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FÉjDPiO
x0 = a, xn = b
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� �g¡��gÊ5Ê5�U�n¡�¢Ð��,OÃH)hQyDF�[\X"J<h�c)Ps[\FKq�L*HDPiH)H)P
f
OQL�H^JZX\H^M)P7IZM)Y

I
r
a, b
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VgLDIZX"J<X"mnIQrN[`_ FWX\YZPGc)P
ABEF

PiIxJ
m(b − a)

P�J
OQPi[\[+PÔc)P

ABCD
PQItJ

M(b − a) Ñ

y = f(x)

a b

A B

F E

D C
M

m

x

y

O

� {g|3}�~������������!} *R���
	 ��}����K�-,

¿�PÔf)M¬J¶cNP�OiPiJxJ<P�IZPQO�J<X+LDHePQIxJuc)Ps[+X\PQY [�F3c)hQYxX+jWFWJZX\LDHRP�J>[�_vX\H�J<hiyDY<FWJZX\LDH Ñ
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	 �^�g¡��¾Îo¢ F��

f ���� � �7 46���7���8�+��� �������8������-��� � ��� ����� ����� #"�"$ I �� a ����,��� �=.��"E/� I @�  46���7�����+��� F /�.�� ���+ ����� I �9 #� F (x) =
∫

x

a
f(t)

c
t ���� "�� �����8%'����?� ��� ���8� �# /� f %'��� �	�  #������"$ �� a @

� ������#'@

 LDMNI�F�[+[\LDH)I�cNhQq LDH�J<YZPiY¶OiP�JZS)hQL�YZwQq P�cUF�H)Iu[\PsOÉFWIGLD¥ f

PiIxJ¶OQLDH�JZX\H^M)P�P�JGOiYZLDX+IZIZF�H�J<P�IZM)Y
I Ñ 
 LDM)I¶F�c)q PiJxJ<YZL�H)I¶[+PYZhiIZM)["JTFWJ>cUFWH)I>[\PQIuF�M¬J<YZPiI>OÉF�I ÑÒ
YZLDMNj�LDH)I>cl_aF�fgLDYZcR]^M)P

F
PiIxJuc)hiYZX+jWF�fN[\PGPiHRJ<LDMNJ!V�LDX+H�J

x0

cNP
I
P�J>]¾MNP

F ′(x0) = f(x0) Ñ Ò@LDM)Y�OiPQ[\FKLDHehiJ<MNc)X\PÔ[\F[\X+q�X"J<PG]^MUFWH)c
h
J<PQHNckj�PQYZI �QhiYZL c)P

t(h) = F (x0+h)−F (x0)
h

Ñ
� Y F (x0 +h)−F (x0) =

∫

x0+h

a
f(t)dt−

∫

x0

a
f(t)dt =

∫

x0+h

a
f(t)dt+

∫

a

x0

f(t)dt =
∫

a

x0

f(t)dt+
∫

x0+h

a
f(t)dt =

∫

x0+h

x0

f(t)dt Ñ

•
Ò
YZPiq�X+PQY OQF�I¤Ë

h > 0
F�[\L�YZI

x0 < x0 + h Ñ � LDq q�P f
PQItJROQYxLDX\IxI<F�H�JZP�r VgLDM)Y J<LDM¬J

t
cUF�H)I

[x0; x0 + h]
r

f(x0) 6 f(t) 6 f(x0 + h) Ñ¿
_aX+H)hQyDF�[\X"J<hGcNP�[\F3q�L*HDPiH)H)PÔmnLDM)YxH)X+JuFW[\LDYxI�Ë
[x0 + h − h]f(x0) 6

∫

x0+h

x0

f(t)dt 6 [x0 + h − x0]f(x0+h)
c)LDH)O

f(x0) 6 t(h) 6 f(x0 + h) Ñ
•
EGPiM �¬X\wQq PROÉFWIkË

h < 0
F�[+LDYZI

x0 + h < x0 Ñ � LDq q�P f
PiIxJ8OiYZLDX+IZI<FWH^JZP�r
VgLDM)Y7J<LDMNJ

t
cUF�HNI

[x0 + h; x0]
r

f(x0 + h) 6 f(t) 6 f(x0) Ñ¿
_aX+H)hQyDF�[\X"J<hGcNP�[\F3q�L*HDPiH)H)PÔmnLDM)YxH)X+JuFW[\LDYxI�Ë
[x0 − (x0 + h)]f(x0 + h) 6

