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1. KOHCIIEKT JIEKI_II/Iﬁ
Jlexknusa Ne 1

Tema: «BBenenue B DJKOHOMETPHKY»

1. Bonipocel jiekumnu:

1. DxoHOMETpHKa Kak HayKa

2. IlpenmeT 3KOHOMETPUKHU

3. 3amaum >KOHOMETPHKH B 00JaCTH COIMATIEHO-I)KOHOMUYECKUX MCCIIeIOBaHUN

4. HWuadopmanmoHnHble TexHonoruu Ha Oaze I[IBOM B 3KOHOMETpHYECKHX
UCCIIEJOBaHMIX

Knaccudukanus nepeMeHHbIX B 95KOHOMETPHUUECKHUX UCCIIEOBAHUSIX

[MonsTne cnienudukanyuu ¥ UACHTUPUIUPYEMOCTH MOACIH

AN

2. KpaTkoe coaep:kanue BONIPOCOB

1. DxoHOMeTpHKa KaK HAyKa

B xypnane «9xoHoMerpukay, ocHoBaHHOM B 1933 1. P. ®pumem (1895-1973), on nan
CIIEYIOIIEE OINpPEAEICHUE DKOHOMETPUKU: «IDKOHOMETpPHKAa — 3TO HE TO JK€ CaMoe, 4YTO
SKOHOMHYECKasl cTaTUCTHKAa. OHa He WIEHTUYHA U TOMY, YTO MBI Ha3bIBAEM 3KOHOMMYECKOU
TEOpUEH, XOTd 3HAUMUTENIbHA YacTh OSTOM TEOPUH HOCUT KOJMYECTBEHHBIM XapakTep.
OKOHOMETpUKA HE SBIIETCS CHHOHMMOM NPWIOKEHUHM MaTeMaTUKM K SKOoHoMuKke. Kak
MOKAa3bIBACT OIBIT, KaXAasi U3 TPEX OTHPABHBIX TOUYEK — CTATUCTHUKA, SKOHOMUYECKAs] TEOpHUs U
MaTeMaThka - He0oOXOAMMOE, HO He JOCTAaTOYHOE YCIOBHE JJisi MOHUMAaHUS KOJUYECTBEHHBIX
COOTHOLIEHUN B COBPEMEHHOM SKOHOMMYECKOM JKM3HHM. OTO — €IUMHCTBO BCEX TpeEX
cocrapisonux. M 3To e1nHCTBO 00pa3yeT 3KOHOMETPUKY».

Takum 00pa3om, SIKOHOMETPUKA — ITO HAyKa, KOTOpas JaeT KOJIMYECTBEHHOE BBIPAKCHUE
B3aUMOCBSI3€M SKOHOMUYECKHX SIBICHUN M mporeccoB. Hemb3st yrBepkaarh, 4TO JOCTUTHYTO
OJIHO3HAYHOE OIpeleleHHEe 3KOHOMEeTpukHu. Tak, O. ManeHBo NpHUAEPKUBAICSA ILIUPOKOIO
MOHMMAHUS, HHTEPHPETUPYS OSKOHOMETPUKY KaK «I000€ MPHIOKEHHEe MAaTeMaTUKU WU
CTATUCTUYECKUX METO/IOB K U3YYEHHIO YKOHOMUYECKUX SIBICHUI».

2. IIpenmer 3KOHOMETPUKH

B nocrnoBHOM mepeBojie CIIOBO SKOHOMETPHKA O3HAYAET «IKOHOMHUYECKHE U3MEPEHHUSY.
9TO 0O4YeHb IIUPOKOC TOJIKOBAHUC IOAHHOTI'O ITOHATHUA. Kak mpaBujio, TCPMUH SKOHOMCTPHUKA
HNpuUMEHseTcs B 0ojiee y3KOM CMbICIE. A MMEHHO, I0J SKOHOMETPUKOW MOHMMAETCS pa3aen
HAyKH, I/ISY‘-IaIOH_[I/Iﬁ KOHKPCTHBIC KOJINYCCTBCHHBIC n Ka4CCTBCHHBIC B3aUMOCBA3HU
SKOHOMHUYECKNX OOBEKTOB M TIPOIECCOB C IMOMOIIBI0 MAaTEMAaTHUYECKHX M CTATHCTHYECKUX
MeTo0B 1 Mojenei (BCD).

3. 3agaun IKOHOMETPUKH B o0JacTH COIMATBLHO-DKOHOMHUYECKHX
HccaeI0BaAHUH

C moMomIpi0 IKOHOMETPUKH PEIIAeTCsl OYeHb MIUPOKUHN Kpyr 3amad. Hanbonee oOmmmm
3aJadyaMu BKOHOMeTpI/IKI/I ABJIAKOTCA:

1) oOHapyXeHUe U aHAIM3 CTATUCTUICCKUX 3aKOHOMEPHOCTEH B SKOHOMHUKE;

2) moctpoeHHe Ha 0a3e BBIABICHHBIX AMIMPHYECKUX SKOHOMUYECKHX 3aBUCHMOCTEH
SKOHOMETPUYECKUX MOJIEIICH.

JlanHple 3amaud  JensaTcs Ha Ooliee KOHKPETHBIE TOM3aJlayd, KOTOpPhIE MOXHO
KJIacCU(PUITUPOBATH 1O TPEM MPU3HAKAM:



1) kmaccudukanus 3aaaq o KOHEUYHBIM MIPUKIIAIHBIM HETISM:

a) TPOTHO3 COIHUAIBbHO-3KOHOMHYECKHX II0Ka3aTeseil, ONpeAeNsionuX COCTOSHHUE HU
pa3BUTHE U3Y4aEMOU CUCTEMBI;

0) MoIeIMpoBaHUE BO3MOXKHBIX BapHAHTOB COLUATBHO-IKOHOMUYECKOTO Ppa3BUTHUSA
CUCTEMBI IJIsl BBIABICHUS (HAKTOPOB, M3MEHEHHE KOTOPBIX OKa3blBaeT Hamboyiee MOIIHOE
BJIMSTHUE HAa COCTOSIHUE CHCTEMBI B LIETIOM;

2) knaccuduKanus 3a/1a4 o YPOBHIO HEPAPXUU:

a) 3a71a4M, perraeMbie Ha MaKPOYPOBHE (CTpaHa B I1E€JIOM);

0) 3a1aum, peracMble Ha ME30ypOBHE (YPOBEHB OTPACiIel, pErHOHOB);

B) 3aJ1auH, periaeMbie Ha MUKpOYpOBHE (YpOBEHb (PUPMBI, CEMbHU, TIPEATIPUITHS);

3) xnaccudukanys 3aaa4d Mo NpoQuIIto U3ydaeMoil IKOHOMUIECKOW CUCTEMBI:

a) PBIHOK;

0) MHBECTUIIMOHHAs, ColMaIbHas, (UHAHCOBAS TIOJUTHKA;

B) IIeHOO00pa30BaHNUC;

T') pacrpeaenuTebHBIE OTHOIICHUS;

1) CTIPOC ¥ TIOTPEOJICHHE;

€) OTETBHO BBIACICHHBIN KOMITJIEKC TPOOIIeM.

4. Nudopmanuonnbie TexHojgoruu Ha 0Oaze [IBOM B 3KoHOMeTpHMUYECKHMX
HCCJIeIOBAHUSX

Ompenenenne  IIIIIII. Bunper  IIIIII.  [Ipo6memuo-opuentupoBanubie  I[ITII1.
Aptomarm3aruu npoektupoBanus (wm CAIIP). IIIIT obmero nHaznauenus. Oducupie TITII.
HacTtonpHble  M3AaTenbCKUE  CHCTEMBI. CucreMbl  UCKYCCTBEHHOTO  MHTEJUIEKTA.
Craructuueckuit naker. STATGRAPHICS, SPSS, SYSTAT, BMDP,SAS, CSS, STATISTICA,
S-plus, u np. STADIA, DBPUCTA, ME303ABP, OJIUMII: Crar-Oxcnept, CTaTHUCTHK-
Koncynerant, CAHU, KIIACC-MACTEP u np. CneumanuzupoBaHHblE MakeTbl. [lakeTsl
o011ero Ha3Ha4YEHUS.

5. Knaccupukanus nepeMeHHbIX B IKOHOMETPHUYECKHUX HUCCIIET0BAHUSIX

B skoHOMETpHYECKIX MOJIEISIX B OCHOBHOM HCTIOIB3YIOTCS IaHHBIE TPEX TUIIOB:

1) mpocTpaHcTBeHHBIC JaHHBIE (cross-sectional data);

2) BpeMeHHBIE psinbl (time-series data);

3) manenwsHbIC naHHBIC (panel data).

[IpocTpaHCTBEHHBIMH ~ JaHHBIMH  HA3bIBACTCS  COBOKYIMHOCTH  IKOHOMHYECKOM
uH(pOpMaLU, KOTOpasi XapakTepU3yeT pa3InuHble 0ObEKTHI, OJJHAKO MOJy4YEeHHOU 3a OJUH U TOT
e TIEPUOJT WJIH MOMEHT BPEMEHHU.

[IpocTpaHcTBeHHBIC NTaHHBIE SIBISIOTCS BBIOOPOYHON COBOKYITHOCTBIO W3 HEKOTOPOH
TeHepaTbHOW COBOKYMHOCTH. [IpuMepoM MpPOCTPAaHCTBEHHBIX JaHHBIX MOXET CIYKUTh
KOMIUIEKC SKOHOMHYECKOHW HHQOpMAIMK [0 KAaKOMY-JIMOO NPEeInpHUsITHIO (YHCIEHHOCTD
paboOTHUKOB, O0BEM MPOM3BOJCTBA, pa3Mep OCHOBHBIX (POHIOB), 00BEMax mMOTpeOICHUS
MPOAYKIHMH OINpeleIEHHOTO0 BUa, naHHble 0 BBII pa3nuyHbix cTpaH B KakoM-11M00 KOHKPETHOM
TOIy U T. II.

BpemeHHBIMH JaHHBIMH Ha3bIBA€TCS COBOKYMHOCTh 3KOHOMHUYECKOW HHGOpMaIu,
KOTOpasi XapaKTepHu3yeT OJIMH U TOT k€ 00BEKT, HO 32 Pa3HbIC NMEPHOIbI BPEMCHH.

6. IHonaTHe cienupuKanuy ¥ HICHTHPUIHUPYEMOCTH MOAETH

ITomMuMmo BBIOOpA cHiEHU(PHUKALMYA MOJIEIM HE MEHEE BayKHO TAK)KE MPABUIIBHOE OIMCAHUE
CTPYKTYpbI MOACIHU, B YaCTHOCTU, IJId 3aBUCUMOCTH JAHHBIX O BPCMCHHOM pAIC. 3HaueHue
pe3yJIbTaTUBHOIO IMpPHU3HAKA MOXKET 3aBHCETh HE OT (PAKTUUECKOTO 3HAYEHMs OOBICHSIOIIEH



NEePEMEHHOM, a OT 3HAYEHMs, KOTOPOE OXKMUIAJIOCh B MpeAblaylleM mepuoiae. Toraa, ecinu
oxugaemMoe U (haKTUYECKOe 3HAUYEHHUS TECHO CBsI3aHbl, TO OyIeT Kas3aThCs, UYTO MEXAY
pPE3YNBTaTUBHBIM TPHU3HAKOM W OOBSCHSIONICH TEepEeMEHHOW HMeeTCs 3aBHCHUMOCTh, XOTS B
JNEHCTBUTENBHOCTH 3TO BCETO JIMIIL MPUONMKEHUE (anmpoKCUMaIusl) U pacXOoXkJACHHUE OIATh
OyJIeT CBSI3aHO C HAIMYUEM OCTAaTOYHOTO CITYy4JaifHOTO YIIeHa.

Jlekmus Ne 2

Tema: «IlapHast THHEeHHAsI perpeccus»

1. Bonnpocs! Jieknum:

1.1. MeToa HAMMEHBITUX KBAJAPATOB JJIS TIOCTPOSHUS JINHEHHOW MOJCITH
1.2. JIunelHbI# K03()PUIHESHT KOPPETSIIH
1.3. KoadduimeHT nerepMuHanm

1.4. [IpoBepka 3HAYMMOCTH PErPECCHOHHOI MOJIENM, MpPOBEpPKa KadyecTBa MapaMETPOB YPAaBHEHUS U
MOCTPOCHHE TOBEPUTEIBHBIX HHTEPBAJIOB KOAPPUIIMEHTOB pErpeccun

1.5. HTepnperanus ypaBHEHUS PErPECCHU

1.6. Cpenssist OIIMOKa armpOKCHUMAIUH

2. KpaTkoe conep:kaHue BOIIPOCOB

1. MeToa HaMMeHbIIMX KBAJAPATOB JJIsl IOCTPOEHUS JIUHEIHOI Mo1esIu
Krnaccuueckuil moaxoa K OLEHUMBAHUIO IApaMETPOB JIMHEHHOW PErpeccMM OCHOBAH Ha
Mmemooe nHaumeHvuux keaopamos (MHK), pazpaborannsiii ['ayccom.
MeTo HAaMMEHBITUX KBAJIPAaTOB TO3BOJISET MOTYYHTh TaKHWE OLIEHKH MapaMeTpoB a U b,

OpU KOTOPBIX CyMMa KBaJpaToB OTKJIOHEHHH (DaKTHUECKUX 3HAUYEHUH pe3yIbTaTUBHOIO
NPU3HAKA y OT PACYETHBIX (TEOPETUYECKHX) MUHUMAJIbHA:

S = Zn:(yi ~%) ——>min Te Y &’ — min
i=1

JIpyruMH CIIOBaMH, M3 MHOXECTBAa JIMHMWA JIMHUS PETrPecCHH BBIOMpAETCS TaK, YTOOBI

CymMMa KBaJIpaTOB PACCTOSIHUN MO BEPTHKAIM MEXIYy TOYKAMH W ITOW JUHUEH Oblia ObI
MHUHHAMAaJILHOU.

Jnst TMHEWHOM mapHO 3aBUCUMOCTH:

Szzn:[yi—(a +b-x)]2——>min.
i=1

2. JIuHelHbIH K03 (PUIHEHT KOppeasiuuu
VYpaBHeHUE perpeccuu Bceraa AOMOJIHIETCSA MOKa3aTeleM TECHOTHI CBS3H. [ TMHEHHON
perpeccuy TaKuM ITOKa3aTesIeM SBIISICTCS THHEHHbIH KOI((UIHEHT KOPPeJIsalHH.
brin Briepseie BBeneHn Kapiaom [Tupconom (1857 - 1936).

