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א 
Pulse Code Modulation ( PCM )  

  19&  18                                                          :رقم التجربة

 KאWאא  : اسم التجربة

אאWאFPCMEFTDMEK 

 

WאPCMאPM؛
 א PCMא      א א  א  

Coding K א   F E     אא  K
 אFא E אQuantizing levels

אFאE؛אאאא
א(Analog-to-Digital Converter "ADC") 

אא(Binary Codes)KW 
  א   16 א א     

 אF10 Eא     א    (ADC)   
(1010)K 

Delta Modulation (DM) 
אא אא אאאא א

FE"go up"FE"go down"W 



א א- 
א

 
224אא 

 

- 111  -  

 
א(Encoder)אא(High)

א(Low)KאאאK 
אאאVoice

    א      K    א؛ א 
אPCMאאאאאאK

אאאDMאאאא
אאFא Eא  K،א 

 א א    א  א  Bandwidth  א
אאKאאאCVSD(Continuously variable slope 

Delta)K 
DMאPCM 

 J     א        
אאBWא23

א K    א א      
אאDMK 

 J        א א     
אK 

אאW  אאKאW 
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אאאW 
 אאאFPCMEK 
 אאFPCMEK 

 אאאאFPCMEK 

אאW 
 אאFPCMEFTDMEK 
 אאאאאאאK 

 אאאFFULL DUPLEX(אFPCM(.  K 
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אא א 
PCM Signal (Generation & Demodulation)  

אאF18E2 

אאW 
1. אאאאFPCM.(  

2. אאא)PCM(. 

3K אאא)PCM(K 

אW 
 אF18 J1Eאאאא(CODEC)
אF18 J2Eאאא،אאאא(AX)

(DX)אW 
 
 
 
 
 

      אF18 J1E 
 
 
 
 
 
 

אF18 J2E 
 אאאאא

א(SX)א8KHzאא
)SAMPLE&HOLD( J JאאK
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אא(ADC)אאא
א

)8 bit()0127الى(+אאאא
)0127-الى()0000 0000()1111 1111(א )0000 0000( 
)1111 0111(א)Quantization(א )18 J3(א 
 
 
 
 
 
 
 
 
 
 

אF18 J3E 
 JאאאאאאאFP/SE
אFPCMEאF18 J4E 

 
 
 
 
 
 
 
 
 

אF18J4E
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אא)COMPANDING(W 
אאא

אאאא)PCME 
אW 

א JA-lawאאאאF6,4,2,0(
א)(PCMאאא )-127()0111 1111(א

א1010 0010(א(. 
 J-lawאאאאא
F6,5,4,3,2,1,0Eא)(PCMאאא)-127()0111 

1111(אאא)00000  000(K 
אאאFאאE )MSB(אא

)0(אאאאא)18 J5Eא 
 
 

 
 

 
 
 
 
 
 
 
 
 

אאאא(DR)(AR)
אאאאאא

א )18 J5( 
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FS/ PEאF (DACאא
F(SAMPLE/HOLDאאאאK   

אאאאאאא
אאאא)TIMING AND CONTROL (אאא

אאאאאאאאא
)CLK(א)1.54 MHZ()SRSX(א)8KHZ(K 

אאW 
1K אא ) Digital Communications Unit( 

2K אאאFOscilloscopeE 

3K אאFFunction GeneratorE 

אאW 

1 Jאאא)PCM (אא)18 J1 (
1(א) ( (codec 1 א)2( )codec 2(  

2 Jא)Signal Generator(אאFAXE)(codec 1 
3 JאאאאF) (4Vp.p1KHZ )E 
4 JאאאF2V/DIVEאF0.2 ms/DIVEאאF1E 
FAXEא)(codec 1אF2E)(ARא)codec 2( 

5 JאאאF18 J6Eא
אאFAXEאאא

אאא)AR(אF2EאF2E؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
 
 
 
 
 
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 
 
 
 
