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Annorarus

PaccmarpuBaerca 3amgada BRIOOpa ONTUMAJBHON aHAIUTHIECKONH CHCTEMBI MOJIE-
Jie#l 71 KpaTKOCPOYIHOTO IPOrHO3UPOBAHUS 00bEMOB YKEeJIE3HOI0POKHBIX TPY30BBIX
mepeBo3ok. Mcropmueckue JaHHBIE TIPEICTABIAIOT COO0 BpeMeHHbIe PSATBI, OTPazKa-
oIIre 00beMBI IEPEBO30K PA3IUYHBIX TUIOB T'PY30B MEXKAY PA3IUIHBIMHU CTAHIIN-
AMHU. XapaKTepHbIMU CBONCTBaMH JTaHHBIX BPEMEHHBIX PSAJIOB SABIAIOTCS UX Hepap-
HOMEPHOCTD II0 CTAHLUAM U IPy3aM, BbICOKAd BOJATUJ/ILHOCTDL, 3AlIYyMJICHHOCTD, a
TAKK€ HECTAIMOHAPHOCTH, IPUCYIAsi HEKOTOPbIM psiiaam. [las mocTrpoeHus: Kade-
CTBEHHBIX IIPOTHO30B MIPEIAraeTCsa CO3JAHIE TAKOM CHCTEMBI, KOTOPasd Obl ABJISLIACD
CYTIEPITOBUITHEH TTPOTHOCTUIECKUX MOJIe/Iel W YIUThIBaIa 0COOEHHOCTH U CBOHMCTBA
MCTOPUYECKUX JAHHBIX. B KauecTBe BOZMOXKHBIX MOJIE/ICH /s BK/IIOUEHUS B CyIEPO-
BUNHIO OLLIA PAaCCMOTPEHBI MOJEN CKOJIB3SIIEr0 CPEIHEro, SKCOHEHITNAIBLHOT0 CIIa-
JKWBaHWH, BEKTOPHOIT aBTOPETPECCUN, MHTErPUPOBAHHAA MOJIE/Tb aBTOPErPECCUOHHO-
0 CKOJIB3SINETO CpemHero, a Takxke meron Kpocrowma. IlpuBeneHsl cpaBHUTENBHbBIE

XapaKTEePUCTUKU MOJIeseit.

KiroueBbie caoBa: spemernvie padol, NpoeHO3UPosaHUE, CYNEPNO3ULUL, BOAGMUAD-

HOCMb, 3AUYMAEHHOCITID.



1 Bsenenme

AxTyanpHOCTH TeMBI. PoccuiicKue yKejie3Hble JOPOTH UI'PAIOT KII0UEBYIO POJIb B 9KO-
HOMUKE cTpaHbl. 2Ke/Ie3HO0pOXKHBIN TPAHCIIOPT 3aHMMAET BTOPOE MECTO, 1ocJje Tpyoo-
IPOBOJIHOTO, 1O Tpy30000pory. Ha cerogusamunii genn okono 80% ceoeit npubnm P 2]
MOJIYYAI0T UMEHHO OT TPY30BbIX HepeBo3ok [1|. [Tosromy mepen P2K/I craBurcs 3amada
IO TPUBJIEYEHUIO TPY30B ¢ KOHKYPUPYIONUX BUI0B TPAHCIIOPTa. B ¢BA3M ¢ 3TUM, TPOTHO-
3UpoBaHNe 00BEMOB ITEPEBO3UMbBIX I'DY30B HMeeT OOJIbIINOe MPAKTHYeCKOe 3HAYEHUe sl
HOBBIIIEHUST SKOHOMHYECKO# 3(p(HeKTUBHOCTH 3arPyKEHHOCTH KeJIe3HOTOPOKHBIX Iy Tel
M UX PAIOHAIBLHOTO HCIOJIb30BaHus. B crarbe [2| 060cHOBBIBaETCSI HEOOXOAUMOCTD B YCO-
BEpIIEHCTBOBAHUN U OIITUMU3AIUN pa60TbI7 CBSI3aHHOM C MCHOJIb30BAHUEM YKEJIE3HbIX ry-
Teil 1 POBOPUTCH, YTO B TEKYIIe 9KOHOMUYECCKON CUTyallud JaJbHelIee UCI0JIb30BaHne
9KCTEHCUBHBIX METO/IOB PA3BUTHS IIPOU3BOJICTBA U cepbl YCIYT He TPUBOJIUT K rKeJIaeMoii
SKOHOMUYIECKO# oTade. Mcmonp3oBanne THTEHCUBHOTO MOIX0/1a, CBI3aHHOTO C IIPUBJICTEC-
HHUEM COBPEMEHHBIX HAQYYHBIX MCETOJ0B aHaJIn3a JaHHBIX W OINTHMHU3aIWN, AOJ2KHO YJIY4-
UTh 1mokasarenn pdekrTuBHoctu padorsl P2KJ/ u yBenuuuTh Beuduny 100aBIeHHO

CTOUMOCTH YCJIYT 2K€JIESHOAOPOZKHBIX I'DY30II€PEBO30OK.

Ilens paborbl. I[locTpouTh aHAJIUTUYUECKYIO CUCTEMY, MPEJCTABISIONIYI0 coOOil cymep-
HO3MINIO Mojieseil, Koropas Obl JlaBajia aJieKBaTHbIe, KAUYeCTBEHHbIE U KaK MOXKHO OoJiee

TOYHbBIE€ ITPOTHO3LI 11O obbeMaM II€peBO3UMBIX I'PY30B.