B Teopun pazpaGoTaHbl M Ha MPAKTHKE MPUMEHSIOTCS pa3iInyHble MOIUpUKAIUN HOpMyI
pacyera:

0 2D -Y) xp-x-y
o-y \/Z(xi _)_C)zz(yi _.)_/)2 O, 'O-y
- X Xxf = Xy Sf
x= = coy= _ :
in Y

X-y==——;
n

~N




JluneitHbIil KOAPOUITUEHT KOPPETSAIUU HAXOAUTCS B TIPEIenax:
-1<r<i
UYem Omike r 1o aOCOMIOTHOM BEIMYUHE K 1, TEM TeCHee CBSI3b MEXIY MPU3HAKAMHU.
3HaK yKa3bpIBacT Ha HAPABIICHUE CBI3H
Ecnu |r| > 0,7, TO cuuTaroT CBS3b CUIBHOM;
0,5 <|r| <0,7 — cpenneii TECHOTHI,
Ir| < 0,5 — cnaboii.

3. Ko3xdppuument nerepmMuHanum
KBagpar nuHeiitHOro KO3(pGUIMEHTa KOPPEIAIMA HA3bIBACTCS KoIpuyuenmom
oemepmunayuu. IT0T KOOPPHUIUEHT XapaKTepU3yeT 00 0OIIeH Bapualluu pe3yIbTaTUBHOTO
MpU3HaKa, KOTopas oOBACHSTCS Bapuaruei dakropHoro npusHaka. (Hampumep, paccmotpenu
IPYNIUPOBKY MPOU3BOIUTENBLHOCTH TPyJa MO KBaTH(PHUKAIMKA PabOYuX U MOTYUHIN °=45,4%.
QakTop kBanuduUkauu padbounx o0bacHAeT 45,4% Bapualy IPOU3BOAUTENBLHOCTH TPya, a
Hey4TeHHbIE akTOpbl — 54,6%. ).

4. IlpoBepka 3HAYUMOCTH PerpecCMOHHOM MoOJeJd, TMPOBEPKa KayecTBa
napaMeTpoB yPaBHEHHS] W TNOCTPOEHHE [IOBEPUTEIbHBIX HMHTEPBAJIOB
K03} PUUMEHTOB perpeccuu
Ouenka 3Hauumocmu napamempoé yYpPaeHeHus pezpeccuu IACTCSI C IOMOUIbIO 7-
kputepus CtploieHTa. BoiBuraercs HyseBas TUIoTe3a O paBEHCTBE OLIEHHBAEMOTO MapameTpa
HYIIIO.
- K02 uyuenma peepeccuu 8
H()Z b=0
1. CrangaptHas ommoOka koddpuimenTa perpeccuu

_ > (-9’
2. (x=%)"(n-2)

2. @aktuyeckoe 3HaueHue t-kpurepus CTbroJeHTa

my,

3. Onpenensiercs tuqe, (0, df = n-2) Ipu ONpEeNEICHHOM YPOBHE 3HAUMMOCTH W YHCIE
CTeNeHeEN CBOOOIEI.

th > twaen , Ho OTKIIOHSETCS M TapaMmerp b HECIy4ailHO OTJIMYaeTcs OT HyJs U
chopMupoBasics TOJ BIUSHHEM CHCTEMAaTHUECKH JeHCTBYIomEro (akTopa X (CTaTUCTUYECKU
3HAYUM C 33/IaHHOI BEpOSTHOCTHIO).

ty < tyaen — Ho NPUHHAMACTCA M IPHU3HACTCSA cnyqaf/'lHa;I npupoaa (bopMHpOBaHI/I;I b, T.€C.
CBSI3b HAJIEXKHO HE YCTAHOBJIEHA, CTATUCTUYECKH HE 3HaYMMa.

JloBepUTENIbHBIM MHTEpBAN U1 KO3(p(UIMEHTa perpeccu onpenensercs kak btt-m, .
[TockonbKy KOA(POUIIMEHT pEerpeccud HMEET YETKYI) ASKOHOMHYECKYIO WHTEPIPETAIHNIO,
JIOBEPHUTEIbHBIC IPAHUIIBI MHTEPBAja HE JOJDKHBI COJIEpKaTh MPOTUBOPEUUBON MH(POpPMALINH, B
YaCTHOCTH BKJIFOYATh 3HaueHuE () B TOT HHTEPBAJ.



5. HHurepnperanusi ypaBHeHUs pPerpeccuu

s npocno3uposanus 603MONCHbIX 3HAYEHUL PE3YTbMAMUEHO20 NPUSHAKA

- aBTOPETrPECCHOHHOE TPOTHO3UPOBAHKE MO TPEHAY M KOJIEOIEMOCTH;

- (haKTOpHOE MPOrHO3UPOBAHUE, OCHOBAHHOE HAa U3YYCHUH U KOJUYECTBEHHOM U3MEPEHUU
B3aMMOCBS3M MEKIy NPU3HAKAMHU.

OCHOBHBIM YCJIOBHEM IPOTHO3UPOBAHHSA HA OCHOBAaHUU PErPECCHOHHOIO ypaBHEHUS
SABISICTCS CTAaOMJIBHOCTh WIIM, 1O KpalHel Mmepe, Manas W3MEHUYMBOCTb APYrHX (PaKTOPOB M
YCIIOBUM HM3y4aeMOro IpOILecca, HE CBA3AaHHBIX C HUMHU. Eciu pe3Ko M3MEHMTCA «BHEIIHSAA
cpelia» MPOTEKAOIIETO MIpoLiecca, IPEKHEE YPaBHEHUE PETPECCUN ITOTEPSAET CBOE 3HAUCHHUE.

IIpoeno3zuposanue no ypasnenuro pecpeccuu npo8oOUMcs 6 08a SMand:

1. Bpluucnsercs «TOYE4HbIN IPOTHO3Y.
2. OmpenensieTcsi TOBEPUTEIBHBIA HHTEPBAI C JOCTATOYHO OOJIBIION
BEPOSATHOCTHIO (MHTEPBAJIbHBIN IIPOTHO3).

6. Cpeansis omu0Kka annmpoKCUMAaIUN
Baxnerieid xapakTepUCTUKOM KadyecTBa MOJCIM SABISETCS CPEAHSAS] OTHOCUTEJIbHAs

OIIMOKa anmpOKCUMAITUH:
— 1 V. — V.
A== 100
n Vi
¥:» ¥, - COOTBETCTBEHHO pacyeTHOE U (PaKTHUECKOE 3HAUCHUS;

N — YUCII0 HaOII0IeHHH.

A< 10-13% - BBICOKASI TOYHOCTb MOJICITH;
10% < A< 20% - XO0po1Iasi TOUHOCTh MOJIETIH;
20% < A < 50% - yIOBIETBOPHTEIbHASL.

Jleknusa Ne 3

Tema: «HeauHeliHbIE MOIEJIN Perpeccuy 1 JUHeapu3aunus»

1. Bonipocel jekumnu:

1. Buabl HETMHEHHBIX 3aBUCUMOCTEN, MOIJIAI0NTUECS JIMHEAPU3ALIMU
2.IToxp6op nrHEApU3UPYIOIIETo TPeoOpazoBaHus
3.IIpousBocTBeHHBIC (DYHKIIMH M UX aHATIHN3

2. Kpartkoe coaep:xxaHue BOIPOCOB
1. Buabl HeTUHEHHBIX 3ABUCUMOCTEM, MOAIAI0IIMECs JUHEeAPU3alun

PaccMoTpum mpuMepsl TMHEApHU3YIOITUX MPeoOpa3oBaHUM:
o — F1 -
1) HonmuHoMuanbHas Mofens: ¥ = &+ DaX 4 bax ™ + -+ bpx®
CooTBeTCTByIOImass  JHUHEiHas  Mojemb: ¥ =@+ DbyzZy +bazz +-+bpz, e
Zy =X, Z3 = X%, ..,2, = xF

- b
2) T'nnepGonuaeckas Mogenb: - © 1 x.

. - zZ=-
CooTBeTCTBYIOIIAs JIMHEHHASA MOJIeNb: ¥ = @+ bz | rie x.



3) Jlorapupmuueckas MoJenb: ¥V = @+ & -Imx,

CoOTBETCTBYIOIIAs IMHEHHAS MOJIENb: ¥ = a+ bz e Z = Inx,

CreyeT OTMETHTh M HEIOCTATOK TAaKOW 3aMEHBI IIEPEMEHHBIX, CBSI3aHHBIA C TEM, YTO
BEKTOpP OILICHOK IOJYy4aeTCs HE M3 YCJIOBUS MUHUMH3ALUK CyMMBbI KB3JIPaTOB OTKJIIOHCHHH IS
VCXO/HBIX TEPEMEHHBIX, 4 W3 YCJIOBHS MHUHHMHU3AIUN CYMMBI KBaJpPaTOB OTKIOHCHWH IS
npeoOpa3oBaHHBIX IEPEMEHHBIX, YTO HE OHO U TO XKE.

2. Ioadop MuHeapu3MPYIOUIET0 MPeoOPa30BAHUS

[IpuMepsl BHYTpEHHE JTUHEHHBIX MOJENIEH U UX JIMHEApU3aLUs:
1) MyJIbTHIITHKATHBHAS CTEIEHHAS MOJIENE: ¥ = ¥ 3% 72 . x °F
Jluneapusyrouiee npeoOpa3oBaHue:

In¥=Ina+bylnx, + bylmx; +--+ b,lnx,
WIIH

Y=A+byzy+baza+ -4 bz,

rme ¥ = In7, A =Ina, zy = Inxy, zZo =lnxg, ..., zZ, =lnx,

= b b Tt hmrn
2) DKCHOHEHIMAILHAS MOJIENL: ¥ = g7 "1¥ e izam =8y

JInHeapusyromee npeoGpasoBanue: NV = @+ byxy + baxz + -+ byx,

- k
} =
3) OGparHas perpecCHOHHast MOJIENb: a+byxy +baxz e+ by,
1 a b, b b,
__n.=_+_x;|_+_x: +"'+—.‘X.'?,
JIluneapmsyrommee npeobpasopanue: v K K k kP

K mMozpensm, monydeHHBIM MOCTIe MPOBEICHHS JINHEAPU3YIOIUX MPEoO0pa3oBaHUi MOXKHO
IPUMEHSTh OOBbIUHBIE METOJIbI HCCIENOBaHUsS JUHEHHOW perpeccun. Ho mockonbky B HHUX
IOPUCYTCTBYIOT He (DaKTHUYECKHE 3HAUEHHUS M3Y4aeMOro IOKa3aTess, TO OLEHKU [apaMeTpoB
MOJIyYalOTCs HECKOJIbKO cMenleHHbIMU. [lpu ananusze inHeapu3yeMbiX (DYHKLIHN perpeccuu,
clleflyeT OCOOCHHO TIIATEIbHO MPOBEPSATH BBIMOJHEHHE MPEANOCHIIOK METOJa HAaWMEHBIINX
KBaJIpaToB.

3. IIpousBoacTBeHHbIe PYHKIHMU U UX AHAJIN3
Cpenu kjacca HEIMHEWHBIX (PYHKIIMH, TapaMeTpbl KOTOPBIX 0€3 0COOBIX 3aTpyIHEHUU
onenuBaoTcss MHK, cienyer Ha3Bath XOpoIIO U3BECTHYIO B SKOHOMETPUKE PABHOCTOPOHHIOIO
~ b
runepoony: y =a+—+¢.
X
Knaccuueckum ee mnpumepoM sBisieTcss KpuBasi DuumMmnca, xapaKTepusyromias
HEJIMHEHHOE COOTHOIICHHE MEXAY HOPMOM 6e3paboTHUIIbI X U MPOLIEHTOM MPUPOCTa 3apadOTHON
miaTel y. AHTIUACKHA 3KOHOMHCT A. B. ®wumrnc, aHanu3upys gaHHble O0ojnee dyem 3a 100-
JIETHUYW MEPUOJ], YCTAHOBWIJI OOpPATHYIO 3aBUCHUMOCTH MPOILICHTAa MPUPOCTa 3apabOTHOM MIAThl OT
ypOBHsI 6€3pa0OTHIIBI.

Jlexkmus Ne 4

Tema: «JIuHeiiHasg MoaeJIb MHOKECTBEHHON perpeccum»

1. Bonnpocs! Jieknum:

1. YactHble 1 napHble KOAPGULIUEHTH! KOPPEISILIMU



MHosxecTBEHHBINH KO3 (DULIHEHT KOPPEIALUU

['eTepocke1aCTUUHOCTD: CYTh, HOCIEICTBHS, METObI CMATYEHUS
MynbTUKONIMHEAPHOCTD: CYTh, IOCIEACTBUSA, METObl YCTPAaHEHUS

OO6o0u1eHHas TMHEHHass MO/Ielb MHOXKECTBEHHOM perpeccuu U 0000IEeHHbII MEeTOx
HAaUMEHBIINX KBAaJPAaTOB

kW

2.Kpartkoe cogep:xkaHue BOPOCOB
1. YactHble 1 napHbie KO3(PPuIHEeHTHI KOpPpeasiiun

Llapneni koagduyuenm xoppensayuy XapakTepu3yeT TECHOTY JIMHEHHOW 3aBHCHMOCTH — MEXIY
JIBYMsI IEPEMEHHBIMU Ha ()OHE ISHCTBHUS BCEX OCTAIBHBIX IIOKA3aTeNel, BXOIALINX B MOJEIb.

l/nZ(xij _)_Cj)(xil _)_Cl)
— i=l

Ty =

,—l<r,<1.
0,0

Ecim r, Oim3ok K +1, TO CBs3b MEXLy TICPEMECHHBIMU CHIIBHAS, eCli 7, =0 — JIMHeiiHask CBSI3b

OTCYTCTBYET.
r;> 0 — CBSI3b MEXK/LY TIEPEMEHHBIMU [IPsIMast,

7y <0—CBs3b OOpaTHasl.

