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Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÏðîãíîçèðîâàíèå âðåìåííîãî ðÿäà
Âðåìåííîé ðÿä: x1, . . . , xT , . . . , xt ∈ RÇàäà÷à ïðîãíîçèðîâàíèÿ: íàéòè �óíêöèþ fT :

x̂T+d = fT (xT , . . . , x1) ,ãäå d ∈ {1, 2, . . . , D}, D � ãîðèçîíò ïðîãíîçèðîâàíèÿ, òàêóþ, ÷òî
QT =

T
∑

t=1

(xt − x̂t)
2 → min

fT

.

ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÑìåðòíîñòü îò ñåðäå÷íî-ñîñóäèñòûõ çàáîëåâàíèé

åñòü ãîäè÷íûé ¾ïðî�èëü¿ � ñåçîííîñòü (ãîäîâàÿ)åñòü ëèíåéíîå óáûâàíèå � òðåíä ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÏðîäàæè íå�òåïðîäóêòîâ â ÑØÀ

ãîäîâàÿ ñåçîííîñòüïîâûøàþùèéñÿ ëèíåéíûé òðåíä ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÈñõîäíûå äàííûåÎòêëîíåíèå îò ñðåäíåãîäîâîé òåìïåðàòóðû â ãðàäóñàõ Öåëüñèÿ
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ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüËèíåéíûé òðåíä: ðåãðåññèÿÏîñòðîèì çàâèñèìîñòü îòêëîíåíèÿ òåìïåðàòóðû îò ãîäà:
xt = β1 + β2t+ εt, t = 1900, . . . , 2000.

β1 = −12.186, β2 = 0.006;
SE (β1) = 0.9, SE (β2) = 0.005;
R2 = 0.6515, R2

A = 0.6479;
F = 179.5, p < 2.2× 10−16.
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ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÎñòàòêè
ε̂t = x̂t − xt, t = 1, . . . , T.

ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÀíàëèç îñòàòêîâÒðåáóåìûå ñâîéñòâà îñòàòêîâ è ìåòîäû èõ ïðîâåðêè:íîðìàëüíîñòü (óëó÷øàåò ñâîéñòâà ÌÍÊ-îöåíêè, îïðåäåëÿåò âûáîðêðèòåðèåâ äëÿ ïðîâåðêè äðóãèõ ãèïîòåç) � êðèòåðèé Øàïèðî-Óèëêà;íåñìåù¼ííîñòü � êðèòåðèè Ñòüþäåíòà è Óèëêîêñîíà;ãîìîñêåäàñòè÷íîñòü � êðèòåðèé Áðîéøà-Ïàãàíà;íåàâòîêîððåëèðîâàííîñòü (îòñóòñòâèå íåó÷ò¼ííîé ëèíåéíîéçàâèñèìîñòè îò ïðåäûäóùèõ íàáëþäåíèé) � êîððåëîãðàììà,êðèòåðèé Äàðáèíà-Óîòñîíà (àâòîêîððåëÿöèÿ ñ ëàãîì 1), Q-êðèòåðèéËüþíãà-Áîêñà (ãðóïïà ëàãîâ);ñòàöèîíàðíîñòü (îòñóòñòâèå çàâèñèìîñòè îò âðåìåíè) � êðèòåðèéKPSS.
ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÀâòîêîððåëÿöèÿÀâòîêîððåëÿöèîííàÿ �óíêöèÿ:
rτ =

T
∑

t=τ+1

(

xt − x̄(1)

) (

xt−τ − x̄(2)

)

√

T
∑

t=τ+1

(

xt − x̄(1)

)

T
∑

t=τ+1

(

xt−τ − x̄(2)

)

,

x̄(1) =
1

T − τ

T
∑

t=τ+1

xt, x̄(2) =
1

T − τ

T−τ
∑

t=1

xt.

rτ ∈ [−1, 1] , τ � ëàã àâòîêîððåëÿöèè.Ïðîâåðêà çíà÷èìîñòè îòëè÷èÿ àâòîêîððåëÿöèè îò íóëÿ:âðåìåííîé ðÿä: XT = X1, . . . , XT ;íóëåâàÿ ãèïîòåçà: H0 : rτ = 0;àëüòåðíàòèâà: H1 : rτ < 6=> 0;ñòàòèñòèêà: T
(

XT
)

= rτ
√

T−τ−2√
1−r2

τ

;

T
(

XT
)

∼ St(T − τ − 2) ïðè H0.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÊðèòåðèé Äàðáèíà-Óîòñîíàðÿä îøèáîê ïðîãíîçà: εT = ε1, . . . , εT ;íóëåâàÿ ãèïîòåçà: H0 : r1 = 0;àëüòåðíàòèâà: H1 : r1 6= 0;ñòàòèñòèêà: d
(

