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Ââåäåíèå â ïðåðûâèñòûé ñïðîñ

Âçÿòî ñ ñàéòà https://www.drivenn.ru/journal/novosti/
kakaya-raznica-mezhdu-korotkoy-i-dlinnoy-preryvistymi-liniyami-id27445
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Ââåäåíèå

Ñòàíäàðòíûé ñïðîñ âûãëÿäèò ñëåäóþùèì îáðàçîì:
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Ââåäåíèå

Íî, ÷òî åñëè òîâàð ïîêóïàþò íå êàæäûé äåíü / íåäåëþ /
ìåñÿö / ...?
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Èëè æå ñïðîñ ìîæåò çàòóõàòü...

Time

D
em

an
d

2 4 6 8 10

0
20

0
40

0
60

0
80

0

Èâàí Ñâåòóíüêîâ, Ëåêòîð óíèâåðñèòåòà Ëàíêàñòåðà, Âåëèêîáðèòàíèÿ

Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà



Ââåäåíèå Êëàññèêà Ñîâðåìåííîñòü Îöåíêà òî÷íîñòè Ïîñëåñëîâèå Ñïèñîê ëèòåðàòóðû

Ââåäåíèå

Èëè íàîáîðîò íàõîäèòüñÿ íà íà÷àëüíûõ ñòàäèÿõ ðîñòà...
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Ââåäåíèå

Ïðåðûâèñòûé ñïðîñ � ýòî òàêîé ñïðîñ íà ïðîäóêöèþ,
êîòîðûé ïðîèñõîäèò íåðåãóëÿðíî.

Ïðèìåðû ïðîäóêòîâ ñ ïðåðûâèñòûì ñïðîñîì:

• Óíèêàëüíûå äîðîãèå ïðîäóêòû (äåòàëè ñàìîë¼òîâ);

• Óíèêàëüíûå ïðåñòèæíûå ïðîäóêòû (çåë¼íàÿ ãóáíàÿ
ïîìàäà);

• Ëþáîé ïðîäóêò, ïðîäàæè êîòîðîãî èçìåðåíû íà âûñîêîé
÷àñòîòå (÷àñ / ìèíóòà / ...).
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Ââåäåíèå

Ïðåæäå ÷åì ïåðåéòè ê ïðåðûâèñòîìó ñïðîñó, ðàçáåð¼ìñÿ â
òîì, ÷òî òàêîå �ýêñïîíåíöèàëüíîå ñãëàæèâàíèå�.

Ïðîñòîå ýêñïîíåíöèàëüíîå ñãëàæèâàíèå (ìåòîäà Áðàóíà)
áûëî ïðåäëîæåíî Ðîáåðòîì Áðàóíîì (Brown, 1956) è
íåçàâèñèìî îò íåãî â 1957 ×àðëüçîì Õîëüòîì (Holt, 2004):

ŷt+1 = αyt + (1− α)ŷt, (1)

ãäå yt � ôàêòè÷åñêîå, ŷt � ïðîãíîçíîå çíà÷åíèÿ, à α � ýòî
ïîñòîÿííàÿ ñãëàæèâàíèÿ.
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Êëàññè÷åñêèå ìåòîäû

Êàðòèíêà âçÿòà îòñþäà: https://www.searchenginejournal.com/successful-seo/279991/

https://www.searchenginejournal.com/successful-seo/279991/
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Ìåòîä Êðîñòîíà

Croston (1972) îáðàòèë âíèìàíèå íà òî, ÷òî ìåòîä Áðàóíà â
ñëó÷àå ñ ïðåðûâèñòûì ñïðîñîì äà¼ò ñìåù¼ííûå ïðîãíîçû.
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Ìåòîä Êðîñòîíà

Croston (1972) ïðåäëîæèë ðàçáèâàòü ïðåðûâèñòûé ñïðîñ íà
äâå ÷àñòè: ðàçìåð ñïðîñà è èíòåðâàëû ñïðîñà. Îí
èñïîëüçîâàë ìåòîä Áðàóíà äëÿ êàæäîé èç ÷àñòåé.
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Ìåòîä Êðîñòîíà

