
 
 

 
 

 
 

 
 

ѿ ̆ ӈ̔ 

 ƴ 

ƴ 

ƴ 

̂ §4.5 ̃̆  

̂ §4. 6̃̆  

ץ ᴰ ̂ §4. 7 Ȃ̃ 

 

Ҋ ҉Ȃ. 

3.3.1.  

 

 8: ԋ  

 

3.3.2. №  

 

 10: № ԋ  

 

3.3.3. ҈  

 

 13: ҈ ҈  

 

 14: ҈  

 

҈ Ҭ̆ ץ ῃ ҉ ̆ Ȃ 

҈ ҈ Ҭ̆ ңҩ ᴰ ̔A1 A2̆ A2 A3̆ A3 A1Ȃ 
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9: ҈

11: № ҈ 12: №

15: ҈ ԓ



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.4.  

 ƴ 

ƴ

ƴ

ƴ

ƴ

ƴ 

ת Ȃ 

ת ̂ §4 ̃̆  

ᴰ ⌠ ҉Ȃ 

/Ҭ ⌠ Ҭ ̂ Ҭ ̃ 

L1 ᵝ ⌠ L1 ᵝ ғ ᴰ Ȃ 

L2̆L3 Ҭ ᵬ Ȃ 

. 
̔ ᵬ̆ ץ ⁞ ץ Ȃ 

 
̔ 

ƴ   ᵬ̆ Ҭ№ ԅҬ ̆ Ҭ Ȃ 

   ғ῏ ת Ȃ 

 
ת .3.4 ⱳ  

҈ Ḡ ̂ §11̃ 

ץ ᴋᵥ Ṝ Ҋ ꜛ Ȃ ₮ ꜛ ᴪҹ ᶫ ╠ ⱳ ץ Ḥ Ȃ 
 

3.4.1.  

i ת ⌠ ̆ Ȃ . 

3.4.2.  

ת ⌠ ̆ Ȃ 

 

. 

ץ ת ̂ §6.1 ̃̆ ̂ §6. 2̃̆ ⱳ ̂ §6. 3̃ ̂ §6. 4 Ȃ̃ 

 

3.4.3.  

ת ⌠ ̆ Ȃ . 

ץ ת RMSṿ ̂ §7.1 ̃̆ ̂ §7. 2̃̆ ṿ ̂

§7. 3̃ ̆ ṿ̂ §7. 4̃̆ ṿ ̂ §7. 5̃̆ ̂ §7. 6 Ȃ̃ 

 

3.4.4.  

ת ⌠ ̆ Ȃ . 

ץ ̂ §8.1 ̃̆ ҹ ̂ §8.2 ̃̆ ̂ §8. 4̃ − ̂ §8. 6 Ȃ̃ 

3.4.5.  

ת ⌠ ̆ Ȃ 

 

. 

ץ ̂ §9.2̃ ҹῒ ̂ §9. 1 Ȃ̃ Ӟ ץ − ̂ §4.11 Ȃ̃ 

 

3.4.6.   

ת ⌠ ̆ Ȃ . 

ת ץ ̂ §10.1.3̃ ̂ §10.1. 4̆§10. 2.2, §10. 3.2 Ȃ̃ 
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4.  

 

ת Ȃ ѿ ╠̆ ת Ȃת ῤ Ḡ ת̆
Ҍᴪҡ Ȃ 

4.1.  

Ҭ̆ (p,q, t, u) ԍҹ ᶫ ץ ת ῀Ȃ ṿ ̆ ץ ⌠ ԍ ṿ Ȃ 

ԍ ’̆ (8  ) Ȃ 

ԍ׆ Һ Ȃ 

 ( 

 

 

 

 16:  

 

4.2.  

҉ Ҋ ⱳ ̂ 16  ̃

ҹ Ȃ 

 

4.3. /  

 
ץ Ҋ ӈ ̔ 

 17: /  

/ ԍ ֦ ̆ 8  ῀ Ȃ p q ץ ṿȂ t u ℗ץ

Ȃ 8 Ȃ 

̂DD/MM/YY or MM/DD/YỸ ̂12/24 or AM/PM̃ҍ Ȃ

Ȃ 

Ȃ . 

̔ ת ԍ ̆ ̆ ̆ ̆ Ҍ Ȃ  

19 

 

 



 
 

 
 

 
 

  

 

 
 

4.4.  
 

4.4.1. ֦ /  

18: ֦ /  

(t, u) ֦ Ȃ 

Ȃ 

 

. 

4.4.2.  

 ̆ ץ Ҋ ӈ Ȃ ҉ Ҋ ⱳ Ȃ ץ
15 ̔ ̆ ̆ ̆ ̆ ̆ ̆ ̆ ̆ ῒ ̆ ̆ ̆ ̆ ̆

Ȃ 
 

Ҋ̔ 

 19:  

 
(p,q, t, u) № Ȃ 

Ȃ . 

4.4.3.  

ץ Ҋ Ȃ ҉ Ҋ ⱳ Ȃ 

 20:  

(p,q) ̔ ꜚ Ҍ׆ Ȃ 

20 

 

 

 

ץ Ҋ   ӈ ֦ ̔



 
 

 

 

 

 

 
 

 
 

ꜚ ԍ Ȃת ῃ ᶫ ̆ Ҋץ ң ’Ҋ̆ת ᴪ ῀ ̆ѿ ԓ№ ῤ ᶏ

̕ԋ № ῤת ⌠ Ȃ Ҋ̆ ῏ LEDᴪҌ ̆ ת ̆ ץ

ᵬȂ Ҋᴋᵥ ץ ֦Ȃ   

Ȃ . 

4.4.4.  

ץ Ҋ ת Ȃ ҉ Ҋ
ⱳ Ȃ 

 

21:  

(p,q) ῀ ₮ Ȃ ᴪ ̆ ᴪ Ȃ 

4.5.  

Ҭ Ҋ ֓ ̔ 

ƴ

 

ƴ

ƴ

 

ⱳ №ҹ ⱳ ץ ⱳ ̂ⱳ ̃̆  

ᵝ ̆

 

K ̆

 

 

4.5.1. ⱳ ⱳ

 
 

ץ Ҋ var ⱳ№ №ҹ ⱳ ץ ⱳ ̂ⱳ Ȃ̃

 

22: ⱳ

 

(p,q) №Ȃ

 
 

ƴ  

 

№̔ ⱳⱳ N №ҹ ⱳⱳ Q1

 

ץ ⱳ DȂ ⱳ Nh №ҹ ⱳ Q1hץ DhȂ

 

1

 

1

 

ƴ  

 

Ҍ №̔ ⱳⱳ N ⱳ NhȂ

 

8

  

Ȃת ⌠ Ȃ

  
 

̔ ת ̆ / ת̆ Ҍ ℗ Ȃ

 

 

21 

 

 

 

ƴ ᵝ̆

ƴ Ȃ



 
 

 
 

       ̆ . 

ץ ṿ ̔ 

Urms RMSṿȂ 

Ucf RMSṿȂ 

Uthdf ̆ ҹ RMSṿȂ 

Uthdr ̆ ҹ RMSṿ̂Ҍ № Ȃ̃  

Vrms RMSṿȂ 

Vcf ṿ Ȃ 

Vthdf ̆ ҹ RMSṿȂ 

Vthdr ̆ ҹ RMSṿ̂Ҍ №̃Ȃ  

Arms RMS
ṿȂ 

Acf ṿ Ȃ 

Athdf ̆ ҹ RMSṿȂ 

Athdr ̆ ҹ RMSṿ̂Ҍ №̃Ȃ  

P ⱳⱳ Ȃ 

Q ⱳⱳ ̂ Ȃ̃ 
  1   

N ⱳⱳ Ȃ 

D ⱳ Ȃ 

S ⱳ Ȃ 

PF ⱳ Ȃ 

cos  - ᵩ ṿ̂ᵝ ⱳ -DPF Ȃ̃ 

tan  - ℗ṿȂ 

PST Ȃ 

FHL Ȃ 

FK K Ȃ 

Vunb 

or Uunb 

Ҍ ̂ Ҭ Ȃ̃ 

Ҍ ̂Ҍ Ҭ Ȃ̃ 

Aunb Ҍ Ȃ 

Hz Ȃ 

U-h Ȃ 

V-h Ȃ 

A-h Ȃ 

S-h ⱳ Ȃ 

ԅ ŬV̆A Sṿ Ȃ ץ ̂0-50̃̆ ֓ Ȃ ̆

ץ ῀ Ȃ 

̔ ԅ r% ṿ ̆01 ᴪ ҉Ȃ  

̆ ᾢ ̂ ̃̆ p,q,t  u ꜚᾣ ҩ ҉̆
Ȃ p  q ṿ̆ Ȃ 

32 

 

ṿ ӈ 

 

 

 

 

 

  

 

 

 

�)

�)



 
 

 

 

 

 

 
 

 
 

 
 

   

 

  

 

  

 

 

 

 

 

 

 

   

 

 

 
 

 

 

 

ƴ 

ƴ
ƴ 

Ȃ.

 

̂0-50̃̆

 

|S-h|, A-h, U-h V-hȂ

     

ƴ     

 

3L̔҈ ̆

 

ƴ     

 

N̔Ҭ ̆

 

ƴ    

 

4L̔҈ Ҭ ̆

 

ƴ     : ᵣ Ȃ

 

Hz, Urms, Vrms, Arms ̂> < Ȃ̃

 

ṿ̂Urms, Vrms, Arms,

 

|P|, |Q1| N, D 

 

S) ᵝ ṿ Ȃ̃

 

ƴ 

ƴ 

ƴ 

 

ῤ

 

Vrms, Urms ArmŝҌ Ҭ ̃ ȁᵞԍ ṿ

 

̔1%̆2%̆5% 10%̂ §16.3 Ȃ̃

 

 

ƴ 

℗ Ȃ

   

ṿ ᴪ ↓ ҬȂ
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�6

̔ ҹ ҍ ҌῚ ̂ ̆ ת ᴰ ̆ ̆ Ȃ̃01

r% Ȃ

ת ̆ Ҍ ḱץ ғ Ȃᵖ ̆ ץ

̂ Ȃ̃.

Ȃ .

4.11. −
ץ Ҋ Ҭ № ῃ− ת Ҭ

35: −

p,q,t u ꜚ ᾣ Ҭ − ̆ Ȃ − Ȃ

ῃ Ȃ

ῃ Ȃ

To unselect all items, press

.

.

− ̆ 8Ȃ

Ȃ

̔ −ץ ‗ԍ ̂ ̆ ̆ ̃



 

 

 

 

 
 

 

  

 
 

 
 

 

 
 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

  

       

 

 

    

 

 

 

 

 
 

 

4.12. Ḥ

 

 
 

Ḥ ԍ ѿ֓ת ῏ Ḥ Ȃ

 

 

 

36: Ḥ

 

 

Ȃ

 

 

.
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6.  

 

 

       ԍ ̆ ⱳ ̆ ԍ ֟ ץ №
ҩ ֟ ̂Ҭ ̆ ᵣ̆ ץ ῒז ’ Ȃ̃ 

 

ץ Ғ ̂§6. 5 Ȃ̃

p  q Ȃ  
№ ⱳ ̂ §6. 3 Ȃ̃ 

 

 

№ ̂  §6. 2 Ȃ̃ 

№ ̂  §6.1 Ȃ̃ 
№ ̂ §6. 4 Ȃ̃ 

 

 51:                       

6.1.  
 

V ԍ ̆ ԍ Ҭ Ȃ 

̂ §4.6 ̃̔  

 

 

 

Ҋᶛ ҈ ’Ȃ

 

6.1.1. 3L

 

҈ 3L̆L1̆L2̆L3̆N Ғ

̂ ԍ҈ ’-

§6.5Ȃ p

 

q ῤ Ȃ

 

ᾣ ҍ ῏ Ḥ Ȃ

 

V-h03̔ Ȃ

 

%̔ ̆ ҹ RMSṿ

̂%f̃ RMSṿ̂%r Ȃ̃

 

V̔ RMSṿȂ

 

+000°̔ ԍ ̂ ҹ

1 Ȃ̃

 

Ȃ

ҹ № ̆ ҹ

RMSṿȂ

 

̔ №Ȃ

 

1-25̔

1-25Ȃ ᾣ ԅ25̆

ҹ26-50Ȃ

 

ᾣ Ȃ t

  

u ꜚᾣ
Ȃ

  

 

52: 3L ҽᶛ

 

44 

 

 

�„ 	…-(�¼4ï�Ö��F9���Ä L1�Å

�„ 	…-(�94ï�Ö L1�ÈN

�„ �6-(�94ï�Ö 2L�ÈL1�ÈL2

�„ �6-(
�4ï�Ö 2L�ÈL1�ÈL2�ÈN

�„ �9-(
�4ï�Ö 3L�ÈL1�ÈL2�ÈL3�È-�È+

�„ �9-(�Ä4ï�Ö 3L�ÈL1�ÈL2�ÈL3�ÈN�È-�È+



 
 

 
 

6.1.2. L1  

ᾣ ҍ ῏ Ḥ Ȃ 

V-h03̔ Ȃ 

%̔ ̆ ҹ RMSṿ

̂%f̃ RMSṿ̂%r̆ Ȃ̃

 

V̔ RMS Ȃ 

-143°̔ ԍ ̂ ҹ

1 Ȃ̃ 

max ï min: - ̔

Ȃ

̆ ṿ

Ȃ 

THD̔ Ȃ 

Vd̔ RMSṿȂ 

҈ 3L̆L1̆L2̆L3̆N Ғ

̂ ԍ҈ ’-

§6.5 ̆̃Ȃ p  q

ῤ Ȃ 

Ȃ ҹ №

̆ ҹ RMSṿȂ

 

DC: №Ȃ  

1-25̔ 1-25Ȃ ᾣ ԅ

25̆ ҹ26-50Ȃ 
ᾣ Ȃ t  u ꜚᾣ Ȃ 

ԍ25 Ȃ 

 

 53: L1 ҽᶛ 

̔ L2 L3 2 3 Ȃ ҍ L1 Ȃ. 

6.2.  
 

A Ȃ 

6.2.1. 3L  

҈ 3L̆L1̆L2̆L3 Ғ

̂ ԍ҈ ’-

§6.5 Ȃ̃ p q ῤ Ȃ  

ᾣ ҍ ῏ Ḥ Ȃ 

A-h05̔ Ȃ 

%̔ ̆ ҹ RMSṿ

̂%f ̃ RMSṿ̂%r Ȃ̃

 

A̔ RMS Ȃ 

+179°̔ ԍ ̂ ҹ

1 Ȃ̃ 

Ȃ

ҹ № ̆ ҹ

RMSṿȂ  

Rang DC̔ №Ȃ. 

1-25̔ 1-25Ȃ ᾣ

ԅ25̆ ҹ26-50Ȃ 
ᾣ Ȃ t  u ꜚᾣ

Ȃ 

 54: 3L ҽᶛ 
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6.2.2. L1  

҈ 3L̆L1̆L2̆L3 Ғ

̂ ԍ҈ ’-

§6.5 ̆̃Ȃ p   q ῤ Ȃ

 

ᾣ ҍ ῏ Ḥ Ȃ 

A-h05̔ Ȃ 

%̔ ̆ ҹ RMSṿ

̂%f̃ RMSṿ̂%r̆̃Ȃ

 

A̔ RMSṿȂ 

+178°̔ ԍ ̂ ҹ

1 Ȃ̃ 

max ï min: - ̔

Ȃ

8 ̆ ṿ

Ȃ 

THD: THD̔ Ȃ 

Ad: RMSṿȂ 

Ȃ

ҹ № ̆ ҹ

RMSṿȂ
 

Rang DC̔ №Ȃ 

1-25̔ 1-25Ȃ ᾣ

ԅ25̆ ҹ26-50Ȃ ᾣ Ȃ t u ꜚᾣ Ȃ 

 

55: L1 ҽᶛ

 

̔ L2 L3 2 3 Ȃ 

ҍ L1 Ȃ 

6.3. ⱳ  
 

S ⱳ ̆Ҍ ԍ҈ ҈ Ȃ 

T Ȃ Ҭ̆ Ҭ ҉ץ ̆ Ҭ Ҋץ Ȃ 

6.3.1. 3L ⱳ  

 

S-h03̔ Ȃ

 

%̔ ̆ ҹ RMSṿ

̂%f̃ ⱳ ̂%r Ȃ̃

 

+006°̔ ԍ

Ȃ 

̔ Ȃ 

̔ Ȃ 

҈ 3L̆L1̆L2̆L3Ȃ p

 
q ῤ Ȃ

 

Ȃ

ҹ № ̆ ҹ

ⱳ Ȃ  

Rang DC̔ №Ȃ 

1-25̔ 1-25Ȃ ᾣ

ԅ25̆ ҹ26-50Ȃ 

ᾣ Ȃ t  u ꜚᾣ Ȃ 

 56: 3L ⱳ ҽᶛ 
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6.3.2. L1 ⱳ  

ᾣ ҍ ῏ Ḥ Ȃ 

S-h03̔ Ȃ 

%̔ ̆ ҹ ⱳ

RMSṿ̂%f̃ ⱳ ̂%r Ȃ̃

 

+045°̔ ԍ

Ȃ 

 minïmax: 

Ȃ

̆ ṿ Ȃ 

҈ 3L̆L1̆L2̆L3Ȃ p 

q ῤ Ȃ 

Ȃ

ҹ ⱳ ⱳ

№ Ȃ  

 

 

1-25̔ 1-25Ȃ ᾣ

ԅ25̆ ҹ26-50Ȃ 

 Ȃ  ᾣ Ȃ t u ꜚᾣ Ȃ 
   

 57: L1 ⱳ ҽᶛ 

̔ L2 L3 2 3 ⱳ Ȃ ҍ 1 Ȃ 

6.4.  

