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Purpose  - Today, due to the breadth, diversity and multiplicity of investment projects, decision 

makers and investors are faced with the issue of choosing the most profitable project. The economic 

rate of return (ERR) index is one of the proper indices that has been presented to determine the 

profitability of the projects. However, the ERR index has important shortcomings that have led to 

serious limitations in its use. In this regard, this paper introduces a new measure called the reliable 

economic rate of return (RERR), which has originated from ERR measure, but it has resolved the 

drawbacks of ERR index. On the other hand, this paper proposes a new solution by considering the 

values of the cash flow in terms of fuzzy numbers. After calculating the fuzzy economic rate of return, 

the profitability potentiality degree of the investment projects can be determined as well as their 

reliability based on the net present value (NPV) method.  

 

Design/methodology/approach - This paper proves that if we equate the initial cash flow of 

investment projects with the sum of the negative values of the relevant cash flow stream, then the 

RERR value would be greater than ‘-1’. In this regard, this paper proposes a solution to modify the 

initial and final values of the investment cash flow stream, merely without changing middle values. 
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Thereby, the NPV of the modified cash flow does not change. On the other hand, it is sometimes 

difficult to estimate the values of cash flows as a crisp number, which may lead to a wrong decision in 

accepting or rejecting projects. For this purpose, this paper considers the values of cash flow stream as 

fuzzy numbers and describes a solution for calculating the fuzzy RERR using the α-cut method and 

the RERR index. The proposed solution is compatible with the NPV method and also has fewer 

calculations than the other methods. This paper also proposes a method that calculates the profitability 

potentiality degree of projects and provides more comprehensive information to the decision makers 

by examining the intervals obtained from cutting the fuzzy values of the projects and presenting a new 

and reliable solution. 

 

Findings - Using the @RISK software, it was found that the estimation of fuzzy return rate using 

RERR index and α-cut method is very close to the simulation result. It confirms the appropriate 

accuracy of the proposed solution. Also, the results obtained from the software in determining the 

profitability of projects indicated that the proposed solution is more accurate than the methods of 

‘comparison of the expected intervals’ and ‘strict exceedance possibility’. It is also fully compatible 

with the NPV method. 

 

Research limitations/implications - In this research the market rate is assumed constant, while, in 

practice it can vary over the periods. Defining the market rate as an inconstant parameter, using the 

robust optimization approach and investigating the subject of this paper under other uncertainty 

environments are future study suggestions to both researchers and practitioners. 

Practical implications - One of the most important applications of this study is in risky projects 

wherein estimating the values of cash flow stream as a crisp number is difficult. The results of this 

paper help decision makers in reducing risk and determining the project profitability. It is worth 

mentioning that the solution proposed in this paper can be used for all projects with any cash flow 

stream value. 

 

Social implications - Failure to make the correct decision regarding the acceptance or rejection of the 

projects could have major negative consequences for the companies, organizations and even society. 

This paper helps decision makers, investors and organizations to determine the projects profitability 

that could benefit organizations and society.  

 

Originality/value - This paper proposes the RERR measure as a profitability index such with several 

favorable properties: (ⅰ) it exists and is unique, (ⅱ) it is NPV-consistent in accepting/rejecting 

decisions, (ⅲ) it provides values greater than ‘-1’, (ⅳ) it takes into account all of the project’s 

outflows which may be regarded by some practitioners as an appropriate indicator of the overall 

investment. Furthermore, this paper proposes an appropriate method for calculating the fuzzy RERR 

and a new method for determining the profitability potentiality degree of the investment projects 

based on the NPV method. 

 

Keywords: Economic evaluation of the investment projects, Fuzzy investments cash flows, Fuzzy 

reliable economic rate of return, Profitability potentiality degree, Monte Carlo simulation. 
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2�/�� (X  �/=�� >�. �P�r B� �� BD7�P� K�\ ���3 :���  
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n
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=R0+
R1

(1+r)
1

+
R2

(1+r)
2

+ ⋯ +
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(1+r)
n 

  

 xH��� �7/ ���
�X �� ���� B� )��@*A/  �/
Y� �:/ �
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F��� �eF3 =/ �F�
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 �G�/���2� #=�/�/=�� H���x X ��� ��x B� �e3  ���3K�\ � BD7�P�� ��:�  

  

)3(  V0 = � Rk.(1+r

n

k=1

)
-k

 =
R1

(1+r)
1

+
R2

(1+r)
2

+ ⋯ +
Rn

(1+r)
n  = NPV(X|r)-R0 

  

_��1� B� BR�� �� )�C ��+$���� �) ��� �	 0�9)2014��� >�. (x  ) ���� G	F��/i1 BF� /� (  ���F3 KF�\   _F��1�

�+:
.�  

)4(  i1 = 
R1-(αV0-V1)

αV0

 

  

���R  B+α = 
C0

V0
 �7/ � C0 B����7 �/
Y���� �� )�/$:x 2��A �� ��/�� � �e3? �� �/
Y�/��� �� ���� 
2�x   �eF3

)-R0 (��7/ ^�/� ��.Q? K�\  /�)/�� D7�P�? ����7 ��=�� >�.? ) )��@*A/ERR ���1� (�+:
.�  

  

)5(  
ERR = [(1+i1).(1+r)

n-1
]
1
n -1 
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FC/�< )��F@*A/
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m

(A� ,B�)( B�  ���3�� K�\ 0/��  BD7�P��+:�  

  

)6(  μ
m

(A�,B�) =

��
�
�	0                                       if  E2

A-E1
B<0

E2
A-E1

B

E2
A-E1

B-(E1
A-E2

B)
               if 0 ∈  [E1

A-E2
B,E2

A-E1
B]

