AHann3 BpeMeHHbIX pAaoB W
NPOrHo3mpoBaHMe



OnpepeneHue

« BpemeHHon psg (BP)— aTto
nocrneanoBaTenbHOCTbL 3HAYEHUN, OMUCLIBAKOLLNX
npoTeKkaLnn BO BpeMEHU NpoLeCC,
N3MepeHHbIX B nocrnegoBaTefibHble MOMEHThI
BpeMeHUN, ODbLIYHO Yepes paBHbLIE MPOMEXYTKM.

. [1aHHble TNa BpeMEHHbIX PAA0B LLUNPOKO
pacrnpocTpaHeHbl B CaMbIiX pa3HbIX 00NacTax
YyenoBeYecKon gedaTenbHOCTU. B akoHOMUKe 3TO
eXxegHeBHble LeHbl Ha akuuMun, Kypchl BanioT,
eXxeHegerbHble N MeCcAYHbIE 0OBbEMBI NMPOoaaX,
rogoBble 00bEMBI NPON3BOACTBA U T.1.



['padpuKn pasnnUYHbIX
BpeMeHHbIX pAaoB

20
25000 0.04
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25000 124
0.004
20000+ 8.
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15000
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10000 004
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5000+ 0.06 ‘ ‘ R ‘ ‘ . 1994 1996 1998 2000 2002 2004 2006
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* Ha 1-oM rpaduke BUAEH ABHbIN JIMHEWUHbLIN TPEHA,
* Ha 2-OM — cny4vanHble KoriebaHus,
* Ha 3-eM — CITOXHbIN LMK



B pamMmKkax Hawero Kypca
Mbl PAaCCMOTPUM:

MeToabl nogbopa MmaTeMaTUYECKON
Moaenun ana onncaHusa BP;

CnocoObl N3y4yeHNe B3anMO3aBNCUMOCTEN
BP;

MeTOObl BbIABMEHUSA NEPUOANYECKOUN U
apyrnx coctaenawowmnx BP;

NnporHo3snpoBaHne nosegeHua BP.



Llenun aHanu3a BP

KpaTKoe onnucaHme XxapakTepHbIX
0CODeHHOCTEN pAaa;

noabop cTaTUCTUYECKOW MOJENw,
onucbiBatoLen BP:

npenckasaHne oyayuwmx 3Ha4yeHum Ha
OCHOBE MPOLUSIbIX HADMOOEHUN;
yrpaBrieHne NpoLeccomM, NopoXXaatoLnm
BP.



Ctagunn aHanu3a BP

rpagouyeckoe npencrasfieHMe U onucaHue nosegeHus BP;

BbloeNeHne n yganeHne 3akOHOMEpPHbIX COCTaBMSAOLLNX
BP, 3aBucsAwmnx oT BpeMEHW: TpeHaa, CE30HHbIX U
LIUKIMTMYECKUX COCTaBNAOLNX;

BblAerNeHne n yganeHne HM3Ko- Uimn BblICOKOYACTOTHbIX
COCTaBNSALWKMX Npouecca (dunbTpauns);

nccrnenosaHune criydanmHom coctasnstowen BP,
OCTaBLLUeWUCA nocne yaaneHns nepeymcrieHHbIX Bbllle
COCTaBNAOLUNX;

NOCTpPOEHUNE MaTeMaTU4eCcKkom Moaenu Ansa onncaHus
CrntydanHon coCtaBlidroLen U rnpoBepKa ee agekBaTtTHOCTN,

NpOrHo3npoBaHne dyayLero pa3ssmnTms npoLecca,
npeacrtasneHHoro BP;

nccriegosaHne B3aMMoaencTesum mexay pasnuyHoimu BP.



MeToabl aHanun3a BP

KOPPENALUNOHHBIN aHarnm3 No3BoSideT BbISIBUTb
CYLLECTBEHHbIE NMEpNogNYecKne 3aBMCUMOCTM U UX Nnaru
(3agepXkKn) BHYTPM OOQHOro npolecca (aBTokoppenauuns)
NN Mexay HeCKOSTIbKMMUK npoLeccamm (Kpocckoppensauus);

CnekTpasribHbIW aHarnmn3 no3BonseT HaxoanTb
nepuognyeckne n KBasmnepuogmnyeckme coctaBnsitoLme
BP;

crnaxuBaHume u dunbTpauna npeaHasHadveHbl ang
npeobpasoBaHnsa BP ¢ uensto yganeHmsa ns HuX
BbICOKOYACTOTHbIX NN CE30HHbIX KOrebaHuu;

MOJenn aBTOPErPECCUN N CKOMNb3SLLErO CPEeaHEro
OKa3bIBalOTCA OCOOEHHO NMONE3HbIMU AN ONMUCaHNSA U
MPOrHO3MPOBaHNA NPOLECCOB, NPOSABNAIOLLNX OOHOPOAHbIE
konebaHus BOKPYr cpeHero 3Ha4eHus;

NPOrHo3npoBaHMe NO3BONSIET HA OCHOBE NOJO0OpPaHHON
Moaenu nosedeHns BP npeackasbiBaTb €ro 3Ha4YeHusd B

Oynyuiem.



