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,ÊËZ3Ì» |ÌX� 3

Ã|Ì°" 
,-�//_ ^Ì-�(Y1°�//Ë= $Z//-T$ Ê//�$�] LZ//#. ÉZ//# ÉZ/#Z´-//�. ,//¸5m �Y É$=B�//T hYE//Ì/64 Ê//@Y�A ÉZ-//�Y$ $. ,-�//]

 LY|/3? ,-�_ /» ¾/+$1Ê/» �Z/Ì< .|/�Z.$. Ê»Y.Z/] = É|/@=Y 7/'$ =. ÉY�/] �3/4 )@Y�-/�Y �ËZ/»�B 4Ê-]1/A$ RS/� )5Z/4 
%20�//4 ,//ËZ_ �//] (=2É$Y%//U$Z] )��//� )mm/min 10=40(|//� &Z//6<Y .)H�//< =�//Ì< Ê5-Ë$Z//´2 $Y.1//5< �ËZ//»�B ¾//ËY $.

$. ,V1�/+Z» Ê/†Em ,/� V|» WËY�j �Ë.Z:» = )DU 7Ì��4 LZ»� ,]4|/»B )/�. ,/] Ê-]1/A$ RS/� .Ã|/ B )/�. ,/] ZËZ/-<
 Ê3X» �YY NZ/�Y �/] ,/+ ,.Y. LZD/< Y$ V|» WËY�j �] )]1A$ $Y. ÉZ/#�3T ,/] {1/]�» WËY�/j ,)/]1A$ �ËYE/TY Z/] ZËZ/-< ¾/ËY

 )/TZË �#Z/+ Ê»1/5� V1�/+Z» V|» .fzD/» ¾Ì/3n5# = �ËYE/TY =�/Ì< C/»Z� ,É$Y%/U$Z] )��/� �ËYE/TY Z/] ,/+ |/Ë.�U
)�Y Ã|� ÃY�5# �#Z+ Z] ,=�Ì< �#Z+ )H�<.

|Ì$¯Ã#YÁ:A$ LYEÌ» ,�34 )@Y�-�Y �ËZ»�B ,^Ì-�(Y1°�Ë= >Y1? ,,-�] LZ#. ,-�_)]1 

1-�<Y. N$|» )Ì]�4 ÃZ´D<Y. ,É�$=ZD+ ÉZ# ¾Ì�Z» ^Ì<Z°» |�$Y Ê�Z3�$Z+ ,-?1»B 
2-N$|» )Ì]�4 ÃZ´D<Y. ,É�$=ZD+ ÉZ# ¾Ì�Z» ^Ì<Z°» Ã=�U $ZÌD<Y. 
3-N$|» )Ì]�4 ÃZ´D<Y. ,É�$=ZD+ ÉZ# ¾Ì�Z» ^Ì<Z°» Ã=�U $ZÌD<Y. 
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Ä&|'& 
,-�_ Z] ,-�_ É$=B�T |3ËY�T �Ì�» $.)�1_ ÉZ#Ã|3+ ÉYÃ.1] ,-�] LZ#. ,+ 7Ì-�# ,mY1» ,+LB k��» )21/� G<Z» 

Ê»|<.�U.Z4 )�Y ¾°5» Ê<Y|3?Z< |"$. Z/2Z� ÊiX] $.41|��] EÌ< |"$. ]3[.É|3�_ É�-D» $. 7/» É$1-+ZT L.1] LY|3?
 Ê<Z/m )ÌX'1» š*@ = V1�v» ¾ËYÊ» hY$.Z" ,"�� $. LB|�Z] .,†Y$Y �=$ ,-T�DÌ_ ÉZ/ÉY�],-�_ L.15< LY|3? LZ#. ÉZ#

81c�» hY$.Z" ,] ^5+ ¾5j LB ,] ¾-?Y.�_ ,+ )�Y Ê¸†Z�» �Y ,-�] =Ê_ $. EÌ< Y$ hY$.Z" Ê5+ �ËYETY ,,-�_ )Ì*Ì+ Z]
)�Y. |#Y1?.

