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[MpuynHHocTb no [ peiiHaxepy

Mexay psagamn x1,...,2T W Yi,...,YyT CYLECTBYET NPUYMHHAA CBA3b
[pelingxepa z: — y:, €cnm gucnepcusi oWMbKM ONTUMANBLHOrO NPOrHO3a Y41
no Yi,.--,Yt,T1,-.., Lt MEHbLUE, YEM TONBKO MO Y1, ..., Y.

npl/l‘-II/IHHOCTb no rpe|7|Hp,>Kepy ABNAETCA HeO6X0p,I/IMbIM, HO HE€ AOCTAaTO4YHbIM
yCnoBmnem ﬂpVI‘-WIHHO-CJ'Ie,D,CTBEHHOVI CBA3N.

ZT1,...,ZT W Y1,...,YT B3aUMOCBA3AHbI, ECN Tt — Yt VN Yr — Tt.
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Kputepuii [peliHgxepa

k1 ko
Yt = ¢+ Z b1iYt—i + Z G2:iTt—i + E¢.
i=1 i=1
k1 n k2 Bblbnpaetcsi No MHOPMALMOHHOMY KpUTEPUIO.

Tt — Yt = 3¢2i 7&0.

Hynesas runotesa: Ho: ¢21 = -+ = ¢op, = 0;

anbTepHaTuBa: Hi: Hp HeBepHa;

. _ (RSS;.—RSSur)/ks .
cTtatuctmka: F = RSS. (T—Fy kg —1))

FNF(kl,T—kl—kQ—l) npun H().
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Kputepuii [peliHgxepa

Map>ka cBepx npoueHTHol cTaBku u poct BB, ®PT:
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Kputepuii [peliHgxepa
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A4In GDP, — rogosoii npupoct BBI1 B npouexTax,

A4ln M1, — rogoBoii npupocT hakTUHECKOro KOJNMYECTBA AeHer B MPOLEeHTax,
GLR — pocT rocygapcTBeHHbIX obanrauuii,

GSR — TpéxmecsyHasn CTaBka feHexHoro poiHka Bo ®pankdypre.

(*), *, **, *** — 34aynmocTb Ha yposhe 0.1, 0.05, 0.01 n 0.001.
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MHoromepHsblii kpuTepuii [ peiitgxepa

3aBucMMocTb MeXAy NpPpU3HakaMn r N Yy MOXXET OUEHNBATLCA C y‘-IéTOM
BO3MOXXHOI 3aBUCUMOCTYN OT BCEX OCTaJIbHbIX NPN3HAKOB:

m kjt2

Yt =« + Z Qﬁlzytfz + Z QSQZJthz + Z Z Qb J+2)Zzt—z + &t

Jj=1 i=1

Ons 3agay ¢ 6OABLWMM KOAMYECTBOM MPU3HAKOB MOFYT NCMOAb30BaTLCS
perynsipusaTops! (nacco, puax).
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pach npuumHHocTM no [ peiiHaxepy
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KpuTtepunii pelingxepa 4+ nonpaBka Ha MHOXECTBEHHYIO MPOBEPKY FMMNOTE3
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A/J.aI'ITVIBHaﬂ CeENEKUNA N KoMnosmuyns

Ounamuka cpefHnx owmnbok nportHo3sos Ans 6 mogeneid (No peanbHbIM AaHHBIM
0bBbEMOB NPOAAXK B CynepmapkeTe):

AvrErr
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Npes: BkatounTb Hanbosiee yaayHbie MOLENN U OTKIIOHYUTE MEHEe yhayHbIe.
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A/J,aI'ITVIBHaﬂ CENEKTUBHAA MOAENb

[Myctb nmeetcst k mogeneii nporHo3upoBaHus,
Uj,t+d4 — MPOTHO3 j-ii Modenn Ha MoMmeHT ¢ + d,
€jt = Yt — Yjt+ — owmbKa NPOrHO3a B MOMEHT ¢,

T—d
€t = 3 47797 e s| — akcnoHeHumManbHO crnaXkeHHas owubka.
=R

)'Iquaﬂ MoAeNlb B MOMEHT BPEMEHN t:

ji = argmin &j;.
J=1,e ik

ApanTuBHbLI CENEKTUBHbIA MPOrHO3:

Yjt+d = Yjp t+d-
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ApanTueHasi KOMMNO3MLMUS MOAENe

[Myctb nmeetcst k mogeneii nporHo3upoBaHus,
Uj,t+d4 — MPOrHO3 j-ii Modenn Ha MoMmeHT ¢ + d,
€jt = Yt — Yjt+ — owmbKa NPOrHO3a B MOMEHT ¢,

T—d
Eit = 3 47797 e t| — akcnoHeHUManbHO crnaXkeHHas owmnbka.
=R

JNnneiinas kombuHaums mopeneii:

k k
ova = Wil etds dowip =1, Vt.
j=1

j=1

ApanTueHblii nogbop BECOB:
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ApanTauusi BECOB C perynsipusauuei

Ha kaxgom ware t Beca onpegensitotcs no MHK n crnaxusatorcs:
t o,k 2 k
t—1 ~ 2 .
> BT X it —yi) +A Y (wj —wje—1)” —  min
=0 j=1 j=1 w; J=1,...,k

k
Z w; = 1.
j=1

B — koacbpnumeHT 3abbiBaHNS NpeabICTOpUN,
A — ko3hduLmeHT perynspusanuu.

