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22–240 , 

60–40%  ( 0,1 / ). 
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, 

1 .

1.1 – , 

, ° C

- 

(%) 

-

 ( / .) 

-

 I 25 26 21 18 75

0,1

 I 24 25 20 17 75

0,2

II

23 24 17 15 75

0,3

II

21 23 15 13 75

0,4

III 19 20 13 12 75

0,5
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1.1 

 I 28 30 22 20 55 - 28° 

C

0,2 - 0,1

 I 28 30 21 19 60 - 27° 

C

0,3 - 0,1

II

27 29 18 17 65 - 26° 

C

0,4 - 0,2

II

27 29 15 15 70 - 25° 

C

0,5 - 0,2

III 26 28 15 13 75 - 24° 

C 

0,6 - 0,5

, , 

35,0 / 2 - 50 % 

, 70 / 2 - 25 50 %, 100 

/ 2 - 25 % .

35,0 / 2

, - 

.  

— ,

+10° C.  

— , 

, +10° C .

— 

, 

. .
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— 

.

 ( I) , 

105-140 (90-120 / .) —  I 141-

175 (121-150 / .) —  I .  I , 

.   I

, , ’

.

  ( II)

, 176-232 (151-200 / .) —

II 233-290 (201-250 / .) — II . II

, ’ ,  ( 1 ) 

. II , , ’

,  ( 10 ) 

.

  ( III) ,

291-349 (251-300 / .). III

, ’ ,

( 10 ) , .

, 

, 

, . 

, '

, 

.
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2-  (

) , 
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, .  
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- , 

.  

0,5 - 1,0 - , 1,5 - 

.
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1.2. 

1.2. 
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2

100 4 

101 400 8 

400 , 

10 
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30 - 40° C 
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.  
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 ( 0,3 / .), 

, , 

.  

 ( , , ) 

 ( . .), 

, .

, -, 

, .  

1.3.  
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» 

22.03.2012 627 ’

’ , 

, , 

. 

. . .

. . .

. 

8 40-

’

, 

’ . 
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1.3. 

, ° C

-30 + 5 ±0,1

, 

%

15 100 ±5,0

, ° C

-30 100 ±1,0 , 

. .  

, / .

0,1 - 0,5 0,6 - 

5,0

±0,1 - 

±0,2

10,0 - 20000,0 ±10 % , 

, 

, 

0,30 - 20,0 

20° 

101,3 . 

2 12.1.005-88 „ -

”. 

- 4617-88 «
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, 

8.563–96 

« ». 

, , , 

'

8.563–96 « ». 

, < 0,5 . 

 ± 25%. 

: 293 (200° ) 101,3 (760 . .). 

12.1.014–84 

« . 

». 

, . 

1.2 

-

, : 

 ( , .);

'  ( ) 

. 

: 
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, -
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, - , '

. , 

: 

 ( ); 

; 

 ( ) ; 

, 

-

, 

.

, -

. 

, 

5890 Hewlett Packard ( ),

CP9000S Chrompack ( ) 

-  ( ,  ( ) ) 
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'

Spectra Physics ( ) 

, , 

, 

, , 

- . 

881 Perkin Elmer ( ) 

. 

. 

-

PU 9150/01 Philips ( ) 

.

 ( ). 

. . 

MIRAN 1A Foxboro company ( ) 

, 

' . 
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. 

Testo350 ( ) 

, 

, . 

- ; 

- ; 

- (NO NO2); 

- ; 

- . 

’

 ( , , ) '

 ( , , 

). 

1.3 

: 

1). , 

; 

2).

; 

3) 

, , 

; 
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4) 

; 

5) , 

 ( ); 

6) 

; 

7) 

. 
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2. 

2.1 

2.1 – 

'

.[4,5] 

2.2 

:  ( ) PIC18F4550, 

SC0802A, 

'  ( ) 24 256. 

USB Flash 

L D SC0802A 
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PIC18F4550 PIC18 

microcontrollers : 

- , ; 

- ; 

- ' ; 

- USB V2.0; 

- ’ ’ ; 

- RC 31  8 , 

.[11,13,14] 

PIC18 , 

 ( ), 

TCY. 

PIC18 ’  ( ) 

1 TCY. 

TCY PIC18 

 (

). 

. 

2.2 - PIC18F4550 
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PIC18 W (WREG), 

. W 

. 

' PIC18 

Flash .  PIC18 16- . 

, PIC18 

, . 

2.1 - ' PIC18 

PIC18 

16 , 

' ' 4

' ' 2 (0xFFFFF) 

, , 0x00, 0x08, 0x18 

0x300000 - 0x30000F 

Device ID 0x3FFFFE 0 x3FFFFF 

PIC18 NanoWatt 

/ MCLR 

 ( ). / MCLR 

MCLRE. 

. 

. PIC18 

: 

- PIRx INTCONx; 

- PIEx 

INTCONx. 
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: 

- , IPEN 

(RCON &lt;7&gt;); 

- IPRx.

. , 

.

4. 

2.3 - 

PIC18F4550 

PIC18 NanoWatt.

: , 

RC , 4 PLL. 

PIC18F4550 

24 .

, 

. , 

3- . , 10,5

10 , 18 - . 

. 
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 (

0,01%).

.

( ).

 R - . 

RC - 

 ( ).

, . 

PIC18 microcontrollers.

PIC18F , 

, 

.  " " 

. 

, 

 ( ), 

. 

. , 

, -  ( , 

( 1) RC . 

, NanoWatt 

PIC18F .

RC 

. , 

. , 

8 . 

. 
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SLEEP IDLE .  

. 

PIC18 

SCS1: SCS0 (OSCCON;).  

PIC18 

. 

IDLE (x_IDLE) SLEEP 

SLEEP. IDLEN (OSCCON): SLEEP - 

, IDLE - . '1' - 

IDLE, "0" - 

SLEEP. 

IDLE. 

. WDT 

, 

, .

RC 8 

, , 

. 

, , . [11,14] , 

, 

PMD. , 

, 

, ' , . 

PMD 

IDLE, IDLE , 

. 
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'  ( ) 

AT24C128/256 131072/262144 

EEPROM, ' , 16384/32768 8 

. 

