














 

 

 

 

 

 

 

 

 

F a
.F a

 

SISI
m( )A( )

kg( )cd( )

s( )mol( )

K( )

 

 m s/

SI
 m s/   m s/  

 m s/   m s/  
 N( ) kgm s/  
Pa kg ms/  

J kgm s/  



 SI
   

  
 (   (   (   (

SI

  
SI

 
 ly m( ) ly

 
AU

 AU m( / ) m/

s

 

kg SI

 

 (   (   (  (

 

 (   (   (  (

System International SI

SI

( ( ( (
SII



 

 (   (   (  (
 

 (   (

 (    (

 

(
(
(

(
 

(  (
(  (

 

 
 (   (   (   (

 

 (  (
 (    (

 
(  (
(  (

 

. F
 (   (   (  (



U

 U

V V A x A x½k¶A ¸ÃÄIQ ÍÄI¶ ¾TÎn ¯IM  ÍÄI¶  

               U   
    n         x x    

 x x
n

       A nA( )

 U
cm

  g cm    g cm¸ü»n JA( / / , / )

 (   (   (   (
 U

U

 V V Ah Ah h h½k¶A¯IM ¾TÎn¸ÃÄIQ

 A BP P h h h h cmJA ¸ü»n( ) ( ) /  

cm
  

 

/  (    (
 (   /  (

 h h cm

 P P gh P gh P h h h h cm/ /
/

 

 h h h cm/ /

  

UU
cm

¸ü»n JA( / / , / ) g cm¸ü»n JA/ / ,g cm   cm   ¸ü»n /g cm///

( ( ( (
U

U

V V Ah Ah h h½k¶A¯IM ¾TÎn¸ÃÄIQ h hAh hV V Ah Ah hV Ah Ah hV VV Ah h

A BP PA h cmJA ¸ü»n( )h h ( ) /h¸ü»nBPPB JA( )h h ( ) h( ) /h h( ) /)h

cmm

/ ( (
( / (

h h cm

P P h P h P h h cm/ /h h
/

P gh P gh P h h h h
/

P gh P gh P h hP gh P gh P hP gh P gh P h hgh P gh P hgh P gh P h h// /
/

h h h cm/ /h h hh /h / //



U

U

 A B B A

  (    (

  (     (

 U

 (   (
 (   (

 U

 g g
cm cm

¸ü»n JA( / , ) W

O

h
h Oh Wh

/  (  /  (  /  (  /  (
 U

1
�

2
�

1
�

1
�

1
�

2
�

2
�

2
�

(ت)(پ)(ب)(الف)

   (     (    (    (

 
g cm/

  (   /  (

/  (    (
 

  (    (    (    (

 U C B A
x C A

  (
/  (
/  (

 (

cm18

cm5

cm20

AAAAAAB

0
37

0
cm20

cm40

1
�

2
�

cm9

/ cm4 5/

x

A

g
/

cm
3

1 8/� �

A

B

g

cm
3

2� �

B

C

g
/

cm
3

0 8/� �

C



 

 rV V

 

 V rV

HQ( )

LQ(| |) W(| |) HT( )

LT( )

H L

L

H H

Q  Q W

QW
Q Q
WP
t

: | | | |

| || |
:

| |
:

 kW
(  (  (  (

W Pt W J| | | |

H
H H

W Q J
Q Q
| |

H LQ W Q| | | | HQ W| | LQ

            
                   

HQ( ) LQ( ) W( )

H LQ Q W| | | | W

WP
t

:

kW
( ( ( (

J| | | |W Pt WPt WPt WWPt

H
H H

Q J
Q QH

| |W
HQHQ Q

| |



   HQ           LQ             

   HQ          LQ             

                      
                

 W LQ HQ
D C B A

D B C A (  B D C A (  C D A B (  D C B A (
A J J HQ J A

H LQ W Q J| | | | | | | |

J B

HQ J(| | ) LQ J J C

H LQ W Q| | | | D

 W C C
s

 F
c

c c J kg K L kJ kgJA( , / . , / )

(  (  (  (
 LQ

L L F L

L

Q Q Q Q Q mc mL mc Q

Q

| | | | | | | | | | | | | |

( )

LQ
W LQ

L LQ Q
W W J

W
P WWP t s

t t
s
s ?

