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1 Ââåäåíèå

Äàííûé äîêóìåíò îïèñûâàåò ìàòåìàòè÷åñêèå îñíîâû âñåõ ìåòîäîâ, ðåàëèçîâàííûõ
â Àíàëèçàòîðå âðåìåííûõ ðÿäîâ. Äëÿ êàæäîãî ìåòîäà ïðèâîäÿòñÿ ëåæàùèå â åãî
îñíîâå ôîðìóëû, àëãîðèòìû è � òàì, ãäå ýòî öåëåñîîáðàçíî � ïðèìåðû.

1.1 Îáîçíà÷åíèÿ

Èñïîëüçóþòñÿ ñëåäóþùèå îáîçíà÷åíèÿ:

� yt: íàáëþäåíèå â ìîìåíò âðåìåíè t

� n: êîëè÷åñòâî íàáëþäåíèé

� µ: ñðåäíåå çíà÷åíèå (ìàòåìàòè÷åñêîå îæèäàíèå)

� σ2: äèñïåðñèÿ

� σ: ñòàíäàðòíîå îòêëîíåíèå
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2 Îïèñàòåëüíàÿ ñòàòèñòèêà

2.1 Ìåðû ïîëîæåíèÿ

2.1.1 Ñðåäíåå çíà÷åíèå (àðèôìåòè÷åñêîå ñðåäíåå)

µ = ȳ =
1

n

n∑
t=1

yt (1)

Ïðèìåð: Äëÿ âðåìåííîãî ðÿäà y = [100, 102, 101, 105, 103]:

µ =
100 + 102 + 101 + 105 + 103

5
=

511

5
= 102,2

2.1.2 Ìåäèàíà

Ìåäèàíà � ýòî ñðåäíåå çíà÷åíèå óïîðÿäî÷åííîãî ðÿäà:

Ìåäèàíà =

{
yn+1

2
åñëè n íå÷¼òíîå

yn
2
+yn

2 +1

2
åñëè n ÷¼òíîå

(2)

2.1.3 Ìîäà

Ìîäà � íàèáîëåå ÷àñòî âñòðå÷àþùååñÿ çíà÷åíèå â ðÿäó.

2.2 Ìåðû ðàçáðîñà

2.2.1 Äèñïåðñèÿ

σ2 =
1

n

n∑
t=1

(yt − µ)2 (3)

2.2.2 Ñòàíäàðòíîå îòêëîíåíèå

σ =
√
σ2 =

√√√√ 1

n

n∑
t=1

(yt − µ)2 (4)

Ïðèìåð: Äëÿ y = [100, 102, 101, 105, 103] ïðè µ = 102,2:

σ2 =
(100− 102,2)2 + (102− 102,2)2 + · · ·+ (103− 102,2)2

5

=
4,84 + 0,04 + 1,44 + 7,84 + 0,64

5
=

14,8

5
= 2,96

σ =
√
2,96 ≈ 1,72

2.3 Êâàðòèëè

2.3.1 Ìåæêâàðòèëüíûé ðàçìàõ (IQR)

Q1 = 25%-êâàíòèëü (5)

Q3 = 75%-êâàíòèëü (6)

IQR = Q3 −Q1 (7)
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2.4 Ìåðû ôîðìû ðàñïðåäåëåíèÿ

2.4.1 Àñèììåòðèÿ (Skewness)

Èçìåðÿåò àñèììåòðè÷íîñòü ðàñïðåäåëåíèÿ:

Àñèììåòðèÿ =
1
n

∑n
t=1(yt − µ)3

σ3
(8)

Èíòåðïðåòàöèÿ:

� Àñèììåòðèÿ = 0: ñèììåòðè÷íîå ðàñïðåäåëåíèå

� Àñèììåòðèÿ > 0: ïðàâîñòîðîííÿÿ (äëèííûé õâîñò ñïðàâà)

