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[ƛǎǘ ƻŦ ǎȅƳōƻƭǎ ς !ōōǊŜǾƛŀǝƻƴǎ 
 

bƻƳŜƴŎƭŀǘǳǊŜ 

AAD%  % absolute average deviation, defined by Eq. (4) 

i
A  Component-specific parameter of Eq. (3) 

i
B  Component-specific parameter of Eq. (3) 

i
C  Component-specific parameter of Eq. (3) 

i
D  Component-specific parameter of Eq. (3) 

f  Symbol denoting a function 

n Number of components in the gas mixture 

ndp Number of experimental data points 

eq
HP  Hydrate equilibrium pressure (Pa) 

T  
Temperature (K) 

eqT  Hydrate equilibrium temperature (K) 

y Gas composition expressed as mole fraction (ς) 

z Initial feed composition expressed as mole fraction (ς) 

  

Subscripts:  

i Component i of a mixture with n gas components 

gas-mixture Denotes property of the gas mixture 

H hydrate 

   

Superscripts:   

calc. Calculated  

eq. Equilibrium 

exp. Experimental 
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м LƴǘǊƻŘǳŎǝƻƴ 

мΦм .ŀŎƪƎǊƻǳƴŘ  

IȅŘǊŀǘŜǎ ŀǊŜ ƛŎŜπƭƛƪŜΣ ƴƻƴπǎǘƻƛŎƘƛƻƳŜǘǊƛŎΣ ŎǊȅǎǘŀƭƭƛƴŜ ƳŀǘŜǊƛŀƭǎ ǘƘŀǘ ŀǊŜ ŦƻǊƳŜŘ 

ŦǊƻƳ ǎŜƭŦπŀǎǎŜƳōƭŜŘ ǿŀǘŜǊ ƳƻƭŜŎǳƭŜǎ ǳƴŘŜǊ ŀǇǇǊƻǇǊƛŀǘŜ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ 

ŎƻƴŘƛǝƻƴǎ ǿƘŜƴ ŎŜǊǘŀƛƴ ƎǳŜǎǘ ƳƻƭŜŎǳƭŜǎ ŀǊŜ ǇǊŜǎŜƴǘ ŀǎ ǿŜƭƭмΦ ¢ƘŜ ƎǳŜǎǘ ƳƻƭŜŎǳƭŜǎ 

Ǉƭŀȅ ŀ ŎǊǳŎƛŀƭ ǊƻƭŜ ƛƴ ǎǘŀōƛƭƛȊƛƴƎ ǘƘŜ ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ ǿŀǘŜǊ ŎŀƎŜǎκŎŀǾƛǝŜǎ ǘƘŀǘ ŀǊŜ 

ŦƻǊƳŜŘΦ ²ƛǘƘƛƴ ǘƘŜǎŜ ŎŀƎŜǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ŀƳƻǳƴǘ ƻŦ ǘƘŜ ƎǳŜǎǘ ƳƻƭŜŎǳƭŜǎ Ŏŀƴ ōŜ 

ǎŜƭŜŎǝǾŜƭȅ ŜƴŎƭŀǘƘǊŀǘŜŘΦ ¢Ƙƛǎ ǇŀǊǝŎǳƭŀǊ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ǇǊƻǇŜǊǘȅ ƻŦ ƘȅŘǊŀǘŜǎ Ƙŀǎ 

ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ŎƻƴǎƛŘŜǊŀǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ ŦƻǊ ƎŀǎπǎǘƻǊŀƎŜ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴ 

ŀǇǇƭƛŎŀǝƻƴǎ όŜΦƎΦΣ άŜƴŜǊƎȅ ŎŀǊǊƛŜǊέ ƎŀǎŜǎ ǎǳŎƘ ŀǎ ƘȅŘǊƻƎŜƴнςп ŀƴŘ ƳŜǘƘŀƴŜрςфύΣ ŀƴŘ 

ǘƘŜƛǊ ǳǎŜ ƛƴ ƎŀǎπƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴ ŀǇǇƭƛŎŀǝƻƴǎмлςмоΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŜȄŎƭǳǎƛƻƴ ƻŦ ƛƻƴǎ 

ŦǊƻƳ ǘƘŜ ŎƭŀǎǎƛŎŀƭ ƘȅŘǊŀǘŜ ŎǊȅǎǘŀƭǎ Ƙŀǎ ǊŜƴŘŜǊŜŘ ƘȅŘǊŀǘŜǎ ŀǧǊŀŎǝǾŜ ǘƻ ōŜ ǳǎŜŘ ƛƴ ǿŀǘŜǊ 

ŘŜǎŀƭƛƴŀǝƻƴмпςмс ƻǊ ǿŀǘŜǊ ǇǳǊƛŬŎŀǝƻƴмт ǇǊƻŎŜǎǎŜǎΦ  

Lƴ ŜƛǘƘŜǊ ŎŀǎŜΣ ƛƴ ƻǊŘŜǊ ǘƻ ŘŜǎƛƎƴ ŀ ǇŀǊǝŎǳƭŀǊ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴΣ ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ 

ƘŀǾŜ ǊŜƭƛŀōƭŜ ǾŀƭǳŜǎ ŦƻǊ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴŘƛǝƻƴǎΦ 

Lƴ ƻǊŘŜǊ ǘƻ ƻōǘŀƛƴ ǎǳŎƘ ƛƴŦƻǊƳŀǝƻƴΣ ƻƴŜ Ŏŀƴ ǇŜǊŦƻǊƳ ŜƛǘƘŜǊΥ 

¶ ƳƻƭŜŎǳƭŀǊ ƭŜǾŜƭ ǎƛƳǳƭŀǝƻƴǎ  

¶ ƳŀŎǊƻǎŎƻǇƛŎ ƭŜǾŜƭ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ŎŀƭŎǳƭŀǝƻƴǎ 

¶ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ  

9ƴƎƭƛǎƘ ŀƴŘ aŀŎ9ƭǊƻȅму ǇǊŜǎŜƴǘŜŘ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǊŜǾƛŜǿ ƻŦ ƘȅŘǊŀǘŜπǊŜƭŀǘŜŘ 

ǎǘǳŘƛŜǎ ŀǘ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ƭŜǾŜƭΣ ǿƘƛƭŜ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎ ŀƴŘ 9ŎƻƴƻƳƻǳмф ŘƛǎŎǳǎǎŜŘ 

ŜȄǘŜƴǎƛǾŜƭȅ ǘƘŜ ǳǎŜ ƻŦ aƻƴǘŜ /ŀǊƭƻ όa/ύ ǎƛƳǳƭŀǝƻƴ ƳŜǘƘƻŘǎ ƛƴ ŎƭŀǘƘǊŀǘŜ ƘȅŘǊŀǘŜ 

ǎǘǳŘƛŜǎΦ tƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ŎŀƭŎǳƭŀǝƻƴǎ ǳǎƛƴƎ aƻƭŜŎǳƭŀǊ 5ȅƴŀƳƛŎǎ όŜΦƎΦΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ 

ǇƘŀǎŜ ŎƻŜȄƛǎǘŜƴŎŜ ŀǇǇǊƻŀŎƘύ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǇǳǊŜ ό/Iп 
нлΣнмΣ /hн

ннΣноΣ 

Iннпύ ƻǊ ƳƛȄŜŘ ό/Iп Ҍ /hннрύ ƘȅŘǊŀǘŜǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ a/ ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ŦƻǊ 

ƘȅŘǊŀǘŜ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ŀǎ ǿŜƭƭнсΣнт όǎŜŜ ŀƭǎƻ ǘƘŜ ŀŘŘƛǝƻƴŀƭ 

ŘƛǎŎǳǎǎƛƻƴ ƛƴ ǘƘŜ ǊŜǾƛŜǿ ǇŀǇŜǊмфύΦ 

tƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ŎŀƭŎǳƭŀǝƻƴǎ Ŏŀƴ ŀƭǎƻ ōŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ŀ ƳŀŎǊƻǎŎƻǇƛŎ ƭŜǾŜƭΣ ōŀǎŜŘ 

ƻƴ ǘƘŜ ŎƻǳǇƭƛƴƎ ƻŦ ŀƴ Ŝǉǳŀǝƻƴ ƻŦ ǎǘŀǘŜ ŀƴŘ ǘƘŜ Ǿŀƴ ŘŜǊ ²ŀŀƭǎ ς tƭŀǧŜŜǳǿ ǎǘŀǝǎǝŎŀƭ 

ǘƘŜƻǊȅмΦ  {ǳŎƘ ŀƴ ŀǇǇǊƻŀŎƘ Ŏŀƴ ǇǊƻŘǳŎŜ ǊŜǎǳƭǘǎ Ŧŀǎǘ όŀǎ ƻǇǇƻǎŜŘ ǘƻ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ƭŜǾŜƭ 
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ǎƛƳǳƭŀǝƻƴǎ ǿƘƛŎƘ ǊŜǉǳƛǊŜ ƘŜŀǾȅ ŎƻƳǇǳǘŀǝƻƴǎύ ŀƴŘ ƛǎ ǘƘŜ ǇǊŜŦŜǊǊŜŘ ŀǇǇǊƻŀŎƘ ƻŦ ǘƘŜ 

ƛƴŘǳǎǘǊȅΦ IƻǿŜǾŜǊΣ ǘƘŜ ŀŎŎǳǊŀǘŜ ŎŀƭƛōǊŀǝƻƴ ƻŦ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ǊŜǉǳƛǊŜǎ ǘƘŜ 

ŀǾŀƛƭŀōƛƭƛǘȅ ƻǊ ǇŜǊŦƻǊƳŀƴŎŜнуΣнф ƻŦ ŀ ƴǳƳōŜǊ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎΦ  

9ȄǇŜǊƛƳŜƴǘŀƭ ƳŜǘƘƻŘǎ ǘƘŀǘ ŀǊŜ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ƛƴ ƘȅŘǊŀǘŜπǊŜƭŀǘŜŘ ǎȅǎǘŜƳǎ ǘƻ 

ƳŜŀǎǳǊŜ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ŎƻƴŘƛǝƻƴǎ ώŜΦƎΦΣ ǘƘŜ ƛǎƻŎƘƻǊƛŎ ǇǊŜǎǎǳǊŜ ǎŜŀǊŎƘ όLt{ύΣ ǘƘŜ 

ǇƘŀǎŜ ōƻǳƴŘŀǊȅ ŘƛǎǎƻŎƛŀǝƻƴ όt.5ύолΣ ǘƘŜ ŘƛũŜǊŜƴǝŀƭ ǎŎŀƴƴƛƴƎ ŎŀƭƻǊƛƳŜǘǊȅ ό5{/ύΣ ǘƘŜ 

ƘƛƎƘπǇǊŜǎǎǳǊŜ 5{/Σ ǘƘŜ ƳƛŎǊƻπ5{/Σ ǘƘŜ /ŀƛƭƭŜǘŜǘ ŀǇǇŀǊŀǘǳǎΣ ŜǘŎΦ 

!ƴ ŜȄǘŜƴǎƛǾŜ ŎƻƭƭŜŎǝƻƴ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƻƴ ƘȅŘǊŀǘŜ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ όIȅŘǊŀǘŜ 

ς [ƛǉǳƛŘ ǿŀǘŜǊ ς ±ŀǇƻǊΣ Iς[ǿς±Τ ƻǊ IȅŘǊŀǘŜ ς LŎŜ ǿŀǘŜǊ ς ±ŀǇƻǊΣ IςLς±ύ ƻŦ ǇǳǊŜ ŀƴŘ 

ƳƛȄŜŘ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ǎȅǎǘŜƳǎ Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ ōȅ bL{¢омΣ ŦƻŎǳǎƛƴƎ ǇǊƛƳŀǊƛƭȅ ƻƴ 

ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ǎǘǳŘƛŜǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǇǳōƭƛǎƘŜŘ ōŜŦƻǊŜ нллфΦ  

5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƛƴǘŜǊŜǎǘΣ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ 

ŜƛǘƘŜǊ ŜƴŎƻǳǊŀƎŜŘ ƻǊ ŘƛǎŎƻǳǊŀƎŜŘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƛƴǘŜǊŜǎǘ ƛǎ άCƭƻǿ 

!ǎǎǳǊŀƴŎŜέ ŘǳǊƛƴƎ ƻƛƭκƎŀǎ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴΣ ǘƘŜ ƛƴƘƛōƛǝƻƴ ƻŦ ƘȅŘǊŀǘŜ 

ŦƻǊƳŀǝƻƴ ƛǎ ǊŜǉǳƛǊŜŘ ǿƛǘƘƛƴ ǘƘŜ ƅƻǿ ƭƛƴŜǎ ǎƛƴŎŜ ǇƻǎǎƛōƭŜ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ Ŏŀƴ ŘƛǎǊǳǇǘ 

ƻƛƭκƎŀǎ ǇǊƻŘǳŎǝƻƴ ŀƴŘ Ƴŀȅ ǊŜǎǳƭǘ ƛƴ ǎƛƎƴƛŬŎŀƴǘ ŀŘŘƛǝƻƴŀƭ ŎƻǎǘΦ ¢ƘŜ ƛǎǎǳŜ ƛǎ ŜȄǘŜƴǎƛǾŜƭȅ 

ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ǿƻǊƪǎ ōȅ YŀƳŀƭ Ŝǘ ŀƭΦонΣ YƻƘоо ŀƴŘ YŜƭƭŀƴŘопΦ IȅŘǊŀǘŜ ƛƴƘƛōƛǝƻƴ Ŏŀƴ ōŜ 

ŜƛǘƘŜǊ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ƻǊ ƪƛƴŜǝŎΦ 5ǳǊƛƴƎ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ƛƴƘƛōƛǝƻƴΣ ŜũƻǊǘ ƛǎ ŘŜǾƻǘŜŘ 

ƛƴ ǎƘƛƊƛƴƎ ŘǊŀǎǝŎŀƭƭȅ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜ όƛΦŜΦ ŀǾƻƛŘ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴύΣ ǿƘƛƭŜ 

ŘǳǊƛƴƎ ƪƛƴŜǝŎ ƛƴƘƛōƛǝƻƴ ǘƘŜ ŜũƻǊǘ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƪƛƴŜǝŎǎ ƻŦ ƘȅŘǊŀǘŜ 

ŦƻǊƳŀǝƻƴ ŀƴŘ ƘȅŘǊŀǘŜ ǇŀǊǝŎƭŜ ŀƎƎƭƻƳŜǊŀǝƻƴ ƛƴ ǎǳŎƘ ŀ ǿŀȅ ǘƘŀǘ ǘƘŜ ǇǊƻŘǳŎŜŘ ƅǳƛŘǎ 

ŦǊƻƳ ǘƘŜ ƻƛƭκƎŀǎ ǿŜƭƭǎ ŀǊŜ ƻǳǘ ƻŦ ǘƘŜ ƅƻǿ ƭƛƴŜǎ ōŜŦƻǊŜ ŀƴȅ ƘȅŘǊŀǘŜπōŀǎŜŘ ōƭƻŎƪŀƎŜ Ŏŀƴ 

ƻŎŎǳǊΦ 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛŦ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƛƴǘŜǊŜǎǘ ƛǎ Ǝŀǎ ǎǘƻǊŀƎŜ όŜΦƎΦΣ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ 

ƘȅŘǊŀǘŜύ ƻǊ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴΣ ǘƘŜ ǇǊƻƳƻǝƻƴ ƻŦ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƛǎ ŘŜǎƛǊŀōƭŜ 

ǎƛƴŎŜ ƛǘ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ƭƻǿŜǊƛƴƎ ǘƘŜ ŎŀǇƛǘŀƭ ŀƴŘ ƻǇŜǊŀǝƻƴŀƭ ŎƻǎǘΦ IȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎ ŀǊŜ 

ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ Ŏŀƴ ōŜ ŜƛǘƘŜǊ ƎŀǎŜǎ ƻǊ ǿŀǘŜǊ ƳƛǎŎƛōƭŜκƛƳƳƛǎŎƛōƭŜ 

ƭƛǉǳƛŘǎ ǘƘŀǘ ǊŜǎǳƭǘ ƛƴ ǎƘƛƊƛƴƎ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜ ǘƻ ƳƻǊŜ ŦŀǾƻǊŀōƭŜ ŎƻƴŘƛǝƻƴǎ 

όƛΦŜΦ ƭƻǿŜǊ ǇǊŜǎǎǳǊŜǎ ŀƴŘ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎύΦ IȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ŀǘ ƳƻǊŜ ƳƻŘŜǊŀǘŜ 

ŎƻƴŘƛǝƻƴǎ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ŀ ǇǊƻƳƻǘŜǊ ƛǎ ŀƴ ŀǧǊŀŎǝǾŜ ŦŜŀǘǳǊŜ ŦƻǊ ŀ ƴǳƳōŜǊ ƻŦ 

ŀǇǇƭƛŎŀǝƻƴǎ όŜΦƎΦ Ǝŀǎ ǎǘƻǊŀƎŜ ƛƴ ƳƻōƛƭŜ ŀǇǇƭƛŎŀǝƻƴǎύ ǎƛƴŎŜ ǘƘŜ ƳƻǊŜ ƳƻŘŜǊŀǘŜ 



но 
 

ŎƻƴŘƛǝƻƴǎ Ŏŀƴ ŦǳƴŎǝƻƴ ǘƻǿŀǊŘǎ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎŀŦŜǘȅ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴΦ ¢ȅǇƛŎŀƭ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎ ǘƘŀǘ ŀǊŜ ŜƳǇƭƻȅŜŘ ƛƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ 

ƛƴŎƭǳŘŜ ŀƳƻƴƎ ƻǘƘŜǊǎ ǘŜǘǊŀƘȅŘǊƻŦǳǊŀƴ ό¢ICύΣ ŜǘƘȅƭŜƴŜ ƻȄƛŘŜ ό9hύΣ ŎȅŎƭƻǇŜƴǘŀƴŜ ό/tύΣ 

ŎȅŎƭƻƘŜȄŀƴŜ ό/IύΣ ƳŜǘƘȅƭŎȅŎƭƻǇŜƴǘŀƴŜ όa/tύΣ ŜǘŎΦ !ŘŘƛǝƻƴŀƭ ŘƛǎŎǳǎǎƛƻƴ ƻƴ ƘȅŘǊŀǘŜ 

ǇǊƻƳƻǘŜǊǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ {ƭƻŀƴ ŀƴŘ YƻƘмΦ  

hŦ ǎǇŜŎƛŀƭ ƛƴǘŜǊŜǎǘ ǘƻ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ƛǎ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ό/hн Ҍ /Iпύ ǘƘŀǘ ƛǎ 

ŜƴŎƻǳƴǘŜǊŜŘ ǇǊƛƳŀǊƛƭȅ ƛƴ ƴŀǘǳǊŀƭ ƎŀǎŜǎорΦ 5ǳŜ ǘƻ ǉǳŀƭƛǘȅ ǎǇŜŎƛŬŎŀǝƻƴǎ ƻŦ ǘƘŜ ƴŀǘǳǊŀƭ 

ƎŀǎŜǎΣ ǇǳǊƛŬŎŀǝƻƴ ǇǊƻŎŜǎǎŜǎ ŀǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ōŜ ǳǎŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŀŎƘƛŜǾŜ /Iп ǇǳǊƛǘȅ 

ŀŎŎƻǊŘƛƴƎ ǘƻ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ǊŜƎǳƭŀǝƻƴǎΦ wǳũƻǊŘ Ŝǘ ŀƭΦор ǇǊŜǎŜƴǘŜŘ ŀƴ ŜȄǘŜƴǎƛǾŜ ǊŜǾƛŜǿ 

ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ŎƻƴǾŜƴǝƻƴŀƭ ŀƴŘ ŜƳŜǊƎƛƴƎ ǇǊƻŎŜǎǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ǘƘŜ ǇǳǊƛŬŎŀǝƻƴ 

ƻŦ ƴŀǘǳǊŀƭ ƎŀǎŜǎΦ /ƻƴǾŜƴǝƻƴŀƭ ƛƴŘǳǎǘǊƛŀƭ ƳŜǘƘƻŘǎ όƛΦŜΦΣ ŎǳǊǊŜƴǘƭȅ ǳǎŜŘ ōȅ ƛƴŘǳǎǘǊȅύ ŦƻǊ 

Ǝŀǎ ǇǳǊƛŬŎŀǝƻƴ ƛƴŎƭǳŘŜ ŀōǎƻǊǇǝƻƴΣ ŀŘǎƻǊǇǝƻƴΣ ŜǘŎΦΣ ǿƘƛƭŜ ŜƳŜǊƎƛƴƎ ƳŜǘƘƻŘǎ όƛΦŜΦΣ 

ǳƴŘŜǊ ǎǘǳŘȅ ŦƻǊ ǇƻǎǎƛōƭŜ ŦǳǘǳǊŜ ǳǎŜύ ƛƴŎƭǳŘŜ ŀƳƻƴƎ ƻǘƘŜǊǎ ǘƘŜ ǳǎŜ ƻŦ ƘȅŘǊŀǘŜǎ ŦƻǊ Ǝŀǎ 

ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴǎΦ  

5ŀōǊƻǿǎƪƛ Ŝǘ ŀƭΦос ŜȄŀƳƛƴŜŘ ǘƘŜ ǳǎŜ ƻŦ Ǝŀǎ ƘȅŘǊŀǘŜǎ ŦƻǊ ǘƘŜ ǇǳǊƛŬŎŀǝƻƴ ƻŦ ƴŀǘǳǊŀƭ 

ƎŀǎŜǎ ǘƘŀǘ ƘŀǾŜ ŀ ƘƛƎƘ /hн ŎƻƴǘŜƴǘΦ ±ŀƴ 5ŜƴŘŜǊŜƴ Ŝǘ ŀƭΦот ŜȄŀƳƛƴŜŘ ǘƘŜ 

ŘŜŎƻƴǘŀƳƛƴŀǝƻƴ ƻŦ ǿŜƭƭπƎŀǎ ǎǘǊŜŀƳǎ ǘƘǊƻǳƎƘ ǘƘŜ ǳǎŜ ƻŦ ƘȅŘǊŀǘŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ƻōǘŀƛƴ ŀ 

ƳŜǘƘŀƴŜπŜƴǊƛŎƘŜŘ Ǝŀǎ ǇǊƻŘǳŎǘ ŀƴŘ ƛŘŜƴǝŬŜŘ ƪŜȅ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŎƻǳƭŘ ǊŜƴŘŜǊ ǘƘŜ 

ǇǊƻŎŜǎǎ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀǧǊŀŎǝǾŜΦ ¢ƘŜ ǘǿƻ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ǎǘǳŘƛŜǎ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ǳǎŜ 

ƻŦ ƘȅŘǊŀǘŜǎ ŦƻǊ ǎŜǇŀǊŀǝƻƴ ǿƛǘƘƻǳǘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƴȅ ŀŘŘƛǝǾŜǎΦ !ŘŘƛǝƻƴŀƭ ǎǘǳŘƛŜǎ 

ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ōȅ ¢ƻƳƛǘŀ Ŝǘ ŀƭΦмнΣ ŀƴŘ ²ŀƴƎ Ŝǘ ŀƭΦоуΦ wŜŎŜƴǘ ǎǘǳŘƛŜǎофςпн ƘŀǾŜ ŀƭǎƻ 

ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ŜũŜŎǘ ƻŦ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎ ƻƴ ǘƘŜ ǇŀǊǝŎǳƭŀǊ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴΦ  

мΦн IȅŘǊŀǘŜ {ǘǊǳŎǘǳǊŜ 

Dŀǎ ƘȅŘǊŀǘŜǎ ŀǊŜ ǎƻƭƛŘ ƛƴŎƭǳǎƛƻƴ ŎƻƳǇƻǳƴŘǎ ǿƘƛŎƘ ŀǊŜ ŦƻǊƳŜŘ ǿƘŜƴ ǿŀǘŜǊ ŀƴŘ Ǝŀǎ 

ŎƻƳŜ ƛƴǘƻ ŎƻƴǘŀŎǘ ǳƴŘŜǊ ƘƛƎƘ ǇǊŜǎǎǳǊŜǎ ŀƴŘ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜǎΦ {Ƴŀƭƭ ƎǳŜǎǘ ƳƻƭŜŎǳƭŜǎ 

π ǎǳŎƘ ŀǎ ƳŜǘƘŀƴŜΣ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ƴƛǘǊƻƎŜƴ ŀǊŜ ŜƴŎƭŀǘƘǊŀǘŜŘ ōȅ ƘȅŘǊƻƎŜƴ ς 

ōƻƴŘŜŘ ǿŀǘŜǊ ƳƻƭŜŎǳƭŜǎ ǘƘŀǘ ŦƻǊƳ оπŘƛƳŜƴǎƛƻƴŀƭ ŎŀǾƛǝŜǎΦ ¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ IȅŘǊŀǘŜ 

ǎǘǊǳŎǘǳǊŜǎ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ƴŀǘǳǊŜ ŀǊŜ {ǘǊǳŎǘǳǊŜ L όǎLύΣ {ǘǊǳŎǘǳǊŜ LL όǎLLύ ŀƴŘ {ǘǊǳŎǘǳǊŜ I 

όǎIύпоΦ ¢ƘŜǎŜ Ƴŀƛƴ {ǘǊǳŎǘǳǊŜǎ ŀǊŜ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎǳǊŜ мΦмΦ 
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Figure 1.1: Common gas hydrate structures (sI, sII, sH) and the water cage types that compose the 

hydrate structures. 1,44 

 

{ǘǊǳŎǘǳǊŜ L ƛǎ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ƛƴ ǘƘŜ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ Ŏƻƴǘŀƛƴǎ ǎƳŀƭƭ 

ƎǳŜǎǘ ƎŀǎŜǎ όлΦп ς лΦрр ƴƳύΦ 9ŀŎƘ ǳƴƛǘ ŎŜƭƭ ƻŦ ǘƘŜ ǎL ƘȅŘǊŀǘŜ Ŏƻƴǎƛǎǘǎ ƻŦ пс ǿŀǘŜǊ 

ƳƻƭŜŎǳƭŜǎ ǘƘŀǘ ŦƻǊƳ ǘǿƻ ǘȅǇŜǎ ƻŦ ŎŀǾƛǝŜǎΥ ǘƘŜ ǎƳŀƭƭΣ ŀ ǇŜƴǘŀƎƻƴŀƭ ŘƻŘŜŎŀƘŜŘǊƻƴ όрмнύ 

ǿƘƛŎƘ ƛǎ ŀ ǎƳŀƭƭ ŎŀƎŜ ǿƛǘƘ мн ǇŜƴǘŀƎƻƴŀƭ ŦŀŎŜǎ ƻƴ ǘƘŜ ŎŀƎŜΣ ŀƴŘ ǘƘŜ ƭŀǊƎŜ ǘƘŀǘ ƛǎ ŦƻǊƳŜŘ 

ōȅ ŀ ǘŜǘǊŀƪŀƛŘŜƪŀƘŜŘǊŀƭ ŎŀƎŜ ǘƘŀǘ Ŏƻƴǎƛǎǘ ƻŦ мн ǇŜƴǘŀƎƻƴǎ ŀƴŘ ǘǿƻ ƘŜȄŀƎƻƴǎ όрмнснύΦ 

¢ƘŜǊŜ ŀǊŜ н ǎƳŀƭƭ ŀƴŘ с ƭŀǊƎŜ ŎŀǾƛǝŜǎ ǇŜǊ ǳƴƛǘ ŎŜƭƭ ƻŦ ǎL ƘȅŘǊŀǘŜΦ 

{ǘǊǳŎǘǳǊŜ LL ƎŜƴŜǊŀƭƭȅ ƻŎŎǳǊǎ ǿƛǘƘ ƭŀǊƎŜǊ ƎǳŜǎǘ ƎŀǎŜǎ όлΦс ς лΦт ƴƳύ ƛƴ Ƴƻǎǘƭȅ Ƴŀƴ ς 

ƳŀŘŜ ŜƴǾƛǊƻƴƳŜƴǘǎΦ 9ŀŎƘ ǳƴƛǘ ŎŜƭƭ ƻŦ ǘƘŜ ǎLL ƘȅŘǊŀǘŜ Ŏƻƴǎƛǎǘǎ ƻŦ мос ǿŀǘŜǊ ƳƻƭŜŎǳƭŜǎ 

ǘƘŀǘ ŦƻǊƳ ǘǿƻ ǘȅǇŜǎ ƻŦ ŎŀǾƛǝŜǎΥ ǘƘŜ ǎƳŀƭƭΣ ŀ ǇŜƴǘŀƎƻƴŀƭ ŘƻŘŜŎŀƘŜŘǊƻƴ όрмнύΣ ŀƴŘ ǘƘŜ 

ƭŀǊƎŜ ǘƘŀǘ ƛǎ ŦƻǊƳŜŘ ōȅ ŀ ƘŜȄŀŎŀƛŘŜŎŀƘŜŘǊŀƭ ŎŀƎŜΣ ǘƘŀǘ Ŏƻƴǎƛǎǘǎ ƻŦ мн ǇŜƴǘŀƎƻƴǎ ŀƴŘ 

ŦƻǳǊ ƘŜȄŀƎƻƴǎ όрмнспύΦ ¢ƘŜǊŜ ŀǊŜ мс ǎƳŀƭƭ ŀƴŘ у ƭŀǊƎŜ ŎŀǾƛǝŜǎ ǇŜǊ ǳƴƛǘ ŎŜƭƭ ƻŦ ǎLL ƘȅŘǊŀǘŜΦ 

{ǘǊǳŎǘǳǊŜ I ƛǎ ŀ ƘŜȄŀƎƻƴŀƭ ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ Ƴŀȅ ƻŎŎǳǊ ƛƴ ŀƴȅ ŜƴǾƛǊƻƴƳŜƴǘΣ ǿƛǘƘ 

ƳƛȄǘǳǊŜǎ ƻŦ ōƻǘƘ ǎƳŀƭƭ ŀƴŘ ƭŀǊƎŜ ƳƻƭŜŎǳƭŜǎ όлΦу ς лΦф ƴƳύΦ 9ŀŎƘ ǳƴƛǘ ŎŜƭƭ ƻŦ ǘƘŜ ǎI 

ƘȅŘǊŀǘŜ Ŏƻƴǎƛǎǘǎ ƻŦ оп ǿŀǘŜǊ ƳƻƭŜŎǳƭŜǎ ǘƘŀǘ ŦƻǊƳ ǘƘǊŜŜ ǘȅǇŜǎ ƻŦ ŎŀǾƛǝŜǎΥ ŀ ǎƳŀƭƭŜǊ ŎŀƎŜ 

ǿƘƛŎƘ ƛǎ ŀ ǇŜƴǘŀƎƻƴŀƭ ŘƻŘŜŎŀƘŜŘǊƻƴ όрмнύΣ ŀ ƳŜŘƛǳƳ ǎƛȊŜŘ порссо ŎŀƎŜΣ ŀƴŘ ŀ ƭŀǊƎŜ 
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ƛŎƻǎŀƘŜŘǊŀƭ ŎŀƎŜΣ ǘƘŀǘ Ŏƻƴǎƛǎǘǎ ƻŦ мн ǇŜƴǘŀƎƻƴǎ ŀƴŘ у ƘŜȄŀƎƻƴǎ όрмнсуύΦ ¢ƘŜǊŜ ŀǊŜ о 

ǎƳŀƭƭΣ н ƳŜŘƛǳƳ ŀƴŘ м ƭŀǊƎŜ ŎŀǾƛǝŜǎ ǇŜǊ ǳƴƛǘ ŎŜƭƭ ƻŦ ǎI ƘȅŘǊŀǘŜΦ 

¢ƘŜ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ǘƘǊŜŜ ƳƻǊŜ ŎƻƳƳƻƴ ǘȅǇŜǎ ƻŦ ŎƭŀǘƘǊŀǘŜ 

ƘȅŘǊŀǘŜǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ мΦмΦ 

Table 1.1. Structure and properties of the three common types of clatharate hydrates. S, M and L 
denote the small, medium and large cavity respectively.45,46 

 

!ǎ ŘƛǎŎǳǎǎŜŘ ƛƴ {ƭƻŀƴ Ŝǘ ŀƭΦ пр ǿŀǘŜǊ ƳƻƭŜŎǳƭŜǎ ŦƻǊƳ ƘȅŘǊƻƎŜƴ ōƻƴŘǎ ƛƴ ŀ ōŀǎƛŎ 

ōǳƛƭŘƛƴƎ ōƭƻŎƪ ŦƻǊ ŀƭƭ ǎǘǊǳŎǘǳǊŜǎ LΣ LL ŀƴŘ IΣ ŎŀƭƭŜŘ ǘƘŜ рмн όǇŜƴǘŀƎƻƴŀƭ ŘƻŘŜŎŀƘŜŘǊŀύ 

ōŜŎŀǳǎŜ ǘƘŜǊŜ ŀǊŜ мн ŦŀŎŜǎ ƻŦ ǇŜƴǘŀƎƻƴŀƭƭȅ ōƻƴŘŜŘ ǿŀǘŜǊ ƳƻƭŜŎǳƭŜǎ ƛƴ ǘƘŀǘ ŎŀǾƛǘȅΦ 

²ƛǘƘƛƴ ǘƘŜ ŎŀǾƛǘȅΣ ǎƳŀƭƭ ƎǳŜǎǘ ƳƻƭŜŎǳƭŜǎ ŀǊŜ ŜƴŎƭŀǘƘǊŀǘŜŘΣ ǿƛǘƘ ƭƛƳƛǘŜŘ ǘǊŀƴǎƭŀǝƻƴ 

Ƴƻǝƻƴ ōǳǘ ǎǳōǎǘŀƴǝŀƭƭȅ ƳƻǊŜ Ǌƻǘŀǝƻƴ ŀƴŘ ǾƛōǊŀǝƻƴ ŀōƛƭƛǘȅΦ ¢ƘŜ рмн ōǳƛƭŘƛƴƎ ōƭƻŎƪǎ 

ŀǊŜ ƧƻƛƴŜŘ ǘƻ ƻǘƘŜǊ рмнǎ ŜƛǘƘŜǊ ǘƘǊƻǳƎƘ ǘƘŜ ǾŜǊǝŎŜǎ όǎǘǊǳŎǘǳǊŜ Lύ ƻǊ ǘƘǊƻǳƎƘ ǘƘŜ рмн ŦŀŎŜǎ 

όǎǘǊǳŎǘǳǊŜ LLύΦ 

¸Ŝǘ ŀƭƭ ǎǘǊǳŎǘǳǊŜǎ ƴŜŜŘ ǘƻ Ŭƭƭ ǎǇŀŎŜ ǿƛǘƘƛƴ ǘƘŜƛǊ ŎŀǾƛǝŜǎ ǘƻ ǇǊŜǾŜƴǘ ƘȅŘǊƻƎŜƴπōƻƴŘ 

ǎǘǊŀƛƴ ŀƴŘ ōǊŜŀƪŀƎŜΦ ¢ƘŜ рмн ōŀǎƛŎ ōǳƛƭŘƛƴƎ ōƭƻŎƪǎ Ŏŀƴƴƻǘ Ŭƭƭ ǎǇŀŎŜ ǿƛǘƘƻǳǘ ōƻƴŘ 

ōǊŜŀƪŀƎŜΣ ŀƴŘ ǎƻ ƛƴǘŜǊǎǝŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ рмн ŎŀƎŜǎ ŀǊŜ ŬƭƭŜŘ ǿƛǘƘ ƻǘƘŜǊ ŎŀǾƛǝŜǎ ǘƘŀǘ 

ǊŜƭƛŜǾŜ ǘƘŜ ǎǘǊŀƛƴ ōȅ ƛƴŎƻǊǇƻǊŀǝƴƎ ƘŜȄŀƎƻƴŀƭ ŦŀŎŜǎ τ ǘǿƻ ƛƴ ǘƘŜ рмнсн ŎŀǾƛǘȅ ƻŦ 

ǎǘǊǳŎǘǳǊŜ LΣ ŀƴŘ ŦƻǳǊ ƘŜȄŀƎƻƴŀƭ ŦŀŎŜǎ ƛƴ ǘƘŜ рмнсп ƻŦ ǎǘǊǳŎǘǳǊŜ LLΣ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ мн 

ǇŜƴǘŀƎƻƴŀƭ ŦŀŎŜǎ ƛƴ ŜŀŎƘ ŎŀǾƛǘȅΦ ¢ƘǳǎΣ ǘƘŜ ŎŀƎŜǎ Ŏŀƴ Ŏƻƴǘŀƛƴ ƭŀǊƎŜǊ ƎǳŜǎǘ ƳƻƭŜŎǳƭŜǎΦ 

¢ƘŜ ŎŀƎŜǎ ŦƻǊƳ ōŀǎƛŎ ǊŜǇŜŀǝƴƎ ǳƴƛǘ ŎǊȅǎǘŀƭǎ ǿƛǘƘ Ǌŀǝƻǎ ƻŦ нωрмнҌ сωрмнсн   ƛƴ ǎǘǊǳŎǘǳǊŜ 

L ŀƴŘ мсωрмн Ҍ уωрмнсп ƛƴ ǎǘǊǳŎǘǳǊŜ LLΣ ƛƴŘƛŎŀǝƴƎ ǎƛȄǘŜŜƴ рмнǎ ŀƴŘ ŜƛƎƘǘ рмнспǎ ƛƴ ǘƘŜ 

ǎǘǊǳŎǘǳǊŜ LL ǳƴƛǘ ŎǊȅǎǘŀƭΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ǎǘǊǳŎǘǳǊŜ IΣ ǘƘŜ ŎŀƎŜǎ ŦƻǊƳ ǳƴƛǘ ŎǊȅǎǘŀƭǎ ǿƛǘƘ 

Ǌŀǝƻǎ ƻŦ оωрмнҌ мωрмнсу Ҍ нωпорссоΣ ƛƴŘƛŎŀǝƴƎ ǘƘǊŜŜ рмнǎΣ ƻƴŜ рмнсу ŀƴŘ ǘǿƻ порссоΦ 

!ƭǘƘƻǳƎƘ ōƻǘƘ ƭŀǊƎŜ ŀƴŘ ǎƳŀƭƭ ŎŀƎŜǎ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ŜŀŎƘ ŎǊȅǎǘŀƭ ǎǘǊǳŎǘǳǊŜΣ ǎƻƳŜǝƳŜǎ 

ǎƛƴƎƭŜ ƎǳŜǎǘǎ ŀǊŜ ǘƻƻ ƭŀǊƎŜ ŦƻǊ ǘƘŜ ǎƳŀƭƭŜǊ ŎŀƎŜΣ ǿƘƛŎƘ Ƴǳǎǘ Ǝƻ ŜƳǇǘȅ ǎƻ ǘƘŀǘ ƻƴƭȅ ǘƘŜ 

ƭŀǊƎŜǊ ŎŀƎŜ ƛǎ ŬƭƭŜŘΦ IƻǿŜǾŜǊΣ ǎƳŀƭƭŜǊ ƳƻƭŜŎǳƭŜǎ Ŏŀƴ Ŭƭƭ ōƻǘƘ ŎŀƎŜǎпрΦ 



нс 
 

Lƴ ŀƭƭ ǘƘǊŜŜ ǎǘǊǳŎǘǳǊŜǎΣ ǘȅǇƛŎŀƭƭȅ ǘƘŜǊŜ ƛǎ ƻƴƭȅ ƻƴŜ ƎǳŜǎǘ ƳƻƭŜŎǳƭŜ ǿƛǘƘƛƴ ŜŀŎƘ ŎŀƎŜΦ 

IƻǿŜǾŜǊΣ ŀǘ ǳƴǳǎǳŀƭ ŎƻƴŘƛǝƻƴǎ ǎǳŎƘ ŀǎ ǾŜǊȅ ƘƛƎƘ ǇǊŜǎǎǳǊŜΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ƘŀǾŜ 

ƳǳƭǝǇƭŜπŎŀƎŜ ƻŎŎǳǇŀƴŎȅ ǿƛǘƘ ǳƴǳǎǳŀƭƭȅ ǎƳŀƭƭ ƎǳŜǎǘǎΣ ǎǳŎƘ ŀǎ ƘȅŘǊƻƎŜƴ ƻǊ ƴƻōƭŜ ƎŀǎŜǎΦ 

CƻǊ ŜȄŀƳǇƭŜΣ ƛǘ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴпт ǘƘŀǘ ƘȅŘǊƻƎŜƴ Ŏŀƴ ŦƻǊƳ ƘȅŘǊŀǘŜǎ ŀǘ ǾŜǊȅ ƘƛƎƘ 

ǇǊŜǎǎǳǊŜ ǿƛǘƘ ŀǎ Ƴŀƴȅ ŀǎ ǘǿƻ ƻŎŎǳǇŀƴǘǎ ƛƴ ǘƘŜ ǎƳŀƭƭ ŎŀƎŜ ŀƴŘ ŦƻǳǊ ƛƴ ǘƘŜ ƭŀǊƎŜ ŎŀƎŜ ƻŦ 

ƘȅŘǊŀǘŜ ǎǘǊǳŎǘǳǊŜ LLΦ IƻǿŜǾŜǊΣ ǾŜǊȅ ǎƳŀƭƭ ƎǳŜǎǘǎ ŀƴŘ ƳǳƭǝǇƭŜ ƻŎŎǳǇŀƴŎƛŜǎ ŀǊŜ 

ŎƻƴǎƛŘŜǊŜŘ ŀƴ ŀōŜǊǊŀǝƻƴпрΦ 

wŜƳŀǊƪŀōƭȅΣ ǿƘŜƴ ŀƭƭ ƘȅŘǊŀǘŜ ŎŀǾƛǝŜǎ ŀǊŜ ŬƭƭŜŘΣ ǘƘŜ ǘƘǊŜŜ ŎǊȅǎǘŀƭ ǘȅǇŜǎ ƘŀǾŜ ǎƛƳƛƭŀǊ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ŎƻƳǇƻƴŜƴǘǎΥ ур Ƴƻƭ҈ ǿŀǘŜǊ ŀƴŘ мр Ƴƻƭ҈ ƎǳŜǎǘόǎύΦ IȅŘǊŀǘŜ 

ŦƻǊƳŀǝƻƴ ƛǎ Ƴƻǎǘ ƭƛƪŜƭȅ ǘƻ ǘŀƪŜ ǇƭŀŎŜ ŀǘ ǘƘŜ ƛƴǘŜǊŦŀŎŜ ōŜǘǿŜŜƴ ǘƘŜ ōǳƭƪ ƎǳŜǎǘ ŀƴŘ 

ŀǉǳŜƻǳǎ ǇƘŀǎŜǎΣ ōŜŎŀǳǎŜ ǘƘŜ ƘȅŘǊŀǘŜ ŎƻƳǇƻƴŜƴǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƎǊŜŀǘƭȅ ŜȄŎŜŜŘ ǘƘŜ 

Ƴǳǘǳŀƭ ƅǳƛŘ ǎƻƭǳōƛƭƛǝŜǎΦ ¢ƘŜ ǎƻƭƛŘ ƘȅŘǊŀǘŜ ŬƭƳ ŀǘ ǘƘŜ ƛƴǘŜǊŦŀŎŜ ŀŎǘǎ ŀǎ ŀ ōŀǊǊƛŜǊ ǘƻ 

ǇǊŜǾŜƴǘ ŦǳǊǘƘŜǊ ŎƻƴǘŀŎǘ ƻŦ ǘƘŜ ōǳƭƪπƅǳƛŘ ǇƘŀǎŜǎΣ ŀƴŘ ƅǳƛŘ ǎǳǊŦŀŎŜ ǊŜƴŜǿŀƭ ƛǎ ǊŜǉǳƛǊŜŘ 

ŦƻǊ ŎƻƴǝƴǳŜŘ ŎƭŀǘƘǊŀǘŜ ŦƻǊƳŀǝƻƴпрΦ 

¢ƘŜ ǘȅǇŜ ƻŦ ǎǘǊǳŎǘǳǊŜ ŦƻǊƳŜŘ ŘŜǇŜƴŘǎ ǇǊƛƳŀǊƛƭȅ ƻƴ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ƎǳŜǎǘ ƳƻƭŜŎǳƭŜΤ 

ƛΦŜΦΣ ƳŜǘƘŀƴŜ Ŭǘǎ ƛƴǘƻ ōƻǘƘ ǘƘŜ ǎƳŀƭƭ ŀƴŘ ƭŀǊƎŜ ŎŀƎŜǎ ƻŦ ǎLΣ ǿƘŜǊŜŀǎ ǇǊƻǇŀƴŜ ƛǎ ǘƻƻ ƭŀǊƎŜ 

ǘƻ Ŭǘ ƛƴǘƻ ǘƘŜ ƭŀǊƎŜ ŎŀƎŜ ƻŦ ǎL ōǳǘ Ŏŀƴ Ŭǘ ƛƴǘƻ ǘƘŜ ƭŀǊƎŜ ŎŀƎŜ ƻŦ ǎLL ŀƴŘ ǘƘŜǊŜŦƻǊŜ ŦƻǊƳǎ 

ǎLLΦ Dŀǎ ƘȅŘǊŀǘŜǎ ŦƻǳƴŘ ƛƴ ƻƛƭ ŀƴŘ Ǝŀǎ ǇƛǇŜƭƛƴŜǎ ŀǊŜ Ƴŀƛƴƭȅ ǎLL ōŜŎŀǳǎŜ ƴŀǘǳǊŀƭ Ǝŀǎ 

Ŏƻƴǘŀƛƴǎ ƳŜǘƘŀƴŜ ǿƛǘƘ ǎƳŀƭƭ ŀƳƻǳƴǘǎ ƻŦ ƭŀǊƎŜǊ ƘȅŘǊƻŎŀǊōƻƴ ƳƻƭŜŎǳƭŜǎ ǎǳŎƘ ŀǎ 

ǇǊƻǇŀƴŜ ŀƴŘ ƛǎƻōǳǘŀƴŜпуΦ /ƻƴǾŜǊǎŜƭȅΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ƴŀǘǳǊŀƭƭȅ ƻŎŎǳǊǊƛƴƎ ŘŜǇƻǎƛǘǎ ƻŦ 

Ǝŀǎ ƘȅŘǊŀǘŜǎ ŀǊŜ ǎL ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ŎƻƳǇƻǎŜŘ ƻŦ ƳŜǘƘŀƴŜ όŦǊƻƳ ōƛƻƎŜƴƛŎ ǎƻǳǊŎŜǎύ 

ŀƴŘ Řƻ ƴƻǘ Ŏƻƴǘŀƛƴ ƘŜŀǾƛŜǊ ƘȅŘǊƻŎŀǊōƻƴǎΦ 9ȄŎŜǇǝƻƴǎ ŀǊŜ ǘƘŜǊƳƻƎŜƴƛŎ Ǝŀǎ ƘȅŘǊŀǘŜ 

ŘŜǇƻǎƛǘǎ ǘƘŀǘ Ŏƻƴǘŀƛƴ ƘŜŀǾƛŜǊ ƘȅŘǊƻŎŀǊōƻƴǎ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ŀǊŜ ŦƻǊƳŜŘ ŦǊƻƳ ǎLL ŀƴŘ ƛƴ 

ǊŀǊŜǊ ŎŀǎŜǎ ǎI поΦ 

мΦо hōƧŜŎǝǾŜǎ 

hŦ ǇǊƛƳŀǊȅ ƛƴǘŜǊŜǎǘ ŀǊŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǘƘŀǘ ƘŀǾŜ ǎƛƎƴƛŬŎŀƴǘ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ 

ŀƴŘ ƛƴŎƭǳŘŜ ŎƻƳǇƻƴŜƴǘǎ ǎǳŎƘ ŀǎ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΣ ƴƛǘǊƻƎŜƴΣ ƘȅŘǊƻƎŜƴΣ ƳŜǘƘŀƴŜΣ 

ŜǘƘŀƴŜΣ ǇǊƻǇŀƴŜΣ ƘȅŘǊƻƎŜƴ ǎǳƭŬŘŜ ŀƴŘ ƻȄȅƎŜƴΦ ¢ƘŜ ŜȄŀƳƛƴŜŘ ƳƛȄǘǳǊŜǎ ƛƴŎƭǳŘŜ ŀǘ ƭŜŀǎǘ 

ƻƴŜ ƻŦ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ƎŀǎŜǎΦ 



нт 
 

¢ƘŜ ǇŀǊǝŎǳƭŀǊ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ǎȅǎǘŜƳǎ ŀǊŜ ŜƴŎƻǳƴǘŜǊŜŘ ŜƛǘƘŜǊ ŘǳǊƛƴƎ ǘƘŜ 

ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ƻŦ Ǝŀǎκƻƛƭ όάǳǇǎǘǊŜŀƳέ ƛƴŘǳǎǘǊȅύ ƻǊ ŘǳǊƛƴƎ ǘƘŜ 

ǎŜǇŀǊŀǝƻƴκǇǳǊƛŬŎŀǝƻƴ ƻŦ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǿƛǘƘ ƛƴǘŜǊŜǎǘ ǘƻ ǊŜŬƴŜǊƛŜǎ ŀƴŘ ǇŜǘǊƻŎƘŜƳƛŎŀƭ 

όάŘƻǿƴǎǘǊŜŀƳέύ ƛƴŘǳǎǘǊƛŜǎΦ 

¢ƘŜ Ƴŀƛƴ ǎŎƻǇŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ ŘŜǎƛƎƴΣ ŎƻƴǎǘǊǳŎǘΣ ŀƴŘ ǘŜǎǘκǾŀƭƛŘŀǘŜ ŀ ƴƻǾŜƭ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ƻŦ ǇǳǊŜ 

Ǝŀǎ ŀƴŘ Ǝŀǎ ƳƛȄǘǳǊŜ ƘȅŘǊŀǘŜǎΦ  

¢ƘŜ ƴƻǾŜƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ǿŀǎ ŘŜǎƛƎƴŜŘ ǎƻ ǘƘŀǘ ƛǘ ǿƻǳƭŘ ōŜ ŀōƭŜ ǘƻ 

ǎǳŎŎŜǎǎŦǳƭƭȅ ǇŜǊŦƻǊƳ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘŀǎƪǎΥ  

¶ aŜŀǎǳǊŜ ǘƘŜ ǇǊŜǎǎǳǊŜ όtύ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ό¢ύ ŎƻƴŘƛǝƻƴǎ ŘǳǊƛƴƎ ǘǿƻπǇƘŀǎŜ 

ό[ǿς±ύ ƻǊ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iς[ǿς[Ǝύ ŜǉǳƛƭƛōǊƛŀ ƻŦ ǇǳǊŜ ƎŀǎŜǎ ƻǊ Ǝŀǎ 

ƳƛȄǘǳǊŜǎΣ ŀƴŘ 

¶ tŜǊŦƻǊƳ ǉǳŀƴǝǘŀǝǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜ όƛΦŜΦΣ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎύ 

ǘƘŀǘ ƛǎ ǳƴŘŜǊ ǘǿƻ ό[ǿς±ύ ƻǊ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iς[ǿς[Ǝύ ŜǉǳƛƭƛōǊƛǳƳ 

ŎƻƴŘƛǝƻƴǎΦ 

! ǎƛƎƴƛŬŎŀƴǘ ƴƻǾŜƭǘȅ ƻŦ ǘƘŜ ŎƻƴǎǘǊǳŎǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ǿŀǎ ǘƘŀǘ ƛǘ 

ƳŀƴŀƎŜŘ ǘƻ ǇŜǊŦƻǊƳ ǎǳŎŎŜǎǎŦǳƭƭȅ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ǘǿƻ ǘŀǎƪǎΣ ǿƘƛƭŜ ƪŜŜǇƛƴƎ ǘƘŜ 

ŎƻƴǎǘǊǳŎǝƻƴ Ŏƻǎǘ ǿƛǘƘƛƴ ǘƘŜ ƭƛƳƛǘŜŘ ŀǾŀƛƭŀōƭŜ ōǳŘƎŜǘΦ 

CƛƴŀƭƭȅΣ ŀƴ ŜȄǘŜƴǎƛǾŜ ŜǾŀƭǳŀǝƻƴ ƻŦ ŀ ǎƛƳǇƭŜ ƳƻŘŜƭ ŦƻǊ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ 

ŎŀƭŎǳƭŀǝƻƴǎ ƻŦ ƳƛȄŜŘ Ǝŀǎ ƘȅŘǊŀǘŜǎ ǘƘŀǘ ŀǊŜ ƻŦ ǇǊŀŎǝŎŀƭ ƛƴǘŜǊŜǎǘ ǘƻ ƎŀǎπƳƛȄǘǳǊŜ 

ǎŜǇŀǊŀǝƻƴǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘΦ ¢ƘŜ ŎŀƭŎǳƭŀǝƻƴǎ ƻŦ ǘƘŜ ǎƛƳǇƭŜ ƳƻŘŜƭ ƘŀǾŜ ōŜŜƴ ŎƻƳǇŀǊŜŘ 

ǿƛǘƘΥ όƛύ ŜȄǘŜƴǎƛǾŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀΣ ŀƴŘ όƛƛύ ŎŀƭŎǳƭŀǝƻƴǎ ǿƛǘƘ ŀ ŎƻƳƳŜǊŎƛŀƭ ǎƛƳǳƭŀǘƻǊ 

ό/{aDŜƳмύΦ 

мΦп {ǘǊǳŎǘǳǊŜ ƻŦ ¢ƘŜǎƛǎ 

Lƴ ǘƘŜ ǘƘƛǊŘ ŎƘŀǇǘŜǊ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ ǿŜ ǊŜǾƛŜǿ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ǘƘŀǘ ƘŀǾŜ 

ǊŜǇƻǊǘŜŘ ǘƘǊŜŜπǇƘŀǎŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎΦ ²Ŝ ŦƻŎǳǎ ǇǊƛƳŀǊƛƭȅ ƛƴ 

ǎǘǳŘƛŜǎ ǘƘŀǘ ǿŜǊŜ ǇǳōƭƛǎƘŜŘ ŀƊŜǊ ǘƘŜ ȅŜŀǊ нллуΦ CǳǊǘƘŜǊƳƻǊŜΣ ǿŜ ǊŜǇƻǊǘ ƻƴƭȅ ǎǘǳŘƛŜǎ 

ǘƘŀǘ ŜȄŀƳƛƴŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ ƻŦ ǘǿƻ ƻǊ ƳƻǊŜ ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ Ŏƻƴǘŀƛƴ ŀƴȅ ƻƴŜ ƻŦ ǘƘŜ 

ƴƛƴŜ ŎƻƳǇƻƴŜƴǘǎ ŎƻƴǎƛŘŜǊŜŘ ƛƴ {ŜŎǝƻƴ мΦнΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘƛǎ ƭƛǘŜǊŀǘǳǊŜ ǎǘǳŘȅ ƘŀǾŜ 

ōŜŜƴ ǇǳōƭƛǎƘŜŘ ƛƴ ŀ ǊŜǾƛŜǿ ǇŀǇŜǊпфΦ 
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Lƴ ǘƘŜ ŦƻǳǊǘƘ ŎƘŀǇǘŜǊ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ ǿŜ ŘƛǎŎǳǎǎ ǘƘŜ ŎƻƴǎǘǊǳŎǝƻƴ ŀƴŘ ǘŜǎǘκǾŀƭƛŘŀǝƻƴ 

ƻŦ ǘƘŜ ƴƻǾŜƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎΦ 

9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ǘƘŀǘ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ 

ŎƻƴŘƛǝƻƴǎ ŀǊŜ ǊƻǳǝƴŜƭȅ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ōȅ ǎǘŀƴŘŀǊŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎΦ 

CƻǊ ŜȄŀƳǇƭŜΣ {ƭƻŀƴ ŀƴŘ YƻƘм ǇǊƻǾƛŘŜŘ ŀ ŘŜǘŀƛƭŜŘ ƭƛǎǘ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ŀƴŘ ǘŜŎƘƴƛǉǳŜǎΣ ŀƴŘ ŀ ŘŜǘŀƛƭŜŘ ŀǊŎƘƛǾŜ ƻŦ ƘȅŘǊŀǘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛǎ 

ǇǊŜǎŜƴǘŜŘ ōȅ bL{¢ ом ¢Φ 9ǎƭŀƳƛƳŀƴŜǎƘ Ŝǘ ŀƭрл ǊŜǇƻǊǘŜŘ ŀƴ ŜȄǘŜƴǎƛǾŜ ǊŜǾƛŜǿ ƻŦ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƘȅŘǊŀǘŜ ǎǘǳŘƛŜǎ ǘƘŀǘ ŀǊŜ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ ŀǇǇƭƛŎŀǝƻƴǎ ǊŜƭŀǘŜŘ ǘƻ Ǝŀǎ ƳƛȄǘǳǊŜ 

ǎŜǇŀǊŀǝƻƴΦ 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ǉǳŀƴǝǘŀǝǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜ ƛǎ ǎƛƎƴƛŬŎŀƴǘƭȅ 

ƳƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘ ŀƴŘΣ ǘƘŜǊŜŦƻǊŜΣ ƻƴƭȅ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ όƛΦŜΦΣ ǿƘŜƴ 

ŎƻƳǇŀǊŜŘ ǘƻ ǘƘƻǎŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŬǊǎǘ ǘŀǎƪύ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǇǊƻŎŜŜŘ ǘƻ 

ŀŘŘǊŜǎǎ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ƛǎǎǳŜ ƻŦ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ƘȅŘǊŀǘŜ ƎǳŜǎǘ ǎƻƭǳōƛƭƛǝŜǎ ƛƴ ǘƘŜ ƭƛǉǳƛŘ 

ǇƘŀǎŜрмςстΦ ²ƘƛƭŜ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘƻǎŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ŦƻŎǳǎ ƻƴ ǘƘŜ 

ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ƎǳŜǎǘπƎŀǎ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ ǇǳǊŜ Ǝŀǎ ƘȅŘǊŀǘŜ ǎȅǎǘŜƳǎрмςсмΣ ŀ ƭƛƳƛǘŜŘ 

ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ŦƻŎǳǎ ƻƴ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ ƎŀǎπƳƛȄǘǳǊŜ ƘȅŘǊŀǘŜ 

ǎȅǎǘŜƳǎснςстΦ  

¢ƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǾƛŎŜ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ƘƛƎƘπǇǊŜǎǎǳǊŜ t±¢ ŎŜƭƭ ǿƛǘƘ ŀ Ǝŀǎ ŀƴŘ ŀ ƭƛǉǳƛŘ 

ǎŀƳǇƭƛƴƎ ōǊŀƴŎƘΣ ŜƴŎƭƻǎŜŘ ƛƴ ŀ ǘƘŜǊƳƻǎǘŀǘŜŘ ŀƛǊ ŎŀōƛƴŜǘΣ ŀƭƻƴƎ ǿƛǘƘ ŜƭŜŎǘǊƻƴƛŎǎ ŀƴŘ 

ƳƻƴƛǘƻǊƛƴƎ ŜǉǳƛǇƳŜƴǘΦ ¢ƘŜ Ǝŀǎ ǎŀƳǇƭƛƴƎ ōǊŀƴŎƘ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǎŀƳǇƭŜ ƭƻƻǇ ōŜǘǿŜŜƴ 

ǘǿƻ ǾŀƭǾŜǎΣ ǿƘƛƭŜ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ ōǊŀƴŎƘ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǎƛƳƛƭŀǊ ǎŀƳǇƭƛƴƎ ƭƻƻǇ ŀƴŘ ŀƴ 

ŀŘƧŀŎŜƴǘƭȅ ǇƭŀŎŜŘ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭΣ ǿƘŜǊŜ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ ƛǎ ƅŀǎƘŜŘ ŀƴŘ ƭŜƊ ǘƻ 

ŜȄǇŀƴŘΦ .ƻǘƘ ǎŀƳǇƭƛƴƎ ōǊŀƴŎƘŜǎ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ Dŀǎ /ƘǊƻƳŀǘƻƎǊŀǇƘ όD/ύ ǘƘǊƻǳƎƘ 

ŀ ǘƘǊŜŜπǿŀȅ ǾŀƭǾŜ ŦƻǊ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƳǇƻǎƛǝƻƴΦ ! ǘŜƳǇŜǊŀǘǳǊŜ 

ŎƻƴǘǊƻƭ ǎƭŜŜǾŜ ƛǎ ŬǊƳƭȅ ƳƻǳƴǘŜŘ ŀǊƻǳƴŘ ǘƘŜ t±¢ ŎŜƭƭ ŀƴŘ ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ǘŜƳǇŜǊŀǘǳǊŜ 

ŎƻƴǘǊƻƭ ǎȅǎǘŜƳΦ ¢ƘŜ t±¢ ŎŜƭƭ ƛǎ ŦŜŘ ōȅ ǘƘŜ Ǝŀǎ ǇǊŜǇŀǊŀǝƻƴ ƳŀƴƛŦƻƭŘΦ ! Ǝŀǎ ƳƛȄǘǳǊŜ ƻŦ 

ǘƘŜ ŘŜǎƛǊŜŘ ŎƻƳǇƻǎƛǝƻƴ ƛǎ ǇǊŜǇŀǊŜŘ ƛƴ ǘƘŜ ǇǊƛƳŀǊȅ ǾŜǎǎŜƭΦ  

¢ƻ ǇǊƻŘǳŎŜ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜΣ ǘƘŜ ǇǊƛƳŀǊȅ ǾŜǎǎŜƭ ǿŀǎ ŬǊǎǘ ŎƭŜŀƴŜŘ ōȅ ǇǳǊƎƛƴƎ ǿƛǘƘ 

ƘƛƎƘ ǇǳǊƛǘȅ ƴƛǘǊƻƎŜƴ ŦƻƭƭƻǿŜŘ ōȅ ǾŀŎǳǳƳƛƴƎ ǿƛǘƘ ŀ ǘǳǊōƻƳƻƭŜŎǳƭŀǊ ǇǳƳǇ όмлπс ƳōŀǊύΦ 

¢ƘŜƴ ǘƘŜ ŬƭƭƛƴƎ ƻŦ ǘƘŜ ǾŜǎǎŜƭ ǿŀǎ ŘƻƴŜ ōȅ ƛƴǘǊƻŘǳŎƛƴƎ ŜŀŎƘ ƎŀǎŜƻǳǎ ŎƻƳǇƻƴŜƴǘ 

ǎŜǇŀǊŀǘŜƭȅ ǳǇ ǘƻ ŀ ŎŜǊǘŀƛƴ ǇǊŜǎǎǳǊŜΦ !ƊŜǊ ŬƭƭƛƴƎΣ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜ ǎƘƻǳƭŘ ōŜ ǘƘƻǊƻǳƎƘƭȅ 
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ƳƛȄŜŘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ŀƭƭ ŎƻƳǇƻƴŜƴǘǎ ŀǊŜ ŜǾŜƴƭȅ ŘƛǎǘǊƛōǳǘŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǾŜǎǎŜƭ 

ŎƻƴǘŜƴǘǎΦ  

{ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜ ǿŀǎ ŎƻƳǇǊŜǎǎŜŘ ōȅ ǘƘŜ ōƻƻǎǘŜǊ ƛƴǘƻ ǘƘŜ ŜƳǇǘȅ ƘƛƎƘπ

ǇǊŜǎǎǳǊŜ ŎŜƭƭΣ ǳƴǝƭ ǘƘŜ ŘŜǎƛǊŜŘ ƛƴƛǝŀƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇǊŜǎǎǳǊŜ ǿƻǳƭŘ ōŜ ŀŎƘƛŜǾŜŘ ŀƴŘ 

ŀƴŀƭȅȊŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Ǝŀǎ ǎŀƳǇƭƛƴƎ ōǊŀƴŎƘ ǘƻ ƘŀǾŜ ǘƘŜ ƛƴƛǝŀƭ ŎƻƳǇƻǎƛǝƻƴΦ ¢ƘŜ 

ǎŀƳǇƭƛƴƎ ōǊŀƴŎƘŜǎΣ ǘƘŜ t±¢ ŎŜƭƭΣ ǘƘŜ D/ ōǊŀƴŎƘΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǇǊƛƳŀǊȅ ǾŜǎǎŜƭ ŀǊŜ 

ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ƘƛƎƘ ǾŀŎǳǳƳ ǘǳǊōƻƳƻƭŜŎǳƭŀǊ ǇǳƳǇ ŀǎǎƛǎǘŜŘ ōȅ ŀ ǊƻǘŀǊȅ ǇǳƳǇ ǎƻ ǘƘŀǘ 

ǘƘŜȅ Ŏŀƴ ōŜ ŜǾŀŎǳŀǘŜŘ ǿƘŜƴ ƴŜŎŜǎǎŀǊȅΦ  

CƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǘƘŜ ǳǎŜ ƻŦ ŀ D/ ƛǎ ƴŜŎŜǎǎŀǊȅΣ 

ǎƻ ǘƘŀǘ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ Ǝŀǎ ƳƛȄǘǳǊŜǎ ŎƻǳƭŘ ōŜ ŀŎŎǳǊŀǘŜƭȅ ƳŜŀǎǳǊŜŘΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ 

D/ ŀƴŀƭȅǎƛǎ ƛǎ ǇŜǊŦƻǊƳŜŘ ŦƻǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ ŎŀǎŜǎΥ όƛύ ŘǳǊƛƴƎ ǘƘŜ ǇǊŜǇŀǊŀǝƻƴ ƻŦ ǘƘŜ 

ƛƴƛǝŀƭ Ǝŀǎ ƳƛȄǘǳǊŜ ǘƘŀǘ ƛǎ ŦŜŘ ǘƻ ǘƘŜ t±¢ ŎŜƭƭΣ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜ ƛƴ ǘƘŜ 

ǇǊŜǇŀǊŀǝƻƴ ƳŀƴƛŦƻƭŘ ƛǎ ƻōǘŀƛƴŜŘΦ όƛƛύ ¢ƘŜ Ŭƴŀƭ Ǝŀǎ ǇƘŀǎŜ ŎƻƳǇƻǎƛǝƻƴ όƛΦŜΦΣ ŀƊŜǊ Ŧǳƭƭ 

ŜǉǳƛƭƛōǊŀǝƻƴ ƛǎ ŀǧŀƛƴŜŘύ ƛǎ ŀƭǎƻ ƻōǘŀƛƴŜŘ ǘƘǊƻǳƎƘ D/ ŀƴŀƭȅǎƛǎΦ όƛƛƛύ ! ƭƛǉǳƛŘ ǎŀƳǇƭŜ ǘƘŀǘ 

ƛǎ ƻōǘŀƛƴŜŘ ŀƊŜǊ Ŧǳƭƭ ŜǉǳƛƭƛōǊŀǝƻƴ ƛǎ ŀǧŀƛƴŜŘ ƛǎ ŜȄǇŀƴŘŜŘ ƛƴ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ŀƴŘ 

ǘƘŜ ǊŜǎǳƭǝƴƎ Ǝŀǎ ǇƘŀǎŜ ƛǎ ŀƴŀƭȅȊŜŘ ǿƛǘƘ D/Φ ¢ƘŜ ŬǊǎǘ ŀƴŘ ǎŜŎƻƴŘ ŎŀǎŜǎ ŀǊŜ ŦŀŎƛƭƛǘŀǘŜŘ 

ǘƘǊƻǳƎƘ ǘƘŜ Ǝŀǎ ǎŀƳǇƭŜ ōǊŀƴŎƘΣ ǿƘƛƭŜ ǘƘŜ ǘƘƛǊŘ ŎŀǎŜ ǘƘǊƻǳƎƘ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ ōǊŀƴŎƘΦ   

¢ƘŜ Ǝŀǎ ǎŀƳǇƭŜ ƛǎ ŀƴŀƭȅȊŜŘ ōȅ ƅŀǎƘƛƴƎ ǘƘŜ ǎŀƳǇƭŜ ǘƘǊƻǳƎƘ ǘƘŜ D/Σ ǳƴǝƭ ǘƘŜ ǎŀƳǇƭŜ 

ǇǊŜǎǎǳǊŜ ƛǎ Ŝǉǳŀƭ ǘƻ ŀǘƳƻǎǇƘŜǊƛŎΦ Lƴ ǎǳŎƘ ŀ ǿŀȅ ǘƘŜ D/ ǊŜǎǳƭǘǎ ŀǊŜ ǇǊŜǎǎǳǊŜ 

ƛƴŘŜǇŜƴŘŜƴǘΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŀǊŜ ƻōǘŀƛƴŜŘ ƛƴ ƳƻƭŀǊ Ǝŀǎ ǇŜǊŎŜƴǘŀƎŜ ŦƻǊƳΦ ¢ƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ 

ƛǎ ƻōǘŀƛƴŜŘ ōȅ ŜȄǇŀƴǎƛƻƴ ƻŦ ǘƘŜ ǾŀǇƻǊ ǇƘŀǎŜ ŦǊƻƳ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ǘƻ ǘƘŜ D/ 

ƭƻƻǇΣ ǿƘƛŎƘ ƛǎ ǳƴŘŜǊ ƘƛƎƘ ǾŀŎǳǳƳΦ ¢ƘŜ ǊŜǎǳƭǝƴƎ ǇǊŜǎǎǳǊŜ ƛǎ ƻƊŜƴ ƭƻǿŜǊ ǘƘŀƴ 

ŀǘƳƻǎǇƘŜǊƛŎ ǇǊŜǎǎǳǊŜΦ  ¢ƘŜ D/ ǊŜǎǳƭǘǎ ŀǊŜ ƻōǘŀƛƴŜŘ ƛƴ ǇŀǊǝŀƭ Ǝŀǎ ǇǊŜǎǎǳǊŜǎ ŦƻǊƳΦ   

Lƴ ŎƘŀǇǘŜǊǎ рπтΣ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎ ǘƘŀǘ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ŘǳǊƛƴƎ ǘƘƛǎ ǎǘǳŘȅ 

ŀǊŜ ǇǊŜǎŜƴǘŜŘΦ  Lƴ ǇŀǊǝŎǳƭŀǊΥ 

Lƴ ŎƘŀǇǘŜǊ рΣ ǘƘŜ ŀǇǇŀǊŀǘǳǎ ǿŀǎ ǾŀƭƛŘŀǘŜŘ ōȅ ǇŜǊŦƻǊƳƛƴƎ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ 

ƳŜŀǎǳǊŜƳŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ ŦƻǊ ǘǿƻ ǎȅǎǘŜƳǎ ƻŦ ǇǳǊŜ Ǝŀǎ ƘȅŘǊŀǘŜǎ όƛΦŜΦΣ /hн Ҍ Iнh ŀƴŘ 

/Iп Ҍ IнhύΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ǘǿƻ ŘƛũŜǊŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜǘƘƻŘǎ ŀǊŜ ǳǝƭƛȊŜŘΦ Lƴ 

ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ƛǎƻŎƘƻǊƛŎ ǇǊŜǎǎǳǊŜ ǎŜŀǊŎƘ ƳŜǘƘƻŘ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ŦƻǊ ǘƘŜ 



ол 
 

ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǎŜǾŜƴΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ tς¢ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ ŬǊǎǘ ǎȅǎǘŜƳΣ ǿƘƛƭŜ 

ǘǿƻ ŦƻǊ ǘƘŜ ǎŜŎƻƴŘ ǎȅǎǘŜƳΦ !ƭǘŜǊƴŀǝǾŜƭȅΣ ǘƘŜ ǇƘŀǎŜ ōƻǳƴŘŀǊȅ ŘƛǎǎƻŎƛŀǝƻƴ ƳŜǘƘƻŘ ǿŀǎ 

ƛƳǇƭŜƳŜƴǘŜŘ ŦƻǊ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŦƻǳǊΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ tς¢ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ 

ŬǊǎǘ ǎȅǎǘŜƳΣ ǿƘƛƭŜ ƻƴŜ ŦƻǊ ǘƘŜ ǎŜŎƻƴŘ ǎȅǎǘŜƳΦ Lƴ ǘƻǘŀƭΣ ǘǿŜƴǘȅ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ tς¢ ŎƻƴŘƛǝƻƴǎ ŦƻǊ 

ǘǿƻ ǎȅǎǘŜƳǎ ƻŦ ǇǳǊŜ Ǝŀǎ ƘȅŘǊŀǘŜǎ ŜȄŀƳƛƴŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΦ ¢ƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ƻōǘŀƛƴŜŘ ŀǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ǾŜǊȅ 

ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ƛǎ ŦƻǳƴŘ ŦƻǊ ōƻǘƘ ǎȅǎǘŜƳǎ ŜȄŀƳƛƴŜŘΦ 

.ŀǎŜŘ ƻƴ ƻǳǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ǘƘŜ ŎƭƻǎŜ ƴŜƛƎƘōƻǊƘƻƻŘ ōŜƭƻǿ ŀƴŘ 

ŀōƻǾŜ ǘƘŜ ǳǇǇŜǊ ǉǳŀŘǊǳǇƭŜ Ǉƻƛƴǘ όƛΦŜΦΣ ŦƻǳǊ ǇƘŀǎŜǎ ŀǊŜ ŀǘ ŜǉǳƛƭƛōǊƛǳƳΥ Iҍ[²ς[Ǝς±ύΣ vнΣ 

ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ /hн Ҍ Iнh ǎȅǎǘŜƳ ǿŜ ǿŜǊŜ ŀƭǎƻ ŀōƭŜ ǘƻ ǇǊƻǾƛŘŜ ŀƴ ŜǎǝƳŀǘŜ ƻŦ ǘƘŜ 

ƭƻŎŀǝƻƴ ƻŦ vнΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜ ƻǳǊ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ōŜƭƻǿ ŀƴŘ ŀōƻǾŜ vн ŀǊŜ ŬǧŜŘ ǘƻ 

ǘǿƻ ƻǇǝƳǳƳ ŎǳǊǾŜǎ ŀƴŘ vн ƛǎ ŜǎǝƳŀǘŜŘ ŀǎ ǘƘŜ Ǉƻƛƴǘ ǿƘŜǊŜ ǘƘŜ ǘǿƻ ŎǳǊǾŜǎ ƛƴǘŜǊǎŜŎǘΦ 

CƻƭƭƻǿƛƴƎ ǎǳŎƘ ŀƴ ŀǇǇǊƻŀŎƘ ǿŜ ŜǎǝƳŀǘŜ vн ŀǘ 2.09.282 ° Y ŀƴŘ 03.057.4 °  atŀΦ ¢ƘŜ 

ŎǳǊǊŜƴǘ ǾŀƭǳŜǎ ŀǊŜ ƛƴ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜǎ ǊŜǇƻǊǘŜŘ ƛƴ ƭƛǘŜǊŀǘǳǊŜΣ 

ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǾŀƭǳŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǎƛƳǳƭŀǘƻǊ /{aDŜƳмΦ 

²Ŝ ŀƭǎƻ ǊŜǇƻǊǘŜŘ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ Ǝŀǎ ǎƻƭǳōƛƭƛǝŜǎ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ ǇƘŀǎŜ ŘǳǊƛƴƎ 

ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iҍ[²ς[Ǝύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ DƻƻŘ ŀƎǊŜŜƳŜƴǘΣ ōŜǘǿŜŜƴ 

ƳŜŀǎǳǊŜŘ ŀƴŘ ƭƛǘŜǊŀǘǳǊŜπǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƻǊ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎΣ ƛǎ ƻōǎŜǊǾŜŘ ŦƻǊ 

ǘƘŜ ŎŀǎŜ ƻŦ /Iп ǎƻƭǳōƛƭƛǝŜǎΣ ǿƘƛƭŜ ǊŜŀǎƻƴŀōƭŜ ŀƎǊŜŜƳŜƴǘ ƛǎ ŦƻǳƴŘ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /hнΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǾŀƭƛŘŀǝƴƎ ǘƘŜ ŀǇǇŀǊŀǘǳǎ ǿŜ ŀƭǎƻ ǊŜǇƻǊǘŜŘ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ 

ǇǊŜǎǎǳǊŜκǘŜƳǇŜǊŀǘǳǊŜ ŀǊŜŀǎ ǿƘŜǊŜ ƎŀǇǎ ƛƴ ƭƛǘŜǊŀǘǳǊŜ ŜȄƛǎǘŜŘΦ  

¢ƘŜ ƴƻǾŜƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǾƛŎŜΣ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ǇǳǊŜ ƎŀǎŜǎ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎΣ 

ƘŀǾŜ ōŜŜƴ ǇǳōƭƛǎƘŜŘсуΦ  

Lƴ ŎƘŀǇǘŜǊ сΣ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǾƛŎŜ ǿŀǎ ǘƘŜƴ ǳǝƭƛȊŜŘ ǘƻ ǇŜǊŦƻǊƳ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ Ǝŀǎ ǎƻƭǳōƛƭƛǘȅ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǘ ŜƛǘƘŜǊ ǘƘǊŜŜπǇƘŀǎŜ ƻǊ ǘǿƻπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ǘƘŜ 

ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ /hн Ҍ /Iп Ҍ IнhΦ ¢ƘŜ ƛǎƻŎƘƻǊƛŎ ǇǊŜǎǎǳǊŜ ǎŜŀǊŎƘ όLt{ύ ƳŜǘƘƻŘ ǿŀǎ 

ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƳŜŀǎǳǊŜ ǘƘƛǊǘŜŜƴΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ t ς ¢ Ǉƻƛƴǘǎ ŦƻǊ 

ǘƘŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ /hн Ҍ /Iп Ҍ IнhΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ǇƘŀǎŜ ōƻǳƴŘŀǊȅ ŘƛǎǎƻŎƛŀǝƻƴ 



ом 
 

όt.5ύ ƳŜǘƘƻŘ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ŦƻǊ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘǿƻΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ 

t ς ¢ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ ǎŀƳŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳΦ 9ũƻǊǘ ǿŀǎ ƳŀŘŜ ƛƴ ƻǊŘŜǊ ǘƻ ǇŜǊŦƻǊƳ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǳƴŘŜǊ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ƴƻ ƻǘƘŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΦ ¢ƘŜ ƻōǘŀƛƴŜŘ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ 

ŀƴŘ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ ǿƛǘƘ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǎƛƳǳƭŀǘƻǊ /{aDŜƳ ŀƴŘ ǾŜǊȅ ƎƻƻŘ 

ŀƎǊŜŜƳŜƴǘ ǿŀǎ ŦƻǳƴŘ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ ŜȄŀƳƛƴŜŘΦ ¢ƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ŀƭǎƻ ǊŜǇƻǊǘǎ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ Ǝŀǎ ǎƻƭǳōƛƭƛǝŜǎ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ ǇƘŀǎŜ ŘǳǊƛƴƎ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ 

ŎƻƴŘƛǝƻƴǎΦ wŜŀǎƻƴŀōƭŜ ŀƎǊŜŜƳŜƴǘΣ ōŜǘǿŜŜƴ ƳŜŀǎǳǊŜŘ ŀƴŘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƻǊ 

ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎΣ ǿŀǎ ƻōǎŜǊǾŜŘΦ !ŘŘƛǝƻƴŀƭ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŀƭǎƻ 

ǇŜǊŦƻǊƳŜŘ ŀǘ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ŀǊŜ ŎƭƻǎŜ ǘƻ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜΦ ¢ƘŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ /hн Ҍ /Iп Ҍ Iнh ƘŀǾŜ ōŜŜƴ ǇǳōƭƛǎƘŜŘсфΦ  

CƛƴŀƭƭȅΣ ƛƴ ŎƘŀǇǘŜǊ тΣ ŀ ŦǳǊǘƘŜǊ ǎŜǊƛŜǎ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ 

ƳŜǘƘŀƴŜ ς ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ς ǿŀǘŜǊ ǎȅǎǘŜƳ ǳƴŘŜǊ ǘǿƻ ǇƘŀǎŜ ό±ŀǇƻǊς[ƛǉǳƛŘύ ŜǉǳƛƭƛōǊƛǳƳ 

ŎƻƴŘƛǝƻƴǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ŀǘ ŎƻƴŘƛǝƻƴǎ ǿƘŜǊŜ ƘȅŘǊŀǘŜǎ ŀǊŜ ƴƻǘ ŦƻǊƳƛƴƎΦ 9ȄǇŜǊƛƳŜƴǘǎ 

ŦƻǊ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ŀǘ млл ōŀǊΣ оноΦмр Y ŀƴŘ ǾŀǊƛƻǳǎ 

ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜΦ ¢ƘŜ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ ǘƘŜ ǇǳǊŜ ƎŀǎŜǎ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ 

ǇƘŀǎŜ ƘŀǾŜ ōŜŜƴ ŀƭǎƻ ƳŜŀǎǳǊŜŘ ŦƻǊ ǘƘŜ ŎŀǎŜǎ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ƳŜǘƘŀƴŜΣ 

ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ŦƻǊ ǘƘŜ ŀǉǳŜƻǳǎ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ ǘƘŜ ǇǳǊŜ ƎŀǎŜǎ ŘŜǾƛŀǘŜ ōȅ 

ƻƴƭȅ нΦу҈ ŀƴŘ оΦс҈ ŦƻǊ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ƳŜǘƘŀƴŜ ǊŜǎǇŜŎǝǾŜƭȅ ŦǊƻƳ ǘƘŜ ǾŀƭǳŜǎ 

ŎŀƭŎǳƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ŎƻǊǊŜƭŀǝǾŜ ƳƻŘŜƭǎ ƻŦ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ōȅ 5ǳŀƴ Ŝǘ ŀƭΦтлΣ 

ŀƴŘ {ǳƴ ŀƴŘ 5ǳŀƴтм ŦƻǊ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ƳŜǘƘŀƴŜΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ²Ŝ ƻōǎŜǊǾŜ ƎƻƻŘ 

ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘǎ ŀƴŘ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ōȅ !ƭ DƘŀŦǊƛ Ŝǘ ŀƭΦтн 

ǇŜǊŦƻǊƳŜŘ ŀǘ ŜǉǳƛƳƻƭŀǊ Ǝŀǎ ŎƻƳǇƻǎƛǝƻƴΦ   

Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘΣ ǘƘŀǘ ǘƘŜ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŎƭŜŀǊƭȅ ƛƴŘƛŎŀǘŜ ǘƘŀǘ 

ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ ŜŀŎƘ Ǝŀǎ ŘŜŎǊŜŀǎŜǎ ōȅ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ǘƘŜ ƻǘƘŜǊ ƎŀǎΦ ¢ƘŜ ǇŀǊǝŎǳƭŀǊ 

ŎƻƴŎƭǳǎƛƻƴ ƛǎ ƛƴ ŜȄŎŜƭƭŜƴǘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǊŜπ

ŜȄŀƳƛƴŀǝƻƴ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŦǊƻƳ 5ƘƛƳŀ Ŝǘ ŀƭΦто ŀǘ оппΦнр Y ŀƴŘ ŦǊƻƳ vƛƴ Ŝǘ 

ŀƭΦтп ŦƻǊ ŀǘ онпΦр Y ŀƴŘ отрΦр YΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ ƳŜǘƘŀƴŜ ς ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ς ǿŀǘŜǊ ǎȅǎǘŜƳ ǳƴŘŜǊ ǘǿƻ 

ǇƘŀǎŜ ό±ŀǇƻǊς[ƛǉǳƛŘύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ƘŀǾŜ ōŜŜƴ ǇǳōƭƛǎƘŜŘтрΦ  
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In the eighth chapter, an extensive evaluation of a simple model for three-phase 

equilibrium calculations of mixed gas hydrates that are of practical interest to gas-

mixture separations was performed. The model of interest calculates the equilibrium 

pressure of the mixed gas hydrate using a simple combination rule that involves: (i) 

the hydrate dissociation pressures of the pure gases involved, and (ii) the gas mixture 

composition. In particular, we examine the methodology presented by Lipenkov and 

Istomin76. 

The particular approach has been used extensively and successfully in polar 

science studies76,77, as well as, research related to space science78,79 where the 

temperatures are very low (i.e., below the freezing point of pure water, which is also 

close to the lower quadruple point (i.e., four phases are at equilibrium: HҍIςLgςV), Q1, 

of the corresponding hydrate systems). However, to the best of our knowledge, the 

particular method has not been examined systematically for cases of higher 

temperatures, which are going to be of interest to practical industrial applications of 

gas mixture separations. Gases of interest to the current study include those that are 

discussed in section 1.2. (i.e. carbon dioxide, nitrogen, hydrogen, methane, ethane, 

propane, hydrogen sulfide). Such gases are encountered in typical industrial 

applications.  

The purpose of the study is twofold: (i) to extend the LipenkovςIstomin 

methodology to mixed gas hydrate systems of industrial interest by calculating the 

parameters of pure components that are not available, with emphasis at conditions 

above the Q1, and (ii) to evaluate the quality of the predictions of the three-phase 

equilibrium conditions by comparing to experimental measurements.   

Reported experimental measurements (i.e., the recent experimental data 

collection reported by Kastanidis et al.49 is utilized for the current analysis) are 

compared against: (i) calculations using the examined LipenkovςIstomin 

methodology, and (ii) estimations based on a commercial simulator (CSMGem). As a 

result the range of applicability of the LipenkovςIstomin method is delineated. An 

extensive series of calculations using the examined methodology was performed and 

the calculations were compared against available experimental measurements, as 

well as with the CSMGem simulator. It should be noted that the intent of the study 

was not to replace the CSMGem simulator with the proposed methodology but to 
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examine if a simpler and more computationally efficient methodology can produce 

reasonable results (at least within some specific temperature, pressure and 

composition range) that can be used during the preliminary stage of the design of 

processes. After all the theoretical basis behind CSMGem or other similar van der 

Waals-Platteeuw-based models is significantly stronger than the simplified Lipenkov-

Istomin approach.       

Reasonable agreement between experiments and calculations was obtained 

considering the simplicity of the methodology. The agreement was better at lower 

values of the hydrate equilibrium pressure. The results of the evaluation of the 

simplified model for three ς phase equilibrium calculations of mixed gas hydrates, and 

their comparison to reported experimental measurements, as well as the results of 

simulations using the commercial CSMGem simulator have been published80.  

 

Finally, in the ninth and final chapter, the conclusions that resulted from this study 

are reported in addition with recommendations for future work. In brief, a novel 

device for experimental measurements of phase equilibria was designed, constructed 

and validated, which was able to perform, i. vapor ς liquid, and ii. hydrate ς liquid - 

vapor phase equilibria experimental measurements with results that are in good 

agreement with other reported experimental results, as well as with values calculated 

via simulations. The construction of this device is deemed successful, as it provided 

reliable results within the available budget set by the funding grant.  

Experimental measurements were performed under conditions that no other 

experimental measurements are reported in the literature.  

