
𝑃(𝑉)

𝑓(𝑥, 𝑦) = 𝑥2 + 2𝑥𝑦

 
𝜕𝑓

𝜕𝑥

 
𝜕𝑓

𝜕𝑦

 
𝜕

𝜕𝑦
(
𝜕𝑓

𝜕𝑥
) =

𝜕

𝜕𝑥
(
𝜕𝑓

𝜕𝑦
)

𝑑𝜓 = 2𝑥𝑦𝑑𝑥 + 4𝑥𝑦𝑑𝑦 𝜓(𝑥, 𝑦)

 
𝜕

𝜕𝑦
(
𝜕𝜓

𝜕𝑥
)

 
𝜕

𝜕𝑥
(
𝜕𝜓

𝜕𝑦
)

 
𝜕

𝜕𝑦
(
𝜕𝜓

𝜕𝑥
) =

𝜕

𝜕𝑥
(
𝜕𝜓

𝜕𝑦
)

𝜕𝑉

𝜕𝑃
×

𝜕𝑃

𝜕𝑇
×

𝜕𝑇

𝜕𝑉
= −1

𝛼

𝜒𝑇

 (
𝜕𝑃

𝜕𝑇
) 𝛼 𝜒𝑇

 

𝛼 = 10−4𝐾−1

𝜒𝑇 = 10−9𝑃𝑎−1

 

 

 𝑎

𝑀 = 10𝑔.𝑚𝑜𝑙−1

𝑓(𝑥, 𝑦) = 𝑥2 + 2𝑥𝑦

 
𝜕𝑓

𝜕𝑥
= 2𝑥 + 2𝑦

 
𝜕𝑓

𝜕𝑦
= 2𝑥

 
𝜕

𝜕𝑦
(
𝜕𝑓

𝜕𝑥
) =

𝜕

𝜕𝑥
(
𝜕𝑓

𝜕𝑦
) = 2

𝑑𝜓 = 2𝑥𝑦𝑑𝑥 + 4𝑥𝑦𝑑𝑦

 
𝜕

𝜕𝑦
(
𝜕𝜓

𝜕𝑥
) = 2

 
𝜕

𝜕𝑥
(
𝜕𝜓

𝜕𝑦
) = 4

 𝑑𝜓

𝜕𝑉

𝜕𝑃
×

𝜕𝑃

𝜕𝑇
×

𝜕𝑇

𝜕𝑉
= −

𝑉𝜒𝑇

𝑉𝛼

𝜕𝑃

𝜕𝑇
= −1

𝜕𝑃

𝜕𝑇
=

𝛼

𝜒𝑇
= 105𝑃𝑎. 𝐾−1 ∆𝑇 = 10𝐾

 

 

 𝜌 =
𝑁𝑚

𝑉
=

𝑁𝑀

𝑁𝑎𝑉
=

𝑁𝑀

𝑁𝑎𝑎3
=

1∗10−2

102310−30
< 105𝑘𝑔.𝑚−3



 𝑃(𝑉)

 𝑃(𝑉)

𝑃𝑉𝛾 = 𝐶𝑡𝑒) 𝑃(𝑏𝑎𝑟) 𝑉(𝐿)

𝑓(𝑥, 𝑦) = 4𝑥𝑦 + ln⁡(𝑥𝑦)

 
𝜕𝑓

𝜕𝑥

 
𝜕𝑓

𝜕𝑦

 𝑑𝑓

𝑛 𝑃(𝑉 − 𝑉0) = 𝑛𝑅𝑇 𝑉0 𝑃

𝑇 𝑉

 𝑉(𝑇, 𝑃) 𝑇 = 0

 𝑑𝑉

𝑃(𝑏𝑎𝑟) ∗ 105 =
𝑅𝑇

𝑉(𝐿)∗10−3
=> 𝑃(𝑏𝑎𝑟) =

𝑅𝑇

100𝑉(𝐿)

𝑃𝑉𝛾 = 𝑃0𝑉0
𝛾
=> 𝑃 =

𝑃0𝑉0
𝛾

𝑉𝛾

𝑓(𝑥, 𝑦) = 4𝑥𝑦 + ln⁡(𝑥𝑦)

