
relinquish

 this is
not to say

:

it

(

( 23 5/ °

(



(

(

( )CuFeS
( ( )PbS

(

(

(

(
( )I

I O S− = Δ ( )O

(

(

(

(

(

600000
(

(

(

(

(

(

(

(

(

(



8 27
5 6

2 2 3 3
5 6

5 6
5 6

+
−

= +
−

× +
+

= + + +
−

= + = +10 2 15 3 4 3 9 2
25 6

19 3 19 2
19

3 2

9 34 =

2 9 1 2 3 1 2
3 1

3 1
3 1

2 3 2
3 1

3 14 1 1( ) ( )− = − =
−
× +

+
= +

−
= +− −

( ) ( )3 2 3 1 2 1+ − + = −

81
64 82

{ , , }65 81…

81 65
2

73+ = 81 65

x − Q x( )
Q( )

Q x p x p x( ) ( ) ( )= − + −
Q p p p p( ) ( ) ( ) ( ) ( )2 2 1 1 2 1 1 0 0 0= − + − = + − = + =
x − x2 1− p x( )
p p( ) , ( )− = =1 0 1 0 x +

S
P

=

a bc2 0+ = − =b
a

a
c

− =b
a c

aa bc m m2 9 2 1 2 0+ = + − − =( )( )

⇒ + − − + =9 4 2 2 02m m m

⇒ − − = ⎯ →⎯⎯
= −

= − =

⎧
⎨
⎪

⎩⎪

= +2 5 7 0
1

7
2

2
1

2
m m

m

m
c
a

b a c

m m Δ >
m

Δ = − = − − −b ac m m2 24 2 1 12 2( ) ( )

⇒
= − = − × = − <

= = + = >

⎧
⎨
⎪

⎩⎪

Δ

Δ

( )

( )

m

m

1 9 12 3 27 0
7
2

36 18 54 0

¡ ¡ ù

( m = + 7
2

¸ÃÎoö −⎯ →⎯⎯⎯ − < +
−
− < ⇒ − +

−
<2 1 1

2 1
2 1 3 3

2 1
1x

x
x
x

| |

x a b
a b a b

x x
≠ <

− + <
⎯ →⎯⎯ − < − ⎯ →⎯⎯⎯⎯

1
2

03 3 2 1| | | | | | | |
( )( )

⇒ − − + − + − <( )( )3 3 2 1 3 3 2 1 0x x x x

⇒ − − < ⇒
=

= =

⎧
⎨
⎪

⎩⎪
( )( )

/
x x

x

x
2 5 4 0

2
4
5

0 8

x = ⇒ < +
× −

< ⇒ < <1 1 1 1
2 1 1

3 1 2 3 ¡ ¡

x = ⇒ <
−
< ⇒ < = <1 5 1 2 5

3 1
3 1 2 5

2
1 25 3/

/ /
/ ¡ ¡

f c f x ax bx( ) ( )0 5 5 52= ⇒ = ⇒ = + +
f a b a b

f a b a b

( )

( )

1 11 5 11 6

2 5 4 2 5 5 2 02
= ⇒ + + = ⇒ + =

− = ⇒ − + = ⎯ →⎯ − =

⎫
⎬
⎪

⎭⎪
÷

+⎯→⎯ = ⇒ = ⇒ =3 6 2 4a a b

f x x x( ) = + +2 4 52

( , )−1 3
(



f x x f x x
x x

( ) ( )= ⎯ →⎯⎯⎯⎯⎯⎯⎯ = −
→ −

SwHn Sμw ¾M ÏI£TºH keH»12
12 1 12

¯IM Sμw ¾M keH»

ÍMIU ÍMIU

 

  

2
2 2 12 2

→ +
⎯ →⎯⎯⎯⎯⎯ = − +f x x( )

f x x( ) = f x( )

f x f x x x( ) ( )= ⇒ = − + ⎯2 12 2 IÀïÏI§ÄjHn  oÄp kÄIM

.k¹{IM  ®¶I¨  ÍMo¶
→→⎯⎯⎯⎯ =x 16

⇒ = ÍMIU »j jn¼ioM â¾õ£º: A f( , ( )) ( , )16 16 16 4
A

OA = + = + =256 16 16 16 1 4 17( )

y x= −| |2 42

| |2 4 22x x− < y x=

| |x x x x xx− < ⎯ →⎯⎯⎯ − < − <SLX¶ kÄIM

.k{IM

 

⇒
− < − ⇒ + − > ⇒ + − >

− < ⇒ − − < ⇒ − + <

x x x x x x

x x x x x x

2 2

2 2
2 2 0 2 1 0

2 2 0 2 1 0

( )( )

( )( )

⎧⎧
⎨
⎪

⎩⎪

⇒

x x S>⎯ →⎯ > ⇒ = +∞0
11 1( , )

⇒

x x S>⎯ →⎯ < < ⇒ =0
20 2 0 2( , )
S S

 

JH¼] â¾ø¼μ\¶

¾²jI÷¶Iº
: S S S b a= = ⇒ − = − =1 2 1 2 2 1 1∩ ( , ) max( )

| | | |2 4 2 22 0
2

2x x x xx− < ⎯ →⎯ − <>
÷

2 4 2 2 4 24 4 5 4 0 ·H¼U ¾M⎯ →⎯⎯ − + < ⇒ − + <x x x x x

⇒ − − < ⇒ − + − + <
+ +

( )( ) ( )( )( )( )x x x x x x2 21 4 0 1 1 2 2 0� �

x >

⇒ − − <( )( )x x1 2 0
⇒ =S ( , )1 2

0 2 2 1≤ − <x x[ ] 0 1≤ − <A A[ ]
R g Rgof f= ( ) Rf = [ , )0 1

g x x x( ) = − +2 4
g

g
Rgof

( )

( )
[ , )

0 0
1 1 4 3

0 3
=
= − + =

⎧
⎨
⎩

⇒ =

g x f x( ) ( )= −

f x( ) =12 f x( ) = g( )12 g( )

f x x x x

f x x x

x( )

( )

