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Thermodynamik und Theorie der Wärme Vorlesung #8 - Prof. Dr. Florian U. Bernlochner December 19, 2018 2/47



7. THERMODYNAMISCHE POTENTIALE
Zusammenfassung der letzten Vorlesung:

Bekannten thermodynamischen Potentiale von Vorlesung 1 - 6:
U(S,V ), S(U,V )

Experimentell werden oft T & V oder P & T festgehalten. Entsprechend haben
wir uns Potentiale hergeleitet, welche solche Systeme beschreiben:

freie Energie F(T ,V ,N)

Gibbsche freie Energie G(T ,P,N)

Enthalpie H(S,P,N)

Strategie: Um ein Potential als eine Funktion einer neuen (sog.
konjugierten) Variablen zu finden, Legendre-transformieren wir ein
bestehendes Potential entsprechend.
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7. THERMODYNAMISCHE POTENTIALE

Es ist f Funktion von zwei unabhängigen Variablen x und y , mit
vollständigem Differential

df =
∂f
∂x

dx +
∂f
∂y

dy = p dx + v dy

mit df konvex in x ∀ y . Führen neue Funktion g = f − p x ein

dg = df−p dx − x dp = p dx + v dy−p dx − x dp

= −xdp + vdy

mit x = −∂g
∂p und v = ∂g

∂y

→ g Funktion von p und y mit passendem vollständigem Differential.
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7. THERMODYNAMISCHE POTENTIALE

Z.B. Enthalpie H(S,P,N) haben wir aus Legendre-Transformation der
inneren Energie U(S,V ,N) mit V → −P bzw. U → U + PV gefunden:

H(S,P,N) = [U + P V ] (S,P,N)

Das Differential hat in der Tat die gewünschte Form

d(U + PV ) = dU + d(PV )

= T dS − P dV + µ dN + P dV + V dP

= T dS︸︷︷︸
Qrev

+V dP + µ dN
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7. THERMODYNAMISCHE POTENTIALE
Maxwell-Relationen: folgen aus der Integrabilitätsbedingung

Sei Z (x , y) eine Zustandsgröße, x und y die gewählten unabhängigen
Zustandsvariablen. Das Vollständiges Differential ist

dZ = X dx + Ydx mit X =

(
∂Z
∂x

)

y
,Y =

(
∂Z
∂y

)

x

und es muss gelten

∂

∂y

((
∂Z
∂x

)

y

)

x

=
∂

∂x

((
∂Z
∂y

)

x

)

y

.

Z.B. haben wir damit gezeigt:
∂T
∂P

∣∣∣∣
S

=
∂V
∂S

∣∣∣∣
P

,
∂S
∂V

∣∣∣∣
T

=
∂P
∂T

∣∣∣∣
V

, etc.

Thermodynamik und Theorie der Wärme Vorlesung #8 - Prof. Dr. Florian U. Bernlochner December 19, 2018 6/47



7. THERMODYNAMISCHE POTENTIALE
Konzept der Mannigfaltigkeit der GG-Zustände: f (P,V ,T ) beschreibe ein
thermodynamisches Potential

A

B

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

T
<latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

irrev.

?

?

rev f(P, V, T ) = 0
<latexit sha1_base64="5k4Rt11xT0eDbGqAnMpwVulx6Jg=">AAAB83icbZBNSwMxEIZn/az1q+rRS7AIFUrZFUEvQtGLxwr9gnYp2XS2Dc1mlyQrlNK/4cWDIl79M978N6btHrT1hcDDOzPM5A0SwbVx3W9nbX1jc2s7t5Pf3ds/OCwcHTd1nCqGDRaLWLUDqlFwiQ3DjcB2opBGgcBWMLqf1VtPqDSPZd2ME/QjOpA85Iwaa3XDUq3cLNcvyC1xe4WiW3HnIqvgZVCETLVe4avbj1kaoTRMUK07npsYf0KV4UzgNN9NNSaUjegAOxYljVD7k/nNU3JunT4JY2WfNGTu/p6Y0EjrcRTYzoiaoV6uzcz/ap3UhDf+hMskNSjZYlGYCmJiMguA9LlCZsTYAmWK21sJG1JFmbEx5W0I3vKXV6F5WfEsP14Vq3dZHDk4hTMogQfXUIUHqEEDGCTwDK/w5qTOi/PufCxa15xs5gT+yPn8AfN+j6g=</latexit><latexit sha1_base64="5k4Rt11xT0eDbGqAnMpwVulx6Jg=">AAAB83icbZBNSwMxEIZn/az1q+rRS7AIFUrZFUEvQtGLxwr9gnYp2XS2Dc1mlyQrlNK/4cWDIl79M978N6btHrT1hcDDOzPM5A0SwbVx3W9nbX1jc2s7t5Pf3ds/OCwcHTd1nCqGDRaLWLUDqlFwiQ3DjcB2opBGgcBWMLqf1VtPqDSPZd2ME/QjOpA85Iwaa3XDUq3cLNcvyC1xe4WiW3HnIqvgZVCETLVe4avbj1kaoTRMUK07npsYf0KV4UzgNN9NNSaUjegAOxYljVD7k/nNU3JunT4JY2WfNGTu/p6Y0EjrcRTYzoiaoV6uzcz/ap3UhDf+hMskNSjZYlGYCmJiMguA9LlCZsTYAmWK21sJG1JFmbEx5W0I3vKXV6F5WfEsP14Vq3dZHDk4hTMogQfXUIUHqEEDGCTwDK/w5qTOi/PufCxa15xs5gT+yPn8AfN+j6g=</latexit><latexit sha1_base64="5k4Rt11xT0eDbGqAnMpwVulx6Jg=">AAAB83icbZBNSwMxEIZn/az1q+rRS7AIFUrZFUEvQtGLxwr9gnYp2XS2Dc1mlyQrlNK/4cWDIl79M978N6btHrT1hcDDOzPM5A0SwbVx3W9nbX1jc2s7t5Pf3ds/OCwcHTd1nCqGDRaLWLUDqlFwiQ3DjcB2opBGgcBWMLqf1VtPqDSPZd2ME/QjOpA85Iwaa3XDUq3cLNcvyC1xe4WiW3HnIqvgZVCETLVe4avbj1kaoTRMUK07npsYf0KV4UzgNN9NNSaUjegAOxYljVD7k/nNU3JunT4JY2WfNGTu/p6Y0EjrcRTYzoiaoV6uzcz/ap3UhDf+hMskNSjZYlGYCmJiMguA9LlCZsTYAmWK21sJG1JFmbEx5W0I3vKXV6F5WfEsP14Vq3dZHDk4hTMogQfXUIUHqEEDGCTwDK/w5qTOi/PufCxa15xs5gT+yPn8AfN+j6g=</latexit><latexit sha1_base64="5k4Rt11xT0eDbGqAnMpwVulx6Jg=">AAAB83icbZBNSwMxEIZn/az1q+rRS7AIFUrZFUEvQtGLxwr9gnYp2XS2Dc1mlyQrlNK/4cWDIl79M978N6btHrT1hcDDOzPM5A0SwbVx3W9nbX1jc2s7t5Pf3ds/OCwcHTd1nCqGDRaLWLUDqlFwiQ3DjcB2opBGgcBWMLqf1VtPqDSPZd2ME/QjOpA85Iwaa3XDUq3cLNcvyC1xe4WiW3HnIqvgZVCETLVe4avbj1kaoTRMUK07npsYf0KV4UzgNN9NNSaUjegAOxYljVD7k/nNU3JunT4JY2WfNGTu/p6Y0EjrcRTYzoiaoV6uzcz/ap3UhDf+hMskNSjZYlGYCmJiMguA9LlCZsTYAmWK21sJG1JFmbEx5W0I3vKXV6F5WfEsP14Vq3dZHDk4hTMogQfXUIUHqEEDGCTwDK/w5qTOi/PufCxa15xs5gT+yPn8AfN+j6g=</latexit>

→ Irreversible Prozesse verlassen Mannigfaltigkeit (können nicht mit wenigen Parametern

beschrieben werden), können aber Endzustände erreichen, welche wieder auf Mannigfaltigkeit

landen.
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7. THERMODYNAMISCHE POTENTIALE

7.6 Das thermodyn. Potential Ω

Für unser letztes Potential wollen wir T , V und µ als Variablen haben. Die
entsprechende Legendre-Transformation ist F → F − µN

Ω(T ,V , µ) = [F − µN] (T ,V , µ)

= [U − T S − µN] (T ,V , µ)

Überprüfen des Differentials ergibt

d(F − µN) = dF−d(µN)

= −S dT − P dV + µdN−Ndµ− µdN

= −S dT − P dV − Ndµ
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7. THERMODYNAMISCHE POTENTIALE
Wir definieren das grosse Potential:

Ω(T ,V , µ) = [U − T S − µN] (T ,V , µ)

dΩ = −S dT − P dV − Ndµ

mit
∂Ω

∂T

∣∣∣∣
V ,µ

= −S ,
∂Ω

∂V

∣∣∣∣
T ,µ

= −P,
∂Ω

∂µ

∣∣∣∣
T ,V

= −N

Aus der Integrabilitätsbedingung folgt eine weitere Maxwell-Relation:

∂2Ω

∂T∂V
=

∂2Ω

∂V∂T ⇒ −∂S
∂V

∣∣∣∣
T

=
∂P
∂T

∣∣∣∣
V
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7. THERMODYNAMISCHE POTENTIALE

7.7 Das chemische Potential und Homogenität

Bisher haben wir oft ignoriert, dass sich in einem thermodyn. Systeme die
Teilchenzahl N ändern kann.

Wir haben das chemische Potential definiert als

µ =

(
∂U
∂N

)

S,V

d.h. µ entspricht der Energieänderung pro hinzugefügtem Teilchen für
S = const und V = const.
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7. THERMODYNAMISCHE POTENTIALE
Für mehrere Teilchensorten gilt in den diskutierten Potentialen

µ dN →
∑

i

µi dNi ,

und entsprechend

U(S,V ,N) = T dS − P dV +
∑

i

µi dNi

H(S,P,N) = T dS + V dP +
∑

i

µi dNi

F(T ,V ,N) = −S dT − P dV +
∑

i

µi dNi

G(T ,P,N) = −S dT + V dP +
∑

i

µi dNi

Ω(T ,V , µ) = −S dT − P dV −
∑

i

Ni dµi
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7. THERMODYNAMISCHE POTENTIALE

Eine Funktion f (x1, . . . , xn) heisst homogen der Ordnung k falls

f (λx1, . . . , λxn) = λk f (x1, . . . , xn)

Sei k = 1 und f homogen erster Ordnung. Dann ist

f (x1, . . . , xn) =
n∑

i

∂f
∂xi

∣∣∣∣
xj 6=xi

· xi

Herleitung: Wir leiten f nach λ ab und setzen λ = 1, i.e. vereinfacht für f (x)

f (x) =
d

dλ
f (λx)

∣∣∣∣
λ=1
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7. THERMODYNAMISCHE POTENTIALE
Die Funktion U(S,V ,N) ist homogen erster Ordnung, i.e. für

S → λS
V → λV

N(j) → λN(j)

}
⇒ U → λU

Wir folgern:

U =
d

dλ
(U(λS, λV , λN))λ=1

=
d

dλ
(λT S − λP V + λµN)λ=1

= TS − PV + µN

Alle thermodynamischen Potentiale: homogon erster Ordnung (ohne Beweis)
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7. THERMODYNAMISCHE POTENTIALE
Zum Beispiel: Gibbsche freie Energie

G(T ,P,N) =
d

dλ
(G(T ,P, λN))λ=1

=
d

dλ
(−S dT + V dP + λµ dN)λ=1

= µ dN

Interessant! Demnach ist −SdT + VdP = 0!?

