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¨Â¬�£l±��¯¦h¨¤¡5¬l¥)¥)¡�¸n¦K¨B¨¤�n±q°n�¯´b¡�®À¬�¢�¦n¬l¨ª¸n¢^±�¡l³§¨ª�§±�¶�¡�®�±*¥)¸n®¯±�¬�¦n°y¨ª�n±�¬�¦n¡�¶2¬�®¯¡�¸n��°n�¯�¤´<±)¢¤�^��¡�¦aÌ
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¡�³B¨¤�n±�´n¢¤¡�´�¬�¿K¬l¨¤��¦n¿â q¬��±lº
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æN��¿�¸§¢¤± = ºD@�ÀFËf¸n´n´<±)¢�´�¬�¢©¨~Î�È��¯�/¨ª�n±��¯¦n¥)�¯°n±)¦K¨[ q¬7�±�Ì�å = ¬�¦Få�Ù�¬�¢^±�¨¤�n±Å�¤¥)¬l¨¤¨¤±)¢^��¦n¿
´�¬�¢^¨¤��¥*®�±)�X¬l¦n°vä = ¬�¦§°Íä�ÙÅ¬�¢^±�¨¤�n±��¤¥)¬l¨¤¨¤±)¢¤±*°Ñ q¬��±)�*º Ëf®�¡7 q±*¢X´�¬�¢^¨ÂÎUäÓ¬��±�´n¢^¡�Ã�®¯±)�
¬�®�¡�¦§¿#¨ª�n±[®¯��¦n±2´b±*¢¤´<±)¦n°§��¥)¸§®À¬�¢�¨¤¡�¨ª�n±[ q¬��±[³f¢¤¡�¦K¨�¬�¦§°v�^¨Â¬l¢^¨ª�¯¦n¿�³f¢¤¡�¶ å = º�Ø ����¨¤�n±
¢¤±)�^¸n®¯¨ª¬�¦K¨� @¬��±U +�n�¯¥Â���¯��¢¤±*¨ª¬�¢¤°§±)°D¥)¡�¶�´�¬�¢^��¦n¿â¨¤¡X¨¤�n±���¦n¥*��°n±*¦K¨� @¬��±lº

���§���+°n��¶���¦h¸§¨¤��¡�¦�¡�³N¨¤�n±�´n¢¤¡�´n¬�¿K¬l¨¤��¡�¦[�^´b±*±)°� +�§±)¦�¬X¶�±)°n��¬â·b±*¥)¡�¶�±)�«¶2¡�¢¤±0°n±*¦n�¤±
��¬��Ý¬�¦n¡�¨¤�n±)¢�¥*¡�¦n�¤±�Nh¸n±)¦n¥*±QÀ�¨ª�n±+·<±)¦n°§��¦n¿y¡�³<¨ª�n±+ @¬��±*³f¢¤¡�¦h¨)º����n±$¢^±)®�¬l¨ª�¯¡�¦"·b±.¨½ q±*±)¦�¨¤�n±
��¦n¥*��°n±*¦n¥)±�¬�¦§¿�®�±�¬�¦§°D¨¤�n±�¢¤±*³f¢¤¬�¥*¨¤±)°�¬�¦n¿�®¯±t����¥)¬�®�®¯±)°[¨ª�§±�Ü9¦n±)®¯®ÉÊÏÖ$±)�¤¥)¬�¢^¨¤±)�*Þß�+®À¬� �º

c1

c2
=

sin i1
sin i2

Ë = º G Î
 +�n±)¢^±

c1

¬�¦n°
c2

¬�¢¤±0¢^±)�¤´<±)¥.¨ª�É�±)®Éµ�¨¤�n±0´n��¬��^±��¤´<±)±)°D��¦/¨¤�n±0¶�±)°n��¬ = ¬�¦n°�Ùâ¬�¦n°[ +�n±*¢¤±
i1
¬�¦n°

i2
¬�¢¤±t¨¤�n±���¦n¥*��°n±*¦h¨$¬�¦§°D¢^±*³f¢¤¬�¥*¨¤��¡�¦D¬�¦n¿�®�±)�*º
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n1

æN��¿�¸§¢¤± = º G À�È½®�®¯¸n�^¨¤¢ª¬l¨¤��¡�¦�¡�³�ÜP¦§±)®�®eÊÏÖ5±*�¤¥)¬�¢^¨¤±)�)Þ �X®À¬� �º����n±D¢¤±)°Ñ¬�¢^¢¤¡7 �¢^±)´n¢^±)�¤±*¦K¨ª�2¨¤�n±
®�±)¦§¿�¨ª�

c1∆t
¬�¦n°�¨ª�§±y·§®�¸n±�¬�¢^¢¤¡7 à¢^±)´n¢^±)�^±)¦K¨ª�

c2∆t
º

$KJøfLJÛ$MJ�^AJ < sU�76>�.j�6>�§� *Û/�`z/�1 �32 (9I�( 6f�ON ä{±���¬��±+Æ^¸n�^¨5�¤±)±*¦�¨ª��¬Á¨5¨ª�§±�°n�¯¶2�¯¦9¸P¨ª��¡�¦
¡�³�¨ª�n±��¤´<±)±)°Í¡�³�¨¤�n±� q¬7�±*³f¢^¡�¦K¨�¬l®��¤¡#·b±*¦n°n�â¨ª�§±/¢ª¬�µ9�)ºÅä{±[¥�¬�¦�¬�¢©¨ª�ÉÃ�¥)��¬�®�®ÉµÅ�¤±*´�¬�¢ª¬Á¨ª±
¨ª�n±*�¤±�¨½ q¡�±*Çb±)¥.¨ª�«��¦/¨ª�§±y±�Nh¸�¬l¨ª�¯¡�¦�Ë = ºA>KÎq·Kµ/ +¢¤�É¨ª�¯¦n¿�À

∆L =
∫

S
(n − 1) ds + S − G

 +�n±)¢^±"Ü��©¨Â¬�¦n°§�$³f¡�¢ ∫
S ds
º«Õ�µ�°§¡���¦n¿�¨ª�n�¯�)Ì� �±���¬��±��¤±)´n¬�¢ª¬l¨¤±)°#¨¤�n±�´§¸n¢¤±*®¯µ�¿�±*¡�¶2±.¨ª¢^��¥

´�¬�¢^¨�³f¢^¡�¶Ú¨¤�n±�°n±)®�¬�µ[¥�¬�¸§�¤±)°�·Kµ/¨ª�n±��^®�¡7 +��¦n¿§º����n±�°n±)®�¬7µ/°n¸n±0¨ª¡X·<±)¦n°n�¯¦n¿

∆Lg = S − G =
∫

S
ds −

∫

G
ds

����±;Nh¸�¬�®�¨ª¡#�)±*¢¤¡#�É³q¨¤�n±�±*®�±*l¬l¨¤��¡�¦ ¬�¦§¿�®�±X���y±;Nh¸�¬l®Ý¨¤¡UPFL.õ�¬�¦n°{��¦n¥*¢¤±)¬��¤±*�â¬��y¨ª�n±2¬�¦n¿�®¯±
�¬l¦n���^�n±)�*ºUæ�¡�¢5¬�¦�¬�¦n¿�®�±�¡l³ = L�õfÌa¨¤�n±"¿�±*¡�¶2±.¨ª¢^��¥y°n±)®�¬7µ#���5¬�´n´n¢^¡7²P�¯¶�¬l¨¤±)®Éµ���¦�¨ª�§±â¡�¢¤°§±)¢
¡�³Â>"¥*¶Ò¬�¦n°D¢¤±)¬�¥Â�n±)�$¬�·<¡�¸§¨ = L"¥*¶ ³f¡�¢+¬�¦�¬�¦n¿�®¯±t¡�³ G õ e = ÙxfQº
ä{±�¥)¡�¸§®�°D¬�®��^¡X��¶2¬�¿���¦§±t¬�¦n¡l¨ª�n±*¢@ @¬�µ[¨ª¡X±~²§´§¢¤±)�^�5±�N9¸n¬l¨ª�¯¡�¦{ËÛ@nºD@hÎ¶À

∆L =
∫

G
(n − 1) ds −

∫

G
n ds +

∫

S
n ds

���n���"³f¡�¢^¶â¸n®À¬Å®¯±�¬�°n�"¨¤¡Ó¬�°n�¯Çb±)¢^±)¦K¨�°§±*Ã�¦n�É¨ª�¯¡�¦�¡�³5¨¤�n±�¿�±)¡�¶�±*¨¤¢¤��¥[°§±)®À¬�µ�Ì@�n±)¢^±��É¨X +��®�®
¢¤±)´§¢¤±)�^±)¦K¨�¨ª�n±"°§�¯Çb±)¢¤±*¦n¥)±�·b±.¨½ q±*±)¦{¨¤�n±â±*®�±)¥.¨ª¢^��¥â´�¬Á¨ª�Å¥�¬l®�¥)¸§®À¬l¨¤±)°Å¬�®¯¡�¦n¿�¨¤�n±"¢¤±)¬�®N´n¬l¨ª�
¬�¦n°[¨ª�n±�±*®�±)¥.¨ª¢^��¥0´�¬l¨¤�#¬l®�¡�¦n¿â¨¤�n±�¢¤±)¬�®�´�¬l¨¤��Ìn�¤¡X �±y +�¯®�®a¦n¬�¶2±0�É¨

∆L′

g

À
∆L′

g =
∫

S
n ds −

∫

G
n ds

=3G



»�¥)¥)¡�¢¤°n�¯¦n¿"¨ª¡"¨ª�n±yæ�±)¢^¶�¬Á¨�Þ �+å�¢^��¦n¥*��´n®¯±�Ì9 q±y��¬��±

∆Lg > 0
¬�¦n°

∆L′

g < 0

È½¦�¨ª�§���t¨ª�§±)�¤�¯�t q±X +��®¯®N¦n¡l¨�¥)¡�¦n�^��°n±*¢
∆Lg

·b±*¥�¬�¸n�^±" q±X +��®¯®B¡�¦§®¯µ�¥*¡�¶�´�¬�¢¤± �*±)¦n�É¨ª�
°n±)®�¬7µ9�*º0Õq¸§¨0´§®�±�¬l�¤±�¦§¡�¨ª�¯¥)±U¨¤��¬l¨5·b¡�¨¤�Å¬�´n´§¢¤¡K¬�¥Â�§±)�0±.²P�¯�^¨t�¯¦�®��É¨ª±*¢ª¬l¨¤¸n¢¤±lº5æ�¡�¢$±.²§¬�¶�´n®�±lÌ
 q±�¥�¬l¦Í�^±)±D��¦v�n�¯�"´�¬�´<±)¢ e Egf@¨¤��¬l¨�Õq®�¬�¥Â£Ó��¬��X¬l°n¡�´§¨¤±)°�¨ª�n±

∆L′

g

¥*¡�¦K�±)¦K¨¤��¡�¦�ÌÝ +�n��®¯±
Ü§¬�¬��©¨Â¬�¶�¡���¦§±)¦ e @ = f���¬l�$¬l°n¡�´§¨¤±)°�¨ª�n±�¡�¨¤�n±)¢+¡�¦n±lº
»$�N¨ª�§±q¢¤±.³f¢ª¬�¥.¨ª�É�±q�¯¦n°n±~²â¡�³�¬���¢O���%�±*¢^µâ¦§±�¬�¢O³f¢¤¡�¶ = Ì�¬�¦n¡�¨¤�n±)¢cN9¸n¬�¦K¨ª�¯¨½µU���O´n¢^±*³f±)¢¤¬�·n®Éµ

¸n�¤±*°�À�¨ª�n±�¢¤±.³f¢ª¬�¥.¨ª�ÉP�É¨½µ
N
°n±.Ã�¦n±*°�¬���À

N = (n − 1)106

$KJøfLJÛ$MJ�^AJ ^ �g(�1 �Á�n��� *,&	* ��N È½¦D®��¯¨¤±)¢¤¬l¨ª¸n¢^±�Ì9¨ª�n±y¢¤±.³f¢ª¬�¥.¨ª�¯9�É¨½µ/����±~²P´n¢¤±*�¤�¤±*°�¬���¨ª�n±��^¸n¶
¡�³B¨½ �¡�´�¬�¢^¨¤�¹À

N = Nd + Nw

 +�n±)¢^±
Nd

���+¨ª�§±â¢¤±.³f¢ª¬�¥.¨ª�¯9�É¨½µ�¡�³�°n¢^µ#¬��¯¢5¬�¦§°
Nw

���+¨ª�n±�¢¤±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ�¡l³� @¬l¨¤±)¢5l¬�´<¡�¢*º
ä�±# +�¯®�®+�¤±*±���¦Ñ¨ª�n±�¦§±.²9¨[¥Â��¬�´P¨ª±)¢/¨¤��¬l¨2¨ª�n±*¢¤±Å¬�¢^±�¶2¬�¦KµÍl¬�¢^�À¬�¦K¨¤��¡�³0¨¤��¬l¨�³f¡�¢¤¶â¸n®�¬
°n±)´<±)¦n°§��¦n¿�¡�³�¨ª�§±X¬��¤�^¸n¶2´P¨ª��¡�¦n��¬�°n¡�´P¨ª±)°�·Kµ#¨¤�n±X¬�¸§¨¤�n¡�¢*Ì�·n¸§¨0¨ª�§±"´n¢¤�¯¦n¥)�¯´n®�±U¢¤±)¶2¬��¯¦n�
¨ª�n±��ª¬l¶2±lº����n±0Ã�¢¤�©¨$´n¬�¢^¨+�¯��¡M �±)°D¨ª¡"¨ª�§±0¦n¡�¦D°n��´<¡�®À¬l¢q¶�¡�®�±*¥)¸n®¯±)�@¡�³O¨ª�§±U¬Á¨ª¶�¡��¤´n�§±)¢¤±lº
ä�±0��¬��±y�^±)±*¦#��¦�¬"´n¢^±*9��¡�¸n��´�¬�¢¤¬�¿�¢ª¬l´n�[¨ª��¬l¨q¨ª�n±�¢¤±.³f¢ª¬�¥.¨ª�¯¡�¦[��¦n°§±.²/ q¬��+´n¢^¡�´b¡�¢^¨ª�¯¡�¦�¬�®
¨ª¡2¨¤�n±â°n±*¦n�¤�É¨½µD¡�³�¨ª�n±U¶2±*°n��¸§¶�º$ÜP¡� �±â¥)¬�¦��¤�¯¶2´§®¯µ/ +¢^�¯¨ª±y¨ª�n±U¢¤±.³f¢ª¬�¥.¨ª�¯9�É¨½µ�¡l³�°n¢^µ�¬��¯¢
¬��

Nd = nd − 1 = aρd +�n±)¢^±
ρd

���@¨ª�§±y�^´b±*¥)�ÉÃ�¥�¶�¬��^��¡�³1°§¢^µ�¬��¯¢�¬�¦n°
a
���+¬X´n¢¤¡�´<¡�¢©¨ª��¡�¦�¬�®��É¨½µX¥)¡9±*Ð�¥)�¯±)¦K¨�º

���§±5¥�¬l�¤±«¡�³a¨¤�n±« q¬l¨¤±)¢��¬l´b¡�¢�¢^±*³f¢ª¬l¥*¨ª�É9�¯¨½µ"�¯��¬�®��É¨¤¨¤®�±@·n�É¨Ý°n�¯Çb±)¢^±)¦K¨@¬l�Ý¨¤�n����¶�¡�®�±*¥)¸n®¯±
���5°§��´<¡�®À¬�¢*º�T5³�¥)¡�¸n¢¤�^±â¨ª�n±*¢¤±â�¯�t¬�¦Å�¯¦n°n¸n¥*±)°Å°n�¯´b¡�®¯±U´n¬�¢^¨0�¯¦��¯¨¤�5±~²§´§¢¤±)�^�¤�¯¡�¦�Ì�·n¸§¨5¨ª�n±*¢¤±
���â¬l®��¤¡#¬#´�¬�¢©¨â°n±*´b±*¦n°n±*¦h¨X¡�¦�¨ª�n±�¨ª±*¶2´<±)¢¤¬l¨ª¸n¢^±/®��¯¦n£�±*°{¨¤¡#¨ª�n±�¢¤±.Ê ¡�¢¤�¯±)¦K¨Â¬Á¨ª��¡�¦{¡�³�¨¤�n±
´b±*¢¤¶2¬�¦n±)¦K¨+°n�¯´b¡�®�±t�¯¦�¨¤�n±���¦n¥*��°n±*¦K¨�Ã�±)®¯°�º

Nw = nw − 1 = bρw + c
ρw

T
 +�n±)¢^±

ρw
���1¨ª�§±+ q¬l¨¤±)¢1l¬�´<¡�¸n¢��¤´<±)¥*�¯Ã�¥+¶2¬��¤��¬l¦n°

T
���1¨¤�n±@¨ª±*¶2´<±)¢¤¬l¨ª¸§¢¤±�ºN»@¨�®�¡7 Ñ¨¤±)¶"Ê

´b±*¢ª¬l¨¤¸n¢¤±*�)Ì�¨ª�n±��¯¦n¥)�¯°n±)¦K¨«±)®¯±)¥*¨¤¢¤�¯¥�Ãn±)®�°[¨¤±)¦n°n�«¨ª¡�¬�®¯��¿�¦/¨¤�n±U°§��´<¡�®�±*�)Ì§ +�n�¯¥Â�#¥*¡�¦K¨ª¢¤�¯·n¸§¨¤±)�
¨ª¡0¨ª�n±+¨ª¡l¨Â¬�®n´<¡�®�¬�¢¤�¯�ª¬l¨¤��¡�¦â¡l³b¨¤�n±$¶�±)°§��¸n¶ ¬�¦n°���¦n¥*¢¤±�¬l�¤±)��¨ª�§±«¢^±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ�º1Õq¸§¨�¬l¨Ý�n�¯¿��
¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±)�)ÌP¨ª�n±t¨¤�n±)¢^¶�¬�®a¬�¿��É¨Â¬l¨¤��¡�¦�¨ª±)¦§°n��¨ª¡"¡�¢^��±)¦K¨@¨¤�n±0°n�¯´b¡�®¯±)�@�¯¦�¬�¦Kµ/°n�¯¢¤±*¥*¨ª�¯¡�¦n�*Ì
�¤¡�¨ª�§±[¥)¡�¦K¨ª¢^��·n¸P¨ª��¡�¦v¡�³+¨ª�n±[´<±)¢^¶�¬�¦§±)¦K¨"°n�¯´b¡�®¯±)��¨¤¡�¨ª�n±/¨¤¡�¨Â¬l®q´<¡�®À¬�¢^���¤¬l¨ª�¯¡�¦{·<±)¥*¡�¶�±)�
�¤¶2¬�®�®¯±)¢)º
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Dvz

Dt
+ 2(Ω × V )z + (Ω × (Ω × R))v = −1

ρ

∂p

∂z
− g
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¡�³N¶�¡�¨¤��¡�¦/�^¡�¨¤��¬l¨;À

∫

∞

0
ρ

(

∂vz

∂t
+ vx

∂vz

∂x
+ vy

∂vz

∂y
+ vz

∂vz

∂z
− 2Ωu cos φ

)

dz =
∫

∞

0
ρg dh − p0
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¦n±)¿�®¯±)¥.¨ª±)°aº
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Pi = ρiRT
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Z
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Z−1
d = 1 + pd

[

57, 90 × 10−8
(

1 +
0, 52

T

)

− 9, 4611× 10−4 t

T 2

]

Ãz®�ÔS×ÓÔ)âçÔ)ÒOÈ�ä¶Ô�ÚÛÔ��ÝÈ¼×ÅÈ�ËÓÔàåÂËÓÒ3Ô�Ë,âçÍcËtÔS×ÓÕ»ÚSÜ�ãÝÙaË7á¶ÔSÆÝÔS×ÅÈ¼Î?ÎAÏ ËtÒÝØ?Ú�ËÓÔS×ÓÕ Ø?Ú�Ø?ÆÝÊèÎ?ÙÝåaÔ¬å�Ø?ÆéËÓÒ3Ô	È¶ÊàÊèÔSÎ?ÔS×ÅÈ�ËÓØAÍ�ÆÍ¶Ç�ËÓÒ3ÔXá¶×ÅÈ�ä_ØDË,Ï�êöD¯ È�ä_Ø?Ú�°ÖÈ¼Î�ê²± ³�´	ÒÝÈ�ä¶Ôôá¶Ø?ä¶ÔàÆbÈmÚtÎ?ØAá�Ò�ËÓÎAÏ¢å3Ø¶µFÔS×ÓÔSÆ;Ë ÇøÍ¶×ÓÕ�Ù3Î]È¹×ÓÔèÇøÔà×t×ÓØAÆÝá¹ËtÍ�ËtÒÝÔæÚÓÈ¼ÕßÔ>�ÝÈ��QÔS× Çø×ÓÍ¶Õ�câçÔSÆOÚD�
Z−1

d
= 1 + pd

[

57, 97× 10
−8

(

1 +
0, 52

T

)

− 9, 4611× 10
−4

t

T 2

]

üaÍ�ËÓÍÂå3ÔàÊèØ]åaÔ�â	Ò3Ø]ÊÅÒ�Í�Æ3Ô�Í¼Ç3ËÓÒ3ÔçË,â)ÍÂÈ¼ÙaËÓÒ3Í¶×ÅÚ�âçÈ�Ú�×tØ?á¶Ò;ËàÜ�âçÔçÒÝÈ¶å�ËtÍ á¶Í ãÝÈ¶Ê��ÂËÓÍ ËtÒ3ÔA�ÝÈk�OÔà×�Çø×ÓÍ¶Õ·�câçÔSÆOÚSê÷�ÒÝÔ á�ØAä�ÔSÆôÇøÍ¶×ÓÕ�Ù3Î]È Ø?Ú
ρ = 348, 328

P

T

[

1 + P

(

57, 90.10
−8 − 0, 94581.10−3

T
+

0, 25844

T 2

)]

= E
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T
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t
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¬�°§9���^±)��¨ª�n±0³f¡�¢^¶â¸n®�¬�À

Z−1
w = 1 + 1650

(

e

T 3

)

(

1 − 0, 01317t + 1, 75 × 10−4t2 + 1, 44 × 10−6t3
)
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e
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¡�³q¨¤�n±��¯¦7h�¸n±*¦n¥)±2¡�³q¨¤�n±�°n¢©µ{¬�¦n°{¨¤�n±X q±.¨â��¦K�±)¢¤�^±/¥)¡�¶2´n¢^±)�^�¤��·§��®��É¨ª�¯±)�)Ì� �±�¥)¬�¦��n¬7�±/¬
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¸ ÆÝÍ�â	ØAÆ3áéËtÒÝÈ¼Ë

ρ =
MP

RTZ

È¶ÆÝå\È¼ÇÿËtÔS×çÈéÎ?ØDËtËtÎ?Ô ÊàÈ¼Î]ÊèÙ3Î]È�ËÓØAÍ�ÆÝÚàÜ�âçÔ�ÊSÈ¶ÕßÔ+ËtÍ�ËtÒ3ÔÂÊèÍ�ÆÝÊèÎ?ÙÝÚtØAÍ�ÆßËtÒÝÈ¼Ë�ËÓÒ3ÔS×ÓÔ�â�È¶ÚÈôË,Ï��QÍ¶á¶×ÅÈ��ÝÒ3Ø?Ê Ôà×t×ÓÍ¶×ÂØ?Æ¹¯ È�ä_Ø?Ú�� ÚXÈ¼×tËtØ]ÊèÎ?Ô¶ê\Ä�Æ'Ò3Ø]ÚÂËtÒÝÔàÚtØ?ÚàÜ�÷�Í¶×ÓãOÔàÆ¢üaÊÅÒ_Ù3ÎAÔà×�± Ñ�t�´)È¶Î?ÚtÍ�×tÔSÇøÔS×ÅÚ ËtÍG�câçÔSÆÝÚãÝÙaË+Ò3ÔéÈ¶ÊèËtÙÝÈ¶ÎAÎ?Ï\ÊèÍ��3Ø?ÔàåôËtÒ3ÔÂÇøÍ�×tÕûÙ3Î]ÈéÇø×ÓÍ¶Õº¯ È�ä_Ø?Ú»± ³�´þê

= P
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±�¬�¢y°n±)¥*±�¬��^±/¡�³@¨¤�n±X¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±2 +�¯¨¤��¬l®¯¨ª�É¨ª¸n°§±�º/���n�¯�â¬��^�¤¸n¶�´§¨¤��¡�¦ ¥)¡�¶�±)�y³f¢¤¡�¶ ¨¤�n±
�hµ9°n¢^¡��^¨ª¬l¨ª�¯¥�±�N9¸§��®��¯·n¢¤�¯¸n¶DÌO¨¤�n±/´<±)¢^³f±*¥*¨"¿�¬���®�¬7  ¬l¦n°�¨ª�§±�Ã�¢¤�©¨"®À¬�  ¡�³�¨¤�n±�¨¤�n±)¢^¶2¡9°§µKÊ
¦�¬�¶���¥)��À

δQ = PdV + CvdT + LdW
 +�n±)¢^±

δQ
¢¤±*´n¢¤±*�¤±*¦h¨¤�$¨¤�n±�±.²P¥Â��¬�¦n¿�±�¡�³B�n±�¬Á¨$·<±*¨½ �±)±*¦#¨ª�§±�¬��¯¢@¶2¬��¤�«¬�¦n°�¨ª�§±y±~²9¨ª±)¢^¦�¬�®

¶2±*°n��¸n¶DÌ
P
���+¨ª�n±U´n¢¤±*�¤�^¸n¢¤±lÌ

dV
¢^±)´n¢^±)�¤±*¦K¨ª��¬�¦���¦n¥*¢¤±�¬l�¤±��¯¦��¡�®�¸n¶�±y¡�³1¨ª�§±â¬��¯¢«¶2¬��^�)Ì

Cv
����¨¤�n±5�^´b±*¥)�ÉÃ�¥t�n±)¬l¨q³f¡�¢�¬�¥*¡�¦n�^¨ª¬�¦K¨@�¡�®�¸n¶�±UÌ

dT
����¬�¦/�¯¦n¥)¢^±)¶�±)¦K¨@¡�³a¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±�Ì

L
���@¨¤�n±�®À¬l¨¤±)¦K¨��n±)¬l¨«¡�³B®���Nh¸n±.³>¬�¥*¨¤��¡�¦/¬�¦n°

dW
¢^±)´n¢^±)�¤±*¦K¨ª�+¨ª�n±¹Nh¸�¬�¦K¨ª�É¨½µ[¡�³O @¬Á¨ª±)¢@¨¤��¬l¨

����®�� Nh¸n±*Ã�±*°{Ë>¡�¢@l¬�´<¡�¢¤�¯�¤±*°:Î.º
È ³� q±2¬��^�¤¸n¶�±�¬l¦�¬�°§�À¬�·�¬Á¨ª��¥�±;Nh¸n��®¯��·n¢^��¸n¶ Ë

δQ = 0
Î0¬�¦n° °n¢^µ ¬l��¢XË

LdW = 0
Ît �±

¥�¬�¦D°n±)°§¸n¥)±

dT

dz
= − g

cp

 +�n±)¢^±
cp

�¯�X¨¤�n±D�¤´<±)¥)�ÉÃ�¥D�n±�¬l¨X³f¡�¢�¬�¥)¡�¦§�^¨Â¬l¦h¨2´n¢^±)�¤�^¸n¢¤±�´�¬�¢�¶�¬l�¤�X¸n¦n�É¨�º�ä��n±)¦Í q±
��¦K¨ª±*¿�¢ª¬l¨¤±t¨ª�n�¯��®À¬� �Ì§ �±U¡�·§¨Â¬��¯¦

T (z) − T0 = −α(z − z0)

 +�n±)¢^±
α = g

cp

����¨ª�n±�¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±�®À¬l´n�¤±2¢ª¬l¨¤±�º#È ³�¨¤�n±/¬l��¢y���� q±.¨�Ì1¨ª�§±2¨ª±*¶2´<±)¢¤¬l¨ª¸§¢¤±
®À¬�´n�^±$¢¤¬l¨ª±«·<±)¥)¡�¶2±*�q®�¡7 �±)¢Ý·n¸§¨�¨ª�n±«®��¯¦n±�¬�¢�®�¬7 ]¢¤±)¶2¬��¯¦n��¥)¡�¢^¢¤±)¥.¨�º����n�¯�q®�¬7 s���Ý¿�±)¦§±)¢ª¬l®�®¯µ
�¬l®���°Å·§¸§¨y�¯¨���¬�´§´b±*¦n�0¨ª��¬l¨�¨¤�n±�¬�°n�À¬l·�¬l¨ª�¯¥â±;Nh¸n�¯®��¯·n¢¤�¯¸n¶ �¯�0¦n¡�¨y¢¤±*�¤´<±)¥.¨ª±)°Ó¬�¦n°���¦�¨ª�n�¯�
¥�¬��^±�¨¤±)¶�´b±*¢ª¬l¨¤¸n¢¤±��¯¦h�±)¢^�¤��¡�¦n�+¥�¬�¦�¡9¥)¥)¸§¢)º

Ù =



æN��¿�¸§¢¤±�ÙPº Ù�ÀB¹�¢¤¬�´n�n�O¡�³§¨¤�n±�¨¤±)¶�´b±*¢ª¬l¨¤¸n¢¤±�¬��B¬«³f¸n¦§¥*¨ª�¯¡�¦�¡l³§¨ª�§±@¬�®É¨ª�¯¨¤¸n°n±1³f¡�¢%¨ª�§±ÝÃn�±qÃ�¢^�^¨
°�¬�µP��¡l³���¬l¦9¸n¬�¢^µ"ÙQLFL = �¯¦¢V$¥*¥)®�±lºN���n±*�¤±«¥)¸n¢©�±*�Ý�n¬7�±�·b±*±)¦X¿�±*¦n±)¢¤¬l¨ª±*°�³f¢^¡�¶ ¢¤¬�°n�¯¡��¤¡�¦§°n±
¶2±)¬��¤¸n¢^±)¶�±)¦K¨ª�*º

< JÛ$MJÛ$MJt$ ª#/�8+d ( 6 I/Ä �¦J /	I+( 6
È½¦ = PFBFP§Ì�M$±)®¯®�±*¦ M$¡�´PÃ�±)®¯°D´§¢¤¡�´<¡��¤±*°D¬�Ã�¢¤�©¨+¶2¡9°n±)®<³f¡�¢q¨¤�n±t¨ª¢^¡�´b¡��¤´n�n±*¢¤�¯¥t°n±)®�¬�µ�º��O¡�·<±
´n¢¤±*¥)���^±�Ìl�n±)¢�Ã�¢^�^¨B´�¬�´<±)¢ e Ù = fK @¬l�B¶�¡�¢¤±�¡�¢^��±*¦h¨¤±)°y¡�¦�¨ª�n±�Ö5¡�´n´§®�±)¢%±.Ça±*¥*¨B¥)¡�¢^¢¤±)¥.¨ª�¯¡�¦y¨¤��¬�¦
¡�¦�¨ª�n±�°n±)®�¬7µ�Ì�·n¸§¨t¨¤�n±â´n¢^��¦n¥*��´n®¯±)�« q±*¢¤±"¨ª�n±*¢¤±lºUÈ½¦�¬/�^±)¥)¡�¦n°{´n¬�´b±*¢)Ì��¯¦ = P.C = e Ù�ÙxfçÌa�¤�n±
³f¡P¥*¸n�¤±*°�¡�¦#¨¤�n±�°n±*®À¬�µD¥)¡�¢^¢¤±*¥*¨ª�¯¡�¦n�5¬�¦n°#´§¢¤¡79��°n±*°���¶�´n¢¤¡7�±)¶�±)¦K¨ª�«¨ª¡/�n±*¢5¶�¡P°§±)®çº����§���
¶2¡9°n±)®%�¯�$�©¨ª��®¯®�¥)¸n¢^¢¤±*¦h¨¤®¯µ���¦�¸n�¤±lÌb³f¡�¢«±.²§¬�¶�´n®�±y��¦D¨ª�n±â¹UÜ§Ü§æ � �^��¶â¸n®�¬l¨ª�¯¡�¦n�*Ì�·b±*¥�¬�¸n�^±â¡�³
�¯¨ª�5�¤��¶�´n®¯��¥)�É¨½µ�ºUÜP�n±�¬��^�¤¸n¶�±)°Å¨¤��¬l¨0¨ª�§±�¢^±*³f¢¤¬�¥*¨¤�¯9�¯¨½µD @¬l�y¡�¦n®¯µD³f¡�¢¤¶�±)°�·Kµ�¨½ �¡[¨ª±)¢^¶2�*Ì
¡�¦n±0³f¡�¢@¨ª�§±y�Kµ9°n¢^¡��^¨ª¬l¨ª�¯¥0´�¬�¢^¨$¬�¦§°D¡�¦n±0³f¡�¢@¨ª�n±0 �±*¨$´�¬�¢©¨_À

Nd = 77, 6
P

T

¬�¦§°
Nw = 77, 6

4810e

T 2
= 373256

e

T 2

 +�n±)¢^±
P
��¦â¨ª�§±+¨¤¡�¨Â¬l®n´n¢¤±*�¤�^¸n¢¤±«��¦"��åB¬§Ìh�s�¯�N¨ª�n±�¨¤±)¶�´b±*¢ª¬l¨¤¸n¢¤±��¯¦iPV¬�¦n°

e
���1¨¤�n±� @¬l¨¤±)¢

�¬l´b¡�¢q´n¢¤±*�¤�¤¸§¢¤±y��¦���åN¬Pº�È½¦��n±*¢�´�¬�´<±)¢*Ìn¨ª�n±t �¡�¢¤°Å{Ï°§¢^µ#��¬�¦§°�¨¤�n±���¦n°§±.²
d
¢¤±.³f±)¢��¯¦/³>¬�¥*¨

¨ª¡0¨ª�n±+�Kµ9°n¢¤¡��^¨Â¬Á¨ª��¥�´n¬�¢^¨Ý¡�³:¨ª�§±«¢^±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ�º�Ü9¨ª¬�¢^¨¤��¦n¿t³f¢^¡�¶ ¨ª�§±��hµ9´<¡�¨ª�§±)�¤�¯��¡l³�¬0®��¯¦n±�¬l¢
°n��¶���¦h¸§¨¤��¡�¦�¡�³�¨ª�§±5¨ª±*¶2´<±)¢¤¬l¨ª¸n¢^±t¬��@¬U³f¸n¦n¥.¨ª��¡�¦/¡�³�¨ª�§±t�n±)�¯¿��K¨

T = T0 − αh
¬�¦n°/¨¤��¬l¨

g¥�¬�¦D·b±0¥*¡�¦n�^��°n±*¢¤±)°#¬���¥)¡�¦n�^¨ª¬�¦K¨�Ì�¨ª�n±��Kµ9°n¢¤¡��^¨Â¬Á¨ª��¥�±�N9¸§��®��¯·n¢¤�¯¸n¶ ¿��¯�±)��À

P = P0 exp

(

− g

R

∫ h

0

dh

T

)

��ÆXü3ü���Ø?Ú ÈZÚtØAÕûÙ3Î]È�ËtØ?Í¶Æ�ÇÉÈ�ÊèØ?ÎAØAË,Ï�ÙÝÚtÔàå�ËÓÍôÚtØAÕûÙ3Î?È¼ËtÔ�ËtÒ3ÔûãOÔàÒÝÈ�ä_ØAÍ�Ù3×�Í¶Ç7ËtÒ3Ô�ÆÂÈ¼Î?ØAÎ?ÔSÍôÚÛÏaÚÛËtÔSÕzØ?ÆmÊSÈ�ÚÛÔÍ¶Ç�åaÏaÚÛÇøÙ3ÆÝÊèËtØ?Í¶ÆÝÚ	Í¶Ç�ÚtÍ¶ÕßÔÂÔSÎ?ÔSÕßÔSÆ;ËÅÚ'ÇÉÚtÔSÔ/�)ÒÝÈk�aËtÔà×ÉÈ�ÊÌê
Ù�Ù



= P0

(

T0 − αh

T0

)
g

Rα

 +�n��¥Â�D®�±)¬�°n�@¨ª¡

Nd = N0d





(

T0

α

)

− h
(

T0

α

)





µ

 +�n±)¢^±
µ = g

Rα
− 1

¬l¦n°
N0d = 77, 6P0/T0

���"¨ª�n±D�¤¸§¢^³>¬�¥*±�¢^±*³f¢ª¬l¥*¨ª�É9�¯¨½µ�ºÑ���n���"³f¡�¢ÏÊ
¶â¸n®À¬Á¨ª��¡�¦Å´n¸§¨ª� T0

α

��¦ ±*9��°§±)¦n¥*±�ÌN +�n�¯¥Â�Ó���y��¦�³>¬�¥.¨U¨¤�n±�9�¯¢^¨ª¸n¬�®Ý¬�®¯¨¤�¯¨ª¸§°n±X¬l¨y +�n��¥Â��¨¤�n±
¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±� q¡�¸n®�°Å·<±â¦h¸n®�®B�¯³�¨¤�n±â¨ª±*¶2´<±)¢¤¬l¨ª¸n¢^±â®À¬l´n�¤±â¢¤¬l¨ª±U @¬��0¥*¡�¦n�©¨Â¬�¦K¨�¸n´Å¨ª¡/¨¤�n±
¨ª¡�´�¡�³O¨ª�n±y¬l¨¤¶2¡��¤´n�n±*¢¤±lº�ÕÝµ[��¦K¨ª±*¿�¢ª¬Á¨ª��¦§¿â¨ª�n�¯�@¨ª±)¢^¶  �±y¡�·§¨Â¬��¯¦

∫ T0/α

0
Nddh =

N0d(T0/α)

µ + 1
=

77, 6P0R

g

ËQÙPº = Î
È ³B �±U°§±)¢¤�É�±0¨ª�§±y¢^±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ

(

dNd

dh

)

h=0

= −N0dg

RT0

(

1 − Rα

g

)

���§±t´n¸n¢^´b¡��^±t¡�³�¨¤�n±0¬�¸§¨¤�n¡�¢Ý @¬���¨ª¡�Ã�¦§°�¬Ul¬�®�¸n±$¡�³
µ
�^¡â¨ª��¬Á¨@·<¡�¨ª��¨¤�n±t°n±*®À¬�µ2¬�¦n°

¨ª�n±t�^®�¡�´<±t¡�³%¨¤�n±0¢¤±.³f¢ª¬�¥.¨ª�¯9�É¨½µ�¬Á¨@¨ª�n±0�^¸n¢^³>¬l¥)±�¬�¢^±0¥)¡�¢^¢¤±)¥.¨ª®Éµ/¬�´§´n¢¤¡�²P��¶2¬l¨ª±*°�º�ÜP�§±t³f¡�¸n¦n°
¨ª��¬l¨�¨¤�n±�·b±*�^¨+l¬�®�¸§±t³f¡�¢

µ
 @¬��Z@nÌn�^¡�¨¤��¬l¨�¨¤�n±�¢¤±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ�¥�¬�¦D·<±y±~²P´n¢¤±*�¤�¤±*°Å¬���À

Nd = kd (hd − h)4 h ≤ hd

=
NTd

(hd − hT )4 (hd − h)4

 +�n±)¢^±
h0d

����¨¤�n±+±;Nh¸n�¯l¬�®¯±)¦K¨Ý�n±)�¯¿��K¨q¡l³a¨ª�§±$¬Á¨ª¶�¡��¤´n�§±)¢¤±lÌ
hT

¨ª�n±«�n±)�¯¿��K¨Ý¡�³a¨¤�n±$�©¨Â¬l¨¤��¡�¦aÌ
h
¨ª�§±U¬l¥*¨ª¸n¬�®��n±)�¯¿��K¨«¬�¦n°

N0d

���@¨ª�§±y�^¸n¢^³>¬l¥)±y¢¤±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ2³f¡�¢�°n¢©µ�¬���¢*º
���§±��*±)¦n�É¨ª��°n±)®�¬�µ/¨ª�n±*¦�·<±)¥*¡�¶�±)�+±;Nh¸�¬�®�¨¤¡�À

∫ hd

hs

Nd dh = 0, 2.10−6.N0d(hd − hs)

= 0, 2.10−6.77, 6
P0

T0
(hd − hs)

ËQÙPº Ù�Î

È½¦Ñ¨ª�n± = PFBFP{´n¬�´b±*¢)Ì@¨¤�n±�±;Nh¸n�Él¬�®�±*¦h¨2�n±*��¿��K¨/¡l³0¨ª�n±#¬l¨ª¶�¡��¤´§�n±)¢^±� q¬��/¥�¬l®�¥)¸§®À¬l¨¤±)°
�^¨Â¬Á¨ª��¦§¿�¬y¶�¬Á²P�¯¶�¬�®P�¬l®�¸n±«¬l¨Ý¨ª�n±«±;Nh¸�¬Á¨ª¡�¢q¬�¦n°/¬y�¤�¯¦9¸§�¤¡��¯°�¬�®�°n±*¥)¢¤±)¬��¤�¯¦n¿� +�n±*¦/¿�¡��¯¦n¿�¨ª¡
¨ª�n±�´<¡�®�±*�;À

hd = hd(eq) + Ad sin 2ϕT

 +�n±)¢^±
Ad

����¨¤�n±t¨ª�§±t°n�¯Çb±)¢^±)¦n¥*±0¡�³�¨ª�§±�¬l¨ª¶�¡��¤´§�n±)¢^��¥$9�¯¢^¨ª¸n¬�®a¸n´§´b±*¢@®��¯¶2�É¨�·<±*¨½ �±)±*¦D¨¤�n±
´b¡�®¯±)�0¬l¦n° ¨¤�n±"±;Nh¸�¬Á¨ª¡�¢2Ë

