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Ïðîãíîçèðîâàíèå âðåìåííîãî ðÿäà

Âðåìåííîé ðÿä: y1, . . . , yT , . . . , yt ∈ R, � çíà÷åíèÿ ïðèçíàêà, èçìåðåííûå

÷åðåç ïîñòîÿííûå âðåìåííûå èíòåðâàëû.

Çàäà÷à ïðîãíîçèðîâàíèÿ: íàéòè �óíêöèþ fT :

yT+d ≈ ŷT+d = fT (yT , . . . , y1, d) ,

ãäå d ∈ {1, 2, . . . , D} , D � ãîðèçîíò ïðîãíîçèðîâàíèÿ.

Ôóíêöèÿ âûáèðàåòñÿ ñëåäóþùèì îáðàçîì:

QT =
T
∑

t=1

(yt − ŷt)
2 → min

fT

.
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Ñìåðòíîñòü îò ñåðäå÷íî-ñîñóäèñòûõ çàáîëåâàíèé

åñòü ãîäè÷íûé ïðî�èëü � ñåçîííîñòü (ãîäîâàÿ);

åñòü ëèíåéíîå óáûâàíèå � òðåíä.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Ïðîäàæè íå�òåïðîäóêòîâ â ÑØÀ

ãîäîâàÿ ñåçîííîñòü;

ïîâûøàþùèéñÿ ëèíåéíûé òðåíä.
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Äèíàìèêà ñðåäíåãîäîâîé òåìïåðàòóðû

Îòêëîíåíèå îò ñðåäíåãîäîâîé òåìïåðàòóðû â ãðàäóñàõ Öåëüñèÿ:
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Ëèíåéíûé òðåíä: ðåãðåññèÿ

Ïîñòðîèì çàâèñèìîñòü îòêëîíåíèÿ òåìïåðàòóðû îò ãîäà:

yt = θ0 + θ1t+ ε, t = 1900, . . . , 2000.

θ0 = −12.186, θ1 = 0.006;
SE (θ0) = 0.9, SE (θ1) = 0.005;
R2 = 0.651, R2

a = 0.648;
F = 179.5, p = 2× 10−16.
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Îñòàòêè

ε̂t = ŷt − yt, t = 1, . . . , T :
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Àíàëèç îñòàòêîâ

Òðåáóåìûå ñâîéñòâà îñòàòêîâ è ìåòîäû èõ ïðîâåðêè:

íîðìàëüíîñòü (óëó÷øàåò ñâîéñòâà ÌÍÊ-îöåíêè, îïðåäåëÿåò âûáîð

êðèòåðèåâ äëÿ ïðîâåðêè äðóãèõ ãèïîòåç) � êðèòåðèé Øàïèðî-Óèëêà;

íåñìåù¼ííîñòü � êðèòåðèè Ñòüþäåíòà è Óèëêîêñîíà;

ãîìîñêåäàñòè÷íîñòü � êðèòåðèé Áðîéøà-Ïàãàíà;

íåàâòîêîððåëèðîâàííîñòü (îòñóòñòâèå íåó÷ò¼ííîé ëèíåéíîé

çàâèñèìîñòè îò ïðåäûäóùèõ íàáëþäåíèé) � êîððåëîãðàììà,

Q-êðèòåðèé Ëüþíãà-Áîêñà (ãðóïïà ëàãîâ);

ñòàöèîíàðíîñòü (îòñóòñòâèå çàâèñèìîñòè îò âðåìåíè) � êðèòåðèé

KPSS.
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Àâòîêîððåëÿöèÿ

Àâòîêîððåëÿöèîííàÿ �óíêöèÿ:

rτ = corr (yt, yt−τ ) =

T−τ
∑

t=1

(yt − ȳ) (yt+τ − ȳ)

T
∑

t=1

(yt − ȳ)2
, ȳ =

1

T

T
∑

t=1

yt.

rτ ∈ [−1, 1] , τ � ëàã àâòîêîððåëÿöèè.

