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1. KOHCHEKT JEKIUM
1.1 Jlekmusa Ne 1 (1gac)

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 «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 aHAIN3 CTATUCTUICCKUX 3aKOHOMEPHOCTEH B SKOHOMHUKE;

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

JlanHple 3amadd  JensaTcs Ha Ooliee KOHKPETHBIE TOJ3aJlayd, KOTOpPhIE MOXHO
KJIacCCU(PHUITUPOBATH 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 psibl (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
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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 HMMeEeTCs 3aBHCHUMOCTh, XOTS B
JNEHCTBUTENBHOCTH 3TO BCETO JIMIIL MPUONMKEeHUE (anmpoKCUMAaIusl) U PacXOoXkJACHUE OIATh
OyZIeT CBSI3aHO C HAIMYUEM OCTAaTOYHOTO CITYyYaifHOTO YIIeHa.

1.2 JJexknus Ne 2 (1 gac)

Tema: «IlapHast JHHEeHHAsI perpeccus»

1.2.1. Bonpocsl JieKuunu:

1.1. MeTo HaMMEHbBIINX KBaAPATOB JJIsl TOCTPOEHUS JIUHEHHON MOACIN
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

1.2.2. KpaTkoe coaep:kaHue BONPOCOB

1. MeToa HaMMeHbIIMX KBAJAPATOB JJIsl IOCTPOEHUS JIUHEIHON Mo1esTu
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:

n
~ \2 . 2 .
S=>(»-7)—>min 1e ) & — min
i=1
JIpyrdMHU CIIOBAMH, W3 MHOMECTBA JIMHUH JIMHUS PETPECCHH BBIOMPAETCS Tak, YTOObI

CymMMa KBaJIpaTOB PACCTOSIHUN TIO BEPTHKAIM MEXIYy TOYKAMH W ITOW JUHUEH Oblia OBl
MHUHHAMAaJILHOU.

Jnst TMHEWHOM mapHO 3aBUCUMOCTH:

Szznl[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:

y

~N

2

bO'x _ Z(xi_)_c)(yi_)_/) :x_y—
o X -0 Y, - .
= 2N X x - Xy i)
X = - s y_ - s
in'yi_

B
n

X
.O-y

xX-y=



JluneitHbIil KOAPOUITUEHT KOPPETSAIUU HAXOAUTCS B TIPEIenax:
-1<r<i
UYem Omke r 1o aOCOMOTHOM BEIMYUHE K 1, TEM TeCHee CBSI3b MEXIY MpPU3HAKAMHU.
3HaK yKa3bpIBacT Ha HAPABIICHHUE CB3H
Ecnu |r| > 0,7, TO cuuTaIOT CBSI3b CUIIBHOM;
0,5 <|r| < 0,7 — cpenneii TECHOTHI,
Ir| < 0,5 — cnaboii.

3. Ko3x¢ppuumenrt nerepmMuHanum
KBagpar mnuHeitHOro KO3 GdUIMEHTa KOPPEIAIMA HA3bIBACTCS KoIppuyuenmom
oemepmunayuu. ITOT KOOPPHUIUEHT XapaKTepU3yeT T0JI0 0OIIeH Bapualluu pe3yIbTaTUBHOTO
MpU3HaKa, KOTopas oOBACHSTCS Bapuaruei dakropHoro npusHaka. (Hampumep, paccmotpenu
IPYNIUAPOBKY MPOU3BOIUTENBFHOCTH TPyJa MO KBaTH(PHUKAIMKA PabOYuX U MOTYUHIIN °=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 puyuenma peepeccuu 8
H()Z b=0
1. CrangaptHas ommoOka koddpuimenTa perpeccuu

. Y-
’ Z(x—)_c)z-(n—2)

2. ®aktnyeckoe 3HaueHue t-kpurepus CTproeHTa

3. Onpenensiercs tuq, (0, df = n-2) Ipu ONpENEICHHOM YPOBHE 3HAUMMOCTH W YHCIE
CcTelneHer CBOOOIEI.

th > twaen , Ho OTKIIOHSETCS M TapaMmerp b HECIy4ailHO OTJIMYaeTcs OT HyIs U
chopMupoBaics TOJ BIUSHHEM CHCTEMAaTHUECKH JeHCTBYIomEro (aktopa X (CTaTUCTUYECKU
3HAYUM C 33IaHHOU BEPOSTHOCTHIO).

ty < twaes — Ho IIPUHUMAETCSI U MPU3HACTCA cnyqaﬁHa;I npupoaa (bopMI/IpOBaHI/Iﬂ b, T.e.
CBSI3b HAJIC)KHO HE YCTAaHOBIICHA, CTATUCTUYECKH HE 3HAYMMA.

JloBepHUTeNbHBIH MHTEpBaN A KOo3(h(HULUEHTa pPEerpeccuu ONpenensercs Kak bxt-m, .

[Tockonbky KO3((UIMEHT perpeccud HMMeeT YETKYI0 SKOHOMHYECKYI0 HHTEpPIpETaIHIo,
JIOBEpUTENbHbIE TPAHUIIBI HHTEpBaia He AOJDKHBI COIepKaTh MPOTUBOPEUUBOM MH(pOpManyu, B
YaCTHOCTH BKJII0YaTh 3HaueHue O B 3TOT UHTEPBa.



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:

A= lz 217100
n Vi
¥, ¥, - COOTBETCTBEHHO pacyeTHOE U (PaKTHUECKOE 3HAUCHUS,;
N — YUCIIO HAOIIOCHUH.
A< 10-13% - BBICOKAst TOYHOCTH MOJICIIH;
10% < A < 20% - XopolIas TO4HOCTh MOJIEIH;
20% < A < 50% - yIOBIETBOPHTEIBHASL.

1.3 Jlexknus Ne 3 (1 gac)

Tema: «HeanHelHbIe MOIEJIH perpeccuy U JUHeaApu3amus»

1.3.1. Bonpocsl JieKuuu:

1. Buabl HETMHEHHBIX 3aBUCUMOCTEM, MOIJIAI0NTUECS JIMHEAPU3ALITU
2.ITon6op MrHEAPU3UPYIOIIETo TPeodpa3oBaHus
3.IIpousBoicTBeHHBIC (DYHKIIMH M UX aHATU3

1.3.2 Kparkoe coaepkanue BONPOCOB
1. Buabl HeJIMHEHHBIX 3aBUCUMOCTEH, MOIAI0NIUECS JTMHEAPU3AUN

PaccMoTpum mpuMepsl TMHEApU3YIONTUX MPeoOpa3oBaHUM:
1) MonuaOMHIaNBEHAS MOfieNb: ¥ = @+ DyX 4 bax® + -+ byx?
CooTBeTCTByIOIasl ~ JIMHEHHAs  Mojenp: V= @+ DaZy + b2z +--+ 0,2, e
b
Iy =%,z = X%, ..,2, = XF
- b

2) TunepGonudeckas Mogenb: - © * x.

1
o - I=-
COOTBGTCTBYIOH_IaSI JIMHENHAA MOJEh: ¥ = @ + bz , TIe x



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

COOTBGTCTBYIOH_Ia}I JIMHEeHMHAas MOJIEb: F=a+bz ,Tae £ = lnx,

Crnenyer OTMETHTh U HEJOCTATOK TAKOW 3aMEHbl NMEPEMEHHBIX, CBSI3AHHBIM C T€M, YTO
BEKTOP OLICHOK IOJIYYaeTCs HE U3 YCJIOBUS MUHHUMM3ALMU CYMMbI KBAJPATOB OTKJIOHEHHUM IS
HMCXOJHBIX TEPEMEHHBIX, a W3 YCIOBUS MHHUMM3ALMU CYMMbI KBaJpaTOB OTKJIOHEHWW ISt
peoOpa30BaHHBIX IEPEMEHHBIX, YTO HE OJHO U TO XKe.

2. Ioadop MuHeapuU3MPYIOUIET0 MPeoOPA30BAHUS

[Iprmepbl BHYTPEHHE JIMHEUHBIX MOJIEIEH U UX JIMHEApU3aIU:
1) My/IbTHILUTKATHBHAS CTEIICHHAS MOIENB: ¥ = a¥;"2xz%2 . x o
Jluneapusytoniee npeoOpa3oBaHue:
InF=Ina+byInxy + bzlnxg +--+ byInx,
WIH
V=A+byz, +byzy+ 4 byz,
Fﬂe?: In7, A =Ina, zy = Inxy, zZo =lnxg, ..., Zp =Inx,

urbgagrbgagt-+lpap

2) DKCHOHEHIMAIbHAsS MOJEb: ¥ = €
JInHeapusyromee npeoGpasopanue: NV = a+ byxy + bz x; ot byxy

~ k
y=
3) OGparHas perpecCHOHHAs MOJIENb: @+ byxy + baxz + o+ Dy
1 a by b, b,
X+ X X+ — k Xy '

JluHeapu3yioLee MPeobpa3oBatue; 3 Tk E

K MozensiM, nosydueHHbIM IOCIIE POBEACHUS IMHEAPU3YIOIUX PE0O0pa30BaHUA MOXKHO
OPUMEHATh OOBIYHBIE METOJBl MCCIENOBAaHUS JUHEWHOW perpeccun. Ho MOCKONBKY B HHUX
IPUCYTCTBYIOT HE (PaKTUYECKHE 3HAUEHHUS M3Yy4aeMOro IIOKa3aTess, TO OLEHKH [apaMeTpoB
MOJIy4al0TCs HECKOJBbKO cMelleHHbIMU. [Ipu ananmse nuHeapu3yeMmbIX (YHKIMHA perpeccHd,
clleflyeT OCOOCHHO TIIATEIbHO IPOBEPATH BBINOJHEHHE MPEANOCHIIOK METOJa HauMEHbIIUX
KBaJIpaToB.