[ononHutensHble BapuaHTbl:
9 8 — 0 — nokanbHas aganTauns BECOB C perynsipusauueli (octasnsiem
B (pyHKLMOHANE TONLKO OAHO C/araemoe, i = t);
@ w; > 0 — MOHOTOHHBIA KOPPEKTOP;

@ eCc/I NPOrHO30B CAULIKOM MHOFO, UHAUBUAYANbHbIE NPOFHO3bl MOXXHO
KJ1aCTepM30BaTb, YCPEAHUTb MO KiacTepam v nogbupaTtb Beca CPemHuX.
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[pyrne cnocobbl KoMbrHypoBaHus

@ perpeccusa psga Ha HECKOJIbKO MepPBbIX M1aBHbIX KOMMOHEHT NPOrHO30B
B CKONb3ALWEM OKHE;

(7

MHK c baiiecoBckum perynsipusatopom Ha Beca (anpmopHoe
pacripeferneHne — paBHOMEPHOE);

@ SKCNOHEHUMANbHO Cr/1a)kKnBakTCA HE MOAYNWN, @ KBagpaThbl OLLII/I6OK;

©

BMECTO SKCMOHEHLMNANBHOIO CrAaXKNBAHNSI UCMOJIb3YETCA YCpeAHeHne
B OKHE;
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CpaBHeHue cnocoboB KOMBMHMpoBaHUS

(Boporuos, Eroposa, 2006): nyqwnii pesynbTaTel fAET afanTaunsi BECOB
C MOHOTOHHBIM KOPPEKTOpoM U 6e3 perynsapusauuu; xopowo pabortaer
afanTuBHAs Celekuusi ¢ NogbopoM napameTpa CriaXkmBaHus.

CpepHsisi olwmbka NporHo30B Ha ckosb3siem KoHTpone (T = 620)
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(Genre et al., 2013): oTHOCNTENbHbIA BBINFPBIL COXKHBIX METOAOB
Mo CPaBHEHUIO C NMPOCTbIM YCPEAHEHUEM MPOrHO30B HEBENUK U B BONbLINHCTBE
cnydaeB cTatuctuyecku HesHaqum (“forecast combination puzzle”).

Psibenko Esrennii MCAL-12. AHanu3 BpeMEeHHbIX Psi0B.



Kombunauun nporHosos
000000

Arrperupyrowunii anroputm Boeka

Myctb y € [0,1]; paccMOTpUM afanTMBHYIO KOMMO3ULMIO CO CEAYOLNMM

BECaMU:
1
wj1 = Ev
2
_ —ne;
Wip =€ It Wje—1),
*
_ Wit
Wi = ———,
*
> Wiy
i=1

j=1,....k, n€(0,00) — ckopocTb 0by1eHusi.

MycTb eacga,t — ocTaTku Takoro anroputma. Mpn 0 < n < 2

a 2 a 2 Ink .
ZEAGG,tSZEjt'F— Vi=1,...,k.
t=1 t=1 n

Psibenko Esrennii MCAL-12. AHanu3 BpeMEeHHbIX Psi0B.



Kombunauun nporHosos
o0

WNepaxuns psgos

Yacto HeobxofMMO NPOrHO3MpPOBaTh COBOKYMHOCTM BPEMEHHbLIX PsifOB
nepapxmyeckoii CTpykTypbl. Hanpumep, npogakn MoryT rpynnmpoBaTbCs No
TOBapHbIM rpynnam, cknagam, NocTaBLMKaM 1 T. 4.

&
®
@
®
®

Yt 11 1 1 1
YA 1 110 0

YB.t 0 0 0 1 1] Y4t

YAAL 1 0 0 0 0f]YyaBe

YaB.t = 0100 0 yac,t | » Yt:SYK,t~
Yac.t 0 0 1 0 of(ysas

YB AL 0 0 0 1 of \YBB?

YBB,t 0 0 0 0 1
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[Noaxofbl K NPOrHo3upoBaHuto

CHu3y BBepX: NporHo3sbl psifoB bosee BbICOKMX YPOBHEW Mepapxum noay4atoTcst
CYMMWPOBaAHNEM NMPOFrHO30B HUXKHEFO YPOBHS.

4 I/IHd)OpMaLI,I/ISI HE TEPAETCA N3-3a arpernpoBaHns, HO

@ NMPOrHO3UpPOBaTb PsAAbl HNKHEFO YPOBHA HaCTO CJ/IOXKHEE.

