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אF13E 

אF13EWאאאאא 

 

אאFmmHgE אאFmmHgE 

    

F6E 

20K אאאא 

  

KאאאאKL-720 

1Kאא KL-75005 אאKL-72001Kאא
אW 

 
אאKL-72001 אKL-75005 

א א א  א א 

א 
MODULE 

 J 9 JPin  J J2 



א אאFE אא 
 233 א 

  

56 

2Kא KL-75005،אאאא1،2،34K 

3KאYאאאא
אJ1א KL-75005K 

4KאאאאYא
אK 

 
אF14E 

5KאאאK 

1K אא(CW)K 

2K אאאאא2 J3אאא
אאאKאK 

3K אאאK 

OUTPUT 



א אאFE אא 
 233 א 

  

57 

 

אF15E 

W 

א،א2 J3mmHgKא
200אmmHgאאK 

אא3אKאא
K 

אRS-232 OUTPUTאאKL-72001אRS-232
אאRS-232K 

אKאMODULE:KL/75005 (BPM)אאLCD
אSELECTאKL-72001K 

אאאFאאאFEאאFKE 

א 

KL-720KאאKL-720  



א אאFE אא 
 233 א 
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F16E 

14KאאAcquireKאאאRS-232
אאאKL-75005W 

 

 



א אאFE אא 
 233 א 

  

59 

F17E 
 

W"time out"،COM،א
אאRS-232K 

 

15Kאאא10אmmHgא
180mmHgK 

16Kאאאא2 J3mmHg
אK 

17KאאVOLT/DIVTIME/DIVאאאK 

18Kא1516KאVo2אCH2Kאא
אאAmplifier GAIN2 potentiometer

AK 

 
F18E 



א אאFE אא 
 233 א 

  

60 

1K א1516KאאאאאK 

2K אאKL-720KאאאאK 



 

61 

3K 

אא  

אאאא  


א










א








  

4



א אאאFE אאא 
 233 א 
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אאא 

FאE  

CARDIAC RHYTHM  

אאWאא  

 
 

אאWאאאW 
 
 אK 
 אK 

 א 
 

אאאWאאא85٪ 
 

אאW4 
 

אאWאאאאK 
 

אאWאא 

  

  

  



א אאאFE אאא 
 233 א 
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  الوحدة الرابعة

א  

CARDIAC RHYTHM 

  

אאאא 
  

  Wאא

אא 

אא 

אא 

 
 

אאW 
- א 
- א 

  



א אאאFE אאא 
 233 א 
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  خطوات التدريب 
  
1E אאאK 

אא 

2( אאא)3( 

3( אאאW 

   CH1 10 علىmV/div. 
CH2 10 علىmV/div. 

time/div. = 0.5s/div.    
coupling = DC  

4E אא،אCH1CH2K 

5E אאאאא0.5K 

6E אאא20K 

7E אאUoutאאFCH2E
אUinFCH1KE 

8E אאF1EאUoutK 

9E אאF1EF2אE 

10(  א  א8 E א  א   א    F1E
א K  א   א  ،  CH2 א  

time/div.CH1 CH2: 

1 Hz 0.2s/div. C
H
2

10mV/di
v. 

10 
H
z 

 20ms/di
v. 

C
H
2

20mV/di
v. 

20 
H
z 

 10ms/di
v. 

C
H
2

50mV/di
v. 

25 
H

 10ms/di
v. 

C
H

50mV/di
v. 



א אאאFE אאא 
 233 א 
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z 2
30 

H
z 

 10ms/di
v. 

C
H
2

50mV/di
v. 

40 
H
z 

 10ms/di
v. 

C
H
2

50mV/di
v. 

50 
H
z 

 5ms/div. C
H
2

50mV/di
v. 

60 
H
z 

 5ms/div. C
H
2

50mV/di
v. 

100 
H
z 

 2ms/div. C
H
2

20mV/di
v. 

1kH
z 

 2ms/div. C
H
2

5mV/div
. 

11( א  1 א א א  K א א  א
אאאא. 

12E אאF2EGmaxK 

13E אF6EW 

G = Gmax 
1.414 

14E אאאאfminfmaxאאא 

15E אβאF3EK 

אא 

16E אR6אאK 

17E אאF4EK 

18E אW 

  CH1 10 علىmV/div. 
CH2 10 علىmV/div.  



א אאאFE אאא 
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      time/div. = 20ms/div.  
              coupling = DC  

19E אאאא10אK 

20E אאא20K 

21E אאFKE 

22E אאאK 

23E אאאK 

24E א30אFE 

25E אאאK 

26E אאא7א8K 

27E אאRminR7FE،אאF4EK 

28E אR6אאאאRmax
א1 J4KאR6R7K 

29E אR6א7א8אW 

R¼ = R7 + R6/5  
F¼אא( 

30E אאF4KE 

31E אאK 

32E אאK 

33E אW 

  CH1 10 علىmV/div. 
CH2 0.4 علىmV/div. 

34E אאF5EאUoutFCH2EאG 

אאK 

35E אאאאK 

36( אR6א7א8א: 

R½ = R7 + R6/4 
37E F½אאE 



א אאאFE אאא 
 233 א 
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38E אאF4KE 

39E אאאאא30E34ECH21V/div.K 
40E אR6א7א8אW 

41E R¾ = R7 + R6/5 
42E F¾אאE 

43E אאF4EK 

44E אאאאא30E34ECH22V/div.K 

45E אR6א7א8אW 

46E Rmax  
47E FאאE 

48E אאF4EK 

49E אאאאא30E33ECH22V/div.K 

אא 

50E אR6אאK 

51E אאאF5EK 

52E א: 
  CH1 10 علىmV/div. 

    CH2 1 علىV/div. 
        time/div. = 0.5s/div.  

               coupling = DC  
53E אאאאא1 

K 

54E אאא20K 

55E אR6K 

56E אא17FCH2KE 

57E אאF4EK 

58E אאאF4Eאא 

אF5EKאTonTאא 



א אאאFE אאא 
 233 א 
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،אTonאאTאאK 

59E אאF5EK 

60E אR6אאFKE 

61E אTonTK 

62E אR6אK 

63E אאא0.80K 

64E אאK 

65E אאא1.2K 

66E אאK 

67E אאא55E57EאF5EK 

68E אאאאK 

69( אא.  

