaOMOOCHUAM 1al0 pe3ynbTaTshl: 1S5S =63,

&2 = 2.5. Haiiure R?.

Ne2.2.6. Paccmotpum monens perpeccun Y, =a—a X, +¢&, 1=1..,Nn, rae
X, - IeTepMUHUPOBAHHBIC BEJIMYMHBI, XOTS ObI OJJHA U3 KOTOPHIX OTJINYHA OT €ANHUIIBI,

o 9] 2
&; - HC3aBHUCUMBIC CITYUAUHBIC BEJININHBI C HYJIEBBIM MAaTEMATUYECKUM OXXHUAAHUEM U JUCIIEPCUCU O

a - OI_[eHI/IBaeMHﬁ mapameTp.

Jlitst mapaMeTpa ¢ mpejiaraeTes oleHKa & = . IIpoBeprTe, ABISAETCSA JIM 3TA OLIEHKA

HECMEIIEHHOM U HAUUTE €€ TUCIIEPCHUIO.

Ne2.2.7. lns monenu Y; = [3; + B,X; + €; BBIOJIHEHBI Bce MPEANOCHUIKU TeopeMbl ['aycca—MapkoBa.
. o 5 Y, Y

a) Byner 11 HecMemEHHOM olleHKa 3, = ﬁ?
2741

6) Haiinute D(Y; + Y,), ecnmu D(g1) = 3.

§2.3. HpOFH03I/Ip0BaHl/Ie, AOBEPUTEC/IbHBIC HHTEPBAJIBI M IIPOBEPKA 'HIIOTE3

Ne2.3.1. Ilo exeronubiM naHHeIM ¢ 2000 mo 2010 rox (Bcero 11 HaGmromeHuit) oLeHUBAETCS TPEH]
TypucTHdeckoro notoka u3 Poccunm B @DUHISHAMIO € TIOMOIIBIO YPAaBHEHMSI PETPECCHU
Trips, =B, +B,t +¢,. 3nech t — rox, koropomy coorBercTByeT Habmoaenue (t=0 ast 2000 roxa, t=10 s
2010 roma), a Tripst — 4MCIIO TYPUCTHUECKHUX MOE3/I0K (B ThICSAYaX) POCCHICKHX rpaxkaaH B OUHIISTHANIO
B rofy t. BoT pe3ynbrarsl OLleHUBaHUS:
Trips, = 278.8+40.4t, R*=0.7, TSS = 253000.

(51.1) (8.6)
B ckobOkax noj oreHKaMu K03 GUIMEHTOB MTPUBEAECHBI UX CTaHIaPTHHIE OLTHOKH.
a) CoryiacHO OLICHEHHON MOJIENIN, HACKOJBKO B CPEJHEM YBEIMYUBAETCS NIOTOK TypucToB U3 Poccuu B
Oumnanauro 3a nBa roga?
6) IToctpoiire 90% noBepuTeNbHBIN HHTEPBAN A7 Kodddurmenta B, .

B) OLieHUTE AUCIIEPCUIO CITy4ailHOM COCTABISIOLIEH €, .



Ne2.3.2. Tlo exxeroausM qaHabM 3a 1975-1988 1. (14 nabmroieHMiT) OIEHUBAJIACH 3aBUCUMOCTD IIEHBI
Ha O0en3uH (Petrol, enTs! 3a raioH) ot ueHs! Ha ceipyto HedTh (Oil, nonnapsl 3a 6appens). Pe3yiabpraTs
OLICHMBAHUS [IPUBE/ICHBI HIXKE:

Petrol; = 41.9+ 3.00il

(46) (0.2)
B ckobOkax noz oneHKaMu K03 GUIIMEHTOB MIPUBEACHBI UX CTaH/IAPTHBIE OLTHOKH.
Taxxe uzBectHO, 4To0 RSS=631.1, a TSS=12622. [Ipenmnonaraercs, 4To BCE MPEANOCHIIKN KITACCUISCKOM
JIMHEHON HOPpMaJIbHON PErpeCCUOHHON MOJEIIH BBITIOJIHEHBI.
a) PaccunTaiite K03 durment gerepmunanuu R,
0) [IpoBepbTe rUMOTE3y O TOM, YTO POCT LIEHbI HAa HEPTH HA 1 AOJUI. 3a Oappenb COOTBETCTBYET POCTY
IIeHbI HAa OCH3WH Ha 2 [IEHTA 3a TaJUIOH, HUCIIOJIb3Ys ypOBeHb 3HaunMocTu 10%.
B) B 1988 rony nena Ha HedTh cocraBmia 12.57 mommapa 3a Oappenb. KakoBa Obuia oxkumaemas
(mporHo3upyemMasi COTJIaCHO MMEIOIICHCS MOJIENIM perpeccuu) 1eHa Ha OcH3uH? Kakol moipkHa OBITh
1eHa Ha He(Th, YTOOBI OXKuAaeMas 1eHa Ha OeH3uH coctapuia 100 neHToB 3a raiion?

Ne2.3.3. Ha pblHKe MUPOKKOB OCHOBHBIM 3aMEHUTENIEM HMHUPOKKOB C KallyCTOW SIBISIOTCS MUPOXKKU C
kapTomkoil. MccienoBarens, crapasch pa3oOpaTbhCs B MEXaHM3Max II€HOOOPA30BaHHs, OLEHHUBAET
perpeccuto P, =f, +B,C, +¢;, rne P, - nena nupoxka ¢ KapTomkod y i-ro mpomasma, a C; - meHa

IMUPOKKaA C KaHyCTOP'I Y TOro K€ nmpoJaaBna. Bot pe3yJibTaT OLCHUBAHUS 110 12 Ha6J‘IIOI[eHI/I}IMZ
P=52+08C, RSS-=23.

18) (0.1
a) Haligure HecCMeIIEHHYIO OLCHKY AUCIIEPCUU CITyYaifHOM COCTABISIOIICH € .
0) Paccuutaiite 95% nosepurenbHblil UHTEpBal i K03(ddunueHra f3, .

B) HccnenoBarens npenmnosiaraer, 4ro OKHUJAaemasl II€Ha IMHPOKKA C KapTOIIKOW Yy MpoJaBlLa,
TOPTYIOIIEro MUpOXKaMu ¢ KamycToi mo 20 pyOneit, paBHa 22 pyOmsm. ChopMynupyiTe TUIIOTE3Y
UCCIIEIOBATENs B TEPMUHAX KOO PHUIIMEHTOB PETPECCHHU.

Ne2.3.4. Tlo exeroaubim nanabM ¢ 2002 mo 2009 ros onieHUBaIcs TPEH B TUHAMUKE OOIIEH CTOMMOCTH
skcniopta w3 P®: EX =a+Pt+eg,, rae t —rog (t=0 mmst 2002 r., t=1 s 2003 1., ..., t=7 msg 2009 1.),

Ext — croumocTh OKCIIOPTa U3 P® Bo BCE CTpaHbl B MJIPpA. JOJUI. OI_IeHéHHOG YPaBHCHHUEC BBITTIAAUT TaK:

Ex: =111.9+43.2t. TlodyueHsl TakXke OIEHKHM JMCIEpCHH CilydaiiHoil omuOku 6> =4009 wu

KOBapUaIlMOHHON MaTpHIIbI OLIEHOK K03 (PUIIMEHTOB:
[a 1671 -334
\Y

A

B) (-334 95

Cnpornosupyiite croumocts 3kcniopta Ha 2010 rog u noctpoiite 90% n0BEpUTENBHBIN HHTEpBA AJIS
IPOTHO3a.

Ne2.3.5. Paccuutannsiii mo 20 HaGmoaeHusM 3a mnpuzHakamMu X U Y BbIOOpPOYHBIH KO3 ULIMEHT
koppemsiiuu  coctaBuin 0.5. EcTh M OCHOBaHMSA CUUTaTh, YTO MEX]Iy IpPHU3HAKAMHU CYIIECTBYET
perpeccroHHasi 3aBUCUMOCTh? ChopMyIupyiTe OCHOBHYIO U aJIbTEPHATUBHYIO TMIIOTE3bl B TEPMUHAX
K03(P(PHIIMEHTOB perpeccuu, MpPOBEpKy NMPOBEIUTE HA YPOBHE 3HAYMMOCTH 5%.

Ne2.3.6. Ilo naGmonenusiM 3a 25 nHelt mpoaasen; AHduca OlEHWIa 3aBUCUMOCTb YMCIIa MPOJaHHBIX
MUPOKKOB OT uX neHsr: Q =83.7-1.5P, R?*=0.7.

a) [Tomorute AHduce onpenenuTh HAUTYUIIYIO [IEHY C TOYKU 3PSHHS] MAKCHMH3AIUHN BBIPYUYKH.
0) IToctpoiite 90% noBepuTENbHBIN HHTEPBAT 7151 KO PHUITUEHTa TIPH LIEHE.

3 31n namHbIe MBI B3y U3 Kawkky JL.U. HuBopoxkkunoit 1 ap. « OCHOBBI CTATUCTHKH C IIEMEHTAMHU TEOPHHU BEPOSTHOCTEH
JUTSE SKOHOMHCTOBY.



Ne2.3.7. Cumraercs, uro Anekcanap J[roma-oTer] HAMEPEHHO YJUIMHSI POMaHbI, BBOIS MHO>KECTBO
BTOPOCTENEHHBIX IE€POEB, MOCKOJIBKY OIUIAYMBAJIOCH €r0 TBOPUYECTBO B COOTBETCTBHH C KOJIMYECTBOM
HaleyaTaHHBIX CTPOK.

JleHUBBINA POCCUUCKUN JTMHIBUCT CUUTAET, YTO BOBCE HE 00S3aTENIbHO CUYUTATh CTPOKH OPUTHHAIBHBIX
U3JJAaHUI U IPOBEPATH, IEHCTBUTEIBHO 11 [{foma mosydan o 3 ¢ppanka 3a cTpoky. [I0CKOIbKY JTMHTBUCTY
HE XOYeTCsl UATU B OuOnmoTeky, oH Oeper 17 mpousBenenuii J[roma, KOTOpBIC YK€ JaBHO MBLISATCS HA
MOJIKE TOMa y JIMHIBUCTA U COTMIOCTABJISIET TOHOPap (CBEICHUS O TOHOpapax 3a KaXAyko U3 3TUX 17 KHUT
JMHTBUCT J0CTal rae-To B UHTepHeTe) ¢ KOJTUYECTBOM CTPAHUI] B PYCCKOSI3bIUHOM U3aHUN POMaHa.
CornacHo perpeccun, oneaéanor MHK, ronopap [lroma (B ThIC. ()paHKOB) 3aBHCHT OT KOJHUYECTBA
CTpaHUII CJIETYIOIUM 00pa3oMm:

H, =18+0,9P; RSS =8,97;TSS = 25,75 ; Cov(a,p)=1,11

a) [IpoBepbTe, €CTh JIM OCHOBaHMSI CUUTATh, YTO TOHOPAP JEHCTBUTEIILHO 3aBUCEI OT YUCIIA CTPAHULL.

0) IlocTpoiiTe TOUEUHBIN U UHTEPBAJIbHBII POTHO3 Ul TOHOpapa, noiayyeHHoro /[roma 3a poman «Tpu
MYILIKETEPa», €CIIU B PyCCKOA3BIYHOM U3JaHUH POMaHa, JOCTYITHOM BBIIIECYIOMSIHYTOMY JIMHTBHUCTY, 542
CTPaHULBI.

Ne2.3.8. Ha ocHoBanuu 10 HaGmroneHnit* 3a manpeHTamu, CTpagaromuMH SMQU3eMoil TErkux, Bpau-

UCCIICIOBATEIb BBIACHSACT 3aBHCHMOCTH IUIOINAAM MOpaKEHHOW vacTh NErkux (mepemenHas Emph,
u3MepsieTcsl B MPOLEHTaxX OT oO0ImIel miomaau JErkux) OT Yucia JIeT KypeHus (repemMeHHas Years,
u3MepsieTcs B rojax). BoT orieHEHHOE ypaBHEHHE PETrPECCHH:

Emph, =11.2+1.3Years

(56) (04)
B ckobkax mox onieHkamMu K03 PUIIMEHTOB MPUBEICHBI UX CTAHJAPTHBIE OIIHOKH.

a) [Toctpoiite 90% noBepuTeILHBIA UHTEPBAJ JIJIs1 CBOOOIHOTO YJICHA.

0) Onpenenure cTaxk KypeHusi, KOTOPbI IPUBOAUT K MOPaXEHHIO JIETKUX B cpenHeM Ha 40%.

B) [IpoBepbTe TUIIOTE3y O TOM, YTO Ka)AbIi TOMOIHUTENbHBIN TOJ] KypeHHs MPUBOAUT K YBEITUUYCHHUIO
nopakEHHOH TUIOMIAIN B CPETHEM Ha JIBAa MIPOIICHTA, UCIIOB3Ys YPOBEHb 3HAYMMOCTH 5%.

r) Paccunraiite R?.

Ne2.3.9. PaccMOTpUM KITaCCHMYECKYIO JIMHEHHYI0 HOPMAallbHYIO PErpecCHOHHYIO MOAETb Y; = & + &,
KOTOpasi OLIEHUBAeTCs 10 4 HaOMIOAECHUSAM V1, V2, V3, Va-

a) BeiBeuTe O1IEHKY METO/1a HAMMEHBIIIUX KBaIpaTOB i Kod(pduiimenTa o.

6) HaiinuTe nucnepcuio olleHKH U3 MMyHKTa (), CUUTas TUCIEPCHIO Cay4yaiHo# omunOku paBHO# 1.

B) Ilpu olleHMBAaHMM ObLTM TIOMyYeHBI pe3ymbTathl: @& = 8, )1 ,(y; — @)% = 6. Paccuuraiite 90%
JIOBEPUTENbHBIN HHTEPBaI /11 HOBOTO HAOJIIOICHUS V5.

r) Kakum Obl1 Obl JOBEPUTENBHBIM MHTEpBAJ JUIsl IPOTHO3a IIPYU HEU3BECTHOM AMCIIEPCUM CITydalHOU
COCTaBIIAIOLIEN?

N22.3.10. OueHnBaHue 3aBUCUMOCTH MOTPEOUTENBCKUX PacXooB ToMoxo3aicTB C oT ux goxoxa Y 1o
152 nabmroieHusIM 1aJI0 CIIeIYIONTUE Pe3yIbTaThI:

C =150.5+0.85Y, RSS =600

(30.1) (0.2

Paccuuraiite t-cTaTUCTUKY 7151 TPOBEPKHU TUIIOTE3BI O 3HAUMMOCTH KoddduiineHTa npu Y.
Haiinure HeCMEIEHHYI0 OLIEHKY JUCIIEPCUM CIIy4alHOU COCTaBIISAIOLIEH.
Paccuuraiite F-cratucTuky A mpoBEpKU THIIOTE3bI O 3HAYMMOCTH PETPECCUU B IIEJIOM.

4 DTi HAbOMIOAEHNS MBI TOXKE B3sIM 3 KHmokku JI.Y. HUBOpoKKMHOM 1 .



Yacte 3. Kitaccuueckas ImHerHass HopMalibHas
pErpeCCUOHHAs MOJEIIb: MHOKECTBEHHAS
perpeccus

§3.1. MeToa HaUMEHbIIMX KBA/IPAaTOB, OLICHUBAHUE M HHTEPIPeTALMS NAPAMETPOB
perpecCMOHHOM MoaeIn

Ne3.1.1. Ouenure kodpdurmenTsl Mogenu Yy = X +¢€ M0 JaHHBIM: Y = , X =

o 00 O

1
1
1
1

w N P O
_ = O O

4

Paccuuraiite IIPOrHO3HBIC 3HAYCHUA, OCTATKHU U KOB(b(I)I/II_[I/IeHT JACTCpMUHALIUH.

Ne3.1.2. Ouenena perpeccusi: Y =34+2X , —4X, . Kakumu Oy1yT olleHKH KO3 PUIIMEHTOB MOAEIN
Y =B, +B,(X, + X;)+B,X;+€?

Ne3.1.3. Ilpu ouenusanuu no 40 Habmonenusam 3asucumoctu Y; =B, +B,X,; +B,X;; +B,X,; +¢; Obun

nonydensl 3Hauenns R? = 0.6, TSS = 200 . PaccunTaiiTe HecCMEIEHHYIO ONEHKY AUCIEPCHH CIIydaiHoi
COCTaBJISIFOLICH U CKOPPEKTUPOBAHHBIN KO (UIIMECHT IeTepMUHALINY.

Ne3.1.4. OrneHuBanach perpeccusi BEIUYUHBI 3apaboTHOM miatkl (W) Ha oOpa3oBaHHe, H3MEpIEMOE
KOJINYECTBOM JieT 00ydenus (Sch), craxx paboTel Ha mocieaneM padboueM mecte (ten), Bospact (age) u
KBajpaT Bo3pacrta. Takke B MOjedb ObUla BKIIOYEHA TaMMHU-TIEPEMCHHAS SEX, paBHas €IMHHUIE IS
MYXYUH U HYJIIO JIJIs1 )KeHIIWH. Huxke nmpuBeieHO OLIEHEHHOE YPABHEHHUE PETPECCUH:

InAWi =2.13+0.07-sch, +0.01-ten, +0.05-age, —0.0005-age’ +0.1- sex,

a) OneHuTe, Ha CKOJIBKO MPOIEHTOB 3apIljiaTa MY>KUWH BBIIIE 3apIUIAThl KEHIIUH MPU MPOUYUX PaBHBIX
YCIIOBUSIX.

0) Ompenenute BO3pacT, B KOTOPOM I WHAMBUAA C 33JaHHBIMU XapaKTEPUCTHKAMHU OOpa30BaHMS,
CTa)ka U T0J1a 0XKHU/IAaeTCsl HauOOIbIINN YPOBEHb 3apIyIaThl.

Ne3.1.5. HUccnenyercs 3aBUCHMOCTb PacXo0/10B CEMEN Ha MPOYKThI MUTAHUS OT UX 10X00B. [1o qanHbIM
HEKOTOPOI BEIOOPKH OLIEHEHBI JIB€ PEIrPECCHOHHBIE MOJIEIH:

(1) INE, =-0.77+0.72In 1, +0.22In(1+ N.),
(2) Ei =0.72+0.131, +1.04N, ,

rae E — pacxozpl ceMbU Ha MPOTYKThI MUTaHUSI B pacy€Te Ha YeIoBeKa, ThIC. pyO., | — cyMMapHbIN 10X0]
BCEHl ceMbH B THIC. PyO., MOAEICHHBIM Ha YUCIO 4JeHOB ceMbu, N - KolndecTBO jereil B cembe. B
ypaBHeHuH (1) x uncny neteil npubasieHa eAMHULA, T.K. ISl O€3/IeTHBIX ceMel jJorapudm yucna aerei
HE CyLIECTBYET.

PaccmoTpum ceMbio ¢ IByMs J€TbMH, CPETHUN 10X0/ wiieHa kKoTopoit paBeH 30 Toic. py6. [To kaxnoit u3
mozaenel (1) u (2) paccunTaiiTe 31aCTUYHOCTD PACX0JI0B HA TUTAHUE IO I0XOY.

Ne3.1.6. Ilpuaymaiite Takoit Habop HaOmroneHwit 3a BenmmumHamu (Y, X,, X,), 9TOOBI B perpeccuu
Y=o, +a,X,; +v; ounenka xodpduuuenta npu X, ObUla IONOKUTEILHOH, a B PErPECCHH

Y =B, +B,X,; +B;X;; +¢; onenka ko>dpunuenta npu X, ObLIa OTPHLATEILHOM,



Ne3.1.7. OuenuBaerca mouenb Y, =B, X ; +B,X,; +¢& . Oxonomerpucr Hagexna pomyckaer, 4To

k0dpuieHT 3; MoxeT oneHuTh, npuMeHuB MHK 1 napHoii cBs3u (Takxke 0e3 cBOOOJHOIO 4jeHa):
Y; =B, Xy; +V;. [lokaxure, 4T0 mOIyYaeMas TaKMM CIOCOOOM OLEHKA OyldeT HeCMEMEHHOH B JBYX
cilydasix:

1) ecmm B, =0,

2) ecim ) Xy X,; =0.
i=1

Ne3.1.8. Mogens Y, =P, +B,X,; +B;X;; +& YIOBIETBOPAET BCEM IPEANOCHUIKAM KJIaCCUYECKOM
JMHEHHON HOPMAaJIBHOI perpeccHoHHoi Mozenu. M3BectHo, uto D(g,) = 6. 3anonnure npomycku:
D(e,)=__ Cov(e,,g,) = E(e,) =

MHO0eCTBO BO3MOKHBIX 3Ha4YeHUH Kodadduuuenta R’ B perpeccun Xy =0+, X, +v; !

@DyHKIMS IUNIOTHOCTH &,

Ne3.1.9. PaccMOTpHUM KIIACCUYECKYIO TUHEHHYIO0 HOPMAJIbHYIO PErPECCUOHHYIO0 MOJeNb Y = XB+¢,
D(g;)=0>.

> RSS

e ﬂ

6) PaccmotpuM orerky G- = ¢ - RSS . IIpu kakoM C oHa OyIeT MMeTh HAUMEHBIINI CpeTHHiT KBaapaT

a) Haiinure MSE(&?) ,TIe &

omunoku?

Ne3.1.10. Ins ypaBHenus Y; =3, + 3, X, +¢&; paccuuTaHbl OLEHKH ﬁl " Bz u ko3pdurment R, Kaxumu

6yayT onenkn ypasuenns Y; =Py X; +B,Z; € no Tem e manmsv, ecmn Z; =1 X, ? Kakum Gyzer
KO3 (UIIMEHT leTepMUHALIN ?

§3.2. HpOFH03I/Ip0BaHI/Ie, AOBEPUTEC/IbHBIC HHTEPBAJIBI M IIPOBEPKA 'HIIOTE3

Ne3.2.1. Jlng oueHMBaHMSI YpaBHEHUs CIpOca Ha MMIIOPTUPYEMOE MBUIO M MOIOIIME CpelicTBa OblLia
Bbi6pana ciemyromas cnenudukauus: INM; =B, +B, INGDP, + B, InPf, +B, InPd, +¢; , rze:

M — 006BEM UMITOpPTA MBIJIAa ¥ MOIOIIIUX CPEACTB B KMJIOTPAMMaX,

GDP — BBII Poccuu B mMecslie, KOTOPOMY COOTBETCTBYET HaOIIO/ICHHUE,
Pf — MHIEKC 1IeH HAa UMIIOPTHOE MBLJIO ¥ MOIOIIHE CPEIICTBA

Pd — uHzIEKC 1IeH Ha OTEeYECTBEHHOE MBLIO U MOIOIINE CPE/ICTBA.

CJ'ICI[yIOH_IaH Ta6J'II/II_[a COJACPKUT PE3YJIbTATHI OUCHHUBAHU A

Kosdd-T Ounenka Crana. | t-cratucruka P-value 95% nosepur.
K03 ¢-Ta omulKa HHTEPBaJI
B1 3.188 2.067 1.54 0.132 (-1.003; 7.379)
B2 0.596 0.346 1.73 0.093 (-0.104; 1.297)
B3 -0.781 0.167 -4.68 0.000 (-1.120; -0.443)
Ba 0.375 0.854 0.44 0.664 (-1.357; 2.107)
KoanuectBo Hadmonennmii: | 40 Ko>dduuunent nerepmunanuu R?; 0.8176
F-crarucruka: 53.79 P-3nauenue niasa F-crarucrukn: 0.0000




[TpoBepbTe 3HAYUMOCTH PETPECCHUU B IEJIOM M OIpeAeTuTe, Kakue KOIPPUIMEHTH OKa3bIBAIOTCS
3HAYUMBIMH I10 OTJEIBHOCTH Ha ypoBHE 10%.

Ne3.2.2 I1o 24 HaOI01IeHUSM, COOTBETCTBYIOIINM 24 MPEICTABUTEIbCTBAM HAIIMOHAIBHOW KOMITAHUH T10
TOPrOBJIC HEABMKMMOCTBIO, ObLlIa OIICHEHA perpeccusi 00béMa ro1oBbIX npojax (Sales, MiH. not.) Ha
YKCJIO areHTOB B IpeAcTaBUTEIbCTBE (AgENts) u 00béM 3aTpar Ha pekiamy (AdvCosts, Teic. qost.). Humke
MIPUBE/ICHBI PE3YJIBTATHI OIICHUBAHUS:

Safesi =-7.7 + 0.3- AdvCosts; + 0.8- Agents;,, RSS =42
3.2 -0.003 -0.3

(X'X)*=|-0.003 0.005 0.002
-03 0002 04

a) HaiiauTe OLleHKY IUCIIEPCUH CITyYaiiHOM COCTaBIISIOIICH.
0) Haiinure onenky aucnepcun koddpduuuenrta nepex AAvCosts.
B) [IpoBepbTe 3HaUNMOCTh KO3 (pulMeHTa Mpu 3aTpaTax Ha peKiIaMmy Ha ypoBHE 3HaUuMocTd 1%.

Ne3.2.3. Ilo 27 HaGn0JeHUSAM OLIEHEHA PErpeccHs YAI =5.2-0.5X,;+0.6X;;, RSS = 12.

05 -02 -0.2
(X'X)'=[-02 01 -0.1
02 -01 02

A

Paccuwnraiite nmporno3noe 3Hauenue Y, st ciydas Xz0 = 0, X30 = 1 u HaiimuTe 95% HOBEPUTEIHHBIH
0 , ,

HHTCPBAJI IJIA IIPOrHo3a.

Ne3.2.4. Vccnenoparenp n3zydai, Kak (GOpMUPYETCs CTOUMOCTb MO/IEP’KaHHOTO aBTOMOOMIISA, JUIsl Yero
eI OLIEHUTh PETPECCHUIO:

Lena, =B, +B,IIpodee, + P Hucro _nonomox, + B, Unomapxa, + B/Tumpaxc, + B¢ Jnuna, +¢; .

ITepen Bamu pe3yabTaThl OLICHUBAHMUS:

Source | SS df MS Number of obs = 50

————————————— Fmm F( 5, 44) = 4.86

Model | 176083058 5 35216611.6 Prob > F = 0.0013

Residual | 318894258 44 7247596.78 R-squared = 0.3557
————————————— Fmm Adj R-squared = XXXX

Total | 494977316 49 10101577.9 Root MSE = 2692.1

ueHa | Coef Std. Err t P>|t] [95% Conf. Interval]

_____________ +________________________________________________________________

npober | -321.6181 172.2067 -1.87 0.068 -668.678 25.4418

YMCJIO_IMOJIOMOK | -466.653 603.6094 -0.77 0.444 -1683.148 749.8418
MHOMapka | 5102.06606 1749.387 2.92 0.006 XXXX XXXX

auTtpax| -196.3938 173.674 -1.13 0.264 -546.4106 153.6231

ouHa | 121.7116 54.30542 XXXX 0.030 12.26624 231.157

_cons | -7961.162 11653.58 -0.68 0.498 -31447.42 15525.09

a) 3anoaHUTE MpoImycku B Tabmure (0603HaueHbI «XXXX»).

0) OmnpenenuTe, MpH KaKUX YPOBHIX 3HAUMMOCTHU perpeccus B 1esoMm Oyzaet 3HaunMa. Chopmynupyiite
OCHOBHYIO U aJIbTEPHATUBHYIO TUIOTE3bl B TEPMHUHAX KOI((PUIIMEHTOB PETPECCHH.

B) [IpoBepbTe 3HaUMMOCTh KO3 GUIMEHTAa MPHU MEPEMEHHON «IUTpa)x» Ha ypoBHE 3HaYMMOCTH 5%.
ChopmynupyiiTe OCHOBHYIO U aJIbTEPHATUBHYIO TUIIOTE3bI B TEPMHUHAX KOI(PPHUIIMEHTOB PETPECCHH.



r) Mccnenosarens mpeanoiaraer, 4Yro okujgaemasi 1ieHa MHOMapKH, MpeTepreBIIeld YeThipe MOJOMKH,
COBMAJaeT C IIEHOW HU pa3y HE JIOMAaBIIETOCS OTEYECTBEHHOTO AaBTOMOOWIIS C aHAJIOTHYHBIMH
xapaktepuctukamu. ChopMyupyiTe 3Ty TUIIOTE3y B TEPMUHAX KOAPPUIIUECHTOB PETPECCUU.

Ne3.2.5. Ilo 25 HabmroeHHUsIM OIEHEHO YpPaBHEHHE PErpEecCHH KOJUYECTBA MPOJAHHBIX B HEKOTOPOM
TOPrOBOM TOYKE OYTHUIOK Ta3upoBaHHON BOABI Qi OT 1IeHBI Ta3upoBKH Pi, cpeaHeit Temmepatypsl A Ti.
B wmogens Takke Obula BKJIIOYEHAa namMMmu-niepemenHas Wi, paBHas eauHuie s HaOIOJICHUM,
COOTBETCTBYIOIIUX BBIXOAHBIX THSAM, W HYNIO i OymaHux mgHed. OneHWBaHUE JAll0 CIEIYIOIIHe

A

pesyabTatel: Q, = 6(7.)5—(2.4}F’i +(2.Z)LTi +1(3.)7Wi, R?=0.7 (B ckoOKax Moj OlEHKaMU KO3(PPUIMEHTOB
5.7 1.0 1.5 3.2

yKa3aHbl X CTaHJApTHBIC OMINOKN).

a) [IpoBepbTe a1eKBaTHOCTD perpeccur Ha ypoBHE 3HaUUMOoCTH 1%.

0) Onpenenure, Kakue U3 BKIIFOUEHHBIX B MOJIENb PETPECCOPOB OKA3bIBAIOT 3HAUUMOE BIIUSHUE HA 00BbEM
nponax? Mcnonb3yiiTe ypoBeHb 3HaUUMOCTHU 5%.