JI1s MHOTOMEPHOI KOPPENAIMOHHON MOJIENH BXKHYIO POJIb UTPAOT YaCTHbIE M MHOXKECTBEHHbIE
KO3((PULIMEHTbl KOPpESILMM, JETePMUHALMU  (KBaJgpaThl COOTBETCTBYIOLMX KO3((PUIMEHTOB
KOPPEJISILIHN).

Yacmuwiii kod¢uyuenm xoppensyuu XapakTepuzyeT TECHOTY JUHEHHOW CBS3M MEXIY
JIBYMsI TIEPEMEHHBIMH TPU HWCKJIIOYEHUU BIUSHHS BCEX OCTAJIbHBIX NMPU3HAKOB, BXOJAALIMX B
MOJIEJb.

Ob6nagaet BceMu CBOIICTBaMH MapHOTO KO3 PHUIMEHTa KOPPETSIIIHH.

Yacmuuiii koa¢ppuyuenm xoppenayuu k-2-eo nopsoxa MEXIy TPU3HAKAMHU X| U Xp TPH
(UKCUPOBAaHHOM BO3JCHCTBUM MEPEMEHHBIX X3, X4, ..., Xx MOXET OBITH ONpeieseH II0

cienytouen popmyie:

— Rlz

Ve, (X3, X500 X, ) = STYEV N \/ﬁ
1144

R;; — anreOpanyeckoe JOMOJHEHNE MaTpULbl R K 351eMeHTy 7;.
2
1-R

7o (X ey XX X )=r = [1-—
g N s s M ) T Dy /L Lk T 2 4

VXX g5 X e X

2
yx,..x, ~ MHOKECTBEHHBIN KOIPOHUIIMEHT IETEPMUHAIINM BCETO KOMILIEKCA k (HaKTOPOB ¢

pE3yJIbTaTOM;
2

VXX X g X T TOT K€ MOKAa3aTCJib ACTCPMUHALIUN, HO 0e3 BBEICHUSA B MOJCIIb (I)aKTOpa
Xj.

HOpﬂdOK 4aCTHOI'O KOB(l)(l)I/IHI/IeHTa KOppeiainun OIpeacIiacTCa KOJINYCCTBOM q)aKTO];)OB,
BJIUSAHUC KOTOPBIX HCKIIOYACTCA. B MPAKTHYCCKUX HUCCICAOBAHUAX MNPCANOYTCHUC OTAAIOT
MMOKa3aTeasIM YaCTHOM KOpp€Jaiun CaMOro BBICOKOT'O ITOpsAAKa.

YacTHbIi KOB(b(I)I/ILII/IeHT KOoppCisinuu MCXKAY X1 U Xp IPHU (1)I/IKCI/IpOBaHHOM BO3JICHICTBUH
nepeMeHHoﬁ X3 PaCCUUTBIBACTCH 110 q)OpMy.]'ICZ

-R 1, — 15t
Foo (X)) = 2 _ 12 2 13723 2
\/R11R22 \/(1_r13)(1_r23)

2. MHo)kecTBeHHbIN KO3 PUIHEHT KOppeasiiun




Mnooicecmesennbiii ko3gPuyuenm Koppenayuu XapakTepU3yeT CTENEHb JIMHEHHOUN CBA3U
MEXJy OJHON MepeMeHHOH (pe3yabTaTUBHOW) M OCTAIbHBIMU, BXOJSIIUMH B MOJAEIb, U MOXET
OBITH paccuuTaH 1o Gopmyse:

Y y
det R rrort =2 ror
— — 1_ — pal Y% NX N Y6
ry—ry(xl,xz)— - 2
R I-r

Yy X%
Ecm ry =1, TO cBA3p Mex1y y U JBYMEpPHOH NEpeMEeHHOH (X, Xp) ABIAeTCA
byHKIMOHATBHOH, TMHEeWHOU. Ecin r, = 0, To; TMHEHHON CBSA3H HET.

U3 popmyisl 7, cneyer, uto 7y, > | rycl, 1y >| Fycal, 7y > [Fycapal, 7y > Fzpea |-

3. TI'eTepockeJaCTHYHOCTD: CYTh, MOCIAEICTBHUS, METOAbI CMATYCHHUS
JlonyiieHrne o MOCTOSIHCTBE JUCIIEPCHU OCTAaTKOB (D(gi): 02) U3BECTHO KaK JIONYILEHUE O

2omockeoacmuyrocmy. Ecim 3TO  JIOMyIEHWE HapylIeHO M JUCHEPCHS OCTaTKOB HE SBIISETCS
IIOCTOSIHHOM, TO TOBOPSIT, YUTO OLIEHKH 2emepocKe0acmuymbi.

Ha npaxrtuxe, 1 Kaxxa0ro 1-ro HaOJIOJEHUs ONPEAEISIETCs €AUHCTBEHHOE 3HAUYECHHUE
€i, HO MbI TOBOPUM 00 OIpE/IeIeHnU AUCHEPCUHN OCTATKOB, T.€. O MHOKECTBE &; JUIsl KaXKJ0ro 1-T0
HaOmoieHus. OTO OOBSACHSETCS TEM, YTO Mbl UMEEM JEN0 ¢ BbIOOPOYHON COBOKYIHOCTBIO, a
anpuopu & MOINM MNPUHUMATh JIOOble 3HAUEHHMsT Ha OCHOBE HEKOTOPBIX BEPOSTHOCTHBIX
pacupeneneHui.

I'eTepocke1acTUUHOCTE MHPUBOAUT K TOMY, UTO KO3(P(GULUMEHTBHl pErpeccun He
SIBJISIFOTCS OLIEHKAaMU ¢ MMHUMAaJIbHOM AMCEpCcHeil, ClleI0BaTENbHO, OHU OOJIbLIE HE ABIISAIOTCS
Haubozee 3ppexkTuBHBIMU KO3 durneHTamu. Benencraue, BEIBOJIBL, 10Iy4aeMble Ha OCHOBE t
u F-cratuctuk, a Takke HHTEpBaJbHbIE OLEHKM OyAyT HEHalexHbIMH. [ucrnepcuu u,
CJIeIOBAaTENbHO, CTAHJApTHbIE OLIMOKM 3TUX K03 uIueHTOoB OyayT cMmelleHHbIMH. Eciun
CMEIIEHHE OTPUILATENbHO, TO OLCHOYHbIE CTAHJAPTHbIE OMMOKM OyAyT MEHbLIE, YEM OHU
JIOJKHBI OBITh, @ KPUTEPUIl IPOBEPKU — OOJIbIlIEe YEM B peanbHOCTH. Takum oOpazoM, MOKHO
cenaTh BBIBOJ, YTO KO3((PULUMEHT 3HAYUM, KOIJa OH TaKOBbIM He sBisercs. M HaobopoT
€CIIM CMEUIEHHUE IOJI0XKHUTEIbHO, TO OLIEHOYHble OMIMOKM OyAyT OOJbllleé Ye€M OHHU JIOJIKHBI
OBITH, @ KPUTEPUU MTPOBEPKU — MEHbIIE. 3HAYUT, BO3MOXHO OLIMOOYHOE MPUHSITUE HYJIEBOI
TUIIOTE3BI.

4. MyJbTHKOJUINHEAPHOCTh: CYTh, IOC/JIEICTBHS, METOAbI YCTPAHEHUS
OpHMM U3 BONPOCOB CHELM(PUKALIUN MOJAEIH SBISETCS 0TOOP (HaKTOPOB, BKIOYAEMbIX B
MO/JIEIb.

Bxrouenue B ypaBHEHME MHOXECTBEHHOM perpeccuu TOro WM MHOro Habopa (pakTopoB
CBSI3aHO, MpPEXJE BCEro, C IPEACTaBICHUSIMU HCCIEAOBATeNsl O IPHUPOJE B3aUMOCBA3U
MOJIEIIUPYEMOTO 1T0KA3aTeNsl C JPYTUMHU S3KOHOMUUYECKUMU SIBJICHUSMHU.

@DaKTophl, BKIIOYAEMbIE BO MHOXECTBEHHYIO PErPECCUI0 TODKHBI OTBEYATh CIIETYIOLUINM
TpeOOBaHUSIM:

1. OHu 10JIXKHBI OBITH KOJTUYECTBEHHO U3MEPUMBI.

2. OTCyTCTBHE KOJUIMHEAPHOCTU U MYJIbTUKOJUIMHEAPHOCTH (haKTOPOB.

OnHUM U3 OCHOBHBIX HPENATCTBUI SPQPEKTUBHOrO NPUMEHEHHS MHOXXECTBEHHOTO
PErPECCHOHHOI0 aHAIN3a, SIBIISIETCS MYJIbTUKOJUIMHEAPHOCTD.

Mynemuxkonnuneapnocms - JIMHEHHAs B3aUMOCBA3b JIBYX WM HECKOJIBKUX OOBSACHSIOIIUX
[IEPEMEHHBIX.

5. OO0o0meHHass JuHeHHAsT MOJeJ]b MHOKECTBEHHOW perpeccud M 00001IeHHbII
MeTO/] HAUMEHbIIUX KBaJPaTOB
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Ecnu u3BecTHa mpuunHa (M, COOTBETCTBEHHO, ()OpMa reTepOCKeTACTUIHOCTH), TO IS
€€ YCTpaHEHHUsSI MOXHO BOCTIOJIb30BAThCSI 000OWEHHbIM MEMOOOM HAUMEHbUUX KBAOPAMO8
(OMHK).

[IpeanosoxuM, dYTO JWCIHEPCHS PErPECCHOHHBIX OCTATKOB CBs3aHA C HEKOTOPOH
MePEMEHHOM z, 3aBUCUMOCTBIO BUJIA

D(g,.)z ozl

B kauecTBe HepeMeHHOﬁ MOJKET OBITh:

1) cpeanee kBapaTHYECKOE OTKIOHEHHE Gt (ECTIM OHA U3BECTHA), B TOM CJIydae MOJy4aroT
B3BEIIEHHBIN METOJT HaMMEeHbIUX KBajapaToB (BMHK);

2) X; WK 4/X, , T.€. IUCTIEPCHsl OTATKOB MPOIOPLHOHAIbHA JTM0O X; MO0 X! .

Jns Toro 4toObl M30aBUTHCS OT TETEPOCKETACTUYHOCTH, HEOOXOAUMO pa3IeivTh
KaXX bl YWICH PEIrPECCUOHHOI0 YPaBHEHUS

v o1 X1 X, *
“L=b—+b—+b, =4y, (*)
Zi Z[ Zi ZI
& .
rje v, =—- cllydaliHas OmHOKa.
Zi
2 2
& Dle) oz
Tockomsky D(s,)= o’z2, 10 D(v,)=D| =* :#: =0’
Z. Z. Z.

i i i

Taxum oOpa3om, ommOKku B ypaBHeHHH (*) OyIyT TOMOCKEAACTUYHBIMU.

OpHako Ha MPAKTHKE YacTO HE YJIAETCsl C YBEPEHHOCTHIO OMPENICIUTh MPUIHHY U popmy
reTepOCKEJaCTUYHOCTH. B 3TOM ciydyae MOXXHO MO0 TepeBEeCTH BCe IMEpEeMEHHBIC B
norapudmuyeckyro GopMy (0JHAKO HEOOXOAUMO MOMHHUTH, UTO ATOT NMPUEM HENPHUMEHUM,
€CJIM TIEPEMEHHBIE MOJICTH MOTYT NMPUHUMATh HYJIEBbIE WM OTPHULATEIbHBIC 3HAUCHHUA), TNOO
BOCIIOJIb30BAThCS CIICIMAIbHBIMUA POOACTHBIMU METOJaMH OLICHKH.

Jlexkmusa Ne 5

Tema: «MoaeaH CTAMOHAPHBIX BPEMEHHBIX PSA0B»

1. Bonnpocs! Jieknum:

1. IloctpoeHue TMHEWHOI MOJEIN IO HEOAHOPOIHBIM PErPECCUOHHBIM JIaHHBIM
2. Bsenenue (GUKTUBHBIX IEPEMEHHBIX B TUHEHHYIO MOJIENb PErpeccun
3. IlpoBepka perpeccCuOHHON OJTHOPOJAHOCTH ABYX I'PYIMI HAOIIOACHUN

2.Kpartkoe cogep:xkaHue BOPOCOB
1. IlocTpoeHue JIMHEHHOH MO MO0 HEOJHOPOIAHBIM PEerpecCHOHHBIM TaHHBIM

PaCCMOTpI/IM (bOpMaJ'IBHOC OIIpCACIICHUC CTAIMOHAPHOCTH.

CTOXﬁCTI/IquKI/Iﬁ HpOHeCC Yt Ha3bIBACTCA CMAayuoOHapHviM 6 CUTbHOM CMblCile (CmpOZO
CMAayuoOHAPHbIM UIU CMAYUOHAPHBIM 6 Y3KOM CMblCJZe), €CJIH COBMECTHOC paCHpeI[eHeHI/Ie
BepOHTHOCTef/'I BCCX INMECPCMCHHBIX ytl’ytZJ""ym TOYHO TO K€ CaMOC€, 4YTO U I ICPCMCHHBIX
yt1+rﬂyt2+r 200 ytn+r .

[Ton cTanMoHapHBIM MPOLIECCOM 8 Clabom cmuicie (B IMIUPOKOM CMBICIE) MOHUMAETCS
CTOXAaCTUYECKHI Tpouecc, i KOTOPOTO CpeAHee ¢ JAWCHepCcHus HE3aBUCUMO  OT
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paccMaTpuBacMoOro Iepuoaa BPEMCHU HUMCIHOT MOCTOAHHOC 3HAUCHUC, a aBTOKOPPCIIAIHNA
3aBHUCUT TOJIBKO OT IJIMHBI Jlara MEKAYy pacCMAaTPpHUBACMbIMU IICPEMCHHBIMMU

wy,)=uly,., )=
D()’t ) =D(y,,)= ll’l(yt - ,U)z = ,U(ym - ,u)z =D, = const,
cov(y,, 310 )= (v, = 1)\, — 1)] = cov(r).

W3 storo ciemyer, 4TO aBTOKOBapHanus OyAeT 3aBUCETh TOJBKO OT CIBUTA 10 BPEMEHH
7 W He OyJeT 3aBUCETh OT 1.

[lpu ananmu3e M3MEHEHHS cov(r) B 3aBHCHMOCTH OT BPEMEHHOTO CIBUTa 7 TIPUHSITO
TOBOPUTH 00 aBTOKOBAPHALIMOHHOM (DYHKITHH.