We have also considered the simple methodology proposed by Lipenkov ς Istomin 

for the calculation of the hydrate equilibrium pressure of gas mixtures. Comparison 

with experimental results and the results obtained by the commercial simulator 

CSMGem have also been performed. Gas mixtures of interest to this study were binary 

or ternary mixtures that were made up of different combinations of components. Such 

gas mixtures are encountered in practical industrial applications of gas mixture 

separations.  
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н ɳʽˋʰʴ˖ʴʺ 

нΦм ʇˉˈʲʰʻˊˇ 

ʁʽ ˎʵˊʾˍʶˌ ʁ ʾ˄ʰʽ ˃ʹ ˋˍˇʽ˔ʶʽˇ˃ʶˍˊʽˁʱΣ ˁˊˎˋˍʰ˂˂ʽˁʱ ˎ˂ʽˁʱ ˉˇˎ ˃ˇʽʱʸˇˎ˄ ˃ʶ ˉʱʴˇΣ 

ˁʰʽ ˉˇˎ ̀ ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ʰˉˈ ζh ˎˍˇˇˊʴʰ˄˖˃ʷ˄ʰη ˃ ˈˊʽʰ ˄ʶˊˇˏ ˎˉˈ ˁʰˍʱ˂˂ʹ˂ʶˌ 

ˋˎ˄ʻʺˁʶˌ ˉʾʶˋʹˌ ˁʰʽ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˈˍʰ˄ ˎˉʱˊ˔ˇˎ˄ ʶˉʾˋʹˌ ˇˊʽˋ˃ʷ˄ʰ ˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ʰ 

˃ˈˊʽʰмΦ ʆʰ ˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ʰ ˃ˈˊʽʰ ˉʰʾʸˇˎ˄ ˁʰʻˇˊʽˋˍʽˁˈ ˊˈ˂ˇ ˋˍʹ ˋˍʰʻʶˊˇˉˇʾʹˋʹ ˍ˖˄ 

ˍˊʽˋʵʽʱˋˍʰˍ˖˄ ˁʶ˂ʽ˗˄κˁ ˇʽ˂ˇˍʺˍ˖˄ ˄ʶˊˇˏ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽΦ ɾʷˋʰ ˋʶ ʰˎˍʱ ˍʰ ˁʶ˂ʽʱ 

˃ˉˇˊˇˏ ˄˄ ʰ ʶʴˁ˂˖ʲʽˋˍˇˏ ˄ʁ ˉʽ˂ʶˁˍʽˁʱ ʵʽʱ˒ˇˊʰ ˒ ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ h˃ ˈˊʽʰ ˉˇˎ ʷ˔ˇˎ˄ 

ˁʰˍʱ˂˂ʹ˂ʶˌ ʵʽʰˋˍʱˋʶʽˌ ˗ˋˍʶ ˄ʰ ˔˖ˊˇˏ˄ ˋʶ ʰˎˍʱΦ ɮˎˍʺ ʹ ʽʵʽʰʾˍʶˊʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ 

ʽʵʽˈˍʹˍʰ ˍ˖˄ ˎʵˊʽˍ˗˄ ˁʰʻʽˋˍʱ ˔ˊʺˋʽ˃ʹ ̱ ʹ˄ ʶ˅ʷˍʰˋʹ ˍ˖˄ ˎʵˊʽˍ˗˄ ʴʽʰ ʶ˒ʰˊ˃ˇʴʷˌ 

ʰˉˇʻʺˁʶˎˋʹˌ ˁʰʽ ˃ʶˍʰ˒ˇˊʱˌ ʰʶˊʾˇˎ όˉΦ˔Φ ʰʷˊʽʰ ζ˒ˇˊʶʾˌ ʁ ˄ʷˊʴʶʽʰˌη ˈˉ˖ˌ ˍˇ 

ˎʵˊˇʴˈ˄ˇнςп ˁ ʰʽ ˍˇ ˃ʶʻʱ˄ʽˇрςфύ ˁʰʽ ˍʹ ˔ˊʺˋʹ ˍˇˎˌ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ 

˃ʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄млςмоΦ ɳˉʽˉ˂ʷˇ˄Σ ʶˉʶʽʵʺ ˇʽ ˁˊˏˋˍʰ˂˂ˇʽ ˍ˖˄ ˎʵˊʽˍ˗˄ ʰˉˇˁ˂ʶʾˇˎ˄ ʽˈ˄ˍʰΣ 

ˁʰʻʾˋˍʰ˄ˍʰʽ ˇʽ ˎ ʵˊʾˍʶˌ ʶ˂ˁˎˋˍʽˁˇ ʾɹ ʽʰ ˔ˊʺˋʹ ˋʶ ʵʽʰʵʽˁʰˋʾʶˌ ʰ˒ʰ˂ʱˍ˖ˋʹˌмпςмс ̋  

ˁʰʻʰˊʽˋ˃ˇˏ ˄ʶˊˇˏмтΦ 

ʅʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ ʴʽʰ ˄ʰ ˋ˔ʶʵʽʰˋˍʶʾ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ ʶ˒ʰˊ˃ˇʴʺΣ 

ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ʰ˅ʽˈˉʽˋˍʶˌ ˍʽ˃ʷˌ ʴʽʰ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˉʾʶˋʹˌ ˁʰʽ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ʽˋˇˊˊˇˉʾʰˌ ˍ˖˄ ˎʵˊʽˍ˗˄Φ ɱʽʰ ˄ʰ ʰˉˇˁˍʺˋʶʽ ˁʰ˄ʶʾˌ ˍʷˍˇʽʶˌ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌΣ ˃ˉˇˊʶʾ ˄ʰ ʶˁˍʶ˂ʷˋʶʽ ʶʾˍʶΥ 

ω ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˃ˇˊʽʰˁˇˏ ʶˉʽˉʷʵˇˎ 

ω ˎˉˇ˂ˇʴʽˋ˃ˇˏ ̩˃ʰˁˊˇˋˁˇˉʽˁˇˏ ʶˉʽˉʷʵˇˎ ʽˋˇˊˊˇˉʾʰˌ ˒ʱˋʹˌ 

ω ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ 

ʁ̔ 9ƴƎƭƛǎƘ ˁʰʽ aŀŎ9ƭǊƻȅму ̄ ʰˊˇˎˋʾʰˋʰ˄ ˃ʽʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʰ˄ʰˋˁˈˉʹˋʹ ˃ʶ˂ʶˍ˗˄ 

ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˎʵˊʾˍʶˌ ˋʶ ˃ˇˊʽʰˁˈ ʶˉʾˉʶʵˇΣ ʶ˄˗ ˇ ̔¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎ ˁ ʰʽ 

9ŎƻƴƻƳƻǳмф ̀ ˎʸʺˍʹˋʰ˄ ʶˁˍʶ˄˗ˌ ˍʹ ˔ˊʺˋʹ ˍ˖˄ ˃ʶʻˈʵ˖˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ aƻƴǘŜ /ŀǊƭƻ 

όa/ύ ˋʶ ˃ʶ˂ʷˍʶˌ ˎʵˊʽˍ˗˄Φ ʇˉˇ˂ˇʴʽˋ˃ˇʾ ʽˋˇˊˊˇˉʾʰˌ ˒ʱˋʹˌ ˃ʶ ˔ˊʺˋʹ ɾˇˊʽʰˁʺˌ 

ɲˎ˄ʰ˃ʽˁʺˌ όˉΦ˔Φ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˍʹ˄ ˉˊˇˋʷʴʴʽˋʹ ˍʹˌ ˋˎ˄ˏˉʰˊ˅ʹˌ ˒ʱˋʹˌύ ʷ˔ˇˎ˄ 

ʰ˄ʰ˒ʶˊʻʶʾ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˎ ʵˊʽˍ˗˄ ʰˉˇˍʶ˂ˇˏ˃ʶ˄˖˄ ʰˉˈ ˁʰʻʰˊʱ ʰʷˊʽʰ ό/IпнлΣнмΣ 

/hнннΣноΣ Iн нпύ ̋ ˃ʾ ʴ˃ʰˍʰ ʰʶˊʾ˖˄ ό/Iп Ҍ /hн нрύΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱΣ ʷ˔ˇˎ˄ ʰ˄ʰ˒ʶˊʻʶʾ 
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ʶˉʾˋʹˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ  ̄́ ˇˋˇ˃ˇʽ˗ˋʶʽˌ a/ ɹ̔ ʰ ʽˋˇˊˊˇˉʾʶˌ ˒ʱˋʹˌ 

ˎʵˊʽˍ˗˄нсΣнт όʲ˂Φ ʶˉʾˋʹˌ ˍʹ˄ ˉˊˈˋʻʶˍʹ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ h˄ʰˋˁˈˉʹˋʹ мфύΦ 

ʁʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˍʹˌ ʽˋˇˊˊˇˉʾʰˌ ˒ʱˋʹˌ ˃ˉˇˊˇˏ˄ ʶˉʾˋʹˌ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ˋʶ 

˃ʰˁˊˇˋˁˇˉʽˁˈ ʶˉʾˉʶʵˇΣ ˃ʶ ʲʱˋʹ ˍʹ ˋˏʸʶˎ˅ʹ ˃ʽʰˌ ˁʰˍʰˋˍʰˍʽˁʺˌ ʶ˅ʾˋ˖ˋʹˌ ˁʰʽ ˍʹ 

ˋˍʰˍʽˋˍʽˁʺ ʻʶ˖ˊʾʰ Ǿŀƴ ŘŜǊ ²ŀŀƭǎ ς tƭŀǧŜŜǳǿмΦ ɾʽʰ ˍʷˍˇʽʰ ˉˊˇˋʷʴʴʽˋʹ ˃ˉˇˊʶʾ ˄ʰ 

ˉʰˊʱʴʶʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴˊʺʴˇˊʰ όˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʽˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˃ˇˊʽʰˁˇˏ 

ʶˉʽˉʷʵˇˎ ˉˇˎ ʰˉʰʽˍˇˏ˄ ʰˊˁʶˍʱ ˔ˊˇ˄ˇʲˈˊˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌύ ˁʰʽ ʶʾ˄ʰʽ ʹ 

ˉˊˇˍʽ˃˗˃ʶ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ˍˇˎ ˁ˂ʱʵˇˎΦ ʍˋˍˈˋˇΣ ʹ ʰˁˊʽʲʺˌ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍʹˌ 

˃ʶʻˇʵˇ˂ˇʴʾʰˌ ʰˉʰʽˍʶʾ ˍʹ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ʺ ˍʹ˄ ʶˁˍʷ˂ʶˋʹнуΣнф ʁ ˄ˈˌ ʰˊʽʻ˃ˇˏ 

ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ˃ʶˍˊʺˋʶ˖˄Φ 

ʃʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʷʻˇʵˇʽ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋʶ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ 

ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˎʵˊʾˍʶˌ ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ʽˋˇˊˊˇˉʾʰˌ ˒ʱˋʹˌ ώˉΦ˔ΦΣ ʹ 

ʰ˄ʰʸʺˍʹˋʹ ʽˋˇ˔˖ˊʽˁʺˌ ˉʾʶˋʹˌ όLt{ύΣ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˇˊʾ˖˄ ˒ʱˋʹˌ όt.5ύолΣ ́ 

ʻʶˊ˃ʽʵˇ˃ʶˍˊʾʰ ʵʽʰ˒ˇˊʽˁʺˌ ˋʱˊ˖ˋʹˌ ό5{/ύΣ ʹ 5{/ ˎ˕ʹ˂ʺˌ ˉʾʶˋʹˌΣ  ́ƳƛŎǊƻπ5{/Σ ʹ 

ˋˎˋˁʶˎʺ /ŀƛƭƭŜǘŜǘ ˁΦ˂ˉΦ 

ʆˇ ɮ˃ʶˊʽˁʰ˄ʽˁˈ ɳʻ˄ʽˁˈ ɹ˄ˋˍʽˍˇˏˍˇ ʃˊˇˍˏˉ˖˄ ˁʰʽ ʆʶ˔˄ˇ˂ˇʴʾʰˌ όbŀǝƻƴŀƭ LƴǎǝǘǳǘŜ ƻŦ 

{ǘŀƴŘŀǊŘǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎƘΣ bL{¢ύом ̫ ˔ʶʽ ʰ˄ʰ˒ʷˊʶʽ ˃ʾʰ ʶˁˍʶˍʰ˃ʷ˄ʹ ˋˎ˂˂ˇʴʺ 

ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ʽˋˇˊˊˇˉʾʶˌ ˒ʱˋʹˌ ˎ ʵˊʽˍ˗˄ όˎ ʵˊʾˍʹˌ ς ˎ ʴˊˈ ˄ʶˊˈ ς 

ʰˍ˃ˈˌΣ Iς[ǿς±ϊ ̋ ˎʵˊʾˍʹˌ ς ̄ ʰʴ˖˃ʷ˄ˇ ˄ʶˊˈ ς h ˍ˃ˈˌΣ IςLς±ύ ̀ˎ ˋˍʹ˃ʱˍ˖˄ 

ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˎʵˊʽˍ˗˄ ˁʰʻʰˊ˗˄ hʶˊʾ˖˄  ˁʰʽ ˃ʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄Φ  

ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˎʵˊʽˍ˗˄ 

˃ˉˇˊʶʾ ʶʾˍʶ ˄ʰ ʶ˄ʻʰˊˊˏ˄ʶˍʰʽ ʶʾˍʶ ˄ʰ ʰˉˇʻʰˊˊˏ˄ʶˍʰʽΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʶʱ˄ ʹ 

ʶ˒ʰˊ˃ˇʴʺ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʶʾ˄ʰʽ ʹ Ϧɲʽʰˋ˒ʱ˂ʽˋʹ ˊˇʺˌϦ ˁʰˍʱ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˁʰʽ 

˃ʶˍʰ˒ˇˊʱ ˉʶˍˊʶ˂ʰʾˇˎκʰʶˊʾˇˎ ̀ ʶ ʰʴ˖ʴˈΣ ʰˉʰʽˍʶʾˍʰʽ ʹ ʰ˄ʰˋˍˇ˂ʺ ˍˇˎ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ 

ˎʵˊʽˍ˗˄ ʁ ˄ˍˈˌ ˍ˖˄ ʰʴ˖ʴ˗˄Σ ˁʰʻ˗ˌ ˇ ˉʽʻʰ˄ˈˌ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˎʵˊʽˍ˗˄ ˃ ˉˇˊʶʾ ˄ʰ 

ʵʽʰˍʰˊʱ˅ʶʽ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˉʶˍˊʶ˂ʰʾˇˎκʰʶˊʾˇˎ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ˋʹ˃ʰ˄ˍʽˁˈ 

ˉˊˈˋʻʶˍˇ ˁˈˋˍˇˌΦ ʆˇ ʻʷ˃ʰ ˋˎʸʹˍʶʾˍʰʽ ʶˁˍʶ˄˗ˌ ˋˍʰ ʷˊʴʰ ˍ˖˄ YŀƳŀƭ Ŝǘ ŀƭΦонΣ YƻƘоо ˁ ʰʽ 

YŜƭƭŀƴŘопΦ ɶ ʰ˄ʰˋˍˇ˂ʺ ˍʹˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˎʵˊʽˍ˗˄ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʶʾˍʶ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʺ 

ʶʾˍʶ ˁʽ˄ʹˍʽˁʺΦ ɼʰˍʱ ˍʹ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʺ ʰ˄ʰˋˍˇ˂ʺΣ ˁʰˍʰʲʱ˂˂ʶˍʰʽ ˉˊˇˋˉʱʻʶʽʰ ʴʽʰ ˍʹ 

ʵˊʰˋˍʽˁʺ ˃ʶˍʰˍˈˉʽˋʹ ˍʹˌ ʴˊʰ˃˃ʺˌ ʽˋˇˊˊˇˉʾʰˌ ˎʵˊʽˍ˗˄ όʵʹ˂ʰʵʺ ʰˉˇ˒ˎʴʺ 

ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˎʵˊʽˍ˗˄ύΣ ʶ˄˗ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˁʽ˄ʹˍʽˁʺˌ ʰ˄ʰˋˍˇ˂ʺˌ ʹ ˉˊˇˋˉʱʻʶʽʰ 

ʶˋˍʽʱʸʶˍʰʽ ˋˍˇ˄ ʷ˂ʶʴ˔ˇ ˍʹˌ ˁʽ˄ʹˍʽˁʺˌ ˍˇˎ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˎʵˊʽˍ˗˄ ˁʰʽ ˍʹˌ 



ос 
 

ˋˎˋˋ˖˃ʱˍ˖ˋʹˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˎʵˊʽˍ˗˄ ˃ʶ ˍʷˍˇʽˇ ˍˊˈˉˇ ˗ˋˍʶ ˍʰ ˉʰˊʰʴˈ˃ʶ˄ʰ 

ˊʶˎˋˍʱ h ˉˈ ˍʽˌ ʴʶ˖ˍˊʺˋʶʽˌ ˉʶˍˊʶ˂ʰʾˇˎκ˒ˎˋʽˁˇˏ ʰʶˊʾˇˎ ˄  h̫ ˔ˇˎ˄ ˉˊˇ˂ʱʲʶʽ ˄ʰ 

ʶ˅ʷ˂ʻˇˎ˄ ̱ ˖˄ ʰʴ˖ʴ˗˄ ̄ ˊˇˍˇˏ ˉˊˇˁˏ˕ʶʽ ˇˉˇʽʰʵʺˉˇˍʶ ʰˉˈ˒ˊʰ˅ʹ ʶ˅ʰʽˍʾʰˌ ˍʹˌ 

ʵʹ˃ʽˇˎˊʴʾʰˌ ˎʵˊʽˍ˗˄Φ 

ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱΣ ʶʱ˄ ʹ ʶ˒ʰˊ˃ˇʴʺ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʶʾ˄ʰʽ ʰˉˇʻʺˁʶˎˋʹ ʰʶˊʾˇˎ 

όˉΦ˔Φ ˋ̱ ʹ ˃ˇˊ˒ʺ ˎʵˊʽˍ˗˄ύ ʺ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ʰʶˊʾ˖˄ ˃ʽʴ˃ʱˍ˖˄Σ ʹ ˉˊˇ˗ʻʹˋʹ ˍˇˎ 

ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˎʵˊʽˍ˗˄ ʁ ʾ˄ʰʽ ʶˉʽʻˎ˃ʹˍʺΣ ˁʰʻ˗ˌ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ˃ʶʾ˖ˋʹ ˍˇˎ 

ˁʶ˒ʰ˂ʰʽˇˎ˔ʽˁˇˏ ˁ ʰʽ ˍˇˎ ˂ʶʽˍˇˎˊʴʽˁˇˏ ˁˈˋˍˇˎˌΦ ʁʽ  ˋˍʰʻʶˊˇˉˇʽʹˍʷˌ κ ˉˊˇ˖ʻʹˍʷˌ 

όǇǊƻƳƻǘŜǊύ ˎ ʵˊʽˍ˗˄ ʁ ʾ˄ʰʽ ˋˍˇʽ˔ʶʾʰ ̀ ˔ʹ˃ʰˍʽˋ˃ˇˏ ˎʵˊʽˍ˗˄ ̄ ˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʶʾˍʶ 

ʰʷˊʽʰ ʶʾˍʶ ʰ˄ʰ˃ʾ˅ʽ˃ʰκ˃ʹ ʰ˄ʰ˃ʾ˅ʽ˃ʰ ˃ʶ ˄ʶˊˈ ˎʴˊʱ ˉˇˎ ʷ˔ˇˎ˄ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ 

˃ʶˍʰˍˈˉʽˋʹ ˍʹˌ ʴˊʰ˃˃ʺˌ ʽˋˇˊˊˇˉʾʰˌ ˎʵˊʽˍ˗˄ ̀ ʶ ˉʽˇ ʶˎ˄ˇʿˁʷˌ ˋˎ˄ʻʺˁʶˌ όʵʹ˂ʰʵʺ 

˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˉʽʷˋʶʽˌ ʺκˁʰʽ ˎ˕ʹ˂ˈˍʶˊʶˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌύΦ ʁ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˎʵˊʾˍʹ ˋʶ ˉʽˇ 

ʺˉʽʶˌ ̀ ˎ˄ʻʺˁʶˌ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ʶ˄ˈˌ ˋˍʰʻʶˊˇˉˇʽʹˍʺ ʁ ʾ˄ʰʽ ʷ˄ʰ ʶ˂ˁˎˋˍʽˁˈ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʴʽʰ ʷ˄ʰ˄ ʰˊʽʻ˃ˈ ʶ˒ʰˊ˃ˇʴ˗˄ όˉΦ˔Φ ʰˉˇʻʺˁʶˎˋʹ ʰʶˊʾ˖ ˄̀ ʶ ˁʽ˄ʹˍʷˌ 

ʶ˒ʰˊ˃ˇʴʷˌύ ʰ˒ˇˏ ˇʽ ˉʽˇ ʺˉʽʶˌ ̀ˎ˄ʻʺˁʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋˇˎ˄ ˉˊˇˌ ˍʹ˄ ʰˏ˅ʹˋʹ 

ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʰˋ˒ʰ˂ʶʾʰˌ ˍʹˌ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺˌ ʶ˒ʰˊ˃ˇʴʺˌΦ ʆˎˉʽˁˇʾ 

ˋˍʰʻʶˊˇˉˇʽʹˍʷˌ ˎʵˊʽˍ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʽˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶ˂ʷˍʶˌ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Σ ˃ʶˍʰ˅ˏ ʱ˂˂˖˄Σ ˍʶˍˊʰːʵˊˇ˒ˇˎˊʱ˄ʽˇ ό¢ICύΣ ʰʽʻˎ˂ʶ˄ˇ˅ʶʾʵʽˇ ό9hύΣ 

ˁˎˁ˂ˇˉʶ˄ˍʱ˄ʽˇ ό/tύΣ ˁˎˁ˂ˇʶ˅ʱ˄ʽˇ ό/IύΣ ˃ʶʻˎ˂ˇˁˎˁ˂ˇˉʶ˄ˍʱ˄ʽˇ όa/tύΣ ˁΦ˂ˉΦΦ 

ʃʶˊʰʽˍʷˊ˖ ˋˎʸʺˍʹˋʹ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇˎˌ ˋˍʰʻʶˊˇˉˇʽʹˍʷˌ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˎʵˊʽˍ˗˄ ˎˉʱˊ˔ʶʽ 

ʵʽʰʻʷˋʽ˃ˇ ˋˍˇ ʲʽʲ˂ʾˇ ˍ˖˄ {ƭƻŀƴ ˁʰʽ YƻƘмΦ 

ɹʵʽʰʾˍʶˊˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʴʽʰ ˍʹ˄ ˉʰˊˇˏˋʰ ˃ʶ˂ʷˍʹ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ ʵˎʰʵʽˁˈ ˃ʾʴ˃ʰ 

ʰʶˊʾ˖˄ ό/hн Ҍ /Iпύ ̄̌ ˎ ʰˉʰ˄ˍʱˍʰʽ ˁˎˊʾ˖ˌ ˋˍ ̌˒ ˎˋʽˁ ̍h ʷˊʽˇорΦ ɽˈʴ˖ ˍ˖˄ ˉˇʽˇˍʽˁ˗˄ 

ˉˊˇʵʽʰʴˊʰ˒˗˄ ˍˇ ˎ˒ ˎˋʽˁˇ ˏh ʶˊʾˇˎΣ ʰˉʰʽˍʶʾˍʰʽ ʹ ˔ˊʺˋʹ ʵʽʶˊʴʰˋʽ˗˄ ˁʰʻʰˊʽˋ˃ˇˏ 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʹ ʶˉʽʻˎ˃ʹˍʺ ˋˎʴˁʷ˄ˍˊ˖ˋʹ /Iп ̀ ˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˉˊˈˍˎˉʰ 

ˁʰʽ ˍˇˎˌ ˁʰ˄ˇ˄ʽˋ˃ˇˏˌΦ ʁʽ wǳũƻǊŘ Ŝǘ ŀƭΦор ̄ ʰˊˇˎˋʾʰˋʰ˄ ˃ʽʰ ʶˁˍʶ˄ʺ ʰ˄ʰˋˁˈˉʹˋʹ ˁʰʽ 

ˋˎʸʺˍʹˋʹ ˍ˖˄ ˋˎ˃ʲʰˍʽˁ˗˄ ˁʰʽ ʰ˄ʰʵˎˈ˃ʶ˄˖˄ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ʴʽʰ ˍˇ˄ 

ˁʰʻʰˊʽˋ˃ˈ ˍˇˎ ˒ˎˋʽˁˇˏ ʰʶˊʾˇˎΦ ʁʽ ˋˎ˃ʲʰˍʽˁʷˌ ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ˃ʷʻˇʵˇʽ όʵʹ˂ʰʵʺ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʺ˃ʶˊʰ ʰˉˈ ˍʹ ʲʽˇ˃ʹ˔ʰ˄ʾʰύ ʴʽʰ ˍˇ˄ ˁʰʻʰˊʽˋ˃ˈ ʰʶˊʾ˖˄ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ ʰˉˇˊˊˈ˒ʹˋʹΣ ˍʹ˄ ˉˊˇˋˊˈ˒ʹˋʹ ˁΦ˂ˉΦΣ ʶ˄˗ ˇʽ ʰ˄ʰʵˎˈ˃ʶ˄ʶˌ 

˃ʷʻˇʵˇʽ όʵʹ˂Φ ˎˉˈ ˃ʶ˂ʷˍʹ ʴʽʰ ˉʽʻʰ˄ʺ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˔ˊʺˋʹύ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˃ʶˍʰ˅ˏ 

ʱ˂˂˖˄ ˍʹ ˔ˊʺˋʹ ˎʵˊʽˍ˗˄ ɹʽʰ ʵʽʰ˔˖ˊʽˋ˃ˇˏˌ ʰʶˊʾ˖˄ ˃ʽʴ˃ʱˍ˖˄Φ 



от 
 

ʁʽ 5ŀōǊƻǿǎƪƛ Ŝǘ ŀƭΦос ʁ ˅ʷˍʰˋʰ˄ ˍʹ ˔ˊʺˋʹ ˎʵˊʽˍ˗˄ ʰʶˊʾ˖˄ ʴʽʰ ˍˇ˄ ˁʰʻʰˊʽˋ˃ˈ 

˒ˎˋʽˁˇ ˏh ʶˊʾˇ ˎ˃  ʁˎ ˕ʹ˂ʺ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˋʶ /hнΦ ʁʽ ±ŀƴ 5ŜƴŘŜǊŜƴ Ŝǘ ŀƭΦот ʁ ˅ʷˍʰˋʰ˄ 

ˍʹ˄ ʰˉˇ˂ˏ˃ʰ˄ˋʹ ˍʹˌ ˊˇʺˌ ˉʹʴ˗˄ ˒ˎˋʽˁˇˏ ʰʶˊʾˇˎ ˃ ʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ ˎʵˊʽˍ˗˄ ʴʽʰ ˄ʰ 

˂ʱʲˇˎ˄ ʷ˄ʰ ˉˊˇʿˈ˄ ʰʶˊʾˇˎ ʶ˃ˉ˂ˇˎˍʽˋ˃ʷ˄ˇ ˃ʶ ˃ʶʻʱ˄ʽˇ ˁʰʽ ʶ˄ˍˈˉʽˋʰ˄ ʲʰˋʽˁʷˌ 

ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ˁʰˍʰˋˍʺˋˇˎ˄ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʶ˃ˉˇˊʽˁʱ ʶ˂ˁˎˋˍʽˁʺΦ 

ʁʽ ʵˏˇ ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʶˌ ˃ʶ˂ʷˍʶˌ ʶ˅ʷˍʰˋʰ˄ ˍʹ ˔ˊʺˋʹ ˎʵˊʽˍ˗˄ ʴʽʰ ʵʽʰ˔˖ˊʽˋ˃ˈ ˔˖ˊʾˌ 

ˍʹ˄ ˉʰˊˇˎˋʾʰ ˉˊˈˋʻʶˍ˖˄Φ ʃˊˈˋʻʶˍʶˌ ˃ʶ˂ʷˍʶˌ ʷ˔ˇˎ˄ ʰ˄ʰ˒ʶˊʻʶʾ ʰˉˈ ˍˇˎˌ ¢ƻƳƛǘŀ Ŝǘ 

ŀƭΦмн ˁ ʰʽ ²ŀƴƎ Ŝǘ ŀƭΦоуΦ ʃˊˈˋ˒ʰˍʶˌ ˃ʶ˂ʷˍʶˌофςпн ̫ ˔ˇˎ˄ ʶˉʾˋʹˌ ʶ˅ʶˍʱˋʶʽ ˍʹ˄ ʶˉʾʵˊʰˋʹ 

ˍ˖˄ ˋˍʰʻʶˊˇˉˇʽʹˍ˗˄ ˎʵˊʽˍ˗˄ ̀ˍˇ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ʰʶˊʾ˖˄ ˃ʽʴ˃ʱˍ˖˄Φ 

нΦн ɲˇ˃ʺ ʇʵˊʽˍ˗˄ 

ʁʽ ˎʵˊʾˍʶˌ ʰʶˊʾ˖˄ ʶʾ˄ʰʽ ˋˍʶˊʶʷˌ ʶ˄˗ˋʶʽˌ ʶʴˁ˂ʶʽˋ˃ˇˏ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˈˍʰ˄ ˍˇ 

˄ʶˊˈ ʷˊ˔ʶ̱ ʰʽ ˋʶ ʶˉʰ˒ʺ ˃ʶ ʰʷˊʽˇ ˎˉˈ ˎ˕ʹ˂ʷˌ ˉʽʷˋʶʽˌ ˁʰʽ ˔ʰ˃ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌΦ 

ɾʽˁˊʱ ˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ʰ ˃ˈˊʽʰ ˈˉ˖ˌ ˍˇ ˃ʶʻʱ˄ʽˇΣ ˍˇ ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰ ˁʰʽ ˍˇ ʱʸ˖ˍˇ 

ʶʴˁ˂˖ʲʾʸˇ˄ˍʰʽ ʰˉˈ ˃ ˈˊʽʰ ˄ʶˊˇˏ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ˍˊʽˋʵʽʱˋˍʰˍʶˌ ˁ ˇʽ˂ˈˍʹˍʶˌ ˃ ʶ 

ʵʶˋ˃ˇˏˌ ˎʵˊˇʴˈ˄ˇˎΦ ʁʽ ˉʽˇ ˁˇʽ˄ʷˌ ʵˇ˃ʷˌ ˎʵˊʽˍ˗˄ ̄ˇˎ ʰˉʰ˄ˍ˗˄ˍʰʽ ˋˍʹ ˒ˏˋʹ ʶʾ˄ʰʽ ˇʽ 

ɲˇ˃̋ ɹ όǎLύΣ ɲˇ˃̋ LL όǎLLύ ˁh ʽ ɲˇ˃ ̋ɶ  όǎIύпоΦ ɮˎˍʷˌ ̌ ̔ˁ ˏˊʽʶˌ ɲˇ˃ʷˌ hˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ̀ ˍ ̌

ʅ˔ʺ˃ʰ мΦмΦ 

ʅ˔ʺ˃ʰ мΦмΦΥ ɼˇʽ˄ʷˌ ʵˇ˃ʷˌ ʇʵˊʽˍ˗˄ ɮʶˊʾ˖˄ όsI, sII, sHύ ˁʰʽ ˇʽ ˍˏˉˇ ˎʵʱˍʽ˄˖˄ ˉ˂ʶʴ˃ʱˍ˖˄ ˉˇˎ 

ˋˎ˄ʻʷˍˇˎˌ ˍʽˌ ʵˇ˃ʷˌ ˎʵˊʽˍ˗˄Φ1,44  

 



оу 
 

 

ɶ ʵˇ˃ʺ ɹ όǎLύ ʁʾ ˄ʰʽ ʹ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ʹ ˋˍˇ ˒ˎˋʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ˉʶˊʽʷ˔ʶʽ ˃ʽˁˊʱ 

˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ʰ ʰʷˊʽʰ όлΣп ς лΣрр ƴƳύΦ ɼʱʻʶ ˃ˇ˄ʰʵʽʰʾˇ ˁʶ˂ʾ ˎʵˊʾˍʹ ǎL ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 

пс ˃ˈˊʽʰ ˄ʶˊˇˏ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ʵˏˇ ˍˏˉˇˎˌ ˁˇʽ˂ˇˍʺˍ˖˄Υ ˍˇ ˃ʽˁˊˈΣ ʷ˄ʰ ˉʶ˄ˍʰʴ˖˄ʽˁˈ 

ʵ˖ʵʶˁʱʶʵˊˇ όрмнύ ˉˇˎ ʶʾ˄ʰʽ ʷ˄ʰ ˃ʽˁˊˈ ˁʶ˂ʾ ˃ʶ мн ˉʶ˄ˍʰʴ˖˄ʽˁʷˌ ˈ˕ʶʽˌ ˋˍˇ ˁʶ˂ʾ ˁʰʽ ˍˇ 

˃ʶʴʱ˂ˇ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ʰˉˈ ʷ˄ʰ ʵʶˁʰˍʶˍˊʱʶʵˊˇ ˁʶ˂ʾ ̄ ˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ мн 

ˉʶ˄ˍʱʴ˖˄ʰ ˁʰʽ ʵˏˇ ʶ˅ʱʴ˖˄ʰ όрмнснύΦ ʇˉʱˊ˔ˇˎ˄ н ˃ʽˁˊʷˌ ˁʰʽ с ˃ʶʴʱ˂ʶˌ ˁˇʽ˂ˈˍʹˍʶˌ ʰ˄ʱ 

˃ˇ˄ʰʵʽʰʾˇ ˁʶ˂ʾ ˎʵˊʾˍʹ ǎLΦ 

ɶ ʵˇ˃ʺ LL όǎLLύ ʁ˃ ˒ʰ˄ʾʸʶˍʰʽ ʴʶ˄ʽˁʱ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʰ ˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ʰ ʰʷˊʽʰ όлΣс ς лΣт 

ƴƳύ ̀ʁ  ˁˎˊʾ˖ˌ ʰ˄ʻˊ˖ˉˇʴʶ˄ʺ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰΦ ɼʱʻʶ ˃ˇ˄ʰʵʽʰʾˇ ˁʶ˂ʾ ˎ ʵˊʾˍʹ ǎLL 

ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ мос ˃ˈˊʽʰ ˄ʶˊˇˏ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ʵˏˇ ˍˏˉˇˎˌ ˁˇʽ˂ˇˍʺˍ˖˄Υ ˍˇ ˃ʽˁˊˈΣ 

ʷ˄ʰ ˉʶ˄ˍʰʴ˖˄ʽˁˈ ʵ˖ʵʶˁʱʶʵˊˇ όрмнύ ˁʰʽ ˍˇ ˃ʶʴʱ˂ˇ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ʰˉˈ ʷ˄ʰ˄ 

ʵʶˁʰʶ˅ʱʶʵˊˇ ˁʶ˂ʾΣ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ мн ˉʶ˄ˍʱʴ˖˄ʰ ˁʰʽ ˍʷˋˋʶˊʰ ʶ˅ʱʴ˖˄ʰ όрмнсп ύΦ 

ʇˉʱˊ˔ˇˎ˄ мс ˃ʽˁˊʷˌ ˁʰʽ у ˃ʶʴʱ˂ʶˌ ˁˇʽ˂ˈˍʹˍʶˌ ʰ˄ʱ ˃ˇ˄ʰʵʽʰʾˇ ˁʶ˂ʾ ˎʵˊʾˍʹ ǎLLΦ 

ɶ ʵˇ˃ʺ ɶ ʶʾ˄ʰʽ ˃ʽʰ ʶ˅ʰʴ˖˄ʽˁʺ ʵˇ˃ʺ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶ˃˒ʰ˄ʽˋˍʶʾ ˋʶ ˇˉˇʽˇʵʺˉˇˍʶ 

ˉʶˊʽʲʱ˂˂ˇ˄Σ ˃ʶ ˃ʾʴ˃ʰˍʰ ˃ʽˁˊ˗˄ ˁʰʽ ˃ʶʴʱ˂˖˄ ˃ˇˊʾ˖˄ όлΣу ς лΣф ƴƳύΦ ɼʱʻʶ ˃ˇ˄ʰʵʽʰʾˇ 

ˁʶ˂ʾ ˎʵˊʾˍʹ ǎI h̄ ˇˍʶ˂ʶʾˍʰʽ ʰˉˈ оп ˃ˈˊʽʰ ˄ʶˊˇˏ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ˍˊʶʽˌ ˍˏˉˇˎˌ 

ˁˇʽ˂ˇˍʺˍ˖˄Υ ʷ˄ʰ ˃ʽˁˊˈˍʶˊˇ ˁʶ˂ʾ ̄ ˇˎ ʶʾ˄ʰʽ ʷ˄ʰ ˉʶ˄ˍʰʴ˖˄ʽˁˈ ʵ˖ʵʶˁʱʶʵˊˇ όрмнύΣ ʷ˄ʰ 

ˁʶ˂ʾ ˃ ʶˋʰʾˇˎ ˃ʶʴʷʻˇˎˌ порссо ˁ ʰʽ ʷ˄ʰ ˃ʶʴʱ˂ˇ ʶʽˁˇˋʰʶʵˊʽˁˈ ˁʶ˂ʾΣ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ 

ʰˉˈ мн ˉʶ˄ˍʱʴ˖˄ʰ ˁʰʽ у ʶ˅ʱʴ˖˄ʰ όрмнсуύΦ ʇˉʱˊ˔ˇˎ˄ о ˃ʽˁˊʷˌΣ н ˃ʶˋʰʾʶˌ ˁʰʽ м ˃ʶʴʱ˂ʶˌ 

ˁˇʽ˂ˈˍʹˍʶˌ ʰ˄ʱ ˃ˇ˄ʰʵʽʰʾˇ ˁʶ˂ʾ ˎʵˊʾˍʹ ǎIΦ 

ɶ ʵˇ˃ʺ ˁʰʽ ˇʽ ʽʵʽˈˍʹˍʶˌ ˍ˖˄ ˍˊʽ˗˄ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄˖˄ ˍˏˉ˖˄ ˎʵˊʽˍ˗˄ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ мΦмΦ 

 

ʃʾ˄ʰˁʰˌ мΦмΦ ɲˇ˃ ̋ˁʰ ̔̔ ʵʽˈˍʹˍʶˌ ̱ ˖ ˄̱ ˊʽ˗˄ ˁˇʽ˄˗˄ ̱ ˏˉ˖˄ ˎ ʵˊʽˍ˗˄Φ ʆ h{Σ a ˁʰ ̔[ h ˒ˇˊˇˏ˄ ̱ ʽˌ ˃ ʽˁˊʷˌΣ 

˃ʶˋʰʾʶˌ ˁʰ ̔˃ʶʴʱ˂ʶˌ ˁˇʽ˂ˈˍʹˍʶˌ ʰ˄ˍʾˋˍˇʽ˔ʰ прΣпсΦ  

 



оф 
 

ʂˉ˖ˌ ʷ˔ʶʽ ˋˎʸʹˍʹʻʶʾ ʰˉˈ ˍˇˎˌ {ƭƻŀƴ Ŝǘ ŀƭΦпр ̱h  ˃ˈˊʽʰ ˍˇˎ ˄ʶˊˇˏ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ 

ʵʶˋ˃ˇˏˌ ˎʵˊˇʴˈ˄ˇˎ ˋʶ ʷ˄ʰ ʲʰˋʽˁˈ ʵˇ˃ʽˁˈ ˋˍˇʽ˔ʶʾˇ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ʵˇ˃ʷˌ όǎLΣ ǎLLΣ ǎIύΣ ̄̌ ˎ 

ˇ˄ˇ˃ʱʸʶˍʰʽ рмн όˉʶ˄ˍʰʴ˖˄ʽˁ ̍ɻ˖ʵʶˁʱʶʵˊύ̌ ʶˉʶʽʵʺ ˎˉʱˊ˔ˇˎ˄ мн ˈ˕ʶʽˌ ˃ˇˊʾ˖˄ ˄ʶˊˇˏ 

ˉʶ˄ˍʰʴ˖˄ʽˁʱ ˋˎ˄ʵʶʵʶ˃ʷ˄˖ ˄̀ ʶ ʰˎˍʺ˄ ˍʹ˄ ˁˇʽ˂ˈˍʹˍʰΦ ɾʷˋʰ ˋˍʹ˄ ˁˇʽ˂ˈˍʹˍʰΣ ˃ʽˁˊʱ 

˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ʰ ˃ˈˊʽʰ ʰʶˊʾ˖˄ ʶʴˁ˂˖ʲʾʸˇ˄ˍʰʽΣ ˃ʶ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ˃ʶˍʰ˒ˇˊʽˁʺ ˁʾ˄ʹˋʹ 

ʰ˂˂ʱ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʴʰ˂ˏˍʶˊʹ ʽˁʰ˄ˈˍʹˍʰ ˉʶˊʽˋˍˊˇ˒ʺˌ ˁʰʽ ʵˈ˄ʹˋʹˌΦ ʆʰ ʵˇ˃ʽˁʱ ˋˍˇʽ˔ʶʾʰ 

рмн ʁ˄˗˄ˇ˄ˍʰʽ ˃ʶ ʱ˂˂ʰ ̀ˍˇʽ˔ʶʾʰ рмн ʁʾˍʶ ˃ʷˋ˖ ˍ˖˄ ˁˇˊˎ˒˗˄ όʵˇ˃ʺ Lύ ʶʾˍʶ ˃ʷˋ˖ ˍ˖˄ рмн 

ˈ˕ʶ˖˄ ˍ˖˄ ʵ˖ʵʶˁʱʶʵˊ˖˄ όʵˇ˃ʺ LLύΦ 

ʍˋˍˈˋˇΣ ˈ˂ʶˌ ˇʽ ʵˇ˃ʷˌ ˉˊʷˉʶʽ ˄ʰ ʴʶ˃ʾˋˇˎ˄ ˔˗ˊˇ ˃ʷˋʰ ˋˍʽˌ ˁˇʽ˂ˈˍʹˍʶˌ ˍˇˎˌ ʴʽʰ ˄ʰ 

ʰˉˇˍˊʷ˕ˇˎ˄ ˍʹ˄ ˁʰˍʰˉˈ˄ʹˋʹ ˁʰʽ ˍʹ ʻˊʰˏˋʹ ˍ˖ ˄ɻ ʶˋ˃˗ ˄ˎ ʵˊˇʴˈ˄ˇˎΦ ʆʰ рмн ̡ ʰˋʽˁʱ 

ʵˇ˃ʽˁʱ ˋˍˇʽ˔ʶʾʰ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ʴʶ˃ʾˋˇˎ˄ ˔˗ˊˇ ˔˖ˊʾˌ ʻˊʰˏˋʹ ʵʶˋ˃ˇˏΣ ˁʰʽ ʷˍˋʽ ˍʰ 

ʵʽʱˁʶ˄ʰ ˃ʶˍʰ˅ˏ ˍ˖˄ рмн ̄ ˂ʶʴ˃ʱˍ˖˄ ʴʶ˃ʾʸˇˎ˄ ˃ʶ ʱ˂˂ʶˌ ˁˇʽ˂ˈˍʹˍʶˌ ˉˇˎ ʰ˄ʰˁˇˎ˒ʾʸˇˎ˄ 

ʰˉˈ ˍʹ˄ ˁʰˍʰˉˈ˄ʹˋʹ ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰˌ ʶ˅ʰʴ˖˄ʽˁʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌ τ ɻˏˇ ˋˍʹ˄ ˁˇʽ˂ˈˍʹˍʰ 

рмнсн ̱ ʹˌ ʵˇ˃ʺˌ L ˁh ʽ ˍʷˋˋʶˊʽˌ ʶ˅ʰʴ˖˄ʽˁʷˌ ˈ˕ʶʽˌ ˋˍˇ рмнсп ̱ ʹˌ ʵˇ˃ʺ ̩LLΣ ʶˁˍˈˌ ʰˉˈ ˍʽˌ 

мн ˉʶ˄ˍʰʴ˖˄ʽˁʷˌ ˈ˕ʶʽˌ ˋʶ ˁʱʻʶ ˁˇʽ˂ˈˍʹˍʰΦ ɴˍˋʽΣ ˍʰ ˁʶ˂ʽʱ ˃ ˉˇˊˇˏ˄ ˄ʰ ˉʶˊʽʷ˔ˇˎ˄ 

˃ʶʴʰ˂ˏˍʶˊʰ ˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ʰ ˃ˈˊʽʰΦ ʆʰ ˁʶ˂ʽʱ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ʲʰˋʽˁʷ̩  

ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʶˌ ˃ˇ˄ʱʵʶˌ ˁˊˎˋˍʱ˂˂˖ ˄˃ ʶ ʰ˄ʰ˂ˇʴʾʶˌ нωрмнҌ сωрмнсн ̀ ˍʹ ʵˇ˃ʺ ɹ 

ˁʰʽ мсωрмн Ҍ уωрмнсп ̀ ˍʹ ʵˇ˃ʺ LLΣ ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ʵʶˁʰʷ˅ʽ рмн ˁ ʰʽ ˇˁˍ˗ рмнсп ̀ ˍʹ 

˃ˇ˄ʱʵʰ ˁˊˎˋˍʱ˂˂ˇˎ ˍʹˌ ʵˇ˃ʺˌ LLΦ ʅˍʹ˄ ̄ʶˊʾˉˍ˖ˋʹ ̱ʹ ̩ɻˇ˃ʺˌ IΣ ˍ hˁʶ˂ʽʱ ̀˔ʹ˃ʰˍʾʸˇˎ˄ 

˃ˇ˄ʱʵʶˌ ˁ ˊˎˋˍʱ˂˂˖˄ ˃  ʁh ˄ʰ˂ˇʴʾʶˌ оωрмнҌмωрмнсуҌнωпорссоΣ ˎ̄ ˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ˍˊʶʽˌ 

рмнΣ ˃ʾ hрмнсу ˁʰʽ ʵˏˇ порссоΦ  ʃʰˊˈ˂ˇ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˍˈˋˇ ˃ʶʴʱ˂ʰ ˈˋˇ ˁʰʽ ˃ʽˁˊʱ ˁʶ˂ʽʱ 

ˋʶ ˁʱʻʶ ˁˊˎˋˍʰ˂˂ʽˁʺ ʵˇ˃ʺΣ ˃ʶˊʽˁʷˌ ˒ˇˊʷˌ ˍ h˃ ʶ˃ˇ˄˖˃ʷ˄ h˃ ˈˊʽʰ ʰʶˊʾ˖˄ ʁ ʾ˄ʰʽ ˉˇ˂ˏ 

˃ʶʴʱ˂ hɹʽʰ ˍˇ ˃ʽˁˊˈˍʶˊˇ ˁʶ˂ʾΣ ˍˇ ˇˉˇʾˇ ˉˊʷˉʶʽ ˄ʰ ʰʵʶʽʱˋʶʽ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ʴʶ˃ʾˋʶʽ ˃ˈ˄ˇ 

ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˁʶ˂ʾΦ ʍˋˍˈˋˇΣ ˃ʽˁˊˈˍʶˊʰ ˃ˈˊʽʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʴʶ˃ʾˋˇˎ˄ ˁʰʽ ˍʰ ʵˏˇ 

ˁʶ˂ʽʱпрΦ  

ɼʰʽ ˋˍʽˌ ˍˊʶʽˌ ʵˇ˃ʷˌΣ ˋˎ˄ʺʻ˖ˌ ˎˉʱˊ˔ʶʽ ˃ˈ˄ˇ ʷ˄ʰ ˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ˇ ˃ˈˊʽˇ ˃ʷˋʰ ˋʶ 

ˁʱʻʶ ˁʶ˂ʾΦ ʍˋˍˈˋˇΣ ˋʶ ʰˋˎ˄ʺʻʽˋˍʶˌ ˋˎ˄ʻʺˁʶˌΣ ˈˉ˖ˌ ʹ ˉˇ˂ˏ ˎ˕ʹ˂ʺ ˉʾʶˋʹΣ ʶʾ˄ʰʽ 

ʵˎ˄ʰˍˈ ˄ʰ ˎˉʱˊ˔ʶʽ ˔ˊʺˋʹ ˉˇ˂˂ʰˉ˂˗˄ ˁʶ˂ʽ˗˄ ˃ ʶ ʰˋˎ˄ʺʻʽˋˍʰ ˃ʽˁˊˇˏˌ ʶˉʽˋˁʷˉˍʶˌΣ 

ˈˉ˖ˌ ˎʵˊˇʴˈ˄ˇ ʺ ʶˎʴʶ˄ʺ ʰʷˊʽʰΦ ɱʽʰ ̄ ʰˊʱʵʶʽʴ˃ʰΣ h̄ ˇʵʶʾ˔ʻʹˁʶпт ̍ ˍʽ ˍˇ ˎʵˊˇʴˈ˄ˇ 

˃ˉˇˊʶʾ ˄ʰ ˋ˔ʹ˃ʰˍʾˋʶʽ ˎʵˊʾˍʶˌ ˋʶ ˉˇ˂ˏ ˎ˕ʹ˂ʺ ˉʾʶˋʹ ˃ʶ ʷ˖ˌ ˁʰʽ ʵˏˇ ˃ˈˊʽʰ ̀ˍˇ ˃ʽˁˊˈ 

ˁʶ˂ʾ ˁ ʰʽ ˍʷˋˋʶˊ h̀ ˍˇ ˃ʶʴʱ˂ˇ ˁʶ˂ʾ ̱ ʹˌ ʵˇ˃ʺˌ ˎ ʵˊʾˍʹ LLΦ ʍˋˍˈˋˇΣ ˍʰ ˉˇ˂ˏ ˃ʽˁˊʱ 



пл 
 

˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ʰ ˃ˈˊʽʰ ˁʰʽ ˇʽ ˉˇ˂˂ʰˉ˂ʷˌ ˁʰˍʰ˂ʺ˕ʶʽˌ ˁʶ˂ʽ˗˄ ʻʶ˖ˊˇˏ˄ˍʰʽ 

ˉʰˊʷˁˁ˂ʽˋʹпрΦ 

ɮ˅ʽˇˋʹ˃ʶʾ˖ˍˇ ʶʾ˄ʰʽ ˈˍʽ ˈˍʰ˄ ʴʶ˃ʾʸˇ˄ˍʰʽ ˈ˂ʶˌ ˇʽ ˁˇʽ˂ˈˍʹˍʶˌ ˎʵˊʾˍʹΣ ˇʽ ˍˊʶʽˌ ˍˏˉˇʽ 

ˁˊˎˋˍʱ˂˂˖˄ ʷ˔ˇˎ˄ ˉʰˊˈ˃ˇʽʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˋˎˋˍʰˍʽˁ˗˄Υ ур Ƴƻƭ҈ ˄ʶˊˈ ˁʰʽ мр Ƴƻƭ҈ 

˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ˇˌόˇʽύΦ ʁ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˎʵˊʾˍʹ ʁ ʾ˄ʰʽ ˉˇ˂ˏ ˉʽʻʰ˄ˈ ˄ʰ ˂ʱʲʶʽ ˔˗ˊʰ ˋˍʹ 

ʵʽʶˉʽ˒ʱ˄ʶʽʰ ˃ʶˍʰ˅ˏ ˍʹˌ ˔ˏʵʹ˄ ˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ʹˌ ˁʰʽ ˍʹˌ ˎʴˊʺˌ ˒ʱˋʹˌΣ ʶˉʶʽʵʺ ˇʽ 

ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˍˇˎ ˋˎˋˍʰˍʽˁˇˏ ̱ ˇˎ ˎʵˊʾˍʹ ˎ ˉʶˊʲʰʾ˄ˇˎ˄ ˁʰˍʱ ˉˇ˂ˏ ˍʽˌ ʰ˃ˇʽʲʰʾʶˌ 

ʵʽʰ˂ˎˍˈˍʹˍʶˌ ˍˇˎ ˎʴˊˇˏΦ ʆˇ ˋˍʶˊʶˈ ˒ʽ˂˃ ˎʵˊʾˍʹ ˋˍʹ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ʵˊʰ ˖ˌ ˒ˊʱʴ˃ʰ ʴʽʰ 

ˍʹ˄ ʰˉˇˍˊˇˉʺ ˉʶˊʰʽˍʷˊ˖ ʶˉʰ˒ʺˌ ˍ˖˄ ˒ʱˋʶ˖˄ ˔ˏʵʹπ˄ˎ ʴˊˇˏ ˁʰʽ ʰˉʰʽˍʶʾˍʰʽ ʰ˄ʰ˄ʷ˖ˋʹ 

ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍˇˎ ˊʶˎˋˍˇˏ ʴʽʰ ˍˇ˄ ˋˎ˄ʶ˔ʺ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˎʵˊʾˍʹпрΦ  

ʁ ˍˏˉˇˌ ˍʹˌ ʵˇ˃ʺˌ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ʶ˅ʰˊˍʱˍʰʽ ˁˎˊʾ˖ˌ ʰˉˈ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ 

˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄ˇˎ ˃ˇˊʾˇˎΦ ɲʹ˂ʰʵʺΣ ˍˇ ˃ʶʻʱ˄ʽˇ ˔˖ˊʱʶʽ ˍˈˋˇ ˋˍˇˎˌ ˃ʽˁˊˇˏˌ ˈˋˇ ˁʰʽ 

ˋˍˇˎˌ ˃ʶʴʱ˂ˇˎˌ ˁ˂˖ʲˇˏˌ ˍˇˎ ǎLΣ ʶ˄˗ ˍˇ ˉˊˇˉʱ˄ʽˇ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʶʴʱ˂ˇ ʴʽʰ ˄ʰ ˔˖ˊʷˋʶʽ 

ˋˍˇ ˃ʶʴʱ˂ˇ ˁʶ˂ʾ ̱ˇˎ ǎL ʰ˂˂ʱ ˃ˉˇˊʶʾ ˄ʰ ˔˖ˊʷˋʶʽ ˋˍˇ ˃ʶʴʱ˂ˇ ˁʶ˂ʾ ̱ˇˎ ǎLL ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ 

ˋ˔ʹ˃ʰˍʾʸʶʽ ˎʵˊʾˍʹ ǎLLΦ ʁʽ ˎɻ ˊʾˍʶˌ ̄ ˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍˇˎˌ ʰʴ˖ʴˇˏˌ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ 

˒ˎˋʽˁˇˏ ʰʶˊʾˇˎ ʶʾ˄ʰʽ ˁˎˊʾ˖ˌ ǎLL ʶˉʶʽʵʺ ˍˇ ˒ˎˋʽˁˈ ʰʷˊʽˇ ˉʶˊʽʷ˔ʶʽ ˃ʶʻʱ˄ʽˇ ˃ʶ ˃ʽˁˊʷˌ 

ˉˇˋˈˍʹˍʶˌ ˃ʶʴʰ˂ˏˍʶˊ˖˄ ˃ˇˊʾ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˈˉ˖ˌ ˍˇ ˉˊˇˉʱ˄ʽˇ ˁʰʽ ˍˇ 

ʽˋˇʲˇˎˍʱ˄ʽˇпуΦ ɮ˄ˍʾʻʶˍʰΣ ʹ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˒ˎˋʽˁ˗˄ ʰˉˇʻʶ˃ʱˍ˖˄ ˎʵˊʽˍ˗˄ ʰʶˊʾ˖˄ 

ʶʾ˄ʰʽ ǎL ʶˉʶʽʵʺ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˃ʶʻʱ˄ʽˇ όʰˉˈ ʲʽˇʴʶ˄ʶʾˌ ˉʹʴʷˌύ ˁʰʽ ʵʶ˄ ˉʶˊʽʷ˔ˇˎ˄ 

ʲʰˊˏˍʶˊˇˎˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌΦ ɳ˅ʰʽˊʷˋʶʽˌ ʰˉˇˍʶ˂ˇˏ˄ ˍʰ ʻʶˊ˃ˇʴʶ˄ʺ ˁˇʽˍʱˋ˃ʰˍʰ 

ˎʵˊʽˍ˗˄ h ʶˊʾˇˎ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ʲʰˊˏˍʶˊˇˎˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ 

ˋ˔ʹ˃ʰˍʾʸˇˎ ˄ǎLL ˁʰʽ ˋʶ ˋˉʰ˄ʽˈˍʶˊʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ǎIпоΦ  

нΦо ʅˍˈ˔ˇʽ 

ʃˊ˖ˍʰˊ˔ʽˁˇˏ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʶʾ˄ʰʽ ˍʰ ˃ʾʴ˃ʰˍʰ ʰʶˊʾ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ 

ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˋˎˋˍʰˍʽˁʱ ˈˉ˖ˌ ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰΣ 

ʱʸ˖ˍˇΣ ˎʵˊˇʴˈ˄ˇΣ ˃ʶʻʱ˄ʽˇΣ ʰʽʻʱ˄ʽˇΣ ˉˊˇˉʱ˄ʽˇΣ ˎʵˊˈʻʶʽˇ ˁʰʽ ˇ˅ˎʴˈ˄ˇΦ ʆʰ 

ʶ˅ʶˍʰʸˈ˃ʶ˄ʰ ˃ʾʴ˃ʰˍʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷ˄ʰ ʰˉˈ ˍʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ 

ʰʷˊʽʰΦ 

ʆʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˎʵˊʽˍ˗˄ h ˉʰ˄ˍ˗˄ˍʰʽ ʶʾˍʶ ˁʰˍʱ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ˁʰʽ ˃ʶˍʰ˒ˇˊʱ ˒ˎˋʽˁˇˏ ʰʶˊʾˇˎκˉʶˍˊʶ˂ʰʾˇˎ όʲʽˇ˃ʹ˔ʰ˄ʾʰ ζǳǇǎǘǊŜŀƳηύ ʶʾˍʶ 



пм 
 

ˁʰˍʱ ˍˇ˄ ʵʽʰ˔˖ˊʽˋ˃ˈκˁʰʻʰˊʽˋ˃ˈ ˃ʶʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄ ˃ʶ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˋʶ ʵʽˎ˂ʽˋˍʺˊʽʰ 

ˁʰʽ ˉʶˍˊˇ˔ʹ˃ʽˁʷˌ όζŘƻǿƴǎǘǊŜŀƳηύ ʲʽˇ˃ʹ˔ʰ˄ʾʶˌΦ 

ʁ ˁˏˊʽˇˌ ˋˁˇˉˈˌ ʰˎˍʺˌ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʺˍʰ˄ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌΣ ʹ ˁʰˍʰˋˁʶˎʺ ˁʰʽ ʹ 

ʵˇˁʽ˃ʺκʶˉʽˁˏˊ˖ˋʹ ˃ʽʰˌ ˄ʷʰˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ˋˎˋˁʶˎʺˌ ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ 

ʽˋˇˊˊˇˉʾʰˌ ˍˊʽ˗˄ ˒ʱˋʶ˖˄ ˍ˖˄ ˎʵˊʽˍ˗˄ ˁʰʻʰˊ˗ ˄hʶˊʾ˖ ˄ˁʰʽ ʰʶˊʾ˖˄ ˃ʽʴ˃ʱˍ˖˄Φ 

ɶ ˄ʷʰ ˉʶʽˊʰ˃ʰˍʽˁʺ ˋˎˋˁʶˎʺ ˋ˔ʶʵʽʱˋˍʹˁʶ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ʶˁˍʶ˂ʶʾ ˃ʶ 

ʶˉʽˍˎ˔ʾʰ ˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ʶˊʴʰˋʾʶˌΥ 

¶ ɿʰ ˃ʶˍˊʱʶʽ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˉʾʶˋʹˌ όtύ ˁhʽ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ό¢ύ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ 

ʵʽ˒ʰˋʽˁ˗˄ ό[ǿς±ύ ̋ ˍˊʽ˒ʰˋʽˁ˗˄ όIς[ǿς± ̋ Iς[ǿς[Ǝύ ̔̀ ˇˊˊˇˉʽ˗˄ ˁʰʻʰˊ˗˄ 

ʰʶˊʾ˖˄ ʺ ˃ʶʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄Σ ˁʰʽ 

¶ ɿʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ ˉˇˋˇˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ˎʴˊʺˌ ˒ʱˋʹˌ όʵʹ˂ʰʵʺΣ ˃ʶˍˊʺˋʶʽˌ 

ʵʽʰ˂ˎˍˈˍʹˍʰˌύ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ʵʽ˒ʰˋʽˁʺˌ ό[ǿς±ύ ̋ ˍˊʽ˒ʰˋʽˁʺˌ 

όIς[ǿς± ̋ Iς[ǿς[Ǝύ ɹˋˇˊˊˇˉʾʰˌΦ 

ɾʽʰ ˋʹ˃ʰ˄ˍʽˁʺ ˁʰʽ˄ˇˍˇ˃ʾʰ ˍʹˌ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ʹˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ˋˎˋˁʶˎʺˌ ʺˍʰ˄ 

ˈˍʽ ˁʰˍʱ˒ʶˊʶ ˄ʰ ʶˁˍʶ˂ʷˋʶʽ ˃ʶ ʶˉʽˍˎ˔ʾʰ ˍʽˌ ʵˏˇ ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʶˌ ʶˊʴʰˋʾʶˌΣ 

ʵʽʰˍʹˊ˗˄ˍʰˌ ˉʰˊʱ˂˂ʹ˂ʰ ˍˇ ˁˈˋˍˇˌ ˁʰˍʰˋˁʶˎʺˌ ʶ˄ˍˈˌ ˍˇˎ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇˎ ʵʽʰʻʷˋʽ˃ˇˎ 

ˉˊˇːˉˇ˂ˇʴʽˋ˃ˇˏΦ 

ʆʷ˂ˇˌΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʽʰ ʶˁˍʶ˄ʺˌ ʰ˅ʽˇ˂ˈʴʹˋʹ ʶ˄ˈˌ ʰˉ˂ˇˏ ˃ˇ˄ˍʷ˂ˇˎ ʴʽʰ 

ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍˊʽ˒ʰˋʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ ˎʵˊʽˍ˗˄ ˃ʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ 

ˉˊʰˁˍʽˁˈ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʴʽʰ ˍˇˎˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏˌ ˃ʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄Φ ʁʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˍˇˎ 

ʰˉ˂ˇˏ ˃ˇ˄ˍʷ˂ˇˎ ˋˎʴˁˊʾʻʹˁʰ˄ ˃ʶΥ όƛύ ʶˁˍʶˍʰ˃ʷ˄ʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ όƛƛύ 

ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˃ʶ ʷ˄ʰ˄ ʶ˃ˉˇˊʽˁˈ ˉˊˇˋˇ˃ˇʽ˖ˍʺ ό/{aDŜƳмύΦ 

нΦп ɲˇ˃ʺ ɲʽʰˍˊʽʲʺˌ 

ʅˍˇ ˍˊʾˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍʺˌ ˍʹˌ ʵʽʰˍˊʽʲʺˌΣ ʶ˅ʶˍʱʸˇˎ˃ʶ ˍʽˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶ˂ʷˍʶˌ ˉˇˎ 

ʷ˔ˇˎ˄ ʰ˄ʰ˒ʷˊʶʽ ˃ʶˍˊʺˋʶʽˌ ˎʵˊʽˍ˗˄ ˍˊʽ˒ʰˋʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌΦ ɳˋˍʽʱʸˇˎ˃ʶ ˁˎˊʾ˖ˌ ˋʶ 

˃ʶ˂ʷˍʶˌ ˉˇˎ ʵʹ˃ˇˋʽʶˏʻʹˁʰ˄ ˃ʶˍʱ ˍˇ ʷˍˇˌ нллуΦ ɳˉʽˉ˂ʷˇ˄Σ ʰ˄ʰ˒ʷˊˇˎ˃ʶ ˃ˈ˄ˇ ˃ʶ˂ʷˍʶˌ 

ˉˇˎ ʶ˅ʶˍʱʸˇˎ˄ ˃ʾʴ˃ʰˍʰ ʰʶˊʾ˖˄ ʵˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˋˎˋˍʰˍʽˁ˗˄ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ 

ˇˉˇʽˇʵʺˉˇˍʶ ʰˉˈ ˍʰ ʶ˄˄ʷʰ ˋˎˋˍʰˍʽˁʱ ˉˇˎ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˋˍʹ˄ ɳ˄ˈˍʹˍʰ мΦнΦ ʆʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʺˌ ˍʹˌ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺˌ ˃ʶ˂ʷˍʹˌ ʷ˔ˇˎ˄ ʵʹ˃ˇˋʽʶˎʻʶʾ ˋʶ 

ʰ˄ʰˋˁˈˉʹˋʹпфΦ 



пн 
 

ʅˍˇ ˍʷˍʰˊˍˇ ˁ ʶ˒ʱ˂ʰʽˇ ʰˎˍʺˌ ˍʹˌ ʵʽʰˍˊʽʲʺˌΣ ˋˎʸʹˍʱ˃ʶ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˁʰʽ ˍʹ 

ʵˇˁʽ˃ʺκʶˉʽˁˏˊ˖ˋʹ ˍʹˌ ˄ʷʰˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ˋˎˋˁʶˎʺˌΦ 

ʃʶʽˊʰ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ˃ʷˍˊʹˋʹ ˋˎ˄ʻʹˁ˗˄ ʽˋˇˊˊˇˉʾʰˌ 

ˍˊʽ˗˄ ˒ʱˋʶ˖˄ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʰˉˈ ˍˎˉʽˁʷˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ 

˃ʶ˂ʷˍʶˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˇʽ {ƭƻŀƴ ˁʰʽ YƻƘм ̄ ʰˊʶʾ˔ʰ˄ ˃ʽʰ ˂ʶˉˍˇ˃ʶˊʺ ˂ʾˋˍʰ 

ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ˃ʶˍˊʺˋʶ˖˄ ˁʰʽ ˍʶ˔˄ʽˁ˗˄ ˁʰʽ ʷ˄ʰ ˂ʶˉˍˇ˃ʶˊʷˌ ʰˊ˔ʶʾˇ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ 

˃ʶˍˊʺˋʶ˖˄ ˎʵˊʽˍ˗˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰˉˈ ˍˇ bL{¢ омΦ ʁʽ 9ǎƭŀƳƛƳŀƴŜǎƘ Ŝǘ ŀƭΦрл h˄ʷ˒ʶˊʰ˄ 

˃ʽʰ ʶˁˍʶ˄ʺ ʰ˄ʰˋˁˈˉʹˋʹ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ˃ʶ˂ʶˍ˗˄ ˎʵˊʽˍ˗˄ ̄ ˇˎ ʰ˒ˇˊˇˏ˄ ʁ ˒ʰˊ˃ˇʴʷˌ 

ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˃ʾʴ˃ʰˍˇˌ hʶˊʾ˖˄Φ 

ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱΣ ʹ ˉˇˋˇˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ˎʴˊʺˌ ˒ʱˋʹˌ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˉʽˇ 

ˉʶˊʾˉ˂ˇˁʹ ˁʰʽ ˖ˌ ʶˁ ˍˇˏˍˇˎΣ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾ ˃ˈ˄ˇ ʷ˄ʰˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇˌ ʰˊʽʻ˃ˈˌ 

˃ʶ˂ʶˍ˗˄ όʵʹ˂ʰʵʺΣ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ʰˎˍʷˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˉˊ˗ˍʹ ʶˊʴʰˋʾʰύ ˉˇˎ 

ˉˊˇ˔˖ˊˇˏ˄ ˋˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ʸʹˍʺ˃ʰˍˇˌ ˍʹˌ ˃ʷˍˊʹˋ́ ̩̱ ˖˄ 

ʵʽʰ˂ˎˍˇˍʺˍ˖˄ ˎʵˊʽˍ˗˄ ˒ʽ˂ˇ˅ʶ˄ˇˏ˃ʶ˄˖ ˄̀ˍʹ˄ ˎʴˊʺ ˒ʱˋр́мπстΦ  

ɳ˄˗ ʹ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ʰˎˍ˗˄ ˍ˖˄ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ˃ʶ˂ʶˍ˗˄ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ 

˃ʷˍˊʹˋʹ ˍ˖˄ ʵʽʰ˂ˎˍˇˍʺˍ˖˄ ˒ʽ˂ˇ˅ʶ˄ˇˎ˃ʷ˄˖˄ ʰʶˊʾ˖˄ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˎʵˊʽˍ˗˄ 

ˁʰʻʰˊˇˏ h ʶˊʾˇˎрмπсмΣ ̫˄ ʰˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇˌ ʰˊʽʻ˃ˈˌ ˃ʶ˂ʶˍ˗˄ ʶˋˍʽʱʸʶˍʰʽ ˋˍʹ ˃ʷˍˊʹˋʹ 

ˍ˖˄ ʵʽʰ˂ˎˍˇˍʺˍ˖˄ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˎʵˊʽˍ˗˄ ˃ʽʴ˃ʱˍ˖˄ ʰʶˊʾˇˎснπстΦ 

ɶ ˉʶʽˊʰ˃ʰˍʽˁʺ ˋˎˋˁʶˎʺ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ˁʶ˂ʾ t±¢ ˎ˕ʹ˂ʺˌ ˉʾʶˋʹˌ ˃ʶ ʷ˄ʰ˄ 

ˁ˂ʱʵˇ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ ʰʶˊʾˇˎ ˁʰʽ ˎʴˊˇˏΣ ˉˇˎ ˉʶˊʽˁ˂ʶʾʶˍʰʽ ˋʶ ʷ˄ʰ ʻʱ˂ʰ˃ˇ ʰʷˊʰ ˃ ʶ 

ʻʶˊ˃ˇˋˍʱˍʹΣ ˃ʰʸʾ ˃ʶ ʹ˂ʶˁˍˊˇ˄ʽˁˈ ʶ˅ˇˉ˂ʽˋ˃ˈ ˁ ʰʽ ʶ˅ˇˉ˂ʽˋ˃ˈ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌΦ ʁ 

ˁ˂ʱʵˇˌ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ ʰʶˊʾˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ˄ ʲˊˈʴ˔ˇ ʵʶʾʴ˃ʰˍˇˌ ˃ʶˍʰ˅ˏ ʵˏˇ 

ʲʰ˂ʲʾʵ˖˄Σ ʶ˄˗ ˇ ˁ˂ʱʵˇˌ ˍˇˎ ˎʴˊˇˏ ʵʶʾʴ˃ʰˍˇˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ˄ ˉʰˊˈ˃ˇʽˇ ʲˊˈ˔ˇ 

ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ ˁʰʽ ˃ʽʰ ˉʰˊʰˁʶʾ˃ʶ˄ʹ ˁˎ˕ʷ˂ʹ ʶˁˍˈ˄˖ˋʹˌ ˉʾʶˋʹˌΣ ˈˉˇˎ ˍˇ ˎʴˊˈ 

ʵʶʾʴ˃ʰ ʶˁˍˇ˄˗˄ʶˍʰʽ ˁ ʰʽ ʰ˒ʺ˄ʶˍʰʽ ˄ʰ ʵʽʰˋˍʰ˂ʶʾΦ ɼʰʽ ˇʽ ʵˏˇ ˁ˂ʱʵˇʽ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ 

ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ʷ˄ʰ˄ ˔ˊ˖˃ʰˍˇʴˊʱ˒ˇ ʰʶˊʾ˖˄ όD/ύ ˃ʷˋ˖ ˃ʽʰˌ ̱ˊʾˇʵʹˌ ̡ʰ˂ʲʾʵʰˌ ʴʽʰ ˍʹ˄ 

ʰ˄ʱ˂ˎˋʹ ˍʹˌ ˋˏ˄ʻʶˋʹˌ ˍˇˎ ʰʶˊʾˇˎ ˃ʾʴ˃ʰˍˇˌΦ ɴ˄ʰ ˔ʽˍ˗˄ʽˇ ʶ˂ʷʴ˔ˇˎ ʻʶˊ˃ˇˁˊʰˋʾʰˌ 

ʶʾ˄ʰʽ ˋˍʰʻʶˊʱ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇ ʴˏˊ˖ ʰˉˈ ˍˇ ˁʶ˂ʾ t±¢ ˁʰʽ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ 

ʶ˂ʷʴ˔ˇˎ ʻʶˊ˃ˇˁˊʰˋʾʰˌΦ ʆˇ ˁʶ˂ʾ t±¢ ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍˇ ʵˇ˔ʶʾˇ ˉˊˇʶˍˇʽ˃ʰˋʾʰˌ 

ʰʶˊʾ˖Φ˄ ɴ˄ʰ ˃ʾʴ˃ʰ ʰʶˊʾ˖˄ ˃ʶ ˍʹ˄ ʁˉʽʻˎ˃ʹˍʺ ˋˏ˄ʻʶˋʹ ˉʰˊʰˋˁʶˎʱʸʶˍʰʽ ˋˍˇ ˉˊ˖ˍʶˏˇ˄ 

ʵˇ˔ʶʾˇΦ 



по 
 

ɱʽʰ ˄ʰ ˉʰˊʰ˔ʻʶʾ ˍˇ ˃ʾʴ˃ʰ ʰʶˊʾ˖˄Σ ˍˇ ˉˊ˖ˍʶˏˇ˄ ʵˇ˔ʶʾˇ ˁʰʻʰˊʾʸʶˍʰʽ ̄ ˊ˗ˍʰ ˃ʶ 

ˁʰʻʰˊʽˋ˃ˈ ˃ʶ ʱʸ˖ˍˇ ˎ˕ʹ˂ʺˌ ˁʰʻʰˊˈˍʹˍʰˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶˁˁʶ˄˗˄ʶˍʰʽ ˃ ʶ 

ˋˍˊˇʲʽ˂ˇ˃ˇˊʽʰˁʺ ʰ˄ˍ˂ʾʰ ˁʶ˄ˇˏ ό̀ ʶ ˉʾʶˋʹ млπс ƳōŀǊύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʹ ˉ˂ʺˊ˖ˋʹ ˍˇˎ 

ʵˇ˔ʶʾˇˎ ʰ˄ʱ˃ʽ˅ʹˌ ʴʾ˄ʶˍʰʽ ʁ ʽˋʱʴˇ˄ˍʰˌ ˁʱʻʶ ʰʷˊʽˇ ˋˎˋˍʰˍʽˁˈ ˅ʶ˔˖ˊʽˋˍʱ ˃ʷ˔ˊʽ ˃ʽʰ 

ˇˊʽˋ˃ʷ˄ʹ ˉʾʶˋʹΦ ɾʶˍʱ ˍʹ˄ ˉ˂ʺˊ˖ˋʹΣ ˍˇ ˃ʶʾʴ˃ʰ ʰʶˊʾ˖˄ ˉˊʷˉʶʽ ˄ʰ ʰ˄ʰ˃ʶʽ˔ʻʶʾ ˁʰ˂ʱ 

ʴʽʰ ˄ʰ ʵʽʰˋ˒ʰ˂ʽˋˍʶʾ ˈˍʽ ˈ˂ʰ ˍʰ ˋˎˋˍʰˍʽˁʱ ʶʾ˄ʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰ ˋʶ ˈ˂ˇ ˍˇ 

ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇˎ ʵˇ˔ʶʾˇˎΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˍˇ ˃ʾʴ˃ʰ ʰʶˊʾ˖˄ ˋˎ˃ˉʽʷʸʶˍʰʽ hˉˈ ˍˇ˄ ʶ˄ʽˋ˔ˎˍʺ ̄ʾʶˋʹˌ όōƻƻǎǘŜǊύ ̀ˍˇ 

ˁʶ˄ˈ ˁʶ˂ʾ ˎ˕ʹ˂ʺˌ ˉʾʶˋʹˌΣ ʷ˖ˌ ˈˍˇˎ ʶˉʽˍʶˎ˔ʻʶʾ ˁʰˍʱ ˉˊˇˋʷʴʴʽˋʹ ʹ ʶˉʽʻˎ˃ʹˍʺ ʰˊ˔ʽˁʺ 

ˉʶʽˊʰ˃ʰˍʽˁʺ ˉʾʶˋʹ ˁʰʽ h ˄ʰ˂ˏʶˍʰʽ ˃ ʷˋ˖ ˍˇˎ ˁ˂ʱʵˇˎ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ ʰʶˊʾˇˎ ʴʽʰ ˄ʰ 

ʷ˔ʶʽ ˍʹ˄ ʰˊ˔ʽˁʺ ˋˏ˄ʻʶˋʹΦ ʁʽ ˁ˂ʱʵˇʽ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌΣ ˍˇ ˁʶ˂ʾ t±¢Σ ˇ ˁ˂ʱʵˇˌ D/Σ ˁʰʻ˗ˌ 

ˁʰʽ ˍˇ ˉˊ˖ˍʶˏˇ˄ ʵˇ˔ʶʾˇ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˃ʽʰ ˋˍˊˇʲʽ˂ˇ˃ˇˊʽʰˁʺ ʰ˄ˍ˂ʾʰ ˎ˕ʹ˂ˇˏ ˁʶ˄ˇˏ 

ˎˉˇʲˇʹʻˇˏ˃ʶ˄ʹ ʰˉˈ ˃ʽʰ ˉʶˊʽˋˍˊˇ˒ʽˁʺ ʰ˄ˍ˂ʾʰ ˁ ʶ˄ˇˏΣ ˗ˋˍʶ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʶˁˁʶ˄˖ʻˇˏ˄ ˈˍʰ˄ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇΦ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉʶʽˊʰ˃ʱˍ˖˄ ˃ʶ ʵˎʰʵʽˁʱ ˃ʾʴ˃ʰˍʰ ʰʶˊʾ˖˄ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ 

˔ˊʺˋʹ ̝ ˊ˖˃ʰˍˇʴˊʱ˒ˇˎ ʰʶˊʾ˖˄ D/Σ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍˊʹʻʶʾ ˃ʶ ʰˁˊʾʲʶʽʰ ʹ 

ˋˏˋˍʰˋʹ ˍ˖˄ ˃ʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʹ ʰ˄ʱ˂ˎˋʹ D/ ̄́ ʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʴʽʰ 

ˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ˍˊʶʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌΥ όƛύ ˁʰˍʱ ˍʹ˄ ˉʰˊʰˋˁʶˎʺ ˍˇˎ ʰˊ˔ʽˁˇˏ ʰʶˊʾˇˎ 

˃ʾʴ˃ʰˍˇˌ ˉˇˎ ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ˋˍˇ ˁʶ˂ʾ t±¢Σ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʹ ˋˏ˄ʻʶˋʹ ˍˇˎ ˃ʾʴ˃ʰˍˇˌ 

ʰʶˊʾ˖˄ ˋˍˇ ʵˇ˔ʶʾˇ ˉˊˇʶˍˇʽ˃ʰˋʾʰˌΦ όƛƛύ ɶ ˋˏ˄ʻʶˋʹ ˍʹˌ ˍʶ˂ʽˁʺˌ ʰʷˊʽʰˌ ˒ʱˋʹˌ όʵʹ˂ʰʵʺΣ 

ʰ˒ˇˏ ʶˉʽˍʶˎ˔ʻʶʾ ˉ˂ʺˊʹˌ ʶ˅ʽˋˇˊˊˈˉʹˋʹύ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʶˉʾˋʹˌ ˃ʷˋ˖ ʰ˄ʱ˂ˎˋʹˌ D/Φ όƛƛƛύ 

ɴ˄ʰ ˎʴˊˈ ʵʶʾʴ˃ʰ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˃ʶˍʱ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˉ˂ʺˊˇˎˌ ʶ˅ʽˋˇˊˊˈˉʹˋʹˌ 

ʶˁˍˇ˄˗˄ʶˍʰʽ ̀ ˍ̌ ˁʶ˂ʾ ʰ˄ʰˁˇˏ˒ʽˋʹˌ ˉʾʶˋʹˌ ˁʰʽ ʹ ˉˊˇˁˏˉˍˇˎˋʰ ʰʷˊʽʰ ˒ʱˋʹ ʰ˄ʰ˂ˏʶˍʰʽ 

˃ʶ D/Φ ɶ ˉˊ˗ˍʹ ˁʰʽ ʹ ʵʶˏˍʶˊʹ ˉʶˊʾˉˍ˖ˋʹ ʵʽʶˎˁˇ˂ˏ˄ˇ˄ˍʰʽ ˃ʷˋ˖ ˍˇˎ ˁ˂ʱʵˇˎ 

ʵʶʾʴ˃ʰˍˇˌ ʰʶˊʾˇˎΣ ʶ˄˗ ʹ ˍˊʾˍʹ ˉʶˊʾˉˍ˖ˋʹ ˃ʷˋ˖ ˍˇˎ ˁ˂ʱʵˇˎ ʵʶʾʴ˃ʰˍˇˌ ˎʴˊˇˏΦ 

ʆˇ ʵʶʾʴ˃ʰ ʰʶˊʾˇˎ ʰ˄ʰ˂ˏʶˍʰʽ ʶˁˍˇ˄˗˄ˇ˄ˍʰˌ ̱ ˇ ʵʶʾʴ˃ʰ ˃ʷˋ˖ ˍˇˎ D/Σ ʷ˖ˌ ˈˍˇˎ ʹ 

ˉʾʶˋʹ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺΦ ɾʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ D/ ʁʾ ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʰ ʰˉˈ ˍʹ˄ ˉʾʶˋʹΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ 

ˋ ʁ˃ˇˊ˒ʺ ˉˇˋˇˋˍʽʰʾʰˌ ˃ˇˊʽʰˁʺˌ ˋˏ˄ʻʶˋʹˌΦ ʆˇ ˎʴˊˈ ʵʶʾʴ˃ʰ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˃ʶ ʵʽʰˋˍˇ˂ʺ 

ˍʹˌ ˒ʱˋʹˌ ʰˍ˃ˇˏ ʰˉˈ ˍˇ ˁʶ˂ʾ h˄ʰˁˇˏ˒ʽˋʹˌ ˉʾʶˋʹˌ ˋˍˇ˄ ʲˊˈ˔ˇ D/Σ ˇ ˇˉˇʾˇˌ ʲˊʾˋˁʶˍʰʽ 

ˎˉˈ ˎ˕ʹ˂ˈ ˁʶ˄ˈΦ ɶ ˉʾʶˋʹ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʶʾ˄ʰʽ ˋˎ˔˄ʱ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʰˉˈ ˍʹ˄ 



пп 
 

ʰˍ˃ˇˋ˒ʰʽˊʽˁʺΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ D/ ˂h ˃ʲʱ˄ˇ˄ˍʰʽ ˋʶ ˃ˇˊ˒ʺ ˃ʶˊʽˁ˗˄ ˉʽʷˋʶ˖˄ 

ʰʶˊʾˇˎΦ 

ʅˍʰ ˁʶ˒ʱ˂ʰʽʰ рπт ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʰˎˍʺˌ ˍʹˌ ˃ʶ˂ʷˍʹˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΥ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ рΣ ʹ ˋˎˋˁʶˎʺ ʶˉʽˁˎˊ˗ʻʹˁʶ ʶˁˍʶ˂˗˄ˍʰˌ ˉʶʽˊʱ˃ʰˍʰ ˃ʷˍˊʹˋʹˌ 

ʽˋˇˊˊˇˉʾʰˌ ˎʵˊʾˍʹ ʴʽʰ ʵˏˇ ˋˎˋˍʺ˃ʰˍʰ ˎʵˊʽˍ˗˄ ˁʰʻʰˊ˗˄ ʰʶˊʾ˖˄ όʵʹ˂ʰʵʺ /hн Ҍ Iнh 

ˁʰʽ /Iп Ҍ IнhύΦ ɱʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈΣ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ɻˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ 

˃ʷʻˇʵˇʽΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ʹ ˃ʷʻˇʵˇˌ ʰ˄ʰʸʺˍʹˋʹˌ ʽˋˇ˔ˇˊʽˁʺˌ ˉʾʶˋʹˌ 

όLǎƻŎƘƻǊƛŎ tǊŜǎǎǳǊŜ {ŜŀǊŎƘΣ Lt{ύ ɹ̔ ʰ ˍʹ ˃ʷˍˊʹˋʹ ʶˉˍʱ ˍˊʽ˒ʰˋʽˁ˗˄ ˋʹ˃ʶʾ˖˄ ʽˋˇˊˊˇˉʾʰˌ 

tς¢ ɹ̔ ʰ ˍˇ ˉˊ˗ˍˇ ˋˏˋˍʹ˃ʰ ˁʰʽ ʵˏ ̌̀ ʹ˃ʶʾ˖˄ ɹ ʽʰ ˍˇ ʵʶˏˍʶˊˇ ˋˏˋˍʹ˃ʰΦ ɳ˄ʰ˂˂ʰˁˍʽˁʱΣ 

ʶ˒ʰˊ˃ˈˋˍʹˁʶ ʹ ˃ʷʻˇʵˇˌ ʵʽʱˋˍʰˋʹˌ ˇˊʾ˖˄ ˒ʱˋʹˌ όtƘŀǎŜ .ƻǳƴŘŀǊȅ 5ƛǎǎƻŎƛŀǝƻƴΣ t.5ύ 

ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍʶˋˋʱˊ˖˄Σ ˍˊʽ˒ʰˋʽˁ˗˄ ˋʹ˃ʶʾ˖˄ ʽˋˇˊˊˇˉʾʰˌ tς¢ ɹʽʰ ˍˇ ˉˊ˗ˍˇ 

ˋˏˋˍʹ˃ʰ ˁ ʰʽ ʶ˄ˈˌ ɹ ʽʰ ˍˇ ʵʶˏˍʶˊˇ ˋˏˋˍʹ˃ʰΦ ʅˎ˄ˇ˂ʽˁʱΣ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ʶʾˁˇˋʽ 

ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˍˊʽ˒ʰˋʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ tπ¢ ɹ̔ ʰ ʵˏˇ 

ˋˎˋˍʺ˃ʰˍʰ ˎʵˊʽˍ˗˄ ˁʰʻʰˊ˗˄ ʰʶˊʾ˖˄ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄ ˋˍʹ˄ ˉʰˊˇˏˋʰ ˃ʶ˂ʷˍʹΦ ʁʽ 

˃ʶˍˊʺˋʶʽˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˃ʶ ˍʽˌ ʰ˄ʰ˒ʶˊˈ˃ʶ˄ʶˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ 

ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˁʰʽ ʲˊʷʻʹˁʶ ˉˇ˂ˏ ˁʰ˂ʺ ˋˎ˃˒˖˄ʾʰ ˁʰʽ ʴʽʰ ˍʰ ʵˏˇ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ 

ʶ˅ʶˍʱˋˍʹˁʰ˄Φ 

ɾʶ ʲʱˋʹ ˍʽˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʰˌ ˃ʶˍˊʺˋʶʽˌ ˋˍʹ ˋˍʶ˄ʺ ʴʶʽˍˇ˄ʽʱ ˁʱˍ˖ ˁʰʽ ˉʱ˄˖ ʰˉˈ 

ˍˇ ʰ˄˗ˍʶˊˇ ˍʶˍˊʰˉ˂ˈ ˋʹ˃ʶʾˇ ̔ ˋˇˊˊˇˉʾʰˌ όǳǇǇŜǊ ǉǳŀŘǊǳǇƭŜ ǇƻƛƴǘΣ ̱̍ ʰ˄ ʵʹ˂ʰʵʺ 

ˍʷˋˋʶˊʽˌ ˒ʱˋʶʽˌ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ʽˋˇˊˊˇˉʾʰΥ Iҍ[²ς[Ǝς±ύΣ vнΣ ɹ̔ ʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ /hн Ҍ IнhΣ ˃ ˉˇˊʷˋʰ˃ʶ ʶˉʾˋʹˌ ˄ʰ ˉʰˊʷ˔ˇˎ˃ʶ ˃ ʽʰ ʶˁˍʾ˃ʹˋʹ ˍʹˌ 