HoBuzua. IlIpenio:keH MeToI MOCTPOEHNS CYIEPIIO3UIINN, OMAPAIONTNNACT Ha KOPPEKTH-
POBKE HCXOIHOTO IIPOrHo3a. Aroput™ 6a3upyercs Ha YTOYHEHHH IIPOTHO3a, MOy 9eHHOTO
6a30Bolt (pyHKIIHEH TPOTHO3UPOBAHUS ¢ TTOMOIIBIO JTOOABKH IMPOTHO3a /I OIMIUOOK, TOJIY-

YEHHOTO BTOPOil pyHKITHEI.

CeiimecTBO Mopmeseii. B kadecTBe BO3MOXKHBIX IIPOTHOCTHYECKHUX MOJIesieil mpejia-
raeTcs UCHOJIb30BATh CKOJb3siiee cpearee (MA), 3KCIOHEHIMATBHOE CTIaKUBAHUE, Me-
toji KpocTrona, MHTEIrPHPOBAHHYIO MOJIE/Ib aBTOPErPECCHOHHOTO CKOJIB3SIIEr0 CPEeHEero
(ARIMA) u Bekropuyto asroperpeccuio (VAR). Mozenu BeIOUpaInch Ha OCHOBE JIOTHYe-
CKHUX COOOPaKeHUH, YIUTHIBAIOIIHNE CIEIU(pUKY BPEeMEHHBIX PSI0B, UX CBOWCTBA, a TaXKKe

B COOTBETCTBHHU CO crarTheil [6],B KOTODOIl NPUBEIEH CPDABHUTEJbHBIR aHAJIN3 MOJEIeH B
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NPUMEHEeHHH K MaHHON 3a1ade. B crarbe [7| usokeHna uest mOCTPOCHUS CYIIE€PIO3HUITHIH.
Mogmenbio 6y/1eM Ha3bIBATH HAapaMeTPUIeCKy0 (DYHKIHIO, KOTOPas 10 BPEMEHHOMY PSITY
(nn HAGOPY BPEMEHHBIX PIJIOB, 33IAHHBIX HA OJHOM M TOM K€ BPEMEHHOM IPOMeZKYTKe)
1 (PUKCHPOBAHHBIM MapaMeTpaM BBIYHC/SET 3HAYEHHS BPEMEHHOIO PsIAa B CJIEIYIONIHi
MOMEHT BpeMeHH. [omyCcTUMBIMI MOJAEIAMI Oy/IeM CIUTATH T€, KOTOPHIE YINTHIBAIOT CITe-
MUpUKY HCTOPHIECKUX JAHHBIX, TO €CTh OIPAHUYEHUs HAa MOJIE/IN JTOKHBI TePeCceKaThCs
CO CBOMCTBAMH BPEMEHHBIX PSJIOB, 33Ial0INX 00beMBI I'Py30mepeBo3ok. [lom agexBaTHO-
CTHIO MOIEIN OOBIYHO MOAPA3YMEBAIOT COOTBETCTBHE MOIEIN MOIETHPYEMOMY OOBEKTY
UM IIpoIieccy. BBUy HEBO3MOXKHOCTH MTOJTHOCTBIO BOCCO3JATH IIPOIECC MOIEIbI0, aJIeK-
BAaTHOCTH NPOBEPAETC HE I BCEX CBOMCTB, a TOIBKO JIJI Te€X, KOTOPBIE CYUTAIOTCS HAaH-
boJiee CyIeCTBEHHBIMU JIJisi McceoBanns. Muoroobpasue mojeseil jiist pemreHusi 00/1b-
MIMHCTBA 3a/1a9 [PEeJICTaBIeHO B Kaaccnuecknx ydeOHmkax [3,4|. B crarbe B crarpe [5]
OTMEYAeTCsI, 9TO 3aJa4a BBIOOpPaA MOIEIH ABJISETCS OTHOW M3 CAMBIX aKTyaJbHBIX B pe-

I'p€CCOHHOM aHaJIu3e.

daanabie. llcTopuyecKkume TaHHBIE, KOTOPble MPeAIarailoTcd JJd HCCTAeI0BAHUS, MMPe-
CTaBJAIOT OO0 BpeMeHHBbIE PsIIbI, OTparKalolmue 00beMbl T'PY30IEPEBO30K 110 POCCHUii-
CKUM 2KeJie3HbIM Jioporam. Vmeercs urdopMmanus o jiare morpy3ku ToBapa, CraHIlud OT-
MpaBJEHNS, CTAHIINA HA3HAYEHN, KOJTNYECTBE BATOHOB, KOJE MePEBO3NMOr0 T'py3a, poje
BAaTr'OHOB, B KOTODPBIX 3TOT I'PY3 MEPEeBO3UJICSI, CYMMApHOM Bece I'Py3a B TOHHAaX U IPH-
3HaKe MapIIPYTHON! OTHIpaBKHU. Pabl OTIMYIAIOTCS BHICOKOM BOTATHILHOCTD, HEpABHOMED-
HOCTb, a TAKYKe 3aITyMJAeHHOCTD. J[/1s1 HEKOTOPBIX BPEMEHHBIX PSAI0B CBOIICTBEHA HeCTaIU-
OHapHOCTb. Kpome TOro, Mekj1y HEKOTOPBIMHU MTapaMU CTAHIIAN HMePeBO3KH IPOU3BOIATCSI
KpaliHe HeperyJsipHO, W YHUCJI0 HYJIEeBBIX W3MepeHHH B TaKWX IapaxX IpPeBBIIIaeT YHUCI0
HenyJieBbIX. [IpoBepKa BpeMEHHbBIX PSIJIOB HA CTAIMOHAPHOCTD BBIIOJHSIOTCS C IIOMOIIHIO

recta nkn-Qystepa [8].