B) [Toctpoiite 95% noBepHUTEIbHBIN HHTEPBAI Il CBOOOTHOTO YJICHA.

r) [IpencraBum, 4yTo B JaHHOE ypaBHEHUE perpeccuu BMecto nepemenHon Wi BkiitoueHa nepemerHas Nj,
paBHasi HYJIO JJI BBIXOJHBIX M enuHuLE a1 OynaHux nHed. Kak M3MeHUTCS OLeHEHHOE ypaBHEHUE
perpeccuun?

Ne3.2.6. CKJIOHHBIN 3aHUMAThCS EPYHION X035IMH Kade pa3pabaTbIiBaeT PErpecCHOHHYIO0 MOJIETh CIIpoca
Ha KO(Qe, CBSI3BIBAIONIYIO0 KOJIMYECTBO MPOJIAHHBIX 3a JICHb Yaimiek kode ¢ nenamu kode u gas. Kpome
TOT0, OH YYUTBHIBACT, YTO CIpoc B OyJHM, B BBIXOJHBIC AHH W B Mpa3qHUKU paznudeH. llepen Bamu
pacrieyaTka TaOJIHIIb, B KOTOPYIO OH BOMBAJI Pe3yJIbTaThl HAOMIOACHUH 32 8 THEH.

Ne  Yamek Hena ena Jlenn
Kode YallKd  YallKH

npoaano koge, pyo. gas, pyo.
1 87 50 40 OynHu
2 75 50 40 OynHu
3 101 50 45 BBIXOJTHOU
4 109 60 50 BBIXOJTHOU
5 48 70 50 OynHu
6 139 60 45  mpa3IHUYHBIA
7 75 60 45 Oy aHwMit
8 77 60 50 Oy aHwMit

a) CHayasa X03s5IMH OLICHUBAET PErpecCHIo YMCIa MPOAAHHBIX YallleK Kode TOJIbKO Ha IEeHbl Kode U yasi.
Boinummre Matpuily perpeccopos ( X B MaTpHYHOM 3alIUCH YPAaBHEHHS PETPECCHU: Yy = X B+ ¢ ).

0) Tenepp X03sMH Kade pemaer y4ecTb pasiuuus MexXay OyJIHHMH, BBIXOJHBIMH U MPa3IHUYHBIMU
JHSAMU. BeinmuimTe MaTpuily perpeccopoB AJisl ypaBHEHUS C YUETOM ITHX PA3IUUUM.

B) Hakonerr, Xxo341H cobupaeTcst pOBEPUTD, IEHCTBUTEIBHO JIH Pa3IndHsI MEX Ty OyAHSIMU, BBIXOJHBIMU
U Ipa3AHUKaMH MMEIT MECTO. BBIMMIINTE OCHOBHYIO M albTEPHATHBHYIO THIIOTE3bl B TEPMHUHAX
K0A((UIIMEHTOB YPaBHEHUS PETPECCHUH.

Ne3.2.7. Ilo 30 mnabOmomeHusiMm Oblla OIlEHEHAa HEKas perpeccus (B CKOOKax TMOJ OIICHKaMU
K03 PHUIIMEHTOB NPUBECHBI UX CTAHIAPTHBIE OIIUOKH):
\?i =23.5-0.6 X,, +%)72) X5 +0.9X,; —8% Xs;, RSS =150, R? =0.7

(24) (02 (0.1)

A

o 2 .. o o o
a) PaccuwnTaiite O'g - HCCMCHICHHYIO OLICHKY OIUCIICPCUU CIIYUaUHOU COCTABJIAIOIICH.

6) PaccunTaiiTe CKOPPEKTUPOBAHHBIH KOY(DOHUIIHEHT AeTepMUHAIME RZq;.
B) YKaKuTe TlepeMeHHbIe, TIPH UCKITIOUEHHH KOTOPBIX R yBenuuurcs?



r) [Toctpoiite 95% noBepurenbHBIN UHTEpBaAT s KO3 uirenta npu Xo.

1) Ha ypoBae 3naunmMoctu 5% npoBepbTe TUIIOTE3Y O TOM, YTO YBEIMUYCHHE IEPEMEHHOM X4 HA €AMHUILY

IIPU TIPOYMX PABHBIX YCIOBHUSIX COOTBETCTBYET yBeNU4eHUIO Y B cpenHeM Ha 0.5 (YKaXHTe OCHOBHYIO U

QIbTEPHATUBHYIO TUIIOTE3bI).

¢) B memsix mpoBepKH HEKOTOPO# THITOTE3bl MCCIENIOBATENb OICHWI JONOJHHUTEIBHYIO PErPecCHIo:

A

Y, =28.4-0.5(X,, — X,,)+1.1X,,. Bemumure B TepMuHax Kod(QQUIMEHTOB [j OCHOBHYIO I'MIIOTE3Y,
@2 (02" “ TR

KOTOPYIO XOTEJ IPOBEPHUTH UCCIICAOBATEIb.

Ne.3.2.8. [IoObIBaB y mATH MOMENIMKOB, YNUMKOB BBISICHWI, YTO IIeHa «MEPTBOU Aymn» Y (B pyoIsx),
0 KOTOpO# €€ corjaceH NpojaTh I-blii MOMEIIMK, CICAYIONIMM 00pa3oM CBs3aHAa C KOJHMYECTBOM
«MepTBBIX ayin (Q) y atoro momeruka u ¢ paccrosaueM (D) ot ropoma N 10 aepeBHH, Te KHBET
TTOMETIUK:

Y =2.08-0.73Q,—-0.36 D,, R*=0,81.

(031)  (0.22) (0.37)

PaccuuraiiTe CKOppeKTUPOBAaHHBIN KO3 PUIHEHT neTepMuHanui. Kak oH U3MEHUTCSI, €CIH UCKITIOUUTh
U3 PErpecCUU «PacCTOSIHUE OT ropojia A0 AepeBHU»? [louemy Bbl Tak cuuraere?

Ne3.2.9. UccrnenoBaTtenbckasi rpynmna B cocTaBe cTaTUCTHKa Tumodes m skoHoMeTpucTta Hamexsr
u3yyaja pa3Iin4us B OIUIATe TPYyAa MEKAY MY)KUYMHAMH U J)KEHIIUHAMHU Ha OCHOBaHUU BHIOOPKH 13 200
HaOJIOZICHUH 32 COTPYAHUKAMU M COTPYAHHUIIAMHU KOHIIEpHA UMEHU MeXTyHapOoIHOTO JKEHCKOTO JHS 8
MapTa.

Tumodeii npoBepus1 rTUIOTE3Y O COBMAJIEHUU CPEIHUX 3aPIUIAT JIJISl MY>KUMH U KEHILMH U MOJTYYHI TaKUE
PE3YJIbTATHI:

[ByxBbIGOPOYHBIV t-TECT C OAMHAKOBLIMU AUCNEPCUSMU

Myosrcuunsl JKenwunol

CpenHee 18.30197 16.52504
Ovcnepcus 16.26656 10.89242
HabnwogeHus 100 100
Ob6benunHeHHas ancnepcust 13.57949
M'MnoTeTnyeckasn pasHOCTb CpeaHUX 0
Df 198
t-ctaTnucTuka 3.409681
P(T<=t) ogHoCTOpOHHEE 0.000394
t KpuTUYEeckoe OAHOCTOPOHHEE 1.652586
P(T<=t) oByxcTOopOHHEE 0.000788
t KpUTMYECKOE ABYXCTOPOHHEE 1.972017

Otcrona oH czemnaln BbIBOJI, UTO CpeAHsIs 3apa0oTHas IIaTa My>KYMH BBIIIE, YEM Y KSHIIUH.

Hanmexnma onennia ypaBHEHHE PerpeccHH 3apa0OTHOM TulaThl Ha mepeMeHHbie mona (Female=1 mis
xeHiuH, 0 MHa4Ye) U Hauuus Beiciiero oopasosanus (High=1 s pabouunx ¢ BeICIIMM 00pa30BaHUEM,
0 nHaue):

PeepeCCUOHHaFI cmamucmuka

MHoxecTBeHHbIN R 0.925987
R-kBagpaTt 0.857452
HopmuposaHHbI R-kBagpat 0.856004
CtaHpapTHas owwmbka 1.4352
HabntopeHus 200

[ncnepcuoHHbIN aHanms

df SS MS F 3Hayumocmsb F
Perpeccus 2 2440.833039 1220.41652 592.49339 4.6269E-84
OcTtaTok 197 405.7801463 2.0597977




Wtoro 199 2846.613186

Koagpgp-mbl  CmaHd. ow.  t-cmam.  P-3nadeHue HuxHue 95% BepxHue 95%

Y-nepeceveHune 14.37657  0.1857431 77.4003128 1.994E-149 14.01027398 14.74287411
Female 1.049355 0.220006867 4.7696455 3.5847E-06 0.615483842 1.483225681
High 7.850794 0.235817915 33.2917603 7.8595E-83  7.385741949 8.315845059

[TocMOTpeB 3Ty TaOJIMYKY, OHA 3asBUJIA, YTO IPUHAICIKHOCTD K MY>KCKOMY ITOJTy OTPUIIATEIHHO CBsI3aHa
¢ 3apabOTHOM IJIATOM.

Uem 00BsICHSICTCS pa3HHIIA MEXKIY pe3ysibTaTaMH, moiydeHHbIME Tumodeem u Hanmexmoit? Kak atu
pe3yabTaThl COIIIACYOTCS?

Ne3.2.10. ITo xBapTaabHBIM JaHHBIM OIICHHBAETCS 3aBHCHMOCTh 00bEéMa mummopra kocMeTHkd (M) ot
BBII crpansr-ummnoptépa (Y), uHIeKca BHYTPEHHUX IIeH Ha KocMeTuKy (Pd) 1 MHIeKca MMIOPTHBIX [ICH
Ha kocMmetHKy (Pf). I[Ipu onleHrBaHuM HCTIONB3YeTCs JOrapupmMuiecKas creruduKanus.

Jnist yaéra BO3MOKHBIX CE30HHBIX KOJIeOaHMIA B MOJIeNTb BBEIEHBI JaMMu-TiepeMennbie D2, D3 u D4. D2
= 1, ecniu HaOMIOIGHHE COOTBETCTBYET 2-My KBapTaiy, B ocTalbHbIX ciydasx D2=0. D3 u D4 paBubl
eauHuIe 11 3-TO U 4-r0 KBapTaJIOB COOTBETCTBEHHO.

Hwxe npuBeneHsl pe3ynbTaThl OLEHUBAHUSA ISATH PErpeccuid, Kaxkaas U3 KOTOPhIX oleHHBaiach mo 40
HaOJII0ICHUSIM.

OneHka ypaBHEHHsI perpeccuu 0e3 orpaHu4eHuit:

INM, =7.6+0.8InY, +0.1In Pd, —0.3In Pf, —0.4D2, —0.2D3, —0.2D4,, RSS =0.37
OueHka ypaBHEHHI perpeccuy ¢ OrpaHUuYEHUSMH:
INM, =9.3+0.6InY, —0.1(In P, + In Pd,) —0.3D2, —0.1D3, —0.3D4,, RSS =0.48

INM, =9.0+0.6InY, —0.2(In Pf, —In Pd,) —0.4D2, —0.0D3, —0.3D4,, RSS = 0.40
INM, =12.9+0.3In Pd, +0.1In Pf, —0.2D2, —0.1D3, —0.3D4,, RSS = 0.45
INM, =9.4+0.5InY, —0.3D2, —0.2D3, —0.3D4,, RSS = 0.42

INM, =10.1+0.4InY, —0.1In Pd, +0.1In Pf,, RSS =1.48

a) [IpoBepbTe HamMune ce30HHBIX 3((HEeKTOB HAa YpOBHE 3HAUUMOCTH 1%.

6) Ha ypoBHe 3HaunmMocTu 5% npoBepbTe TUIOTE3Y O TOM, YTO KO3 PUIMEHT MpH JIorapudme HHIeKca
BHYTPEHHUX IIEH MMEET TO e aOCOJIOTHOE 3HAa4YeHHE, HO JIPyroil 3Hak, 4To U KOd(pPULIUEHT mnpu
jgorapudme MHIEKCa MUMIIOPTHBIX LieH. MlHadue roBops, mpoBepbTE€ THUIIOTE3y O TOM, YTO HA MMIIOPT
BJIMSIIOT HE BHYTPEHHSS U BHEIIHSS LIEHbI 110 OT/IIbHOCTH, HO UX OTHOLICHHUE.

Ne3.2.11. Tlo 55 nabmogenusiM 3a 30 MyXuyuHaAMU U 25 KEHIIMHAMHU SKOHOMHCT Mans MaHkuHa
METO/IOM HaUMEHBIIINX KBAJAPATOB OIICHUJIA PETPECCHIO:

EARNINGS = 3744,44-35,54-S +3,59-TEST, TSS =100000000, ESS =50000000, rae EARNINGS

— mouacoBas 3apmiara ($), S — amurensHOCTh 00yuyeHusi (roael), TEST — pesynbratel EI'D mo

MaTemaTuke (Oaibl).
Perpeccusi, onieHEHHAs A1 XKEHILUH, UMEET BUL:

EARNINGS = 5664,05-114,22-S -9,05-TEST, TSS =51000000, ESS =550000

PCFpCCCI/IH, OLICHEHHAS JJIsI MYKYHH, UMCCT BU:

EARNINGS = 2783,67+112,11-S +13,50 - TEST, TSS =48000000, ESS =870000

a) Haiinure x0dQPUIMEHTH TaKOro YpaBHEHHUS perpeccuu ¢ (PUKTUBHBIMH TEPEMEHHBIMH IJiS T0Ja,
OIICHEHHOTO 10 BCEl BHIOOPKE:

EARNINGS =, + B, -S-MALE +§, -S - FEMALE + f, - FEMALE + 3, -TEST - MALE + p, - TEST



3necs MALE — ¢ukTHBHAs IepeMeHHas, paBHas 1, eclii MHANBUI MY>KUnHA, 1 paBHas 0, €CIIi UHIUBU]
xenmuHa, FEMALE — ¢ukTuBHas nepemeHHas, paBHas 1, eciiv MHIWBU )KEHIIMHA, U paBHas 0, eciau
WHWBUI MY>KUYHHA.

06) Ectp 1M ocHOBaHMS CUUTaTh, YTO PErPECCHOHHBIC 3aBUCUMOCTU JUISI MYXYUH U JUIS SKEHIIMH
paznuyatorcs’?

Ne3.2.12. TTo 30 HabmroieHUSIM OBUTH OIICHEHBI JIBA YPaBHEHUS PETPECCUMU:

(1) Y1 =27.3+16X,, +35X,,~05X,,, RSS =295

(2) i =39.6+10X,, RSS=38.1.

a) Ha ypoBHe 3naunmoctu 1% mpoBeppTe TMUIIOTE3Y O TOM, YTO KOA(PPHUIUEHTHI IPU MEPEMEHHBIX X3 U
X4 paBHBI HYIIO.

0) IIpeamnonoxxum, 4YTo BaM HY>KHO IPOBEPUTH THIIOTE3Y O TOM, YTO KO3(PPUIMEHTHI pH MepEMEHHBIX
X2 u X3 coBnaaaroT. Bemummure B 001ieM BHE YpaBHEHUE PErPECCUH, OLCHUB KOTOPOE BBl MOTIIM OBl
IPOBEPUTH 3Ty THIIOTE3Y.

Ne3.2.13. s 50 mwtatoB CILIA oreHeHa 3aBUCHMOCTD Y4acCTHsI )KEHIIMH B padoyeil cuie (mepeMeHHast
PLF, n3mepena B mporeHTax) oT MeauaHHoro jgoxoja jaomoxossictsa (MHPI, Teic. momnn.), ypoBHs
oOpa3zoBanus xeHimuH (EDUC, konudectBo et 00ydenus) U ypoBHs 6e3pabotulibl cpenu sxeHmuH (UR,
%). Hike mpuBeieHbI ONICATEIbHbIE CTATHCTHKY H3yYaeMbIX HepEeMEHHbIX .

[lepemennas | Boibopounoe | Bvi. cran.
cpeaHee OTKJIOHEHHE
PLF 58.72 4.37
MHPI 18.19 2.76
EDUC 12.48 0.19
UR 5.96 1.43

A Bot pesynbratsl onennsanns perpeccun PLE =B, +B,MHPI, +B,EDUC, +B,UR +¢;

Kosdppuunent Ounenka | Crana. | t-cTaTHCTHKA | P-3HAYEHHE
k03(pd-Ta | omudka

B, (KoHCTaHTa) 0.158 34.91 0.00 0.996

B, (moxom) 0.406 0.17 2.34 0.024

Bs 4.842 2.81 1.72 0.092
(obpa3zoBaHue)

Ba -1.554 0.34 -4.57 0.000
(6e3pabotuiia)

YucJ10 HaGII01eH i 50 R 0.54

F-cratucruka: | 18.24 p-3HaUYeHue: 0.000

(mnsa F-crat.)

a) SlBnsercs nu orieHEHHAS PETPECCUsl 3HAYUMOU B 1IETTOM?

6) Kakue u3 onennBaemMbix K03(hPHUIIMEHTOB 3HAUUMO OTJIMYAIOTCS OT HYJIS Ha YPOBHE 3HAYUMMOCTH 5%7
B) Kakas u3 oOBACHSIOMMX MEPEMEHHBIX MOJEIM BHOCUT HAaHOOJBIIMN BKJIAJ B pa3ivyus B YPOBHE
ydacTusi JKeHIIMH B pabodeil cuie Mexay 1ratamu? PaccuuTaiite craHgapTU3UpPOBaHHbBIE
K03 PHILIMEHTHI perpeccuu.

r) Jomyctum, uro s ogHoro u3 mratoB CIHIA Bce 0OBSCHAIONIME MEPEMEHHBIC PABHBI UX CPEIHUM
3Ha4YeHUsM B Hallel BeiOopke. KakoB o)kuaeMblil ypoBEHb YUaCTHS KEHIUH B pabodeit cujie st 3TOro
mirara’?

5 [lanHble B3aTHI M3 KHIKKH P.Newbold “Statistics for Business and Economics”



Ne3.2.14. Ha pbIiHKE NOACP)KAHHBIX SJIEKTPUUYECKUX YaWHUKOB B ceiie CamMoOBapoBO MPEACTaBIICHBI
TOBapbl, OTJIMYAIONIMECS OJWH OT JAPYroro, B OCHOBHOM, IO TPEM XapaKTEPUCTHKAM: CpPOKY
SKCILIyaTtaiuu  Age (romsl), 00bEMYy BMermaemoii >xuakoctd Volume (IMTpel) W TOTPEOIEHHUIO
anektposHeprun PC (kmioBart B yac). [To Beroopke u3 26 00pa3ioB ToBapa Obliia OllEHEHA 3aBUCUMOCTh
el Price (py6im) oT 3THX XapaKTEPUCTHK:

Price = 2150 -350- Age +400-Volume —330-PC, R*=0.75.

OnucarenpHas CTaTUCTHKA BBIOOPKHU (MPUBEIECHBI HECMEIIEHHBIEC OILICHKH):
Ipusnax: Age | Volume | PC | Price
Cpeonee: 14 1.6 19 | 77?
Cm. omxnonenue: | 1.0 0.4 04 | 330
a) Kakoii u3 ¢pakTopoB BHOCUT HanOOIBIINH BKJIaA B pa30poc IIeH Ha YailHUKH?

0) KakoBa cpenusis 1ieHa 4yaifHUKa B BIOOpKeE?

B) KakoBa oreHka qucnepcuu Ciiy4aitHOM COCTaBIISAIONICH B perpeCCHOHHON Moaenn?

r) [Ipn npoBepke 3HAUMMOCTH MOTPEOJIEHUS FNEKTPOIHEPTUH 0Ka3aJoCh, YTO P-3HaueHue pasHo 0.02.
Haiiaure ctanaapTHyto omuOKy Ko3QPUIIMeHTa TP 3TOM MEPEMEHHOM.

Ne3.2.15. DOkonomerpuct Haxexxna paspabatsiBaeT Moaens yaos. Hans cuutaer, yTo cpeaHuil yaoi

MOJIOKAa OT KOPOBBI rojly t B €€ MeCTHOCTH (Y|e|dt, KI') OIpENesieTCs] pacXxoI0M KOPMOB Ha KOpOBY (

FOddel’t , LIGHTHEPbI) U TEHJCHIMEN K YIYUIICHHUIO KauecTBa KOPOBbEW XKU3HHU, AJIs yu€Ta KOTOPOU B
MoJieb BKJIFOUEHA TepeMeHHasi BpeMeHu t (Homep roja B BbIOOpKe). Huxke mpuBeneHbI pe3ysbTaThl

ouennsanus ypasuenns Yield, =B, +p,Fodder. +B.t+¢, & nporpamme Stata:

Source | SS daf MS Number of obs = 12
————————————— e e L F( 2, 9) = 7.06
Model | 801273.721 2 400636.86 Prob > F = 0.0143
Residual | 510826.279 9 56758.4755 R-squared = 0.06107
————————————— Fm Adj R-squared = 0.5242
Total | 1312100 11 119281.818 Root MSE = 238.24

yield | Coef. Std. Err. t P>t [95% Conf. Interval]
_____________ +________________________________________________________________
fodder | 32.642006 11.00422 2.97 0.016 7.748778 57.53535

t | 29.90836 20.64307 1.45 0.181 -16.78951 76.60623

cons | 1523.787 459.7586 3.31 0.009 483.7411 2563.834

a) BeImummTe OCHOBHYIO U aJIbTEPHATUBHYIO THITIOTE3bI JIJIS IIPOBEPKHU 3HAYUMOCTH PETPECCHH B IIETIOM:
Ho: Ha:
6) ChopmynupyiiTe BBIBOJ O 3HAYMMOCTH/HE3HAYUMOCTH PETPECCHH B II€JIOM Ha ypoBHE 5%:

B) Paccumraiite mporaosHoe 3HaueHue y/105 Ha ciexyroumii rox (t =13) B mpeamnonoxeHnu, 94To pacxon
KOpPMOB cOcTaBUT 50 IEHTHEPOB KOPMOBBIX €MHUIL HA KOPOBY:

) Brimuimmre oCHOBHYIO U albTE€pHATUBHYIO TUIIOTE3BI JIsI POBEPKH 3HAYUMOCTH K03 uirenta mpu
IIEPEMEHHOM Pacxo/1a KOPMOB:

Ho: Ha:

1) ChopmynupyiiTe BHIBO O 3HAYUMOCTH/HE3HAUMMOCTH 3TOT0 K03 duiineHTa Ha ypoBHe 5%:

Ne3.2.16. Jlemorpad JMutpuii, nu3ydas penpoayKTHBHOE MOBEIEHHE KUTEILHUI MIBaHOBCKOM 061acTH,
ouenmsaer wmonens INEM, =P, +B,Rubia, +p,Pelirroja +,Ciudad. +¢,, rne EM, - Bospacr

erymienns B 6pax, RUDIG; =1 s ceernoBomnoceix skenmun, 0 unaue, PEirT0ja; =1 s peoxesonocsix

keHiuH, 0 nHaye, ClUdadi =1 s urenpaun ropojAcKoil MecTHOCTH, 0 mHave. JIMUTpHil AEIUT BCeX



’KEHIIMH IO TUIy MECTHOCTH Ha TOPOXKAHOK M CEIbYaHOK, IO €CTECTBEHHOMY IIBETYy BOJIOC — HA
TEMHOBOJIOCHIX, PBKHX U CBETIIOBOJIOCHIX.

JMUTpHii XO4eT IPOBEPUTH CIIEIYIOIUE TUIOTE3BI:

|. Cpennuiil Bo3pacT npu BCTYIUIEHUHU B Opak HE CBSI3aH C TUIIOM MECTHOCTH.

Il. CpenHuii Bo3pact npu BCTYIUIEHHH B Opak HE CBA3aH C LIBETOM BOJIOC.

I1l. Cpennuii Bo3pact Ipu BCTYIUIEHUH B Opak JUIsl phKUX U CBETJIIOBOJIOCHIX JKEHIIUH OJJUHAKOB.

a) B xaxzom citydae BeIpa3uTe OCHOBHYIO M albTEPHATUBHYIO THIIOTE3bI yepe3 K03 GpULueHTs MOIeNH.
0) Kakoe ypaBHEeHHE perpeccud Bbl OBl TOCOBETOBAIIM OLICHUTH JIMUTPUIO, 9YTOOBI YUECTh OTpaHUYCHHE,
cooTBeTcTBYyHOIIee rurotese 1117

B) Komnera Upuna y6exxaaer IMUTpHs, 4TO pOJIb IIBETA BOJIOC B ONPENICIICHUU BO3PACTa BCTYIUICHUS B
Opak 3aBHCUT OT TOTO, IPOXKUBAET KEHIIMHA B CeJie WK ropojie (HarpuMep, pbKUE CeIbYaHKH MOTYT
BBIXOJIUTh 3aMYy>X B TOM K€ BO3pacTe, YTO U CBETJIOBOJIOCHIE, HO CPENU PBIKHUX T'OPOXKAHOK BO3pacT
BCTYIUIEHUS B OpaK BBILIE, UEM CPEM TOPOKAHOK CO CBETJIBIMU BOJIOCAMHU, U T.11.) Beinuimre ypaBHeHUE
perpeccuu, KOTOPOe CTOUT OLIEHUTb, YTOOBI yUecTh mpeanoaaraemMboiii Mpunoit s dexr.

Ne3.2.17. Crapmmii skoHOMHUCT TETsS Ll wuccrmemyer CBs3b MEXIy HW3MEHEHHSIMH LE€H Ha
HEJIBIKUMOCTh B MockBe APR_RUR u auHamukoil kypca momapa AUSD. Hcnonb3yst mMecsiuHbie

naHHble, s nepuosa ¢ ssuBaps 2000 roga mo despainb 2011 roga (N=133) oHa mosrydaeT CieayONIuit
pe3yJIbTar:
APR _RUR =784+5058 AUSD _ RATE; RSS =573000 000

(350)  (1450)
OpnHako, XOpOIIEHBKO MOpa3MbICIUB, TETSA L{uns pemuia, 4To CTOUT BKIIOYUTH B ypaBHEHUE MOJIEIH
auHamMuKy cpeanenymesoro goxona AINC u nponentHoit craBku AIR | v onenunna ciemyronyro Moiens:
APR _RUR =1876+2012AUSD _RATE — (?02)7 AIR— 9.13)2AINC; RSS =280 000 000

(921)  (1054) 4055 0.540
a) Ha 1% ypoBHe 3HAUMMOCTH TMPOBEpPHTE TUIOTE3y O 3HAYMMOCTH TPOIEHTHOH CTaBKU U
CpEeIHEAYIEBOrO JOX0/1a.
0) [IpoBeppTe runoresy o paBeHCTBe KO3 (dUIIMEHTa MPU CpeIHEAYIeBOM J0X01e Hyto. Haiinure p-
3HauEHUeE.
B) Kakoe ypaBHeHHe BBl ObI OLIEHUJIH, YTOOBI Y4€CTh BO3MOXKHYIO CE30HHOCTb?

Ne3.2.18. I1o exeromasbIM JaHHBIM 3a 23 roga ObLIa OLlEHEHA 3aBUCUMOCTD MHAEKCA [IEH HAa WHIUNCKUN

qait Prind, or nupexcor uen na neitnonckuit wait PrCeY, n na 6pasunscxuit kope Prcoffee, :

Prfndt =33.6+ 0.9 PrCey, —%12) PrCoffee,, R?=0.6.

(34) (02)
B ckobOxax mon oueHkaMu KO3(Q@UIIMEHTOB MPUBEIEHBI UX CTaHIapTHbIE omMOKu. Bce nmepeMeHHbIe
U3MEPSUIUCH B MPOLEHTAX.

a) PaccunTaiiTe oxxumaemoe 3HaUeHUE MHACKCA 1IeH Ha WHIAMNCKUM Yail )i ciaydas, Koraa HHICKC IIeH
Ha 1einonckuii uait coctaBut 110%, a Ha kode — 100%.

6) IIpoBepbTe 3HAUMMOCTH perpeccuu Ha ypoBHe 1%.

B) Ucnonb3yst ypoBeHb 3HAYUMOCTH 5%, BBISICHUTE, €CTh JI1 OCHOBAHUS CUUTATh, YTO LIEHA MHAUMCKOTO
yasi CBA3aHa C IIEHOW Opa3miIbcKoro Kode.

Ne3.2.19. Tlo 45 HaGmroaeHUsAM METOJOM HAaUMEHBIINX KBaApaToOB SKOHOMHUCT Bacs [IpoOkuH onenw
perpeccuto EARNINGS =—-15+2.5-S +8-MALE, TSS =300, ESS =150,

rne EARNINGS — nowacosast 3aprutata ($), S — ypoBeHb 00pa3zoBanus (Tl 00yUeHUs),

MALE — ¢ukTtuBHast nepeMeHHas1, paBHas 1, eclii UHIUBUIYYM MY>KUnHa, U paBHas 0, eClii UHIUBUIYYM
KEHIIMHA.

Opnaxo, XopoieHbKo nogyMan, Bacs [IpoOkuH penin BKIIIOUNTE B YUCTIO OOBSCHSIONIUX TEPEMEHHBIX
pesyabTatel EI'D (13 100 6anno). Bor kakas perpeccust y HEro rnoyryqmiach:

EARNINGS =-18+2,7-S+6,1-MALE +0,07-EGE, R*=0,79

Breruncnurte, Kak M3MEHWICS CKOPPEKTHUPOBAaHHBIA KOd(DHIMEHT neTepMuHaiuu. UTO BBl MOXKETe
CKa3aTh O CTaHJIAPTHOM ommOKke koddduimenta npu pesyiapratax EI'D?



