
Application of Neural Network to Forecast Power Quality Index 

in PEA Distribution System
PEA  08

 Hot spot  GCB (Generator Circuit Breakers)  18

 VisiVolt™ Passive Voltage Indicator 26

   36

A customer magazine

of the ABB Thailand

A customer magazine

of the ABB Thailand

4 14



Contents Contents

2    4I14  4I14   3

Power Quality Series

04 Interharmonics Part II: 
 Characterizing Voltage Fluctuations 
 Caused by a Pair of Interharmonics
   : 
 

Power Quality Series

08 Application of Neural Network to Forecast 
 Power Quality Index in PEA Distribution System
  
  PEA

International Standard Series

12 IEEE C
 IEEE Standard Requirements for Instrument 
 ransformers  

High Voltage Series

18 Hot spot
  C  enerator Circuit reakers

Special Power Series

22 
 

Medium Voltage Series

26 VisiVolt™ Passive Voltage Indicator

Power Transformers Series

30 Power ransformers  

Health & Wellness

34  

Weekend

36    

News & Movement

38 News & Movement

             Power Products Division  
                     http: www abb com  

            
   

22 26
18

36 áÍ‹ÇàÁ×Í§àË¹×Í  

μ × è¹μÒ ‘«Ò¡ØÃÐàÁ×Í§ä·Â’

Hot spot

ÇÑ´ÍØ³ËÀÙÁÔã¹ GCB (Generator Circuit Breakers)

VisiVolt
TM

Passive Voltage Indicator

Oct - Dec 2014                Vol.4

Editor’s Talk

   
  

   
 adget    

  
 PEA    

 VisiVolt™ Passive Indicator  Hot spot      
 C     

    

  
  



Power Quality Series Power Quality Series

    > taytaycu@gmail.com

Interharmonics Part II: 
Characterizing Voltage Fluctuations 
Caused by a Pair of Interharmonics

1. º·¹Ó
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practically straight lines when plotted against 
secondary current at a given voltage, power 
factor, and frequency.
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    Electrical 

Measurements and Measuring Instruments, Rajendra Prasad, Khanna Publishers, 
1 2  pages, Fourth Edition, 1    : Extension 
of Instrument Range  2 3  355
    

 :  1 /1  V   
  ,    ,    
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IEEE C57.13-2008
IEEE Standard Requirements for Instrument 
Transformers (μÍ¹·Õè 19)

8.1.11 Accuracy calculations for voltage 
transformers 

Several methods are available for calculating 
the accuracy of voltage transformers at 
different burdens. These methods, utilizing 
winding impedances and core excitation 
characteristics, are subject to some limitations 
and give results having less precision than 
those methods that employ a combination of 
test and calculation.
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The latter methods, using measured values of 
true ratio and phase angle at zero burden and 
one other burden within the maximum 
standard burden rating of the transformer, 
yield results having a high degree of precision. 
This is possible because both the ratio and 
the phase angle of a voltage transformer give 
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Consideration should be given to the effects 
of the increased heating due to the heavier 
burdens.

 
.

 
8.2 Demagnetization 

Three methods are presented below for 
demagnetizing current transformers:

  
:   

a  Method 1. Connect the current transformer 
in the test circuit as shown in Figure 2 . Apply 
enough current to the high-turn winding 
usually 1 2  to saturate the core of the 
transformer as determined by the ammeter 

8.1.12   Calculation of voltage transformer 
ratio and phase angle from known zero 
and rated burden data

In this method, the true ratio and phase angle 
of a voltage transformer are known at both 
zero burden and one other burden, either a 
rated standard burden or, more conveniently, 
a pure resistive or capacitive burden, for a 
given voltage and frequency. At the same 
voltage and frequency, the accuracy for any 
other burden and power factor may be 
calculated from the following equations:   

  
  

,  
 , ,  

,   
.    

