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3 -

3.1

-

34.602-89 « » [9].
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, « », :

1. ;

2. ;

3. , ;
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 ( - ) .
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.
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.
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2. ;

3. .

 « -

» -

, -

.

 « »

-

, .

 « » -

,

.

3.2

-

,

, 73, -

, .
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HS – ;

H - ;
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SA1 – / ;
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EE – ;
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4

4.1

-

, -

, ,

c

 73 CoDeSySv2.3.

/

,  (

,

). -

/ . / target

, . -

/ .

- , , ,

/ . -

CoDeSys PLC Configuration ( -

), .

– , ,

. -

– ,

/ [10].

9 73

CoDeSys.
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9 – 73

CoDeSys

(DInputs) /

, .

, -

.

:

 « » (« . . .») – -

. . -

.

 « » (« . ») –

0 255, 0.

. «0», -

«00000000». -

«1» , ,

,

(= False).

«0» «1». ,

, ,  « -

» «11000100».



30

 « » –

, (1 . = 1 ); -

0 255, 10[10].

, , ,

8

73, 10.

10 – 73

CoDeSySv2.3

10, -

DI1, DI2, “DP_Alt”

“DP_Az” . -

DI3

– DI6, “LIMIT_SWITCH_UP”, “LIMIT_SWITCH_DOWN”,

“LIMIT_SWITCH_LEFT”, “LIMIT_SWITCH_RIGHT” . -

DI7, DI8, “DIRECTION_1”, “DIRECTION_2” -

.

(AInputs) -

, .
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.

. -

,

– .

 ( ) -

.

, -

0 100 ( ).

– , -

. -

(1 0,01 ). -

65536 (656.36 )

, .

:

{N} (« {N}») –

. , {N} – ,

REAL.  ( , )

.

DECODE_FLOAT

«OWEN_FB».

 « {N}» – ,

. -

. – 50 1.426.

 « {N}», REAL –

; -

. 0

9990, – 10. «0»

. ,

,
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« »  « ».

, -

 (  « »).

, , -

, , -

. -

, -

. -

-

, .

, -

,  ( - ) -

. -

 « » -

-

, .

 « . {N}» (« ») – , -

0,63 -

. ; -

0 1800, – 5.

-

, -

, . . -

. «0» .

. -

.

. -

[10].
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 ( ),

73. AI1 AI2,

0…1 .

AI3, -

0.04…2 .

11.

11 – 73

CoDeSySv2.3

(Additional) -

, .

:

 « . » – , -

0 50, – 45.

 « » – , -

5 32, – 25.

 « » – ,

, . –

, :
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[( = 4) + ( = 8) + ( = 6) + ( / = 32) +

( = 64) + ( = 128)] = 252.

 « » – ,  ( -

/ ), – « ».

 « » – . , -

. CoDeSys . -

01.01.00 00:00:00 31.12.99 23:59:59. -

-

73 [10]. -

(Additional)

12.

12 –

73 CoDeSySv2.3

(Outputs) -

/ .

«Real». -

, 0,0 1,0.

: /  ( )  ( ), -
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 ( ),  ( ),

 « - 0…10 » ( ),  « - 4…20 » ( ).

73 /  ( ) .

N, ( N –

2 6, 1-  « »),

. -

 ( . . 4 0 ) -

, 0, 20  10 , 1.

- ,

« {N}»,

 « . . {N}». , -

- , -

.

:

 « . {N}» – .

0,0 1,0. , -

, N.

 « {N}» – ({N} – ) -

- .

2 65000, 1000.

, –

.

 « . . {N}» – ({N} – )

-  ( ). -

. 1 5000, 50.

[« . {N}»  « {N}» < « . . {N}»],

« . {N}» = 0. , , -



36

, ,

, .

, – -

 ( ,

, -

– ).

 « . .{N}», ({N} – )

, -

. – 0 1, «0» (

REAL). , -

: .

.