Ìåòîä Êðîñòîíà ìàòåìàòè÷åñêè âûãëÿäèò òàê:

ŷjt =
1
q̂jt
ẑjt

ẑjt = αzzjt−1 + (1− αz)ẑjt−1

q̂jt = αqqjt−1 + (1− αq)q̂jt−1

ŷt = ŷjt
jt = jt−1 + ot

, (2)

ãäó qjt � ýòî èíòåðâàëû ñïðîñà, zjt � ðàçìåð ñïðîñà,

αz è αq � ïîñòîÿííûå ñãëàæèâàíèÿ, ot � áèíàðíàÿ
ïåðåìåííàÿ ïîÿâëåíèÿ ñïðîñà.
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Ìåòîä Êðîñòîíà

Croston's forecast
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Ìåòîä Êðîñòîíà
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Ìåòîä Êðîñòîíà

Ïðåèìóùåñòâà ìåòîäà:

• Ðåøàåò ïðîáëåìó ñìåùåíèÿ;

• Ë¼ãîê â ïðèìåíåíèè;

• Ë¼ãîê â ïîíèìàíèè.

Íåäîñòàòêè:

• Ðàçìåðû è èíòåðâàëû ñïðîñà îáíîâëÿþòñÿ òîëüêî ïðè
ïîÿâëåíèè ñïðîñà;

• Íåò ïðîãíîçíûõ èíòåðâàëîâ;

• Íåò ïîëíîöåííîãî ìåòîäà äëÿ îöåíêè ïàðàìåòðîâ.
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Syntetos-Boylan Approximation (SBA)

Ìåòîä Êðîñòîíà áûë çàáûò äî òåõ ïîð, ïîêà Johnston et al.
(1999) íå ïîêàçàëè, ÷òî îí õîðîøî ðàáîòàåò íà ïðàêòèêå.

Syntetos and Boylan (2001) ïîêàçàëè, ÷òî ñàì ìåòîä äà¼ò
ñìåù¼ííûå ïðîãíîçû, òàê êàê ìàòåìàòè÷åñêîå îæèäàíèå:

E

(
1

qjt

)
6= 1

E(qjt)
(3)

Îíè ïðåäëîæèëè èñïðàâèòü ýòî ñìåùåíèå (Syntetos and
Boylan, 2001, 2005).
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Syntetos-Boylan Approximation

Ïðåäëîæåííàÿ ôîðìóëà (Syntetos and Boylan, 2005):

ŷjt =
(
1− αz

2

) 1

q̂jt
ẑjt (4)

Ýòî ïðèáëèçèòåëüíîå ðåøåíèå, òàê êàê E
(

1
qjt

)
íå èìååò

ïðîñòîé ìàòåìàòè÷åñêîé ôîðìû.

Ìåòîä ðàáîòàåò õîðîøî íà äàííûõ ñ áîëüøèì êîëè÷åñòâîì
íóëåé.

Îí íå íóæåí íà äàííûõ ñ ìàëåíüêèì êîëè÷åñòâîì.
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Syntetos-Boylan Approximation

Ïðåèìóùåñòâà:

• Ðåøàåò ïðîáëåìó ñìåùåíèÿ â ìåòîäå Êðîñòîíà;

• Ëåãêî èñïîëüçîâàòü.

Íåäîñòàòêè:

• Íå ðàáîòàåò â ñëó÷àå ñî ñïðîñîì, áëèçêèì ê
íåïðåðûâíîìó;

• Êàê ïîíÿòü, èìååì ìû äåëî ñ ïðåðûâèñòûì ñïðîñîì èëè
íåò?
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Êàòåãîðèçàöèÿ äàííûõ

Ñêîëüêî ïðîöåíòîâ ýòî ïðåðûâèñòûé ñïðîñ?

30%?