1                                       if  E1
A-E2

B>0
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A , E2

A] � [E1
B , E2

B] B� X	���� 0�-.
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1

2
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1

2
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��
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(b3-a2)
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3

k=1

)
-(k-0)

=
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1

+
700
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2

+
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3
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3
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)
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=
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1

+
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(1/15)
2
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α = C0

V0

 = 10

-64/52
 = - 0/155 

i1 =
R1-(αV0-V1)

αV0

=
-1250 - [(-0/155 × -64/52) -1175/8]

(-0/155 × -64/52)
 = -8/42 
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1
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2
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1
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n

)  	��/ �/
Y� �:/ �
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1
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1
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1
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1
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1
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n-1
n
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1
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.V0
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C0

-1>  -1  ⇒  
R1+V1

C0

>  0
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op7� ���1�? )2 (
��	5� �`. �� /�:  

)13(  V1 = � Rk.(1+r

n

k=2

)
-k =

R2

(1+r)
1

+
R3

(1+r)
2

+ ⋯ +
Rn

(1+r)
n-1

 

 

G�/���2�� V1+R1 B� /�  ���3�� K�\ 0/��  �9��.=���+:�  

  

)14(  
V1+R1 = R1+

R2

(1+r)
1

+
R3

(1+r)
2

+ ⋯ +
Rn

(1+r)
n-1

= (
R1

(1+r)
1

+
R2

(1+r)
2

+
R3

(1+r)
3

+ ⋯ +
Rn

(1+r)
n ) 

 

(1+r)= V0.(1+r)  ⇒  V1+R1 = V0.(1+r) 
 

 ���D� �2�c5��R ��V0.(1+r)  )�R B�V1+R1 ^�/� ��? )12   F���1� BF� BFR�� �� � (? )3 �FD�� � (    �/
FY� 0��F�

e�w�? C0:��/� 4	C/�< �  

  

)15(  i1>  -1 ⇒ 
R1+V1

C0

>  0 ⇒ 
V0.(1+r)

C0

>  0 ⇒ 
V0

C0

>  0 ⇒ V0>  0 ⇒ NPV(X|r)-R0>0 
 ⇒ R0< NPV(X|r) 

^�/�? ��+$� B� /� ���3�� K�\  0/�� 0�	��+:�  

)16(  i1 >  -1  ⇔  R0 < NPV(X|r) 
 

�� �6A/� ��� >�. �/
Y�x ) ���� G	��/i1(�  ~�cF�   =/ �F�1-  �F7/     F	��/ �/
FY� �F:/ bFY� � �F:/ �? ��/  ���F� 
F2�� 

kM�+  =/ ��NPV H���x X 
���O G�/���2�� B^�/� B� BR�� ��) )�C11) � (16:��/� 4	C/�< ( 

  

)17(  ERR > -1  ⇔  R0 < NPV(X|r) 
 

BR�� �� B� ^�/� ?��+$� ;<�� �/
Y� �ERR ~�c�  =/ ��1- �7/    F	��/ �/
FY� �F:/ bFY� � �:/ �? ��/  ���F� 
F2�� 

kM�+  =/ ��NPV H���x X .
��� 

 

1-4- ��
�� +�#�" ,�- ()�*	 ) ��.�/� 0"�� �������RERR(  

	zA B� BR�� ��? 1�    G	F	1� �� )��F�= �	��� ����� 
2�/�� ?	��/ �/
Y� 
� ;]-�ERR  BF� O��/�     ��F5�� ���FD�

��/ �/
Y�?	 ���/
2 ���� 
��� B� ���3 �D7�2�� 0�-. x
2C� B����7 0/c	��
+ )�/$:32 V�,./  
F��� �H��� �� �
� O BF�  

 G	�C�
�� �� B��Y� G�/� 	��/ �/
Y�? H���x B����7)�/$: � �� ��/��m��,� �� �e2� ����Y�/  ���F� 
2�   BF*��: �F`. ��

��  ���B� B+ ���3 �D7�2�� 0�-. x
2C� B����7 0/c	�  �H��� �
+ )�/$: � �7/V�: )�CK�\  ;<�� ?D7�P� )/��

RERR �  G		1�)��@*A/ �� 0���/�� ���2-	� ���� )�C
2� ���:  

G��( 	��/ �/
Y�? ��/ /� ���� 
2� E��1� m��,�    ���F� 
F2�/�� �Fe2� ����Y�X )∑ X-n
k=1 ( � �/�FA 
F	C  /� 0Q �A0 

 .
	��2�  
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1��( �/
FFFY�(R0-A0).(1+r)
n �� ���FFF�. �/
FFFY� BFFF� /�/ B��FFFa/ ���FFF� 
FFF2�
FFF	2+  /� KFFF3�L �/
FFFY� �An 

(An=Rn +  [(R0-A0).(1+r)
n
]) 
	��2� .�� ����. � B	��/ �/
Y� �K�� G�/ ��/ BF� ���� 
2�  BF.�: )/   F� t	PF@���   BF+

 �		{� �H��� �
1� #=�/
28..  