C  moHsATHEM  aBTOKOBAPMALIMOHHOM  (YHKIMHM  TECHO  CBA3aHO  IIOHATHE
aBTOKOppensanuoHHol GyHkuun (AKD):

3 COV( ' m) 3 COV(T)
(T)_ Dy(yty) B D,

3nauenuss AK® Takxke XapakTepu3ylOT TECHOTY CTATUCTUYECKOW CBSI3U MEXIY
YPOBHSIMU BPEMEHHOT'O pAJla, pa3JeIeHHBIMI 7 BPEMEHHBIMH TakTamu. OHAKO, B OTIUYHE OT
3HaYeHUI aBTOKOBAapHALMOHHOW (PYHKIIMH OHM HE 3aBHCIT OT MaciuTaba M3MEpEeHUs ypoBHEH

BPCMCHHOTO psjia U HOAUYUHAIOTCA OIPpaHUYCHUIO! |,0(2'1 <I.

Bri6opounas oneHka kod(¢uuueHTa aBTOKOPPEISLUN r(r) MOJKET OBITH OIpEJesIeHa
CJIeIYIOIIUM 00pa3oMm:

LS 6= -7)
r(r)= L= ,

ig(yt—?)

r7ie n - JUIMHA BPEMEHHOTO Pslia;
T - BpEMEHHOM cIBur (J1ar);

Y - cpe/iHee 3HaUCHHE BPEMEHHOI0 psija.

Yucnurenb  BBIPAXEHHUS  INPEJCTaBIseT  BbIOOPOUYHYIO  OLIGHKY  Kod(dUIMeHTa
ABTOKOBApHUALIUH.

Jns cranMOHapHOrO BPEMEHHOro psga ¢ yBenumdenuem ¢ AK®  nomkHa
JI€MOHCTPUPOBATh CBOMCTBO MOHOTOHHOTO YObIBaHHA IO aOCOJIIOTHOM BEIMYUHE, T.K.
B3aUMOCBS3b MEXAY YPOBHSIMU psiia ¢ pocToM 7 ociabeaer. OIHAKO YCIOBHE MOXKET
Hapylarbes 11 BBIOOpouHbIX AK®.

2. BBeaeHue PUKTUBHBIX NEPEeMEHHbIX B JIMHEHHYIO MO/IeJIb perpeccuu

Jlo cux nop B KauecTBe (aKTOPOB PacCMATPUBAIMCH 3KOHOMUYECKHE IEPEMEHHBIE,
IPUHUMAIOIINE KOJIMYECTBCHHBIE 3HAYCHMsI B HEKOTOPOM HMHTepBaine. Bmecre ¢ TeM Moxer
0Ka3aThCsl HEOOXOIUMBIM BKJIIOUUTh B MOJIENb (PAKTOp, UMEIOIINN J1Ba WM 00JI€€ KaueCTBEHHBIX
ypoBHEH. DTO MOryT OBITh Pa3HOro poja arpuOyTHUBHbIE NMPU3HAKU, TaKUe, HAIpUMEp, Kak
npogeccus, 1oy, 00pazoBaHuE, KIMMAaTUUECKUE YCIOBUS, MPUHAIIEKHOCTb K ONPEIACICHHOMY
peruoHy. UToObl BBECTH Takue IEPEMEHHbIE B PErPECCHOHHYIO MOJENb, UM IOJKHBI OBITH
IPUCBOEHBI T€ WIN UHBbIE HU(POBbIE METKH, T.€. KAUECTBEHHBIE [IEPEMEHHbIE NPe00pa30BaHbl B
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KOJIHMYECTBEHHEIC. Takoro BUJa CKOHCTPYUPOBAHHBIC MCPEMCHHLIC B 3KOHOMCTPUKE HNPUHATO
Ha3bIBaTh (1)I/IKTI/IBHBIMI/I MNEPEMCHHBIMU.

3. IIpoBepka perpeccCHOHHOI OTHOPOAHOCTH ABYX I'PYNI HAOII0AeHU I

ABTOKOppENSIIMOHHAs W YacTHas aBTOKOPPENSALMOHHAs  (QYHKIMM  OKa3bIBAIOT
CYIIECTBEHHYIO IIOMOIIb B BIOOPE (DYHKIIMH, ONUCHIBAIOIIEH CTALlMOHAPHBIH MpolLecc.

C nomompro YAK® wusmepsercs koppensuus MeXIy YpOBHAMM pspa y, U Y, ,
pa3leleHHBIMU 7 BPEMEHHBIMU TaKTaMHM, IIPU UCKIIIOYCHUU BJIMSAHUA HA DTy B3aUMOCBSA3b BCEX
IPOMEKYTOUHBIX YPOBHEH PANA V.15V 10005 Vispot -

Hanpumep, xo3dduuueHT 4acTHON aBTOKOPpENsUUU O, NpU 7 =2 OylIeT ONpeAcisaTh

KOPPEJSILIMI0 MEXAY YPOBHSMHU BPEMEHHOrO psijia, pa3felieHHbIMU JIBYMsl TaKTaMH BPEMEHH,
IIPU YCIIOBUH, YTO 3HAUYEHUS IPOMEXKYTOUHBIX YPOBHEN 3a()MKCUPOBAHbBI Ha CPEHEM YPOBHE.
®dopmyna 1 pacdeTa BHIOOPOUHON OLIEHKM YaCTHOrO K03 pUIMeHTa aBTOKOPPEIALUU:

Vi =T " Vi
Vik = .
" 1—r2f1=72

Y

Hanpumep, 7, 1- ro nopsaka mexny y, U y,,, IpU YCTPAHCHUHU BIUSAHUA V., "

=y = r(2)-r(1)-~(1.2)
(2) =1, Ji-~OJi-02)

rae r(2) - K03()QUIMEHT KOPPEIALUU MEXIY V, U V,,,;

t,

y

r(l)- KO3 PULHUEHT KOppesaLuu MEXAY ¥, U V,,,;

r(l,2)- K03((GULHUEHT KOPPENIALUN MEXIY V,,, H V,,, .

[TprMepoM CTAITMOHAPHOCTH CITYKHUT «OCIBIA ITyM).

«Benvim wymomy Ha3bIBACTCS YUCTO CIyYalHBIN MPOIECC, T.C. Ps HE3aBUCUMBIX,
OJUHAKOBO paCHpe)ICJ'ICHHI)IX CﬂyqaﬁHBIX BCJIIMYHH &;. FHaBHBIe CBOﬁCTBa «66]’[01"0 H_IYMa»:

w(e,)=0;

D(e,)=o; = const;

oo, npu =0
Cov(gt > gt+z‘ ) =
0, npur#0
B kadecTBe mpumepa 6eoro myma MOKHO TPUBECTH OCTATKH, pacCMaTpUBacMbIC B
KJIACCHYECKOU JIMHEITHON MOJIEIH.

B npaktudeckoii aHanuTHYECKOM paboTe CTalMOHAPHOCTh BPEMEHHOTO psifia 03HayaeT
OTCYTCTBHE:

— TpeHna;

— CHCTEMAaTHYECKHUX U3MEHEHUH IUCIEPCHH;

— CTPOTO NEPUOTUYHBIX (IIyKTYaIlHii;

— CHCTEMAaTHYECKU H3MEHSIOLIMXCS B3aUMOCBS3€H MEXIY 3JIEMEHTaMH BPEMEHHOIO
psna.

Jlexkmus Ne 6
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Tema: «MoJeJH HeCTAIMOHAPHbIX BPEMEHHbBIX PSJIOB)

1. Bonnpocs! Jieknum:

1. OCHOBHBIE 37IEMEHTHI BPEMEHHOTO psJa

2. Mojenu HecTallMOHAPHBIX BPEMEHHBIX PSIOB U UX WACHTU(DHUKALMS

3. Mopenp aBTOpErpeccu — IPOMHTETPUPOBAHHOTO CKOJIB3AIIErO CPETHETO
4. Mopenu psa0B, COAEPKALUX CE30HHYIO KOMIIOHEHTY

2.Kpartkoe cogep:xkaHue BOPOCOB

1. OcHoBHBIE )JIeMEHTHI BPEMEHHOT0 Psijia

BP (ps0 ounamuxu, ounamuueckuii psid) — 3TO TOCIEIOBATEIHHOCTD YIOPSATOYCHHBIX BO
BPEMCHH YHCIIOBBIX IIOKa3aTeliell, XapaKTepU3YIOIIUX YPOBEHb COCTOSHHUS W HW3MEHEHUS
U3Yy4aeMOTO SIBJICHHUS.

BP cocTosiT u3 AByX 3JIEMEHTOB:

1. mepuoga BpeMeHH, 3a KOTOPBIA MJIM IO COCTOSHHMIO Ha KOTOPBIH NPUBOIATCSA
YUCJIOBBIE 3HAUCHHUS (t);

2. YHUCJIOBBIX 3HAYEHHH TOTO WJIM MHOTO MOKAa3aTessl, Ha3bIBAEMBIX YPOBHIMHU pAaa ().

B mpakTuke ucciieoBaHus AMHAMHUKYU SIBICHUN U MPOTHO3UPOBAHUS MPHUHITO CUUTATH,
YTO 3HAYEHHs YPOBHEW BpPEMEHHBIX PSAIOB MOTYT COAEpXKaTh CIEAYIOIIHEe KOMIIOHEHTHI
(cTpyKTYpOoOOpa3yrouire KOMIIOHEHTHI):
Tpenn (w);
Ce30HHYIO KOMITOHEHTY (S¢);
— Hukimueckyro koMnoHeHTy (Vy);
— Crnyu4aliHy0 KOMIIOHEHTY ( &, ).

2. Moaenu HeCTAIMOHAPHBIX BPEeMEHHBIX PS/IOB U UX WAeHTH(PUKAINS

OOwwmii Bug Mmoneneit: Y =T+ S+ E, Y=TSE.

Breibop omHOW W3 2-X MoOHeNed OCYIIECTBISIETCS Ha OCHOBE aHaIHW3a CTPYKTYPBI
Ce30HHBIX KoyeOanuii. Ecnmu ammmryna kojeOaHWM MNpPUONIM3UTEIBLHO const, CTPOST
QIJIMTUBHYI0 MOJIeNIb, B KOTOPOH 3HAYCHUS CE30HHOH KOMITOHCHTBI IPEAINOIaraTcs
MOCTOSTHHBIMH JIJISI PA3JIMYHBIX [UKIOB. ECiii aMIuiuTya ce30HHBIX KOJIeOaHUi BO3pacTaeT WIH
YMEHBIIAETCS, CTPOSIT MYJIbTHITAKATUBHYIO MOJIE)Ib BPEMEHHOTO psijia.

HpOHCCC MMOCTPOCHUA MOACIIN BKIIIOYACT B cebs CJICAYIOIINEC HIaru:

I. BrIpaBHMBaHME UCXOJHOTO PsIia METOOM CKOJIB3SIIEN CPEIHEH.

2. Pacuer 3HaueHuii C€30HHON KOMITOHEHTHI S.

3. VYcerpanenue ce30HHOM KOMITOHEHTHI U3 MCXOJHBIX YPaBHEHUM psiia ¥ MOJIy4eHHE
BBIPOBHEHHBIX JaHHBIX (7+E) B anautuBHON WiH (7-E) B MyTbTUIUTUKATUBHONW MOJICITH.

4. AHanuthueckoe BelpaBHUBaHuE ypoBHel (7+E) nmu (7-E) u pacuer 3HaueHuit 7 ¢
HCIIOJIb30BAaHUEM IOTYYEHHOTO YPAaBHEHHS TPEH .

5. Pacuet nomydenHsix o Mmoaenu 3nadeHuit (7+E) wu (T-E).

6. Pacuet aOCOMIOTHBIX W/WJIH OTHOCUTENBHBIX OMIHOOK.

Ecnu mnonydeHHble 3Ha4YeHHMs OIIMOOK HE CoJepXaT aBTOKOPPESLMH, WIH MOKHO
3aMETUTh MCXOJHBbIE YPOBHM psJia U B AAJbHEHIIEM MCIIONb30BaTh BPEMEHHON psia OMIMOOK £
IUIsl aHAJIM3a B3aMMOCBSA3H UCXOAHOIO psAJia U APYTUX BPEMEHHBIX PAIOB.

3.Mojaeb aBTOpPErpeccuy — MIPOMHTEIPHUPOBAHHOI0 CKOJIB3SIIEr0 CPeAHEro
B aBroperpeccum Kaxaoe 3Ha4CHHME DPsfa HAXOOUTCA B JIMHEHHOW 3aBHCHUMOCTH OT
IpeIbIIyIINX 3Ha4eHUN. Eciau aHanu3upyeMblil JUHAMUYECKHUM MTPOLIECC 3aBUCUT OT 3HAYCHUH,
OTCTOSIIIIUX HA p BPEMEHHBIX JIarOB Ha3aj, TO aBTOPETPECCUOHHBIN Mpoliece nopsaka p, T.e. AR

®):
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Y=oty +a,y, ,+.tay, , +E,

riae &, - «oenplid mym» ¢ g, =0.

0, - CBOOOHBIN 4iIeH (4aCTO IPUPABHUBAETCS K HYIIO (OIIycKaeTcs)).

JIns  BBINOJIHEHHWS] YCJIOBUSL CTAllMOHAPHOCTH BCE KOPHU XapaKTEpUCTHUYECKOIO
ypasHenus 1-a,z-a,z° —...—«a ,2z" =0 nomwKHBI OBITH 1O MO0 OoJble 1 W pasiuYHEL,
T.C. |z|>1. Ecnu |z|:1, IpOIecC Ha3bIBACTCS MPOLECCOM EOUHUUHO20 KOpHA W SIBISETCS

HECTAllMOHAPHBIM.

PaccmoTpum npocTeiiiinii BapuaHT JIMHEHHOTO aBTOPErPECCUOHHOTO IIPOLEcca — MOOENb
asmopeepeccuu 1-20 nopsioka — AR(1), unu mapxosckuti npoyecc.

DTa MOJEINIb MOXET ObITh MPEACTABJICHA B BUJIC:

W=y, &,

IJIe & - 9YUCIOBOH KOA(DPUITUEHT,

a|<1,

&, - TIOCIIEA0BATENLHOCTD CITyYalHbIX BEIMYHMH, 00Pa3yIOUX Oenblil myM.

