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HHEHA HA HE®Tb MAPKU BRENT: B IOUCKAX 3®®PEKTUBHOI'O PBIHKA

B cmamve paccmampusaiomes mooenu agmopezpeccuu O aHAIU3a OUHAMUKU YeH HA Cbipylo Heghmb
mapku Brent. Llens ucciedosanus 3axnouanacs 8 nposepke 2unomesvl 06 2¢hpekmusnom pwinke npu
oupoicesoti mopzosie Heghmoto. B uccredosanuu 6uLiu npumMeHeHbl IKOHOMempuiecKue Memoobl aHAIU3d
epemenHbIX pa0o8. OCHOBHOU NpeonoCuLIKOU UCCIe008aHUs AGNANOC, MO, YMO NPU HATUYUU CHEKYIis-
MUBHOI cocmagiAouell UMeHHO QYHOamMeHmanlbHble NOKA3amenu CO80KYNHO20 CNPOCA U NPeolOHCEHUs.
Ha He(hMAHOM pbIHKe OKA3bl8AlOm OCHOBHOE GlUsAHUe HA YeHoobpasosanue. Hccredosanue nokaszaino,
4Ymo 0711 K8APMAbHbIX OAHHBIX YeHbl Ha Hedhbmb mapku Brent moodens sghpexmusnozo pvinka pabomaem.
To ecmb 0151 00120CPOUHO20 NPOSHOZUPOBAHUSA YeHbL MO2YM OblMb UCNONB3068AHbL MOOENU asmopezpec-
cuu nepeoco nopsoka. B ciyuae kpamkocpouHo2o npocHo3uposanus yeH Ha Hegpmo mapku Brent mooens
I hexmuerHo2o poinka HenpuMeHUMA.

Knwuesnvie cnosa: s¢hgpexmusnulii puiHoK, Mapmunean, yena Ha Hegpmo, mapra Brent, mooenv agmope-
epeccuu, CmpyKmypHble cO8U2U.
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CRUDE OIL PRICES BRENT: SEARCHING FOR AN EFFICIENT MARKET

The article discusses auto regression models to analyze Brent crude oil price fluctuations. The purpose of
the study was to test the hypothesis of an efficient exchange market to trade in oil. In the studies, econo-
metric methods were applied to analyze time series. In the presence of a speculative component, the fun-
damental indicators of aggregate demand and supply in the oil market have the main influence on pric-
ing, which was the main prerequisite for the research study. The findings showed that an efficient market
model works out on the price of Brent crude in the quarterly term run. That is, first-order auto regression
models can be used in the long-term price prediction. In the case of short-term Brent crude oil price fore-
casting, the effective market model is not applicable.

Keywords: efficient market, martingale, oil price, Brent, autoregression model, structural changes.

BBenenmne. Jlydiuii MpOrHO3 «IEHBbI HA 3aB- PBIHKE JIOXOJHOCTh (PMHAHCOBOTO aKTHBa (CIy-
Tpa» — 310 neHa ceroaus. ChopMyIHpoBaHHOE YalHbI TMPOIECC) SBJSETCS MapTHHIAIOM IO
IPaBUIIO TIPUMEHUMO UTs 3(P(PEKTUBHOTO PHIH- OTHOIIIEHHIO K HEKOTOPOMY IIOTOKY HH(pOpMa-
Ka. PbIHKA, BCE YYaCTHHKH KOTOPOTO HMEIOT i, Mozens 3Q(eKTHBHOTO PhIHKA MPEICTaB-
paBHBINA TOCTYN K HH(OpMaIuu it GOpMHPO- JSIETCSI yPAaBHEHUEM:

BaHUs PBIHOYHOM IIEHBI KAaKOTO-THOO AKTHBA.
[omoxxurenpHas HHGOpMAIHs 00 aKTHBE B THX K, =K_+&, (D)
YCJIOBHSIX IOBBIIIAET €ro JOXOMHOCTh, a OTPH-

rie K, u K, . - Tekymas 10X0{HOCTb aKTHBA 1
nareiabHas — yMeHbinaer. Ha sddekTuBHOM A t t-1 yias 1oxox

€T0 JOXOAHOCTL B NPEABIAYHICM MIEPUOJL,
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gt - BpeMeHHOﬁ psAA B3aUMHO HE3aBUCUMBIX CIY-

YaHBIX BEJMYUH, KOTOPBIE IPEICTABISAIOT COOOU
OIIMOKH IPOTHO3A.

Ou3nyeckod MOAENbI0 dPPEKTHBHOTO PHIH-
Ka MOXHO cuuTaTh pyinerky. Y f.dmsmunra B
«Casino "Royale"» untaem: «AHTTTU9aHUH MH-
ctep BoHA BHOBb B BBIMIpBINIE: POBHO TpHU
MWJIJIMOHA 3a 1Ba AHA. Mrpam MapTusran Ha
KpacHOM 3a TSATBIM CTOJIOM. ... Mucrep bonn
HACTOWYMB, ymMeeT puckoBatb» [1]. U kpymbe u
BCE WIPOKU 3a CTOJIOM BIIAJCIOT OJMHAKOBON
uHpOpMAIUEH Tiepe]] KaKIOW CIEAYIOUICH Wr-
poil. IMEHHO MapTUHTa SBISETCS CIy4alHbIM
nporeccoM, Oyayliee TMOBeIeHHEe KOTOPOro
HAWTYYIIUM 00pa3oM OIpeeNsieTCs ero TeKy-
MM COCTOSTHUEM.

