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.
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. 2.7 – 

. 
 ( . 2.1).

 2.1 – 

o ' o ' o '

1 192 43 18 09,0

11 2 174 34 18 09,5

1 14 11,5 18 10,0

2 356 01,5

,  2 
, . 

. 
,  360°. 

.
 1° –

2°,  2 – 3 , 
, .

, 
. 0,1'.
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, 1', , 
.

, 
, 

. 2.8).

. 2.8 – 

,
, .

, 
, 

, .

. 2.2.

 2.2 – 

 11
1 -6 26 +6 28 +0 01 +6 27

2 +1 15 -1 15 0 00 -1 15

 ( ). .
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 ( ) .
 ( ) – , 

. 
 2 30

2 ,                                      (2.7)

,  – , 
.

 ( ) – 
.
)  2 30 :

,
(2.8)

,

 – .
  2t, t  – ,  = ; ,  –

.

, 
, 1 .

.

  . 
. 

, 
1  30  ( ).

D . 2.3 

2
sinD2D 2

,                                             (2.9)

 D   – ;  – .
 " ".

:

DDd .                                      (2.10)
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 2.3 – 

, 
10 20 30 40 50 60 70 80 90 100

1  00 2 3 5 6 8 9 11 12 14 15
1  30 3 7 10 14 17 20 24 27 30 34
2  00 6 12 18 24 30 37 43 49 55 61
2  30 10 19 29 38 48 57 67 76 86 95
3  00 14 27 41 56 69 82 96 110 124 137
3  30 19 37 56 75 94 112 131 149 168 187
4  00 24 49 73 98 122 146 171 195 220 244
4  30 31 62 92 123 154 185 216 246 277 308
5  00 38 76 114 152 190 229 267 305 343 381
4  30 46 92 138 184 230 276 322 368 414 460
6  00 55 110 164 219 273 329 384 438 493 548

:  153,67 = 2  30 .
. 2.3 :  100  – 95 ;  50  – 48 ; 

3  – 3 ;  0,7  – 1 .  147
 0,15 . d = 153,67 – 0,15 = 153,52 .

. 2.4).  2 
,  6 ,

.
, , 

:
 « »  1 –

2,  « » – .
1. .
2. :

f  = . – 180 (n-2)                                  (2.11)

3. :

n1f
. ,                                            (2.12)

n – .
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 2
.4

 –
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f .
f , , 

 0,1 .
, , 
.

. 
, 

f .                                                (2.13)

4. 

.. .                                       (2.14)

5. : 
.

6.   :

 180° , 
,    . 

     1 – 2.

i = i-1 +180  – . (2.15)

, 
 180° , ,   

,  360°. , 
 360°,  360°.

7. 
   1 – 2:

11621 180 .                                     (2.16)

  
 .

8. :
1    r = ;  = r;
2    r = 180o – ;  = 180o – r;
3    r = - 180o ;  = 180o + r;                              (2.17)
4    r =360o – a;  = 360o – r.
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9.   :

x = d  cos r ; y = d  sin r. (2.18)

10. 
:

x y
                +                +
                –                +
                 –                –
                 +                –

11. 
:

fx = x ;            fy = y.                                        (2.19)

 fp  

2
Y

2
Xp fff                                                 (2.20)

  fp/p, 1/2000.
, 

0,01 . :

i
x

x d
p
f

       
i

y
y d

p
f

                               (2.21)

, 
.

12. , 
, 

  :

        Xi = Xi-1 + X . ;      Yi = Yi-1 + Y .                  (2.22)

  
.

 ( ) 
,  .
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:

        f  = . – [( H – K) + 180  n,] (2.23)

H K – ,  
  .

13.   
  

.
  

:

fx = X – ( X  – X  );   fy = Y – (Y  – Y  ), (2.24)

, , ,  – 
.

  , 
.

. 2.4  
.

1. ?
2. .
3. .
4. ?
5. ?
6. ?
7. ?
8. , .
9. ?
10. .
11. .
12. , .
13. 

?
14. .
15. 

?
16. 

?
17. ?
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18. .
19. , .
20. ?
21. ?

.
22. .
23. 

? .
24. .
25. 

? .
26. 

? .
27.   .
28. ?
29. 

? .
30. 

?
31. 

? .
32. 

?
33. 