)»=Z:» �l< �Y = |3-�# ^Ì-�(Y1°�Ë= É�$=ZD+ h(1�v» W¸cY Ê°Ì»Z3Ë. ,É$ZDT ÉZ#=�Ì< = Ê°Ì4Z-�Y �D+ ,]
Ê» LZD< .1? �Y Ê4=Z*-» $Z-T$ Ê���2 =|3#. .Ê5< Ã.$Y= �34 �Y ÊX]Z4 O:T C°� �ÌÌr4 h(1�v» ¾ËY $.7# LZ»� ,] ,°¸] ,|�Z]

 .$Y. Ê´-�]]2[.ÊDz] ÉY$Y. ^Ì-�(Y1°�Ë= .Y1» LY13� ,] ,.$Y. LZ»� ,] Ê´-�] Z/<B C°� �ÌÌr4 ,+ É.Y1» hY|»Zm >Y1? �Y 
Ê» hZXËZ» >Y1? �Y ÊDz] =|3�Z] .,-�_ ^Ì-�(Y1°�Ë= V|» ¾Ë=|4LZ#. ÉZ# $1l3» ,] ,�34 )@Y�-�Y Ê3v3» NZ�Y �] ,-�]

,-�_ )TZ] Ê�$�],-�] LZ#. ÉZ#LY|3? ,-�_ ÉZ/#Z´-�. ,¸5m �Y É$=B�T hYEÌ/64 Ê@Y�A ÉZ-�Y$ $. ,$Z] )v4 Z/<B $Z-T$ =¾+

»$1Ê» �ZÌ< .Z]|3�.
,�zD» ¾Ë�-5/» �Y Ê°Ë�34 )@Y�-�Y ^Ì-�(Y1°�Ë= .Y1» ÉZ#˺Ê»�34 ,)]ZY ,Ì2=Y C°� �ÌÌr4 ^Ë $. ,+ ,|�Z]

Ê» �#Z+ ,-�1Ì_ $1A ,] LZ»� W�@ �]|3»Z< �34 �#Z+ ZË �34 )@Y�-�Y Y$ LB ,+ |]ZË .,] �34 �#Z+ )��� = Ã�Y|<Y
.$Y. Ê´-�] C°��ÌÌr4 Ã�Y|<Y = LZ5-?Z� .‹(15X»Ê» CÌ» É|@ $Y|:» ^Ë ,] W<Z6» $1S] �34 �#Z+|3+ .�34 �#Z+ )���

Ê» V1A ,+ Ê<Z»� Ã$=. Ê3XË ,)@Y�-�Y LZ»� Z]Ê» fzD» |]ZË �#Z+ �34 ,+ |D+ .1�]2[.
�3T ^Ë $Z-T$ |3<Z» ^Ì-�(Y Ã.Z» ^Ë $Z-T$-^5+ Z] Y$ GËZ» ^Ë $Z-T$ ,°Ì2Z@ $. ,)�Y �3T˼Ê»|363� .WÌ4�4 ¾Ë|]

Ê»Y14^5+ = �3T �Y ÊHÌ+�4 Z] ^Ì-�(Y1°�Ë= Ã.Z» ^Ë $Z-T$ Ê�$�] ÉY�] Y$ Ê#Z´-�. LÊ°Ì<Z°» ÃZ´-�. = .�+ )�$. �3T
|Ì»Z< Ê°Ë0121†$ V|» Y$ C"Z@ .Ê» |Ì*» �34 )@Y�-�Y )ÌX'1» )v4 .Y1» x�Z_ L.Y. LZD< ÉY�] V|» ¾ËYÊ» Ã=!X] ,|�Z] |<Y14

RjY= hZ�!AY»15� )XÌHA .$1» $. É�4 |#|] .Y1» ^Ì-�(Y1°�Ë= x�Z_ Ê]4[.
^5+ = �3T É�� WÌ+�4 �Y V1�+Z» V|»Ê»15� V1�+Z» V|» = )�Y Ã|� CÌ°D4 �3T‡ÉZ/2|» ¾Ë�-5/» �Y Ê°Ë 

Ê» ^Ë0121Ì] .Y1» $Z-T$ dÌ"14 ÉY�] Ê°Ë0121†$|�Z] .É�Y1» h$1" ,] ,+ )�Y �3T ^Ë = V1�+Z» V|» É.Y|X4 C»Z� V|» ¾ËY
Ã|� C�-» 7# ,]Y|<]2[)C°�1.(Ê» Ã.Z*-�Y É�$=ZD+ h(1�v» $. �34 )@Y�-�Y L.Y. LZD< ÉY�] V|» ¾ËY �Y.1� .ÉY�]