  
  الرسم التخطيطي الكهربائي

  
  

   المضخّم المتقدم والمضخّم للكسب المتغير)1(الشكل 
  



א אאאFE אאא 
 233 א 
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   مقارن التخلفية المغناطيسية)2(الشكل 
  
  

  بيانات الحساب
  

  عرض النطاق )1
                              β = FMAX – FMIN 

 الكسب )2
                            G = outU 

                                   Uin  
  



א אאאFE אאא 
 233 א 
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  )للترتيب(الرسم التخطيطي الطوبوغرافي 
  
  

  
  )3(الشكل 
  

  
  
  )4(الشكل 



א אאאFE אאא 
 233 א 
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  )3(الشكل 
  
  
  
  

  قائمة أدوات التشغيل
  

  الخصائص  المصنع  الوصف  المرجع
  
  
  
  
  

      

  
  1الجدول 



א אאאFE אאא 
 233 א 
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  التردد 

  )هيرتز(
Uin  

[mV]
Uout 
[V] 

 الكسب
[V/V]

0.5  20      
1  20     

10  20     
20  20     
25  20     
30  20     
40  20     
50  20     
60  20     

100  20     
1000  20     

  
  2الجدول 

  

  
  )6(الشكل 



א אאאFE אאא 
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 الكسب
[V/V] 

FMIN  
]هيرتز[

FMAX  
]هيرتز[

β  
 ]هيرتز[

  
  
  
  

      

  
  3الجدول 

  
  

RMIN 
 ]أوم[

RMAX 
 ]أوم[

¼ R 
]أوم[

R½  
 ]أوم[

R¾  
 ]أوم[

  
  
  
  

        

  
  4-3الجدول 

  
  

  UOUT 

[V] 
 

 الكسب
[V/V] 

¼ 
R

    

R½     
R¾    

  
  5-4الجدول 
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  )7(الشكل 

  
  
  

  
  )8(الشكل 

  
  

  التردد
  ]هيرتز[

T  
[s] 

TON 
[s] 

VMAX 
[V] 

0.8        
1        

1.2        
  

  5الجدول 
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  التمثيل البصري وقياس تكرار نبضات القلب

  عن طريق الحساس الضوئي
  :هدافالأ

- אא 

-  א  א א א  א  א אא  אDL 

3155BIO4 
  

  :أدوات التشغيل
- א 
- א 

-  
  

   عملهالمدربما يجب على 
  

א א   Kא א א  DL 3155BIO6 K א א
אאאK 

 א  א DL 3155BIO4 א א  א  א  
 א    א K  א  ،DL 3155BIO4 

K 
،אאאא،אאא

אאK 
 

 ،א א   א  א אא  3 K 
אDL 3155BIO4K 

 א א א   אא Fאא  E DL 3155BIO4
אאאאOFFK 

 א א א   אא Fאא  E DL 3155BIO6
אאאאOFFK 



א אאאFE אאא 
 233 א 

  

 

- 72 - 

   عملهالمتدربينما يجب على 

  :يجب عليهم
1EאDL 3155BIO6אK 
  
  
  

  قياس تردد نبضات القلب
  عن طريق حساس ضوئي

MEASUREMENT OF THE CARDIAC FREQUENCY 

BY MEANS OF AN OPTICAL SENSOR  

  

 

2EאאR6אאFKE 

3EאאאDL 3155BIO6K 
4EאאF1EK 

5EאאאW 

CH21V/div. 

time/div. = 0.5s/div.  
coupling = DC 

CH21V/div.א،X1אK
     ،א א א    א א 

K 
6 E א Fא  Eא  

CH1CH2K 
7Eא2425K 
7Eא1718K 
7EאK 
8Eאא،אאאFאEא30

K 



א אאאFE אאא 
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9EאFאEאא،אאאאא
אאK 

Wאאאאא،אאאW 
1 Eא       א א  א א 

א، 
2 Eא Fא Eאא   

אK 
3E،אאאא،אאאא

אאאאK 
10 E א  R6Fא   א  א   Eא  

אV8אאאאאK 
 W א   R6 א CH2א     

FאEאאK 
 
11EאאאאK 
12 E א   א א  א א א FCH2 WE

אאאK 
13EאאאF2KE 
14EאאאאאאK 
15 E א  FCH1 Eא   א   א   Kא

א א 60א   א א
אK 

16EאאאאאאK 
WאאאאאאאK 

17E؟א،אאא 
WאאאאאK 

18EאאאאאFV8KE 



א אאאFE אאא 
 233 א 
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19 E א6 אא10אאאא
אK 

20EאאF1KE 
21EאF2EאK 
22EאאאאאאאF1KE 
23EאאאאF2KE 
24EאאאאאאK 

Wאא19E20EאK 
25EאR6אאFKE 

26EאאK 
 
 
 

  القلبنبضاترار مقارنة بين القياس الرقمي والقياس التماثلي لتك

אא،אאDL 3155BIO4K 
27EאDL 3155BIO4אK 
28EאאS1S2DL 3155BIO4אOFFK 
29EאאR6אאFKE 
30EאאX1DL 3155BIO6אDL 3155BIO4K 
31EאאאDL 3155BIO6K 
32Eא2425K 
32Eא1718K 
32EאK 
33Eאאאאא،FאEא
30K 
34 E א  Fא E א  ،א א א א  א

אאאK 
Wאאאא،אאאאW 



א אאאFE אאא 
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1 Eא א א       א א  
א، 

2 Eא Fא Eאא  
אK 

3E،אאא،אאאאא
אאאאK 

35 E א  R6Fא   א  א   Eא  
אV8אאאאאK 

36EאאאאLED V6DL 3155BIO4K 
37EאS1אאאאKא

Fאאא ،א Eא  א א،
R6K 
38EאS2אאאאK 
39EאאK 
40EאאK 

  )للترتيب(الطوبوغرافي الرسم التخطيطي 
  

  
  )1(الشكل 



א אאאFE אאא 
 233 א 
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  قائمة أدوات التشغيل
  