Mit ähnlichen Rechnungen finden wir für die anderen Potentiale:

F = −P V + µN ,
H = T S + µN ,
Ω = −P V .
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7. THERMODYNAMISCHE POTENTIALE

Alternative Herleitung von −SdT + VdP = 0:

Das vollständige Differential von U = TS − PV + µN ist

dU = T dS + S dT − P dV − V dP + µ dN + N dµ

allerdings wissen wir auch, dass

dU = T dS − P dV + µ dN

Subtraktion ergibt die Gibbs-Duhem Gleichung:

0 = S dT − V dP + N dµ
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7. THERMODYNAMISCHE POTENTIALE
7.8 Zusammenfassung Maxwell-Relationen

Aus den Integrationsbedingungen der thermodyn. Potentiale folgt:

U(S,V ):

(
∂T
∂V

)

S
=

(
∂P
∂S

)

V

H(S,P):

(
∂T
∂P

)

S
=

(
∂V
∂S

)

P

F(T ,V ):

(
∂S
∂V

)

T
=

(
∂P
∂T

)

V

G(T ,P): −
(
∂S
∂P

)

T
=

(
∂V
∂T

)

P
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7. THERMODYNAMISCHE POTENTIALE
Beispiel: Zustandsgleichungen

kalorische: U(T ,V ) = n cV T
thermische: P(T ,V ) = n R T

V

Kann man aus dem allg. Gasgesetz auf die Form der inneren Energie
herleiten?

Wir betrachten

dS =
1
T

(dU + P dV )

=
1
T

((
∂U
∂T

)

V
dT +

(
∂U
∂V

)

T
dV + P dV

)
.

Es gilt aber auch

dS =

(
∂S
∂T

)

V
dT +

(
∂S
∂V

)

T
dV .
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7. THERMODYNAMISCHE POTENTIALE
Der Vergleich der dV -Terme ergibt

(
∂S
∂V

)

T
=

1
T

[(
∂U
∂V

)

T
+ P

]
=̂

(
∂P
∂T

)

V

wobei wir für =̂ die Maxwell-Relation der freien Energie F benutzt haben.

Es folgt

(
∂U
∂V

)

T
= T ·

(
∂P
∂T

)

V
− P

Für das ideale Gasgesetz P(T ,V ) = n R T
V folgt

(
∂U
∂V

)

T
= 0 und damit dU =

(
∂U
∂T

)

V
dT = n cv dT
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7. THERMODYNAMISCHE POTENTIALE

7.9 Wie soll ich mir das merken?

Guggenheim-Quadrat to the rescue:

Merksätze:

Unheimlich viele Forscher trinken
gerne Pils hinterm Schreibtisch.

SUV-Fahrer tragen gerne pinke
Hemden.

Die linken Ecken, erhalten ein − Zeichen
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7. THERMODYNAMISCHE POTENTIALE

Herleitung von dU = ?

7. THERMODYNAMISCHE POTENTIALE

7.9 Wie soll ich mir das merken?

Guggenheim-Quadrat to the rescue:

Unheimlich viele Forscher trinken
gerne Pils hinterm Schreibtisch.

SUV-Fahrer tragen gerne pinke
Hemden.
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dU =[Vorfaktor]× [Differential]

+ [Vorfaktor]× [Differential]
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dU =− P × [Differential]

+ T × [Differential]
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7. THERMODYNAMISCHE POTENTIALE
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dU =− P × dV + T × dS

Bei den Differentialen ignorieren wir die Vorzeichen

Thermodynamik und Theorie der Wärme Vorlesung #8 - Prof. Dr. Florian U. Bernlochner December 19, 2018 21/47



7. THERMODYNAMISCHE POTENTIALE

Herleitung der Maxwell-Relationen, z.B. −
(
∂S
∂P

)
T =

(
∂V
∂T

)
P
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Thermodynamik und Theorie der Wärme Vorlesung #8 - Prof. Dr. Florian U. Bernlochner December 17, 2018 15/18

7. THERMODYNAMISCHE POTENTIALE

7.9 Wie soll ich mir das merken?

Guggenheim-Quadrat to the rescue:

Unheimlich viele Forscher trinken
gerne Pils hinterm Schreibtisch.

SUV-Fahrer tragen gerne pinke
Hemden.

Thermodynamik und Theorie der Wärme Vorlesung #8 - Prof. Dr. Florian U. Bernlochner December 17, 2018 15/18

-

?

(
∂S
∂P

)

?

=?

7. THERMODYNAMISCHE POTENTIALE

7.9 Wie soll ich mir das merken?

Guggenheim-Quadrat to the rescue:

Unheimlich viele Forscher trinken
gerne Pils hinterm Schreibtisch.

SUV-Fahrer tragen gerne pinke
Hemden.
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Thermodynamik und Theorie der Wärme Vorlesung #8 - Prof. Dr. Florian U. Bernlochner December 17, 2018 15/18

7. THERMODYNAMISCHE POTENTIALE

7.9 Wie soll ich mir das merken?

Guggenheim-Quadrat to the rescue:

Unheimlich viele Forscher trinken
gerne Pils hinterm Schreibtisch.

SUV-Fahrer tragen gerne pinke
Hemden.
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+

+

+

−
(
∂S
∂P

)

T
= +

(
∂V
∂T

)

P
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8. REALE GASE

8.1. Van-der-Waalsche Zustandsgleichung

Bisher haben wir immer ideale Gase betrachtet.

Für solche gilt: P V = n R T (→ Vorlesung 2)

Welche Annahmen wurden gemacht?

verschwindendes Eigenvolumen der Gasteilchen und

verschwindende Wechselwirkung der Gasteilchen

i.e. keine anziehenden und abstossenden Kräfte zwischen den Gasteilchen
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8. REALE GASE

Wann sind diese Annahmen problematisch?

..
..

Fe ' 0
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<latexit sha1_base64="306R60H85nOLtOywyL/XiaqtukM=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMRjBVsrbSib7SRdupuE3Y1QQn+FFw+KePXnePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKK6tr6xvlzcrW9s7uXnX/oK2TTDFssUQkqhNQjYLH2DLcCOykCqkMBD4Eo+tp/eEJleZJfG/GKfqSRjEPOaPGWo83fSS9KCJuv1pz6+5MZBm8AmpQqNmvfvUGCcskxoYJqnXXc1Pj51QZzgROKr1MY0rZiEbYtRhTidrPZwtPyIl1BiRMlH2xITP390ROpdZjGdhOSc1QL9am5n+1bmbCSz/ncZoZjNn8ozATxCRkej0ZcIXMiLEFyhS3uxI2pIoyYzOq2BC8xZOXoX1W9yzfndcaV0UcZTiCYzgFDy6gAbfQhBYwkPAMr/DmKOfFeXc+5q0lp5g5hD9yPn8AY+iPeA==</latexit><latexit sha1_base64="306R60H85nOLtOywyL/XiaqtukM=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMRjBVsrbSib7SRdupuE3Y1QQn+FFw+KePXnePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKK6tr6xvlzcrW9s7uXnX/oK2TTDFssUQkqhNQjYLH2DLcCOykCqkMBD4Eo+tp/eEJleZJfG/GKfqSRjEPOaPGWo83fSS9KCJuv1pz6+5MZBm8AmpQqNmvfvUGCcskxoYJqnXXc1Pj51QZzgROKr1MY0rZiEbYtRhTidrPZwtPyIl1BiRMlH2xITP390ROpdZjGdhOSc1QL9am5n+1bmbCSz/ncZoZjNn8ozATxCRkej0ZcIXMiLEFyhS3uxI2pIoyYzOq2BC8xZOXoX1W9yzfndcaV0UcZTiCYzgFDy6gAbfQhBYwkPAMr/DmKOfFeXc+5q0lp5g5hD9yPn8AY+iPeA==</latexit><latexit sha1_base64="306R60H85nOLtOywyL/XiaqtukM=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMRjBVsrbSib7SRdupuE3Y1QQn+FFw+KePXnePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKK6tr6xvlzcrW9s7uXnX/oK2TTDFssUQkqhNQjYLH2DLcCOykCqkMBD4Eo+tp/eEJleZJfG/GKfqSRjEPOaPGWo83fSS9KCJuv1pz6+5MZBm8AmpQqNmvfvUGCcskxoYJqnXXc1Pj51QZzgROKr1MY0rZiEbYtRhTidrPZwtPyIl1BiRMlH2xITP390ROpdZjGdhOSc1QL9am5n+1bmbCSz/ncZoZjNn8ozATxCRkej0ZcIXMiLEFyhS3uxI2pIoyYzOq2BC8xZOXoX1W9yzfndcaV0UcZTiCYzgFDy6gAbfQhBYwkPAMr/DmKOfFeXc+5q0lp5g5hD9yPn8AY+iPeA==</latexit><latexit sha1_base64="306R60H85nOLtOywyL/XiaqtukM=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMRjBVsrbSib7SRdupuE3Y1QQn+FFw+KePXnePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKK6tr6xvlzcrW9s7uXnX/oK2TTDFssUQkqhNQjYLH2DLcCOykCqkMBD4Eo+tp/eEJleZJfG/GKfqSRjEPOaPGWo83fSS9KCJuv1pz6+5MZBm8AmpQqNmvfvUGCcskxoYJqnXXc1Pj51QZzgROKr1MY0rZiEbYtRhTidrPZwtPyIl1BiRMlH2xITP390ROpdZjGdhOSc1QL9am5n+1bmbCSz/ncZoZjNn8ozATxCRkej0ZcIXMiLEFyhS3uxI2pIoyYzOq2BC8xZOXoX1W9yzfndcaV0UcZTiCYzgFDy6gAbfQhBYwkPAMr/DmKOfFeXc+5q0lp5g5hD9yPn8AY+iPeA==</latexit>