1!�( ��/	��/ �/
Y� �� /� 
�
R ���� 
2�? A0 ����. �/
Y� �An �� �.�	� ����Y� �/ K	8-� B	��/ ���� 
2�
	C� 0Q � 

 /�Xnew ) 
	��2�Xnew = (A0, R1, R2, ...., Rn-1, An) .(�2*e:  �7/NPV ��/
�
R ���� 
2��   �F� ��/��NPV ��/  
F2�

 B	��/ �����7/ )NPV(Xnew|r)= NPV(X|r).(  

1$�LL2:( � �/
FFY�wBFFe� )�FFCV0 �V1 �C0  �α �� )/�FF� /�/ ���FF� 
FF2�Xnew  BDFF7�P�
FF	2+ BFF� /� �FF�.Q �XFF	���� 

V0
new�V1

new�C0
new �αnew 
	��2�O op7� ��� >�. �/
Y�x  BD7�P� /� ���� G	��/
	2+ 0Q � /�i1

new
  �2.
	��  

MN��( ����7 ��=�� >�. ;<�� �/
Y�? ) ���*�/ K��A )��@*A/RERR���1� =/ ���e*7/ �� /� (? K�\  BD7�P�
	2+: 

  

)18(  RERR = [(1+i1
new

).(1+r)
n-1

]
1
n -1 

  

M�*(  ;<�� �/
Y� �:/RERR ~�c�  ��=/  �/=�� >�.r �� ��5.Q �
���/   B����F7 ���F� 
F2�  )�/$F:X   )��F@*A/

.�7/  

 	�I�2- ��/���� 
2� X = (R0, R1, …, R
n

)   
F�
R ���� 
2�/�� �Xnew = (A0, R1, R2, ...., Rn-1, An)  �� /�

 �/
Y� �:/ �
��	5� �`.A0  �e2� ����Y� m��,� �� ��/����/   ���F� 
F2�X      ;<�F� �/
FY� ��F5.Q �
F���RERR   }�F1^A

~�c�  =/ ��1- .��� 
C/�< 

:J��K� BR�� �� _��1� B� ) ?���1� � ��+$� )�C17:��/� 4	C/�< (  

)19(  RERR > -1  ⇔  A0 < NPV(Xnew|r) 
E�L� ?^�/� K�\ :
��	5� �`. �� /�  

)20(  � X-

n

k=1

< NPV(X-|r) < NPV(X+|r) + NPV(X-|r)=NPV(X|r)   ⇒   � X-

n

k=1

< NPV(X|r) 
  

���R B+ NPV(X-|r) � NPV(X+|r) B�X	���� 0�-.  x
2C�NPV   �FD�� � �Fe2� ����Y� ��/   ���F� 
F2�X  O�F7/ 

�� op7  G*��: �`. ��∑ X-n
k=1 B�   )�RA0     )�F�/�� BF� BFR�� �� �NPV(X|r)   �F�NPV(Xnew|r) ) ?F���1� �19 /� (

B�  K�\ ���3�� 0/�� :��+ �9��.=��  

)21(  RERR > -1  ⇔  � X-

n

k=1

 < NPV(X|r) 
  

 �G�/���2�	��/ �/
Y� �:/? ��/�� ��/�� ���� 
2� ∑ X-n
k=1    ;<�F� �/
FY� }�1^A ��5.Q �
���RERR  ~�cF�   =/ �F�1- 

.��� 
C/�<  
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 G�H
4-2- ��/ ���� 
2�X  /� ������B�  ���3)750, 700 ,1250- ,10- �/=�� >�. �� (15  
3��  �F
1� #=�/ �

 ;��<52/74-  .
��	5� �`. ��)/�� D7�P�?  ;<��RERR� �/
Y� /
*�/�� �wBe�   )�FCA0  �An  BF�   ���F3 KF�\ 

�� BD7�P� ���:  

A0 = � X-

n

k=1

= -10 -1250 = -1260 

An=Rn +  [(R0-A0).(1+r)
n
] = 750 + [(-10+1260).(1/15)

3
] = 2651/09 

  

B�/�/��� ��/ ����. � B	��/ ����Y� �� 
�
R ���� 
2���+$� B� B	��/ �.�	� ����Y� � ���3 K�\ �� K	8-� ��:�  
  

Xnew = (A0, R1, R2, ...., Rn-1, An) = (-1260, -1250, 700,  2651/09) 

  

�� B� BR�� ��/ 
�
R ���� 
2���+$�� ���7 �wBe�B� �C  ���3K�\ �� BD7�P� ��� : 

  

V0
new = -1250

(1/15)
1 +

700

(1/15)
2 +

2651/09

(1/15)
3  = 1185/48 ,            V1

new = 700

(1/15)
1 +

2651/09

(1/15)
2  = 2613/30 

C0
new= -A0 = 1260    ,               αnew = C0

new

V0
new  = 1260

1185/48
 = 1/063 

i1
new = 

R1 - ((αnew.V0
new) -V1

new)

αnew.V0
new  = 

-1250 - ((1/063×1185/48)-2613/30)

(1/063×1185/48)
 = 0/082 = %8/2 

  

��Y� B� BR�� ��� ���+$� ;<�� �/
Y� �RERR ���1� =/ ���e*7/ ��? )18B� ( ���3K�\ �� BD7�P� ���:   
  

RERR = [(1+i1
new

).(1+r)
n-1

]
1
n  -1 = [(1/082)×(1/15)

2
]
1
3 -1 = %12/69 

 

;<�� �/
Y�RERR  )69/12kM�+ (%   ) �/=�F� >�F. �/
Y� =/ ��15 (%  �G�/���F2� O�F7/ ��/   ���F� 
F2� ���+$F� 

�	|)��@*A/  �7/,	*. �?  #�� �� K3�LNPV  ��:=�7��/ O�7/ .��CB.�5    �F� BF`LN� BF+  �F�  ����F7 >�F. ��? 

K3�L� ~�c�  =/ ��1- B�  .
�Q �7��G	2Z�C  E�
R �� x����1;<�� �/
Y� ��C) ERR� RERR � SAIRR  B+

) ����<2012 ?D7�P� )/�� (FIRR ���+ ���e*7/ B� :�7/ �
� ����Q �/=�� >�. _
*]� ����Y� )/=/  
  

 G��51- ()�* $���
  ���ERR4RERR   �SAIRR �" $�#�" ,�- O=�P
 �����
 ��#�  

SAIRR  RERR ERR  �/=�� >�.  