Hedts — wdepnoe 3omoro. UYemoBedecTBO
HAY4YHJIOCh A0ObIBaTh He(Th, mepepadaThBaTh
ero. Hayunnocs onpenensats COBOKYIHBIN cripoc
U TIPENNIOKEHHE 3TOro akThBa. CrenuamucraM
XOPOIIO M3BECTHBI BO3MOXXHOCTH JIOOBIBAIOIINX
KOMIIaHW, XMUMUYECKUH cocTaB HedTH s
KOKAOTO MECTOpOXKACHHA. BHHMaTensHO OT-
CJIC)KHMBAIOTCSl TIOJMTUYECKUE COOBITHUS U OCO-
OCHHOCTH DPa3BUTHS SKOHOMHUK AIKCIOPTEPOB U
UMIIOPTEPOB HEePTH. MOXKHO JM CUMUTAaTh, YTO
BCC YYAaCTHUKUM HE(TSHOrO pBIHKA BIAACIOT
OJIMHAKOBO, MOJIHOM U OCTOBEpHOW MH(OpMa-
nueit? Ilposepum rumoresy 00 3ddexTHBHOM
PBIHKE IIpHU OUpPKEBON TOProBiie HEPTHIO MAPKU
Brent.

OcHoBHast 4yacTh. B KkauecTBe HCXOAHBIX
JaHHBIX Oy/IeM UCIONIb30BaTh KBapTalbHbIE CTa-
TUCTHUYECKHE JaHHble HOMWHAJIBHOM IE€HBI Ha
HeTh Mapku Brent c caiita @exepanbHoil pe-
3epBHOI cucteMsl CIIA [2] 3a mepuog ¢ 2000
o 2018 roa. Cneunanuctel MHCTUTYTA HHEpPre-
TUYECKHUX MccaenoBaHuil Poccuiicko akageMun
HayK OTMEYaloT, 4T0 HambOombiiee BiausHue (80-
85%) Ha 1eHBI OKAa3bIBAIOT CIPOC U MPEIoKe-
HHUE Ha pa3in4yHble COPTa HEQTH, a CIIEKYJISTHB-
Hasi CoCTaBJsromas B 1ieHe ((huHaHCOBbIC (hak-
topbl) — 15-20%. [3] To ecTh uMerOTCS OCHOBA-
HUSI TIPEAonarath, YTo HeYTIHON PHIHOK SIBJIS-
eTcst 9 PEKTHBHBIM PHIHKOM.
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PucyHnok 1. — JIuHaMMKa HOMHUHAJBLHOM LeHbI
Ha Heprb Mapku Brent (OILBRENT)

I'padmyeckuii aHanM3 TUHAMHKA HOMHHAb-
HOW 1eHbl Ha HedTh Mapku Brent mo3Bomser
MPENNONOKUTh, YTO PpPacCMAaTPUBAEMBIA Bpe-
MEHHOH psif SBJSIETCS HECTALMOHAPHBIM (PHCY-
HOK 1). Bun aBTOKOppensuuoHHON (DyHKIHUU H
YaCTHOW aBTOKOPPEAIMOHHONW (YHKIIMH Bpe-
MEHHOTO psAa HOMHHAJIBHOM IIEHBl Ha HE(Th
Mmapku Brent csugerenbcTByeT 00 aBTOpErpec-
cuMu mepBoro mnopsaka (pucyHok 2) [4]. A pe-
3yJbTaThl pacIIUPEeHHOro TecTta Jukku-Oymepa
(Augmented Dickey-Fuller test statistic) mo3so-
JISIOT TOATBEPAUTH MPEANOIOXKEHHEe, YTO aHa-
JTU3UPYEMBII BPEMEHHOW pAJ SIBISETCS HECTa-
[UOHApHBIM, U YTOYHHUTH THII HECTAllMOHAPHO-
CTU — WHTErPUPOBAHHBI BPEMEHHOM pPsij Iep-
BOTO mopsiaka (Tabmiuma 1).
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0.000

0.000

0.000

0.000
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Pucynok 2. — Koppesiorpamma BpeMeHHOT 0
psiia HOMUHAJIbHOI HeHbl HA HedTh Mapku Brent

Tabmuua 1. — Pacumpenssiii Tect ukku-®ymiepa BpemenHoro psiaa OilBrent

Bpemennoti psin t-Statistic Test critical values
1% level 5% level 10% level
OILBRENT -0.354065 -2.597025 -1.945324 -1.613876
D(OILBRENT) -6.807263 -2.597025 -1.945324 -1.613876
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[loctpouM  aBTOpErpeccCHMOHHYI0  MOAETb
nepBoro mopsaka (AR(1)) mnepBoHayansHO B
criendukauy 6e3 GUKTUBHBIX IIEPEMCHHBIX

oil _ oil
PP = Bo + B1Pe=1 + ey, 2)
rae P{’“ — MHJEKC [IeHBI Ha HE(TH,
By — KOHCTaHTa,

B, — mapameTpbl MOJCIH,
€y — OCTaTKH.

