
Geary WP/18/2008

UCD GEARY INSTITUTE

DISCUSSION PAPER

SERIES

Smoking Intensity, Compensatory

Behavior and Tobacco Tax Policy

Ian Irvine

Concordia University, Montreal, Canada

irvinei@alcor.concordia.ca

6th August 2008

The views expressed here do not necessarily reflect those of the Geary Institute.
All errors and omissions remain those of the author



A∆Φ=≅ 2008

S∀∃ i#g I#)e#(i)−, C∃∀%e#(a)∃∋− Beha+i∃∋ a#d T∃bacc∃ Ta, P∃!ic−�

Ab()∋ac)

−ΑΧ?9ΦΓ ΒΧΗ ΧΒ≅Μ 7<ΧΧΓ9 Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ ΗΧ ΓΑΧ?9 =Β 5ΒΜ ;=ϑ9Β ∆9Φ=Χ8 ΧΒ Η<9 65Γ=Γ Χ: ∆Φ=79, Η<9Μ
5≅ΓΧ 7<ΧΧΓ9 Η<9 =ΒΗ9ΒΓ=ΗΜ Κ=Η< Κ<=7< ΗΧ ΓΑΧ?9 - Η<5Η =Γ, <ΧΚ ΑΙ7< Β=7ΧΗ=Β9 ΗΧ =Β<5≅9. .<9 ∆ΧΓΓ=6=≅=ΗΜ Η<5Η
ΕΙ5ΒΗ=ΗΜ-Φ98Ι7=Β; Η5Λ ∆Χ≅=7=9Γ Α5Μ 69 Α=Η=;5Η98, ΧΦ 9ϑ9Β 7ΧΑ∆≅9Η9≅Μ ΧΨΓ9Η, 6Μ <=;<9Φ =ΒΗ9ΒΓ=ΗΜ <5Γ 699Β
Φ5=Γ98 Φ979ΒΗ≅Μ 6Μ A885 5Β8 CΧΦΒ5;≅=5 (2006). .<9 Χ6>97Η=ϑ9 Χ: Η<=Γ ∆5∆9Φ =Γ ΗΧ 9Λ5Α=Β9 Η<=Γ ∆ΧΓΓ=6=≅=ΗΜ
=Β Η<9 7ΧΒΗ9ΛΗ Χ: 5 ΙΗ=≅=ΗΜ-Α5Λ=Α=Ν=Β; ΑΧ89≅ Χ: ΓΑΧ?=Β; Η<5Η =Γ 65Γ98 ΧΒ ?ΒΧΚΒ ΗΧΛ=7Χ≅Χ;=75≅ ∆5ΗΗ9ΦΒΓ.
A:Η9Φ 75≅=6Φ5Η=Β; Η<=Γ ΑΧ89≅ ΗΧ Φ9Θ97Η Χ6Γ9Φϑ98 69<5ϑ=ΧΦΓ, =Η =Γ 7ΧΒ7≅Ι898 Η<5Η 7ΧΒΗ=ΒΙ=Β; ΓΑΧ?9ΦΓ ΧΨΓ9Η
56ΧΙΗ ΧΒ9 Η<=Φ8 Χ: Η<9 ΕΙ5ΒΗ=ΗΜ-Φ98Ι7=Β; =Α∆57Η Χ: <=;<9Φ Η5Λ9Γ. CΧΑ∆9ΒΓ5ΗΧΦΜ 69<5ϑ=ΧΦ Η<ΙΓ Φ98Ι79Γ Η5Λ
9Ψ97Η=ϑ9Β9ΓΓ, 6ΙΗ 8Χ9Γ ΒΧΗ Φ9Β89Φ =Η Β9ΙΗΦ5≅. 1<=≅9 ΗΧΛ=7Χ≅Χ;Μ <5Γ ≅ΧΒ; Φ97Χ;Β=Ν98 Η<5Η Β=7ΧΗ=Β9 =Βϑ9ΒΗΧΦΜ
Α5Β5;9Α9ΒΗ =Γ 5 ?9Μ =Β;Φ98=9ΒΗ =Β ΓΑΧ?=Β; 69<5ϑ=ΧΙΦ, Η<=Γ ∆5∆9Φ =Γ Η<9 ΠΦΓΗ ΗΧ =Β7ΧΦ∆ΧΦ5Η9 ΓΙ7< ?ΒΧΚ≅98;9
=ΒΗΧ 5 ΙΗ=≅=ΗΜ-∆Φ=79 65Γ98 Α5Λ=Α=Ν=Β; ΑΧ89≅.

JEL C∀a(( /ca) %∃ : ∀21, #12
Ke. ,%∋d( : .Χ6577Χ, Β=7ΧΗ=Β9, 7ΧΗ=Β=Β9, =ΒΗ9ΒΓ=ΗΜ

#5Β #Φϑ=Β9
CΧΒ7ΧΦ8=5 /Β=ϑ9ΦΓ=ΗΜ, ∋ΧΒΗΦ95≅. 9Α5=≅:  ∋+ ∃e @a∀c%∋.c%∃c%∋d a.ca

�# 5Α ;Φ5Η9:Ι≅ ΗΧ C<5Φ≅9Γ D9B5ΦΗΧ≅ΧΑ9, 5Β8 ,ΧΒ −Η9ΦΒ :ΧΦ 7ΧΒΓ=89Φ56≅9 =Β∆ΙΗ ΧΒ Η<=Γ ∆5∆9Φ. .<9 !95ΦΜ #ΒΓΗ=ΗΙΗ9,
/Β=ϑ9ΦΓ=ΗΜ CΧ≅≅9;9 DΙ6≅=Β, 5Β8 Η<9 /Β=ϑ9ΦΓ=ΗΜ Χ: CΧ≅ΧΦ58Χ, BΧΙ≅89Φ, ?=Β8≅Μ ∆ΦΧϑ=898 Φ9Γ95Φ7< :57=≅=Η=9Γ Κ<=≅9 ΑΙ7<
Χ: Η<9 ΚΧΦ? Κ5Γ 69=Β; 8ΧΒ9.



−ΑΧ?=Β; #ΒΗ9ΒΓ=ΗΜ, CΧΑ∆9ΒΓ5ΗΧΦΜ B9<5ϑ=ΧΦ 5Β8 .Χ6577Χ .5Λ ∗Χ≅=7Μ

Ab()∋ac)

−ΑΧ?9ΦΓ ΒΧΗ ΧΒ≅Μ 7<ΧΧΓ9 Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ ΗΧ ΓΑΧ?9 =Β 5ΒΜ ;=ϑ9Β ∆9Φ=Χ8 ΧΒ Η<9 65Γ=Γ Χ:

∆Φ=79, Η<9Μ 5≅ΓΧ 7<ΧΧΓ9 Η<9 =ΒΗ9ΒΓ=ΗΜ Κ=Η< Κ<=7< ΗΧ ΓΑΧ?9 - Η<5Η =Γ, <ΧΚ ΑΙ7< Β=7ΧΗ=Β9 ΗΧ =Β<5≅9.

.<9 ∆ΧΓΓ=6=≅=ΗΜ Η<5Η ΕΙ5ΒΗ=ΗΜ-Φ98Ι7=Β; Η5Λ ∆Χ≅=7=9Γ Α5Μ 69 Α=Η=;5Η98, ΧΦ 9ϑ9Β 7ΧΑ∆≅9Η9≅Μ ΧΨΓ9Η,

6Μ <=;<9Φ =ΒΗ9ΒΓ=ΗΜ <5Γ 699Β Φ5=Γ98 Φ979ΒΗ≅Μ 6Μ A885 5Β8 CΧΦΒ5;≅=5 (2006). .<9 Χ6>97Η=ϑ9 Χ: Η<=Γ

∆5∆9Φ =Γ ΗΧ 9Λ5Α=Β9 Η<=Γ ∆ΧΓΓ=6=≅=ΗΜ =Β Η<9 7ΧΒΗ9ΛΗ Χ: 5 ΙΗ=≅=ΗΜ-Α5Λ=Α=Ν=Β; ΑΧ89≅ Χ: ΓΑΧ?=Β; Η<5Η =Γ

65Γ98 ΧΒ ?ΒΧΚΒ ΗΧΛ=7Χ≅Χ;=75≅ ∆5ΗΗ9ΦΒΓ. A:Η9Φ 75≅=6Φ5Η=Β; Η<=Γ ΑΧ89≅ ΗΧ Φ9Θ97Η Χ6Γ9Φϑ98 69<5ϑ=ΧΦΓ,

=Η =Γ 7ΧΒ7≅Ι898 Η<5Η 7ΧΒΗ=ΒΙ=Β; ΓΑΧ?9ΦΓ ΧΨΓ9Η 56ΧΙΗ ΧΒ9 Η<=Φ8 Χ: Η<9 ΕΙ5ΒΗ=ΗΜ-Φ98Ι7=Β; =Α∆57Η Χ:

<=;<9Φ Η5Λ9Γ. CΧΑ∆9ΒΓ5ΗΧΦΜ 69<5ϑ=ΧΦ Η<ΙΓ Φ98Ι79Γ Η5Λ 9Ψ97Η=ϑ9Β9ΓΓ, 6ΙΗ 8Χ9Γ ΒΧΗ Φ9Β89Φ =Η Β9ΙΗΦ5≅.

1<=≅9 ΗΧΛ=7Χ≅Χ;Μ <5Γ ≅ΧΒ; Φ97Χ;Β=Ν98 Η<5Η Β=7ΧΗ=Β9 =Βϑ9ΒΗΧΦΜ Α5Β5;9Α9ΒΗ =Γ 5 ?9Μ =Β;Φ98=9ΒΗ =Β

ΓΑΧ?=Β; 69<5ϑ=ΧΙΦ, Η<=Γ ∆5∆9Φ =Γ Η<9 ΠΦΓΗ ΗΧ =Β7ΧΦ∆ΧΦ5Η9 ΓΙ7< ?ΒΧΚ≅98;9 =ΒΗΧ 5 ΙΗ=≅=ΗΜ-∆Φ=79 65Γ98

Α5Λ=Α=Ν=Β; ΑΧ89≅.

1 I#)∋∃d∗c)i∃#

A≅≅ ΓΗΙ8=9Γ Χ: Η<9 89Α5Β8 :ΧΦ 7=;5Φ9ΗΗ9Γ 7ΧΒΠΦΑ Η<5Η <=;<9Φ 7=;5Φ9ΗΗ9 ∆Φ=79Γ ≅958 ΗΧ 5 897Φ95Γ9

=Β Η<9 ΕΙ5ΒΗ=ΗΜ 89Α5Β898. .<9Φ9 =Γ 5 89;Φ99 Χ: 7ΧΒΓ9ΒΓΙΓ Η<5Η Η<9 5;;Φ9;5Η9 ∆Φ=79 9≅5ΓΗ=7=ΗΜ Χ:

89Α5Β8 =Γ 5ΦΧΙΒ8 ΧΒ9 <5≅:, Η<ΧΙ;< 9ΓΗ=Α5Η9Γ ϑ5ΦΜ. CΧΒΓ9ΕΙ9ΒΗ≅Μ ;Χϑ9ΦΒΑ9ΒΗΓ =Β ϑ=ΦΗΙ5≅≅Μ 5≅≅

89ϑ9≅Χ∆98 97ΧΒΧΑ=9Γ <5ϑ9 ΙΓ98 <=;<9Φ Η5Λ9Γ 5Γ 5 Α95ΒΓ Χ: 8=Γ7ΧΙΦ5;=Β; ΓΑΧ?=Β;. AΒ8 =Β8998

ΓΑΧ?=Β; Φ5Η9Γ <5ϑ9 :5≅≅9Β, ΓΧΑ9Η=Α9Γ 8Φ5Α5Η=75≅≅Μ, =Β Φ979ΒΗ 897589Γ.

∀ΧΚ9ϑ9Φ, 5 ϑ9ΦΜ Φ979ΒΗ ∆=979 Χ: Φ9Γ95Φ7< (Η<=Γ Re+ e,, A885 & CΧΦΒ5;≅=5, 2006) ΓΙ;;9ΓΗΓ Η<5Η

ΓΑΧ?9ΦΓ Α5Μ 69 ΕΙ=9Η≅Μ ΤΙΒ8Χ=Β;Υ ΑΙ7< Χ: Η<9 =Α∆57Η, ΧΦ <95≅Η< 69Β9ΠΗ, Χ: Η<9 Φ98Ι798 ΒΙΑ69Φ

Χ: 7=;5Φ9ΗΗ9Γ ∆ΙΦ7<5Γ98 5Β8 ΓΑΧ?98. /Γ=Β; 85Η5 :ΧΦ Η<9 /− (∆Φ=Α5Φ=≅Μ :ΧΦ Η<9 ∆9Φ=Χ8 1988-1994)

Η<9Μ ΠΒ8 Η<5Η ΓΑΧ?9ΦΓ =Β<5≅9 Η<9=Φ Φ98Ι798 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ ΑΧΦ9 =ΒΗ9ΒΓ=ϑ9≅Μ 5Β8 ΧΨΓ9Η ΑΧΓΗ

1



Χ: Η<9 =Α∆57Η Χ: <=;<9Φ Η5Λ9Γ =Β Η<9 ∆ΦΧ79ΓΓ. .<=Γ ΠΒ8=Β; =Γ 8=ΓΗΙΦ6=Β;, 6975ΙΓ9 =Η ΓΙ;;9ΓΗΓ Η<5Η 5

ΗΜ∆9 Χ: Ρ∆Χ≅=7Μ Β9ΙΗΦ5≅=ΗΜΣ Α5Μ 69 5Η ΚΧΦ?.

.<9 ∆Φ9Γ9ΒΗ ∆5∆9Φ 5Φ;Ι9Γ Η<5Η Η<9 97ΧΒΧΑ=7Γ Χ: Η<=Γ ∆ΦΧ6≅9Α 75Β 69 89ϑ9≅Χ∆98 ΓΙ6ΓΗ5ΒΗ=5≅≅Μ

6Μ 8Φ5Κ=Β; ΧΒ 5 ≅5Φ;9 9Λ=ΓΗ=Β; 6Χ8Μ Χ: ≅=Η9Φ5ΗΙΦ9 =Β ΗΧΛ=7Χ≅Χ;Μ, 5Β8 Η<5Η Η<9 Φ9ΓΙ≅Η5ΒΗ 97ΧΒΧΑ=7

ΑΧ89≅ 75Β 69 ΙΓ98 ΗΧ 5Β5≅ΜΝ9 5 ΒΙΑ69Φ Χ: =Α∆ΧΦΗ5ΒΗ ∆Χ≅=7Μ =ΓΓΙ9Γ - Γ∆97=Π75≅≅Μ Η<9 89;Φ99 Χ:

=ΒΗ9ΒΓ=ΗΜ 7ΧΑ∆9ΒΓ5Η=ΧΒ Η<5Η Α=;<Η 69 5ΒΗ=7=∆5Η98 :ΦΧΑ 5 Φ98Ι798 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ ΓΑΧ?98,

=Β ΗΙΦΒ 75ΙΓ98 6Μ 5Β =Β7Φ95Γ9 =Β Η5Λ9Γ. .<=Γ =Γ Η<9 ∆Φ=Β7=∆5≅ Χ6>97Η=ϑ9 Χ: Η<9 ∆5∆9Φ. A 69<5ϑ=ΧΦ5≅

5∆∆ΦΧ57< ΗΧ Η<=Γ =ΓΓΙ9 =Γ ϑ5≅Ι56≅9 6ΧΗ< 6975ΙΓ9 Η<9 ΒΙΑ69Φ Χ: 97ΧΒΧΑ9ΗΦ=7 ΓΗΙ8=9Γ =Γ ΓΑ5≅≅, 5Β8

6975ΙΓ9 =Η =Γ ΙΓ9:Ι≅ ΗΧ =Α∆ΧΦΗ ?ΒΧΚ≅98;9 :ΦΧΑ ΧΗ<9Φ 8=Γ7=∆≅=Β9Γ =: Η<=Γ <9≅∆Γ ΗΧ 7ΧΒ79∆ΗΙ5≅=Ν9

∆ΦΧ6≅9ΑΓ 5Β8 69ΗΗ9Φ :ΧΦΑΙ≅5Η9 ∆Χ≅=7Μ. #Β 588=Η=ΧΒ Η<9 ∆5∆9Φ ΧΨ9ΦΓ ΓΧΑ9 75ΙΗ=ΧΒΓ ΧΒ <ΧΚ ΗΧ

=ΒΗ9Φ∆Φ9Η Η<9 97ΧΒΧΑ9ΗΦ=7 Φ9ΓΙ≅ΗΓ Χ: A885 5Β8 CΧΦΒ5;≅=5.