3. IIpousBoacrBeHHbIe GYHKIIUU M UX AHAJIU3
Cpenu kiacca HEMMHEHHBIX (YHKLUH, mapaMeTpbl KOTOPHIX 0€3 0COOBIX 3aTpyIHEHHH
onenuBaroTcss MHK, cnenyer HazBaTh XOpOIIO U3BECTHYIO B IKOHOMETPHUKE PaBHOCTOPOHHIOIO

~ b
runepoony: y =a+—+¢.
X

Knaccuueckum ee mnpumMepoM sBisieTcs KpuBasi @DuumMmnca, xapaKTepusyromias
HEJIMHEHHOE COOTHOIICHHE MEXIAY HOPMOM 6e3paboTHUIIbI X U MPOLIEHTOM MPUPOCTa 3apadOTHON
miaTel y. AHTIUACKHA 3KOHOMHCT A. B. ®wumrc, aHanu3upys gaHHble O0osnee dyem 3a 100-
JIETHUYW MEPUOJ], YCTAHOBWIJI 0OpPATHYIO 3aBUCHUMOCTh MPOILIEHTAa MPUPOCTa 3apabOTHOM IJIAThI OT
ypOBHsI 6€3pa0OTHIIBI.

1.4 Jlexuus Ne 4 (1 gac)

Tema: «JIuHeidHaAsE MOJIEeJIb MHOKECTBEHHOH perpeccum

1.4.1. Bonpocsl JieKunu:

1. YacrtHble u napHble KOAPGUIUEHTHI KOPPEISIUH



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

1.4.2.KpaTkoe coaep:kaHue BONPOCOB
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

rjl_

,—ISrﬂSl.
0,0

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

OTCYTCTBYET.
7> 0 — CBSI3b MEXKILY IIEPEMEHHBIMU NPSMAs;

7, <0 —cBsi3b OOparHast.

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:

— R12

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

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

— — _ VXX
ryxj(‘xl""’xj—l’xj+1""’xk)_rvx]/l ..... ek 1 2 5

VXXX X

2
yx,...x, -~ MHOXKECTBEHHBIN KOI(PMHUIMEHT IETEPMUHAIIUK BCETO KOMILIEKCA k (HaKkTOpoB ¢

pe3yabTaToM;

R yle~-x,-71,xj+1,.__xk - TOT € NOKa3aTellb JeTepMUHAIMM, HO O€3 BBEJIEHUS B MOJEINb (pakTopa
Xje

Ilopsiook yacTHOrO Ko3((duIMEeHTa KOPPENALUN ONPEENIeTCsl KOJIMYEeCTBOM (haKTOpOB,
BIMSHUE KOTOPBIX HCKIIOYaeTcs. B NpakTHYecKMX HCCIeNOBaHUAX MNPEANOYTEHUE OTIAI0T
MOKA3aTeJIIM YaCTHOW KOPPEJIALUU CaMOI'0 BEICOKOTO MOPSIKA.

YacTHbIl KOAQOHUIUEHT KOPPEIALUN MEXIY X| U Xp NPH (HUKCUPOBAHHOM BO3JCHCTBUU

MEePEMEHHON X3 PACCUUTHIBACTCSA MO (popMyJie:

( - R, _ Ty —Ni3ly
rxlxz

) \/RnRzz B \/(1—”123)(1—”223)

2. MHoxkecTBEeHHbIN KOI)PUIUEHT KOPPeJaaunun




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

det R r +ryiz—2r v

1— _ rX XXy YY Y
2
Ryy 1—7"x1x2
Ecim ry =1, TO cBA3p MeXAy y U JABYMEpPHOH IEpeMEHHOW (X, Xz) SBIAETCS

byHKUIMOHATBHOM, TuHeWHOU. Eciu r, = 0, To; TMHEIHON CBSI3H HET.

ry = ry(xl’XZ) =

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

, Ty >| Fyx2l, 1y > |ryx1|x2 » Ty >| ”yx2\x1|‘

3. TI'erepockenacTHYHOCTB: CYyTh, MOCJAEACTBUS, METOAbI CMSITY€HUS

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

eomockeoacmuunocmy. Ecmv 3TO  JOMyIIEHHE HapyIIeHO M JUCHEPCHs OCTAaTKOB HE SIBIIIETCS
IIOCTOSIHHOM, TO TOBOPST, YTO OLIEHKU 2€MmepOoCcKe0acutbi.

Ha npakrtuke, Juisl KaKJ0T0 1-ro HaOJIOJAEHUS ONpeNesieTcs eIMHCTBEHHOE 3HaYeHHE
€i, HO Mbl TOBOPUM 00 OIpeAeIeHUH AUCIIEPCUH OCTAaTKOB, T.€. O MHOXECTBE &; AJIsl KayKIO0ro 1-Io
HaOroeHusA. DTO OOBACHIETCA TEM, YTO Mbl MMEEM JIeJI0 ¢ BbIOOPOUYHON COBOKYIHOCTBIO, a
anpuopu & MOINIM NPUHHUMATH JIIOOblE 3HAYEHHS] HAa OCHOBE HEKOTOPBIX BEPOSTHOCTHBIX
pacnpeneneHun.

I'eTepockeacCTUYHOCT MPUBOAUT K TOMY, UYTO KOI(P(QUIMEHTHl PErpeccuu He
SBJIAIOTCS OLIEHKAMM ¢ MUHHUMAaJIbHOW JUCHEpCHUEH, Ce10BaTeIbHO, OHU OO0JIbIIE HE SBISIOTCA
Hauboiiee 3QppeKTUBHBIMU K03 unneHTaMu. Benencrue, BEIBOBI, T0JIy4aeMble HA OCHOBE t
u F-cratuctuk, a Takke HHTEpBaJbHblE OLEHKHM OyAyT HeHaaexHbIMU. Jlucmepcuu u,
CJIEI0BATENBbHO, CTAaHJApTHbIE OWIMOKM 3THX KO3(pduiueHToB OyayT cmeuieHHbIMH. Eciu
CMEIllEHUE OTPULATENIBHO, TO OLEHOYHbIE CTAHJApTHbIE OIIMOKM OyAyT MEHbIIE, YeM OHHU
JIOJIKHBI OBITh, @ KPUTEPUH MPOBEPKU — OO0JIbIlIe YeM B peanbHOCTU. TakuMm oOpa3oM, MOXKHO
clenaTh BBIBOJ, 4YTO KO3(Q(PULUMEHT 3HAYUM, KOTJa OH TaKOBbIM He sBisercs. M HaobopoT
€CIIM CMEUICHHUE IOJIOXKHUTEIbHO, TO OLIEHOUHble OMIMOKM OyAyT OOjbllleé YeM OHHU JIOJIKHBI
OBITH, @ KPUTEPUU ITPOBEPKU — MEHbIIE. 3HAYUT, BO3MOXHO OLIMOOYHOE MPUHSITUE HYJIEBOI
TUIIOTE3BI.

4. MyJbTHKOJUINHEAPHOCTh: CYTh, IOCJIEACTBHS, 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 TPHUPOJE B3aUMOCBA3U
MOJIEIIUPYEMOTO 1TOKA3aTeNs C JPYTUMHU S3KOHOMUUYECKUMU SIBJICHUSMHU.

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

1. OHu 10JIXKHBI OBITH KOJTMYECTBEHHO U3MEPUMBI.

2. OTCyTCTBHE KOJUIMHEAPHOCTU U MYJIbTUKOJUIMHEAPHOCTH (haKTOPOB.

OnHUM U3 OCHOBHBIX HPENATCTBUI APQPEKTUBHOrO MNPUMEHEHHS MHOXKECTBEHHOTO
PErPECCHOHHOI0 aHAIN3a, SIBIISIETCS MYJIbTUKOJUIMHEAPHOCTD.

Mynemuxkonnuneapnocms - JTMHEHHAs B3aUMOCBA3b JIBYX WM HECKOJIBKUX OOBSACHSIOIIUX
[IEPEMEHHBIX.
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5. OOoOmenHas JUHeHAs MOJeJb MHOKECTBEHHOH perpeccuu W 0000IIeHHBII
MeTO/] HAMMeHbIIIUX KBAIPaTOB
Ecnu u3BecTHa mpuunHa (M, COOTBETCTBEHHO, (hOpMa reTepOCKETACTHIHOCTH), TO IS
€€ YCTpaHEHHUsSI MOKHO BOCTIOJIb30BAThCS 000OWEHHbIM MEMOOOM HAUMEHbUUX KBAOPAMO8
(OMHK).
[IpeanosoxuM, dYTO JWCIHEPCHS PErPEeCCHOHHBIX OCTATKOB CBs3aHA C HEKOTOPOH
MePEMEHHOM z, 3aBUCUMOCTBIO BUJIA

B kauecTBe nepeMeHHON MOXKET OBITh:

1) cpennee KkBagpaTUuyecKoe OTKIOHEHUE G (€CTIM OHA U3BECTHA), B 3TOM CITy4yae MoJy4yaroT
B3BELICHHBIN MEeTOl HauMeHbIUX KBaapaToB (BMHK);

2) X; WK /X, , T.€. IUCIIEPCHsl OTATKOB POHOPLHOHAIbHA KO0 X; 00 X, .