Pesynprar MonenupoBaHusi TpeACTaBICH Ha
pucyske 3. X0Ts ypaBHEHHUE B LIEJIOM CTaTUCTH-
YeckH 3HaunMoe (Tabmuma 2), OOBSICHSIOTHI
¢dakTop oOKazaics CTaTUCTUYECKH 3HAYHUMBIM,
OJTHAKO TECThl Ha OTCYTCTBHE aBTOKOPPEIILIUU
OCTaTKOB, NOCTOSIHCTBO IUCIIEPCHHU, BUAA pac-
NpeJieNieHNs] OCTaTKOB HE TIO3BOJISIIOT OIpe[e-
JIUTH aJIEKBATHOCTH MOJICITH.

B uerBepToM kBaptaie 2008 roga uMeer me-
CTO CTPYKTYPHBIM CIBUT (PUCYHOK 3), MO3TOMY
B crenudukanuo 2 100aBUM HUMIYJIbCHYIO
(UKTHBHYIO IEPEMEHHYIO CTPYKTYPHOT'O CIBHUTa
T; co cBOMMU MapaMeTpam 6;:

Pfil=.30+25iTi+ﬂ1Pto—”1+et (3)
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Pucynok 3. — Moaeas AR(1) HoMuHAJIBbHOIT
neHsl Ha HepTH Mapku Brent

Mopenp 3 C OLEHEHHBIMH @apaMeTpaMu
Ipe/ICTaBIeHa CIEIYIONIUM ypaBHEHHEM (CTaH-
JapTHas omMOKa yKka3aHa B CKOOKax IOJ| OLEH-
KaMH TTapaMeTpOB MOJIEINN):

OILBRENT = 0.97*OILBRENT(-1) - 59.64*D2008Q4 + 3.19,
(0.03) (8.38) (2.22)

rne D2008Q4 - ummynbcHasi pUKTHUBHAS IEpEMEHHAs!
CTpYKTYypHOTO casura Juist 4 keaptana 2008 roxa.

Tabmuna 2. — CTaTUCTUYECKUE XapaKTEePUCTUKU MOJICIH 2.

Dependent Variable: OILBRENT

Method: Least Squares
Date: 05/26/19 Time: 06:33

Sample (adjusted): 2000Q2 2018Q4
Included observations: 75 after adjustments

Coefficien

Variable t Std. Error  t-Statistic ~ Prob.
OILBRENT(-1) 0.928837 0.040022 23.20831 0.0000

C 5.135369 2.857489 1.797161 0.0764
R-squared 0.880646  Mean dependentvar 65.06573
Adjusted R-squared 0.879011  S.D. dependentvar  30.46348
S.E. of regression 10.59626  Akaike info criterion  7.585184
Sum squared resid  8196.490  Schwarz criterion 7.646983
Log likelihood 282.4444  F-statistic 538.6258
Durbin-Watson stat  1.448544  Prob(F-statistic) 0.000000
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I'paduueckoe mpeacTaBieHUEe pe3yabTaTOB
MOJENUPOBAaHUsl OTOOpaXEHO Ha pHCYHKe 4.
AHanmu3 CTaTUCTHYECKOW 3HAYMMOCTH YypaBHE-
HUSI B [IEJIOM, KQXJIOTO MapaMeTpa B OTACIBHO-
CTH, OIICHKa aJeKBAaTHOCTH MOJIENU IPOBOIU-
Jach ¢ MOMOIIBI0 CTATUCTUYECKUX TECTOB H Te-
CTOBBIX cTathcTUK [4]. Tect MHOXHUTeneh Jla-
rpamka (Breusch-Godfrey Serial Correlation
LM Test) na ypoBHe 3HaunMoctd 5 % B LIEIOM
HE OTKJIOHSIET HYJIEBYIO TUIOTE3y O B3aUMHO
HE3aBUCHUMBIX OCTaTKax MOJEIH, OJHaKo B 4
jare MMEEeT MECTO aBTOKOPPENSLUS OCTATKOB.
Tect Jlptonra-bokca (pucCyHOK 5) Takxke orpe-
JICNeT HATWMYMe aBTOKOPPEJISIIIMK OCTATKOB B 4
nare. Cratuctuka Jlapouna-Yorcona (Durbin-
Watson stat) DW=1.55 gna 75 wuabiaromeHui
MOTAIaeT B 30HY IOJIOKUTEIHHON aBTOKOppe-
JSWY TIEPBOTO Hopsiaka [S].

o T Ve
N RO TV NAVAT I W
N AR AT RN \U)\Wi v

Residual —— Actual —— Fitted‘

PucyHnok 4. — Moaeas AR(1) HoMUHANBbHOT
LeHbI Ha He(pTh Mapku Brent ¢ puxTUBHOM
nepeMeHHOoM

OILBRENT=0.97*OILBRENT(-1)+23.93*D2008Q2-59.81*D2008Q4-25.82*D2014Q4+3.04,
(7.34)

(0.03) (7.26)

W Equation: UNTI

=101]