4. Mojaesn psiioB, COAEPKAIINX C€30HHYI0 KOMIIOHEHTY

BripaBHUBaHME UCXOTHOTO PsA/la METOJIOM CKOJIB3SIIEH CpeaHE:

1) Jl71st 3TOrO0 CyMMHUpYeTCsi, ypOBHHU psijia MOCJIEI0BATENbHO 3a KaXK/aple 4 KBapTaia
CO CIIBUTOM Ha | MOMEHT BPEMEHH M OTPEACIISIOTCS YCIOBHBIE TOA0BBIE 00HEMBI, YPOBHH H T.]I.

2) PaznenuB nonydeHHble CyMMBbl Ha 4, HaliileM ckoub3dmue cpeauaue. [lomyueHnnsie
T.0. BEIPOBHEHHbBIC 3HAYEHHUSI YK€ HE COJIEPKAT CE30HHON KOMIOHEHTHI.

3) [IpuBeneM 3Tv 3HaUCHUS B COOTBETCTBHUH C (PaKTUYCCKUMU MOMEHTAMHU BPEMEHH,
JUISL 4ero HalJeM CpelHHe 3HAYEHUsS U3 JBYX IMOCIEAOBATEIbHBIX CKOJB3SAIIUX CPEIHUX —
LEHTPUPOBAHHBIEC CKOJIB3SIINE CPETHUE.

O11eHKN Ce30HHOW KOMIIOHEHTHI HaIeM KaK Pa3HOCTh MEXKIY (PaKTUICCKUMH YPOBHSIMH
psiga U UEHTPUPOBAHHBIMU CKOJB3SIIIMMHU CpeAHUMHU. Vcmonb3yeM 3TH OLEHKH I pacyera
3HAYEHUU CE30HHOM KOMMOHEHTHI S. {11 3TOoro HaiiieM cpelaHue 3a KaXKIbli KBapTall OLICHKH
CE30HHOM KOMIOHEHTHI S;. B Moensx ¢ ce30HHOM KOMIOHEHTON OOBIYHO MPEAIoIaraeTcs, 4ro
CE30HHBIE BO3JICMCTBUS 3a MEepUOJ B3auMororamatorcs. Hanpumep, B aiIUTUBHONW MOJIETN 3TO
BBIPAXKAETCS B TOM, YTO CyMMa 3HAQ4Y€HHI CE30HHON KOMITIOHEHTHI MO BCEM KBapTajiaM JOJDKHA
OBITH paBHA HYJIIO.

B MynapTHUIIIMKAaTHBHOM MOJEIHM B3aMMOIIOTalla€MOCTh  CE30HHBIX  BO3JCHCTBHI
BBIPAXAETCsl B TOM, YTO CyMMa 3HAa4€HUW CE30HHOW KOMIIOHEHTHI MO BCEM KBapTajlaM JOJKHA
OBITH paBHA YKCIY EPUOJOB B UKJIe. Hampumep, mpu CE30HHBIX KOJEOAHUSX YHCIIO IEPHOIOB
OJIHOTO IUKJIA (To1T) paBHO 4 (4 KBapTaia).

B apgmutuBHON Mopenu: Si = Si - K, rane K — xoppektupyromuii ko3¢ UIneHT,

K=i&M

i=1

urormga ). S;=0;

_ 4
B MynpTUIUIMKATUBHOW MOJENH: Si = S,‘ K, i= 134, K = Z S i W TOTHA
i=1
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B agauTMBHON MOAENM BBIYMTAEM €€ 3HAYECHUS M3 KaXJOr0 YPOBHS HCXOJHOTO
BpeMeHHoro psana. [lonyuum 7+E =Y-S.

B MynbTHUIUIMKATUBHOM MOJENU pPa3JeliUM KaXAbld YpPOBEHb HCXOOHOTO psAla Ha
COOTBETCTBYIOLIME 3HAYCHUSI CE30HHON KOMIOHEHTHI. TeM caMbIM noayuum 7-£ =Y=S, koTopbie
COAEPKAT TOJBKO TEHJACHILIUIO U CIIy4ailHYI0 KOMITIOHEHTY.

Onpenenenre KOMIOHEHTHI ' JTaHHON MOJEIH.

JUis 3TOro HpPOBOAWTCS aHAIUTUYECKOE BblpaBHUBaHUE pana I+E (T-E) ¢ MOMOILBIO

muueiinoro tpeuna 1 = a + bt.

Jiis aToro mocuutaeM a — const, b — K03QPUIMEHT perpeccuu, CTAaHIAAPTHYIO OIIHOKY
koo duIMenTa perpecciy R%, 9icno HaGMOACHH W 9HCIO CTereHeil cBo6oabl. C MOMOIIBIO
HUX OIpPEIENIsiEM 3HAUUMOCTb PETPECCUH.

Haiinem 3HaueHus ypoBHeW psma 1o 1; — TIOIYYEHHBIM MO TEOPETHYECKOMN
(ananuTH4eckoit) ¢opmyne u S; — 3HAUYCHUSIM CE30HHOW KOMIIOHEHTBI Ui COOTBETCTBYIOIIMX
KBapTaJIOB.

E=Y—-(T+Y9)
E=Y+(T-S)

D10 abcomoTHBIE 3HaYeHHs (a0coytoTHBIE oOmuOKM). [lo aHamormm ¢ MOJCIBIO
perpeccun AJisi OIEHKH KayecTBa MOCTPOCHHON MOJETH WM JJIs BBIOOpA HAWUITYUIIeW MOJIEIH
MOYKHO IPUMEHSTHh CyMMY KBaJIPaTOB IMOJIYYEHHBIX a0COTFOTHBIX OIIHOOK.

2B

| PP

Z (y _)_/)2 -100% " 9TO oI PAKTOPHOU AUCTIEPCHH YPOBHEH psima OOBSICHIET

MOJIy4YeHHOE KOJIMYECTBO MPOLIEHTOB OT OO0IIeil BapHallii ypoBHEH BPEMEHHOTO psija.

Jlexkmusa Ne 7

Tema: «CucreMa JHHEHHBLIX OTHOBPEMEHHLIX YPaBHEHH

1. Bonnpocs! Jieknum:

1.1. CtpykTypHas 1 mpuBeAeHHAs (OPMBI MOJIETH CUCTEM OJTHOBPEMEHHBIX YpaBHEHUH.
1.2. PexypcUBHBIE CUCTEMBI OTHOBPEMEHHBIX YPABHECHUM.

1.3.Mogenb crpoca — IpeIoKeHUs KaKk IPUMEP CUCTEMbI OJJHOBPEMEHHBIX yPaBHEHUM.
1.4.OcHOBHBIE CTPYKTYPHBIE XapaKTEPUCTUKH MOZCIIEH.

1.5. YcnoBust uaeHTU(HUITUPYEMOCTH YPaBHEHUN CHCTEMBI.

1.6.inenTudukanus peKypcuBHbIX CUCTEM

2.Kpartkoe conep:kanue BOIPOCOB
1. CrpykrypHas W mnpuBeleHHas ¢opMbl MOAeJIM CHCTEM OJHOBpPEMEHHbIX
yYPaBHeHHUil

Cucrema COBMECTHBIX, OJJHOBPEMEHHBIX YpPaBHEHUH (WM CTPYKTypHas ¢opMa MOJEIH)
OOBIYHO COAEPKUT SHJOTCHHBIE U 3K30T€HHBIE IEPEMEHHBIE.

Dnoozennvie nepemennvle 0003HaUEHbI B MPUBEJCHHOI paHee CUCTEME OJHOBPEMEHHBIX
YPaBHEHUH Kak y. DTO 3aBUCHUMBIE NEPEMEHHBIE, YUCIIO KOTOPBIX PAaBHO YHUCIY YpaBHEHHH B
CUCTEME.

OK302eHHble nepemeHHble 0003HAYaloTCsd OOBIYHO KaK X. OTO MpeloNpe]esIeHHbIE
IIEPEMEHHBIE, BIUAIONINE HA YHAOTCHHbBIE TIEPEMEHHBIC, HO HE 3aBUCAIIUE OT HUX.

CrpykrypHas ¢opma MOJEIM MO3BOJSIET YBUAETHh BIUSHUE M3MEHEHHH 1000
IpeoNpee/IeHHON MepeMEeHHOM Ha 3Ha4yeHUs SHJIOTeHHOM nepemeHHOW. llemecooOpa3Ho B
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KaueCcTBE JK30TCHHBIX TIEPEMEHHBIX BHIOMpATh TakKuWe MEPEMEHHBIE, KOTOPBIE MOTYT OBITh
00BEKTOM PEryIUpPOBAHHUSL.

CrpykrypHast popma MOJENIH B IPABOM YaCTU COJEPKUT MPH SHAOTCHHBIX U YK30TCHHBIX
nepeMeHHbIX ko3 dunmentsl b; u a; (b; -Kod)PUIUEHT TPU IHAOTCHHOW MEPEMEHHOU, a; —
KOXP(UIMEHT TpPH OK30TCHHOW TIEPEMEHHOM), KOTOpPBIE HA3BIBAIOTCS  CHMIPYKMYPHbLIE
K02¢(hpuyuenmor mooenu. Bee nepeMeHHbIE B MOJICNIM BBIPAKEHBI B OTKJIIOHCHHUSX OT CPEIHEro
YpOBHS, T. €. MOJ X TOJpa3yMeBaeTcs x—Xx, a MOJI ¥y — COOTBETCTBEHHO y — ). IloaTomy

CBOOOHBIN YJIEH B KaX/IOM YPAaBHEHUU CUCTEMBI OTCYTCTBYET.

Ucnons3oBanne MHK a7t onieHuBaHUS CTPYKTYPHBIX KO3()PUIIMEHTOB MOAETH JaeT, KaK
IPUHATO CUUTATh B TEOPHM, CMEIIEHHBbIE M HECOCTOSATENbHbIE OLEHKH. [l0aTOMYy OOBIYHO UIs
OTIpeNeNIeHus]  CTPYKTYPHBIX ~ KO3((PUIMEHTOB MOAEnu CTpPYKTypHas ¢opma MOJIeNu
npeoOpasyeTcs B IPUBEICHHYIO (OPMY MOAEIH.

Ilpusedennas ¢gopma modenu TPENCTaBISICT COOOH CHUCTeMY JHMHEWHBIX (QyHKIHN
9H/IOT€HHBIX [IEPEMEHHBIX OT IK30I'€HHBIX:

Y, =0,% +0,%, +...+0,,X

Im*"m1

Yy =05 X, + 0%, +...+0,, X

2m¥m

Y, =0,%+0,x,+...+0, X

nm~"m

re 5, — KOd(pGUUHMEHTHI IPUBEICHHON (OPMBI MOJEIH.

2.PekypcHBHBIE CHCTEMBbI OJJTHOBPEMEHHBIX YPABHEHUH

Kaxnoe ypaBHEHHME CHCTEMBl HE3aBUCHUMBIX YPaBHEHHH MOXET pacCMaTpHUBATHCA
CaMOCTOATENBHO. JlII1 HaxXOXIEHUs €ro IapaMeTpoB HCIOIb3YETCS METOJ HAaWMEHBIIHUX
kBazparoB. [lo cymecTBy Kaxxqoe ypaBHEHHE 3TON CHUCTEMBI SIBJIETCS YPaBHEHHUEM PETPECCUU.
[TockonbKy HHKOTAA HET YBEPEHHOCTH, YTO (PaKTOPHI MOJHOCTHIO OOBSCHSIOT 3aBHCHMBIC
IIEpEMEHHbIE, B YpPaBHEHHUSIX MNPHUCYTCTBYET CBOOOJIHBIH uileH ag. Tak Kkak (pakTudeckue
3HAQ4YCHUS 3aBUCHMOM IIEPEMEHHOW OTIMYAIOTCS OT TEOPETHYECKUX Ha BEJIMYMHY CIy4alHOU
OLIMOKH, B KQXKJIOM YpaBHEHUU IIPUCYTCTBYET BEIMUMHA CIIydaiHOH omnoKy.

Opnako ecnau 3aBUCHMMAasi IEPEMEHHAs Y BKIIIOUAET B KaX/J10€ IOCIEAYIOIIEe YPABHEHHUE B
KagecTBe (DaKTOpOB Bce 3aBUCHMBbIE IIEpEMEHHbIE NPEALISCTBYIOIIMX YpPaBHEHMH Hapsiay ¢
Ha0OpOM COOCTBEHHO (haKTOPOB X, TO HIMEEM MOJIETb B BUIE CUCHIEMbL PEKYDCUBHBIX YDAGHEHUI:

yl = allxl +a12x2 +...+a1mxm +81
Yy, =byy, ta,x, +a,x, +...+a,,x, +¢&,
Yy =byy +by,y, tayx +apx, +...+a,,x, +&

v, =b,y,+b,y,+...+b, vy, ,+a,x +a,x,+...+a, x, +&,

3..Mopeab cmnpoca — MNpeAJOKeHHs] KaK IMpHUMep CHCTeMbl OJHOBPEMEHHBIX
YPaBHEeHUM
MHorue 3KOHOMHYECKHE B3alMOCBSA3U JOMYCKAIOT MOJAEIUPOBAHUE OJHUM YPABHEHHEM.
OpnHako pAg SKOHOMHUYECKMX IIPOLIECCOB MOJAEIMPYIOTCS HE OJHMM, a HECKOIbKHUMHU
YPaBHEHUSAMH, COAEPKALIMMU KaK MOBTOPSIIOIIMECS, TaK U COOCTBEHHbIE IepeMeHHble. B cuy
3TOr0 BO3HHMKAeT HEOOXOAMMOCTh UCIOJb30BAHUS CHCTEM ypaBHeHui. Hampumep, mpu oreHke
3 PEKTUBHOCTH MPOU3BOACTBA HENb3sl PYKOBOACTBOBATHCA TOJIBKO MOJEIBIO PEHTA0EIbHOCTH.
Ona pomxHa OBITH JIONOJHEHAa MOJENBIO IMPOU3BOAUTENBHOCTH TPYAa M MOAEIBIO
cebecToMMOCTH  €IUMHUIBl NpoAyKuuH. OCOOEHHO 3Ta HEOOXOAMMOCTb BO3pacTaeT IpHU
UCCIICIOBAaHUM TIPOLIECCOB HA MAKpOYPOBHE. DTO CBSI3aHO C TEM, YTO MAaKpOIKOHOMHUYECKHE
NOKa3aTeNH, SBIAACH OOOOLIAIOIIMMM I10Ka3aTeIsIMH COCTOSIHMSI  SKOHOMHKHM, 4Yallle BCEro
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B3aMMO3aBHCUMBI. Tak, pacxo/ibl Ha KOHEYHOE OTPEOICHNE B YKOHOMHUKE 3aBHUCST OT BAJIOBOTO
HAI[MOHAJLHOTO J10XOAa, U BMecTe ¢ TeM, BeinumunHa BHJ[ paccmarpuBaercs kak GyHKIus
WHBECTHULINH.