[lpn aHanu3e BP npuHAToO
BblAenAaATb 4 KOMNOHEHTbI:

TpeHa (T) — nnaBHO N3MeHAKLWasaCsd KOMMNOHEHTA,
onucbliBaloLlasi YNCTOE BINUAHME OOMTOBPEMEHHbBIX pakToOpoB
(pOCT HaceneHue, U3SMeEHEHNE CTPYKTYPblI BO3pPacTHOro
coctaBa u T.4.);

LUKnndeckas KomroHeHTa (C) — nnaBHO U3MEHAILLLAACS
KOMMOHEHTA, OnncbliBatoLWas AnuTernbHble Nepuoabl
OTHOCUTENBLHOro NoALEMA U cnaga, COCTOUT U3 LIMKINOB,
MEHSIIOLLNXCA NO aMMnuUTyae U NPOTSXKEHHOCTU (B 9KOHOMMUKE
bbiBaeT cBsA3aHa CO B3aMMOOEeNCTBMEM cripoca U
npennoXxeHusl, POCTOM M NCTOLLEHNEM PECYPCOB,
N3MeHeHnem B MHaAHCOBOW 1 HANOroBoW NOMUTUKE U T.1.);

Ce30HHasi KOMMoHeHTa (S) — CoOCTOUT U3
nocnenoBaTesibHOCTU NOYTM MOBTOPAKOLLNXCA LMKNOB (00BbeEM
npoaax HakaHyHe HoBoro 'oga, o0bem rnepeBo30K
nacCcaXMpoB ropogCKMM TPAHCIMOPTOM);

cllydanHaga KOMIMOHEHTa (€) — OCTaeTCs nocrie NosnHoro
BblUYSIEHEHNST 3aKOHOMEPHbIX KOMMOHEHT.



BP npeacraBnsietr coooun

* NMNOO CyMMY 3TUX KOMMOHEHT X=T+C+S+e
B agANTUBHOW MOAENMN,

* nnbo npounssegeHne X=T*C*S*e
B MYNbTUNNMKATUBHOW MOOENWN.

BTopown BapunaHT 6onee pacrnpocTpaHeH B
9KOHOMWUYECKMX MPUIOXKEHUAX N CBOOUTCH
K nepBoMYy florapnpmmnpoBaHUeM



TpeHaoBas cocTaBnsoLllas
Bblgensercsa MetToaom
HaMMeHbLUUX KBaapaToB

Haunbonee pacnpocTpaHeHbl cregyoLme
MOAenn TPEHOO0B:

* NMHenHaa -7, = S, + Bt
* MONUHOMWANbHASA -T = B + Bt + B,t° +...+ f,t'
* norapumudeckasa - T, =exp(f8, + B,t)

[lpeacTaBneHne o xapakrtepe TpeHaa
MOXXHO NOony4vnTb U3 rpaduka BP.



BblaeneHune UMKIIUYeCKoOn
KOMMOHEHTDI

YT106b! BbIOENUTb LIMKNNYECKYIO KOMMOHEHTY, paboTatoT ¢ BP, He

coaepXallmmm Ce30HHOCTU (Hanpumep, rogosbiMn BP).

N3 mynbTunnukatueHon mogenun X=T*C*S*e

C, BblAenseTcs crneayowmm obpasom:
YpanawT TpeHg n3 mogenu (C -¢), = - t

t

Bbl4MCcnaoT NPOLUEHTHYHO A0,

npuxopswytocsi Ha (C-€), : (C-€),*100%.
BbluncnsoT ckonb3siuee cpegHee ans npoueHTHOW g0Nu:
MA[ (C - €)*100%)]

9Ty BENNYMHY U CHUTAIOT LUNKIUYECKON KOMMOHEHTOMN.

[lns nocTpoeHusi NporHo3a obiBaeT HE0OX0AMMO BbIAENATH U
nccnenoBaThb CIyYaiHY KOMMOHEHTY :

[(C -&), "100%] / MA[(C - £), *100%].
Mo nonyyeHHOMY rpaduKy MOXHO OnpeaennTb TOYKM NOBOPOTAa LINKNA.



BuiaeneHve ce3oHHOM
KOMMOHEeHTbI

[Inga sblaeneHns ce3oHHOU KOMMNOHEHTDI
NoCTynawT cneayrwmm obpasom:

o crnaxusatoT BP, T.e. BbluncnaroT

MA[ X | =(T - C),

* BbIYUCIAOT KOMMOHEHTY
X X
(§-¢€), = / t

(T-C),  MA(X)
* VN30MNUPYIOT CE30HHYIO KOMMOHEHTY
ycpeaHeHnem (S -g),



PaccmoTpum npumep BbINOMHEHUs Nn.3
ONS1 aHHbIX O KONIUYeCTBE MUIb,

cAelJiaHHbIX 3a KBaApPTarll a3p06yc0M

[on 1-bIN KB. 2-0OU KB. 3-UN KB. 4-bIN KB.
1986 180.21 /117
1987 45.19 104.61 179.86 /72.89
1988 46.80 99.82 177.24 77.06
1989 43.33 103.63 175.44 74.96
1990 44,78 104.02 178.17 70.14
1991 49.88 101.24

MeaunaHa 45.19 103.63 178.17 /72.89

B kauecTBe CE30HHOIro MHAEKCa BbIOMpaeTcs
T.K. OHa He pearnpyet Ha BbIOPOCHI.

MeauaHa,

[1lo nHoekcam nerko onpeaesrintb 3IHaA4YMMOCTb BITUAHNA
OoTAEJIbHOIo CEe30Ha.