.<9 Β9ΛΗ Γ97Η=ΧΒ Χ: Η<9 ∆5∆9Φ 9Λ∆≅5=ΒΓ Η<9 ΗΧΛ=7Χ≅Χ;=75≅ 657?;ΦΧΙΒ8; Η<9 Η<=Φ8 Γ97Η=ΧΒ 6Ι=≅8Γ Η<9

ΙΗ=≅=ΗΜ ΑΧ89≅, 65Γ98 ΧΒ 5Β =Βϑ9ΒΗΧΦΜ Α5Β5;9Α9ΒΗ 5∆∆ΦΧ57<, 75≅=6Φ5Η9Γ =Η 5Β8 ΓΧ≅ϑ9Γ :ΧΦ Χ∆Η=Α5≅

Φ9Γ∆ΧΒΓ9Γ. .<9 :ΧΙΦΗ< Γ97Η=ΧΒ ∆Φ9Γ9ΒΗΓ ΠΒ8=Β;Γ ΧΒ Η<9 ≅=?9≅Μ 89;Φ99 Χ: =ΒΗ9ΒΓ=ΗΜ 7ΧΑ∆9ΒΓ5Η=ΧΒ.

−97Η=ΧΒ Πϑ9 ΧΨ9ΦΓ ΓΧΑ9 Χ6Γ9Φϑ5Η=ΧΒΓ ΧΒ A885 5Β8 CΧΦΒ5;≅=5ΣΓ Φ9ΓΙ≅ΗΓ, 5Β8 Γ97Η=ΧΒ Γ=Λ 7ΧΒ7≅Ι89Γ.

.Χ ∆Φ9ϑ=9Κ Η<9 ΠΒ8=Β;Γ: 7ΧΑ∆9ΒΓ5ΗΧΦΜ 69<5ϑ=ΧΙΦ =Β8998 5∆∆95ΦΓ ΗΧ 69 =Α∆ΧΦΗ5ΒΗ, 6ΙΗ =Η =Γ ΒΧΗ

ΓΙΞ7=9ΒΗ≅Μ ΓΗΦΧΒ; ΗΧ ;9Β9Φ5Η9 5 Η5Λ Ρ∆Χ≅=7Μ Β9ΙΗΦ5≅=ΗΜΣ ΧΙΗ7ΧΑ9.

2 Bac g∋∃∗#d a#d (∃∀e ∋e!e+a#) !i)e∋a)∗∋e

,9Γ95Φ7<9ΦΓ =Β ΗΧΛ=7Χ≅Χ;Μ 5Β8 6=Χ≅Χ;Μ, 5Β8 5 :9Κ =Β 97ΧΒΧΑ=7Γ, <5ϑ9 :ΧΦ ΓΧΑ9 Η=Α9 Φ97Χ;Β=Ν98

Η<9 ΦΧ≅9 ∆≅5Μ98 6Μ Η<9 =ΒΗ9ΒΓ=ΗΜ 7<Χ=79 =Β ΓΑΧ?=Β;. .<=Γ =Γ ∆5ΦΗ≅Μ 5Γ 5 Φ9ΓΙ≅Η Χ: 5 ≅ΧΒ;-ΦΙΒΒ=Β;

8=Γ5;Φ99ΑΒ9Η ΧΒ Η<9 ΙΓ9 Χ: Η<9 89Γ7Φ=∆ΗΧΦΓ Ρ≅=;<ΗΣ 5Β8 ΡΑ=≅8Σ ΧΒ 7=;5Φ9ΗΗ9 ∆57?5;9Γ. )∆∆ΧΒ9ΒΗΓ Χ:

Η<9 ΙΓ9 Χ: Η<9Γ9 89Γ7Φ=∆ΗΧΦΓ (Α5=Β≅Μ ;Χϑ9ΦΒΑ9ΒΗ Φ9;Ι≅5ΗΧΦΓ 5Β8 <95≅Η< Φ9Γ95Φ7<9ΦΓ) <5ϑ9 5Φ;Ι98,

Φ=;<Η≅Μ, Η<5Η ΓΑΧ?9ΦΓ =Β<5≅9 ΒΧΗ ΑΙ7< ≅9ΓΓ Β=7ΧΗ=Β9 5Β8 ΗΧΛ=ΒΓ :ΦΧΑ 5Β 5ϑ9Φ5;9 Ρ≅=;<Η/Α=≅8Σ 7=;5Φ9ΗΗ9

5Γ :ΦΧΑ 5 ΡΦ9;Ι≅5ΦΣ 7=;5Φ9ΗΗ9. .<9 9ΓΓ9ΒΗ=5≅ 8=Ψ9Φ9Β79 69ΗΚ99Β 5 Φ9;Ι≅5Φ ΓΗΦ9Β;Η< 7=;5Φ9ΗΗ9 5Β8

2



5 ≅=;<Η ΧΒ9 =Γ =Β Η<9 ∆ΧΦΧΓ=ΗΜ Χ: Η<9 Γ≅99ϑ9. .<9 ≅=;<Η ϑ5Φ=9ΗΜ <5Γ ΑΧΦ9 ∆9Φ:ΧΦ5Η=ΧΒΓ Η<5Β Η<9

Φ9;Ι≅5Φ ΗΜ∆9 5Β8 7ΧΒΓ9ΕΙ9ΒΗ≅Μ 5≅≅ΧΚΓ ΑΧΦ9 5=Φ ΗΧ ΘΧΚ Η<ΦΧΙ;< Η<9 Γ≅99ϑ9 Η<5Β 8ΧΚΒ Η<9 ΗΙ69. AΓ

5 7ΧΒΓ9ΕΙ9Β79, Κ<9Β Η<9 7=;5Φ9ΗΗ9Γ 5Φ9 ΓΑΧ?98 6Μ Α97<5Β=75≅ 89ϑ=79Γ, Η<9 Β=7ΧΗ=Β9 5Β8 Η5Φ ϑ5≅Ι9Γ

Φ9;=ΓΗ9Φ98 8=Ψ9Φ ΓΙ6ΓΗ5ΒΗ=5≅≅Μ 69ΗΚ99Β ≅=;<Η/Α=≅8 5Β8 Φ9;Ι≅5Φ. −99, :ΧΦ 9Λ5Α∆≅9, ∃5Φϑ=Γ, BΧΦ9<5Α

e) a∀ 2001, %ΧΝ≅ΧΚΓ?= e) a∀, 1998, ΧΦ /− D∀∀− 2000.

∀ΧΚ9ϑ9Φ, <ΙΑ5Β 69<5ϑ=ΧΦ ΧΨΓ9ΗΓ ΑΙ7< Χ: Η<9 =Α∆57Η Χ: Η<9 ΑΧΦ9 ∆ΧΦΧΙΓ Γ≅99ϑ9: =Β8=ϑ=8Ι5≅Γ =Β

Η9ΓΗΓ 5Φ9 Χ6Γ9Φϑ98 ΗΧ 7Ι∆ Η<9=Φ ΠΒ;9ΦΓ 5ΦΧΙΒ8 Η<9 Γ≅99ϑ9/Π≅Η9Φ 5Β8 ΓΧ 6≅Χ7? Η<9 ∆9Φ:ΧΦ5Η=ΧΒΓ, 5Β8

ΗΧ =Β<5≅9 :ΧΦ 5 ≅ΧΒ;9Φ ∆9Φ=Χ8 ς ∆9Φ<5∆Γ ΗΚΧ Γ97ΧΒ8Γ Φ5Η<9Φ Η<5Β ΧΒ9 5Β8 ΧΒ9 <5≅: Γ97ΧΒ8Γ. .<9Φ9

=Γ ΒΧ ≅ΧΒ;9Φ 5ΒΜ 8ΧΙ6Η 56ΧΙΗ Η<9Γ9 ∆Φ57Η=79Γ, 5Β8 =Η =Γ Φ95≅≅Μ >ΙΓΗ 5 ΕΙ9ΓΗ=ΧΒ Χ: ΗΧ Κ<5Η 89;Φ99 5Β

=Β8=ϑ=8Ι5≅ Κ=≅≅ ΧΨΓ9Η Η<9 ∆ΧΗ9ΒΗ=5≅ Φ98Ι7Η=ΧΒ =Β ΗΧΛ=7 =ΒΗ5?9 =Β Η<9 ≅=;<Η9Φ 7=;5Φ9ΗΗ9 (9.;. ∀5ΑΑΧΒ8

e) a∀, 2006, ΧΦ ∀5ΦΦ=Γ, 2004).

 =;ΙΦ9 1 69≅ΧΚ =Γ Η5?9Β :ΦΧΑ ∃5Φϑ=Γ, BΧΦ9<5Α e) a∀. )Β Η<9 ϑ9ΦΗ=75≅ 5Λ=Γ =Γ Η<9 7ΧΗ=Β=Β9 7ΧΒΗ9ΒΗ

Χ: Γ5≅=ϑ5 Γ5Α∆≅9Γ Η5?9Β :ΦΧΑ ΓΑΧ?9ΦΓ, 5Β8 ΧΒ Η<9 <ΧΦ=ΝΧΒΗ5≅ 5Λ=Γ =Γ 5 Α95ΓΙΦ9 Χ: Η<9 ∆Φ=ΒΗ98

Β=7ΧΗ=Β9 ΓΗΦ9Β;Η< Χ: Η<9 7ΧΦΦ9Γ∆ΧΒ8=Β; 7=;5Φ9ΗΗ9Γ ΓΑΧ?98. CΧΗ=Β=Β9 =Γ 5 Α9Η56Χ≅=Η9 Χ: Β=7ΧΗ=Β9

Κ=Η< 5 ≅ΧΒ; <5≅: ≅=:9. (=7ΧΗ=Β9 <5Γ 5 Φ9≅5Η=ϑ9Φ≅Μ Γ<ΧΦΗ <5≅: ≅=:9, 5Β8 Η<9Φ9:ΧΦ9 Β=7ΧΗ=Β9 Γ5Α∆≅9Γ 5Φ9

ΒΧΗ ϑ9ΦΜ =Β:ΧΦΑ5Η=ϑ9 =Β8=75ΗΧΦ Χ: Η<9 5ΑΧΙΒΗ Χ: Β=7ΧΗ=Β9 =Β;9ΓΗ98 8ΙΦ=Β; 5 ;=ϑ9Β Η=Α9 ∆9Φ=Χ8. (.<=Γ

Φ9≅5Η=ΧΒΓ<=∆ =Γ 89ϑ9≅Χ∆98 :Ι≅≅Μ =Β Η<9 ΑΧ89≅ Γ97Η=ΧΒ 69≅ΧΚ.) .<9Φ9 5Φ9 ΗΚΧ ΒΧΗ56≅9 5Γ∆97ΗΓ Χ: Η<=Γ

;Φ5∆<=7. )Β9 =Γ Η<5Η Η<9 ;Φ58=9ΒΗ =Β7Φ95Γ9Γ ϑ9ΦΜ Γ≅ΧΚ≅Μ ς =Β8=75Η=Β; Η<5Η ΓΗΦΧΒ;9Φ 7=;5Φ9ΗΗ9Γ 8Χ

ΒΧΗ Β979ΓΓ5Φ=≅Μ Φ9ΓΙ≅Η =Β ΓΙ6ΓΗ5ΒΗ=5≅≅Μ ΑΧΦ9 Β=7ΧΗ=Β9 ΧΦ 7ΧΗ=Β=Β9 =Β Η<9 6Χ8Μ. −97ΧΒ8, =Γ Η<9 ;Φ95Η

ϑ5Φ=5Η=ΧΒ 5ΑΧΒ; ΓΑΧ?9ΦΓ =Β Η<9 5ΑΧΙΒΗ Χ: 7ΧΗ=Β=Β9 :ΧΙΒ8 =Β Η<9=Φ ΓΜΓΗ9Α.

1<=≅9 ΓΑΧ?=Β; 7=;5Φ9ΗΗ9Γ ΑΧΦ9 =ΒΗ9ΒΓ=ϑ9≅Μ Μ=9≅8Γ ΑΧΦ9 Χ: 5 Β=7ΧΗ=Β9 6ΧΧΓΗ :ΦΧΑ 5 ;=ϑ9Β 7=;5Φ9ΗΗ9,

=Η <5Γ 699Β Φ97Χ;Β=Ν98 :ΧΦ ΓΧΑ9 Η=Α9 6Μ 97ΧΒΧΑ=ΓΗΓ Η<5Η ΓΑΧ?9ΦΓ Α5Μ 5≅ΓΧ 7<ΧΧΓ9 ΗΧ ΓΚ=Η7< ΗΧ

6Φ5Β8Γ Η<5Η <5ϑ9 ;Φ95Η9Φ Β=7ΧΗ=Β9 ∆ΧΗ9ΒΗ=5≅ (Η<=Γ 5ΓΓΙΑ9Γ Η<5Η =ΒΗ9ΒΓ=ΗΜ 7ΧΑ∆9ΒΓ5Η=ΧΒ =Γ ≅9ΓΓ Η<5Β

ΧΒ9 <ΙΒ8Φ98 ∆9Φ79ΒΗ) =Β Η<9 :579 Χ: Η5Λ =Β7Φ95Γ9Γ Η<5Η 5Φ9 ΙΒ=:ΧΦΑ 57ΦΧΓΓ 6Φ5Β8 ΓΗΦ9Β;Η<Γ. .<9

95Φ≅=9ΓΗ 97ΧΒΧΑ9ΗΦ=7 ΚΧΦ? ΗΧ <5ϑ9 5Β =Α∆57Η Κ5Γ 8ΧΒ9 6Μ Eϑ5ΒΓ 5Β8  5ΦΦ9≅≅Μ, 1998;  5ΦΦ9≅≅Μ 5Β8

7Χ5ΙΗ<ΧΦΓ 89ϑ9≅Χ∆98 Η<9 =895Γ :ΙΦΗ<9Φ =Β 2004, Κ<=≅9 ∀5ΦΦ=Γ <58 ∆ΦΧ∆ΧΓ98 =Β 1980 Η<5Η 7=;5Φ9ΗΗ9
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Η5Λ9Γ Γ<ΧΙ≅8 Φ9Θ97Η Η<9 Η5Φ 5Β8 Β=7ΧΗ=Β9 7ΧΒΗ9ΒΗ Χ: 7=;5Φ9ΗΗ9Γ.

