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1. KOHCIEKT JEKIIUA
1.1 Jlekuus Ne 1 (4 yaca)

Tema: «BBenenue B DJKOHOMETPHKY»

1.1.1 Bonpocsl JieKum:

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

1.1.2. KpaTkoe coaep:kaHue BONPOCOB

1. DxoHOMeTpHKa KaK HAyKa

B xypnane «3xoHoMerpuka», ocHoBaHHOM B 1933 1. P. ®pumewm (1895-1973), on nman
CIIEYIOIIEE OINpPEAEICHUE SKOHOMETPUKU: «IDKOHOMETpPHKAa — 3TO HE TO K€ CaMoe, 4YTO
SKOHOMHYECKast cTaTUCTHKAa. OHa He WIEHTUYHA U TOMY, YTO MBI Ha3bIBAEM 3KOHOMMYECKOU
TEOpUEH, XOTA 3HAUMUTENIbHAS YacTh OSTOM TEOPUH HOCUT KOJMYECTBEHHBIM XapakTep.
OKOHOMETpUKA HE SBJIAETCS CHHOHMMOM NPWIOKEHUHM MaTeMaTUKM K SKOoHoMuke. Kak
MOKAa3bIBACT OIBIT, KaXAasi U3 TPEX OTHPABHBIX TOUYEK — CTATUCTHUKA, SKOHOMUUYECKAs] TEOpUs U
MaTeMaThka - He0oOXOAUMOE, HO He JOCTAaTOYHOE YCIOBHE JJisi MOHHUMAaHMS KOJUYECTBEHHBIX
COOTHOLIEHU! B COBPEMEHHOM SKOHOMMYECKOM JKM3HH. OTO — €IMHCTBO BCEX TpeEX
cocraBisonx. M 3To e1nHCTBO 00pa3yeT 3KOHOMETPUKY».

Takum 00pa3om, SIKOHOMETPUKA — ITO HAyKa, KOTOpas JaeT KOJIMYECTBEHHOE BBIPAKCHUE
B3aUMOCBSI3€M SKOHOMUYECKHX SIBICHUN M mponeccoB. Hemb3st yTBepkaarh, 4TO JOCTUTHYTO
OJIHO3HAYHOE OIpelieleHHe 3KOHOMeTpukHu. Tak, O. ManeHBo NpHUAEPKUBAICS IIUPOKOIO
MOHMMAaHUS, HHTEPHPETUPYS OSKOHOMETPUKY KaK «I000e MPHIOKEHHEe MAaTeMaTUKU WU
CTATUCTUYECKUX METO/IOB K U3YUEHHIO YKOHOMUYECKUX SIBICHUI».

2. IIpenmer 3KOHOMETPUKH

B nocrnoBHOM mepeBojie CIIOBO SKOHOMETPHKA O3HAYAECT «IKOHOMHUYECKHE M3MEPEHHUSY.
9TO O4YeHb IIUPOKOC TOJIKOBAHUC IOAHHOTI'O ITOHATHUA. Kaxk mpaBujio, TCPMUH SKOHOMCTPHUKA
HNpuUMeHseTcs B 0ojiee y3KOM CMbICIE. A MMEHHO, I0J SKOHOMETPUKOW MOHMMAETCS pa3aed
HAyKH, I/ISY‘-IaIOH_[I/Iﬁ KOHKPCTHBIC KOJINYCCTBCHHBIC n Ka4CCTBCHHbBIC B3aUMOCBA3HU
SKOHOMHUYECKNX OOBEKTOB M TIPOIECCOB C IOMOIIBI0 MAaTEMAaTHUYECKHX M CTAaTHCTHYECKUX
MeTo0B 1 Mojenei (BCD).

3. 3agaun IKOHOMETPUKH B o0JacTH COIMATBLHO-DKOHOMHUYECKHX
HccaeT0BaHUH

C moMomIbpi0 IKOHOMETPUKH PEIIaeTCsl OYeHb MIUPOKUHN Kpyr 3amad. Hanbonee oOmmmmu
3aJadyaMu BKOHOMeTpI/IKI/I ABJIAKOTCA:

1) oOHapyXeHUE U aHAIN3 CTATUCTUICCKUX 3aKOHOMEPHOCTEH B SKOHOMHKE;

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

JlanHple 3amadd  JensaTcs Ha Ooliee KOHKPETHBIE TOJ3aJlayd, KOTOpPhIE MOXHO
KJIacCU(PUITUPOBATH 1O TPEM MPU3HAKAM:

1) kmaccudukanus 3aaaq Mo KOHEUYHBIM MIPUKIIATHBIM HETISM:



a) TPOTHO3 COIMATBHO-DKOHOMHUYECKHX IIOKa3aTeNeil, ONpeAeNsSIONuX COCTOSHHUE H
pa3BUTHE U3YYAEMOU CUCTEMBI;

0) MoIeTMpOBAaHUE BO3MOXKHBIX BAPHAHTOB COLUATHHO-I)KOHOMUYECKOTO Pa3BUTHUS
CUCTEMbl IJIsl BBIABIEHHUS (AKTOPOB, M3MEHEHHE KOTOPBIX OKa3blBaeT Hauboyiee MOLIHOE
BJIIMSTHUE HA COCTOSIHUE CHCTEMBI B IIETIOM;

2) knaccuduKarys 3a1ad Mo ypoBHIO HEPAPXUH:

a) 3a7]auy, peracMbple Ha MaKpOypOBHE (CTpaHa B IIEJIOM);

0) 3a/1aun, pemaeMple Ha ME30ypOBHE (YPOBEHb OTPACICi, pETHOHOB);

B) 3a/1a4H, pelIaeMble Ha MUKPOYpOBHE (YpOBEHBb (DUPMBI, CEMbU, PEATIPUATHSA);

3) kiaccudukanms 3a1a4 1Mo mpoQrro n3ydaeMoid SJKOHOMUYECKON CUCTEMBI:

a) PBIHOK;

0) MUHBECTUITMOHHAS, COLMAIbHAS, (DHHAHCOBAS TIOJUTHKA,;

B) IICHOOOpa30BaHUE;

T') pacrpeAenuTeNbHbIE OTHOILICHUS;

1) CIIpOC ¥ OTpeOICHHE;

€) OTJENHHO BBIJICTICHHBIM KOMIUIEKC TTPOOJIEM.

4. HNudopmanuonnnsie TexHosornu Ha 0aze [IBOM B 3KOHOMeTPHYECKHX
HCCJIeJOBAHUSAX

Onpenenenne  IIIIIII.  Buget IIIIII.  [IpoGiemHo-opuentupoBanusie  TIIIIL
Aptomarm3anuu npoektupoBanus (naum CAIIP). TIIIIT o6mero naznauenus. Oducasie TIIII.
HacronbHble  W3AaTeNbCKUE  CUCTEMBI. CucremMbl  MCKYCCTBEHHOTO  MHTEJUJIEKTA.
Craructuueckuii maker. STATGRAPHICS, SPSS, SYSTAT, BMDP,SAS, CSS, STATISTICA,
S-plus, u np. STADIA, 3BPUCTA, ME303ABP, OJIUMII: Crar-Okcneptr, CTaTUCTHK-
Koncynerant, CAHU, KIIACC-MACTEP u nap. Chneuumanu3upoBaHHble MakeThl. [lakeTsl
0011ero Ha3HAYCHUS.

S. Kaaccndukanns nepeMeHHBIX B 9KOHOMETPHYECKHUX HCCICAOBAHUAX

B sxoHOMETpHUEeCKNX MOJIENSIX B OCHOBHOM HCHOJIb3YIOTCS TaHHbIE TPEX TUIIOB:

1) mpocTpaHcTBEeHHBIE TaHHBIE (cross-sectional data);

2) BpeMeHHBIE psbI (time-series data);

3) nanenbHbIe NaHHBIC (panel data).

[IpocTpaHCTBEHHBIMM ~ JaHHBIMH ~ HAa3bIBA€TCA  COBOKYIHOCTh  3KOHOMHUYECKOM
UHpOpMAaLIUU, KOTOPask XapaKTepU3yeT Pa3NuvHble 0OBEKThI, OJTHAKO MOJIyYCHHOH 3a OJTUH U TOT
e TIepUOoJl UM MOMEHT BPEMEHHU.

[IpocTpaHCcTBEHHBIE JaHHBIC SBIAIOTCS BBIOOPOYHOM COBOKYIMHOCTBIO M3 HEKOTOPOU
reHepalbHOM COBOKYMHOCTH. [IpuMepoM mNpOCTPaHCTBEHHBIX JaHHBIX MOXKET CIYKUTh
KOMIUIEKC SKOHOMHYECKOH HWHPOpMAalUU 10 KaKOMY-JIMOO TPEennpusaTuio (YHCICHHOCTD
pabOTHUKOB, OOBEM TMPOM3BOJICTBA, pa3MEp OCHOBHBIX (OHIOB), O0BEMAx MOTPEOICHHS
IPOAYKIMH ONpeeNEHHOTo BUAa, JanHble 0 BBII pasnuuHbIX cTpaH B KaKOM-THO0 KOHKPETHOM
roay u T. 1.

BpeMeHHBIMH JTaHHBIMH Ha3bIBAETCS COBOKYITHOCTH ASKOHOMHYECKOW HH(OpMAIH,
KOTOpasi XapaKkTepHu3yeT OJIMH U TOT k€ 00BEKT, HO 3a pa3HbIe MEPHOIbI BPEMEHH.

6. IonsiTve ciennpuKaun U HACHTUGUIMPYEMOCTH MOIEIH

[TomuMo BBIOOpA CIEIIU(HUKAIIMYA MOJICTH HE MEHEe BaKHO TAK)KE MPABUIIBHOE OIUMCAHUE
CTPYKTYpbl MOJIE€NH, B YaCTHOCTH, IS 3aBUCHMOCTH JAaHHBIX O BPEMEHHOM psje. 3HaueHue
PEe3yNbTaTUBHOTO TPHU3HAKA MOXET 3aBUCETh HE OT (PAKTUUYECKOTO 3HAUCHUS OOBSCHSIOMICH
MEPEeMEHHOI, a OT 3HaueHHus, KOTOpOe OXHIAJIoCh B MpeAblAylieM mepuoae. Toraa, eciu



oXpjaeMoe M (PAKTHMUECKOE 3HAYEHHUS TECHO CBS3aHbI, TO OYAET Ka3aTbCs, YTO MEXIY
pPEe3yNbTaTUBHBIM MPHU3HAKOM U OOBSICHSIONIEH MEepeMEHHOW HMeeTcs 3aBHUCHUMOCTb, XOTS B
NEHCTBUTENIEHOCTH 3TO BCErO JIUIIb NMPUOIIKEHHE (aNMpOKCUMAIHs) U PACXOKICHHUE ONSThH
OyZIeT CBSI3aHO C HAIMYUEM OCTAaTOYHOIO CIy4YailHOro 4ieHa.

1.2 Jleknus Ne 2 (6 yacoB)

Tema: «IlapHas JuHeliHAs perpeccus

1.2.1 Bonpochl JieKum:

1.1. MeToa HAMMEHBITUX KBAAPATOB JJIS TIOCTPOSHUS JIMHEHHOW MOJCITH
1.2. JIunelHbI# K03()PUIHESHT KOPPETSIIH

1.3. KoaddurmeHT nerepMuHanm

1.4. TIpoBepka 3HAYUMOCTH PETPECCHOHHONW MOJENH, IMPOBEpKa KadecTBa IMapaMeTpOB YpaBHEHHS H

MOCTPOCHHE TOBEPUTEIBHBIX HHTEPBAIOB KOA((HUIIMEHTOB PErPeCcCHH
1.5. MaTepnperanust ypaBHEHUs pETPECCUU
1.6. Cpenssist OIuOKa armpOKCHMAIUH

1.2.2 KpaTkoe coaep:kaHue BONPOCOB

1. Meroa HaUMeHBIIMX KBAJAPaTOB 1JIsl IOCTPOCHHS JTUHEHHOH MOoe/IH
Knaccuueckuii moaxoa K OLEHUBAHMUIO MapamMeTpOB JMHEMHON pEerpeccuu OCHOBAH Ha
memooe Haumenvuux keaopamos (MHK), paspabotannsiii ['ayccom.

Metoa HaMMEHBIIMX KBaJIpaTOB MO3BOJSAET MOIYYHUTh TaKME OLEHKH IapaMeTpoB a u b,
OpU KOTOPHIX CyMMa KBaJpaTOB OTKJIOHEHHH (PaKTUUECKUX 3HAYEHUH pe3yIbTaTUBHOTO
IPU3HAKA y OT PACYETHBIX (TEOPETUUYECKNX) MUHUMAJIbHA:

n
~ \2 . .
S=>(y,-¥) —>min 1e Y & — min
i=l1
JIpyrHMH CIOBAMH, M3 MHOYKECTBA JIMHWH JMHHS DErpecCHU BHIOMPAcTCs Tak, YTOOBI

CyMMa KBaJIpaTOB PACCTOSHHUM IO BEPTUKAIM MEXIYy TOYKaMH M ATOH JMHHMEH Obuia Obl
MUHUMAaJIBHOM.

JIist IMHEWHOU TapHOU 3aBUCUMOCTHU:

S:an[y,—(a +b~x) ——> min..

i=1

2. JluHeiiHbIH KOIPPUIHEHT KOPPeJasIiumn

VYpaBHEHHE perpeccuu Beeraa AOMOJHIAETCS MOKA3aTeNeM TECHOTHI CBs3U. [ JIMHEHHON
pEerpeccur TaKUM MOKa3aTesIeM ABJISETCA JUHEHHbIN KO3I()(PUIHEHT KOpPeJIalnHu.
bt BiepBeie BBeneH Kapnowm ITupconom (1857 - 1936).