3HaHMe Ce30HHbIX UHOEeKCOB
NO3BOJISeT OTBETUTb HA BOMPOCHI
TUMNa HNXXecnenyrowmnx:

AsnsgeTca nu HacTosiLee yBenmyeHune
be3paboTnLbl eCTECTBEHHbLIM A1A JaHHOrO
nepnoga BpeMeHn?

He mackumpyet nn npeapoXxgecTtBeHCKUU
HannblB NoKynatenen nepexog K HOBOMY
nepnoay 9KOHOMWUYECKOro umkna?

Ecnu B Oyayuwem roay npegnonaraeTcs
npoaatb 400 eguHuML TOBapa, TO KakoBbl OyayT
npegnonaraemMmble eXXeMecsvHble NPOoaaXKu C
y4eTOM CE30HHOCTU?



IInsa orBeTa Ha NOOJOOHbLIE
BONPOCbI HEOOXO0ANMO:

— CKoppeKkTupoBaTb BUAHUE CE30HHOW KOMIMOHEHTHI,
4TOOBLI DOJSIEE YETKO OOHAPYXMITUCb OCHOBHLIE
TEHOEHLUNU;

— WNHkopnopupoBaTb BINAHWUE CE30HHOCTU B MNPOrHO3.
[1na gocTukeHns nepBou Lenn NpoBOoANTCS
Jece3oHanun3auunsa: Xt

(T C- 8)t —_ 1t
S

t 5
roe noa St MOHMMAETCA COOTBETCTBYHOLLNN
MHOEKC



[Tpumep. UccnepoBaHne BP
yucna TpaHcakuun yHnBepmara

Ne Yncno Ce30HHbIN | Yucno [ogoBasa HopMa
KBapTan | TpaHCcakum | inere TpaHCcaKumH, TpaHcaKkumu
a n CKOpp. Ha
(B PP E)ampmpgs-napmia cesoHocsl CR30HHOCTb 4. Xt /St
T-C-e,=X1S,

1 17.36 /70 24.80 99.20

2 21.11 85 24.84 99.36

3 21.68 92 23.57 94.28

4 32.35 153 21.08 84.32

N3 Tabnnubl BUAHO, YTO HECMOTPSA Ha OOMNbLLIOE YNCIO TPaHCaKLNNA B
4-oM KBapTane, roooBasi HopMa TpaHcaKLuii Nocne KOPPEKTUPOBKM Ha
CEe30HHOCTb NagaeT K 4-oMy KBapTany AOBOSIbHO 3aMETHO.

Bo3MOXHO — 3TO Ha4Yano LMKNM4eckoro crnaga




[MTpumep. NporHo3npoBaHue
obbema npopax

[TycTb gomKkHO ObIThb NpogaHo 200 eanHUL

ToBapa. UTo MOXHO OXuaaTb Angd

nokBapTanbHbIX 00beMOB nNpogax?

Ne kaptana| X 6e3S | CesoHHbIM MHOekc S | X ¢ S: (1)*(2)/100
(1) (2)
1 50 123 61.5
2 50 108 54.0
3 50 79 39.5
4 50 90 45.0




3ameydyaHue

B agpautmBHOM MoAdenNun y4ecTb
CE30HHOCTb MOXHO C MOMOLLbI dummy-
NnepemMeHHbIX

 Hanpumep, ypaBHeHWe ONg yyeTa TpeHaa
N KBapTanbHOW CE30HHOCTUN MOXET ObITb
TaKNM:

X, =f +ht+aD+a.D +oyD,+¢€



[locTpoeHue nporHo3a gna BP

« 3agava NporHo3npoBaHUA COCTOUT B TOM,
4yTOObI NO MMerLWwnmMcs HabnaeHnam BP
npenckasaTtb HEU3BECTHbIE DyayLine 3Ha4YeHUSA

 [lporHo3supoBaHue B bU3HeCe nrpaeTt O4YeHb
B60MbLUYIO POJSib, MOCKOSbKY OHO SIBNIAETCS
paunoHanbHOW OCHOBOW ANSA NMPUHATUSA
pPELLUEHUN.

* Hanpumep, npeackasaHue exxeMecsvHbIX
06BbEMOB npoJaxk ToBapa — 3TO OCHOBA
NOSNMMTUKN KOHTPOSIMPOBAHUS 3anacos,
npenckasaHme dyayLimx ooxogoB Kopnopauum —
OCHOBAa A5 MPUHATUS pELLEHUA B
MHBECTULNOHHOW NOJINTUKE.



[logxon
bokca-[l)xeHknHca ARMA

 Metoabl ARMA npegHasHa4veHbl Angd
NPOrHo3npoBaHns NMbo cTaymMoHapPHbIX
BP, nn6o ana BP, kotopble MoryT 6bITb
npeobpas3oBaHbl K CTALMOHAPHbIM.

* K Takmum psgam OTHOCATCS, Hanpumep,
OCTaTKM PErPEeCcCUOHHbLIX Modernen Tmna

X =p6,+pt+o,D +a,D,+a,D, +¢



CTauMoHapHOCTbL

« Pag aBnaeTca cmayuoHapHbIM, ecsiu OH
cosepuwaem KosiebaHuUsi 0OKpya2 ceoez20
MamemMamu4ecKo20 OXXUOaHUs .