U Ҍ ԋ ҈ Ҭᶏ Ȃ ҩ Ȃ 

6.4.1. 3L  

ᾣ ҍ ῏ Ḥ Ȃ 

U-h03̔ Ȃ 

%̔ ̆ ҹ ⱳ

RMSṿ̂%f̃ RMSṿ̂%r Ȃ̃

 

V̔ RMSṿȂ 

+000°̔ ԍ ̂ ҹ

1 Ȃ̃ 

҈ 3L̆L1̆L2̆L3Ȃ p  

q ῤ Ȃ 

Ȃ

ҹ № ̆ ҹ

RMSṿȂ  

Rang DC̔ № Ȃ 

1-25̔ 1-25Ȃ ᾣ

ԅ25̆ ҹ26-50Ȃ 

ᾣ Ȃ t  u ꜚᾣ

Ȃ 

 58: 3L ҽᶛ 
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Rang DC̔ № Ȃ



 
 

 
 

 
 

6.4.2. L1  

ᾣ ҍ ῏ Ḥ Ȃ 

U-h03̔ Ȃ 

%̔ ̆ ҹ RMSṿ

̂%f̃ RMSṿ̂%r Ȃ̃ 

V̔ RMSṿȂ 

+000°̔ ԍ ̂ ҹ

1 Ȃ̃ 

max ï min: 

8 Ȃ  

THD: Ȃ 

Ud: RMSṿȂ 

҈ 3L̆L1̆L2̆L3Ȃ p 

q. ῤ Ȃ 

Ȃ

ҹ № ̆ ҹ

RMSṿȂ  

Rang DC̔ №Ȃ 

1-25̔ 1-25Ȃ ᾣ

ԅ25̆ ҹ26-50Ȃ 

ᾣ Ȃ t  u ꜚᾣ Ȃ 

59: ҈ 3L̆L1̆L2̆L3Ȃ t  u ῤ Ȃ 

̔ L2 L3 2 3 Ȃ ҍ 1 Ȃ 

6.5. Ғ  

Ғ  

  

҈ ’Ȃ ԍ Ҭ ꜚ ֟ Ȃ ҉ p  q
℗ ⌠Ғ Ȃ Ҭ ῤ ֦̂ ̃ ғ ҉ Ғ Ȃ  

ҩ Ҭ ԅңҩ ̔ 

ƴ   V Ҭ ҈ ̆U Ҍ Ҭ ҈ Ȃ 

ƴ   A Ғ Ȃ 

̔ № ↓̆ ԍ ’Ȃ 

6.5.1. Ғ  
 

ԍ҈ Ҭ Ҭ̆V ԍ Ҭ ꜚ ֟ Ȃ 

Ȃ Ȃ 

Ȃ. 

%̔ ̆ ҹ RMSṿ

̂%f̃ RMSṿ̂%r Ȃ̃ 

 60: Ғ ̂ Ҭ ҈ ̃ 

҈ Ҍ Ҭ Ҭ̆U ԍ ֟ Ȃ 

48 

 

 



 
 

6.5.2. Ғ  
 

A Ҭ ꜚ ֟ Ȃ 

Ȃ Ȃ. 

Ȃ 

%̔ ̆ ҹ RMSṿ

̂%f̃ RMSṿ̂%r Ȃ̃ 

 61: Ғ  

49 

 



 

 
 

 
 

 
  

 

 
 

 
  

 

7.  

 ̆ ̆ ׆ ⌠ ṿ̂ ԅⱳ ̆ Ȃ̃ 

ת ̆ Ҋ ₮ Ȃ 

ṿ RMSṿ

̂ §7. 4 Ȃ̃ 
Ȃ p  q

ῤ Ȃ  

RMSṿ̂ §7.1 Ȃ̃ 

Ҋ ṿ̔RMS̆DC̆

THD̆CF̆PST̆FHL FK̂

§7. 5̃ ̂ §7. 2 Ȃ̃ 

Ḥ ̂ §7. 6 Ȃ̃ 

̂ §7. 3 Ȃ̃ 

52:  

7.1. RMSṿ 
 

RMS ԍ ѿҩ Ḥ RMSṿȂ 

̂ §4.6 ̃̔  

 

         

    

  

    
         

    

Ҋᶛ ҈ Ȃ
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�„ 	…-(�¼4ï�F�6-(�¼4ï�Ö"Ñ�9F9���Ä �/���Å

�„ 	…-(�94ï�Ö
�„ #{GÿRMS, THD, CF, , �Ö2V, 2A, L1, N
�„ #{Gÿ �Ö"Ñ�9F9�� (L1)

�„ �6-(�94ï�Ö
�„ #{GÿRMS, THD, CF, , �Ö U, 2V, 2A, L1, L2
�„ #{Gÿ �Ö2V, 2A, L1, L2

�„ �6-( 
�4ï �Ö
�„ #{GÿRMS, THD, CF, , �ÖU, 3V, 3A, L1, L2 N
�„ #{Gÿ �Ö 2V, 2A, L1, L2

�„ �9-(�94ï�Ö 3U, 3A

�„ �9-(
�4ï�Ö 3U, 3V, 3A, L1, L2, L3

�„ �9-(�Ä4ï�Ö
�„ #{GÿRMS, THD, CF, , �Ö3U, 4V, 4A, L1, L2, L3, N
�„ #{Gÿ �Ö3U, 3V, 3A, L1, L2 , L3



 
 

 
 

 
 

7.1.1. 3U RMS  
 

ԍ ҈ Ҭ ҈ҩ Ȃ 

ᾣ ᵝ Ḥ ṿȂ 

T̔Ḥ Ȃ 

U1̔ 1 2

̂U12 Ȃ̃ 

RMS ṿȂ 

ꜚ ┴ Ȃ 

 

 

U2̔ 2 3
̂U23 Ȃ̃ 

ṿᾣ Ȃ t   u ꜚᾣ

Ȃ 
 

 

U3̔ 3 1
̂U31 Ȃ̃ 

 
 

 63: 3U RMS  

7.1.2. 3V RMS  
 

҈ Ҭ ҈ҩ Ȃ 

RMS Ȃ 
Iᾣ ᵝ Ḥ ṿȂ 

T̔Ḥ Ȃ 

V1̔ 1 Ȃ 

V2̔ 2 Ȃ 

V3̔ 3 Ȃ 

ꜚ ┴ Ȃ 

ṿᾣ Ȃ t  u ꜚᾣ

Ȃ 

 64: 3V RMS  

7.1.3. 4A RMS  
 

ԍ ҈ Ҭ ҈ Ҭ Ȃ 

 

ᾣ ҍ ֜ Ḥ ṿȂ 

T̔Ḥ Ȃ 

A1̔ 1 Ȃ 

A2̔ 2 Ȃ 

A3̔ 3 Ȃ 

 AN̔Ҭ ṿȂ 

RMS Ȃ 

ꜚ ┴ Ȃ 

ṿᾣ Ȃ t  u ꜚᾣ
Ȃ 

65: 4A RMS  

51 

 

 

 



 
 

 
 

 
 

7.1.4. L1 RMS  
 

ԍ L1 Ȃ 

RMS V   I  

ᾣ ᵝ Ḥ ṿȂ 

T̔Ḥ Ȃ 

V1̔ 1 ṿȂ 

A1̔ 1 Ȃ 

ꜚ ┴ Ȃ 

ṿᾣ Ȃ t  u ꜚᾣ

Ȃ 

 66: L1 RMS  

̔ L2 L3 ԍ 2,3 Ȃ ҍ L1 Ȃ 

7.2.  
 

THD ԍ ѿҩ Ḥ ץ Ȃ Ҭ Ҍ

̆ ҹ RMS ̂%f̃ Ҍ RMSṿ ̂%r̆̃Ȃ  

7.2.1. 3U THD  
 

ԍ ѿҩ ץ ṿȂ 

ᾣ ᵝ Ḥ ṿȂ 

T̔Ḥ Ȃ 

U1̔ 1 2

̂U12 Ȃ̃ 

ҩ Ȃ 

ꜚ ┴ Ȃ 

 

 

U2̔ 2 3
̂U23 Ȃ̃ 

ṿᾣ Ȃ t  u ꜚᾣ

Ȃ 
 

 

U3̔ 3 1
̂U31 Ȃ̃ 

 
 

 67: 3U THD  

7.2.2. 3V THD  
 

ԍ ѿҩ ṿȂ 

ᾣ ᵝ Ḥ ṿȂ 

T̔Ḥ Ȃ 

V1̔ 1 Ȃ 

V2̔ 2 Ȃ 

V3̔ 3 Ȃ 

ҩ Ȃ 

ꜚ ┴ Ȃ 

ṿᾣ Ȃ t  u ꜚᾣ

Ȃ 

 68: 3V THD  
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7.2.3. 4A THD  
 

ԍ ѿҩ ṿȂ 

ᾣ ᵝ Ḥ ṿȂ 

T̔Ḥ Ȃ 

A1̔ 1 Ȃ 

A2̔ 2 Ȃ 

A3̔ 3 Ȃ 

AN̔Ҭ ṿȂ 

ҩ Ȃ 

ꜚ ┴ Ȃ 

ṿᾣ Ȃ t  u ꜚᾣ

Ȃ 

 69: 4A THD  

̔ L1̆L2 L3 1,2,3 Ȃ 

7.3. ṿ  
 

CF ѿҩ Ḥ ץ ṿ Ȃ 

7.3.1. 3U CF  
 

ѿҩ ץ ṿ Ȃ 

Iᾣ ᵝ Ḥ ṿȂ 

T̔Ḥ Ȃ 

U1̔ 1 2

̂U12 Ȃ̃ 

ҩ ṿ Ȃ 

ꜚ ┴ Ȃ 
U2̔ 2 3
̂U23 Ȃ̃ 

 

 I ṿᾣ Ȃ t  u ꜚᾣ
Ȃ 

U3̔ 3 1
̂U31 Ȃ̃ 

 

     

7.3.2. 3V CF  
 

ѿҩ ץ ṿ Ȃ 

ᾣ ᵝ Ḥ ṿȂ 

T̔Ḥ Ȃ 

V1̔ 1 Ȃ 

V2̔ 2 Ȃ 

V3̔ 3 Ȃ 

ҩ ṿ Ȃ 

ꜚ ┴ Ȃ 

ṿᾣ Ȃ t  u ꜚᾣ

Ȃ 

71: 3V CF  
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70: 3U CF



 
 

 
 

 
 

7.3.3. 4A CF  
 

ԍ ѿҩ ץ ṿ Ȃ 

 

Iᾣ ᵝ Ḥ ṿȂ 

T̔Ḥ Ȃ 

A1̔ 1 Ȃ 

A2̔ 2 Ȃ 

A3̔ 3 Ȃ 

AN̔Ҭ ṿȂ 

ҩ ṿ Ȃ 

ꜚ ┴ Ȃ 

ṿᾣ Ȃ t  u ꜚᾣ

Ȃ 

 72: 4A CF  

̔ L1̆L2 L3 1,2,3 Ȃ 

7.4. ṿ ṿ 

 Ḥ ѿ ṿץ RMSṿץ ṿȂ 

 

̔ ҩ ѿ Ḥ RMSṿ̂ҽᶛ ̆ ԍѿҩ50Hz Ḥ ̆ 10ms ѿ Ȃ̃

250ms┘ ѿ Ȃ 

RMS ѿ ѿ Ȃ 

7.4.1. 3U  
 

ԍ Ḥ ѿ ṿץ RMSṿץ ṿȂ 

ҩ ṿ̂1,2,3 Ȃ̃ 
 

MAX̔׆ ꜚ Ҋ ῤ RMSṿȂ 

RMS̔ RMSṿȂ 

MIN̔׆ ꜚ Ҋ ῤ RMSṿȂ 

PK+̔׆ ꜚ Ҋ ῤ ̂ ̃ ṿ Ȃ 

PK-̔׆ ꜚ Ҋ ῤ ̂ ̃ ṿ Ȃ 

 73: 3U Ȃ 
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7.4.2. 3V  
 

ԍ Ḥ Ҭ ṿ̆ѿ ṿץ RMSṿȂ 

ҩ ṿ̂1,2,3 Ȃ̃ 

MAX̔׆ ꜚ Ҋ 8 ῤ RMSṿȂ 

RMS̔ RMSṿȂ 

MIN̔׆ ꜚ Ҋ ῤ RMSṿȂ 

PK+:׆ ꜚ Ҋ ῤ ṿ Ȃ 

PK-̔׆ ꜚ Ҋ ῤ ṿ Ȃ 

  74: 3V -   

7.4.3. 4A -  
 

ԍ Ḥ Ҭ ṿ̆ѿ ṿץ RMSṿȂ 

Ҭ ṿ̔RMS̆PEAK+ PEAK- Ȃ: RMS, PEAK+  
PEAK- Ȃ 

ҩ ṿ̂1̆2 3 Ȃ̃ 

MAX̔׆ ꜚ Ҋ ῤ RMSṿȂ 

RMS̔ RMSṿȂ 

M MIN̔׆ ꜚ Ҋ ῤ RMSṿȂ 

PK+̔׆ ꜚ Ҋ 8 ῤ ṿ Ȃ 

PK-: PK-̔׆ ꜚ Ҋ ῤ ṿ Ȃ 

 75: 4A -  

7.4.4. L1 -  
 

ԍ Ḥ 1 ṿ̆ѿ ṿץ RMSṿȂ 

Ḥ ̆ Ḥ Ҍ Ȃ 

ṿȂ 

MAX̔׆ ꜚ Ҋ 8 ῤ RMSṿȂ 

RMS̔ RMSṿȂ 

MIN̔׆ ꜚ Ҋ 8 ῤ RMSṿȂ 

PK+̔׆ ꜚ Ҋ 8 ῤ ṿȂ 

PK-̔׆ ꜚ Ҋ ῤ ṿȂ 

76: L1 -  

̔ L2 L3 2,3 RMSṿ̆ ṿ̆ ṿץ ṿȂ 
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7.5. ṿ  

 ԍ ̂RMS̆DC̆THD̆CF̆PST̆FHL FK Ȃ̃ 

7.5.1. 3U ṿ  
 

ԍ RMS̆DC̆THD CFṿȂ 

ṿ̂ 1,2 3 Ȃ̃ 

RMS̔ 1 ⌠ RMSṿȂ 

DC̔ №Ȃ 

THD̔ ̆ ҹ RMSṿ̂%f̃ Ҍ RMSṿ̂%r̆  ̃Ȃ

 CF̔ 1 ⌠ ṿ Ȃ

 

    

7.5.2. 3V ṿ  
 

RMS̆DC̆THD̆CF PSTṿȂ 

̂ 1,2 3 Ȃ̃ 

RMS̔1 ῤ ⌠ RMSṿȂ 

DC̔ №Ȃ 

THD̔ ̆ ҹ RMSṿ̂%f̃ Ҍ RMSṿ̂%r̆ Ȃ̃

 CF̔1 ῤ ⌠ ṿ Ȃ

 PST̔10№ ῤ ⌠ Ȃ

 

     

7.5.3. 4A ṿ  
 

ԍ Ҭ RMS̆DĈ ѿҩ ᴰ ץ ̃̆ THD̆CF̆FHL FKṿȂ 

Ҭ RMSṿץ ̂ ᴰ ̃ CFȂ 

ṿ̂ 1,2 3 Ȃ̃ 

RMS̔1 ῤ ⌠ RMSṿȂ 

DC̔ №Ȃ 

THD̔ ̆ ҹRMSṿ̂%f̃ Ҍ RMSṿ̂%r̆ Ȃ̃

 CF̔1 ῤ ⌠ ṿ Ȃ

 FHL̔ Ȃ ᾛ Ȃ

 FK̔K Ȃ ᵞ ⱳ ̆ᵬҹѿ ⱳ Ȃ

 

 69: 4A ṿ  

̔ҹԅ ᴰ ̆Ҍᴪ Ȃ 
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68: 3V ṿ

67: 3U ṿ



 
 

 
 

 
 

7.5.4. L1 ṿ  
 

ԍ Ҭ RMS̆DC̆THD CFṿ̆ PSTṿץ 1 FHL FKṿȂ 

ṿȂ 

RMS̔1sῤ ⌠ RMSṿȂ. 