3ampoc Ha NPOTHO3WPOBAHHE. 3alpoC Ha IIPOTHO3 COMEP:KHUT BpeMs, KOJI I'py3a, a
TaKyKe CTAHINI0 OTIPABJEHHS U CTAHIWIO HasHadeHnsa. CucremMa B CBOIO OYepeb BO3BPa-
MAaeT KOJHUYECTBO IEPEBO3UMOI0 Ipy3a 3aJaHHOr0 THIIA MeXKTy (DUKCHPOBAHHBIMU CTaH-
nusiMu. JlaHHbIe MOTYT OBITH arperupoBaHbl B COOTBETCTBUHU C 3aIIPOCOM Ha IMPOIHO3UPO-

Bauue. JlonycKaTcs Caeyione BApHAIUK: 110 BpeMeH! (10 JTHIM, HeJIeJIsIM, MeCsaM),
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o MecTy (mapa CTaHIWil, mapa paffoHOB), Mo Trpy3aM (OIMH THII TDy3a, CYMMADHO BCe
IpPY3bI).

Arperanust BpeMeHHBIX PSITIOB TOPOXK AT HEPAPXUIECKYIO CTPYKTYPY JTaHHBIX, B KO-
TOPOii BPEMEHHBIE Psijibl KayKJIOr0 CJIejytomero (6osee BHICOKOr0) ypoBHST (hbOPMEDYIOT-
Csl IyTeM MO3JIEMEHTHOTO CyMMHUpOBanusA. Ha mepsoM ypoBHE mepapXuu pacroJiaraiorcs
IEePeBO3KH 110 KazKIOMY TPY3y U MO KayKJIOMYy DaiiOHy B OTJIEIHHOCTH. BTopoil ypoBeHb
HepapxXuu OTpazkaeT CyMMapHble 00beMbl TePEBO30K IO TPy3aM WK 0 paiionam. U, Hako-
HEIl, TTOCJIC/IHIH, TPeTHii, ypOBEHb NEPAPXUH OTBEYaeT 3a OOIUHl CyMMapHbLIil IPOrHO3 MO
BCEM TpDy3aM U BceM paifoHaM. B cooTBeTcTBHE ¢ mepapXudecKoil CTPYKTY PO, IPOrHO3bI
JTOJIZKHBI YIOBJIETBOPSITH TpeGOBaHWIO coryacoBaHHOCTH. /laHHOe orpanmdenHme Tpedyer
4T00bI, CyMMapPHBIA NIPOrHO3 MO PA3/IMYHBLIM Pa3pe3aM MePApXUu JIOJNZKEH COBHAJIATH C
obmM mporuno3om. Tak, cymMma IIPOTHO30B 00HEMOB CIIPOCa Ha OTAEILHBIC THIIH TPY30B
JTOJIZKHA COBIAJIATH ¢ MPOIHO30M CYMMapHOIo ofbeMa cIpoca mo BceM rpysam. [losromy
IIPOTHO3BI, YIOBJIETBOPSIONINE YCJIOBUIO COTIACOBAHHOCTHU TIO YPOBHSAM HEPapXuM, OYIeM

Ha3bIBATH COIVIaCOBAHHBIMH ITPOTHO3aMMH.

KagecTtBOo mporuno3upoBanug. CpaBHeHHe PACCMAaTPUBAEMbIX MOJeJel mpeiiaraer-
Cs1 TIPOBOJIMTD, BBITTOJIHSAST PETPOCIEKTHBHBIE MPOTHO3BI. 1101 peTPOCTIEKTHBHBIM TTPOTHO-
30M HOHHMAIOT IIPOTHO3, CJIeJaHHBIA Ha OCHOBE 3HAHUN TOJHKO YacTH BPEMEHHOI'O psi-
Ja (upornos uponwioro). Ocrarkammu BPEMEHHOIO sl HA30BEM DA3HUILY UCTOPUUECKHUX
U COPOTHO3UPOBAHHBIX 3HAadeHnit. [IpoBOasT aHA M3 OCTATKOB, MOYKHO CJI€JIATh BBIBOJ O
KadecTBe MOJEIN M ee ajieKBaTHOCTH. OCTaTKu MOJEIU JIOJNZKHBI OBITH HE3aBUCHMBI H
He aBTOKopesupoBanbiMu. [lociennee mpopepsieTcss ¢ moMolbio Tecta lapdowna Yort-
cona [8]. Takzke Ka4ecTBO HPONHOCTHYECKOH MOJEJH MOXKHO ONHEHHTH € HMOMOIIBIO CIIe-
MUAJTBHBIX (DYHKIMH OIMMUOOK TaKWX, KaK CpejHee apudMeTHdYecKoe MOJy/eil 0CTaTKoOB
MAE (mean absolute error), cpeaee apudmeTnaeckoe Moy Ieil OTHOCUTEbHBIX OCTATKOB
MAPE (mean absolute percentage error), cpeanee orkiaonenue moiyJieit ocrarkos PMAD,
cpeanekBaaparudHas omubka MSE, kopenn cpenneksaaparuyanoii omubku RMSE u cina
nporuosa SS. OYHKIMT HOTePb BRIYUCASIOTCA HA OCHOBE 3HAHUM 3HAYCHUIT HCTOPUIECKOTO

BPEMEHHOTO Ps/ia U TTOCTPOEHHOT'O PEeTPOCIEKTUBHOIO TTPOTHO3A.



