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١ Jאאאאאא
אאאאK 

٢ Jאאאאאאא
K 

٣ Jאאאאאאאאא
אאאא 

٤ Jאאאאאאאא 
٥ Jאאאא

אאאK 
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אא 
 

١ J؟אאK 
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٢ Jאא؟א 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
٣ JאFWאאאE 

 Jא 
 Jאאאא 
 Jאאא 
 JאאK 
 

٤ JאאאאW 
 

           
 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 

 
 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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٥ Jא،אאא؟אאא 

 

 
 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
K 

אאFWאאאE 
 Jאא 
 Jאא١١٠٠٠ 
 Jא 
 Jאאא 
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אא 
 

אאאאאא،W 
 

אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
אאאאאא،אא

F√E،אאאאא
אאK 

 
אאאאW 

א 
אאFאאE 




   

 
١ JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢ JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣ JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٤ Jאאא 

 
 

    

אאאFאEאאא
،א????אאא

אK 
 
 



  

 

  

אא 

 


א









٢
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אאWא 
א 

אאWאאאאאא
אאאK 

 

אאWאאW 
١ JאאאאאאאאאאאK 
٢ JאאאאאאK 
٣ JאאאאאאאK 
٤ JאאאאאאאK 
٥ JאאאאאK 
٦ JאאאאאK 
 

אאאW١٠٠K٪ 
 

אאWHאא 
 

אאW 
١ JאאאאאK 
٢ JאאאאאK 
٣ JאאאאאאK 

 

אאאW 
אאאאאא

אKאאאאאK 
 

אאW 
١ JאאאאאK 
٢ JאאאאאאK 
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א 
 

• אאאאאאאאאאאK 
• אאאאאאK 
• אאאאאאאK 
• אאאאאאאK 
• אאאאאK 
• אאאאאK 
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אIntroduction to workshop 
 

אאאאאאאKא
אאאאאאא

אKאאאאא
אאKאאא

אאKאא
W 
 Jאאאא 
 Jאאא 
 Jאא 
 Jאאאא 
 Jאאאא 
 Jאאאאאאא 
 

אאאאאאאאאא
אאאאאא

Kאאא
אW 

 Jאאא 
 JאאאI,V,R 
 Jאאא 
 Jאא 
 JאאאאאאK 
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א Multimeter 
 

אאאאאא
אאאאאאא

AVO-meterאאאאאאאאא
: 

Ampere             Volt               Ohm  
 

אאאאאאאאאא
אאKאא

אאאאאאK 
 

אאאאאאאאא
אאאאK 

 
אאאא

אאאאאאKKKא
א?א??Multimeter?،אאא

אV, I , RKאאאאאV
אRאIאאאאאDiodeא

אאContinuityאCapacitanceאFrequencyא
אאTransistorKKKאKאF١EאאאאK 
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F١Eאא 
 

אאאאא
אאFאEאאK 

 
אאאאאאא

אאאFאאאE
אאאאאKא

אאאאאא
Kאאאאאא،א

א٤٤٠٦٠٠אאKאא

אא 

א 

אAC/DC 

אאא 

אCx

hFE 

mA 

١٠ 

א 

אא 
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אאאאאא
אאאK 

 
א VOLTAGE MEASUREMENTW 

 
Wאאאאא

אK 
 

١ JאאאאCOM،אאא
אVΩK 

٢ JאאACאאDCאאAC/DC
אאאK 

٣ JאLאאאF J JEא
אאאKאאא،אאאא

،אאאK 
٤ JאאאFאEאאא

،אאאאK 
 

אאאאאאאאאא
אK 
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אCURRENT MEASUREMENTW 
 
 JWאאאאאאKאא

אאאא،אא
،אאאאאLאאK

א10אAK 
 Jאאא،א10AאאL

אK 
 JאאאאאK،אא

،אאKאאאK 
 Jא،אאאאא

אאK 
 

١ JאאאאCOMאאא
אmAKאאאmAא٢٠٠،

א10אAאmAK 
٢ JאאאDCאאACאאAC/DCK 
٣ JאLאאFאEאאKאאאאא

א،אא،אאK 
٤ Jאאאאאא،אא

K 
٥ Jאאאאאא١٠٠٠٧٥٠K 
٦ Jאא،אאאאא،

אאאאEHFאאאאF JEK
WאאאK 

٧ JאאאאאאאK 
٨ JאאאאאאK 
٩ JאאאK 
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FEא Power Supply Unit 
 

אאאאאK
אאK

אאאאאא
F٢EKאאDC

אא٣٢٢Kא
אאאKאא

אVOLTAGEאCURRENTK 
 

אאCONSTANT VOLTAGE ( CV)
אאCONSTANT CURRENT (CC)אאאא

METER V/AKאאCVCCK
אאאK 

 
אא٥א٣،

אאאאOVERLOAD (O.L.) אK 

 
F٢Eאא 
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אW 
 JאאDCאאW 
١ JאאאOFFK 
٢ JאאאK 
٣ JאאאאאKא

אאV/AVFאEK 
٤ JאMULTIMETERאא،אK 
٥ JאONKאאK 
٦ JאאאKאא
אאאK 
٧ JאאאאאK 

 
 JאאDCאאW 
١ JאאאOFFK 
٢ JאאאK 
٣ JאאאאאKא

אאV/AAFאEK 
٤ Jאmultimeterאא

אshuntאאFאאR
VI =E

אאאא٥א
K 

٥ JאאאPOWERא
אאאאK 

٦ JאאאאK 
٧ JאאאאK 
٨ Jאאאאאאאא 
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 JאאDCא٥אW 
 Jא5VDCW 
١ JאאACאOFFK 
٢ Jאאא 
٣ Jאאאאא5VDCא،

אK 
٤ JאאאPOWERK 
٥ Jאאאאא،אאא٥

אVDC25.0±K 
 
 Jא3A MaxW 
١ JאאACאOFFK 
٢ Jאאא 
٣ Jאאאאאא

3A Maxאא،K 
٤ JאאPOWERK 
٥ Jאאאאא٣ 
٦ JאאאאאאאאאOVERLOAD

אSHORT-CIRCIUTK 
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אאFunction Generator 
 

אאאאאאK
אW 

 JאאSquare Wave 
 JאאTriangle Wave 
 JאאSine Wave 
 JאאRamp Wave 
 JאאPulse Wave 
 JאSaw tooth 

א٢}٠א٢Kאאאא
אVCF،אFאאEoffsetTTL

CMOSK 
 
אאאW 
 

אF٣Eאאא،W 
 JאאPWRPower 
 JאאRANGE 
 JFUNCTIONאאא

אאsquaretrianglesineK 
 JאאCOARSEאאFINEFא

MULTIPLIEREאאאאK 
 Jאא/ INVDUTYWאאא

א،אTTLCMOSא،DUTYK
٥٠L٥٠אאאCAL،אא

١٠٠٪Kאאא
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אאKאאpulse 
widthאduty cycleK 

 

 
 

F٣Eאא 
 

אdutyאFאאEאPULL
FאאEאאאאK 

 
 JאאFא–אEאOFFSET/ADJ

LEVELW 
אאFאאEאא

אאK 
 

WאFאEoffsetאא
א،K 
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 JאAMPLITUDEאאאאW 
 
אאAMPLITUDE٢٠אאאא

אאFUNCTIONKאא٢٠א
אאא،٤٠אאK 

 
 Jא OUTPUT 
 

אאאאאאא٢٠
אאpeak to peakFאEאFאATT

E 
 

WאאVCFאPULSEאאBNCK 
 
 JאאאINPUTVCFW 
 

FאאVoltage-Controlled FrequencyEאא
VCFאאאא

אאאאFאאFrequency 
Modulation FMKEH١٠VCFאא

אאאאא١٠W١Kאאא
אאVCFK 

 
 JאTTL CMOS 
 

אאאTTLCMOSאאאאא
אKאrise timeאfall timeאא٢٥
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Kאpulse widthאאrepetition rate 
אא،אrangemultiplierdutyK 

 
 JאCMOSאCMOS/TTL 
 

אאFאEא
CMOS٥١٥אK 

 
אWPULSE OUTPUT SWITCH 

אאאTTLCMOSא،
אTTLאCMOSK 

 
 J 

אאאאאאאK
LEDK 

 
אאאW 

 JאאאאאW 
RANGE                                           10K 
MULTIPLIER                                 Max. CW 
FUNCTION                                    TRIANGLE 
DUTY                                             CAL 
AMPLITUDE                                 MAX 
OFFSET                                          PUSH 
ATTENUATOR                             0dB 

 
 JאאאOSCILLOSCOPEאאאאK

א٢٠אאK 
 Jאא٢٠אאא

FUNCTIONK 
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 Jאאאאאא٢٣
אK 

 JאאאאאאאATTא
٢٠K 
 JאאFא–אEאDC OFFSETWאאא

אאאאאKאאאFאאEא
אאאאCLIPאאא

אFאאEאV10±K 
 

אאאאFאאEאאא
אאאKאאאאאאא

אK 
 
 JאאDUTY CONTROLWאאאא

אאאאא،CWCALK 
 

אאאאאא١٠W١
אאא،K 

 
 JאINVERT SWITCHWאאאאFא

EאאאאאאK 
 

אאאאK؟א 
 

אאאאW 
אZ٢Cא 

،אאאאRANGE
אאCOARSEאאFINEאMULTIPLIERK 
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אPULSE OUTPUT 
אאאKא،אא

אאTTLאCMOSKא
אאNORMא"ON TIME"אאא

RANGEאMULTIPLIERאא"OFF TIME"א
אאK 

 
WINVERTאINV،א" OFF TIME" א

אאRANGEאMULTIPLIERא" ON TIME"
אאK 
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אאא 
 Oscilloscope 

 
אאאKאאא

אאאאאאOSCILLOSCOPEKא
אאKאאאא

،אtriggeringאאא
אאK 

 

 
 

F٤Eאאאא 
 

אאאאאאאאא
אאCATHODE RAY TUBEFCRTEK

אאאאאאאFV, IE
אKאאאFאאEאא

אאאאאאK 
 



א ٢٢٤ אא 
א  א 

 
  

- ٥٢ - 

אאאאאאאא
PEAK-TO-PEAKאFREQUENCYאאא

אTIME PERIODSאWAVE SLOPEאאPHASE ANGLES
אאFREQ. RESPONSEKאF٤EאאאאK 

 
 