, .

, 

4 . 

. 8-

JEDEC PDIP, JEDEC SOIC, EIAJ SOIC, MAP (24C128), TSSOP, SAP 

dBGA2. , 

2.7 (2.7-5.5 ) 1.8 (1.8-3.6 ). 

2.2 - 

AT24C128/256 

-55°C...+125°C 

-65°C...+150°C 

-1.0 ...+7.0

6.25

5.0 

2.3 - . 

A0…A1 

SDA I C 

SCL I C 

WC Write Control 

NC 

GND 
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-  ( , ). 

, S L, , , SDA -- . 

,  ( 10 ), «1» (+5 , +3.3 , 

). , «1» 

, «0» . 

OUT «1» (+5 ) – 

, 

. 

-- (Master), -- (Slave).

. " " Master. 

SCL «0», , SDA 

, . SCL «1», 

SDA -- . , , 

, SCL «0». , 

«1» ,  ( ) 

«0» . , Master, , 

, , «1», -- 

. 

SDA . 

, , : SCL=1 SDA 1 0. 

Start. , Stop, , 

SDA 0 1 SCL=1. 

, . 

ACK -- , , , 

SDA 0.  ( , 

, ), NACK -- 

.

' Master. , 

Start -- - Slave- , + 

, R/W, , (1) (0). 
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, ACK, 9- SDA 

«0». .  

A1, A0 - . A1,A0 

.

AT24CXX. , 

4 128/256 . 

 ( GND), , 

VCC <3 . 3 , 

GND. 

WC -- Write Control, «1» ( Vcc), 

, «0» ( GND) -- . WC 

«0», 

, ' (*1). NC -- Not Connected 

-- 

' 128/256 256/512 

64 .

14/15- . 

, 

SC0802A. 

8 2 , 5 

7 , : HD44780 Comp, 

: 4 8 , 5 V . 
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2.4 – 

2.5 - 

2.4. 

2.4 - 

1 2 3 

1 GND (0V) 

2 V (5V) 

3 Vo 

4 A0 - 

5 R/W 

6 E  (

) 

7 DB0 (8- ) 

( 8- ) 

8 DB1 (8- ) 

9 DB2 (8- ) 

2.4- 

1 2 3 

10 DB3 (8- ) 
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11 DB4 (8- 4- ) 

12 DB5 (8- 4-

) 

13 DB6 (8- 4- ) 

14 DB7 (8- 4- ) 

15 +LED + 

16 -LED – 

SC0802A 

. 

SC0802A. 

DS18B20 , 9 

12- , EEPROM . DS18B20 1 

- Wire .

. [27] 

- 55 C 125 C 0.5 - 10 C 85 

DS18B20 ( "parasite power"), 

. 

DS18B20 64- , , 

DS18B20, .

, 

DS18B20, . 

2.5 - DS18B20 

TO-92 

1 GND 

2 BQ / (Input / Output pin). 

3 
VDD 

VDD . 

VDD '
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2.6 - DS18B20. 64- ROM 

. ' 2-

, 

.

 ( TH TL), . 

9, 10, 11, 12 , 

. TH, TL 

' (EEPROM), , 

. 

DS18B20 1-Wire - 

' , , 

. 

, ' , 

' Z- . 

 ( ) 

, 64- . 

, , , 

. 

- . 

. 

(CPP), , . 

 « ». 

+ 100 ° C. 

+125 ° C . 

 5 .
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2.6 – - DS18B20 

DS18B20 - 

.

9, 10, 11, 12  (

) 0.5°C, 0.25°C, 0.125°C, 0.0625°C, .

12- . DS18B20 

 ( ).

, 

[0 44]. 

, ' 2-

' , DS18B20 .  

DS18B20 , 

 ( [0 44]) . DS18B20 

 ( ) "0", 

, "1", 

. 

DS18B20 , 

, 

 ( ) .

. 
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DS18B20 .

' 16-  ( . 2.7).

(S) , : 

S = 0, S = 1. DS18B20 12-

, . 11-

, 0 . 10- , 

1 0 , 9 2, 1 0 .

2.7 - 

2.6 – , 

 12 - 

(bit) (Hex) 

+125 C° 0000 0111 1101 0000 07D0h 

+85 C°* 0000 0101 0101 0000 0550h 

+25.0625 C° 0000 0001 1001 0001 0191h 

+10.125 C° 0000 0000 1010 0010 00A2h 

+0.5 C° 0000 0000 0000 1000 0008h 

0 C° 0000 0000 0000 0000 0000h 

-0.5 C° 1111 1111 1111 1000 FFF8h 

-10.125 C° 1111 1111 0101 1110 FF5Eh 

-25.0625 C° 1111 1110 0110 1111 FE6Fh 

-55 C° 1111 1100 1001 0000 FC90h 

* 85 C , 

DS18B20 , - 
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, TH TL ( , . 

2.8). 

(S) , : 

S = 0 S = 1. TH TL (EEPROM), 

, , . TH TL 

2 3. 

2.8 - TH TL 

4-11 

( ). 

TL 

TH, DS18B20.

; , , 

. 

DS18B20 , 

[ECh]. - DS18B20 

, , 

DS18B20 . TH TL, 

, 

, TH TL. 

, , 

. [28] 

PDF created with pdfFactory Pro trial version www.pdffactory.com



41 

2.9 - VL18-3 

VL18-3 

.

90°. 

.

. 

2.10 - 
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2.10 -

.

- 0,05 3 , 

. 

: , , 

 ( ).

, , 

. 

, 

I . : 

I . = ( i + i ) (2.1) 

- ; l - 

; i1  i2 - , 

i1  i2 .  

: 

1*0
kleII

(2.2) 

 I - , ; I0 - 

, ; k - ; l1 - 

.

. , 

.

. 
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, 

. 

, 

, , 

.

’ . 