2 Bribop monean

11 pa3pabOTKH CYyTMepIO3UINT MoJIesIell MPOrHO3UPOBaHUs 00bEMOB CITPOCA HA TPY30BbIe
ZKeJIE3HOIOPOZKHbBIE TIEPEBO3KU HEOOXO0UMO MIPOBECTH UCCJIEI0BAHUE aJATOPUTMOB ITPOTHO-
3upoBanus. llpemiaraercs, ucxo/is U3 aHan3a BPEMEHHBIX PSJIOB JIS KaxKJI0ro u3 43-
X TOBAapOB, OMPEeJIEJUTh HANOOJee MOAXOISAIIAE AJTOPUTMBI IPOTHO3UPOBAHUS, KOTOPbHIE
OyIyT BKJIOYEHBI B cHCTeMy. B 3aBHCHMOCTH OT 3ampoca Ha MPOTHO3, YYUTHIBAIOIIAI
TrOPU30HT NPOTHO3UPOBAHUS M CTEIEeHbL arperaruu JTAHHBIX, MOYXKET U3MEHITHhCS BBIOOD
AJITOPUTMOB, BKJIIOYa€MbIX B CUCTEMY.

CJ10)KHOCTh MPOTHO3UPOBAHUA O0YCIOBIEHA BBICOKOW BOJATUIBHOCTHIO HCTOPUIE-
CKHX JIAHHBIX [0 00bEMaM 1epeBo30K. [IpuMeHeHre SKCIOHeHITHATBHOTO CruIazKuBaHust (4]

K TAKOMY PSAJY TO3BOJIAET BBIPOBHATH PAJ, U ONPEJIETIATH €r0 TEHIEHINIO.

2.1 DKCHoHEeHINAJIbHOE CIJIa>KNBAaHUIE

OuH u3 npoCTEHITX W PAaCHPOCTPAHEHHBIX MPUEMOB BBIDABHUBAHUS Psiid. JKCIOHEH-
MUIAJTBHOE CIVIa’KMBaHUE MOYKHO TTPE/ICTABATH KaK (PUIBTD, HA BXOJ KOTOPOT'O TOCTe0Ba-
TEJIbHO TMOCTYIAIOT YWIEHBl UCXOMHOTO PAMa, a Ha BLIXOAe (OPMUPYIOTCS TEKYIINe 3HATe-

HUSA 3KCHOHEHIIHAJLHON CpeTHeN.
z=oax+ (1 — a)zq,

rJie X — WUCXOJHBI PN, Z — CIJIAYKEHHBIN psi. 371eCh (v — TMapaMeTp CIrJIaKUBAHUS Psi-
ga, « € (0,1). Yem menbie o, TeM B GOJbIIeil cTeneHn (DUILTPYIOTCS, MOIABIAIOTCS
KOJIeO6AHWST UCXOMHOTO Psiia U TIyMa.

Takyke BLIDOBHATD Psi/i MOXKHO HCIOJIB3YS MOJIEIbL CKOJb3LAIIEr0 CPeHero, KoTopas

yCpeHseT 3HaUYeHusd psa/ia K OKHe MUPUHOHT N

2.2 CkoJb3dIniee cpeaHee

Moesib HCIOTB3YeTCs sl YCPeIHeHHs 3HAYeHMi MCXOTHOrO0 BpeMeHHOTo psaa. CKoJb-
341U CpeTHrue OOBIYHO UCIOJAb3YIOTCS ¢ JAHHBIMU BPEMEHHBIX PAJIOB IS CIVIaXKHBAHUS

KPaTKOCPOYHbIX KoJIeOaHU 1 BbIACJICHNA OCHOBHDBIX TeH,ZLeHI_[I/IIU/I nJjain NUKJIOB.

Zt =

n—1
xt+xt+1+...+xt+n_1 . )
- E T4,
n -
=0



rae n — H_[I/IpI/IHa OKHa
XT4+h = 2T

Kpome Toro, mporuo3npoBanue MmepeBo30K OCJIOKHAETCH MPUCYTCTBAEM 3HAYUTE b=
HOI'O KOJIMYECTBAa HYJIEBBIX 3HAUEHUU, KOTOPhIE 0O3HAYAIOT, YTO B TedeHUe OIIPeIeIeHHOT'O
MOMEHTa BpEMEHHU T'Py3 He IepeBO3WICA. TakuM oOpa3oM, BpeMeHHbIe PsIIbl, OTBEYAIO-
IIUe 33 ePEeBO3KH TOBAPOB, MPEACTAB/ILAIOT OO0l He HENPEPBIBHYIO 3aBUCUMOCTEH 00beMa
TOBApPOB OT BPEMEHH, a JIMCKPETHYIO 3aBUCUMOCTD. J[JIsi MPOTHO3UPBOAHUS TPEPBIBUCTHIX
PsII0B HCTOB3Y1I0T MeToa Kpoctona [10], B cOOTBETCTBHE ¢ KOTOPBIM HCXOIHBIN PsiJI pas3-
buBaeTcs Ha JIBA PdJia, OJIMH U3 KOTOPbIX OIKUCHIBAET HEHYJIEBOH 00'beM 11€peBO3UMbBIX TO-
BAPOB, & BTOPOH — WHTEPBAJIbI MEZK/y HeHYJIeBBIMHU MePEBO3KaMH (ITPOMEKYTKH BPEMeHH,
B TeYeHHe KOTOPBIX IEPEBO3KU OTCYTCTBOBAJN). 3aTeM KaKJblii Psijl MPOTHO3UPYETCs B

OTIECJIbHOCTH SKCIIOHCHINAJIbHBIM CIVIa2KUBaHUEM.

2.3 Meron Kpocrtena

d = {d;}_, — BpemenHoii pgJ HeHyJIEBOTO CIpoCa,

q = {¢:}_, — BpemenHoii paj 11 MHTPBAIOB BPEMEHH MezKJ1y HeHYJIeBBIM CIPOCOM.