ViewIProcIOh]ect Prink | Mame | Freeze EstimateIForecastIStats Resids

Correlogram of Residuals

Date: 01421419 Time: 17:18
Sarmple: 2000Q2 201804
Included observations: 75

Autocarrelation Partial Correlation AC PAC Q-Stat Prob
[ [ 1 0215 0.215 35988 0.058
M il 2 0137 009 50941 0078
i [ 3 0.003 -0.047 50950 0.165
= [ | 4 0234 0242 953514 0.049
g g 5 -0.054 -0.160 9.7766 0.082
[l il 6 0.086 0.094 10402 0.109
sl [ 7 0158 0185 12523 0.085
i Ll 8 0.002-0195 12523 0.129
i L 9 0007 0108 12528 0185
T o 10 0026 -0.007 12669 0.245
sl L 11 0136 0.043 14306 0.217
T i 12 0031 0097 14393 0.276
0 T 13 0196 0110 16.041 0156
i O 14 0072 -0.206 18627 0.104
i [ 16 -0.073 -0.066 19.043 0.212
g [ 16 -0.121 -0.043 20460 0.129

Pucynok 5. — Koppesiorpamma ocTaTkoB
mozaean 4

Tect Vaiita (White Heteroskedasticity Test)

MO3BOJISIET Ha YPOBHE 3HAUMMOCTH 5 % caenartb
BBIBOJ O TIIOCTOSIHCTBE JHCIIEPCHUH OCTaTKOB.
Tect Xaka-bepa (Jarque-Bera) ompenensier
CUMMETPHUYHOCTL OCTAaTKOB, HO OTKJIOHSACT TI'H-
MOTe3y O HOPMAJILHOM 3aKOHE pacIpeielieHHs
OCTaTKOB (PUCYHOK 6).

20

Series: Residuals

Sample 2000Q2 2018Q4
Observations 75

Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis

Jarque-Bera
Probability

1.83e-14
0.429627
24.05213

-25.68749

8.064662

-0.278563

4.628098

9.253412
0.009787
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Pucynok 6. — Bug pacnpenejieHusi 0CTaTKOB
Monesu 4

Takum obpa3zom, Mozens 4 SBIsSETCS HealeK-
BaTHOH, TaK KaK OCTaTKA aBTOKOPPETUPOBAHBI U
HE MMOJUYMHSIIOTCS HOPMAJIBHOMY 3aKOHY pacIpe-
neneHusa. Mozaens 4 Hy)XAaeTcs B yIy4IIeHUH.

Ha pucynke 4 HaOmonaroTcs HEyYTEHHBIC
CTpyKTypHBIe caurd. [lostomy no0GaBum naBe
WMITYJIbCHBIE (DUKTHBHBIE TEPEMEHHBIE CTPYK-
TypHOTO ciBura Juist 2 kBaptana 2008 roma u 4
kBaprana 2014 roga:

()

(7.28) (1.95)

rae D2008Q2, D2014Q4 — umiryisCHBIC QUKTHBHBIC IEPEMEHHBIC CTPYKTYPHOro casura it 2 keaprana 2008 roma

1 4 kBaprana 2014 roma COOTBETCTBEHHO.
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I'padmueckoe mpenacraBieHHE peE3yIbTATOB
MOJICJIMPOBAHUS OTOOPAKEHO Ha PHCYHKE 7.
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Pucynok 7. — Moneas AR(1) HoMuHAIBbHOIT
neHnsl Ha HeTH Mapku Brent
¢ TpeMsi PUKTHBHBIMH NE€PeMEeHHbIMH

VYpaBHeHue 5 sBisSETCS CTaTUCTHYECKU 3Ha-
YUMBIM, BCE OOBICHSIOIINE TIepEMEHHBIE TaKKe
SBIISIOTCS CTATUCTUYECKH 3HAYAMBIMH. TecT
muoxwuteneii  Jlarpamka  (Breusch-Godfrey
Serial Correlation LM Test) na ypoBHe 3Ha4m-
MocTd 5 % B 1I€JIOM HE OTKJIOHSET HYJIEBYIO TH-
MOTe3y O B3aUMHO HE3aBUCHMBIX OCTaTKax MO-
nenu 0e3 Besikux oroBopok. Tect JIptoHra-bokca
(pucyHoK 8) Takke MOATBEPXkTAeT OTCYTCTBHE
aBTOKOppensuu octatkoB. Cratuctuka lapou-
Ha-Yorcona (Durbin-Watson stat) DW=1.87
Uit 75 HaONIONEHWH Tomajgaer B 30HY OTCYT-
CTBUSL aBTOKOPPEIIIIMK  TEPBOTO  TIOPSIKA.
OcraTkul ABISIOTCS CAMMETPUYHBIMHU U TIOTYHU-
HSIOTCS HOPMAJbHOMY 3aKOHY pacIpelleleHus
(cmotpu pucyHok 9). OgnoBpemenHo Tect Yaii-
ta (White Heteroskedasticity Test) mo3BonseT Ha
YpOBHE 3HAYMMOCTH 5 % cienath BBIBOJ O TIO-
CTOSIHCTBE JAMCIIEPCHH OCTATKOB.

