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��¬��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±
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Ë = º G Î
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¬�¢¤±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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∆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
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∆L′

g

À
∆L′

g =
∫

S
n ds −

∫

G
n ds
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∆Lg > 0
¬�¦n°

∆L′

g < 0

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

g

¥*¡�¦K­�±)¦K¨¤��¡�¦�ÌÝ +�n��®¯±
Ü§¬�¬��©¨Â¬�¶�¡���¦§±)¦ e @ = f���¬l�$¬l°n¡�´§¨¤±)°�¨ª�n±�¡�¨¤�n±)¢+¡�¦n±lº
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N
°n±.Ã�¦n±*°�¬���À

N = (n − 1)106
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N = Nd + Nw

 +�n±)¢^±
Nd
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Nw
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Nd = nd − 1 = aρd +�n±)¢^±
ρd
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a
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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
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¬�´n´n¢^¡7²P�¯¶�¬l¨¤±)®ÉµU¥*¡�¦n�©¨Â¬�¦K¨���¦â¨¤�n±@¨ª¢^¡�´<¡��¤´n�§±)¢¤±«¬�¦§°X¨¤�n±)¦X°n±*¥)¢^±�¬��^±)�)ºV¼\À
�x}[}z�xÁ>¿$¹�¢¤¬�´n�n�¯¥
¡�³q¨¤�n±��¯¦h­�±)¢^�¤±2 �±*¨�¥)¡�¶�´n¢^±)�¤�^��·n�¯®��É¨½µÅ¬��U¬D³f¸n¦§¥*¨ª�¯¡�¦�¡l³q¨ª�§±/¬�®É¨ª�¯¨¤¸n°n±â³f¡�¢U¬�¢¤¬�°n�¯¡��¤¡�¦§°n±
´n¢¤¡�Ãn®�±�º

ÙQL



< JÛ$MJÛ$MJ u JÃÂ s /�`)&�( ��� *�&)(�(<« j * 6 * �B� * jcJ »5¦n¡�¨¤�n±)¢��¯¶2´<¡�¢©¨Â¬�¦K¨�¬l�¤�¤¸§¶2´§¨¤��¡�¦0�¯�a¨ª�§±�®���¦9Ê
±�¬�¢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)
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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
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���n±�¦n¡�¨Â¬Á¨ª��¡�¦n����¦[¨ª�§����´�¬�¢¤¬�¿�¢¤¬�´n�D¬�¢¤±0®¯��¦n£l±)°[¨ª¡X¨ª�§����´n�¯¥*¨ª¸§¢¤±�º
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 +�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

)
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 +�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¨
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∞
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∞
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(
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∞

H

e

T
dz
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
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+
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
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(
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∆L = ∆Lh + ∆Lw
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∆L(E) = mh(E)∆Lh zenith + mw(E)∆Lw zenith
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¨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
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a
Ì
b
¬�¦n°
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Xhi(Dy) = Xm hi − Xf hi cos

[

2π
(Dy − Do)

365, 25

]

 +�n±)¢^±
Xm hi

¬�¦n°
Xf hi
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Ì
b
¬l¦n°

c
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Dy
�¯�

¨ª�n±$°�¬�µ2¡l³�¨ª�n±«µ�±)¬�¢�¬�¦n°
Do
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¬�¦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�¯¡�¦
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a
Ì
b
¬�¦n°

c
¬�¢¤±X±~²P¨¤¢ª¬�¥.¨ª±*°
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ÜP¡�¶�±t¶2¡9°n±*®��q�n¬7­�±�·b±*±)¦�°n±*­�±)®¯¡�´b±*°��¯¦[¡�¢¤°§±)¢q¨¤¡â¨Â¬�£l±U¬O�)��¶�¸§¨ª��¬l®a¬��©µ9¶2¶�±*¨¤¢¤��±*�@��¦/¨¤�n±
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∆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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³f¡�®�®¯¡M +�¯¦n¿�³f¡�¢^¶Ú³f¡�¢�¢^±*³f¢¤¬�¥*¨¤�¯­9�¯¨½µ�À

N = K1
pd

T
+ K2

e

T
+ K3

e

T 2
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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°
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n =
√

µε
Ëf¥)¡�¦n�^��°n±*¢¤�¯¦n¿

µ = 1
Î.º$���n±)¦�¨¤�n±*µ
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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¨¤±)¢
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¨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
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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
Ã�¥)�¯±)¦K¨ª�*ºÓÈ½¦n�^¨¤±�¬�°Í¡�³+¨Â¬l£9�¯¦n¿Å°n�¯¢¤±)¥.¨ª®Éµ�¨ª�§±[¥)¡�¢^¢¤±)¥.¨ª�¯¡�¦Ó¨ª¡Å¨ª�§±[´b±*¢^³f±)¥.¨X¿K¬��"®�¬7 Ú��¦Ó¨¤�n±
K1

¥)¡9±*Ð�¥)�¯±)¦K¨�Ì§����¬�µ�±)¢«´n¢^±*³f±)¢^¢¤±*°�¨¤¡X¬�°n°[¨ª�§±0��¦K­�±*¢¤�¤±�¥*¡�¶2´§¢¤±)�^�¤�¯·n��®¯�¯¨½µ�°n��¢^±)¥.¨ª®¯µ2��¦/¨¤�n±
³f¡�¢¤¶â¸§®À¬�À

N = k1
pd

T
Z−1 + k2

e

T
Z−1

w + k3
e

T 2
Z−1

w

���n±*¦��n���y¥)¡�¦§¥)®�¸§�¤��¡�¦n�U �±)¢^±[·�¬��¤±*°v¡�¦Ó¶�¡�¢¤±�¢¤±*¥)±*¦h¨X®�¬�·<¡�¢ª¬l¨¤¡�¢^µ�¶2±)¬��¤¸n¢^±)¶�±)¦K¨ª����¦
·b¡�¨¤�X¡�´§¨ª�¯¥�¬�®n¬�¦n°�¢¤¬�°n�¯¡0°n¡�¶2¬���¦n�*ºN»$��¨¤�n±«´n¢¤±*¥)���^��¡�¦X¡�³b¡�´§¨¤��¥)¬�®§­l¬�®�¸§±)�� @¬l���^¸n´b±*¢¤�¯¡�¢�¨ª¡
¨ª�n±$¢ª¬�°n�¯¡U¡�¦n±)�*Ì§�n±$¸n�¤±*°[��¦K¨ª±*¢¤¢¤±*®À¬l¨¤��¡�¦§�¤�n�¯´n��·b±.¨½ q±*±)¦�¢ª¬l°n��¡U¬�¦n°/¡�´§¨ª�¯¥�¬�®:¢¤±.³f¢ª¬�¥.¨ª�É­P�É¨ª�¯±)�)ºM$±Å¦n¡�¨¤±)°d¨ª�n¬l¨�Ì«¨ª�n±*¡�¢¤±.¨ª��¥)¬�®�®Éµ�Ì�¨ª�§±Å°n��±*®�±)¥.¨ª¢^��¥�¥*¡�¦n�^¨ª¬�¦K¨[³f¡�¢/¨ª�§±Å¦n¡�¦PÊ °n��´<¡�®À¬l¢�¨¤±)¢¤¶��
�¤�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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���§±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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¨ª��¬l¨$¡�¦n®Éµ[¶�¡�¦n¡�¶�±)¢+¥)¡�¦h¨¤¢¤�¯·n¸§¨ª�¯¡�¦D¡�³N¨¤�n±U q¬l¨ª±*¢«­l¬�´<¡�¢«��¬��«·b±*±)¦�¥*¡�¦n�^��°n±*¢¤±)°#·n¸§¨$¦n¡�¨
¨ª�n±���¶�´�¬�¥.¨�¡�³O @¬Á¨ª±)¢+¥*®�¸n�©¨ª±)¢^�)º
È½¦Ñ¨ª�n±*��¢2¬�´n´<±)¦n°n�e²�¨ª�n±.µs°§���¤¥*¸n�¤�^±)°]¨¤�n±�¬�­�±*¢ª¬�¿�±�­l¬�®�¸§±)��¡�·§¨Â¬��¯¦n±)°Ñ·Kµ!M$¬��¤±*¿K¬� @¬

¬�¦n°�Ü9¨ª¢^¡�£�±*�¤·<±)¢¤¢©µ2¬�¦n°�´b¡��¯¦K¨ª±)°�¡�¸§¨�¨¤�n±+°n¡�¶���¦�¬l¨¤��¡�¦"¡l³b¨¤�n±5Û��^�¤±)¦�Yàæ�¢¤¡9¡�¶2±lÞß��±~²P´b±*¢©Ê
��¶�±)¦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¨¤±
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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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CO2

��¦[¨ª�§±U¬Á¨ª¶�¡��¤´n�§±)¢¤±lº

k1 k3����¬�µ�±)¢
77, 6 377600Õq±.­P�¯�� q±*��¿��K¨ª±*° CFCPÌAB

370100Õq±*­9���+¸n¦K �±)�¯¿��K¨ª±)° CFCPÌAB
373900Ø+¸n±*¿�±)¢

77, 6890 375463

�N¬�·§®�±yÙPºD@�À��O±)�^¨¤±)°�¥)¡9±*Ð�¥)�¯±)¦K¨ª�
���§±�¶2¬�´n�+�¤�n¡7 +¦�·<±)®¯¡7  ¬�¢^±y¨¤�n±y¨¤�n±y¶�¬�´§�«¡l³N¨ª�§±U¶�±�¬�¦D°n±*®À¬�µ�°n�¯Çb±)¢^±)¦n¥*±�Ì<¡�³N¨¤�n±