DC̔ №Ȃ 

THD̔ ̆ ҹ

RMSṿ̂%f̃ Ҍ RMS

ṿ̂%r̆ Ȃ̃  

CF̔1 ῤ ⌠ ṿ Ȃ 

PST̔10№ ῤ ⌠

Ȃ 

ṿȂ 

RMS̆DĈ ᴰ

̃̆ THD CFṿȂ 

FHL̔ Ȃ

ᾛ Ȃ 

FK̔K Ȃ ᵞ ⱳ

̆ᵬҹѿ ⱳ Ȃ 

 80: L1 ṿ  

̔ ԍ ᴰ ת ҉ ̆ ץ 1 ṿȂ 
L2 L3 2̆3 ṿ Ȃ 

7.6.  

 ԍ ̆ ῒҬ ῏ ̂ ᵝ̃ץ Ҍ Ȃ 

 

̔ҹԅ ̆ Ӟᴪ ҉̆Ҍ ᴪ ѿҩ Ȃ(*). 

7.6.1. 3V  
 

ԍ ̆ ῒҬ ῏ ̂ ץ̃ Ҍ Ȃ ҹV1̂3

Ȃ̃ 

ṿ̂1,2 3̃ 

|V1|, |V2| |V3|̔

̂ 1,2 3 Ȃ̃ 

12̔ 1 ԍ 2

Ȃ 

23̔ 2 ԍ 3

Ȃ 

31̔ 3 ԍ 1

Ȃ 

 

Ȃ 

 
 

Ȃ 
 
. 

 
 

Vunb̔ Ҍ Ȃ 

 81: 3V  
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7.6.2. 3U  
 

ԍ ̆ ῒҬ ῏ ̂ ᵝ̃ץ Ҍ Ȃ ҹU1̂3

Ȃ̃ 

Ḥ ҍ§7.6.1Ҭ ѿ ̆ᵖ №ҹ Ȃ 

7.6.3. 3A  
 

ԍ Ҭ ̆ № ̕ ԍ҈ ҈ ̂Ҍ Ҭ ̃̆ №

̆ ῒҬ ῏ ̂ ᵝ̃ץ Ҍ Ȃ ҹA1̂҈ Ȃ̃ 

Ḥ ҍ§7.6.1Ҭ ѿ ̆ᵖ №ҹ Ȃ 

7.6.4. L1  
 

I ԍ Ҭ ’̆ № ̆ ῒҬ ῏ ̂ ᵝ Ȃ̃

ҹ ̂҈ Ȃ̃ 

|V1|̔ 1 №

Ȃ 

|A1|: 1 № Ȃ 

Ȃ 

Õ  :   ̔ 1 № ԍ
1 № Ȃ 

VA 

 82: L1  

̔ L2 L3 2,3 № ̆ ῒҬ ῏ ̂ 2,3

ᵝ Ȃ̃ ҹA2̆A3 ̂҈ Ȃ̃ 
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8.  

 ԍ Ҋ ҩ ₮ԅ ṿ̔ 

Hz, Urms, Vrms, Arms, Ucf, Vcf, Acf, Uthdf, Vthdf, Athdf, Uthdr, Vthdr, Athdr, |P|, |Q1

FK, Vunb, Uunb ̂Ҍ Ҭ ҈ ̃Aunb, U-h, V-h, A-h and |S-h| ̂ §2.9 Ώ Ȃ̃ 

1 ṿ̔ 

ƴ  / Ҭ ̂ §4.10 Ȃ̃ 

ƴ  ԍ ̂ Ȃ̃ 

 ӊ ֟ ץ PAT ̂ §13̃ᴰ Ȃ ץ 4,000ҩ Ȃ 

ꜚ↓ ̂ §8.3 Ȃ̃ 

῀ ̂ §8.1 Ȃ̃ 

ꜚ̂ §8.2 Ȃ̃ 

 83:  

 

 

 

 Ҋ ⱳ ̔ 

: ꜚ ꜚ ꜚȂ:  
ꜚẢ ꜚȂ 

8.1.  
 

 ԍ ↓ ̂ §4.10 Ȃ̃ ᶏץ ӈ Ȃ 

Ҋ Ḥ Ȃ 

 ꜚ Ȃ 

8.2. ꜚ  

 

ԍ ꜚ Ả ̂ 66 Ȃ̃ 

῀ ץ ꜚ ѿ ꜚ Ȃ 

p  q Ҭ Ȃ p,q,t  u ṿ Ῥ Ҋ Ȃ 

ҹ8ҩ Ȃ ҹץ ҩ ꜚ Ȃ A-Z Ώ ץ 0-9 Ȃ

5ҩ ̂ ȁ ל ץ ̃ ᴪḠ ῤ ҬȂ ῀ѿҩ ת̆ ᴪ ꜚ ᾟ Ȃ 

̔ ꜚ ԍ ╠ Ȃ 
 

ꜚẢ ԍ Ȃ 
 

ת ̆ Ҍ ꜚȂ 

ѿ ̆ ץ ꜚȂ ̆ ꜚ Ȃ ̆ ԍ ꜚ ╠ ꜚẢ

ꜚȂ ⌠ ԍ ת̆╠ ᴪ ῀ Ҭ ꜚ̂ Ȃ̃ 

 i 
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ꜚ ╠̆Campaign on standbŷ ꜚ Ҭ̃ ᴪ ҉Ȃ ̆ ҹCampaign running

̂ ꜚ Ȃ̃ ⌠ԅẢ ̆ ץ ꜚ Ȃӊ ̆ ץ ѿ ꜚȂ   

ꜚ Ṝ̆ ḱץ Ả Ȃ Ҭ ת̆ ᴪ ꜚ ῒ ֦̂ Ȃ̃ 

8.3. ꜚ↓  

ꜚ↓ Ȃ ꜚ↓ Ȃ↓ Ҭ 2ҩ ꜚȂ 
 

Ȃ 

ꜚ Ȃ 

ꜚẢ Ȃ 

84: ꜚ ↓  

ꜚ Ả ᵣ ҹ ̆ ҍ Ả Ҍѿ ̔ ҹᶫ ̂ᵞ

Һ ̃̆ ҹῤ Ȃ 

8.4. ↓  
 

p  q Ҭ ꜚȂ Ҭ № ᵣ ҹ ᵣȂ Ȃת ҹ↓ Ȃ 

Ҭ ᾟ Ȃ Ҭ

№ҍῤ ᶛ Ȃ 
Ȃ 

ṿ̂

‗ ṿ Ȃ̃ 
Ȃ 

⌠ Ȃ Ȃ ‗ԍ

Ȃ 
⌠ Ȃ 

85: ↓  

ᵣ ҹ ̆ ̆ ̔ 

ƴ  ʟ ̂ᵞ ̃̆  

ƴ  ꜚẢ ꜚ̂ ̃ ῏ ת ̂ Ȃ̃ 

ƴ  ῤ Ȃ 

ƴ  Ȃ 

ƴ  ҍת ҌῚ ̂ҽᶛ ̆ Ҋ ᴰ Ȃ̃ ̔ 

 

  

  

 

ң ’Ҋ̆ ṿ ᵣӞᴪ ҹ Ȃ 

ꜚ↓ Ȃ 

 

. 
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8.5. − ꜚ 
 

҉ ꜚ↓ ̂ 86̃̆ − ꜚȂ p  q ꜚᾣ Ҭ − ꜚ̆

ꜚ ᵣ ҹ ᵣȂ 

Ȃ 8  Ȃ   

̔ Ҍ − Ҭ ꜚȂ 

8.6. − ꜚ 
 

Ҭ − ̆ − ꜚ̂ §4.11 Ȃ̃ 
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ל .9  

ל  ԍ / ל ̂ §4.9 Ȃ̃. 

ῤ ᶏ ’Ȃ ↓ ̂ §9.3 Ȃ̃ 

ꜚ̂ §9.1 Ȃ̃ 
̂ §9.1 Ȃ̃ 

῀ ל ̂ §4.9 Ȃ̃ 
ꜚ ̂ §9.1 Ȃ̃ 

ל :86   

9.1. ꜚ  

 ԍ ̂ 88 Ȃ̃ 

ꜚ Ȃ ᴪ ת̕ꜚ ᴪ ⌠ῤ ῃ Ȃ Ȃ  

 . 
ꜚ╠ ⌠ Ȃ ῀ ꜚ ̆Ả ̆ ץ Ȃ 

 ,  
T p  q ꜚ ᾣ ̆ Ҭ Ȃ  p,q,t  u ṿ Ῥ Ҋ Ȃ 

Ḥ ṿȂ ṿ ̔1S̆5S̆20S̆1min̆2min̆5min̆10min 15minȂ 

T ҹ8ҩ Ȃ ҹץ ҩ Ȃ A-Z Ώ ץ 0-9 Ȃ

5ҩ ̂ ȁ ל ץ ̃ ᴪḠ ῤ ҬȂ ῀ѿҩ ת̆ ᴪ ꜚ ᾟ Ȃ 

̔ ԍ ╠ Ȃ 

Ả ԍ Ȃ 

 ѿ ԅ ̆ ץ ꜚ Ȃ ῤ Ҍ ת̆ ᴪ ῤ Ҍ Ȃ ҉ ̆

Ȃ ̆ ԍ ꜚ ╠ ꜚẢ Ȃ 

 

i 

  

 

╠̆Recording on standbŷ Ҭ̃ ᴪ ҉Ȃ ̆ ҹRecording runninĝ
Ȃ̃ ⌠ԅẢ ̆ ץ Ȃӊ ̆ ץ ѿ Ȃ 

  

ѿ ל Ҭ̆ ḱץ Ả Ȃ Ҭ ת̆ ᴪ ꜚ ῒ ֦̂ Ȃ̃ 

ל .9.2  

 

ԍ ל ↓ ̂ §4.9 Ȃ̃ ᶏץ ҩ ḱ ל Ȃ 
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9.3. ↓  

 ԍ ↓ Ȃ 

↓ ῤ ᶏ Ȃ

№ ῤ ᶛȂ 

Ȃ Ả Ȃ 

Ȃ 

 87: ↓  

Ả ᵣ ҹ ̆ Ả ҍ Ả ҌῚ ̆ ҹᶫ ̂ ᵞ Һ Ȃ̃ 

9.4. −  
 

҉ ↓ ̂ 89̃̆ − Ȃ p  q ꜚᾣ Ҭ − ̆ ᵣ ҹ

ᵣȂ. 

Ȃ 8  Ȃ   

9.5.  
 

9.5.1.  
 

҉ ↓ ̂ 89̃̆ Ȃ p  q ꜚᾣ Ҭ ̆ ᵣ ҹ

ᵣȂ 8 Ȃ 

 ԍ Ҋ Ҭ
Ȃ Ӟ ץ t  u Ȃ  

T Ҭ Ȃ 

 88: ↓  

ѿҩ Ҭ̆ ҹ ҩ ҍ ҌῚ ̂ ̆ᴰ ̆ Ȃ̃ 

ҽᶛ ̆ Ҭ Ҍ № ⱳⱳ ̂ §4.5.1 ̃̆ DҌᴪ ҬȂ 

Ȃ 
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ל .9.5.2  

Date of the cursor. Ҭ ᵝ Ȃ 

ԍ № ל Ȃ

№ ╠ ≢ Ȃ 
p  q Ȃ 

t  u ꜚᾣ Ȃ 

 89: Ҍ MIN-AVG-MAX Vrmŝ3L̃ 

ѿ№ Ȃ ҹ ѿ ̆ ץ ҉ ҩ ѿ№ ҍѿ ҉ ṿ Ȃ Ḥ

ᴪҡ ̂60ҩṿҬ 59ҩ̃̆ ᵖ ᶏץ Ȃ 

̔ᾣ ҉ ᵣ ṿ ṿ Ȃ 
 

ṿȂ 
 

ṿ ῀̂ ̆MIN-MAX-AVG ̆₮ Ȃ̃ 
  

MIN-MAX-AVG Ȃ 

T ѿ№ ⌠ԓ ῤ
┴ Ȃ 

 90: MIN-AVG-MAX Vrmŝ3L̃ 

ѿ№ Ȃᵖ MIN-AVG-MAX ̆ ҉ ҩ № 60ҩṿ ṿȂ

ⱴ ̆ ҹ ҡ ᴋᵥḤ ̆ᵖ ̂ 96Ҭ Ȃ̃ 

Ả MIN-AVG-MAX Ȃ . 

̔ ת ԍMIN-AVG-MAX ̆ Ҭ ᵝ ̆ ҹ Ȃ 

ת ל ̆Ҍ ᶏ MIN-AVG-MAX Ȃ 

T ⌠ Ȃ . 

ᾣ ṿ ѿ ₮ ᵝ

Ȃ 

ᾣ ṿ ѿ ₮ ᵝ

Ȃ 

 91: Ҍ MIN-AVG-MAX VrmŝÑ 

ת̆ ꜚ ҹ ̂ ҍ ̃ MIN-AVG-MAX̂ Ȃ̃   

 

64 

 

 

 



 
 

 
 

 
 

ṿ Ȃ 

ᾣ ṿ̂ ṿ̆ ṿ

ṿ Ȃ̃ 
ṿ Ȃ 

ṿ Ȃ 

92: MIN-AVG-MAX VrmŝÑ 

ѿ№ Ȃ ҉ ҩ № 60ҩṿ ṿȂ ṿ ҉ ҩ №

60ҩṿ ṿȂ ṿ ҉ ҩ № 60ҩṿ ṿȂ 

ӊ╠ ⱴ Ȃ 

ᾣ
Ȃ 

Ҭ ᵝ Ȃ 

ԍ № ל Ȃ

№ ╠ ≢ Ȃ 

p  q Ȃ 

t  u ꜚᾣ Ȃ 

 93: Ҍ MIN-AVG-MAX VrmŝL1̃ 

ԍ ѿ ̂L1̆L2 L3̃̆ ѿ ῤ̂ ̃ ҩ ת̆҉ ѿ ῤ RMSṿ

RMSṿȂ҉ Ҭ ԅ҈ Ȃ 

MIN-AVG-MAX Ȃ 

94: MIN-AVG-MAX VrmŝL1̃ 

ҍӊ╠ Ҍ ̆ ҹ MIN-AVG-MAX Ҋ̆ Ḥ Ȃ 
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̔ ԍץҊ ֓ ̂P̆Pdc̆VAR̆S̆D̆PF̆ ץ̃ Ҍ Ҭ ҈ ת̆ Ȃ 

 95: ԍ Ҭ ҈ Ҍ MIN-AVG-MAX tanÜ(L1) 

 96: MIN-AVG-MAX tan Ü (L1) 

 

҈ ⱳ ̂Ò̃

Ȃ 

ѿ№ ⌠ԓ ῤ

┴ Ȃ 

97: Ҍ MIN-AVG-MAX P (ễ) 

98: MIN-AVG-MAX P (ễ) 

ҍӊ╠ Ҍ ̆ ҹ MIN-AVG-MAX Ҋ̆ Ḥ Ȃ 

MIN-AVG-MAX ԍⱳ ̆ ҉ ̆ ᾣ ⱳ ץ ῤ ⱳ ṿȂ ̆

ҍ≢ ת̆ ṿ Ȃ 
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S Ȃ 

 

ᾣ ̂ Ả

Ȃ̃ t  u ꜚᾣ Ȃ 

Ȃ ӈ

Ȃ 

89: Ҍ MIN-AVG-MAX Ph (ễ) 

ѿ№ Ȃ ҹ ѿ ̆ ץ ҉ ҩ ѿ№ ѿ ҉ ṿȂ 

Ҋ̆ת ץ ₮ Ȃ 

 90: MIN-AVG-MAX Ph (ễ) 

MIN-AVG-MAX ̆ ҍӊ╠ Ҍ ̆ ҹ MIN-AVG-MAX Ҋ̆ Ḥ Ȃ 

ᾣ Ȃ Ҭ ᵝ Ȃ 

ԍ № ל Ȃ

№ ╠ ≢ Ȃ 
p  q Ȃ 

t  u ꜚᾣ Ȃ 

 91: Ҍ MIN-AVG-MAX cos Õ (L1) 

ңҩ Ȃ ҹ ѿ ̆ ץ ҉ ҩ ң ῤ ṿȂ Ḥ ᴪҡ

̂7,200ҩṿҬ 7,199ҩ̃̆ ᵖ ᶏץ Ȃ 

MIN-AVG-MAX Ȃ 

92: MIN-AVG-MAX cos Õ (L1) 
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ҹMIN-AVG-MAX ̆ ҍӊ╠ Ҍ Ȃ ҉ ҩ № 7,200ҩṿ ṿȂ

ṿ ҉ ҩ № 7,200ҩṿ ṿȂ ṿ ҉ ҩ № 7,200ҩṿ ṿȂ 

ӊ╠ ⱴ ̆ ҹ ᴋᵥḤ ̆ᵖ ̂ 108Ҭ Ȃ̃ 

ץ ᴋᵥ Ả

ṿץ ֓ṿ

Ȃ 

 93: cos Õ (L1)ṿ / Ȃ 

ᾣ ᵝ

ṿ̆ ҹת ṿȂ 

 94: cos  Õ (L1) ṿ / Ȃ 

Ҍ ̆ ҹ ╠ Ả Ȃ 

ѿ№ ⌠ԓ ῤ

┴ Ȃ 

95: ԍ Ҭ ҈ Ҍ MIN-AVG-MAX cos  Õ (L1) ṿ / Ȃ 

Ả ̆ ṿ Ȃ 
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Ҋ ҉ ̆ ᵬҹ ⱳ ̆ ҹץѿ ҹ ṿȂ 

ῖ MIN-AVG-MAX
 

 96:  

T Ṝ̆ ץ ץ ᴋᵥ Ṝ Ả Ȃ 

Ӟ ץ ᴋᵥ Ṝᶏ Ҋ ⱳ ̔ 

ƴ ┴ ̆ 

ƴ t  u ꜚᾣ Ȃ 

ƴ p  q Ȃ 

 

   

 

ᵖ ᴪ ṿ / Ȃ 
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̂60 ̃ 

 
 

 
ῖ MIN-AVG-MAX

 

5  2  11  10 №  

2,5  1  6  5 №  

15  15 №  2  1 № 15  

10  10 №  2  50  

5  5 №  1  25  

1  1 №  1  8  

20 №  10  1  2  

5 №  5  1  1  

1 №  1  1  1  



 

 

 
 

 
 

10. ⱳ  

ץ ᶏת ⱳ ῏
Ȃ. 

