
 

̸  
 

  

         
:         

  
  

  
  

  
                

     : 

     :  

    :  -  -   -   

  -  -   -  : 66968614 - 66410688             
      :       www.farbook.ir  

  
 
 
 

  
  
  
  
 
 
 
 



 

̹  
 

 
 
 

  
  
  
  
 
 
 

  
  
  
  
  
  
  
  
  

  

                                                                 
                                         

                                         
                                         
                                     
                                      
                                   1  )(  
                                    2 (   )  

  
  
  
  
 

 
 

  
  
  
  

                                                                 
( )                                           

                                              
                                              

                                        
                                       

                                      
                                    

  
  
  

  
  
  
  
  
  
  



 

̺  
 

  :       
  

  1-     

  2-        TS  

  3-           

  4-       

  5-            

  6-           

  7-         ..     : 
  
  
  
  
  

:         
  

  8-            
       

  9-           UTM  

  10-     

  11-       

  12-             
          TBM  
  13-               

            UTM - Local  
  
  
  
  
  

:    
          :   ... 

          

    420              

  :    

Leica flex  office        
Leica  geo office    GPS   

Cad tools          
PPS     TBM  

Maplesoft        
                

  



 

̻  
 

  
  

  
  
  
  
  
  
  
  
 



 

̼  
 

                                         
  

  
  

5-   
      

       ,a b   .         
   ( 1)e a b             

     :  

  
  a b :               

2 2 2 2 2 2 4 4 2 2 2 2 2 20( ) 2 ( ) ( ) 2 ( )x y a x y b a x y a x y  
    :          

4 2 2 4 4 4 2 2 2 202 cos 2 2 cos 2 2 cos 2R a R b a R a R R a  
 2c a:                                                                             cos 2R c  

( )    -         ͼЎϝтϼ

sin 2R c          45     .   
                 

                 .  

Clover( leaf)           0
2

    

     0 2    :     

  
  

 sin 2R c              
   45o      1 2

' ',F F :     



 

̽  
 

  
  

  ( )r -  .           
    O        O'       

   O' 45o       .       45o 
90o          O  :      

  
      O'      :          

3 2
0 0 0

0

6 cos 2
cos 22 sin 2' cos 2

9 sin 23 sin 2 3sin 2

cos 2 2 90 45o o

c
c r c

r r c  

  45o r          :       

min 45
33 sin 90

c c
r r  

                   :            
'min

max0
0

4 3
3

3 sin
O

O

i

c
r r

c
c

or r r
r  

  
  

     
  

       3 :           
 -               

           .   .dwg      
LandCivil3D                

) ID              .(  



 

̾  
 

                  
   .                  .

      Align             
       . .  

   -               
        .Catch point       

     .        ( , )x y     
   1m1m       .       

                   
     .( , , )x y h         1m   

             .      
 .        

Catch point      .        
  .                  

   .                  
   -             

 .             .       
                   

         .      Reference line 
Stake out  .    
        

  .                     
       .            GPS   

            .       
( , , )x y h )               GPS ( 

          .   :  
-    
-    
-    ( )         
-                     

               .    
-                     

.      
:             

 -    -           
.          

  -      -             
     .              

GPS               .        
)200m        .           (

                    



 

̿  
 

  .                 
 .                

              .        
    Stake out , Reference Line        .  

                    
              .       

         .            
:               

  
          

                
      Catch points         .  

    .                 
   .                  

                   
:             .        

  -  )         1:1000   (
 )      10 10  .    (      

        .             
                

  .           .       
  )        3 .      (  

 -       .             
            .         
    500km         A:     

  



 

̀  
 

                 offset 
                   .  

                .   
2( )w  1( )d       2( )d   3( )d  .  

 4( )d      .             
                 

                  
              .        

:                .    

1

1 2 3 4

1 1
1 1 3 2

3 3
2

+ + + +

+ + + +

0.5

0.5

=

( ) ( )a Ab baab b

AbA b

offset w d d d d

d d
g offset d g h h d g h hh h h

d d
g

h h h

w  

     
  

  



 

̸̷  
 

7 - )  2(  
    

)                    
  (                :  

                      dDatum defec( defet ct, )  
        (Configuration d defefect , ect )c   

                      i(Ill Condition d defeefect ct, )  
 -             .    

                  
     .               

      .  

     0( 1)ddef-      
               .    

       1ddef .          
     .    

      0( 4)ddef -  4   :  
-  - ( )         ( , )x y 

  .     
-   -           .     
-   -                

.    
              ( , )x y  

         .      
:       

-         ( , )x y.     
- .                 
- .                 

      0( 7)ddef-  7    :   
, ,x y z    , ,x y z   .  

  -                 
                A N 
  .                   

  .                
                 .  

.            
  -              

    .    ) 10(       ) 
160(    .        A      

       N        



 

̸̸  
 

 ĔX  .          .     
  :       

-    )(CN Condition number, -         
              
                   :  

2

2
1 CNCN ,

a

b
  

                .      
   CN 1 .    
-    -)(DOP , Dilution of  precision-  DOP  

      :                   1trace )D P (O TA A  
  -           :  

  

( )d ccdf n def def n u  
nu     -ddef   - cdef     

cn   .             
                 .     

                   
.              

:                   
1-      .          )  

.      (  
2-      .             

( , )x y    .             
    .       

3-         .          
 .                      

4-           .        
                     
                 .   

             .         
.         

5- .                  
49-                  

  
5-  3 :    
- .                 

1) 2

2) 3

3) 6

4) 7



 

̸̹  
 

-          A,D     E   
          B  EB   E     

          .C         
.     

-                  
      :      

( ) 7 (3 2 4) (2 5) 16 10 6d ccdf n def def n u   
46 -     -        C   

        A,B   UTM    
            :  

   
-  C        0.1mm  .     
-  C     .      
-  C    .      
- .         