B Teopun pazpaboTtaHbl U Ha IPAaKTHKE MPUMEHSIOTCS pa3inyHble Mogubukanuu GopMy
pacuera:

Lo 2E-D0-Y i
r=>b = _

o, Xw-DXe-» o
__ xl._in-i. __Zyi_Zyi.f;.
X = ;Y=

y

2

X
.O-y

n_Zfl.’




JIunelinpiit KOG PUITMEHT KOPPETAIUN HAXOAUTCS B Tpe/enax:
-1<r<i
Uewm Onmke 1 1o aOCOIOTHOM BEJIMUMHE K 1, TEM TECHEE CBSI3b MEXK/y MPU3HAKAMH.
3HaK yKa3bIBacT Ha HAMPABICHUE CBI3U
Ecnu [r| > 0,7, TO cunTaroT cBS3b CUILHOM;
0,5 <|r| £0,7 — cpenHelt TECHOTHI,
Ir| < 0,5 — cnaboi.

3. KoappunueHt 1erepmMuHaAIUN
KBagpar nuHeiiHOro ko3¢ ¢uIMeHTa KOppelsiiUKd Has3bIBaeTCs Kodpduuyuenmom
oemepmunayuu. IT0T KOXPPUIUEHT XapaKTepu3yeT A0 00Iel Bapualuu pe3yibTaTUBHOTO
IpU3HaKa, KoTopasi oObsACHATCS Bapuanueil (akropHoro npusHaka. (Hampumep, paccmorpenu
TPYIIUPOBKY MPOU3BOIUTEIBHOCTH Tpya MO KBaTU(UKAIUU pabOYNX U MOTYUUIIU 1’=45,4%.
daktop kBanupukauuu pabounx ooOwscHsIET 45,4% Bapuany NPOU3BOJUTEIBHOCTH TPyZa, a
HeyuyTeHHbIe (akTopbl — 54,6%. ).

4. IlpoBepka 3HAYMMOCTH PErpecCMOHHOIl  Moje/M, TpPOBepKa KayecTBa
napaMeTpoB ypPaBHeHHsI H IOCTPOeHHe /I0BePHUTEJIbHBIX HHTEPBAJIOB
K03 puuueHToB perpeccun
Ouenka 3HaAUUMOCMU RAPAMEMPO8 YPAGHEHUA pezpeccuu JACTCsS C TOMOIIBIO f-
kputepusi CThiofieHTa. BeiBUTaeTCs HyleBasi THIIOTE3a O PaBEHCTBE OILIGHUBAEMOTO MapameTpa
HYITIO.
- K03 uyuenma peepeccuu 8
H()I b=0
1. CrannaptHas ommOka ko3 duirenTa perpeccuu

o D (y-)°
Y -3 (n-2)

2. @aktuyeckoe 3HaueHue t-kpurepus CTbroJeHTa

3. Onpenensiercs tyqs, (0, df = n-2) npu ONPEACIICHHOM YPOBHE 3HAYMMOCTH M YHCIIE
CTEeIeHel CBOOOIBI.

ty > twae: , Ho OTKIOHSETCA U rnapamMeTp b HecnyqaﬁHo OTIIMYaeTCsl OT HYIA U
c(hOpMHUPOBAJICS TOJ BIUSHUEM CHUCTEMATHUYECKH ACUCTBYIOIMIETO (hakTopa X (CTAaTHCTUYECKU
3HAYUM C 33/ITaHHOU BEPOSITHOCTHIO).

ty < tuaen — Ho NPUHHAMACTCA M IPU3HACTCSA cnyqaf/'lHa;I npupoaa (bopMHpOBaHI/I;I b, T.€C.
CBSI3b HAJIC)KHO HE YCTAHOBJIEHA, CTATUCTUYECKHA HE 3HAYUMA.

JloBepUTENbHBIH MHTEpBaN I KO3 (UIMEHTa PErpeccuu ompenensercs Kak btt-m, .

[TockonbKy KOA(QGUIMEHT perpeccud HMeEEeT YETKYyH0 HKOHOMHUYECKYI0O HWHTEpIpEeTalHtIo,
JIOBEPHUTEIbHBIC IPAHUIIBI MHTEPBAJa HE JOJDKHBI COJIEpKaTh MPOTUBOPEUUBONM MH(POpPMALINH, B
YaCTHOCTH BKJIKOYATh 3HaueHue O B 3TOT UHTEPBaI.

5. UnTepnperauusi ypaBHEHUs perpeccuu
s npocno3uposanus 603MONCHBIX 3HAYEHUL PE3YTbMAMUBHO20 NPUSHAKA
- aBTOPETrPECCHOHHOE TPOTHO3UPOBAHUE 110 TPEHAY U KOJIeOIEMOCTH;




- (hakTOpHOE MPOTHO3UPOBAHUE, OCHOBAHHOE HA M3YUYEHUU U KOJIMYECTBEHHOM M3MEPEHUU
B3aMMOCBS3M MEXKIYy MPU3HAKAMHU.

OCHOBHBIM YCJIOBHEM IPOTHO3UPOBAHHS HA OCHOBAaHUU PErPECCHOHHOIO YypaBHEHUS
ABIIIETCS CTaOMJIBHOCTh WJIM, TO KpalHell mepe, Majash U3MEHYMBOCTh APYTrUX (PaKkTOpoB U
YCJIOBI/Iﬁ HU3y4acMoOro Iiponecca, HC CBA3AHHBIX C HUMH. Ecmu PE3KO HU3MCHUTCA «BHCHIHAA
cpeliay» MPOTEKAIOIIEro Mpoliecca, MPeXKHee YpaBHEHHUE PErpeccur MOTepsieT CBOE 3HAYCHHE.

IIpoeno3zuposanue no ypasHeHuro pezpeccuu npo8oOUMcs 6 08a dMand:

1. Bpruucasiercss «TOYE€YHBIN MTPOTHO3Y.
2. Ormpenensercsi 1OBEPUTENbHBIA HHTEPBAI C JOCTATOYHO OOJIBIION
BEPOSTHOCTHIO (MHTEPBATBHBIN MMPOTHO3).

6. Cpennsiss ommmOKa annmpoKCUMAIMHA
BaxHeiilel XapaKTEpUCTHKOM KadecTBa MOJEIU SBIISIETCS CpPEAHss OTHOCUTEIbHAs
omuOKa anmpoKCUMAaIUH:

— 1 V.=V
A=—>» [—/——4-100
nz Vi

¥;» ¥; - COOTBETCTBEHHO PacueTHOE U (haKTUUECKOE 3HAUCHUS,

N — YKUCJI0 HaOJIFOqEeHUIA.

A< 10-13% - BBICOKAst TOYHOCTD MOJCIIN;
10% < A< 20% - XOpomiasi TOYHOCTb MOJIEIIH;
20% < A < 50% - yIOBIETBOPHTEIBHASL.

1.3 Jlexknus Ne 3 (4uaca)

Tema: «HeauHeliHBIE MOIEJIN Perpeccuy M JUHeapu3aunus»

1.3.1 Bonpocel JieKnum:

1. Buapl HETMHEMHBIX 3aBUCUMOCTEN, MOAIAI0IINECS JIMHEApU3aLUU
2.Ilonbop nMMHEAPU3UPYIOIIETO TPeoOpa30BaHUS
3.Ilpou3BoacTBEHHbIE (PYHKIIMH U UX aHATIN3

1.3.2 Kparkoe coaep;kanue BONPOCOB
1. Buabl HeTUHEHHBIX 3ABHCUMOCTEM, MOAIAI0IIMECs JUHEAPU3aAlUuN

PaccMoTpum mpuMepsl TMHEApHU3YIOIIUX MPeoOpa3oBaHUM:
o — F1 -
1) HonmuaoMuanbHas Mofens: ¥ = &+ DaX 4 bax ™ + -+ bpx®
CooTBeTcTByIOmass  JUHEHHas  Mojenb: ¥ = @+ DaZy +bzzz +o 4+ bz, e
Zy = X,Z3 = X%, ..,2, = XF
- b

2) Funep6onuueckas Mogens: ©  © 1 x.

CoOTBETCTBYIOIIAS THHEHHAS MOJIEb: ¥ = @+ bz | e =

3) Jlorapudpmuueckas Mmojienp: ¥ = @+ b -lmx,

CooTBeTCTBYIOMIAs IMHENHAsA MOJENb: ¥ = @+ bz e Z = Inx,

Crenyer OTMETUTh M HEIOCTATOK TAKOM 3aMEHBI IIEPEMEHHBIX, CBA3AHHBIA C TEM, YTO
BEKTOP OIIEHOK IOJIy4aeTCs He U3 YCIOBHS MHUHUMM3AIMU CYMMBI KBAaJIPAaTOB OTKIOHEHHM st
UCXOIHBIX IEPEMEHHBIX, a M3 YCIOBHS MHHHMH3AIMHA CYMMBI KBAaIPaTOB OTKIIOHEHWI ISt
peoOpa3oBaHHbIX IEPEMEHHBIX, YTO HE OJHO M TO KE.

1
*



2. Iloadop JMHeapu3MpyOIIEro NpeodpazoBaHus

[IpuMepsl BHYTpEeHHE JTMHEHHBIX MOJCIIEH U UX nHHeapmauH;I
1) MynbTUIUIMKATUBHAS CTETICHHAS MoJIeNp; ¥ = ax;¥ixzPz Xp"P
Jluneapusytoiee mpeoOpa3oBaHue:
In¥=Ina+byInx, + bzlnx; +--+ bylnx,
HIIN
V=A4byzy +byzy + -+ bz,
Fﬂe?: In7, A =Ina, zy = Inxy, zZo =lnxg, ..., Zp =Inx,

urbgagrbgagt-+lpap

2) DKCHOHEHIMANbHAs MOJENb: ¥ = &
JInneapusyrouiee npeobpaszopanue: NV = a+ byxy + baxs et by Xp

. k
Y= axb Dot + 1D
3) ObpaTHas perpecCuOHHAs MOJIETb: a4+ 0y%; + 034 + OpXy
1_a by by by
—= = — _'x_' x= nmn —X
JInneapusyrouee npeobpasopanue: vk kT k kP

K MozensiM, nosydueHHbIM IOCIIE€ MPOBEACHUS IMHEAPU3YIOIUX PEoO0pa3oBaHUi MOXKHO
OPUMEHATh OOBIYHBIE METOJBl MCCIENOBAaHUS JUHEWHOW perpeccun. Ho MOCKONBKY B HHUX
IPUCYTCTBYIOT HE (PaKTUYECKHE 3HAUEHHUS M3Yy4aeMOro IOKa3aTess, TO OLEHKH [apaMeTpoB
NOJy4al0TCs HECKOJBbKO cMelleHHbIMU. [Ipu ananmse nuHeapusyeMmbIX (YHKIHMHA pEerpeccHd,
clleflyeT OCOOCHHO TIIATEIbHO IPOBEPATH BBINOJHEHHE MPEANOCHIIOK METOJa HauMEHbIIUX
KBaJIpaToB.

3. IIpousBoacrBeHHbIe QYHKIIUU M UX AHAJIU3
Cpenu kiacca HEMMHEHHBIX (YHKUUH, mapaMeTpbl KOTOPHIX 0€3 0COOBIX 3aTpyIHEHHH
onenuBaroTcss MHK, cienyer HazBaTh XOPOIIO U3BECTHYIO B IKOHOMETPHUKE PaBHOCTOPOHHIOIO

~ b
runepoony: y =a+—+¢.
X

Knaccuueckum ee npumepoM sABisieTcss KpuBag PUiLIMICA, XapaKTepU3YHOIIas
HEJIMHEHHOEe COOTHOLICHUE MEX]ly HOPMO 0e3paboTHIIbI X U IPOLIEHTOM IIPUpOCTa 3apabOTHON
w1atel y. AHrmickuil 3koHomuct A. B. ®@uuunc, ananusupys naHHbele Oosiee yem 3a 100-
JIETHUH NepuoJi, yCTaHOBUI OOPAaTHYIO 3aBUCMMOCTb IPOLIEHTA IPUPOCTa 3apabOTHON IJIaThl OT
ypOBHs 6€3pa0OTHLIBI.

1.4 Jlexknus Ne 4 (6 yacoB)

Tema: «JIuHeliHasg MoaeJIb MHOKECTBEHHON perpeccum»

1.4.1. Bonpocsl JieKum:

1. YacrHble 1 napHble KOAPPULIUEHTH! KOPPEISILIUU

MHoxecTBeHHbIH K03 PULIMEHT Koppensuuu

I'erepocke1aCTUYHOCTB: CYTh, IOCIEICTBUS, METO/IbI CMATYEHUS
MybTUKONIMHEAPHOCTD: CYTh, IOCIEICTBUS, METOABI YCTPAaHEHHUS

O0001eHHas TUHEHAsE MOJIENIb MHOXKECTBEHHOM perpeccuu U 0000LIEHHBI METO
HalMEHBUIMX KBaJpaToB

Nk W



2.Kpartkoe conep:kanue BOIPOCOB
1. YacTHble H napHbie KO3(PPUIHEHTHI KOPPeJsIUuH

Llapneni koagduyuenm xoppensayuy XapakTepu3yeT TECHOTY JIMHEHHOW 3aBHCHMOCTH — MEXIY
JIBYMsI IEPEMEHHBIMU Ha ()OHE ISUCTBHUS BCEX OCTAIBHBIX IOKA3aTeNe!, BXOIAIINX B MOJEIb.

l/nZ(‘xij _)_Cj)(xil _)_Cl)
— i=l

rjl_

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

OTCYTCTBYET.
7> 0 — CBsI3b MEXKILY IICPEMCHHBIMU HPSIMast;

7y <0—cBsi3b OOparHast.