= ⇒ + = ⎯ →⎯⎯⎯ =

= ⇒ + =

6 6 4

12 12

ÍMo¶  kÄIM 

.k{IM  ®¶I¨

 

ÍÍMo¶  kÄIM 

.k{IM  ®¶I¨

 x x⎯ →⎯⎯⎯ =

⎫

⎬
⎪

⎭
⎪9

⇒ + = + =g g( ) ( )6 12 4 9 13

f x x− = −( ) y x= −
f

f f x f x f x x x
x

x( ( )) ( ) ( )− = − ⇒ − = ⇒− + =1 2

⇒ = ⇒ = ⎯ →⎯⎯⎯ =>2 2 1 12 0x
x

x xx
³nI¿a â¾ÃeIº

y x
x

x y
y

y
y

xy yx y= − ⎯ →⎯⎯ = − = − ⇒ = −↔

⇒ − − = ⎯y xy
y

2 2 0 ³»j  â¾]nj  â¾²jI÷¶

.´Ã¹¨ïÂ¶  ®e  Hn Ï¼¿\¶  IM  
→→⎯⎯⎯⎯⎯⎯⎯ = ± +
y

x x2 8
2

D R y x ff f f x
x x= = −∞ − =−− −

⎯ →⎯⎯⎯⎯⎯⎯ =
− +

⎯ →⎯⎯⎯⎯⎯1 10 1
2 8

2
( , )

( ) IM Â¤°U

x x
x x x x x x

− + = − ⇒ − + = − ⇒ = +
2

2 28
2

8 2 3 8

⇒ = + ⇒ =9 8 12 2 2x x x ⇒ = ± ⎯ →⎯⎯⎯ =
>

x x
x

1 10
³nI¿a ÍMn nj

0 8 3 3 1
2

3 1 6 34 2 2
2

22/ log log log / log= = = ⎯ →⎯ =×

log
log
log

log log
log log

/
/

/
/12

2
2

2 2
2 2

6 6
12

2 3
4 3

1 1 6
2 1 6

2 6
3

= =
+
+

= +
+

=
66

26
36

13
18

= =

−
f b( )0 2 4 2 20= − ⇒− + = −+

⇒ = ⇒ =2 2 1b b

f x ax( ) = − + +4 2 1

f
a a

( )− = ⇒− + = ⇒ = =
− + − +1

3
0 4 2 0 2 4 23

1
3

1 2

⇒− + = ⇒ = − ⇒ = − + − +a
a f x x

3
1 2 3 4 2 3 1( )



f ( )− = − + = − + = − + =+5
3

4 2 4 2 4 64 605 1 6

( , ) ( , )a b f b a f∈ ⇒ ∈ −

f x( ) =
2 1

2
2

2 2 1
2

4 1 42 2
x x

x
x

tx
t
t

+
= ⎯ →⎯ + = ⎯ →⎯⎯ + =× =

( )

×⎯ →⎯ − + = ⇒ = ± = ±t t t t
KUo¶

2 4 1 0 4 12
2

2 3

⇒
= + ⇒ = + >

= − ⇒ = − <

⎧
⎨
⎪

⎩⎪

2 2 3 2 3 0

2 2 3 2 3 0
2

2

x

x

x

x

log ( )

log ( )

�

�

x = −log ( )2 2 3 Df = +∞[ , )

A = ° = ° − ° = − ° = −tan tan( ) tan300 360 60 60 3

B = ° = ° + ° = − ° = −cos cos( ) cos210 180 30 30 3
2

C = ° = ° + ° = °tan tan( ) tan480 360 120 120
= ° − ° = − ° = −tan( ) tan180 60 60 3
D = ° = ° − ° = ° − °sin sin( ) sin( )840 900 60 180 60

= ° = ° = × ° + °sin ( )60 3
2

900 2 360 180

AB CD+ = − − + − = − =( )( ) ( )( )3 3
2

3 3
2

3
2

3
2

0

sin( ) cos
π + =x x

y a b x= + cos
y a bmax | |= ⇒ + =

SwH ½k{ ¾¹Äo¤ nHj¼μº ·¼a

Hm²

cos
b

a b
<

⎯ →⎯⎯⎯⎯⎯⎯⎯ − =0 3

x x = 7
3
π

f a b a b( ) cos( ) cos( )
7
3

0 7
3

0 2
3

0π π π π= ⇒ + = ⇒ + + =

= + = ⇒ = − + =a
b

b a a b
2

0 2 2 0IÄ

, ⇒
− =
+ =

⎧
⎨
⎩

⎯→⎯ = ⇒ = ⇒ = −+a b

a b
a a b

3
2 0

3 3 1 2

x sin
ab <

y a c

y a c
c cmax

min

| |

| |

= ⇒ + =
= − ⇒− + = −

⎫
⎬
⎭
⎯→⎯ = − ⇒ = −+1 1

3 3
2 2 1

⇒ = ⇒ = ±| |a a

T
b

b b= + = ⇒ = ⇒ = ⇒ = ±9
2

3
2

6 2 6 1
3

1
3

π π π π π
| |

| |

a
b
=
±

= −∓2
1
3

6 ab < a
b

cos sin( )θ π θ= −

sin( ) cos( ) sin( ( )) sin( )2
4 4 2 4 4

x x x x− = + = − + = −π π π π π

sin sinA
A k

A k
= ⇒

= +
= + −

⎧
⎨
⎩

α
π α
π π α

sin( ) sin( )2
4 4

x x− = −π π

⇒
− = + − ⇒ = + ⇒ = +

− = + − − ⇒ =

2
4

2
4

3 2
2

2
3 6

2
4

2
4

2

x k x x k x
k

x k x x k

π π π π π π π

π π π π
( ) ππ π π+ = +

⎧

⎨
⎪⎪

⎩
⎪
⎪

( )2 1k

x
k= +2
3 6
π π

lim
[ ] [( ) ]