Ne3.2.20. PaccMoTpuM npuMep NpUMEHEHHS PErpecCHOHHOI0 aHAIM3a MPU pa3perieHn KOH(IUKTOB B
BTO. B otBer Ha xamoby EBpocors3a o JMCKpUMHHAIIMK, TPOBOAUMON YUWIM B OTHOLIECHUH
MMIIOPTUPYEMOTr0 BUCKHU B N0JIb3Y YMJIMHCKUX MPOU3BOAUTEIEN MUCKO (KPENKUI CIMPTHOM HAIIUTOK U3
BUHOTPa/Ia — HAllMOHAJIbHBIM HAIIUTOK YWJIMKIEB), CO CTOPOHBI UMK ObUTH NMpPEAbSBICHBI PE3yJIbTaTh
PErpECCUOHHOr0 aHaIn3a crpoca Ha NUCKO. OLIEHNBAJIOCh CIIENYIOIIEE YPABHEHUE PETPECCUN:
06vém cnpoca Ha nuckoi = Po + p1%x/[oxo0i + f2 xI]ena nuckoi +
+ faxIena suckui + faxLena eunai + fsxLlena nusai + &
BoT pe3ynbTarhl OLleHUBaHUS:

Kox¢ppuuuent | Onenka | Crana. | t-craructuka | P-3HaveHue 95% noBepwur.
k03Q¢d. | omudka HHTEPBaJ
Po 3,5771 3,6554 0,9786 0,3534 (-4.6920; 11.8461)
1 (moxon) -0,0072 | 1,2109 -0,0059 0,9954 (-2.7465; 2.7321)
[ (11eHa MHUCKO) -1,3109 | 0,4574 -2,8661 0,0186 (-2.3456; -0.2762)
[33 (11IeHa BUCKH) 0,1248 0,5158 0,2419 0,8143 (-1.0421; 1.2917)
[4 (1eHa BUHA) 0,5963 0,4030 1,4796 0,1731 (-0.3154; 1.5079)
[s (11leHa nuBa) 0,3622 1,2132 0,2985 0,7721 (-2.3823; 3.1067)
KoanuectBo Habmoaennii: | 15 Ko>¢ppuument nerepmunanun R?: 0,9758
F-ctatucruka: 72,6767 | P-3nauenue aiasa F-crarucruxu: 0,0000

Kax npeaACTaBUTCIN Yuau ucnoib30Bajlu 3TH PE3yIbTAThI AJId YKPCIIJIICHUA cBOCH IIO3UIIMH B CHOpC?

Ne3.2.21. ITo 38 Habmro1eHUSIM OLIEHEHA 3aBUCUMOCTh KoHeuHOoro notpedsenust C B skonomuke CIITA
OT pacroyiaraeéMoro goxoga Y ¥ CTOMMOCTH JIMKBUIHBIX aKTUBOB L

Standard Lower Upper
Coefficients Error t Stat P-value 95% 95%
Intercept -10.63 3.27 -3.25 0.00 -17.27 XXX
Y 0.68 0.07 9.60 0.00 0.54 0.83
L 0.37 0.10 XXX 0.00 0.18 0.57

a) 3anonHuTe npomycku (XXX) B Tabnuie.

0) Ha yposne 3HaunmMoctu 10% mpoBepbTe TUIIOTE3Y, YTO YBEIUYEHHE paclojaraeéMoro 10xojaa Ha |
(MJTpJI. IOJUT.) COOTBETCTBYET OXKHJIAEMOMY YBEIIMYCHHUIO KOHEUHOTO moTpedienns Ha 0.9 (Miup. 1omr.)
MPU HEU3MEHHOM 00BhEME JTMKBUIHBIX aKTHBOB.

Ne3.2.22. B TeueHue TpUILATH JIETHUX JIHEH eXKeTHEBHO (PUKCHPOBAIUCH 00BEMBI ITpoaax Koka-koubl B
ToproBoii Touke Q (B n1uTpax), neHa aurpa Koka-komsl Pc, cpennss temnepatypa aHs T u neHa [lencu

Pp: Ha ocHoBaHum coOpaHHBIX JaHHBIX ObLJIa OIEHEHA pErpeccHs Q= [31 + szc + B3 Pp + B4T +e€.

Pe?)y.HBTaTI)I OIICHUBAHMS IMPUBCACHBI HUXKC:

Yucno nabmogenmii: | 30

R2: 0.95

F-cratucruka: 38.2 P-value mmsa F-crar.: 0.00
Ilepemennas Kosppuyuenm t-cmamucmuxa P-value
KoncranTa 50.5 7.2 0.000
Pc -2.3 -2.9 0.008
Pp 1.0 1.8 0.074
T 3.0 2.0 0.045

a) SBisieTcs M perpeccus 3HaYUMON B TIETIOM?
6) Bemmummre perpeccopbl, KO3QQHUIHUEHTH! TPU KOTOPBIX OKA3aIHCh 3HAYUMBI Ha YpOoBHE 5%.



B) UeMy paBHa cTaHAapTHAs ONIHOKA /TSl OLIEHKH KO3 HUIIHeHTa Bz ?

r) PaccumuTaiite 90% noBepuTenbHbIN MHTEpBAT JuId KO3 duuneHTa npu rnese Koka-Kosl.



Yacts 4. TpyAHOCTH PETPECCUOHHOTO AHAIM3A U
OTKJIOHEHUS OT KJIACCUYECKOU MOJEIIU

§4.1. PerpeccuoHHasi TMarHOCTHKA.

1 10 3
1 6 1
Neq.1.1. [lana matpuma X = 112 al
1 8 2
KakuM J0MKHO OBITh  uYdciao d, 49roOBI MEXKIy CTOJAONAMH MaTpMILl ObLIa  CTporas

MYJIbTUKOJUIMHEAPHOCTh?
Honyctum, a = 2. Paccunraiite 3Hauenus VIF st orieHok K03hGUIIMEHTOB perpeccuu y = X B+ ¢ , Te
Y - mrobas BeIU4YHHA.

Ned4.1.2. OrieHUB 3aBUCHMOCTb Jiorapudma 3apabOTHOM IUIaThl OT Bo3pacTa (age), KBaapaTa BO3pacTa
(age_sq), craxka paboter (ten) m Hammuus Beiciiero oo6pasomanus (higheduc), Hams mpencraBuia
pe3yJIbTaThl CBOETO MCCIIEI0BAHMS:

reg lnwage

Model

ten
higheduc
age

age sq

ten higheduc age age sq

500
= 69.50
0.0000
0.3596
0.3545
= .45141

Interval]

-.0067092
.1907838
.109526
-.0006886

| SS df MS Number of obs =
Fom F( 4, 495)

| 56.6465102 4 14.1616276 Prob > F

| 100.865932 495 .203769559 R-squared

Fmmm Adj R-squared

| 157.512442 499 .315656196 Root MSE

\ Coef Std. Err t P>|t] [95% Conf.

+ ________________________________________________________________
\ -.04216 .0180433 -2.34 0.020 -.0776108

\ .10324¢64 .0445535 2.32 0.021 .0157091

\ .0562991 .0270907 2.08 0.038 .0030722

\ -.001414 .0003692 -3.83 0.000 -.0021394

|  -.9322643 .4941175 -1.89 0.060 -1.903091

_cons

.038562

OOpaTtuB BHMMaHHE Ha OTPHLATENbHBIA KOX(pHUIMEHT mpu craxe, Hanexna 3zameruna, 4yTo 3TOT
pe3ysibTaT IUIOXO COTJIaCyeTcss € SKOHOMUYECKOW WHTYWIMEHd W, BUIMMO, BBI3BAH HAIWYUEM
MYJIBTUKOJUIMHEAPHOCTH — TECHOM CBSI3U MEXAY BO3pacToM M cTaxkeM. CiylaBIIMM JOKIIa] CTaTUCTUK
Tumodeii ckazan, 4To MyJIbTUKOJUIMHEAPHOCTh MOXKET MPUCYTCTBOBATh, HO HE JIOJKHA MPHUBOJIUTH K
TakuM pesyibraram. Ilouemy Tumodeil pemmn, uto npuumHa HanuHoro pesyibTara He CBsi3aHa C
MYJIbTUKOJUINHEAPHOCTHIO?

Ne4.1.3. Tlo Habopy HaOmromeHuit 3a TpeMsi BenmuuHaMu Y, Xz ¥ X3 ObUTa OIlEHEHA KOPPEISIHOHHAS
MaTpHLa:

| x2 X3 %
_____ +____________________________
X2 | 1.0 -0.9 -0.6
x3 | -0.9 1.0 0.7
VAl -0.6 0.7 1.0

Haiiure 3Hauenne VIF (,) ams perpeccrn Y; =Py +B,X,; + B, X5 +¢;.



Ned.1.4. MiccnenoBatesb OLIEHUI PErPECCUOHHYIO MOJENb Y, = Bl + Bzxz,i + ng 3 T B4X4'i +&; u npoBén

JMAarHOCTUKY Pa3InYHbIX MPOOJIEMHBIX sIBIEHUI. Pe3ynbTaTsl ero ctapaHuii pUBEICHBI HUXKE:

I'pagux 3asucumocmu ocmamxog pecpeccuu

Om NPOcHO3HbIX BHAYEHUL

459.954

Tpagpux 3asucumocmu ocmamios €;

om ocmamxos €j_1

459.954 0 °
0
0
0 © i
o ° ° 0
00 ° 0 ° 0 ¢ °
P 0 ° o, o o
g 00 ¢ %o 0© ° %
T - © 0 B ogo o %o o o
n o o o T N
o 0 90° 57 o o © 7} o ° o8 o
14 000 o o [} o o o 0
° D@ o x o 0 o
0o 00 o) o o o @ OO o o
° o o § oo o 0 o o
o 5 9 00 oOOo o Y % 00 0 o 0
i 0 . 09% o 0o o ° o © oé% ®o o
0" o o o0 B o © o & o
0 00 o o o o 0 o ©
o, 000 0 © o 0o % o0 O o
o} 0
-281.205 1 ° -281.206 °
I I I [ T I I
1191.27 3137.54 -281.206 459.954
Fitted values Lagged residuals

VIF(B,) =1.02,

VIF(B,) =

2.17,

VIF(B,) =175

OHpe,I[eJ'II/ITe, KaKHe HpO6H€MHbIe SABJICHUA O6H3py>I(I/IJ'I HCCICO0BATCIIb. O60CHyfIT€ CBOI OTBET.

Ne4.1.5. OuenuBanach HEKOTOPOE YPaBHEHHME PErpecCHi: Y, =B1+BZX2J +B3X3,i +&;. C momompo

METOJ]a HAUMEHBIINX KBAJAPATOB ObUIM TOJTYYEHBI OLEHKU KOI(PPHUIMEHTOB W pacCUMTaHbl OCTATKU
perpeccun €. Hike npuBeneHsl rpaduku 3aBUCUMOCTH € OT X2 U X3, a Takke 3HaueHus VIF.

eot X2

13.5285 -

-11.8937 4

I
.072052

VIF(B,) =VIF (B,) =100

13.5285

-11.8937

e or X3

o

I
342291

I
97.923

a) C kakuMu mipobsieMaMu, Cyjsl TI0 PUBEIEHHBIM JaHHBIM, CTOJKHYJICS HccienoBareiab? OObsicHUTE

CBOM OTBET.

6) Haiimute KO3 GULMEHT eTepMUHALIUU B PErPECCUU Xz,i =a, +0,X 3i TV



Ne4.1.6 OueHuB ypaBHEHHE Y, = Bl +B2X2,i +ng3,i +B4X 4 T &, viccaeoBarTenb 3aHsIICS BBIABICHUEM

BO3MOXKHBIX Mpo0iem B Mojenu. Onpeaenure, ¢ KaKUMH MPoOJIeMaMy OH CTOJIKHYJICS, [0 pe3yIbTaTaM
€ro CTapaHui:

A

TI'pagux 6 ocsax € u 'Y, I'pagpux 6 ocsax € u €
938047 4 ° .938047 o
. .
. .
o o o o o o o
o o 8%
o ooy L5 o fae T oo
- o o o o o | o o o0 Q9 o
o ° og ® o 00 % o ° © E 5’0% 00 % °
° ° ° o 2 8o o & o, %o
o o o o ) © o © 00 @
o o ° o o o 00 o 000000 © o
.
[} — ° o Oo ° © ® 0O ° @ — °° ° OO%O% o

-1.59082 —| ©° -1.59082 —| ©°

T
501596 8,180é6 -1,5é082
y_hat el

.93804‘17

VIF(B,)=1.2, VIF(B,)=21.1, VIF(3,)=20.6

Neq.1.7. MaproBckuilt 3asan u bezymusiii [llnsnHuk moutu Bc€ BpeMs NblOT 4ail. M3BecTHO, uTO
KOJIMYECTBO BBIMTUTOTO 3a JACHb Yas (B YalllKax ) 3aBUCHUT OT KOJIMYECTBA MUPOKHBIX (B IITYKaX) U IEYEHbS

(B mITYKaX).
Anmca, TOCTHBIIIAS Y T€POEB B TEUCHUE 25 THCH, 3aMETHIIA, YTO €CJIM OIICHUTh 3aBUCUMOCTh BBIITUTOTO
yass ~ OoT  3akycku ani  MaproBckoro  3aiima u  llnsnHuka, TO  momydMTCs:

Teai = 6+0,5Biscuit, +1,5Cake;; ~ RSS=11,5.
UTOoOBI OHSITH, yIAYHYIO JTU MOJICNIb OHA IMOCTPOMIIA, AJHCa OIEHUIIA eIE OJHY PETrPEeCCHIO:

Teai =12,7+0, 65Biscuit, —0,8Cake, —0,59Tea’+0,03Tea’;  RSS=9,5

a) Ilomorute repowHe TOHSITH, BEPHYIO U CHEHMU(DUKAIIMIO MOJEIH OHA BHIOpanga: MPOBEAUTE
COOTBETCTBYIOIIUN TECT, HE 3a0yIbTe CHOPMYIUPOBATH OCHOBHYIO U IbTEPHATUBHYIO THIIOTE3HI.

0) Anrca permnia MPOBEPUThH MEPBOHAYATBHYIO (KOPOTKYI0) MOJIE/bh Ha HAJTMUUE T€TEPOCKETaCTHUHOCTH
C IOMOIIBIO TecTa YaiiTa. Beinuimre ypaBHEHHE perpeccuu, KOTOPOE OHA JOJKHA OLICHUTD.

Ne4.1.8. TIpoaBers MOPOKEHOTO OLEHHIT IMHAMHYECKYIO MOJIeNIb 00BEMOB IPOIAK:

INQ, =26.7+0.2InQ,_, —0.6InP,
3,[[30]5 Qt - UHUCJIO IPOJAHHBIX B JICHb t Ba(beJ'IBHBIX CTaKaH4YHMKOB, a Pt - I€HAa OJHOI'O CTaKaHYHNKa B

py6usix. [Ipoxaserr Takke paccuuran ocratku €t .

a) Uemy, corjacHo MoJIy4eHHBIM OlIEHKaM, paBHa JOJITOCPOYHast 3JIACTUYHOCTH 00BEMA MPOAAXK 110 IIeHe?
0) Ilpeamonoxum, 4TO MPOAABEI] PEHIMI MPOBEPUTH HAIWYHE ABTOKOPPEISAIUU MEPBOTO MOPSAKA C
nomoInbio Tecta bpoiima-I'oadpu. BemummmTe ypaBHeHHE perpeccuu, KOTOpOe OH JIOJKEH OIEHUTb.

Ne4.1.9. Tlo 22 nabmoaenusm cotpynauku HUW onennmm ypaBHEHHE perpeccuu:

Y =10.9-1.3X,+0.8X,, R?*=0.6

- ¥ PACCUMTAJIM IPOTHO3HBIE 3HaueHus Y; u octatku €. [Tocie TOro OHM MPUCTYITHIIA K JUATHOCTUKE

BO3MO>KHBIX HEJJOCTATKOB MOJEJIH.
a) Camplii MIIaqIIMA Hay4YHBIM COTPYAHMK PEHIMJI IPOBEPUTHh HAJIMYME TE€TEPOCKETACTHUHOCTH C
MIOMOMUIBIO TECTA YaiiTa. Beluimre ypaBHEHNE PErpeccun, KOTOPOE OH JOJKEH OLICHUTD.

6) [Ipodeccop A mpoBepKU Ha reTEPOCKEAACTUYHOCTD IO TEM K€ JaHHBIM OLIEHWII APYTO€ YpaBHEHHE:
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|ei| =10.9-==, R®=0.06, — u coobmuMI, 4TO HUKAKOIL reTepOCKEJACTUYHOCTH HeT. [loscauTe, mpas
3

71 ipodeccop U CTOUT JIM CaMOMY MIIaJIIIEMy HAyYHOMY COTPYJIHUKY C HUM CIIOPUTD, €CIIU MOCIIEAHHMA

HOJTYYHIT [Tl BCTIOMOTaTelibHOM perpeccun R? = 0.86 ? Bcee cotpyanuku HUU ucnonb3yoT ypoBeHb

3HaYUMoCTH 5%.

Ne4.1.10. Muorue 3HatoT necHio «Bo cany nu, B oropojie», B KOTOpOM €CTh TAKUE CTPOKHU:

Kymauy 5 ne xouy,

Kumaiixu ne naoo;

Ipunecu, mos Haoéxca,

Anoeo epuzema,

Ymob ne cmviOHO ObLIO Oegke

Ha ynuyy evriimu.
Opnako manexko He Bce LEHUTENU (OJIbKIopa OCBEIOMIICHBI, UTO IEHBl HAa TPU3ET, KyMau U KUTalKy
MOYKHO CBSI3aTh OIICHEHHBIM YPaBHEHHUEM PETPECCHU:

AP =003+044AP__ +0.63AP . ~R*=0.94.

PHTG02)  (0.42)  OMA (gqg)  maiKa’
Bce nepeMeHHbIe 31€Ch — NPUPOCTHI PEATLHBIX EH HAa COOTBETCTBYIOIIME TOBAPHI, B CKOOKAX YKa3aHbI
crangapTabeie omuoky. OLEHUBaHUE TIPOBOMIIOCE 110 KBAPTAIbHBIM JAHHBIM 32 6 IOIHEIX JIET.

a) IIpoBepbTe THIIOTE3y O TOM, YTO B CIyd4ae HEM3MEHHOCTU PEAJbHBIX II€H Ha KyMad M KHTaiKy,
0’KUJ]AEMOE U3MEHEHUE LIEHBI HA TPU3ET Oy/IeT TAKIKE HYJIECBBIM.

0) Kynen ITapuyTHii HaMEpeH OLIEHUTH 3aBHCHMMOCTH 00BbEMa MPOJAX IPH3ETa OT LIEH HA BCE TPU
KOHKYpHPYIOIIMX TOBapa II0 JaHHBIM 33 TOT K€ NEepHoj BpeMeHH. Kakue TpYJIHOCTHM HOKHIAIOT
[MapuyTHs?

Ned.1.11. OrenuBas ypaBHeHue Y| = B, +B2X2’i +B3X3’i +B4X4,i +¢€;, uccremoBaTenbckas rpymnmna

IpoBepsla JIaHHblE Ha Hajduuue MyJbTUKOJUIMHeapHocTH. Cratuctuk Tumodeil  oueHun
KOPPEISLIMOHHYIO MAaTPUILLy PErPECCOPOB:

| X2 X3 x4
_____________ o
X2 | 1.0000
x3 | -0.4934 1.0000
x4 | -0.6144 0.9018 1.0000

A skonomerpuct Hanexxna paccunrana 3Hauenus VIF:

Variable | VIF 1/VIF

_____________ +______________________

x4 | 2.53 0.394967

x3 | 2.08 0.480034

x2 | 1.62 0.616889

_____________ +______________________
Mean VIFE | 2.08

W3y4uuB 3TH pe3ynbTarThbl, MOYTEHHBIH cTapen deomocuil ckasai, YTO OHHM HE COIJIACYIOTCS — KTO-TO
JOMYCTHJI OWMOKY B pacuérax. BeisicHure, mouemy npuBenéHusle VIF u koppensiuuum He MOTyT
OTHOCHUTBCS K OTHUM U TEM K€ JTaHHBIM.

Ne4.1.12. B Obuible BpeMeHa Juis AMarHOCTHKU aBTOKOPPEISIIIMY MCTIONIb30BANIach cTaTUcTUKa JlapOuHa-

Zn: (ei - ei—1)2

Vorcona, paccuntbiBaemasi o ¢opmyne DW =2 tre € - ocrarku, momydeHHBIE MpH

S
i=1



MHK-onieHrBaHHM JUAarHOCTUPYEMOI'O ypaBHEHHUSI perpeccuu. M3BEeCTHO, 4YTO 3Ta CTaTUCTHUKA
npuHuMaer 3HaueHus or 0 no 4. IlogymaiiTe: Kakue 3HAYEHUS CTATUCTUKM TOBOPST O HAJIUYHUU
MOJIOKUTEIBHON KOPPETSIUU MEXTY CIIy4aliHBIMHU COCTaBIISIOLUIMME B COCETHUX HAOMIOIEHUAX, a KaKHe
— 00 oTpHUIaTEeNBLHOMI?

Ned.1.13. OreHuBaeTCS 3aBHCHMOCTD Y :B1+B2,ixz,i +€&;, B KOTOpo#l KO3 UIIUEHT Bz,i 3aBUCHUT OT

JCTEPMUHUPOBAHHON BeIMUMHBl Z;, B OCTAIbHOM BCE MPEAIOCHUIKA KIACCHYECKON MOJIENH
BBINOJIHEHEL. [Ipeanonokum, 94To
a) Bz,i =0y +0,Z;;

0) Bz,i =0, +a,Z;, +v;, rre L, ~ N (O,Gi), npudéM Vg Uy €440y €, HE3aBUCUMBI.

Uewm paznuyarotcs ciaydan (a) u (0) ¢ TOYKU 3pEHUS OIEHUBAHUS TTApaMETPOB MOJICICH U BOZHUKAIOIINUX
MpH olleHUBaHUU TIpoOsiemM? Kak Obl BbI OLICHWIN TTapaMeTPhl Bl, 04,0, ? Kakumu cBOMCTBaMHU 00J1a1a11
OBI MMOTy4aeMbI€ OLIEHKH B KaXKJIOM U3 ClIy4yaeB?

Ne4.1.14. 1o BeiOOpKE Yl, ---,Yn OILICHUBAETCA 3aBUCUMOCTh Yi =B+ €, , rae ciyuaiinbie omMOKN 00pa3yroT

cinyyaiinoe Oysxaanue: & =& +VU;. Bce U; UMEIOT HYJI€BOE MATEMAaTHUECKOE OKUIAHHE U JTUCTIEPCUIO
2 i E(e,)=0,D(¢,) =0’

0,, TakoBa >K€ cllydyailHas omuOKa B MEpPBOM HaOIIOJCHUU: (,)=0,D(e;) =0,. Bemmuuns

(81, Uyyeny Un) HE3aBUCHUMEL

o 1
a) Haiinute MaTemaTnyeckoe oxuJlaHHE U KOBApHUALIMOHHYIO MAaTPHIly BEKTOPa (81, vy Sn) :
0) Beisicaute, Hecmeniénnas s ouenka MHK mis koo dunmenta .
B) HaliuTe nucnepcuio 3ol oneHku u eé npezen npu 11— 00,

r) Cpasuute TounocTh onekn MHK u ansrepratusHoii onenku =Y.

.. 2
n) [Ipeanoxxure HECMEMEHHYIO OLIEHKY AJs O .

Ne4.1.15. JleBouka Ammca NMUIIET AUKTAHTHI 110 CONb(EIKNO0 HE OYEHb XOPOLIO, TOTOMY UYTO HUKOI'/Ia HE
BBITOJIHSIET JIOMAIIHUX 3afaHuid. Eciu oHa JenaeT MeHble JBYX OMIMOOK, TO MOJydaeT «5», ecnu 2-3
omuOku, To «4», ecnu 4-5 ommbok, To «3». Korma ommbok okaspiBaeTcst Ooibiie, AnMca Mojaydaer
JBOWKY. AnMcHH OpaT NepBOKypcHUK Tumodeil cumrtaer, 4ro ycmexud AJHUCHI 3aBUCAT OT OINbITA,
U3MEPSEMOro KOJIMYECTBOM IPOMUJIEHHBIX YPOKOB, M OT MPOJOJIKUTEIBHOCTH 3TUX 3aHATHH, T.e. OT
KOJINYECTBA MHUHYT, HPOBEIEHHBIX HAa YpoOKax. 3Has, 4yTo YpoK coibdemkuo mmurcs 110 munyT,
CTaTUCTUKY AJIMCHHOTO NpeObIBaHUSI B MY3bIKaJIbHON MIKOJIE MOYKHO MPEICTaBUTh TaK:

Onenka | KomnyectBo ypokoB | KomnuectBo MunyT | KommdecTBo ook
3 3 330 5
4 4 440 3
3 5 550 4
3 6 660 4

Tumodeil mpITaeTCSI OLIGHUTh PETPECCHIO BUMA: Y, :(X+B'MMHymbli +Y-Yp0Kui +&;, rme B KavyecTBe

perpeccanTa BbICTYIAET OLICHKA.
[Tonckaxute, ¢ kakoil mpobiemoil (cBsi3aHHOM ¢ HapymeHusiMu npeanocbuiok KJIHP) moxer
cTonkHyThcst Tumodeii. [Touemy BbI Tak cuntaere? [Tomorure Tumodero n36aBUTHCS OT 3TOM MPOOIEMBI.
[Ipennoxure CBOXO MOJENb, OIIEHUTE €€ MO JOCTYIHBIM JaHHBIM. CIpOTHO3UPYHUTE OLIEHKY, KOTOPYIO
noxyyut Anuca Ha 10-oM ypoke.



Ned.1.16. Tlo maGmonenusM 3a 54 mecsna 6bima oremena momens Y; =P, +B,X,; +B, X5 +¢& u

paccuutanbl octatku €. JIns JMarHOCTUMKM aBTOKOPPEIAIMM ObUIa OIIEHEHA BCIOMOTaTesbHas
perpeccust € =0.05-0.01X,; —0.09X,; —0.14¢,_, —0.08¢, R*=0.05.

i-21
HpOBepLTe HAJIMYUEC aBTOKOPPCIIAINU. Yro OBl BEHI JOIIOJITHUTCIIBHO TPOBCPUIIM U KaK OBl
YCOBEPIICHCTBOBAIN MOJEIIb C y‘IéTOM TOT'0, YTO JAaHHBIC eXeMeCsIYHbIe?

Ned.1.17. Tlo nab6mronerusm 3a 31 ron® Gbuia oreHeHa 3aBHCHMOCTE umriopta B ['epmanuu M ot gacTHOTO
notpebnenus: C u oOMennoro kypca E:

INM =-4.1+14InC+0.1In E, RSS =0.081.

Jlns npoBepku crienupuKalnuy ObUIO OLIEHEHO JIOMOJHUTEIFHOE YPaBHEHHUE:

InM =57.0-11.3h C—0.8In E+1.2(n M | —0.1(In M f, RSS =0.063.

[TpoBepbTe NMpaBUILHOCTH BEIOpaHHON (DYHKIIMOHATIBHOU (hOopMBbI Ha ypoBHE 5%.

§4.2. OnennBaHue perpeccHy MPHU reTepoCKeIACTUYHOCTH M ABTOKOPPeISIIIH.

Ne4.2.1. PaccMoTpuM MOJEIb Yi = Bxi +¢&,, rme D(Si) =aX iz , Ol - Heu3BecTHBIN MmapameTp Moenu. Bee

ocranpHbIe npeanocsuiku KJIHPM Beimonnensl. [Ipennaraercs onenka i koddduimenTa perpeccuu:

A 1Y

B=— Z—' . ITokaxwure, yTO OHA HECMELIEHHAs, HaillauTe e€ qucrepcuto. Jlokaxkure, 4To npeioxkKeHHas
i=1 N\

orieHka 3(pQeKTUBHA B KJIacce JTMHEHHBIX HECMEIIEHHBIX OI[CHOK.

Neq.2.2 OOcnenoBaB BEIOOPKY M3 27 TOMOXO3SIMCTB, UCCIIEIOBATENb OLIEHUI YPABHEHHE PETPECCUM:

EXP 964035 14 0.3x NCOME
Size, Size, Size,

, R*=03

rue EXpi - MECSIYHBIE 3aTpaThl I-T0 TOMOXO3SHCTBA HA MUTaHKHE B PyOIIsX, |n00mei - MECSYHBIA JOXO.I

JIOMOXO3SIHCTBA (TaKkKe B py6isix), OlZ€; - 4mciio wieHOB JOMOXO3sHCTBA.

a) KakoBo, coriacHO OIeHEHHOM MOJENTH, 0KHJIaeMO€e Pa3IMuKe B 3aTpaTax Ha MUTAHUE MEXKIY JBYMS
JIOMOXO03sIIICTBaMH ¢ OJJUHAKOBBIM JJOXOJIOM, IEPBOE U3 KOTOPBIX OOJIbIIE BTOPOIO HA OHOIO YeJoBeKa?
6) Zloxoabl 1 3aTpaThl BKJIIOYEHBI B MOJIEIb B pacuéTe Ha OJJHOTO YjeHa JoMoxo3siicTBa. M3BecTHO, UyTO
3TO OBUIO CHENAHO C LEJbI0 HM30aBICHHUS OT TIETEPOCKEJAaCTUYHOCTH, KOTOpas OOHapyX ujlach B

npensinymeii momemn: EXP; =P, +P,512€, +P,InCOME, +¢;. Ha xaxoe mpemmonoxkenne o cyuaiinoid

COCTaBJIIOLIEH €j OnmUpascs UCCIea0BaTelNb?