  الخصائص  المصنع  الوصف  المرجع
  
  
  
  
  

      

  1الجدول
  

  
  

  )2(  الشكل



א אאאFE אאא 
 233 א 
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  النتائج
  قياسحالة ال

(s) 
  تكرار نبضات القلب

  )دقة في الدقيقة(
10    
20    
30    
40    
50    
60    

  
  2الجدول 

  
  

Fmin Fmax  
  )دقة في الدقيقة(

Fmedia 
  )دقة في الدقيقة(

  
  
  
  

    

  
  3الجدول 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



א אאאFE אאא 
 233 א 
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  أداء عداد قياس التردد
  
  

א אא   א א א  א א   א  DL 

3155BIO6K 
אאאאK 

 
א א א 
Tmis 0 J60 

א 
4א 

Tmis 60 J70 
א 

12 

אא 

50 
א 

60 
א 

70 
א 

80 
א 

1٪ 
1٪ 
1٪ 
1٪ 
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 אאאא 

אאאאFFEE  




א


א



א





א

  

5



א אאFE אא 
 233 אא 
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אא 
 

אאאא 
Light Sensors & Opto-isolation    

 
 

אאWאאאאא 
 

אאWאאאW 
 
 אאK 

 אאאK 

 
אאאWאאא85٪ 

 
אאW4 

 
אאWאאאא 

 
אאWאא 

  
  



א אאFE אא 
 233 אא 
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  الحساسات الضوئية و العزل الضوئي 
Light Sensors & Opto-isolation    

  
אאW 

אאאK 

אאאאK 

 
אאא 

א 

 

 

 
אא 

6E אאא1W 

          G = - R6 / R7 
R6 = 2.7KΩ 
R7 = 560 Ω  

אא 
 

F1EWאאאאא 
 



א אאFE אא 
 233 אא 
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F1Eאאא 
 

Wאאאא 
11 אK 

12 אS1K 

13 אא4אאא1.3V
אאאledon K 

14 אאאאאV2אאא
V3K 

15 אא65Vאא؟אV3א 

16 אאאאאW 

 
 



א אאFE אא 
 233 אא 
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F2E 

17 אאW 

CH1 on 20mV/div 
CH2 on 50mV/div 
time/div.= 50ms/div 
coupling = AC 

 
18 אא1Vא

10אHzK 

19 אא7אאאאF1EW 
 

 

 
1 

 



א אאFE אא 
 233 אא 
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20 אאאא8אK 

21 אVPPא8אאK 

22 אאF1EאאאאאK 

23 אאאאאK 

24 א200אmVאאK 

25 אא4FV4KE 

26 אא6FV6KE 

27 אאאK 

28 אאאF2EW 

 

 
2 

29 אאא1418אאא
אF2E 

 אאא؟ 30

31 אא6؟ 

 
Wאאא 

 
1E אא11א13אא 

2E אR90.68FאאE 



א אאFE אא 
 233 אא 
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3E אאF6E 

4E אאאW 

CH1 20 mV/div. 

CH2 on 5 mV/div.  
time/div.= 20ms/div.  

coupling = AC 
 

5E א10010
K 

6E אאא15FV15E 

7E אCH2אא12F12E 

8E אאאאאאאאK 

9E אאאאאאאא
אאK 

10E אאאא29303132אF6KE 

11E אא12 

12E אא12 

13E אא15 

14E אאאאאאאאK 
15E אאאאאK 

16E א3439אאאF6KE 

17E א3.4אאK 

18E ؟אא 

19E אא6؟K 

20E אK 

21E אא 

 
 
 
 
 
 



א אאFE אא 
 233 אא 
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אא 

 
אF3WEאאא 

 

 
אF4EWאאא 

 
א 

1E אאא1 



א אאFE אא 
 233 אא 
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2E אאא2 

 

 
3E אאאאא 

 

 
 

 
 

 
אF5EWאא1 

 



א אאFE אא 
 233 אא 
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אF6EWאא2 

 
 

 
 



א אאFE אא 
 233 אא 
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אא 
 

א א א אא 

    

 
3א 

 
א 

 
 

Vppא7 
(mV) 

Vpp8א 
(mV) 

אא 
V8\V7 

FV\VE 

אאא
א1 

FV\VE 
    

 
4א 

 



א אאFE אא 
 233 אא 
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א 
FmVE 

אא
4V4 
FmVE 

אא
6V6 
FmVE 

אא
1 
zV\Vx 

200    

400    

600    

800    

1000    

 
5א 

 
אF7EWא8א 

 
 
 



א אאFE אא 
 233 אא 
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א 
FmVE 

א
13א 

FmVE 

א
15א 

FmVE 

א
א 

zV\Vx 

א
א 

(mA) 

100     
200     
300     
400     
500     

 
6א 
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אאאאאא  

אאאאFFEE  


א


א




א








א


א



א









6



א אאFE אא 
 220 אאא 

 
  

 

- 93 - 

אא 
 

אאא  
ECG 

  

 
 

אאWאאאالقلبيــــة  
 

אאWאאאW 
 

 א 
 א 

 א 

 
אאאWאאא85٪ 

 
אאW4 

 
אאWאאאא 

 
 

 



א אאFE אא 
 220 אאא 
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אאWאא  
אא  

  
אאא  

ECG 
  
 אא 

 
אאECGK 

אK 

אECGK 

 
אאא 

 
א 

 

simulator 

 
אא 

 
אW 

Gain = Vout / Vin = - ( R39/R38 )……( 1)  
 

אא 



א אאFE אא 
 220 אאא 
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אאאECGW 

 
אF1E 

 
אאאאECG 

 

 
אF2E 

 
אאאאNotch filter 



א אאFE אא 
 220 אאא 
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אF3E 

 
אאSIM( +Vcc , -Vee , Gnd )

אאK 

אK 

אF ( POWER ONאSimulatorאON
K 

אאK 

 
WאECG 

 
 א א Simulator א  '' CALIBRATE ''  

אא'' ECG-SIM ''K 

אאFbncE'' CALIBRATE INPUT ''K 

אא3Vpp 1HzK 

אprobeאאא'' OUTPUT ''אא. 