17/109%  80/8%  69/68%  8%  

87/50%  33/9%  74/40%  9%  

01/6-%  87/9%  14/9-%  10%  

51/61-%  42/10%  49/209-%  11%  

68/115-%  98/10%  37/250-%  12%  

57/168-%  54/11%  65/276-%  13%  

21/220-%  11/12%  04/279-%  14%  

66/270-%  69/12%  09/314-%  15%  
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.��CB.�5 �� �
C�-� B+ ;<�� �/
Y� ����ERR B� >�. )/=/�/=�� )�C� ~�c�  =/ ��10   =/ �F*�+1-  BF�   �F7�

��
�QO �� ) B��Y� )���2-	� ;<�� �/
Y� B+ ���LRERR   ~�cF� � XF7�2� �F<�. �(   =/ �F�1-   �F� KF3�L  ��F� .

G	2Z�C�  ;<��ERR *	7�9L� ���= �Y^2��	| �   �		{� B� �� �/=�� >�. �/
Y�O��/� B�  BF.�: )/  BF+  bFY�    kF� �F�

   =/ �/=�F� >�F. �/
Y� �� S�/c�/ 
3��10   BF�11      =/ ��F�c� ;<�F� �/
FY� �
F3��14/9-%     t	PF3�	| >�F. BF�

49/209%-  SC�+�� O
���  ���L �� B+  ;<�� �/
Y�RERR  bY� >�. =/87/9 B� X	���  B�42/10%    /
F	� S�/cF�/

.�7/ ���+    x���F� E�
FR �� ��
2� ���N[/ U�7/�� �G	2Z�C1 ;<�F� � SAIRR      ��+$F� XF��1� }�FY	A� cF	.

 ;<��ERR .��/� /�  

 G�H
4-3- ���/
2 ���� X B� /� ) ���36 ,11- ,6 ,1-5� �`. �� (	��
 . ��  E�
FR  x���F�2   ;<�F� �/
FY� �

RERR � ;<�� EAIRR) �/
L K3/ � )��e| ������� B+ �2015(   ?DF7�P� )/��FIRR   �
F.��+ ���e*F7/  BF�  )/=/

 >�. _
*]� ����Y�:�7/ �
� ����Q �/=��  

  
G��5 2- 	Q���
 ()�*���RERR   �EAIRR  

EAIRR RERR �/=�� >�.  

45/45-%  32/21%  20%  

53/93-%  37/24%  23%  

30/125-%  38/25%  24%  

70/2559-%  40/29%  28%  

68/1077%  40/30%  29%  

58/480%  39/31%  30%  

  

.��CB.�5  B+B`LN� �� ���� ;<�� �/
Y�EAIRR  B� >�. )/=/�/=�� )�C� ~�c�  =/ ��23 =/ �*�+ %1 -  BF�   �F7�

��
�Q.  ;<�� �G	2Z�CEAIRR  =/ �/=�� >�. �/
Y� �� �		{� 
3�� k� �� bY�28%  B�29%  �/
Y� =/70/2559 -%  B�

 �/
Y�68/1077% �� �		{�  O�9	. t	P3 B+ 
�����L �� � ;<�� B+RERR� .��/� /� �
��+\ X��1�  

  

2-4- �R-!R: ) �#�  ��.�/� 0"�� ������� 	��
�� +�#�" ,�- 	����
FRERR(  

 �� G�/ _��1� �� SC�T��� ����Y�/B� �/=�� >�. � ���� 
2� )=�� �/
�/ ���3 B� �� �  �/
�/ #�� #�� )�	:��+

�)=�� V�: �C) )/�� K�\ D7�P�?FRERR  �� ���2-	� ���:  

G��( �� ����Y�/ �/=�� >�. � ���� 
2� )=�� /�#�� �P� _
*]� )�Cα  K�
D� c���*� K3/�� B�
	2+.  

1��(  #�� �C �P�α�� 0���R �� �/B� K3/�� ����*./ � ��/
*�/ ��Y. X	+�� =/ ���� 
2� �7�   �F
DA V�: =/ �
�Q

� K	8-�
	C B� �X	���� �� 0���R /� 0Q/#�< � B.�2	�
� ���� 
2� #�� �P� B.�2	�α .
	��2�  

1!�( B� #�� �C )/=/ α ;<�� �RERR  /�)/�� ��)�C
2�/ #�< � B.�2	�
� 
�
R ����B� B.�2	�  XF	����   �FP�

 BD7�P� �/=�� >�. )d�� � G	��� 0/�+
	2+ B� �� /=/)  )/�� B
3�� k� �#�� �CRERR B� 
�Q �7�O  �op7  KF3/��

K3�L  K@*� �5�
8� B� /�
	2+  ��FRERR  K3�L���.  
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 G�H
4-4-  �/=�� >�.r̃ B� /� ) ��
�� )=�� �
� ���315% �10% �5%�� 0���R � (/���� 
2� A�  /���L �/
�/ X9

B� � ��
�� )=�� ���3K�\ :
��	5� �`. ��  
  

3  2  1  0  ����  

)650 �600 �550(  )1000 - �1100- �1200-(  )650 �620 �600(  )80- �100- �120-(  ���� 
2�Q��  
  

U�7/��  )���2-	� ��8C/�SC�T� ;<�� �/
Y� �RERR �� )/��/   #�F< � BF.�2	�
� 
F�
R ���� )�C
2�  BF.�2	�

B� #�� )/=/  )�Cα  �� ��/��0 �2/0 �4/0 �6/0 �8/0  �1 B�  E�
R l�� x����3 �� BD7�P� ��:�  
  