Jlnst Toro 4ToOBl M30ABUTHCA OT TETEPOCKETACTUYHOCTH, HEOOXOAMMO pa3aeiIuTh
KaKJIBIH WICH PErpeCCUHOHHOTO YpaBHEHUS

Vi 1 Xy Xoi *
L=p—+b—+b, = +v, (*¥)
Z. Z; Z. Z.

1 1 1

&, .
rae v, =—- cilydaiiHas ommoOKa.
Z.

1

Tockomsky D(g,)=o2z2, t0 D(v,)=D S_E) _9 5 _ 52

1 1 1

Takum 0O6pa3zoM, OIMOKH B ypaBHEHHH (*) OyAyT rOMOCKEAaCTUUHBIMH.

OnHako Ha MPAKTUKE YacTO HE YAACTCS C YBEPEHHOCTHIO OMPEEIUTh NMPUIUHY U hopmy
TeTePOCKETACTUYHOCTH. B 3TOM ciydae MOXXKHO JMOO TIEpEeBECTH BCE TEpEMEHHBIC B
norapupmMudeckyo popmy (0JIHAKO HEOOXOAUMO MOMHUTH, YTO ATOT MPHUEM HENPUMEHUM,
€CJIM TIEPEMEHHbIC MOJICIIM MOTYT MPUHUMATh HYJIEBbIC MU OTPHUIIATEIbHBIC 3HAYCHHUS), JINOO
BOCIIOJIB30BATHCS CIICIUATLHBIMU POOACTHBIMH METOIAMH OLICHKH.

1.5 Jexknus Ne 5 (1 gac)

Tema: «MojeJH CTAIMOHAPHLIX BPEMEHHBIX PSI0B»

1.5.1. Bonpocsl JieKunu:

1. IloctpoeHue MMHEWHON MOJEIN IO HEOJAHOPOAHBIM PErPECCUOHHBIM JTaHHBIM
2. Bsenenue (GUKTUBHBIX IEPEMEHHBIX B TUHEHHYIO MOJIENb PErpeccun
3. IIpoBepka perpeccCuOHHON OJTHOPOJAHOCTH JBYX I'PYII HAOIIOACHUN

1.5.2.KpaTtkoe coaep:xkaHue BONIPOCOB
1. TlocTpoeHue JUHEHHOI MOI€eIM MO HEOTHOPOIHBIM PerpecCHOHHBIM TAHHBIM

PaccmoTpum dopmanbHOe ornpeiesieHle CTalluOHAPHOCTH.
Croxactuyeckuil npouecc Y, Ha3bIBACTCS CMAYUOHAPHBIM 6 CUNLHOM CMbICIE (CMpO2o

CMAayuoOHAPHbIM UIU CMAYUOHAPHBIM 6 Y3KOM CMblCJle), €CJIn COBMCECTHOC pacHpCACJICHUC
BCpOHTHOCTCﬁ BCCX ICPEMCHHBIX V5 V,55.:e5 Y, TOUHO TO K€ CaMO€, 4TO U HJIsI IICPECMCHHBIX

ytl+z‘ ’yt2+r LA ytn+r N
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[Tox cramuoHapHBIM IPOLIECCOM 8 C1abOM cmbicae (B IIMPOKOM CMBICIIE) MOHUMAETCS
CTOXaCTHYECKMH TMpoLecc, [Uisi KOTOpPOro CpedHee U JUCHepcusi HE3aBUCHMO  OT
paccMaTpUBaeMOro MEepHOoJa BPEMEHH HWMEIOT IIOCTOSIHHOE 3HAUYEHHUE, a aBTOKOPPEISLIHS
3aBHCUT TOJILKO OT JUIMHBI Jlara MeX1y paccMaTpUBAEMbIMHU IIEPEMEHHBIMU:

wy,)=wy,.)=u
D(yt): D(y,..)= ﬂ(yt —ﬂ)z = ,U(ym - ,u)z =D, = const,
cov(y,, ¥, )= tl(v, = 1)y, = )] = cov(z).

W13 sToro ciexyer, 4To aBTOKOBapHanus OyAeT 3aBUCETh TOJIBKO OT CIBUIA 0 BPEMEHU
7 ¥ He OyzeT 3aBUCETh OT f.

[Ipu ananuse u3MeHEHUs COV(Z') B 3aBUCHUMOCTH OT BPEMEHHOIO CIBUIA 7 IPUHATO
TOBOPUTH 00 aBTOKOBAapHALIMOHHON (DYHKIIUU.

C  mnoHATMEM  aBTOKOBApMALMOHHOM  (YHKIMH  TECHO  CBA3aHO  IIOHATHE
aBTOKOppensiunoHHON (pyHKIN (AKD):

B cov(y,,y,..) B cov(r)
(T)_ Dy(yt); B D,

3naueHuss AK® Takxke XapakTepus3ylOT TECHOTY CTAaTUCTHUUECKOW CBS3U MEXAY
YPOBHSIMU BPEMEHHOTO Dsi/ia, pa3JeleHHbIMU 7 BpPEMEHHbIMU TakTamMH. OJIHAaKO, B OTJIMYKE OT
3HaUEHUN aBTOKOBAapHAllMOHHOW (YHKIMM OHHM HE 3aBUCST OT MaciiTaba U3MEpEHUs ypOBHEH

BPEMEHHOT0 Psiia ¥ MOJYMHSAIOTCS OTPAHUYEHHUIO! | p(r) <lI.

Bri6opounas oneHka kod(¢uiueHTa aBTOKOPPEISLUN r(r) MOKET OBITH OIpEJeIeHa
CJIeYIOIIUM 00pa3oMm:

S N )
()= :
;;(J’t—?)

re n - JJINHA BPEMEHHOTO PsJa;
T - BPEMEHHOU CABUT (J1ar);
Yy - CpellHee 3Ha4eHHE BPEMEHHOTO psJia.

Yucnurenb  BBIPAXEHMS  NPEJCTaBIseT  BbIOOPOUYHYIO  OLIGHKY KO3 dUIMEeHTa
aBTOKOBapHallUU.

Jns cranMOHapHOrO BPEMEHHOro psga ¢ yBeaumdenuem ¢ AK®  nomkHa
JEMOHCTPUPOBaTh CBOMCTBO MOHOTOHHOI'O YObIBaHUSI 110 aOCOJIIOTHOM BEIMYUHE, T.K.
B3aMMOCBS3b MEXJY YpPOBHSIMH psiia ¢ pocToM 7 ociabeBaeT. OJHAKO YCIOBHE MOXKET
HapymaThcs Juisi BLIOOpOouHbIX AK®.

2. BseneHue pMKTHBHBIX NEPeMEHHBIX B JIMHEIHYI0 MO/ie/Ib perpeccuu

Jlo cux mop B KauecTBe (PAKTOPOB paccMaTPUBAIUCh SKOHOMHUYECKHE IEPEMEHHBIE,
IPUHUMAIOIME KOJIMYECTBEHHbIE 3HAYEHMsI B HEKOTOpPOM MHTepBaine. Bmecre ¢ TeM Moxer
OKa3aTbCs HEOOXOANMBIM BKIIIOYUThH B MOJIEb (PaKTOP, MMEIOIINH /1Ba MiIK O0Jiee KaueCTBEHHbIX
ypoBHE. DTO MOryT OBITh pPa3HOTO pojaa aTpUOYTHBHbBIE NPU3HAKH, TAaKHE, HApUMEp, Kak
npodeccus, 1o, o0pazoBaHHue, KIUMATUYECKHE YCIIOBUS, MPUHAUIEKHOCTh K ONPEACICHHOMY
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pernoHy. YToObl BBECTH TaKH€ INEPEMEHHbIE B PETPECCUOHHYIO MOJAEIb, UM JIOJIKHBI OBITH
IIPUCBOEHBI T€ MM HHBbIE LIU(PPOBBIE METKHU, T.€. KAUECTBEHHbIE TIEPEMEHHbIE TPE0Opa30BaHbl B
KOJIMYEeCTBEHHbIE. Takoro BuAa CKOHCTPYMPOBAHHBIC IIEPEMEHHBIE B DKOHOMETPHUKE IPHUHSATO
Ha3bIBaTh (PUKTUBHBIMU [1€PEMEHHBIMU.

3. IIpoBepka perpeccCHOHHOI OTHOPOAHOCTH ABYX I'PYNI HAOII0AeHH I

ABTOKOppENSIIMOHHAs W YacTHasT aBTOKOPPENSALMOHHAs  (QYHKIMM  OKa3bIBAIOT
CYIIECTBEHHYIO IIOMOIIb B BBIOOPE (DYHKIIMH, ONUCHIBAIOIIEH CTALlMOHAPHBIH MpolLecc.