Ad < 0
Î5¬�¦n°

ϕT

�¯�t¨ª�n±"®�¬l¨ª�É¨ª¸n°§±â¡�³Ý¨ª�n±"�©¨Â¬l¨¤��¡�¦�ºâØ«±)¬�®��¯�¤��¦§¿

ÙQ>



¨ª��¬l¨«¨ª�§±�±;Nh¸�¬Á¨ª¡�¢^�À¬�®�·n¸§®�¿�±� @¬l�t¬2¥*¡�¦n�^±;Nh¸n±)¦§¥)±"¡�³��§¡�¨¤¨¤±)¢$¬l¨ª¶�¡��¤´§�n±)¢^��¥�¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±)�
¢ª¬l¨¤�n±)¢�¨ª�n¬�¦/¬y¥)¡�¦n�^±;Nh¸n±*¦n¥)±t¡l³�¥)±*¦K¨ª¢¤�É³f¸n¿K¬�®�³f¡�¢^¥)±*�)Ì9�¤�n±$´n¢¤¡�´<¡��^±)°��¯¦2�§±)¢Ý�¤±)¥*¡�¦n°[¬l¢^¨ª�¯¥)®¯±
¬�¦n¡�¨¤�n±)¢« @¬�µ#¨¤¡[°n±)¢^�¯�±�¨ª�n±�±;Nh¸n�¯l¬�®¯±)¦K¨t�§±)��¿��h¨t¡�³�¨ª�n±â¬l¨ª¶�¡��¤´§�n±)¢^±â¸n�¤�¯¦n¿�¨¤�n±â¿�¢^¡�¸n¦n°
¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±�ºF»5�2¨¤�n±#±~²P´n¢¤±*�¤�¤�¯¡�¦ ËçÙ9º = Î"��¬���¨ª¡Ó·<±#±�Nh¸�¬�®+¨ª¡�¨¤�n±#±~²§´§¢¤±)�^�¤�¯¡�¦ ËçÙPº Ù�Î~Ì
�¯¨����[¡�·h9�¯¡�¸n�[¨ª�n±�¨ª�§±

hd
´n¬�¢ª¬�¶�±*¨¤±)¢[�^�n¡�¸n®¯°�·<± ¬Í®¯��¦n±)¬�¢�³f¸n¦n¥.¨ª�¯¡�¦�¡l³U¨¤�n±��¤¸n¢©³>¬�¥)±

¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±QÀ
hd = h0d + adTc +�n±)¢^±

h0d
�¯��¨¤�n±$l¬�®¯¸n±5¡�³

hd
¬l¨ßL�õ�×]¬�¦§°

ad
¬U¥)¡9±*Ð�¥)�¯±)¦K¨�°n±*�¤¥)¢^��·n�¯¦n¿�¨¤�n±5¢^±)®À¬Á¨ª��¡�¦n�¤�n�¯´

·b±.¨½ q±*±)¦
hd
¬�¦n°

TC
ºâ�O¡D°§±*¨ª±*¢¤¶���¦n±U¨ª�n�¯�0¥)¡�¦n�©¨Â¬�¦K¨¤�)Ì%�¤�n±X¸n�^±)° ¢ª¬�°§��¡��^¡�¦n°n±â¶�±�¬l�¤¸n¢^±.Ê

¶2±*¦h¨¤�«¬�®�®b¡M�±)¢+¨ª�n±0 �¡�¢¤°�¬�¦n°D°n±*°n¸n¥)±*°
h0d = 40, 082

£h¶Ò¬�¦§°
ad = 0, 14898

£h¶�WFõ¯×5º
æ�¡�¢O¨ª�n±� q±.¨�¢¤±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ�Ì�±.�±)¦��¯³§¨ª�n±*¢¤±����B¦n¡0´n�Kµ9�¤�¯¥�¬�®P¢¤±�¬l�¤¡�¦n�1¨¤¡0°n¡5¨¤�n���*ÌK¬t�¤�¯¶2�¯®À¬�¢

¢¤±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ�´n¢¤¡lÃ�®�±0�¯��´b¡��©¨ª¸n®�¬l¨ª±*°��¤¡X q±�¡�·§¨ª¬���¦[¨¤�n±0�ª¬�¶�±0³f¡�¢¤¶�¸n®À¬l¨¤��¡�¦çÀ
Nw = kw (h0w − h)4 h ≤ h0w

=
NTw

(h0w − hT )4 (h0w − h)4

Õ�µ/�±*¢^¨¤��¥�¬l®�®¯µ2��¦K¨¤±)¿�¢¤¬l¨ª�¯¦n¿â¨ª�n�¯��±;Nh¸�¬l¨¤��¡�¦aÌ§ q±y¡�·§¨ª¬���¦çÀ
∫ hd

hs

Nw dh = 0, 2.10−6.N0w(hw − hs)

= 0, 2.10−6.373256
e

T 2
(hw − hs)

< JÛ$MJÛ$MJ < Ë 6>�n�xÌ Ä �¢J /	I+( 6
M5¬�¢^¡�®�°ÍÕq®�¬�¥Â£:Þß��¶2¡9°n±*®yË>�¤±*±#°n±.¨Â¬��¯®��"�¯¦ e EgfÀÎ"�¯��¬�¶�¡P°n±*®�°n±)¢^�¯�±)°Ñ³f¢^¡�¶ ¨¤�n±kM«¡�´§Ã�±*®�°
¶2¡9°n±)®n¬�¦n°�®���£l±�¨ª�n±�³f¡�¢^¶2±*¢�¡�¦n±�Ì9�¯¨�¦§±)¿�®¯±)¥*¨¤��¨ª�n±«·b±*¦n°n�¯¦n¿nºNÈ ¨Ý¸n�^±)�Ý¨ª�n±ZNh¸�¬�¢^¨¤��¥�´n¢^¡�Ã�®¯±)�
´n¢¤¡�´<¡��^±)°s·Kµ��n�¯�X´n¢¤±*°n±)¥*±)�¤�^¡�¢)Ì+·n¸P¨�¶2¬�£�±*�2¡l¨ª�n±*¢�¬��^�¤¸n¶�´§¨¤��¡�¦n�"³f¡�¢"¨¤�n±��¯¦K¨ª±)¿�¢ª¬l¨¤��¡�¦�º
æ:¢^¡�¶

∆L = 10−6
∫ ρ

0
Nd + Nwdρ

 +�n±)¢^±
ρ = (r2 − rs

2 cos 2E)
1/2 − rs sin E

���@¨¤�n±�¿�±)¡�¶2±.¨ª¢¤�¯¥�¬�®a´�¬l¨ª�aÌ�Õq®À¬l¥Â£/°n±)°§¸n¥)±*°�À

∆Ld = 10−6Ndshd

∫ 1

0
l4





1 −




cos E
(

1 + (1 − l)hd

rs

)





2






−
1
2

dl

Ø«±*¶�¬�¢^£h��¦n¿D¨ª��¬l¨
(1 − l) h

rs

���U�¤��¿�¦n�¯Ã�¥)¬�¦K¨ª®Éµ��¤¶2¬�®�®¯±)¢�¨ª��¬�¦�¸n¦n�¯¨½µ�Ì�Õq®À¬l¥Â£ ´§¢¤¡�´<¡��¤±*°v¨ª¡
¢¤±)´§®À¬�¥*±â�¯¨5·hµ�¬/¥)¡�¦§�^¨Â¬l¦h¨

lc = 0, 85
¥Â�n¡��¤±)¦ ��¦Å�^¸n¥Â� ¬� @¬�µ�¨ª��¬l¨5¨ª�n±"�¯¦h¨¤±)¿�¢¤¬�®O�^¨Â¬�µ�±)°N9¸n¬��¤���¯°n±)¦K¨ª�¯¥�¬�®Qº

æ�¡�®¯®�¡7 +��¦§¿t¬0´n¢¤¡�´b¡��^�¯¨¤��¡�¦�¨¤��¬l¨�M«¡�´§Ã�±*®�°X�¤¸n¿�¿�±)�©¨ª±)°���¦ = P.C = Ì�¨¤�n±�¸n´n´<±)¢�®��¯¶2�É¨O¡�³b¨¤�n±
¬l¨ª¶�¡��¤´§�n±)¢^±����«¥�¬l®�¥)¸§®À¬l¨¤±)°�³f¢^¡�¶Ä¬�®��¯¦n±�¬l¢+³f¸§¦n¥*¨¤��¡�¦�¡l³1¨ª�n±U�¤¸n¢©³>¬�¥)±U¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±

Ts

Ëf��¦P�±*®¯9��¦�Î¶À
hd = 148, 98(Ts − 4, 12)

ÙO@



æ:¡�¢Ý¨¤�n±$ �±*¨�´n¬�¢^¨�¡�³�¨¤�n±5°n±*®À¬�µ�Ì§Õq®À¬l¥Â£"�^¨Â¬Á¨ª±)°/¨¤��¬l¨�¦n¡â´n�Kµ9�¤�¯¥�¬�®<®À¬� +��¥)¡�¸n®¯°�·<±t¬�´§´n®��¯±)°
¨ª¡Å°n±*�¤¥)¢^��·<±�¨ª�§±/ @¬l¨¤±)¢âl¬�´<¡�¢�°§���^¨¤¢¤�¯·n¸§¨ª�¯¡�¦Ó�¯¦�¨ª�n±�¬Á¨ª¶�¡��¤´n�§±)¢¤±��¤¡�¨ª�n¬l¨"�n±/³f¡�®¯®�¡7 �±)°
¶2¡�¢^±�¡�¢$®�±*�¤�5¨¤�n± M$¡�´§Ã�±)®¯°�Þ �t�KµP´<¡�¨¤�n±)�^���t³f¡�¢«¨ª�n±â´n¬�¢^¨0®¯��¦n£l±)°#¨¤¡/¨ª�n±�±)®�±.l¬l¨ª�¯¡�¦�¬�¦§¿�®�±lÌ
·n¸§¨q¨¤�n±��*±)¦n�É¨ª�/°n±*®À¬�µ2�¤�n¡�¸§®�°/·<±t¥Â�n¡��^±)¦/³f¡�¢q¬�·<±)�^¨qÃn¨q¨¤¡�¨ª�n±5¶2±)¬��¤¸n¢^±)¶�±)¦K¨ª�*º�È½¦�³>¬�¥*¨)Ì
¨ª�n±yÕq®�¬�¥Â£�¶�¡P°§±)®��¯�)Ìn�¯¦�¬â q¬�µ�Ì:¡�¦n®Éµ[¬�¦D�KµP°§¢¤¡��©¨Â¬l¨¤��¥0°n±*®À¬�µ[¶�¡P°n±*®çºP0¦n¡7 +�¯¦n¿"¨ª��¬l¨

Nds = 77, 6PS

T

Ìn¨ª�§±y¶�¡9°n±)®b¥�¬�¦�Ã�¦�¬�®¯®¯µ�·b±0±~²§´§¢¤±)�^�¤±*°�¬��@³f¡�®�®¯¡7 +�;À
∆L = ∆Ld + ∆Lw

∆Ld = 2, 343Ps

(

Ts − 4, 12

Ts

)

I(h = hd, E)

∆Lw = kwI(h = hw, E)

I(h, E) =





1 −




cos E
(

1 + (1 − lc)
h
rs

)





2






−
1
2

hd = 148, 98(T − 4, 12)

< JÛ$MJÛ$MJ�^ Í �§���*�7�7J /)*Û`+(�`'Ä �gJ /�I�( 6
���n���O¶2¡9°n±*®h q¬��1´§¢¤¡�´<¡��¤±*°â·Kµ·�§º�Ü§¬�¬��^¨ª¬�¶2¡���¦n±*¦U�¯¦ = P.C�ÙUËf�¤±)±q°n±*¨ª¬���®¯�O�¯¦ e @ = fÀÎ.ºNÜ9¨Â¬l¢^¨ª�¯¦n¿
³f¢¤¡�¶ ¨ª�n±�±�N9¸n¬l¨ª�¯¡�¦�ËÛ@nºD@hÎO¨¤�n±+��¦K¨ª±*¿�¢ª¬l¨¤��¡�¦U�¬l¢¤�À¬l·n®�±�����¶�¡P°n�ÉÃ�±)°���¦X¡�¢¤°§±)¢1¨ª¡�±~²§´§¢¤±)�^�Ý¨¤�n±
±)®�±*¥*¨¤¢¤��¥�´�¬Á¨ª��¬��5¬X³f¸n¦n¥.¨ª��¡�¦�¡�³B¨ª�n±U¬�®É¨ª�¯¨¤¸n°n±�Ë

ds = sec z dr
Î.º����n±�±~²P´n¢¤±*�¤�¤�¯¡�¦

sec z
�¯�

¨ª�n±*¦#¬�´§´n¢¤¡�²P��¶2¬l¨ª±*°�·hµ

sec z ≈ sec z1 −
1

r1

(sec 3z1 − sec z1)(r − r1)

¬�¦n°[¨ª�n±��¯¦h¨¤±)¿�¢¤¬�®�·<±)¥*¡�¶2±*�;À

∆L = sec z1

∫ r′

r1

(n − 1)dr − sec z1 tan2 z1

r1

∫ r′

r1

(n − 1)(r − r1)dr

�B¡�¥)¬�®�¥*¸n®À¬Á¨ª±X¨ª�n±*�¤±/�¯¦h¨¤±)¿�¢¤¬�®��*Ì�Ü§¬�¬��^¨ª¬�¶2¡���¦n±*¦�¥)¡�¦n�¤�¯°n±)¢^±)°�¨¤�n±[¬��¯¢�¬��y¨ª�n±2¶2�e²9¨ª¸n¢^±�¡�³
¨½ q¡���°n±)¬�®�¿K¬l�)Ì�°n¢©µ�¬���¢@¬�¦n°� @¬l¨¤±)¢�l¬�´<¡�¢)ºM«±y¬�®��^¡2¬l�¤�¤¸§¶2±*°D¨¤��¬l¨�¨ª�§±�¨¤±)¶�´b±*¢ª¬l¨¤¸n¢¤±0´§¢¤¡�Ã�®¯±0¥�¬�¦D·<±� +¢^�¯¨^¨ª±)¦

T = T1 + α(r − r1)

¬�¦n°/¨ª�n¬l¨@¨ª�§±5¨ª±*¶2´<±)¢¤¬l¨ª¸n¢^±t®À¬l´n�¤±t¢¤¬l¨ª±
α = dT

dr

�¯�@¥)¡�¦§�^¨Â¬l¦h¨+�¯¦�¨ª�§±t¨ª¢¤¡�´b¡��^´n�n±*¢¤±0¬�¦§°D�¯�
±;Nh¸�¬�®�¨¤¡¦�*±)¢^¡2�¯¦�¨¤�n±��^¨¤¢ª¬l¨¤¡��¤´n�§±)¢¤±lº����§±y¢^±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ2³f¡�¢¤¶â¸§®À¬â����±~²P´n¢¤±*�¤�¤±*°Å¬���À

n − 1 =
(n0 − 1)T0

p0

(

p

T

)

− cw

(

e

T

)

+ c′w

(

e

T 2

)

Ù G



æN��¿�¸§¢¤±�ÙPºA>�ÀÝÜP¥Â�§±)¶2¬�¡�³O¨ª�§±0±)®�±*¥*¨¤¢¤��¥)¬�®�´�¬Á¨ª��¡�³O¨ª�n±��¤�¯¿�¦�¬�®a��¦�¬"�¤´n�§±)¢¤�¯¥�¬�®%¬Á¨ª¶�¡��¤´n�§±)¢¤±lº
���n±�¦n¡�¨Â¬Á¨ª��¡�¦n����¦[¨ª�§����´�¬�¢¤¬�¿�¢¤¬�´n�D¬�¢¤±0®¯��¦n£l±)°[¨ª¡X¨ª�§����´n�¯¥*¨ª¸§¢¤±�º

ÙQB



 +�n±)¢^±
n0

���5¨¤�n±"¢¤±.³f¢ª¬�¥.¨ª�¯�±"��¦n°§±.²#¡�³Ý°n¢^µ�¬l��¢t¬Á¨0´n¢¤±*�¤�^¸n¢¤±
p0

¬�¦n° ¬l¨5¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±
T0¬�¦n°

cw

¬�¦n�
c′w
¬�¢¤±y¥)¡�¦§�^¨Â¬l¦h¨¤�)º\M«±U¨ª¡9¡�£�¨¤�n±y±;Nh¸�¬l¨¤��¡�¦�¬�¦n°D¨ª�n±�l¬�®�¸n±*�$¢^±)¥*¡�¶2¶�±)¦§°n±)°

·hµ�¨ª�n±GÎkÏM}z�k~�ÏH��}\���xÏH���MÐ���$�$�k�[��}[���xÏ·��ÑiÒ����¾�<���k� �
(n − 1).106 = 77.624

(

p

T

)

− 12.92
(

e

T

)

+ 371900
(

e

T 2

)

È½¦"¡�¢¤°n±*¢B¨ª¡5±*l¬�®�¸n¬l¨ª±Ý¨ª�n±@�¯¦K¨ª±)¿�¢ª¬�®¯�B®¯��¦n£l±)°�¨¤¡5 @¬Á¨ª±)¢B�¬l´b¡�¢B´n¢¤±*�¤�^¸n¢¤±lÌ§ÜP¬�¬��^¨ª¬�¶�¡���¦n±*¦
´b¡��©¨ª¸n®�¬l¨ª±*°[¨ª�n±0³f¡�®¯®�¡7 +��¦n¿�¢¤±)®�¬l¨ª�¯¡�¦n�^�n��´/·<±*¨½ �±)±*¦

e
¬�¦n°�¨ª�n±0¨ª±*¶2´<±)¢¤¬l¨ª¸§¢¤±QÀ

e = e1

(

T

T1

)

−4g

Rα

 +�n±)¢^±
g
���@¨¤�n±y¬�¥)¥*±)®�±*¢ª¬l¨¤��¡�¦�¡�³B¿�¢¤¬79�É¨½µ�º�»5�+�n±��©¨Â¬l¨¤±)°�¨ª��¬l¨;À

p = p1

(

T

T1

)

−g

Rα

 q±�¥�¬l¦�°n±*°n¸n¥*±y¨¤��¬l¨
e = e1

(

P

P1

)4

»«³i¨ª±*¢«¥)¬�®�¥*¸n®À¬Á¨ª��¡�¦n�0Ëf�¤±)±y°n±.¨Â¬��¯®��@�¯¦D�§����´�¬�´<±)¢ªÎ.Ìn¨¤�n±0¨ª¢¤¡�´b¡��^´n�n±*¢¤��¥0°§±)®À¬�µ[·<±)¥*¡�¶�±)�;À

∆L =
(n0 − 1)RT0

p0gm
p1 sec z1 −

(n0 − 1)R2T0

r1p0g2
m

.





p1T1 −
(

Rα
gm

)

p0T 0

1 − Rα
gm



 sec z1 tan 2z1

+

[

(n0 − 1)RT0

4p0gm

(

1 − R

Rw

)

− Rcw

4gm
+

(

c′w
4gm

R
+ α

)

1

T1

]

e1 sec z1

���§����³f¡�¢¤¶â¸§®À¬����¹Nh¸n�¯¨¤±�¥)¡�¶2´n®¯±.²bÌO�¯¨y���y¥)¡�¶�´<¡��¤±*°�¡�³+¬�¨ª±*¢¤¶ °n±)´<±)¦§°n��¦n¿�¡�¦
p1

ÌN¬
¨ª±)¢^¶�°n±*´b±*¦n°n��¦§¿2¡�¦

tan 2z1

Ì:¬â¨ª±)¢^¶�°n±*´b±*¦n°n��¦§¿2¡�¦
e1

¬�¦n°�¬"¨¤±)¢^¶�°n±)´<±)¦§°n��¦n¿�¡�¦ e1

T1

º
Ü§¬�¬��©¨Â¬�¶�¡���¦§±)¦0¦n¡�¨¤��¥*±)°0¨ª��¬Á¨�¨ª�n±��^±)¥)¡�¦n°U¨¤±)¢¤¶�¡�³9¨ª�n�¯��±;Nh¸�¬l¨¤��¡�¦0 q¬��O¬+¥*¡�¢¤¢^±)¥.¨ª��¡�¦y°§¸n±�¨ª¡
¨ª�n±+¥)¸§¢^l¬l¨ª¸§¢¤±+¡�³<¨ª�n±«¬l¨¤¶2¡��^´n�n±*¢¤±�Ìh�^¡y¨¤��¬l¨��¯¨�°§��°X¦n¡�¨�°n±*´b±*¦n°/¬0®¯¡�¨�¡�¦�¶2±.¨ª±*¡�¢¤¡�®¯¡�¿��¯¥�¬�®
¥)¡�¦n°§�¯¨ª�¯¡�¦n�U·n¸§¨"¡�¦§®¯µ ¡�¦Ó¨ª�§±[¬�®¯¨¤�¯¨¤¸n°n±�¡�³�¨ª�n±��^¨Â¬Á¨ª��¡�¦Ó�¤¡�¨¤��¬l¨â¨¤�n±/¥)¡9±*Ð�¥*��±)¦K¨"¡l³«¨¤�n±
¨ª±)¢^¶���¦

tan 2z
¥*¡�¸n®¯°D·<±�¢¤±*´n®À¬�¥*±)°�·KµD¬�¦D¬��±)¢¤¬�¿�±�l¬�®�¸n±lº

ä{±�¥�¬�¦D¢¤±~ÊÏ¬�¢^¢ª¬�¦§¿�±t¨ª�n±0¨¤±)¢¤¶�����¦[¨¤�n±0³f¡�®�®¯¡M +�¯¦n¿� q¬�µ)À

∆L = 10−6 sec z1
Rd

gm



k1p1 −
k1Rd

r1gm
.





p1T1 −
(

Rα
gm

)

p0T 0

1 − Rα
gm



 tan 2z1

+

[

k′

2

4
+

(

k3

4 + αR/gm

)

1

T1

]

e1

)

�DÓ Ò3Ø]ÊÅÒ�È¼×ÓÔ�Ø?ÆZÇÉÈ�ÊÌË�ËtÒ3Ô ä�È¼Î?Ù3ÔàÚ)Çø×ÓÍ¶Õ|()ÚtÚtÔSÆæÈ¼ÆÝå��3×ÓÍ;Í�ÕßÔ¶ê�â)Ô â	Ø?ÎAÎ�åaÔàä¶ÔàÎAÍ��»ËtÒ3ÔXåaØ]ÚÓÊèÙÝÚÓÚÛØ?Í¶ÆôÍ¶ÆZËtÒ3Ô×ÓÔèÇø×ÅÈ¶ÊèËtØ?ä_ØDË,Ï\ÊSÍ;ÔDÔ\ÊèØ?ÔSÆ;Ë	ØAÆ�ÈûÇøÍ¶Î?ÎAÍ�â	Ø?Æ3á»ÚtÔàÊÌËÓØAÍ�Æ�ê
ÙFC



 +�n±)¢^±
k1 = (n0 − 1)T0/p0

����¨ª�n±Å¢^±*³f¢ª¬l¥*¨ª�É9�¯¨½µÍ¥)¡9±*Ð�¥)�¯±)¦K¨[³f¡�¢2°n¢^µ]¬���¢*Ì
k′

2 = k2 −
k1Mw/Md

Ë
Mw

¬l¦n°
Md

¬l¢¤±«¢¤±)�^´b±*¥*¨¤�¯�±*®¯µX¨ª�§±5¶�¡�®À¬�¢�¶2¬��^��¡�³a @¬l¨¤±)¢�¬�¦n°/°§¢^µ�¬��¯¢ÂÎ�¬�¦n°
k3 = c′w

ºM«±�¬l®��¤¡2¶�¬l°n±y¬2¸n�^±*³f¸n®B¬��¤�^¸n¶�´§¨ª�¯¡�¦�¡�¦�¨ª�§±U¡�¦D¨ª�n±U®�¡9¥�¬�®a¿�¢ª¬�9�¯¨½µD¬l¨«¨ª�§±U¥*±)¦K¨ª¢^¡���°
¡�³B¨¤�n±y¬l¨ª¶�¡��^´n�n±)¢^��¥0¥*¡�®�¸n¶�¦�À

gm = 98, 07(1 − 0, 0026 cos 2Φ − 0, 00031H̄)

= 97, 84(1 − 0, 0026 cos 2Φ − 0, 00028H)
 +�n±)¢^±

H̄
���+¨ª�§±"¬�®¯¨¤�¯¨¤¸n°n±�¡�³�¨ª�§±â¥)±*¦h¨¤±)¢t¡l³�¿�¢ª¬�9�¯¨½µD¡�³1¨¤�n±â¥*¡�®�¸n¶�¦#¡l³Ý¬���¢*º$���n�¯�$l¬�®¯¸n±

¥�¬�¦D·b±�¬l´n´n¢¤¡�²P��¶2¬l¨¤±)°�·Kµ
H̄ = 7, 3 + 0, 9H

Ì
H
·<±)��¦§¿X¨¤�n±��^¨ª¬l¨ª�¯¡�¦[�n±)�¯¿��K¨�º

���§±�Ãn¦�¬�®a³f¡�¢^¶â¸n®�¬U³f¡�¢�´n¢¤¬�¥*¨¤��¥�¬l®a¥)¡�¶2´n¸P¨Â¬l¨¤��¡�¦/¿��¯�±*¦�·Kµ[Ü§¬�¬��©¨Â¬�¶�¡���¦§±)¦[���@¨¤�n±t³f¡�®eÊ
®�¡7 +��¦n¿"¡�¦n±QÀ

∆L = 0, 002277 sec z
[

p + (1255/T + 0, 05)e − C tan 2z
]

 +�n±)¢^±
C
�¯�@¨Â¬�·§¸n®À¬l¨¤±)°���¦[¨ª¬�·n®�±�ËQÙPº = Î.º

È½¦ ®��É¨ª±*¢ª¬l¨¤¸n¢¤±lÌ�¨ª�n±"³f¡�®¯®�¡7 +��¦n¿�±;Nh¸�¬l¨¤��¡�¦�³f¡�¢t¨ª�§±¦�*±)¦n�É¨ª� �KµP°§¢¤¡��©¨Â¬l¨¤��¥X°n±)®�¬�µÅ���0¡�³i¨¤±)¦
¥�¬�®¯®�±)°/¨¤�n±UÜ§¬�¬��©¨Â¬�¶�¡��¯¦n±)¦[¶�¡P°§±)®ÓÀ

∆Lh = 10−6k1Rd

g
p

���n���0�¯�0¬[®��¯¨^¨ª®¯±U·n�É¨0¸n¦§³>¬l��¢5¨¤¡¨M$¡�´§Ãn±)®�°Å +�n¡[³f¡�¸§¦n°Å¨ª�n�¯�5³f¡�¢¤¶�¸n®À¬l¨¤��¡�¦�·b±.³f¡�¢¤±lºâã«±*�±*¢©Ê
¨ª�n±*®�±)�^�)Ì��¯¦�¨¤�n±0³f¡�®�®¯¡7 +��¦n¿U¡�³B¨¤�n���@¨¤±.²9¨�Ìn �±y¥�¬�®¯®�±)°[�É¨�¨ª�n±yÜP¬�¬��^¨ª¬�¶�¡���¦n±*¦/³f¡�¢¤¶�¸n®À¬�¨¤¡�·<±
¥)¡��n±*¢¤±*¦h¨« +�¯¨¤�[¨ª�n±�¡�¨¤�n±)¢+¬�¸P¨ª�n¡�¢^�)º

M«±)�¯¿��K¨«¬�·b¡7�± ×q¡9±*Ð�¥*��±)¦K¨
C�¤±)¬�®¯±*�±*® e £h¶if

L = Ì = BL§Ì Ù = Ì = >L§ÌD@ = Ì = LL§ÌAB = ÌAL.CL§ÌAE = ÌALQ@= = ÌAL == Ì G L§ÌAPQ@
Ù L§ÌAEFE
ÙPÌ G L§ÌAEKÙ> L§Ì?CQB@ L§ÌABFBG L§Ì G CB L§ÌD@.P

�N¬l·n®�±yÙPº = ÀÝ×q¡9±*Ð�¥)�¯±)¦K¨
C = R

r1g

[

p1T1−(Rβ/g)p
õ
T
õ

1−Rβ/g

]

ÙQE
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���n���y¶2¡9°n±*®5Ëf�¤±*±/°n±*¨ª¬���®¯����¦ e >gfÀÎy�¯��¬��±*¢^µ{��¦K¨ª±*¢¤±)�©¨ª�¯¦n¿�¡�¦n±�±.�±)¦v�É³@�É¨�¢^±;Nh¸n��¢^±)�U¶2¡�¢^±
��¦§³f¡�¢^¶�¬Á¨ª��¡�¦�¬�·<¡�¸§¨�¨ª�n±�¬l¨¤¶2¡��¤´n�n±*¢¤±/¨¤��¬�¦v¡�¦n®Éµ�¿�¢¤¡�¸n¦§°Í¶�±�¬l�¤¸n¢^±)¶�±)¦K¨ª� � ·<±)¥)¬�¸n�^±D�É¨
����¬{´n¢^±)¥*¸n¢¤�^¡�¢2¨¤¡{¨ª�§±#·n®¯��¦n°Í¶2¡9°n±*®��"¨ª��¬Á¨�¬l¢¤±#¥*¸n¢¤¢^±)¦K¨ª®Éµ�¸n�¤±*°�º T0´§´b¡��^�¯¨¤±)®¯µ�¨ª¡{¨¤�n±
´n¢¤±.P�¯¡�¸n�0¶�¡P°§±)®��«¨ª�n�¯�5³f¡�¢^¶â¸n®À¬Á¨ª��¡�¦#���5¡�¦n®¯µ�¥)¡�¢¤¢¤±*¥*¨0³f¡�¢$¨ª�n±'�*±)¦n�É¨ª��°n±*®À¬�µ�ºy�B¡�±~²P¨¤±)¦n°
¨ª�n±�±;Nh¸�¬Á¨ª��¡�¦�¨¤¡X±)®�±.l¬l¨ª�¯¡�¦D¬�¦n¿�®¯±)��°n�ÉÇa±*¢¤±)¦K¨+³f¢¤¡�¶ PFL.õ��É¨+����¦n±*¥)±)�^�ª¬�¢©µ�¨ª¡X¸n�¤±y¶2¬�´n´n�¯¦n¿
³f¸n¦n¥*¨¤��¡�¦§�)º
æ�¡�¢�¨ª�n±0�Kµ9°n¢¤¡��^¨Â¬Á¨ª��¥0´n¬�¢^¨+¡�³%¨¤�n±0°n±)®�¬�µ�Ì§¨¤�n±t³f¡�¢¤¶�¸n®À¬l¨¤��¡�¦2���@�¯°n±)¦K¨¤��¥�¬l®b¨ª¡â¨¤�n±UÜ§¬�¬��ÏÊ

¨Â¬�¶�¡���¦§±)¦�¡�¦n±�¬�¦n° ¡�¦n®ÉµÅ°n±*´b±*¦n°n��¡�¦ ¨¤�n±2�^¸n¢^³>¬l¥)±�´n¢¤±*�¤�¤¸§¢¤±/¬l¦n° ¨¤�n±�¢¤±)¥*±)�É�±)¢y�n±*��¿��K¨
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∞
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∞
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(
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∞
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Tm
ºN»$�¤£h¦n±�¬l¦n°"ã$¡�¢¤°n�¯¸n�B³f¡�¸§¦n°â¬$ q¬�µ
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T
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+
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ξ0(φ) = ξ0(φi) + [ξ0 (φi−1) − ξ0 (φi)]
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Xi(Dy, Hy) = a1i − a2i cos

(

2π
Dy − a3i

365, 25

)

− b2i(Dy) cos

(

2π
Hd − b3i(Dy)

24

)

 +�n±)¢^±
Hy
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∆L(E) = mh(E)∆Lh zenith + mw(E)∆Lw zenith
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¡�³1¨ª�§±y¨¤¢¤¡�´<¡��¤´§�n±)¢^±�º«È½¦ = PFPFBPÌ<»Uº Û�ºbã$�¯±)®�® e >F>�fN��¬l�5´n¢^¡�´b¡��¤±)°#¬2�^±*¨0¡�³N¶�¬l´n´n��¦§¿�³f¸n¦§¥.Ê
¨ª��¡�¦n��¨¤��¬l¨q �±)¢^±�¡�¦n®¯µ��n±*��¿��K¨)ÌP¨ª�¯¶2±�Ë>°n¬7µ2¡�³%¨ª�§±5µ�±)¬�¢ÂÎq¬l¦n°[®À¬l¨¤�¯¨¤¸n°n±«°n±)´<±)¦n°§±)¦K¨�ºqÜP��¶��ÉÊ
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¨ª�n±�¥)¸§¢¤¢¤±*¦K¨/¶�±*¨ª±*¡�¢¤¡�®�¡�¿��¯¥�¬�®Ý¶�±�¬��^¸n¢¤±*¶2±*¦h¨¤�2·§¸§¨2¨ª¬�·n¸n®�¬l¨ª±*°�´�¬�¢ª¬l¶2±.¨ª±)¢^�)ºÑ»�°n°n�¯¨¤��¡�¦9Ê
¬�®�®Éµ�ÌK�n±$�¤�n¡7 �±)°�·Kµ2¶�±�¬l¦n�q¡�³�¢ª¬�°n�¯¡��¤¡�¦n°n±«¶2±)¬��¤¸n¢^±)¶�±)¦K¨ª�q¬�¦n°/¢¤¬�µhÊç¨ª¢¤¬�¥)�¯¦n¿�¬l®�¿�¡�¢^�¯¨¤�n¶2�
¨ª��¬l¨t�n���0±�N9¸n¬l¨ª�¯¡�¦n�0��¬��±X±�N9¸§�¯l¬�®�±*¦K¨�¡�¢t·<±*¨¤¨¤±)¢0´<±)¢©³f¡�¢¤¶2¬�¦n¥*±)�t¨ª�n¬�¦Å¨ª�n±"¡�¦§±)��¢¤±*®À¬l¨¤±)°
¨ª¡X�¤¸n¢©³>¬�¥)±�¶�±*¨¤±)¡�¢^¡�®�¡�¿lµ�º
���§±�±;Nh¸�¬Á¨ª��¡�¦�¡�³1·<¡�¨¤��¶�¬l´n´n��¦§¿X³f¸§¦n¥*¨¤��¡�¦n�$���+¨ª�n±U�ª¬�¶�±y·n¸§¨«¨ª�n±U´�¬�¢ª¬l¶2±.¨ª±)¢^�

a
Ì
b¬�¦n°

c
¬�¢¤±0°§�¯Çb±)¢¤±*¦K¨_À

m(E, a, b, c) =
1 + a

1+ b
1+c

sin E + a
sinE+ b

sin E+c

ËQÙPºD@hÎ
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a
Ì
b
¬�¦n°

c
°n±)´<±)¦§°#¡�¦�®À¬Á¨ª�¯¨¤¸n°n±0¬l¦n°#¬l¢¤±��¤¸n·hÆ^±)¥*¨¤±)°D¨ª¡X�¤±)¬��¤¡�¦n¬�® h�¸n¥*¨¤¸�¬l¨¤��¡�¦n��À

Xhi(Dy) = Xm hi − Xf hi cos

[

2π
(Dy − Do)

365, 25

]

 +�n±)¢^±
Xm hi

¬�¦n°
Xf hi

¬�¢¤±y¨ª�n±â¬7�±)¢¤¬�¿�±�l¬�®¯¸n±)�5¬�¦n°#¨¤�n±â�¤±)¬��¤¡�¦�¬�®_hn¸n¥*¨¤¸�¬l¨ª�¯¡�¦�¡�³�¨¤�n±
´�¬�¢ª¬l¶2±.¨ª±)¢^�
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Ì
b
¬l¦n°

c
³f¡�¢q¨¤�n±0�KµP°§¢¤¡��©¨Â¬l¨¤��¥0´�¬�¢©¨UËf¨¤�n±)�^±�l¬�®¯¸n±)�@¬�¢¤±t¨ª¬�·n¸n®�¬l¨ª±*°:Î.Ì

Dy
�¯�

¨ª�n±$°�¬�µ2¡l³�¨ª�n±«µ�±)¬�¢�¬�¦n°
Do
����¨ª�§±5°�¬�µ2¡�³�¨ª�§±5¶���¦n�¯¶â¸n¶ ¡l³�¨ª�n±«µ�±)¬�¢)ÌP¢¤±)�^´b±*¥*¨¤�¯�±*®¯µ/ÙQE

¬�¦n°#Ù =F= ³f¡�¢@¨ª�§±y¦§¡�¢^¨¤�n±)¢^¦#¬�¦§°D¨¤�n±��¤¡�¸§¨¤�n±)¢^¦#�n±*¶2�¯�¤´n�§±)¢¤±*�)ºÝ���n����¥*¡�¢¤¢^±)�^´b¡�¦§°n�«¨¤¡�¨¤�n±
¥)¡�¢^¢¤±)¥.¨ª�¯¡�¦D¬l¨+¶2±)¬�¦��¤±)¬X®¯±*�±)®ç¾��¯¦[¡�¢¤°§±)¢�¨ª¡"¨Â¬l£�±0¨ª�n±��n±*��¿��K¨+�¯¦h¨¤¡X¬�¥)¥*¡�¸n¦K¨�Ìn �±y��¬��±�¨ª¡
¸n�¤±

mh(E, h) = mh(E) + ∆mh(E, h)
 +�n±)¢^±

∆mh(E, h) =
[

1

sin E
− m(E, ch1, ch2, ch3)

]

 +�n±)¢^±
h
�¯�N¨ª�§±@�n±)�¯¿��K¨�¬�·<¡7�±@�^±�¬0®�±.�±*®�Ë>�¯¦â£h¶/Î~Ì

ch1 ch2

¬�¦n°
ch3

¬�¢¤±��n±)�¯¿��K¨�¥)¡�¢^¢¤±*¥*¨ª�¯¡�¦
¥)¡9±*Ð�¥)�¯±)¦K¨ª�âËf¨Â¬l·n¸n®À¬Á¨ª±)°�Î«¬�¦§°

m
���+¨ª�n±U¶�¬l´n´n��¦§¿X³f¸§¦n¥*¨¤��¡�¦#¬��5¥)¬�®�¥*¸n®À¬l¨¤±)°���¦#±�Nh¸�¬l¨ª�¯¡�¦

ËçÙPºD@hÎ.º
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�¤��°§±)¢¤±*°{´<¡��¯¦h¨)º"»�¥)¥*¡�¢¤°n�¯¦n¿[¨ª¡�¨ª�n�¯�0®À¬l¨¤�¯¨¤¸n°n±�Ìb¨ª�n±"l¬�®�¸§±)��¡�³
a
Ì
b
¬�¦n°

c
¬�¢¤±X±~²P¨¤¢ª¬�¥.¨ª±*°

³f¢¤¡�¶ ¬"¨ª¬�·n®¯±�º
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���§±y´<±)¢©³f¡�¢¤¶2¬�¦n¥*±)��¡�³%¨¤�n�����^±*¨+¡�³B¶�¬l´n´n��¦§¿�³f¸n¦n¥.¨ª��¡�¦�¬l¢¤±5¨¤¡�¨Â¬�®¯®¯µ��ª¬Á¨ª���©³iµ9��¦n¿â¨¤¡X¨¤�n±
¢¤±;Nh¸n±*�^¨¤±)°�¬l¥)¥)¸§¢ª¬�¥.µD¬�¦n°�¬�¢¤±0¦n¡l¨$°§���¤¥*¸n�¤�^±)°#¬�¦KµP¶�¡�¢^±0��¦[¨ª�n±U¹�¬�®��¯®�±*¡�´n¢^¡ÁÆ^±)¥.¨�º
È½¦y�¤¡�¶2±Ý¬�´n´§®���¥)¬l¨ª�¯¡�¦n��®¯��£l±���¦���r%ÕqÈÂÌ��±)¢^µ�®¯¡7 Ó±)®¯±*l¬l¨¤��¡�¦�¬�¦§¿�®�±*�%¬�¢¤±��¤¡�¶2±.¨ª��¶�±)��¸§�¤±)°