( )( )x

x
x→ −

−

− − −−

+
+

= − +
− +

= − + = =
2

3
2

2 3
2 2

3 3
0

0
0

0¢±õ¶

lim ( ) lim lim
x x n x n

f x
ax x

x

ax

x→∞ →∞ →∞
= − −

−
= =

23 1
4 12 4

1
6

a = 2
3

a
4

1
6

= n =
f

f x
x x

x
( ) =

− −

−

2
3

1

4 12

23

x = f

lim ( ) lim
x x

f x
x x

x→ →
=

− −

−
=

3 3

232
3

1

4 12
0
0

H

x

x
x
lim

( )
→

−
−

=
−

=
−

=
3

2 23 3

2
3

2
3 1

4

2
3

6
3 64
4

2
3

6
12
4

1
24

x = − f
x = − f

′ − = ′ −− +f f( ) ( )

⇒ −
+

= − + = + ⇒− = +2
2 5 4

2 1
3

2x b b b

⇒ = − − = −b 2 1
3

7
3



f f x f x
x x

( ) lim ( ) lim ( )
( ) ( )

− = =
→ − → −− +

5 4 1
2

4 2 3 2 2 7
3

+ = − × − + ⇒ = − − − +b c c( )

⇒ − = ⇒ =5 14
3

1
3

c c

f x
x x

x x

x x

x x
( ) ( )

( )
= +

−
= +

−

23

2
3

2

2 3
2 2

′ = + − − − − +
−

f x
x x x x x x x x

x x
( )

( )( ) ( )( ) ( )

( )

2 2 3 2 1 22 3 2 2 2

2 6

⇒ ′ = + − − × × − × +
−

f ( )
( )( ) ( ) ( )

( )
2 4 2 4 2 3 3 4 2 4 4

4 2

3 2

6

= × − × × = − = − = −6 8 9 4 8
64

48 288
64

240
64

15
4

f x x x x f x
x

x x
( ) ( )= + − ⇒ ′ = + −

−
4 1 4 2

2 4
2

2

= + −

−
= ⇒ = −

−
⎯ →⎯⎯⎯⎯1 2

4
0 1 2

42 2
2x

x x

x

x x

·H¼U ¾M

¸Ãõw» ¸ÃÎoö

4 4 4 2 8 4 02 2 2x x x x x x− = − + ⇒ − + =

⇒ − + = ⇒ = ± = ±x x x2 4 2 0 4 8
2

2 2

Df = [ , ]0 4

f ( )2 2 2 2 8 4 2 4 4 2 2+ = + + + − − −

= + + = +

Max f A( , ( )) ( , )+ + = + + =
( )y x x y= ⇒ − = A

AH = + − −
+

= =| |2 2 2 2 2
1 1

2
2

1

h r2 2 100+ =

V r h= 1
3

2π

h r r h2 2 2 2100 100+ = ⇒ = −

V r h h h
h h= = − = −1

3
1
3

100 100
3 3

2 2
3

π π π π
( )

′ =V h( )
( )
100
3 3

0 100
3

0
3

2π π π πh h
h− ′ = ⇒ − =

⇒ = ⇒ =100
3

10
3

2π πh h

r r2 100 100
3

200
3

10 2
3

= − = ⇒ =

r
h
= =

10 2
3

10
3

2
1

b a

1 9 2
5 1

7
4)  SvÀ ÂºIμ¿¶ nj

.SvÃº ÂºIμ¿¶ nj »

a
b ⇒ −

−
⎛
⎝⎜

⎞
⎠⎟
= ⎛
⎝⎜
⎞
⎠⎟
= 77
4 3

35

2 9 2
5 1

!
! !

)

=

⇒ −
−

⎛
⎝⎜

⎞
⎠⎟

 SvÀ ÂºIμ¿¶ nj

.SvÃº ÂºIμ¿¶ nj »

b
a == ⎛

⎝⎜
⎞
⎠⎟
= =

⇒ −
−

⎛
⎝⎜

⎞
⎠

7
4

7
4 3

35

3 9 2
5 0

!
! !

) b a´À » ´À

.k¹{ILº ÂºIμ¿¶ nj
⎟⎟ = ⎛⎝⎜

⎞
⎠⎟
= =

⎧

⎨

⎪
⎪
⎪

⎩

⎪
⎪
⎪

7
5

7
5 2

21!
! !

+⎯→⎯ + + =35 35 21 91
b a

ÁIÀïS²Ie  jHk÷U

J¼±õ¶

®¨  jHk÷U

IÀïS²Ie

Á»j  oÀ  ¾¨  ÂÄIÀïS²= − IIe  jHk÷U

.k¹TvÀ  ÂºIμ¿¶  nj  »b a

= ⎛
⎝⎜
⎞
⎠⎟
− −

−
⎛
⎝⎜

⎞
⎠⎟
= ⎛
⎝⎜
⎞
⎠⎟
− ⎛
⎝⎜
⎞
⎠⎟
= − =9

5
9 2
5 2

9
5

7
3

9
5 4

7
3 4

126!
! !

!
! !

−− =35 91

ÂvÃ±«ºH  »  ÂwnIÎ  JIT¨  ¾TvM  »j  Sz«ÄI]

´ÀIM  ÂvÃ±«ºH  ÁIÀÀïJIT¨  Sz«ÄI]

´ÀIM  ÂwnIÎ  ÁIÀïJIT¨  Sz«ÄI]

← × ×
↓

↑
3 5 2! ! !



!

P= = × × = × ×J¼±õ¶ ÁIÀïS²Ie jHk÷U

IÀïS²Ie ®¨ jHk÷U

3 5 2
8

6 5 2
8
4

! ! !
!

!
×× × ×

=
7 6 5

1
28!