4.0CHOBHBIE CTPYKTYPHbIE€ XapAKTEPUCTUKH Mo/IesIeil

[TpoBepuM Kakaoe ypaBHEHHE CHCTEMbl HAa HEOOXOIUMOE M JIOCTATOYHOE YCIIOBHSI
uaeHtuukauu. Jns  ATOro 3amoJIHUM — CIHEAYIONIYI0 TaOmuiy KO3(QQOUIUEHTOB TpHU
OTCYTCTBYIOIIUX B TICPBOM YPaBHEHUU NIEPEMECHHBIX, B KOTOPOH OMpeaeanTenb MaTpuibl (detA)
KOX(P(UIIMEHTOB OTIIMYCH OT HYJISL.

Matpuna ko3¢ duumnenton (1)

YpaBHeHuUE IIepemenHbIe
X3 X4
2 azs azyq
3 0 0

detA=0, a panr marpunbl paBeH 1. CiegoBaTelbHO, TOCTATOYHOE YCIOBHE UACHTU(DHUKAIINN
HE BBITIOJIHSICTCS U TIEPBOE YPaBHEHUE MOXKHO CUHTATh HE UICHTU(DUIIUPYEMBIM.
KoaddumuenTts mpu 0TCYTCTBYIOIKUX BO BTOPOM YPaBHEHUHU MTEPEMEHHBIX COCTABSIT.

Matpuna ko3punueHros (2)

YpaBHeHUE [Tepemenubie
Y3 Xi
1 b aj
3 -1 as
Cornacno Tabmuue detA#0, a paHr MaTpHIBI ypaBHEHUE
UACHTUPUIHPYEMO.

Tabnmuua xk03h(HUIUEHTOB MPH MEpPEeMEHHBIX, OTCYTCTBYIOIIMX B TPEThEM YpaBHEHHH, B

koTopoi detA # 0.

Matpuna ko3pdunuentos (3)

YpaBHeHUE [TepemennbIie
X3 X4
1 0 0
2 ass azy
YcnoBue  uaeHTU(UKAMM  HEBBINONHSETCS.  YpaBHEHHE  HEUJIECHTHUDUIMPYEMO.

CrnenoBarenbHO, paccMaTpUBaeMast B [IEJIOM CTPYKTYpHast MOJIENb HEUACHTU(DUIIPYeMast.

B »KkoHOMETpHYECKMX MOJENAX 4YacTO HapsAy C YPaBHEHHAMHM, IapaMeTpbl KOTOPBIX
JOJIKHBI OBITh CTATHCTHYECKH OLCHCHLI, UCIIOJB3YIOTCA OaJlaHCOBEIE TOXJACCTBA NMCPCMCHHBIX,
K03(ppULMEHTH! NpU KOTOPBIX paBHBI £1. B 3TOM ciydae, XOTs caMo TOXKAECTBO U HE TpeOyer
IIPOBEPKU Ha UJeHTU(DUKALUIO, MO0 KOA(PPHUIUEHTHI PU EPEMEHHBIX B TOKIECTBE U3BECTHBI, B
NpOBEpKE Ha HICHTU(UKAUIO COOCTBEHHO CTPYKTYPHBIX YPAaBHEHUH CHCTEMBI TOXXIECTBA
Y4acTBYIOT.

5. YcnoBus uieHTHGUIHPYEMOCTH YPABHEHUH CHCTEMBbI

HeoOxonuMoe W JOCTaTOYHOE  YCJIOBHE  MJCHTU(DUIUPYEMOCTH:  YpaBHEHHE
I/II[CHTI/I(I)I/II_II/IpyeMO, TOrJa W TOJIBKO TOrJa, KOraa IO OTCYTCTBYIOIIMM B HEM NCPCMCHHLIM
(PHIOTEHHBIM M SK30T€HHBIM) MOXHO U3 KO3((UIMEHTOB NPU HUX B JIPYTUX YPaBHEHUSX
CHUCTEMBI IIOJIY4YUTb MATpPHUILy, ONPEHCIUTENb KOTOPOM HE PaBEH HYJI, a paHI MaTpULBI HE
MEHbIIIE, YEM YHCIIO YHJIOTEHHBIX IEPEMEHHBIX B cucTeMe 6e3 oHoro (n-1).
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6.UnenTnpuxanus peKypCcuBHBIX CHCTEM
[lpu mnepexome OT mNpUBEACHHOW (OPMBI MOAETH K CTPYKTYPHOH HCCIIEOBATENb
CTaJKuBaeTcs ¢ mpodiemoit uaeHTudukanuu. Ilox npobiemoll MACHTUDHUKAIIMHE TOHUMACTCS
BO3MOXXHOCTh YHCICHHOH OIICHKH NapaMeTpOB CTPYKTYPHBIX YpPaBHEHUH 10 OIICHKaM
K02(pPHUIIMEHTOB NPUBEACHHBIX YPaBHEHHIH.
C nmo3urmu UACHTUUIIMPYEMOCTH CTPYKTYPHBIC MOJACTH MOXKHO TOJpPa3[IeluTh Ha TPH
BUJIA:
*  UACHTUDUIHPYEMBIC;
*  HEWJCHTH(PHULIUPYEMBIE;
*  CBEPXUJICHTHU(QHUIHUPYEMBIC.

Mooenv udenmuguyupyema, ecim Bce CTPYKTYpHBIE ee KO0d(DPUIMEHTHI OMpeestoTCs
OJTHO3HAYHO, CIIMHCTBEHHBIM 00pa3oM 1o K03 UITMeHTaM IPUBEACHHON (POPMBI MOJICIIH, T. €.
€CITM YUCIIO TTapaMeTPOB CTPYKTYPHOU MOJIEH PaBHO YMCITY ITapaMeTPOB MPUBEACHHON (HOPMBI
Monend. B 3TOM ciy4ae CTpPYKTypHBIE KOX(PQHUIMEHTHI MOJEIH OICHHBAIOTCA Yepes
napameTpsl IPUBEACHHON (POPMBI MOJIENIN ¥ MOJIETh HACHTU(DUITpYEMA.

» =b,y, +a;x, +ap,x,

Yy =byy +ayx, +ayx,

Mooenv Hneudenmuguyupyema, €civ YHUCIO TPUBEIECHHBIX KOX(PPHUIMEHTOB MEHBIIE
qucia CTPYKTYPHBIX KOG GUIIMEHTOB, U B Pe3yJIbTaTe CTPYKTYPHbIE KO3 (UIMEHTHl HE MOTYT
OBITH OIIEHEHBI uepe3 KO UIMEHTHI MPUBEACHHON Gopmbl Moaenu. CTPYKTypHO MOJENTb B
IIOJTHOM BUJE, COAEpXKallasi 7 SHJIOTCHHBIX U m MPEAONPEAEICHHBIX NEPEMEHHbBIX B KaXKIA0M
YPaBHEHUHU CUCTEMBI, BCETIa HEUAEHTUQULIIpYyEMa.

Vi =byuy, +a,x +a,x, +ag;x,

Yy =byy +ayx +ay,x, +a,x,

Mooenv ceepxudenmughuyupyema, €CIM YUCIO TPHUBEIACHHBIX KO3(PPHUIIUEHTOB OOJbIIe
YHClia CTPYKTYPHBIX K03 dummenToB. B aToM ciydae Ha ocHOBE KOA((GUIIMEHTOB MPUBEICHHON
(GOpMBI MOKHO TTOJTYYUTH JIBa WK O0JIee 3HAYECHUH OJTHOTO CTPYKTYPHOTO K03 DUIINEeHTA.

» =byy, +a,x +a,x,

Y, =byy, +ayx,

Jleknus Ne 8

Tema: «MnenTudukanus cucreM 0JHOBPEMEHHbIX YPABHEHHID)

1. Bonipocel jekumnu:

Cratuctuyeckoe OLICHUBAHNE HEU3BECTHBIX 3HAYCHUM ITapaMeTpOB.

JIByXII1aroBelif METOJl HAUMEHBIINX KBAJAPATOB OLIEHUBAHNS CTPYKTYPHBIX [TapaMETPOB

OTJIEIBHOIO YPABHEHUS CUCTEMBI.

3. TpexmaroBblii METOJ HaMMEHBIIMX KBaJpaToOB OAHOBPEMEHHOI'O OLIEHHWBAaHHUS BCEX
I1apaMeTPOB CUCTEMBI YPABHEHHUH.

4. Jlpyrue MeToAabl OLIEHUBAHUS CUCTEM OJJHOBPEMEHHBIX ypaBHEHUI.

N —
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2.Kpartkoe conep:kanue BONPOCOB
1. CrarucTuyeckoe oOlleHUBaHHE HEM3BECTHBIX 3HAYEHUH MapaMeTpoB
KMHK npuMensercs B ciy4ae TOYHO HAECHTUDULUUPYEMOM CTPYKTYpHOH MOJEIH.
[Tpouenypa cOCTOUT U3 CIENYIOIIUX 3TAIOB!
a) CTpYKTYpHas MOJIeb IpeoOpasyeTcs B IPUBEAEHHYIO (hOPMY MOJIENH;
0) 1t Kaxaoro ypaBHeHHs HpuBEASHHOH Qopmer obsraHbiM MHK onenuBarorcs

KO3 (D PUITUEHTHI;

B) C TOMOIIBIO anreOpandecKkux MpeoOpa3oBaHUil OT KOA(PPHUIMEHTOB NPHUBEIEHHON
(dbopMBI MTepexoasT - BO3BpAIIAOTC K IMapaMeTpaM CTPYKTYpHOM MOJENH, Mojlydas TEM CaMbIM
OLICHKH 3THX I1apaMETPOB.

[Tpumenenne KMHK npenmnonaraet, 4To cuctemMa ypaBHEHUH COJEPAKUT B MPABOM 4acTH B
Ka)KJIOM YpPaBHEHUHU KaK 9K30T€HHbIE, TAK U YHJAOT€HHbIE IepeMeHHble. MeXly TEM, MOTYT ObITh
CHUCTEMBI, B KOTOpPBIX B OJHOM WJIH HECKOJbKHX YpPAaBHEHUSX, HAIpUMEpP, OTCYTCTBYIOT
HK30I'€HHbIE TepeMeHHble. [l Takoil MOJEeNH HENOCPEIACTBEHHON IOJNyYEeHHE CTPYKTYPHBIX
K03 (UIIMEHTOB HEBO3MOXKHO. B 3TOM ciyyae, cHadana ompesensercs cucreMa MpuBeIEHHOU
dopmbl Moxenu, pemraemas o0sraHBIM MHK, a 3atem myTém anrebpamdeckux mnpeodpa3zoBaHuit
nepexo/isd K KoahuurueHTaMm CTpyKTYpHOU MOJIEIH.

2. JIByxXmaroBblii MeTOJ HAUMEHBIIUX KBAJAPATOB OLECHHBAHHUS CTPYKTYPHBIX
MapaMeTpoB OTAEJbHOI0 YPABHEHHUS CHCTEMBI

Jeyxmaroseriit MHK (JIMHK). Ecnu cuctema cBepxuaeHTHGUIIIPYEMa, TO UCTIOIb3yeTCs
JAMHK. DTansl BeITOTHEHUS 3TOU MPOIEAYPHI:

a) Ha OCHOBE MPHUBEAEHHON (HOPMBI MOJEIH MOJIYYalOT ISl CBEPXUACHTU(DUINPYEMOTO
YpaBHEHUsI TEOPETHUYECKUE 3HAYEHUs DHJOTCHHBIX IIEPEMEHHBIX, COAEpXKAIUMXCSA B IIPABOU
YacTH YpaBHEHMS;

0) nanee, MOJACTaBUB MX BMECTO (PAKTUUYECKUX 3HAUEHUMH, MOXXHO NPUMEHUTH OOBIYHBIN
MHK «k cTpykTypHO#t opMe CBEpXUACHTUPUIIUPYEMOTO ypaBHEHUSI.

B stom metone nBaxabl ucnons3zyercss MHK: Ha nepBom 3tamne, npu onpeneneHnu
npuBeIEHHON POPMBI MOJIETH U HAXOXKACHUU Ha €€ OCHOBE OIICHOK TEOPETUYECKUX

A

3HAYCHHUH SHJIOTCHHOH NEPEMEHHOH: y; =0; x| + J;5%y +...+ ;X ; ¥ Ha BTOPOM

niare, MPUMEHUTENBHO K CTPYKTYPHOMY CBEPXHACHTU(DULIHUPYEMOMY YPaBHEHHUIO
Opd  ONpENeNIeHMH CTPYKTYPHBIX KOI((UIIMEHTOB MOJEIUM IO JIAaHHBIM
TEOpeTUUECKHX (PacYETHHIX ) 3HAYCHUH SHOTEHHBIX U 9K30T€HHBIX MEePEMEHHBIX

3. TpexmaroBblii MeTOJl HAWMEHbIIMX KBaJAPaTOB  OJHOBPEMEHHOI0
OLICHUBAHNS BCEeX MAPAMETPOB CHCTEMbI YPaBHEHM i

TpexmaroBslii METOJI HAMMEHBIIIUX KBAJIPATOB MPUMEHSETCS ISl OIEHKH IMapaMeTPOB CHUCTEMBbI
OJIHOBPEMEHHBIX ypaBHEHMH B wnenoM. CHauana K KaxAOMy YPaBHEHHIO IIPUMEHSETCS
JBYXIIIarOBBIA METOJI C IETbI0 OIICHUTH KOA(PPHUIIUEHTHI U MOTPEITHOCTH KaKIOTO YpaBHEHUS, a
3aTCM HOCTpOI/ITB OI_ICHKy JJIs KOBapI/IaI_II/IOHHOf/'I ManI/II_IBI HOI‘pGH.IHOCTCﬁ, HOCJIG 3TOTr0 I
OIlCHUBaHMs KO3(PPHUIIMEHTOB BCEH CHCTEMBI MPHUMEHSETCS 000OIICHHBI METO] HaMMEHBIIINX
KBaJIPaToOB.