εT
)

=

T∑

t=2

(εt−εt−1)
2

T∑

t=1

ε2
t

;

d
(

εT
)

∈











(−∞, dl] � çíà÷èìàÿ ïîëîæèòåëüíàÿ àâòîêîððåëÿöèÿ;
[du, 4− du] � íåçíà÷èìàÿ àâòîêîððåëÿöèÿ;
[4− dl,∞) � çíà÷èìàÿ îòðèöàòåëüíàÿ àâòîêîððåëÿöèÿ.Çíà÷åíèÿ dl, du òàáóëèðîâàíû è çàâèñÿò îò óðîâíÿ çíà÷èìîñòè è ÷èñëàïåðåìåííûõ â ìîäåëè ðÿäà.Äîñòèãàåìûé óðîâåíü çíà÷èìîñòè � íàèìåíüøèé óðîâåíü çíà÷èìîñòè, ïðèêîòîðîì d = dl èëè d = 4− dl.

d
(

εT
)

≈ 2 (1− r1) . ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüQ-êðèòåðèé Ëüþíãà-Áîêñàðÿä 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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= 1− chi2cdf (Q,L) .ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÂ ðàññìàòðèâàåìîé çàäà÷å
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Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÊðèòåðèé KPSS (Kwiatkowski�Phillips�Shmidt�Shin)
ðÿä îøèáîê ïðîãíîçà: εT = ε1, . . . , εT ;íóëåâàÿ ãèïîòåçà: H0 : ðÿä εT ñòàöèîíàðåí;àëüòåðíàòèâà: H1 : ðÿä εT îïèñûâàåòñÿ ìîäåëüþâèäà εt = aεt−1 + ǫt;ñòàòèñòèêà: KPSS

(

εT
)

= 1
T2

T
∑

i=1

(

i
∑

t=1

εt

)2
/

λ2;

KPSS
(

εT
) ïðè H0 èìååò òàáëè÷íîå ðàñïðåäåëåíèå.

ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÂ ðàññìàòðèâàåìîé çàäà÷å
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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.Êðèòåðèé àâòîêîððåëèðîâàííîñòè Äàðáèíà-Óîòñîíà: p = 1.78 × 10−10.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÀâòîðåãðåññèÿ
AR (p) : xt = φ1xt−1 + φ2xt−2 + . . . φpxt−p + ωt,ãäå xt � ñòàöèîíàðíûé ðÿä ñ íóëåâûì ñðåäíèì, φ1, . . . , φp � êîíñòàíòû

(φp 6= 0), ωt � ãàóññîâ áåëûé øóì ñ íóëåâûì ñðåäíèì è ïîñòîÿííîéäèñïåðñèåé σ2
ω.Åñëè ñðåäíåå ðàâíî µ, ìîäåëü ïðèíèìàåò âèä

xt = α+ φ1xt−1 + φ2xt−2 + . . . φpxt−p + ωt,ãäå α = µ (1− φ1 − . . .− φp) .Äðóãîé ñïîñîá çàïèñè:
φ (B)xt =

(

1− φ1B − φ2B
2 − . . .− φpB

p
)

xt = ωt,ãäå B � ðàçíîñòíûé îïåðàòîð (Bxt = xt−1).Ëèíåéíàÿ êîìáèíàöèÿ p ïîäðÿä èäóùèõ ÷ëåíîâ ðÿäà xt äà¼ò áåëûé øóì.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÑêîëüçÿùåå ñðåäíåå
MA (q) : xt = ωt + θ1ωt−1 + θ2ωt−2 + . . . θqωt−q,ãäå xt � ñòàöèîíàðíûé ðÿä ñ íóëåâûì ñðåäíèì, θ1, . . . , θq � êîíñòàíòû

(θq 6= 0), ωt � ãàóññîâ áåëûé øóì ñ íóëåâûì ñðåäíèì è ïîñòîÿííîéäèñïåðñèåé σ2
ω.Åñëè ñðåäíåå ðàâíî µ, ìîäåëü ïðèíèìàåò âèä

xt = µ+ ωt + θ1ωt−1 + θ2ωt−2 + . . . θqωt−q.Äðóãîé ñïîñîá çàïèñè:
xt = θ (B)ωt =

(

1 + θ1B + θ2B
2 + . . .+ θqB

q
)

ωt,ãäå B � ðàçíîñòíûé îïåðàòîð.Ëèíåéíàÿ êîìáèíàöèÿ q êîìïîíåíò áåëîãî øóìà ωt äà¼ò ýëåìåíò ðÿäà.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÀâòîêîððåëÿöèèÂ ìîäåëÿõ MA (q) àâòîêîððåëÿöèÿ ðÿäà ðàâíà íóëþ ïðè ëàãå, áîëüøåì q,è ñòðîãî áîëüøå íóëÿ ïðè ëàãå q.×àñòè÷íàÿ àâòîêîððåëÿöèÿ ñòàöèîíàðíîãî ðÿäà xt:
φhh =

