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    –   -

  ( )        -

   V            

,       [1, 3, 4]: 

d 
2 /dt2 – 2f( )/  = r .   (1) 

      ( ) -

    ( )  ,  /dt   -

      .     

 [2–4]: 

–      ; 

–    ; 

–      .  

     

  -       

 ( )      (    

)    .      ( )  -

     .    -

             

 [n + 1] = [n + 1] – H'[n + 1] ,  (2) 

 , H '–      ;  –  . 

         

Z[k + 1] = H [k + 1]– H' [k + 1],  (3) 

 H [k + 1]      . 

 t[k] t [k + 1]      :  

1[k + 1] = Hk[k + 1]– H[k + 1] = y1[k] + 2[k] t. 

           Z: 

Z[k + 1] = y1[k] + 2[k] t + 2[k]  + V[k + 1]. 

 Z[k + 1]   : 

Z[k + 1] = y 1[k + 1] + V[k + 1] = 1[k] + 2[k](  + t) + V[k + 1], 

       : 

y 1[k + 1] = 1 [k] + k1(  + t) 2[k]; 

y 2[k + 1] = k1 2[k] + k3 3[k]; 

y 3[k + 1] = k2 2[k] + k1 3[k] + r[k].  (4) 
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    Pij[k + 1]   , 

  r.    (4) ,     t -

  P¯22[k + 1],   r,  : 

P¯11[k + 1] = P + 
11[k] + k1

2 (  + t)2 P + 
22 [k] + 2k1 (  + t)P + 

12[k]; 

P¯12[k + 1] = k1P
 + 

12[k] + k1
2 (  + t)P + 

22[k] + k3P
 + 

13[k] + k1k3(  + t)P + 
23[k]; 

P¯13[k + 1] = k2P
 + 

12[k] + k1k2(  + t)P + 
22[k] + k1P

 + 
13[k] + k1

2(  + t)P + 
23[k]; 

P¯22[k + 1] = k1
2P + 

22[k] + k3
2P + 

33[k] + 2k1k3P
 + 

23[k]; 

P¯23[k + 1] = k1k2P
 + 

22[k] + (k1
2 + k2k3)P

 + 
23[k] + k1k3P

 + 
33[k]; 

P¯33[k + 1] = k2
2P + 

22 [k] + k1
2P + 

33[k] + 2k1k2P
 + 

23[k].  (5) 

       :  

1[k + 1] = y1
ø [k + 1] + k 1 (z[k + 1] – y1

ø [k + 1]) ; 

2[k + 1] = y2
– [k + 1] + k 2 (z[k + 1] – y1

–[k + 1]); 

3[k + 1] = y3
ø [k + 1] + k 3 (z[k + 1] – y1

ø[k + 1]); 

k 1 = (
–
11 [k + 1]) / ( –

11 [k + 1] + 2
v [k + 1]); 

k 2 = (
–
12 [k + 1]) / ( –

11 [k + 1] + 2
v [k + 1]); 

k 3 = (
–
13 [k + 1]) / ( –

11 [k + 1] + 2
v [k + 1]).     (6) 

     : 

P + 
11[k + 1] = (1 – k 1 )P

ø
11 [k + 1]; 

P + 
12[k + 1] = (1 – k 1 )P

ø
12 [k + 1]; 

P + 
13[k + 1] = (1 – k 1 )P

_ø
13 [k + 1]; 

P + 22[k + 1] = P¯22[k + 1] – k 2 P
ø
12[k + 1]; 

P + 23[k + 1] = P¯23[k + 1] – k 3 P
ø
12[k + 1]; 

P + 33[k + 1] = P¯33[k + 1] – k 3 P
ø
13[k + 1].  (7) 

      [3]     -

   ++    [6].  

      

          [3, 4]:  

P11[0] = 250 2; P22[0] = 25 2/ 2; P33[0] = 10–6 2/ 4; 2
v = 250 2; ( t3/3)V = 10–6 2/ 4. 

         ,  

    ,    .   

  :    –   -

  ( ),      ,  

          [3, 4].  

        -    

       ( )   [3, 4] 

 

, ( )

, ( ) ,

( ) , ( ) .