2.3 

OrCAD.  P - CAD. [19,20] 

: 

OrCAD Capture - ; 

OrCAD Capture CIS (Component Information System) - 

, ; , 

200 . ; 

PSpice Schematics - , DesignLab; 

OrCAD PSpice A / D - -

, PSpice Schematics, OrCAD 

Capture; 

OrCAD PSpice Optimizer - ; 

OrCAD Layout - ; 

OrCAD Layout Plus - OrCAD Layout, 

 ( Protel 99 SE P - 

CAD 2000); 

OrCAD Layout Engineer's Edition - , 

Layout Layout Plus, 

, 
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-

; 

OrCAD GerbTool - , , 

 ( WISE Software Solutions OrCAD, 

350); 

Visual CADD - Numera Software (

AutoCAD). 

, OrCAD, 

, ' . 

OrCAD 9.2 Pentium 

Windows 95/98 Windows NT 4.0 ( Service Pack 3 Service Pack 

4).  32 250 . 

' : 

OrCAD Capture - 75 ; 

OrCAD PSpice - 50  ( PSpice Schematics); 

OrCAD CIS - 20 ; 

OrCAD Layout - 90  ( GerbTool Visual CAD); 

- 60 . 

OrCAD Capture , 

, 

VHDL. , OrCAD Capture 

, -

PSpiee PSpiee Optimizer.

OrCAD Capture . 

 ( ), 

OrCAD Layout  ( ). 

OrCAD Capture ' - , 

.
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, ' .

, 

, . [20] 

Part 

. '

. 

2.11 - 

, , '

. OrCAD Capture 

, OrCAD Layout, 

, 

 ( ) .

: 
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- - DD1 

- - DD2 

- - ZTA 

- - R1 - R14 

- - C1 - C3 

- - VD 

- - XP1 

- - XP2 

- USB Flash - XT1 

2.12 - 

Footprint ( , OrCAD 

Layout). [19,20] , 

, (
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).

, , Macro> 

Configure. 

OrCAD Capture 

' (* .mnl) OrCAD Layout .

Layout.ini , 

Capture.exe, OrCAD Capture 

Tools> Create Netlist, Layout.  

OrCAD Capture OrCAD Layout 

' .  . [19,20] 

Layout Tools> Create Netlist Run 

ECO, '

OrCAD Layout,  (

, ' , 

). 

' ; , OrCAD 

Layout 

' . 

OrCAD Layout 

File> New ' (* 

.tch), ' ' (* .mnl) '

(* .m ). 
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2.13 - 

OrCAD 

Layout 

2.13. '

. , 

. .

. 
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3 

3.1 

- , 

'

. '

. 

- . 

. , 

, , , , 

. 

' - . 

: 

- 

. , , , , 

, . 

- , , 

( )  ( ), 

. 

- . , 

, 

. 

-  ( , ) , 

, , 

. 

- , , , 

' . 
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- , 

, 

. [24] 

. 

3.1 - 
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3.2 

. 

. 

, 

. 

. 

PIC 

, Microchip, 

. 

MPASM. 

MPASM 

PIC . 

Microchip : DOS Windows 95/98 / 

NT. MPASM , 

MPLAB. : 

MPASM, MPLINK MPLIB, . 

MPASM : 

-  ( ) , 

; 

- ' , '

, . 

MPASM . 

, 

INCLUDE <filename>. 

list p=81f4550 

include <p18f4550.inc> 

date equ 0x00 
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manth equ 0x01 

year equ 0x02 

, .hex-

, . 

MPASM 

' ' , '

MPLINK. -

MPLINK ' , 

' . MPLIB 

' . 

' MPLINK 

' MPASM. 

-

ASCII . 

: 

- (labels) 

- (mnemonics) 

- (operands) 

- (comments) 

. 

. . 

. , 

- , 

* ;. 

255 . 

. . : 

List p=16C54, r=HEX 

ORG 0x1FF ;
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GOTO START ;

ORG 0x000 ;

START 

MOVLW 0x0A ;

;PIC 

MOVLW 0x0B ;

GOTO START 

, 

, : 

movlw 0xf8 

movwf trise 

MOVLW - (0 F8-11111000) W 

MOVWF - W f 

movlw 0xb8 (10111000); 

movwf trisc 

movlw 0xf2 (11110011); 

movwf trisa 

movlw 0xe8 (11101000); 

movwf intcon 

movlw 0x40 (01000000); 

movwf pie1 

movlw 0x30 (00110000); 

movwf pie2 

movlw 0xd4 (11010100); 

movwf t0con 

bsf adcon0, adon 

movlw 0x28 (00101000); 

movwl vcon 

movlw 0x7a (01111010); 

movwf uie 
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movlb .0 

, 111- , 000- . 

: 

opr_datch 

btfsc porta, 0 

goto err_zap -

; 

btfsc porta, 5 

goto err_t 

. 

inp_data clrf date 

clrf month 

clrf year 

call date_out - , 

, , . 

: 

clrf stat_date - . 

keytest1 

btfsc portb, 4 

call inc_date - inc_date; 

btfsc portb, 5 

call inc_date 

btfsc portb, 6 

goto inc_status - inc_status; 

goto keytest1 - keytest1; 

dec_date - . 

movf date, 1 

btfss statys, 2 

decf date, 1 

return - ; 
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inc_date 

/ - INC / DEC. 2 , DEC INC. 

' . 

movlw .31 - 31; 

subwf date, 0 

btfss status, 2 

incf date, 1 

return - ; 

inc_status 

movf stat_date, 1 

btfss status, 2 

call test1 

incf stat_date, 1 

goto keytest2 - ; 

test1 

decf stat_date, 0 

btfss status, 2 

goto inp_time - ; 

incf stat_date, 1 

goto keytest3 - . 

- 

. 

, . 

: 

inc_month 

movlw .12 

subwf month, 0 

btfss status, 2 

incf month, 1 

return 
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: 

inc_year 

movlw .99 - ; 

subwf year, 0 

btfss status, 2 

incf year, 1 

return 

. 

: . 

, 

: 

inp_time clrf hour 

clrf minutes 

call timee_out 

, . 

, , 

, . 

, 

. 

, 

. 

, , 

, , , 

' . , , 

. 
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3.2 - . 

PDF created with pdfFactory Pro trial version www.pdffactory.com



58 

3.3 

- ' , 

, . , , 

: 

- ; 

- ' , . 

. 

- , 

,: 

, , , 

. 

- , , 

. 