{

corr(x1, x0), h = 1,

corr(xh − x
h−1
h , x0 − x

h−1
0 ), h ≥ 2,ãäå xh−1

h � ðåãðåññèÿ xh íà {xh−1, xh−2, . . . , x1}:
x
h−1
h = β1xh−1 + β2xh−2 + . . .+ βh−1x1,

x
h−1
0 = β1x1 + β2x2 + . . .+ βh−1xh−1.Â ìîäåëÿõ AR (p) ÷àñòè÷íàÿ àâòîêîððåëÿöèÿ ðÿäà ðàâíà íóëþ ïðè ëàãå,áîëüøåì p, è ñòðîãî áîëüøå íóëÿ ïðè ëàãå p.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüARMA (Autoregressive moving average)
ARMA (p, q) : xt = φ1xt−1+φ2xt−2+. . . φpxt−p+ωt+θ1ωt−1+θ2ωt−2+. . . θqωt−q,ãäå xt � ñòàöèîíàðíûé ðÿä ñ íóëåâûì ñðåäíèì, φ1, . . . , φp, θ1, . . . , θq �êîíñòàíòû (φp 6= 0, θq 6= 0), ωt � ãàóññîâ áåëûé øóì ñ íóëåâûì ñðåäíèì èïîñòîÿííîé äèñïåðñèåé σ2

ω.Åñëè ñðåäíåå ðàâíî µ, ìîäåëü ïðèíèìàåò âèä
xt = α+ φ1xt−1 + φ2xt−2 + . . . φpxt−p + ωt + θ1ωt−1 + θ2ωt−2 + . . . θqωt−q,ãäå α = µ (1− φ1 − . . .− φp) .Äðóãîé ñïîñîá çàïèñè:

φ (B)xt = θ (B)ωt.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüARIMA (Autoregressive integrated moving average)
Äëÿ íåñòàöèîíàðíîãî ðÿäà ñòàöèîíàðíûì ìîæåò îêàçàòüñÿ ðÿä åãîðàçíîñòåé.�ÿä îïèñûâàåòñÿ ìîäåëüþ ARIMA(p, d, q), åñëè ðÿä åãî ðàçíîñòåé
∇dxt = (1−B)d îïèñûâàåòñÿ ìîäåëüþ ARMA(p, q).

ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÈñõîäíûå äàííûåÏîêâàðòàëüíûå î÷èùåííûå îò ñåçîííîñòè äàííûå î ÂÂÏ ÑØÀâ ìèëëèàðäàõ äîëëàðîâ 1996 ãîäà.
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Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÀâòîêîððåëÿöèÿ
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ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü�ÿä ïåðâûõ ðàçíîñòåé
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Íåñòàöèîíàðåí, âàðèàöèÿ äàííûõ âûøå âî âòîðîé ïîëîâèíå ðÿäà (KPSSp<0.01). ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü�ÿä ðàçíîñòåé ëîãàðè�ìîâ ðÿäà
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Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÀâòîêîððåëÿöèÿ è ÷àñòíàÿ àâòîêîððåëÿöèÿ ðÿäà ïðèðîñòà
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ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÌîäåëè
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) : xt = 0.005 + 0.347xt−1 + ω̂t, σ̂ω = 0.0095.
MA(2) : xt = 0.008 + 0.303ω̂t−1 + 0.204ω̂t−2 + ω̂t, σ̂ω = 0.0094.
ARMA(1, 2) : xt = 0.008 + 0.241xt−1 + 0.076ω̂t−1 + 0.162ω̂t−2 + ω̂t, σ̂ω =
0.0089.

ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÄèàãíîñòèêà AR(1)
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Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÄèàãíîñòèêà AR(1)

Histogram of gnpgr.ar$resid
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Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 0.0006886.Êðèòåðèé Óèëêîêñîíà: p = 0.8665.Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.Êðèòåðèé íåçàâèñèìîñòè Áîêñà-Ïèðñà: p = 0.6867.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÄèàãíîñòèêà MA(2)
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Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÄèàãíîñòèêà MA(2)

Histogram of gnpgr.ma$resid
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Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 0.003416.Êðèòåðèé Óèëêîêñîíà: p = 0.9917.Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.Êðèòåðèé íåçàâèñèìîñòè Áîêñà-Ïèðñà: p = 0.797.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÄèàãíîñòèêà ARMA(1, 2)
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Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÄèàãíîñòèêà ARMA(1, 2)