Ïðîâåðêà çíà÷èìîñòè îòëè÷èÿ àâòîêîððåëÿöèè îò íóëÿ:

âðåìåííîé ðÿä: Y T = Y1, . . . , YT ;
íóëåâàÿ ãèïîòåçà: H0 : rτ = 0;

àëüòåðíàòèâà: H1 : rτ 6= 0;

ñòàòèñòèêà: T
(

Y T
)

= rτ
√

T−τ−2√
1−r2

τ

;

T
(

Y T
)

∼ St (T − τ − 2) ïðè H0.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

Q-êðèòåðèé Ëüþíãà-Áîêñà

ðÿä îøèáîê ïðîãíîçà: εT = ε1, . . . , εT ;
íóëåâàÿ ãèïîòåçà: H0 : r1 = · · · = rL = 0;

àëüòåðíàòèâà: H1 : H0 íåâåðíà;

ñòàòèñòèêà: Q
(

εT
)

= T (T + 2)
L
∑

τ=1

r2
τ

T−τ
;

Q
(

εT
)

∼ χ2
L ïðè H0;
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äîñòèãàåìûé óðîâåíü çíà÷èìîñòè:

p (q) = 1− chi2cdf(q, L).
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Â ðàññìàòðèâàåìîé çàäà÷å
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Êðèòåðèé KPSS (Kwiatkowski-Philips-S
hmidt-Shin)

ðÿä îøèáîê ïðîãíîçà: εT = ε1, . . . , εT ;
íóëåâàÿ ãèïîòåçà: H0 : ðÿä εT ñòàöèîíàðåí;

àëüòåðíàòèâà: H1 : ðÿä εT îïèñûâàåòñÿ ìîäåëüþ

âèäà εt = αεt−1;

ñòàòèñòèêà: KPSS
(

εT
)

= 1

T2

T
∑

i=1

(

i
∑

t=1

εt

)2
/

λ2;

KPSS
(

εT
)

ïðè H0 èìååò òàáëè÷íîå ðàñïðåäåëåíèå.
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Â ðàññìàòðèâàåìîé çàäà÷å

Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 0.8618.
Êðèòåðèé Ñòüþäåíòà: p ≈ 1.
Êðèòåðèé ãîìîñêåäàñòè÷íîñòè Áðîéøà-Ïàãàíà: p = 0.9335.
Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

Àâòîðåãðåññèÿ

AR(p) : yt = φ1yt−1 + φ2yt−2 + · · ·+ φpyt−p + εt,

ãäå yt � ñòàöèîíàðíûé ðÿä ñ íóëåâûì ñðåäíèì, φ1, . . . , φp � êîíñòàíòû

(φp 6= 0), εt � ãàóññîâ áåëûé øóì ñ íóëåâûì ñðåäíèì è ïîñòîÿííîé

äèñïåðñèåé σ2
ε .

Åñëè ñðåäíåå ðàâíî µ, ìîäåëü ïðèíèìàåò âèä

yt = α+ φ1yt−1 + φ2yt−2 + · · ·+ φpyt−p + εt,

ãäå α = µ (1− φ1 − · · · − φp) .

Äðóãîé ñïîñîá çàïèñè:

φ (B) yt =
(

1− φ1B − φ2B
2 − · · · − φpB

p
)

yt = εt,

ãäå B � ðàçíîñòíûé îïåðàòîð (Byt = yt−1).

Ëèíåéíàÿ êîìáèíàöèÿ p ïîäðÿä èäóùèõ ÷ëåíîâ ðÿäà äà¼ò áåëûé øóì.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Ñêîëüçÿùåå ñðåäíåå

MA(q) : yt = εt + θ1εt−1 + θ2εt−2 + · · ·+ θqεt−q,

ãäå yt � ñòàöèîíàðíûé ðÿä ñ íóëåâûì ñðåäíèì, θ1, . . . , θq � êîíñòàíòû

(θq 6= 0), εt � ãàóññîâ áåëûé øóì ñ íóëåâûì ñðåäíèì è ïîñòîÿííîé

äèñïåðñèåé σ2
ε .

Åñëè ñðåäíåå ðàâíî µ, ìîäåëü ïðèíèìàåò âèä

yt = µ+ εt + θ1εt−1 + θ2εt−2 + · · ·+ θqεt−q.

Äðóãîé ñïîñîá çàïèñè:

yt = θ (B) εt =
(

1 + θ1B + θ2B
2 + · · ·+ θqB

q
)

εt,

ãäå B � ðàçíîñòíûé îïåðàòîð.

