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Àíàëèç ðÿäîâ ñðåäíåãîäîâûõ òåìïåðàòóð ïðèçåìíîãî âîçäóõà (ÒÏÂ) ïîêàçûâàåò, ÷òî â íèõ ìîãóò áûòü 

âûäåëåíû òðè ñîñòàâëÿþùèå: äîëãîâðåìåííûé òðåíä, íàáîð ãàðìîíè÷åñêèõ ñîñòàâëÿþùèõ è àíîìàëèè, õà-
ðàêòåð êîòîðûõ áëèçîê ê ñëó÷àéíîìó ïðîöåññó. 

Íàìè ïðåäëàãàåòñÿ äëÿ âûäåëåíèÿ êâàçèïåðèîäè÷åñêèõ êîëåáàíèé èñïîëüçîâàòü âåéâëåò-ïðåîáðàçîâàíèå 
èñõîäíîãî ðÿäà. Â ýòîì ñëó÷àå ðàñïðåäåëåíèå êîýôôèöèåíòîâ ïðåîáðàçîâàíèÿ ïîçâîëÿåò âûäåëèòü êîëåáà-
íèÿ ðàçëè÷íûõ ìàñøòàáîâ, êàê áëèçêèõ ê ãàðìîíè÷åñêèì, òàê è èìåþùèõ õàðàêòåð íåñòàöèîíàðíîãî êîëå-
áàòåëüíîãî ïðîöåññà. Äàëåå, ýêñòðàïîëÿöèÿ âïåðåä ïðîâîäèòñÿ ïî êîýôôèöèåíòàì âåéâëåò-ïðåîáðàçîâàíèÿ 
âûäåëåííûõ ìàñøòàáîâ ñ ó÷åòîì èõ äèíàìèêè íà âðåìåííîé îñè, à êîëåáàòåëüíàÿ ñîñòàâëÿþùàÿ ðÿäà âîñ-
ñòàíàâëèâàåòñÿ îáðàòíûì âåéâëåò-ïðåîáðàçîâàíèåì. 

Ïðåäëàãàåìûé ïîäõîä äåìîíñòðèðóåòñÿ íà ïðèìåðå ðÿäîâ ñðåäíåãîäîâûõ ÒÏÂ ñòàíöèé ãã. Ñûêòûâêàðà 
è Òîìñêà, èìåþùèõ ïðîòÿæåííîñòü èíñòðóìåíòàëüíûõ íàáëþäåíèé áîëåå 100 ëåò. 

 

Êëþ÷åâûå ñëîâà: âåéâëåò-ïðåîáðàçîâàíèå, ïðîãíîç, òåìïåðàòóðà ïðèçåìíîãî âîçäóõà, ãàðìîíè÷åñêîå 
ðàçëîæåíèå. 

 

Â êà÷åñòâå îäíîãî èç ìàòåìàòè÷åñêèõ ñïîñîáîâ 
äëÿ îñóùåñòâëåíèÿ ïðîãíîçîâ ðÿäîâ ìåòåîðîëîãè÷å-
ñêèõ âåëè÷èí â ðàáîòàõ [1, 2] èñïîëüçóåòñÿ ìåòîä 
ãàðìîíè÷åñêîãî ðàçëîæåíèÿ. Ñóòü ìåòîäà ñîñòîèò  
â ïîäáîðå äëÿ àíàëèçèðóåìîãî ðÿäà ñóììû ýëåìåí-
òàðíûõ ãàðìîíèê, êîòîðûå ñ ðàçëè÷íûìè ñäâèãàìè 

ôàç è ñ ðàçëè÷íûìè àìïëèòóäàìè íàêëàäûâàþòñÿ 

äðóã íà äðóãà. Äëÿ íàõîæäåíèÿ ÷èñëåííûõ çíà÷åíèé 

àìïëèòóä è ñäâèãà ôàç äàííûõ ãàðìîíèê èñïîëüçî-
âàëñÿ ìåòîä íàèìåíüøèõ êâàäðàòîâ, à âåëè÷èíû ïå-
ðèîäîâ ýòèõ ãàðìîíèê íàõîäèëèñü èç Ôóðüå-
ïðåîáðàçîâàíèÿ èññëåäóåìîãî ðÿäà. 