−12
12

xN =
× − + × − + × = =5 2 4 1 7 2

16
0
16

0( ) ( )

xO = + =0 12 12

σ2
2 2 25 2 4 1 7 2

16
20 4 28

16
13
4

= × − + × − + × = + + =( ) ( )

⇒ =σ 13
2

CV
x

= = =σ
13
2
12

13
24

0 15� /

BC
A

BC y x BC y x: ( )
( )

( ) :− − = − −
−

− ⇒ + = −2 3 2
7 2

2 2 2

⇒ − + =BC y x: 4 0
BC H AHÁ»n  oM

.jnHj nHo¤
⎯ →⎯⎯⎯⎯ = − +

+
= × =| |5 1 4

1 1
8
2

2
2

4 2

MA
MD

MB
MC

AB
DC

MA
MA

MB
MB

= = ⇒
+

=
+

=
7 5

4
9

⇒ = + ⇒ = ⇒ = =

= + ⇒ = ⇒ =

⎧
⎨
⎪

⎩⎪
9 28 4 5 28 28

5
5 6

9 20 4 5 20 4
MA MA MA MA

MB MB MB MB

/

4 5 6 4 13 6+ + =/ / MAB
�

ACD HCD

ABD ( )H D C C	 	 
 
= = ° =90 »
ADC

ABD ADC

ADC HCD
ABD HCD

� �

� �

� �~

~
~

⎧
⎨
⎪

⎩⎪
⇒

BC AB AC= + = + =2 2 3 4 7

AC DC BC DC DC2 4 7 4
7

= × ⇒ = × ⇒ =

⇒ = = ⇒ = = =¾MIzU SLvº k
DC
AB

S

S
DC
AB

HCD

ABD

�

�
( ) ( )2 2

4
7
3

16
21

(



(
LH FSH

LH FSH

FSH
LH

LH FSH

LH
FSH

LH FSH
LH FSH

LH FSH
(

Aa
aa Aa AA

X XH h X YH

ABO
AB B A

AB A B
( O

ATP

(

B A
AB

Dd DD
( D

(

(

(



(

(

(

(

(

(

aaBBCC
Aabbcc

(

HCG

(
E coli

(

Aa aa
aa

( )XaY ( )X XA a



aa
Aa

( )X XA a

( )X YA ( )X Xa a

aa
Aa

Aa
( )X XA a ( )X Ya

( ( )X XA a

(

(

(
C C

C

C
CAM C C

(

(

(
P tRNA

A
E tRNA

A

P

tRNA
( A



ATP

NAD+

(

(

(

(

(

(

(

(



ATP

(

(

B12

(

(

(

(

(

(



B12

K K

ATP
ATP

(

(

(

ADP ATP

( NADH NAD+

(



B

(

CO
NH

(

(

14

23 4/3046 6/

1012

33 4/4026 6/

0 5/
±0 25/

3 7/ cm
0 25/ cm 0 1/

±0 3/ 0 1/
3 7 0 3/ /cm cm±

a a=

a a2
9
16

=

t t= + t t=

Δx at V t= +1
2

2
0

Δ Δx x at a t
V V

m
s1 2

0 2 201 02 1
2

1
2

9
16

2= ⎯ →⎯⎯⎯⎯ = × × +
= =

( ) ( )

⇒ = + ⎯ →⎯ = + ⇒ =t t t t t s2 29
16

2 3
4

3
2

6( ) nm]

t t
t t t t
t s2 6= t s=

t s= + =1 6
2

3 5/ V
m
sav =



t s= V
m
s

=
m
s

t s= 3 5/

t s=

V at V a a
m

s
3 5 2 23 3 5 2 0 2/ ( / )= + ⇒ = × − + ⇒ =

t s= t s=

V at V V V
m
s2 1 1 10 2 2 1 2= + ⇒ = × − + ⇒ = −( )

V at V V V
m
s6 2 6 62 6 2 0 8= + ⇒ = × − + ⇒ =( )

d S S d= + ⇒ = − × + ×
| | | |1 2

2 1
2

4 8
2

d d m= + ⇒ =1 16 17

: t s=
Δx ms s6 2

21
2

2 4 16
IU

= × × =( )  

s s
t s=

| | ( )Δx ms s2 1
21

2
2 1 1

IU
= × × =

Δ Δx x ms s s s6 2 2 1 17
IU IU

+ =| |

 

a
m

s
1 22= −

10s a
m

s
2 23=

20s
ΔV S V V= ⇒ − = − ×1 10 0 2 10
V

m
s V

m
s

0 10
10 10

=
⎯ →⎯⎯⎯ = −

a
m

s
= 3 2

Δ ′= ⇒ − = ⇒ − − =V S V V S V2 20 10 2 20 10 30( )