� Àñèììåòðèÿ < 0: ëåâîñòîðîííÿÿ (äëèííûé õâîñò ñëåâà)

2.4.2 Ýêñöåññ (Kurtosis)

Èçìåðÿåò ¾îñòðîêîíå÷íîñòü¿ ðàñïðåäåëåíèÿ:

Ýêñöåññ =
1
n

∑n
t=1(yt − µ)4

σ4
− 3 (9)

Èíòåðïðåòàöèÿ (èçáûòî÷íûé ýêñöåññ):

� Ýêñöåññ = 0: íîðìàëüíîå ðàñïðåäåëåíèå

� Ýêñöåññ > 0: ëåïòîêóðòè÷åñêîå (îñòðîâåðøèííîå, òÿæ¼ëûå õâîñòû)

� Ýêñöåññ < 0: ïëàòèêóðòè÷åñêîå (ïëîñêîâåðøèííîå, ë¼ãêèå õâîñòû)
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3 Òðåíäîâûå ôóíêöèè

3.1 Ëèíåéíàÿ ðåãðåññèÿ

Ëèíåéíàÿ òðåíäîâàÿ ôóíêöèÿ èìååò âèä:

ŷt = a+ b · t (10)

Ïàðàìåòðû îöåíèâàþòñÿ ìåòîäîì íàèìåíüøèõ êâàäðàòîâ:

b =
n
∑n

t=1 t · yt −
∑n

t=1 t
∑n

t=1 yt

n
∑n

t=1 t
2 − (

∑n
t=1 t)

2 (11)

a =

∑n
t=1 yt − b

∑n
t=1 t

n
(12)

Ïðèìåð: Äëÿ y = [100, 102, 105, 108, 110] ïðè t = [0, 1, 2, 3, 4]:

b =
5 · 1130− 10 · 525

5 · 30− 100
=

5650− 5250

150− 100
=

400

50
= 2,5

a =
525− 2,5 · 10

5
=

500

5
= 100

Òðåíäîâàÿ ôóíêöèÿ: ŷt = 100 + 2,5t

3.2 Ïîëèíîìèàëüíàÿ ðåãðåññèÿ

Îáùàÿ ôîðìà ïîëèíîìà ñòåïåíè p:

ŷt = a0 + a1t+ a2t
2 + · · ·+ apt

p =

p∑
k=0

akt
k (13)

Êîýôôèöèåíòû îïðåäåëÿþòñÿ èç ñèñòåìû íîðìàëüíûõ óðàâíåíèé:

XTXa = XTy (14)

ãäå X � ìàòðèöà Âàíäåðìîíäà:

X =


1 t1 t21 · · · tp1
1 t2 t22 · · · tp2
...

...
...

. . .
...

1 tn t2n · · · tpn

 (15)

3.3 Ýêñïîíåíöèàëüíàÿ ðåãðåññèÿ

Ôîðìà:
ŷt = a · ebt (16)

Ëîãàðèôìèðîâàíèå ñâîäèò çàäà÷ó ê ëèíåéíîé:

ln(ŷt) = ln(a) + bt (17)
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3.4 Ëîãàðèôìè÷åñêàÿ ðåãðåññèÿ

Ôîðìà:
ŷt = a+ b · ln(t+ 1) (18)

3.5 Ïîêàçàòåëè êà÷åñòâà

3.5.1 Êîýôôèöèåíò äåòåðìèíàöèè (R2)

R2 = 1−
∑n

t=1(yt − ŷt)
2∑n

t=1(yt − ȳ)2
= 1− SSres

SStot

(19)

R2 ∈ [0, 1]; áîëåå âûñîêèå çíà÷åíèÿ îçíà÷àþò ëó÷øåå ñîîòâåòñòâèå.

3.5.2 Ñêîððåêòèðîâàííûé R2

Ó÷èòûâàåò êîëè÷åñòâî ïàðàìåòðîâ:

R2
adj = 1− (1−R2)(n− 1)

n− k − 1
(20)

ãäå k � ÷èñëî íåçàâèñèìûõ ïåðåìåííûõ.