ØæR�Üs°§�¯Çb±)¢¤±*¦n¥)±�¬�¦n°]¨ª�§±��^¨ª¬�¦n°�¬�¢^°d°n±*­9��¬l¨ª�¯¡�¦Ñ³f¡�¢�¨ª�n±�¨ª¡�¨ª¬�®çÌ��Kµ9°n¢¤¡��^¨Â¬Á¨ª��¥�¬�¦n°s �±*¨
°n±)®�¬7µ9�*º1���n±«¶2±)¬�¦�¬�¦n°X¨ª�n±$ØæR#ÜX¶2¬�´n���^�n¡7 d¸n��¨ª��¬Á¨Ý¨¤�n±+¶�¬M²§�¯¶�¬l®§°n�ÉÇa±*¢¤±)¦§¥)±)�Ý�^¨ª¬�¦n°
¶2¡�¢^±â¡�¢t®¯±)�^�0¬l¨0¨ª�§±â®�±.­�±)®N¡�³�¨ª�n±"±�N9¸n¬l¨ª¡�¢*º����n�¯�t���5®�¡�¿��¯¥�¬�®O·<±)¥�¬l¸n�¤±"¨ª�n¬l¨��)¡�¦n±"���5¨¤�n±
¶2¡��©¨��h¸n¶���°"¡�¦n±lÌK�¤¡0¨ª�n¬l¨�¨ª�n�¯�1���1¨¤�n±�¢¤±*¿���¡�¦â +�n±)¢^±+¨¤�n±

k3

¥)¡9±*Ð�¥)�¯±)¦K¨���¬���¨ª�§±�¿�¢¤±)¬l¨ª±*�^¨
��¦7h�¸§±)¦n¥*±�º
���§±�¶2¬�´n�0¡l³�¨¤�n±X¶2±)¬�¦Å°n�¯Çb±)¢^±)¦n¥*±X��¦Å¨ª�n±"�Kµ9°n¢^¡��^¨ª¬l¨ª�¯¥�°§±)®À¬�µ#®�¡9¡�£�®¯��£l±"±)®�±.­l¬l¨ª�¯¡�¦

¶�¬�´§�U¡�³q¨ª�n±� q¡�¢^®�°�º����n�¯��¢^±)�¤¸§®¯¨U���y°n¸n±�¨¤¡�¨ª�§±2³>¬�¥.¨U¨¤��¬l¨U�n��¿��§±)¢y���â¬D®�¡9¥�¬l¨¤��¡�¦aÌ%¨¤�n±
®�¡7 q±*¢$�¯�«¨¤�n±y�¤¸n¢©³>¬�¥)±y¨ª¡�¨ª¬�®%´n¢¤±*�¤�¤¸§¢¤±�Ìb�¤¡�¨¤�n±y�¤�n¡�¢©¨ª±*¢5����¨¤�n±�°n±*®À¬�µ�º����§���5�¯��¨ª�n±U¢¤±�¬l�¤¡�¦
 +�hµ[¨¤�n±�°n�¯Çb±)¢^±)¦n¥*±)�+¡�³B°n±)®�¬�µ�¬�¢¤±y¬�®¯�¤¡"�^�n¡�¢^¨¤±)¢«¬l¨+�n�¯¿��D¬�®¯¨¤�¯¨¤¸n°n±)�*º

k1

­l¬�®¯¸n±)��³f¢^¡�¶�����¬�µ�±)¢*ÌqÕ�±*­9���� �±)�¯¿��K¨ª±*°Ñ¬l¦n°�Õq±*­9�¯�â¸n¦K q±*��¿��K¨¤±)°Ñ¬�¢¤±�¨¤�n±/�¤¬�¶2±lÌ
�¤¡�¨ª�n¬l¨â¨ª�§±/°n�¯Çb±)¢^±)¦n¥*±/��¦Ó¨¤¡�¨Â¬l®�°n±*®À¬�µ{¥)¡�¶�±)�â¡�¦n®¯µ�³f¢¤¡�¶�¨¤�n±� �±*¨X°n±*®À¬�µ�º Ø+±)´n®�¬�¥)�¯¦n¿
����¬�µ�±)¢*Þß�

k3

·Kµ�Õq±*­9���� q±*��¿��K¨ª±*°�Þ ��¡�¦n±$ �¡�¸n®¯°[®�±)¬�°2¨¤¡"¬â¶�¬M²§�¯¶�¬l®�°n�¯Çb±)¢^±)¦n¥*±t¡�³+Bâ¶�¶�º
È ³« �±[°n±*¥)��°§±/¨ª¡Å¸n�^±�Õ�±*­9���â¸§¦h �±)�¯¿��K¨ª±*°Ñ¥*¡P±.Ð2¥*��±*¦h¨)Ì�¨ª�n�¯�� q¡�¸n®�°�®�±)¬�°�¨¤¡�¬�¶2¬Á²P��¶2¬�®
°n�¯Çb±)¢^±)¦n¥*±y¡l³1¬�¢^¡�¸n¦n°#>"¶2¶Dº
Ø\[n¿�±*¢)Þ ���^±*¨â¡l³�¥)¡9±*Ð�¥)�¯±)¦K¨ª�â¬�®��^¡�¶�¡P°§�¯Ã�±*��¨¤�n±��Kµ9°n¢^¡��^¨ª¬l¨ª�¯¥�°n±*®À¬�µ�º����n±/¶2¬Á²P��¶2¬�®

°n�¯Çb±)¢^±)¦n¥*±�³f¡�¢$¨¤�n±��Kµ9°n¢^¡��^¨ª¬l¨ª�¯¥â´�¬�¢©¨t���5¬�¢¤¡�¸n¦n° = ÌAB�¶�¶�º«���n±"¶2¬Á²P��¶2¬�®�°n�¯Çb±)¢^±)¦n¥*±â¡�³
 q±.¨0°n±)®�¬�µ#�¯�5¬�¢^¡�¸n¦n° Ù9Ì = ¶�¶Dº$»$�5¨ª�n±�¶2±)¬�¦�°n�ÉÇa±*¢¤±)¦§¥)±â�¯¦#�Kµ9°n¢¤¡��©¨Â¬l¨¤��¥â°§�¯Çb±)¢¤±*¦n¥)±���¦
�hµ9°n¢^¡��^¨ª¬l¨ª�¯¥/¬�¦§°{ �±*¨"°n±*®À¬�µ9����¬�­�±/¡�´n´<¡��¤�É¨ª±��¤�¯¿�¦n�)ÌO¨ª�n±2¶�¬M²§�¯¶�¬l®1°n�¯Çb±)¢^±)¦n¥*±/¡�³@¨¤¡�¨Â¬l®
°n±)®�¬7µ2����¡�¦n®Éµ/¬�¢^¡�¸n¦n°DÙ�¶�¶Dº�×q¡�¦K¨ª¢¤¬�¢¤�¯®¯µX¨ª¡â¨¤�n±5¨½ �¡X¡�¨ª�n±*¢@�¤±.¨ª�@ �±0¥�¬�¦[�^±)±��n±*¢¤±5¨¤��¬l¨
¨ª�n±+°n�ÉÇa±*¢¤±)¦§¥)±� q¡�¸n®�°�·b±+±*�¤�¤±*¦K¨ª�À¬l®�®¯µ�®�¡9¥�¬l¨¤±)°"�¯¦X¨¤�n±+�n��¿��n±)�©¨�®�¬l¨ª�É¨ª¸n°§±�ºO�B¡y¥)¡�¦§¥)®�¸§°n±� q±
 q¡�¸§®�°��¤¬�µU¨¤��¬l¨O¨ª�n±�¥Â�n¡���¥*±q¡�³�¨¤�n±q�^±*¨N¡�³

k
¥*¡P±.Ð�¥)��±*¦K¨ª�1�¯¦n°n¸n¥*±)�B­�±)¢©µ�¶���¦n¡�¢O°§�¯Çb±)¢¤±*¦n¥)±*�)Ì

·n¸§¨[¬l��®�¡�¦n¿�¬l�2 �±�£h¦n¡7 Ä¨¤��¬l¨�ØZ[§¿�±)¢*Þß�Ý{ÏÕq±)�©¨[¬�­�±*¢ª¬�¿�±k���¤±.¨/¡�³0­l¬�®¯¸n±)�����2·�¬��¤±*°]¡�¦
¬��¤�^¸n¶2´P¨ª��¡�¦n�@¨ª��¬Á¨«¬�¢¤±�®�±*�¤�� +¢¤¡�¦n¿"¨ª��¬�¦�¨ª�§±y¡l¨ª�n±*¢¤�)Ì��É¨+�¤�n¡�¸n®�°�·<±y¸§�¤±)°�¬�¦Kµh @¬�µ�º

@ G



æN��¿�¸§¢¤± ÙPºD@�À�R#¬�´§��¡�³y¨ª�§±{°n�ÉÇa±*¢¤±*¦n¥)±*��¡�³y¨ª¡l¨Â¬�®t°§±)®À¬�µd·<±*¨½ �±)±*¦à����¬�µ�±*¢�¬�¦§°VÕq±.­9���{½ �±)��¿��h¨¤±)°I�ªº@ä�±y¥�¬l¦��¤±*±U¨ª�§±�¶�±�¬�¦D°n�¯Çb±)¢^±)¦n¥*±�°n¸§¢¤��¦§¿�¡�¦n±�µ�±)¬�¢)Ì<¨ª�n±UØôR�Ü�°n�ÉÇa±*¢¤±)¦§¥)±
¬�¦n°[¨ª�n±��©¨Â¬�¦n°n¬�¢¤°D°n±*­9��¬l¨ª�¯¡�¦�º e ���n±�®À¬l¨¤�¯¨ª¸§°n±0¬�¦n°D®�¡�¦n¿��¯¨¤¸n°n±t®�¬�·<±)®��@¬�¢¤±0�¯¦h­�±)¢©¨ª±)°Ifçº

@.B



æN��¿�¸§¢¤± ÙPº G À�R#¬�´§��¡�³y¨ª�§±{°n�ÉÇa±*¢¤±*¦n¥)±*��¡�³y¨ª¡l¨Â¬�®t°§±)®À¬�µd·<±*¨½ �±)±*¦à����¬�µ�±*¢�¬�¦§°VÕq±.­9���{Ï¸n¦K �±)��¿��h¨¤±)°I�ªºBä{±@¥�¬l¦â�¤±*±q¨ª�n±q¶2±)¬�¦â°n�ÉÇa±*¢¤±)¦§¥)±q°§¸n¢¤�¯¦n¿t¡�¦n±Ýµ�±)¬�¢)Ì�¨¤�n±@ØôR�Ü�°n�ÉÇa±*¢¤±)¦§¥)±
¬�¦n°[¨ª�n±��©¨Â¬�¦n°n¬�¢¤°D°n±*­9��¬l¨ª�¯¡�¦�º

@�C



æN��¿�¸§¢¤±�Ù9º?B�À R#¬�´§�1¡�³:¨ª�n±�°§�¯Çb±)¢¤±*¦n¥)±*��¡�³�¨ª¡l¨Â¬�®P°n±)®�¬7µU·<±*¨½ �±)±)¦�����¬�µ�±*¢Ý¬�¦n°XØ+¸n±)¿�±*¢)ºNä{±
¥�¬�¦��¤±*±+¨¤�n±+¶2±)¬�¦X°n�¯Çb±)¢^±)¦n¥*±+°n¸n¢¤�¯¦n¿�¡�¦n±�µ�±)¬�¢)ÌK¨¤�n±«ØæR�Ü"°n�ÉÇa±*¢¤±)¦§¥)±«¬�¦n°X¨ª�n±+�©¨Â¬�¦n°n¬�¢¤°
°n±*­9�À¬Á¨ª��¡�¦�º