ˍˇˉˇʻʶˋʾʰˌ ˍˇˎ ʰ˄˗ˍʶˊˇˎ ˍʶˍˊʰˉ˂ˇˏ ˋʹ˃ʶʾˇˎ ʽˋˇˊˊˇˉʾʰˌΦ ɱʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈ 

ˉˊˇˋʰˊ˃ˈˋʰ˃ʶ ̱ ʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ˃ʰˌ ʵʶʵˇ˃ʷ˄ʰ ˁʱˍ˖ ˁʰʽ ˉʱ˄˖ ʰˉˈ ˍˇ vн ̀ ʶ ʵˏˇ 

ʲʷ˂ˍʽˋˍʶˌ ˁʰ˃ˉˏ˂ʶˌ ˁʰʽ ˍˇ vн ˎ ˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ ˍˇ ˋʹ˃ʶʾˇ ˈˉˇˎ ˍʷ˃˄ˇ˄ˍʰʽ ˇʽ ʵˏˇ 

ˁʰ˃ˉˏ˂ʶˌΦ ɮˁˇ˂ˇˎʻ˗˄ˍʰˌ ˃ʽʰ ˍʷˍˇʽʰ ˉˊˇˋʷʴʴʽˋʹ ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ˍˇ vн ̀ ʶ 2.09.282 °

Y ˁ ʰʽ 03.057.4 °  atŀΦ ʁʽ ˍˊʷ˔ˇˎˋʶˌ ˍʽ˃ʷˌ ˋˎ˃˒˖˄ˇˏ˄ ˁʰ˂ʱ ˃ʶ ˍʽˌ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˉˇˎ 

ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΣ ˁʰʻ˗ˌ ˁʰʽ ˃ʶ ˍʹ˄ ˍʽ˃ʺ ˉˇˎ ˎˉˇ˂ˇʴʾʸʶˍʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ˄ ʶ˃ˉˇˊʽˁˈ ˉˊˇˋˇ˃ˇʽ˖ˍʺ /{aDŜƳΦ 

ɮ˄ʰ˒ʷˊʰ˃ʶ ʶˉʾˋʹˌ ˃ʶˍˊʺˋʶʽˌ ʵʽʰ˂ˎˍˇˍʺˍ˖˄ ʰʶˊʾˇˎ ˋˍʹ˄ ˎʵʰˍʽˁʺ ˒ʱˋʹ ˁʰˍʱ ˍʹ 

ʵʽʱˊˁʶʽʰ ˋˎ˄ʻʹˁ˗˄ ̱ ˊʽ˒ʰˋʽˁʺˌ ̔ ˋˇˊˊˇˉʾʰˌ όIς[ǿς± ̋ Iς[ǿς[ƎύΦ ʃʰˊʰˍʹˊʶʾˍʰʽ ˁʰ˂ʺ 

ˋˎ˃˒˖˄ʾʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ʶˍˊˇˏ˃ʶ˄˖˄ ˁʰʽ ˍ˖˄ ʰ˄ʰ˒ʶˊˈ˃ʶ˄˖˄ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ 



пр 
 

ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʺ ˎˉˇ˂ˇʴʽˋ˃ʷ˄˖˄ ˍʽ˃˗˄Σ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʵʽʰ˂ˎˍˇˍʺˍʰˌ ˍˇˎ /IпΣ ʁ˄ ˗ 

ʶˏ˂ˇʴʹ ˋˎ˃˒˖˄ʾʰ ʲˊʾˋˁʶˍʰʽ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ /hнΦ ɳˁˍˈˌ ʰˉˈ ˍʹ˄ ʶˉʽˁˏˊ˖ˋʹ 

ˍʹˌ ˋˎˋˁʶˎʺˌΣ ʰ˄ʰ˒ʷˊʰ˃ʶ ʶˉʾˋʹˌ ˃ʶˍˊʺˋʶʽˌ ˋʶ ˉʶˊʽˇ˔ʷˌ ˉʾʶˋʹˌκʻʶˊ˃ˇˁˊʰˋʾʰˌ ˈˉˇˎ 

ˎˉʺˊ˔ʰ˄ ˁʶ˄ʱ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΦ 

ɶ ̄ ʰˊˇˎˋʾʰˋʹ ˍʹˌ ˄ ʷʰ̩ ̄ ʶʽˊʰ˃ʰˍʽˁʺ ̩̀ ˎˋˁʶˎʺΣ̩ ˃ʰʸʾ ˃ʶ ˍʰ ˉʶʽˊʰ˃ʰˍʽˁʱ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˉʶʽˊʱ˃ʰˍʰ ʽˋˇˊˊˇˉʾʰˌ ˎʵˊʽˍ˗˄ ˁʰʻʰˊ˗˄ ʰʶˊʾ˖˄Σ ʷ˔ˇˎ˄ 

ʵʹ˃ˇˋʽʶˎˍʶʾсуΦ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ сΣ ʹ ˉʶʽˊʰ˃ʰˍʽˁʺ ˋˎˋˁʶˎʺ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʴʽʰ ˍʹ˄ 

ʶˁˍʷ˂ʶˋʹ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ˃ʶˍˊʺˋʶ˖˄ ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ʽˋˇˊˊˇˉʾʰˌ 

ˎʵˊʽˍ˗˄ ˁ ʰʽ ˃ʶˍˊʺˋʶ˖˄ ʵʽʰ˂ˎˍˈˍʹˍʰˌ ʰʶˊʾ˖˄ ʶʾˍʶ ˋʶ ˋˎ˄ʻʺˁʶˌ ʽˋˇˊˊˇˉʾʰˌ ˍˊʽ˗˄ 

˒ʱˋʶ˖˄ ʶʾˍʶ ˋʶ ʵˏˇ ˒ʱˋʶʽˌ ʴʽʰ ˍˇ ˍˊʽʰʵʽˁˈ ˋˏˋˍʹ˃ʰ /hн Ҍ /Iп Ҍ IнhΦ ɶ ˃ʷʻˇʵˇˌ 

ʰ˄ʰʸʺˍʹˋʹˌ ʽˋˇ˔˖́ ʽˁʺˌ ˉʾʶˋʹˌ όLt{ύ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ʵʶˁʰˍˊʽ˗˄ 

ˍˊʽ˒ʰˋʽˁ˗˄ ˋʹ˃ʶʾ˖˄ ʽˋˇˊˊˇˉʾʰˌ t ς ¢ ɹʽʰ ˍˇ ˍˊʽʰʵʽˁˈ ̀ ˏˋˍʹ˃ʰ /hн Ҍ /Iп Ҍ IнhΦ 

ɳˉʽˉˊˈˋʻʶˍʰΣ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ʹ ˃ʷʻˇʵˇˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˇˊʾ˖˄ ˒ʱˋʹˌ όt.5ύ ʴʽʰ ˍʹ 

˃ʷˍˊʹˋʹ ʵˏˇΣ ˍˊʽ˒ʰˋʽˁ˗˄ ˋʹ˃ʶʾ˖˄ ʽˋˇˊˊˇˉʾʰˌ t ς ¢ ɹ̔ ʰ ˍˇ ʾʵʽˇ ˍˊʽʰʵʽˁˈ ̀ ˏˋˍʹ˃ʰΦ 

ɼʰˍʰʲ˂ʺʻʹˁʶ ˉˊˇˋˉʱʻʶʽʰ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ˉʶʽˊʰ˃ʰˍʽˁʷˌ 

˃ʶˍˊʺˋʶʽˌ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ʵʶ˄ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ʱ˂˂ʶˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ˋˍʹ 

ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΦ ʁʽ ˃ʶˍˊʺˋʶʽˌ ʽˋˇˊˊˇˉʾʰˌ ˎʵˊʽˍ˗˄ ̄ˇˎ ʶ˂ʺ˒ʻʹˋʰ˄ ˋˎʴˁˊʾʻʹˁʰ˄ ˃ʶ ˍʽˌ 

ʰ˄ʰ˒ʶˊˈ˃ʶ˄ʶˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˁʰʽ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˃ʶ ˍˇ˄ 

ʶ˃ˉˇˊʽˁˈ ˉˊˇˋˇ˃ˇʽ˖ˍʺ /{aDŜƳ ˁʰʽ ʲˊʷʻʹˁʶ ˉˇ˂ˏ ˁʰ˂ʺ ˋˎ˃˒˖˄ʾʰ ʴʽʰ ˍˇ ˍˊʽʰʵʽˁˈ 

ˋˏˋˍʹ˃ʰ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʶΦ ɶ ˍˊʷ˔ˇˎˋʰ ˃ʶ˂ʷˍʹ ʰ˄ʰ˒ʷˊʶʽ ʶˉʾˋʹˌ ˃ʶˍˊʺˋʶʽˌ 

ʵʽʰ˂ˎˍˇˍʺˍ˖˄ ʰʶˊʾˇˎ ˋˍʹ˄ ˎʵʰˍʽˁʺ ˒ʱˋʹ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˋˎ˄ʻʹˁ˗˄ ̱ ˊʽ˒ʰˋʽˁʺˌ 

ʽˋˇˊˊˇˉʾʰˌΦ ʃʰˊʰˍʹˊʺʻʹˁʶ ʶˏ˂ˇʴʹ ˋˎ˃˒˖˄ʾʰΣ ˃ʶˍʰ˅ˏ ˃ʶˍˊˇˏ˃ʶ˄˖˄ ˁʰʽ 

ʰ˄ʰ˒ʶˊˈ˃ʶ˄˖˄ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʺ ˎˉˇ˂ˇʴʽˋ˃ʷ˄˖˄ ˍʽ˃˗˄Φ ʃˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʶˉʾˋʹˌ 

ˉˊˈˋʻʶˍʶˌ ˃ʶˍˊʺˋʶʽˌ ʵʽʰ˂ˎˍˈˍʹˍʰˌ ˋʶ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ʶʾ˄ʰʽ ˁˇ˄ˍʱ ˋˍʹ ʴˊʰ˃˃ʺ 

ˍˊʽ˒ʰˋʽˁʺˌ ̔ˋˇˊˊˇˉʾʰˌΦ ʆʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍˇ ˍˊʽʰʵʽˁˈ ̀ˏˋˍʹ˃ʰ /hн 

Ҍ /Iп Ҍ Iнh ̫˔ˇˎ˄ ʵʹ˃ˇˋʽʶˎˍʶʾсфΦ 

ʆʷ˂ˇˌΣ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ тΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʽʰ ˉʶˊʰʽˍʷˊ˖ ˋʶʽˊʱ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ 

˃ʶˍˊʺˋʶ˖˄ ˍˇˎ ˍˊʽʰʵʽˁˇˏ ̀ ˎˋˍʺ˃ʰˍˇˌ ˃ʶʻʰ˄ʾˇˎ ς ɻ ʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ς ˄ ʶˊˇˏ 

ˎˉˈ ˋˎ˄ʻʺˁʶˌ ʵʽ˒ʰˋʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ όɮˍ˃ˈˌςʇʴˊˈύ ˋʶ ˋˎ˄ʻʺˁʶˌ ˈˉˇˎ ʵʶ˄ 

ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˎʵˊʾˍʶˌΦ ʃ́ ʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˉʁ ʽˊʱ˃ʰˍʰ ɹ ʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍʹˌ 

ʵʽʰ˂ˎˍˈˍʹˍʰˌ ˋʶ ˋˎ˄ʻʺˁʶˌ ˉʾʶˋʹˌ млл ōŀǊΣ ʻʶˊ˃ˇˁˊʰˋʾʰˌ оноΣмр ɼ ˁʰʽ ʵʽʱ˒ˇˊʶˌ 



пс 
 

ˋˎ˄ʻʷˋʶʽˌ ˍˇˎ ʰʶˊʾˇˎ ˃ʾʴ˃ʰˍˇˌΦ ʁʽ ʵʽʰ˂ˎˍˈˍʹˍʶˌ ˍ˖˄ ˁʰʻʰˊ˗˄ ʰʶˊʾ˖˄ ˋˍʹ˄ ˎʵʰˍʽˁʺ 

˒ʱˋʹ ʷ˔ˇˎ˄ ʶˉʾˋʹˌ ˃ʶˍˊʹʻʶʾ ʴʽʰ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˁʰʽ 

˃ʶʻʰ˄ʾˇˎΣ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆʰ ˉʶʽˊʱ˃ʰˍʰ ʴʽʰ ˍʽˌ ˎʵʰˍʽˁʷˌ ʵʽʰ˂ˎˍˈˍʹˍʶˌ ˍ˖˄ ˁʰʻʰˊ˗˄ 

ʰʶˊʾ˖˄ ʰˉˇˁ˂ʾ˄ˇˎ˄ ˃ˈ˄ˇ ˁʰˍʱ нΣу҈ ˁʰʽ оΣс҈ ʴʽʰ ˍˇ ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰ ˁʰʽ ˍˇ 

˃ʶʻʱ˄ʽˇ ʰ˄ˍʾˋˍˇʽ˔ʰ ʰˉˈ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˃ʶ ˍʰ ˋ˔ʶˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˍ˖˄ 

ʰ˄ʰ˒ʶˊˈ˃ʶ˄˖˄ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ 5ǳŀƴ Ŝǘ ŀƭΦтл  ˁʰʽ {ǳƴ ˁʰʽ 5ǳŀƴтм ɹʽʰ ˍˇ 

ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰ ˁʰʽ ˃ʶʻʱ˄ʽˇΣ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʃʰˊʰˍʹˊˇˏ˃ʶ ˁʰ˂ʺ ˋˎ˃˒˖˄ʾʰ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˄ʷ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ʰˉˈ ˍˇˎˌ !ƭ DƘŀŦǊƛ Ŝǘ ŀƭΦтн ̄ ˇˎ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋʶ ʽˋˇ˃ˇˊʽʰˁʺ ˋˏ˄ʻʶˋʹ ʰʶˊʾˇˎΦ 

ʃˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˇʽ ˄ʷʶˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ʵʶʾ˔˄ˇˎ˄ ˅ʶˁʱʻʰˊʰ ˈˍʽ ʹ 

ʵʽʰ˂ˎˍˈˍʹˍʰ ˁʱʻʶ ʰʶˊʾˇˎ ˃ʶʽ˗˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˍˇˎ ʱ˂˂ˇˎ ʰʶˊʾˇˎΦ ʆˇ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˋˎ˃˒˖˄ʶʾ ʱˊʽˋˍʰ ˃ʶ ˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˉˇˎ ˉˊˇʷˁˎ˕ʶ ʰˉˈ 

ˍʹ˄ ʶˉʰ˄ʶ˅ʷˍʰˋʹ ˍ˖˄ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ɻʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍˇˎˌ 5ƘƛƳŀ Ŝǘ ŀƭΦто ̀ˍˇˎˌ оппΣнр 

Y ˁh ʽ ʰˉˈ vƛƴ Ŝǘ ŀƭΦтп ɹ ʽʰ ˋˍˇˎˌ онпΣр Y ˁh ʽ отрΣр YΦ ʆʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ʴʽʰ ˍˇ ̱ˊʽʰʵʽˁˈ ̀ˏˋˍʹ˃ʰ ˃ʶʻʰ˄ʾˇˎ ς ɻʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ς ˄ʶˊˇˏ ˎˉˈ ˋˎ˄ʻʺˁʶˌ 

ʽˋˇˊˊˇˉʾʰˌ ʵˏˇ ˒ʱˋʶ˖˄ όɮˍ˃ˈˌςʇʴˊˈύ ʷ˔ˇˎ˄ ʵʹ˃ˇˋʽʶˎʻʶʾтр Φ  

ʅˍˇ ˈʴʵˇˇ ˁ ʶ˒ʱ˂ʰʽˇΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʽʰ ʶˁˍʶ˄ʺˌ ʰ˅ʽˇ˂ˈʴʹˋʹ ʶ˄ˈˌ ʰˉ˂ˇˏ 

˃ˇ˄ˍʷ˂ˇˎ ʴʽʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍˊʽ˒ʰˋʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ ˎʵˊʽˍ˗˄ ʰʶˊʾ˖˄ ˃ ʽʴ˃ʱˍ˖˄ ̄ ˇˎ 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˉˊʰˁˍʽˁˈ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʴʽʰ ˍˇˎˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏˌ ˃ʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄Φ ʆˇ 

˃ˇ˄ˍʷ˂ˇ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ˉʾʶˋʹ ʽˋˇˊˊˇˉʾʰˌ ˍˇˎ ˎʵˊʾˍʹ ˃ʽʴ˃ʱˍ˖˄ ʰʶˊʾˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ˄ ʰˉ˂ˈ ˁʰ˄ˈ˄ʰ ʰ˄ʱ˃ʽ˅ʹˌ ̄ ˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽΥ όƛύ ˍʽˌ ˉʽʷˋʶʽˌ 

ʵʽʱ˂ˎˋʹˌ ˎ ʵˊʾˍ˗˄ ̱ ˖˄ ˁʰʻʰˊ˗˄ ʰʶˊʾ˖˄ ˉˇˎ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ˁʰʽ όƛƛύ ˍʹ ˋˏ˄ʻʶˋʹ ˍˇˎ 

˃ʾʴ˃ʰˍˇˌ ʰʶˊʾ˖˄Φ ɳʽʵʽˁˈˍʶˊʰΣ ʶ˅ʶˍʱʸˇˎ˃ʶ ˍʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ˉʰˊˇˎˋʾʰˋʰ˄ ˇʽ 

[ƛǇŜƴƪƻǾ ˁʰʽ LǎǘƻƳƛƴ76Φ 

ɶ ̀ˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ʷ˔ʶʽ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʶˁˍʶ˄˗ˌ ˁʰʽ ˃ʶ ʶˉʽˍˎ˔ʾʰ ˋʶ 

˃ʶ˂ʷˍʶˌ ˉˇ˂ʽˁʺˌ ʶˉʽˋˍʺ˃ʹˌ76,77Σ ˁʰʻ˗ˌ ˁʰʽ ˋʶ ʷˊʶˎ˄ʶˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ 

ʶˉʽˋˍʺ˃ʹ ˍˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌ78,79 ̍ ˉˇˎ ˇʽ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʷˌ όʵʹ˂ʰʵʺ 

ˁʱˍ˖ ʰˉˈ ˍˇ ˋʹ˃ʶʾˇ ˉʺ˅ʹˌ ˍˇˎ ˁʰʻʰˊˇˏ ˄ʶˊˇˏΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˁˇ˄ˍʱ ˋˍˇ 

ˁʰˍ˗ˍʶˊˇ ˍʶˍˊʰˉ˂ˈ ˋʹ˃ʶʾˇ όʵʹ˂ʰʵʺΣ ˍʷˋˋʶˊʽˌ ˒ʱˋʶʽˌ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ʽˋˇˊˊˇˉʾʰΥ IҍLς

[Ǝς±ύΣ vмΣ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˎ ʵˊʽˍ˗˄ύΦ ʍˋˍˈˋˇΣ ʰˉˈ ˈˋˇ ʴ˄˖ˊʾʸˇˎ˃ʶΣ ʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʷʻˇʵˇˌ ʵʶ˄ ʷ˔ʶʽ ʶ˅ʶˍʰˋˍʶʾ ˋˎˋˍʹ˃ʰˍʽˁʱ ʴʽʰ ˉʶˊʽˉˍ˗ˋʶʽˌ ˎ˕ʹ˂ˈˍʶˊ˖˄ 

ʻʶˊ˃ˇˁˊʰˋʽ˗˄Σ ˇʽ ˇˉˇʾʶˌ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʶˌ ʴʽʰ ̄ ˊʰˁˍʽˁʷˌ 



пт 
 

ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˃ʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄Φ ʆʰ ʰʷˊʽʰ ˉˇˎ 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʴʽʰ ˍʹ˄ ˍˊʷ˔ˇˎˋʰ ˃ʶ˂ʷˍʹ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʰˎˍʱ ˉˇˎ 

ˋˎʸʹˍˇˏ˄ˍʰʽ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ мΦнΦ όʵʹ˂ʰʵʺ ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰΣ ʱʸ˖ˍˇΣ ˎʵˊˇʴˈ˄ˇΣ 

˃ʶʻʱ˄ʽˇΣ ʰʽʻʱ˄ʽˇΣ ˉˊˇˉʱ˄ʽˇΣ ˎʵˊˈʻʶʽˇύΦ ʆʷˍˇʽʰ ʰʷˊʽʰ ʰˉʰ˄ˍ˗˄ˍʰʽ ˋʶ ˍˎˉʽˁʷˌ 

ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ 

ʁ ˋˁˇˉˈˌ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʶʾ˄ʰʽ ʵʽˉ˂ˈˌΥ όƛύ ˄ʰ ʶˉʶˁˍʰʻʶʾ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ [ƛǇŜƴƪƻǾπ

LǎǘƻƳƛƴ ˋʶ ˋˎˋˍʺ˃ʰˍʰ ˎʵˊʽˍ˗˄ ˃ ʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄ ̡ ʽˇ˃ʹ˔ʰ˄ʽˁˇˏ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ 

ˎˉˇ˂ˇʴʾʸˇ˄ˍʰˌ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˍ˖˄ ˁʰʻʰˊ˗˄ ˋˎˋˍʰˍʽˁ˗˄ ˉˇˎ ʵʶ˄ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰΣ 

˃ʶ ʷ˃˒ʰˋʹ ˋʶ ˋˎ˄ʻʺˁʶˌ ˉʱ˄˖ ʰˉˈ ˍˇ ˁʰˍ˗ˍʶˊˇ ˍʶˍˊʰˉ˂ˈ ˋʹ˃ʶʾˇ vмΣ ˁʰʽ όƛƛύ ˄ʰ 

ʰ˅ʽˇ˂ˇʴʺˋʶʽ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍ˖˄ ˉˊˇʲ˂ʷ˕ʶ˖˄ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ˍˊʽ˒ʰˋʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ 

ˋˎʴˁˊʾ˄ˇ˄ˍʱˌ ˍʽˌ ˃ʶ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌΦ 

ʁʽ ʰ˄ʰ˒ʶˊˈ˃ʶ˄ʶˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ όˁʰʽ ˉʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʴʽʰ ˍʹ˄ 

ˍˊʷ˔ˇˎˋʰ ʰ˄ʱ˂ˎˋʹ ́ ˉˊˈˋ˒ʰˍʹ ˋˎ˂˂ˇʴʺ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ 

ʰˉˈ ˍˇˎˌ YŀǎǘŀƴƛŘƛǎ Ŝǘ ŀƭΦ49ύ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˃ʶΥ όƛύ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ 

ˍʹ˄ ʶ˅ʶˍʰʸˈ˃ʶ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ [ƛǇŜƴƪƻǾπLǎǘƻƳƛƴ ˁʰʽ όƛƛύ ʶˁˍʽ˃ʺˋʶʽˌ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ 

ʶ˃ˉˇˊʽˁ ̍̄ ˊˇˋˇ˃ˇʽ˖ˍʺ ό/{aDŜƳύΦ ʍˌ ʰˉˇˍʷ˂ʶˋ˃ʰΣ ˇˊʽˇʻʶˍʶʾˍʰʽ ˍˇ ʶˏˊˇˌ 

ʶ˒ʰˊ˃ˇʴʺˌ ˍʹˌ ˃ʶʻˈʵˇˎ [ƛǇŜƴƪƻǾπLǎǘƻƳƛƴΦ ʃˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʽʰ ʶˁˍʶˍʰ˃ʷ˄ʹ ˋʶʽˊʱ 

ˎˉˇ˂ˇʴʽˋ˃˗˄ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ʶ˅ʶˍʰʸˈ˃ʶ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˁʰʽ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ 

ˋˎʴˁˊʾʻʹˁʰ˄ ˃ʶ ˍʽˌ ʵʽʰʻʷˋʽ˃ʶˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌΣ ˁʰʻ˗ˌ ˁʰʽ ˃ʶ ˍˇ˄ 

ˉˊˇˋˇ˃ˇʽ˖ˍʺ /{aDŜƳΦ ʃˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˋˁˇˉˈˌ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʵʶ˄ ʺˍʰ˄ ˄ʰ 

ʰ˄ˍʽˁʰˍʰˋˍʺˋʶʽ ˍˇ˄ ˉˊˇˋˇ˃ˇʽ˖ˍʺ /{aDŜƳ ˃ʶ ˍʹ˄ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰΣ ʰ˂˂ʱ 

˄ʰ ʶ˅ʶˍʱˋʶʽ ʶʱ˄ ˃ʽʰ ʰˉ˂ˇˏˋˍʶˊʹ ˁʰʽ ˉʽˇ ʰˉˇʵˇˍʽˁʺ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ˃ʶʻˇʵˇ˂ˇʴʾʰ 

˃ˉˇˊʶʾ ˄ʰ ˉʰˊʱʴʶʽ ˂ˇʴʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ όˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˋʶ ˁʱˉˇʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 

ʶˏˊˇˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌΣ ˉʾʶˋʹˌ ˁʰʽ ˋˏ˄ʻʶˋʹˌύ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰˍʱ ˍˇ 

ˉˊˇˁʰˍʰˊˁˍʽˁˈ ˋˍʱʵʽˇ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍ˖˄ ʵʽʰʵʽˁʰˋʽ˗˄Φ ɾʶˍʱ ʰˉˈ ˈ˂ʰΣ ʹ ʻʶ˖ˊʹˍʽˁʺ 

ʲʱˋʹ ˉʾˋ˖ ʰˉˈ ˍˇ /{aDŜƳ ʺ ʱ˂˂ʰ ˉʰˊˈ˃ˇʽʰ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ ˋˍʰˍʽˋˍʽˁʺ 

ʻʶ˖ˊʾʰ Ǿŀƴ ŘŜǊ ²ŀŀƭǎπtƭŀǧŜŜǳǿ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ʽˋ˔ˎˊˈˍʶˊʹ ʰˉˈ ˍʹ˄ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ʹ 

ˉˊˇˋʷʴʴʽˋʹ [ƛǇŜƴƪƻǾπLǎǘƻƳƛƴΦ 

ɳˉʽˍʶˏ˔ʻʹˁʶ ʶˏ˂ˇʴʹ ˋˎ˃˒˖˄ʾʰ ˃ʶˍʰ˅ˏ ˉʶʽˊʰ˃ʱˍ˖˄ ˁʰʽ ˎˉˇ˂ˇʴʽˋ˃˗˄ 

˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʹ˄ ʰˉ˂ˈˍʹˍʰ ˍʹˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌΦ ɶ ˋˎ˃˒˖˄ʾʰ ʺˍʰ˄ ˁʰ˂ˏˍʶˊʹ ˋʶ 

˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ ˍʹˌ ˉʾʶˋʹˌ ʽˋˇˊˊˇˉʾʰˌ ˎʵˊʽˍ˗˄Φ ʆh  ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ 

ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˍˇˎ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʴʽʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍˊʽ˒ʰˋʽˁʺˌ 
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ʽˋˇˊˊˇˉʾʰˌ ˎʵˊʽˍ˗˄ ˃ʽʴ˃ʱˍ˖˄ ʰʶˊʾ˖˄ ˁ ʰʽ ʹ ˋˏʴˁˊʽˋʺ ˍˇˎˌ ˃ʶ ̱ ʽˌ h ˄ʰ˒ʶˊˈ˃ʶ˄ʶˌ 

ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ˁ ʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄ ˃ʶ ˔ˊʺˋʹ ˍˇˎ 

ʶ˃ˉˇˊʽˁˇˏ ˉˊˇˋˇ˃ˇʽ˖ˍʺ /{aDŜƳ ̫˔ˇˎ˄ ʵʹ˃ˇˋʽʶˎˍʶʾ80Φ 

ʆʷ˂ˇˌΣ ˋˍˇ ʷ˄ʰˍˇ ˁ ʰʽ ˍʶ˂ʶˎˍʰʾˇ ˁʶ˒ʱ˂ʰʽˇΣ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ 

ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ʰˎˍʺ ˍʹ ˃ʶ˂ʷˍʹΣ ˁʰʻ˗ˌ ˁʰʽ ˉˊˇˍʱˋʶʽˌ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʶˊʴʰˋʾʰΦ ɳ˄ 

ˋˎ˄ˍˇ˃ʾʰΣ ˋ˔ʶʵʽʱˋˍʹˁʶΣ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˁʰʽ ʶˉʽˁˎˊ˗ʻʹˁʶ ˃ʽʰ ˄ʷʰ ˋˎˋˁʶˎʺ 

ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ˃ʶˍˊʺˋʶ˖˄ ̔ˋˇˊˊˇˉʽ˗˄ ˒ʱˋʹˌΣ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ̀ʶ ʻʷˋʹ ˄ʰ ʶˁˍʶ˂ʷˋʶʽΥ ƛΦ 

ʃʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ʽˋˇˊˊˇˉʾʰˌ ˒ʱˋʹˌ ʰˍ˃˗˄ ς ˎ ʴˊˇˏ ˁʰʽ ƛƛΦ ˉʁ ʽˊʰ˃ʰˍʽˁʷˌ 

˃ʶˍˊʺˋʶʽˌ ʽˋˇˊˊˇˉʾʰˌ ˒ʱˋʹˌ ˎʵˊʾˍʹ ς ˎ ʴˊˇˏ ς h ˍ˃ˇˏ ˃ʶ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ 

ˋˎ˃˒˖˄ˇˏ˄ ˁʰ˂ʱ ˃ʶ ʱ˂˂ʰ ʰ˄ʰ˒ʶˊˈ˃ʶ˄ʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˁʰʻ˗ˌ ˁʰʽ ˃ʶ 

ˍʽ˃ʷˌ ˉˇˎ ˎ ˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˃ʷˋ˖ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄Φ ɶ ˁʰˍʰˋˁʶˎʺ ʰˎˍʺˌ ˍʹˌ ˋˎˋˁʶˎʺˌ 

ˁˊʾ˄ʶˍʰʽ ʶˉʽˍˎ˔ʺˌΣ ˁʰʻ˗ˌ ˉʰˊʶʾ˔ʶ ʰ˅ʽˈˉʽˋˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶ˄ˍˈˌ ˍˇˎ ʵʽʰʻʷˋʽ˃ˇˎ 

ˉˊˇːˉˇ˂ˇʴʽˋ˃ˇˏ ˉˇˎ ˁʰʻˇˊʾˋˍʹˁʶ ʰˉˈ ˍʹ˄ ʶˉʽ˔ˇˊʺʴʹˋʹ ˔ˊʹ˃ʰˍˇʵˈˍʹˋʹˌΦ 

ʁʽ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ʵʶ˄ 

ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ʱ˂˂ʶˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΦ 

ɳ˅ʶˍʱˋʰ˃ʶ ʶˉʾˋʹˌ ˍʹ˄ ʰˉ˂ʺ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ˉˊˇˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍˇˎˌ [ƛǇŜƴƪƻǾ ς 

LǎǘƻƳƛƴ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˉʾʶˋʹˌ ʽˋˇˊˊˇˉʾʰˌ ˎʵˊʽˍ˗˄ ʰʶˊʾ˖˄ ˃ʽʴ˃ʱˍ˖˄Φ 

ʃˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʶˉʾˋʹˌ ˋˏʴˁˊʽˋʹ ˃ʶ ˉʶʽˊʰ˃ʰˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍˇ˄ ʶ˃ˉˇˊʽˁˈ ˉˊˇˋˇ˃ˇʽ˖ˍʺ /{aDŜƳΦ ʆʰ 

˃ʾʴ˃ʰˍʰ ʰʶˊʾ˖˄ ˉˇˎ ʶ˄ʵʽʰ˒ʷˊˇˎ˄ ʰˎˍʺ ˍʹ ˃ʶ˂ʷˍʹ ʺˍʰ˄ ʵˎʰʵʽˁʱ ʺ ˍˊʽʰʵʽˁʱ ˃ʾʴ˃ʰˍʰ 

ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰ˄ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˋˎ˄ʵˎʰˋ˃ˇˏˌ ˋˎˋˍʰˍʽˁ˗˄Φ ʆʷˍˇʽʰ ˃ʾʴ˃ʰˍʰ 

ʰʶˊʾ˖˄ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˋʶ ˉˊʰˁˍʽˁʷˌ ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ʰʶˊʾ˖˄ 

˃ʽʴ˃ɦ ˍ˖˄Φ 

Φ 
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о wŜŎŜƴǘ !ŘǾŀƴŎŜǎ ƛƴ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ aƛȄŜŘπ

Dŀǎ ¢ƘǊŜŜπtƘŀǎŜ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ Dŀǎ aƛȄǘǳǊŜ 

{ŜǇŀǊŀǝƻƴ ŀƴŘ 9ƴŜǊƎȅπwŜƭŀǘŜŘ !ǇǇƭƛŎŀǝƻƴǎ 

Lƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ ǿŜ ǊŜǾƛŜǿ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ǘƘŀǘ ƘŀǾŜ ǊŜǇƻǊǘŜŘ ǘƘǊŜŜπǇƘŀǎŜ 

ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎΦ ²Ŝ ŦƻŎǳǎ ǇǊƛƳŀǊƛƭȅ ƻƴ ǎǘǳŘƛŜǎ ǘƘŀǘ ǿŜǊŜ ǇǳōƭƛǎƘŜŘ 

ŀƊŜǊ ǘƘŜ ȅŜŀǊ нллуΦ CǳǊǘƘŜǊƳƻǊŜΣ ǿŜ ǊŜǇƻǊǘ ƻƴƭȅ ǎǘǳŘƛŜǎ ǘƘŀǘ ŜȄŀƳƛƴŜ ǘƘŜ Ǝŀǎ 

ƳƛȄǘǳǊŜǎ ƻŦ ǘǿƻ ƻǊ ƳƻǊŜ ŎƻƳǇƻƴŜƴǘǎΦ hŦ ǇǊƛƳŀǊȅ ƛƴǘŜǊŜǎǘ ŀǊŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǘƘŀǘ ƘŀǾŜ 

ǎƛƎƴƛŬŎŀƴǘ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ŀƴŘ ƛƴŎƭǳŘŜ ŎƻƳǇƻƴŜƴǘǎ ǎǳŎƘ ŀǎ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΣ 

ƴƛǘǊƻƎŜƴΣ ƘȅŘǊƻƎŜƴΣ ƳŜǘƘŀƴŜΣ ŜǘƘŀƴŜΣ ǇǊƻǇŀƴŜΣ ƘȅŘǊƻƎŜƴ ǎǳƭŬŘŜΣ ŀƴŘ ƻȄȅƎŜƴΦ ¢ƘŜ 

ŜȄŀƳƛƴŜŘ ƳƛȄǘǳǊŜǎ ƛƴŎƭǳŘŜ ŀǘ ƭŜŀǎǘ ƻƴŜ ƻŦ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ƎŀǎŜǎΦ hŦ ǇŀǊǝŎǳƭŀǊ 

ƛƴǘŜǊŜǎǘ ƛƴ ǘƘƛǎ ǊŜǾƛŜǿ ŀǊŜ ŀǇǇƭƛŎŀǝƻƴǎ ǎǳŎƘ ŀǎ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴ όǿƘŜǊŜ ƘȅŘǊŀǘŜ 

ǇǊƻƳƻǝƻƴ ƛǎ ŘŜǎƛǊŀōƭŜύ ŀƴŘ ŜƴŜǊƎȅπǊŜƭŀǘŜŘ ŀǇǇƭƛŎŀǝƻƴǎ ǎǳŎƘ ŀǎ ƅƻǿ ŀǎǎǳǊŀƴŎŜ ŘǳǊƛƴƎ 

ƻƛƭκƎŀǎ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴ όǿƘŜǊŜ ƘȅŘǊŀǘŜ ƛƴƘƛōƛǝƻƴ ƛǎ ŘŜǎƛǊŀōƭŜύΦ ¢ƘŜ 

ƳƛȄǘǳǊŜǎ ǘƘŀǘ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǊŜǾƛŜǿ ŀǊŜ ƎǊƻǳǇŜŘ ǳƴŘŜǊ мр Ǝŀǎ ƳƛȄǘǳǊŜ ǘȅǇŜǎΦ CƻǊ 

Ƴƻǎǘ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǘƘŀǘ ŀǊŜ ŜȄŀƳƛƴŜŘΣ ǘƘŜ ǊŜƭŀǘŜŘ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ŀǊŜ 

ƛŘŜƴǝŬŜŘ ŀƴŘ ōǊƛŜƅȅ ŘƛǎŎǳǎǎŜŘΦ Lƴ ǘƘŜ ŎǳǊǊŜƴǘ ǊŜǾƛŜǿΣ ǘƘŜ ŘƛũŜǊŜƴǘ Ǝŀǎ ƳƛȄǘǳǊŜǎ ŀǊŜ 

ŀƭǎƻ ŎǊƛǝŎŀƭƭȅ ŘƛǎŎǳǎǎŜŘ ŀƴŘ ǎǳƎƎŜǎǝƻƴǎ ŦƻǊ ǇƻǎǎƛōƭŜ ŦǳǘǳǊŜ ŘƛǊŜŎǝƻƴǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ 

ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŜȄŀƳƛƴŀǝƻƴ ƻŦ ǘŜƴǘŀǝǾŜ ŀŘŘƛǝǾŜǎ ǘƻ ōŜ ǳǎŜŘ ŦƻǊ ǇǊƻƳƻǝƻƴ ƻǊ 

ƛƴƘƛōƛǝƻƴΦ 

 

оΦм LƴǘǊƻŘǳŎǝƻƴ 

/ƭŀǘƘǊŀǘŜ ƘȅŘǊŀǘŜǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǎǘǳŘƛŜŘ ŜȄǘŜƴǎƛǾŜƭȅ ŘǳŜ ǘƻ ǘƘŜƛǊ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ 

ƛƳǇƻǊǘŀƴǘ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎΦ CƻǊ ŎŜǊǘŀƛƴ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ όŜΦƎΦ ƅƻǿ ŀǎǎǳǊŀƴŎŜ 

ƛƴ ƻƛƭκƎŀǎ ƛƴŘǳǎǘǊȅύ ǘƘŜȅ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀ άƴǳƛǎŀƴŎŜέΣ ŀƴŘ ǘƘŜƛǊ ǇǊŜǎŜƴŎŜ ƴŜŜŘǎ ǘƻ ōŜ 

ŜƛǘƘŜǊ ǎǳǎǇŜƴŘŜŘ ŎƻƳǇƭŜǘŜƭȅ ƻǊ ŀŘŜǉǳŀǘŜƭȅ ŎƻƴǘǊƻƭƭŜŘΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŦƻǊ ƻǘƘŜǊ 

ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ όŜΦƎΦ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴΣ ǿŀǘŜǊ ŘŜǎŀƭƛƴŀǝƻƴ ŀƴŘ 

ǇǳǊƛŬŎŀǝƻƴύ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƛǎ ǎƻǳƎƘǘ ŀƊŜǊ ǎƛƴŎŜ ƛǘ Ŏŀƴ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ŘŜǎƛǊŜŘ 

ƻǳǘŎƻƳŜΦ Lƴ ŜƛǘƘŜǊ ŎŀǎŜ ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ƘŀǾŜ ǊŜƭƛŀōƭŜ ǾŀƭǳŜǎ ŦƻǊ ǘƘŜ ƘȅŘǊŀǘŜ 
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ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΣ ƛƴ ƻǊŘŜǊ ǘƻ ŘŜǎƛƎƴ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƛƴŘǳǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴǎΦ  

Lƴ ǘƘŜ ŎǳǊǊŜƴǘ ŎƘŀǇǘŜǊ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ǘƘŀǘ ƘŀǾŜ ǊŜǇƻǊǘŜŘ ǘƘǊŜŜπǇƘŀǎŜ 

ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǊŜǾƛŜǿŜŘΦ CƻŎǳǎ ƛǎ ƳŀŘŜ ǇǊƛƳŀǊƛƭȅ ƛƴ ǎǘǳŘƛŜǎ 

ǘƘŀǘ ǿŜǊŜ ǇǳōƭƛǎƘŜŘ ŀƊŜǊ ǘƘŜ ȅŜŀǊ нллуΦ CǳǊǘƘŜǊƳƻǊŜΣ ƻƴƭȅ ǎǘǳŘƛŜǎ ǘƘŀǘ ŜȄŀƳƛƴŜ ǘƘŜ 

Ǝŀǎ ƳƛȄǘǳǊŜǎ ƻŦ ǘǿƻ ƻǊ ƳƻǊŜ ŎƻƳǇƻƴŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘΦ hŦ ǇǊƛƳŀǊȅ ƛƴǘŜǊŜǎǘ ŀǊŜ Ǝŀǎ 

ƳƛȄǘǳǊŜǎ ǘƘŀǘ ƘŀǾŜ ǎƛƎƴƛŬŎŀƴǘ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ŀƴŘ ƛƴŎƭǳŘŜ ŎƻƳǇƻƴŜƴǘǎ ǎǳŎƘ ŀǎ 

ŎŀǊōƻƴ ŘƛƻȄƛŘŜΣ ƴƛǘǊƻƎŜƴΣ ƘȅŘǊƻƎŜƴΣ ƳŜǘƘŀƴŜΣ ŜǘƘŀƴŜΣ ǇǊƻǇŀƴŜΣ ƘȅŘǊƻƎŜƴ ǎǳƭŬŘŜ ŀƴŘ 

ƻȄȅƎŜƴΦ ¢ƘŜ ŜȄŀƳƛƴŜŘ ƳƛȄǘǳǊŜǎ ƛƴŎƭǳŘŜ ŀǘ ƭŜŀǎǘ ƻƴŜ ƻŦ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ƎŀǎŜǎΦ hŦ 

ǇŀǊǝŎǳƭŀǊ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘƛǎ ǊŜǾƛŜǿ ŀǊŜ ŀǇǇƭƛŎŀǝƻƴǎ ǎǳŎƘ ŀǎ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴ όǿƘŜǊŜ 

ƘȅŘǊŀǘŜ ǇǊƻƳƻǝƻƴ ƛǎ ŘŜǎƛǊŀōƭŜύ ŀƴŘ ŜƴŜǊƎȅπǊŜƭŀǘŜŘ ŀǇǇƭƛŎŀǝƻƴǎ ǎǳŎƘ ŀǎ ƅƻǿ 

ŀǎǎǳǊŀƴŎŜ ŘǳǊƛƴƎ ƻƛƭκƎŀǎ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴ όǿƘŜǊŜ ƘȅŘǊŀǘŜ ƛƴƘƛōƛǝƻƴ ƛǎ 

ŘŜǎƛǊŀōƭŜύΦ ¢ƘŜ ƳƛȄǘǳǊŜǎ ǘƘŀǘ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǊŜǾƛŜǿ ŀǊŜ ƎǊƻǳǇŜŘ ǳƴŘŜǊ ŬƊŜŜƴ Ǝŀǎ 

ƳƛȄǘǳǊŜ ǘȅǇŜǎΦ CƻǊ Ƴƻǎǘ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǘƘŀǘ ŀǊŜ ŜȄŀƳƛƴŜŘΣ ǘƘŜ ǊŜƭŀǘŜŘ ƛƴŘǳǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴǎ ŀǊŜ ƛŘŜƴǝŬŜŘ ŀƴŘ ōǊƛŜƅȅ ŘƛǎŎǳǎǎŜŘΦ Lƴ ǘƘŜ ŎǳǊǊŜƴǘ ǊŜǾƛŜǿ ǘƘŜ ŘƛũŜǊŜƴǘ Ǝŀǎ 

ƳƛȄǘǳǊŜǎ ŀǊŜ ŀƭǎƻ ŎǊƛǝŎŀƭƭȅ ŘƛǎŎǳǎǎŜŘ ŀƴŘ ǎǳƎƎŜǎǝƻƴǎ ŦƻǊ ǇƻǎǎƛōƭŜ ŦǳǘǳǊŜ ŘƛǊŜŎǝƻƴǎ 

ƘŀǾŜ ōŜŜƴ ǇǊŜǎŜƴǘŜŘ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŜȄŀƳƛƴŀǝƻƴ ƻŦ ǘŜƴǘŀǝǾŜ ŀŘŘƛǝǾŜǎ ǘƻ ōŜ ǳǎŜŘ ŦƻǊ 

ǇǊƻƳƻǝƻƴ ƻǊ ƛƴƘƛōƛǝƻƴΦ 

¢ƘŜ ǇǊŜǎŜƴǘ ǿƻǊƪ ǇǊƻǾƛŘŜǎ ŀ ŘŜǘŀƛƭŜŘ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŀǾŀƛƭŀōƭŜΣ ƻǇŜƴπƭƛǘŜǊŀǘǳǊŜ 

ǇǳōƭƛŎŀǝƻƴǎ ƛƴ ƻǊŘŜǊ ǘƻ ƛŘŜƴǝŦȅ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǊŜƭŀǘŜŘ ǘƻ ŎƭŀǘƘǊŀǘŜ 

ƘȅŘǊŀǘŜǎΦ /ƻƭƭŜŎǝƴƎ ŀƴŘ ŎƭŀǎǎƛŦȅƛƴƎ ŀƭƭ ǇǳōƭƛǎƘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŀǘŜǊƛŀƭ ǊŜƭŀǘŜŘ ǘƻ 

ƘȅŘǊŀǘŜǎ ǿƻǳƭŘ ōŜ ŀ ŦǳǝƭŜ ŜũƻǊǘΣ ǎƛƴŎŜ ƴǳƳŜǊƻǳǎ ǇǳōƭƛŎŀǝƻƴǎ ŀǊŜ ŀǾŀƛƭŀōƭŜΣ ŜǎǇŜŎƛŀƭƭȅ 

ŦƻŎǳǎƛƴƎ ƻƴ ǎƛƴƎƭŜ ŎƻƳǇƻƴŜƴǘ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ǎȅǎǘŜƳǎ όƛΦŜΦΣ ǇǳǊŜ ƘȅŘǊŀǘŜǎύΦ 

¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ŜũƻǊǘ ƘŀŘ ǘƻ ōŜ ǎƻƳŜƘƻǿ ƳƻǊŜ ŦƻŎǳǎŜŘΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ƛǘ ǿŀǎ ŘŜŎƛŘŜŘ 

ǘƻ ŎƻƴŎŜƴǘǊŀǘŜ ƻƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƘŀǘ ŀǊŜ ǊŜǇƻǊǝƴƎ ǘƘǊŜŜπǇƘŀǎŜ 

ŜǉǳƛƭƛōǊƛŀ ƻŦ ƳƛȄŜŘ Ǝŀǎ ƘȅŘǊŀǘŜǎΣ ǿƛǘƘ ǘƘŜ Ƴŀƛƴ ŦƻŎǳǎ ƻƴ ǿƻǊƪǎ ǇǳōƭƛǎƘŜŘ ŀƊŜǊ нллуΣ 

ǎƛƴŎŜ ŜŀǊƭƛŜǊ ǎǘǳŘƛŜǎ ƘŀǾŜ ōŜŜƴ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘŜ bL{¢ Řŀǘŀ ōŀǎŜомΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘΣ 

ƘƻǿŜǾŜǊΣ ǘƘŀǘ ŦƻǊ ŎŜǊǘŀƛƴ ǎȅǎǘŜƳǎ ƛǘ ǿŀǎ ŘŜŜƳŜŘ ƴŜŎŜǎǎŀǊȅ ǘƻ ŀƭǎƻ ƛƴŎƭǳŘŜ ƛƴ ǘƘŜ 

ǇǊŜǎŜƴǘ ǊŜǾƛŜǿ ŀǊǝŎƭŜ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ŜŀǊƭƛŜǊ ǎǘǳŘƛŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ƘŀǾŜ ŀ ƳƻǊŜ 

ŎƻƳǇƭŜǘŜ ǇƛŎǘǳǊŜ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ǳƴŘŜǊ ƛƴǾŜǎǝƎŀǝƻƴΦ CƻǊ ŀ ǇǳōƭƛŎŀǝƻƴ ǊŜǇƻǊǝƴƎ 



рм 
 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƻ ǉǳŀƭƛŦȅ ŦƻǊ ƛƴŎƭǳǎƛƻƴ ƛƴ ǘƘŜ ǇǊŜǎŜƴǘ ǎǘǳŘȅΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ŎǊƛǘŜǊƛŀ ǎƘƻǳƭŘ ōŜ ƳŜǘΥ 

¶ Lǘ ǎƘƻǳƭŘ ǊŜǇƻǊǘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ 

ƳŜŀǎǳǊŜƳŜƴǘǎΦ 

¶ ¸ŜŀǊ ƻŦ ǇǳōƭƛŎŀǝƻƴ ŀƊŜǊ нллуΦ 

¶ Lǘ ǎƘƻǳƭŘ ŘŜŀƭ ǿƛǘƘ ƳƛȄŜŘ Ǝŀǎ ƘȅŘǊŀǘŜǎ ǘƘŀǘ Ŏƻƴǘŀƛƴ ŀǘ ƭŜŀǎǘ ǘǿƻ ƎŀǎŜǎΣ ƻƴŜ ƻŦ 

ǿƘƛŎƘ ōŜƭƻƴƎǎ ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƎǊƻǳǇ ƻŦ ƎŀǎŜǎ ǘƘŀǘ ƘŀǾŜ ǎƛƎƴƛŬŎŀƴǘ ƛƴŘǳǎǘǊƛŀƭ 

ƛƴǘŜǊŜǎǘΥ /hнΣ bнΣ IнΣ /IпΣ /нIпΣ /оIуΣ Iн{ ŀƴŘ hнΦ 

¢ƘŜ ǇŀǊǝŎǳƭŀǊ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ǎȅǎǘŜƳǎ ŀǊŜ ŜƴŎƻǳƴǘŜǊŜŘ ŜƛǘƘŜǊ ŘǳǊƛƴƎ ǘƘŜ 

ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ƻŦ Ǝŀǎκƻƛƭ όάǳǇǎǘǊŜŀƳέ ƛƴŘǳǎǘǊȅύ ƻǊ ŘǳǊƛƴƎ ǘƘŜ 

ǎŜǇŀǊŀǝƻƴκǇǳǊƛŬŎŀǝƻƴ ƻŦ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǿƛǘƘ ƛƴǘŜǊŜǎǘ ǘƻ ǊŜŬƴŜǊƛŜǎ ŀƴŘ ǇŜǘǊƻŎƘŜƳƛŎŀƭ 

όάŘƻǿƴǎǘǊŜŀƳέύ ƛƴŘǳǎǘǊƛŜǎΦ  

5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƛƴǘŜǊŜǎǘΣ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ 

ŜƛǘƘŜǊ ŜƴŎƻǳǊŀƎŜŘ ƻǊ ŘƛǎŎƻǳǊŀƎŜŘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƛƴǘŜǊŜǎǘ ƛǎ άCƭƻǿ 

!ǎǎǳǊŀƴŎŜέ ŘǳǊƛƴƎ ƻƛƭκƎŀǎ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴΣ ǘƘŜ ƛƴƘƛōƛǝƻƴ ƻŦ ƘȅŘǊŀǘŜ 

ŦƻǊƳŀǝƻƴ ƛǎ ǊŜǉǳƛǊŜŘ ǿƛǘƘƛƴ ǘƘŜ ƅƻǿ ƭƛƴŜǎ ǎƛƴŎŜ ǇƻǎǎƛōƭŜ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ Ŏŀƴ ŘƛǎǊǳǇǘ 

ƻƛƭκƎŀǎ ǇǊƻŘǳŎǝƻƴ ŀƴŘ Ƴŀȅ ǊŜǎǳƭǘ ƛƴ ǎƛƎƴƛŬŎŀƴǘ ŀŘŘƛǝƻƴŀƭ ŎƻǎǘΦ ¢ƘŜ ƛǎǎǳŜ ƛǎ ŜȄǘŜƴǎƛǾŜƭȅ 

ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ǿƻǊƪǎ ōȅ YŀƳŀƭ Ŝǘ ŀƭΦонΣ YƻƘоо ŀƴŘ YŜƭƭŀƴŘопΦ IȅŘǊŀǘŜ ƛƴƘƛōƛǝƻƴ Ŏŀƴ ōŜ 

ŜƛǘƘŜǊ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ƻǊ ƪƛƴŜǝŎΦ 5ǳǊƛƴƎ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ƛƴƘƛōƛǝƻƴΣ ŜũƻǊǘ ƛǎ ŘŜǾƻǘŜŘ 

ƛƴ ǎƘƛƊƛƴƎ ŘǊŀǎǝŎŀƭƭȅ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜ όƛΦŜΦ ŀǾƻƛŘ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴύΣ ǿƘƛƭŜ 

ŘǳǊƛƴƎ ƪƛƴŜǝŎ ƛƴƘƛōƛǝƻƴ ǘƘŜ ŜũƻǊǘ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƪƛƴŜǝŎǎ ƻŦ ƘȅŘǊŀǘŜ 

ŦƻǊƳŀǝƻƴ ŀƴŘ ƘȅŘǊŀǘŜ ǇŀǊǝŎƭŜ ŀƎƎƭƻƳŜǊŀǝƻƴ ƛƴ ǎǳŎƘ ŀ ǿŀȅ ǘƘŀǘ ǘƘŜ ǇǊƻŘǳŎŜŘ ƅǳƛŘǎ 

ŦǊƻƳ ǘƘŜ ƻƛƭκƎŀǎ ǿŜƭƭǎ ŀǊŜ ƻǳǘ ƻŦ ǘƘŜ ƅƻǿ ƭƛƴŜǎ ōŜŦƻǊŜ ŀƴȅ ƘȅŘǊŀǘŜπōŀǎŜŘ ōƭƻŎƪŀƎŜ Ŏŀƴ 

ƻŎŎǳǊΦ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ ƘȅŘǊŀǘŜ ƛƴƘƛōƛǘƻǊǎ ώŜΦƎΦ ŀƭŎƻƘƻƭǎ ǎǳŎƘ ŀǎ ƳŜǘƘŀƴƻƭ όaŜhIύΣ 

ŜǘƘŀƴƻƭ ό9ǘhIύΣ ƎƭȅŎƻƭΣ ŜǘƘȅƭŜƴŜ ƎƭȅŎƻƭ ό9DύΣ ƳƻƴƻŜǘƘȅƭŜƴŜ ƎƭȅŎƻƭ όa9DύΣ ǘǊƛŜǘƘȅƭŜƴŜ 

ƎƭȅŎƻƭ ό¢9Dύϐ ŀǊŜ ŀŘŘƛǝǾŜǎ ǘƘŀǘ ǊŜǎǳƭǘ ƛƴ ǎƘƛƊƛƴƎ ǘƘŜ ƘȅŘǊŀǘŜ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜ ǘƻ 

ƘƛƎƘŜǊ ǇǊŜǎǎǳǊŜǎ ŀƴŘ ƭƻǿŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎ όƛΦŜΦ ƳŀƪƛƴƎ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƳƻǊŜ 

ŘƛŶŎǳƭǘύΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŜƭŜŎǘǊƻƭȅǘŜǎ ƛƴ ŀ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ 

ǎȅǎǘŜƳ όŜΦƎΦ ǿƘŜƴ ǊŜǎŜǊǾƻƛǊ ƅǳƛŘǎ Ŏƻƴǘŀƛƴ ŘƛǎǎƻƭǾŜŘ ŜƭŜŎǘǊƻƭȅǘŜǎύ ƭŜŀŘǎ ǘƻ ŀ ōŜƘŀǾƛƻǊ 

ǎƛƳƛƭŀǊ ǘƻ ƛƴƘƛōƛǘƻǊǎΦ {ƛƳƛƭŀǊƭȅΣ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ǳƴŘŜǊ ŎƻƴŬƴŜƳŜƴǘ όŜΦƎΦ ǿƛǘƘƛƴ ŀ 

ǇƻǊƻǳǎ ƳŜŘƛǳƳύ Ƙŀǎ ŀƴ ŜũŜŎǘ ǎƛƳƛƭŀǊ ǘƻ ǘƘŀǘ ƻŦ ƛƴƘƛōƛǘƻǊǎΦ CƛƎǳǊŜ оΦм ǎƘƻǿǎ ŀ 



рн 
 

ǎŎƘŜƳŀǝŎ ƻŦ ŎŀǎŜǎ ǘƘŀǘ Ŏŀƴ ǊŜǎǳƭǘ ŜƛǘƘŜǊ ƛƴ ǘƘŜ ƛƴƘƛōƛǝƻƴ ƻǊ ǇǊƻƳƻǝƻƴ ƻŦ ƘȅŘǊŀǘŜ 

ŦƻǊƳŀǝƻƴΦ 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛŦ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƛƴǘŜǊŜǎǘ ƛǎ Ǝŀǎ ǎǘƻǊŀƎŜ όŜΦƎΦΣ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ 

ƘȅŘǊŀǘŜύ ƻǊ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴΣ ǘƘŜ ǇǊƻƳƻǝƻƴ ƻŦ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƛǎ ŘŜǎƛǊŀōƭŜ 

ǎƛƴŎŜ ƛǘ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ƭƻǿŜǊƛƴƎ ǘƘŜ ŎŀǇƛǘŀƭ ŀƴŘ ƻǇŜǊŀǝƻƴŀƭ ŎƻǎǘΦ IȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎ ŀǊŜ 

ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ Ŏŀƴ ōŜ ŜƛǘƘŜǊ ƎŀǎŜǎ ƻǊ ǿŀǘŜǊ ƳƛǎŎƛōƭŜκƛƳƳƛǎŎƛōƭŜ 

ƭƛǉǳƛŘǎ ǘƘŀǘ ǊŜǎǳƭǘ ƛƴ ǎƘƛƊƛƴƎ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜ ǘƻ ƳƻǊŜ ŦŀǾƻǊŀōƭŜ ŎƻƴŘƛǝƻƴǎ 

όƛΦŜΦ ƭƻǿŜǊ ǇǊŜǎǎǳǊŜǎ ŀƴŘ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎύΦ IȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ŀǘ ƳƻǊŜ ƳƻŘŜǊŀǘŜ 

ŎƻƴŘƛǝƻƴǎ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ŀ ǇǊƻƳƻǘŜǊ ƛǎ ŀƴ ŀǧǊŀŎǝǾŜ ŦŜŀǘǳǊŜ ŦƻǊ ŀ ƴǳƳōŜǊ ƻŦ 

ŀǇǇƭƛŎŀǝƻƴǎ όŜΦƎΦ Ǝŀǎ ǎǘƻǊŀƎŜ ƛƴ ƳƻōƛƭŜ ŀǇǇƭƛŎŀǝƻƴǎύ ǎƛƴŎŜ ǘƘŜ ƳƻǊŜ ƳƻŘŜǊŀǘŜ 

ŎƻƴŘƛǝƻƴǎ Ŏŀƴ ŦǳƴŎǝƻƴ ǘƻǿŀǊŘǎ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎŀŦŜǘȅ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴΦ ¢ȅǇƛŎŀƭ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎ ǘƘŀǘ ŀǊŜ ŜƳǇƭƻȅŜŘ ƛƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ 

ƛƴŎƭǳŘŜ ŀƳƻƴƎ ƻǘƘŜǊǎ ǘŜǘǊŀƘȅŘǊƻŦǳǊŀƴ ό¢ICύΣ ŜǘƘȅƭŜƴŜ ƻȄƛŘŜ ό9hύΣ ŎȅŎƭƻǇŜƴǘŀƴŜ ό/tύΣ 

ŎȅŎƭƻƘŜȄŀƴŜ ό/IύΣ ƳŜǘƘȅƭŎȅŎƭƻǇŜƴǘŀƴŜ όa/tύΣ ŜǘŎΦ !ŘŘƛǝƻƴŀƭ ŘƛǎŎǳǎǎƛƻƴ ƻƴ ƘȅŘǊŀǘŜ 

ǇǊƻƳƻǘŜǊǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ {ƭƻŀƴ ŀƴŘ YƻƘмΦ  

Figure 3.1.: Schematic of hydrate inhibition/promotion for a binary gas mixture A + B. 
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.ŀǎŜŘ ƻƴ ǘƘŜ ǘȅǇŜ ƻŦ ŎǊȅǎǘŀƭ ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ƛǎ ŦƻǊƳŜŘΣ ƘȅŘǊŀǘŜǎ ōŜƭƻƴƎ ǘƻ ƻƴŜ ƻŦ ǘƘŜ 

ǘƘǊŜŜ Ƴƻǎǘ ŎƻƳƳƻƴ ǘȅǇŜǎ ƻŦ ƘȅŘǊŀǘŜ ǎǘǊǳŎǘǳǊŜǎ όǎLΣ ǎLL ŀƴŘ ǎIύΦ ¢ƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ 

ŎƭŀǘƘǊŀǘŜ ƘȅŘǊŀǘŜǎ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴǎ όǿŜŀƪ Ǿŀƴ ŘŜǊ ²ŀŀƭǎπǘȅǇŜ ƛƴǘŜǊŀŎǝƻƴǎύ 

ōŜǘǿŜŜƴ ǘƘŜ ƭŀǩŎŜ ƻŦ Iнh ƳƻƭŜŎǳƭŜǎ ŀƴŘ ǘƘŜ Ǝŀǎ ƴŜǎǝƴƎ ƛƴǎƛŘŜ ǘƘŜ ŎŀǾƛǝŜǎΦ ¢ƘŜ 

ŎǊȅǎǘŀƭƭƛƴŜ ǎǘǊǳŎǘǳǊŜ Ŏŀƴ ŎƻƭƭŀǇǎŜ όŀ ǇǊƻŎŜǎǎ ƪƴƻǿƴ ŀǎ ƘȅŘǊŀǘŜ ŘƛǎǎƻŎƛŀǝƻƴύ ŀǎ ŀ ǊŜǎǳƭǘ 

ƻŦ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ǘƘŜ ǎǘŀōƛƭƛȊƛƴƎ ƎǳŜǎǘ ƳƻƭŜŎǳƭŜǎ ƻǊ ƛŦ ƛǘ ƛǎ ōǊƻǳƎƘǘ ƻǳǘǎƛŘŜ ǘƘŜ 

ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǇǊŜǎǎǳǊŜ ǎǘŀōƛƭƛǘȅ ŎƻƴŘƛǝƻƴǎΦ Lƴ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ƘȅŘǊŀǘŜ 

ǎǘǊǳŎǘǳǊŜǎΣ ǘƘŜ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ƎǳŜǎǘ ŘƻŜǎ ƴƻǘ ǇŀǊǝŎƛǇŀǘŜ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ ǘƘŜ 

ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ ŎǊȅǎǘŀƭƭƛƴŜ ƭŀǩŎŜ ōǳǘ ƻƴƭȅ ŀǎǎƛǎǘǎ ƛƴ ǎǘŀōƛƭƛȊƛƴƎ ƛǘΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ ƻǊ ƛƻƴƛŎ ŎƭŀǘƘǊŀǘŜǎ ŎƻƴǎǝǘǳǘŜ ŀ ǎŜŎƻƴŘ ǘȅǇŜ ƻŦ ƳƛȄŜŘ ƘȅŘǊŀǘŜǎ ǿƘŜǊŜ ŀ 

ƳƛȄǘǳǊŜ ƻŦ Ǝŀǎ ŀƴŘ ŀƴ ƛƻƴƛŎ ƭƛǉǳƛŘ όL[ύ ǎǘŀōƛƭƛȊŜǎ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ǿƛǘƘ ǘƘŜ L[ ǇŀǊǝŎƛǇŀǝƴƎ 

ƛƴ ǘƘŜ ƭŀǩŎŜ ŦƻǊƳŀǝƻƴΦ bƻǘŜ ǘƘŀǘ ƛƻƴƛŎ ŎƭŀǘƘǊŀǘŜǎ ŀǊŜ ǎǘŀōƛƭƛȊŜŘ ōȅ ƛƻƴƛŎ ƛƴǘŜǊŀŎǝƻƴǎ 

ōŜǘǿŜŜƴ ǘƘŜ ƛƻƴƛŎ ƎǳŜǎǘ ƳƻƭŜŎǳƭŜǎ ŀƴŘ ǘƘŜ Ƙƻǎǘ Iнh ƭŀǩŎŜΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ 

ŎƻƴǎƛŘŜǊŀōƭŜ ŜũƻǊǘ Ƙŀǎ ōŜŜƴ ŘŜǾƻǘŜŘ ǘƻ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ ǎƛƴŎŜ ǘƘŜȅ ŜȄƘƛōƛǘ ōŜƘŀǾƛƻǊ 

ǎƛƳƛƭŀǊ ǘƻ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎΦ ¢ȅǇƛŎŀƭ ŜȄŀƳǇƭŜǎ ƻŦ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ ƛƴŎƭǳŘŜ ŀƳƻƴƎ ƻǘƘŜǊǎ 

ǘƘƻǎŜ ŦƻǊƳŜŘ ōȅ ǘƘŜ L[Ωǎ ƻŦ ǘŜǘǊŀπƴπōǳǘȅƭ ŀƳƳƻƴƛǳƳ ōǊƻƳƛŘŜ ό¢.!.ύΣ ǘŜǘǊŀπƴπōǳǘȅƭ 

ŀƳƳƻƴƛǳƳ ŎƘƭƻǊƛŘŜ ό¢.!/ύΣ ǘŜǘǊŀπƴπōǳǘȅƭ ŀƳƳƻƴƛǳƳ ƅǳƻǊƛŘŜ ό¢.!CύΣ ǘŜǘǊŀπƛǎƻπŀƳȅƭ 

ŀƳƳƻƴƛǳƳ ōǊƻƳƛŘŜ ό¢ƛ!!.ύΣ ǘŜǘǊŀπƴπōǳǘȅƭ ǇƘƻǎǇƻƴƛǳƳ ōǊƻƳƛŘŜ ό¢.t.ύΣ ǘŜǘǊŀπƴπōǳǘȅƭ 

ŀƳƳƻƴƛǳƳ ƴƛǘǊŀǘŜ ό¢.!bhоύΣ ŀƴŘ ǘǊƛōǳǘȅƭ ǇƘƻǎǇƘƛƴŜ ƻȄƛŘŜ ό¢.thύΦ Lƴ ǇǊƛƴŎƛǇƭŜ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜ ƘȅŘǊŀǘŜ ŦƻǊƳŜǊǎ ŀǊŜ ƴƻƴǾƻƭŀǝƭŜ ŀƴŘ ǊŜǉǳƛǊŜ ŦƻǊ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƭƻǿŜǊ 

ǇǊŜǎǎǳǊŜǎ ǘƘŀƴ ƻǘƘŜǊ ǇǊƻƳƻǘŜǊǎ ǎǳŎƘ ŀǎ ¢IC ƻǊ /t όƛΦŜΦ ǘƘŜȅ ŜȄƘƛōƛǘ ŀ ǎǘǊƻƴƎŜǊ 

ǇǊƻƳƻǝƻƴ ŜũŜŎǘύΦ ¢Ƙƛǎ ǿƻǊƪ Ƙŀǎ ǊŜǎǳƭǘŜŘ ƛƴ ƛŘŜƴǝŦȅƛƴƎ нрр ǇǳōƭƛŎŀǝƻƴǎ ǘƘŀǘ ŀǊŜ 

ƎǊƻǳǇŜŘ ǳƴŘŜǊ ŬƊŜŜƴ Dŀǎ aƛȄǘǳǊŜ όDaςƛΤ ǿƛǘƘ ƛ ƘŀǾƛƴƎ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ мςмрύ 

ƎǊƻǳǇǎΦ CƻǊ ŀ ǇŀǊǝŎǳƭŀǊ Ǝŀǎ ƳƛȄǘǳǊŜ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ƎŀǎŜǎ ! ŀƴŘ . όǿƘŜǊŜ Ǝŀǎ . Ŏŀƴ ŀƭǎƻ 

ōŜ ŀ Ǝŀǎ ƳƛȄǘǳǊŜύ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǳǊ ǎǳōƎǊƻǳǇǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘΥ όƛύ ! Ҍ .Σ όƛƛύ ! Ҍ . Ҍ 

tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊΣ όƛƛƛύ ! Ҍ . Ҍ ¢ICΣ ŀƴŘ όƛǾύ ! Ҍ . Ҍ ǎŜƳƛŎƭŀǘƘǊŀǘŜΦ 9ǾŜƴ ǘƘƻǳƎƘ ¢IC 

ŀƴŘ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ ŀŎǘ ŀǎ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎΣ ƛǘ ǿŀǎ ŘŜŎƛŘŜŘ ǘƻ ƎǊƻǳǇ ŎŀǎŜǎ ǿƛǘƘ ¢IC 

ƻǊ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ ǎŜǇŀǊŀǘŜƭȅ ǎƛƴŎŜ ŀ ǎƛƎƴƛŬŎŀƴǘ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜƳ ƛǎ 

ŀǾŀƛƭŀōƭŜΦ ¢ŀōƭŜ оΦм ǎƘƻǿǎ ŀ ōǊƛŜŦ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ǇǊƛƳŀǊȅ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ƳƛȄǘǳǊŜǎ 

ŜȄŀƳƛƴŜŘ ƛƴ ǘƘŜ ǇǊŜǎŜƴǘ ǊŜǾƛŜǿ ŀƴŘ ǘƘŜ ǾŀǊƛƻǳǎ ǎǳōƎǊƻǳǇǎ ŎƻƴǎƛŘŜǊŜŘΦ Lƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ǎŜŎǝƻƴǎΣ ǘƘŜ ŘƛũŜǊŜƴǘ ƳƛȄǘǳǊŜǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀƴŘ ŘƛǎŎǳǎǎŜŘ ŦǳǊǘƘŜǊΣ ǿƘƛƭŜ ƳƻǊŜ 
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ŘŜǘŀƛƭǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǎǘǳŘƛŜǎ ŀƴŘ ǘƘŜ ŎƻƴŘƛǝƻƴǎ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ 

¢ŀōƭŜǎ ǿƛǘƘƛƴ !ǇǇŜƴŘƛȄ !Φ 

 

 

оΦн tǊŜǎŜƴǘŀǝƻƴ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ 

Lƴ ǘƘƛǎ ǿƻǊƪΣ ǘƘŜ ŎƻƭƭŜŎǘŜŘΣ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎΣ Ǝŀǎ ƳƛȄǘǳǊŜǎ ŦǊƻƳ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀǊŜ 

ƎǊƻǳǇŜŘ ǳƴŘŜǊ мр Dŀǎ aƛȄǘǳǊŜ όDaςƛύ ƎǊƻǳǇǎ όǿƛǘƘ ƛ ōŜƭƻƴƎƛƴƎ ǘƻ ώмπмрϐύ ōŀǎŜŘ ƻƴ 

ǘƘŜƛǊ ǊŜƭŜǾŀƴŎŜ ǘƻ ǇŀǊǝŎǳƭŀǊ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ 

ƛƴǘŜǊŜǎǘ ōŜƘƛƴŘ ŜŀŎƘ ƻƴŜ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǎǘǳŘƛŜŘΣ ǘƘŜ ŜƳǇƘŀǎƛǎ ƛǎ ǇƭŀŎŜŘ ǇǊƛƳŀǊƛƭȅ 

ƻƴ ŜƛǘƘŜǊ ǘƘŜ ƛƴƘƛōƛǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ όŜΦƎΦ ŦƻǊ άCƭƻǿ !ǎǎǳǊŀƴŎŜέ ŀǇǇƭƛŎŀǝƻƴǎύ ƻǊ ǘƘŜ 

ǇǊƻƳƻǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ όŜΦƎΦ ŦƻǊ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴΣ άŜƴŜǊƎȅ ŎŀǊǊƛŜǊέ Ǝŀǎ ǎǘƻǊŀƎŜ 

ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴύΦ     

 

оΦнΦм Dŀǎ aƛȄǘǳǊŜ м όDaςмύΥ  /hн Ҍ bн όάCƭǳŜ Dŀǎέ !ύ 

Dŀǎ aƛȄǘǳǊŜ м ƛǎ ŀ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƴǎƛǎǝƴƎ ƻŦ /hн ŀƴŘ bнΦ ¢ƘŜ ǇŀǊǝŎǳƭŀǊ 

ƳƛȄǘǳǊŜ ƛǎ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ǘƘŜ άCƭǳŜ Ǝŀǎέ ŀƴŘ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ŜȄǘŜƴǎƛǾŜƭȅ ŀǎ ŀ ǘȅǇƛŎŀƭ 

ǇǊƻȄȅ ŦƻǊ ǘƘŜ ǘǊŜŀǘŜŘ ŀƛǊ ǇǊƻŘǳŎǘǎ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ŎƻƴǾŜƴǝƻƴŀƭ ǇƻǿŜǊ Ǉƭŀƴǘǎ ŀƴŘ ƻǘƘŜǊ 

ƘŜŀǾȅ ƛƴŘǳǎǘǊƛŜǎ ǿƘŜǊŜ Ŧƻǎǎƛƭ ŦǳŜƭǎ ŀǊŜ ōǳǊƴŜŘ ŦƻǊ ŜƴŜǊƎȅ ǇǊƻŘǳŎǝƻƴΦ ¢ƘŜ ŎŀǇǘǳǊŜ ƻŦ 

/hн ŦǊƻƳ ǎǘŀǝƻƴŀǊȅ ǎƻǳǊŎŜǎ ǘƘŀǘ ǇǊƻŘǳŎŜ ǎƛƎƴƛŬŎŀƴǘ ŀƳƻǳƴǘǎ ƻŦ /hн Ƙŀǎ ōŜŎƻƳŜ ŀƴ 

ƛƳǇƻǊǘŀƴǘ ŀǎǇŜŎǘ ƻŦ ǊŜŘǳŎƛƴƎ ǘƘŜ /hн ŜƳƛǎǎƛƻƴǎ ǿƻǊƭŘǿƛŘŜ ǎƛƴŎŜ ƛǘ ƛǎ ŜǎǝƳŀǘŜŘ ǘƘŀǘ 

Table 3.1.: List of Hydrate-Forming Mixtures Considered in the Current Study 
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/hн ŜƳƛǎǎƛƻƴǎ ŎƻƴǘǊƛōǳǘŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ сп҈ ƻŦ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜũŜŎǘ ƛƴ ǘƘŜ 

ŀǘƳƻǎǇƘŜǊŜ όaŜǘȊ Ŝǘ ŀƭΦумύΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ /hн ŎŀǇǘǳǊŜ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ǎŜǉǳŜǎǘǊŀǝƻƴ 

όƛΦŜΦ ŀ ǇǊƻŎŜǎǎ ƪƴƻǿƴ ŀǎ //{ύ Ƙŀǎ ŀǧǊŀŎǘŜŘ ǎƛƎƴƛŬŎŀƴǘ ŀǧŜƴǝƻƴ ŦǊƻƳ ǘƘŜ ǎŎƛŜƴǝŬŎ ŀƴŘ 

ŜƴƎƛƴŜŜǊƛƴƎ ŎƻƳƳǳƴƛǝŜǎΦ !ŀǊƻƴ ŀƴŘ ¢ǎƻǳǊƛǎун ǇǊŜǎŜƴǘŜŘ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǊŜǾƛŜǿ ƻŦ 

ƳŜǘƘƻŘǎ ǳǎŜŘ ǘƻ ŎŀǇǘǳǊŜ /hн ŦǊƻƳ ƅǳŜ ƎŀǎŜǎ ƛƴŎƭǳŘƛƴƎ ŎǊȅƻƎŜƴƛŎ ŘƛǎǝƭƭŀǝƻƴΣ 

ŀōǎƻǊǇǝƻƴΣ ŀŘǎƻǊǇǝƻƴΣ ǊŜŘƻȄ ǘŜŎƘƴƻƭƻƎȅΣ ŀƳƳƻƴƛǳƳ ŎŀǊōƻƴŀǝƻƴΣ ƳŜǘŀƭƭƛŎ ŀƴŘ 

ŎŜǊŀƳƛŎ ƳŜƳōǊŀƴŜǎΣ ŜƭŜŎǘǊƛŎŀƭ ŘŜǎƻǊǇǝƻƴΣ ŜǘŎΦ Lǘ ǿŀǎ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘΣ ŀǘ ǘƘŀǘ 

ǇŀǊǝŎǳƭŀǊ ǝƳŜΣ ǘƘŜ Ƴƻǎǘ ǇǊƻƳƛǎƛƴƎ ƳŜǘƘƻŘ ŦƻǊ /hн ŎŀǇǘǳǊŜ ǿŀǎ ǘƘŜ ƭƛǉǳƛŘ ŀōǎƻǊǇǝƻƴ 

ŀǎǎƛǎǘŜŘ ōȅ ƳƻƴƻŜǘƘŀƴƻƭŀƳƛƴŜΣ ǿƘƛƭŜ ƳŜǘŀƭƭƛŎ ŀƴŘ ŎŜǊŀƳƛŎ ƳŜƳōǊŀƴŜǎ ǿŜǊŜ 

ŜȄǇŜŎǘŜŘ ǘƻ ǇǊƻǾƛŘŜ ƳƻǊŜ ŜŶŎƛŜƴǘ ǎŜǇŀǊŀǝƻƴ ǘƘŀƴ ŀōǎƻǊǇǝƻƴ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ  

¢ƘŜ /hн Ҍ bн ƳƛȄǘǳǊŜ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ άǇƻǎǘπŎƻƳōǳǎǝƻƴέ ŎŀǇǘǳǊŜ ƻŦ /hнΦ 

!ƳƻƴƎ ǘƘŜ ƳŜǘƘƻŘǎ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǘƘŜ ŎŀǇǘǳǊŜ ƻŦ /hн ŦǊƻƳ ƅǳŜ Ǝŀǎ ƛǎ ǘƘŜ ǳǎŜ ƻŦ Ǝŀǎ 

ƘȅŘǊŀǘŜǎΦ 9ǎƭŀƳƛƳŀƴŜǎƘ Ŝǘ ŀƭΦрл ǇƻƛƴǘŜŘ ƻǳǘ ǘƘŀǘ ǘƘŜ ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜ ŀŶƴƛǘȅ ōŜǘǿŜŜƴ 

/hн ŀƴŘ bн ƛƴ ǘƘŜ ƘȅŘǊŀǘŜ ŎŀƎŜǎ ŘǳǊƛƴƎ ƘȅŘǊŀǘŜ ŎǊȅǎǘŀƭ ŦƻǊƳŀǝƻƴ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ 

ŜƴǊƛŎƘƳŜƴǘ ƻŦ /hн ƛƴ ǘƘŜ ƘȅŘǊŀǘŜ ǇƘŀǎŜΣ ǿƘƛƭŜ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ bн ƛǎ ƛƴŎǊŜŀǎŜŘ ƛƴ 

ǘƘŜ Ǝŀǎ ǇƘŀǎŜΦ {ǳŎƘ ōŜƘŀǾƛƻǊ Ƙŀǎ ōŜŜƴ ƻōǎŜǊǾŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅ ŀƴŘ ŦǳǊǘƘŜǊ ŘƛǎŎǳǎǎŜŘ 

ōȅ YŀƴƎ Ŝǘ ŀƭΦуоΦ ¢ƘŜǊŜŦƻǊŜΣ ōȅ ǎǳŎƘ ŀƴ ŀǇǇǊƻŀŎƘΣ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴ ƛǎ ŀŎƘƛŜǾŜŘΦ 

5ǳŜ ǘƻ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜ ǇŀǊǝŎǳƭŀǊ Ǝŀǎ ƳƛȄǘǳǊŜΣ ŀ ǎƛƎƴƛŬŎŀƴǘ ƴǳƳōŜǊ ƻŦ ƘȅŘǊŀǘŜπ

ōŀǎŜŘ ǎǘǳŘƛŜǎ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘΦ  CƛƎǳǊŜ оΦнŀ ǎƘƻǿǎ ŀ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǊŀƴƎŜ ƻŦ 

ŀǾŀƛƭŀōƭŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ όDaςмύ ŎƻƴǘŀƛƴƛƴƎ /hн Ҍ 

bн ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻǊ ŀōǎŜƴŎŜ ƻŦ ŀŘŘƛǝǾŜǎΦ CƻǊ ŜŀŎƘ ƳƛȄǘǳǊŜ ǘƘŜ ƻǾŜǊŀƭƭ 

ǘŜƳǇŜǊŀǘǳǊŜκǇǊŜǎǎǳǊŜ ǊŀƴƎŜ ŀƴŘ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ŀǾŀƛƭŀōƭŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƛǎ 

ǊŜǇƻǊǘŜŘΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ǘƘŀǘ ŀǊŜ ǊŜǇƻǊǝƴƎ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŦƻǊ ŜŀŎƘ ƳƛȄǘǳǊŜ 

ƛǎ ŀƭǎƻ ƎƛǾŜƴ ƛƴ ǇŀǊŜƴǘƘŜǎƛǎ ŦƻǊ ŜŀŎƘ ǎȅǎǘŜƳ ŎƻƴǎƛŘŜǊŜŘΦ !ŘŘƛǝƻƴŀƭ ŘŜǘŀƛƭǎ ŦƻǊ ǘƘŜ 

ōƛƴŀǊȅ ƳƛȄǘǳǊŜ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ !Φмŀ ƻŦ !ǇǇŜƴŘƛȄ !Σ ǿƘƛƭŜ ǘƘŜ ŎŀǎŜ ƻŦ /hн Ҍ bн Ҍ 

tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ ƛǎ ŜȄŀƳƛƴŜŘ ƛƴ ¢ŀōƭŜ !Φмō ƻŦ !ǇǇŜƴŘƛȄ !Φ 
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Figure 3.2.: Summary of the three-phase equilibrium data for the gas mixtures (GMς1) containing 
CO2 + N2: (a) all hydrate systems, (b) semiclathrate systems.  

For each mixture the temperature/pressure range and the number of available experimental data is 
reported. The number of studies that are reporting experimental data for each mixture is given in 
parenthesis. 

 

 

 

{ƛƴŎŜ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴ ƛǎ ǘƘŜ ǇǊƛƳŀǊȅ ŀǇǇƭƛŎŀǝƻƴ ōŜƘƛƴŘ ǘƘŜ ǇŀǊǝŎǳƭŀǊ Daς

мΣ ŀ ǎƛƎƴƛŬŎŀƴǘ ŜũƻǊǘ Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ ƛƴ ŜȄǇƭƻǊƛƴƎ ǘƘŜ ǳǎŜ ƻŦ ǇǊƻƳƻǘŜǊǎ όŜΦƎΦ ¢ICΣ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜǎύ ƛƴ ƻǊŘŜǊ ǘƻ ŦŀŎƛƭƛǘŀǘŜ /hн ǊŜŎƻǾŜǊȅ ŀǘ ƳƻǊŜ ƳƻŘŜǊŀǘŜ ŎƻƴŘƛǝƻƴǎΦ ¢Ƙƛǎ 

ƛǎ ŎƭŜŀǊƭȅ ǊŜƅŜŎǘŜŘ ƛƴ ǘƘŜ Řŀǘŀ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦнŀ ǿƘŜǊŜ ƻƴƭȅ ƻƴŜ ǎǘǳŘȅ ŜȄŀƳƛƴŜǎ 

ƛƴƘƛōƛǝƻƴ ǿƛǘƘ ŀƭŎƻƘƻƭǎ ŀƴŘ ƻƴŜ ǿƛǘƘ ŜƭŜŎǘǊƻƭȅǘŜǎΣ ǿƘƛƭŜ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ŎƻƴǎƛŘŜǊǎ 

ŜƛǘƘŜǊ ǘƘŜ ƘȅŘǊŀǘŜǎ ƻŦ ǘƘŜ ōƛƴŀǊȅ ƳƛȄǘǳǊŜ ƻǊ ǘƘŜ ƘȅŘǊŀǘŜǎ ƻŦ ǘƘŜ ƳƛȄǘǳǊŜ ǿƛǘƘ 

ǇǊƻƳƻǘŜǊǎΦ !ŘŘƛǝƻƴŀƭ ŘŜǘŀƛƭǎ ŦƻǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /hн Ҍ bн 
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Ҍ ¢IC ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ !ΦмŎ ƻŦ !ǇǇŜƴŘƛȄ !Σ ǿƘƛƭŜ ¢ŀōƭŜ !ΦмŘ ƻŦ !ǇǇŜƴŘƛȄ ! ŀƴŘ 

CƛƎǳǊŜ оΦнō ǎƘƻǿ ŀ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜ ŦƻǊƳŀǝƻƴ ōȅ /hн Ҍ bнΦ ²Ŝ ƻōǎŜǊǾŜ ƛƴ CƛƎǳǊŜ оΦнō ǘƘŀǘ ǘƘŜ Ƴƻǎǘ ǎǘǳŘƛŜŘ 

ƘȅŘǊŀǘŜ ǎȅǎǘŜƳ ŦƻǊ ǘƘŜ /hн Ҍ bн ƳƛȄǘǳǊŜΣ ƛǎ ōȅ ŦŀǊ όƛΦŜΦ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƻǘŀƭ 

ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ Ǉƻƛƴǘǎ ƻǊ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎύΣ ǘƘŜ ¢.!. ǎŜƳƛŎƭŀǘƘǊŀǘŜΦ 

Lƴ ƻǊŘŜǊ ǘƻ ŜȄŀƳƛƴŜ ǘƘŜ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ όƛΦŜΦ ǘƘŜ ǎƘƛƊ ƻŦ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ 

ƭƛƴŜ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ŀ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊύ ƻŦ ǾŀǊƛƻǳǎ ŀŘŘƛǝǾŜǎΣ ǿŜ ǎŜƭŜŎǘŜŘ 

ŀ ǇŀǊǝŎǳƭŀǊ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƳǇƻǎƛǝƻƴ ό/hн нл Ƴƻƭ ҈ ŀƴŘ bн ул Ƴƻƭ ҈ύ ŦƻǊ ǿƘƛŎƘ 

ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŀ ƴǳƳōŜǊ ƻŦ ŘƛũŜǊŜƴǘ ǇǊƻƳƻǘŜǊǎ ƛƴŎƭǳŘƛƴƎ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΦ Lƴ CƛƎǳǊŜ оΦо ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ƛǎ ǇƭƻǧŜŘ ŀǎ ŀ ŦǳƴŎǝƻƴ 

ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ ŀƭƭ ǘƘŜ ǎȅǎǘŜƳǎ ŎƻƴǎƛŘŜǊŜŘΦ  
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Figure 3.3.: Comparison of the promotion effect on the three-phase equilibrium data for gas 
mixtures (GMς1) containing CO2 + N2 with composition CO2 (20 mol %) and N2 (80 mol %) and various 
promoters.  

The solid black line denotes calculations with CSMGem (Sloan and Koh1), while dotted lines that 
connect the experimental data are guides to the eye only. 

Sources for experimental data: Lee et al.84 ς black triangles (pure); Olsen et al.85 ς black circles 

(pure); Sun et al.86 ς red symbols (THF); Majumdar et al.87 ς magenta triangles (TiAAB); Lee et al.88 

ς yellow circles (NH); Kim and Seo89 ς blue triangles (TBAF); Ye and Zhang90 ς brown symbols (TBPB); 

Meysel et al.91 ς green symbols (TBAB); Kim and Seo89 ς blue diamond (TBAB); Kim and Seo89 ς blue 

circle (TBAC); Kim et al.92 ς turquoise symbols (TBAC). 