אאאWDouble Channel Oscilloscope 
אאאאHAMEGאאHM 303-6

אF٥KE 
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אאאHM 303-6 
 

 
F٥EאאאאHM 303-6HAMEG 

 
אאאHM 303-6HAMEG 


א 

אא א 

١ POWER 
H 

אאאאאLEDא 

٢ INTENSא אאא 
٣ TRACE ROTATION

א
 

אאאאFאא
EKאא 

٤ FOCUSא FאEאאאא 
٥ Y-POS.Iא אאא١KאX-YK 
٦ Y MAG. x 5 ،אY١Fא

٥אKE 
٧ Y MAG. x 5 ،אY٢Fא

٥אKE 
٨ Y-POS.IIא אאא٢K 
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٩ SL0PE אא 
١٠ SL0PE 

TRא 
אאא Jאא

אSWEEP 
١١ LEVELא א 
١٢ X-POS.א אאא 
١٣ X-MAG. x 10 ١W١٠אאFEאX١٠Kresolution١٠

FX-YEK 
١٤ VOLTS/DIVא١٢

 
attenuatorא١K

Yא١ J٢ J٥ 
١٥ CH I/II-TRIG. I/II אאWא١א١אK

א،אא٢אא٢Fא
אאאDUALE 

١٤ VAR. GAINא אאא١YK 
١٦ DUAL אאאאKאא

א١אא٢אאK 
١٧ ADD אאאKאINV.א 

١٦H١٧ CHOP DUALADDא١א٢
 

١٨ VOLTS/DIVא١٢
 

attenuatorא٢K
Yא١ J٢ J٥ 

١٩ VAR. GAINא אאא٢YK 
٢٠ TRIG. MODE אאW 

ACW١٠١٠٠LFWDC٥}١ 
DCWDC١٠٠TVWא 

٢١ AT/NM אWאאאFאE 
אWאאאLEVEL 

٢٣ ALT א١א٢אאDUALא 
٢١H٢٢ ≈ AT/NMALTאאאאא 

٢٣ HOLD OFFא אאאKאאאא 
٢٤ TIME/DIVא אFאE،א٢}٠١}٠

K 
٢٥ Variable time base control

 
אKאא٥}٢אK

אאאאאK 
٢٦ XY XYא،KאXא١KKא

אK 
٢٧ TRIG. EXT. אWאאKאW،א
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אאTRIG. EXT. 
٢٨ INPUT CH IBNC א١אאאאX-YKאא

٢٠אK 
٢٩ AC-DC א١אאW 

DCWאאACWא 
٣٠ GD אא،אY 
٣١ ٤ א 
٣٢ INPUT CH IIBNC א٢Kאא٢٠אK 
٣٣ AC-DC א٢אאW 

DCWאאACWא 
٣٤ GD א،אאY 
٢٥ INV. אא٢אKאADD

אא١אא٢א 
٣٦ TRIG. EXT. BNC אאFאTRIG. EXT.K 
٣٧ COMP. TESTER

 
אאאאKא
X-MAG. X10 

٣٨ COMP. TESTER
٤ 

אאאא 

٣٩ 0.2 VPP א  
٤٠ CALIBRATOR 1KHz/1MHz

 
אא،אאאWאא

אאאאK 

 
אאאאW 

 

אאאאW 
אאאאאאא

אKאאאאאאא
אK 

 
אאאW 

אא،אאאא
אאeffective voltage, Veff(root mean square voltage, Vrms)K
אאאאאאאא
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אאpeak to peak voltage, VPP
F٦KE 

 
אאאאאFrmsEW 

83.222
PPPP

RMS
VVV =

×
= 

Vrmsא٨٣}٢אVPPKא
אאK 

 

 
 

F٦Eאאאאאא 
 

אאאW 
  

אאאאאא
COMP. TESTERאKאאאאINTENS, 

FOCUS, X-POS, X-MAG. X10אKא
Kא٤א

AlligatorKאאאאאCOMP. TESTER
אאאאK 

 
WאאאאאאK 
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אאאאW 
 

• אאFLissajous figures E 
• א 
• אא 
• אאאאDUAL 
• אאAM 
• אאEYE PATTERN 
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אאאאא
אKאאאאאאK

אאאאאאW 
 

١ JאאאTransistor TesterW 
אDiodesאאאTransistorsKא

אאאאKא
LeakageBetaאאEmitterאBase

אCollectorאF٧EKאאא
אאאאK 

 

 
F٧Eאאא 

 
٢ JאאCapacitor testerW 
אאאאאKא

אאאאאK
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אPower Factor،אLeakage،אאאOpen circuits،
אאאאאK 

 
W 

• אאא
אK 

• אאK 
• אאאאאאאא

אK 
 

٣ JאאFrequency counterW 
אאאfrequencyא،Hertz (Hz)K

אאאKאאautomatic triggering،א
אאhigh-stability time base،،

א،אאKא١٠א١٢٠א
א٣}١FGHzEKאאF٨EK 
 

 
F٨Eאא 
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٤ JאSignal GeneratorW 
אאאKאאAudio-Frequency (AF) 

Generator אאאאאא٢٠א٢٠K
אאRadio-Frequency (RF) Generator א

אאאאאKאאאאא
SINEאSQUAREאאאFא

AttenuatorEאDistortionKאNoise 
Generator אאאאאאאK

אאאאאAFRFKאא
אאא١א٣٠K 

אMarker Generatorאאא
Unmodulated frequencyאאאאא

אKאSweep Generator א
א،אאאFrequency Modulation FMא

אאאKאאאK
אאאאSWEEP WIDTHאא

אFM STEREOSKאאאColor 
Generatorאאtest patternsאאאK

אwhite rasterאdotscrosshatchאgated rainbow
אאאKאאאאא
אאTV/stereo signal generator א

אאspecial multipurpose signal generatorא
א،אF٩EאאאאTV/stereo 

signal generator K 
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F٩Eאאאא 

 
٥ JאClamp-on ammeterW 

אאאאK
אאאאאאK

אאאאאאFאEאKאא
אא،אF١٠EאאK

אא١٠٠א٥٠٠Kאאאאא
אאאא

٢٠٠٠K 
 

 
F١٠Eאא 
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٦ JאTest Lamp 
אF١١EKאא

אאאאKאK
אאאאאאאK 

 
F١١E 

 
٧ JDigital logic pulser 

אאאאא
،אאאאאאאK

אאאAutomatic 
Polarity Selection،אF١٢KE 

 

 
F١٢E 
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٨ JDigital logic probeW 
אאFhigh or lowEאא

אאKאאאאאא
Kאאאאאאא

אאאאmemoryאאאאoverload protection
אאאKאF١٣Eאאאא 

 

 
F١٣Eאאאא 

 
٩ JאField strength meterW 
אא

אsignal level meterKאאאאאFVHFE
אאאFUHFEKאאא

אאK،אאאא
אאאאantennasאK

אאאWאinsertion loseאamplifier gain 
אאאאautomatic gain control settingsאאאאsub 

channel signalsאאreturn lossFאאאאstanding 
wave ratioאnoise levels K 
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١٠ JאMeg-ohmmeterW 
 

אאKאאאא
hand-operated generatorאbatterypower supply K

אאW،א،אאא،א،א
א،אאKאאאאאאא

אאאאאאKאanalog
אdigital،Kאא٥٠٥٠٠٠א

א١٠٠א٥٠٠٠٠٠KאF١٤Eאא
אmeggerK 

 

 
F١٤EאאFאmeggerE 
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אאאאא 
 
אאאאא

אאאאKאאאאאאW 
١ Jא–F١٧Eאא،

KאFEKא
אאאאאא

אאK
אK 
٢ JאאאK 
٣ Jאא–F١٨KE 
٤ J 
٥ Jא–F١٧KE 
٦ JFE 
٧ Jאאא–F١٧E 
٨ J١אא 
٩ Jא–F١٦KE 

١٠ Jאא–F١٦KE 
١١ J 
١٢ J JF١٥KE 
١٣ J 
١٤ Jאא 
 

אאא،אא
אאאאאK 
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F١٥Eא 

 

 
F١٦Eאא 

 

 
F١٧Eאא 
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א 

  
F١٨Eאא 
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אאא 
 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
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KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
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FEאאא 
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אא 
 

١K אאאW 
 Jא 
 Jאאא 
 J 
 

٢K אאאW 
 Jאא 
 Jאא 
 J 
 

٣K אאW 
 Jאאא 
 Jא 
 Jא 
 

٤K אאאW 
 JאאאאK 
 Jאא 
 Jאאאאאא 
 Jאאאאא 
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٥K אאאאאאאא 

 
 

٦K אאאאא J؟אאאא 
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אא 
 

אאאאא،אW 
 

אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
אאאאאא،אא

F√E،אאאאא
אאK 

 
 Wאאאאא

א אאFאאE 


 
   

 
١ JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢ JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣ JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٤ Jאאא 

 
 

    

אאאFאEאאא
،א????אאא

אK 
 
 

 



  

 

  

אאאאאא 

 

א








א
א




٣
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אאWאאא 
א 

אאWאאאאאא
אאאK 

 

אאWאאW 
١–אאאאאאאK 
٢ JאאאאאK 
٣ JאאאאאאאK 
٤ JאאאאאאאK 
٥ JאאאאאאאK 
٦ JאאאאאK 
 

אאאW١٠٠K٪ 
 

אאWאHK 
 

אאW 
١ JאאאאאK 
٢ JאאאאאK 
٣ JאאאאאFאאאEאK 

אאאW 
אאאאאאא

אאאאK 
Wאא 

١ JאאאאאK 
٢ Jאאאאאאא 
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א 
 
 

• אאאResistors, Capacitors, and Inductors 
• אSemiconductors Diodes 
• אאאTransistors 
• אOptelectronics 
• אאאIntegrated Circuits 
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אאELECTRONIC COMPONENTS 
 

אRESISTORS 
 

אאאא،אאא
אאאK

אאאאאא
אאKאא

אF١KE 

 
F١Eאאאאאא 

 
אאW 

אאאאK
אF١Eא،،

אK 
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א 

אA , B , C 
  
 Black 0 
 Brown 1 

 Red 2 
 Orange 3 

 Yellow 4 
 Green 5 
 Blue 6 

 Violet 7 
 Gray 8 
 White 9 
 Gold - 
 Silver - 

 No color א 

F١Eאא 

 
אאאאאאאK

אאאאאא
אאאאאאאF٢KE 
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F٢Eאא 

 
אאאאW 
אאאאא،FAEאFא

אאEאאאאאFBEא
אאFMEאאא١٠א

אאאF٣KEW 
White-Gray-Orange = 98x 1000     = 98 KΏ 
Yellow-Green-Brown = 45 x 10      = 450 Ώ 
Brown-Black-Green = 10 x 100000 = 1 MΏ 