Â ðàáîòàõ [1, 2] àïðîáàöèÿ ýòîãî ìåòîäà âåëàñü 
íà ðÿäàõ ìåòåîðîëîãè÷åñêèõ âåëè÷èí Âîðêóòèíñêîãî 
ðàéîíà. Äëÿ äàëüíåéøåãî àíàëèçà èç äàííîãî ãåî-
ãðàôè÷åñêîãî ðåãèîíà íåîáõîäèìî âûáðàòü íàèáîëåå 
ïðîäîëæèòåëüíûé ðÿä òåìïåðàòóðû ïðèçåìíîãî âîç-
äóõà (ÒÏÂ). Íàìè áûë âûáðàí ðÿä ñðåäíåãîäîâûõ 

òåìïåðàòóð ã. Ñûêòûâêàðà, ïîòîìó ÷òî åãî ïðîäîë-
æèòåëüíîñòü ñîñòàâëÿåò 113 ëåò (ñ 1895 ïî 2007 ã.). 
  Íåïîñðåäñòâåííî â ðàáîòå [1] ìåòîä ãàðìîíè÷å-
ñêîãî ðàçëîæåíèÿ ïðèìåíÿëñÿ ê ðÿäàì ñ 10-ëåòíèì 
ñãëàæèâàíèåì. Îäíîé èç ïðè÷èí òàêîãî âûáîðà ïå-
ðèîäà ñãëàæèâàíèÿ, ïî ìíåíèþ àâòîðîâ ñòàòüè [1], ÿâ-
ëÿåòñÿ óìåíüøåíèå âëèÿíèÿ ëîêàëüíûõ àíîìàëüíûõ 

çíà÷åíèé íà öèêëè÷åñêèå îñîáåííîñòè ïîâåäåíèÿ çíà- 
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÷åíèé ñðåäíåãîäîâîé ÒÏÂ. Ýòîò èíòåðâàë ñãëàæè-
âàíèÿ áûë ïðèìåíåí è ê ðÿäó ñðåäíåãîäîâûõ òåì-
ïåðàòóð ã. Ñûêòûâêàðà. 

Ó àíàëèçèðóåìîãî ðÿäà 10-ëåòíåãî ñêîëüçÿùåãî 
ñðåäíåãî ñðåäíåãîäîâîé òåìïåðàòóðû ã. Ñûêòûâêàðà 
áûë âûäåëåí è óäàëåí ëèíåéíûé òðåíä: 

 ( ) 0,6 0,0057( 1949),y x x= + −   (1) 

ãäå õ – âðåìÿ â ãîäàõ. 
Äàííûé òðåíä ñîîòâåòñòâóåò ñöåíàðèþ ðàçâèòèÿ 

ñåâåðíîãî Àðêòè÷åñêîãî ðåãèîíà äî 2080 ã., êîòîðûé 
áûë ïðåäñòàâëåí â Òðåòüåì äîêëàäå ÌÃÝÈÊ [3]. 
  Íà ðèñ. 1 ïîêàçàíû ðÿä ñðåäíåãîäîâûõ çíà÷åíèé 
ÒÏÂ ã. Ñûêòûâêàðà â âèäå ñïëîøíîé ëèíèè, 10-
ëåòíåå ñãëàæèâàíèå ýòîãî æå ðÿäà â âèäå ïóíêòèðà 
è 10-ëåòíåå ñãëàæèâàíèå ñ óäàëåíèåì ëèíåéíîãî 

òðåíäà â âèäå òî÷åê. 
Äàëåå, äëÿ ñðàâíåíèÿ, ê ñãëàæåííîìó ðÿäó áåç 

òðåíäà áûëè ïðèìåíåíû ïðîöåäóðû ãàðìîíè÷åñêîãî 
ðàçëîæåíèÿ è âåéâëåò-ïðåîáðàçîâàíèÿ. 

Âåéâëåò-ïðåîáðàçîâàíèå ñèãíàëà [4] ñîñòîèò  
â åãî ðàçëîæåíèè ïî áàçèñó, ïîñòðîåííîìó èç ñïå-
öèàëüíîé ïðîèçâîäÿùåé ôóíêöèè (âåéâëåòà) ïî-
ñðåäñòâîì ìàñøòàáíûõ èçìåíåíèé è ïåðåíîñîâ. Òà-
êèì îáðàçîì, îäíîìåðíûé ñèãíàë ïðîåêòèðóåòñÿ íà 
ïëîñêîñòü âðåìÿ-÷àñòîòà â âèäå äâóõìåðíîãî ðàñ-
ïðåäåëåíèÿ êîýôôèöèåíòîâ íåïðåðûâíîãî âåéâëåò-
ïðåîáðàçîâàíèÿ: 
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ãäå W(a, b) – êîýôôèöèåíòû âåéâëåò-ïðåîáðàçî- 
âàíèÿ; f(t) – èññëåäóåìàÿ ôóíêöèÿ; t – âðåìÿ; ψab – 
âåéâëåò; a – âåëè÷èíà ìàñøòàáà; b – ïàðàìåòð ñäâè-
ãà ïî âðåìåííîé îñè; * – îïåðàòîð êîìïëåêñíîãî 
ñîïðÿæåíèÿ. 