« » ,  « -

» [10].

(Outputs),

13.

13 – 73

CoDeSySv2.3
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13 -

DO5 – DO8 “DO_UP”,

“DO_DOWN”, “DO_LEFT”, “DO_RIGHT” .

 ( ) -

 ( )

«SubMenu ( )». -

.

– « »  « ». -

– EEPROM

. -

/  (

). CoDeSys (

« (PLC Configuration)»)

EEPROM RS.

-

EEPROM,

. -

,  ( )

CoDeSys (  « (PLC Configuration)»)

,

.

, -

. , -

.

«SubMenu ( )»  ( -

) «SubMenu» ( ),

 ( ). Submenu

.
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, , -

«IntP», 0 65535; -

«Int»,

«BoolP», :

« .» ( )  « .» ( ); Bool[10]. -

«SubMenu ( )» -

14.

14 – 73 CoDe-

SySv2.3

-

 « » «IntP» - «latdegree_conf»,

«londegree_conf», «ZO_conf», «BoolP» - «S_lat», «W_lon».

, -

, , -

.

4.2

, -

,
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,

15.

,

73

15 –

15, 9 -

:

- ;

-  ( , ),

;

- ;

- 73;

- ;

- ;

- ;

- ;

- .

PLC_PRG, -

:
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CASE STATE OF

0:

IF KEYBOARD = 1THEN

STATE:=1;

END_IF

IF KEYBOARD = 2THEN

STATE:=2;

END_IF

IF AUTO>100THEN

STATE:=3;

END_IF

1:

INIT;

IF KEYBOARD = 2 AND LIMIT_SWITCH_DOWN=TRUE AND LIM-

IT_SWITCH_LEFT=TRUETHEN

STATE:=2;

END_IF

IF AUTO>100THEN

STATE:=3;

END_IF

2:

SUN_POSITION;

IF KEYBOARD = 1 AND DO_UP=0 AND DO_DOWN=0 AND DO_LEFT=0 AND

DO_RIGHT=0THEN

STATE:=1;

END_IF

IF AUTO>100THEN

STATE:=3;
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END_IF

3:

IF AUTO<100THEN

STATE:=0;

END_IF

HAND_MODE;

END_CASE

,

. -

.

4.3 PLC_PRG

– POU,

.

.

. .

.

, ,

, -

POU.

-

, -

.

PROGRAM -

END_PROGRAM.

, , -

(IL, ST)

. -

«:=», «=>».
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PLC_PRG – POU,

. -

.

«Project» «ObjectAdd», POU — -

PLC_PRG.

. -

TaskConfiguration,

PLC_PRG [11].

PLC_PRG SUN_CALC

SET_SCREEN.

, , , -

73, RETAIN.

-

RETAIN. ,

 ( ) , -

 « » (  | (Online | Reset')) [12].

RETAIN

.

RETAIN :

VAR_GLOBAL RETAIN

Current_alt_retain:WORD;

Current_az_retain:WORD;

END_VAR

RETAIN -

. -

, -

73

.
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,

COUNTER_IMP. – .

COUNTER_IMP ST CoDeSysv2.3:

IF DP_Alt  AND NOT DP_alt_prev THEN

IF DIRECTION_1 THEN

Current_Alt:=Current_Alt+1;

ELSE

Current_Alt:=Current_Alt -1;

      END_IF

END_IF

DP_alt_prev:=DP_Alt;

IF DP_Az  AND NOT DP_az_prev THEN

IF DIRECTION_2 THEN

Current_Az:=Current_Az-1;

ELSE

Current_Az:=Current_Az +1;

END_IF

END_IF

DP_az_prev:=DP_Az;

DP_Alt DP_Az, , -

.

-

, -

, 1 – 4, -

.

PLC_PRG

.

F1 ,

, F2 -

, SA1
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. -

.

PLC_PRG -

16.

