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𝑋𝑡 = (𝑃𝑡 , 𝐺𝑡) 𝑹𝑘 𝐺𝑡

𝑃𝑡

1 = 𝐶𝑚𝑖𝑛

𝑀 − 1 = 𝐶𝑚𝑎𝑥

𝛾 = 𝛾(𝑡)

𝑟(𝑡) [𝑡, 𝑇]

𝑠𝑢𝑝𝛾∈𝑟(𝑡)𝑬[𝐻(𝑥, 𝑖, [𝑡, 𝑇]; 𝛾)|𝑋𝑡 = 𝑥, 𝛾(𝑡) = 𝑖],



12 
 

𝑋𝑡 = 𝑥 (𝑡) = 𝑖

𝑋𝑖

Ω

𝑊 = 𝑊(𝑡)0≤𝑡≤𝑇

𝑊0 = 0

𝑑𝑋𝑡 = 𝜇(𝑡, 𝑋𝑡)𝑑𝑡 + 𝜎(𝑡, 𝑋𝑡)𝑑𝑊𝑡 + 𝐽(𝑡, 𝑋𝑡)[𝑑𝑁𝑡 − 𝜏(𝑡, 𝑋𝑡)𝑑𝑡],

(𝑁𝑡)0≤𝑡≤𝑇 𝜏(𝑡, 𝑋𝑡)

𝜇(𝑡, 𝑋𝑡) 𝜎(𝑡, 𝑋𝑡)

𝑋𝑡 = (𝑃𝑡 , 𝐺𝑡) = (𝑃𝑡([I]), 𝑃𝑡([II]), 𝑃𝑡([III]), 𝐺𝑡) 𝑅4

𝑀 ≥ 3

𝐶𝑚𝑖𝑛 𝐶𝑚𝑎𝑥

𝐶𝑚𝑎𝑥−𝐶𝑚𝑖𝑛

𝑀−2
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𝐶𝑚𝑖𝑛

𝐶2 = 𝐶𝑚𝑖𝑛 +
𝐶𝑚𝑎𝑥−𝐶𝑚𝑖𝑛

𝑀−2

𝐶𝑚 = 𝐶𝑚𝑖𝑛 + (𝑚 − 1) ×
𝐶𝑚𝑎𝑥−𝐶𝑚𝑖𝑛

𝑀−2

𝐶𝑀−1 = 𝐶𝑚𝑎𝑥

𝜑(𝑃𝑡([I] ), 𝐺𝑡 , 𝑖)

𝜑(𝑃𝑡([I]), 𝐺𝑡 , 0) ≡ 0,                                                                                                         

𝜑(𝑃𝑡([I]), 𝐺𝑡 , 𝑖) = 𝐶𝑖 × [𝑃𝑡([I]) − 𝑣𝑖 × 𝐺𝑡 − 𝐾𝑖]

= [𝐶𝑚𝑖𝑛 + (𝑚 − 1) ×
𝐶𝑚𝑎𝑥 − 𝐶𝑚𝑖𝑛
𝑀 − 2

] × [𝑃𝑡([I]) − 𝑣𝑖 × 𝐺𝑡 − 𝐾𝑖],

𝐾𝑖 𝑣𝑖

𝑖 = 1,2, … ,𝑀 − 1

𝑃𝑡([I])

𝐶𝑖

𝑃𝑡([I]) − 𝑣𝑖 × 𝐺𝑡 − 𝐾𝑖

𝑎𝑖𝑗(𝑡, 𝑋𝑡),     𝑎𝑖𝑖 ≡ 0: 

aij

aij

aij ≤ aik + a𝑘j,   ∀𝑖, 𝑗, 𝑘:
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𝛾 = 𝛾(𝑡)

{𝑋𝑆: 0 ≤ 𝑠 ≤ 𝑡} 𝐹𝑡
𝑥

𝜎

𝛾 = ((𝜀1, 𝜏1), (𝜀2, 𝜏2), … , (𝜀𝑇 , 𝜏𝑇)), 

𝜀𝑘 {𝑂𝑓𝑓, 𝐶𝑚𝑖𝑛, … , 𝐶𝑚𝑎𝑥}

0 ≤ 𝜏1 ≤ 𝜏2 ≤ ⋯ ≤ 𝜏𝑘−1 ≤ 𝜏𝑘 ≤ ⋯ ≤ 𝑇, 𝜏𝑘

𝛾(𝑡) = ∑ 𝜀𝑘𝑰[𝜏𝑘,𝜏𝑘+1](𝑡)