 
אאאאW 

אאאאאאאאא
אאאאאאFCE

אאFBEאFAEא١٠א
אאאאF٣EKW 

White-Violet-Blue-Red = 976 x 100       = 97, 6 KΏ 
Yellow-Green-Orange-Black                       = 453 Ώ 
Brown-Black-Black-Yellow = 100 x 10000 = 1 MΏ 
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F٣Eאא 
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אאאW 
 

אאNOMINAL VALUEאאACTUAL VALUE
TOLERANCE،אאאאא

אא،אאאאאאא
אKאאאKאא

אאא،١٠٠א١٠٪
א٩٠١١٠אאK 
 

FEאאאא
אאאKאאאא

F٢KE 
 

א אא
T 

 
  

 Brown ± 1 F 
 Red ± 2 G 
 Green ± 0.5 - 
 Blue ± 0.25 - 

 Violet ± 0.1  J 
 Gold ± 5 J 
 Silver ± 10 K 
 No color ± 20 M 

F٢Eא 
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אאאאW 
١ JאWאאא 
٢ JאאאW،אאאאאא

אאאאppm/ocא
אאאא25-500א ppm/ocK 

٣ JאWאאאאאאא
א٧٠،אאW 

W = I V = I2 R = V2/R 
אאאא

,.....10,5,2,1,2/1,4/1,8/1 WWWWWWW 
אאאאאאא

אאאW 
 

7.5 K – 0.5 W – 5%     = 7.5 KΩ + 5%,   1/2 WATT 
3.4 M/10/1           = 3.4 MΩ + 10%,  1 WATT 

 

אאאאא
אFאאKEאא

אאF٤Eאאא
אאאאLDאW 

 
 

 

א א א 
١L٨א ١٠}٠ ٢٠}٠ 
١L٤א ١٢٥}٠ ٣٠}٠ 
١L٢א ١٥٦}٠ ٤٠}٠ 
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F٤Eאא 

 
٤ JWאאא

אא–אאא١٠٠א
١٠٠٠K 

٥ JאאאWאאאא
א١٠٠٠א٧٠K 

٦ JאאWאאאאאאא
א،אאאKאא

אאאאK 
 

אאאVARIABLE RESISTORS 
אאאאאResolution،

?אאאאKאאאא
،אאאאאאאאאא

א270/1אאאאKאאאא
א Multi-turn ResistorsK 

אאאא،אאאאאאא
אאאאKאאאאאK 
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אאאLinearאLogarithmicW 
אאאאF١٦٣٠E

،אאאKא
אאאאKאאאאאאא

א١٠K٪אאאאאא
٥א JאאF٥KE 
 

אאאאאאאאא
אאאאאKאא

١٠K٪אאאאאאא
אאאK 

אאאאאאאאאאא
אאאKא

אאאאאאאאא١٠،
אאאאאאאK

אאאאאK 

 
F٥Eאא 

 
א TrimmerW 

א Jא
אF٦KEאאאאאא

אאאאאאKאאאא



א ٢٢٤ אא 
א  אאא 

 
  

- ٨٣ -  

אKאאאאTrim pot
trimpot אpotentiometer

trimאא?K? 
 

 
F٦Eא 

 
אRESISTANCE MEASUREMENT 

אאאאאאאאא
אK 

Wאאאאא
אאK 

 
אאא،אW 

١ JאאאאCOMאאא
אVΩK 

٢ JאLאאאאK 
٣ Jאא،אKא

א،אאK،אΩ0
אK 

٤ Jאאאאא
אאאK 

 



א ٢٢٤ אא 
א  אאא 

 
  

- ٨٤ -  

אאCONTINUITY TEST 
אאאאאאאאא

אאKא،אאאאא
אא،אאא

אאW 
١ JאאאאCOMאאא

אVΩK 
٢ JאLאאאאאK 
٣ JאאאאFאאEא

אאאאאאאFא
א١٠٠EK 

 



א ٢٢٤ אא 
א  אאא 

 
  

- ٨٥ -  

אCAPACITORS 
 

אאאאאאאא،
אאאאאאF
אEא…אK 

 

אא
،KאK 

 

אאאאאKא
אאאאאא،אא

אאאאאאK
אאאK 

 
אאאאאFאE

אאא
אKאאאאאאKא

אאK 
 

אאאFאאאEאאאאאK
אF٧EאאאאאאאאK 



א ٢٢٤ אא 
א  אאא 

 
  

- ٨٦ -  

 

 
F٧Eאאאאא 



א ٢٢٤ אא 
א  אאא 

 
  

- ٨٧ -  

אאW 
،אאאאא

אאאאKאF٨E
אאאאKאF٣Eא

אאK 

 
F٨Eאא 

 
א 

אא
א 

אא 
אאא

FאE 

א
א 

FאE
  

 Black 0  +20%  
 Brown 1    

 Red 2   250vdc 
 Orange 3 X0.001 uf   
 Yellow 4 X0.01 uf   
 Green 5 X0.1 uf   
 Blue 6    

 Violet 7    
 Grey 8    
 White 9  +10%  

אF٣Eאא 



א ٢٢٤ אא 
א  אאא 

 
  

- ٨٨ -  

 
 

 
 
 
 
 

א47 x 0.01 = 0.47 uf   
א+20% 
א250 vdc 

 
א

אאאF٩KE 
 

 
F٩Eאאא 



א ٢٢٤ אא 
א  אאא 

 
  

- ٨٩ -  

،אא،אאKא
אאאאאא

אאאאאאאאאK
אFµאUF ،FρאP،

אאאאK 
 

אאאW 
105 u/10/25DC                                                     

א1.5 uFarad, 
                                  +10%,                                                                       

       25 volts dc 
 

אא10 k / 5 /25 V 
א10,000 pf, 

+ 5%, 
25 volts dc 

 
Wאאאא

אאאK 
 

אאאאW 
١ JאCWאאKאאאא
אאK 
٢ JאWאאאאאK 
٣ JאWאא،K 
٤ JאWאאא

אאאK 
٥ JאאאWאאאאK 



א ٢٢٤ אא 
א  אאא 

 
  

- ٩٠ -  

٦ JאאWאאאאא
אK 

٧ JאאWאאאאא٩٠
אאא،אא

אא٩٠K 
 

א CAPACITANCE MEASUREMENT 
אאאאאאאאאK 

W 
• אאCxhFEאK 
• אFEאאאK 

 
א،אאאW 

١ JאLאאFאאאK 
٢ JאאאK 
٣ Jאאאאאאאאpicofarad

אאnanofaradאאmicrofaradK 
 

אאCapacitor test 
אא،אא

אKא،
FE JF١٠ JEKאא،א

אאX1MאKאאא
אאא JF١٠ JKE

אאאאא JF١٠ JE،
אאKאא

א JF١٠ JEKא
אאK 



א ٢٢٤ אא 
א  אאא 

 
  

- ٩١ -  

 

אאאshortאאK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F١٠Eאא 
 

  ج

  ب أ

  د



א ٢٢٤ אא 
א  אאא 

 
  

- ٩٢ -  

אINDUCTORS (COILS) 
 

אאאאאאאא…אK
אאאאאאאאאK 

 

אאאא
אאKאאאא

אאK
אאאאאKאא

אאאKאF١١EאאK 

 
F١١Eאא 

 



א ٢٢٤ אא 
א  אאא 

 
  

- ٩٣ -  

אאאאW 
١ JאאאLWאאא٥}١ 
٢ JאQWאאאאאF٢٠١٠٠EK 
٣ JW 
٤ JאאWאאאאאK 
٥ JFEאWאK 



א ٢٢٤ אא 
א  אאא 

 
  

- ٩٤ -  

אSEMICODUCTOR DIODES 

 
אDiodeאא،אאאFI-VE

אAnodeFאEאCathodeFאKEאאא
אF١٢KEאאFאE،

אKאFאEא
אאאאאPeak Inverse 

Voltage (PIV)אאא
אK 

 
אW 

אא
אאאאאK

אאKאא
אJEDECאאא1NXXXXXXXX

אא،א
אאK 

 
 

 
F١٢Eאאאא 



א ٢٢٤ אא 
א  אאא 

 
  

- ٩٥ -  

א،W 
١ JאאאאGeneral Purpose Diodes 
٢ JאRectifier Diodes 
٣ JZener Diodes 
٤ JאאConstant Current Diodes  
٥ JאVaricap Diodes 

 
אאאאא

אKאאFאEW 
1N5400   ,   1N4000 

אאאK
PIV1N4000אאאאW 

1=50 V  , 2=100 V  , 3=200 V  ,  4=400 V  ,  5=600 V  ,  6=800 V  , 7=1000 V  
 

W1N4006 
              PIV=800 V 

 
א1N5400אאW 

0=50 V ,  1=100 V  ,  2=200 V  ,  4=400 V  , 6=600 V  ,  7=800 V  ,  8=1000 V  
 

W1N5406  
PIV=600 V 

אאאאאאK
אאאאאאאאא

אאF١٣EKא
אאא٦٠אPIV
٢٠٠١٢٠٠K 



א ٢٢٤ אא 
א  אאא 

 
  

- ٩٦ -  

 
 

 
F١٣Eאא 

 
DIODE TESTאא 

אאאאאאאאא،
W 

١ JאאאאCOMאאא
אVΩK 

٢ JאLאאאאא 
٣ JאאFVfEאא،אAnode

אאאCathodeKאאאא
אאVfא٣א،אאא

W 



א ٢٢٤ אא 
א  אאא 

 
  

- ٩٧ -  

 J،٥}٠٦٥}٠K 
 J،א٢}٠٤}٠ 
 JאאLED،٤}١٦}١ 

W 
• אאאאFshortEאK 
• אאאאOLאopenאK 

٤ JFEאאאא،א
אאאKאאאאLeakageאK 

 
F١٤Eאאאאא 

 
F١٥Eאאאאא 



א ٢٢٤ אא 
א  אאא 

 
  

- ٩٨ -  

אאאTRANSISTORS 
 

אF١٦EאאאאFאE
אאKאNPNFEאאPNP F

KEאאא
אNPN PNPK 

אאאא،אאא
אP،אNPNאאאאא

،אאאN  PNP אאK 
 

 
F١٦Eאאאא 

W 
• אאאאאאאאא

אאאFאאE 
• אNPNPNPאאאא

K 
• אאאאאNPN אא

N،אPאאK 
 



א ٢٢٤ אא 
א  אאא 

 
  