      
  
  

                                   (Normal functional constraint s)  
                        (Over constraints)     

                          (Minimum constraints)                                
                 (Free network adjustment, Inner constraints)                    

                    cons(Wei traighted nts)   
  

    
  -             

.                    
            :                                              0Ĕ( )XG  

  .                   
   :                

                                                  r        
                                                   s       

        ( , )OXL:                0Ĕ ĔX BV WA   

            oX:     

1 1

1

0

0

Ĕ Ĕ( , )
Ĕ( )

n u

u

F L X

G X

( 529648.389 , 3999034.057 )

( 529757.317 , 3998948.285 )

138.644 , 142.463972

41.7455 6", 98.053 0.003

49.3960 7 ", 85.365 0.005

108.8599 10"

AB AB

gr

gr

gr

fix

fix

fix fix gr

AC

BC

A x m y m

B x m y m

D m G

A D m

B D m

C



 

̸̺  
 

2
0

1 1

1
1

1 1 1

1 1 1 1 1
Ĕ

rank( ) , ,

( , ) , ( ) , ,

Ĕ
Ĕ ( )

0

Ĕ Ĕ( ) ( ) ,

Ĕ Ĕ[ ( ) ] ,

FC
FC C

C

C C FC FC

T T
o C o

T
T

C

T

T T
X

o

InvertiA u N is s deb fle

W F L X W G X N A M A U A M W

UX N C
or X N U C K

WK C

K CN C W CN U X X X

N N C CN C CN L L V

1 1

1

Special case:

Ĕ Ĕ( ) ,

Ĕ Ĕ Ĕ( ) ( ) ,

FC

FC FC

T

T T T
C

V P B M A X W df r s u

X A PA A P L C K V A X L

Ĕ
Ĕ

0 0 0( )
Ĕ

Ĕ Ĕ Ĕ( ) ( ) ...
oC

C
X X

C

o o

W X

G

X
G X G X X X C X W  

 :                            
00

0 0Ĕ( )

Ĕ ĔĔ Ĕ( , )

Ĕ
CX

A X BV WF L X

G C X W
  

C  .              
( )oCW G X .            

   r    s           

( )r s ( )r s n u            .  
          .         

     2L :                 

                                                 
2

2

2Ĕ Ĕ Ĕnorm : minT
L

L V V PV  

  Ĕ ĔTV PV        .        
          ,CK K :            
000Ĕ Ĕ Ĕ Ĕ Ĕ2 ( ) 2 ( )C C

T T TV PV K A X BV W K C X W  
               :  

  
  
  

  

  

  

  

         ( )n u r s     
                 .    

      A           
  .  N                 

         N             
       

  
  
  
  
  
  
  
  
  
  
  
  

1

1

1

11

trans
1

1 1

1 1

0

0
00

0

000

0
0

0

2

1) ĔĔ
Ĕ 2

2)
Ĕ 2 2

Ĕ ĔĔ Ĕ2( )3)
Ĕ2( ) Ĕ

4)

T

T T

CT T
C

T

T
C

C

C

nn nrn

T T

rn n

r

ur r s

ru u r

usu

us

s

V P B K nV
V P K B

A K C K u
K A K CX

A X B V W rA X BV W
K

C X W C X W s

K

+



 

̸̻  
 

  
  
  

                                        
  

  

7 -    
     

                     
   (Robustness analysis , anSt alrength ysis)      

           .       
            .          

               .     
:                    

  
  

                                                            
                                                                                  
                                                                                                 

                                                                                               
  
 

                                                                                              
                                                   (  )  

                                                                               
                                                                                              

                                                                                                   

                                           
                                                                               

  

                                      
  

                                   
  

         
  
  
  

          (Deformation analysis)    
:          .         

-    )(Epoch1-             
.      

-  )  (Epoch 2 -             
.       

                     
.               

  

          
   -               

    .                 

(Network 

design  criteria)



 

̸̼  
 

isplac(D ement)     .          
.                     

   -            (Deformation) 
          .     

       
                    
                .  

 .       .               
                   

 .         
                    (Congruency test)                   

           (IWST)         ï(LAS  L1)  
                                                                    ï (LAS L 2)  

                      
                                             

                       
  
  

  -        .          
        :  

1-   -               
:            

1

2

2
0 1 1 1 1 11

2
0 2 2 2 2 22

1 1 1 1 Ĕ

2 2 2 2 Ĕ

ĔEpoch1 : ( ) ( )

ĔEpoch 2 : ( ) ( )

Ĕ, , , ( ) ,

Ĕ, , , ( ) ,

T T T

T T T

X

X

X A A A A A

X A A A A A

L df P P L P

L df P P L P
   

2-       -      d     
                .     

:         

1

1

( 2 ) (1)
1 1

( 2 ) (1)
1 1 1

2 1

( 2 ) (1)

( 2 ) (1)
2 1

Ĕ Ĕ

Ĕ Ĕ

Ĕ Ĕ

Ĕ Ĕ

Ĕ Ĕ
n

n

n n n

n n n

X X

y

y

x

x

d

dd

d d

d

x x

y y

d

x x

y y

  

( 2 ) (1)
1 1Ĕ Ĕx xĔx 1      .      

 :                      

1 2 1 2Ĕ Ĕ Ĕ ĔX X X Xd dor Q Q Q  
   dP           2 2  :  

0

1 1 1 2 1

2 1 2 2 2

1 2

2

2 2

...

...

...
...

n

n

n n n n

d d d d d d

d d d d d d
d d d

d d d d d d n n

P P P

P P P
P Q

P P P
  



 

̸̽  
 

3- (   )     -        
      .                

   :         
  

:                       

0 0
2 2 , , (1)

Ĕ Ĕ

T
d

h d f
d P d

h h
F  

0.05     
n      

2u n      ( , )x y .    
T T T

d d dd P d d d d Q d      d   
2 2

2 01 1 02 2
0

1 2

Ĕ Ĕ
Ĕ

df df

df df
         .          

1 2df df df    2 1,d f d f.          
rank( )d dh defu   d.   2 4h n   

  2 7h n . ddef    .    
      F        :  

- F .                  
       5 .           (  )  

- F                 
       .       

4- (   )     -         
      .               

         :      

1 2' ' , , ... , (2),T
e e e ne d P d e  

:           

'
ed :                                            

1

2 1

'
'

'
e

e

x

y

d
d

d
e e e er rd P P d  

ed    e :                                                    
2 1

ex

ye

d
ded  

rd   d    ed :        

1 1 1 1 (2 2) 11 1... ...
T

n n ne e e er x y x y x y x yd d d d d d d d d  

    )ed z .(         
,er eP P   dP.    (Eliminate) e  

                    
   . (Retain) r             

    )   19  .(    
        ,er eP P  dP    

 , , ,r e re erP P P P :       

0

1

0

0

H ( )

H ( )

E d

E d



 

̸̾  
 

1 11

1

2

1 11 1 1 2

1 1 1 2

1 2 1 2

2
2 1 2 2

1 2

2 1 2 2

... ...