∫

x0

x0+h
f(t)dt 6 [x0 − (x0 + h)]f(x0)

c)L�H)O
−hf(x0 + h) 6

∫

x0

x0+h
f(t)dt 6

−hf(x0) Ñ
� Y ∫

x0

x0+h
f(t)dt = −

∫

x0+h

x0

f(t)dt
c)L�H)O

−hf(x0 +h) 6 −
∫

x0+h

x0

f(t)dt 6 −hf(x0)
OW_aPiIxJxÂ �£ÂÃcNX\YZP

hf(x0 +

h) >
∫

x0+h

x0

f(t)dt > −hf(x0) ÑÒ�FWYucNX+j¾X\IxX\LDHRVUFWY
h
]^M)X�PQItJ¶HNhQy�FWJZX+m@LDHeLDfNJZX\PQH�JuF�[+LDYZIÔË

f(x0 + h) 6 t(h) 6 f(x0) Ñ
K H YxhQIZMNq�hWrIZX

h > 0
F�[\LDYxI

f(x0) 6 t(h) 6 f(x0 + h)
PiJ

IZX
h < 0

F�[\LDYxI
f(x0 + h) 6 t(h) 6 f(x0) Ñ
�F�X+I

f
PQIxJuOiLDH�J<X\H^M)PsIxM)Y

I
cNLDH)OÔPQH

x0

PiJuF�X+H)IZX
limh→0 f(x0 + h) = f(x0) Ñ � [\LDYxI!cl_aF�V)YZwiI>[\PGJZS)hQLDYxwQq PÔcl_vPQH)OQF£Âc)YZPiq�PiH�J¶L�H LDf¬J<X\PiH�J

limh→0 t(h) = f(x0) ÑOÃ[�PQH YZhiIZM)["J<Pe]^M)P
F
PQIxJ c)hiYZX"j�FWf)[\PdPiH

x0
PiJ

F ′(x0) = f(x0) Ñ � PQOiX>PQIxJ8j¾Y<FWX�V�LDMNYKJ<LDMNJ x0 ∈ I
c)LDH)O

F
PiIxJ

c)hQYxX+jWF�f)[+PÔIZM)Y
I
PiJ

F ′ = f Ñ
K H)IZM)X"J<PWr F (a) = 0

cNLDH)O
F
PQItJuf)X\PiH [`_aM)HNX\]^M)PÔV)YxX\q X+J<X"jDP�cNP

f
IZMNY

I
]¾MNX�IQ_aF�H)H^M)[\PsPiH

a
c�_ F�VNYZwQI>[+P�OiLDM)YxIuIxM)Yu[\PQI

V)YZX+q�X"J<X"jDPQI Ñ
�u§�� �Ð¯�°t¹�µG°²½ ³K´nºt©�ªN«�
®N¯�°²±
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f ���� � �7 46���7���8�+��� �������8������-��� � ��� ����� ����� #"�"$ I � a �� b �*�����,/���L3 �=.��"(� /� I @
F1 ���� � �7��?����� ���8� �# %'���"$�����?%'��:/� f ����� I @ A "$���=�
B

∫

b

a

f(t)
c
t = F1(b) − F1(a).