Takum o0pa3oM, MOIeNb 5 sBISETCS aaeK-

BATHOM.
view|Proc| Object| Print|Mame|Freeze| Estimate|Forecast| stats|Resids|
Correlogram of Residuals
Date: 01/21A13  Time: 17:33
Sample: 200002 201804
Included observations: 75
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Pucynok 8. — KoppenorpamMmma ocrarkos
Mozjean 5
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Series: Residuals
Sample 2000Q2 2018Q4
Observations 75

Mean 9.90e-15
Median 0.255688
Maximum 17.69612
Minimum -23.54490
Std. Dev. 6.949601
Skewness -0.332418
Kurtosis 3.876750
Jarque-Bera  3.783431
Probability 0.150813
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Pucynok 9. — Buja pacnpenejieHusi 0CTATKOB
MojeJu 5

Oxonomuka CIIA moxsep:xeHa MHPIAINOH-
HbeIM Tniporieccam. C saBaps 2000 1. mo nexadpb
2018 r. undasuus gommapa CIHIA cocraBuna
7,8% [6]. ITosToMy OBLIO IpOBENEHO JOrapud-
MHUPOBaHUE HCXOJAHBIX NaHHBIX (pUcyHOK 10).
Koppenorpamma mporiecca MoATBEpkKAAET, YTO
HaWIy4Ieil MOJENbI0 Uil €r0 ONHUCAHUS SIBIIS-
eTCsl aBTOKOPPEIALMOHHBI NPOLECC NEepBOro
nopsinka (pucynok 11). Bpemennoit psig nora-
pudmMa 1eHsl Ha He(PTH MO pe3yabTaTaM TeCTH-
posanus (Augmented Dickey-Fuller test statis-
tic) sBisieTCs HecTallMOHAPHBIM MHTETPUPOBAH-
HBIM PSJIOM TIEPBOTO MOpsiaKa (Tadmuma 3).
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Pucynok 10. — lunamuka jorapugma
HOMUHAJILHOI IeHbI Ha HepTH Mapku Brent
(L_OILBRENT)

[ Correlogram of L_OILBRENT

Date: 01/22/19  Time: 04:35
Sarnple: 200001 201804
Included observations: 76

Autocorrelation Partial Correlation AC PAC (-Stat Prob
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Pucynok 11. — Koppenorpamma jorapupma
HOMUHAJILHOI 1eHsl Ha HedTh Mapku Brent
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Tabmuua 3. — Pacumpennsiii rect ukku-®ymiepa BpemenHoro psiaa L_OilBrent

BpemenHoii psix t-Statistic Test critical values
1% level 5% level 10% level
L_OILBRENT 0.462209 -2.596160 -1.945199 -1.613848
D(L_OILBRENT) -7.004072 -2.596586 -1.945260 -1.613912

Jlns mpeoOpa3oBaHHBIX JAaHHBIX ObLIA IIO-
CTpOCHA aJIbTEPHATUBHAS MOJEIh B Crienu(uKa-
uu 2:

L_OILBRENT = 0.94*L_OILBRENT(-1) + 0.25,  (6)
(0.03) (0.14)

I'pacmueckoe mpeacTaBiIeHUE pPeE3yJIbTATOB
MOJIETHpPOBaHHUS (PUCYHOK 12) MO3BOINSET yBH-
JeTh CTPYKTYypHbIM casur B 4 kBaptane 2008
roga. [lomyueHHoe ypaBHEHHE SBIISICTCS CTaTH-
CTHYECKH 3HAUYUMBIM. OOBSICHAOMUN (akTop
OKa3bIBaeT 3HAUYMMOE BIMSHHE Ha 3aBHCHMYIO
NEPEMEHHYI0O M TIO3BOJISIET OOBACHUTH 91% eé
mucnepcuu [4].
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L 4.0

41 L35

24\ AN \ |30

ol AAAA VIS A apn L a ™M

SIWEE TV VNN Vs

2] \/ | \]V\]

n
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-84,

Fitted ‘

l —— Residual —— Actual

Pucynox 12. — Moaeas AR(1) sorapugma
HeHbI HAa He)TH Mapku Brent

IIpu npoBepke ycia0BHMl aJeKBAaTHOCTHU OIIpe-
JIeNIEHO, ONIMOKH SIBIISIIOTCS HEKOPPEIUPOBaH-
HBIMH coriacHo Tecta JIptoHra-bokca (pucyHok
13), Tecta MHoxwureneit Jlarpamka. Cratuctuka
Iap6una-Yorcona (Durbin-Watson stat)
DW=1.59 naxoaurcsi B 30HE IOJIOKUTEIHHOM
ABTOKOPPETIAIMH MIEPBOTO MOPSAKA.

Correlogram of Residuals

Date: 05409419 Time: 07:22
Sarnple: 200002 201804
Included observations: 75

Autocorrelation Partial Carrelation AC  PAC Q-Stat Prob
0 ) 0202 0202 31340 0.074
O O 0123 0171 4.3783 0.112
i -0.066 -0.003 4.7281 0.193

0055 0.054 45779 0290
-0.100 -0.147 68078 0328
0.007 0.071 5.6120 0.445
0112 0078 68705 0442
0.040 -0.020 7.0099 0536
-0.084 0.012 7.2690 0.609
0.076 0.069 7.7802 0650
0008 0005 77862 0732
0052 0060 80333 0.783
0004 -0031 80347 0.841
0.011 0001 5.0456 0.857
-0.059 -0.075 B8.3800 0.503
0.045 0.026 8.6063 0.529
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Pucynok 13. — KoppeJsiorpamma ocTaTkoB
mojaean 6

Tect YaiiTa He OTKJIOHSET HYJIEBYIO I'MIIOTE-
3y 0 IOCTOSHCTBE Aucnepcuu. IIposepka ocrat-
KOB HOATBEP)KIAET UX CUMMETPUYHOCTh, HO HE
MOJTBEP)KIAET UX COOTBETCTBHUS HOPMAaJbHOMY
3aKOHY pacrpezeneHus (CMOTpH PUCYHOK 14).