 

 
Ðèñ. 1. Ðÿä ñðåäíåãîäîâûõ çíà÷åíèé òåìïåðàòóðû ïðè-
çåìíîãî âîçäóõà (ñïëîøíàÿ ëèíèÿ), ðÿä 10-ëåòíåãî ñêîëü-
çÿùåãî ñðåäíåãî ÒÏÂ (øòðèõîâàÿ) è ðÿä 10-ëåòíåãî 
ñêîëüçÿùåãî ñðåäíåãî ÒÏÂ çà âû÷åòîì òðåíäà (òî÷êè) 
  ã. Ñûêòûâêàð 

 
Îáðàòíîå ê (2) ïðåîáðàçîâàíèå èìååò âèä 
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ãäå Cψ – íîðìàëèçóþùèé êîýôôèöèåíò. 
Ñíà÷àëà ïðîâåäåì àíàëèç è ñäåëàåì ïðîãíîç 

ýòîãî ðÿäà ïî ìåòîäó ãàðìîíè÷åñêîãî ðàçëîæåíèÿ. 
Èç àíàëèçà Ôóðüå-êîýôôèöèåíòîâ èññëåäóåìîãî 
ðÿäà (ðèñ. 2) ìîæíî âûäåëèòü ïåðèîäè÷íîñòè ìàñ-
øòàáîâ â 11 è 14 ëåò, 22 ãîäà è 37 ëåò. 

 

 
Ðèñ. 2. Ôóðüå-ïðåîáðàçîâàíèå ðÿäà 10-ëåòíåãî ñêîëüçÿùå-
ãî ñðåäíåãî ÒÏÂ ã. Ñûêòûâêàð ñ óäàëåíèåì ëèíåéíîãî 
  òðåíäà 

 
Èòîãîâîå ãàðìîíè÷åñêîå ðàçëîæåíèå ýòîãî ðÿäà 

èìååò ñëåäóþùèé âèä: 
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 (4) 

ãäå t – âðåìÿ â ãîäàõ, îòñ÷èòûâàåìîå îò 1895 ã. 
  Íà ðèñ. 3 ïðèâåäåíî ñðàâíåíèå ôóíêöèè ãàð-
ìîíè÷åñêîãî ðàçëîæåíèÿ (4) ñ àíàëèçèðóåìûì ðÿ-
äîì è ïîêàçàí ïðîãíîç ðÿäà ïóòåì ïðîäëåíèÿ ïî-
äîáðàííîé ãàðìîíè÷åñêîé ôóíêöèè (4) äî 2060 ã. 
 

 
Ðèñ. 3. Ðÿä 10-ëåòíåãî ñêîëüçÿùåãî ñðåäíåãî ÒÏÂ ã. Ñûê- 
òûâêàð ñ óäàëåíèåì ëèíåéíîãî òðåíäà (ñïëîøíàÿ ëèíèÿ), 
  ðÿä ãàðìîíè÷åñêîãî ðàçëîæåíèÿ (4) (øòðèõîâàÿ) 

 

Ðåçóëüòàò âåéâëåò-ïðåîáðàçîâàíèÿ ê ðÿäó  
10-ëåòíåãî ñêîëüçÿùåãî ñðåäíåãî ñ óäàëåíèåì òðåí-
äà ïîêàçàí íà ðèñ. 4 (áûë èñïîëüçîâàí âåéâëåò 
Ìîðëå [5, 6]). 

 

 
Ðèñ. 4. Êàðòà àáñîëþòíûõ çíà÷åíèé êîýôôèöèåíòîâ âåéâ- 
ëåò-ïðåîáðàçîâàíèÿ ðÿäà 10-ëåòíåãî ñêîëüçÿùåãî ñðåäíåãî 
  ÒÏÂ ã. Ñûêòûâêàð ñ óäàëåíèåì ëèíåéíîãî òðåíäà 

 

Àíàëèç êàðòû âåéâëåò-êîýôôèöèåíòîâ ðèñ. 4 

äàåò òå æå ïåðèîäè÷íîñòè, ÷òî è Ôóðüå-ïðåîáðàçî- 
âàíèå (ñì. ðèñ. 2), îäíàêî ìîæíî ñäåëàòü ðÿä çàìå-
÷àíèé, êîòîðûå êàñàþòñÿ âðåìåííûõ ïåðèîäîâ ïðî-
ÿâëåíèÿ òåõ èëè èíûõ êîëåáàíèé ðàçëè÷íûõ ìàñ-
øòàáîâ: 

1. Ãàðìîíèêà ñ ïåðèîäîì â 11 ëåò ïðîÿâëÿåòñÿ 
òîëüêî íà âðåìåííîì èíòåðâàëå 1940–1965 ãã., à ãàð-
ìîíèêà ñ ïåðèîäîì â 14 ëåò, íàîáîðîò, ïðîÿâëÿåòñÿ 
òîëüêî âíå âðåìåííîãî èíòåðâàëà 1940–1965 ãã. 