16 – PLC_PRG
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4.4 SUN_CALC

 ( )

 ( ), -

T. vanFlandern's K. Pulkkinen's

"Lowprecisionformulaeforplanetarypositions", -

 1980 [13].

, . -

1-2 . -

17

17 -

-

HP-41C 1979 .

,

.

:
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- ;

- (1 – 2 ).

. , ,

. 0.0 0,0 2000

.

:

N - ;

i -  ( );

w - ;

a - , ;

e - (0 - , 0-1 –  , 1 = );

M - (0 , -

).

:

N:=0;

i:=0;

w:=282.9404+4.70935*EXPT(10,-5)*d;

a:=1.000000;

e:=0.016709-1.151*EXPT(10,-9)*d;

M:=to360range(356.0470+0.9856002585*d);

(AU) –

149,6 . , -

, - .

, : -

, , . ,

.

(M) - ,

, 360 -

-

.
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(v) - -

.

(EE) – , -

. -

.

( = 0) .

:

oblecl:=23.4393-3.563*EXPT(10,-7)*d;

- .

23,4 .

-

.

. , -

.

M, N W , 360

 ( ). -

, 360 -

. 360 , 360 .

«to360range».

FUNCTION to360range: REAL

VAR_INPUT

num:REAL;

END_VAR

VAR

END_VAR

IF num>360 THEN

to360range:=num-floor(num/360)*360;

ELSIF num<0 THEN

to360range:=num+(floor(-num/360)+1)*360;

ELSE
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to360range:=num;

END_IF

,

, , -

, -

. -

, ,

, , .

EE

:

EE:=M+(180/PI)*e*SIN(M*PI/180)*(1+e*COS(M*PI/180));

,

:

x:=COS(EE*PI/180)-e;

y:=SIN(EE*PI/180)*SQRT(1-e*e);

RR

v:

RR:=SQRT(x*x+y*y);

v:=(180/PI) *atan2(y, x);

CoDeSys 2 ,

«atan2».

FUNCTION atan2 : REAL

VAR_INPUT

y:REAL;

x:REAL;

END_VAR

VAR

PI: REAL:=3.14159265;

END_VAR

IF x>0 THEN
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atan2:=ATAN(y/x);

ELSIF x<0 AND y>=0 THEN

atan2:=ATAN(y/x)+PI;

ELSIF x<0 AND y<0 THEN

atan2:=ATAN(y/x)-PI;

ELSIF x=0 AND y>0 THEN

atan2:=PI/2;

ELSIF x=0 AND y<0 THEN

atan2:=-PI/2;

END_IF

:

lon:=to360range(v + w);

lon, RR

:

x:=RR * COS(lon*PI/180);

y:=RR * SIN(lon*PI/180);

, z:=0.0;.

:

xequat:=x;

yequat:=y*COS(oblecl*PI/180)+z*SIN(oblecl*PI/180);

zequat:=y*SIN(oblecl*PI/180)+z*COS(oblecl*PI/180);

(RA) (Dec):

RA:=(180/PI)*atan2(yequat, xequat);

Decl:=(180/PI)*ASIN( zequat/RR );

«-», - «+»:

IF W_lon=TRUETHEN

plon:=-londegree;

ELSE

plon:=londegree;

END_IF
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L v M -

:

L:=to360range(w+M);

(LST), (GMST)

0 UT (GMST0), GMST .

00:00:

GMST0:=L/15+12;

SIDTIME:=GMST0+UT+plon/15;

SIDTIME:=SIDTIME-24*floor(SIDTIME/24);

«floor» num1 -

.

FUNCTION floor : REAL

VAR_INPUT

num1:REAL;

END_VAR

VAR

END_VAR

IF num1>=0THEN

floor:=REAL_TO_INT(num1);

ELSE

floor:=REAL_TO_INT(num1)-1;

END_IF

 ( )

HA ( ) :

HA:=to360range(15*(SIDTIME-RA/15));

-12 +12 ,

-180 +180 .