20

161

Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis

12

Jarque-Bera
Probability

Series: Residuals
Sample 2000Q2 2018Q4
Observations 75

5.26e-17
0.027589
0.257632

-0.709823

0.153224

-1.645851

7.960954

110.7699
0.000000

|m ]

0.6 04 0.2 00 02

Pucynok 14. — Bua pacnpenesjieHus1 0CTaTKOB
MoJenu 6

Mopenp 6 sBnseTCAS HEANEKBATHOM, MMOATOMY
no0aBUM B MOJENh (UKTUBHBIC IEPEMCHHEIC
CcTpyKTypHOTO casura ans 4 keaprana 2008 roga
(D2008Q4) u 1 xBaprama 2015 roma (D2015Q1)
Y OLICHUM €€ MapaMeTphl:

L_OILBRENT = 0.97*L_OILBRENT(-1) - 0.75*D2008Q4 - 0.37*D2015Q1 + 0.14 (7)

(0.03)

(0.13) (0.12) (0.11)
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[TomydeHHble ypaBHEHHE SBJISETCS CTaTH-
CTUYCCKH 3HAYUMBIM, OOBSCHSIONUE (HaKTOPHI
OKa3bIBAIOT 3HAYMMOE BIUSHHE HA SHJIOTCHHYIO
MEPEeMEHHYI0, a CKOPPEeKTHPOBAaHHBIA KO3(PPu-
HUEHT AeTepMuHanuu 94%.
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Pucynok 15. — Mogeas 7 AR(1) morapugma
HeHbl Ha HeTh Mapku Brent ¢ mepeMeHHbIMH
CTPYKTYPHOIO CABHMIa

Mogens 7 sBasercs aJeKBaTHOM IO pe3yJib-
TaTaM TPOBEPKHM  YCIOBHHA  aJeKBaTHOCTH.
OcCTaTk CUMMETPUYHBI M TIOJAYUHSIOTCS HOP-
MaJILHOMY 3aKOHY pachpejieieHusi (PUCyHOK
16), Ha ypoBHE 3HAYUMOCTH 5% HMMEIOT MOCTO-
SHHYIO naucriepcuto (tabnwma 4) W SBISIFOTCS
B3aMMHO HE3aBUCHMBIMU (cTaTUCTHKA JlapOuHa-
Yorcona DW=1.9) mno pesynpTaram TecTOB
MHokuTenelt Jlarpamka (Tabnuma 5) u JIstonra-
Boxkca (pucynok 17)

12

Series: Residuals

. Sample 2000Q2 201804

©

~

~

Observations 75
Mean 1.11e-15
Median 0.010031
| Maximum 0.259301
Minimum -0.317609
Std. Dev. 0.120865
1 Skewness  -0.568724
Kurtosis 3.356932
Jarque-Bera  4.441219
I- Probability ~ 0.108543
"!_!_!_y_!_!_!_!_y_!_!_!_!_y_!_!_!_!_y_!_!_!_!_y_!'

025 0125 0000 0125 0250

Pucynok 16. — Bua pacnpene/ieHusi 0CTaTKOB
Moaeau 7

Tabmmna 4. — Tect Yaiita
(White Heteroskedasticity Test)

F-statistic

0.774080 Probability 0.545748

Obs*R-squared  |3.176958

Probability 0.528661

Tabmuma 5. — Tect mHoxwurenerr Jlarpanxka
(Breusch-Godfrey Serial Correlation LM Test)

F-statistic 0.304752 |Probability |0.873813

Obs*R-squared |1.340177 |Probability |0.854523

Correlogram of Residuals

Date: 05/0949  Tirme: 08:48
Sarple: 200002 201804
Included observations: 75

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

1 0040 0.040 01267 0723
2-0011 0.013 01357 0.934
3-0038 -0.037 02488 0.969
4 0131 0134 16394 0802
5-00358 -0.051 1.7573 0.882
B
7
g

[}
O

0110 0,118 27618 0838

0029 0100 3.4862 0826

0022 0006 36274 0839
9 0020 0.047 36625 0932
10 0013 -0.013 36784 0.961
11 -0022 -0.039 37239 0977
12 0015 0.017 37446 0983
13 0145 0117 56927 0957
14 -0067 -0.057 B.1181 0.983
15 -0029 -0.014 61980 0.976
16 -0.064 -0.068 B.5930 0.980
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Pucynok 17. — Koppesiorpamma ocTaTkoB
moxaenu 7

[lepeiineM OT HOMHMHAJIBHBIX 3HAYEHUU CTO-
umocTr Hedptr Mapku Brent x peanpHbIM 3Haue-
Husim (R_OILBRENT). [lnst 3Toro HOMUHAIb-
HYIO 1IeHy Ha HeTh Mapku Brent ckoppekTupy-
€M Ha 3Ha4YeHHe MHJEKCa MOTPEOUTENbCKUX IIeH
B CIIIA (pucyHok 18).
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Pucynok 18. — Unaekc norpeduTe bCKUX LIEH
B CIIA [7]