...

... ...

......

... ... ...

......

n

n

nn n n n

d d d dd d d d

d d d d d d d d d

d dd d d d d d

r r rr

er r

r

P PP

e

P P P
e

P P P

e

e

e e e e e
e e

e
r r e r

r r r r

er e er

r r r r

P PP P

P P P

P P P P P P P P

P P P

PP P P

 

  

     
   .                

 .                   
  -                  

           .             
:      

1-     -     .        
     A              

 95   %2.5mm  2mm .      
2-   -               

.                      
 3-   -             

  .                 
          .         

:                                          0
2

ĔX N  
    )             

:            (                       2
0Ĕ 11X B  

4-   -              
                .    

:              
-       -           

          95       .    %
     %max , 95 2.5mma         

                  .  
                    

.     
-     -          

.       il         :  
0 l

i

i
il

r
  



 

̸̿  
 

-     -     0 ,i    

  :                     0
0 ,

1( )i

i
i

r

r
  

-     -           
:               

max maxmax
2 2.5 2d mmM a a  

5-     -          .   
  .                    
                     

    .                   
:    

-       -  ĔX      
     .             

                     
ĔX .          .     

-   -      .        
-   - :             

max max max
2 2 2mmM M Mz z z  

                
                  

.                 
      

-                   
        :  

-          (ECRD)   
-   185    15      155    
-     5/4     
-    -       450    

1-6-4-7 (    -             
   .                 

              (Penstock)    
                 .      

 .       
  
  
  
  
  
  
  



 

̸̀  
 

8-    
     (TM) 

                   UTM  
:      

  

        ( , )x y   ( , )   
      ( , )     ( , )x y  
        ( )  
        ( )k  
         ( )Lk  

        ( )CG  
  

     -      
   ( , )      TM( , )x y    . 

 .                  
             f      

          .     g  
        :  
- ( , )x y  ( , ):                                                  ( ) ( )x iy f i  
- ( , )  ( , )x y:                                                  ( ) ( )i g x iy  

    TM     :         

TMEllipsoid
?( , ) ( , )x y  

1- :                                                                            ( ) ( )x iy f i  
   :                                         ( ) ( ) ( )x iy f i f iq  

             :          

( ) ( ) ( )
x x
i y f i q i f q y f q

  

        0x     :  
0

(1)
( )

x
y f q

  

2-   TM               
         y             

:                                                                       
0

( )y S S Md   

   cosMd N dq             :  

0 0

(1)cos ( ) cosqy S N dq y f q N dq  

3-      y        .      
                    

             0x     y    
      .               

  



 

̷̹  
 

        )- (  
   J . C .B Redfearn (1948)  Paul  D .Thomas (1952) :    

2 4 6
2 2 4 6 2 4 2 6

2 4 6
1 (1 ) (1 6 9 4 24 24 )

2 24 720

x x x
k t t

N N N
  

1-  :  
2 21 1

(2) : 1 tan cos 1 tan (5)
cos

x
k N

N k x
  

       .     
2-  x     1( )   . , ,U V W 

:       

1 1 1 1 1

2 4 61 1 1 1
[1 ( ) ( ) ( ) ] (6)

cos 2 24 720

d x x x
U V W

dx N N N N
  

3-   ( ) cosf N   1 :    

1

1 1 1

1

2 3

1 1 1 1

( ) cos [ ( )]

( ) ( ) ( )
( ) ( ) ( ) ( ) ... (7)

1! 2! 3!

f N f

f f f f
  

  

  



 

̸̹  
 

9-    
       

      

       
  
  

          )(Cut & Cover   
         )    Cover & Cut , Top( Down  
      )   New Austrian Tunneling M(NATM , ethod  
                :     
        ) (Forepooling  
         )  Concrete  Arc , Rib( ,Caps  

  
  
  
  

                                   :       13    
        :        20 - 13    
                                  :        20   

   (  )-             
                     .

     (Cut)   (Cover)      .  
 .                 

:      
-               .     
-             .   

-               .      
-   .          
-            .  
- .           

     :  
1-                  .   

          .           
)      (Cage.           

2-               (S tru t) 
.     

3-  .                  
4- .                 

  
  
  



 

̹̹  
 

        
  

  

  
  
  

      
          .           

                    
                  . 

                   
        .              

:               
    -             

            .       0,1  
       n  .           

                      
:    

  
      axe           

                                                                         :  2 2 2
,axe n n axep p p  

np    n          .     

,n axep :                  
2 2 2 2 2 2

,, , , , , n axen axe n axe n axe n axe n axep x y D GD  
:            

-                 
                      

 .                    
-        )      20     (  

   :                                             2 2 2
, 0: n axe axe np p pIf  



 

̹̺  
 

                  
        n    axe   .    

-     180 .              
- .                    
-      .     
 -  0,1               

.(          ) .        
        :         

2 2 2 2

1 1

1 1

, (1)D
i i

n

n n

i n i ip R

  1n   1n .            
      8   .      )      

  1              :(  2 2 2 21

6
( 1)(2 1) ( 1)

n Dp n n n D n  

        
2-    .              

         :      

  
1

2

3
0,1

4

0,1 5

6

7

8

0,1, 2 45.2329
0(5000 ,5000 ) 219.0601
(4943.364 , 4933.631 ) 180.0588

87.249531 11.3081
244.973101 190.0539

225.21700.003
165.81610.003

7,1,0 363.2492

1

gr

gr

gr

D

m m

m m

D m

G

m

1

2

3

4

5

6

7

155.684

142.850

117.675

108.652

142.120

83.753

84.246

D m

D

D

D

D

D

D

  

  

    TBM  
                  

             .        
  )        .        

   (         (  )  ( )
        .           

     .             
                      

        .              



 

̹̻  
 

            .      
                    
  .               

(DTA , Alignment)  .           
  
  

  
8-11    (PPS  

  
  
  
  
  
  
  
  

-        PPS  
  
  

-      
-         

  
  
  

-              
-          
-         

  
  

-         
-           
-         

  
  

- ( )          
- ( )       

  

- ( )        
  

-           
  

   -   )     .         
 C:\PPS\( :           

                                    Database Projects New Project  
  -  (. txt)  )         

C:\PPS\data             .    (
           .  PPS       .

                    
       .             

.                   
  
  



 

̹̼  
 

13-    
  

      
  

      

             :-   -  -    
         :  -  -     

                         :       6      
  

                                :    
                          :         

           :           
                :  

                      :                        
                                    :    

                          :       

      
  -              

         .          
                    