. 

, 

. 

. 

, , . 

, 

, , 

, ' , , 

. 

, Java, 

, 

. , 

, - 
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, ' ' , 

. , 

. 

, 

, . 

'

, . 

, 

. 

. 

. 

: 

1. ; 

2. 

; 

3. .

, 

, 

. 

, 

, 

. 

, 

, , , . 

. 

, . 
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 (

). 

, 

. 

Watch. , 

' . 

, . 

. 

, 

'

. ' , 

, 

' , 

. 

. 

, , 

MPLAB, 

. . 3.5 - 3.7 

MPLAB . 

MPLAB IDE. 

MPLAB IDE - 

PICmicro MicroChip. MPLAB IDE , 

. 

, 

, 

. 
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MPLAB IDE 

- Watch. , 

. 

3.3 – Watch ( ) 

Watch , ' , 

: . 

PDF created with pdfFactory Pro trial version www.pdffactory.com



62 

3.4 – Program Memory ( ' ): 

Program Memory : 

- ' ; 

- ; 

- ; 

- . 
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3.5 – 

MPLAB

3.6 – 
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3.7 - MPLAB 

. 3.8 

ICProg. * .hex 

ICProg, 

' (JDM, ProPIC . .) 

12 MCLR  « » 

. 
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3.7 – ICProg '
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4. 

4.1 

, 

, 

, . 

: 

Microsoft Windows XP Professional; XP Professional x64edition. 

Vista Business and Ultimate Edition (32- 64- ). QuickTime 

7 , Java 1.6.0 . 

: 

Intel Pentium 4 . 

ArchiCAD. 

' : 

- 1 ' , 2 . - 

ArchiCAD 1 ' . 

- 2 '

3D- . 

: 

- 1024 x 768. 

- 1280 x 1024 . 

- Open GL DirectX9 

' 256 

. 

ArchiCAD AutoCAD 

2000/2002/2004/2005 - , , 
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. ArchiCAD , 

, Xrefs - AutoCAD. 

 1 .4.1. 

, 

, , 

, 

, , . 

, , 

, , 

. , 

, 

20 . 

. 

. 0,35 8 , 

10 - . 

. 

. 

. -  ( , 

- 1,  - , ) , - - , .-

- , - .  ( ) 0,35-50 

, . 

1550 1050 

. 

12652-74. 

155 . , 
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. 

1-50 , 1,2 

- 1, 50 -  - . 

- 1 

: 

, , . 

. - 1 

0,5-50 12652-74. 

. 

. 

, '

. 

2 . 

: (175 175 ) 18 . 

: 

- 18 , - 1 , - 5 , 

24 . 

'

- 185 185 

35 . 

38 16 , 

RESET, 

. 

'

4. 
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- 

' USB. 

4.2 – . 

4.2 

. 

, ' . 

. 

. 

'  ( , ) 

 ( , , ). 

: 

( ),  ( ) . 

, - 

. 
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' . 

. 

. 

. 

. 

' . USB 

. 

USB WI - FI . 

. 

. 

USB - Flash 

. 

. 

RESER, 

. . 
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5. 

, 

. 

- , , 

. 

, 

. 

. 

, 

. 

, 

. – 64000 120000 .

, , 

, 

, 

. 

: 

; ; ; . 

5.1 -

, . 

, . 

2 

0,5 . 3 3 2018 

. (5.1): 

= , (5.1) 
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– , ; 

– , - ; 

– , . 

. 5.1. 

5.1 – 

,

1. 
 ( ) 

4 7,1 2 

2. 4 7,1 2 

3. 
4 7,1 2 

4. 
16 28,6 16 

5. 16 28,6 16 

6. 
8 14,3 4 

7. 
4 7,1 2 

56 100 44 

. 5.1 

, , 

, 

— . . 5.2. 
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5.2 – 

– – 

5.2. 

, 

: 

; 

; 

; 

; 

; 

; 

, 

5. 

6. 

7. 

1.  ( )

2. 

3. 

4. 
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. 

5.2.1 

, . 

, . 5.3. 

5.3 – 

, 
. 

, 
. ,

1 9 000 2 18 000 

1 9 300 0,5 4 650 

2 22 650 

5.2.2 

10% 

: 

= 0,1 (5.2) 

, : 

= 22 650 0,1 = 2 265 .

5.2.3 

22%, 

. : 
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= + 0,22 (5.3) 

= (22 650 + 2 265) 0,22 = 5 481,30 .

5.2.4 

3 : CD-R 3 .; 

30 . 30 . (1 ). 

(5.4): 

= ( (1 + . .) )L      (5.4) 

, , 

.; 

. . – , - ; 

– - , , 

.; 

– - , ; 

– - , .; 

– - ; 

– , . 

= 0; = 0; . . = 0,05;

= (1 + 0,05) (3 + 30 + 30) = 66,15 .

, 66,15 . 

5.2.5 

, , 

. 

.  «

PDF created with pdfFactory Pro trial version www.pdffactory.com



76 

» 

- , , 

, 

. 

: 

= , (5.5) 

– , .; 

– 

, % 

3 000 . 

: 

= 3 000 0,25 = 750 .

 « » 

. 

= ,      (5.6) 

, ; 

– , - ; 

– ; 

– ; 

– , ./( ). 

– 0,2 . 

1 800 . 

0,9 0,6. -

2,11 . 

= 0,2 1 800 0,9 0,6 2,11 = 410,18 .
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: 

= 1 +
.

, (5.7) 

–  ( ) 

, .; 

– , 

; 

– , , , 

/ ; 

. – , / . 

3 723 ., 

44 676 . 

1 750 / . 

1 , 12 

. 

: 

= 44 676 (1 + 0,22) 12/1 750 = 373,75 .

 « » 3% 

90 . 

 « » 5% 

. 

1 623,93 ., 5% 81,20 . 

. 5.4. 
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5.4 – 

, . 

750 

( ) 
410,18 

373,75 

90 

81,20 

1 705,13 

(5.8): 

= ,      (5.8) 

– , .; 

– , 

./ - ; 

– 

, - . 

, 

,  «

 ( )» . 

1 800 . 