HA Decl . ,

.
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«-», - «+»:

IF S_lat=TRUE THEN

plat:=-latdegree;

ELSE

plat:=latdegree;

END_IF

:

x:=COS(HA*PI/180)*COS(Decl*PI/180);

y:=SIN(HA*PI/180)*COS(Decl*PI/180);

z:=SIN(Decl*PI/180);

xhor:=x*SIN(plat*PI/180)-z*COS(plat*PI/180);

yhor:=y;

zhor:=x*COS(plat*PI/180)+z*SIN(plat*PI/180);

azimuth:=to360range(atan2(yhor, xhor)*(180/PI)+180);

altitude:=ASIN(zhor)*(180/PI);

0 , 90 , 180

270 . 0 -

, 90 , .

.

4.5 INIT

INIT

 ( -

). -

«F1». INIT

, -

PLC_PRG, 4.3. -

-

(altitude<0), .

INIT 18.
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1 2

18 – INIT

ST CoDeSysv2.3

IF LIMIT_SWITCH_DOWN=FALSE THEN

DO_DOWN:=1;

ELSE

DO_DOWN:=0;

END_IF

IF LIMIT_SWITCH_LEFT=FALSE THEN

DO_LEFT:=1;

ELSE

DO_LEFT:=0;

END_IF

IF LIMIT_SWITCH_DOWN=TRUE AND LIMIT_SWITCH_LEFT=TRUE

THEN

Current_Alt:=0;

Current_Az:=0;

END_IF
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4.6 SUN_POSITION

SUN_POSITION

, ,

.

, 5 -

4.73 . -

.

, -

120 240 -

. .

«F2».

SUN_POSITION

,

PLC_PRG, 4.3.

SUN_POSITION 19.
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> 0

 0

120,
240 120

240

29

INIT

19 – SUN_POSITION
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, 19, -

.

,

240, , -

, 29, 120

– .

INIT -

.

-

ST CoDeSysv2.3:

IF altitude >=0 THEN

count_imp_alt:=altitude/5;

IF Current_Alt<REAL_TO_INT(count_imp_alt) THEN

DO_UP:=1;

ELSE

DO_UP:=0;

END_IF

IF Current_Alt>REAL_TO_INT(count_imp_alt) THEN

DO_DOWN:=1;

ELSE

DO_DOWN:=0;

END_IF

IF azimuth>=120 AND azimuth<=240 THEN

count_imp_az:=(azimuth-120)/4.14;

ELSIF azimuth<120 THEN

count_imp_az:=0;

ELSIF azimuth>240 THEN

count_imp_az:=29;

END_IF

IF Current_Az<REAL_TO_INT(count_imp_az) THEN
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DO_RIGHT:=1;

ELSE

DO_RIGHT:=0;

END_IF

IF Current_Az>REAL_TO_INT(count_imp_az) THEN

DO_LEFT:=1;

ELSE

DO_LEFT:=0;

END_IF

END_IF

IF altitude <0 THEN

INIT;

END_IF

4.7 HAND_MODE

HAND_MODE -

DO5 – DO8

SB1 – SB4.

, -

.

-

SA1 .

AI3, «AUTO».

20.
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20 – HAND_MODE

-

ST CoDeSysv2.3:

DO_UP:=0;

DO_DOWN:=0;

DO_LEFT:=0;

DO_RIGHT:=0;

4.8 SET_SCREEN

,

.

, -

,

, , CoDeSys.

.

 ( )

.
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 ( , -

, ), -

 « ».

« > » -

(“>” , “>>” ).

, -

«*».

 ( , -

)  « ».

 ( ,

)  « ».

:

– , :

.

– , -

: -

 ( , . .) -

.

– ,

,

[10].

:

;

.

-

, . -
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«Quantityofworkscreens»

«WorkInd» , 4.

4 21 - 24 -

.

21 – 1 73

22 – 2 73

23 – 3 73

24 – 4 73

-

.

