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Äàíèèë Áåðíóëëè (1700�1782), Ä'Àëàìáåð Æàí Ëåðîí
(1717�1783)



Äàíèèë Áåðíóëëè â 30-å ãîäû XVIII âåêà ïðåäñòàâèë ñòðóíó êàê

íàáîð n ñîñðåäîòî÷åííûõ ìàññ, ñâÿçàííûõ óïðóãèìè ñâÿçÿìè, à

çàòåì ïåðåøåë ê ïðåäåëó n→∞ è ïîëó÷èë ðåøåíèå

ñóïåðïîçèöèè áåñêîíå÷íîãî êîëè÷åñòâà ìîä êîëåáàíèé ñòðóíû,

èìåþùèõ ÷àñòîòû, êðàòíûå íàèíèçøåé:
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Ðàáîòà Áåðíóëëè ñòèìóëèðîâàëà ïîÿâëåíèå ðàáîòû Æàíà

Ëåðîíà Ä'Àëàìáåðà (1717-1783) �Î êîëåáàíèÿõ ñòðóí� (1748), â

êîòîðîé îí ïîêàçàë, ÷òî êîëåáàíèÿ ñòðóíû îïèñûâàþòñÿ

äèôôåðåíöèàëüíûì óðàâíåíèåì â ÷àñòíûõ ïðîèçâîäíûõ
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è ñåðèþ ðàáîò Ëåîíàðäà Ýéëåðà.



Ëåîíàðä Ýéëåð (1707-1783),
Ôóðüå Æàí Áàòèñò Æîçåô (1768 � 1830)



Ýéëåð ïîñòðîèë ïîëíîå ðåøåíèå
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Ïðè t = 0 � íà÷àëüíîå îòêëîíåíèå ñòðóíû
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k=1
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l
,

è Ýéëåð ñîìíåâàëñÿ, ÷òî ëþáóþ ôóíêöèþ y(x , 0) ìîæíî
ïðåäñòàâèòü ðÿäîì ïî ñèíóñàì.

Ëèøü Ôóðüå â 1822 â ðàáîòå "Àíàëèòè÷åñêàÿ òåîðèÿ

òåïëà"("Theorie analytique de la chaleur"), äîêàçàë ïîëíîòó

ýòîãî ðÿäà.



Ïåðâîîáðàçíûå ýëåìåíòû

Ïóñòü n � öåëîå ÷èñëî è qn = e i
2π
n . Îíî ÿâëÿåòñÿ êîðíåì n-é

ñòåïåíè èç åäèíèöû è ïåðâîîáðàçíûì ýëåìåíòîì äëÿ äðóãèõ

êîðíåé:

qn = 1; qmn = (qn)
m; (qmn )n = 1.

Íàñ áóäóò èíòåðåñîâàòü ïåðâûå n (ðàçëè÷íûõ) êîðíåé:

0 ≤ m ≤ n − 1, êîòîðûå ìû áóäåì íàçûâàòü áàçèñîì.

Âàæíåéøèì ñâîéñòâîì êîðíåé èç åäèíèöû ÿâëÿåòñÿ ñâîéñòâî

ïåðèîäè÷íîñòè. Ïðè ëþáîì öåëî÷èñëåííîì l

qk+l ·n
n = qkn , (3)

÷òî ïîçâîëÿåò âåñòè âû÷èñëåíèÿ ïî ìîäóëþ n, íå çàáîòÿñü î

íàõîæäåíèè èíäåêñà k â èíòåðâàëå 0 ≤ k ≤ n − 1.



Îðòîãîíàëüíîñòü

Âñïîìíèì òåïåðü ôîðìóëó ãåîìåòðè÷åñêîé ïðîãðåññèè:

1 + s + s2 + s3 · · ·+ sn−1 =
n−1∑
k=0

sk =
1− sn

1− s
. (4)

Â ñîîòâåòñòâèè ñ ýòîé ôîðìóëîé äëÿ êàæäîé ñîñòàâëÿþùåé

áàçèñà, êðîìå íóëåâîé (m = 0) òàê êàê (qmn ) 6= 1, à (qmn )n = 1

n−1∑
k=0

(qmn )k = 0;
n−1∑
k=0

(q0n)
k =

n−1∑
k=0

1 = n. (5)

Ýòè ñâîéñòâà îïðåäåëÿþò øèðîêóþ îáëàñòü ïðèìåíåíèÿ êîðíåé

öåëî÷èñëåííîé ñòåïåíè èç åäèíèöû.