Ë>��¦�¨ª�§±�¡�¢^°n±)¢$¡�³ G õÀÎ~Ìa¬l°n°n�¯¨¤��¡�¦n¬�®�¢¤±.Ã�¦n±)¶�±)¦K¨¤�t¡�³1¨¤�n±�¶2¬�´n´n�¯¦n¿X³f¸n¦n¥*¨¤��¡�¦§�5¬�¢^±�¦n±*±)°n±*°�º
»5¦U¬��¤�^¸n¶2´P¨ª��¡�¦y�¯�%�n��°n°§±)¦y��¦yã$�¯±)®�®QÞß�a¶�¬�´§´n��¦n¿@³f¸§¦n¥*¨¤��¡�¦n��À�¨ª�n±Ý¬Q�*��¶â¸§¨¤��¬�®��§¡�¶2¡�¿�±)¦n±*�¯¨½µ�º
ÜP¡�¶�±t¶2¡9°n±*®��q�n¬7�±�·b±*±)¦�°n±*�±)®¯¡�´b±*°��¯¦[¡�¢¤°§±)¢q¨¤¡â¨Â¬�£l±U¬O�)��¶�¸§¨ª��¬l®a¬��©µ9¶2¶�±*¨¤¢¤��±*�@��¦/¨¤�n±
¬l¨ª¶�¡��¤´§�n±)¢^��¥�¢^±*³f¢¤¬�¥*¨¤�¯�±���¦n°n±~²�Ëf�¤±*±�¨ª�n±�´�¬�´<±)¢¤�â³f¢^¡�¶ R#¬�¥_R���®¯®À¬�¦ e ÙFC$f@¡�¢U³f¢¤¡�¶�Õ@¬�¢ÏÊ
ÜP±*�±)¢ôYðP0¢¤¡�¿�±)¢ e @�fBÎ.º����n±�¨ª¢^¡�´<¡��¤´n�§±)¢¤�¯¥0°n±)®�¬�µ[¸n�¤¸n¬�®�®Éµ2¨ª¬�£�±*�«¨¤�n±0³f¡�®�®¯¡M +�¯¦n¿�³f¡�¢^¶#À

∆L = mh(E)∆Lh zenith + mw(E)∆Lw zenith

+m∆(E) cot E (GN cos φ + GE sin φ)

 +�n±)¢^±
φ
���0¨ª�§±�¬Q�*��¶â¸P¨ª��¬�®1¬�¦n¿�®¯±�Ì

GN

¬�¦n°
GE

¬�¢^±2¢^±)�¤´<±)¥.¨ª�É�±)®Éµ�¨ª�n±�¦n¡�¢©¨ª�{¬�¦n°{¨¤�n±
±�¬��©¨$l¬�®¯¸n±)�+¡�³B¨ª�n±�¿�¢¤¬�°n��±*¦K¨«�±)¥.¨ª¡�¢5¬�¦n°

m∆(E)
���@¨ª�§±U¶2¬�´n´n�¯¦n¿"³f¸n¦n¥.¨ª��¡�¦D¨¤��¬l¨«¿��¯�±)�

¨ª�n±�°n±*´b±*¦n°n±)¦§¥)±�¡l³B¨¤�n±�°n±)®�¬7µ�¡�¦
E
º
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¡�³a¨¤�n±5¥*¡P±.Ð2¥*��±*¦h¨¤�q¸n�^±)°[�¯¦�¨¤�n±5±.�¬l®�¸�¬l¨¤��¡�¦X¡�³a¨ª�n±«¢¤±.³f¢ª¬�¥.¨ª�¯9�É¨½µ�º1È½¦�¨ª�n�¯���^±)¥*¨¤��¡�¦� q±$ +��®�®
¥Â�n¢¤¡�¦§¡�®�¡�¿���¥�¬l®�®¯µ�±~²P´b¡��^±�¨ª�n±@l¬�¢^��¡�¸n�N´n¢¤¡�´<¡��^±)°"l¬�®�¸n±*�1³f¡�¢1¨ª�§±�¢¤±*³f¢¤¬�¥*¨¤�¯9�¯¨½µU¥)¡9±*Ð�¥*��±)¦K¨¤�)º
»$³i¨ª±*¢^ q¬�¢¤°§�+ �±� +��®�®b°n���^¥)¸n�^�«¨¤�n±)�^±yl¬�®¯¸n±)�*º

 �.[Þó.�- ô�69Bz4I=§¨'¤>¥äõ ? B�¤w4<@r¨'£�¦
ä�±� +��®�®�·<±)¿���¦�¨ª�n±2¢¤±*9�¯±* Ô +�¯¨¤�{¨¤�n±2l¬�®¯¸n±)�y´n¢¤¡�´b¡��^±)°Ó·Kµ�ÜP¶��¯¨¤��¬�¦§°�ä�±*��¦K¨ª¢¤¬�¸n·{��¦= P G > e @hÙ�fçº�ä{±/¥Â�n¡��^±/¨ª¡�·<±)¿���¦� +�É¨ª��¨¤�n���U´�¬�´<±)¢â±.�±)¦��É³�¨ª�n±*¢¤±� �±)¢^±[¡�®�°n±*¢�´n¢^¡�´<¡��¤�eÊ
¨ª��¡�¦n��·b±*¥�¬�¸n�^±/�¯¨y¿��É�±*�U±.P�¯°n±)¦§¥)±/¡�³@¬�¢^±�¬�®���¶�´n¢^¡M�±)¶�±)¦K¨U��¦�¨ª�n±�¬�¥)¥*¸n¢ª¬�¥.µ�ÌN¬�¦n°Ó�É¨U�¯�
¡�³i¨ª±*¦#¶�±)¦K¨ª�¯¡�¦n±)°�¬��5¬2¢¤±*³f±*¢¤±*¦n¥)±â·KµD¶2¬�¦Kµ�¶�¡�¢^±U¢^±)¥)±*¦K¨�¬�¸§¨¤�n¡�¢¤�*º$���§±*µ#¬�°n¡�´§¨¤±)°#¨¤�n±
³f¡�®�®¯¡M +�¯¦n¿�³f¡�¢^¶Ú³f¡�¢�¢^±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ�À

N = K1
pd

T
+ K2

e

T
+ K3

e

T 2
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���n±)�¯¢[¥�¬�®¯¥)¸n®�¬l¨ª�¯¡�¦]¡�³U¨ª�n±

K1

´�¬�¢¤¬�¶�±*¨ª±*¢[���[·�¬l�¤±)°F¡�¦�¨ª�n¢^±)±�´n¢^±*9��¡�¸§�¤®¯µ]¶2±)¬��¤¸n¢^±)°
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¶2±)¬��¤¸n¢^±)¶�±)¦K¨ª��³f¡�¢Ý°n¢^µ�¬l��¢� q±*¢¤±$¶�¬�°§±+ +�É¨ª�n¡�¸§¨

CO2

¬�¦n°�¥*¡�¦n�^��°n±*¢¤��¦§¿U�¯°n±�¬�®:¿K¬l�)ÌK¨ª�n±.µ
¥)¡�¢^¢¤±)¥.¨ª±*°Ó¨ª�n±��¬l®�¸n±*�/Ë>¬��¤�^¸n¶2�¯¦n¿�¬l¦v¬��±)¢¤¬�¿�±

CO2

¥*¡�¦n¥*±)¦K¨ª¢¤¬l¨ª�¯¡�¦Ó¡�³\>QLFL�´n´§¶/Î�¬�¦n°
¨ª�n±*¦/±*l¬�®¯¸�¬l¨ª±*°2¨¤�n±5¶�±�¬�¦2°n��±*®�±*¥*¨ª¢^��¥+¥)¡�¦n�^¨ª¬�¦K¨�º����n���Ý´�¬�¢¤¬�¶�±*¨ª±*¢�®¯±�¬�°§�q°n�¯¢¤±)¥.¨ª®Éµ"¨ª¡U¨¤�n±
¢¤±*³f¢¤¬�¥*¨¤�¯�±���¦§°n±.²�¨ª��¬l¦n£h�5¨ª¡�¨¤�n±�³f¡�¢^¶â¸n®�¬

n =
√

µε
Ëf¥)¡�¦n�^��°n±*¢¤�¯¦n¿

µ = 1
Î.º$���n±)¦�¨¤�n±*µ
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°n±)°n¸§¥)±)°
K1

³f¢^¡�¶ ¨ª�n±q£9¦§¡M +®¯±)°n¿�±�¡�³:¨ª�n±@°§¢^µ�¬���¢B´n¢¤±*�¤�¤¸§¢¤±+¬�¦n°â¨¤�n±@¨ª±*¶2´<±)¢¤¬l¨ª¸§¢¤±�Ì��¤��¦§¥)±
N = K1pd/T

º����n±U¢^±)�^¸n®¯¨+�¯�;À

K1 = 77, 607 ± 0, 013
K

mb
æ�¡�¢1¨¤�n±

K2

¬�¦n°
K3

´n¬�¢ª¬�¶�±*¨¤±)¢^�)Ì�¨ª�§±*µ�¬��^�¤¸n¶�±)°�¬�¦2�¯°n±�¬l®n¿K¬���·<±)��¬�9��¡�¸§¢�³f¡�¢� q¬l¨¤±)¢
�¬l´b¡�¢*º"���n±*µ�Æ^¸§�^¨ª�ÉÃ�±)°Å¨¤�n���0�Kµ9´b¡l¨ª�n±*�¤���y·Kµ�±.²P´n®�¬���¦n�¯¦n¿�¨¤��¬l¨�Ì%�¯¦�¨¤�n±�¬l¨ª¶�¡��^´n�n±)¢^±�Ì%�¯¨¤�
´�¬�¢^¨¤�À¬�®�´§¢¤±)�^�¤¸n¢^±[�����±*¢^µ{®�¡7 Ô�¤¡�¨ª��¬l¨U¨ª�n±2°n�¯Çb±)¢^±)¦n¥*±�·<±*¨½ �±)±*¦Ñ¬D¢¤±)¬�®��¯�^¨ª�¯¥X¿K¬��â¬l¦n°Ó¬
´b±*¢^³f±)¥.¨0¿K¬��$���t¦§±)¿�®¯��¿��¯·n®�±lº$æ�¡�¢«¨ª�n±*��¢$¥�¬�®¯¥)¸n®�¬l¨ª�¯¡�¦�Ì�¨ª�n±.µ#®¯±�¬�¦§±)°Å¡�¦#¨¤�n±â±.�¬l®�¸�¬l¨¤��¡�¦§�5¡�³
¨ª�n±yÖ5±*·hµ�±�¥*¡�¦n�^¨ª¬�¦K¨ª��³f¢¤¡�¶ÒÕq��¢^¦h·�¬�¸n¶ ¬�¦n°#×q��¬l¨¤¨¤±)¢iÆ^±)±�º����n�¯�+®�±�¬l°n�@¨ª¡�À

K2 = 71, 6 ± 8, 5
K

mb

K3 = (3, 747 ± 0, 031)105K
2

mb

 �.[Þó.�  ßö=>¨Lâ'?A@
ã$±)±*°n��¦§¿Å¬#�n�¯¿��n±)¢�¬�¥)¥*¸n¢ª¬l¥*µ�Ì�����¬�µ�±)¢ e @.Bgf�´n¢¤¡�´<¡��^±)°v��¦ = P.CO@�¦§±*  ¢¤±.³f¢ª¬�¥.¨ª�¯9�É¨½µ{¥*¡P±.³ÀÊ
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³f¡�¢¤¶â¸§®À¬�À

N = k1
pd

T
Z−1 + k2

e

T
Z−1

w + k3
e

T 2
Z−1

w
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�¤�n¡�¸§®�°#·<±�¨ª�n±y�ª¬�¶�±�Ìb¬�¦n°D¨ª��¬Á¨5�É¨$�¯�+¦n¡�¨«¨ª�n±U¥�¬��^±U³f¡�¢�¨ª�§±�°n�¯´b¡�®�¬�¢q¨¤±)¢¤¶Dº����n±U¢¤±�¬l�¤¡�¦
����¨¤��¬l¨"¦�¬Á¨ª¸n¢¤¬�®�³f¢^±;Nh¸n±)¦§¥)��±*�X¡�³+¨ª�n±/ q¬l¨ª±*¢X¶2¡�®¯±)¥*¸n®�±2°n��´<¡�®�±�¶�¡�¶2±*¦K¨X¬�¢¤±�·b±*®�¡7 Ú¨¤�n±
¡�´§¨ª�¯¥�¬�®�³f¢^±;Nh¸n±)¦§¥*µÅ°n¡�¶�¬��¯¦#·n¸P¨t³>¬�¢t¬l·b¡7�±U¨ª�n±â¢¤¬�°n�¯¡�¡�¦n±lº0���n���5±.²P´n®À¬l��¦n�« +�hµ#��¦#¨¤�n±
¡�´§¨ª�¯¥�¬�®�¢¤¬�¦n¿�±lÌ

k3

�¯��±;Nh¸�¬�®�¨ª¡#�)±)¢^¡�¬�¦§°{ +�Kµ ��¦�¨ª�n±2¢ª¬�°n�¯¡�¢¤¬�¦n¿�±
k3

�¯�y�¯¦n°n±*´b±*¦n°n±)¦K¨
³f¢¤¡�¶ ¨ª�n±0³f¢¤±�Nh¸n±)¦n¥.µ�ºM«±��¤�n¡7 �±)°#¨¤��¬l¨� �±U¥*¡�¸n®�°�±~²P¨¤¢ª¬�´<¡�®�¬l¨ª±

k1

¬�¦n°
k2

¥*¡P±.Ð2¥*��±*¦h¨¤��³f¢¤¡�¶�¡�´§¨ª�¯¥�¬�®b¶2±)¬ÁÊ
�¤¸n¢^±)¶�±)¦K¨ª�X�¯³+¨¤�n±[¶�¬l¿�¦n±*¨¤��¥2´b±*¢¤¶�±�¬�·n�¯®��É¨½µ����"¥)¡�¢¤¢¤±*¥*¨¤±)°Ñ¬�¦n°v�¯³+¨¤�n±�¬�´n´n¢^¡�´n¢^�À¬l¨¤±/°n���ÏÊ
´b±*¢¤�¤�¯¡�¦�³f¡�¢¤¶â¸§®À¬â���+¸n�^±)°�º�»5�+³>¬�¢«¬���¨ª�n±

k1

¥*¡P±.Ð�¥)��±*¦K¨$ q¬��«¥)¡�¦n¥*±)¢^¦n±)°�Ì<�n±y¥)¡�¦§¥)®�¸§°n±)°
¨ª��¬l¨�°n�¯¢¤±*¥*¨�¶2±)¬��¤¸§¢¤±)¶�±)¦K¨¤���¯¦Í¨¤�n±�¢ª¬�°§��¡�°n¡�¶2¬���¦v �±)¢^±�¶�¡�¢¤±�¬l¥)¥)¸§¢ª¬l¨¤±#¬�¦Kµh q¬7µ�º]È ¨
����¦n±*�±)¢©¨ª�n±*®�±)�^�â¦n¡�¨¤��¥*±�¬�·n®¯±"¨ª��¬l¨y¨ª�§±ç{½¢ª¬�°n�¯¡g�âl¬�®¯¸n±X�n±�¥Â�§¡��¤±2¥�¬�¶�±X��¦�³>¬�¥*¨y³f¢¤¡�¶ ¨¤�n±
ÜP¶2�É¨ª��¬�¦§°Dä{±)�¯¦h¨¤¢ª¬�¸§·�Ì�¬�¦n°D¥)¡�¦n�¤±�N9¸§±)¦K¨ª®Éµ[ @¬��«´�¬�¢©¨ª®ÉµÝ{Ï¡�´§¨ª�¯¥�¬�®÷�Âº
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M«±�¬l®��¤¡�¢¤±*¶�¬l¢¤£�±*°�¨¤��¬l¨«¨ª�n±y´n¢¤¡�·n®�±*¶� @¬��«¶�¡�¢¤±�¥)¡�¶2´n®¯±.²�³f¡�¢
k2

¬l¦n°
k3

Ì:·<±)¥�¬l¸n�¤±
¨ª�n±«¶2±)¬��¤¸§¢¤±)°� q±.¨q¢^±*³f¢¤¬�¥*¨¤�¯9�¯¨½µIU����

Nw = k2
e
T

+k3
e

T 2

Ìß�^¡��É¨����Ý¦n¡�¨Ý±�¬��©µ"¨ª¡U°n���©¨ª��¦§¿�¸n���^�
¨ª�n±âÃ�¢^�^¨y¥)¡�¦h¨¤¢¤�¯·n¸§¨ª�¯¡�¦�³f¢¤¡�¶ ¨ª�§±"�¤±)¥*¡�¦n° ¡�¦n±lº¢M$±"¥)¡�¶2´�¬l¢¤±)°Å¨¤�n±�¬�¥)¥*¸n¢ª¬�¥.µÅ¡�·§¨ª¬���¦§±)°
³f¢¤¡�¶�¨¤�n±�¨½ �¡/¶2±.¨ª�n¡9°n�*º5���n±yÃ�¢¤�©¨0¡�¦n±y @¬��t¬2�^¨ª¬l¨ª�¯�^¨¤��¥�¬l®O¶�±*¨¤�n¡9°�¬�¦n°#���5·n¬��¤±*°Å¡�¦�¬
¢¤±*³f¡�¢¤¶â¸n®�¬l¨ª�¯¡�¦/¡�³O¨ª�§±� �±*¨«¢^±*³f¢ª¬l¥*¨ª�É9�¯¨½µ�À

Nw
T

e
= k2 + k3

1

T
¬�¦n°#¡�¦�¨ª�§±�®�±)¬��^¨«�àN9¸n¬�¢¤±�Ã§¨5¡�³1°�¬l¨Â¬"³f¢¤¡�¶Ò¢ª¬�°n�¯¡2¶�±�¬l�¤¸n¢^±)¶�±)¦K¨ª�$¶�¬�°§±U·Kµ�Õq¡�¸n°§¡�¸n¢¤�¯�
��¦ = PQBF>§ºN���§±�´�¬�¢ª¬l¶2±.¨ª±)¢^�1°n±*°n¸n¥)±*°�³f¢^¡�¶¼¨ª�n±@®¯��¦n±)¬�¢N¢^±)¿�¢^±)�^�¤��¡�¦â q±*¢¤±

k2 = 72, 0±10, 5¬�¦n°
k3 = (3, 754 ± 0, 030)105 º���§±��¤±)¥*¡�¦n°â¨¤±)¥Â�n¦n� Nh¸n±�¥)¡�¦§�¤���©¨ª±*°��¯¦�°n±*°n¸n¥*��¦n¿t¨¤�n±

k3

¥)¡9±*Ð�¥)�¯±)¦K¨1³f¢^¡�¶ ¨ª�n±
k2

l¬�®¯¸n±
¡�·§¨Â¬l��¦n±*°�¨ª�n¬�¦n£h�5¨ª¡2¡�´§¨¤��¥�¬l®O¶�±�¬l�¤¸n¢^±)¶�±)¦K¨ª�5¬�¦n°#³f¢^¡�¶Ò¢¤±.³f¢ª¬�¥.¨ª�¯9�É¨½µ�¶2±)¬��¤¸n¢^±)¶�±)¦K¨ª�5��¦
¨ª�n±�¢ª¬l°n��¡"¢¤¬�¦n¿�±OÀ

k3 =
Nw

e
T 2 − k2T

���§±�Ã�¦�¬�®
k3

l¬�®�¸§±U�¯�5¬X q±*��¿��K¨ª±*°Å¶2±)¬�¦#¡l³1¨ª�n±�¦9¸§¶â·b±*¢¤�$¥�¬�®¯¥)¸n®�¬l¨ª±*°�³f¡�¢«°n�¯Çb±)¢^±)¦K¨
¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±)�)ºM«±U¦§¡�¨ª�¯¥)±)°�¨ª�n¬l¨�¨ª�n±y¡�´§¨¤��¥)¬�®�¶�±*¨ª�§¡P°D¿K¬��±U¬�·<±*¨^¨ª±*¢«´§¢¤±)¥*���^��¡�¦�¬�¦n°�³f¢¤¡�¶ �n����¥*¡�¦PÊ
¥)®�¸§�¤��¡�¦n���¯¨�¢^±)�^¸n®¯¨¤�+¨¤��¬l¨

k1 = 77, 60 ± 0, 014
K

mb

k2 = 64, 8 ± 0, 08
K

mb

k3 = (3, 776 ± 0, 004)105K
2

mb
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³f¢¤±;Nh¸n±*¦n¥)�¯±)����¦�¨½ �¡�¥�¬�9�¯¨¤��±)�*Ì�¡�¦n±"¥*¡�¦K¨Â¬��¯¦n��¦n¿�°n¢^µ�¬���¢5¬�¦n°�¡�¦n±"¥*¡�¦K¨Â¬��¯¦n��¦n¿�¶2¡��¯�^¨t¬���¢*Ì
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���§±U´n¢^¡�´<¡��¤±*°Dl¬�®¯¸n±)�+¬�¢^±QÀ
K1 = 77, 600 ± 0, 032

K

mb

K2 = 69, 400 ± 0, 146
K

mb

K3 = (3, 701 ± 0, 003)105K
2

mb
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M$��®¯®çÌ	r%¬�¸§¢¤±)¦§¥)±2¬�¦n°{å�¢^��±*�^¨ª®¯±*µ�¥Â�n¡��¤±X¨ª�n±X¨ª�n±*¡�¢¤±.¨ª�¯¥�¬�®�´<¡���¦K¨�¡�³�9��±*  ¢ª¬l¨¤�n±)¢0¨ª�§±)¦{¨¤�n±
±.²P´b±*¢¤�¯¶2±*¦h¨ª¬�®O¡�¦n±�º0���§±*µ��^¨ª¸§°n��±*°�¨ª�n±â¢^±*³f¢¤¬�¥*¨¤�¯9�¯¨½µD°n¸n±U¨ª¡� q¬l¨ª±*¢5l¬�´<¡�¢5�¯¦#¨ª�n±�¢ª¬�°n�¯¡
 @¬��±*®�±*¦n¿�¨ª� ��¦§°n¸n¥)±*°�·hµ�¢¤±)�^¡�¦�¬�¦§¥)±)���¯¦�¨ª�n±"�¯¦§³f¢ª¬�¢^±)°Å�^´b±*¥*¨ª¢^¸n¶Dºâ���n±)�¯¢t¶�±*¨ª�§¡P°Å¥*¡�¦PÊ
�¤���©¨ª±*°Ñ�¯¦Í�^¸n¶�¶2�¯¦n¿�¬�®�®�¨ª�n±�¢¤±*�¤¡�¦n¬�¦n¥)±�¥)¡�¦K¨¤¢¤��·§¸§¨ª�¯¡�¦n�"¥)¡�¶2�¯¦n¿�³f¢¤¡�¶ ¨ª�n±[9��·n¢¤¬l¨ª�¯¡�¦�¬�®
¬�¦n°{¨¤�n±XP�¯·n¢ª¬Á¨ª��¡�¦�¬�®ÉÊ ¢¤¡�¨ª¬l¨ª�¯¡�¦�¬�®�¨¤¢ª¬�¦n�^�¯¨¤��¡�¦n�*º����n±2¢¤±.³f¢ª¬�¥.¨ª��¡�¦{�¯¦n°n±.²{¬l�¤�¤¡9¥)��¬l¨ª±*°{ +�É¨ª�
±�¬�¥Â�D�¤��¬l¢¤´D®���¦§±t��¬���¨ª�§±�³f¡�¢¤¶ À

ni =
SiQ

2π2νi
2

 +�n±)¢^±
Si

���/¨¤�n±���¦K¨ª±*¿�¢ª¬Á¨ª±)°F¬�·§�¤¡�¢^´§¨ª�¯¡�¦��^¨ª¢^±)¦n¿l¨ª�V¡l³U¨¤�n±�¢¤±)�^¡�¦�¬�¦§¥)±�Ì
νi

���[�¯¨¤��®���¦§±
³f¢¤±;Nh¸n±*¦n¥*µÑ¬�¦§°áÿÄ¨¤�n±�¦h¸n¶�·b±*¢2¡�³5°n±)¦§�¤�¯¨½µ�¡l³0¬�·n�^¡�¢¤·§��¦n¿ ¶2¡�®�±)¥*¸n®�±*�)ºÍ���n±D¢¤±)�^¸n®¯¨2¡�³
¨ª�n±*��¢�¥�¬l®�¥)¸§®À¬l¨¤��¡�¦n������À

K2 = 98 ± 1
K

mb

K3 = (3, 583 ± 0, 003)105K
2

mb
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Si/νi
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��¶�±)¦K¨Â¬l¨¤��¡�¦���¦â¨ª�§±)��¢BÃ�¦�¬�®nl¬�®¯¸n±)�*ºN»5�ÝÛ��¤�^±)¦gY�æ�¢¤¡9¡�¶�±@¡�¦n®Éµ�¥*¡�¦n�^��°n±*¢¤±)°2¬0�¤�n¡�¢^¨�¢ª¬l¦n¿�±
¡�³�¨¤±)¶�´b±*¢ª¬l¨¤¸n¢¤±*�y¬�¦n°�´n¢¤±*�¤�^¸n¢¤±X³f¡�¢t¨ª�§±)��¢tÃ§¨¤¨ª�¯¦n¿���¬�¦§°�¬��t¨¤�n±*µ�¸§�¤±)°

K2

l¬�®�¸§±)�t³f¢¤¡�¶

>FP



¡�´§¨ª�¯¥�¬�®B¶2±)¬��¤¸§¢¤±)¶�±)¦K¨¤�)Ì�¨ª�n±*��¢0¢^±)�¤¸§®¯¨ª�0¥)¬�¦ ¦n¡�¨�·<±X¬���¬�¥)¥*¸n¢ª¬Á¨ª±�¬��0�¯¨5 @¬��y¶�±)¦K¨ª�¯¡�¦n±)°aÌ
¬�¦n°�¥)¡�¦§�¤±;Nh¸n±*¦K¨ª®¯µ#M$¬��¤±*¿K¬� @¬¦YÔÜ9¨¤¢¤¡�£l±)�¤·<±)¢^¢^µ[l¬�®¯¸n±)�+��¬��±�¨ª�§±y�¤¬�¶�±0��¦�¬�¥*¥)¸n¢¤¬�¥)�¯±)�*º
 �.[Þó.�� ÕQ?Aå�B�:�� ¨'©k.
Ø«±.P�¯�¤�É¨ª��¦§¿/¨ª�n±Xl¬�®�¸n±*��¡�³»M$¬��¤±*¿K¬� @¬#YÒÜ9¨ª¢^¡�£�±*�¤·<±)¢^¢^µsË = PFC G Î.ÌOÕq±.9����Y�¬�®çºX¶2¬�°n±�¬�¦
��¦K�±*¦h¨¤¡�¢^µs¡�³0¨ª�§±Å¬��¬l��®À¬l·n®�±�¶�±�¬��^¸n¢¤±*¶2±*¦h¨¤�/³f¡�¢2¨¤�n±#¨¤�n¢¤±*±Å¥)¡9±*Ð�¥)�¯±)¦K¨ª�/�¯¦ = PFPO@v¬�¦n°
´n®�¡�¨^¨ª±*°�¨¤�n±)¶  +�É¨ª��¨ª�n±*��¢�±)¢^¢¤¡�¢��¯¦�¨¤�n±2¬�¦n¦n±~² ¡�³�¨¤�n±)�¯¢�´�¬�´<±)¢)º����n±.µ{¶�±)¦K¨¤��¡�¦n±*° ¨¤�n±
¥)¢¤�É¨ª�¯¥)�X¡�³¹M«��®�®ßYá¬�®çº]¡�¦Ñ¨ª�§±�¨ª¡9¡ ¡�´§¨ª�¯¶2�¯�^¨¤��¥/±*�^¨ª�¯¶�¬Á¨ª��¡�¦Í¡l³t¨ª�n±D±)¢^¢¤¡�¢�·KµÑÛ��^�¤±*¦ëY
æ:¢^¡P¡�¶2±lº"ã$±.�±)¢©¨ª�n±*®�±*�¤�âÕ�±*9���mY�¬�®Qºâ¥)¡�¦n�¤�¯°n±)¢^±)°{¨¤��¬l¨0¨¤�n±*µÅ �±)¢^±2¦n¡l¨y¬�·n®�±â¨¤¡�°§±)¥)�¯°n±
 +�n��¥Â�Xl¬�®�¸n±�¡l³b¨¤�n±«¬�¥)¥*¸n¢ª¬�¥.µX����¥*¡�¢¤¢^±)¥*¨)º����n±*µX´§¢¤¡79��°n±*°�¬0l¬�®�¸n±�¡�·§¨Â¬��¯¦n±)°X·Kµâ �±)�¯¿��K¨^Ê
��¦n¿D¨ª�n±/°§�¯Çb±)¢¤±*¦K¨"¦h¸n¶â·<±)¢¤�â¬�¥)¥*¡�¢¤°n�¯¦n¿#¨¤¡�¨ª�n±/±*¢¤¢^¡�¢â¬l¨^¨Â¬�¥Â�§±)°Ó¨ª¡�¨ª�n±/¶�±�¬l�¤¸n¢^±)¶�±)¦K¨ª�
·n¸§¨�Ì�¥*¡�¦n�^��°n±*¢¤��¦§¿X¨¤�n±0¢¤±*¶�¬l¢¤£h�+¡�³ÂM«��®¯®çÌh¨ª�n±.µ[ q±*¢¤±��±)¢©µ�¥�¬�¢^±*³f¸n®b +�¯¨ª��¨ª�§±)�¤±�¦h¸n¶â·<±)¢^�)º
»$�â¨ª�n±.µÓ°n¡�¦n¡l¨â¨ª¢^¸n�^¨X¡�¦Ó¨¤�n±[¿��É�±)¦v�©¨Â¬�¦§°�¬�¢¤°�±*¢¤¢¤¡�¢¤�)ÌÝ¬�¦§°v±)�¤´<±)¥*�À¬�®¯®¯µ ¨ª�n±�±)¢¤¢^¡�¢

´n¢¤¡79��°n±*°V·KµFÛ��¤�^±)¦ðY�æ�¢¤¡9¡�¶�±�Ì«¨ª�n±.µV¬l®��¤¡�´n¢^¡7P�¯°n±)°V¬�¦V¸§¦h �±)�¯¿��K¨ª±*°Vl¬�®�¸n± ¬�¦§°V¬
¢¤±)®�¬l¨ª±*°��©¨Â¬�¦n°n¬�¢¤°Ó±*¢¤¢^¡�¢y +�§��¥Â�� �±)¢^±/´n¢¤±.³f±)¢^¢¤±)°���¦{¨¤�n±)�¯¢U¥*¡�¦n¥*®�¸n�^��¡�¦n�*º����n±2³f¡�®¯®�¡7 +��¦§¿
�¬l®�¸n±*�+¬�¢¤±��^¨¤��®¯®a¢¤±*¥)¡�¶�¶�±)¦n°n±*°�¦§¡M q¬�°�¬�µ9�;À

K1 = 77, 60 ± 0, 05
K

mb

K2 = 70, 400 ± 2, 2
K

mb

K3 = (3, 739 ± 0, 012)105K
2

mb
ä{±t¥)¬�¦�¦n¡�¨ª�¯¥)±«¨ª��¬l¨q¨ª�n±tl¬�®¯¸n±)��¡�³%¨ª�n±t¸§¦n¥)±*¢^¨Â¬l��¦K¨ª�¯±)��¬�¢^±t�n�¯¿��n±)¢�¨ª�n±*¦/¨ª�n¡��^±0¿��¯�±)¦

·hµ M5¬��^±)¿K¬� q¬�¬�¦n°�Ü9¨¤¢¤¡�£l±)�^·b±*¢¤¢^µ�º
 �.[Þó.�� ���>ú'?A@
Ø«±*¶�¬�¢^£h��¦n¿�¨ª�n¬l¨B¨¤�n±q�¯¦K¨ª±)¢^±)�©¨N³f¡�¢O¬�´n´§®���¥)¬l¨ª�¯¡�¦n��¦n±*±)°n�¯¦n¿5´§¢¤±)¥*���^±q¢¤±.³f¢ª¬�¥.¨ª�ÉP�É¨½µ�¥)¡9±*Ð�¥)�¯±)¦K¨
Ë,��r%ÕqÈÂÌ�¶2�¯¥)¢^¡M q¬��±ÅÛ�Ö�Rdq�¬l¦n°F¹yã5ÜnÜnÎ" @¬��[¿�¢¤¡7 +��¦n¿§Ì@¨ª�n±RÎ�ÏM}��k~�ÏH��}[���xÏH���wÐ���$�$�k�[�	�}\���xÏ ��Ñ)Ò����¾�<���k� Ë>È½»«¹yÎ+°n±*¥)�¯°n±)°Å�¯¦ = PQP = ¨¤¡�´n¢^±)´�¬�¢^±â¬�¦§±* ¼¢¤±*�¤¡�®¯¸§¨ª�¯¡�¦#¡�¦#¢¤±.³f¢ª¬�¥.¨ª�É�±
��¦n°n±~²P±)�)º¼Û1Çb±)¥.¨ª�¯�±)®Éµ�Ì�¨ª�n±#¡�¦n®¯µÍ¢^±)�¤¡�®�¸§¨¤��¡�¦Ñ¡�³0¨ª�n±#ÈèVt¹y¹ Ë\ÎkÏM}z�k~kÏH��}[���xÏH����
LÏM���xÏ ��ÑÒ����¾�<���k�Ý��ÏH� Ò������M�<�$�k�����.Ìn¬â·n¢¤¬�¦n¥Â��¡�³% +�n��¥Â�[¨¤�n±0È½»«¹ �¯�ÂÎ�°�¬Á¨ª±)°/³f¢^¡�¶ = PFBF>â¬l¦n°���¬��
¬�®�¶�¡��^¨5¦n±*�±)¢y·b±*±)¦ ¬�´n´§®���±*°Å·b±*¥�¬�¸§�¤±X�¯¨t q¬���·�¬��^±)° ¡�¦ Û��¤�¤±*¦Ó¬�¦§°{æ�¢^¡P¡�¶�±�¶�±�¬l�¤¸n¢^±.Ê
¶2±*¦h¨¤�y³f¢^¡�¶ = P G�= ÌB¬�¦n°�¶�¡�¢^±�¢^±)¥*±)¦K¨â¶�±�¬��^¸n¢¤±*¶2±*¦K¨ª�� q±*¢¤±�¸§�¤¸�¬�®¯®¯µÅ¥Â�§¡��¤±*¦�º����n±2¡�®�°
¬�°n¡�´§¨¤±)°�³f¡�¢¤¶�¸n®À¬U q¬��

Nr = 77, 624
pd

T
+ 64, 700

pw

T
+ 371897

pw

T 2s�(�Î?ÔàÊèËt×ÓÍ¶Æ3Ø]ÊÉ¯cØ?ÚÛËÓÈ¶ÆÝÊèÔ��Ô¬È¶ÚtÙ3×tÔàÕßÔSÆ;Ë
@.L



r�±)¬�°n��¦§¿«¨¤�n±�»�°9ÊèM$¡9¥�ÈèVt¹y¹s´�¬�¢©¨½µ�¥Â��¬�¢¤¿�±)°�¨¤¡$¸n´<°�¬l¨¤±�¨ª�n±�³f¡�¢¤¶�¸n®À¬§ÌÁØ\[n¿�±*¢O¶2¬�°n±Ý¬
¢¤±*9�¯±* d¡�³�¬�®�®P¨ª�n±+l¬�®�¸n±*�Ý¬7l¬��¯®À¬�·§®�±�¬�¦§°�¥)¢^�¯¨¤��¥)�¯�¤±*°X¨¤�n±«�¤¸n¥*¥)±)�^�¤�É�±t´n¢^¡�´<¡��¤±*°2l¬�®�¸§±)�)ºÂM$±
´b¡��¯¦K¨ª±)°X¡�¸P¨�¨ª�n±+¸n�^±«¡l³b¨¤¡P¡�®��¯¶2�É¨ª±*°�¢ª¬l¦n¿�±+¡�³b´n¢¤±*�¤�¤¸§¢¤±$¬�¦n°X¨ª±)¶�´<±)¢ª¬Á¨ª¸n¢^±�¡�³�Û��^�¤±)¦�¬�¦n°
æ:¢^¡P¡�¶2±+¬�¦§°�¨¤�n±$�¯¦K¨ª¢¤¡9°n¸n¥.¨ª�¯¡�¦X¡�³�¡�´P¨ª��¥)¬�®�¶�±�¬��^¸n¢¤±*¶2±*¦h¨¤���¯¦2¶���¥*¢¤¡7 q¬7�±«l¬�®¯¸n±)�$Ë>Û��^�¤±*¦
¬�¦n°Dæ�¢¤¡9¡�¶2±lÌnÜ9¶2�É¨ª��¬�¦n°[ä{±)�¯¦h¨¤¢ª¬�¸§·�Ìn����¬�µ�±*¢)Ì ±*¨¤¥�º Î.ºßM«±y¬�®��^¡"¦n¡�¨ª�¯¥)±*°/¨ª��¬l¨ZM$¬��¤±*¿K¬� @¬Y Üh¨ª¡�£l±)�¤·<±)¢^¢^µ]¬�¦n°dÕq±.9��� Y ¬�®Qº��¯¦Ñ¨ª�§±)��¢�¢¤±.9��±* Ä°n�¯°]¦n¡�¨2¨Â¬�£l±���¦K¨¤¡Ó¬�¥*¥)¡�¸n¦K¨/¨¤�n±
�n��¿��Å¥*¡�¢¤¢^±)®�¬l¨ª�¯¡�¦Å·b±.¨½ q±*±)¦

k2

¬�¦n°
k3

³f¡�¢t¨ª�n±X±*�^¨ª�¯¶�¬Á¨ª��¡�¦�¡�³Ý¨ª�n±X±)¢^¢¤¡�¢0·§¸§¨y��¬�° ¡�¦n®¯µ
¥)¡�¶�´n¸§¨¤±)°���¦n°§±)´<±)¦n°n±*¦K¨5¶�±�¬�¦§�)ºM«±�¬l®��¤¡�¶�±)¦K¨ª�¯¡�¦n±*°�R�±*¦n°n±*�)Þ �"å���Ö °n�¯�¤�¤±*¢^¨ª¬l¨ª�¯¡�¦ ¬�¦n° �n���y¥)¡�¦§�¤��°§±)¢ª¬Á¨ª��¡�¦n�0¡�¦{¨¤�n±
��¶�´�¬�¥*¨t¡�³�¨¤�n±"¢¤±.³f¢ª¬�¥.¨ª�ÉP�É¨½µ#³f¡�¢^¶â¸n®�¬�±â¡�¦Å¨ª�§±¦�*±)¦n�É¨ª��°n±*®À¬�µ�º¦R�±*¦n°n±*�U¥)¬�®�¥*¸n®À¬l¨¤±)°�¨¤��¬l¨
¨ª�n±+¡�¶����^�¤��¡�¦â¡�³�¥*¡�¶�´n¢¤±*�¤�¤�¯·n��®¯�¯¨½µ� �¡�¸n®�°�®�±)¬�°"¨ª¡y¬�¦X±)¢^¢¤¡�¢�¡�³b¶2¬Á²P��¶â¸n¶�L§Ì Ùt¶2¶ ¡�¦�¨¤�n±
 q±.¨@°n±*®À¬�µ�ÌK +�n�¯¥Â�����Ý¦n±*¿�®��¯¿���·n®¯±�º�M$±$¬�®¯�¤¡y°n±)¶�¡�¦n�©¨ª¢ª¬Á¨ª±)°�¨ª��¬Á¨�¨¤�n±«³f¡�¢¤¶â¸n®�¬�¬�°n¡�´§¨¤±)°�³f¡�¢
¨ª�n±U�ª¬l¨¤¸n¢ª¬l¨¤��¡�¦� q¬l¨ª±*¢5´n¢^±)�¤�^¸n¢¤±�¥)¡�¸n®¯°�¬�®¯�¤¡�·b±�¬2�^¡�¸n¢¤¥*±�¡�³1±)¢¤¢^¡�¢¤��Àq¨ª�§���«¥)¡�¸n®¯°#®¯±�¬�°D¨ª¡
¬X°§�¯Çb±)¢¤±*¦n¥)±�¡�³B°n±*®À¬�µ[¡�³N¬�´n´n¢^¡�²§�¯¶�¬Á¨ª±)®Éµ�>"¶�¶�º
»«³i¨ª±*¢�¨¤�n����¥*¡�¶2´§®�±*¨¤±+¢¤±*9�¯±* d¡�³b¨ª�n±«¬�l¬���®�¬�·n®¯±@°�¬l¨ª¬UØ\[n¿�±*¢Ý´§¢¤¡�´<¡��¤±*°2¨¤¡U¸n´<°�¬l¨¤±«¨¤�n±

�¬l®�¸n±*�«¡l³1¨ª�n±
k1

¥*¡P±.Ð2¥*��±*¦h¨5¬�¥*¥)¡�¢^°n��¦n¿X¨ª¡X¨ª�§±�¬�¸§¿�¶2±*¦K¨Â¬l¨¤��¡�¦D¡�³N¨¤�n±
CO2