         .            

      .              
      .          (S trip) 

            .  5 .    
  -               

               .      
            .      15 

20       98            .  
                 .   

     .     15         
20              .    

.              
       (     )         

               .    
                    

    .                
               .   

.              

       
                .    

                    
          .          

  .                   



 

̹̽  
 

                   
                .    

                    .
          . :  

-     .               
                   

      .             
                    

            .      
  ).     (     

-                    
                    

       .           
  )         10 (      

:         
 -                  

          .              
           .            

         .            
        .           

  ) 3        (.  
  -                   

     .           .      
 .                 A  

  250km          :    

  

       
     -               

   ( )                .
 3                   .  

     .      .        
                  

     .   ( , )x y         



 

̹̾  
 

    .                  
           .          

               C1   .   
                    

:          

  
  

1-  .                
     A,B          .    C1 

:      

  
           

  
  
  
  
  
  
  
  
  
  
  



 

̹̿  
 

   UTM    
                  UTM   .  

                   
          .     UTM      

.               

  
  
 

    UTM  
      UTMLocal            

         (Site calibration)   .    
    .                  

:                   
  
  

    -   UTM   UTM   
    -   UTM   UTM  
    -   Local   Local  

  

  -       UTM -            
UTM .   ( )           (  )  

:                    
  

3-  UTM   Local-             A,B,C 

       UTM   .    A,B       
 D   C :    

-    D     4100 .        
- .           
-       D     C      .    
-      D     C   .        
-                 



 

̹̀  
 

  
 -    UTMLocal          

       .   C        D  
  )    UTM (C  :     

1                                                                    
UTM UTM

UTM

Local Local

Local

,B B B B

AB AB

x x y y

G G
  

4-  UTM   Local-        UTM      
   A  B   5     .  UTM     

BM1, BM 2,BM 3    BM 4,BM 5,BM 6       
:           

  

  
  

....  
  
  
  
  
  
  
  
  
  
  



 

̷̺  
 

     
  

  
  
  
  
  
 

                                                                                        
  

  
  

1-  ................... (  ) ......................................................................   14  
2-   ................................................................ ............................................. ......15  
3-      .....................................................................................  19  
4-   ..................................................................................................................................... 23  
5 -     ............................................................................................................................... 26  
6- ..........   ............................................................................................................ ..........29  
7-  ............................................................................................................................................. 37  
8-  ................................................................................................................................................. 43  
9-  ................................................................................................................................. ...............44  

10 -  ................................................................................................................................................ 48  
11-  .............................................................................................................................................. 56  
12- ...........   ............................................................................................................... 70  
13-     ......................................................................................................... ....79  
14 -      .............................................................................................. .....93  
15 -    ................................................................................................................. ......97  

  
  
 
  

  
                                                                 

      

  
  
  

1-  .......................................................................................................................................... .....102  
2-   ............................................................................................................................... .....103  
3-   .............................................................................................................................. 116  
1-3  (...................................................................................................................................................................... .....116  
2-3  (........................................................................................................................................................................... 116  
3-3 (  ......................................................................................................................................................... 120  
4-3   (................................................................................................................................................................... 124  
5-3 ( )   (....................................................................................................................................... .......125  
6-3 ( )    (................................................................................................................................... 130  
7-3 ( )    (................................................................................................ ............133  
8-3   ((GPS) .............................................................................................................................. ........133  
9-3  ( ................................................................................................................................................................... 135  

10-3 ( ................................................................................................................................................................. .........137  
11-3     (.................................................................................................................................... 140  

4-    ................................................................................................................ ...141  
1-4 (   .......................................................................................................................................... .....141  



 

̸̺  
 

2-4 (       ....................................................................................................................... 144  
3-4    (   ........................................................................................................................ 150  
5 -   Leica Office  ................................................................................................. 194  
1-5(       ............................................................................................................... ...194  
2-5 (       .......................................................................................................... 198  
3-5 (      .................................................................................................................. 199  
4-5 (     ........................................................................................................................... 207  

  
  
  
  
  
  
  
  
  
  

                                                       
  

  
  
  
  

  .................................................................................. .    
1-  ............................................................................................................................................. .216   
2-       ............................................................................................ 217   
1-2.............................     (............................................................................................................ ..217   
2-2....................................................................................................................  (.................................................... 231  
3-       ............................................................................................. 235   
1-3(       ............................................................................................................. 235   
2-3(       ............................................................................................................... 238  

  ..................................................................................     
1-  .............................................................................................................................................  241  
2-     ........................................................................................................ .....242   
1-2 (   ............................................................................................................................ .............242  
2-2 (   ....................................................................................................................................... ..243  
3-     ............................................................................................................... .245  
1-3 (    .................................................................................................................................... .......245  
2-3 (      ........................................................................................................... ............247  
3-3  (   .............................................................................................................................. ..............247  
4-3  (   ...................................................................................................................................... ........249  
5-3(       ........................................................................................................... .............251  

  ...............................................................................      
1-  .............................................................................................................................................. 260  
2-     ........................................................................................................... .262  
3-      ............................................................................................................. 265  
1-3 (    ............................................................................................................................................. 265   
2-3 (    ............................................................................................................................. .....267  
3-3 (    ............................................................................................................................. ....268  
4-3 (      .............................................................................................................. ......268  
5-3 (    .................................................................................................................................... .....268  
4-   .......................................................................................................................... .274  
1-4 (   ...................................................................................................................................... .......274  



 

̺̹  
 

2-4 (    ................................................................................................................................. .......274  
3-4 (   ................................................................................................................................................ 274  
5 -      ........................................................................................... .....280  
1-5 (  .............................................................................................................................................................. 280  
2-5 (  ................................................................................................................................................. .......280  
3-5 (  ..................................................................................................................................................... .....282   
4-5 (  ................................................................................................................................................... .......283  
5-5 (  ........................................................................................................................................................ 284  
6-5 (  ................................................................................................................................................... .......284  
6-    ................................................................................................................ .290   
1-6 (     ........................................................................................................................ 290  
2-6 (      .............................................................................................. .......291  
7-     ..........................................................................................................................300 
1-7 (    ....................................................................................................................................... .......300  
2-7 (   .......................................................................................................................................... .......300  
3-7 (   ................................................................................................................................................ .......301  
4-7 (    ......................................................................................................................................  308  
5-7 (    ...............................................................................................................................  309   
6-7 (   ....................................................................................................................................  311  