- ٩٩ -  

אאאTransistor Rating 
אאאאאא

،אאאא VCBO 
אאVCEO אאVEBO ،אF١٦Eא

אאאאK 
 

 
F١٧Eאאאא 

 
،אאאאאא،

אאאאאאא٦،א
אאK 

 
אאאTransistor Identification 

אאאאאאאא
א٥٠٠٠٠١٠٠٠٠٠אאאאא،

אKאא
אא،אאאא

אאאא،אאאW 
 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٠٠  -  

١. א2NXXXXWEIA אJEDEC
א،אאאאאא2NXXXX

אאאFTransistor Data BookE 
 
٢. Pro- Electron Wאאאאא،

אאProElectron ،אאאאאא
אאSemiconductor،אאא

אאFBC107E،א
FACY17E،אאא?A?
אא،?B?،אאאאא

אאK 
 
٣. 2SXXXXWאאאאJapanese Industrial 

Standard  JIS،אא2S
אאF2SB364Eאא،SW 

B=PNP     If                         A=PNP         hf 
D=NPN    If                 C=NPN        hf 

 
٤ JאאאאאOC 

,OD FOC028KE 
 

W 
אאאBS9000אCV

אאאCVאK 
 

W 
אאאאאProelecton א

אECAK 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٠١  -  

אאPackaging Transistors 
אא،אאא

אא،JEDEC،אTO-XXX 
XXXאאאK 

אאFTO-18 ,TO-5 ,TO-3…אEאאא
אאא،אאאא

אאאKא
אאאאאאאF١٨Eא

F١٩Eאאא،،F٢٠EKאא،
F٢١E،אF٢٢Eאא،

אאאאאאTO-18 , TO-5TO-39 , TO-3 , TO126 , TO-202 , 
TO-220 אאאאא

אK 

 
F١٨Eאאא 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٠٢  -  

 
F١٩Eאאא 

 

 
F٢٠Eאאא 

 

 
F٢١Eאאא 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٠٣  -  

 
F٢٢EאF٢١Eא 

 
אאאא 

١ JאאאJunction Bipolar  Transistor  
אאאPNP, NPNKאא

אאאF١٦E،אBC547BC559אאא
אאאאאBC107BC179K 

אאאאא
אאא،אאאאאFאאEא

אאאF٢٣EKאאאא
אאNPNאK

אאKאאא
אאKאאאK 
 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٠٤  -  

 
F٢٣EאאאK 

 
٢ JאאאאאJunction Field Effect Transistor (JFET)  

אאאאאF٢٤E،אאאא
،אאאאאאא

אאאא،אאאאא
SOURSEא DRAINא،אאאFET

אאא،
אKאJFETא N א

אPK 

 
F٢٤Eאאאאא 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٠٥  -  

٣ JאאאאאMOSFET  
MOSFETMetal Oxide Semiconductor Field Effect Transistor K

אF٢٥Eאא،אJFETא،
אFVMOSEא

אאאFאCMOSEK
אאMOSEFTJFET،

אאאאאאאK 
 

 
F٢٥Eאאאאא 

 
٤ JאאאUNIJUNCTION TRANSISTOR 

אאFUJTEאא
אאאאTO-XXאאאאא

אא،אאאאאF٢٦Eאא
אאאאא١

٢אאאB1,B2 אאFE
EKאאB1,B2

٥١٠אKאא١אא
אאאKאאאאUJT א١

א٢VBBFKE 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٠٦  -  

 
F٢٦Eאאא 

 
٥ JאאאאMODERN RANSISTOR  

،אאאאאא
אאאאא،אאא

،אאאאאאאאא
אאאאאK 

 
٦ JאאTRANSISTORS EQUIVALENT 

אא
،א

אאאאאאאאאא
אאאאKאא

אאאאאW 
١E אאאאאאאא

SemiconductorsK 
٢E אאאECAאאא

אאאK 
٣E אTowerאאאK 

W 
אאאאאאא

אאK 
 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٠٧  -  

٧ JאאTRANSISTOR MEASUREMENT 
אאאאאאאאאא

אKאאאW 
١ JאאאאאאאאFאEא

hFEא،אemitter (E)אbase (B)אcollector (C)K 
٢ JאאאאאאאFNPNPNPEK 
٣ JאאhFEאK 

 
אOPTELECTRONICS 

אאא
אאאאאvisibleאאאinfrared
אאultravioletאאאאFא

אEאאFאאEאא
אאKאאא

אאאאאF٢٧Eא
אאאKאא

PN א،אא
אאאאאאאאאLDRK

אאאאאאא
אK 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٠٨  -  

 
F٢٧Eאאא 

 
אא LDR  

אאאLDR،
אאphotoconductive ،

א photo resistive אאאאא،
אאKא،א

LDR،אאאאORP12אאא
אאW 

 
א ILLUMINATION אא 

Darkness 
10 LUX 

1000 LUX 
10000 LUX 

1M OHM – 10M OHM 
10 K OHM 
400 OHM 

80 OHM אאא 

WLUXWאאK 
 LUMENWאאK 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٠٩  -  

א،אאLDRא
،אאאאאאא

٤٨٠אאאא٦٨٠אא
א٥٣٠אFאאEאאאאאאא

אאאאאאאאא
אאK 
FאELDRאא،

אאאאאאאא،FאERISE TIME 
FאאאאFEאE١٨–٧٥

،אאאאאFאE FALL TIME Fאא
אE١٢٠٣٥٠K 

W 
אא

אאאKאF٢٨EאאאאאאK 

 
F٢٨EאאאLDR 

 
אFאEאLIGHT SOURCES 

אאאאא
אאא

PNאאאאא
אאP FאEאאאLIGHT 



א ٢٢٤ אא 
א  אאא 

 
  

- ١١٠  -  

EMITTING DIODES،LEDא،אא
אF٢٧EK 

אאLEDאא،
PN ،אאאאLED

אאאאא،א
FEא،א

אא،אאא،א
אאאאאאאK 

W 
אאאאאאא،אא،

،אא،אאאאאאא
אאאK 

 
אאאא،אאאאLED 

INFRA-REDא IREDאא،א
אאFאESENSORS אאא

אאאK 
אאאVISIBLE – LIGHT – EMITTING DIODES
VLED،א
אאאאא،אא

F٢٩EאKאאIF٥}٢٥Fא
אEאאא٢،אFאE
Kאאא 

W 
אאאF٢٩E،

אאK 
 



א ٢٢٤ אא 
א  אאא 

 
  

- ١١١  -  

אאFאאELEDאא
אא،אאאאW 

• אאאFאאKE 
• אאFאאאאE 
• אאIFK 
• K 
• אאאFFEאאKE 
• אאK 
• K 
• אK 

W 
אFE

،אאאאאLED FR٣K 
 

 
F٢٩EאVLED 



א ٢٢٤ אא 
א  אאא 

 
  

- ١١٢  -  

אאFאאאEאאאאאW 
• אWאBRIGHTNESS٢

F٣٠EאאK 
• אW٢٥٠א٣٠

Kאאאאא
אBRIGHTNESS،אW 

א   HIGH INTENSITY  
א   SUPER BRIGHTNESS 
א   ULTRA-BRIGHTNESS 

אK 
• אא–אGaAIAs א٣

F٢٠EאאH–١٠K 
אאאFEאא

אאאF٥ J١٥EאאאאK 
 

אא FLASHINGאאא
אאאאא،

F٤ J١٥EאאK 
 

אאאW 
א٢אאLEDאאא

אאאאF٣٢Eאא
אW 

Rs = (Vsupply   - VF ) / If 
 
אאאVf٢אאIf١٠א

אW 
Rs = 100 (Vsupply   -   2) 



א ٢٢٤ אא 
א  אאא 

 
  

- ١١٣  -  

אאאאאאאאא
אIf١٠אאE12 W 
 

א אא 
٢٧٠ ٥}٤ 
٢٧٠ ٥٣٣٠ 
٣٩٠ ٦ 
٦٨٠ ٩ 
١٠٠٠ ١٢ 
١٢٠٠ ١٥ 

אF٣ JEאאא 
 

אאIf٢٠
אF٣٠KE 

 
F٣٠Eאאא 

 



א ٢٢٤ אא 
א  אאא 

 
  

- ١١٤  -  

אא OPTICAL DETECTORS OR SENSORS 
אאאא،אא

،אאאאאא
אאאFאEW 
١. אאPHOTO-DIODE  
٢. אאאPHOTO-TRANSISTOR OR PHOTOFET 
٣. אאPHOTO-DARLINGTON 
٤. אאPHOTO-THYRISTOR  

 
אאFאאWE 

PN،F٣١E،
אאאאאאאאא

אאאKאאא،
אאאאאאאאאא

אא،אאא
אאאאאאאK

אא،
אF١٠٠EאKא

אאאא
אאאאINFRAREDאא

אאאאאK 
 



א ٢٢٤ אא 
א  אאא 

 
  

- ١١٥  -  

 
F٣١Eאאא 

 
אא٢٥٠،PIN،א

אאBPX65אא٥}٠،
אאאאאאאא

אאIntegrated CircuitאאK
אאPHOTO-VOLTAGE אאא

אאאאאאא
אאא،אא

א،אאאאKאא
א،אאאSOLAR CELLSK

א٥}٠א،
٩Kא

א،
TRANSDUCERSאא

،אאKא
אאאאאאאא

אCMOSK 
 



א ٢٢٤ אא 
א  אאא 

 
  

- ١١٦  -  

אאאPHOTO-TRANSISTOR 
אאאאאאאאא

אא،אא
אאKאאF٣٢Eא

אאאKאאאאא
אF٣٢Eאאאאא،אא
אאאKא

אK 

 
F٣٢Eאאאאאא 

 
אאW 

אאאאאF
WhFE1 * hFE2 = 10000EאאאאFEK 
 

אאאאא OPTICAL COUPLERS 
אאאאא،

אאCouplersאאא
אKאאאFOPTO-COUPLERSE،אאא

OPTO-ISOLATORS אאאאא
אאאK 



א ٢٢٤ אא 
א  אאא 

 
  

- ١١٧  -  

אאאLED،FאE،
FאE،א

אKאאאאאאא
–אאאאאK 

 
،אאאאאאא

אאאאאאאא
אאאKFאא

אEאאאאאאPHOTO 
DARLINGTONK 

W 
אLED

PHOTO-DIODEאאאאK 
 

א
אאאאאאאאא

א،אאא
אאאאאאK

אאINTERRUPTER
אאאא

אאא
אאא

אאאאאאF٣٣EאאK 
 



א ٢٢٤ אא 
א  אאא 

 
  

- ١١٨  -  

 
F٣٣Eאאאא 

אאאאאREFLECTORאא
אאאאאא،אאאא
אאאאאאאאא،F٣٤E

אאK 

 
F٣٤Eאאאאא 

 



א ٢٢٤ אא 
א  אאא 

 
  

- ١١٩  -  

אאאINTEGRATED CICUITS (IC) 
 