 
𝜕𝑓

𝜕𝑥
= 4𝑦 +

1

𝑥

 
𝜕𝑓

𝜕𝑦
= 4𝑥 +

1

𝑦

 𝑑𝑓 = (4𝑦 +
1

𝑥
) 𝑑𝑥 + (4𝑥 +

1

𝑦
) 𝑑𝑦

𝑛 𝑃(𝑉 − 𝑉0) = 𝑛𝑅𝑇 𝑉0

 𝑉(𝑇, 𝑃) =
𝑛𝑅𝑇

𝑃
+ 𝑉0

 𝑑𝑉 =
𝑛𝑅

𝑃
𝑑𝑇 −

𝑛𝑅𝑇

𝑃2
𝑑𝑃



𝑃0

𝑡 𝑡 + 𝑑𝑡 𝑃 𝑑𝑃 =

−𝑎(𝑃 − 𝑃𝑒𝑥𝑡)𝑑𝑡 𝑃𝑒𝑥𝑡 < 𝑃0 𝑎 = 0,1𝑠−1

 𝑃(𝑡)

 𝑡0 1,5𝑃𝑒𝑥𝑡

𝑃0 = 2𝑃𝑒𝑥𝑡 ln⁡(2) ≈ 0,7

 𝑅

 𝑅

 𝑑𝑅

 𝑅

 𝑅

 𝑑𝑅

 𝑅

 𝑀

 1𝑘𝑔 𝑃

𝑣 1𝑘𝑔 𝑇

 𝑣

 

𝑑𝑃

𝑑𝑡
+ 𝑎𝑃 = 𝑎(𝑃𝑒𝑥𝑡)

𝑃(𝑡) = (𝑃0 − 𝑃𝑒𝑥𝑡)𝑒
−𝑎𝑡 + 𝑃𝑒𝑥𝑡 ⁡⁡⁡⁡

𝑃(𝑡0) = (𝑃0 − 𝑃𝑒𝑥𝑡)𝑒
−𝑎𝑡0 + 𝑃𝑒𝑥𝑡 = 1,5𝑃𝑒𝑥𝑡

𝑃0 = 2𝑃𝑒𝑥𝑡

𝑃(𝑡0) = 𝑃𝑒𝑥𝑡𝑒
−𝑎𝑡0 + 𝑃𝑒𝑥𝑡 = 1,5𝑃𝑒𝑥𝑡

𝑡𝑜 = 10 ln(2) = 7𝑠

𝑉 =
4

3
𝜋𝑅3

𝑆 = 4𝜋𝑅2

𝑑𝑉 = 𝑆𝑑𝑅

𝑆 = 𝜋𝑅2

𝑝 = 2𝜋𝑅

𝑑𝑆 = 𝑝𝑑𝑅 = 2𝜋𝑅𝑑𝑅

 𝑅 ≈ 8,314𝐽. 𝐾−1𝑚𝑜𝑙−1

 𝑀 = 0,2𝑀𝑂2
+ 0,8𝑀𝑁2

= 28,8𝑔.𝑚𝑜𝑙−1 ≈ 30𝑔.𝑚𝑜𝑙−1

 𝑃𝑣 =
𝑅𝑇

𝑀

 𝑣 ≈ 1𝑚3. 𝑘𝑔−1

 𝜌 =
1

𝑣



𝑚 𝑥

𝑥̇ =
𝑑𝑥

𝑑𝑡
𝑥̈ =

𝑑𝑥̇

𝑑𝑡
𝑘

𝑚

 𝑢𝑥⃗⃗⃗⃗ 

 𝐸𝑐(𝑥̇, 𝑡)

 𝐸𝑝(𝑥)

𝐸𝑝(0) = 0

𝐿 ⁡𝐿(𝑥̇, 𝑥, 𝑡) = 𝐸𝑐(𝑥̇, 𝑡) − 𝐸𝑝(𝑥)