Ëèíåéíàÿ êîìáèíàöèÿ q ïîäðÿä èäóùèõ êîìïîíåíò áåëîãî øóìà εt äà¼ò

ýëåìåíò ðÿäà.
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Àâòîêîððåëÿöèè

Â ìîäåëÿõ MA(q) àâòîêîððåëÿöèÿ ðÿäà ðàâíà íóëþ ïðè ëàãå, áîëüøåì q,

è ñòðîãî áîëüøå íóëÿ ïðè ëàãå q.

×àñòè÷íàÿ àâòîêîððåëÿöèÿ ñòàöèîíàðíîãî ðÿäà yt:

φhh =

{

corr (yt+1, yt) , h = 1,

corr
(

yt+h − yh−1

t+h , yt − yh−1
t

)

, h ≥ 2,

ãäå yh−1

t � ðåãðåññèÿ yt íà yt+1, yt+2, . . . , yt+h−1:

y
h−1
t = β1yt+1 + β2yt+2 + · · ·+ βh−1yt+h−1,

y
h−1

t+h = β1yt+h−1 + β2yt+h−2 + · · ·+ βh−1yt+1.

Â ìîäåëÿõ AR(p) ÷àñòè÷íàÿ àâòîêîððåëÿöèÿ ðÿäà ðàâíà íóëþ ïðè ëàãå,

áîëüøåì p, è ñòðîãî áîëüøå íóëÿ ïðè ëàãå p.
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ARMA (Autogerressive moving average)

ARMA(p, q) : yt = φ1yt−1+· · ·+φpyt−p+εt+θ1εt−1+θ2εt−2+· · ·+θqεt−q,

ãäå yt � ñòàöèîíàðíûé ðÿä ñ íóëåâûì ñðåäíèì, φ1, . . . , φp, θ1, . . . , θq �

êîíñòàíòû (φp 6= 0, θq 6= 0), εt � ãàóññîâ áåëûé øóì ñ íóëåâûì ñðåäíèì è

ïîñòîÿííîé äèñïåðñèåé σ2
ε .

Åñëè âðåäíåå ðàâíî µ, ìîäåëü ïðèíèìàåò âèä

yt = α+φ1yt−1+φ2yt−2 + · · ·+φpyt−p + εt+ θ1εt−1+ θ2εt−2 + · · ·+ θqεt−q,

ãäå α = µ (1− φ1 − · · · − φp) .

Äðóãîé ñïîñîá çàïèñè:

φ (B) yt = θ (B) εt.
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ARIMA (Autogerressive integrated moving average)

1

Äëÿ íåñòàöèîíàðíîãî ðÿäà ñòàöèîíàðíûì ìîæåò îêàçàòüñÿ ðÿä åãî

ðàçíîñòåé.

�ÿä îïèñûâàåòñÿ ìîäåëüþ ARIMA(p, d, q), åñëè ðÿä åãî ðàçíîñòåé

∇d
yt = (1−B)d yt

îïèñûâàåòñÿ ìîäåëüþ ARMA(p, q).

φ (B)∇d
yt = θ (B) εt.

1

Òàêæå ýòî ýíåðãåòè÷åñêîå èìÿ, äàííîå òâîðöîì ïåðâîçäàííûì äâóì ñâîèì

ïîñëàííèêàì äëÿ ðàáîòû ïëàíåòå Çåìëÿ, ïîäðîáíîñòè ñì.

http://light-love.ru/nasha-istoriya/ot-avtorov.html/

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.

http://light-love.ru/nasha-istoriya/ot-avtorov.html/


Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

ÂÂÏ ÑØÀ

Ïîêâàðòàëüíûå î÷èùåííûå îò ñåçîííîñòè äàííûå î ÂÂÏ ÑØÀ

â ìèëëèàðäàõ äîëëàðîâ 1996 ãîäà:

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Àâòîêîððåëÿöèÿ

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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�ÿä ïåðâûõ ðàçíîñòåé

Íåñòàöèîíàðåí, âàðèàöèÿ äàííûõ âûøå âî âòîðîé ïîëîâèíå ðÿäà (KPSS

p < 0.01).