  
  
  

  
  

                                                              
   

  
  
  
  

1-  .............................................................................................................................................. 320  
2-     ............................................................................................................... ........321  
3-      ............................................................................................................ ....323  
4-   ....................................................................................................................... ............324  
5 -   ............................................................................................................ .......................326  
6- ............................................   ................................................................. ..............331  
1-6...........................................................................................................    ( .........................................331  
2-6....................................................................................................      ( ..................................331  
3-6.......................................................       ( ....................................................................340  
4-6..............................................................................................      (. ...................................347  
7-  ................................................................................................................................ .........349  
1-7.........................................................................................................   (..................... ............................349  
2-7  (      ........................................................................................... .......................349  
3-7..............      (........................................................................................ ........................351  
4-7............................................................................................       (........... .......354  
5-7............................................................................................      (...................... .....385  
6-7    ( ............................. ................................................................................ ......386  
  
  



 

̺̺  
 

  
  
  
 

                                                                        
    

  
  

1-  .......................................................................................................................................... ...394  
2-    ................................................................................................................ 395   
3-       ............................................................................................. ....406   
4-     ................................................................................ ........................ ....410   
1-4...........  (................................................................................................................................................................ 410  
2-4   (  ............................................................................................................................................. 410  
3-4.........................................................................................................     (.................................. .......413  
4-4..................................................................................................      (.................. ............425  
5-4.................................................................      (......................................................... ......429  
6-4..............................................................................................................   (....................................... ......433  
7-4 ( .......................................................................................................................................................................... ......437  
8-4 (  .......... .................................................................................................................................... ......441  
5 - .......................................................................................     .................. ....482  
6-    .................................................................................................................... 493   
1-6(  ........................................................................................................................................................................... 493  
2-6(       .......................................................................................................... 493  
3-6       (.................................................................................................. ...........498   
4-6   (    ............................................................................................. .............503  
5-6 (     ....................................................................................................... ....................506  
6-6      ( ................................................................................................................. 506  
7-6   ( .............................................................................................................................................. 507  
8-6  ( ................................................................................................................................................. ...........512  
7- .........................................................................  ....................................................... 526   
1-7(  ........................................................................................................................................................................ ...527  
2-7    (................................................................................................................................... .........527  
3-7   ( .............................................................................................................................................. 533  
8-      ............................................................................................................ 583  
9-     ....................................................................................................... .....586  
1-9 ( ....................................................................................................................................................................... ....587  
2-9   (      ............................................................................................................ ....587  
3-9 (    ............................................................................................................................... .....588  
4-9  (      ..................................................................................................... ......590  
5-9  (    ...................................................................................................................... ......595  
6-9(   ....................................................................................................................................................... .........596  
7-9   ( .............................................................................................................................................. ..........603  
8-9  ( ........................................................................................................................................................... .......604  

10 -   .......................................................................................................................... 620  
1-10  (........................................................................................................................................................................ 620  
2-10  (    ............................................................................................................................. 620  



 

̺̻  
 

3-10 (       ................................................................................... ...................622  
4-10   (       ................................................................................... 623  

  
  

  

  

                                                                )  1(   
     

  

1- .......................................................................................................................  ......................630  
2- ...................................................      .........................................................631   
1-2 (  ............................................................................................................................. .....................................631  
2-2 (  ............................................................................................................................. ..................................631  
3-2   ( ................................................................. ........................................................................................631  
4-2  ( ................................................................................................................................................... ...................632  
5-2 (     ............................................................................................................................. ......633  
6-2 (   ............................................. ................................................................................................................633  
7-2 ( ........................................................................................................................ . .....................................633  
8-2 (  ............................................................................................................................. ..............................634  
9-2 (    .................................................................................................................................. ......634  

10-2 (    ........................................................................................... ..............................................642  
11-2 ( ............................................................................................................................. .........................................644  
12-2 (    ............................................................................................................................. ......647  
13-2 (  ............................................................................................ ..............................................................655  
14-2 ( ......................................................................................................................  ........................................656  
15-2 (  ............................................................................................................................. .................................660  
16-2.............................................................    ( .......................................................................................661  
17-2 ( ..................................................................................................................................................... .............662  
18-2 ( .....................................................................................................................  ..............................663  
19-2....................................................  ( ................................................................................................................664  
20-2  (   ............................................................................................................ .........................667  
3- ..............................................................................................................    ....697  
1-3...........................................................................  ( ................................................................................................697  
2-3.....................................................................................................................  (........................... ...........................697  
3-3....................................................................................................................  ( ....................................................697  
4-3.......................   (............................................................................................................................. ............697  
5-3...................................................................................................   ( ..............................................................697  
6-3...............................................................................................................   ( ..................................................698  
7-3 (..................................................................................................................   .............................................700  
8-3........................................................    ( .........................................................................................701  
9-3.................................................................................................................   (.................................. ............704  

10-3...................................................................................................................   ( .............................................704  
11-3..................................................  ( .........................................................................................................................704  
12-3..............................................................................................................    (. ......................................705   
13-3 (  ............................................................................................................................. ...........................706  
14-3................    (............................................................................................................................. ........707  



 

̺̼  
 

4- .............................................................................................     ..............709  
1-4 (    ............................................................................................................................. ......709   
2-4 (      ............................... .....................................................................................712  
3-4  (  .......................................................................................................................... .............. 713  
4-4  (    .......................................................................................................................721  
5 - .........................................................................    ................................................729  
1-5....................................................................................................      ( ...............................729  
2-5.............    (............................................................................................................................. .......729   
3-5 ( ........................................................................................................ ..............................................................732  
4-5( .........................................................................................................    ..................................733  
5-5(   ................................................................................................................   ...........733  
6-    ............................................................................................... ......................738   
1-6.....................................................................................................................  ( ......................................................738  
2-6 (.......................  ............................................................................................................................. ....738  
3-6 (...........................................................................................................   ....................................................742  
4-6..............................................................................................................   ( .............................................743  
7-      .....................................................................................................................745  
1-7.....................................................................................................................  (...... ................................................745  
2-7 (..................................................................................................      .............................745  
3-7   ( ............. ............................................................................................................................. ..746  
4-7  ( ........................................................................................................  .................................................749   
5-7..............................................................................................       ( ..........................754   
6-7        ( ..............................................................................................................756  
7-7 (  .........................................................................................................................  .............................757  
8-7 (   ............................................................................................................................. ......................760  
9-7........        ( .....................................................................................................762  