𝜏𝑘<𝑇

:

𝛾(𝑡) 𝜔 ∈ Ω

𝐻(𝑥, 𝑖, [0, 𝑇]; 𝛾)(𝜔) = ∫ 𝜑(𝑋𝑆, 𝛾(𝑠))𝑑𝑠
𝑇

0

− ∑ 𝑎𝛾(𝜏𝑘−0),𝛾(𝜏𝑘)
𝜏𝑘<𝑇

,

𝑋0 = 𝑥 𝛾(0) = 𝑖

𝛾(𝑡)

𝜏𝑘

𝜑(𝑋𝑆, 𝛾(𝑠)) = 𝜑(𝑃𝑠([I]), 𝐺𝑠 , 𝑖), 𝛾(𝑠) = 𝑖 𝑟(𝑡)

[𝑡, 𝑇]
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𝐽(𝑡, 𝑥, 𝑖; 𝛾) = 𝑬[𝐻(𝑥, 𝑖, [𝑡, 𝑇]; 𝛾)|𝑋𝑡 = 𝑥, 𝛾(𝑡) = 𝑖]:

𝐽(𝑡, 𝑥, 𝑖) = 𝑠𝑢𝑝𝛾∈𝑟(𝑡)𝐽(𝑡, 𝑥, 𝑖; 𝛾):

𝐽(𝑡, 𝑥, 𝑖) [𝑡, 𝑇]

𝑋𝑡 = 𝑥, 𝛾(𝑡) = 𝑖

𝐽(𝑡, 𝑥, 𝑖) 𝛾∗

𝐽(𝑡, 𝑥, 𝑖)

[𝜏𝑘, 𝜏𝑘+1]

𝐺𝑡

𝐽(𝑡, 𝑥, 𝑖) − 𝑚𝑎𝑥𝑚=1,2,3𝐽(𝑡, 𝑥, 𝑖)𝐸 [∫𝜑𝑚(𝑋𝑠 , 𝛾(𝑠))𝑑𝑠/𝑋𝑡

𝑇

𝑡

= 𝑥]:
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𝜏 𝑖 𝑗

𝑘

𝑎𝑖𝑗 = 𝑎𝑖𝑘 + 𝑎𝑘𝑗 ,

𝜏 𝑗 𝜏 𝑖 𝑗

−𝑎𝑖𝑗 + 𝐽(𝜏, 𝑋𝜏 , 𝑗) > −𝑎𝑖𝑘 + 𝐽(𝜏, 𝑋𝜏 , 𝑘),

−𝑎𝑘𝑗 + 𝐽(𝜏, 𝑋𝜏 , 𝑗) > 𝐽(𝜏, 𝑋𝜏 , 𝑘):

𝜏 𝑗 𝑘

                                                           
1  
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𝜑(𝑃𝑡([I] ), 𝐺𝑡 , 𝑖)

𝑃𝑡([I])

Rt

𝜀𝑡



18 
 

𝜌1 = −1 𝜌2 = 0 𝜌3 = 1:

𝜑𝑖(𝑡, 𝑅𝑡) = 𝜌𝑖𝑅𝑡 − 𝐾𝑖 ,         𝑖 = 1,2,3,

𝑅𝑡 𝑡 𝐾𝑖

𝛾 = ((𝜉1, 𝜏1), (𝜉2, 𝜏2), … )

ξi

𝜏2

𝜔

𝐻(𝑟, 𝑖, [0, 𝑇]; 𝛾)(𝜔) = ∫𝜑𝛾𝑡(𝑡, 𝑅𝑡(𝜔))𝑑𝑡

𝑇

0

− ∑ 𝑎𝛾𝜏𝑘−,𝛾𝜏𝑘
𝜏𝑘<𝑇

,                            (1)
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R0 = r, γ0 = i

r

(𝜇𝑡
𝑖 , ℎ𝑡

𝑖 , 𝑣𝑡
𝑖)

𝑃(𝑠𝑡 = 𝑖|ℑ𝑡−1) ℑ𝑡−1

𝜇𝑡
𝑖

ℎ𝑡
𝑖

𝑣𝑡
𝑖

𝑖

𝑖

(μt
i , ht

i , vt
i)

P(st = i|ℑt−1) ht
i

[ℎ𝑡
(𝑖)]