¥)¡�¦n¥*±)¦K¨ª¢¤¬ÁÊ
¨ª��¡�¦Ó��¦Ó¨¤�n±D¬l¨ª¶�¡��¤´§�n±)¢^±�º�»�¥.¨ª¸�¬l®�®¯µ�Ì1¨ª�n±[¥)¬�¢¤·<¡�¦�°n�¯¡7²P�¯°n±[¬l¨¤¶2¡��^´n�n±*¢¤��¥�¥)¡�¦K¨ª±*¦n°Í��¬��
��¦n¥*¢¤±�¬l�¤±)°�³f¢¤¡�¶ >FLFL"´n´§¶���¦ = PFBQL�¨ª¡b>.C G ´n´n¶Ò�¯¦DÙQLFLQ@§ºM«±t¨ª�n±*¦#¬l°n¡�´§¨¤±)°[¨ª�n¢^±)±0°n�ÉÇa±*¢¤±*¦h¨+�©¨ª¢¤¬l¨ª±*¿���±*�@¨ª¡X¡�·§¨ª¬���¦/¦§±* à¥*¡P±.Ð�¥)��±*¦K¨ª�)º�M«���@Ã�¢^�^¨
¥Â�n¡���¥*±y q¬��5¨¤¡��^±)®�±*¥*¨$¨ª�n±y·b±*�^¨t¬7l¬��¯®À¬�·§®�±tl¬�®�¸§±)�$¬�¥)¥*¡�¢¤°n�¯¦n¿2¨¤¡2¨¤�n±�´n¢^±*9��¡�¸n�$¥*¡�¦n�^��°n±*¢©Ê
¬l¨ª�¯¡�¦n�)º�Ü9¨Â¬�¢©¨ª�¯¦n¿"³f¢¤¡�¶

Nr = K ′

1

pd−c

T
+ K2

pw

T
+ K3

pw

T 2
+ K4

pc

T
 +�n±)¢^±

pd−c
���U¨¤�n±/´�¬l¢^¨ª��¬�®Ý´n¢¤±*�¤�¤¸§¢¤±[¡�³«°n¢©µÓ¬��¯¢y +�É¨ª�n¡�¸§¨�¨ª¬�£h��¦n¿#¨¤�n±/¥)¬�¢¤·<¡�¦v°n�¯¡7²P�¯°n±

��¦K¨ª¡2¬�¥)¥*¡�¸n¦K¨�Ì
pw
���+¨ª�§±U q¬l¨ª±*¢«l¬�´<¡�¢«´n¢¤±*�¤�¤¸§¢¤±"¬�¦§°

pc
�¯�«¨¤�n±y´�¬�¢^¨¤�À¬�®�´§¢¤±)�^�¤¸n¢^±â¡�³1¨¤�n±

¥�¬�¢^·b¡�¦�°n��¡�²P��°n±lºXM$±$�¤±*®�±)¥.¨ª±*°/¨ª�n±5l¬�®¯¸n±)��¿��¯�±)¦/·Kµ�Õq¡�¸n°§¡�¸n¢¤�¯���¯¦ = PFBQ>y³f¡�¢
K2

¬�¦§°
K3¬�¦n°[¨ª�n±0 �¡�¢¤£/³f¢^¡�¶�ã«±* �±)®O¬�¦n°�Õ@¬��¯¢¤° Ë = PFB G Î�¨¤¡X°n±)¢^�¯�±

K ′

1

¬�¦§°
K4

º����n����¢^±)�¤¸§®¯¨ª�+�¯¦

K ′

1 = 77, 674 ± 0, 013

K1(300ppm) = 77, 691 ± 0, 013

K1(375ppm) = 77, 695 ± 0, 013

K2 = 71, 97 ± 10, 5

K3 = 375406 ± 3000

K4 = 133, 484 ± 0, 022

M«���[�^±)¥)¡�¦n°�¡�´§¨ª�¯¡�¦] @¬l��¨¤¡Í¬�°n¡�´§¨[¨¤�n±Å·<±)�^¨�¬��±*¢ª¬�¿�±�l¬�®¯¸n±)�/³f¢^¡�¶ �¯¦n°n±*´b±*¦n°n±)¦K¨
±.²P´b±*¢¤�¯¶2±*¦h¨¤����¦�¡�¢¤°§±)¢0¨ª¡�¬��¡��¯° �©µ9�^¨ª±*¶�¬Á¨ª��¥X±*¢¤¢¤¡�¢¤�)ÌB¬��±*¢ª¬�¿��¯¦n¿[¨ª�n±X¶�±�¬��^¸n¢¤±*¶2±*¦K¨ª�y��¦
³f¸n¦n¥*¨¤��¡�¦�¡�³�¨ª�n±X´n¢^±*9��¡�¸n�U¢^±)¶2¬�¢¤£h�y¬�·<¡�¸§¨�¶�±*¨¤�n¡P°§¡�®�¡�¿���¥�¬l®B¶����©¨Â¬�£l±)�)ºbM$�¯��¢¤±)¥)¬�®�¥*¸n®À¬MÊ
¨ª��¡�¦n��®�±)¬�°[¨ª¡"¨ª�n±0³f¡�®¯®�¡7 +��¦§¿â¦h¸n¶â·<±)¢¤��À

K ′

1 = 77, 6681 ± 0, 0094

@ =



K1(300ppm) = 77, 6848 ± 0, 0094

K1(375ppm) = 77, 6890 ± 0, 0094

K2 = 71, 2952 ± 1, 3

K3 = 375463 ± 760

K4 = 133, 4800M$±)¢^±0Ø\[n¿�±)¢q°n��°/¦§¡�¨�¿��É�±$¨¤�n±0±)¢^¢¤¡�¢Ý³f¡�¢@±)¬�¥Â�[¥)¡9±*Ð�¥)�¯±)¦K¨+·n¸§¨@´n¢¤¡79��°n±*°�¬�¥)¡�¦n�¤±*¢^l¬l¨ª�É�±
¡M�±)¢¤¬�®�®�¬l¥)¥)¸§¢ª¬�¥*��±)��¡l³ÂL§ÌALKÙ � ¡�³

Nd

³f¡�¢@¨ª�n±0°§¢^µ[¢^±*³f¢ª¬l¥*¨ª�É9�¯¨½µ�¬�¦n° L§Ì ÙQL � ¡l³
Nd

³f¡�¢@¨¤�n±
°n¢^µ[¢^±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ�º����n±0�¬l®�¸n±*��¡�³N¨¤�n±0±)¢^¢¤¡�¢^�«¿��¯�±*¦��§±)¢¤±�¥*¡�¶2±0³f¢^¡�¶ R�±*¦n°n±*� e > = fçºM«����¨ª�n�¯¢¤°]¡�´P¨ª��¡�¦s¥)¡�¦n�¤�¯�^¨ª±*°d��¦d¬l°n¡�´§¨¤��¦n¿ ¨ª�n±#¨¤�n±)¡�¢¤±*¨¤��¥)¬�®$´<¡��¯¦h¨�¡�³09��±. �Ì«�^¡v�n±
¸n�¤±*°]¨ª�n±kr%�¯±)·<±�Þ � R��¯®�®¯��¶�±*¨ª±*¢"å�¢¤¡�´n¬�¿K¬l¨¤��¡�¦!R�¡9°n±)®�ËÓR#å�R�Î2¬�®�¿�¡�¢¤�¯¨¤�n¶ ¨¤¡�¥)¬�®�¥*¸n®À¬l¨¤±
¢¤±*³f¢¤¬�¥*¨¤�¯9�¯¨½µ�º r%�¯±)·<±�Þ ��¥*¡�¶2´§¸§¨ª±*¢�´n¢^¡�¿�¢ª¬l¶ ¥�¬�®¯¥)¸n®�¬l¨ª±*�2¥*¡�¶2´§®�±.²Ñ¢^±*³f¢ª¬l¥*¨ª�É�±���¦n°n±~²Í³f¡�¢
³f¢¤±;Nh¸n±*¦n¥)�¯±)�+³f¢¤¡�¶ = MZ�y¸§´�¨ª¡ = �\Mô��³f¢¤¡�¶ @F@X¡7²9µ9¿�±*¦Å¬�¦n°#>FL"®�¡9¥�¬�®b @¬l¨¤±)¢«¢¤±*�¤¡�¦�¬l¦n¥)±
®���¦§±)�)Ì:³f¢¤¡�¶Ä¦§¡�¦�¢¤±*�¤¡�¦n¬�¦K¨0�¤´<±)¥.¨ª¢ª¬�³f¡�¢$°n¢©µ�¬l��¢$¬�¦n°#³f¢^¡�¶Ä¬�¦�±)¶�´n�¯¢¤��¥)¬�®� q¬l¨ª±*¢5l¬�´b¡�¸n¢
¥)¡�¦K¨ª�¯¦h¸n¸n¶DºD���§���â¬l®�¿�¡�¢^�¯¨¤�n¶ ��¬��U·b±*±)¦�¨¤±)�©¨ª±)°v�¯¦�¶2¬�¦Kµ�®À¬�·<¡�¢¤¬l¨ª¡�¢^��±*�U¬l¦n°���¬l��·<±)±)¦
��¶�´n¢¤¡7�±*°d¬�¦n°s¢¤±*Ãn¦n±)°d +�¯¨¤�s¨ª�¯¶2±D�¤¡{¨ª��¬l¨��¯¨�����¥)¡�¦n�^��°n±*¢¤±*°�¬l��¢¤±.³f±)¢^±)¦n¥*±Å·hµÑ¶2¬�¦Kµ
�¤¥)�¯±)¦K¨ª�¯�^¨¤�)º1Ø\[n¿�±*¢O¬�®��^¡«¶�±)¦K¨¤��¡�¦n±*°y¨½ �¡5¡l¨ª�n±*¢B¬l®�¿�¡�¢^�¯¨¤�n¶2�a¡�¦U´§¢¤±)´n¬�¢ª¬l¨¤��¡�¦a¾QM«��®�®QÞß�aÈÏØV]«ã
¬�¦n°�å�¢¤¬�°n¡gY ¬�®çºÉÌ�·n¸§¨«¨ª�§±yÃ�¢^�^¨«¡�¦n±y�¤±*±)¶��$�±)¢^µD°n�ÉÐ�¥)¸n®É¨�¨ª¡�¸n�¤±�¬�¦n°�¨ª�n±y�¤±*¥)¡�¦n°#¡�¦n±
����¦n¡�¨�Ãn¦n���^�n±)°�µ�±.¨�º
»@¨"¨¤�n±�±)¦n°�¡�³$�n�¯�â´�¬�´<±)¢*Ì��n�¯�â¶2¬���¦v¶�±)�^�ª¬�¿�±/ q¬��"¨ª�n¬l¨â �±D�^�n¡�¸n®¯°�¦n¡�¨X¸n�^±�¨¤�n±
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�!  " # $% � � � &" '() *( +

77, 636 ± 0, 027 64, 695± 0, 198 371800 ± 400, & - � � $ ." - # �� /� 0 '() *1 +

77, 607 ± 0, 013 71, 6 ± 8, 5 (374700 ± 310023 4 4 '() 51 +

77, 624 64, 700 3718976 � � 7 � � � -8 '() 51 +

77, 64 ± 0, 08 71, 98 ± 10, 82 375400 ± 36009 � /: " � '() ;< + '= +

77, 60± 0, 014 64, 8 ± 0, 08 377600 ± 400> -" 0" '() ; ; +

77, 676 ± 0, 023 71, 631 374656? - @ @ '() AB +

98 ± 1 358300 ± 3006" C - ' � #D " -8E � �" 7 + '() ) 5 +

77, 6 ± 0, 05 70, 4 ± 2, 2 373900 ± 12006" C -8 ' D " -E � �" 7 + '() ) 5 +

69, 4 370100F� " E " � ' 0"  � / C / - @ / 0 @" + 'G B B G +

77, 695 ± 0, 013 71, 97 ± 10, 5 375406 ± 3000F� " E " � ' 0"  � / C" � /E " + '1 ; *8H H & CO2

+

77, 6890 ± 0, 0094 71, 2952 ± 1, 3 375463 ± 7604 / @ - @" � F" IKJ L � 7" @

77, 6 ± 0, 05 70, 4 ± 2, 2 373900 ± 1200
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z��jk�_	fh}{k{iXz`_	ija¯ajb�nok{}¥z�r¡��fhk{iXz`zodqz��jkxnokl}{klb��gkln{�¢���jkli���§¨dgn�_	i·k�_	fhbekln��jnodu}{klfofob�ij|yd	§¼zo�jk
a�_~z�_�§¨dgnwyklzok{dgnhdgred	|gbe}{_	ru_	�j�jr�be}�_Ãz�bed	ijf{�gd	ijr�� _m§¨k¥�ßi��jw pvk{nd~§¦wyk�_	fh�jnoklw�kliXz�f±_	nok��~k{�cz
bei�z��ck��cnod	��r�k{fl�±Í�dgn±z��jk�Èq»³²mÊ¶�jb�|g�st�nhk{fhdgre�czobedgi�a�_~z�_qfhklz���|	dsdua¤´���_	reb¡z���no_	ajbed	fodgijack{f
��_��gk�p�klk{i¯�jfokla½_	ija¯_	r�r¦z��ck�nhk{}lk{b��	k{a¯a�_~z�_y��_��	k�pvk{kli�f�z�dgnhk{a¯bei¤z��jkm��r�k{fl�

���ck���nof�zqa�_~z�_Äfhklzqb�f _Ä�cfokl§¨�cr±�±dgnor�ac��beajk�fodg�cno}{k�d	§¬_~z�wydgfh�j�jk{nhbe}ya�_~z�_½_	ija�zo�jk
fok{}ldgija�dgijk�}{dg�crea�foklnh�gk³_	fÏ_�nhkl§¨klnok{ic}{k�§¨dgnk{f�z�bew�_~zobeij|�zo�jk¬_	}{}l�jn�_	}¥��beiqz��ck�zonok{_~z�wyk{iXz
d	§¼zo�jkxfhz�_	ija�_	nhaÄno_��Ua�_~z�_c�

���ckx§¨d	rered���b�ij|�z�k¹Áuz`k¹Ás�jr®_	b�ijf��jd��à�Ék�}{dg�crea·bewy�jnod��	k³z��jkxnhklz�nhbek¥�	_~r�d	§�z��jkm�jnhd	��r�k{f
§¨nodgwUzo�jk©n�_��Ë��r�k{f¼bei dgnhajk{n�z�d`|X_	bei�_	}{}l�jn�_~}l�£bei£zo�jkÉzonodg�vdgfo�c�jk{nhbe}Éack{r®_���}{d	w��j�sz�_~zobedgi��
���jk�fhk{}¥z�bed	i Ò �!ÔÅb�f·ajkl�	d	z�klaáz�dâf�_~zo�jn�_Ãz�bed	ià�j_	nhzob®_	r��cnok{fhfo�jnhk�wydsajklref¤pvk{}{_	�jfokÚz��jb�f
��_	n�_~w�k¥z�k{nqb�fqz��jk·�	k¥�âk{reklw�kliXzyzod«z�n�_~ijfore_~z�k¤z��ck¯�cnod��ubeajklaÞajk¥�©t��vdgbeiXzqz�klw��vk{no_~z��cnok
beiXz�d¯z��jky�©_~zok{n��~_	�vdgn��jnoklfofh�jnok�zo��_~z£�Ék��cfok�b�i�dg�jnx§¨dgnhw �jr®_~f{�·À�i�fokl}lzobedgijf Ò � Ò _	ija
Ò �8ãc���±k«ajb�fo}{�cfof¤z��ÉdËf�z�no_~z�kl|gbeklf�z�d�}ldgw��creklzok½wybefofhbeij|�beic§¨d	now�_~z�b�dgi�b�ißz��jk��jnod	�jrek{fl�
_	ijaÄzo���jf`zod�bewy�jnhd°�	k�zo�jk��cnok{}lbefhbedgiÄd	§�zo�jk�}{_	re}l�jr®_~zok{a¯ajk{re_��g�`Ðsk{}¥z�b�dgi Ò � Æ b�f`ackl�gd~z�k{a
z�d½_¯}{dgwy��_	nhbefhdgi�d~§©z��jk�beiXz�kl|gn�_Ãz�bed	i�_~re|gdgnhb�zo�jw�fl�����jkli�bei�fok{}¥z�b�dgi Ò �8äc���Ék�w�_	ajky_
}{nod	fof�t�}{dgwy��_	nhbefhdgi«p�k¥z��Éklk{iÚ�jnod~��reklfmw�k{_	fo�jnhk{abeiÎ¬}{}lrek¯µ�È±k{re|	be�jw�¸��cnod��ubeajklaÚpX�½zo�jk
ÈÉk{r�|gb®_	iß^¬d��X_~r�åÄklzok{dgnhdgredg|	be}�_~r`À�ijf�z�b¡z��czok�_~ijaàÈq»�²mÊ³�©Â�kw�_~ajk½z��jb�f�}{d	w���_~nobefhdgi
p�kl}�_	�jfhk«noklfok�_~no}��jklnof¤�Éd	no��beij|Ëd	ißfo}lbeiXz�b�rer®_Ãz�bed	iâ�c�jk{ijd	w�kli�_�§¨dg�jijaÜacb�æ�k{nokliXz¤noklfo�jr¡z�f
�jfob�ij|Äd	ijk�aj_~z�_·fok¥z�b�ijfhzok�_	aÚd	§Ézo�jkyd	z��jkln{��Â�k��©_	iXzok{a�zodÄpvk�fh�jnok�z��j_~zxz��jk�Èq»�²�Ê
a�_~z�_½fhklz��É_	f�ijd	z�}{d	nono�c�cz�klaâd	nqpjb®_	fhk{a���Í�bei�_~rer��	�¼zo�jk·r®_	f�zqfokl}lz�b�dgiÅbef ackl�gd~z�k{aâz�d_
}{dgwy��_	nhbefod	i�d	§�zo�jk�wydsack{refxz�dÄz��jk�b�iXz�k{|	n�_~zok{a�ajklr®_��uf bei�fok¥�gk{no_	r©�jre_	}{klfq_	nhdg�jija�zo�jk
�Édgnhrea��

íg�¬« ¸b±�¡�§ £ ±�¡+ª�¤�  +#±�£�¡+ª;±¹®,+ £cº\¾+¾�§�£cº
»³f��±kÉ�±k{nok�}��ck{}���beij|mzo�jkÉ�jnhds}lk{aj�cnok{f�cfok{a�b�i£z��ck©a�_~z�_³�jnodu}{klfofhbeij|mb�i ¾ÏÐP»Ü_	r�|gdgnhb�z��cwÄ�
�ÉkÉ§¨d	�jija z��j_~zªz��ck©}{dgiX�	k{nofhbedgiq§¨nhdgwçnok{re_~z�b¡�gk±�u�cw�b�ajb�z��mzod��©_~zok{n��~_	�vdgn¼�jnoklfofo�cnok�}{dg�crea

Æ Ô



p�k�_�fodg�cno}{k�d	§¢�jnod	pjreklw�fl�`���jk�bewy�jreklw�kli�zok{aÄk{´���_~zobedgiÄ}�_	wyk£§¨nhdgwèz��jk�émd	æêt�émn�_~zo}��
§¨dgnow �cr®_	k�µ¿fhk{k½acklz�_~berefypvk{red��`¸¹��pj�cz�zo�jk�§¨�jic}lz�b�dgi��É_	f�}l�cz�b�iXz�d�z��±dË��_	n�z�fl�V»³pvd��gk
t�ãX×.õ�Ê���_	i½kl´���_~z�b�dgi«noklr®_~zok{a�zod��É_~z�kln³�~_	��d	n³�jnhk{fofh�jnok�_~p�d��gkqr�be´��jb�a¯�É_~z�kln³�É_	fm�jfokla��
���jber�k¤�jijajkln�zo�jbefqzo�jnoklfo�jdgr�aË�ÉkÄ_	�j�jr�bekla�_~ijd	z��ck{n�noklr®_~zobedgijfh�jbe��rebeic�	k{aÅz�d«zo�jk¯�É_~zok{n
�	_~��dgn��jnhk{fhfo�jnhk«_	pvd°�	kÄb�}{k~�]»ë}ldgijfhk{´��jk{ic}{k«d	§`z��jb�f�b�w��jr�k{wyk{iXz�_Ãz�bed	i��©_~f�z��j_~z�zo�jk
d°�	k{no_	rer¦§¨�cij}lzobedgi¤�É_	f`icd	z�}{dgiXzobei��jdg�jfl�

Þ2.� �.�- ì�¤w4<@r8�¥>£�CH4IB�8'¤ 4I8 4I=�? ;>=Xâ�:<B�C�:î8'í 4I=>? :<¨»47£2@r¨»4IB�8/¤ ;¨É@I4IB�¨'©
;�@r? :<:I£2@r?

í�k¥zx�jf�z�_~�	ky_¤}{red	fok{anhk{}{b��jbekliXzm}{dgiXz�_	beijb�ij|¤reb�´��jbea��É_~zok{nx_~z�_�zok{wy��kln�_~zo�jnokqpvklz��±k{kli
z��jk¤§¨noklk{Ûlbeij|�vdgbeiXzy_	ijaËzo�jk·p�dgb�reb�ij|½�vdgbeiXz���²³�jk·z�d«z��jk·wydgrekl}{�jre_	n���b�ijklzobe}¤k{ick{no|~�g�
fodgwykq��_	n�z�be}lreklfmrek�_��	k�zo�jk�fo�jn�§¿_	}{kyd	§Ïz��jkçh��cbeaaj�jnhbeij|¯_¤�j�jklijdgwyk{ijdgiÚ}�_~rereklakl�~_	�vd~t
n�_~zobedgi��`À�i½z��jk£f�_	wyk�zobewyk	�ê�©_~zok{n³�~_	�vdgn`��_	nhzobe}lrek{f¬}{d	ijajk{icf�_~zokqp�kl}�_	�jfhk z��jk _	w pjb�k{iXz
z�k{wy�vk{n�_Ãz��jnhk bef�pvk{r�d��îzo�jkqp�d	bereb�ij|�z�k{wy�vk{n�_Ãz��jnhk	�����ckyfo_~z��cn�_~zobedgi��~_	�vdgn��cnok{fhfo�jnhk�b�f
z��jkÉ�~_	�vdgnª�cnok{fhfo�jnhk�nok�_~}��jk{aq���jkli�zo�jk�}{d	ijajk{icf�_~zobedgiqno_~z�k©b�fªk{´���_~rcz�d³zo�jk�kl�~_	�vdgno_~z�b�dgi
n�_~zok	��¾�Ás�vk{nob�k{ij}lkqfo�jd���f³zo��_~z`z��jk �cbe|g�jkln`zo�jk£zok{wy��kln�_~zo�jnok£bef{�vz��jk�pjbe|g|	k{n�z��jk��É_~zok{n
�	_~��dgn�}{d	i�zok{iXz�f�bei�zo�jk�_~benm��ber�rp�k~��ÈÉk¥§¨dgnokyz��jk�k{ija�d	§©z��ck�k{b�|g�Xz�klk{iXz��Ë}lk{iXz��jn���zo�jk
�j�jk{icdgw�klijdgiÅ�©_~f�k¹Ác�cr®_	b�ijk{aâpX�Ëz��jk¤§¿_	}¥zyzo��_~zy�jd	z�_	b�nq}{dg�creaÅajbefhfodgr¡�gk·wydgnok¤�~_	�vdgn
z���_~z`}{d	reaÄ_	benl�¬Ðsbeij}lk�²³_	r�zodgi����Ék£��ijd��Pzo��_~z¬z��jk���_	n�z�be_	rK�jnoklfofh�jnok d~§¢_�|X_~f`b�f¬zod	z�_	r�r��
beijajkl��klijajkli�zq§¨nhdgwÕz��jk¤�jnhk{fhfo�jnhk¯d~§¬zo�jk¤d	zo�jk{nhf{�ÚÀ�z�dgijr��Úajkl��klijajf�dgi�zo�jk�z�klw��vk{no_Ãt
z��jnhk£���jb�}��«fo�jb¡§ïz�f`zo�jk kl´u�cbereb�pjnob��jwðf�z�_~zok	�t»`f`z��ck�z�klw��vk{no_~z��jnhk�b�ij}{nhk�_	fhk{f{��z��jk��É_~zok{n
w�dgr�k{}l�jreklfÉ�vdgfofhk{fof�wydgnok`��beijk¥z�be}³k{ijklno|	��fod z��j_~z�wydgnok`��_	nhzobe}lrek{f±}�_	i·klfo}�_~��k�§¨nhdgwñzo�jk
fo�jn�§¿_	}{k~�¯���ck�}{d	ijfokl´u�ck{ij}lk¤befxz���_~z�z��ck�_	wydg�jiXz£d	§É�É_~zok{n�b�iÚzo�jk�_~benxbef��jbe|	�jk{n*¾�z��jb�f
_	refhd«w�k{_	ijf z��j_~zqz��jk·}ldgijajklijf�_~zobedgiÅno_~z�k¤pvk{}ldgw�klf��jbe|g�ck{n z����jf�r�k�_	ajb�ij|�zod�_~ijd	z��ck{n
k{´��jber�bepjnhbe�jw\f�z�_~zok	�

Âò�ck{i¤z��jk`z�k{wy�vk{n�_Ãz��jnhk³bef±fo�cóy}lbek{iXzor���r�d��x�sb�}{k�}{_	i¤p�k`z�n�_~ijfh§¨dgnhw�kla�ajb�nok{}¥z�r¡��b�iXz�d
�	_~��dgn¢��b�zo�jdg�czÉ��_	fhfobeic| pX��zo�jk³r�be´��jbea�fhz�_~z�k¬z���_	ic�uf±z�d fh�jpjreb�w�_Ãz�bed	i��%»³fÉzo�jk�fo�cpjreb�w�_Ãt
z�bed	i¤n�_~zokmbef�ajb¡æ¦klnok{iXz�§¨nhdgwºzo�jkxkl�~_	�vdgn�_~zobedgi¤no_~z�k~�cz��ckx�~_	r��jk{f�d~§�zo�jkxf�_~zo�jn�_Ãz�k{a·�~_	�vdgn
�jnoklfofo�cnok�_	nokmicd	z�z��jkmfo_	wyk	�À�i·reb¡z�k{no_~z��cnok`zo�jbef��c�jk{ijd	w�klijdgi·bef©nhkl§¨klnonokla�_~f�f�_~zo�jn�_~zok{a
�	_~��dgnq�cnok{fhfo�jnhkÄd��	k{nybe}{k·_~fyd	�j��d	fok{aÅz�dz��ck¯fo_~z��cn�_~zok{aÅ�	_~��dgnq�cnok{fhfo�jnhkÄd��	k{nyrebe´��jb�a
�©_~zok{nl�
»`iX�u�É_��g�jpX��}{dgiX�	k{iXz�b�dgi��s���ck{i�ajk{_	reb�ij|x��b�z���}{dgiX�	k{nofhbedgicfÉ§¨nodgwYnhk{re_~z�b¡�gk����jw�b�ajb�z��

z�d·ajkl�W��dgb�iXzmz�k{wy�vk{n�_Ãz��jnhkyd	n�z�d¤�©_Ãz�k{nx�~_	�vdgnm�jnoklfofh�jnok~�¼z��ckykl´���_~z�b�dgiz�d¤z�_	�~k�b�iXz�d
_	}{}ldg�jiXz�b�iËz��jk·f�_Ãz��jno_~z�b�dgiÅ��_	nhzob®_	rÉ�jnoklfofo�cnok�d��	k{n��©_~zok{nl�Ékl�	k{ißb¡§`zo�jk·nok{_	r��j�X�ufobe}{_	r
fob�zo��_~zobedgi��±dg�jr�a¯r�k�_	a·b�i�zodqz��jkm§¨dgnhw�_~zobedgi�d	§�b�}{k~�

Þ2.� �.�  �,?Aå�B�?Aû 8'í
4I=>? í�8É@r6 £�©�¨/?
Â�kx��ijd��ôz���_Ãz¬zo�jkxk{´���_~zobedgi¯d	§¼z��jkx�©_Ãz�k{n��~_	�vdgn��jnoklfofh�jnok£bef¬_	i¯beij}lnok�_~fobeic|y§¨�jic}lz�b�dgi
d	§�zo�jk�zok{wy��kln�_~zo�jnokxpj�sz`zo�jk{nhk£b�f¬icd�fhbewy�jrekx_	ij_	r���z�b�}�_	r¦nok{re_~z�b�dgijfh�jbe���Ï��d�pX�u��_	fhf³z��jb�f

Æ Ò



beij}ldgiX�gk{icbek{iXz{�ck{wy�jb�nobe}{_	r�noklr®_~zobedgicf±_~nok³�cfok{a¤pX��w�k¥z�kldgnodgr�dg|gb�fhz�f¢_~ija��j�X�ufob�}{b®_~ijfÉd	§Kzo�jk
_~z�wydgfo�c�jk{nhk	�¢Ý`klnok�bef�_qfo�cdgnhz¬nok¥�ubekl�ád	§�z��jklfok�k{´���_~zobedgijf�À
éxd	æ«éxno_~z�}��çÀ¬���cbef�bef©zo�jkxdgnob�|gbei�_~rv§¨dgnhw �jre_ k{ajb¡z�k{a·pX�Äémd	æ_	ijaÄémn�_~zo}��Äb�i Ç�Ö ãXä

log10 es = −7, 90298
(

373, 16

Tk
− 1

)

+5, 028008 log10

(

373, 16

Tk

)

−1, 3816 10−7
(

1011,344.(1−Tk/373,16) − 1
)

+8, 1328 10−3
(

10
−3,49149.( 373,16

Tk
) − 1

)

+ log10(1013, 246)

���jklnok
es

bef±zo�jk�fo_~z��jno_~z�kla��©_Ãz�k{n��cnok{fhfo�jnhkmbei��jÌ�_q_	ija
Tk

b�f±zo�jk³z�klw��vk{nõt
_~zo�jnokmb�i Pq�

å�_	|gi��jf���klz�kli�À¬À�i Ç�Ö äXö�å�_	|gi��jf���klz�kli��jnhdg�vdgfokla¯zo�jkm§¨dgrer�d°��b�ij| kl´u�j_~z�b�dgi�À
log10 es =

7, 5Tc

Tc + 237, 3
+ 0, 7858

���jklnok
Tc
bef©zo�jkmz�k{wy�vk{n�_Ãz��jnhkmbeiUõ�Ê³�

÷Ï_	befo_	r®_�À À�i Ç�Ö Ø	×c�	÷Ï_	b�f�_	re_¬��_~f|gb��	k{i z��±dmk¥Ás�jnoklfofhbedgijf¢d	§êzo�jk©f�_Ãz��jno_~z�kla �	_~��dgn��jnoklf�t
fo�cnok	�Xd	ijk©�jfhbeij|mk¹Ác�vdgijkliXz�fd	§ Ç ×�_~ijaqdgijk©�cfobeic|x_	i k¥Ás�vdgijkli�zob®_	rs§¨�jij}lzobedgiçÀ

es = 6, 1 10
7,5Tc

237,3+Tc

es = 6, 1 exp

(

17, 27Tc

237, 3 + Tc

)

���jkm��nhfhz�§¨dgnow��jr®_~zobedgi�bef�bei¤§¿_	}¥z��gklnh�·fob�w�b�r®_	n¢z�d�å�_	|	iu�cf¬��klzok{i�øùf¬dgijk	�
ÈÉdgr�zodgi�À Ðuzoberer�bei Ç�Ö Ø	×c�jÈÉd	r�z�d	i¤�jnodg�vdgfhk{aÄ_	ijd	zo�jk{n�fob�w�b�r®_	nÏk{´���_Ãz�bed	i�À

es = 6, 112 exp

(

17, 67Tc

243, 5 + Tc

)

Ý¬�ur®_	icaÄ_~ija¯Â�k¥Ásr�k{n;À�À�i¤z��ck{ben��j_	��kln©§¨nodgw Ç�ÖgÖ Ò ��Ý¬�ur®_~ija·_	ija·Â�k¹Ásrek{n�fh�j|g|gklfhzok{aÄzo�jk
§¨dgr�red���beij|�k{´���_~zobedgi�À

log10 (es/100) = −0, 58002206 104 1

Tk
+ 1, 3914993

−0, 4864768 10−1Tk + 0, 41764768 10−4T 2
k

−0, 14452093 10−7T 3
k + 6, 5459673 log(Tk)

Æ ã



ÐsdgijiXz�_~|�À À�i Ç�ÖgÖ ãj�jÐsdgijiXz�_	|��cnodg�vdgfokla¯zo�jkm§¨dgrer�d���beij|�§¨d	now �jre_~z�b�dgi�À
log10 es = −6096, 9385

1

Tk
+ 16, 635794

−2, 711193 10−2Tk + 1, 673952 10−5T 2
k

+2, 433502 log(Tk)

í�b�k{pvkQÀ íKbeklp�km|X_��	kxzo�jkm§¨dgrer�d���beij|�§¨d	now �jre_·µ Ç�Ö	Ö ög¸¶À

es = 2, 408 1011
(

300

Tk

)5

e
−22,644 300

Tk

À���Î�tõ^áÌ¢ã Æ Ò tõØ�À����jk�À�iXz�klnoi�_Ãz�bed	i�_	r¢�¼klrekl}{dgwyw �jijb�}�_~zobedgiÚÎ¬ijbedgi�nokl}{dgwyw�klijajf£_¯§¨dgnõt
w �jre_~z�b�dgi��	k{nh�·}lredgfhk�z�d�÷Ï_	befo_	r®_sø8f©d	ijkQÀ

es = 6, 1121 exp

(

17, 502Tc

240, 97 + Tc

)

ÈÉ�j}���À À�i Ç�Ö	Ö ä½ÈÉ�j}��Ú�j�va�_~zok{aË�jb�f��jnhkl�ubedg�cf�k¥Ás�jnhk{fhfobed	iÅ§¨nhdgw Ç�Ö Ø Ç �Ä����_Ãz pvk¥t
}�_~w�kOÀ

es = 6, 1121 exp

(

18, 678 − Tc

234, 5
.

Tc

257, 14 + Tc

)

Â¶å » À ���jkmÂ�dgnor�a�å¯klz�kldgnod	redg|gb�}�_	r » no|X_	icbef�_Ãz�bed	i��jnod	��dgfhk{f�z��ckx§¨d	now �jre_�À
log10 es = 10, 79574

(

1 − 273, 16

Tk

)

−5, 02800 log10

(

Tk

273.16

)

+1, 50475 10−4
(

1 − 10−8,2969
Tk

273,16
−1
)

+0, 42873 10−3
(

104,76955.(1−273,16/Tk) − 1
)

+0, 78614

z��cbef£§¨d	now �jre_~z�b�dgibef£ajk{nhb��gkla�§¨nodgwÙémd	æ�øùf Ç�ÖgÆ öÄ��_	�vk{nl��Â�k�nokl}{dgwyw�klija
z��ck¤beiXz�klnok{f�z�klaÞnok{_	ajkln z�d��_��gkÄ_«redudg��_Ãz z��jk·�jb�fhzodgnh��_	ijaËz��jk·nhk{r®_Ãz�b��	k
}{d	w�wyk{iXz�f�|	b��gkliÄpX��÷³úgwyk{r e ã�öxf��

Þ2.� �.\Þ �,? :I£�©z4I:
À�i�z��jk���nhfhz�z��±dq��|g�jnhk{f{�j�±km�jr�d	zozok{a�z��ck{fokm§¨�jic}lz�b�dgijf©b�i¤dgnoack{nÉzodq}{dgwy��_	nhk³z��jklwÄ�ªÂ�k
_	refhd�_	acajk{a�§¨�cij}lzobedgijf�}{d	w�b�ij|¯§¨nhdgwûreb�ijk�_~nmbeiXz�klno�vdgr®_~zobedgid	§±z�_	pc�jr®_~zok{aÚ�	_~re�jklf{�¤���jk
nokl§¨klnoklij}{k z�_	pjreklf³z��j_~z��±kq�jfoklaÚ}{_	wyk�§¨nodgwë^�dg|gk{nhfm_	ija ^±_~� e8Ò Ø�f¢_	ija½§¨nhdgwüz��jk��±k{p

ÆgÆ



fob�zok¤Ý¬�u�vk{noÌ¢�X�ufob�}{f e Ô Ò fÓ�ÚÂ�k¤icd	z�b�}{k�b�w�wyk{ajbe_~z�klr��«zo��_~z zo�jk¤|gb��	k{iÅi��jw pvk{nhfyacd«ijd	z
}{dgnhnok{fh��d	ija�k¥Ác_	}¥z�r¡�g��À�§��±k�r�dsd	�«}�_	nhkl§¨�jr�r��«z�d¯z��jky��nof�zq|gno_	�j�����Ék�}{_	i�nhk{w�_	no�½zo��_~z
z��jk�}l�jnh�	km§¨nodgwYz��ckxÝ¬�u��kln�Ì�X�ufobe}lf�z�_	pjr�k{f©b�fÉfhrebe|	��zor���ajb¡æ¦klnokli�zÉ§¨nodgw\z��jkmd~z��jklnof{����cbef
bef�ac�jk�z�d�bewy�jnokl}{befhbedgiÚbefhfo�jklaË§¨nodgwûz��ck�nodg�c|g��beiXzok{no�vdgre_~z�b�dgi�À�zo�jk�|gb¡�gk{i���dgb�iXz�f _~nok
ijd	z�}lredgfhk�k{ijd	�j|g���ªÂ�km}�_	i¯_	r�nok{_	ac�y}{dgic}{re�cajk�z���_Ãz��szodqk{f�z�bew�_~zok`z��ckmf�_~zo�jn�_~zok{a¤�~_	�vdgn
�jnoklfofo�cnok	�êb¡z�bef��jnhkl§¨k{no_	pjr�k�z�d��jfokx}ldgiXz�bei��jd	�jf�§¨�jij}lzobedgicf{�ê_	ija¤zo��_~z�z��jkmwyk�_~fo�jnhk{wyk{iXz�f
fo�jdg�crea·dgijr¡��pvk��cfok{a¯z�d�foklrekl}lz�z��jkxpvk{f�z`nhk{re_~z�b�dgijfo�cbe���

À�i«zo�jk rekl|gk{icaÚd~§z��jk ��nhfhzm��|	�jnok~���Ékq}{_	ifok{k z��±dÄéxd~æËémn�_~zo}��}{�jn��gk{f*¾�zo�jk ��nhfhz
dgijk�nhkl§¨klnof³zod�z��ck k{´���_~zobedgi¯z���_Ãz³�É_	f�bewy�jr�k{wyk{iXz�kla�_	ica½bei¯���jbe}��«b¡z`�É_	f³}ldgijfhbeajklnok{a
z���_~z�zo�jkxk{´���_~zobedgi¯_	pvd��gk�be}lkmfo�jdg�crea·p�kx�czober�beÛ{kla¤�jijajkln©t�ãX×.õ�Ê³�
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Vaisala1
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Liebe
ITU
Goff−Gratch1
Goff−Gratch2
Tabulated HyperPhysics
Tabulated Rogers & Yau

Í�be|g�cnok Ò � Ç Àªéxno_	�j�jb�}{fd	§vz��jk�fo_~z��jno_~z�b�dgiq�~_	��d	n�jnoklfofo�cnok`_	fÏ_x§¨�jic}lz�b�dgi�d	§vz��jk�z�klw��vk{nõt
_~z��jnhk ��b�zo�Úr�dg|X_	nhb�zo�jw�b�}£fh}�_	r�kÄµþý'~��k}»�7��~k}h¸¹��émd	æêt�émn�_~zo}�� Ç nok¥§¨k{nhfxzod¤z��jkq§¨dgnhw �jr®_Ãz�bed	i
���jk{nhk³z��jk¬§¨�jij}¥z�bed	i�befÏfo�cnok�_~a¤beiXz�d�z��Éd �j_	nhzof{�cd	ijk`§¨dgn¢z�klw��vk{no_~z��cnok{fÉ_	pvd°�	k³ãX×.õeÊß_	ija
dgijk£§¨d	n`z�klw��vk{no_~z��cnok{f`�jijajkln�ãX×.õeÊ³��À�i½§¿_	}¥z³zo�jk���_~nhz��cijajk{n³ãX×�õeÊáb�f`z��ck£§¨dgnhw �jr®_Ãz�bed	i
_	p�d��	k³be}lk³_~ija�ijd	zÉ_	pvd��gk³r�be´��jb�ay�É_~z�kln{�ªÂ�k³��_��	k�fokl��_	n�_Ãz�k{a�z��jk¬��|g�jnhk³beiyz��Éd�|gn�_	�c�st
be}{fÏ§¨dgn©wydgnok¬}{re_	nob¡z��g��Â�k�}{_	i¤dgpjfhk{nh�	kmz���_~zÉk¥Ás}{kl�cz�z��ckxéxd~ævtõéxno_~z�}�� Ç §¨dgnow �cr®_~zobedgiy_	r�r
z��jklfok�}{�jn��gk{f`_	nhkx�	k{n��·}{red	fok�z�d�k{_	}���d	zo�jk{nl�
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Í�be|g�cnok Ò �!Ô�À£éxno_	�j�jb�}{fmd	§±z��jk�fo_~z��jno_~z�b�dgi«�~_	��d	n��cnok{fhfo�jnhk�_	f�_¤§¨�jij}¥z�bed	iÚd~§Éz��ck�zok{wqt
��kln�_~zo�jnokm��b�zo�·redg|X_~nob�zo�jwybe}�fo}{_	rek�µz�$�����xÏH�)�7��~�}h¸¥�
»`f`zo�jk£}l�jnh�	k{fm_~nokx�gk{n���}lredgfhk�zod�k{_	}��½d	zo�jk{nl�¦_	ica½_	f�z��jk£�jnoklfofh�jnok no_	ij|gk�bef�´��jb¡z�k

r®_	nh|gk	��b¡zmbef³beiXz�klnok{f�z�b�ij|¤z�d¤ajb�fo�jre_��Äz��jkqacb�æ�k{noklij}{klfxp�k¥z��Éklk{i�zo�jk{fhkq§¨dgnow �cr®_	fm_~ijadgijk
d	§�z��jklwºz�_~�	k{iÄ_	f�_qnok¥§¨k{nhk{ij}lk	�ÏÍ�dgrer�d°��b�ij|£zo�jkmk¥Ác_	wy�jr�k�d	§�÷�úgwyk{r��u�±kx}��jdgfokmzo�jk�éxd~æ
éxno_~z�}��·k{´���_Ãz�bed	i¯pvk{}{_	�jfhk£b¡z�bef©z��ck�wydgf�z���beajklr����cfok{a¦�
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Liebe
ITU
Goff−Gratch1
Tabulated Rogers & Yau
Tabulated HyperPhysics
WMO
Hyland & Wexler
Sonntag
Magnus Teten
Buck
Bolton