א5א8א11א12K 



א אאFE אא 
 220 אאא 
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א17א19K 

אאECGאF4EW 

 

 
F4Eא 

 
אאW 

 
CH1 →  200mv/div 

Time/div = 250 ms/div 
Coupling = DC 

 
א(SENS.)אECG400mVpp

K 



א אאFE אא 
 220 אאא 
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  W     א   א  

500אאאECG 6 mVא
ECGאאא

אאא3 mVא
אECGK 

 
אאאECGKאאF1KE 

אאאא'' CALIBRATE INPUT ''K 

אPOWER ONאOFFK 

 
WNOTCHא50-60 Hz 

 
אא18אK 

א1VppK 

א50 60אאאאאK 

אאא22אFא50L60KE 

אאW 

CH1 to 20mV/div 
time/div. = 5ms/div 

coupling = AC 
אK 

אR22K 

אR25K 



א אאFE אא 
 220 אאא 
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  R25 א  אR22 
אK 

אאאאK 

אאK 

 
WECGWECGא 

 
אאאא‘’SIMULATOR’’K 

אא“ECG-SIM”K 

אא60 bpmאא(60/120 bpm)K 

אאSIMאONK 

אאאאW 

 
 

CH1 to 100mV/div 
time/div. = 100ms/div 

coupling = DC 
אECG אאאK 

אאאF5EW 



א אאFE אא 
 220 אאא 
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F5E 

אא R 
אK 

אאאאאF6WE 
 

 
אF6E 



א אאFE אא 
 220 אאא 

 
  

 

- 101 - 

אאאא120 bpmK 

אאK 

אא R 
אK 

אאFאאF6EEא
אאאאW 

 

 
1 

 א  א א א  א א  א א 
אF14אEאאאK 

אאאאאF1KE 

אPOWER ONאOFFK 

אאK 
 

 
 



א אאFE אא 
 220 אאא 
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אWECGאW 
 

אאאאאאW 
 

אאאאK 

אאאK 

 א א    F א+Vcc א -Vee Eא  
אאאאאאK 

אא1.5 Vא א
אאK 

אאאאK 

אאK 

 
אאK 

 
אאאK 

 א   א F  Eא אא
אאK 

אאאF  EW 

אאRAא10אאאאK 

אLAא10אאאאK 

אא10אRLאאאK 
 

 



א אאFE אא 
 220 אאא 
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אאאאLLאאאK 

 

 
 

F7Eא 
 

אאאא
אאאK 

 א א    א  SIMFINPUT PROBEE
אF8WE 

 



א אאFE אא 
 220 אאא 
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F8EWאאא 
 

אאאאFIIKE 

אF +Vcc , -Vee ,0VEאאאK 

אאאאECGK 

א5א8א11א12K 

א17א19K 

אאECGK 

אאאW 
 

CH1 to 50mV/div 
time/div. = 250 ms/div 

coupling = DC 
אאאFPOWER ONKE 

ECGאאאK 



א אאFE אא 
 220 אאא 

 
  

 

- 105 - 

א1719K 

  17 18 א    NOTCH FILTER F
אR22 , R25K 

אאאאF50 or 60 

HzKE 

2219K 

אאאאK 

אאא
אK 

 
אאאF9EW 

 
F9WEECG 

 
אאאאאF10EK 

 



א אאFE אא 
 220 אאא 

 
  

 

- 106 - 

 
F10WEECG 

 
 א  א א  א  FI E    א 

אR22 , R25אK 

אאK 

אאFIIIEאאR22 , R25
אK 

אאK 

אאאאא712K 

אאאאא12א
א 

אאK 

אאאאאSIMK 

 
WECGאאאאאW 

 



א אאFE אא 
 220 אאא 

 
  

 

- 107 - 

ECGא
   אא      א    א א

K 
 

אאאאSIMULATORK 

אאECG-SIMK 

אא(60/120bpm)60 bpmFאKE 

אאאBIO5FPROBEKE 

א5א8א11א12K 

1719K 

אא30אאECGK 

אאאW 

CH1 to 100mV/div 
time/div. = 250mS/div 

coupling = DC 
BNCBNCאK 

א1אא2אאK 

אאPOWER ONאONK 

אאאאאK 

אECGאאK 

אאאאK 

אS1אאאK 

אאאK 

 



א אאFE אא 
 220 אאא 

 
  

 

- 108 - 

Wאאאא
אאECGאSENSK 
 

אS2אאאאאא
K 

אאK 

אאK  



 

109 

אאא 

אאאאFFEE  




א






א




א







  7



א אא אא 
  220   אאאאאא

 
  

 

109 

אא 
אאא 

EMG 
  

 
אאWאאאא 

 
אאWאאW 

 
 א  
 א 

 א 

 
אאאWאאא85٪ 

 
אאW4 

 
אאWאאאא 

 
אאWאא  



א אא אא 
  220   אאאאאא

 
  

 

110 

  
אא 

אאא 
EMG 

 
אא 

 
אאEMGK 

אEMGK 

 
אאא 

 
א 

SIM 

 
אא 

 
אאאW 

 



א אא אא 
  220   אאאאאא

 
  

 

111 

 
F1E 

Wאאא 
 

Wאאאאא
אאאאאא

אאאאאW 
 
1 JאאאK 
2 JאאאאאK 
3 JאFא+Vcc , -VeeEאא

אא-SIMאK 
4 Jאאא1.5 Vאא

K 



א אא אא 
  220   אאאאאא

 
  

 

112 

5 Jאאאא
אאK 

 
אאאאאאEMG א

אאאאאא
אאא

אK 
 

96K אFWE 

 

