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Îñîáåííîñòè öèôðîâîãî Ôóðüå-àíàëèçà

Ïðåîáðàçîâàíèå Ôóðüå
Ñèãíàë ìîæåò áûòü îïèñàí â ïðîñòðàíñòâå âðåìåíè ôóíêöèåé

f (x) ëèáî â ïðîñòðàíñòâå ÷àñòîò å¼ Ôóðüå-îáðàçîì f̂ (w):

f̂ (w) = F {f (x)} =
1√
2π

∞∫
−∞

f (x)e−iwxdx

f (x) = F−1
{
f̂ (w)

}
=

1√
2π

∞∫
−∞

f̂ (w)e iwxdw

Îïèñàíèå ñèãíàëà â ïðîñòðàíñòâå ÷àñòîò îçíà÷àåò, ÷òî îí

ïðåäñòàâëÿåòñÿ ñóììîé ãàðìîíè÷åñêèõ êîëåáàíèé.
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Íåêîòîðûå ñâîéñòâà Ôóðüå-ïðåîáðàçîâàíèÿ

I Ô.Î. � êîìïëåêñíàÿ ôóíêöèÿ (a + ib = ρeiφ, ρ =
√
a2 + b2,

φ = arctg b
a )

I Äëÿ âåùåñòâåííîãî îðèãèíàëà: ìîäóëü îáðàçà � ÷¼òíàÿ

ôóíêöèÿ, ôàçà îáðàçà � íå÷¼òíàÿ ôóíêöèÿ

I Äëÿ îðèãèíàëà, îãðàíè÷åííîãî ïî âðåìåíè, îáðàç íå

îãðàíè÷åí ïî ÷àñòîòå (¾áåñêîíå÷íûé¿)
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Ô.Î. äèñêðåòíîãî ñèãíàëà

Äëÿ äèñêðåòíîãî ñèãíàëà Ôóðüå-èçîáðàæåíèå ÿâëÿåòñÿ

ïåðèîäè÷åñêîé ôóíêöèåé ñ ïåðèîäîì ws = 2π
∆t , ðàâíîé (ñ

òî÷íîñòüþ äî ìíîæèòåëÿ) áåñêîíå÷íîé ñóììå êîïèé Ô.Î.

àíàëîãîâîãî ñèãíàëà, ñäâèíóòûõ äðóã îòíîñèòåëüíî äðóãà íà

÷àñòîòó äèñêðåòèçàöèè ws .
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Àëèàñèíã

Âîññòàíîâåíèå Ô.Î. ñèãíàëà ïî äèñêðåòíîé

ïîñëåäîâàòåëüíîñòè âîçìîæíî òîëüêî åñëè ws > 2whi :

Â ïðîòèâíîì ñëó÷àå íàáëþäàåòñÿ èñêàæåíèå, íàçûâàåìîå

àëèàñèíãîì (aliasing).
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ÄÏÔ äèñêðåòíîãî ñèãíàëà

ÄÏÔ îïðåäåëåíî äëÿ ïåðèîäè÷åñêîé ïîñëåäîâàòåëüíîñòè. Ïðè

ïðèìåíåíèè ÄÏÔ ê êîíå÷íîé ïîñëåäîâàòåëüíîñòè äëèíû N
îòñ÷¼òîâ, ñ÷èòàåòñÿ, ÷òî îíà ïðåäñòàâëÿåò ñîáîé îäèí ïåðèîä

ïåðèîäè÷åñêîé ïîñëåäîâàòåëüíîñòè ñ ïåðèîäîì N îòñ÷¼òîâ.

Çíà÷åíèÿ ÄÏÔ ñîîòâåòñòâóþò îòñ÷¼òàì íåïðåðûâíîãî Ô.Î. (ñ

òî÷íîñòüþ äî ìíîæèòåëÿ) äèñêðåòíîé ïîñëåäîâàòåëüíîñòè íà

ïåðèîäå ws ñ èíòåðâàëîì ∆w ïðè ñîáëþäåíèè óñëîâèé òåîðåìû

Êîòåëüíèêîâà.
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Òåîðåìà Êîòåëüíèêîâà

Âî âðåìåííîé îáëàñòè: âîññòàíîâëåíèå ñèãíàëà ñ ôèíèòíûì

ñïåêòðîì øèðèíû 2fhi ïî åãî îòñ÷¼òàì âîçìîæíî, åñëè îòñ÷¼òû

ñëåäóþò ñ øàãîì ïî âðåìåíè íå áîëåå ∆t = 1
fs

= 1
2fhi

.

Â ÷àñòîòíîé îáëàñòè: âîññòàíîâëåíèå Ô.Î. ñèãíàëà ïî åãî

îòñ÷¼òàì ÄÏÔ âîçìîæíî äëÿ äèñêðåòíîãî ñèãíàëà

äëèòåëüíîñòè T = N∆t è øàãå ïî ÷àñòîòå ∆f = 1
T = 1

N∆t

Ñëåäñòâèå: ðàçðåøåíèå ïî ÷àñòîòå â ÄÏÔ çàâèñèò îò äëèíû

ïîñëåäîâàòåëüíîñòè:

∆f =
fs
N

Äëÿ óëó÷øåíèÿ ðàçëè÷åíèÿ áëèçêî ðàñïîëîæåííûõ ãàðìîíèê

äîñòàòî÷íî äîïîëíèòü èñõîäíóþ ïîñëåäîâàòåëüíîñòü íóëÿìè.
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Ðàçðåøåíèå ïî ÷àñòîòå
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Ðàñòåêàíèå ñïåêòðà

Ïðè âû÷èñëåíèè ÄÏÔ ïðåäïîëàãàåòñÿ, ÷òî ïðåîáðàçóåìûé ðÿä

� ïåðèîäè÷åñêèé, è îáðàáàòûâàåìàÿ êîíå÷íàÿ ïîñëåäîâà-

òåëüíîñòü ïðåäñòàâëÿåò åãî 1 ïåðèîä. Åñëè â ýòîì ðÿäó ∃
ãàðìîíèêà ñ ÷àñòîòîé fi (íå êðàòíàÿ ∆f ), äëÿ êîòîðîé íà

ïåðèîä ðÿäà N∆t óêëàäûâàåòñÿ íåöåëîå ÷èñëî ïåðèîäîâ ýòîé

ãàðìîíèêè, íàáëþäàåòñÿ ýôôåêò ðàñòåêàíèÿ ñïåêòðà.

Äëÿ óìåíüøåíèÿ ýôôåêòà ïðèìåíÿþò îêíà.
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