3.5.3 Ñðåäíåêâàäðàòè÷íàÿ îøèáêà (RMSE)

RMSE =

√√√√ 1

n

n∑
t=1

(yt − ŷt)2 (21)

3.5.4 Ñðåäíÿÿ àáñîëþòíàÿ îøèáêà (MAE)

MAE =
1

n

n∑
t=1

|yt − ŷt| (22)
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4 Àíàëèç àâòîêîððåëÿöèè

4.1 Ôóíêöèÿ àâòîêîððåëÿöèè (ACF)

ACF èçìåðÿåò ëèíåéíóþ çàâèñèìîñòü ìåæäó íàáëþäåíèÿìè ñ ëàãîì k:

ρk =
γk
γ0

=
1
n

∑n−k
t=1 (yt − µ)(yt+k − µ)
1
n

∑n
t=1(yt − µ)2

(23)

ãäå γk � àâòîêîâàðèàöèÿ äëÿ ëàãà k.
Ñâîéñòâà:

� ρ0 = 1 (ïîëíàÿ êîððåëÿöèÿ ñ ñàìèì ñîáîé)

� −1 ≤ ρk ≤ 1

� ρk = ρ−k (ñèììåòðèÿ)

4.2 ×àñòè÷íàÿ ôóíêöèÿ àâòîêîððåëÿöèè (PACF)

PACF èçìåðÿåò êîððåëÿöèþ ìåæäó yt è yt+k ïîñëå èñêëþ÷åíèÿ âëèÿíèÿ âñåõ ïðîìå-
æóòî÷íûõ ëàãîâ:

ϕkk = PACF(k) (24)

Âû÷èñëÿåòñÿ ÷åðåç óðàâíåíèÿ Þëà�Óîêåðà èëè àëãîðèòì Äàðáèíà�Ëåâèíñîíà.

4.3 Òåñò Ëüþíãà�Áîêñà

Ïðîâåðÿåò íàëè÷èå çíà÷èìîé àâòîêîððåëÿöèè:

Q = n(n+ 2)
h∑

k=1

ρ2k
n− k

(25)

Q àñèìïòîòè÷åñêè ñëåäóåò ðàñïðåäåëåíèþ χ2 ñ h ñòåïåíÿìè ñâîáîäû.
Ãèïîòåçû:

� H0: îòñóòñòâèå àâòîêîððåëÿöèè äî ëàãà h

� H1: çíà÷èìàÿ àâòîêîððåëÿöèÿ ïðèñóòñòâóåò

Ïðè Q > χ2
0,05, h íóëåâàÿ ãèïîòåçà îòâåðãàåòñÿ (óðîâåíü çíà÷èìîñòè 5%).
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5 Ìåòîäû ñãëàæèâàíèÿ

5.1 Ïðîñòîå ñêîëüçÿùåå ñðåäíåå (SMA)

Ïðîñòîå ñêîëüçÿùåå ñðåäíåå ñ ðàçìåðîì îêíà m:

ŷt =
1

m

m−1∑
i=0

yt−i (26)

Ïðèìåð: Äëÿ y = [100, 102, 105, 108, 110] ïðè m = 3:

ŷ3 =
100 + 102 + 105

3
= 102,33

ŷ4 =
102 + 105 + 108

3
= 105,00

ŷ5 =
105 + 108 + 110

3
= 107,67

5.2 Ýêñïîíåíöèàëüíîå ñãëàæèâàíèå (EMA)

ŷt = αyt + (1− α)ŷt−1, α =
2

m+ 1
(27)

ãäå α ∈ (0, 1)� ïàðàìåòð ñãëàæèâàíèÿ: áîëåå âûñîêèå çíà÷åíèÿ ïðèäàþò áîëüøèé
âåñ ñâåæèì íàáëþäåíèÿì.