Í�be|g�cnok Ò � Ò À©émn�_~�j�jbe}xd	§�z��jk�ajkl�ube_~z�b�dgi¯§¨nhdgwüémd	æêt�émn�_~zo}��Äd��gkln³r�be´��jbea¤�É_~z�kln¬§¨d	now �jre_
beiy�jk{}¥z�dg��_~fo}�_~ref{����ck`}lnodgfhfok{f©_	nok�z��ck`z�_~pj�jr®_Ãz�k{a��~_	re�ck{f{�¼Â�k¬}�_	i�_	renhk�_	as�qijd	zobe}{k�zo��_~z
z��jkmz��±dy÷Ï_	b�f�_	re_c��z��jk�íKbeklp�k�_	ija¤zo�jkxÀ���Îô§¨d	now �jre_	km_	nhkxijd	z�z��ck�pvk{f�z¬}��jdgbe}lk{fl�
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Vaisala1
Vaisala2
Liebe
ITU
Goff−Gratch1
Tabulated Rogers & Yau
Tabulated HyperPhysics
WMO
Hyland & Wexler
Sonntag
Magnus Teten
Buck
Bolton

Í�be|g�cnok Ò �ùã�À¼éxno_	�j�jb�}Ïd~§cz��ckÉajk¥�sbe_~z�b�dgim§¨nodgwPémd	æêt�émn�_~zo}��£d��	k{n�r�be´��jb�ax�É_~zok{n¼§¨d	now �jre_�bei
��klno}{kliXz�f{�¢À�zÏbef¢dgpX�ubed	�jfz���_~z¢zo�jk¬z�_	pj�jre_~z�klay�~_	r��jk{fÏ_	nhk�ajb�æ�k{nhk{iXz©_Ãz±�cbe|g�qz�klw��vk{no_~z��cnok
ajk{�vk{ijacbeij|�dgi·z��jkxa�_Ãz�_qdgnob�|gbei¦�

���ckmk{´���_~zobedgijfÏz���_ÃzÉ�jz©zo�jk�pvk{f�z©��b�zo��z��jk³dgpjfoklnh�~_~zobedgijf©_	nok�éxd	æêt�émn�_Ãz�}�����Â¶å » �
ÈÉ�j}��â_	ijaÞÈÉdgr�zodgi��â���jk«åÄ_	|gi��jf�_	ijaÞ��klzok{ißfhk{klw�klaÞz�dÚp�kÄ_|gdsduaâ}��jdgbe}lkÄb�iâzo�jk
|gn�_	�c�jbe}`d	§�z��jkx_	pcfodgr��cz�k�ackl�ub®_~zobedgi¦�cpj�cz�b�i�z��ckm|gn�_	�c�jbe}�d~§�zo�jkmnoklr®_~zob��	k�ajkl�ube_~z�b�dgi����Ék
}�_	i�dgpjfoklnh�	k�_Äpcbe|¯ajb�æ�k{nhk{ij}lky��b¡z���zo�jkyw�k{_	fo�jnhk{aÚ�	_~re�jklf�_~z�r�d°�ÿz�k{wy�vk{n�_Ãz��jnhk{f{���¼d
}��jdsd	fok�pvklz��±k{kli½z��jk�noklw�_~beijb�ij| §¨dgnow��jr®_~zobedgicf{��_	f¬z��jkxz�_~pj�jr®_Ãz�k{a·�~_	re�ck{f`_	nok�ajb�æ�k{nhk{iXz
_	ijaÄ_	f¬�±k�ajd�ijd~z`�j_��	k _	iX�·klfhz�b�w�_Ãz�bed	i¤d	§�zo�jk£klnonhdgnofl�ê�±kxz��jb�ij��z��j_~z`�±k�fo�jdg�crea¯�jfok
_y}ldgw��cnodgwybefhk	����jb�f`}ldgij}{r��jfob�dgi·bef�}{d	ijfodgr�bea�_Ãz�k{a·pX�¤z��ck£}l�jnh�	k�nokl��d	nhz�klaÄd	i¯÷³úgw�klrÓøùf
�Éklp¤��_	|gk�nhkl§¨klnonob�ij|£zod k¥Ás�vk{nhbewyk{iXz�_	r�w�k{_	fo�cnok{wyk{iXzof©w�_~ajk³pX��Íê�c�u�sz�_q_	ija¤éxno_	w�_~a�_
���jbe}��«_~nok�ajb�æ�k{nhk{iXz�_~f`�±k{rer�_~z`red��Uzok{wy��kln�_~zo�jnokx§¨nod	wðz��jk£dgijk{f`nokl��dgn�z�kla½�jk{nhk	�����jk
�jnodgpcrek{w d	§�z��ck¯wyk�_~fo�jnhk{wyk{iXz�fqd	§�zo�jk��©_Ãz�k{nq�~_	�vdgn �jnhk{fhfo�jnhkÄ_Ãz�red��\z�k{wy�vk{n�_Ãz��jnhk{f
fo�jdg�crea·fhzoberer�p�kx}ldgijfob�ajk{nhk{aÄ_	f¬_	i¯dg��kli·befofh�jk	�

» �jn�dg�jbeicbedgiÚbef�zo��_~z ÈÉ�j}��êø8fq}l�jnh�	k·_	ijaÅÈÉd	r�z�d	i�ø8f£dgijk��j_��	k·_	i�k¹Ác}lk{r�rek{iXz �czoz�b�ij|
��b�z��z��ck��~_	re�ck{fx|gb��	k{i�bei�^�dg|gklnof�_	ijaQ^±_	����pj�cz�z��jb�f£b�f�fhreb�|g�Xz�r��½_	nhzob���}lb®_	r�fobeic}{k�zo�jk
}{duklóy}{b�k{iXz�fy��_��gkÄp�klk{iÞ}��cdgfokliÞ§¨dgnq�jzozobeij|z�dz��cbef���_	n�z�be}l�jr®_~n a�_~z�_�fok¥z��âÂ�k·�Éd	�jrea

Æ	Ö



nok{}ldgwyw�klija�klb�zo�jk{nqz��ck·Â¶å » §¨dgnow �cr®_�z��j_~zy��_	fyp�klk{iÞnhkl�ubefhb�zok{aâbeiÞÔ	×g×g×c�Ïpvk{}�_~�jfok
z��jb�f¬}l�jnh�	k£|	b��gklf¬zo�jkxp�klfhz¬�jzozobeij|q��b¡z��Ä_	rer¦zo�jkxz�_	pjr�k{f�b�iÄw�����dgfhfoklfofob�dgi��êdgn�z��ck émd	æêt
éxno_~z�}���øùf�dgijk�_	f�fo�j|	|gk{f�z�k{a·pX��÷³úgw�klr¦pvk{}{_	�jfokmb¡z©b�f©fhzobererv}{d	ijfob�ajk{nhk{a¯_	f©z��ckmnokl§¨klnoklij}{k
k{´���_~zobedgi·pX�¤w�_	iX�¤w�k¥z�kldgnodgr�dg|gb�fhz�f±bei¤z��ck�no_	ij|gkm§¨nhdgwñt Æ ×�õ�ÊÜz�d Ç ×XÔFõeÊ³�
»`iX�u�É_����Ék¬fo�jd	�jreaynoklw�_	b�iq}{dgicfo}{b�dg�jfz��j_~z¢z��jk�ajb¡æ¦klnok{ic}{k{fÏpvklz��±k{k{i�z��jk�§¨dgnhw �jr®_~k

_	nok£dgijr��¯_y§¨kl�P���jijajnhk{aczo�«d	§¢�jk{}¥z�dg�j_	fo}{_	ref³_~z��jb�|g�Äzok{wy��kln�_~zo�jnok£pj�cz³}�_	i½nhk�_	}�� Æ��
_~zxÔ Ç ×TPY_	ijaÚÔ Æ�� _Ãz Ç Ø Æ P��v���jb�f³bef`ijd�nhk�_	r�r��·}{nhb�zobe}�_~r�b�fofh�jk bei�dg�jn�_~�j�jreb�}�_~zobedgicf{�v_	f
�©_~zok{nÉ�~_	�vdgn©�cnok{fhfo�jnhkmbef©icd	z�bewy�vdgnhz�_	iXz©_~zÉ�jbe|	�¤_	r�zob�zo�jajk{fl�cpj�sz©z��jk³k{nonhdgn©b�ijaj�j}lk{a¤pX�
z��jk�fo_~z��cn�_~zok{aÅ�jnoklfofh�jnok¤§¨dgnhw �jr®_¯bei�zo�jk¤k{f�z�b�w�_~zobedgi�d	§��É_~z�kln �	_~��dgn��jnoklfofo�cnok·�jfob�ij|
ajkl�á��dgb�iXz�z�k{wy�vk{n�_Ãz��jnhkmbef�ijd	z¬ijkl|greb�|gbepcrek¬bei¤z��jkx�j�c��kln`_Ãz�wydgfo�j�ck{nok~�

Þ2.� �.[0 �Q8/6ð;¨É@7BD:<8'¤ û|Bz4I= 47=�? í�8É@M6 £>©�¨ £>:<? ¥ í�8É@ý4I=>? Õ·3¢êô�
=�BDú'=�è�@r? :<8'©D£ó4IBD8'¤ ;>@78 � ©�? :

���jk�Èq»³²mÊW�jbe|	�st�nhk{fod	re�czobedgi�jnhd	��reklf�}ldgiXz�_	b�i�wydgnok���k{r�ajf£zo��_	iÚz��jk�fhz�_~ija�_	nha�dgijklf{�
Íêd	n�k¥Ác_	wy�jr�k	�	�±k©}�_~i��jijaqp�d~z�� nhk{r®_Ãz�b��	k©���jwybeajb¡z���_	ijaqajk¥�Þ�vdgbeiXz¼z�k{wy�vk{n�_Ãz��jnhk	�����cbef
_	rer�d°��fÏ�jfÉzod }��jkl}������jbe}���§¨d	now �jre_x�É_	f©�cfok{a·}ldgw��j_	nob�ij|�zo�jk�|gb¡�gkli¤nok{re_~z�b¡�gk¬���jw�b�ajb�z��
z�d·z��jk�dgijk�}{_	re}l�jr®_~zok{a«§¨nod	w ajkl�W��dgb�iXz�zok{wy��kln�_~zo�jnok~�X»³fofh�jwybeij|·z���_Ãz�È�»�²mÊî�cfok{a
z��jk¬f�_	wyk¬k{´���_~zobedgi�§¨dgn¢fhz�_	ija�_	nha�nhk{fod	re�czobedgiya�_~z�_c�Xz��jb�f¢��b�rer�kli�_	pjr�k`�jf¢z�d�|X_	b�iy§¨�cnhz��ck{n
_	}{}l�jn�_	}¥�¤bei¤zo�jkxajklzok{nowybeij_~z�b�dgi¤d	§�z��jkm�É_~z�kln��~_	�vdgn��jnhk{fhfo�jnhk	�

» i�zo�jk�|gn�_	�c�jbe}lf³pvk{red��U�±k�}ldgwy��_	nokla�z��ck£ajb¡æ¦klnokli�z`�©_��uf³zod�nokl}{dgwy�j�czok�nhk{r®_Ãz�b��	k
�u�cw�b�ajb�z��xb�i dgnoack{n�zodmk{fhzobew�_~z�kÏ���jbe}��qkl´���_~z�b�dgi��É_	f�jfhk{a�pX��z��ck�Èq»�²�Ê³�gÀ�zªdgpX�ubed	�jfor¡�
_	�j�vk�_	nhf�z���_Ãz�z��ckl��acbea�ijd~z �jfhk¤_�z��Éd«�j_	nhz£§¨�jij}lzobedgi�pj�czqfhbewy�jr��Ú_�§¨dgnhw �jre_Ä_	pvd��gk
rebe´��jb�a��É_~z�kln{�

Í�dgn�w�dgnhk©}{r�k�_	nhijk{fhf{�g�±k��jred	zhz�klaqdgi�_mfok{}ldgija�|gno_	�j�jb�}É§¨ds}l�jfob�ij|�z��ck�w�dgnhk©�jnhdgp�_	pjr�k
§¨dgnow �cr®_	k~��Â�kx}{_	i·nok{w�_	nh��k�_	fhber¡��zo��_~z�z��jk£émd	æêt�émn�_~zo}��¤k{´���_~zobedgi·ajduk{f�ijd	z�w�_~zo}����

äg×
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Gibraltar 01/01/04 at 11h

Vaisala1             − bias: 1.2715
Vaisala2             − bias: 1.2727
Liebe                  − bias: 0.23323
ITU                     − bias: 0.90821
Goff−Gratch1       − bias: 2.2476
WMO                 − bias: 0.18332
Goff−Gratch2       − bias: 0.71881
Hyland & Wexler − bias: 0.105
Sonntag             − bias: 0.1229
Magnus Teten     − bias: 1.2715
Buck                  − bias: 0.3687
Bolton                − bias: 0.67801

Í�be|g�cnok Ò � Æ Àémn�_	�j�cbe}¬d	§�z��ck�ajb�æ�k{nhk{ij}lk³pvklz��±k{kli·zo�jk³|	b��gkli�noklr®_~zob��	k`���jwybeajb¡z��y_	ija�zo�jk
nok{re_~z�b¡�gk±�u�cw�b�ajb�z���nokl}�_	r�}{�jre_~z�kla §¨nodgwôzo�jk�|gb��	k{iqajk¥�Þ�vdgb�i�z�z�k{wy�vk{n�_Ãz��jnhk�_	f_³§¨�jic}lz�b�dgi
d	§czo�jkÉ_~r�z�b¡z��jack	�¼éxd~ævtõéxno_~z�}�� Ç nhkl§¨k{nhf�zod¬zo�jkÏbewy�jreklw�kli�zok{am§¨�jij}¥z�b�dgi�_~ijaqémd	æêt�émn�_~zo}��êÔ
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4 fields available
3 fields + altitude recalculated
badc filter
High−resolution
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k{´��jber�bepjnhbe�jwñ_	ica¯zo�jkx��klnh§¨k{}¥z¬|X_	f�r®_��x�

−dp = gρ dz
_	ija

p = RρTÈ±kl§¨dgnhk�|	klzozobeij|�_�f�_Ãz�bef�§¿_	}lzodgnh��k{´���_~zobedgi¤�±k�zonob�k{a¯_ �gk{n��·nodg�c|g�¯_	�j�jnhd�Ásb�w�_~zobedgiçÀ
Z1 = Z0 + Rd
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Tvi =
Ti

1 − (ei/pi)(1 − ε)
; gi = g

(

h + RT

RT

)2 _	ija
g = 9, 807(1− 0, 0026 cos(2φ))
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k{nonhdgnmfo�cajajk{icr��k¥Ás�jr�dsack{fx�j�z�d Ò � _~zmzo�jky�jbe|g�ck{nmrek¥�gklref{� » �jnmdg�cbeijb�dgi«bef�zo��_~zxz��jb�f
klæ�k{}lz¬b�f�aj�jkmz�dybei�_~}{}{�cn�_	}lbek{f�_Ãz��jbe|g�¯_	r¡z�b¡z��jajk³bei¤z��jkxdgnhbe|gb�i�_	rva�_~z�_�fhklz{�
ÃÌ÷�Ò3ÔXä_Ø?×ÛËÓÙÝÈ%$FËÓÔSÕ��QÔS×ÅÈ�ËtÙÝ×tÔÂØ]Ú	È/�QÊÌËtØAËtØ?Í¶ÙOÚ�ËtÔàÕX�QÔS×ÅÈ�ËÓÙ3×ÓÔ ÙOÚÛÔ¬å\ËÓÍ Ô¬È¶ÚtØ&$?Ï\â	×ÓØDËÓÔ ËtÒ3ÔÉ�QÔS×tÇøÔàÊèË+á�È¶Ú'$]È�âÇøÍ�×ßÕ Í�Ø?ÚÛË\È¼Ø?×ZÇ

p
Ø]Ú ËtÒ3Ô�ÕßÍ¶Ø]Ú,Ë\È¶ØA×��3×ÓÔàÚÓÚÛÙÝ×tÔ�È¼ÆÝå

ρ
Ø?Ú ËÓÒ3Ô�ÕßÍ¶Ø]Ú,Ë\È¶ØA×»åaÔàÆÝÚÛØAË,Ï�Êûâ	ØDËÓÒbËÓÒ3Ô�ÚtÈ¶ÕßÔôá;È¶ÚÊSÍ¶ÆÝÚÛËÓÈ¶Æ;Ë	È�Ú)ÇøÍ¶×+åa×ÓÏôÈ¶ØA×��

p = RdρTv

ä	ã



» ijk�d	§±z��jkq§¨dgr�red���beic|�|gn�_~�j�jbe}lfmfo�jd���f�z��jk�wyk�_	inoklr®_~zob��	kyklnonhdgnofm§¨dgn�zo�jk Ç ã	z��Úd	§
k�_	}���wydgiXz��Ú§¨dgnmz��jky�~_	nob�dg�jf�_~zozok{wy�cz�fl��b�i�dgnhajk{nxz�d¯�gklnob�§ï�zo��_~z�z��jklnok��±k{nhk�ijdÄnok{_	r
ajb�æ�k{nhk{ij}lk{f�bei¤z��ck�nhk{fh�jr�zof`_~redgij| zo�jkm�gk{_	n{�

0 2 4 6 8 10 12
2

4

6

8

10

12

14

16
x 10−3

month

m
ea

n 
re

la
tiv

e 
er

ro
r

Rdry Pdry
Rtotal Ptotal
Rdry Ptotal
g corrected Rdry Ptotal
g corrected Rdry Ptotal Tv

Í�be|g�cnok Ò �!Ø�Àyéxno_	�j�jb�}�d	§�zo�jk�wyk�_	i�noklr®_~zob��gk�k{nhnodgnhf£§¨dgn�z��jk Ç ã	z���d	§�k�_	}��ËwydgiXz���§¨dgn
z��jk��~_	nob�dg�jfÏ_~zhz�k{wy�czofÏd~§K_	r¡z�b�zo�jajk©nhk{}{_	re}l�jr®_~zobedgi¦�¼���jk¬pjr��jk�}{�jn��gk³b�f§¨dgn¢ajnh��_~benª�~_	re�ck{f
§¨dgn�z��jkx�jnhk{fofh�jnok�_	ija¯z��jk�|X_	f�}{d	ijfhz�_	iXz��É���ck�|gnhk{k{iÄ}{�jn��gk��jfoklf`zod	z�_	rK�cnok{fhfo�jnhk _	ica�_
�Éklbe|g�Xz�kla��~_	re�ck�§¨d	n�zo�jk�|g_	f£}ldgijf�z�_	iXz��·���jk�nokla�}{�cnh�gk��jfoklf£z�d~z�_	r¢�jnhk{fofh�jnok�_	ija�zo�jk
|X_	f�}ldgijf�z�_	iXz d~§�ajnh��_	b�n{�¯���jk�}l�g_	iË}{�cnh�gk��jfoklf z��jk�f�_	wyk��~_	r��jk{f�_	f£zo�jk��jnhk{}lk{ajkli�z
dgijk	��pj�cz���b�zo��}ldgnonhk{}¥z�bed	i�d	§Éz��jky|gn�_��ub�z��«_	}{}lk{rekln�_~zobedgi¦�����jky�j�jnh�jreky}{�jn��gk��jfoklf�ajn��
_	ben©}ldgijf�z�_	iXz����uben�z���_~r�z�klw��vk{no_~z��cnok{f¬_	icaÄ}ldgnonhk{}lzobedgi·d	§¼|j�

ä Æ



0 200 400 600 800 1000
−0.015

−0.01

−0.005

0

0.005

0.01

0.015

0.02

0.025

0.03

pressure [hPa]

re
la

tiv
e 

er
ro

r
Aberporth 14/11/00

pdry
Rtotal
Rdry ptot
g corrected
g corrected Rtotal

Í�be|g�cnok Ò � Ö Àémn�_	�j�cbe}·d	§�zo�jk�nhk{r®_Ãz�b��	kÄklnonhdgn�_~f�_Ú§¨�cij}lzobedgi�d	§�z��ck��jnhk{fofh�jnokÄ§¨dgnyzo�jk
Ç ã)( ÇgÇ (gÔ	×g×g×�_~z Æ ���

ägä



0 200 400 600 800 1000
−0.025

−0.02

−0.015

−0.01

−0.005

0

0.005

0.01

0.015

pressure [hPa]

re
la

tiv
e 

er
ro

r
Aberporth 14/4/00

pdry
Rtotal
Rdry ptot
g corrected
g corrected Rtotal

Í�be|g�cnok Ò � Ç ×�À�émn�_	�c�jbe}�d	§�z��jk�nhk{re_~z�b¡�gk�klnonod	nq_	fq_�§¨�jic}lz�b�dgiËd	§�z��ck��jnoklfofh�jnok¤§¨dgn�zo�jk
Ç ã)(	×	ã*(gÔ	×g×g×�_~z Æ ���
Ðu�jno�jnhbefhbeij|gr¡�x�Ék�nok{_	reb�fokla z���_~z�z��jk©��nhfhz¢kl´u�j_~z�b�dgi z���_Ãz�Ék�z�nhbekla��	z��ck�dgijk�fo�c�j��d	fok{a

z�d¬p�kÏz��jkÏrek{_	fhz¼�j�X�ufobe}{_	rÓ�°�É_	f�}lredgfhk{fhz¼z��jkÏ|gb¡�gk{i��~_	re�jklf{�¼���jkÉwydgfhz��jnhdgp�_	pcrek¢nok{_	fodgi£§¨dgn
z��jb�fÉnoklfo�jr¡z�befÏz���_ÃzÉz��ckmnok{re_~z�b¡�gk¬k{nhnodgn©b�fÉfhdqred��Üz���_Ãz©z��jk³ajb�æ�k{nhk{ij}lk{f�d	§�nhk{r®_Ãz�b��	k³klnonod	nof
_	nok`aj�jk³zod�i��jwyk{nob�}�_	rvajb�fo}{nhk{��_~ij}{b�k{f©no_~z��jkln±zo��_	i�zod w�b�fhz�_	�	klfÉbeiyz��jk³�j�X�sfhbe}{_	r¦wydsack{rÓ�
»³ijd	zo�jk{n£fodg�cno}{k�d	§�bewy�jnokl}{b�fobed	i�w�_���pvk�ac�jk�z�dÄz��jky§¿_	}lz£z���_~z£z��jki{õwydgfhz£�j�X�ufobe}{_	r��
k{´���_~zobedgi�beiXz�nhdsaj�c}{k{f£w�d	nokyw�k{_	fo�jnhk{wyk{iXz£k{nonhdgnof£p�kl}�_	�cfok�wydgnoky�j�X�ufob�}�_	r¢�~_	re�jklf�_~nok
beiXz�nhdsaj�c}{k{a¦�$»`f`z��ck�ajb¡æ¦klnok{ic}{k{f³p�k¥z��Éklk{i½z��ck w�duajklref��Éklnok wybeicdgn£µ¿reklfof¬z��jkli«×c�8×g× Æ ¸¹�
�Ékx}��jdgfhk�zod�noklz�_	bei¤zo�jkxfobewy�jr�k{fhz�kl´���_~z�b�dgi��

Â�kÚ_	refhdËajk{}lbeajklaàzodÅ�	k{kl�¶zo�jkÚ_	r�zob�z��cajkÄ�~_	r��jk{f¤���jkliàzo�jkl�ß�±k{nhk�|	b��gklià_	ijaòz�d
nok{}{_	re}l�jr®_Ãz�k�z��jk��cnod	��r�k³dgicr������jk{i¤zo�jk³z��cnok{k³d	z��jkln±��klreajf±�Éklnokx_��~_	bere_	pjrek�pvk{}{_	�jfok³dg�jn
�j�jno�vdgfhk��©_~f�z�d½�cfok¤_	f£klóy}{b�k{iXz�r¡��_~f��vdgfofhbepjr�k�_	r�r¢zo�jk�b�ic§¨dgnhw�_~zobedgid	§�zo�jk�a�_Ãz�_Äfhklz
_	ija·ijd	z�z�d�ajb�fo}l�jfof�z��jkx|gb¡�gkli·�~_	r��jk{fl�

À�i�dgnoajkln±zod£�~_	reb�a�_~zok�zo�jbef±w�k¥z��jdua��X�±k�}{dgwy��_	nhk{a�zo�jk³d	pcz�_	b�ijk{a��jnod~��reklf±��b�zo���jb�|g�
nok{fhdgre�sz�bed	iÄ�jnhd	��r�k{f{��Â�k�}�_~i�foklk bei¯z��jk�§¨dgrer�d���beij|�|gno_	�j�jb�}{f�z���_~z`z��jk£nok¥z�nob�kl�~_	r�d	§ªzo�jk
_	r�zob�z��cajk�nok{_	rer¡��b�w��cnod��gklf�zo�jk�_	}{}l�jn�_~}l�¤d	§�z��ck��cnod	��r�k{fl�

äXö



0 200 400 600 800 1000 1200
0

0.5

1

1.5

2

2.5
x 104

pressure [hPa]

al
tit

ud
e 

[m
]

Aberporth 02/01/2000

4 fields available
3 fields + altitude recalculated
badc filter
High−resolution
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4 fields available
3 fields + altitude recalculated
badc filter
High−resolution
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Aberporth 02/01/2000

4 fields available
3 fields + altitude recalculated
badc filter
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Aberporth 02/01/2000

4 fields available
3 fields + altitude recalculated
badc filter
High−resolution
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Aberporth 02/01/2000

4 fields available
3 fields + altitude recalculated
badc filter
High−resolution
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4 fields available
3 fields + altitude recalculated
badc filter
High−resolution
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Aberporth 02/01/2000

4 fields available
3 fields + altitude recalculated
badc filter
High−resolution

Í�be|g�cnok Ò � Ç ä�ÀÏémn�_~�j�jbe}³d	§¼zo�jkm�©_Ãz�k{n��~_	�vdgn��jnhk{fofh�jnok£_	f¬_ §¨�jij}¥z�bed	i¯d~§¼zo�jkx�jnoklfofo�cnok�bei
redg|~t�redg|£fo}{_	rek~�

Â�k¯_	refhd}{dgwy��_	nhk{aÅz��jk·beiXzok{|gno_~z�kla�Ûlk{ijb¡z��âajk{re_���beiÅdgnoack{nqz�dÚfoklk¯����_Ãzy�±k¯}�_	i
|X_	bei¯pX���cfobeic|�_	r�r�zo�jk _��~_	b�r®_	pjr�kmbeic§¨d	now�_~z�b�dgi�� » §¢}ldg�jnofhk�pvkl§¨dgnhk�ajd	beij|yz���_~z¬�±k ��_��gk
z�d·p�k�fh�jnokqz��j_~zmz��jk�w�_ÃÁsbew �cwër�kl�gklrd	§Ïz��jk�Ô�a�_~z�_·fhklzof£b�f�z��jk�f�_~w�kqd	zo�jk{n���befhk�zo�jk
}{dgwy��_	nhbefod	i��±dg�jr�a ijd	z¼��_��gk�_~i���fhk{ijfhk	�¢Ý`d	��k¥§¨�jrer¡�mb�z�bef�z��ckÉ}�_~fok	�gzo�jkÏw�k{_	i ajb¡æ¦klnok{ic}{k
p�k¥z��Éklk{ißz��ck�w�_ÃÁsbew �jwÙrek¥�gk{r�f�b�f Ç ×wyklz�klnof ì �É���jbe}��Þbefyijd	z��cbeij|Ú}{dgwy��_	nhk{aâz�d�zo�jk
_	r�zob�z��cajk{f©}ldgijfhbeajklnok{a�µ�_	pvdg�cz`Ô~×g×g×g× wyklzok{nof�¸¥�

���ck��~_	re�jklf�d	§mzo�jk�ack{r®_���_	nhk�nokl��d	nhz�klaÜbeiâz��jk�z�_	pjr�k Ò � Ç � » ij}{k«_~|X_	beiâ�Ék�}�_	i
z�_	�~k¤ijd	z�k¤d~§¬zo�jk¤bewy�jnhd°�	k{wyk{iXz�bei�_	}{}l�jn�_	}¥��z��j_	ij��fqz�d½z��ck·_	r�zob�z��cajk�nhk{}�_~re}{�cr®_~zobedgi��
Â�kx}�_~re}{�cr®_~zok{a�z��ck�wyk�_~i¯acb�æ�k{noklij}{kxpvklz��±k{kliÄz��ckxzo�jnoklkmz�nok{_~z�wyk{iXzof¬d~§�f�z�_	ijaj_	noa¯noklf�t
dgre�czobedgi�a�_~z�_·_	icazo�jk��jbe|	�«nok{fhdgre�sz�bed	i«a�_~z�_�§¨dgn�zo�jk�w�d	i�zo�d	§/.g_	i���_	nh�«_	ijaz��jkqnhk¥t
fo�jr¡z�f£_	nok�nok{�vdgn�z�k{a�bei�z�_	pjr�k Ò ��Ôs�¤Â�k�}{_	i�noklw�_~no�½z��j_~z�zo�jk�b�i�zok{nh��dgre_~z�b�dgi½§¨nod	wÕzo�jk���	��
�����	���������������«z��jk�k{nhnodgn¬|gnhk�_~zor��¤ajkl}{nhk�_	fhk{f³}ldgwy��_	noklaÄzodyzo�jk£fhbewy�jreklfhz�z�nhk�_~z�t
öS÷�Ò3Ô�ÕßÈ%0aØAÕûÙ3Õ!È1$DËÓØDËÓÙÝåaÔ¬Ú�È¼×ÓÔÂËtÍ_ÍZÊ2$AÍ;ÚÛÔÂÇøÍ�×�ÊèÍ�ÕßØAÆ3áßÇø×ÓÍ¶ÕzåaØ�µQÔà×tÔàÆ;Ë�ãÝÈ%$3$?Í;Í�ÆÝÚàÜ3ÔSä�ÔSÆ4$]È¼Ù3ÆÝÊÅÒÝÔàå�È�ËËÓÒ3Ô�ÚtÈ¶ÕßÔZËÓØAÕßÔ¶ê)"�ÚßãQÍ¼ËÓÒgå3È¼ËÓÈ·ÚÛÔSËÓÚ»È¶×tÔæÊèÍ¶ÕßØ?Æ3á�Çø×tÍ�Õ ËtÒ3Ô�ÚÓÈ¼ÕßÔ�×ÓÈ�åaØAÍ;ÚÛÍ�ÆÝåaÔ�Ü�ËtÒ3Ô�ÊèÍ�Õ��ÝÈ¼×ÓØ?ÚtÍ¶Æ Ø]ÚËÓÍ¼ËÅÈ%$3$AÏ5$?Ø]ÊèØAËàê

ö Ò



w�kli�z{�¢ÈÉ�cz���b¡z���z��ckmnok{}ld��gk{nhbeij|yd	§�z��ckx_	r�zob�z��cajk	�uz��jkmklnonod	n�|gdsklfÉ§¨nod	w Ç � Æ }{kli�zobewyklzok{n
ajd���i�z�d·dgicr�� Ò wyberer�bewyklzok{nofl�v���cbe}���nhk{�jnhk{fhk{iXz�f�_¯}ldgijfob�ajk{no_	pjr�k�_	w�klreb�dgn�_~zobedgiÄd	§Ézo�jk
�jnodu}{klfof{�

,¦klijb�zo�¤z�d	z�_	r ã���k{r�ajf ���	��
 »³r¡z�b�zo�jajk Ý¬be|g�
ack{r®_�� e wif _��~_	bere_	pjrek ���	���������!���"� nhk{}{d��	k{nokla nok{fhdgre�sz�bed	i
× Ç (~× Ç (	×g× Æ � Ôu��Ô Ò ã Ç Ôu��ÔgÔ Æ × Ôs��ÔÃãXägä Ôs�!Ô~ãgã Ç
× Ç (	× Ç (	×g× Ç	Ç � Ôu��Ô Ö ã Ò Ôu��Ô	Ø Æ	Ö Ôs��Ô~ØXÔgö Ôs�!Ô	Ø Ç Ò
× Ç (	× Ç (	×g× Ç ö~� Ôu��Ô~ã ÆgÆ Ôu��Ô Ò ägä Ôs��Ô Æ ägØ Ôs�!Ô Æ ögö
× Ç (	× Ç (	×g×qÔ Ò � Ôu� Ò ×	äg× Ôu��Ô Ö ö Ö Ôs� Ò ×g× Æ Ôs�!Ô Ö ö	×
×XÔ6(~× Ç (	×g× Æ � Ôu� Ò Ç ×	ã Ôu��Ô Ö Ø Ö Ôs� Ò × Æ ö Ôs� Ò ×gä	ã
× Ò (~× Ç (	×g× Æ � Ôu� Ç Ø Ç ã t Ôs��Ô Ç°Æ	Ö Ôs�!Ô	×gØgØ
× Ò (	× Ç (	×g×qÔ Ò � Ôu��Ô	Ø	ä Æ Ôu��ÔgöÃã Ç Ôs��Ô~Ø Ò Æ Ôs�!Ô	Øg× Ö
×	ã)(~× Ç (	×g× Æ � Ôu� Ç Ø~ã�Ô t Ôs��Ô~×Xö Ç Ôs�!Ô	× ÒgÒ
Ô Ò (	×gÔ6(	×g×qÔ Ò � Ôu� Ò Æ Ô	× Ôu� ÒgÒ ögÔ Ôs� Ò ã Ò Ô Ôs� Ò ãgãX×
Ç°Æ (~× Æ (	×g× Æ � Ôu� Ò ö~Øg× Ôu� Ò ä Ç ã Ôs� Ò ö Ç Ò Ôs� Ò ägØ	ã
Ç Ò (~×gä*(	×g× Æ � Ç � ÖgÖ Ø Æ t Ôs�!×gÔ	ä Æ Ôs�8×XÔ Æ ×

��_	pcrek Ò � Ç ÀÅÊÉd	w���_~nobefhdgiÜd	§�z��jk«b�iXz�k{|	n�_~zok{aòajk{re_��sf·�jfhbeij|��~_	nhbedg�cf¤w�k¥z��jduajf¤beißzo�jk
_	}{´��jb�fob�zobedgiÜd~§£zo�jkÚ_~z�wydgfo�c�jk{nhbe}«�jnhd	��reklf�§¨dgn·_Åf�_	wy�jrek�d	§ re_	�jij}��jklf¯_~z�»³pvk{nh��dgn�z��
bei¶Ô	×g×g×s�ðÐsd	w�k¥z�bewyk{f�zo�jk7���	��
�����	���������������çnok98hk{}lzok{a¶�jnod	�jrek{f·pvk{}{_	�jfok�d	§�zo�jk
beijfh�cóy}{bekliXz`i��jw�p�kln¬d~§�}ldgw��creklzok�rek¥�gklref¬_��	_~ber®_~pjrek~�

å¯k�_	i¯ajb�æ�k{nhk{ij}lk e wif
ãq��k{r�ajf¬_��~_	b�r®_	pcrek ×c�!× Ç ã Ö���	��
�����	��������������� ×c�!× Ç ×gØ
»³r�zob�zo�jajkmnokl}{d��gklnokla ×c�!×	×XÔ	Ø

��_	pcrek Ò �!Ô�À�åÄk�_~iyacb�æ�k{noklij}{klf§¨dgn�z��ck�w�dgiXzo�qd	§'.g_	i���_	nh�q_~z�»³pvk{nh��d	nhz�� ���ck{i�z��jk��jb�|g�
nok{fhdgre�sz�bed	i¤a�_~z�_qfhklz¬bef©z�_	�	kli½_	f�z��ck�nhkl§¨klnok{ic}{k	�

í;:�* ¸=<?>�@A<�B�C +#ïEDF>	G!HJIK@4<�DF>ML4@Z+NB�>§+E>	D5C�C�O�>	D
Â�k�z�nhbek{aqzod£}��jkl}���b¡§�zo�jk¬bewy�jnod��gklw�kliXz±b�iqz��jk�z�nhk�_~zow�kli�zÏd	§�z��jk¬a�_~z�_x�É_	fÏdgijr¡�q�jfok¥§¨�jr
dgi�»³pvk{no�vdgn�z���Pxdgnmb¡§±b¡z�}ldg�jreab�w��jnhd��gk z��ckqnok{}ld��gk{n��d	§±�jnod	�jrek{fmb�i«d	z��ck{nm�jre_	}{klf{� À�i
§¿_	}lzÏbei�w�_	iX�qd	zo�jk{n¢redu}�_Ãz�bed	ijfªreb��	k�ÈÉno_	fob�rebe_5»³b�no�vdgnhz{�uåÄbere_	i�íKbei�_~zok�dgnÏ²�_	�Ã_	nl�s_~r�z�b¡z��jack
�©_	f�d	§ïzok{i¯w�b�fofhbeij| ���jklnok{_	f`d~z��jkln©�	_~nob®_~pjreklfÉ�Éklnokx�~_	reb�a��
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È±�cz¢_	ijd~z��jklnª�jnod	pjreklwî_~nodgfhk©bei fhdgwykÉ�jre_	}{klf!s¼zo�jk©w�_ÃÁsbew�_	r�_	r¡z�b�zo�jajkÏbei�zo�jk©�jnhd	��r�k{f
�©_	f�dgicr���_	p�d	�cz Ç ×q��wè_	ija¤zo�jkmw�b�ijbew��jw\�jnoklfofo�cnokm�©_~f¬pvklz��±k{kli«Ô Æ ×q_	ija Ò ×g×q��Ì¼_c�
Â�k½�±k{nhk�wybefhfobeic|Ë_	rer¬z��jk«f�z�no_~z�dgfh�j�jklnobe}a�_Ãz�_c�î���jknok�_~fodgiò�©_~f·zo��_~z¯_	pvd��gk½zo��_~z
_	r�zob�z��cajk�z��jk£ajkl�©t���d	beiXz`zok{wy��kln�_~zo�jnokx�É_	f�_	r¡�©_��uf³b�iX�	_~rebea¦�q»³f��±k ��ijd��ôz���_~z³_~z¬z��jb�f
_	r�zob�z��cajk z��jk��É_~z�kln£�~_	�vdgnx�jnoklfofo�cnok�b�fx�	k{n���r�d��\_	ijaÚ��_	f£ijdÄwydgnhkyb�i7h��jklij}{k�dgi�zo�jk
ajk{re_��	�Xb�z�±dg�jr�aypvk¬_m�jb�z���d	§¦r�dgfob�ij|m�jfhkl§¨�jr��jnhk{fhfo�jnhk	�j_~r�z�b¡z��jack�_	ijaqz�klw��vk{no_~z��cnok©�~_	re�ck{f
p�kl}�_	�jfhk£d~§¼zo�jkx�ji�_��~_	bere_	pjber�b�z��qd~§_ �~_	nobe_	pjrek`z���_~z��j_	f�ijk�_	nhr���ijd�b�w��vdgn�z�_	ij}lk	�

» ijk£fodgr��cz�b�dgi¤�Éd	�jreaÄp�k�z�dynok{}ld��gk{n`z��jk��©_~zok{n¬�	_~��dgn��jnhk{fhfo�jnhk
e
§¨nod	wðz�d	z�_	r��jnoklf�t

fo�jnhk	�c|	nodg�jica�z�d	z�_	rv�jnoklfofo�cnok
p0

_~ija�|gnhdg�jija��É_~zok{nÉ�~_	�vdgnÏ�jnoklfofo�cnok
e0

_	ija�r®_	w pva�_�_	f
bei�kl´u�j_~z�b�dgi Ò �!Ôs�¢ÈÉ�cz±z��jb�f©noklr®_~zobedgicfo�jb����±dg�jrea�nok{fh�jr�z©bei¤_	acajbeij| _�w�duajklr�b�i�z��jk³w�k{_Ãt
fo�jnhk{wyk{iXz�fl��»`f�zo�jk{fhk£no_	ajb�dgfodgicajkx�jnod	�jrek{f�}{_	i·z��jkliÄpvkx�jfoklaÄz�dy_	fhfoklfof³wyduajk{r�f�d	§¼zo�jk
_~z�wydgfo�c�jk{nhk	��z��jb�f`}ldg�jr�a�beicaj�j}{k�beij_	�j�jnhdg�jnobe_~z�km}ldgij}lre�jfhbedgijf2t°��À�ijfhzok�_	a�d	§_	fhfo�jwybeic|�_
��_~zozok{nhi¯d~§��É_~zok{n©�~_	�vdgn©}{d	i�zok{ija¯b�z©��_	f�pvk{k{i·}��jd	fok{i¯z�d�_	fhfob�|gi¯×�z�d z��ck��©_~zok{n��~_	�vdgn
}{dgiXz�klija·���jk{iÄb�z��É_	f�w�b�fofob�ij|qbei¤zo�jkx�j�j�vk{n¬_~z�wydgfh�j�jk{nhk	�

���cky�cnodgpjr�k{wë}{dgijfhbef�z�k{aÚbei«fhk{r�k{}lzobeij|·_�zo�jnoklfo�jdgr�a�jijajklnx���cbe}��«z��jk�r�kl�gklref����jklnok
z��jk�ajk¥�ß�vdgbeiXzz�klw��vk{no_~z��cnok©�±k{nok¬wybefofhbeij|³fo�jdg�creayp�k�ajb�fo}{_	noajkla�_~ija�_~p�d��gk����jb�}��yzo�jk
rekl�	k{r�fx���ck{nokyajk¥�Y��d	beiXzxz�k{wy�vk{n�_Ãz��jnhkyb�fmw�b�fofhbeij|·fo�cdg�jreaÚrek{_	a«z�d

e = 0
��Â�kq�±dg�jrea

rebe�~k�zod½reb�ij�«z��jk�zo�jnoklfo�jd	reaËbei�z��jk�zo�jk��É_~z�kln��~_	��d	n }{dgiXzok{ijaËz�d½_��	_~nob®_~pjrekyajbenhk{}¥z�r��
_��~_	b�r®_	pcrek�b�i�z��jk·a�_Ãz�_«fok¥z�f{��¾´���_~z�b�dgi Ò �!Ô«b�fqfo�jb¡z�_	pcrek�§¨dgn zo�jbef z�_	fo��_	f�b�z�_	r�red���fq_
}{nob¡z�klnobed	i¤dgi¤z��jkx�jnhk{fofh�jnok�uvsz��jkmnhk{fhk�_	nh}��jk{a�zo�jnoklfo�jd	rea·��berer�p�kxdgi¤zo�jk p

p0

�~_	re�ck	�
���ck©��nof�zÏ_	�j�jnhdX_	}���fob�w��jr¡��nok{fh�jr�zok{aq§¨nod	wîdgpcfok{n��~_~z�b�dgiqd	§êz��jk�aj_~z�_�d	§�ÈÉno_	fob�rebe_c�%»³f

z��jkxwybeijb�w �jw\�jnoklfofh�jnok£p�k¥§¨dgnokmz��ck����jwybeacb�z���fhk{ijfhdgn�§¿_	ber��jnok�b�f�bei¤z��ck�no_	ij|gkxpvklz��±k{kli
Ô Æ ×·_	ija Ò ×g×·��Ì�_Ä_	ija�_	fofh�jw�b�ij|Ä_¯fh�jnh§¿_	}lk��cnok{fhfo�jnhk�d	§ Ç × Ç Ò ��Ì¼_c��zo�jbefm�±dg�jr�a�rek{_	a
z�dy_ z��jnhk{fo�cdgrea¤§¨nod	wð×c�!Ô Æ z�dy×c� Ò ����jb�f�w�k¥z��jdua¤|gb��	k{f��jf¬_	i·dgnhajk{n�d	§¼w�_	|gijb¡z��jajk³pj�cz
}�_	ijicd	z�p�kxfo_~z�b�fh§ï�ubeij|c�j_	f�b¡z�bef�dgicr���pj_	foklaÄdgi¯_q�jijb�´��jkx�jr®_	}lkmbei�zo�jkm�Édgnhrea·n�_~ijajdgwyr��
fok{r�k{}¥z�k{a¦�ÞÂ�k¯ajdÚijd	zy��ijd��è���jklzo�jk{nyz��jb�f��jr®_	}lk·befy_	iâk¥Ás}{kl�cz�b�dgiÞdgnq���jk¥z��jkln�b¡z�b�f
nok{�cnok{fhk{iXz�_Ãz�b��	k£d~§ª_ �±dgnor�ac��beajkxpvk{��_��ubed	�jn{�
» fok{}ldgija¶_	�j�jnhdX_	}��ß�É_	f�z�dË}��cdgfokÚ_	nhpjb�zon�_	n�� e

e0
= 0, 01

fodËz���_Ãz�z��ck½�	_~re�jk½d~§
z��jk�zo�jnoklfo�jdgr�aËajk{�vk{icajk{aâfhzonodgij|	r���dgi

λ
�Ú���jbefq�j_	n�_	wyklzok{n }{_	i��~_	nh��§¨nodgw Ç � Æ z�d«ã

ajk{�vk{ijacbeij|qdgi�zo�jk³�É_���z��ck³�©_Ãz�k{n©�~_	�vdgn±}{dgiXz�klija·bef©acbefhzonob�pj�cz�kla¤_	f�_�§¨�cij}lzobedgi�d~§�zo�jk
_	r�zob�z��cajk	�ª���cbef�noklfo�jr¡z�f�bei

p

p0
=

{

0, 4 (λ = 4)
0, 16 (λ = 1, 5)

���jk�ajd	w�_	b�i·d	§ª�~_	re�ck{f¬bef���beajkln¬zo��_	i½pvkl§¨dgnhk	�êpj�cz`z��jb�f¬zo�jnoklfo�jd	rea�b�f`icd�red	ij|gk{n�p�_~fok{a
dgi�r�ds}{_	r�w�k{_	fo�jnhk{wyk{iXz�f`bei�_�n�_~ijajdgwüfob¡z�k£pj�cz�d	iÄ�±dgnor�ac��beajk£fhz�_~z�b�fhz�b�}�_	r��~_	r��jk{fl�¬Â�k
}�_	iÅdgpjfhk{n��gk·z���_~zqzo�jbefqno_	ij|gk¤}ldgiXz�_	b�ijfqz��jk¤d	pjfoklnh�gklaßn�_~ij|gk¤beiÅÈ±n�_	fhberebe_c�ªfhdÚ�±k·}�_	i
}{dgij}lre�jackxzo��_~z¬ÈÉno_	fob�rebe_�bef�ijd�k¹Ác}lk{�czobedgij_	rKfob¡z�k	�
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¾ij|	rebefh�¯^`_	acbedgfhdgijajklf »`w�klnob�}�_	i¯^¬_	ajbed	fodgijack{f Â¶å » f�z�_	ica�_	noa
Ìnoklfofo�cnok ×c� Æ ��Ì�_ Ôq��Ì�_q§¨dgn�Ì+� Ò ×g×q��Ì¼_ Ô ��Ì¼_

Ç � Æ ��Ì�_q§¨dgn Ò ×g×��`Ì+� Æ × ��Ì¼_
Ç ��Ì¼_�§¨dgn�Ì+� Æ ×q��Ì¼_

�¼klw��vk{no_~z��jnhk ×c� Æ�� ×c� Æ=� Ç��
Ý¬�jwybeajb¡z�� Ô6� Æ � ö6�

��_~pjrek Ò � Ò s�¼_	pjrekmd~§¼zo�jk�_	}{}l�jn�_	}lbeklf¬d~§¼zo�jkxfok{icfodgnhf{�
���ck`z��cbenoa�_	�j�jnhdX_	}����±dg�jr�a�pvk¬zod�ajk¥��ijk³zo�jk�z��jnhk{fo�cdgrea�fhd£zo��_~zÏz��jk`w�k{_	fo�jnhk{wyk{iXz

k{nonhdgn³d	i½z��jk��É_~zok{n³�~_	�vdgn³�cnok{fhfo�jnhky_~z³zo�jbef`rekl�	k{rªb�f³kl´u�j_	r¼zod�z��jkqwyk�_~fo�jnhk{a½�~_	re�ck�d	§
z��jb�f��jnoklfofo�cnok	�É���jbef��±dg�jrea¯wyk�_	i·z���_Ãz¬�±k£_	fofh�jw�k�_�i��jrer��~_	r��jk�_	f�fodudgi�_~f�zo�jkxijdgb�fok
��_	f±zo�jk¬f�_	wyk³dgnhajk{nÏd	§Kw�_	|gicb�z��cajk�z���_	i�z��jk`fobe|	i�_	rÓ�¼Í�nodgwWzo�jk�_��~_	b�r®_	pjr�k©�~_	nobe_	pjreklf�Ék
}�_	i¯ajk{ac�j}{kxz��jkm�É_~z�kln��	_~��dgn��cnok{fhfo�jnhk

e = esat(Tk)
RH

100���jk{nhk
esat

b�f©z��jk�f�_Ãz��jno_~z�b�dgi¯�~_	�vdgn��jnhk{fhfo�jnhk _~z�z��ck�zok{wy��kln�_~zo�jnokxd	§
Tk

� k{r¡�sb�ijf¬_	ija
RH

b�f©z��jkxnhk{r®_Ãz�b��	km���jwybeajb¡z���b�i¯�vk{nh}{kli�z�_	|gk~�
À�i¯dgnhajk{n�z�d���_��gk�_	i¯beajk{_�d~§�z��ck£_~r�z�b¡z��jackx_~z����jbe}��¯z��jb�f�}{dgijacb�z�b�dgi¤bef¬_	}��cbekl�	k{aÄbei

fhz�_Ãz�bef�z�b�}�_	r�r��¯nok{_	reb�fhz�b�} }{d	ijajb�zobedgicf{�K�Ék�z�dudg�½�cnod	��r�k{fm§¨nod	w z��jk�Î£�!Ð���Ðuz�_	ija�_~noa »©z�wyd~t
fo�j�jklnok~�2»`fxzo�jky_~z�wydgfh�j�jk{nhbe}��É_~zok{nx�	_~��dgnm}ldgiXz�klija�b�fmk¥Ás�jnhk{fofhk{aËb�i½�gdgr��jw�kqwyb¡Ásb�ij|
n�_~zobed6�xµ¿Ì¢Ì±å·�j¸Éb�i�z��jk`z�_	pjr�k{fl�s�±km��_��gkmz�d zon�_	ijfhr®_~zok³b¡z©bei��É_~zok{nÉ�~_	�vdgn©�jnhk{fhfo�jnhk�µ

e
bei

��Ì�_X¸%s
e =

P.ppmv

106 + ppmv���jk{nhk
P
befÉzo�jkm�jnhk{fofh�jnok�bei¤�jÌ�_c�

ppmv
befÉzo�jkmw�bþÁsbeij| no_~z�b�d bei¤�j_	nhz��vk{n�wyber�reb�dgi��KÂ�k

ijd	z�b�}{kla�z���_Ãz©z��jk�_	r�zob�z��cajk`fh�jdg�jr�a¤p�k�_	nodg�cija Ç ã ��w _	p�d��	k�fok{_�r�kl�	k{rÓ�����jklnokm�jnhk{fofh�jnok
bef¢_	�j�cnod�Ásbew�_~z�klr�� Ç ãX×m��Ì�_c�ªÂ�k�bewyw�klajb®_Ãz�k{r¡��nok�_~rebefhk©z���_Ãzz��jk¬}{nhb�z�klnob�dgiqbefz�dudxfok¥�gk{nhk	�
z��jb�f�w�k{_	ijf©z��j_~z��Ékm�±dg�jrea¯wybefof�_~rer�zo�jkxbeic§¨d	now�_~z�b�dgi�pvklz��±k{kli Ç ×�_	ija Ç ã���wÄ�
»ü§¨dg�jn�z��Å�©_��Ëzod�ajk{_	r���b�zo�âzo�jbef��jnhdgpjreklwS�±dg�jreaâpvk¯zodÚ�cÁÅzo�jkÄ_	r�zob�z��cajk·_~z Ç ×

�uw _	icaßredudg�Ëbeiâz��jk¯�~_	nob�dg�jf�_~z�wydgfo�c�jk{nhbe}¯fhz�_Ãz�bef�z�b�}�_	r�wydsack{ref�����_~z��Éd	�jreaßpvkÄzo�jk
}{dgnhnok{fh��d	ijajk{iXz��~_	r��jk{fÏ§¨dgn p

p0

����ckxÐuz�_~ija�_	nha·Î£�!Ð��P»©zow�d	fo�j�jklnok�nhk{}ldgw�wyk{icajf�_£�~_	r��jk
d	§

p10km = 265
��Ì�_s�c���jbe}���rek�_~ajfÉz�d p

p0
= 0, 26

� » i�zo�jk�d	zo�jk{n±��_	ija¤b¡§��±k³§¨dgrer�d��ßz��jk
À���Î¶nokl}{dgwywyk{ija�_Ãz�bed	ijf�Ék`dgpcz�_~bei

p10km = 284
��Ì�_ _~ija p

p0
= 0, 28

§¨dgnÏw�b�ast�re_~z�b¡z��jack
fo�jwyw�kln _	ica

p10km = 258
��Ì�_«_	ica p

p0
= 0, 25

§¨d	n w�b�ast�re_~z�b¡z��jack ��beiXz�kln{��» z��cbenoa
w�duajk{r�}�_~i½p�k�k¥Áuz�no_	}lzok{a«§¨nodgwZ¾¢^+» Ç°Æ acds}l�jw�kliXz�fm_	ica½z��jk��	_~re�jklfm_	nok

p10km = 230��Ì�_y_	ija p
p0

= 0, 23
�
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À�i�dgnoack{nqz�dÚajk{}lbeajk·���jb�}��â�~_	r��jk¤z�d�_	ajdg�cz{�±�±kÄ�j_��	k¯zod�nhk{wyk{w pvk{nqzo��_~z��Ék¯ajd
ijd	zmijklk{aÚ_¤pjbe|��jnokl}{befhbedgi«d	i½z��jb�f���_	no_	w�k¥z�kln{��À�§Ïzo�jkq��_	no_	wyklz�kln�bef`z�dud�red��x�¦�±kq��berer
redgfhk�rek¥�gklref�z��j_~zm}{d	�jrea½pvk �jfhkl§¨�jr���_	ija«b¡§z��jk �j_	n�_	wyklzok{n�b�f`zodsd¤�jb�|g���±k ��ber�r�_	fhfo�jwyk
_·i��jr�r¼�~_	r��jk ���jk{nhkq�©_~zok{nm�~_	�vdgn��jnhk{fofh�jnokybef³ijd	zxijkl|greb�|gbepjr�k	��ÈÉ�cz�_Ãzmz��jk zodg�d	§±zo�jk
z�nod	��dgfh�j�jklnok	�Ï�©_Ãz�k{n���_~nhz�be_	r©�jnhk{fhfo�jnhkÄb�f��	k{n��Åred��ð_~i����É_��Þ_~ijaâzo�jk¤�gklnhz�b�}�_	r��cnod	��r�k
nok{fhdgre�sz�bed	i�b�f�icd	z _~f£}lnob�zobe}{_	r¢_	f�bei�zo�jkyred��Ékln�r�kl�gklrefl�¤À�z�nhk{fo�cr�z�fx§¨nod	w z��jk��jnokl}{k{acbeij|
}{dgijfhbeajkln�_~zobedgicf©z���_~z¬_ �~_	r��jkmd	§�×c��Ô Æ �±dg�jr�aÄnhk{�jnhk{fhk{iXz�_~i�_	}l}{kl�cz�_	pcrek�z��cnok{fh�jdgr�a��
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Í�be|g�cnok Ò � Ç ö�s�émn�_	�c�jbe}lf¬d~§ªz��jk�z�klw��vk{no_~z��jnhk�_~f�_y§¨�cij}lzobedgiÄd	§ªz��ck _	r¡z�b�zo�jajkxbeiÄ²�_	�Ã_	nl�
Â�k¬}�_	iyfoklk`zo��_~zÏdg�jn¢bewy�jnhd°�	k{wyk{iXz�fÏbeic}{nok{_	foklfÏzo�jk¬nok{fhdgre�sz�bed	iyd~§¦z��ck`�jnhd	��r�k{f{���j�szoz�b�ij|
z�k{wy�vk{n�_Ãz��jnhk�beiX�	k{nofhbedgicf�beiÄkl�ubeajklij}{k~�mÀ�z�b�f�_	r�fod�icd	z�b�}{k�_~pjrek�z���_~z³dg�jn³_	fofh�jw��sz�bed	i�dgi
z��jk f�z�no_~z�dgfh�j�jklnobe}��©_Ãz�k{n��~_	�vdgn¬�jnoklfofh�jnok�ijk{_	nor¡�Äacdg�jpjr�k{f³zo�jk i��jw pvk{n`d	§�~_	reb�a�rek¥�gklref
_	ija¤z��jkxw�_ÃÁsbew �cwº�jklbe|g�Xz{�
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Í�be|g�cnok Ò � Ç Ø�s·éxno_	�j�jb�}�d	§�z��ck��©_~zok{nq�~_	�vdgn �jnhk{fofh�jnok¯_	f�_½§¨�jic}lz�b�dgiËd	§�z��ckÄ_~r�z�b¡z��jack
bei�²�_	�Ã_	n{��Ý`klnok��Ék�ijd	z�b�}{ky_	i�_	w�klreb�dgn�_~zobedgiÄd	§Ézo�jk�_	}{}l�jn�_	}¥�Úbeiz��jky�jnod~��reklf�b�iÚzo�jk
z�nod	��dgfh�j�jklnok	�
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Í�be|g�cnok Ò � Ç�Ö s,¦dsdgwÿdgiyzo�jk³|	n�_	�j�cbe}�d	§�zo�jk��©_~zok{n¢�~_	��d	nÏ�cnok{fhfo�jnhk�_	f±_�§¨�cij}lzobedgiyd	§¦zo�jk
_	r�zob�z��cajkxbei½²³_	�Ã_	n{�³Ý`k{nhk£�±k }�_~i½dgpjfhk{nh�	k z���_Ãz³z��ck£�É_~z�kln`�~_	�vdgn³�jnhk{fhfo�jnhk bef³_	renhk�_	ac�
§¿_	n�pvk{red�� Ç �èd	§¢z��jkq|	nodg�jica«rekl�	k{rª�j_	nhzob®_	r��jnoklfofh�jnokq���jkliÚ�±k §¨dgno}lk z��jk �~_	r��jk�acd°��i
z�d�Û{klnodj�
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Í�b�|g�jnok Ò ��Ô	×�s�÷Ï_	re�ck{f�d	§�z��jkxn�_Ãz�bed p
p0

�

�;:�� ���=<�D+�A>�@A<�G1BS� @A�1��BA>�G%<� �¡ C
À�iâd	noajkln�z�d«b�i�zok{|gno_~z�k�iu�cw�klnobe}{_	rer¡�«z��jk¤nhkl§¨no_	}lzob��ub�z��Ú§¨dgn k{_	}��Å�jnod	�jrek{fl�¢fokl�	k{no_	r�beiXz�k¹t
|gn�_~zobedgiÅ_~re|gdgnhb�zo�jw�f£��_��gk¯p�klk{iâz�k{f�z�kla������ckÄ�jnhbeij}lbe�jr�k�noklw�_~beijf zo�jk·f�_	wyk¤§¨dgnqk�_	}��
w�k¥z��jdua�s¼zo�jk�nhkl§¨n�_~}lz�b¡�ub�z��y}�_	r�}{�jre_~z�kla�§¨dgn±k�_	}��¤re_��gk{nÏ��b�zo��§¨dgnow��jr®_�µÓÔs� Æ ¸¢befÏw �jr�zobe�jr�bekla
p���z��jkmz��cbe}���ijk{fhf`d~§�z��ck�re_��gk{n�_~ija¯zo�jk{iÄ_	ajack{a·z�dqz��jkxajklr®_��g�

���ck���nof�z�_	�j�jnhdX_	}���µ¿wyklzo�jdua Ç ¸¢�É_	f�_ i�_~b��gk³dgijkgsb¡zÉ}ldgijfhbefhzok{a·bei�}{dgwy�j�czobeij|�zo�jk
nokl§¨no_	}lzob��ub�z���d	§¦_xre_��gk{n¢pvklz��±k{kli�z��Éd�rek¥�gklrefz���_~ij��f¢zod�zo�jk�w�k{_	ijfd	§vz��ck¬�j_	n�_	wyklzok{nnhk¥t
r®_~zok{aqz�dmz��ck¬r�kl�	k{rÓ�ªÍêd	nªk¥Ác_	wy�jrek~�Xz��jk���_	no_	wyklz�klnof�¢Ïd	§vz��ck¬re_��gk{n

L
}ldgwy�jnob�fok{a�pvklz��±k{kli

z��jkxrek¥�gklref Ç _	ijaÄÔy_~nokmk¥Ás�jnhk{fhfok{a½_	f
XL1 = 0, 5(X1 + X2)

�
���cbef��É_��Þz�dËkl�~_	r���_~zok�z��jk«wyk�_~ijf�bef�beiß§¿_	}¥z¤k{´��jb¡�	_~rek{iXz¤zodÅ_	fofh�jw�b�ij|Å_�reb�ijk�_~n

kl�gd	re�czobedgi�d~§�zo�jk���_~n�_	wyklzok{nof�pvklz��±k{kli¯z��±d�rek¥�gk{r�f{����jb�f©�X�u��d	zo�jk{fhbef�befÉ_	}{}lk{�cz�_	pjr�k�§¨dgn
z��jk�z�klw��vk{no_~z��cnok�p�kl}�_	�cfok`zo�jk�z�klw��vk{no_~z��jnhk��jnod	�jrek�bef|gklijk{no_	rer¡� r�beijk{_	n{��Ñ`kl�	k{n�z��jklrek{fhf{�
b�zybefyijd	zy�gklnh�â�jnokl}{b�fokÄ§¨d	nyzo�jkÄ�cnok{fhfo�jnhk	�`_	f��ÉkÄ�uicd°�èzo��_~zyz��jkÄ�jnoklfofh�jnok½�cnod	��r�kÄb�f
_�ajk{}lnok�_~fobeic|Ëk¥Ás��d	ijk{iXz�be_	rÓ�¼»ûwyk�_	iÞ�jfob�ij|Å_�redg|g_	nob¡z��jwybe}¤�±k{be|	��z��Édg�creaÜpvk«w�dgnhk
fo�jb¡z�_	pjr�k³z�dyk{f�z�b�w�_~zok³z��ck��cnok{fhfo�jnhk£d~§�z��ck�re_��gk{n�s

PL =
P1 − P2

ln(P1) − ln(P2)

���ck�}�_~fok¯d	§��É_~z�klny�~_	�vdgn��jnod~��reklf�b�fyicd	z�fhd�}lrek�_~nypvk{}{_	�jfhk	��kl�	k{iÜb¡§`zo�jk�|gr�dgp�_	r
�jnod	�jrek_	r�fod�r�dsdg��fKr�be�	kª_�ack{}{nhk�_	fhbeij|�k¹Ác�vdgijkliXz�b®_~rÓ��z��jk}l�jnh�	k±b�fK|gk{ick{n�_~rer��¬�gklnh�mb�nonhk{|g�jre_	n{�
Íêd	n�z��jb�fmnok�_~fodgi��¼_¤reb�ijk�_	n³nok{re_~z�b�dgijfh�jbe�«��_~f�pvk{kli��jnhkl§¨klnonokla�b�izo�jk�fokl}{dgija�_	�j�jnhdX_	}��
µ¿wyklz��cdsaÄÔg¸¹����jkm�Ék¥z³ajklr®_�����b�rer�pvkmbeack{iXz�b�}�_	r¦zodqz��jkxdgijkxb�i·zo�jkm��nof�z¬w�k¥z��jdua��
£ � VYRkyin[R�Z[Z[hYncR1¤!\[VYR\cR2xFygR2nW`b\[hin[Rk`%dzl5\cVYRkj'`%\[Ran?~�`1yzX�n?yYncRaZcZqhYncR1r
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���ck¯zo�jbenhaâ�É_��âzod�ack�_	r���b�zo�âzo�jk·�jnod	pjreklw �Édg�creaâp�k·z�dÚ}{dgwy�j�czok·ajbenhk{}lzor���zo�jk
nokl§¨no_	}lzob��ub�z���§¨dgnÉk�_	}��¯rek¥�gk{r��ª���jkli��ê_	fofh�jwybeij|�_ ajkl}{nhk�_	fhbeij|qk¹Ác�vdgijkliXz�b®_~r��jnod~��rek�d~§�zo�jk
nokl§¨no_	}lzob��ub�z��	��zo�jk�wyk�_~i�nok¥§¨n�_	}¥z�b¡�sb¡z�b�k{fmd	§�k{_	}���re_��	k{n£bef�}�_	r�}{�jre_~z�kla��jfhbeij|Äredg|g_	nob¡z��jwybe}
�Éklbe|g�Xz��Ú���jkliÅzo�jk¤beiXzok{|gno_~z�b�dgi�b�f ��klnh§¨dgnhw�klaËpX��fo�cw�wybeij|¯z��jk¤wyk�_~iËnokl§¨no_	}lzob��ub�zobeklf
�jnok¥�sb�dg�jfhr��«w �cr�z�b��jreb�k{a½zod¯zo�jk�zo�jbe}���ijklfofoklf d	§±z��jkynoklr®_~zok{a�re_��gk{nhf{�����cbef£_	re|gd	nob�zo�jw b�f
d	§ïz�kli��jnhkl§¨k{nhnokla�§¨dgn±}ldgwy�j�cz�_Ãz�bed	ijf±d~§�_~z�wydgfh�j�jk{nhbe}`_	pjfhdgno�czobedgi�d	§�zok{rekl}{dgwyw �jicbe}�_Ãz�bed	i
fobe|	i�_	ref�pvk{}{_	�jfok±d	§jb¡z�f�nodgpc�jfhzoijk{fhf{�ªÀ�z��©_~fª_	r�nok�_~ac�xbewy�jreklw�kliXz�k{axb�i ¾ÏÐP»ânodg�czobeijklf{�~pj�cz
nokl§¨no_	}lzob��ub�z����©_~f`}{_	re}l�jr®_~zok{a¤§¨nod	wèíKbek{pvk	øùf�§¨dgnow��jr®_ b�ijfhzok�_	a¯d	§^5¥j|gkln{øùf�dgijk	�ÏÂ�kx�~k{�cz
z��jb�f¬§¨dgnhw �jre_�b�iÄd	noajkln`z�d�}{dgwy��_	nhkmz��jb�f`�jnhkl�ubed	�jf`§¨dgnhw �jre_~z�b�dgi�z�d�ijkl�çdgick{fqµ¨w�k¥z��jdua
Ò ¸¥�~pj�czª�±k�_	refhd³z�klfhzok{a z��ck©}�_	r�}{�jre_~z�b�dgi�d	§êz��jk©nhkl§¨no_	}lzob��ub�z��m��b¡z�� z��ck�^-¥c|gk{n¼}{duklóy}{b�k{iXz�f
µÓåÄk¥z��jduaÄãX¸¥�
À�i�dgnoajkln`zod�}{dgwy��_	nhk�zo�jk�ã�w�k¥z��jduajf{�vfhz�_	ija�_~noa«_	ica½�jbe|	��noklfodgr��cz�b�dgi�no_	ajb�dgfodgicajk

�jnod	�jrek{f±§¨dgnÉz��ckmf�_	wyk�redu}�_Ãz�bed	i«µ>»`p�klno�vdgnhzo�¯Î£� � �!¸É_~zÉz��jkmfo_	w�k`z�bewykqµ[.g_	i���_	n��·Ô	×g×	×X¸
��_��gk½pvk{klià�cfok{a¦�ôÀ�iÞz��jkÄ§¨dgrer�d°��b�ij|Ú|gn�_	�c�jbe}lf{�©�±k«}{dgwy��_	nhk{aÞzo�jk½beiXzok{|gno_~z�klaÞz�d	z�_	rÓ�
���uajnhdgfhz�_~z�b�}x_	ija·�Ék¥z¬ajk{re_��ufl�±Í�dgnÉiu�cw�klnobe}{_	r�b�i�zok{|gno_~z�b�dgi���z��jkx�jnhk{}lbefob�dgi·ajk{�vk{icajf�ijd	z
dgijr��¯dgi½zo�jkqwyklz��cdsa���pj�cz�_	r�fod�d	i½z��jk���b�acz��«d~§Ïzo�jk f�z�k{�cf{�����cbef�b�f³z��jk�nok�_~fodgi«���X�
�Ék¬ajk{}lbeajklayzodx�jred	zzo�jk�ajb�æ�k{nhk{ij}lk{fÏd	§�ajk{re_��q_	fÏ_m§¨�cij}lzobedgiyd	§vz��jk���beasz��yd	§�zo�jk�r®_	nh|gk{f�z
fhz�kl��¦ d	§±z��jky�jnhd	��rek~��Â�k�}��jd	fok�zo�jkyfok{}ldgija�wyklzo�jdua�_	f£_·nokl§¨klnoklij}{k�pvk{}{_	�jfhk�b�zm�É_	f
z��jkxdgijkm��b¡z��¤z��jkxf�z�nod	ij|gk{f�z¬�j�X�sfhbe}{_	rKp�_	}���|gnhdg�jija��

���ck¬��nhfhzÏdgpjfhk{n��	_Ãz�bed	i�b�fªz���_~z¢zo�jk�ajb�æ�k{nhk{ij}lk{f±_	nok�pvk{red��ßÔxwywÿb�iy_	iX��}�_	fhk	�����jbe}��
befyp�klred��ðz��ck��jnhk{}{b�fob�dgiÞd	§³�gk{n�z�b�}�_	r¬beiXz�kl|gn�_Ãz�bed	i�d	§�n�_	ajb�dgfod	ijajk¯�jnod	�jrek{fl�©fod�z���_~z�_	r�r
z��jklfok _~re|gdgnhb�zo�jw�f�}{_	i�pvk��jfokla½��b�z��cdg�cz`_	iX�¯�jnodgpcrek{w¯�©À�z`bef¬ijkl�	k{n�z��jklrek{fhfmbeiXz�klnoklfhz�b�ij|
z�d�ijd~z�be}lk£zo��_~zm_~rerKz��jk�w�k¥z��jduajf³�cfobeic|¤^-¥c|gk{nlø8f�}ldsk¥óy}{bekliXzm}{dgiX�	k{no|	k ���jk{i«z��ck fhzok{�jf
_	nok ack{}{nhk�_	fhbeij| s¬zo�jk ajb¡æ¦klnok{ic}{k{fmd~§¢ajk{re_��¯�±k{iXzm§¨nodgwë_	�j�cnod�Ásbew�_~z�klr�� Ç � Æ wywüzod¤reklfof
z���_	i�×c�8× Ç w�w _	fm�Ékyw�d��	k�zodÄ�cbe|g�noklfodgr��cz�b�dgi�jnod~��reklf{��Â�k�}�_~i�_	r�fod·noklw�_	nh�Äzo��_~z
z��jkÄajkl�ub®_Ãz�bed	iÞpvklz��±k{k{iòwyklzo�jdsa Ç _	icaßw�k¥z��jduaòÔbeij}lnok�_~fok{f�_	f�zo�jk�w�_ÃÁsbew�_	r�_	r¡z�b¡t
z��jajk�ajb�æ�k{nhk{ij}lk p�k¥z��Éklk{i«z��±d¤rekl�	k{r�f�beij}lnok{_	foklf{�m���jb�f³dgpjfhk{n��	_Ãz�bed	i½rek{_	ajf`zod�z��jk£f�_	wyk
}{dgij}lre�jfhbedgi'sªz��jkmz��±d�wyklzo�jdsacf�}{dgiX�gklno|gkx���jkliÄ�±k£nhk{aj�j}lkmz��jkxbeiXzok{|gno_~z�b�dgi¤fhzok{�jfl�

» i�zo�jk�d	zo�jk{n£��_	ija¦��z��jk�ajb�æ�k{nhk{ij}lk�pvklz��±k{k{iÅwyklzo�jdsaËÔ�_	ija�wyklzo�jdua Ò fhrebe|	��zor��
ajk{}lnok�_~fok{fq���jkliË�Ék·bewy�jnhd°�	k�z��ck�noklfodgr��cz�b�dgi��ªpj�szqz��jk�acb�æ�k{noklij}{k¤acdsklfqijd	zqfhk{k{wÙz�d
�	_~ijbefh��� ���jb�f·befÄ_	i¶b�ijajb�}�_~zobedgißzo��_~zÄíKbek{pvk	øùf¯}{duklóy}{b�k{iXz�r�k�_	acf·zodß_Åfow�_	rer³�jijajkln�t
k{fhzobew�_~z�b�dgiÞd~§mz��jk½ack{r®_��Þb�§��±k«}{dgicfobeack{n·^5¥j|gk{nlø8f�dgijk{f·_~f�nok¥§¨k{noklij}{klf{�WÊÉdgw��j_	nob�ij|
z��jk«�X�uajnod	fhz�_Ãz�be}_~ijaßz��jk½�±klz¯ajklr®_���|gn�_	�c�jf{�¬�Ék«}{_	iòfok{k«zo��_~z�zo�jk«w�_o8hdgn���_~nhz·d	§
z��jkxajk¥�sbe_~z�b�dgi¯p�k¥z��Éklk{i½wyklzo�jdsacf³Ô�_	ija Ò }{dgwyk{f�§¨nodgwºz��jk��X�sacnodgf�z�_~zobe}x��_	n�z`pc�cz`zo�jk
fo}�_Ãzoz�klnob�ij|·d	§¢z��jkqz�d~z�_	r¼ajk{re_���f�_	wy�jr�k{fm}{d	w�klf�§¨nodgwZz��jk �±klz�ajklr®_��g�yÊÉdgic}{k{nhijbeic|·zo�jk
ajkl�ub®_Ãz�bed	i�pvklz��±k{kli¯wyklzo�jduajf�Ô�_~ija�ãj��z��jk`ajnh��ajklr®_��y��_	fÉick�_	nhr��yijd b�i §��jklij}{k~�j_	r�rêzo�jk
ajb�æ�k{nhk{ij}lk{f¬_	nokxb�ijaj�j}lk{a¯p���z��jkm�±klz`ajk{re_��	�

���ck�}{d	ij}{r��jfob�dgiáb�f¯zo��_~z���z�_	��beij|Þ^-¥c|gk{nlø8f¯fok¥z½d	§q}ldsk¥óy}{bekliXz�f½_~fÄz��ck�nok¥§¨k{nhk{ij}lk	�
w�k¥z��jdua Ç b�f�_«r�b�zozorek�pcb�z�nod	�j|g�âb�§¬z��jk·i��jw pvk{nyd	§`r®_��gklnofybef�fow�_	rer��pj�cz�w�k¥z��jduajfyÔ
_	ijaòãÅ�jnod��ubeajk½�	k{n��òfobewybere_	nynok{fh�jr�zof{�WÀ�§��±kÚ}ldgijfhbeajkln·zo�jk«wyk�_	iòajk¥�sbe_~z�b�dgißz�_~�ub�ij|
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w�k¥z��jduaÄÔq§¨dgn��jb�|g�·noklfodgr��cz�b�dgi·�jnod	�jrek{f¬_	f`_�nokl§¨klnoklij}{k~�v�±k£}{_	i¯fok{kxz��j_~z�z��jk�w�d	i�zo�jr��
w�k{_	i½ajk¥�sbe_~z�b�dgi½d	§Ïwyklzo�jdsa�ã¤bef³fhw�_~rerekln¬zo��_	i½zo�jkqf�_	wyk ´���_	iXzob�z��¯§¨dgn�wyklz��cdsaÔu��fod
z���_~z��±k�}�_	i·}{d	ij}{r��jajkmz���_Ãz`wyklzo�jdua¯ã�b�f©z��jkxpvk{fhz¬dgick	�

Í�be|g�cnok Ò �!Ô Ç s±ÊÉdgwy��_	nhbefod	iÄd	§�z��ck£ãybeiXz�kl|gn�_Ãz�bed	iÄ_~re|gdgnhb�zo�jw�fÏ§¨dgn�z��jkxz�d~z�_	r�ack{r®_��	�É���jk
|gn�_	�c� dgi�zo�jk©rek¥§ïz��cred	zof¼z��ckÉajk¥�sbe_~z�b�dgi�d~§�z��jkÉzod	z�_~ruack{r®_���µ¿wyklzo�jdsa Ô`}{d	ijfob�ajk{nhk{a�_	f�zo�jk
nokl§¨klnoklij}{k�¸©_	f©_£§¨�cij}lzobedgi�d~§Kz��jk`w�_ÃÁsb�w�_	r�acb�æ�k{noklij}{k³d	§��jk{b�|g�Xz©pvklz��±k{kli�Ô�rekl�	k{r�f{����jk
|gno�j��dgi�z��ck�nob�|g�Xz³nhk{�jnhk{fhk{iXz�fmz��ck�f�_~w�k£ajkl�ub®_Ãz�bed	i���pc�cz³§¨dgn¬�jb�|g��nhk{fod	re�czobedgiÄ�jnod	�jrek{fl�
���jk³wyklzo�jdsacf Ç Ý`^��uÔ~Ý³^x� Ò Ý³^ò_	ija�ãXÝ³^ò_	nhk`nhk{fo�vk{}¥z�b¡�gk{r¡�yk{´��jb��~_	r�k{iXzÏz�d�w�k¥z��jduajf Ç �
Ôs� Ò _	ija¯ã�pj�cz�§¨dgn��jb�|g�·nok{fhdgre�sz�bed	i¤�jnod	�jrek{fl�
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Í�be|g�cnok Ò �!ÔgÔ�s�ÊÉdgwy��_	nhbefod	iyd~§�zo�jk�ãxbeiXz�kl|gn�_~zobedgi�_~re|gdgnhb�zo�jw�f�§¨dgnªz��ck����uajnhdgfhz�_~z�b�}�ajk{re_��	�
���jk±|	n�_	�j��dgixz��jk¢r�kl§ïz��jr�d	z�fKz��ckÏackl�ub®_~zobedgixd	§sz��jkzod	z�_	rXack{r®_��yµ¨w�k¥z��jdua£Ô�}ldgijfhbeajklnok{a�_	f
z��jk�nok¥§¨k{noklij}{k�¸`_	f`_y§¨�cij}lzobedgi¯d	§�zo�jk�w�_ÃÁsb�w�_	r¦ajb�æ�k{nhk{ij}lk£d	§��jk{b�|g�Xz³pvklz��±k{kliÚÔ�r�kl�	k{refl�
���jk�|	no�j�àdgi¶zo�jknob�|g�XzÄnhk{�jnhk{fhk{iXz�f�zo�jkf�_	wykajkl�ube_~z�b�dgi���pj�sz¯§¨d	n¯�cbe|g�ònoklfodgr��cz�b�dgi
�jnod	�jrek{fl�¤���jk�wyklzo�jduajf Ç Ý³^x��Ô~Ý³^x� Ò Ý³^Y_	ija�ãXÝ³^Y_	nhk�nhk{fo�vk{}¥z�b¡�gk{r¡�Úk{´��jb��~_	r�k{iXz�z�d
w�k¥z��jduajf Ç �êÔu� Ò _~ijaÄã�pj�sz¬§¨d	n��jbe|g�·nhk{fod	re�czobedgi¤�jnhd	��r�k{f{�
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Í�be|g�cnok Ò ��Ô Ò sxÊÉdgwy��_	nob�fodgi�d	§±zo�jkqã¤beiXzok{|gno_~z�b�dgi«_	r�|gdgnob¡z��jwyf�§¨dgn³z��ck �Ék¥z£ack{r®_��	�����jk
|gn�_	�c� dgi�zo�jk©rek¥§ïz��cred	zof¼z��ckÉajk¥�sbe_~z�b�dgi�d~§�z��jkÉzod	z�_~ruack{r®_���µ¿wyklzo�jdsa Ô`}{d	ijfob�ajk{nhk{a�_	f�zo�jk
nokl§¨klnoklij}{k�¸©_	f©_£§¨�cij}lzobedgi�d~§Kz��jk`w�_ÃÁsb�w�_	r�acb�æ�k{noklij}{k³d	§��jk{b�|g�Xz©pvklz��±k{kli�Ô�rekl�	k{r�f{����jk
|gno�j��dgi�z��ck�nob�|g�Xz³nhk{�jnhk{fhk{iXz�fmz��ck�f�_~w�k£ajkl�ub®_Ãz�bed	i���pc�cz³§¨dgn¬�jb�|g��nhk{fod	re�czobedgiÄ�jnod	�jrek{fl�
���jk³wyklzo�jdsacf Ç Ý`^��uÔ~Ý³^x� Ò Ý³^ò_	ija�ãXÝ³^ò_	nhk`nhk{fo�vk{}¥z�b¡�gk{r¡�yk{´��jb��~_	r�k{iXzÏz�d�w�k¥z��jduajf Ç �
Ôs� Ò _	ija¯ã�pj�cz�§¨dgn��jb�|g�·nok{fhdgre�sz�bed	i¤�jnod	�jrek{fl�

�;:2ª «¬>	B���1D5¡ D5��H/BSO���<�DF>�D5® G�� ¯°HFH���D±®�O�>	G!�E�²<� ED´³vD5@4>
µ5¶�¶�·

Âò�jk{i�.	�jajb�zo�¤Ðs�cbek{|	k{r¹¸Ï}{d	w���_~nok{a�z��±d a�_~z�_�fhklz�f±d	§¦zo�jk¬n�_	ajb�dgfod	ijajk{fÏ�jnhd	��reklf±b�i�Î¬}{}lrek
_	ija�Ðc_	beiXz�tõÝ`�cp�klnhz�bei Ç�ÖgÖ ×�§¨nhdgwÕÈq»�²�Êÿ_	ijaÚ§¨nodgw Àõ^`å µ¿^³å¯À�beiÚ¾ij|gr�befo��¸�§¨d	n��ck{n
fhz��cac�·d	§¼fo}{b�iXz�ber�r®_~zobedgiydgi¯f�_~zok{r�reb�zok³r�beij��f�fo�ck£nhk{w�_	no�~k{aÄ_	pjijdgnhw�_~r¦ajb¡æ¦klnok{ic}{k{fl�

¾�Ás�vk{}lzobeij|Å_�pcb®_	f�dgn�_��cnodgpjr�k{w beiÜ_~ißkl�	k{iXz���_~rm�jnodu}{klfofob�ij|Ëd	§mzo�jk½a�_~z�_�§¨nod	w
z��jk�Èq»³²mÊ³�¦�±k ��nof�zx}{dgwy��_	nhk{aÈq»³²mÊP�cnod	��r�k{f³��b¡z��_	icd	z��jkln�fod	�jno}lkyd~§±no_	ajb�dgfodgicajk
a�_~z�_s�êzo�jky»³wyk{nob�}�_	iÄÑ » »5»ç�Éklpjfob¡z�k;º Ò Æo» �©Â�k�ajbea¯ijd	z`�jfok�z��jb�f�a�_~z�_yfok¥z³�jnhkl�ubed	�jfor¡�
p�kl}�_	�jfhk�È�»�²mÊ\a�_~z�_|gklijk{no_	rer¡��}ldgiXz�_	b�iâwydgnhk¤rekl�	k{r�f{�Ék¥�gkliÞb�§�zo�jk{nhk�_	nhk·_	refhdw�dgnhk
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dg�cz�r�beklnof{�ª^`_	icajdgwyr��yz�_	��beic|qfokl�	k{no_	r�fob�zok{f�d��gkln�z��jkm�±dgnor�a��c�±k�}ldgwy��_	nokla¤z��jkx�jklbe|g�Xz�fl�
z��jk�z�klw��vk{no_~z��cnok{fÏ_	ica�ajk¥�ß�vdgbeiXzzok{wy��kln�_~zo�jnoklf¢���ck{i�zo�jk��jnoklfofh�jnok¬rek¥�gk{r�f�Éklnok¬beajklist
z�be}{_	r¼_	ija½�±k }{dgic}{re�cajk{a«z��j_~z³zo�jk{fhk �	_~re�jklf³�Éklnok�_	r¡�©_��uf�b�ajk{iXz�b�}�_	r���k¥�gkli�_ÃzxÎ`}l}{rek�dgn
Ðuz¬Ý`�jpvk{n�z��

Âò�ck{iÄ�±k�}{dgwy��_	nhk{a¤z��jk�^`åÄÀÉ�cnod	��r�k{f�z�d�z��ck�d	ijk{f�§¨nod	wèÈq»�²�Ê³�êzo�jkxajb�æ�k{nhk{ij}lk{f
�Éklnok dgpX�ubed	�jf{�«»©z�kl´u�j_	r¼�cnok{fhfo�jnhkqrek¥�gk{r�f¬zo�jk��~_	r��jk{f��Éklnok icd	z�f�z�nob�}lzor��¤z��ck�f�_~w�k£_	ija
z��jk�^`åÄÀÉ�jnhd	��r�k{f©�±k{nok�wydgnokmajk¥z�_	b�rekla��

À�i�dg�jn�_~�j�jreb�}�_~zobedgicf{�jz��ck w�d	fhz`bewy��dgn�z�_	iXz�z��cbeij|y�©_	f`z�d�k¥�~_	re��_Ãz�k£zo�jk�b�w��j_	}lz¬dgi
z��jkmajklr®_���b¡§K�Ékx}��jd	fok�_qa�_~z�_ fhdg�jnh}{kxbeijf�z�k{_	a·d	§�z��jkmd	zo�jk{n�d	ijk	��»³f©�±kx}�_	i·ijd~z�be}lk�dgi
z��jkx§¨dgrer�d���beij|q�jb�}lzo�jnok~�êzo�jk�w�k{_	iÄ�~_	r��jkxd	§�zo�jk�^`å½Ð¤z�d	z�_	r�ajb�æ�k{nhk{ij}lk£b�f¬pvk{r�d��ô��_	r¡§ª_
}{k{iXzobewyklz�kln{�u���jbe}��·befÉfow�_	rer�k{n¢z���_	i¤zo�jk�wyk�_	fh�jnoklw�kli�z��cij}{klnhz�_~beiXz��g�jfhdq�Ékmfh�jdg�jr�a¤ijd	z
�Édgnhnh�·_~p�dg�sz�z��jkx�jnhk{}{b�fob�dgi·dgpcz�_~beijkla·zo��_	ij��f�z�d�Èq»³²mÊàno_	ajbed	fodgijackm�jnod	�jrek{fl�

Â�k f�z�ber�r�ajd¤ijd	z³�uicd°�P���X��zo�jk a�_~z�_�§¨nod	wë^`åÄÀ¬_	ija½§¨nhdgwZÈq»�²�Êç_~nok ajb¡æ¦klnokli�z{�
p�kl}�_	�jfhk½b�zyb�f��gklnh��bewy�jnod	p�_	pjr�k�z���_~zyz��ck�a�_~z�_�}{d	w�k·§¨nodgw]acb�æ�k{nokliXz�p�_	r�redudgijfÄµ¨zo�jk
w�_ÃÁsb�w �jwû_	r¡z�b¡z��jajkybef£_	r¡�©_��uf�z��ck�f�_~w�k�bei�zo�jk�z��±d½a�_~z�_�fok¥z�f�¸¥�«ÈÉ�szq_	f�^³åÄÀxa�_Ãz�_
|gb��	kyfh��_	nh��kln�nhk{fh�jr�zof�d	i�fh}{beiXzoberere_~z�b�dgi��v�Éky}{dg�creaÚnok�_~fodgi�_~pjr��_~fofo�cw�kqz��j_~zxz��jk�rek¥�gklref
§¨nodgw]^`åÄÀ �cnod	��r�k{f��ÉklnokÄfok{r�k{}¥z�k{aß_	ijaÞ�cnodu}{k{fhfoklaßbei�_�ajb¡æ¦klnokli�zy�É_��Åzo��_	i�§¨d	n�zo�jk
�jfo��_~rKw�k¥z�k{d	nodgr�dg|gbe}{_	r�_	�j�jr�be}�_Ãz�bed	ijf{�

�;:�È ÉÊC�C�D5C�C�¡ D5��<ËB�ÌÍ<� EDÎ¡ BÏ®ED+��C
Ñ`d��Wz��j_~z£zo�jkya�_~z�_·�jnhds}lk{fofhbeij|Äbefxajk¥��ijk{a¦���Ék�_	noky_	pcrekqz�dÄ}{dgwy��_	nhk�zo�jkyw�duajk{r�fmz�d
�gk{n�z�b�}�_	r¬beiXz�kl|gn�_Ãz�bed	i��d»³fy§¿_	n�_~f�z��ckÄ�±klz�ack{r®_��âbefy}{d	ij}{klnoijkla��¬zo�jk�nhkl§¨klnok{ic}{k��~_	r��jk
fo�jdg�crea�pvk�z��jk�beiXz�kl|gn�_~zobedgiÚd	§©zo�jk��Ék¥zqnok¥§¨n�_	}¥z�b��ub¡z��g�¤���jk�ajklzok{nowybeij_~z�b�dgid	§©z��ck�nok¥§®t
k{noklij}{k �~_	r��jk�§¨dgn`z��jk �X�uajnhdgfhz�_~z�b�}qajk{re_��Äbef³ijd	zmfhd¤}{rek{_	n{��¾ªæ�k{}lzob��	k{r��Äz��jkqno_	ajb�dgfodgicajk
�jnod	�jrek{f¬�jfh��_	rer¡�·fhzodg�½pvklz��±k{k{i�Ô	×�_	ija Ò ×���wÄ�+»ÿfhbewy�jrekm�	k{nhzobe}{_	r¼b�iXz�k{|	n�_~zobedgi·�Éd	�jrea
ijk{|gr�k{}¥z©z��jkmk¥æ¦kl}lz�d	§�zo�jkmr®_��gklnof�fhb�z��j_~z�kla·_	p�d��	k�z��jb�f©reb�w�b¡z������jbef�_~fofo�cw��czobedgi¤b�fÉ�~_	reb�a
§¨dgnªz��jk©�±klz±ajklr®_�� pj�sz±icd	z§¨dgnªz��ck¬�X�uajnhdgfhz�_~z�b�}�ajk{re_��	�1»³fzo�jk�p�klfhzÏw�duajklrsz�dx}{_	re}l�jr®_~zok
z��jk��X�uajnhdgfhz�_~z�b�}�Û{klijb�zo�Ëajk{re_���b�f£z��ck·Ðc_g_	f�z�_	wydgb�ijk{i�w�duajk{r��¼z��±d«fodgr��cz�b�dgijf£_	nok���dgfõt
fobepcrekgs¬�Éky}�_~iÚ�cfokqz��jk�wydsack{r¼§¨d	n³z��jk�re_��	k{nhf£_~p�d��gkqzo�jkq�jbe|	�jk{f�zxn�_	ajb�dgfod	ijajkqrek¥�gklrdgn
�Ék�}{_	i��jfhk�z��jk�Ðc_g_	f�z�_	wydgb�ijk{i�w�duajk{r�_	r�dgijk	�X��b¡z��jdg�sz©�jfhbeij|�zo�jk`�	k{n�z�be}{_	r¦b�iXz�k{|	n�_~zobedgi��
ÊÉdgw��j_	nob�fodgijf`p�k¥z��Éklk{iz��jk£z��Éd¤wyklzo�jdsacf³z�d·éxÌÏÐ�w�k{_	fo�cnok{wyk{iXzofmaj�jnob�ij|·é�Ðs��ÈÏtÓ÷ Ç
�jnod��gklaÄzo��_~z�z��ck�fhk{}ldgijaÄzok{}��jicbe´��jkx�©_	f�zo�jkxw�dgf�z¬_	}{}l�jn�_Ãz�k	�

Í�dgn�dg�jnª}ldgw��j_	nob�fodgijfl�	�±k�_	fofh�jw�klayzo��_~zªzo�jk�k{´���_Ãz�bed	iqd	§êz��jk¬Ðc_	_	fhzow�dgb�ijk{i����uajnhd~t
fhz�_Ãz�be}mack{r®_��¯_	f�k¹Ác�cnok{fhfokla«bei¤z��jk�¾ÏÐP»îÈÉreb�ija·w�duajklr¢µ¨��b¡z��·z��jk�^5¥j|gk{n

k1

}ldsk¥óy}{bekliXz¹¸
�©_	f�zo�jkxp�klfhz¬dgijk~�

À�iz��ck�§¨d	rered���b�ij|�z�_~pjrek�_	icaÚzo�jk�dgijk{f�redu}�_Ãz�k{ab�i »`ijijk¹Á�»����±k�_~nok�fo�jd���b�ij|¯zo�jk
ajk{re_��½k{fhzobew�_~z�b�dgi«k{nhnodgnx§¨dgn Ö ajb�æ�k{nhk{iXz��©_��uf£zodÄ}{_	re}l�jr®_~zokqb�z{�����jkyfobþÁ«��nhfhz£dgijk{f�ajd
ijd	z�nokl´��jbenhk£_~i��¤_	ajajb¡z�bed	i�_	r¦k¹Ás�jr®_	ij_~z�b�dgi��szo�jkl�¯_~nok�z��ck�Ðs_g_	fhz�_	wydgbeijkli��szo�jk�Ý`dg�s��k{r�a��
z��jk�ÈÉre_	}���_	ica¯zo�jk�»³fo��ijk£Ñ`d	noajb��jf�w�duajklref�_	f�ajklfo}lnobepvk{aÄbei¯ÊÉ��_~�cz�kln�Ôs�

���ckm¾ÏÐP»ôémnodg�cija�wydsajklrê}{dgijfhbef�z�f©b�i�z��ck��jfok`d	§Kz��ck³k{´���_Ãz�bed	ijfÉd	§Kzo�jk�¾ÏÐP»UÈÉreb�ija
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w�duajk{rc�jfoklay��b¡z���z��jk�nok{_	rjwyk�_	fh�jnokla½µ¨dgn}�_~re}{�cr®_~zok{a�beiqz��ck¬}{_	fok
α
_	ica

λ
¸���_	no_	w�k¥z�klnof

beijf�z�k�_~a�d	§�z��jk`z�_	pj�cr®_~zok{a�dgick{f{����cbef©wydsack{rv}�_	i¤pvk��jfhk{a·bei�d	noajklnÉz�d�zok{f�z©z��jk�_	pjber�b�z��
d	§³zo�jk¯�±klz�ajklr®_��Åk{´���_~zobedgiÅz�dÚwydsajklr©z��jkÄ_~zow�dgfh�j�jklnok¯b�§¬z��jk¯nok{_	r

α
_~ija

λ
���jklnok

_��~_	b�r®_	pcrek`��b¡z��jd	�cz�z�_	��b�ij| z��jkmz�_	pj�jre_~z�kla¯d	ijk{f¬beiXz�d�_~}{}{d	�jiXz��
���ck©¾ÏÐP»ÞåÄklz¼w�duajklrXbef�_	refhd�ajk{nhb��gkla�§¨nod	wáz��jk±¾ÏÐP»�ÈÉreb�ijaxw�duajk{r���Íêd	n�zo�jbef�wydsack{rÓ�

dgijr��yz��ck�fh�jnh§¿_~}{kx�jnoklfofh�jnoklf1ÐqÑm_	ica·zok{wy��kln�_~zo�jnokx_~nokm�jnhd°�ub�ajk{a·§¨nodgwºfo�jn�§¿_	}{kmwyk�_~fo�jnhk¥t
w�kli�zof{�¼���jbefªwyduajk{rufob�w �jr®_Ãz�k{f�z��ck©noklfo�jr¡z�fª|gb¡�gkliqp���z��ck©w�duajklrs�jfhbeij|³��_	n�_~w�k¥z�k{nhf¼zo��_~z
}�_	i�pvk©k�_	fhber¡��wyk�_	fh�jnoklaq§¨nodgwî_m|gnodg�cijaqfhz�_~z�b�dgi ��b�zo�qp�_	nod	w�k¥z�k{nhf{�gzo�jk{nhw�dgwyklzok{nhf_	ija
���u|gnhdgwyklz�klnofl�

Í�dgn¼z��jb�f��~_	reb�a�_~z�b�dgi£zok{f�z��g�±k¬}��cdgfok�z�dx}ldgw��j_	nokÉzo�jk�wyklz��cdsajfª§¨d	nU.g_	i���_	n���Ô	×g× Æ §¨dgn
Ö �±k{rer�ajb�fhz�nhbepj�sz�k{aÄredu}�_~zobedgicf`_~rer�_	nod	�jija�zo�jk£�±dgnor�a�s@»�ajklr®_	b�ajk�bei#»`�jfhzon�_	r�b®_c�vÈÉno_	fob�rebe_
bei È±n�_	ÛlberÓ�6.	k{ajaj_	� � beij|$»³pvaj�jr§»`Û{b�ÛÉbeiXzok{noij_~z�b�dgi�_	ru_	b�no�vdgnhz¼bei�Ðs_	�jajbP»³n�_~pjb®_c�	²�_	�Ã_	n¼bei
Ðsk{ijkl|X_	r���Ív_~benopj_	ij��fbei�Î³ÐP»îµ>»³re_	fo�Ã_X¸¹�uéxb�pjn�_~r�z�_~n{�~Ì¢nhklzodgnobe_xb�i�Ðsdg�czo��»¬§¨nob�}�_c�uÐc_~�j��d	nod
bei;.g_	��_	i��cÐuz�tõÝ`�cp�klnhzÏbei�ÈÉk{r�|gbe�cwY_	ijay÷Ï_	ijajkliupvk{nh| bei�Î�Ð9»Wµ�Ê©_	reb¡§¨dgnoijbe_X¸¥�����jk`}��jdgb�}{k
d	§Kz��jk³fhz�_Ãz�bed	ijf©_	ica¤d	§Kz��jk³��klnobedua��É_	f�_	nhpjb�zon�_	n��g�up�kl}�_	�cfok��±km}�_	i�icd	z�pvk�k¥Ás��_	�cfhz�b¡�gk
��b�z��Ëfh�j}���_	iÅ_	wydg�jiXzqd	§�a�_Ãz�_c�Ú���jk��~_	re�ck{fqbei�z��jk�z�_	pjreklf nokl�jnoklfokli�z�zo�jk¤pjb®_~fq_	ija
z��jknowyf·k{nhnodgn¯_	fhfodu}{b®_Ãz�k{aòz�dÅz��ck�wydsack{r�aj�cnobeic|âzo�jkw�dgiXzo��� Ñ¬k¥Áuz¯z�dÅz��jkÚi�_	wyk
d	§£zo�jk«fhz�_~z�b�dgiÜz��jki��jw pvk{n¤d~§ _	}l}{kl�cz�_	pcrek�jnod~��reklf¤��_��gkÚp�klk{ià}{dgijfhbeajklnoklaà§¨dgn�zo�jk
w�k{_	i�� » ijr¡�qz��jk¬z�_	pjr�k¬§¨d	nÉÌnok¥z�dgnhb®_�befÏnok{�vdgn�z�k{a��jk{nhk³pj�cz±z��jk`noklfo�jr¡z�f±§¨d	nÏzo�jbef±fob�zok³_~nok
nok{�cnok{fhk{iXz�_Ãz�b��	k	�Ï���jk�d	z��jkln©z�_	pcrek{f�_~nokxredu}�_~zok{a·bei[»`ijijk¹ÁD»��

Í¼benof�zmd	§Ï_	r�rÓ�v�Ékq}{_	iijd	z�b�}{k�zo��_~z�zo�jkqk{nhnodgnhfx_	nok�w�dgf�zmd	§¢z��ck�z�b�w�k£p�klred�� Ç ×�}{w¯�
¾�	k{i¯b�§Kzo�jk�w�_	bei��j_	nhz�d~§�zo�jkmajklr®_���b�f©aj�jk�zod z��jk³���uajnhdgfhz�_~z�b�}m��_	n�z��s�±kx}�_	i¤fhk{k�zo��_~z
z��jk±k{nonhdgnªb�f¼w�_	beicr��maj�ckÉz�d³zo�jkÉ�±klz�j_	nhz{�����jk�^¼�¬Êq»Ü_	ija�Ðs_g_	fhz�_	wydgbeijkli�wydsack{ref�|gb¡�gk
z��jkÏ�Édgnhfhzª�~_	r��jk{fl�g|gdgb�ij|¬�j� z�dm_ Ç ä³}lwînhw�f�k{nhnodgn¼beiq²�_~�~_~nª_	ija Ì¢nhklzodgnobe_`noklfo�vk{}¥z�b��	k{r¡�g�
Â�k�}{_	i�icd	z�b�}{k©z��j_~zz��jk�pvk{f�z±wyduajk{r�f_	nok�»`fo��ijk¹tõÑ`d	noajb��jf{øùdgijk¬_	ija�¾ÏÐP»¶éxnhdg�jijaq��b¡z��
_	i�nhw�fx�~_	re�jk�pvk{r�d°� Æ wywÄ�����ck{ben�noklfo�jr¡z�f£_	nok��gklnh��}{r�dgfokyp�kl}�_	�cfok�zo�jk�wyduajk{r�f£_~nok
�gk{n��·fob�w�b�r®_	nl�ª���jbef�fh�jd���f`z��j_~z¬_y|	dsdua·k{fhzobew�_~z�b�dgi¤d	§�z��jk
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α
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w�duajk{r¼bef�zo�jkqw�d	fhzx_	}l}{�jno_~z�k�dgick	� ���jkyÝ¬dg�c��klreaw�duajklr�befm�j_	nhzobe}{�cr®_	nhr��·p�_	a«§¨dgn�zo�jk
���uajnhdgfhz�_~z�b�}xajk{re_��	�ÉÀ�§¢_yÝ`d	�c��k{r�ast�r�be�~kmw�duajk{r¦bef�}��jdgfhk{i��êz��jk£ÈÉre_	}����X�uajnodgf�z�_~zobe}�ajk{re_��
fo�jdg�crea�pvk��cnokl§¨klnonhk{a��Ä���jk��vdsd	n£nhk{fo�cr�z�f£d	§©zo�jk�ÈÉre_	}��«wydsajklrÏ_	nok�k¥Ás�jr®_~beijkla�pX��zo�jk
§¿_	}lzyz���_Ãz�b¡zyajdsklf�ijd~z��jnhd��sb�ajkÄ_	iÞk¥æ¦kl}lz�b¡�gkÄw�duajk{r�d	§`z��jk¯�Ék¥z�ajklr®_��g�d»`w�d	ij|Úzo�jk
pjreb�ija�wydsack{refl���±kq}�_	i«}lrek{_	nor¡�Äicd	z�b�}{k£zo�jkqbewy�jnhd°�	k{wyk{iXz�pcnodg�j|	��z�p��Äz��jk ¾±Ð9»\ÈÉreb�ija
w�duajk{r��Ä���ck�pjb®_~f�d	§©zo�jbef£w�duajklr±b�f�d	§ïzok{i�pvk{r�d°� Ç }{wÙ_	ija�zo�jk�nowyf�klnonhdgn�b�f£pvk{r�d°�
Ò }{w¯�·Ñ`k¥�gklnhz��ck{reklfof zo�jbef�k{nhnodgn�}�_	i�|gd��c��z�d Ö }{wÕb�i�²�_~�~_~n{�Äéxklijk{no_	rer¡�½z��ck�¾ÏÐP»
åÄklz�w�duajklr�befqwydgnok·�jnhk{}{b�fok·z���_~i�z��ckÄÈ±rebeicaâwyduajk{r��±pj�sz�zo�jk·bewy�jnod��gklw�kliXz�b�f�ijd	z
fo�vk{}lz�_	}{�cr®_	nxµ¨d	§ïz�kli¯_	nodg�cija·×c� Æ }{w�¸¥����jb�f�_	i�_	r¡�ufobefÉ|gb��	k{f��jf�_���nhfhz�b�ajk�_ d	§�zo�jkmdgnoack{n
d	§�w�_	|gijb¡z��jajkyd	§©zo�jk�klnonhdgnofq_~ija�d	§©zo�jk�nhk{fh��kl}lz�b¡�gk¤pvk{��_��ubed	�jn£d~§�z��jk�w�duajk{r�f{�·���jk
iu�cw p�klnof��jnhd°�ub�ajk{a¯�jk{nhk�_	nokx´��jb�zokmfob�w�b�r®_	nÏz�dqz��jkxdgickx§¨d	�jija¤§¨dgn¬é�Ðs��ÈÏt�÷ Ç �
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���jk½fokl}{dgicaÜ��_	nhz�d	§mdg�cn�_	i�_~r��ufob�f�}ldgij}{klnoijf·Ñ¬�jwyk{nob�}�_	r�Â�k�_~zo�jk{n�Ìnok{acbe}lzobedgiÞa�_~z�_s�
» �c��dgfhb�zok{r��xzodmn�_	ajb�dgfod	ijajk©�jnhd	��r�k{f{��Ñ�ÂàÌ�w�_	�jfª�cnod��ubeajk©zo�jk©fhz�_~z�k�d~§vzo�jk�_~zow�dgfh�j�jklnok
�Édgnhreac��b�ajk	�cbeij}lre�jajb�ij|�zo�jkxds}lk�_	ijfl�¢���jkxw�_	b�i�ajno_���pj_	}��¤bef©zo�jkmred��¶nok{fhdgre�sz�bed	i¤d	§¼zo�jk
w�_	�cf{��÷¢k{n�z�b�}�_	r�r��g��zo�jk��cnod	��r�k{f£_	noky}{d	w��vdgfokla�d	§©dgijr��Ô Ò r�kl�gklref�µ¿}ldgijfob�ajk{nhbeij|Äw�k{_	i
fok�_¤r�kl�gklr_	ijafh�jnh§¿_	}lk�¸�_	icazo�jk �gklnhzobe}�_~rªnoklfodgr��cz�b�dgi½bef Ç.- bei«r®_Ãz�b�zo�jajk�_	ijaredgic|gb�zo�jajk	�
Ñ`d	zokq_	refhd�z��j_~z�z��ck{fokqw�_	�jf³_	nok�befofh�jk{a«§¨nhdgw _~i_	fofhbewyber®_Ãz�bed	i¤�jnodu}{klfof�_	ija«ijd~z³§¨nod	w
ajbenhk{}lz�w�k{_	fo�cnok{wyk{iXzof{�PÍ�dgn�k¹Ác_	w��crek	���±k½��_��gk½zodËnoklw�_	b�iÞ}ldgijfo}lbedg�cf�z���_Ãz��±k«}�_	i
ijd	zxk¥Ás�vk{}¥z£zo�jk�f�_	wykq�jnokl}{b�fobed	i§¨nhdgw _·Ñ�ÂàÌá�jnod~��rekqd��gkln�zo�jkqÀ�ijajbe_	ids}lk�_	i�_	ijaÚ_
n�_	ajb�dgfod	ijajkm�jnhd	��rek³bei¯¾ij|gr®_~ija��ª���jkmzok{wy��dgno_	r�nhk{fod	re�czobedgi�b�f�äq�jdg�jnhf{�¢���jbef�b�f�p�k¥zozok{n
z���_	i¤f�z�_	ica�_	noa¤no_	ajb�dgfodgicajk��jnhd	��reklf±§¨dgn±���jbe}���zo�jk�r®_~�jij}��jklf©z��s�cbe}�_~rer��ydu}{}l�jn©kl�	k{n�� Ç Ô
�jdg�jnhf{�âÈÉ�cz�z��cbefqbefqf�z�b�rer�_	pvd��gk¤z��ck·zok{wy��d	n�_	r©fh}�_	r�k¤d	§¬z��jk¯kl�	dgre�czobedgiËd~§`zo�jk¯�É_~zok{n
�	_~��dgn�}ldgiXz�klija�µïz��u�jbe}{_	rer¡� Ò ×qwybei��cz�klf�dgijr¡�j¸¹�
/ fmb�z`�©_	fmk¹Ás�jr®_	b�ijk{a«b�i«fokl}lz�b�dgiâµÓÔu� Ç �!Ôs�!Ôg¸¥��z��jk �j_	n�_	wyklzok{nhfmbeij}lre�jajkla½bei½zo�jk�¾ÏÐ /

ÈÉreb�ijaÞwydsack{r³}ldgwykÄ§¨nod	w ¾ÏÊ�å¯ÂàÍÉøùf·¾¢^ / Ç°Æ nok¹tõ_	ij_	r��ufob�f{�UÀ�iòdgnhajk{n�z�d��jnhd��sb�ajk«_
fo�cóy}{b�k{iXz�r¡� b�ijajk{�vk{icajk{iXz¢a�_~z�_	p�_	fhk	�X�±k��jfoklay§¨dgn¼z��jb�f��~_	reb�a�_~z�b�dgi£_	ijd	zo�jk{nªfhklzÏd	§�Ñ¬ÂàÌ��
z��jk£¾ÏÊ�å¯ÂàÍÞÌ¢²mÐ·a�_~z�_qz��j_~z�¾ÏÐ / �jfhk{a�b�i½Ô~×g×XÔ�z�dy}�_	r�bepjno_~z�kx¾iX�ubefo_~z�øùf�^ / Ôqn�_	aj_	n
_	r�zobewyklz�kln1Ðo����jbef�a�_Ãz�_qfok¥z`}ldgij}lk{noicf³_ �gk{_	n�z���_~z��É_	f�ijd	z¬b�ij}{r��jajk{a·b�i·¾Ï^ / Ç�Æ ����_	f�_
p�k¥zoz�klnÉfh��_~z�be_	r�noklfodgr��cz�b�dgi�µ�¾¢^ / Ç°Æ �É_	f Ç � Æ0- bei�r®_~zob�z��cajk¬_	ija�r�dgij|gb¡z��jack�¸_	ija�b�f¢befofh�jk{a
§¨nodgwëforeb�|g�Xz�r¡��ajb¡æ¦klnokli�z£_	fhfob�w�b�r®_~zobedgi¯�jnodu}{klaj�jnhk{f{�y���jk�¾¢^ / Ç°Æ a�_~z�_¤fhklz�}�_	wyk §¨nod	w
_£nok¹tõ_	ij_	r��ufob�f±k¹Ásk{no}lbefhk	�jnhk¥t�}{_	re}l�jr®_Ãz�beic|�Ñ�ÂàÌÅw�_	�jfÏ��b�zo��fhz�_~z�k¹t�d	§®tÓz��jk¹tõ_	n�zÉ�cnodu}{k{ac�jnoklf{�
���jkÄaj_~z�_fok¥z�zo��_~z��Ék¯�jfhk{aÞ�É_	fy}{nok{_~z�klaÞajb�nokl}lz�r¡�g�Ïa�_��â_~§ïz�kln�a�_��g�É§¨dgn�dg�vk{no_~z�b�dgi�_	r
�j�jno�vdgfhk{f�µ¿k{fhfokli�zob®_	r�r����Ék{_~z��jkln¤§¨dgnokl}�_	f�z¹¸¥�\���jkÚ}{d	ij}{klnoijklaá�vk{nob�dsaòpvk{|X_~iàd	iUÔ~ã~z��
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å�_	no}��ÄÔ	×	×XÔ�_~z Ç Ø s!×	× _	ija¤klijajk{a¯dgi¯Ô~ã~z�� » }lzodgpvk{n�Ô	×	×XÔs�¢Ðc_~w��jr�k{f�_~nok�wybefhfobeic|£§¨nod	w
Ç Ø�z�� .	�jr¡�½_Ãz Ç Ø s8×g×�zod¯Ô Ç z�� .	�jr¡� Ç Ô�s!×	×c� / r¡z�dg|gk¥z��jkln³�±kq��_��gkyØ Æ	Ö fo_	wy�jreklf{�K_	f`�Ék
��_��gk�ãyfo_	wy�jreklf�µ�_~z�wybeajicbe|g�Xz��cäqdjø8}lredu}��ê�jijdudgi�_~ija¯_~z Ç Øqdjøù}{redu}��s¸©��kln�a�_��g�

���ck�dgnhbe|gb�i�_	r¦aj_~z�_�}{dgiXz�_	bei·§¨dgn�k�_	}��Äf�_	wy�jr�kgsÏ|gk{dg�vd	zok{iXz�be_	rK�jnod~��reklf{�jz�klw��vk{no_~z��cnok
�jnod	�jrek{fÉ_	ija¤nhk{r®_Ãz�b��	k`���jwybeacb�z��y�jnod~��reklf±§¨dgnÏ�cÁsk{a¤�jnhk{fofh�jnokmr�kl�	k{ref±§¨nodgw Ç ×g×	×£��Ì¼_�z�d Ç
��Ì�_=<��c�jre�jf�zo�jkxw�k{_	i·fok�_�rek¥�gklrK�jnoklfofo�cnok£_	ija·z��jkxfo�cnh§¿_	}lk��cnok{fhfo�jnhk	�
/ fÉ§¿_	n±_	f±zo�jk³b�iXz�k{|	n�_~zobedgiyd	§Kz��ck³ajklr®_��ybefÉ}ldgij}lk{noick{a��c�±k�ijklk{a�zo�jk�_	r¡z�b¡z��jajk�d	§Kzo�jk

rekl�	k{r�f¼b�ijfhzok�_	a�d	§czo�jkÏ|gk{dg�vd	zok{iXz�be_	rÓ� / f�b�z�b�f�ack{fo}lnob�p�kla beimz��ckÉijk¹Ász¼fokl}lzobedgi��Ãz��jkÏnod	�cz�b�ijk
k{wy�jred��gkla��jnhkl�ubed	�jfor¡�¤z�dy}{dgiX�gklnhz³dgijk�´u�j_	iXz�b�z��·zodyzo�jk£d~z��jkln`��_~f³pvk{k{i�_	i�_	r¡�ufok{a�_	ija
��_	f�pvk{kli«}{dgwy��_	nhk{a½z�d�fodgwyk d	zo�jk{nhf{��Í�beij_	rer¡�·_	i½b�w��jnhd��gk{a«d	ijk ��_	f³p�klk{i�jnod	��dgfhk{a
_	ija·��_	f�pvk{k{iÄbewy�jreklw�kliXz�k{a¦�
/ ijd	zo�jk{n��jnhdgpjreklw }�_~w�k�§¨nhdgwSz��ck·§¿_~}lz�z���_Ãz�dgijr���z��jk¯�jnhk{fofh�jnokÄ_~zyfo�cnh§¿_	}lk·�É_	f

�uicd°��iÅ_~ija��±k���_	a�zod�b�i�zok{nh��dgre_~z�k�dgn£k¥Áuz�no_	�vdgr®_~zokyzo�jk�d~z��jkln���_	no_	wyklz�klnofl�½Ðskl}lzobedgi
ãj� Ò ��b�rer¦pvkxajkl�	d	z�klaÄzod�zo�jk{fhk£b�fofh�jk{fl�

���±d�wydsack{r©�vk{n�§¨dgnow�_	ij}lk{f�}{dgwy��_	nhbefhdgijf ��_��	kÄpvk{kli��vk{n�§¨dgnowyk{aË§¨dgn zo�jk{fhk�Ñ�ÂàÌ
w�_	�cf{��dgick }{dgwy��_	nhbeij|�ajk{re_��sfx_Ãzmfo�jn�§¿_	}{k�_~ija«dgijkq}ldgw��j_	nob�ij|�ajklr®_��ufx_~zx_	i_~r�z�b¡z��jack
d	§ Æ ��w¯�Ä���cbef�r®_	f�z _	ij_	r��ufob�f£nhk{´��jb�nok{f�z��jk���ijd���rek{ac|gk�d	§©zo�jk��cnok{fhfo�jnhk¤_~z�z��jb�f�r�kl�gklr
_	ija¤�Ékx��ber�r¦fhk{k�bei·fokl}lz�b�dgi·ãj�ùãy�cd°�áz�d�ajk�_~r���b�z��¤zo��_~z��jnhdgpjreklwÄ�

Í¼bei�_	r�r��	�vzo�jkqr®_	f�z�fhk{}lzobedgid	§¢zo�jbef�}��j_	�cz�klnmbef�ackl�gd~z�k{az�d�zo�jk�_	i�_~r��ufob�f�d	§¢z��jkq�vk{nõt
§¨dgnow�_	ij}lk{f�d	§�z��jkxajb¡æ¦klnokli�z¬wydsack{refÉdgi�_q|gr�dgp�_	r�fo}{_	rek~�
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dφ = g dz
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dφ
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gmsl(lat) = 9, 806.(1− 2, 637 10−3 cos(2.lat))
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g(lat, z) = gmsl(lat) − 9, 806.
(

3, 1.10−7z
)

= P0 − P1z
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Fgrav = GMm
R2 = gmslm
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g = gmsl(R/R + z)2 µ¨ãj�!Ôg¸
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R = 6378, 16− 21, 38 sin(lat)2
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Z =
φ

gm
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Z =
φ

g(lat, 0)
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Z =
φ

g(lat, Z)

=
φ

P0 − P1Z

⇒ 0 = P1Z
2 − P0Z + φ

⇒ Z =
P0

2P1
±

√

√

√

√

(

P0

2P1

)2

− φ

P1
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g
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Z =
φ

g(lat, Z)

=
φ

P0(R/R + z)2

⇒ 0 = φZ2 +
(

2Rφ − R2P0

)

Z + φR2

⇒ Z =
−2Rφ + P0R

2 ±
√

R4P 2
0 − 4R3φP0

2φ
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φ(Z) =
∫ Z

0
(P0 − P1z)dz

= P0Z − P1
Z2
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0 = −Z2

2
P1 + P0Z − φ

⇒ Z =
P0

P1
±

√

√

√

√

(

P0

P1

)2

− 2φ

P1
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φ(Z) =
∫ Z

0
gmsl

(

R

R + Z

)2

dz

= gmslR
2
∫ Z

0

dz

(R + Z)2

= gmslR
2
∫ R+Z

R

da

a2

= gmslR
2
[

−1

a

]R+Z

R
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= gmslR
2 R + Z − R

R(R + Z)

= gmslR
Z

R + Z
À�zB|}��~t{��+y�z=�h�«z?{)y¹Ác�S�?y��J�£zo�ty¡z=��z?|�z��S�ty�z=��{��0y¡�ny�z=~¨�?y�z���y¥�0y7��zg�Bz�§¨�t~c}lz;|}{0~¨{	§Ézo�ty
|0y�{g��{	z?y�~Xz;|�z=�cs

φR + φZ = gmslRZ

⇒ Z =
φR

gmslR − φ
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z=�?�J{f³7|�zg¯?y��¢¯;{�¯��ty��t�Jy��J�?¿t�Jy���y¥�0y7� Ç ×g×g×¤��Ì4z¤��{0¿t���¸��y¡¿S~t�ty��J²0�?{=¿t~t���yÀ�§�¯o�ty��?¿t��§§z=³�y
�t�?y7�?�?¿S�?y�|��Xz=��{°�=y��¡y�z=~��Jy�z��}yl�0y7�ª�t�Jy��?�J¿t�?y�zg~t� Ç ×g×g×y��Ì4zs�&z=~�y¹Áf¯?�;z	��{0��zg¯;|}{0~�{	§r¯o�ty
�?¿t��§§z=³�yx�ty7|�²g�d¯���z=�9¯?{n��ym��y7�h§�{0�J�ny7���

Ö ä



Í4|�²0¿S�?y©ãj� Ò s�Ðf³��ty7��z {	§¼¯��ty^�}yl�0y7���l��Â´y^zg�?y9��{�{g�º|�~S²³§�{0�¹¯��Sy^z=�}¯?|}¯;¿S�ty
Z2

�}|�~j�gy���¯;{ �}yl�0y7�
Ôs�³À®~�{=¿t�E¯?y��J¯?�{�k�}yl�=y�� Ç |��Ez��gz=|}��z=�S��ym���ty�~½��y�³7{0~t�?|}�ty��E|�~d¯;y7�o��{0��z.¯;|�{=~)�t¿f¯O~t{=¯`���ty�~
��y ³�{=~t�?|}�ty��^y¥Á�¯?�;z	��{0��z.¯;|�{=~��
/ ��z¤�t�?�J¯�z.¯?¯;y7���f¯�z��J|��y�t��y£�t¿t�Jy�������z.¯��ty7��zg¯?|�³�z=�µ|}~d¯;y��h��{=��zg¯?|�{0~ Y y¥Á�¯;�?z	��{=��zg¯?|�{0~��z��W��z=�¥³7{0~t�?|}�ty��Jy����·���ty�|��ty�z·��z=�¥�J|��y�t����¯;{��Jy���zg¯;y¡��|}~ty�z=�J���)¯��ty��ty�|}²g�d¯£�^|±¯���¯o�ty