 
אF2E 

 אRAאK 

 אLL20 cmאאאאא
אאK 

 אRLFאאERALLאK 

 
97K אאאK 

98K אאאK 



א אא אא 
  220   אאאאאא

 
  

 

113 

99K אאאאאא
אאK 

WאאאאאK 
 

100K אאאאאK 

101K א“INPUT PROBE”אא
SIMK 

102K אאאאII K 

103K אאF+Vcc, -Vee،EKKK
אK 

104K אאאEMGK 

105K א8א10K 

106K א17א19K 

 
Wאאאאאא

2אkHzאאK
אאאC10אאC11F

א11א12KEאאאC5C6
א56א8 

 
107K אאFWE 

 



א אא אא 
  220   אאאאאא

 
  

 

114 

 
אF3E 
 

108K אאW 

 
CH1 to  0.5 V/div 
Time/div = 50 ms/div 
Coupling = AC 

 
109K א“SENS”א

FאKE 

110K אאSIM 
111K אאא

אאאK 

112K אאF
KEKKK 

113K אאאאאא
אK 

114K ؟אאאאא 



א אא אא 
  220   אאאאאא

 
  

 

115 

115K אאאאא
אאK 

116K אאאאאF50/60 

HzENOTCHF
א17אא19א17א18

22א19KE 

117K אאאK 

 
WאאאאאאBICEPS 

אאאTRICEPS 
 

118K אאFWE 

 

 
אF4E 

 אRA אאאאאK 

 אLL10cmאאK 

 אRLFאאEאאאK 



א אא אא 
  220   אאאאאא

 
  

 

116 

119K אאאK 

120K אאK 

121K אbiceps אא
אאאK 

122K אאאא
אK 

123K אאאאאאK 

124K אאאאאK 

125K אאאא
אא 

126K אאאאאאאK 

127K אאאאK 

128K אאאK 

 
 
 
 
 
 
 
 

  



א אא אא 
  220   אאאאאא

 
  

 

117 

אא 
 

אא 
EEG 

 
 
אאWאאא 

 
אאWאאW 

 
אאאK 

 
אאאאאK 

 
אאK 

 
אאאWאאא85٪ 

 
אאW 4 

 
אאWאאא 

 
אאWאא



 

118 

אא 

אאאאFFEE 


א










א







 8



א אאFE אא 
  220   אא 

  

118 

 
אא 

 
אא 

EEG 
  
 אא 

 
אאאK 

 
אאאאאK 

 
אאK 

 
אאא 

 
א 

 

simulator  



א אאFE אא 
  220   אא 

  

119 

 
אא 

אaF8–14E 
1 J אאאאא1אVpp 

2 J א10א 

3 J אא28אFא8–14E
אF2KE 

4 J אW 

CH1 to 0.2v/div., 
time/div.=20ms/div., 

coupling = AC; 
5 J אא 
6 J אR27R30א 

7 J אR27אאאCH1
Fאאאא
אE 

8 J אאאאאא(T(f=10Hz)) 

9 J א 

10 J אא 

 
אא 

 
11 J אWאאאאא

אKאאאאאא
אאאאאאא،א

אאאאאW 
12 J אאאאאאK 
13 J אאאאאK 



א אאFE אא 
  220   אא 

  

120 

14 J אאא
אא-SIMKאאאא

אאאK 

15 J אא-SIMא
 ،Kאאא1.5א

16 J ،אאאאאאא
אאאאאK 

17 J אאאאאK 
18 J אאא 
19 J אאאאאא

אא 

20 J Wאאאאאא
אK 

21 J אאאFאאF4EW 
22 J 1אWאאFאאE 
23 J 2אWאאFאאE 
24 J 3אWאא 
25 J אCWא،אאא 
26 J Wאא،א

אא12אאאKאא
אאאאאאאK 

27 J אאאאאא
K 

28 J אאאאאאאא
 

29 J אאאאאאYINPUT PROBE[א
א-SIM 

30 J אאאאI 



א אאFE אא 
  220   אא 

  

121 

31 J אאאאאאאא
א 

32 J  א-SIMאאאאא
אאאאא 

33 J א58 

34 J א810 

35 J א1718 

36 J א2219 

37 J אאאאאא
אF3KE 

38 J אW 
39 J CH1 to 0.1V/div., 
40 J time/div.= 0.2s/div., 
41 J coupling = AC; 
42 J אאאYSENS[

א 
43 J אYPOWER ON[אאDL 3155BIO5-SIM

אON 

44 J   א 

45 J אא
אאאאא 

46 J אא 

47 J אאא 

48 J אWאאאאא
 אאא؟

49 J אא17אא19 

50 J א22א19 

51 J א2223 



א אאFE אא 
  220   אא 

  

122 

52 J א2829 

53 J WאאאאaK 
54 J אאאאא

א 
55 J אאא

אאאאK 

56 J אאII 

57 J  אאאאאא 

58 J אא 

59 J אאא-SIM 

60 J  
61 J Wאאאאא

א3אא،IIIK 
 

 
אאא 

 
אF1Eאאא 

 



א אאFE אא 
  220   אא 

  

123 

 
 
 
 

 
62 J אF2EWאאאאאא 

 



א אאFE אא 
  220   אא 

  

124 

 
63 J אF3EWאאאאאא

א 
 

 
אF4Eאאאא 

 
  

 
 



 

- 125 - 

א 

אאאאFFEE  










א








9



א אאFE אא 
 220 א 

  

 

125 

אא 
 

א 
Audiometric test      

 
 
אאWאא  

 
 

אאWאאאW 
 

 K 

 
 אאK 

 
 א 

 
אאאWאאא85٪ 

 
אאW4 

 
אאWאאאא 

 
אאWאא 



א אאFE אא 
 220 א 

  

 

126 

אא 
 

א 
Audiometric test      

 
אא 

 
K 

אאK 

א 

 
–אאא 

 
א 

 

 

 

 
–אא 

 
Wא 

129 אאK 

130 אONK 



א אאFE אא 
 220 א 

  

 

