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f(x+ i)

f(x) + if ′(x) +
i2

2!
f ′′(x) +

i3

3!
f ′′′(x) + · · · ,

f [a, b] c a b

f ′(c) = f(b)−f(a)
b−a (a, f(a)) (b, f(b))

f [a, b] f(a) = f(b)
c a b



f(x+ i)

f(x) + if ′(x) +
i2

2!
f ′′(x) + · · · .

x f ′(x)

i

f(x+ i) = f(x) + i[f ′(x) + V ],

V x i i = 0

V i i

V

i V

i V

D i

D −D

f(x+ i) = f(x) + i[f ′(x) + V ],

f(x+ i)− f(x)

i[f ′(x) D].



x f ′(x)

x+ i, x+ 2i, x+ 3i, ..., x+ (n− 1)i

i

f(x+ i)− f(x),

f(x+ 2i)− f(x+ i),

f(x+ 3i)− f(x+ 2i),

...,

f(x+ ni)− f(x+ (n− 1)i),

i[f ′(x) D],

i[f ′(x+ i) D],

i[f ′(x+ 2i) D],

...

i[f ′[x+ (n− 1)i] D],

f ′(x), f ′(x+ i), f ′(x+ 2i), ..., f ′(x+ (n− 1)i)

f(x+ ni)− f(x)

if ′(x) + if ′(x+ i) + if ′(x+ 2i) + · · ·+ f ′[x+ (n− 1)i] niD.

D

f ′(x) + f ′(x+ i) + f ′(x+ 2i) + · · ·+ f ′[x+ (n− 1)i]

n f(x+ni)−f(x)

2i[f ′(x) + f ′(x+ i) + f ′(x+ 2i) + · · ·+ f ′[x+ (n− 1)i]].

P

f ′(x), f ′(x+ i), f ′(x+ 2i), ..., f ′(x+ (n− 1)i),

f(x+ ni)− f(x) 2niP

i n



in z i

f(x + ni) − f(x) f(x + z) − f(x)

z z = 0 x

f ′(x + ni) f ′(x + z)

z f ′(x+ z) f(x+ z) x z

f ′(x+z)

P

0 2zP

f ′ f i

f(x+ i) = f(x) + if ′(x) +
i2

2!
f ′′(x) +

i3

3!
f ′′′(x) + · · ·

V x i

i = 0 i V

y = f(x)

x = x0



∆x ∆y

x y ∆y/∆x dy/dx = y′

∆x x0 x ∆y/∆x

y′ Ă

y = f(x)

x = x0 x = X x

y

I

a b I a < b f(a) < f(b)

f

f I a I

Na x Na f(a) f(x)

a x

y′ = f(x, y)

a− b
" # " #



f(x) x x

f ′(x) x0 X

x

f(X)− f(x0)

X − x0
= f ′(x1),

x1 x0 X

f(X)− f(x0)

X − x0

A

[f(X)−AX]− [f(x0)−Ax0] = 0.

ϕ(x) x

ϕ(x) = [f(x)−Ax]− [f(x0)−Ax0],

ϕ(x0) = 0,ϕ(X) = 0,

ϕ(x) x = x0 x = X X >

x0 x x0 X ϕ(x)

x x0 X

x = x0 x x0 X

ϕ(x) x = X

x1 x0 X ϕ(x1)

ϕ(x1 − h), ϕ(x1 + h),

h



ϕ(x1 − h)− ϕ(x1), ϕ(x1 + h)− ϕ(x1)

ϕ(x1 − h)− ϕ(x1)

−h
,

ϕ(x1 + h)− ϕ(x1)

h

h f(x)

ϕ(x)

[
ϕ(x1 + h)− ϕ(x1)

h

]
= 0,

[
f(x1 + h)− f(x1)

h
−A

]
= 0,

A =
f(x1 + h)− f(x1)

h
= f ′(x1).

f(X)− f(x0)

X − x0
= f ′(x1),

f ′(x)

f(x) x

f ′(x) x f ′(x)

x f(x) x

f ′(x) f(x) x

x0 X > x0 x x0 X f(x)

f ′(x) f ′(x)

x x0 X

f(x h)− f(x)

h



f ′(x)

h ε

h

f(x− h) < f(x) < f(x+ h)

f ′(x) > 0

f(x− h) > f(x) > f(x+ h)

f ′(x) < 0

f(x) x f ′(x) > 0

x f ′(x) < 0
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f ′ f
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|f(b)− f(a)| |b− a| f ′(x) [a, b]



y = f(x) x

x a a+ h x

f(a+ h)− f(a) = µh,

µ f ′(x)

a a+ h

x a1 a2 an−1 a a+ h

f(ar)− f(ar−1) = (ar − ar−1)[f
′(ar−1) + εr].

a1 an−1

ε1 ε2 εr
f(ar)−f(ar−1)

ar−ar−1
f ′(ar−1)

f ′(ar−1) =
f(ar)− f(ar−1)

ar − ar−1

ar−1 ar ar−1

ar ar−1

y = f(x) = x2
1

x
,

f(0) = 0;



f ′(x) = 2x
1

x
− 1

x

x ≷ 0 f ′(0) = 0

a = 0, h > 0;

a1 =
1

2nπ
, a2 =

1

(2n+ 1)π
,

a3 a4

ε2 =
f(a2)− f(a1)

a2 − a1
− f ′(a1);

f(a1) = 0, f(a2) = 0, f ′(a1) = −1;

ε2 = 1,

f(x0 + h)− f(x0) = hf ′(x0 + θh),

f ′

ε x3 − x2 = h

f(x2 + h)− f(x2) = hf ′(x2) + hε2.



ε2 x

h x

h x2 h

h2
x1 − a+ h

.

x1 h x

x1 = a− h+ h4

1
h2

f(x+ h)− f(x)

h
− f ′(x) = ε,

ε x h x

h x h

x1−x0 ε

x0 xi h

x x0 xi x0 h1 h

f(x+ h)− f(x)

h
− f ′(x) < ε,



ε

f(x) = x2 1
x

= [−∞,+∞])

y (x1, . . . , xn) y

y x y

g

y x y = f(x) x

a b y

y x0

x y x x0 − δ x0 + δ

f(x+h)−f(x)
h f ′(x)



g x0 a...b x0 = a x0 = b

f(x0) f(x0) g f(x) − f(x0)

|x − x0|
x x0−ε x0+ε f(x) g

f(x0) = g f(x0) = g+ h f(x)− f(x0) = f(x)− g− h f(x)

g h

x0 a b f(a) f(b)

f(x)
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