? .

2.2 

2.2.1 

.

. 
, 

, , . 
, , .

 – ; 
.

 – .
 – .

 –
, .
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, , .

, .

.

 ( ,
).

, 
. 

, 
, .

; 
.

 – «
». , 

.

,
.

, 
. , 

,
:

 ( )
 ( )

.

 –
.

 –
.

 – 
.

  – , 
.

 – ;
, 

.
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, 

,
.

 – , 
  

.
:

- ;
- ;
- ;
- ;
- ;
- .

. 2.9 – -3:
1 – ; 2 – ; 3 – 

; 4 – ; 5 – ;
6 – ; 7 –  ( ) 

; 8 – ; 9 – ;
10 – 

.
  

: 
. 

.
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 (
) , .

. 2.10 – -3

.
1.   

(UUi || WWi)  –
.

.
 50 

. , 
.

i1.
, ,

b1.
, 

i2, 
b2 .

, 
b1 b2.

x,      
, :

2
ii

2
bbx 2121

                                  (2.25)

 4 , 
. 

, :
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b2 =b2 ,                                         (2.26)

. 

.
2. .

, 
 180°. ,

 – .
3.

.
 30-40  ,  

.
: 

 ( ), 
 ( ).

,  1 , 
, 

.
 –

.

, 

 11158-76.
.

-05 , 
 0,5  1 .

-3 , , 
 3  1 .

-10 , , 
 10  1 

. 2.11). : 1200, 1500, 3000  4000 . 
, , -10 .

;
, , 

, 
.

; 
. 

.
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, 
.

; 
 – ,  4000 ; 

.
, 

. 
.

.

, 
.  5 .

. 2.11 – -10 , 

  
.

. 
 3 -05, 6 -3  10 -10.

.

 0,15  0,5 
. 

.
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1. . 
, 

.
2. , 

. 
, 

. 
.

3. . 

;  1000 . 
; 

.
4. .

-3
 4  100 .

: 
.

,  ( .2.11).
A B ,

 – . 
, b.

B :

h = a – b.                                                       (2.26)

 >  b, ,  <  b  – .
:

Hb = H  + h.                                                   (2.27)

:

 = Ha + a = Hb + b.                                (2.28)
,

. 
. i b

 ( . 2.12).
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.2.11 –               .2.12 – 

h :

h = i – b.                                              (2.29)

B
(2.28) :

 = H  – b. (2.30)

, 
AB  1, 2, 3 

 ( . 2.13).

. 2.13 – 

A-1  – a1
 – b1. , 

A 2; :  – a2
 – b2.
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AB. , 
, 

' ;  – 
, .

, ,
 (2.26), A B

:

hAB =   h =   a –   b .                                  (2.31)

B :

HB = HA +  h.                                              (2.32)

.
           

.

.2. 14 – 

:
1. ,

; 
 (  100 )  (  5

);  5 , 
 ( . 2.15);
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. 2.15 – 

2.  ( ) 
);  (

);
3. , 

; 

; ;
4. ;

; 
;

5.  3  4 
 – ; 

;
6. , :
- 0 0

0  =  – ;  0  =  – ; ;
- 

 =  – ;  =  – ; ;
-   – ;
-   –  = 0  – 0 ;
- 

 = 1/2*[ +( 100)], (2.32)

.
 " "  " " , 

.
: 

 5 ;  5 .
. 2.5.
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 2.5 – 
)

N 
NN , , . ., 

1 1471 (1) 2163 (3) - 692 (7) - 693 (10)

6172 (2) 6966 (4) - 794 (8)1-2 4701 (5) 4803 (6) + 102 (9)

, 
.

 2 , ; 
.

,

.

, ; .

 2.16 – 

:
1. 

h if h h ,                                         (2.33)

h  – , 

,HHh 41Rp42Rp                                  (2.34)

fh( ) ;
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h{ ) if 50 l ,

il - .
2.  

h
hi i

i

fV l
l                                           (2.35)

 (  – 
);

3. hi hV f  ,
 1 , 

 1 , 
  ;

4. 

i( ) i hih h V
                                         (2.36)

5.  

)(i1ii hHH                                   (2.37)
Rp42

.
. 2.6.