B) Jl1s1 mpoBepKu MpaBUILHOCTU BEIOpaHHOM crieliMPHUKAU ObLIO OLEHEHO elI€ 0OJHO YpaBHEHUE:
2

Expl Re_o4
Size.

1 0.5 NOMe 5 h01x
Size,

E)/(\pi
Size,

=513+1499 x

Size.

Jlaér nu sTa mpoBepKa OCHOBAHUE CUMTATh MOJENb MCCIENOBATENs HEBEPHO CHEeUU(UIIMPOBAHHON?
Hcnonw3yiiTe ypoBeHb 3HaUUMOCTH 1%.

Neq.2.3. Tlo N HaGIIOAEHUSM OIIEHUBAETCSI PETPECcCHs BEIMUMHBI Yj Ha CBOOOHBIN uieH o Yi = o + &,
e E(e)) =0, Cov(si, &)=0 mna i #j, aD(ei) = o muai=1, .., n1uD(e) = 46 mug i = m+1, ..., n (T.e.
JUCTIEPCHS B TIOCJICTHUX HAOMIOACHUSAX B YETHIPE paza O0JIbIIe TUCTIEPCHU B TIEPBBIX N1 HAOTIOICHUSX ).

6 Tarmsle u3 kauru P. Newbold, “Statistics for Business and Economics”.



a) [ToctpoiiTe oneHky s mapametpa o ¢ momombio MHK u HalimuTe e€ nucnepcuro.
0) [IpenoxuTre HECMEIEHHYIO OIICHKY IapaMeTpa o, 6osee 3¢ dexruBnyto, uem onienka MHK. Haiigure
€€ INCIIEPCUIO.

Ne4.2.4. Corpynauku HUN cTonkHyIuch B CBOEM UCCIEAOBAHUM C TETEPOCKETIACTUYHOCTHIO U PEILALOT,
4TO ¢ HeW Jenarb. Muaammii Hay4dHbld COTPYIHUK Ipeuiaraer ucnonb3oBate MHK, HO onenuts
KOBapHallMOHHYI0 MaTpUIly ¢ YYETOM IeTepOCKEeIacTUYHOCTH (olleHKa Yaiira). Crapimmii npejaraer
B3BelIeHHbIN MHK: nepen oneHuBaHHEM NOAENHTh MCXOAHOE YPAaBHEHHE HA OJIMH U3 PErpPECCOpPOB
(BO3MOXHO, Ha KOpeHb U3 perpeccopa). ObcyauTe TOCTOMHCTBA U HEJOCTATKU 3TUX crocoboB. Kak Obl
[OCTYIIAJIN BbI?

Ne4.2.5. Tlycth noBeieHUE Cily4aiiHOM BEIMYUHBI € OMMCHIBAETCS MPOLECCOM CKOJIB3SLIETO CPEAHETO

Broporo nopsaka (i~ MA(2)): & =0,V ; T O,V , TV;, rae o1 U 02 — HEKOTOpbIEe YKcia (TTapamMeTphl
npoliecca), Bce BEMYMHBI V; HE3aBHCHUMBI, HMEIOT HYJIEBOE MaTEMAaTHUCCKOE OXKUIAHUE M TUCIIEPCHIO

Gi. Haiinure Cov(gi, &i-1), Cov(ei, &i-2).

Ne4.2.6. B mozenu Y; = Bl +B2X2,i +---+kak,i + &, i=1..,n CllyyailiHasi COCTaBJISIOIIAsl OMUCHIBACTCA

IPOIIECCOM ClIy4aiHOro Onmyxmanus: & =& TV, & =0, rge U; He3aBucuMbl. Kak BBl mocoBeTryere

npeoOpa3oBaTh MOAEIH, YTOOBI H30€KaTh aBTOKOPPEIIALINN?

Ned.2.7. Onnax sl mo0o3HaTenbHble OapbimrHu Ot 1 Maia OleHHITH 3aBUCHMOCTD Yi = Bl + Bzxi +&;.

Ons IIpOBCJia TCCT, BBISIBUBIIMH HATHYHE reTCpoOCKCAACTUIHOCTH. Mama peuiniia, 4To pe3yJabTaThbl TECTA

MOTYT OBITh CJICACTBHEM OMMUOKK crnenudukanuu. Ois, 4TOOBI OJO0JETh TETEPOCKEIACTHIHOCTD,

Y. 1
OLICHWJIa MOJETh —= _BlF-’_BZJ X, +v,. Mama, 4Tro0Bl yCTpaHUTH OMIMOKY crenudukanmy,
i

.

nepenuia K Jjorapudmam: In Y, =a,+a, In X, +U. U tor, u JPYToil MOJXO/ 1aji XOPOILUE PE3yJIbTATHI:

B HOBBIX MOJENSX TECThl HE BBIBWIM HHM TE€TEPOCKEJACTMUHOCTH, HU OMIMOKM Clenu(pUKAIIH.
[IpencraBeTe cebs Ha MecTe JHOOO3HATENBHBIX OapblllieHb: KaKUMH COOOpPaKEHUSMH BBl ObI
PYKOBOJICTBOBJIUCH ITPU BHIOOPE OAHOM U3 ATUX ABYX MOJEnen?

Ne4.2.8. UccnenoBatenb oneHWI MojAeNnb y = XP+e W 0oOHapyxun aBTokoppensuuio. OH pemmnn

ONHCaTh aBTOKOPPEIHLMIO Mozenbio & = P&tV n ouenun xoddunueHt aBroperpeccuu: 5=0.5.
Bort niepBbie Tpu HaOIIOIEHUS B €T0 TAHHBIX:

10 120 0
Yag=| 8| Xugy=|1 22 0
14 120 1

Kak OynyT BBITTISIZETH NTEPBBIE TPU CTPOKU MAaTPUILIBI PETPECCOPOB U BEKTOPA OOBSICHSIEMOMN IepeMEHHOM
IIPY OLICHWBAHUU MOJENHN C TOMOoUIbI0 nporuenypbl Koxpeiina-Opkarra ¢ nonpaskoi [Ipaiica-Buncrena?

Ned.2.9. Iponaseny AHduca olieHUBaeT MojEIb 00BbEMa MPOJAXK MOPOKEHOTO: Qi =B, +B,P +B;T, +¢;,

Trac Qi - KOJIMYCCTBO IMPOJAHHBIX CTAKAHYUKOB B JICHb i P| - I€Ha CTaKaH4YMKa, Ti - CpCOHsIA

TeMnepaTrypa JTHSL. O6HapyxuB ABTOKOPPEIIALIMIO, Anduca OlICHUJIA MOJIETb

Q =11.1+0.25Q , —3.38P +0.96P_, +3.92T —0.85T .

a) Haitnure onenky xoaddunmenra aBroperpeccuu B Mmojenu & = P& +L;.

6) Ilocie monpaBKu Ha aBTOKOppesuio AH(purca moryunina Takue OleHKH:



Q =16.50-3.18P, +3.94T. .
Buepa AHduca mpomana 28 crakanumkoB mo mene 20 pyOnel mpu Temmneparype 18 rpamycos.
PaccuuTaiiTe MpoOrHo3 ymciia MPOJAAHHBIX CTAKAHWKOB Ha CErOHs, eciu AHQuca pelmia He MEHSTh

IICHY, a TEMIIepaTypa O’KUJIAeTCs TaKas JKe.



Yacte 5. MeToa MakCUMaJbHOrO MPaBa0NnOa00HS

§5.1. OuennBanne NnapaMeTpoB perpecCHOHHBIX MOJIeJIei.

Ne5.1.1 Tlo n HAOMIOACHUSM OIICHHBACTCS MOJEIH Yi :Bxi +&, (perpeccust 6e3 cBOOOIHOrO UicHA).

[Ipenmnonaraercs, 4To BCE MPEANOCHIIKH KJIACCUUECKOM JIMHEHHON HOpMaJIbHON perpecCUOHHON MOJIETH
BEITIOJTHEHBI. C TTOMOIIBIO METOJIa MAKCHMAIILHOTO TIPABIONOI00US TTOCTPOUTE OIIEHKH IS ITapameTpa
B M AU JUCIIEPCUU CIIyYallHOM COCTaBIISAIOIICH.

NeS.1.2. PaccMOTpUM Tak Ha3bIBAEMYIO MOJIENb SKCIOHEHIIUAIBHOM perpeccuu, B KOTOPOHU CiydaiiHas
BeIMYMHA Yi HMEeT II0Ka3arelbHOE (IKCIOHEHLUAIbHOE) pacHpelelieHue ¢  IapaMeTpoM

A = eXp((X+BXi), rae Xi — IeTepMHUHUPOBaHHBIN perpeccop. IIpeamnonoxum, uto Bce Yi HE3aBUCHUMBI.

[TapameTpsl o 1 [ ipeanoaaraeTcs OlEeHNBAaTh METOJOM MAaKCUMAaJIbHOTO TpaBaonooous. Beimuiure
GYHKIUIO IPaBIONO00MS U YCIOBHSI SKCTPEMYMa MEPBOTO MOPAIKA.

No5.1.3. OnenuBaercst JHHEWHAas HOpPMallbHas PErpecCHOHHAs MOJENb C TeTePOCKEAACTUYHOCTHIO:

[PEANONATACTCS, YTO HE3ABHCHMBIC BEIMYMHBL iy ), HMEIOT HOPMAIBHOE DACIPEACICHHE C
—y' o 2 _ 1

MaTeMaTUYeCKuM oOxuganuem M, =X; B u macnepcueiit O, =€XP(Z,'Y), tne X, u Z; - Bekropsl

OOBSICHAIOMUX TMEPEMEHHBIX, B W | - BEKTOPbl OLEHUBAeMBbIX KO0d3(pduuueHToB. Bpimummre
JorapupmMHUUecKyo (pyHKIUIO PaBaono00Hsl, yCIOBUS MaKCUMyMa IIEPBOr0 U BTOPOTO MOPSIKOB.

No5.1.4. Bemumure norapu@muyueckyro (YHKIUIO MPaBIONOAOOUS [UIsi MOJEIH IyacCOHOBCKOM

perpeccun: Y; ~II(L,), A, =eXp(X 'B) no seGopke 13 HezapucnmbIx Bemmau Yy, Y, |

Ne5.1.5. Corpynnukn HUM pa3smblnuIAIOT HaJ TEM, KaK OLIEHUBATH SKCIIOHEHIMAIBHYIO 3aBUCUMOCTh
Y or X. Crapmmii Hay4HBI COTPYJIHMK IIPELIAraeT CBECTH 3aBUCUMOCTh K JIMHEWHOM:

|n(Yi) = Bl +B2Xi +&, - u orfernTh €€ ¢ momoinsio MHK. Ero Mososioi#i kosutera mpeaiaraet MpUMEHUTD

METOJ MAaKCHMAaJIbHOTO MpaBA0No100Us JUISL OLICHUBAHUS HEJIMHENHON MOJENN
2

Y ~ N(;,0%), 1 =exp(B, +B,X,) . [TocMoTpuTe Ha JBE BO3MOKHBIE THArPaMMbl PACCESHUS ITPU3HAKOB

Y u X . Ckaxure, B KAKOM Cllyyae BbI Obl MOJJIEPKAIA CTAPIIETO, & B KAKOM — MJIAIIIETO HAYYHOTO
COTPYAHHUKA.

8 A .
o
° © 7 o
)
. .
2 . . °
. o
. ? A . .
.
o." ¢
o . . o o o .
> .On.o > ° . °
® o ® 00 ® oo
o ® ’O. K o0 o 0.. ° °
. ° [ .
o e ode o ) o o o
8 VS g . .
oo ° & 8o 1 °
3 Py .
.‘:: ..o o..:o‘ .‘
° °
..o 0 %% "% o $ . odd 0 07
. )
o % ° °p o
.
o o

22 24 16 18 24

[N
o
g
©

X N o

X N o
N4
[N}

NeS.1.6. Metkuii crpenok Bacunuca peryiasipHO TpEHHPYETCs, a Ha €€ TPEHUPOBKAX TaK ke PEryJsipHO
HOPUCYTCTBYET CTaTUCTUK TuModeii, KOTOPBIH 3anCchIBaeT YUCIIO BHICTPENOB, CAETaHHbIX Bacumucoit 1o
MepBOTO TMpomaxa BKIOUUTENbHO. Tak Tumodeit coOpan yxe mpoaoLKATEIbHBIN psii HaOIIOIeHUN



Y,,...,Y, . Terepb OH X04eT MOHATH, KaKHe (GaKTOPHI ONPEIEISIOT METKOCTh CTpenka. K c4acThio, OMHMO

pe3ysIbTaToB cTpenbOb, THMO(EH OTMEYan U NOTCHIHAIbHbIC AeTepMUHaHTBl MeTkoctr X, 1 =1..,N:

IOroOAHLBIC YCIIOBUS, BpEMA TPCHUPOBKHU U T.II.
CTaTuCTHK npeamnogaract, 4To pe3yJjibTaTbl BBICTPCIOB HC3aBUCHUMBI, 4 BCPOATHOCTL IIOIIAJJAHUSA B

exp(x, ')
L+ exp(x,'p)

OTACJIIBHOM BBICTPECJIC HA TPDCHUPOBKE | cBsA3aHaC 06’b$ICH${I-OI_HI/IMI/I NEPEMECHHBIMU TaK: pi =

[Tomorute Tumodero cocTaBUTh JTOrapuGMUUECKYIO PYHKITHIO TIPABIOTIOI00HS.

Ne5.1.7. Monens Yi = ﬁl + Bz Xi +&; ynosnerBopsier BceM npeanocsiikam KIIHPM 3a Tem uckimodeHuem,

YTO NapameTp Bz — CllydaiiHasl BEJIMYMHA, 3aBUCSINAs OT IEPEMEHHON Zi : Bz =0q, +0tzZi +V; (s
sToro ypaBHeHusi Bce npeanocbuikn KJIHPM Beimonmuens! 6e3 uckimodenust). Ilpeamnonaraercs, uto

BEIUYUHBI &1y++y €.y Vpy00, U HE3aBUCHMBL.
a) BemumuTe QyHKIHMIO MPaBIoMoa00us 1Jisk OllEHUBAHUS HEM3BECTHBIX K0I()(OUIIMECHTOB B, oy, 0, u

o o 2 2
JUCIIEPCHUH CIIyYanHbBIX cOCTaBisomuX O, u O, .

0) Kak ObI BBI olieHWIM 3Ty MoJenb ¢ noMomsio MHK? KakoBbl HeocTaTku 3TOro MEeTo/ia B JJaHHOM
cinyuae? Kakumu 6ynyT cBoiictBa orieHok MHK?

Ne5.1.8. Jlns monpenu Yi =X 'B+8i BBINIOJIHEHBI 1MOYTH Bce mnpeanocbuiku KJIHPM, BOT Tonbpko

CllyJaiiHasi COCTaBIIAIONIas UMeeT (PYHKIHUIO pacipeIe/ICHUs F8 (X) = exp(—exp(-x)) . Jlis OLIeHUBaHUs

Tumodeii mpennaraer UCMOIb30BaTh METOA MAKCHMAILHOTO MPABIOTIOA00MS.

a) Bemuimre norapugmuyeckyro GyHKIHIO TPaBIONOa00Us.

0) Hans oOparmiaeT BHUMaHUE Ha TO, YTO MOJIEIb YIOBJIETBOPSIET BCEM MPEIOChUIKaM Teopemsl ["aycca-
MapkoBa, Tak uTo MOkHO npuMeHaTh MHK — npaBna, ciayuaiiHas cOCTaBISAOIIAsE UMEET HEHYJIEBOE
MaTeMaTh4YecKoe oxuaanue, Ho u Tumodeit, 1 Hagexa cxoasiTcsi BO MHEHHH, YTO 9TO HE Baxxuo' . Kakue
npeuMyIiecTBa Ja€T METOJ MaKCHMalbHOrO mMpaBaonoaoous? Kak oHU corniacyroTcss ¢ TeopeMoi
["aycca-MapkoBa?

§5.2. /loBepuTe/bHbIC HHTEPBAJIbI M IPOBEPKA I'MIOTE3.
NHpopmMannoHHbIi KpUTEPUl AKaUKe.

y A A2\ y 2
Ne5.2.1. Haiizure onerxy {—H (B,6%)} " s koBapHanymoHHO# MATPHIIBI OLCHOK 1apaAMETPOB B 1 O,

N A2 o
u3 3agaum Ne5.1.1. 3nece H(B,6) - mMarpuna BTOpBIX MPOM3BOAHBIX JOrapu()MHUUECKOil (yHKIUHU
IpaBIONIOI00Ns A1 3HAUSCHUH TapaMeTPOB, PABHBIX UX OLIEHKAM.

Ne5.2.2. [InotHOCTh OOOOIIEHHOTO TaMMma-pacnpeneneHus 3afgaércs ¢yHKuued [He 3amaércsi, 9TO
HeTpaBWIIbHAS TUIOTHOCTH |

,YV

Xmexp(z\ﬁ—u), ecim k # 0,

exp| —— |, eciu K = 0.

f(x) =

" Kcraty, moueMy OHHM Tak cunTaioT? KakoBbl mociecTBUA HELEHTPATLHOCTH CIy4aifHOM COCTABIIIONMIE IS OLIEHOK
MHK?



IlycTh OHa Bac He Myraer, XOTs Obl MOTOMY YTO MPHMBE/EHA 3/1eCh TOJIBKO /IS CIPaBKHU. Pacripeenenue
-2
MeeT Tpu mapamerpa: J, o> >0 u i . Bemmummsr U= K[, z =sgn(k)(Inx—p) /o u U=yexp(«|2)

BBEJICHBI B 3aIHCh, YTOOBI cIeNaTh €€ MeHee rpoMo3aKoi. [l ymo0cTBa YUCICHHOW MaKCHMH3AINH
GyHKIMKA TpaBaonono0ust BMeCTo o° moabupaercs mapamerp ING - OH MOXKET NpUHHMATh JHO0BIE
BEIICCTBEHHBIC 3HAUYEHHSI, TAK YTO HE TPeOYEeTCs YUNTHIBATh OrpaHHYeHNE > >0 .

2
I[Ipu k=0 pacopeneneHre CcoBHamAacT ¢ JorapuMUYECKH HOPMAJIbHBIM, TMPHU k=lo"=1 - ¢

MOKAa3aTeIbHBIM.
Bor pe3ynbpTaThl HOATOHKH 0000IEHHOTO raMMa-pacipeIeICHHs O HEKYI0 BEIOOPKY:
0 1.72 Q 0.006 -0.002 0.007
Ing |=| -0.03|, V|Iné|=|-0.002 0.002 -0.003
K 0.88 K 0.007 -0.003 0.015

a) EcTb 11 ocHOBaHUs cCUMTATh, YTO BHIOOPKA ObLIa B3Ta HE U3 JIOTHOPMAILHOTO pactpeaenenus? He u3
1oKa3aTeabHoro?

0) Bot 3nauenus norapudmudeckoil GyHKINUHU MPaBAOTOA00HS UIs TPEX pacipeesICHHA:

O606mennoe ramma | -605.09
JlorHopmasibHOE -634.34
[Toka3zarenpHOE -606.49
ITpoBepbTe Te k€ TUIIOTE3bl KPUTEPUEM OTHOIICHUS MPaBAOIOJ00MS.

B) Kakoe u3 Tpéx pacnpeneneHuil mpenoyTUTeNIbHEE 0 Kputepuio Axauke?

. .. . 2
NeS.2.3. Ilpu oOleHMBAaHWM KJIACCUYECKOW JIMHEHHOM HOPMaIbHOM MOJEIH Y. ~ N(Mi,G ),

u =B, +B,X 2i T B3X3,i 10 HEKOTOPOH BBIOOPKE OBLIO MOIYUYCHO 3HAUCHHE JTOTapU(PMHUECKON QYHKITUH

MIPaBIOTOI00MS InL=-328.2. O1eHuBaHue aHAJIOTUYHOMN MOJIEIIH, YUUTHIBAIOIICH
2

retepockefactuunocts: NGy =y, +v,X,; +v,X;; - nano snavenue In L*=-321.5. [IposepbTe runoresy

O T'OMOCKCIAaCTHYHOCTH. Kakas n3 ABYX Mozaeaen MNPpEAIIOYTUTCIIBHCE 110 KPUTEPHUTIO Axanke?

Nes.2.4. Ilox maHnHBIE IATH Ha6HIOHeHHﬁ MMOATOHAIOTCA ITOKA3aTCJIbHOC U HOPMAJIbHOC paClIpCACIICHUS .

Omnpenenure, Kakoe paclpeieseHue Jyylle COOTBETCTBYET JaHHBIM COTJIACHO KPUTEPUIO AKauKe.
05 10 05 30 15

Ne5.2.5. [To nannbiM 0 80 3a6acToBKax ObUIO paccUMTaHa CPEeIHSS JUIUTENbHOCTh 3a0aCTOBKH — 39 NTHEH.
Cunras, 4TO AJIUTENBHOCTH pACIpeseNieHa MO II0KA3aTeIbHOMY 3aKOHY, OLIEHHTE Iapamerp A,
paccuutaiite 90% JOBepUTENbHBIE WHTEPBANbI UL A, MaTEeMaTHYECKOTO OXUAAHUS M JUCIEPCHH
JUINTEJIBHOCTHU 320aCTOBKH.

Ne5.2.6. B XVIII Beke ecrectBoucnsitatens Kopx Jlyn ne brodpon yBnékcs nondpacsiBaHueM MOHETKH
u, noakuHyB e€ 4040 pa3, orMeTn, 4Tto pemka Bbmana 1992 paza. C momMomp0 KpUTeprs OTHOLIEHUS
paBJON0100Usl YCTAaHOBUTE, HE MPOTUBOPEUHUT JIM STOT PE3yJIbTaT FMIOTe3€ O MPaBHUIBHOCTH MOHETKH.



Yacte 6. Mojenan TUCKpETHOTO BbIOOpa

§6.1. IllaHchl ¥ OTHOLIIEHNE IAHCOB.

Ne6.1.1. YcraHoBuTe, BEPHBI JIU CIEIYIOIINE YTBEPKACHUS, OTBET 0OOCHYMNTE.
a) Ecnmm mancel coObiTHsi A BbIlIe MIAHCOB cOOBITHS B, TO M BepoATHOCTH cOObITHS A Ooblie
BEPOSITHOCTH COOBITHS B.

P(A) _ P(C)
P(B) P(D)’

0) Eciin TO W OTHOIIICHHE IMAaHCOB coObITHI A 1 B Gosbire, yem oTHomeHue mancoB C

uD.
Ne6.1.2. M3BecTHO, 4TO MIAHCHI COOBITHS paBHBI 3:2. KakoBa BEpOATHOCTh ATOTO COOBITHS?

Ne6.1.3. Bacsa CunopoB y4acTBOBaJl B JByX COPEBHOBAHHSIX MO CTpebOe: Ha MEPBBIX MPUCYTCTBOBAJA

ero mozpyra Ans MBanoBa, a Ha BTOpHIX eé He 661108, B mepBoM cocTsi3anuu Hy)HO 66110 cenats 20

BBICTPEJIOB MO0 MUIIIEHH, a BO BTOpoM — 10. BoT Tabnuiia BacunbIx pe3ynbTaToB:

AHs ecTh | AHU HET

[Nonmamanus 16 6
[Ipomaxu 4 4

KakoBo oTHOIIEHHE IIAHCOB MOMAJaHUs B IPUCYTCTBUH AHH K IIaHCAM MOMNaJaHus B €€ OTCyTCTBUE? A

OTHOIIIEHHE IITIAHCOB MpoMaxa?

KakoBo oTHoOmIeHHE MONM MOMNaJaHWii B MPUCYTCTBUM AHHU K J0Jie TomajaHus B €€ OTCyTCTBUE?

OTHONICHUE 10U MPOMAXOB?

Ne6.1.4. I1lancel coObiTust A B Tpu paza Oosiblie, yeM maHcbl B. Bo ckonbko pa3 BEposSTHOCTb COOBITHS
A MOXeT ObITh OOJIbITIC BEPOATHOCTH B?

Ne6.1.5. Tloctpoiite rpadvk 3aBUCHMOCTH IIAHCOB COOBITHS OT €r0 BEPOSITHOCTH. B kakoil obmactu
IIAHCHI U BEPOSITHOCTh OJIM3KU IPYT K Ipyry?

Ne6.1.6. Pomantuunas nesymika Pas yBnexiach u nepeOpasna 100 1BETKOB CHpEHH, Kyllas LIBETKH C
IATBIO JenecTkamu. Ha ocHOBaHMM 3TOro0 omeita oHa noctpomia 95% NOBEpPUTEIbHBIM MHTEPBAT IS

P

norapudMa IMAHCOB HATKHYThCA Ha Takoi reeTok: —4.625 < In—<-2.327

1-p
a) Mcxons u3 pesynbratoB Pau, paccunTaiiTe H1O0BEpUTEIBHBIN UHTEPBAJ JIJIsi BEPOSITHOCTA TOTO, YTO B
CIIy4aifHO 0TOOpaHHOM ILIBETKE CUPEHH OyJIeT 5 JEeTeCTKOB.
0) Kak BbI mymaere, mouemy Past ncmonp3oBasia Takoi HEOOBIYHBIN JOBEPUTEIBHBIN MHTEPBAJ, a HE
BOCITOJIb30BANIACH TPAAMIIMOHHBIM HHTEPBAJIOM IS JIOJIH/BEPOSITHOCTH?
B) U3BecTHO, uTOo Past ckymana tTpu nBetka. Paccumraiite oObranbIit 95% MoBEepUTENBHBIN HHTEPBAT IS
BEPOSATHOCTHU BCTPETUTH LIBETOK C MATHIO JIENECTKAMU.

§6.2. Moaesiu OMHApHOTO BHIOOPA

Ne6.2.1. VccnenoBarenb CUUTAET, YTO OCHOBHBIM (DaKTOPOM, OTIPEAEIISIONIUM pPellleHne HHIUBUIA O TOM,
J00MpaThCs M eMy 10 paboThl Ha aBTOOyce MJIM Ha aBTOMOOMIIE, SIBISETCS BpeMs, 3aTpaunBacMoe Ha
nopory. OH OLIEHUBAET TPU MOJEIIH:

JluHeiiHas: MOJENb BEPOSITHOCTH: A =0.485+0.007(BT. — AT)

8 Jlpyrue ucropun u3 xu3Hu Bacunua Cunoposa 1 AHHEI VIBaHOBOI BEI MOKeTe HalTH B 3aga4nuke b.5. Jlemeniesa mo
TEOPUU BEPOSITHOCTEN ¥ MAaTEMaTHYECKON CTATUCTHUKE.



Jorut: B( A =1)= exp(-0.238+0.053(BT, — AT)))
1+exp(—0.238+0.053(BT, — AT,))
Mpo6ut: P(A =1) = ®(-0.065+0.03(BT, — AT))

3necy A =1, ecnu i-it unguBHA ckToHEH nobuparbes 10 paboThl HA AaBTOMOOHIIE, H A =0, ecau on

npeanoyuTaeT aBTodOyc, BTi — cpemnee Bpewmsi, 3arpauyMBaeMoe Ha MyTh A0 pabOTHl Ha aBTOOyce B
muHyTax, ATi — cpeaHee Bpems, 3aTpadyuBaeMoe Ha yTh 10 pabOThI Ha aBTOMOOHIIE.

Ha ocHoBanum kax/10i1 U3 OLEHEHHBIX MOJEIIEH, OIIpe/IeInTe:

a) BEPOATHOCTH TOTO, YTO WHAMBHJI MPEATOYTET MOTH30BATHCS ABTOMOOMIIEM, €CIIH J0POra 0 paboThI
Ha aBTOOYyCE U Ha MAIIMHE 3aHUMAET OJMHAKOBOE BPEMS;

0) pazuuiy mexay BT u AT, npu koTopoit uHIUBUAY O€3pa3IMyHO, KAKOW TPAHCIIOPT BHIOPATH;

B) mpeeibHblil dhdekt or yBemmuenus pasnoctn Bl — AT, wis unnmehma, xoropomy Ha paGory

nobuparbest 40 MuHYT Ha aBToMOOMIIe M 50 MEHYT Ha aBTOOYCE.

*
Ne6.2.2. Cayuaiinas BenuuuHa Y, JIMHEHHO CBA3aHa C BEKTOPOM-CTPOKOH J€T€pMHHHPOBAHHBIX

1 *
OOBSICHSIFOIINX JIETEPMUHUPOBAHHBIX BenmuuuH X @ Y,

=X 'B+¢g, TAe B — BEKTOp OLEHHMBAEMbIX
K03 UIMEHTOB, a & — CllyJaiiHas BeJIWYUHA. Bee & He3aBUCUMBI M IMEIOT (DYHKLHUIO paclpeaeieHus

— *
FS(X) =exp(—(37)). Ommako Benmuuua Y, sBusercd HeHaONOaeMoi, M BMecTo Heé

*
uccienoBatenab (GUKCHpYET 3HaueHMs Yi, paBHble enunune, ecid Y, >0, u Hymo uHaye. Bemmmunre

GYHKIUIO IPaBIONO00us Al OLIeHUBAaHUS KOA(D(ULIMEHTOB .

P(Yi =1)
P(Y, =0)

Yi - HWHJAUKATOp BacuHoro monagaHus B MHILIEHb B i-M BBICTpCJIC, a Xi - HWHAUKATOP Anunnoro

= exp(B, +B,X,) , e

Ne6.2.3. Tlo nanubIM 13 3a1a4n 6.1.3 oneHruTe KO3 GUIMESHTH MOJICIH

npucyTcTBUs. Kak H3MEHSATCS OLIEHKH, €CIIU OOBSICHAEMOM BETMUMHON OYIyT IMIaHCHI TpoMaxa’?