2
= 𝑎0

(𝑖) + 𝑎1
(𝑖)𝑟𝑡−1

2 + 𝛽1
(𝑖)𝔼[(ℎ𝑡−1)

2|𝑠𝑡 = 𝑖],
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(ℎ𝑡−1)
2

𝑖 = 1,2,3
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(𝑋1, 𝑋2, … , 𝑋𝑛) 𝑛

𝑓 𝐹

𝑈 = max(𝑋1, 𝑋2, … , 𝑋𝑛) 𝑉 = min(𝑋1, 𝑋2, … , 𝑋𝑛)

𝑅 = 𝑈 − 𝑉

𝐺𝑈(𝑥) = 𝑃(𝑈 ≤ 𝑥) = 𝑃[(𝑋1 ≤ 𝑥) ∩ …∩ (𝑋𝑛 ≤ 𝑥)] = 𝑃(𝑋1 ≤ 𝑥) ∙∙∙ 𝑃(𝑋𝑛 ≤ 𝑥)

= 𝑃(𝑋 ≤ 𝑥)𝑛,
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𝐺𝑈(𝑥) 𝑈

𝐺𝑈(𝑥) = [𝐹(𝑥)]
𝑛:                                                                      (2)

𝑔𝑈(𝑥)

𝑔𝑈(𝑥) = 𝑛𝐹(𝑥)
𝑛−1𝑓(𝑥): 

 

𝑃(𝑉 > 𝑥) = 𝑃[(𝑋1 > 𝑥) ∩ …∩ (𝑋𝑛 > 𝑥)] = 𝑃(𝑋1 > 𝑥) ∙∙∙ 𝑃(𝑋𝑛 > 𝑥)

1 − 𝑃(𝑉 ≤ 𝑥) = (1 − 𝑃(𝑋 ≤ 𝑥))
𝑛
: 

𝐺𝑉(𝑥) 𝑉

𝐺𝑉(𝑥) = 1 − (1 − 𝐹(𝑥))
𝑛
:                                                          (3)

𝑔𝑉(𝑥)

𝑔𝑉(𝑥) = 𝑛(1 − 𝐹(𝑥))
𝑛−1𝑓(𝑥): 

𝑈 𝑉 u ≥ v

𝑃[(𝑈 ≤ 𝑢) ∩ (𝑉 > 𝑣)] = 𝑃[(𝑣 ≤ 𝑋1 < 𝑢) ∩ …∩ (𝑣 ≤ 𝑋𝑛 < 𝑢)]

= 𝑃(𝑣 ≤ 𝑋1 < 𝑢) ∙∙∙ 𝑃(𝑣 ≤ 𝑋𝑛 < 𝑢) = (∫ 𝑓(𝑡)𝑑𝑡
𝑢

𝑣

)

𝑛

= (𝐹(𝑢) − 𝐹(𝑣))
𝑛
:

𝐹𝑈,𝑉(𝑢, 𝑣) = 𝑃(𝑈 ≤ 𝑢 ∩ 𝑉 ≤ 𝑣) = 𝑃(𝑈 ≤ 𝑢) − 𝑃(𝑈 ≤ 𝑢 ∩ 𝑉 > 𝑣)

= 𝐹𝑈(𝑢) − (𝐹(𝑢) − 𝐹(𝑣))
𝑛
:

𝐹𝑈,𝑉(𝑢, 𝑣) = 𝑃(𝑈 ≤ 𝑢 ∩ 𝑉 ≤ 𝑣) = 𝑃(𝑈 ≤ 𝑢) = (𝐹𝑈(𝑢))
𝑛
,    եթե  𝑢 < 𝑣, 

𝑔(𝑢, 𝑣) = {
𝜕2𝐹(𝑢, 𝑣)

𝜕𝑢𝜕𝑣
= 𝑛(𝑛 − 1)(𝐹(𝑢) − 𝐹(𝑣))

𝑛−2
𝑓(𝑢)𝑓(𝑣), եթե   𝑢 ≥ 𝑣,

0,                                                                                                     եթե   𝑢 < 𝑣:
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𝐹𝑅(𝑥) = ∬ 𝑔(𝑢, 𝑣)𝑑𝑢𝑑𝑣