 2.6 – 

N

i
,

.
.

hi ( ) li ( ) .
Vhi )

.
.

hi( ) ) Hi )

Rp41 100,000
1 +1,427 3,8 +0,036 +1,463

-1 101,463
2 +0,540 6,1 +0,058 +0,598

-2 102,061
3 +3,123 0,9 +0,009 +3,132

-3 105,193
4 -2,268 2,2 +0,021 -2,247

-4 102,946
5 +0,041 1,4 +0,021 +0,054

Rp42 103,000
+2,863 14,4 +0,137 +3,000
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. 
 – .

 (
: . fh

 50  1   .
:

 16 ,  – 
 8 .

) , 
. 

, .

, , 
.

.

.
; 

.
,  – 

V ( . 2.17). 
.

. 2.17 – 
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LK LC CK
LB BK . LC

JLC:

LC = S*tg  ,                                                    (2.38)

. 

LC + CK = LB + BK S * tg( ) + i = V + h                    (2.39)

h

             h = S * tg( ) + i – V,                                         (2.40)

i  , ,
 ( . 2.17 – LB,

V). ,

S * tg( ) + p + i = r + V + h,                                (2.41)

h = S * tg( ) + (i – V) + (p – r), (2.42)

h = S * tg( ) + (i – V) + f.                                       (2.43)

, 

S = (Cl + c)* Cos2( ),
                                                                                                  (2.44)

h = 0.5*(Cl + c)*Sin(2 ) + i – V + f = h'+ i – V + f.

h'= 0.5*(Cl + c)*Sin(2 ) (2.45)

.

 2  10  100 .
; 

: 
.

 – .

 1 – ,
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, 2 – ,
,  3 – , 

.

 ( ) 
 ( ).

.
,

) . 
, 

( ).
  

. 
.

:
. 

, , 

.

-
.  1 :

5 000 .
, 

; 
. 

.
 (

), 
.

. 
.

:
, 

.

. 
,

, , 
.
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,

. 
.

  
0,8 .

.
.

. 
; 

.
. 

 ( ), 
. 

. 
, 
; 

.

), 
.

. , 
 11  1 .

 1  2 
, 

. 

h = 2 1 = 1 2)                               (2.46)

P1 2 – ,  –
, .

, 
 1 . .  11 .

:
1. , 
 ( ), ;

2. 
;
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3. 

 ( );
4. .

. 
          

.
: 

 0.3 
2 . 

 ( )
.

2.2.2 

 1961 . 
, II, III, IV , 

.
 II   

, , ,
. 

. 
 11 975 ,  II – 11 900 . 

 1977 .
 III   IV   II

. 
844  8  1998 . :

—   II ;
—   III  IV .

,
.  II 

.  II 
.

 III  II
 60-150 . 

 IV  50 .
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2.3 

 – , 
,

 – ,  –  (
). 

. 
.

. 2.18 – 

 ( ) .
, 

, , 
.

,  45°.
 ( ) – , 

.  – 
, 

.
 – 

,
.

 (
) 

, .

, 
, , .
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. 2.19 – 

. 
.

1. 3.
2. .
3. ?
4. , 

.
5. 

?
6. ?
7. ?
8. 

?
9. .
10. ?
11. 
  ?

12.   ?
13. ?
14. 

?
15. ?
16. .
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3 

3.1  

:
- ;
 –             

;
- 

;
-  .

              – 
, . 

, .

.

 ( ). 
, .  –

,   .

. , 
 – ,   

 = 180- . (3.1)

, ,

. 
) , .

.
, 

n ,  ( -1
), , .

, , 
.

, 
, , .

, , .
  , 



76

 ( ), 
, 

.
, , , 

.

3.2 

: 
, 

 ( ) . 
, 

.

=l -X, (3.2)

, l –
 –  ( ) .

,
, , 

.  – 
, , 

.
  ,

, 
 – 

  =   1 + 2 + 3 + ... + n (3.3)

, 
,  – . 

. 
, , .

.
, 

. , 
, 

, 
.
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.

.

: 
, , 

.
. 

 ( ),  – 
 ( ), 

).
, 

.

, 

) = 1 + 2 + ... + n, (3.4)

1, 2 , ..., n – , 
, 1, 2 ..., n – .

, 
, .

q = k/n,                                                ( 3.5 )

k – , n –
.