Ïî÷åìó 30%? Ïî÷åìó íå 10%?
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Êàòåãîðèçàöèÿ äàííûõ

Syntetos et al. (2005) ïðåäëîæèëè ñõåìó äëÿ êàòåãîðèçàöèè
äàííûõ (SBC):
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Êàòåãîðèçàöèÿ äàííûõ

Kostenko and Hyndman (2006) ïðåäëîæèë àëüòåðíàòèâíûé
ïîäõîä, äîðàáîòàííûé Petropoulos and Kourentzes (2015):
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Êàòåãîðèçàöèÿ äàííûõ

Ôàêòè÷åñêè, ïîäõîäû ïîäðàçóìåâàþò, ÷òî íàëè÷èå õîòÿ áû
îäíîãî íóëÿ � ýòî óæå ïðåðûâèñòûé ñïðîñ.
Ïðåèìóùåñòâà:

• Äàþò ïðàâèëà äëÿ âûáîðà ïðîãíîçíûõ ìåòîäîâ...;

• ...ïðîñòûå ïðàâèëà.

Íåäîñòàòêè:

• Êàêîé èìåííî ïîäõîä èñïîëüçîâàòü?

• Ïðèìåíèìû ëè îíè êî âñåì âèäàì äàííûõ?..

• Ïîäõîäû ïðåäïîëàãàþò, ÷òî âåðîÿòíîñòü ñïðîñà
ïîñòîÿííà;

• È ÷òî âàðèàöèÿ â äàííûõ ïîñòîÿííà.
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Ñîâðåìåííûå ìåòîäû

Êàðòèíêà âçÿòà ñ ñàéòà https://www.dailymail.co.uk/news/article-2781612/
Media-duped-fake-article-artist-creates-invisible-paintings-fetch-millions.html

https://www.dailymail.co.uk/news/article-2781612/Media-duped-fake-article-artist-creates-invisible-paintings-fetch-millions.html
https://www.dailymail.co.uk/news/article-2781612/Media-duped-fake-article-artist-creates-invisible-paintings-fetch-millions.html
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Ìåòîä TSB

Teunter et al. (2011) ïðåäëîæèëè àëüòåðíàòèâíûé ìåòîä äëÿ
ïðåðûâèñòîãî ñïðîñà:

ŷt = p̂tẑt
ẑjt = αzzjt−1 + (1− αz)ẑjt−1

p̂t = αpot−1 + (1− αp)p̂t−1

ẑt = ẑjt

, (5)

ãäå p̂t � ýòî âåðîÿòíîñòü âîçíèêíîâåíèÿ ñïðîñà.

Îáíîâëåíèå âåðîÿòíîñòè ïðîèñõîäèò íà êàæäîì íàáëþäåíèè.

Ìåòîä ìîòèâèðîâàí èäååé çàòóõàþùåãî ñïðîñà, íî íå ñîâñåì
äîâåä¼í äî êîíöà.
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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Ìåòîä TSB
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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Ìåòîä TSB

Ïðåèìóùåñòâà:

• Âåðîÿòíîñòü îáíîâëÿåòñÿ íà êàæäîì íàáëþäåíèè;

• Ë¼ãîê â ïðèìåíåíèè;

• Ë¼ãîê â ïîíèìàíèè.

Íåäîñòàòêè:

• Íåò ïðîãíîçíûõ èíòåðâàëîâ, íåò ìåòîäà âûáîðà ìîäåëåé;

• Òÿæåëî äîáàâëÿòü äîïîëíèòåëüíûå êîìïîíåíòû;

• Íåò òðåíäà.
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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ADIDA

Nikolopoulos et al. (2011) ïðåäëîæèëè Aggregate-Disaggregate
Intermittent Demand Approach (ADIDA) - ïîäõîä ïî
àãðåãèðîâàíèþ è äåçàãðåãèðîâàíèþ ïðåðûâèñòîãî ñïðîñà.
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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ADIDA

Ïðåèìóùåñòâà:

• Ìîæíî èñïîëüçîâàòü ëþáóþ ìîäåëü;

• Àãðåãèðîâàíèå ìîæåò áûòü ñîãëàñîâàíî ñ âðåìåíåì íà
âûïîëíåíèå çàêàçà (lead time);

Íåäîñòàòêè:

• Íå âñåãäà ÿñíî, äî êàêîãî óðîâíÿ àãðåãèðîâàòü äàííûå;

• Êàê äåçàãðåãèðîâàòü ïðîãíîçû?