5.3 Âçâåøåííîå ñêîëüçÿùåå ñðåäíåå (WMA)

ŷt =

∑m−1
i=0 (m− i) · yt−i∑m−1

i=0 (m− i)
=

∑m−1
i=0 (m− i) · yt−i

m(m+1)
2

(28)

Áîëåå ñâåæèì íàáëþäåíèÿì ïðèñâàèâàþòñÿ ëèíåéíî âîçðàñòàþùèå âåñà.

5.4 Ìåòîä Õîëòà�Óèíòåðñà

Ó÷èòûâàåò óðîâåíü è òðåíä:

Lt = αyt + (1− α)(Lt−1 + Tt−1) (29)

Tt = β(Lt − Lt−1) + (1− β)Tt−1 (30)

ŷt = Lt + Tt (31)

ãäå α � ïàðàìåòð óðîâíÿ, β � ïàðàìåòð òðåíäà.

5.5 LOESS (ëîêàëüíàÿ ïîëèíîìèàëüíàÿ ðåãðåññèÿ)

Äëÿ êàæäîé òî÷êè t èñïîëüçóþòñÿ h = ⌊span · n⌋ áëèæàéøèõ ñîñåäåé ñ òðèêóáè÷å-
ñêèìè âåñàìè:

wj =

(
1−

(
|t− j|
dmax

)3
)3

(32)

ãäå dmax � ðàññòîÿíèå äî ñàìîãî äàëüíåãî ñîñåäà.
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6 Äåêîìïîçèöèÿ âðåìåííûõ ðÿäîâ

Âðåìåííîé ðÿä ðàçëàãàåòñÿ íà êîìïîíåíòû.

6.1 Àääèòèâíàÿ ìîäåëü

yt = Tt + St +Rt (33)

Èñïîëüçóåòñÿ, êîãäà àìïëèòóäà ñåçîííûõ êîëåáàíèé ïîñòîÿííà.

6.2 Ìóëüòèïëèêàòèâíàÿ ìîäåëü

yt = Tt · St ·Rt (34)

Èñïîëüçóåòñÿ, êîãäà ñåçîííûå êîëåáàíèÿ ïðîïîðöèîíàëüíû óðîâíþ ðÿäà.

6.3 Àëãîðèòì äåêîìïîçèöèè

Øàã 1. Îöåíêà òðåíäà ñ ïîìîùüþ öåíòðèðîâàííîãî ñêîëüçÿùåãî ñðåäíåãî:

Tt =
1

p

⌊p/2⌋∑
i=−⌊p/2⌋

yt+i (35)

Øàã 2. Óäàëåíèå òðåíäà:

Dt =

{
yt − Tt (àääèòèâíàÿ)

yt/Tt (ìóëüòèïëèêàòèâíàÿ)
(36)

Øàã 3. Îöåíêà ñåçîííîé êîìïîíåíòû óñðåäíåíèåì ïî ïåðèîäàì.
Øàã 4. Âû÷èñëåíèå îñòàòêà:

Rt =

{
yt − Tt − St (àääèòèâíàÿ)

yt/(Tt · St) (ìóëüòèïëèêàòèâíàÿ)
(37)
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7 Ìåòîäû ôèëüòðàöèè

7.1 Ôèëüòð Õîäðèêà�Ïðåñêîòòà

HP-ôèëüòð ðàçäåëÿåò âðåìåííîé ðÿä íà òðåíä (τt) è öèêë (ct):

yt = τt + ct (38)

Òðåíä îïðåäåëÿåòñÿ ìèíèìèçàöèåé öåëåâîé ôóíêöèè:

min
{τt}

{
n∑

t=1

(yt − τt)
2 + λ

n−1∑
t=2

[(τt+1 − τt)− (τt − τt−1)]
2

}
(39)