��{0²dzg�?|}¯o�t�À{	§ ¯��Sy«�t�?y7�?�?¿S�?y	�\Î£~c§�{0�¯;¿t~�z.¯;y��¡�i¯o�ty¨z=�±¯;|}¯?¿t�ty¯�Hz=�¤�gz=���f|}~t²°z¶��{g¯�§��?{=�
{0~ty���z���¯;{�z=~t{=¯o�ty�����y�³�z=¿t�?y�¯��S|����ny_¯��t{��Ë�Hzg�n~t{g¯��S�?y�³7|��Jy)y7~t{0¿t²g�¦��Â�y�¯?�?|}y��°¯;{
�?y��¡��{=~�¯o�tyx�t�?y7�?�J¿t�?y �?³�z=��ym�Sy�|�²	�º¯^�?zg¯��Sy��H¯��tz=~�{0~�y¥Á�¯;�?z	��{0��zg¯?|�{0~¦�Sz=�9¯o�tym�X�f�S�?{0�¯pzg¯?|�³
y{´º¿t|��}|��t�J|�¿t��³�z=~)��y y¥Ás�t�Jy��?�Jy��¢zg�!s

dp

p
= −dz

H

���ty��Jy
H
|��¥¯o�ty��?³�z=��y¤�ty7|�²g�d¯�³�z=��³7¿t��z.¯;y���§��?{0�Á��|�~Sy�z=���t¯?¯?|�~t²j�4�t¿S¯�¯��Sy��?y��J¿t�}¯?� ��y7�?y

yl�0y7~Ä��{0�?�Jy	�
/ �?y¥�f|}yl�Â{	§^�t|¡æ¤y7�?y7~º¯B¯;y7³��t~t|e´º¿ty7��z=~t��§�{=�?��¿t��z=�x��z=����y�y7~Ë��y7�h§�{0�J�ny7�¶z=~S�´¯��ty¥�

��z��0y���y7y�~)z=�?�Jy��?�Jy��¢zg²dz=|�~S�J¯9�?z=�t|�{=�?{0~t�Sy��S�?{	���}y��9|}~�{=�?�ty7�H¯;{¡³��t{0�?y ¯��Sy���y��¯£{0~ty	�
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• í&|�~ty�z=�H|}~º¯?y��JÒ�{0��zg¯;|}{0~�s

Z2 = Z3 − (Z3 − Z1)
ln
(

P2

P3

)

ln
(

P1

P3

)

µ¨ãtÓ Ö ¸

Ö ö



• ²Xy7�t¿t³7¯?|�{0~·§��?{=� H3

z=~S��Ô®�?y�z.Õ ��y_Ö0y7�cs

Z2 = Z3 − H3 ln
(

P1

P2

) µ¨ãtÓ Ç ×X¸

× |}¯?Ø H3

|��9¯;ØSy�ÒS�?y��J�?¿t�Jy¥�J³�z=�}y�ØSy�|�²=Øº¯^³7{0�¡|�~t²q§��?{=��z���|�~Sy�z=��ÙS¯?¯;|}~t²�¿t�?|}~t²¡{0~t�}Ú
¯;Øty �}y7Ö0y7���^z=��{\Ö0y���y_Ö0y���Ô�Ó

• ²Xy7�t¿t³7¯?|�{0~·§��?{=� H1
z=~S��Ô®�?y�z.Õ ��y_Ö0y7�cs

Z2 = Z3 − H0 ln
(

P1

P2

) µ¨ãtÓ Ç	Ç ¸

× |}¯?Ø H0

|}��¯?Øty¡Òt�?y7�?�?¿S�?y��J³�z=�}ynØty7|�²0Ød¯B³�{0�¡|�~S²·§��J{0�Ûz���|�~Sy�z=��Ùt¯J¯;|�~S²)¿t�J|�~t²)z=�}�
¯;Øty �}y7Ö0y7���9�t¿f¯E�}y7Ö=y���Ô·µ�¯?Øty ¿t~tÜº~t{ × ~ê¸_Ó

• Í�{0�?�¥¿t��z9�ty7�t¿t³�y7�¥Ý��?{=�Þ|�~d¯;y7²0�;zg¯?|�{0~�{=Ýf¯;Øty�ØºÚ��t�J{0�J¯;zg¯;|}³�y7ßº¿t|��}|��t�J|�¿t�àz=~t��z=�J�?¿t��¦|�~t²BzB�}|�~ty�z=�V�?y7��zg¯?|�{0~t�JØt|�Ò¡��y7¯ × y�y�~�¯?Øty£Ö�|}�J¯;¿tz=��¯;y��¡Ò�y��;z.¯;¿t�JyOz=~t�¡¯;ØtyE��{0²0z=�?|±¯;Øt�{=Ý·¯;Øty Òt�Jy��?�J¿t�?yzs

Z2 = Z1 +
Rd

g



Tv1 ln
(

P1

P2

)

− 1

2

Tv3 − Tv1

ln
(

P3

P2

) ln 2
(

P2

P1

)



 á ãtÓ Ç Ô0â

ã9Øt|��rÝ�{0�J��¿t��zX³�z=~nz=�}�?{ ��y^³7{0~t�?|}�ty��Jy��¡¿t�?|}~t² ¯;Øty�ÔU~S{0�?�nz=�f¯?y��¡Ò�y7�;zg¯?¿t�?y6Õ9|}~t�J¯?y�z=�
{=Ý·¯;Øty�Ö�|��¯;¿�z=��¯;y��¡Ò�y��;z.¯;¿t�Jy=Ó

• È�Ú¨�Jy7Ö0y7�?�J|�~t²�¯?Øty�y7ßº¿�zg¯;|}{0~ P2 = P1

(

1 − α(Z2−Z1)
T1

)
g

R′

d
α
Ý�{0¿S~t�´|}~�¯;ØSy¤é z=��|}��y�{

ä£y_Ý�y��Jy�~t³7yBã·�?{0Ò�{0�JÒtØty��Jy á ºæå » â_ç × y�{=�S¯pz=|}~

Z2 = Z1 +



1 −
(

P2

P1

)

αRd
1000g





T1

α
á ãtÓ}è Ò â

α
³�z=~���y�³�z=�}³�¿t��zg¯;y7��Ý��J{0�»�}|�~ty�z=��Ùt¯J¯;|}~t²�{0�HÝ��?{0�

α = − T1−T3

Z1−Z3

Ó

• / ~nz=~�zg��{0² z=ÒSÒt�?{dzg³pØkçº¿t�?|}~t²�¯?Øty9¯;y7�nÒ�y��?zg¯;¿t�Jy^��z=Òt�Jy9�;zg¯?y=çº³�zg~n��y£Ý�{=����{ × y���Ý��J{0�¯;Øty�Ý�{0�J��¿t��z
T2 = TS

(

P2

P1

)

αRd
gm
Ý��?{0� / �JÜ�~Sy_¦õÑ£{0�?�S|�¿t� á º Ò ç¤å » â%s

Z2 = Z1 +
T1

α

(

1

P1

)

αRd
1000gm

(

P
αRd

1000gm

1 − P
αRd

1000gm

2

)

á ãtÓ}è{ãºâ

Ö Ø
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• í&|�~ty�z=�Hy6ìf¯?�;z=Ò�{0��zg¯;|}{0~

Z2 = Z3 − (Z3 − Z4)
ln
(

P2

P3

)

ln
(

P4

P3

)

á ãtÓ}è\í0â

• î y7�t¿t³7¯?|�{0~�Ý��?{=� H3

z=~S��¯?Øty�Ù��?�¯£��y7Ö=y���z=��{\Ö0y���y_Ö0y���Ô

Z2 = Z3 + H3 ln
(

P3

P2

) á ãtÓ}è�ädâ

• ï {0�?�¥¿t��z9�ty7�t¿t³�y7�¥Ý��?{=�Þ|�~d¯;y7²0�;zg¯?|�{0~�{=Ýf¯;Øty�ØºÚ��t�J{0�J¯;zg¯;|}³�y7ßº¿t|��}|��t�J|�¿t�àz=~t��z=�J�?¿t��¦|�~t²BzB�}|�~ty�z=�V�?y7��zg¯?|�{0~t�JØt|�Ò¡��y7¯ × y�y�~�¯?Øty£Ö�|}�J¯;¿tz=��¯;y��¡Ò�y��;z.¯;¿t�JyOz=~t�¡¯;ØtyE��{0²0z=�?|±¯;Øt�{=Ý·¯;Øty Òt�Jy��?�J¿t�?ygç¼�t¿S¯£¿t�?|}~t²�{0~t�±Ú���y_Ö0y7���£ð�z=~t�¯ã�s

Z2 = Z3 +
Rd

g



Tv3 ln
(

P3

P2

)

− 1

2

Tv4 − Tv3

ln
(

P4

P3

) ln 2
(

P2

P3

)



 á ãtÓ}è�ö0â

/ ��|}~ y�ßº¿�z.¯;|�{=~ á ãtÓ±èÑñ0â6ç × y¢³7{0¿t���Mzg���?{´¿t�?y�¯?Øty�¯;y7�nÒ�y��?zg¯;¿S�?y�|}~t�J¯?y�z=� {gÝ�¯?ØtyÖ�|��J¯?¿�z=�¤¯?y��¡Ò�y7�;zg¯?¿t�?ygÓ

• ò Ún¿t�?|}~t²�¯;ØSy�y�ßº¿�zg¯?|�{0~�Ý�{0¿S~t��|�~�¯?Øty�é�zg��|��}y�{Bä£y_Ý�y��Jy�~t³7y�ãµ�J{0Ò�{=�?ÒtØty7�?y á ºæå » â_ç × y{0�S¯;z=|�~
Z2 = Z3 +



1 −
(

P2

P3

)

αRd
1000g





T3

α
á ãtÓ}è�ódâ

α
³�z=~���y�³�z=�}³�¿t��zg¯;y7��Ý��J{0�»�}|�~ty�z=��Ùt¯J¯;|}~t²�{0�HÝ��?{0�

α = − T1−T3

Z1−Z3

Ó

CED§©^DRF hiL WfuEw®QfW
ô®~¸{=�?�ty7�O¯;{�z=�J�?y��J��¯?Øty��Jy�y�ßº¿�zg¯?|�{0~t� × y�³�{0�¡Ò�z=�Jy��¢¯;ØSy�|��XÒt�?y7³�|��J|�{0~¢¿S�?|�~S²��?z=�t|}{0�?{0~S�tyÒt�?{=Ùt��y��7Óöõ�{0~t³7y��J~t|�~t²�|�~d¯?y��?Ò�{0��zg¯;|}{0~kç × y¸¯;�?|}y��M¯;{i³�{0�¡Ò�z=�Jy¨¯?Øty¸��y7Ø�z�Öf|}{0¿t��{=Ý¥¯?Øtyy�ßº¿�zg¯?|�{0~t��|�~´z)�Jy�z=�}|��J¯?|�³�³�zg�?y=Ó / �Jy7¯¥{=Ý�è\÷��;z=~t�S{0�n�±Ú¢�?y7��y7³7¯;y7��Òt�?{gÙ���y7� × z=��³pØt{=�?y�~�?{�¯;Øtzg¯�¯;ØSy��?y × z=��z=� × z�Ú���zg¯���y�zg�J¯�{=~ty���y_Ö0y�����y_¯ × y7y�~�è\ø0ø0ø�Øtù4z¢z=~t�°ú0ñ0í�Ø�ù4zfÓ¸ôRÝ�n{0�Jy¡¯?Ø�z=~�{0~Sy���y_Ö0y7� × z=��³�{0�¡Òt�J|��?y7�´��y7¯ × y�y7~�¯?Øty��Jy�¯ × {�Ögz=�}¿ty��7çr{0~tyn{=Ý9¯;Øty7� × z=��;z=~t�S{0�n�±Ú��Jy���y7³7¯?y��kÓ9ã9Øty�|��Sy�z × z=�£¯;{¡³�{0�¡Ò�z=�Jy�¯;ØtyBz=�}¯?|}¯?¿t�ty�Òt�J{ÑÖ�|}�ty��)�ºÚ�¯?Øty�¯?y��¯;y��Ý�{0�?��¿S��z=��¯?{�¯;Øty {0~ty�z�Ögz=|���z=�t�}yX|�~�¯?Øty�Òt�?{gÙ���y7�^Ý�{=�H¯;Øt|}�9��y7Ö=y��ªÓ
ã9ØSy¡�J³�y7~�z=�?|}{�Òt�?{0Ò�{0�Jy��¨¯;{�¯;y7�J¯ ¯;ØSy�y_ì�¯;�?z=Ò�{=��zg¯?|�{0~�Ý�{=�?��¿t��z=�O|}�XÖ0y7�JÚ¨�?|}�n|}��z=��s × y¯;�?|}y���¯;{ny7Ögz=��¿tzg¯;y ¯;ØtyBz=�±¯;|}¯?¿t�ty�zg¯^¯;ØSy¥�;zg�ny���y_Ö0y��·z=�E��y_Ý�{0�?ygç¼�t¿S¯E{0~t�}Ú�¯?Ø�z=~tÜº�£¯;{n¯?Øty

údñ0í�Ø�ù4z���y_Ö0y7��z=~t��¯;Øty�Ý�{0�}��{ × |�~S²�{0~tygÓ

ú0ú
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ô®~�¯;ØSy¡Ý�{0�}��{ × |�~S²�²0�;z=ÒSØ�¯;ØSyny7�?�?{=�?��{=Ý�¯?Øty�y7ß�¿tzg¯;|}{0~¸Ý�{=� ¯?Øty�|}~d¯;y��JÒ�{=��zg¯?|�{0~¨z=�Jy�³�{0��¦Ò�z=�?y7�kÓ2ûO~�¯;ØtyX��y7Ýü¯�¯;Øty7�?y�zg�?yX¯?ØtyO�¡y�z=~kçº¯;ØSy��J¯pzg~t��z=�J���ty7Ö�|�z.¯;|�{=~�z=~t��¯?ØtyO�J{f{=¯��ny�z=~
�?ßº¿�z=�JyBy7�?�?{=�E{=Ýµ¯;ØtyBz=�t�J{0��¿f¯;y y��J�?{0�£z=~t�){0~�¯;Øty��?|}²0Ød¯£¯?Øty��Jy¥zg�?y ¯;Øty��;z=�¡y ²0�;zgÒtØt�^Ý�{0�
¯;Øty �?y7��zg¯?|}Ö=yOy��J�?{0�7Ó�ûO~t�±Ú�¯?Øty ��y7�J¯^Ý�{0�?�¥¿t��z=yXØ�z�Ö0y���y7y�~�Ü=y�Òf¯EÝ�{0�H¯?Øt|��9²=�;z=ÒtØ¤Ó
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ï |�²0¿S�?y¡ýtÓþý s�ÿ �?z=ÒtØ¶{gÝH¯;Øty�z=�t�?{=��¿S¯?y�z=~S�´¯;Øtyn�?y7��zg¯?|}Ö0yny��J�?{0�J�¥{=ÝH¯?Øty�z=�±¯;|±¯;¿t�ty�³�z=��³7¿f¦��zg¯?y����ºÚ�¯;ØSy)|}~º¯?y��JÒ�{0��zg¯;|}{0~°y�ßº¿�zg¯?|�{0~¤Ó��rßº¿�zg¯?|�{0~�è�³7{0�?�Jy��?Ò�{0~t�S�n¯;{¸Ý�{0�?�¥¿t��z á ýtÓþúdâ6çy�ßº¿�zg¯?|�{0~�ñB³7{0�?�Jy��JÒ�{0~S�t�9¯;{¥Ý�{0�J��¿t��z á ýSÓ}èÑñ=â�¿t�?|}~t²¥¯?ØtyOÖ�|��J¯?¿�z=�¼¯;y7�nÒ�y��?zg¯;¿t�Jy=çty7ßº¿�zg¯;|}{0~ð�³�{0�J�?y7�?Ò�{0~t�t��¯?{�Ý�{0�?��¿S��z á ýtÓ±èÑñ0â�¿S�?|�~S²�¯;Øtyn¯;y��¡Ò�y��;z.¯;¿t�Jy=çry�ßº¿�z.¯;|�{=~¶ý¢³�{0�J�?y7�?Ò�{0~t�t�¯;{�Ý�{0�?�¥¿t��z á ýtÓ±è�ýºâX¿t�J|�~t² α
Ý��J{0� �}|�~ty�z=�XÙt¯J¯;|�~S²tç&y�ßº¿�zg¯?|�{0~�í�³�{=�?�?y7�?Ò�{0~t�t��¯?{�Ý�{=�?��¿t��z

á ýtÓ±è\ðdâ�¿t�?|}~t² α
Ý��?{0�	�}|�~ty�z=��ÙS¯?¯;|}~t²�zg~t�¶y�ßº¿�z.¯;|�{=~�÷�³�{=�?�?y7�?Ò�{0~t�t�B¯;{�Ý�{0�J��¿t��z á ýtÓ}è�ðdâ¿t�?|}~t²

α
³�z=�}³�¿t��zg¯;y7���}{f³�z=���±Ú0Ó

�£{�Ý�{0�?��¿S��z=�O�tz=�?y7��{0~¨¯;ØSy��?³�zg��y�Øty�|}²0Ød¯�z=�?y��Jy�Òt�Jy��Jy�~d¯;y7�¶{0~¢¯;Øty�²0�?z=ÒtØ¨��y�³�zg¿t�?y
¯;Øty_Ú × y7�?y�~t{=¯£z=³7³�¿t�?zg¯;y�y�~S{0¿t²0ØkÓrã9ØSyB�J³�z=�}y�Øty�|}²0Ød¯E³�z=~�z=���J{���y y_ìfÒt�Jy��J�?y���z=�!s

è\ø0ø



ï |}²0¿t�?y�ýSÓæí�s2ÿ��;zgÒtØt|�³X{=Ýµ¯?Øty Òt�?y7�?�J¿t�?yB�?³�zg��y�Øty7|�²0Ød¯Ez=�^z�Ý�¿t~t³7¯?|�{0~�{=Ý·¯;ØSyBzg�}¯;|±¯;¿t�SyXÝ�{0�

H =
kT

mg

× Øty��Jy k
|���¯;Øty ò {0�}¯����nz=~t~¶³7{0~t�J¯;z=~d¯�ç T |��¥¯?Øty�¯?y��¡Ò�y7�;zg¯?¿t�?y�zg~t� mg

|��B¯?Øty��¡y�z=~
× y7|�²0Ød¯�{=Ý2zg~¨z=|��£Ò�z=�¯;|�³7��ygÓ / � × y�³�zg~¢{0�t�?y7�JÖ=y¡{=~�Ù�²0¿t�Jy á ýSÓæí0â6ç�¯?Øt|��Oßº¿�zg~º¯?|}¯®Ú)|��E~t{=¯³�{0~t�¯pz=~d¯Oz=���&{\Ö0y7�E¯?Øty¥Òt�J{=Ù��}y=Ó9ô®~)Ý§zg³7¯�ç�zn�}|�~ty�z=�9�?y7��zg¯?|�{0~S�?Øt|}Ò)��y7¯ × y�y7~�¯;Øty���{0²0z=�?|±¯;Øt�{=Ýk¯;ØSyOÒt�?y7�?�J¿t�?y z=~S��¯;ØtyXz=�}¯?|}¯?¿t�ty£³�z=~�{=~t�}Ú¡��yX�?|}²0{0�J{0¿t�?�±Ú�z=�J�?¿t�¡y���Ý�{0��z=~�|}�?{=¯?Øty��J��zg�
zg¯;�¡{0�?ÒSØty��Jy=Órã9Ø�zg¯£|}�H¯;Øty �?y�z=�?{=~ × ØdÚ�¯;ØSy��?y��¡y7¯;ØS{f�t�9²0z\Ö=y�Ö=y��Ú�Ò�{�{0�H�Jy��?¿S�}¯;�7Óã9ØSy���y��¯£�?y��J¿t�}¯?�^³�{0�¡yOÝ��?{0� á ýtÓ±èÑñ0âHzg~t� á ýtÓ±è\ðdâ × |±¯;Ø α

³�z=�}³�¿t��zg¯;y7����{�³�z=�}�}Ú0Ó·ã9Øty7|��
�?�¡�Oy��J�?{0�O|}�O��y���{ × ñfç í�� zg~t�¢¯;Øty��S|�z=�O�¯pz�Ú�� ��y7��{ × è��)Ó���y�³pØt{0�?y�¯?{�|��¡Òt��y7�ny7~d¯¯;Øty�Ù��J�J¯£{0~tygÓ
Ã·Ä}ÅkÄ}ékÄ�é êXëkÉ\ËÑÏtÌrÍ�Î�ÏSÉÑÐ�Í�È
/ ��Ý§z=��z=��¯;Øty�y6ìf¯?�;z=Ò�{0��zg¯;|}{0~¢y�ßº¿�zg¯?|�{0~S�Bzg�?y�³�{0~S³�y��J~ty��¤ç¹z�²0�;z=ÒSØ¸�J|��¡|���z=�E¯?{�¯?Øty�{0~ty
Ý�{0�9|�~d¯;y7�?Ò�{0��z.¯;|�{=~�|��9Òt�J{\Öf|}�ty��¤Ó��Ey��Jy¥zg²dz=|�~¤çS{0~t�±Ú�¯?Øty ��y7�J¯£�?y7�?¿t�±¯;�£z=�?y�³7{0~t�J|��ty7�?y��¤Ó
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ï |�²0¿S�?y¡ýtÓ ÷�s�ÿ �?z=ÒtØ¶{gÝH¯;Øty�z=�t�?{=��¿S¯?y�z=~S�´¯;Øtyn�?y7��zg¯?|}Ö0yny��J�?{0�J�¥{=ÝH¯?Øty�z=�±¯;|±¯;¿t�ty�³�z=��³7¿f¦��zg¯?y����dÚ)¯;ØtyBy_ì�¯;�?z=Ò�{=��zg¯?|�{0~�y�ßº¿�zg¯?|�{0~S��Ó��rßº¿�zg¯?|�{0~¶è¥³�{0�J�?y��JÒ�{=~t�t�O¯;{nÝ�{0�?��¿S��z á ýtÓ±èÑí0â6çy�ßº¿�zg¯?|�{0~�ñB³7{0�?�Jy��JÒ�{0~S�t�9¯;{¥Ý�{0�J��¿t��z á ýSÓ}è
	=â�¿t�?|}~t²¥¯?ØtyOÖ�|��J¯?¿�z=�¼¯;y7�nÒ�y��?zg¯;¿t�Jy=çty7ßº¿�zg¯;|}{0~ðB³�{=�?�?y7�?Ò�{0~t�t�2¯;{�Ý�{0�?��¿S��z á ýtÓ±è
	0â¹¿t�J|�~t²�¯;Øty£¯;y��¡Ò�y��;z.¯;¿t�Jy=ç�y�ßº¿�zg¯?|�{0~ný¥³�{=�?�?y7�?Ò�{0~t�t��¯;{Ý�{0�?��¿S��z á ýtÓ}è�ódâ�¿t�?|}~t² α
³�z=�}³�¿t��zg¯;y7����{�³�z=�}�}Ú0Ó

��y¡³�z=~¶{=�t�?y7�JÖ0y¡¯;Ø�z.¯B¯?Øtyn��y��¯��¡y7¯?Øt{f�¸|���¯?Øty á ýtÓ}è�	0âXÝ�{0�?��¿S��z × |}¯?Ø¸¯?ØtynÖ�|��¯;¿�zg�¯;y��¡Ò�y��;z.¯;¿t�Jy=Ó�E~SÝ�{0�¯;¿t~tzg¯;y7�}Ú�¯;Øt|}��y�ßº¿�zg¯?|�{0~ �Jy�ßº¿t|��Jy���¯?Øty�Ö�|��J¯?¿�z=�£¯;y��¡Ò�y��;z.¯;¿t�Jy¨zg¯
�ny�z=~¶�?y�z���y_Ö0y��ªç × Øt|�³pØ�Øtz=��¯;{���y�y6ìf¯?�;z=Ò�{0��zg¯;y7�´¯;{�{tÓ ï {0�B¯?Øt|��B�?y�z=�?{0~ × y�³pØt{0�Jy�¯;{|��¡Òt��y7�ny7~º¯·Ý�{0�J��¿t��z á ýtÓ±èÑí0â × ØS|�³pØ�Òt�?{\Ö�|��Sy��2zO�?|}�n|}��z=�µz=³�³7¿t�;zg³7Ú á �?�¡�rz=�?{=¿t~t��ó��ny_¯;y7�?�z=~t��z¡�S|�z=�^z=�J{0¿t~t��÷��¡y7¯;y7�?�;â_Ó
Ã·Ä}ÅkÄ}ékÄ�Å �����·Ð�ÉÑÐ�Í�È·ÏtÎ��0Í�È���Ð���ÊºËÑÏSÉÑÐ�Í�È����RÍ¼Ë�ÊdëkÉ\ËÑÏtÌrÍ�Î�ÏSÉÑÐ�Í�È
�´y�Ø�z�Ö=y��Jy�y7~�¯?Ø�zg¯HÝ�{0��y_ì�¯;�?z=Ò�{=��zg¯?|�{0~kçº¯;ØSy���y7�J¯^Ý�{0�?�¥¿t��z × z=�^y7ß�¿tzg¯;|}{0~ á ýtÓ±èÑí0â6Ó ï {0�Hz��y_¯?¯;y7� z=³�³7¿t�;zg³7Ú�|}~�¯;Øty�y6ì�¯;�;zgÒ�{0��zg¯;|}{0~kç × y�¿t�Jy�¯;Øty��¡y�z=~¢�Jy�z���y_Ö0y7�rÒt�?y7�?�?¿S�?y á × Øty7�?yz=�}¯?|}¯;¿S�tyX|}�9y�ßº¿�z=�¤¯?{���y��J{ºâHz=~t��¯?Øty z=�}¯?|}¯?¿t�ty�z=�J�?{�³�|�zg¯;y7� × |}¯;Ø��}y7Ö0y7�¹è\ø0ø=ø�Ø�ù4zSÓ��£y7Ö0y7�¦¯;Øty7��y��J� × y£Ø�z�Ö0y^¯;{ ��y£³�zg�?y7Ý�¿S����y7³�z=¿t�JyE�J{0�¡y7¯;|}�ny7�r�ny�z=~¡�?y�z ��y_Ö0y7��ÒS�?y��J�?¿t�JyX³�z=~n��y^�?{
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³���{=�?yH¯;{�è�ø0ø0øOØ�ùµz�¯?Ø�zg¯r¯?Øty9y_ì�¯;�?z=Ò�{0��zg¯?y��¡z=�±¯;|}¯?¿t�ty�|��¹�t{=¿t�S¯?Ý�¿S�tÝ�{0�¹~º¿t�¡y��?|}³�z=�f�?y�z=�?{0~S��Ó
/ �Sy7¯pzg|���y7�n³�z=��³7¿t��z.¯;|�{=~�{=Ý�¯?Øty£y��?�J{0�2Ø�z=�V��y7y�~�Ò�y��Ý�{0�?�¡y��¤çd�t¿S¯���y�zg�¡¯?{¥z�Ý�{0�?�¥¿t��zX¯?Ø�zg¯
× z=�¹¯?{f{�³7{0�¡Òt��y6ì¥¯?{�|��¡Òt��y7�ny7~º¯�Ó�ô®~t�J¯?y�z=�kç × y^³pØt{0�?y£zO�¡{0�?y�³�{0~t�Jy��Ö=z.¯;|}Ö=y9�t¿S¯V�J|��¡Òt��y7�z=ÒtÒt�J{dz=³pØkÓ2ôRÝ |Pmsl − 1000| < 1hPa

çt¯?Øty�~�¯;ØSy¥z=�±¯;|±¯;¿t�tyX{=Ý¹�}y7Ö0y7�·údñ0í�Ø�ù4z¡|��9¿t�Jy���Ý�{=�
¯;Øty y_ì�¯?�;z=Ò�{0��z.¯;|�{=~kÓ

,��R, � ����D! L�� A#"� »A$ 	D5C�C�O% 	D&����® ��D5¡ AND! '����O% 	D( 	D5H)"fL�*
D! �³

õ�{0~t³�y7�?~t|}~t²�|�~d¯?y��?Ò�{0��zg¯;|}{0~kç\¯;Øty7�?yH¯ × { Ò�z=�;zg�ny_¯;y��4z=�?y�³�{0�¡Òt¿S¯?y����dÚ�zg�?�?¿S�n|}~t²�zO��|}~ty�zg��?y���zg¯;|}{0~t�JØt|�Ò)��y_¯ × y7y�~�¯?Øty��Jy�ßº¿�z=~d¯;|±¯;|�y7� z=~t��¯?Øty���{0²0z=�?|±¯;Øt� {=ÝV¯?Øty�Òt�?y7�?�J¿t�?ygÓ�ã9Øt|���|}�y�ßº¿t|}Ögz=�}y�~d¯�¯?{�z=�J�?¿t�¡|�~t²¶z´��|}~ty�z=�¡��z × ��y7¯ × y�y7~M¯?Øty × zg¯;y7��Ögz=Ò�{=�nÒt�Jy��J�?¿t�Jy á {0�n¯?Øty¯;y��¡Ò�y��;z.¯;¿t�Jy\âHz=~t��¯;ØSyBzg�}¯;|±¯;¿t�Sy=Ó
/ �OÝ§z=�Ozg�O¯;Øty�y6ì�¯;�;zgÒ�{0��zg¯;|}{0~ × z=��³7{0~t³�y7�?~ty7�kç&¯;Øty × zg¯?y��OÖgz=Ò�{0�XÒS�?y��J�?¿t�Jy × z=���Sy_¦�?|}Ö=y���Ý��?{0�Â¯;Øty

λ
Òtz=�;z=�¡y7¯?y���s

e0 = e1

(

p0

p1

)λ

ôR¯��nz�Ú�Ø�z=ÒtÒ�y�~�¯?Ø�zg¯2Ý�{0�2�?{0�¡yE�Jy�z=�J{0~t�7ç�¯?ØtyX³7{0�nÒS¿S¯;y7�
λ
z=�t{0ÒS¯?��Òtz=�J¯?|�³�¿S��z=�J�}Ú�ØS|�²0Øn{0�

��{ × Ögz=�}¿ty��7ÓHô®~)¯?Øty��Jy¥³�zg�?y=ç × y¥³�{=~t�?|}�ty��Jy��)¯?Ø�zg¯£¯;Øty�y_ì�¯?�;z=Ò�{0��z.¯;|�{=~ × z=�E~t{=¯Xz=³�³7¿t�;z.¯;yy�~t{0¿S²0Ø¨z=~t�¢|±Ý −0, 75 > λ
{=�

λ > 7, 5
ç × y�zg�?�?|}²0~ty7�¨z$�E{=¯¦Uz.¦+�E¿t����y��£Ögz=��¿ty�¯;{�¯?Øty

× zg¯?y��9Ögz=Ò�{0�9Òt�?y7�?�J¿t�?ygÓã9ØSyB�J¿t�JÝ§z=³7y�¯;y��¡Ò�y��;z.¯;¿t�Jy�|��9³�{=�nÒt¿f¯;y����dÚ��ny�z=~t�9{=Ý|s
T0 = T1 − α(h0 − h1)
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ï |�²0¿t�JyOýtÓ.	�s�/f³pØty7��z�{=Ý·¯;Øty �}y7Ö0y7���
/�¯pz=�¯;|}~t²�Ý��?{0�Â¯;Øty y7ß�¿tzg¯;|}{0~

Z2 = Z1 +
Rd

g



Tv1 ln
P1

P2

− 0, 5
Tv3 − Tv1

ln P3

P1

ln 2P2

P1



 á ýtÓ}è�údâ

× y ³�zg~)�ty7�t¿t³7y

ln P2 =
−D ±

√
D2 − 4BC

2B
á ýtÓæñgødâ

× |}¯;Ø

A = (Z2 − Z1)
g

Rd

− Tv1 ln P1

B = 0, 5
Tv3 − Tv1

ln P3

P1

C = A + B ln 2P1

D = Tv1 − 2B ln P1

ô®~n¯;ØSyXy�ßº¿�z.¯;|�{=~ á ýtÓæñgødâ_çd¯;ØSyXÒ�{0�?|±¯;|}Ö=y^�?|�²=~��?ØS{0¿t���n��y£³�{=~t�?|}�ty��Jy���|±Ý Tv1 > Tv3

z=~t�n¯?Øty
~ty�²dz.¯;|}Ö=yX�J|�²0~nØ�z=��¯?{���yX¿t�Jy���|�~¡¯;ØtyE{=¯;ØSy���³�z=�?ygÓ�ÿ�zg¯?Øty��J|�~t²Bz=�}�¼¯?ØtyE¯?y��J�n�7ç × yEÙ�~�zg���}Ú{0�S¯pzg|�~ á × |±¯;Ø�¯;ØSy��?z=�¡y��J|�²0~�³7{0~dÖ0y�~d¯?|�{0~��?|}²0~¼â1s
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P2 = exp



−Tv1

ln P3

P1

Tv3 − Tv1

+ ln P1

±

√

√

√

√

√



Tv1

ln P3

P1

Tv3 − Tv1

− ln P1





2

− 2
ln P3

P1

Tv3 − Tv1

(

(Z2 − Z1)
g

Rd

− Tv1 ln P1)
)

− ln 2P1









ôRÝ
Tv1 = Tv3

ç&¯;Øt|}��y�ßº¿�zg¯?|�{0~ × {0¿t�}�¸�}y�z=�¢¯?{)z��t|±Ö�|��?|}{0~¢�dÚ#��y7�?{tÓ�ô®~¨¯;Øt|}��³�z=�Jy × yØ�z�Ö0y ¯;{�³�{0~S�?|��Sy��9¯;Øt|}�9y�ßº¿�zg¯?|�{0~'s

P2 = exp
(

lnP1 +
Tv1g

Rd
(Z1 − Z2)

)

ã9ØS|���y�ßº¿�zg¯?|�{0~ × z=��¯;y7�J¯;y7�i|}~10�zg¯;��z=��{0~°�;zg�t|�{0�J{0~t�ty�ÒS�?{=Ù��}y���|�~32&|}��z / |��?Ò�{0�¯
á è\ó54gø0ð54=ú0ú�zg¯�è�÷ s ø=ødâ_çVÿ�|��S�;z=�±¯pz=� á è�4fèÑñ64=øfè�zg¯�èÑñ�sþø0ødâBzg~t�7/f{���z=~tÜdÚ���z á è�ý84=ø6	64=ø0ð)zg¯è0è6sþø0ødâ_Ó�ã9Øty�¯;y��¯�³7{0~t�J|��J¯?y��i|�~°¯;Øty��?y7³�{\Ö0y7�JÚ�{=ÝO¯?Øty�Òt�?y7�?�?¿S�?y�Ý�{0��¯?Øty)³7��{0�Jy��¯��}y7Ö0y7�
¯;{�í=ø=ø0ø�� ¿t�?|}~t²�¯;Øty¥|�~SÝ�{0�J��z.¯;|�{=~)�Jy���z.¯;y��)¯;{�¯;ØSy��?¿tÒ�y��J|�{0�Oz=~t�¢|�~fÝ�y��?|}{0�£��y7Ö=y��}��Ó�ã9Øty
�t|:9�y��Jy�~t³7yn��y7¯ × y�y7~¶¯;Øty�³�zg��³�¿S��zg¯?y��¸Òt�?y7�?�?¿S�?y�zg~t��¯?Øtyn�¡y�zg�?¿t�Jy��´{=~ty × z=����y7��{ × øSç½ýØ�ù4z�|�~�y�zg³pØ)³�z=�?ygÓ
ã9ØSy�~º¿t����y���{=ÝH�?z=�¡Òt��y7��|}� ß�¿S|}¯;y¡��{ × ç·�t¿S¯�¯;Øty�Ögz=��¿Sy�� Ý�{0¿t~t��z=�?y�Ý§z=� ¿t~t�Sy��B¯?ØtyÒt�?y7�?�?¿S�?y)z=³�³7¿t�;z=³_Ú°{=ÝE�;z=�t|}{0�?{=~t�ty���zg¯;z á ¯®Ú�Òt|�³�z=���±Ú�è�Ø�ù4zdâ6ç��J{ × y�³�z=~�³�{0~S�?|��Sy���¯;Øt|}��?y��J¿t�}¯^�?zg¯;|}�JÝüÚ�|�~S²tÓ

,��2ª ÉÊ�����%³�C?G�C;"�Ì1�� �DÎ®������
/ � × y�z=���Jy�z=�fÚ �ny7~d¯;|�{=~ty���|}¯�çE¯;ØS|�����zg¯;z��Jy7¯)|���³�{0�¡Ò�{0�?y7��{=Ý × {=�?�����nz=Òt��{=Ý¥¯?Øtyzg¯;�¡{0�?ÒSØty��J|�³¥ÒS�?{=Ù��}y��7ç&�?{�|}¯ × |��}�µ��y�¿t�?y7�¢¯;{�³�{=�nÒ�zg�?y¥¯?Øty��n{��ty7���X{=~¨z × {0�J���¢��zg�?|��7Óã9Øty���zg¯;z�ÒS�?y��Jy�~d¯;y7��ØSy��?y¡z=�Jy��nz=|�~t�±Ú���z=ÒS�OÒt�?y7�?y7~º¯?|�~t²�Ý�{0�Oy�z=³pØ¨Ò�{=|�~d¯ z��J¯;zg¯;|}�J¯?|�³�zg�
Ò�z=�;zg�ny_¯;y���³�z=��³7¿t��z.¯;y��¢{\Ö=y�� ¯;Øty�	��n{0~d¯?Øt��{=Ý���zg¯pzfÓ¡ã9ØS|����J¯;zg¯;|}�J¯?|�³�zg�¹Ò�z=�?z=�ny_¯;y7��³�z=~
��y�¯?Øty��ny�z=~°�t|:9�y��Jy�~t³7y=çV¯;Øty��J{f{g¯��ny�z=~°�?ßº¿�z=�Jy á �?�¡�pâ��t|:9�y��Jy�~t³7y�{=�¥¯;Øty��¯pz=~t�tz=�?��ty7Ö�|�z.¯;|�{=~�{=Ýr¯?Øty¥�t|<9¤y7�?y7~t³�y���y7¯ × y�y7~¸¯?Øty¥�Sy���z�Ú)³�z=�}³�¿t��zg¯;y7�)Ý��J{0� ¯;Øty��¡{��ty��·z=~t��¯?Øty�?y7Ý�y7�?y7~t³�y��ty���z�Ú0Ó
ãµz=�t�}y���{gÝB�¯pzg¯?|��¯;|�³7�nÝ�{0��y�z=³pØM�¡{f�ty7�Xzg�?y¢z=�}�?{¶ÒS�?y��Jy�~d¯;y7�kÓ�ã9ØSy7Ú �Jy�Òt�Jy��?y7~d¯�¯?Øty

¯;y��¡Ò�{0�;z=���¡y�z=~�{=Ý�¯?Øty��J¯;zg¯;|}�J¯;|}³��H³�z=��³7¿t��z.¯;y���Ý�{=�Hy�z=³pØ��?z=�nÒS��yO�nz=ÒkÓ ï {0��y�z=³pØ��;zg�nÒt�}yá Ý�{0��y_ìSz=�¡Òt��yX¯?Øty�ñ0í64gødí640ñ=ø=ødñBzg¯9÷ s ø=ødâ_çSz��?Ò�zg¯?|�z=���¡y�z=~�{=Ý�¯?ØtyX¯;{g¯pz=���ty���z\Ún�ty_Öf|�zg¯;|}{0~{=Ý�z=���·¯;Øty�Ò�{0|�~d¯?�O{=ÝV¯;Øty��nz=Ò¢|}�O³�{0�¡Òt¿S¯?y��kç�zg� × y7���rz=��{g¯;Øty7���J¯pz.¯;|��¯;|}³�z=�·Ò�z=�?z=�ny_¯;y7�?�
á �¡y�z=~t�7ç¤�J�n�Xz=~t�¢�nz.ìf|��nz=�&�ty7Ö�|�zg¯;|}{0~t�EÝ�{=�Xz=�}�·¯?Øty��ty7��z�Ú��pâ6ÓOã9Øty�~¸zn¯?y��¡Ò�{=�;z=�·�ny�z=~{=Ý¹zg����¯?Øty��JyBÒtz=�;z=�¡y7¯?y��J�£|}�9³�z=�}³�¿t��zg¯;y7�kÓ/�|��¡|���zg�?�}Ú9¯?{9¯;ØtyV�;zg�t|�{0�J{0~t�tyV��z.¯pz^z=~�z=�±Ú��?|��7ç\¯;ØtyV�?y_Ý�y��Jy�~t³7y)��y7~t|}¯?Ø × y_¯4�ty7��z�Ú�|}�&³�{0��¦Òt¿S¯;y7��Ý��?{=�+Ö0y��¯;|}³�z=�¼|�~d¯?y�²0�?zg¯;|}{0~�zg~t�n¯?ØtyX�Jy7Ý�y��Jy�~t³7yOØdÚ��t�?{0�¯pzg¯?|�³£�ty���z�Ún|}��{=�S¯pz=|}~ty��¡�dÚ
�ny�z=~t�V{=Ý�¯;Øty=/Sz0z=�¯pz=�¡{0|}~ty�~��¡{f�Sy�� á × |±¯;Ø¡ä5¥t²0y��?>þ�2�?y_¯2{=Ýk³7{fyA@n³7|�y7~º¯?�pâ6Ó��Ey7Ö=y��¯;Øty7��y��J��ç
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¯;Øty × y_¯9�ty���z�Ú0Ó¹ã9ØtyX�?y�zg�?{0~�|}�2¯?Ø�zg¯��?{0�¡y7¯?|��¡y��r¯;ØtyEÖ=zg��¿ty7��{=Ý¤¯;ØtyO³�z=��³7¿t��z.¯;y�� λ
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