  
:  

B0   is the zero burden for which RCF
   and  are known
    RCF   

Bt   is the burden for which RCF and   
    are known
    RCF   

Bc   is the burden for which RCF and   
    are to be calculated
    RCF  

t and c are the power factor angles of 
   burdens Bt and Bc, respectively  
   in radians
    Bt 
    Bc  

N TE - t and c are positive angles for lagging 
power factors.

 -  t  c  
.

RCFo, RCFp and RCFc  

are the transformer ratio correction factors for 
burdens B0, Bt, and Bc respectively

 
 B0, Bt, and Bc 

o, p, c  

are the transformer phase angles in radians for 
burdens B0, Bt, and Bc respectively

  
 B0, Bt,  Bc 

N TE -  is considered positive when the 
secondary voltage leads the primary voltage.

 -    

.

RCFd = RCFt – RCFo
which equals difference between the 
transformer ratio correction factors for 
burdens Bt and B0

 Bt  B0
d  = t – 

which equals the difference between the 
transformer phase angles for burdens Bt and 
B0, in radians

 
 Bt  B0, 

RCFc = RCF0 + [Bc/Bt] [RCFd × cos
    ( t – c) + d × sin( t – c)]

c   = 0 + [Bc/Bt][ d × cos( t – c) 
    – RCFd × sin( t – c)]  radians

N TE 1 - Multiply radians by 1  to obtain 
milliradians mrad . If minutes are desired, 
multiply by 3 3 .

 1   
 mrad . ,  

 3 3 .

N TE 2 - These equations provide an analyti-
cal determination of voltage transformer 

accuracy. Although they are long, a simple 
computer or programmable calculator 
program can be written to perform the neces-
sary calculations quickly and accurately. Also, 
it has been shown that graphical solutions of 
these equations by means of special scaled 
polar coordinate paper and a protractor are 
suf ciently accurate for most revenue-
metering applications.

.  ,  
 

  
. ,  

 

  
 

.
 
The equations for RCF and c above reduce 
to the following simpler form in the case 
where the burden for RCF and  are known to 
be at unity power factor.

 RCFc  c   
  RCF 

  .

RCFc = RCF0 + [Bc/Bt] 
    [RCFd × cos c – d × sin c]

c   = 0 + [Bc/Bt][ d × cos c – 
    RCFd × sin c]  radians
where

Bt   is the unity power factor burden
   

d   is in radians
   
For burdens not exceeding the burden for 
which RCF and  are known, the foregoing 
calculations will produce the same accuracy 
as would be obtained from the actual tests at 
the unknown burden. hen the calculations 
are used for determining performance at 
greater burdens, a lower accuracy will be 
obtained.

  RCF

d          

    

 

e      

   
 

 

f      

    

 

 .   
,   

 ,     
 -   

 ,   
.   

   
.

 :  Protractor   
-  

 :  
  

 
 3   C5 .13   Settles, 

. ., Farber, . R., and Conner, E. E., The Analytical and raphical 
Determination of Complete Potential Transformer Characteristics,  
AIEE Transactions, part III, pp. 1213 121 , 1 .  

 C5 .13-1  & 1   2 
   3  C5 .13-1 3  

C5 .13-2   C5 .13-1 3 

:  IEC   
 IEEE  

:  IEC -1 2 3, CT  Subclause .1: Short-time current tests  
  

  
 b  its errors after demagnetization do not differ from those recorded before 
the tests by more than half the limits of error appropriate to its accuracy class .

  IEC  
   IEEE  3  

 IEEE    IEC 

  Mc raw-Hill Dictionary of Scienti c and Technical Terms, 5th Edition, 
1     

 
 demagnetization: 1. The process of reducing or removing the magnetism of a 
ferromagnetic material.  2. The reduction of magnetic induction by the internal 
eld of a magnet.

 1. 
.  2. .

 ferromagnetic material: A material displaying ferromagnetism, such as the 
various forms of iron, steel, cobalt, nickel, and their alloys.

    , 
, , ,  .

 ferromagnetism: A property, exhibited by certain metals, alloys, and 
compounds of the transition iron group  rare-earth and actinide elements, in 
which the internal magnetic moments spontaneously organize in a common 
direction  gives rise to a permeability considerably greater than that of vacuum, 
and to magnetic hysteresis.