DKCHOHEHIINAJIBHOE CIVIaKUBAHUS 000UX PAIO0B:
2z =ad + (1 — o)z

pe=oaq+ (1 —a)pi

A 2t
Ty — —
bt

3ech o — mapaMerp criakuBaHus (Kak B OOBITHOM SKCIIOHEHIHAJBLHOM CIVIAZKHBAHKN ),
a € (0,1). Hacro Ha npakTHKe 3HAYEHHE T OKA3BIBACTCS PEBBIIIEHHBIM, TI09TOMY BBOJIAT
MOIAUKAIAIO, B COOTBETCTBUU C KOTOPOH MPOTHO3 HAXOAUTCHA KaK

. 2

T = ( —E)E

B ocuore Mmetona Kpocrona JiesKuT mpeinoiosKeHne 0 TOM, 9TO BCe EPEBO3KHU SABJISAIOTCS
CJAyYaiHOU BEJIMIUHOM ¢ HOPMAJIBLHBIM paclpeie/ieHreM, a pakT TOro, 9To MepeBo3Ka Ipo-

U30ILIA ABJISAETCH CAYyYalHON BEJMIUHON ¢ pacupepeseHneM BepHy/in. D9To J0CTaTouHo
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CHJIbHOE TIPEJIITOJOKEHNEe W BBITIOJIHSIETCS He I BCEX DPSJIOB, IMOITOMY 3a9aCTyIO Pac-
cMaTpUBAIOT MOAUMUIMPOBAHHBI aJrOPUTM, UMEHYEMbIH 10IX010M BuieMeiina, omu-
patommuiicss Ha mpoteaypy 6yrerpena (bootstrap = resampling).

CyHIeCTBeHHBIM HEJOCTaTKOM JaHHBIX MOZLG,HGIU/I ABJIdeTCdAd TO, YTO OHHU HE YUYUTBIBAXOT
BJIMSTHUE BHEITHUX (PaKTOPOB. Tak, HAIIPUMED, SKOHOMUIECKHE (DAKTOPHI, TAKHE KaK TeHbI
TOBApOB, Kypc pyO0J/isd, a TaKKe CEe30HHOCTh BJIULAIOT Ha 00beM clipoca ToBapoB. Hambo-
Jiee IPUMEHSIeMBIMI Ha TMTPAKTHKE MOJIEISIMH, TO3BOSIONINMHI YIeCTh BHEITHUE (DAKTOPHI,
SIBJIAIOTCST perpeccuonubie Mozaemn. Onuoit u3 Hanbosee rubKoOW W MPOCTOH B MCIOJIB30-
BAHUH MOJIENIBIO ABJIgeTcd BekTopHas asroperpeccuss VAR(Vector Autoregression) [11],

InpuMendeMada AJd MIPOrHO3upOBaHd MHOI'OMEPDHBIX BPEMEHHBIX PAI0B.

2.4 Moneap VAR

MO,ILGIII) JUMHaAMHUKN HECKOJBKHX BPEMEHHBIX PAJO0B, B KOTOpOfI TEKyIIue 3Ha4Y€HUA 9THUX

PSJI0B 3aBUCAT OT HPONLIBIX 3HAYCHUI 3TUX K€ BPEMEHHbIX PsIJI0B.
Y = XW,

riae Marpura X — marpuina obbekToB-nipu3HakK, W — marpuiia BecoB, Y — Marpuia
OTBETOB.

OTKy,ZLa BeCa HaXOIATCA TpaHCIIOHUPOBaHUEM MaTpPHIL:
W= (XTxX)"'xTy

TOI}ZL& IIPOrHo3 HaXOAUTCA KaK

x=xW

Ho momenr VAR mpuMennma TOJBKO /I CTAIMOHAPHBIX BPEMEHHBIX DSIOB, B CJIyUae,
KOTJIa CCJIelyeMble BpEMEHHbBIE PsI/Ibl HeCTAIIMOHAPHDI, HEOOXOIUMO HCIOIB30BATH JIOTO/I-
HUTeJbHbIE WHCTPYMEHTHI, YIUTHIBAIOIINE KOMHTErPAIMI0 BPpEeMeHHBIX psaaoB. Tak:ke Ha
IpaKTHKe MIHPOKO HpuMeHsoTcst Takue Mojen, kak ARIMA (Autoregression Integrated

Moving Average) u ckosb3siee cpegnee MA [11,12].



2.5 Mogeas ARIMA (p, d, q)

NurerpupoBannas MOJIe/b aBTOPErPECCUN M CKOJIB3SIIEr0 CPEJHEr0 SBJISeTCH PaCIIupe-
aueM mozenaeit ARMA s HecTanmoHapHBIX BPEMEHHBIX PSI0B, KOTOPbIE MOYKHO TPeod-
Pa30BaTh B CTAIIMOHAPHBIE B3ITHEM PA3HOCTEH HEKOTOPOTro MOPSIIKA OT UCXOTHOIO BpeMeH-
woro psima. Momens ARIM A(p, d, q) o3Hakgaet, 9T0 pa3HOCTH BPEMEHHOTO DS/IA TTOPSIKA
d mogaunsirorest mogean ARM A(p, q) .

Jl1sg HecTaIlMOHAPHOTO BPEMEHHOI'O PSAIa Ty UMEeT BULI:
p q
d E d E
A Ty =cC+ CLZ'A Ti—i + bjgt—j + &4,
i=1 j=1

rje £ - CTallMOHAPHBII BpeMEHHON P,

¢, a;, bj - mapaMeTpbl MOJICJIH;

A% - onmepaTop pazsHOCTH BPeMEHHOTO Psa TMOpaaKa d.