10-7..............................................................................................      (.......................... 765  
11-7(        ...............................................................................................................769  

  
  

  
  
  
  
  
  

                                                              )  2(   
  

  
  
  
 
  

 ..........................................................................................................    
1-  ...................................................................................................................... .......................780  
2- .....................................................................................................................  ......................781 

3- ..........................................................   ......................................................................799  
4- ............................................................................................................   .............. 830  
5 - ............     .......................................................................................................834  
6- .........................................................................................................     .....838  
1-6 (        .......................................................................................................838  
2-6  (     ...........................................................................  ............................838  
3-6 (       ...................................................................................................... 839  



 

̺̽  
 

7-      .......................................... ....................................................842  
1-7.....................................................................................................................  ( ......................................................842  
2-7  (  ............................................................................................................................. ...............842  
3-7 (    ..................................................................... ..............................................................848  
4-7 (  ............................................................................................................    .................852  
8-     . .....................................................................................................856   
1-8.....................................................................................................................  (..................... .................................856  
2-8......................................................................................        ( ..........857  
3-8..............................        ( ............................................................860  
4-8................................................................................................      ( .............................862  
5-8.............   (............................................................................................................................. ......................863   
6-8.....................................................................................   ( .......................................................................863  
7-8.....................................................................................................    ( ...........................................867  
8-8( ..............................................................................................................    .......................................874  
9-8.......................................................     ( ......................................................................875  

10-8..................................................................................................     ( ........................876  
9-      .............................................................................................................894  
1-9.....................................................................................................................  (.............. ........................................894  
2-9...........................................................................................        ( ............894  
3-9..........................        ( ......................................................................897  
4-9............................................................................................       ( ..........................898  

10 -     ............................................................................................................ 908   
1-10.....................................................................................................................  (......... ..........................................908   
2-10........................................................................................................    ( ....................................908  
3-10   (...........   ............................................................................................................................910  
4-10..............................................................................................................   ( ...............................................912  
5-10.....................................................................................................    ( .......................................913  
6-10(       ..................................................................................................................... 913  
7-10...........................................................................................      ( ....................914  
8-10( ................................................................................................       ....................916  

11-    ...............................................  .......................................................931  
1-11...................................................................................................     ( ......................................931  
2-11....    (............................................................................................................................. ....................932  
3-11...............................................................................      ( ............................................................941  
4-11........................................................................................................    ( ...................................942  
1-4 -11 (  ........................................................................................................................  ..............942  
2-4 -11 ( ............................................................................................. ..........................................................951  
3-4 -11( .............................................................................................................   ..............................955  
4-4 -11(  ................................................................................................................................. ...................961  
5-11.....................................................................................   ( ..............................................................974  

12-    .....................................................................................................   984  
1-12(     .......................... ..............................................................................................................984  
2-12(     .................................................................................................................. ......................986  

13- ....................................................................................................     989   



 

̺̾  
 

1-13..................................................................................  ( ......................................................................................989  
2-13...........................................................................................................    (.................................... .989  
3-13............................................................................................................   ( .........................................991  
4-13..........................................................  ( .....................................................................................................991  

     ...................................................................................     
1-  .......................... ..................................................................................................................1031  
2-   ......................................................................................................................... .......1032  
1-2............................................................................................................    ( ........................................1032  
2-2.................................................    ( ......................................................................................................1032  
3-2...........................................................................................................    (.................... .......................1035  
3- ................................................................................................................    ............1042  
1-3..................................................................   ( ...........................................................................................1042  
2-3...........................................................................................................    (............................... ...1042  
3-3..............................................................................................................    ( .............................................1043  
4-3......................................      ( .........................................................................................1044  
5-3.................................................................................................      ( ..........................1044  
6-3.......................................................................................................     ( ....................................1044  
7-3.........................................................      ( .................................................................1046  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



 

̺̿  
 

     
  
  
 
 

  

                                                                       
  

  
  

.................  ................ ..................................      
1- .......................................................................................................................   ..............14  
2- ..................     .................................................................................................15  
1-2.....................................................................................................................  (........................... .............................15  
2-2..............................      (................................... ...................................................................15  
3-2.....................     ( ..............................................................................................................21  
4-2...............................................................................         (.............. ..24  
5-2        (  ....................................................................................27  
6-2 (    ..................................................................... ................................................38  
7-2       (  ........................................................................................................42  
8-2 (    .....  .................. .....................................................................................44  
9-2 (     .....  .................... ............................................................................50  
3-      .................................................................................................................54  
1-3..........................................................................................................  ( ...................................................................54  
2-3 (     ............   .. .......................................................................................54  
3-3 (     .............................................................................................................................. .......61  
4-3  ( ....................................................................................    .......................................81  
5-3.........................................................................................     (.................................... .............118  
4- (  )     ................................................................. ..................126  
1-4.....................................................................................................................  (....................................... ...............126  
2-4 (   ................................................................................................................................. ...............126  
3-4 (  .......................................... ................................................................................................................126  
4-4 (   .................................................................................................................. ..............................135  
5-4 (    ............................................................................................................................. ........137  

..................  ..........................    ................................  
1- ....................................................................................................................... ............... ........150  
2- ..................     ............................................................................... ............151  
1-2.....................................................................................................................  (................................ ......................151  
2-2......................................................................................       (.. ............................151  
3-2.........................................       ( ......................................................................................156  
4-2....................................................................................................      ( ................................156  
5-2.................................................................................................      (...... .....................156  
6-2....................................................        ( ............................................179  

 ..............................................................................................    
1- ...................................................................................  ...........................................................194  
2- ....................................................................................................     .....196  
1-2...................... ( )   ( .......................................................................................................196  



 

