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1 Èç èñòîðèè
×òî äåéñòâèòåëüíî ïèñàë Íüþòîí îá èíòåãðèðîâàíèè?
Êàê íàõîäèë ïëîùàäü ïàðàáîëè÷åñêîãî ñåãìåíòà Àðõèìåä

Most of us learn about math from modern textbooks, with modern
notation and often divorced from the historical original. No wonder
people think math is a modern invention that's only designed to
torture students!
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Èç èñòîðèè

×òî äåéñòâèòåëüíî ïèñàë Íüþòîí îá èíòåãðèðîâàíèè?

Ñýð Èñààê Íüþòîí

Newton íàïèñàë ñâîé
òðóä Principia íà
ëàòûíè. Äëÿ
ìàòåìàòèêîâ òîãî
âðåìåíè 19 âåê) ýòî
áûëî îáû÷íîå äåëî �
ïèñàòü íà ëàòèíñêîì
ÿçûêå. Õîòÿ äðóãèå
ó÷åíûå ïèñàëè íà
ñâîèõ ðîäíûõ ÿçûêàõ
èëè íà íàèáîëåå
ðàñïðîñòðàíåííûõ
(French, German and
English).
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Ýòî îáëîæêà åãî
êíèãè.
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Èç èñòîðèè

Êàê íàõîäèë ïëîùàäü ïàðàáîëè÷åñêîãî ñåãìåíòà Àðõèìåä

Àðõèìåä èç Ñèðàêóç

Àðõèìåä èç Ñèðàêóç (287
BC � 212 BC) áûë
ãðå÷åñêèì ìàòåìàòèêîì,
ôèçèêîì, èíæåíåðîì,
èçîáðåòàòåëåì è
àñòðîíîìîì. Ñ÷èòàåòñÿ
îäíèì èç âåëè÷àéøèõ
ó÷åíûõ àíòè÷íîñòè.
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Êàê íàõîäèë ïëîùàäü ïàðàáîëè÷åñêîãî ñåãìåíòà Àðõèìåä

Ïàðàáîëè÷åñêèì
ñåãìåíòîì íàçûâàþò
÷àñòü ïëîñêîñòè,
îãðàíè÷åííóþ ïàðàáîëîé
è õîðäîé (íà ðèñ.
çàêðàøåíî ñèíèì
öâåòîì).
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Âîçüìåì íà ïàðàáîëå
òî÷êó C, àáñöèññà
êîòîðîé ðàâíà
ïîëóñóììå àáñöèññ
òî÷åê A è B (êîíöîâ
õîðäû). Çàòåì
ïîñòðîèì òðåóãîëüíèê
ABC. Àðõèìåä
äîêàçàë, ÷òî ïëîùàäü
ýòîãî òðåóãîëüíèêà
ñîñòàâëÿåò 3/4
ïëîùàäè ñåãìåíòà.
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Íàäî ñêàçàòü, ÷òî îí
ïîëüçîâàëñÿ ÷èñòî
ãåîìåòðè÷åñêèìè
ìåòîäàìè, âåäü ïîíÿòèå
î ñèñòåìå êîîðäèíàò
âîçíèêëî ëèøü â 17 âåêå!
Â ïîëó÷åííûå äâà
"áåëûõ" ñåãìåíòà
âïèøåì äâà
òðåóãîëüíèêà,
àíàëîãè÷íî
ïðåäûäóùåìó.
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Êàê íàõîäèë ïëîùàäü ïàðàáîëè÷åñêîãî ñåãìåíòà Àðõèìåä

Îòíîøåíèå ïëîùàäåé
ñåãìåíòîâ è âïèñàííûõ
òðåóãîëüíèêîâ
ñîîòâåòñòâåííî 4/3, êàê
óæå îòìå÷àëîñü.
Èñõîäíûé ñåãìåíò
íåïëîõî ïîêðûâàåòñÿ
òðåìÿ òðåóãîëüíèêàìè.
Èõ ñóììàðíàÿ ïëîùàäü
ÿâëÿåòñÿ ïðèáëèæåíèåì
ê "èñòèííîé" ïëîùàäè
ñåãìåíòà.
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Ïðîäîëæèì ïðîöåäóðó
âïèñûâàíèÿ, äîáàâèâ åùå
÷åòûðå òðåóãîëüíèêà.
Ýòîò ïðîöåññ ìîæíî
ïðîäîëæàòü
íåîãðàíè÷åííî äîëãî.
Ïëîùàäè òðåóãîëüíèêîâ
óìåíüøàþòñÿ íà êàæäîì
øàãå â 8 ðàç. Îñíîâàíèÿ
â äâà ðàçà, à âûñîòû � â
4 ðàçà. Ìû ýòî ìîæåì
ñîñ÷èòàòü, à êàêîâî áûëî
Àðõèìåäó!
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Êàê íàõîäèë ïëîùàäü ïàðàáîëè÷åñêîãî ñåãìåíòà Àðõèìåä

Åñëè ïëîùàäü ïåðâîãî òðåóãîëüíèêà S, òî ñóììàðíàÿ ïëîùàäü
ðàñòåò êàê ñóììà ÷ëåíîâ ãåîìåòðè÷åñêîé ïðîãðåññèè

S + 2
S

8
+ 4

S

8 · 8
+ . . .

Ïðîãðåññèÿ óáûâàþùàÿ, âîñïîëüçóåìñÿ èçâåñòíîé øêîëüíîé
ôîðìóëîé

S

1− 1
4

=
4

3
S.

Èòàê, ïëîùàäü ñåãìåíòà ñîñòàâèëà 4/3 ïëîùàäè òðåóãîëüíèêà.
4/3 · 1/2 · 3 · 2.25 = 3.38.
Ìû, æèâóùèå â 21 âåêå, ïîëó÷àåì ïëîùàäü íàìíîãî áûñòðåå.

2∫
−1

(
f1(x)−f2(x)

)
dx =

2∫
−1

(
(x+2)−x2

)
dx =

(
x2

2
+2x−x3

3

)∣∣∣∣∣
2

−1

= 4.5.
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