 , ,  
   , 

 
, .

 magnetization: 1. The property and in particular, the extent of being 
magnetized  quantitatively, the magnetic momentper unit volume of a substance. 
Also known as magnetic dipole density  magnetization intensity.  2. The process 
of magnetizing a magnetic material.

 1.  
, .   

  . 
2. .

 magnetizing current: The current that ows through the primary winding of a 
power transformer when no loads are connected to the secondary winding  this 
current established the magnetic eld in the core and furnished energy for the 
no-load power losses in the core. Also known as exciting current.

  
  

.  
.

   ,  , , ,   

 3  
1  Diamagnetic materials  relative permeability 
2  Paramagnetic materials  relative permeability  
3  Ferromagnetic materials  relative permeability  
     diamagnetic  
paramagnetic  
   demagnetization 

   ferromagnetic materials 

  

    ritannica Concise Encyclopedia 
, . . 2551 

  
      

 1  
    

   1   
  1    

   
    

 1 ,  

    ritannica Concise Encyclopedia 
, . . 2551 

 
 

 
 

   

cos 0.6, sin 0.8

cos 0.6, sin 0.8

0.25 600 0.6 1200 0.8
20 561.0202

100
p

s

V
V

cos 1, sin 0
0.25 600 0 0
20 570.0202

100
p

s

V
V

0.25 600 0.6 1200 0.8
20 529.9102

100
p

s

V
V

 These equations are approximations. Although they yield 
accurate results for many cases, the user should be aware that for 
large burdens e.g.,  or , intolerable errors may be introduced 
unless the volt-amperes of the known burden are equal to or 
greater than those of the unknown burden, and the values for the 
known and the zero burdens are measured accurately. This 
problem is minimized for all cases if the magnitude of the known 
burden is made nominally equal to the magnitude of the rated 
burden of the transformer under test.
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Figure 20 Method 1: Circuit for demagnetizing 
 current transformers

Figure 21 Method 2: Circuit for demagnetizing current transformers

c)  Method 3. The method presented here 
applies only to multi-ratio CTs, since a 
controlled direct current must be passed 
through a separate secondary section from 
that connected to a uxmeter, as shown in 
Figure 22. The method requires the core to be 
saturated with dc in both positive and 
negative directions, and then to be left in a 
magnetic state midway between the two 
extremes. The procedure follows:

 3.   
, 

  
 

,  22.   
 

,  

.  : 

1) ith the primary winding of the CT open-
circuited, connect the secondary section to a 
dc source and a uxmeter or operational 
integrator, as shown in Figure 22.

, 
 

  
,  22.

2) Make certain there are no common 
conductors in the dc and uxmeter circuits.

  
.

      

    ritannica Concise Encyclopedia 
), . . 2551 

  -    
 

 spin)  
 

  
   Curie point) 

 

    ritannica Concise Encyclopedia 
), . . 2551 

     

 
  

   
   

) 

 :   
 :  Electrical Measurements, Forest K. Harris, 1 52, p. 5  
Permanent magnetization may arise from any of a number of causes. 

 
 If the secondary circuit of the transformer is opened while its primary is 
energized, there will be no back mmf present and the ux density in the core will 
continue to rise until saturation is reached. If now the primary circuit is opened, 
the core may be left permanently magnetized, the magnitude of the magnetiza-
tion depending on the instantaneous magnitude of primary current at the instant 
of interruption. 
  

    
    

  
 Permanent magnetization may also result from direct current in either winding, 
for example, as a consequence of the measurement of winding resistance in a 
Wheatstone bridge or the use of a d-c polarity check. 
   

   

 It may also arise from a transient short-circuit current in the line, since such a 
current may have a unidirectional component which has the same effect as a 
direct current.
   