 (
𝜕𝐿

𝜕𝑥
)
𝑥̇,𝑡

𝑘 𝑥

 (
𝜕𝐿

𝜕𝑥̇
)
𝑥,𝑡

𝑑

𝑑𝑡
(

𝜕𝐿

𝜕𝑥̇
)
𝑥,𝑡

 
𝑑

𝑑𝑡
(

𝜕𝐿

𝜕𝑥̇
)
𝑥,𝑡

= (
𝜕𝐿

𝜕𝑥
)
𝑥̇,𝑡

𝑝 = 𝑚𝑥̇
𝑑

𝑑𝑡
𝑝 = (

𝜕𝐿

𝜕𝑥
)
𝑥̇,𝑡

(
𝜕𝐿

𝜕𝑥
)
𝑥̇,𝑡

= 0

 𝑑𝐿 𝐿

 
𝑑𝐿

𝑑𝑡
=

𝑑

𝑑𝑡
((

𝜕𝐿

𝜕𝑥̇
) 𝑥̇) + (

𝜕𝐿

𝜕𝑡
)
𝑥,𝑥̇

 
𝑑𝐸𝑚

𝑑𝑡
= −(

𝜕𝐿

𝜕𝑡
)
𝑥,𝑥̇

𝑡⁡
𝜕𝐿

𝜕𝑡
=

0

- 
𝑑𝑝

𝑑𝑡
= −𝑘𝑥

- ⁡𝐸𝑐 =
1

2
𝑚(𝑡)𝑥̇2

- 𝐸𝑝 =
1

2
𝑘𝑥2

- 𝐿(𝑥̇, 𝑥, 𝑡) = 𝐸𝑐(𝑥̇, 𝑡) − 𝐸𝑝(𝑥) =
1

2
𝑚(𝑡)𝑥̇2 −

1

2
𝑘𝑥2

𝜕𝐿

𝜕𝑥
= −𝑘𝑥

𝑑

𝑑𝑡
(

𝜕𝐿

𝜕𝑥̇
) =

𝑑

𝑑𝑡
𝑚𝑥̇ =

𝑑𝑝

𝑑𝑡

𝑑

𝑑𝑡
(

𝜕𝐿

𝜕𝑥̇
) =

𝜕𝐿

𝜕𝑥

𝑑𝐿 = (
𝜕𝐿

𝜕𝑥
)
𝑥̇,𝑡

𝑑𝑥 + (
𝜕𝐿

𝜕𝑥̇
)
𝑥,𝑡

𝑑𝑥̇ + (
𝜕𝐿

𝜕𝑡
)
𝑥,𝑥̇

𝑑𝑡

𝑑𝐿

𝑑𝑡
=

𝜕𝐿

𝜕𝑥
𝑥̇ +

𝜕𝐿

𝜕𝑥̇
𝑥̈ + (

𝜕𝐿

𝜕𝑡
)
𝑥,𝑥̇

𝑑

𝑑𝑡
(

𝜕𝐿

𝜕𝑥̇
) =

𝜕𝐿

𝜕𝑥

𝑑𝐿

𝑑𝑡
=

𝑑

𝑑𝑡
(

𝜕𝐿

𝜕𝑥̇
) 𝑥̇ +

𝜕𝐿

𝜕𝑥̇
𝑥̈ + (

𝜕𝐿

𝜕𝑡
)
𝑥,𝑥̇

𝑑𝐿

𝑑𝑡
=

𝑑

𝑑𝑡
((

𝜕𝐿

𝜕𝑥̇
) 𝑥̇) + (

𝜕𝐿

𝜕𝑡
)
𝑥,𝑥̇

𝑑

𝑑𝑡
(𝐿 − (

𝜕𝐿

𝜕𝑥̇
) 𝑥̇) = (

𝜕𝐿

𝜕𝑡
)
𝑥,𝑥̇

𝑑

𝑑𝑡
(𝐿 − 2𝐸𝑐) = −

𝑑𝐸𝑚

𝑑𝑡
= (

𝜕𝐿

𝜕𝑡
)
𝑥,𝑥̇



𝑈(𝑇) ⁡≈ ⁡𝑎𝑇⁡ + ⁡𝑏𝑇2

₁ ₂ ₂ ₁ ⁡𝛥𝑈⁡ = ⁡𝑈(𝑇₂) ⁡−

⁡𝑈(𝑇₁).⁡

𝑓(𝑥, 𝑦) = 𝑥2𝑦 + exp⁡(𝑥𝑦)⁡

 
𝜕𝑓

𝜕𝑥

𝜕𝑓

𝜕𝑦

 𝑑𝑓

𝑃𝑉𝛾 = 𝐶𝑡𝑒

 