̺̀  
 

2-2...................................................................... (  )   (.............................................. .............197  
3-    ......  ................................................................. .................198  
4- .......................  ................................................................................................... .......203  
1-4..........     (.............................................................................................................................. .203  
2-4.............................    ( ...........................................................................................................................209  
5 - .........   ................................................................................................. ........223  
1-5..........................................................................................................    ( ...........................................223  
2-5...........................................    ( .....................................................................................................224  
3-5..............   (..................................................................................................................... .....................225  
6- ..................................................................................    . ...........................227  
1-6......................................................................    ( .......................................................................227  
2-6........................................................................................................    ( ...................................227  
3-6   (...................................................................................................     .. .............228  
7- ......................................................................................    .................. .........230  
1-7.....................................................................................................................  ( ......................................................230  
2-7.        ( ...........................................................................................................................230  
3-7.....................................      (........................................................... .................................230  
4-7..........................................................................................................   (............................ .............246  
5-7....................    (............................................................................................................... .............258  
6-7...............................................................................................      (.......................... ........263  
8- .................................................................................................      270  
1-8   ( GPS.................................................................... .........................................................................270  
2-8.......................................................................     (. .............................................................272  
3-8........................................................................................      ( ........................273  
9- .................................................................    ................................................... .......282   
1-9.....................................................................................................     ( .......................................282  
2-9.       (............................................................................................................................. 284  

  
  

  

  
  
  
  

                                                                             

  
  
  
  

  

1-  ................................................................................................................................. ...........288  
2-     ........................................................................................................ .......289  
1-2   (.................................................................................................................................................... ........289  
2-2(      ............................ ...........................................................................................................289  
3-2(   ............................................................................................................................ ............................290  
4-2     (............................................................................................................................. ...........297  
5-2   (  ......................... ..........................................................................................................308  
6-2  (................................................................................................     ......... ......319  
3-      ....................................................................................... ............324  
1-3 ( ............................................................................................................................................................... ............324  
2-3 (   ........................................................................................................................ ....... 325  



 

̷̻  
 

3-3   (    .......................................................................................................................... 332  
4-3     ( ................................................................................ .......................................342  
5-3    ( .........................  .............................................................................. 354  
6-3       (  ............................................................. ........................359  
7-3         (  .............................................................................376  
8-3(      ......................................................................................... .....................392  
4-       ...............................................................................................399  
1-4 ( ........................................................................................................................................................................... 399  
2-4   (    ............................................. ...................................................399  
3-4  (      ...............................................................................................................400  
4-4  (     .......................... ..................................................................................412  
5-4(      .......................................................................................................................... ............423  
5 -      ................................................................................................... 428  
1-5 ( ............................................................................................... ............................................................................428  
2-5   (    ............................................................................................................... ..........430  
3-5(    ............................................................................................................................. .........430  
4-5(       ...................................................................................................... ........431  
5-5 (...........................................................................................................   ......... ..........................431  
6-5   (  ......................................................................................................................................... .432  
7-5  (    (UTM) .................................................................................. ...........445  
8-5  (      ..........................................................................................................463  
9-5(         ....................................................................... ...............493  

  
  
  
  
  
  
  

                                                             
  

  
  

  

1-  .................................................................................................................................. ...........554  
2-       ......................................................................................... ...555  
1-2(      ............................................................................................................................ 555  
2-2(       GPS ..................................................................... ...................556  
3-2(       ..................................................................................................................558  
4-2      ( ................................................................ ................................................559  
3-       ............................................................................... .........560  
1-3      ((NSS) ................................................................................................. 560  
2-3      ((SLR) .......................................................................................... ..........561  
3-3      ((LLR) .............................................................................................................. 561 

4-3      ((VLBI) ............ .........................................................................................562  
5-3(   (DORIS) ....................................................................................................................... 563  
6-3(       PRARE ............ ........................................................................564  
7-3(     GPS...... ..............................................................................................................564  
4-   GPS ......................................................................................................... .............565  
1-4   (............................................................................................................................................... ................565  
2-4    (................................................................................................................................... ...............568  



 

̸̻  
 

3-4   (.............................................................................................................................................. ...............569  
5 -    GNSS ............................................................................................ ........572  
6-       ...................................................................................... .....573  
1-6 ( ................................................................................................................................................................. ..........573  
2-6( ..........     ......................................................................................................................... .........573  
7-       GPS ............................................................................. ........575   
1-7 (        .....................................................................................................575  
2-7(        .................................................................................................... .........579  
8-     GPS.............................................................................................................. .......583  
1-8 ( .................................................. .........................................................................................................................583  
2-8   (................................................................................................................. ................................................583  
3-8(        ................................................................................ .......................586  
4-8(    .................................................................................................................................... .............590  
5-8 (      ......................................................................................... ..............593  
9-     GPS............................................................................................................... .....595   
1-9  (     GPS ................................................ ................................................595   
2-9 ( ........................................................................................................................................................................... 596  
3-9  (    GPS   .............................................................................................................596  

10 -   GPS ...................................................................................................................... .....599  
1-10(  ............................................................................................................................. ...........................................599  
2-10(    .............................................................................................................................................. ......599  
3-10(   ................................................................................................................................................. .....600  
4-10(   ............................................................................................................................. ....................601  

11-   GPS ....................................................................................................... ...............608   
1-11 (   GPS .................................................................................................................... ..................608  
2-11(   ............................................................................................................................. ...................................608  
3-11( .................................    .........................................................................................................................609  
4-11( ................     .......................................................................................... ......................................609  

12-     GPS....................................................................................................... .......610   
1-12( .................................       ...............................................................................610  
2-12( ..................................................................................................      ......................611  
3-12(         GPS........................................................... ................................617  
4-12(       GPS ........................................................................................ .........622  

13-   GPS .................................................................................................................. ..628  
1-13( ..........................................................................................  ..............................................................................628  
2-13( .........................................................................................................   . .............................................628  
3-13( ..................................................................................................     .......................630  
4-13(    (DOP) .................................................................. .............................................................633  

14 -    LEICA Geo Office ................................................................ ..............638  
1-14 ( ............................................................... .........................................................................................................638  
2-14   (  LGO.......................................................................... .................................................639  
3-14     (LGO............................................................................................. .................................640  
  

  
  
  



 

̻̹  
 

  
  
  

                                                                                     
  

  
  

1- ......................................................................................................... . ...................................676   
2- ...........................................................................................    ........................... ...677  
3- .............................................................................................    . .....................679  
4- ....................................................................................................   ................ ....681   
5 - ..........................................................    ........................................... .......690   
6- ................................................................ (   )    ........ .............695   
7- ..............................................    ........................................................ ..........700   

  
  
  
  
  
  
  

  

                                                                 
  
  

  
  