𝑣≤𝑢
𝑢−𝑣≤𝑥

= 𝑛 ∫ 𝑓(𝑣)𝑑𝑣

+∞

−∞

∫ 𝑓(𝑢)[𝐹(𝑢) − 𝐹(𝑣)]𝑛−2𝑑𝑢

𝑣+𝑥

𝑣

=  𝑛 ∫ 𝑓(𝑣)𝑑𝑣

+∞

−∞

∫ 𝑑[[𝐹(𝑢) − 𝐹(𝑣)]𝑛−1]

𝑣+𝑥

𝑣

= 𝑛 ∫ 𝑓(𝑣)[𝐹(𝑣 + 𝑥) − 𝐹(𝑣)]𝑛−1𝑑𝑣

+∞

−∞

:

𝐹𝑅(𝑥) = {
𝑛 ∫ 𝑓(𝑦)[𝐹(𝑥 + 𝑦) − 𝐹(𝑦)]𝑛−1𝑑𝑦,       եթե    𝑥 > 0

+∞

−∞

0,                                                                        եթե    𝑥 ≤ 0

 ,

𝑓𝑅(𝑥) = {
𝑛(𝑛 − 1) ∫ 𝑓(𝑦)[𝐹(𝑥 + 𝑦) − 𝐹(𝑦)]𝑛−2𝑓(𝑥 + 𝑦)𝑑𝑦

+∞

−∞

, եթե   𝑥 > 0

0,                                                                                                         եթե   𝑥 ≤ 0

 : 

𝑟 > 0

𝐻(𝑧) = {
(1 − 𝑒−𝑟𝑧)𝑛−1, եթե  𝑧 > 0
0,                                  եթե   𝑧 ≤ 0

 :
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2 
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𝑠𝑢𝑝𝑥∈𝑅|𝐹𝑛(𝑥) − 𝐹(𝑥)|: 

∫(𝐹𝑛(𝑥) − 𝐹(𝑥))
2
𝑑𝐹(𝑥):

∫
(𝐹𝑛(𝑥)−𝐹(𝑥))

2

𝐹(𝑥)(1−𝐹(𝑥))
𝑑𝐹(𝑥): 

𝐹𝑛(𝑥) (𝑋1, 𝑋2, … , 𝑋𝑛) 𝑛

𝐹(𝑥)

𝐹𝑛(𝑥) =
նմուշի տարրերի քանակը ≤ 𝑥

𝑛
=
1

𝑛
∑𝟏{𝑥𝑖≤𝑥}

𝑛

𝑖=1

 , 

𝟏𝐴
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𝛼 > 0  𝛽 >

0

𝐹(𝑥; 𝛼, 𝛽) = {

0,                           եթե  𝑥 ≤ 0 
1

1 + (
𝑥
𝛼
)
−𝛽
,        եթե  𝑥 > 0  ,                                             (4)

𝛼 > 0, 𝛽 > 0.

𝑓(𝑥; 𝛼, 𝛽) = {

0,                               եթե  𝑥 ≤ 0

(𝛽 𝛼⁄ )(𝑥 𝛼⁄ )𝛽−1

(1 + (𝑥 𝛼⁄ )𝛽)2
,   եթե  𝑥 > 0

 :
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(𝑋1, 𝑋2, … , 𝑋𝑛) 𝑛

𝑈 = max(𝑋1, 𝑋2, … , 𝑋𝑛) 𝑉 =

min(𝑋1, 𝑋2, … , 𝑋𝑛) 𝑈 𝑉

𝛼 𝛽

𝑈 𝑉 𝛼𝑈 =

0.47, 𝛼𝑉 = 0.46, 𝛽𝑈 = 6.8, 𝛽𝑉 = 6.82
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𝑓(𝑥) = {

0,                                    եթե  𝑥 ≤ 0

1

𝑥𝜎√2𝜋
𝑒
−
(𝑙𝑛𝑥−𝜇)2

2𝜎2 ,     եթե  𝑥 > 0
∶

𝜇 = −4.5, 𝜎 =

0.59
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(𝑋1, 𝑋2, … , 𝑋𝑛) 𝑛

𝑈 = max(𝑋1, 𝑋2, … , 𝑋𝑛) 𝑉 =

min(𝑋1, 𝑋2, … , 𝑋𝑛) 𝑅 = 𝑈 − 𝑉

𝑅 𝜇 =

−4.5, 𝜎 = 0.59

𝐹(𝑥) = √𝐺𝑈(𝑥; 𝛼, 𝛽)
𝑛

= √
1

1 + (
𝑥
𝛼
)
−𝛽

𝑛
  ,
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𝑥 > 0, 𝛼 > 0, 𝛽 > 0:

𝐹(𝑥; 𝛼, 𝛽, 𝑝) = {

0,                                      եթե   𝑥 ≤ 0 

(1 + (
𝑥

𝛼
)
−𝛽

)

−𝑝

,        եթե  𝑥 > 0
 ,

𝛼 > 0, 𝛽 > 0, 𝑝 > 0: 

√𝐹(𝑥; 𝛼, 𝛽, 𝑝)
𝑛

= (1 + (
𝑥

𝛼
)
−𝛽

)

−𝑝
𝑛

=  𝐹(𝑥; 𝛼, 𝛽, 𝑝/𝑛): 

 

𝛼 = 0.47, 𝛽 = 6.8, 𝑝 = 1 𝑛⁄

𝛼 =

0.47, 𝛽 = 6.8, 𝑝 = 1

𝐹(𝑥) = √𝐺𝑈(𝑥; 𝛼, 𝛽, 𝑝)
𝑛

= 𝐺𝑈(𝑥; 𝛼, 𝛽, 𝑝/𝑛) = (1 + (
𝑥

0.47
)
−6.8

)
−
1
𝑛

                               

=
1

(1 + (
𝑥
0.47

)
−6.8

)

1
𝑛

∶                                                                                            (5)



32 
 

𝐹(𝑥) = 1 − √1 − 𝐺𝑉(𝑥; 𝛼, 𝛽)
𝑛

= 1 − √1 −
1

1 + (
𝑥
𝛼
)
−𝛽

𝑛
  ∶

𝛼 = 0.46, 𝛽 = 6.82

𝐹(𝑥) = 1 − (1 −
1

1 + (
𝑥
0.46

)
−6.82)

1
𝑛

:                                                        (6)
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𝑅 = 𝑈 − 𝑉 => 𝐸(𝑅) = 𝐸(𝑈 − 𝑉) = 𝐸(𝑈) − 𝐸(𝑉):

𝐸(𝑈) = 𝛼𝑈𝐵(1 − 1 𝛽𝑈⁄ , 1 + 1 𝛽𝑈⁄ ) = 𝛼𝑈
𝜋 𝛽𝑈⁄

sin(𝜋 𝛽𝑈⁄ )
= 0.47

0.461

0.445
= 0.49,

𝐸(𝑉) = 𝛼𝑉𝐵(1 − 1 𝛽𝑉⁄ , 1 + 1 𝛽𝑉⁄ ) = 𝛼𝑉
𝜋 𝛽𝑉⁄

sin(𝜋 𝛽𝑉⁄ )
= 0.46

0.460

0.444
= 0.48,

𝐸(𝑈) − 𝐸(𝑉) = 0.49 − 0.48 = 0.01:

𝐸(𝑅) =  𝑒𝜇+
𝜎2

2⁄ = 𝑒−4.5+
0.592

2⁄ = 𝑒−4.33 = 0.013~0.01:
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𝛼1 = 1.43, 𝛼2 = 8.05, 𝛾 =

1.28, 𝛽 = −1.60

𝐹(𝑥) = 𝐼(𝑥−𝛾) (𝑥−𝛾+𝛽)⁄ (𝛼1, 𝛼2),                                                                                                   (7)

𝑓(𝑥) =
((𝑥 − 𝛾) 𝛽⁄ )𝛼1−1

𝛽 𝐵(𝛼1, 𝛼2)(1 + (𝑥 − 𝛾) 𝛽⁄ )𝛼1+𝛼2
 ,                                                                            (8)

𝐵 𝐼𝑧

𝛼1 > 0 𝛼2 > 0

𝛽

𝛾

𝑓(𝑥) =
((𝑥 − 1.28) (−1.60)⁄ )1.43−1

(−1.60) 𝐵(1.43,8.05)(1 + (𝑥 − 1.28) (−1.60)⁄ )1.43+8.05

=
62.5(𝑥 − 1.28)0.43

𝐵(1.43,8.05)(𝑥 − 2.88)9.48
 ∶                                                 (9)
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𝐹(𝑥) = 𝐼(𝑥−1.28) (𝑥−1.28−1.60)⁄ (1.43,8.05) =
𝐵(𝑥−1.28) (𝑥−2.88)⁄ (1.43,8.05)

𝐵(1.43,8.05)
 ∶              (10)