C nomompro YAK® wusmepsercs koppensuus MeXIy YpOBHAMM pspa y, U Y, ,
pa3JeNeHHBIMU 7 BPEMEHHBIMM TaKTaMU, IIPH UCKIIOYEHUH BIUSHUSA HA ATy B3aUMOCBS3b BCEX
IPOMEKYTOUHBIX YPOBHEH PAAA V,, 5 V,i00ees Vysry -

Hanpumep, ko3¢ dunueHT 4acTHONH aBTOKOppENssUUU O, NpU 7 =2 OylIeT ONpeAcisaTh
KOPPEJSILIMI0 MEXAY YPOBHSMHU BPEMEHHOIO psizia, pa3felieHHbIMU JIByMsl TaKTaMH BPEMEHH,

IIPY YCIIOBUH, YTO 3HAUYEHUS IPOMEXKYTOUYHBIX YPOBHEN 3a()MKCUPOBAHbBI HA CPEHEM YPOBHE.
®dopmyna 1 pacdeTa BHIOOPOUHON OLIEHKM YaCTHOr0 K03 pUIMeHTa aBTOKOPPEIALUU:

V. —1., 1.
ij ik Jk
V.. =

ik 2 2\
\[(1_’3‘/( j(l_rjk)

Hanpumep, 7, 1- ro nopsaka Mexny y, u y,,, Ip1 YCTPAaHEHUU BIUSHUA V., :

2)=r(1)-r(1,2
r(2)=r02.1 = l”( )2 7”() 7”(2 ) )
Ji=rOh-r2(.2))
rae r(2) - KO3 GUIMEHT KOPPEISINN MEXKAY V, U V,,,;
r(l)- K03()(UITHEHT KOPPEISILUU MEXTY V, U V,,,;

r(l,Z)- KO GUIIEHT KOPPEISIUN MEXKIY V,,, H V,,, -

[Ipumepom cTallnOHAPHOCTH CIYXKHUT «OEIbIH IIyM».
«benvim wymomy Ha3bIBAETCS YUCTO CIIyYalHBIN Npouecc, T.€. P HE3aBUCUMBIX,
OJIMHAKOBO PACIPECIICHHBIX CIIyYailHbIX BETUYUH &. [ TaBHBIE CBOMCTBA «OEJIOT0O HIyMa:
uls,)=0;
2
D(et ) =0, =const,
2
oy, nput=0
0>
cov(e,.é,,. )=
0, npur+#0
B kadecTtBe mpumepa 6e10ro nrymMa MOKHO MPUBECTH OCTATKH, PACCMaTpPHBACMbIE B
KJIACCUYECKON JTMHEHHON MOJIENH.

B nmpakTuueckoi aHaIUTHYECKOM paboTe CTallMOHAPHOCTh BPEMEHHOTO psifia 03HaYaeT
OTCYTCTBHUE:

— TpeHnua;

— CHCTEeMAaTHYECKUX U3MEHEHUU TUCIIEPCUU;

— CTPOro NepUOANYHBIX (IIyKTyalHii;

— CHUCTEMAaTHYECKU H3MEHSIOIIMXCS B3aHMMOCBS3€M MEXIY 3JIE€MEHTaMU BPEMEHHOTO
psna.
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1.6 Jlexkuus Ne 6 (1 gac)

Tema: «MojaeJH HeCTAMOHAPHBIX BPEMEHHBIX PSII0B)

1.6.1. Bonpocsl Jieknum:

1. OCHOBHBIE 37IEMEHTHI BPEMEHHOTO psJa

2. Mopenu HeCTalMOHAPHBIX BPEMEHHBIX PSJIOB U UX UACHTU(DUKAIHS

3. Mopenp aBTOpErpeccu — IPOMHTETPUPOBAHHOTO CKOJIB3SILErO CPETHETO
4. Mopenu psa10B, COAEPKALUX CE30HHYIO KOMIIOHEHTY

1.6.2.KpaTtkoe coaep:xkaHue BONPOCOB

1. OcHoOBHbBIE 3JIEeMEHTHI BpEMEHHOI'0 psijia

BP (pao ounamuxu, ounamuueckuii psi0) — 3TO TOCIEI0BATENBHOCTD YIOPSAIOYEHHBIX BO
BPEMEHHM YHCJIOBBIX IIOKa3aTeNell, XapaKTepU3yIOIIUX YPOBEHb COCTOSHUS U HW3MEHEHUs
U3Yy9aeMOTO SIBJICHHSI.

BP cocrosiT u3 1ByX 3JI€MEHTOB:

1. mepwoma BpeMeHH, 32 KOTOPBIA WJIM 1O COCTOSHHIO Ha KOTOPBIA MPUBOIATCS
YUCJIOBBIC 3HAUYCHHUS (t);

2. YUCJIOBBIX 3HAYEHHUI TOTO WIIM MHOTO MMOKA3aTeNsl, Ha3bIBAEMBIX YPOBHIMHU psfa ().

B npaktuke uccienoBaHus AMHAMHUKYU SBICHUH U MPOTHO3UPOBAHUS MPHUHITO CUUTATD,
YTO 3HAYCHHUS YPOBHEW BPEMEHHBIX PSIOB MOTYT COAEPXKATh CIEAYIOIIHEe KOMIIOHEHTHI
(cTpykTypOoOOpa3yromme KOMIIOHEHTHI):
Tpenn (wy);
Ce30HHYIO KOMITOHEHTY (S¢);
— Iuxnuueckyro KOMIOHEHTY (Vy);
— CryyaliHyl0 KOMIIOHEHTY ( &, ).

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

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

Breibop omHOl W3 2-X MozeNed OCYIIECTBISIETCS Ha OCHOBE aHaIM3a CTPYKTYPBI
Ce30HHBIX KoyieOanuii. Ecnmu ammummryna kojieOaHWi MNpUONIHM3UTEIBLHO const, CTPOST
AQIIUTUBHYI0 MOJENb, B KOTOPOH 3HAUEHUS CE30HHON KOMIIOHEHTHI MPEAINOIaraoTcs
MOCTOSTHHBIMH JIJISL Pa3JIMYHbIX [UKJIOB. ECIIM aMIUTUTy1a Ce30HHBIX KOJIeOaHNH BO3pACTaeT WIIH
YMEHBINACTCS, CTPOSIT MYJIbTHILTUKATUBHYIO MOJIEJIh BPEMEHHOTO psija.

[Tpomecc mocTpoeHUs: MOJICH BKIFOYAET B CEOSI CISAYIONINE IIATH:

1. BripaBHHMBaHUE UCXOIHOTO Psi/la METOJIOM CKOJIB3SIIIECH CpeaHEN.

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

3. YcTpaneHue ce30HHOW KOMITOHEHTHI U3 UCXOAHBIX YpaBHEHUH psija U MOJyYeHHE
BBIPOBHEHHBIX JaHHBIX (7+E) B anauTtuBHON WK (7-E£) B MylIbTUIUTMKATUBHONW MOJIEIIH.

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

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

6. Pacuet aGCOMIOTHBIX W/WJIH OTHOCUTENBHBIX OIIHOOK.

Ecnu nosnydeHHble 3HaYeHMs OIIMOOK HE COJEpXaT aBTOKOPPESLMH, WIH MOKHO
3aMETUTh MCXOJHBIC YPOBHHU Psijia U B JAJbHEHIIEM HCIOIb30BATh BPEMEHHOW psia OMMOOK E
JUIsl aHAJIM3a B3aMMOCBSA3HM UCXOAHOIO psAJia U APYTUX BPEMEHHBIX PSAIOB.

3.Mojaeib aBTOpPErpeccuy — MIPOMHTEIPHUPOBAHHOI0 CKOJIB3SIIEr0 CPeAHEro
B aBroperpeccum Kaxaoe 3HA4CHHME DPsfa HAXOAUTCA B JIMHEHHOW 3aBHCHUMOCTH OT

MpEaAbIAYIINUX 3HayeHuii. Eciun aHaJ'II/IBI/IpyeMHﬁ I[I/IHaMI/ILIeCKI/Iﬁ mpouecc 3aBUCUT OT 3Ha‘I€HHI>i,
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OTCTOSIIIIUX HA p BPEMEHHBIX JIarOB Ha3aj, TO aBTOPETPECCUOHHBIN Mpoliecc nopsaka p, T.e. AR

(@):

yt :ao +a1yz—1 +a2yz—2 +"'+apyt—p +8t’

rae &, - «oenslit mym» ¢, =0.

o, - CBOOO/HBIN UiIeH (4aCTO NPUPABHUBACTCSA K HYIIO (OILyCKAeTCs)).

Jlis  BBIMIOJIHEHHS YCJIOBUS CTAallMOHAPHOCTH BCE KOPHHM XapaKTEPUCTUYECKOTO
ypaBHeHus 1 -,z —o,z° —...—«a ,z" =0 nomKHbl ObITE 10 MOIYIIIO GoJiblie 1 U pasnuYHBL,

T.C. |Z|>1. Ecmu |Z|=1, IpouecC HAa3bIBACTCA IMPOICCCOM eOUHUYHO20 KOpHsL N ABIISICTCA

HECTAllMOHAPHBIM.

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

OTa MO/IeTb MOKET OBITh IPE/ICTAaBICHA B BUJIE:

yt :ayt—l +gt’

I @ - YUCIOBOH KO3 PuImeHt, a| <1,

£, - TIOCIIEIOBATENLHOCTD CIyYaifHBIX BEIMYMH, 00Pa3yIOMIMX Oeblil myM.

t

4. Mopaesau psiioB, COAEPKALMX CE30HHYI0 KOMIIOHEHTY

BeIpaBHMBaHUE UCXOJHOTO PsIia METOAOM CKOJIB3SILIEH CPEIHEN:

1) st TOr0 cymMMUpyeTcs, YPOBHHU psijia IOCJIEA0BAaTEIbHO 3a Kax/ple 4 KBapTasia
CO CABUTOM Ha | MOMEHT BPEMEHH U OTPECIISIOTCS YCIOBHBIC TOJOBBIE 00BEMBI, YDOBHH H T.].

2) PaznenuB nonyyeHHble CyMMBbl Ha 4, HailieM ckoib3suiue cpennue. [lomydeHHbie
T.0. BBIDOBHEHHBIE 3HAYEHUS YK€ HE COACP>KAT CE30HHOW KOMITOHEHTHI.