JI1s MHOTOMEPHOI KOPPENAIMOHHON MOJIENM BOKHYIO POJIb UTPAIOT YaCTHbIE M MHOXKECTBEHHbIE
KO3((PULIMEHTbl KOPpESILMM, JETePMUHALMK  (KBaJgpaThl COOTBETCTBYIOLMX KO3((PUIMEHTOB
KOPPEJISILIHN).

Yacmuwiii kod¢uyuenm xoppensyuu XapakTepu3yeT TECHOTY JMHEHHOW CBS3H MEXKIY
JIBYMsI TIEPEMEHHBIMH TPU HWCKJIIOYEHWU BIUSHHS BCEX OCTAJIbHBIX MPU3HAKOB, BXOJALINX B
MOJIEJb.

Ob6nagaet BceMu CBOICTBaMH MapHOTO KO3 PHUIMEHTa KOPPETSIIHH.

Yacmuuiii koa¢ppuyuenm xoppenayuu k-2-eo nopsoxa MEXIy TPU3HAKAMHU X| U Xp IPH
(UKCUPOBAaHHOM BO3JECHCTBUM MEPEMEHHBIX X3, X4, ..., Xx MOXET OBITH ONpeeNeH II0
cienytouei popmyie:

— R12

Ve, (X35 Xg5ees X ) = Finy3g 4 = \/ﬁ
1144

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

— — _ VXX
ryxj(‘xl""’xj—l"xj+1"""xk)_ryx]/l ik =173 )

,,,,,,,,,,
VXXX X

2
x,...x, =~ MHOXKECTBEHHBIA KOI(QGUIMEHT IETEPMUHAIINM BCETO KOMILIEKCA k (haKTOPOB ¢

pe3yabTaToOM;
2

R PXpoX %, %, - TOT K€ MOKa3aTeNb IeTePMUHALINH, HO O3 BBEJCHHS B MOZENb (akTopa
Xj

Ilopsiook uyacTHOrO Ko3((duIMEeHTa KOPPENALUN ONPEENIeTCsl KOJIMYEeCTBOM (haKTOpOB,
BIMSHUE KOTOPBIX HCKIIOUaeTcs. B NpakTHYecKMX HCCIENOBaHUAX MNPEANOYTEHUE OTIAI0T
MOKA3aTeJIM YaCTHOW KOPPEJIALUU CaMOI0 BBICOKOTO MOPSIKA.

YacTHbIl KOAPOHUIHUEHT KOPPEIALUN MEXIY X| U Xp NPpU (HUKCUPOBAHHOM BO3JCHCTBUU
IIEPEMEHHOMN X3 PACCUUTHIBAETCS 10 (popMmyIie:

-R, Fy =13l

\/Rllez B \/(1—r1§)(1—r223)

2. MHo)kecTBeHHbIN KO3 PUIHEHT KOppeasiiun

rx,x2 (x3) =

MHooicecmsennvlil kKo3@dduyuenm Koppersyuy XapakKTEPU3yeT CTENEHb JTMHEHHON CBSI3U
MEXAYy OJHOU MEepeMEHHON (Pe3yabTaTUBHOM) U OCTAIBHBIMH, BXOISIIMMU B MOJEIb, U MOXET
OBITH paccuMTaH 1o Gopmysie:




2 2
det R _ ryxl + ryxz 2rX1-’Cz ryxl ryxz
2
R 1-r

pag XX

Ecm ry =1, TO cBA3p MexIy y U JBYMEpPHOH NEpeMEeHHOH (X, Xp) ABIAeTCA
byHKIMOHATBHOH, TMHEWHOU. Ecin r, = 0, To; TMHEHHON CBA3M HET.

r,=r,(x,x,)=_[1-

U3 hopMyIbl 7, CIIEAYET, UTO 7y, >| i

, Iy >| Tyx2|, ry> |ryx1|x2: ry >| ryx2\x1|‘
3. FeTCPOCKe}laCTI/IqHOCTbi CyThb, NOCJICACTBUSA, METOAbI CMATYCHUSA

HOHYH_[CHI/IG O IMOCTOSAHCTBEC OUCIICPCUU OCTATKOB (D(Ei)= o 2) HN3BCCTHO KaK AONYHICHUC O

eomockeoacmuunocmy. Ecmv 3TO  JOMyIIEHHE HapyIIeHO M JUCHEPCHs OCTAaTKOB HE SIBIISIETCS
IIOCTOSIHHOM, TO TOBOPST, YTO OLIEHKU 2€MmepoCcKe0acumbi.

Ha npakrtuke, Juisl KaKJI0T0 1-ro HaOJIOJAEHUS ONpeNesieTcs eIMHCTBEHHOE 3HaYeHHe
€i, HO Mbl TOBOPUM 00 OIpeAeIeHUH AUCIIEPCUH OCTaTKOB, T.€. O MHOXECTBE &; AJIsl KayKIO0ro 1-Io
HaOroeHusA. DTO OOBACHIETCA TEM, YTO Mbl MMEEM JIeJI0 ¢ BbIOOPOYHON COBOKYIHOCTBIO, a
anpuopu & MOINIM NPUHHUMATH JIIOObIE 3HAYEHMS] HAa OCHOBE HEKOTOPBIX BEPOSITHOCTHBIX
pacnpeneneHuu.

I'eTepockeaCTUYHOCTh MPUBOAUT K TOMY, UYTO KOI(P(UIMEHTHl PErpeccuu He
SBJIAIOTCS OLEHKAMM ¢ MUHUMAaJIbHOW JUCHEpCHUEH, CIe10BaTeIbHO, OHU OO0JIbIIE HE SBISIOTCA
Hauboiiee 3QppeKTUBHBIMU K03 unueHTaMu. Benencrsue, BEIBOABI, MTOJIy4aeMble HA OCHOBE t
u F-cratuctuk, a TakKe HHTEpBaJbHblE OLEHKUM OyAyT HeHaaexHbIMU. Jlucmepcuu u,
CJIEIOBATENBHO, CTAaHJAApTHbIE OWIMOKM 3THX KO3(pduiueHToB OyayT cmeuieHHbIMH. Eciu
CMEIllEHUE OTPULATENIBHO, TO OLEHOYHBbIE CTAHJApTHbIE OIIMOKM OyAyT MEHbIIE, YeM OHHU
JIOJIKHBI OBITh, @ KPUTEPUH MPOBEPKU — Oo0JIbIlIe YeM B peanbHOCTU. TakuMm oOpa3oM, MOXKHO
cenarb BbIBOJ, YTO KO3(p(HUIMEHT 3HauMM, KOrja OH TaKOoBBIM He sBisercs. M1 HaobGopoT
€CJIM CMEIIEHHUE I0JIOKUTENbHO, TO OLICHOYHbIE OMMOKHU OyayT OOJbIIE€ YEM OHU JOJKHBI
OBbITh, @ KPUTEPUU NMPOBEPKH — MEHbIIE. 3HAYUT, BO3MOXKHO OMHUO0YHOE MPUHATHE HYJIEBOI
TUIIOTE3BI.

4. MyJbTHKO/UINHEAPHOCTD: CYTh, MOCJECTBUNA, METOAbl YCTPAHEHUS
OnHUM U3 BOIIPOCOB CrieU(UKAIIMN MOJEIH SBIIETCS OTOOP (PaKkTOpOB, BKIOYAEMBIX B
MOJICIIb.

BxiroueHre B ypaBHEHHE MHOKECTBEHHON PErpeccuy TOro WM MHOTO Habopa GaKkTopoB
CBSA3aHO, TIPEXKJE BCEro, C TMPEACTABICHUAMH WCCIENOBATENsl O TNPHUPOJAE B3aHMMOCBS3U
MOJICITUPYEMOT0 TTOKa3aTess ¢ APYTUMHA SKOHOMHUYECKUMU SIBJICHUSIMU.

@DakTopbl, BKIIOYAEMbIE BO MHOKECTBEHHYIO PETPECCHUIO JOJIKHBI OTBEYATh CIEAYIOIIUM
TpeOOBAHUSM:

1. OHu JOMKHBI OBITH KOJTUYECTBEHHO U3MEPUMBI.

2. OTCyTCTBUE KOJUTMHEAPHOCTH M MYJIbTUKOJUIMHEAPHOCTH (DAKTOPOB.

OmHuM H3 OCHOBHBIX MPENSTCTBUN 3(PGEKTUBHOTO MPUMEHEHUS MHOKECTBEHHOTO
PEerpecCHOHHOTO aHAIN3a, SBISAETCS MYJIbTHKOJUTMHEAPHOCTD.

MynemukoniuneapHocms - TMHENWHAs B3aUMOCBS3b JIBYX WJIM HECKOJBKUX OOBSCHSIOIINX
MEPEMCHHBIX.

5. OO0o0meHHass JuHeHHAsE MOJeJb MHOKECTBEHHOW perpeccud ¥ 00001IeHHbII
MeTO0/l HAaUMEeHbIIINX KBA/IPATOB
Ecnu u3BecTHa mpuunHa (M, COOTBETCTBEHHO, (hOpMa IreTepOCKEIaCTUYHOCTH), TO JJIs
€e yCTpaHEHUsI MOXXHO BOCIIOIb30BATHCS 000OWEHHBIM MEMOOOM HAUMEHbULUX K8AOPAMmMOos
(OMHK).
[IpeanonoxuM, dYTO MAWCHEPCHS PETrPECCHOHHBIX OCTATKOB CBs3aHA C HEKOTOPOH
MEpPEMEHHOM z, 3aBUCUMOCTBIO BUJIa
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2_2
D(gi ) =0'z;.

B kauecTBe nepeMeHHOI MOXKET OBITh:
1) cpeanee kBapaTUYECKOE OTKIOHEHHE Gt (ECJIM OHA U3BECTHA), B ’TOM CJIydae MOJy4aroT

B3BEIIECHHBIN METOJT HaMMEHbIUX KBaapaToB (BMHK);
2) X; MK 4/X, , T.€. IUCIIEPCHs OTaTKOB IIPOMOPLHOHANbHA JIH00 X; 00 X, .

Jnsg Toro 4YtoObl M30aBUTHCS OT TETEPOCKETACTUYHOCTH, HEOOXOAUMO pa3aeiuTh
KaX bl YWICH PEIrPECCUOHHOI0 YPaBHEHUS

v o1 X Xoi *
“L=b—+b—+b, =4V, (%)
Z; Z; Z; Z;
£, .
rae v, =—- cilydaliHas omuoOKa.
Zi
2 2
& Dl ) o'z
Tockomsky D(e,)= o222, To D(v,)=D| ** | = (2’)= TL=0o’.
Z. Z. Z.

i i i

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

OpnHako Ha MPAKTHKE YacTO HE YJIAETCsl C YBEPEHHOCTHIO OMPEIICIUTh MPUIHHY U popmy
reTepOCKEJaCTUYHOCTH. B 3TOM ciydyae MOXXHO MO0 TepeBECTH BCE IMEpEMEHHBIC B
norapudmuyeckyro GopMy (0JHAKO HEOOXOAUMO MOMHHUTH, YTO ATOT MPUEM HENPHUMEHUM,
€CJIM TIEPEMEHHBIE MOJICTH MOTYT NMPUHUMATh HYJIEBbIE WU OTPHULATEIbHBIC 3HAUCHHUA), TNOO
BOCIIOJIb30BAThCS CIICIUAIbHBIMUA POOACTHBIMU METOJaMH OLICHKH.

Jleknus Ne 5 (4 yaca)

Tema: «MoaeaH CTAMOHAPHBIX BPEMEHHBIX PSA0B»

1.5.1 Bonpocsbl JieKnum:

1. IlocTpoeHue TUHEHHOM MOJIeIN IO HEOJHOPOAHBIM PErPECCHOHHBIM JIaHHBIM
2. BseneHue QUKTUBHBIX IEPEMEHHBIX B JIUHEHHYIO MOJEIb PErpecCcun
3. IlpoBepka perpeccCuOHHON OJTHOPOJAHOCTH JIBYX I'pyINI HAOII0ACHUN

1.5.2 KpaTtkoe coaep:xkaHue BOPOCOB
1. IlocTpoeHue JTUHEHHOI MOJeJM N0 HEOJHOPOAHBIM PerpecCHOHHBIM JIaHHBIM

PaccmoTpum dopmanbHOE ornpeiesieHle CTalluOHAPHOCTH.

Croxactuyeckuil npouecc Y, Ha3bIBACTCI CMAYUOHAPHBIM 6 CUTLHOM CMbICIe (CMpO2o
CMAYUOHAPHBIM UTU CMAYUOHAPHLIM 6 Y3KOM CMblCle), €CIM COBMECTHOE paclpelelieHue
BEPOSITHOCTEH BCEX MEPEMEHHBIX V., V5., V,, TOUHO TO K€ camoe, YTO M JUIsl MEepPEeMEHHbIX

Virves Vizwrooos YVinrr -

HO)I CTallTMOHApPHbBIM IMPOLCCCOM 6 cnabom cmuicie (B MU POKOM CMI)ICJ'IC) IIOHUMACTCA
CTOXACTHYCCKUI mnmponoecc, jd  KOTOporo cCp€aHee u  aucnepcusda  HE3aBUCHUMO  OT
paccMaTpuBacMoro Imepuoaa BPEMCHH HUMCKOT IIOCTOSHHOC 3HAYCHHUEC, a aBTOKOPPCIIAIUA
3aBUCUT TOJIBKO OT AJIMHBI JIara MCXKAYy pacCMaTpUBACMbIMU IIECPCMCHHBIMMU

11



uy,)=wy.. )=
D()’t ) =D(y,,.)= /J()’t - /1)2 = ,u(y,+, - /1)2 =D, = const;
COV(yt s Vive ) = /u[(yt o /u)(yHr B ,Ll)] = COV(T)'

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

[lpu ananmu3e M3MEHEHHS cov(z') B 3aBHCHMOCTH OT BPEMEHHOI'O CABHIa 7 TPHHSITO
TOBOPUTH 00 aBTOKOBAPHALIMOHHOM (DYHKITHH.