𝛼1 = 1.43, 𝛼2 =

8.05, 𝛾 = 1.28, 𝛽 = −1.60
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𝑚 = 4, 𝜈 = 2.81, 𝑎 = 1.06, 𝜆 =

0.33

𝑓(𝑥)𝑑𝑥 = 𝑘 [1 + (
𝑥 − 𝜆

𝑎
)
2

]

−𝑚

exp [−𝜈 tan−1 (
𝑥 − 𝜆

𝑎
)] 𝑑𝑥,

𝑚, 𝜈, 𝑎 𝜆 −∞ < 𝑥 < +∞ 𝑘

𝑚, 𝜈 𝑎

𝑚 = 4, 𝜈 =

2.81, 𝑎 = 1.06, 𝜆 = 0.33
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𝑎

𝑏

𝑎0

𝑏0

𝑏 𝑎 𝑏 = 𝛼 + 𝛽𝑎 + 𝜀

 - 
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 - 

𝛽 = 0

𝑝

𝑑

𝑑0

𝑝 = �̂� + �̂� ∙ 𝑎0,

𝑑 = 𝑏0 − 𝑝 .
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𝑋

𝑃𝑟𝑖𝑐𝑒 (𝑋) = 𝐸(𝑋) + 𝛿 × 𝑅,

𝐸

𝑅

𝛿

𝛿
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𝑇

ln 𝑃𝑇 ~𝑁 (ln 𝑃0 + (𝜇𝑃 −
𝜎𝑃
2

2
)𝑇, 𝜎𝑃√𝑇),

ln 𝐿𝑇 ~𝑁(ln 𝐿0 + (𝜇𝐿 −
𝜎𝐿
2

2
)𝑇, 𝜎𝐿√𝑇),

𝑃𝑇 𝐿𝑇

𝑇 𝜇 𝜎

ln(𝑃𝑇 × 𝐿𝑇) = ln 𝑃𝑇 + ln 𝐿𝑇 ~𝑁

(

 
 

ln 𝑃0 + ln 𝐿0 + (𝜇𝑃 −
𝜎𝑃
2

2
)𝑇

+(𝜇𝐿 −
𝜎𝐿
2

2
)𝑇,√𝜎𝑃

2𝑇 + 2𝜌𝜎𝑃𝜎𝐿𝑇 + 𝜎𝐿
2𝑇
)

 
 
:

𝐸(𝑋) = 𝑒𝜇+
𝜎2

2 ∶

𝜇
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𝐸(𝑃𝑇 × 𝐿𝑇) = exp {ln(𝑃0𝐿0) − (
𝜎𝑃
2

2
+
𝜎𝐿
2

2
)𝑇 +

𝜎𝑃
2

2
𝑇 + 𝜌𝜎𝑃𝜎𝐿𝑇 +

𝜎𝐿
2

2
}

𝐸(𝑃𝑇 × 𝐿𝑇) = 𝑃0𝐿0 exp{𝜌𝜎𝑃𝜎𝐿𝑇} ∶                                                (11)

(11)
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 𝐻

𝐹

 𝑛 {𝑋1, 𝑋2}

𝑣

 𝑚 {𝑌1, 𝑌2}

𝑢

 𝑅 𝑅
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 ∆𝐿

∆𝑃

∆𝑃 = 𝛽∆𝐿:

 

𝐶𝑜𝑣(𝐿𝑖 , 𝑃𝑖) ≅ 𝐶𝑜𝑣(〈𝐿𝑖〉, 〈𝑃𝑖〉):
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𝑃&𝐿 =∑𝐿𝑡(𝑇 − 𝑃𝑡)

𝑁

𝑡=1

+∑𝐻𝑡(𝑃𝑡 − 𝐹𝑡)

𝑁

𝑡=1

+ 𝑣∑(�̅� − 𝑋𝑖)

𝑛

𝑖=1

+ 𝑢∑(𝑌𝑖 − �̅�)

𝑚

𝑖=1

+ 𝑅,    (12)

𝐿𝑡 𝑡

𝑇

𝑃𝑡 𝑡

𝐹𝑡 𝑡

𝐻𝑡

𝑡

�̅�

𝑁 = 24

(12)

𝑃&𝐿 = 𝑁𝐿(𝑇 − 𝑃)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ + 𝑁𝐻(𝑃 − 𝐹)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ + 𝑣∑(�̅� − 𝑋𝑖)