Ïåðâûé ÷ëåí èçìåðÿåò êà÷åñòâî ïîäãîíêè, âòîðîé øòðàôóåò çà êðèâèçíó òðåíäà.
Ïàðàìåòð λ:

� λ = 100: ãîäîâûå äàííûå

� λ = 1600: êâàðòàëüíûå äàííûå

� λ = 14400: ìåñÿ÷íûå äàííûå

� λ → 0: òðåíä òî÷íî ñëåäóåò äàííûì

� λ → ∞: òðåíä ñòàíîâèòñÿ ëèíåéíûì

Ðåøåíèå ïîëó÷àåòñÿ ìåòîäîì Ãàóññà èç ñèñòåìû óðàâíåíèé:

(I+ λKTK)τ = y (40)

ãäå K � ìàòðèöà âòîðûõ ðàçíîñòåé.

7.2 Ôèëüòð Áàòòåðâîðòà

Äâóíàïðàâëåííîå ýêñïîíåíöèàëüíîå ñãëàæèâàíèå:

Ïðÿìîé ïðîõîä: ft = αyt + (1− α)ft−1 (41)

Îáðàòíûé ïðîõîä: bt = αyt + (1− α)bt+1 (42)

Òðåíä: τt =
ft + bt

2
(43)

7.3 Ôèëüòð Ñàâèöêîãî�Ãîëåÿ

Ëîêàëüíàÿ ïîëèíîìèàëüíàÿ àïïðîêñèìàöèÿ ñ ðàçìåðîì îêíàm è ñòåïåíüþ ïîëèíîìà
p:

ŷt =

⌊m/2⌋∑
j=−⌊m/2⌋

cjyt+j (44)

Êîýôôèöèåíòû cj îïðåäåëÿþòñÿ ÌÍÊ-àïïðîêñèìàöèåé ïîëèíîìà â ëîêàëüíîì
îêíå.
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8 Ñåçîííàÿ êîððåêòèðîâêà

8.1 STL-äåêîìïîçèöèÿ

STL (Seasonal and Trend decomposition using Loess) � íàä¼æíûé ìåòîä ðàçëîæåíèÿ
âðåìåííûõ ðÿäîâ.

Àëãîðèòì:
Âíóòðåííèé öèêë:

1. Óäàëåíèå òðåíäà: Dt = yt − Tt ñ ïîìîùüþ LOESS

2. Ñãëàæèâàíèå ïîäðÿäîâ: ñãëàäèòü êàæäûé ïåðèîä-ïîäðÿä

3. Ôèëüòð íèæíèõ ÷àñòîò: ñãëàäèòü ñåçîííóþ êîìïîíåíòó

4. Óäàëåíèå ñåçîííîñòè: Vt = yt − St

5. Ñãëàæèâàíèå òðåíäà: ñãëàäèòü Vt ìåòîäîì LOESS

Âíåøíèé öèêë: ðîáàñòèçàöèÿ ê âûáðîñàì
Ðåçóëüòàò:

yt = Tt + St +Rt (45)

8.2 X-13 ARIMA-SEATS (óïðîù¼ííûé)

X-13 � ñòàíäàðòíûé ìåòîä îôèöèàëüíîé ñòàòèñòèêè.
Óïðîù¼ííûé àëãîðèòì:
Øàã 1. Òðåíä ñî ñêîëüçÿùèì ñðåäíèì ïåðèîäà p:

Tt =
1

p

⌊p/2⌋∑
i=−⌊p/2⌋

yt+i (46)

Øàã 2. Ñåçîííûå ôàêòîðû:

SFj =
1

m

m∑
i=1

(yj+ip − Tj+ip) äëÿ j = 1, . . . , p (47)

Øàã 3. Íîðìàëèçàöèÿ:

SF ∗
j = SFj −

1

p

p∑
j=1

SFj (48)

Øàã 4. Ñêîððåêòèðîâàííûé ðÿä:

SAt = yt − SF(t mod p) (49)
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8.3 Ìåòîä Census I

Ìåòîä îòíîøåíèÿ ê ñêîëüçÿùåìó ñðåäíåìó:
Øàã 1. Öåíòðèðîâàííîå ñêîëüçÿùåå ñðåäíåå:

MAt =
1

p

⌊p/2⌋∑
i=−⌊p/2⌋

yt+i (50)

Øàã 2. Îòíîøåíèÿ ê ñêîëüçÿùåìó ñðåäíåìó:

rt =
yt

MAt

(51)

Øàã 3. Ñåçîííûå èíäåêñû óñðåäíåíèåì:

SIj =
1

m

m∑
i=1

rj+ip äëÿ j = 1, . . . , p (52)

Øàã 4. Íîðìàëèçàöèÿ ïî ïåðèîäó p:

SI∗j =
SIj

1
p

∑p
j=1 SIj

· p (53)

Øàã 5. Ñêîððåêòèðîâàííûé ðÿä:

SAt =
yt

SI∗(t mod p)

(54)

8.4 Ìåòîä Census II

Ðàñøèðåííàÿ âåðñèÿ Census I ñ ìíîãîêðàòíûìè èòåðàöèÿìè:
Èòåðàöèÿ 1: Íà÷àëüíàÿ îöåíêà òðåíäà ñî ñêîëüçÿùèì ñðåäíèì
Èòåðàöèÿ 2. Âû÷èñëåíèå ñåçîííî-íåðåãóëÿðíîé êîìïîíåíòû:

SIt = yt − Tt (55)

Èòåðàöèÿ 3: Ñåçîííàÿ êîìïîíåíòà óñðåäíåíèåì
Èòåðàöèÿ 4. Ñãëàæèâàíèå ñåçîííîé êîìïîíåíòû òð¼õ÷ëåííûì ñêîëüçÿùèì ñðåä-

íèì:

S∗
j =

Sj−1 + Sj + Sj+1

3
(56)

Èòåðàöèÿ 5. Öåíòðèðîâàíèå:

S∗∗
j = S∗

j −
1

p

p∑
j=1

S∗
j (57)

Èòåðàöèÿ 6. Ñêîððåêòèðîâàííûé ðÿä:

SAt = yt − S∗∗
(t mod p) (58)

Èòåðàöèÿ 7: Ïîâòîðíàÿ îöåíêà òðåíäà èç SAt
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9 Ïîëíûé ïðèìåð

Ðàññìîòðèì ìåñÿ÷íûé âðåìåííîé ðÿä çà 2 ãîäà (24 íàáëþäåíèÿ):

y = [100, 95, 98, 102, 110, 120, 125, 118, 112, 105, 98, 95, 105, 98, 102, 108, 118, 130, 138, 128, 120, 110, 102, 98]

9.1 Îïèñàòåëüíàÿ ñòàòèñòèêà

n = 24

µ =
1

24

24∑
t=1

yt =
2653

24
= 110,54

σ2 =
1

24

24∑
t=1

(yt − 110,54)2 = 156,41

σ =
√
156,41 = 12,51

9.2 Ëèíåéíàÿ ðåãðåññèÿ

Ïðè t = 0, 1, 2, . . . , 23:

b =
24 · 28626− 276 · 2653

24 · 4324− 76176
=

687024− 732228

103776− 76176
=

−45204

27600
= −1,64

a =
2653− (−1,64) · 276

24
=

3105,64

24
= 129,4

Òðåíäîâàÿ ôóíêöèÿ: ŷt = 129,4− 1,64t
Îòðèöàòåëüíûé òðåíä óêàçûâàåò íà ë¼ãêèé ñïàä ñ òå÷åíèåì âðåìåíè (÷òî íå ñî-

îòâåòñòâóåò âèçóàëüíîé èíòåðïðåòàöèè � ýòî äåìîíñòðèðóåò îãðàíè÷åííîñòü ÷èñòî
ëèíåéíîé àïïðîêñèìàöèè äëÿ ñåçîííûõ äàííûõ).