• ×òî íàñ÷¼ò òðåíäîâ?
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà



Ââåäåíèå Êëàññèêà Ñîâðåìåííîñòü Îöåíêà òî÷íîñòè Ïîñëåñëîâèå Ñïèñîê ëèòåðàòóðû

iMAPA

Ìåòîä, ïîõîæèé íà ADIDA áûë ïðåäëîæåí Petropoulos and
Kourentzes (2015).

Èäåÿ â òîì, ÷òîáû äàòü ïðîãíîçû íà ðàçíûõ óðîâíÿõ
àãðåãàöèè:

• Ìåñÿ÷íûå äàííûå;

• Äâó-ìåñÿ÷íûå;

• Êâàðòàëüíûå;

• ...
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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iMAPA

Ïðîãíîçû ìîæíî ñòðîèòü ñ ïîìîùüþ ÷åãî óãîäíî.

Ïîñëå ýòîãî ïðîãíîçû êîìáèíèðóþòñÿ.
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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Âðåìåííûå èåðàðõèè

Kourentzes and Athanasopoulos (2021) - èäåÿ, ïîõîæàÿ íà
iMAPA, íî èñïîëüçóþùàÿ èåðàðõè÷åñêèé ïîäõîä.

Ïîçâîëÿåò âêëþ÷àòü ñåçîííîñòü è òðåíäû.
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà



Ââåäåíèå Êëàññèêà Ñîâðåìåííîñòü Îöåíêà òî÷íîñòè Ïîñëåñëîâèå Ñïèñîê ëèòåðàòóðû

Âðåìåííûå èåðàðõèè, ïðèìåð
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà



Ââåäåíèå Êëàññèêà Ñîâðåìåííîñòü Îöåíêà òî÷íîñòè Ïîñëåñëîâèå Ñïèñîê ëèòåðàòóðû

iMAPA è èåðàðõèè

Ïðåèìóùåñòâà:

• Ïðîãíîçû íà ðàçíûõ âðåìåííûõ óðîâíÿõ;

• Ïðîãíîçû ñîãëàñîâàíû;

• Ëþáàÿ ìîäåëü äëÿ ïðîãíîçèðîâàíèÿ.

Íåäîñòàòêè:

• Íåò ïðîãíîçíûõ èíòåðâàëîâ;

• Ñëîæíîñòè íà ìàëûõ âûáîðêàõ (ïðîãíîç ïî äâóì
òî÷êàì?);

• Áîëüøå ðàñ÷¼òîâ (ìîäåëü íà êàæäîì óðîâíå).
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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iETS � ïðåðûâèñòàÿ ìîäåëü ýêñïîíåíöèàëüíîãî
ñãëàæèâàíèÿ

Íà îñíîâå èäåè Croston (1972), Svetunkov and Boylan (2019)
ïðåäëîæèëè ìîäåëü:

yt = otzt
zt � ÷èñòàÿ ìóëüòèïëèêàòèâíàÿ ìîäåëü ETS
ot ∼ Bernoulli(pt)

. (6)

Ýòî óæå ïîëíîöåííàÿ ñòàòèñòè÷åñêàÿ ìîäåëü.

Êðîñòîí è TSB ìîãóò ñ÷èòàòüñÿ ìåòîäàìè îöåíêè ìîäåëè
iETS.
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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iETS

Ïðèìåð îäíîé èç ìîäåëåé iETS(M,N,N)O(M,N,N):

yt = otzt
zt = lz,t−1 (1 + εt)
lz,t = lz,t−1(1 + αεt)
(1 + εt) ∼ logN (0, σ2ε )
ot ∼ Bernoulli (pt)
pt =

at
at+1

at = la,t−1 (1 + εa,t)
la,t = la,t−1(1 + αaεa,t)
(1 + εa,t) ∼ logN (0, σ2a)

. (7)
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà



Ââåäåíèå Êëàññèêà Ñîâðåìåííîñòü Îöåíêà òî÷íîñòè Ïîñëåñëîâèå Ñïèñîê ëèòåðàòóðû

iETS
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà



Ââåäåíèå Êëàññèêà Ñîâðåìåííîñòü Îöåíêà òî÷íîñòè Ïîñëåñëîâèå Ñïèñîê ëèòåðàòóðû

iETS

Ïðåèìóùåñòâà:

• Ëþáàÿ ìîäåëü ETS äëÿ ðàçìåðîâ ñïðîñà;

• Ëþáàÿ ìîäåëü ETS äëÿ âåðîÿòíîñòè ïîÿâëåíèÿ ñïðîñà;

• Îáúÿñíÿþùèå ïåðåìåííûå;

• Àâòîìàòè÷åñêèé âûáîð ìîäåëè äëÿ îáåèõ ÷àñòåé;

• Ïðîãíîçíûå èíòåðâàëû;

• Ðàñøèðÿåìà äëÿ äðóãèõ ìîäåëåé (ARIMA, ðåãðåññèÿ).

Íåäîñòàòêè:

• Ñëîæíàÿ ìîäåëü;

• Òÿæåëî îöåíèâàòü íà ìàëûõ âûáîðêàõ;
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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Ñîâðåìåííûå ìåòîäû

Äðóãèå ìåòîäû ïðîãíîçèðîâàíèÿ ïðåðûâèñòîãî ñïðîñà:

• INARMA � Integer ARMA � öåëî÷èñëåííàÿ ARMA
(Mohammadipour and Boylan, 2012);

• Íåéðîííûå ñåòè (Kourentzes, 2013);

• Ïóàññîíîâñêîå è îòðèöàòåëüíîå áèíîìèàëüíîå
ðàñïðåäåëåíèÿ (Snyder et al., 2012);

• GLM äëÿ âðåìåííûõ ðÿäîâ (Liboschik et al., 2017);

• Íåéðîííûå ñåòè �Äîëãàÿ êðàòêîñðî÷íàÿ ïàìÿòü�
(Turkmen et al., 2019).
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà



Îöåíêà òî÷íîñòè ïðîãíîçîâ ïðåðûâèñòîãî ñïðîñà

Êàðòèíêà âçÿòà ñ

https://dearauthor.com/features/letters-of-opinion/gauging-other-romance-readers/

https://dearauthor.com/features/letters-of-opinion/gauging-other-romance-readers/


Ââåäåíèå Êëàññèêà Ñîâðåìåííîñòü Îöåíêà òî÷íîñòè Ïîñëåñëîâèå Ñïèñîê ëèòåðàòóðû

Îöåíêà òî÷íîñòè

Ìîæíî ëè èñïîëüçîâàòü Mean Absolute Percentage Error
(MAPE)?

MAPE =
1

h

h∑
j=1

|yt+j − ŷt+j |
yt+j

(8)

Íåò, ïîòîìó ÷òî ìû èìååì äåëî ñ íóëÿìè.

Íèêàêàÿ îøèáêà íà îñíîâå ïðîöåíòîâ íå ïîäõîäèò.
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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Îöåíêà òî÷íîñòè

Êàê íàñ÷¼ò MAE (ñðåäíÿÿ àáñîëþòíàÿ îøèáêà)?

Ìèíèìóì MAE ñîîòâåòñòâóåò ìåäèàíå (Kolassa, 2016).

Ïðåðûâèñòûé ñïðîñ ìîæåò ñ ë¼ãêîñòüþ ñîäåðæàòü áîëüøå
50% íóëåé.

Ëó÷øèé ïðîãíîç â òàêîì ñëó÷àå (ïî MAE) � íóëåâîé.

Íåëüçÿ èñïîëüçîâàòü îøèáêè íà îñíîâå MAE (MASE, sMAE
è ò.ä.).
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà
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Îöåíêà òî÷íîñòè

Îøèáêè íà îñíîâå MSE ìèíèìèçèðóþòñÿ ñðåäíåé âåëè÷èíîé.

Â ñëó÷àå ñ ïðåðûâèñòûì ñïðîñîì îíè èìåþò ñìûñë.

Íàïðèìåð, rRMSE (Davydenko and Fildes, 2013):

rRMSE =
RMSEa
RMSEb

, (9)

ãäå

RMSE =

√√√√1

h

h∑
j=1

(yt+j − ŷt+j)2 (10)
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà



Ââåäåíèå Êëàññèêà Ñîâðåìåííîñòü Îöåíêà òî÷íîñòè Ïîñëåñëîâèå Ñïèñîê ëèòåðàòóðû

Îöåíêà òî÷íîñòè

Ëþáàÿ îøèáêà íà îñíîâå MSE áóäåò èìåòü ñìûñë.