 

! ƴǳƳōŜǊ ƻŦ ƻōǎŜǊǾŀǝƻƴǎ Ŏŀƴ ōŜ ƳŀŘŜΥ  

όƛύ [ŜŜ Ŝǘ ŀƭΦуп ƻōǘŀƛƴŜŘ ǇƻǿŘŜǊ ·πǊŀȅ ŘƛũǊŀŎǝƻƴ όt·w5ύ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ 

wŀƳŀƴ ǎǇŜŎǘǊŀ ŀƴŘ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǘƘŜ ƳƛȄǘǳǊŜ /hн Ҍ bн ŦƻǊƳǎ ǎL ƘȅŘǊŀǘŜǎ όŘŜƴƻǘŜŘ ŀǎ 

άǇǳǊŜέ ƛƴ ǘƘŜ ŬƎǳǊŜύΦ ¢ƘŜ ŀŘŘƛǝƻƴ ƻŦ ¢IC ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǎLL ƘȅŘǊŀǘŜмΣ ǿƘƛƭŜ 

ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ƴŜƻƘŜȄŀƴŜ όbIύ ƛƴ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǎI ƘȅŘǊŀǘŜм όǎŜŜ ŀƭǎƻ ŘƛǎŎǳǎǎƛƻƴ ƛƴ 

ǊŜŦ фоΦ IƻǿŜǾŜǊΣ ƛƴ ŀƭƭ ǘƘǊŜŜ ŎŀǎŜǎΣ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎ ŀǊŜ ǎƛƳƛƭŀǊΦ  

όƛƛύ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŀ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƴƎŜ ƛƴ ǎƭƻǇŜ ƻŎŎǳǊǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ ŜȄŀƳƛƴŜŘ όƛΦŜΦ ¢.!.Σ ¢.!/Σ ¢.!CΣ ¢.t.Σ ¢ƛ!!.ύΣ ǿƘƛŎƘ ƘƻǿŜǾŜǊΣ ŜȄƘƛōƛǘ 

ŀƳƻƴƎ ǘƘŜƳ ǎƛƳƛƭŀǊ όƳƻǊŜ ƻǊ ƭŜǎǎύ ǎƭƻǇŜǎΦ ¢Ƙƛǎ ǇŀǊǝŎǳƭŀǊ ōŜƘŀǾƛƻǊ Ƙŀǎ ŀ ǎƛƎƴƛŬŎŀƴǘ 

ŎƻƴǎŜǉǳŜƴŎŜΦ !ǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ŘƛũŜǊŜƴǘ ǎƭƻǇŜǎ ƛƴ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ 

ƭƛƴŜǎ ǘƘŜǊŜ ƛǎ ŀ άŎǊƻǎǎƻǾŜǊ ǘŜƳǇŜǊŀǘǳǊŜέ ǊŀƴƎŜ όϤнту ς нул Y ŦƻǊ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ƳƛȄǘǳǊŜ 
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ŎƻƳǇƻǎƛǝƻƴύ ǿƘŜǊŜ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ Ŏŀƴ ƛƴǘŜǊǎŜŎǘ ǿƛǘƘ ǘƘŜ ǎƭƻǇŜǎ ƻŦ 

ǘƘŜ ǎLΣ ǎLLΣ ŀƴŘ ǎI ƘȅŘǊŀǘŜǎΦ CƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƘŀǘ ŀǊŜ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ŎǊƻǎǎƻǾŜǊ 

ǘŜƳǇŜǊŀǘǳǊŜ ǘƘŜ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜ ƛǎ ǎǳǇŜǊƛƻǊΣ ǿƘƛƭŜ ŦƻǊ ƘƛƎƘŜǊ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƘŜ ŎƻƴǾŜƴǝƻƴŀƭ ƘȅŘǊŀǘŜǎ όƛΦŜΦΣ ǎLΣ ǎLLΣ ŀƴŘ ǎIύ ŜȄƘƛōƛǘ ōŜǧŜǊ ǇǊƻƳƻǝƴƎ 

ōŜƘŀǾƛƻǊΦ {ǳŎƘ ōŜƘŀǾƛƻǊ ƛǎ ŀƭǎƻ ƻōǎŜǊǾŜŘ ŦƻǊ ƻǘƘŜǊ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǘƘŀǘ ǿƛƭƭ ōŜ ŘƛǎŎǳǎǎŜŘ 

ƛƴ ǎǳōǎŜǉǳŜƴǘ ǎŜŎǝƻƴǎΦ 

όƛƛƛύ ¢ƘŜ ǳǎŜ ƻŦ ǇǊƻƳƻǘŜǊǎ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴ ƻŦ ǘƘŜ Iς[ǿς± 

ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜΣ ǿƘƛƭŜ ŀ ǎƛƎƴƛŬŎŀƴǘ ǎƘƛƊ ǘƻǿŀǊŘǎ ƘƛƎƘŜǊ ǾŀƭǳŜǎ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ 

ŦƻǊ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ǘŜƳǇŜǊŀǘǳǊŜΦ CƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ¢ƛ!!.Σ ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜ Ŏŀƴ ŦƻǊƳ 

ōŜǘǿŜŜƴ олн ς олп YΣ ǿƘƛƭŜ ǘƘŜ ǇǊŜǎǎǳǊŜ Ƴŀȅ ǊŜƳŀƛƴ ƛƴ ǘƘŜ ǊŀƴƎŜ оΦс ς мс atŀΦ {ǳŎƘ 

ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜ ǿƘŜǊŜ ǘƘŜ ǎŜǇŀǊŀǝƻƴ ǇǊƻŎŜǎǎ ǘŀƪŜǎ ǇƭŀŎŜ Ŏŀƴ 

ǊŜŘǳŎŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ŜƴŜǊƎȅ ǇŜƴŀƭǘȅΦ  

όƛǾύ wŜƎŀǊŘƛƴƎ ǘƘŜ ǎǘǳŘƛŜǎ ǿƛǘƘ ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΣ ǿŜ ƻōǎŜǊǾŜ ǘƘŀǘ ǘƘŜ ǎǘǊƻƴƎŜǎǘ 

ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƛǎ ƻōǘŀƛƴŜŘ ǿƛǘƘ ¢ƛ!!.Σ ŦƻƭƭƻǿŜŘ ōȅ ¢.!CΣ ¢.!/Σ ¢.!. ŀƴŘ ¢.t.Φ 

LƴŎǊŜŀǎƛƴƎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇǊƻƳƻǝƴƎ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜΦ ! ǎƛƳƛƭŀǊ ƻōǎŜǊǾŀǝƻƴ ŀǇǇƭƛŜǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ¢IC όǎLL ƘȅŘǊŀǘŜύΦ 

όǾύ .ŀǎŜŘ ƻƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ŘƛǎŎǳǎǎƛƻƴΣ ŀŘŘƛǝƻƴŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ŎŀǎŜǎ ƻŦ 

¢ƛ!!. ŀƴŘ ¢.!C ǿƻǳƭŘ ōŜ ŘŜǎƛǊŀōƭŜ ŦƻǊ ǘƘŜ ŎǳǊǊŜƴǘ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƳǇƻǎƛǝƻƴΦ CǳǊǘƘŜǊ 

ǎǘǳŘƛŜǎ ǘƘŀǘ ŦƻŎǳǎ ƻƴ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ ŀƴŘ ŘƛũŜǊŜƴǘ Ǝŀǎ ƳƛȄǘǳǊŜ 

ŎƻƳǇƻǎƛǝƻƴǎ ŀǊŜ ŀƭǎƻ ǊŜŎƻƳƳŜƴŘŜŘΦ 

 

оΦнΦн Dŀǎ aƛȄǘǳǊŜ н όDaςнύΥ  /hн Ҍ bн Ҍ hн όάCƭǳŜ Dŀǎέ .ύ 

Dŀǎ aƛȄǘǳǊŜ н ƛǎ ŀ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƴǎƛǎǝƴƎ ƻŦ /hнΣ bнΣ ŀƴŘ hнΦ ¢Ƙƛǎ ǇŀǊǝŎǳƭŀǊ 

Ǝŀǎ ƳƛȄǘǳǊŜ Ƙŀǎ ǘƘŜ Ƴŀƛƴ ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ǘǊŜŀǘŜŘ ƅǳŜ Ǝŀǎ όƛΦŜΦ ŀƊŜǊ 

ǊŜƳƻǾŀƭ ƻŦ ǇŀǊǝŎǳƭŀǘŜǎ ŀƴŘ {hȄύΦ !ǘ ǘƘƛǎ ǇƻƛƴǘΣ ƛǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ƛƴ Ƴƻǎǘ ǎǘǳŘƛŜǎ 

ƻŦ Daςм ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǎŜŎǝƻƴΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀǎǎǳƳǇǝƻƴ ǿŀǎ ƳŀŘŜΥ {ƛƴŎŜ hн ŀƴŘ bн 

ƘŀǾŜ ǇǊŜǎǳƳŀōƭȅ ǎƛƳƛƭŀǊ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς±ύ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎ όƛΦŜΦ ōƻǘƘ ŦƻǊƳ 

ƘȅŘǊŀǘŜǎ ŀǘ ǎƛƳƛƭŀǊ ŎƻƴŘƛǝƻƴǎύΣ ǘƘŜ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ό/hнΣ bнΣ ŀƴŘ hнύ ǿŀǎ ǘǊŜŀǘŜŘ 

ŀǎ ŀƴ άŜũŜŎǝǾŜ ōƛƴŀǊȅέ ό/hн ŀƴŘ bнύ ƳƛȄǘǳǊŜфпΣфрΣ ŜǎǎŜƴǝŀƭƭȅ ƭǳƳǇƛƴƎ ǘƘŜ ŎƻƴǘǊƛōǳǝƻƴ 

ƻŦ hн ƛƴǘƻ bнΦ {ŜŜ ŦƻǊ ŜȄŀƳǇƭŜ CƛƎǳǊŜ оΦп ǿƘŜǊŜ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŦƻǊ ǇǳǊŜ bн 
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όaŀǊǎƘŀƭƭ Ŝǘ ŀƭΦфсΣ WƘŀǾŜǊƛ ŀƴŘ wƻōƛƴǎƻƴфтΣ ŀƴŘ {ǳƎŀƘŀǊŀ Ŝǘ ŀƭΦфуύΣ ŀƴŘ hн όǾŀƴ /ƭŜŜŦ Ŝǘ 

ŀƭΦффύ ƘȅŘǊŀǘŜǎ ŀǊŜ ǇƭƻǧŜŘΦ  

 

Figure 3.4.: Comparison of the promotion effect on the three-phase equilibrium data for gas 
mixtures (GMς2) containing CO2 + N2 + O2 with composition CO2 (12.6 mol %), N2 (80.5 mol %), and 
O2 (6.9 mol %) and various promoters.  

The solid black line denotes calculations with CSMGem (Sloan and Koh1), while dotted lines that 
connect the experimental data are guides to the eye only. 

Sources for experimental data: pure N2: Marshall et al.96; Jhaveri and Robinson97; Sugahara et al.98; 

pure O2: van Cleef et al.99. Lee et al.84 ς Exp. [A]; Sun et al.86 ς Exp. [B]. 

 

 

Lǘ ƛǎ ƻōǎŜǊǾŜŘ ǘƘŀǘ ŀǘ нтоΦмр Y ǘƘŜ ǇǳǊŜ bн ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ƛǎ мрΦр҈ 

ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƻƴŜ ŦƻǊ ǘƘŜ hн ƘȅŘǊŀǘŜΣ ǿƘƛƭŜ ƻƴƭȅ мΦо҈ ƘƛƎƘŜǊ ŀǘ нфлΦу 

YΦ ¢ƘŜ ŀōƻǾŜ ŀǎǎǳƳǇǝƻƴ Ƴŀȅ ōŜ ŀ ǊŜŀǎƻƴŀōƭȅ ƎƻƻŘ ƻƴŜ ŘǳǊƛƴƎ ǘƘŜ ǇǊŜƭƛƳƛƴŀǊȅ ǎǘŀƎŜǎ 

ƻŦ ŘŜǎƛƎƴƛƴƎ ǘƘŜ ƘȅŘǊŀǘŜπōŀǎŜŘ ǎŜǇŀǊŀǝƻƴ ǇǊƻŎŜǎǎ ŀƴŘ ŦƻǊ ǎƛƳǇƭƛŦȅƛƴƎ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ǇǊƻŎŜŘǳǊŜ όƛΦŜΦΣ ǇŜǊŦƻǊƳƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜǎ 

ƛƴǎǘŜŀŘ ƻŦ ǘŜǊƴŀǊȅύΦ IƻǿŜǾŜǊΣ ƛǘ ƛǎ ƴƻǘ ƻōǾƛƻǳǎ ǘƻ ǳǎ ǘƘŀǘ ǘƘŜ ŦŀŎǘ ǘƘŀǘ bн ŀƴŘ hн ƘŀǾŜ 

ǎƛƳƛƭŀǊ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎ ǿƛƭƭ ǘǊŀƴǎƭŀǘŜ ŀǳǘƻƳŀǝŎŀƭƭȅ ǘƻ ōƻǘƘ ƘŀǾƛƴƎ ǎƛƳƛƭŀǊ 

ōŜƘŀǾƛƻǊ ŀƴŘ ŘƛǎǘǊƛōǳǝƻƴ ǿƛǘƘƛƴ ǘƘŜ ƘȅŘǊŀǘŜ ŎŀƎŜǎΦ !ŎŎƻǊŘƛƴƎ ǘƻ IƛǊǎŎƘŦŜƭŘŜǊ Ŝǘ ŀƭΦмлл 

ǘƘŜ [ŜƴƴŀǊŘπWƻƴŜǎ ǇŀǊŀƳŜǘŜǊǎ  ̀ŀƴŘ κʁƪ ŦƻǊ bн ŀǊŜ оΦсум ) ŀƴŘ фмΦр Y ǊŜǎǇŜŎǝǾŜƭȅΣ 

ǿƘƛƭŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ hн ŀǊŜ оΦпоо ) ŀƴŘ ммоΦл YΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ŀ ŘƛũŜǊŜƴŎŜ ƻŦ сΦт҈ ŦƻǊ 
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 ̀ŀƴŘ ноΦр ҈ ŦƻǊ κʁƪΦ tŀǇŀŘƛƳƛǘǊƛƻǳ Ŝǘ ŀƭΦпс ǳǎƛƴƎ a/ ǎƛƳǳƭŀǝƻƴ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ 

ƘȅŘǊŀǘŜ ŎŀƎŜ ƻŎŎǳǇŀƴŎƛŜǎ ŀǊŜ ƳƻǊŜ ǎŜƴǎƛǝǾŜ ǘƻ ǘƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ ǇŀǊŀƳŜǘŜǊ  ̀ǘƘŀƴ κʁƪΦ 

/ƻƴǎŜǉǳŜƴǘƭȅΣ ŀŘŘƛǝƻƴŀƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ ŎƻƳǇǳǘŀǝƻƴŀƭ ǿƻǊƪ ƛǎ ƴŜŜŘŜŘ ƛƴ ƻǊŘŜǊ 

ǘƻ ŎƻƴŬǊƳ ǘƘŜ ǾŀƭƛŘƛǘȅ ƻŦ ǘƘŜ ŀǎǎǳƳǇǝƻƴΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ŜȄǇŜǊƛƳŜƴǘǎ ǘƘŀǘ ŜȄǇƭƻǊŜ ǘƘŜ 

ŘƛǎǘǊƛōǳǝƻƴ ƻŦ /hнΣ bн ŀƴŘ hн ǿƛǘƘƛƴ ǘƘŜ ƘȅŘǊŀǘŜ ŎŀƎŜǎ ŀǊŜ ƴŜŜŘŜŘΦ Lƴ ŀŘŘƛǝƻƴΣ a/ 

ǎƛƳǳƭŀǝƻƴǎ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ƛƴǎƛƎƘǘ ŀƴŘ ŀǎǎƛǎǘŀƴŎŜ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ƛǎǎǳŜ όǎŜŜ 

ŦƻǊ ŜȄŀƳǇƭŜ ǘƘŜ ǎƛƳƛƭŀǊ ŘƛǎŎǳǎǎƛƻƴ ƻƴ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŀ Ǝŀǎ ƳƛȄǘǳǊŜ ƘŀǾƛƴƎ /hн ŀƴŘ 

/Iп ǿƛǘƘƛƴ ǎL ƘȅŘǊŀǘŜ ŎŀƎŜǎ ōȅ tŀǇŀŘƛƳƛǘǊƛƻǳ Ŝǘ ŀƭΦмлмύΦ {ǳŎƘ ǎǘǳŘƛŜǎ Ŏŀƴ ŜȄǇƭƻǊŜ ǘƘŜ 

ŜũŜŎǘ ǘƘŀǘ ǘƘŜ ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴǎ ōŜǘǿŜŜƴ bн ƻǊ hн ŀƴŘ ǘƘŜ ŎŀƎŜǎ Ŏŀƴ ƘŀǾŜ 

ƻƴ ǘƘŜ ƎǳŜǎǘ ŘƛǎǘǊƛōǳǝƻƴ ǿƛǘƘƛƴ ǘƘŜ ƘȅŘǊŀǘŜ ŎŀƎŜǎΦ {ǳŎƘ ŜũŜŎǘǎ ŎƻǳƭŘΣ ƛƴ ǇǊƛƴŎƛǇƭŜΣ 

ŀũŜŎǘ ǘƘŜ Ŭƴŀƭ ƎǳŜǎǘ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ǘƘŜ ƘȅŘǊŀǘŜΣ ǘƘŜǊŜŦƻǊŜΣ ŀũŜŎǝƴƎ ǘƘŜ ǎŜǇŀǊŀǝƻƴ 

ŜŶŎƛŜƴŎȅ ƻŦ ǘƘŜ ƘȅŘǊŀǘŜπōŀǎŜŘ ǇǊƻŎŜǎǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ŜȄǇŜǊƛƳŜƴǘǎ ǘƘŀǘ ƳŜŀǎǳǊŜ ǘƘŜ 

ǎŜǇŀǊŀǝƻƴ ŜŶŎƛŜƴŎȅ ƻŦ ǘƘŜ ƘȅŘǊŀǘŜπōŀǎŜŘ ǇǊƻŎŜǎǎ ǿƻǳƭŘ ōŜ ŀƴ ŀƭǘŜǊƴŀǝǾŜ ŀǇǇǊƻŀŎƘ 

ǘƻ ŎƻƴŬǊƳ ǘƘŜ ŀǎǎǳƳǇǝƻƴ ǳƴŘŜǊ ŘƛǎŎǳǎǎƛƻƴΦ ! ǎƛƳƛƭŀǊ ƛǎǎǳŜ ƛǎ ŀƭǎƻ ŘƛǎŎǳǎǎŜŘ ƛƴ {ŜŎǝƻƴ 

оΦнΦфΦ ōŜƭƻǿΦ 

5ǳ ŀƴŘ ²ŀƴƎмлн ǊŜǇƻǊǘŜŘ ǘƘŜ ƻƴƭȅ ŀǾŀƛƭŀōƭŜ όǘƻ ǘƘŜ ōŜǎǘ ƻŦ ƻǳǊ ƪƴƻǿƭŜŘƎŜύ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘȅ ǘƘŀǘ ŜȄŀƳƛƴŜŘ ǘƘŜ ǘŜǊƴŀǊȅ ƅǳŜ Ǝŀǎ ƳƛȄǘǳǊŜ /hн Ҍ bн Ҍ hн ǿƛǘƘ ŀ 

ŎƻƳǇƻǎƛǝƻƴ мнΦс Ǿƻƭ҈Σ улΦр Ǿƻƭ҈ ŀƴŘ сΦф Ǿƻƭ҈ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ŀǳǘƘƻǊǎ ǊŜǇƻǊǘŜŘ 

ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜΣ ŀǎ ǿŜƭƭ ŀǎ ŦƻǊ ǘƘŜ 

ŎŀǎŜ ƻŦ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ ǿƛǘƘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ¢.!. ƻǊ ¢.th ŀǘ р ŀƴŘ нс ǿǘ҈Φ ¢ƘŜȅ 

ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ¢.th ŀǘ р ǿǘ҈ ŜȄƘƛōƛǘǎ ŀ ǎǘǊƻƴƎŜǊ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ŀǘ ŀƭƭ ǘŜƳǇŜǊŀǘǳǊŜǎ 

ŜȄŀƳƛƴŜŘΣ ǿƘƛƭŜ ǘƘŜ ŎŀǎŜ ƻŦ нс ǿǘ҈ ¢.th ǇŜǊŦƻǊƳǎ ōŜǧŜǊ ŦƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀōƻǾŜ нут 

YΦ !ŘŘƛǝƻƴŀƭ ŘŜǘŀƛƭǎ ŦƻǊ ǘƘŜ ŎƻƴŘƛǝƻƴǎ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ 

ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜǎ !Φнŀ ŀƴŘ !ΦнŘ ƻŦ !ǇǇŜƴŘƛȄ !Φ CƛƎǳǊŜ оΦп ŀƭǎƻ ǎƘƻǿǎ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƻŦ 5ǳ ŀƴŘ ²ŀƴƎмлн ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ ƳƛȄǘǳǊŜΣ ŀǎ ǿŜƭƭ ŀǎΣ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƻŦ [ŜŜ Ŝǘ ŀƭΦупΣ ŀƴŘ {ǳƴ Ŝǘ ŀƭΦус ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ōƛƴŀǊȅ ƳƛȄǘǳǊŜ /hн 

Ҍ bн ǿƛǘƘ ŀ ŎƻƳǇƻǎƛǝƻƴ мл Ǿƻƭ҈ ŀƴŘ фл Ǿƻƭ҈ ǊŜǎǇŜŎǝǾŜƭȅ όƛΦŜΦ ƭǳƳǇƛƴƎ ǘƘŜ ŀƳƻǳƴǘǎ 

ƻŦ bн ŀƴŘ hнύΣ ǿƘƛŎƘ ŀǊŜ ǘƘŜ ŎƭƻǎŜǎǘ ŀǾŀƛƭŀōƭŜ ōƛƴŀǊȅ ƳƛȄǘǳǊŜǎ ǘƻ ǘƘŜ ǘŜǊƴŀǊȅ ǎǘǳŘƛŜŘ ōȅ 

5ǳ ŀƴŘ ²ŀƴƎмлнΦ DƛǾŜƴ ǘƘŜ ǎŎŀǊŎƛǘȅ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀΣ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ 

ǎȅǎǘŜƳΣ ǿŜ ǊŜŎƻƳƳŜƴŘ ǘƘŀǘ ŀŘŘƛǝƻƴŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǎƘƻǳƭŘ ōŜ ǇŜǊŦƻǊƳŜŘ ŦƻǊ ǘƘŜ 

ǘŜǊƴŀǊȅ ŎŀǎŜΦ CǊƻƳ ǘƘŜ ŀōƻǾŜ ŘƛǎŎǳǎǎƛƻƴ ƛǘ ƛǎ ŜǾƛŘŜƴǘ ǘƘŀǘ ŦƻǊ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ǎȅǎǘŜƳ 

όDaςнύ ǘƘŜǊŜ ƛǎ ǇƭŜƴǘȅ ƻŦ ǊƻƻƳ ŦƻǊ ŦǳǘǳǊŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ ŎƻƳǇǳǘŀǝƻƴŀƭ ǎǘǳŘƛŜǎΣ 
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ŜǎǇŜŎƛŀƭƭȅ ƛŦ ǎǘǊƻƴƎ ŜǾƛŘŜƴŎŜ ōŜŎƻƳŜǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ ƴŜŜŘ ǘƻ ǇŜǊŦƻǊƳ ŘŜπƭǳƳǇƛƴƎ ƻŦ 

bн ŀƴŘ hн ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎΦ 

 

оΦнΦо Dŀǎ aƛȄǘǳǊŜ о όDaςоύΥ  /hн Ҍ Iн  

!ŎŎƻǊŘƛƴƎ ǘƻ YƭŀǊŀ ŀƴŘ {ǊƛǾŀǎǘŀǾŀмло ǘƘŜǊŜ ŀǊŜ ǘǿƻ ƳŀƧƻǊ ŀǇǇǊƻŀŎƘŜǎ ŦƻǊ /hн 

ŎŀǇǘǳǊƛƴƎΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ /hн Ŏŀƴ ōŜ ŎŀǇǘǳǊŜŘ ŦǊƻƳ ǘƘŜ ƅǳŜ Ǝŀǎ ŀƊŜǊ ǘƘŜ ŦǳŜƭ ƛǎ ōǳǊƴŜŘ 

όǇƻǎǘπŎƻƳōǳǎǝƻƴ ŎŀǇǘǳǊŜύ ŀƴŘ ǘƘƛǎ ŎŀǎŜ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ /hн ŎŀǇǘǳǊƛƴƎ ŦǊƻƳ ǘƘŜ 

ŎƻƴǾŜƴǝƻƴŀƭ ǇƻǿŜǊ Ǉƭŀƴǘǎ ƻǊ ƻǘƘŜǊ ƳŀƧƻǊ ǎǘŀǝƻƴŀǊȅ ǎƻǳǊŎŜǎ ǘƘŀǘ ōǳǊƴ Ŧƻǎǎƛƭ ŦǳŜƭǎ ŦƻǊ 

ŜƴŜǊƎȅ ǇǊƻŘǳŎǝƻƴΦ Lƴ ǘƘŜ ǎŜŎƻƴŘ ŀǇǇǊƻŀŎƘΣ /hн ƛǎ ŎŀǇǘǳǊŜŘ ōŜŦƻǊŜ ǘƘŜ ŦǳŜƭ ƛǎ ōǳǊƴŜŘ 

όǇǊŜπŎƻƳōǳǎǝƻƴ ŎŀǇǘǳǊŜύΦ ¢Ƙƛǎ ƛǎ ŀƴ ŀƭǘŜǊƴŀǝǾŜ ǊƻǳǘŜ ǘƘŀǘ ƛǎ ŦƻƭƭƻǿŜŘ ōȅ ŀ ƴŜǿ 

ƎŜƴŜǊŀǝƻƴ ƻŦ ǇƻǿŜǊ Ǉƭŀƴǘǎ ƪƴƻǿƴ ŀǎ LƴǘŜƎǊŀǘŜŘ /ƻŀƭ DŀǎƛŬŎŀǝƻƴ /ȅŎƭŜ όL/D/ύ ǇƭŀƴǘǎΦ 

L/D/ Ǉƭŀƴǘǎ ŎƻƴǾŜǊǘ ǘƘŜ Ŧƻǎǎƛƭ ŦǳŜƭǎ ƛƴǘƻ ŀ ǎȅƴƎŀǎ ƳƛȄǘǳǊŜ ƻŦ /h ŀƴŘ Iн ǘƘǊƻǳƎƘ ǇŀǊǝŀƭ 

ƻȄƛŘŀǝƻƴ ƛƴǎƛŘŜ ŀ ƎŀǎƛŬŜǊΦ Lƴ ŀ ǎǳōǎŜǉǳŜƴǘ ǎǘŜǇΣ ǘƘŜ ǇǊƻŘǳŎŜŘ ǎȅƴƎŀǎ ǳƴŘŜǊƎƻŜǎ ŀ 

άǿŀǘŜǊ Ǝŀǎ ǎƘƛƊέ ǊŜŀŎǝƻƴ ǘƻ ǇǊƻŘǳŎŜ /hн ŀƴŘ ŀŘŘƛǝƻƴŀƭ IнΦ ¢ƘŜ Ŭƴŀƭ ƳƛȄǘǳǊŜ 

ŎƻƴǎƛǎǝƴƎ ƻŦ /hн ŀƴŘ Iн ƛǎ ƪƴƻǿƴ ŀǎ ǘƘŜ άCǳŜƭ Dŀǎ ƳƛȄǘǳǊŜέ ŀƴŘ ƛǎ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜ 

όDaςоύ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘƛǎ ǎŜŎǝƻƴΦ /hн Ŏŀƴ ōŜ ǊŜƳƻǾŜŘ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ǘƘŜ ǇǳǊŜ Iн 

Ŏŀƴ ōŜ ǳǎŜŘ ƛƴ Ǝŀǎ ǘǳǊōƛƴŜǎ ƻǊ ŦǳŜƭ ŎŜƭƭǎ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎǝƻƴмлΦ 

 CǊƻƳ ǘƘŜ ŎǳǊǊŜƴǘ ŘƛǎŎǳǎǎƛƻƴ ƛǘ ƛǎ ŜǾƛŘŜƴǘ ǘƘŀǘ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ Daςо ǘƘŜ ǊŜƭŀǘŜŘ 

ǊŜǎŜŀǊŎƘ ƛǎ ŘǊƛǾŜƴ ǇǊƛƳŀǊƛƭȅ ōȅ ǘƘŜ ƴŜŜŘ ƻŦ Iн ǇǳǊƛŬŎŀǝƻƴ Ǿƛŀ /hн ǊŜƳƻǾŀƭ ŦǊƻƳ ǘƘŜ 

Ǝŀǎ ƳƛȄǘǳǊŜΦ ¢Ƙƛǎ ƛǎ ǊŜƅŜŎǘŜŘ ōȅ ǘƘŜ ǘȅǇŜ ƻŦ ǎǘǳŘƛŜǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǿƘŜǊŜ ǘƘŜ 

ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜƳ ŜƛǘƘŜǊ ǊŜǇƻǊǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ǎȅǎǘŜƳ 

ƻǊ ǳǎŜ ǇǊƻƳƻǘŜǊǎ ŦƻǊ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ŀǘ ƳƻǊŜ ŦŀǾƻǊŀōƭŜ ŎƻƴŘƛǝƻƴǎΦ CƛƎǳǊŜ оΦрŀ 

ǎƘƻǿǎ ŀ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ όDaςоύ 

ŎƻƴǘŀƛƴƛƴƎ /hн Ҍ IнΦ !ŘŘƛǝƻƴŀƭ ŘŜǘŀƛƭǎ ŦƻǊ ǘƘŜ ōƛƴŀǊȅ ƳƛȄǘǳǊŜ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ 

!Φоŀ ƻŦ !ǇǇŜƴŘƛȄ !Σ ǿƘƛƭŜ ǘƘŜ ŎŀǎŜ ƻŦ /hн Ҍ Iн Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ ƛǎ ŜȄŀƳƛƴŜŘ ƛƴ 

¢ŀōƭŜ !Φоō ƻŦ !ǇǇŜƴŘƛȄ !Φ ¢ƘŜ ŘŜǘŀƛƭǎ ŦƻǊ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ŎŀǎŜ 

ƻŦ /hн Ҍ Iн Ҍ ¢IC ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ оΦоŎΣ ǿƘƛƭŜ ¢ŀōƭŜ оΦоŘ ƻŦ !ǇǇŜƴŘƛȄ ! ŀƴŘ CƛƎǳǊŜ 

оΦрō ǎƘƻǿ ŀ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /hн Ҍ Iн Ҍ 

{ŜƳƛŎƭŀǘƘǊŀǘŜǎΦ  
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Figure 3.5.: Summary of the three-phase equilibrium data for the gas mixtures (GMς3) containing 
CO2 + H2: (a) all hydrate systems, (b) semiclathrate systems.   

For each mixture the temperature/pressure range and the number of available experimental data is 
reported. The number of studies that are reporting experimental data for each mixture is given in 
parenthesis. 

 

 

¢ƘŜǊŜ ƛǎ ƻƴƭȅ ƻƴŜ ǎǘǳŘȅ ǘƘŀǘ ǊŜǇƻǊǘǎ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ƘȅŘǊŀǘŜ 

ƛƴƘƛōƛǝƻƴ ōŜƘŀǾƛƻǊΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ YŀƴƎ Ŝǘ ŀƭΦмлп ǊŜǇƻǊǘŜŘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ 

ŎƻƴŘƛǝƻƴǎ ŦƻǊ Daςо ǿƛǘƘƛƴ ǎƛƭƛŎŀ ƎŜƭ ƴŀƴƻǇƻǊŜǎ ǿƛǘƘ ǎƛȊŜǎ ƻŦ нрΣ мллΣ ŀƴŘ нрл ƴƳΦ ¢ƘŜ 

ŎƻƴŬƴŜƳŜƴǘ ǿƛǘƘƛƴ ǘƘŜ ǇƻǊƻǳǎ ƳŜŘƛǳƳ ǊŜǎǳƭǘŜŘ ƛƴ ǎƘƛƊƛƴƎ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ 

ǘƻ ƘƛƎƘŜǊ ǾŀƭǳŜǎ όǘƘŜ ŜũŜŎǘ ōŜŎƻƳŜǎ ǎǘǊƻƴƎŜǊ ŀǎ ǘƘŜ ǇƻǊŜ ǎƛȊŜ ŘŜŎǊŜŀǎŜǎύΦ ¢ƘŜ ƛƴŎǊŜŀǎŜ 

ƻŦ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ όǎŜŜ ŦƻǊ ŜȄŀƳǇƭŜ ƛƴ CƛƎǳǊŜ оΦсŀ ǘƘŜ ƛƴƘƛōƛǝƻƴπǊŜƭŀǘŜŘ ǎƘƛƊ 
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ƛƴ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜύΣ ƘƻǿŜǾŜǊΣ ǿŀǎ ŎƻǳƴǘŜǊπōŀƭŀƴŎŜŘ ōȅ ǘǿƻ ƛƳǇƻǊǘŀƴǘ 

ŀǎǇŜŎǘǎ ƛƴ ǘƘŜ ǎŜǇŀǊŀǝƻƴ ǇǊƻŎŜǎǎΥ όƛύ ǘƘŜ ƛƴŎǊŜŀǎŜ ƻŦ ǘƘŜ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ǊŀǘŜ ŀƴŘ 

όƛƛύ ǘƘŜ ŜƴƘŀƴŎŜƳŜƴǘ ƻŦ ǘƘŜ ǎŜƭŜŎǝǾƛǘȅ ƻŦ /hн ƻǾŜǊ /hн Ҍ IнΦ  
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Figure 3.6.: (a) Inhibition effect resulting from measuring HςLwςV equilibria within 100 nm silica gel 
nanopores.  

The two green arrows indicate the degree of inhibition achieved (i.e., ɲP and ɲT) for the case of 
285.75 K. (b) Comparison of the promotion effect on the three-phase equilibrium data for gas 
mixtures (GMς3) containing CO2 + H2 with composition CO2 (40 mol %), and H2 (60 mol %) and various 
promoters.  

The dotted lines that connect the experimental data are guides to the eye only. 

Sources for experimental data: (a) Lee et al.105 ς black circles (pure CO2 + H2); Yang et al.106 ς red 

symbols (THF); Lee et al.107  ς green symbols (THF); Kim et al.108 ς blue symbols (TBAB); Park et al. 
109 ς magenta symbols (TBAB); Babu et al.110 ς turquoise symbols (TBANO3); Park et al.109 ς brown 

symbols (TBAF). (b) Lee et al.105 ς magenta (TBAB) & yellow symbols (TBAB in SG 100 nm); Kim et 

al.108  ς blue symbols (TBAB). 
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¢ƘŜǊŜŦƻǊŜΣ ŜǾŜƴ ǘƘƻǳƎƘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ ǇƻǊƻǳǎ ƳŜŘƛǳƳ ŀŎǘǎ ŀǎ ŀ 

ǘƘŜǊƳƻŘȅƴŀƳƛŎ ƛƴƘƛōƛǘƻǊΣ ƛǘ Ŏŀƴ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ŦǳƴŎǝƻƴ ŀǎ ŀ ƪƛƴŜǝŎ ǇǊƻƳƻǘŜǊΦ .ȅ 

ǇǊƻǇŜǊƭȅ ǿŜƛƎƘǝƴƎ ǘƘŜ ōŜƴŜŬǘǎ ŀƴŘ ŘǊŀǿōŀŎƪǎ ƻŦ ǳǎƛƴƎ ǘƘŜ ǇƻǊƻǳǎ ƳŜŘƛǳƳΣ ǿŜ Ƴŀȅ 

ŎƻƴŎƭǳŘŜ ŀōƻǳǘ ǘƘŜ ƻǾŜǊŀƭƭ ŀŘǾŀƴǘŀƎŜ ƻŦ ǳǎƛƴƎ ŀ ǇƻǊƻǳǎ ƳŜŘƛǳƳ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ƪƛƴŜǝŎ 

ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ƘȅŘǊŀǘŜπōŀǎŜŘ ǎŜǇŀǊŀǝƻƴ ǇǊƻŎŜǎǎΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ŀƴ ƛƴŎǊŜŀǎŜ 

ƛƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƘȅŘǊŀǘŜπōŀǎŜŘ ǎŜǇŀǊŀǝƻƴ ǎǘǳŘƛŜǎ ǘƘŀǘ ŀǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ǇƻǊƻǳǎ 

ƳŜŘƛŀ ƛǎ ƻōǎŜǊǾŜŘ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΦ ¢ȅǇƛŎŀƭ ŜȄŀƳǇƭŜǎ ŀǊŜ ǘƘŜ ǎǘǳŘƛŜǎ ōȅ [ƛƴƎŀ Ŝǘ ŀƭΦмммΤ 

½ƘƻƴƎ Ŝǘ ŀƭΦммнΤ {ƛŀƴƎǎŀƛ Ŝǘ ŀƭΦммоΤ ²ŀƴƎ Ŝǘ ŀƭΦммпΤ {ƻƴƎ Ŝǘ ŀƭΦммрΦ 

Lƴ ƻǊŘŜǊ ǘƻ ŜȄŀƳƛƴŜ ǘƘŜ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ ǾŀǊƛƻǳǎ ŀŘŘƛǝǾŜǎΣ ǿŜ ǎŜƭŜŎǘŜŘ ŀ 

ǇŀǊǝŎǳƭŀǊ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƳǇƻǎƛǝƻƴ όƛΦŜΦ /hн пл Ƴƻƭ ҈ ŀƴŘ Iн сл Ƴƻƭ ҈ύ ŦƻǊ ǿƘƛŎƘ 

ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŀ ƴǳƳōŜǊ ƻŦ ŘƛũŜǊŜƴǘ ǇǊƻƳƻǘŜǊǎ ƛƴŎƭǳŘƛƴƎ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΦ Lƴ CƛƎǳǊŜ оΦсō ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ƛǎ ǇƭƻǧŜŘ ŀǎ ŀ ŦǳƴŎǝƻƴ 

ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ ŀƭƭ ǘƘŜ ǎȅǎǘŜƳǎ ŎƻƴǎƛŘŜǊŜŘΦ ¢ƘŜ ƻōǎŜǊǾŀǝƻƴǎ ǘƘŀǘ ǿŜǊŜ ŘƛǎŎǳǎǎŜŘ 

ŜŀǊƭƛŜǊ ŦƻǊ Daςм ό{ŜŎǝƻƴ оΦнΦмύ ǊŜƎŀǊŘƛƴƎΥ όƛύ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ Iς[ǿς

± ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎΣ όƛƛύ ǘƘŜ άŎǊƻǎǎƻǾŜǊ ǘŜƳǇŜǊŀǘǳǊŜέΣ ŀƴŘ όƛƛƛύ ǘƘŜ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ 

ǘƘŜ ǾŀǊƛƻǳǎ ǇǊƻƳƻǘŜǊǎ ŀǊŜ ŀƭǎƻ ŀǇǇƭƛŎŀōƭŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ƳƛȄǘǳǊŜ όDaςоύ 

ŀƴŘ ǿƛƭƭ ƴƻǘ ōŜ ǊŜǇŜŀǘŜŘ ƘŜǊŜΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŀŘŘƛǝƻƴŀƭ ƻōǎŜǊǾŀǝƻƴǎ Ŏŀƴ ōŜ ƳŀŘŜ ŦƻǊ 

ǘƘŜ ŎǳǊǊŜƴǘ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ǎȅǎǘŜƳΥ 

όƛύ wŜƎŀǊŘƛƴƎ ǘƘŜ ǎǘǳŘƛŜǎ ŎƻƴǎƛŘŜǊŜŘ ǿƛǘƘ ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΣ ǿŜ ƻōǎŜǊǾŜ ǘƘŀǘ ǘƘŜ 

ǎǘǊƻƴƎŜǎǘ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƛǎ ƻōǘŀƛƴŜŘ ǿƛǘƘ ¢.!CΣ ŦƻƭƭƻǿŜŘ ōȅ ¢.!. ŀƴŘ ¢.!bhоΦ 

LƴŎǊŜŀǎƛƴƎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇǊƻƳƻǝƴƎ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜΦ ¢Ƙƛǎ ǊǳƭŜ ƛǎ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƻŦ .ŀōǳ Ŝǘ ŀƭΦммл ŦƻǊ 

¢.!bhоΣ [ŜŜ Ŝǘ ŀƭΦмлр ŦƻǊ ¢.!.Σ ŀƴŘ tŀǊƪ Ŝǘ ŀƭΦмлф ŦƻǊ ¢.!. ŀƴŘ ¢.!CΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ 

ǘƘŜǊŜ ǎŜŜƳǎ ǘƻ ōŜ ŀ ŘƛǎŎǊŜǇŀƴŎȅ ǿƛǘƘ ǘƘŜ Řŀǘŀ YƛƳ Ŝǘ ŀƭΦмлу ŦƻǊ ¢.!.Σ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ǘƘŜ 

ŎŀǎŜ ƻŦ с Ƴƻƭ ҈ ǿƘƛŎƘ ǎŜŜƳǎ ǘƻ ŜȄƘƛōƛǘ ŀ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ǿƘƛŎƘ ƛǎ ƭŜǎǎ ǇǊƻƴƻǳƴŎŜŘ 

ǘƘŀƴ ǘƘŜ ŎŀǎŜ ƻŦ о Ƴƻƭ ҈Φ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ Řŀǘŀ ƻŦ YƛƳ Ŝǘ ŀƭΦ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ¢.!. όо 

Ƴƻƭ ҈ύ ƛǎ ƴƻǘ ƛƴ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ Řŀǘŀ ƻŦ tŀǊƪ Ŝǘ ŀƭΦ млфΦ 

/ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǎƻƳŜ ŀŘŘƛǝƻƴŀƭ ŜȄǇŜǊƛƳŜƴǘǎ ƛƴ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ŀǊŜŀ 

ŎƻǳƭŘ ǊŜǎƻƭǾŜ ǘƘŜ ƛǎǎǳŜΦ 

όƛƛύ !ŘŘƛǝƻƴŀƭ ƛǎǎǳŜǎ ǿƛǘƘ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ ƛŘŜƴǝŬŜŘ ƛƴ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘǎ ǊŜǇƻǊǘŜŘ ōȅ ¸ŀƴƎ Ŝǘ ŀƭΦмлс ŦƻǊ ¢IC όм Ƴƻƭ ҈ύΦ ¢Ƙƛǎ ŎƻƴŎŜǊƴǎ ŜǎǇŜŎƛŀƭƭȅ ǘƘŜ 

ǘǿƻ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƘŀǘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ƭƻǿŜǊ ǊŜǇƻǊǘŜŘ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ǿƘƛŎƘ ǎŜŜƳ 
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ǘƻ ōŜ ƛƴ ŎƻƳǇƭŜǘŜ ŘƛǎŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ǘǊŜƴŘ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ƻǘƘŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ 

Řŀǘŀ Ǉƻƛƴǘǎ ōȅ ǘƘŜ ǎŀƳŜ ŀǳǘƘƻǊǎΣ ŀǎ ǿŜƭƭ ŀǎ ǿƛǘƘ ǘƘŜ ǘǊŜƴŘ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ [ŜŜ Ŝǘ ŀƭΦмлт ŦƻǊ ¢IC όм Ƴƻƭ ҈ύΦ 

όƛƛƛύ .ŀǎŜŘ ƻƴ ǘƘŜ ƻǾŜǊŀƭƭ ǇƛŎǘǳǊŜ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǇǊŜǎŜƴǘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŘŀǘŀΣ ǿŜ 

ōŜƭƛŜǾŜ ǘƘŀǘ ǘƘŜ ǳǎŜ ƻŦ /t ŀǎ ŀƴ ǎIπƘȅŘǊŀǘŜ ŦƻǊƳƛƴƎ ǇǊƻƳƻǘŜǊ ŎƻǳƭŘ ōŜ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ 

ŜȄŀƳƛƴŜ ƛƴ ŦǳǘǳǊŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎΦ 

 

оΦнΦп Dŀǎ aƛȄǘǳǊŜ п όDaςпύΥ  /hн Ҍ /Iп  

Dŀǎ aƛȄǘǳǊŜ п ƛǎ ŀ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƴǎƛǎǝƴƎ ƻŦ /hн ŀƴŘ /IпΦ ¢ƘŜ ǇŀǊǝŎǳƭŀǊ 

ǎȅǎǘŜƳ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƴŀǘǳǊŀƭ Ǝŀǎ όbDύ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ƻƛƭκƎŀǎ ǊŜǎŜǊǾƻƛǊǎΣ ǿƘƛŎƘ ƛǎ 

ǳǎǳŀƭƭȅ /IпςǊƛŎƘΣ ǿƘƛƭŜ /hн ƛǎ ŀ ŎƻƴǘŀƳƛƴŀƴǘ ǘƘŀǘ ƴŜŜŘǎ ǘƻ ōŜ ǊŜƳƻǾŜŘΦ IƻǿŜǾŜǊΣ ƛƴ 

ǊŜŎŜƴǘ ȅŜŀǊǎ ŀƴŘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ŎƭŜŀƴŜǊ ŦǳŜƭǎ ƛǘ Ƙŀǎ 

ōŜŎƻƳŜ ŜŎƻƴƻƳƛŎŀƭƭȅ ǾƛŀōƭŜ ǘƻ ǳǎŜ bD ǘƘŀǘ ƛǎ ƛƴƛǝŀƭƭȅ /hнςǊƛŎƘΦ Lƴ ǎǳŎƘ ŎŀǎŜǎ ŀ 

ǇǳǊƛŬŎŀǝƻƴ ǇǊƻŎŜǎǎ ŦƻǊ ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ /hн ƛǎ ǊŜǉǳƛǊŜŘΦ !ǎ CƛƎǳǊŜ оΦт ƛƴŘƛŎŀǘŜǎΣ ǘƘŜ 

ǇŀǊǝŎǳƭŀǊ ǎȅǎǘŜƳ ƛǎ ōȅ ŦŀǊ ǘƘŜ Ƴƻǎǘ ǎǘǳŘƛŜŘ όōŀǎŜŘ ƻƴ ōƻǘƘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ŀƴŘ 

ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ Ǉƻƛƴǘǎύ ƳƛȄŜŘ ƘȅŘǊŀǘŜ ǎȅǎǘŜƳ ŀƳƻƴƎ ǘƘƻǎŜ 

ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΦ  
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Figure 3.7.:  Summary of the three-phase equilibrium data for the gas mixtures (GMς4) containing 
CO2 + CH4: (a) all hydrate systems, (b) semiclathrate systems.   

For each mixture the temperature/pressure range and the number of available experimental data is 
reported. The number of studies that are reporting experimental data for each mixture is given in 
parenthesis. 

 

 

 

¢ƘŜ Ƴŀƛƴ ŘǊƛǾŜ ōŜƘƛƴŘ ǘƘŜ ƎǊŜŀǘ ǊŜǎŜŀǊŎƘ ƛƴǘŜǊŜǎǘ ŦƻǊ ǘƘŜ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ōŜƘŀǾƛƻǊ 

ƻŦ ǘƘŜ /hн Ҍ /Iп ƳƛȄǘǳǊŜ ƻǊƛƎƛƴŀǘŜǎ ǇǊƛƳŀǊƛƭȅ ŦǊƻƳ ŀǧŜƳǇǝƴƎ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ƅƻǿ 

ŀǎǎǳǊŀƴŎŜ ǊŜƭŀǘŜŘ ǇǊƻōƭŜƳǎ ŘǳǊƛƴƎ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ƻŦ bDΦ ¢ƻ ǘƘƛǎ 

ŜƴŘΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƪƴƻǿΥ όƛύ ǘƘŜ ŎƻƴŘƛǝƻƴǎ όǇǊŜǎǎǳǊŜΣ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴŘ 

ŎƻƳǇƻǎƛǝƻƴύ ŦƻǊ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ bDΩǎΣ ŀƴŘ όƛƛύ ǘƘŜ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ƛƴƘƛōƛǝƻƴ 
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ŜũŜŎǘ ƻŦ ǾŀǊƛƻǳǎ ŀŘŘƛǝǾŜǎ όŜΦƎΦΣ ŀƭŎƻƘƻƭǎΣ ŜƭŜŎǘǊƻƭȅǘŜǎύ ǘƘŀǘ ŀǊŜ ǳǎŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŜƛǘƘŜǊ 

ǎǳǎǇŜƴŘ ŎƻƳǇƭŜǘŜƭȅ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ όƛΦŜΦΣ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ƛƴƘƛōƛǝƻƴύ ƻǊ ǘƻ ŀƭƭƻǿ 

ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƛƴ ŀ ŎƻƴǘǊƻƭƭŜŘ ƳŀƴƴŜǊ όƛΦŜΦΣ ƪƛƴŜǝŎ ƛƴƘƛōƛǝƻƴΣ ŀƴǝŀƎƎƭƻƳŜǊŀǝƻƴύΦ 

Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ŜƭŜŎǘǊƻƭȅǘŜǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ǘƻ ōŜ ǇǊŜǎŜƴǘ ƛƴ ǊŜǎŜǊǾƻƛǊ ƅǳƛŘǎΦ 

CƛƎǳǊŜ оΦтŀ ǎƘƻǿǎ ŀ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ǘƘŜ Ǝŀǎ 

ƳƛȄǘǳǊŜǎ όDaςпύ ŎƻƴǘŀƛƴƛƴƎ /hн Ҍ /IпΦ !ŘŘƛǝƻƴŀƭ ŘŜǘŀƛƭǎ ŦƻǊ ǘƘƛǎ ōƛƴŀǊȅ ƳƛȄǘǳǊŜ ŀǊŜ 

ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ !ΦпŀΣ ǿƘƛƭŜ ǘƘŜ ŎŀǎŜ ƻŦ /hн Ҍ /Iп Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ ƛǎ ŜȄŀƳƛƴŜŘ 

ƛƴ ¢ŀōƭŜ !Φпō ƻŦ !ǇǇŜƴŘƛȄ !Φ  

Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ /hн Ҍ /Iп ƳƛȄǘǳǊŜ ƛǎ ǊŜƭŜǾŀƴǘ ǘƻ ǘƘŜ ŎŀǎŜ ƻŦ Ǝŀǎ ǇǊƻŘǳŎǝƻƴ ŦǊƻƳ 

ǎƘŀƭŜ ŘŜǇƻǎƛǘǎΦ ¢ƘŜ /hн ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ά{ƘŀƭŜπƎŀǎέ Ŏŀƴ ǾŀǊȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 

ǎƘŀƭŜ ŦƻǊƳŀǝƻƴΦ ! ƳƛȄǘǳǊŜ ƘŀǾƛƴƎ ŀ ǘŜƴǘŀǝǾŜ ƳƻƭŀǊ ŎƻƳǇƻǎƛǝƻƴммс ƻŦ /hн όпл ҈ύ ŀƴŘ 

/Iп όсл ҈ύ Ŏŀƴ ōŜ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ŎŀǎŜǎ ǿƘŜƴ ǎǳǇŜǊŎǊƛǝŎŀƭ /hн ƛǎ ǳǎŜŘ ŀǎ ŀƴ ŀƭǘŜǊƴŀǝǾŜ 

ƴƻƴπŀǉǳŜƻǳǎ ŦǊŀŎǘǳǊƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ǿŀǘŜǊπƛƴǘŜƴǎƛǾŜ ǇǊƻōƭŜƳǎ ǘƘŀǘ ŀǊŜ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǘǊŀŘƛǝƻƴŀƭ ƘȅŘǊŀǳƭƛŎ ŦǊŀŎǘǳǊƛƴƎммтΣммуΦ  

/hн ŀƴŘ /Iп ŀǊŜ ŀƭǎƻ ǘƘŜ ǇǊƛƳŀǊȅ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ά.ƛƻƎŀǎέ ǿƘƛŎƘ ƛǎ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ 

ǘƘŜ ŀƴŀŜǊƻōƛŎ ŘƛƎŜǎǝƻƴ ƻŦ ƻǊƎŀƴƛŎ ōƛƻŘŜƎǊŀŘŀōƭŜ ƳŀǘŜǊƛŀƭΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǊŜǾƛŜǿ 

ǇŀǇŜǊ ƻŦ !ƴŘǊƛŀƴƛ Ŝǘ ŀƭΦммф  άōƛƻƎŀǎέ Ƙŀǎ ŀ ǘȅǇƛŎŀƭ ƳƻƭŀǊ ŎƻƳǇƻǎƛǝƻƴ ƻŦ /Iп όплςтр ҈ύ 

ŀƴŘ /hн όмрςсл ҈ύΦ ¢ƘŜ ŘŜŎƻƳǇƻǎƛǝƻƴ ƻŦ ǿŜǘ ƻǊƎŀƴƛŎ ƳŀǘŜǊƛŀƭ ǘƘŀǘ ƛǎ ŘŜǇƻǎƛǘŜŘ ƛƴ 

ƭŀƴŘŬƭƭǎ όǳƴŘŜǊ ŀƴŀŜǊƻōƛŎ ŎƻƴŘƛǝƻƴǎύ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ά[ŀƴŘŬƭƭ Ǝŀǎέ ό[CDύ ǿƛǘƘ ŀ ǘȅǇƛŎŀƭ 

ƳƻƭŀǊ ŎƻƳǇƻǎƛǝƻƴмнл /hн όплςрл ҈ύ ŀƴŘ /Iп όрлςсл ҈ύΦ ¢ƘŜ ŎŀǎŜ ƻŦ [CD ǿƛǘƘ 

ŎƻƳǇƻǎƛǝƻƴ /hнκ/Iпκbн ǿƛƭƭ ōŜ ŦǳǊǘƘŜǊ ŘƛǎŎǳǎǎŜŘ ƛƴ {ŜŎǝƻƴ оΦнΦфΦ ¢ƘŜ 

ŀŦƻǊŜƳŜƴǝƻƴŜŘ ƳƛȄǘǳǊŜǎ Ŏŀƴ ōŜ ŀ ǎƻǳǊŎŜ ƻŦ ƛƳǇƻǊǘŀƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŎŜǊƴ όŀǎ 

ōƻǘƘ /hн ŀƴŘ /Iп ŀǊŜ ǇƻǘŜƴǘ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎύΣ ŀǎ ǿŜƭƭ ŀǎ ŀ ǎƻǳǊŎŜ ƻŦ ŜƴŜǊƎȅΦ Lƴ ŜƛǘƘŜǊ 

ŎŀǎŜΣ ǘƘŜ /hн Ҍ /Iп ƳƛȄǘǳǊŜ ƴŜŜŘǎ ǇǳǊƛŬŎŀǝƻƴ ŀƴŘ ǘƻ ǘƘƛǎ ǇǳǊǇƻǎŜ ƘȅŘǊŀǘŜπōŀǎŜŘ 

ƳŜǘƘƻŘǎ ƘŀǾŜ ōŜŜƴ ǇǊƻǇƻǎŜŘ ŀǎ ŀƭǘŜǊƴŀǝǾŜ ǘƻ ƳƻǊŜ ǘǊŀŘƛǝƻƴŀƭ ǎŜǇŀǊŀǝƻƴ ŀǇǇǊƻŀŎƘŜǎ 

όǎŜŜ ŦƻǊ ŜȄŀƳǇƭŜ ǘƘŜ ǊŜǾƛŜǿ ōȅ wǳũƻǊŘ Ŝǘ ŀƭΦор ƻǊ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƻƴ ǘƘŜ ŀŘǾŀƴǘŀƎŜǎ ŀƴŘ 

ŘƛǎŀŘǾŀƴǘŀƎŜǎ ƻŦ ŎƻƴǾŜƴǝƻƴŀƭ ǎŜǇŀǊŀǝƻƴ ƳŜǘƘƻŘǎΣ ǿƘƛŎƘ ǿŀǎ ǇǊŜǎŜƴǘŜŘ ōȅ !ŀǊƻƴ 

ŀƴŘ ¢ǎƻǳǊƛǎунύΦ ¢ƘŜ ŀŘŘƛǝƻƴ ƻŦ ǇǊƻƳƻǘŜǊǎ ǊŜǎǳƭǘǎ ƛƴ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ŀǘ ƳƻǊŜ 

ŦŀǾƻǊŀōƭŜ ŎƻƴŘƛǝƻƴǎ όƛΦŜΦ ƭƻǿŜǊ ǇǊŜǎǎǳǊŜǎ ŀƴŘ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎύ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅ 

ƛƴ ǊŜŘǳŎǝƻƴ ƻŦ ŎŀǇƛǘŀƭ ŀƴŘ ƻǇŜǊŀǝƻƴŀƭ ŎƻǎǘǎΦ tǊƻƳƻǘŜǊǎ ǎǳŎƘ ŀǎ ƴŜƻƘŜȄŀƴŜ όbIύΣ ŀƴŘ 

¢IC ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ŦƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜΦ ¢ƘŜ ǳǎŜ ƻŦ ǎŜƳƛŎƭŀǘƘǊŀǘŜ ƘȅŘǊŀǘŜ Ƙŀǎ ŀ ǎƛƳƛƭŀǊ 

ŜũŜŎǘΦ ¢ƘŜ ŘŜǘŀƛƭǎ ŦƻǊ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /hн Ҍ /Iп Ҍ ¢IC 
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ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ !ΦпŎ ƻŦ !ǇǇŜƴŘƛȄ !Σ ǿƘƛƭŜ ¢ŀōƭŜ !ΦпŘ ƻŦ !ǇǇŜƴŘƛȄ ! ŀƴŘ CƛƎǳǊŜ 

оΦтō ǎƘƻǿ ŀ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /hн Ҍ /Iп Ҍ 

{ŜƳƛŎƭŀǘƘǊŀǘŜǎΦ Lǘ ƛǎ ŜǾƛŘŜƴǘ ǘƘŀǘ ǘƘŜ Ƴƻǎǘ ǎǘǳŘƛŜŘ ǎȅǎǘŜƳ όƛΦŜΦΣ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƻǘŀƭ 

ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ Ǉƻƛƴǘǎ ƻǊ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎύ ƛǎ ǘƘŜ ¢.!. ǎŜƳƛŎƭŀǘƘǊŀǘŜΣ ǿƘƛƭŜ ǘƘŜ 

ƭŜŀǎǘ ǎǘǳŘƛŜŘ ƻƴŜ ƛǎ ǘƘŜ ŎŀǎŜ ƻŦ ¢.!CΦ    

Lƴ ƻǊŘŜǊ ǘƻ ŜȄŀƳƛƴŜ ǘƘŜ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ ǾŀǊƛƻǳǎ ŀŘŘƛǝǾŜǎΣ ǿŜ ǎŜƭŜŎǘŜŘ ŀ 

ǇŀǊǝŎǳƭŀǊ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƳǇƻǎƛǝƻƴ όƛΦŜΦ /hн пл Ƴƻƭ ҈ ŀƴŘ /Iп сл Ƴƻƭ ҈ύ ŦƻǊ ǿƘƛŎƘ 

ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŀ ƴǳƳōŜǊ ƻŦ ŘƛũŜǊŜƴǘ ǇǊƻƳƻǘŜǊǎ ƛƴŎƭǳŘƛƴƎ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΦ Lƴ CƛƎǳǊŜ оΦуΣ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ƛǎ ǇƭƻǧŜŘ ŀǎ ŀ ŦǳƴŎǝƻƴ 

ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ ŀƭƭ ǘƘŜ ŎƻƴǎƛŘŜǊŜŘ ǎȅǎǘŜƳǎΦ  
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Figure 3.8.: Comparison of the promotion effect on the three-phase equilibrium data for gas 
mixtures (GMς4) containing CO2 + CH4 with composition CO2 (40 mol %) and CH4 (60 mol %).  

The solid black line denotes calculations with CSMGem (Sloan and Koh1), while dotted lines that 
connect the experimental data are guides to the eye only. 

Sources for experimental data: Lee et al.121 ς black triangles (pure); Zhong et al.122 ς red symbols 

(THF); Mohammadi et al.123 ς green symbols (TBAB); Acosta et al.124 ς magenta symbols (TBAB); Lee 

et al.125 ς yellow circles (NH); Qing et al.126 ς blue symbols (TBAC); Li et al.116 ς turquoise symbols 

(TBPB); Silva et al.127 ς brown symbols (TBPO). 

 

 

¢ƘŜ ƻōǎŜǊǾŀǝƻƴǎ ǘƘŀǘ ǿŜǊŜ ƳŀŘŜ ŜŀǊƭƛŜǊ ŦƻǊ Daςм ό{ŜŎǝƻƴ оΦнΦмύ ǊŜƎŀǊŘƛƴƎΥ όƛύ ǘƘŜ 

ōŜƘŀǾƛƻǊ ƻŦ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎΣ όƛƛύ ǘƘŜ άŎǊƻǎǎƻǾŜǊ 

ǘŜƳǇŜǊŀǘǳǊŜέΣ ŀƴŘ όƛƛƛύ ǘƘŜ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ ǘƘŜ ǾŀǊƛƻǳǎ ǇǊƻƳƻǘŜǊǎ ŀǊŜ ŀƭǎƻ 

ŀǇǇƭƛŎŀōƭŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ƳƛȄǘǳǊŜ όDaςпύ ŀƴŘ ǿƛƭƭ ƴƻǘ ōŜ ǊŜǇŜŀǘŜŘ ƘŜǊŜΦ 

CǳǊǘƘŜǊƳƻǊŜΣ ōŀǎŜŘ ƻƴ ŎƻƴŎƭǳǎƛƻƴǎ ŦǊƻƳ ŜŀǊƭƛŜǊ ƻōǎŜǊǾŀǝƻƴǎ ŦƻǊ DaςмΣ ǿŜ ǿƻǳƭŘ 

ǊŜŎƻƳƳŜƴŘ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ŀŘŘƛǝƻƴŀƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿƛǘƘ ǘƘŜ ǳǎŜ 

ƻŦ ¢.!C ƻǊ ¢ƛ!!.Φ 
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оΦнΦр Dŀǎ aƛȄǘǳǊŜ р όDaςрύΥ  /hн ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ  

¢ƘŜ ǇǊƛƳŀǊȅ ŎƻƳǇƻƴŜƴǘ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ Dŀǎ aƛȄǘǳǊŜ р ƛǎ /hнΦ ¢ƘŜ ǇŀǊǝŎǳƭŀǊ ƳƛȄǘǳǊŜ 

Ŏƻƴǘŀƛƴǎ ǘƘŜ ǊŜƳŀƛƴƛƴƎ /hн ƳƛȄǘǳǊŜǎ ǘƘŀǘ ŀǊŜ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ǊŜƭŀǘŜŘ ǘƻ 

ƳƛȄǘǳǊŜǎ Daςм ǳǇ ǘƻ DaςпΣ DaςфΣ DaςмлΣ ŀƴŘ Daςмо ǳǇ ǘƻ DaςмрΦ ! ǎǳƳƳŀǊȅ ƻŦ 

ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ !Φрŀ ƻŦ !ǇǇŜƴŘƛȄ ! ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ 

ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƻŦ /hнπŎƻƴǘŀƛƴƛƴƎ ǎȅǎǘŜƳǎΣ ǿƘƛƭŜ ¢ŀōƭŜ !Φрō ǇǊŜǎŜƴǘǎ ǘƘŜ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎǘǳŘƛŜǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ƘȅŘǊŀǘŜ ƛƴƘƛōƛǝƻƴ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ aŜhIΣ 

a9DΣ bŀ/ƭ ƻǊ ƘȅŘǊŀǘŜ ǇǊƻƳƻǝƻƴ ǳǎƛƴƎ ¢.!.Φ 

 

оΦнΦс Dŀǎ aƛȄǘǳǊŜ с όDaςсύΥ  /Iп Ҍ Iн   

Dŀǎ aƛȄǘǳǊŜ с ƛǎ ŀ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƴǎƛǎǝƴƎ ƻŦ /Iп ŀƴŘ IнΦ {ǳŎƘ ŀ ƳƛȄǘǳǊŜ ƛǎ 

ŎƻƳƳƻƴƭȅ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ǇŜǘǊƻƭŜǳƳ ǊŜŬƴƛƴƎ ŀƴŘ ǇŜǘǊƻŎƘŜƳƛŎŀƭ ǇǊƻŎŜǎǎŜǎΦ ¢ȅǇƛŎŀƭ 

ŎŀǎŜǎ ƻŦ ƳƛȄǘǳǊŜǎ ƛƴŎƭǳŘŜ ǘƘŜ ŎŀǎŜǎ ƻŦ ƘȅŘǊƻƎŜƴŀǝƻƴ ƻũπƎŀǎΣ ŎŀǘŀƭȅǝŎ ǊŜŦƻǊƳƛƴƎ ƎŀǎΣ 

ŀƴŘ ƘȅŘǊƻŎǊŀŎƪƛƴƎ ƻũπƎŀǎмнуΦ Lƴ ǎǳŎƘ ƳƛȄǘǳǊŜǎΣ ǘƘŜ ƳƻƭŜ ŦǊŀŎǝƻƴ ƻŦ Iн Ƴŀȅ ǊŀƴƎŜ 

ōŜǘǿŜŜƴ лΦп ς лΦф ǿƘƛƭŜ ǘƘŜ ƳƻƭŜ ŦǊŀŎǝƻƴ ƻŦ /Iп ōŜǘǿŜŜƴ лΦло ς лΦплΣ ǿƛǘƘ ƻǘƘŜǊ 

ƳƛƴƻǊ ŎƻƳǇƻƴŜƴǘǎ όŜΦƎΦ bнΣ /нIсΣ /оIуύ ƘŀǾƛƴƎ ŀ ǘƻǘŀƭ ƳƻƭŜ ŦǊŀŎǝƻƴ ƻŦ ƭŜǎǎ ǘƘŀƴ лΦмΦ 

¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ǊŜŎƻǾŜǊȅ ƻŦ Iн ōŜŎƻƳŜǎ ƻŦ ǎƛƎƴƛŬŎŀƴǘ ŜŎƻƴƻƳƛŎ ƛƳǇƻǊǘŀƴŎŜ ŀƴŘ ŎƻǳƭŘ 

ƛƴ ǇǊƛƴŎƛǇƭŜ ōŜ ŀŎƘƛŜǾŜŘ ǳǎƛƴƎ ŀ ƘȅŘǊŀǘŜπōŀǎŜŘ ŀǇǇǊƻŀŎƘΦ {ǳŎƘ ŀƴ ŀǇǇǊƻŀŎƘ Ŏŀƴ 

ƻǇŜǊŀǘŜ ŀǘ ŀ ǊŀƴƎŜ ƻŦ ƳƻŘŜǊŀǘŜ ǇǊŜǎǎǳǊŜǎ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜΣ ǇǊŜǎŜƴǘǎ 

ŀƴ ŀŘǾŀƴǘŀƎŜ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǘǊŀŘƛǝƻƴŀƭ ŎǊȅƻƎŜƴƛŎ Řƛǎǝƭƭŀǝƻƴ ƳŜǘƘƻŘ ǘƘŀǘ ƛǎ 

ǳǎǳŀƭƭȅ ŜƳǇƭƻȅŜŘΦ 

! ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ό½ƘŀƴƎ Ŝǘ ŀƭΦмнфΣ {ƪƛōŀ Ŝǘ ŀƭΦмолΣ {ǳƴ Ŝǘ 

ŀƭΦмомΣ aŀ Ŝǘ ŀƭΦмонΣ tŀƴƎ Ŝǘ ŀƭΦмооΣ hōŀƴƛƧŜǎǳ Ŝǘ ŀƭΦмопΣ ŀƴŘ aŀǘǎǳƳƻǘƻ Ŝǘ ŀƭΦмотύ ǇǊƻǾƛŘŜŘ 

Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎ ƻŦ ǘƘŜ ōƛƴŀǊȅ DaςсΦ {ƛƴŎŜ ǘƘŜ ƳŀƧƻǊ ǇǊƻŎŜǎǎ ƻŦ ƛƴǘŜǊŜǎǘ ŦƻǊ 

ǘƘŜ ǇŀǊǝŎǳƭŀǊ ƳƛȄǘǳǊŜ ƛǎ ǎŜǇŀǊŀǝƻƴΣ ŜũƻǊǘ Ƙŀǎ ōŜŜƴ ŘŜǾƻǘŜŘ ǘƻ ŜȄŀƳƛƴƛƴƎ ǾŀǊƛƻǳǎ 

ƘȅŘǊŀǘŜ ǇǊƻƳƻǝƻƴ ǎŎƘŜƳŜǎΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ YƘŀƴ Ŝǘ ŀƭΦмос ŜȄǇƭƻǊŜŘ ǘƘŜ ŜũŜŎǘ ǘƘŀǘ ǘƘŜ Iн 

ŎƻƴŎŜƴǘǊŀǝƻƴ ƛƴ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜ Ƙŀǎ ƻƴ ǘƘŜ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ƻŦ ŀ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ 

ǎȅǎǘŜƳ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ Iн Ҍ /Iп Ҍ ƳŜǘƘȅƭŎȅŎƭƻƘŜȄŀƴŜ όa/IύΦ ¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ a/I 

ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǎI ƘȅŘǊŀǘŜΦ ¢ƘŜ ŀǳǘƘƻǊǎ ǳǎŜŘ ŀ /ŀƛƭƭŜǘŜǘ ŀǇǇŀǊŀǘǳǎ ŦƻǊ ǘƘŜƛǊ 

ŜȄǇŜǊƛƳŜƴǘǎ ŀƴŘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ Iн ǘƻ /Iп Ǌŀǝƻ όŦŜŜŘ Ǝŀǎύ ǊŜǎǳƭǘǎ ƛƴ 
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ǎƘƛƊƛƴƎ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ŎǳǊǾŜǎ ǘƻǿŀǊŘǎ ƘƛƎƘŜǊ ǇǊŜǎǎǳǊŜǎ ŀƴŘ ƭƻǿŜǊ 

ǘŜƳǇŜǊŀǘǳǊŜǎΦ ¢IC Ƙŀǎ ōŜŜƴ ŀƭǎƻ ǳǎŜŘ ŀǎ ŀ ǇǊƻƳƻǘŜǊ ōȅ ŀ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ό½ƘŀƴƎ Ŝǘ 

ŀƭΦмотΣ {ǳƴ Ŝǘ ŀƭΦмомΣ aŀ Ŝǘ ŀƭΦмонΣ ŀƴŘ ²ŀƴƎ Ŝǘ ŀƭΦмоуύΦ ¢ƘŜ ǎǘǳŘƛŜǎ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ 

ŀŘŘƛǝƻƴ ƻŦ ¢IC ǊŜǎǳƭǘŜŘ ƛƴ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴ ƻŦ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ƻŦ 

ǘƘŜ ǎLL ƘȅŘǊŀǘŜ ŦƻǊƳŜŘΦ !ǘ ǘƘŜ ǎŀƳŜ ǝƳŜΣ ǘƘŜ ǾŀǇƻǊ ǇƘŀǎŜ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ǎƛƎƴƛŬŎŀƴǘƭȅ 

ŜƴǊƛŎƘŜŘ ƛƴ Iн ό{ǳƴ Ŝǘ ŀƭΦмомύΦ 

¢ƘŜ ƻƴƭȅ ǎǘǳŘȅ ǘƘŀǘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿƛǘƘ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ ŦƻǊ 

ǘƘŜ Iн Ҍ /Iп Ǝŀǎ ƳƛȄǘǳǊŜ ƛǎ ǘƘŜ ƻƴŜ ōȅ [ǳƻ Ŝǘ ŀƭΦмнуΦ ¢ƘŜ ŀǳǘƘƻǊǎ ǇŜǊŦƻǊƳŜŘ ŀƴ ŜȄǘŜƴŘŜŘ 

ǎŜǊƛŜǎ ƻŦ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ¢.!. όǿƛǘƘ Ƴŀǎǎ ŦǊŀŎǝƻƴ ǊŀƴƎŜ лΦмлςлΦрлύ 

ŀƴŘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ¢.!. Ŏŀƴ ǊŜŘǳŎŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƘŜ Iς[ǿς± 

ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜΦ ¢ƘŜȅ ŀƭǎƻ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǘƘŜ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ƛƴŎǊŜŀǎŜǎ ŀǎ ǘƘŜ 

¢.!. ŎƻƴŎŜƴǘǊŀǝƻƴ ƛƴŎǊŜŀǎŜǎ ŀƴŘ ŀƴ ƻǇǝƳǳƳ ǾŀƭǳŜ ŜȄƛǎǘǎ ǿƘŜǊŜ ŀ ƳŀȄƛƳǳƳ 

ǇǊƻƳƻǝƻƴ ƛǎ ƻōǎŜǊǾŜŘΦ !ƴȅ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ǎǝƭƭ ŜȄƘƛōƛǘǎ 

ǇǊƻƳƻǝƻƴ ŜũŜŎǘǎΣ ƘƻǿŜǾŜǊΣ ŀǘ ŀ ƭŜǎǎŜƴŜŘ ŘŜƎǊŜŜ ŦǊƻƳ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǇǊƻƳƻǝƻƴ 

ŜũŜŎǘ ƻŦ ǘƘŜ ƻǇǝƳǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴ ǾŀƭǳŜΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜȅ ŎƻƳǇŀǊŜŘ ǘƘŜ ŎŀǎŜ ƻŦ 

¢.!. όƳŀǎǎ ŦǊŀŎǝƻƴ лΦнлύ ŀƴŘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ōȅ ½ƘŀƴƎ Ŝǘ ŀƭΦмот ŦƻǊ 

¢IC όƳŀǎǎ ŦǊŀŎǝƻƴ лΦнлорύ ŀƴŘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀ ŎǊƻǎǎƻǾŜǊ ǘŜƳǇŜǊŀǘǳǊŜΦ Lƴ 

ǇŀǊǝŎǳƭŀǊΣ ŦƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ǿƘƛŎƘ ŀǊŜ ƭƻǿŜǊ ǘƘŀƴ нуп YΣ ǘƘŜ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ ¢.!. 

ǿŀǎ ǎǳǇŜǊƛƻǊ ǘƻ ǘƘŀǘ ƻŦ ¢ICΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘƛǎ ōŜƘŀǾƛƻǊ ƛǎ ǊŜǾŜǊǎŜŘ ŦƻǊ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ƘƛƎƘŜǊ ǘƘŀƴ нуп YΦ 

! ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ оΦф ǿƘƛƭŜ 

ŀŘŘƛǝƻƴŀƭ ƛƴŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ¢ŀōƭŜ !Φсŀ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ 

ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜΦ ¢ŀōƭŜ !Φсō ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ǇǊŜǎŜƴǘǎ 

ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎǘǳŘƛŜǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ǿƛǘƘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ 

ƻǊƎŀƴƛŎ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎΣ ǿƘƛƭŜ ¢ŀōƭŜ !ΦсŎ ǘƘŜ ŎŀǎŜ ǿƛǘƘ ¢ICΣ ŀƴŘ Ŭƴŀƭƭȅ ¢ŀōƭŜ !ΦсŘ 

ǘƘŜ ŎŀǎŜ ƻŦ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΦ 
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Figure 3.9.:  Summary of the three-phase equilibrium data for the gas mixtures (GMς6) containing 

CH4 + H2.  

For each mixture the temperature/pressure range and the number of available experimental data is 

reported. The number of studies that are reporting experimental data for each mixture is given in 

parenthesis. 

 

 

Lǘ ƛǎ ŜǾƛŘŜƴǘ ŦǊƻƳ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ǘƘŀǘ ŀŘŘƛǝƻƴŀƭ ǎǘǳŘƛŜǎ ŎƻǳƭŘ ōŜ ǇŜǊŦƻǊƳŜŘ 

ŜǎǇŜŎƛŀƭƭȅ ŦƻŎǳǎƛƴƎ ƻƴ ŜȄǇƭƻǊƛƴƎ ǘƘŜ ŜũŜŎǘ ƻŦ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 

ǎƻƭǳǝƻƴǎ ƻŦ ¢.!/Σ ¢.!CΣ ŀƴŘ ƻǘƘŜǊ ǎŜƳƛŎƭŀǘƘǊŀǘŜπŦƻǊƳƛƴƎ ǎȅǎǘŜƳǎΦ 

оΦнΦт Dŀǎ aƛȄǘǳǊŜ т όDaςтύΥ  /Iп Ҍ bн  

Dŀǎ aƛȄǘǳǊŜ т ƛǎ ŀ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƴǎƛǎǝƴƎ ƻŦ /Iп ŀƴŘ bнΦ ¢ƘŜ ǇŀǊǝŎǳƭŀǊ 

ƳƛȄǘǳǊŜ ƛǎ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ǘǿƻ ŘƛǎǝƴŎǘ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎΦ CƛǊǎǘΣ bн Ŏŀƴ ōŜ ƻƴŜ ƻŦ 

ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ǇǊƻŘǳŎŜŘ ŦǊƻƳ Ǝŀǎ ǊŜǎŜǊǾƻƛǊǎΦ bн ŎƻƴŎŜƴǘǊŀǝƻƴ Ŏŀƴ ōŜ 

ŀǎ ƘƛƎƘ ŀǎ мн҈Φ .ŜŦƻǊŜ ƛƴǘǊƻŘǳŎƛƴƎ ǘƘŜ ƴŀǘǳǊŀƭ Ǝŀǎ ƛƴ ǘƘŜ Ǝŀǎ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ǇƛǇŜƭƛƴŜΣ 

ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ǊŜƳƻǾŜ ǘƘŜ ƛƳǇǳǊƛǝŜǎ ƻŦ ǘƘŜ ǎǳōπǎǇŜŎƛŬŎŀǝƻƴ ƴŀǘǳǊŀƭ ƎŀǎосΣмофΦ 

¢ƘŜǊŜŦƻǊŜΣ ǊŜƳƻǾƛƴƎ bн ōȅ ǳǎƛƴƎ ŀ ƘȅŘǊŀǘŜπōŀǎŜŘ ŀǇǇǊƻŀŎƘ Ƙŀǎ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀƴ 

ŀƭǘŜǊƴŀǝǾŜ ŦƻǊ ƴŀǘǳǊŀƭ Ǝŀǎ ǇǳǊƛŬŎŀǝƻƴΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ƘƻǿŜǾŜǊΣ ǘƘŀǘ ƛƴ Ƴƻǎǘ ŎŀǎŜǎ 

ǘƘŜ Ǝŀǎ ƛƴŘǳǎǘǊȅ Ŧƻƭƭƻǿǎ ŀ ƳƻǊŜ ŎƻƴǎŜǊǾŀǝǾŜ ŀǇǇǊƻŀŎƘ ŦƻǊ bD ǇǳǊƛŬŎŀǝƻƴ ƛƴŎƭǳŘƛƴƎ 

ƳŜǘƘƻŘǎ ǎǳŎƘ ŀǎ ǇǊŜǎǎǳǊŜ ǎǿƛƴƎ ŀŘǎƻǊǇǝƻƴΣ ŎǊȅƻƎŜƴƛŎ ƭƛǉǳŜŦŀŎǝƻƴΣ ŀƴŘ ƳŜƳōǊŀƴŜ 

ǎŜǇŀǊŀǝƻƴΦ ! ŘŜǘŀƛƭŜŘ ŘƛǎŎǳǎǎƛƻƴ ƻƴ ǘƘŜ ƛǎǎǳŜ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ǊŜǾƛŜǿ ōȅ wǳũƻǊŘ Ŝǘ 

ŀƭΦорΦ wŜǎŜŀǊŎƘ ƛƴ ƘȅŘǊŀǘŜπōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ŦƻǊ bн ǊŜƳƻǾŀƭ Ƙŀǎ ŜƳŜǊƎŜŘ ƻƴƭȅ ƛƴ ǊŜŎŜƴǘ 

ȅŜŀǊǎΦ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ōƛƴŀǊȅ /Iп Ҍ bн ǎȅǎǘŜƳǎ ƘŀǾŜ ōŜŜƴ 

ǊŜǇƻǊǘŜŘ ōȅ IŀǇǇŜƭ Ŝǘ ŀƭΦмплΣ aŜƛ Ŝǘ ŀƭΦмпмΣ bƛȄŘƻǊŦ ŀƴŘ hŜƭƭǊƛŎƘмпнΣ ŀƴŘ {ŀŘŜǉ Ŝǘ ŀƭΦмппΦ 
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hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ aŜƛ Ŝǘ ŀƭΦмпм ǊŜǇƻǊǘŜŘ ŀƴ ŜȄǘŜƴǎƛǾŜ ǎŜǊƛŜǎ ƻŦ ŜǉǳƛƭƛōǊƛǳƳ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ǎȅǎǘŜƳ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǾŀǊƛƻǳǎ ŜƭŜŎǘǊƻƭȅǘŜǎΦ 

²ƘƛƭŜ ƛƴ ǘƘŜ ŬǊǎǘ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ ǘƘƛǎ ǎŜŎǝƻƴ /Iп ƛǎ ǘƘŜ ƳŀƧƻǊ 

ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜΣ ƛƴ ǘƘŜ ǎŜŎƻƴŘ ƻƴŜ ǘƘŜ ƳŀƧƻǊ ŎƻƳǇƻƴŜƴǘ ƛǎ bнΦ ! 