2. Ãàðìîíèêà ñ ïåðèîäîì â 22 ãîäà ïðîÿâëÿåòñÿ 
òîëüêî ñ 1955 ã. 
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3. Ãàðìîíèêà ñ ïåðèîäîì â 37 ëåò ïðîÿâëÿåòñÿ 
äî 1970 ã., ïîñëå ÷åãî íàáëþäàåòñÿ ïëàâíûé ïåðå-
õîä íà ãàðìîíèêó ñ ìàñøòàáàìè 40–43 ãîäà. 

Âûïîëíåííûé àíàëèç êàðòû âåéâëåò-êîýôôè- 
öèåíòîâ ïîêàçàë, ÷òî äëÿ ðàñïðåäåëåíèÿ (2) õàðàê-
òåðíî íàëè÷èå êâàçèïåðèîäè÷åñêèõ ñòðóêòóð ðàç-
ëè÷íûõ âðåìåííûõ ìàñøòàáîâ. 

Ñóòü ìåòîäà ïðîãíîçà ðÿäîâ ìåòåîðîëîãè÷åñêèõ 
âåëè÷èí ñ ïîìîùüþ âåéâëåò-ïðåîáðàçîâàíèÿ çàêëþ-
÷àåòñÿ â òîì, ÷òî âûïîëíÿåòñÿ ïðîãíîç íå èñõîäíîé 
ôóíêöèè f(t), à ãîðàçäî áîëåå ïðîñòûõ ãëàäêèõ 
êâàçèïåðèîäè÷åñêèõ ôóíêöèé ϕa(b) = W(a, b) äëÿ 
ðàçëè÷íûõ ìàñøòàáîâ a, à çàòåì èñõîäíàÿ ôóíêöèÿ 
âîññòàíàâëèâàåòñÿ ïî ñîîòíîøåíèþ (3). Äëÿ êàæ-
äîé ôóíêöèè ϕa(b) ôèêñèðóþòñÿ ëîêàëüíûå ìàêñè-
ìóìû è ìèíèìóìû. 

Äëÿ âûäåëåííîãî ìàñøòàáà a ôóíêöèè ϕa(b) = 
= W(a, b) îöåíêó âðåìåííîãî ïîëîæåíèÿ î÷åðåäíî-
ãî ìàêñèìóìà/ìèíèìóìà ïðîâîäèëè ïóòåì âûäåëå-
íèÿ íåêîòîðîãî ïåðèîäà ôóíêöèè ϕa(b). Êàê ïîêà-
çûâàåò àíàëèç ðàçëè÷íûõ âðåìåííûõ ðÿäîâ, â ïî-
äàâëÿþùåì áîëüøèíñòâå ñëó÷àåâ äëÿ ôèêñèðîâàí-
íîãî ìàñøòàáà a ôóíêöèÿ ϕa(b) ÿâëÿåòñÿ ïåðèîäè-
÷åñêîé, ïðè÷åì âûÿâëåííûé ïåðèîä, çà ðåäêèì èñ-
êëþ÷åíèåì, ÿâëÿåòñÿ ïîñòîÿííîé âî âðåìåíè âåëè-
÷èíîé. Ïåðèîä ôóíêöèè ϕa(b) îïðåäåëÿëè êàê âðå-
ìåííîé îòðåçîê ìåæäó äâóìÿ ñîñåäíèìè ìàêñèìó-
ìàìè/ìèíèìóìàìè. 