 
 
 
6 Jאאא)4KHZ()(3.5KHZ 

אאא)(0.1KHZ)0.2KHZ(אא
אFאא)BPF(אאאE 

7 Jאאאא)AR()codec 2(؟א 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

8 Jאאא)AX(א)1(א
)(M1א 

M1=                Vp.p          M1=                  KHZ 
9 Jא)1(א)(AX)1(א)2()SX()1( 

אא (2 V/DIV)א)0.2 ms/DIV(אא)1(א
א)M1(א)1()SX(א)2(א)18 J3()SX( 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 
 
 
 
 
 
 
 

אF18J6(

א )18J7( 
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10 Jא)2(א)DR(א)2(אאאא)2(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  

 JFאא)DX(אא)DR(א)1(
א)2(אאאאאאאאא
אא)DR(א)1(א)DX(א)2(

א)1(א)2(אאאאK 
 J18(א J4(אאאK 
 
 
 
 
 

  
 
11 Jאא10(אμs/DIV(אא

א)PCM(אא)LEVEL(אK 
12 Jאא)PCM()Frame(א)8 bit(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
13 Jא)1(א)SX(א)1(אאא)50 s/DIV(א

א)2 ( אאא)(SX)1Eא)(PCMא 
)DR()2(  

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
אF18-9EאFPCMEFSXEאK 

א )18J8(
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 
 
 
 
 
 
 
14 Jא )2(  إلىא)SR(א)2(אא

)SX()1()SR()2(؟  
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

15 Jא )1(א)DR(א)2(אא)SR()2( 
א)PCM(א)(DR)2( 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
16 JאאאF(0.1 ms /DIVאאF1EאF1EFAREא

F2EאF2EF(DRאF2EK 
אאא)Frame( א)PCM()M1(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
17 Jאא0.2(א ms /DIV(א)2()AX()1(א

אאא)AR()2(אאאא)1(
אFAXEאF18 J10Eא 
 JאאF (AX) =…………KHZ                F (AR) =……………..KHZ 

 
 
 
 
 
 

)18J9(

א )18J10( 
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אא 
א 

P C M Signal (Time- Division Multiplexing)  
אאF19E                                2 

אאW 
1. אאאFPCM( )TDM(  

2K אאאאאאאא 

3K אאא)FULL DUPLEX(אFPCM( 

 

אאW 
1K אא ) Digital Communications Unit( 

2K אאאFOscilloscopeE 

3K אאFFunction GeneratorE 

  
  
  
  
  
  
  
  

אאW 
1 J אא)PCM(אא)19 J1 (  وباستخدام وصلات مزدوجة قم

M1-AX()1()(M2-AX)2()DX-DX()1()2 ((بتوصيل
אאאF2 V/DIVEא)0,2 ms/DIV(א)1(

1(א(א)AX(א)2(א)2(א)AX(
אאא)19 J2(אאאא

אK 

 

א)19J1(
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 
 
 
 
 
 
 
2 JאאW 

M1 =                    Vp.p              M1 =                     KHZ        
 M2 =                      Vp.p              M2 =                    KHZ 

3 Jא)M2 ()(M1: 
FM2/FM1 =   

3 Jאאא)S/DIV ( 50 א)1(א)SX()1(א)2(
א)SR()2(אא)19 J3 .(   

 
 
 
 
 
 
 

 
 Jא)SR()2(אא)SX()1(

א)2(א)PCM(אא)؟)1 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

4 Jאא0,2(א ms/DIV(א)1()AX(א)1(א)2(
)AR(א)2( 

 Jאאא)2(אא)M1(؟ 

א )19J2(  

א )19J3( 
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KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
5 Jא)1(א)SX()1(א)2(א)SR()2(א

אא2(אµS/DIV(אF19 J4( 
 

  
 
 
 
 
 
 

אא)SR(אאא)2(אא)CLK (א
אא)SX(אאא)1(אאאא

א)M1(؟
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
6 Jא )CM(אא)19 J5 (אא

א)SR(אא)2(אאא)SX(אאא
)1(؟ 

א)CM(אאאK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
 
 
 
 
 
 

א )19J4( 

א )19 J5( 
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 
7 JאאF0,1 ms/DIVEא)1(א)AX()1(א)2(

)AR()2(א)CM()SR(א)19 J6(
אא)CM(. 