C  moHsATHEM  aBTOKOBAPMALIMOHHOM  (YHKIMHM  TECHO  CBA3aHO  IIOHSTHE
aBTOKOppensanuoHHol GyHkun (AKD):

COV( ' HT) COV(T)
(T): Dy(yzy) ) D,

3nauenuss AK® Takxke XapakTepu3ylOT TECHOTY CTAaTUCTUYECKOH CBSI3U MEXIY
YPOBHSIMH BPEMEHHOTI'O psAJla, pa3JeIeHHbBIMU 7 BPEMEHHBIMHU TakTamMu. OfHAKO, B OTIMYHE OT
3HAYEHUH aBTOKOBAPMALMOHHOM ()YHKLIMU OHM HE 3aBUCAT OT MaciiTaba M3MEpeHUs ypoBHEH

BPCMCHHOTO psAJia U HOAUYUHAIOTCA OIPpaHUYCHUIO! |,0(Z'X <1.

Bribopounast oneHka K03 QUIEHTa aBTOKOPPEISIHH r(r) MOKET OBITH OmIpeJeseHa
clenyrmumM odpa3om:

| o, _

> -y, -7
n—7

r(r)= ,

"20-7)

r7ie n - JUIMHA BPEMEHHOTO Pslia;
T - BpEMEHHOM caBUT (J1ar);
Y - cpelHee 3HaYCHUE BPEMEHHOTO psija.

Uucnurtenb  BbIpaXEHHs] IPEACTABISET  BHIOOPOYHYIO  OLEHKY KO3 QuIMeHTa
aBTOKOBapHallUU.

Jlia  cranMoHapHOro BpeMeHHoro pspa ¢ ysennuenuemM ¢ AK®D  pomkHa
JI€MOHCTPUPOBATh CBOMCTBO MOHOTOHHOTO YOBbIBaHHMA IO aOCOJIIOTHOW BEIMYUHE, T.K.
B3aUMOCBS3b MEXAY YPOBHSIMU psiia ¢ pocToM 7 ocinabeaer. OIHAKO YCIOBHE MOXKET
Hapylarbes 11 BBIOOpouHbIX AK®.

2. BBeaeHue PUMKTUBHBIX NEPEeMEHHbIX B JINHEHHYIO MO/IeJIb perpeccuu

Jlo cux nop B KadecTBe (aKTOPOB PaCCMATPUBAIMCH 3KOHOMHYECKHE IEPEMEHHBIE,
IPUHUMAIOIINE KOJIMYECTBCHHBIE 3HAYCHMsI B HEKOTOPOM HMHTepBaine. Bmecre ¢ TeM Moxer
0Ka3aThCsl HEOOXOIUMBIM BKJIIOUUTh B MOJIENb (PAKTOp, UMEIOIINN J1Ba WM 00JI€€ KaueCTBEHHBIX
ypoBHEH. DTO MOryT OBbITh Pa3HOro poja arpuOyTHUBHbIE NMPU3HAKU, TaKUe, HAIpUMEp, Kak
npogeccus, 1oy, 00pazoBaHuE, KIMMAaTUUECKUE YCIOBUS, MPUHAIIEKHOCTb K ONPEIACICHHOMY
peruoHy. UToObl BBECTH Takue IEPEMEHHbIE B PErPECCHOHHYIO MOJENb, UM JOJKHBI OBITH
IPUCBOEHBI T€ WJIN MHBbIE HU(POBbIE METKH, T.€. KAUECTBEHHBIE [IEPEMEHHbIE NPe00Opa30BaHbl B
KOJIMYECTBEHHBIE. Takoro BHJla CKOHCTPYHMPOBAaHHBIE IEPEMEHHBIE B DKOHOMETPHKE INPUHATO
Ha3bIBaTh (PUKTUBHBIMU [1IEPEMEHHBIMHU.
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3. IIpoBepka perpecCHOHHOM OJJHOPOXHOCTH JABYX IPynn HAOJI01eHUil

ABTOKOppeNLIMOHHAs W  4YacTHas aBTOKOPPEIALMOHHAS  (DYHKIMM  OKa3bIBAIOT
CYLIECTBEHHYIO IIOMOIIb B BBIOOPE (DYHKIIMH, ONUCHIBAIONIECH CTALIMOHAPHBIH IIPOLIECC.

C nomompio YAK®D wusmepsercs Koppeiasiuus MeXIy YPOBHAMM psaa y, U Y, ,
pa3ieleHHbIMUA 7 BPEMEHHBIMH TaKTaMH, IPH UCKIIOUEHHH BIMSHUS Ha 3Ty B3aUMOCBA3b BCEX
IPOMEKYTOUHBIX YPOBHEH PAAA V,, 15V, i0sees Vs -

Hanpumep, ko3¢ (uueHT 4acTHON aBTOKOpPpENSUUN o, NpU 7 =2 OyIeT OnpeAcisaTh

KOPpPEJSALMI0 MEXJY YPOBHSIMHU BPEMEHHOIO Dsiia, pa3AelICHHbIMU JBYMsI TaKTaMH BpPEMEHH,
IIPU YCJIOBUH, UTO 3HAUEHUS IPOMEKYTOUHBIX YPOBHEH 3a()MKCHPOBAHBI HA CPETHEM YPOBHE.
®opmyna A pacyeTa BHIOOPOYHON OIIEHKH YacTHOTO K03 puilMeHTa aBTOKOPPESUU:

V. —V., F.
ij ik " jk
v., =

ik 2 2)
\/(1_’31{ )(l_rjk)

Hanpuwmep, 7, 1- ro nopsiaka Mexny y, U y,,, IpU YCTPAaHEHUU BIUAHUA V., :

) r)r12)
(2)=rp, Jo=2O)i-~12)

rae r(2) - KO3(GGUIMEHT KOPPESIIUUA MEXTY ¥, U V.,

t,

y

r(l)- KO3(QQHUIHUEHT KOPPEJALUU MEXAY ¥, U V,,,;

r(l,2)- K03(GULMEHT KOPPEIALUN MEXIY V,,; U V,,, .

[TpumepoM cTalMOHAPHOCTHU CITYKHUT «OEINbI ITyM).
«benvim uwymom» Ha3bIBAETCSA YUCTO CIy4allHBIN Mpolece, T.€. psJl HE3aBUCUMBIX,
OJIMHAKOBO PACIpEICIICHHBIX CIyJallHbIX BEIMYHH &. | TaBHBIE CBOMCTBA «0€I0r0 HIyMay:

wle,)=0;
D(g,)= 0o} = const;

2 —
cov(z, .z, )= oy, hpu =0

2%+t

0, npur+#0

B kadectBe mpumepa 6enoro myma MOKHO TPUBECTH OCTATKH, pacCMaTpUBAcMbIC B
KJIACCUYECKON JIMHEMHON MOJIEIIH.

B mpakTtuyeckoil aHaTUTHYECKOH paboTe CTAllMOHAPHOCTH BPEMEHHOTO psifia 03HAYaeT
OTCYTCTBHE:

— TpeH.a;

— CHCTEMAaTHYECKHUX U3MEHEHUH IUCIEPCHH;

—  CTPOrO NEPUOIUYHBIX (IIyKTYaIHii;

— CHCTEMAaTHYECKN M3MEHSIOUIMXCS B3aUMOCBS3EH MEXIY DJIEMEHTaMH BPEMEHHOIO
psna.

1.6 Jlekuusi Ne 6 (44aca)

Tema: «MojaeJH HeCTAIMOHAPHbIX BPEMEHHbBIX PSJIOB)

1.6.1 Bonpocsl JieKnum:

1. OCcHOBHBIE 371EMEHTHI BPEMEHHOTO psJa
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2. Mojenu HecTallMOHAPHBIX BPEMEHHBIX PSIOB U UX WACHTU(DUKALMS
3. Mopenp aBTOpErpeccu — IPOMHTETPUPOBAHHOTO CKOJIB3SILErO CPETHETO
4. Mopenu psa10B, COAEPKALUX CE30HHYIO KOMIIOHEHTY

1.6.2.KpaTkoe coaep:kaHue BONPOCOB

1. OcHoBHBIE )JIeMEHTHI BPEMEHHOT0 Psijia

BP (pso ounamuxu, ounamuveckuii psid) — 3TO TOCIEIOBATEIHHOCTD YIIOPSTOYCHHBIX BO
BPEMECHHM YHCIIOBBIX IIOKa3aTelield, XapaKTepU3YIOIIUX YPOBEHb COCTOSHHUS W HW3MEHEHUS
M3Yy4aeMOTO SIBJICHHUSL.

BP cocrosiT u3 AByX 3JIEMEHTOB:

1. mepuoga BpeMEHHM, 3a KOTOPBIA MJIM 1O COCTOSHMIO Ha KOTOPBIH NPUBOJIATCSA
YUCJIOBBIE 3HAUCHHUS (t);

2. YHUCJIOBBIX 3HAYEHHI TOTO WJIM MHOTO MMOKA3aTesl, Ha3bIBAEMBIX YPOBHIMHU psaa ().

B mpaktuke uccienoBaHus AUHAMHUKYU SIBICHUN U MPOTHO3UPOBAHUS MPHUHITO CUUTATH,
YTO 3HAYEHHs YPOBHEW BpPEMEHHBIX pSAIOB MOTYT COAEpXKaTh CIEAYIOIINEe KOMIIOHEHTHI
(cTpyKTypOoOoOpa3yrome KOMIOHEHTHI):

—  Tpenn (uy);

— Ce30HHYIO KOMIOHEHTY (St);

— Hukimueckyro komnoHeHTy (Vy);

— CryyaiiHyl0 KOMIIOHEHTY ( &, ).

2. Moaenu HeCTAIMOHAPHBIX BPEeMEHHBIX PS/IOB U UX WIeHTH (KA

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

Breibop omHOl W3 2-X MozeNed OCYIIECTBISIETCS HAa OCHOBE aHaIW3a CTPYKTYPBI
Ce30HHBIX KoyieOanuii. Ecnmu ammummryna kojieOaHWi MpUONIHM3UTENBLHO const, CTPOST
AQIIUTUBHYI0 MOJENb, B KOTOPOH 3HAUEHUS CE30HHOH KOMIIOHEHTHI MPEAINOIaraloTcs
MOCTOSTHHBIMH JIJISl Pa3IMYHbIX [UKJIOB. ECIIM aMIUTUTy1a Ce30HHBIX KOJIeOaHNH BO3pACTaeT WIIH
YMEHBIIACTCS, CTPOSIT MYJIbTHILTUKATUBHYIO MOJIEJIh BPEMEHHOTO psija.

[Tpomecc mocTpoeHus: MOJICH BKIFOYAET B CEOSI CISAYIONINE IIATH:

1. BripaBHHMBaHUE UCXOIHOTO Psi/la METOJIOM CKOJIB3SIIICH CpeaHEN.

2. Pacuer 3HaueHMi C€30HHOW KOMIIOHEHTHI S.

3. YcTpaHeHue ce30HHOW KOMITOHEHTBI U3 UCXOAHBIX YpaBHEHUH psija U MOJy4YeHHE
BBIPOBHEHHBIX JaHHBIX (7+E) B anauTtuBHON WK (7-E£) B MyIbTUIUTMKATUBHONW MOJIEIIH.

4. AHanutuuyeckoe BoipaBHUBaHUE ypoBHEH (7T+E) unu (T-E) u pacuet 3HaueHuit 7 ¢
UCIIOJIb30BaHUEM TOJYyYEHHOTO YpaBHEHUS TPEHIA.

5. Pacuer nony4yeHHsix 1o mojenu 3nauenuid (7+E) unu (T-E).

6. Pacuer aGCOMOTHBIX W/WIH OTHOCUTEIBHBIX OIIHOOK.

Ecnu nosnydeHHble 3HaueHMs OIIMOOK HE COJEpXaT aBTOKOPPESILMH, WIH MOKHO
3aMETUTh MCXOJHBIC YPOBHHU Psijia U B JAJbHEHIIEM HCIOIb30BaTh BPEMEHHOW psia OMMOOK E
JUIsl aHAJIM3a B3aMMOCBSA3HM UCXOAHOIO psAJia U APYTUX BPEMEHHBIX PAIOB.

3.Mojaeb aBTOpPErpeccuy — MIPOMHTEIPHUPOBAHHOI0 CKOJIB3SIIEr0 CPeAHEro
B aBroperpeccum Kaxaoe 3HA4CHHME DPsfa HAXOOUTCA B JIMHEHHOW 3aBUCUMOCTH OT
IPEeIbIAYIINX 3HAa4eHUN. Eciau aHanu3upyeMblil JUHAMUYECKHUM MIPOLIECC 3aBUCUT OT 3HAYCHUH,
OTCTOSIIIIMX HA p BPEMEHHBIX JIarOB Ha3aJ, TO aBTOPETPECCUOHHBIN Mpoliece nopsaka p, T.e. AR

@):

yt :ao +a1yz—1 +a2yz—2 +"'+apyt—p +81’

rae &,- «Ooenslit mym» ¢, =0.

o, - CBOOO/HBIN UiIeH (4aCTO NPUPABHUBACTCSA K HYIIIO (OILyCKAeTCs)).
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Jlis  BBINIOJIHEHUS YCJIOBUS CTAallMOHAPHOCTH BCE KOPHHM XapaKTEPUCTUYECKOTO
ypaBHeHus 1 -,z —o,z° —...—«a ,z" =0 1omKHBI ObITE 10 MOYIIO GoJible 1 W pasnuYHBL,
T.C. |z|>1. Ecnu |z|:1, MPOLIECC HA3bIBAECTCA MPOLECCOM eOUHUYHO20 KOpHA W SIBISETCA

HECTAllMOHAPHBIM.