Takzke mannas mozenb wHTepnperupyercs kak ARMA (p+d, q)— momens ¢ d eau-
HUYHBIMU KODHSIMU.

Mogens ARIMA mo3BossieT ¢ XOpPOIIUM KadeCTBOM IIPOrHO3UPOBATH KAK CTAIlHOHAP-
HbIE BPEMEHHBIE Psijibl, TAK U HECTAIMOHAPHBIE, BDEMEHHBIE PSJIbl ¢ TPEHIOM,a TAKZKe IPU
HeGOTbINol MopnduKanmn U psiabl ¢ ce3oHHON KommnouenToit (SARIMA) u BHenrHIMHI
dakropamu (ARIMAX) . Oxmako B caydae GOIBIIONO KOJHYECTBA HYJEBLIX 3HAUCHUI
perpeccuonnble Mojean He noaxoadar. [losTomy mpeiaraerca paccMOTpPeTh CyHNepHo3u-
[0 HECKOJIbKUX aJrOPUTMOB, 9TOOBI N36€KaTh OMUOOTHBIX TPOTHO30B B CIydae, KOTIa

SHAYUTE/JIbHYIO 4aCThb BPEMEHHOI'O PAJda COCTABJIAIOT HYJIEBbl€ 3HaY€HUA.

Hu ojna u3 paccMOTPEHHBIX JIOIYCTUMbBIX MOJIeJIell He YJIOBJIETBOPIET BCEM CBOM-
CTBAM BPEMEHHBIX PsIJIOB 110 I'PY30BBIM IIEPEBO3KaM, II03TOMY IpeJljIaraeTcst pacCMOTPETh
CYHEPIIO3UTIAI0 AJTOPUTMOB /I JOCTUKEHNA HAWJIYyUIIero pe3yabrara. ['mmoresa: ojHa
MOJIe/Ib HE MOXKET y4ecTh BCe OCOOEHHOCTH, CKPBITBIE B JAHHBIX, IOITOMY MOXKHO pac-

CMOTPETH CYIePHO3UINI0 HECKOJBKUX MOJEJIe.



Tabauna 1: ComnocraBienne pa3IddHbIX MPOCHOCTUYECKHX MOJeseil cBocTBaAM BpeMeH-

HBIX PsIIOB
AsropuTmbr CnoiicTBa BPEMEHHBIX PsiIOB
HECTAIMOHAPHOCTH | HY/IEBbIE 3HAYEHHS | BHeNTHUE (DAKTOPHI
Ckonb3siinee cpeinee - + ,
DKCIOHEHTIMATHHOE CIUIAYKIBAHNE - + ,
Merox Kpocrona - + -
ARIMA + - ,
VAR - - 4+

3 Cymnepno3uiius IIpu PETPOCHEKTUBHOM ITPOTHO3€

Paccvorpum cymeprnio3uriuio AByx BuoB. O0a OCHOBAHBI HA YTOYHEHWH 0A30BOTO J100aB-

JIEHHEM IPOrHO3a OIHOOK.

3.1 Meroz 1

I[lycrob jman Bpemennoil paj x = {x;}. | u ape 6azopble DYHKIUU HPOTHO3UPOBAHUA f U

g (f nporuosupyer psii, a g — ero ocratku). [Iycrb n(g) — 3T0 KOJIHIECTBO apryMeHTOB

dyHKIM g. AITOPUTM COCTOUT B CJIE/LYIOIIEM:

1. C nomompio 6azoBoit dyukmuu [ BeUUCAgeTCT n(g) MPOTHO30B KOHIA HUCTOPUH

~

~f
Ty, ey @ )41 Ha OIHY TOUKY.

t—n(g

2. Boraucisiercst n(g) OCTATKOB £y, ..., €;_p(g)+1 B BHJE DA3HUIIBI

2 _ o f
Et—k = Tt—k — Typ_p-

3. C momorpbio HYHKIMA ¢ TPOTHO3UPYIOTCS OCTATKH £;1; Ha Max (i) OTCIETOB BIIEPEI.

4. BeimoJsingercs I/ITepaTI/IBHbel IoJCY9eT KOHEeYHBIX IIPOTHO30B

S Af 2
Titi = Ty + Etti
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¢ TIOC/IeOBATEIHHBIM TOCIETOM TPOrHO3a 0a30Bo# (byHKIMeH f HA OXHY TOUKY

~f
Litir
- f - f
Tyl Tiyo
f ! !
® @
~ 19 .9
Lt - t+1 Lty
T o T o
4 %
Et—1 Et g7 Ct+1 g T Et+2
3.2 Metron 2
1. C momorbio 6a30B0it HYHKITNY [ BRIYUACISIETCS PETPOCTIEKTUBHBIN ITPOTHO3 7 750
. 111, YHKII, peTp p i1 Ly
C TOPU30HTOM NPOIHO3MPOBAHKA 1, KAXKJbIH — Ha riyOuHe i.
2. C nomorpio 6a30B0i Gyukimu f Bbraucssercs max(i) HaBOPOB MPOrHO30B KOHIA
HUCTO Afv(i) Afv(i) . 6 o 6 . . 1 .
pui, ;7 &7 ) 4y KAZKARLE mabop — ma riyGune i, @ = ooy max(i).
3. Brrumcastercst max(i) nabopos ocrarkos £, ..., &7
. p £ Ehon(g)tl
A1) _ - f.(@) L :
€ =T — &y, 1=1,..,max(i).
~(4) .
4. C momomtpio (byHKIME ¢ IPOTHOBUPYIOTCS OCTATKH £, | ;, KasK bl IPOTHO3 BBITOIHA-