3) [IpuBeneM 3TH 3HAYCHUSI B COOTBETCTBUH C (PAKTHUECKMMH MOMEHTAMHU BPEMECHH,
JUIL 4ero HalJeM CpelHHE 3HAYEHUsS U3 JBYX IMOCIEAOBATEIbHBIX CKOJB3SIIUX CPEIHUX —
LEHTPUPOBAHHBIEC CKOJIB3SIINE CPETHUE.

O11eHKN Ce30HHOW KOMIIOHEHTBI HalIeM KaK Pa3HOCTh MKy (PaKTUYECKUMH YPOBHSIMH
psiga U UEHTPUPOBAHHBIMU CKOJB3SIIIUMH CpeAHUMHU. VCronab3yeM 3TH OLEHKH JUIsl pacuera
3HAYEHUU CE30HHOW KOMMIOHEHTHI S. {11 3TOro HaiiieM cpeiHue 3a KaXKIbld KBapTall OLICHKH
CE30HHOW KOMIIOHEHTHI S;. B MoJeNsiX ¢ ce30HHOi KOMIIOHEHTOH OOBIYHO MPEATOoIaraeTcs, 4To
CE30HHBIE BO3JICMCTBUS 3a MEepUO] B3auMorioramatoTrcs. Hanpumep, B aiIMTUBHOW MOJIETN 3TO
BBIPAKAETCS B TOM, YTO CyMMa 3HAQUYE€HHI CE30HHON KOMIIOHEHTHI MO0 BCEM KBapTajlaM JIOJDKHA
OBITH paBHA HYJIIO.

B MynpTUIUIMKATHBHOM MOJEIHM  B3aMMOIIOrallaéMOCTh CE30HHBIX  BO3JAECHCTBUUI
BBIPAXAETCSl B TOM, YTO CyMMa 3HAY€HUN CE30HHOW KOMIIOHEHTHI MO BCEM KBapTajlaM JOJKHA
OBITH paBHA YKCITY MIEPHOJOB B IUKJIE. Hampumep, Mpu CE30HHBIX KOJICOAHMSIX YUCIIO TIEPHUOIOB
OJIHOTO IUKJa (To11) paBHO 4 (4 KBapTaia).

B apgmutuBHON Mopenu: Si = Si - K, raie K — koppektupyomuid koddduimenrt,

K=i&M

i=l1

urormga ), S;=0;
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_ 4
B MynbTHIUIMKaTUBHON MoOJenu: Si = Si K, i= 174, K = Z S, u TOrAa
i=1

B anauTuBHONM MOAENM BBIYMTAEM €€ 3HAYEHUS W3 KaXJOro YPOBHS HCXOJHOIO
BpeMeHHOoro psja. [lonyunm 7+E =Y-S.

B MynpTUNIMKAaTUBHOM MOJENW pAa3feNuM KaXIblii YpPOBEHb HCXOJHOIO psja Ha
COOTBETCTBYIOILIME 3HAUEHUS CE30HHOW KOMITIOHEHTHI. TeM caMbIM nonyuum 7-E =Y =S, koTopble
COJIepkKaT TOJIBKO TEHJIECHUHUIO U CIIYYalHYI0O KOMIIOHEHTY.

OrnpeneneHre KOMIOHEHTHI 1" JTaHHOM MOJIEIH.

JIJist 5TOTO TPOBOJUTCS aHAIMTHYECKOE BbIpaBHUBaHWE psana 7+E (T-E) ¢ mOMOIIbIO

nuueiinoro tpeuna 1 = a + bt.

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

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

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

perpeccuu Ui OLEHKH KayecTBa MOCTPOEHHOM MOJENM WJIM JJIs BbIOOpa Hawilydlled MOoAeu
MOYKHO IPUMEHSTh CyMMY KBaJIpaTOB MOJIYY€HHBIX a0COITIOTHBIX OLIHOOK.

2
1—% 10006 —
Yi—)

MOJTy4EHHOE KOJMYECTBO MPOIICHTOB OT OOIIEH Bapuallii ypOBHEH BPEMEHHOTO psifa.

3TO A0 (PaKTOPHOM IUCTIEPCHH YPOBHEH psifia 0OBSACHSET

1.7 Jdexknus Ne 7 (1 gac)

Tema: «CucreMa JHHEHHBLIX OTHOBPEMEHHLIX YPaBHEHH

1.7.1. Bonpocsl JieKUu:

1.1. CtpykTypHas u mpuBeeHHas: POPMBI MOJICTH CHCTEM OJIHOBPEMEHHBIX YPaBHEHUH.
1.2. PexypcuBHBIE CHCTEMBI OJITHOBPEMEHHBIX YPABHEHUH.

1.3.Mogenb cripoca — IpeIyIoKeHHs KaK MPUMEp CUCTEMbI OJJTHOBPEMEHHBIX YpaBHEHUH.
1.4.OCHOBHBIE CTPYKTYPHBIE XapaKTEePUCTUKH MOJICIICH.

1.5. YcnoBus uaeHTUUIMPYEMOCTH YPABHEHUH CUCTEMBI.

1.6. M nenTudukaius peKypCuBHbIX CUCTEM

1.7.2.KpaTtkoe coaep:kaHue BONPOCOB
1. CrpykrypHas W mnpuBeleHHas GopMbl MOAeJIM CHCTEM OJHOBPEMEHHbIX
yYPaBHeHHUil
Cucrema COBMECTHBIX, OJIHOBPEMEHHBIX YpaBHEHUH (WM CTPYKTypHas (opma MOAEn)
O6BI‘-IHO COACPIKUT SOHAOICHHBIC U SK30I'CHHBIC IICPEMCHHBIC.
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OHOozennble nepemeHHble 0003HAUEHBI B NPHBEJCHHONW paHee CHUCTEME OJHOBPEMEHHBIX
YpaBHEHHUH Kak ). DTO 3aBHCHUMbIC NEpEeMEHHbIE, YUCIIO KOTOPHIX PABHO YHCIIy YpaBHEHHH B
CHCTEME.

Dk30cenHvle nepemenHvle 0003HAYAIOTCS OOBIYHO KakK X. OTO MpEAONpeesICHHbIE
NepEeMEHHbIE, BIHUAIONINE HAa Y)HIOTCHHBIC IEPEMEHHBIE, HO HE 3aBUCSILUE OT HUX.

CrtpykrypHast ¢opMa MoOJAENU TO3BOJSET YBHICTh BIMSHHE W3MEHEHHH JIOOOH
npeonpeaeieHHON TepEMEHHON Ha 3HAa4YeHUs HHIOTEHHOM mnepemeHHou. LlemecoobOpasHo B
Ka4yeCTBEe HK30TCHHBIX IIEPEMEHHBIX BBIOMPATh TaKHWE IEPEMEHHbBIC, KOTOpPHIE MOTYT OBITH
00BEKTOM pPeryIupoOBaHHSL.

CrpykrypHast (opMa MOAETH B IMPABOM YacTH COACPIKUT MPH SHIOTEHHBIX U SK30TE€HHBIX
nepeMeHHbIX Kod(pduuueHtsl b; u a; (b; -k0d3PpPUIMEHT NMPH SHAOTEHHONW NEPEMEHHOH, a; —
KO3()(UIMEHT TpH OSK30T€HHOM IEePEMEHHOW), KOTOpbIE HA3bIBAIOTCS  CIMPYKMYPHble
K02¢hpuyuenmol modenu. Bee niepeMeHHbIE B MOJIENIU BBIPAXKEHBI B OTKJIOHEHUSAX OT CPEIHEro
YPOBHS, T. €. IOJ X HOApa3yMeBaeTcss x—Xx, a MOJ ) — COOTBETCTBEHHO y — ). IloaTomy

CBOOOHBIN YJICH B KQXKJIOM YPaBHEHUH CHCTEMbI OTCYTCTBYET.

Hcnonp3oBanne MHK juist onieHuBaHUS CTPYKTYPHBIX KO()(UIIMEHTOB MOJICIH JIaeT, KaK
NPHUHSITO CUYUTATh B TEOPUH, CMEIICHHBIE U HECOCTOATEIbHBIC OLCHKH. [l0aTOMY OOBIYHO ISt
ONpeNeNIeHUs]  CTPYKTYPHBIX KO3 (QUIMEHTOB MOAenu CTpYKTypHas ¢opma MOJIeNn
npeodpasyeTcs B MpUBEIECHHYIO (GopMy MOJIEITH.

Ilpusedennas gopma modenu TPEACTABIIET COOOW CHCTEMY JMHEWHBIX (YHKIIHMA
OH/IOTCHHBIX MTEPEMEHHBIX OT K30TE€HHBIX:

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

1m*¥m1
Vy =0, X, + 0%, +...+0,, X,

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

nm-"m

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

2.PekypcuBHbBIE€ CHCTEMbI OJITHOBPEMEHHbIX YPABHEHM

Kaxnoe ypaBHEHHE CHCTEMBl HE3aBUCUMBIX YPAaBHEHMH MOXET paccMaTpUBaThCA
camocTosiTeNnbHO. JIJis HaXOoXJIEHUs €ro IapaMeTpoB HCIOJIb3YeTCS METOJ HauMEHBIINX
kBaApartoB. [lo cymiecTBy Kaxa0€e ypaBHEHUE 3TOW CUCTEMBI SIBJSIETCS YPABHEHUEM PETPECCHUHU.
[TockonpKy HHKOTJAa HET YBEPEHHOCTH, UYTO (PAKTOpBI IMOJHOCTHIO OOBSCHSIOT 3aBHCHMBbIE
IepEeMEHHbIe, B YpPaBHEHHUSIX TNPHUCYTCTBYeT CBOOOIHBIA WIEH dg;. Tak Kak (hakTudyeckue
3HAYEHUS 3aBUCHUMON MEPEMEHHOW OTJIMYAIOTCA OT TEOPETHUYECKHX Ha BEIMYMHY CIIy4alHON
OLIMOKH, B KQKJIOM yPaBHEHUU IPUCYTCTBYET BEIMUMHA CIIyYaiiHOH OMINOKH.