@.E



æN��¿�¸§¢¤± ÙPº?C�À�R#¬�´§��¡�³U¨ª�n±�°n�ÉÇa±*¢¤±*¦n¥)±*��¡�³U�Kµ9°n¢¤¡��©¨Â¬l¨¤��¥ °n±)®�¬�µd·b±.¨½ q±*±)¦à���n¬7µ�±)¢�¬�¦n°
Ø«¸n±*¿�±)¢*º1ä�±5¥�¬�¦/�^±)±t¨¤�n±5¶�±�¬�¦�°n�¯Çb±)¢^±)¦n¥*±t°n¸n¢^��¦n¿â¡�¦n±$µ�±�¬�¢*Ì§¨ª�n±tØæR�Ü�°n�¯Çb±)¢^±)¦n¥*±0¬�¦n°
¨ª�n±��^¨ª¬�¦n°�¬l¢¤°D°n±*­9�À¬Á¨ª��¡�¦�º

@.P



æN��¿�¸§¢¤±5ÙPº?E�ÀéR#¬�´n�q¡�³�¨ª�n±5°n�¯Çb±)¢^±)¦n¥*±)��¡�³� �±*¨�°§±)®À¬�µ2·b±.¨½ q±*±)¦�����¬�µ�±*¢+¬�¦n°�Ø+¸n±)¿�±)¢)º1ä{±
¥�¬�¦��¤±*±+¨¤�n±+¶2±)¬�¦X°n�¯Çb±)¢^±)¦n¥*±+°n¸n¢¤�¯¦n¿�¡�¦n±�µ�±)¬�¢)ÌK¨¤�n±«ØæR�Ü"°n�ÉÇa±*¢¤±)¦§¥)±«¬�¦n°X¨ª�n±+�©¨Â¬�¦n°n¬�¢¤°
°n±*­9�À¬Á¨ª��¡�¦�º

G L



� ������� �!� N

v " "��z" " ~ �!��� ��� � �0� ~ � |0�z{	" y ��� �
�k��|���� "�� ��|0� ��� �PO {��!"

íg��� Q�£cª¶¡+ª�¾+ïSR�¡�¿ ¤·¾ + ï ºß£ ª�©UT0±�¡�±§��º\  ¡+ºß£WVXQYRZT �\[ ­�®¶¤m°#±¹®
ñ ±m¥ ª�¤�¾	¤· ¨¥ º]T0±�¡�±

^`_	acbedgfhdgijajklfm_	nokqpj_	rer�dsdgiut�pvdgnoijkxwyklzok{dgnhdgredg|	be}�_~r�f�z�_~zobedgicf�w�k{_	fo�cnobeic|��jnoklfofh�jnok~��zok{wqt
��kln�_~zo�jnok�_	icaq�u�cw�b�ajb�z����gklnhz�b�}�_	rc�jnod	�jrek{fX��Ï)�k��}��u�����jk���b�ijaqfo�vk{kla�_	icayacbenokl}lzobedgijf�}�_	i
_	refhd�pvk�ajklaj�j}{kla�z���_~ij��f�z�d�zon�_	}���b�ij|��jb�|g��|g_	bei�_	iXz�k{ici�_	k��jnhd��sb�ajbeic|�k{r�kl�~_~zobedgi�_	ija
_Q�{b�w �cz��j_	r��vdgfob¡z�bed	i��¢���jbef�bef�zo�jk£w�_	b�i¤w�k¥z�k{d	nodgr�dg|gbe}{_	r¦aj_~z�_qfod	�jno}lk£§¨dgn©zonodg�vdgfo�c�jk{nhbe}
�jnoklfofo�cnok	�ªzok{wy��kln�_~zo�jnok�_	ija��u�cw�b�ajb�z��«�cnod	��r�k{fl��^¬_	ajb�dgfodgicajk{f£_	nok��jfo�j_	rer¡�­r®_	�jic}��jk{a
z���be}{k�_qa�_��¤b�i¯wyklzok{dgnhdgred	|gbe}{_	r�f�z�_~zobedgicf�_	rer�d°�	k{n�z��jkm�±dgnor�a��

²`k�_	r�beij| §¨dgn�no_	ajb�dgfodgicajkx�jnod	�jrek{f��j_	f�fokl�	k{no_	r�_	ac�~_	iXz�_	|	k{f;À
• z��ck³�gklnhz�b�}�_	r¦nok{fhdgre�sz�bed	i�bef©´��jb¡z�km|gdudua­µ�_�§¨k¥�¶zok{iXz��·d	§�wyklz�klnof�_~z©red��¶_	r�zob�z��cajk�¸¹�
• z��ck��cnod	��r�k{f�_	nhkxfob�zokmfo�vk{}lb���}~�
• z��ck�a�_~z�_ }{dgwyk³§¨nod	wºajb�nokl}lz�wyk�_	fh�jnoklw�kliXz�f�_	ija¤�j_��	kmijd	z�pvk{kli·�jnodu}{klfofokla�µ¨pj�cz
z��jkx}ldg�jiXz�klno��_	n�z¬bef©z��j_~z�z��jklnok�_	nhk�w�_	iX�¤dg�sz�reb�k{nhf�¸¥�

» i¤zo�jkxd	z��jkln���_	ija·z��jkxajno_���p�_	}���f`d~§¼zo�jk{fhk£wyk�_	fh�jnoklw�kliXz�f¬_	nokmzo�jkm§¨dgrer�d°��b�ij| dgick{f;À
• z��ckynhk{��_~nhz�b¡z�b�dgi½d	§±z��jk�fhz�_~z�b�dgijfmdgi�¾¢_	nhzo�­fo�jn�§¿_	}{kybefmb�nonokl|g�jre_	n{� À�i »`§¨nhbe}{_c��§¨dgnk¥Ác_	wy�jrek zo�jkyiu�cw p�klnxd	§©f�z�_~zobedgijfmb�fm�gk{n��­red��x��Â�ky_	r�fod·��_��gk�ijd·beic§¨dgnhw�_Ãz�bed	i
d��gk{n�du}{k{_	ijf{�

• ���jkÄ´u�j_	reb¡z��Åd	§�z��ck�wyk�_	fh�jnoklw�kli�zof�b�f�ijd~z�}{d	ijfhz�_	iXz���pj�cz�b�zyajkl��klijajf�dgi�z��jkfhz�_~z�b�dgi·_	ija¯dgi¤z��jkm�	k�_	nl�

ÆsÇ



Â�k¬ajk{}lbeajkla�z�d£�jfok³ÈÉnob¡z�b�fo��»©z�wydgfo�j�ck{nob�}�²�_Ãz�_ ÊÉkliXz�k{n�µ�Èq»³²mÊ�¸±a�_Ãz�_xp�kl}�_	�jfhk�d	§�zo�jk
|gnok{_~zqi��jw pvk{nqd	§`_��~_	bere_	pjr�k�fhz�_~z�b�dgijfq_~ijaËz��jk¤|gnhk�_~z iu�cw p�klnqd	§¬rek¥�gk{r�fq}{dgiXz�_	beijklaÅbei
z��jk£a�_~z�_s��Ì¢r�k�_	fhk�ijd~z�kxz���_~z³d	z��ck{n¬fodg�jnh}{klf�d	§
no_	ajbed	fodgijack£�jnhd	��r�k{f`_	nok�_��~_	b�r®_	pcrek	�crebe�~k
z��jkmÍ�Î³ÈÏt�¾±Ð9»U^+»�ajbed�Ðudgijajk µ�Íª¾¢^+»mÐj¸¢a�_~z�_~p�_	fok³dgn±zo�jkmÑ » »5»Uaj_~z�_	pj_	fok e8Ò Æ fÓ�
���jk¥�
��_��gk�p�klk{i¯�jfokla�aj�jnhbeij| zo�jbef�f�z��jac��§¨dgn�}{nhdgfof¬}{dgwy��_	nhbefhdgijf{�

���ck£È±nob�zobefh�/»©z�wydgfo�c�jk{nhbe}x²�_~z�_�ÊÉk{iXz�kln`�cnod��ubeajklf¬Ô£z��s�vk{f¬d	§�n�_~ajbedgfhdgijajk³�jnod	�jrek{fl�
���jk���nhfhz�dgijky}{dgijfhbef�z�f�b�i�f�z�_	ijaj_	noa��cnod	��r�k{fx§¨nodgwÕ_~rer
d��gkln£z��ck��±dgnor�a�§¨nod	w Ç�ÖgÖXÆ z�d
Ô	×g× Æ ��À�iË|gk{ijkln�_	r��
b�z£}{dgiXz�_	beijf�p�k¥z��Éklk{i�Øg×½_	ija Ç ×g×�rek¥�gklref�§¨nhdgwÙfh�jnh§¿_~}{k�zodÚÔ	×g×g×g×°t
Ò ×g×g×g×ÚwÄ� » ijr���_�acdgÛ{kliÜd	§mz��jklw _~nok�acbenokl}lzor��Åk¥Ás�jr�dgb�z�_	pjr�kÄpvk{}{_	�jfok�d	§mz��jk�|gnok{_~z
iu�cw p�kln�d	§�d	�cz�r�bek{nhf�_	ija¯k{nhnodgnhf�d	§¼zon�_	icfowybefofhbedgi¦�

���ck�fokl}{dgija¤z��u�vk�d	§�a�_~z�_�bef±_�fhklz�d	§��cbe|g��nhk{fhdgre�czobedgi�a�_~z�_�_	ija·_~nok³d	ijr���_��~_	bere_	pjrek
§¨dgn³Î¬ijb�zok{aöPmb�ij|gajdgw¯�¬Ý`klnok£zo�jk i��jw pvk{n`d	§
r�kl�gklref³_~zoz�_	beijf³Ô	×g×	×c�vzo�jk�wyk�_~i½ajbef�z�_	ic}{k
p�k¥z��Éklk{iÞÔ�rekl�	k{r�f befq_~�j�jnod�Ásbew�_~zok{r�� Ç Ô¯w�k¥z�k{nhf�_	ijaÅ_	r�rÏzo�jk¤rek¥�gklrefq_	nhk�bewywyk{ajbe_~z�klr��
�jfok¥§¨�jrÓ��À�i½§¿_~}lz��v���jk{i­_�p�_	rer�dsd	iÄb�f³r®_~�jij}��jkla���wyk�_	fh�jnoklfm_	nok£z�_	�~k{i«nokl|g�jre_	nor¡�·aj�jnob�ij|
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�_�§¨dgn
wyklzok{dgnhdgred	|gbe}{_	ru_	�j�jr�be}�_Ãz�bed	ijf{�gd	ijr�� _m§¨k¥�ßi��jw pvk{n
d~§¦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�§¨dgn
k{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
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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�r
p�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
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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�f
d	§ 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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Í�be|g�cnok Ò � Ç Àªéxno_	�j�jb�}{f
d	§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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Buck
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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	�jf
z���_~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�jf
z��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}����
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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 À
émn�_	�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
nokl§¨klnof³zod�z��ck k{´���_~zobedgi­_~p�d��gk�rebe´��jb�a¯�É_~zok{n{�mÂ�k }�_~i½ijd	zobe}{k£z���_~z`z��jk£�©_���zo�jk�émd	æêt
éxno_~z�}��¯§¨dgnow �cr®_ �©_~f`b�w��jr�k{wyk{iXz�klaÄacdsklf`ijd~z³}ldgnonhk{fo�vdgija½_~z`_	rer�zod�z��ck�§¨dgnhw �jre_��cfok{a
p���Èq»�²�Ê³��À�i·zo�jkmrekl|gk{ica�z��jklnokx_	nhkx_	refhd z��jk³�~_	r��jk{f�d~§�zo�jkmwyk�_	i¤ajb¡æ¦klnoklij}{kmpvklz��±k{kli
z��jkxnoklr®_~zob��	k����jw�b�ajb�z���§¨dgn�k�_~}��¯§¨�jic}lz�b�dgi��
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Gibraltar 01/01/04 at 11h

Liebe
ITU
WMO
Goff−Gratch2
Hyland & Wexler
Sonntag

Í�be|g�cnok Ò �!ä�Àª���jk�fo_	w�k³|gn�_	�c�jbe}~�spj�sz©fod	w�k��cijbeiXz�klnoklfhz�b�ij| }l�jnh�	k{f���_��gkmpvk{kli¤noklw�d��gkla��
À�z�bef�ijd	zobe}lk�_	pjr�k�z���_Ãz�z��jk£émd	ævtõéxno_~z�}��¤kl´���_~z�b�dgi¯ajdsklf�ijd	z�|gb¡�gk�z��ck�pvk{f�z`�czoz�b�ij|j�

À�z�}{_	w�k¢dg�sz�§¨nhdgwUdg�cn�zok{f�z�f�bei�éxb�pjn�_	r¡z�_	nvz���_Ãz�zo�jk¢p�klfhz��jzozobeij|�§¨dgnhw �jre_	k
}�_	wykª§¨nod	w
í�b�k{pvk	��Â¶å » ��Ý��sre_	ija��ñÂ�k¥Ásr�k{n�_	ija�Ðsdgici�z�_	|¤��b�zo��_·wyk�_	i«ajb¡æ¦klnoklij}{k�bei­nhk{r®_Ãz�b��	k
�u�cw�b�ajb�z���d	§¼rek{fhf�z���_	iÄ×c�!Ô � µ¿_	ija¯d	§ïz�kli·kl�gkli��jicajk{n`×c�8× Ç�� ¸¥�
íg�Sí R ®¶¡+ª¼¡�§¨¥ º £ º\©û¤ô´'ºß£cª� ¨µ
Íêd	n¬zo�jk�f�z�_	ijaj_	noa½}{_	fok~�¦�j�	k �j�X�ufobe}{_	r¼�~_	nhb®_	pcrek{f¬_	nhk���ijd���i½§¨dgn`k�_	}��«r�kl�gklrÓÀ©�cnok{fhfo�jnhk	�
_	r�zob�z��cajk	��z�klw��vk{no_~z��cnok	�Ãajk¥�Å��dgb�iXzKz�k{wy�vk{n�_Ãz��jnhk	�~��b�ijax§¨dgno}lkÉ_	ica���b�ija�ajb�nokl}lz�b�dgi������jk
r®_	f�zÏz��±d�aj_~z�_�_	nok¬ijd	zÏnhk{rek¥�~_	iXzÏ§¨d	nÏ�cf{�up�kl}�_	�jfhk³b¡z±acdsklfoi�ø zÉb�i7h��jklij}{k�z��ck¬zonodg�vdgfo�c�jk{nhbe}
ajk{re_��	�

À�iÚdgnhajk{n�zodÄ|gk¥zxnob�aÚd~§±zo�jkqdg�czorebeklnofl���Ék�}�_~i��jfhk�r�kl�	k{ref����ck{nok�_	r�r¼z��ck��~_	r��jk{fx_~nok
}{dgnhnok{}¥z�dgn³_	i«_	r�nok{_	ac�·k¥Ásb�fhz�b�ij|��jnhds}lk{aj�cnok }{_	rer�k{a����	��

�����	����������������ack{fob�|gijkla½z�d
nok{wyd��gkÏk{nhnodgnhf�_	ica£z�d`beiXz�klno�vdgr®_Ãz�kªz��ck±a�_Ãz�_¬���ck{i k¹Ácb�fhzobeij|¬rek¥�gk{r�f��±k{nhk±�	k{nh��fhk{��_	no_~z�kla��

Â�k¤ijd	zobe}lk{aËz���_Ãz��¢pX���jfhbeij|«z��ck{fok¤z��±d­w�k¥z��jduajf{�
�±k¤�Éklnok·redgfhbeij|½_­r�d	z d~§³a�_Ãz�_
p�kl}�_	�jfhk�z��jklnok��±k{nhk·w�_	iX�Úrek¥�gklref����jklnok¤dgicr��Úz��jk¤_~r�z�b¡z��jacky�É_	fqwybefofhbeij|c�½���jk���nhfhz
z��jb�ij|�z���_Ãzm�Ék��©_~i�zok{a­z�d¤�gklnob¡§ï�½�©_~fx���cklz��ck{nxz��jklnokq�©_~f£_¤nhk�_	rªacb�æ�k{noklij}{k�pvklz��±k{kli
z��jkyz�k{wy�vk{n�_Ãz��jnhky§¨nhdgw z��jk����	��

����������� ���!���"�ß_	|X_	b�ijfhz��jnhk{fofh�jnok¤�cnod	��r�k{f�µ¨���jklnok
beiXz�klnowyk{ajbe_~z�k¢rek¥�gklref��Éklnok�_	acajk{aê¸�_	ija�z��jk±k{´��jb��~_	r�k{iXz¼�jnod	�jrek{f¼_��~_	bere_	pjrek
b�i£zo�jkÉdgnhbe|gb�i�_	r
a�_~z�_s�¼���jkÉnok{fh�jr�z�bef�z���_~z¼z��jkÏ��r�zok{n¼beiXz�klno�vdgr®_~zok{f�reb�ijk�_	nhr��mfhd³z��j_~z�zo�jk©_	acajb�zobedgi£d	§�rek¥�gklref

äXÔ



ajdsklf£icd	z�bewy�jnod��gk�z��ck�nhk{fod	re�czobedgi­d	§©zo�jkya�_~z�_s��À�z�_	refhd�_	�c��k{_	nofxz���_Ãz�zo�jk{nhk��É_	f{��_	f
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Aberporth 02/01/2000

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

Í�be|g�cnok Ò ��ö�À
éxno_	�j�jb�}³d	§�z��ck³z�klw��vk{no_~z��jnhk��jnhd	��reklf�_	f�_£§¨�cij}lzobedgi¤d	§Kzo�jkm�jnhk{fofh�jnok~�ÏÂ�k
}�_	i�fhk{k¬z���_~z±z��jk#���	��

����������� ���!���"�Äa�_~z�_�_	ija�z��jk`ã£��klreajfÉ_��~_	b�r®_	pcrek�a�_~z�_£�jnhd	��r�k{f
_	nokm�gklnh�¯}{r�dgfok~�±Âò�jkliÄ�±k£}ldgwy��_	nokmzo�jk{fhk£�jnhd	��r�k{f�z�d�z��jkxdgijklf`d	pcz�_	b�ijk{a·���jkli½�jfob�ij|
_	reruz��jk�r�kl�gklrefª���jklnok��jnhk{fofh�jnok`_	ijaqzok{wy��kln�_~zo�jnok�_~nok�_��~_	bere_	pjrek~�~�±k�ijd	z�b�}{kÉzo��_~z
zo�jk{nhk¬b�f
_	i½beis§¨dgnow�_~z�b�dgi·redgfhf{�¬���jk �jb�|g�½nhk{fod	re�czobedgi¯�jnod~��rek£�jnod��gklf�z���_Ãz³z��ck�red	fhz`beic§¨dgnhw�_Ãz�bed	i
�©_	f�nhk{rek¥�~_	iXz³_~ija·fo�jdg�crea¯ijd	z�pvk�b�|gijdgnhk{a��

���ckq�jnodgpcrek{wë}{dgicfobef�z�kla­zo�jk{i­b�i½nok¥z�nob�kl�ubeic|·_	r�zob�z��cajk�§¨nhdgwëzo�jk�zo�jnoklkqd	z��jkln���k{r�ajf
µ¿�jnhk{fofh�jnok~�`zok{wy��kln�_~zo�jnok«_~ijaÜajkl�ë�vdgbeiXz�zok{wy��kln�_~zo�jnok�¸�z��j_	ij��f¤z�d�zo�jk«�X�sacnodgf�z�_~zobe}
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

T0 + T1

2g
ln

(

p0

p1

)
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befÉzo�jk�_	r�zob�zo�jajk�d	§�z��ck�r�kl�	k{r
i
�
Rd = 287[J/(K kg)]

befÉzo�jkx|X_	f�}{d	ijfhz�_	iXz¬§¨d	n
ajnh�¯_	b�n{�

Ti

bef�z��jkxz�klw��vk{no_~z��cnok�d	§ªr�kl�gklr
i
�
pi

bef�z��jkxz�d~z�_	rK�jnhk{fhfo�jnhk�d	§¼z��jk�rek¥�gk{r
i
_	ija

g
bef±zo�jkm_	}l}{klrek{no_~z�b�dgi�d	§Kzo�jk�|gno_��sb¡z���_~z©fhk�_ rek¥�gklrÓ�
���jb�fÉk{´���_Ãz�b�dgi�z�d~z�_	r�r���ijkl|grekl}lz�f±z��jk

�u�cw�b�ajb�z��	�upc�czÉ���jkli��Ék³}{dgwy��_	nhk{a�zo�jkm_	r¡z�b¡z��jajk�ajklaj�j}lk{a�§¨nod	w\zo�jbef¢z�kl}��jijb�´u�ck³z�d�zo�jk
|gb��	k{i��~_	r��jk{fÏ§¨dgn¢z��jk`rekl�	k{r�fÏ���jklnokm_~rerjz��ck`�~_	nobe_	pjr�k{f
�Éklnokm_��~_	b�r®_	pjr�k	�gzo�jk³nhk{r®_Ãz�b��	k�k{nonhdgn
�©_	f¬_	r�nok{_	ac���	k{n��·red��x�

Ñ¬kl�	k{nhzo�jk{r�k{fhf{�©�±k¯zonobeklaÅfokl�	k{no_	r¬�É_��uf�z�d­b�w��jnhd��gk¤z��jk·wyklzo�jdsaËzo��_	ij��f�z�dÚw�dgnhk
�j�X�sfhbe}{_	r�_	fofh�jwy�cz�b�dgijf{��Â�k���nhfhzy�jfhk{aâdgijr��Úz��ck¯acnh�Ë�jnhk{fhfo�jnhkÄb�ijfhzok�_	aÅd	§�z��ck·zod	z�_~r
�jnoklfofo�cnok	��Â�kqfok{}ldgijajr¡�«z�nhbek{a«zod·�±k{b�|g�Xzmz��jk�|X_~f�}ldgijf�z�_	iXz£_	}{}ldgnoacbeij|¤z�d¤zo�jkq��_	n�z�b®_~r
�jnoklfofo�cnok{f³d	§ªajn��¯_	ben�_~ijaÄ�~_	�vdgn{�±Í�b�i�_	rer¡���±k��cfok{aÄz��jkx�ubenhzo��_	r¦zok{wy��kln�_~zo�jnok3Á�b�ijfhzok�_	a
d	§³zo�jkÄnhk�_	r�zok{wy��kln�_~zo�jnok~��Â�k�_	r�fodÚ_~zhz�k{wy�czok{a�zod�}ldgnonhk{}¥z�zo�jk�_~}{}{klrekln�_~zobedgiâd	§³zo�jk
|gn�_��ub�z�����b�z��·nhk{fo�vk{}¥z`zodqz��jkx�jklbe|g�Xz��

Í�dgn�dg�jn���i�_	r±_~zhz�k{wy�cz£�Ék¤_~fofo�cw�kla�z���_~z�z��ck��ubenhzo��_	r
z�klw��vk{no_~z��cnok�b�i�z��ck�r®_��	k{n
p�k¥z��Éklk{i�z��±d�r�kl�gklref¢�©_~f±}ldgijfhz�_	iXz�_	ica�kl´u�j_	rvzod�zo�jk¬w�k{_	i�d~§¦z��ck`r�d°�±k{n
�~_	r��jk¬_	ija�zo�jk
�j�j�vk{n�dgijk~�Ï���ck�fo_	wykx_	fofh�jw��sz�bed	i·�É_	f¬��klnh§¨dgnhw�kla¤§¨dgn©z��jkx|gno_��sb¡z��¤_	}l}{klrek{no_~z�b�dgi��

Z1 = Z0 + Rd
Tv0 + Tv1

g0 + g1

ln

(

p0

p1

) µ Ò � Ç ¸

��b�z��

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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b�fxzo�jk�_	r�zob�z��cajkqd	§©zo�jk�r�kl�	k{r
i
b�i�wyklzok{nofl�

Rd = 287[J/(K kg)]
befmzo�jk�|g_	f

}{dgijf�z�_	iXz`§¨dgn³ajn��Ä_	benl�
Tvi

bef¬z��jk��ubenhzo��_	rKz�klw��vk{no_~z��cnok�d~§
rek¥�gk{r
i
b�iöPmk{r¡�sb�i��

pi

_~ija
ei_	nok nhk{fh��kl}lz�b¡�gklr��¯z��jk zod	z�_	r��jnhk{fofh�jnok�_~ija½z��jk �É_~zok{n³�~_	�vdgn³�cnok{fhfo�jnhk�d	§
z��jk�rekl�	k{r

i
bei

�jk{}¥z�dg��_~fo}�_~ref{�
ε = Rd

Rv
= 0, 622

b�fxzo�jk�n�_~zobed¤pvklz��±k{kli�z��ckyacnh�Ú_	b�n�|X_	fx}{d	ijfhz�_	iXz�_~ija
z��jk��©_~zok{n³�~_	�vdgn¬|X_	f`}{dgijf�z�_	iXz��

g
bef�z��ck _	}l}{k{r�k{no_~z�b�dgi�d	§ªz��jk£|gn�_��ub�z��Ä_~z`fok{_�rekl�	k{r�bei

w�k¥z�k{nhf��vk{n£fo´���_	nhk�fokl}{dgicajf{�
h
befxz��jk��jk{b�|g�Xzq_	pvd��gk�fok�_Ärekl�	k{r±bei�wyklzok{nhf{�

RT
b�f�zo�jk

n�_	ajb��jf�d	§�z��jkxk{_	nhzo�Äb�i¤w�k¥z�k{nhf¬_	ija
φ
bef©z��ck�re_~z�b¡z��jack�bei·ajkl|gnoklk{f{�

»`f³�±k�_	renhk�_	ac�¯wyk{iXz�b�dgijkla«b�z��cnokl�ub�dg�jfor¡�g�v�Ékq}ldgw��j_	nokla�z��jk �~_	r��jk{f`|gb��	k{i«pX��zo�jk
nok{}{_	re}l�jr®_Ãz�bed	ijf�d	§xzo�jk«�jk{b�|g�Xz�z�d�zo�jk«|gb¡�gk{iÜ�~_	r��jk{fl�î���jk«§¨dgr�red���beic|�|gno_	�j�jb�}{f�fh�jd��
z��jkÄnok{re_~z�b¡�gkÄajb�æ�k{nhk{ij}lk½_	f¤_Ú§¨�jij}lzobedgi�d	§mz��ck��jnhk{fofh�jnok~�UÂ�k�}�_	ißnhk{w�_	no�Ëzo��_~z�zo�jk
nok{re_~z�b¡�gk½klnonhdgn¤bef�|	k{ijkln�_	r�r���ajk{}lnok�_~fok{fÄ_	f�zo�jk«�jnoklfofh�jnokÚajk{}lnok{_	foklf{�ñÐsdgwyklzobewyk{f�zo�jk
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{�
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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
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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

Í�be|g�cnok Ò � ÇgÇ Àªéxno_	�j�jb�}{f¢d	§�zo�jk`�cnok{fhfo�jnhk�_	f±_m§¨�jij}lzobedgiyd	§�zo�jk`_	r�zob�z��cajk©��b�zo��r�beijk{_	n¢_	ija
redg|X_~nob�zo�jwybe} fh}�_	r�k{f�§¨dgn�z��jk��jnoklfofh�jnok~�«À�i�z��jk�r�dg|X_	nhb�zo�jw�b�} �jnhk{fokliXz�_~zobedgi�zo�jk��jnhd	��r�k{f
_	nok�rebeick{f{�¯���jb�f �jnod��	k{f�zo��_~z�zo�jk��X�uajnod	fhz�_Ãz�be}�k{´��jb�rebepcnobe�cw bef£nok{fh��kl}lzok{a��«���jklnok¤_~nok
�jn�_	}¥z�b�}�_	r�r��yijdyajb�æ�k{nhk{ij}lk{f�p�k¥z��Éklk{i�zo�jkm�~_	nob�dg�jf��jnhd	��reklf{�

ägØ



0 200 400 600 800 1000
−300

−250

−200

−150

−100

−50

0

50

100

150
Di

ffe
re

nc
e 

of
 a

ltit
ud

e 
wi

th
 re

sp
ec

t t
o 

hi
gh

 re
so

lu
tio

n 
da

ta
 [m

]

pressure [hPa]

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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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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4 fields available
3 fields + altitude recalculated
badc filter
High−resolution
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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���_Ãz
z��jk¬}{nhb�z�klnob�dgiqbef
z�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
�

�2� VYR/~1X $ hix/R�x/] 0 ]&dim-nW`b\[]3X5�"� � ~A]^Z�\cVYR�nW`b\c]&X-X%{�\[ViR�d_hYx�ezRan	X1{"x/X $ R�Z�X1{"j'`%\[Ran�~b`%ygX1n	\[X-\[VYRd_hYx�ezRan?X%{�xFX $ RaZ�X%{�lonc�-`%]3n�T|X�d�\W`%]3dYRalf]3df\cVYRk~1X $ hix/R��NXoT2T2hYyY]3Ral�e_�+\[VYRkxF] 0 \[hYncR1r
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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��gk³dgijkgs
b¡zÉ}ldgijfhbefhzok{a·bei�}{dgwy�j�czobeij|�zo�jk
nokl§¨no_	}lzob��ub�z���d	§¦_xre_��gk{n¢pvklz��±k{kli�z��Éd�rek¥�gklref
z���_~ij��f¢zod�zo�jk�w�k{_	ijf
d	§vz��ck¬�j_	n�_	wyklzok{n
nhk¥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	z
zo�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
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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
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��_	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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���jkxajkl��icb�z�b�dgi·d	§�z��jkx|gkldg��d~z�k{iXzob®_	r�|gb��	k{f!s

dφ = g dz

���jk{nhk
dφ
b�fªz��jk�b�ij}{nhk{wyk{iXz¢d	§�|gk{d	��d	zok{iXz�be_	rcb�i�w 2 Y f 2 � g b�fªz��jk�_~}{}{klrekln�_~zobedgiqd	§�|gno_��ub¡z��bei¤w Y f 2 _	ija dz

bef©zo�jkmbeij}lnoklw�kli�z¬d	§��jklbe|g�Xzof¬b�i¤wÄ�
���ckx�~_	r��jk�d	§�z��ck£_~}{}{klrekln�_~zobedgi¤d	§
|gn�_��ub�z���ajkl��klijajf±dgi�zo�jk³�vdgfob¡z�b�dgi�d	§�z��ck³¾¢_	n�z������ck{nok³b�zÏbef¢wyk�_	fh�jnokla��ªÂ�k`}�_	i�w�duajklr
b�z���b�zo�½_�|	dsdua�_~�j�jnod�Ásbew�_~zobedgiS8h�jf�z³pX�¯z�_	��beic|�b�i½_	}l}{dg�jiXz³r®_~zob�z��cajkx_	ija½�ck{be|	��z{��Í�dgn
z��jkxr®_Ãz�b�zo�jajkmajkl��klijajklij}{k�z��jkxÂ�d	noreaÄåÄk¥z�kldgnodgr�dg|gb�}�_	r » nh|X_	ijb�f�_~zobedgi¤nhk{}{d	w�wyk{ijacf�zo�jk
§¨dgnow �cr®_ _~z¬wyk�_	i·fhk�_�rekl�	k{r[s

gmsl(lat) = 9, 806.(1− 2, 637 10−3 cos(2.lat))