אאאאאא
א SEMICONDUCTORאACTIVEאPASIVE 

CHIPKאאW 
 Jאאא 
 Jאאאא 
 Jאאא 
 Jאא 
 Jאאא 
 

אאאאאW 
אאאאאW 

١ JאאאאLinear Integrated Circuits 
אאאאא?אOperational Amplifier

Op-AmpKאאאאאאא
אאא،אK 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٢٠  -  

 
F٣٥Eאאאאאא 

 
א

אKאאאאא
אF٣٦EKאFאאEא

٩א١٠אאאאK
אאאאא741אא

א١١،אאאאK 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٢١  -  

 
F٣٦Eא 

W 
אאאאאאIntegrated 

Circuit،אאGainאK 
 

אאאא،אא
אאאF٣٧KE

אאccV+אאccV−אKאא
אאHF، JEאאאאא

אF٣٧EKא،،אNon inverting Input א
אInverting InputK 

 
F٣٧Eאא 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٢٢  -  

אW 
א،אאאאK

אאאאW 
• אSUPPLY VOLTAGE RANGEW 

אאאHF، JEDouble supply،
אאKאא

אאאsingle supplyK 
W 

אא٢F±١E،٤٠F±٢٠
EאK 

 
• אAMPLIFIER GAIN(AVD)W 

אאאאאא 
 

• אINPUT IMPEDANCE : 
אאאא،אא٢٥٠

٤٠FאאאאאאBipolarE،
א١٢١٠FאאאאאE 

 
• אOUTPUT IMPEDANCE: 

אvoltage amplifier،א
FEKא

١٠٠K 
 

• אUNITY GAIN BANDWIDTH: 
אאאGainאKא

אא١٠אאK 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٢٣  -  

• אאSLEW RATE (SR): 
אאFאESTEP،

אאאRAMP FORM
F٣٨KE 

 

 
F٣٨Eאא 

 
• אאFאE IOV    :INPUT OFFSET VOLTAGE 

אF٣٩Eאאאא،VVV 021 ==
אoutVא،אאoutV

Kא1VאoutV،א1אV2V
?אאFאEInput Offset Voltage?א
א?אאאאאאאאK?

W 
אא٢Kא741 אאא

אא٢٠٠K 
 

 
F٣٩Eאאאא 



א ٢٢٤ אא 
א  אאא 

 
  

- ١٢٤  -  

• אאאאOffset Voltage Temperature Coefficient  : 
אאאאאFZeroingE

אאKאאאאאא
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• אאInput Bias Current (IIB)W 

א،،אאאF٣٩E،
VVV 021 ==I1I2אKאאI1 
 I2אV1V2אKאאאא

١}٠א741K 
 

• אInput Offset Current (IIO)W 
VVV 021 ==F٤٣E،אאI1I2،א

אאKאאא741א
٢٠Kאאאא،אא

אאK 
 

• אאCommon Mode Rejection Ratio (CMRR): 
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אאKאאאF٣٩E،VV 91 =VV 001.92 =  VV 01 =
mVV 12 =،Kאאאא،
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• אאאאאPACKAGING : 
אאאאאאא

אאאDual-In-Line (DIL)K
٧אFE١٤אאא709،
٤א٨אאא741K 
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אאאאא741אW 
 
 

 
٢ JאאאאDigital Integrated Circuits  

אאאאאאאאאא0
1،אאאאאKאא

אאאאLogic Gatesאאא،Countersא،Flip-

Flopאא،Registers….אKEאF٤١Eאאאאא
אאאNANDאאא

אאאאאK 
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אאאאFאEא
אKאאא1Y 2وYא٦٨אאא

אאK 


א

א א 

١ אא Offset terminal 
٢ אא Inverting terminal 
٣ אא Non-Inverting terminal 
٤ אא Negative voltage supply 
٥ אא Offset terminal 
٦ א Output 
٧ אא Positive voltage supply 

٨ 
אא

א 
Freq. compensation or Not 

connected 
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אאאאאאאאאIGFET
אאאאאאאאאKאNMOS

אPMOSא،NMOSאאPMOSK 
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٢ Jאאאאא 
COMPLEMENTRY-METAL-OXIDE-SEMICODUCTOR (CMOS) 

אPNא
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٣ Jא JאTRANSISTOR-TRANSISTOR-LOGIC (TTL) 
אאאTTLT2L،אאא

אאאאאאאKאא
אאאאאאא

אאKאא JאTTL،א
אאאאKאאאא–

אא،אאאאאFאE
אאאFאאNANDKEא

אאאאאאKא
אאTTLK

אאאאאאאא74XXXXK 
 

٤ Jא JRESISTOR-TRANSISTOR-LOGIC (RTL) 
אאאאא،א١٩٦٠Kאא
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٥ Jא JDIODE-TRANSISTOR-LOGIC  (DTL) 
אאאאאאאאK 

 
٦ JאEMITER-COUPLED-LOGIC (ECL) 
אאאאאאאא

TTLאאאאאאFE
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אא،אא
אאTTLאאK 

 
٧ JאאINTEGRATED INJECTION LOGIC (IIL) 

אI2Lאאאאאאא
אאאאאאאMOS

אאTTLאאאCMOSK 
 

אאא INTEGRATED CIRCUIT PACKAGING    
אאאא

אKאאאאאאאאא
אאאFlat Packaging،אF٤٢Eאא

אאאאא
אאFא٦٤٨٠FEאאאKE 

 
אאאאאאאאאאא

אאאאאאאאא
אאאאKאאאאאאא

TO-5א،F٤٢KEאאאאאאTO-100
אאFאEא

אאאאאKאאא
אאDUIL-IN PACKAGE

אTO-100F٤٢EK 
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F٤٢Eאאאא 

 
אF٤٢EאאאDIP١٦،א
א،אאאאKאא

אאאF١٠٠}٠Z٥٤}٢Eאאאאא٨١٢١٦٢٤
٣٦٤٢KאאאאאK

אDIPא١אאאאא
אאאאאאא،

אF٤٣EK 
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• FEאאFEאאW 
١ JאאאאK 
٢ JאאאK 
٣ JאאאאאK 
٤ JאאאאאאK 
٥ JאאאK 
٦ JאאאאאW J J J٤٥٣K 

 
• אאאאאאאW 

١ JאאאאאW J J JW 
 J٦}٩٧ 
 J٤٥٣ 
 Jא 
 

٢ JאאאאאNPNW 
 J 
 J٧٥٪אא 
 J 
 

٣ JPIVא1N4006W 
 J٨٠٠ 
 J٦٠٠ 
 J٤٠٠ 
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٠}٤٠٨ ٢١٠}٥ ٨١٠ ٠٢٨٥}٠ ٢١  
٨}١ ٠}٥١٢ ٢٩٠}٨ ٦٤٢ ٠٢٥٣}٠ ٢٢ 
٠}٦٤٨ ٢٠٠}١٣ ٥٠٩ ٠٢٢٦}٠ ٢٣  
١}١ ٠}٨١٨ ٩٠٠}٢٠ ٤٠٤ ٠٢٠١}٠ ٢٤ 
٠}١٠٣١ ٣٠٠}٣٣ ٣٢٠ ٠١٧٩}٠ ٢٥  
٧}٠ ٠}١٣٠٠ ٩٠٠}٥٢ ٢٥٤ ٠١٥٩}٠ ٢٦ 
٠}١٦٣٩ ٢٠٠}٨٤ ٢٠١ ٠١٤٢}٠ ٢٧  
٤}٠ ٠}٢٠٦٧ ٩٠٠}١٣٣ ١٥٩ ٠١٢٦}٠ ٢٨ 
٠}٢٦٠٧ ٠٠٠}٢١٣ ١٢٦ ٠١١٣}٠ ٢٩  
٠}٣٢٨٧ ٠٠٠}٣٣٨ ١٠٠ ٠١٠٠}٠ ٣٠  
٠}٤١٤٥ ٠٠٠}٥٣٨ ٧٩ ٠٠٨٩}٠ ٣١  
٠}٥٢٢٧ ٠٠٠}٨٥٦ ٦٣ ٠٠٨٠}٠ ٣٢  
٠}٦٥٩١ ٠٠}١٣٦١ ٥٠ ٠٠٧١}٠ ٣٣  
٠}٨٣١١ ٠٠}٢١٦٥ ٣٩ ٠٠٦٣}٠ ٣٤  



א ٢٢٤ אא 
א  א

 
  

- ١٦٥  -  

א 
אאאאאאא

אKאאאאא
אאאאאאאF٢EאW 

 
א א א א 

 Jא،א Black 0 Bk 
 Jא Brown 1 BR 
 Jאא،א Red 2 R 
 Jאא Yellow 4 Y 
 Jאא Green 5 G 
 Jאאא Blue 6 BL 
 Jאא،א Violet 7 V 
 JAC Gray 8 GY 

F٢Eא 
 

א 
אאא،אאאאאא

אאאאKאאא٢٠א
אא?20 NCCB ?אא

אאאK 
 

אאא 
אאKאאא،

אאאא?אCable?K
אאK 



א ٢٢٤ אא 
א  א

 
  

- ١٦٦  -  

אCable 
אאאאא

אאאאאאאאאאא
KאאאאKאאאאW 

١ Jאאא JF٢E 
٢ Jאאאאא JF٣E 
٣ Jאאאא JF٤E 

 
،אאאאF٢E،א

א،אאאאאאא
אאKאאאא

אאאאאאKאא
אאאאאאK 

  
F٢Eאא 

 
אאאאאאאא١٤

١٦אאאKאאאא
א26 AWGאF٣Eאא،K 

 

  
F٣Eאא 



א ٢٢٤ אא 
א  א

 
  

- ١٦٧  -  

  
F٤Eא 

 
F٤E،،אאאאאאא،

אאאאKאא
אאKאאאאאאא

אאאKאאאאאא
אאDK 

 
א 

אאאאאאאא
،אאאאאKאא

אKאF٥EK
אאאאK 

אאאא
אאאKאא

אאאאאאאK 
אאאאא

אאאK 



א ٢٢٤ אא 
א  א

 
  

- ١٦٨  -  

אF٥E،אאאא
אאאאאKאF٦Eא

אאאאאא
KאF٦EאאאK 

  
F٥Eאא 

 

  
F٦Eאאאא 

 
אאאאאאאאF٥E

אא،אאאא
אאאאאא

،אאאאאאא
אKאאאאאא

אאאK 



א ٢٢٤ אא 
א  א

 
  