 G��53-  $���
RERR �
�
 ���S�  A� D�" ��#� �" O=�P
 ���α  

#�� ����  0  1 2 3 R RERR 

α = 0 
B.�2	�
� -1320 600 -1200 15/1939 %0/5 %52/0 

#�<B.�2	� -1080 650 -1000 88/2170 %0/15 %30/20 

α = 0,2 
B.�2	�
� -1296 604 -1180 4/1965 %0/6 %44/2 

#�<B.�2	� -1104 644 -1020 17/2151 %0/14 %25/18 

α = 0,4 
B.�2	�
� -1272 608 -1160 05/1991 %0/7 %37/4 

#�<B.�2	� -1128 638 -1040 61/2130 %0/13 %21/16 

α = 0,6 
B.�2	�
� -1248 612 -1140 07/2016 %0/8 %29/6 

#�<B.�2	� -1152 632 -1060 22/2109 %0/12 %18/14 

α = 0,8 
B.�2	�
� -1224 616 -1120 43/2040 %0/9 %22/8 

#�<B.�2	� -1176 626 -1080 04/2087 %0/11 %17/12 

α = 1 
B.�2	�
� -1200 620 -1100 10/2064 %0/10 %16/10 

#�<B.�2	� -1200 620 -1100 10/2064 %0/10 %16/10 

  

op7� K3� ��  K3/�� 0��+��+$� #�� �P�_
*]� )�C �5�
8� �� �FRERR U�7/��  K8� x����1  K3�L

�� ��:�  
 

  
 09*1-  $��!.-FRERR �  ���"��#�  �
�
 ��� A�  

  

y = 10.371x - 0.0532

R² = 1 y = -9.8616x + 2

R² = 1

0

0.2

0.4

0.6

0.8

1

0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20% 22%

�
��

�
� 

�
�
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�Y� 6�/�� G		1� X��a�X ��= /�� �
�) E���C)  �/���. �7/� � vM���+$�  �� ��/��1 �G�/���2� O�7/ FRERR 

) ��
�� )=�� �
� �� ��/��30/20 �%16/10 �%52/0 G	5.�	� �� (%29/10%  �F7/ BF�/�/�� .�  F�)/�   F,	*. �,2F7��D*�/? 

V�. =/ K3�L  �/c�/@RISK  ���e*7/
�  �/���. B+RERR  =/ 
1� �����k� 0�	
	� B	D� �/�8� ��� )=�7 BF�  ���F3 

 K8� x����2  K3�L
�: 

  

  
 09*2-  $��!.-RERR �  ���"��#�  �
�
 ��� A� �" 1�- $�� � @RISK 

  

 )/�� B2	-	� � G	5.�	� �B2	�+ ����Y�RERR  U�7/��V�.  �/c�/@RISK   BF��Y� )���2-	� ��8C/� � )/�F� ��/  
F2�

)=�� ���� A� B�  l���7/ K�\:  

  
  B2	�+  G	5.�	�  B2	-	�  

RERR U�7/�� V�.  �/c�/@RISK 01/2% 28/10%  77/18%  

FRERR U�7/�� B��Y� )���2-	� ��8C/�  52/0% 29/10%  30/20%  

  

.��CB.�5 �� �
C�-� B+ K3�L f��*. ����U�7/�� B� f��*. B� )���2-	� ��8C/� �7� B	D� =/ �
�Q   ��	F9� )=�F7

 k��c.�7/ � B+w �� B��Y� )���2-	� #�� X7�2� �A� 
�D7�P�? FRERR �7/.  

  

3 -4 - �R-!R: ����
	 5$�	 ������� ��9
� +<��� ��!"���
�� ����$�%& �#�   

 �B��Y� G�/ ��
�
R ��8C/�) �)/� D7�P�?  0/c	�)��@*A/ �H��� 0����CB����7 )   )=�F� )�/$F:  BF�   l�F� KF�\ 

�� ���2-	� ���:  

G�� 1�&(  ;<��RERR B.�2	�
� ���L )/�� /� #�<) (B.�2	� ��/ BD7�P� )=�� ���� 
2� 
	2+  ��+$� >�. �:/ �

2	-	� �/
Y� =/(B2	�+) ? �/=�� >�.� ~�c� �� )kM�+ ��( �� ��5.Q �
���/R�� �� ���� 
2�?  0�8�/100  �
3��)��@*A/ 

()��@*A/�	|) G�/ �	| �� .�7/.
���� V�� V�: B� ���3  

1�� 1�&(  ;<��RERR /�� /�)  BD7�P� K�*P� ���L	2+
  ����F3 �� �    �� KF�*P� �F��L BF+/   ���F� 
F2�

 V�: B� ���� )��@*A/V�7 G�/ �	| �� .
�������3� ��/���� 
2�� �� �Y
� )��@*A/�	| ��.�  
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1!� 1�&( )/�� D7�P�? R��?  0�8�/)��@*A/ 0��� � KL/��K�\ 
	C� V�,./ /�:  

#�� �P� /� )=�� �/=�� >�. (_�/ _
*]� )�Cα BD7�P� /� B
3�� �C G	5.�	� � K�
D� c���*� K3/�� B�  
F	2+ 

 /� 0Q �mrα .
	��2�  

B� (h �R G	� nN*</ �#�� �C )/=/0�� #�< � B.�2	�
� ���� BD7�P� /� B.�2	�
	2+B�/�/�� .�    0/cF	� BF� BR�� ��

B� nN*</ �7� �� 0���R ����Y� ��
�Q/ 
3�� k� 0/c	� B� /� B.�2	�
� ���� 
2�#�< 0���R ����Y� B�  kF��c. BF.�2	� 