/Β89ΦΓΗ5Β8=Β; Η<9 =ΒΗ9ΒΓ=ΗΜ 897=Γ=ΧΒ =Γ 7ΦΙ7=5≅. 1<Μ 8Χ9Γ 5 ΓΑΧ?9Φ =Β ΓΧΑ9 =ΒΓΗ5Β79Γ ΓΑΧ?9

5 7=;5Φ9ΗΗ9 ϑ9ΦΜ =ΒΗ9ΒΓ=ϑ9≅Μ, 5Β8 =Β ΧΗ<9Φ 7=Φ7ΙΑΓΗ5Β79Γ 5Η 5 ≅ΧΚ ≅9ϑ9≅ Χ: =ΒΗ9ΒΓ=ΗΜ? .<9 5ΒΓΚ9Φ

∆ΦΧϑ=898 6Μ Η<9 ∆<ΜΓ=75≅ Γ7=9Β79Γ =Β8=75Η9Γ Η<5Η, Κ<=≅9 ΑΧΦ9 Β=7ΧΗ=Β9 =Β Η<9 6Χ8Μ ;=ϑ9Γ ΓΑΧ?9ΦΓ

5 <=;<9Φ ≅9ϑ9≅ Χ: Γ5Η=Γ:57Η=ΧΒ, Β=7ΧΗ=Β9 =Γ 5≅ΓΧ 577ΧΑ∆5Β=98 6Μ Α5ΒΜ Β5ΓΗΜ ΗΧΛ=ΒΓ Η<5Η ΒΧΗ ΧΒ≅Μ

75ΙΓ9 75Β79Φ 6ΙΗ 5≅ΓΧ Γ<ΧΦΗ-Η9ΦΑ 8=Γ7ΧΑ:ΧΦΗ. C5Φ6ΧΒ ΑΧΒΧΛ=89 =Γ ΧΒ9 ΓΙ7< ΗΧΛ=Β, 5Β8 <=;< Φ5Η9Γ

Χ: =Β<5≅5Η=ΧΒ Φ9ΓΙ≅Η =Β 5 7ΧΒ79ΒΗΦ5Η=ΧΒ Χ: 75Φ6ΧΒ ΑΧΒΧΛ=89 Κ<=7<, =Β ΗΙΦΒ, ≅958Γ ΗΧ 8=ΝΝ=Β9ΓΓ 5Β8

Β5ΙΓ95. A77ΧΦ8=Β;≅Μ, Η<9 =ΒΗ9ΒΓ=ΗΜ 897=Γ=ΧΒ =ΒϑΧ≅ϑ9Γ 5 ΗΦ589 ΧΨ 69ΗΚ99Β ;9ΗΗ=Β; ΑΧΦ9 Β=7ΧΗ=Β9 =ΒΗΧ

Η<9 ΓΜΓΗ9Α ΧΒ Η<9 ΧΒ9 <5Β8 5Γ 5 Φ9ΓΙ≅Η Χ: ΓΑΧ?=Β; ΑΧΦ9 =ΒΗ9ΒΓ=ϑ9≅Μ, 5Β8 Φ98Ι7=Β; 75Φ6ΧΒ ΑΧΒΧΛ=89

6Μ ΓΑΧ?=Β; ≅9ΓΓ =ΒΗ9ΒΓ=ϑ9≅Μ, ΧΒ Η<9 ΧΗ<9Φ. .<=Γ =Α∆≅=9Γ Η<5Η =: 7=;5Φ9ΗΗ9Γ <5ϑ9 5 ≅ΧΚ ∆Φ=79, ΓΑΧ?9ΦΓ

Γ<ΧΙ≅8 ΓΑΧ?9 5 ≅ΧΗ Χ: Η<9Α 5Η ≅ΧΚ ≅9ϑ9≅Γ Χ: =ΒΗ9ΒΓ=ΗΜ; 6ΙΗ 5Η <=;<9Φ ∆Φ=79Γ Η<9Μ 75Β ≅9ΓΓ 5ΨΧΦ8 Η<=Γ

≅ΧΚ-Μ=9≅8 69<5ϑ=ΧΦ 5Β8 Η<9Φ9:ΧΦ9 Γ<ΧΙ≅8 =Β<5≅9 5 ΓΑ5≅≅9Φ ΒΙΑ69Φ ΑΧΦ9 =ΒΗ9ΒΓ=ϑ9≅Μ.

B9:ΧΦ9 89ϑ9≅Χ∆=Β; 5 ΙΗ=≅=ΗΜ-Α5Λ=Α=Ν=Β; Η<5Η =Β7ΧΦ∆ΧΦ5Η9Γ Η<=Γ ΗΦ589-ΧΨ, =Η =Γ =ΒΓΗΦΙ7Η=ϑ9 ΗΧ ϑ=9Κ

Κ<5Η A885 5Β8 CΧΦΒ5;≅=5 8=Γ7Χϑ9Φ98 Κ<9Β 9Λ5Α=Β=Β; Η<9 Φ9≅5Η=ΧΒΓ<=∆ 69ΗΚ99Β 7=;5Φ9ΗΗ9Γ ΓΑΧ?98

5Β8 7ΧΗ=Β=Β9.  =;ΙΦ9 2 69≅ΧΚ =Γ 5≅ΓΧ Η<9=Φ Π;ΙΦ9 2, 5Β8 ΓΙ∆∆ΧΦΗΓ Η<9 ∆5ΗΗ9ΦΒ =Β Π;ΙΦ9 1: Κ<9Β

Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ =Β7Φ95Γ9Γ :ΦΧΑ 5 ≅ΧΚ Φ5Β;9 Χ: 56ΧΙΗ 7 ΗΧ 5 <=;<9Φ Φ5Β;9 Χ: 5ΦΧΙΒ8 22,

7ΧΗ=Β=Β9 =Β7Φ95Γ9Γ 6Μ 5 ΑΙ7< ≅ΧΚ9Φ ∆ΦΧ∆ΧΦΗ=ΧΒ. A;5=Β Η<9=Φ 85Η5 ΓΙ;;9ΓΗ 5 Κ=89 Φ5Β;9 Χ: =Β8=ϑ=8Ι5≅

∆5ΗΗ9ΦΒΓ, 6ΙΗ ΓΗΦΧΒ;≅Μ ΓΙ∆∆ΧΦΗ Η<9 Η9Β89Β7Μ ΗΧ ΓΑΧ?9 ;Φ95Η9Φ ΒΙΑ69ΦΓ Χ: 7=;5Φ9ΗΗ9Γ 5Η 5 ≅ΧΚ9Φ

≅9ϑ9≅ Χ: =ΒΗ9ΒΓ=ΗΜ.

3 A ∀∃de! ∃f I#di+id∗a! Beha+i∃∋

D9Γ7Φ=∆Η=ΧΒΓ Χ: Η<9 =Α∆57Η 5Β8 69<5ϑ=ΧΦ Χ: Β=7ΧΗ=Β9 =Β Η<9 6Χ8Μ 5Φ9 Κ=89Γ∆Φ958 (:ΧΦ 9Λ5Α∆≅9,

B9ΒΧΚ=ΗΝ 9Η 5≅, 2002, 2004, 2005). (=7ΧΗ=Β9 =Β8Ι79Γ 588=7Η=ΧΒ 6Μ =Α∆57Η=Β; Γ∆97=Π7 Φ9;=ΧΒΓ =Β Η<9

6Φ5=Β. .<9Φ95:Η9Φ, Β=7ΧΗ=Β9 =ΒΗ5?9 Η<5Η =Γ ∆ΦΧ79ΓΓ98 6Μ Η<9 ≅ΙΒ;Γ, :98 =ΒΗΧ Η<9 6≅ΧΧ8 ΓΗΦ95Α 5Β8

ΗΦ5ΒΓ∆ΧΦΗ98 ΗΧ Η<9 6Φ5=Β, ∆ΦΧ8Ι79Γ 5 Γ9ΒΓ9 Χ: ∆≅95ΓΙΦ9. BΙΗ Β=7ΧΗ=Β9 <5Γ 5 Φ9≅5Η=ϑ9≅Μ Γ<ΧΦΗ ≅=:9, 5Β8
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ΓΧ ΗΧ Γ5Η=Γ:Μ Η<9 6Φ5=Β Β=7ΧΗ=Β9 ΑΙΓΗ 69 =Β;9ΓΗ98 ΧΒ 5 Φ9;Ι≅5Φ 65Γ=Γ. .97<Β=75≅≅Μ, Β=7ΧΗ=Β9 <5Γ 5

<5≅: ≅=:9 Χ: 56ΧΙΗ ΧΒ9 <ΧΙΦ, Κ<=7< =Γ ΗΧ Γ5Μ Η<5Η <5≅: Χ: Η<9 Β=7ΧΗ=Β9 Η<5Η =Γ =Β<5≅98 :ΦΧΑ 5 7=;5Φ9ΗΗ9

=Γ Α9Η56Χ≅=Ν98 (ΗΦ5ΒΓ:ΧΦΑ98) =ΒΗΧ 5ΒΧΗ<9Φ ∆ΦΧ8Ι7Η, 7ΧΗ=Β=Β9, =Β Η<5Η Η=Α9 ∆9Φ=Χ8. CΧΗ=Β=Β9 =Γ

ΓΙ6Γ9ΕΙ9ΒΗ≅Μ 9Λ7Φ9Η98 :ΦΧΑ Η<9 6Χ8Μ, 5Η 5 Γ≅ΧΚ Φ5Η9. .<ΙΓ Η<9 56=≅=ΗΜ Χ: 5 ;=ϑ9Β ΕΙ5ΒΗ=ΗΜ Χ:

=Β;9ΓΗ98 Β=7ΧΗ=Β9 ΗΧ Γ5Η=Γ:Μ Η<9 ∆≅95ΓΙΦ9-Γ99?=Β; 5Φ95 Χ: Η<9 6Φ5=Β =Γ ≅=Α=Η98 Η=Α9 Κ=Γ9.

#Η :Χ≅≅ΧΚΓ Η<5Η Η<9 5ΑΧΙΒΗ Χ: Β=7ΧΗ=Β9 =Β<5≅98, 5Β8 9Λ57Η≅Μ Κ<9Β =Η =Γ =Β<5≅98, 5Ψ97ΗΓ Η<9

∆≅95ΓΙΦ9 Χ6Η5=Β98 Η<ΦΧΙ;<ΧΙΗ 5 85Μ. .<9Φ9 =Γ Η<ΙΓ 5 8ΜΒ5Α=7 5ΓΓΧ7=5Η98 Κ=Η< ΓΑΧ?=Β;, Η<5Η =Γ

8=ΓΗ=Β7Η :ΦΧΑ Η<9 ΗΜ∆9 Χ: 8ΜΒ5Α=7 89ϑ9≅Χ∆98 =Β B97?9Φ 5Β8 ∋ΙΦ∆<Μ, 1988, Κ<Χ 9Λ5Α=Β9 Η<9 =Α∆57Η

ΧΒ ΓΑΧ?=Β; Χ: Η<9 ∆ΧΓΓ=6=≅=ΗΜ Χ: 697ΧΑ=Β; 588=7Η98, ΧΦ Η<9 8ΜΒ5Α=7 Χ: !ΦΙ69Φ 5Β8 %ΧΓΝ9;=, 2004,

Κ<Χ 89ϑ9≅Χ∆ 5 Φ5ΗΧΒ5≅9 :ΧΦ Η5Λ ∆Χ≅=7=9Γ ΗΧ 7ΧΙΒΗ9Φ Η=Α9-=Β7ΧΒΓ=ΓΗ9ΒΗ ∆≅5ΒΒ=Β;.

3.1 The (e)∗%

.Χ :ΧΦΑ5≅=Ν9 Η<=Γ =895, ΓΙ∆∆ΧΓ9 N ΙΒ=ΗΓ Χ: Β=7ΧΗ=Β9 5Φ9 =Β;9ΓΗ98 5Η Η=Α9 (1. .<9Β =Β Η<9 ΓΙ6Γ9ΕΙ9ΒΗ

Η=Α9 =ΒΗ9Φϑ5≅ Η<9Φ9 =Γ 5Β 5ΑΧΙΒΗ Ne��(t�t1) Χ: Β=7ΧΗ=Β9 =Β Η<9 ΓΜΓΗ9Α 5Η 5ΒΜ Η=Α9 =ΒΓΗ5ΒΗ ( , Κ<9Φ9

� =Γ Η<9 ?ΒΧΚΒ 8975Μ Φ5Η9; Η<5Η =Γ, Η<9 8975Μ Φ5Η9 Μ=9≅8=Β; 5 <5≅: ≅=:9 Χ: ΧΒ9 <ΧΙΦ. A ΓΑΧ?9Φ ;9ΗΓ

∆ΧΓ=Η=ϑ9 ΙΗ=≅=ΗΜ :ΦΧΑ Η<=Γ Β=7ΧΗ=Β9 5Β8 ≅9Η Η<=Γ 69 Χ: Η<9 ∆ΧΚ9Φ :ΧΦΑ Up = N� Κ<9Φ9 � < 1: #Η

:Χ≅≅ΧΚΓ Η<5Η, =Β Η<9 =ΒΗ9Φϑ5≅ f(1; (2g, ΙΗ=≅=ΗΜ =Γ Η<9 =ΒΗ9;Φ5≅

Z t2

t1

N�
tie

���(t�t1)d( (1)

#: 5Β =Β8=ϑ=8Ι5≅ ΓΑΧ?9Γ c 7=;5Φ9ΗΗ9Γ ∆9Φ 85Μ, 5Β8 =Β<5≅9Γ N ΙΒ=ΗΓ Χ: Β=7ΧΗ=Β9 :ΦΧΑ 957<, ΓΗ5ΦΗ=Β;

5Η =ΒΓΗ5ΒΗ (1 5Β8 9Β8=Β; 5Η T , Η<9Β ΙΗ=≅=ΗΜ =Γ ;=ϑ9Β 6Μ Η<9 ΓΙΑ Χ: ΙΗ=≅=ΗΜ =Β 957< Χ: Η<9 c ΓΙ6∆9Φ=Χ8Γ

Up =
X

i=1::T�1

�
Z ti+1

ti

N�
tie

���(t�ti)d(

�

; (2)

Κ<9Φ9 Nt =Γ Η<9 5ΑΧΙΒΗ Χ: Β=7ΧΗ=Β9 =Β Η<9 ΓΜΓΗ9Α 5Η Η<9 ΓΗ5ΦΗ Χ: 957< =ΒΗ9Φϑ5≅. .<9 c =ΒΗ9Φϑ5≅Γ 5Φ9

6ΧΙΒ898 6Μ Η<9 c+ 1 ∆Χ=ΒΗΓ ΧΦ =ΒΓΗ5ΒΗΓ (1::(T .