 
   3   

 :   
 

 :  Electrical Measurements, Forest K. Harris, 1 52, pp. 5 -5 1 

 The demagnetization procedure in general assures that saturation be 
established by the magnetizing current which is then gradually reduced to zero, 
using a current reversal or cycling process to ensure gradually diminishing 
magnetizing forces. Demagnetization of a transformer can be accomplished in a 
number of ways.
    

    
   

   
 If one circuit is open so that no counter mmf is set up, the core can be 
saturated by sending current through the other winding. If the primary circuit is 
open, alternating current may be sent through the secondary winding to perhaps 
twice the rating and then gradually reduced to zero by inserting resistance in the 
secondary circuit. A continuously adjustable rheostat may be used for this 
purpose. 
    

    
    

  

 The transformer may also be demagnetized by passing enough alternating 
current through the primary winding to rst saturate the core and then gradually 
reducing it to zero.
   

   
 r rated current may be passed through the primary with a large resistance 
connected across the secondary terminals. This secondary resistance is then 
reduced gradually to zero. 

   
  

 f these methods of demagnetization, the rst will probably be the most 
convenient on the test bench because of the lower currents involved. The third 
method may be useful for demagnetizing a transformer which cannot be 
removed from service.
   

    
 

 :  
  

 :  Electrical Measurements, Forest K. Harris, 1 52, p. 5  
 The presence of permanent magnetization in the core of a current transformer 
may reduce its permeability at the ux densities at which it is normally operated 
and thus increase both its ratio and its phase angle. Such permanent magnetiza-
tion may be removed and the transformer restored to its normal condition by 
demagnetizing the transformer core.
   

     
    

   

 :    
 

 :  Instrument Transformers, . Hague, 1 3 , pp. 125-12  
 C5 .13-1  ) 

 Fig. 53 shows the effect of such magnetization upon the ratio and phase-angle 
of a 2 /5,  volt-ampere transformer tested by Agnew and Pitch.  The increase 
in ratio at full load is about .1 percent, but at 1/1  of full load is nearly 3 
percent and in some instances may be much greater. The increase in phase-angle 
is, as would be expected, even more marked than that in ratio. The effects are 
greater as the secondary impedance becomes larger, whether as the result of 
added inductance in the burden or of a rise in frequency, as the curves clearly 
indicate.
  53 

 2 /5,  VA  Agnew  Pitch   
 .1    1/1  

 3     
   

 

  P. . Agnew and T. T. Fitch, The determination of the constants of 
instrument transformers,  ulletin of the ureau of Standards, vol. , pp. 2 1-2  
1 1 ). The American Standard Rules contain a speci cation for the permissible 
change in ratio and phase-angle when a transformer has been magnetized by a 
d.c. of full rated value.
  Agnew  Pitch  

 

  1   
C5 .13-1 , 1 , 1 3  2  

   
  

 

 :  1  enough current) 
  

 :  Instrument Transformers, . Hague, 1 3 , p. 125 
 Alternatively, it is often more convenient, on account of the smaller currents 
required for the purpose, to open the primary 
and pass the demagnetizing current through the secondary, clecreasing it to zero 
as before. A current of about .2- .5 ampere has been shown by Engelhardt  to 
be suf cient for satisfactory demagnetization
  V. Engelhardt, eber den Eiduss der remanenten Magnetisierung auf die 
Angaben von Stromwandlern und ber deren eseitigung,  Elektrotechnische 
eitschrift, Vol. 1, pp. - 5  1 2 ).

   enough current) 
  .2- .5 A  

     
.2- .5 A  Knee-point  

  

  2   
C5 .13-1 , 1 , 1 3  2  

  2    
 3 -  A   

  1   

 :  2   
  R  

 
 :  Manual of Instrument Transformers, Cat. ET- D, eneral Electric, 
1 , p.  
 To remove this bias, the ux density should be raised to saturation and 
gradually reduced to zero. This can be accomplished by inserting suitable 
resistance in the secondary circuit and reducing it to zero in small steps while 
current is owing in the primary. The amount of resistancc which is neccssary is 
not always the same, but a 5 - hm rheostat will be satisfactory for most 
transformers if rated current at  Hz ows in the primary. Some transformers will 
require more resistance.
   