HeoOxomumMo OTMETHTh, 4YTO BHU3yaJTbHBIN
dHaJIn3 JUHAMHKW PpCaJIbHBIX IICH Ha He(bTI)
Mapku Brent mosBoiser cnenaTh BBIBOJ, YTO
XapakTep W3MCHEHHS IIEH CYIISCTBEHHO HE W3-
MeHmIIcs (pucyHOK 19).
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MO,I[CJ'IB ABTOPCTPCCCHUU TICPBOT0 MOpsAAKa

70
BPEMEHHOIO psla peanbHbIX LeH Ha He(Th CO

60+ CTPYKTYPHBIMH CABUTaMH OYET MMETh BHI:

501 R OILBRENT=0.97'R OILBRENTI-1}+12.6'D2008Q2-30.75*D2008Q4-1290'D201404+1.60, (5

40, (003) (370) (474) (370) (104

30+ rae D2008Q2, D2008Q4, D2014Q4 — uMITymbC-
Hble (PUKTUBHBIE IEPEMEHHBIE CTPYKTYPHOI'O CIIBHIA

20+ s 2 u 4 xBapranoB 2008 roga u 4 xBaprana 2014

10 roJia COOTBETCTBEHHO.

MOI[GJ'II) 8 saBiseTCS aI[eKBaTHOfI, IMOCKOJIBKY

BBITTOJIHAKOTCA BCC YCJ'IOBI/IH AJCKBATHOCTHU:

CUMMETPUYHOCTH, OTCYTCTBHUSI aBTOPETPECCHH,

Pucynox 19. — lunamika peajbHoii UeHbI Ha MOCTOSIHCTBA AMCIIEPCUM W HOPMAJIBHBIA 3aKOH
Hets Mmapku Brent (R_OILBRENT) pacTIpe/ieeH s OCTAaTKOB.

. TakuMm 00pa3oM, MOTY4IEeHBI TP aJeKBaTHBIC

Koppesnorpamma BpeMEHHOTO psna peanbHoi Mozenu — moaenu 5, 7 u 8. M3 Tpex ageKkBaTHBIX

LeHB! Ha He(Th Mapku Brent mMeeT mpH3Haki Mojeael Haubojiee SKOHOMHYHOM COIIACHO

aBTOPETPECCHOHHOTO TpoIecca MepBOro Mopsi- HH(OPMAIHONHEIM  KpHTEpHSM  AKanke

Ka (pucynoxk 20). [IBapia sBaserca moaens 7. OTMETHM, YTO U B

B N MOJIETH 5 U B MOJIeNH 7 U B MOJIeNu § 3HaYeHHe

Date: 057719 Time: 0540 napaMerpa Ipu OOBACHSIONIEH TepeMeHON Co-

Bample 200041 20161 crasisger 0,97. 3HadeHHe OJIM3KOE K EIUHULLE.
ncluded observations: 75

JIOTIOJTHUTETHHO OTMETUM JiBa BBINAIAOIINUX

KBapTaja B MOJEJIM 7 ¥ TPU BbINAJAIONIUX KBap-

Autocorrelation  Partial Correlation AZ PAC G-Stat Prob

| 1 1 1 0926 0926 66904 0.000 o
= = 3 0EE 0270 11984 0000 Tajga B MouelsiXx 5 u 8 3a 9 jer HAOIMIOAEHUI.
[ — 0 3 0741 0213 16399 0.000
= ' i e Ol a0 0o Ecnu Ob1 OupikeBble TOPTH HEPTHIO MPOXOAUIH
— e 5 D603 -0.043 23150 0000 1 pa3 B KBapTas, TO BBIIBUHYTYIO THIIOTE3y 00
[ [l G 0547 D036 25691 0000
= K 7 04900038 2734 0000 3¢ GeKTUBHOM OUPXKEBOM PHIHKE HE(PTHIO MOXK-
= ig 1 o 0418 0186 26242 0.000
[ = | 9 0359 0.148 30372 0.000 HO OBLIO OBl MNOATBCPAUTD. O,I[HaKO TOPru UAyT
= il 10 0329 0.047 31334 0.000
= N 1 03 Go 1o Doo exenHeBHo. [IpoBepuM rumnoresy 00 3¢ ekTus-
B re 12 0.2% -0.03¢ 33025 0.000 HOM DBIHKE Ha MECSYHBIX JaHHBIX AUana3zoHa C

saBapst 2000 roma no aexadps 2018 roga.

Koppemorpamma BpeMEHHOTO psiia Mecsd-
HBIX JIAaHHBIX IICHBI Ha He(Th Mapku Brent umeer
(Augmented MPU3HAKU aBTOPETPECCUU BTOPOTO MOPsiKa (pU-
CyHOK 21), a TeCThl €IMHUYHOTO KOPHS MO3BO-
JISIIOT UACHTH(DHUIIMPOBATH 3TOT BPEMEHHOU Psij
KaK HECTAIlMOHAPHBIA HMHTETPUPOBAHHBIN IEp-
BOTO mopsika (Tabnuma 7).