⇒ =V
m
s20 20

t s= t s=10
t s=10 S S1 2=

( , )′t 20 ( , )10 ′t
′t

10
20

10
20

20 2 20 40
3

10 10
3

=
′−
− ′

⇒ − ′ = ′− ⇒ ′ = = +t
t

t t t

10
3

t s= + + =( )10 10
3

10
3

50
3

f Fk k N=μ
F mgN =

F ma F f manet k= ⇒ − =
⇒ − =F F mak Nμ
⇒ − =F mg makμ

550 0 5 100 10 100 0 5 2− × × = ⇒ =/ /a a
m

s
s

v at v v
m
s

= + ⇒ = × + =0 0 5 4 0 2/

Δx at= 1
2

2 t s=

Δx m1
21

2
0 5 4 4= × × =/

F manet =

f ma mg ma a g
m

s
k k k= ′⇒ = ′⇒ ′ = = × =μ μ 0 5 10 5 2/



( )V V a x2
0
2 2− = Δ

V
m
s

V
m
s

x x m
=

=
⎯ →⎯⎯⎯ − = − × × ′⇒ ′ =

0

2
2

0
0 2 2 5 0 4Δ Δ /

Δ Δ Δx x x m
®¨
= + ′ = + =4 0 4 4 4/ /

fk FN

F mg F NN = + = + =2 40 10 50 f F Nk = =1 10

tan tanθ θ1 1
50
10

5= = ⇒ =
F
f
N

k
FN

FN
fk

f Fk k N
f N
F N k k
k

N
= × ⎯ →⎯⎯⎯ = × ⇒ ==

=
μ μ μ10

50 10 50 1
5

′ = − = − ⇒ ′ =F mg F F NN N2 40 10 30

′ = ′ = × ⇒ ′ =f F f Nk k N kμ 1
5

30 6

tan tanθ θ2 2
30
6

5=
′
′
= ⇒ =

F
f
N

k
tanθ tanθ

tan

tan
tan tan

θ
θ

θ θ θ θ1

2
1 2 1 2

5
5

90
=
=

⎧
⎨
⎩

⇒ = ⇒ = <

90°

f mg ma f m g as s− = ⇒ = +( )
t⇒ = + =f Ns 2 10 2 24( )
F F F NN N= ⇒ = 32

R f FN= +

R R N= + ⇒ =24 32 402 2

40N

t =

+ cm

− cm
T

T T

T s= f = 1
4
Hz

Δt T T T
s= + + = + + =

8 4 8
4
8

4
4

4
8

2

V
x
tav =

Δ
Δ

V
cm
s

V
cm
sav av= − − = − ⇒ =| |

K mV= 1
2

2 E U K= +
V

E U K VE K mJ
U mJ

= + ⎯ →⎯⎯⎯⎯⎯ × = × ×= =
=

−max /
/
0 8

0 4
4 24 10 1

2
1
10

⇒ = × ⇒ = ×− −V V
m
s

2 4 280 10 4 5 10

1 102 4 5m cm V
cm
s

=⎯ →⎯⎯⎯ =

Δ Δβ β= ⎯ →⎯⎯⎯⎯ =
= =

10 10 102
1

1000 10
3

2
1

3

log log
I
I

I
I

⇒ = ⎯ →⎯⎯ = × ⇒ ==Δ Δ Δβ β β30 10 30 1 3010 1log log dB
30

λ

40cm 20cm
λ λ
2

20 40= ⇒ = cm



V
T

= λ m
s

T
V

s= = =λ 0 4
2

0 2/
/

T t t

t T
T

1 0 25 0 2 0 05
4

= = + = +/ / /

t T T T
2 0 35 0 25 0 1 4 2 4= = + = + + ×/ / / ( )

M
( )y A= −
M t t

y A= y =
y = y A=

V
V

n
n

V
V

m
s

n n

V
m
s

2
1

1
2

1 4
3

3 10
2
8 2

81 2

1
8 3 10

1
4
3

9
4

10= ⎯ →⎯⎯⎯⎯
×

= ⇒ = ×
= =

= ×

,

V
V

n
n

Vn3
1

1
3

0 8 2 3
8

3
3 10

1
0 8 2

= ⎯ →⎯⎯⎯
×

== /

/

⇒ = ×V
m
s3

815 2
8

10

sin
sin

sin
sin

/
sin

θ
θ θ θ
1
2

2
1 2 2

53
4
3
1

0 8 4
3

= ⇒ ° = = =n
n

⇒ = ⇒ = °sin /θ θ2 20 6 37

sin
sin

sin
/ /

sin
θ
θ

θ θ θ3
2

2
3

3
3 30 6

4
3

0 8 2
1
2

45= ⇒ = ⇒ = ⇒ = °n
n

CB AC

cos cos /θ2 37 9 0 8 9= ⇒ ° = ⇒ =n»I\¶ Í±ò

oU» AC AC

⇒ =AC cm
90
8

cos cosθ3 45 9 2
2

9= ⇒ ° = ⇒ =n»I\¶ Í±ò

oU» CB CB

⇒ =CB cm9 2

(V )= d
tΔ

B C C A

Δ Δt
d
V

t
d AC cm

V
m
s

cm
s

1
1
1

90
8

9
4
10 9

4
10

1
1

1
8 10

90
8

9= ⎯ →⎯⎯⎯⎯⎯⎯⎯ =
= =

= × = ×
44

1010×

= × ⇒ =−0 5 10 0 59
1/ /s t nsΔ

Δt d
V

d CB cm

V
m
s

cm
s

2
2
2

9 2
15 2
8

10 15 2
8

10
2

2
8 10

= ⎯ →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= =

= × = ×

Δ Δt s t ns2
10

9
2

9 2
15 2
8

10
0 48 10 0 48=

×
= × ⇒ =−/ /

Δ Δt t s
®¨ ®¨
= + ⇒ =0 5 0 48 0 98/ / /

0 98/ s

n1 1 1
2 2λ

=
′
−R

n n
( )

1
1200

1
100

1
3

1 1
9

1
12

1 62 2 2= − ⇒ − = ⇒ =( )
n n

n

E h
c=
λ

h eV s= ×
×

= ×
−

−
−6 63 10

1 6 10
6 63
1 6

10
34

19
15/

/

/
/

.

4 10 6 63
1 6

10 3 10 37 15
8

× = × × × ⇒− −( )
/
/

eV m
λ

λ�

E
V
d

= Δ

E
V
d

E
V
m

V V
d cm

= ⎯ →⎯⎯⎯ = ==
=

Δ Δ 80
0 01

80
0 01

8000
/ /



′ = × −d m4 10 3 A

E
V
d

V V=
′
′
⇒ ′ = × × = +−Δ Δ 8000 4 10 323

V
A A

E V V V=⎯ →⎯⎯ = − ⇒ = −0 32 0 32

Δ
Δ
′
=

′
→ −

−
= ⇒ = −V

V
d
d

V mm
mm

V VA
A

0
0 80

4
10

32

q q q

E k
q

r
=

E
E

q
q

r
r

E Er r2
1

2
1

1
2

2
2 11 2 4= × ⎯ →⎯⎯ ==( )