V � n NA Ve
<latexit sha1_base64="Y72rr+1yIucp+fI5lQUUGsYJgMQ=">AAAB/nicbZBPS8MwGMbT+W/Of1Xx5CU4BA8yWhH0OPXiSSa4brCWkmbvtrA0LUkqjDLwq3jxoIhXP4c3v43ptoNuvhDy43nel7x5opQzpR3n2yotLa+srpXXKxubW9s79u6ep5JMUmjShCeyHREFnAloaqY5tFMJJI44tKLhTeG3HkEqlogHPUohiElfsB6jRBsptA887Pf7WGD/FN+FV8XlhRDaVafmTAovgjuDKppVI7S//G5CsxiEppwo1XGdVAc5kZpRDuOKnylICR2SPnQMChKDCvLJ+mN8bJQu7iXSHKHxRP09kZNYqVEcmc6Y6IGa9wrxP6+T6d5lkDORZhoEnT7UyzjWCS6ywF0mgWo+MkCoZGZXTAdEEqpNYhUTgjv/5UXwzmqu4fvzav16FkcZHaIjdIJcdIHq6BY1UBNRlKNn9IrerCfrxXq3PqatJWs2s4/+lPX5A4bVk0M=</latexit><latexit sha1_base64="Y72rr+1yIucp+fI5lQUUGsYJgMQ=">AAAB/nicbZBPS8MwGMbT+W/Of1Xx5CU4BA8yWhH0OPXiSSa4brCWkmbvtrA0LUkqjDLwq3jxoIhXP4c3v43ptoNuvhDy43nel7x5opQzpR3n2yotLa+srpXXKxubW9s79u6ep5JMUmjShCeyHREFnAloaqY5tFMJJI44tKLhTeG3HkEqlogHPUohiElfsB6jRBsptA887Pf7WGD/FN+FV8XlhRDaVafmTAovgjuDKppVI7S//G5CsxiEppwo1XGdVAc5kZpRDuOKnylICR2SPnQMChKDCvLJ+mN8bJQu7iXSHKHxRP09kZNYqVEcmc6Y6IGa9wrxP6+T6d5lkDORZhoEnT7UyzjWCS6ywF0mgWo+MkCoZGZXTAdEEqpNYhUTgjv/5UXwzmqu4fvzav16FkcZHaIjdIJcdIHq6BY1UBNRlKNn9IrerCfrxXq3PqatJWs2s4/+lPX5A4bVk0M=</latexit><latexit sha1_base64="Y72rr+1yIucp+fI5lQUUGsYJgMQ=">AAAB/nicbZBPS8MwGMbT+W/Of1Xx5CU4BA8yWhH0OPXiSSa4brCWkmbvtrA0LUkqjDLwq3jxoIhXP4c3v43ptoNuvhDy43nel7x5opQzpR3n2yotLa+srpXXKxubW9s79u6ep5JMUmjShCeyHREFnAloaqY5tFMJJI44tKLhTeG3HkEqlogHPUohiElfsB6jRBsptA887Pf7WGD/FN+FV8XlhRDaVafmTAovgjuDKppVI7S//G5CsxiEppwo1XGdVAc5kZpRDuOKnylICR2SPnQMChKDCvLJ+mN8bJQu7iXSHKHxRP09kZNYqVEcmc6Y6IGa9wrxP6+T6d5lkDORZhoEnT7UyzjWCS6ywF0mgWo+MkCoZGZXTAdEEqpNYhUTgjv/5UXwzmqu4fvzav16FkcZHaIjdIJcdIHq6BY1UBNRlKNn9IrerCfrxXq3PqatJWs2s4/+lPX5A4bVk0M=</latexit><latexit sha1_base64="Y72rr+1yIucp+fI5lQUUGsYJgMQ=">AAAB/nicbZBPS8MwGMbT+W/Of1Xx5CU4BA8yWhH0OPXiSSa4brCWkmbvtrA0LUkqjDLwq3jxoIhXP4c3v43ptoNuvhDy43nel7x5opQzpR3n2yotLa+srpXXKxubW9s79u6ep5JMUmjShCeyHREFnAloaqY5tFMJJI44tKLhTeG3HkEqlogHPUohiElfsB6jRBsptA887Pf7WGD/FN+FV8XlhRDaVafmTAovgjuDKppVI7S//G5CsxiEppwo1XGdVAc5kZpRDuOKnylICR2SPnQMChKDCvLJ+mN8bJQu7iXSHKHxRP09kZNYqVEcmc6Y6IGa9wrxP6+T6d5lkDORZhoEnT7UyzjWCS6ywF0mgWo+MkCoZGZXTAdEEqpNYhUTgjv/5UXwzmqu4fvzav16FkcZHaIjdIJcdIHq6BY1UBNRlKNn9IrerCfrxXq3PqatJWs2s4/+lPX5A4bVk0M=</latexit>

V ' n NA Ve
<latexit sha1_base64="hNMKmGd9UzxgUU4+nuczRzM0CmA=">AAACAXicbZDLSgMxFIYz9VbrrepGcBMsggspMyLosurGlVSwF2iHIZOeaUOTzJhkhFLqxldx40IRt76FO9/GtJ2Fth4I+fj/c0jOHyacaeO6305uYXFpeSW/Wlhb39jcKm7v1HWcKgo1GvNYNUOigTMJNcMMh2aigIiQQyPsX439xgMozWJ5ZwYJ+IJ0JYsYJcZKQXGvjtuaCbjHEreP8U1wMb7qAQTFklt2J4XnwcughLKqBsWvdiemqQBpKCdatzw3Mf6QKMMoh1GhnWpICO2TLrQsSiJA+8PJBiN8aJUOjmJljzR4ov6eGBKh9UCEtlMQ09Oz3lj8z2ulJjr3h0wmqQFJpw9FKccmxuM4cIcpoIYPLBCqmP0rpj2iCDU2tIINwZtdeR7qJ2XP8u1pqXKZxZFH++gAHSEPnaEKukZVVEMUPaJn9IrenCfnxXl3PqatOSeb2UV/yvn8ARCylLI=</latexit><latexit sha1_base64="hNMKmGd9UzxgUU4+nuczRzM0CmA=">AAACAXicbZDLSgMxFIYz9VbrrepGcBMsggspMyLosurGlVSwF2iHIZOeaUOTzJhkhFLqxldx40IRt76FO9/GtJ2Fth4I+fj/c0jOHyacaeO6305uYXFpeSW/Wlhb39jcKm7v1HWcKgo1GvNYNUOigTMJNcMMh2aigIiQQyPsX439xgMozWJ5ZwYJ+IJ0JYsYJcZKQXGvjtuaCbjHEreP8U1wMb7qAQTFklt2J4XnwcughLKqBsWvdiemqQBpKCdatzw3Mf6QKMMoh1GhnWpICO2TLrQsSiJA+8PJBiN8aJUOjmJljzR4ov6eGBKh9UCEtlMQ09Oz3lj8z2ulJjr3h0wmqQFJpw9FKccmxuM4cIcpoIYPLBCqmP0rpj2iCDU2tIINwZtdeR7qJ2XP8u1pqXKZxZFH++gAHSEPnaEKukZVVEMUPaJn9IrenCfnxXl3PqatOSeb2UV/yvn8ARCylLI=</latexit><latexit sha1_base64="hNMKmGd9UzxgUU4+nuczRzM0CmA=">AAACAXicbZDLSgMxFIYz9VbrrepGcBMsggspMyLosurGlVSwF2iHIZOeaUOTzJhkhFLqxldx40IRt76FO9/GtJ2Fth4I+fj/c0jOHyacaeO6305uYXFpeSW/Wlhb39jcKm7v1HWcKgo1GvNYNUOigTMJNcMMh2aigIiQQyPsX439xgMozWJ5ZwYJ+IJ0JYsYJcZKQXGvjtuaCbjHEreP8U1wMb7qAQTFklt2J4XnwcughLKqBsWvdiemqQBpKCdatzw3Mf6QKMMoh1GhnWpICO2TLrQsSiJA+8PJBiN8aJUOjmJljzR4ov6eGBKh9UCEtlMQ09Oz3lj8z2ulJjr3h0wmqQFJpw9FKccmxuM4cIcpoIYPLBCqmP0rpj2iCDU2tIINwZtdeR7qJ2XP8u1pqXKZxZFH++gAHSEPnaEKukZVVEMUPaJn9IrenCfnxXl3PqatOSeb2UV/yvn8ARCylLI=</latexit><latexit sha1_base64="hNMKmGd9UzxgUU4+nuczRzM0CmA=">AAACAXicbZDLSgMxFIYz9VbrrepGcBMsggspMyLosurGlVSwF2iHIZOeaUOTzJhkhFLqxldx40IRt76FO9/GtJ2Fth4I+fj/c0jOHyacaeO6305uYXFpeSW/Wlhb39jcKm7v1HWcKgo1GvNYNUOigTMJNcMMh2aigIiQQyPsX439xgMozWJ5ZwYJ+IJ0JYsYJcZKQXGvjtuaCbjHEreP8U1wMb7qAQTFklt2J4XnwcughLKqBsWvdiemqQBpKCdatzw3Mf6QKMMoh1GhnWpICO2TLrQsSiJA+8PJBiN8aJUOjmJljzR4ov6eGBKh9UCEtlMQ09Oz3lj8z2ulJjr3h0wmqQFJpw9FKccmxuM4cIcpoIYPLBCqmP0rpj2iCDU2tIINwZtdeR7qJ2XP8u1pqXKZxZFH++gAHSEPnaEKukZVVEMUPaJn9IrenCfnxXl3PqatOSeb2UV/yvn8ARCylLI=</latexit>

V ' n NA Ve
<latexit sha1_base64="hNMKmGd9UzxgUU4+nuczRzM0CmA=">AAACAXicbZDLSgMxFIYz9VbrrepGcBMsggspMyLosurGlVSwF2iHIZOeaUOTzJhkhFLqxldx40IRt76FO9/GtJ2Fth4I+fj/c0jOHyacaeO6305uYXFpeSW/Wlhb39jcKm7v1HWcKgo1GvNYNUOigTMJNcMMh2aigIiQQyPsX439xgMozWJ5ZwYJ+IJ0JYsYJcZKQXGvjtuaCbjHEreP8U1wMb7qAQTFklt2J4XnwcughLKqBsWvdiemqQBpKCdatzw3Mf6QKMMoh1GhnWpICO2TLrQsSiJA+8PJBiN8aJUOjmJljzR4ov6eGBKh9UCEtlMQ09Oz3lj8z2ulJjr3h0wmqQFJpw9FKccmxuM4cIcpoIYPLBCqmP0rpj2iCDU2tIINwZtdeR7qJ2XP8u1pqXKZxZFH++gAHSEPnaEKukZVVEMUPaJn9IrenCfnxXl3PqatOSeb2UV/yvn8ARCylLI=</latexit><latexit sha1_base64="hNMKmGd9UzxgUU4+nuczRzM0CmA=">AAACAXicbZDLSgMxFIYz9VbrrepGcBMsggspMyLosurGlVSwF2iHIZOeaUOTzJhkhFLqxldx40IRt76FO9/GtJ2Fth4I+fj/c0jOHyacaeO6305uYXFpeSW/Wlhb39jcKm7v1HWcKgo1GvNYNUOigTMJNcMMh2aigIiQQyPsX439xgMozWJ5ZwYJ+IJ0JYsYJcZKQXGvjtuaCbjHEreP8U1wMb7qAQTFklt2J4XnwcughLKqBsWvdiemqQBpKCdatzw3Mf6QKMMoh1GhnWpICO2TLrQsSiJA+8PJBiN8aJUOjmJljzR4ov6eGBKh9UCEtlMQ09Oz3lj8z2ulJjr3h0wmqQFJpw9FKccmxuM4cIcpoIYPLBCqmP0rpj2iCDU2tIINwZtdeR7qJ2XP8u1pqXKZxZFH++gAHSEPnaEKukZVVEMUPaJn9IrenCfnxXl3PqatOSeb2UV/yvn8ARCylLI=</latexit><latexit sha1_base64="hNMKmGd9UzxgUU4+nuczRzM0CmA=">AAACAXicbZDLSgMxFIYz9VbrrepGcBMsggspMyLosurGlVSwF2iHIZOeaUOTzJhkhFLqxldx40IRt76FO9/GtJ2Fth4I+fj/c0jOHyacaeO6305uYXFpeSW/Wlhb39jcKm7v1HWcKgo1GvNYNUOigTMJNcMMh2aigIiQQyPsX439xgMozWJ5ZwYJ+IJ0JYsYJcZKQXGvjtuaCbjHEreP8U1wMb7qAQTFklt2J4XnwcughLKqBsWvdiemqQBpKCdatzw3Mf6QKMMoh1GhnWpICO2TLrQsSiJA+8PJBiN8aJUOjmJljzR4ov6eGBKh9UCEtlMQ09Oz3lj8z2ulJjr3h0wmqQFJpw9FKccmxuM4cIcpoIYPLBCqmP0rpj2iCDU2tIINwZtdeR7qJ2XP8u1pqXKZxZFH++gAHSEPnaEKukZVVEMUPaJn9IrenCfnxXl3PqatOSeb2UV/yvn8ARCylLI=</latexit><latexit sha1_base64="hNMKmGd9UzxgUU4+nuczRzM0CmA=">AAACAXicbZDLSgMxFIYz9VbrrepGcBMsggspMyLosurGlVSwF2iHIZOeaUOTzJhkhFLqxldx40IRt76FO9/GtJ2Fth4I+fj/c0jOHyacaeO6305uYXFpeSW/Wlhb39jcKm7v1HWcKgo1GvNYNUOigTMJNcMMh2aigIiQQyPsX439xgMozWJ5ZwYJ+IJ0JYsYJcZKQXGvjtuaCbjHEreP8U1wMb7qAQTFklt2J4XnwcughLKqBsWvdiemqQBpKCdatzw3Mf6QKMMoh1GhnWpICO2TLrQsSiJA+8PJBiN8aJUOjmJljzR4ov6eGBKh9UCEtlMQ09Oz3lj8z2ulJjr3h0wmqQFJpw9FKccmxuM4cIcpoIYPLBCqmP0rpj2iCDU2tIINwZtdeR7qJ2XP8u1pqXKZxZFH++gAHSEPnaEKukZVVEMUPaJn9IrenCfnxXl3PqatOSeb2UV/yvn8ARCylLI=</latexit>

Wenn Eigenvolumen aller
Gasteilchen nicht vernachlässigbar
klein ist: V ' n NA Ve

mit Ve dem Eigenvolumen eines
einzelnen Gasteilchens.