 Camu 3Ha4yeHuUs1 psida He s18JIsIFOMCHl,
Kak npaeuJsio, HezasuUcuMbIMU, HO
Koppensayuss Mexxay 4YsieHamu psioa
3asucum moJsibKO om paccmosiHusi S
MeXXay HUMU.



[looxoAn
Bbokca-llxeHknHca ARMA

[lpegnonoXeHue o TOM, YTO CyLLEeCcTBYyeT
CBA3b MeXxay coceaHUMn 3HadeHmnamu BP un
cocTtaBnseT ocHoBy metogos ARMA.

IMEHHO 3Ta rmnoTte3a No3BonsdeT
npenckasaTb 3HaveHna €,.15€,,55--- Ha
OCHOBaHWN U3BECTHbIX 3HAYEeHUN &,,&,,...,E,

3aTeM Ha OCHOBaHWUN PerpeccuoHHON Moaenwu
X =p,+pt+a D +a,D,+a,D,; +¢,

cTpoaTcs éyaywmne 3HadveHnsa X, .., X

r+1° r+2%°°°



MeTogonorusa bokca-
IhkeHKUHca

Pag &, cuuTtaetcsa peanusauven
cny4vaunHoro npouecca ARMA(p,q), n B
3aBMCUMOCTU OT TUMNa 3TOro npotecca
CTPOUTCHA MPOrHo3.
Hanpumep, ecnn €, ~AR(1), 10

E =a,+ta,E _, tu,
roe E(u,)=0 ,D(u,)=0
Toroa nporHo3Hoe 3Ha4yeHue

E. ., =a,+ac,

t+1



MeTtopnonorua bokca-[l>keHKUHCa

« Ecrm &, ~MA(1),T0 € =a,+bu,  +u,
« Ecnn €, ~ARMA(1,1),T0

E =a,+aé&, _ +bu,_ +u,

* U NMPOrHO3HOE 3Ha4YeHne

£, =a,+a& +bu,

* Ecnun ncxogHbin paa He ABNSETCH
CTauMOHapHbIM, TO MHOrAA ero MOXHO

caenaTb cTauMoHapHbIM, nepengsa K
nepBbiM (MNU BTOPbIM) Pa3HOCTAM.



Anroputm aHanunsa BP

TecTnpoBaHue Ha CTaUMOHAPHOCTb (TeCT Unit
Root). Ecnun pe3synbTaT NOfIoOXUTENbHLIN, TO
MNYyHKT 3.

[lpnBegeHme K cTaunmoHapHOMY BUAY B3ATUEM
1-0M nnun 2-on pasHOCTU U CHOBA NYHKT 1
oeHTudpunkauma napamMmeTpoB p 1 g npouecca
ARMA(p,q) no koppenorpammam AC n PAC.
OueHnBaHMe napamMmeTpoB METOAOM

MaKCcMMarnbHOro npasoonoaodus u Belbop
Hanny4dwwen moaenm (kputepum Akaumke, LLisapua).

[narHocTnyeckas nposepka (aHanus3
koppenorpamm AC n PAC).

[1lporHosnpoBaHme.



TecTnpoBaHue ctalMoOHaApPHOCTH
BP (Tect Qukn-®ynnepa)

[1ns ogHoM n3 mogenen (Kakom MMeHHO, MOXXHO
BblOpaTb, UCNONb3y4d Onuun)

ty = biir—1 + 1,
By = g = i'*z!.-':—1 + £z,

e = a1z + bty + caf + Ex.
+ OueHuBaeTcs ypasHeHne Ay, =¥y, +E€,
* W npoBepgetca runotesa H,: y=I0

« KoTopas cooTBeTCTBYET Hann4nw eguHUYHOro
KOpHSA, T.e. HecTauunoHapHoctn BP




ABToOKOoppenauuoHHaa PYHKUMA

[TyCcTb X — HEKOTOPbLIN BPpEMEHHOU pAA,
Toraa ero teopetndyeckada AK®O nveer sua.

)= Ed X, — X, - !
P(7) Vﬂf'{*fr) U | L - 1);

09 0,8
N *\ 0.6 Ili:.
07 *-,\ 04| [l
0.6 *\\‘ 02 III L1 :
D'E \\ D |I ||| rI I.I :I. \'r-‘lt ,I;,f \I\\ ] I\ﬁfﬂ ,\I\vﬂ’*ﬁr"-ﬂ *Iv'l-‘
04 s gpltl213/as/ 6 '8 W10 f 1213 1415 16 17 18
\'.\.\_\ ] I ] Vi b

03 - 044 ¥ *

1?2 Y | 4

: - 0,6 +—

0,1 - — ' |

0 M = S 28 1+

12 34 6 6 7T 8 91011 1213 14 15 16 17 18 -1

Puc. L. Suausnus aeToRoppesimornoil dyarnun nponecea AR(L)

npu 3HaueEMA KoaddunueeTa paeaom (,8

Pue. 2. Bnadvenun apTokoppenanmuonnol pyukigny nponecea AR(L)
npu 3nadenun Koadpunmenta pagiom —(,8




YacTHaa aBTOKOppenaumoHHas
byHKUUA
UacTtHaa AK® onpenenaeTca U3 cCUCTeMb!
NMMHEUHbIX ypaBHeHW KOna-Yokepa,
cBsA3biBaoLlen 3HavyeHnss AKO un
yacTtHon AKOD

