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0׬
∞
𝑢 𝑐𝑡 + 𝑣(𝑚𝑡) exp −𝛽𝑡 𝑑𝑡 (6.1)

ሶ𝑀𝑡 = 𝐸𝑡𝑦 + 𝐸𝑡𝜏𝑡 − 𝐸𝑡𝑐𝑡 (6.2)

ሶ𝑚𝑡 =
ሶ𝑀𝑡

𝐸𝑡
− 𝜀𝑡𝑚𝑡 (6.3)

ሶ𝑚𝑡 = 𝑦 + 𝜏𝑡 − 𝑐𝑡 − 𝜀𝑡𝑚𝑡 (6.4)

𝐻 = 𝑢 𝑐𝑡 + 𝑣 𝑚𝑡 + 𝜆𝑡(𝑦 + 𝜏𝑡 − 𝑐𝑡 − 𝜀𝑡𝑚𝑡) (6.5)

𝜕𝐻

𝜕𝑐𝑡
= 𝑢´ 𝑐𝑡 − 𝜆𝑡 = 0 (6.6)

ሶ𝜆𝑡 = 𝛽𝜆𝑡 −
𝜕𝐻

𝜕𝑚𝑡
= 𝛽 + 𝜀 𝜆𝑡 − 𝑣´(𝑚𝑡) (6.7)

𝑢´ 𝑐𝑡 = 𝜆𝑡,

𝑣´(𝑚𝑡)

𝜆𝑡
− 𝜀𝑡

"𝑁𝑒𝑡 𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑"

+
ด

ሶ𝜆𝑡

𝜆𝑡

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑔𝑎𝑖𝑛

= 𝛽 (6.8)



267-268

ሶ𝑐𝑡 = −
1

𝑢´´ 𝑐𝑡
𝑣´ 𝑚𝑡 − 𝛽 + 𝜀𝑡 𝑢´(𝑐𝑡) (6.9)

ሶℎ𝑡 =
ሶ𝑀𝑡

𝑃𝑡
− 𝜏𝑡 (6.10)

ሶ𝐷𝑡

𝐷𝑡
= 𝜃 𝑡 (6.11)

ሶℎ𝑡 = ሶ𝑚𝑡 (6.12)

𝜏𝑡 = 𝜀𝑡𝑚𝑡 (6.13)

ሶℎ𝑡 = 𝑦 − 𝑐𝑡 (6.14)

ሶ𝑚𝑡 = 𝑦 − 𝑐𝑡 (6.15)

𝑐𝑠𝑠 = 𝑦, (6.16)

𝑣 𝑚𝑠𝑠 = 𝑢´ 𝑦 𝛽 + 𝜀 , (6.17)
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𝑚𝑠𝑠 = 𝐿 𝑦, 𝛽 + 𝜀 , (6.18)

ሶ𝑐𝑡
ሶ𝑚𝑡
=

𝛽+𝜀
−𝑣´´(𝑚𝑠𝑠)

𝑢´´(𝑦)

−1 0

𝑐𝑡−𝑦
𝑚𝑡−𝑚𝑠𝑠

(6.19)

𝛽 + 𝜀 𝑢´ 𝑐𝑡 = 𝑣´(𝑚𝑡) (6.20)

0׬
∞
log(𝑐𝑡

𝑇) + log 𝑐𝑡
𝑁 + log(𝑧𝑡) exp −𝛽𝑡 𝑑𝑡, (6.21)

𝑃𝑡 ≡ 𝑃𝑡
𝑇𝑃𝑡

𝑁 (6.22)

0׬
∞

log(𝑐𝑡
𝑇) + log 𝑐𝑡

𝑁 + log(𝑚𝑡) +
1

2
log(𝑒𝑡) exp −𝛽𝑡 𝑑𝑡 (6.23)

ሶ
𝑚𝑡 = 𝑦𝑡

𝑇 +
𝑦𝑡
𝑁

𝑒𝑡
+ 𝜏𝑡 − 𝑐𝑡

𝑇 −
𝑐𝑡
𝑁

𝑒𝑡
− 𝜀𝑡𝑚𝑡 (6.24)
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𝑚𝑠𝑠 = 𝐿 𝑦, 𝛽 + 𝜀 , (6.18)

ሶ𝑐𝑡
ሶ𝑚𝑡
=

𝛽+𝜀
−𝑣´´(𝑚𝑠𝑠)

𝑢´´(𝑦)

−1 0

𝑐𝑡−𝑦
𝑚𝑡−𝑚𝑠𝑠

(6.19)

𝛽 + 𝜀 𝑢´ 𝑐𝑡 = 𝑣´(𝑚𝑡) (6.20)

0׬
∞
log(𝑐𝑡

𝑇) + log 𝑐𝑡
𝑁 + log(𝑧𝑡) exp −𝛽𝑡 𝑑𝑡, (6.21)

𝑃𝑡 ≡ 𝑃𝑡
𝑇𝑃𝑡

𝑁 (6.22)

0׬
∞

log(𝑐𝑡
𝑇) + log 𝑐𝑡

𝑁 + log(𝑚𝑡) +
1

2
log(𝑒𝑡) exp −𝛽𝑡 𝑑𝑡 (6.23)

ሶ
𝑚𝑡 = 𝑦𝑡

𝑇 +
𝑦𝑡
𝑁

𝑒𝑡
+ 𝜏𝑡 − 𝑐𝑡

𝑇 −
𝑐𝑡
𝑁

𝑒𝑡
− 𝜀𝑡𝑚𝑡 (6.24)