,d R Vdt R t Ro o

dV Wdt V t Vo o

dW A U dt W t W ogv o

 (8) 

       .  
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   (8)       
        

, , , ,
T

U U ux uy uzU W W W W W W  

          -

   gvA ,   .    -

          
1gxA     

  .        

     gIA ,     .  

 uxW ,    X    ,    V   

2 2[ ( ) / 2] / ,ux x xo xiW V P C C S V m  (9) 

 ,xo xiC C  –  ; , ,xS P m  –   ,  

  ;  –  ,  –      . 

  uyW , yzW       y z   -

  . ,  uyW ,    

Wuy = (V, a1, a2, a3, a4, a5, , , z, m, zm, K1, …, K2, T1, …, T2, 
, ,m m m TPW W ),         (10) 

 1 5...a a  –  ; 1 2, ...,K T  –    -

 ; ...m m mW
 –    ,     -

   [3, 4]. 

 ,  uzW ,   .   ,uy uzW W , 

   (10),       ,   -
    .  

          
     ( )  , , -

   .   (   )     
    ( )   [3, 4]: 

 

, , / ,

( ) ( ).

r DI rgI

r D

D R R V V V A D D V

W K V K W W

  (11) 

         : 

d (t) = (A (t) + K(t)[Z(t) – C (t)])dt. 

  K(t)        -
      ( ).   -

       ,   
  .    : 

 

11 12 11 11 11 0 11

12 22 13 11 12 12 0 12,

13 23 11 13 13 13 0 13

22 23 12 12 22 0 22

23 33 12 13 23 23 0 23

33 33

2 ( ) / , ( ) ,

( ) / , ( )

( ) / / , ( ) ,

2 ( ) / , ( ) ,

( ) / / , ( ) ,

2 / (

P P P P Q P t

P P P P P Q P t

P P P P Q P T P t

P P P P Q P t

P P P P Q P T P t

P P T 13 13 33 0 33) / / ( ), ( ) ,P P Q G T T P t

 (12) 
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 11 33...P P  –       ; 11 0 33 0( ), ..., ( )P t P t  – 

 .       -

  [3, 4] 

2 4
11 / ; / 2; / (8( 1/ )),r v r w r rK P Q K K K K K T  

 11 –      . 

      (12)  

        (8).  

      (  -

 )       -

        :    

(   )    .      

 –         . -

     : 01 02 0 10, 0,..., 0 .tr kP P   

         

        -

   

... , ,..., ...
01 02 0, 1 01 02 0, 1

0 0 0

1

P f d d d
s k

k

,  (13) 

 01 02 0, 1, ,..., kf – 1k -       

 0,l ,     l -  .    

   0l , 0,1,..., 1l k      
0

2
l

m k , 

0,

2 22
l

k .         

0,l , 0,m : 

 
0, 0,

2
,l m

K k , 0,5r . (14) 

   ,  1,k     , -

 k .      1 k .  -

   2 3 1... 1k .   ,  

        , 

   

 
1 1

01 02 0, 1 0 01
1 12 2 1

1 1
, ,..., exp ,

2
2

k k

k lm l mk k
l mk

f c k k

k

  (15) 

  lmc   C      lmS    

K lm
lm

S
c

K
, , 1,2,..., 1l m k , 

2 1kkK k , 
2 221

kk
llS k k , 

2 22 kk
lmS k , 

, 1,2,..., 1l m k . 

      -   -

       -    -

         ,   

  « »        
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        .    -

 (    )   (   

 )         -

     P11[ ] = 20 2; P22[ ] = 0,003 2/ 2,    -

     (  )      1.  

  

    ,     -

            

700     ( )  40   -

  ( ).  ,        -

  ,       -

 ( )      

  [3, 4].  
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      ,      [4], -
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Abstract. At the moment there is a problem of naviga-

tion of an unmanned aircraft along altitude with Satellite 

adjustment as well as with other systems. While coordi-

nates determination errors of maneuverable controllable 

UAV «in horizont» are acceptable, they may become 

unacceptable along altitude. One of the ways to solve 

this problem is to determine coordinates of a controlla-

ble object with the help of presented models of filtration 

that are adaptable to modern technical digital applianc-

es. 
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Key words: inertial navigation system, onboard compu-

tational machine, covariational moments, algorithm of 
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