Py =0 1+ G0+ 0,305+ + P Py
JPY = PP+ Py 14 Ppg Py -+ P P

P = PP T PraPra T @3 Proa TPyt L



UWaeHTUdpmnKkauua napameTpoB
ARMA

Bug koppenorpamm AC n PAC anga p>0

Autocorrelation  Partial Correlation AC PAC Q-Stat Prcb

1 0.5%9 0.539 116.40 0.000
2 0.319 0.041 157.37 0.000
3 0.190 0.004 171.91 0.000
4 0.092 -0.029 175.35 0.000
5 0.014 -0.044 17543 0.000
6 0.012 0.033 17550 0.000
7 -0.013 -0.026 175.56 0.000
8 0.025 0.059 17581 0.000
9 0.0¢2 0018 176.52 0.000
10 0.069 0.042 178.47 0.000
11 0.027 -0.051 178.78 0.000
f ! 12 0.036 0.028 179.32 0.C00 -
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AR(1). Y, =05Y_; +=



UWaeHTUdpmnKkauua napameTpoB
ARMA

Bug koppenorpamm AC n PAC anga p>0

Adocomsiaion  Partial Correlaion ~ AC  PAC Q-Stat Prob

1 10500 -0.500 100.19 0.000
1l 2 0281 0.041 131.88 0.000
1 3-0.125 0041 138.15 0.000
| 4 0.104 0063 14249 0.000
| 5 -0.106 -0.049 147.01 0.000
| 6 0.090 0.009 150.33 0.000
70096 -0.043 15441 0.000
8 0.080 0011 156.70 0.000
9 -0.068 -0.010 15857 0.000
10 0103 0074 16291 0.000
11-0.081 0.009 165.60 0.000
12 0,063 -0.002 167.23 0.000

AR[1). Y;=-05¥_1+¢&:

i

-lu--\--n-m




UWaeHTUdpmnKkauua napameTpoB
ARMA

S PARC Q-3tal Pob

T

1 0700 Q00 19654 0000

o 0403 L0071 26080 0000
| 3 02093 H018 27834 0000
4 0072 0037 ZBOLE 0.000
§ 0006 -0OP3 2EO4T Q.000
6 0021 0035 2p064 0.000
T D022 O016 28064 0,000
8 0017 007 28085 0.000
g OUHS 0008 281,93 0.000
- i0 0471 0025 28369 0.000
: 11 0051 0043 288085 0.000
: ¥ 12 00408 0045 2BE00 CLOOD

.I*..R.{?]l ¥ = n.-ﬂﬂ_:_*-' 0,2¥ = + Es-



UWaeHTUdpmnKkauua napameTpoB
ARMA

Azileerra labian Parial Corredation A PAC O-Stal Prob

—— e

1 -0UET0 0670 1776 0.000
2 0353 0173 Z2oE2 0.000
A 0147 Q028 23848 (KM
4 0,087 DAY 241.35 COKH
| 5 -0.080 0032 24467 0.000
| & 0.0 DOOF 247530 Q000
T 0087 0042 250178 0000
B 0082 0U0OF 26«458 0.000
§ <085 00 25F.A8 0.0
10 OUidE 0082 26257 0.000
11 -0u02 0028 oA 04 O]
12 00m 000 26402 G000

AR(2). ¥, = ~08Y,_, —0.2¥, 2 + &,



UWaeHTUdpmnKkauua napameTpoB
ARMA

Auimaaisldalican FariE] Cormadon B R L-5Tal Frob
e e
1 -0.523 -0.5693 14088 .00
2 0124 -0.3%51 147007 0.000
od Q008 0185 14702 0060
4 04028 -0.004 147825 0000
5 -0.053 -0068 14521 O.000
B Qe 0003 18185 Q.000
T <004 0050 15378 Q.000

B 003 0014 15508 0,000
9 .N0AS NER 18222 0000

0 008 0050 15547 0000
11 0077 0024 16189 0000
112 s 04090 1840 0000

TI.'T."I.{E]-- Hl_ = Ep — U.QE¢_1 + D.EEg_-j.




UWaeHTUdpmnKkauua napameTpoB
ARMA

TR e (- By Parial Cordislaban AC PAC St Prob

O.440 0445 350885 0000
3389 0234 14160 00D
a3z oca 18253 0000
neas 0028 207.30 Q00D
oaE2 0037 1752 QO0D
061 000 ZPR44 0000
Q.00 -0.0291 3254 0.000
0121 0053 23350 0.000
0,102 0.019 24273 J.000
10 0123 0082 24851 GO0
11 0087 000893 25023 0.000
12 008T 00Dz 5210 0U00D

o = an & W kO e

ARMA(L1). ¥, =0.8Yi_; + 5 — 0.5,



Kputepuu KkayectBa NOAroOHKN

NHdbopmauymoHHbin Kputepun Akanke (AlIC)
drc=-2L0k
] ]
NHdbopmaumoHHbin kKputepun Weapua (BIC)
klogl

BIC=5C=_2" 4

— —

i i

| — norapmndom dyHKUMKM Npasaonogobus,
K — YMCSI0 OUEHMBAEMbIX MapaMeTpPOB.
UeM HUXKe 3HauYeHUs KpUTepues, TEM ydlle
pe3ynbTaT