Ê5< LZD< .1? �Y Ê-�$. $Z-T$ ,+ É.Y1»Ê» LZD< V1�+Z» V|» ,] )H�< É�-/] = �-H�Z3» dÌ"14 V|» ¾ËY ,|3#.|#. .‹(15X»

 Ê†Em ,� V|»)n=3 (Ê» ÊH�Z3» $1A ,]Y= $Z-T$ |<Y14 |ËZ5< LZÌ] Y$ É�$=ZD+ .Y1» ÊX']11[.Ê» LZD< ,]�64 �Y É$Y|:» ,+ |#.
Ê» Ê'Z] Ê<(1A LZ»� )�%U �Y |X] Ê-@ É�$=ZD+ h(1�v» $. Ã|� .Z6ËY �34 É=�Ì_ V1�+Z» V|» �Y ªÌ'. $1A ,] = |<Z»

Ê5< WË�j Z] É�3T WÌ� ¾ËY GT$ ÉY�] ,|3+EeÊ» ,TZjY V1�+Z» ÃZ´-�. ,] |33+.,S]Y$)1(LB ,] {1]�» Ê°Ë0121†$ ,2.ZX» ,
Ê» LZD< Y$ �3T ŽEm ^Ë = V1�+Z» ŽEm ,� ÉY�] |#.]1[.

1 Stress relaxation 
2 Spring 
3 Dashpot 
4 Generalizied Maxwell model 
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WWW (1)
,,S]Y$ ¾ËY $. ,+ F(t), LZ»� ÊA $. =�Ì< �#Z+ G]Z4 nE=ntÊ» V|» WËY�j ,+ |3�Z]n/Enˆn=t)@Y�-/�Y LZ»� 

Ê»|�Z] .Ê/» V1�/v» ^Ì-�(Y1°�/Ë= ÉZ/ÌUƒË= �Y ÊX]Z4 LY13� ,] ,�34 )@Y�-�Y Ê3v3» ^/5+ Z/] Z//ÌUƒË= ¾/ËY ,/+ ,|/�Z]
 =�Ì< �#Z+ )H�< ÉZ#�-»Y$Z_˺)É=�Ì< ,] )H�< =�Ì< �#Z+ |"$. V.ZX»�ËZ B LZ»� ÊA �Y u_ ,Ì2=Y (=�Ì< C»Z� =-),3ÌD/Ì]

 �<�+ .Z6ËY WH� ,+ ÊË=�Ì<%10..�U 7�m $. (Ê» ,�ËZ:» = Ê�$�] C]Z' ,|3�Z] .�#Z+ )H�< = =�Ì< C»Z� Ê°Ì<Z°» �-»Y$Z_ =.
C°� $. =�Ì<)2()�Y Ã|� Ã.Y. LZD<]8[.» ,] ‹(1"Y ,+ ªÌ:v4 ¾ËY $. V1�+Z» V|» ÉZ/-ËE» �Y Ê°Ë �ÌY“4 = &Z'$Y ,�ËZ:» $1l3
Ê» )]1A$,*2’» ^Ì°*4 LZ°»Y ,|�Z]Ê» �´Ë|°Ë �Y V|» �1°�Ë= = ^Ì-�(Y ÉZ#|�Z.

6°72:Á� 0 A/Z¯ d4Q0 Á Á�Ì0 6&Z] �f&Y�ZW Á{ L2�Fe Á AÀe duY�f�Y ÊÀ@À& 

Ë1� ,<Y. .$1» $. �34 )@Y�-�Y $Z-T$ Ê»15� V1�+Z» V|» �Y Ã.Z*-�Y Z] ,Ê:Ì:v4 ÊA $. $. = )/T�U $Y�' Ê�$�] .$1» ,Z
 |� ,-?Z3� ,<Y. Ê°Ì<Z°» $Z-T$ �] $Y%U�ÌY“4 ÉZ#�-»Y$Z_ LY13� ,] )]1A$ = Z». C»Y1� �ËZ»�B ¾ËY]7[.É=$ �] É�´Ë. �ËZ»�B $.

�<�/+ RS/� $. �3/4 )@Y�/�Y Ê/3v3» É=$ �/] )/]1A$ d¸-z»  1S� �YY ,&|3U = YE¸+ ,<Y. Ê°Ë0121†$ $Z-T$%20)��/� =
��ÌÌr4 C°mm/min 5/1)T�U $Y�' Ê�$�] .$1» ]6[.