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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�ÿä ïåðâûõ ðàçíîñòåé ëîãàðè�ìîâ

Ñòàöèîíàðåí (KPSS p > 0.1), èíòåðïðåòèðóåòñÿ êàê ïðèðîñò ÂÂÏ

â ïðîöåíòàõ.
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Àâòîêîððåëÿöèÿ è ÷àñòè÷íàÿ àâòîêîððåëÿöèÿ ðÿäà ïðèðîñòîâ

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Ìîäåëè

Âàðèàíòû èíòåðïðåòàöèè ãðà�èêîâ:

AC ðàâíà íóëþ ïîñëå ëàãà 2, PAC óáûâàåò � ìîäåëü MA(2);

PAC ðàâíà íóëþ ïîñëå ëàãà 1, AC óáûâàåò � ìîäåëü AR(1);

ìîäåëü ARMA(1, 2).

AR(1): yt = 0.005 + 0.347yt−1 + εt, σ̂ε = 0.0095;

MA(2) : yt = 0.008 + 0.303εt−1 + 0.204εt−2 + εt, σ̂ε = 0.0094;

ARMA(1, 2): yt = 0.008 + 0.241yt−1 + 0.076εt−1 + 0.162εt−2 + εt, σ̂ε = 0.0089.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Äèàãíîñòèêà AR(1)
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Äèàãíîñòèêà AR(1)

Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 0.0006886.
Êðèòåðèé Óèëêîêñîíà: p = 0.8665.
Êðèòåðèé ãîìîñêåäàñòè÷íîñòè Áðîéøà-Ïàãàíà: p = 0.5613.
Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Äèàãíîñòèêà MA(2)

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

Äèàãíîñòèêà MA(2)

Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 0.003416.
Êðèòåðèé Óèëêîêñîíà: p = 0.9917.
Êðèòåðèé ãîìîñêåäàñòè÷íîñòè Áðîéøà-Ïàãàíà: p = 0.4947.
Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Äèàãíîñòèêà ARMA(1, 2)

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Äèàãíîñòèêà ARMA(1, 2)

Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 0.003497.
Êðèòåðèé Óèëêîêñîíà: p = 0.9817.
Êðèòåðèé ãîìîñêåäàñòè÷íîñòè Áðîéøà-Ïàãàíà: p = 0.5165.
Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Ñðàâíåíèå ìîäåëåé

AIC � èí�îðìàöèîííûé êðèòåðèé Àêàèêå:

AIC = log

(

1

T

T
∑

t=1

(yt − ŷt)
2

)

+
T + 2k

T
,

ãäå k � ÷èñëî ïàðàìåòðîâ ìîäåëè;

AICc � îí æå ñ ïîïðàâêîé íà ñëó÷àé íåáîëüøîãî ðàçìåðà âûáîðêè:

AICc = log

(

1

T

T
∑

t=1

(yt − ŷt)
2

)

+
T + k

T − k − 2
;

BIC (SIC) � áàéåñîâñêèé (Øâàðöà) èí�îðìàöèîííûé êðèòåðèé:

BIC = log

(

1

T

T
∑

t=1

(yt − ŷt)
2

)

+
k log T

T
.

AIC AICc BIC

AR(1) −1431.22 −8.284 −9.264
MA(2) −1431.93 −8.297 −9.276

ARMA(1, 2) −1430.95 −8.301 −9.281

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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�åçóëüòàò

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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auto.arima

Ôóíêöèÿ auto.arima â ïàêåòå fore
ast ñàìà ïîäáèðàåò ìîäåëü ñ

íàèìåíüøèì AIC
:

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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auto.arima

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Ïðåäñêàçàòåëüíûå èíòåðâàëû

Ïðåäñêàçàòåëüíûå èíòåðâàëû ìîãóò ñòðîèòüñÿ:

â ñîîòâåòñòâèè ñ ìîäåëüþ;

ñ èñïîëüçîâàíèåì îñòàòêîâ.

Ïðèìåð (Silver, The Signal and the Noise: Why Most Predi
tions Fail � but

Some Don't, 2012): â àïðåëå 1997 ãîäà â �ðàíä-Ôîðêñ, Ñåâåðíàÿ Äàêîòà,

ïðîèçîøëî íàâîäíåíèå. �îðîä áûë çàùèù¼í äàìáîé âûñîòîé â 51 �óò;

ñîãëàñíî ïðîãíîçó, âûñîòà âåñåííåãî ïàâîäêà äîëæíà áûëà ñîñòàâèòü

49 �óòîâ; èñòèííàÿ âûñîòà ïàâîäêà îêàçàëàñü ðàâíîé 54 �óòàì.