: 

= 1 705,13 1 800 = 0,95 ./

56 , 448 . 

, : 
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= 0,95 448 = 425,60 .

5.2.6 

 ( , 

), . 

– 

. 40% 

, 9 060 . 

. 5.5 

5.5 – 

, 
, % 

1 22 650 47,25 

2 2 265,00 4,72 

3 5 481,30 11,43 

4 66,15 0,14 

5 . 425,60 0,89 

6 9 060,00 18,90 

7 39 949,05 – 

8 7 989,61 16,67 

9 47 938,66 100 

5.2.7 -

-

, 

.
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5 A A I A A A A A I

5.1 A a i i

a i i i a

i a a a i a a . 

a a i

a i a a a

. 

a i

. 

- i i a a a a i a a a , 

a a a a a a . 

a i i i a i i a a a , i 

a a i . 

i - ' i ' a a a

' i , , i i , -

a a a . 

a i i a

i i , i . 

i i i 

i ' a i  a i a

a i . 

i i i '  i a  a a

a a i

a a . 

, . 
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74 , 

- 5 ’ 40 

’ . 

5.2 a a

a a

a (« a a a a

») 12.2.007.0–75 « . 

a a », 12.1.004–91 « a a a .  

' . 

- 4 , 

- ,  .

, 

.

: 

, , ; 

, 

. 

54 , 

10 , 

. 

a i a i - ' ' a a

a ' i , , i i a a i i a

2-3 a a 20

.
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a a , a

a i a i a ' i a i , a

a a a ' i a i 3.3.2.007–98 « i i i i 

a i a i i a i a a -

a a ».

a i a a a

ia i a , i , a a a

' i , i a . i a i a a a

a a 2-3 , a i i 

ia a a i i a i . 

i

12.2.007.0–75 « . a

a », , i a i i , i a a i 

 ( a , a i i . .). a i i 

a a i a a a a i a a i i . i

a i 3.3.2.007–98 « i i i i a i a i i a

i a a - a a » A 0.00–

1.28-10 « a a a i i a a a i - a

a », 23" LG Electronics IPS231P-

BN a a i . 

, . , 

, , , 0,3. 

5.3 a a a i a i a i i

' . 

a i  I a i a i i i 

21° -22° 24° -28° , 

60%, 0,3-0,1 / . 
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a a i +26°C, 45 % 

0,1 / . 

20° -21° 23° -24° , 60%-75%, 

0,2 / . a a 

i +17°C, 23 % 

0,1 / . 

3.3.5-8.6.6.1-2002 « i i i a a i a i a i a a a

i i a i a i a, a i a 

a i » 

. : a a 

( ) – 2 ,  ( ) –1 , 

 ( ) -2 . : 

a a  ( ) – 3.2 , 

 ( ) –3.2 ,  (

) -1 . 

3.3.6.037-99 « , 

»  « , 

, - , 

: , 

, » 60 . 2 

.

3.3.6.037-99 « , 

» 100 , 

2 . 

.2.5-28-2006 " " 

300 . 

300 , 2 . 

4.11.7 3.3.5-8.6.6.1-2002: 
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, 1500 1 

- ( ) 1 ; 

1500 -( ) 1 ; 

1490 -( ) 1 ; 

25%  « »-( ) 1 . 

: 

4.11.8 3.3.5-8.6.6.1-2002: 

17 % -(

) 1 ; 

160 -( ) 1 ; 

20  ( , ) 1 

-( ) 1 ; 

 (

)-  ( ) 1 ; 

- 

( ); 

, 

-  ( ) 1 ; 

-  ( );

 ( ), 

 ( , 

.) -  ( ) 1 ;

- -

( ) 2 .

3.2 . 

. 

: 

PDF created with pdfFactory Pro trial version www.pdffactory.com



85 

: 

= 10( + ),      (5.1) 

 – . 

= 10 4 + 4 = 53,33. 

3.2 2 

(  4 a  ( . . a

a a a i ) a i a i i .2.5-67:2013 

« , » 3.2 1 

 ( 22% 

AIRCOMFORT AC 301 N). 

, 1,28. 

= 19,7 1,6 ,      (5.2) 

= 19,7 1,28 1,6 (1,28) =22,59. 

, . 

(5.3): 

,

,
  ,    (5.3) 

53,33 15,6

0,64
= 58,95,

=
22,59 15,6

0,64
= 10,92.
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: 

= 100 ,      (5.4) 

= 100 58,95 = 41,05,

= 100 10,92 = 89,08. 

, %: 

= 1 100 0,2 100% ,     (5.5) 

=
,

,
1 100 0,2 100% = 23,4. 

, :

= ,      (5.6) 

; 

, . 

=
,

24000 = 28080 . 

: 

= , (5.7) 

- , . 
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= = 3,74. 

, 

. 

5.4 a

.01.001-2014 « » [10]. 

, 

, : 

- 27331-87 « . » [11] 

, – ; 

- .1.1-36:2016 «

, 

» [12],  « » – 

, . 

 « » , 

.1.1-7:2016 « ’ . 

» [13] . 

.1.1-7:2016 « ’ . 

» [13] , , 

 ( ), – . 2.09.02-85* 

« » [14], 

. 

, , 

, 

40.1-1.32-01 « . 
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» [15], 44 

- . 

, 

 ( ). 

, . 

, '  ( ). 

.2.5-56:2014 « » [16], 

 « - », 

. 

36 2, . 3.8 

 « » 4297:2004 «

. . » [17] 

, , 

-3,5  2 . 

10 . 

5.5 a a a a a i

, 

.

— 

, 

[17]. 

. 

, 

; , 
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; 

, 

; ; 

, '

; 

; 

. 

, 

, 

, , 

. 

, 

, 

. 

, , , , 

 ( , ) [21]. 

,  ( ) — 

. 

, 

: '  ( , 

.) . 

, 

, , 

, 

. 

, , 

, . 
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 ( ) 

' . 

: — 150 , — 160 

450, — 450 . 

— , 

, . 

— 

, . 

: . 

 ( ) — , 

, , 

-

, . 

, , 

1 , , 

, . 

. '

7 , '

( ) — 40, — 100, 

' — 800—1000 . 