� � �7���  �*��� �#��������9 #�
������� �'/#��� .�� [F1(t)]
b

a
= F1(b) − F1(a) @
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� ������#'@E�_aF�V)YZwiI�[+PRJ<S)hiLDYZwiq�PeV)YxhQOQhic)PQH�JQr,[\FCmnL�H)OiJZX\LDH�� c)hiÀUHNX\PeIZM)Y
I
V)F�Y

F (x) =
∫

x

a
f(t)

c
t
PQItJ [\FCV)YZX+q�X"J<X+j�P c)P

fIZM)Y
I
]^M)X�IQ_aF�H)H^M)[+P�PiH

a Ñ � X F1

PQIxJ M)H)PÐV)YxX\q X+J<X"jDP¤]^M)Pi[\OiLDH)]^M)PÁFW[\LDYxIRX\[ÔP	�¬X+IxJ<PÐM)H)PÐOQL�H)IxJ<F�H�J<P
c
JZPQ[+[\PC]^M)P

V�L�M)YdJ<LDM¬J
x
c)P

I
r

F (x) = F1(x) + c Ñ � LDq q�P F (a) = 0
F�[\L�YZI

c = −F1(a) Ñ � X+H)IZX�VgLDM)YdJZLDMNJ x
c)P

I
r

F (x) =
∫

x

a
f(t)

c
t = F1(x) − F1(a) Ñ K HÐV)YxPQHUF�H�J x = b

L�HÐL�fNJ<X+PQH�J�F�[\L�YZI ∫

b

a
f(t)

c
t = F1(b) − F1(a)

cl_aL�¥Ð[+P
YZhiIZM)["JTFWJ Ñ
�GÏ�¢¾ÎoÍ@Ê5¢ � ∫ 1

0
2t2 + 4

c
t =

[

2
3
t3 + 4t

]1

0
= 14

3
Ñ

F�� �l� � 0i�����^Ó¡��N���n��� Í@�N¡dÍ@�N¡����5¢¾È

u
P�J

v
IZLDH�J�cNPQM � mnLDH)OiJZX\LDHNI c)hiYZX+jWF�fN[\PQI,IZM)Y M)HRX\H�J<PiYxjWF�[+[\P

I
JZPQ[+[\PQI,]^M)PÔ[\PiM)YZI,c)hQYxX+jDhiPQI

u′
PiJ

v′
IZLDH�J�OiLDH�J<X+H¾MNPQI

IZM)Y
I Ñ� [+LDYZI

(uv)′ = u′v + uv′
cNLDH)O

u′v = (uv)′ − uv′
rgP�JG[+PQI>mnLDH)O�J<X\L�H)I

u′v
PiJ

uv′
IZL�H^JGOQLDH�JZX\H^M)PQI¶IZM)Y

I Ñ OÃ[@Ii_aPiH)IZM)X"J]^M)P7IxX
a
P�J

b
IZLDH�Juc)PiM �kYZhiPQ[\I>c)P

I
F�[\LDYxIQr
∫

b

a

(u′v)(x)
c
x =

∫

b

a

((uv)′ − uv′)(x)
c
x

Ò�F�Y>[+X\H)hQF�YZX"J<hGcNP�[`_aX+H�J<hQy�Y<F�[+P�LDHeLDfNJZX\PQH�JuF�[+LDYZIir
∫

b

a

(u′v)(x)
c
x =

∫

b

a

(uv)′(x)
c
x −

∫

b

a

(uv′)(x)
c
x

� LDq q�P uv
PQIxJuM)HNP�VNYZX\q X+JZX+j�PGc)P

(uv)′
IxM)Y

I
F�[\L�YZIQr

∫

b

a

(u′v)(x)
c
x = [(uv)(x)]b

a
−

∫

b

a

(uv′)(x)
c
x

� PiJxJ<PKc)PiYZH)X+wQYxP�hQyDF�[\X"J<hÔVgPQYZq PiJGc)P�OQF�[\OiM)[\PiY ∫

b

a
(u′v)(x)

c
x
� [`_ FWX\c)Psc)P7c)PQM ��F�M¬J<YZPiIGX+H^JZhQyDYZF�[\PiI Ñ � PiJxJ<PKq hiJZS)L¾c)PPQItJGFWV)V�Pi[\hiP7�5�����^Ó¡��N���n�g�&Í��)¡ Í��)¡����n¢¬È Ñ
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∫

b
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(u′v)(x)
c
x = [(uv)(x)]b

a
−

∫

b

a

(uv′)(x)
c
x
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