 
𝑑𝑃

𝑑𝑉

 𝑑𝑈 = (𝑎 + 2𝑏𝑇)𝑑𝑇

 ∫ 𝑑𝑈
2

1
= ∆𝑈 = ∫ 𝑎𝑑𝑇

2

1
+ ∫ 2𝑏𝑇𝑑𝑇

2

1
= 𝑎(𝑇2 − 𝑇1) + 𝑏(𝑇2

2 − 𝑇1
2)

 [𝑎] = 𝐽. 𝐾−1. 𝑚𝑜𝑙−1 [𝑏] = 𝐽. 𝐾−2.𝑚𝑜𝑙−1

𝜕𝑓

𝜕𝑥
= 2𝑥𝑦 + 𝑦𝑒𝑥𝑦

𝜕𝑓

𝜕𝑦
= 𝑥2 + 𝑥𝑒𝑥𝑦

𝑑𝑓 = (2𝑥𝑦 + 𝑦𝑒𝑥𝑦)𝑑𝑥 + (𝑥2 + 𝑥𝑒𝑥𝑦)𝑑𝑦

𝑑(𝑃𝑉𝛾) = 𝑉𝛾𝑑𝑃 + 𝑃𝑑𝑉𝛾 = 𝑉𝛾𝑑𝑃 + 𝑃𝛾𝑉𝛾−1𝑑𝑉 = 0

𝑑𝑃

𝑑𝑉
= −𝛾

𝑃𝑉𝛾−1

𝑉𝛾 = −
𝛾𝑃

𝑉



𝑈(𝑇, 𝑉) 𝑆(𝑇, 𝑉)

𝑇 𝑉

 𝑑𝑈 𝑑𝑆
𝜕𝑈

𝜕𝑇
,
𝜕𝑈

𝜕𝑉
,
𝜕𝑆

𝜕𝑇
,
𝜕𝑆

𝜕𝑉

 𝑑𝑈 = 𝑇𝑑𝑆 − 𝑝𝑑𝑉

𝐶𝑣 =
𝜕𝑈

𝜕𝑇
𝑑𝑈 = 𝐶𝑣𝑑𝑇 + (𝑇

𝜕𝑆

𝜕𝑉
− 𝑝)𝑑𝑉

 𝐹 = 𝑈 − 𝑇𝑆

 
𝜕𝑝

𝜕𝑇
=

𝜕𝑆

𝜕𝑉

 𝑑𝑈 = 𝐶𝑣𝑑𝑇

 (𝑃 +
𝑛2𝑎

𝑉2 ) (𝑉 − 𝑛𝑏) =

𝑛𝑅𝑇  

𝑑𝑈 = 𝐶𝑣𝑑𝑇 +
𝑛2𝑎

𝑉2
𝑑𝑉

  

𝑈(𝑇, 𝑉) = 𝑈0 + 𝐶𝑣𝑇 −
𝑛2𝑎

𝑉

𝑑𝑈(𝑇, 𝑉) =
𝜕𝑈

𝜕𝑇
𝑑𝑇 +

𝜕𝑈

𝜕𝑉
𝑑𝑉 = 𝐶𝑣𝑑𝑇 +

𝜕𝑈

𝜕𝑉
𝑑𝑉(1)

𝑑𝑆(𝑇, 𝑉) =
𝜕𝑆

𝜕𝑇
𝑑𝑇 +

𝜕𝑆

𝜕𝑉
𝑑𝑉(2)

𝑑𝑈 = 𝑇𝑑𝑆 − 𝑝𝑑𝑉(3)