 ZÌ� É$Z°TY Z-�Y$ ¾Ì5# $.]1[�<�/+ RS/� =. $. ,&|/3U d¸-z» 7'$ Z3_ É=$ �] Y$ �34 )@Y�-�Y �ËZ»�B ,%10=

%20Ê-]1A$  1S� =%9,%13=%15.Y. $Y�' Ê�$�] .$1» .Ã.Y. u<ZË$Y= EÌ2Z<B NZ�Y �] ,6Ì-< $.$1-+ZT ,+ |Ë.�U fzD» Z#
 Ê3X» �ÌY“4 )]1A$ = �#Z/+ =�/Ì< C»Z� $1-+ZT )]1A$ �ËYETY Z] ,°Ë$1A ,] ,.$Y. &|3U ,<Y. ^Ì-�(Y1°�Ë= >Y1? É=$ �] É$Y.

Ê» �ËYETY ÊS? $1A ,] =�Ì< �#Z+ )H�<|]Z.

1 Force decay ratio 
2 Force factor 
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ÊUƒË= �] É$Y%U$Z] )��� = )]1A$ ,7'$ �ÌY“4 �ËZ»�B ¾ËY $.13� ,] ,�34 )@Y�-�Y Ê3v3» ÉZ#,�zD» LY �Y ÉY
)T�U $Y�' ,X2ZS» .$1» u~� = |� }Y�z-�Y $1+%» Ê3v3» �Y V|» WËY�j = Ê�$�] ,-�_ ,<Y. ^Ì-�(Y1°�Ë= ÉZ/ÌUƒË= .7'$ =.

Ã.�-�U $1A ,] ,+ É|@=Y = Ê»Y.Z]Ê» )D+ LY�ËY $. ÉY $Y|:» ,] ,|<1�10LZÌ» �Y ÊT.Z�4 h$1" ,] ,7'$ �# ÉY�] &�U1¸Ì+ 
,Ì/4 ,-�_ Ã.14|<|� .,<Y. u~�)�1_ Ê-�. h$1" ,] Z#,<Y. = É�ÌU Ê°Ì<Z°» ÉZ#$ZDT VZ5�Y �Y Z4 |<|� Y|m ,-�] LZ#. ÉZ#
¾Ì�Z» O�14,<15< �] É$=B�T ÉZ#.1� É�ÌU1¸m Z# .,-�_ )]1A$Ã�Y|<Y Ê<�= m=$ ,] ,-�] LZ#. ÉZ#|� É�ÌU .,<15< u~� Z#

)]1A$ ,] �S:» 8B ,¸Ì�= ,] ÉZ#5,10,15,20%|<|Ì�$ �4 ,ËZ_ �].
,-�_ ,Ì2=Y )]1A$Ã�Y|<Y Ê<�= m=$ ,] ,-�] LZ#. ÉZ#|� É U .�Y Ê3ÌX» $Y|:» ,hZDËZ»�B &Z6<Y �Y CH' NZ�Y ¾ËY �]

,<15< Z#)3Z45&�U (ÉZ». $.2±103 .=|@ ,.Y�´Ì-<Z� 3)�Z� )¾Ì  hY�ÌÌr4 ,°Ì<Z»� Z42,<15< ¾Ë�14 Ê2Y1-» ,¸@�» $ZÌ�] Z#
Z< = 7+.1� EÌQ (Ã�Y|<Y &Z'$Y �Y ^Ë �# ,Ì2=Y )]1A$ �Ë.Z:» Ê<�= .$Y|<Z-�Y m=$ NZ�Y �] = ,-T�U $Y�' L=B L=$. |� É�ÌU10,

WÌ4�4 ,] Ê»Y.Z] = É|@=Y &Z'$Y ,Ì2=Y )]1A$ ,6Ì-< $.%87/4=%63/4|»B )�. ,] �4 ,ËZ_ �] .,<15< u~� �S:» 8B ,¸Ì�= ,] Z#
)]1A$ ,] ÉZ#5,10,15,20%|<|Ì�$ �4 ,ËZ_ �].|Ë.�U ,H�Zv» �Ë� ,S]Y$ �Y �ZÌ< .$1» �S:» 8B $Y|:»:
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,S]Y$ ¾ËY $. ,+ W1=W2= &�U W�@ �] �S:» 8B L�= = ,<15< L�= WÌ4�4 ,] 0=0LYEÌ» WÌ4�4 ,] 
Ê» �4 ,ËZ_ �] ÊËY|-]Y = ÊËZ/< )]1A$|3�Z].