50000 æèòåëåé áûëî ýâàêóèðîâàíî, 75% çäàíèé ïîâðåæäåíî èëè

óíè÷òîæåíî, óùåðá ñîñòàâèë íåñêîëüêî ìèëëèàðäîâ äîëëàðîâ.

Íà èñòîðè÷åñêèõ äàííûõ òî÷íîñòü ïðîãíîçîâ ìåòåîðîëîãè÷åñêîé ñëóæáû

ñîñòàâëÿëà ±9 �óòîâ.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Âèäû ñåçîííûõ ý��åêòîâ

ESS Guidelines on Seasonal Adjustment

Ñåçîííîñòü � öèêëè÷åñêèå èçìåíåíèÿ óðîâíÿ ðÿäà âíóòðè

ïîâòîðÿþùåãîñÿ ïåðèîäà, äîñòàòî÷íî óñòîé÷èâûå ìåæäó ïåðèîäàìè.

Ïðè÷èíû âîçíèêíîâåíèÿ ñåçîííîñòè:

ïðèðîäíûå �àêòîðû;

àäìèíèñòðàòèâíûå è þðèäè÷åñêèå �àêòîðû;

êàëåíäàðíûå ý��åêòû: ÷èñëî ðàáî÷èõ äíåé, ý��åêòû �èêñèðîâàííûõ

ïðàçäíèêîâ.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.

http://epp.eurostat.ec.europa.eu/portal/page/portal/research_methodology/methodology/seasonal_adjustment


Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

�àçìåð ïîïóëÿöèè ðûá

Re
ruitment � ÷èñëî íîâûõ îñîáåé ðûáû � çà êàæäûé ìåñÿö 1950-1987:

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

Êîððåëÿöèè

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Ïðîãíîç

Âûáîð � ìîäåëü AR(2).

Â ìîäåëÿõ ARMA(p, q) ñ óâåëè÷åíèåì ãîðèçîíòà ïðîãíîç âñ¼ áîëüøå

ïîõîæ íà êîíñòàíòó.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

Äèàãíîñòèêà AR(2)

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

Äèàãíîñòèêà AR(2)

Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 2.7× 10−7.

Êðèòåðèé Óèëêîêñîíà: p = 0.4167.
Êðèòåðèé ãîìîñêåäàñòè÷íîñòè Áðîéøà-Ïàãàíà: p = 0.3783.
Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Seasonal multipli
ative ARMA/ARIMA

ARMA(p, q)× (P,Q)
s
: ΦP (Bs)φ (B) yt = α+ΘQ (Bs) θ (B) εt,

ãäå

ΦP (Bs) = 1− Φ1B
s − Φ2B

2s − · · · − ΦPB
Ps

,

ΘQ (Bs) = 1 + Θ1B
s +Θ2B

2s + · · ·+ΘQB
Ps

.

SARIMA:

ΦP (Bs)φ (B)∇D
s ∇d

yt = α+ΘQ (Bs) θ (B) εt.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

Ñðàâíåíèå ìîäåëåé

AIC

ARMA(2, 0)× (3, 0)12 3308.515
ARMA(2, 0)× (2, 0)12 3316.283
ARMA(2, 0)× (1, 0)12 3325.706
ARMA(2, 0)× (0, 1)12 3327.352
ARMA(2, 0)× (0, 2)12 3321.880
ARMA(2, 0)× (0, 3)12 3314.787
ARMA(2, 0)× (1, 1)12 3283.717

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Äèàãíîñòèêà ARMA(2.0) × (1, 1)12

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

Äèàãíîñòèêà ARMA(2.0) × (1, 1)12

Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 6.8× 10−6.