.<9 7<Χ=79 Χ: =ΒΗ9ΒΓ=ΗΜ N =Γ 89Η9ΦΑ=Β98 6ΧΗ< 6Μ Η<9 5ΑΧΙΒΗ Χ: ∆≅9ΓΙΦ9 =Η Μ=9≅8Γ Η<ΦΧΙ;<ΧΙΗ
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Η<9 85Μ Η<ΦΧΙ;< Β=7ΧΗ=Β9, 5Β8 6Μ Η<9 ΡΙ∆-:ΦΧΒΗΣ 8=ΓΙΗ=≅=ΗΜ =Η ;9Β9Φ5Η9Γ ΧΒ 577ΧΙΒΗ Χ: Η<9 5ΓΓΧ7=5Η98

Β5ΙΓ95 Η<5Η, =Β ΗΙΦΒ, =Γ 89Η9ΦΑ=Β98 6Μ Η<9 89;Φ99 Χ: =Β<5≅5Η=ΧΒ/=ΒΗ9ΒΓ=ΗΜ. A77ΧΦ8=Β;≅Μ, 89ΠΒ=Β; Η<9

8=ΓΙΗ=≅=ΗΜ 5ΓΓΧ7=5Η98 Κ=Η< Η<=Γ ≅5ΗΗ9Φ =Α∆57Η 6Μ Ud = N
�, Β9Η ΙΗ=≅=ΗΜ :ΦΧΑ 85=≅Μ ΓΑΧ?=Β; 697ΧΑ9Γ:

U = Up � Ud =
X

i=1::T�1

�
Z ti+1

ti

N�
tie

���(t�ti)d(

�

� cN�; (3)

#Β =ΒΗΙ=Η=ϑ9 Η9ΦΑΓ, Η<9 56Χϑ9 ΓΗ5Η9Γ Η<5Η =:, :ΧΦ 9Λ5Α∆≅9, 5 ΓΑΧ?9Φ Κ9Φ9 ΗΧ ΓΑΧ?9 ΧΒ9 7=;5Φ9ΗΗ9

957< <ΧΙΦ, Η<9 Φ9ΓΙ≅Η=Β; ΓΗΧ7? Χ: Β=7ΧΗ=Β9 =Β Η<9 6Χ8Μ Μ=9≅8Γ ΙΗ=≅=ΗΜ 5Η 957< ΓΙ6Γ9ΕΙ9ΒΗ =ΒΓΗ5ΒΗ

Η<ΦΧΙ;<ΧΙΗ Η<9 85Μ, 6ΙΗ Η<5Η Η<9Φ9 =Γ ΓΧΑ9 8=ΓΙΗ=≅=ΗΜ =Β Η<9 =Β=Η=5≅ ∆<5Γ9 Χ: 957< <ΧΙΦ ΧΒ 577ΧΙΒΗ

Χ: Η<9 Β5ΙΓ9ΧΙΓ =Α∆57Η Χ: Η<9 75Φ6ΧΒ ΑΧΒΧΛ=89 5ΓΓΧ7=5Η98 Κ=Η< =Β<5≅5Η=ΧΒ. #Η =Γ Η<=Γ Β9;5Η=ϑ9

ΙΗ=≅=ΗΜ ∆ΧΗ9ΒΗ=5≅ Χ: <=;<-=ΒΗ9ΒΓ=ΗΜ ΓΑΧ?=Β; Η<5Η ≅=Α=ΗΓ Η<9 =ΒΗ5?9 Χ: Β=7ΧΗ=Β9 ΗΧ 5 ≅9ϑ9≅ 69≅ΧΚ =ΗΓ

Α5Λ=ΑΙΑ.

3.2 O%)i∀i.a)i∃# a#d (∃!∗)i∃# a!g∃∋i)h∀

 ΧΦ 5 ;=ϑ9Β Γ9Η Χ: Φ9≅5Η=ϑ9 ∆Φ=79Γ 69ΗΚ99Β 7=;5Φ9ΗΗ9Γ 5Β8 ΧΗ<9Φ ;ΧΧ8Γ, Η<9 7ΧΒΓΙΑ9Φ ΑΙΓΗ 7<ΧΧΓ9

Η<9 Χ∆Η=Α5≅ ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ, Η<9 Χ∆Η=Α5≅ Γ∆57=Β; 8ΙΦ=Β; Η<9 85Μ Χ: ΓΙ7< 7=;5Φ9ΗΗ9Γ, 5Β8

Η<9 Χ∆Η=Α5≅ =ΒΗ9ΒΓ=ΗΜ Κ=Η< Κ<=7< ΗΧ ΓΑΧ?9 Η<9Α. .<9 ΓΧ≅ΙΗ=ΧΒ ΓΗΦ5Η9;Μ =Γ Γ9ΕΙ9ΒΗ=5≅: Χ∆Η=Α=Ν9

ΧΒ Η<9 Η=Α=Β; Χ: 957< 7=;5Φ9ΗΗ9, 7ΧΒ8=Η=ΧΒ5≅ Ι∆ΧΒ 5 ;=ϑ9Β ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ ∆ΙΦ7<5Γ98; Η<9Β

Η<9 Χ∆Η=Α5≅ =ΒΗ9ΒΓ=ΗΜ 75Β 69 7<ΧΓ9Β; ΠΒ5≅≅Μ, Φ9≅5Η=ϑ9 ∆Φ=79Γ 89Η9ΦΑ=Β9 Η<9 ΕΙ5ΒΗ=ΗΜ Χ: 7=;5Φ9ΗΗ9Γ

∆ΙΦ7<5Γ98.

 ΧΦΑ5≅≅Μ, =Β Η9ΦΑΓ Χ: 9ΕΙ5Η=ΧΒ (2), Η<9 ΓΑΧ?9Φ ΠΦΓΗ 7<ΧΧΓ9Γ Η<9 Γ9Η f(1; (2::(T�1g, 7ΧΒ8=Η=ΧΒ5≅

Ι∆ΧΒ Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ ΓΑΧ?98. .<9 7<Χ=79 Χ: Η<=Γ Η=Α=Β; ϑ97ΗΧΦ 75Β 69 Γ9∆5Φ5Η98 :ΦΧΑ

Η<9 7<Χ=79 Χ: =ΒΗ9ΒΓ=ΗΜ, Γ=Β79 Η<9 Α5Λ=Α5Β8 75Β 69 ΚΦ=ΗΗ9Β 5Γ:

Ma+fti;N ; cg U = N�
X

i=0::T�1

�
Z ti+1

ti

e���(t�ti)d(

�

� cN� = N�V � cN�: (4)

.<ΙΓ, ΗΧΗ5≅ ∆ΧΓ=Η=ϑ9 ΙΗ=≅=ΗΜ =Γ Η<9 ∆ΦΧ8Ι7Η Χ: Η<9 ≅9ϑ9≅ Χ: Β=7ΧΗ=Β9 =ΒΗ5?9 Φ5=Γ98 ΗΧ Η<9 ∆ΧΚ9Φ Χ: �,
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5Β8 Η<9 ΙΗ=≅=ΗΜ Η<5Η 577ΦΙ9Γ 8ΙΦ=Β; Η<9 85Μ ΗΧ ΓΑΧ?=Β; 957< 7=;5Φ9ΗΗ9 5Η ΙΒ=Η =ΒΗ9ΒΓ=ΗΜ N = 1:

.<9 ΙΒ=Η ΒΧΦΑ5≅=Ν5Η=ΧΒ ΧΒ N 75Β 69 Η<ΧΙ;<Η Χ: 5Γ ΧΒ9 Α=≅≅=;Φ5Α Χ: Β=7ΧΗ=Β9 ∆9Φ 7=;5Φ9ΗΗ9, 5 7≅ΧΓ9

5∆∆ΦΧΛ=Α5Η=ΧΒ ΗΧ Α98=5Β ΓΑΧ?9Φ 69<5ϑ=ΧΙΦ. .<=Γ ∆ΦΧ;Φ5Α 75Β 69 =ΒΗ9;Φ5Η98 Κ=Η< Φ9Γ∆97Η ΗΧ (,

5Β8 Η<9Β 5 Γ9Η Χ: 7<Χ=79Γ :ΧΦ Η<9 c Η=Α9 ∆9Φ=Χ8 6ΧΙΒ85Φ=9Γ (i Α5Μ 69 Χ6Η5=Β98 :ΦΧΑ Η<9 ;Φ58=9ΒΗ

ϑ97ΗΧΦ @Up=@(i = 0. #ΒΗ9;Φ5Η=Β; Μ=9≅8Γ

U = N�
X

i=0::T�1

e���(ti+1�ti) � 1

���
� cN�: (5)

D=Ψ9Φ9ΒΗ=5Η=Β; Η<=Γ Κ=Η< Φ9Γ∆97Η ΗΧ 957< (i Μ=9≅8Γ 7ΧΒ8=Η=ΧΒΓ Η<5Η 5Φ9 7ΧΑ∆≅9Λ =Β Η<9 9ΛΗΦ9Α9.

.Χ Γ99 Η<=Γ, ΓΙ∆∆ΧΓ9 5Β =Β8=ϑ=8Ι5≅ ΓΑΧ?9Γ 30 7=;5Φ9ΗΗ9Γ ∆9Φ 85Μ. .<9 7<Χ=79 Χ: Κ<9Β ΗΧ ΓΑΧ?9

Η<9 Γ97ΧΒ8 ΧΦ Η<=Φ8 7=;5Φ9ΗΗ9 Κ=≅≅ <5ϑ9 7ΧΒΓ9ΕΙ9Β79Γ ΧΒ Η<9 ΙΗ=≅=ΗΜ Χ6Η5=Β98 :ΦΧΑ 9ϑ9ΦΜ ΓΙ6Γ9ΕΙ9ΒΗ

7=;5Φ9ΗΗ9 - 6975ΙΓ9 Β=7ΧΗ=Β9 8975Μ =Γ =Β7ΧΑ∆≅9Η9 :ΦΧΑ =ΒΗ9Φϑ5≅ ΗΧ =ΒΗ9Φϑ5≅. ∗ΧΓΗ∆ΧΒ=Β; Η<9 Η=Α9 Χ:

Η<9 Β9ΛΗ 7=;5Φ9ΗΗ9 Α95ΒΓ Η<5Η ΑΧΦ9 Β=7ΧΗ=Β9 =Γ 75ΦΦ=98 ΗΧ 5≅≅ ΓΙ6Γ9ΕΙ9ΒΗ Η=Α9 =ΒΗ9Φϑ5≅Γ. CΧΒΓ9-

ΕΙ9ΒΗ≅Μ, Η<9 7<Χ=79 Χ:, Γ5Μ (2; =ΒΘΙ9Β79Γ Η<9 ΙΗ=≅=ΗΜ Χ6Η5=Β98 =Β 5≅≅ 30 Η=Α9 =ΒΗ9Φϑ5≅Γ. A77ΧΦ8=Β;≅Μ,

ΗΧ Φ98Ι79 Η<9 8=Α9ΒΓ=ΧΒ5≅=ΗΜ Χ: Η<9 ∆ΦΧ6≅9Α ΗΧ Α5Β5;956≅9 ∆ΦΧ∆ΧΦΗ=ΧΒΓ, Η<9 Γ95Φ7< 5≅;ΧΦ=Η<Α =Γ

65Γ98 ΧΒ 5Β 5∆∆ΦΧΛ=Α5Η9 Γ9Η Χ: ΠΦΓΗ ΧΦ89Φ 7ΧΒ8=Η=ΧΒΓ =Β Α5?=Β; Η<9 Η=Α=Β; 7<Χ=79Γ.

−=Β79 Η<9 8975Μ Φ5Η9 Χ: Β=7ΧΗ=Β9 =Γ ΑΧ89Φ5Η9, 5 ϑ9ΦΜ ;ΧΧ8 ΒΙΑ9Φ=75≅ 5∆∆ΦΧΛ=Α5Η=ΧΒ ΗΧ Η<9 :Ι≅≅

ΙΒ89Φ≅Μ=Β; ΠΦΓΗ ΧΦ89Φ 7ΧΒ8=Η=ΧΒΓ 75Β 69 Χ6Η5=Β98 6Μ ≅=Α=Η=Β; 5ΗΗ9ΒΗ=ΧΒ ΗΧ Η<9 =Α∆57Η Χ: Η<9 7<Χ=79

Χ: 5ΒΜ (i ΧΒ 5 ΓΑ5≅≅ ΒΙΑ69Φ Χ: =ΒΗ9Φϑ5≅Γ. #Β ∆5ΦΗ=7Ι≅5Φ, :Χ7ΙΓΓ=Β; ΧΒ Η<9 ΙΗ=≅=ΗΜ Χ6Η5=Β98 =Β Η<9

=ΒΗ9Φϑ5≅Γ ΧΒ 9=Η<9Φ Γ=89 Χ: 5ΒΜ (i, 5Β8 ΗΚΧ :ΙΦΗ<9Φ :ΙΗΙΦ9 ∆9Φ=Χ8Γ, Α95ΒΓ Η<5Η 5Β 5∆∆ΦΧΛ=Α5Η9 ΠΦΓΗ

ΧΦ89Φ 7ΧΒ8=Η=ΧΒ 75Β 69 Χ6Η5=Β98 6Μ 8=Ψ9Φ9ΒΗ=5Η=Β;

Z = N�
ti�1

e���(ti�ti�1) � 1

���
+N�

ti

e���(ti+1�ti) � 1

���
+N�

ti+1

e���(ti+2�ti+1) � 1

���
+N�

ti+2

e���(ti+3�ti+2) � 1

���
;

(6)

Κ=Η< Φ9Γ∆97Η ΗΧ (i, ΙΓ=Β; Η<9 Φ9≅5Η=ΧΒΓ
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Nti = Nti�1e
��(ti�ti�1) +N ;

@Nti
@(i

= Nti�1(��)e
��(ti�ti�1);

@Nti+1
@Ni

= e��(ti+1�ti): (7)

.<=Γ Μ=9≅8Γ, 5:Η9Φ ΓΧΑ9 Φ95ΦΦ5Β;=Β; Χ: Η9ΦΑΓ:

@Z

@(i
= N�

ti�1e
���(ti�ti�1)

�N�
tie

���(ti+1�ti) +
�

e���(ti+1�ti) � 1
�

N�
tiNti�1e

��(ti�ti�1)

�
�

e���(ti+2�ti+1) � 1
�

N��1
ti+1 Ne

��(ti+1�ti) �
�

e���(ti+3�ti+2) � 1
�

N��1
ti+2 Ne

��(ti+2�ti) (8)

.<9 ΓΧ≅ΙΗ=ΧΒ 5≅;ΧΦ=Η<Α ΓΗ5ΦΗΓ 6Μ 5≅≅Χ75Η=Β; Η<9 7=;5Φ9ΗΗ9Γ 9ϑ9Β≅Μ Χϑ9Φ Η<9 Κ<Χ≅9 85Μ, Η<ΙΓ

89Η9ΦΑ=Β=Β; 5 ΓΗ5ΦΗ=Β; Γ9Η Χ: (i ϑ5≅Ι9Γ. .<9 ϑ97ΗΧΦ @Z=@(i =Γ Η<9Β 7ΧΑ∆ΙΗ98 5Η 957< ΓΙ7< ϑ5≅Ι9 Χ:

(i, 5Β8 Η<9 (i Η<5Η 7ΧΦΦ9Γ∆ΧΒ8Γ ΗΧ Η<9 ≅5Φ;9ΓΗ ;Φ58=9ΒΗ =Γ 58>ΙΓΗ98. #: Η<5Η ;Φ58=9ΒΗ =Γ Β9;5Η=ϑ9 =ΗΓ

(i ϑ5≅Ι9 =Γ Φ98Ι798, =: ∆ΧΓ=Η=ϑ9, Η<9 ϑ5≅Ι9 =Γ =Β7Φ95Γ98. E57< Η=Α9 5 ϑ5≅Ι9 Χ: (i =Γ ΑΧ8=Π98 Η<9 Β9Κ

ϑ5≅Ι9 Χ: Up =Γ 75≅7Ι≅5Η98, 5 Β9Κ ;Φ58=9ΒΗ ϑ97ΗΧΦ =Γ 75≅7Ι≅5Η98 5Β8 ΓΧΑ9 (i =Γ 5;5=Β 58>ΙΓΗ98. .<9

ΦΧΙΗ=Β9 ΓΗΧ∆Γ Κ<9Β dUp < 0:001. −=Β79 Η<9 ΒΙΑ9Φ=75≅ ϑ5≅Ι9 Χ: ΙΗ=≅=ΗΜ ΗΜ∆=75≅≅Μ :5≅≅Γ =Β Η<9 Φ5Β;9

f50; 150g, Η<=Γ 7Φ=Η9Φ=ΧΒ Α95ΒΓ Η<5Η Η<9 ϑ5≅Ι9 Χ: Η<9 Χ6>97Η=ϑ9 :ΙΒ7Η=ΧΒ =Γ 7<5Β;=Β; 6Μ ≅9ΓΓ Η<5Β

ΧΒ9 =Β ΧΒ9 <ΙΒ8Φ98 Η<ΧΙΓ5Β8 5Η Η<9 ΠΒ5≅ =Η9Φ5Η=ΧΒ.