,Ì2=Y �<�+ RS� ,]ZD» hZ:Ì:v4 Ê�$�] ¾Ì3n5# = Ê4Z»|:» hZDËZ»�B É�� ^Ë ,] ,m14 Z])$. ,<Y. C°��ÌÌr4
,Ì2=Y Ã�Y|<Y ,] )H�< É$Y%U$Z] ÉZ-�Y$ (V.ZX»10%|� ,-T�U �l< $..� $Z°�B $1l3» ,] ªÌ:v4 ¾ËY $. ÉZ/-��� ¾Ì] h=Z*4 L|

 É$Y%U$Z] )��� =. �Y ,É$Y%U$Z] d¸-z»10=40|� Ã.Z*-�Y ,:Ì'. �] �-5Ì¸Ì» .�ËZ»�B �# $. $Y�°4 .Y|X4 ‹Z35j10�l< $. $Z] 
|� ,-T�U .)�Y Ã|� LZÌ] d¸-z» ¾Ì::v» ,¸Ì�1] ¾ËY �Y �Ì_ Ã|Ë|_ ¾ËY |3Q �#]5=9[.$Y. )Ì5#Y ,¸@�» ¾ËY $. ,n<B Z»Y ,

Ã1v<Ê» ,+ )�Y ,-�_ Ê°Ì<Z°» hZÌ"1�? �Y ,-�. LB �] É$Y%U$Z] )��� = )]1A$ �ÌY“4 ,<Y. )TZ] )Ì*Ì+ �Y É$ZÌX» |3<Y14
|3�Z] .

AÀe duY�f�Y Ä] w-]�& ÃZ´f�{ 
Ã�Y|<Y $1l3» ,] ªÌ:v4 ¾ËY $.,<Y. ^Ì-�(Y1°�Ë= >Y1? Ê�$�] = É�ÌU,�zD» = ,-�_ ÉZ# ,LZ»� ,] ,-�]Y= ÉZ#

 Ê4Y�ÌÌr4)T�U h$1" |¸Ì*�<Z# .Y1» L1»�B ÃZ´-�. $. .Ã�Y|<Y &|� hY�ÌÌr4 ¾ËY CÌ2. ,] )H�< =�Ì< ,] {1]�» .Y|�Y )HY = É�ÌU
Ê» ÃZ´-�. O�14 LZ»� �-»Y$Z_|�Z] .Ã.Y. hZHY �Y Y%2 LZ»� ,] )H�< =�Ì< hY�ÌÌr4 )HY = Ã|#ZD» ÉY�] Z3�$Z] ^Ë = C5@ C]Z' ÉZ#

 |� Ã.Z*-�Y)C°�3.(
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6°73:Ã*Y|0Y �-hÀ& Ä] Ã|7 ÄÌVe ÃZ´f�{ÄJK:& )�Ì=AÀe duY�f�Y A2Z&*8 Ä] w-]�& )Z/ 

hZHY ,] É$ZDT É=�Ì< O]Y$ C]Z+ O�14 = Ã|� .Y1» L1»�B ÃZ´-�. Z3�$Z] ¾ËE´ËZm ,A1]�» Z3�$Z] ,+ WÌ4�4 ¾Ë|]
Ã.Y.|� Ã.Z-��T Z# .Ã.Y. hZHY ,v*" $. Ã.$Y= hZ�!AY�%U ,] )H�< = Ã|#ZD» Z#Ê» )HY ÃZ´-�. $. LZ»� )Z] u~� = |<1�

 $YETY &�< ,] hZ�!AY VZ:-<YExcel �34 )@Y�-�Y $Y.15< )=�Ì< -LZ»� (,<Y. ÉY�]|� 7Ì��4 ,-�_ ,-�] LZ#. ÉZ#.
)T�U $Y�' É.(1T ,v*" É=$ ,<15< ,�34 )@Y�-�Y L1»�B ÉY�mY ÉY�] )C°�4(�] ‹!»Z+ Ã|3#. $ZDT ,v*" =