� �
E E2 14=

C
A
d

= ε

C
C

A
A

d
d

C
C

d
d

C CA A
d d

2
1

2
1

1
2 2

2
1

1
1

2 11 2
2 1

1
2

1
2

= × ⎯ →⎯⎯ = × ⇒ ==
=

ΔV E
V
d

= Δ

Q C V Q CV=

I
R r

q

=
+
ε

Re
�

ε = = × +
↓

6 10 6 10 3 10

10

1 1 4 5

1

V eq� �R

I A
eq

= = = −ε
R

10
10

10
1

5
4

Δ =q ne Δ = Δq I t

n
q
e

I t
e

= Δ = Δ = × ×
×

= ×
×

−

−

−

−
10 6 10
1 6 10

6 10
1 6 10

4 1

19

3

19/ /

= ×
↓
3 75 10 10

10

16 16

0

/ �

P RI W= = × =2 225 2 100

،
100Ω 25Ω

kºHïÁpH¼¶ » ÁIÀïS¶»I£¶100 25 100
25

1 92 0 48
1

1Ω Ω ⇒ = ⇒ =/
/

I
I A

I A
®¨
= + =1 92 0 48 2 4/ / / R

ÏjI÷¶
= ×

+
= Ω100 25

100 25
20

P P R IRÁoUIM Â]»oi ÏjI÷¶ ®¨
ÏjI÷¶

= =

⇒ = × =P WR
ÏjI÷¶

( / ) /2 4 20 115 22

P P W
®¨
= = − =115 2 100 15 2/ /

R
R R

R R

R R
R R
R R

Req
R R
R R

= +
+

+ ⎯ →⎯⎯⎯⎯⎯⎯= Ω = Ω
= Ω = Ω1

2 3
2 3

5
4 12
12 8

1 2
3 5

,
,

R Req eq= + ×
+

+ ⇒ = + + = Ω4 12 12
12 12

8 4 6 8 18

I
R r

I I A
eq

V
r

=
+

⎯ →⎯⎯ =
+

⇒ ==
= Ω

ε ε 60
2

60
18 2

3

V Ir V V= − = − × ⇒ =ε 60 2 3 54
R

R
R R

A
1 5/ A R



R :
R Ω

V V I I RR8 4 1 28 4= ⇒ × = × ++( ) ( )

I R V I I2 12
1 28 12 4 1=⎯ →⎯⎯⎯ = + ( )

( )R +
I I I I I AI A= + ⎯ →⎯⎯ + ==

1 2
3

1 2 3 2( )
I

8 12 4
3

1 21 2

1 2
2 1

I I

I I
I A I A

= +
+ =

⎧
⎨
⎩

⇒ = =,

R V IR=
12 1 12= × ⇒ =R R Ω

U LI IU J
L H

= ⎯ →⎯⎯⎯ = × ×=
=

1
2

0 4 1
2

0 052 0 4
0 05

2/
/

/ /

⇒ = ⇒ =I I A2 16 4

B
NI

B
N

T m
A

cm m
= ⎯ →⎯⎯⎯⎯⎯⎯⎯ = ×= = × ⋅

= = ×

−−

−
μ μ0 100 12 10

8 8 10

70
7

2
12 10

� �

, ×× ×
× −

100 4
8 10 2

B T B GT G= × ⎯ →⎯⎯⎯ =− =60 10 604 1 104

Δ Δφ θ= A Bcos E = −N
t

Δ
Δ
φ

E E= − ⇒ = −N
A B

t
NA

B
t

cos
cos

θ θΔ
Δ

Δ
Δ
Δ
Δ
B
t

Δ
Δ
B
t

Δ
Δ
B
t

30ms Δ
Δ
B
t

40ms

θ =

E = −NA B
t

cosθ Δ
Δ

N t ms s

A cm m m

= = = − = = ×
= = × = ×

−

− −
500 0 40 0 40 40 10

40 40 10 4 10

3
2 4 2 3 2
, ,

,

θ Δ
ccos( )0 1=

⎯ →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

E E= − × × × × −
×

⇒ =−
−500 4 10 1 0 0 8

40 10
403

3
/

V

E E K U K U1 2 1 1 2 2= ⇒ + = +
1
2

01
2mV mgh U+ = +

o¹Î

m
h x= + h x

1
2

2 2 2 10 2 46 0 1 102× × + × × + = ⇒ = ⇒ =( ) /x x m x cm

P gh
ÍÄI¶

=ρ

P

P P gh1 0 1 1= +ρ



P

P P gh gh
P

2 0 1 1 2 2
1

= + +ρ ρ� �


 �




P P gh P P ghP P
2 1 2 2

102
1 1 2 22 1 1 02= + ⎯ →⎯⎯⎯ = +=ρ ρ/ /

⇒ =0 02 1 2 2/ P ghρ

⇒ = ⇒ = +
h

P
g

h
P gh
g2

1
2

2
0 1 1
2

0 02 0 02/ / ( )
ρ

ρ
ρ
P cmHg0 75=

P gh g cm kg m
h cm m0

13 5 13500
75 0 75

3 3
= ⎯ →⎯⎯⎯⎯⎯⎯⎯⎯= =

= =
ρ ρ / / /

/

P Pa0 13500 10 75
100

135 750= × × = ×

h
h

P gh
g2

0 1 1
2

0 02
=

+/ ( )ρ
ρ

⇒ = × + × ×
×

h2
0 02 135 750 1250 10 0 1

800 10
/ ( / )

h h m2 4 2
2135 75 1250

4 10
25 625 10= × +

×
⇒ = × −/

⇒ =h cm2 25 625/
:

V Ah V V cm= ⇒ = × ⇒ =20 25 625 512 5 3/ /

Q
t
k
A T
LΔ
Δ=

Δ Δt t
¸ÀA u¶

=Q

Q

k

k

A

A

L

L
u¶

¸ÀA

u¶

¸ÀA

u¶

¸ÀA

¸ÀA

u¶

= × ×

A r
A

A

D

D
D
D

= ⇒ = = =π 2 2 1
1

22 4u¶

¸ÀA

u¶

¸ÀA

( ) ( )