 Jאאא)2(א)M1(אא)؟)1 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
 
 
 
 
 
8 JאאאF50 S/DIVEאא)2(א)1(א)SX(

)2(א)2(א)(SR)1(אאא)7-21(K 

 
 
 
9 Jא)2()M2(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
10 J؟אאא 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
11 JאאאF20 S/DIVEא)1()DR()2(א)2(

א)SR()1()M1-PCM()SR()1( 

א )19J6( 

א)19J7(
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12 Jאא0.2אmS/DIV)Eאא)1(א)1(א)AX(
)1(א)2(א)AR()2( 

 Jאאא)2(אאא)1(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

13 Jאאא)EX.TRIG.(א)AX()1(א
אאF20 S/DIVEאعلى)EXT.()CM(אאאא

)FULL DUPLEX(  

14 Jא)1(א)SX()1(א)2(א)SX()2(א)19 J
7( 

אאאK 
 Jא)1()M1(א)2()M2(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
15 Jא)2(א)DR()2(  والشكل)اراتيوضح الإش )8-19. 

אאאא)2( ؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
 
 

16 Jא)2(א)SR()2(א)2()PCM-M1(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 J19(א J9(אK 

א)19J8(



א א- 
א

 
224אא 

 

- 125  -  

 
 
 
17 Jא)1(א)SX()2(א)2(א)SR()1(  

א)1(FPCM-M2 (؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

18 Jאא2(אms/Div(א)1(א)AX()2(א)2(
א)AR()1(אא)2(אאא)1(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 J19(א J10(א 
 
 
 
 
 
 
 
19 Jאאאא)AX()1(אאא
)EXT.(אאא)1S/DIV(א)1(א )SX()1(א 

)2(א)CLK(אKא)19 J11(א 
 
 
 

א)19J9(

א )19J10(
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 
  

 
 
 
 
 
 
20 Jאאאאאאא)19 J12(K  
 JFSXEFCLKEאאF19 J12E؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 
 
 
 
 
 
21 Jא)1(א)DR()2()PCM(א)1(א 

אא)SX()PCM(א)19 J13( 
 
 
 
 
 
 

א )19 J11( 

א)19J12(

א )19J13( 
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22 Jאא5(אS/Div(א)1(א)SX()1(א)2(
א)DR()2(אאאאאאא

א)SX(א)1 ()PCM(א)2(א)19 J14( 
 

 
 
 
 
 
 
 Jא)PCM(אא)2(FM1()M2(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
23 Jא)1(א)SX()2()CM()SX(א)2(

)PCM(א)2(א)19 J15( 
 Jאא)PCM(אא)2()M1 ()M2(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 
 
 
 
 
 
 
24 Jא)1(א)SR()1()SR()1(
א)PCM( )2(א؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
25 Jאאאא)1(א)SX()1(א 

א)19J14(

א )19J15( 
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)SR()2(אאא)PCM()M1(FM2E؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

26 Jאאא)PCM(א)2 (؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  

27 J)CM(אאאאאא)PCM(אאא
אFPCME؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
28 Jאאא)PCM(؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
29 Jאא2(אS/DIV(א)CM()PCM(

א)2(אאא)PCM(FE 
 

T pcm = ……..….. sec 
 

30 Jאא)20s/DIV( )SX(א)1( 
א)19 J16( 

T sx= ……………ms 

 
 

 
 
 
 
 
31 Jא5.208S Tpcm = وTsx = 0.125S   )PCM(א)SX(؟

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

א)19J16(