NZ5» ,<15< RS�|Ë.�U .|� Ã.Z*-�Y ,<15< �Ë� $. É$Y.$ZÌ� ,v*" �Y ,<Y. ÊH<Zm )+�@ �Y É�ÌU1¸m ÉY�] .;=�� �Y u_

 �l< .$1» �<�+ ,+ Ê<Z»� ,W�Z3» )��� Z] É$Y%U$Z])10|"$. ()HY $1-�. ,É$Y%U$Z] L.�+ d'1-» Z] ,|� .Z6ËY ,<15< $.
Ã.Y. hZHY ,] hZ�!AYÊ» Ã.Y. Z#H�< =�Ì< hY�ÌÌr4 = .1�Ã.Y. hZHY Ê¸?Y. ,lTZ@ $. LZ»� )�%U ,] )Ê» Ã ?P Z# u_ ,+ |<.�U

Ê» L|<Y1? C]Z' Ê-@Y$ ,] .Y|�Y ¾ËY �ËZ»�B &Z54Y �Y|3�Z].,Z3�$Z] O�14 )TZ] Ê°Ì<Z°» hY�ÌÌr4 )HY = �ËZ»�B )Ì#Z» ,] ,m14 Z]
Ê» ,Ì"14 ÃZ´-�. ,] L.� ,]�j = L.Y. LZ°4 �Y �ËZ»�B h|» V1A $. ,+ .1�)�?Z3�$Z] ‹Z"1 (.1� É$Y..1?.

6°74:AÀe duY�f�Y Ê���] )Y�] Ã{ZNf�Y {�-& Ä0Z&Z� Ã�Y-u�� 
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ÄUÌf0G@] Á )�Ì= 
�ËZ»�B &Z6<Y Z] �] ,-�] LZ#. ,-�_ ,<Y. ^Ì-�(Y1°�Ë= V|» }Y�z-�Y ÉY�] ,+ |� fzD» �34 )@Y�-�Y ÉZ#

 C'Y|@ ,] ,�34 )@Y�-�Y Ê3v3» NZ�Y200�Y LZ»� ,Ì<ZY Ê» �ZÌ< )@Y�-ÊËZ5< V|» Z4 ,|�Z]1
�l< ,] Y�Ë� ,..�U 7#Y�T ,A1]�» 

Ê» $. V|» &1� ŽEm }Y�z-�Y Y%2 = )�Y Ã|Ì��< &�( hZHY ,] �13# Ê3v3» ÊËZ/-<Y �z] $Y|:» ¾ËY �Y �-5+ LZ»� h|» $. ,+ |�$
LZ°»Y .$Y1» �Y É$ZÌ�]Ê5< �Ë%_..�U .m=$ �Y �ËZ»�B ¾ËY &Z6<Y ÉY�]Sucessive Residual ¾Ì3�v» O�14 Ã|� ÊT�X»

)1970 ($YETY &�< �Y Ã.Z*-�Y Z] = )DU 7Ì��4 LZ»� ,] )H�< =�Ì< Ê5-Ë$Z´2 $Y.15< m=$ ¾ËY $. ,+ ,|� Ã.Z*-�YTableCurve 2D 
$. ,V1�+Z» Ê†Em ,� V|» WËY�j �Ë.Z:»4|»B )�. ,] Ê-]1A$ RS� .V=|m1Ê†Em ,� V|» WËY�j ¾Ì´<ZÌ» �Ë.Z:» 

V1�+Z» $. Y$ �3T ÊTZjY ŽEm ^Ë Z] ,4,Ì2=Y �<�+ $. = Ê-]1A$ RS� 10%Ê» LZD<|#. .C°� ,NZ�Y ¾Ì5# �]5,<15< EÌ< ÉY

V|» Ê3v3» �Y)V1�+Z» V|» WËY�j NZ�Y �] Ã|� 7�$ (Ã.Y. �Y C"Z@ Ê3v3» =Ã�Y|<Y ÉZ#Ê» LZD< Y$ É�ÌU|#. .

6°75:Ä0-50 duY�f�Y ÊÀ@À& �*Y�] Ã-@0 *Y )Y�À9 Ê9ZmY vSm Z] ÊjSm Á{ Ê2Z50 ,|& f�-e AÀe 

1 - Exponential model 
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 ,Á|m1:�{ ÄfQW Ä0Y{ 1Ìf�{Y-°Q2Á ,|& D2Y�m EÌ´0ZÌ& �2{Z'&4Êf]-�� q`� 

^D? ,<15<5%10%15%81A�» ,<15<20%
WËY�j 

É|@=YÊ»Y.Z] É|@=Y Ê»Y.Z] É|@=Y Ê»Y.Z] É|@=Y Ê»Y.Z] 
f136/7220/11567/614/9665/5366/9314/467/59

Trel1 25/260 28/31115/25919/384 02/26158/39674/26129/418 
f226/3153/5483/2446/5308/2218/4301/3013/36