Íåïîñðåäñòâåííî ïðîöåäóðà ýêñòðàïîëÿöèè ϕa(b) 
ñîñòîèò â îöåíêå êàê âðåìåííîãî ïîëîæåíèÿ î÷å-
ðåäíîãî ìàêñèìóìà/ìèíèìóìà (â âèäå ñðåäíåãî ïå-
ðèîäà äàííîãî ðÿäà), òàê è åãî ÷èñëåííîãî çíà÷å-
íèÿ (ñ ïîìîùüþ ëèíåéíîãî ïîëèíîìà). Ïîëó÷åííîå 
çíà÷åíèå ïåðèîäà ñ÷èòàåòñÿ èìåííî òåì ïåðèîäîì íà 
âûäåëåííîì ìàñøòàáå a ôóíêöèè ϕa(b), êîòîðîå èñ-
ïîëüçóåòñÿ óæå íà ïðîãíîçèðóåìûé âðåìåííîé ïðî-
ìåæóòîê äëÿ ïðîäëåíèÿ ñàìîé ôóíêöèè ϕa(b). 
  Äèíàìèêà íà âðåìåííîé îñè ïðîèñõîäèò íå çà 
ñ÷åò èçìåíåíèÿ ïåðèîäà ôèêñèðîâàííîé ôóíêöèè 
ϕa(b), à çà ñ÷åò èçìåíåíèÿ ÷èñëåííûõ çíà÷åíèé  

â ëîêàëüíûõ ìàêñèìóìàõ/ìèíèìóìàõ ýòîé ôóíêöèè. 
Àíàëèç êàðòû âåéâëåò-êîýôôèöèåíòîâ âåäåòñÿ êàê ðàç 

ïî ñîïîñòàâëåíèþ ÷èñëåííûõ çíà÷åíèé ýòèõ âåéâëåò-
êîýôôèöèåíòîâ â ðàçíûå âðåìåííûå ïðîìåæóòêè. 
Íàïðèìåð, åñëè ìû ãîâîðèì, ÷òî ñèãíàë íåêîòîðîãî 

ìàñøòàáà èñõîäíîãî ðÿäà çàòóõàåò, òî ýòî çíà÷èò, ÷òî 

àáñîëþòíûå çíà÷åíèÿ êîýôôèöèåíòîâ âåéâëåò-ïðå- 
îáðàçîâàíèÿ â ëîêàëüíûõ ìàêñèìóìàõ/ìèíèìóìàõ 
äëÿ äàííîãî ìàñøòàáà ñî âðåìåíåì óìåíüøàþòñÿ. 
  Äëÿ ðàñ÷åòà ïàðàìåòðîâ ëèíåéíîãî ïîëèíîìà 

èñïîëüçîâàëèñü çíà÷åíèÿ ëîêàëüíûõ ýêñòðåìóìîâ  
â êîíöå âðåìåííîãî ïåðèîäà èñõîäíîãî ðÿäà. Â ýòîì 
ñëó÷àå ñ òî÷êè çðåíèÿ èíòåðïðåòàöèè àíàëèçà êàðòû 
âåéâëåò-êîýôôèöèåíòîâ ïîëó÷àåòñÿ, ÷òî äëÿ ïðî-
ãíîçà èñõîäíîãî ðÿäà ìû ïðîäëåâàåì âûÿâëåííûå 
êîëåáàíèÿ íà âðåìÿ ïðîãíîçà èìåííî ñ òîé äèíàìè-
êîé âîçðàñòàíèÿ/óáûâàíèÿ èõ ÷èñëåííûõ çíà÷åíèé 
ýêñòðåìóìîâ, êîòîðàÿ èìåëà ìåñòî íà ìîìåíò îêîí-
÷àíèÿ èñõîäíîãî ðÿäà. 

Çàïîëíåíèå çíà÷åíèé âåéâëåò-êîýôôèöèåíòîâ  
â ïðîìåæóòêå ìåæäó ìàêñèìóìîì è ìèíèìóìîì îñó-
ùåñòâëÿëîñü êóáè÷åñêèì ñïëàéíîì. Âûáîð çíà÷åíèé 

ìàñøòàáà a, ñîãëàñíî [5], íàìè ïðîèçâîäèëñÿ íà 

îñíîâå îïåðàöèè êâàíòîâàíèÿ aj = a02
jδj, j = 0, 1, …, L, 

ãäå a0 – íàèìåíüøèé âîçìîæíûé ìàñøòàá (a0 = 2δt, 
δt – èíòåðâàë ìåæäó äâóìÿ ñîñåäíèìè âðåìåííûìè 
òî÷êàìè èñõîäíîãî âðåìåííîãî ðÿäà); δj – óðîâåíü 
òî÷íîñòè äèñêðåòíîé ðåàëèçàöèè íåïðåðûâíîãî 