OueHuBaHue napameTtpoB BP

[lyctb y, nogynHaetca npoueccy ARMA(1,1)
Beenem obo3HaveHud:

. b=
yi =1, Lr§=1n-l-5']y1, XE 34'::1!'{+HE'§|';_]-|'—...1—E1 M

N Obyoem oueHnBaTb MoAeNb BMaa
¥ =8 + gy + e
£~ 1dN (0, o)



OueHuBaHue napameTtpoB BP

 Jlorapndom doyHKUMK NpaBaonoaobus
oynoet ans ARMA(1,1) nmeTtb BuA;:

L[, by, B8y, 07) =
2
- . Tl :3 1 ' 2 -L_':irf = I.E.I
= const — o lno” + S ln(l — &) — ——= | 4 - L — ¢



GARCH mopgenu BP

N3 amnunpunyeckmnx HabnogeHmnn Haa noBegeHneEMm
BP npoLeHTHbIX CTaBOK, BantOTHbLIX KYPCOB U T.M.
OblINNO 3aMeyvYeHo, YTO HabnaeHUs ¢ BoNbLLNMU
OTKITOHEHUAMMU OT CpeaHero n ¢ ManbiMu

OTKINMOHEHUAMMU CKNOHHbI K 00pa30oBaHMIO KIiaCcTepoB
Onsonpesssie npupagaans upaekea FTC
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GARCH mopgenu BP

« OJTO sBflIeHMe oKasasnocb yao0bHo
MOJENUpoOBaTh 3aBMCUMOCTbLIO ANCNepcun

OLLMOOK OT NpeabICTopumn

ﬂr? = g + -:lrlutl_l +ee +-:hpnf,_F..

« Torga npocrtenilas Mmoaenb 3TOro Knacca
ARCH(1) 3anunweTcs B Buae:

Uy = Tyl + ue.

12 R
uy =gy (g +oquy_y) £~ i8dN{0, 1).



GARCH mopgenu BP

« Ecnun cipopmynumpoBaTth 3aBUCUMOCTb ONCMEPCUN

OT npeagbicTopun B bornee obuiem Buae
erf = g + |:|r|-a¢f_1 + e -I—::r,;.u.f_F + ’n-:rf_l + e+ ’:.:,crf_q

* TO 310 npuBeneT K mogenam GARCH(p,q).

* [NpocTenwyo moaens atoro Buaga GARCH(1,1)
MO>HO 3anucaTb Tak:

y, =x,f+u,

( ) ) )1/2
u =€\, +au,_,+Yy0,,) ,
e, ~ iidN(0,1)



MeToa oueHMBaHUA Moaeneu
GARCH

« Monenun GARCH oueHuBaloTCa METOO0OM
MaKCUMarnbHOro KBasunpasaonoaobus,
4YTO O3HAYaET creaytoLlee:

— MUCNOMb3yeTcs rmnoTesa 0 HOpMaribHOCTH,
JaXke ecrnn owmnbka HeHopMarbHa,

— JenaeTcs creymanbHasa KOpPEKTUPOBKA Npu
BbIYUCITIEHUN CTaHOAPTHbBIX OLLNOOK



YCcNnoBUSA COCTOATENIbLHOCTH
OLIeHOK

* 1. Ycnosue BepHON naeHTUdUKaLmnm
nepBbiX MOMEHTOB

_ 2 _
E(gt | Zt—l)_ O,E(Et | Zt—l)_ 1
e 2. YcnoBue cTaymMoHapHOCTU
E{ln(algf)l zt_1}< 0
« 3. YcnoBme aCMMNTOTUYECKOUN HOPMaNbHOCTU
E (gf 1z, )— 02PAHUYUEHO

o, 0, >0



[locTOMHCTBaA MoOeneu
GARCH

MeToa no3BonseT oLeHnBaTb perpeccum

/
Yi = xtlg_l_ U,
C HE rayCcCoBCKUMU (HE HOpMarlibHbIMN)

pacrnpeaeneHnsamMm owmnbok npyu Hannyum
TSKEIbIX XBOCTOB,

YCMeLlHO cnpaBnseTcs ¢ cepuanbHOU
Koppensauuen ksagpaTtoB OLLMOOK

HECII0XKHO npucnocabnuBatoTcs ans
MoaenunpoBaHua douHaHcoBbIX BP



[locTpoeHue 3aBUCUMOCTEN
Mexay pa3nuyHbimun BP

« [1na BP nosaBnaeTca BO3MOXHOCTb
CTpOUTb bonee CrnoXHble N peanncTuyHble
MoAdenun aBneHnn, y4mThbiBaroLline
BO3MOX>XHOCTb 3ana3gbiBaloLwmnX BIINAHUN

3aBUCMOW U HE3ABUCMMOUN NEPEMEHHDbIX,
Hanpumenp:

Y =a,+b, X, +D X, + W, +E&,



[locTpoeHue 3aBUCUMOCTEN
Mexay pa3nuyHbimu BP

Ecnu pAObl N HE ABJIAKTCA CTAUNOHAPHBLIMHA,
3dBMCUMOCTb MeXay HUMU MOXET OKa3aTbCH

NOXXHOMW.
* [1lpn3HakamMmun NOXXHOW 3aBUCUMOCTUN ABNSAIOTCA
BbICOKUM R2 NPWU HU3KOWU CTAaTUCTUKE

HapbuHa-YoTtcoHa, Hanpumep
i = 0607, DW =0.05T

:!.III:=_ Em — I}EE i':[:
° {—6.7Th  [—2L.3)

« Hapo obsa3aTenbHO BblAENATb TpeHa u
CE30HHOCTb.