Q

Q
L
L

Q

Q
u¶

¸ÀA

u¶

¸ÀA

= × × ⇒ =400
80

4
1 2

101
1

1 10 5
20
min /

min

kJ

Q
®¨

Q kJ J
®¨
= × = =20 10 5 210 210000/

20 01° ⎯ →⎯ °C CQ
gÄ gÄ

Q J1 2100 20 1
2

21000= × × =

⇒ < ⇒Q1 210000 .jnHj  ¾¶HjH  I¶o¬   â¾²jIL¶  uQ

0 02° ⎯ →⎯ °C CQ
gÄ JA

Q mL Jf2
1
2

32600 168000= = × =

⇒ + < ⇒Q Q1 2 210000
» j¼{ïÂ¶  ®ÄkLU  JA  ¾M  Ï¼~d¶  ®¨

.j»nïÂ¶  ¯IIM  JA  ÁI¶j  I¿¹U  ¾±eo¶ ¸ÄH  pH 

0 3° ⎯ →⎯ °C CQ
JA JAθ

Q Q Q J3 2 1 210000+ + =
Q
Q

Q J1 21000
2 168000 3 210000 21000 168000 21000=
=

⎯ →⎯⎯⎯⎯ = − − =

Q J C3
1
2

4200 21000 10= × ×Δ = ⇒Δ = °θ θ

θ θ1 0
2 10= °⎯ →⎯⎯ = °C C

49

51

53

54

65
65

15

20

A x

A x

A

A

→

→ −

⎫
⎬
⎪

⎭⎪
→

→

→

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

ÓI÷μ]

M M
F

M M
F

M M= + − + − +1
2

2 1
3

3 1100 100
( ) ( ) �

50 95 49 2 65 4 15 20 5
100

/ (
( )

)= + − + × + ×x

⇒ =x 47 5/
65 47 5 17 5− =/ /
(



29
65

18
10 1

2 2 2 1

10

3 4

0 1 2 3 4 7

2 3 10

Z Ar d s

s s s s e

d e

:[ ]

:

: :

�

�

= ⇒

=

⎧

⎨
⎪⎪

⎩
⎪

−

−
⎪⎪

⇒
− = − =

=
=

=

⎧

⎨

⎪
⎪

⎩

⎪
⎪

−

−

−

11

65 2 29 7

0
2

7
10

½»o¬

n e

ne

ne

( )

( )

( )

�

�
ZO + 29Z

22
48

18
2 2

2 2 2 2

2

3 4

0 1 2 3 4 8

2 3 2

X Ar d s

s s s s e

d e

:[ ]

:

:

�

�

= ⇒

= ⇒

⎧

⎨
⎪⎪

⎩
⎪
⎪

−

−

⇒
− = − =

=
=

= =

⎧

⎨

⎪
⎪

⎩

⎪
⎪

−

−

−

4

48 2 22 4

0
2

8
2

4

½»o¬

n e

ne

ne

( )

( )

( )

�

�

XO + X

24
52

18
5 1

2 2 2 1

5

3 4

0 1 2 3 4 7

2 3 5

D Ar d s

s s s s e

d e

:[ ]

:

:

�

�

= ⇒

= ⇒

⎧

⎨
⎪⎪

⎩
⎪
⎪

−

−

⇒
− = − =

=
=

= =

⎧

⎨

⎪
⎪

⎩

⎪
⎪

−

−

−

6

52 2 24 4

0
2

7
5

1 4

½»o¬

n e

ne

ne

( )

( )

( )
/

�

�
DO + 24D

31
70

18
10 2 1

2 2 2 2

10

3 4 4

0 1 2 3 4 8

2 3 10

A Ar d s p

s s s s e

d e

:[ ]

:

:

�

�

= ⇒

= ⇒

⎧

⎨
⎪

−

−

⎪⎪

⎩
⎪
⎪

⇒
− = − =

=
=

= =

⎧

⎨

⎪
⎪

⎩

⎪
⎪

−

−

−

13

70 2 31 8

0
2

8
10

0 8

½»o¬

n e

ne

ne

( )

( )

( )
/

�

�

A O2 3 + 31A
(

n =

(

20 18
24X :[ Ar] s

30 18
10 23 4Z d s:[ Ar]

( , )3 32 6s p 20X

( s p d )3 3 32 6 10 18 30Z

20
2X +

s 30
2

20
2Z X+ +

d 20
2X +

(

HCN : :
kÃºIÃw ·r»nkÃÀ

Ákº¼ÃQ Sÿ]

Ákº¼ÃQIº Sÿ]1

=

Si F :
kÄn¼G¼±ÎHoTU ´Ãv±w

Ákº¼ÃQ Sÿ]

Ákº¼ÃQIº Sÿ]12

4 1
3

=

N O:
kÃv¨H¼º¼¶ ·r»oTÃº Áj

Ákº¼ÃQ Sÿ]

Ákº¼ÃQIº Sÿ] 4

4 1=

NO :
kÃv¨HïÁj·r»oTÃº

Ákº¼ÃQSÿ]

Ákº¼ÃQIº Sÿ] 5

3 3
5

=

As Br :
kÃ¶oMïÁoU ¦¹ÃwnA

Ákº¼ÃQ Sÿ]

Ákº¼ÃQIº Sÿ]

3 3
1010

=

( ) ( ) ( ) ( )I NH CH COOH l O g CO g H O4 5 8 102 2 2 2 2+ → +
( ) ( ) ( ) ( ) ( ) ( )II Fe s H O l O g Fe OH s4 6 3 42 2 3+ + →
II
I

nj IÀï½k¹Àjïy¹¨H» KÄHoò Ì¼μ\¶

nj IÀï½jn»AoÎ KÄHoò Ì¼μ\¶

= 113
20

0 65= /

10 7 1
107

3
43

3
3

2
3

/
( )
( ) ( )( )g

mol Fe OH
Fe OH

mol O
mol Fe OHFe OH × ×

× =22 4
1

1 68
2

/
/

L
mol O

L

(



(

(
26

KCl 26
76°

S = + × + =0 35 76 26 52 6/ /
= 50

= − =52 6 50 2 6/ /
(

O H−
S H−

SO CO SO
(

g KOH mol
g
mol

g= × =0 5 56
1

28/

= × ⇒
+

× =g
g
½kº¼{ï®e

Ï¼±d¶

100 28
112 28

100 20

( / )0 112 112L ml 112g

[ ] [ ]
/
/

/ .KOH
mol KOH

KOH mol L= ⇒ = −
(oTÃ²) ´\e

0 5
0 112

4 46 1�

(
C H N O19 23 3

N

CuO s HCl aq CuCl aq H O l

g mol x
↓ ↓ ↓

+ → +

5 01
2 22( ) ( ) ( ) ( )

/ ?