𝑑𝑈 = 𝑇 (
𝜕𝑆

𝜕𝑇
𝑑𝑇 +

𝜕𝑆

𝜕𝑉
𝑑𝑉) − 𝑝𝑑𝑉

𝑑𝑈 = 𝐶𝑣𝑑𝑇 + (𝑇
𝜕𝑆

𝜕𝑉
− 𝑝)𝑑𝑉(4)

𝐹(𝑇, 𝑉) = 𝑈(𝑇, 𝑉) − 𝑇𝑆(𝑇, 𝑉)

𝑑𝐹 = 𝑑𝑈 − 𝑇𝑑𝑆 − 𝑆𝑑𝑇 = −𝑝𝑑𝑉 − 𝑆𝑑𝑇

𝜕𝑝

𝜕𝑇
=

𝜕𝑆

𝜕𝑉
(5)

𝑑𝑈 = 𝐶𝑣𝑑𝑇 + (𝑇
𝜕𝑝

𝜕𝑇
− 𝑝) 𝑑𝑉(4)

𝑇
𝜕𝑝

𝜕𝑇
=

𝑛𝑅𝑇

𝑉
= 𝑝 𝑑𝑈 = 𝐶𝑣𝑑𝑇

𝑝 =
𝑛𝑅𝑇

𝑉−𝑛𝑏
−

𝑛2𝑎

𝑉2 𝑇
𝜕𝑝

𝜕𝑇
− 𝑝 =

𝑛2𝑎

𝑉2

𝑑𝑈 = 𝐶𝑣𝑑𝑇 +
𝑛2𝑎

𝑉2
𝑑𝑉

𝑈(𝑇, 𝑉) = 𝐶𝑣𝑇 + 𝐾(𝑉) 𝐾′(𝑉) =
𝑛2𝑎

𝑉2 → 𝐾(𝑉) = −
𝑛2𝑎

𝑉
+ 𝐶𝑡𝑒

𝑈(𝑇, 𝑉) = 𝑈0 + 𝐶𝑣𝑇 −
𝑛2𝑎

𝑉



𝑃(𝑉, 𝑇) =
𝑛𝑅𝑇

𝑉 − 𝑏

 
𝜕𝑃

𝜕𝑉

 
𝜕𝑃

𝜕𝑇

 𝑑𝑃

𝑈(𝑇, 𝑉) = 𝐶𝑉𝑇 −
𝑛2𝑎

𝑉
+ 𝑈0

𝐶𝑣 , 𝑎, 𝑛, 𝑈0

 
𝜕𝑈

𝜕𝑇

 
𝜕𝑈

𝜕𝑉

 𝑑𝑈

(𝑃 +
𝑛2𝑎

𝑉2 ) (𝑉 − 𝑛𝑏) = 𝑛𝑅𝑇

𝐻 = 𝑈 + 𝑃𝑉 𝑈 = 𝐶𝑉𝑇 −
𝑛2𝑎

𝑉
+ 𝑈0

𝑑𝐻 𝑑𝑉 𝑑𝑇

𝜕𝑃

𝜕𝑉
= −

𝑛𝑅𝑇

(𝑉 − 𝑏)2
= −

𝑃

𝑉 − 𝑏

𝜕𝑃

𝜕𝑇
=

𝑛𝑅

𝑉 − 𝑏

𝑑𝑃 = (
𝑃

𝑉 − 𝑏
)𝑑𝑉 +

𝑛𝑅

𝑉 − 𝑏
𝑑𝑇

𝜕𝑈

𝜕𝑇
= 𝐶𝑉

𝜕𝑈

𝜕𝑉
=

𝑛2𝑎

𝑉2

𝑑𝑈 = 𝐶𝑉𝑑𝑇 +
𝑛2𝑎

𝑉2
𝑑𝑉

𝑑𝐻 = 𝑑𝑈 + 𝑃𝑑𝑉 + 𝑉𝑑𝑃

𝑑𝑈 = 𝐶𝑉𝑑𝑇 +
𝑛2𝑎

𝑉2 𝑑𝑉⁡⁡

(𝑃𝑉 +
𝑛2𝑎