-

, 25.
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25 –

.

.

-

«Ind_Mode.lib» [10].

-

:

;

;

;

 ( -

);

;

;

-

.

-

, 26.
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26 –

63.

-

-

.

. -

-

 « » 2 .

.

-

, -

, .

-

:

 « » ,

.

« » ,

.

« > » -

(« > » – , « >> » –

. .) [10].
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27 - 32

.

27 – 1 73

28 –  2 73

29 –  3 73

30 –  4 73

31 –  5 73
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 « EEPROM» –

, .

 « , , » - - -

.

, -

[10].

-

, 34.

34 – -

,

35.



65

-

73A1- 2

AI- R

A2- 2

AI- R

A

V

100

5 100

15

13,5

35 -

-

-

R1 = 15 R2 = 100 . -

“ ”  “ ”.

-

, -

, ,

.

2.

2 –

, 5 10 16

, 8,5 16 25

28,3 40,5 55,8

12,9 23,3 36,16

5,66 4,05 4,49

1,5 1,46 1,15



66

, 2

36 37 .

10

20

30

40

50

60

70

5 10 15 ,

36 –

5

10

15

20

25

30

35

10 20 30 ,

37 –



67

, -

,

.

: Ku = 4,4; Ki = 1,48.

“Work_mode.lib” , -

CoDeSySv2.3.

.  ( )

.

:

«ClearScreen» – .

«GetWorkScreen» – .

«GetWorkScreenCount» – .

«SetWorkScreen» – .

«ShowDint» – DINT .

«ShowReal» – Real .

«ShowString» – [10].

-

73:

ST64.ulHigh :=0; ST64.ulLow :=0;

STD.dwHighMsec :=0; STD.dwLowMSecs :=0;

STD.Year :=0; STD.Month :=0; STD.Day :=0;

STD.Hour :=0; STD.Minute :=0; STD.Second :=0;

STD.Milliseconds :=0;

STD.DayOfWeek :=0;

CT(SystemTime:=ST64, TimeDate:=STD);

Cur_Time:=STD.Hour*3600 +STD.Minute*60 +STD.Second;
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(*  1 , *)

ShowDint(0,0,0,'%02d',STD.Day);

ShowString(0,2,0,'.');

ShowDint(0,3,0,'%02d',STD.Month);

ShowString(0,5,0,'.');

ShowDint(0,6,0,'%d',STD.Year);

ShowDint(0,0,1,'%02d',STD.Hour);

ShowString(0,2,1,':');

ShowDint(0,3,1,'%02d',STD.Minute);

ShowString(0,5,1,':');

ShowDint(0,6,1,'%02d',STD.Second);

ShowString(0,0,2,'Az_S=');

ShowDint(0,5,2,'%02d',azimuth_sun);

ShowString(0,10,2,'Az=');

ShowDint(0,13,2,'%02d',azimuth_system);

ShowString(0,0,3,'AL_S=');

ShowDint(0,5,3,'%03d',altitude_sun);

ShowString(0,10,3,'AL=');

ShowDint(0,13,3,'%03d',altitude_system);

(*  2 *)

ShowString(1,0,0,' :');

ShowString(1,0,2,' :');

ShowReal(1,0,1,'%2.0f',latdegree);

ShowReal(1,0,3,'%2.0f',londegree);

(*  3 *)

ShowString(2,0,0,' :');

ShowReal(2,0,1,'%2.0f',ZO);

(*  4 . *)
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VOLTAGE_REAL:=VOLTAGE/1.76;

CURRENT_REAL:=CURRENT/1.48;

ShowString(3,0,0,' :');

ShowString(3,0,1,' = ');

ShowReal(3,12,1,'%2.f',VOLTAGE_REAL);

ShowString(3,0,2,' = ');

ShowReal(3,5,2,'%2.1f',CURRENT_REAL);

4.9

-

, 38.