  Hz  5 - hm 
)  

and voltmeter readings  then slowly reduce 
the current to zero. The rated current of the 
transformer must not be exceeded.

 1.  
 2 .   

  1 2)  
  

,   
.   

.

WARNIN
A continuously variable resistance must be used 
to avoid opening the high-turn winding circuit 
when resistance values are changed, since, as the 
resistance is increased, the voltage across the 
resistance will approach the dangerous 
open-circuit value.

 

, , 
, 

.

b) Method 2. Connect the current transformer 
in the test circuit as shown in Figure 21. Pass 
rated current through the low-turn winding 
usually H1 H2). Increase the resistance R in 
the high-turn winding usually 1 2) circuit 
until the transformer core is saturated and 
then slowly reduce the resistance to zero and 
disconnect the current source. Saturation of 
the core is indicated by a reduction of current 
in the high-turn winding circuit.

 2.  
 21.   

,  H1 H2).  
 R ,  

 1 2),  
   
 .   

.
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High Voltage Series High Voltage Series
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Hot spot
  > nuttee.wongpayak @th.abb.com

ÇÑ´ÍØ³ËÀÙÁÔã¹ GCB (Generator Circuit Breakers)

 Thermopile  
   

  
 
 

 C    
 

)   
  

 ASIC  
 

 SM us  Modbus        
 

 EMI electromagnetic interference) 
 C   

 

 C   HEC  ) 
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  Thermal Time Constant   
 1    

 
  

   
  

 25 C 
  C     

5 C/min   
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  21   
 
 

 3  C  1  C  
 25 C  

  
 3 C  

 )  
 .  C  1.2 C   
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  C   

  12  C  
 

   C    12  C   5) 
 

     3 C 
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 .1 C/min  

 3 C  
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   6  C

 
 

 C   
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 3)  
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  C  
  

)  
 
 

 C   
  

 
  

 
  

   
 

  
 

 A   

Reference
STEPHAN WI DERM TH, F AHREND, M RIT  
H CH EHNERT, MARC  RICH

-  

-  

-  EMI
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  3)   
 

 

  
 Thermal Time Constant  

)  Thermal Time 
Constant  

  
  

 Housing   
  ) 

 
 EMI  Housing  

 Faraday Cage) 
  

  EMI Housing 
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Finite Element Method FEM)  
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  6 ,  

  2)
 

  SF6 
 live tank  

  6    
 SF6  

   

 IM  CT)  
   
 25  55 kV IM  CT  

 IM   
  
 

  

 AIS  
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55 kV  63kA   
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 kV  
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varistor  
 

   
 Metal-oxide varistor 
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  3,   25 ) 
 
 

  
  

 
 

 HV AIS  

 
HV AIS  

 DC   
Disconnecting Circuit reaker)

   
  

   
 live tank  

.   > worawut.sae-kok@th.abb.com 
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Statnett  Norsk Hydro  Sundalsora 

 
 DC )

 
 Annual downtime)  DC  

 Statnett  
MotorDriveTM  DC   

 
  

 

  

 3    

 DC   
 15    

    

Statnett  
  

 

  
DC   DC   

  
   

 
 live tank   

  
  

DC   
 2kV  55 kV  

63kA  )

 DC   
  

  
  

  5)

 
  

    
  

 

 2   5  
 

 live tank  
  

 
 IEC 61 5 - -2 E  
 Process bus control)

 DC  F CS   
 5    

 live Tank 
  6)  

 
 
 

   IEC 61 5 - -2 E 
 
 

LTA  
 C 2)  
  

 SF6  TA  
 1    1   C 2 

 
 3     

 2.5kV  
 DC

  

 
 

  
 

  
  DC   

F CS)  
  

  
 
 

 ) 
 

Richard Thomas and Hans Matses, Enhancing grid 
reliability  The evolution of air-insulated switchgear 
and components , A  Review Special Report 
High-voltage products), page 16-1