Ne6.2.4. M3yqaercst 3aBUCHMOCTb BEPOSITHOCTH POXKIeHHs peO&Hka ¢ ManbiM BecoM (<2500 r) ot
BO3pacTa MaTepH U TOTO, KypHJia JIM OHa BO BpeMst OepeMeHHOCTH. BOT pe3ynbTaThl OlleHMBaHUS JIOTUT-
MOJIeIH:

w =exp(—1.405—-0.014Age, +0.001Age’ +0.827Smoke, ), In L = —291.443
P(LBW, =0)

31ech LBWi = 1, €CJIM BeC i-T0 HOBOPOKAEHHOTO MeHbIe 2500 1, u LBVVi =0 HHaye,
Smoke, =1, ecim mats xypuna Bo Bpems Gepementoctu, 1 SMOKE, =0 unave,

AQe,; - Bospact matepu.
Taxoke n3BeCTHA OllEHKA KOBApUAI[MOHHOM MaTPHIIBI OLEHOK KO3()OUIIUEHTOB:

Koncmanma Age Age? Smoke
3.401 -0.252 0.004 —-0.025
A -0.252  0.019 —0.001 0
V(p)= s
0.004 -0.001 6.35x10 0
—0.025 0 0 0.04

a) Ha ypoBHe 3HaunMocTu 5% mpoBepbTe, €CTh I OCHOBAHUSI CYUTATh, YTO y KYPSIIUX MaTepeit 0obiie
BEPOATHOCTH POXKJCHUS peOEHKA C MaJIbIM BECOM, YeM Y HEKYPSIIUX MaTepei TOTo ke Bo3pacTa.

0) Tpebyetcst mpoBepUTH, 3HAUUMA JI CBSI3b U3y4aeMOl BEPOSITHOCTH C BO3PAacTOM MaTepu. Brimuimmre
OCHOBHYIO U alIbTEPHATUBHYIO TUIIOTE3bI B TepMHUHAX Kod(dumrenToB moaenu. Kakyro Moaens Bbl Obl



JIOTIOJTHUTENIPHO OLICHWIM, €CITM IPOBEPKY HYXHO IPOBECTH C IOMOIIBIO KPUTEPUS OTHOIICHHUS
npaBonooous?

Ne6.2.5. TTo nabopy HabmOIEHUI (Xl,Yl),---, (Xn,Yn), rae Yi - HE3aBHCHUMBIC CITy4ailHbIe BEJIUYUHBI,

IIPUHHUMAIOIUME 3HAYCHHUA Owu 1, a Xi - 3HAQ4YCHHUA ACTCPMHHHUPOBAHHOI'O PErpeccopa, OUCHUBACTCA

-1
X
MOJEb F’(Yi =1) = (l-l— a ) . BeimmummuTe norapudpmMudeckyro GyHKINIO TpaBaonoao0us u 3a1aqy

MaKCUMU3ALMU I OLICHUBaHUs rmapaMerpoB O u .

Ne6.2.6. [To HaGaronenusm 3a 450 ceMpsaMU ObLIa OLIEHEHA JIOTUT-MOENb:
P(Dacha, =1)

= =exp(—3.5+0.3In Income, +0.4Auto,), InL=-185.45,
P(Dacha, =0)

roe Dacha, - nepemennas, pasnas equnuue, eciu y ceMbu €CTb 3aropoIHbIH 0M, U HyJIIO HHaYe,
INCOMe, - mecsumbiit tox0x ceMbu B ThICAUAX py6UIet,

AUt0| - HICPCMCHHAs, paBHasd CAUHUIC, CCJIUM CCMbs BJIAACCT aBTOMO6I/IJ'ICM, U HYJIIO UHA4C,

In L - norapudm pynxuuu npasaononodus.

[Tpu ouieHnBaHKUU MOAENU 0€3 OOBSICHSIOIIMX IEPEMEHHBIX (PErPECCUH TOIBKO HAa KOHCTAHTY) Jorapudm
byHKIUM nmpaBaonoaoous okasacs paseH -187.6.

a) PaccmoTpute citydaiiHO 0TOOpaHHYIO CEMBIO ¢ aBTOMOOMIEM U J1oxoaoM B 110 Teic. py6. B MecsIl.
Yro, coriacHo OIleHEHHON MO/IeH, O0Jiee BEPOSATHO: BIa/I€ET TaKasi CEMbs 3arOPOJHBIM JOMOM UJTU HET?
6) [IpoBeppTe 3HAUUMOCTH MOJIENIU B LIEJIOM Ha YpoBHE 5%.

Ne6.2.7. 1o ogqHOMY HAOOPY NaHHBIX UCCIIEIOBATENb OLEHMIT KOA(PPHUIIMEHTHI JIOTUT U MPOOUT MOJeNei
3aBucuMocty Y ot X:

Kosgppuyuenm | Oyenxa 6 mooenu | | Oyenxa ¢ mooenu 1l
Koncranra 0.25 0.16
Koadd. npu X -0.12 -0.07

B xakom ctonbiie npuBeIeHbI OLIEHKH MOJIEIN JIOTUT, a B KAKOM — ITPOOUT?

Ne6.2.8. Ilpu mpoBepke crnenuduxanuy Mojenaeii OMHApHOrO BBIOOpAa HEPENKO HCIOJIB3YETCS TECT,
npeioxKeHHblit B quccepranuu Japuna IIpern6bona “Goodness of link tests for generalized linear

models”. Tlocie oneHUBaHMS TPOBEPAEMON MOJCIH P(Y i =1)= F(Xi 'B) pacCYMTHIBACTCS JIMHCHHAS

KOMOUHAIMSI PerpeccopoB M OLIEHEHHBIX KOI(P(UIMEHTOB — OHAa BBICTYNACT KakK OOBACHSIOIIAs
NepeMeHHasi B HOBOW MOJIENH C TOM ke CBA3YyIoLel pyHKiuen F(-):

T 1Q\2
P(Y; =1) = F(a, + 0,0 'B) + o, (X 'B))
Kakumu  nomksbl  ObITh KO3 duuumeHntsr 0y, 0, Oy, ecnu mnepBoHaYalbHAas MOJENb BEPHO

cnenuduupoBaHa’?
BcnomanTe MOX0XKHKH CIOCOO MPOBEPKHU CHeru(UKAIIMN JIMHEHHOTO ypaBHEHUs perpeccuu. B uém ero
otnuyne oT Tecta [Ipernbona?

N26.2.9. lmeercst N 00BEKTOB, KOTOPBIE HAOMIONAIOTCS B T€UEHHE HEKOTOPOIo MPOMEXKYTKAa BPEMEHU
(YCIIOBHMCSI CUMTATh, YTO JUTUHA STOTO MPOMEXKYTKa paBHA efauHHUIlE). OOBEKTHI OTIMYAIOTCS IPYT OT

npyra Bektopom xapakrepuctuk X, | =1,...,1. 3a Bpemst HaGTIOKEHNS ¢ HUME MOYXET IPOM3ONTH HITH He
MIPOU30HTH HEKOTOpOe COOBITHE (IOMYyCTHM, OOBEKT — aBTOMOOWJIb, €My MOXKET MOTpeOOoBaThCs
oGcIy)KMBaHHE B aBTOCepBHCE MiM Her). Benmumna Y| NpuHEMaeT 3Hauenne 1, ecim coGbITHE C

00BEeKTOM | Ipou3oIwio, u 0 nHave.



HccnenoBatens mpeamnosaraet, 4To HACTYIJICHHE COOBITUH OMMCHIBACTCS ITyaCCOHOBCKUM ITOTOKOM C
MHTEHCHBHOCTBIO A = eXp(Xi 'B), rae B - BEKTOP HEM3BECTHBIX KOIPPUIIMEHTOB MPU XapaKTEPUCTUKAX
00BEKTOB.

a) HaiiguTte BeposITHOCTH 3HaYEHUI Y; kax ¢byukuuu ot X; u p.

0) Boinummure norapudmMuyeckyro GyHKIUIO TPaBIONo00us AJisl OLIEHUBAaHUS KO3 (UIIUEHTOB f .

B) UTo mpou3oiaéT ¢ onleHKaMu KO3 (UIIMEHTOB B, €CJIM CMEHUTh €AMHUIBI U3MEPEHUS BPEMEHH, TaK
YTO MPOJIOJHKUTEIBHOCTD TIEpUO/Ia HaOII0IeHNs OyIeT paBHA HE €IMHUIIE, a, HAIPUMED, JIBEHAIIATH?

Ne6.2.10. OneHena Moieb IPOOUT:
P(Y =1) =®(-0.23+0.6X, —0.4X, +0.1X,X,) .

a) [Iyctp Xz =2, X3 =1. Kakoe 3nauenue Benmaunst Y Gonee BEPOSITHO?
0) Haitnure npenenpHblii 3HPEeKT OT mpuparieHus: nepeMeHHOMU X2 B TOUKE X2 =2, X 3= 1.

B) [Ipu kakom 3HaueHUN X2 MOJEIINpyeMasi BEPOSITHOCTh HE 3aBUCHUT OT X 3?

r) Uro emeé Hy>XHO 3HaThb, YTOOBI IPOBEPUTH TUIOTE3y 00 OTCYTCTBUM CBSI3U MEXKIY MOJEIUPYEMOMH
BEPOSITHOCTBIO M IIEPEMEHHOMN X3 ¢ mnomoulpto kpurtepus Banpna? Kputepus oTHoueHUs
paBaonoI00ms?

Ne6.2.11. Hagexxnia u3yyaeT BEpOATHOCTh MPEKPALEHUS TPYJOBOU JIEATEIBHOCTH CPEld MEHCHOHEPOB.
Omna o6GcnenoBana BeIOOpKY U3 400 paboTaronux NEHCHOHEPOB MYKCKOTO T10J1a, a Yepe3 ToJ] MpoBelia
MOBTOPHOE 00CIIeIOBaHKHEe, YTOOBI y3HATh, KTO M3 ONPOLICHHBIX yIén ¢ padotel. [locnme satoro Hams
OLICHHJIA MOJIETIb JIOTHUT, TJie 00bsicHseMas BennunHa Retired pasna 1 mis npekpatusimx padotars u 0
JUTSL TIPOJIOJDKAIONIHX, @ O0BSICHSIOIINE TIEPEMEHHBIC — BO3pacT ( Age , TOJIbI), CTaX pabO0ThI Ha TIOCIICTHEM

pabouem mecte (Tenure, romsi), coctosiaue 3mopoBbs ( Health, usmepsiercs o 10-6amibHON IIKae).
BoT pe3ynbTathl OlleHUBaHUS:

Logistic regression Number of obs = 400
LR chi2 (3) = 17.43

Prob > chi?2 = 0.0006

Log likelihood = -255.91205 Pseudo R2 = 0.0329
retired | Coef Std. Err z P>|z| [95% Conf. Interval]
_____________ +________________________________________________________________
age | .0698429 .0223703 3.12 0.002 .0259978 .1136879

tenure | -.0188485 .0207149 -0.91 0.363 -.059449 .021752
health | -.296244 .1124497 -2.63 0.008 -.5166412 -.0758467

~cons | -3.671451 1.607947 -2.28 0.022 -6.82297 -.5199327

A BOT ommcarteNibHas CTATUCTHKA.

Variable | Obs Mean Std. Dev Min Max
_____________ +________________________________________________________
health | 400 5.12875 .9547394 2 7.6
tenure | 400 3.4775 5.369037 0 29

age | 400 67.61 4.774924 60 77

a) Onpenenure, Kakoi OOBACHAIOIIMN MPU3HAK BHOCUT HAaMOOJIBIINN BKJIAJ B pa3dpoc BEpOATHOCTEH
npeKpaleHus: paboThl.

6) [aiite Mo BO3MOXHOCTH MOJIHYI0 HHTEPIPETALIMIO Pe3yJIbTaTaM OLEHUBAHUSI.

B) Paccuuraiite 95% noBepuTenbHbI MHTEPBAJ Ul OTHOLIEHUS IIAHCOB yX0/a ¢ pabOThl MEXKAY IBYMS
MEHCUOHEpPaMH C OJIMHAKOBBIM BO3PacTOM M CTa)KE€M, Y OJIHOTO U3 KOTOPBIX MHIEKC 3/10pOBbs HIKE Ha
€MHMUILY, YEM Y BTOPOTO.



N26.2.12. OnenuBanue npoout mojenu P(Y =1) = ®(x'B) Aaj0 TakKoW pe3ynbTaT:

P(Y =1) =®(0.6-0.5X, +1.2X,).

a) Kakue ObI BbI O)KHJAIM OLIEHKH KOA(D(OUIIMEHTOB B JIOTUT MOJIEIH ?

0) Jna nposepku cnenupuKanuu ObuIa OLeHEHa MOJENb P(Y =1) = ®(—0.04+1.11x'B+0.12(x'B)?). B
(0.15)

(0.08)  (0.14)
CKOOKax 1moJ1 orieHKamMH K03 (HUIIMEHTOB YKa3aHbl CTaHIaPTHBIC OIITHOKH.
EcTh 1 OCHOBaHUS CUMTATh MIEPBOHAYATHLHYIO MOJCIH HEBEPHO CHCIH(PUIIMPOBAHHON?

Ne6.2.13. Tlcuxonor, u3yyasi IMOJIOBYIO AaKTUBHOCTb IMOJPOCTKOB, OIEHWUJ MOJENIb JIOTUT, TJie
oObscHsieMas: BenmunHa S| otpaxana Hanmuue (1) wiam orcyrcTBue (0) ombiTa MOJIOBOrO CHOIICHHS.
Hanuure 3Toro onbITa yBSI36IBaJIOCH € TOJIOM ITOIPOCTKA U 3aHATOCTHIO MaTepH (ITOJHBIA pabounii 1eHb,
HETONHBII pabounii ienb, He paboTaet). [locMoTpuTe Ha Ta6IMILy C Pe3y/IbTATAMHI OLCHHBAHHS

Ilepemennas | Kodgppuumnenr | [loreHunpoBaHHbIi | P-3HAYeHHE
K0YpGpuuueHT
Male 0.102 1.107 0.652
Full 0.292 1.339 0.187
Part -0.854 0.426 0.001
MalexFull 0.077 1.080 0.803
MalexPart 0.951 2.589 0.005
CB00. unen -1.046 0.351

JlaiiTe WHTEpIpEeTaNUI0 KaxXaoMy #3 KoI(Q(GUIMEHTOB, BKIOYass CcBOOOaHBIA wieH. JlaiiTe
WHTEPIIPETANMIO PE3yIbTaTaM MPOBEPKU 3HAYMMOCTH.

Kakymu Obli OBl OIIEHKH, €CJIM 3aHSATOCTh IIOJIHBIA paboumii JeHb Obuta Obl BhIOpaHa 0a30BOM
KaTeropuei?

KakoBa cranmaptHas omubka kodhdunnenrta npu nepemensoin Male ?

Ne6.2.14. Cesizb Mexy OunapHbiMu BeimunHamd Y u D Moxer GvITh omnmcaHa MOJENBIO JIOTHT:

P(Y =1)
———=exp(0.3-0.2D) . Haiimure K03 (HUIIMEHTHI COOTBETCTBYIONIEH TMHEWHON MOIETH U TPOOUT-

P(Y =0)

perpeccum.

Ne6.2.15 [oOaymaTh, ucnpaBuTh|. [lepen Bamu pe3ysbTaThl OIEHHBAHUS JIOTUT-MOEIH, KOTOpast
uccienyet pakTopbl, CHOCOOHBIE MOBIUATH Ha BEPOSTHOCTh CMEPTH MHIUBUIA. 3aBUCUMAs IepeMeHHasI
OuHapHas, MPUHUMAOIIAs 3Ha4YeHHe 1, eciau UHIUBUI yMep, u 0, eciu ocTalics )KHUB B 1-OM HEpHOJIC.
Cpeu perpeccopoB — caMoOleHKa 3710pOBbs (Sah), kypenue (N0SMOKe), nepeHeceHHbIe HHGAPKTHI U/HITH
uHCybTHI (INFMINS), kBaxpat Bo3pacta (agesq).

Logistic regression Number of obs = 10883
LR chi?2 (4) = 245.39

Prob > chi?2 = 0.0000

Log likelihood = -501.28999 Pseudo R2 = 0.1966
outcome | Coef Std. Err z P>|z| [95% Conf. Interval]
_____________ +________________________________________________________________
sah | .3711193 .0908177 4.09 0.000 .1931199 .5491187

nosmoke | -1.302109 .2324934 -5.60 0.000 -1.757788 -.8464305
infmins | .9779169 .2278314 4.29 0.000 .5313756 1.424458
agesq | .0006243 .0000582 10.72 0.000 .0005102 .0007384

cons | -7.237883 .3546244 -20.41 0.000 -7.932934 -6.542832

® Jlanuble 5Toit TabnuLbl B3ATHI U3 kKHury J. Jaccard “Interaction effects in logistic regression”



3anuiuuTe ypaBHEHUE JIOTUT-MOJIENU B 0011eM Bujie. Kak MOXKHO OIIEHUTh Ka4yeCcTBO NMPUBEAEHHOMN BBIIIE
mozenu? OObACHUTE, KaKOBa CBSI3b KaXKJOI'0 U3 PETPECCOPOB C PUCKOM CMEPTH B paMKaxX KOHKPETHOMN
MOJIEIIH.

Ne6.2.16. TTo naHHBIM O pe3ylmbTaTax TpyHOycTpoiicTBa 671 uenoseka B manékoit Amepuke'’ Gbia
OLICHEHA MO/JIEIb:
P(H =2)
P(H =0)
H =1, eciiu yenoBek ObL1 puHAT Ha pabory, 0 nHave,
Male — uHaMKATOp MPUHAISKHOCTH K MY)KCKOMY T1OJTY,
Felony — MHIWKATOpP HAJIUYUS CYyTUMOCTH,

=exp(-1.29 + 0.68Male — 0.59Felony — 0.82NatAmer) , rae

NatAmer — uHAMKATOp NPUHAIICKHOCTH K KOPCHHBIM aMepuKaHIaM (MHIEHIIaMm).
A BOT OLCHKAa KOBapHaHHOHHOfI MaTpulbl OLCHOK KOB(b(bI/IL[I/IeHTOB N CTAaTUCTUKA OTHOUICHUS
IPaBOIIO100Ms ATl IPOBEPKU 3HAUMMOCTH MOJIEIH B IIEJIOM:
Koncmanma Male  Felony NatAmer
0.028 -0.027 -0.006 -0.007
- -0.027 0.038 -0.003 -0.002

V(B)= , LR=233
~0.006 -0.003 0.098 -0.004

-0.007 -0.002 -0.004 0.04

a) Kak BbI qymaeTe, ycriexom Win Heyauei yalie 3aKkaHYMBaIKNCh MOMBITKA YCTPOUTHCS Ha 3Ty padboTy?
0) EcTh 1M OCHOBaHMSI CUMTATh, YTO XOTS OBl OJHA M3 OOBSCHSIONMIMX MEPEMEHHBIX CBS3aHA C
BEPOSITHOCTHIO TPY0YCTpOCTBA?

B) /laiiTe MHTEpIpPETALINIO TTOJYYCHHBIM OIICHKAM.

r) ITocTpoiite 95% noBepuTeNbHBIA WHTEpPBAN I Kodh(dUIIMEHTa TP MEPEeMEHHON Felony © IS
COOTBETCTBYIOIIETO OTHOIIEHUS IIaHcoB. HaiimuTe p-3Ha4YeHUE JUIS TPOBEPKU 3HAYUMOCTH ITOTO
Kod(puImeHTa.

n) [IpoBepbTe TUIIOTE3Y O TOM, UTO MPH OAMHAKOBOM CTAaTyCe CYAMMOCTH MYXXYHHA-UHEEI] U )KESHIIUHA
HE M3 KOPEHHBIX aMEPHUKAHIICB HMEIOT OJIMHAKOBBIE IMAHCHI YCTPOUTHCS HA ATy padoTy.

Ne6.2.17. Hagtomna nzydaer po30BOHOCHIX €IMHOPOroB. Kakplii po30BOHOCHIA €IUHOPOT POKIAETCS C
OenbIM HOCOM, KOTOpBIH C BO3pacToM mpuoOperaeT po3oBBI oOKpac. Bpems, 3a koropoe HOC
OKOHYATEIIbHO MEHsIeT OKpacKy, Hamioma onuceiBaeT ciydyailHOM BeIMYMHON ¢  (QYyHKIMEH

pacrtipenenenus F(t) =1 t = 0. Ona otoOpana N TOJBKO YTO POJMUBIIMXCS PO30BOHOCHIX

1
T 1r@n)?’
SIMHOPOTOB U Yepe3 MecsIl ociie ux poxxaeHus (t = 1) ormeTnna, mpuoOpEN M HOC KaKI0TO PO30BYIO
okpacky. Tak MOXydwiics psia HAOJMIOICHUH V1, ..., Y, TOE V; = 1, ecii HOC 'y eauHOpora i mpuoOpén
po30BBIi 1BeT, U y; = 0, ecnu okpammBanue He 3aBepimiock. Kpome Toro, Hamroma cobpana nansble
0 XapaKkTEPUCTUKAX KAKJIOTO €IHHOPOTra X;', KOTOPbIE MPEIIOIOKUTEIHLHO ONPENENSIOT HEU3BECTHBIM
napamerp pacnpeneienus: A; = exp (x;B) . Bekrop kospduuueHToB B mpeanonaraetcs ONEHUBATH
METOI0M MaKCHUMAaJIbHOTO MpaBIonoAoous. BeimumuTe GyHKIMIO MpaBaonoo0us (BeIpa3ute e€ yepes

yilxl{l ,8)

Ne6.2.18. Bunnu-Ilyx o6cnenoBan 60 mect oOuTaHus MYENT U OLICHIIT 3aBUCUMOCTD:
P(RightHoney =1)
P(RightHoney = 0)

3neck RightBees=1, eciiu B MecTe 00MTAIOT NPaBUIIBHBIE TTYENBI, ) HHAYE.

RightHoney=1, eciu muénel aenaroT npaBuiIbHbI MET, 0 HHAYE.

=exp(0.73+0.37RightBees), InL=-36.47.

10 310 nannsie k kaure J. Hilbe “Logistic regression models”.



a) Bunnau-Ilyx HaxXoauT HOBOE MECTO, TJie OOMTAIOT MpaBMIIbHBIC MUYENBI. C KaKoil BEPOSTHOCTHIO (10
€ro OIIEHKaM), OHU JIeJIal0T MPABHIIbHBIA MEN?

0) [IpoBeppTe 3HaUMMOCTH oLleHEéHHOM Bunnu-Ilyxom monenu Ha ypoBue 5%. M3BecTHO, uTo 0€3
oOmsacHsOmuUX nepemennsix In L =-36.65.

§6.3. Moaesiu MHOKeCTBEHHOI'0 BbIOOpa

Ne6.3.1. Ilo pesynbraram onpoca 300 sxkuTenell HEKOTOPOTO Topoja M3ydanach 3aBUCUMOCTh YPOBHSI
MOJJIEPAKKHU TJIaBbl TOPOa OT MOJIa U CEMEUHBIX pacxo10B. Mcronb3yeMble mepeMeHHbIE:

Att, - orHomenme K gelcTBUAM TUaBEI ropoia 1o mATHOALIbHOM Imkane (1 - «IONHOCTBEO
OTPULIATENIEHOEY, 5 — IOTHOCTHIO MOJOKHUTEIHEHOEY ),

Malg; =1 sins My>K4HuH U 0 JUI )KEHILUH,

EXpendi - MECSIUHBIE 3aTPaThl CEMbHU, ThIC. PYO. (MCIOJIb3yeTCs KaK U3MEPUTENb JJOX0Aa).

OIIGHI/IBaJIaCI) ynopsaaodu€HHasd JIOruT-MoA€CJb:

P{Y. >s s
p(w < s; — exp(B,Male, + B, In Expend, —a*), $=2,3,4,5,

PeBynBTaTH OLICHNBAaHMAA:

Koaddurment B, B, a’? |a® | ot |
Ouenka -0.70 | 1.73 | 2.68 | 4.50 | 7.16 | 10.00
CrannmaprHas ommoOka | 0.23 | 0.40|1.39|1.39|143| 151

a) OueHuTe BEpOATHOCTh TOT0, YTO MY>KUMHA U3 CEMbU C MECSIUHBIMU pacxogamu B 30 ThIC. pyo
OTHOCHTCS K JIEHCTBHSIM IJIaBbl TOPO/ia OJIHOCTBIO OTpuLaTeabHo. KakoBo Hanbosee BeposiTHOE

snauenne Atl; B otom ciyqae?

6) Paccuuraiite 1t 3TOTO Cityyas npeaeiabHbli 3 (eKT oT yBeanueHus 3aTpar.

B) [IpoBepbTe 3HaUNMOCTH KO3 punreHTa Bl , paccuuTanuTe P-3HaYCHUE.

r) Ckaxxute, KakuMuU ObLTH OBl (MPUOIU3UTENBHO) OLIEHKH KO (GHUIIMEHTOB JOTUT MOJIENU C TEMH XKe
perpeccopamu, B KOTOpO# oOBbsACHsIeMas IEpeMeHHast Zi npuHUMaa Obl 3HaueHue 1 npu Yi 22 u0

MHaye.
n) OuLeHuB MOJAENb W3 MPEAbIAYLIEro IYHKTAa, Bbl OOHApPYXKWJIM, YTO OLEHKH KO3(p(UIHMEHTOB
CYILLIECTBEHHO PACXOAATCA € BAlIMMU 0>KMIAaHUAMU. O 4éM 3TO MOXKET TrOBOPUTH?

Ne6.3.2. Benmuuna Y NpUHMMAET 3HAYEHMs LeTIble 3Ha4eHus ot 0 10 P, cBA3b pacnpenenenus Y ¢
BEKTOPOM TIEPEMEHHBIX X' 331aETCs MHOXKECTBEHHOM JIOTUT-MOJIENBIO:

P(Y =5s)
P(Y =0)

[Tokaxwure, 4TO a) ycnoBHas BEpOosATHOCTh P(Y =1|Y <1) 3amaércs OMHApHOI TOTUT-MOJEIbIO,

=exp(x'B*),s=1...,p, rae B’ - BexTOpBI KOOPPULMEHTOB.

0) ycnoBHoe pacnpeneneane Y npH ycaoBuu {Y < 2} 3a1aéTCS MHOKECTBEHHOM JIOTHT-MOJIENBIO.

Ne6.3.3. B Tabiuiie npuBeeHBI PE3yIbTaThl HCCIAEAOBAHUS CBA3U MEXKITY 3aHITOCTHIO U TIOJIOM TIO
orBeTaM 290 pecriOHIEHTOB:

Cdepa 3ansitoctu \ Iloan | Myxkckoit | XKenckui
[Tpon3BoacTBO 75 50
Cdepa ycayr 55 60
BHe paboueii cuiibl 25 25




[IpencraBpTe 3TH pe3yJibTaThl B BHUIIE OICHEHHOM MHOKECTBEHHOW JIOTHUT-MOJIENIH, B KOTOPOM
00BSICHIEMBIN IPU3HAK — c(hepa 3aHATOCTH.

Ne6.3.4. JIrob6o3HaTenpHas OapeinrHs Onbra u3ydaeT 4eIOBEYECKOE MpECTaBlIeHHE O OnakeHCTBe. B
CBOEM HCCIICIOBAaHHH OHA OINPOCHIIA BBIOOPKY M3 263 4enmoBek B Bo3pacte oT 15 mo 35 yet, KoTopsiM
MpeIarajioch OTBETUTh Ha BOIIPOC:

Ha moti 632150, uyecmeo bnasxcencmea Haubonee OIUKO mem OuWyUeHUAM, YMo 803HUKAIOM, KO20d

1) enaduws mypuawezo koma,

2) eynseutb n0O MENbIM IeMHUM TUBHEM,

3) npocwinaewtvbcs ympom u NOHUMAeulb, 4mo HACMynul nepevlil 0enb KAHUKYL Ul OMNYCcKd.

Br100p pecnioHieHTa YBS3BIBAJICS C €r0 TI0JIOM M BO3PACTOM C TIOMOIIHI0 MHOKECTBEHHOH JIOTHUT-
MOJIEJIH, OIICHKH KOTOPOW MpHBEICHBI HIKE (0a30Basi KATEropusi — MPOTYJIKa MOJI JIMBHEM):

Ilepemennbie Kosdpuunentoi
Hoznaxcusanue koma | Hauano kanuxyn
Ilon (1 - mysicuuna) -0.15 0.04
Bospacm -0.01 0.02
Koncmanma 0.1 0.05

a) CityyaitHo 0TOOpaHHBIN YeT0OBEK OKa3biBaeTcs aeHITHOM 20 jieT. C Kakoi BEpOSATHOCTHIO OHA CBSKET
CBOE MpejcTaBleHUEe O OJaKEHCTBE C MOTVIaXUBAaHUEM Mypuaiiero kota? KakoBo paznuuue B 3TOM
BEPOATHOCTH MEXAY MY>KUMHOMU U skeHIIMHON 20 jieT?

0) Kakumu OyayT OLIEHKH TOW e MOJEIH IO TeM K€ JIaHHBIM, €clid BhIOpaTh 0a30BON KaTeropuen
TPETUI BapuaHT OTBeTa?