4. Jlpyrue MeToAbl OLIECHUBAHUS CHCTEM OJITHOBPEMEHHBIX YPABHEHMI
1. MeTob! O1leHUBaHKS TTApAMETPOB
B nmpuxnanHoi cTaTUCTHUKE HCHONB3YIOTCS Pa3HOOOpa3HbIEe MapamMeTpUUEeCKUE MOJIEIH.
TepMuH «ImapaMeTpUYECKHiN» 03HAYAET, YTO BEPOATHOCTHO-CTATHCTHYECKAsT MOJECIb MOTHOCTHIO
OTHMCHIBACTCS KOHEYHOMEPHBIM BEKTOpPOM (UKCHPOBAHHOW pasmepHocTH. [lpmuem dta
Pa3MEpHOCTh HE 3aBUCUT OT 00beMa BBHIOOPKH.
2. MeTo1 MOMEHTOB
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C kaxoii onieHkM HaunHaTh? OIHUM U3 HauboJee U3BECTHBIX U MIPOCTHIX B YIOTPEOIEHNN
METO/IOB SIBJISIETCA METOJ MOMEHTOB. Ha3BaHue CBA3aHO C T€M, 4TO 3TOT METOJ| ONUpPAETCs Ha
MCII0JIb30BaHUE BEIOOPOUYHBIX MOMEHTOB

1 ®
Muyw=—2.%5", m=12,.,
L)

ra€ X;, X2,..., X, — BbIOOpKa, T.e. HA0Op HE3aBUCHUMBIX OJMHAKOBO PACIPEIEICHHBIX
CITy4alHBIX BEJIMYMH C YHCIIOBBIMU 3HAYCHUSIMHU.
3. Meroa MakCHMalbHOTO MPABIONO100MS

B paborax, mpenHa3HaYeHHBIX I MEPBOHAYAJIbHOIO 3HAKOMCTBA C MAaTEMaTHYECKOM
CTaTHCTUKOW, OOBIYHO PACCMATPUBAIOT OICHKM MaKCHMAJILHOTO TPABAONOA00US (COKpAICHHO
OMII):

Sila) =8 (n x5, %)= Argmin nf(xi;é?}.

d=m il

Takum oOpa3om, cHayajla CTPOUTCS IUIOTHOCTb paclpeAciieHUus BEpOSTHOCTEH,
COOTBETCTBYIOLIAs BbIOOpPKE. I10CKONIBKY 371€MEHTBl BBIOOPKH HE3aBUCUMBI, TO 3Ta IUIOTHOCTb
IPEJCTaBISIETCd B BHJE IPOU3BEAEHUS IIJIOTHOCTEH [UIS OTAEIBHBIX 3JIEMEHTOB BBIOOPKH.
CoBmecTHass IJIOTHOCTh paccMaTpUBaeTCsl B TOYKE, COOTBETCTBYIOLIEH HaOIIOIEHHBIM
3HauEHUsAM. DTO BBIpa)KEHHE KaK (PYyHKIUSA OT mapameTpa (IIpH 3aJaHHBIX 3JIEMEHTaX BBIOOPKH)
Ha3blBaeTCsl (QyHKIMEH MpaBromoAoOus. 3aTeM TeM WJIM MHBIM CIIOCOOOM HIIETCs 3HAYeHHE
napaMerpa, Ipu KOTOPOM 3Ha4€HHE COBMECTHOM MJIOTHOCTH MAaKCHUMaJbHO. JTO U €CTh OLIEHKa
MaKCHUMaJIbHOT'O IPaBAONOoI00us.

2. METOANYECKHUE YKA3AHMUA 110 BBIIIOJTHEHHUTIO
JIABOPATOPHBIX PABOT

2.1 JlaGopaTtopHas padora Nel

Tema: [lapHas JMHeliHas perpeccust

2.1.1 Heab padoThl: HAYYUTHCA PACCUMUTHIBATH TAPAMETPhl YPABHEHUS MTapHOU

JIMHEHHOM perpeccum.
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2.1.2 3apayu padoThI:

1. PaccunraiitTe oleHKH TapaMeTPOB yYpaBHEHUS TapHOU JTMHEWHOM perpeccuu.

2. O1ieHUTE TECHOTY CBSI3U MKy MPH3HAKAMH C TIOMOIIBIO BEIOOPOYHOro KO3 HUIIHCHTA
koppensuu. [IpoBepbTe 3HAYMMOCTE Kod(p dunrenTa koppeisinuu (o = 0,05).

3. PaccuuTaiite BpIOOpOUHBIH KO3(duiment nerepmuHanmu. CrenalTe 3KOHOMHUYECKHUMA
BBIBO/I.

4. [IpoBepbTe 3HAUMMOCTH OLEHKH KO3(D(UIMEHTa PErpeccud € IMOMOINBI0 KPUTEPHS
CrprozieHTa npu yposHe 3Haunmoctd o = 0,05 .

5. ITocTpoiiTe noBepUTENbHBIA HHTEpBaN g Koddduimenta perpeccud. Jlakite
9KOHOMHYECKYIO HHTEPIIPETALIHIO.

6. CocTaBbTe TaONHITY AUCTICPCUOHHOTO aHAJTN3a.

7. Onenure ¢ momompbio F- kpurepus PDwuimrepa 3HAYUMOCTH YpaBHEHUS JHHEHHOU
perpeccun (o = 0,05).

8. PaccunraiiTe BBRIpYYKY OpraHW3allid, €CIH 3aTpaThl coCTaBAT 65 ThIC.pyO. IlocTpoiite

,Z[OBCpI/ITCJ'IBHBIf/’I HUHTCpBaJl JId TMPOrHO3HOI0 3HAYCHUA 00BICHAEMOMH HepeMeHHOﬁ. C):[enaﬁTe
IKOHOMMYCCKUN BBIBOJI.

9. PaccuuTaiite cpemuuii koadduiment smactuunoctd (I ). Craenaite dKOHOMHUECKHIA
BBIBOJI.

10. OnpeaenuTs CPEeTHIO0 OMNOKY almpOKCHMAITHH.

11. Ha more koppensmnun mocTpoiTe TNHUO0 PETPECCHH.

2.1.3 Ilepeyenb NpuOOPOB, MATEPHUAJTIOB, HCIOJIb3YeMbIX B J1a00paTOPHON padoTe:
1. Pabouyas teTpanpb o « IKOHOMETPUKE
2. Excel

2.1.4 Onucanue (xox) padorThi:
HmMeroTes TaHHBIE O BBIPYUYKE CEIbCKOXO3SUCTBEHHOW opraHu3auu (y), MIH.py0. U 3aTpaTtax Ha
peanu3aIiio — (X), ThIC.py0.

y 8 5 4,9 4 3,8 3,5 3,8 3,7 3,6 3,5 34 3 3

X 5 10 12 15 20 22 25 30 35 36 40 50 60

PEHIEHUE:

1. OueHku mapaMeTpoB YPaBHeHUsI MAPHOIi JUHEHHOI perpeccuu:
Paccuutaem  oLeHKHM ~ mapaMeTpoB ~ HapHOM — JUHEHHOW — perpeccuu, TIAe X @ —
, ay— .
ITapameTpsl ypaBHEHUS JTUHEWHOW PETPECCHU PACCUMUTHIBAIOTCA C HMCIOJIb30BAHHEM CHCTEMBI
HOPMAJIbHBIX YpaBHEHHI OTHOCUTEIHHO a U b:

Y, =a+bx - ypasuenne npsmoii
n-a+b2x22y
aZerbZXZ :Zy-x

Ha ocHoBe BcrmoMoratenbHON TaOHIB! 1 3aMMChIBaEM CHCTEMY HOPMAJIBHBIX YPaBHCHHI:

PeriraeM ee METOZIOM OTNPEICITUTEIICH:
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Ad: —_

b:A_b:
A

IToy4yaeM ypaBHEHHE PErPECCHH: )V, =

OTOT ke PE3YIbTAT MOXKHO IOJYYUTh, UCTIOJIB3Ys CICAYIOIUC (bOpMyJ'H:I.

p=2r VX ~ . _
- 2 0= 0= 00 =
O-.X'
2
, DX =
o, ==——X o’ =
n X
b =
a=y—bx
a =

[Tony4yaem ypaBHEHHE perpeccuu: ;x =
BBIBO/L
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Tabmuua 1 — BcnomorarensHast Tabnuna Aj1sl pacyeTa mapaMeTpoB YpaBHEHHUS IMHEHHON perpeccuu

Howmep

Xy

y- ¥,

(y-7,)°

(y-»)

7. -»)’

(x—x)°

Y=V

-100

— | | —
DIz 8le|ew|o|u|s|w | —

13

CymmMma

Cpennee
3HaYCHUE
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2.01eHKa TECHOTHI CBSI3H MexK1y npu3Hakamu. IIposepka 3HauuMocTu ko3(puuuenta
koppeasimnu (0=0,05)
T X
X—y-X =
& Ui ryx b O_
O-x . O-y y

JluHelHbBIH KO3QPUIIMEHT KOPPEISIINY: P =

O, — CpeIHEKBaIpaTHIeCcKoe OTKIOHEeHHE (JaKTOPHOTO MPU3HAKA X

o, =% —(x)’

O'y — CPCAHCKBAAPATUICCKOC OTKIIOHCHUC PCIYJIbTATUBHOI'O IIPU3HAKA Y

o= 3= 5’ = 3 =
O;=

Gé =

Ve =

BBIBO/],

JIJis IpOBEPKU TUTOTE3bI O HE 3HAYMMOCTH KOA(GUIIHMEHTA KOPPETSIHU UCTIONB3YIOT CTATUCTHKY

r
kputepus: [, =——
,

TAC m, — CTaHAapTHAaA omnoKa JJIsL JIMHESHHOT'O IMMapHOT0 YpaBHCHUSA PErpeCCuun

m, = m, =
n—2
r
tr - tr =
m}”
BBIBO/I

3. Pacuer ko3 punuenta 1eTepMUHAITAA

Koadduument gerepmMuHaiii COCTaBUT: ryx2 =( y =
BBIBO/L
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4. IlpoBepka 3HAaYMMOCTH OLEHKHM Ko3(dHuuUeHTa perpeccMd ¢ NOMOLIbLI0 KpUTepHsi
CTbloieHTa IPH YPOBHE 3HaYuMocTH 0=0,05

C nomoursto MHK momyueHs! OLEHKH MapaMeTpoB ypaBHEHHs perpeccud. UToObl MpOBEpUTH
3HaYMMOCTh TApPaMETPOB HCIOJB3YIOT CTaTUCTUYECKUE METOABI MPOBEPKU THUIOTE3bl, OLEHKa
CYLIECTBEHHOCTH KO3 (UIMEHTa PErpecCur CBOAUTCS K IPOBEPKE CIIEIYIOLIUX TUIIOTE3!

Ho: ko3 punpenT perpeccuu ABIsETCS CTATHCTUYECCKH HE3HAYMMBIM, T.¢. b=0;

H; : ko3 dunmenT perpeccun cTaTUCTUIECKH 3HAUUM, T.€. b#0.

CrannmapTHas omruOKa st KodhpuImmeHTa perpeccuu my,:

> -5.)

m, = —
(n — 2)2 (x — x)z
m, =
4
Jasnee BbIYnCiIsieM 3HaueHus t — kputepust CThiofeHTa: f, = —
m,
t, =
BBIBO/I

5. Omnpenesienne 10BePUTEIbLHOI0 HHTEPBAJIA 11 K03 PUIIEeHTa perpeccuun

H N = .
penenbHas omubKa nmapamerpa b Ab tma 61 ™Mb

Ab =
JloBeputesbHble HHTEpBANbBL: ¥, =bt A =, T.e.
. <b<
Takum obpazom, koah purreHT perpeccun MOXKET HaXOJUTHCS B WHTEpBaJIC

( ; )

6. Tad1una TUCTIEPCHOHHOTO AHATU3A
Tabmmia 2 — Tabmuia AuCIepCHOHHOTO aHATN3a

Yucno Cymma Hucnepcus Ha F - xpurepnii
Bapuanus CTereHein KBaJIpaToOB OZIHY CTEIEHb
pe3ynbTaTa CBOOOBI OTKIIOHECHHH CBOOOBI (hakr. Tad.
Obmas
PaxkTopHas
OcratoyHast

7.0uenka ¢ nomombio F — kputepus Ouiiepa 3HAYMMOCTH YPaBHEHMs JIMHEIHOI perpeccuu
B cuiy Ttoro, 4uto Fyue= Frae— , TUIOTEe3a O CIy4YallHOCTH pa3iIuduil
(hakTOpHOU 1 OCTATOUHON TUCTIEPCHI

8. PaccuuraiiTe BHIPYYKY OPraHM3alMU, €CJIU 3aTPaThl cocTaBAT 65 Thic.pyd. IlocTpoiiTe
JO0BepUTEJbHBIH HWHTEPBAJ /UIA INPOTHO3HOT0 3HaA4YeHHsl 00bsicHAeMoli mepemeHHoi. Chesalite
IKOHOMHUYECKHU i BHIBO/I.
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[Tony4yeHHBIC OIEHKH YpaBHEHUS PETPECCHH TO3BOJISIOT UCIONB30BaTh €ro Juis mporuosa. Ecmu
x=65, TO TOYCHHBIH TIPOTHO3:

yh =

UToOBl TONY4YHTh WHTECPBAIBHBIN MPOTHO3, HAWJEM CTaHAAPTHYIO OIIUOKY MpPECKa3hIBAEMOIO
3HAYCHHUSI LICHBI HA IPOTPAMMY 711, .