PaccmoTpuM npocTeiiinii BApuaHT JIMHEHHOTO aBTOPErPECCUOHHOTO IIPOLIECCa — MOOENb
asmopeepeccuu 1-20 nopsioka — AR(1), unu mapxosckuti npoyecc.

OTa MO/IeIb MOKET OBITh IPE/ICTABICHA B BUJIE:

Y=oy, + &,

I @ - YUCIOBOH KO3 PuImeHT,

a|<1,

&, - IOCIE0BATENbHOCTD CIy4alfHBIX BEJIMUUH, 00Pa3yIOLIUX OeJIbli IIyM.

4. Mopaesau psiioB, COAEPKALMX CE30HHYI0 KOMIIOHEHTY

BeIpaBHMBaHUE UCXOJHOTO PsIia METOAOM CKOJIB3SILIEH CPEIHEN:

1) s aToro cymmmupyercsi, ypoBHHU psiia MOCJIEI0BATENBHO 3a KaxK/aple 4 KBapTana
CO C/IBUTOM Ha | MOMEHT BPEMEHH M ONPEACISIOTCS YCIOBHBIE TOA0BbIE 00BEMBI, YPOBHH U T.1I.

2) PaznenuB nonyyeHHble CyMMBbI Ha 4, HailieM ckoib3suiue cpennue. [lomydeHHbie
T.0. BBIPOBHEHHbBIE 3HAUEHUS YK€ HE COJIEPIKAT CE30HHONW KOMIIOHEHTHI.

3) [TpuBeneM 5Tu 3HaYEHUS B COOTBETCTBUU C (PAKTUUECKMMH MOMEHTaMHU BpEMEHH,
JUISL 4ero HalJieM CpeJHUE 3HAYCHUS W3 JBYX MOCIEAOBATEIIbHBIX CKOJB3SIINX CPEIHUX —
LEHTPUPOBAHHBIE CKOJIB3SIINE CPEHUE.

O1neHKH Ce30HHOW KOMIIOHEHTHI Hai/IeM KaK Pa3HOCTh MEKIY (PaKTUICCKUMHU YPOBHSIMU
pAla U LEHTPUPOBAHHBIMM CKOJIB3SIIMMHU CpedHUMU. Mcmonb3yeM 3TH OLEHKHM Uil pacdera
3HAUEHUMN CE30HHOW KOMMOHEHTHI S. JlJi1 3TOro HaljeMm CpeJHHE 3a KaKIblil KBapTaJl OLEHKU
CE30HHOW KOMIOHEHTHI ;. B Mozensix ¢ ce30HHOM KOMIOHEHTO OOBIYHO MpeAroaaraeTcs, 4To
CE30HHBIE BO3JICHCTBHUS 3a NEpUOJ B3auMorioramarorcs. Hanpumep, B aiIMTUBHOW MOJEIU 3TO
BBIPAXKAETCS. B TOM, YTO CyMMa 3HAaUYE€HHI CE30HHON KOMIIOHEHTHI IO BCEM KBapTajlaM JOJKHA
OBITH paBHA HYJIIO.

B MynpTUIUIMKAaTUBHOM MOJAENN B3aWMOIIOTAllIaéMOCTh  CE30HHBIX  BO3JIEUCTBUI
BBIPAXKAETCSI B TOM, YTO CyMMa 3HAQUY€HHI CE30HHON KOMIIOHEHTHI MO0 BCEM KBapTajlaM JIOJDKHA
OBITH paBHA YKCITY MEPHOJO0B B IuKJe. Hanmpumep, Mpu Ce30HHBIX KOJIEOAHUSIX YUCIIO TIEPHUOIOB
0JIHOTO LUKIIa (rox) paBHo 4 (4 kBapTana).

B agauTtuBHOM MOmenw: S,- = S,- - K, rae K — xoppekTupyromuii kodhduimeHrT,

K=i&M

i=l1

urormga ), S;=0;

L 4
B MynbTHIUIMKATUBHON MOJENH: Si = Si K 1= 174, K = Z S i W Torma
i=1

B apauTMBHOM MOZENM BBIUMTAEM €€ 3HAYCHUS M3 KaXIO0r0 YPOBHS HCXOIHOIO
BpeMeHHOoro psja. [lonyunm 7+E =Y-S.

B MyJIbTUNIIMKAaTUBHOM MOZENN pa3leauM KaXIbldi YPOBEHb HCXOJHOIO psia Ha
COOTBETCTBYIOILIME 3HAUEHUS CE30HHOW KOMITIOHEHTHI. TeM caMbiM nonyuum 7-E =Y =S, koTopbIe
COJZIepKAT TOJIBKO TEHJCHUHUIO U CIIy4aliHYIO KOMIIOHEHTY.

Onpenenenre KOMIOHEHTHI 7' JTaHHON MOJEIH.
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JUis 3TOro HpOBOAWTCS aHAJIUTUYECKOE BblpaBHUBaHUE pana I+E (T-E) ¢ mOMOILBIO

nuueiinoro tpeuna 1 = a + bt.

s aTOro nocuuraeM a — const, b — K03((UIUEHT Perpeccuu, CTaHAAPTHYIO OLINOKY
koo durmenta perpeccun R, 9HCIO HAGTIOACHHI W YHCIO CTereHel cBo6oabl. C MOMOIIBIO
HUX OIpeJiesIsieM 3HaUUMOCTh PEerpeccuu.

Haiinem 3HadeHuss ypoBHEH psaa 1o 7; — TMOIYyYEHHBIM II0 TEOPETHUYECKOM
(aHanuTHYecKOi) dopmyne U S; — 3HAUCHUSIM CE30HHOM KOMIIOHEHTBI JUIi COOTBETCTBYIOIIMX
KBapTaJOB.

E=Y—(T+S5)
E=Y=+(T-9)
Oro alcomoTHhIe 3HaueHUs (abcomtoTHble ommOku). [lo aHamorMM C MOACIBIO

perpeccuu Ui OLEHKH KayecTBa MOCTPOEHHOM MOJENM WJIM JJIs BbIOOpa Hawilydlled MoAeu
MOYKHO IPUMEHSTh CyMMY KBaJIpaTOB MOJIYY€HHBIX a0COTIOTHBIX OLIHOOK.

2
25 ] ome- U v
Z (y. — _)2 07 310 07151 PaKTOPHOM TUCIIEPCHHU YPOBHEN psijia OOBACHSIET

y

MOJTy4EHHOE KOJMYECTBO MPOIICHTOB OT OOIIEH Bapualliu ypOBHEH BPEMEHHOTO psifa.

1.7 Jlexnusa Ne 7

Tema: «CucreMa JHHEHHBLIX OTHOBPEMEHHLIX YPaBHEHH

1.7.1 Bonpocsl JieKIuM:

1.1. CtpykTypHas 1 npuBeAeHHas GOPMBI MOJIETH CUCTEM OJIHOBPEMEHHBIX YPaBHEHUH.
1.2. PexypcuBHBIE CUCTEMBI OJTHOBPEMEHHBIX YPABHEHUH.

1.3.Mopeinb cipoca — IpeUI0KEHUs KaK MPUMEpP CUCTEMbl OJJHOBPEMEHHBIX YpPaBHEHUII.
1.4.OcHOBHBIE CTPYKTYPHBIE XapaKTEPUCTUKH MOZEIIEH.

1.5. YcnoBust nIeHTUPUITUPYEMOCTH YPaBHEHUN CUCTEMBI.

1.6.nentudukanus peKypCUBHBIX CUCTEM

1.7.2.KpaTtkoe coaep:kaHue BONPOCOB
1. CrpykrypHas W mnpuBeleHHas ¢opMbl MOAeJM CHCTEM OJHOBPEMEHHbIX
yPaBHeHHUil

Cucrema COBMECTHBIX, OJIHOBPEMEHHBIX YpaBHEHUH (WM CTPYKTypHas (opma MOAENn)
OOBIYHO COZEPIKUT IHJIOTCHHBIE U IK30T€HHBIE IIEPEMEHHBIC.

OHooeennvie nepemenHvie 0003HAUCHBI B MPUBEICHHON paHEe CHUCTEME OJIHOBPEMEHHBIX
YPaBHEHUH Kak y. DTO 3aBUCHUMbIE NIEPEMEHHBIE, YUCIIO KOTOPBIX PAaBHO YHUCIY YpaBHEHHH B
CUCTEME.

Ok302eHnble nepemenHble O0003HAYAIOTCS OOBIYHO Kak X. OTO MpeoIpencsieHHbIe
NepeMEeHHbIe, BIUSIOLINE HAa SHAOTCHHbIE TIepEMEHHbIE, HO HE 3aBUCAIIUE OT HUX.

CrpykrypHast ¢opMa MOAETH IMO3BOJSET YBHIETh BIUSHHE W3MEHEHHUH 000U
MIPEIONPEACIICHHON MEPEMEHHONW Ha 3HA4YEHUs SHIOTCHHOW mepeMeHHou. llenecoobpa3Ho B
Ka4eCTBE HK30TCHHBIX IEPEMEHHBIX BBIOMPATh TAKHE IEPEMEHHBIC, KOTOPhIE MOTYT OBITh
00BEKTOM pPeryIupOBaHHUSL.

CtpykrypHast popma MOJENN B MIPaBOK YaCTU COJEPKUT MPU SHAOTCHHBIX U HK30TC€HHBIX
nepeMeHHbIX KodpduuueHtsl b; u a; (b; -k0dPPUIMEHT MPH SHAOTEHHON NEPEMEHHOH, a; —
KOA(p(UIIMEHT TMpH HSK30TCHHOW TMEepEeMEHHOM), KOTOpbIE Ha3bIBAIOTCA CMPYKMYpHbIE
K03 uyuenmul modenu. Bece mepeMeHHbIE B MOJICNN BBIPAXKEHBI B OTKIOHEHHSIX OT CPEIHETO
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YpOBHS, T. €. HOJ X MOJpa3yMeBaeTcsi x—Xx, a HOJ ¥ — COOTBETCTBEHHO y — ). Iloaromy

CBOOOIHBIN YJICH B KaXKJIOM YPAaBHECHHH CUCTEMBI OTCYTCTBYET.

Hcnons3zoBanne MHK st onieHnBaHus CTPYKTYPHBIX KOA(PQUIIMEHTOB MOJIENHN JIAeT, KaK
NPUHATO CUUTATh B TEOPHH, CMEIICHHBIE M HECOCTOSTENbHBIC OIEHKH. 1103TOMY OOBIYHO ISt
ONpeNeNIeHus]  CTPYKTYPHBIX KO3(p(PUIMEHTOB MOAenu CTpYKTypHas ¢opma MoOJenu
npeobpa3yeTcs B IPUBEACHHYIO (OPMY MOJIEIH.

Ilpusedennas gopma modenu TPENCTABISIET COOOH CHUCTeMY JHMHEWHBIX (QyHKIHN
9HJIOTEHHBIX IEPEMEHHBIX OT YK30TCHHBIX:

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

Im* m1

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

2m*¥m

Y, =0,%+0,x,+...40, X

nm~"m

raed,; — Kod(pOUUMEHTbI PUBEACHHON HOPMBI MOZIEIIH.

2.PekypcHUBHBIE CHCTEMBbI OJTHOBPEMEHHBIX YPABHEHUH

Kaxnoe ypaBHEHHME CHCTEMbl HE3aBUCHUMBIX YPaBHEHHH MOXET pPacCMaTpHUBATHCA
CaMOCTOATENBHO. [l HaxOXIEHUs €ro IapaMeTpoB HCIIOIb3YETCS METOJ] HAaWMEHbIIHUX
KkBazaparoB. 1o cymecTBy Kaxx0€ ypaBHEHHE 3TON CHUCTEMBI SIBJIICTCA YPAaBHEHHUEM PETPECCHU.
[TockonbKy HHKOTAA HET YBEPEHHOCTH, YTO (DaKTOPHI MOJTHOCTHIO OOBSCHSIOT 3aBHCHMBIC
IIEpEMEHHbIE, B YpPaBHEHHUSIX MPHUCYTCTBYeT CBOOOJHBIM uileH ag. Tak Kak (akTuyeckue
3HAQ4YCHUS 3aBUCHMOM IIEPEMEHHOM OTJIMYAKOTCS OT TEOPETHYECKUX Ha BEJIMYMHY CIy4alHOU
OLIMOKH, B KQXKJIOM YpaBHEHUU IIPUCYTCTBYET BEJIMUMHA CIIydyaiHOH OmnOKy.