OpHako eciu 3aBUCHMMAsi IEPEMEHHasl y BKIIOYAET B Ka)J0€ MOCcJeaylollee YpaBHEHHE B
KauecTBe (DaKTOPOB BCE 3aBUCHMMBIC MEPEMEHHBIC MPEIIISCTBYIONUX ypPAaBHEHUW HApSIy C
HaObOpPOM COOCTBEHHO (PAKTOPOB X, TO UMEEM MOJEIb B BUIIE CUCHIEMbl PEKYDCUBHBIX VPABHEHULL:

yl = a”xl +a12x2 +...+a1mxm +€1
Yy =byy tayx tanx, +...ta,,x, +&,
V3 =byy +by,y, tayx, tapx, +...+a;,,x, +&

yn = bnlyl +bn2y2 +"'+bnn—1yn—] +an1x1 +an2x2 +"'+anmxm +8n

3..Mogeap cmpoca — MpelsIOKeHHS KaK TMPUMepP CHCTEMbI OJHOBPEMEHHBIX

YPaBHEeHHUH
MHorre PKOHOMHYECKHNE B3aMMOCBSI3H A0IYCKAOT MOACINPOBAHUC OJHUM YPABHCHHCM.
OpHako psAd HSKOHOMHUYECKHX TIPOLECCOB MOJCIUPYIOTCA HE OIHHM, a HECKOJbKUMU
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YPaBHEHUSIMH, COJCPKAIMMU KaK TOBTOPSIIOIINECS, TaK U COOCTBEHHBIE TIepeMeHHbIe. B cuiry
ATOTO BO3HHMKAET HEOOXOIMMOCTh MCIIOJIb30BAaHUS CHCTEM ypaBHEeHHU. Hampumep, npu oreHke
3¢ (HEeKTUBHOCTH TPOU3BOJCTBA HENIb3S1 PYKOBOJACTBOBATHCS TOJILKO MOEIBI0 PEHTA0ECIBbHOCTH.
Ona gomxHa OBITH JIONIOJTHEHA MOJENBI0 TPOU3BOAMTEIBHOCTH Tpyda H  MOJIENbBIO
cebecronMocTd equHUIBI Tpoaykuuu. OCOOCHHO dTa HEOOXOJMMOCTh BO3pacTaeT IpHu
HCCIICIOBAHUHU TPOIIECCOB HAa MAKpOYpPOBHE. DTO CBS3aHO C TE€M, YTO MAaKPOIKOHOMHUYECKHE
[I0Ka3aTelld, SBIASICh OOOOIIAIOIIMMU IOKA3aTCISIMA COCTOSHHS  OKOHOMHKHM, Yallle BCEro
B3aMMO3aBHCHUMBI. Tak, pacXxo/ibl HA KOHEYHOE TOTPEOICHIE B YKOHOMHUKE 3aBHUCST OT BAJIOBOTO
HAI[MOHAJILHOTO JI0XOAa, U BMecTe ¢ TeM, BenumumHa BHJ[ paccmarpuBaercss kak (QyHKIUS
WHBECTUIIMH.
4.0cHOBHBIE CTPYKTYPHBIEC XapaKTEePUCTHKH MoOJeJIei

[IpoBepuM Kak70€ ypaBHEHHE CHCTEMBl Ha HEOOXOIMMOE M JIOCTaTOYHOE YCIIOBHS
uaeHTUGUKau. JIJisi  3TOro  3alojHUM  Ccleaymrlyr Tabmuiny KoddduuueHtoB mnpu
OTCYTCTBYIOIIMX B IIEPBOM YPABHEHUU NEPEMEHHBIX, B KOTOPOH OmpeaenauTenb 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 dunmreHTs! pu OTCYTCTBYIOMIMX BO BTOPOM YPAaBHEHUU MTEPEMEHHBIX COCTABST.

Martpuna ko3¢ duunentos (2)

YpaBHeHHE IIepemenHbIe
3 X1
1 by aj
3 -1 asj
Cormacio Tabimmme detA#0, a paHr MaTpHIlbl 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
VYcinoBue  uaeHTU(UKALUKU  HEBBINONHSETCA.  YpaBHEHHE  HEUJECHTHUPUIMPYEMO.

CrnenoBarenbHO, paccMaTpUBaeMast B LIEJIOM CTPYKTYpHast MOJIENb HEUACHTU(DUIIPYEMasl.

B skoHOMeTpHYEeCKHMX MOJAENIX YacTO Hapsagy C YpPaBHEHMSMH, IapaMeTpbl KOTOPBIX
JIOJDKHBI OBITH CTATUCTHYECKH OLIEHEHBI, MCIIOJIb3YIOTCSI OalaHCOBBIE TOXKIECTBA IMEPEMEHHBIX,
K03((HUIMEHTHI TPU KOTOPBIX paBHBEI £1. B 3TOM ciydae, XOTS caMO TOXIECTBO U HE TpeOyeT
IPOBEPKH Ha HIEeHTU(UKALNIO, 10O KOA(PPHUIMEHTHI PU IEPEMEHHBIX B TOKIECTBE H3BECTHBI, B
IpOBEpPKE Ha WACHTH(UKAIMIO COOCTBEHHO CTPYKTYPHBIX YPAaBHEHHMH CHCTEMBI TOXKIECTBA
Y4acTBYIOT.

5. YceaoBust naeHTHGUUIHMPYEMOCTH YPABHEHUI CHCTEMBbI
18



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

6.UnenTupukanmsi peKypcuBHbIX CHCTEM
[Ipu mnepexome oOT mnpuBeAeHHOW (OPMBI MOAETH K CTPYKTYPHOH HCCIIEI0BATENb
CTaJIKuBaeTcs ¢ npodiemoit uaeHTudukanuu. Ilox npobiemoil naeHTUGUKALMM TOHUMAETCS
BO3MOXXHOCTh YHMCIICHHOH OIICHKH NapaMeTpoB CTPYKTYPHBIX YPaBHEHUH 10 OIICHKaM
K03(DPULIMEHTOB NIPUBEAECHHBIX YPaBHEHUIA.
C nmo3unmu UACHTU(UIPYEMOCTH CTPYKTYPHBIE MOAETH MOXHO MOJPA3IEIUTh Ha TPU
BUJA:
*  UACHTUUIHPYEMBIE;
*  HEeWJEHTHU(QULUPYEMBIE;
*  CBEpXUJACHTHU(PHIHUPYEMBIC.

Mooenv uoenmughuyupyema, €cim BCe CTPYKTYpHBIC €€ KOIPDUIIMESHTHI ONPEACIISIOTCS
OJTHO3HAYHO, €IMHCTBEHHBIM 00pa3oM 1o ko3¢ (uIimeHTaM nNpruBeaeHHON (GOPMbI MOJIEIH, T. €.
€CJIM YUCJIO TapaMeTPOB CTPYKTYPHOM MOJIENH PABHO YUCIY TapaMeTPOB MPUBEACHHON (HOpMBI
mojenu. B 3TOM ciydae CTpyKTypHBIE KOX(QQHUIMEHTH MOJEIH OLCHHUBAIOTCA Yepes
napameTpsl IpUBEACHHOM (OpMBI MOJIeNIN U MOAEb UACHTUDUIIUPYEMA.

» =b,y, +a,x +a,x,

Yy =by Y, +ayx, +ayx;

Mooenv neudenmughuyupyema, €Civ YNACIO TPUBEICHHBIX KOI(PPHUIIMEHTOB MEHBIIIEC
qrcia CTPYKTYPHBIX KO (GUIIMEHTOB, U B Pe3yJIbTaTe CTPYKTYPHbIE KOI(P(UIIMEHTHI HE MOTYT
OBITh OIIEHEHBI Yepe3 KOAPOUIMEHTHI TPUBEACHHON (opMbl Mojenu. CTPYKTYpHO MOJENb B
MOJTHOM BHJE, COJEpIKaliasi # YHIOTEHHBIX U m TPEAONPEACTICHHBIX EPEMEHHBIX B KAXKIOM
YPaBHEHHH CUCTEMBI, BCETJa HEUJICHTUDHUIIHPYEMA.

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

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

Mooenv ceepxudoenmughuyupyema, €cid YHCIO TPUBEICHHBIX KOAPPUIIUEHTOB OO0JIbIIE
qrcia CTPYKTYpHBIX K03 dunmeHToB. B aToM ciyyae Ha ocHOBe K03 (PHUIIMEHTOB MPUBEICHHOI
(opMBI MOKHO TOIYYUThH JIBa WK O0Jiee 3HAaYE€HUH 0THOTO CTPYKTYPHOTO K03 (hUIeHTA.