ƳƛȄǘǳǊŜ ŎƻƴǘŀƛƴƛƴƎ /Iп ŀƴŘ bн ǿƛǘƘ ŀǇǇǊƻȄƛƳŀǘŜ ƳƻƭŀǊ ŎƻƳǇƻǎƛǝƻƴ ол҈ ŀƴŘ тл҈ 

ǊŜǎǇŜŎǝǾŜƭȅ ƛǎ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ Ŏƻŀƭ ƳƛƴŜ ƻǇŜǊŀǝƻƴǎΦ ¢ƘŜ ƳƻǊŜ ƎŜƴŜǊŀƭ ŎŀǎŜ ƻŦ ŀ 

ǘŜǊƴŀǊȅ ƳƛȄǘǳǊŜ ŎƻƴǘŀƛƴƛƴƎ /IпΣ bнΣ ŀƴŘ hн ǿƘŜǊŜ ǘƘŜ /Iп ƳƻƭŀǊ ŎƻƳǇƻǎƛǝƻƴ ƛǎ ƛƴ ǘƘŜ 

ǊŀƴƎŜ ƻŦ ол҈ ς рл҈Σ hн ƛǎ ŀǊƻǳƴŘ мл҈ ŀƴŘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŎƻƳǇƻǎƛǝƻƴ ƛǎ ōŀƭŀƴŎŜŘ ōȅ 

bн ǿƛƭƭ ōŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ƴŜȄǘ ǎŜŎǝƻƴΦ {ǳŎƘ ǘȅǇŜǎ ƻŦ ƳƛȄǘǳǊŜǎ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŎƻŀƭ 

ƳƛƴŜ ƳŜǘƘŀƴŜέ ό/aaύ ƻǊ άŎƻŀƭπōŜŘ ƳŜǘƘŀƴŜέ ό/.aύΦ ! ƴǳƳōŜǊ ƻŦ ƛǎǎǳŜǎ ŀǊŜ ǊŜƭŀǘŜŘ 

ǘƻ ǘƘŜǎŜ ǘǿƻ Ǝŀǎ ƳƛȄǘǳǊŜǎΥ  όƛύ ǘƘŜ ǎŀŦŜ ƻǇŜǊŀǝƻƴ ƻŦ ƳƛƴŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ŀǾƻƛŘ ŜȄǇƭƻǎƛƻƴǎ 

ǊŜǉǳƛǊŜǎ ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ /Iп ŦǊƻƳ ǘƘŜ ŎƛǊŎǳƭŀǝƴƎ ŀƛǊΣ όƛƛύ ŘƛǊŜŎǘ ŘƛǎǇƻǎŀƭ ƻŦ ǘƘŜ ƳƛȄǘǳǊŜ 

ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ƛǎ ŀ ǎŜǊƛƻǳǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŎŜǊƴ ǎƛƴŎŜ /Iп ƛǎ ƪƴƻǿƴ ǘƻ ƘŀǾŜ ŀ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ǎǘǊƻƴƎŜǊ ŜũŜŎǘ ŀǎ ŀ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŎƻƳǇŀǊŜŘ ǘƻ /hнΣ ŀƴŘ όƛƛƛύ ǘƘŜ ƳƛȄǘǳǊŜ 

ƛǎ ŀ ƭƻǿπŜƴŜǊƎȅπŦǳŜƭ ǿƘƛŎƘ Ŏŀƴ ōŜ ǘǳǊƴŜŘ ƛƴǘƻ ƳƻǊŜ /IпπǊƛŎƘ ŀƊŜǊ ŀ ǇǳǊƛŬŎŀǝƻƴ 

ǇǊƻŎŜǎǎΦ ¢ƘŜǊŜŦƻǊŜΣ /Iп ǊŜƳƻǾŀƭ ŦǊƻƳ Daςт ǊŜǇǊŜǎŜƴǘǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ƴŜŜŘ ŀƴŘ 

ƘȅŘǊŀǘŜπōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ƘŀǾŜ ŀƭǎƻ ŜƳŜǊƎŜŘ ƛƴ ŀƴ ŜũƻǊǘ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ƛǎǎǳŜΦ 

! ǎŜǊƛŜǎ ƻŦ ǎǘǳŘƛŜǎ ǇǊƻǾƛŘŜŘ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ōƛƴŀǊȅ /Iп 

Ҍ bн ǿƛǘƘ ŎƻƳǇƻǎƛǝƻƴǎ ǊŜƭŀǘŜŘ ǘƻ //a ƻǊ /.a ό½ƘƻƴƎ ŀƴŘ 9ƴƎƭŜȊƻǎмппΣ ½ƘƻƴƎ Ŝǘ 

ŀƭΦммнΣмпрύΦ [ŜŜ Ŝǘ ŀƭΦмпсΣ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ŀƭǎƻ 

ǇǊŜǎŜƴǘŜŘ мо/ ǎƻƭƛŘπǎǘŀǘŜ baw ǎǇŜŎǘǊƻǎŎƻǇȅ ŀƴŘ ǇƻǿŘŜǊ ·w5 ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ƻǊŘŜǊ 

ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ ƘȅŘǊŀǘŜ ǎǘǊǳŎǘǳǊŜǎ ǘƘŀǘ ǿŜǊŜ ŦƻǊƳŜŘΦ Lǘ Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘм ǘƘŀǘ ǇǳǊŜ 

/Iп ŦƻǊƳǎ ǎL ƘȅŘǊŀǘŜǎΣ ǿƘƛƭŜ ǇǳǊŜ bн ŦƻǊƳǎ ǎLLΦ [ŜŜ Ŝǘ ŀƭΦ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ƳƛȄŜŘ /Iп Ҍ bн 

ƘȅŘǊŀǘŜ ŜȄƘƛōƛǘǎ ŀ ǎǘǊǳŎǘǳǊŀƭ ǘǊŀƴǎŦƻǊƳŀǝƻƴ όƛΦŜΦ άǎLςǘƻςǎLLέύ ōŜǘǿŜŜƴ нрΦнп Ƴƻƭ ҈ ŀƴŘ 

нуΦрм Ƴƻƭ ҈ ƻŦ /IпΦ 

IȅŘǊŀǘŜ ǇǊƻƳƻǝƻƴ Ƙŀǎ ŀƭǎƻ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ƳƛȄǘǳǊŜ 

ǎŜǇŀǊŀǝƻƴ ŀǘ ƳƻǊŜ ŦŀǾƻǊŀōƭŜ ŎƻƴŘƛǝƻƴǎΦ ½ƘƻƴƎ Ŝǘ ŀƭΦмпр ŘŜƳƻƴǎǘǊŀǘŜŘ ŎȅŎƭƻǇŜƴǘŀƴŜ 

ό/tύ ǘƻ ōŜ ŀƴ ŜũŜŎǝǾŜ ǇǊƻƳƻǘŜǊΦ ¢ƘŜƛǊ ŀƴŀƭȅǎƛǎ ǎƘƻǿŜŘ ǘƘŀǘ /Iп ƳƻƭŜŎǳƭŜǎ ŀǊŜ 

ǇǊŜŦŜǊŜƴǝŀƭƭȅ ŜƴŎƭŀǘƘǊŀǘŜŘ ƛƴ ǘƘŜ ƘȅŘǊŀǘŜ ǇƘŀǎŜ ǿƘƛƭŜ bн ƳƻƭŜŎǳƭŜǎ ŎƻƳǇŜǘŜ ǿƛǘƘ /Iп 

ŀǘ ǘƘŜ ƘƛƎƘŜǊ ǇǊŜǎǎǳǊŜǎ ŜȄŀƳƛƴŜŘ όŀƴ ƻōǎŜǊǾŀǝƻƴ ŀƭǎƻ ǊŜǇƻǊǘŜŘ ōȅ ½ƘƻƴƎ Ŝǘ ŀƭΦммнύΦ 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ /Iп ǊŜŎƻǾŜǊȅ ǎƘƻǿǎ ŀ ǎǳōǎǘŀƴǝŀƭ ƛƴŎǊŜŀǎŜ ǿƘŜƴ /t ŎƻƴŎŜƴǘǊŀǝƻƴ 

ƛƴŎǊŜŀǎŜǎ ŦǊƻƳ п ǘƻ мо ǿǘ ҈Φ 9ȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ¢IC ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ōȅ ½ƘƻƴƎ Ŝǘ 
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ŀƭΦммнΣ {ƘƛŎŀƛ Ŝǘ ŀƭΦмптΣ ŀƴŘ /ŀƛ Ŝǘ ŀƭΦмпу ŀƴŘ ŀƭƭ ŀƎǊŜŜ ǘƘŀǘ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴ ƛƴ ǘƘŜ 

ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ƛǎ ƻōǘŀƛƴŜŘ ōȅ ǳǎƛƴƎ ¢ICΦ ¢.!. Ƙŀǎ ōŜŜƴ ŜƳǇƭƻȅŜŘ ōȅ 

½ƘƻƴƎ ŀƴŘ 9ƴƎƭŜȊƻǎмппΣ {ǳƴ Ŝǘ ŀƭΦмпфΣ ŀƴŘ [ƛŀƻ Ŝǘ ŀƭΦмрл ǿƘƛƭŜ /ŀƛ Ŝǘ ŀƭΦмпу ǳǎŜŘ ¢.!CΦ Lǘ ƛǎ 

ŜǾƛŘŜƴǘ ǘƘŀǘ ƻƴƭȅ ƭƛƳƛǘŜŘ ǿƻǊƪ Ƙŀǎ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ ǊŜƎŀǊŘƛƴƎ ǘƘƛǎ Ǝŀǎ ƳƛȄǘǳǊŜ ǎƛƴŎŜ 

ǘƘŜ ƘȅŘǊŀǘŜπōŀǎŜŘ ǎŜǇŀǊŀǝƻƴ ŀǇǇǊƻŀŎƘ Ƙŀǎ ŀǧǊŀŎǘŜŘ ǘƘŜ ǎŎƛŜƴǝŬŎκƛƴŘǳǎǘǊƛŀƭ ƛƴǘŜǊŜǎǘ 

ƻƴƭȅ ǊŜŎŜƴǘƭȅΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜǊŜ ŀǊŜ ǎǝƭƭ ƛǎǎǳŜǎ ǘƻ ōŜ ŜȄǇƭƻǊŜŘ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ 

ŜǉǳƛƭƛōǊƛŀ ƻŦ ƳƛȄǘǳǊŜǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ ŎƻƳǇƻǎƛǝƻƴǎ ŀƴŘ ǘƘŜ ǳǎŜ ƻŦ ƻǘƘŜǊ ǇǊƻƳƻǘŜǊǎ όŜΦƎΦ 

¢.!/Σ ¢.!CΣ ŜǘŎΦύΦ  

! ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ оΦмл ǿƘƛƭŜ ŀŘŘƛǝƻƴŀƭ 

ƛƴŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ¢ŀōƭŜ !Φтŀ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ƘȅŘǊŀǘŜ 

ŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜΦ ¢ŀōƭŜ !Φтō ƻŦ !ǇǇŜƴŘƛȄ ! ǇǊŜǎŜƴǘǎ ǘƘŜ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎǘǳŘƛŜǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ǿƛǘƘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ 

ƻǊƎŀƴƛŎ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎΣ ǿƘƛƭŜ ¢ŀōƭŜ !ΦтŎ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ǘƘŜ ŎŀǎŜ ǿƛǘƘ ¢ICΣ ŀƴŘ 

Ŭƴŀƭƭȅ ¢ŀōƭŜ !ΦтŘ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ǘƘŜ ŎŀǎŜ ƻŦ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΦ 

 

Figure 3.10.: Summary of the three-phase equilibrium data for the gas mixtures (GMς7) containing 

CH4 + N2. 

For each mixture the temperature/pressure range and the number of available experimental data is 

reported. The number of studies that are reporting experimental data for each mixture is given in 

parenthesis. 

 

 

CƛƎǳǊŜ оΦмм ǎƘƻǿǎ ŀ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ǎƘƛƊ ƻŦ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎǳǊǾŜ 

όŦƻǊ ŀ ōƛƴŀǊȅ ƳƛȄǘǳǊŜ /Iп Ҍ bн ǘƘŀǘ Ƙŀǎ ол Ƴƻƭ ҈ /Iп ƛƴ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴύ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ 
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ǳǎƛƴƎ ǾŀǊƛƻǳǎ ǇǊƻƳƻǘŜǊǎΣ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ŎŀǎŜ ƻŦ /Iп Ҍ bн ǿƛǘƘƻǳǘ ǇǊƻƳƻǘŜǊǎ 

όŘŜƴƻǘŜŘ ŀǎ ǇǳǊŜ ƛƴ CƛƎǳǊŜ оΦммύΦ CƻǊ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ƳƛȄǘǳǊŜ ŎƻƳǇƻǎƛǝƻƴΣ ǿŜ ƻōǎŜǊǾŜ 

ǘƘŀǘ ǘƘŜ ǎǘǊƻƴƎŜǎǘ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ƻŎŎǳǊǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ŎȅŎƭƻǇŜƴǘŀƴŜ ό/tύΣ ǿƘƛƭŜ ǘƘŜ 

ǾŀǊƛŀǝƻƴ ƻŦ /t ŎƻƴŎŜƴǘǊŀǝƻƴ ŘƻŜǎ ƴƻǘ ǎŜŜƳ ǘƻ ƘŀǾŜ ŀƴȅ ƛƴƅǳŜƴŎŜΦ  .ŀǎŜŘ ƻƴ 

ƻōǎŜǊǾŀǝƻƴǎ ŦǊƻƳ ǇǊŜǾƛƻǳǎƭȅπŘƛǎŎǳǎǎŜŘ Ǝŀǎ ƳƛȄǘǳǊŜǎ όƛΦŜΦ DaςмΣ ŀƴŘ Daςпύ ǿŜ ǿƻǳƭŘ 

ǊŜŎƻƳƳŜƴŘ ǘƘŀǘ ŜȄǇŜǊƛƳŜƴǘǎ ǎƘƻǳƭŘ ōŜ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ŀŘŘƛǝƻƴŀƭ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ 

όƛΦŜΦ ¢.!/Σ ¢.!CΣ ¢ƛ!!.ύ ǿƘƛŎƘ ŀǊŜ ŀƴǝŎƛǇŀǘŜŘ ǘƻ ƘŀǾŜ ŀƴ ŜǾŜƴ ǎǘǊƻƴƎŜǊ ǇǊƻƳƻǝƴƎ 

ŜũŜŎǘΦ 

 

Figure 3.11.: Comparison of the promotion effect on the three-phase equilibrium data for gas 
mixtures (GMς7) containing CH4 + N2 with composition CH4 (30 mol %) and N2 (70 mol %). 

The solid black line denotes calculations with CSMGem (Sloan and Koh1), while dotted lines that 
connect the experimental data are guides to the eye only. 

Sources for experimental data: Zhong and Englezos144 ς black circles (30 mol % CH4); Lee et al.146 ς 

black triangles (31.23 mol % CH4); Lee et al.146 ς black squares (28.51 mol % CH4); Zhong et al.112 ς 

red symbols (THF); Zhong et al.145 ς green symbols (CP); Zhong and Englezos144 ς magenta symbols 

(TBAB). 

 

 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ƻōǎŜǊǾŀǝƻƴǎ ǘƘŀǘ ǿŜǊŜ ǊŜǇƻǊǘŜŘ ŜŀǊƭƛŜǊ ŦƻǊ Daςм ό{ŜŎǝƻƴ 

оΦнΦмύΣ Daςп ό{ŜŎǝƻƴ оΦнΦпύ ǊŜƎŀǊŘƛƴƎΥ όƛύ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ Iς[ǿς± 

ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎΣ όƛƛύ ǘƘŜ άŎǊƻǎǎƻǾŜǊ ǘŜƳǇŜǊŀǘǳǊŜέΣ ŀƴŘ όƛƛƛύ ǘƘŜ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ ǘƘŜ 

ǾŀǊƛƻǳǎ ǇǊƻƳƻǘŜǊǎΣ ŀǊŜ ŀƭǎƻ ŀǇǇƭƛŎŀōƭŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ƳƛȄǘǳǊŜ όDaςтύ ŀƴŘ 

ǿƛƭƭ ƴƻǘ ōŜ ǊŜǇŜŀǘŜŘ ƘŜǊŜΦ  
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оΦнΦу Dŀǎ aƛȄǘǳǊŜ у όDaςуύΥ  /Iп ς όά/ƻŀƭπƳƛƴŜέ Ǝŀǎ ƳƛȄǘǳǊŜύ   

!ǎ ŘƛǎŎǳǎǎŜŘ ŜŀǊƭƛŜǊ ƛƴ {ŜŎǝƻƴ оΦнΦтΣ ǘƘŜ ƳƛȄǘǳǊŜ /Iп Ҍ bн Ҍ hн ƛǎ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ 

Ŏƻŀƭ ƳƛƴŜπǊŜƭŀǘŜŘ ƻǇŜǊŀǝƻƴǎ ŀƴŘ ƛǎ ƻŦ ǎƛƎƴƛŬŎŀƴǘ ƛƳǇƻǊǘŀƴŎŜ ŦƻǊ ǘƘŜ ǘƘǊŜŜ ǊŜŀǎƻƴǎ 

ƳŜƴǝƻƴŜŘ ǇǊŜǾƛƻǳǎƭȅΦ CƻǊ ǘƘŜ ŎǳǊǊŜƴǘ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ƻƴƭȅ т ǎǘǳŘƛŜǎ ƘŀǾŜ ōŜŜƴ 

ƛŘŜƴǝŬŜŘ ŀƴŘ ǎƘƻǳƭŘ ōŜ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ мн ǘƘŀǘ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ǎƛƳƛƭŀǊ ƛƴŘǳǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴ ƻŦ Daςт όƴƻǘŜ ǘƘŀǘ ŀŘŘƛǝƻƴŀƭ ǎǘǳŘƛŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ Daςт ǘƘŀǘ ŀǊŜ 

ǊŜƭŀǘŜŘ ǘƻ bнπŎƻƴǘŀƳƛƴŀǘŜŘ ƴŀǘǳǊŀƭ Ǝŀǎύ    

! ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ оΦмн ǿƘƛƭŜ ŀŘŘƛǝƻƴŀƭ 

ŘŜǘŀƛƭŜŘ ƛƴŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ¢ŀōƭŜ !Φуŀ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ 

ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜΦ ¢ŀōƭŜ !Φуō ƻŦ !ǇǇŜƴŘƛȄ ! ǇǊŜǎŜƴǘǎ ǘƘŜ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎǘǳŘƛŜǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ǿƛǘƘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ 

ƻǊƎŀƴƛŎ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎΣ ǿƘƛƭŜ ¢ŀōƭŜ !ΦуŎ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ǘƘŜ ŎŀǎŜ ǿƛǘƘ ¢ICΣ ŀƴŘ 

Ŭƴŀƭƭȅ ¢ŀōƭŜ !ΦуŘ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ǘƘŜ ŎŀǎŜ ƻŦ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΦ 

 

Figure 3.12.:. Summary of the three-phase equilibrium data for the gas mixtures (GMς8) containing 

CH4 + N2 + O2. 

For each mixture the temperature/pressure range and the number of available experimental data is 

reported. The number of studies that are reporting experimental data for each mixture is given in 

parenthesis. 

 

 

½ƘƻƴƎ Ŝǘ ŀƭΦмрм ǇŜǊŦƻǊƳŜŘ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ 

ǊŀƴƎŜ нттΦм ς нуфΦм Y ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜΣ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻǊ ǇǊŜǎŜƴŎŜ ƻŦ ¢ICΣ 

ŀƴŘ ǊŜǇƻǊǘŜŘ ŀ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴ ƛƴ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ 
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ǳǎƛƴƎ ¢IC όм Ƴƻƭ ҈ύ ŀǎ ŀ ǇǊƻƳƻǘŜǊ όƛΦŜΦ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ Ƙŀǎ ōŜŜƴ ǊŜŘǳŎŜŘ 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ ōȅ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ƻǊŘŜǊ ƻŦ ƳŀƎƴƛǘǳŘŜύΦ {ƛƳƛƭŀǊ ƻōǎŜǊǾŀǝƻƴǎ ǿŜǊŜ ƳŀŘŜ 

ōȅ ½ƘŀƴƎ Ŝǘ ŀƭΦмрнΦ ½ƘƻƴƎ Ŝǘ ŀƭΦмро ƳŜŀǎǳǊŜŘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ŎƻƴŘƛǝƻƴǎ ǳǎƛƴƎ ǘǿƻ 

ŘƛũŜǊŜƴǘ ǎI ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ǇǊƻƳƻǘŜǊǎΦ bŀƳŜƭȅΣ ŎȅŎƭƻǇŜƴǘŀƴŜ ό/tύ ƻǊ ŎȅŎƭƻƘŜȄŀƴŜ 

ό/Iύ ǿƛǘƘ ōƻǘƘ ŎŀǎŜǎ ƘŀǾƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƻƳǇƻǎƛǝƻƴ όлΦлт Ƴŀǎǎ ŦǊŀŎǝƻƴύΦ Iς[ǿς± 

ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ¢.!. ǎŜƳƛŎƭŀǘƘǊŀǘŜ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ōȅ 

½ƘƻƴƎ Ŝǘ ŀƭΦмрпΣмррΣ ǿƘƛƭŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ¢.!/ ǎŜƳƛŎƭŀǘƘǊŀǘŜ ōȅ ½ƘƻƴƎ Ŝǘ ŀƭΦмрсΣмртΦ  

CƛƎǳǊŜ оΦмо ǎƘƻǿǎ ŀ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ǎƘƛƊ ƻŦ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎǳǊǾŜ 

όŦƻǊ ŀ ǘŜǊƴŀǊȅ ƳƛȄǘǳǊŜ /Iп Ҍ bн Ҍ hн ǿƛǘƘ ŎƻƳǇƻǎƛǝƻƴ ол Ƴƻƭ ҈ /IпΣ сл Ƴƻƭ ҈ bнΣ ŀƴŘ 

мл Ƴƻƭ ҈ hнύ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǳǎƛƴƎ ǾŀǊƛƻǳǎ ǇǊƻƳƻǘŜǊǎΣ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ŎŀǎŜ ƻŦ /Iп Ҍ 

bн Ҍ hн ǿƛǘƘƻǳǘ ǇǊƻƳƻǘŜǊǎΦ CƻǊ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ƳƛȄǘǳǊŜ ŎƻƳǇƻǎƛǝƻƴ ƛǘ ƛǎ ƻōǎŜǊǾŜŘ ǘƘŀǘ 

ǘƘŜ ǎǘǊƻƴƎŜǎǘ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŎŎǳǊǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /tΦ .ŀǎŜŘ ƻƴ ƻōǎŜǊǾŀǝƻƴǎ ŦǊƻƳ 

ǇǊŜǾƛƻǳǎƭȅπŘƛǎŎǳǎǎŜŘ Ǝŀǎ ƳƛȄǘǳǊŜǎ όƛΦŜΦ DaςмΣ ŀƴŘ Daςпύ ǿŜ ǿƻǳƭŘ ǊŜŎƻƳƳŜƴŘ ǘƘŀǘ 

ŜȄǇŜǊƛƳŜƴǘǎ ǎƘƻǳƭŘ ōŜ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ŀŘŘƛǝƻƴŀƭ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ όƛΦŜΦ ¢.!CΣ ¢ƛ!!.ύ 

ǿƘƛŎƘ ŀǊŜ ŀƴǝŎƛǇŀǘŜŘ ǘƻ ƘŀǾŜ ŀƴ ŜǾŜƴ ǎǘǊƻƴƎŜǊ ǇǊƻƳƻǝƴƎ ŜũŜŎǘΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ 

ƻōǎŜǊǾŀǝƻƴǎ ǘƘŀǘ ǿŜǊŜ ǊŜǇƻǊǘŜŘ ŜŀǊƭƛŜǊ ŦƻǊ Daςм ό{ŜŎǝƻƴ оΦнΦмύΣ Daςп ό{ŜŎǝƻƴ 

оΦнΦпύ ǊŜƎŀǊŘƛƴƎΥ όƛύ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎΣ όƛƛύ ǘƘŜ 

άŎǊƻǎǎƻǾŜǊ ǘŜƳǇŜǊŀǘǳǊŜέΣ ŀƴŘ όƛƛƛύ ǘƘŜ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ ǘƘŜ ǾŀǊƛƻǳǎ ǇǊƻƳƻǘŜǊǎ ŀǊŜ 

ŀƭǎƻ ŀǇǇƭƛŎŀōƭŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ƳƛȄǘǳǊŜ όDaςуύ ŀƴŘ ǿƛƭƭ ƴƻǘ ōŜ ǊŜǇŜŀǘŜŘ 

ƘŜǊŜΦ  



ул 
 

Figure 3.13.: Comparison of the promotion effect on the three-phase equilibrium data for the gas 
mixtures (GMς8) containing CH4 + N2 + O2 with composition CH4 (30 mol %), N2 (60 mol %), and O2 
(10 mol %).  

The dotted lines that connect the experimental data are guides to the eye only. 

Sources for experimental data: Zhong et al.151 ς black circles (pure); Zhong et al.151 ς red symbols 

(THF); Zhong et al.153 ς green triangles (CP); Zhong et al. 153 ς green circles (CH); Zhong et al.154 ς 

magenta symbols (TBAB); Zhong et al.157  ς blue symbols (TBAC). 

 

 

hƴŜ ǉǳŜǎǝƻƴ ǘƘŀǘ Ŏŀƴ ōŜ ŀǎƪŜŘ ŀǘ ǘƘƛǎ Ǉƻƛƴǘ ƛǎ ǿƘŀǘ ǿƻǳƭŘ ōŜ ǘƘŜ ŜũŜŎǘ ƻŦ ƭǳƳǇƛƴƎ 

ǘƻƎŜǘƘŜǊ bн ŀƴŘ hн ƻƴ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜ ǿŜ ŎƻƳǇŀǊŜΥ όƛύ 

ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎ ŦƻǊ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǿƛǘƘ ŎƻƳǇƻǎƛǝƻƴ ол Ƴƻƭ ҈ /IпΣ 

тл Ƴƻƭ ҈ bн όƛΦŜΦ ŎŀǎŜ ƻŦ ƭǳƳǇƛƴƎύ ŀƴŘ όƛƛύ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎ ŦƻǊ ǘŜǊƴŀǊȅ Ǝŀǎ 

ƳƛȄǘǳǊŜǎ ǿƛǘƘ ŎƻƳǇƻǎƛǝƻƴ ол Ƴƻƭ ҈ /IпΣ сл Ƴƻƭ ҈ bнΣ ŀƴŘ мл Ƴƻƭ ҈ hнΦ ¢ƘŜ 

ŎƻƳǇŀǊƛǎƻƴ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦмпΦ Lǘ ƛǎ ƴƻǘŜŘ ǘƘŀǘ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŀƴȅ ǇǊƻƳƻǘŜǊΣ 

ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ŀƴŘ ǘƘŜ /{aDŜƳ 

ǇǊŜŘƛŎǝƻƴǎ ό{ƭƻŀƴ ŀƴŘ YƻƘмύ ŦƻǊ ǘƘŜ ōƛƴŀǊȅ ŀǊŜ ƛƴ ǾŜǊȅ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘΦ  
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Figure 3.14.: The effect of the addition of O2 on the three-phase equilibrium data for the gas mixtures 
containing CH4 + N2.  

Color code: blue color denotes experimental data for the binary gas mixture (CH4 + N2 with 
composition 30/70 mol %), while red color denotes experimental data for the ternary gas mixture 
(CH4 + N2 + O2 with composition 30/60/10 mol %). The solid blue line denotes calculations with 
CSMGem (Sloan and Koh1), while dashed lines that connect the experimental data are guides to the 
eye only. 

Sources for experimental data: (i) Binary gas mixture: Zhong et al.112 ς blue squares (THF); Zhong et 

al.145 ς blue diamonds (CP); Zhong and Englezos144 ς blue triangles (TBAB); and (ii) Ternary gas 

mixture: Zhong et al.151 ς red squares (THF); Zhong et al.153  ς red diamonds (CP); Zhong et al.154 ς 

red triangles (TBAB); 

 

 

CǳǊǘƘŜǊƳƻǊŜΣ ƛǘ ƛǎ ŎƭŜŀǊ ǘƘŀǘ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /t ŀƴŘ ¢.!.Σ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ 

ƭƛƴŜǎ ƻŦ ōƻǘƘ ǘƘŜ ōƛƴŀǊȅ ŀƴŘ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜǎ ŀǊŜ ƛƴ ŎƭƻǎŜ ǇǊƻȄƛƳƛǘȅΦ hƴ ǘƘŜ ƻǘƘŜǊ 

ƘŀƴŘΣ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ¢ICΣ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ Ƙŀǎ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜ 

ǎƘƛƊŜŘ ǘƻ ƘƛƎƘŜǊ ǾŀƭǳŜǎΣ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǘŜǊƴŀǊȅ ōȅ ŀǇǇǊƻȄƛƳŀǘŜƭȅ лΦм ς лΦп 

atŀΦ ²ƘƛƭŜ ǘƘŜ ŎǳǊǊŜƴǘ ŀƴŀƭȅǎƛǎ ƎƛǾŜǎ ŀƴ ƛƴŘƛŎŀǝƻƴ ǊŜƎŀǊŘƛƴƎ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ 

ƭƛƴŜǎΣ ƛǘ ŘƻŜǎƴΩǘ ǇǊƻǾƛŘŜ ŀƴǎǿŜǊǎ ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ /IпΣ bнΣ ŀƴŘ hн ǿƛǘƘƛƴ 

ǘƘŜ ƘȅŘǊŀǘŜ ŎŀƎŜǎΦ a/ ǎƛƳǳƭŀǝƻƴǎ ƻǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŎƻǳƭŘ ǇǊƻǾƛŘŜ 

ŀŘŘƛǝƻƴŀƭ ƛƴǎƛƎƘǘ ƛƴǘƻ ǘƘŜ ƛǎǎǳŜΦ ! ƳƻǊŜ ŘŜǘŀƛƭŜŘ ǊŜŦŜǊŜƴŎŜ ǘƻ ǘƘŜ ƛǎǎǳŜ ƻŦ ƭǳƳǇƛƴƎ 

ǘƻƎŜǘƘŜǊ ǘƘŜ ŜũŜŎǘ ƻŦ bн ŀƴŘ hн Ƙŀǎ ōŜŜƴ ƳŀŘŜ ƛƴ {ŜŎǝƻƴ оΦнΦн ǊŜƎŀǊŘƛƴƎ ǘƘŜ Ǝŀǎ 

ƳƛȄǘǳǊŜǎ Daςм ŀƴŘ DaςнΦ ¢ƘŜǊŜŦƻǊŜΣ ƴƻ ŦǳǊǘƘŜǊ ŘƛǎŎǳǎǎƛƻƴ ǿƛƭƭ ōŜ ǇǊƻǾƛŘŜŘ ƘŜǊŜΦ 

 

оΦнΦф Dŀǎ aƛȄǘǳǊŜ ф όDaςфύΥ /Iп Ҍ /hн Ҍ bн  

Dŀǎ ƳƛȄǘǳǊŜ ф ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ǘƘŜ ǘƘǊŜŜ ƎŀǎŜǎ /IпΣ bнΣ ŀƴŘ /hнΦ ¢ƘŜ ǇŀǊǝŎǳƭŀǊ 

ƳƛȄǘǳǊŜ ƛǎ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ŦƻǳǊ ŘƛǎǝƴŎǘ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎΥ  
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όƛύ ¢ƘŜ ǘƘǊŜŜ ŎƻƳǇƻƴŜƴǘǎ ŀǊŜ ƳŀƧƻǊ ŜƭŜƳŜƴǘǎ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ǇǊƻŘǳŎŜŘ ŦǊƻƳ Ǝŀǎ 

ǊŜǎŜǊǾƻƛǊǎΦ ¢ƘŜ ƳƻǊŜ ŎƻƴǾŜƴǝƻƴŀƭ ƴŀǘǳǊŀƭ Ǝŀǎ ƳƛȄǘǳǊŜǎ όbDύ ƘŀǾŜ ŀ ǊŜƭŀǝǾŜƭȅ ƘƛƎƘ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ /Iп όƛΦŜΦ ƘƛƎƘŜǊ ǘƘŀƴ тл҈ύΦ IƻǿŜǾŜǊΣ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ 

ƘƛƎƘ Ǝƭƻōŀƭ ŘŜƳŀƴŘ ŦƻǊ ŎƭŜŀƴŜǊ ǎƻǳǊŎŜǎ ƻŦ ŜƴŜǊƎȅΣ ǘƘŜ ǳǎŜ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ǘƘŀǘ ƛǎ /hнπ

ǊƛŎƘ Ƙŀǎ ōŜŎƻƳŜ ŀƴ ŜŎƻƴƻƳƛŎŀƭƭȅ ǾƛŀōƭŜ ƻǇǝƻƴΦ Lƴ ǎǳŎƘ ƳƛȄǘǳǊŜǎ ǘƘŜ /Iп ŎƻƴŎŜƴǘǊŀǝƻƴ 

Ŏŀƴ ōŜ ƭƻǿŜǊ ǘƘŀƴ ол҈Σ ǿƘƛƭŜ /hн ƛǎ ǘƘŜ ŘƻƳƛƴŀƴǘ ŎƻƳǇƻƴŜƴǘΦ ¢ƘǊŜŜπǇƘŀǎŜ 

ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ /hнπǊƛŎƘ ǎȅǎǘŜƳǎ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ōȅ bŀǎƛǊ Ŝǘ ŀƭΦмру 

ŀƴŘ {ŀōƛƭ Ŝǘ ŀƭΦмслΦ 

όƛƛύ ! Ǝŀǎ ƳƛȄǘǳǊŜ ǿƛǘƘ ƳƻƭŀǊ ŎƻƳǇƻǎƛǝƻƴ /Iп όрр҈ύΣ /hн όпл҈ύΣ ŀƴŘ bн όр҈ύ Ŏŀƴ 

ōŜ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ǘƘŜ ŀƴŀŜǊƻōƛŎ ŘŜŎƻƳǇƻǎƛǝƻƴ ƻŦ ƻǊƎŀƴƛŎ ǿŀǎǘŜǎ ǘƘŀǘ ŀǊŜ ŘŜǇƻǎƛǘŜŘ 

ƛƴ ƭŀƴŘŬƭƭǎΣ ǘƘǳǎ ƛǘ ƛǎ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ά[ŀƴŘŬƭƭπƎŀǎ ό[CDύέΦ ¢ƘŜ Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻǳƭŘ Ŏƻƴǘŀƛƴ 

ǘǊŀŎŜ ŀƳƻǳƴǘǎ ƻŦ ƴƻƴπƳŜǘƘŀƴŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎΦ 9ǎŎŀǇŜ ƻŦ ǘƘƛǎ ƳƛȄǘǳǊŜ ǘƻ ǘƘŜ 

ŀǘƳƻǎǇƘŜǊŜ ŎƻƴǎǝǘǳǘŜǎ ŀ ǎŜǊƛƻǳǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŀȊŀǊŘ ǎƛƴŎŜ ōƻǘƘ /Iп ŀƴŘ /hн ŀǊŜ 

ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎΦ ¢ƘŜ ŎŀǇǘǳǊŜ ƻŦ /Iп ŦǊƻƳ ǘƘŜ ƳƛȄǘǳǊŜǎ Ŏŀƴ ǊŜŘǳŎŜ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ǊƛǎƪΦ CǳǊǘƘŜǊƳƻǊŜΣ ŦƻǊ ƭŀǊƎŜπǎŎŀƭŜ ƭŀƴŘŬƭƭ ǎƛǘŜǎΣ ƛǘ ŎƻǳƭŘ ōŜ ŜŎƻƴƻƳƛŎŀƭ ǘƻ ǳǎŜ ǘƘŜ [CD 

ŀǎ ŀ ƭƻǿπŜƴŜǊƎȅπŦǳŜƭ ǿƘƛŎƘ Ŏŀƴ ōŜ ǘǳǊƴŜŘ ƛƴǘƻ ŀ /IпπǊƛŎƘ ƳƛȄǘǳǊŜ ŀƊŜǊ ƛƳǇƭŜƳŜƴǝƴƎ 

ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǇǳǊƛŬŎŀǝƻƴ ǇǊƻŎŜǎǎΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ 

ŜǉǳƛƭƛōǊƛŀ ƻŦ ǘƘŜ [CD ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ōȅ [ŜŜ Ŝǘ ŀƭΦмслΣ ½ŀƴƎ ŀƴŘ [ƛŀƴƎмсмΣ ŀƴŘ {Ŝƻ Ŝǘ 

ŀƭΦмснΦ {Ŝƻ Ŝǘ ŀƭΦΣ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ŀƭǎƻ ǊŜǇƻǊǘŜŘ 

·πwŀȅ ŘƛũǊŀŎǝƻƴ ŀƴŘ wŀƳŀƴ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǎL ƘȅŘǊŀǘŜ ƛǎ ŦƻǊƳŜŘ ƛƴ 

ǘƘŜ ŎŀǎŜ ƻŦ /Iп Ҍ /hн Ҍ bн όǿƛǘƘ ŀ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ /hн ƛƴ ŎŀƎŜǎ ǘƘŀƴ /IпύΦ hƴ 

ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǿƘŜƴ ŀŎŜǘƻƴŜ όм ƻǊ о Ƴƻƭ ҈ύ ƛǎ ǳǎŜŘ ŀǎ ŀ ǇǊƻƳƻǘŜǊΣ ǎL ŀƴŘ ǎLL ƘȅŘǊŀǘŜǎ 

ŎƻŜȄƛǎǘΣ ǿƘƛƭŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ р Ƴƻƭ ҈ ŀŎŜǘƻƴŜΣ ƻƴƭȅ ǎLL ƘȅŘǊŀǘŜ ŜȄƛǎǘǎΦ CƛƎǳǊŜ оΦмр ǎƘƻǿǎ 

ǘƘŜ ŜũŜŎǘ ƻŦ ŀŘŘƛƴƎ ŀŎŜǘƻƴŜ ƻƴ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ 

ŎƻƴǘŀƛƴƛƴƎ /Iп όрр҈ύΣ /hн όплύΣ ŀƴŘ bн όр҈ύΦ 

όƛƛƛύ IǳƎŜ ŀƳƻǳƴǘǎ ƻŦ /IпΣ ŘŜǇƻǎƛǘŜŘ ǿƛǘƘƛƴ ƻŎŜŀƴƛŎ ǎŜŘƛƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ 

ƛŘŜƴǝŬŜŘ ŀƴŘ ŀǊŜ ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀǝƻƴ ŀǎ ŀ ǇƻǎǎƛōƭŜ ŦǳǘǳǊŜ ǎƻǳǊŎŜ ƻŦ /Iп ό.ƻǎǿŜƭƭ ŀƴŘ 

/ƻƭƭŜǧмсоΣ /ƻƭƭŜǧ Ŝǘ ŀƭΦмспΣ /ƘƻƴƎ Ŝǘ ŀƭΦмсрύΦ hƴŜ ƻŦ ǘƘŜ ƳŜǘƘƻŘǎ ǘƘŀǘ ŀǊŜ ǳƴŘŜǊ 

ƛƴǾŜǎǝƎŀǝƻƴ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ /Iп ŦǊƻƳ ǘƘŜ ƻŎŜŀƴƛŎ ƘȅŘǊŀǘŜ ŘŜǇƻǎƛǘǎ ƛǎ ǘƘŜ 

ƛƴƧŜŎǝƻƴ ƻŦ /hн ǘƘŀǘ ƛǎ ŎŀǇǘǳǊŜŘ ŦǊƻƳ ƅǳŜ Ǝŀǎ ƛƴǘƻ ǘƘŜ /Iп ƘȅŘǊŀǘŜ ŘŜǇƻǎƛǘǎ όhƘƎŀƪƛ Ŝǘ 

ŀƭΦмссΣ YƻƳŀǘǎǳ Ŝǘ ŀƭΦмстύΦ ¢ƘŜ ǎǿŀǇǇƛƴƎ ƻŦ /Iп ǿƛǘƘ /hн ƛǎ ōŜƴŜŬŎƛŀƭ ǎƛƴŎŜ ǿŜ Ŏŀƴ 

ŀŎƘƛŜǾŜ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ŜƴŜǊƎȅ ǇǊƻŘǳŎǝƻƴ ό/Iпύ ŀƴŘ ǘƘŜ ǎŜǉǳŜǎǘǊŀǝƻƴ ƻŦ ƎǊŜŜƴƘƻǳǎŜ 
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Ǝŀǎ ό/hнύΦ !ǎ ŀƴ ŀƭǘŜǊƴŀǝǾŜ ǎǘǊŀǘŜƎȅΣ ǘƘŜ ƅǳŜ Ǝŀǎ ƳƛȄǘǳǊŜ ό/hн Ҍ bнύ Ŏŀƴ ōŜ ƛƴƧŜŎǘŜŘ 

ŘƛǊŜŎǘƭȅ ƛƴ ǘƘŜ ƻŎŜŀƴƛŎ ŘŜǇƻǎƛǘ ǿƛǘƘƻǳǘ ŀƴȅ /hн ŎŀǇǘǳǊŜΦ .ƻǎǿŜƭƭ Ŝǘ ŀƭΦмсу ŎƻƴŘǳŎǘŜŘ 

ŬƭŜŘπǎŎŀƭŜ ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘƛƴ ǘƘŜ tǊǳŘƘƻŜ .ŀȅ ¦ƴƛǘ ό!ƭŀǎƪŀ bƻǊǘƘ {ƭƻǇŜύΦ ¢ƘŜ ǊŜƭŀǘŜŘ 

ƛǎǎǳŜǎ ƻŦ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ŬŜƭŘ ŜȄǇŜǊƛƳŜƴǘΣ ƘƻǿŜǾŜǊΣ ŀǘ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ ǎŎŀƭŜ ǿŜǊŜ 

ŘƛǎŎǳǎǎŜŘ ōȅ {ŎƘƛŎƪǎ Ŝǘ ŀƭΦмсфΦ CƻǊ ǘƘŀǘ ǇŀǊǝŎǳƭŀǊ ŎŀǎŜ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƘŀǾŜ ŀǾŀƛƭŀōƭŜ 

ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ ƳƛȄǘǳǊŜ /Iп Ҍ /hн Ҍ bнΦ {ǳŎƘ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ōȅ [ƛƳ Ŝǘ ŀƭΦ 
мтлΣ [ŜƎƻƛȄ Ŝǘ ŀƭΦмтмΣ ŀƴŘ 

aǳ ŀƴŘ Ǿƻƴ {ƻƭƳǎмтнΦ 

όƛǾύ CƛƴŀƭƭȅΣ Cŀƴ ŀƴŘ Dǳƻмто ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ǳǎŜ ƻŦ ǾŀǊƛƻǳǎ /hнπǊƛŎƘ ƳƛȄǘǳǊŜǎ 

όƛƴŎƭǳŘƛƴƎ ǘƘŜ ǘŜǊƴŀǊȅ /hн Ҍ /Iп Ҍ bнύ ŦƻǊ ǇǊƻŎŜǎǎŜǎ ǊŜƭŀǘŜŘ ǘƻ ŜƴƘŀƴŎŜŘ ƻƛƭ ǊŜŎƻǾŜǊȅ 

ό9hwύ ŀƴŘ ǊŜǇƻǊǘŜŘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ Řŀǘŀ ǘƘŀǘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ŀǊŜ 

ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ƻŦ ǘƘŜ /hн ƳƛȄǘǳǊŜΦ 

! ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ оΦмр ǿƘƛƭŜ ŀŘŘƛǝƻƴŀƭ 

ŘŜǘŀƛƭŜŘ ƛƴŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ¢ŀōƭŜ !Φфŀ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ 

ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ό/hн Ҍ /Iп Ҍ bнύΦ ¢ŀōƭŜ !Φфō ǇǊŜǎŜƴǘǎ ǘƘŜ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎǘǳŘƛŜǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ǿƛǘƘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ 

ƻǊƎŀƴƛŎ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎκƛƴƘƛōƛǘƻǊǎΣ ǿƘƛƭŜ ¢ŀōƭŜ !ΦфŎ ǇǊƻǾƛŘŜǎ ŀ ŎƻƭƭŜŎǝƻƴ ƻŦ bD 

ƳƛȄǘǳǊŜǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻǊ ŀōǎŜƴŎŜ ƻŦ ǇǊƻƳƻǘŜǊǎκƛƴƘƛōƛǘƻǊǎ ǘƘŀǘ ŎƻƴǘŀƛƴΣ ŀǎ ǿŜƭƭΣ ǘƘŜ 

ǇŀǊǝŎǳƭŀǊ ǘƘǊŜŜ ŎƻƳǇƻƴŜƴǘǎ ό/hнΣ /IпΣ ŀƴŘ bнύΦ ¢ŀōƭŜǎ !Φфō ŀƴŘ !ΦфŎ ŎƭŜŀǊƭȅ ƛƴŘƛŎŀǘŜ 

ǘƘŀǘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ƛƴǘŜǊŜǎǘ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ƅƻǿ ŀǎǎǳǊŀƴŎŜ ƛǎǎǳŜǎ 

ǊŜƭŀǘŜŘ ǘƻ bD ƳƛȄǘǳǊŜǎΦ 
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Figure 3.15.: Effect of adding acetone on the three-phase equilibrium data for the gas mixtures 
containing CH4 (55%), CO2 (40), and N2 (5%).  

The dashed lines indicate the three-phase equilibria of the pure gases calculated with CSMGem 
(Sloan and Koh1), while the dotted lines that connect the experimental data are guides to the eye 
only. 

Sources for experimental data: Lee et al.160 ς ternary mixture (CH4 + CO2 + N2); Seo et al.162 ς CH4 + 

CO2 + N2 + acetone. 

 

 

Lǘ ƛǎ ŦǳǊǘƘŜǊ ŜǾƛŘŜƴǘ ŦǊƻƳ CƛƎǳǊŜ оΦмс ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ¢ŀōƭŜǎ ƛƴ ǘƘŜ !ǇǇŜƴŘƛȄ 

ǘƘŀǘ ƴƻ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘȅ ƛǎ ŀǾŀƛƭŀōƭŜ ǘƘŀǘ ŜȄǇƭƻǊŜǎ ǘƘŜ ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ ŀƴȅ 

ŀŘŘƛǝǾŜΦ {ǳŎƘ ǎǘǳŘƛŜǎ ǿƻǳƭŘ ōŜ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ Ǝŀǎ ǇǳǊƛŬŎŀǝƻƴ ŀǇǇƭƛŎŀǝƻƴΦ 

¢ƘŜǊŜŦƻǊŜΣ ƛǘ ǿƻǳƭŘ ōŜ ŘŜǎƛǊŀōƭŜ ǘƻ ǇŜǊŦƻǊƳ ŜȄǇŜǊƛƳŜƴǘǎ ǘŜǎǝƴƎ ǇǊƻƳƻǘŜǊǎ ǎǳŎƘ ŀǎ 

¢ICΣ /tΣ ¢.!.Σ ¢.!/Σ ¢.!CΣ ŜǘŎΦ 
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Figure 3.16.: Summary of the three-phase equilibrium data for the gas mixtures (GMς9) containing 

CH4 + CO2 + N2.  

For each mixture the temperature/pressure range and the number of available experimental data is 

reported. The number of studies that are reporting experimental data for each mixture is given in 

parenthesis. 

 

 

 

оΦнΦмл Dŀǎ aƛȄǘǳǊŜ мл όDaςмлύΥ /Iп ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ !  

¦ƴŘŜǊ ǘƘŜ ǳƳōǊŜƭƭŀ ƻŦ Dŀǎ aƛȄǘǳǊŜ мл ǿŜ ƘŀǾŜ ŘƛǎǘǊƛōǳǘŜŘ ŀƴ ŜȄǘŜƴŘŜŘ ŎƻƭƭŜŎǝƻƴ 

ƻŦ /IпςŎƻƴǘŀƛƴƛƴƎ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǘƘŀǘ ŘƻƴΩǘ Ŧŀƭƭ ǳƴŘŜǊ ŀƴȅ ƻŦ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ŘƛǎŎǳǎǎŜŘ 

DaΩǎ ǘƘŀǘ Ŏƻƴǘŀƛƴ /Iп όŜΦƎΦ DaςпΣ DaςсΣ DaςтΣ DaςуΣ ŀƴŘ DaςфύΦ ¢ƘŜ Ƴŀƛƴ 

ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ǘƘŜ ƳƛȄǘǳǊŜǎ ŀǊŜ ǘƘŀǘΥ όƛύ ǘƘŜ ǇǊƛƳŀǊȅ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ƳƛȄǘǳǊŜ ƛǎ 

/IпΣ ŀƴŘ όƛƛύ ǘƘŜȅ ŀǊŜ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ǘƘŜ άǳǇǎǘǊŜŀƳέ ƻƛƭκƎŀǎ ƛƴŘǳǎǘǊȅΣ ŀǎ ǿŜƭƭ ŀǎ ƛƴ ǘƘŜ 

άŘƻǿƴǎǘǊŜŀƳέ ƻƛƭκƎŀǎ ŀƴŘ ǇŜǘǊƻŎƘŜƳƛŎŀƭ ƛƴŘǳǎǘǊȅΦ 9ȄǘŜƴǎƛǾŜ ŘŜǘŀƛƭǎ ƻƴ ǘƘŜ ǊŀƴƎŜ ƻŦ 

ŎƻƴŘƛǝƻƴǎ ŦƻǊ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ǇŜǊŦƻǊƳŜŘ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ 

ōƛƴŀǊȅ ƻǊ ƳǳƭǝŎƻƳǇƻƴŜƴǘ ƳƛȄǘǳǊŜǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ !Φмлŀ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ !Φ ! 

ǘƻǘŀƭ ƻŦ пл ǎǳŎƘ ǎȅǎǘŜƳǎ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ¢ŀōƭŜ !ΦмлŀΦ 

{ƛƴŎŜ ǘƘŜ ǇŀǊǝŎǳƭŀǊ DaΩǎ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ƻƛƭκƎŀǎ ƛƴŘǳǎǘǊȅΣ ǎƛƎƴƛŬŎŀƴǘ ŜũƻǊǘ Ƙŀǎ 

ŦƻŎǳǎŜŘ ƻƴ ƛǎǎǳŜǎ ǊŜƭŀǘŜŘ ǘƻ άCƭƻǿ !ǎǎǳǊŀƴŎŜέΦ ¢ŀōƭŜ !Φмлō ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ǊŜǇƻǊǘǎ 

ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŘŜǘŀƛƭǎ ƻŦ ǎƛƳƛƭŀǊ ǎȅǎǘŜƳǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜǊƳƻŘȅƴŀƳƛŎ 

ƛƴƘƛōƛǘƻǊǎ ǎǳŎƘ ŀǎ ǾŀǊƛƻǳǎ ŀƭŎƻƘƻƭǎ όŜΦƎΦ aŜhIΣ 9DΣ ¢9DΣ a9DΣ ŜǘŎΦύ ƻǊ ƛƴ ǘƘŜ 

ǇǊŜǎŜƴŎŜκŀōǎŜƴŎŜ ƻŦ ŜƭŜŎǘǊƻƭȅǘŜǎ όŜΦƎΦ bŀ/ƭΣ /ŀ/ƭнΣ ŜǘŎΦύΦ ! ǘƻǘŀƭ ƻŦ нф ǎǳŎƘ ǎȅǎǘŜƳǎ ŀǊŜ 
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ƛƴŎƭǳŘŜŘΦ ! ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ όIς[ǿς±ύ 

ŜǉǳƛƭƛōǊƛŀ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴŬƴŜƳŜƴǘ ƻŦ ǎƛƭƛŎŀ ǇƻǊŜǎ όŜΦƎΦ {Ŝƻ Ŝǘ ŀƭΦмтпΣ ½ŀǊƛŬ Ŝǘ ŀƭΦмтрύΦ 

CƛƴŀƭƭȅΣ ƛƴ ¢ŀōƭŜ !ΦмлŎ ƻŦ !ǇǇŜƴŘƛȄ ! ǿŜ ǊŜǇƻǊǘ ƻƴ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎǘǳŘƛŜǎ ǘƘŀǘ 

ƘŀǾŜ ǇŜǊŦƻǊƳŜŘ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǾŀǊƛƻǳǎ 

ǇǊƻƳƻǘŜǊǎΦ ¢ƘŜǎŜ ŎŀǎŜǎ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ƳƛȄǘǳǊŜǎ όŦǊƻƳ ōƛƴŀǊȅ ǳǇ ǘƻ ǉǳŀǘŜǊƴŀǊȅύ ƻŦ /Iп 

ǿƛǘƘ ŀŘŘƛǝƻƴŀƭ ƭƛƎƘǘ ƘȅŘǊƻŎŀǊōƻƴǎΦ ¢ƘŜ ǇǊƻŎŜǎǎ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ ǎǳŎƘ ǎȅǎǘŜƳǎ ƛǎ ǘƘŜ Ǝŀǎ 

ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴΦ  ¢ƘŜǎŜ ǎǘǳŘƛŜǎ ŀǊŜ ŘǊƛǾŜƴ ōȅ ǘƘŜ ƴŜŜŘ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 

ǎŜǇŀǊŀǝƻƴ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŀǊŜ ƳƻǊŜ ŜƴŜǊƎȅ ŜŶŎƛŜƴǘ ǘƘŀƴ ǘƘŜ ǘǊŀŘƛǝƻƴŀƭ ƻƴŜǎ όŜΦƎΦ 

ŎǊȅƻƎŜƴƛŎ ŘƛǎǝƭƭŀǝƻƴύΦ ¢ȅǇƛŎŀƭ ǇǊƻƳƻǘŜǊǎ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ǘƘŜǎŜ ǎǘǳŘƛŜǎ ƛƴŎƭǳŘŜΥ ¢IC 

ό½ƘŀƴƎ Ŝǘ ŀƭΦмтсΣ aŀ Ŝǘ ŀƭΦмонΣмттΣ {ǳƴ Ŝǘ ŀƭΦмтуΣ [ŜŜ Ŝǘ ŀƭΦмтфύΣ a/I ό{ǳƴ Ŝǘ ŀƭΦмулύΣ 

ŎȅŎƭƻƘŜȄŀƴŜ ό/IΣ {ǳƴ Ŝǘ ŀƭΦмумύΣ ƴŜƻƘŜȄŀƴŜ όbIΣ {Ŝƻ Ŝǘ ŀƭΦмунύΣ ŀƴŘ ¢.!.κ¢.!C ό[ŜŜ Ŝǘ 

ŀƭΦмтфύΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ǳǎŜ ƻŦ ǎƻŘƛǳƳ ŘƻŘŜŎȅƭ ǎǳƭŦŀǘŜ ό{5{ύ ŀŎǘǎ ŀǎ ŀ ƪƛƴŜǝŎ 

ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ǇǊƻƳƻǘŜǊ ǘƘŀǘ ǎƘƻǊǘŜƴǎ ǘƘŜ ƛƴŘǳŎǝƻƴ ǝƳŜΣ ǿƛǘƘƻǳǘ ŀũŜŎǝƴƎ ǘƘŜ 

ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜ ό/ƘŜƴ Ŝǘ ŀƭΦмуоΣмупύΦ 

[ŜŜ Ŝǘ ŀƭΦмтф ǇǊŜǎŜƴǘŜŘ ŀƴ ƛƴǘŜǊŜǎǝƴƎ ŘƛǎŎǳǎǎƛƻƴ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ƻŦ 

ŀŘŘƛǝǾŜǎ ǎǳŎƘ ŀǎ ¢ICΣ ¢.!.Σ ŀƴŘ ¢.!C ƻƴ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ŀ Ǝŀǎ 

ƳƛȄǘǳǊŜǎ ŎƻƴǘŀƛƴƛƴƎ /Iп όфл Ƴƻƭ ҈ύ Ҍ /нIс όт Ƴƻƭ ҈ύ Ҍ /оIу όо Ƴƻƭ ҈ύΦ CƛƎǳǊŜ оΦмт 

ǎƘƻǿǎ ǘƘŜƛǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ǘƘǊŜŜ ŀŘŘƛǝǾŜǎ ŜȄŀƳƛƴŜŘΦ  
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Figure 3.17.: Comparison of the promotion effect on the three-phase equilibrium data for a gas 
mixture (GMς10) containing CH4 + C2H6 + C3H8 with composition CH4 (90 mol %), C2H6 (7 mol %), and 
C3H8 (3 mol %).  

The dotted lines that connect the experimental data are guides to the eye only. The turquoise 
symbols denote experimental data for the ternary mixture without any additives, while the 
remaining symbols denote additives (THF ς blue; TBAB ς red; TBAF ς green). 

Sources for experimental data:  Lee et al.179 ς ternary mixture with THF/TBAB/TBAF; Yasuda et al. 
185 ς ternary mixture (turquoise triangles); Lee et al.179 ς ternary mixture (turquoise circles). 

 

 

¢ƘŜ ŀǳǘƘƻǊǎ ǊŜŀŎƘŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴǘ ŎƻƴŎƭǳǎƛƻƴ ǘƘŀǘ ǘƘŜ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ōŜŎƻƳŜǎ 

ǎǘǊƻƴƎŜǊ ŀǎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ ŀŘŘƛǝǾŜ ƛƴŎǊŜŀǎŜǎ ƻƴƭȅ ǳǇ ǘƻ ǘƘŜ Ǉƻƛƴǘ ƻŦ 

ǎǘƻƛŎƘƛƻƳŜǘǊƛŎ ŎƻƳǇƻǎƛǝƻƴΦ !ǘ ǎǘƻƛŎƘƛƻƳŜǘǊƛŎ ŎƻƳǇƻǎƛǝƻƴ ŀƭƭ ƘȅŘǊŀǘŜ ŎŀƎŜǎ ǘƘŀǘ Ŏŀƴ 

ŀŎŎƻƳƳƻŘŀǘŜ ŀ ǇǊƻƳƻǘŜǊ ƳƻƭŜŎǳƭŜ ŀǊŜ ƻŎŎǳǇƛŜŘ ǿƛǘƘ ƻƴŜ ǇǊƻƳƻǘŜǊ ƳƻƭŜŎǳƭŜΦ !ƴȅ 

ŀŘŘƛǝƻƴŀƭ ǇǊƻƳƻǘŜǊ ƳƻƭŜŎǳƭŜǎ Řƻ ƴƻǘ ǇŀǊǝŎƛǇŀǘŜ ƛƴ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ŀƴŘ ǘƘŜ 

ǊŜƳŀƛƴƛƴƎ ŜȄŎŜǎǎ ŀƳƻǳƴǘ ƻŦ ǇǊƻƳƻǘŜǊ ŎƻǳƭŘ Ǉƻǎǎƛōƭȅ ŀŎǘ ǘƻǿŀǊŘǎ ƭŜǎǎŜƴƛƴƎ ǘƘŜ 

ǇǊƻƳƻǝƻƴ ŜũŜŎǘΦ ¢Ƙƛǎ ŜũŜŎǘ ƛǎ ŎƭŜŀǊƭȅ ǎƘƻǿƴ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ¢IC ǿƘŜǊŜ ǘƘŜ 

ǎǘƻƛŎƘƛƻƳŜǘǊƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ŦƻǊ ǘƘŜ ǎLL ƘȅŘǊŀǘŜ ƛǎ рΦрс Ƴƻƭ ҈ όǎŜŜ ŦƻǊ ŜȄŀƳǇƭŜ ǘƘŀǘ ǘƘŜ 

ŎŀǎŜ ƻŦ мл Ƴƻƭ ҈ ƛǎ ǎƘƛƊŜŘ ǎƭƛƎƘǘƭȅ ǘƻǿŀǊŘǎ ƛƴƘƛōƛǝƻƴ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŎŀǎŜ ƻŦ 

рΦрс Ƴƻƭ ҈ύΦ {ƛƳƛƭŀǊƭȅΣ ǘƘŜ ƻǇǝƳǳƳ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ¢.!. ǿŀǎ 

ƻōǎŜǊǾŜŘ ŦƻǊ ŀ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ оΦт Ƴƻƭ ҈ ǿƘƛŎƘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ǎǘƻƛŎƘƛƻƳŜǘǊƛŎ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘȅǇŜ ! ¢.!. ǎŜƳƛŎƭŀǘƘǊŀǘŜΦ ¢ƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǾŀƭǳŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ 

¢.!C ƛǎ оΦо Ƴƻƭ ҈Φ 
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оΦнΦмм Dŀǎ aƛȄǘǳǊŜ мм όDaςммύΥ /Iп ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ . 

Dŀǎ aƛȄǘǳǊŜ мм Ŏƻƴǘŀƛƴǎ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ /IпςŎƻƴǘŀƛƴƛƴƎΣ ōƛƴŀǊȅΣ ƘȅŘǊŀǘŜπ

ŦƻǊƳƛƴƎ ƳƛȄǘǳǊŜǎ ǘƘŀǘ ŘƻƴΩǘ ōŜƭƻƴƎ ǘƻ ŀƴȅ ƻŦ ǘƘŜ ƻǘƘŜǊ /IпςŎƻƴǘŀƛƴƛƴƎ Ǝŀǎ ƳƛȄǘǳǊŜǎ 

ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǇǊŜǾƛƻǳǎƭȅ ŘƛǎŎǳǎǎŜŘΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ /IпΣ ǘƘŜ ŜȄŀƳƛƴŜŘ ōƛƴŀǊȅ Ǝŀǎ 

ǎȅǎǘŜƳǎ Ŏƻƴǘŀƛƴ IŜмусΣмутΣ /Cп
мууΣ /ICо

мууΣ ŀƴŘ /оIс{муфΦ ¢ƘŜ ŘŜǘŀƛƭŜŘ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜǎŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ !Φмм ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ !Φ 

 

оΦнΦмн Dŀǎ aƛȄǘǳǊŜ мн όDaςмнύΥ hǘƘŜǊ ŎŀǎŜǎ 

Dŀǎ ƳƛȄǘǳǊŜ мн ǇǊƛƳŀǊƛƭȅ Ŏƻƴǘŀƛƴǎ ōƛƴŀǊȅ ƳƛȄǘǳǊŜǎ ƻŦ ƭƛƎƘǘ ƘȅŘǊƻŎŀǊōƻƴǎ ǘƘŀǘ ŀǊŜ 

ǊŜƭŜǾŀƴǘ ǘƻ ǾŀǊƛƻǳǎ ŘƻǿƴǎǘǊŜŀƳ ƻƛƭκƎŀǎ ŀƴŘ ǇŜǘǊƻŎƘŜƳƛŎŀƭ ƛƴŘǳǎǘǊƛŜǎΦ CƛƎǳǊŜ оΦму 

ǎƘƻǿǎ ŀ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ǘƘŜ ǎȅǎǘŜƳǎ ŜȄŀƳƛƴŜŘ ŦƻǊ ǿƘƛŎƘ ǘƘŜǊŜ ŀǊŜ 

ŀǾŀƛƭŀōƭŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎΦ 

Figure 3.18.: Summary of the three-phase equilibrium data for the gas mixtures (GMς12) containing 

various light hydrocarbons.  

For each mixture the temperature/pressure range and the number of available experimental data is 

reported. The number of studies that are reporting experimental data for each mixture is given in 

parenthesis. 
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ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ōȅ IƻƭŘŜǊ 
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уф 
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ǎƛƳǳƭǘŀƴŜƻǳǎ ǇǊŜǎŜƴŎŜ ƻŦ ŀ ƭƛǉǳƛŘ ƘȅŘǊƻŎŀǊōƻƴ ǇƘŀǎŜ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ ǾŀǇƻǊ ǇƘŀǎŜΦ 

¢ƘŜ ŀǳǘƘƻǊǎ ŀƭǎƻ ǇǊŜǎŜƴǘŜŘ ŀƴ ŜȄǘŜƴǎƛǾŜ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǘƘŜ ǇǎŜǳŘƻπǊŜǘǊƻƎǊŀŘŜ ƘȅŘǊŀǘŜ 

ŘƛǎǎƻŎƛŀǝƻƴ ǇƘŜƴƻƳŜƴŀ ǘƘŀǘ ŜȄƛǎǘ ŀǘ ƭƻǿ ǇǊŜǎǎǳǊŜǎ όмл ς мр ŀǘƳύ ƴŜŀǊ нут Y ŦƻǊ ǘƘŜ 

ǎȅǎǘŜƳ /нIс Ҍ /оIу Ҍ IнhΦ bŀƳŜƭȅΣ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ ƻŦ ǎLL ƘȅŘǊŀǘŜǎ ŘƛǎǎƻŎƛŀǝƻƴΣ ǿƘƛŎƘ 

ƛǎ ƻōǎŜǊǾŜŘ ŦƻǊ ŀ ǿƛŘŜ ǿŀǘŜǊπŦǊŜŜ ŎƻƳǇƻǎƛǝƻƴ ǊŀƴƎŜ ǿƘŜƴ ǎƭƛƎƘǘ ƛƴŎǊŜŀǎŜǎ ƛƴ ǇǊŜǎǎǳǊŜ 

ƻŎŎǳǊΦ ¢Ƙƛǎ ōŜƘŀǾƛƻǊ ƛǎ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ǿƘŀǘ ƛǎ ǳǎǳŀƭƭȅ ŜȄǇŜŎǘŜŘ όƛΦŜΦ ƘȅŘǊŀǘŜǎ ƴŜǾŜǊ 

ŘƛǎǎƻŎƛŀǘŜ ŀǎ ǘƘŜ ǇǊŜǎǎǳǊŜ ƛƴŎǊŜŀǎŜǎύΦ  

aƻǝǾŀǝƻƴ ŦƻǊ ǘƘŜ ǎǘǳŘȅ ƻŦ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ōȅ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ /нIс Ҍ 

/нIп όŜǘƘŜƴŜ ƻǊ ŜǘƘȅƭŜƴŜύ ƻǊƛƎƛƴŀǘŜǎ ŦǊƻƳ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ōƻƛƭƛƴƎ Ǉƻƛƴǘǎ ŦƻǊ ōƻǘƘ 

ŎƻƳǇƻƴŜƴǘǎ ƘŀǾŜ ǾŀƭǳŜǎ ǘƘŀǘ ŀǊŜ ŎƭƻǎŜ ǘƻ ŜŀŎƘ ƻǘƘŜǊΣ ŜǎǎŜƴǝŀƭƭȅ ƳŀƪƛƴƎ ǘƘŜƛǊ 

ǎŜǇŀǊŀǝƻƴ ǘƘǊƻǳƎƘ ŎǊȅƻƎŜƴƛŎ Řƛǎǝƭƭŀǝƻƴ ŘƛŶŎǳƭǘΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ 

ǇŀǊǝŎǳƭŀǊ ǎȅǎǘŜƳ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ōȅ YŀƴƎ ŀƴŘ [ŜŜмфпΣ ŀƴŘ ¢ǳƳōŀ Ŝǘ ŀƭΦмфрΦ IȅŘǊŀǘŜπ

ōŀǎŜŘ ǎŜǇŀǊŀǝƻƴ Ŏŀƴ ƻŎŎǳǊ ƛƴ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜ нтп ς нуф YΣ ǘƘǳǎ ǊŜŘǳŎƛƴƎ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƘŜ ŎƻǎǘǎΦ 

[ƛƎƘǘ ƻƭŜŬƴǎ όŜǎǇŜŎƛŀƭƭȅ /нIпύ ŎƻƳǇǊƛǎŜ ǘƘŜ ǇǊƛƳŀǊȅ ŦŜŜŘǎǘƻŎƪ ƻŦ ǘƘŜ ǇŜǘǊƻŎƘŜƳƛŎŀƭ 

ƛƴŘǳǎǘǊȅΦ ¢ƘŜƛǊ ǇǊƻŘǳŎǝƻƴ ƛƴǾƻƭǾŜǎ ǘƘŜ ǎǘŜŀƳ ŎǊŀŎƪƛƴƎ ƻŦ ƘȅŘǊƻŎŀǊōƻƴǎмфсΣмфт ŀƴŘ 

ŘǳǊƛƴƎ ǘƘŜƛǊ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ǿƛǘƘƛƴ ǇƛǇŜƭƛƴŜǎ ǘƘŜȅ Ƴŀȅ ŎƻƳŜ ƛƴ ŎƻƴǘŀŎǘ ǿƛǘƘ ǘǊŀŎŜǎ ƻŦ 

ŦǊŜŜ ǿŀǘŜǊΣ ǿƘƛŎƘ ǎǳōǎŜǉǳŜƴǘƭȅ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ǳƴŘŜǊ ŀǇǇǊƻǇǊƛŀǘŜ 

ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǇǊŜǎǎǳǊŜ ŎƻƴŘƛǝƻƴǎΦ Cƭƻǿ ŀǎǎǳǊŀƴŎŜ ƻŦ ǎǳŎƘ ǎȅǎǘŜƳǎ ƛǎ ǘƘŜ Ƴŀƛƴ 

ƳƻǝǾŀǝƻƴ ōŜƘƛƴŘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ /ƘŀǇƻȅ Ŝǘ ŀƭΦмфуΦ  

¢ƘŜ ƳƛȄǘǳǊŜ /оIу Ҍ /нIн όŜǘƘȅƴŜ ƻǊ ŀŎŜǘȅƭŜƴŜύ ƛǎ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ƴŀǘǳǊŀƭ Ǝŀǎ 

ǇǊƻŎŜǎǎƛƴƎ ƻǊ ǇŜǘǊƻƭŜǳƳ ǊŜŬƴƛƴƎ ǎǘǊŜŀƳǎΦ {ƻƳŜ ŀŘŘƛǝƻƴŀƭ ƴƻǾŜƭ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ƛƴǾƻƭǾŜ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ƳƛȄǘǳǊŜ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ¢ǳƳōŀ Ŝǘ ŀƭΦмффΦ ¢ƘŜ 

ŀǳǘƘƻǊǎ ǊŜǇƻǊǘŜŘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ƻŦ ǳǎŜ ǘƻ ǘƘŜ 

ŘŜǎƛƎƴ ƻŦ ŀ ǎŜǇŀǊŀǝƻƴ ǇǊƻŎŜǎǎ ŦƻǊ ǘƘŜ ƳƛȄǘǳǊŜΦ {ƛƳƛƭŀǊƭȅΣ ǘƘŜ ƳƛȄǘǳǊŜ /нIн Ҍ /оIс 

όǇǊƻǇŜƴŜ ƻǊ ǇǊƻǇȅƭŜƴŜύ ƛǎ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ƘȅŘǊƻŎŀǊōƻƴ ŎǊŀŎƪƛƴƎ ǎǘǊŜŀƳǎ ŀƴŘ ŘǳǊƛƴƎ 

ǘƘŜ ǇȅǊƻƭȅǎƛǎ ƻŦ ǇƻƭȅπŜǘƘȅƭŜƴŜ όŀ ǇǊƻŎŜǎǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ƻŦ ǎƻƭƛŘ ǿŀǎǘŜ ƛƴǘƻ 

ǾŀƭǳŀōƭŜ ŎƘŜƳƛŎŀƭǎύΦ IȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ Ƙŀǎ ōŜŜƴ 

ǊŜǇƻǊǘŜŘ ōȅ ¢ǳƳōŀ Ŝǘ ŀƭΦнлл ŀƴŘ ŎƻǳƭŘ ōŜ ǳǎŜŘ ŦƻǊ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ƘȅŘǊŀǘŜπōŀǎŜŘ 

ǎŜǇŀǊŀǝƻƴ ƻŦ ǘƘŜ ƳƛȄǘǳǊŜΦ  
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¢ŀōƭŜ !Φммŀ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ǇǊƻǾƛŘŜǎ ŘŜǘŀƛƭǎ ŦƻǊ ǘƘŜ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ōƛƴŀǊȅ 

ǎȅǎǘŜƳǎ όƛΦŜΦ ŎŀǎŜ ƻŦ ƭƛƎƘǘ ƘȅŘǊƻŎŀǊōƻƴ ƳƛȄǘǳǊŜǎύ ŀƴŘ ǘƘŜ ŎƻƴŘƛǝƻƴǎ ǳƴŘŜǊ ǿƘƛŎƘ 

ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ ǇŜǊŦƻǊƳŜŘΣ ǿƘƛƭŜ 

¢ŀōƭŜ !Φммō ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ǇǊƻǾƛŘŜǎ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŘŜǘŀƛƭǎ ŦƻǊ ǘƘŜ ǎȅǎǘŜƳǎ ǘƘŀǘ 

Ŏƻƴǘŀƛƴ ƴƻƴπƘȅŘǊƻŎŀǊōƻƴǎΦ 

IŜƭƛǳƳ όIŜύ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŎƻƳǇƻƴŜƴǘ ŦƻǊ ǘƘŜ ŬŜƭŘǎ ƻŦ ǎǳǇŜǊŎƻƴŘǳŎǝǾƛǘȅ ŀƴŘ 

ǘƘŜǊƳƻƴǳŎƭŜŀǊ ƛƴŘǳǎǘǊȅΦ ¢ǊŀŘƛǝƻƴŀƭƭȅΣ IŜ ƛǎ ǇǊƻŘǳŎŜŘ ŦǊƻƳ IŜπŎƻƴǘŀƛƴƛƴƎ ƴŀǘǳǊŀƭ Ǝŀǎ 

ōȅ ǳǎƛƴƎ ǘƘŜ ƳŜǘƘƻŘ ƻŦ ƭƛǉǳŜŦŀŎǝƻƴΦ ¢ƘŜ ǳǎŜ ƻŦ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ŦƻǊ ǘƘŜ ǎŜǇŀǊŀǝƻƴ 

ƻŦ IŜ ŦǊƻƳ ƳƛȄǘǳǊŜǎ ǿƛǘƘ /Iп ƻǊ /нIс Ƙŀǎ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΦ aŀŜƪŀǿŀмус 

ǊŜǇƻǊǘŜŘ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƘŀǘ ŀǊŜ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ ǎǳŎƘ ǘȅǇŜ ƻŦ 

ǎŜǇŀǊŀǝƻƴǎΦ CƛƴŀƭƭȅΣ IŀǎƘŜƳƛ Ŝǘ ŀƭΦнлм ǊŜǇƻǊǘŜŘ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ 

ǘƘŜ ǊŜŦǊƛƎŜǊŀƴǘǎ wно ό/ICоύΣ wммс ό/нCсύΣ ŀƴŘ ŀ ōƛƴŀǊȅ ƳƛȄǘǳǊŜ wноκwммс όпсκрп Ƴŀǎǎ 

ǇŜǊŎŜƴǘ ǊŀǝƻύΦ  

 

оΦнΦмо Dŀǎ aƛȄǘǳǊŜ мо όDaςмоύΥ  Iн{ ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ  

¢ƘŜ ǇǊƛƳŀǊȅ ŎƻƳǇƻƴŜƴǘ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ Dŀǎ aƛȄǘǳǊŜ мо ƛǎ ƘȅŘǊƻƎŜƴ ǎǳƭŬŘŜ όIн{ύΦ Lƴ 

ŀŘŘƛǝƻƴ ƻŦ ōŜƛƴƎ ŀ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎΣ Iн{ ƛǎ ƘƛƎƘƭȅ ǘƻȄƛŎ ŀƴŘ ǘƘŜǊŜŦƻǊŜΣ ǊŜƳƻǾŀƭ ŦǊƻƳ 

ǎƻǳǊ ƻƛƭκƎŀǎ ǎǘǊŜŀƳǎ ƛǎ ŜǎǎŜƴǝŀƭ ŦƻǊ ŦǳǊǘƘŜǊ ǇǊƻŎŜǎǎƛƴƎ ǘƘŜ ǇǊƻŘǳŎŜŘ ƻƛƭκƎŀǎΦ CŀƛƭǳǊŜ ǘƻ 

ǊŜƳƻǾŜ Iн{ Ŏŀƴ ŦǳǊǘƘŜǊ ǊŜǎǳƭǘ ƛƴ ǎƻƭƛŘ ǎǳƭŦǳǊ ŘŜǇƻǎƛǝƻƴ ƛƴ ǘƘŜ ƻƛƭκƎŀǎ ǇǊƻŘǳŎǝƻƴ 

ŦŀŎƛƭƛǝŜǎΣ ǿƘƛŎƘ ƛǎ ƘƛƎƘƭȅ ǇǊƻōƭŜƳŀǝŎΦ {ƛƴŎŜ Iн{ ƛǎ ŎƻƴǘŀƛƴŜŘ ƛƴ ǎƻǳǊ ƻƛƭκƎŀǎ ǎǘǊŜŀƳǎΣ 

Ƴƻǎǘ ƻŦ ǘƘŜ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ŦƻŎǳǎ ƻƴ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ŀƴŘ ƛƴƘƛōƛǝƻƴ 

ǿƛǘƘƛƴ ǎǳŎƘ ǎȅǎǘŜƳǎΦ ! ǎǳƳƳŀǊȅ ƻŦ ǎǳŎƘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ 

!Φмоŀ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƻŦ Iн{πŎƻƴǘŀƛƴƛƴƎ ǎȅǎǘŜƳǎΣ 

ǿƘƛƭŜ ¢ŀōƭŜ !Φмоō ǇǊŜǎŜƴǘǎ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎǘǳŘƛŜǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ƘȅŘǊŀǘŜ ƛƴƘƛōƛǝƻƴ 

ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ aŜhI ŀƴŘκƻǊ ŜƭŜŎǘǊƻƭȅǘŜǎΦ 

Iн{ Ŏŀƴ ŀƭǎƻ ōŜ ŀ ōȅπǇǊƻŘǳŎǘ ƻŦ ōƛƻƎŀǎ ƳƛȄǘǳǊŜǎ ǘƘŀǘ ƛǎ ƎŜƴŜǊŀǘŜŘ ŘǳǊƛƴƎ ǘƘŜ ŀƴƛƳŀƭ 

ƳŀƴǳǊŜ ǇǊƻŎŜǎǎƛƴƎнлнΦ {ǳŎƘ ƳƛȄǘǳǊŜǎ Ŏŀƴ Ŏƻƴǘŀƛƴ /Iп όрл҈ ς ср҈ύΣ /hн όол҈ς пл҈ύΣ 

ǎŜǾŜǊŀƭ ǇŜǊŎŜƴǘ ƻŦ Iн ŀƴŘ Iн{ όғм҈ύΦ YŀƳŀǘŀ Ŝǘ ŀƭΦнлн ǊŜǇƻǊǘŜŘ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ 

ŦƻǊ Iн{ ǊŜƳƻǾŀƭ ŦǊƻƳ ŀ ǎȅǎǘŜƳ ŎƻƴǘŀƛƴƛƴƎ /Iп Ҍ /hн ōȅ ǳǎƛƴƎ ¢.!. ŀǎ ƘȅŘǊŀǘŜ 

ǇǊƻƳƻǘŜǊΦ {ƛƳƛƭŀǊƭȅΣ Iн{ Ŏŀƴ ŀƭǎƻ ōŜ ŀ ōȅπǇǊƻŘǳŎǘ ŘǳǊƛƴƎ ǎȅƴƎŀǎ ǇǊƻŘǳŎǝƻƴ όƛΦŜΦ Iн Ҍ 

/hнύΦ ·ƛŀ Ŝǘ ŀƭΦнло ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƻŦ Iн{ ǊŜƳƻǾŀƭ ŦǊƻƳ ŀ ǎȅƴƎŀǎ ƳƛȄǘǳǊŜ ōȅ 
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ǳǎƛƴƎ ¢.!. ŀǎ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊΣ ǿƘƛƭŜ ·ƛŀ Ŝǘ ŀƭΦ 
моф ǇǊƻǾƛŘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƻŦ Iн{ 

ǊŜƳƻǾŀƭ ŦǊƻƳ ƳƛȄǘǳǊŜǎ ŎƻƴǘŀƛƴƛƴƎ /Iп Ҍ /hн ōȅ ǳǎƛƴƎ ¢.!. ŀǎ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊΦ ¢ƘŜ 

ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ƻŦ Iн{ ǊŜƳƻǾŀƭ ǳǎƛƴƎ ¢.!. ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ 

!ΦмоŎ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ !Φ 

 

оΦнΦмп Dŀǎ aƛȄǘǳǊŜ мп όDaςмпύΥ Iн ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ  

¢ƘŜ ǇǊƛƳŀǊȅ ŎƻƳǇƻƴŜƴǘ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ Dŀǎ aƛȄǘǳǊŜ мп ƛǎ Iн ŀƴŘ ǇŀǊǝŎǳƭŀǊƭȅ ǘƘƻǎŜ 

ŎŀǎŜǎ ǘƘŀǘ ƘŀǾŜ ƴƻǘ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘ ǇǊŜǾƛƻǳǎƭȅ ŘǳǊƛƴƎ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƻŦ Daςо ŀƴŘ 

DaςсΦ ¢ǿƻ ŀǊŜ ǘƘŜ Ƴŀƛƴ ŀǊŜŀǎ ƻŦ ƛƴǘŜǊŜǎǘΦ ¢ƘŜ ŬǊǎǘ ŎƻƴǎƛŘŜǊǎ IнπŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ 

ǘƘŀǘ ŀǊŜ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ƻƛƭΣ ƎŀǎΣ ŀƴŘ ŎƘŜƳƛŎŀƭ ƛƴŘǳǎǘǊȅ όŀ ǎǳƳƳŀǊȅ ƻŦ ǎǳŎƘ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ !Φмпŀ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ !ύΦ ¢ƘŜ ǎŜŎƻƴŘ ŀǊŜŀ 

ƛǎ ŘǊƛǾŜƴ ōȅ ǘƘŜ ƛƴǘŜǊŜǎǘ ƻŦ ƛŘŜƴǝŦȅƛƴƎ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǎǘƻǊŀƎŜ ƳŀǘŜǊƛŀƭ ŦƻǊ Iн όǎŜŜ ¢ŀōƭŜ 

!Φмпō ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ ! ŦƻǊ ŀ ǎǳƳƳŀǊȅ ƻŦ ǎǳŎƘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎύΦ  

wŜƎŀǊŘƛƴƎ ǘƘŜ ŬǊǎǘ ŀǊŜŀΣ aŀ Ŝǘ ŀƭΦмон ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ǎŜǇŀǊŀǝƻƴ ƻŦ ƭƛƎƘǘ Ǝŀǎ ƳƛȄǘǳǊŜǎ 

ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŎŀǎŜ ƻŦ Iн Ҍ bн Ҍ /Iп ōȅ ǳǎƛƴƎ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴΦ /ƻƴǾŜƴǝƻƴŀƭ ƳŜǘƘƻŘǎ 

ƻŦ ǎŜǇŀǊŀǝƻƴ ǊŜǉǳƛǊŜ ŘŜŜǇ ŎƻƻƭƛƴƎ ŀƴŘ ƘǳƎŜ ŀƳƻǳƴǘǎ ƻŦ ŜƴŜǊƎȅ ŀǊŜ ŎƻƴǎǳƳŜŘΦ hƴ ǘƘŜ 

ƻǘƘŜǊ ƘŀƴŘΣ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ Ŏŀƴ ƻŎŎǳǊ ŀǘ ǘŜƳǇŜǊŀǘǳǊŜǎ ƻŦ ŀǇǇǊƻȄΦ л ƻ/Σ ǘƘǳǎ 

ǊŜŘǳŎƛƴƎ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ŎƻǎǘΦ CǳǊǘƘŜǊƳƻǊŜΣ Iн ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ 

ƘȅŘǊŀǘŜ ŎǊȅǎǘŀƭ ŀǘ ƭƻǿ ǇǊŜǎǎǳǊŜǎΣ ŀŎƘƛŜǾƛƴƎ ƛƴ ǘƘƛǎ ǿŀȅ ƘƛƎƘ ǎŜǇŀǊŀǝƻƴ ŜŶŎƛŜƴŎƛŜǎΦ 

aŀ Ŝǘ ŀƭΦнлп ǇǊƻǇƻǎŜŘ ŀ ƴƻǾŜƭΣ ƘȅŘǊŀǘŜπōŀǎŜŘΣ ǘŜŎƘƴƛǉǳŜ ǘƻ ǊŜŎƻǾŜǊ Iн ŦǊƻƳ ƘƛƎƘπ

ǇǊŜǎǎǳǊŜ ǊŜŎȅŎƭŜŘπƘȅŘǊƻƎŜƴ Ǝŀǎ ƳƛȄǘǳǊŜǎΦ [ƛǳ Ŝǘ ŀƭΦнлр ǳǎŜŘ ŀƴ ŀōǎƻǊǇǝƻƴπƘȅŘǊŀǝƻƴ 

ƘȅōǊƛŘ ƳŜǘƘƻŘ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜŎƻǾŜǊ Iн ŀƴŘ bн ŦǊƻƳ ǘŀƛƭ Ǝŀǎ ƳƛȄǘǳǊŜǎ όIнΣ bнΣ /IпΣ ŀƴŘ 

!Ǌύ ƻŦ ǎȅƴǘƘŜǝŎ ŀƳƳƻƴƛŀ Ǉƭŀƴǘ Ǿƛŀ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴΦ tŀƴƎ Ŝǘ ŀƭΦмоо ǊŜǇƻǊǘŜŘ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ƻŦ ōƛƴŀǊȅ ŀƴŘ ƳǳƭǝŎƻƳǇƻƴŜƴǘ Ǝŀǎ 

ƳƛȄǘǳǊŜǎ ŎƻƴǘŀƛƴƛƴƎ IнΦ aŀ Ŝǘ ŀƭΦнлс ǇŜǊŦƻǊƳŜŘ ŜȄǇŜǊƛƳŜƴǘǎ ƻƴ ƘȅŘǊŀǘŜ ƪƛƴŜǝŎǎ ŀƴŘ 

ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ŀ ǎƛƳǳƭŀǘŜŘ IнπŎƻƴǘŀƛƴƛƴƎ ŎŀǘŀƭȅǝŎ ŎǊŀŎƪƛƴƎ Ǝŀǎ ƛƴ ŀ ǿŀǘŜǊπ

ƛƴπƻƛƭ ŜƳǳƭǎƛƻƴΦ ¢ƘŜȅ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ ŜƳǳƭǎƛƻƴ Ŏŀƴ ƛƴŎǊŜŀǎŜ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƘŜ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ǊŀǘŜΦ aŀ Ŝǘ ŀƭΦнлт ǇǊƻǇƻǎŜŘ ŀƴ ŀƭƎƻǊƛǘƘƳ ŦƻǊ 

ƳǳƭǝǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ƻŦ IнπŎƻƴǘŀƛƴƛƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ǘŜǎǘŜŘ ǘƘŜƛǊ ƳŜǘƘƻŘƻƭƻƎȅ ŀƎŀƛƴǎǘ 

ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛŀ ƻŦ ǎŜǾŜǊŀƭ IнπŎƻƴǘŀƛƴƛƴƎ Ǝŀǎ ƳƛȄǘǳǊŜǎΦ hōŀƴƛƧŜǎǳ Ŝǘ ŀƭΦмоп ŜȄǇƭƻǊŜŘ 

ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ǳǎƛƴƎ Iн ŀƴŘ bн ƛƴ ƻǊŘŜǊ ǘƻ ƛƴƘƛōƛǘ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ŀƭƻƴƎ ŀ ǇƛǇŜƭƛƴŜ 



фн 
 

ƴŜǘǿƻǊƪ ǘƘŀǘ ŎŀǊǊƛŜǎ ƴŀǘǳǊŀƭ ƎŀǎΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ǘƘŜȅ ǇŜǊŦƻǊƳŜŘ ŀ ǎŜǊƛŜǎ ƻŦ 

ŜȄǇŜǊƛƳŜƴǘǎ ŦƻǊ ƳƛȄǘǳǊŜǎ ƻŦ ƛƴǘŜǊŜǎǘ ǿƛǘƘ ŀƴŘ ǿƛǘƘƻǳǘ ŀŘŘƛƴƎ Iн ƻǊ bн ƛƴ ǘƘŜ ƳƛȄǘǳǊŜΦ 

¢ƘŜȅ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ Iн ƻǊ bн Ŏŀƴ ƛƴƘƛōƛǘ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ǿƛǘƘ Iн 

ŜȄƘƛōƛǝƴƎ ǘƘŜ ǎǘǊƻƴƎŜǊ ƛƴƘƛōƛǝƻƴ ŜũŜŎǘǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜƛǊ ǎǘǳŘȅ ŀƭǎƻ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ 

ŀŘŘƛƴƎ Iн ƻǊ bн ƛƴ ǘƘŜƛǊ ƛƴƛǝŀƭ Ǝŀǎ ƳƛȄǘǳǊŜ ǇǊƻƭƻƴƎǎ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ƘȅŘǊŀǘŜ ŘǳǊƛƴƎ 

ƻǇŜǊŀǝƻƴ ƻǊ ŀŎǘ ǘƻǿŀǊŘǎ ǇǊŜǾŜƴǝƴƎ ƘȅŘǊŀǘŜ ŀƎƎƭƻƳŜǊŀǝƻƴΦ [ƛŀƻ Ŝǘ ŀƭΦнлу ŎƻƴǎƛŘŜǊŜŘ ŀ 

ǎȅƴǘƘŜǎƛȊŜŘ Ǝŀǎ ƳƛȄǘǳǊŜ ŀƴŘ ƳŜŀǎǳǊŜŘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ƻŦ ǘƘŜ 

ǎȅǎǘŜƳΣ ŀǎ ǿŜƭƭ ŀǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ р ǿǘ ҈ ŀƴŘ мл ǿǘ ҈ ¢.!.Φ ¢ƘŜȅ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ 

ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ¢.!. Ŏŀƴ ŀŎǘ ŀǎ ǇǊƻƳƻǘŜǊ ŀƴŘ ǘƘǳǎ ƭƻǿŜǊ ǘƘŜ ŘƛǎǎƻŎƛŀǝƻƴ ǇǊŜǎǎǳǊŜ 

ōŜƭƻǿ ǘƘŜ ƛƴƅŜŎǝƻƴ Ǉƻƛƴǘ όŀǇǇǊƻȄΦ нун Y ŦƻǊ р ǿǘ ҈Σ ŀƴŘ ŀǇǇǊƻȄΦ нуоΦрY ŦƻǊ мл ǿǘ ҈ύΣ 

ǿƘƛƭŜ ¢.!. ŀŎǘǎ ŀǎ ŀƴ ƛƴƘƛōƛǘƻǊ ŦƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀōƻǾŜ ǘƘŜ ƛƴƅŜŎǝƻƴ ǇƻƛƴǘΦ ¢Ƙƛǎ 

ōŜƘŀǾƛƻǊ ƛǎ ŎƭŜŀǊƭȅ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦмфΦ 

 

Figure 3.19.: Effect of adding TBAB on the three-phase equilibrium data for a gas mixture containing 

H2, CH4, CO2, C2H6 and C2H4.  

The experimental data are from Liao et al.208. The dashed lines that connect the experimental data 

are guides to the eye only. 