T rel2 85/2637/6977/2830/7652/2538/7444/2763/71
f316/932/2868/1042/2773/802/1722/1182/16

T rel3 95/446/1546/502/1682/589/1303/685/12
fe76/9424/17338/816/143 12/7446/11883/6871/86

,6Ì-<WËY�j ,)]1A$ �ËYETY Z] ,+ )�Y ¾ËY ,|Ë.�U Ã|#ZD» Ê-]1A$  1S� $. WËY�j ¾Ì´<ZÌ» ,�ËZ:» �Y ,+ ÉY f1,
f2,f3=feÊ3X» k!-?Y WËY�j ,Ì:] $. = |3-TZË �#Z+|D< Ã|#ZD» É$Y. .V1�+Z» V|» $. $1+%» WËY�j ,°3ËY ,] ,m14 Z] VZ@

 �3T ^Ì-�(Y hZÌ"1�? Ã|33+ LZÌ] Ê»15�Ê»,-�] LZ#. ,-�_ ,<Y. Ê<Z�D+ WË�j ,)]1A$ �ËYETY Z] Y%2 ,|3�Z])1°�Ë= Ã.Z»
^Ì-�(Y(Ê» �#Z+ EÌ< ,|]ZË .

6°76:ÊÀ@À&d]-�� �{ ÄfQ] 3Z/{ ÄfQW Ä0Y{ Ê2Z�8 AÀe )Z/ IÁZNf& )Z/)ÄÌ·ÁY A0�¯10(%

Ê3v3» ,] ,m14 Z])]1A$ $. Ã|»B )�. ,] ÉZ#Z] ,+ |� fzD» d¸-z» ÉZ# =�Ì< C»Z� ,)]1A$ �ËYETY )&�( É=�Ì<

 ,Ì2=Y �<�+ .Z6ËY ÉY�]10(%Ê» �#Z+ |]ZË)C°�6(,<15< $. Ê3v3» ÉY|-]Y 7+ ÉZ3v<Y ,+^D? ÉZ# �#Z+ �] )2(. �4
.$Y. V1�+Z» V|» $. &1� LZ52Y �ÌY“4 .
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6°77:ÊÀ@À& d]�� �{ ÄfQ] 3Z/{ ÄfQW Ä0Y{ Ê2Z�8 AÀe )Z/mm/min 10Á40

C°� ,] ,m14 Z] ¾Ì3n5#7Ê» fzD» EÌ< )H�< = Ã.�+ Y|Ì_ �ËYETY =�Ì< C»Z� ,É$Y%U$Z] )��� �ËYETY Z] ,+ ..�U
Ê» LZD< �#Z+ É$Y%U$Z] )��� �ËYETY Z] EÌ< =�Ì< �#Z+ >Y1? L.Y. LZD< ÉY�] �-5+ LZ»� ¾-�Y. �»Y ¾ËY CÌ2. ,+ |#.

,<15< �1°�Ë=)��� $. Z#Ê» �4(Z] ÉZ#|�Z] .,<Y. ^Ì-�(Y $Z-T$ É$Y%U$Z] )��� �ËYETY Z] Y%2 �ËYETY ,-�] LZ#. ,-�_ ÉZ#
Ê»|]ZË.

H2Zf0 
-Ê3X» �ÌY“4 )]1A$ ,+ |� fzD» ,^Ì-�(Y V|» WËY�j �] )]1A$ �YY ,] {1]�» u<ZË$Y= ,ËE64 ZËZ-< NZ�Y �]-

.$Y. $1+%» WËY�j �] É$Y..
-Z] �34 )@Y�-�Y Ê3v3» WËY�j ZËZ-< NZ�Y �] Ê»15� V1�+Z» V|» ÉZ#�3T ,] {1]�» WËY�j ,)]1A$ �ËYETY 
)TZË �#Z+.
-Y|Ì_ �ËYETY =�Ì< C»Z� ,É$Y%U$Z] )��� �ËYETY Z] ¾Ì3n5# = |Ë.�U =�Ì< C»Z� �#Z+ |�Z] )]1A$ LYEÌ» �ËYETY 

|� ÃY�5# �#Z+ Z] =�Ì< �#Z+ )H�< = Ã.�+.
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