-  3  
-  3  15  

 rytten  Statnett  
 Andalsnes  

 1 65  
  

  1   

 3   5  
 thermal 

imaging  

 Statnett  
 35    
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Medium Voltage Products Series ©ºÑº¹ÕéàÃÒ¨Ð¹ÓàÊ¹Í Passive indicator μÑÇáÊ´§Ê¶Ò¹Ð·Ò§áÃ§ Ñ́¹ä¿¿‡Ò·Õè
ÊÒ£ÒÃ¶Å�náÊ´§Ê¶Ò¹Ð�Í§Íº��Ã�qÊÒ¤ä¿¿‡Ò¹Ñé¹ÇmÒ£Õ�ÃÐáÊä¿¿‡Òä­§�mÒ¹­Ã¹Íä£m Å�nä ń·ÕèÃÐ´ÑºáÃ§´Ñ¹ � NV x �� NV. 
ABB’s VisiVoltTM μÑÇáÊ´§Ê¶Ò¹Ð·Ò§áÃ§ Ñ́¹ä¿¿‡Ò·Õè£Õ�¹Ò´�ÃÐ·Ñ´ÃÑ´ μ¶´μÑé§§mÒ¤ à­£ÒÐ�Ñº�ÒÃÅ�n§Ò¹·Ñé§¢Ò¤Å¹á§Ð¢Ò¤¹Í�ÍÒ�ÒÃ
ÊÓ­ÃÑºÃÐººáÃ§´Ñ¹ä¿¿‡Ò�Ò¹�§Ò§ ¹ÇÑμ�ÃÃ£¹ÕéÅ�nà·�Ä¹Ä§¤Õ liTuid�cr\stal Ä´¤ä£m£Õ�ÒÃÅ�nÇ§¨ÃÍ ¶à§É�·ÃÍ¹ ¶�Êqá§Ðä£mμnÍ§�ÒÃ
á­§m§ m̈Ò¤ä¿¿‡ÒÅ´È ·ÓÅ­nÍº��Ã�q¹Õé£Õ�ÇÒ£á�É§áÃ§·¹·Ò¹ VisiVolt  £Õ¨ÍáÊ´§�§�¹Ò´Å­�m Å�n§Ò¹ä ń´ÕÅ¹·º�Ê¢Ò áÊ§ 
μÑé§áμmáÊ§Ê§ÑÇ¢Ò¤Å¹ÍÒ�ÒÃä�¨¹¶̧§�§Ò§á¨n§·Õè£ÕáÊ§ n̈Ò

  > waristha.deejing@th.abb.com

VisiVolt™ 
Passive Voltage 
Indicator

Key product features
 -  

 -  3 kV  36 kV
 -  

 - 
 - 
 -  
 -   

 - 
 - ,  

 unshielded conductors, insulated 
conductors) 

Functions

 
 

  
 fault)

  
 fault   VisiVolt  
 fault 
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1)   
    3  
2)  pole 
  )
3)  p-g  phase - ground  
  p-p  phase - phase
)  

   Pole 
5)  Visivolt  
  

 
 VisiVolt   

 
  

  
  

 Passive   
  

  
   

Visivolt    
  PVI   PassVI

Operation
VisiVolt  

  
 CD  VisiVolt   

 
  VisiVolt 

 3  VisiVolt  
 Phase-Phase  Phase- round     

 1  VisiVolt  
Phase- round  

VisiVolt   
 5   

 3    
 1   

 IEC-61 5   
IEC-612 3)

VisiVolt     2   VV-A  VV-   

 VisiVolt  passive device  
  

  VisiVolt   

Nominal frequency [Hz] 50 – 60

  < 1 at temperature –20°C

  and above

  < 3 at temperature –30°C

  < 10 at temperature –40°C
  

Short-time (symmetrical)

withstand current (1s)
5)
 [kA] 63

  
Peak withstand current5) [kA] 164

Operation temperature range [°C] –40 ÷ +85

Physical dimensions [mm] H: 92 × W: 63 × D: 38

Net weight [g] 109

VisiVolt type      VV-A                   VV-B

3-phase

system

Nominal voltage (Un) 

Rated voltage, max.