, , 

'  ( ) 

' [22]. 

, -2014 4 

220 . 
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300 .2.5-28-2006 « . 

». 

3.3.6.037-99 « , 

» . 

. 3.8  « » 

4297:2004 « . . 

» , 

, -3,5 2 . 
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, , 

 ( , 

) 

, 

.

 ( , , . .), 

. 

, 

. 

' . 

. 

, , , 

. 

 " " , 

' . 

, 

. 

. 
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1. 17.2.3.02-78. . . 

. ., -

, 1980.

2. -86. 

, . , , 

1987 . 

3. . . 

. . . - .: , 1987 .  

4. . 

2003 . . . . . – 

: „  „ ”. – 2004. – 152 .  

5. , 

 ( - 86). .: , 1987. – 

345 .

6. . ., . ., . . . 

. – .: , 1988. – 166 .  

7. . ., . . 

// . . – 1980. – 2, 1. – . 108-118.  

8. . ., . . 

. – : – , 1978. – 50 .

9. . ., . . 

. – .: , 1991.

10. . , . , . , . . -

. . – .: , 

2001. 

11. . , . . -

. – .: , 1998. 
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12. . ., . . 

. – .: , 2000. – 352 . 

13. . Delphi 5 . .: , 2000.–640 ., . 

14. : 

/ . . , . . .; . . . , . . – 2- ., 

. .- .: , 1983, 432., . 

15. . . . – M.: , 1992. 

16. . – .: 

, 1987. – 124 . 

17. 

. 

. – .: , 

1988. – 63 . 

18. - : . 

 / . . , . . , . . , .; . . . 

. – .: , 1991. – 176 . 

19. 12.2.003-74 " . 

" 

20. 12.1.005–88 . -

. 

21. , 

. 

22/2.1.1.127–03 
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list p=18F4550 
;****Register Definition****
port_a equ 5
port_b equ 6 
port_c equ 7 
;------------------------------------------------------------- 
flag equ 8 ;Flags: 
;----flag bits------------- 
goi3 equ 2 ;+/-100kHz Up/Dwn 
push equ 3    ;
car     equ 4  ; BCDSub BCDAdd 
;------------------------------------------------------------- 
count equ 9 ;temp bit counter in `Send` 
difb1 equ 0A ;\
difb2 equ 0B ;/ b 
kncount equ 0C   ; Disp 
step equ 0D  ; 0=10 1=50 2=100Hz
temp equ 0E  
scan equ 0F   ; 10 
i1 equ 10   ; \ F bcd ( ) 
i2 equ 11 ; | 
i3 equ 12 ; |
i4 equ 13   ; / 
b1 equ 14   ; \ F hex ( DDS) 
b2 equ 15 ; | 
b3 equ 16 ; / 
difi1 equ 17   ; i 
temp2 equ 1A   ;
oldval equ 1B   ;  -\\-
scled equ 1C   ;
led equ 1D   ; :
;---led's bit Definition ------- 
S10 equ 7  ; 10Hz 
S50 equ 6 ; 50Hz 
S100 equ 5 ; 100Hz
onled equ 7
;----port C-------------------------------- 
kn1 equ 0   ; 1...7 
kn2 equ 1 ; -//- 8...14 
dat equ 5 ;| 
clk equ 6 ;| 
str     equ 7 ;| 

org 0 
goto PWRUP 

Tabval addwf 2      ; (r) PC 
retlw 0 ;0 00 00 old 
retlw 2 ;1 00 01 + 
retlw 1 ;2 00 10 - 
retlw 0 ;3 00 11 ??? 
retlw 1 ;4 01 00 - 
retlw 0 ;5 01 01 old 
retlw 0 ;6 01 10 ??? 
retlw 2 ;7 01 11 + 
retlw 2 ;8 10 00 + 
retlw 0 ;9 10 01 ??? 
retlw 0 ;a 10 10 old 
retlw 1 ;b 10 11 - 
retlw 0 ;c 11 00 ??? 

PDF created with pdfFactory Pro trial version www.pdffactory.com



96 

retlw 1 ;d 11 01 - 
retlw 2 ;e 11 10 + 
retlw 0 ;f 11 11 old 

F_ud call Zbyte  ; =00 
movf b1,w 
call Send ;1
movf b2,w 
call Send ;2 
movf b3,w 
call Send ;3 
call Zbyte  ; =00 
bsf port_c,str  ;_- 
bcf port_c,str  ; -_ 
retlw 0 

Send movwf   temp      ; temp 
clrf count ; 
bsf count,3 ;set 08 
bcf 3,0 ;reset `c` 

next bcf port_c,dat 
rrf temp,f    ;
btfsc 3,0 ;c=1? 
bsf port_c,dat 
bsf port_c,clk ;_-CLK
bcf port_c,clk ; -_ 
decfsz count,f 
goto next 
bcf port_c,dat 
retlw 0 

Zbyte bcf port_c,dat ; must be zero! 
bsf port_c,clk ;1 
bcf port_c,clk ;
bsf port_c,clk ;2 
bcf port_c,clk ; 
bsf port_c,clk ;3 
bcf port_c,clk ; 
bsf port_c,clk ;4 
bcf port_c,clk ; 
bsf port_c,clk ;5 
bcf port_c,clk ; 
bsf port_c,clk ;6 
bcf port_c,clk ; 
bsf port_c,clk ;7 
bcf port_c,clk ; 
bsf port_c,clk ;8 
bcf port_c,clk ; 
retlw 0 

PWRUP movlw b'000111' ; . p Timer  
option ;1us*256=256us TMR: 256*256=65,536 mS 
clrf port_b 
clrf port_c 
movlw b'1111'
tris port_a     ; p
movlw b'00000000'
tris port_b     ; B 
movlw b'00000011'
tris port_c ; C 0;1 
clrf step ;step 10Hz 
clrf led 
bsf led,S10    ; 10Hz 
clrf flag 