̆ ץ ῀ Ҋ Ȃ 
 

ƴ  ԍ ԋ ̆ L1Ȃ Ҍ ̆ᵖ ῤ ҍL1 Ȃ 

ƴ   ԍ҈ ҈ ̆ ễȂ Ҍ ̆ᵖ ῤ ҍễ Ȃ 

10.1. 3L  
 

10.1.1. ⱳ  

W ԍ ⱳ Ȃ 

ⱳⱳ Ȃ 

ⱳⱳ Ȃ 

ⱳ Ȃ 

 
ⱳ Ȃ 

 
 97: 3L ⱳ Ȃ 

̔ ҍ Ҭ Ҭ AR ñ ⱳⱳ №ò Ȃ ԅñҌ № ⱳⱳ ò̆ D ̂

ⱳ ̃ᴪ N ᴪ Q1 Ȃ ⱳⱳ ғҌ Ȃ 
 

 

10.1.2. ⱳ ῏  

 

PF ⱳ ῏ Ȃ 

ⱳ Ȃ 

 

ⱳ  

̂Ӟ ᵝ -DPF Ȃ̃ 

℗ṿȂ 

Ȃ 

98: 3L ⱳ ῏  
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10.1.3. ⱳ  

 ԍ Ȃ 

ⱳ Ȃ 

 
. 

ⱳ Ȃ 

  . Ȃ 

Ȃ 

 

 99: 3L  

̔ ҍ Ҭ Ҭ VAR ñ ⱳⱳ №ò Ȃ ԅñҌ № ⱳⱳ ò̆ Dh ̂

̃ᴪ Nh ᴪ Q1h Ȃ ⱳ ғҌ Ȃ 
 

1 

 

10.1.4.  

  ԍ Ȃ 

ⱳ Ȃ 

  . 

ⱳ Ȃ 

  . Ȃ 

ⱳ Ȃ 

 
 100: 3L  

̔ ҍ Ҭ Ҭ VAR ñ ⱳⱳ №ò Ȃ ԅñҌ № ⱳⱳ ò̆ Dh ̂

̃ᴪ Nh ᴪ Q1h Ȃ ⱳ ғҌ Ȃ 
 

1 

 

10.2. L1̆L2 L3 
 

10.2.1. ⱳ ῏  

W ⱳ ץ ῏ Ȃ 

ⱳⱳ Ȃ 

ⱳ ̂PF Ȃ̃ 

ⱳ  

̂Ӟ ᵝ -DPF Ȃ̃ ⱳⱳ Ȃ 

℗ṿȂ ⱳ Ȃ 

ⱳ Ȃ 
ԍ Ȃ 

 101: L1ⱳ ῏  
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̔ ҍ Ҭ Ҭ VAR ñ ⱳⱳ №ò Ȃ ԅñҌ № ⱳⱳ ò̆ D ̂

ⱳ ̃ᴪ N ᴪ Q1 Ȃ ⱳⱳ ғҌ Ȃ 
 

1 

 L2 L3 2 3 Ḥ Ȃ 

10.2.2.  
 
Wh ԍ Ȃ 

Ȃ Ȃ 

ⱳ Ȃ 

Ȃ . 

ⱳ Ȃ 

Ȃ Ȃ . 

Ȃ 

 102: L1  

̔ ҍ Ҭ Ҭ VAR ñ ⱳⱳ №ò Ȃ ԅñҌ № ⱳⱳ ò̆ Dh ̂

̃ᴪ N ᴪ Q1h Ȃ ⱳ ғҌ Ȃ 

L2 L3 2 3 Ḥ Ȃ 1 

. 

. 

10.3. ễ 
 

10.3.1. ⱳ ῏  

W ԍ ⱳ ῏ Ȃ 

ⱳⱳ Ȃ 

ⱳ Ȃ 

ⱳⱳ Ȃ ⱳ  

̂Ӟ ᵝ -DPF Ȃ̃ 

ⱳ Ȃ 

℗ṿȂ 
T ⱳ Ȃ 

 103: ⱳ ῏  

 
̔ ҍ Ҭ Ҭ VAR ñ ⱳⱳ №ò Ȃ ԅñҌ № ⱳⱳ ò̆ D

̂ ⱳ ̃ᴪ N ᴪ Q1 Ȃ ⱳⱳ ғҌ Ȃ 
 

1 
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10.3.2.  

 

Wh ԍ Ȃ 

Ȃ Ȃ 

ⱳ Ȃ 

Ȃ  

ⱳ Ȃ 

Ȃ .  
Ȃ 

Ȃ 

104: ⱳ  

̔ ҍ Ҭ Ҭ VAR ñ ⱳⱳ №ò Ȃ ԅñҌ № ⱳⱳ ò̆ Dh

̂ ̃ᴪ Nh ᴪ Q1h Ȃ ⱳ ғҌ Ȃ ԍ҈ ҈ ת̆

̆ᶏ ԋ ⱳ ̂ ̆§16.1.4.2 Ȃ̃  
1 

 

 

10.4.  

̆ ̂ ̆ ̆ wh Ȃ̃  , ,  

Ȃ 

 ԍ Ả
Ȃ . 

105: Wh 

 
Ȃ  

106: varh 

̂ §16.5 Ȃ̃ 

̔ ṿҹ11.6KWh̆ ҹ3.84KWhȂ 
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10.5.  

Ả Ȃ . 

Ả

ᶷ Ȃ 

 107: varh 

ץ Ȃ  

Note: ̔ ת ᴋᵥ ̆ ᴪᶏ ̂ ᵝ Ȃ̃ ̆Ӟᴪᶏ
Ȃ 

 

  

  

10.6.  

Ả Ȃӊ ̆ 8  Ȃ ṿ̂ ̃ ᴪ Ȃ   
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11.  

 ԍ 12ҩ Ȃ 

ᶏץ PAT̂Power Analyzer Transfer̃ ᴆ ᴰ Ȃ 

11.1.  
 

҈ ѿҩ Ȃ 

ԅѿ ̆ ᵝ ( ,  ,  ,  , , ,  ) ҹ Ȃӊ ̆ ץ
Ȃ 

, , , , , ,  

   

ת 12ҩ Ȃ 13ҩ ̆ ҹ ̆ ᾢ− ̆ҹ ᶫ
Ȃ   . 

11.2.  

ץ ῀ Ȃת ↓ Ȃ  

↓ Ȃ ҩ

Ȃӊ

Ȃ 

Ȃ ᶏ

ῤ ̆ ▼ᵩ Ȃ 

↓ Ȃ 

− Ȃ 

e 108: ↓  

↓׆ .11.2.1 Ҭ ѿҩ  
 

p, q, t  u ↓ Ҭ Ȃ Ҭ ᵣ ҹ ᵣȂ 

8 Ҭ Ȃ ԍ ԍ ̂ ̆ ̆ ̆ ̆ ̆ ̆ ̃̆ ̆

ᴪ Ȃ 

 

 , , , , , , . 

 ⌠ ↓ Ȃ 

↓׆ .11.2.2 Ҭ−  
 

p, q, t  u ↓ Ҭ Ҭ − Ȃ Ҭ ᵣ ҹ ᵣȂ 

 ғ 8 .Ȃ Ҭ ↓׆ Ҭ Ȃ 

T 8 . − Ȃ 
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12. ꜛ  

 ꜛ ת̆ ᶫ ╠ ᶏ ῏ ⱳ Ḥ Ȃ. 

Ҋ Ḥ ̔ 

╠ᶏ Ȃ. 
 

ꜛȂ 

Ḥ ↓ Ȃ 

ꜛ 2Ȃ 

ꜛ 1Ȃ 

109: ⱳ ꜛ ̆ 1 

↓ Ȃ 

 110: ⱳ ꜛ ̆ 2 
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13. ᴰ ᴆ 

ᶏץ ת PAT2̂Power Analyzer Transfer2̃ ᴰ ᴆ ת ᴰ Ȃ 

CD ῀ CDᾣ ץ PAT2̆ ᵬȂ 

Ҋת USB Ḡ ̆ USB ת Ȃ 

C.A  8336 
POWER & QUALITY ANALYSER 

?    

QUALISTAR

+ 

ת ⌠ Ȃ  

PAT ᴆᴪ ꜚ ת Ȃ 

̔ ת ᴰץ Ȃ ת̆ Ҍᴪ− ῤ Ҭ ᴰ Ȃ 

PAT ᴆᶏ ̆ ᶏץ ת ꜛⱳ PAT ᴆ ΎȂ 
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14. ᵣ  

14.1. ᴆ 
 

Ҋ ῏ԍ ᴆ̔ 

%RH 

95 
 

85 
 

75 1 = Ȃ 

2 = ᶏ Ȃ 

3 = Ữ Ȃ 

4 = Ҍ Ữ Ȃ 

4 

45 

10 

°C  

-20 0 20    26 35 42,5 50 70 

̔ ԍ 40°C ת̆ ᶏ ᶫ ̆ ң Ҭ ѿҩᶏ Ȃ 

̔ 

ᶏ ת  < 2,000m 

Ữ ת  < 10,000m 

̔2Ȃ 

ῤᶏ ת Ȃ 

14.2.  

̂  *  * ̃200mm * 250mm * 70mm 

                          2KG 

                     118 mm * 90mm̆ ҹ148mm 

 

 

 ƴ ת ᶭ EN 60529 ‰IP53Ȃ̂ ᶏ ̆ ̆ USBḠ ̃ 

ƴ ת ‰IP20Ȃ 

ƴ ת ᶭ EN 62262 ‰IKO8 
 

 

ת ᶭ IEC 61010-1 1m ‰Ȃ  

14.3. ᶭ IEC 61010-1 ῃ  
 

ת ῃ ҹ ‰IEC 61010-1̆ IV 600V III 1000VȂ 

ƴ ת  AmpFLEXÊMiniFLEX C193 ᶏ ̆ ת̂ + ̃ Ḡ ҹ IV 600V III 1000VȂ 

ƴ ת  PAC93, J93, MN93, MN93A E3N ᶏ ̆ ת̂ + ̃ ҹ IV 300V III 600VȂ 

ƴ ת 5 A ᶏ ̆ ת̂ + ̃ ҹ IV 150V III 300VȂ 

῀/ ₮ Ȃ 
 

῀̆ᶫ ץ ῒז ῀/ ₮ Ȃ 
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3 2 1 

 

   

   

  



14.4. Ὶ  
 

‰IEC 61326-1 ҙ Ҭת ҍ Ȃ 

ת ‰ ‰EN55011 ӈ 1 ̆A ȂA ת ԍ ҙ Ȃ ῒז ᶏ Ҭ̆ ԍ

ת̆ Ҍ Ḡ Ὶ Ȃ 

ת ԍ ‰IEC61326-1 ҙ ת̆ ץ Ȃ 

ԍAmpFLEXÊ MiniFLEXᴰ ̔ 

 ƴ ԍ ̆ᴰ THD ֟ 2% ̂ Ȃ̃ 

ƴ ̆ᴰ RMS ֟ 0.5A Ȃ 

ƴ ԍ ̆ᴰ RMS ֟ 1A Ȃ 

14.5. ᶫ  
 

14.5.1. ᶫ  

ѿҩ ԍ IV  600 VRMS- III 1000 VRMS Ȃ 

ᶏ ̔230 V ± 10 % @ 50 Hz  120 V ± 10 % @ 60 Hz.  

῀ⱳ ̔65 VAȂ 

14.5.2. ᶫ  
 

ת ᶫ ҹ9.6V̆4000mAh ̂ 8 ᾟ ̃ 

 8 ᾟ Ȃ 

 4000 mAhȂ 

 1.2V̆ 9.6VȂ 

ᶏ  300 ᾟ / Ȃ 

ᾟ  1 A. 

ᾟ  5 Ȃ 

ᵬ  
T° 

[0 °C ; 50 °C].  

ᾟ   T° [10 °C ; 40 °C].  

Ữ  
T° 

ԍ30 Ữ ̔[-20 °C ; 50 °C] Ȃ 

30-90 Ữ ̔[-20 °C ; 40 °C] Ȃ 

90 -1 Ữ ̔[-20 °C ; 30 °C] Ȃ 

ѿ Ҍᶏ ת ̆ Ҋת ῤ Ȃ̂ § 17.3 Ȃ̃ 

14.5.3.  

14.5.4. ᶏ  
 

ғת ῃᾟ ת̆ ץ 10ҩ Ȃ ῏ ̂ ̃ ת̆ ץ 15ҩ Ȃ 

79 

̂mÃᶫ ת̆ ῖ

 

ᾟ  
 

ᾟ  

ⱳⱳ ̂W̃ 17 6 

ⱳ ̂VÃ 30 14 

RMSṿ̂mÃ 130 60 

 

  

 

 

 

  

  

 

 



14.5.5.  
 

ת ѿ ҺꜚLCD ̂TFT̃̆ Ҋ ̔ 

 ƴ 5.7''  

ƴ № ҹ 320 * 240 Ἕ ̂1/4 VGÃ 

ƴ  

ƴ ֦ ҹ210 cd/m²̆ῖ ֦ ҹ300 

ƴ ҹ10-25ms 

ƴ ῃ ҹ80° 

ƴ 0-50°C ᶃ 
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15. ⱳ  

15.1. ᴆ 
 

ԍ ҩ ᴆ̆ ֓ ԍ§ 15.3.4 ҬȂ 

¤   A (1) Ó 1 Vrms 

× A (1) rms 
nom 

¤   10 kArms  Ó  391 mVrms to 50 Hz 

¤   100 Arms   Ó  3.91 mVrms to 50 Hz 

90° ( ⱳⱳ ) 

(1) Ҋ ₮Anom ṿȂ  

 

15.2. ᴰ  

nom nom 

81 

Current sensor 

(except FLEX) 

Nominal RMS current 

(A ) [A] 

Lower limit of the reference range 

(3 × A ÷ 100) [A] 

J93  3500 105 

C193  

 

1000 30 

PAC93  

 

1000 30 

MN93  200 6 

MN93A  (100 A) 100 3 

E3N  (10 mV/A) 100 3 

E3N  (100 mV/A) 10 0.3 

MN93A  (5 A) 5 0.15 

5 A  5 0.15 

Essailec®  5 0.15 

 ᴆ 

 23 ± 3 °C  

̂ ̃ [45 %; 75 %] 

 [860 hPa ; 1060 hPa] 

 [50 Vrms  ; 1000 Vrms] Ҍ t DC (< 0.5 %) 

 

‰ ῀ ̂ FLEX ᴰ ̃ 
[30 mVrms ; 1 Vrms] Ҍ  DC (< 0.5 %) 

 

¤   3 
nom  

ö 100 ė 30 mV 

 

Rogowski ῀ ̂FLEX ᴰ

̃ 

[11.73 mVrms ; 391 mVrms] Ҍ DC (< 0,5 %) 

 
¤   300 Arms   Ó 11.73 mVrms to 50 Hz 

 

Rogowski ῀ ̂FLEX ᴰ ̃ 
[117.3 µVrms  ; 3.91 mVrms] Ҍ DC (< 0,5 %) 

 
¤   3 Arms   Ó 117.3 µVrms  to 50 Hz 

 50 Hz ± 0,1 Hz  60 Hz ± 0,1 Hz 
 

 
0° ( ⱳⱳ ) 

 < 0,1 % 

Ҍ  < 10 % 

 1 ( ) 

 1 ( ) 

 ̂ ̃ 

ᴰ  ’̂ ̃ 

ᶫ   

 
 

 

< 1 V.m-1 ԍ [80 MHz ; 1 GHz[ 

d 0,3 V.m-1 ԍ [1 GHz ; 2 GHz[ 

d 0,1 V.m-1 ԍ [2 GHz ; 2,7 GHz] 

 < 40 A.m-1  DC ( ) 



15.3.  
 