, ,  (3.4)
, 

) 1q1 + 2q2 + ... + nqn.                                          (3.6)

  , ,
, 

; , 
.

-
, 
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.
:

- , 
  ;

- , 
;

-                 ;
- 

.

3.3 

.
, 

, . 
; 

.
, 

. , , 
 ( ), .

 – , ,
; .

  :

p = k/m2,                                                    (3.7)

k  – , 
, .

, , 
.

3.4 

3.4.1  ( )

, 
, .

, 
, 

, , ,
.

 ( )
mt



79

2 2 2
t 1 2 nm m m .. m (3.8)

m1=  m2 =  ...  =  n = 0.1  (
); n = 16 m = 0.4 ,  4 

   1:10 000.

3.4.2 

, , 
X1  Y1;  X2  Y2 mx1

my1, 2 y2. 

s2 =2(X2-X1) + 2(Y2- Y1). (3.9)

 (3.9) 
,

mt1=mt2=mt      ms=mt  ( 3.10)

, 
.

 ( ) 
mt

2 2
so tm m m ( 3.11)

mt = 0.4    = 0.08    mso = 0.41 , 
, ,

.

3.4.3 ,  ( )

 ( )
.

   1  2 

tg a = ( 2 – y1)/(x2 – x1).                                  (3.12)
 (3.12) 
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mt1=mt2=mt      m  = mt /S (3.13)

, 
.

3.4.4 

 ( , ) 
, . ,

, , 
. 

.

, , –  " " 
 " " :

L=L2-L1,   R=R2=R1;
(3.14)

 = ( L + R)/2 = 0.5(L2 -L1 + L2- R1)

L1,  L2,  R1,  R2  " "
(L)  " " (R)  1  2 .

mL1 =  mL2 =  mR1 =  mR2 =  ,  –
.

: = m , ,
, 

.
:

d 0 0= 2m =2 m =2m 2 .
, 

.
:

d d 0 0= 2m =2 m =2m 2

,  2 30 d= 1 – 1.5'.
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1. ?
2. ,   –

?
3. , .
4. , ?
5. ?
6. 

  ?
7. , ?
8.  ?
9. 

?
10. ?
11. 

 ?
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4  

 ( ) 

. , , 
.

, 
,

, .
, 

. ,
, ,

.

.

4.1 

 – -
. 

, 
, , 

, 
.

, .

)   ,
,    – 

.

, 
 (2-3)  ( )

.
 –

 ( ).
, , 

. , , 
, , 

   .
 – , 

, . 
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. 
, , 

  .
 – , 

, 
;   

.

3° (  1,5°), 
 30". 

, 
. 

 55%, 

) – 30-40%.
 – , 

, 
.

.

, 
, .

, , 
, 

, 
.

.
, . , 

, , , 
, 

. 

.

.
:

.

.
, 
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, , 
 ( ).

, ,
, , 

. .
, 

,  55%,
 ( ).

, , 
, 

. 

.
 – ,

.
: 

.

.
, 

. 

.

:
1  – ;
2 – , 

;
3  – ;
4  – , ;
5 – , 

;
6 – .

.
, 

,  ( ), 
.

 – 
. 

, .
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4.2 

 ( ) 
, 

, .
-

. 
, , ,

. ,
, 

.

4.2.1 

, 
, . 

, , 
, 

. 

. 
, . 

.
:

-                
, 

;
- 
    ,      ;
 – 

.

, 
.

:
-         

;
- ;
- , 

.

.
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, , ,
.

:
- ;
- , 

;
- .

, 
.

4.2.2 

 – , 
.

. 
.

, 
,

,  

 (
), 
 ( ).

.
 ( ) 

.

,  (
),  (

). n
.

, 
.

, 
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, 
.

; 
, , , 

 ( L)
.

 " ", 
,  (

90°)  = 40°  60°.

.

; 
, 

.

, .
, 

 30   100  ( )  1 –  30  (
).

 0.1 – 5.0  – (5  10)  + S-10,
 S = .

4.2.3 

 1968 . 
, 

: 
 ( ) 

.
 1968 . 

. 
, 

. 
 3-5 .

 1970- . 

TRANSIT. ,
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 ( ), , ,
, .

,  160 
 300-1000 . 

.

 0.5 .
 1980- ., 

   GPS   
, , 
, , 

.