.<9 ΓΑΧ?=Β; 85Μ =Γ Γ∆97=Π98 ΗΧ ≅=9 69ΗΚ99Β 7:30 5Α 5Β8 10:00 ∆Α. .<=Γ =Γ 6ΦΧ?9Β =ΒΗΧ 145 ΙΒ=ΗΓ

Χ: 6 Α=ΒΙΗ9Γ 957<, ΧΒ Η<9 ;ΦΧΙΒ8Γ Η<5Η =Η Η5?9Γ 56ΧΙΗ 6 Α=ΒΙΗ9Γ ΗΧ ΓΑΧ?9 5 7=;5Φ9ΗΗ9 (5 ΓΑΧ?9Φ

ΗΜ∆=75≅≅Μ =Β<5≅9Γ Η9Β ΗΧ ΗΚ9≅ϑ9 Η=Α9Γ, Κ=Η< 30-35 Γ97ΧΒ8 6Φ95?Γ 69ΗΚ99Β ∆ΙΨΓ - Γ99 ∀5ΑΑΧΒ8 e)

a∀). .<9 ΓΧ≅ΙΗ=ΧΒ 5≅;ΧΦ=Η<Α Μ=9≅8Γ =ΒΗ9;9Φ ϑ5≅Ι9Γ :ΧΦ Η<9 (i ϑ97ΗΧΦ =Β Η<9 Φ5Β;9 f1::145g.

1<=≅9 5 ΓΙΞ7=9ΒΗ 7ΧΒ8=Η=ΧΒ :ΧΦ Η<=Γ Α97<5Β=ΓΑ ΗΧ 5ΗΗ5=Β 5 Α5Λ=ΑΙΑ =Γ Η<5Η Η<9 :ΙΒ7Η=ΧΒ

69 Β9;5Η=ϑ9 Γ9Α= 89ΠΒ=Η9 =Β Η<9 Η=Α9 7<Χ=79Γ, Κ9 75ΒΒΧΗ 89ΑΧΒΓΗΦ5Η9 Η<5Η =Η <5Γ Η<=Γ ∆ΦΧ∆9ΦΗΜ

6975ΙΓ9 Χ: Η<9 7ΧΑ∆≅9Λ=ΗΜ Χ: Η<9 5ΓΓΧ7=5Η98 ∀9ΓΓ=5Β 89Γ7Φ=698 56Χϑ9. .<9 :ΙΒ7Η=ΧΒ Κ=≅≅ 5≅ΓΧ 5ΗΗ5=Β

5 Α5Λ=ΑΙΑ =: =Η <5Γ 5 ΙΒ=ΕΙ9 Χ∆Η=ΑΙΑ 5Β8 ∆ΧΓ=Η=ϑ9 ΠΦΓΗ 89Φ=ϑ5Η=ϑ9Γ 9ϑ9ΦΜΚ<9Φ9 =Β Η<9 (i Γ∆579.

1<=≅9 Η<9 ΧΦ89Φ Χ: Η<9 ∆ΦΧ6≅9Α ∆Φ9ϑ9ΒΗΓ 9ΓΗ56≅=Γ<=Β; Η<=Γ =Β Η<9 ;9Β9Φ5≅ 75Γ9, # <5ϑ9 9Λ∆≅ΧΦ98
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9Λ57Η ΓΧ≅ΙΗ=ΧΒΓ ΗΧ Η<9 Α5Λ=Α5Β8 Κ<9Φ9 Η<9Φ9 5Φ9 5 ΓΑ5≅≅ ΒΙΑ69Φ Χ: =ΒΗ9Φϑ5≅Γ. #Β ΓΙ7< 75Γ9Γ Η<9

ΒΙΑ9Φ=75≅ ΓΧ≅ΙΗ=ΧΒΓ Χ6Η5=Β98 :ΦΧΑ Η<9 ΓΧ≅ΙΗ=ΧΒ 5≅;ΧΦ=Η<Α Α5Η7< Η<9 5Β5≅ΜΗ=75≅ ΓΧ≅ΙΗ=ΧΒΓ, 5Β8 Η<9

3D =Α5;9Γ Χ: Η<9 :ΙΒ7Η=ΧΒ =Β8=75Η9 Η<5Η =Η <5Γ 5 ΙΒ=ΕΙ9 Α5Λ=ΑΙΑ.

#Η =Γ ΓΗΦ5=;<Η:ΧΦΚ5Φ8 ΗΧ Γ<ΧΚ 6Μ 7ΧΒΗΦ58=7Η=ΧΒ Η<5Η Η<9 ΠΦΓΗ 7=;5Φ9ΗΗ9 Χ: Η<9 85Μ Γ<ΧΙ≅8 69 5Η

Η<9 ΠΦΓΗ :95Γ=6≅9 ΑΧΑ9ΒΗ, Φ9;5Φ8≅9ΓΓ Χ: Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ ΓΑΧ?98. .Χ =≅≅ΙΓΗΦ5Η9, ΓΙ∆∆ΧΓ9

>ΙΓΗ ΧΒ9 7=;5Φ9ΗΗ9 =Γ ΓΑΧ?98 =Β Η<9 85Μ =Β Η=Α9 ∆9Φ=Χ8 2 5Β8 Η<5Η ΙΗ=≅=ΗΜ 577ΦΙ9Γ =Β Η<9 =ΒΗ9Φϑ5≅

f2::145g. −=Β79 ΓΧΑ9 ΓΑ5≅≅ 5ΑΧΙΒΗ Χ: Β=7ΧΗ=Β9 Φ9Α5=ΒΓ =Β Η<9 6Χ8Μ 5:Η9Φ ∆9Φ=Χ8 145, =Η =Γ 7≅95Φ

Η<5Η 6Μ Γ<=:Η=Β; Η<9 ΓΑΧ?=Β; 7<Χ=79 :ΦΧΑ (2 ΗΧ (1Κ=≅≅ =Β7Φ95Γ9 ΙΗ=≅=ΗΜ. .<9 Γ5Α9 5Φ;ΙΑ9ΒΗ 5∆∆≅=9Γ

ΗΧ 5ΒΜ ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ ΓΑΧ?98. .<=Γ Χ6Γ9Φϑ5Η=ΧΒ <5Γ =Α∆≅=75Η=ΧΒΓ :ΧΦ Η<9  5;9ΦΓΗΦΧΑ Η9ΓΗ Χ:

588=7Η=ΧΒ ( 5;9ΦΓΗΦΧΑ, 1978).

3.3 O%)i∀i.i#g ∃# i#)e#(i)−

AΒ Χ∆Η=Α5≅ ϑ5≅Ι9 Χ: =ΒΗ9ΒΓ=ΗΜ N� =Γ Χ6Η5=Β98 :ΦΧΑ 9ΕΙ5Η=ΧΒ (4) 56Χϑ9:

@U=@N = �N��1V � c�N��1 = 0

N� = V 1=(���)
�

�

c�

�1=(���)

: (9)

 ΧΦ =ΒΗ9ΒΓ=ΗΜ ΗΧ 69 =Β7Φ95Γ=Β; =Β Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ (5Β8 ΓΧ Α5Η7< Η<9 ΓΗΜ≅=Ν98 Χ6Γ9Φ-

ϑ5Η=ΧΒΓ), 5 ΓΙΞ7=9ΒΗ ∆5=Φ Χ: 7ΧΒ8=Η=ΧΒΓ =Γ Η<5Η � > � 5Β8 Η<5Η Η<9 Γ97ΧΒ8 Η9ΦΑ =Β 9ΕΙ5Η=ΧΒ (10)

8ΧΑ=Β5Η9 (6975ΙΓ9 �V
�c > 0). CΧΒ8=Η=ΧΒ5≅ Ι∆ΧΒ Η<=Γ Γ9Η Χ: :ΙΒ7Η=ΧΒΓ, Η<9 Χ6Γ9Φϑ98 =ΒΗ9ΒΓ=ΗΜ Ρ:57ΗΓΣ

Μ=9≅8 Η=;<Η ≅=Α=ΗΓ ΧΒ Η<9 ∆5Φ5Α9Η9ΦΓ. 05≅Ι9Γ =Β Η<9 Β9=;<6ΧΙΦ<ΧΧ8 Χ: f� = 0:3; � = 2:5g Μ=9≅8

=ΒΗ9ΒΓ=ΗΜ ΧΙΗ7ΧΑ9Γ Η<5Η :5≅≅ =Β Η<9 Χ6Γ9Φϑ98 Φ5Β;9 Χ: 0.8 Α; ΗΧ 1.4 Α; Χ: Β=7ΧΗ=Β9 ∆9Φ 7=;5Φ9ΗΗ9.

−Ι7< ϑ5≅Ι9Γ 5≅ΓΧ 9ΒΓΙΦ9 Η<5Η Η<9 ΑΧ89≅ ∆Φ98=7ΗΓ Β=7ΧΗ=Β9/7ΧΗ=Β=Β9 ≅9ϑ9≅Γ Η<5Η =Β7Φ95Γ9 ΑΙ7< ≅9ΓΓ

Η<5Β =Β ∆ΦΧ∆ΧΦΗ=ΧΒ ΗΧ Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ ΓΑΧ?98. .<5Η Η<9 � Γ<ΧΙ≅8 69 ΓΧ ΑΙ7< ≅5Φ;9Φ

Η<5Β Η<9 � ϑ5≅Ι9 =Γ Φ958=≅Μ =ΒΗΙ=Η98: 8=ΓΙΗ=≅=ΗΜ :ΦΧΑ Β5ΙΓ95 =Γ Γ∆97=Π98 ΗΧ ≅5ΓΗ :ΧΦ Γ=Λ Α=ΒΙΗ9Γ,

Κ<9Φ95Γ Η<9 ΙΗ=≅=ΗΜ :ΦΧΑ Β=7ΧΗ=Β9 ≅5ΓΗΓ Γ9ϑ9Φ5≅ <ΧΙΦΓ (Η<ΧΙ;< 897≅=Β=Β; 9Λ∆ΧΒ9ΒΗ=5≅≅Μ). .<9 ΓΑΧ?9Φ

9



=Γ Η<9Φ9:ΧΦ9 ΗΦ58=Β; ΧΨ ΗΚΧ =Α∆57ΗΓ Η<5Η <5ϑ9 ϑ9ΦΜ 8=Ψ9Φ9ΒΗ 8ΙΦ5Η=ΧΒΓ.

3.4 P∋ice( &∗a#)i)ie( a#d de∀a#d f∗#c)i∃#(

.Χ Η<=Γ ∆Χ=ΒΗ Η<9 7<Χ=79Γ Χ: Χ∆Η=Α5≅ Η=Α=Β; 5Β8 =ΒΗ9ΒΓ=ΗΜ 5Φ9 7ΧΒ8=Η=ΧΒ98 ΧΒ 5 ;=ϑ9Β ΕΙ5ΒΗ=ΗΜ

7ΧΒΓΙΑ98. .<9 ≅=Β? 69ΗΚ99Β 5 7<ΧΓ9Β ΕΙ5ΒΗ=ΗΜ 5Β8 5 ;=ϑ9Β ∆Φ=79 75Β 69 9ΓΗ56≅=Γ<98 95Γ=≅Μ 6Μ

=ΒϑΧ?=Β; 5 ΕΙ5Γ=-≅=Β95Φ ΙΗ=≅=ΗΜ ΓΗΦΙ7ΗΙΦ9:

W = U(c) + �,; (10)

Κ<9Φ9 c =Γ Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ, 5Β8 , =Γ ΧΗ<9Φ ;ΧΧ8Γ. (ΧΦΑ5≅=Ν=Β; Η<9 ∆Φ=79 Χ: , 5Η ΧΒ9 5Β8

89ΠΒ=Β; ∃ 5Γ Η<9 ∆Φ=79 Χ: 7=;5Φ9ΗΗ9Γ Η<9 Χ∆Η=Α5≅=ΗΜ 7ΧΒ8=Η=ΧΒ =Γ

U 0c
∃
= �: (11)

AΒΜ 7<5Β;9 =Β ∆Φ=79, Η5Λ-=Β8Ι798 ΧΦ ΧΗ<9ΦΚ=Γ9, Φ9ΕΙ=Φ9Γ 5 Β9Κ ΕΙ5ΒΗ=ΗΜ Χ: 7=;5Φ9ΗΗ9Γ ΓΙ7< Η<5Η

Α5Φ;=Β5≅ ΙΗ=≅=ΗΜ 8=ϑ=898 6Μ ∆Φ=79 =Γ Φ9ΓΗΧΦ98 ΗΧ Η<9 =Β=Η=5≅ ϑ5≅Ι9 �. A 89Α5Β8 :ΙΒ7Η=ΧΒ =Γ Χ6Η5=Β98

5Γ :Χ≅≅ΧΚΓ: (ΙΑ9Φ=75≅≅Μ, Η<9 ϑ5≅Ι9 Χ: ΙΗ=≅=ΗΜ =Γ Χ6Η5=Β56≅9 :ΧΦ 5ΒΜ ΕΙ5ΒΗ=ΗΜ Χ: 7=;5Φ9ΗΗ9Γ ∆ΙΦ7<5Γ98

(Α5Λ=Α=Ν=Β; Γ=ΑΙ≅Η5Β9ΧΙΓ≅Μ ΧΒ Η=Α=Β; 5Β8 =ΒΗ9ΒΓ=ΗΜ), 5Β8 5 Α5Φ;=Β5≅ ΙΗ=≅=ΗΜ Γ7<98Ι≅9 8ΦΧ∆Γ ΧΙΗ

Χ: Η<=Γ.1 E≅5ΓΗ=7=ΗΜ ϑ5≅Ι9Γ :Χ≅≅ΧΚ =ΑΑ98=5Η9≅Μ.

.<9 ΙΗ=≅=ΗΜ :ΙΒ7Η=ΧΒ ΙΓ98 <9Φ9 5≅Κ5ΜΓ Φ9ΓΙ≅ΗΓ =Β ΓΧΑ9 ∆ΧΓ=Η=ϑ9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ 69=Β;

ΓΑΧ?98, 6975ΙΓ9 Η<9 Α5Φ;=Β5≅ ΙΗ=≅=ΗΜ Χ: ΓΑΧ?=Β; Η9Β8Γ ΗΧ =ΒΠΒ=ΗΜ 5Γ Η<9 5ΑΧΙΒΗ Χ: Β=7ΧΗ=Β9 =Β Η<9

6Χ8Μ 697ΧΑ9Γ ΓΑ5≅≅. .<9 ΙΓ9 Χ: 7ΧΒΗ=ΒΙ=Β; ΓΑΧ?9ΦΓ Φ9Β89ΦΓ Η<9 ΑΧ89≅ ΧΙΗ∆ΙΗ 7ΧΑ∆5Φ56≅9 ΗΧ Η<9

Φ9ΓΙ≅ΗΓ Χ: A885 5Β8 CΧΦΒ5;≅=5. AΗ Η<9 Γ5Α9 Η=Α9, =Η ΑΙΓΗ 69 Φ97Χ;Β=Ν98 Η<5Η =Β Η<9 97ΧΒΧΑ9ΗΦ=7

≅=Η9Φ5ΗΙΦ9, Η<9 =Α∆57Η Χ: ∆Φ=79Γ =Γ ΒΧΦΑ5≅≅Μ 9Λ5Α=Β98 Η<ΦΧΙ;< ΓΧΑ9 ϑ5Φ=5ΒΗ Χ: 5 ΗΚΧ-ΓΗ9∆ ΑΧ89≅

Χ: Η<9 ΗΜ∆9 89ϑ9≅Χ∆98 6Μ CΦ5;;, 1971, =ΒϑΧ≅ϑ=Β; 5 ∆5ΦΗ=7=∆5Η=ΧΒ 897=Γ=ΧΒ :Χ≅≅ΧΚ98 6Μ 5 7ΧΒ8=Η=ΧΒ5≅

ΕΙ5ΒΗ=ΗΜ 897=Γ=ΧΒ (Γ99 5≅ΓΧ ∃ΧΒ9Γ, 2000).