	2+ ���D7�P� �`.=/)� �R ����Y� G	� nN*</ 
3�� k�0�� #�< � B.�2	�
� ����      ���F� 0�F��R ����FY� BF� BF.�2	�

 B��a/ B.�2	�
�
	2+ � (RERR  BD7�P� /� �����
	2+#�� �C �P� .α 2+ �/�8� �
Y.Q /� K�� G�/ �
	    ;]F-� �F�

���  KA/
L 
����� 
2M�� 0���R 
3/�� 0���R B� B.�2	�
� ���� 
2�/#�< ���� 
2� k��c. B.�2	���� �� ��/ ���� 
2�

 )��@*A/ K3�LO��� op7� /� K3�L >�. Iα .
	��2�  

B� (� #�� �C )/=/α ) �/
Y� �Iα-1BD7�P� /� ( 
	2+ /� 0Q � Jα 
	��2� op7 ��     4	F7�� /� ��F��� �/��F�. 
F	2+ 

����Y� S���. ��) Jα  ����Y� � ��� ��P� ��α (E�[ ��P� �� �op7 O  �L�F9� �F�=     BDF7�P� /� KF3�L �/��F�.

.
	2+ B� >�.�7� �
�Q� 0�-. x
2C� R�� ? 0�8�/)��@*A/ �� 0���/ ���� 
2��7/.  

 G�H
4-5- ��/)=�� ���� 
2� A�  /� ������ 
F��	5� �`. �� U�F7/�� .  ��F�N[/      �/
FY� ��F
DA SF]� �� ��
F2�

;<�� FRERR ��
�� )=�� �
� �� ��/�� )30/20 �%16/10 �%52/0B� (%  �7 FR�� .
�Q �?   )��F@*A/ 0�F8�/   0��F�

��/ ��+$� ���� 
2�U�7/�� #�� B� _
*]� )�C  l���7/ K�\:  

1-3-4- Q���
 D�$	 $�U�-� �$!
 0V�!   

 )��`*./ K3/��FRERR  �/=�� >�. �r E��1� y��^�G )7B� (X	���� �� ��/�� ] 23/15% �34/5 %[  �] 5/12% �5/7% 

[ �G�/���2� O�7/ R��? )��@*A/ 0�8�/ �� 0���/���� 
2� A� y��^� #�� ���c� ���1�)? 6B� (  l���7/ K�\: 

  

μ
m

(FRERR� ,mr�) =
E2

FRERR - E
1

mr

E2
FRERR-E1

mr - (E1
FRERR-E2

mr)
 = 

15/23 - 7/5

15/23 - 7/5 - (5/34 - 12/5)
 = %51/9 

�G�/���2�  #�� y��^���+$��� �/)=�� ���� 
2� A� R�� ��?  0�8�/9/51 �
3��  )��@*A/�7/.  

  

2-3-4- W$�" ��9
� D�$ X�
 ��!"�B  

R��? )��@*A/ 0�8�/ �� 0���/���� 
2� A� #�� y��^� ���c� ���1�)? 8B� (  l���7/ K�\:  

Poss (FRERR� >mr�) =
(FRERR3-mr2)

(FRERR3-FRERR2) + (mr3-mr2)
=

(20/30-10)

(20/30-10/16) + (15-10)
=%68/1 

 

�G�/���2� U�7/��  #����+$��� �/)=�� ���� 
2� A� R�� ��?  0�8�/1/68 �
3��  )��@*A/�7/.  
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3-3-4-  �
��
 ���2���� $�9��$  

���L#�< �B.�2	�
� )�C�� K�*P� � B.�2	�/���� 
2� A� B�  l�� x���� E�
R4 �7/:  

  
 G��54-  $���
RERR Y
�Z ���" ���O=�P
 � ��
�
 ��� A�  

���L  
��/B	��/ ���� 
2�  ��/
�
R ���� 
2�  

mr RERR 
0  1 2 3 0  1 2 3 

B.�2	�
� -120 600 -1200 550 -1320 600 -1200 15/1939 %0/5 %52/0  

#�<B.�2	� -80 650 -1000 650 -1080 650 -1000 88/2170 %0/15 %30/20 

K�*P�  -100 620 -1100 600 -1200 620 -1100 10/2064 %0/10 %16/10 

  

 �/
Y�RERR ) B.�2	�
� ���L ��52/02	-	� �/
Y� =/ (%?  ) �/=�F� >�.15 ~�cF� (%  . �F� �F9	    ;<�F� �/
FY� �

#�< ���L �� ��+$�) B.�2	�30/202	�+ �/
Y� =/ (%?  ) �/=�F� >�.5 kFM�+ (%   �F�  �G�/���F2� O�F9	. ��/   ���F� 
F2�

���+$� .�9	. )��@*A/�	| �� )��@*A/ 
3��
3  

op7�  �/
Y�RERR ) K�*P� ���L ��16/10 ) �/=�F� >�. K�*P� �/
Y� =/ (%10 ~�cF� (%   �F�  �G�/���F2� O�F7/ 

 xH���A� ���L G�/ ���  )��@*A/
��� o� O�7/ R��?  0�8�/)��@*A/ ���0  G		1� /� 0Q��+    BF� ��F��� ��DF7�P� .