KonHTerpauuna BP

* He noxHagsa perpeccus mexay
HecTauMoHapHbIMM BP BO3MOXHa, ecnu

BP aBnatoTca KOMHTErpupoBaHHbIMMN,

e OTO O3Ha4YaeT CTaLUMOHAPHOCTb OLLUNOKK
ONs HEKOTOPOW NIMHEUHOW KOMOUHaLMK

ay +xfB=u,



[TlocTpoeHue 3aBUCUMOCTEN
Mexay pa3nuyHbimun BP

* Cepbe3Hon Npobnemoun perpecCUoOHHbIX
3aBucumocTeun ang BP asnaeTcs
aBTOKoppenauus.

* WHorga BbIOOp yaadyHOU AMHAMUYECKOU
cneundounkaumn, dpopmbl TpeHaa unu yyetT
CE30HHOCTU NO3BONAKT ee n3bexartb.

« CIOXHbI BOMPOC — HanpaBrieHne
NMPUYNHHO-CNEeACTBEHHOW CBSA3N.



[TpYynMHHOCTL No 'paHpXepy

* Cnocob BbISICHUTb CTaTUCTUYECKYIO
NPUYNHHOCTL NpeanaraeT TecT
[ paHOXepa
* OLEeHMBaIOTCA ABE PErPECCUN:
v,=0,+ony,  +...+a,y,  +px,  +...+Fx_ +E
X, =0, tonx .o tox, Oy ot By, T,

* I ANsa Kaxxgon npoBepsieTcd rmnoTtesa

ﬁlz"'zﬁp =0



[TlonynsapHble cnedndpUukaumn
perpecCcMoHHbIX Moaenen
nna BP

Mopernb 4YacTU4YHOro npmucrnocodbneHus
Moaenb aganTUBHbLIX OXUOAHUN

Mogenb KoppeKuumn omnbok

Mopaenb BektopHou aBToperpeccun (VAR)



Moaenb YyacTU4HoOro
npucnocoobrieHnn

[Ipumep. PaccmoTpym 3aBUCUMOCTb MEXAY
onTUManbHbIM (HeHabnogaemMbim)
notpebneHnem 6eH3nHa 1 LeHaMmn Ha HeddTb:

Y =a+bX, +¢

5

PeanbHoe noTtpebrieHne nocTeneHHo
npmnbnuxaeTtcsa K onTuManbHOMY Mo npasuny

Y,-Y., =01-2) -
IToroBasg Mmoaenb

Y =(1-a+1-2)BX, + AY_ +u,u ~ N(0,5°I)



Mopaenb aganTUBHbIX
OXnaaHuu

* [1lpnmep. PaccMoTpum 3aBUCMMOCTb MeXay
BbIMYCKOM M onTUMarsibHbIM (HEHabnogaembim)
o0beMOM npoaax

&
Y =a+bX, +€,
PeanbHble Npoaaxu NocTeNeHHo NpubnkaTes K
ONTVMaribHBIM MO NpaBuIy

X th (1 i)( _Xt*—l)

IToroBasg Mmoaenb

=(1-A)a+(1-2)BX, + AY_, +u ,u ~ MAQ)




Mopaenb KoppeKuuu oo oK

[Ipmep. PaccmoTprm 3aBUCUMOCTb MEXAyY
npoAakaMu U 3aTtpartamMmu Ha peknamy

Y =a,+b,X, +b X,  +) _, +E,

t
OTO ypaBHEHNE 4acTo nNepenncbiBatoT B BUIE

AYt :blAXt _(1_7)(Y—1 —d—bXt_l)-I-Et

4
rae  a=a,/(1-y),b=(b,+b)/(1-7)
uneH Y ,—a—bX, ,=u, npeacraBnsaeTt
coboun «OCTaTOK paBHOBECUSI»,

(1-y) — CKOPOCTb KOppeKLUm




BekTopHaa aBToperpeccus
(VAR)

VAR 3aT10 cuctema ogHOBpPEMEHHLIX YpaBHEHUN,

KOTOpas COCTOUT U3 OQHOMEPHbLIX Moaeneun
ARMA

Y =a,+b,Y,_ +b,X,  +¢&,
X,=a,+b,)Y_+b,X, +¢&,

« £,&, - Benble WyMbl, KOTOPbIE MOTYT BbITh
KOpPEenNUpPOBaHbI



[MpenmywectBa VAR

Moaenb moXxeT ObITb D0Nnee 9KOHOMHOMN,
BKIMOYas MEeHbLUE Nnaros

[TpOrHO3 MOXeT ObITb TOYHEE

B Mmoaenu He HYy>XHO yMeTb pasnuyaThb
3aBNCUMbIE U HE3ABUCKMbIE NEePEMEHHbIE

Mogenb MoXeT ObITb oueHeHa ODObIYHbIM
MHK u oueHku byayT cocToAaATENBbHbIMMN,

NOCKOMbKY OenbIn WyM npegnonaraeTcs
HEe3aBUCUMbIM OT UCTOPUN



KayecTBO
9KOHOMETPUYECKUX NMPOrHo3os

* [1pn HENn3mMeHHbIX BHELLHNX YCNOBUAX, Koraa
9KOHOMEeTpUYyeckad Mogenb U MeXaHN3M
NOPOXOEeHUA OaHHbIX COOTBETCTBYIOT APYr Apyry
NPOrHO3, BbIMMUCIIEHHbLIN KaK YCIIOBHOE OXuaaHue,
OygeT onTtumarbHbIM, T.€. HECMELLEHHbLIM U
9PPEKTUBHbLIM.