Threshold voltage

(p-g and p-p)3) 4)

Nominal voltage

(Un p-g)3)

Threshold voltage

(p-g)3)

3.0 ÷ 6.01)

6.0 ÷ 15.0 

3.6 ÷ 17.5
2)

> 0.6 kV

< 45% Un

4.8 ÷ 8.0

> 1.0 kV

< 78% Un

13.8 ÷ 36.0

17.5 ÷ 40.5
2)

> 1.5 kV

< 45% Un

8.0 ÷ 20.0

> 1.5 kV

< 78% Un

1-phase

line

 [kV]

 [kV]

 

[kV]

Application range

Non insulated (bare) metal bars and conductors;

insulated circular-section conductors with maximal 

insulation thickness 3 mm.

Response time [S]

3.6   10    40       100

7.2 4.8 20  19  60   120

12.0 
8.3

  28   75   140

17.5
   

38   95   160
 

15.5
   

24.0   50  95  110  210

24.0 
27.0

 50  60  125   230

       70    150  320

36.0   70
    145     290

     170    330

40.5 38.0
  80  165  150  320

  80  95  190  360  400

Rating Power frequency Impulse Recommended

 withstand voltage withstand voltage minimum

IEC ANSI   IEC ANSI IEC ANSI T min S min

                         [kV] r.m.s. value              [kV] peak value                     [mm]

Allowable clearances

Allowable pole distances

Nominal Maximum

voltage Un allowed

(p-p) pole

 distance

 T max

[kV] [mm]

3.0 ÷ 3.3 110

4.16 ÷ 4.8 135

6.0 ÷ 6.9 400

 8.3 without limit
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ÊÑÞÞÒ³àμ×Í¹ÀÑÂÊØ¢ÀÒ¾
ÃŒÍ¹ã¹

�ÇÒ£à É̈ºÃ nÍ¹¢Ò¤Å¹�Ò�·Õè­Ò�ÃÑº�ÃÐ·Ò¹ÍÒ­ÒÃÃÊ Ñ̈´­Ã¹Íà Õ¤§á�m£ÕÍº�­¢»£¶ÃnÍ¹�¸é¹£ÒÊÑ�­¹mÍ¤�É¨Ðá�§§¦·�¶ÎÅ­nà É̈º�Ç´�¸é¹£Ò¹Ñé¹ 
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»‚¹Õé¡Ç‹ÒÍÒ¡ÒÈË¹ÒÇ¨ÐÁÒàÂ×Í¹¡ÃØ§à·¾Ï 
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àÂÉ¹ÊºÒÂ¡‹Í¹�¹Í×è¹ ¹Ñ¡·‹Í§à·ÕèÂÇË§ÒÂ 
�¹ ¨̧§¹̧¡¶̧§¡ÒÃä»ÊÑÁ�ÑÊ�ÇÒÁË¹ÒÇàÂÉ¹ 
¾Ã nÍÁ�Á�ÇÒÁ§ÒÁÅ¹¦´»Ë¹ÒÇ ËÒ¡ÁÕÄÍ¡ÒÊ 
ä ńä»Â×¹ÃÑº�ÇÒÁÊ´�×è¹¨Ò¡�ÃÃÁ�Òμ¶ÊÇÂÈ 
¡ÑºàÊ×éÍ¡Ñ¹Ë¹ÒÇ�»‹¡ÒÂÊÑ¡μÑÇ �§¨Ð ṌäÁ‹¹nÍÂ
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»‚¹Õé¡Ç‹ÒÍÒ¡ÒÈË¹ÒÇ¨ÐÁÒàÂ×Í¹¡ÃØ§à·¾Ï 
¡É¡¶¹àÇ§ÒÁÒ¶̧§à ×́Í¹�Ñ¹ÇÒ�Á áμ‹ÊÓËÃÑº 

 μ×è¹μÒ ‘«Ò¡ØÃÐàÁ×Í§ä·Â’
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