Pucynok 20. — Koppesiorpamma BpeMeHHOI0
psana R_OILBRENT

TecTbl EIUHUYHOTO  KOPHS
Dickey-Fuller test statistic) mo3BossitoT uaeHTH-
(bunMpoBaTh ATOT BPEMEHHOW psiji, KaKk HecTa-
LMOHAPHBI MHTErPUPOBAHHBIN MIEPBOTO MOPAI-
ka (Tabnuma 6).

Tabnmuua 6. — Pacumpennsiii Tect Aukku-®ymiepa BpemenHoro psaa R_OilBrent

BpemenHoti psia t-Statistic Test critical values
1% level 5% level 10% level
R_OILBRENT -0.341926 -2.597476 -1.945389 -1.613838
D(R_OILBRENT) -6.789268 -2.597476 -1.945389 -1.613838

132
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Correlogram of OILBRENT

Date: 050919 Time: 18:21
Sample: 1987 M05 2018M12
Included observations: 380

Autocorrelation Partial Correlation AL FP&C -Stat Prob
[ — ) 1 0,989 0,989 3Fd4.65  0.000
[ — — 2 0970 -0.395 ¥35.65 0.000
[ — i 3 0.947 0.012 1081.1 D.000
[ e— 1 4 05925 0.021 14112 0.000
[ E— g 5 0904 0113 17279 0.000
[ E— 11 G 0.886 -0.031 20325 0.000
[ — g 7 D.B70 0111 23272 0.000
[ e— i 8 0.857 0.012 26138 0.000
| g 9 0.847 0.088 28942 0.000
[ — i 10 0.838 0.017 316599 0.000
[ e— o 11 0.829 -0.093 34402 0.000
[ — i 12 0.817 -0.084 37037 0.000

Pucynoxk 21. — KoppeJjiorpamMa BpeMeHHOI0 psila MeCSYHbIX JAHHBIX HOMUHAJBLHOM 1leHbl HA He(PTh
mapku Brent

Ta6muua 7. — Pacumpennsiii Tect ukku-®ymiepa BpemenHoro psiaa OilBrent

BpemenHoii psaa t-Statistic Test critical values
1% level 5% level 10% level
OILBRENT -0.981862 -2.571094 -1.941664 -1.616137
D(OILBRENT) -13.11813 -2.571094 -1.941664 -1.616137

[MocTpoeHne Mojenu aBTOPErpeccHd Ha oc-
HOBE MECSYHBIX JAHHBIX HE IMO3BOJMJIO TOJTY-
YUTh AJCKBATHYIO MOJENb C MPUEMIIEMBIM KO-
JIMYECTBOM CTPYKTYPHBIX CIOBUroB. Tpu u3 ue-
THIPEX YCJIOBH aJIEKBATHOCTH HE BBIMOJIHSIOT-
Csl: OTCYTCTBHS aBTOPEIPECCHM, IOCTOSHCTBA
JUCTIEPCUU M HOPMAJIBHBIN 3aKOH paciperee-
HUSI OCTaTKoB. Mojellb HE MOXKET HCIOJb30-
BaThCA JJIsl aHAIN3a U IPOTHO3UPOBAHUSL.

3akmoyenue. B 1onrocpoyHoi nmepcnekTH-
BE Ha IIEHBI MpHU OHWPKEBOW TOProBiie HEPTHIO
Mmapku Brent ompenenstoinee BiIMSHUE OKa3bl-
BalOT (yHOaMeHTalbHble (AKTOPHl cHpoca MU
npeyioKeHns. 3HAaueHue IapaMerpa, paBHOE
0.97, mpm aBTOpPErPECCHOHHOW KOMITOHEHTE
NepBOro Topsaka npuMepHo paBHO 1. Ecim
npeHeOpeyb TpeMsl CTPYKTYPHBIMH CABUTaMH J1a
9 netr HabmOMEHUN, TO OOIIYIO TEHICHITUIO W3-
MEHEHUS IIeH Ha HeTh MOYKHO OIHCBIBATH KaK
MoJeIb 3 HEeKTUBHOTO pBIHKA /17151 KBAPTAIBHBIX
JaHHbIX. OJHAaKO TOPTH WIYT eXeJaHeBHO. U
CHEKYJISITUBHASI COCTaBJISIONIAsl HAYMHACT OKa-
3bIBaTh BIHMSHUE Ha (OPMHUPOBAHHE LEH. JTO
MOATBEP)KIACTCS 3HAYUTENBHBIM yBEITHUCHHEM
KOJINYECTBA IIEPEMEHHBIX CTPYKTYpPHOI'O C/IBUTA,
KOTOpble HEOOXOIUMO YYECTh AJS TOyYeHHS
aJIeKBaTHOM MOJENU JaKe€ Ha CTATHCTHYECKHX
JaHHBIX ¢ maroM 1 mecsu. CienoBarTenbHo, Uil
JOJATOCPOYHOTO IPOTHO3UPOBaHMA ILIEH Ha
HeTh Mapku Brent MoryT OBITH MCIOJIB30BaHBI
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MOJIeJIM, TPE/CTaBIEHHbIE B cTaThe. B ciydae
KpPaTKOCPOYHOTO TIPOTHO3UPOBAHMS IIeH Ha
HeTs Mapku Brent mopmens 3ddexTuBHOTO
PBIHKA HEIIPUMEHUMA.
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