15.3.1. ῀  

ᶏ ̔   0 VRMS - 1000 VRMS ֜ +  Ҭ Ȃ 

0 VRMS - 2000 VRMS ֜ +  Ȃ 

( III  1000 VRMS )Ȃ 

1195 kohm̂ ҍҬ ӊ ץ Ҭ ҍ ӊ Ȃ̃ 

1200 VRMŜ ̃ 2000 VRMŜ1S Ȃ̃ 

῀ ̔   

ᾛ ̔ 

15.3.2. ῀  

ᵬ ̔              [0 V ; 1 V] 

῀ ̔              1 M  

ᾛ ̔              1.7 VRMŜ Ȃ̃ 

[ 

FLEX ᴰ ̂AmpFLEXÊ MiniFLEX̃ ῀ ҹ № ̂ Rogowski ̃̆ ԍ

Rogowskiᴰ Ḥ Ȃ ’Ҋ̆ ῀ ҹ12.4kohm Ȃ 

15.3.3.  

̔ ҩ 256 ̆ҽᶛ ̔ 

50Hz̔6.4 kHẑ256*50÷2 Ȃ̃ 

60Hz̔7.68 kHẑ256*60÷2 Ȃ̃ 

3-dB ̔76 kHzȂ 
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ת .15.3.4 Һ (Ҍ ) 
 

῏  

 

 

 

(1)  III 1,000 VRMS̆ ҩ ҍ Ҍ 1,000 VRMSȂ 
(2)  ԋ ̂ ̃- ҍ̂1̃ Ȃ 
(3)  ῀ └Ȃ 
(4) 1000 x ã2 å 1414; 2000 x ã2 å 2828; 

(5) RMSṿ RMSṿ 

(6) №̂n=0̃ 
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ṿ 

Ҍ

̂ ѿ ̃ 

 
 

̂ ѿ ̃ 

 
 

ṿ ṿ 

 40 Hz 70 Hz 10 mHz ±10  mHz 
 

 
 
 

RMSṿ
(5) 

 

 
 

 

 
2 V 

 

 

 
1,000 V (1)

 

 

100 mV 

V < 1000 V 

 

±(0.5  % + 200 mV) 

1 V 

V e 1000 V 

 

±(0.5  % + 1 V) 

 

 
 

 

 
2 V 

 

 

 
2,000 V (2)

 

 

100 mV 

U < 1000 V 

 

±(0.5  % + 200 mV) 

1 V 

U e 1000 V 

 

±(0.5  % + 1 V) 

 
 
 

 

(DC)
(6) 

 

 
 

 

 

 
2 V 

 

 

 
1,200  V (3)

 

 

100 mV 

V < 1000 V 

 

±(1  % + 500 mV) 

1 V 

V e 1000 V 

 

±(1  % + 1 V) 

 

 
 

 

 

 
2 V 

 

 

 
2,400 V (3)

 

 

100 mV 

U < 1000 V 

 

±(1  % + 500 mV) 

1 V 

U e 1000 V 

 

±(1  % + 1 V) 

 

 
 
 
½ RMS

ṿ 

 

 
 

 

 

 
2 V 

 

 

 
1,000 V (1)

 

 

100 mV 

V < 1000 V 

 

 
±(0.8  % + 1 V) 

 1 V 

V ů 1000 V 

 

 
 

 

 

 
2 V 

 

 

 
2,000 V (2)

 

 

100 mV 

U < 1000 V 

 

 
±(0.8  % + 1 V) 

 1 V 

U ů 1000 V 
 

 
 
 

ṿ 

 

 
 

 

 

 
2 V 

 

 

 
1,414  V (4)

 

 

100 mV 

V < 1000 V 

 

 
±(3  % + 2 V) 

 1 V 

V ů 1000 V 

 

 
 

 

 

 
2 V 

 

 

 
2,828 V (4)

 

 

100 mV 

U < 1000 V 

 

 
±(3  % + 2 V) 

 1 V 

U ů 1000 V 
 

Ҥ ̂PST̃ 

 

0 
 

12 
 

0.01  

 
ṿ  

̂PF̆ ̃ 

 

 
1 

 

 

 
9.99 

 

 

 
0.01 

 

±(1  % + 5 ct) 

CF < 4 

±(5  % + 2 ct) 

CF e 4 

  



 

A < 10 kA 

A ů 10 
kA 

A < 1000 A 

A ů 1000 
A 

A < 100 A 

A ů 100 
A 

(1) PAC93 E3N └ 

(2) RMSṿ RMSṿ 

(3) №̂n=0̃ 
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ṿ 

 

Ҍ

̂ ѿ ̃ 

 
̂ ѿ ̃ 

 
 

 ṿ ṿ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RMS 

(2)
 

 

J93  3 A 3,500 A 1 A ±(0.5  % + 1 A) 

 
C193  

PAC93  

 

 

 
1 A 

 

 

 
1,000 A 

 

100 mA 

A < 1000 A 

 

±(0.5  % + 200 mA) 

1 A 

A ů 1000 A 

 

±(0.5  % + 1 A) 

MN93  200 mA 200 A 100 mA ±(0.5  % + 200 mA) 

 
E3N  (10 mV/A) 

MN93A (100 A) 

 

 
 

100 mA 

 

 
 

100 A 

 

10 mA 

A < 100 A 

 

±(0.5  % + 20 mA) 

100 mA 

A ů 100 A 

 

±(0.5  % + 100 mA) 

 

 
E3N (100 mV/A) 

 

 

 
10 mA 

 

 

 
10 A 

 

1 mA 

A < 10 A 

 

±(0.5  % + 2 mA) 

10 mA A 

ů 10 A 

 

±(0.5  % + 10 mA) 

MN93A clamp (5 A) 

5 A  

Essailec® r 

 
5 mA 

 

 
5 A 

 

 
1 mA 

 

 
±(0.5  % + 2 mA) 

 
 
AmpFLEXÊ A193 

MiniFLEX MA193 

(10 kA) 

 

 
10 A 

 

 

 
10 kA 

 

1 A 

 

 

 
±(0.5  % + 3 A) 

 10 A 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(6500 A) 

 

 
10 A 

 

 

 
6,500 A 

 

100 mA 

 

 

 
±(0.5  % + 3 A) 

 
1 A 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(100 A) 

 

 
100 mA 

 

 

 
100 A 

 

10 mA 

 

 

 
±(0.5  % + 30 mA) 

 100 mA 

 
 
 
 
 
 

(DC)(3)
 

 

J93  3 A 5,000 A 1A ±(1  % + 1 A) 

 

 
PAC93  

 

 

 
1 A 

 

 

 
1,300 A (1)

 

 

100 mA 

A < 1000 A 

 

 
±(1  % + 1 A) 

 1 A 

A ů 1000 A 

 

 
E3N  (10 mV/A) 

 

 

 
100 mA 

 

 

 
100 A (1)

 

 

10 mA 

A < 100 A 

 

 
±(1  % + 100 mA) 

 100 mA 

A ů 100 

A  

 
E3N  (100 mV/A) 

 

 

 
10 mA 

 

 

 
10 A (1) 

 

1 mA 

A < 10 A 

 

 
±(1  % + 10 mA) 

 10 mA A 

ů 10 A 



A < 10 kA 

A ů 10 
kA 

A < 1000 A 

A ů 1000 
A 

A < 100 A 

A ů 100 
A 

1,414 A 

141.4 A 

A < 10 kA 

A ů 10 
kA 

A < 1,000 A 

A ů 1,000 
A 

A < 100 A 

A ů 100 
A 

(1) 3,500 x ã2 å 4,950; 1000 x ã2 å 1,414; 200 x ã2 å 282.8; 100 x ã2 å 141.4; 10 x ã2 å 14.14; 10,000 x ã2 å 14,140; 

6,500 x ã2 å 9192; 
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ṿ 

 

Ҍ
̂ ѿ ̃ 

 

̂ ѿ ̃ 

 
 

ṿ ṿ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
½ RMSṿ 

J93  1 A 3,500 A 1 A ± (1 % + 1 A) 

 
C193  

PAC93  

 

 

 
1 A 

 

 

 
1,200 A 

 

100 mA 

A < 1,000 A 

 

 
±(1  % + 1 A) 

 1 A 

A e 1,000 A 

MN93  200 mA 240 A 100 mA ±(1  % + 1 A) 

 
E3N (10 mV/A) 

MN93A  (100 A) 

 

 

 
0.1A 

 

 

 
120 A 

 

10 mA 

A < 100 A 

 

 
±(1  % + 100 mA) 

 100 mA 

A ů 100 A 

 

 
E3N (100 mV/A) 

 

 

 
10 mA 

 

 

 
12 A 

 

1 mA 

A < 10 A 

 

 
±(1  % + 10 mA) 

 10 mA A 

ů 10 A 

MN93A (5 A) 

5 A  

Essailec®  

 
5 mA 

 

 
6 A 

 

 
1 mA 

 

 
±(1  % + 10 mA) 

 
 
AmpFLEXÊ A193 

MiniFLEX MA193 

(10 kA) 

 

 
10 A 

 

 

 
10 kA 

 

1 A 

 

 

 
±(2.5  % + 5 A) 

 
10 A 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(6500 A) 

 

 
10 A 

 

 

 
6,500 A 

 

100 mA 

 

 

 
±(2.5  % + 5 A) 

 1 A 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(100 A) 

 

 
100 mA 

 

 

 
100 A 

 

10 mA 

 

 

 
±(2.5  % + 200 mA) 

 100 mA 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ṿ  

(PK) 

 

J93  1 A 4,950 A (1)
 1 A ±(1  % + 2 A) 

 
C193  

PAC93  

 

 

 
1 A 

 

 
 

(1) 

 

1 A 

A < 1,000 A 

 

 
±(1  % + 2 A) 

 1 A 

A e 1,000 A 

MN93  200 mA 282.8 A (1)
 100 mA ±(1  % + 2 A) 

 
E3N (10 mV/A) 

MN93A (100 A) 

 

 

 
100 mA 

 

 
 

(1) 

 

10 mA 

A < 100 A 

 

 
±(1  % + 200 mA) 

 100 mA 

A ů 100 

A  

 
E3N (100 mV/A) 

 

 

 
10 mA 

 

 

 
14.14 A (1)

 

 

1 mA 

A < 10 A 

 

 
±(1  % + 20 mA) 

 10 mA A 

ů 10 A 

MN93A (5 A) 

5 A  

Essailec®  

 
5 mA 

 

 
7.071 A (1)

 

 

 
1 mA 

 

 
±(1  % + 20 mA) 

 
 
AmpFLEXÊ A193 

MiniFLEX MA193 

(10 kA) 

 

 
10 A 

 

 

 
14.14 kA (1)

 

 

1 A 

 

 

 
±(3  % + 5 A) 

 10 A 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(6500 A) 

 

 
10 A 

 

 

 
9,192 kA (1)

 

 

100 mA 

 

 

 
±(3  % + 5 A) 

 1 A 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(100 A) 

 

 
100 mA 

 

 

 
141.4 A (1)

 

 

10 mA 

 

 

 
±(3  % + 600 mA) 

 100 mA 

      
 



ⱳ ῏  

10 mW 10 MW 4ᵝ 
(5)

 

0.2 d sin ÕÜ< 0.5 
1 

sin Õ e 0.5 

n 

max 

A 

max 

A 

 

1 

 

A 

A 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

ⱳⱳ ₮ |cos Ü| = 1 ғף ῒז ᵝ ȂThe stated uncertainties on the reactive power and energy ⱳⱳ
₮ |sinÜ| = 1 ғף ῒז Ȃ 

MN93A  (5 A)  5 A   Essailec
® 

Ȃ 

 AmpFLEXÊ  MiniFLEX ԋ  ( )Ȃ 

‗ԍ ᴰ ץ ṿȂ 

ԍ ԍ114 ῏ ⱳ ̂ ѿ Ȃ̃. 

nmax 0Ḥ Ȃ  

86 

 
ṿ 

 

Ҍ

̂ ѿ ̃ 

 
 

̂ ѿ ̃ 

 
 

ṿ ṿ 

 

 
 
 
ⱳⱳ (P) 

(1) 

 
 
Ҍ FLEX 

 
 
 

 
(3) 

 

 
 
 

 
(4) 

 

±(1  %) 
cos Õ e 0.8 

±(1.5  % + 10 ct) 
0.2 d cos Ü < 0.8 

 
AmpFLEXÊ 

MiniFLEX 

 

±(1  %) 
cosÜe 0.8 

±(1.5  % + 10 ct) 
0.5 dcos Ü < 0.8 

 

 
 
ⱳⱳ  (Q1) 

(2) ⱳ

ⱳ ̂Ñ 

 
 
Ҍ FLEX 

 
 
 

 
10 mvar (3)

 

 

 
 
 

 
10 Mvar (4)

 

 

 
 
 

 
4ᵝ 

(5) 

±(1  %) 
sinÜe 0.5 

±(1.5  % + 10 ct) 

 
AmpFLEXÊ 

MiniFLEX 

 

±(1.5  %) 

 

±(2.5  % + 20 ct) 
0.2 d sin Õ < 0.5 

 

 
 
 

ⱳ  (D) 
(7) 

 

 
 
 

10 mvar (3)
 

 

 

 
 
 

10 Mvar (4)
 

 

 

 
 
 

4ᵝ (5)
 

 

±(4 % + 20 ct)  

if  n  1, ̯n (100 ÷ n) 
[%]  

 

±(2 % +(nmax × 0,5 %) + 100 ct)  

THDA  20 %f  
±(2 % +(nmax × 0,7 %) + 10 ct)  

THDA > 20 %f  

ⱳ ̂S̃(S) 10 mVA (3)
 10 MVA (4)

 4ᵝt (5)
 ±(1  %) 

 
 
ṿ ̂PF̃ 

 

 
 

-1 

 

 
 

1 

 

 
 

0.001 

 

±(1.5 %)  

cos ̑  0.5  

±(1.5 % + 10 ct)  

0.2  cos ̑< 0.5  
 

 
 
 
ⱳ (Ph) 

(1) 

 

 
 
Ҍ FLEX 

 
 
 

 
1 mWh 

 

 
 
 

 
9,999,999 MWh (6)

 

 

 
 
 

 
7ᵝ (5)

 

 

±(1 %)  

cos F  0.8  

±(1.5 %)  

0.2  cos ̑< 0.8  

 
AmpFLEXÊ 

MiniFLEX 

 

±(1 %)  

cos F  0.8  

±(1.5 %)  

0.5  cos ̑< 0.8  

 

 
ⱳ  (Q1h) 

(2) ⱳ

̂Ñ(2) 

 
 
Ҍ FLEX 

 
 
 

 
1 mvarh 

 

 
 
 

 
9,999,999 Mvarh (6)

 

 

 
 
 

 
7ᵝ (5)

 

 

±(1 %)  

sin ̑  
0.5  ±(1.5 %)  

0.2  sin ̑< 0.5  

 
AmpFLEXÊ 

MiniFLEX 

 

±(1.5 %) 

sin ̑  0.5  

  ±(2.5 %)  

0.2  sin ̑< 0.5  

 
 

̂Dh̃ 

 

 
 

1 mvarh 

 

 
 

9,999,999 Mvarh (6)
 

 

 
 

7 digits at most (5)
 

 

±(5.5 %)  

THDA  20 %f  

±(1.5 %)  

THDA > 20 %f  

̂Sh̃ 1 mVAh 9,999,999 MVAh (6)
 7 digits at most (5)

 ±(1  %) 



῏  

±5  ct for cos Ü 

(1) |tan ʊ| = 32,767 Ü = ±88.25° + k × 180° (k ѿҩ )   

87 

 
ṿ 

  
 

 
 

ṿ ṿ 

ᵝ  
 

-179° 
 

180° 
 

1° 
 

±2°  

 

cos Ü (DPF) 
 

-1 
 

1 
 

0.001 
±1°  for Ü 

 
 
tan Ü 
 

 
 

-32.77 (1)
 

 

 
 

32.77 (1)
 

 

0.001 tan Ü < 10 
 
 

±1°  for Ü 
 0.01 

tan Ü ů 10 

 
 

Ҍ ̂UNB̃ 

 

 
 