𝑉
− 𝑛𝑏𝑃 −

𝑛3𝑎𝑏

𝑉2 ) = 𝑛𝑅𝑇

𝑃𝑑𝑉 + 𝑉𝑑𝑃 −
𝑛2𝑎

𝑉2
𝑑𝑉 − 𝑛𝑏𝑑𝑃 +

2𝑛2𝑎𝑏

𝑉3
𝑑𝑉 = 𝑛𝑅𝑑𝑇

𝑑𝑃 =
𝑛𝑅𝑑𝑇 + (−𝑃 +

𝑛2𝑎
𝑉2 −

2𝑛2𝑎𝑏
𝑉3 )𝑑𝑉

𝑉 − 𝑛𝑏



𝑈(𝑇, 𝑉) 𝑆(𝑇, 𝑉)

𝑇 𝑉

 𝑑𝑈 𝑑𝑆
𝜕𝑈

𝜕𝑇
,
𝜕𝑈

𝜕𝑉
,
𝜕𝑆

𝜕𝑇
,
𝜕𝑆

𝜕𝑉

 𝑑𝑈 = 𝑇𝑑𝑆 − 𝑝𝑑𝑉

𝐶𝑣 =
𝜕𝑈

𝜕𝑇
𝑑𝑈 = 𝐶𝑣𝑑𝑇 + (𝑇

𝜕𝑆

𝜕𝑉
− 𝑝)𝑑𝑉

 𝐹 = 𝑈 − 𝑇𝑆

 
𝜕𝑝

𝜕𝑇
=

𝜕𝑆

𝜕𝑉

 𝑑𝐻 = 𝐶𝑝𝑑𝑇 + (−𝑇
𝜕𝑉

𝜕𝑇
+ 𝑉)𝑑𝑃

𝐺 = 𝐻 − 𝑇𝑆

 𝐻 = 𝑈 + 𝑃𝑉  

(𝐶𝑝 − 𝐶𝑣)𝑑𝑇 = 𝑇 (
𝜕𝑝

𝜕𝑇
𝑑𝑉 +

𝜕𝑉

𝜕𝑇
𝑑𝑃)

  

(𝐶𝑝 − 𝐶𝑣) = 𝑇 (
𝜕𝑝

𝜕𝑇

𝜕𝑉

𝜕𝑇
)

 

𝑑𝑈(𝑇, 𝑉) =
𝜕𝑈

𝜕𝑇
𝑑𝑇 +

𝜕𝑈

𝜕𝑉
𝑑𝑉 = 𝐶𝑣𝑑𝑇 +

𝜕𝑈

𝜕𝑉
𝑑𝑉(1)

𝑑𝑆(𝑇, 𝑉) =
𝜕𝑆

𝜕𝑇
𝑑𝑇 +

𝜕𝑆

𝜕𝑉
𝑑𝑉(2)

𝑑𝑈 = 𝑇𝑑𝑆 − 𝑝𝑑𝑉(3)

𝑑𝑈 = 𝑇 (
𝜕𝑆

𝜕𝑇
𝑑𝑇 +

𝜕𝑆

𝜕𝑉
𝑑𝑉) − 𝑝𝑑𝑉

𝑑𝑈 = 𝐶𝑣𝑑𝑇 + (𝑇
𝜕𝑆

𝜕𝑉
− 𝑝)𝑑𝑉(4)

𝐹(𝑇, 𝑉) = 𝑈(𝑇, 𝑉) − 𝑇𝑆(𝑇, 𝑉)

𝑑𝐹 = 𝑑𝑈 − 𝑇𝑑𝑆 − 𝑆𝑑𝑇 = −𝑝𝑑𝑉 − 𝑆𝑑𝑇
𝜕𝑝

𝜕𝑇
=

𝜕𝑆

𝜕𝑉
(5)

𝑑𝑈 = 𝐶𝑣𝑑𝑇 + (𝑇
𝜕𝑝

𝜕𝑇
− 𝑝)𝑑𝑉(4)

𝑑𝐻(𝑇, 𝑃) =
𝜕𝐻

𝜕𝑇
𝑑𝑇 +

𝜕𝐻

𝜕𝑃
𝑑𝑃 = 𝐶𝑝𝑑𝑇 +

𝜕𝐻

𝜕𝑃
𝑑𝑃(1)