OpHako ecnau 3aBUCHMMAsi IEPEMEHHAs Y BKIIIOUAET B KaXJ10€ IOCIEAYIOLIEe YPABHEHHUE B
KadyecTBe (DaKTOpPOB Bce 3aBUCHMbIE IIEpPEMEHHbIE NPEALICCTBYIOIIMX YpPaBHEHMH Hapsay ¢
Ha0OpOM COOCTBEHHO (haKTOPOB X, TO UIMEEM MOJIEb B BUE CUCHIEMbL PEKYDCUBHBIX YDAGHEHUI:

yl = a“xl +a12X2 +...+a1mxm +81
Y, =byy, +a,x, +a,x, +...+a,, x, +&,
Yy =byy +by,y, tayx +ayx, +...+a,,x, +&

yn =bn1yl +bn2y2 +"'+bnn—1yn—l +anl'xl +an2'x2 +"'+anmxm +gn

3..Moxgeap cmpoca — INpelVIOKeHHS KaK IPUMeEP CHCTEMbI OJHOBPEMEHHBIX
yYPaBHeHHUi
MHorue 3KOHOMHYECKHE B3aMMOCBS3U JOIMYCKAIOT MOJEIMPOBAHUE OJJHUM YpPaBHEHHUEM.
OnHako psAl SKOHOMHUYECKHX TIPOLECCOB MOJCIUPYIOTCS HE OJHUM, a HECKOJIbKUMHU
YPaBHEHUSMH, COAEPKALIMMHU KaK MOBTOPSIIOIIMECS, TaK U COOCTBEHHbIE MepeMeHHble. B cuiy
3TOr0 BO3HHKAET HEOOXOAMMOCTh MCIOIb30BAHUS CHUCTEM ypaBHEHH. Hampumep, mpu oreHke
3¢ (HeKTUBHOCTH MPOU3BOJCTBA HENb3sl PYKOBOACTBOBATHCA TOJIBKO MOJENbIO PEHTAOEIBHOCTH.
Ona pgomxHa OBITH JIONOJNHEHA MOJENBI0 TPOU3BOAWTEIBLHOCTH TpPyla H  MOJEIBIO
cebecToMMOCTH  eIUHUIBI HpoAykKuuu. OcoOEHHO 3Ta HEOOXOAWMOCTh BO3pacTaeT MpHU
MCCJIEIOBAHUM TPOIIECCOB Ha MAKpOYpOBHE. DTO CBSI3aHO C TE€M, YTO MAKPOIKOHOMHUYECKHE
MOKa3aTeNlu, SBIAACH OOOOLIAIOMIMMH I10Ka3aTeIsIMH COCTOSIHMSI  SKOHOMHKH, 4Yallle BCEro
B3aMMO3aBUCHMBI. Tak, pacXoabl Ha KOHEYHOE TOTPEOJICHHE B SKOHOMHUKE 3aBUCIT OT BAJIOBOTO
HAI[MOHAJILHOTO J10XOJa, U BMecTe ¢ TeM, BeinumunHa BHJ[ paccmarpuBaercs kak (GyHKIus
WHBECTHULIUH.
4.0CHOBHBIE CTPYKTYPHbIE€ XapaAKTEPUCTUKH Mo/IesIeil

17



[IpoBepuM Kak70e ypaBHEHHE CHCTEMBl Ha HEOOXOIMMOE M JIOCTaTOYHOE YCIIOBHS
uaeHTUGUKaMu. JIJise  3TOro  3alofHUM  Cleayrlyr Tabmuiny koddduuueHToB mnpu
OTCYTCTBYIOIIUX B IIEPBOM YPABHEHUU NEPEMEHHBIX, B KOTOPOH OmpeaenuTenb MaTpuubl (detA)
KO2(PHUITMEHTOB OTIUYEH OT HYJIA.

Matpuna xko3pdunuentos (1)

YpaBHeHHE IIepemeHHBIE
X3 X4
2 azs azq
3 0 0

detA=0, a panr matpunbl paBeH 1. CiemoBaTenbHO, JOCTATOYHOE YCIOBUE UACHTH(DHKAIIII
HE BBINOJIHSIETCS U NIEPBOE YpaBHEHUE MOKHO CUMTATh HE UACHTU(DULIUPYEMBIM.

Koadh dunreHnTs! mpu OTCYTCTBYIOMIMX BO BTOPOM YPAaBHEHUHU MIEPEMEHHBIX COCTABST.
Martpuna ko3¢ duunentos (2)

YpaBHeHHE IIepemenHbIe
3 X1
1 by aj
3 -1 asj
CornacHo detA#0, a paHr MaTpHUIIbI ypaBHEHHUE
UACHTHDHUIIHPYEMO.
Tabnuna k03 PUIMEHTOB NpU MEPEMEHHBIX, OTCYTCTBYIOIIUX B TPEThEM YpPaBHEHHUH, B
KoTopoii detA # 0.
Matpuna ko3¢pduunentos (3)
YpaBHeHHE IIepemeHHBIE
X3 X4
1 0 0
2 az; azq
YcnoBue  waeHTU(UKANMKM  HEBBIMONHSCTCS.  YpPaBHEHHWE  HEHJICHTHU(PUIUPYEMO.

CrneoBateibHO, pacCMaTpUBaeMas B 11€JIOM CTPYKTYpPHask MOJIeIb HEHICHTUQUITUpYeMast.

B sKkoHOMETpHYECKHX MOJENSIX YacTO HapsAy C YpPaBHCHHSIMH, MapaMeTpbl KOTOPBIX
JOJKHBI OBITh CTATHCTHUYECKH OIEHEHBI, UCIIOJIb3YIOTCS OalaHCOBBIC TOXIECTBA IMEPEMEHHBIX,
KOX((UIIMEHTHI TIPH KOTOPBIX paBHBI =1. B 3TOM citydae, XOTs caMO TOXKIECTBO U HE Tpedyer
IPOBEPKHU Ha MICHTU(DUKALNIO, N0O0 KO3 (HUIIMEHTHI IPH TEPEMEHHBIX B TOXK/ICCTBE H3BECTHBI, B
NpOBEepKE Ha HICHTU(UKANHIO COOCTBEHHO CTPYKTYpPHBIX YypaBHEHUH CHCTEMBI TOXIECTBA
YYaCTBYIOT.

5. YcnoBus uieHTHGUIHPYEMOCTH YPABHEHHUH CHCTEMBbI

HeoOxomuMoe ®  JIOCTaTOYHOE  YCJIOBHE  HMJICHTUQUIUPYEMOCTH: Y paBHEHHUE
UJACHTH()HUIIMPYEMO, TOT/Ia U TOJIBKO TOTJa, KOTJa IO OTCYTCTBYIOIIMM B HEM IMEPEMCHHBIM
(SHIOTEHHBIM W JK30T€HHBIM) MOXHO M3 KOX(QUIMEHTOB NpPU HUX B JPYTHX YPABHEHHSX
CUCTEMBI IMOJYYHTh MaTpPHUIly, ONPEACIUTE]Ib KOTOPOW HE PAaBeH HYJIO, a PaHl MaTPHIBI HE
MEHBIIIE, YeM YHCJIO HJIOTEHHBIX IEPEMEHHBIX B CUCTeMe 0e3 oHoTO (n-1).

6.UnenTuukanmsi peKypcuBHbIX CHCTEM
[Ipu mnepexome oT mnpuBeACHHOW (OPMBI MOAETH K CTPYKTYPHOH HCCIIEI0BATENb
CTaJIKuBaeTcs ¢ npodiemoit uaeHTHudukauuu. Ilox npobiemoi naeHTUGUKALMM TOHUMAETCS
BO3MOXXHOCTb UYHCJIEHHOM OLIEHKM IapaMeTpOB CTPYKTYPHBIX YPAaBHEHMM I10 OLEHKaM
K03()PULIMEHTOB IPUBEACHHBIX YPaBHEHUIA.
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C nmo3unmu UACHTU(UIMPYEMOCTH CTPYKTYPHBIE MOAETH MOXHO MOJPA3IeIUTh Ha TPH
BUJIA:
*  UACHTUUIHPYEMBIE;
*  HEWJCHTH(QHUIUPYEMBIE;
*  CBEpXUJACHTHU(PHIHUPYEMBIC.

Mooenv uoenmughuyupyema, €cim BCe CTPYKTYpHBIC €€ KOIP(DUIIMESHTHI ONPEACIISFOTCS
OJTHO3HAYHO, €IMHCTBEHHBIM 00pa3oM 1o ko3¢ (uIimeHTaM nNpruBeaeHHON GOPMbI MOJIEIH, T. €.
€CITM YMCIIO MTapaMeTPOB CTPYKTYPHOH MOJIEIH PABHO YMCITY ITapaMeTPOB MPUBEACHHON (HOPMBI
mojenu. B 3TOM ciydae CTpyKTypHBIE KOX(PQHUIMEHTH MOJEIH OLCHHUBAIOTCA Yepes
napameTpsl IPUBEACHHOM (POPMBI MOJIENIN U MOJICTh HIACHTUDUITUpYEMa.

» =b,y, +a,x +a,x,

Yy =by Y, +ayx, +ayx;

Mooenv neudenmughuyupyema, €Civ UYNACIO TPUBEICHHBIX KOI(PPHUIIMEHTOB MEHBIIIEC
qrcia CTPYKTYPHBIX KOI((UIIMEHTOB, U B Pe3yJIbTaTe CTPYKTYPHbIE KOI(P(UIIMEHTHI HE MOTYT
OBITh OIIEHEHBI Yepe3 KOAPOUIMEHTHI TPUBEACHHON (opMbl Mojenu. CTPYKTYpHO MOJENb B
NOJTHOM BHJIE, COJEpIKaliasi # SHIOTEHHBIX U m TPEAONPEACTICHHBIX EPEMEHHBIX B KAXKIOM
YPaBHEHHH CUCTEMBI, BCETJa HEUJICHTUDHUIIPYEMA.

Vi =byy, +ayx +a,x, +a;x,

Yy =byyy +ayx +ayx, +a,x,

Mooenv ceepxudoenmughuyupyema, €civd YHUCIO TPUBEICHHBIX KOAPPUIUEHTOB OO0JIbIIE
qrcia CTPYKTYpHBIX K03 dunmeHToB. B aTOoM ciiyyae Ha ocHOBe K03()(PHUIIMEHTOB MPUBEICHHOI
(opMBI MOKHO TOIYYUThH JIBa WK O0Jiee 3HAaYE€HUH 0THOTO CTPYKTYPHOTO K03 (hUIeHTA.

Yy =by,y, +a,x +ap,x,

Y, =byy +ayx,

1.8 Jleknus Ne 8 (4uaca)

Tema: «MnenTudukanus cucreM 0JHOBPEMEHHbIX YPABHEHHID)

1.8.1 Bonpocel Jieknum:

1. CratucTHuecKoe OLIEHUBAaHUE HEU3BECTHBIX 3HAUEHUI TapaMeTpPOB.
JIByX11aroBelii METOJl HAMMEHBIINX KBAJPaTOB OLCHUBAHUS CTPYKTYPHBIX IIapaMeTPOB
OTZEJIBHOI'O YPAaBHEHUS CUCTEMBI.

3. Tpexmaroselii METOJ, HaUMEHBUIMX KBaJpaTOB OJHOBPEMEHHOIO OLICHMBAHMS BCEX
[1apaMeTPOB CUCTEMbI YPABHEHUM.

4. Jlpyrue MeToAbl OLICHUBAHUS CUCTEM OJHOBPEMEHHBIX YPaBHEHUM.

1.8.2.KpaTtkoe cogep:xaHue BOPOCOB
1. CraTncTnyeckoe oneHMBAaHHE HEM3BECTHBIX 3HAYEHHU I MapaMeTPOB
KMHK npumensiercss B ciaydae TOYHO HACHTHQUIUPYEMOW CTPYKTYpPHOH MOJICIIH.
IIponenypa coCTOUT U3 CIEAYIOIMX ITAIOB!
a) CTPYKTYpHas MOJIeNb IpeoOpasyeTcs B IpUBEAEHHYIO (HOpMy MOJIENH;
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0) st KaxA0ro ypaBHeHHs NpuBEACHHOH Qopmel o0braHbiM MHK onenusarorcs g

K02 (ppHULIHEHTHI;

B) C IIOMOINBIO alreOpanyeckux mpeoOdpa3oBaHuii OT KOAD(HUIMEHTOB MPUBEAEHHOMN
(opMBI IepexoIAT - BO3BPAILAIOTCS K MapaMeTpaM CTPYKTYpHOH MOZEIH, NOJIydas TeM CaMbIM
OLIEHKHU 3THX [1apaMETPOB.

IIpumenenne KMHK mnpeanosnaraer, 4to cucreMa ypaBHEHHM CONEPKUT B IIPABOU YaCTH B
KaX/IOM YPaBHEHUH KaK 9K30T'€HHbIE, TaK U SHJOT€HHbIE IIepeMeHHbIe. MeXy TeM, MOTyT ObITh
CHCTEMBI, B KOTOPBIX B OJHOM WM HECKOJbKHX YPaBHEHHUSX, HANpUMEp, OTCYTCTBYIOT
9K30T€HHbIE IlepeMeHHble. [ Takol MOAEIN HENOCPEICTBEHHOH IOIydyeHHE CTPYKTYpPHBIX
K03 PHUIIMEHTOB HEBO3MOXKHO. B 3TOM ciiyuae, cHavasa ompeaesnsercs cucreMa MpUBEAEHHOM
dopmbl Moaenu, pemaemas o0bluHbIM MHK, a 3atem nytém anrebpanueckux mnpeodpa3zoBaHuit
nepexoast K KoapUIMeHTaM CTPYKTYPHOH MOAEIIH.

2. JIByXmaroBblii MeTOJ HAUMEHBIIUX KBAJAPATOB OLECHUBAHMUSA CTPYKTYPHBIX
napaMeTpoB OTAeJIbHOI0 YPABHEHHUS CUCTEMBbI

Jeyxmaroserii MHK (JIMHK). Ecnu cucrema cBepXuaeHTHGUITPYEMa, TO UCTIOIB3YETCS
JAMHK. DTanbl BEIOJHEHUS 3TOU MPOLETYPbI:

a) Ha OCHOBE MPHUBEACHHON (HOPMBI MOJETH TOMYYAIOT ISl CBEPXUACHTU(DHIIMPYEMOTO
YPaBHEHUsI TEOPETHYECKUE 3HAYEHHUs DSHJIOTCHHBIX IE€PEMEHHBIX, COJEpXKaIUMXCs B MPABOU
YaCTH YPaBHEHHS;

0) nanee, MOJACTaBUB UX BMECTO (PaKTUYECKUX 3HAUEHUH, MOXKHO NMPUMEHHUTH OOBIYHBIN
MHK « cTpykTypHOii hopMe CBepXUACHTU(DUITUPYEMOTO YpaBHEHHUSL.