9.3 Ñåçîííàÿ äåêîìïîçèöèÿ (ïåðèîä = 12)

Øàã 1. Òðåíä ñ 12-ìåñÿ÷íûì ñêîëüçÿùèì ñðåäíèì (äëÿ ìåñÿöà 7):

T7 =
1

12

12∑
i=1

yi+1 =
1

12
(95 + 98 + · · ·+ 105) = 108,5

Øàã 2. Óäàëåíèå òðåíäà (àääèòèâíî):

D7 = y7 − T7 = 125− 108,5 = 16,5

Øàã 3. Ñåçîííûå êîìïîíåíòû äëÿ êàæäîãî ìåñÿöà:

Sßíâ =
(y1 − T1) + (y13 − T13)

2
≈ −10,5

Øàã 4. Ñêîððåêòèðîâàííûé ðÿä:

SA7 = y7 − S7 = 125− 16,5 = 108,5
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9.4 HP-ôèëüòð ïðè λ = 14400

Ðåøàåòñÿ ñèñòåìà (I+ λKTK)τ = y.
Äëÿ t = 7, íàïðèìåð:

τ7 ≈ 109,2

Öèêë:
c7 = y7 − τ7 = 125− 109,2 = 15,8
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10 Ðåçþìå

10.1 Îáçîð ìåòîäîâ

Êàòåãîðèÿ Ìåòîäû

Ñòàòèñòèêà Ñðåäíåå, ìåäèàíà, ìîäà, äèñïåðñèÿ, àñèì-
ìåòðèÿ, ýêñöåññ

Òðåíä Ëèíåéíûé, ïîëèíîìèàëüíûé (2�6 ñò.), ýêñ-
ïîíåíöèàëüíûé, ëîãàðèôìè÷åñêèé

Àâòîêîððåëÿöèÿ ACF, PACF, òåñò Ëüþíãà�Áîêñà
Ñãëàæèâàíèå SMA, EMA, WMA, Õîëò�Óèíòåðñ, LOESS
Äåêîìïîçèöèÿ Àääèòèâíàÿ/Ìóëüòèïëèêàòèâíàÿ (òðåíä,

ñåçîííîñòü, îñòàòîê)
Ôèëüòðû Õîäðèêà�Ïðåñêîòòà, Áàòòåðâîðòà,

Ñàâèöêîãî�Ãîëåÿ
Ñåçîííàÿ êîðð. STL, X-13, Census I, Census II

10.2 Ðåêîìåíäàöèè

� Äëÿ îïðåäåëåíèÿ òðåíäà: íà÷íèòå ñ ëèíåéíîé ðåãðåññèè; óâåëè÷èâàéòå ñòå-
ïåíü ïîëèíîìà òîëüêî ïðè íåîáõîäèìîñòè

� Äëÿ ñãëàæèâàíèÿ: LOESS è Õîëò�Óèíòåðñ � äëÿ ñëîæíûõ ïàòòåðíîâ; SMA/EMA
� äëÿ ïðîñòûõ ñëó÷àåâ

� Äëÿ ñåçîííîé êîððåêòèðîâêè: STL � íàä¼æíûé è ãèáêèé ìåòîä; X-13 �
äëÿ îôèöèàëüíîé ñòàòèñòèêè

� Äëÿ ðàçäåëåíèÿ òðåíäà è öèêëà: HP-ôèëüòð ñ ïîäõîäÿùèì λ

10.3 Ðåêîìåíäóåìàÿ ëèòåðàòóðà
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� Hyndman, R. J., & Athanasopoulos, G. (2018). Forecasting: Principles and Practice.
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� Cleveland, R.B., et al. (1990). STL: A Seasonal-Trend Decomposition Procedure
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