B) [Ipeanonoxxum, Onbra yaanuia u3 BEIOOPKU BCEX, KTO BBIOpa BapUaHT C MOTJaXUBAHUEM KOTa, U

P(Hauago KaHUKYI)

OLICHWJIA JIOTHUT-MOICITb =exp(B, +B,/Ton+P,Bospacm) . Byns BB Ha MecTe

P(mporyika 1o TMBHEM)

Omnbru, Kakue 3Ha4eHUs OLEHOK KO (PHUIIMEHTOB BbI ObI 0KUIAJH MTOTYyYUTh?
r) I[logymaiiTe, kak rpaduuecku MpeACTaBUTH OICHEHHYIO 3aBHUCHUMOCTh. llompoOyiiTe OoCyIecTBUTH
CBOM HUJIeH (HaBEpHOE, ITO yA00HEee JeaTh Ha KOMIIBIOTEpE).

Ne6.3.5. Kakas u3 uetblpéx Mozeneil B HaubobIlel CTENeHH MOAXOAUT JUIs ONUCAHUS TepeUHCIECHHBIX
CTaTUCTHYECKUX MPU3HAKOB?
Mopenn:

1) nuHeiiHas perpeccus,

2) OuHapHas JIOTHT,

3) ymopsiioueHHas JIOTUT,

4) HOMHHAJIbHAS JIOTHUT.
IIpusHaku:

a) HAJIMYHUE 33JI0JDKEHHOCTH 0 3apaboTHOM miiate;

0) crenuanbHOCTh, 10 KOTOPOH PECIIOHJIEHT 00y4YaeTcsi B MHCTUTYTE;

B) HACTYIUIEHHE CTPAaxOBOI'0 COOBITHS 3a ONpe/leIEHHbBIN eproJl BpEMEHH;

T') 3aTpaThl CEMbU Ha MOKYNKY MPOJAYKTOB MUTAHUS;

1) YIAOBIETBOPEHHOCTh pabOTOM, M3MepeHHas Mo MATHOauIbHON mikane oT 1 («coBceM He
YIOBJIETBOPEH») 110 5 (KIOJHOCTBIO YJIOBIETBOPEHY);

€) UHTErpajbHbIA HHAUKATOP KA4eCTBa KU3HU B PETHOHE, N3MEPEHHBIN MO HEMIPEPHIBHOI 1IKaje
ot 0 1o 10;

€) OTBET Ha BOIPOC «KAaK YacTO BbI MPOXOAUTE MPOPUIAKTHUECKUI METUIIMHCKUN OCMOTP?» €
IPEUI0KEHHBIMU BapuaHTaMu: «1 — peke, yeM pa3 B J1Ba ToAa, 2 — pa3 B TOJ WM JBa roja, 3 — yalie
pasza B rom»;

) IPEANOYUTAEMbIN YTPEHHUIM HAlIUTOK: COK, BOJIA, Yail, Kode Ui Ipyroii;

3) HaJTMYUE KaKoro-In00 TIOMAITHETO KUBOTHOTO Y PECTIOH/ICHTA.

Ne6.3.6. Cpenu HePHUTOBBIX U 30JI0THIX poill ropbl [[sHBIaN poBOAUT cBoM nHU MOAT JIu bo, yitas ot
MHUpCKOii cyeThl. Kaxioe yTpo npuxoauT k Hemy rocrnoxa Jlu LIuHwKao u MpUHOCUT HECKOIBKO KyOKOB



BHHA, MEpeJl CHOM K€ OHa NMPUXOAUTh BHOBb U OTMeuYaeT ypoBeHb cyacThs JIu bo mo tpéxOamnpHoii
mkaie (1 — «MHe TPYCTHO TaK, 4TO Jy4YIe ITOMOJIYaTh», 2 — «3a0bUTH MBI IPO CTaphIe Mevanmny», 3 —
«IIAly, ¥ IIS0IeT TeHb Mos»). Habmionas mosta nonrue ronpl, Jlu L{uHuwkao moHsma, 4To TpU BEIIH
OTIPENeNIAIOT €ro OJIAXKEHCTBO: YMCIIO BBIMUTHIX KYOKOB BHHA, BO3MOXKHOCThH JIHOOOBATHCS JYHOH H
co3Be3iueM BuHHBIX 3BE37 (4eMy MEIIAaOT UHOTIa 00J1aka) U peKkue BU3HUTHI ero apyra [y Dy.

iss. >
PBLISS =) _ pywine, + B Wine +B,Clouds, +B,Friend, o', $=2,3;
P(Bliss; <)

I'ocmioska orieHnIIa MOEND

Ko>¢ppuuuent B, B, B, B, a’ a’

Ounenka 1.20 | -0.12 | -1.26 | 1.42 | 0.02 | 10.93
Crana. ommoka | 0.11 | 0.05 | 0.16 | 0.29 | 0.15 | 0.56
a) ITomorute JIn L{uHwkao MOHATH, CKOIBKO KyOKOB BUHA CTOUT MpUHOCUTH JIu bo, 4T00bI nOCTaBUTH
eMy HauBbICILIee OJa’KEHCTBO.

0) OueHure HaumOOJBIIYI0O BO3MOXHYIO Uid Jlu Bo BEpOSTHOCTH JOCTUTHYTH BBICIIETO YPOBHS
OJIa)KeHCTBA 1O TPEXOAUIPHOM IIKAJIe.

B) JIu bo He BIOJHE YBEPEH, YTO BUHO MOKET yMEHbIATh cyacThe. [Tomorute JIu Llnawkao yoenuTs ero
B OTOM, OIUPAACh HA OLEHEHHYIO MOJEJb: BBIACHUTE, €CTh JI OCHOBAHUS CUUTATh, YTO MCTUHHBIN

K03 pureHT B, OTpHULIATEJIEH.

r) Ilogymaiite, kak rpaguuecku NpeAcTaBUTh OLEHEHHYIO 3aBUCHUMOCTh. llonpoOyiiTe ocyliecTBUTH
CBOU Hieu (HaBepHOE, 3TO YJ00HEe AeaTh Ha KOMIIBIOTEPE).

Ne6.3.7. Onupasicb Ha MHIUBUAYyaJbHbIE IAaHHBIE O CTYJEHTaX YHUBEPCUTETa, HAOIIOAABIIMXCS C
IEpPBOro Kypca JI0 MpeKpalieHus 00y4eHUs UM MOJIYYEHHUs] MaruCTepCKOro IUILIOMA, MCCIEA0BaTeNb
nbiTaeTcs pa3paboTare MOAEIb, B KOTOpOHl O0OBsCHseMas BEIMYMHA — IOJIYYEHHBIH YpPOBEHb
oOpa3oBaHus. JTa BEIUYMHA MOXKET IPUHUMATh TPU 3HAUEHUS: «HE IMOJIyYWJI AUILIOM», «OakajaBpy,
«MarucTp».

HccnenoBarens BbIOMpAET MEXIy ABYMs BapuaHTaMu. lIepBblil — NpUMEHUTH YNOPSIOYEHHYIO JOTUT
MO/IeJb, BTOPOI — MpeACTaBUTh BEIOOP YPOBHS 00pa30BaHUs B BUJIE TAKOTO JepeBa:

HE TOJTYYUTH TUTIIIOM
OakanaBpa

ocTarbcs OakanaBpoM

TIOJTYYHTh JIUTLIOM OaKalaBpa <

MOJIYUYHUTh JUITJIOM MAaructpa

B kaxxmoM pa3BeTBIECHUH BHIOOP OMUCKHIBACTCS C TTOMOIIbIO OMHAPHOW MOJIEH JIOTHUT.
Kaxoit moaxoa Bl TOCOBETOBANIM ObI UCIIOJIB30BaTh? OOCYyAMTE MPEUMYIIECTBA U HETOCTATKH KaXKI0TO
BapHUaHTA.

N26.3.8. Bot BeiGopka u3 100 HabmoaeHui 32 IPU3HAKOM, TIPUHUMAOIUM 3HaueHus 1, 2 u 3:

3nauenne | Yacrora
1 40
2 30
3 30

Onummre 3Ty BEIOOPKY B (hopme MOPpSIKOBOI MOJENH JIOTHT 0€3 00BSCHSIONINX MTEPEMEHHBIX.



§6.4. UyBcTBUTEIBLHOCTH U cienuuuHocTh. KpuBas ROC.

Ne6.4.1. PazpabortanHass B O0aHKE CHCTEMa BBISBICHHs HEOJaroHaa&XKHBIX 3aéMIMUKOB ITOKa3anga Ha
oOyuarolieii BBIOOpKe TaKHE PE3YJIbTAThI:

KJIaCCU()UITTPOBAH
HaJIEKHBIM | HEHAAEKHBIN
Ia 800 40
HET 100 60

Paccuuraiite YYBCTBUTCIIBHOCTb U CHCI.[I/I(i)I/ILIHOCTB.

CBOCBPCMCHHAs BhIIlJIaTa

Ne6.4.2. Jlns OuHAapHBIX  CIy4alHBIX BEIWYMH  X,Y,Z  BBINOJHSETCS COOTHOILICHHE:!

P(Y =1) =0.4+0.5X —0.2Z . CoBmecTHOE pacnpeneneaue X u Z 3amaércs TabIuLei:
X=0[X=1
Z=0| 0.3 0.2
Z=1| 01 0.4

a) Jlius TpOrHO3HOTO IpaBHIIA {\f =1 npu P(Y=1)>c} mnocTpoiite rpapuKk 3aBUCHMOCTH

YyBCTBUTEILHOCTH U Crielu(puIHOCTH OT C.
0) [Tocrpoiite rpadpux ROC, Haiiaure mutomank moa KpUBO.

Ne6.4.3. PaccmoTpum niporsossoe pasuio {Y =1 npu P(Y =1) > ¢ }. [Ipu kakux 3Hauenusx C npasuio

MMEET: a) HANOOJIBIIYIO YYBCTBUTEIHHOCTD, 0) HanOOJBIIYIO CTICIU(PHUIHOCTB,
B) HaHOOJIBIIYIO BEPOATHOCTh MPABUIIBHOTO ITPOTHO3a?

Ne6.4.4. PazpaboranHas B OaHKe MOJENb BEPOSTHOCTU HEBBIIJIAT MO KPEAUTY XapaKTepU3yeTCsl TaKUM
rpadMKOM YyBCTBUTEILHOCTH M CHEIIM(PUIHOCTH:

T T T T T T

A1
Probability cutoff

Sensitivity ‘

Specificity

ITo orienkam OaHKa, MI0XHe 3aéMILMKH (HE BHITUIAYMBAIOIIIE 10JT) IonajgaoTes B 10 pa3 pexke XopoIux,
a OKHJAeMbIe MOTEpU OT MPENOCTABICHHUS KpeAuTa IUIOXOMY 3aéMIIMKy B 20 pa3 BbIIE, Y€M OT
HEIpeAocTaBlIeHus xopouiemy. IIpu kako MOZIEIBHOM BEPOSATHOCTH HEBBIILIAT CTOUT OTKAa3bIBaTh B
NPEOCTABICHUH KPEANTA, €CIIA TIOCTaBJICHA IIeJTh MUHUMHU3UPOBATh 0KUIAEMBIA YOBITOK?



Yacts 7. Moaenu BpeMEHU KU3HU
§7.1. ®yHKUMH 10KUTHS U PHCKA, MHTErPaJIbHasi pyHKINS pUCKa.

1
—.
@+t
Bemummre (QyHKIHIO pUCKa M WHTETPaJbHYIO (YHKIMIO PHCKA BEIMYUHBI |, ONHUIINTE XapakTep
BPEMEHHOW 3aBUCHMOCTH. BhINuImTe YCI0BHYIO QDYHKIHIO TOKUTHS IIpu yciaoBuu {T>1}.

Ne7.1.1. PacnipenencHuie ciay4yailHOW BEIMYMHBI | OMUCHIBACTCS (DYHKIIUEH TOXKHUTHS S(t) =

Ne7.1.2. Tlycte BpeMs sKH3HH pacupezeicHo paBHoMmepHo Ha otpeske [0;1]. Kak BbI gymacre, KakoB B
ITOM CJIydae XapakTep BpeMeHHO 3aBucumoctu? [IpoBephTe CBOIO JOTA/IKY, HAlAs PYHKIIMIO pUCKA.

Ne7.1.3. Bpemst paboTbl TeneBHU30pa /0 IOJOMKU ONMCHIBAETCSl IOKA3aTEIbHBIM Paclpeie/ICHUEM.
W3BeCTHO, YTO B CPEHEM TOJIBKO YTO KYIUICHHBIN TEJICBU30p padboTaeT 5 JieT.

a) KakoBa BeposITHOCTH TOT0, YTO TOJBKO YTO KYIUICHHBIN TeJIeBH30p mpopadoraet 10 met?

0) Kyrutennsiii 5 et Ha3aj TeIEeBU30p J0 CUX MOP HE BhIIIEN U3 cTposi. KakoBa BEpOSTHOCTH TOTO, YTO
oH mpopaboraer emé 10 ner?

B) Kakumu OynyT oTBeTHl Ha Bompochl (a) u (0), eciu BpeMs padOThl TEIEBU30pA PACIpeneseHo MO
3akoHy BeliOyma ¢ mapamerpamu A=0.1u p=1.3?

Ne7.1.4. [Ipubop cOCTOUT U3 IBYX HE3aBUCHUMO (DYHKIIMOHHPYIOMIUX U MOCIIEIOBATEIIHFHO COSTUMHEHHBIX
0JIOKOB, TaK 4YTO JJIA paboThl Mprbopa HeoOXoauMa paboTa KaKI0To U3 3TUX OJI0KOB. BpeMs paboThl

NepBOro GJI0KA OIMMCHIBACTCS ITOKA3ATEIBHBIM PACIPEACICHHCM C IapaMeTpoM Ay, BpeMmsi paGoTbl

BTOPOr0 — TOKA3aTEIbHBIM PACIPEICTCHACM C TapaMeTpoM Ag . Haiimure (QyHKIHMIO JOKHTHS IUIS
BpeMeHH paboThI prodopa.

Ne7.1.5. Pacnpezenenue CiayyaliHOM BeNWYMHBI | ONUCHIBAETCS  (DYHKIMEH IIOTHOCTH
2t, te[01],
(1) = [0:1]

0, wunaue
Haiinute: a) cOOTBETCTBYIONIYIO QYHKIIUIO JOXKHUTHS,
0) QyHKIMM pUCKa M UHTETPAILHOTO pucka Ha untepsaie [0; 1),
B) MEMAHy BEJIMUYMHBI | , QYHKIIMIO KBAHTHIIEH.

Ne7.1.6. Jlomoxo3stomika HacTs 106Ut ycTpanBaTh reHepalibHble YOOpKHU. Yncio neT Mexty yoopkaMu

— ciyvaiinas BenuuuHa ¢ ynkuuen noxutus S(t) = exp —t?)

a) Haiinurte pyHnkiuto pucka nposeenus yoopku. Onummre XapakTep BpeMEHHOM 3aBUCUMOCTH, JaiTe
MHTEPIIPETAllMI0O 3TOW 3aBUCMMOCTU: TOYeMy OHa HMMEHHO TakoBa? Kakue cooOpakeHus MOTYT
pykoBoauth Hacreit?

0) Hacta yxe monroga He mpoBoaWia TeHepadbHyl yOOopky. KakoBa BeposITHOCTH TOTO, YTO OHA
IPOBEJET €€ B TEUEHUE CIIEYIOIIEH MTOJIOBUHBI roja?

Ne7.1.7. VI3BeCTHO, YTO U3 MPOJIAHHBIX XOJIOJMIBHUKOB 5% BBIXOAST U3 CTPOS B TEUCHUE MIEPBOTO ro/ia
skcrutyaTanuu, a 10% - B TeyeHue BTOporo roja. PaccumraiiTe BEpOSTHOCTH TOTO, YTO HEIABHO
MPOJAHHBINA XONOAUIBHUK Oy/leT paboTaTh HE MEHEe MOIYTOpa JIET B MPEANONIOKESHHH, YTO a) MOMEHT
MOJIOMKH PaBHOMEPHO pacrpe/iei€éH B TEUCHHE roja, 0) pUCK BBIXOAA M3 CTPOS IMOCTOSHEH B TEUEHUE
roja.

Ne7.1.8. becniokoiinbiii MeaBear Muxani, iéxa B Oepiore, BopouaeTcsi ¢ 00Ky Ha 60k. Bpems, koTopoe
OH TIPOBOJIMT HA OJHOM OOKY, UMEET IOKa3aTeIbHOE pacrpe/ie]icHne, B CPEHEM paBHO 2 CyTKaM M He



3aBUCHT OT TOTO, CKOJIBKO OH JIe)KaJl Ha TOM WJIM MHOM OOKy pasblre. KakoBa BepoSTHOCTH TOTO, YTO 32
140 gueit 3umbl Muia nnepeBepHETCS ¢ 00Ky Ha 00K He MeHee 64 pa3?

Ne7.1.9. OyHKIMS JOKUTHS BEIUUUHBL | H300pakeHa Ha rpaduke:

5(t)

Haiigure: a) P(L<T <3), 0) meauany T , B) E(T),
r) P(T>3|T>1), n)ETI|T>1.

Ne7.1.10. ITycTs AUTENBHOCTL | MMeEET MOKa3aTeabHoe pacnpeaeienne. [lokaxure, 4To Benuauna T
, paBHAasl 1eI0OH yacTu | , pacipeiesieHa o reoMeTPHIECKOMY 3aKOHY.

Ne7.1.11. Jlns ocBemIeHHs INITYJIBHO-KATYIIEYHOTO IleXa Ha TKankod ¢adpuke tpedyercs 1000
namnoyek. [Tpudem Ha 3aBOIe MMeEETCsI TOCTATOUHBIN 3anac JaMIOYEK U, KaK TOJIbKO KaKasi-TO JJAMIIOYKa
B LIEXy IIEPEropacT, e€ cpasy Ke 3aMEHSIOT HOBOM. DyHKIUA pUCKa AT KaXAO0W JIAMIIOYKHY ITIOCTOSTHHA
u pasHa 0.5.

1) VkaxxuTe cpeiHee BpeMsi )KU3HH JTaAMIOYKH.

2) Onpenenute, CKOJIBKO (B CPEIHEM) JTaMIIOUYEK OYAET Croparh eXKeMeCsIuHO.

3) HaiinuTe nnTerpanbHKio GyHKIMIO pUCKA U PYHKIHIO TOXKUTHSL.

4) Hapucyiite rpaduk QyHKIMN KBaHTUIIEH.

5) Haiiaure MaTemMaTndeckoe 0>KUJaHUE YMCIIa JIAMIIOYEK, KOTOPBIE MPUIAETCS MPUACTCS 3aMEHUTh, €CITH
IITYJIbHO-KATYIICYHBIH 11X OyJeT HenpepbIBHO paboTaTh HEbIH o/,

64
(t+8)*"
JOKUTHUS, BRIMUIINTE (YHKIUIO pucka. Haiiaure ycrnoBHyr0 (YHKIHIO TOXKHUTHSA MPU YCIOBHH, UTO
00BEKT HOXKIII 0 8 JIeT.

Ne7.1.12. Bpems noxutust ommchiBaercs dynkmmein O (t) = Haiinure mennanHoe Bpems

Ne7.1.13. [lo maHHBIM O MPOAOKUTEIBHOCTH 3a0acTOBOK B mpombiniieHHOCTH CIIIA MenunanHas
JUTUTETTLHOCTh 3a0acCTOBKH cocTaBiisieT 27 nHei. [IpeAmnonaokum, 4To mpoaoKUTEIbHOCTh 3a0aCTOBKH
MMeEeT MOKa3aTeIbHOE pacipeiesieHue.

a) PaccumuTaiite BeposITHOCTh TOTO, 4TO 3a0acTOBKA OyeT AnuThes Oonee 40 THEH.

0) HexoTtopas 3abactoBka myutcs yxe 20 qaeit. KakoBa BeposTHOCTh TOTO, UTO OHA MPOJUTHTCS €I HE
Mmenee 40 nuei?

Ne7.1.14. Joxaxute dopmyny E(T)= Zs(t) JUIsl BEJIMYUHBL | , IPUHHMAIOIIENH HEOTPULIATENIbHbIE
t=1

OCJIbIC 3HAYCHUA (O6OCHyf/'ITC TCOMCTPHUICCKYIO HHTCPIIPCTALIUIO MATEMATUYCCKOT'O O)I(I/I,I[aHI/I}I).



Ne7.1.15. Ilycts Tl,Tz - HE3aBUCUMBIE CIy4YallHble BEJIMYHMHBI, HMEIOIIUE T'E€OMETPUUYECKOE

pacripesielieHie ¢ OJMHAaKoBbIM mapamerpoM P . Kakoe pacmpenenenue OyaeT y BEJIWYHMHBI Q)

min(rl,Tz) , 0) maX(T]_;Tz) ,B) 1;T1,? KakoB Gyzer xapakTep BpeMEHHOMN 3aBHCHMOCTH B KaXKIOM H3
ciyyaeB?

Ne7.1.16. ITokaxxute, 4To QYyHKIHS IIIOTHOCTH MOXKET HE YOBIBAaTh TOJIBKO B 0OJIACTHU C MOJIOKUTEIIbHON
BPEMEHHON 3aBUCUMOCTBIO.

.. . . 3
Ne7.1.17. Pacnipenenenne ciiydailHOW BEIWMYHMHBI | 3aJ1aHO MHTETPAIbHOM (PYHKITMEH pucka H(t) =1,

KakoBa BeposiTHOCTh coObITHs {T > 2}? BhImuInuTe yCIOBHYIO MHTETPAIbHYIO (QYHKIHUIO PUCKA IPH
ycinosun {T > 2}.

Ne7.1.18. Jlns cinydaiiHoii BennuuHbI, MMeromeil pacnpenenenue Iomnepua h(t) = leYt ¢ napamerpom
Yy < 0 HaiiguTe tlim S(t).
—00

Ne7.1.19. BakHasi XapaKTepHCTHUKa CHCTeMBI MaccoBoro obciyxuBanus (CMO) — cpennee Bpewms,
KOTOpO€ 3asiBKa Ha oOCIy>XHUBaHUE OXKUJaeT B ouepenu. B onnoit momenn CMO Bpems oxunanus T
A
. A —p(1-2)e
UMeeT pacrpeseicHue, 3amannoe Gyuknueit poxurus S(t) = P(T > t) = e u H) ,rme A >0 —
WHTCHCUBHOCTB MTOTOKA 3asBOK, |1 > 0 — HMHTEHCUBHOCTH 00CITyKUBaHUS, A < |L.
Haitgure:
A) cpeaHee BpeMs OKUIaHUS B OYEPEIH;
B) nosto 3aBOK, KOTOPBIM HE MPUXOIUTCS K aaTh (s Hux T = 0);
B) cpennee BpeMs oxkxugaHus Cpeill T€X 3asBOK, KOTOPHIM MPUXOAUTCS KJIaTh B OYEPETH.

Ne7.1.20. PacnpeneneHue BpeMEHU KU3HU MOXET OBbITh 3a/laHO (PYHKIMEW CpEeIHEro OCTaTOYHOTO
Bpemenu xu3nu (mean residual life): MRL(t) = E(T — t|T > t),t >= 0.

BeiBeaure pyrkmmuto MRL(t) amst ciryyasi, Koraa Bpems sku3uu T uMeer:

a) MoKasareabHOe (IKCIMOHCHIIMAIBHOE) paCIIPE/ICIICHHE C TTApaMETPOM A;

0) paBHOMEpHOE pacnpezaenenne Ha orpeske [0; b].

Ne7.1.21. [Ipubop cocTouT U3 NOCIeA0BaTENbHO COETUHEHHBIX OJI0KOB 1 1 2, KOTOpBIE BBIXOAT U3 CTPOS
HE3aBUCHMO JIpYT OT Jipyra. Bpems paOoThl GJIOKOB ONMCHIBAETCS CIy4alHbIMU BelnWYMHaMU Ty U Ty,
pacrpeaenEHHBIME 110 OKa3aTeIbHOMY 3aKOHY C ITapaMeTpaMu A; U A, COOTBETCTBEHHO.

A) Haiigure 3akoH pacnpeneneHus ciyyailHON BenuuuHbl T, oTpaxaromeil Bpems paboTsl npubopa B
LEJIOM.

b) Haiinure BepoSATHOCTH TOTO, YTO MEPBBIM BBIHAET U3 cTpos mpudop 1.

Ne7.1.22. IleTs 3a€r TpHU JaMIIOUYKHM — HA30BEM UX JIaMIIO4Ka 1, aMriouka 2 u jamnouka 3. Bpems
paboThI IaMITOYEK UMEET MOKa3aTeIbHOe pachpeeieHne ¢ mapaMeTpamMu Ay, A, ¥ A3 COOTBETCTBEHHO,
MEPETOparoT JIAMIIOYKH HE3aBHUCHMO IpYyr OT Apyra. KakoBa BEpOSTHOCTh, YTO TEPBOW IMEPETOPUT
nmamiouka 1, 3areM Jammouka 2, a IociaeHel — namMIouka 37

Ne7.1.23. Tlocerutenu mpuObIBalOT B Kade MyaCCOHOBCKUM IMOTOKOM, WHTEHCHBHOCTH KOTOPOTO B
obenennoe Bpems (¢ 13:00 g0 14:00) cocrarmsier 0.5 deroBeka B MHHYTY, a BeCh OcTabHOM JeHbp — 0.1
yenoBeka B MUHYTY. Ceituac 13:58. Haliaute nnterpanbayio GyHKIIUIO pUcKa U QYHKITUIO JOKUTHS TS
BPEMEHU OKHJIAHHSI CIIETYFOIIETO MTOCETUTEIS.

Ne7.1.24. Ilycte T — HenpepblBHAsE HEOTPULATENbHAS CIy4aliHas BEJIMYMHA CO CTPOTO BO3PACTAOIIEH
uHTerpaibHOl ¢dyHkmend pucka H(t). Joxaxurte, uro ciydaiiHas BenuuumHa X = H(T) umeer
NIOKa3aTeJIbHOE PacHpeeeHie ¢ MaTeMaTHYECKUM OXKHIaHueM .



Ne7.1.25. Pacnpenenenne HenpepbIBHONM HEOTPULIATEIbHON CIy4dailHON BelnMUYUHBI T XapaKTepu3yeTcs
MHTErpaIbHOl (ynKImeii pucka H(t) = t + 2+/t. Haiimure:

a) COOTBETCTBYIOIIYIO (DYHKIIUIO JOKHUTHS,

0) COOTBETCTBYIOLIYIO (DYHKITUIO PUCKA;

B) P(T = 4|T = 1).

§7.2. CtaTucTu4ecKkuili aHAJIN3 JAHHBIX O JJUTEJILHOCTH COCTOSTHHUI.

Ne7.2.1. Kuraiickuii moaT JInu bo mproOpén yeTsipe KyBIIMHA I BUHA U B TEYCHHUE TPEX JIET HAOIIO A
3a UX JKHU3HBIO. Pe3ynbTaThl ero HabI0IeH!I IPUBEACHBI B TAOJIHIIC:

Ne kyswuna | Bpems owcusnu | Cocmosinue
1 1 rox pazoucs
2 1 rox pazoucs
3 3 roma pa3ouics
4 3 roga en

a) Hapucyiite rpaduk ouenku Kamnana-Maiiepa s QyHKuuu JoKuTHS U onleHKH Henbcona-Aanena
JUTSI HHTETPaTbHON (DYHKIIUU PUCKA.

-
6) I[Ipennonoxum, 4To BpeMs KU3HU KyBIIMHA UMEET I0Ka3aTeIbHOE pacpeieeHue: S(t)=e",A>0
. Bemmummre GyHKINIO TpaBaonoo0us st JAHHOH BEIOOPKH.

Ne7.2.2. Bacwmmii coOpan maHHble O BpeMeHH paboTel 100 XOJOMWUIBHHKOB JO TOSBICHHS
HEHCIIPABHOCTCH:

Cpox pabomui: meHee rojga | 1-2roma | Oosee 2 jerT
Yucno Xxo100UNbHUKO8: 20 15 65
[Ipeamnonaras, 4ro BpeMsi pabOThl XOJOAMIBHUKA MMEET MOKa3aTeJIbHOE paclpeieieHue, BBIMUIINTE
(GYHKIUIO IPaBIONO00Ms U OLIEHUTE CpeHee BpeMs padOThl XOJIOAUIbHUKA.

Ne7.2.3. Ilo rpaduxy onenku Kamnmana-Maiiepa OlleHHTE MaTeMaTHUECKOE OXHUAAHUE U JTUCIIEPCUIO U
noctpoiite rpaduk oneHku Henbcona-AaneHa (qaHHbIe HE TOJBEP>KEHBI YCEUEHUIO):

Kaplan-Meier survival estimate

1.00
1

0.50
1

0.25
1

0.00
1

analysis time

Ne7.2.4. Vmeercs UeH3ypUpOBAaHHAS ChpaBa BBIOOpKA L.l , B3sTas W3 mOKa3aTenbHOTro
1 n

pacnpeieneHus ¢ mapameTpom A; di - UHIMKATOp LeH3ypupoBaHus. [Ipeanonaraercs, 4to HaOII0AEHUS



€CTh peaJ3allii He3aBUCUMBIX CITy4alHbIX BEJIMUMH, a LIEH3ypUpOBaHue AeTepMuHupoBaHo. [locTpoiite
OIICHKY JUTSL A C TIOMOIIBIO METO/Ia MAaKCUMAILHOTO MPABIOMOA00MS.