127 

131 אאR17FאvolumeE
אאFKE 

132 אאא26אK 

133 אאR8א
8.5 – 9 VK 

134 אאא30אK 

135 אאR3410.5 VK 

136 אאF18 LEDEאאONK 

 
Wאאא

R17אאא،אR8
F8,5→ 9 VEא26K

א30א10.5VFאR34KE 
אR8אא26Fא

8.2VEאא3010.5V،
אFאאאא

אK 
 

Wא،א 
137 אאR17א

אK 

138 אS1א2K 

139 אאR3אאF
KE 



א אאFE אא 
 220 א 

  

 

128 

140 AUDIO OUTK 

 
אאW 

 
141 אS2אא(L)K 

142 אאא10אK 

143 אאR3100HzK 

144 אאFאאE
אK 

145 אF1EאאdBW 

 
146 אאR17א

אK 

147 אS1א2K 

148 אR3200HzK 

149 אאFאאE
אK 

150 אאאdBW 

 
151 אא18→22אאאא
K 

152 אאאאאאFF1E
אאFאאWE 

 
אאW 



א אאFE אא 
 220 א 

  

 

129 

 
153 אS2אאFRKE 

154 אאאא
אאאאF1EK 

155 אK 

156 אK 

157 אאאK 
 
  



א אאFE אא 
 220 א 

  

 

130 

  1جدول 



א אאFE אא 
 220 א 

  

 

131 

  
  
  
  

  
F1E 

 

 
 



 

 

אא 

אאאאFFEE  








א




א
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א אאFE אא 
 220 אא 

  

132  

 
אא 

אא 
 Skin resistance meter 

  

 
אאWאאא 

 
אאWאאאW 

 
 אאK 
 אאK 

 אאא 
 

אאאWאאא85٪ 
 

אאW4 
 

אאWאאאא 
 

אאWאאא 
 
 
 
 



א אאFE אא 
 220 אא 

  

133  

אא 
אא 

Skin resistance meter 
 

אא 
 

אאאK 

 
אאאK 

אאאא 

 
אאא 

 
א 

 

אא 
אאא 

 



א אאFE אא 
 220 אא 

  

134  

אא 
W 

،אאא،אאא
Fא1.5EאFאאKE 

 אאFאE،،א
אאאאאK 

 א،א30
K 

 
1E אא 

 
אא 

2E אS2א 

3E אאאאLEDא 

 
Wאא،אא 

4E א8א،אא 

5E אא OUT14 

6E אאH5F6אEא 

7E אV+،10 

8E א2 

9E אאS1LEDK،
א 

10E א2א 

11E ،אא200א،4א3 

12E אאאאR5Fא60E 

13E אאאאאF2KE 



א אאFE אא 
 220 אא 

  

135  

14E ،אאאא،אאא
אF2KE 

15E אאא 

16E אאאאאאא10א 

17E אא5 

18E אאאאK 

 
אאא 

 
19E אV+0אV 

20E א14אאOUT 

21E א14אV+F6אE 

22E LEDא 

23E אאאאV+F6אE 

24E אV+LED1אKאאא
LED 

25E אאאאאאא 

26E אאאF23ELED אא 

27E אאF3KE 

WאV+ אאא1.4،
אאאN2 

28E אV+ אV0 

29E אR35אאK 

30E אS2 

31E אR35אFאאE 

32E R30אאFאאאE 

33E אאאאאאא18א
א 



א אאFE אא 
 220 אא 

  

136  

34E אא 

35E אV+LEDא 

36E אF4Eאאא18א،
LEDK 

37E אאא 

 
 
 
 

אא 
 

38E אא OUT14 

39E אא 

40E אV+10 

41E אR9 ،אאא 

42E אS2א 

43E אאא4א3א
א60 

44E אא 

45E אS2 

46E אאאOUTFCH1E 

47E אאW 

Time/div = 0.2 s/div 
CH1: 2V/div 

 אW  

 
48E אאאאאא 

 
 



א אאFE אא 
 220 אא 

  

137  

W،אאאא،א
Fא1.5EאK 

אאFאE،،
אאאאאK 

א،א
30אK 

 
49E אא 

50E אR 9אא، 

51E א 

52E אאאKאאאאא
אאK 

Wאא،אאFא
R9E 

 
53E אאא 

54E אאאאאא
א 

55E אא،אאאאאאא
אאאK 

56E אאאK 

 



א אאFE אא 
 220 אא 

  

138  

 

אאא 

 
אF1EWאא 

 
 

 
 

אF2EWאאא 

 

 



א אאFE אא 
 220 אא 

  

139  

 

 

א 

1E אאאא 

 
 

אאא 
 

א א א א 

 
 

 
 
 
 
 
 
 
 
 
 

  

אF1E 
 
 

אאא 
 

 



א אאFE אא 
 220 אא 

  

140  

5אFE אFE אFE 

 
 
 
 

  

 
אF2E



א אאFE אא 
 220 אא 

  

141  

 
 

א אאFEאאFE
LED 1א 125  

LED 2א 250  

LED 3א 375  

LED 4א 500  

LED 5א 625  

LED 6א 750  

LED 7א 875  

LED 8א 1000  

LED 9א 1125  

LED 10א1250  

 
3א 



א אאFE אא 
 220 אא 

  

142  

 
 
 

א אאF
E 

אאFE 

אא   

LED 1א   

LED 2א   

LED 3א   

LED 4א   

LED 5א   

LED 6א   

LED 7א   

LED 8א   

LED 9א   

LED 10א   

 
4א 



  

143  

א  

אאאאFFEE  







א



  

11



א אאFE אא 
 230 א 

  

 

142 

אא 
א 

Respiratory frequency meter 

 
 

אאWאא 
 

אאWאאW 
 
 אאK 

  
 אאK 

 
 אאאK 

 
אאאWאאא85٪ 

 
אאW4 

 
אאWאאאא 

 
אאWאאא  

  
  

 



א אאFE אא 
 230 א 

  

 

143 

אאאאא 
 

אאW 
- אא 
- אא 

- אאא 

 
אאW 

א 
א 

א 
 
1Kא   = Fmax - Fmin   βΔ   

 
2Kא      

Uout 
G =   

  Uin  
  

אא 
 

1 J אא 
 

אא 



א אאFE אא 
 230 א 

  