= P0Z2� VYR+�\[V] 0 Ral4yYncRaZcZ[hYn[R $ Ra~1R $ Z�`%ncR^[J575_5Y¤0`��7ao¤=b7a65i¤dc65_5i¤0a_5_5Y¤=e7575Y¤g�_5_5i¤6�7a65i¤6�_5_5Y¤S[?a_5Y¤f[J5_5i¤dc65Y¤a_5Y¤o�_5i¤i�65i¤d[J5Y¤gco¤.ao¤Y�i¤i�F`%dilB[
VY��`Yr
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Íêd	n¬zo�jk��jklbe|g�Xz³ajk{�vk{ijack{ij}lk	�¦�±k ��_��gk£z��Éd¤fhdgre�czobedgicf{�¬Í�benhfhz`d	§¢_	r�rK�Ék }{_	i�§¨dgr�red��ázo�jk
nok{}ldgwyw�klija�_~zobedgi¤d	§�z��ckxÂ¶å »

g(lat, z) = gmsl(lat) − 9, 806.
(

3, 1.10−7z
)

= P0 − P1z
µ¨ãj� Ç ¸

���jk�d	zo�jk{n±fodgr��cz�b�dgi��±dg�jr�a�p�k¬z�d nhk{wyk{w pvk{nÏz���_ÃzÉz��ck�|gn�_��ub�z�_~z�b�dgi�_	rj§¨d	no}{k³_~z©fhk�_ r�kl�gklr
befÉkl´���_	r¦zod

Fgrav = GMm
R2 = gmslm

���ck{nok
R
_~ija

M
_	nok³nok{fh��kl}lzob��gklr���z��jkmno_	ajbe�cf©_	ija

z��jk�w�_	fofmd	§Ïz��ck�¾¢_	n�z��Ú_	ija
G
b�f�z��jk�Ê©_��gklijajb�fo��}ldgijf�z�_	iXz��yÍ�nod	wëz��j_~zxr®_��P�Éky}�_	i

ajk{aj�c}{k£_�´���_~ajn�_~zobe}mnhk{r®_Ãz�bed	i�s

g = gmsl(R/R + z)2 µ¨ãj�!Ôg¸
���jk£wyk�_~i�n�_~ajbe�jf�d	§¼z��jk£¾¢_	nhzo��b�f¬kl´���_	r�z�d�ä Ò ö Ç �8× Ò ��wÄ�ÉÀ�§��±k�ijklk{a½wydgnokx�jnhk{}lbefob�dgi
�Ék�}�_~i�_~fofo�cw�ky_¤fob�iu�cfodgb�a�_	rªajkl}{nhk�_	fhkyd~§±zo�jk�n�_	ajb��jfm_	fm�±k�w�d��gk §¨nhdgwëzo�jk�k{´���_~zodgn
µ¨���jklnok�z��ck�n�_	acbe�jf±bef©ä Ò ö	Øc� Ç ä£��w�¸¢zod z��jk��vdgr�k µïz��jk��vdgre_	n±no_	ajb��jf©bef±k{´���_	rvz�d�ä Ò Æ äc�!ö	Ø
�uw�¸1s

R = 6378, 16− 21, 38 sin(lat)2
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zq§¨�S~j}lz?|�{0~�{	§�z��tyx|0y7{g��{	z;y7~�z?|�z=���

���Sy·�t�?�hznz	�c�t�?{�Áf|��nz~z;|}{0~�}7{0~t�?|}�ty��Jy���|����?z~z��ty7���?{g�c|g��z=~t�â}�{0~t�J|���z;��|�~��t|¡��|��t|}~j|
z��ty£|0y�{g��{	z?y�~Xz;|�z=�����¯z��Sy�z	}l}�y��}y��?z~z;|}{0~�{	§ª|0�;z���|�z��)z~z`z��ty£}�y�~Xz?y��O{	§¢|=�;z���|�z���{	§ªzo�ty�z=|}�
}�{0���t�n~¦�

Z =
φ

gm

µ¨ãj� Ò ¸
/ ~t{	zo�ty��)z	�j�S�?{dz	}��à��{	�t������y­z;{i�t|���|��Sy­zo�tyÚ|0y�{g��{	z?y�~Xz;|�z=���X�àzo�ty�z	}{}7y���y7�;z~z?|�{0~�{	§
|0�;z���|�z���z~z^�ny�z=~��?y�z���y¥�0y7�Ó�

Z =
φ

g(lat, 0)
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/ zo�t|��J���?{=�e�cz?|�{0~���{	�t������y`z?{�}�z=�e}l�t��z~z?y¬zo�tyX�?z~z;|}{B��ylz���y�y7~�z��ty`|0y�{	��{	z?y�~Xz;|�z=��z=~t��zo�ty
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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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» ~S����zo�ty �?{0���cz;|}{0~��^|�zo�¤z��ty �¡|�~��t�9�?|�|0~��o�t{	�t������y��gy{�cz{�
/ �0y����¢�?|}�n|}��z=�£z	�c�t�?{dz~}��«}�{g�t�}�¢��y�z=�t{g�cz?y����¤�j�czx}�{=~t�?|}�ty��J|�~j|�zo�tyq´���z=�t�?z~z;|�}¥�Jy_¦

��z~z?|�{0~�§�{=�
g
s

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

µ¨ãj�8äX¸
§�{0�©|0y7{g��{~z;y�~Xz?|�z=�}�É|0�Jy�z~z?y��Ézo��z=~¯×c�czo�ty��n|}~��t�H�?|�|0~��o�S{g�t������y�zpz~�=y�~�z=~S�·§�{=�H~ty{|0z~z;|¡�0y
|0y�{g��{	z?y�~Xz;|�z=���Ézo�tyx�t�e�S�9�?|e|=~��h�t{g�t�}�)��ym}�{=~t�?|}�ty��Jy����

Ñ£yl�=y��hzo�ty��}y��J��z��tyn��y7�hz¥�?{0���cz;|}{0~t� �?y7��z=|}~«z��ty�}�z=��}{�t��z~z;|}{0~¢{	§©zo�ty�|}~�z?y{|0�?z=�ªzpz~��|}~j|
|�~Xz;{¥z	}{}7{g�t~XzHy7|�z��Sy��±zo�ty`Â¶å » §�{=�?� �t��z�{0�±zo�tyX�Jy���zÃz;|�{=~¡�Sy��j�j}7y��¤§��?{=�Wz��tyE�tyl��~S|�z;|}{0~
{	§¼zo�ty�z	}{}7y��}y��;zÃz;|�{=~�{	§�|=�;z���|�z��g�
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φ(Z) =
∫ Z

0
(P0 − P1z)dz

= P0Z − P1
Z2

2È±���?y¥�0y7�?�?|}~j|�z��ty y{´���zÃz;|�{=~·��y�{0�czpzg|�~�s

0 = −Z2

2
P1 + P0Z − φ

⇒ Z =
P0

P1
±

√

√

√

√

(

P0

P1

)2

− 2φ

P1

µ¨ãj�!ög¸
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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

µ¨ãj�8ØX¸
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Z2 = Z3 − (Z3 − Z1)
ln
(

P2

P3

)
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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
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P2
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(
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)
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α
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α
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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
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(
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Z2 = Z3 − (Z3 − Z4)
ln
(

P2

P3

)

ln
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P4

P3

)
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(
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(

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



Ã·Ä}ÅkÄ}ékÄªÆ Ç�È�É\ÊºË.ÌrÍ�Î�ÏSÉÑÐ�Í�È
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

1 2 3 4 5 6
−1

0

1

2

Equation number

M
ea

n 
ab

so
lu

te
 e

rro
r [

m
]

1 2 3 4 5 6
−0.4

−0.2

0

0.2

0.4

Equation number

M
ea

n 
re

la
tiv

e 
er

ro
r [

%
]

1 2 3 4 5 6
2

2.5

3

3.5

Equation number

St
d 

ab
so

lu
te

 e
rro

r [
m

]

1 2 3 4 5 6
0.76

0.78

0.8

0.82

0.84

Equation number

St
d 

re
la

tiv
e 

er
ro

r [
%

]

1 2 3 4 5 6
2

2.5

3

3.5

Equation number

RM
S 

ab
so

lu
te

 e
rro

r [
m

]

1 2 3 4 5 6
0.75

0.8

0.85

Equation number

RM
S 

re
la

tiv
e 

er
ro

r [
%

]