Ne7.2.5. I1o naHHBIM O JUIMTENBHOCTH MPeObIBaHUS OBIBIINX 3aKIOYEHHBIX HA CBOOOE IO MOBTOPHOTO
apecra oreHuTe coorBeTcTByromue (yHkuun Kammana-Maiiepa u Henbcona — Aanena. [loctpoiite
rpadux ana pynkuumu goxutus. OueHurte mo rpaduky cpeiaHee U MeJUAHHOE BpeMs 10 MOMEHTa
NOBTOPHOTO apecta. Paccumraiite rpyOyro oueHky ¢ynkuuu prcka (incidence rate, cpemsee 4mcio
3aBEpIICHHUI B SIUHHILY BPEMCHH).

Ne 3aknrou€éHHoro Yucno Henens, ApectoBan
MPOBEAEHHBIX HA CBOOO IS (1 - ma)
174 17 1
411 27 1
99 30 0
273 32 1
77 43 1
229 43 1
301 47 1
65 52 1
168 52 0
408 52 0

Ne7.2.6. CocraBbTe BBIOOpKY M3 8 HaOIIOAEHUI, COOTBETCTBYMOIIYIO rpadukam omeHok Karuiana-
Maiiepa u Henbcona-Aanena:

a)

Kaplan-Meier survival estimate Nelson-Aalen cumulative hazard estimate

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75

T T T T T
0 1 2 g 1 15 2 25 3
analysis time analysis time

0)

Kaplan-Meier survival estimate Nelson-Aalen cumulative hazard estimate

1.90
|

0.60
I

1.40
|

0.00 0.40

analysis time analysis time



Ne7.2.7. JIBe MUCHUYKHM U KPOKOJWJ YCTPAUBAIOT OMBITHI: MOHKUTAIOT B BAHHOW BOJY W MBITAIOTCS €€
TYWHUTh 100 OarHaMu, 100 CYHMIEHBIMU TprOaMu, 3amepsis BpeMs 10 norameHus. Hike npuBeaeHsl
rpaduku oneHok Karurana-Maiiepa 1i1si BpEeMEHH TIOTAIICHHS, TIOJTYYEHHBIC M3 JIBYX CEPHH OIBITOB:
JIECATH TOMBITOK TYIICHUS OTHS CYHMIEHBIMH TpHOaMH (CHHSS JIMHSS) U JIECSATH TOMNBITOK TYIICHUS
OymHAMU (KpacHas JIMHHS).

Kaplan-Meier survival estimates
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pancakes=0 ——— pancakes=1 ‘

a) Ilpm kakom cmocoOe TymieHHs cpenHee BpeMs morameHus Obuio MeHbine? [lompoOyiiTe marth
000CHOBaHHBIN OTBET, HE IpUOeras K BBIYUCICHUSM.

0) KakoBo cpenHee BpeMs TyllieHuUs oxkapa OinrHaMu?

B) HauepTuTte rpaduk OlEHKH MHTETPabHOTO PUCKA JJIS BpPEMEHHM TYILIEHUs NoXkapa OJIMHaMU.

r) JIMCMYKM U KPOKOAMJI CPAaBHUJIM JBE€ BBIOOPKH C MOMOILBIO KpUTEpHUs JIOrapu(pMUUECKUX PAHIOB,
IIOJIyYMB TaKOM pe3ysbTar:

| Events Events

| observed expected
_________ +_________________________
TPUOH \ 10 13.18
OJIVIHEL | 10 6.82
_________ +_________________________
Total \ 20 20.00

chi2 (1) =
Pr>chi2 =

L{BeTOM BBIZENIEHBI KPUTHYECKAsl CTATUCTHKA U P-3HaYECHUE.

KakoBbl OCHOBHAs 1 aJbT€pHATUBHAS THIIOTE3bI TPOBEAEHHOTO TecTa? Kakoil MOXKHO clieNiaTh BBIBOA?
Ne7.2.8. I1o nanHbM 0 500 6e3paboTHBIX UCCIEN0BATEIh CPABHUBAET AIUTEIHHOCTD TOMCKA PabOTHI B
TPEX BO3paAcTHBIX rpymnmax. [IpennoaoxkuB, 4To pacnpeaeeHne JTUTeIbHOCTEH OMUChIBACTCS
JIOTJIOTUCTUYECKUM 3aKOHOM, OH OLIEHHJI YE€ThIPE MOJIEIIH:

Bribopka Yucno A ¥ Jlorapupm
HaAOIIOICHUHA MPaBIOTIO 100U

<25 ner 156 0.45 1.08 -321.35

25-45 ner 194 0.35 0.93 -371.80

>45 ner 150 0.29 1.00 -300.70

Bce HaOmoaenus | 500 0.36 1.00 -997.63

EcTh 1 0OCHOBaHUE CUUTATh, YTO paclpeeNieHIe [UTUTENFHOCTEN TOUCKa paboThl 3aBUCHT OT
Bo3pacra? Mcnons3yiTe ypoBeHb 3HaUuMMOCTH 1%. PaccunTaiite p-3HaueHue.



Ne7.2.9. Uccnenys typuctuueckue craprans! JlaBpasuu u 'onasansl, nTtepomaktuiib [lets npumeén
BBIBOAY, 4YTO BpeMs HUX JKU3HH HPUEMIIEMO OIMCHIBAETCA JIOTApU(PMHUUECKH HOPMaJIbHBbIM
pacnpezeneHreM. Pe3ynbTaThl oLleHMBaHUS TapaMEeTPOB 3TOro pacnpenencHus Ilers cBén B Tabnuiy.

Marepux Yucno [ (5 Jlorapudpm

HaOJIFOIEHUN MIPaBIOIO0I00MS
JlaBpa3us 140 1.30 1.13 -216.01
T'onnBana 60 1.69 1.09 -90.57
OO0bequHEHHEIE 200 1.42 1.13 -309.07
JTAHHBIE

a) Ouennre MenMaHHOE BpEMs JKU3HU TYPUCTHYECKHX CTapramnoB B JlaBpasuu (HaHHBIE M3MEPEHBI B
rogax).

0) Ecth 1 ocHOBaHME CUMTATh, YTO BPEMs >KU3HHU CTApTAllOB HA JBYX MaTEpUKaX PacHpENesIeHO I0-
pazHomy? Ucnonb3ylite ypoBeHb 3HaunMocTH 10%.

Ne7.2.10. Tlokaxure, 4To B OTCYTCTBHE LIEH3ypPHPOBAHHS M ycedeHHs ouenka Kammanma-Maiiepa S(t)
CBsA3aHA ¢ BEIOOPOUHOH (yHKUMel pacnpenenenus F(t) cootnomennem S(t) = 1 — F(t).

Ne7.2.11. Huxe npuBeeHsl rpadvKku OLEHOK (QYHKIIMU HHTETPATBHOTO pHCKa o TpéM BbiOOpkam. [1o
KaXJI0My TpaduKy OMMIIMTE XapakTep BpeMeHHoi 3aBucumoctH (duration dependence) u npemioxute
HOIXO/ISIIN# 3aKOH pacipeeeH s BEPOATHOCTEH (MM HECKOIBKO MOIXOSIINX 3aKOHOB).

Nelson-Aalen cumulative hazard estimate Nelson-Aalen cumulative hazard estimate Nelson-Aalen cumulative hazard estimate

3 3
3 4 3 4 3
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400
400
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200
200
o

v
oy
o
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analysis time analysis time analysis time

Ne7.2.12. Tlo BbIOOpKE W3 IMOKA3aTEILHOTO pACHPENICICHHS OICHUTE MapaMmerp A W KpUTepUEM
OTHOIICHUSI TIPaBIONO00us poBepbTe TUNoTe3y Hy: A = 1 mpotuB Hy: A # 1 Ha ypoBHE 3HAUUMOCTH
10%.

1 25 4 0.5

Ne7.2.13. U3 80 3abacroBok 10 mnummch Gonee mecdia, ocTalbHble — MeHbIe. OLEHUTE CPeIHIO
MIPOJIOJDKUTENIHOCTh 3a0aCTOBKA METOJIOM MaKCHMAJIBHOTO TPaBIOMNOI00Ms, MpeAroaras, 4To 3Ta
MPOJIOJKUTENIEHOCTh UMEET TIOKA3aTeNIbHOE paclpeeieHHE.

Ne7.2.14. Nmeercst Boidopka (Ty,61), ..., (T, 6,), tne T; — wnabmomaemoe Bpems, a &; =0 s
[ICH3YPUPOBAHHBIX ClpaBa HaOmrogeHWid W 1 JUId HEIeH3ypUPOBAHHBIX. Ilpeamonaraercs, d9ToO
ciyuaiinsie Benmmaunst T; nmeror Qpynknuio goxkutust S(¢) = e M A > 0. MeTo10oM MaKCHMaNbHOTO
PaBIOMOA00HS TOCTPOMTE OIEHKY MapameTpa A.

§7.3. PerpeccuoHHbIE MOJEJIHU NJIUTEJIbHOCTH.

Ne7.3.1. Monenb UIMTENBHOCTH 3a0acTOBKM | (M3MepseTcs B HENENAX) BKIIOYAET B KAYECTBE
OOBSCHAIOMINX TIEPEMEHHBIX MHAEKC NpoMmblmienHoro npoussoactsa INDP u nepemennyro FEB,
PaBHYIO eIUHHMIIE /IS 3a0aCTOBOK, HauaBImIKXcs B eBpaie, u 0 mHave. Huke mpuBeseHbl pe3ysIbTaThl



OIICHUBAHMsI MOJCIIM B JIBYX MapaMeTPUUYECKUX creruuKkausiax (dKCIoHeHIInanbHas U BeliOymia) u
TIOJTyTIapaMeTpUUecKoil (MOIEb MPONOPIHOHANBHEIX puckoB Kokca)!l,

KoadPpumument OkcroneHnmanbHas | Mogens Belibymna Mogens BeiiOymnna Mopnens Kokca
MOJIEITb (MeTpHKa Tpor. (MeTpuKa ycKop.
PHUCKOB) BpEMEHH)

B, (cBoGoHELi -3.72 -3.67 3.71 -
YJICH)

B, (npu INDP) 3.30 3.25 -3.28 3.25

B3 (mpu FEB) -0.57 -0.55 0.56 -0.57

P (mapametp - 0.99 0.99 -
bopmbl)

In L -800.57 -800.55 -800.55 -2696.66

s mooenu Koxca npusedeno snauenue (hynkyuu wacmuyHo2o npagoonoooous.

a) CoriacHoO OlLIEHKaM SKCIOHEHIMAIBLHON PeTrpeccuy, Kak BHITJIAUT (QYHKIUS pHCKa JJisi 3a0aCTOBKH,
HAYaBILIEHCS B MIOHE, KOTJ[a MHJIEKC MTPOMBIIIJICHHOTO TPOU3BoAcTBa ObL1 paBen 0.017?

6) CormacHo OIeHKaMm, MOJYYEHHBIM W3 Mojenu BelOysia, KakoBBl pa3iudvs B OXKUIAAEMOU
IPOJOJDKUTEIBHOCTH U (DYHKIMM pUCKA MEXAY 3a0acTOBKaMM, HayaBIIMMCS B (eBpaie, U TeMH, YTO
HAYaJINCh B JPYTUE MECSIBI, PHU MPOYUX PaBHBIX ycIOBHAX? JlaliTe KOIMYECTBEHHYIO OLIEHKY ITHX
pazJInumil.

B) BrimummTe B nmuHElHON hopMme OlleHEHHYIO Moenb BeliOya.

r) Ilpeamnonoxum, 4To Bbl XOTUTE BBIOPATh MOJEb, HAWIYYIIMM OOpa3oM OINUCHIBAIOLIYIO JAHHBIE.
Kakoii BbIBOJI BBI MOXKETE C/I€JIaTh, PyKOBOJCTBYSICh KpuTepueM Akauke?

Ne7.3.2. Ilo nanubiM o mupotBopueckux muccusix OOH c 1948 mo 2001 rox omneHeHa perpeccus
HPOJIOJKUTEIBHOCTH MUCCHH Ha nepeMenHbie Interstate (paBua 1 mis mexcTpanoBoro koHdiukra u 0
unaye) u Civil (1 mnst rpaxnanckoit BoiHbl, 0 nHaue). B kauecTBe 0a30BOM KaTeropuu KOH(IMKTOB
BBICTYTIAJIa KATErOPHsI TPXKIAHCKHUX BOWH C HHOCTPaHHBIM BMeIlnaTenbcTBoM (internationalized civil war
— rpaXXIaHCKast BOWHA, B KOTOPOM XOTs ObI OJIHA U3 CTOPOH MOJIyYaeT MOIEPKKY CO CTOPOHBI IPYTOTO

X}
rocyaapctsa). IIpu oueHuBanum ucronb3oanack moxens Beit6ymra: N(t) =Apt*™ | rae mapamerp A
3aBHCENl OT BEKTOpa OOBACHSIOIMX MEPEMEHHBIX Xz(l Interstate Civil)' SKCIIOHEHIIUAIIBHO:

A =exp(x'B). Taxxke Oblua OllEHEHA MOKa3aTelbHas (PKCIIOHEHLMAJIbHAs) MOJENb, TJe MapaMmerp P

MoJiarajicsi paBHbIM 1. PeByJ’IBTaTBI OLICHUBAHUS ITPUBCACHBI HI/I)Kelz:

Onenku K03pGuUIMEeHTOB (CTaH I. OUIMOKH)
IIepemeHHBIE =
[TokasaTenbHast MOJIEIb Mopens Beiibynna

KoHncTanTa -4.35 (0.21) -3.46 (0.50)
Civil 1.16 (0.36) 0.89 (0.38)
Interstate -1.64 (0.50) -1.40 (0.51)
p 1.00 (---) 0.81 (0.10)
Jlorapudm GyHKIMH MTpaBaonoa00us -86.35 -84.66
Yuciio HaOmroeHui 54

a) Ilo pesynbraTtam olleHHBaHUS MoAenu Beii0ymia BBIICHUTE, €CTh JIM OCHOBaHUS CYHTATh, YTO
MIPOJIOJDKUTEILHOCTh MUPOTBOPUYECKON MHUCCHH TPH YPETYIHPOBAHUHU TPAKIAHCKON BOWHBI CBS3aHA C
WHOCTpPaHHBIM BMEIIATELCTBOM. VCIoNb3yliTe ypOBeHb 3HAUUMOCTH 5%.

0) I[IpoBepnTe TUMOTE3y 00 OTCYTCTBUU BPEMEHHOM 3aBHCUMOCTH.

B) CpaBHUTE KaueCTBO MOATOHKHU ABYX MOJIENEH MO KPUTEPHIO AKauKe.

1 3ty pesyaprarsl yacTHuHO B3ATH 13 Tekcta G.R. Neumann “Search models and duration data”.
12 A a10 MBI B3sH 3 kHmkkK J.M. Box-Steffensmeier, B.S. Jones “Event history modeling: a guide for social scientists”



r) Hapucyiite rpaduku GyHKIUNA pyUCKa 715 KOKIOTO THIAa KOHPJIMKTA (HaBEPHOE, 3TO yI00HEe JeNaTh
Ha KOMITBIOTEPE).

Ne7.3.3. Tlo BbeIOOpKE ®3 N He3aBUCHUMBIX HabmogeHwit Ti1, ..., Tn OIIGHHUBAaeTCSs MOJETh
PONOPIMOHAILHEIX PpUCKOB. Ilpenmonaraercsa, 4ro (YyHKIMS pUCKA BEIMYUHBI 1i HMEET BHUJI
h(t)=h0(t)exp(Xi'B), rue ho(t):]-'l' ol. 3mech Xi — BEKTOp OOBACHSIONIMX MEPEMEHHBIX UIA i-TO

HaOMIOZICHUs, 3 — BEKTOpP OILICHMBAEMBIX KOA(D(PHUIIMEHTOB NPH OOBICHSIOMNUX TEPEMEHHBIX, 0O —
HEOTPULIATENFHBIN MapaMeTp OonopHOM (GyHKIMM pucka. YacTh HaOIIOAEHUI LIEH3ypUpPOBaHBI CIIPaBa
(torma Ti oTpakaeT UIUTENBHOCTH I-TO COCTOSIHHS HAa MOMEHT LIEH3YPUPOBaHHs), B OCTAIbHBIX
u3ydaemas JUIMTEIbHOCTh TOYHO M3BecTHA. O003HauuM 3a Oi MHIMKATOP LIEH3YPUPOBAHUS, PaBHBIN
€IMHULE JUI1 I€H3YPUPOBAHHBIX HAONIOJCHMH M HYJIIO A OCTAJIbHBIX. BpImummre QyHKIUIO
NpaBOIO100Ms AJIsl OLICHUBAHUS TTAPAMETPOB 0. U B IPH U3BECTHBIX Ti, Xi, Oi.

Ne7.3.4. WccnenoBaTenb TPEAINONAraeT, YTO BEIMYMHA |  ONMCHIBAETCA (QYHKIMEH TOKHUTUS

-
S(t) = (1+t) , TIe mapameTp A CBsi3aH C BEKTOPOM OOBSCHSIONIMX IMEPEMEHHBIX X: A =exp(Xx'P).
[ToxaxxkuTe, 4TO UCCIEAOBATENb UMEET JEI0 C MOJCIIBIO TIPOITOPIIMOHAIILHBIX PUCKOB.

Ne7.3.5. B mporpamme neueHust oT tabakokypeHus ydactBoBasio 200 denoBek, Mo HaOIIOACHUSIM 3a
KOTOPBIMH OBLIIa OTIICHEHA MOJICITb [UTUTEIILHOCTH BO3/IEPKaHuUs OT KypeHus. [Ipemoaranocs, 4To BpeMs

=
BO3jiepKaHus | uMeer pacnpenernenue BeiiOyia ¢ hyHkuuei pucka h(t) =Apt"", rae napameTp A
3aBUCHT OT 00BsACHsIOMMX nepeMeHHbix male (1 st Mmyxuus u 0 1711 )KSHIIMH) U eXPer (CTax KypeHHs
B roJiax): A= eXp(Bl + Bzma|e + B39Xper) . BoT pe3ynbTaThl OlleHHBAHUS:

THapamemp: B, B, B, Y
Ouenka: -1.95 | -0.16 | 0.14 | 0.82
Cmanoapmnas owubka: 0.15 | 0.10 | 0.04 | 0.05

a) UTto MOHO cKa3aTh O XapaKTepe BpEMEHHOM 3aBUCUMOCTH ?

6) EcTb Iu OCHOBaHME CUMTATh, YTO MPH OJMHAKOBOM CTake KYpPEHHUsl PUCK 3aHOBO HAa4aTh KypUTh IJIs
MY>KUMH U KEHIIHUH pa3inyeH?

B) ChopmynupyiiTe B TepMUHAX NTApaMETPOB MOJENU TMIIOTE3Y: JUISl )KEHIIHUHBI C IBYXJIETHUM CTaKeM
KypEeHHUsI pUCK 3aHOBO Ha4aTh KYPUTb HE 3aBUCHUT OT MPOJIOJKUTEILHOCTH BO3ep>KaHus U paBeH (.2.

Ne7.3.6. [laBHBIM-TaBHO B OJHOW nan€kou-manékoit obiactu aemorpad AmuTpuii 00bUT JTaHHBIE O
BO3pacTe BCTYIUIEHHS B Opak cpead 500 MyXKYMH W OLIEHWJ JIOTJIOTHMCTHYECKYIO PErPECCHI0 3TOM
sennunHbl Ha iepemennbie Ciudad (1 mis roposkan, 0 s cenbyan) 1 RUDIO (1 17151 CBETIIOBOIOCHIX,
0 unaue).

Loglogistic regression -- accelerated failure-time form

No. of subjects = 500 Number of obs = 500
No. of failures = 405
Time at risk = 14796.55582

LR chi2(2) = 12.00

Log likelihood = -214.4989 Prob > chi?2 = 0.0025

_t Coef Std. Err z P>|z| [95% Conf. Interval]

_____________ +________________________________________________________________

ciudad | .1327109 .0380371 3.49 0.000 .0581596 .2072621

rubio | -.0214258 .0315395 -0.68 0.497 -.083242 .0403904

cons | 3.279762 .0341681 95.99 0.000 3.212794 3.346731

_____________ +________________________________________________________________

/ln gam | -1.666244 0408503 -40.79 0.000 -1.746309 -1.586179

_____________ +________________________________________________________________

gamma | .1889554 0077189 .1744165 .2047063

a) [laiiTe Mo BO3MOKHOCTH TMOJIHYIO MHTEPIPETALIUIO PE3YJIHTATOB OLCHUBAHUSI.



0) Bemummre Moens B IMHEHHOU (opme.

B) OLileHUTE MeIMaHHBIN BO3pacT BCTYIUICHHUS B Opak JUIsi TEMHOBOJIOCOTO CElbYaHUHA.

r) Hauepture rpaduku GyHKIMIA JOKHUTHS ¥ PUCKA IS YETHIPEX TPYII MY)KUUH I10 TUITY TTOCEICHUS
I[BETY BOJIOC (HaBEpHOE, 3TO yA00HEE eNIaTh Ha KOMITBIOTEPE).

Ne7.3.7. OueHuBaeTcss MOAETh PACTOPXKEHHS JOTOBOPOB CTPAaXOBAaHUS KHU3HM, I7e OOBsCHIEMAas
BEIIMYMHA — BpeMsI JICHCTBUS IOroBOpa J10 ero pacropxenus lifetime (B nusx), a perpeccopsl — 1aMMu-
nepeMeHHble Bo3pacTa (age 30=1 nns xnueHtoB Mosioxke 30 ser, age50=1 mist kinenToB oT 50 ser u
crapiie), mona (male=1 s Myx4nH) U Tuna gorosopa (prestige=1 amst TOpPOrux JOrOBOPOB THIIA
«IIpectmx», 0 st 6osee nemeEBbIX JoroBopos Tumna «Kiaccukay). BoT pe3ynbraTsl OlleHUBaHUS MOJCTH
BeiiOynna B MeTpuke yCKOPEHHOTO BPEMEHHU:

LR chi2 (4) = 21.37

Log likelihood = -174.16693 Prob > chi2 = 0.0003
_t Coef. Std. Err. Z P>|z]| [95% Conf. Interval]
_____________ +________________________________________________________________
age 30 | -1.414679 .5591233 -2.53 0.011 -2.510541 -.318818

age50 | .4295516 .5389189 0.80 0.425 -.6267101 1.485813

male | .3393536 .5893608 0.58 0.565 -.8157724 1.49448
prestige | -1.485285 .4947198 -3.00 0.003 -2.454918 -.5156518
_cons | 8.589703 .5142198 16.70 0.000 7.581851 9.597555
_____________ +________________________________________________________________
p | .6174127 .0731074 .4895369 .778692

1/p | 1.619662 .191783 1.284205 2.042747

a) JKeniuHa 35 et ToJIbKO YTO 3acTpaxoBaHa 1o Jorosopy tumna «Kmiaccuka». C Kakoi BEpOSATHOCTBIO
JI0roBOp OyZAEeT pacTOPrHyT B TeUeHUe roja’?

0) Kak paznuuarorcs MeuaHbl BpEMEHU PacTOPKEHUS JUIsl MY>KUMHBI 58 JIET U KEHIIUHBI 35 JIeT, ecliu
OHH 3aKJIFOYMIIM JOTOBOP OJIMHAKOBOI'O THIIA?

B) Brinumute Mmoiens B TUHEHHOM dopme.

r) PaccumnTaiite 3HaueHne Kputepusi AKauke.

Ne7.3.8. UccrnenoBaTens mpeanoiaraet, 4To Mpoa0KUTENBHOCTh 0€3pa00THIIBI OMTHCHIBAETCS MOJIEINBIO
HKCIIOHEHIIMATIBHOU perpeccuu h(t | x) = exp(x'B). i onpenenenus kor¢p¢uIueHTOB B OH coOupaeT
BBIOOPKY M3 N 6€3pa0OTHBIX 00BEMA M M3MEPSAET UX XaPAKTEPUCTHKH X{, .-+ X, . Uepes Mecsil OH HaXOJUT
TeX K€ JII0JIeH U y3HAET, MPOAOKAIOT JIU OHH OBITh OBITH 0€3pa00THBIMU, TOTIONHSISI CBOM HAOIOICHUS
BEMYMHAMH Vj, Vg, e Y; =1, ecn 0e3paboTHBIH 10T HOMEPOM | IPEKPATHIT TIOKCK, U 0 HHaYe.

a) BeimumuTe norapupmMudeckyro QyHKIUIO MpaBaonoao0us JUisl OlleHuBaHUs KO3 ULIUEHTOB B IO
gaHHbIM Xyyeoy Xy ) Yo Yy

6) KakoBbl MOryT OBITH NOCHEACTBUS «3aJEPKAHHOIO BXOJla» - TOrO, YTO OIpAlIMBAEMbIE YXKe
HAaXOJWJIUCh B COCTOSHUU 0e3paboTHIlBI Kakoe-TO BpeMs Ha MOMEHT HX IIepBOrO OImpoca
HhcciaenoBareneM?

Ne7.3.9. [1o Tpém HabOII0AEHUSAM, HE MTO/IBEPKEHHBIM HU 1LIEH3YPUPOBAHUIO, HU YCEUEHUIO, OL[CHUBACTCS
CBSI3b MEXY JIUTENBHOCTHIO T 1 0OBACHAIONICH EPEMEHHOM X!

i, Homep HaOoaenus | t; | x;
1 110
2 411
3 3|10

INpexamosnaraercs, 4YTo CBA3b OMHMCHIBAETCS MOJIEIBI0 DKCIOHEHIIHAIBHON perpeccuu 6e3 cBOOOIHOIO
uieHa, tak uto h(t;; x;, B) = exp(Bx;).



a) BemummTe QyHKINIO MpaBIonoao0us.
6) Onenure mapametp f3.

Ne7.3.10. Ornenure Moemb MoKa3aresbHO# perpeccuu h(t) = exp(a + Bx) mo meH3ypupoOBaHHOM
cripaBa BEIOOpKE:

Ne HaOmonenusi | Bpems (00bsicHsieMasi BeJIMYMHA) | X | HeH3ypHpPOBaHHue
1 2 0 HET
2 4 1 HET
3 4 1 it}

Ne7.3.11. To npuBeAEHHBIM HUKE TaHHBIM onieHeHa perpeccust Kokca h(t) = hy(t)exp(Bx),

noxyuensl 3HadeHns B = 0.347,InL = —1.763 . YceueHus U LIeH3yPHUPOBAHHS HET.
Ne naGumonenusi | Bpemsi (00bsicHsieMasi BeJIMYHUHA) | X
1 1 0
2 3 1
3 5 0

a) PaccuunTaiite CTaTUCTUKY OTHOILIEHUS IIPABIONON00US 7Sl IPOBEPKU 3HAUUMOCTH PETPECCUM.
0) PaccumraiiTe cTaTHCTUKY OTHOIICHHUS PABAONONO0MS Ut TPOBEPKH rUroTe3sl Hy: B = 1 npoTus
HA: B * 1.

Ne7.3.12. Ilo 1ieH3ypupOBaHHBIM CIIpaBa JaHHBIM OlleHeHa perpeccust Kokca h(t) = hy(t)exp(Bx),

MOJIyYEHbI 3HAUCHHU S G = —0.693,InL = —2.603.

Ne nabGuionenusi | Bpemsi (00bsicHsieMasi BeJIMYMHA) | X | HEH3YpUPOBaHHe
1 1 0 HET
2 5 0 HET
3 3 1 HET
4 5 0 na

PaccuunraiiTe cTaTUCTHKY OTHOIIICHUSI PABIONIOI00MS IS MPOBEPKU 3HAUUMOCTH PETPECCHUMU.

Ne7.3.13. Tlo npuBeIEHHBIM HUXKE TaHHBIM METOJOM YACTUYHOTO MPABIONOA00HS OIIEHUTE MOJIETH
h(t) = hy(t)(1 + xB) u moctpoiiTe rpaduK OLEHKH OMIOPHON HHTETPATLHON QYHKIIMH PUCKA.
VYcedeHus v 1IEH3ypUPOBAHUS HET.

Ne naGuonenust | Bpemst (00bsicHsieMasi BeJIMYUHA) | X
1 1 0
2 3 1
3 5 0

§7.4.Henab.io1aemasi pa3HOPOJHOCTb.

Ne7.4.1. TlycTh COBOKYIHOCTh 0€3paOOTHBIX JIE€IMTCS Ha JBE TPYIIbI: aKTUBHO MILyIIHMEe paboTy U He
npusararomye K IoMcKy ocoObIX ycminid. Puck Bbixosa u3 6e3paboTHIIbl 47151 aKTUBHO UITYIIHMX 337aETCs

(GyHKIHENR hp(t) =0.5, a A9 MaJOaKTHBHBIX - hNA(t) =0.2 Jonsi akTUBHBIX 0€3pabOTHBIX Cpeau

TOJIBKO YTO HayaBIINX MOUCK cocTaBisieT 40%.

a) KakoBo cpennee Bpemst moricka paboThI 71l aKTUBHO UIYIIHX padboTy? J{ms MaaoakTHBHBIX?

6) Hekuii yenoBek TOIBKO YTO moTepsist padoty. HensBecTHO, HACKOJIBKO aKTUBHO OH Oy/eT €€ MCKaTb.
Haiigure GyHKIUM TOXKWATUS M PUCKA JUIS MPOJOJIKUTEIBHOCTH MOMCKAa PabOThl 3TUM YEJIOBEKOM.
[Toctpoiite rpaduk GyHKINN pUCKA.