(4) ~(4)

€TCd Ha OAHY TOYKY H HUCIIOJIb3YET BBIYHUCJICHHYIO IIOCJIe10BaTEJILHOCTD ét y ey etfn

5. BormosHgeTca IOJCYEeT KOHEYIHBIX IIPOTHO30B

~fig

=Ty Cttir

11

(9)+1°



F o rW @ f
Tip1 — = L0’ —

4 IlocTaHOoBKa 3aga49n

4.1 OnmcaHuwe JaHHBIX

JlaHHbBIE O MOCYTOYHO 3arpyzKEHHOCTH KEJIE3HOAOPOKHBIX IIyTell B CUCTEME MPE/ICTaBIIe-
HbI TaOJIUIEH, B KOTOPOil YuCIUTCA HHAMOPMAIAA O BpDEMEHH IIePEBO3KH, CTAHIIHAX, MEZK Y

KOTOPBIMH BBLIIIOJHAIOTCA II€PEBO3KHU, a TaKzKe KOJI H obbeM II€peBO3UMOI'o Ipy3a.

KOJI CTAHIIUU | KOA CTaHIINHN CYMMapHBI
JaTa MOTPY3KH KOJI Tpy3a
OTIIpaBJIeHUS | Ha3HAYEeHHS BEC TPy3a

4.2 3amada IMOCTPOEHUH OINTHUMAJILHOI CYyMNepIoO3uInn

D = {t;,z;}1_, — perpeccuonnag BHIOGOPKa, t; — BPEMEHHbIE METKH, T; — OOBLEMBI TPY30-
BBIX [IEPEBO30K

x = {z;}_, — Bpemennoii ps,

f,g9 € F - nBe 6a30Bble GYHKIUH TPOTHOZHPOBAHIS U3 IOIYCTHMOTO CEMEHCTBA MOJIe-

Jieit, orobdpazkaroIue JOIyCTUMbIE TlapaMeTPhl U 3HAUY€HUs] BpEMEHHU B 3HaUYeHHEe 00'beMOB
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ePEBO30K
frg:(w,t) — x,

B cemeiicTBO F BKJIIOUEHBI MOJIEJIH: CKOJb3sIIee Bpegnee (MA), sKCIOHEHITHATBHOE
criiakupanue, mMeroj; Kpocrona, nHTerpupoBaHHasl MOJE/b aBTOPErPECCHOHHOTO CKOJIb-
ssamero cpegrero (ARIMA) n Bekropras aBroperpeccust (VAR)

Oyuknug [ o g Ha3pIBaeTcd cynmepmo3unueit pyuknuit f u g

. / -
[y 7 Ty —9 T

B takux obo3naueHngax GyHKNuA f aBisgerca 6a30Boii (hyHKIHeil IPOrHO3upOBaHUSI,
a GYHKIHS g - BTOPOCTUIIEHHAs (DYHKIIHST, IPOTHO3UPYIOINIas omuOKu. KonedHprit mpornos
CKJIQJIBIBAETCS € y4deTroM Hporuo3a obeux ¢yuknuii. Posb dynknum g 3akiaioudaercd B
YTOYHEHWH TTPOTHO3a, TOJTYIeHHOTO ¢ OMOIIBI0 0a30B0i (PYHKIINN.

[IpeamnosioxKenne, HaKk/IabIBaeMOe Ha 3HAYCHUS BHIOOPKH

Ti+1 = f o g(xhxt—lv s axl) + €t+1,

Tpebyercs nocTpouTh MPOrHO3 OYIYIIETO

i‘T-&-l = f o Q(W7 X, TT—-1,--- >IE1)

u peTpOCHeKTHBHbeI IIPOTrHO3 C TOPU3OHTOM IPOTHO3HUPOBAHHUI h
Tirh = f o g(W,l't, Ti—1,--- 7x1)

Ha ocraTrku MoJiesin HaK/IaJbIBAIOTCS CJIEIYIOIIHe OrPAHMYEHUSI:
1. PaBenctBo nymo maroxunanus: E(e) =0

2. Tlocrostncrro pucnepcuu: D(e) = o2
3. HopmanbrocTs ocrarkos: € v~ N(0, 0?)

Oyukmnusg omubku S(wW) — dyHKIus, 3HaYeHne KOTOPOii TpeOyeTCsT MUHUMA3UPOBATH

JIJTST TIOJTy 9€HUST OIEHOK TapaMeTpoB W

S =Y (x — &)* = min(W),
teT

€ = Ty — Ty,
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e Ty = f og(W, Ty L1y - - - ,:L’l) - IPOr'HO3, TOCTPOCHHBI cynepno3uimeii Moaeneii f u g
CpaBuenus Mojeseit u ompejiesieHue uX aJIeKBaTHOCTU IPOBOIATCS 110 PETPOCIEKTUB-

HBIM ITPOTHO3aM.
KaudecTBo nporuo3upoBanus Jijisi pETPOCIHEKTUBHOIO IPOIHO3a OLEHUBACTCS C OMO-

mpio MAE, MAPE, PMAD, MSE, RMSE u SS.