Idds bsf port_c,str  ; _-_ 
bcf port_c,str  ; 
bsf port_c,clk ;CLK _-_ 
bcf port_c,clk ; 
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bsf port_c,str  ; _-_ 
bcf port_c,str  ; 
call Zbyte 
bsf port_c,str  ; _-_ 
bcf port_c,str  ; 
clrf i1     ; F
clrf i2 ;
movlw 40 
movwf   i3 
clrf i4 
incf i4 ;1 40 00 00 = 14MHz 
movlw 80     ; AD9850 
movwf   b1 
movlw 0B9 ; 
movwf   b2 
movlw 2A ; 
movwf   b3     ; 14MHz=2AB980    (1e8480=10MHz) 
call F_ud 

Disp movlw 7 
movwf   scan     ;    ( 7 1) 
movlw b'10000000' 
movwf   scled    ;
decf kncount  ;

Indik incf scan,w ;+1
movwf   temp ;
bcf 3,0 ;C 
rrf temp ;/2 
movlw 0F       ; .! 
addwf temp,w ;scan`+
movwf   4        ; FSR 
clrf temp 
swapf scan,w ;scan (7...1) 
movwf   temp ; temp (10,20...70) 
btfss scan,0 ;
swapf 0,w      ; scan swap 
btfsc scan,0 
movf 0,w      ; FSR 
andlw 0F       ;
iorwf temp,w ;temp OR w 

Topor movwf port_b ; 
clrf 1 ;timer reset 
movf scled,w ;10000000 rrf to 00000010 
andwf led,w ;maskout 
btfss 3,2 ;z? 
bsf port_b,onled ; no.ON 
bcf 3,0 ; 
rrf scled,f ;shift mask for next cicle 
btfss flag,push   ; .? 
goto Kno ; 
movf kncount,f ; 
btfss 3,2 ;z. kncount=0? 
goto Tune ; . 
bcf flag,push ; . . 

Kno btfsc port_c,kn1 
goto Kn2 
bsf flag,push   ; . 
movlw   .13 ; ! 
movwf   kncount     ; . 
movf scan,w 
addwf 2        ; PC+scan    <0FF
nop ;0 

;--- ---- 
nop ;1 *
nop ;2 * 
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nop ;3 *
goto Left ;4 
goto Right ;5 
goto Dwn ;6 100 kHz 
goto Up ;7 100 kHz 

Kn2 btfsc port_c,kn2 
goto Tune ; 
bsf flag,push   ; . . 
movlw   .14 ;   (2 )   ! 
movwf   kncount ; 
movf scan,w 
addwf 2        ; PC+scan 
nop 

;--- ----- 
nop ;1 * 
nop ;2 * 
nop ;3 * 
nop ;4 * 
nop ;5 * 
nop ;6 * 
goto Step ;7 

Dwn movlw 20 ;5 100kHz down 
movwf   difb1 
movlw 4E 
movwf   difb2 ;4e20
bsf flag,goi3   ; . +1 3-
goto Sub 

Up movlw 20 ;6 100kHz up 
movwf   difb1 
movlw 4E 
movwf   difb2 ;4e20
bsf flag,goi3 
goto Add 

Step btfsc step,1 ;2?
goto St2 ; yes 
btfsc step,0 ;1?
goto St1 ; yes 
incf step ;0 
bcf led,S10 
bsf led,S50 
goto Time 

St1 incf step 
bcf led,S50 
bsf led,S100 
goto Time 

St2 clrf step 
bcf led,S100 
bsf led,S10 
goto Time 

Tune movf port_a,w
andlw 3 ;AND 000000nn 
movwf   temp2 ; 
bcf 3,0  ;
rlf oldval,f   ;
rlf oldval,w ; 0000xx00 
iorwf temp2,w ;OR - 000000nn 
call Tabval 
movwf   temp       ; - temp 
movf temp2,w ;0/?. 
movwf   oldval ;
btfsc temp,0 ;0=old or ??? 1=- 2=+ 
goto Left ;- 
btfsc temp,1 ; 2? 
goto Right ;+   
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Time movlw   .12 ; ! 
subwf   1,w 
btfss 3,0    ; ? 
goto Tune   ; . 

Ind3 movlw   .14 ; 
subwf   1,w 
btfss 3,0 ;c ? 
goto    Ind3 
decfsz scan ; .  scan-1 
goto    Indik    ; . 
goto Disp 

Left btfsc step,1 
goto Le100    ; 100Hz 
btfsc step,0 
goto Le50 ;50Hz 
movlw 2 ;10Hz 
movwf   difb1 
clrf difb2 ;0002
clrf difi1 
incf difi1 ;1 
goto Sub 

Le100 movlw 14 ;100Hz 
movwf   difb1 
clrf difb2 ;0014
movlw 10 
movwf   difi1 ;10 
goto Sub 

Le50 movlw 0A ;50Hz 
movwf   difb1 
clrf difb2 ;000A
movlw 5 
movwf   difi1 ;5 
goto Sub 

Right btfsc step,1 
goto Ri100    ; 100Hz 
btfsc step,0 
goto Ri50 ;50Hz 
movlw 2 ;10Hz 
movwf   difb1 
clrf difb2 ;0002
clrf difi1 
incf difi1 ;1 
goto Add 

Ri100 movlw 14 ;100Hz 
movwf   difb1 
clrf difb2 ;0014
movlw 10 
movwf   difi1 ;10 
goto Add 

Ri50 movlw 0A ;50Hz 
movwf   difb1 
clrf difb2 ;000A
movlw 5 
movwf   difi1 ;5 
goto Add 

Sub movf difb1,w 
subwf   b1 
btfsc 3,0 ;c 
goto Su1 ; cary - 
movlw 1 
subwf   b2    ; 
btfss 3,0 ;c \/ 
decf b3 

Su1 movf difb2,w 

PDF created with pdfFactory Pro trial version www.pdffactory.com



100 

subwf   b2 
btfss 3,0 ;c 
decf b3

BCDSub btfsc flag,goi3  ; 100kHz? 
goto BcdSub3 ;
bcf flag,car 
movf difi1,w 
subwf   i1, F 
btfsc 3,0 ;C?
bsf flag,car 
btfss 3,1 ;DC 
goto adjst1 
btfss i1,3 ; Adjust LSD of Result 
goto Over1 
btfsc i1,2 
goto adjst1 ; Adjust LSD of Result 
btfss i1,1 
goto Over1       ; No : Go for MSD 

adjst1 movlw 6 
subwf   i1, F 

Over1   btfss   flag,car     ; CY = 0 ? 
goto adjst2 ; Yes, adjust MSD of result 
bcf flag,car 
btfss i1,7 ; No, test for MSD >9 
goto Ove 
btfsc i1,6 
goto adjst2 
btfss i1,5 
goto Ove 

adjst2 movlw 60 ; add 6 to MSD 
subwf   i1, F 
bcf flag,car 
btfss 3,0 ;C test if underflow 
GOTO    EndSub 
goto BcdSub2 