1 #Β :57Η # Φ9;Φ9ΓΓ Η<9 ΙΗ=≅=ΗΜ ϑ5≅Ι9Γ Χ6Η5=Β98 =Β Η<9 Χ∆Η=Α=Ν5Η=ΧΒ ΧΒ 5 ∆Χ≅ΜΒΧΑ=5≅ =Β 7 =Β ΧΦ89Φ ΗΧ ;9Η ΓΑΧΧΗ<Β9ΓΓ
=Β / 5Β8 8=Ψ9Φ9ΒΗ=56=≅=ΗΜ :ΧΦ Η<9 Α5Φ;=Β5≅ ΙΗ=≅=Η=9Γ.
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4 Re(∗!)( ∃# I#)e#(i)− C∃∀%e#(a)i∃#

−ΧΑ9 ΧΙΗ∆ΙΗΓ :ΧΦ Η<=Γ ΑΧ89≅ 5Φ9 ∆ΦΧϑ=898 =Β Π;ΙΦ9Γ 3, 4, 5Β8 5 :ΧΦ 5 Α98=5Β ΓΑΧ?9Φ - ΧΒ9 Κ<Χ

ΓΑΧ?9Γ 18 7=;5Φ9ΗΗ9Γ ∆9Φ 85Μ.  =;ΙΦ9Γ 3 =Γ 5Β Χ∆Η=Α5≅ Β=7ΧΗ=Β9 ∆5Η<, Π;ΙΦ9 4 Η<9 Φ9ΓΙ≅Η5ΒΗ ∆ΧΓ=Η=ϑ9

ΙΗ=≅=ΗΜ ∆5Η< 5Β8 Π;ΙΦ9 5 Η<9 =Α∆≅=98 7ΧΗ=Β=Β9 ∆5Η<. ∗9Φ=Χ8 75 7ΧΦΦ9ΦΓ∆ΧΒ8Γ ΗΧ 7:30 5Α; ∆9Φ=Χ8

220 =Γ Γ≅99∆ 5Β8 9Β8 Χ: ΙΗ=≅=ΗΜ; ∆9Φ=Χ8 240 =Γ Α=8Β=;<Η. CΧΒΓ=89Φ ΠΦΓΗ Π;ΙΦ9 3. .<9 ∆5ΗΗ9ΦΒ =Γ Χ:

Η<9 9Λ∆97Η98 =Βϑ9ΒΗΧΦΜ-Α5Β5;9Α9ΒΗ ΗΜ∆9: Η<9 ΓΑΧ?9Φ Χ∆Η=Α=Ν9Γ 6Μ 6ΧΧΓΗ=Β; <=Γ ΓΗΧ7? Χ: Β=7ΧΗ=Β9

95Φ≅Μ =Β Η<9 85Μ, Α5=ΒΗ5=ΒΓ =Η 5 Φ9≅5Η=ϑ9≅Μ ΓΑΧΧΗ< ≅9ϑ9≅, 5Β8 ΓΑΧ?9Γ ≅=ΗΗ≅9 5Η Η<9 9Β8 Χ: Η<9 85Μ.

A ≅ΧΚ Φ5Η9 Χ: ΓΑΧ?=Β; ≅5Η9 =Β Η<9 85Μ 9ΒΓΙΦ9Γ Η<5Η <9 8Χ9Γ ΒΧΗ ΡΚ5ΓΗ9Σ Η<9 Β=7ΧΗ=Β9 6Μ <5ϑ=Β;

ΗΧΧ ≅5Φ;9 5 ΕΙ5ΒΗ=ΗΜ =Β <=Γ 6≅ΧΧ8 ΓΗΦ95Α 5Η Η<9 Η=Α9 Χ: Γ≅99∆. EΛ∆9Φ=Α9ΒΗ5Η=ΧΒ Κ=Η< Η<9 ΒΙΑ69Φ

Χ: 7=;5Φ9ΗΗ9Γ =Β8=75Η9Γ Η<5Η =Β8=ϑ=8Ι5≅Γ Κ<Χ ΓΑΧ?9 :9Κ 7=;5Φ9ΗΗ9Γ Γ∆Φ958 Η<9Α 9ϑ9Β≅Μ, 6ΙΗ Η<5Η

<95ϑΜ ΓΑΧ?9ΦΓ 6Ι=≅8 Ι∆ Η<9=Φ Β=7ΧΗ=Β9 ΓΗΧ7? ΓΗΦΧΒ;≅Μ 5Η Η<9 ΓΗ5ΦΗ Χ: Η<9 85Μ2 .  =;ΙΦ9 4 ∆≅ΧΗΓ Η<9

Φ9ΓΙ≅Η5ΒΗ ΙΗ=≅=ΗΜ 7ΧΦΦ9Γ∆ΧΒ8=Β; ΗΧ Π;ΙΦ9 3.

 =;ΙΦ9 5 =Γ Η<9 7ΧΗ=Β=Β9 Η=Α9 ∆5Η<. −=Β79 7ΧΗ=Β=Β9 <5Γ 5 <5≅: ≅=:9 Χ: 5∆∆ΦΧΛ=Α5Η9≅Μ 20 <ΧΙΦΓ,

Η<9 8975Μ Φ5Η9 =Γ ΑΙ7< ≅9ΓΓ Η<5Β :ΧΦ Β=7ΧΗ=Β9. #Η Η<ΙΓ <5Γ 5 24-<ΧΙΦ 7Μ7≅9 (=Β 7ΧΒΗΦ5ΓΗ ΗΧ Β=7ΧΗ=Β9,

Κ<9Φ9 Η<9 Β=7ΧΗ=Β9 :ΦΧΑ Η<9 ∆Φ9798=Β; 85Μ <5Γ Α9Η56Χ≅=Ν98 69:ΧΦ9 Η<9 ΓΗ5ΦΗ Χ: Η<9 ΡΓΑΧ?=Β; 85ΜΣ),

5Β8 Η<9 9Β8-Χ:-85Μ ϑ5≅Ι9 ΑΙΓΗ 9ΕΙ5≅ Η<9 ΓΗ5ΦΗ-Χ:-85Μ ϑ5≅Ι9 =Β 5 ΓΗ958Μ ΓΗ5Η9. D9ΠΒ=Β; Η<9 8975Μ

Φ5Η9 Χ: 7ΧΗ=Β=Β9 6Μ  Η<9Β Η<9 7ΧΗ=Β9 ∆5Η< =Γ 89ΠΒ98 6Μ

C#(t = C#(t�1e
�t + �Nt�1 (12)

.<9 7ΧΗ=Β=Β9 Γ75≅9 =Γ ΒΧΦΑ5≅=Ν98 ΗΧ Φ9Θ97Η 5 ΙΒ=Η ΗΦ5ΒΓ:ΧΦΑ5Η=ΧΒ Χ: Β=7ΧΗ=Β9 =ΒΗΧ 7ΧΗ=Β=Β9 (� = 1).

.<9 ϑ5≅Ι9 Χ: 7ΧΑ∆ΙΗ=Β; Η<9 7ΧΗ=Β=Β9 ∆5Η< ≅=9Γ ∆Φ=Α5Φ=≅Μ =Β 69=Β; 56≅9 ΗΧ 5ΓΓ9ΓΓ =: 8=Ψ9Φ9ΒΗ ΓΑΧ?=Β;

∆5ΗΗ9ΦΒΓ Η<ΦΧΙ;<ΧΙΗ Η<9 85Μ Μ=9≅8 6ΦΧ58≅Μ Γ=Α=≅5Φ 7ΧΗ=Β=Β9 Γ5Α∆≅9Γ :ΧΦ =Β8=ϑ=8Ι5≅Γ Κ<Χ ΓΑΧ?9

8=Ψ9Φ9ΒΗ≅Μ.  ΧΦ 9Λ5Α∆≅9, =: ΓΧΑ9 =Β8=ϑ=8Ι5≅Γ 5Φ9 ΓΙ6>97Η ΗΧ ΚΧΦ?-∆≅579 Φ9;Ι≅5Η=ΧΒΓ, Κ<=≅9 ΧΗ<9ΦΓ

5Φ9 ΒΧΗ, =: Η<9Μ ΓΑΧ?9 Η<9 Γ5Α9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ, Κ=≅≅ Η<9=Φ 7ΧΗ=Β=Β9 Γ5Α∆≅9Γ Φ9Θ97Η Η<=Γ?

2  ΧΦ 9Λ5Α∆≅9, 5Β =Β8=ϑ=8Ι5≅ ΓΑΧ?=Β; 5 7=;5Φ9ΗΗ9Γ <5Γ 5 Η=Α=Β; ∆5ΗΗ9ΦΒ ΧΒ Η<9 145-ΙΒ=Η Φ5Β;9 Χ:
f1; 28; 58; 88; 117g, Κ<=≅9 5Β =Β8=ϑ=8Ι5≅ ΓΑΧ?=Β; 30 7=;5Φ9ΗΗ9Γ <5Γ 5 ∆5ΗΗ9ΦΒ Χ: f1; 2; 3; 9; 15; 21; 26:::136; 141g.
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EΛ∆9Φ=Α9ΒΗΓ, ΒΧΗ Φ9∆ΧΦΗ98 <9Φ9, =Β8=75Η9 Η<5Η 7ΧΗ=Β=Β9 Γ5Α∆≅9Γ 5Φ9 5 ;ΧΧ8 =Β8=75ΗΧΦ Χ: ΗΧΗ5≅

Β=7ΧΗ=Β9 =Β;9ΓΗ98, 9ϑ9Β Κ=Η< 8=Ψ9Φ9ΒΗ =ΒΗ5?9 ∆5ΗΗ9ΦΒΓ - ΧΒ 577ΧΙΒΗ Χ: Η<9 ≅ΧΒ; <5≅: ≅=:9 Χ: 7ΧΗ=Β=Β9.

.<9 ∆Φ=Β7=∆5≅ Φ9ΓΙ≅ΗΓ Χ: Η<=Γ ∆5∆9Φ 5Φ9 7ΧΒΗ5=Β98 =Β Π;ΙΦ9Γ 6 5Β8 7 5Β8 Η56≅9 1.  =;ΙΦ9 6 ∆≅ΧΗΓ

Η<9 Φ9≅5Η=ΧΒΓ<=∆ 69ΗΚ99Β =ΒΗ9ΒΓ=ΗΜ 5Β8 Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ, 7ΧΒ8=Η=ΧΒ5≅ ΧΒ Η<9 ∆5Φ5Α9Η9Φ=Ν5-

Η=ΧΒ 58Χ∆Η98 :ΧΦ Η<9 ΙΗ=≅=ΗΜ :ΙΒ7Η=ΧΒΓ 5Β8 ΧΒ Η<9 <5≅: ≅=:9 Χ: Β=7ΧΗ=Β9. .<9 ;Φ5∆<=7 =Β8=75Η9Γ Η<5Η

=Β8=ϑ=8Ι5≅Γ :57=Β; <=;< ∆Φ=79Γ, 5Β8 7<ΧΧΓ=Β; ΗΧ ΓΑΧ?9 :9Κ 7=;5Φ9ΗΗ9Γ Γ<ΧΙ≅8 =Β<5≅9 5Η 5 Φ5Η9 Χ:

1.35 ΧΒ 5 Γ75≅9 ΒΧΦΑ5≅=Ν98 5Η 1 :ΧΦ 5 Α98=5Β ΓΑΧ?9Φ. #Β 7ΧΒΗΦ5ΓΗ, 5Η ≅ΧΚ 5 ≅ΧΚ ∆Φ=79 5Β8 5 <=;<9Φ

ΕΙ5ΒΗ=ΗΜ, ΓΑΧ?9ΦΓ Α5Μ =Β<5≅9 5Γ ≅=ΗΗ≅9 5Γ 0.85 ΙΒ=ΗΓ Χ: Β=7ΧΗ=Β9 ∆9Φ 7=;5Φ9ΗΗ9.  =;ΙΦ9 7 =Β8=75Η9Γ

Η<5Η 7ΧΗ=Β=Β9 7ΧΒ79ΒΗΦ5Η=ΧΒΓ =Β7Φ95Γ9 5Η 5 ΑΙ7< Γ≅ΧΚ9Φ Φ5Η9 Η<5Β Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ. .<=Γ

∆5ΗΗ9ΦΒ =Γ 7ΧΒΓ=ΓΗ9ΒΗ Κ=Η< Π;ΙΦ9 2 56Χϑ9. #Β ΓΙΑ, Η<9 ΑΧ89≅ 5∆∆95ΦΓ ΗΧ ∆Φ98=7Η Κ9≅≅, =Β Η<9 Γ9ΒΓ9

Η<5Η =Η Φ9∆≅=75Η9Γ 9ΓΗ56≅=Γ<98 ∆5ΗΗ9ΦΒΓ.

.Χ 7ΧΑ∆ΙΗ9 Η<9 89;Φ99 Χ: 7ΧΑ∆9ΒΓ5ΗΧΦΜ 69<5ϑ=ΧΦ =Β Φ9Γ∆ΧΒΓ9 ΗΧ 8=Ψ9Φ9ΒΗ ∆Φ=79Γ, Η<9 =Α∆≅=7=Η

89Α5Β8 :ΙΒ7Η=ΧΒ 89Γ7Φ=698 56Χϑ9 =Γ Η56Ι≅5Η98 =Β 7Χ≅ΙΑΒΓ 1 5Β8 2 Χ: Η56≅9 1. .<9 ΕΙ5ΒΗ=Η=9Γ 5Φ9

89Φ=ϑ98 :ΦΧΑ Η<9 Α5Φ;=Β5≅ ΙΗ=≅=ΗΜ 7ΧΒ8=Η=ΧΒΓ, 5Β8 Η<9 89Α5Β8 7ΙΦϑ9 =Γ 5Β7<ΧΦ98 6Μ 5ΓΓΙΑ=Β; 5

∆Φ=79 Χ: 40 79ΒΗΓ ∆9Φ 7=;5Φ9ΗΗ9 :ΧΦ 5 Α98=5Β ΓΑΧ?9Φ (% = 18). AΗ 957< ΕΙ5ΒΗ=ΗΜ Η<9 ΑΧ89≅ 7ΧΑ∆ΙΗ9Γ

5Β Χ∆Η=Α5≅ =ΒΗ9ΒΓ=ΗΜ, 5Β8 Η<=Γ =Γ 7ΧΒΗ5=Β98 =Β 7Χ≅ΙΑΒ 3. .ΧΗ5≅ Β=7ΧΗ=Β9 =ΒΗ5?9 =Γ Η<9 ∆ΦΧ8Ι7Η Χ:

ΕΙ5ΒΗ=ΗΜ 5Β8 =ΒΗ9ΒΓ=ΗΜ 5Β8 ;=ϑ9Β =Β 7Χ≅ΙΑΒ 4. .Χ Η<9 89;Φ99 Η<5Η Η<9 Α98=5Β ΓΑΧ?9Φ 57ΗΙ5≅≅Μ

=Β<5≅9Γ 1 Α=≅≅=;Φ5Α Χ: Β=7ΧΗ=Β9 ∆9Φ 7=;5Φ9ΗΗ9, Η<9Β Η<9Γ9 ΒΙΑ69ΦΓ 75Β 69 =ΒΗ9Φ∆Φ9Η98 5Γ Α=≅≅=;Φ5ΑΓ

Χ: Β=7ΧΗ=Β9 =Β ΗΧΗ5≅. #: 7ΧΑ∆9Β5Η=ΧΒ Κ9Φ9 Ρ:Ι≅≅Σ ΧΦ Ρ7ΧΑ∆≅9Η9Σ Η<9 ΠΒ5≅ 7Χ≅ΙΑΒ Γ<ΧΙ≅8 <5ϑ9 9ΒΗΦ=9Γ

Η<5Η 5Φ9 5≅≅ ΑΧΦ9 ΧΦ ≅9ΓΓ 9ΕΙ5≅ - 5Η ≅95ΓΗ :ΧΦ ΓΧΑ9 7ΧΒΓ=89Φ56≅9 Φ5Β;9 Χ: Η<9 ϑ5≅Ι9Γ. 1=Η< Ν9ΦΧ

=ΒΗ9ΒΓ=ΗΜ 7ΧΑ∆9ΒΓ5Η=ΧΒ, Η<9 ΒΙΑ69ΦΓ =Β Η<9 ΠΒ5≅ 7Χ≅ΙΑΒ Γ<ΧΙ≅8 69 ΓΗΦ=7Η≅Μ ∆ΦΧ∆ΧΦΗ=ΧΒ5Η9 ΗΧ Η<9

ΒΙΑ69Φ ΓΑΧ?98 =Β 7Χ≅ΙΑΒ 2. #Β 7ΧΒΗΦ5ΓΗ ΗΧ Η<9Γ9 9ΛΗΦ9Α9Γ, Η<9 75≅=6Φ5Η98 ΑΧ89≅ ∆ΦΧ8Ι79Γ 5

ΓΙ6ΓΗ5ΒΗ=5≅ 89;Φ99 Χ: =ΒΗ9ΒΓ=ΗΜ 7ΧΑ∆9ΒΓ5Η=ΧΒ, Η<ΧΙ;< 6Μ ΒΧ Α95ΒΓ :Ι≅≅.  ΧΦ 9Λ5Α∆≅9, =: Η<9 ∆Φ=79

=Β7Φ95Γ9Γ :ΦΧΑ 33.2 79ΒΗΓ ΗΧ 43.4 79ΒΗΓ (5Β =Β7Φ95Γ9 Χ: 27% 65Γ98 ΧΒ 5Β Ρ5Φ7Σ 75≅7Ι≅5Η=ΧΒ), ΕΙ5ΒΗ=ΗΜ

89Α5Β898 :5≅≅Γ :ΦΧΑ 22 ΗΧ 16 7=;5Φ9ΗΗ9Γ (5 897≅=Β9 Χ: 32%, 75≅7Ι≅5Η98 Γ=Α=≅5Φ≅Μ). ∀ΧΚ9ϑ9Φ Β=7ΧΗ=Β9

=ΒΗ5?9 897Φ95Γ9Γ 6Μ >ΙΓΗ 21%. AΗ Η<=Γ ∆Χ=ΒΗ ΧΒ Η<9 89Α5Β8 7ΙΦϑ9 Η<9Φ9:ΧΦ9, Η<9 ΑΧ89≅ ΓΙ;;9ΓΗΓ
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Η<5Η =ΒΗ9ΒΓ=ΗΜ 7ΧΑ∆9ΒΓ5Η=ΧΒ ΧΨΓ9ΗΓ 56ΧΙΗ ΧΒ9 Η<=Φ8 Χ: Η<9 ΕΙ5ΒΗ=ΗΜ =Α∆57Η. C5≅7Ι≅5Η=ΧΒΓ 5Η Η<9

≅9ΓΓ 9≅5ΓΗ=7 Γ9;Α9ΒΗΓ Χ: Η<9 89Α5Β8 7ΙΦϑ9 (Κ<9Φ9 5 <=;<9Φ ΕΙ5ΒΗ=ΗΜ =Γ ∆ΙΦ7<5Γ98) ΓΙ;;9ΓΗ Η<5Η

ΑΧΦ9 Χ: Η<9 ΕΙ5ΒΗ=ΗΜ Φ98Ι7Η=ΧΒ =Γ ΧΨΓ9Η 6Μ =ΒΗ9ΒΓ=ΗΜ 7ΧΑ∆9ΒΓ5Η=ΧΒ.

.Χ 7ΧΒ7≅Ι89: =ΒΗ9ΒΓ=ΗΜ 7ΧΑ∆9ΒΓ5Η=ΧΒ =Γ Γ=;Β=Π75ΒΗ, 5Β8 Η<9Φ9:ΧΦ9 =Α∆ΧΦΗ5ΒΗ; 6ΙΗ =Η 5≅ΓΧ =Β8=-

75Η9Γ Η<5Η Η5Λ ∆Χ≅=7Μ =Γ ΒΧΗ Β9ΙΗΦ5≅: <=;<9Φ ∆Φ=79Γ Φ98Ι79 ΕΙ5ΒΗ=ΗΜ ∆ΙΦ7<5Γ98, 5Β8 Η<=Γ =Β ΗΙΦΒ

Φ98Ι79Γ Β=7ΧΗ=Β9 =ΒΗ5?9.

5 Ca+ea)( ∃# Adda a#d C∃∋#ag!ia

5.1 E()i∀a)e( a∋e /L∃ca!0

.<9 =Β=Η=5≅ Γ9Η Χ: 9ΓΗ=Α5Η9Γ Φ9∆ΧΦΗ98 6Μ AC =Β Η<9=Φ Η56≅9 2 =Β8=75Η9 9Λ7998=Β;≅Μ <=;< Φ9Γ∆ΧΒΓ9

9≅5ΓΗ=7=Η=9Γ ΧΒ Η<9 ∆5ΦΗ Χ: ΓΑΧ?9ΦΓ =Β 6ΧΗ< Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ Η<9Μ ∆ΙΦ7<5Γ9 5Β8 =Β Η<9=Φ

=ΒΗ9ΒΓ=ΗΜ Φ9Γ∆ΧΒΓ9Γ.  ΧΦ 9Λ5Α∆≅9 Η<9 =Β=Η=5≅ =ΒΗ9ΒΓ=ΗΜ 9≅5ΓΗ=7=ΗΜ, Κ=Η< Φ9Γ∆97Η ΗΧ 5 1% =Β7Φ95Γ9 =Β Η5Λ

≅=9 =Β Η<9 Φ5Β;9 f0:34; 0:55g: .Χ =≅≅ΙΓΗΦ5Η9 Η<9 =Α∆≅=75Η=ΧΒΓ, 7ΧΒΓ=89Φ Η<9=Φ ΠΦΓΗ 9ΓΗ=Α5Η9 Χ: 0:47%.

−=Β79 5 1% =Β7Φ95Γ9 =Β Η5Λ 7ΧΦΦ9Γ∆ΧΒ8Γ ΗΧ 5 0:15% =Β7Φ95Γ9 =Β ∆Φ=79 (AC :ΧΧΗΒΧΗ9 8), Η<9 =ΒΗ9ΒΓ=ΗΜ

∆Φ=79 9≅5ΓΗ=7=ΗΜ =Γ Η<9Φ9:ΧΦ9 =Β 9Λ79ΓΓ Χ: Η<Φ99 (0:47=0:15 = 3:1). #: Η<=Γ 9ΓΗ=Α5Η9 =Γ 5∆∆≅=756≅9 ΗΧ Η<9

∆Φ9Γ9ΒΗ Η=Α9, Η<9Β =Η ΚΧΙ≅8 =Α∆≅Μ Η<5Η =ΒΗ9ΒΓ=ΗΜ Χ: ΓΑΧ?=Β; Γ<ΧΙ≅8 <5ϑ9 =Β7Φ95Γ98 6Μ 56ΧΙΗ 200%

=Β Η<9 ≅5ΓΗ 897589. #Β Η56≅9 2 69≅ΧΚ 5Φ9 ∆Φ9Γ9ΒΗ98 85Η5 ΧΒ ∆Φ=79Γ 5Β8 ΕΙ5ΒΗ=Η=9Γ :ΧΦ 7=;5Φ9ΗΗ9Γ =Β

Η<9 /− 69ΗΚ99Β 1997 5Β8 2006. ∗Φ=79Γ =Β7Φ95Γ98 6Μ 9Λ57Η≅Μ ΗΚΧ Η<=Φ8Γ. #: Η<9 =ΒΗ9ΒΓ=ΗΜ 9≅5ΓΗ=7=ΗΜ

=Γ =Β Η<9 Φ9;=ΧΒ Χ: Η<Φ99, =Η :Χ≅≅ΧΚΓ Η<5Η ΓΑΧ?9ΦΓ Γ<ΧΙ≅8 69 =Β<5≅=Β; Η<Φ99 Η=Α9Γ 5Γ ΑΙ7< Β=7ΧΗ=Β9

5Γ =Β 1997. .<=Γ =Γ Γ=Α∆≅Μ ΒΧΗ Κ=Η<=Β Η<9 6ΧΙΒ8Γ Χ: ∆ΧΓΓ=6=≅=ΗΜ.

BΜ Η<9 Γ5Α9 ΗΧ?9Β Η<9 ∆Φ=79 9≅5ΓΗ=7=Η=9Γ Χ: ΕΙ5ΒΗ=ΗΜ ∆ΙΦ7<5Γ98 =Β Η56≅9 2 5Φ9 Κ9≅≅ =Β 9Λ79ΓΓ

Χ: ΙΒ=ΗΜ.  ΧΦ 9Λ5Α∆≅9 Η<9 ΠΦΓΗ ∆Φ=79 9≅5ΓΗ=7=ΗΜ, Κ<=≅9 ΒΧΗ ΓΗ5Η=ΓΗ=75≅≅Μ Γ=;Β=Π75ΒΗ, =Γ �1:33 (=

�0:20=0:15). AΒ8 Η<9Γ9 9≅5ΓΗ=7=Η=9Γ 75∆ΗΙΦ9 ΧΒ≅Μ Η<9 =Α∆57Η Χ: ∆Φ=79 7<5Β;9Γ ΧΒ Η<9 ΕΙ5ΒΗ=ΗΜ Χ:

7=;5Φ9ΗΗ9Γ ∆ΙΦ7<5Γ98 6Μ 7ΧΒΗ=ΒΙ=Β; ΓΑΧ?9ΦΓ. #Β 7ΧΒΗΦ5ΓΗ, Η<9Φ9 =Γ 5 Κ=89Γ∆Φ958 7ΧΒ79ΒΓΙΓ =Β Η<9

97ΧΒΧΑ9ΗΦ=7 ≅=Η9Φ5ΗΙΦ9 Η<5Η 9≅5ΓΗ=7=Η=9Γ 75∆ΗΙΦ=Β; b%)h Η<9 =Β7=89Β79/∆5ΦΗ=7=∆5Η=ΧΒ 897=Γ=ΧΒ 5Β8 Η<9

7ΧΒ8=Η=ΧΒ5≅ ΕΙ5ΒΗ=ΗΜ 897=Γ=ΧΒ 5Φ9 56ΧΙΗ <5≅: Χ: Η<=Γ ϑ5≅Ι9 (C<5≅ΧΙ∆?5 5Β8 15ΦΒ9Φ, 2000) - =Α∆≅Μ=Β;
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Η<5Η ACΣΓ 7ΧΒ8=Η=ΧΒ5≅ ΕΙ5ΒΗ=ΗΜ 9≅5ΓΗ=7=ΗΜ =Γ 5 ΑΙ≅Η=∆≅9 Χ: Η<9 7ΧΒ79ΒΓΙΓ 9ΓΗ=Α5Η9Γ. ∋ΧΦ9Χϑ9Φ, Η<9

ΧΒ≅Μ Γ=;Β=Π75ΒΗ 9≅5ΓΗ=7=Η=9Γ =Β Η<=Γ Η56≅9 <5ϑ9 ϑ5≅Ι9Γ Χ: �0:49 5Β8 �0:73. #: Η<9 ≅5ΗΗ9Φ Κ9Φ9 7ΧΦΦ97Η

=Η ΚΧΙ≅8 =Α∆≅Μ 5 7ΧΒ8=Η=ΧΒ5≅ ΕΙ5ΒΗ=ΗΜ 9≅5ΓΗ=7=ΗΜ Χ: �4:9 (= �0:73=0:15). .<=Γ =Γ 5Η ≅95ΓΗ Η9Β

Η=Α9Γ Η<9 Α5;Β=ΗΙ89 Χ: Η<9 5779∆Η98 9ΓΗ=Α5Η9Γ.

#Β :57Η =Η =Γ 95ΓΜ ΗΧ Γ99 Η<5Η Η<9 AC Φ9ΓΙ≅ΗΓ =Α∆≅Μ Η<5Η &∋ ce ∋ed∗c) %∃( ΚΧΙ≅8 Η<9 ΑΧΓΗ 9Ψ97Η=ϑ9

Κ5Μ ΗΧ Φ98Ι79 Β=7ΧΗ=Β9 =ΒΗ5?9: /Γ=Β; Η<9 =89ΒΗ=ΗΜ Η<5Η ΗΧΗ5≅ Β=7ΧΗ=Β9 =Β;9ΓΗ98 =Γ

T#(a ∀ic#(i∀e = ∃#∃) a(i#∀ � ∋!#ke& ∋ha&e #f ∃#∃) a(i#∀ � ciga&e((e∋ ∃e& ∋!#ke& � i∀(e∀∋i(,;

(13)

5Β8 Η5?=Β; ≅Χ;Γ 5Β8 ΗΧΗ5≅≅Μ 8=Ψ9Φ9ΒΗ=5Η=Β; Κ=Η< Φ9Γ∆97Η ΗΧ ∆Φ=79 Μ=9≅8Γ Η<9 Φ9ΓΙ≅Η Η<5Η

%�T#(a c#(i∀i∀e=%�∃ = %�∃&e∗a e∀ce=%�∃+%�cig∋=∋!#ke&=%�∃+%�i∀(e∀∋i(,=%�∃:

(14)

AΓΓΙΑ=Β; Η<5Η Η<9 ΠΦΓΗ Η9ΦΑ =Γ Β9;5Η=ϑ9 (AC 8Χ ΒΧΗ 9ΓΗ=Α5Η9 =Η), 89Γ∆=Η9 Η<9 5779∆Η98 Κ=Γ8ΧΒ

Η<5Η Η<9 ΠΦΓΗ ΗΚΧ Η9ΦΑΓ Γ<ΧΙ≅8 588 ΗΧ 56ΧΙΗ -0.5, Η<9 ∆Φ=79 9≅5ΓΗ=7=Η=9Γ =Β Η<9 ∆Φ9798=Β; ∆5Φ5;Φ5∆<

ΓΙ;;9ΓΗ Η<5Η

%�T#(a ∀ic#(i∀e=%�∃ � ∋!a  ∀eg � 1:33 + 3:1 = 1:77 + ∋!a  ∀eg = ∃#∋: (15)

#: 5 Φ98Ι7Η=ΧΒ =Β ΗΧΗ5≅ Β=7ΧΗ=Β9 =Γ Φ9ΕΙ=Φ98, 7≅95Φ≅Μ Η<9 ∆Φ=79 Γ<ΧΙ≅8 fa∀∀, Φ9Θ97Η=Β; 5Β ΙΒ89Φ≅Μ=Β;

∆ΧΓ=Η=ϑ9≅Μ Γ≅Χ∆98 89Α5Β8 7ΙΦϑ9 :ΧΦ Β=7ΧΗ=Β9. #Η ΚΧΙ≅8 69 ∆ΦΙ89ΒΗ ΗΧ Φ9ϑ=Γ=Η Η<9Γ9 9ΓΗ=Α5Η9Γ 69:ΧΦ9

65Γ=Β; 57ΗΙ5≅ ∆Χ≅=7Μ ΧΒ Η<9Α.