- ١٦٩  -  

אאאאPrinted Circuit Boards 

 
אאאאאאאPrinted 

Circuit BoardאPCBKאאאאאא
אאאאאאאא

אאאאאאK 
אאאאאאא

אאאאאאאאאא
אאאאאא

אKאF٧Eא
אאאאאאאאא

אאK 
 

אאאאאאא
אאאאאKאאא

אFאאE،FEאאK
אאאאאאאאאK 

      
F٧Eאאאא 

 
אאאאFאE

אאאאאאK 



א ٢٢٤ אא 
א  א

 
  

- ١٧٠  -  

אאאא
א،אאאא

אאאK 
 

אאאאאאאא
אאא،

،אאאאאאאF٨E 
 

אאא 
אאאאאאאW 

١ JFאE 
٢ J 
٣ J 

 
F٨Eאאאא 



א ٢٢٤ אא 
א  א

 
  

- ١٧١  -  

אאאאאאא،אא
אאאאאאאKא

אאאאא
אKאאאא0.0014א

،אאאאאאLK
אF٣Eא،אאLאאK 

 
אאאאאא

F٤EK 

 
א אL א אL 

٠٠٠١٨،١ ٠L٠٠٢٨ ٨،٢ ٠G 
٠٠٠٣٥،١ ٠L٠٠٤٢ ٤،٣ ٠ 
٠٠٠٥٣،٣ ٠L٠٠٥٦ ٨،٤ ٠ 
٠٠٠٧،١ ٠L٤G ٠٠٧٠،٥ ٠ 
٠٠١٤،١ ٠G ٠٠٨٤،٦ ٠ 

אGאא 

F٣Eאא 

 
  
  
  
  
  
  



א ٢٢٤ אא 
א  א

 
  

- ١٧٢  -  

 
א

א 
א
א 

א
א 

 

XXXPC   אאאא 

FR-3   
،אא

אא 

G-10   
א،אא

א 

FR-4   
אG-10

 

CEM-3   
אFR-4G-10

א 

GX   א 
F٤Eאאא 

 
אאאא 

אאא
אאאKאאאא

אKאאאאאאא
אאא،אאאKאF٩E

אאאאאאאK 
 

אאאא،אאאא
אאאאאאKא

אאK 



א ٢٢٤ אא 
א  א

 
  

- ١٧٣  -  

 
F٩Eאאאאאא 

 
אאאאאאאא

אאKאאאאKאאאא
אאאאאאאאאK 

 
אאא 

אאאאאאאאאKא
אאאאא

אאאאאאKFEא
אאאאאא
אאאאאאא،

אאKאאאאא
אאK 

אאאאאאא
אאאאאאKא

אאאא
אאK 



א ٢٢٤ אא 
א  א

 
  

- ١٧٤  -  

אאאאאאאF١٠E،
אאאאKאאאא

אאאאאFאE
אאאאאאאK 

אאאאאאא
אKאאא

אK 
אאאא

אאאK 
 

 
F١٠Eאאא 



א ٢٢٤ אא 
א  א

 
  

- ١٧٥  -  

אאאאאאאא 
אאאאאאאאאאאא

Kאאאאאא
אאאW 

١ JאאאאאאF١١EK 

 
F١١Eאאאאאא 



א ٢٢٤ אא 
א  א

 
  

- ١٧٦  -  

٢ Jאאאאאאאאא
אאאאאאאK 

 
 

אאאאאK 
 

٣ Jאאאאאאאאאאאא
אאאאאא،אאאאא

אאאאאאאאKא
אאאאאאF٦٧EKאאאW 

 Jאאאא
אK 

 JאאאאK 
 Jאאאאא

אאא،אאאא
אאאאK 

 Jאאאאאאאא،
אF١٢KE 

 
 
 
 



א ٢٢٤ אא 
א  א

 
  

- ١٧٧  -  

 
F١٢Eאא 

 



א ٢٢٤ אא 
א  א

 
  

- ١٧٨  -  

אאא 
 

אאאאKא
אאאאאW 

١ JאאאאאF١٣E 
 

 
F١٣Eאאאא 

 
٢ JאאאאאW 

 Jאא 
 Jא 
 Jא 
 Jא 
 JאאFאאE 
 

٣ Jאאאא 
 Jאאאאאא 
 Jאאא 
 



א ٢٢٤ אא 
א  א

 
  

- ١٧٩  -  

٤ JאאאW 
 Jא 
 Jאא 
 Jאא 
 

אאאאאאF٤Eא،
אאאK 
 

אאF٤EאאאאKא
אאאאאאKאא

אאאאאאאא
Kאאאאאאאאאאא

אK 
 

אאאאאאא
אKאאאאאאאא

אאאאK 
 

אF١٤Eאאאאאא
Kאאאא

אאאאאאאא
אאאאאF١٣EK 

 
אאאאאF١٤Eאאא

אאאFאEאאאאKאא
אKK

אאאאאאא
אאאאא،אK 



א ٢٢٤ אא 
א  א

 
  

- ١٨٠  -  

 

 
 

 
 

F١٤Eאאאא 
 



א ٢٢٤ אא 
א  א

 
  

- ١٨١  -  

 

 
F١٥Eאאאאא 

 
אאאWאאאאא 

 
 
 

 
 
 
 
 
 
 
 
 

 
אא 

אא 
 

 
אאאא 

 
אאא 



א ٢٢٤ אא 
א  א

 
  

- ١٨٢  -  

W 
אאאאאא

אאאאאאK 
 

W 
אאאאא

אאאK
אאאK

אאאאאאאאK
אאאאא

אאK 
 

W 
אאאא

אאאאאאא
אאK 

 
אאאא……… 

 
אF١٦Eאאאאא

،אאאFאEאא
אאאאאאאK 

 
אF١٧EאאאאKאF١٨E

אאאאאאאKאF١٩E
אאאK 

 
א،אF٢٠EאאK 



א ٢٢٤ אא 
א  א

 
  

- ١٨٣  -  

W 
 
 
 

 
 
 
 
 

 
F١٦Eאאאא

א 

 
א 

א 
 



א ٢٢٤ אא 
א  א

 
  

- ١٨٤  -  

 
 
 

F١٧Eאאאא 
 
 
 
 
 



א ٢٢٤ אא 
א  א

 
  

- ١٨٥  -  

 
 
 

F١٨Eאאאאאאא 
 
 
 
 



א ٢٢٤ אא 
א  א

 
  

- ١٨٦  -  

 
 

F١٩EאאאK 
 
 
 



א ٢٢٤ אא 
א  א

 
  

- ١٨٧  -  

 
 
 

F٢٠EאK 



א ٢٢٤ אא 
א  א

 
  

- ١٨٨  -  

אאאאPrinted Circuit Manufacturing 
 

אאWאאאPRINTED CICUIT DESIGN 
 

١ Jאא 
אאאאאאאא 
 
٢ Jא 
אאאאאאאKאא

W 
 Jאאא 
 Jאאא 
 JאאאאאK 
 Jאאאאאאאאא 
 Jאאא 
 

אאאאאא
MECHANICAL MILLINGאאא

אאGERBERאאאא
،אאאאא

אאאCHEMICAL ETCHINGאK 



א ٢٢٤ אא 
א  א

 
  

- ١٨٩  -  

אאWאאא PCB PATTERN PRINTINGW 
 

١ JאאW 
 Jאאאא،אאאא 
 Jאאאאאאאא،אא 

٢ JאאW 
אאאאאא،W 
 Jאאאא 
 Jאאאא 
 JאאUltra-VioletFUVE،F٢١E 
 Jאאאאאאא 

 
 
 

 
 

 
 
 
 
 
 

 
 

 
 

F٢١Eאא 

 غطاء

 

 

א
 

 



א ٢٢٤ אא 
א  א

 
  

- ١٩٠  -  

אאאW 
 Jאאאאאאאאא

אאאאאאאאK 
 Jאאאאאאאאאא

אאאאא،אK 
 Jאאאאאאא 
 JאאאאFא١٥

EK 
 

 
אאאK

FאאאאאאE 
 

٣ Jאאאא 
אאאאאא،Kא

אF٢٢Eאאא،F
אאE،אאKאאא

אKאאאאא
Kאאאאאא

אאאאאK 
 

 
אאאאאא

אאאFאאאאאEK 
 
 
 
 



א ٢٢٤ אא 
א  א

 
  

- ١٩١  -  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

F٢٢Eאאא 
 

אאWאDEVELOPMENT PROCESS 
 Jאא 
 JאSodium hydroxideאאאאFאאW١٠א

E JF١٠א١٥٠٠٠١٢}١א١٥٠٠٠٢E 
 

 Jא 
٥٠אאFאEא٥אא

אKאאאF٥٠אEאא
אאKאאFאאEFEאKא

א١א٪Kאאאא
FEאאאK 

 

א
א 

א
א 

אא

 وعاء الدهان


א 



א ٢٢٤ אא 
א  א

 
  

- ١٩٢  -  

 JאW 
،אאאאא١٪אK

אא٢٠٢٥Kאאא
אאKאאאא

אאאKאא،אא
אאKאאאאFא

אאKE 
 
 JאW 

אאאאאאא
אK 

 
 JאאW 

אאאKאאאאא
אKאאאKאאאא٧

אK 
 
 JאאאאאW 

אFEא
F٢٠٠אLEאאK،phא١٣Kא

ph١١١٢אא٩٠٪אאאא
אאKאא،אK 

 
אא،אאא

detoxificationFאאאE 
 

אFאEא
אK 



א ٢٢٤ אא 
א  א

 
  

- ١٩٣  -  

אאאWאאCHEMICAL ETCHING PROCESS 
א  א אא א אא  א א א 

    א אFא  א א א א
אEאאאאאאK 

 
 JאאW 

אאאאאW 
 JאSodium per-sulfateאאא

אFאאW٢٥٠אE 
 Jא 
 J 
 Jאאא 
 Jאאא 
 Jאאאאא 
 JHeater٢٠٠א 
 Jאא 
 Jאאאאאא membrane pump 
 JאאThermometer 
 
 JאאW 

אF٢٣Eאא،א J
א Jאאאאאאא

FאEאאאאK 
 

 
אאאאאאא

אK،אאאאאאא
אK 



א ٢٢٤ אא 
א  א

 
  

- ١٩٤  -  

 
F٢٣Eא 

 
 

אאאאאאא،Kא
אא،אאאאאא

אK 
 
 Jא 

אאאאאא
אKאאא

FEאאK 
 



א ٢٢٤ אא 
א  א

 
  

- ١٩٥  -  

 Jא 
אאאאאאא

٥אאאאאאFא
אE٨אKאאאאK 

 
 JאאW 

אאאאא?א?אK
אאodorless JאאאKא

٤٧א٣٠אKא
٢٠٠٢٥٠אאK 
 

 
אא،אK 

 
אאאFאאאEא٤א

אאKאאאאF
٣٥Eא،K 

 
אאא،٢אאאK 

 
אאאאאאא

אאאא،אאאW 
 



א ٢٢٤ אא 
א  א

 
  