 

144 

 
אF1EWאאאאא،אא 

 
2 J אאאF2KE 

3 J אא… 

 
CH1 on 20mV/div              
CH2 on 0.4 V/div               
Time/div=0.5s/div             
Coupling=DC                    

 



א אאFE אא 
 230 א 

  

 

145 

 
אF2E 

4 J ؛אאCH2 CH1
אאK 

5 J אאאאא0.5אK 
6 J אאא100 
7 J Wאאא؛אאCH2 

אCH1 

8 J אאUout א 
9 J אא 

10 J א J 8א Jאא  א א 
אF2KE 



א אאFE אא 
 230 א 

  

 

146 

11 J א. א  א     CH2
אtime/divCH2CH1W 

0.75Hz  → 0.5 s/div  CH2=0.4V/div 
1 Hz → 0.2s/div   CH2=0.4V/div 

1.5Hz →0.2s/div   CH2=0.4V/div 
2Hz → 0.2s/div   CH2=0.4V/div 
5Hz → 0.2s/div    CH2=0.4V/div 

 
12 J א   א  א  אF5E 

אאאאא 
 

13 J אאGmax2א 
14 J אאF5EW 
Gmax 

G =  

1.414 
 

15 J אFminFmaxאא 
16 J אא2 

 
אא 

 
 

17 J אאR8א 
18 J אF3E 

19 J אאW 
CH1 on 50 mv/div 

CH2 on 2 mv/div 
Time/div.=0.5s/div 

Coupling=AC 



א אאFE אא 
 230 א 

  

 

147 

 
אF3E 

19 Jאאא1א 
20 Jאאא200 
21 JאאFאE 
22 Jאאאא 
23 Jאא 
24 Jאא30אא 

25 Jאאאא 
26 Jאאאא10אא11 
27 JאאRminR9FאE؛אאאF2KE 
28 J  א אR8 א א RmaxאF2 Eא 

R11R9 
29 JאR8אא10אא11W 



א אאFE אא 
 230 א 

  

 

148 

 
F¼אאE 

אאאF4KE 
30 Jא 
31 Jאאא 
32 Jא 

CH1 on 50 mv /div 
CH2 on 2 v /div 

 
33 JאאF5EUout אא FCH2Eאאא

אK 
34 Jאאא 
35 J א R8 א א     10א א11

WR… 

 
FאאE 

 
 
 



א אאFE אא 
 230 א 

  

 

149 

 
אאאF4E 

 
36 Jאא3034אCH2 2v/div 
37 JאR11אא10אא11א

WR…. 

 
FאאE 

אא2א J4K 
38 Jאא3034אCH22v/div 
39 JאR11אא10אא11

RmaxFאאEא؛אF4KE 
40 Jאא3033אCH22v/div 

 
אאא 

 
41 JאאR11אK 

42 Jאאא F4KE 
43 JאW 

CH2 on 20 mv/div 
CH2 on 1v/div 

Time/div=0.5s/div 
Coupling=DC 

 



א אאFE אא 
 230 א 

  

 

150 

 
אF4E 

44 Jאאא1א 

45 Jאאא200 
46 JאR11אא 
47 Jאאא20אFCH2E 
48 JאאF6KE 
49 Jא א   F6 Eא  F7Eא   Ton؛

T؛אאאאאאTonאאא
Tא 

50 JאאF6KE 
51 JאאR11FאאEאK 
52 JTTonאא 
53 JאR11אא 



א אאFE אא 
 230 א 

  

 

151 

54 Jאאאא0,80 
55 Jאאאאא 
56 Jאאא1.2 
57 Jאאאאא 
58 Jאא55א J572.6א 

59 Jאאאא 
60 Jאא 

 
 
 

א א א א 

 
 
 

   

F1E 
 

א 
FHzE 

Uin 
FmVE 

Uout 
FVE 

א 
FV/VE 

0.5 100   
1 100   

1.5 100   
2 100   
5 100   

 
אF2E 

 



א אאFE אא 
 230 א 

  

 

152 

 
אF5E 
 
 
 
 

א 
FV/VE 

F min 
FHzE 

F max 
FHzE 

 
FHzE 

  
 
 

  

3א



א אאFE אא 
 230 א 

  

 

153 

 
Rmin 

FE 
Rmax 

FE 
R1/4 

FE 
R1/2 

FE 
R3/4 

FE 

 
 
 

    

 
4א 
Uout 

FVE 
א 

FV/VE 
R1/4   

R1/2   

R3/4   

5א 

 
אF6E



א אאFE אא 
 230 א 

  

 

154 

 
אF7E 
 

א 
FHzE 

T 
FsE 

T on 
FsE 

V max 
FVE 

0.8    

1    

1.2    

 
6 

 
 
 
 
 
 
 
 
 
 



א אאFE אא 
 230 א 

  

 

155 

 
 
 
 
 

 
אא 

א 
Respiratory frequency meter 

 
  

 אא 
 

אאK 

אאK 

אאאK 

 
אאא 

א 

 
 

 
אא 

Wאאא 
1K אאאK 



א אאFE אא 
 230 א 

  

 

156 

2K  א א  R8   א  א  F
KE 

3K אאאF1WE 

 
F1E 
  

4K אאאW 

CH1 → 1V/div 
Coupling → DC 

5K אאR1א5-3 VK 

6K אPROBE 2K 

7K אאאF2WE 

8K אאW 



א אאFE אא 
 230 א 

  

 

157 

 
CH1 → 0.2V/div 
time/div. → 0.5s/div 
coupling → AC 

 
9K אR8FאאEK 

10K א،אK 

 
 

 
 

 
אF2E 



א אאFE אא 
 230 א 

  

 

158 

 
Wאאאא،א
אאK 

11K V1FאEאK 

 
Wאאא

אאR8K 
12K אאאאאא

F3WE 

 
 

 

 
אF3E 

 
 