Êðèòåðèé Óèëêîêñîíà: p = 0.7387.
Êðèòåðèé ãîìîñêåäàñòè÷íîñòè Áðîéøà-Ïàãàíà: p = 0.2546.
Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

Ïðîãíîç

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

�åçóëüòàòû auto.arima

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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Ïîòðåáëåíèå ýëåêòðè÷åñòâà â Òóðöèè

íåäåëüíàÿ ñåçîííîñòü;

ãîäîâàÿ ñåçîííîñòü;

ïðàçäíèêè ïî èñëàìñêîìó êàëåíäàðþ (ãîä ïðèìåðíî íà 11 äíåé

êîðî÷å, ÷åì â ãðåãîðèàíñêîì).

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

regARIMA

Ý��åêòû ïëàâàþùèõ ïðàçäíèêîâ, êðàòêîñðî÷íûõ ìàðêåòèíãîâûõ àêöèé

è äðóãèõ íåðåãóëÿðíî ïîâòîðÿþùèõñÿ ñîáûòèé óäîáíî ìîäåëèðîâàòü

ñ ïîìîùüþ regARIMA:

ΦP (Bs)φ (B)∇D
s ∇d

zt = ΘQ (Bs) θ (B) εt

+

yt =
k
∑

j=1

βjxjt + zt

=

ΦP (Bs)φ (B)∇D
s ∇d

(

yt −
k
∑

j=1

βjxjt

)

= ΘQ (Bs) θ (B) εt.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü regARIMA

Îöåíêà ïàðàìåòðîâ ìîäåëè

1

Ïðîâåðèòü ñòàöèîíàðíîñòü ïðèçíàêîâ, åñëè å¼ íåò, ïåðåéòè ê

ðàçíîñòÿì. Äëÿ ëó÷øåé èíòåðïðåòèðóåìîñòè ðàçíîñòíûé îïåðàòîð

ñëåäóåò ïðèìåíÿòü è ê ïðèçíàêàì òîæå.

2

Äëÿ ðÿäà ðàçíîñòåé ñòðîèòñÿ ðåãðåññèÿ â ïðåäïîëîæåíèè, ÷òî îøèáêè

îïèñûâàþòñÿ ìîäåëüþ íà÷àëüíîãî ïðèáëèæåíèÿ (êàê ïðàâèëî, AR(2)
èëè SARMA(2, 0, 0) × (1, 0)s).

3

Äëÿ îñòàòêîâ ðåãðåññèè ẑt ïîäáèðàåòñÿ ïîäõîäÿùàÿ ìîäåëü

ARMA (p1, q1).

4

�åãðåññèÿ ïåðåñòðàèâàåòñÿ â ïðåäïîëîæåíèè, ÷òî îøèáêè

îïèñûâàþòñÿ ìîäåëüþ ARMA (p1, q1).

5

Àíàëèçèðóþòñÿ îñòàòêè ε̂t.

Äëÿ ïîäçàäà÷è ðåãðåññèè �îðìàëüíàÿ ïðîâåðêà çíà÷èìîñòè ïðèçíàêîâ

íåïðèìåíèìà, äëÿ îòáîðà ïðèçíàêîâ íåîáõîäèìî ñðàâíèâàòü çíà÷åíèÿ

AIC ìîäåëåé ñî âñåìè ïîäìíîæåñòâàìè xj .

Ïðèìåð: https://www.otexts.org/fpp/9/1

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.

https://www.otexts.org/fpp/9/1
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�åàëèçàöèè

US Census Bureau: X-12-ARIMA, X-13-ARIMA-SEATS

(http://www.
ensus.gov/srd/www/x13as/ , äîñòóïåí ÷åðåç

èíîñòðàííûå ïðîêñè-ñåðâåðû);

Matlab: regARIMA (2013b);

R: ïàêåò X12; ïàðàìåòð xreg �óíêöèè Arima ïàêåòà fore
ast.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.

http://www.census.gov/srd/www/x13as/
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Ëèòåðàòóðà

ARMA/ARIMA � Shumway,

regARIMA � Hyndman, 9.1.

Hyndman R.J., Athanasopoulos G. Fore
asting: prin
iples and pra
ti
e. � OTexts,

2013. https://www.otexts.org/book/fpp

Shumway R.H, Sto�er D.S. Time Series Analysis and Its Appli
ations with R

Examples. � New York: Springer, 2011.

�ÿáåíêî Åâãåíèé ÏÑ-10. Àíàëèç âðåìåííûõ ðÿäîâ.
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