CBepxy BHU3: MPOrHO3 CYMMAapHOro psiia Y+ PacnpeaesisieTcsi CoraacHo
cpefHUM JonsMm:

nnn oonam cpegHux:

'ﬂl‘d

T T
_ Z Yit Z
T
t=1 t=1
@ MpPOrHO3MpoOBaTb CYMMUPOBAHHBIA PAf JIETKO, HO

@ 13-33 arpernpoBaHus TepsieTcst MHpopmaums (Hanpumep, ecin
KOMIMOHEHTbI UMEIOT PasHYIO CE30HHOCTbL).
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[Noaxofbl K NPOrHo3upoBaHuto

OnTumanbHasi KOMOMHAUMS: Psif KaXKA0ro YPOBHSI MPOrHO3MPYETCS OTAENLHO,
3aTeM MPOrHO3bl KOPPEKTUPYIOTCS B CTOPOHY DosbLueli CoriiacoBaHHOCTU
C NMOMOLLIbIO perpeccun

Y =SBn +en, Eep =0, cove = Xp;
~ T -1
atheK,hiyh:S(S S) Yh-

MeTton peanusosaH B nakete hts.

Mertopa c teopetuyeckumu rapantuamu: (Crenuna, Crpuxos, 2015) ecn
CyMMapHble MOTepy Mpu MPOrHO3MPOBaHNN BCEX PSIAOB MePapXmn N3MEPSIOTCS
€ nomoLubto yHKLMM 13 Knacca aveepreHunii Bpermana, npoeunposarmne
BEKTOPA MPOrHO30B HA MHOXECTBO BEKTOPOB, YAOBETBOPSIOLLNX CTPYKTYpe
Mepapxuu, He YBEINYMBAET CYMMapHble NOTEPU.
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Metog Xonbta-Yutntepca (ETS(A,AA)):

Tttde = lt +dbt + S¢_mi(d mod m)»
le=0a(y:—st—m)+ (1 —a) (le—1 +be—1),
by =B (lt —li—1) + (1 =) bi_1,
st =77 (yr —lim1 — be—1) + (1 — ) St—m.

Ecnu m Benuko, 4ncno cesoHHbIX KO3PPULNEHTOB MOXHO COKPaTUTb
C NnoMoLLbio pasnoxxeHuss Pypeoe:

k
St = E Sj,ts
j=1

* .
Sj,t = Sj,t—1 COS )\j + Sj,t—1 8 )\j =+ ’Yldt,

N . «
554 = —8jt—15InAj + 8] ,_1 cos \j + yady,
21y
Aj = —,
m

d: — ARMA(p,q)-npouecc, 1,72 — NapamMeTpbl CrAaXKunBaHus.
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@ peasn3oBaH C aBTOMaTU4YeckuM noabopom napaMeTpos B NakeTe forecast,
dyHKkuus tbast;

9 NO3BONISIET MOAENNPOBATL psAAbl C HEUENBLIM NEPUOAOM CE30HHOCTN,

[

MOXET YHNTbIBaTb CE30HHOCTb C HECKOJILKAMM PasHbiMu nepuogamu (ans
3TOro psifi [4OJPKEH ObITb 0ObEKTOM TUNa msts, a He ts);

@ HacnepyeT HeJOCTAaTOK METOAOB SKCMOHEHLMANBHOFO CraXKMBaHNs —
He MOXXET BKJIIOHaTb PErpeccopsbl.

Mpumep — nporHosmpoBaHne HeAeNbHbIX AAHHbIX:
y  <- ts(x, frequency=52.18)
fit <- tbats(y)
fc <- forecast(fit)
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regARIMA

regARIMA nossonsieT MogenupoBaTb CNOXHblE CE30HHOCTU 3a CHET
BKJIOYEHUS (Pypbe-rapMOHVK MO AJIMHHBIM CE30HHLIM MEPUOLAM B PErpeccopb.
Kpome Toro, MoXXHO [06aBUTL MHANKATOPbI MAABAOLWMX MPA3LHNKOB.

[TpumMep — nporHosnpoBaHne fHEBHbLIX AaHHbIX C FOLOBOW CE30HHOCTbIO:
y  <- ts(x, frequency=T7)
z  <- fourier(ts(x, frequency=365.25), K=5)
zf <- fourierf(ts(x, frequency=365.25), K=5, h=100)
fit <- auto.arima(y, xreg=cbind(z,holiday))
fc <- forecast(fit, xreg=cbind(zf,holidayf), h=100)

K wmoxHo BbibpaTb, MuHumusupys AIC.
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JlntepaTypa

@ npuumnnHocTb no [peiinaxepy (Granger causality) — Kirchgassner,
rnaea 3;

@ npumep noctpoeHusi rpacpa npudnHiocT — Opgen-Rhein;

@ aflanTUBHAsA CENeKUMS 1 KOMMO3MLMS MPOrHO3NPYIOLMX aAropUuTMOB —
Boponuos, Genre;

@ arrperupytownii anroputm Boska — Kannuwkan;
@ nepapxuyeckue psagbl — Hyndman, 9.4;
@ TBATS — De Livera.
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