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
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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�
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�n{��ty���¯;Ø�zg¯^Øtz=�^��y7y�~���z=�Sy��t¿t�?|}~t²nÿE/�ã ò ¦��¥è0ÓôRÝ × y¡ÒS��{=¯O¯?Øty��;zg�ny�³7¿t�JÖ=y¡Ý�{0�E¯;Øty�Ö=y��?�J|�{0~´ñfÓ½ýtç&³�{=~t�?|}�ty��J|�~t²�{0¿S����õ�0�� ï ��z.¯pz�?y7¯�ç × y�{0�S¯;z=|�~�¯?Øty�Ù�²0¿t�Jy�ýSÓæñ=÷fÓ�õ�{=�nÒ�zg�?|�~S² × |}¯;Ø�¯?ØtyBÒS�?y7Ö�|}{0¿t�^{0~tygçt¯;Øty Ò�y�z=Ü��Jy�y7�n�Øt|�²0ØSy�� á ífÓ.	)|�~S�J¯;y�z=�´{gÝ^ýtç ó�³���â_Ó)ã9Øt|��B�t{fy7�¥~t{g¯��¡y�z=~¸¯;Ø�zg¯B¯;Øty¡Ö0y7�?�?|}{0~�ñfÓ½ý�{=Ý9¯?Øty�n{��ty��¤|�� × {=�?�?y�¯;Ø�zg~�Ö=y��?�J|�{0~�ñfÓþðSÓ�ã9ØS|��^|��^�?|}�nÒS�}Ú��S¿ty�¯?{¡¯?Øty�Ý§z=³7¯^¯?Ø�zg¯E{0¿t�^��zg¯;z��Jy7¯�t{fy7� ~t{=¯ ³�{=~º¯;z=|�~¢�tzg¯pz�{\Ö0y7�¥z × Øt{0�}y�Ú0y�z=� �t¿S¯�{0~t�±Ú��J¿t�n�¡y����¡{0~d¯;ØS��Ó�ã9Øt|}��Ò�y7�?|�{��³�{0�J�?y��JÒ�{=~t�t��¯;{ × |�~d¯;y7�·|}~�¯?ØtyV�?{0¿f¯;Øty7�?~�Øty7�n|}�?ÒtØSy��?ygç × ØS|�³pØ¥�¡y�zg~��¡{0�Jy2ÒS�?y�³7|�Òt|±¯pzg¯?|�{0~S�z=~t�¸³�{0~t�Jy�ßº¿ty7~º¯?�}Ú�z)�S|�²0²0y7�J¯ × y7¯¥�ty���z\Ú=Ó / ��¯?Øty × y_¯¥�ty7��z�Ú¨|����¡{0�Jy¡|}�nÒ�{0�­¯pz=~d¯�çk¯?Øtyy��?�J{0�^{0~�¯;Øty × y7¯E�ty���z\Ú�|�~t³7�?y�zg�?y��£|�~�¯;ØSy��?z=�¡y × z�Ú0Ó��´y ¯;�J|�y���¯?{n�J|���¿t��zg¯;yO¯?Øty {=¯;ØSy���n{0~d¯?Øt��{=ÝEñ=ø=ødñ)�dÚ¶zg�t�t|�~S²�¯;{�¯?Øty�³�¿S�JÖ0y�|±¯;���­Ú��n�¡y7¯?�?|�³nz=~t�¶¯?Øty�~�¯?{�Ò�y7�JÝ�{0�J� ¯?Øty
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ï |�²0¿S�?y ýtÓ ñ6	�s9ÿ��;zgÒtØ){gÝ¹¯;Øty��?|}��¿t��zg¯;y7�)��zg¯;|±¯;¿t�ty��Sy�Ò�y�~t�ty7~t³�y�{gÝ4¯;ØSy�än0�/�y7�?�?{=�£Ý�{0�£z× Øt{0��yOÚ=y�z=�7Ó
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ã9Øty��nz=|�~¨{0�S�?y��­Ögzg¯;|}{0~�¯?Ø�zg¯B³�{0¿t�}����y��nz=�ty¡{0¿S¯B{=Ý�¯;Øty7�?y�¯?y��J¯?��zg¯BØt|}²0Ø´zg�}¯;|±¯;¿t�Sy¡|}�
¯;Ø�zg¯�¯;ØSy × y7¯��ty7��z�Ú¸y��J�?{0��Ø�z=�B�t�;z=�nzg¯?|�³�zg���}Ú)�ty7³��?y�z=�?y7��Ý�{0�¥zg���¹¯;ØSy��¡{f�ty7���7Ó�ã9ØS|��¥|}�{0�dÖf|}{0¿t�J�}Ú°�t¿ty�¯;{´¯?Øty)Ý§zg³7¯¡¯;Ø�zg¯n¯;Øty × z.¯;y��¡Ögz=Ò�{=�n|}~��nz=|�~t�±Ú¶³7{0~t³�y7~d¯;�;z.¯;y��Mz.¯���{ ×z=�}¯?|}¯;¿S�ty=Ó
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�?ÒtØty7�?ygÓ
/ �¡Ý§zg�nzg�¡¯?Øty^/Sz0z=�­¯pz=�¡{0|�~Sy�~��n{��ty���|���³�{0~S³�y��J~ty��¤çH¯;Øty�Ò�y7�JÝ�{0�J��zg~t³�y7�nzg�?y�Ö0y��­Ú

²0{f{��F�4¯?Øty {\Ö0y��?z=���&�J�n�9y7�?�J{0�9|��9��y��}{ × í��n��Ó
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³�{0�}{0�X��zg�XØ�z=����y�y7~¢�?y6¦®³�y7~d¯;y��Jy��kç��J{�¯;Ø�zg¯ × y�³�z=~¢�?y7y�¯;Ø�z.¯O¯;Øty¥Òt�?{0�S��y�� �?y�z=���±Ú�³�{0�¡yÝ��?{0�Â¯;Øty / ~d¯;z=�?³_¯;|�³�zSÓ / ~dÚ × Øty7�?y¥y7���Jy ¯?Øty �?y7�?¿t�±¯;�£z=�?y�ßº¿t|±¯;y ²0{�{f�¤Óã9ØSy�y��J�?{0�nÒ�zg¯?¯?y��J~ {=Ý�¯;ØSy#��/ / ÿ��?{0¿S~t� �¡{f�ty7�E|}�¡Ö=y��­Ú �?|}�n|}��z=��¯?{´¯;ØSy�{0~ty�zg¯
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ßî ×å Û Úî × Ü ß ó æ á � ü ã Õ Ù äå ×æç ×Ûè ×Õ Õ Ù Õ éê ë ì Ý Û Û æ Ø Û ë Ù Úè ×è íÙ ã ä ×åî ï å Û ê ð ß æ ðè ×ñ òÙ Õ î Ú ó æ ôõ ö ß ÷Ý ß ï å Úè î ÷Ý ßø Õ Ù ó è î ÷Ý ß ç × Ø ùè Ø ×ú Õ Û Ø ÚÙ èõ Ù Ø Û å î ×å Ûû ñ üÞ � � � � �Þ � ý �� ñ �Þ ÿ� ÿ� ñ �Þ � � þ � ñ ü üÞ � ÿ þ � ñ üÞ � � � ý �Þ � � �� ñ �Þ ý ü þ â �Þ ÿ� � �íû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû ñ �Þ ý �� � �Þ â ü � ü ñ �Þ ü ü � ü �Þ � â ý� �Þ � � �� ñ �Þ � ü � ý � � �Þ ÿ� � �� × Ø î ×å Ûû ñ üÞ � þ � � ñ üÞ � � ÿ â ñ �Þ â þ� þ ñ �Þ ü � ý ý ñ ü üÞ â � ü þ ñ üÞ � â � � �Þ � � �� ñ �Þ ý ü þ â �ô çÝ ×Õ Õ Ù Õ é^êë ìõ Ù Ø Û å î ×å Ûû ýÞ � ý þ ü �Þ ý� ÿ � �Þ ý â � � �Þ � � ü þ ü üÞ � � þ � �Þ þ â ÿ � �Þ � � � ÿ �Þ â ü �� �Þ ÿ ü � âíû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû �Þ ý �� � �Þ � � þ � �Þ ü ü �� �Þ � â ý� üÞ â � ý ý üÞ ý � � ÿ � � �Þ ÿ ü � â� × Ø î ×å Ûû �Þ � ý� þ ýÞ � ü ü ü �Þ ý � þ � �Þ � â �� ü �Þ � ý� � �Þ â â þ � �Þ � � � ÿ �Þ â ü �� �

ï Õ Û æ Úå Ú Û Ü ï Õ Û á � ü ã Õ Ù äå ×æç ×Ûè ×Õ Õ Ù Õ éê ë ì Ý Û Û æ Ø Û ë Ù Úè ×è íÙ ã ä ×åî ï å Û ê ð ß æ ðè ×ñ òÙ Õ î Ú ó æ ôõ ö ß ÷Ý ß ï å Úè î ÷Ý ßø Õ Ù ó è î ÷Ý ß ç × Ø ùè Ø ×ú Õ Û Ø ÚÙ èõ Ù Ø Û å î ×å Ûû ñ �Þ � � ü ý ýÞ � � � � �Þ � â� � ñ �Þ ü ü ÿ â ýÞ ü ÿ � � �Þ � � � � �Þ ü ÿ � � ñ �Þ � �� � �Þ � ü þ �íû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû ñ �Þ ý ü � � ýÞ ÿ � � â �Þ � ý� ý �Þ � ý � � �Þ � ÿ ÿ � �Þ ÿ� ÿ � � � �Þ � ü þ �� × Ø î ×å Ûû ñ ÿÞ þ� � � ñ �Þ ÿ â þ ÿ �Þ � ü â þ ñ �Þ ü � â þ �Þ � þ â � �Þ � ý ü ü �Þ ü ÿ � � ñ �Þ � �� � �ô çÝ ×Õ Õ Ù Õ é^êë ìõ Ù Ø Û å î ×å Ûû �Þ � � þ ý ýÞ � � þ â þÞ � � â � �Þ ü � � ü ýÞ â � ü â �Þ � ü ü ü �Þ � � � ÿ �Þ þ � � â �Þ � � ý �íû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû �Þ ý ü � � ýÞ ÿ þ � ü �Þ � ý� ÿ �Þ � ý � � �Þ ý � ÿ � �Þ � â � ÿ � � �Þ � � ý �� × Ø î ×å Ûû �Þ � � � � üÞ þ â � ü �Þ � � þ � �Þ � � � � ýÞ � ý ÿ� üÞ þ � ÿ� �Þ � � � ÿ �Þ þ � � â �

µ ×î î Û ¶· Úè ú ý �ã Õ Ù äå ×æß¸ î ó å ß.¹ Ú¹ Úè ØÜ Ý Û óÞ ßÕÞ áç ×Ûè ×Õ Õ Ù Õ éê ë ì Ý Û Û æ Ø Û ë Ù Úè ×è íÙ ã ä ×åî ï å Û ê ð ß æ ðè ×ñ òÙ Õ î Ú ó æ ôõ ö ß ÷Ý ß ï å Úè î ÷Ý ßø Õ Ù ó è î ÷Ý ß ç × Ø ùè Ø ×ú Õ Û Ø ÚÙ èõ Ù Ø Û å î ×å Ûû ñ ýÞ â � ÿ ý ñ �Þ � � � � üÞ â �� ü ñ �Þ � � â ÿ ñ ÿÞ ü ü � â ñ �Þ â� � � �Þ ü � ý� �Þ ý ý� � �Þ �� � þíû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû ñ �Þ ý � ü � �Þ � ý â � �Þ � þ � þ �Þ � â ý� ñ �Þ ü ý � ü ñ �Þ � � þ � � � �Þ �� � þ� × Ø î ×å Ûû ñ ýÞ � â� ü ñ ýÞ ü � � � üÞ ý � â � ñ �Þ ü � � � ñ �Þ þ� � ý ñ �Þ ý þ � þ �Þ ü � ý� �Þ ý ý� � �ô çÝ ×Õ Õ Ù Õ é^êë ìõ Ù Ø Û å î ×å Ûû �Þ þ � ý â ýÞ â � � â ýÞ � ÿ â � �Þ � � ÿ ü �Þ ý ü ü þ ýÞ ý â þ ý �Þ � � ý â ýÞ â þ þ ý �Þ �� ÿ �íû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû �Þ ý � ü � ýÞ � � � ü �Þ ü � � � �Þ � â ý� �Þ ý ý� � �Þ ý ü �� � � �Þ �� ÿ �� × Ø î ×å Ûû �Þ â þ � � �Þ � � â ÿ ýÞ � � þ ý �Þ � � � � �Þ � ÿ� â ýÞ � � � � �Þ � � ý â ýÞ â þ þ ý �
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º Û ðÛ Õ ÜÝ ×è á � �ã Õ Ù äå ×æç ×Ûè ×Õ Õ Ù Õ éê ë ì Ý Û Û æ Ø Û ë Ù Úè ×è íÙ ã ä ×åî ï å Û ê ð ß æ ðè ×ñ òÙ Õ î Ú ó æ ôõ ö ß ÷Ý ß ï å Úè î ÷Ý ßø Õ Ù ó è î ÷Ý ß ç × Ø ùè Ø ×ú Õ Û Ø ÚÙ èõ Ù Ø Û å î ×å Ûû ñ âÞ â ý � � ñ üÞ þ� ü � ñ üÞ þ� � þ �Þ � â þ ý ñ ü âÞ � � � � ñ �Þ â � �� �Þ ü � � þ ñ üÞ þ ü ý � �Þ � â þ �íû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû ñ �Þ ý ÿ þ ü �Þ � þ � â �Þ � � � � �Þ � â ý� �Þ ÿ â � � �Þ ý � â � � � �Þ � â þ �� × Ø î ×å Ûû ñ âÞ � � ý � ñ âÞ � â þ � ñ �Þ ü ÿ â � �Þ � � ý þ ñ ü âÞ þ þ â � ñ þÞ � � � â �Þ ü � � þ ñ üÞ þ ü ý � �ô çÝ ×Õ Õ Ù Õ é^êë ìõ Ù Ø Û å î ×å Ûû ÿÞ ü � � ÿ ýÞ �� ü � �Þ � â ý ü �Þ ü ý ý ü ü âÞ ý ü � þ �Þ � þ ý ü �Þ � ü â ü ýÞ � � � â �Þ � ÿ þ �íû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû �Þ ý ÿ þ ü �Þ ý ü � � �Þ � � � ÿ �Þ � â ý� �Þ � � � ý �Þ � � ý� � � �Þ � ÿ þ �� × Ø î ×å Ûû �Þ ÿ ý � � �Þ þ � �� �Þ ü þ � � �Þ ü � ü ý ü �Þ ü � ý þ þÞ � � â � �Þ � ü â ü ýÞ � � � â �

»Û ÚÕ ¸ Ûè ðæ Ü¼ Ý ß á â �ã Õ Ù äå ×æç ×Ûè ×Õ Õ Ù Õ éê ë ì Ý Û Û æ Ø Û ë Ù Úè ×è íÙ ã ä ×åî ï å Û ê ð ß æ ðè ×ñ òÙ Õ î Ú ó æ ôõ ö ß ÷Ý ß ï å Úè î ÷Ý ßø Õ Ù ó è î ÷Ý ß ç × Ø ùè Ø ×ú Õ Û Ø ÚÙ èõ Ù Ø Û å î ×å Ûû üÞ � ü ü ÿ üÞ ü � � ÿ ñ �Þ � þ þ� ñ �Þ � ÿ � � üÞ � ü ü � ýÞ � ÿ � � ñ �Þ � ÿ þ� �Þ þ � � � �Þ � ü � âíû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû ñ �Þ ý þ � â ñ �Þ � � � � ñ �Þ ü � ÿ þ �Þ � â � � �Þ � ü � â üÞ � ü � � � � �Þ � ü � â� × Ø î ×å Ûû üÞ ÿ� � � üÞ â � ÿ â ñ �Þ â � ü ÿ ñ �Þ ý � � � �Þ ÿ þ â ü �Þ �� � þ ñ �Þ � ÿ þ� �Þ þ � � � �ô çÝ ×Õ Õ Ù Õ é^êë ìõ Ù Ø Û å î ×å Ûû �Þ ü þ ÿ � �Þ ü � ü ÿ �Þ þ þ ÿ â �Þ â þ� � �Þ � þ þ� âÞ ü � � � �Þ â ÿ þ þ �Þ ü � � ý �Þ � � � �íû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû �Þ ý þ � � �Þ ý â ü � �Þ � � � � �Þ � â � � �Þ � â � � �Þ � ü â� � � �Þ � � � �� × Ø î ×å Ûû �Þ ý þ þ � �Þ � â �� �Þ �� â � �Þ � � ü â �Þ ý ü þ � �Þ � â � ý �Þ â ÿ þ þ �Þ ü � � ý �

ø Ú¸ Õ Û å Ø Û Õ Ü¼ Þ · Þ á � ü ã Õ Ù äå ×æç ×Ûè ×Õ Õ Ù Õ éê ë ì Ý Û Û æ Ø Û ë Ù Úè ×è íÙ ã ä ×åî ï å Û ê ð ß æ ðè ×ñ òÙ Õ î Ú ó æ ôõ ö ß ÷Ý ß ï å Úè î ÷Ý ßø Õ Ù ó è î ÷Ý ß ç × Ø ùè Ø ×ú Õ Û Ø ÚÙ èõ Ù Ø Û å î ×å Ûû ñ ýÞ � ÿ � � ñ �Þ � ÿ ü ü ñ âÞ ý ý� � �Þ � � ÿ â ñ �Þ ý þ � â �Þ â ü ý � �Þ � ÿ � ÿ ñ �Þ � ý â ü �Þ â � � �íû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû ñ �Þ ý þ � ü üÞ þ ü � � ñ �Þ � ý� � �Þ � â â � üÞ � � ÿ ý �Þ � � � � � � �Þ â � � �� × Ø î ×å Ûû ñ �Þ ÿ ÿ þ � ñ ýÞ � � ý þ ñ âÞ � þ þ ÿ ñ �Þ � � ÿ � ñ ýÞ � � � þ ñ �Þ â � � þ �Þ � ÿ � ÿ ñ �Þ � ý â ü �ô çÝ ×Õ Õ Ù Õ é^êë ìõ Ù Ø Û å î ×å Ûû ýÞ � ÿ ý ÿ �Þ ÿ � � þ âÞ ÿ ü � � �Þ � â ý ü �Þ � � � � �Þ � � ÿ � �Þ � þ � ü �Þ � þ ÿ þ �Þ â � � �íû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû �Þ ý þ � ü �Þ � � ÿ ÿ �Þ � â � ý �Þ � â â � �Þ � � � ÿ �Þ � â ý ü � � �Þ â � � �� × Ø î ×å Ûû ýÞ � � � ü ýÞ ÿ � � � âÞ � � ý â �Þ � â ý � ýÞ � � â â �Þ � ü � � �Þ � þ � ü �Þ � þ ÿ þ �
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Ý Û ã ã Ù Õ Ù Ü µ Û ã á � üã Õ Ù äå ×æç × Ûè ×Õ Õ Ù Õ é^êë ì Ý Û Û æ Ø Û ë Ù Úè ×è íÙ ã ä ×åî ï å Û ê ð ß æ ðè ×ñ òÙ Õ î Úó æ ôõ ö ß ÷Ý ß ï å Úè î ÷Ý ß ø Õ Ù ó è î ÷Ý ß ç × Ø ùè Ø ×ú Õ Û Ø ÚÙ èõ Ù Ø Û å î ×å Ûû ñ �Þ â ý � â ñ �Þ ü � � â ñ �Þ ý� � � �Þ � ý � ÿ ñ âÞ ÿ � � ý ñ �Þ � � � � �Þ � ý � � �Þ � ÿ ý þ �Þ þ â þ üíû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû ñ �Þ ý �� � �Þ � � â þ �Þ � � � � �Þ � â ý � ñ �Þ � þ ü â ñ üÞ â � ý� � � �Þ þ â þ ü� × Ø î ×å Ûû ñ �Þ � â � � ñ �Þ ý ý� ý ñ �Þ ý �� � ñ �Þ � � â â ñ �Þ � þ� þ üÞ � � ý� �Þ � ý � � �Þ � ÿ ý þ �ô çÝ ×Õ Õ Ù Õ éê ë ìõ Ù Ø Û å î ×å Ûû �Þ � � þ ü �Þ ÿ� ÿ ý �Þ â � ÿ� �Þ � � ý� �Þ � ý ü ÿ �Þ � þ þ � �Þ � â � ÿ üÞ ü þ� â üÞ � � ÿ âíû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû �Þ ý �� � �Þ � þ þ � �Þ � ý þ þ �Þ � â ý � �Þ � â �� �Þ ý ÿ� � � � üÞ � � ÿ â� × Ø î ×å Ûû �Þ ÿ� � � �Þ � � � ü �Þ â � � � �Þ � ý � þ �Þ þ� ý þ üÞ þ â â ý �Þ � â � ÿ üÞ ü þ� â �

Ý Ø ñ í ó ¸ ×Õ Ø Ü ï ×å á � ýã Õ Ù äå ×æç × Ûè ×Õ Õ Ù Õ é^êë ì Ý Û Û æ Ø Û ë Ù Úè ×è íÙ ã ä ×åî ï å Û ê ð ß æ ðè ×ñ òÙ Õ î Úó æ ôõ ö ß ÷Ý ß ï å Úè î ÷Ý ß ø Õ Ù ó è î ÷Ý ß ç × Ø ùè Ø ×ú Õ Û Ø ÚÙ èõ Ù Ø Û å î ×å Ûû ñ �Þ � � �� ñ üÞ þ ÿ ý � ñ �Þ ü â �� �Þ � � ý â üÞ � þ� � �Þ � þ � � �Þ � ý ý â ñ �Þ ü �� � �Þ þ � � �íû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû ñ �Þ ý� � þ �Þ ÿ ÿ þ ü ñ �Þ ü � â � �Þ � â ü ý �Þ � ý â þ üÞ â â þ ÿ � � �Þ þ � � �� × Ø î ×å Ûû ñ �Þ ü � ÿ ÿ ñ �Þ ÿ â � þ ñ �Þ � � ÿ ý ñ �Þ � ü � þ ñ �Þ â ý þ ÿ ñ �Þ � � þ� �Þ � ý ý â ñ �Þ ü �� � �ô çÝ ×Õ Õ Ù Õ éê ë ìõ Ù Ø Û å î ×å Ûû �Þ � þ ý ü �Þ � â ý ÿ �Þ � � â � �Þ � � � � �Þ ÿ� � � �Þ � � ü � �Þ � � � ý �Þ ý þ � â �Þ þ � � üíû î Õ Ù æ Ø Û Ø Ú ê î ×å Ûû �Þ ý� � þ �Þ �� ÿ � �Þ ü � � ÿ �Þ � â ü ý �Þ ÿ ü � � �Þ ü � â ü � � �Þ þ � � ü� × Ø î ×å Ûû �Þ ý� � ý �Þ � �� ü �Þ ü � � ý �Þ � â � ÿ üÞ â � ÿ � üÞ â þ � ý �Þ � � � ý �Þ ý þ � â �
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