 (GPS).

  

.  GPS-
: 

GPS-  8 , 
 –  6 .

 GPS- :
- ;
- ;
- ; 

 (  – );
- , 

;
- ;
- .

 GPS-
, , 
.

,  GPS – 

, 
.



89

1. : .
2. ?
3. .
4. 

.
5. .
6.   .
7.  GPS-

?
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5 . 

 – , , 

, . 
,

, 
, 

. 
, 

, 
. 

. , 
 20-30% 

.
 ( ) – 

, 
, . 

.

, .

, , 
, .

.
:

;
;

, 
.

:

, 
, , 

.

, 

. 

.
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,
, 

.

,
, . , 

, .

5.1 . 

:
1) ;
2)  (

, , 
 ( ) );

3)  (
, 

).

, .

.

, , 
, 

.

. 
. 
, , 

.

, -
.

, 

, , , , 
.

.
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. :
1) 

;
, ,

, ;

;

;
;

.
2) 

, ;
;

, ;
;

;
.

3) 
;

;
;

.
4) 

, , , ,
;

;
;

, 
.

5) 
;

- 
;

;
.

6) 
, , ;
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;
;

;

.
7) 

;
;

.
8) 

;
, 

;
.

9) 
;

;

.
, 

. 
, 

, 
. . 

, , 
, . 

, 
. 

. , , :
, , “ ”

, 
.

5.2 . 

 – 

, 
, , 

. 

.
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 – , 
 ( , , ) 

 ( , ).
, , , 

 ( , , , ).

, 
. 

, 
, 

, 
, , , 

- .

. 5.1 – 

 “ ”, 
.

, 
, 

 ( , 
, ,

). 
 “ ”  “ ” 

,  :  
 (
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) . , 
. ,

), 
 ( ),

).

, . 
, 

: 
, 
, 

. 
, , 

, , 
, , .

 ( ) , 
. 

, , ,
, 

, , 

. , ,

, , ) 
.

, , 
,

, ,
.

, 
, 

, . , 
.

(dBASE,  Access  .)  ,  
.

 –
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.

, .

. 
. 5.2.

. 5.2 – 

. , 
, , . 

, 
ARC\INFO  (polygon),  – , 

 (arc). 
 (node).

. , , 
,  ( , ) 

 ( , , ).
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 (
);  ( , , 

, , ,
);  ( , , 

, , ,
, ).

. , 
 ( , 

 " ", 
.)  ( , 

) 
 ( ) , 

.  ( ) 

) , , ,
,  – , -, 

, 
, ,

.

. 
: 1) 

 UNIX-  RISC- ; 2) 
 ( )  MAPINFO 

PC- ; 3) , 
.

 ( ) GPS, 
,

 GPS 

 ( , 
).

, 
,  " "

, : 
 ( ),

.
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5.3 

, 

.  ( ) – ,

.
:

1. , 
 – , , , , .;
, , ; ,

.   
.

2. – , , 
.

3. – 
, .

4. – 
, , , , 

; ; .)
5. :

 (  – ), ,  – ;
 – .;

 (  – ), , ,
, ;

 (  – ), , ,
, .

, , 
, 

):
1)  –

. 
. , 

, ;
2)  – .

. 
;

3)  –
, 

. 
.
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, 
.

5.4 

. 
 ( ) , 

. 
.

.   
, ), 

, 
, - .

 – 

 GPS ( )  ( ). 
,  GPS, 
, , , 

.

, 
.

.
.

, . 
 – 

, 
, , , 

, 
, , 

, , 
.

. 

, 
.
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1. , .
2. .
3. - .
4. .
5. .
6. , .
7. .
8. , ?
9. , 

.
10. .
11. .
12.  (

).
13. .
14. , .
15. , ?
16.    " "?
17. .
18.   .
19. .
20. .
21. .
22. .
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1. ., . :
 / : , 2012. 115 .

2. ., . 
 « » / ,

, 2004. 57 .
3. ., ., . 

 / .: , 1994.
4.  1:5000 – 1:500 / .:
, 1973.
5. .  / :

, 2002. 179 .
6. . :  / :

, 2005. 107 .
7. ., . :

 / : , 2007. 68 .
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2. .  / : , 1982. 416 .
3. .  / .: , 1972. 464 .
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