Wenn Kräfte zwischen Teilchen groß
wird oder Volumenstücke am Rand
relativ zum Gesamtvolumen groß
werden.
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8. REALE GASE

Johannes Diderik Van der Waals
(1837 - 1923)

Hauptarbeit hierzu in seiner Dissertation über
”Die Kontinuität des gasförmigen und flüssigen
Zustandes”
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8. REALE GASE

1. Modifikation: Beitrag des Eigenvolumens:

Das eigentliche Gasvolumen ist kleiner als das Volumen seines
Behältnisses

Ansatz: ziehe Beitrag des Eigenvolumens ab:

V → V −n b

mit b einem Term, welcher von Ve abhängt. Das Gasgesetz wird damit zu

P (V − n b) = n R T

Wie berechnet man b?
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8. REALE GASE
Das ausgeschlossene Volumen umfasst nicht nur Eigenvolumen der
betrachteten Gasteilchen

→Wir werden gleich zeigen, dass das tatsächliche absorbierte Volumen pro
Teilchen 4× Ve ist.

Jedes Teilchen ist umgeben von einer Sphäre von Radius d = 2r , welche nicht
vom Zentrum anderer Teilchen eingenommen werden kann:

r
<latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit>

r
<latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit>

dmin = 2r
<latexit sha1_base64="HWhKhn0qfyJYI8+1tiVjrFaCfPQ=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMFEE3QtGNywr2Am0pmUymDU0yQ5JRythHceNCEbc+iTvfxrSdhbb+EPj4zzmckz9IONPG876dwtr6xuZWcbu0s7u3f+CWD1s6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB+ObWb39QJVmsbw3k4T2BR5KFjGCjbUGbjkcZD0lkGByiq5QDamBW/Gq3lxoFfwcKpCrMXC/emFMUkGlIRxr3fW9xPQzrAwjnE5LvVTTBJMxHtKuRYkF1f1sfvoUnVonRFGs7JMGzd3fExkWWk9EYDsFNiO9XJuZ/9W6qYku+xmTSWqoJItFUcqRidEsBxQyRYnhEwuYKGZvRWSEFSbGplWyIfjLX16FVq3qW747r9Sv8ziKcAwncAY+XEAdbqEBTSDwCM/wCm/Ok/PivDsfi9aCk88cwR85nz+pEpLw</latexit><latexit sha1_base64="HWhKhn0qfyJYI8+1tiVjrFaCfPQ=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMFEE3QtGNywr2Am0pmUymDU0yQ5JRythHceNCEbc+iTvfxrSdhbb+EPj4zzmckz9IONPG876dwtr6xuZWcbu0s7u3f+CWD1s6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB+ObWb39QJVmsbw3k4T2BR5KFjGCjbUGbjkcZD0lkGByiq5QDamBW/Gq3lxoFfwcKpCrMXC/emFMUkGlIRxr3fW9xPQzrAwjnE5LvVTTBJMxHtKuRYkF1f1sfvoUnVonRFGs7JMGzd3fExkWWk9EYDsFNiO9XJuZ/9W6qYku+xmTSWqoJItFUcqRidEsBxQyRYnhEwuYKGZvRWSEFSbGplWyIfjLX16FVq3qW747r9Sv8ziKcAwncAY+XEAdbqEBTSDwCM/wCm/Ok/PivDsfi9aCk88cwR85nz+pEpLw</latexit><latexit sha1_base64="HWhKhn0qfyJYI8+1tiVjrFaCfPQ=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMFEE3QtGNywr2Am0pmUymDU0yQ5JRythHceNCEbc+iTvfxrSdhbb+EPj4zzmckz9IONPG876dwtr6xuZWcbu0s7u3f+CWD1s6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB+ObWb39QJVmsbw3k4T2BR5KFjGCjbUGbjkcZD0lkGByiq5QDamBW/Gq3lxoFfwcKpCrMXC/emFMUkGlIRxr3fW9xPQzrAwjnE5LvVTTBJMxHtKuRYkF1f1sfvoUnVonRFGs7JMGzd3fExkWWk9EYDsFNiO9XJuZ/9W6qYku+xmTSWqoJItFUcqRidEsBxQyRYnhEwuYKGZvRWSEFSbGplWyIfjLX16FVq3qW747r9Sv8ziKcAwncAY+XEAdbqEBTSDwCM/wCm/Ok/PivDsfi9aCk88cwR85nz+pEpLw</latexit><latexit sha1_base64="HWhKhn0qfyJYI8+1tiVjrFaCfPQ=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMFEE3QtGNywr2Am0pmUymDU0yQ5JRythHceNCEbc+iTvfxrSdhbb+EPj4zzmckz9IONPG876dwtr6xuZWcbu0s7u3f+CWD1s6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB+ObWb39QJVmsbw3k4T2BR5KFjGCjbUGbjkcZD0lkGByiq5QDamBW/Gq3lxoFfwcKpCrMXC/emFMUkGlIRxr3fW9xPQzrAwjnE5LvVTTBJMxHtKuRYkF1f1sfvoUnVonRFGs7JMGzd3fExkWWk9EYDsFNiO9XJuZ/9W6qYku+xmTSWqoJItFUcqRidEsBxQyRYnhEwuYKGZvRWSEFSbGplWyIfjLX16FVq3qW747r9Sv8ziKcAwncAY+XEAdbqEBTSDwCM/wCm/Ok/PivDsfi9aCk88cwR85nz+pEpLw</latexit>

Das verbotene Volumen für zwei
Teilchen ist dann

2 b′ = 4π
3 d3

min = 8× 4π
3 r3

→ bzw. b = b′NA = 4× Ve
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8. REALE GASE
2. Modifikation: Kraft zwischen Gasteilchen

Ansatz: kurzreichweitige anziehende Wechselwirkung→ nur nähere
Nachbaren tragen bei.

Konsequenz:

..

Gasteilchen  
im Volumen

X
~F = 0

<latexit sha1_base64="SYDvDTQMYdi20cHX2xp/1IlzA2M=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCNUBTEZQV7gSaUyXTSDp1JwlwKtfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT/KOFPa876dwtr6xuZWcbu0s7u3X3YPDpsqNZLQBkl5KtsRVpSzhDY005y2M0mxiDhtRcPbWb01olKxNHnU44yGAvcTFjOCtbW6bjlQRqBgRAm6Q9fI67oVr+rNhVbBz6ECuepd9yvopcQImmjCsVId38t0OMFSM8LptBQYRTNMhrhPOxYTLKgKJ/PDp+jUOj0Up9K+RKO5+3tigoVSYxHZToH1QC3XZuZ/tY7R8VU4YUlmNE3IYlFsONIpmqWAekxSovnYAiaS2VsRGWCJibZZlWwI/vKXV6F5XvUtP1xUajd5HEU4hhM4Ax8uoQb3UIcGEDDwDK/w5jw5L86787FoLTj5zBH8kfP5A6G6kb8=</latexit><latexit sha1_base64="SYDvDTQMYdi20cHX2xp/1IlzA2M=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCNUBTEZQV7gSaUyXTSDp1JwlwKtfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT/KOFPa876dwtr6xuZWcbu0s7u3X3YPDpsqNZLQBkl5KtsRVpSzhDY005y2M0mxiDhtRcPbWb01olKxNHnU44yGAvcTFjOCtbW6bjlQRqBgRAm6Q9fI67oVr+rNhVbBz6ECuepd9yvopcQImmjCsVId38t0OMFSM8LptBQYRTNMhrhPOxYTLKgKJ/PDp+jUOj0Up9K+RKO5+3tigoVSYxHZToH1QC3XZuZ/tY7R8VU4YUlmNE3IYlFsONIpmqWAekxSovnYAiaS2VsRGWCJibZZlWwI/vKXV6F5XvUtP1xUajd5HEU4hhM4Ax8uoQb3UIcGEDDwDK/w5jw5L86787FoLTj5zBH8kfP5A6G6kb8=</latexit><latexit sha1_base64="SYDvDTQMYdi20cHX2xp/1IlzA2M=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCNUBTEZQV7gSaUyXTSDp1JwlwKtfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT/KOFPa876dwtr6xuZWcbu0s7u3X3YPDpsqNZLQBkl5KtsRVpSzhDY005y2M0mxiDhtRcPbWb01olKxNHnU44yGAvcTFjOCtbW6bjlQRqBgRAm6Q9fI67oVr+rNhVbBz6ECuepd9yvopcQImmjCsVId38t0OMFSM8LptBQYRTNMhrhPOxYTLKgKJ/PDp+jUOj0Up9K+RKO5+3tigoVSYxHZToH1QC3XZuZ/tY7R8VU4YUlmNE3IYlFsONIpmqWAekxSovnYAiaS2VsRGWCJibZZlWwI/vKXV6F5XvUtP1xUajd5HEU4hhM4Ax8uoQb3UIcGEDDwDK/w5jw5L86787FoLTj5zBH8kfP5A6G6kb8=</latexit><latexit sha1_base64="SYDvDTQMYdi20cHX2xp/1IlzA2M=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCNUBTEZQV7gSaUyXTSDp1JwlwKtfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT/KOFPa876dwtr6xuZWcbu0s7u3X3YPDpsqNZLQBkl5KtsRVpSzhDY005y2M0mxiDhtRcPbWb01olKxNHnU44yGAvcTFjOCtbW6bjlQRqBgRAm6Q9fI67oVr+rNhVbBz6ECuepd9yvopcQImmjCsVId38t0OMFSM8LptBQYRTNMhrhPOxYTLKgKJ/PDp+jUOj0Up9K+RKO5+3tigoVSYxHZToH1QC3XZuZ/tY7R8VU4YUlmNE3IYlFsONIpmqWAekxSovnYAiaS2VsRGWCJibZZlWwI/vKXV6F5XvUtP1xUajd5HEU4hhM4Ax8uoQb3UIcGEDDwDK/w5jw5L86787FoLTj5zBH8kfP5A6G6kb8=</latexit>