âåéâëåò-ïðåîáðàçîâàíèÿ (â äàííîì ñëó÷àå ðàâåí 0,1). 
  Ðàññìîòðèì ñïîñîá ðàñ÷åòà äîâåðèòåëüíûõ èí-
òåðâàëîâ äëÿ ìåòîäà ïðîãíîçèðîâàíèÿ ñ ïîìîùüþ 
âåéâëåò-ïðåîáðàçîâàíèÿ. Âîçüìåì íåêîòîðûé âðå-
ìåííîé ðÿä X = (x1, x2, …, xn) è äëÿ íåãî ïðîâåäåì 
k ðàç ïðîãíîç íà k ðàçëè÷íûõ òåñòîâûõ âðåìåííûõ 
ïðîìåæóòêàõ äëèíîé m. Â èòîãå ïîëó÷èì k âåêòî-
ðîâ îñòàòêîâ 

( )j
l i l il ih x x
+ ++

= − �  (l – èíäåêñ ïåðâîé âðå-
ìåííîé òî÷êè j-ãî òåñòîâîãî ïðîìåæóòêà; x�  – çíà-
÷åíèå, âû÷èñëåííîå ñ ïîìîùüþ âåéâëåò-ïðåîáðàçî- 
âàíèÿ; j = 1, …, k; i = 1, …, m). 

Ïðåäïîëîæèì, ÷òî ðÿä îñòàòêîâ h ÿâëÿåòñÿ ñòà-
öèîíàðíûì è ýðãîäè÷åñêèì â òîì ñìûñëå, ÷òî åãî 
ýìïèðè÷åñêàÿ ôóíêöèÿ ðàñïðåäåëåíèÿ ñõîäèòñÿ ê íå-
êîòîðîé òåîðåòè÷åñêîé ïðè n → ∞. Çàäàäèì íåêîòî-
ðûé äîâåðèòåëüíûé óðîâåíü β(0 < β < 1, α = 1 – β). 
Îáîçíà÷èì –

2c
α

 è 2c
+

α
 íèæíþþ è âåðõíþþ α/2-

êâàíòèëè, âû÷èñëåííûå íà îñíîâå ýìïèðè÷åñêîé 

ôóíêöèè ðàñïðåäåëåíèÿ ðÿäà îñòàòêîâ è, òàêèì îá-
ðàçîì, ïîëó÷èì, ÷òî ýìïèðè÷åñêèé äîâåðèòåëüíûé 
èíòåðâàë ðàâåí –

2 2( – , ).i ix c x c
+

α α
+� �  

Ïîëíîå îïèñàíèå äàííîãî ìåòîäà ïðîãíîçà êëè-
ìàòè÷åñêèõ õàðàêòåðèñòèê ïðèâåäåíî â [6]. 

Íà ðèñ. 5 ïðèâåäåíû ôóíêöèè ãàðìîíè÷åñêîãî 
ðàçëîæåíèÿ ðÿäà 10-ëåòíåãî ñãëàæèâàíèÿ òåìïåðà-
òóðû âîçäóõà ã. Ñûêòûâêàðà áåç òðåíäà è ïðîãíîç 
äàííîãî ðÿäà ñ ïîìîùüþ âåéâëåò-ïðåîáðàçîâàíèÿ,  
à íà ðèñ. 6 – ïðîãíîç ðàññìàòðèâàåìîãî ðÿäà óæå  
ñ ó÷åòîì òðåíäà (1). Äëÿ ìåòîäà âåéâëåò-ïðåîáðà- 
çîâàíèÿ çíà÷åíèÿ –

2c
α

 è 2c
+

α
 íå ïðåâûøàþò 0,5 °C 

ïðè äîâåðèòåëüíîì óðîâíå β, ðàâíîì 0,9. 
 

 
Ðèñ. 5. Ðÿä 10-ëåòíåãî ñêîëüçÿùåãî ñðåäíåãî ÒÏÂ ã. Ñûê- 
òûâêàð áåç ó÷åòà ëèíåéíîãî òðåíäà (ñïëîøíàÿ ëèíèÿ), ïðî-
ãíîç àíàëèçèðóåìîãî ðÿäà ñ ïîìîùüþ ìåòîäà âåéâëåò-ïðå- 
îáðàçîâàíèÿ íà ïåðèîä 2008–2060 ãã. (øòðèõîâàÿ) è ìå-
òîäà ãàðìîíè÷åñêîãî ðàçëîæåíèÿ íà ïåðèîä 2008–2060 ãã. 
  (òî÷êè) 