- ١٩٦  -  

 
F٢٤Eאאאאא 

 
 JאW 

אאאאK
א١٠٢٣٠אאאK
אאאא،אאאאא

אאK 
 

 
אאאאא٤٥

אאאאאK 
 
 Jאאאא 
 Jאאאאאא

אאאK 
 Jאא٥٠א

אאאאK 



א ٢٢٤ אא 
א  א

 
  

- ١٩٧  -  

 
 JאאW 

אW 
١ Jאאאאאא 
٢ Jאאאא 
٣ Jא 
٤ Jאא 
٥ Jא 

 
אF٤Eאאאא 

 
 JאאW 

אאאאאאאאאK
،٤٥Fא

אE،אאאFאKE
אאאאאאאאאK 

 
אאאאאאK 

 
אאאאאאאKאא

Fאא،٥٠אאE
FKKKאEאאאאK
אאאK 

 



א ٢٢٤ אא 
א  א

 
  

- ١٩٨  -  

 JאאאW 
אאאאאאאאא

٣٠KאאK
٤٥אאאאF٣٥אEK 

 
 

אא،אא
אאאK 
 
 JאאאW 

אאא،אא٢אL
אאאאKאאאאאאא

אאKאאא
אאאKאאאאW 

١ Jאאאאאא
אאאK 

٢ JאאאאF٤٠אאEK
אאאאאאK 
٣ Jאאאאאphאאא١١K
אאphKאph٣٠F

EKאאא 
٤ Jאאא،FEאא

Fאאא١C١٠،
אאEאאאFאE

אאאאFאEK 
 



א ٢٢٤ אא 
א  א

 
  

- ١٩٩  -  

 JאאW 
 Jאאאא،אא

אKאאאאאא،אKKKאK 
 J،אאאאאK 
 Jאאאאא،אאK 
 JאאאאאאFאאE 
 JאאאאאאאאK

אאאאאאKאא
אאאאאאK 

 



א ٢٢٤ אא 
א  א

 
  

- ٢٠٠  -  

 JW 
 

א 

אא ٣٥٠C٣٣٥C٤٤٠ 
א ٤٧٠C٣٥٠C٥٠ 
א ٣٣٥C٥٠C٣٨٣ 

אא ٣٣٥C٥٠C٣٨٣ 
א ٣٣٥C٨٨C٣٨٣ 

א 
אא ٥א 

א ٥א 
א ٨א 


אא ٢٥}١א 

א ٥٠א 

אא
א 

 ٢٤٠C٣٢٥ 
  Wאא

אא ٤ 
אאאא ٨ 

 

א 
٢٣٠L٢٠٠א

א 
א ٣٠ 
 ٢٣٠L٥א 
א ¾ 

א 
 ٥}١٠א 
 ٣٠א 

 
 
 



א ٢٢٤ אא 
א  א

 
  

- ٢٠١  -  

אאWאא 
LPKF ProtoMat C60א،F٢٥E،א،

אאאאאאאא
אאאאאK

אאאאאK
אא،אאאאK 

 

 
F٢٥Eאאאא 

 
אא?Board Master?،

אאאאאאאא
אKאאאא

אאאKאא
HP-GLLPKFFLMDEKאאאא

אאאאאWEASYPCB, 

ORCAD, PROTOKאא?Circuit CAM?،
אאאאאאאא

،אBoard Masterא،F٢٦EK 



א ٢٢٤ אא 
א  א

 
  

- ٢٠٢  -  

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F٢٦Eאאאאאא 
 

א  

א
ORCAD , PROTO , EASYPCB 

Gerber 

א אא   
א 

Board Master  

אאא 

LPKF ProtoMat C60  

אאא
אאאאW  

Circuit CAM  



א ٢٢٤ אא 
א  א

 
  

- ٢٠٣  -  

אאW 
אאאSolenoidאאאK

אאאאאXא،F٢٧EאאXא
KאאאYאא،Kאא

אאאאאאKאאאא
אאאאאאאאא

אאK 
 

אאאאא
אאאאKא

אאאאאאאא
אאאאKאאאאאK 

 

 
F٢٧Eאא 

 



א ٢٢٤ אא 
א  א

 
  

- ٢٠٤  -  

אאאאאW 
אאאאאאאW 

F١Eא 
F٢EאאאX 
F٣Eאאאאא 
F٤Eאאא 

 
F٢٨Eאאאאא 

 
אאאאאW 

אאאאאW 
F١Eא 
F٢EאאאאF٩אEאא 
F٣EאאאאF٢٥Eא 
F٤EאאX 
F٥EאאY 
F٦Eאא 
F٧Eאאא 
F٨EאX 



א ٢٢٤ אא 
א  א

 
  

- ٢٠٥  -  

F٩EאY 
F١٠Eאא 
F١١E 
F١٢Eאאא 
F١٣Eא 

 
אF٢٩Eאאאאא 

 
Board MasterאW 

אאאאFאFאEECircuit CAM
HP-GLLPKFFLMDEK

Board Masterאאאאא،Circuit CAM
אאLPKFKאHP-GLLMD،
אאSCALLING،،אאKKKא،

אאאLPKF ProtoMat C60אאHP-GL،
אאאא،אאKKKאK 

 



א ٢٢٤ אא 
א  א

 
  

- ٢٠٦  -  

אאאFאWE 
אאאאא 

F١EאאPAUSEWאאא
אאאFאאאEאK 

 
F٢EאאHOMEWאאאFXEא
אX=0, Y=0אFBoard Master

אLPKF ProtoMat C60KE 
 

F٣EאאאCHANGEFאאEK 
 

אF٢٧Eאאא 
 

אאאאאאאאאא،אא
אאאאאאKאאא

אאאKאאאאא
אK 

 
 



א ٢٢٤ אא 
א  א

 
  

- ٢٠٧  -  

אאא 
 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
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 אא אא א 
אא

א 

١
٢٢٠ J

٦}١٢ 
12.6V transformer ١ T1 

٢،1N5400 Diode , 1N5400 ٣ CR1-CR3 
٣א7805IC,7805 Voltage regulator ١ U1 
٤ LED indicator ١ CR4 

٥
،٤٧٠٠

،א٣٥ 
Capacitor, 4700 uF, 35V 

electrolytic 
١ C1 

٦
،א١}٠

،א٥٠ 
Capacitor, 0.1 uF, 50V 

ceramic 
١ C2 

٧
،٢٢٠،٢٥}٠

א 
Resistor , 220 Ω , ¼W ١ R1 

٨א Heat sink ١  J 

٩


א 
Heat sink mounting 

hardware 
١  J 

١٠
א

א 
DPDT switch ١ S1 

١١
א

F
4
33

4
32 ×E 

Circuit board 
4
33

4
32 × ١  J 

١٢א Box  
4
37

8
34

8
32 ×× ١  J 

١٣ Fuse holder ٢  J 

١٤
٥}١

 
1.5A fuse ٢ F1, F2 
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١٦ Connectors ٢ TP1, TP2 
١٧א Rubber feet (set) ١  J 

١٨


PVC 
Standoffs ٤  J 

١٩אאאHeat shrinkable tubing   

٢٠
٦ J٣٢،

¾ 
Screws 6-32, ¾ long   

٢١א٦ J٣٢ Nuts 6-32   

٢٢
٤ J٤٠،

¼ 
Screws 4-40, ¼ long   

٢٣٤א J٤٠ Nuts 4-40   

٢٤
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١ J،אS1،DOUBLE-POLE DOUBLE-

THROW  (DPDT)אאKאא
אאאOFFK 

٢ Jאאאאאא
FshortEK 

٣ JLEDאא
אK 

٤ JאאאאKאאאא
אKא7805Kאא



א ٢٢٤ אא 
א  אאא

 
  

- ٢٢٨  -  

אא،א
K 

٥ J،אאא
אאאאאאKאאא

אאאאK،א
אאאKאא

אKאאאK 
 

 
F١٠Eאאאאאאא 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٢٩  -  

 
F١٠Eאאאאא

אא 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٣٠  -  

 
F١٠Eאאאאא

אא 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٣١  -  

אא٥W 
אאאאאא

אאאK 
 

אאWאאאKא
אאאאאאאאאא

אאאא،אאא
אK 

 
אאWאאאאאאאא

אאאאאאאW 
١ JONOFFאK 
٢ JאLEDאאאאK 
٣ JאFEאאK 
٤ JאאאK 
٥ JאאאאאאACK 

 
אאWאאאא،אא،א

אאאא،אאא
אאאאאאK

אאאאאK 
 

אאאאאאא
אאאKאS1א–אLEDא

אאאאא
אK 

 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٣٢  -  

אאאאאW 
אאאאאאW 

 א 
א

אא 
 

١  CR1 אא 
٢  CR2 אא 
٣  CR3 אא 
٤  R1 - 
٥  C1 אא 
٦ א C2  J 
٧ FאE U1(7805) אאאא

 
אאאאאאאאאא

אאאאFEאאאKאא
אאאאאאאW 

Easy PCBORCADPCB123Express PCBEagleKKKKKאK 
 

א،אאאאאאאאאאא
אאאאstrip PCB،אאאW 

١ JאFאEא 
٢ Jאאאאאא 
٣ JאאאאאאאFאE 
٤ Jאאאאאאא 

 
 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٣٣  -  

 
٧٦٥١٢٣٤
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥
٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥٥

 
F١١Eאאאאאא 

 
 
 
 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٣٤  -  

 
F١٢Eא 

 

 
F١٣Eאאאאאאא 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٣٥  -  

אאאאW 
 

 א 
א

אא 
 

١  CR4 - 

٢ 
אא

אH٥ TP1 - 

٣ 
אא

אF JE TP2 - 

٤ א S1 - 
 

אאאאW 
 
 
 
 
 
 
 

F١٤Eאאאא 
 

אאאW 
 

 א אאא 
١  F1 - 
٢  F2 - 
٣ אא AC  

LED 

5 VDC 

ON/OFF 
DC POWER SUPPLY 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٣٦  -  

אאאW 
 
 
 
 
 
 
 

F١٥Eאאא 
 

F1 F2 
AC 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٣٧  -  

אאאאW 
א 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

א 
 

F١٦Eאאא 
 
 

U6 

U1 U2 

U3

U4 

U5

U7 

U8 U9 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٣٨  -  

אאW 
 

U1 U2 U3 U4 U5 U6 U7 U8 U9 
CR4 TP1 TP2 S1 PCB T1 AC F1 F2 

 
אאאאאW 

אאאאאאא–א
אאא JאאW 

 