X
~F 6= 0

<latexit sha1_base64="QyPLsYENxz/ew3Vg8VDzWUpG0nU=">AAAB+3icbZDLSgMxFIYz9Vbrrdalm2ARXJUZEXRZFMRlBXuBzlAy6Zk2NMmMSaZYhr6KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTau++0U1tY3NreK26Wd3b39g/JhpaXjVFFo0pjHqhMSDZxJaBpmOHQSBUSEHNrh6GZWb49BaRbLBzNJIBBkIFnEKDHW6pUrvk4F9sdA8S32JTxit1euujV3LrwKXg5VlKvRK3/5/ZimAqShnGjd9dzEBBlRhlEO05KfakgIHZEBdC1KIkAH2fz2KT61Th9HsbJPGjx3f09kRGg9EaHtFMQM9XJtZv5X66YmugoyJpPUgKSLRVHKsYnxLAjcZwqo4RMLhCpmb8V0SBShxsZVsiF4y19ehdZ5zbN8f1GtX+dxFNExOkFnyEOXqI7uUAM1EUVP6Bm9ojdn6rw4787HorXg5DNH6I+czx88RJNA</latexit><latexit sha1_base64="QyPLsYENxz/ew3Vg8VDzWUpG0nU=">AAAB+3icbZDLSgMxFIYz9Vbrrdalm2ARXJUZEXRZFMRlBXuBzlAy6Zk2NMmMSaZYhr6KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTau++0U1tY3NreK26Wd3b39g/JhpaXjVFFo0pjHqhMSDZxJaBpmOHQSBUSEHNrh6GZWb49BaRbLBzNJIBBkIFnEKDHW6pUrvk4F9sdA8S32JTxit1euujV3LrwKXg5VlKvRK3/5/ZimAqShnGjd9dzEBBlRhlEO05KfakgIHZEBdC1KIkAH2fz2KT61Th9HsbJPGjx3f09kRGg9EaHtFMQM9XJtZv5X66YmugoyJpPUgKSLRVHKsYnxLAjcZwqo4RMLhCpmb8V0SBShxsZVsiF4y19ehdZ5zbN8f1GtX+dxFNExOkFnyEOXqI7uUAM1EUVP6Bm9ojdn6rw4787HorXg5DNH6I+czx88RJNA</latexit><latexit sha1_base64="QyPLsYENxz/ew3Vg8VDzWUpG0nU=">AAAB+3icbZDLSgMxFIYz9Vbrrdalm2ARXJUZEXRZFMRlBXuBzlAy6Zk2NMmMSaZYhr6KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTau++0U1tY3NreK26Wd3b39g/JhpaXjVFFo0pjHqhMSDZxJaBpmOHQSBUSEHNrh6GZWb49BaRbLBzNJIBBkIFnEKDHW6pUrvk4F9sdA8S32JTxit1euujV3LrwKXg5VlKvRK3/5/ZimAqShnGjd9dzEBBlRhlEO05KfakgIHZEBdC1KIkAH2fz2KT61Th9HsbJPGjx3f09kRGg9EaHtFMQM9XJtZv5X66YmugoyJpPUgKSLRVHKsYnxLAjcZwqo4RMLhCpmb8V0SBShxsZVsiF4y19ehdZ5zbN8f1GtX+dxFNExOkFnyEOXqI7uUAM1EUVP6Bm9ojdn6rw4787HorXg5DNH6I+czx88RJNA</latexit><latexit sha1_base64="QyPLsYENxz/ew3Vg8VDzWUpG0nU=">AAAB+3icbZDLSgMxFIYz9Vbrrdalm2ARXJUZEXRZFMRlBXuBzlAy6Zk2NMmMSaZYhr6KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTau++0U1tY3NreK26Wd3b39g/JhpaXjVFFo0pjHqhMSDZxJaBpmOHQSBUSEHNrh6GZWb49BaRbLBzNJIBBkIFnEKDHW6pUrvk4F9sdA8S32JTxit1euujV3LrwKXg5VlKvRK3/5/ZimAqShnGjd9dzEBBlRhlEO05KfakgIHZEBdC1KIkAH2fz2KT61Th9HsbJPGjx3f09kRGg9EaHtFMQM9XJtZv5X66YmugoyJpPUgKSLRVHKsYnxLAjcZwqo4RMLhCpmb8V0SBShxsZVsiF4y19ehdZ5zbN8f1GtX+dxFNExOkFnyEOXqI7uUAM1EUVP6Bm9ojdn6rw4787HorXg5DNH6I+czx88RJNA</latexit>

Gasteilchen an 
der Grenzfläche

Gas näherungsweise homogen
→ Kräfte heben sich im Mittel auf

∑
~F = 0
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8. REALE GASE

Was passiert aber an den Grenzflächen?

..

Gasteilchen  
im Volumen

X
~F = 0

<latexit sha1_base64="SYDvDTQMYdi20cHX2xp/1IlzA2M=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCNUBTEZQV7gSaUyXTSDp1JwlwKtfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT/KOFPa876dwtr6xuZWcbu0s7u3X3YPDpsqNZLQBkl5KtsRVpSzhDY005y2M0mxiDhtRcPbWb01olKxNHnU44yGAvcTFjOCtbW6bjlQRqBgRAm6Q9fI67oVr+rNhVbBz6ECuepd9yvopcQImmjCsVId38t0OMFSM8LptBQYRTNMhrhPOxYTLKgKJ/PDp+jUOj0Up9K+RKO5+3tigoVSYxHZToH1QC3XZuZ/tY7R8VU4YUlmNE3IYlFsONIpmqWAekxSovnYAiaS2VsRGWCJibZZlWwI/vKXV6F5XvUtP1xUajd5HEU4hhM4Ax8uoQb3UIcGEDDwDK/w5jw5L86787FoLTj5zBH8kfP5A6G6kb8=</latexit><latexit sha1_base64="SYDvDTQMYdi20cHX2xp/1IlzA2M=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCNUBTEZQV7gSaUyXTSDp1JwlwKtfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT/KOFPa876dwtr6xuZWcbu0s7u3X3YPDpsqNZLQBkl5KtsRVpSzhDY005y2M0mxiDhtRcPbWb01olKxNHnU44yGAvcTFjOCtbW6bjlQRqBgRAm6Q9fI67oVr+rNhVbBz6ECuepd9yvopcQImmjCsVId38t0OMFSM8LptBQYRTNMhrhPOxYTLKgKJ/PDp+jUOj0Up9K+RKO5+3tigoVSYxHZToH1QC3XZuZ/tY7R8VU4YUlmNE3IYlFsONIpmqWAekxSovnYAiaS2VsRGWCJibZZlWwI/vKXV6F5XvUtP1xUajd5HEU4hhM4Ax8uoQb3UIcGEDDwDK/w5jw5L86787FoLTj5zBH8kfP5A6G6kb8=</latexit><latexit sha1_base64="SYDvDTQMYdi20cHX2xp/1IlzA2M=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCNUBTEZQV7gSaUyXTSDp1JwlwKtfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT/KOFPa876dwtr6xuZWcbu0s7u3X3YPDpsqNZLQBkl5KtsRVpSzhDY005y2M0mxiDhtRcPbWb01olKxNHnU44yGAvcTFjOCtbW6bjlQRqBgRAm6Q9fI67oVr+rNhVbBz6ECuepd9yvopcQImmjCsVId38t0OMFSM8LptBQYRTNMhrhPOxYTLKgKJ/PDp+jUOj0Up9K+RKO5+3tigoVSYxHZToH1QC3XZuZ/tY7R8VU4YUlmNE3IYlFsONIpmqWAekxSovnYAiaS2VsRGWCJibZZlWwI/vKXV6F5XvUtP1xUajd5HEU4hhM4Ax8uoQb3UIcGEDDwDK/w5jw5L86787FoLTj5zBH8kfP5A6G6kb8=</latexit><latexit sha1_base64="SYDvDTQMYdi20cHX2xp/1IlzA2M=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNCNUBTEZQV7gSaUyXTSDp1JwlwKtfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT/KOFPa876dwtr6xuZWcbu0s7u3X3YPDpsqNZLQBkl5KtsRVpSzhDY005y2M0mxiDhtRcPbWb01olKxNHnU44yGAvcTFjOCtbW6bjlQRqBgRAm6Q9fI67oVr+rNhVbBz6ECuepd9yvopcQImmjCsVId38t0OMFSM8LptBQYRTNMhrhPOxYTLKgKJ/PDp+jUOj0Up9K+RKO5+3tigoVSYxHZToH1QC3XZuZ/tY7R8VU4YUlmNE3IYlFsONIpmqWAekxSovnYAiaS2VsRGWCJibZZlWwI/vKXV6F5XvUtP1xUajd5HEU4hhM4Ax8uoQb3UIcGEDDwDK/w5jw5L86787FoLTj5zBH8kfP5A6G6kb8=</latexit>

X
~F 6= 0

<latexit sha1_base64="QyPLsYENxz/ew3Vg8VDzWUpG0nU=">AAAB+3icbZDLSgMxFIYz9Vbrrdalm2ARXJUZEXRZFMRlBXuBzlAy6Zk2NMmMSaZYhr6KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTau++0U1tY3NreK26Wd3b39g/JhpaXjVFFo0pjHqhMSDZxJaBpmOHQSBUSEHNrh6GZWb49BaRbLBzNJIBBkIFnEKDHW6pUrvk4F9sdA8S32JTxit1euujV3LrwKXg5VlKvRK3/5/ZimAqShnGjd9dzEBBlRhlEO05KfakgIHZEBdC1KIkAH2fz2KT61Th9HsbJPGjx3f09kRGg9EaHtFMQM9XJtZv5X66YmugoyJpPUgKSLRVHKsYnxLAjcZwqo4RMLhCpmb8V0SBShxsZVsiF4y19ehdZ5zbN8f1GtX+dxFNExOkFnyEOXqI7uUAM1EUVP6Bm9ojdn6rw4787HorXg5DNH6I+czx88RJNA</latexit><latexit sha1_base64="QyPLsYENxz/ew3Vg8VDzWUpG0nU=">AAAB+3icbZDLSgMxFIYz9Vbrrdalm2ARXJUZEXRZFMRlBXuBzlAy6Zk2NMmMSaZYhr6KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTau++0U1tY3NreK26Wd3b39g/JhpaXjVFFo0pjHqhMSDZxJaBpmOHQSBUSEHNrh6GZWb49BaRbLBzNJIBBkIFnEKDHW6pUrvk4F9sdA8S32JTxit1euujV3LrwKXg5VlKvRK3/5/ZimAqShnGjd9dzEBBlRhlEO05KfakgIHZEBdC1KIkAH2fz2KT61Th9HsbJPGjx3f09kRGg9EaHtFMQM9XJtZv5X66YmugoyJpPUgKSLRVHKsYnxLAjcZwqo4RMLhCpmb8V0SBShxsZVsiF4y19ehdZ5zbN8f1GtX+dxFNExOkFnyEOXqI7uUAM1EUVP6Bm9ojdn6rw4787HorXg5DNH6I+czx88RJNA</latexit><latexit sha1_base64="QyPLsYENxz/ew3Vg8VDzWUpG0nU=">AAAB+3icbZDLSgMxFIYz9Vbrrdalm2ARXJUZEXRZFMRlBXuBzlAy6Zk2NMmMSaZYhr6KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTau++0U1tY3NreK26Wd3b39g/JhpaXjVFFo0pjHqhMSDZxJaBpmOHQSBUSEHNrh6GZWb49BaRbLBzNJIBBkIFnEKDHW6pUrvk4F9sdA8S32JTxit1euujV3LrwKXg5VlKvRK3/5/ZimAqShnGjd9dzEBBlRhlEO05KfakgIHZEBdC1KIkAH2fz2KT61Th9HsbJPGjx3f09kRGg9EaHtFMQM9XJtZv5X66YmugoyJpPUgKSLRVHKsYnxLAjcZwqo4RMLhCpmb8V0SBShxsZVsiF4y19ehdZ5zbN8f1GtX+dxFNExOkFnyEOXqI7uUAM1EUVP6Bm9ojdn6rw4787HorXg5DNH6I+czx88RJNA</latexit><latexit sha1_base64="QyPLsYENxz/ew3Vg8VDzWUpG0nU=">AAAB+3icbZDLSgMxFIYz9Vbrrdalm2ARXJUZEXRZFMRlBXuBzlAy6Zk2NMmMSaZYhr6KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTau++0U1tY3NreK26Wd3b39g/JhpaXjVFFo0pjHqhMSDZxJaBpmOHQSBUSEHNrh6GZWb49BaRbLBzNJIBBkIFnEKDHW6pUrvk4F9sdA8S32JTxit1euujV3LrwKXg5VlKvRK3/5/ZimAqShnGjd9dzEBBlRhlEO05KfakgIHZEBdC1KIkAH2fz2KT61Th9HsbJPGjx3f09kRGg9EaHtFMQM9XJtZv5X66YmugoyJpPUgKSLRVHKsYnxLAjcZwqo4RMLhCpmb8V0SBShxsZVsiF4y19ehdZ5zbN8f1GtX+dxFNExOkFnyEOXqI7uUAM1EUVP6Bm9ojdn6rw4787HorXg5DNH6I+czx88RJNA</latexit>

Gasteilchen an 
der Grenzfläche Die Kräfte heben sich nicht auf

~Ftot = ~F + ~Fa

bzw.
Ftot = F − Fa

⇒ Der gemessene Druck P = Ftot
A wird verkleinert!
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8. REALE GASE
Die Kraft, welche ein Gasteilchen in das Behältnis zieht ist proportional zu

C =
n × NA

V
,

denn n × NA geteilt durch sein Volumen = Durchschnittliche Anzahl Moleküle
pro Volumenelement.