V���M V�:�  )���2-	� )��8C/��� bD���  #��0  =α B�  l��E�
R  x���� )�C5 �6 �7/:  

  
 G��55-  �����
 [\�)� ����
Y
�Z�-���"�" ��� � D!)-���"	 � ��
�
 ��� A� 

 #��0  =α  0  1 2 3 

B.�2	�
� -1320 600 -1200 15/1939 

#�<B.�2	� -1080 650 -1000 88/2170 

nN*</  240 50 200 72/231 

  

�� B�/�/� B� nN*</ 0/c	� B� BR�� ���7� �� 0���R ����Y� ��
�Q/      BF� 
F3�� kF� 0/cF	� BF� /� B.�2	�
� ���� 
2�

#�< 0���R ����Y� � k��c. B.�2	�RERR  �/=�� >�. �P� /� �����10 = %mr 0
 �� BD7�P� 4	2+  KF�� G�/ �
Y.Q .

�� �/�8� /�  �� 4	2+RERR �/
Y� =/ K3�L mr 0
 ~�c� /��� � ��A6� ��/ )��@*A/ K3�L ���� 
2���.�  

  
 G��56-  �����
�^
_
 ��� I

α
 � J

α
 � ��
�
 ��� A�  D�" ���"0  =α  


3��  0  1 2 3 RERR 

0% -0/1320 600 -1200 15/1939 %63/0 

1% -6/1317 5/600 -1198 47/1941 %82/0 

2% -2/1315 601 -1196 78/1943 %01/1 

..................
  

49% -4/1202 5/624 -1102 70/2052 %90/9 

50% -0/1200 625 -1100 01/2055 %09/10 
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 ���N[/ B� BR�� �����+$�  KA/
L �:/50 ) 
3��I0�� (/#�< B� /� B.�2	�
� ���L ���� 
2�  �4	2+ k��c. B.�2	�

 �/
Y� ��5.QRERR ���/) ��+$� ���� 
209/10 �/
Y� =/ (%mr 0
 )10~�c� (%  ���� ��� B,	*.�� ��  Fe�w� �/
Y� ?J0 

 �
�50/0 �� �7� B� Q�.
 #�� ���7 )/�� /� ��D7�P� G	�C �� V�,./ c	. �C  .4	C�3N<? �*.f�  BF�    E�
FR l�F�

 x����7 �7/:  
 G��57-  �����
�^
_
 ��� Iα � Jα � ��
�
 ��� A� 

 #��α  Iα Jα 

α = 0,0 50/0 50/0  

α = 0,2 50/0 50/0 

α = 0,4  49/0 51/0 

α = 0,6  48/0 52/0 

α = 0,8  46/0 54/0 

α = 1,0  0 1 

  

����� �/���.�  y��^� K8� x����3 �7/:  

  

  
 09*3- $��!.- Jα � ��#�  �
�
 ��� A� �"  ��#�6 D�" α 

  

= �L�9���  �/���.��+$�  �� ��/��564/0 O�7/ G�/���2�� �� �B��Y� )���2-	� ��8C/� y��^�/ )=�� ���� 
2�A�   �F�

R��? 0�8�/ 4/56  �
3�� )��@*A/�7/.  

  

4-4- N��$���/�� ��-�A  

 �� G�/)/�� SC�T� V�. =/ �f��*. �,27��D*�/  �/c�/@RISK  ���e*7/�
�  �/���. .�7/NPV ��/ )=�F� ���� 
2� 

A�  
1�k� 0�	
	� B	D� �/�8� ��� )=�7B� ���3  K8� x����4  K3�L
�:  

  

0.50 0.50 0.51 0.52 0.54

1.00

0.00

0.20

0.40

0.60

0.80

1.00

0 0.2 0.4 0.6 0.8 1

J
α
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 09*4- $��!.-NPV  �  ���"��#�  �
�
 ��� A� �" 1�- $�� � @RISK  

  

.��CB.�5 �� �
C�-� B+ ���B	D� y��^� �����+ �.�� )=�7�  ;<�� �/
Y�NPV �� 2/58 
3��   )�FC�/�8� =/

B	D�6A/��� � �D�� )=�7� ��/)=�� ���� 
2� A�  E��*L/ ��2/58 �
3��  )��@*A/�7/3N< .? B� f��*.  l�� E�
R

 x����8 �7/:  
 G��58- Q���
	  ����
������� �  ��!"� �#�  �
�
 ���A� D�$ d"�e
O=�P
 ���  

0��� )��@*A/ 0/c	� #�� 0/�2� 

9/51% �Y� #���9? ��`*./ ���� K3/�� 

1/68% #�� ~�c� 0�8�/ �P� 0����� 

4/56% B��Y� )���2-	� ��8C/� 

2/58% B	D� ����+ �.�� )=�7– V�.  �/c�/@RISK  
  

���+$� ���N[/ y��^� ,	*.? #�� ���7 B� �D9. )���2-	� )��8C/� =/ K3�L  F,	*. BF� �C?  BF�  �F7�   =/ �
F�Q

B	D� k��c. )=�7 �� �7/� B+w ��+$� ��8C/� X7�2� �A� 
�O�7/ )��@*A/ 0/c	� B*D�/ �� 0���/  ��+$F� ���F� 
2�� 

 #�� y��^�»�Y��9? ��`*./ ���� K3/��«  #�� B� �D9.»~�c� 0�8�/ �P� 0�����«� y	A� ���7/  

G	2Z�C� )/��  ;<�� �,27��D*�/RERR   ;<�F� ���Fe� �/���. �RERR   ) �/=�F� >�F. �RERR-r  =/ 
F1� (

k� 0�	
	� B	D� �/�8� ���B� )=�7  K8�K�\  K3�L
�:  
  

 
 09*5-  ()�* J��^B $��!.-RERR �  ���" $�#�" ,�- �� �
�
 ���A� �" 1�- $�� � @RISK  
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�� 6A/�� B	D� k	28� =/ ���e*7/ �� ;<�� � )=�7RERR  �� cF	./      E�F�*L/ �F� ��+$F� ���F� 
F2�2/58  �
F3�� 