0 % 
 

 
 

100 % 
 

 
 

0.1 % 
 

±3  ct 

UNBŮ10% 

±10  ct 

UNB > 10% 

Ҍ ̂UNB̃ 0 % 100 % 0.1 % ±10  ct 

  



Ḥ ῏  

 

n 

 

±(2  

n 

 

n 

n 

max 

max 

max 

max 

n 

max 

max 

max 

max 

n 

max 

max 

max 

max 

n 

max 

max 

max 

max 

max 

max 

max 

max 

max 

max 

max 

max 

̔nmax ҹ 0 Ȃ 

 

 
 

88 

 
ṿ 

Measurement range  
Display resolution 

 
Maximum intrinsic error 

Minimum Maximum 

 
 

̂tñ 

 
 

0 % 

 

 

 
1500 %f 

100 %r 

 

0.1 % 

ó
n 

< 1000 % 

 
 

±(2.5  % + 5 ct) 

 1 % 

ó  e 1000 % 

 
̂tn̆ FLEX̃ 

 
 

0 % 

 

 

 
1500 %f 

100 %r 

 

0.1 % 

ó
n 

< 1000 % 

±(2  % + (n × 0.2 %) + 10 ct) 

n Ů25 

1 % 

ó  e 1000 % 

% + (n × 0.6 %) + 5 ct) 

n > 25 

 
̂tn̆AmpFLEXÊ  

MiniFLEX̃ 

 
 

0 % 

 

 

 
1500 %f 

100 %r 

 

0.1 % 

ó
n 

< 1000 % 

±(2  % + (n × 0.3 %) + 5 ct) 

nŮ 25 

1 % 

ó  e 1000 % 

±(2  % + (n × 0.6 %) + 5 ct) 

n > 25 

̂THD̆ ҹ ̃  
 

0 % 
 

999.9 % 
 

0.1 % 
 

±(2.5  % + 5 ct) 

 
 
 

̂THD̆ ҹ ̃

̂ FLEX̃ 

 

 

 
 
 

0 % 

 

 

 
 
 

999.9 % 

 

 

 
 
 

0.1 % 

 

±(2.5 % + 5 ct)  

if  n  1. tn  (100 ÷ n) 

[%]   

±(2  % + (n × 0.2 %) + 5 ct) 

n Ů 25 

±(2  % + (n × 0.5 %) + 5 ct) 

n > 25 

 
 
 

̂THD̆ ҹ ̃

̂AmpFLEXÊ  MiniFLEX̃ 

 

 
 
 

0 % 

 

 

 
 
 

999.9 % 

 

 

 
 
 

0.1 % 

 

±(2.5 % + 5 ct)  

if  n  1. tn  (100 ÷ n2) 

[%]   

±(2 % + (nmax × 0.3 %) + 5 ct)  

nmax  25  

±(2  % + (n × 0.6 %) + 5 ct) 

n > 25 

̂THD̆ ҹҌ

Ḥ ̃  

 
0 % 

 

 
100 % 

 

 
0.1 % 

 

 
±(2.5  % + 5 ct) 

 
 
 
 

̂THD̆ ҹҌ

Ḥ ̃ ̂ FLEX̃ 

 

 
 
 
 

0 % 

 

 
 
 
 

100 % 

 

 
 
 
 

0.1 % 

 

±(2.5 % + 5 ct)  

if  n  1. tn  (100 ÷ n) 

[%]   

±(2  % + (n × 0.2 %) + 5 ct) 

n d 25 

±(2  % + (n × 0.5 %) + 5 ct) 

n > 25 

 
 
 

̂THD̆ ҹҌ

Ḥ ̃ ̂ AmpFLEXÊ  

MiniFLEX̃ 

 

 
 
 

0 % 

 

 

 
 
 

100 % 

 

 

 
 
 

0.1 % 

 

±(2.5  % + 5 ct) 

if  n e 1. ó  d (100 ÷ n2) [%] 

or 

±(2  % + (n × 0.3 %) + 5 ct) 

n Ů 25 

±(2  % + (n × 0.6 %) + 5 ct) 

n > 25 

 
 

̂FHL̃ 

 
 

1 

 

 
 

99.99 

 

 
 

0.01 

 

±(5  % + (n × 0.4 %) + 5 ct) 

n Ů25 

±(10  % + (n × 0.7 %) + 5 ct) 

n > 25 

 
 
K factor (FK) 

 

 
 

1 

 

 
 

99.99 

 

 
 

0.01 

 

±(5  % + (n × 0.4 %) + 5 ct) 

n Ů 25 

±(10  % + (n × 0.7 %) + 5 ct) 

n > 25 

̂   >=2 ̃ -179° 180° 1° ±(1.5°  + 1° x  (n ÷ 12.5) 



V ů 1000 
V 

U < 1000 V 

V ů 1000 
V 

U < 1000 V 

n Ů 

25 

n Ů 25 

n > 25 

n Ů 

25 

n > 25 

n Ů 

25 

n > 25 

n Ů 

25 

n > 25 

(1) 

(2) 

(3)
 

III 1,000 VRMS̆ ҩ ҍ Ҍ 1,000 VRMSȂ 

ԋ ̂ ̃- ҍ̂1̃ Ȃ 

RMSṿȂ 
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ṿ 

̂ ѿ ̃ 
 

̂ ѿ

̃ 

 
 

ṿ 

 

ṿ 
 

 
 

RMSṿ̂
 nҗ 2̃ 

 

 
 

 

 

 
2 V 

 

 

 
1000 V (1)

 

 

100 mV 
V < 1000 V 

 

 
±(2.5  % + 1 V) 

 1 V 

 

 
 

 

 

 
2 V 

 

 

 
2000 V (2)

 

 

100 mV 

 

 

 
±(2.5  % + 1 V) 

 1 V 
U ů1000 V 

 
 
 

RMSṿ 

 

 
 (Vd) 

 

 

 
2 V 

 

 

 
1000 V (1)

 

 

100 mV 
V < 1000 V 

 

 
±(2.5  % + 1 V) 

 1 V 

 
 

 
 (Ud) 

 

 

 
2 V 

 

 

 
2000 V (2)

 

 

100 mV  

 
±(2.5  % + 1 V) 

 1 V 
U ů 1000 

V  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

RMSṿ̂

 nů 2̃ 

 

J93  
 

1 A 
 

3500 A 
 

1 A 
±(2  % + (n x 0.2%) + 1 A) 

 
C193  

PAC93  

 

 

 
1 A 

 

 

 
1000 A 

 

100 mA 
A < 1000 A 

±(2  % + (n x 0.2%) + 1 A) 
n Ů 25 

1 A 
A ů 1000 

A 

±(2  % + (n x 0.5%) + 1 A) 
n > 25 

 

 
MN93  

 

 

 
200 mA 

 

 

 
200 A 

 

 

 
100 mA 

 

±(2  % + (n x 0.2%) + 1 A) 
n Ů 25 

±(2  % + (n x 0.5%) + 1 A) 
n > 25 

 
E3N p (10 

mV/A) MN93A

(100 A) 

 

 

 
100 mA 

 

 

 
100 A 

 

10 mA 
A < 100 A 

±(2  % + (n x 0.2%) + 100 mA) 
n Ů 25 

100 mA 
A ů 100 
A 

±(2  % + (n x 0.5%) + 100 mA) 
n > 25 

 
 
E3N (100 mV/A) 

 

 
 

10 mA 

 

 
 

10 A 

 

1 mA 
A < 10 A 

±(2  % + (n x 0.2%) + 10 mA) 
n Ů 25 

10 mA A 
ů 10 A 

±(2  % + (n x 0.5%) + 10 mA) 
n > 25 

 

MN93A (5 A) 

5 A  

Essailec®  

 

 
5 mA 

 

 

 
5 A 

 

 

 
1 mA 

 

±(2  % + (n x 0.2%) + 10 mA) 

 

±(2  % + (n x 0.5%) + 10 mA) 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(10 kA) 

 

 
10 A 

 

 

 
10 kA 

 

1 A 

A < 10 kA 
±(2  % + (n x 0.3%) + 1 A + (Afrms(3)  x 0.1%)) 

 
10 A 

A ů 10 

kA 

±(2  % + (n x 0.6%) + 1 A + (Afrms(3)  x 0.1%)) 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(6500 A) 

 

 
10 A 

 

 

 
6,500 A 

 

100 mA 

A < 1,000 A 

±(2  % + (n x 0.3%) + 1 A + (Afrms(3)  x 0.1%)) 

 

1 A 

A ů 1,000 

A 

±(2  % + (n x 0.6%) + 1 A + (Afrms(3)  x 0.1%)) 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(100 A) 

 

 
100 mA 

 

 

 
100 A 

 

10 mA 

A < 100 A 
±(2  % + (n x 0.2%) + 30 pt) 

 
100 mA 

A ů 100 

A 

±(2  % + (n x 0.5%) + 30 pt) 



max 

max 

max 

A ů10 A 

A < 10 kA 
max 

Aů10 kA 

A < 1,000 A 
max 

A ů 1,000 
A 

A < 100 A 
max 

A ů 100 
A 

(1) nmax ҹ 0 Ȃ max 

Ҥ  

50 Hz  

 

(1) MN93A  (5 A)̆5 A Essailec
® 

Ȃ 
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ṿ 

 

ṿ 

 

 
100 

1,000 x ã3 

9,999,900 x ã3 

0,1 

 

  (1)
 

 
1 

 
60,000 / 1 

 ̂PST̃Ҥ  

№ ̂50% ̃ 

 

 

120V  

120V  

 

230 V  

 

1 PST Í[0.5 ; 4] ± 5% PST Í [0.5 ; 4] ± 5% 

2 PST Í [0.5 ; 5] ± 5% PSTÍ [0.5 ; 5] ± 5% 

7 PST Í [0.5 ; 7] ± 5% PSTÍ [0.5 ; 8] ± 5% 

39 PST Í [0.5 ; 12] ± 5% PSTÍ [0.5 ; 10] ± 5% 

110 PST Í [0.5 ; 12] ± 5% PST Í [0.5 ; 10] ± 5% 

1620 PSTÍ [0.25 ; 12] ± 15% PSTÍ [0.25 ; 10] ± 15% 

 
ṿ 

 

̂ ѿ ̃  

̂ ѿ ̃ 

 
 

ṿ ṿ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

RMS

ṿ (Ad) (1) 

J93  1 A 3500 A 1 A ±((n  x 0.4%) + 1 A) 

 
C193  

PAC93  

 

 
1 A 

 

 

 
1000 A 

 

100 mA 
A < 1000 A 

 

 
±((n

max 
x 0.4%) + 1 A) 

 
1 A 

A ů 1000 
A 

MN93  200 mA 200 A 100 mA ±((n  x 0.4%) + 1 A) 

 
E3N (10 mV/A) 

MN93A  (100 

A) 

 

 

 
0.1A 

 

 

 
100 A 

 

10 mA 
A < 100 A 

 

 
±((n

max 
x 0.4%) + 100 mA) 

 
100 mA 
A ů 100 

A  

 
E3N (100 mV/A) 

 

 

 
10 mA 

 

 

 
10 A 

 

1 mA 
A < 10 A 

 

 
±((n  x 0.4%) + 10 mA) 

 10 mA 

 

MN93A (5 A) 

5 A  

Essailec®  

 
5 mA 

 

 
5 A 

 

 
1 mA 

 

 
±((n

max 
x 0.4%) + 10 mA) 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(10 kA) 

 

 
10 A 

 

 

 
10 kA 

 

1 A 

 

 

 
±((n  x 0.4%) + 1 A) 

 10 A 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(6500 A) 

 

 
10 A 

 

 

 
6,500 A 

 

100 mA 

 

 

 
±((n  x 0.4%) + 1 A) 

 1 A 

 
AmpFLEXÊ A193 

MiniFLEX MA193 

(100 A) 

 

 
100 mA 

 

 

 
100 A 

 

10 mA 

 

 

 
±(n  x 0.5%) + 30 pt) 

 100 mA 

 
 

 



 

1 

1 

(1) ԍ ԍ22,000 ῏ ⱳ ̂ ̃ 

(2) ԋ ṿ̂ Ȃ̃ 
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ṿ 

 

 

Ҋ

ṿ̂S̃ 

Ҋ

ṿ̂S̃ 
 

RMS 

  ½ RMSṿ 

 120 mV 170 GV 

 120 mV 340 GV 

 
̂DC̃ 

 

 120 mV 200 GV 

 120 mV 400 GV 

 
ṿ̂PK̃ 

 160 mV 240 GV 

 320 mV 480 GV 

RMS  RMS ½  5 mA 300 kA 

RMS  RMS ½  10 mA 5 kA 

ṿ̂PK̃ 7 mA 420 kA 

ⱳⱳ ̂P̃ 600 µW  51 PW (2)
 

ⱳⱳ ̂Q1̃ 

ⱳⱳ ̂Ñ 

ⱳ ̂D̃ 

 
600 µvar  

 

 
51 Pvar (2)

 

 

ⱳ ̂S̃ 600 µVA 51 PVA (2)
 

ⱳ ̂Ph̃ 1 mWh 9 999 999 EWh (1)
 

ⱳⱳ ̂Q1h̃ 

ⱳ ̂Nh̃ 

̂Dh̃ 

 
1 mvarh 

 

 
9 999 999 Evarh (1)

 

 

̂Sh̃ 1 mVAh 9 999 999 EVAh (1)
 



15.3.5. ᴰ ̂ ̃ 
 

ᴰ ת ῤ ‰ḱ ṿ ꜚḱ Ȃ ḱ ԍḱ ᵝ ̆ ‗ԍ ᴰ ̂ ꜚ ≢̃

ṿȂ 

 
 RMSṿ ᵝ ⱴ ̂ ת῀ ̃̆ № ̂ⱳ ̆ ҩ̆ⱳ

̆ ℗ṿ Ȃ̃ 

92 

 

ᴰ  

 

RMS ̂ARMS̃ 

 

ARMS  

 

Ü  

AmpFLEXÊ A193 

6500 A / 10 kA 

[10 A ; 100 A[ ±3  % ±1°  

[100 A ; 10 kA] ±2  % ±0.5°  

MiniFLEX MA193 

6500 A / 10 kA 

[10 A ; 100 A[ ±3  % ±1°  

[100 A ; 10 kA] ±2  % ±0.5°  

AmpFLEXÊ A193 

100 A 

 

[100 mA ; 100 A] 
 

±3  % 
 

±1°  

MiniFLEX MA193 

100 A 

 

[100 mA ; 100 A] 
 

±3  % 
 

±1°  

 

 
 
 
J93  

3500 A 
 

[3 A ; 50 A[ - - 

[50 A ; 100 A[ ±(2  % + 2.5 A) ±4°  

[100 A ; 500 A[ ±(1.5  % + 2.5 A) ±2°  

[500 A ; 2000 A[ ±1  % ±1°  

[2000 A ; 3500 A] ±1  % ±1.5°  

]3500 A ; 5000 A] DC ±1  % - 

 
C193  

1000 A 
 

[1 A ; 10 A[ ±0.8  % ±1°  

[10 A ; 100 A[ ±0.3  % ±0.5°  

[100 A ; 1000 A] ±0.2  % ±0.3°  
 

 
 
 
PAC93  

1000 A 
 

[1 A ; 10 A[ ±(1.5  % + 1 A) - 

[10 A ; 100 A[ ±(1.5  % + 1 A) ±2°  

[100 A ; 200 A[ ±3  % ±1.5°  

[200 A ; 800 A[ ±3  % ±1.5°  

[800 A ; 1000 A[ ±5  % ±1.5°  

]1000 A ; 1300 A] DC ±5  % - 
 

 
 
MN93  

200 A 
 

[200 mA ; 500 mA[ - - 

[500 mA ; 10 A[ ±(3  % + 1 A) - 

[10 A ; 40 A[ ±(2.5  % + 1 A) ±3°  

[40 A ; 100 A[ ±(2.5  % + 1 A) ±3°  

[100 A ; 200 A] ±(1  % + 1 A) ±2°  

MN93A  

100 A 

[100 mA ; 1 A[ ±(0.7  % + 2 mA) ±1.5°  

[1 A ; 100 A] ±0.7  % ±0.7°  

E3N  (10 mV/A) 

100A 

[100 mA ; 40 A[ ±(2  % + 50 mA) ±0.5°  

[40 A ; 100 A] ±7.5  % ±0.5°  

E3N  (100 mV/A) 

10A 

 

[10 mA ; 10 A] 
 

±(1.5  % + 50 mA) 
 

±1°  

 
MN93A  

5 A 
 

[5 mA ; 50 mA[ ±(1  % + 100 µA)  ±1.7°  

[50 mA ; 500 mA[ ±1  % ±1°  

[500 mA ; 5 A] ±0.7  % ±1°  

 
5 A  

Essailec®   

 

[5 mA ; 50 mA[ ±(1  % + 1.5 mA) ±1°  

[50 mA ; 1 A[ ±(0.5  % + 1 mA) ±0°  

[1 A ; 5 A] ± 0.5 % ±0°  



̔ Ҍᴪ ῀ Ḥ ̂THD̃̆ ҹ ᴰ └̂ Ȃ̃ᶭ ‰IEC61000-4-30 ӈ

B Ȃ 

15.4. ‰IEC61000-4-30 ӈ B  
 

ת .15.4.1  
 

T ת ҍPAT2 ᵬ ᴆ ‰IEC61000-4-30 ӈ B ̆ΐᵣ ̔ 

ƴ ҙ ̆ 

ƴ ʟ ṿ̆  

ƴ ̆ 

ƴ ʟ ̆  

ƴ ̆ 

ƴ ʟ Ҍ ̆ 

ƴ Ȃ 

̔ҹԅḠ ת ᶏ ̆ ל ̂ ל ̃ ̔ 

ƴ ҹѿ ̆ 

ƴ Vrms Urms ̆ 

ƴ V-h01 U-h01 Ȃ 

 

  

15.4.2.  

din 

din 

U Í {207 V ; 400 V} 

din din din 

30 ppm ±10  ms (ῖ  

30 ppm ±10  ms (ῖ  

15.4.3.  
 