Ne7.4.2. JlerkoMbiciieHHas JeBylIKa TaHs UIIET MY>KYMHY CBOE€H MedThl. BCcTpeTuB kaHauaara Ha 3Ty
poib, TaHs HeMeUIeHHO BBIXOJIUT 3a Hero 3aMyX. byzem cuutath, yTo ¢ BeposaTHOCTBhIO 20% OHa He
omnbaeTcst M KHUBET 3aTEM CUACTIMBON CEMEIHOM XKHU3HBIO, HE Pa3BOACh. B mpoTuBHOM ciaydae Tans



Ha4YMHAaCT MOCTCIICHHO OCO3HABAaTh CBOIO OINJIOIMHOCTD, U OCO3HAET €€ TEM IOJIHEE, YEM OoJtbIIre BpPCMCHU

npoBoIUT B Opake. Kak cnencTBue, puck pa3Bosa pacTér: h(t) = 0.5t%

a) Tonbko uro Tans BbILIa 3amMmyx. Beimumure GyHKIUIO 10KUTHS U GYHKIUIO pUCKA VIS BEIUYUHBI T
— TPOJODKHTENHHOCTH TipeObiBaHUS B Opake. [laiiTe wuHTepmperanuio XapakTepy BpPEMEHHOU
3aBUCUMOCTH.

0) IIpouwno Tpu roxa, a TaHs Tak U He pa3Benach. PaccuuTaiite BeposTHOCTh TOro, uto TaHs Hamuia
MY>KYHHY CBOEH MEYTBHI.

Ne7.4.3. 3aBoj BbIYCKaeT TEIEBU30PHI, 10Jis1 Opaka B MpoAyKUUU cocTaBisieT 5%. Puck mojgoMku He
3aBHCHT OT CPOKA DKCILTyaTallMi TEJEBU30Pa U ONMUCBIBACTCA QYHKIMEN hy (t) = 0.2 11 Ka4eCTBEHHBIX
TEJIEBU30POB U h, (t) = 2 Ul OpaKOBaHHBIX (BpEMs U3MEPSETCS B TOJAX).

a) TosbKo YTO MOKyMaTeNb NPUOOPEN TETEBU30P C ATOTO 3aBOAA. BrImuimuTe GyHKINN JOKUTUS U PUCKA
JUIS BDEMEHU €ro KHU3HHU.

0) TeneBuzop nmpopaboTai roj, He cioMaBIIKCh. KakoBa BEpOATHOCTB TOTO, YTO OH OpaKOBaHHBIN?

Ne7.4.4. Cnyuaiinas BenuurHa | MMEET OKA3aTEIbHOE PACIIPEAEIICHUE CO CIYYAHBIM IIAPAMETPOM A
. Haligure QpyHKIMM DOXKUTHS U PUCKA, €CITH A UMEET

a) paBHOMEpHOE pacnpeseneHue Ha otpeske [0; 1],

0) mokasareiabHOe pacipeieleHHe ¢ AMHUYHBIM TapaMeTPOM.

Ne7.4.5. B ropoae HH Bce HOBOpOXKIEHHBIC IEBOYKH AeisTcs Ha HeBecT (ux 80%) u nemorpor (20%).
Henorporu Hukoraa He BBIXOIAT 3amMyK. [[Jisi HeBecT BO3pacT BCTYIUICHHS B Opak — JIOTapUDMUICCKU

HOpMaJlbHasl cy4aiiHas BeMu4YHHA ¢ mapameTpamu My = 3.2 1 5% = 0.01 15 TEMHOBOIOCIX ACBOYCK U

Ug = 34 us?=001 JUISL CBETIIOBOJIOCKIX. [IpHHAIIIE)KHOCTD K HEAOTPOraM HE 3aBUCUT OT I[BETA BOJIOC

HOBOPOXKJAEHHOM.
KpacaBerr Mutpodan coOupaercst KEHUTbCS M paccMaTpUBaeT JIBE KaHIUAATYPBI: TEMHOBOJIOCYIO
[TpackoBbio 25 net or poay u cerioBonocyto Codrro 32 et (o0e 3amykeM He ObuM). Murpodan
yBEpEH, YTO OTKa3aTh €My MOXET TOJIbKO HenoTpora. K KoMy CTOMT cBaTaThCsi, 4TOOBI UMETH OOJbINE
IIaHCHI Ha ycrex?

N7.4.6. OueHuBasach SKCIIOHEHLMANbHAs perpeccus ¢ HEHaONI0JlaeMOM  Pa3HOPOIHOCTHIO:
h(t)ZGXP(BO +B1X1+B2X2)'OL, rae cioydaiiHas BeawunHa Ol WMeeT TamMma-paclpelciieHHe C

MaTeMaTHYeCKUM oxuanueM | u aucnepeueit . Bot pe3ynbraTsl olleHUBaHHS:

Exponential regression -- log relative-hazard form
Gamma frailty

No. of subjects = 1000 Number of obs = 1000
No. of failures = 1000
Time at risk = 5883.972279

LR chi2 (2) = 19.62

Log likelihood = -2219.7535 Prob > chi?2 = 0.0001

bt Coef. Std. Err. z P>|z| [95% Conf. Intervall]

_____________ +________________________________________________________________

x1 | .1563679 .0387083 4.04 0.000 .0805011 .2322347

x2 | -.235001 .1183053 -1.99 0.047 -.4668751 -.0031269

cons | -.3089989 .0887406 -3.48 0.000 -.4829272 -.1350706

_____________ +________________________________________________________________

/1ln_the | .0323916 0729977 0.44 0.657 -.1106813 .1754645

_____________ +________________________________________________________________

theta | 1.032922 0754009 .895224 1.1918

Likelihood-ratio test of theta=0: chibar2 (01) = 637.76 Prob>=chibar2 = 0.000



a) EcTp 11 ocHOBaHUA BKIIIOYATh B MO/JIENIb HEHA0II01aeMYI0 pa3HOPOIHOCTh?
0) Beimummre GyHKIMIO pUCKa AJIS CITydast xl =0, Xz =1 IIPY HEU3BECTHOM 3HaueHun .

B) Paccuwuraiite ncesno- R’.



Yacts 8. CrucTemMbl ypaBHEHUM.

§8.1. CTpykrypHas u pa3peménnas popma cucremsnl. KocBennbriit MHK.

Ne8.1.1. Dxonomerpuct Haznst Xoder OIEHHTH CHpPOC HA TPYH, MPEIbIBIAEMBbIH OOYBHBIMU
HOpeNpUATHSIMU TOpoacKoro nocenexus Yepesnunslid. Hans cunTaer, 4To paBHOBECHE Ha PhIHKE TpyJa
OINKMCHIBAECTCS CUCTEMOU YPaBHEHHUIA:

InL, =a, +a,InW, +0,InQ, +a, INK, +¢; (cmpoc),
InL, =B, +B, InW, +B;Inl, +v, (mpemtoxkenne).

3nech L[ - KOJIMYECTBO padOUMX, 3aHATHIX HA OOYBHBIX MPEANPHUATHIX B KBapTaie t, Wt - 3apaboTHas
Iiara, Qt - 00bEM TPOM3BOACTBA OOYBH, Kt - KOJIMYECTBO KalHTaja, MCIOJIb3yeMOTo OOYBHBIMHU

MNpEaApuUATUiIMU, It - CTaBKa ITPOLCHTA. 9HI[OFCHHBIMI/I NEPEMEHHBIMU MOACIIN ABJIAIOTCA L[ n Wt .

OrneHuBaHUE YpaBHEHUS B pa3pelIéHHON (opMe 1ajo CIeIyIOIHE Pe3yIbTaThl:

InW, =5.9+0.4InQ, —0.2In K, -0.2In1,,

InL, =8.0+0.36InQ, —0.18In K, +0.12In ..

[Tomorute Haze: oneHnTE 351aCTUYHOCTH CIIPOCca Ha TPY/I 10 3apabOTHOM Iuiate.

Ne8.1.2. PaccMoTpuM MoieTTb paBHOBECHS HAa PHIHKE CKBOPEYHUKOB B MOMEHT 1
Q=B8+LR+BY +¢&, (cmipoc)
Q =n+7.R+rW +u. (mpemtoskeHue)

3nech Q — 00BEM MPOU3BOICTBA/TIOTPEOICHNUS CKBOPEUHUKOB, P — I1eHa CKBOpeuHHKa, Y — J0X0]
notpebutens, W — 1ieHa IpeBECHHBI.

Cucrema nipu3BaHa onpenensath pasHoBecue (P,Q) nmpu 3amanHbix 3HaueHUAX Y u W.
OrnenuBanue paspeni€HHoN GOpMBI A0 pe3ysbTar:

Q, =100+0.3Y, —0.2W,,
P =—5+0.4Y, +0.4W,.

BrImuimTe oleHKH ypaBHeHI/Iﬁ CIIpOCa U MPECAIIOKCHU .

Ne8.1.3. IIycts X 1 Y — sHIOreHHbIe IepeMeHHble, Z — sk30reHHas. Kakue u3 ko3 dunuenton
CUCTEMBI UACHTU(DUIIUPYEMBI?

a) Yi =0y o, X; +g, 5) Y=o, +0o,X, +¢,
Xi =B +B,Z; +v;. X, =B, +B,Z, +B,Y; +v,.

Ne8.1.4. [Ipuaymaiite cTporo HASHTUPHUIHUPYEMYIO CUCTEMY C ABYMS SHIAOTEHHBIMU U OJTHOU
HK30T€HHOU IIEPEMEHHOM.

Ne8.1.5. Boinmumute cucteMsl U3 3agaun Ne§.1.3 B pazpeméHaoit popme.

§8.2. MeToa MHCTPYMEHTAJILHBIX NepeMeHHBIX.

Ne8.2.1. MccnenoBarenp OLEHUBAET YpaBHEHUE CIIPOCA HA MAaHIaPUHBI:
Q =B, +B,P" +B, ia +B,Y; +¢;, rne Q — 06BEM POk MaHJAPUHOB Ha Jylly HaceneHus, PM —

MHJEKC 1IeH Ha MaHAapuHbl, P* — MHEKC 1IeH Ha anelbCuHbl, Y — CpEeIHUH 10X0/ Ha AyLIly
HacesneHus. MccnenoBaresns Ha3HayaeT nepeMeHnyo PY sHioreHHoH, a nepemennsle PP u Y —
JK30T€HHBIMU. J[JI51 OLICHNBAHUS YPAaBHEHUS IPEII0JIAracTCs NCIOJIb30BaTh METOJ MHCTPYMEHTAIbHBIX



nepemMeHHbIX. Hrke mpuBeeHbI yeThipe Habopa nHCTpyMeHTOB 1i1st PY (3meck R — BhIcOTa 0CajikoB B
CTpaHe-TIpou3BoaUTENe, F — MHIEKC 1IeH Ha yIOOpEeHHs B CTpaHE-TIPOU3BOIUTEINE):

a)(P4R),  0)QR), BPLY), 1, F)

Onpenenure, Kakue HAOOPHI SBISIOTCS TAPAHTUPOBAHHO HEJTOMYCTUMBIMH B KQU€CTBE HHCTPYMEHTOB U
000CHYHTE CBOI BBIOOD.

Ne8.2.2. O6parumcs k cucteMe u3 3amaun 8.1.1. ITycts Hamst permmna mpoBepuTh CBOM PE3yJIbTATHI,
OIICHUB YpaBHEHUE CIIPOCa C TOMOIIBIO METO/1a MHCTPYMEHTAIbHBIX NIepeMeHHbIX. Kakue u3
MEPEMEHHBIX MOJIEH Bbl OBl TOCOBETOBAJIU €1 UCIIOIb30BaTh KaK HMHCTPYMEHTHI /171 Jiorapudma
3apa0OTHOM IJIaThI?

Ne8.2.3. UccnenoBarenb OLEHUBACT (QYHKIHMIO CIIPOCA Ha HEKOTOPBIA ToBap: Q; = f1 + BoP; + f3Pr; +
B.Y; + &;, e Qi — 00bEM noTpebIIeHUs ToBapa B roay I, P — 1ieHa ToBapa, Pr,i — 1ieHa 3apy0e:KHOTro
aHasora, Yj— pacroyaraemsiii 10xo/. MccienoBarens HaMmepeH oOpamaThest ¢ IepeMeHHoi P kak ¢
SHIOTCHHON M MCIIOJIb30BATh METOJI MHCTPYMEHTAIBHBIX IEPEMEHHBIX JJIs1 OLICHUBAHUS (DYHKIIUN
crpoca (B KauecTBE HHCTPYMEHTOB OH XO4YET UCIIOJIb30BaTh IICHY ChIpbsi Pmi 1 cTaBKy mporeHTa R;).

K coxxanenwuro, y uccieoBaress HET IPOrpaMMbl, aBTOMATHUECKH MTPOBOJISIICH OIICHUBAHHE METOJIOM
WHCTPYMEHTAJIbHBIX MIEPEMEHHBIX, a €CTh TOJIBKO EXCel, B KOTOpOM pean3oBaH OOBIYHBIA METO/
HAaUMEHBIINX KBapaToB. ONMUIIUTE MPOLETYPY, C TOMOIIBIO KOTOPOH UCCIIE0BATEIh CMOKET
HOJIY4UTh OLleHKHU (yHKImu cripoca B Excel (nnaue roBopsi, onumute oba mara apyxuiarosoro MHK).

Ne8.2.4. YpaBHeHue Yi = Bxi +¢&; ouenuBaetcs aApyxirarossiM MHK crenyronum obpazom. Ha mepsom

LIare OLCHHBACTCS 3aBHCHMOCTD SHIOTCHHON [IEPEMEHHOI X; OT UHCTPYMEHTA Z: X, =aZ +v,.

[TporHO3HbIE 3HAYEHHS U3 ITOTO ypaBHEeHHs 0003HaunM X,.Ha BTOpOM Iiare oreHuBaeTcst

3aBucuMocth Y; = PX, +¢;. onyuennyio onenky o6osznaunm 3, . O6a pasa ucmnonb3yercs OObIYHBINR
MHK.

n

>.zZY,

[okaxmure, uto f3,, = =—.

D> Z.X,
i=1

Ne8.2.5. PaccMOTpHUM KITaCCUYECKYIO TUHEHHYIO HOPMAJIbHYIO PETPECCUOHHYIO MOJIENb Yi = Bxi t€ ¢
. .. L 2
JUcIiepcuen ciryyaiiHoi coctapisitomiei O, . [TokaxuTe, 4TO OLIEHKA METO/1a UHCTPYMEHTAIBHBIX

Zn: ZiYi
i=1

nepMeHHBIX f3,, = -=L—— necmeménnas. Haiinure e€ nucnepcuro. Kakumu J0KHBI ObITH 3HAYEHUS

D> Z.X,
i=1

WHCTPYMEHTAIBHON ITEPEMEHHOMN Zl, ey Zn , YTOOBI AUCTIEPCHS OLIEHKU OblJIa MUHUMAaJIbHOM?



Yacts 9. AHanm3 BpEMEHHBIX PSIOB

§9.1. Knaccnueckoe pa3JjioxkeHnue BpeMeHHOro psjaa. CriiazkuBanue ce30HHOCTH.

Ne9.1.1. OObsicHUTE, B 4YEM PA3TUYUs MEKIY LUKINYECKON M CE30HHOM COCTOABISIONICH BPEMEHHOTO
psana?

Ne9.1.2. [Tocmotpute Ha rpaduku HIKE. B kakoMm citydae ce30HHass KOMIIOHEHTA BXOJIUT B PsT
aJINTUBHO, & B KAKOM — MYJIbTUIUIMKATUBHO?

a4 3
0
2
2 | 2 |
> 5
v
4 '3
1 0
R_
1 1'
y 5
1 1_
4 | 0
C 1 2 3 4 } I : I \
n d n n ,]( % E ﬂ

Ne9.1.3. B uém pazHuiia Mexay 1ByMs MOAXOAaMU K YUETY MYJIbTUIUIMKATUBHON C€30HHOCTH:

1) crnaxxuBaHre BPEMEHHOTO Psifa CKOIB3ALIIMMHI CPEAHUMHU U PACYET MYJIbTHUILTUKATUBHBIX CE30HHBIX
HHJCKCOB;

2) norapudmMuUpOBaHKE PsAAA U BbIICTICHUE aJINTUBHON CE30HHON KOMIOHEHTHI?

Ne9.1.4. B uém pazHuLa MEXy pAIOM CKOJIB3AIUX CPEIHUX U PAIAOM C MONPABKOM HAa CE30HHOCTH?

Ne9.1.5. Cratuctuk Tumodei pa3MbIIIISET TaK: 7S MOMPABKU HA CE30HHOCTh HYXKHO 3HATh, BXOJUT
JIX CE30HHAA KOMIIOHCHTA aJANTUBHO UJINW MYJBTUILIMKATUBHO B HOHpaBJ'ISICMblf/'I pAa, a CKOJIB3AIUC
CpenHue B 00OMX CITydasx JIMIIEHBI CE30HHBIX KOJEOAHUI, TOITOMY AJIs yIaJIeHHs] Ce30HHOCTH JTyyYllle
IMPOCTO HUCIIOJIB30BaTh PAJ CKOJIB3AIUX CPCAHUX. I[OHYCTI/IM JIX TaKoHu I1oaxoa, €Cjan 1eib
CTTIQ)KMBAHUS CE30HHOCTH ) BBISBIEHHUE HCTOPHUUECKUX JOJTOCPOUHBIX TeHACHIIUH, 0) MOoTy4YeHue
OTepaTUBHON MHPOPMAIINK 00 U3ydaeMOM IoKa3aTene?

§9.2. DKcnoHeHIATbHOE CIIAKHBAHME.

N29.2.1. TIpoBeauTe MpOCTOE SKCIMIOHECHITUATLHOE CTITAXKUBAHKE PSJia Yt C TApAMETPOM CTIIaXKUBAHHUS
o =0.2. Paccunraiite mporuo3 amis Ye.

tt 11]2]3]4]5
y. |5]5(2]44

N29.2.2. TIpoBoAMTCS MPOCTOE IKCIOHEHIIMATIBHOE CriIakuBaHue psiza Yt ¢ mapamerpom a=0.5. C
KaKHM BECOM BXOJMT IIEPBOE HAONIOJICHHE B CITIaKEHHOE 3HAUEHUE y,, €CIU y, =y, ?

1 t
EZ Yi — 4acTHBIN cirydai
i=1

OKCIIOHCHIIUAJIbHOT'O crilakuBaHus? 3aBUCHUT JIM OTBET OT 135160pa HAYaJILHOT'O 3HAYEHU?

Ne9.2.3. BepHO 111, YTO CrIaKUBaHUE CPEIAHUM apUPMETHUCCKUM Y, =



_ 1y
N29.2.4. BepHo 11, 4TO CriIa)kKUBaHUE CPETHUM apHU(PMETHUECKUM Y, = —Z Y; 1o Bcemy psiny u3 T
i=1
Ha0JII0JIeHUI — YacTHBIN CTyyail SKCIIOHEHIMAIBLHOIO CriaxkuBaHus? Pazoepure ciyvail y, =y, .
3aBUCHUT JIU OTBET OT BbIOOpA HAYAJIbHOI'O 3HAUYEHUS ?

Ne9.2.5. B tabnuie npuBeIeHBI TEMITBI POCTa MPUOBUIM KOMIIAHUH 110 OTHOLICHUIO K MPEIBLIYIEMY
roay (B IpoLeHTax):

lon 2005 2006 2007 2008 2009 2010 2011 2012
Pocr 110 122 120 90 88 102 104 115
npuObLIH

[TpoBenuTe 3KCIMIOHECHIIMAILHOE CTiIaKuBaHue ¢ mapamerpoM o = 0.2 u paccuuTaiite nporuos va 2013
TOJI.

§9.3. CraumonapHocTh ciay4daiinbix npoueccoB. Moaeaun ARMA.

2 .
Ne9.3.1. ITycrs €, ~WN (0,67), Y, =€, —€,4. [Mokaxure, 4to nporecc Y; CTarMoHapHbIH U

BBITTUIIUTE €0 aBTOKOBAPHAIIUOHHYIO U ABTOKOPPCIAIIUOHHYIO (I)YHKI_[I/II/I

N9.3.2. Ilyctb €; u Uy — He3aBUcHUMBIE Oenble yMbl. BorsicHuTe, OyIyT 1M CTallMOHAPHBIMU
npoueccel: X =& + Uy, Yy =& +& .

N29.3.3. [Ipunymaiite 1Ba CTallMOHAPHBIX IpoOIiecca, CyMMa KOTOPbIX HECTAl[MOHAPHA.

N29.3.4. [IpunymaiitTe 1Ba HECTAI[MOHAPHBIX MpoLIEcca, CyMMa KOTOPBIX CTAl[MOHApPHA.

Ne9.3.5. [Ipuaymaiite cnabo cTanMoOHApHBIHN Mpoiiece, KOTOPBIH He ObLT OBl CTPOTO CTallMOHAPHBIM, U
CTPOTO CTAIIMOHAPHBIIN MPOIECC, KOTOPBIN HE ObUT ObI €100 CTaIIMOHAPHBIM.

Ne9.3.6. Craumonapen 1 npouecc asroperpeccun Y; = 0.5Y, | +€,? Mokaxute, uto AY, =Y, =Y, —
nporecc ARMA, u ipoBepbTe ero cTalliOHaApHOCTbD.

Ne9.3.7. Haiinute aBTOKOBapHallMOHHBIEC U YaCTHBIE aBTOKOBAPUAIIMOHHBIE (DYHKIIMH MTPOLIECCOB
_ _ - 2
yt - Byt—l teu Zt =& TY& 4, Te & WN (O’ Ga) .

Ne9.3.8. Ilyctp y, =12.6-0.3y, , + 0.5y, , +¢,. Haitnure pacf(3), pacf(2), pacf(1).
Ne9.3.9. Ilycte Y, =3.3+¢, +0.8¢, ; —0.2¢, ,. Bemmmmre aBTOKOPPETSIIUOHHYIO (DYHKITHIO.

Ne9.3.10. ITpoBeppTe cTalMOHAPHOCTH MPOLIECCOB:
a)y, =07y, +g, 0) vy, =23+14y,,-04y,, +¢, B) Y, =025y, , +¢,.

Ne9.3.11. IIpoBeppTe CTAlMOHAPHOCTH MPOILECCOB!
a) y,=¢,+0.4¢, ,-0.6¢ ,, o)y, =11y, ,+¢ —0.8¢_,,

B) ¥, =-08+0.7y,, -0.1y,, +¢,, r) ¥, =0.64y, ,+¢ +2¢, ;.



Ne9.3.12. Ilycts Y, =By +B1Y,y +--+B, Y., +€& — crauuoHapHsiii pouecc. [lokaxure, 4To ‘B p‘ <1

Ne9.3.13. [Tycte g, ~WN(0, 1) . Haiinure MaTemaTiueckoe 0XUIaHHE U AUCIIEPCHIO TIporiecca Y, :
a) y, =15+¢, —2¢, |, 0) y, =0.6y,, +¢,, B) ¥, =10+0.5y, , +¢,.

Ne9.3.14. imeeTcst BpeMeHHOH psif Yt

tt [1]2]3]4]5
Vi |1414/8[8]|6
a) [IpoBeanTe MpocToe IKCIOHEHIMATBPHOE CTIIAKHBAHUE psiia ¢ TapameTpoM criakuBanus o = 0.5,
paccyMTaiTe MPOrHO3 Ha J[Ba roJia BIEPE.

0) OneHéHHast O 3THM JITaHHBIM MOJIeNb aBToperpeccun umeet Bua: Y, =5.0+0.25y, , . Paccuuraiite

IIPOTHO3 HA J[Ba IOJa BIEPE 110 ITOU MOJEIH.

§9.4. HecranmoHapHsle ciay4aiinbie npoueccsl. Moaean ARIMA.,

N2.9.4.1. [TokaxxuTe, 4YTO MEepEUUCICHHBIE TPOLIECCH HECTALIMOHAPHBI, U IPOBEPHTE, CTALMOHAPHBI JIH
UX Pa3HOCTHU:

ay, =a+Pt+e, 0) Vi = Y1t &,
B) Y, =B+VY t+e, r) Y, =2Y,; +&.
Besne €, — Oenblii mrym.

N29.4.2. [Ipunymaiite Takue npoueccsl €, M L, , 4TOOBI Iporece Y, ObLI CTAlIMOHAPHBIM B PA3HOCTAX
(HO HC CTaI_[I/IOHapHBIM C TpeHI[OM), a HpOI_IeCC Zt 6BIJ'I CTaI_[I/IOHapHBIM C TpeH,Z[OMZ
y,=o+Bt+eg,, 2, =B+2,, +v,.

N9.4.3. [Ipunymaiite Takue Ipoueccel €, U L, , 4YTOOBI MPOLECCHl X, U Y, ObUIN CTAllMOHAPHBIMHU:

Xp =Xy +&, Y =a+Bt+eg,.

Ne9.4.4. PaccMOTpPHM TIPOCTOE SKCIOHEHIMATLHOE criuaxuBanue: Y, = (1—a)y, , +ay, . Jomycrum,
uTo €, =Y, — Y, — Oenpiit myM. [Tokaxure, urto Y, ~ ARIMA(O, 1, 1), ecim 0 < o <1. Kakum Gyner
npouecc Y, Bcaydaax oo =0 u =17

Ne9.4.5. TTo 30 HaOmOEHUAM OLICHEHA 3aBUCUMOCTh Ay, = —(0.2) Y1 +€ . EcTb 1n ocHOBaHuUs
0.08

CUHTaTh, YTO Ipouecc Y, cranuoHapHblii? Mcnons3yiite ypoBeHb 3HaunMoctu 5%.

Ne9.4.6. ITo 28 HabroIeHUAM OLIEHEHA 3aBUCUMOCTh AY, = (()0.68%— (()O. g.g Y, +¢€,. Cornacyercs 11 3T0T
.1 .

pe3yJbTaT C TUIOTE30M, UTO Y, — cilydaifHoe Omyxaanue ¢ apeiigom? Mcenonpiyiite ypoBeHb

sHaunMoctu 10%.

Ne9.4.7. Tlo 50 HabmIoaeHUAM OlleHeHa 3aBUcHMOcTh Y, = —0.52+ 0.9y, , +e,, R’ = 0.6. Cornacyercs
JIM 3TOT PEe3yJIbTaT C TUIIOTE30i, UTo Y, — ciaydaiiHoe Onyxaanue ¢ apeiipom? HMcnonb3yiiTe ypoBeHb

3HAYUMOCTH 5%.



Ne9.4.8. [1pu npoBenennn tecra uku-Dyiepa ocCHOBHAsI TUIIOTE3a ObuTa OTBEprHyTa. J[aéT 1 3TOT
pe3yJIbTaT OCHOBAHUE CUUTATh, YTO U3y4aEeMbIil poliecc CTallMoHapHbIi? YTo n3yyaemblil ponecc —
ciyuaiiHoe Omyknanue? [laliTe oTBET B ABYX cityuasx: a) mpoBoamics tect Juku-dyrmiepa 6e3
KOHCTaHTHI ¥ TpeH/1a, 0) mpoBoamiics Tect Juku-Dyriepa ¢ KOHCTAaHTOU U Oe3 TpeHa.

N29.4.9. Craructuxk Tumodeit iIeHUTCS aHATM3UPOBATh BPEMEHHBIE PsAJIbl. ECM HY)XKHO nenaTh
IIPOTHO3, OH BCET/Ia MOCTYIAeT TaK: CTPOUT Tpad¥K psaa (3aBUCHUMOCTD Y, OT t), COeqUHSACT IepBYIO U

HOCJIETHIOIO TOYKY IO JIMHEHKE U IIPOBOAUT JIMHUIO JaJbllle — 3HAUYEHUs, JeKallue Ha JIUHUH, U OyayT
porHo3oM. 3aBTpa TUMOdero IPeACTOUT 3alUIIATh PE3yIbTaThl CBOEH pabOThI Iepe/l HauaIbCTBOM.
[Tomorute eMy MOArOTOBUTHLCS: MIPUAYMAUTE TAKUE IPEATIOIOKEHUS O IIpoLecce Y, , IPU KOTOPBIX

Meroa Tumodest OyaeT pa3syMHO 0OOCHOBAHHBIM.

Ne9.4.10. Hagexaa npeasiaraet CBOIO BEPCHUIO MOIX0/a, M3JI0KEHHOTO B IPEABIAYIIEH 3a7a4e: OHa
COCIMHSAET JIBE NOCIIETHIE TOYKU Ha rpaduKe (BMECTO IEpBOM U MOCIEIHEN) U TPOA0IIKAET
MOJy4YeHHYIO JIMHUIO B Oyaymiee. [IpuaymaiiTe Moenb NporHO3UPyEMOro mpoiiecca, mpu KOTopon
TaKOM MOX0] OYJIET pa3yMHBIM.

Ne9.4.11. 1o mauusM 3a 25 et ObLIa OLIEHEHA MOJENb IUNHAMUKA MHIEKCA [IE€H HA Yail IO OTHOILIEHUIO

K UH/IEKCY NTOTPEOUTENIbCKUX LIEH: Iﬁt = (()0.36Z+ (()0'63% P..
A e

a) Onpenenute, KAKOBO CpeJHEE OTHOILIEHHE NHAEKca 1ieH Ha yail k WIIL] B nonrocpounom nepuoze.
0) EcTb 11 ocHOBaHMS cUMTaTh, YTO OTHOIICHHE 1eHbI Yas K UIIL] He onuckiBaeTcs mpoieccom
cirydaiiHoro Oy aanus ¢ apeiidom? Mcnonb3yiiTe ypoBeHb 3HaUMMOCTH 5%



DTy MuITbIe ETOYKH — HATIOMUHAHKIE O HOPMAJIbHOM PaclpeIeIeHUH Kaxa0My U3 poxoxux. Takoe poto
MOTJI0 OBl YKpacHTh OOJIOKKY KHIDKKH 10 TEOpHH BeposiTHOcTed. Hamma KHMKKa HE 10 TEOpHH
BEPOATHOCTEMH, U y He€ HeT 0010kku. Ho €mouku B Hell BCE paBHO €CTb.

Bcero no6poro!