#Η Γ<ΧΙ≅8 69 6ΧΦΒ9 =Β Α=Β8 Η<5Η ∆Φ=79Γ =Β Η<9 ∆9Φ=Χ8 Χ: Η<9=Φ ΠΦΓΗ Γ9Η Χ: 9ΓΗ=Α5Η9Γ Κ9Φ9 =Β Η<9

Φ9;=ΧΒ Χ: $1.50 ∆9Φ ∆57?, Κ<9Φ95Γ =Β 2008 T%bacc%f∋ee! d( Φ9∆ΧΦΗ98 5Β 5ϑ9Φ5;9 ∆Φ=79 =Β Η<9 Φ5Β;9 Χ:

$4.50. !ΧΓ∆Χ8=ΒΧϑ 5Β8 #Φϑ=Β9 (2008) <5ϑ9 75ΙΗ=ΧΒ98 5;5=ΒΓΗ ΙΓ=Β; 9ΓΗ=Α5Η9Γ 65Γ98 ΧΒ ∆Φ=79Γ Η<5Η

5Φ9 5 :Φ57Η=ΧΒ Χ: 7ΙΦΦ9ΒΗ ∆Φ=79Γ =Β Η<9 :ΧΦΑ5Η=ΧΒ Χ: ∆Ι6≅=7 ∆Χ≅=7Μ. AΒ8 =Β8998, Η<9 AC 9ΓΗ=Α5Η9Γ
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=Β Η56≅9 3, 65Γ98 ΧΒ 1999-2000 85Η5, 5Φ9 ΑΙ7< ΓΑ5≅≅9Φ Η<5Β Η<ΧΓ9 Φ9∆ΧΦΗ98 =Β Η56≅9 2.

A :ΙΦΗ<9Φ 7ΧΒΓ=89Φ5Η=ΧΒ =Β :ΧΦΑΙ≅5Η=Β; ∆Χ≅=7Μ <9Φ9 =Γ Η<5Η, =Β Φ979ΒΗ Μ95ΦΓ, Η<9 /− =Γ ΙΒ=ΕΙ9

=Β Η<9 Κ5Μ Η5Λ9Γ Γ<ΧΙ≅8 69 =ΒΗ9Φ∆Φ9Η98: Γ=Β79 Η<9 Ma()e∋ Se))∀e#e∃) Ag∋ee#e∃) =Β (Χϑ9Α69Φ

1998 69ΗΚ99Β Η<9 ΓΗ5Η9Γ 5Β8 Η<9 ΗΧ6577Χ 7ΧΑ∆5Β=9Γ, 7=;5Φ9ΗΗ9 ∆Φ=79Γ <5ϑ9 =Β7Φ95Γ98 8Φ5Α5Η=75≅≅Μ

=Β ΧΦ89Φ ΗΧ ;9Β9Φ5Η9 ΓΙΞ7=9ΒΗ Φ9ϑ9ΒΙ9Γ ΗΧ ∆5Μ Η<9 5ΑΧΙΒΗΓ 5;Φ998 ΙΒ89Φ Η<9 Se))∀e#e∃). .<9

ΓΙ6Γ9ΕΙ9ΒΗ <=;<9Φ ∆Φ=79Γ de fac)% =Β7ΧΦ∆ΧΦ5Η9 <=;<9Φ Η5Λ9Γ ΙΒ89Φ 5ΒΧΗ<9Φ Β5Α9.

5.2 The Di(∗)i!i)− ∃f I#)e#(i)−

.<9 Γ97ΧΒ8 5Φ95 Χ: 8=Γ5;Φ99Α9ΒΗ Κ=Η< AC 7ΧΒ79ΦΒΓ Η<9=Φ ΙΗ=≅=ΗΜ :ΙΒ7Η=ΧΒ. .<9Μ Γ∆97=:Μ U =

U(∀ic#(i∀e; i∀(e∀∋i(,; #(he&g##d∋), =Β Η<9=Φ 9ΕΙ5Η=ΧΒ (1): Β=7ΧΗ=Β9 ∆ΦΧ8Ι79Γ ∆ΧΓ=Η=ϑ9 ΙΗ=≅=ΗΜ, =ΒΗ9Β-

Γ=ΗΜ Β9;5Η=ϑ9 ΙΗ=≅=ΗΜ. #: Β=7ΧΗ=Β9 =Γ Η<9 ∆ΦΧ8Ι7Η Χ: Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ c Η=Α9Γ =ΒΗ9ΒΓ=ΗΜ i;

Η<9Β ∀ = c:i. AC Η<9Β Φ9ΚΦ=Η9 U 5Γ U = ((c:i); i; %). 1<=≅9 Η<9 Β=7ΧΗ=Β9 ∆ΦΧ8Ι7Η=ΧΒ :ΙΒ7Η=ΧΒ

=Γ 7ΧΒΓΗΦ5=Β98 ΗΧ <5ϑ9 7ΧΒΓΗ5ΒΗ Α5Φ;=Β5≅ ∆ΦΧ8Ι7ΗΓ 5Β8 =Β7Φ95Γ=Β; Φ9ΗΙΦΒΓ ΗΧ Γ75≅9, Η<9Φ9 =Γ 9ϑ=-

89Β79 Η<5Η Η<=Γ =Γ 5 Φ95ΓΧΒ56≅9 ≅Χ75≅ 5ΓΓΙΑ∆Η=ΧΒ (:ΧΦ 9Λ5Α∆≅9, C<5=ΗΧΒ e) a∀, 2005, ΧΦ ∀5ΑΑΧΒ8,

 ΧΒ; e) a∀ 2005). ∀ΧΚ9ϑ9Φ, Η<9=Φ =ΒΗ9ΒΓ=ΗΜ Η9ΦΑ =Γ ΒΧΚ ∆≅5Μ=Β; ΗΚΧ ΦΧ≅9Γ: =Η =Γ 6ΧΗ< Η<9 =ΒΗ9ΒΓ=ΗΜ

5ΓΓΧ7=5Η98 Κ=Η< each 7=;5Φ9ΗΗ9, 5Β8 =Γ 5≅ΓΧ Η<9 ϑ5Φ=56≅9 Η<5Η ;9Β9Φ5Η9Γ da ∀. 8=ΓΙΗ=≅=ΗΜ, ;Χϑ9ΦΒ98

6Μ Η<9 Γ5Α9 :ΙΒ7Η=ΧΒ U . !=ϑ9Β Η<5Η Η<9 8=ΓΙΗ=≅=ΗΜ =Γ ∆Φ=Α5Φ=≅Μ 5ΗΗΦ=6ΙΗ56≅9 ΗΧ Η<9 8=ΝΝΜΒ9ΓΓ 5Β8

Β5ΙΓ95 5ΓΓΧ7=5Η98 Κ=Η< 75Φ6ΧΒ ΑΧΒΧΛ=89 =ΒΗ5?9, Η<9 5ΑΧΙΒΗ Χ: ΓΙ7< 8=ΓΙΗ=≅=ΗΜ 8ΙΦ=Β; Η<9 85Μ =Γ

Χ6ϑ=ΧΙΓ≅Μ 5 :ΙΒ7Η=ΧΒ Χ: Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ  .e. 5 :ΙΒ7Η=ΧΒ Χ: c:i Φ5Η<9Φ Η<5Β Γ=Α∆≅Μ i. BΙΗ

ΧΒ79 7ΧΦΦ97Η≅Μ Γ∆97=Π98, Η<9 ΙΗ=≅=ΗΜ :ΙΒ7Η=ΧΒ =Γ ΒΧΗ ΓΧ ΙΓ9:Ι≅ 6975ΙΓ9 6ΧΗ< Η<9 ∆≅95ΓΙΦ9-Μ=9≅8=Β;

Β=7ΧΗ=Β9 5Β8 8=ΓΙΗ=≅=ΗΜ-Μ=9≅8=Β; =ΒΗ9ΒΓ=ΗΜ 957< 9ΒΗ9Φ =Β Η<9 Γ5Α9 :5Γ<=ΧΒ. #Β 7ΧΒΗΦ5ΓΗ, =: Η<9 ∆ΦΧ-

8Ι7Η=ΧΒ :ΙΒ7Η=ΧΒ Κ9Φ9 Γ∆97=Π98 =Β, :ΧΦ 9Λ5Α∆≅9, CΧ66-DΧΙ;≅5Γ :ΧΦΑ Κ=Η< ?ΒΧΚΒ 9Λ∆ΧΒ9ΒΗΓ Η<9Β

Α95Β=Β;:Ι≅ 7ΧΑ∆5Φ5Η=ϑ9 Φ9ΓΙ≅ΗΓ 5Φ9 Χ6Η5=Β56≅9. ACΣΓ 7ΧΑ∆5Φ5Η=ϑ9 ΓΗ5Η=7 Φ9ΓΙ≅ΗΓ Η<9Φ9:ΧΦ9 Β998

Φ989ϑ9≅Χ∆Α9ΒΗ.

#Β Η<9 ΑΧ89≅ 89ϑ9≅Χ∆98 =Β Η<=Γ ∆5∆9Φ Η<9 ΗΦ589ΧΨ 69ΗΚ99Β 588=Η=ΧΒ5≅ Β=7ΧΗ=Β9 ∆ΦΧ8Ι798 6Μ

<=;<9Φ =ΒΗ9ΒΓ=ΗΜ 5Β8 Η<9 8=ΓΙΗ=≅=ΗΜ 5ΓΓΧ7=5Η98 Κ=Η< Η<5Η Γ5Α9 =ΒΗ9ΒΓ=ΗΜ =Γ Φ9ΓΧ≅ϑ98 6Μ Φ97Χ;Β=Ν=Β;
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Η<9 8=Ψ9Φ9ΒΗ Η=Α9 8=Α9ΒΓ=ΧΒΓ 5ΓΓΧ7=5Η98 Κ=Η< 957< =Α∆57Η: Η<9 Α5Φ;=Β5≅ ΙΗ=≅=ΗΜ Χ: Η<9 588=ΧΒ5≅

Β=7ΧΗ=Β9 ∆ΦΧ8Ι798 ≅5ΓΗΓ :ΧΦ Γ9ϑ9Φ5≅ <ΧΙΦΓ, Κ<=≅9 Η<9 Α5Φ;=Β5≅ 8=ΓΙΗ=≅=ΗΜ 9Ψ97Η =Γ 9Λ∆9Φ=9Β798 ΧΒ≅Μ

Κ<=≅9 Η<9 7=;5Φ9ΗΗ9 =Γ 69=Β; ΓΑΧ?98. (ΧΒ9Η<9≅9ΓΓ ΧΙΦ ΙΒ89Φ≅Μ=Β; ∆ΦΧ8Ι7Η=ΧΒ ΓΗΦΙ7ΗΙΦ9 =Γ Γ=Α=≅5Φ

ΗΧ AC: ΗΧΗ5≅ Β=7ΧΗ=Β9 =Γ Η<9 ∆ΦΧ8Ι7Η Χ: Η<9 ΒΙΑ69Φ Χ: 7=;5Φ9ΗΗ9Γ 5Β8 =ΒΗ9ΒΓ=ΗΜ.

6 C∃#c!∗(i∃#(

.Χ6577Χ-ΓΑΧ?=Β; =Γ Φ97?ΧΒ98 ΗΧ 69 ΧΒ9 Χ: Η<9 Α5>ΧΦ 75ΙΓ9Γ Χ: ∆Φ9Α5ΗΙΦ9 895Η< =Β 6ΧΗ< Η<9 89-

ϑ9≅Χ∆98 5Β8 ≅9ΓΓ-89ϑ9≅Χ∆98 ΚΧΦ≅8. #Η =Γ 5 ∆Φ=Β7=∆5≅ 75ΙΓ9 Χ: ∆Φ9Α5ΗΙΦ9 895Η< =Β ∆9Φ<5∆Γ 300,000

AΑ9Φ=75ΒΓ 957< Μ95Φ. /Β89ΦΓΗ5Β8=Β; Η<9 =Α∆57Η Χ: ∆Χ≅=7=9Γ Η<5Η ≅=Α=Η ΗΧ6577Χ ΙΓ9 5Β8 Η<9 =Β-

<5≅5Η=ΧΒ Χ: 75Β79Φ-75ΙΓ=Β; ΗΧΛ=ΒΓ =Γ Η<9Φ9:ΧΦ9 ϑ=Η5≅. .<9 ≅=?9≅=<ΧΧ8 Η<5Η ΓΑΧ?9ΦΓ Κ=≅≅ =Β7Φ95Γ9 Η<9=Φ

ΓΑΧ?=Β; =ΒΗ9ΒΓ=ΗΜ =Β Φ9Γ∆ΧΒΓ9 ΗΧ Η5Λ-=Β8Ι798 ∆Φ=79 =Β7Φ95Γ9Γ, ΧΦ ΗΧ6577Χ 65ΒΓ =Β ∆Ι6≅=7 ∆≅579Γ,

Γ<ΧΙ≅8 69 577ΧΙΒΗ98 :ΧΦ =Β Η<9 897=Γ=ΧΒ ΗΧ 58Χ∆Η 89Η9ΦΦ9ΒΗ ∆Χ≅=7=9Γ. .<9 Χϑ9Φ=8=Β; Χ6>97Η=ϑ9 Χ: Η<=Γ
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.56≅9 1. ∗Φ=79Γ 5Β8 Β=7ΧΗ=Β9 7ΧΑ∆9ΒΓ5Η=ΧΒ

∗Φ=79/ΓΗ=7? =Β 79ΒΗΓ D5=≅Μ ΕΙ5ΒΗ=ΗΜ #ΒΗ9ΒΓ=ΗΜ (Α;/ΓΗ=7?) .ΧΗ5≅ Β=7ΧΗ=Β9 =ΒΗ5?9

0.161 32 0.875 28.00

0.195 30 0.893 26.78

0.229 28 0.912 25.54

0.264 26 0.936 24.33

0.298 24 0.959 23.01

0.332 22 0.986 21.70

0.366 20 1.016 20.31

0.400 18 1.052 18.93

0.434 16 1.092 17.47

0.468 14 1.139 15.94

0.502 12 1.1960 14.36

0.536 10 1.267 12.67

0.571 8 1.36 10.88
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.56≅9 2. ,95≅ ∆Φ=79 5Β8 ΕΙ5ΒΗ=ΗΜ Χ: 7=;5Φ9ΗΗ9Γ ΓΧ≅8, /−, 1997-2006.

C=;5Φ9ΗΗ9Γ (6=≅≅=ΧΒ) C=;5Φ9ΗΗ9 Φ95≅ ∆Φ=79 =Β89Λ

1997 480 100.0

1998 465 108.1

1999 435 138.5

2000 430 149.0

2001 425 156.3

2002 415 167.5

2003 400 166.1

2004 388 164.4

2005 376 167.2

2006 371 167.5

S%∗∋ce: +Ι5ΒΗ=ΗΜ: /− D9∆5ΦΗΑ9ΒΗ Χ: A;Φ=7Ι≅ΗΙΦ9 (ΚΚΚ.9ΦΓ.ΙΓ85.;Χϑ/6Φ=9ΠΒ;/ΗΧ6577Χ), Τ.<9 7<5Β;-

=Β; ΗΧ6577Χ ΙΓ9ΦΣΓ 8Χ≅≅5ΦΥ. ∗Φ=79Γ :ΦΧΑ B&−, Γ9Φ=9Γ C//,))))−E!A01 5Β8 C//,))))−A0.
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 =;ΙΦ9 1: −ΧΙΦ79: ∃5Φϑ=Γ, BΧΦ9<5Α e) a∀, 2001.
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 =;ΙΦ9 2: −ΧΙΦ79: A885 5Β8 CΧΦΒ5;≅=5, 2006
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