 
13K אאא20אK 

14K אאW 

 



א אאFE אא 
 230 א 

  

 

159 

 
CH1 → 1V/div 
time/div.→ 0.5s/div  
coupling → DC 

 
15K אאאאאF4WE 

 

 
אF4E 

 
 

16K א20אFREQ. SYNTH. IN K 

17K אאאFREQ. SYNTH. OUTאK 

18K אאK 

19K “Frequency Synthesizer”אא
600K 

20K אFREQ. SYNTH. OUTאFREQ. IN
אRESETאK 

21K אאאאאא
אאLאK 



א אאFE אא 
 230 א 

  

 

160 

 
Wאא

K 
אאאאא

אK 

 
22K אא5אאאF1WE 

 

 
1 
 

 
23K אR8אאא

אK 

 
Wאאאא 

 
אאאאאW 

 
24K אא 



א אאFE אא 
 230 א 

  

 

161 

25K אS1 , S2אאOFFK 

26K אאR8אאF
KE 

27K אאRESP. OUTK 

28K אPROBE 2K 

29K אFREQ. OUTאFREQ. SYNTH. INK 

30K אR8K 

31K א،אK 

32K אFאEאאאא
אאK 

33K אR8FאאEאV1
K 

34K אFLED V6EאK 

35K אS1K 

 
Wאא

אR8 
 

36K אS2אאאK 

37K אאאK 

38K ؟אK 

39K אאאK 

 



א אאFE אא 
 230 א 

  

 

162 

אא2 

אאא 
אאW 

- א 

- אא 

- אא 

  

אאW 
- א2אDL 3155BIO6 

  

אאW 
א - 
- א 

- א 

-  

- FאE 

  
  
  



א אאFE אא 
 230 א 

  

 

163 

  
א 

  
،אאאאאא2 

 א א א   אא Fאא  Eא   א
 א    א  א אOFF K  ،אא  אא 

אאאאאONK 
א 

    
1EאאאK 

אאא 
FREQUENCY MULTIPLIER AND VISUALIZATION BLOCK 

2EאR6אאFKE 

3EאאאF7E 

4EאאאW 

 CH11V/div. 

CH21V/div. 

time/div. = 0.5s/div.  
coupling = DC 

5Eאאאאא1K 

6Eאאא3K 

7EאאK 

Wאא60א،Fא
LH J0.02אLH J1E 
8EאאאאאF19אKE 
9EאאאאF2KE 

10EאאאאK 
11EאאF2KE 



א אאFE אא 
 230 א 

  

 

164 

12 E א CH2א   20א  א   א  ،
א،אK 

13EאאF8KE 
14EאאאW 

 CH11V/div. 

CH22V/div. 

time/div. = 0.5s/div.  
coupling = DC 

15Eא0.8K 
16Eאאא21FCH1Eא0.8

אF3KE 
17Eא1K 
18 E א  א   21FCH2 KEא  א  א א 

VCOאאאPLLK 
19EאאF3KE 
20Eא1.5K 
21Eאאא21אF3KE 
22EאאאאPLLאאK 



א אאFE אא 
 230 א 
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אאWא  
DIGITAL FREQUENCY METER: EVALUATION OF ITS PERFORMANCE 

23Eא2 J2K 
24Eא2425אK 
25Eאאא3،1F60אKE 
26EאFאEאאאK 
27 E א  א א  א  א    K א 

אאK 
28 E א     א F،א     א

אKE 
29EאאאאF60אKE 
30EאF5ETMISאאאאאK 
31EאאאאK 
32Eא1F60אE1.16F70אE

אאK 
33EאאאאF70אKE 
34EF5ETMISאאאאא

אאK 
35Eאאאא3235א2

אF5KE 
36EאאאאאK 
37EאאאאאאK 
38EאאW 

0.83 F50אE 
1 F60אE 

1.16 F70אE1.33F80אE 
39Eאאאא18אאK 



א אאFE אא 
 230 א 
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40EאאF5Eאאאאאאא
אK 

41EאאK 
  

  W Kאא

  
  

אאא 

  
  

אF5Eא 
  

  
אF6Eאאא 



א אאFE אא 
 230 א 
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א 

  
א 

אZFrINPUT / FrMEASURED 

אא،אLאאL 

 
Fr[Hz].60ZFr[bpm] 



א אאFE אא 
 230 א 
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אאאאFE  
  

  
אF7E 
  

  
אF8E 

  
  
  
  



א אאFE אא 
 230 א 
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אא 
  

א א א א 
  
  
  
  

  
  
  

    

אF2E 
 

א 
zx 

אא 
zx 

א 

  
  

    

אF3E 
  

 Uא21 
[V] 

0.8  
1  

1.5  
אF4E 

  TMISF0 J60 
אE 

[s] 

TMISF60 J70 
אE 

[s] 
     

א
2 

    

אF5E 



א אאFE אא 
 230 א 
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  تردد الدخل

  ]هيرتز[
لتكرار بالتمثيل ا

  البصري
  ]دقة في الدقيقة[

0.83    
1    

1.16    
1.33    

  
6א 
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א 
 

א א
א 1 

אאWא 3 
אא،אא،א 3 

אאא 3 
 4 

אאWא 15 
אא 16 

אא 16 
אא 17 

אא 18 
אא 18 

אאא 22 
אאא 22 

אאא 23 
אא 24 
א 24 
א 25 

אאא 26 
אאWאא 28 

אאא 28 
אא 31 
 33 
אאאWא 34 

א 34 
א 35 
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 36 
אאWא  
אא  
א  

אאאא  
  

אאWא 37 
א 37 
א 38 

אאאא 39 
אא 41 

אאFאE 42 
אא 43 

אא 44 
א 45 

אאא 46 
א 47 

אא 47 
א 47 

 48 
אאאאאא 49 
אאאאאא 50 

אאא 51 
אאאא 52 

אא 53 
אא 56 

אא 56 
אא 57 
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אאא 57 
אא  
א  

 59 
אאאא  
  

אא  
א  

  
  
  
  
  
  
  
  
  
  
  

 