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

Y, =byy +ayx,

1.8 Jlexknus Ne 8 (1 yac)

Tema: «MnenTudukanus cucreM 0JHOBPEMEHHbIX YPABHEHHID)

1.8.1. Bonpocsl Jieknum:

1. CratucTHuecKkoe OLlEHUBAaHUE HEU3BECTHBIX 3HAUEHUI TapaMeTpPOB.
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2. JIByX1IaroBblil METOJ HAMMEHBIINX KBAJPaTOB OLIEHNUBAHUS CTPYKTYPHBIX [TapaMeTPOB
OTJIENIBHOTO YPABHEHUS CUCTEMBI.

3. TpexmaroBblii METOJ HaMMEHBUIMX KBaJpaToOB OAHOBPEMEHHOI'O OLIEHHWBAaHUS BCEX
[1apaMeTPOB CUCTEMBI YPABHEHHUM.

4. Jlpyrue MeToAbl OLIEHUBAHUS CUCTEM OJJHOBPEMEHHBIX ypaBHEHUH.

1.8.2.KpaTkoe coaep:xkaHue BOIPOCOB
1. CraTrncTnyeckoe oleHMBAHHE HEHM3BECTHBIX 3HAYEHHU I MapaMeTPOB
KMHK npumensiercss B ciaydae TOYHO HACHTHPUIUPYEMON CTPYKTYpPHOH MOJICIIH.
IIponenypa cOCTOUT U3 CIEAYIOIMX ITAIOB!
a) CTpYKTYpHas MOJIeNb IpeoOpasyeTcs B IpUBEAEHHYIO (OpMy MOJIENH;
0) s KaxA0ro ypaBHeHHs NpuBEACHHOH (opmel o0braHbiM MHK onenusatorcs f;

K02 (ppHULIHEHTHI;

B) C IIOMOINBIO alreOpandeckux mpeoOdpa3oBaHuil OT KOAD(HUIMEHTOB MPUBEAEHHOMN
(opMBI IepexoIAT - BO3BPAILAIOTCS K MapaMeTpaM CTPYKTYpHOH MOZEIH, MOIydas TeM CaMbIM
OLIEHKHU 3THX [1apaMETPOB.

IIpumenenne KMHK npeanosnaraer, 4to cucreMa ypaBHEHHM CONEPKUT B IIPABOU YaCTH B
KaX/IOM YPaBHEHHUH KaK 9K30T'€HHbIE, TaK U SHJOT€HHbIE IIepeMeHHbIe. MeXy TeM, MOTyT ObITh
CHCTEMBI, B KOTOPBIX B OJHOM WJIM HECKOJbKHX YPaBHEHHUSX, HANpUMEpP, OTCYTCTBYIOT
9K30T€HHbIE IIepeMeHHble. [ Takol MOJAEIN HENOCPEICTBEHHOH IMOIydyeHHE CTPYKTYpPHBIX
K03(ppULIHEHTOB HEBO3MOXKHO. B 3TOM cilyuae, cHauasia omnpezessercs cucTeMa NpUBEAEHHON
dopmbl Mmoaenu, pemaemas o0braHBIM MHK, a 3aTem nmyTém anrebpanmdeckux npeodpazoBaHUN
nepexoast K KoagphuiuueHTaM CTpyKTYpHOH MOZAEIIH.

2. JIByxXmaroBblii MeTOJ HAUMEHBIIHUX KBAJAPATOB OLECHHBAHHUS CTPYKTYPHBIX
NapamMeTpPoOB OTAEJIbHOI0 YPABHEHHS CHCTEMbI

Jsyxmaroserii MHK (JIMHK). Eciu cuctema cBepxuaeHTHGUIIIPYyEMA, TO UCTIOIb3yeTCs
JAMHK. DTansl BeITOTHEHUSI TOU MPOLIEAYPHI:

a) Ha OCHOBE MPHUBEAEHHON (HOPMBI MOJEIH MOJIYYalOT ISl CBEPXUACHTUDUINPYEMOTO
YPaBHEHHs TEOPETUYECKHE 3HAUEHUsl DHIOICHHBIX IEPEMEHHBIX, COJEp)KalMXCi B IpaBoOi
YacTH YPaBHEHMS;

0) marnee, MOACTaBUB MX BMECTO (PAKTUUECKUX 3HAYCHHH, MOXXHO IMPUMEHHUTH OOBIYHBII
MHK « cTpykTypHO#i hopMe CBEpXUIECHTU(DUIIMPYEMOTO YPABHECHHUS.

B stom mertone nBaxabl ucnons3zyercss MHK: Ha nepBom 3tamne, npu onpeneneHuu
npuBeIEHHON POPMBI MOJIETHN U HAXOXKACHUU HA €€ OCHOBE OIICHOK TEOPETUYECKUX

A

3HAYCHHUI SHIOICHHOH MEPEeMEHHON: y; =0, x| + 0;pXy +...+ J;;X; W HA BTOPOM

niare, MPUMEHUTENIBHO K CTPYKTYPHOMY CBEPXHACHTU(DULIHUPYEMOMY YPaBHEHHUIO
OpU  ONPENCIICHUH CTPYKTYPHBIX KOI(PPUIMEHTOB MOJEIH IO JIaHHBIM
TEOpEeTUUECKHX (PacYETHBIX ) 3HAUYCHUI SHOTEHHBIX U 9K30T€HHBIX MePEMEHHBIX

3. TpexmaroBblii MeTOJ] HAWMEHbIIMX KBaJAPaTOB  OAHOBPEMEHHOI0
OLICHMBaHHSI BceX NapaMeTPOB CHCTEMbI YPaBHEHUI

TpexiaroBslii METOA HAUMEHBUIMX KBAJAPAaTOB IIPUMEHSETCS U1 OLIEHKH NIapaMeTPOB CHUCTEMBI
OJIHOBPEMEHHBIX ypaBHEHMH B 1enoM. CHauana K KaxAOMy YPaBHEHHIO IIPUMEHSETCS
JIBYXILIArOBBIA METO[ C L€JIbI0 OLUEHUTh KOA(PGUIMEHTH! U MOTPELIHOCTH KaXKJJ0r0 YpaBHEHMUs, a
3aTeM IIOCTPOUTH OLEHKY Ul KOBapHAalMOHHOW MaTpuIlbl norpemsocred, Ilocime sroro mis
OLIEHUBaHMs KOA(P(PHUIHUEHTOB BCEH CUCTEMBbI IIPUMEHSETCS O00OOIIEHHBI METOJ HauMEHbIIUX
KBaJlpaToB.
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4. Jlpyrue MeToAbl OLIECHUBAHUS CHCTEM OJITHOBPEMEHHBbIX YPABHEHMI
1. MeTobl OLIEHHBAHMS TApaMETPOB

B mpuknagHOl CTaTUCTUKE HCIONB3YIOTCS Pa3HOOOpA3HBIE MapaMETPUUYECKUE MOJICIH.
TepMuH «mmapaMeTpUUYECKUi» 03HAYAET, UTO BEPOSATHOCTHO-CTATUCTUYECKAsI MOJIENb MOJTHOCTHIO
OIMHCHIBAETCS KOHEYHOMEPHBIM BEKTOpPOM (UKCHPOBAaHHOW pasmepHocTH. [lpuuem ota
pa3MepHOCTh HE 3aBUCUT OT 00beMa BHIOOPKH.

2. Metog MOMEHTOB

C kakoii onleHku HaunHaTh? OIHUM U3 HauboJee U3BECTHBIX U MPOCTHIX B YIOTpeOIeHUN
METOJ/IOB SIBJISIETCS METOJI MOMEHTOB. Ha3BaHue cBsi3aHO C TeM, YTO 3TOT METOJ ONUPAETCs HA
UCIIOJIb30BaHNE BEIOOPOUYHBIX MOMEHTOB

Mo =12x;“, m=12,..
)

re X;, X2,..., X, — BbIOOpKa, T.e. HAOOp HE3aBUCUMBIX OJIMHAKOBO PAaCIpPEIEICHHBIX
CIIyYalHBIX BEJIMYUH C YUCIOBBIMU 3HAYEHUSIMHU.
3. MeToa MakCUMaIbHOTO TIPABIOTIO 00U

B pabotax, npeaHa3HaYeHHBIX IS MEPBOHAYAIHHOIO 3HAKOMCTBA C MAaTeMaTHYECKOU

CTaTHCTUKOW, OOBIYHO PACCMATPUBAIOT OICHKH MAKCHMMAJIbHOTO TPABIONOA00UsS (COKpAICHHO
OMII):

Sl =8, (n 5, 50, 5y = Argmin ]__If(x,-;é?).

d=m iml

Takum oOpa3oM, cHayajga CTPOUTCS IUIOTHOCTh pACIpENEICHUs BEPOSTHOCTEH,
COOTBETCTBYIOLIAs BbIOOPKE. I10CKONIBKY 371€MEHTBI BBIOOPKH HE3aBUCUMBI, TO 3Ta IUIOTHOCTb
NpPEICTaBIsIeTCsT B BUJAE NPOU3BEACHUS IUIOTHOCTEH ISl OTAEIBHBIX AIIEMEHTOB BBIOOPKH.
CoBmecTHass IJIOTHOCTh paccMaTpUBaeTCsl B TOYKE, COOTBETCTBYIOLIEH HAOIIOIEHHBIM
3HaYeHUSAM. DTO BBIpaKEHUE Kak (PyHKIHMSA OT mapamerpa (MpH 3aJaHHBIX 3JIEMEHTaX BBIOOPKH)
Ha3blBaeTCcsl QyHKUMEH MpaBronoAoOMs. 3aTeM TeM WIM MHBIM CIIOCOOOM HIIETCS 3HA4YEHHE
napaMerpa, Ipu KOTOpOM 3Ha4€HHE COBMECTHOM MJIOTHOCTH MAaKCHUMaJbHO. JTO U €CTh OLIEHKa
MaKCHUMaJIbHOT'O IPaBA0No100us.