Die Anzahl Gasteilchen an den Grenzflächen ist auch proportional zu C.

⇒ der gemessene Druck P nimmt ab um:

a′C2 = a′ n2
(

NA

V

)2

= a
n2

V 2
mit a = a′ N2

A → Maß für durchschnittliche
Anziehung zwischen Teilchen.

⇒ D.h. der eigentliche Druck des Gases wäre P + a n2

V 2 .
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8. REALE GASE

Dies führt uns zur Van-der-Waals-Gleichung für reale Gase:

(
P + a

n2

V 2

)
(V − n b) = n R T

mit

a: Kohäsionsdruckparameter mit Einheiten [Atm×m6

mol2
]

b: Kovolumen mit Einheiten [ m3

mol ]

Die Werte von a und b werden experimentell oder durch Simulationen
bestimmt.
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8. REALE GASE

Typische (gemessene) Werte von a und b: Quelle: Wikipedia
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8. REALE GASE
Wie verhält sich nun z.B. die Innere Energie? Verbinden Relation von Folie 18

(
∂U
∂V

)

T
= T ·

(
∂P
∂T

)

V
− P

mit der nach P aufgelösten VdW-Gleichung:

P =
R T

Vm − b
− a

V 2
m

mit dem molaren Volumen Vm = V
n .

⇒ Es ist dann

(
∂P
∂T

)

V
=

R
Vm − b und damit

(
∂U
∂V

)

T
=

a
V 2

m
= a

n2

V 2
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8. REALE GASE
Damit folgt für

dU =

(
∂U
∂T

)

V
dT +

(
∂U
∂V

)

T
dV

= n cv dT +a
n2

V 2 dV

Wir erhalten für die Innere Energie

U(T ,V ) = n cv T−a
n2

V

mit cv = f
2R und f der Anzahl Freiheitsgrade des Gases.
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8. REALE GASE

8.2 Graphischer Verlauf von P(V )

Es ist

Pvdw = P(V ) =
R T

Vm − b
− a

V 2
m

; Vm =
V
n

Voranalyse:

Für große T erwarten wir, dass Kovolumen und Binnendruck
vernachlässigbar sind, Pvdw → Pideal, bzw. PV ' n R T

kleine T → hier wird es interessant. Anziehende Kraft (Binnendruck)
versus kinetische Energie des Gases.
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8. REALE GASE
Isotherme (T = konst.) mit der Van-der-Waals-Konstruktion:
8. REALE GASE
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Tc

T < Tc

T > Tc

T > Tc : PV ≈ n R T

Tc : kritische Temperatur

T < Tc : Maxima (A) und
Minima (C) treten auf

→ Bereich mit ∂P
∂V > 0!
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8. REALE GASE
8.3 Kritische Temperatur und Phasenumwandlung

Analyse:

- Bei T > Tc ist ∂P
∂V < 0

Keine Bereiche existieren wo bei konstantem Druck das

Volumen variiert und die Temperatur gleich bleibt

→ Keine Phasenübergänge

- Bei T = Tc :
(
∂P
∂V

)
T = 0;

(
∂2P
∂V 2

)
T

= 0

Auflösen des Gleichungssystems ergibt:

Tc = 8
27 b R ; Pc = a

27b2 ; Vc = 3b

8. REALE GASE
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Tc

T < Tc

T > Tc
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8. REALE GASE

Einige Beispiele für die kritische Temperatur:

He: Tc = 5.2 K

H2: Tc = 33.2 K

N2: Tc = 126 K

O2: Tc = 154.3 K

CO2: Tc = 304.1 K

H2O: Tc = 647.3 K = 374.1 ◦C

Nur unter diesen Temperaturen kann ein Phasenübergang stattfinden, i.e.
können diese Gase verflüssigt werden.
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8. REALE GASE

Gedanken-Experiment zur Phasenumwandlung: T = konst., V = V1 + V2 = konst.

T<latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit>

P1, V1
<latexit sha1_base64="vH0157HQ22ICsH9qv+LZHg7OC0g=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK9haaEPYbCft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7a+sPDwzgw784ap4Nq47rdTWlldW98ob1a2tnd296r7B22dZIphiyUiUZ2QahRcYstwI7CTKqRxKPAhHN1M6w9PqDRP5L0Zp+jHdCB5xBk11uo0A++MtAMvqNbcujsTWQavgBoUagbVr14/YVmM0jBBte56bmr8nCrDmcBJpZdpTCkb0QF2LUoao/bz2b4TcmKdPokSZZ80ZOb+nshprPU4Dm1nTM1QL9am5n+1bmaiKz/nMs0MSjb/KMoEMQmZHk/6XCEzYmyBMsXtroQNqaLM2IgqNgRv8eRlaJ/XPct3F7XGdRFHGY7gGE7Bg0towC00oQUMBDzDK7w5j86L8+58zFtLTjFzCH/kfP4AXb+O3A==</latexit><latexit sha1_base64="vH0157HQ22ICsH9qv+LZHg7OC0g=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK9haaEPYbCft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7a+sPDwzgw784ap4Nq47rdTWlldW98ob1a2tnd296r7B22dZIphiyUiUZ2QahRcYstwI7CTKqRxKPAhHN1M6w9PqDRP5L0Zp+jHdCB5xBk11uo0A++MtAMvqNbcujsTWQavgBoUagbVr14/YVmM0jBBte56bmr8nCrDmcBJpZdpTCkb0QF2LUoao/bz2b4TcmKdPokSZZ80ZOb+nshprPU4Dm1nTM1QL9am5n+1bmaiKz/nMs0MSjb/KMoEMQmZHk/6XCEzYmyBMsXtroQNqaLM2IgqNgRv8eRlaJ/XPct3F7XGdRFHGY7gGE7Bg0towC00oQUMBDzDK7w5j86L8+58zFtLTjFzCH/kfP4AXb+O3A==</latexit><latexit sha1_base64="vH0157HQ22ICsH9qv+LZHg7OC0g=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK9haaEPYbCft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7a+sPDwzgw784ap4Nq47rdTWlldW98ob1a2tnd296r7B22dZIphiyUiUZ2QahRcYstwI7CTKqRxKPAhHN1M6w9PqDRP5L0Zp+jHdCB5xBk11uo0A++MtAMvqNbcujsTWQavgBoUagbVr14/YVmM0jBBte56bmr8nCrDmcBJpZdpTCkb0QF2LUoao/bz2b4TcmKdPokSZZ80ZOb+nshprPU4Dm1nTM1QL9am5n+1bmaiKz/nMs0MSjb/KMoEMQmZHk/6XCEzYmyBMsXtroQNqaLM2IgqNgRv8eRlaJ/XPct3F7XGdRFHGY7gGE7Bg0towC00oQUMBDzDK7w5j86L8+58zFtLTjFzCH/kfP4AXb+O3A==</latexit><latexit sha1_base64="vH0157HQ22ICsH9qv+LZHg7OC0g=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK9haaEPYbCft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7a+sPDwzgw784ap4Nq47rdTWlldW98ob1a2tnd296r7B22dZIphiyUiUZ2QahRcYstwI7CTKqRxKPAhHN1M6w9PqDRP5L0Zp+jHdCB5xBk11uo0A++MtAMvqNbcujsTWQavgBoUagbVr14/YVmM0jBBte56bmr8nCrDmcBJpZdpTCkb0QF2LUoao/bz2b4TcmKdPokSZZ80ZOb+nshprPU4Dm1nTM1QL9am5n+1bmaiKz/nMs0MSjb/KMoEMQmZHk/6XCEzYmyBMsXtroQNqaLM2IgqNgRv8eRlaJ/XPct3F7XGdRFHGY7gGE7Bg0towC00oQUMBDzDK7w5j86L8+58zFtLTjFzCH/kfP4AXb+O3A==</latexit>

P2, V2
<latexit sha1_base64="oZ3+3IlffaYpzMK7RQY7ijjZnHo=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlKYIei148VrAf0Iaw2U7apZtN3N0IpfRPePGgiFf/jjf/jds2B219YeHhnRl25g1TwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6yRTDJktEojoh1Si4xKbhRmAnVUjjUGA7HN3O6u0nVJon8sGMU/RjOpA84owaa3UaQe2CtIJaUK64VXcusgpeDhXI1QjKX71+wrIYpWGCat313NT4E6oMZwKnpV6mMaVsRAfYtShpjNqfzPedkjPr9EmUKPukIXP398SExlqP49B2xtQM9XJtZv5X62YmuvYnXKaZQckWH0WZICYhs+NJnytkRowtUKa43ZWwIVWUGRtRyYbgLZ+8Cq1a1bN8f1mp3+RxFOEETuEcPLiCOtxBA5rAQMAzvMKb8+i8OO/Ox6K14OQzx/BHzucPYMyO3g==</latexit><latexit sha1_base64="oZ3+3IlffaYpzMK7RQY7ijjZnHo=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlKYIei148VrAf0Iaw2U7apZtN3N0IpfRPePGgiFf/jjf/jds2B219YeHhnRl25g1TwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6yRTDJktEojoh1Si4xKbhRmAnVUjjUGA7HN3O6u0nVJon8sGMU/RjOpA84owaa3UaQe2CtIJaUK64VXcusgpeDhXI1QjKX71+wrIYpWGCat313NT4E6oMZwKnpV6mMaVsRAfYtShpjNqfzPedkjPr9EmUKPukIXP398SExlqP49B2xtQM9XJtZv5X62YmuvYnXKaZQckWH0WZICYhs+NJnytkRowtUKa43ZWwIVWUGRtRyYbgLZ+8Cq1a1bN8f1mp3+RxFOEETuEcPLiCOtxBA5rAQMAzvMKb8+i8OO/Ox6K14OQzx/BHzucPYMyO3g==</latexit><latexit sha1_base64="oZ3+3IlffaYpzMK7RQY7ijjZnHo=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlKYIei148VrAf0Iaw2U7apZtN3N0IpfRPePGgiFf/jjf/jds2B219YeHhnRl25g1TwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6yRTDJktEojoh1Si4xKbhRmAnVUjjUGA7HN3O6u0nVJon8sGMU/RjOpA84owaa3UaQe2CtIJaUK64VXcusgpeDhXI1QjKX71+wrIYpWGCat313NT4E6oMZwKnpV6mMaVsRAfYtShpjNqfzPedkjPr9EmUKPukIXP398SExlqP49B2xtQM9XJtZv5X62YmuvYnXKaZQckWH0WZICYhs+NJnytkRowtUKa43ZWwIVWUGRtRyYbgLZ+8Cq1a1bN8f1mp3+RxFOEETuEcPLiCOtxBA5rAQMAzvMKb8+i8OO/Ox6K14OQzx/BHzucPYMyO3g==</latexit><latexit sha1_base64="oZ3+3IlffaYpzMK7RQY7ijjZnHo=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8CAlKYIei148VrAf0Iaw2U7apZtN3N0IpfRPePGgiFf/jjf/jds2B219YeHhnRl25g1TwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6yRTDJktEojoh1Si4xKbhRmAnVUjjUGA7HN3O6u0nVJon8sGMU/RjOpA84owaa3UaQe2CtIJaUK64VXcusgpeDhXI1QjKX71+wrIYpWGCat313NT4E6oMZwKnpV6mMaVsRAfYtShpjNqfzPedkjPr9EmUKPukIXP398SExlqP49B2xtQM9XJtZv5X62YmuvYnXKaZQckWH0WZICYhs+NJnytkRowtUKa43ZWwIVWUGRtRyYbgLZ+8Cq1a1bN8f1mp3+RxFOEETuEcPLiCOtxBA5rAQMAzvMKb8+i8OO/Ox6K14OQzx/BHzucPYMyO3g==</latexit>

A
<latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit>

B<latexit sha1_base64="84VY/ugUIsqyCmnCBj/Y8tjyQ2E=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1eh5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AlGOMxg==</latexit><latexit sha1_base64="84VY/ugUIsqyCmnCBj/Y8tjyQ2E=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1eh5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AlGOMxg==</latexit><latexit sha1_base64="84VY/ugUIsqyCmnCBj/Y8tjyQ2E=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1eh5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AlGOMxg==</latexit><latexit sha1_base64="84VY/ugUIsqyCmnCBj/Y8tjyQ2E=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1eh5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AlGOMxg==</latexit>

Es sei P1 = P2 und das reale Gas sei im
Bereich wo ∂P

∂V > 0

Eine Druckschwankung erzeuge eine
kleine Wandverschiebung

→ P1 > P2 ⇒ V1 > V2

In einem idealen Gas oder im einem realen Gas mit ∂P
∂V < 0 würde das System

relaxieren.