1 n
MAE = =¥ ¢
nizlle!

n

MAPE = - 3|9
el
PMAD = Z [=1 (Z |33z|)( -1
=1 =1
MSE = © i e
n i
RMSE = !
= \/ﬁ
MSEforecast
SS=1———F—
MSEhistory

5 BpluncanrejabHbIA dKCIIEPUMEHT

5.1 IIpemobpaboTKa JaHHBIX JAHHBIX

Ha mepBoMm 3Tame BBIYHCIUTEILHOTO dKCIEpUMEHTa ObLIa MPOBEIeHA arperamus JTaHHbIX
o cranmusgaM u permonam. Huzke npejicraBjiien npuMep BpeMEHHBIX PSIOB J/Isi TOBAPOB,
OTIPABJIEHHBIX € 83-T0 PErUOHA, CPEJIU KOTOPBIX YUCIATCA KAMEHHBINH YTI0JIb, KOKC, HeTh,

METH3bI, JIOM YE€PHBIX METAJJI0B, CTPOUTEIbHBIE IT'PY3bl, 36PHO U OyMmara.
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6000 5000 10

4000

8

3000 8

2000 2000 #MJN 4
1000 2
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1500 8000 15000
6000
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4000
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2000
0 0 0
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
4
1500 2 x10 &0
15
1000 40
0

1
500 21

0 0 0
4] 100 200 300 400 500 4] 100 200 300 400 500 0 100 200 300 400 500

Puc. 1: Tosapur Ne 1, 2, 3, 12, 13, 19, 30, 34 u 39 oTnpasieHHble ¢ 83 peruona

5.2 TecTtupoBaHme cyrieprio3uIiuii

PaccmarpuBatorcst BpeMeHHBIE PAJIbl JJId PA3JIUIHBIX TOBAPOB U UCCEYETCS ITPOTrHO3BI,
MOCTPOEHHBIX 0A30BBIMU MOJEJAMHU W UX cymneprosurusvu. [IpuBomsarcs rpadudeckue
WJLTIOCTPAIMN ITPOTHO30B, a TaKyKe JYUCAeHHBbIe 3HAadYeHus: omuOKku. B KadecTBe dyHKIIHT

omubku B3gta byuknusa MAPE (mean absolute percentage error).

Tabnuna 2: Hedro

MA ARIMA VAR MA-MA ARIMA-ARIMA VAR-MA

MAPE, % 16,97 17,04 25,52 18,29 17,75 22,07
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4

—— Time series

— MA

Arima

Var

Superposition MA-MA
Superposition ARIMA-AR
P Superposition VAR-MA

w

IMA

Product # 3 from region # 83 to the others

220 230 240

250

260 270 280

290

Puc. 2: Hed1b, oTripapiennas ¢ 83 perumona

Tabmuna 3: Merusst

310

MA

ARIMA

Croston’s method

MA-MA

ARIMA-MA

450

460

Puc. 3: Meru3sbi, orupasiennbie ¢ 83 pernona

16

470

MAPE, % 42,06 37,66 36,18 41,60 37,25
200 Product # 12 from region # 83 to the others
——Time series
—MA
Arima
600 Croston's method
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——— Superposition ARIMA-MA
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Tabauma 4: KaMmeHHBINH yTroJib

Exponental smothing

ARIMA

VAR

MA

MA-MA

VAR-MA

MAPE, %

49,37

45,47

52,80

72,14

48,51

58,52

6000 —

5000 -

4000 [~

3000 |~

0

Product # 1 from region # 83 to the others

—— Time series
- Exponental smothing
MA
—— Arima
VAR
Superposition MA-MA
—— Superposition VAR-MA

380

390 400 410

Puc. 4: Kamennsiit yroib, OTIpaBIeHHBIH ¢ 83 pernoHa

6 3akJrouyeHue

420 430

440

PaccvoTpena 3a/1a9a mocTpoeHns CyNepIo3uIAA Mojiesieit TpH TPOrHO3NPOBAHNT yKeJles-

HOJIOPOYKHBIX TPY30BBIX IMEepeBO30K. B cemeiicTBO Mojese#f, u3 KOTOPOTO CTPOUTIACH CY-

I€PO3UILUST, OBLIH BKJIIOYEHBI CJIe/IYIONIe MOJIEJN: CKOJb3siee cpejaaee (MA), sxconeniu-

AJIbHOE CIVIazKUBaHUE, THTEIPUPOBaHHaA MOJECJIb aBTOPErPUCCUOHHOT'O CKOJIB3AIIEero Cpei-

mero(ARIMA) u Bekropuas asroperpeccu (VAR). Ilo HuM GBI TOCTPOEHBI CJIE/YIONIHE

cyneprnosumum: MA-MA, ARIMA-ARIMA, MA-ARIMA, ARIMA-MA, VAR-VA. Borunc-

JINTEJbHBI SKCIEPUMEHT MMOKAa3aJ/1, 9TO CyHepHO3UIUs CIIOCOOHA MPOIHO3UPOBATHL Pl C

HAMMEHDITeH 10 CPaBHEHWIO ¢ DA30BBIMH MOJeAIMI OmuOKoii. BBumy Toro, 4ro ne cyiie-

CTBYeET e,ILI/IHOfI HpOFHOCTH‘IeCKOﬁ CHUCTEMBbI, KOTOpas OBI JdaBaJla aJICKBAaTHbIC 1 Ka49eCTBCH-

HbI€ IIPOT'HO3bI AJId BCE€X BPEMEHHbLIX DPAJAOB, IPUXOIUTCHA HO,ZL6I/IpaTb IIPOrHOCTUYECKY IO

17




MOJIEJIb JIJIS KayKJI0TO Psga B OTAebHOCTH. TakuM oOpa3om, ObLI HPeJJIOZKEH ellle OJIIMH
METO/T IPOrHO3UPOBAHMS - CYIIEPIIO3HUITHS, IIOCTPOSHHAS IBYMs METOIAMIE, OIUCAHHBIME B

paboTe, KOTOpas HAPLAILY ¢ DA30BBIMH MOJIEISIME MOYKET OBITH TPOTHOCTHIECKON MOIETBIO.
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