38 – CoDeSySv2.3

:
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- 4 -

;

- 4 , ;

- ,

.

“UP”, “DOWN”, “LEFT” “RIGHT” -

“DO_UP”, “DO_DOWN”, “DO_LEFT” “DO_RIGHT” .

, “UP”, “DO_UP” -

TRUE

. , , ST

CoDeSysv2.3:

IF UP=TRUE THEN

DO_UP:=1;

ELSE

DO_UP:=0;

END_IF

IF DOWN=TRUE THEN

DO_DOWN:=1;

ELSE

DO_DOWN:=0;

END_IF

IF LEFT=TRUE THEN

DO_LEFT:=1;

ELSE

DO_LEFT:=0;

END_IF

IF RIGHT=TRUE THEN

DO_RIGHT:=1;

ELSE
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DO_RIGHT:=0;

END_IF

IF UP=TRUE THEN

led.0:=TRUE;

ELSE

led.0:=FALSE;

END_IF

IF DOWN=TRUE THEN

led.1:=TRUE;

ELSE

led.1:=FALSE;

END_IF

IF LEFT=TRUE THEN

led.2:=TRUE;

ELSE

led.2:=FALSE;

END_IF

IF RIGHT=TRUE THEN

led.3:=TRUE;

ELSE

led.3:=FALSE;

END_IF
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PLC_PRG

SUN_CALC;

SET_SCREEN;

Starting_timer(PT:=t#30ms, IN:=TRUE);

IF NOT Starting_timer.Q THEN

Current_Alt:=Current_Alt_retain;

Current_Az:=Current_Az_retain;

DP_alt_prev:=DP_Alt;

DP_az_prev:=DP_Az;

ELSE

COUNTER_IMP;

END_IF

IF LIMIT_SWITCH_UP=TRUE THEN

DO_UP:=0;

END_IF

IF LIMIT_SWITCH_RIGHT=TRUE THEN

DO_RIGHT:=0;

END_IF

IF LIMIT_SWITCH_DOWN=TRUE THEN

DO_DOWN:=0;

END_IF

IF LIMIT_SWITCH_LEFT=TRUE THEN

DO_LEFT:=0;

END_IF
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IF azimuth>=120 AND azimuth<=240 THEN

azimuth_system:=REAL_TO_INT((Current_Az*4.14)+120);

END_IF

altitude_system:=REAL_TO_INT(Current_Alt*5);

(*  K1-K4*)

IF DO_UP=1 THEN

led.0:=TRUE;

ELSE

led.0:=FALSE;

END_IF

IF DO_DOWN=1THEN

led.1:=TRUE;

ELSE

led.1:=FALSE;

END_IF

IF DO_LEFT=1THEN

led.2:=TRUE;

ELSE

led.2:=FALSE;

END_IF

IF DO_RIGHT=1THEN

led.3:=TRUE;

ELSE

led.3:=FALSE;
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END_IF

Current_alt_retain:=Current_Alt;

Current_az_retain:=Current_Az;

(*  F1-F3*)

CASE STATE OF

0:

IF KEYBOARD = 1THEN

STATE:=1;

END_IF

IF KEYBOARD = 2THEN

STATE:=2;

END_IF

IF AUTO>100THEN

STATE:=3;

END_IF

1:

INIT;

IF KEYBOARD = 2 AND LIMIT_SWITCH_DOWN=TRUE AND LIM-

IT_SWITCH_LEFT=TRUETHEN

STATE:=2;

END_IF

IF AUTO>100THEN

STATE:=3;

END_IF

2:

SUN_POSITION;

IF KEYBOARD = 1 AND DO_UP=0 AND DO_DOWN=0 AND DO_LEFT=0

AND DO_RIGHT=0THEN
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STATE:=1;

END_IF

IF AUTO>100THEN

STATE:=3;

END_IF

3:

IF AUTO<100THEN

STATE:=0;

END_IF

HAND_MODE;