𝑛

𝑖=1

+ 𝑢∑(𝑌𝑖 − �̅�)

𝑚

𝑖=1

+ 𝑅

= 𝑁�̅�𝑇 − 𝑁�̅��̅� − 𝑁𝐶𝑜𝑣(𝐿, 𝑃) + 𝑁𝐻(�̅� − �̅�) + 𝑁𝐶𝑜𝑣(𝐻, 𝑃 − 𝐹)

+𝑣∑(�̅� − 𝑋𝑖)

𝑛

𝑖=1

+ 𝑢∑(𝑌𝑖 − �̅�)

𝑚

𝑖=1

+ 𝑅,                                                                 (13)

𝑇 = �̅� ≡ 𝐹

�̅� = �̂� + ∆𝐿 �̂�

𝐻 ≡ 𝐻 = �̂�

�̅� = �̅� + ∆𝑃
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∆𝑃 = 𝛽∆𝐿 (14)

𝑋𝑖 = �̅� + (𝑖 −
1

2
) ∆𝑝0

∆𝑝0 =  𝛽𝑒

𝑣 = 2𝑁𝑒

∆𝐿 > 0 𝑒

(14)

(13)

𝑃&𝐿 = 𝑁(�̂� + ∆𝐿)𝐹 − 𝑁(�̂� + ∆𝐿)(𝐹 + ∆𝑃) − 𝑁𝐶𝑜𝑣(〈𝐿𝑖〉, 〈𝑃𝑖〉) + 𝑁�̂�∆𝑃 +

2𝑁𝑒∆𝑝0∑(𝑖 −
1

2
)

𝐾

𝑖=1

+ 𝑅:     (15)

𝐾 =
∆𝐿

𝑒
∆𝑃 = 𝛽∆𝐿 = 𝐾∆𝑝0

∑ (𝑖 −
1

2
)𝐾

𝑖=1 =
𝐾2

2
𝑅

𝑁𝐶𝑜𝑣(〈𝐿𝑖〉, 〈𝑃𝑖〉)

(15) ∆𝐿 ∆𝑃

∑(∑𝐶𝑖(𝑋𝑖 , 𝑡𝑗)

𝑛

𝑖=1

+∑𝑈𝑖(𝑌𝑖 , 𝑡𝑗)

𝑚

𝑖=1

+ 𝑅𝑗)

𝐽

𝑗=1

                                                (16)



59 
 

𝑇 = �̅� +
∑ (∑ 𝐶𝑖(𝑋𝑖 , 𝑡𝑗)

𝑛
𝑖=1 + ∑ 𝑈𝑖(𝑌𝑖 , 𝑡𝑗)

𝑚
𝑖=1 + 𝑅𝑗)

𝐽
𝑗=1  

𝐿𝑡
 ,                               (17)

𝐽

𝐶𝑖 𝑗 𝑋𝑖

𝑈𝑖 𝑗 𝑌𝑖

�̅�

𝑅𝑗 𝑗

𝐿𝑡

𝐿𝑡 < �̅�

𝐿𝑡 (17)

(16),
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http://www.eia.gov/dnav/ng/hist/rngc1d.htm
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69 
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𝑋𝑡 - 𝑹𝑘 

𝐺𝑡

𝑃𝑡

(𝑁𝑡)0≤𝑡≤𝑇 𝜏(𝑡, 𝑋𝑡)

𝜇(𝑡, 𝑋𝑡)

𝜎(𝑡, 𝑋𝑡)

𝐾𝑖

𝑣𝑖

𝑖 = 1,2, … ,𝑀 − 1

𝐶

aij

𝜑
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𝑅𝑡 𝑡

𝐾𝑖

𝑈

𝑉

𝑅

𝑓

𝐹

𝐹𝑛

𝛼

𝛽

𝐵

𝐼𝑧

𝛼1

𝛼2

𝛽

𝛾
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𝐸

𝑅

𝛿

𝑃 -  

𝐿 -  

𝑃𝑇 𝑇

𝐿𝑇 𝑇

𝜇

𝜎

𝑇

𝐹𝑡 𝑡

𝐻𝑡

𝑡

�̅�

�̂�

𝑒
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𝐽

𝐶𝑖 𝑗 𝑋𝑖

𝑈𝑖 𝑗 𝑌𝑖

�̅�

𝑅𝑗 𝑗

𝐿𝑡