ҹ ҹ80ppm̂ ԍᶏ ԅ҈ ̆ ҹ50°C Ȃ̃ ת ҹῃ ғᶏ ҹ25°C ̆

ҹ30ppmȂ 

93 

 

 

 

 

 

 

 

U 

ҙ  [42,5 Hz ; 69 Hz] ±10  mHz [50 V ; 1000 V] 

ᶫ ṿ [50 V ; 1000 V] ±1  % of U [50 V ; 1000 V] 

 

 

 

[0.25 ; 12] 
 

 
VÍ {120 V ; 230 V} 

 
ᶫ  

▼ᵩ  [5 % of U   ; U  ] ±2  % of U 
 

 
[50 V ; 1000 V] 

 

 

 

 

[10 ms ; 65,535 days] 
80 ppm ±10  ms ( ) 

 
ҙ Ҋ

 

ṿ 

 

[Udin ; 150 % of Udin] 
 

±2  % of U
din

 

 
 

[50 V ; 1000 V] 
 

 

 

 

[10 ms ; 65,535 days] 80 ppm ±10  ms ( ) 

ᶫ  
 

 

 

[10 ms ; 65,535 days] 
80 ppm ±10  ms ( ) 

30 ppm ±10  ms (ῖ ) 

 

[50 V ; 1000 V] 

ᶫ Ҍ  [0 % ; 10 %] ±0.3  % or ±3  ct [50 V ; 1000 V] 

 
 

 [0 % ; 1500 %] ±(2.5  % + 5 ct)  
[50 V ; 1000 V] 

 

 

[2 V ; 1000 V] ±(2.5  % + 1 V) 



16.  

↓₮ԅ Ὲ  Ȃ 

16.1. Ὲ  

 
 

16.1.1.  
 

└ԍ̂ ҹ̃ ̆ 40Hz-70Hz ῤ̆ ҩ ₮256ҩ Ȃת ץ ̆

ⱳⱳ ̆ ⱳ ̆ ⱳ ̆Ҍ ץ Ȃ 

Ḥ ᶏ ᵞ └ ̆ № Ḥ ῇҩ ת̆ ץ ̂i.e. 7ҩ

Ȃ̃ ңҩ ṿ Ȃ 

ת ץ 3 ̂ Ҭ Ҍ Ҭ ̃ Ȃӊ ת ᴪ ԋ ҈ Ҭ ῒѿᵬ

ҹ Ȃ 

ѿ ṿȂ 

16 ץ ̂ ԍ ̃ꜚ ת̆ ץ Ḥ Ȃ 

16.1.2.  
 

16.1.2.1. RMSṿ(Ҍ Ҭ ) 
 

i+1 ̆ RMSṿ iÍ[0; 2]Ȃ 
( Zéro  suivant ) -1 

ễV [i][n]2 

n = Zéro  

1 
Vdem[i] = Ä 

NechDemPer 

i+1 ̆ RMSṿ iÍ[0; 2]Ȃ 

( Zéro  suivant ) -1 

ễU [i][n]2 

n= Zéro  

1 
Udem[i] = Ä 

NechDemPer 

i+1 ̆ RMSṿ iÍ[0; 2]Ȃ 

( Zéro  suivant ) -1 

ễ A[i][n]2 

n = Zéro  

1 
Adem[i] = Ä 

NechDemPer 

̔ ҩ ת ᴪ ֓ṿ ѿ ץ Ḡ Ȃ. 
 

ῒҬNechDemPer Ȃ 

16.1.2.2. RMSṿ̂Ҍ Ҭ ̃ 
 

i+1 ̆ RMSṿ iÍ[0; 2]ȂVmax [i] = max(Vdem[i]), 

Vmin[i] = min(Vdem[i]) 

i+1 ̆ RMSṿ iÍ[0; 2]Ȃ 

Umax [i] = max(Udem[i]),   Umin[i] = min(Udem[i]) 

i+1 ̆ RMSṿ iÍ[0; 2]Ȃ 

Amax [i] = max(Adem[i]), Amin[i] = min(Adem[i]) 

̔ ᵀ ӈ̂ Ҋ 8 Ȃ̃  
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16.1.2.3. ̂ Ҭ ̆ ҬҌ Vdc Udc - ѿ ᵀ̃ 
 

i+1 ̆  iÍ[0; 2]Ȃ 
NechSec -1 1 

Vdc[i] =  ễV [i][n] 
n =0 NechSec 

i+1 ̆  iÍ[0; 2]Ȃ 
NechSec -1 1 

Udc[i] =   ễU [i][n] 
n=0 NechSec 

i+1 ̆  iÍ[0; 3]Ȃ̂ i= 3ҹҬ ̃ 
NechSec -1 1 

Adc[i] =  ễ A[i][n] 
n =0 NechSec 

̔ῒҬNechSec Ȃ 

16.1.2.4.  - 10№ ̂Ҍ Ҭ ̃ 
 

ԍIEC61000-4-15 ‰ Ȃ 

῀ṿҹ RMSṿ̂ Ҭ Ҍ Ҭ Ȃ̃ 3 4 Ȃ 5 № 128ҩ Ȃ 

PST[i] № ѿ ̂i+1 ̆i Í [0; 2] Ȃ̃ 

̔ Ҋ 8  Ȃ ℗ 10№ Ҍѿ ѿ ̂UTC̃ № ṐȂ  

 

16.1.2.5. ṿ̂ Ҭ ̆ ҬҌ Vpp, Upp, Vpm Upm - ᵀ̃ 
 

i+1 ̆ ṿ iÍ[0; 2]Ȃ 

Vpp[i] = max(V[i][n]), Vpm[i] = min(V[i][n]) n Í [0; N] 

i+1 ̆ ṿ iÍ[0; 2]Ȃ 

n Í [0 ; N] Upp[i] = max(U[i][n]), Upm[i] = min(U[i][n]) 

i+1 ̆ ṿ iÍ[0; 3]̂i= 3 Ҭ Ȃ̃ 

App[i] = max(A[i][n]), Apm[i] = min(A[i][n]) n Í [0; N] 

̔ ᵀ ӈ̂ Ҋ 8 Ȃ̃   

16.1.2.6. ṿ ̂ Ҭ ̆ ҬҌ Vcf Ucf - ѿ ῤ̃ 
 

i+1 ̆ ṿ  iÍ[0; 2]Ȃ 

max( Vpp[i] , Vpm[i] ) 
Vcf [i] = 

NechSe -1 

 ễV [i][n]2
 

n=0 

1 

NechSec 

i+1 ̆ ṿ  iÍ[0; 2]Ȃ 

max( Upp[i] , Upm[i] ) 
Ucf [i] = 

NechSec -1 

 ễU [i][n]2
 

n=0 

1 

NechSec 
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i+1 ̆ ṿ  iÍ[0; 3]̂i= 3 Ҭ Ȃ̃ 

max( App[i] , Apm[i] ) 
Acf [i] = 

NechSec -1 

 ễA[i][n]2
 

n=0 

1 

NechSec 

̔ῒҬNechSec ѿ ῤ Ȃ ṿ ᵀ ҹѿ Ȃ 

16.1.2.7. RMSṿ̂ Ҭ ̆ ҬҌ Vrms Urms - ѿ ῤ̃ 
 

i+1 ̆ RMSṿ iÍ[0; 2]Ȃ 

NechSec -1 

 ễV [i][n]2
 

n =0 

1 
Vrms[i] = 

NechSec 

i+1 ̆ RMSṿ iÍ[0; 2]Ȃ 

NechSec -1 

 ễU [i][n]2
 

n =0 

1 
Urms[i] = 

NechSec 

i+1 ̆ RMSṿ iÍ[0; 3]̂i= 3 Ҭ Ȃ̃ 

NechSec -1 

 ễA[i][n]2
 

n =0 

1 
Arms[i] = 

NechSec 

̔ῒҬNechSec ѿ ῤ Ȃ 

16.1.2.8. Ҍ ̂҈  - ѿ ̃ 
 

ԍ Ҭ ̆ᶏ ṿRMSṿ̂ѿ ῤ̃VFrms[i] AFrms[i]̕ ԍҌ Ҭ ̆ᶏ UFrms[i] AFrms[i]

Ҍ Ȃ̂ ’Ҋ Ḥ Ȃ̃ Ὲ ᶏ ԅFortescue Ҭ Fortescue №Ȃ 

j 
2p 
3 

̔ a = e 

Ҭ ̂ ̃ 

Vrms   = 
1 

(VFrms[0]+ a  VFrms[1]+  a  2   

VFrms[2]) 
+ 

3 

Ҭ ̂ ̃ 

Vrms   = 
1 

(VFrms[0]+ a 2  VFrms[1]+  a   

VFrms[2]) 
 

3 

Ҭ Ҍ  

Vrms  
Vunb = 

Vrms + 

̔ ל Ҭ̆ Ҋ ֓ ᴪҍ Ҍ ѿ Ḡ ̔Vns = |Vrms-| Vps = |Vrms+|̂

№ Ȃ̃ 

Ҍ Ҭ ̂ ̃ 

Urms   = 
1 

(UFrms[0]+ a  UFrms[1]+  a  2   

UFrms[2]) 
+ 

3 

Ҍ Ҭ ̂ ̃ 

Urms   = 
1 

(UFrms[0]+ a 2  UFrms[1]+  a   

UFrms[2]) 
 

3 
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VFrms[2]̃

VFrms[2]̃

UFrms[2]̃

UFrms[2]̃



Ҍ Ҭ Ҍ ̂ ̃ 

Urms  
Uunb = 

Urms + 

̔ ל Ҭ̆ Ҋ ֓ ᴪҍ Ҍ ѿ Ḡ ̔Uns = |Urms-| Ups = |Urms+|̂

№ Ȃ̃ 

̂ ̃ 

Arms   = 
1 

(AFrms[0]+ a  AFrms[1]+  a  2   

AFrms[2]) 
+ 

3 

̂ ̃ 

Arms   = 
1 

(AFrms[0]+ a 2  AFrms[1]+  a   

AFrms[2]) 
 

3 

Ҍ  

Arms  
Aunb = 

Arms + 

̔ ל Ҭ̆ Ҋ ֓ ᴪҍ Ҍ ѿ Ḡ ̔Ans = |Arms-| Aps = |Arms+|̂

№ Ȃ̃ 

16.1.2.9. RMSṿ̂Ҍ Ҭ  - ѿ ῤ̃ 
 

ᶏ ṿ̂ ̃ RMSṿȂ6ҩᵞ 2 ‖ Butterworth ץ 1ҩ 2 ‖Butterworth

῍ ԅ ̆ ԍ№ Ḥ №Ȃ 

16.1.2.10. ṿ̂Ҍ Ҭ  - ѿ ῤ̃) 
 

ᶏ ṿ̂ ̃ ṿȂ6ҩᵞ 2 ‖ Butterworth ץ 1ҩ 2 ‖Butterworth

῍ ԅת ̆ ԍ№ Ḥ №Ȃ ṿΐᵣ Ҋ̔ 

 ƴ 2ҩ  

ƴ 2ҩ  

ƴ 2ҩ  

ƴ ѿҩ ѿҩ ̂ Ҭ ̃ 

ƴ ѿҩ ѿҩ ̂ԋ ԋ ̃ 

 
16.1.3.  
 

16.1.3.1. FFT̂Ҍ Ҭ  - ѿ ῤ ҩ ̃ 
 

ᶏ FFT̂16 ̃̆ 4 1024 ̆ ̂ IEC61000-4-7̃ Ḥ FFTȂ׆ bk⌠ ak̆ ̂j̃ ᵝ̂ĩ№≢

Vharm[i][j]̆Uharm[i][j] Aharm[i][j]̂ ҹ ץ̃ Vph[i][j]̆Uph[i][j] Aph[i][j]̂ ҹ Ȃ̃  
k k 

 

̔ Ҋ ̔{V1; A1}  {V2; A2}  {V3; A3}  {U1; U2}  {U3}Ȃ ԋ ԋ ’Ҋ̆{U1; A1} ף

{V1; A1}Ȃ 

ck ̆ ҹ%̆ ҹ  [% f] Ó ó k  = 100 
c4 

c k ó k   = 100 ̆ ҹ%̆ ҹ RMSṿ[% r] Ó 
5050 

ễC 4m 
2 

m=0 
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AFrms[2]̃

AFrms[2]̃



  
     

      
̆ ҹ ̆ ҹ  [°]  

   

                 

 
   

           
    

   
   

            
 

    

 
 

   
   
  

k
 

k
 

c
 

̆ № ṿ                     
 

m =
 

with
 

a
 

frequency 
 

f
 

k 
 =

 
f 

  
4

 
k
 

4
 

 
Ḥ Ȃ 

 №Ȃ  

4
 

f 4  F s 

c 
o

 

k  
┬ ̂ᵝԍ № Ȃ̃                                    m =   k 

4  

̔ⱳ ӗ Ȃⱳ ̂VAharm[i][j] VAph[i][j]̃

ṿȂ ԋ ԋ ’Ҋ̆ U1̆ ⱳ UAharm[0][j] ⱳ UAph[0][j] ף V1 

16.1.3.2.  
 

Ҋңҩ ᵣṿ ԅ ̔ 

ҹ THD̂Ӟ THD-F̃̆  

ҹ RMS-֜ ṿ THD̂Ӟ THD-R Ȃ̃  

 

50 

0 

50 

0 

50  

ễVharm[i][n]2 ễUharm[i][n]2 ễAharm[i][n]2 

Vthdf [i] = , Uthdf [i] = , Athdf [i] = n=2 n=2 n=2 

[ ][1] [ ][1] [ ][1] Vharm i Uharm i Aharm i 

i+1 ̆  iÍ[0; 2]̂THD-F Ȃ̃ 

50 50  50 

0 ễVharm[i][n]2 ễUharm[i][n]2 ễ Aharm[i][n]2 

Vthdr[i] =  n =2   , Uthdr[i] =  n =2   , Athdr[i] =  n =2   

50 50

00 

50  

0 ễVharm[i][n]2 ễUharm[i][n]2 ễ Aharm[i][n]2 

n =1 n =1 n =1 

i+1 ̆  iÍ[0; 2]̂THD-R Ȃ̃  

98 

 

  

  

 

  

 

   

   

�°
�°
�°
�°
�°

�¯

�°
�°
�°
�°
�°

�®

�­

� 

�¸
�¹

�·
�¨
�©

�§
���˜� 

�¸
�¹

�·
�¨
�©

�§
���˜� 

��� ��� 

�¦

�¦

�¦

� 

� 

� 

1024

0
0

1024

0

1024

0

22

1024
1

512
cos

512
1

512
sin

512
1

s
s

s
ksk

s
ksk

kkkkk

Fc

s
k

Fa

s
k

Fb

bajabc

�M
�S

�M
�S

����
�œ

����
4arctan �M�M ���¸�¸

�¹

�·
�¨�¨
�©

�§
� 

k

k
k b

a



 

16.1.3.3. ̂Ҍ Ҭ  - ѿ ῤ ҩ ̃ 
 

i+1 ̆  iÍ[0; 2]Ȃ 
 

   
 

  

      
 

 

   

 

16.1.3.4. K ̂Ҍ Ҭ  - ѿ ῤ ҩ ̃ 

i+1 ̆K  i [0; 2]̆e Í [0.05; 0.1] q Í [1.5; 1.7]Ȃ 

 

    
 

 

 
        

 
 

 
   

  

 

16.1.3.5. ̂ѿ ῤ3*̂4 ̃̃  
 

 

 
7 ễ Aharm[i][3 j + 2] 2 

1 j =0 

  = ễ 3 
Aharm 

Aharm[i][1] 
i =0 

Ҭ ҈  
7 

ễVharm[i][3 j + 2] 
j =0 

Vharm[i][1] 