284

𝑦𝑡
𝑇 = 𝑍𝑇(𝑛𝑡

𝑇) 𝛼 (6.25)

𝑦𝑡
𝑁 = 𝑍𝑁𝑛𝑡

𝑁 (6.26)

𝑛 = 𝑛𝑡
𝑇 + 𝑛𝑡

𝑁 (6.27)

1

𝑐𝑡
𝑇 = 𝜆𝑡 (6.28)

1

𝑐𝑡
𝑁 =

𝜆𝑡

𝑒𝑡
(6.29)

𝛼𝑍𝑇(𝑛𝑡
𝑇) 𝛼−1=

𝑍𝑁

𝑒𝑡
(6.30)

ሶ𝜆𝑡 = 𝛽 + 𝜀𝑡 𝜆𝑡 −
1

𝑚𝑡
(6.31)
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𝑐𝑡
𝑁

𝑐𝑡
𝑇 = 𝑒𝑡 (6.32)

𝑐𝑡
𝑇

𝑐𝑡
𝑁 =

𝛼𝑍𝑇(𝑛𝑡
𝑇)𝛼−1

𝑍𝑁
(6.33)

𝑐𝑡
𝑁 = 𝑦𝑡

𝑁 (6.34)

ሶ𝑚𝑡 = 𝑦𝑡
𝑇 − 𝑐𝑡

𝑇 (6.35)

ሶ𝑐𝑡
𝑇 = 𝑐𝑡

𝑇 𝑐𝑡
𝑇

𝑚𝑡
− 𝛽 − 𝜀𝑡 (6.36)

ሶ𝑚𝑡 = 𝑍𝑇(𝑛𝑡
𝑇)𝛼 − 𝑐𝑡

𝑇 (6.37)

𝑐𝑡
𝑇 =

𝛼𝑍𝑇 𝑛−𝑛𝑡
𝑇

(𝑛𝑡
𝑇)1−𝛼

(6.38)



286, 289 & 292

𝑛𝑡
𝑇 = 𝜓(𝑐𝑡

𝑇) (6.39)

ሶ𝑚𝑡 = 𝑍𝑇 𝜓 𝑐𝑡
𝑇 𝛼 − 𝑐𝑡

𝑇 (6.40)

𝑚𝑠𝑠 =
𝑐𝑠𝑠
𝑇

𝛽+𝜀
(6.41)

𝑐𝑠𝑠
𝑇 = 𝑍𝑇 𝜓 𝑐𝑡

𝑇 𝛼 (6.42)

𝑑𝑦𝑠𝑠
𝑇

𝑑𝑦𝑠𝑠
𝑁 = −𝛼

𝑍𝑇

𝑍𝑁
𝑦𝑠𝑠
𝑇

𝑍𝑇

Τ1−1
𝛼

< 0 (6.43)

𝑦𝑡 ≡ 𝑦𝑡
𝑇 +

𝑦𝑡
𝑁

𝑒𝑡
(6.44)



297 & 299-300

𝑣´ 𝑚𝑡 = 𝛽 + 𝜀𝑡 𝑢´(𝑦) (6.45)

ሶ𝑚𝑡

𝑚𝑡
= 𝜇 − 𝜀𝑡 (6.46)

ሶ𝑚𝑡 = 𝑚𝑡 𝜇 + 𝛽 −
𝑣´(𝑚𝑡)

𝑢´(𝑦)
(6.47)

𝑣´(𝑚𝑡)

𝑢´(𝑦)
= 𝜇 + 𝛽 (6.48)

0׬
∞
log 𝑐𝑡 + log(𝑥𝑡) exp −𝛽𝑡 𝑑𝑡 (6.49)

𝑞𝑥𝑡 = 𝑓𝑡 (6.50)

(1 − 𝑞)𝑥𝑡 = 𝑚𝑡 (6.51)

𝑎𝑡 ≡ 𝑚𝑡 + 𝑓𝑡 (6.52)

ሶ𝑎𝑡 = 𝑦 + 𝜏𝑡 − 𝑐𝑡 − 𝜀𝑡𝑚𝑡 (6.53)



301

ሶ𝑥𝑡 = 𝑦 − 𝜏𝑡 − 𝑐𝑡 − (1 − 𝑞)𝜀𝑡𝑥𝑡 (6.54)

1

𝑐𝑡
= 𝜆𝑡 (6.55)

ሶ𝜆𝑡 = 𝛽𝜆𝑡 −
𝜕𝐻

𝜕𝑥𝑡
= 𝜆𝑡 𝛽 + 1 − 𝑞 𝜀𝑡 −

1

𝑥𝑡
(6.56)

𝜏𝑡 =
ሶ𝑀𝑡

𝐸𝑡
(6.57)

ሶ𝑓𝑡 = 𝑦 − 𝑐𝑡 (6.58)

ሶ𝑐𝑡 = 𝑐𝑡
𝑐𝑡

𝑥𝑡
− 𝛽 − (1 − 𝑞)𝜀𝑡 (6.59)
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𝜀𝑡 = 𝜇 −
ሶ𝑥𝑡

𝑥𝑡
(6.60)

𝜀𝑡 = 𝜇 −
𝑦−𝑐𝑡

𝑞𝑥𝑡
(6.61)

ሶ𝑐𝑡 = 𝑐𝑡
𝑦

𝑥𝑡
− 𝛽 −

1

2
𝜇 (6.62)

ሶ𝑥𝑡 = 2 𝑦 − 𝑐𝑡 (6.63)

𝑐𝑠𝑠 = 𝑦 (6.64)

𝑥𝑠𝑠 =
𝑦

𝛽+
1

2
𝜇

(6.65)