Aber wegen ∂P
∂V > 0 wächst die Druckdifferenz!
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8. REALE GASE

Situation im P-V -Diagramm:

Ausgangssituation: Druckschwankung:

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

V1 = V2
<latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit>

P1 = P2
<latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

V1 = V2
<latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit>

P1 = P2
<latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit>

P1 = P2
<latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit>

V1 = V2
<latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit>

Das Volumen von A wächst und das Volumen von B sinkt bis wieder PA = PB herrscht.
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8. REALE GASE

Endsituation:

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

V1
<latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit><latexit sha1_base64="1eCn8Vkk+7DnC/Pd5E2O7n6E6pE=">AAAB8HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEE3QtGNywp2WmmHIZNm2tAkMyQZoQx9CjcuFHHr47jzbUzbWWjrgcDHufeSe0+UcqaN6347pbX1jc2t8nZlZ3dv/6B6eOTrJFOEtknCE9WNsKacSdo2zHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQaFWWP3qDxKSCSoN4VjrnuemJsixMoxwOq30M01TTMZ4SHsWJRZUB/l84Sk6s84AxYmyTxo0d39P5FhoPRGR7RTYjPRybWb+V+tlJr4KcibTzFBJFh/FGUcmQbPr0YApSgyfWMBEMbsrIiOsMDE2o4oNwVs+eRX8Rt2zfH9Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+yPn8AdmFjx4=</latexit>

P1
<latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit><latexit sha1_base64="vtz9C8zXm44tmmjboBpbEp1rzRE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdCNUHTjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhbb+EPj4zznknD9KOdPGdb+d0tr6xuZWebuys7u3f1A9PGrrJFOEtkjCE9WNsKacSdoyzHDaTRXFIuK0E41vZ/XOE1WaJfLBTFIaCDyULGYEG2s9+qGHrpEfNsJqza27c6FV8AqoQSE/rH71BwnJBJWGcKx1z3NTE+RYGUY4nVb6maYpJmM8pD2LEguqg3y+8BSdWWeA4kTZJw2au78nciy0nojIdgpsRnq5NjP/q/UyE18FOZNpZqgki4/ijCOToNn1aMAUJYZPLGCimN0VkRFWmBibUcWG4C2fvArtRt2zfH9Ra94UcZThBE7hHDy4hCbcgQ8tICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AMcZjxI=</latexit>

= P2

= V2VB
<latexit sha1_base64="t9RmDlF2z4p7+5GeVrZWMpBTsfY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYf2oDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/GbjY8=</latexit><latexit sha1_base64="t9RmDlF2z4p7+5GeVrZWMpBTsfY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYf2oDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/GbjY8=</latexit><latexit sha1_base64="t9RmDlF2z4p7+5GeVrZWMpBTsfY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYf2oDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/GbjY8=</latexit><latexit sha1_base64="t9RmDlF2z4p7+5GeVrZWMpBTsfY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYf2oDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/GbjY8=</latexit>

VA
<latexit sha1_base64="9WByC4SXtI5TOnG9Et6kPzGIbsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR5a/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDwF42O</latexit><latexit sha1_base64="9WByC4SXtI5TOnG9Et6kPzGIbsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR5a/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDwF42O</latexit><latexit sha1_base64="9WByC4SXtI5TOnG9Et6kPzGIbsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR5a/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDwF42O</latexit><latexit sha1_base64="9WByC4SXtI5TOnG9Et6kPzGIbsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR5a/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDwF42O</latexit>

PA = PB
<latexit sha1_base64="ZEfmYUc2+RAzAZKM3fP8sYDa/s8=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGqHXjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhVZ/CHz85xxyzh+lnGnjul9OaWV1bX2jvFnZ2t7Z3avuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaicY3s3rnkSrNEnlvJikNBB5KFjOCjbUe/PAaXSE/bIbVmlt350J/wSugBoX8sPrZHyQkE1QawrHWPc9NTZBjZRjhdFrpZ5qmmIzxkPYsSiyoDvL5wlN0Yp0BihNlnzRo7v6cyLHQeiIi2ymwGenl2sz8r9bLTHwZ5EymmaGSLD6KM45MgmbXowFTlBg+sYCJYnZXREZYYWJsRhUbgrd88l9on9U9y3fntUaziKMMR3AMp+DBBTTgFnxoAQEBT/ACr45ynp03533RWnKKmUP4JefjG/f5jzI=</latexit><latexit sha1_base64="ZEfmYUc2+RAzAZKM3fP8sYDa/s8=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGqHXjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhVZ/CHz85xxyzh+lnGnjul9OaWV1bX2jvFnZ2t7Z3avuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaicY3s3rnkSrNEnlvJikNBB5KFjOCjbUe/PAaXSE/bIbVmlt350J/wSugBoX8sPrZHyQkE1QawrHWPc9NTZBjZRjhdFrpZ5qmmIzxkPYsSiyoDvL5wlN0Yp0BihNlnzRo7v6cyLHQeiIi2ymwGenl2sz8r9bLTHwZ5EymmaGSLD6KM45MgmbXowFTlBg+sYCJYnZXREZYYWJsRhUbgrd88l9on9U9y3fntUaziKMMR3AMp+DBBTTgFnxoAQEBT/ACr45ynp03533RWnKKmUP4JefjG/f5jzI=</latexit><latexit sha1_base64="ZEfmYUc2+RAzAZKM3fP8sYDa/s8=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGqHXjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhVZ/CHz85xxyzh+lnGnjul9OaWV1bX2jvFnZ2t7Z3avuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaicY3s3rnkSrNEnlvJikNBB5KFjOCjbUe/PAaXSE/bIbVmlt350J/wSugBoX8sPrZHyQkE1QawrHWPc9NTZBjZRjhdFrpZ5qmmIzxkPYsSiyoDvL5wlN0Yp0BihNlnzRo7v6cyLHQeiIi2ymwGenl2sz8r9bLTHwZ5EymmaGSLD6KM45MgmbXowFTlBg+sYCJYnZXREZYYWJsRhUbgrd88l9on9U9y3fntUaziKMMR3AMp+DBBTTgFnxoAQEBT/ACr45ynp03533RWnKKmUP4JefjG/f5jzI=</latexit><latexit sha1_base64="ZEfmYUc2+RAzAZKM3fP8sYDa/s8=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGqHXjcgR7kXYYMmmmDU0yQ5IRytCncONCEbc+jjvfxrSdhVZ/CHz85xxyzh+lnGnjul9OaWV1bX2jvFnZ2t7Z3avuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaicY3s3rnkSrNEnlvJikNBB5KFjOCjbUe/PAaXSE/bIbVmlt350J/wSugBoX8sPrZHyQkE1QawrHWPc9NTZBjZRjhdFrpZ5qmmIzxkPYsSiyoDvL5wlN0Yp0BihNlnzRo7v6cyLHQeiIi2ymwGenl2sz8r9bLTHwZ5EymmaGSLD6KM45MgmbXowFTlBg+sYCJYnZXREZYYWJsRhUbgrd88l9on9U9y3fntUaziKMMR3AMp+DBBTTgFnxoAQEBT/ACr45ynp03533RWnKKmUP4JefjG/f5jzI=</latexit> AB

Folgerungen:

Gas mit kleinerem Endvolumen (B)
hat sich spontan verflüssigt

Ohne Trennwand:
Teilchenaustausch zwischen
koexistierenden Phasen

→ Gleichgewichtsdruck P0 stellt sich ein

=̂ Dampfdruck der Flüssigkeit

Aber: Zustände von P(V ) mit Bereichen ∂P
∂V > 0 existieren in realen Systemen nicht.
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8. REALE GASE

Für reale Systeme sieht das P-V -Diagramm deshalb wie folgt aus:
T = konst.

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>
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P0
<latexit sha1_base64="6rHGrgEZa1SKDiFMmxaCidIuY3k=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDoe3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A80vjXc=</latexit><latexit sha1_base64="6rHGrgEZa1SKDiFMmxaCidIuY3k=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDoe3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A80vjXc=</latexit><latexit sha1_base64="6rHGrgEZa1SKDiFMmxaCidIuY3k=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDoe3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A80vjXc=</latexit><latexit sha1_base64="6rHGrgEZa1SKDiFMmxaCidIuY3k=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDoe3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A80vjXc=</latexit>

A
<latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit>

B
<latexit sha1_base64="84VY/ugUIsqyCmnCBj/Y8tjyQ2E=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1eh5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AlGOMxg==</latexit><latexit sha1_base64="84VY/ugUIsqyCmnCBj/Y8tjyQ2E=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1eh5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AlGOMxg==</latexit><latexit sha1_base64="84VY/ugUIsqyCmnCBj/Y8tjyQ2E=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1eh5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AlGOMxg==</latexit><latexit sha1_base64="84VY/ugUIsqyCmnCBj/Y8tjyQ2E=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1eh5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AlGOMxg==</latexit>

XB
<latexit sha1_base64="7DcIrC+sIZiSlX0nqocSJzifhmY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYfuoDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/SnjZE=</latexit><latexit sha1_base64="7DcIrC+sIZiSlX0nqocSJzifhmY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYfuoDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/SnjZE=</latexit><latexit sha1_base64="7DcIrC+sIZiSlX0nqocSJzifhmY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYfuoDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/SnjZE=</latexit><latexit sha1_base64="7DcIrC+sIZiSlX0nqocSJzifhmY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYfuoDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/SnjZE=</latexit>

XA
<latexit sha1_base64="0qrBEMFTFu9teydQbOtyjIcGWPk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR46/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDzI42Q</latexit><latexit sha1_base64="0qrBEMFTFu9teydQbOtyjIcGWPk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR46/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDzI42Q</latexit><latexit sha1_base64="0qrBEMFTFu9teydQbOtyjIcGWPk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR46/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDzI42Q</latexit><latexit sha1_base64="0qrBEMFTFu9teydQbOtyjIcGWPk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR46/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDzI42Q</latexit>

VB
<latexit sha1_base64="t9RmDlF2z4p7+5GeVrZWMpBTsfY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYf2oDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/GbjY8=</latexit><latexit sha1_base64="t9RmDlF2z4p7+5GeVrZWMpBTsfY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYf2oDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/GbjY8=</latexit><latexit sha1_base64="t9RmDlF2z4p7+5GeVrZWMpBTsfY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYf2oDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/GbjY8=</latexit><latexit sha1_base64="t9RmDlF2z4p7+5GeVrZWMpBTsfY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx1IvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPpppgn5ER5KHnFFjrYf2oDEoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91IQ3fsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu+vK/VGHkcRzuAcLsGDGtThDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzmfP/GbjY8=</latexit>

VA
<latexit sha1_base64="9WByC4SXtI5TOnG9Et6kPzGIbsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR5a/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDwF42O</latexit><latexit sha1_base64="9WByC4SXtI5TOnG9Et6kPzGIbsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR5a/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDwF42O</latexit><latexit sha1_base64="9WByC4SXtI5TOnG9Et6kPzGIbsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR5a/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDwF42O</latexit><latexit sha1_base64="9WByC4SXtI5TOnG9Et6kPzGIbsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6sVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9n9fYT10bE6hEnCfcjOlQiFIyitR5a/et+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu8vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwDwF42O</latexit>

G
as

Welcher Druck P0 stellt sich ein?