B stom metone nBax el ucnosnb3yercss MHK: Ha nepBoM atarie, npu onpeaeseHnu
npuBeAEHHON POPMBI MOJICTTH M HAXOXKACHUH Ha €€ OCHOBE OIICHOK TEOPETUUYECKUX

A

3HAQYCHUH DHIOTCHHOW MEPEMEHHOU: y, = J;1X| + 0jpXy + ...+ O U Ha BTOPOM

Y
miare, IPUMEHHUTEIBHO K CTPYKTYPHOMY CBEPXHACHTH(PHIMPYEMOMY YPaBHEHUIO
NpU  ONPENEICHUH CTPYKTYPHBIX KOA(DPUIIMEHTOB MOJAETHM 10 JaHHBIM

TEOPETHUECKUX (PacUETHBIX) 3HAYCHUHN IHJIOTECHHBIX U HK30T€HHBIX MEPEMEHHbBIX

3. TpexmaroBblii MeTOJ] HAHUMEHBIIMX KBAJPAaTOB  OJHOBPEMEHHOIO
OIleHUBAHUSI BCeX MapaMeTPOB CHCTeMbI YPABHEHU

TpexuraroBplii METO HAUMEHBIINX KBAJPATOB MPUMEHSETCS IS OLICHKH MapaMeTPOB CHCTEMBI
OJTHOBPEMCHHBIX ypaBHEHHWH B 1einoM. CHauanma K KaXAOMY YpPaBHCHHIO IPHMEHSETCS
JBYXIIIArOBBIA METOJ C I[EIbI0 OIICHUTHh KOIPPUIIMECHTHI U MOTPEIIHOCTH KaXJI0TO YPaBHECHHUS, &
3aTeM TIOCTPOMTH OIEHKY Ui KOBapUAIIMOHHOH MaTpullpl morpemrHocteid, [locime atoro mis
olleHUBaHMS KOA((DUIIMEHTOB BCEW CUCTEMBI MPUMEHSETCS O0OOOIICHHBIH METOJ HAaWMEHBIIIHX
KBaJ[PaTOB.

4. [Ipyrue MeToJbl OLICHUBAHUA CUCTEM OJITHOBPEMEHHbIX YPABHEHM I
1. MeTtozsl o1ileHUBaHUS TAPAMETPOB

B mpuknaaHoll CTaTUCTUKE HCHONB3YIOTCS Pa3HOOOpa3HbIE MapaMeTpUYECKUEe MOJICIH.
TepMuH «mapaMeTpUUYECKHIN 03HAYAET, YTO BEPOATHOCTHO-CTATUCTHYECKAsI MOJEIb MOIHOCTHIO
ONMCHIBACTCS KOHEYHOMEPHBIM BEKTOpPOM (UKCUPOBAaHHOM pa3mepHocTd. Ilpuuem osta
pPa3MEpPHOCTh HE 3aBUCUT OT 00beMa BEIOOPKH.

2. Metox MOMEHTOB

C kakoii orieHkr HaunHaTH? OHUM U3 HauOoJee U3BECTHBIX U MPOCTHIX B YIIOTPEOICHUN
METOJIOB SIBJISIETCSI METOJ, MOMEHTOB. Ha3zBaHue cBsS3aHO ¢ TeM, YTO 3TOT METOJ OIHUpAETCs Ha
UCIIOJIb30BaHNE BRIOOPOYHBIX MOMEHTOB

1 ®
M. =—Zx!-m, m=12,
Boa
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re X;, X2,..., X, — BbIOOpKa, T.e. HAOOp HE3aBUCUMBIX OJIMHAKOBO PAaCIpPEIEICHHBIX
CIIyYallHBIX BEJIMYUH C YUCIOBBIMU 3HAYEHHUSIMHU.
3. MeToa MakCUMaIbHOTO TIPABIOTIO 00U

B pabotax, npeaHa3HaYeHHBIX Ul MEPBOHAYAIBHOIO 3HAKOMCTBA C MAaTeMaTHYECKOU
CTaTHCTUKOW, OOBIYHO PACCMATPUBAIOT OICHKM MAKCHMAJIbHOTO TPABIONOA00UsS (COKpAICHHO
OMII):

6 (1) = &y (% 7, &3, %) = Argmin [T (x; 8,

=] iml

Takum oOpa3oM, CHayajma CTPOUTCS IUIOTHOCTh pACIpENEICHUs BEPOSITHOCTEH,
COOTBETCTBYIOLIAs BbIOOPKE. I10CKONIBKY 371€MEHTBI BBIOOPKH HE3aBUCUMBI, TO 3Ta IUIOTHOCTb
NpPEICTaBIsIeTCsT B BUJAE NPOU3BEACHUS IUIOTHOCTEH ISl OTAENBHBIX DIIEMEHTOB BBIOOPKH.
CoBmecTHast IJIOTHOCTh paccMaTpUBaeTCsl B TOYKE, COOTBETCTBYIOLIEH HaOIIOJEHHBIM
3HaYeHUSAM. DTO BBIpaKEHUE Kak (PyHKIMSA OT mapamerpa (MpH 3aJaHHBIX 3JIEMEHTaX BBIOOPKH)
Ha3blBaeTCcsl (QyHKUMEH IMpaBronoaoOMs. 3aTeM TeM WIM MHBIM CIIOCOOOM HIIETCS 3HAYEHHE
napaMerpa, Ipu KOTOpOM 3Ha4€HHE COBMECTHOM IJIOTHOCTH MAaKCHUMAaJbHO. JTO U €CTh OLIEHKa
MaKCHUMaJIbHOT'O IPaBA0No100us.
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2. METOAUYECKHUE YKA3AHMUA 110 BBIIIOJIHEHHUTIO
JIABOPATOPHBIX PABOT

2.1 JlaGopatopHas padora Nel

Tema: IlapHas 1uHelHAsA perpeccus

2.1.1 Heab padoThl: HAYYUTHCA PACCUUTHIBATH TAPAMETPhl YPABHEHUS ITApHOU
JIMHEWHOM perpeccuu.

2.1.2 3agauu padoThI:

1. Paccunraiite olieHKH TapaMeTPOB yYpaBHEHUS TapHOU JTMHEWHOM perpeccuu.

2. OneHuTe TECHOTY CBSI3M MEXAY MPU3HAKAMH C MOMOILBIO BHIOOPOYHOTO KO3 PHUIKEHT
koppensmu. [Ipoepbre 3HaUNMOCTS K03 urmenta koppemsauun (o = 0,05).

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

4. ITpoBepbTe 3HAYMMOCTH OIEHKH KOI(PPHUIMEHTA PETPECCHH C TIOMOIIBIO KPUTEPHs
CrprozienTa npu yposHe 3Haunmoctu o = 0,05 .

5. [loctpoiite nmoBepuTeNbHBIA HWHTEpBan s KodpduumeHta perpeccun. Jlaiite
KOHOMMYECKYIO HHTEPIIPETALIHIO.

6. CocTaBbTe TaONHITY AUCTICPCHOHHOTO aHAJN3a.

7. Onenure c¢ nomompto F- kputepusa Pumiepa 3HAYUMOCTh YPAaBHEHHUS JIMHEHHON
perpeccun (o =0,05).

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

JIOBEPUTEIIbHBI HMHTEPBAJI JJs MPOTHO3HOTO 3HAa4YCHHS OOBICHSIEMON mnepeMeHHou. Crenaiite
SKOHOMHUYECKUH BBIBOI.

9. PaccuuTaiite cpemuuii koadduiment smactuunoctd (I ). CraenaiTe 3KOHOMHUECKHIA
BBIBOJI.

10. OnpenenuTs CPETHIO0 OMHNOKY alpOKCHMAITHH.

11. Ha more xoppensmun mocTpoiTe TNHNAO0 PETPECCHH.

2.1.3 Ilepeyenb NpudOpPOB, MATEPHUAJIOB, HCIIOJIb3YeMbIX B J1a00paTOPHON padoTe:
1. Pabouas Terpagp Mo «IKOHOMETPHKE)»
2. Excel

2.1.4 Onucanue (xox) padorTnl:
HmMeroTes TaHHBIE O BBIPYUYKE CEIbCKOXO3SUCTBEHHOW opraHu3aiuu (y), MIH.py0. U 3aTpaTtax Ha
peanu3aIio — (X), ThIC.py0.

y 8 5 4,9 4 3.8 3,5 3,8 3,7 3,6 3,5 3,4 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, TraAe X @ —
, ay— .
ITapameTpsl ypaBHEHUSI JJUHEWHOW PETPECCHUU PACCUMTHIBAIOTCA C HMCIOJIb30BAHHEM CHCTEMBI
HOPMAJIbHBIX YpaBHEHHI OTHOCUTEIHHO a U b:

;x =a+bx - ypasnenue npsmoit
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n-a—i—be:Zy
aZx—i—beZ =Zy-x

Ha ocHoBe BcromoraTeabHOMI Ta6J'II/ILII>I 1 3anuceiBaeM CUCTCMY HOPMAJIbHBIX ypaBHeHHﬁ:

PeriraeM ee METOZIOM OTNPEICITUTEIICH:

A: =

da = =

Ab = =

b:A_b:
A

I[Toy4aeM ypaBHEHHE PErPeccuu: ) =

OTOT ke PE3YIbTAT MOXHO IOJYYUTh, UCTIOJIB3Ys CICAYIOIUC (bOpMYJ'IBI.

b_yx—y-x - -
- > 0= 0= 00 =
Gx
2
, DX = ,
o, ==——x o’ =
n
b =
a=y—bx
a =

[Mony4yaeM ypaBHEHHE perpeccuu: ;x =
BBIBO/]
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Tabmuua 1 — BcnomorarensHast Tabnuna Aj1sl pacyeTa mapaMeTpoB YpaBHEHHUS IMHEHHON perpeccuu

Howmep

Y= )s

100

— | | —
Dz 8le|e|w|o|un|i|wo|—

13

CymmMma

Cpennee
3HAYCHUE
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2.01eHKa TeCHOTHI CBSI3M Mesk1y npu3Hakamu. IIpoBepka 3HauMMocTH KO3 PHIHEHTA
koppeasimnu (0=0,05)

. (o2
— X
BidnP Ak yxﬂnnryx_b 5
O-x'o-y y

JIuHeHHbIH KOXQPUINEHT KOPPENSIIUH: e =

O, — CpeIHEKBaIpaTHIeCcKOe OTKIOHEHHE (JaKTOPHOTO MPU3HAKA X

o, =+/X —(X)

X

Gy — CPEAHCKBaAPATUYCCKOEC OTKIIOHCHUEC PE3YJIbTATUBHOI'O ITPU3HAaKa y

o, =y - ()

Qi
I
Ql
Il
Il

|

BBIBO/]

JIJis IpOBEPKU TUTOTE3BI O HE 3HAYMMOCTH KOA(DGUIIHMEHTA KOPPETSIHU UCTIONB3YIOT CTATUCTHKY

r
kputepus: [, =——
.

I M, — CTaHIapTHAs OMHUOKa IS TMHEWHOTO MapHOTO YPaBHEHHS PETPEeCcCUn

1-72
m, = m, =
n—2
r
tr = [’ =
m}"
BBIBOJ]

3. Pacuer ko3 punuenta 1eTepMUHAITAN

Koadduument gerepmMuHaiii COCTaBHT: ryx2 =( ) =
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
CYLIECTBEHHOCTHU KO3 (UIMEHTa PErpecCur CBOAUTCS K MPOBEPKE CIIEIYIOLIUX THIIOTE3!

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

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

CrannmapTHas omruOKa st KodhpuImmeHTa perpeccuu my,:

2 -7

m, = =
(n— 2)2 (x - x)z
m, =
¢
Jlanee BbIdmCiIsieM 3HaueHHs t — kputepus CThlofeHTa: #, = —
m,
t, =
BBIBO/JI

5. Omnpenesienne 10BePUTEIbLHOI0 HHTEPBAJIA 11 K03 (PUIIEeHTa perpeccuun

IIpenenpHas omubOka mapamerpa b: Ab = tma PR

Ab =
JloBeputesbHbIe HHTEpBANBL: ¥, = b+t 4 =, T.c.
. b
Takum obpazom, koah purreHT perpeccun MOXKET HaXOJUTHCS B WHTEpBAJIC

( ; ).

6. Tabmna TMCIIePCHOHHOT0 AHAJIN3A
Tabmmia 2 — Tabmuia AuCIepCHOHHOTO aHAN3a

Yucno CymmMma Hucnepcus Ha F - kputepuit
Bapuarnus CTereHen KBaJIpaToB OJIHY CTETICHb
pe3ynbTara CBOOO/TBI OTKJIOHCHHIA CBOOOTBI (hakr. TadII.
OOmmas
®dakTopHas
OcraroyHas

7.0nenka ¢ nomompio F — kputepns ®umiepa 3Ha4MMOCTH YPaBHEeHHUs JTUHEIHOI perpeccuu
B cmny Ttoro, 4ro Fyuq= Frae— , TUIOTEe3a O CIy4YalHOCTH pa3iIuduil
(haKTOPHOM U OCTATOYHON AUCTICPCUI

8. PaccuuraiiTe BBHIPYYKY OPraHM3alMU, €CJIU 3aTPaThl cocTaBAT 65 Thic.pyd. IlocTpoiiTe
JO0BepUTEJbHBIH HWHTEPBAJ /UIA NMPOTHO3HOTO 3HaA4YeHHsl 00bsicHAeMoii mepemeHHoi. Chesalite
IKOHOMUYECKUIi BHIBO.
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[Tony4yeHHBIC OIEHKH YpaBHEHUS PETPECCHH TO3BOJISIOT UCIONB30BaTh €ro Juis mporuosa. Ecmu
x=65, TO TOYCHHBIH TIPOTHO3:

yh =

UT0oOB!I MOMYYUTHh WHTEPBAJIBHBIA MPOTHO3, HAWIEM CTAaHAAPTHYIO OIIHWOKY MpPECKa3bIBAEMOI0
3HAYCHUS LICHBI HA IPOrpamMMy 1 , .