Âûáîð îøèáêè äîëæåí áûòü ïðîäèêòîâîí êîíêðåòíîé
ïðîáëåìîé.

Åñëè âîçìîæíî, àíàëèçèðóéòå ðàñïðåäåëåíèå îøèáîê.

Íå çàáûâàéòå ïðî ïðîãíîçíûå èíòåðâàëû.
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà



Âìåñòî çàêëþ÷åíèÿ

Êàðòèíêà âçÿòà ñ https://www.amazon.com/End-Near-Funny-Doomsday-Cartoon/dp/B00K6LBMGO

https://www.amazon.com/End-Near-Funny-Doomsday-Cartoon/dp/B00K6LBMGO


CMAF

Ââåäåíèå Êëàññèêà Ñîâðåìåííîñòü Îöåíêà òî÷íîñòè Ïîñëåñëîâèå Ñïèñîê ëèòåðàòóðû

Âìåñòî çàêëþ÷åíèÿ

• Ïðåðûâèñòûé ñïðîñ � ñëîæíàÿ ïðîáëåìà;

• Ìû ñ íåé áóäåì ñòàëêèâàòüñÿ âñ¼ ÷àùå è ÷àùå;

• Ñóùåñòâóþò êëàññè÷åñêèå ìåòîäû ïðîãíîçèðîâàíèÿ;

• Íî íàóêà íå ñòîèò íà ìåñòå, ïîÿâëÿþòñÿ è áîëåå
ñîâðåìåííûå;

• Êàêèå áû ìåòîäû âû íå èñïîëüçîâàëè, íàäî óìåòü èõ
ñðàâíèâàòü;

• ...

• Ïðåæäå ÷åì ïðîãíîçèðîâàòü, íàäî ïîíÿòü, êàê
ïðèíèìàþòñÿ ðåøåíèÿ íà ïðàêòèêå.
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Ïðîãíîçèðîâàíèå ïðåðûâèñòîãî ñïðîñà



CMAF

Ââåäåíèå Êëàññèêà Ñîâðåìåííîñòü Îöåíêà òî÷íîñòè Ïîñëåñëîâèå Ñïèñîê ëèòåðàòóðû

Âìåñòî çàêëþ÷åíèÿ

• Ïðåðûâèñòûé ñïðîñ � ñëîæíàÿ ïðîáëåìà;

• Ìû ñ íåé áóäåì ñòàëêèâàòüñÿ âñ¼ ÷àùå è ÷àùå;

• Ñóùåñòâóþò êëàññè÷åñêèå ìåòîäû ïðîãíîçèðîâàíèÿ;

• Íî íàóêà íå ñòîèò íà ìåñòå, ïîÿâëÿþòñÿ è áîëåå
ñîâðåìåííûå;

• Êàêèå áû ìåòîäû âû íå èñïîëüçîâàëè, íàäî óìåòü èõ
ñðàâíèâàòü;

• ...

• Ïðåæäå ÷åì ïðîãíîçèðîâàòü, íàäî ïîíÿòü, êàê
ïðèíèìàþòñÿ ðåøåíèÿ íà ïðàêòèêå.
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Âìåñòî çàêëþ÷åíèÿ

Íåêîòîðûå ìàòåðèàëû ïî òåìå:

• Î ìîäåëè iETS â ïàêåòå �smooth� äëÿ R:
https://tinyurl.com/y5453ckn;

• Êàê èçìåðèòü òî÷íîñòü ïðîãíîçîâ:
https://tinyurl.com/y2g4fw2y;

• Êàê îöåíèòü àäåêâàòíîñòü ïðîãíîçíûõ èíòåðâàëîâ:
https://tinyurl.com/y6kl6fem;

• Êàê èçìåðèòü òî÷íîñòü â ñëó÷àå ñ ïðåðûâèñòûì ñïðîñîì
https://tinyurl.com/yxatxqgn.
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