Forderung: Prozesse laufen immer noch
reversibel ab!

→ Betrachte Kreisprozess entlang Kurve A → B

und zurück entlang Gerade B → A

=̂ keine Arbeit wird geleistet / verbraucht

WBA =

∫ VA

VB

P(V ) dV = P0 (VA − VB)
!

= −WAB

Äquivalent: Fläche XA = XB (Maxwell-Konstruktion)
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8. REALE GASE
8.4 Dampfdruckkurven und Phasendiagramme

Man stellt deshalb die P-V -Kurven von realen Gasen oft nach der
Maxwell-Konstruktion dar:

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

K
oe

xi
st
en

zg
eb

ie
t

Tc
<latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit><latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit><latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit><latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit>

T2
<latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit><latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit><latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit><latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit>

T1
<latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit>

T
<latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit>

P0
<latexit sha1_base64="6rHGrgEZa1SKDiFMmxaCidIuY3k=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDoe3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A80vjXc=</latexit><latexit sha1_base64="6rHGrgEZa1SKDiFMmxaCidIuY3k=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDoe3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A80vjXc=</latexit><latexit sha1_base64="6rHGrgEZa1SKDiFMmxaCidIuY3k=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDoe3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A80vjXc=</latexit><latexit sha1_base64="6rHGrgEZa1SKDiFMmxaCidIuY3k=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDoe3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A80vjXc=</latexit>

Koexistenzlinie

flüssig

Tc
<latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit><latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit><latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit><latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit>

T2
<latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit><latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit><latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit><latexit sha1_base64="xNqmaVlaJlaXeqCLvT+BJ5hsj6g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzUBuUK27VXYisg5dDBXI1BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZVDTixs8Wq87IhXWGJIy1fQrJwv09kdHImGkU2M6I4tis1ubmf7VeiuGNnwmVpMgVW34UppJgTOZ3k6HQnKGcWqBMC7srYWOqKUObTsmG4K2evA7tWtWz/HBVqd/mcRThDM7hEjy4hjrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ZPjX0=</latexit>

T1
<latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit><latexit sha1_base64="1ZYZwyJzNKB/w2QzE8mi5+t5RJ8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNz4A3KFbfqLkTWwcuhArkag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsKhpx42eLVWfkwjpDEsbaPoVk4f6eyGhkzDQKbGdEcWxWa3Pzv1ovxfDGz4RKUuSKLT8KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2RD8FZPXof2VdWz/HBdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c6L86787FsLTj5zCn8kfP5A9TLjXw=</latexit>
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8. REALE GASE

Alternativ zeichnet man ein Phasendiagramm:

T
<latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit>

ln P
<latexit sha1_base64="5dtnrSmFkNB2FxU864/EmSwTwgc=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtog2y2L+3SzSbsboQS+hu8eFDEqz/Im//GTZuDtg4sDDPz2PcmTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiET1QqpRcIm+4UZgL1VI41BgN5zcFn73CZXmiXww0xSDmI4kjzijxkr+QEjSfqw33KY7B1klXkkaUMLmvwbDhGUxSsME1brvuakJcqoMZwJntUGmMaVsQkfYt1TSGHWQz5edkTOrDEmUKPukIXP190ROY62ncWiTMTVjvewV4n9ePzPRdZBzmWYGJVt8FGWCmIQUl5MhV8iMmFpCmeJ2V8LGVFFmbD81W4K3fPIq6Vw0PcvvLxutm7KOKpzAKZyDB1fQgjtogw8MODzDK7w50nlx3p2PRbTilDPH8AfO5w9HbI5S</latexit><latexit sha1_base64="5dtnrSmFkNB2FxU864/EmSwTwgc=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtog2y2L+3SzSbsboQS+hu8eFDEqz/Im//GTZuDtg4sDDPz2PcmTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiET1QqpRcIm+4UZgL1VI41BgN5zcFn73CZXmiXww0xSDmI4kjzijxkr+QEjSfqw33KY7B1klXkkaUMLmvwbDhGUxSsME1brvuakJcqoMZwJntUGmMaVsQkfYt1TSGHWQz5edkTOrDEmUKPukIXP190ROY62ncWiTMTVjvewV4n9ePzPRdZBzmWYGJVt8FGWCmIQUl5MhV8iMmFpCmeJ2V8LGVFFmbD81W4K3fPIq6Vw0PcvvLxutm7KOKpzAKZyDB1fQgjtogw8MODzDK7w50nlx3p2PRbTilDPH8AfO5w9HbI5S</latexit><latexit sha1_base64="5dtnrSmFkNB2FxU864/EmSwTwgc=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtog2y2L+3SzSbsboQS+hu8eFDEqz/Im//GTZuDtg4sDDPz2PcmTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiET1QqpRcIm+4UZgL1VI41BgN5zcFn73CZXmiXww0xSDmI4kjzijxkr+QEjSfqw33KY7B1klXkkaUMLmvwbDhGUxSsME1brvuakJcqoMZwJntUGmMaVsQkfYt1TSGHWQz5edkTOrDEmUKPukIXP190ROY62ncWiTMTVjvewV4n9ePzPRdZBzmWYGJVt8FGWCmIQUl5MhV8iMmFpCmeJ2V8LGVFFmbD81W4K3fPIq6Vw0PcvvLxutm7KOKpzAKZyDB1fQgjtogw8MODzDK7w50nlx3p2PRbTilDPH8AfO5w9HbI5S</latexit><latexit sha1_base64="5dtnrSmFkNB2FxU864/EmSwTwgc=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtog2y2L+3SzSbsboQS+hu8eFDEqz/Im//GTZuDtg4sDDPz2PcmTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiET1QqpRcIm+4UZgL1VI41BgN5zcFn73CZXmiXww0xSDmI4kjzijxkr+QEjSfqw33KY7B1klXkkaUMLmvwbDhGUxSsME1brvuakJcqoMZwJntUGmMaVsQkfYt1TSGHWQz5edkTOrDEmUKPukIXP190ROY62ncWiTMTVjvewV4n9ePzPRdZBzmWYGJVt8FGWCmIQUl5MhV8iMmFpCmeJ2V8LGVFFmbD81W4K3fPIq6Vw0PcvvLxutm7KOKpzAKZyDB1fQgjtogw8MODzDK7w50nlx3p2PRbTilDPH8AfO5w9HbI5S</latexit>

kritischer  
Punkt

Tripelpunkt

flüssig

gasförmigfest

überkritisch

T
<latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit><latexit sha1_base64="1MxHWot1kLoq+sEN2e0klhQeYAI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxhX5BG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj+vd55QaR7Lppkm6Ed0JHnIGTXWajQH5YpbdRci6+DlUIFc9UH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9i5JGqP1sseiMXFhnSMJY2ScNWbi/JzIaaT2NAtsZUTPWq7W5+V+tl5rw1s+4TFKDki0/ClNBTEzmV5MhV8iMmFqgTHG7K2FjqigzNpuSDcFbPXkd2ldVz3LjulK7y+MowhmcwyV4cAM1eIA6tIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w+vq4zY</latexit>

S � S0
<latexit sha1_base64="uLd3SL8cyLWNdubcVCvyLge40yI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHSu0HtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b1dtPXBsRq0ecJNyP6FCJUDCK1mo3yAVp9N1+ueJW3bnIKng5VCBXvV/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvu6UnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphje+JlQSYpcscVHYSoJxmR2OxkIzRnKiQXKtLC7EjaimjK0CZVsCN7yyavQuqx6lh+uKrXbPI4inMApnIMH11CDe6hDExiM4Rle4c1JnBfn3flYtBacfOYY/sj5/AGMMY5i</latexit><latexit sha1_base64="uLd3SL8cyLWNdubcVCvyLge40yI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHSu0HtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b1dtPXBsRq0ecJNyP6FCJUDCK1mo3yAVp9N1+ueJW3bnIKng5VCBXvV/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvu6UnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphje+JlQSYpcscVHYSoJxmR2OxkIzRnKiQXKtLC7EjaimjK0CZVsCN7yyavQuqx6lh+uKrXbPI4inMApnIMH11CDe6hDExiM4Rle4c1JnBfn3flYtBacfOYY/sj5/AGMMY5i</latexit><latexit sha1_base64="uLd3SL8cyLWNdubcVCvyLge40yI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHSu0HtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b1dtPXBsRq0ecJNyP6FCJUDCK1mo3yAVp9N1+ueJW3bnIKng5VCBXvV/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvu6UnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphje+JlQSYpcscVHYSoJxmR2OxkIzRnKiQXKtLC7EjaimjK0CZVsCN7yyavQuqx6lh+uKrXbPI4inMApnIMH11CDe6hDExiM4Rle4c1JnBfn3flYtBacfOYY/sj5/AGMMY5i</latexit><latexit sha1_base64="uLd3SL8cyLWNdubcVCvyLge40yI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHSu0HtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6b1dtPXBsRq0ecJNyP6FCJUDCK1mo3yAVp9N1+ueJW3bnIKng5VCBXvV/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvu6UnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphje+JlQSYpcscVHYSoJxmR2OxkIzRnKiQXKtLC7EjaimjK0CZVsCN7yyavQuqx6lh+uKrXbPI4inMApnIMH11CDe6hDExiM4Rle4c1JnBfn3flYtBacfOYY/sj5/AGMMY5i</latexit>

Tc
<latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit><latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit><latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit><latexit sha1_base64="7fzwMtgkYQBJGDbkqxyQCfFFsNE=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEquDau++2UNja3tnfKu5W9/YPDo+rxSVsnmWLos0QkqhtSjYJL9A03ArupQhqHAjvh5H5e7zyh0jyRLTNNMYjpSPKIM2qs5bcGOZsNqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtkZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRbZBzmWYGJVt+FGWCmITMLydDrpAZMbVAmeJ2V8LGVFFmbD4VG4K3evI6tK/qnuXH61rjroijDGdwDpfgwQ004AGa4AMDDs/wCm+OdF6cd+dj2VpyiplT+CPn8wflIo66</latexit>

ideal

real

Phasenübergänge meist mit sprunghaften Änderungen der Entropie verknüpft

→ Sprung: Phasenübergang 1. Ordnung

Messbar durch Änderung der latenten Wärme: QL = T ∆S
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8. REALE GASE

Einfluss auf andere thermodynamische Potentiale / Größen:
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7. THERMODYNAMISCHE POTENTIALE & 8. REALE
GASE

Verständnisfragen: (Diskutieren Sie mit ihrem Sitznachbarn)

Wie haben wir die Gibbs-Duhem Gleichung hergeleitet? Diskutieren sie
explizit den Zusammenhang zwischen homogenen Funktionen, unserem
Integrationstrick (f (x) = ∂λf (λx)|λ=1) und dem gefundenen Resultat für
die Gibbsche freie Energie

Welche zwei Modifikationen hat Van-der-Waals in das ideale Gasgesetz
eingebracht? Warum reduziert sich bei einer anziehenden Kraft der
Aussendruck?

Angenommen wir hätten ein Ionengas (i.e. netto eine abstossende Kraft).
Wie müssten sie die VdW-Gleichung modifizieren?

Was ist die Maxwell-Konstruktion und wie modifiziert sie P-V -Diagramme?
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