P VP V

WW LQ HQ
D C B A

D B C A ( B D C A ( C D A B ( D C B A (
A J J HQ JH A

H LQH J| | | | |L| | | | | | | |W QW |LW QW | | | || | || | | || | || | |

J B

H J(| |HQH ) LQ JL J C

H LQH | | | |LW QW |LW QW D

W J
HQ JH  LQ JLA

W J
HQ JH     LQ JL     B

W J   
HQ JHLQ JLC

W J
HQ JH    LQ JLD

WW C C
s

F
cJA( , / . , / )Fc c J kg K L kJ kgkg K L kJF

JA ccccc

( ( ( (

LQ

L L F L

LQ
L FL FL FL F| | | | | | | | | | | | | |LQL

( )

LQ| | | | | | | | | | | || | | |Q Q Q Q mc mL mcQ Q Q Q mc mL mcQ Q Q Q mc mL mcL FL FL FL F

( )( )

LQ
W LQ

L LQ QL W JL
W

W WWL

P WWP t s
t t

tP WW

s ?

s



  J CD
J AB

(  (
(  (

H ABQ Q( ) AB

L CDQ Q(| | | |) CD

H AB
H L

L CD

Q Q J
Q Q W W J

Q Q J
| | | | | |

| | | |

WP W
t
| |

/
s/

 

(  (
(  (

kJ LQ

H L H
L

W kJ
Q Q W Q kJ

Q kJ
| | | |

 
(
(
(
(

 
(  (
(  (

 
(  (
(  (

 
(
(
(
(

JJ CD
JJ AB

( (
( (

H AB( )H ABQ QH AB

L CD(| | | |)L CDQ QL CD

H AB
H L

L CD

Q Q JH AB Q Q W W JHJ
| | | | |L| | | | | |Q W WQ W WL| | | |L CDQ QQL CD

QQAB Q Q W WQ W WH Q W WQ W WWLQQCD

P W
t
| |WW

//
s//

( (
( (

kJ LQ

H L H
L

W kJ
kJ

Q kJL
| | | |H L HL| | | |Q Q W QH L HLLQ Q W QQ W Q|Q Q W QQ W QQ WH L HLLL



V IrP V I P I r II  

V IrP V I P I r I

         R           

A

 (   (
 (   (

I AI I V
R R r r / /

I A
V

P I r I P P W    

I P I rI

P I( ) I

 

P

P

P rI I rI I I

b I
a r

P rI I rI I rI I
r

â¾õ£º

â¾õ£º Â ¿w tHá n

â¾õ£º

( ) : ( ) ( )

( ) :

( ) : ( ) ( )

 

I
R r

 I R     R r      I R
R r r R r r r R r r

( ) , ( ) I , ( )   

I I

 ex
I I

I I I

A

( (
( (

I AI I V
R R r r / /

I AI
R r rR rR r rR rr r // /

I A
V

P I r I P P WI AI r II PI rII r PP



R R

 r R R  
r R

r R

 
r RnHk£¶ ¾M nHk£¶

j¼{ïÂ¶ ¦Äjqº
IU pH kMIÄïÂ¶ yÄHqÎH Â]»oi ·H¼U  

 
r RnHk£¶ pH nHk£¶

j¼{ïÂ¶ n»j
IU pH kMIÄïÂ¶ yÀI¨ Â]»oi ·H¼U  

/  (  /  (
 (  /  (

P W

R r I A
r

P Ir I r V
r

Â]»oi

Â]»oi
max .( ) ( ) ( ) / /    

emf( )

( (
( (

/ V
e C( / )

/  (  ( /  ( /  (
R C/

A B (  B A (
A B (  B A (

(
(
(
(

SI
 /  (
/  (
/  (

 /  (

/ ( / (
( / (

P W

R r I A
r

P Ir I VÂ]»oi

Â]»oi
max .P

( )II ( ) ( ) / /
r Ir I

) ( )) ( )Ir I Â]»oimax .( )IrIr ( ))r) ( ) / /( ) /( ))( )( ) /( ) /( ) /( ))( )( )
r
) ( )) ( )



 

cm
t s t s

/  (    (
 (   /  (

NMR PQR T t s

 B T
B B

t s

 BN N A V
t t

( ) /    

 

 (   (   (   (

t t
t t

t t
t t t t

 t

            
 S | |  

 
(  (  (  (

 kg
A s.

(  (  (  (

 

(  (
(  (

cm
t s t s

/ ( (
( / (

NMRR PQRR T t s

B T
B B

B
BB

t s

BN N A V
t t

( )BB /N( AN N( )BN
t t

( )
t

/

( ( ( (

tt t
t tt

t t
t t t t

t



 
v v v

  (    (    (    (
 / / /

  (   (   (   (
 

SI

  (   (   (    (

 /

/

 /  (   /  (   /  (   /  (

 cm

 (sin / ) T s/ /

  (    (    (    (
 T s/ /

/

  (    (    (    (
 

/ / s/

 (  (
 (    (

 s/ cm
T/ T/

  (    /  (
(     (

 cm

/

 /  (   /  (
 /  (   /  (