y x CulCl

5
80

0 1
2 135

× = =y x

CuO HCl Cu
Â²¼¶ SLvº Â²¼¶ SLvº Â²¼¶ SLvº

� �

 �

 �

/

CCl

x g CuCl

y

2

6 75
80

2

�
⇒

=
=

⎧
⎨
⎩

/

( 20

( )Fe O2 3 Fe +

Fe HCl FeCl H+ → +
Fe O HCl FeCl2 3 33 2+ →

FeCl aq NaOH aq Fe OH s NaCl( ) ( ) ( ) ( )+ → +

0 05 1
1

107
1

5 353
3

3 3
/

( )
( )

/mol FeCl
mol Fe OH
mol FeCl

g
mol Fe OH

g× × =

(

3 4 42 4 2 2SCl NaF SF S Cl NaCl+ → + +
SF H O SO HF4 2 22 4+ → +
HF NaF~
50 0 8
4 20 4 42

84×
×

=
×

=/ x
g NaF

4 2HF SO~

50 0 8
4 20 64

32 2
×
×

= =/ x
g SO

(
CaO SO

100 SO 10 100
90

N
O
2
2

50
90
10
90

5= = CO
O2

30
90
10
90

3= =

( SO

100 140
100

140g
KCal
g

KCal
ùo¶ï´hU

× =

146 250
100

365g
KCal
g

KCal
·Iº
× =



50 70
100

35g
g

KCal
Â¹Ã¶pïKÃw

× =

( ) /140 365 35 1000 4 2
75 60 24

+ + × ×
× ×

J

p»n ¦Ä nj K±¤ ·IMoò jHk÷U

� �




 �




= 21

(

Q Q QFe Al+ =
JA

( / / ) /2000 0 45 500 0 9 2000 4 21 2× + × × = × ×Δ Δθ θ
Δ
Δ
θ
θ
1
2

6 23= /

(
←⎯⎯ ×

× ←⎯⎯ × ←
−2164kj

mol POCl Q
H

Q
Q3

4
0 1
4 2164

54 1= ⇒ = ⇒ =| |
/

/
Δ

(

1 40
440 2C H
n
On ~ ( )+

0 01
1

0 54

40
4

56/ /=
+

⇒ =
n

n

C H40 56 40
C H40 82

82 56 26 13− = ⇒
(

C H O H O A CH OH
g

n n2 2 2 3

5 1
50

0 8↓
+ → +

/
/ ( )

5 1 0 5
14 32

0 8
32

5/ / /g
n

n
×
+

= ⇒ =

(

A D AD

mol D

mol A
mol mol

2

2

2

4 5

3

2

2
3 2 3

1 5

1
2↓ ↓

+ → ⇒
=

=
/

/

A A D
A

4 5 1
3

1 52
2

/ /mol D
mol A
mol D

mol A× =

A 0 5/
(

R

R
6 8

10 20

0 03 0 0249
2

0 0209 0 0084
10

2 04−

−
=

−

− =¾ÃºIY

/ /

/ /
/

(
( )M Ka pH

( )α
K

M
Ma

pH=
−

= −α
α

α
2

1
10.

, .

⇒ =
−

=− −10
1

102
2

2α
α

α.
, .

M
M

⇒ = ×
−

⇒
−

= ⇒ =−
−

10 10
1 1

1 0 52
2 α
α

α
α

α /

⇒ × = ⇒ =− −0 5 10 0 022 1/ / .M M mol L
X HA

0 02
0 258

0 1
129 1/

/

/
.= ⇒ = −X X g mol

(
HCl

HCl L mol LnHk£¶ = × ×− −23 6 10 0 013 1/ / .

= × −2 36 10 4/ mol HCl
Ba OH( )

Ba OH L mol L( ) / .2
3 150 10 0 005nHk£¶ = × ×− −

= × −2 5 10 4
2/ ( )mol Ba OH

Ba OH( ) HCl

1 18 10 4/ × − HCl 2 36 10 4/ × −

Ba OH( ) Ba OH( )
CO

( / ) ( / ) /2 5 10 1 18 10 1 32 104 4 4× − × = ×− − − mol
CO Ba OH( )

CO 1 32 10 4/ × −

CO
mg

L
mg L2

4 3
11 32 10 44 10

2
2 9pI¬ SÊ±ü = × × ×−

−/
/ .�

(

α. / ( )/ /M MpH= ⇒ × = = × = ×− − − −10 0 2 10 10 10 4 101 4 2 0 3 2 2

⇒ = × =
−

−M mol L
4 10
0 2

0 2
2

1
/

/ .

0 2/
0 2 0 2 0 041/ / . /L mol L mol HA× =−

HA



NaHCO
0 04
1

0 8
84 1

4 2 3
/ /

/ ( )= ×
×

⇒ =x
x g NaHCO }²IiIº

(

M
mol

L
mol LHX = = −

18
60
2

0 15 1/ .

M
mol

L
mol LHY = = −

10
50
2

0 1 1/ .

α.M [ ]H+ pH
( . ) ( . ) / /α α α αM MHX HY HX HY= ⇒ × = ×0 15 0 1

⇒ = = = ⇒ = =α
α

α
α

HX

HY

HY

HX

0 1
0 15

10
15

2
3

3
2

1 5/
/

/

K HX
K HY
a

a

HX

HY

( )
( )

/

/
( )= ×

×
= × =α

α

2

2
20 15

0 1
2
3

3
2

2
3

[ ]x− [ ]H+

[ ]Y−

Y− H+ X− H+

HX
HY

K HYa ( ) K HXa ( )
HY Ka HX Ka

(

(

OH−

pH
Si

H+

pH

OH−

(

B + Y B +

Y +

Y B> Y B+ +<

E

A + Mg

A + B +

emf A
B M

( B X+ →+

15 AsO4
3−

( + CLO
b a

d c
d a

c b

adbc

(

Mg
LiF

DX F Li X A
X A LiF
LiF AX

A X
LiF Li O

MgX CaX LiF> < 16 X
MgX CaX LiF> > 17 X

( LiF

ΔH
( ΔH