𝑑𝑆(𝑇, 𝑃) =
𝜕𝑆

𝜕𝑇
𝑑𝑇 +

𝜕𝑆

𝜕𝑃
𝑑𝑃(2)

𝑑𝐻 = 𝑇𝑑𝑆 + 𝑉𝑑𝑃(3)

𝑑𝐻 = 𝑇 (
𝜕𝑆

𝜕𝑇
𝑑𝑇 +

𝜕𝑆

𝜕𝑃
𝑑𝑃) + 𝑉𝑑𝑃

𝑑𝐻 = 𝐶𝑝𝑑𝑇 + (𝑇
𝜕𝑆

𝜕𝑃
+ 𝑉)𝑑𝑃(4)

𝐺(𝑇, 𝑉) = 𝐻(𝑇, 𝑉) − 𝑇𝑆(𝑇, 𝑉)

𝑑𝐺 = 𝑑𝐻 − 𝑇𝑑𝑆 − 𝑆𝑑𝑇 = 𝑉𝑑𝑃 − 𝑆𝑑𝑇
𝜕𝑉

𝜕𝑇
= −

𝜕𝑆

𝜕𝑃
(5)

𝑑𝐻 = 𝐶𝑝𝑑𝑇 + (−𝑇
𝜕𝑉

𝜕𝑇
+ 𝑉)𝑑𝑃(4)

𝐻 = 𝑈 + 𝑃𝑉

𝐶𝑝𝑑𝑇 + (−𝑇
𝜕𝑉

𝜕𝑇
+ 𝑉)𝑑𝑃 = 𝐶𝑣𝑑𝑇 + (𝑇

𝜕𝑝

𝜕𝑇
− 𝑝)𝑑𝑉 + 𝑑(𝑃𝑉)

(𝐶𝑝 − 𝐶𝑣)𝑑𝑇 = (𝑇
𝜕𝑝

𝜕𝑇
− 𝑝)𝑑𝑉 − (−𝑇

𝜕𝑉

𝜕𝑇
+ 𝑉)𝑑𝑃 + 𝑑(𝑃𝑉)

(𝐶𝑝 − 𝐶𝑣)𝑑𝑇 = 𝑇 (
𝜕𝑝

𝜕𝑇
𝑑𝑉 +

𝜕𝑉

𝜕𝑇
𝑑𝑃)

𝑑𝑉 =
𝜕𝑉

𝜕𝑇
𝑑𝑇 𝑑𝑃 = 0

(𝐶𝑝 − 𝐶𝑣) = 𝑇 (
𝜕𝑝

𝜕𝑇

𝜕𝑉

𝜕𝑇
) (𝐶𝑝 − 𝐶𝑣) = 𝑇 (

𝑛𝑅

𝑉

𝑛𝑅

𝑃
⁡) = 𝑛𝑅



(𝐶𝑝 − 𝐶𝑣) = 𝑇 (
𝜕𝑝

𝜕𝑇

𝜕𝑉

𝜕𝑇
)

 (𝐶𝑝 − 𝐶𝑣)

 

- 

- 

𝜒𝑆 = −
1

𝑉
(
𝜕𝑉

𝜕𝑃
)
𝑠

- 𝑐 = √
1

𝜌𝜒𝑠

𝑐 = √
𝛾𝑅𝑇

𝑀

(
𝜕𝛼

𝜕𝑃
)
𝑇

= −(
𝜕𝜒𝑇

𝜕𝑇
)
𝑃

(𝐶𝑝 − 𝐶𝑣) = 𝑇 (
𝜕𝑝

𝜕𝑇
𝑉𝛼)

𝜕𝑝

𝜕𝑇

𝜕𝑇

𝜕𝑉

𝜕𝑉

𝜕𝑃
= −1

𝜕𝑃

𝜕𝑇
= −

𝜕𝑉

𝜕𝑇

𝜕𝑃

𝜕𝑉
 

(𝐶𝑝 − 𝐶𝑣) = 𝑇 (−
𝜕𝑉

𝜕𝑇

𝜕𝑃

𝜕𝑉
𝑉𝛼) = 𝑇(𝑉

𝛼2

𝜒𝑇
) 