 
Ðèñ. 5 è 6 äåìîíñòðèðóþò êà÷åñòâåííûå è êîëè-

÷åñòâåííûå ðàçëè÷èÿ äâóõ ðàññìàòðèâàåìûõ ïîäõîäîâ 

ê ïðîãíîçèðîâàíèþ. Ïîäõîä, îñíîâàííûé íà âåéâëåò-
ïðåîáðàçîâàíèè, ïðåäñêàçûâàåò öèêëè÷åñêèå êîëåáàíèÿ 
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òåìïåðàòóðû âîçäóõà âîêðóã òðåíäà ñ ó÷åòîì ïîë-
íîãî íàáîðà ãàðìîíèê, èìåþùèõ ìåñòî íà ìîìåíò 
îêîí÷àíèÿ âðåìåííîãî ðÿäà. Â ìåòîäå ãàðìîíè÷å-
ñêîãî ðàçëîæåíèÿ êîëåáàòåëüíûé ïðîöåññ âûðàæåí 
òîëüêî ñîâîêóïíîñòüþ ãàðìîíèê, âûÿâëåííûõ ñ ïî-
ìîùüþ Ôóðüå-ïðåîáðàçîâàíèÿ (áîëåå ïîäðîáíî íå-
äîñòàòêè òàêîãî ñïîñîáà âûÿâëåíèÿ ãàðìîíè÷åñêèõ 
ñèãíàëîâ îïèñàíû â [4]). 

 

 
Ðèñ. 6. Ðÿä 10-ëåòíåãî ñêîëüçÿùåãî ñðåäíåãî ÒÏÂ ã. Ñûê- 
òûâêàð (ñïëîøíàÿ ëèíèÿ), ïðîãíîç àíàëèçèðóåìîãî ðÿäà  
ñ ïîìîùüþ ìåòîäà âåéâëåò-ïðåîáðàçîâàíèÿ íà ïåðèîä 2008–
2060 ãã. (øòðèõîâàÿ) è ìåòîäà ãàðìîíè÷åñêîãî ðàçëîæå-
íèÿ íà ïåðèîä 2008–2060 ãã. (òî÷êè). Òîíêîé ñïëîøíîé 
  ëèíèåé ïîêàçàí òðåíä (1) 

 

Âûøåïåðå÷èñëåííûå ïðîöåäóðû (óñðåäíåíèå  

10-ëåòíèì ñêîëüçÿùèì ñðåäíèì, óäàëåíèå ëèíåéíîãî 
òðåíäà, ïîñòðîåíèå ïðîãíîçà îïèñàííûìè ìåòîäàìè) 

áûëè ïðîäåëàíû ñ âðåìåííûìè ðÿäàìè äðóãèõ ãîðî-
äîâ. Â ÷àñòíîñòè, íà ðèñ. 7 ïîêàçàí ïðîãíîç äî 2060 ã. 
10-ëåòíåãî ñêîëüçÿùåãî ñðåäíåãî ÒÏÂ ã. Òîìñêà 
ðàçíûìè ìåòîäàìè (èñõîäíûé ðÿä èìååò ïðîòÿæåí-
íîñòü 127 ëåò – ñ 1881 ïî 2007 ã.). 

 

 
Ðèñ. 7. Ðÿä 10-ëåòíåãî ñêîëüçÿùåãî ñðåäíåãî ÒÏÂ ã. Òîìñêà 
(ñïëîøíàÿ ëèíèÿ), ïðîãíîç àíàëèçèðóåìîãî ðÿäà ñ ïîìî-
ùüþ ìåòîäà âåéâëåò-ïðåîáðàçîâàíèÿ íà ïåðèîä 2008–2060 ãã. 
(øòðèõîâàÿ), ãàðìîíè÷åñêîå ðàçëîæåíèå àíàëèçèðóåìîãî 
  ðÿäà (òî÷êè). Òîíêàÿ ïðÿìàÿ – òðåíä äëÿ ïåðâîãî ðÿäà 

 

Íà ðèñ. 8 ïîêàçàíî òåñòèðîâàíèå äâóõ ìåòîäîâ 
íà âðåìåííîì èíòåðâàëå 1985–2007 ãã. 

 
Ðèñ. 8. Ðÿä 10-ëåòíåãî ñêîëüçÿùåãî ñðåäíåãî ÒÏÂ ã. Òîìñêà 
áåç ó÷åòà ëèíåéíîãî òðåíäà (ñïëîøíàÿ ëèíèÿ), òåñò àíàëè-
çèðóåìîãî ðÿäà ñ ïîìîùüþ ìåòîäà âåéâëåò-ïðåîáðàçîâàíèÿ 
íà ïåðèîä 1985–2007 ãã. (øòðèõîâàÿ), ãàðìîíè÷åñêîå 
   ðàçëîæåíèå àíàëèçèðóåìîãî ðÿäà (òî÷êè) 

 