>(-3.)

n—2

rae S = - CTaHJapTHAS ONIHOKA PETPECCUH.

S =
m, =
IIpenenpHast oMmMOKa IPOTHOZUPYEMOM COCTABUT:

Ayp - tma6jz 'mp

I[OBepI/ITCJ'IBHBIf/’I HUHTCPBal HpOFHO3pr€M0ﬁ BCJIIMYMHBI COCTaBUT!

Yp =

BBIBO/I

9. PaccunTaiiTe cpennuii Ko3ppuuueHT 3aacTHunocTa ()
Cpenanii K03 HUIUESHT 37TaCTHYHOCTH JUIsl IMHEHHOW PErpecCcu pacCUUTHIBACTCS 1O (opMyIie:

Y=b2=
Y

7 -

BBIBO/I

10. OnpeneauTh CPeTHIO0 OMIUOKY ANMPOKCUMAIIUT

Cpennsisi ommOKa anmpoKCUMAIMM HaXOAUTCS Kak CpeiHsas apudMeTHdeckas NpocTas U3
WHIUBUTYaJTbHBIX OITHOOK:

] -y
A== 100%
n=|
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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
JIMHEHNHOM 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. Paccunrars JuHEHHBIE KOI(PPHUIMEHTH YACTHOH KOppelsauud © KO3 (UIUCHT
MHO>KECTBEHHON KOPPEIISAIIIH.

4. OrneHnTe 3HAYUMOCTh YPaBHEHHS PETPECCHHM B IEJIOM C momomlslo F — kputepus
®dumiepa.

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

2. Excel

PEIHIEHUE:

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

JInHeiiHOE ypaBHEHHE MHOKECTBEHHOM perpeccun: V, — d + blxl + bz X,

VYpaBHEeHHE B CTaHIAPTU3UPOBAaHHOM MaciiTade: { % — ﬂ 1 txl + IB 2 txz

Pacuet f — K03 PHUIIMEHTOB BBHIIIOJHUM I10 (POPMYJIaM:
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1—r

X1X2

[omny4um ypasnenue [, = t, — Iy, .

JUIs TOCTPOCHHMS YPAaBHEHHSI B €CTECTBEHHOM (hopme paccuntaem b, u b, , ncrons3ys Gpopmysist

a1 iepexoa ot B Kk b,

O'x o
B, =b—. b, =p,—
0 b
b, = b, =

Yy Xi

3HAYEHHUE A ONPEIETHM H3 COOTHOIICHHS:
a=y-b,-x,-b,-x,=
ITony4ynm TUHEHHOE ypaBHEHHE MHOXKECTBEHHOH PErPECCHH:

yx,xz = - _xl - xZ

2. PaccumraiiTe yacTHbIe K03 (PUIHEHTHI JJJACTHIHOCTH
Paccunraem cpennue Kod()(OUIMEHTH NIACTUYHOCTH IS ONPEAENEHHS OTHOCHTEIBHOIN CHIIBI

BITUSTHUSA X| U X, HA Y

Dy, =b, -

J

<&

ny1 = ny2 =.

BBIBOJI

3. Paccuutarh JuHeiiHble KOI(PPUIHEHTHI 4YACTHOH Koppeasuud u KodpduumeHt
MHOKeCTBEHHOH KOppessiiuu

Jluneiinpie K03 PHUIMEHTH YAaCTHON KOPPEIALUH 31eCh PACCUUTHIBAIOTCS IO PEKYPPEHTHOH
hopmyire:

ryx1 o ryxz rx1x2

i J1-r, 2 )(1=r, )

ryxj /X,
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r —-r. _r
X, Yxp XX

e

ryxz /X

BBIBOJI

Pacuer nunHeiHOr0 KO3(QdUIMEHTa MHOKECTBEHHOH KOPPEISAINU BBIIOJIHAM C UCIIOIh30BAHUEM
Kodppuuyentos 7, u B
J

Ryx1x2 :\/rny .IBI +ryx2 .ﬂZ =

BBIBOJI

4. OueHuTe 3HAYMMOCTH YPaBHEHHs perpeccud B LejaoM ¢ nomombpi F — kpurepus
@umrepa

O6mmit F — kpurepuit mpoBepsier rumotedy Hy 0 cTaTucTHyecKod 3HAYNMOCTH ypPaBHEHHS
perpeccH 1 mokasaTens TeCHOTHI cBsi3n (R*=0):

2
F R XXy . m _1
aKT 2 : 5
1 - R VX1 Xy 7’l - m
FTa6JI = ’ a=.
BBbIBO/J|
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3. METOANYECKHUE YKA3AHUSA
O IMPOBEJEHUIO MIPAKTUYECKHUX 3AHATUN

3.1 lIpakTuueckoe 3ausatue 1 (I13-1) - BBenenue B dKOHOMETPUKY
3.1.1 3apanue pJs1 padoThI:

1. DxoHOMETpHKa Kak HayKa.

2. Ilpeamer 3KOHOMETPHKH

3. 3amauu 3KOHOMETPUKHU

4.0c0o0eHHOCTH YKOHOMETPHYECKOTO MOJICTTUPOBAHUS

3.1.2 Kparkoe onucanue NpoBOAUMOrO 3aHATHS:

1. PaGora c paboyeii TeTpaibio M0 IKOHOMETPUKE
2. C noMompl0 YCTHOrO omnpoca M (WiaM) TECTUPOBaHHUS OLEHUTh YPOBEHb YCBOCHMS
CTyJIEHTaMH U3y4YE€HHOI'0 MaTepuaa.

3.1.3 Pe3yabTaThl U BHIBO/IBI:

YcBoeHue CTyACHTaAMH 3HAHHUU I10 TeMe MPAKTUYICCKOI'O 3aHATHA.

1.2 Ipaktudyeckoe 3ausatue 2 (I13-2) - Ilapuas JuHeliHas perpeccust
3.2.1 3apanmue 149 padboThI:

CyTh METOIa HANMEHBIIINX KBAJIPAaTOB
KoaddurmenTsr TECHOTHI CBS3H

[IpoBepka 3HAYUMOCTH ypaBHEHUS PETPecCcrun
WuTepnpeTanus ypaBHEHHUS PETPECCHH

el e

3.2.2 KpaTkoe onucanue NpoOBOJIUMOIO 3aHATHSA:

1. Pabora ¢ paboueil TeTpaibio MO IKOHOMETPUKE
2. C noMompl0 YCTHOrO omnpoca M (Wiau) TECTUPOBAHHUS OLEHUTh YPOBEHb YCBOCHMS
CTyJIEHTaMH U3y4YE€HHOI'0 MaTepuaa.

3.2.3 Pe3yabTaThl M BHIBO/AbI:

YcBoeHue CTyACHTaAMH 3HAHHUU I10 TeMe MPAKTUYICCKOI'O 3aHATHA.

3.3 IIpakTnueckoe 3aHsgrTue 3 (II3-3) - HeauHeldHble MOAEIH perpeccuu  H
JNHeAPU3 AU
3.3.1 3aganue aJs1 padoThI:

Jlorapudmuueckas MOAEIb
[Tomynmorapudmudeckas MOJENb
O6parHas Mozenb

CremnenHas MOJENb
[TokazarenbHas MOIEIb

Br16op dhopmbl Moaenn

SNk =
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3.3.2 KpaTkoe onucanue NpoOBOJAUMOIO 3aHATHSA:

1. Pabora c paboyeil TeTpaibio MO IKOHOMETPUKE
2. C noMompl0 YCTHOrO omnpoca M (WiaM) TECTUPOBAHHUS OLEHUTh YPOBEHb YCBOCHMS
CTyJIEHTaMH U3y4YE€HHOI'0 MaTepuaa.

3.3.3 Pe3yabTaThl ¥ BHIBOABI:

YcBoeHue CTyACHTaAMH 3HAHHUU I10 TeMe MMPAKTUYICCKOI'O 3aHATHA.

3.4 IlpaxkTtnueckoe 3aHsaTue 4 (II13-4) - JluHeliHast MoJeJL MHOKECTBEHHOM

perpeccun
3.4.1 3apanue 1J1s1 padoThI:

Omnpenenenue napaMeTpoB YpaBHEHHS PETPECCHH
KoaddurmenTsr TECHOTHI CBS3H
I'eTepockanecTHUHOCTH MOJENHN
MynbTHKOIITUHEAPHOCTh MOIETTH

W N = =

3.4.2 KpaTkoe onucanue NpoBOAUMOrO 3aHATHS:

1. Pabora c paboyeil TeTpaabio M0 IKOHOMETPUKE
2. C noMompl0 YCTHOrO onpoca M (Wiau) TECTUPOBAHHUS OLEHUTh YPOBEHb YCBOCHMS
CTyJIEHTaMH U3y4YE€HHOI'0 MaTepuaa.

3.4.3 Pe3yabTaThl U BHIBO/IbI:

YcBoenue CTyACHTaAMH 3HAHHH 10 TEME MPAaKTUYICCKOI'O 3aHATHA.

3.5 lIpakTnueckoe 3ausaTue 5 (I13-5) - Moaeau cTallHOHAPHLIX BpeMEHHLIX PSII0B
3.5.1 3apanme 19 padboThI:

1. IlonsATHE CTAaMOHAPHOIO BPEMEHHOIO psija
2. Heo0xoauMocCTh NCHIOIb30BAHUS (PUKTHUBHBIX NEPEMEHHBIX

3.5.2 KpaTkoe onucanue NpoBOJUMOIO 3aHATHSA:

1. Pabora ¢ paboyeil TeTpaibio MO IKOHOMETPUKE
2. C noMompl0 YCTHOrO onpoca M (WiaM) TECTUPOBAHHUS OLEHUTh YPOBEHb YCBOCHMS
CTyJIEHTaMH U3y4YE€HHOI'0 MaTepuaa.

3.5.3 Pe3yabTaThl ¥ BHIBOABI:

YcBoenue CTyACHTaAMH 3HAHHH 10 TEME MPAaKTUYICCKOI'O 3aHATHA.

3.6 IlpakTnueckoe 3ausitue 6 (I13-6) - Moaean HecTAMOHAPHLIX BpeMEHHBIX PSIIOB
3.6.1 3apanmue s padoThI:

1. Mogaens ABTOPCTPECCUN — ITPOUHTCIPUPOBAHHOTO CKOJIB3AIICTO CPCAHETO
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2. Mogenu psioB, COAEPKAIIMUX CE30HHYI0 KOMIIOHEHTY

3.6.2 KpaTkoe onucanue NpoBOJIUMOIO 3aHATHSA:

1. Pabora ¢ paboueil TeTpaablo 10 SIKOHOMETPHUKE
2. C 1moMoIIbl0 yCTHOrO OIpoca M (WJIM) TECTHUPOBAHUS OLCHUTh YPOBEHb YCBOCHMS
CTyJEHTaMH U3y4YEeHHOTO MaTepHaa.

3.6.3 Pe3yabTaThl M BHIBOABI:

YcBoeHne CTYACHTaMU 3HAHUM 110 TEME MPaKTUYCCKOI'O 3aHATHA.

3.7 IpakTuyeckoe 3auarue 7 (I13-7) - CucremMa JHHEHHBLIX OJHOBPEMEHHLIX

YPaBHEHUi
3.7.1 3apanme 149 padboThI:

1. CtpykTypHas 1 npuBeAeHHas: (OPMBI MOAETH CUCTEM OJTHOBPEMEHHBIX YPaBHEHUH.
2. PexypcuBHBIE CUCTEMBI OJHOBPEMEHHBIX YPABHEHUM.

3.7.2 KpaTkoe onucanue NpoOBOJAUMOIO 3aHATHSA:

1. Pabora c paboyeil TeTpaibio M0 IKOHOMETPUKE
2. C noMompl0 YCTHOIO omnpoca M (WiaM) TECTUPOBAHHUS OLEHUTh YPOBEHb YCBOCHMS
CTyJIEHTaMH U3y4YE€HHOI'0 MaTepuaa.

3.7.3 Pe3yabTaThl M BHIBOAbI:

YcBoeHnue CTyACHTaAMH 3HAHHUU I10 TeMe MPAKTUYICCKOI'O 3aHATHA.

3.8 IIpakTnueckoe 3ausatue 8 (I13-8) - Uneurudukanms cucTeM OJXHOBPEMEHHLIX

YPaBHEeHHH
3.8.1 3aganue nJs1 padoThI:

1. JIByX11aroBblif METOZl HAUMEHBIINX KBAJAPaTOB OLIEHUBAHUS CTPYKTYPHBIX [TapaMeTPOB
OTJEJIBHOTO yPaBHEHUS CUCTEMBI

2. TpexumaroBslii METOJI HAMMEHBUIMX KBaJApaTOB OJHOBPEMEHHOI'O OLIEHHMBAHUS BCEX
[IapaMeTPOB CUCTEMBI YPABHEHHUH.

3. Jlpyrue MeTozsl OLIEHUBAHUSI CHCTEM OJJHOBPEMEHHBIX YPaBHEHUM.

3.8.2 KpaTkoe onucanue nNpoBOJAUMOIO 3aHATHSA:

1. Pabora c paboyeil TeTpaibio MO IKOHOMETPUKE
2. C noMompl0 YCTHOIO omnpoca U (WiaM) TECTUPOBAHHUS OLEHUTh YPOBEHb YCBOCHMS
CTYJIEHTaMU U3y4YE€HHOI'0 Marepuania.

3.8.3 Pe3yabTaThl 1 BHIBOABI:

YcBoeHue CTYACHTaMU 3HAHUM 110 TEME MPAKTUYCCKOI'O 3aHATHA.
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