  
1- ....................................................................... ............................................................. ..........704  
2-        ....................................................................................................................705  
1-2    (     ..............................................................................................................705  
2-2............................................................................         ( ..................706  
3-        ................................................................................ ........708  
1-3...................................................................................   ( ......................................................................708  
2-3............................................................................................................   ( .........................................713  
3-3 (...................................................................................................       ...................................714  
4-3....................................................................     ( ..............................................................................716  
5-3...............................................................................................................   (............................................. ....718  
6-3...............................................................................................................   ( ................................................721  
7-3.......................................      ( ....................................................................................................723  
4-      .......................................................................................................... ......726  
5 -     ........................................................................................................ .......733  
1-5      (  ............................................................................................................... ........733  
2-5    (   .......................................................................................................... .........733  
3-5        (................................................................................................... .....740  
6-     .................................................................................................................. ......743  
1-6  (........................................................................................................................................................................... 743  
2-6      (................................................................ ...............................................................743  
7-     .........................................................................................................................750  
1-7  (............................................................................................................................................................ ..............750  
2-7    (   ................................................................................................................. ..........750  
3-7       (............................................................................................................................. 754  
4-7      (........ ..............................................................................................................760  
5-7       (.......................................................................................................... ...................770  



 

̻̺  
 

8-     ...................................................................................................... ......773  
1-8  (........................................................................................................................................................................... 773  
2-8     ( .................................................................................................................................. ......773  
3-8      (............................................................................................................................. ..........779  
9-       ....................................................................................................... 790  
1-9 ( ............................................................................................................................. ..............................................790  
2-9 (    ............................................................................................................................. ................791  
3-9  (   ................................................................. .....................................................................792  
4-9.............................................................................................     (. .........................................797  
5-9  (.......................................................................................................      ...............799  
6-9...........................................................................       ( ...............................................804  

10 -     ...................................................... ..................................................808  
1-10 ( ....................................................... .................................................................................................................808  
2-10..........................................................................................................    (......... ...........................808  
3-10    (............................................................................................................................. .............814  
4-10    (................................ .................................................................................................................816  

11-    )TBM( ............................................................................ ..........................818  
1-11 ( ............................................................................................................................. ...........................................818  
2-11   ( TBM....................................................... ........................................................................................818  
3-11   (TBM ............................................................................................................................................... .819  
4-11 ( TBM ................................................................... .........................................................................................821  
5-11  (     TBM......................................... .................................................................................823  
6-11    (TBM  ..........................................................................................................................826  
7-11  (    TBM ................................ ..............................................................................830  
8-11    ( PPS......................................................................................................................... .................834  

  

         

                                                           
  

  

1- ....................................................................................................... ............................ ..........856  
2-     ............................................................................................................................. ................................857  
1-2...      (............................................................................................................................. ......857  
2-2..............................................................................        (.............. .................858  
3- .......................................................................................................    . ..........859  
1-3   ( ...............................................  ................................................... ....................................859  
2-3 (   ..........................................................................................................     ................860  
3-3 (  ...............................................................................................................    ......................861  
4- .................................................................     ........................ .....................862  
1-4.....................................................................................................................  ( ......................................................862  
2-4    (........................................ ......................................................................................................................862  
3-4..........................................................................    ( .................................................................................863  
4-4.............................................................................................................    (.......................................... ...863 



 

̻̻  
 

5 - ......................................................................................................     . ......868  
1-5................................................................................     ( .....................................................868  
2-5...............................................................................................      ( .............................877  
6- ................    .................................................................................................. .......885  
1-6...............................................................................................................    (.................. ..................................885  
2-6.........................................................................................................     ( ........................................886  
3-6...         ( ...........................................................................................................887  
7- ............................................................................................................     ............893  
1-7................................................................................................................   ( ...................................................893  
2-7...........................................     ( .......................................................................................896  
3-7...............................................................................................      ( .........................897  
8- .......................................................................................................    . ................902  
1-8 ( ......................................................................................................... ..................................................................902  
2-8...................................................................................................     ( .................................904  
9-    .............. ............................................................. ......................................908  
1-9  ( ....... ...................................................................................................................... ...........................908  
2-9.......................................................................................         ( ......................909  

10 - ..........................      ............................................................................911  
1-10(    .....................................................................................................    .. .......911  
2-10    (.........................................................................................................................  ...........911  
3-10.............................................................................       ( .....................................912  
4-10(       .................................................................................................................. 914  
5-10.....................      ( ...............................................................................................915  
6-10..............................................................................................      (........................... .918  

11- .........................................................................................................  .. ...................923  
1-11............................................................................    ( ............................................................923  
2-11...........................................................................................      ( .....................923  

12-   UTM    .. .......................................................................................925  
1-12.....................................................................................................................  (................................... ................925  
2-12(   UTMLocal ........................................ .....................................................................925  
3-12 (    UTM......................................................................................... ...................................937  

13- ...............................................................................      .. ..........958  
1-13 (..........................................................................................................................  ..............................................958  
2-13(     ................................................... .......................................................................... ......958  
3-13(        ..................................................................................................................... 962  
4-13(  .....................................................................................         ......964  
5-13( ...............................................................            .................965  
6-13..............          (....... ...................................................................966  

14 -     .................  ....................................... ....................................972  
1-14.....................................................................................................................  ( ...................................................972  
2-14.      (............................................................................................................................. .......972  
3-14..................................................................................................    ( ........................................................974  
4-14...........................................................................................................    (.............................. .........977  
5-14    (  ........................................................................................................................... .......983  



 

̻̼  
 

6-14.................................................................................     ( ................................................985  
7-14.....................................................................................................     ( ..............................989  
8-14...........     ( ........................................................................................................................992  
9-14 (    ............  ............................................................................. ..............995  

10-14 (    ....................................................................................    996  
15 - .....................................................................    ................................. ........997  

  

  
  
  
  
  

                                                           
  

  
  
  

1- .........................................................................................................   ..... .....1002  
2- .................................................................................................     .... ......1004  
3- ..................................................................................   ............................. ......1005  
4- ..................................................................................................................  ........ ..........1006  
5 - ..............................................  .................................................................... .........1007  
6- ......................................................................................     ...... ......1008  
7- ....................  ........................................................................................ ................1010  
8- ...............................................................................................................  ....... ..........1018  
9- ................................................................................................................  .......... ........1027  

10 - ..................   ............................................................................................ .....1032  
11- ...................................................................................................................  ............ ....1034  
12- ................................................   ........................................................ ...............1036  
13-      ............................................................................... ..............1038  
14 -     Maple .......................................................................................... ............1043  
15 -      ............................................................................................... ......1046  
16-   .................................................................................................................... .......1054  
  
  
  
  
  
  
  
  
  
  
  
  