Ïðîöåäóðà òåñòèðîâàíèÿ ïðåäñòàâëÿåò ñîáîé 
âûáîð çíà÷åíèé òåìïåðàòóðû âîçäóõà àíàëèçèðóå-
ìîãî ðÿäà äî 1985 ã. Äàííûå ïî ÒÏÂ ñ 1985 ïî 
2007 ã. äëÿ äâóõ èññëåäóåìûõ ìåòîäîâ íå áûëè äîñ-
òóïíû, à èñïîëüçîâàëèñü òîëüêî äëÿ ñðàâíåíèÿ. Èç 
ðèñ. 8 âèäíî, ÷òî ìåòîä ãàðìîíè÷åñêîãî ðàçëîæåíèÿ 
íå ñïðàâèëñÿ ñ ýòèì òåñòîì (ñòàíäàðòíîå îòêëîíåíèå 
îøèáêè íà ïåðèîä òåñòà ðàâíÿåòñÿ 0,29 °Ñ), à ìåòîä 
âåéâëåò-ïðåîáðàçîâàíèÿ ïîâòîðèë âñå îñîáåííîñòè 
ðÿäà íà äàííîì èíòåðâàëå ïðàêòè÷åñêè áåç îøèáîê 
(ñòàíäàðòíîå îòêëîíåíèå îøèáêè ðàâíî 0,07 °Ñ). 
  Ýòîìó ôàêòó ìîæíî äàòü ïðîñòîå îáúÿñíåíèå: 
Ôóðüå-ïðåîáðàçîâàíèå â ðÿäå 10-ëåòíåãî ñêîëüçÿ-
ùåãî ñðåäíåãî ÒÏÂ ã. Òîìñêà âûäåëèëî òîëüêî äâå 
ãàðìîíèêè ñ ìàñøòàáîì 21 è 32 ãîäà, à âåéâëåò-
ïðåîáðàçîâàíèå ïîêàçàëî, ÷òî ãàðìîíèêà ñ íà÷àëü-
íûì ìàñøòàáîì 21 ãîä ê 1980 ã. ïðåâðàòèëàñü â çà-
òóõàþùóþ ïî àìïëèòóäå ãàðìîíèêó ìàñøòàáà 17 ëåò. 
  Òàêèì îáðàçîì, ýêñòðàïîëÿöèÿ íèçêî÷àñòîòíûõ 
ìåæãîäîâûõ êîëåáàíèé ÒÏÂ ïî ìåòîäó âåéâëåò-
ïðåîáðàçîâàíèÿ äàåò, êàê ïîêàçûâàåò ïðîöåäóðà òåñ-
òèðîâàíèÿ, ëó÷øèå ðåçóëüòàòû ïî ñðàâíåíèþ ñ ìå-
òîäîì ãàðìîíè÷åñêîãî ðàçëîæåíèÿ. Ïðîãíîç ïåðèî-
äîâ ïîõîëîäàíèÿ è ïîòåïëåíèÿ (îòíîñèòåëüíî òðåí-
äîâ) ìîæåò áûòü ïîëåçåí ïðè îöåíêå ïðåäñòîÿùèõ 
èçìåíåíèé îêðóæàþùåé ñðåäû. 

Ðàáîòà áûëà âûïîëíåíà â ðàìêàõ ïðîåêòà ôóí-
äàìåíòàëüíûõ èññëåäîâàíèé ÑÎ ÐÀÍ íà 2007–
2009 ãã. ¹ 7.10.1.1 «Èññëåäîâàíèå êëèìàòîîáðàçóþ-
ùèõ àòìîñôåðíûõ ïðîöåññîâ ñ ó÷åòîì âîçäåéñòâèÿ 
ãëîáàëüíûõ è ðåãèîíàëüíûõ ôàêòîðîâ». 
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S.Yu. Zolotov, I.I. Ippolitov, S.V. Loginov. Estimation of changes of surface air temperature with the 
use of the method of wavelet-transformation. 

The analysis of annual series of temperature of surface air (TSA) shows that three components can be dis-
tinguished in them: a long-term trend, a set of harmonious components, and anomalies of the stochastic process. 
  We offer for allocation of quasiperiodic fluctuations to use wavelet-transformation of the initial series. In 
this case, distributions of factors of transformation allow allocating fluctuations of various scales both close to 
harmonic, and having character of non-stationary oscillatory process. Further, extrapolation forward is spent on 
factors of wavelet-transformation of the allocated scales in view of their time dynamics, and the oscillatory 
component of the series is restored by inverse wavelet-transformation.  

The offered approach is shown by the examples of some annual series of TSA to stations Syktyvkar and 
Tomsk, with time period more than 100 years. 

 