 )��@*A/�7/ � B+w #�� =/ K3�L f��*. �P3 � 0�����:=�7 
�RERR  #�� ��NPV .�7/  

  

5- �f��� ��$!
 	-!.- ��$�"  

�� G�/ �S]� ��/��+ #�� )���2-	� B��Y� �H��� U�7/�� )/ 1A/�� =�/����  �F�  ��F� . �F�  GF�/  �U�F7/  xH��F� 

)25/2- �5/1- �75/0-�0 �75/0 �5/1 �25/2 �3 �4-= ( P �B� m�a�� )�`. �.�D� �� B+  0/�2�» �/�� �/�]*7/ xH���

�.
1�«33  .�7/ �
� �7��� ���� l�^�   ����FY� �)=�F� �/
�/ X9L�� ��+$� xH��� ���� 
2�/�� ����Y� _��1� )/��

B� /� ��+$�      }/��
FL �/�F		{� ?F2�/� �F� /� ����� ��
�� )=�� �/
�/ ?2	-	� � B2	�+ ����Y� � K�*P� ����Y� 0/�2�50 

B� )
3�� :
��	5� �`. �� K�\ l��  

  
8  7  6  5  4  3  2  1  0  ����  

38/3-  25/2-  13/1-  0  37/0  75/0  12/1  5/1  6-  B2	�+  

25/2-  5/1-  75/0-  0  75/0  5/1  25/2  3  4-  K�*P�  

12/1-  75/0-  37/0-  0  13/1  25/2  38/3  5/4  2-  B2	-	�  

  

 �� ��/�� �/=�� >�. G*��: �`. �� ��) ��
�� )=�� �
�20 �%15 �%10(%   �� ��
F2� ?F��Y� )���2-	� #�� y��^� �

 S]�4-2 �FRERR y��^� ��+$� xH���  K8� x����6 �� K3�L ��:�  

 

  
 09*6-  $��!.-FRERR  ���"�-�f
 ��!
 g��P��� h<���  

  

 6�/��E���C)  �/���. �7/� � vM���+$� B� }�D��Y� �^< ���3 �G�/���2� O�7/ FRERR  }�D��Y�    �
F� �F� �F�/��

) ��
�� )=��89/32� %17/15� %10/1(% �7/� .)/� ,	*. �,27��D*�/?  K3�L c	.V�. =/  �/c�/@RISK  ���e*7/ 
F� 

 �/���. B+RERR  =/ 
1� �����k� 0�	
	� B	D� �/�8� ���  )=�7B� ���3  K8� x����7  K3�L
�:  

  

0

0.2

0.4

0.6

0.8

1

0% 5% 10% 15% 20% 25% 30% 35%

�
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�
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 09*7-  $��!.-RERR  ���"�-�f
 ��!
 g��P��� h<���  

 

f��*. ?3N< B�  l���7/ K�\:  

  
  B2	�+  B.�	�  B2	-	�  

RERR V�. y��^�  �/c�/@RISK 59/4% 21/15%  25/27%  

FRERR B��Y� )���2-	� ��8C/� y��^�  10/1% 08/16%  89/32%  

  

.��C B.�5 B+�� �
C�-�K3�L f��*. ����� B� f��*. B� )���2-	� ��8C/� y��^��7� B	D� =/ �
�Q   kF��c. )=�F7

�7/ � B+w 
��P3 D7�P� �� B��Y� )���2-	� #��? FRERR   �G	F2Z�C .�7/  �/
FY�RERR   �F��L �� BF2	�+ 

)10/12	-	� �/
Y� =/ (%? ) �/=�� >�.20~�c� (% . �� �9	   F��L �� ��+$F� ;<�F� �/
Y� � � B2	F-	� )89/32 =/ (%

2	�+ �/
Y�? ) �/=�� >�.10kM�+ (%  ���G�/���2� O�9	. H���x .
1� �/�� �/�]*7/� ���+$�    �F� )��F@*A/ 
3��
3

�9	. )��@*A/�	|O op7 � �/
Y�RERR ) K�*P� ���L ��17/15 ) �/=�F� >�. K�*P� �/
Y� =/ (%15 ~�cF� (%   �F�

�G�/���2� O�7/ H���x ���c� ���L G�/ ���  )��@*A/�G�/���2� O�7/ R��?  0�8�/)��@*A/ ���0  /� 0Q 
��� G		1��+� .

V�,./ =/ o�  S]� �� ��
2� ��D7�P� 0�/�4-3 �e�w� �/���. ?Jα  y��^� K8� x����8  B� 
�Q �7�:  

  

  
 09*8- $��!.- Jα �-�f
 ��!
 g��P��� h<��� ���" �"  ��#�6 D�" α  

 

0.46 0.47 0.48 0.50 0.52

1.00

0.00

0.20

0.40

0.60

0.80

1.00

0 0.2 0.4 0.6 0.8 1

J
α
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= �L�9���  �/���.���+$�  �� ��/��54/0 O�7/ G�/���2��   H��F� �BF��Y� )���2-	� ��8C/� y��^�x    �/�F� �/�]*F7/

.
1�� R�� ��? 0�8�/ 54  
3�� )��@*A/�op7 O�7/ )/�� V�. =/ �f��*. �,27��D*�/   �/cF�/@RISK   ���e*F7/ �
F� 

 �/���. .�7/NPV  )/��H���x .
1� �/�� �/�]*7/�  =/ 
1�k� 0�	
	� B	D� �/�8� ��� )=�7B� ���3  K8�  x���F�

9  K3�L
�:  

  
 09*9- $��!.-NPV  ��"� <���h -�f
 ��!
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