S =
m, =
[IpenenbHast omnOKa IPOTHO3UPYEMOI COCTABHT:

4 =t -m
y? “mabn p
I[OBepI/ITCJ'IBHBIf/’I HUHTCPBal HpOFHO3preMOI>i BCJINYHUHBI COCTAaBUT:

Yo =

BBIBOJI

9. PaccunTaiiTe cpeanuii Ko3ppuuueHT 3aacTHuHocTH ()
Cpenanii kK03 HUIUEHT 37aCTHYHOCTH ISl TUHEWHOW PEerpecCuy pacCYUThIBAETCS IO hopMyIie:

Y=b21=
Y

7 -

BBIBO/I

10. OnpeneauTh CPeTHIOW0 OMIUOKY ANMPOKCUMAIIUN

Cpennsisi ommOKa anmpoKCUMAIMM HaXOAUTCS Kak CpeiHsAs apudMeTHdeckas NpocTas U3
WHIUBUYaTbHBIX OIIHOOK:

A‘:izm.joo%
n Yy
A=
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BBIBOJI

10. ITocTpoeHne JIMHHMHU perpeccHy HA MoJie KOppeJsiuu

2.2 JlabGopaTtopHasi padora Ne2

Tema: /IMHeHASI MOJEJIb MHOKECTBEHHOM pPerpeccuu

2.2.1 Hennb padoThI: HAYYUTHCS PACCUUTHIBATH ITAPaMETPbl ypaBHEHUS MHOKECTBEHHON
JIMHEHHOM perpeccum.

2.2.2 3apayu padoThI:

1. IloctpouTh ypaBHEHHUE MHOXKECTBEHHOW JIMHEHHON perpeccuu B CTaHJApPTHU30BAHHOM
MacimTade U B ecTeCTBEeHHOH (opme.

2. Paccuuraiite yacTHble K03 (PUIIMEHTHI 3TAaCTHYHOCTH.

3. Paccunrare nuHeWHBIE KO3(DPUIMEHTH YACTHOH KOppeisnmud © KO3 UIUSHT
MHO>KECTBEHHON KOPPEIISAIIIH.

4, OLeHUTE 3HAYMMOCTH YpPaBHEHHsI PETpeccHH B IEJIOM ¢ mnomombio F — kxputepus
®dumiepa.

2.2.3 Ilepeyenn npudOpoOB, MATEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOpHON padore:
1. Pabouas terpanpb 1o «9KOHOMETPUKE

2. Excel

PEHIEHUE:

1. MocTponts YPaBHEHHUE MHOKeCTBeHHOM JINHEHHOM perpeccun B
CTAaHJIAPTU30BAHHOM MacliTale U B ecTeCTBeHHOH opme

JIuneiiHoe ypaBHEHHE MHOXKECTBEHHOI perpeccum: V, — d + blx s b2 X,

VYpaBHeHHE B CTaHIAPTU3UPOBAaHHOM MacIiTade: t y — ﬁ 1 t X + ﬁ 2 txz

Pacuet f — K03 PHUIMEHTOB BBHIIIOJHUM I10 (POPMYJIaM:
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ﬂ _ ¥ Xy XX
1 1 2 -
o XX
N

X X
ﬂz - : 1 2

1—r

X1X2

[onyunm ypasnenue [, = t,, — Iy, .

JUist TOCTPOCHHUSI ypaBHEHHsI B €CTECTBEHHOI (hopme paccunrtaem b, u b,, ucnomns3ys Gopmysl

115 epexoa ot B K b,

O, o
bi=b—. bi:ﬂi_y

G 9
b, = b, =

y X

3HayeHue a ONpeaeIMM U3 COOTHONICHHS:
a=y-b-x,-b,-x,=
I[Moyunm TMHEHHOE YpaBHEHHE MHOKECTBEHHOMN PErPECCUH:

yxpcz = - _XJ - xZ

2. PaccuuTaiiTe yacTHbIe KO3 ((PUIHEHTHI MIACTUIHOCTH
Paccunraem cpenHue ko3((UIMEHTHI AIACTUYHOCTH JJIS ONPECIICHUS OTHOCUTEIHHOW CHIIBI

BJIUSAAHUA X1 U Xy HA Y:

= |
~.

§yxj :b~°

J

<

7

nyl = yx, =.

BBIBOJI

3. Paccumrarh JuHelHBbIe KOIQ(PUIHMEHTHI YacTHOH KOppeJsiiid # Ko3pPHuIueHT
MHOKeCTBEHHOH KoppeJsiiuu

Jluneiinpie KO3 GUIMEHTH YACTHOW KOPPEIAIMH 3[eCh PACCUMTHIBAIOTCS MO PEKYPPEHTHOMN
hopmyire:
vr. —r

r
YxXp VX XX

J1=ro1-r,")

ryx1 /%3
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r —-r. _r
VX YxXp XX

i J1=r.)(1=r,.")

ryxz /x;

BBIBOJI

Pacyer nuHeitHOro K03 PUINEHTa MHOXXECTBEHHOH KOPPEISIMH BBIIOIHAM C HCIOJIB30BAaHUEM
ko3 uuyeHToB 7, U B
J

Ryx1x2 :\/ryxl .IBI +ryx2 .IBZ =

BBIBO/I

4. OneHuTte 3HAYMMOCTH YPABHEHHSI perpeccMd B HeJioM ¢ nomomsbio F — xpurepmns
Duiepa

O6uwmii F — xputepuii mposepsier runotedy Hy o craTHcTHUeckoil 3HaYMMOCTH YpaBHEHHS
perpeccuy u mokasaTessi TeCHOTHI cBsizu (R*=0):

2
F _ R VX Xy . m —1
aKT 2 * 5
1 - R XXy n—m
Fraﬁn = , O =,
BBIBO/I

3. METOANYECKHUE YKA3ZAHUA
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MO MPOBEJEHUIO IPAKTUYECKUX 3AHATHI

3.1 lIpakTuueckoe 3ausatue 1 (I13-1) - BBenenue B dKOHOMETPUKY
3.1.1 3apanue nJs1 padoThI:

1. DxoHOMeTpuKa Kak HaykKa.

2. Ilpeamer 5KOHOMETPHUKU

3. 3agayu 5KOHOMETPUKHU

4.0Oc0o0EeHHOCTH 3KOHOMETPUYECKOTO MOAEINPOBAHUS

3.1.2 KpaTkoe onucanue NpoOBOJAUMOIO 3aHATHSA:

1. Pabora c paboyeil TeTpaibio M0 IKOHOMETPUKE
2. C noMompl0 YCTHOrO omnpoca U (WiaM) TECTUPOBAHHUS OLEHUTb YPOBEHb YCBOCHMS
CTYJIEHTaMH U3y4YE€HHOI'0 MaTepuara.

3.1.3 Pe3yabTaThl M BHIBO/AbI:

YcBoenue CTyACHTaAMH 3HAHUHU I10 TeMe MMPAaKTUYICCKOI'0 3aHATHA.

1.2 IIpaktudyeckoe 3ausatue 2 (I13-2) - Ilapuas JuHeliHas perpeccust
3.2.1 3apanme 149 padboThI:

CyTb MeTOla HAMMEHBIINX KBaJIPaTOB
Koadduimentsr TeCHOTHI CBS3U

[TpoBepka 3HAYMMOCTH ypaBHEHUS perpeccun
Hurteprniperanust ypaBHEHUS! PETPECCUU

bl e

3.2.2 KpaTkoe onucanue NpoOBOJAUMOIO 3aHATHSA:

1. PaGora c paboueil TeTpasibio 10 IKOHOMETPUKE
2. C noMoIipl0 yCTHOrO Ompoca U (WIHM) TECTHUPOBAaHUS OLICHUTh YPOBEHb YCBOECHHS
CTYJIEHTaMM U3y4YEHHOTO MaTepuaa.

3.2.3 Pe3yabTaThl M BHIBO/AbI:

YcBoeHne CTYACHTaMU 3HAHUM 10 TEME MPAKTUYCCKOI'O 3aHATHA.

3.3 IIpakTtnuyeckoe 3angarHe 3 (II3-3) - HeauHedHbIe MOAEIN PpPerpeccus M
JUHeAPHU3aus
3.3.1 3apanmue a9 padboThI:

Jlorapudmuueckas MozeIb
[Tonrynmorapudmudeckas MOJeNb

O6parnas Mozenb

Crenennas Mozienb

[TokazarenbHas MOJIEIb

. Bre16op dhopmbl Moaenu

3.2 Kparkoe onucanue npoBOJAMMOro 3aHATHSA:

WO L W
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1. PaGota c pabGoueii TeTpaabio MO YIKOHOMETPUKE
2. C noMompi0 YCTHOTO ompoca U (WJM) TECTHUPOBAHHS OLEHUTH YPOBEHb YCBOCHHSI
CTYyJICHTaMH U3y4Y€HHOI'0 MaTepuaa.

3.3.3 Pe3yabTaThl ¥ BHIBOABI:

YcBoeHne CTYACHTaMU 3HAHUM 10 TEME MPAKTUYCCKOI'O 3aHATHA.

3.4 IIpaxktnueckoe 3anarue 4 (I13-4) - JluHeiliHasg MoaeJdb MHOKECTBEHHOM

perpeccun
3.4.1 3apanmue 149 padboThI:

Omnpenenenne napaMeTpoB YpPaBHEHHS PETPECCHH
KoaddurueHnTsl TECHOTHI CBSA3H
I'eTepockanecTHUHOCTE MOAEIN
MynbTHKOIIUHEAPHOCTh MOIETN

W N = =

3.4.2 KpaTkoe onucanue NpoBOJIUMOIO 3aHATHSA:

1. Pabora c paboyeil TeTpaibio MO IKOHOMETPUKE
2. C noMompl0 YCTHOrO omnpoca U (WiaM) TECTUPOBAaHHUS OLEHUTb YPOBEHb YCBOCHMS
CTyJIEHTaMH U3y4YE€HHOI'0 MaTepuara.

3.4.3 Pe3yabTaThbl M BHIBOABI:

YcBoenue CTyACHTaAMH 3HAHUU 10 TeMe MPAaKTHUYCCKOI'O 3aHATHA.

3.5 lIpakTnuyeckoe 3ausatTue 5 (I13-5) - Mogeau cTalHOHAPHLIX BpEeMEHHLIX PSII0B
3.5.1 3apanme 19 padboThI:

1. TloHsTHe cTalMOHAPHOTO BPEMEHHOIO psijia
2. HeobxoaumocTh UCIIOIb30BaHUS (PUKTUBHBIX IE€PEMEHHBIX

3.5.2 KpaTkoe onucanue NpoBOJAUMOIO 3aHATHSA:

1. PaGora ¢ paboueil TeTpasibio 10 IKOHOMETPUKE
2. C moMoIipl0 yCTHOrO Ompoca M (WIHM) TECTHUPOBAaHUS OLICHUTh YPOBEHb YCBOECHHUS
CTYIEHTaMM U3y4YEHHOT0 MaTepuaa.

3.5.3 Pe3yabTaThl ¥ BHIBOABI:

YcBoeHne CTyACHTaMU 3HAHUU 110 TEME IMPAKTUYCCKOI'0 3aHATHA.

3.6 IIpaxkTnueckoe 3ausatTue 6 (I13-6) - Moaean HeCTANMOHAPHLIX BPEeMEHHBIX PS/10B
3.6.1 3aganue nJst padoThI:

1. Mogens aBTOpErpeccun — MPOUHTErPUPOBAHHOIO CKOJIB3SILETO CPEIHETO
2. Mogenu psioB, COAEPKAIIUX CE30HHYI0 KOMIIOHEHTY
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3.6.2 KpaTkoe onucanue NpoBoAUMOrO 3aHATHS:

1. Pabora c paboyeil TeTpaibio M0 IKOHOMETPUKE
2. C noMompl0 YCTHOrO onpoca U (WiaM) TECTUPOBAHHUS OLEHUTb YPOBEHb YCBOCHMS
CTyJIEHTaMH U3y4YE€HHOI'0 MaTepuaa.

3.6.3 Pe3yabTaThl U BHIBO/IBI:

YcBoenue CTyACHTaAMH 3HAHUU I10 TeMe MMPAaKTUYICCKOI'o 3aHATHA.

3.7 Ilpaxktnuyeckoe 3ausitue 7 (II3-7) - CucremMa JHHEHHBIX OJXHOBPEMEHHLIX

YPaBHEHHH
3.7.1 3apanue nJs1 padoThI:

1. CtpykTypHas U ipuBeAeHHas (GOPMBI MOJEIN CUCTEM OJHOBPEMEHHBIX YPaBHEHHIA.
2. PekypcuBHBIE CUCTEMBI OJJHOBPEMEHHBIX YPAaBHEHUH.

3.7.2 KpaTkoe onucanue NpoBOAUMOrO 3aHATHS:

1. PaGora ¢ paboueil TeTpasibio 10 IKOHOMETPUKE
2. C 1moMoIIpl0 yCTHOrO ompoca U (WIHM) TECTHUPOBAaHUS OLICHUTh YPOBEHb YCBOECHHS
CTYJEHTaMM U3y4YEHHOTO MaTepHaa.

3.7.3 Pe3yabTaThl U BHIBO/BI:

YcBoeHne CTYACHTaMU 3HAHUM 10 TEME MPAKTUYCCKOI'O 3aHATHA.

3.8 Ipakrnueckoe 3anaTne 8 (I13-8) - UnenTudukanusi cucreM 0JHOBPEMEHHBIX

YPaBHEeHUi
3.8.1 3apanme 19 padboThI:

1. /IByxX1maroBelii METOl HAMMEHBUINX KBAaJPaTOB OLCHUBAHUS CTPYKTYPHBIX IIapaMeTPOB
OTZIEJILHOTO YPABHEHUS CUCTEMBI

2. TpexmaroBslii METOJl HAUMEHBUIMX KBAaJApPaTOB OJAHOBPEMEHHOI'O OLICHUBAHUS BCEX
[1apaMeTPOB CUCTEMBI YPABHEHUM.

3. Jlpyrue MeTozsl OLICHUBAHUS CUCTEM OJHOBPEMEHHBIX YPaBHEHUM.

3.8.2 Kparkoe onucanue NnpoBoAUMOro0 3aHATHS:

1. Pabora ¢ paboueil TeTpasibio 10 IKOHOMETPUKE
2. C 1moMoIIbl0 yCTHOrO Ompoca M (WIM) TECTHUPOBAaHUS OLICHUTh YPOBEHb YCBOECHHS
CTYIEHTaMU U3Y4EHHOI'0 MaTepuasa.

3.8.3 Pe3yabTaThl U BHIBO/IBI:

YcBoenue CTyACHTaAMH 3HAHUHU I10 TeMe MMPAKTUYICCKOI'0 3aHATHA.
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