Histogram of gnpgr.arma$resid
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Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 0.003497.Êðèòåðèé Óèëêîêñîíà: p = 0.9817.Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.Êðèòåðèé íåçàâèñèìîñòè Áîêñà-Ïèðñà: p = 0.9411.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÑðàâíåíèå ìîäåëåéAIC � èí�îðìàöèîííûé êðèòåðèé Àêàèêå:
AIC = log

(

1

T

T
∑

t=1

(yt − ŷt)
2

)

+
T + 2k

T
,ãäå k � ÷èñëî ïàðàìåòðîâ ìîäåëè;AIC � 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 AIC BIC (SIC)

AR(1) -1431.221 -8.284898 -9.263748
MA(2) -1431.929 -8.297199 -9.276049

ARMA(1, 2) -1430.948 -8.301886 -9.280737ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÂèäû ñåçîííûõ ý��åêòîâ
ESS Guidelines on Seasonal Adjustment, 2009Ñåçîííîñòü � öèêëè÷åñêèå èçìåíåíèÿ óðîâíÿ ðÿäà âíóòðèïîâòîðÿþùåãîñÿ 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 �èêñèðîâàííûõè ïëàâàþùèõ ïðàçäíèêîâ (íàöèîíàëüíûå ïðàçäíèêè, Ïàñõà, �àìàäàíè ò. ä.).

ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.

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


Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÏîòðåáëåíèå ýëåêòðè÷åñòâà â Òóðöèè

íåäåëüíàÿ ñåçîííîñòüãîäîâàÿ ñåçîííîñòüïðàçäíèêè ïî èñëàìñêîìó êàëåíäàðþ (ãîä ïðèìåðíî íà 11 äíåéêîðî÷å, ÷åì â ãðåãîðèàíñêîì) ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÈñõîäíûå äàííûå

Reruitment � ÷èñëî íîâûõ îñîáåé ðûáû.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÊîððåëÿöèè
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ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÏðîãíîçèðîâàíèå ðÿäàÂûáîð � ìîäåëü AR (2):
xt = φ0 + φ1xt−1 + φ2xt−2 + ωt.

Time

re
cr

ui
ts

1980 1982 1984 1986 1988 1990

0
20

40
60

80
10

0

Â ìîäåëÿõ ARMA (p, q) ñ óâåëè÷åíèåì ãîðèçîíòà ïðîãíîç âñ¼ áîëüøåïîõîæ íà êîíñòàíòó. ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÄèàãíîñòèêà ìîäåëè AR (2)
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Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÄèàãíîñòèêà ìîäåëè AR (2)

Histogram of fish.ar$resid
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Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 2.72× 10−7.Êðèòåðèé Óèëêîêñîíà: p = 0.4167.Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.Êðèòåðèé íåçàâèñèìîñòè Áîêñà-Ïèðñà: p = 0.7248.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüSeasonal multipliative ARMA/ARIMA
ARMA(p, q)× (P,Q)s : ΦP (B

s)φ(B)xt = ΘQ(B
s)θ(b)ωt,ãäå

ΦP (B
s) = 1− Φ1B

s − Φ2B
2s − . . .− ΦPB

Ps
,

ΘQ(B
s) = 1 + Θ1B

s +Θ2B
2s + . . .+ΘQB

Qs
.

SARIMA : ΦP (B
s)φ(B)∇D

s ∇d
xt = α+ΘQ(B

s)θ(b)ωt,

ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÑðàâíåíèå 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 3321.88
ARMA(2, 0) × (0, 3)12 3314.787
ARMA(2, 0) × (1, 1)12 3283.717

ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÄèàãíîñòèêà ARMA(2, 0) × (1, 1)
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Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÄèàãíîñòèêà ARMA(2, 0) × (1, 1)
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Êðèòåðèé íîðìàëüíîñòè Øàïèðî-Óèëêà: p = 6.781 × 10−6.Êðèòåðèé Óèëêîêñîíà: p = 0.7387.Êðèòåðèé ñòàöèîíàðíîñòè KPSS: p > 0.1.Êðèòåðèé íåçàâèñèìîñòè Áîêñà-Ïèðñà: p = 0.6915.ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA ÑåçîííîñòüÏðîãíîçèðîâàíèå ðÿäà

Time

re
c

1950 1960 1970 1980 1990

0
20

40
60

80
10

0

ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.



Ïîñòàíîâêà �åãðåññèÿ AR/MA/ARMA/ARIMA Ñåçîííîñòü
Ïðèêëàäíàÿ ñòàòèñòèêà11. Àíàëèç âðåìåííûõ ðÿäîâ.�ÿáåíêî Åâãåíèériabenko.e�gmail.om

ÏÑ-11. Àíàëèç âðåìåííûõ ðÿäîâ.
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