END_CASE
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SUN_CALC

PROGRAM SUN_CALC

VAR

w: REAL;

M: REAL;

a: REAL;

oblecl: REAL;

L: REAL;

PI: REAL:=3.14159265;

e: REAL;

EE: REAL;

x: REAL;

y: REAL;

RR: REAL;

v: REAL;

lon: REAL;

z: REAL;

yequat: REAL;

xequat: REAL;

zequat: REAL;

Decl: REAL;

GMST0: REAL;

UT: REAL;

SIDTIME: REAL;

plon: REAL;

HA: REAL;

xhor: REAL;

plat: REAL;

yhor: REAL;
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zhor: REAL;

RA: REAL;

d: REAL;

END_VAR

londegree:=londegree_conf;

latdegree:=latdegree_conf;

ZO:=ZO_conf;

Year:=STD.Year;

Month:=STD.Month;

Day:=STD.Day;

Hours:=STD.Hour;

Minutes:=STD.Minute;

UT:=Hours-ZO+Minutes/60;

d:=367*Year-

floor((7*(Year+(floor((Month+9)/12))))/4)+floor((275*Mont

h)/9)+Day-730530;

(*longitude of perihelion*)

w:=282.9404+4.70935*EXPT(10,-5)*d;

(*mean distance, a.u.*)

a:=1.000000;

(*eccentricity*)

e:=0.016709-1.151*EXPT(10,-9)*d;

(*mean anomaly*)

M:=to360range(356.0470+0.9856002585*d);

(*obliquity of the ecliptic*)

oblecl:=23.4393-3.563*EXPT(10,-7)*d;

(*mean longitude*)

L:=to360range(w+M);
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(*eccentric anomaly*)

EE:=M+(180/PI)*e*SIN(M*PI/180)*(1+e*COS(M*PI/180));

(*rectangular coordinates in the plane of the ecliptic,

where the X axis points towards the perihelion*)

x:=COS(EE*PI/180)-e;

y:=SIN(EE*PI/180)*SQRT(1-e*e);

RR:=SQRT(x*x+y*y);

v:=(180/PI) *atan2(y, x);

lon:=to360range(v + w);

(*ecliptic rectangular coordinates*)

x:=RR * COS(lon*PI/180);

y:=RR * SIN(lon*PI/180);

z:=0.0;

(*rotate to equatorial coordinates*)

xequat:=x;

yequat:=y*COS(oblecl*PI/180)+z*SIN(oblecl*PI/180);

zequat:=y*SIN(oblecl*PI/180)+z*COS(oblecl*PI/180);

(*convert to RA and Declination*)

RA:=(180/PI)*atan2(yequat, xequat);

Decl:=(180/PI)*ASIN( zequat/RR );

IF W_lon=TRUE

THEN plon:=-londegree;

ELSE plon:=londegree;
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END_IF

(*Sidereal Time at the Greenwich meridian at 00:00 right

now*)

GMST0:=L/15+12;

SIDTIME:=GMST0+UT+plon/15;

SIDTIME:=SIDTIME-24*floor(SIDTIME/24);

(*hour angle*)

HA:=to360range(15*(SIDTIME-RA/15));

x:=COS(HA*PI/180)*COS(Decl*PI/180);

y:=SIN(HA*PI/180)*COS(Decl*PI/180);

z:=SIN(Decl*PI/180);

IF S_lat=TRUETHEN

plat:=-latdegree;

ELSE

plat:=latdegree;

END_IF

xhor:=x*SIN(plat*PI/180)-z*COS(plat*PI/180);

yhor:=y;

zhor:=x*COS(plat*PI/180)+z*SIN(plat*PI/180);

azimuth:=to360range(atan2(yhor, xhor)*(180/PI)+180);

altitude:=ASIN(zhor)*(180/PI);

azimuth_sun:=REAL_TO_INT(azimuth);

altitude_sun:=REAL_TO_INT(altitude);
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