2 
1 

  = ễ 3 
Vharm 

i =0 

Ҍ Ҭ ҈  
7 

ễUharm[i][3 j + 2] 2 
1 j =0 

  = ễ 3 
Uharm 

Uharm[i][1] 
i =0 

 
7 

ễ Aharm[i][3 j + 3] 
j =0 

Aharm[i][1] 

2 
1 

0  = 
3 ễ Aharm 

i =0 

Ҭ ҈  
7 

ễVharm[i][3 j + 3] 2 
1 j =0 

0  = 
3 ễ Vharm 

Vharm[i][1] 
i =0 

Ҍ Ҭ ҈  

ễUharm[i][3 j + 3] 2 
1 j =0 

0  = 
3 ễ Uharm 

Uharm[i][1] 
i =0 
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=iFHL
n

n

n

n

niAharm

niAharmn
50

50
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50
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50
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e1

e
1=iFK

n

n

n

n

q

niAharm

niAharmn
50

50
FK



  

 
7 

ễ Aharm[i][3 j + 4] 
j =0 

Aharm[i][1] 

2 
1 

+  = ễ 3  
Aharm 

i =0 

Ҭ ҈  
7 

ễVharm[i][3 j + 4] 
j =0 

Vharm[i][1] 

2 
1 

+  = ễ 3 
Vharm 

i =0 

Ҍ Ҭ ҈  
7 

ễUharm[i][3 j + 4] 2 
1 j =0 

+  = ễ 3 
Uharm 

Uharm[i][1] 
i =0 

16.1.4. ⱳ  
 

Ҍ Ҭ ⱳ  - ѿ  

16.1.4.1. Ҭ  
 

i+1 ̆ ⱳⱳ  iÍ[0; 2]Ȃ 
  

      

n 0 

 

i+1 ̆ ⱳ  iÍ[0; 2]Ȃ 

S[i] = VA[i] = Vrms[i]. Armsi] 

i+1 ̆ ⱳⱳ  iÍ[0; 2]̂№ ⱳⱳ Ȃ̃ 
 

  
    

 

Ä 
NechSec 

  

   
 

i+1 ̆ ⱳ  iÍ[0; 2]̂№ ⱳⱳ Ȃ̃ 

D[i] = VA D [i] = S[i]
2  
- P[i]2  

- Q [i]2 1 

i+1 ̆ ⱳⱳ  iÍ[0; 2]̂№ ⱳⱳ Ȃ̃ 

N[i] = V [i] = S[i]2  
- P[i]2 

ⱳⱳ  

P[3] = W[3] = P[0] + P[1] + P[2] 

ⱳ  

S[3] = VA[3] = S[0] + S[1] + S[2] 

ⱳⱳ ̂№ ⱳⱳ ̃ 

Q [3] = VARF[3] = Q [0] + Q [1] + Q [2] 
1 1 1 1 

ⱳ ̂№ ⱳⱳ ̃ 

D[3] = VAD[3] = S[3]2  
- P[3]2  

- Q  [3]2 1 

ⱳⱳ ̂№ ⱳⱳ ̃ 

N[3] = VAR[3] = S[3]2  
- P[3]2 

100 

A  

 

  

  

  

  

 

  

�>�@ �>�@ �>�@�>�@ �>�@�>�@�¦
��

� 

�˜�˜� � 
1

0

1
WP

NechSec

n

niAniV
NechSec

ii

�>�@ �>�@ �>�@�>�@�¦
��

� 

�˜���˜� � 
1

0
1 ]

4
][[

1
VARFQ

NechSec

n

niAF
NechPer

niVF
NechSec

ii AFVF

R



16.1.4.2. Ҍ Ҭ ҈  
 

ת Ҍ Ҭ ҈ ᵬ ᵣ̂Ҍ ⱳ Ȃ̃ Ȃ 

ԋ ̂Aron ԋᾝ ̃ ԍ ⱳⱳ ̆ ⱳⱳ ⱳ Ȃ
 

a) L1  

ⱳⱳ ̆ⱳ 1 

  

      
  

ⱳⱳ ̆ⱳ 2 

   
       

  

ⱳⱳ ̆ⱳ 1 
   

    
 

   
  

ⱳⱳ ̆ⱳ 2 

  
 

 

 
       

  

b) L2  

ⱳⱳ ̆ⱳ 1 
  

      
   

ⱳⱳ ̆ⱳ 2 
  

        
  

ⱳⱳ ̆ⱳ 1 
   

    
 

   
  

ⱳⱳ ̆ⱳ 2 
 

  

  
       

  

c) L3  

ⱳⱳ ̆ⱳ 1 
  

        
  

ⱳⱳ ̆ⱳ 2 
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ⱳⱳ ̆ⱳ 1 
 

 

  
        

  

ⱳⱳ ̆ⱳ 2 
   

    
  

   
  

d)  

ⱳⱳ r 

P[3] = W[3] = P[0] + P[1] 

ⱳ  

 
     

   
 

   
 

  
 

   
 

   
 

        
 

̔ ‰IEEE 1459-2010 ӈ Ҍ Ҭ RMSⱳ Ȃ 

ⱳⱳ ̂№ ⱳⱳ  -  > > VAR̃ 

Q [3] = VARF[3] = Q [0] + Q [1] 
1 1 1 

ⱳ ̂№ ⱳⱳ  -  > > VAR̃ 

     
 

 
 

   

ⱳⱳ ̂№ ⱳⱳ  -  > > VAR̃ 

     
  

  

16.1.5. ⱳ ̂Ҍ Ҭ  - ѿ ) 
 

a) Ҭ  

i+1 ̆ⱳ  iÍ[0; 2]Ȃ 

  

i+1 ̆ ⱳ ҍ ᵝ ᵩ ṿ iÍ[0; 2]Ȃ 

̔ ⱳ Ӟ ᵝ Ȃ 

i+1 ℗ṿ ҍ ᵝ ℗ṿ iÍ[0; 2]Ȃ 
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ⱳ  

P1[3] DPF[3] = 
P [3]2  

+ Q [3]2 1 1 
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̔ ⱳ Ӟ ᵝ Ȃ 

℗ 

Tan[3] = 
Q1[3] 
P1[3] 

b) Ҍ Ҭ ҈  

ⱳ  

   
 

ⱳ  

P1[3] DPF[3] = 
P [3]2  

+ Q [3]2 1 1 
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Tan[3] = 
Q1[3] 
P1[3] 
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16.1.6.  
 

 Ҍ Ҭ  - Tint ┘  

16.1.6.1. Ҭ  
 

̔Tint Ҭ ⱳ ̕ ץ ӈ Ȃ 

a) ̂P[i][n] Í 0̃ 

i+1 ̆ ⱳ  iÍ[0; 2]Ȃ 

    
 

        
  

i+1 ̆  iÍ[0; 2]Ȃ 

      
  

 
  

i+1 ̆ ⱳ  iÍ[0; 2]Ȃ 

(̂№ ⱳⱳ  -  > > VAR̃Q1[i][n] Ó 0 

   
  

             

  

i+1 ̆ ⱳ  iÍ[0; 2]Ȃ 

̂№ ⱳⱳ  -  > > VAR̃Q1[i][n] < 0 

   
   

           
  

  

i+1 ̆  iÍ[0; 2]Ȃ 

̂№ ⱳⱳ  -  > > VAR̃ 

      
 

  

i+1 ̆ ⱳ  iÍ[0; 2]Ȃ 

№ ⱳⱳ  -  > > VAR̃ 

    
  

      
  

ⱳ  

Ph[0][3] = Wh[0][3] =Ph[0][0] + Ph[0][1] + Ph[0][2] 

 

Sh[0][3] = VAh[0][3] = Sh[0][0] + Sh[0][1] + Sh[0][2] 

T ⱳ  

̂№ ⱳⱳ  -  > > VAR̃ 
Q hL[0][3] = VARhL[0][3] = Q hL[0][0] + Q hL[0][1] + Q hL[0][2] 

1 1 1 1 

ⱳ  

№ ⱳⱳ  -  > > VAR̃ 
Q C[0][3] = VARhC[0][3] = Q C[0][0] + Q C[0][1] + Q C[0][2] 

1 1 1 1 

 

̂№ ⱳⱳ  -  > > VAR̃ 

Dh[0][3] = VADh[0][3] = Dh[0][0] + Dh[0][1] + Dh[0][2] 
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�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int

3600
0Wh0Ph

T

n

niP
ii

�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int

3600
0VAh0Sh

T

n

niS
ii

Ph

Sh

Wh

�>�@�>�@ �>�@�>�@ �>�@�>�@
�¦� � 

int

3600
0VARhL0hLQ 1

1

T

n

niQ
ii with Q1[i][n] �t 0

�>�@�>�@ �>�@�>�@ �>�@�>�@
�¦

��
� � 

int

3600
0VARhC0hCQ 1

1

T

n

niQ
ii with Q1[i][n] < 0

�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int

3600
0VADh0Dh

T

n

niD
ii

�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int

3600
0VARh0Nh

T

n

niN
ii

hL

hC

Dh

Nh



 

ⱳ  

̂№ ⱳⱳ  -  > > VAR̃Nh[0][3] =VARh[0][3] = Nh[0][0] + 

Nh[0][1] + Nh[0][2] 

b)  (P[i][n] < 0) 

i+1̆ ⱳ  i Í[0; 2]Ȃ 

     
  

  
  

i+1̆  i Í [0; 2]Ȃ 

       
  

 
  

i+1̆ ⱳ  iÍ [0; 2]Ȃ 

̂№ ⱳⱳ  -  > > VAR̃Q1[i][n] < 0 

    
   

              

  

i+1̆ ⱳ  i Í [0; 2]Ȃ 

̂№ ⱳⱳ  -  > > VAR̃Q1[i][n] Ó 0 

    
  

              

  

i+1̆  i Í [0; 2]Ȃ 

̂№ ⱳⱳ  -  > > VAR̃ 

      
 

  

i+1̆ ⱳ  i Í [0; 2]Ȃ 

̂№ ⱳⱳ  -  > > VAR̃ 

         
  

   
  

ⱳ  

Ph[1][3] = Wh[1][3] = Ph[1][0] + Ph[1][1] + Ph[1][2] 

 

Sh[1][3] = VAh[1][3] = Sh[1][0] + Sh[1][1] + Sh[1][2] 

ⱳ  

ⱳ  
Q hL[1][3] = VARhL[1][3] = Q hL[1][0] + Q hL[1][1] + Q hL[1][2] 

1 1 1 1 

ⱳ  

№ ⱳⱳ  -  > > VAR̃ 
Q hC[1][3] = VARhC[1][3] = Q hC[1][0] + Q hC[1][1] + Q hC[1][2] 

1 1 1 1 

 

̂№ ⱳⱳ  -  > > VAR̃ 

Dh[1][3] = VADh[1][3] = Dh[1][0] + Dh[1][1] + Dh[1][2] 

ⱳ  

̂№ ⱳⱳ  -  > > VAR̃ 

Nh[1][3] = VARh[1][3] =  Nh[1][0] + Nh[1][1] + Nh[1][2] 
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�>�@�>�@ �>�@�>�@ �>�@�>�@�¦ ��
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int
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T
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�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int
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T
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niS
ii

�>�@�>�@ �>�@�>�@ �>�@�>�@
�¦

��
� � 

int

3600
Q

1VARhL1hLQ 1
1

T

n

ni
ii with Q1[i][n] < 0

�>�@�>�@ �>�@�>�@ �>�@�>�@
�¦� � 

int

3600
Q

1VARhC1hCQ 1
1

T

n

ni
ii with Q1[i][n] �t 0

�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int

3600
1VADh1Dh

T

n

niD
ii

�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int

3600
1VARh1Nh

T

n

niN
ii

Ph

Sh

hL

hC

Dh

Nh

Wh



 

 

 

 

16.1.6.2. Ҍ Ҭ  
 

ױ ̆i=3̂҈ Ҍ Ҭ Ȃ̃ 

a) ̂P[i][n] Ó 0̃ 

ⱳ  

  
 

 
=W 

  

 

  
  

    
  

ⱳ  

̂№ ⱳⱳ  -  > > VAR̃Q1[i][n] Ó 0 

     
 

               

  

ⱳ  

̂№ ⱳⱳ  -  > > VAR̃Q1[i][n] < 0 

    
  

 

              

  

 

̂№ ⱳⱳ  -  > > VAR̃ 

       
 

 
  

ⱳ  

№ ⱳⱳ  -  > > VAR̃ 

    
  

      
  

b) ӊ ̂Pdc[i][n] < 0̃ 
ⱳ  

     
  

        
  

 

     
  

         
  

ⱳ  

̂№ ⱳⱳ  -  > > VAR̃Q1[i][n] < 0

 

 
         

  
 

          

  

ⱳ  

̂№ ⱳⱳ  -  > > VAR̃Q1[i][n] Ó 0 
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�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int

3600
0Wh0Ph

T

n

niP
ii

�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int

3600
0VAh0Sh

T

n

niS
ii

�>�@�>�@ �>�@�>�@ �>�@�>�@
�¦� � 

int

3600
0VARhL0hLQ 1

1

T

n

niQ
ii

  
with Q1[i][n] �t 0

�>�@�>�@ �>�@�>�@ �>�@�>�@
�¦

��
� � 

int

3600
0VARhC0hCQ 1

1

T

n

niQ
ii with Q1[i][n] < 0

�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int

3600
0VADh0Dh

T

n

niD
ii

Ph

Sh

Wh

hL

hC

Dh

�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int

3600
0VARh0Nh
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n

niN
iiNh

�>�@�>�@ �>�@�>�@ �>�@�>�@�¦ ��
� � 

int
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T niP
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�>�@�>�@ �>�@�>�@ �>�@�>�@�¦� � 
int
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n

niS
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�>�@�>�@ �>�@�>�@ �>�@�>�@
�¦

��
� � 

int

3600
Q

1VARhL1hLQ 1
1

T

n

ni
ii

  

with Q1[i][n] < 0

�>�@�>�@ �>�@�>�@ �>�@�>�@
�¦� � 

int

3600
Q

1VARhC1hCQ 1
1

T

n

ni
ii

  

with Q1[i][n] �t 0

Ph

Sh

Wh

hL

hC



 

̂№ ⱳⱳ  -  > > VAR̃ 

     
 

          
  

ⱳ  

̂№ ⱳⱳ  -  > > VAR̃ 
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ת .16.2  

§4.6 №Ȃ 

16.3.  
 

ѿ ̆ ̂ §4.10̆ Ȃ̃ ԅ ̆ ṿ ṿ

҉Ҋ ꜚ ת̆ Ҍᴪ ֟ Ȃ 

 

 

16.3.1.  
 

ҽᶛ ̆ ҹ2% ̆ ԍ ṿ ̂100% - 2%̃ 98%Ȃ 

 

ṿ 

l 

16.3.2.  
 

ҽᶛ ̆ ҹ2% ̆ ԍ ṿ ̂100% + 2%̃ 102%ȂWith a hysteresis of 2%, for 

example, the return level for brownout detection is equal to (100% + 2%), or 102% of the voltage threshold. 

 

ṿ 

 

16.4. RMSṿ 

(1)  ᶛṿ̂ Ҍ ѿ ’ Ȃ̃ 
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̂ ̃ 

 

RMSṿ 

 8 V (1) 2 V (1) 

AmpFLEXÊ A193 (6500 A and 10 kA) 90 A 10 A 

MiniFLEX MA193 (6500 A et 10 kA) 90 A 10 A 

AmpFLEXÊ A193 (100 A) 800 mA 100 mA 

MiniFLEX MA193 (100 A) 800 mA 100 mA 

J93  30 A 3 A 

C193  8 A 1 A 

PAC93  8 A 1 A 

MN93  2 A 200 mA 

MN93A (100 A) 800 mA 100 mA 

E3N (10 mV/A) 800 mA 100 mA 

E3N (100 mV/A) 80 mA 10 mA 

MN93A (5 A) 40 mA (1)
 5 mA (1) 

5 A  Essailec®   40 mA (1)
 5 mA (1) 

  
 

 
 

 

   

 
Th 

  

 Th 

  

  

 
 

 

 



 

 

 
 

16.5.  

ԍ ⱳ ̂ §9 Ȃ̃  

 111:  

16.6.  

 

256 / Ȃ ꜚ ת̆ ҩ ҍӊ╠ ᵬ Ȃӊ╠ ӈԅ

Ҭ ғ ᵬ Ȃ ₮ԅ ̆ ᵬҹ Ԋᴆ̕ת ⌠ Ȃ ӊ╠ ץ ӊ ҈ҩ

Ḡ ῤ ҬȂ 

Ҋ ҹ ̔ 

̂ ӊ╠̃ 

 

 

0 

 

Ԋᴆ 

ṿ ̂ Ҭ ṿ̆ §4.8 Ȃ̃ 
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