 

 

Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǇǳǊŜ Iн ǊŜǉǳƛǊŜǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƘƛƎƘ 

ǇǊŜǎǎǳǊŜǎ όaŀƻ Ŝǘ ŀƭΦнύΦ ¢ƘŜǊŜŦƻǊŜΣ ǇǊƻƳƻǘŜǊǎ ǎǳŎƘ ŀǎ ¢IC όCƭƻǊǳǎŜ Ŝǘ ŀƭΦнлфύ ƘŀǾŜ ōŜŜƴ 

ǳǎŜŘ ǘƻ ǊŜŘǳŎŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘƘǳǎ ƳŀƪŜ ƛǘ ƳƻǊŜ 

ŀǧǊŀŎǝǾŜ ŦƻǊ ǳǎŜ ƛƴ ǇǊŀŎǝŎŀƭ ǎǘƻǊŀƎŜ ŀǇǇƭƛŎŀǝƻƴǎΦ ! ŘŜǘŀƛƭŜŘ ǊŜǾƛŜǿ ƻŦ ǘƘƛǎ ƛǎǎǳŜ Ƙŀǎ 

ōŜŜƴ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ǿƻǊƪ ƻŦ ±ŜƭǳǎǿŀƳȅ Ŝǘ ŀƭΦоΦ ¢ƘŜ ǳǎŜ ƻŦ ǇǊƻƳƻǘŜǊǎΣ ƘƻǿŜǾŜǊΣ 



фо 
 

ŎƻƳŜǎ ŀǘ ǘƘŜ Ŏƻǎǘ ƻŦ ǊŜŘǳŎƛƴƎ ǘƘŜ Iн ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘŜ ƘȅŘǊŀǘŜ ǎǘǊǳŎǘǳǊŜΦ Lƴ ǘƘŀǘ 

ŎƻƴǘŜȄǘΣ ǊŜǎŜŀǊŎƘ ƛǎ ŎŀǊǊƛŜŘ ƻǳǘ ƻƴ ŬƴŘƛƴƎ ƭƛƎƘǘ ƎŀǎŜƻǳǎ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎ ŦƻǊ Iн 

ǎǘƻǊŀƎŜΦ ¢ƻ ǘƘƛǎ ŜƴŘΣ ǇǊƻǇŀƴŜ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ōȅ ŀ ƴǳƳōŜǊ ƻŦ ǊŜǎŜŀǊŎƘŜǊǎ ό½ƘŀƴƎ Ŝǘ 

ŀƭΦмнфΣ ±ŜƭǳǎǿŀƳȅ Ŝǘ ŀƭΦнмлύ ŀƴŘ ǿŀǎ ŦƻǳƴŘ ǘƻ ǊŜŘǳŎŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƘŜ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ 

ǇǊŜǎǎǳǊŜΦ Lƴ ŀ ǎƛƳƛƭŀǊ ƳŀƴƴŜǊΣ {ƪƛōŀ Ŝǘ ŀƭΦнмм ǳǎŜŘ ŜǘƘŀƴŜ ŀǎ ŀ ǇǊƻƳƻǘŜǊ ŦƻǊ ǘƘŜ ǎŀƳŜ 

ǇǳǊǇƻǎŜΦ tŀǊƪ ŀƴŘ [ŜŜнмн ǳǎŜŘ ŜǘƘŀƴŜ ƻǊ ǇǊƻǇŀƴŜ ǘƻ ǎǘŀōƛƭƛȊŜ Iн ƘȅŘǊŀǘŜǎ ŀǘ мнл ōŀǊ 

ŀƴŘ нтл YΦ ¢ƘŜȅ ŀƴŀƭȅȊŜŘ ǘƘŜ ǎǘǊǳŎǘǳǊŜǎ ǿƛǘƘ ǇƻǿŘŜǊ ·w5 ŀƴŘ baw ƳŜǘƘƻŘǎ ŀƴŘ ŀƭǎƻ 

ŎƻƴŬǊƳŜŘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ Iн ƳƻƭŜŎǳƭŜǎ ƛƴ ǘƘŜ ǎƳŀƭƭ ŎŀƎŜǎ ƻŦ ǘƘŜ ǎL όŜǘƘŀƴŜ ōƛƴŀǊȅύ 

ŀƴŘ ǎLL όǇǊƻǇŀƴŜ ōƛƴŀǊȅύ ƘȅŘǊŀǘŜ ǎǘǊǳŎǘǳǊŜǎΦ 

YǳƳŀǊ Ŝǘ ŀƭΦнмо ǇŜǊŦƻǊƳŜŘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ōƻǘƘ ǘƘŜ 

ōƛƴŀǊȅ Iн Ҍ /hн ŀƴŘ ǘƘŜ ǘŜǊƴŀǊȅ Iн Ҍ /hн Ҍ /оIу Ǝŀǎ ƳƛȄǘǳǊŜǎ ŀƴŘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ 

ŀŘŘƛǝƻƴ ƻŦ /оIу ǊŜǎǳƭǘǎ ƛƴ ŦǳǊǘƘŜǊ ǊŜŘǳŎǝƻƴ ƻŦ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ 

ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ōƛƴŀǊȅ ƳƛȄǘǳǊŜΦ 

 

оΦнΦмр Dŀǎ aƛȄǘǳǊŜ мр όDaςмрύΥ !ƛǊκbн ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ   

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ǘƘŀǘ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ōŜƭƻǿ ƛƴ ǘƘƛǎ ǎŜŎǝƻƴΣ 

ŀƛǊ ŎƭŀǘƘǊŀǘŜǎ ƘŀǾŜ ŀƭǎƻ ŀǧǊŀŎǘŜŘ ǎƛƎƴƛŬŎŀƴǘ ŀǧŜƴǝƻƴ ŦǊƻƳ ǘƘŜ ǎŎƛŜƴǝŬŎ ŎƻƳƳǳƴƛǘȅ ŀǎ 

ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜƛǊ ǇǊŜǎŜƴŎŜ ƛƴ ǇƻƭŀǊ ƛŎŜ ǎƘŜŜǘǎΦ ¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƛǊ ōǳōōƭŜǎ ǿƛǘƘƛƴ ƛŎŜ 

Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ŎƭŀǘƘǊŀǘŜ ŦƻǊƳŀǝƻƴ ŀǎ ǘƘŜ ǇǊŜǎǎǳǊŜ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ƛŎŜ ŘŜǇǘƘΦ ¢ƘŜ ŀƛǊ 

ōǳōōƭŜǎ ǇŜǊǎƛǎǘ ǳǇ ǘƻ ŀ ŎŜǊǘŀƛƴ ŘŜǇǘƘ ŀƴŘ ŘƛǎŀǇǇŜŀǊ ŀǘ ƭŀǊƎŜǊ ŘŜǇǘƘǎΦ IȅŘǊŀǘŜ 

ƻŎŎǳǊǊŜƴŎŜ ƛƴ ƛŎŜ ǿŀǎ ƻǊƛƎƛƴŀƭƭȅ ǇǊŜŘƛŎǘŜŘ ōȅ aƛƭƭŜǊнмп ōŀǎŜŘ ƻƴ ŎƻƴǎƛŘŜǊŀǝƻƴ ƻŦ ǘƘŜƛǊ 

ǘƘŜǊƳƻŘȅƴŀƳƛŎ ǇǊƻǇŜǊǝŜǎΦ ! ǊŜǾƛŜǿ ƻƴ ǘƘŜ ƛǎǎǳŜ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ǿƻǊƪǎ ƻŦ YǳƘǎ 

Ŝǘ ŀƭΦнмрΣ ŀƴŘ tŀǳŜǊ Ŝǘ ŀƭΦнмсΦ ¢ƘŜ ŀŎŎǳǊŀǘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ŀƛǊ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ 

ŎƻƴŘƛǝƻƴǎ Ŏŀƴ ŀǎǎƛǎǘ ƛƴ ǘƘŜ ŎƻǊǊŜŎǘ ƛƴǘŜǊǇǊŜǘŀǝƻƴ ƻŦ ǘƘŜ ƛƴƛǝŀƭ ŀǘƳƻǎǇƘŜǊƛŎ 

ŎƻƳǇƻǎƛǝƻƴ ǘƘŀǘ ǿŀǎ ŜƴǘǊŀǇǇŜŘ ƛƴ ǘƘŜ ƛŎŜ όŜǎǎŜƴǝŀƭƭȅ ŀ ǘȅǇŜ ƻŦ ŎƭƛƳŀǘŜ ǊŜŎƻǊŘύΦ 

¢ƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƘŀǾŜ ŀŎŎǳǊŀǘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ŀƛǊ ŎƭŀǘƘǊŀǘŜ ƘȅŘǊŀǘŜ 

ŜǉǳƛƭƛōǊƛŀ ŀǘ ǾŜǊȅ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜǎΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜ YǳƘǎ Ŝǘ ŀƭΦнмрΣ ¸ŀǎǳŘŀ Ŝǘ ŀƭΦнмт ŀƴŘ 

aƻƘŀƳƳŀŘƛ ŀƴŘ wƛŎƘƻƴнму ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ 

ōŜƭƻǿ нтоΦмр ŀǘ IςLς± όIȅŘǊŀǘŜςLŎŜς±ŀǇƻǊύ ŎƻƴŘƛǝƻƴǎΦ 

.ȅ ŀƴŀƭȅȊƛƴƎ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ŀƛǊ ǘƘŀǘ ǿŀǎ ǘǊŀǇǇŜŘ ƛƴ ŎƻǊŜǎ ǘƘŀǘ ǿŜǊŜ ŘǊƛƭƭŜŘ ŦǊƻƳ 

DǊŜŜƴƭŀƴŘ ƻǊ !ƴǘŀǊŎǝŎŀ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŜǾƻƭǳǝƻƴ ƻŦ ǘƘŜ /hн 
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ŎƻƳǇƻǎƛǝƻƴ ǿƛǘƘƛƴ ǘƘŜ ŜŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΦ CƻǊ ŜȄŀƳǇƭŜ [ǳǘƘƛ Ŝǘ ŀƭΦнмф ŜȄǘŜƴŘŜŘ ǘƘŜ 

ŀƴŀƭȅǎƛǎ ƻŦ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎннлςннн ŦƻǊ ǘƘŜ /hн ŎƻƴŎŜƴǘǊŀǝƻƴ ǊŜŎƻǊŘ ǘƻ срлΣллл ς 

уллΣллл ȅŜŀǊǎ ōŜŦƻǊŜ ǇǊŜǎŜƴǘΦ  

¢ƘŜ ǳǎŜ ƻŦ ǇǳǊŜ hн ƛƴǎǘŜŀŘ ƻŦ ŀƛǊ όhн нм ҈ ŀƴŘ bн тф҈ύ ŘǳǊƛƴƎ Ŧƻǎǎƛƭ ŦǳŜƭ 

ŎƻƳōǳǎǝƻƴΣ ŀ ǇǊƻŎŜǎǎ ƪƴƻǿƴ ŀǎ άƻȄȅŦǳŜƭέ ŎƻƳōǳǎǝƻƴΣ Ƙŀǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ǇƻǘŜƴǝŀƭ ŦƻǊ 

Ŏƻǎǘ ǊŜŘǳŎǝƻƴ ŘǳǊƛƴƎ /hн ŎŀǇǘǳǊŜ όYƭŀǊŀ ŀƴŘ {ǊƛǾŀǎǘŀǾŀмлоύΦ hн ƛǎ ǳǎǳŀƭƭȅ ƻōǘŀƛƴŜŘ ŦǊƻƳ 

ŀƛǊ ōȅ ŎǊȅƻƎŜƴƛŎ ǎŜǇŀǊŀǝƻƴ ǿƘƛŎƘ ƛǎ ŜȄǇŜƴǎƛǾŜΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ŘŜǾŜƭƻǇ 

ǎŜǇŀǊŀǝƻƴ ƳŜǘƘƻŘǎ ǘƘŀǘ ƘŀǾŜ ƳƻǊŜ ŦŀǾƻǊŀōƭŜ ŜŎƻƴƻƳƛŎǎΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜ ƘȅŘǊŀǘŜπ

ōŀǎŜŘ ƳŜǘƘƻŘǎ ŀǊŜ ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀǝƻƴΦ  

IȅŘǊŀǘŜ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ Řŀǘŀ ŦƻǊ ŀƛǊπŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ 

!Φмрŀ ƻŦ ǘƘŜ !ǇǇŜƴŘƛȄ !Σ ǿƘƛƭŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ bн Ҍ ƻǘƘŜǊ ŎƻƳǇƻƴŜƴǘ όƛƴŎƭǳŘƛƴƎ IC/π

мопΣ {CсΣ /{нΣ bнhΣ /нCсύ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ !ΦмрōΦ aƻƘŀƳƳŀŘƛ Ŝǘ ŀƭΦнно ǊŜǇƻǊǘŜŘ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ŀƛǊ ƘȅŘǊŀǘŜǎ ŦƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀōƻǾŜ нтоΦмр Y ŀǘ Iς[ǿς

± ŎƻƴŘƛǝƻƴǎΦ ¸ŀƴƎ Ŝǘ ŀƭΦннпΣннр ƳŜŀǎǳǊŜŘ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ŀƛǊ ƘȅŘǊŀǘŜ 

ǎȅǎǘŜƳǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ¢ICΣ /tΣ ŀƴŘ ¢.!. ŀƴŘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ¢.!. Ƙŀǎ ǘƘŜ 

ǎǘǊƻƴƎŜǎǘ ǇǊƻƳƻǝƴƎ ŜũŜŎǘΦ hŦ ǇŀǊǝŎǳƭŀǊ ƛƴǘŜǊŜǎǘ ƛǎ ǘƘŜ ŎŀǎŜ ƻŦ ǇǳǊƛŬŎŀǝƻƴ ƻŦ ƳƛƴŜ 

ǾŜƴǝƭŀǝƻƴ ŀƛǊ όƛΦŜΦ ŀƛǊ ŎƻƴǘŀƛƴƛƴƎ /Iп ǘƘŀǘ ƻǊƛƎƛƴŀǘŜǎ ŦǊƻƳ Ŏƻŀƭ ƳƛƴŜǎύннтΣннуΦ ¢ƘŜ ŜũŜŎǘ 

ƻŦ ¢.!.Σ ¢.thΣ ŀƴŘ ¢.t. ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ ƻƴ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ƻŦ ŀƛǊ ŎƻƴǘŀƛƴƛƴƎ 

/Iп ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦнлΦ ! ǎǘǊƻƴƎŜǊ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ƛǎ ƻōǘŀƛƴŜŘ ōȅ ¢.th ŦƻƭƭƻǿŜŘ 

ōȅ ¢.t. ŀƴŘ ¢.!.Φ 
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Figure 3.20.: Comparison of the promotion effect on the three-phase equilibrium data for a gas 
mixture containing air + CH4.  

The dotted lines that connect the experimental data are guides to the eye only. 

Sources for experimental data: Mohammadi et al.223 ς air hydrate (turquoise triangles);  

Mohammadi and Richon218ς air hydrate (turquoise squares); Du et al. 226,227 ς air hydrate (turquoise 

circles);  Du et al. 226,227 ς air + CH4 + TBPB hydrate;  Du et al. 226,227 ς air + CH4 + TBAB or TBPO 

hydrate; 

 

 

IC/Ωǎ όƘȅŘǊƻƅǳƻǊƻŎŀǊōƻƴǎύ ƘŀǾŜ ōŜŜƴ ƛƴǾŜǎǝƎŀǘŜŘ ŀǎ ŀƴ ŀƭǘŜǊƴŀǝǾŜ ǘƻ /C/Ωǎ 

όŎƘƭƻǊƻπƅǳƻǊƻŎŀǊōƻƴǎύ ŀƴŘ ŀǊŜ ƛƴ ǳǎŜ ŦƻǊ ǊŜŦǊƛƎŜǊŀǝƻƴ ŀƴŘ ŀƛǊ ŎƻƴŘƛǝƻƴƛƴƎ 

ŀǇǇƭƛŎŀǝƻƴǎΦ IC/Ωǎ ŜȄƛǎǘ ŀǎ ƳƛȄǘǳǊŜǎ ǿƛǘƘ bн ŀƴŘ {Ŝƻ Ŝǘ ŀƭΦнну ŜȄŀƳƛƴŜŘ ǘƘŜ ŦŜŀǎƛōƛƭƛǘȅ 

ƻŦ ǳǎƛƴƎ ƘȅŘǊŀǘŜǎ ŦƻǊ ǘƘŜƛǊ ǎŜǇŀǊŀǝƻƴ ŀƴŘ ǊŜǇƻǊǘŜŘ ƘƛƎƘ ǎŜƭŜŎǝǾƛǘȅ ƻŦ ǘƘŜ IC/ ǿƛǘƘƛƴ 

ǘƘŜ ƘȅŘǊŀǘŜ ǇƘŀǎŜΦ 

{ǳƭŦǳǊ ƘŜȄŀƅǳƻǊƛŘŜ ό{Cсύ ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ ŬƴŘ ǿƛŘŜ ǳǎŜ ƛƴ ƛƴŘǳǎǘǊȅ ǎƛƴŎŜ {Cс Ƙŀǎ 

ƎƻƻŘ ŜƭŜŎǘǊƛŎŀƭ ƛƴǎǳƭŀǝƴƎ ǇǊƻǇŜǊǝŜǎΦ !ǘ ǘƘŜ ǎŀƳŜ ǝƳŜΣ ƛǘ ƛǎ ŀ ǇƻǘŜƴǘ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ 

ǘƘŀǘ ƴŜŜŘǎ ǘƻ ōŜ ǎŜǇŀǊŀǘŜŘΦ [ŜŜ Ŝǘ ŀƭΦннф ŀƴŘ /Ƙŀ Ŝǘ ŀƭΦнол ǊŜǇƻǊǘŜŘ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ 

Řŀǘŀ ŦƻǊ ōƛƴŀǊȅ ƎŀǎŜǎ ŎƻƴǘŀƛƴƛƴƎ bн Ҍ {CсΦ bƛǘǊƻǳǎ ƻȄƛŘŜ όbнhύ ƛǎ ŀƴƻǘƘŜǊ ǇƻǘŜƴǘ 

ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Yȅƻǘƻ tǊƻǘƻŎƻƭ ǘƘŀǘ ǊŜǎǳƭǘǎ ŦǊƻƳ ƘǳƳŀƴ ŀŎǝǾƛǝŜǎ ŀƴŘ 

ƴŜŜŘǎ ǘƻ ōŜ ǊŜƳƻǾŜŘΦ ¸ŀƴƎ Ŝǘ ŀƭΦном ǊŜǇƻǊǘŜŘ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ǘƘŜ 

ǎŜǇŀǊŀǝƻƴ ƻŦ bнh ŦǊƻƳ ƳƛȄǘǳǊŜǎ ǿƛǘƘ bнΦ CƛƴŀƭƭȅΣ ƘŜȄŀƅǳƻǊƻŜǘƘŀƴŜ ό/нCс ƻǊ wммсύ ƛǎ 

ǿƛŘŜƭȅ ǳǎŜŘ ƛƴ ǎŜƳƛŎƻƴŘǳŎǘƻǊ ƛƴŘǳǎǘǊƛŜǎ ŀƴŘ Ƙŀǎ ŀ ƘƛƎƘ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ǇƻǘŜƴǝŀƭ ŀƴŘ 

ŀ ƭƻƴƎ ƭƛŦŜǝƳŜ ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ YƛƳ Ŝǘ ŀƭΦнон ǎǘǳŘƛŜŘ ǘƘŜ ƘȅŘǊŀǘŜπōŀǎŜŘ ǎŜǇŀǊŀǝƻƴ 

ƻŦ /нCс ŦǊƻƳ ŀ ƳƛȄǘǳǊŜ ǿƛǘƘ bнΦ 
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оΦо /ƻƴŎƭǳǎƛƻƴǎ 

Lƴ ǘƘƛǎ ŎƘŀǇǘŜǊ ŀƴ ŜȄǘŜƴǎƛǾŜ ǊŜǾƛŜǿ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ǘƘŀǘ ǊŜǇƻǊǘ ǘƘǊŜŜπǇƘŀǎŜ 

ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ Ǝŀǎ ƳƛȄǘǳǊŜǎ ƻŦ ǘǿƻ ƻǊ ƳƻǊŜ ŎƻƳǇƻƴŜƴǘǎ Ƙŀǎ 

ōŜŜƴ ŎƻƴŘǳŎǘŜŘΦ ¢ƘŜ ŀŎŎǳǊŀǘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǎǳŎƘ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ƛǎ ŎǊƛǝŎŀƭ ŦƻǊ 

ǘƘŜ ǇǊƻǇŜǊ ŘŜǎƛƎƴ ƻŦ ǾŀǊƛƻǳǎ ƛƴŘǳǎǘǊƛŀƭ ǎȅǎǘŜƳǎΦ ¢ƘŜ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ ƛƴǘŜǊŜǎǘ 

ŀǊŜ ǇǊƛƳŀǊƛƭȅ ǘƘŜ ǎŜǇŀǊŀǝƻƴ ƻŦ Ǝŀǎ ƳƛȄǘǳǊŜǎΣ ŀƴŘ ǎŜŎƻƴŘŀǊƛƭȅ ǘƘŜ ƅƻǿ ŀǎǎǳǊŀƴŎŜ ƛƴ 

ƻƛƭκƎŀǎ ƛƴŘǳǎǘǊƛŜǎΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƛƴǘŜǊŜǎǘ ōŜƘƛƴŘ ŜŀŎƘ ƻƴŜ ƻŦ ǘƘŜ Ǝŀǎ 

ƳƛȄǘǳǊŜǎ ǎǘǳŘƛŜŘΣ ǘƘŜ ŜƳǇƘŀǎƛǎ ƛǎ ǇƭŀŎŜŘ ǇǊƛƳŀǊƛƭȅ ƻƴ ŜƛǘƘŜǊ ǘƘŜ ƛƴƘƛōƛǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ 

όŜΦƎΦ ŦƻǊ άCƭƻǿ !ǎǎǳǊŀƴŎŜέ ŀǇǇƭƛŎŀǝƻƴǎύ ƻǊ ǘƘŜ ǇǊƻƳƻǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ όŜΦƎΦ ŦƻǊ Ǝŀǎ 

ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴΣ άŜƴŜǊƎȅ ŎŀǊǊƛŜǊέ Ǝŀǎ ǎǘƻǊŀƎŜ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴύΦ ¢ƘŜ 

ƛƴƘƛōƛǝƻƴκǇǊƻƳƻǝƻƴ ƛƴ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘ ǘƘǊƻǳƎƘ ŀǇǇǊƻǇǊƛŀǘŜ 

ŀŘŘƛǝǾŜǎ ǘƘŀǘΥ όƛύ ǇŀǊǝŎƛǇŀǘŜ ƛƴ ǘƘŜ ƘȅŘǊŀǘŜ ǎǘǊǳŎǘǳǊŜ ōȅ ƻŎŎǳǇȅƛƴƎ ƘȅŘǊŀǘŜ ŎŀƎŜǎ όŜΦƎΦ 

ǇǊƻƳƻǘŜǊǎ ǎǳŎƘ ŀǎ ¢ICΣ /IΣ ŜǘŎΦύΣ όƛƛύ ŀǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ƘȅŘǊŀǘŜ ǎǘǊǳŎǘǳǊŜ όŜΦƎΦ 

ƛƴƘƛōƛǘƻǊǎ ǎǳŎƘ ŀǎ ŜƭŜŎǘǊƻƭȅǘŜǎΣ ŀƭŎƻƘƻƭǎύΣ όƛƛƛύ ŦƻǊƳ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΣ ƻǊ όƛǾύ ǘƘŜ 

ƛƴƘƛōƛǝƻƴκǇǊƻƳƻǝƻƴ ƛǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǎǇŀǝŀƭ ŎƻƴŬƴŜƳŜƴǘΦ   

Dŀǎ ƳƛȄǘǳǊŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ ǘƘŜ ǇǊŜǎŜƴǘ ǿƻǊƪ ƛƴŎƭǳŘŜ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΣ 

ƴƛǘǊƻƎŜƴΣ ƘȅŘǊƻƎŜƴΣ ƳŜǘƘŀƴŜΣ ŜǘƘŀƴŜΣ ǇǊƻǇŀƴŜΣ ƘȅŘǊƻƎŜƴ ǎǳƭŬŘŜ ŀƴŘ ƻȄȅƎŜƴΦ ¢ƘŜ 

ŀƴŀƭȅǎƛǎ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ нрр ǎǘǳŘƛŜǎ ǘƘŀǘ ǿŜǊŜ ƎǊƻǳǇŜŘ ǳƴŘŜǊ ŬƊŜŜƴ 

Ǝŀǎ ƳƛȄǘǳǊŜ ǘȅǇŜǎΦ CƻǊ Ƴƻǎǘ ƻŦ ǘƘŜ ƳƛȄǘǳǊŜǎΣ ǘƘŜ ǊŜƭŀǘŜŘ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ŀǊŜ 

ƛŘŜƴǝŬŜŘΦ ¢ƘŜ ŘƛũŜǊŜƴǘ ƳƛȄǘǳǊŜǎ ŀǊŜ ŀƭǎƻ ŎǊƛǝŎŀƭƭȅ ŘƛǎŎǳǎǎŜŘ ŀƴŘ ǎǳƎƎŜǎǝƻƴǎ ŦƻǊ 

ǇƻǎǎƛōƭŜ ŦǳǘǳǊŜ ŘƛǊŜŎǝƻƴǎ ƛƴ ǇŜǊŦƻǊƳƛƴƎ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ 

ǇǊŜǎŜƴǘŜŘΦ  

CƛƴŀƭƭȅΣ ǿŜ ǎǳƳƳŀǊƛȊŜ ǎƻƳŜ ƻŦ ƻǳǊ ƳŀƧƻǊ ƻōǎŜǊǾŀǝƻƴǎκŎƻƴŎƭǳǎƛƻƴǎΥ 

¶ 9ƴŜǊƎȅ ǊŜƭŀǘŜŘ ƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŎŜǊƴǎ ŀǊŜ ōŜƘƛƴŘ Ƴƻǎǘ ƻŦ ǘƘŜ ƘȅŘǊŀǘŜ 

ǎȅǎǘŜƳǎ ŀƴŘ ǘƘŜ ǊŜƭŀǘŜŘ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ŜȄŀƳƛƴŜŘ ƛƴ ǘƘŜ 

ŎǳǊǊŜƴǘ ǊŜǾƛŜǿΦ 

¶ ¢ƘŜ ƳƻǝǾŀǝƻƴ ōŜƘƛƴŘ ǘƘŜ ǳǎŜ ƻŦ ƘȅŘǊŀǘŜπōŀǎŜŘ ǇǊƻŎŜǎǎŜǎ ŦƻǊ Ǝŀǎ ƳƛȄǘǳǊŜ 

ǎŜǇŀǊŀǝƻƴǎ ƻǊƛƎƛƴŀǘŜǎ ŦǊƻƳ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŀŘǾŀƴǘŀƎŜǎ ǘƘŀǘ ǎǳŎƘ ǇǊƻŎŜǎǎŜǎ 

ŜȄƘƛōƛǘΦ Lƴ ǇŀǊǝŎǳƭŀǊΥ όƛύ ǘƘŜ ŦƻǊƳŀǝƻƴκŘƛǎǎƻŎƛŀǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ ŘƻŜǎƴΩǘ ǊŜǉǳƛǊŜ 
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ŎƻƳǇƭŜȄ ƛƴŘǳǎǘǊƛŀƭ ŜǉǳƛǇƳŜƴǘΣ ǿƘƛŎƘ ƛǎ ŦǳǊǘƘŜǊ ǊŜƅŜŎǘŜŘ ƛƴ ǘƘŜ ǊŜŘǳŎŜŘ ŎŀǇƛǘŀƭ 

ŀƴŘ ƻǇŜǊŀǝƻƴŀƭ Ŏƻǎǘ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎΣ όƛƛύ ǘƘŜ 

ŦƻǊƳŀǝƻƴκŘƛǎǎƻŎƛŀǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ ŘƻŜǎƴΩǘ ƛƴǾƻƭǾŜ ŀƴȅ ŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴ ŀƴŘ 

ǘƘŜ ŜƴŎƭŀǘƘǊŀǘŜŘ ƳƻƭŜŎǳƭŜǎ ǊŜƳŀƛƴ ŀǘ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ŦƻǊƳΣ ǘƘŜǊŜŦƻǊŜ млл҈ 

ǊŜŎƻǾŜǊȅ ƻŦ ǘƘŜ Ǝŀǎ ǇƘŀǎŜ ƛǎ ǇƻǎǎƛōƭŜ ōȅ ǎƛƳǇƭȅ ƘŜŀǝƴƎ ǘƘŜ ƘȅŘǊŀǘŜ ƻǊ ǊŜŘǳŎƛƴƎ 

ǘƘŜ ǇǊŜǎǎǳǊŜΣ όƛƛƛύ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǿŀǘŜǊ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ǊŜŘǳŎǝƻƴ ƻŦ ƅŀƳƳŀōƛƭƛǘȅ 

ǊƛǎƪΣ ǘƘŜǊŜŦƻǊŜ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎŀŦŜǘȅ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎΣ όƛǾύ ƘȅŘǊŀǘŜπōŀǎŜŘ 

ǇǊƻŎŜǎǎŜǎ ŀǊŜ ƛƴ ǇǊƛƴŎƛǇƭŜ ŎƻƴǎƛŘŜǊŜŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭπŦǊƛŜƴŘƭȅΣ όǾύ ǎƻƳŜ ƻŦ ǘƘŜ 

ǇǊƻƳƻǘŜǊǎ όŜΦƎΦΣ ŎŀǎŜ ƻŦ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎύ ƘŀǾŜ ƭƻǿ ǾŀǇƻǊ ǇǊŜǎǎǳǊŜǎΣ ǿƘƛŎƘ 

ƳƛƴƛƳƛȊŜǎ ǘƘŜ ƭƻǎǎŜǎ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅ ǘƘŜ ƻǇŜǊŀǝƻƴŀƭ ŎƻǎǘΣ ŀƴŘ όǾƛύ ǘƘŜ ǳǎŜ ƻŦ 

ŀǇǇǊƻǇǊƛŀǘŜ ǇǊƻƳƻǘŜǊǎ ŦƻǊ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ Ŏŀƴ ǎƘƛƊ ǘƘŜ ƻǇŜǊŀǝƴƎ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƻ ƘƛƎƘŜǊ ǾŀƭǳŜǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŦŀǊ ŦǊƻƳ ǘƘŜ ŎǊȅƻƎŜƴƛŎ ŎƻƴŘƛǝƻƴǎ 

ǘƘŀǘ ŀǊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ǎƻƳŜ ƻŦ ǘƘŜ ŀƭǘŜǊƴŀǝǾŜ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎ ŎǳǊǊŜƴǘƭȅ ƛƴ 

ǳǎŜΣ ǊŜǎǳƭǝƴƎ ǘƘǳǎ ƛƴ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴ ƻŦ ǘƘŜ ŎŀǇƛǘŀƭ ŀƴŘ ƻǇŜǊŀǝƻƴŀƭ ŎƻǎǘΦ 

¶ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ƻŦ ǘƘŜ ǾŀǊƛƻǳǎ ŀŘŘƛǝǾŜǎ ƛƴŎǊŜŀǎŜǎ 

ŀǎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ ŀŘŘƛǝǾŜ ƛƴŎǊŜŀǎŜǎΦ IƻǿŜǾŜǊΣ ŎŀǊŜ ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ 

ǎƛƴŎŜ ƻƊŜƴ ŀƴ ƻǇǝƳǳƳ ǎǘƻƛŎƘƛƻƳŜǘǊƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ǾŀƭǳŜ ŜȄƛǎǘǎ ǿƘŜǊŜ ŀ 

ƳŀȄƛƳǳƳ ǇǊƻƳƻǝƻƴ ƛǎ ƻōǎŜǊǾŜŘΦ !ƴȅ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ 

ǎǝƭƭ ŜȄƘƛōƛǘǎ ǇǊƻƳƻǝƻƴ ŜũŜŎǘǎΣ ƘƻǿŜǾŜǊΣ ŀǘ ŀ ƭŜǎǎŜƴŜŘ ŘŜƎǊŜŜ ŦǊƻƳ ǘƘŜ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ƻŦ ǘƘŜ ƻǇǝƳǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴ ǾŀƭǳŜΦ ¢ƘŜ 

ǇŀǊǝŎǳƭŀǊ ƛǎǎǳŜ Ƙŀǎ ŦǳǊǘƘŜǊ ƛƳǇƭƛŎŀǝƻƴǎ ƛƴ ǘƘŜ ŜŎƻƴƻƳƛŎǎ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎ 

ŘŜǎƛƎƴΦ CƻǊ ǎǳŎƘ ŎŀǎŜǎ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ ƻǇǝƳǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴ 

ǾŀƭǳŜ ŀƴŘ ƻǇŜǊŀǘŜ ǘƘŜ ƘȅŘǊŀǘŜπōŀǎŜŘ ǇǊƻŎŜǎǎ ŀǘ ǾŀƭǳŜǎ ǘƘŀǘ ŀǊŜ ŜƛǘƘŜǊ ƭƻǿŜǊ ƻǊ 

Ŝǉǳŀƭ ǘƻ ǘƘŜ ƻǇǝƳǳƳ ǾŀƭǳŜΦ hǇŜǊŀǝƻƴ ŀǘ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿƻǳƭŘ ǊŜǎǳƭǘ 

ƛƴ ƛƴŎǊŜŀǎŜŘ ƻǇŜǊŀǝƻƴŀƭ Ŏƻǎǘ όŘǳŜ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ŀŘŘƛǝƻƴŀƭ ŀƳƻǳƴǘ ƻŦ 

ǇǊƻƳƻǘŜǊύΣ ǿƘƛƭŜ ƘŀǾƛƴƎ ŀǘ ǘƘŜ ǎŀƳŜ ǝƳŜ ŀ ƭƻǿŜǊ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ όƛΦŜΦΣ ǿƘŜƴ 

ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƻǇǝƳǳƳ ǾŀƭǳŜύΦ 

¶ ¢ƘŜ ǳǎŜ ƻŦ ŀ ǇǊƻƳƻǘŜǊ όŜΦƎΦ ¢ICΣ /tΣ /IΣ ŜǘŎΦύ ǿƛǘƘ ŀ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ Ǝŀǎ 

ƳƛȄǘǳǊŜ ŎƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ ǎŀƳŜ ƻǊ ŘƛũŜǊŜƴǘ ǘȅǇŜ ƻŦ ƘȅŘǊŀǘŜ 

ǎǘǊǳŎǘǳǊŜ ŀǎ ǘƘŜ ƻƴŜ ŦƻǊƳŜŘ ōȅ ǘƘŜ ƻǊƛƎƛƴŀƭ Ǝŀǎ ƳƛȄǘǳǊŜ όǎLΣ ǎLLΣ ƻǊ ǎIύΦ IƻǿŜǾŜǊΣ 

ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎ ǿƛǘƘ ǘƘŜ ǇǊƻƳƻǘŜǊǎ ŀǊŜ ǎƛƳƛƭŀǊ ǘƻ 

ǘƘƻǎŜ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ Ǝŀǎ ƳƛȄǘǳǊŜΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŀ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƴƎŜ ƛƴ 
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ǎƭƻǇŜ ƻŎŎǳǊǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΣ ǿƘƛŎƘ ƘƻǿŜǾŜǊΣ ŜȄƘƛōƛǘ ŀƳƻƴƎ 

ǘƘŜƳ ǎƛƳƛƭŀǊ όƳƻǊŜ ƻǊ ƭŜǎǎύ ǎƭƻǇŜǎΦ ¢Ƙƛǎ ǇŀǊǝŎǳƭŀǊ ōŜƘŀǾƛƻǊ Ƙŀǎ ŀ ǎƛƎƴƛŬŎŀƴǘ 

ŎƻƴǎŜǉǳŜƴŎŜΦ !ǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ŘƛũŜǊŜƴǘ ǎƭƻǇŜǎ ƛƴ ǘƘŜ Iς[ǿς± 

ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎ ǘƘŜǊŜ ƛǎ ŀ άŎǊƻǎǎƻǾŜǊ ǘŜƳǇŜǊŀǘǳǊŜέ ǊŀƴƎŜ ǿƘŜǊŜ ǘƘŜ ǎƭƻǇŜǎ ƻŦ 

ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ Ŏŀƴ ƛƴǘŜǊǎŜŎǘ ǿƛǘƘ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ ǎLΣ ǎLLΣ ŀƴŘ ǎI ƘȅŘǊŀǘŜǎΦ 

CƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƘŀǘ ŀǊŜ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ŎǊƻǎǎƻǾŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ǘƘŜ 

ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜ ƛǎ ǎǳǇŜǊƛƻǊΣ ǿƘƛƭŜ ŦƻǊ ƘƛƎƘŜǊ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƘŜ ŎƻƴǾŜƴǝƻƴŀƭ ƘȅŘǊŀǘŜǎ όƛΦŜΦΣ ǎLΣ ǎLLΣ ŀƴŘ ǎIύ ŜȄƘƛōƛǘ ōŜǧŜǊ 

ǇǊƻƳƻǝƴƎ ōŜƘŀǾƛƻǊΦ 

¶ ¢ƘŜ ƛǎǎǳŜ ƻŦ ƭǳƳǇƛƴƎ ǘƘŜ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ bн ŀƴŘ hнΣ ŀǎ ƛǎ ƻƊŜƴ ŘƻƴŜ ŦƻǊ ƘȅŘǊŀǘŜπ

ŦƻǊƳƛƴƎ Ǝŀǎ ƳƛȄǘǳǊŜǎΣ ƴŜŜŘǎ ǘƻ ōŜ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŜŘΣ ōƻǘƘ ŎƻƳǇǳǘŀǝƻƴŀƭƭȅ όa/ 

ǎǘǳŘƛŜǎύ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅΦ 



фф 
 

п 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ bƻǾŜƭ 9ȄǇŜǊƛƳŜƴǘŀƭ !ǇǇŀǊŀǘǳǎ ŦƻǊ IȅŘǊŀǘŜ 

9ǉǳƛƭƛōǊƛǳƳ aŜŀǎǳǊŜƳŜƴǘǎ 

! ƴƻǾŜƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ǿŀǎ ŘŜǎƛƎƴŜŘ ŀƴŘ ŎƻƴǎǘǊǳŎǘŜŘ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ǘƘŜ 

ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ƻŦ ǇǳǊŜ Ǝŀǎ ŀƴŘ Ǝŀǎ ƳƛȄǘǳǊŜ ƘȅŘǊŀǘŜǎΦ ¢ƘŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ Ŏŀƴ ƻǇŜǊŀǘŜ ŀǘ ǇǊŜǎǎǳǊŜǎ ǳǇ ǘƻ нл atŀΦ ¢ƘŜ ŘƛũŜǊŜƴǘ ǇŀǊǘǎ ƻŦ 

ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŜǘπǳǇ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ŀƴŘ ŀƴŀƭȅȊŜŘΦ /ŀƭƛōǊŀǝƻƴ ƛǎǎǳŜǎ ŀǊŜ ŀŘŘǊŜǎǎŜŘΣ 

ŀƴŘ ǾŀƭƛŘŀǝƻƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ŀǘ ǇǊŜǎǎǳǊŜ ŎƻƴŘƛǝƻƴǎ ōŜƭƻǿ 

мл atŀ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǇǳǊŜ Ǝŀǎ ƘȅŘǊŀǘŜǎΦ  

Lƴ ŀŘŘƛǝƻƴ ǘƻ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ 

ŎƻƴŘƛǝƻƴǎ ǿƛǘƘ ǘƘŜ ŎǳǊǊŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎΣ ƭƛǉǳƛŘ ǇƘŀǎŜ ŀƴŀƭȅǎƛǎ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ ǘƘŜ Ǝŀǎ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ 

ǇƘŀǎŜ ƛǎ ƳŜŀǎǳǊŜŘ ǳƴŘŜǊ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ DŀǎŜǎ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ ǘƘŜ 

ŎǳǊǊŜƴǘ ǎǘǳŘȅ ƛƴŎƭǳŘŜ /Iп ŀƴŘ /hнΦ .ƻǘƘ ƎŀǎŜǎ ŀǊŜ ƻŦ ǎƛƎƴƛŬŎŀƴǘ ƛƳǇƻǊǘŀƴŎŜ ƛƴ 

ƛƴŘǳǎǘǊƛŀƭ Ǝŀǎ ǎǘƻǊŀƎŜ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ŀǇǇƭƛŎŀǝƻƴǎΣ ŀǎ ǿŜƭƭ ŀǎ Ǝŀǎ ƳƛȄǘǳǊŜ 

ǎŜǇŀǊŀǝƻƴ ŀǇǇƭƛŎŀǝƻƴǎΦ  

CǳǊǘƘŜǊƳƻǊŜΣ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ ƳŜǘƘŀƴŜ 

Ҍ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ Ҍ ǿŀǘŜǊ ƳƛȄǘǳǊŜ ǳƴŘŜǊ ǘƘǊŜŜπǇƘŀǎŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ 

ŎƻƴŘƛǝƻƴǎΣ ǾŀǇƻǊ ŀƴŘ ƭƛǉǳƛŘ ǇƘŀǎŜ ŀƴŀƭȅǎƛǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ŀƭǎƻ ǊŜǇƻǊǘŜŘΦ 

CƛƴŀƭƭȅΣ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ όŀǘ мл atŀ ŀƴŘ оноΦмр Yύ ǿŜǊŜ 

ŎƻƴŘǳŎǘŜŘΣ ƛƴ ƻǊŘŜǊ ǘƻ ōŜ ǳǝƭƛȊŜŘ ƛƴ aƻƭŜŎǳƭŀǊ 5ȅƴŀƳƛŎǎ όa5ύ ǎƛƳǳƭŀǝƻƴǎΣ ƛƴ ƻǊŘŜǊ ǘƻ 

ǇǊŜŘƛŎǘ ǘƘŜ ŀǉǳŜƻǳǎ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ ƳŜǘƘŀƴŜ ς ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ς ǿŀǘŜǊ 

ǎȅǎǘŜƳ ǳƴŘŜǊ ǘǿƻ ǇƘŀǎŜ ό±ŀǇƻǊς[ƛǉǳƛŘύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ 

 

пΦм LƴǘǊƻŘǳŎǝƻƴ 

¢ƘŜ ŀŎŎǳǊŀǘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ǇǊŜǎǎǳǊŜκǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴ ŎƻƴŘƛǝƻƴǎ 

ǳƴŘŜǊ ǿƘƛŎƘ ǘƘǊŜŜπǇƘŀǎŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ Ŏŀƴ ƻŎŎǳǊ ŦƻǊ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ǇǳǊŜ 

ƎŀǎŜǎ ƻǊ Ǝŀǎ ƳƛȄǘǳǊŜǎ ƛǎ ƻŦ ǎƛƎƴƛŬŎŀƴǘ ƛƳǇƻǊǘŀƴŎŜмΣпр ŦƻǊ ŀ ƴǳƳōŜǊ ƻŦ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ 



млл 
 

ǇǊŀŎǝŎŀƭ ƛƴǘŜǊŜǎǘ όƛΦŜΦΣ ƅƻǿ ŀǎǎǳǊŀƴŎŜ ооΣопΣ Ǝŀǎ ǎǘƻǊŀƎŜ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ƻŦ άŜƴŜǊƎȅπ

ŎŀǊǊƛŜǊέ ƎŀǎŜǎоΣрΣноо ƻǊ άƎǊŜŜƴƘƻǳǎŜέ ƎŀǎŜǎΣ ƎŀǎπƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴмлπмоΣ ŜȄǇƭƻƛǘŀǝƻƴ ƻŦ 

ŦǳǘǳǊŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎΣ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ŀƴŘ ƎŜƻƭƻƎƛŎ ƘŀȊŀǊŘύΦ    

{ǳŎƘ ƛƴŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ ŀŎǉǳƛǊŜŘ ŦƻƭƭƻǿƛƴƎ ŀ ƴǳƳōŜǊ ƻŦ ŀǇǇǊƻŀŎƘŜǎмΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ 

ǎƛƳǳƭŀǝƻƴǎ ŀǘ ǘƘŜ ƳƻƭŜŎǳƭŀǊ όŀǘƻƳƛǎǝŎκƳƛŎǊƻǎŎƻǇƛŎύ ǎŎŀƭŜΣ ƛƴŎƭǳŘƛƴƎ aƻƭŜŎǳƭŀǊ 

5ȅƴŀƳƛŎǎ όa5ύ ŀƴŘ aƻƴǘŜ /ŀǊƭƻ όa/ύ ǎƛƳǳƭŀǝƻƴǎ Ŏŀƴ ōŜ ǳǎŜŘΦ bƻǘŜ ƘƻǿŜǾŜǊΣ ǘƘŀǘ 

ǎǳŎƘ ŀǇǇǊƻŀŎƘŜǎ ǊŜǉǳƛǊŜ ǎƛƎƴƛŬŎŀƴǘ ŎƻƳǇǳǘŀǝƻƴŀƭ ǇƻǿŜǊ ŀƴŘ ŀǊŜ ƴƻǘ ǊŜŎƻƳƳŜƴŘŜŘ 

ŦƻǊ ǊƻǳǝƴŜ ŀǇǇƭƛŎŀǝƻƴǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŀǘ ǘƘŜ ƳŀŎǊƻǎŎƻǇƛŎ όŎƻƴǝƴǳǳƳύ ǎŎŀƭŜΣ 

Ŝǉǳŀǝƻƴǎ ƻŦ ǎǘŀǘŜ ό9ƻ{ύΣ ŎƻǳǇƭŜŘ ǿƛǘƘ ǘƘŜ Ǿŀƴ ŘŜǊ ²ŀŀƭǎ ς tƭŀǧŜŜǳǿ ǎǘŀǝǎǝŎŀƭ ǘƘŜƻǊȅ 

ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ǊƻǳǝƴŜƭȅ ǘƻ ǇŜǊŦƻǊƳ ŜƴƎƛƴŜŜǊƛƴƎ ŎŀƭŎǳƭŀǝƻƴǎ ŦƻǊ ǇǊŀŎǝŎŀƭ ƛƴŘǳǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴǎΦ ¢Ƙƛǎ ǘȅǇŜ ƻŦ ŀǇǇǊƻŀŎƘ ƛǎ ŎƻƳǇǳǘŀǝƻƴŀƭƭȅ ƳǳŎƘ ŦŀǎǘŜǊ ǘƘŀƴ ǇŜǊŦƻǊƳƛƴƎ 

ƳƻƭŜŎǳƭŀǊ ǎƛƳǳƭŀǝƻƴǎΤ ƘƻǿŜǾŜǊΣ ƛƴ ƻǊŘŜǊ ǘƻ ƛƴŎǊŜŀǎŜ ƛǘǎ ŀŎŎǳǊŀŎȅΣ ƛǘ ǊŜǉǳƛǊŜǎ ǘƘŜ 

ŜȄƛǎǘŜƴŎŜ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƘŀǘ ŀǊŜ ǳǎŜŘ ŦƻǊ ƳƻŘŜƭπŎŀƭƛōǊŀǝƻƴ ǇǳǊǇƻǎŜǎ 

όƛΦŜΦΣ ƛƴ ƻǊŘŜǊ ǘƻ ŎŀƭŎǳƭŀǘŜ ŀŎŎǳǊŀǘŜƭȅ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜǎ ƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ƛǘ 

ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ƻǇǝƳƛȊŜ ǘƘŜ YƛƘŀǊŀ ǇŀǊŀƳŜǘŜǊǎ ǳǎƛƴƎ ǘƘǊŜŜπǇƘŀǎŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀύΦ CƛƴŀƭƭȅΣ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘм ƛƴ ƻǊŘŜǊ 

ǘƻ ƻōǘŀƛƴ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ǿƘƛŎƘ ŀǊŜ ǝƳŜπŎƻƴǎǳƳƛƴƎΣ 

ŀǎ ǿŜƭƭ ŀǎ Ŏƻǎǘƭȅ ǇǊƻŎŜǎǎŜǎΣ ƎƛǾŜƴ ǘƘŜ ǊŀƴƎŜ ƻŦ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ǘƘŜ ǇƻǎǎƛōƭŜ ƴǳƳōŜǊ ƻŦ 

ƳƛȄǘǳǊŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ƻŦ ǇǊŀŎǝŎŀƭ ƛƴǘŜǊŜǎǘΦ 

²ƘŜƴ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ǎȅǎǘŜƳǎ ŀǊŜ ǳƴŘŜǊ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ όƛΦŜΦΣ 

Iς[ǿς± ƻǊ IςLς±ύ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ ǇƘŀǎŜǎ ŀǊŜ ǇǊŜǎŜƴǘΥ ǎƻƭƛŘ ƘȅŘǊŀǘŜ όIύΣ ǾŀǇƻǊ ό±ύΣ 

ŀƴŘ ƭƛǉǳƛŘ ό[ǿύ Iнh ƻǊ ƛŎŜ όLύΦ CƻǊ ǎƻƳŜ ǇŀǊǝŎǳƭŀǊ ŎŀǎŜǎ ǘƘŀǘ ŜȄƘƛōƛǘ ŀƴ ǳǇǇŜǊ ǉǳŀŘǊǳǇƭŜ 

Ǉƻƛƴǘ όvнύ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ Ŏŀƴ ōŜ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘȅǇŜ Iς[ǿς

[Ǝ ǿƘŜǊŜ ǘƘŜ ǾŀǇƻǊ ǇƘŀǎŜ ό±ύ ƛǎ ƴƻǿ ǊŜǇƭŀŎŜŘ ōȅ ŀ ǎŜŎƻƴŘ ƭƛǉǳƛŘ ǇƘŀǎŜ ό[ƎύΦ {ǳŎƘ ŀƴ 

ŜȄŀƳǇƭŜ ƛǎ ǘƘŜ ŎŀǎŜ ƻŦ /hн м όƛƴ ǘƘŀǘ ŎŀǎŜ ǎǳōǎŎǊƛǇǘ Ǝ ƛǎ ǊŜǇƭŀŎŜŘ ōȅ /hнύΦ Lƴ ŜƛǘƘŜǊ ŎŀǎŜΣ 

ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ ǘƘƛǊŘ ǎƻƭƛŘ ǇƘŀǎŜ όIύ ƛǎ ŀ ǎƻǳǊŎŜ ƻŦ ŀŘŘƛǝƻƴŀƭ ŘƛŶŎǳƭǝŜǎ ŘǳǊƛƴƎ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎƛƳǇƭŜ ŎŀǎŜ ƻŦ ƅǳƛŘ ǇƘŀǎŜ 

ŜǉǳƛƭƛōǊƛŀΣ ŜƛǘƘŜǊ ǾŀǇƻǊπƭƛǉǳƛŘ ό±[9ύ ƻǊ ƭƛǉǳƛŘπƭƛǉǳƛŘ ό[[9ύ ŜǉǳƛƭƛōǊƛŀΦ 

 



млм 
 

пΦн 9ȄǇŜǊƛƳŜƴǘŀƭ 5ŜǾƛŎŜ 

пΦнΦм !ǇǇŀǊŀǘǳǎ 5ŜǎƛƎƴ 

¢ƘŜ Ƴŀƛƴ ƻōƧŜŎǝǾŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ǿŀǎ ǘƻ ŘŜǎƛƎƴΣ ŎƻƴǎǘǊǳŎǘΣ ŀƴŘ ǘŜǎǘκǾŀƭƛŘŀǘŜ 

ŀƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ǘƘŀǘ Ŏŀƴ ǎǳŎŎŜǎǎŦǳƭƭȅ ǇŜǊŦƻǊƳ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘŀǎƪǎΥ 

ω aŜŀǎǳǊŜ ǘƘŜ ǇǊŜǎǎǳǊŜ όtύ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ό¢ύ ŎƻƴŘƛǝƻƴǎ ŘǳǊƛƴƎ ǘǿƻπǇƘŀǎŜ 

ό[ǿς±ύ ƻǊ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iς[ǿς[Ǝύ ŜǉǳƛƭƛōǊƛŀ ƻŦ ǇǳǊŜ ƎŀǎŜǎ ƻǊ Ǝŀǎ 

ƳƛȄǘǳǊŜǎΣ  

ω tŜǊŦƻǊƳ ǉǳŀƴǝǘŀǝǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜ όƛΦŜΦΣ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎύ 

ǘƘŀǘ ƛǎ ǳƴŘŜǊ ǘǿƻ ό[ǿς±ύ ƻǊ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iς[ǿς[Ǝύ ŜǉǳƛƭƛōǊƛǳƳ 

ŎƻƴŘƛǝƻƴǎΦ 

9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ǘƘŀǘ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŬǊǎǘ ǘŀǎƪ ŀǊŜ ǊƻǳǝƴŜƭȅ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ 

ƭƛǘŜǊŀǘǳǊŜ ōȅ ǎǘŀƴŘŀǊŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ {ƭƻŀƴ ŀƴŘ YƻƘм ǇǊƻǾƛŘŜŘ ŀ 

ŘŜǘŀƛƭŜŘ ƭƛǎǘ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎΣ ŀƴŘ ŀ ŘŜǘŀƛƭŜŘ ŀǊŎƘƛǾŜ ƻŦ 

ƘȅŘǊŀǘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ōȅ bL{¢омΦ 9ǎƭŀƳƛƳŀƴŜǎƘ Ŝǘ ŀƭΦрл 

ǊŜǇƻǊǘŜŘ ŀƴ ŜȄǘŜƴǎƛǾŜ ǊŜǾƛŜǿ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ƘȅŘǊŀǘŜ ǎǘǳŘƛŜǎ ǘƘŀǘ ŀǊŜ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ 

ŀǇǇƭƛŎŀǝƻƴǎ ǊŜƭŀǘŜŘ ǘƻ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴΦ  

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ǎŜŎƻƴŘ ǘŀǎƪ ƛǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƳƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘ ŀƴŘΣ 

ǘƘŜǊŜŦƻǊŜΣ ƻƴƭȅ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ όƛΦŜΦΣ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘƻǎŜ ǊŜƭŀǘŜŘ ǘƻ 

ǘƘŜ ŬǊǎǘ ǘŀǎƪύ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǇǊƻŎŜŜŘ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ƛǎǎǳŜ ƻŦ 

ƳŜŀǎǳǊƛƴƎ ǘƘŜ ƘȅŘǊŀǘŜ ƎǳŜǎǘ ǎƻƭǳōƛƭƛǝŜǎ ƛƴ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜрмςстΦ ²ƘƛƭŜ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ 

ǘƘƻǎŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ŦƻŎǳǎ ƻƴ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ƎǳŜǎǘπƎŀǎ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ 

ǇǳǊŜ Ǝŀǎ ƘȅŘǊŀǘŜ ǎȅǎǘŜƳǎ рмςсмΣ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ŦƻŎǳǎ ƻƴ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ 

ƻŦ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ ƎŀǎπƳƛȄǘǳǊŜ ƘȅŘǊŀǘŜ ǎȅǎǘŜƳǎ снςстΦ 

Lƴ ŀ ǊŜƭŀǘŜŘ ŎƻƴǘŜȄǘΣ .ŜƭŀƴŘǊƛŀ Ŝǘ ŀƭΦносΣнот ŘŜǘŜǊƳƛƴŜŘ ǘƘŜ ƘȅŘǊŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ 

ǇǊŜǎǎǳǊŜ ŘƛǎǎƻŎƛŀǝƻƴ ŎƻƴŘƛǝƻƴǎ ƻŦ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜǎ όƛΦŜΦΣ /hн ς /IпносΣ ŀƴŘ /hн ς 

bннотύΣ ŀƴŘ ƻōǘŀƛƴŜŘ ǘƘŜ ƎŀǎπǇƘŀǎŜ ŎƻƳǇƻǎƛǝƻƴ ǳǎƛƴƎ Ǝŀǎ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ όD/ύΦ 

CƛƴŀƭƭȅΣ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ƭƛǉǳƛŘ ŀƴŘ ƘȅŘǊŀǘŜ ǇƘŀǎŜǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ 

ƳŀǘŜǊƛŀƭ ōŀƭŀƴŎŜ ŀǇǇǊƻŀŎƘ ǘƘŀǘ ǿŀǎ ǇǊƻǇƻǎŜŘ ōȅ hƘƎŀƪƛ Ŝǘ ŀƭΦмссΦ Lƴ ŀ ǊŜŎŜƴǘ ǎǘǳŘȅ ōȅ 

¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎ Ŝǘ ŀƭΦноуΣ ǘƘŜ ŎƻƳǇǳǘŀǝƻƴŀƭ ŀǎǇŜŎǘǎ ƻŦ ŎŀƭŎǳƭŀǝƴƎ ǎƻƭǳōƛƭƛǝŜǎ ǳƴŘŜǊ 
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ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ ŎƻƴŘƛǝƻƴǎ ƻŦ ǇǳǊŜ ƎŀǎŜǎ ŀƴŘ ǘƘŜ ǊŜƭŀǘŜŘ ǘƘŜƻǊŜǝŎŀƭ ǎǘǳŘƛŜǎ ǿŜǊŜ 

ǊŜǾƛŜǿŜŘΦ  

Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘƛǎ ǘƘŜǎƛǎΣ ŀ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ǿŀǎ ŘŜǎƛƎƴŜŘ ŀƴŘ ōǳƛƭǘ 

ŦƻǊ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ƘȅŘǊŀǘŜ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀΦ ¢ƘŜ ŎƘŀǇǘŜǊ ƛǎ ƻǊƎŀƴƛȊŜŘ ŀǎ ŦƻƭƭƻǿǎΥ 

LƴƛǝŀƭƭȅΣ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ƛǎ ǇǊŜǎŜƴǘŜŘΣ ŀƴŘ ǘƘŜ ǾŀǊƛƻǳǎ ǇŀǊǘǎ 

ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ŘŜǘŀƛƭΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ǿŜ ŘŜǎŎǊƛōŜ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇǊƻŎŜŘǳǊŜ ǘƘŀǘ ƛǎ 

ŦƻƭƭƻǿŜŘ ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎΣ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ Ǝŀǎ 

ǎƻƭǳōƛƭƛǝŜǎ ƛƴ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜΦ CƛƴŀƭƭȅΣ ǿŜ ǇǊŜǎŜƴǘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ 

ǘƘŜ ŎŀǎŜ ƻŦ ǇǳǊŜ /hн ŀƴŘ /Iп ƘȅŘǊŀǘŜǎ ŀƴŘ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ŀǾŀƛƭŀōƭŜ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ǾŀƭǳŜǎ ŦǊƻƳ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ό{ƭƻŀƴ ŀƴŘ YƻƘм ƛƴ ǘƘŜƛǊ ǊŜǾƛŜǿ ōƻƻƪ ǊŜǇƻǊǘ ŀ ŘŜǘŀƛƭŜŘ ƭƛǎǘ ƻŦ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǇǳǊŜ /Iп ƻǊ /hн ƘȅŘǊŀǘŜǎύΦ ¢ƘŜ ƎƻƻŘ 

ŀƎǊŜŜƳŜƴǘ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ǘƘŜ ǊŜǇƻǊǘŜŘ ǾŀƭǳŜǎ ǾŀƭƛŘŀǘŜ ǘƘŜ ƴŜǿ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎΦ 

! ŘŜǘŀƛƭŜŘ ǎŎƘŜƳŀǝŎ ŘƛŀƎǊŀƳ ƻŦ ǘƘŜ ŎƻƴǎǘǊǳŎǘŜŘ ƘƛƎƘ ǇǊŜǎǎǳǊŜ t¢± ŀǇǇŀǊŀǘǳǎ 

ƛƴǎƛŘŜ ǘƘŜ ŀƛǊ ōŀǘƘΣ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ Ǝŀǎ ǇǊŜǇŀǊŀǝƻƴ ƳŀƴƛŦƻƭŘ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦмΣ 

ǿƘƛƭŜ CƛƎǳǊŜ пΦнŀ ǎƘƻǿǎ ŀƴ ƻǾŜǊǾƛŜǿ ǇƛŎǘǳǊŜ ƻŦ ǘƘŜ ŀŎǘǳŀƭ ŜǉǳƛǇƳŜƴǘΦ Lƴ ǘƘŜ 

ǎǳōǎŜǉǳŜƴǘ ǎŜŎǝƻƴǎ ŀ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǘƘŜ ǾŀǊƛƻǳǎ ǇŀǊǘǎ ƻŦ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ƛǎ ǇǊŜǎŜƴǘŜŘΦ  
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Figure 4.1.:  Schematic diagram of the designed high pressure PVT device and the gas preparation 
manifold.  

The top part of the diagram shows the design of the equipment inside the constant-temperature air 
bath, while the bottom part shows the design of the gas-mixture preparation manifold. 

 

 

 

пΦнΦн Dŀǎ ǇǊŜǇŀǊŀǝƻƴ ƳŀƴƛŦƻƭŘ 

¢ƘŜ ƳŀƴƛŦƻƭŘ ƻŦ ǘƘŜ ŘŜǾƛŎŜ όǎŜŜ ǘƘŜ ōƻǧƻƳ ǇŀǊǘ ƻŦ CƛƎǳǊŜ пΦм ŦƻǊ ŀ ǎŎƘŜƳŀǝŎ 

ŘƛŀƎǊŀƳΣ ŀƴŘ CƛƎǳǊŜ пΦнŀ ŦƻǊ ŀƴ ƻǾŜǊǾƛŜǿ ǇƛŎǘǳǊŜύΣ ƛǎ ǘƘŜ ǎȅǎǘŜƳ ǿƘŜǊŜ ŀ Ǝŀǎ ƳƛȄǘǳǊŜ 

ƻŦ ǘƘŜ ŘŜǎƛǊŜŘ ŎƻƳǇƻǎƛǝƻƴ Ŏŀƴ ōŜ ǇǊŜǇŀǊŜŘΦ  Lǘ Ŏƻƴǎƛǎǘǎ ƻŦ п ǘƻƎƎƭŜ ǾŀƭǾŜǎ όIhY9ύΣ ƻƴŜ 

ǊŜǎŜǊǾƻƛǊ ǾŜǎǎŜƭ όtǊƛƳŀǊȅ ǾŜǎǎŜƭύ ƘŀǾƛƴƎ ŀ ǾƻƭǳƳŜ ƻŦ нп [ ŀƴŘ ƳŀȄƛƳǳƳ ƻǇŜǊŀǝƴƎ 

ǇǊŜǎǎǳǊŜ ƻŦ мΦн atŀΣ ƻƴŜ ŜƭŜŎǘǊƻƴƛŎ ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊ ό²L/! 5πмлύ ŦƻǊ ƭƻǿ ǇǊŜǎǎǳǊŜǎ 

όt¢мύ ǳǇ ǘƻ н atŀ όǿƛǘƘ ŀ ƳŜŀǎǳǊŜƳŜƴǘ ǇǊŜŎƛǎƛƻƴ ƻŦ 002.0°=Pd  atŀύΣ ǘƘŜ Ǉƛƭƻǘ ŀƛǊ 

ǾŀƭǾŜ ό{ǿŀƎŜƭƻƪύ ŦƻǊ ǘƘŜ Ǝŀǎ ōƻƻǎǘŜǊΣ ŀƴŘ ǘƘŜ Ǝŀǎ ōƻƻǎǘŜǊ όW¦[¸ D.нрύ ǿƛǘƘ ŀ ǇǊŜǎǎǳǊŜπ

ƳǳƭǝǇƭȅƛƴƎ Ǌŀǝƻ ƻŦ нлΦ hƴŜ ƻŦ ǘƘŜ ǘƻƎƎƭŜ ǾŀƭǾŜǎ ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ǘǳǊōƻƳƻƭŜŎǳƭŀǊ 

ǇǳƳǇ ό9ŘǿŀǊŘǎ 9·¢нрлύ ŀǎǎƛǎǘŜŘ ōȅ ŀ ǊƻǘŀǊȅ ǇǳƳǇ ό9ŘǿŀǊŘǎ 9нaнύ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ 

ŜǾŀŎǳŀǝƻƴ ƻŦ ǘƘŜ ǊŜǎŜǊǾƻƛǊ ǾŜǎǎŜƭ Řƻǿƴ ǘƻ ŀ ǇǊŜǎǎǳǊŜ ƻŦ млπф atŀΦ ¢ƘŜ о ŀŘŘƛǝƻƴŀƭ 
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ǘƻƎƎƭŜ ǾŀƭǾŜǎ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ Ǝŀǎ ŎȅƭƛƴŘŜǊǎ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ǇǊŜǎǎǳǊŜ ǊŜƎǳƭŀǘƻǊǎ 

ό[ƛƴŘŜύ ǳǇ ǘƻ м atŀΦ ²ƛǘƘ ǘƘŜ ŀƛŘ ƻŦ ǘƘŜ ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊΣ ŀ Ǝŀǎ ǇƘŀǎŜ ƻŦ ƪƴƻǿƴ 

ŎƻƳǇƻǎƛǝƻƴ ŎƻƴǎƛǎǝƴƎ ƻŦ мΣ нΣ ƻǊ о ƎŀǎŜǎ Ŏŀƴ ōŜ ǇǊŜǇŀǊŜŘ ƛƴ ǘƘŜ ǇǊƛƳŀǊȅ ǾŜǎǎŜƭΦ ¢ŀƪƛƴƎ 

ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ǾƻƭǳƳŜǎ ƻŦ ǘƘŜ t±¢ ŎŜƭƭ ŀƴŘ ǘƘŜ tǊƛƳŀǊȅ ǾŜǎǎŜƭΣ ǘƘŜ ǊŜǉǳƛǊŜŘ ǎǘŀǊǝƴƎ 

ǇǊŜǎǎǳǊŜ ƻŦ ǘƘŜ ǾŜǎǎŜƭ όtŬƭƭύ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ƛƴ ǊŜƭŀǝƻƴ ǘƻ ǘƘŜ ŘŜǎƛǊŜŘ ŜǉǳƛƭƛōǊƛǳƳ 

ǇǊŜǎǎǳǊŜ ƛƴ ǘƘŜ t±¢ ŎŜƭƭ όtŎŜƭƭύ ŀǎ ŦƻƭƭƻǿǎΥ  

75.00125.0 +³= cellfill PP  όatŀύΦ 

¢Ƙƛǎ ƛƳǇƭƛŜǎ ǘƘŀǘ ƛŦ ǘƘŜ ŘŜǎƛǊŜŘ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ƛǎ нл atŀΣ ǘƘŜ ǊŜǉǳƛǊŜŘ ǎǘŀǊǝƴƎ 

ǇǊŜǎǎǳǊŜ ƛƴ ǘƘŜ tǊƛƳŀǊȅ ǾŜǎǎŜƭ ƛǎ м atŀΦ ¢ƘŜ ōƻƻǎǘŜǊ ǊŜŎŜƛǾŜǎ ǘƘŜ ŦŜŜŘ ǇǊŜǎǎǳǊŜ ŦǊƻƳ 

ǘƘŜ ǾŜǎǎŜƭ ŀƴŘ Ƙŀǎ ǘƘŜ ŎŀǇŀŎƛǘȅ ǘƻ ƳǳƭǝǇƭȅ ƛǘ ōȅ ŀ ŦŀŎǘƻǊ ƻŦ нл ƛƴ ǊŜƭŀǝƻƴ ǘƻ ǘƘŜ ǇǊŜǎǎǳǊŜ 

ƻŦ ǘƘŜ Ǉƛƭƻǘ ŀƛǊΦ  

Figure 4.2.:  (a) A panoramic picture of the new experimental device showing the constant-

temperature air-bath box, located at the top, and the preparation vessel and gas booster located at 

the bottom (gas preparation manisfold).  

The top part also shows the front panel that provides access to the valves, and the temperature and 

pressure indicators.  

(b) Overview picture of the system before mounting the modular-double walled thermally insulated 

vessel (denoted as CM at the bottom of the picture) around the pressure vessel (PV) and the cup of 

the pressure vessel. 
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млр 
 

пΦнΦо ¢ƘŜǊƳƻǎǘŀǘŜŘ ŀƛǊ ŎŀōƛƴŜǘ 

¢ƘŜ t±¢ ŎŜƭƭΣ т ƘƛƎƘ ǇǊŜǎǎǳǊŜ όнп atŀύ ŘƛŀǇƘǊŀƎƳ ǾŀƭǾŜǎ ό{ǿŀƎŜƭƻƪύΣ н ŀŘŘƛǝƻƴŀƭ 

ŜƭŜŎǘǊƻƴƛŎ ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊǎ ό²L/! 5πмлύΣ ƴŀƳŜƭȅ ŀ ƘƛƎƘ ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊ όt¢нύ 

ŦƻǊ ǇǊŜǎǎǳǊŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ лςнл atŀ όǿƛǘƘ ŀ ƳŜŀǎǳǊŜƳŜƴǘ ǇǊŜŎƛǎƛƻƴ ƻŦ 02.0°=Pd  

atŀύΣ ŀƴŘ ŀ ƭƻǿ ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊ όt¢оύ ŦƻǊ ǇǊŜǎǎǳǊŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ лςм atŀ όǿƛǘƘ ŀ 

ƳŜŀǎǳǊŜƳŜƴǘ ǇǊŜŎƛǎƛƻƴ ƻŦ 001.0°=Pd  atŀύΣ ǘƘŜ Ǝŀǎ ŀƴŘ ƭƛǉǳƛŘ ǎŀƳǇƭƛƴƎ ƭƻƻǇǎ ό{[ύ 

ƘŀǾƛƴƎ ŀŎŎǳǊŀǘŜƭȅ ŘŜŬƴŜŘ ǾƻƭǳƳŜǎΣ ŀƴŘ ƻƴŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ŦƻǊ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭƛƴƎΣ 

ŀǊŜ ŀƭƭ ŀŎŎƻƳƳƻŘŀǘŜŘ ƛƴ ŀƴ ƛƴǎǳƭŀǘŜŘ ŀƛǊπŎƛǊŎǳƭŀǝƴƎ ŎŀōƛƴŜǘ ƻŦ Ŏƻƴǎǘŀƴǘ ǘŜƳǇŜǊŀǘǳǊŜΦ 

¢ƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ ǘƘŜ ŎŀōƛƴŜǘ ƛǎ ŎƻƴǘǊƻƭƭŜŘ ōȅ ŀ tL5 ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴǘǊƻƭƭŜǊ όWǳƳƻ 

Ř¢whb омсύ ŀƴŘ Ŏŀƴ ōŜ ƳŀƛƴǘŀƛƴŜŘ ŀǘ олςпл ƻ/ ǿƛǘƘ ŀ ƳŜŀǎǳǊŜƳŜƴǘ ǇǊŜŎƛǎƛƻƴ ƻŦ 

1.0°=Td  ƻ/Φ !ƴ ƻǾŜǊǾƛŜǿ ǇƛŎǘǳǊŜ ƻŦ ŀƭƭ ǘƘŜ ŜǉǳƛǇƳŜƴǘ ƭƻŎŀǘŜŘ ƛƴǎƛŘŜ ǘƘŜ ƛƴǎǳƭŀǘŜŘ 

ŎŀōƛƴŜǘ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦнōΦ  

!ŎŎŜǎǎ ǘƻ ŀƭƭ ǘƘŜ ǾŀƭǾŜǎ ƛǎ ǇǊƻǾƛŘŜŘ ŦǊƻƳ ǘƘŜ ŦǊƻƴǘ ǇŀƴŜƭ ƻŦ ǘƘŜ ŎŀōƛƴŜǘ όǎŜŜ ŀƭǎƻ 

CƛƎǳǊŜ пΦнŀύ ǿƛǘƘƻǳǘ ǘƘŜ ƴŜŜŘ ǘƻ ƻǇŜƴ ǘƘŜ ǿƻǊƪƛƴƎ ŘƻƻǊ ƭƻŎŀǘŜŘ ŀǘ ƛǘǎ ōŀŎƪ ǎƛŘŜΦ ¢ƘŜ 

ŘƻƻǊ ƻǇŜƴǎ ƻƴƭȅ ǿƘŜƴ ǘƘŜ t±¢ ŎŜƭƭ Ƙŀǎ ǘƻ ōŜ ǊŜƳƻǾŜŘ ŦƻǊ ŎƭŜŀƴƛƴƎ ǇǊƻŎŜŘǳǊŜǎ ƻǊ ƛŦ ŀ 

ǎŜǊǾƛŎŜ ǇǊƻŎŜŘǳǊŜ ƛǎ ǊŜǉǳƛǊŜŘΦ ¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ п ŦŜŜŘπǘƘǊƻǳƎƘ ƘƛƎƘ ǇǊŜǎǎǳǊŜ ŎƻƴƴŜŎǘƻǊǎ 

ƳƻǳƴǘŜŘ ƻƴ ǘƘŜ ǊƛƎƘǘ ǎƛŘŜ ƻŦ ǘƘŜ ŀƛǊ ŎƛǊŎǳƭŀǝƴƎ ŎŀōƛƴŜǘΦ ¢ǿƻ ƻŦ ǘƘŜƳ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ 

ŀ Dŀǎ /ƘǊƻƳŀǘƻƎǊŀǇƘΩǎΣ сπǇƻǊǘ Ǝŀǎ ǎŀƳǇƭƛƴƎ ǾŀƭǾŜ ό{wL ŜǉǳƛǇǇŜŘ ǿƛǘƘ ¢/5ςCL5 ƛƴ 

ǎŜǊƛŜǎύΣ ŦƻǊ ǇŜǊŦƻǊƳƛƴƎ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Ǝŀǎ ǇƘŀǎŜ ŀǘ ŜǉǳƛƭƛōǊƛǳƳ ŀƴŘ ŀƭǎƻ ƻŦ ǘƘŜ Ǝŀǎ 

ǇƘŀǎŜ ŀōǎƻǊōŜŘ ŦǊƻƳ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ ŀǘ ŜǉǳƛƭƛōǊƛǳƳΦ  

¢ƘŜ ƻǘƘŜǊ ǘǿƻ ŦŜŜŘπǘƘǊƻǳƎƘ ŎƻƴƴŜŎǘƻǊǎ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴǘǊƻƭ 

ǎƭŜŜǾŜ όŎƻƻƭƛƴƎ ƳŀƴǘƭŜύ ǿƘƛŎƘ ƛǎ ŬǊƳƭȅ ƳƻǳƴǘŜŘ ŀǊƻǳƴŘ ǘƘŜ t±¢ ŎŜƭƭΦ ¢ƘŜ ƛƴǎǳƭŀǘŜŘ 

ǎƭŜŜǾŜ ƛǎ ŀ ŘƻǳōƭŜ ǿŀƭƭ ǾŜǎǎŜƭ ǘƘŀǘ ǊŜŎŜƛǾŜǎ ǘƘŜǊƳŀƭ ƅǳƛŘ όWǳƭŀōƻ ¢ƘŜǊƳŀƭ Dύ ŦǊƻƳ ŀ 

ŎƻƻƭŜǊςōŀǘƘκƘŜŀǝƴƎ ǇǳƳǇ ǎȅǎǘŜƳ όWǳƭŀōƻ CонύΣ ǘƘǊƻǳƎƘ ǘƘŜ ŦŜŜŘπǘƘǊƻǳƎƘ ŎƻƴƴŜŎǘƻǊǎΦ 

Lƴ ǘƘƛǎ ǿŀȅΣ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ t±¢ ŎŜƭƭ Ŏŀƴ ōŜ ŀŎŎǳǊŀǘŜƭȅ ŎƻƴǘǊƻƭƭŜŘ ǿƛǘƘƛƴ ǘƘŜ 

ǊŀƴƎŜ ƻŦ нсу ǘƻ олу Y ǿƛǘƘ ŀ ƳŀȄƛƳǳƳ ŘŜǾƛŀǝƻƴ ƻŦ ° лΦлм YΦ ¢ƘŜ ǎƭŜŜǾŜ Ŏŀƴ ōŜ Ŝŀǎƛƭȅ 

ŘƛǎƳƻǳƴǘŜŘ ŦǊƻƳ ǘƘŜ t±¢ ŎŜƭƭ ǿƘŜƴ ǘƘŜ ƭŀǘŜǊ Ƙŀǎ ǘƻ ōŜ ǊŜƳƻǾŜŘ ŦƻǊ ŎƭŜŀƴƛƴƎ ǇǳǊǇƻǎŜǎΦ 

!ǘ ǘƘŜ ōƻǧƻƳ ƻŦ ǘƘŜ ǎƭŜŜǾŜΣ ǘƘŜǊŜ ƛǎ ŀ ƳŀƎƴŜǝŎ ŀƎƛǘŀǘƻǊΣ ǘƘŜ Ǌƻǘŀǝƻƴ ǎǇŜŜŘ ƻŦ ǿƘƛŎƘ 

ƛǎ ŎƻƴǘǊƻƭƭŜŘ ōȅ ŀ ōǳǧƻƴ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ ŦǊƻƴǘ ǇŀƴŜƭΦ ¢ƘŜ ŀƎƛǘŀǘƻǊ ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ Ǌƻǘŀǝƻƴ 

ƻŦ ŀƴ ŀƎƛǘŀǝƻƴ ƳŀƎƴŜǘ ǘƻ ŜƴƘŀƴŎŜ ƳƛȄƛƴƎΣ ǇƭŀŎŜŘ ŀǘ ǘƘŜ ōƻǧƻƳ ƻŦ ǘƘŜ t±¢ ŎŜƭƭΦ 



млс 
 

пΦнΦп IƛƎƘ ǇǊŜǎǎǳǊŜ t±¢ ŎŜƭƭ 

¢ƘŜ ƘƛƎƘπǇǊŜǎǎǳǊŜ t±¢ ŎŜƭƭΣ ǿƘƛŎƘ Ƙŀǎ ŀ ǾƻƭǳƳŜ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ онр Ƴ[Σ ƛǎ ŀ tŀǊǊ 

ŀǳǘƻŎƭŀǾŜΣ ŎƻƴǎǘǊǳŎǘŜŘ ŦǊƻƳ ŀ ǎǇŜŎƛŀƭ ŀƭƭƻȅ ό!ƭƭƻȅ нлύΣ ŀƴŘ Ŏŀƴ ǿƛǘƘǎǘŀƴŘ ǇǊŜǎǎǳǊŜǎ ǳǇ 

ǘƻ нр atŀΦ ¢ƘŜ t±¢ ŎŜƭƭ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ŎǳǇ ŀƴŘ ǘƘŜ ǾŜǎǎŜƭ ǘƘŀǘ Ŏŀƴ ōŜ Ŝŀǎƛƭȅ ǎŜǇŀǊŀǘŜŘ 

ŦǊƻƳ ŜŀŎƘ ƻǘƘŜǊΦ ¢ƘŜ ŎǳǇ ƛǎ ŬǊƳƭȅ ƳƻǳƴǘŜŘ ƛƴ ǘƘŜ ŀƛǊπōŀǘƘ ōƻȄ ŀƴŘ ōŜŀǊǎ ƻƴ ǘƻǇ ƻŦ ƛǘ 

ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŬǾŜ ƛǘŜƳǎΥ 

мύ ¢ǿƻ ŦŜŜŘπǘƘǊƻǳƎƘ ŎƻƴƴŜŎǘƻǊǎΣ ŜŀŎƘ ƻƴŜ ƘŀǾƛƴƎ ŀ YπǘȅǇŜ ǘƘŜǊƳƻŎƻǳǇƭŜ όbƛ/Ǌς

bƛYύ ƳƻǳƴǘŜŘ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ Ǝŀǎ ŀƴŘ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜǎ 

ƛƴǎƛŘŜ ǘƘŜ ŎŜƭƭΦ ¢ƘŜ ǘƘŜǊƳƻŎƻǳǇƭŜǎ ƘŀǾŜ ŀ ƳŜŀǎǳǊŜƳŜƴǘ ǇǊŜŎƛǎƛƻƴ ƻŦ 

1.0°=Td  ƻ/Φ 

нύ ¢ǿƻ ŀŘŘƛǝƻƴŀƭ ŦŜŜŘπǘƘǊƻǳƎƘ ŎƻƴƴŜŎǘƻǊǎ ƛƴǘŜǊŦŀŎƛƴƎ ǘƘŜ Ǝŀǎ ŀƴŘ ƭƛǉǳƛŘ ǇƘŀǎŜ 

ƛƴǎƛŘŜ ǘƘŜ ǾŜǎǎŜƭ ǿƛǘƘ ǘƘŜ Ǝŀǎ ŀƴŘ ƭƛǉǳƛŘ ǎŀƳǇƭƛƴƎ ǾŀƭǾŜǎ ŀƴŘ ƭƻƻǇǎΦ 

оύ !ƴ ƻǇǝŎŀƭ ǿƛƴŘƻǿ ǿƘŜǊŜ ŀƴ ŜȄǘŜǊƴŀƭ ŎŀƳŜǊŀ ƛǎ ƳƻǳƴǘŜŘ ό{ǳǇŜǊŜȅŜǎ¢aύ 

ǇǊƻǾƛŘƛƴƎ ŀ ŘƛƎƛǘŀƭƛȊŜŘ ƛƳŀƎŜ ƻŦ ǘƘŜ ƎŀǎκƭƛǉǳƛŘ ƛƴǘŜǊŦŀŎŜ ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ 

5ǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ǇƛŎǘǳǊŜǎ ŀƴŘ ǾƛŘŜƻ Ŏŀƴ ōŜ ǘŀƪŜƴ ǘƘŀǘ ŀƭƭƻǿ ǘƘŜ ƘȅŘǊŀǘŜ 

ŦƻǊƳŀǝƻƴ ŀƴŘ ŘƛǎǎƻŎƛŀǝƻƴ ǇǊƻŎŜǎǎ ǘƻ ōŜ ƻōǎŜǊǾŜŘΦ 

пΦнΦр tǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ŦƻǊ ƭƛǉǳƛŘ ŀƴŀƭȅǎƛǎ 

! ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ƻŦ ŀŎŎǳǊŀǘŜƭȅ ƳŜŀǎǳǊŜŘ ǾƻƭǳƳŜ ό14.085.61 ° Ƴ[Σ ƻōǘŀƛƴŜŘ 

ōȅ ŀǾŜǊŀƎƛƴƎ ŦƻǳǊ ŘƛũŜǊŜƴǘ ǝǘǊŀǝƻƴǎ ŀǘ ŘƛũŜǊŜƴǘ ƛƴƛǝŀƭ ǇǊŜǎǎǳǊŜǎύΣ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀ 

ƭƻǿπǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊ όt¢оύ ŦƻǊ ǇǊŜǎǎǳǊŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ лςм atŀ όǿƛǘƘ ŀ 

ƳŜŀǎǳǊŜƳŜƴǘ ǇǊŜŎƛǎƛƻƴ ƻŦ 001.0°=Pd  atŀύ ƛǎ ƭƻŎŀǘŜŘ Ƨǳǎǘ ŀƊŜǊ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭƛƴƎ 

ƭƻƻǇΦ ¢ƛǘǊŀǝƻƴǎ ƻŦ ōƻǘƘ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ŀƴŘ ǘƘŜ ǎŀƳǇƭŜ ƭƻƻǇǎ ƘŀǾŜ ōŜŜƴ 

ǇŜǊŦƻǊƳŜŘ Ǿƛŀ IŜƭƛǳƳ ŜȄǇŀƴǎƛƻƴ ŦǊƻƳ ƪƴƻǿƴ ǾƻƭǳƳŜΦ ¢ƘŜ ŎŜƭƭ ŦŀŎƛƭƛǘŀǘŜǎ ŦƻǊ ƅŀǎƘƛƴƎ 

ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ όƛΦŜΦΣ ƭƛǉǳƛŘ ǿƛǘƘ ǘƘŜ ŘƛǎǎƻƭǾŜŘ Ǝŀǎύ ŀƴŘ ŀƭƭƻǿ ǘƘŜ ŀōǎƻǊōŜŘ Ǝŀǎ ǘƻ ōŜ 

ŘŜǎƻǊōŜŘ ŀƴŘ ǊŜŀŎƘ ŜǉǳƛƭƛōǊƛǳƳ ōŜǘǿŜŜƴ ǘƘŜ Ǝŀǎ ŀƴŘ ƭƛǉǳƛŘ ǇƘŀǎŜǎΦ YƴƻǿƛƴƎ ŜȄŀŎǘƭȅ 

ǘƘŜ Ŭƴŀƭ ǾƻƭǳƳŜ όǎŀƳǇƭƛƴƎ ƭƻƻǇ Ҍ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭύ ǿƘŜǊŜ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ ƛǎ 

ƅŀǎƘŜŘ ŀƴŘ ǊŜŀŘƛƴƎ ǘƘŜ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ŎŀōƛƴŜǘΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ 

ŎŀƭŎǳƭŀǘŜ ǘƘŜ ǘƻǘŀƭ ŀƳƻǳƴǘ ƻŦ Ǝŀǎ ǘƘŀǘ ǿŀǎ ŀōǎƻǊōŜŘ ƛƴ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜΦ CǳǊǘƘŜǊΣ ōȅ 

ǇŜǊŦƻǊƳƛƴƎ Ǝŀǎ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ όD/ύ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŘŜǎƻǊōŜŘ Ǝŀǎ ǇƘŀǎŜ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ 



млт 
 

ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŜŀŎƘ ŎƻƳǇƻƴŜƴǘ ƻŦ ŀ Ǝŀǎ ƳƛȄǘǳǊŜ ǘƘŀǘ ǿŀǎ ŀōǎƻǊōŜŘ ƛƴ ǘƘŜ 

ƭƛǉǳƛŘ ǇƘŀǎŜΦ 

пΦнΦс Dŀǎ /ƘǊƻƳŀǘƻƎǊŀǇƘ 

CƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǘƘŜ ǳǎŜ ƻŦ ŀ D/ ƛǎ ƴŜŎŜǎǎŀǊȅΣ 

ǎƻ ǘƘŀǘ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ Ǝŀǎ ƳƛȄǘǳǊŜǎ ŎƻǳƭŘ ōŜ ŀŎŎǳǊŀǘŜƭȅ ƳŜŀǎǳǊŜŘΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ 

D/ ŀƴŀƭȅǎƛǎ ƛǎ ǇŜǊŦƻǊƳŜŘ ŦƻǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ ŎŀǎŜǎΥ όƛύ ŘǳǊƛƴƎ ǘƘŜ ǇǊŜǇŀǊŀǝƻƴ ƻŦ ǘƘŜ 

ƛƴƛǝŀƭ Ǝŀǎ ƳƛȄǘǳǊŜ ǘƘŀǘ ƛǎ ŦŜŘ ǘƻ ǘƘŜ t±¢ ŎŜƭƭΣ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜ ƛƴ ǘƘŜ 

ǇǊŜǇŀǊŀǝƻƴ ƳŀƴƛŦƻƭŘ ƛǎ ƻōǘŀƛƴŜŘΦ όƛƛύ ¢ƘŜ Ŭƴŀƭ Ǝŀǎ ǇƘŀǎŜ ŎƻƳǇƻǎƛǝƻƴ όƛΦŜΦΣ ŀƊŜǊ Ŧǳƭƭ 

ŜǉǳƛƭƛōǊŀǝƻƴ ƛǎ ŀǧŀƛƴŜŘύ ƛǎ ŀƭǎƻ ƻōǘŀƛƴŜŘ ǘƘǊƻǳƎƘ D/ ŀƴŀƭȅǎƛǎΦ όƛƛƛύ ! ƭƛǉǳƛŘ ǎŀƳǇƭŜ ǘƘŀǘ 

ƛǎ ƻōǘŀƛƴŜŘ ŀƊŜǊ Ŧǳƭƭ ŜǉǳƛƭƛōǊŀǝƻƴ ƛǎ ŀǧŀƛƴŜŘ ƛǎ ŜȄǇŀƴŘŜŘ ƛƴ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ŀƴŘ 

ǘƘŜ ǊŜǎǳƭǝƴƎ Ǝŀǎ ǇƘŀǎŜ ƛǎ ŀƴŀƭȅȊŜŘ ǿƛǘƘ D/Φ  

¢ƘŜ ŬǊǎǘ ŀƴŘ ǎŜŎƻƴŘ ŎŀǎŜǎ ŀǊŜ ŦŀŎƛƭƛǘŀǘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Ǝŀǎ ǎŀƳǇƭŜ ōǊŀƴŎƘΣ ǿƘƛƭŜ ǘƘŜ 