א

א
א 


 


AWG 

  
אאאא

        
        
        
        
        
        
        
        
        
        
        
        
        

 
 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٣٩  -  

אאWא 
OPTICAL FIBER LINK 

 
אאTRANSMITTER
אRECEIVERKאF١٧EאאאאK 

 
 
 
 
 

 
 
 

F١٧Eא 
 

אאאKא
Light Emitting Diode (LED)Laser Diode (LD)Kאא

אאאאאFאEאאאK
אאאאאאאא

אאאKאOptical DetectorK 
 

אא 
אא،F١٨WE 

١ JאאאF٩E 
٢ JFMICE 
٣ JOp. Amp LM741 
٤ JאאNPNאא2N3904 
٥ JFאאאInfraredE 

 

  مستقبل مرسل

  ألياف بصرية
سماعة



א ٢٢٤ אא 
א  אאא

 
  

- ٢٤٠  -  

 

 
F١٨Eאא 

 
אאאאאKאא

אאKאאאC1אR2
א٢Kאא

אR6 אR2،100K/10K10Kא
אאאאא

KאאאDCא
C1KאVoltage Follower

אאKאא
٦אא٣٢אא٥}٤Kא

F٥}٤EאאR4, R5אK
אאאאאNPN2N3904אK 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٤١  -  

אאNPN2N3904אאאאLEDK
אאאאKאא

אKאאאLEDאK
אאאאK 

 
אLED (D1) אאON/OFFKאK

אLED،אKא
C2אKאC3אא

אKאאאKאS2،
אC4אאאאאאK

אאK 
 

אאW 

 אא אא א 
אא

א 

١ 
،٢٢٠

،٥٪،٢٥}٠א 
Carbon resistor , 220 Ω, 

5% , 0,25W 
١ R8 

٢ 
،١

،٥٪،٢٥}٠א 
Carbon resistor , 1KΩ, 

5% , 0,25W 
١ R7 

٣
،٢}٢

،٥٪،٢٥}٠
א 

Carbon resistor , 2.2KΩ, 
5% , 0,25W 

٢ R1, R3 

٤
،١٠

،٥٪،٢٥}٠
א 

Carbon resistor , 10KΩ, 
5% , 0,25W 

٣ R2, R4, R5 

٥
،٦

،٥٪،٢٥}٠א 
Carbon resistor , 6KΩ, 

5% , 0,25W 
١ R6 

٦
،א١٠٠

אF١٠١E 
Capacitor, 100 PF(101) , 

ceramic ١ C3 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٤٢  -  

٧
،א٠١}٠

אF١٠٣E 
Capacitor, 0.01uF (103) 

, ceramic   

٨ 
،٠٢٢}٠
אF٢٢٣E 

Mylar capacitors, 
0.022uF(223) 3 C4 

٩אאNPN
2N3904 

Transistor NPN , 
2N3904 ١ Q1 

١٠،LM-741Audio Op-Amp IC, LM-
741 ١ U1 

١١LEDLED Red ١ D1 

١٢
LED

FאE LED Transmitter Clear ١ D2 

١٣אF
4
33

4
32 ×ECircuit board 

4
33

4
32 × ١  J 

١٤
א

א 
SPDT switch ٢ S1, S2 

١٥אF٩E Battery holder ١ BATT 
١٦ Microphone ١ MIC 

١٧
אאא٨

 IC Socket 8-pin ١  J 

١٨א Box  
4
37

8
34

8
32 ×× ١  J 

١٩ Letter print sheet ١  J 

 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٤٣  -  

א،אאאא 

 
F١٩Eאאא 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٤٤  -  

אאאאW 
אא

אאKאאאאאFאEW 
١ Jא 
٢ Jאא 
٣ Jא 
٤ J 
٥ J 
٦ Jאאא 
٧ Jאא 

 
 
 
 
 
 
 
 
 

F٢٠Eאאא 
 

القشرة 
CLADDING

 اللب
CORE 

  لتغليفا
JACKET



א ٢٢٤ אא 
א  אאא

 
  

- ٢٤٥  -  

אאאW 
 

 אא אא א 
אא

א 

١
F

אE،
א 

Optical fiber 
(manufactured from 
plastic) one meter 

length
١  J 

٢
אא

א
א 

Connectors ٢  J 

 
 

 
F٢١E 

 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٤٦  -  

W 
• אאאK

אאאאK 
• אאאאאאא١٠

אאאאאאK 
 

אאאאW 
אאאא،אא

אאאאFundamental modeאאא
אאאאK

אאאאאאאא
אאאאK 

אאאאאאKא
אאאאאאאKאאא

אאאאאאאKאאא
אאאאאאאאאא

אאאאK 
 

אאW 
אאF٢٢EW 

١ JFא٩E 
٢ JאFELPT80A 
٣ JLM-386 
٤ J 

 
אאQ1،(LPT80A)،א?אcommon-collector?

KאאאאFאEא



א ٢٢٤ אא 
א  אאא

 
  

- ٢٤٧  -  

אאR1KאאאאK
א،אאאאאאQ1KאאLM386

אC1K 

 
F٢٢Eאא 

 
אאLM386א٢٠K،א

אC1א٢٢٠،א
F٥אEK،אאאאC4אK

אאKאאLED (D1)،
אאON/OFFKאKאאאLED

،אאKאC2
אF٩אKE 

 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٤٨  -  

אאW 

 אא אא א 
אא

א 

١
،١٠

،٥٪،٢٥}٠
א 

Carbon resistor , 10 
Ω, 5% , 0,25W 

١ R3 

٢
،٢}٢
،٥٪،

٢٥}٠א 

Carbon resistor , 
2.2KΩ, 5% , 0,25W 

١ R2 

٣،٢٠٠ POTENTIOMETER, 
200Ω١ R1 

٤
،٠٤٧}٠
אF٤٧٣E 

Mylar capacitors, 
0.047uF(473) 3 C1, C3, C5 

٥
،١٠

،א٣٥ 
Capacitor, 10 uF, 
35V electrolytic 

١ C6 

٦
،٤٧

،א٣٥ 
Capacitor, 47 uF, 
35V electrolytic 

١ C2 

٧
،٢٢٠

،א٣٥ 
Capacitor, 220 uF, 
35V electrolytic 

١ C4 

٨א
LPT80A 

Phototransistor , 
LPT80A١ Q1 

٩
،

LM-386 
Audio Op-Amp IC, 

LM-386 
١ U1 

١٠
LED

 LED Red ١ D1 

١١
א

F
4
33

4
32 ×E 

Circuit board 
4
33

4
32 ×١  J 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٤٩  -  

١٢
א

א 
SPDT switch ١ S1 

١٣אF٩EBattery holder ١ BATT 
١٤ Speaker١ SPEAKER 

١٥
אא

א٨ IC Socket 8-pin ١  J 

١٦א Box  
4
37

8
34

8
32 ×× ١  J 

١٧


 
Letter print sheet ١  J 

 
אאא،אא 

 

 
 

F٢٣Eאאא 
 
 
 
 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٥٠  -  

אW 

 
F٢٤Eאא 

 
F٢٥Eאאא 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٥١  -  

 

 
F٢٦Eאאא 

  

  
  

F٢٧Eאאאא 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٥٢  -  

  
 

F٢٨Eאאא 
  

  

  
F٢٩Eאאאאא 

אא 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٥٣  -  

  

  

F٣٠Eאאאאא  

  

  
  

 
 

F٣١Eאאאאא 
 

אאאאאאאאאאא
אא JאאK 

אאאאאאאאאאא
אא JאאK 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٥٤  -  

אאWאאINTERCOM 
 

W 
אאאאKא

Master AmplifierאKא
אאKאאאא

אFאEאKאא
א،א

אאאK 
 
 

אאאאF١٦KEאAMP،
Master speakerאאPB1א

אKאאאFSlaveEF
KEאאK

אאאאאאאאFא
אEKאאא

F١٦E،LS1 LS2אאאK 
 

 
F٣٢Eאאאא 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٥٥  -  

אאPB1א،אאLS1
،אאLS2אKאאא

אאKאאאאPB1،אLS1
،אאLS2אKאאאLS2FE

אLS1FKE 
 

אאאINTERCOMW 
אאF١٧KEא

אא741KאאאIC1אאnon-
inverting amp.אKאאVR1אIC1

אאKאIC2inverting amp.
KאאאTR1TR2אאא

LS1LS2Kאא٩א
אאK 

 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٥٦  -  

 
F٣٣Eאאאאא 

 
 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٥٧  -  

אאאאW 
 

 אא אא א 
אא

א 

١
،١٠٠

،٥٪،٢٥}٠
א 

Carbon resistor , 100 
Ω, 5% , 0,25W 

١ R9 

٢
،١٠٠
،٥٪،

٢٥}٠א 

Carbon resistor , 
100KΩ, 5% , 0,25W 

٦ R1, R2, R4, R6, 
R7, R8 

٣
،١٠
،٥٪،

٢٥}٠א 

Carbon resistor , 
10KΩ, 5% , 0,25W 

١ R5 

٤
،١

،٥٪،
٢٥}٠א 

Carbon resistor , 
1KΩ, 5% , 0,25W 

١ R3 

٥
،١٠

 
POTENTIOMETER, 

10KΩ 
١ RV1 

٦،١א capacitor, 1uF ١ C3 

٧
،١٠

،א٣٥ 
Capacitor, 10 uF, 
35V electrolytic 

٢ C1, C2 

٨
،٤٧٠

،א٣٥ 
Capacitor, 470 uF, 
35V electrolytic 

١ C5 

٩
،

١٠٠،א٣٥
 

Capacitor,100 uF, 
35V electrolytic 

١ C4 

١٠אBD132 transistor BD132 ١ TR2 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٥٨  -  

١١אBD131 transistor BD131 ١ TR1 
١٢،741Op-Amp IC, 741 ٢ IC1, IC2 

١٣
א

F
4
33

4
32 ×E 

Circuit board 
4
33

4
32 × ١  J 

١٤
א

א 
DPDT switch ١ PB1 

١٥אF٩EBattery holder ١ BATT 

١٦ Speaker ٢ REMOTE, 
MASTER 

١٧
אא

א٨ IC Socket 8-pin ٢  J 

١٨א Box ٢ REMOTE, 
MASTER 

١٩،٦Insulated wire, 6 
meters 

١  J 

٢٠


 
Letter print sheet ١  J 

 
 
 
 
 
 
 
 
 

אאאאא 



א ٢٢٤ אא 
א  אאא

 
  

- ٢٥٩  -  

אאא 
 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
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