Ove btfss flag,car 
GOTO    EndSub ; 

;---2 ----------- ------------ 
BcdSub2 bcf flag,car 

movlw 1 
subwf   i2, F 
btfsc 3,0 ;C?
bsf flag,car 
btfss 3,1 ;DC 
goto adjst12 
btfss i2,3 ; Adjust LSD of Result 
goto Over12 
btfsc i2,2 
goto adjst12 ; Adjust LSD of Result 
btfss i2,1 
goto Over12    ; No : Go for MSD 

adjst12 movlw 6 
subwf   i2, F 

Over12  btfss flag,car        ; CY = 0 ? 
goto adjst22 ; Yes, adjust MSD of result 
bcf flag,car 
btfss i2,7 ; No, test for MSD >9 
goto Ove2 
btfsc i2,6 
goto adjst22 
btfss i2,5 
goto Ove2 

adjst22 movlw 60 ; add 6 to MSD 
subwf   i2, F 
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bcf flag,car 
btfss 3,0 ;C test if underflow 
GOTO    EndSub 
goto BcdSub3 

Ove2 btfss flag,car 
GOTO    EndSub 

;----3 ------------------------- 
BcdSub3 bcf flag,car 

movlw 1 ;1 =100 kHz 
subwf   i3, F 
btfsc 3,0 ;C?
bsf flag,car 
btfss 3,1 ;DC 
goto adjst13 
btfss i3,3 ; Adjust LSD of Result 
goto Over13 
btfsc i3,2 
goto adjst13 ; Adjust LSD of Result 
btfss i3,1 
goto Over13    ; No : Go for MSD 

adjst13 movlw 6 
subwf   i3, F 

Over13  btfss flag,car        ; CY = 0 ? 
goto adjst23 ; Yes, adjust MSD of result 
bcf flag,car 
btfss i3,7 ; No, test for MSD >9 
goto Ove3 
btfsc i3,6 
goto adjst23 
btfss i3,5 
goto Ove3 

adjst23 movlw 60 ; add 6 to MSD 
subwf   i3, F 
bcf flag,car 
btfss 3,0 ;C test if underflow 
GOTO    EndSub 
goto BcdSub4 

Ove3 btfss flag,car 
GOTO    EndSub 

;---4  (=0...3)------ 
BcdSub4 decf i4 ;i4 = 0...2 
EndSub bcf flag,goi3 

call F_ud 
GOTO Time 

;====  3 - b============== 
Add movf difb1,w 

addwf b1 
btfss 3,0 ;c 
goto Ad1 
incf b2 
btfsc 3,2 ;z 
incf b3 

Ad1 movf difb2,w 
addwf b2 
btfsc 3,0 
incf b3 

; xx movf difb3,w 
; xx addwf b3 
;----*** Unsigned BCD Addition *** 
BCDAdd btfsc flag,goi3  ; 100kHz?

goto BcdAdd3 ; yes 
bcf flag,car 
movf difi1,w 
addwf i1,F ;do binary addition 
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btfsc 3,0 ;C? 
bsf flag,car   ;  " " 
btfsc 3,1 ;DC ? 
goto adjust ; adjust LSD 
movlw 6 
addwf i1,F ; Test for LSD > 9 ( by adding 6 
btfsc 3,0 ;C? 
bsf flag,car   ;  " " 
btfss 3,1 ; & checking Digit Carry 
subwf   i1,F ; LSD < 9 , so get back original value. 
goto over1 

adjust movlw 6 
addwf i1,F 

over1   movlw 60 ;add 6 to MSD 
addwf i1,F 
btfsc 3,0 ;C? 
goto BcdAdd2 
btfsc flag,car 
goto BcdAdd2 
subwf   i1,F ;-60H 
GOTO    EndAdd 

;-- ------------------
BcdAdd2 bcf flag,car 

movlw 1 
addwf i2,F ;do addition 
btfsc 3,0 ;C? 
bsf flag,car   ;  " " 
btfsc 3,1 ;DC ? 
goto adj2 ; adjust LSD 
movlw 6 
addwf i2,F ; Test for LSD > 9 ( by adding 6 
btfsc 3,0 ;C? 
bsf flag,car   ;  " " 
btfss 3,1 ; & checking Digit Carry 
subwf   i2,F ; LSD < 9 , so get back original value. 
goto over2 

adj2 movlw 6 
addwf i2,F 

over2   movlw 60 ;add 6 to MSD 
addwf i2,F 
btfsc 3,0 ;C? 
goto BcdAdd3 
btfsc flag,car 
goto BcdAdd3 
subwf   i2,F ;-60H 
GOTO    EndAdd 

BcdAdd3 bcf flag,car 
movlw 1 ;1 = 100 kHz 
addwf i3,F ;do addition 1
btfsc 3,1 ;DC ? 
goto adj3 ; adjust LSD 
movlw 6 
addwf i3,F ; Test for LSD > 9 ( by adding 6 
btfsc 3,0 ;C? 
bsf flag,car   ;  " " 
btfss 3,1 ; & checking Digit Carry 
subwf   i3,F ; LSD < 9 , so get back original value. 
goto over3 

adj3 movlw 6 
addwf i3,F 

over3   movlw 60 ;add 6 to MSD 
addwf i3,F 
btfsc 3,0 ;C? 
goto BcdAdd4 
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btfsc flag,car 
goto BcdAdd4 
subwf   i3,F ;-60H 
GOTO    EndAdd 

BcdAdd4 incf i4,F ;do addition 1 
EndAdd bcf flag,goi3

call F_ud 
GOTO Time 
end 
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