ǘƘƛǊŘ ŎŀǎŜ ǘƘǊƻǳƎƘ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ ōǊŀƴŎƘΦ   

¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜ ŀ {wL усмлŎ D/ ŀǇǇŀǊŀǘǳǎ ǿŀǎ ǳǎŜŘΣ ŎƻƴƴŜŎǘŜŘ Ǿƛŀ ǎŜǊƛŀƭ ōǳǎ ƻƴ ŀ 

ŎƻƳǇǳǘŜǊ ǊǳƴƴƛƴƎ ǘƘŜ tŜŀƪ{ƛƳǇƭŜ ǎƻƊǿŀǊŜ όŘŜǾŜƭƻǇŜŘ ōȅ {wL LƴǎǘǊǳƳŜƴǘǎύ ǘƘŀǘ ƛǎ 

ǳǎŜŘ ǘƻ ƻǇŜǊŀǘŜ ǘƘŜ D/ ŀǇǇŀǊŀǘǳǎнофΦ ¢ƘŜ άǎŀƳǇƭŜ ƛƴέ ƭƛƴŜ ƻŦ ǘƘŜ D/Ωǎ Ǝŀǎ ǎŀƳǇƭƛƴƎ 

ƭƻƻǇ ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ŘƛǊŜŎǘƭȅ ŀƊŜǊ ǘƘŜ Ǝŀǎ ŀƴŘ ƭƛǉǳƛŘ 

ǎŀƳǇƭŜ ōǊŀƴŎƘŜǎΣ ǘƘǊƻǳƎƘ ŀ ǘƘǊŜŜπǿŀȅ ǾŀƭǾŜΣ ǎƻ ǘƘŜ ǎŜƭŜŎǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǎŀƳǇƭŜ 

ōǊŀƴŎƘŜǎ ǘƻǿŀǊŘǎ ǘƘŜ D/ ƻǊ ǘƻǿŀǊŘǎ ƘƛƎƘ ǾŀŎǳǳƳ Ŏŀƴ ōŜ ƳŀŘŜΦ ¢ƘŜ άǎŀƳǇƭŜ ƻǳǘέ ƭƛƴŜ 

ƻŦ ǘƘŜ D/Ωǎ Ǝŀǎ ǎŀƳǇƭƛƴƎ ƭƻƻǇ ƛǎ ŜƛǘƘŜǊ ŜȄǇƻǎŜŘ ǘƻ ŀǘƳƻǎǇƘŜǊŜ ƻǊ ƘƛƎƘ ǾŀŎǳǳƳ Ǿƛŀ 

ŀƴƻǘƘŜǊ ǘƘǊŜŜπǿŀȅ ǾŀƭǾŜΦ IŜƴŎŜΣ ǘƘŜ ǎŀƳǇƭƛƴƎ ŀǘ ŀǘƳƻǎǇƘŜǊƛŎ ǇǊŜǎǎǳǊŜ ƻǊ ǳƴŘŜǊ 

ǾŀŎǳǳƳ ƛǎ ǇƻǎǎƛōƭŜΦ ¢ƘŜ D/ Ǌǳƴǎ ŀǊŜ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ǘƘŜ ƭƻǿ ǎŜƴǎƛǝǾƛǘȅ ƳƻŘŜ ƻŦ ǘƘŜ 

ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǝǾƛǘȅ ŘŜǘŜŎǘƻǊ ό¢/5ύΦ 

¢ƘŜ Ǝŀǎ ǎŀƳǇƭŜ ƛǎ ŀƴŀƭȅȊŜŘ ōȅ ƅŀǎƘƛƴƎ ǘƘŜ ǎŀƳǇƭŜ ǘƘǊƻǳƎƘ ǘƘŜ D/Σ ǳƴǝƭ ǘƘŜ ǎŀƳǇƭŜ 

ǇǊŜǎǎǳǊŜ ƛǎ Ŝǉǳŀƭ ǘƻ ŀǘƳƻǎǇƘŜǊƛŎΦ Lƴ ǎǳŎƘ ŀ ǿŀȅ ǘƘŜ D/ ǊŜǎǳƭǘǎ ŀǊŜ ǇǊŜǎǎǳǊŜ 

ƛƴŘŜǇŜƴŘŜƴǘΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŀǊŜ ƻōǘŀƛƴŜŘ ƛƴ ƳƻƭŀǊ Ǝŀǎ ǇŜǊŎŜƴǘŀƎŜ ŦƻǊƳΦ ¢ƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ 

ƛǎ ƻōǘŀƛƴŜŘ ōȅ ŜȄǇŀƴǎƛƻƴ ƻŦ ǘƘŜ ǾŀǇƻǊ ǇƘŀǎŜ ŦǊƻƳ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ǘƻ ǘƘŜ D/ 

ƭƻƻǇΣ ǿƘƛŎƘ ƛǎ ǳƴŘŜǊ ƘƛƎƘ ǾŀŎǳǳƳΦ ¢ƘŜ ǊŜǎǳƭǝƴƎ ǇǊŜǎǎǳǊŜ ƛǎ ƻƊŜƴ ƭƻǿŜǊ ǘƘŀƴ 

ŀǘƳƻǎǇƘŜǊƛŎ ǇǊŜǎǎǳǊŜΦ  ¢ƘŜ D/ ǊŜǎǳƭǘǎ ŀǊŜ ƻōǘŀƛƴŜŘ ƛƴ ǇŀǊǝŀƭ Ǝŀǎ ǇǊŜǎǎǳǊŜǎ ŦƻǊƳΦ 



млу 
 

  CƻǊ ǘƘŜ D/ ǊŜǎǳƭǘǎ ǘƻ ōŜ ǇǊŜŎƛǎŜΣ ŀ ŎŀƭƛōǊŀǝƻƴ ƻŦ ǘƘŜ D/ ƘŀŘ ǘƻ ōŜ ǇŜǊŦƻǊƳŜŘΦ  

{ŜǾŜǊŀƭ Ǝŀǎ ƳƛȄǘǳǊŜǎ ƻŦ ŘƛũŜǊŜƴǘ Ŏƻƴǎǝǘǳǝƻƴǎ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ŀƴŘ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ 

ƳŀŘŜ ǘƘǊƻǳƎƘ ōƻǘƘ ǘƘŜ ǎŀƳǇƭŜ ƭƻƻǇǎΦ ¢ǿƻ ŘƛũŜǊŜƴǘ ƻǇŜǊŀǝƻƴ ŬƭŜǎ ǿŜǊŜ ŎǊŜŀǘŜŘΣ ƻƴŜ 

ŦƻǊ ŜŀŎƘ ǎŀƳǇƭŜ ōǊŀƴŎƘΦ ¢ƘŜ ǇǊŜǇŀǊŜŘ Ǝŀǎ ƳƛȄǘǳǊŜǎ ŎƻƴǎƛǎǘŜŘ ƻŦ ƳŜǘƘŀƴŜΣ ŎŀǊōƻƴ 

ŘƛƻȄƛŘŜ ŀƴŘ ƴƛǘǊƻƎŜƴΣ ƛƴ ŘƛũŜǊŜƴǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŜȄǘŜƴŘƛƴƎ ŦǊƻƳ ƭŀǊƎŜ ǘƻ ƭƻǿ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ŦƻǊ ŜŀŎƘ ǎǇŜŎƛŬŎ ƎŀǎΦ ¢ƘŜ ŎŀƭƛōǊŀǝƻƴ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ǳǎƛƴƎ ǘƘŜ 

tŜŀƪ{ƛƳǇƭŜ ǎƻƊǿŀǊŜ ŀƴŘ ǾŜǊƛŬŜŘ ōȅ ŎŀƭŎǳƭŀǝƻƴ ǇŜǊŦƻǊƳŜŘ ǎŜǇŀǊŀǘŜƭȅΦ 

пΦнΦт 9ƭŜŎǘǊƻƴƛŎǎ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ 

¢ƘŜ ŦǊƻƴǘ ǇŀƴŜƭ ƻŦ ǘƘŜ ǘƘŜǊƳƻǎǘŀǘŜŘ ŀƛǊπōŀǘƘ ŎŀōƛƴŜǘ ōƻȄ Ŏƻƴǘŀƛƴǎ о ǘŜƳǇŜǊŀǘǳǊŜ 

ŘƛƎƛǘŀƭ ƛƴŘƛŎŀǘƻǊǎκŎƻƴǘǊƻƭƭŜǊǎ όWǳƳƻύ ǿƘŜǊŜ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ŀƛǊ ŎŀōƛƴŜǘΣ ŀǎ ǿŜƭƭ 

ŀǎ ƻŦ ǘƘŜ Ǝŀǎ ŀƴŘ ƭƛǉǳƛŘ ǇƘŀǎŜǎ ƛƴǎƛŘŜ ǘƘŜ t±¢ ŎŜƭƭ ŀǊŜ ƳƻƴƛǘƻǊŜŘΦ ¢ƘŜ ǇŀƴŜƭ Ŏƻƴǘŀƛƴǎ 

ŀƭǎƻ ŘƛƎƛǘŀƭ ƛƴŘƛŎŀǘƻǊǎ ŦƻǊ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜŀŘƛƴƎǎ ƻŦ ǘƘŜ о ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊǎ ƭƻŎŀǘŜŘ 

ŀǘ ǘƘŜ ƘƛƎƘπǇǊŜǎǎǳǊŜ t±¢ ŎŜƭƭΣ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭΣ ŀƴŘ ǘƘŜ tǊƛƳŀǊȅ 

ǾŜǎǎŜƭ ƛƴ ǘƘŜ Ǝŀǎ ǇǊŜǇŀǊŀǝƻƴ ƳŀƴƛŦƻƭŘΦ ¢ƘŜ ǊŜŀŘƛƴƎǎ ƻŦ ǘƘŜ ǘǿƻ ǘƘŜǊƳƻŎƻǳǇƭŜǎ ƭƻŎŀǘŜŘ 

ƛƴǎƛŘŜ ǘƘŜ t±¢ ŎŜƭƭΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘƻǎŜ ƻŦ ǘƘŜ ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊǎ ƻŦ ǘƘŜ t±¢ ŀƴŘ ǊŜƭƛŜŦ 

ŎŜƭƭǎ ŀǊŜ ŀƭǎƻ ŀŎǉǳƛǊŜŘ ŀƴŘ ǎŀǾŜŘ ƛƴ ǘƘŜ Řŀǘŀ ŀŎǉǳƛǎƛǝƻƴ ǳƴƛǘ ό5!¦ύ ǳǎƛƴƎ ŀ ǾƛǊǘǳŀƭ 

ƛƴǎǘǊǳƳŜƴǘ ŀǇǇƭƛŎŀǝƻƴ ŘŜǾŜƭƻǇŜŘ ƛƴ [ŀōǾƛŜǿ ŜƴǾƛǊƻƴƳŜƴǘΦ ¢ƘŜ ŎƻƳƳǳƴƛŎŀǝƻƴ ƛǎ 

ǇŜǊŦƻǊƳŜŘ Ǿƛŀ ŀƴ w{ςнон ƛƴǘŜǊŦŀŎŜΦ 

 

пΦо 9ȄǇŜǊƛƳŜƴǘŀƭ tǊƻŎŜŘǳǊŜ 

пΦоΦм CƭǳƛŘ tǊƻǇŜǊǝŜǎ 

¢ƘŜ Iнh ǳǎŜŘ ƛƴ ǘƘƛǎ ǿƻǊƪ ǿŀǎ ǇƻƭƛǎƘŜŘ όǳƭǘǊŀǇǳǊƛŬŜŘύ ǘƻ ŀ ǊŜǎƛǎǝǾƛǘȅ ƻŦ му aʍ ŎƳ 

ōȅ ŀƴ άƛƴπƘƻǳǎŜέ ǊŜǾŜǊǎŜ ƻǎƳƻǎƛǎ ŘŜǾƛŎŜ ŀƴŘ ŘŜƎŀǎǎŜŘ ǳƴŘŜǊ ƘƛƎƘ ǾŀŎǳǳƳ ŦƻǊ ŀ 

ǎǳōǎǘŀƴǝŀƭ ŀƳƻǳƴǘ ƻŦ ǝƳŜΦ ¢ƘŜ /Iп ǳǎŜŘ ǿŀǎ ǎǳǇǇƭƛŜŘ ōȅ aŜǎǎŜǊ ς DǊŜƛǎƘŜƛƳ ǿƛǘƘ ŀ 

ƳƛƴƛƳǳƳ ƭƛǎǘŜŘ ǇǳǊƛǘȅ ƻŦ ффΦфр҈ ŀƴŘ ƛƳǇǳǊƛǝŜǎ ƛƴŎƭǳŘŜŘ hнΣ bнΣ IнΣ /hΣ /hн ŀƴŘ IнhΦ 

¢ƘŜ /hн ǿŀǎ ǎǳǇǇƭƛŜŘ ōȅ {h[ ǿƛǘƘ ŀ ƳƛƴƛƳǳƳ ƭƛǎǘŜŘ ǇǳǊƛǘȅ ƻŦ ффΦфффу҈Φ ¢ŀōƭŜ пΦмΦ 

ǎƘƻǿǎ ǘƘŜ ŎƘŜƳƛŎŀƭǎ ŀƴŘ ǇǳǊƛǝŜǎ ǳǎŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎΦ ±ŀƭǳŜǎ ŦƻǊ ǇǳǊƛǝŜǎ 

ŀǊŜ ǘƘƻǎŜ ǊŜǇƻǊǘŜŘ ōȅ ǘƘŜ ǎǳǇǇƭƛŜǊ ŀƴŘ ƴƻ ŦǳǊǘƘŜǊ ǇǳǊƛŬŎŀǝƻƴ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ŦƻǊ ŀƭƭ 

ŎƘŜƳƛŎŀƭǎΦ 



млф 
 

 

Table 4.1.: Source and purity of materials used in the current study. 

Chemical Formula Supplier Purity (c) 

H2O tǊƻŘǳŎŜŘ άƛƴ-ƘƻǳǎŜέ ōȅ ǊŜǾŜǊǎŜ ƻǎƳƻǎƛǎ 18 Mʍ cm 
CH4 (a) Messer ς Greisheim 99.95 vol. %   
CO2 

(b) SOL 99.9998 vol. % 
όŀύ  aŜǘƘŀƴŜ ƛƳǇǳǊƛǝŜǎ ƛƴŎƭǳŘŜŘΥ ƻȄȅƎŜƴΣ ƴƛǘǊƻƎŜƴΣ ƘȅŘǊƻƎŜƴΣ ŎŀǊōƻƴ ƳƻƴƻȄƛŘŜΣ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΣ ŀƴŘ ǿŀǘŜǊΦ 

όōύ ƴƻ ƛƳǇǳǊƛǝŜǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ōȅ ǘƘŜ ǎǳǇǇƭƛŜǊΦ 

όŎύ ƴƻ ŦǳǊǘƘŜǊ ǇǳǊƛŬŎŀǝƻƴ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ŦƻǊ ŀƭƭ ŎƘŜƳƛŎŀƭǎΦ 

 

 

пΦоΦн ¢ƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iς[ǿς[Ǝύ ǇǳǊŜ Ǝŀǎ ŜǉǳƛƭƛōǊƛǳƳ 

ƳŜŀǎǳǊŜƳŜƴǘǎ 

LǎƻŎƘƻǊƛŎ tǊŜǎǎǳǊŜ {ŜŀǊŎƘ όLt{ύ aŜǘƘƻŘΦ ¢ƘŜ ƛǎƻŎƘƻǊƛŎ ǇǊŜǎǎǳǊŜ ǎŜŀǊŎƘ ƳŜǘƘƻŘм ƛǎ 

ŦƻƭƭƻǿŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƘȅŘǊŀǘŜ tς¢ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ ¢ƘŜ ŎŜƭƭ ƛǎ 

ƛƴƛǝŀƭƭȅ ŬƭƭŜŘ ǿƛǘƘ ƭƛǉǳƛŘ Iнh ŀƴŘ Ǝŀǎ ŀǘ ŀ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǇǊŜǎǎǳǊŜ ǘƘŀǘ ŎƻǊǊŜǎǇƻƴŘǎ 

ǘƻ ǘƘŜ ±[9 ǊŜƎƛƻƴ ŀƴŘ ƛǎ ǎǳōǎŜǉǳŜƴǘƭȅ ƪŜǇǘ ŎƭƻǎŜŘΣ ƪŜŜǇƛƴƎ ƛƴ ǘƘƛǎ ǿŀȅ ǘƘŜ ǾƻƭǳƳŜ 

ŎƻƴǎǘŀƴǘΦ !ǎ ŀ ƴŜȄǘ ǎǘŜǇΣ ƛǎƻŎƘƻǊƛŎ ŎƻƻƭƛƴƎ ƻŦ ǘƘŜ Ǝŀǎ ŀƴŘ ƭƛǉǳƛŘ ǘŀƪŜǎ ǇƭŀŎŜΣ ŎŀǳǎƛƴƎ ǘƘŜ 

ǇǊŜǎǎǳǊŜ ǘƻ ŘŜŎǊŜŀǎŜΦ !ƊŜǊ ŎƻƴǎŜŎǳǝǾŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ǇǊŜǎǎǳǊŜ ŘǊƻǇǎΣ 

ǘƘŜ ƳŜǘŀǎǘŀōƛƭƛǘȅ ƭƛƳƛǘ ƛǎ ŀŎƘƛŜǾŜŘΣ ǿƘŜǊŜ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ǘŀƪŜǎ ǇƭŀŎŜΣ ƛƴŘƛŎŀǘŜŘ ōȅ 

ŀ ǎƘŀǊǇ ǇǊŜǎǎǳǊŜ ŘǊƻǇΦ ¢ƘŜ ƛƴǘŜƴǎŜ ǇǊŜǎǎǳǊŜ ŘǊƻǇ ǎǘƻǇǎ ǿƘŜƴ ǘƘŜ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ƛǎ 

ŎƻƳǇƭŜǘŜŘΣ ŀƴŘ ǘƘŜƴ ǘƘŜ ƛǎƻŎƘƻǊƛŎ ƘŜŀǝƴƎ ǇǊƻŎŜŘǳǊŜ ŎƻƳƳŜƴŎŜǎ ǳƴǝƭ ƘȅŘǊŀǘŜ 

ŘƛǎǎƻŎƛŀǝƻƴ ƛǎ ŎƻƳǇƭŜǘŜŘΦ 5ǳǊƛƴƎ ǘƘŜ ƛƴŎǊŜŀǎŜ ƻŦ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜΣ ǘƘŜ ǇǊŜǎǎǳǊŜ ƛǎ 

ƛƴŎǊŜŀǎŜŘ ŀǎ ǿŜƭƭΦ ¢ƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ Ǉƻƛƴǘ ƛǎ ǘŀƪŜƴ ŀǎ ǘƘŜ Ǉƻƛƴǘ ƛƴ ŀ ǇǊŜǎǎǳǊŜπ

ǘŜƳǇŜǊŀǘǳǊŜ ǇƭƻǘΣ ǿƘŜǊŜ ǘƘŜ ŘƛǎǎƻŎƛŀǝƻƴ όƘŜŀǝƴƎύ ǘǊŀŎŜ ƛƴǘŜǊǎŜŎǘǎ ǘƘŜ ŎƻƻƭƛƴƎ ǘǊŀŎŜΦ 

¢ƘŜ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǝƻƴ ǊƻǳǝƴŜ ƛǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ LƴƛǝŀƭƭȅΣ ǘƘŜ t±¢ ŎŜƭƭ ƛǎ ŎƭŜŀƴŜŘ 

ǿƛǘƘ ŜǘƘŀƴƻƭ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ǿƛǘƘ ŘŜƛƻƴƛȊŜŘ IнhΦ ¢Ƙƛǎ ǇǊƻŎŜŘǳǊŜ ƛǎ ǊŜǇŜŀǘŜŘ ŀ 

ƴǳƳōŜǊ ƻŦ ǝƳŜǎ ŀƴŘ ǘƘŜ ŎŜƭƭ ƛǎ ǎǳōǎŜǉǳŜƴǘƭȅ ŘǊƛŜŘ ǿƛǘƘ ŎƻƳǇǊŜǎǎŜŘ ŀƛǊΦ !ƊŜǊ ǘƘŜ 

ŎƭŜŀƴƛƴƎ ǎǘŜǇ ƛǎ ŎƻƳǇƭŜǘŜŘΣ ǘƘŜ ŎŜƭƭ ƛǎ ŬƭƭŜŘ ǿƛǘƘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нл Ƴ[ ƻŦ IнhΣ ŀǧŀŎƘŜŘ 

ƻƴ ǘƘŜ ŘŜǾƛŎŜ ŀƴŘ ǎǳōƧŜŎǘŜŘ ǘƻ ƘƛƎƘ ǾŀŎǳǳƳΦ ¢ƘŜƴ ǘƘŜ ƎǳŜǎǘ Ǝŀǎ όŜƛǘƘŜǊ /Iп ƻǊ /hнύ ƛǎ 

ƛƴǎŜǊǘŜŘ ǳǇ ǘƻ ŀ ǇǊŜǎǎǳǊŜ ǾŀƭǳŜ ǘƘŀǘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ±[9 ǊŀƴƎŜ ƻŦ ǘƘŜ ƅǳƛŘ ƳƛȄǘǳǊŜΦ 

¢ƘŜ ƅǳƛŘ ƳƛȄǘǳǊŜ ƛǎ ǘƘŜƴ ƭŜƊ ǘƻ ŜǉǳƛƭƛōǊŀǘŜΦ 5ǳǊƛƴƎ ǘƘƛǎ ǎǘŜǇΣ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƛǎ 

ǎǘŀōƛƭƛȊŜŘ ŀƴŘ ǘƘŜ ǇǊŜǎǎǳǊŜ ƛǎ ŘŜŎǊŜŀǎƛƴƎ ŀǎ ǘƘŜ Ǝŀǎ ƪŜŜǇǎ ŘƛǎǎƻƭǾƛƴƎ ƛƴǘƻ ǘƘŜ ƭƛǉǳƛŘ IнhΣ 



ммл 
 

ǳƴǝƭ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƭƛƳƛǘ ƛǎ ǊŜŀŎƘŜŘ ǿƘƛŎƘ ƛǎ ƛƴŘƛŎŀǘŜŘ ōȅ ǊŜŀŎƘƛƴƎ ŀ Ŏƻƴǎǘŀƴǘ ǇǊŜǎǎǳǊŜ 

ǾŀƭǳŜΦ !ǘ ǘƘƛǎ Ǉƻƛƴǘ ǘƘŜ ƅǳƛŘ ǎȅǎǘŜƳ ƛǎ ǊŜŀŘȅ ŦƻǊ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ǘƘŜ ƛǎƻŎƘƻǊƛŎ ǇǊŜǎǎǳǊŜ 

ǎŜŀǊŎƘ ƳŜǘƘƻŘ ƛƴ ƻǊŘŜǊ ǘƻ ŜǎǘŀōƭƛǎƘ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ tς¢Σ ŀǎ ŘŜǎŎǊƛōŜŘ 

ǇǊŜǾƛƻǳǎƭȅΦ 

¢ƘŜ tƘŀǎŜ .ƻǳƴŘŀǊȅ 5ƛǎǎƻŎƛŀǝƻƴ όt5.ύ aŜǘƘƻŘΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ƛǎ ŀ ƳƻŘƛŬŎŀǝƻƴ ǘƻ 

ǘƘŜ Lt{ ƳŜǘƘƻŘ ǘƘŀǘ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜŘǳŎŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƘŜ ǝƳŜ ǊŜǉǳƛǊŜŘ 

ŦƻǊ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ǘƻ ōŜ ƳŜŀǎǳǊŜŘолΣнплΦ Lƴол ŀ ŘŜǘŀƛƭŜŘ ŀŎŎƻǳƴǘ ƻŦ ǘƘŜ 

ƳŜǘƘƻŘ ƛǎ ǇǊŜǎŜƴǘŜŘΦ ¢ƘŜ ƳŜǘƘƻŘ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ōŀǎƛŎ ǇǊƛƴŎƛǇƭŜ ǘƘŀǘ ǿƘŜƴ ŀ ƘȅŘǊŀǘŜ 

ǎȅǎǘŜƳ Ŏƻƴǘŀƛƴǎ ŜȄŎŜǎǎ ŀƳƻǳƴǘ ƻŦ ŦǊŜŜ Iнh ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇǊƻŎŜŘǳǊŜΣ ǘƘŜƴ 

ǘƘŜ ǎȅǎǘŜƳ ǎƘƻǳƭŘ Ŏƻƴǘŀƛƴ ŀƭƭ ǘƘǊŜŜ ǇƘŀǎŜǎ όIҍ[²ς±ύ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŘǳǊŀǝƻƴ ƻŦ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘΦ CƻǊ ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ǇǳǊŜ ƘȅŘǊŀǘŜ ŦƻǊƳŜǊǎ όƛΦŜΦΣ ǎȅǎǘŜƳǎ ǿƛǘƘ о ǇƘŀǎŜǎύΣ 

ǘǿƻ ŎƻƳǇƻƴŜƴǘǎ ŜȄƛǎǘ ƛƴ ǘƘŜ ǎȅǎǘŜƳ όƛΦŜΦΣ ƎǳŜǎǘ ŀƴŘ IнhύΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜΣ ŀŎŎƻǊŘƛƴƎ ǘƻ 

ǘƘŜ Dƛōōǎ tƘŀǎŜ ǊǳƭŜΣ ǘƘŜǊŜ ƛǎ ƻƴŜ ŘŜƎǊŜŜ ƻŦ ŦǊŜŜŘƻƳ όƛΦŜΦΣ ŀ ǎƛƴƎƭŜ ǾŀƭǳŜ ƻŦ ǇǊŜǎǎǳǊŜ ŀǘ 

ŀƴȅ ƎƛǾŜƴ ǘŜƳǇŜǊŀǘǳǊŜύΦ  {ǳŎƘ ŀ ǎȅǎǘŜƳ ǿƻǳƭŘ ŘƛǎǎƻŎƛŀǘŜ ŀƭƻƴƎ ǘƘŜ Iҍ[²ς± ǇƘŀǎŜ 

ōƻǳƴŘŀǊȅ ŦƻǊ ŀǎ ƭƻƴƎ ŀǎ ŀƭƭ ǘƘǊŜŜ ǇƘŀǎŜǎ ŎƻŜȄƛǎǘΦ 

CƻǊ ǘƘŜǎŜ ŜȄǇŜǊƛƳŜƴǘǎΣ ǘƘŜ ŎŜƭƭ ƛǎ ŬƭƭŜŘ ǿƛǘƘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ Iнh ƴŜŜŘŜŘ ǘƻ ǇǊŜǎŜǊǾŜ 

ŀǘ ƭŜŀǎǘ ŀ плΥм ƳƻƭŀǊ Ǌŀǝƻ ƻŦ Iнh ǘƻ ǘƘŜ ƎǳŜǎǘ ƎŀǎΣ ǎƻ ǘƘŀǘ ŜȄŎŜǎǎ Iнh ǿƻǳƭŘ ŘŜŬƴƛǝǾŜƭȅ 

ōŜ ŀƭǿŀȅǎ ǇǊŜǎŜƴǘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŘǳǊŀǝƻƴ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ  

hƴŎŜ ǘƘŜ ǎȅǎǘŜƳ Ƙŀǎ ŜǉǳƛƭƛōǊŀǘŜŘ ŀǘ ǘƘŜ ƛƴƛǝŀƭ ŎƻƴŘƛǝƻƴǎΣ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƛǎ ǎŜǘ 

ǘƻ нтоΦнр Y ŦƻǊ с ƘΣ ǘƻ ŦƻǊƳ ƘȅŘǊŀǘŜǎ ŀƴŘ ŀƭƭƻǿ ǘƘŜ ǎȅǎǘŜƳ ǘƻ ǊŜŀŎƘ ŜǉǳƛƭƛōǊƛǳƳΦ ¢ƻ 

ǇǊŜǾŜƴǘ ƳŜǘŀǎǘŀōƛƭƛǘȅ ǘƘŜ ǎȅǎǘŜƳ ƛǎ ǎǳōǎŜǉǳŜƴǘƭȅ ƘŜŀǘŜŘ ƛƴ ǎǘŜǇǎ ƻŦ лΦр Y ŀƴŘ ŀƭƭƻǿŜŘ 

ǘƻ ŜǉǳƛƭƛōǊŀǘŜ ŦƻǊ п Ƙ ōŜŦƻǊŜ ǘƘŜ ƴŜȄǘ ǘŜƳǇŜǊŀǘǳǊŜ ǎǘŜǇ ƛǎ ǘŀƪŜƴ ŀƴŘ ŀ Řŀǘŀ Ǉƻƛƴǘ 

ǊŜŎƻǊŘŜŘΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ƛǎ ŎƻƴǝƴǳŜŘ ǳƴǝƭ ǘƘŜ ƘȅŘǊŀǘŜ ƛǎ Ŧǳƭƭȅ ŘƛǎǎƻŎƛŀǘŜŘ ŀƴŘ ǘƘŜ 

ŜǉǳƛƭƛōǊƛǳƳ Ǉƻƛƴǘ ŎƻǳƭŘ ōŜ ǘŀƪŜƴΣ ŀǎ ŎƻƴŬǊƳŜŘ ōȅ ŀ ǎƘŀǊǇ ŎƘŀƴƎŜ ƛƴ ŘtκŘ¢Φ 9ŀŎƘ Řŀǘŀ 

Ǉƻƛƴǘ ƛǎ ǘǊŜŀǘŜŘ ǘƘŜ ǎŀƳŜ ŀǎ ǘƘŜ Řŀǘŀ ǊŜŎƻǊŘŜŘ ŦǊƻƳ ŀ ǎƛƴƎƭŜ Lt{ ƳŜǘƘƻŘ ŜȄǇŜǊƛƳŜƴǘΦ 

 



ммм 
 

пΦоΦо ¢ƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iς[ǿς[Ǝύ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ŜǉǳƛƭƛōǊƛǳƳ 

ƳŜŀǎǳǊŜƳŜƴǘǎ 

CƻǊ ŜǾŜǊȅ ŜȄǇŜǊƛƳŜƴǘŀƭ Ǌǳƴ ŎƻƴǎƛŘŜǊŜŘΣ ǘƘŜ Ǝŀǎ ǇǊŜǇŀǊŀǝƻƴ ƳŀƴƛŦƻƭŘ ƛǎ ŬƭƭŜŘ ǿƛǘƘ 

ƳŜǘƘŀƴŜ ŀƴŘ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ƛƴ ǘƘŜ ŘŜǎƛǊŜŘ ŎƻƴŎŜƴǘǊŀǝƻƴ ǊŀǝƻΣ ŀƴŘ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ 

ƳƛȄǘǳǊŜ ŎƻƳǇƻǎƛǝƻƴ ƛǎ ǾŜǊƛŬŜŘ ǘƘǊƻǳƎƘ D/ ŀƴŀƭȅǎƛǎΦ ¢ƘŜƴΣ ǘƘŜ t±¢ ŎŜƭƭ ƛǎ ŎƭŜŀƴŜŘ ǿƛǘƘ 

ŜǘƘŀƴƻƭ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ǿƛǘƘ ŘŜƛƻƴƛȊŜŘ ǿŀǘŜǊΦ ¢Ƙƛǎ ǇǊƻŎŜŘǳǊŜ ƛǎ ǊŜǇŜŀǘŜŘ ŦƻǊ ŀ 

ƴǳƳōŜǊ ƻŦ ǝƳŜǎ ŀƴŘ ǘƘŜ ŎŜƭƭ ƛǎ ǎǳōǎŜǉǳŜƴǘƭȅ ŘǊƛŜŘ ǿƛǘƘ ŎƻƳǇǊŜǎǎŜŘ ŀƛǊΦ !ƊŜǊ ǘƘŜ 

ŎƭŜŀƴƛƴƎ ǎǘŜǇ ƛǎ ŎƻƳǇƭŜǘŜŘΣ ǘƘŜ ŎŜƭƭ ƛǎ ŬƭƭŜŘ ǿƛǘƘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нлл Ƴ[ ƻŦ ǿŀǘŜǊΣ 

ŀǧŀŎƘŜŘ ƻƴ ǘƘŜ ŀǇǇŀǊŀǘǳǎ ŀƴŘ ǎǳōƧŜŎǘŜŘ ǘƻ ƘƛƎƘ ǾŀŎǳǳƳΦ ¢ƘŜƴ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ 

ƛǎ ƛƴǎŜǊǘŜŘ ǳǇ ǘƻ ŀ ǇǊŜǎǎǳǊŜ ǾŀƭǳŜ ǘƘŀǘ ƛǎ ǎƭƛƎƘǘƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ŘŜǎƛǊŜŘ ǇǊŜǎǎǳǊŜ ŀƴŘ 

ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳ ƛǎ ǎŜǘ ǘƻ ǘƘŜ ŘŜǎƛǊŜŘ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ ƅǳƛŘ ƳƛȄǘǳǊŜ ƛǎ 

ǘƘŜƴ ƭŜƊ ǘƻ ŜǉǳƛƭƛōǊŀǘŜΦ LǎƻŎƘƻǊƛŎ ŎƻƻƭƛƴƎ ƛǎ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ŎŜƭƭ ŎƻƴǘŜƴǘǎ ǳƴǝƭ ŀƊŜǊ ǘƘŜ 

ƳŜǘŀǎǘŀōƛƭƛǘȅ ƭƛƳƛǘ όƛΦŜΦΣ ǿƘŜƴ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ ōŜƎƛƴǎ ǘƻ ǘŀƪŜ ǇƭŀŎŜύ ƛǎ ŀŎƘƛŜǾŜŘ ŀƴŘ 

ǳƴǝƭ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ Ƙŀǎ ōŜŜƴ ŎƻƳǇƭŜǘŜŘΣ ŀǎ ƛƴŘƛŎŀǘŜŘ ōȅ ŀ ǎƘŀǊǇ ǇǊŜǎǎǳǊŜ ŘǊƻǇΦ 

¢ƘŜƴ ƛǎƻŎƘƻǊƛŎ ƘŜŀǝƴƎ ƛǎ ŀǇǇƭƛŜŘ ǳƴǝƭ ǘƘŜ ƘŜŀǝƴƎ ǘǊŀŎŜ ƻƴ ŀ tǊŜǎǎǳǊŜ ς ¢ŜƳǇŜǊŀǘǳǊŜ 

ŘƛŀƎǊŀƳ ƛƴǘŜǊǎŜŎǘǎ ǘƘŜ ŎƻƻƭƛƴƎ ǘǊŀŎŜΦ ¢ƘŜ Ǉƻƛƴǘ ƻŦ ƛƴǘŜǊǎŜŎǝƻƴ ƛǎ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇƻƛƴǘΣ 

ǿƘŜǊŜ ǘƘŜ ƭŀǎǘ ƘȅŘǊŀǘŜ ŎǊȅǎǘŀƭ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƘŀǾŜ ōŜŜƴ ŘƛǎǎƻƭǾŜŘΦ 9ŀŎƘ 

ŎƻƻƭƛƴƎκƘŜŀǝƴƎ ǎǘŜǇ ƛǎ ǇŜǊŦƻǊƳŜŘ ŀƊŜǊ ǘƘŜ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴŘƛǝƻƴǎ ƻŦ 

ǘƘŜ ǇǊŜǾƛƻǳǎ ŎƻƻƭƛƴƎκƘŜŀǝƴƎ ǎǘŜǇ ƘŀǾŜ ōŜŜƴ Ŏƻƴǎǘŀƴǘ ŦƻǊ ŀ ǎƛƎƴƛŬŎŀƴǘ ŀƳƻǳƴǘ ƻŦ ǝƳŜΦ 

!ŘŘƛǝƻƴŀƭ ŘƛǎŎǳǎǎƛƻƴ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜǘƘƻŘǎ ǳǎŜŘ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ {ƭƻŀƴ 

ŀƴŘ YƻƘмΦ 

пΦоΦп ¢ǿƻπǇƘŀǎŜ ό[ǿς±ύ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ 

CƻǊ ŜǾŜǊȅ ŜȄǇŜǊƛƳŜƴǘŀƭ Ǌǳƴ ŎƻƴǎƛŘŜǊŜŘΣ ǘƘŜ Ǝŀǎ ǇǊŜǇŀǊŀǝƻƴ ƳŀƴƛŦƻƭŘ ǿŀǎ ŬƭƭŜŘ 

ǿƛǘƘ ƳŜǘƘŀƴŜ ŀƴŘ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ƛƴ ǘƘŜ ŘŜǎƛǊŜŘ ŎƻƴŎŜƴǘǊŀǝƻƴ ǊŀǝƻΣ ŀƴŘ ǘƘŜ ōƛƴŀǊȅ 

Ǝŀǎ ƳƛȄǘǳǊŜ ŎƻƳǇƻǎƛǝƻƴ ǿŀǎ ǾŜǊƛŬŜŘ ǘƘǊƻǳƎƘ D/ ŀƴŀƭȅǎƛǎ ǇŜǊŦƻǊƳŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Ǝŀǎ 

ǎŀƳǇƭƛƴƎ ōǊŀƴŎƘ ƻŦ ǘƘŜ ŘŜǾƛŎŜΦ ¢ƘŜƴΣ ǘƘŜ t±¢ ŎŜƭƭ ǿŀǎ ŎƭŜŀƴŜŘ ǿƛǘƘ ŜǘƘŀƴƻƭ ŀƴŘ 

ǎǳōǎŜǉǳŜƴǘƭȅ ǿƛǘƘ ŘŜƛƻƴƛȊŜŘ ǿŀǘŜǊΦ ¢Ƙƛǎ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ǊŜǇŜŀǘŜŘ ŦƻǊ ŀ ƴǳƳōŜǊ ƻŦ 

ǝƳŜǎ ŀƴŘ ǘƘŜ ŎŜƭƭ ǿŀǎ ǎǳōǎŜǉǳŜƴǘƭȅ ŘǊƛŜŘ ǿƛǘƘ ŎƻƳǇǊŜǎǎŜŘ ŀƛǊΦ !ƊŜǊ ǘƘŜ ŎƭŜŀƴƛƴƎ ǎǘŜǇ 

ǿŀǎ ŎƻƳǇƭŜǘŜŘΣ ǘƘŜ ŎŜƭƭ ǿŀǎ ŬƭƭŜŘ ǿƛǘƘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нлл Ƴ[ ƻŦ ǿŀǘŜǊΣ ŀǧŀŎƘŜŘ ƻƴ 

ǘƘŜ ŀǇǇŀǊŀǘǳǎ ŀƴŘ ǎǳōƧŜŎǘŜŘ ǘƻ ƘƛƎƘ ǾŀŎǳǳƳΦ ¢ƘŜƴ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ ǿŀǎ ƛƴǎŜǊǘŜŘ 



ммн 
 

ǳǇ ǘƻ ŀ ǇǊŜǎǎǳǊŜ ǾŀƭǳŜ ǘƘŀǘ ƛǎ ǎƭƛƎƘǘƭȅ ƘƛƎƘŜǊ όƛΦŜΦΣ лΦн atŀ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ мл atŀ 

ǘŀǊƎŜǘ ǾŀƭǳŜύ ǘƘŀƴ ǘƘŜ ŘŜǎƛǊŜŘ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳ ǿŀǎ ǎŜǘ ǘƻ 

ǘƘŜ ŘŜǎƛǊŜŘ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ ƅǳƛŘ ƳƛȄǘǳǊŜ ǿŀǎ ǘƘŜƴ ƭŜƊ ǘƻ ŜǉǳƛƭƛōǊŀǘŜ ŦƻǊ ŀǘ ƭŜŀǎǘ пу 

ƘƻǳǊǎΣ ǎƻ ǘƘŀǘ ŀ ǳƴƛŦƻǊƳ ŎƻƳǇƻǎƛǝƻƴ Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘΦ 5ǳǊƛƴƎ ǘƘƛǎ ǎǘŜǇΣ ǘƘŜ 

ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ǎǘŀōƛƭƛȊŜŘ ŀƴŘ ǘƘŜ ǇǊŜǎǎǳǊŜ ǿŀǎ ŘŜŎǊŜŀǎƛƴƎ ŀǎ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ 

ƪŜŜǇǎ ŘƛǎǎƻƭǾƛƴƎ ƛƴǘƻ ǘƘŜ ƭƛǉǳƛŘ ǿŀǘŜǊΣ ǳƴǝƭ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƭƛƳƛǘ ǿŀǎ ǊŜŀŎƘŜŘ ǿƘƛŎƘ ƛǎ 

ƛƴŘƛŎŀǘŜŘ ōȅ ǊŜŀŎƘƛƴƎ ŀ Ŏƻƴǎǘŀƴǘ ǇǊŜǎǎǳǊŜ ǾŀƭǳŜΦ ¢ƘŜƴ ŀŘŘƛǝƻƴŀƭ Ǝŀǎ ǿŀǎ ƛƴǎŜǊǘŜŘΣ ŀƴŘ 

ǘƘŜ ǇǊƻŎŜŘǳǊŜ ƛǎ ǊŜǇŜŀǘŜŘ ǳƴǝƭ ǘƘŜ ƅǳƛŘ ƳƛȄǘǳǊŜ Ƙŀǎ ŜǉǳƛƭƛōǊŀǘŜŘ ŀǘ ǘƘŜ ŘŜǎƛǊŜŘ 

ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ ǘƘŜǊƳƻŎƻǳǇƭŜǎ ƘŀǾŜ ŀ ƳŜŀǎǳǊŜƳŜƴǘ ǇǊŜŎƛǎƛƻƴ ƻŦ 1.0°=Td  ƻ/Σ 

ǿƘƛƭŜ ǘƘŜ ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊǎ ƘŀǾŜ ŀƴ ŀŎŎǳǊŀŎȅ ǘƘŀǘ ƛǎ Ŝǉǳŀƭ ǘƻ лΦм҈ ƻŦ ǘƘŜ ǎŎŀƭŜΦ Lƴ 

ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ŎŜƭƭ ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊ Ƙŀǎ ŀ ǊŀƴƎŜ ƻŦ лςнл atŀΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜ 

ŀŎŎǳǊŀŎȅ ƛǎ ҕ лΦлн atŀΦ Lƴ ŀ ǎƛƳƛƭŀǊ ƳŀƴƴŜǊΣ ǘƘŜ ǇǊŜǎǎ ǊŜƭƛŜŦ ŎŜƭƭ ǘǊŀƴǎŘǳŎŜǊ Ƙŀǎ ŀ ǊŀƴƎŜ 

ƻŦ лςн atŀΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ŀŎŎǳǊŀŎȅ ƛǎ ҕ лΦллн atŀΦ 

пΦоΦр {ƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ 

hƴŜ ƻŦ ǘƘŜ ǘǿƻ Ƴŀƛƴ ǘŀǎƪǎ ǘƘŀǘ ǿŀǎ ǘŀǊƎŜǘŜŘ ōȅ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ŀǇǇŀǊŀǘǳǎ ǿŀǎ ŦƻǊ ƛǘ ǘƻ ŀƭƭƻǿ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǉǳŀƴǝǘŀǝǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƭƛǉǳƛŘ ŀƴŘ 

Ǝŀǎ ǇƘŀǎŜǎ ǘƘŀǘ ŀǊŜ ǳƴŘŜǊ ǘƘǊŜŜπǇƘŀǎŜ όIҍ[²ς±ύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ ¢ƘŜ 

ǇǊƻŎŜŘǳǊŜ ǘƘŀǘ ǿŀǎ ŦƻƭƭƻǿŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ƎǳŜǎǘπƎŀǎ ǎƻƭǳōƛƭƛǘȅ ƛƴ Iнh ƛǎ ǘƘŜ 

ŦƻƭƭƻǿƛƴƎΦ 

LƴƛǝŀƭƭȅΣ ŀƭƭ ǎǇŀŎŜ ōŜǘǿŜŜƴ ǾŀƭǾŜǎ м ό±мύ ŀƴŘ о ό±оύΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǎǇŀŎŜ ōŜǘǿŜŜƴ 

±о ŀƴŘ ǘƘŜ Ǝŀǎ ŎƘǊƻƳŀǘƻƎǊŀǇƘ όD/ύ ƛǎ ǳƴŘŜǊ ƘƛƎƘ ǾŀŎǳǳƳΣ ŀǎ ǇƻǊǘǊŀȅŜŘ ƛƴ CƛƎǳǊŜ пΦоŀΦ   
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Figure 4.3.:  Steps in calculating the guest gases solubility to H2O: (a) Evacuation of the system, (b) 

Sample acquisition within the liquid sampling loop, and (c) Flashing of the liquid sample. 
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{ǳōǎŜǉǳŜƴǘƭȅΣ ǿƘƛƭŜ ƪŜŜǇƛƴƎ ±н ǎƘǳǘΣ ±м ƛǎ ƻǇŜƴŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƻōǘŀƛƴ ŀ ƭƛǉǳƛŘ 

ǎŀƳǇƭŜΣ ŀǘ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΣ ǿƛǘƘƛƴ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭƛƴƎ ƭƻƻǇ ό{[нύΣ ŀǎ ǇƻǊǘǊŀȅŜŘ 

ƛƴ CƛƎǳǊŜ пΦоōΦ ¢ƘŜ ǾƻƭǳƳŜ ōŜǘǿŜŜƴ ±м ŀƴŘ ±н ƛǎ ŘŜƴƻǘŜŘ ŀǎ ±мн ŀƴŘ ƛǎ ǝǘǊŀǘŜŘ ǘƻ 

01.070.212 °=V  Ƴ[Φ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ ǾƻƭǳƳŜΣ ±мнΣ ƛǎ ƻŎŎǳǇƛŜŘ ōȅ ǘƘŜ 

ǾƻƭǳƳŜ ƻŦ IнhΣ ὠ Σ  ŀƴŘ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ǘƘŜ ŘƛǎǎƻƭǾŜŘ ƎŀǎΣ ὠ Σ ŀǎ ŦƻƭƭƻǿǎΥ 

ὠ ὠ ὠ  (1) 

 

bŜȄǘΣ ōȅ ƻǇŜƴƛƴƎ ±нΣ ǿƘƛƭŜ ƪŜŜǇƛƴƎ ±м ŀƴŘ ±о ǎƘǳǘΣ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ ƛǎ ŜȄǇŀƴŘŜŘ 

όƅŀǎƘŜŘύ ǘƻ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ǿƘƛŎƘ Ƙŀǎ ŀ ǾƻƭǳƳŜ ±но όƛΦŜΦΣ ǘƘŜ ǾƻƭǳƳŜ ōŜǘǿŜŜƴ 

ǾŀƭǾŜǎ ±н ŀƴŘ ±оύΦ ¢Ƙƛǎ ǇǊƻŎŜŘǳǊŜ ƛǎ ǎƘƻǿƴ ǎŎƘŜƳŀǝŎŀƭƭȅ ƛƴ CƛƎǳǊŜ пΦоŎΦ !ǎ ŘƛǎŎǳǎǎŜŘ 

ǇǊŜǾƛƻǳǎƭȅ ό{ŜŎǝƻƴ пΦнΦрΦύ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ǿŀǎ ƳŜŀǎǳǊŜŘ ǘƻ ōŜ 

Ŝǉǳŀƭ ǘƻ 14.085.6123 °=V  Ƴ[Φ ²ƘŜƴ ǘƘŜ ŜȄǇŀƴŘƛƴƎ ƅǳƛŘ ǊŜŀŎƘŜǎ ŜǉǳƛƭƛōǊƛǳƳΣ ǘƘŜ 

ǘƻǘŀƭ ǾƻƭǳƳŜ ƻŎŎǳǇƛŜŘ ōȅ ǘƘŜ ƭƛǉǳƛŘπǾŀǇƻǊ ǎȅǎǘŜƳ ƛǎ Ŝǉǳŀƭ ǘƻ 

15.055.64231213 °=+= VVV  Ƴ[Φ 

¢ƘŜǊŜŦƻǊŜΣ ŀƊŜǊ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ǘƘŜ ƎǳŜǎǘ Ǝŀǎ ǎƘƻǳƭŘ ōŜ Ŝǉǳŀƭ ǘƻΥ 
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ǿƘŜǊŜΣ w ƛǎ ǘƘŜ Ǝŀǎ ŎƻƴǎǘŀƴǘΣ Ȋ ƛǎ ǘƘŜ ŎƻƳǇǊŜǎǎƛōƛƭƛǘȅ ŦŀŎǘƻǊΣ t ƛǎ ǘƘŜ ǇǊŜǎǎǳǊŜ ƳŜŀǎǳǊŜŘ 

ǿƛǘƘ t¢о ƛƴ ǘƘŜ ǾƻƭǳƳŜ ±моΣ ¢ ƛǎ ǘƘŜ ǘƘŜǊƳƻǎǘŀǘŜŘ ŎŀōƛƴŜǘ ǘŜƳǇŜǊŀǘǳǊŜΣ ǿƘƛŎƘ ƛǎ 

ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǾƻƭǳƳŜ ǘŜƳǇŜǊŀǘǳǊŜΣ ± ƛǎ ǘƘŜ ƳŜŀǎǳǊŜŘ ǾƻƭǳƳŜ 

±моΣ gP ƛǎ ǘƘŜ ǿŀǘŜǊ ǾŀǇƻǊ ǇǊŜǎǎǳǊŜнпм ŀǘ tΣ ŀƴŘ ¢ ŎƻƴŘƛǝƻƴǎΣ r ƛǎ ǘƘŜ Iнh ŘŜƴǎƛǘȅнпм 

ǳƴŘŜǊ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ŎƻƴŘƛǝƻƴǎΣ  gasv
~

 ƛǎ ǘƘŜ Ǝŀǎ ƳƻƭŀǊ ǾƻƭǳƳŜ нпм ǳƴŘŜǊ ǘƘŜ ŜȄǇŀƴǎƛƻƴ 
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 ƛǎ ǘƘŜ Ǝŀǎ ǎƻƭǳōƛƭƛǘȅ ƛƴ Iнh ǳƴŘŜǊ ǘƘŜ ŜȄǇŀƴǎƛƻƴ 

ŎƻƴŘƛǝƻƴǎтлΣнпнΦ !ƴŘΣ ǘƘŜǊŜŦƻǊŜΣ ǘƘŜ ƎǳŜǎǘ Ǝŀǎ ƳƻƭŜǎΣ gasn Σ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ǘƘǊƻǳƎƘΥ 
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 CƛƴŀƭƭȅΣ ǘƘŜ Ǝŀǎ ǎƻƭǳōƛƭƛǘȅ όŜȄǇǊŜǎǎŜŘ ŀǎ ŀ ƳƻƭŜ ŦǊŀŎǝƻƴύ ƛƴ Iнh ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ 

ŜǉǳŀǝƻƴΥ 

ὼ
ὲ 

ὲ ὲ 
 

(4) 

 

!ƊŜǊ ŜŀŎƘ ƭƛǉǳƛŘ ǎŀƳǇƭŜ ƛǎ ƻōǘŀƛƴŜŘ ŀƴŘ ǘƘŜ D/ ŀƴŀƭȅǎƛǎ ƛǎ ǇŜǊŦƻǊƳŜŘΣ ǘƘŜ ǘǳōŜǎ ǘƘŀǘ 

ŎƻƴƴŜŎǘ ǘƘŜ ŘŜǾƛŎŜ ǿƛǘƘ ǘƘŜ D/ ŀǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ ƘƛƎƘ ǾŀŎǳǳƳ ŀƴŘ ǘƘŜ Ǝŀǎ ǎŀƳǇƭŜ ƛǎ 

ƻōǘŀƛƴŜŘ ŀƴŘ ŀƴŀƭȅȊŜŘΦ  

пΦоΦс !ŎŎǳǊŀŎȅ 

! ǎŜǊƛŜǎ ƻŦ ǝǘǊŀǝƻƴǎ ŀǘ ŘƛũŜǊŜƴǘ ƛƴƛǝŀƭ ǇǊŜǎǎǳǊŜǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ƻǊŘŜǊ ǘƻ 

ƳŜŀǎǳǊŜ ǘƘŜ ŘƛũŜǊŜƴǘ ǾƻƭǳƳŜǎ ǘƘŀǘ ŀǊŜ ǊŜǉǳƛǊŜŘ όƛΦŜΦΣ ±мн ŀƴŘ ±ноύΣ ǊŜǎǳƭǝƴƎ ƛƴ ŘƛũŜǊŜƴǘ 

ǾŀƭǳŜǎ ƻŦ ǝǘǊŀǘŜŘ ǾƻƭǳƳŜǎΦ ¢ƘŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀƴŘ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ 

ŦƻǊ ǘƘŜ ƎǳŜǎǘ Ǝŀǎ ǎƻƭǳōƛƭƛǘȅ ǘƻ ǘƘŜ Iнh ŎŀƭŎǳƭŀǝƻƴΦ IƻǿŜǾŜǊΣ ŘǳǊƛƴƎ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ 

ŎŀƭŎǳƭŀǝƻƴ ŀ ǎǘǊƻƴƎ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǎŀƳǇƭŜ ǾƻƭǳƳŜ ŀƴŘ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜ 

ǿŀǎ ƻōǎŜǊǾŜŘΦ CƻǊ ǾŜǊȅ ǎƳŀƭƭ ŎƘŀƴƎŜǎ ƻŦ ǘƘŜ ǝǘǊŀǘŜŘ ǾƻƭǳƳŜ ǾŀƭǳŜǎΣ ŀ ǎƛƎƴƛŬŎŀƴǘ 

ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ǎƻƭǳōƛƭƛǘȅ ǾŀƭǳŜ ǿƻǳƭŘ ōŜ ƻōǎŜǊǾŜŘΦ ¢ƘƛǎΣ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ 

ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊǎ ƘŀǾƛƴƎ ŀŎŎǳǊŀŎȅ Ŝǉǳŀƭ ǘƻ лΦм҈ ƻŦ ǘƘŜ ǎŎŀƭŜΣ ƭŜŘ ǘƻ ǘƘŜ ƴŜŜŘ ƻŦ ŀƭƭ 

ǘƘƻǎŜ ŜǊǊƻǊǎ ǘƻ ōŜ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΦ   

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ŎŀƭŎǳƭŀǝƻƴ ŜǉǳŀǝƻƴǎΣ ǘƘŜ ǎŀƳǇƭŜ ǾƻƭǳƳŜ ŘƛǊŜŎǘƭȅ 

ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ŀƴŘ ƛǘ ƛǎ ƛƴǾŜǊǎŜƭȅ ǇǊƻǇƻǊǝƻƴŀƭ ǘƻ ƛǘΦ ¢ƘŜ ŎŜƭƭ ǇǊŜǎǎǳǊŜ 

ŎƻǊǊŜƭŀǘŜǎ ƛƴŘƛǊŜŎǘƭȅ ǿƛǘƘ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ŀǎ ƛǘ ƛǎ ƛƴǾŜǊǎŜƭȅ ǇǊƻǇƻǊǝƻƴŀƭ ǘƻ ǘƘŜ ƳƻƭŀǊ 

ǾƻƭǳƳŜΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ ƛǎ ŎƻǊǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǎƻƭǳōƛƭƛǘȅΦ CƛƴŀƭƭȅΣ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ 

ǇǊŜǎǎǳǊŜ ŎƻǊǊŜƭŀǘŜǎ ǘƻ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ōƻǘƘ ŘƛǊŜŎǘƭȅ ƛƴ ǘƘŜ ŎŀƭŎǳƭŀǝƻƴ Ŝǉǳŀǝƻƴ ŀƴŘ 

ƛƴŘƛǊŜŎǘƭȅ ǘƘǊƻǳƎƘ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ǎƻƭǳōƛƭƛǘȅΣ ǿƘƛŎƘ ƛǎ ŎƻǊǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŜȄǇŀƴǎƛƻƴ 

ǇǊŜǎǎǳǊŜŘ ŀǎ ƳŜŀǎǳǊŜŘ ōȅ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭ ǘǊŀƴǎŘǳŎŜǊΦ !ƭƭ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ 

ŜǊǊƻǊǎ ǿŜǊŜ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ŎŀƭŎǳƭŀǝƻƴ ǇǊƻŎŜŘǳǊŜ ŀƴŘ ǎƻ ǘƘŜ 

ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ ŜǊǊƻǊǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ǿŜƭƭΦ  



ммс 
 

 

пΦп /ƻƴŎƭǳǎƛƻƴǎ  

Lƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ŀƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ǿƛǘƘ ŀƴ ƻǇŜǊŀǝƻƴŀƭ ǇǊŜǎǎǳǊŜ ǊŀƴƎŜ 

ǳǇ ǘƻ нл atŀ ǿŀǎ ŘŜǎƛƎƴŜŘ ŀƴŘ ŎƻƴǎǘǊǳŎǘŜŘ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ƘȅŘǊŀǘŜ 

ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ƻŦ ǇǳǊŜ Ǝŀǎ ŀƴŘ Ǝŀǎ ƳƛȄǘǳǊŜΦ  ¢ƘŜ ǾŀƭƛŘŀǝƻƴ ƻŦ ǘƘŜ ŘŜǾƛŎŜΣ ŀǎ 

ǿŜƭƭ ŀǎ ǘƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƘŀǘ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ƛǘΣ ŀǊŜ 

ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƘŀǇǘŜǊǎ пπсΦ 



ммт 
 

р ¢ƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iς[ǿς[Ǝύ ǇǳǊŜ Ǝŀǎ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ  

¢ƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ŦƻǊ ǇǳǊŜ /Iп όIҍ[²ς

±ύΣ ŀƴŘ /hн όIҍ[²ς± ƻǊ Iҍ[²ς[/hнύ ǎȅǎǘŜƳǎΦ  ¢ǿŜƴǘȅ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ 

ǘƻǘŀƭΣ ǊŜǎǳƭǝƴƎ ƛƴ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǎŜǾŜƴǘŜŜƴ ŜǉǳƛƭƛōǊƛǳƳ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ 

ǇǳǊŜ /hн ƘȅŘǊŀǘŜΣ ŀƴŘ ǘƘǊŜŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǇǳǊŜ /IпΦ ¢ŀōƭŜ рΦм Ŏƻƴǘŀƛƴǎ ƛƴŦƻǊƳŀǝƻƴ 

ŦƻǊ ŀƭƭ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǘȅǇŜ ƻŦ ǘƘŜ ǎȅǎǘŜƳΣ ǘƘŜ ǇƘŀǎŜǎ ǘƘŀǘ ŀǊŜ ǇǊŜǎŜƴǘΣ 

ǘƘŜ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘƘŜ ƳŜŀǎǳǊŜŘ ŜǉǳƛƭƛōǊƛǳƳ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴŘ ŀŘŘƛǝƻƴŀƭ ƴƻǘŜǎ ƻƴ ŜŀŎƘ 

ŜȄǇŜǊƛƳŜƴǘΦ 

Table 5.1.: Experimental PςT hydrate equilibrium data for CO2 and CH4 and comparison with the 

calculations using CSMGem1. The uncertainty in temperature is equal to 1.0°=Td  K. 

Exp. 

No 

System Phases Method Agitation P (MPa) T ( K) TCSMGem (K) 

1 * CO2 ς H2O HςLwςV IPS Yes 4.02 ± 0.02 282.9 282.225 

2 * CO2 ς H2O HςLwςV IPS Yes 4.44 ± 0.02 282.7 282.828 

3 * CO2 ς H2O HςLwςV IPS Yes 3.63 ± 0.02 281.2 281.563 

4 * CO2 ς H2O HςLwςV IPS No 4.42 ± 0.02 282.4 282.801 

5 * CO2 ς H2O HςLwςV IPS No 4.19 ± 0.02 282.2 282.495 

6 CO2 ς H2O HςLwςV IPS Yes 3.97 ± 0.02 282.0 282.159 

7 CO2 ς H2O HςLwςV IPS No 3.13 ± 0.02 280.4 280.548 

8 CO2 ς H2O HςLwςV PBD Yes 3.41 ± 0.02 281.0 281.148 

9 CO2 ς H2O HςLwςV PBD Yes 3.52 ± 0.02 281.0 281.351 

10 CO2 ς H2O HςLwςV PBD Yes 2.33 ± 0.02 278.6 278.328 

11 CO2 ς H2O HςLwςLg PBD Yes 5.58 ± 0.02 283.0 283.076 

12 CO2 ς H2O HςLwςLg PBD Yes 7.47 ± 0.02 283.2 283.328 

13 CO2 ς H2O HςLwςLg PBD Yes 9.65 ± 0.02 283.4 283.598 

14 CO2 ς H2O HςLwςLg PBD Yes 5.74 ± 0.02 283.0 283.098 

15 CO2 ς H2O HςLwςLg PBD Yes 6.88 ± 0.02 283.1 283.252 

16 CO2 ς H2O HςLwςLg PBD Yes 7.86 ± 0.02 283.0 283.378 

17 CO2 ς H2O HςLwςLg PBD Yes 5.96 ± 0.02 282.2 283.128 

18 CH4 ς H2O HςLwςV IPS Yes 7.04 ± 0.02 282.7 282.893 

19 CH4 ς H2O HςLwςV IPS Yes 5.36 ± 0.02 280.0 280.309 

20 CH4 ς H2O HςLwςV PBD Yes 7.07 ± 0.02 282.5 282.936 
ϝ ŘŜƴƻǘŜǎ ŜȄǇŜǊƛƳŜƴǘǎ ŎƻƴŘǳŎǘŜŘ ōŜŦƻǊŜ ǘƘŜ ƳƻŘƛŬŎŀǝƻƴǎ ƻƴ ǘƘŜ ŘŜǾƛŎŜΦ 

 



мму 
 

рΦм /hн ς Iнh {ȅǎǘŜƳ 9ȄǇŜǊƛƳŜƴǘǎ 

¢ƘŜ ǇǳǊŜ /hн ƘȅŘǊŀǘŜ ǎȅǎǘŜƳ ǿŀǎ ǎǘǳŘƛŜŘ ƛƴƛǝŀƭƭȅΦ ¢Ŝƴ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ 

ŎƻƴŘǳŎǘŜŘ ŀǘ ŀ tΣ ¢ ǊŜƎƛƻƴ ǘƘŀǘ ƛǎ ōŜƭƻǿ ǘƘŜ ǳǇǇŜǊ ǉǳŀŘǊǳǇƭŜ Ǉƻƛƴǘ vн όIҍ[²ς±ς[/hнύΣ 

ǘƘŜǊŜŦƻǊŜΣ ǊŜŀŎƘƛƴƎ ŀ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƻŦ ǘƘŜ ǘȅǇŜ όIҍ[²ς±ύΦ {ŜǾŜƴ ƻŦ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ŀōƻǾŜ vнΣ ǊŜŀŎƘƛƴƎ ŀ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƻŦ ǘƘŜ ǘȅǇŜ 

ό[²ςIς[/hнύΦ ¦ƴǊǳƘ ŀƴŘ YŀǘȊнпо ǊŜǇƻǊǘŜŘ ǘƘŜ vн ŀǘ нуоΦм Y ŀƴŘ пΦрлн atŀΣ ǿƘƛƭŜ 

wƻōƛƴǎƻƴ ŀƴŘ aŜǘƘŀнпп ǊŜǇƻǊǘŜŘ ǘƘŜ vн ŀǘ нуоΦо Y ŀƴŘ пΦпсу atŀΦ   

!ƊŜǊ ŜȄǇŜǊƛƳŜƴǘǎ Ім ς Ір ǿŜǊŜ ŎƻƳǇƭŜǘŜŘΣ ŀ ƳƻŘƛŬŎŀǝƻƴ ƻƴ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ 

ŘŜǾƛŎŜ ǿŀǎ ŘŜŎƛŘŜŘΦ ¢ƘŜ ƳƻŘƛŬŎŀǝƻƴ ǿŀǎ ŘǊƛǾŜƴ ōȅ ǘƘŜ ƻōǘŀƛƴŜŘ ƘƛƎƘ ŘŜǾƛŀǝƻƴǎ όнр 

ς рл ҈ύ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ Ǝŀǎ ǎƻƭǳōƛƭƛǝŜǎ ŀƴŘ ǘƘƻǎŜ ŦƻǳƴŘ ƛƴ ƭƛǘŜǊŀǘǳǊŜ тлΣнпнΣ ŀǎ 

ǿŜƭƭ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ /{aDŜƳмΦ ¢ƘŜ ƳƻŘƛŬŎŀǝƻƴ ǿŀǎ ŦƻŎǳǎŜŘ ƻƴ ƳƛƴƛƳƛȊƛƴƎ ǘƘŜ 

ǾƻƭǳƳŜ ōŜǘǿŜŜƴ ±м ŀƴŘ ǘƘŜ ƘƛƎƘπǇǊŜǎǎǳǊŜ t±¢ ŎŜƭƭΦ ¢ƘŜ ƻǊƛƎƛƴŀƭ ŘŜǎƛƎƴ ǊŜǎǳƭǘŜŘ ƛƴ 

ƘŀǾƛƴƎ ŀƴ ŀƳƻǳƴǘ ƻŦ Iнh ǘƘŀǘ ǿŀǎ ƴƻǘ ƛƴ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ 

ŜȄǇŜǊƛƳŜƴǘǎ Іс ς ІмтΣ ŀǎ ǿŜƭƭ ŀǎΣ ǘƘƻǎŜ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ ǇǳǊŜ /Iп ƘȅŘǊŀǘŜ ǿŜǊŜ 

ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ ǘƘŜ ƳƻŘƛŬŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎΦ 

¢ƻ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŀƎƛǘŀǝƻƴ ƛƴ ǊŜŀŎƘƛƴƎ ŦŀǎǘŜǊ ǘƘŜǊƳƻŘȅƴŀƳƛŎ 

ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΣ ǘƘǊŜŜ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ όІпΣ ІрΣ ŀƴŘ Ітύ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ 

ǘƘŜ ƳŀƎƴŜǝŎ ǎǝǊǊŜǊ ǎŜǘ ǘƻ ƻũΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ŘǳǊŀǝƻƴ ƻŦ ǘƘŜ ŎƻƻƭƛƴƎκƘŜŀǝƴƎ ŎȅŎƭŜ 

ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ǇǊƻƭƻƴƎŜŘΦ ¢Ƙƛǎ ƻŎŎǳǊǊŜŘ ŀǇǇŀǊŜƴǘƭȅ ōŜŎŀǳǎŜ ǿƛǘƘƻǳǘ ŀƎƛǘŀǝƻƴ ǘƘŜ 

Řƛǎǎƻƭǳǝƻƴ ƻŦ Ǝŀǎ ƳƻƭŜŎǳƭŜǎ ƛƴǘƻ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜ ǘƻƻƪ ƭƻƴƎŜǊ ǘƻ ōŜ ŀŎƘƛŜǾŜŘ ŀǎ ŎƻǳƭŘ 

ōŜ ŀƭǎƻ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ǇǊŜǎǎǳǊŜ ǾǎΦ ǝƳŜ ŘƛŀƎǊŀƳǎ ŀƊŜǊ ŜŀŎƘ ǘŜƳǇŜǊŀǘǳǊŜ ǎǘŜǇΦ Lƴ 

¢ŀōƭŜ рΦм ǘƘŜǎŜ ǘƘǊŜŜ ŜȄǇŜǊƛƳŜƴǘǎ ŀǊŜ ŘŜƴƻǘŜŘ ŀǎ ƘŀǾƛƴƎ ƴƻ ŀƎƛǘŀǝƻƴ όƛΦŜΦΣ ǿƛǘƘ ŀ άbƻέ 

ƛƴ ǘƘŜ ŎƻƭǳƳƴ ŜƴǝǘƭŜŘ ά!ƎƛǘŀǝƻƴέύΦ ¢ƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŜŶŎƛŜƴǘ ƳƛȄƛƴƎ Ƙŀǎ ōŜŜƴ 

ŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǘŀƛƭ ōȅ ¢ƻƘƛŘƛ Ŝǘ ŀƭΦнпрΣнпсΦ  

 !ƴ ƛƴŘƛŎŀǝǾŜ ǝƳŜπŜǾƻƭǳǝƻƴ ƻŦ ǘƘŜ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŘǳǊƛƴƎ ŀƴ 

ŜȄǇŜǊƛƳŜƴǘ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ рΦмΣ ǿƘƛŎƘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ŎŀǎŜ ƻŦ ŜȄǇŜǊƛƳŜƴǘ 

ІсΦ ¢ƘŜ ǘƻǘŀƭ ŘǳǊŀǝƻƴ ƻŦ ǘƘƛǎ ǇŀǊǝŎǳƭŀǊ ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ пол ƘƻǳǊǎΦ Lƴ 

ƎŜƴŜǊŀƭΣ ǘƘŜ ǎȅǎǘŜƳ ŜǉǳƛƭƛōǊŀǘŜǎ ŘǳǊƛƴƎ ǘƘŜ ŎƻƻƭƛƴƎ ŎȅŎƭŜ ƳǳŎƘ ŦŀǎǘŜǊ ǘƘŀƴ ŘǳǊƛƴƎ ǘƘŜ 

ƘŜŀǝƴƎ ŎȅŎƭŜΦ {Ƙƻǿƴ ŀƭǎƻ ƛƴ CƛƎǳǊŜ рΦм ŀǊŜ ǎƻƳŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎ Ǉƻƛƴǘǎ ό! ǘƻ 9ύ ƻŦ ǘƘŜ 
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ŎƻƻƭƛƴƎ ŀƴŘ ƘŜŀǝƴƎ ŎȅŎƭŜǎ ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇǊƻŎŜŘǳǊŜΦ ¢ƘŜ ǎŀƳŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎ 

Ǉƻƛƴǘǎ ŀǊŜ ŀƭǎƻ ǎƘƻǿƴ ƛƴ ǘƘŜ CƛƎǳǊŜ рΦнΦ  

Figure 5.1.: Time evolution of the pressure and temperature of experiment #6.  

Letters A to E denote some characteristic points during the cooling and heating cycles, and 

correspond to those shown in Figure 4.2. 

 
 

CƛƎǳǊŜ рΦн ǎƘƻǿǎ ǘƘŜ t ǾǎΦ ¢ ǾŀƭǳŜǎ ǘƘŀǘ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘǿƻ ǘȅǇƛŎŀƭ 

ŜȄǇŜǊƛƳŜƴǘǎΦ hƴŜ ŜȄǇŜǊƛƳŜƴǘ ƛǎ ǳǎƛƴƎ ǘƘŜ Lt{ ƳŜǘƘƻŘ όŜȄǇŜǊƛƳŜƴǘ ІсύΣ ŀƴŘ ǘƘŜ ƻǘƘŜǊ 

ǳǎƛƴƎ ǘƘŜ t5. ƳŜǘƘƻŘ όŜȄǇŜǊƛƳŜƴǘ ІфύΦ CǊƻƳ ǎǳŎƘ ŘƛŀƎǊŀƳǎΣ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ Ǉƻƛƴǘ ŦƻǊ 

ǘƘŜ /hн ǎȅǎǘŜƳ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ǘƘŜ ƛƴǘŜǊǎŜŎǝƻƴ ƻŦ ǘƘŜ ŎƻƻƭƛƴƎ ŀƴŘ ƘŜŀǝƴƎ ǘǊŀŎŜǎ 

όŘŜƴƻǘŜŘ ǿƛǘƘ Ǉƻƛƴǘ 9 ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ŜȄǇŜǊƛƳŜƴǘ ІсύΦ Lƴ ŎŀǎŜ ǘƘŜ ŎƻƻƭƛƴƎ ŀƴŘ ƘŜŀǝƴƎ 

ŎǳǊǾŜǎ Řƻ ƴƻǘ ƛƴǘŜǊǎŜŎǘ ŘƛǊŜŎǘƭȅ όŜΦƎΦΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ рΦнΦ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ Lt{ 

ƳŜǘƘƻŘΣ ŀǘ ŀ Ǉƻƛƴǘ ŎƭƻǎŜ ǘƻ 9 ƻƴ ǘƘŜ ŬƎǳǊŜΣ ǘƘŜ ƘŜŀǝƴƎ ǘǊŀŎŜ ōŜŎƻƳŜǎ ǇŀǊŀƭƭŜƭ ǘƻ ǘƘŜ 

ŎƻƻƭƛƴƎ ǘǊŀŎŜ ōŜŦƻǊŜ ƛƴǘŜǊǎŜŎǝƴƎ ƛǘύΣ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ Ǉƻƛƴǘ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ 

ƛƴǘŜǊǎŜŎǝƻƴ ƻŦ ǘƘŜ ŎƻƻƭƛƴƎ ǘǊŀŎŜ ŀƴŘ ǘƘŜ ǇǊƻƧŜŎǝƻƴ ƻŦ ǘƘŜ ƘŜŀǝƴƎ ǘǊŀŎŜ ǳǇ ǘƻ ǘƘŜ 

ƛƴǘŜǊǎŜŎǝƻƴ ƻŦ ǘƘŜ ǘǿƻ ƭƛƴŜǎΦ  ¢ƻƘƛŘƛ Ŝǘ ŀƭΦ нпрΣнпс ŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǘŀƛƭ ǘƘƛǎ ǘȅǇŜ ƻŦ 

ōŜƘŀǾƛƻǊΦ {ƛƳƛƭŀǊ ƻōǎŜǊǾŀǝƻƴǎ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀǎ ǿŜƭƭнптΦ 
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Figure 5.2.: Pressure vs. Temperature diagram showing the cooling and heating cycles for two 

characteristic experiments for the CO2 ς H2O system.  

The IPS experiment #6, and the PBD experiment #9. The dashed green line denotes the projection 

of the heating cycle and the equilibrium point for experiment #6 is denoted with letter E. 

 
 

¢ƘŜ ƻōǘŀƛƴŜŘ tς¢ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ όIҍ[²ς±ύ ŜǉǳƛƭƛōǊƛŀ ŀǊŜ 

ǇǊŜǎŜƴǘŜŘ ƛƴ ǘŀōǳƭŀǘŜŘ ŦƻǊƳ ƛƴ ¢ŀōƭŜ рΦм ŀƴŘ ŀǊŜ ŀƭǎƻ ǇƭƻǧŜŘ ƛƴ CƛƎǳǊŜ рΦоΣ ŀƭƻƴƎ ǿƛǘƘ 

ǇǊŜŘƛŎǝƻƴǎ ŦǊƻƳ /{aDŜƳмΣ ŀƴŘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀмΦ ¢ƘŜ ŎƻƳǇŀǊƛǎƻƴ ǊŜǾŜŀƭǎ 

ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ŀƴŘ 

ǇǊŜǾƛƻǳǎƭȅ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀΦ  ¢ƘŜ ŀǾŜǊŀƎŜ ŀōǎƻƭǳǘŜ ŘŜǾƛŀǝƻƴ ŦƻǊ ǘƘŜ 

ǎŜǾŜƴǘŜŜƴ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǾŀƭǳŜǎ ŦƻǊ ¢ ŀƴŘ ǘƘƻǎŜ ŎŀƭŎǳƭŀǘŜŘ 

ōȅ /{aDŜƳΣ ƛǎ 0.229=DT YΦ hƴŜ ǎƘƻǳƭŘ ƴƻǘŜ ǘƘŀǘ /{aDŜƳ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǾŜǊȅ 

ŀŎŎǳǊŀǘŜ ŦƻǊ ǇǳǊŜ Ǝŀǎ ƘȅŘǊŀǘŜǎ ǎǳŎƘ ŀǎ /hн ƻǊ /IпΦ ! ŘŜǘŀƛƭŜŘ ŘƛǎŎǳǎǎƛƻƴ ƻƴ ǘƘŜ 

ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ ŎƻƳǇǳǘŀǝƻƴŀƭ ǘƻƻƭ ƛǎ ƎƛǾŜƴ ōȅ .ŀƭƭŀǊŘ ŀƴŘ {ƭƻŀƴнпуΦ 
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Figure 5.3.: Pressure vs. Temperature at three-phase equilibrium conditions for the system CO2 

ς H2O.  

Comparison between experimental data obtained in this work (triangles) and values from 

literature 1, with calculations using CSMGem 1 (solid line).  

The green square denotes the upper quadruple point, Q2. 

 
 

.ŀǎŜŘ ƻƴ ƻǳǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ǘƘŜ ŎƭƻǎŜ ƴŜƛƎƘōƻǊƘƻƻŘ ōŜƭƻǿ ŀƴŘ 

ŀōƻǾŜ vнΣ ǿŜ Ŏŀƴ ŀƭǎƻ ǇǊƻǾƛŘŜ ŀƴ ŜǎǝƳŀǘŜ ƻŦ ǘƘŜ ƭƻŎŀǝƻƴ ƻŦ vнΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜ ƻǳǊ 

ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ōŜƭƻǿ ŀƴŘ ŀōƻǾŜ vн ŀǊŜ ŬǧŜŘ ǘƻ ǘǿƻ ƻǇǝƳǳƳ ŎǳǊǾŜǎ ŀƴŘ vн ƛǎ 

ŜǎǝƳŀǘŜŘ ŀǎ ǘƘŜ Ǉƻƛƴǘ ǿƘŜǊŜ ǘƘŜ ǘǿƻ ŎǳǊǾŜǎ ƛƴǘŜǊǎŜŎǘΦ CƻƭƭƻǿƛƴƎ ǎǳŎƘ ŀƴ ŀǇǇǊƻŀŎƘ 

ǿŜ ŜǎǝƳŀǘŜ vн ŀǘ 2.09.282 ° Y ŀƴŘ 03.057.4 °  atŀΦ ¢ŀōƭŜ рΦн ǎƘƻǿǎ ŀ ŎƻƳǇŀǊƛǎƻƴ 

ōŜǘǿŜŜƴ ǘƘŜ ǾŀǊƛƻǳǎ ǊŜǇƻǊǘŜŘ ǾŀƭǳŜǎ ƛƴ ƭƛǘŜǊŀǘǳǊŜмтоΣнпоΣнппΣнпфΣ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ƻƴŜ 

ŜǎǝƳŀǘŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΣ ŀƴŘ ŀ ǾŀƭǳŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ /{aDŜƳмΦ ¢ƘŜ ŎǳǊǊŜƴǘ 

ǾŀƭǳŜǎ ŀǊŜ ƛƴ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ŀǾŜǊŀƎŜ ǊŜǇƻǊǘŜŘ ǾŀƭǳŜǎΦ 
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¢ŀōƭŜ рΦнΦΥ wŜǇƻǊǘŜŘ ǾŀƭǳŜǎ ŦƻǊ ǘƘŜ ǳǇǇŜǊ ǉǳŀŘǊǳǇƭŜ Ǉƻƛƴǘ ƻŦ /hн Ҍ IнhΦ 

Case P (MPa) T (K) Reference 

A 4.502 283.1 Unruh and Katz243  

B 4.468 283.3 Robinson and Metha244  

C 4.650 283.1 Fan and Guo173 

D 4.480 283.27 Mooijer-van den Heuvel et al.249 

E 4.510 282.924 CSMGem 1 

F 03.057.4 °  2.09.282 °  This work 

 

рΦмΦм 9ȄǇŜǊƛƳŜƴǘǎ ǳǎƛƴƎ Iнh ǿƛǘƘ ƳŜƳƻǊȅ ŜũŜŎǘ 

Lƴ ŀƴ ŜũƻǊǘ ǘƻ ŜȄǇŜŘƛǘŜ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇǊƻŎŜǎǎΣ ŜȄǇŜǊƛƳŜƴǘǎ ІнΣ ІоΣ Ір ŀƴŘ Іт 

ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ Iнh ƘŀǾƛƴƎ άƳŜƳƻǊȅ ŜũŜŎǘέΦ bŀƳŜƭȅΣ ōȅ ǳǎƛƴƎ ǘƘŜ Iнh ǳǎŜŘ ƛƴ 

ǘƘŜ ǇǊŜǾƛƻǳǎ ŜȄǇŜǊƛƳŜƴǘΦ 9ǎǎŜƴǝŀƭƭȅΣ ǿƘŜƴ ŀƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘ ǿŀǎ 

ŎƻƳǇƭŜǘŜŘΣ ǿŜ ǿƻǳƭŘ ǇǊƻŎŜŜŘ ǘƻ ǘƘŜ ƴŜȄǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘ ǿƛǘƘƻǳǘ 

ŜƳǇǘȅƛƴƎ ǘƘŜ t±¢ ŎŜƭƭ ŦǊƻƳ ǘƘŜ ŜȄƛǎǝƴƎ Iнh ǳǎŜŘΦ LƴǎǘŜŀŘΣ ǘƘŜ ǎǘŀǊǝƴƎ ǇǊŜǎǎǳǊŜ ƻŦ ǘƘŜ 

ƴŜǿ ŜȄǇŜǊƛƳŜƴǘ ǿƻǳƭŘ ōŜ ŀŘƧǳǎǘŜŘ ōȅ ŀŘŘƛƴƎ ƻǊ ǊŜƳƻǾƛƴƎ Ǝŀǎ ŦǊƻƳ ǘƘŜ ǎȅǎǘŜƳΦ Lƴ 

ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ŘŜǎƛǊŜŘ ƛƴƛǝŀƭ ǇǊŜǎǎǳǊŜ ŦƻǊ ŜȄǇŜǊƛƳŜƴǘ Ін όƛΦŜΦΣ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ƻƴŜ ƛƴ 

ŜȄǇŜǊƛƳŜƴǘ Імύ ǿŀǎ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ ŀŘŘƛƴƎ Ǝŀǎ ǘƻ ǘƘŜ ŜǉǳƛƭƛōǊŀǘŜŘ ǎȅǎǘŜƳ ǿƘƛƭŜ ǘƘŜ 

ƻƴŜ ƛƴ ŜȄǇŜǊƛƳŜƴǘ Іо όƛΦŜΦΣ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ƻƴŜ ƛƴ ŜȄǇŜǊƛƳŜƴǘ Інύ ōȅ ǊŜƳƻǾƛƴƎ Ǝŀǎ ŦǊƻƳ 

ǘƘŜ ŘŜǾƛŎŜΦ 

¢ƘŜ ǳǎŜ ƻŦ Iнh ƘŀǾƛƴƎ άƳŜƳƻǊȅ ŜũŜŎǘέ ŘƛŘƴΩǘ ǊŜǎǳƭǘ ƛƴ ƻōǎŜǊǾƛƴƎ ŀƴȅ ŀǇǇǊŜŎƛŀōƭŜ 

ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜ ŎŀƭŎǳƭŀǝƻƴ ƻŦ ǘƘŜ tς¢ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΣ ŀǎ ŎƭŜŀǊƭȅ 

Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ CƛƎǳǊŜ рΦн ƻǊ ¢ŀōƭŜ рΦм όŜΦƎΦΣ ŎƻƳǇŀǊŜ ǘƘŜ ƻōǘŀƛƴŜŘ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ƻŦ 

ǘƘŜ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ŜȄǇŜǊƛƳŜƴǘ Ін ŀƴŘ ІпύΦ ¢ƘŜ ǳǎŜ ƻŦ ǎƛƳƛƭŀǊ ǇǊƻŎŜŘǳǊŜǎ Ƙŀǎ 

ōŜŜƴ ŀƭǎƻ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜносΣнотΣнрлΣ ǿƘŜǊŜ ǘƘŜ ŎƘŀƴƎŜ ƛƴ ǇǊŜǎǎǳǊŜ ǿŀǎ ǘƘŜ 

ǊŜǎǳƭǘ ƻŦ ŀŘŘƛƴƎ ƻǊ ǊŜƳƻǾƛƴƎ ǿŀǘŜǊ ŦǊƻƳ ǘƘŜ ǎȅǎǘŜƳΦ IƻǿŜǾŜǊΣ ƛǘ ǿŀǎ ŘŜŎƛŘŜŘ 

ǎǳōǎŜǉǳŜƴǘƭȅ ǘƻ ǇǊƻŎŜŜŘ ǿƛǘƘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎ ǳǎƛƴƎ ŦǊŜǎƘ ŘŜƛƻƴƛȊŜŘ Iнh 

ŦƻǊ ŜŀŎƘ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘΦ   

 



мно 
 

рΦн /Iп ς Iнh {ȅǎǘŜƳ 9ȄǇŜǊƛƳŜƴǘǎ 

  {ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ŎŀǎŜ ƻŦ ǇǳǊŜ /Iп ƘȅŘǊŀǘŜ ƛǎ ŎƻƴǎƛŘŜǊŜŘΦ  ¢ƘǊŜŜ ŜȄǇŜǊƛƳŜƴǘǎ 

ƘŀǾŜ ōŜŜƴ ŎƻƴŘǳŎǘŜŘΣ ǎǘŀǊǝƴƎ ŀǘ ǘƘŜ ƛƴƛǝŀƭ ǇǊŜǎǎǳǊŜǎ ƻŦ тΦм ŀƴŘ рΦп atŀ ǳǎƛƴƎ ǘƘŜ Lt{ 

ƳŜǘƘƻŘΣ ŀƴŘ ǘƘŜ ǊŜǇŜǝǝƻƴ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ǎǘŀǊǝƴƎ ŀǘ ǘƘŜ ƛƴƛǝŀƭ ǇǊŜǎǎǳǊŜ тΦм atŀ 

ǳǎƛƴƎ ǘƘŜ t.5 ƳŜǘƘƻŘΦ  

¢ƘŜ ǝƳŜ ŜǾƻƭǳǝƻƴ ƻŦ ǘƘŜ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ŀ /Iп ς Iнh 

ǎȅǎǘŜƳ ŘǳǊƛƴƎ ŜȄǇŜǊƛƳŜƴǘ όІмуύ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ рΦпΣ ǿƘƛƭŜ CƛƎǳǊŜ рΦр ǎƘƻǿǎ ǘƘŜ 

t ǾǎΦ ¢ ǾŀƭǳŜǎ ǘƘŀǘ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘǿƻ ŜȄǇŜǊƛƳŜƴǘǎΦ hƴŜ ŜȄǇŜǊƛƳŜƴǘ ƛǎ 

ǳǎƛƴƎ ǘƘŜ Lt{ ƳŜǘƘƻŘ όŜȄǇŜǊƛƳŜƴǘ ІмуύΣ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ǘƘŜ t.5 ƳŜǘƘƻŘ όŜȄǇŜǊƛƳŜƴǘ 

ІнлύΦ Lƴ ƎŜƴŜǊŀƭΣ ǿŜ ƻōǎŜǊǾŜ ǎƛƳƛƭŀǊ ōŜƘŀǾƛƻǊ ŀǎ ǇǊŜǾƛƻǳǎƭȅ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /hн ƘȅŘǊŀǘŜ 

ŜȄǇŜǊƛƳŜƴǘǎΦ   

Figure 5.4.: Time evolution of the pressure and temperature of experiment #18. 
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Figure 5.5.: Pressure vs. Temperature diagram showing the cooling and heating cycles for two 

characteristic experiments for the CH4ςH2O system.  

The IPS experiment #18, and the PBD experiment #20. 