(𝐶𝑝 − 𝐶𝑣) = 𝑛𝑅 

𝑃𝑉𝛾 = 𝐶𝑡𝑒 (
𝜕𝑃

𝜕𝑉
)
𝑠
= (

𝜕
𝐶𝑡𝑒

𝑉𝛾

𝜕𝑉
)

𝑠

=

−
𝛾𝐶𝑡𝑒

𝑉𝛾+1 = −
𝛾𝑃

𝑉
𝜒𝑆 =

1

𝛾𝑃
𝑃 =

𝜌𝑅𝑇

𝑀
𝜒𝑆 =

𝑀

𝛾𝜌𝑅𝑇

𝑉𝛼 = (
𝜕𝑉

𝜕𝑇
)
𝑃

𝑉𝜒𝑇 = −(
𝜕𝑉

𝜕𝑃
)
𝑇

(
𝜕𝑉𝛼

𝜕𝑃
)
𝑇

= −(
𝜕𝑉𝜒𝑇

𝜕𝑇
)
𝑃

𝑉 (
𝜕𝛼

𝜕𝑃
)
𝑇
+ 𝛼 (

𝜕𝑉

𝜕𝑃
)
𝑇

= −𝑉 (
𝜕𝜒𝑇

𝜕𝑇
)
𝑃

− 𝜒𝑇 (
𝜕𝑉

𝜕𝑇
)
𝑃

𝑉 (
𝜕𝛼

𝜕𝑃
)
𝑇
+

1

𝑉
(
𝜕𝑉

𝜕𝑇
)
𝑃
(
𝜕𝑉

𝜕𝑃
)
𝑇

= −𝑉 (
𝜕𝜒𝑇

𝜕𝑇
)
𝑃

+
1

𝑉
(
𝜕𝑉

𝜕𝑃
)
𝑇
(
𝜕𝑉

𝜕𝑇
)
𝑃

(
𝜕𝛼

𝜕𝑃
)
𝑇

= −(
𝜕𝜒𝑇

𝜕𝑇
)
𝑃



≈

𝜒𝑇 = 10−10𝑃𝑎−1 𝜌0 =

103𝑘𝑔.𝑚−3

𝜒𝑇
𝜕𝜌

𝜕𝑃

𝜌

𝜒𝑇 ⁻ ⁰ ⁻

 

𝛼 =
1

𝑉

𝜕𝑉

𝜕𝑇
=

1

𝑚/𝜌

𝜕𝑚/𝜌

𝜕𝑇
= −

1

𝜌

𝜕𝜌

𝜕𝑇
=

1

𝑇
𝑑𝑙𝑛(𝜌𝑇) = 0 𝜌𝑇 = 𝜌0𝑇0

𝜌−𝜌0

𝜌0
=

𝑇0−𝑇

𝑇
= −

80

373
≈

8

37
≈ 22.5%

𝜒𝑇 = −
1

𝑉

𝜕𝑉

𝜕𝑃
= −

1

𝑚/𝜌

𝜕𝑚/𝜌

𝜕𝑃
=

1

𝜌

𝜕𝜌

𝜕𝑃

∆𝜌

𝜌0
= ∆𝑃𝜒𝑇 = 0,3%

V0=10 

V = np.linspace(2,10,100) 

W=-R*T*np.log(V[0]/V0) 

P=R*T/(100*V) 

plt.plot(V,P) 

plt.grid() 

plt.xlabel("V(L)") 

plt.ylabel("P(bar)") 

plt.show() 

print(W)#4014J 

def w(P,V): 

    aire=0 

    for i in range(len(V)-1): 

        aire=aire+P[i]*10**5*((V[i+1]-V[i])*10**-3) 

    return aire 

print(w(P,V))#4054J 

𝜒𝑇 = −
1

𝑉

𝜕𝑉

𝜕𝑃
= −

1

𝑉0

∆𝑉

∆𝑃
→ ∆𝑃 = −𝜒𝑇

−1
∆𝑉

𝑉0

= 100𝑏𝑎𝑟