21



2. METOAUYECKHUE YKA3AHUA
O IMPOBEJEHUIO MIPAKTUYECKHUX 3AHATUN

2.1 lIpakTnueckoe 3ausaTue 1 (II3-1) - BBeaenune B sxonomerpuky (1 yac)
2.1.1 3apanue 151 padoThHI:

1. DkxoHOMeTpHKa Kak HayKa.

2. IlpenMer 3KOHOMETPUKHU

3. 3amauu 3KOHOMETPUKHU

4.0Oc0o06eHHOCTH 3KOHOMETPUYECKOTO MOACITUPOBAHUS

2.1.2 KpaTkoe onucanue NPpOBOANMOIO 3aHATHSA:

1. PaGota c paGoueii TeTpajbio MO YKOHOMETPHUKE
2. C moMomipl0 yCTHOrO Ompoca W (MJIM) TECTUPOBAHHS OLIEHUTh YPOBEHb YCBOCHUS
CTYJIEHTaMH U3y4YEHHOTO MaTepHana.

2.1.3 Pe3yabTaThl M BHIBO/BI:

YcBoenune CTyACHTaMU 3HAHWM I10 TEME MMPAKTUYICCKOI'O 3aHATHAA.

2.2. lIpaktnueckoe 3ausatue 2 (I13-2) - Ilapuas guHeiinasg perpeccus (1 gyac)
2.2.1 3ananue ajs padboTbi:

CyTh METOIa HANMEHBIIINX KBAJIPAaTOB
KoaddurmeHnTsr TECHOTHI CBS3H

[IpoBepka 3HAUUMOCTH ypaBHEHUS Perpeccuu
WHTepnpeTanus ypaBHEHHUS PETPECCHH

el e

2.2.2 Kparkoe onucanue nNpoBOJAUMOroO 3aHATHSA:

1. PaGota c paGoueii TeTpajbio MO YKOHOMETPHUKE
2. C moMomipl0 yCTHOrO Ompoca M (MJIM) TECTUPOBAHUS OLIEHUTh YPOBEHb YCBOCHUS
CTYJIEHTaMH U3y4YEHHOTO MaTepHana.

2.2.3 Pe3yabTarhbl U BHIBOABI:

YcBoenne CTyACHTaMU 3HAHWM T10 TEME MMPAKTUYICCKOI'O 3aHATHA.

2.3 IIpaxkTndyeckoe 3ausatHe 3 (II3-3) - HeauHeiinble MoJeaHd perpeccuu M
JuHeapusanusa (1 yac)
2.3.1 3aganue a5 padoThI:

Jlorapugmuueckas MOAEIb
[Toynorapudmudeckas MOJeNb
O6parHas Mozienb

CremnenHasi MOJIENb
[TokazarenbHas MOJIEIb

Br16op dhopmbl Moaenn

SNk =
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3.3.2 KpaTkoe onucanue NpoOBOJAUMOIO 3aHATHSA:

1. PaGota c paGoueii TeTpajbio M0 YKOHOMETPHUKE
2. C moMomipl0 yCTHOrO Ompoca W (MJIM) TECTUPOBAHHS OLIEHUTh YPOBEHb YCBOCHUS
CTYJIEHTaMH U3y4YEHHOTO MaTepHana.

2.3.3 Pe3yabTaThl U BHIBOJBI:

YcBoenune CTyACHTaMU 3HAHWM I10 TEME MMPAKTUYICCKOI'O 3aHATHA.

2.4 IlpakTndyeckoe 3ausgrTue 4 (II3-4) - JlubeliHasgs MoaeJhL MHOKECTBEHHON
perpeccuu (1 gac)
2.4.1 3ananue 1151 padoThI:

OmnpeneneHue napamMeTpoB YpaBHEHHS pErpeccuu
KoaddurmeHnTsr TECHOTHI CBS3H
I'eTepockanecTHYHOCTH MOJETU
MynbTHKOIITMHEAPHOCTh MOIETTU

W N = =

2.4.2 KpaTkoe onucaHue NPOBOANMOIO 3aHATHSA:

1. PaGota c paGoueii TeTpajbio MO YKOHOMETPHUKE
2. C moMomipl0 yCTHOrO Ompoca M (WJIM) TECTUPOBAHUS OLIEHUTh YPOBEHb YCBOCHUS
CTYJIEHTaMH U3y4YEHHOTO MaTepHarna.

2.4.3 Pe3yabTaThl U BHIBO/IbI:

VcBoenne CTyACHTaAMH 3HAHHH 10 TEME IMPAKTUYCCKOI'0 3aHATHA.

2.5 IlpakTnueckoe 3agsatTue 5 (II3-5) - Moaean cTalimHoHAPHLIX BpeMEeHHLIX psaaoB (1
qac
2.5.1 3aganue a1 padoThI:

1. IlonsATHE cCTaMOHAPHOTO BPEMEHHOIO psija
2. Heo0xoauMocTh NCTIOIB30BAHUS (PUKTHBHBIX EPEMEHHBIX

2.5.2 KpaTkoe onucanue NpOBOANMOIO 3aHATHSA:

1. Pabota ¢ paboueii TeTpaapio MO0 YKOHOMETPHKE
2. C noMoIIpl0 yCTHOrO OIpoca U (WJIM) TECTHUPOBAHUS OLEHUTh YPOBEHb YCBOCHMS
CTyJEHTaMH U3y4YEHHOT0 MaTepHala.

2.5.3 Pe3yabTaThl U BHIBO/IbI:

YcBoeHue CTyACHTaMU 3HAHUH 10 TEME MPAKTUYCCKOI'0 3aHATHA.

2.6 IIpakTnueckoe 3ausatue 6 (I13-6) - Moaeay HeCTAMOHAPHLIX BPeMEHHLIX PAI0B

(1 yac)

2.6.1 3ananue nis padoThbI:
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1. Mopnens aBTOpErpeccun — NPOMHTEIPUPOBAHHOTO CKOJIB3SILEr0 CPEIHEro
2. Mogenu psioB, COAEPKAIIMUX CE30HHYI0 KOMIIOHEHTY

2.6.2 Kparkoe onucanue NpoBOJAUMOroO 3aHATHSA:

1. Pabota ¢ paboueii TeTpapio MO0 YKOHOMETPHKE
2. C nomoIIbl0 yCTHOrO OIpoca M (WJIM) TECTHUPOBAHUS OLEHUTh YPOBEHb YCBOCHMS
CTyJEHTaMH U3y4EHHOT0 MaTepHaa.

2.6.3 Pe3ysnbTarhl M BHIBOABI:

YcBoeHue CTYACHTaMU 3HAHHUH 110 TeMe MPaKTUYCCKOI'O 3aHATHA.

2.7 IIpaxktnyeckoe 3ausaTue 7 (I13-7) - CucreMa JHMHEHHBLIX OJTHOBPEMEHHbLIX
ypaBHeHui (1 gyac)
2.7.1 3ananue ajs1 padboThi:

1. CtpykTypHas u npuBeaeHHas POPMbI MOJICITH CUCTEM OJHOBPEMEHHBIX YpaBHEHUI.
2. PexypcuBHBIE CUCTEMBI OJHOBPEMEHHBIX YPAaBHEHUM.

2.7.2 Kparkoe onucanue nNpoBOJAMMOroO 3aHATHSA:

1. PaGota c paGoueii TeTpajbio MO YKOHOMETPHUKE
2. C moMomipl0 yCTHOrO Ompoca M (MJIM) TECTUPOBAHHS OLIEHUTh YPOBEHb YCBOCHUS
CTYJIEHTaMH U3y4YEHHOTO MaTepHana.

2.7.3 Pe3yabTarhl U BHIBOABI:

YcBoenne CTyACHTaMU 3HAHWM I10 TEME MPAKTUYICCKOI'O 3aHATHAA.

2.8 IpakTnueckoe 3auarue 8 (II3-8) - UnenTudukanusi cucreM 0OJHOBPEMEHHbBIX
ypaBHeHui (1 yac)
3.8.1 3aganue nJs1 padoThI:

1. JIByX11aroBelii METO/I HAMMEHBIINX KBaIpaTOB OLEHUBAHUS CTPYKTYPHBIX IIapaMeTpOB
OTJEJIBHOTO YPaBHEHUS CUCTEMBI

2. TpexumaroBslii METOJI HAMMEHBUIMX KBaJApPaTOB OJHOBPEMEHHOI'O OLIEHMBAHUS BCEX
[1apaMeTPOB CUCTEMBI YPABHEHHUH.

3. Jlpyrue MeTozsl OLIEHUBAHUSI CUCTEM OJJHOBPEMEHHBIX YPaBHEHUM.

2.8.2 Kparkoe onucanue npoBOJAMMOroO 3aHATHSA:

1. PaGota c paGoueii TeTpajbio MO YKOHOMETPHUKE
2. C moMomipl0 yCTHOrO Ompoca W (MJIM) TECTUPOBAHUS OLIEHUTh YPOBEHb YCBOCHUS
CTYJEHTaMU U3YYEHHOI'0 MaTepuasa.

2.8.3 Pe3yabTaThbl 1 BHIBO/BI:

YcBoenne CTyACHTaMU 3HAHWM I10 TEME MPAKTUYICCKOI'O 3aHATHA.
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