* Pas3nunyua nporHosa v ganbHeuwen peanusauum
npouecca oyayT o0ycroBrieHbl TOSIbKO OLLUNOKOW,
KOTOPYH HEBO3MOXXHO TOYHO NpeacKkasaTh.

« OpaHako NCTOPUNA XPaHNT MHO>KECTBO CJ1y4HaeEB
HECOCTOATEJIbHOCTU MNMPOIrHO30B.



KauyecTBO
9KOHOMETpPUNYECKUX NPOrHo3oB

« Teopusi NPOrHO3NpPOBaHUS, OCHOBAHHAas Ha
NpeanosrioXKeHUsaxX o CTauMoHapHOCTU NPOLECCOB U
MOCTOSAHCTBE NapamMeTpPoB (KOTOPbI€ JOIMKHbI
yXBaTbIBaTbCA MOJENbIO) ABNAETCA HEaaeKBaTHOMN.

o C 3TUMKM NPeanonoXeHnsiMm cBa3aHa u rmnotesa o
HOPMarbHOCTWU, NOCKOSIbKY B HOpMaribHOM 3aKOHe
pacnpeneneHna BepoATHOCTEN AMcnepcua u
MaTeMaTU4YeCKOE OXuaaHne npeanonararTcs
HEN3MEHHbIMMN.

 OpgHako ucnonb3oBaHne mogenen tuna GARCH
UMM CTOXaCTUYECKON BONaTUNbHOCTU NMO3BONAET
OTKa3aTbCHA OT HEPEANUCTUYHbIX MPEeanoNOXeHUN 1
YIyYLNTb KA4EeCTBO NPOrHO3a.



3aknovyeHuve-1

* [logBoaqa UTOrM Hallero Kypca 1 pasmbilLngsa o
LileyiecoobpasHOCTUN N3yYeHUS
9KOHOMETPUYECKMX MEeTOOOB And paboTbl HA
dorHaHCOBLIX pblHKax, YyMeCTHO npoueTupoBaTh
BbiCKasbiBaHue [ paHaXepa n TummepmaHa:

e «[1nga nonyvyeHMa KONMYEeCTBEHHOW OLEHKU
OXXMOaemMom 3KOHOMUYECKOM NPUOLINA K
CTENEHU PbIHOYHOMN 3P EKTUBHOCTN HEODOXOOAUM
COBMECTHbLIN aHann3 MHPOPMaLMOHHbIX
MHOXECTB U MoaeNen, BKNoYaoLnXx:



3akn4vyeHue-2

MHopmMaLMoHHOEe MHOXeCTBO (QQ) NnybnnyHo
OOCTYrNHOW nHdopmMmaumn ¢ bUpxXeBbIMU LeHaMK
N OOCTYMHbIMWU pe3ynbTaTamMn bnpXeBou
paboTbl POHAOB M YACTHbLIX MHBECTOPOB;

MOZersb paBHOBECHbLIX LIeH U MOoAeNb NpemMun 3a
puck (ER)
Habop moaeneun npeackasanma (M), OOCTYNHbIX

B JTI0OO MOMEHT BPEMEHMU, BKITIOYasaA METOA UX
OLEHKU

TEXHONOrMn noucka (S) anga sbibopa ny4dwen
MOJENN NPOrHO3npoBaHUA N3 Habopa moaeneun
M



3aknryeHune-3

e MOAEeNb OOCTYNHOCTN MH(pOpMaLNM
(acummeTpun), Bknrovasa nyonunyHble Bepcum
4acTHOW MH(pOpPMaL NN, CTOUMOCTUN TaKOWU
MHpopmaunm 1 3aTpaT Ha ee npeobpasoBaHune
B MoAenun npuHATnS pewweHna M u S Bo
BpemMeHU (A);

* MOAENb UBMEHEHNA BO BPEMEHN CTOUMOCTMU
TpaH3akunmn, NMKBUOHOCTU U OOCTYMHbIX
TexHonornu Toproenu (L);

* Mopernb uctoueHus (ctapenuns) (GO) moaenen
npeackasaHns M (mogenen pblIHOYHOM
9P EKTUBHOCTH) >



3aknovyeHue-4

» Torga MoXHO onpeaenuTb ABa criocoba

nonyyeHuns (M3amMepeHnsa) 3AKOHOMUNYECKOU
NpUObLINN.

e npakTuyeckuin (Ha ocHosaHum Q,ER,M,S)

* MoaenbHbIn (Ha ocHoBaHun Q,ER,M,S, A,
L, GO) ¢ MHOrokpaTHbIM NOBTOPEHUEM
BEPOSATHOCTHbIX ByTCTpan-ucnbITaHNN
YCTONYMBOCTU MOAENbHbIX MapamMeTpoB