 

 

¢ƘŜ ƻōǘŀƛƴŜŘ tς¢ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ όIҍ[²ς± ƻǊ Iҍ[²ς[Ǝύ 

ŜǉǳƛƭƛōǊƛŀ ŀǊŜ ŀƭǎƻ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘŀōǳƭŀǘŜŘ ŦƻǊƳ ƛƴ ¢ŀōƭŜ рΦм ŀƴŘ ŀǊŜ ǇƭƻǧŜŘ ƛƴ CƛƎǳǊŜ 

рΦсΣ ŀƭƻƴƎ ǿƛǘƘ ǇǊŜŘƛŎǝƻƴǎ ŦǊƻƳ /{aDŜƳмΣ ŀƴŘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀмΦ ¢ƘŜ 

ŎƻƳǇŀǊƛǎƻƴ ǊŜǾŜŀƭǎΣ ƻƴŎŜ ŀƎŀƛƴΣ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǘƘǊŜŜπǇƘŀǎŜ 

ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ǇǊŜǾƛƻǳǎƭȅ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀΦ ¢ƘŜ ŀǾŜǊŀƎŜ 

ŀōǎƻƭǳǘŜ ŘŜǾƛŀǝƻƴ ŦƻǊ ǘƘŜ ǘƘǊŜŜ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǾŀƭǳŜǎ ŦƻǊ ¢ 

ŀƴŘ ǘƘƻǎŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ /{aDŜƳΣ ƛǎ 226.0=DT  YΦ 
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Figure 5.6.: Pressure vs. Temperature at three-phase equilibrium conditions for the system CH4 

ς H2O.  

Comparison between experimental data obtained in this work (triangles) and values from 

literature1, with calculations using CSMGem1 (solid line). 

 
 

5ǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ǘƘŀǘ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ǿƛǘƘ ǘƘŜ Lt{ ƳŜǘƘƻŘΣ ŀƭƭ ƭƛǉǳƛŘ Iнh 

ǿŀǎ ǘǳǊƴŜŘ ƛƴǘƻ ƘȅŘǊŀǘŜ ƛƴ ōƻǘƘ /hн ŀƴŘ /Iп ǎȅǎǘŜƳǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ t.5 

ƳŜǘƘƻŘ ōȅ ŘŜŦŀǳƭǘ ŀƛƳǎ ǘƻ ǘƘŜ ŎƻŜȄƛǎǘŜƴŎŜ ƻŦ ŀƭƭ ǘƘǊŜŜ ǇƘŀǎŜǎ όIς[ǿς±ύ ŀƴŘ ǘƘǳǎ ǘƘŜ 

ƛƴǘŜǊŦŀŎŜ ƻŦ Iнh ς ƎǳŜǎǘ Ǝŀǎ ǿŀǎ ǘǳǊƴŜŘ ƛƴǘƻ ƘȅŘǊŀǘŜΣ ǿƘƛƭŜ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ Iнh 

ǊŜƳŀƛƴŜŘ ƭƛǉǳƛŘΦ  

 

рΦо Dŀǎ {ƻƭǳōƛƭƛǘȅ aŜŀǎǳǊŜƳŜƴǘǎ 

¢ŀōƭŜ рΦо ǎƘƻǿǎ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ /hн ŀƴŘ /Iп ŀǘ ǘƘǊŜŜπǇƘŀǎŜ 

όIҍ[²ς± ƻǊ Iҍ[²ς[Ǝύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ Dŀǎ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ 

ǊŜǇƻǊǘŜŘ ƻƴƭȅ ŦƻǊ ǘƘŜ ǎŜǊƛŜǎ ƻŦ ŜȄǇŜǊƛƳŜƴǘǎ Іс ς ІнлΣ ǿƘƛŎƘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ 

ƳƻŘƛŬŜŘ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎΦ ¢ƘŜ ƳƻŘƛŬŎŀǝƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƛƴ 

ƻǊŘŜǊ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ǾƻƭǳƳŜ ōŜǘǿŜŜƴ ±м ŀƴŘ ǘƘŜ ƘƛƎƘ ǇǊŜǎǎǳǊŜ t±¢ ŎŜƭƭΣ ŀƴŘ ǘƘǳǎ 

ǊŜŘǳŎŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ Iнh ƴƻǘ ōŜƛƴƎ ƛƴ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ όǇƭŜŀǎŜ ƴƻǘŜ ŀƭǎƻ ǘƘŀǘ 

ǘƘŜ Ŏƻƴǎǘŀƴǘ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ŀƛǊ ōŀǘƘ ǿƘŜǊŜ ǘƘŜ ǎŀƳǇƭƛƴƎ ƭƻƻǇ ƛǎ ƭƻŎŀǘŜŘΣ ŀƴŘ ǘƘŜ 

ǘŜƳǇŜǊŀǘǳǊŜ ƛƴǎƛŘŜ ǘƘŜ t±¢ ŎŜƭƭ ŀǊŜ ƛƴ ǇǊƛƴŎƛǇƭŜ ƴƻǘ ǘƘŜ ǎŀƳŜύΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ ǊŜǎǳƭǘŜŘ 



мнс 
 

ƛƴ ƘƛƎƘ ŘŜǾƛŀǝƻƴǎ όнр ς рл ҈ύ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ Ǝŀǎ ǎƻƭǳōƛƭƛǝŜǎ ŀƴŘ ǘƘƻǎŜ ŦƻǳƴŘ 

ƛƴ ƭƛǘŜǊŀǘǳǊŜтлΣнпнΣ ŀǎ ǿŜƭƭ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ /{aDŜƳмΦ tƭŜŀǎŜ ƴƻǘŜ ǘƘŀǘ ŦƻǊ ǘƘŜ ŎŀǎŜ 

ƻŦ ŜȄǇŜǊƛƳŜƴǘǎ Ім ς Ір ǘƘŜ ƳŜŀǎǳǊŜŘ tς¢ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ Ǉƻƛƴǘǎ ǿŜǊŜ ƛƴ ǾŜǊȅ 

ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǾŀƭǳŜǎ ŦƻǊƳ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƻōǎŜǊǾŜŘ 

ŘƛǎŎǊŜǇŀƴŎƛŜǎ ƛƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎƻƭǳōƛƭƛǝŜǎΣ ǿŀǎ ŀƴ ƛǎǎǳŜ ƻŦ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ 

ƅǳƛŘπŀƴŀƭȅǎƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎΦ 

¢ŀōƭŜ рΦоΦΥ 9ȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ /hн ŀƴŘ /Iп ƛƴ Iнh ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς± 

ƻǊ Iς[ǿς[Ǝύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΣ ŀƴŘ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǘƘŜ ŎŀƭŎǳƭŀǝƻƴǎ ǳǎƛƴƎ /{aDŜƳ мΦ 

E
xp

. 
N

o 

S
ys

te
m
 

M
e
th

o
d

 

P
 (
M

P
a)

 

T
 (K

) 

T C
S

M
G

e
m 

(K
) 

x 
(m

o
le

 

fr
a
ct

io
n

) 

x C
S

M
G

e
m 

(m
o

le
 

fr
a
ct

io
n

) 
D

e
v.

 (
%

) 

6**  CO2 ς H2O IPS 3.97 ± 0.02 282.0 282.159 0.0292 ± 0.0008 0.0276 5.8 

8**  CO2 ς H2O PBD 3.41 ± 0.02 281.0 281.148 0.0292 ± 0.0009 0.0257 13.6 

9**  CO2 ς H2O PBD 3.52 ± 0.02 281.0 281.351 0.0275 ± 0.0005 0.027 1.9 

10**  CO2 ς H2O PBD 2.33 ± 0.02 278.6 278.328 0.0236 ± 0.0004 0.0213 10.7 

12**  CO2 ς H2O PBD 7.47 ± 0.02 283.2 283.328 0.0296± 0.0003 0.0298 0.3 

14**  CO2 ς H2O PBD 5.74 ± 0.02 283.0 283.098 0.0293± 0.0003 0.0293 0.4 

15**  CO2 ς H2O PBD 6.88 ± 0.02 283.1 283.252 0.0310± 0.0003 0.0297 4.3 

17**  CO2 ς H2O PBD 5.96 ± 0.02 283.2 283.128 0.0272± 0.0003 0.0290 6.3 

18**  CH4 ς H2O IPS 7.04 ± 0.02 282.7 282.893 0.00197 ±  0.0002 0.00184 7.0 

19**  CH4 ς H2O IPS 5.36 ± 0.02 280.0 280.309 0.00184 ±  0.0002 0.00158 16.5 

20**  CH4 ς H2O PBD 7.07 ± 0.02 282.5 282.936 0.00194 ± 0.0002 0.00185 4.7 

ϝϝ ŘŜƴƻǘŜǎ ŜȄǇŜǊƛƳŜƴǘǎ ŎƻƴŘǳŎǘŜŘ ŀƊŜǊ ǘƘŜ ƳƻŘƛŬŎŀǝƻƴǎ ƻƴ ǘƘŜ ŘŜǾƛŎŜ ŀƴŘ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ŦǊŜǎƘ 

ŘŜƛƻƴƛȊŜŘ IнhΦ 

 

CǊƻƳ ¢ŀōƭŜ рΦо ǿŜ ƻōǎŜǊǾŜ ǘƘŀǘ ǇŜǊŎŜƴǘŀƎŜ ŘŜǾƛŀǝƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ǾŀƭǳŜǎ ŀƴŘ ǘƘƻǎŜ ŎŀƭŎǳƭŀǘŜŘ ǘƘǊƻǳƎƘ /{aDŜƳ м ǿŜǊŜ ǿƛǘƘƛƴ ǘƘŜ ǊŀƴƎŜΣ ƻŦ лΦоςмсΦр҈Φ 

¢ƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ ōƻǘƘ /Iп ŀƴŘ /hн ƛƴ ǿŀǘŜǊΣ ǳƴŘŜǊ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iҍ[²ς[Ǝύ 

ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ǿŀǎ ŦƻǳƴŘ ǘƻ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ǇǊŜǎǎǳǊŜǎ ŀƴŘ 



мнт 
 

ǘŜƳǇŜǊŀǘǳǊŜǎΦ ¢Ƙƛǎ ƛǎ ƛƴ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƻōǎŜǊǾŀǝƻƴǎрнΣроΣрсΣ 

ŀƴŘ ǘƘŜƻǊŜǝŎŀƭ ǎǘǳŘƛŜǎноуΦ ²ƘƛƭŜ ǘƘƛǎ ƛǎ ǘƘŜ ŎŀǎŜ ŦƻǊ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀΣ ǘƘŜ ǇƛŎǘǳǊŜ 

ŎƘŀƴƎŜǎ ŘǊŀǎǝŎŀƭƭȅ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ƘȅŘǊŀǘŜǎ ǳƴŘŜǊ ǘǿƻπǇƘŀǎŜ όIς[ǿύ ŜǉǳƛƭƛōǊƛŀΦ CƻǊ ǘƘŀǘ 

ǇŀǊǝŎǳƭŀǊ ŎŀǎŜΣ ǘƘŜ Ǝŀǎ ǎƻƭǳōƛƭƛǘȅ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ ǇƘŀǎŜ ŘŜŎǊŜŀǎŜǎ ŀǎ ǘƘŜ ǇǊŜǎǎǳǊŜ 

ƛƴŎǊŜŀǎŜǎ ǿƘƛƭŜ ƪŜŜǇƛƴƎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ Ŏƻƴǎǘŀƴǘ ноуΦ 

CƛƎǳǊŜǎ рΦт ŀƴŘ рΦу ǎƘƻǿ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ǿƛǘƘ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ ǳǎƛƴƎ /{aDŜƳмΣ ŀƴŘ ǘƘŜ ŎƻǊǊŜƭŀǝǾŜ ƳƻŘŜƭǎ ƻŦ 

5ǳŀƴ Ŝǘ ŀƭΦΣтл ŦƻǊ /hнΣ ŀƴŘ 5ǳŀƴ ŀƴŘ aŀƻ нпн ŦƻǊ /IпΦ tƭŜŀǎŜ ƴƻǘŜ ǘƘŀǘ /{aDŜƳ ƛǎ 

ƻǇǝƳƛȊŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŎŀƭŎǳƭŀǘŜ ŀŎŎǳǊŀǘŜƭȅ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ tς¢ ŎƻƴŘƛǝƻƴǎΣ 

ǿƛǘƘƻǳǘ ǘŀƪƛƴƎ ƛƴǘƻ ŘƛǊŜŎǘ ŀŎŎƻǳƴǘ ǘƘŜ Ǝŀǎ ǎƻƭǳōƛƭƛǝŜǎΦ  

 

 

Figure 5.7.: Solubility of CO2 in H2O under three-phase (HςLwςV or HςLwςLCO2) equilibrium 

conditions, as a function of pressure.  

Comparison of experimental measurements with calculated values. The solid black line denotes 

calculations with CSMGem1, while the solid green line calculations with the correlative model of 

Duan et al.70. The two dashed green lines denote deviation by 7%° from the calculations with 

the correlative model of Duan et al. 70. The red triangles denote the measurements of the current 

study. The blue circles denote the experimental measurements of Servio and Englezos52, the green 

squares denote the extrapolation of the experimental measurements of Zhang et al.56, and the 

yellow circles denote the extrapolation of the experimental measurements of Someya et al. 55. 
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hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ǘǿƻ ŎƻǊǊŜƭŀǝǾŜ ƳƻŘŜƭǎтлΣнпн ŀǊŜ 

ƻǇǝƳƛȊŜŘ ǳǎƛƴƎ ǎƻƭǳōƛƭƛǘȅ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ ŀǘ ǘƘǊŜŜπǇƘŀǎŜ 

ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ /ƻƳǇŀǊƛǎƻƴ ƛǎ ŀƭǎƻ ƳŀŘŜ ǿƛǘƘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ {ŜǊǾƛƻ ŀƴŘ 9ƴƎƭŜȊƻǎ рн ǊŜǇƻǊǘŜŘ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ǳƴŘŜǊ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς±ύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ǇǳǊŜ /hн ƘȅŘǊŀǘŜΣ ǿƘƛƭŜ {ŜǊǾƛƻ 

ŀƴŘ 9ƴƎƭŜȊƻǎро ǊŜǇƻǊǘŜŘ ŦƻǊ ǇǳǊŜ /Iп ƘȅŘǊŀǘŜΦ  

Figure 5.8.: Solubility of CH4 in H2O under three-phase (HςLwςV) equilibrium conditions, as a 

function of temperature.  

Comparison of experimental measurements with calculated values. The solid black line denotes 

calculations with CSMGem1, while the solid green line calculations with the correlative model of 

Duan and Mao 242. The red triangles denote the measurements of the current study. The blue 

circles denote the experimental measurements of Servio and Englezos 53, and the yellow squares 

denote the extrapolation of the experimental measurements of Lu et al.61. 

 
 

5ǳŜ ǘƻ ǘƘŜ ƭƛƳƛǘŜŘ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜ ǎƘƻǿ 

ŀƭǎƻ ƛƴ CƛƎǳǊŜǎ рΦт ŀƴŘ рΦу ǘƘŜ ŜȄǘǊŀǇƻƭŀǘŜŘ ǾŀƭǳŜǎΣ ŀǘ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iς[ǿς

[Ǝύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ŜȄǇŜǊƛƳŜƴǘŀƭ ǘǿƻπǇƘŀǎŜ όIς[ǿύ 

ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ǿŜ ǳǎŜ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Iς[ǿ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ½ƘŀƴƎ Ŝǘ ŀƭΦрсΣ ŀƴŘ {ƻƳŜȅŀ Ŝǘ ŀƭΦрр ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǇǳǊŜ /hн ƘȅŘǊŀǘŜΣ 

ŀƴŘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Iς[ǿ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ [ǳ Ŝǘ ŀƭΦсм ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǇǳǊŜ /Iп 

ƘȅŘǊŀǘŜ ƛƴ ƻǊŘŜǊ ǘƻ ƻōǘŀƛƴ ǘƘŜ ǇǊƻƧŜŎǘŜŘ ǎƻƭǳōƛƭƛǝŜǎ ŀǘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ 



мнф 
 

ŎƻƴŘƛǝƻƴǎΦ DƻƻŘ ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ƳŜŀǎǳǊŜŘ ŀƴŘ ƭƛǘŜǊŀǘǳǊŜπǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƻǊ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ ƛǎ ƻōǎŜǊǾŜŘ ŦƻǊ ōƻǘƘ ǘƘŜ ŎŀǎŜ ƻŦ /hн όCƛƎǳǊŜ рΦтύ ŀƴŘ ǘƘŜ ŎŀǎŜ ƻŦ 

/Iп ǎƻƭǳōƛƭǝŜǎ όCƛƎǳǊŜ рΦуύΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ŘŜǾƛŀǝƻƴ ŦƻǊ ǘƘŜ ǎƻƭǳōƛƭƛǝŜǎ 

ƻŦ /hн ƛǎ ƛƴ ǘƘŜ ǊŀƴƎŜ лΦо ς моΦс҈Σ ǿƘƛƭŜ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ŘŜǾƛŀǝƻƴ ŦƻǊ ǘƘŜ ǎƻƭǳōƛƭƛǝŜǎ 

ƻŦ /Iп ƛǎ ƛƴ ǘƘŜ ǊŀƴƎŜ пΦт ς мсΦр҈Φ tƭŜŀǎŜ ŀƭǎƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ /Iп ŀǊŜ 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ ƻƴŜ ƻǊŘŜǊ ƻŦ ƳŀƎƴƛǘǳŘŜ ƭƻǿŜǊ ǘƘŀƴ ǘƘƻǎŜ ƻŦ /hнΦ 

рΦп /ƻƴŎƭǳǎƛƻƴǎ 

Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǘƘŜǎƛǎ ŀƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ǿƛǘƘ ŀƴ ƻǇŜǊŀǝƻƴŀƭ 

ǇǊŜǎǎǳǊŜ ǊŀƴƎŜ ǳǇ ǘƻ нл atŀ ǿŀǎ ŘŜǎƛƎƴŜŘ ŀƴŘ ŎƻƴǎǘǊǳŎǘŜŘ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ǘƘǊŜŜπ

ǇƘŀǎŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ƻŦ ǇǳǊŜ Ǝŀǎ ŀƴŘ Ǝŀǎ ƳƛȄǘǳǊŜΦ ¢ƘŜ ŀǇǇŀǊŀǘǳǎ ǿŀǎ 

ǾŀƭƛŘŀǘŜŘ ōȅ ǇŜǊŦƻǊƳƛƴƎ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ ŦƻǊ ǘǿƻ 

ǎȅǎǘŜƳǎ ƻŦ ǇǳǊŜ Ǝŀǎ ƘȅŘǊŀǘŜǎ όƛΦŜΦΣ /hнςIнh ŀƴŘ /IпςIнhύΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ǘǿƻ 

ŘƛũŜǊŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜǘƘƻŘǎ ŀǊŜ ǳǝƭƛȊŜŘΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ƛǎƻŎƘƻǊƛŎ ǇǊŜǎǎǳǊŜ 

ǎŜŀǊŎƘ ƳŜǘƘƻŘ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ŦƻǊ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǎŜǾŜƴΣ ǘƘǊŜŜπǇƘŀǎŜ 

ŜǉǳƛƭƛōǊƛǳƳ tς¢ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ ŬǊǎǘ ǎȅǎǘŜƳΣ ǿƘƛƭŜ ǘǿƻ ŦƻǊ ǘƘŜ ǎŜŎƻƴŘ ǎȅǎǘŜƳΦ 

!ƭǘŜǊƴŀǝǾŜƭȅΣ ǘƘŜ ǇƘŀǎŜ ōƻǳƴŘŀǊȅ ŘƛǎǎƻŎƛŀǝƻƴ ƳŜǘƘƻŘ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ŦƻǊ ǘƘŜ 

ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŦƻǳǊΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ tς¢ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ ŬǊǎǘ ǎȅǎǘŜƳΣ ǿƘƛƭŜ 

ƻƴŜ ŦƻǊ ǘƘŜ ǎŜŎƻƴŘ ǎȅǎǘŜƳΦ Lƴ ǘƻǘŀƭΣ ǘǿŜƴǘȅ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘ 

ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ tς¢ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ǘǿƻ ǎȅǎǘŜƳǎ ƻŦ ǇǳǊŜ Ǝŀǎ 

ƘȅŘǊŀǘŜǎ ŜȄŀƳƛƴŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΦ ¢ƘŜ ƻōǘŀƛƴŜŘ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ŎƻƳǇŀǊŜŘ 

ŀƎŀƛƴǎǘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ǾŜǊȅ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ƛǎ 

ŦƻǳƴŘ ŦƻǊ ōƻǘƘ ǎȅǎǘŜƳǎ ŜȄŀƳƛƴŜŘΦ 

Lƴ ŀŘŘƛǝƻƴ ƻŦ ǾŀƭƛŘŀǝƴƎ ǘƘŜ ŀǇǇŀǊŀǘǳǎ ǿŜ ŀƭǎƻ ǊŜǇƻǊǘŜŘ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ 

ǇǊŜǎǎǳǊŜκǘŜƳǇŜǊŀǘǳǊŜ ŀǊŜŀǎ ǿƘŜǊŜ ƎŀǇǎ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŜȄƛǎǘŜŘΦ  
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с ¢ǿƻπ ŀƴŘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ /Iп Ҍ /hн Ҍ Iнh ƳƛȄǘǳǊŜ 

сΦм ¢ƘǊŜŜ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ƳŜŀǎǳǊŜƳŜƴǘǎ 

! ǎŜǊƛŜǎ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ Ƙŀǎ ōŜŜƴ ǇŜǊŦƻǊƳŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƳŜŀǎǳǊŜ 

ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǇǊŜǎǎǳǊŜ ŎƻƴŘƛǝƻƴǎ ƻŦ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŦƻǊ ǘƘŜ 

ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ ƻŦ ƛƴǘŜǊŜǎǘΦ  ¢ŀōƭŜ сΦм ǎƘƻǿǎ ŎƻƭƭŜŎǝǾŜƭȅ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ƻōǘŀƛƴŜŘ ƛƴ ǘƘƛǎ ǿƻǊƪΦ {Ƙƻǿƴ ŀƭǎƻ ƛƴ ǘƘŜ ¢ŀōƭŜ ŀǊŜ ǘƘŜ ƛƴƛǝŀƭ 

ŎƻƳǇƻǎƛǝƻƴǎΣ ȊΣ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜ ǘƘŀǘ ŀǊŜ ƛƴǘǊƻŘǳŎŜŘ ƛƴ ǘƘŜ ƘƛƎƘπǇǊŜǎǎǳǊŜ ŜǉǳƛƭƛōǊƛǳƳ 

ŎŜƭƭΦ IƻǿŜǾŜǊΣ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŘƛũŜǊŜƴǘ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ ǘƘŜ ǘǿƻ ƎŀǎŜǎ ŀǘ ǘƘŜ ŘƛũŜǊŜƴǘ 

ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴŘƛǝƻƴǎ ŜȄŀƳƛƴŜŘΣ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƳǇƻǎƛǝƻƴǎΣ ȅ ƻŦ ǘƘŜ 

ǾŀǇƻǊ ƳƛȄǘǳǊŜ ŀǊŜ ƴƻǘ ǘƘŜ ǎŀƳŜΦ  

¢ŀōƭŜ сΦмΦΥ 9ȄǇŜǊƛƳŜƴǘŀƭ tς¢ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ Řŀǘŀ ŦƻǊ ǘƘŜ /Iп Ҍ /hн Ҍ Iнh ǎȅǎǘŜƳ ŀƴŘ ŎƻƳǇŀǊƛǎƻƴ 

ǿƛǘƘ ǘƘŜ ŎŀƭŎǳƭŀǝƻƴǎ ǳǎƛƴƎ /{aDŜƳ мΦ  ώ Σ ώ  ŘŜƴƻǘŜ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ό҈ ƳƻƭŜύ ƻŦ ƳŜǘƘŀƴŜ ŀƴŘ 

ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ƛƴ ǘƘŜ Ǝŀǎ ǇƘŀǎŜ ǊŜǎǇŜŎǝǾŜƭȅΣ ᾀ Σ ŘŜƴƻǘŜǎ ǘƘŜ ƛƴƛǝŀƭ ŦŜŜŘ ŎƻƴŎŜƴǘǊŀǝƻƴ όƳƻƭŜ ŦǊŀŎǝƻƴύ 

ƻŦ ƳŜǘƘŀƴŜΦ tΣ ¢ ŀǊŜ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅ ƳŜŀǎǳǊŜŘ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ 

ŎƻƴŘƛǝƻƴǎΦ ¢ ώ/{aDŜƳϐ ƛǎ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ǳǎƛƴƎ /{aDŜƳмΣ ŀƴŘ ɲ¢ 

Ґ¢ώ/{aDŜƳϐ ς ¢Φ 

 

# Exp. 
# 

Method zCH4 

Feed 
(mole 

fraction) 

P 
(MPa) 

T 
(K) 

yCH4 

(% 
mole) 

yCO2 
(% 

mole) 

T (K) 
[CSMGem] 

 

ɲT 
(K) 

1 12 IPS* 0.7190 8.60 285.6 76.14 23.86 286.2 0.6 
2 13 IPS* 0.7383 12.55 289.2 75.08 24.92 289.0 -0.2 
3 1 IPS 0.7449 4.01 278.7 79.00 21.00 279.6 0.9 
4 4 IPS 0.7449 3.60 277.7 79.96 20.04 278.6 0.9 
5 10 IPS* 0.7410 9.18 286.2 79.62 20.38 286.6 0.4 
6 11 IPS* 0.7372 5.21 281.5 78.82 21.18 282.0 0.5 
7 5 IPS* 0.7449 3.46 277.3 83.24 16.76 277.9 0.6 
8 6 IPS* 0.7449 3.53 277.4 83.46 16.54 278.1 0.7 
9 7 IPS* 0.7449 2.96 275.7 83.96 16.04 276.4 0.7 

10 8 IPS* 0.7449 2.74 274.6 84.34 15.66 275.6 1.0 
11 9 IPS* 0.7449 2.63 274.3 85.96 14.04 275.1 0.8 
12 14 IPS* 0.7423 4.61 279.7 86.42 13.58 280.3 0.6 
13 15 IPS* 0.7506 3.27 276.4 86.05 13.95 277.1 0.7 
14 2 PBD 0.7449 3.92 277.6 89.33 10.67 278.5 0.9 
15 3 PBD 0.7449 3.65 276.6 90.21 9.79 277.7 1.1 

 

ϝ ¢ƘŜǎŜ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ŀ ƎǊŜŀǘŜǊ ŀƳƻǳƴǘ ƻŦ ǿŀǘŜǊ ǘƘŀƴ ǘƘŜ ǳǎǳŀƭ ŘǳǊƛƴƎ Lt{ 

ŜȄǇŜǊƛƳŜƴǘǎΦ  

Lt{Υ ƛǎƻŎƘƻǊƛŎ ǇǊŜǎǎǳǊŜ ǎŜŀǊŎƘΤ t.5Υ ǇƘŀǎŜ ōƻǳƴŘŀǊȅ ŘƛǎǎƻŎƛŀǝƻƴΦ 

{ǘŀƴŘŀǊŘ ǳƴŎŜǊǘŀƛƴǝŜǎ ǳ ŀǊŜ ǳό¢ύҐлΦм YΣ ǳόtύҐлΦлн atŀΣ ǳόȅύҐлΦллр ƳƻƭŜΦ 



мом 
 

²ƘƛƭŜ ŀƭƭ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ƘŀǾŜ ŀ ǳƴƛǉǳŜ Ǝŀǎ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ǾŀǇƻǊ ǇƘŀǎŜ ŀǘ 

ŜǉǳƛƭƛōǊƛǳƳΣ ǿŜ Ŏŀƴ ƎǊƻǳǇ ǘƘŜƳ ƛƴ ŦƻǳǊ ŘƛũŜǊŜƴǘ ƎǊƻǳǇǎ ŦƻǊ ŎƻƳǇŀǊƛǎƻƴ ǇǳǊǇƻǎŜǎΦ Lƴ 

ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǳǊ ƎǊƻǳǇǎΣ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƳǇƻǎƛǝƻƴ ƻŦ /Iп ƛƴ 

ǘƘŜ ǾŀǇƻǊ ǇƘŀǎŜΣ Ŏŀƴ ōŜ ƛŘŜƴǝŬŜŘΥ тс҈Σ тф҈Σ ур҈Σ ŀƴŘ фл҈Φ CƛƎǳǊŜ сΦм ǎƘƻǿǎ ŀ 

ŎƻƳǇŀǊƛǎƻƴ ƻŦ ŀƭƭ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƘŀǘ ǿŜǊŜ ƻōǘŀƛƴŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ 

ǎǘǳŘȅ ǿƛǘƘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎŀƭŎǳƭŀǝƻƴǎ ǳǎƛƴƎ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǎƛƳǳƭŀǘƻǊ 

/{aDŜƳ мΦ Lƴ ƻǊŘŜǊ ǘƻ Ǉƭƻǘ ǘƘŜ /{aDŜƳπŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ ƻƴ ǘƘŜ ŬƎǳǊŜ ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ 

ǘƻ ǳǎŜ ǘƘŜ ŀǾŜǊŀƎŜ ǾŀǇƻǊ ŎƻƳǇƻǎƛǝƻƴ ǾŀƭǳŜǎ ƳŜƴǝƻƴŜŘ ŜŀǊƭƛŜǊΦ IƻǿŜǾŜǊΣ ƛƴ ǘƘŜ 

ŎƻƳǇŀǊƛǎƻƴ ǘƘŀǘ ƛǎ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ сΦмΣ ǿŜ ƘŀǾŜ ǳǎŜŘ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ǾŀǇƻǊ 

ŎƻƳǇƻǎƛǝƻƴ ƻŦ ŜŀŎƘ ǇŀǊǝŎǳƭŀǊ ŜȄǇŜǊƛƳŜƴǘΦ  

Figure 6.1.:  Pressure vs. Temperature at three-phase equilibrium conditions for the system CH4 + CO2 

+ H2O. 

Comparison between experimental data obtained in this work (denoted with circles) with calculations 

using CSMGem 1 (shown with dashed lines). Circles and lines of the same color correspond to same 

vapor mixture composition. The two solid lines denote calculations using CSMGem 1 for the cases of 

pure CH4 or CO2 hydrates.  The uncertainty in compositional analysis has been measured to ± 0.5 % 
mole. 

 

 

CƛƎǳǊŜ сΦн ǎƘƻǿǎ ŀŘŘƛǝƻƴŀƭ ŎƻƳǇŀǊƛǎƻƴǎ ǿƛǘƘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ссΣнотΦ 9ŀŎƘ ƻƴŜ ƻŦ ǘƘŜ ǎǳōǇƭƻǘǎ ǎƘƻǿǎ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ŦƻǊ 

ƻƴŜ ƻŦ ǘƘŜ ŜȄŀƳƛƴŜŘ ǾŀǇƻǊ ŎƻƳǇƻǎƛǝƻƴǎΦ ²Ŝ ƻōǎŜǊǾŜ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ŀƭƭ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎΦ  



мон 
 

Figure 6.2.: Pressure vs. Temperature at three-phase equilibrium conditions for the system CH4 + CO2 

+ H2O.  
Comparison between experimental data obtained in this work (denoted with red triangles) and 
experimental values reported in literature (solid squares Bruusgaard et al. 66, empty squares Belandria 

et al. 237), with calculations using CSMGem1 (shown with dashed lines). Four different vapor 

compositions for CH4 are considered: (a) 76%, (b) 79%, (c) 85%, and (d) 90%. 
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!ǘ ǘƘŜ ŜƴŘ ƻŦ ŜŀŎƘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘΣ ǎŀƳǇƭŜǎ ŀǊŜ ƻōǘŀƛƴŜŘ 

ŦǊƻƳ ōƻǘƘ ǘƘŜ ǾŀǇƻǊ ŀƴŘ ƭƛǉǳƛŘ ǇƘŀǎŜǎ ŦƻǊ ŎƻƳǇƻǎƛǝƻƴŀƭ ŀƴŀƭȅǎƛǎΦ  
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сΦн ¢ǿƻπ ŀƴŘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ 

ǘƘŜ ǘŜǊƴŀǊȅ /Iп Ҍ /hн Ҍ Iнh ƳƛȄǘǳǊŜ 

сΦнΦм ¢ƘǊŜŜ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ʆƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜ ŀǘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ 

/Iп Ҍ /hн Ҍ Iнh ƳƛȄǘǳǊŜ ƛǎ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ сΦнΦ  

¢ŀōƭŜ сΦнΦΥ 9ȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ /Iп Ҍ /hн ƛƴ IнhΣ ǳƴŘŜǊ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς
±ύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ όŘŜƴƻǘŜŘ ŀǎ о ǇƘŀǎŜύ ƻǊ ǘǿƻπǇƘŀǎŜ ό[ǿς±ύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ όŘŜƴƻǘŜŘ ŀǎ н 
ǇƘŀǎŜύΦ ώ  ŘŜƴƻǘŜǎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ƳŜǘƘŀƴŜ ƛƴ ǘƘŜ Ǝŀǎ ǇƘŀǎŜΣ ǿƘƛƭŜ ὼ  ŀƴŘ ὼ ŘŜƴƻǘŜ ǘƘŜ 

ƳƻƭŜ ŦǊŀŎǝƻƴ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ƳŜǘƘŀƴŜ ƛƴ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜ ǊŜǎǇŜŎǝǾŜƭȅΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ǳƴŎŜǊǘŀƛƴǘȅ 
ŦƻǊ ƳŜŀǎǳǊŜŘ ǎƻƭǳōƛƭƛǝŜǎ ƛǎ ƎƛǾŜƴ ƛƴ ǇŀǊŜƴǘƘŜǎƛǎΣ ŦƻǊ ŜȄŀƳǇƭŜ лΦлммсόнύ ƛǎ лΦлммсҕлΦлллнΦ   

# Experiment Sample 
Equilibrium(*) 

T (K) P (MPa) yCH4  
(% mole) 

xCO2 

(mole 
fraction) 

xCH4 

(mole 
fraction) 

1 13 3 Phase 289.2 12.55 75.08 0.0116(2) 0.0013(3) 

2 13 2 Phase 289.7 12.11 75.44 0.0109(3) 0.0016(3) 

3 13 2 Phase 290.4 11.77 75.48 0.0118(4) 0.0022(5) 

4 12 2 Phase 286.0 8.15 75.99 0.0108(2) 0.0016(2) 

5 12 2 Phase 285.9 8.32 76.00 0.0108(1) 0.0016(3) 

6 12 3 Phase 285.6 8.60 76.14 0.0125(7) 0.0023(6) 

7 11 2 Phase 281.5 5.10 78.50 0.0080(4) 0.0010(1) 

8 11 3 Phase 281.5 5.21 78.82 0.0095(5) 0.0018(3) 

9 10 2 Phase 286.2 8.98 78.98 0.0076(2) 0.0023(0) 

10 1 3 Phase 278.7 4.01 79.00 0.0085(4) 0.0014(4) 

11 1 2 Phase 278.7 3.90 79.51 0.0083(5) 0.0014(2) 

12 1 2 Phase 278.7 3.82 - 0.0083(5) 0.0014(2) 

13 10 3 Phase 286.2 9.18 79.62 0.0095(2) 0.0017(1) 

14 4 2 Phase 277.7 3.34 79.92 0.0084(6) 0.0013(3) 

15 4 3 Phase 277.7 3.60 79.96 0.0085(5) 0.0012(4) 

16 5 2 Phase 277.3 3.22 83.07 0.0066(3) 0.0014(1) 

17 5 3 Phase 277.3 3.46 83.24 0.0075(5) 0.0019(3) 

18 6 2 Phase 277.4 3.35 83.37 0.0067(4) 0.0012(1) 

19 6 3 Phase 277.4 3.53 83.46 0.0075(5) 0.0018(3) 

20 7 2 Phase 275.7 2.85 83.90 0.0067(4) 0.0008(1) 

21 8 2 Phase 274.6 2.47 83.90 0.0066(4) 0.0019(1) 

22 7 3 Phase 275.7 2.96 83.96 0.0072(3) 0.0011(1) 

23 8 3 Phase 274.6 2.74 84.34 0.0071(3) 0.0010(1) 

24 14 2 Phase 279.7 4.39 85.12 0.0067(3) 0.0016(1) 

25 9 3 Phase 274.3 2.63 85.96 0.0071(3) 0.0020(1) 

26 9 2 Phase 274.3 2.56 86.02 0.0066(4) 0.0012(1) 

27 15 3 Phase 276.4 3.27 86.05 0.0070(3) 0.0011(1) 

28 15 2 Phase 276.4 3.13 86.12 0.0067(3) 0.0018(1) 

29 14 3 phase 279.7 4.61 86.42 0.0073(3) 0.0016(3) 

30 2 2 Phase 277.6 3.66 89.25 0.0046(2) 0.0014(1) 

31 2 3 Phase 277.6 3.92 89.33 0.0050(2) 0.0013(2) 

32 3 2 Phase 276.6 3.15 89.72 0.0042(2) 0.0013(1) 

33 3 3 Phase 276.6 3.65 90.21 0.0049(2) 0.0017(3) 

όϝύ άо tƘŀǎŜέ ŘŜƴƻǘŜǎ ǎŀƳǇƭŜǎ ƻōǘŀƛƴŜŘ ŀǘ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ άн tƘŀǎŜέ ŘŜƴƻǘŜǎ ǎǳōǎŜǉǳŜƴǘ ǎŀƳǇƭŜǎ ŦƻǊ ŜŀŎƘ 

ŜȄǇŜǊƛƳŜƴǘΣ ƻōǘŀƛƴŜŘ ŀǘ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ ǇǊŜǎǎǳǊŜǎ όƛΦŜΦΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘǿƻπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎύΦ   

{ǘŀƴŘŀǊŘ ǳƴŎŜǊǘŀƛƴǝŜǎ ǳ ŀǊŜ ǳό¢ύҐлΦм YΣ ǳόtύҐлΦлн atŀΣ ǳόȅύҐлΦллр ƳƻƭŜΦ 



моп 
 

¢ƘŜ ǇŀǊǝŎǳƭŀǊ ƛƴƛǝŀƭ Ǝŀǎ ǎƻƭǳōƛƭƛǝŜǎ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ ǇƘŀǎŜΣ ǿƘƛŎƘ ŀǊŜ ƳŜŀǎǳǊŜŘ 

ŘǳǊƛƴƎ ŜŀŎƘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊǳƴΣ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ 

CǳǊǘƘŜǊƳƻǊŜΣ ŦƻǊ ŜŀŎƘ ŜȄǇŜǊƛƳŜƴǘŀƭ Ǌǳƴ ŀŘŘƛǝƻƴŀƭ ǾŀǇƻǊ ŀƴŘ ƭƛǉǳƛŘ ǎŀƳǇƭŜǎ ŀǊŜ 

ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ƘƛƎƘπǇǊŜǎǎǳǊŜ ŎŜƭƭ ŦƻǊ ŀŘŘƛǝƻƴŀƭ ŎƻƳǇƻǎƛǝƻƴŀƭ ŀƴŀƭȅǎƛǎΦ IƻǿŜǾŜǊΣ ŀǎ 

ƭƛǉǳƛŘ ǎŀƳǇƭŜ ƛǎ ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ ƘƛƎƘπǇǊŜǎǎǳǊŜ ŎŜƭƭΣ ǘƘŜ ǇǊŜǎǎǳǊŜ ŘǊƻǇǎ ōŜƭƻǿ ǘƘŜ 

ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ǎǳōǎŜǉǳŜƴǘ ǎŀƳǇƭŜǎ ŎƻǊǊŜǎǇƻƴŘ ǘƻ 

ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ŀǊŜ ŀǘ ǘǿƻπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΣ ǿƘƛŎƘ ŀǊŜ ƘƻǿŜǾŜǊ ǾŜǊȅ ŎƭƻǎŜ 

ǘƻ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ŀŘŘƛǝƻƴŀƭ ǎŀƳǇƭŜǎ ŀǊŜ ŀƭǎƻ 

ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ сΦн ŀƴŘ ŘŜƴƻǘŜŘ ŀǎ ǘǿƻπǇƘŀǎŜ ǎŀƳǇƭŜǎΦ CƛƎǳǊŜ сΦо ǎƘƻǿǎ ǘƘŜ 

ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ /hн ǎƻƭǳōƛƭƛǘȅ ƛƴ Iнh 

ǿƛǘƘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ссΣнотΣ ŀǎ ǿŜƭƭ ŀǎ ǾŀƭǳŜǎ 

ŎŀƭŎǳƭŀǘŜŘ ǿƛǘƘ /{aDŜƳ мΦ  
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Figure 6.3.: CO2 Solubility vs. Pressure for the system CH4 + CO2 + H2O.  
Comparison between experimental data obtained in this work (red solid triangles denote 
measurements at three-phase equilibrium conditions, while red empty triangles denote the 
subsequent measurements at two-phase equilibrium conditions; experimental measurements shown 
in Table 3) and three-phase equilibrium experimental values reported in literature (solid squares 

Bruusgaard et al. 66, empty squares Belandria et al. 237), with calculations using CSMGem1 (shown with 

dashed black lines). The red solid lines show the linear fits to the two-phase VLE experiments at P, T 
conditions near hydrate formation (experimental measurements shown in Table 5.2). Four different 
vapor compositions for CH4 are considered: (a) 76%, (b) 79%, (c) 85%, and (d) 90%. 
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CƛƎǳǊŜ сΦп ǎƘƻǿǎ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ Řŀǘŀ ŦƻǊ /IпΦ 9ŀŎƘ ƻƴŜ ƻŦ ǘƘŜ ŦƻǳǊ ǎǳōǇƭƻǘǎ 

ǎƘƻǿǎ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ŦƻǊ ƻƴŜ ƻŦ ǘƘŜ ŜȄŀƳƛƴŜŘ ǾŀǇƻǊ ŎƻƳǇƻǎƛǝƻƴǎΦ ²Ŝ ƻōǎŜǊǾŜ ƎƻƻŘ 

ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ŀƭƭ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎΦ 
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Figure 6.4.: CH4 Solubility vs. Pressure for the system CH4 + CO2 + H2O.  
Comparison between experimental data obtained in this work (red solid triangles denote 
measurements at three-phase equilibrium conditions, while red empty triangles denote the 
subsequent measurements at two-phase equilibrium conditions; experimental measurements shown 
in Table 3) and three-phase equilibrium experimental values reported in literature (solid squares 

Bruusgaard et al. 66, empty squares Belandria et al. 237), with calculations using CSMGem 1 (shown with 

dashed black lines). The red solid lines show the linear fits to the two-phase VLE experiments at P, T 
conditions near hydrate formation (experimental measurements shown in Table 4). Four different 
vapor compositions for CH4 are considered: (a) 76%, (b) 79%, (c) 85%, and (d) 90%. 
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сΦнΦн ¢ǿƻπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛŀ ƳŜŀǎǳǊŜƳŜƴǘǎ 

Lƴ ǘƘŜ ǇǊŜǾƛƻǳǎ {ŜŎǝƻƴ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ 

ŜŀŎƘ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘΦ ! ǎŜǊƛŜǎ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ Ƙŀǎ 

ŀƭǎƻ ōŜŜƴ ǇŜǊŦƻǊƳŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜ ǎƻƭǳōƛƭƛǘȅ ŀǘ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ 

ǇǊŜǎǎǳǊŜ ŎƻƴŘƛǝƻƴǎ ŀǘ ǘǿƻπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΣ ǿƛǘƘƻǳǘ ŀƴȅ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ 

ƛƴǾƻƭǾŜŘΦ IƻǿŜǾŜǊΣ ŎŀǊŜ ƛǎ ǘŀƪŜƴ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ŎƻƴŘƛǝƻƴǎ ŀǊŜ ŎƭƻǎŜ ǘƻ ǘƘŜ 

ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜΦ  5ŜǘŀƛƭŜŘ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ǇǊŜǎǎǳǊŜΣ ǘŜƳǇŜǊŀǘǳǊŜΣ ǾŀǇƻǊ 

ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƳŜŀǎǳǊŜŘ ǎƻƭǳōƛƭƛǝŜǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ сΦоΦ  

  



моу 
 

¢ŀōƭŜ сΦоΦΥ 9ȄǇŜǊƛƳŜƴǘŀƭ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ /Iп Ҍ /hн Ҍ Iнh ǎȅǎǘŜƳ ŀǘ ǇǊŜǎǎǳǊŜ ŀƴŘ 

ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴŘƛǝƻƴǎ ƴŜŀǊ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς±ύ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜΦ  

9ȄǇŜǊƛƳŜƴǘŀƭ ǳƴŎŜǊǘŀƛƴǘȅ ƛǎ ƎƛǾŜƴ ƛƴ ǇŀǊŜƴǘƘŜǎƛǎΣ ŦƻǊ ŜȄŀƳǇƭŜ лΦлммтόнύ ƛǎ лΦлммсҕлΦлллнΦ tŜȄǇ ŘŜƴƻǘŜǎ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ƭƛǉǳƛŘ ǎŀƳǇƭŜ ŜȄǇŀƴǎƛƻƴ ǘƻ ǘƘŜ ǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭΣ ǿƘƛƭŜ t/hн D/ [ƛǉ 

ŀƴŘ t/Iп D/ [ƛǉ ŘŜƴƻǘŜ ǘƘŜ ǊŜǎǳƭǘǎ ƛƴ ǇŀǊǝŀƭ ǇǊŜǎǎǳǊŜ ŦƻǊƳ ŦǊƻƳ D/ ŀƴŀƭȅǎƛǎΦ ώ  ŘŜƴƻǘŜǎ ǘƘŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ƳŜǘƘŀƴŜ ƛƴ ǘƘŜ Ǝŀǎ ǇƘŀǎŜΣ ǿƘƛƭŜ ὼ  ŀƴŘ ὼ ŘŜƴƻǘŜ ǘƘŜ ƳƻƭŜ ŦǊŀŎǝƻƴ ƻŦ ŎŀǊōƻƴ 

ŘƛƻȄƛŘŜ ŀƴŘ ƳŜǘƘŀƴŜ ƛƴ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜ όǎƻƭǳōƛƭƛǝŜǎύ ǊŜǎǇŜŎǝǾŜƭȅΦ   

 

# 
P 

(MPa) T  (K) 

yCH4  

(% mole) 

Expansion Cell 

xCO2 VLE Exp. 
(mole fraction) 

xCH4 VLE Exp. 
(mole fraction) 

Pexp  
(MPa) 

PCO2 GC Liq 
(MPa) 

PCH4 GC Liq 
(MPa) 

1 8.56 287.3 74.66 0.0664 0.04753 0.00730 0.0117(2) 0.0019(0) 

2 8.21 286.5 75.51 0.0643 0.04694 0.00719 - 0.0019(0) 

3 12.15 288.8 75.78 0.0650 0.04567 0.00911 0.0100(5) 0.0013(1) 

4 11.16 288.2 75.96 0.0735 0.05245 0.00886 0.0115(2) 0.0020(0) 

5 11.64 288.6 76.49 0.0739 0.05246 0.00915 0.0103(5) 0.0014(1) 

6 3.15 277.5 76.57 0.0428 0.03155 0.00424 0.0114(3) 0.0017(0) 

7 3.32 278.0 76.78 0.0430 0.03067 0.00390 0.0105(3) 0.0016(0) 

8 5.04 281.7 78.62 0.0482 0.03397 0.00609 0.0088(3) 0.0016(1) 

9 8.74 286.3 78.93 0.0382 0.04468 0.01312 0.0099(2) 0.0029(1) 

10 5.28 282.0 79.01 0.0493 0.03463 0.00662 0.0078(2) 0.0015(0) 

11 10.22 288.3 79.19 0.0670 0.04359 0.01292 0.0094(2) 0.0028(1) 

12 6.48 284.9 79.86 0.0506 0.03532 0.00637 0.0078(2) 0.0014(0) 

13 6.84 284.7 79.96 0.0532 0.03588 0.00711 0.0081(2) 0.0016(0) 

14 11.98 288.9 80.23 0.0530 0.03276 0.01065 0.0083(2) 0.0020(1) 

15 11.24 288.4 80.67 0.0590 0.03919 0.00939 - 0.0022(1) 

16 8.07 285.6 83.45 0.0501 0.03208 0.00905 0.0068(2) 0.0019(1) 

17 11.97 288.4 83.70 0.0594 0.03880 0.01187 0.0067(4) 0.0015(1) 

18 11.38 288.3 83.70 0.0575 0.03751 0.01050 0.0062(3) 0.0014(1) 

19 4.85 280.8 84.09 0.0440 0.03013 0.00700 0.0075(3) 0.0017(1) 

20 12.46 288.4 84.11 0.0588 0.03757 0.01128 0.0075(2) 0.0023(1) 

21 12.04 288.4 84.16 0.0592 0.03771 0.01099 0.0079(2) 0.0023(1) 

22 12.47 288.5 84.62 0.0575 0.03588 0.01126 0.0078(2) 0.0023(1) 

23 3.22 276.9 84.70 0.0359 0.02438 0.00545 0.0079(2) 0.0024(1) 

24 4.25 279.6 85.58 0.0377 0.02490 0.00553 0.0078(3) 0.0021(1) 

25 11.14 287.4 88.59 0.0442 0.02425 0.01181 0.0048(2) 0.0023(1) 

26 3.33 277.3 88.73 0.0297 0.01793 0.00554 0.0044(3) 0.0013(1) 

27 3.84 278.3 89.02 0.0312 0.01874 0.00615 0.0046(2) 0.0014(1) 

28 9.60 286.3 89.22 0.0404 0.02179 0.01021 0.0044(2) 0.0020(1) 

29 3.97 278.1 89.22 0.0321 0.01974 0.00619 0.0046(2) 0.0014(1) 

30 10.11 286.4 89.56 0.0398 0.02096 0.01048 0.0042(1) 0.0021(1) 

31 9.02 286.1 89.58 0.0400 0.02166 0.01011 0.0044(2) 0.0020(1) 

{ǘŀƴŘŀǊŘ ǳƴŎŜǊǘŀƛƴǝŜǎ ǳ ŀǊŜ ǳό¢ύҐлΦм YΣ ǳόtύҐлΦлн atŀ όŀǘ ƘƛƎƘ ǇǊŜǎǎǳǊŜ ŎŜƭƭύΣ ǳόtŜȄǇύҐлΦллн atŀ όŀǘ ŜȄǇŀƴǎƛƻƴ ŎŜƭƭύΣ 

ǳόȅύҐлΦллр ƳƻƭŜΦ 

 

CƛƎǳǊŜǎ сΦр ŀƴŘ сΦс ǎƘƻǿ ǘƘŜ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ /hн ŀƴŘ /Iп ƛƴ IнhΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ǳƴŘŜǊ 

ǘǿƻπǇƘŀǎŜ ό± ς [ǿύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΣ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǇǊŜǎǎǳǊŜ ŀƴŘ ǾŀǇƻǊ 

ŎƻƳǇƻǎƛǝƻƴΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǳǊ ƎǊƻǳǇǎ ƘŀǾŜ ōŜŜƴ ƛŘŜƴǝŬŜŘΥ тс҈Σ тф҈Σ ур҈Σ ŀƴŘ фл҈Σ 



моф 
 

ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƳǇƻǎƛǝƻƴ ƻŦ /Iп ƛƴ ǘƘŜ ǾŀǇƻǊ ǇƘŀǎŜΦ !ƭǎƻ ǎƘƻǿƴ ƛƴ ǘƘŜ ǘǿƻ 

ŬƎǳǊŜǎ ŀǊŜ ƭƛƴŜŀǊ Ŭǘǎ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀΦ 

 

Figure 6.5.: Solubility of CO2 in H2O under two-phase (V ς Lw) equilibrium conditions, as a function of 

pressure and vapor composition of the ternary CH4 + CO2 + H2O system.  

The dashed lines show the linear fits to the two-phase VLE experiments. Error bars are of the same 

size of symbols. The black solid line denotes the solubility of pure CO2 in H2O, as calculated with the 

model of Duan et al.70 at the same P, T of the current experiments. 

 
 

 

Figure 6.6.: Solubility of CH4 in H2O under two-phase (V ς Lw) equilibrium conditions, as a function of 
pressure and vapor composition of the ternary CH4 + CO2 + H2O system. The dashed lines show the 
linear fits to the two-phase VLE experiments. The black solid line denotes the solubility of pure CH4 in 
H2O, as calculated with the model of Duan and Mao242 at the same P, T of the current experiments. 

 
 

 

 



мпл 
 

сΦо /ƻƴŎƭǳǎƛƻƴǎ 

Lƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ ǘƘŜ ƛǎƻŎƘƻǊƛŎ ǇǊŜǎǎǳǊŜ ǎŜŀǊŎƘ όLt{ύ ƳŜǘƘƻŘ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ 

ƻǊŘŜǊ ǘƻ ƳŜŀǎǳǊŜ ǘƘƛǊǘŜŜƴΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ t ς ¢ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ 

/hн Ҍ /Iп Ҍ IнhΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ǇƘŀǎŜ ōƻǳƴŘŀǊȅ ŘƛǎǎƻŎƛŀǝƻƴ όt.5ύ ƳŜǘƘƻŘ ǿŀǎ 

ƛƳǇƭŜƳŜƴǘŜŘ ŦƻǊ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘǿƻΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ t ς ¢ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ 

ǎŀƳŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳΦ 9ũƻǊǘ ǿŀǎ ƳŀŘŜ ƛƴ ƻǊŘŜǊ ǘƻ ǇŜǊŦƻǊƳ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ǳƴŘŜǊ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ƴƻ ƻǘƘŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ 

ƭƛǘŜǊŀǘǳǊŜΦ ¢ƘŜ ƻōǘŀƛƴŜŘ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ 

ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ ǿƛǘƘ ǘƘŜ 

ŎƻƳƳŜǊŎƛŀƭ ǎƛƳǳƭŀǘƻǊ /{aDŜƳ ŀƴŘ ǾŜǊȅ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿŀǎ ŦƻǳƴŘ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ 

ǎȅǎǘŜƳ ŜȄŀƳƛƴŜŘΦ  

¢ƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ŀƭǎƻ ǊŜǇƻǊǘǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ Ǝŀǎ ǎƻƭǳōƛƭƛǝŜǎ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ 

ǇƘŀǎŜ ŘǳǊƛƴƎ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iҍ[ǿς[Ǝύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ DƻƻŘ 

ŀƎǊŜŜƳŜƴǘΣ ōŜǘǿŜŜƴ ƳŜŀǎǳǊŜŘ ŀƴŘ ƭƛǘŜǊŀǘǳǊŜπǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƻǊ ŎŀƭŎǳƭŀǘŜŘ 

ǾŀƭǳŜǎΣ ƛǎ ƻōǎŜǊǾŜŘ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /Iп ǎƻƭǳōƛƭƛǝŜǎΣ ǿƘƛƭŜ ǊŜŀǎƻƴŀōƭŜ ŀƎǊŜŜƳŜƴǘ ƛǎ ŦƻǳƴŘ 

ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /hнΦ 

CƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ /hн Ҍ /Iп Ҍ Iнh ǊŜŀǎƻƴŀōƭŜ ŀƎǊŜŜƳŜƴǘ 

ōŜǘǿŜŜƴ ƳŜŀǎǳǊŜŘ ŀƴŘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƻǊ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎΣ ǿŀǎ ƻōǎŜǊǾŜŘΦ 

!ŘŘƛǝƻƴŀƭ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŀƭǎƻ ǇŜǊŦƻǊƳŜŘ ŀǘ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ŀǊŜ ŎƭƻǎŜ ǘƻ 

ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜΦ 



мпм 
 

т {ƻƭǳōƛƭƛǝŜǎ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ /Iп Ҍ /hн Ҍ Iнh ǎȅǎǘŜƳ ǳƴŘŜǊ ǘǿƻ 

ǇƘŀǎŜ ό±ŀǇƻǊς[ƛǉǳƛŘύ ŜǉǳƛƭƛōǊƛǳƳ ǿƘŜǊŜ ƘȅŘǊŀǘŜǎ ŀǊŜ ƴƻǘ 

ŦƻǊƳƛƴƎ 

тΦм !ƴŀƭȅǎƛǎ ƻŦ [ƛǘŜǊŀǘǳǊŜ 9ȄǇŜǊƛƳŜƴǘŀƭ 5ŀǘŀ 

¢ƘŜ Ƴŀƛƴ ƻōƧŜŎǝǾŜ ƻŦ ǘƘƛǎ ŎƘŀǇǘŜǊ ǿŀǎ ǘƻ ǇǊƻǾƛŘŜ ŀŘŘƛǝƻƴŀƭ ƛƴǎƛƎƘǘ ƛƴǘƻ ǘƘŜ 

ŀǉǳŜƻǳǎ ǎƻƭǳōƛƭƛǘȅ ōŜƘŀǾƛƻǊ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ ƳŜǘƘŀƴŜ ς ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ς ǿŀǘŜǊ ōȅ 

ŎƻƳōƛƴƛƴƎ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ ŎƻƳǇǳǘŀǝƻƴŀƭ ŀǇǇǊƻŀŎƘŜǎ ŀǘ ŎƻƴŘƛǝƻƴǎ ǿƘŜǊŜ ƘȅŘǊŀǘŜǎ 

ŀǊŜ ƴƻǘ ŦƻǊƳƛƴƎΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜΥ όƛύ ƛƴƛǝŀƭƭȅΣ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ 

ǊŜŜǾŀƭǳŀǘŜŘΣ όƛƛύ ǎǳōǎŜǉǳŜƴǘƭȅΣ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ǿŀǎ ǊŜǇƻǊǘŜŘΣ ŀƴŘ όƛƛƛύ ŬƴŀƭƭȅΣ ǘƘŜ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎ ǿŜǊŜ ǳǝƭƛȊŜŘ ŀƴŘ ŎƻƳǇŀǊŜŘ 

ǿƛǘƘ ƴƻǾŜƭ a5 ǎƛƳǳƭŀǝƻƴǎ ǿƛǘƘ ǘƘŜ ǇǳǊǇƻǎŜ ǘƻ ŦǳǊǘƘŜǊ ŜȄǘŜƴŘ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ 

ǘƘŜ a5πŎŀƭŎǳƭŀǘŜŘ ǎƻƭǳōƛƭƛǝŜǎ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǘ ŀŘŘƛǝƻƴŀƭ ǇǊŜǎǎǳǊŜ 

ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴŘƛǝƻƴǎΦ 

Lƴ ƻǊŘŜǊ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ ƳŜǘƘŀƴŜ ŀƴŘ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ƛƴ ǘƘŜ ƭƛǉǳƛŘ 

ŀǉǳŜƻǳǎ ǇƘŀǎŜ ƛƴ ǘƘŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ ǿƛǘƘ ǘƘŀǘ ƛƴ ǘƘŜ ōƛƴŀǊȅ ǎȅǎǘŜƳΣ vƛƴ Ŝǘ ŀƭΦтп ŘŜŬƴŜŘ 

ŀƴ ŀǇǇŀǊŜƴǘ IŜƴǊȅΩǎ ƭŀǿ ŎƻƴǎǘŀƴǘΣ IϝΣ ŀǎ ŦƻƭƭƻǿǎΥ 

Ὄᶻ ὖώ ὼϳ  (1) 
 

ǿƘŜǊŜ ǘƘŜ ǎǳōǎŎǊƛǇǘ ƛ ŘŜƴƻǘŜǎ ƳŜǘƘŀƴŜ ƻǊ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΣ ȅ ŘŜƴƻǘŜǎ ǘƘŜ ƳƻƭŜ 

ŦǊŀŎǝƻƴ ƛƴ ǘƘŜ ǾŀǇƻǊ ǇƘŀǎŜΣ ŀƴŘ Ȅ ŘŜƴƻǘŜǎ ǘƘŜ Ǝŀǎ ǎƻƭǳōƛƭƛǘȅ ƛƴ ǘƘŜ ƭƛǉǳƛŘ ŀǉǳŜƻǳǎ ǇƘŀǎŜ 

όƳƻƭŜ ŦǊŀŎǝƻƴύΦ ¢Ƙƛǎ ŀǇǇŀǊŜƴǘ Ŏƻƴǎǘŀƴǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŀ Ǝŀǎ ōŜǘǿŜŜƴ ǘƘŜ 

ǾŀǇƻǊ ǇƘŀǎŜ ŀƴŘ ƭƛǉǳƛŘ ǇƘŀǎŜΦ !ŎŎƻǊŘƛƴƎ ǘƻ vƛƴ Ŝǘ ŀƭΦΣ ŀ ƭŀǊƎŜǊ ŀǇǇŀǊŜƴǘ IŜƴǊȅΩǎ ƭŀǿ 

Ŏƻƴǎǘŀƴǘ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎƳŀƭƭŜǊ ǎƻƭǳōƛƭƛǘȅ ƻŦ ǘƘŜ Ǝŀǎ ƛƴ ǘƘŜ ƭƛǉǳƛŘΦ {ǳōǎŜǉǳŜƴǘƭȅΣ vƛƴ Ŝǘ ŀƭΦ 

ǇǊƻŎŜŜŘŜŘ ǘƻ ǇƭƻǩƴƎ ǘƘŜ ŀǇǇŀǊŜƴǘ IŜƴǊȅΩǎ ƭŀǿ Ŏƻƴǎǘŀƴǘǎ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ ǊŀǝƻΥ  

ὲ ὲ ὲϳ  (2) 
 

ǿƘŜǊŜ ƴ ŘŜƴƻǘŜǎ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ƳƻƭŜǎ ƛƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŎŜƭƭΦ ¢ƘŜȅ 

ƻōǎŜǊǾŜŘ ǘƘŀǘ ŀƴ ƛƴŎǊŜŀǎŜ ƻŦ ǘƘŜ Ǌŀǝƻ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ǘƻ ƳŜǘƘŀƴŜ ƛƴ ǘƘŜ ǎȅǎǘŜƳ ǊŜǎǳƭǘǎ 



мпн 
 

ƛƴ ŀƴ ŀǇǇǊŜŎƛŀōƭŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ IŜƴǊȅΩǎ ƭŀǿ Ŏƻƴǎǘŀƴǘ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ 

ƘƛƎƘŜǊ ǘƘŜ ƳŜǘƘŀƴŜ ŀƳƻǳƴǘ ƛǎ ƛƴ ǘƘŜ ǎȅǎǘŜƳΣ ǘƘŜ ƭƻǿŜǊ ǘƘŜ IŜƴǊȅΩǎ ƭŀǿ Ŏƻƴǎǘŀƴǘ ƛǎΦ 

9ǎǎŜƴǝŀƭƭȅΣ ŀǎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƳŜǘƘŀƴŜ ƛƴŎǊŜŀǎŜǎΣ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ōŜŎƻƳŜǎ ƳƻǊŜ ǎƻƭǳōƭŜ 

ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ ǇƘŀǎŜΦ {ƛƳƛƭŀǊƭȅΣ ŀƴ ƛƴŎǊŜŀǎŜ ƻŦ ǘƘŜ Ǌŀǝƻ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ǘƻ ƳŜǘƘŀƴŜ ƛƴ 

ǘƘŜ ǎȅǎǘŜƳ ǊŜǎǳƭǘǎ ƛƴ ŀ ǎǳōǎǘŀƴǝŀƭ ŘŜŎǊŜŀǎŜ ƛƴ ǘƘŜ IŜƴǊȅΩǎ ƭŀǿ Ŏƻƴǎǘŀƴǘ ƻŦ ƳŜǘƘŀƴŜΦ 

CƻƭƭƻǿƛƴƎ ŀ ǎƛƳƛƭŀǊ ǇŀǧŜǊƴΣ ŀǎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ƛƴŎǊŜŀǎŜǎΣ ƳŜǘƘŀƴŜ 

ōŜŎƻƳŜǎ ƳƻǊŜ ǎƻƭǳōƭŜ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ ǇƘŀǎŜΦ 

! ǎƛƳƛƭŀǊ ŀǇǇǊƻŀŎƘ ǿŀǎ ŦƻƭƭƻǿŜŘ ōȅ !ƭ DƘŀŦǊƛ Ŝǘ ŀƭΦтн ƛƴ ƻǊŘŜǊ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜƛǊ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ǇŀǊǝŎǳƭŀǊ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ ŎƻƴǎƛŘŜǊƛƴƎ ŀƴ 

ŜǉǳƛƳƻƭŀǊ Ǝŀǎ ƳƛȄǘǳǊŜΦ ¢ƘŜ ŀǳǘƘƻǊǎ ǇƭƻǧŜŘΣ ƘƻǿŜǾŜǊΣ ǘƘŜ ŀǇǇŀǊŜƴǘ IŜƴǊȅΩǎ ƭŀǿ 

Ŏƻƴǎǘŀƴǘ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ Ǝŀǎ ǇƘŀǎŜ ƳƻƭŜ ŦǊŀŎǝƻƴǎΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜȅ 

ƻōǎŜǊǾŜŘ ǘƘŀǘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŜƴƘŀƴŎŜǎ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ ƳŜǘƘŀƴŜΣ 

ƘƻǿŜǾŜǊΣ ǘƘŜ ŜũŜŎǘ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ άǉǳƛǘŜ ǎƳŀƭƭέΦ 

aƛŎƘŀƭƛǎ Ŝǘ ŀƭΦнр ǳǎŜŘ a5 ǎƛƳǳƭŀǝƻƴ ƛƴ ƻǊŘŜǊ ǘƻ ŎŀƭŎǳƭŀǘŜ Ǝŀǎ ǎƻƭǳōƛƭƛǝŜǎ ƛƴ ǘƘŜ 

ŀǉǳŜƻǳǎ ǇƘŀǎŜΦ {ǇŜŎƛŬŎŀƭƭȅΣ ǘƘŜȅ ǊŜǇƻǊǘŜŘ ǘƘŜ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ 

ƳŜǘƘŀƴŜ ǎƻƭǳōƛƭƛǝŜǎ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ ǇƘŀǎŜ ƻƴ ƳŜǘƘŀƴŜ ƳƻƭŜ ŦǊŀŎǝƻƴ ƛƴ ǘƘŜ ƎŀǎπǊƛŎƘ 

ǇƘŀǎŜ όƳŜǘƘŀƴŜ ς ŎŀǊōƻƴ ŘƛƻȄƛŘŜύΦ CǊƻƳ ǘƘŜ ǇŀǊǝŎǳƭŀǊ Ǉƭƻǘ ƛǘ ōŜŎƻƳŜǎ ŜǾƛŘŜƴǘ ǘƘŀǘ ǘƘŜ 

ǎƻƭǳōƛƭƛǘȅ ƻŦ ŜŀŎƘ Ǝŀǎ ƛƴ ǿŀǘŜǊ ŘŜŎǊŜŀǎŜǎ ōȅ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ǘƘŜ ƻǘƘŜǊ ƎŀǎΦ aƻǊŜ 

ǎǇŜŎƛŬŎŀƭƭȅΣ ǘƘŜ ƳƻƭŜ ŦǊŀŎǝƻƴ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ƛƴ ǿŀǘŜǊ ŦƻǊ ŀ ǘŜǊƴŀǊȅ ƳŜǘƘŀƴŜ ς ŎŀǊōƻƴ 

ŘƛƻȄƛŘŜ ς ǿŀǘŜǊ ǎȅǎǘŜƳ Ŏŀƴ ǾŀǊȅ ōŜǘǿŜŜƴ л ŀƴŘ лΦлнлпΦ ¢ƘŜ ŦƻǊƳŜǊ ǾŀƭǳŜ ŎƻǊǊŜǎǇƻƴŘǎ 

ǘƻ ǘƘŜ ŎŀǎŜ ƻŦ ƳŜǘƘŀƴŜ ς ǿŀǘŜǊ ǎȅǎǘŜƳΣ ǿƘƛƭŜ ǘƘŜ ƭŀǧŜǊ ǘƻ ǘƘŜ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ς ǿŀǘŜǊ 

ǎȅǎǘŜƳ όƛΦŜΦΣ ŎŀǎŜǎ ƻŦ ōƛƴŀǊȅ ƳƛȄǘǳǊŜǎύΦ  {ƛƳƛƭŀǊƭȅΣ ŦƻǊ ƳŜǘƘŀƴŜ ƳƻƭŜ ŦǊŀŎǝƻƴ ǘƘŜ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǊŀƴƎŜ ƛǎ л ς лΦллмпΦ ¢Ƙƛǎ ƛǎ ŀ ŎƻƴŎƭǳǎƛƻƴ ƛƴ ŘƛǎŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ Ƴŀƛƴ 

ŎƻƴŎƭǳǎƛƻƴ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ōȅ vƛƴ Ŝǘ ŀƭΦ тпΣ ŀƴŘ !ƭ DƘŀŦǊƛ Ŝǘ ŀƭΦ тнΦ  

¢ƻ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŜ ǘƘŜ ƛǎǎǳŜΣ ǿŜ ǳǎŜŘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦǊƻƳ 

ŘƛũŜǊŜƴǘ ǎǘǳŘƛŜǎ ŀƴŘ ǇƭƻǧŜŘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƛƴ ŀ ǎƛƳƛƭŀǊ ƳƻŘŜ ŀǎ ǘƘŜ Ǉƭƻǘ ƎƛǾŜƴ 

ƛƴ aƛŎƘŀƭƛǎ Ŝǘ ŀƭΦ нрΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǿŜ ǳǎŜŘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŦǊƻƳ 5ƘƛƳŀ Ŝǘ ŀƭΦто ŦƻǊ 

ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ оппΦнр Y ŀƴŘ ŦǊƻƳ vƛƴ Ŝǘ ŀƭΦтп ŦƻǊ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜǎ онпΦр ŀƴŘ отрΦр YΦ 

CƛƎǳǊŜ тΦм ǎƘƻǿǎ ǘƘŜ ǊŜǎǳƭǝƴƎ Ǉƭƻǘǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ǎƻƭǳōƛƭƛǝŜǎΦ CǊƻƳ 

CƛƎǳǊŜ тΦмΣ ǿŜ Ŏŀƴ ǊŜŀŎƘ ŀ ŎƻƴŎƭǳǎƛƻƴ ǘƘŀǘ ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ƻƴŜ ǊŜǇƻǊǘŜŘ ōȅ aƛŎƘŀƭƛǎ Ŝǘ 



мпо 
 

ŀƭΦ нр όƛΦŜΦΣ ǘƘŀǘ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ ŜŀŎƘ Ǝŀǎ ŘŜŎǊŜŀǎŜǎ ōȅ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ǘƘŜ ƻǘƘŜǊ ƎŀǎύΦ ! 

ǎƛƳƛƭŀǊ ŎƻƴŎƭǳǎƛƻƴ ƛǎ ŀƭǎƻ ǊŜŀŎƘŜŘ ƛŦ ǘƘŜ ŀǉǳŜƻǳǎ ƳŜǘƘŀƴŜ ǎƻƭǳōƛƭƛǝŜǎ ŀǊŜ ǳǎŜŘΦ 

Figure 7.1.: Experimental carbon dioxide solubility in the aqueous phase for the ternary system methane ς carbon dioxide ς water 
plotted as a function of the methane mole fraction in the gas phase and for three temperatures: (a) 324.50 K74 , (b) 344.25 K 73, and 
(c) 375.50 K 74.  

Solid lines are guides to the eye only. 

 

 

тΦн bŜǿ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘǎ 

9ȄǇŜǊƛƳŜƴǘǎ ŦƻǊ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ŀǘ млл ōŀǊΣ оноΦмр Y 

ŀƴŘ ǾŀǊƛƻǳǎ ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜΦ ¢ƘŜ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ ǘƘŜ ǇǳǊŜ ƎŀǎŜǎ ƛƴ ǘƘŜ 

ŀǉǳŜƻǳǎ ǇƘŀǎŜ ƘŀǾŜ ōŜŜƴ ŀƭǎƻ ƳŜŀǎǳǊŜŘ ŀƴŘ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜǎ тΦм ŀƴŘ тΦн ŦƻǊ 

ǘƘŜ ŎŀǎŜǎ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ƳŜǘƘŀƴŜΣ ǊŜǎǇŜŎǝǾŜƭȅΦ  

¢ŀōƭŜ тΦмΦΥ  9ȄǇŜǊƛƳŜƴǘŀƭ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǇǳǊŜ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΦ  

¢ƘŜ ǘŜǊƳ άϪ 9ȄǇ /Ŝƭƭέ ŘŜƴƻǘŜǎ ŎŀƭŎǳƭŀǝƻƴǎ ŀǘ ǘƘŜ 9ȄǇŀƴǎƛƻƴ /Ŝƭƭ όǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭύΦ {ǳōǎŎǊƛǇǘ άƎέ 

ŘŜƴƻǘŜǎ ƎŀǎΣ ǿƘƛƭŜ άƭέ ŘŜƴƻǘŜǎ ƭƛǉǳƛŘΦ ¢ƘŜ ǎǘŀǝǎǝŎŀƭ ǳƴŎŜǊǘŀƛƴǘȅ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎƻƭǳōƛƭƛǝŜǎ ƛǎ ǎƘƻǿƴ ƛƴ 

ǘƘŜ ǇŀǊŜƴǘƘŜǎƛǎΦ {ǘŀƴŘŀǊŘ ǳƴŎŜǊǘŀƛƴǝŜǎ ǳ ŀǊŜ ǳό¢ύҐлΦм ƻ/Σ ǳόtύҐлΦлн atŀ όŀǘ ƘƛƎƘ ǇǊŜǎǎǳǊŜ ŎŜƭƭύΣ 

ǳόtŜȄǇύҐлΦллн atŀ όŀǘ ŜȄǇŀƴǎƛƻƴ ŎŜƭƭύΣ ǳόȅύҐлΦллр ƳƻƭŜΦ 

 

# P abs 
(bar) 

T @ 
Exp. 
Cell 

(K) 

Tg 

(oC) 

Tl 

(oC) 

Tl 

(K) 

P @  

Exp. 
Cell 

(bar) 

x CO2 @ 
Exp. Cell70 

(mol. frac.) 

x CO2 Liq.  

This Work 

(mol. frac.) 

x CO2 Liq. 
literature70 

(mol. frac.) 

1a 100.10 307.65 48.3 49.8 322.95 1.172 0.000542 0.02136 (42) 0.02043 

1b 99.94 307.65 48.2 49.8 322.95 1.116 0.000515 0.02019 (40) 0.02043 

1c 100.10 307.65 48.3 49.7 322.85 1.133 0.000523 0.02052 (41) 0.02045 

1d 100.08 307.65 48.3 49.9 323.00 1.118 0.000516 0.02022 (40) 0.02042 

1e 99.95 307.65 48.3 49.8 322.95 1.176 0.000544 0.02146 (42) 0.02042 

          

Aver. 100.15 307.67 48.3 49.8 322.94 1.149 0.000530 0.02086 (41) 0.02044 
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¢ŀōƭŜ тΦнΦΥ 9ȄǇŜǊƛƳŜƴǘŀƭ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǇǳǊŜ ƳŜǘƘŀƴŜΦ  

¢ƘŜ ǘŜǊƳ άϪ 9ȄǇ /Ŝƭƭέ ŘŜƴƻǘŜǎ ŎŀƭŎǳƭŀǝƻƴǎ ŀǘ ǘƘŜ 9ȄǇŀƴǎƛƻƴ /Ŝƭƭ όǇǊŜǎǎǳǊŜ ǊŜƭƛŜŦ ŎŜƭƭύΦ {ǳōǎŎǊƛǇǘ άƎέ 

ŘŜƴƻǘŜǎ ƎŀǎΣ ǿƘƛƭŜ άƭέ ŘŜƴƻǘŜǎ ƭƛǉǳƛŘΦ ¢ƘŜ ǎǘŀǝǎǝŎŀƭ ǳƴŎŜǊǘŀƛƴǘȅ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎƻƭǳōƛƭƛǝŜǎ ƛǎ ǎƘƻǿƴ ƛƴ 

ǘƘŜ ǇŀǊŜƴǘƘŜǎƛǎΦ {ǘŀƴŘŀǊŘ ǳƴŎŜǊǘŀƛƴǝŜǎ ǳ ŀǊŜ ǳό¢ύҐлΦм ƻ/Σ ǳόtύҐлΦлн atŀ όŀǘ ƘƛƎƘ ǇǊŜǎǎǳǊŜ ŎŜƭƭύΣ 

ǳόtŜȄǇύҐлΦллн atŀ όŀǘ ŜȄǇŀƴǎƛƻƴ ŎŜƭƭύΣ ǳόȅύҐлΦллр ƳƻƭŜΦ  

# P abs 
(bar) 

T @  

Exp. 
Cell 

(K) 

Tg 

(oC) 

Tl 

(oC) 

Tl 

(K) 

P @  

Exp.  
Cell 

(bar) 

x CH4 @ 
Exp. Cell249 

(mol. frac.) 

x CH4 Liq. 

This Work 

(mol. frac.) 

x CH4 Liq. 
literature242 
(mol. frac.) 

9a 100.19 307.65 47 49.8 322.95 0.144 0.000003 0.00152 
(18) 

0.001443 

9b 100.17 307.75 47 49.8 322.95 0.145 0.000003 0.00153 
(18) 

0.001442 

9c 100.35 307.35 47 49.9 323.05 0.145 0.000003 0.00155 
(18) 

0.001443 

9d 100.06 307.75 47 50 323.15 0.139 0.000003 0.00143 
(18) 

0.001439 

9e 100.31 307.75 47 49.9 323.05 0.140 0.000003 0.00144 
(18) 

0.001443 

          

Aver. 100.2 307.7 47.0 49.9 323.0 0.143 0.000003 0.00149 
(18) 

0.001442 

  

¢ƘŜ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘǎ ŦƻǊ ǘƘŜ ŀǉǳŜƻǳǎ ǎƻƭǳōƛƭƛǝŜǎ ƻŦ ǘƘŜ ǇǳǊŜ ƎŀǎŜǎ ŘŜǾƛŀǘŜ ōȅ 

ƻƴƭȅ нΦу҈ ŀƴŘ оΦс҈ ŦƻǊ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ƳŜǘƘŀƴŜ ǊŜǎǇŜŎǝǾŜƭȅ ŦǊƻƳ ǘƘŜ ǾŀƭǳŜǎ 

ŎŀƭŎǳƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ŎƻǊǊŜƭŀǝǾŜ ƳƻŘŜƭǎ ƻŦ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ōȅ 5ǳŀƴ Ŝǘ ŀƭΦтлΣ 

ŀƴŘ {ǳƴ ŀƴŘ 5ǳŀƴнпф ŦƻǊ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ƳŜǘƘŀƴŜΣ ǊŜǎǇŜŎǝǾŜƭȅΦ CǳǊǘƘŜǊƳƻǊŜΣ ¢ŀōƭŜ 

тΦо ǇǊŜǎŜƴǘǎ ŘŜǘŀƛƭǎ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜŘ ǾŀƭǳŜǎ ŦƻǊ ŀƭƭ ŎŀǎŜǎ ƻŦ Ǝŀǎ ƳƛȄǘǳǊŜǎ ŎƻƴǎƛŘŜǊŜŘΦ !ƭǎƻ 

ƎƛǾŜƴ ŀǊŜ ǘƘŜ ǎǘŀǝǎǝŎŀƭ ǳƴŎŜǊǘŀƛƴǝŜǎ ŦƻǊ ǘƘŜ ƳŜŀǎǳǊŜŘ ŀǉǳŜƻǳǎ ǎƻƭǳōƛƭƛǝŜǎΦ 
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¢ŀōƭŜ тΦоΦΥ 9ȄǇŜǊƛƳŜƴǘŀƭ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǾŀǊƛƻǳǎ Ǝŀǎ ƳƛȄǘǳǊŜǎ όƳŜǘƘŀƴŜ ς ŎŀǊōƻƴ ŘƛƻȄƛŘŜύΦ  

{ǳōǎŎǊƛǇǘ άƎέ ŘŜƴƻǘŜǎ ƎŀǎΣ ǿƘƛƭŜ άƭέ ŘŜƴƻǘŜǎ ƭƛǉǳƛŘΦ ¢ƘŜ ǎǘŀǝǎǝŎŀƭ ǳƴŎŜǊǘŀƛƴǘȅ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎƻƭǳōƛƭƛǝŜǎ 

ƛǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ǇŀǊŜƴǘƘŜǎƛǎΦ {ǘŀƴŘŀǊŘ ǳƴŎŜǊǘŀƛƴǝŜǎ ǳ ŀǊŜ ǳό¢ύҐлΦм ƻ/Σ ǳόtύҐлΦлн atŀ όŀǘ ƘƛƎƘ ǇǊŜǎǎǳǊŜ 

ŎŜƭƭύΣ ǳόtŜȄǇύҐлΦллн atŀ όŀǘ ŜȄǇŀƴǎƛƻƴ ŎŜƭƭύΣ ǳόȅύҐлΦллр ƳƻƭŜΦ  

 

CƛƎǳǊŜ тΦн ǎƘƻǿǎ ǘƘŜ ǊŜǎǳƭǘǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ŎǳǊǊŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ ŦƻǊ ǘƘŜ 

ǎƻƭǳōƛƭƛǝŜǎ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ƳŜǘƘŀƴŜ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ ǇƘŀǎŜΣ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ 

ƳŜǘƘŀƴŜ ŎƻƳǇƻǎƛǝƻƴ ƛƴ ǘƘŜ Ǝŀǎ ǇƘŀǎŜ ŀǘ млл ōŀǊΣ оноΦмр YΦ  

# P abs 
(bar) 

Tg 

(oC) 

Tl 

(oC) 

P @ 
Exp cell 

(bar) 

P CO2 
GC Liq 

(bar) 

P CH4 
GC Liq 
(bar) 

y CH4 GC 
gas phase 

(mol. frac.) 

x CO2 Liq.  

This work 

(mol. frac.) 

x CH4 Liq. 

This work 

(mol. frac.) 

2a 100.39 47.5 50.05 1.012 0.8434 0.0073 0.0738 0.01824 (28) 0.000154 (2) 

2b 100.21 47.5 50.15 1.019 0.9071 0.0091 0.1121 0.01845 (28) 0.000180 (3) 

2c 99.75 47.5 50.05 0.982 0.8789 0.0098 0.1126 0.01750 (27) 0.000190 (3) 

2d 100.10 47.5 50.00 1.062 0.9314 0.0104 0.0937 0.01901 (28) 0.000207 (3) 

                   

3a 99.90 47.5 50.30 0.891 0.7872 0.0187 0.2310 0.01590 (27) 0.000368 (7) 

3b 100.41 47.5 50.60 0.908 0.7965 0.0192 0.2360 0.01628 (28) 0.000383 (7) 

3c 100.25 47.0 50.00 0.897 0.7879 0.0194 0.2443 0.01605 (28) 0.000385 (7) 

3d 100.15 47.0 50.15 0.899 0.7808 0.0193 0.2506 0.01612 (28) 0.000388 (7) 

                   

4a 100.34 47.0 50.10 0.582 0.4677 0.0405 0.5410 0.00915 (23) 0.000775 (20) 

4b 99.93 47.0 50.20 0.618 0.5075 0.0432 0.5331 0.00987 (24) 0.000822 (20) 

4c 100.20 47.0 50.10 0.641 0.5286 0.0462 0.5327 0.01029 (24) 0.000880 (21) 

4d 100.16 47.0 50.10 0.665 0.5479 0.0471 0.5237 0.01078 (24) 0.000907 (21) 

                   

5a 100.20 47.0 50.40 0.760 0.6420 0.0368 0.4123 0.01287 (26) 0.000725 (15) 

5b 100.10 47.0 50.40 0.789 0.6773 0.0367 0.4153 0.01353 (26) 0.000721 (14) 

5c 100.00 47.0 50.40 0.760 0.6339 0.0334 0.4122 0.01301 (26) 0.000670 (14) 

5d 100.27 47.0 50.30 0.787 0.6574 0.0354 0.4051 0.01354 (26) 0.000713 (14) 

                   

6a 100.25 47.0 49.60 0.589 0.4392 0.0430 0.5765 0.00920 (23) 0.000882 (22) 

6b 100.11 47.0 49.80 0.619 0.4963 0.0506 0.5739 0.00974 (23) 0.000972 (23) 

6c 99.85 47.0 49.90 0.600 0.4950 0.0482 0.5718 0.00942 (23) 0.000897 (22) 

6d 99.95 47.0 49.80 0.630 0.5111 0.0507 0.5677 0.00998 (23) 0.000969 (23) 

                   

7a 100.14 47.0 50.00 0.4440 0.3255 0.0566 0.71018 0.00610 (19) 0.001040 (33) 

7b 100.34 47.0 50.00 0.4910 0.3452 0.0666 0.70700 0.00681 (20) 0.001285 (38) 

7c 100.23 47.0 50.00 0.4700 0.3719 0.0615 0.70683 0.00660 (20) 0.001069 (33) 

7d 100.37 47.0 50.20 0.4790 0.3518 0.0604 0.70664 0.00672 (20) 0.001130 (34) 

                   

8a 100.18 47.0 49.80 0.3420 0.2070 0.0776 0.82195 0.00375 (15) 0.001381 (57) 

8b 100.08 47.0 49.70 0.3340 0.2075 0.0716 0.81908 0.00372 (15) 0.001261 (53) 

8c 100.20 47.0 49.80 0.3400 0.2307 0.0773 0.80892 0.00384 (16) 0.001262 (52) 

8d 100.26 47.0 49.80 0.3450 0.2158 0.0700 0.81404 0.00394 (16) 0.001254 (51) 



мпс 
 

Figure 7.2.: Solubilities of carbon dioxide and methane in the aqueous phase as a function of the 

methane composition in the gas phase, at 100 bar and 323.15 K.  

Comparison of the current experiments (denoted with circles) with the experimental measurements 

by Al Ghafri et al.72 at equimolar gas composition (denoted with triangles). Shown also are the results 

of the correlation models by Duan et al.70, and Sun and Duan242 for the respective binary mixtures with 

water (denoted with triangles). Solid lines show a second-degree polynomial fit to the new 

experimental measurements. 

 

 

¢ƘŜ ŬƎǳǊŜ ǎƘƻǿǎ ŀ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ōȅ !ƭ DƘŀŦǊƛ Ŝǘ ŀƭΦтн ǇŜǊŦƻǊƳŜŘ ŀǘ ŜǉǳƛƳƻƭŀǊ Ǝŀǎ ŎƻƳǇƻǎƛǝƻƴΦ {ƻƭƛŘ ƭƛƴŜǎ 

ǎƘƻǿ ŀ ǎŜŎƻƴŘπŘŜƎǊŜŜ ǇƻƭȅƴƻƳƛŀƭπŬǘ ƻŦ ǘƘŜ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎΦ ²Ŝ 

ƻōǎŜǊǾŜ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘǎ ŀƴŘ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ōȅ !ƭ 

DƘŀŦǊƛ Ŝǘ ŀƭΦтн ǇŜǊŦƻǊƳŜŘ ŀǘ ŜǉǳƛƳƻƭŀǊ Ǝŀǎ ŎƻƳǇƻǎƛǝƻƴΦ  {Ƙƻǿƴ ŀƭǎƻ ŀǊŜ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ 

ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ƳƻŘŜƭǎ ōȅ 5ǳŀƴ Ŝǘ ŀƭΦтл Σ ŀƴŘ {ǳƴ ŀƴŘ 5ǳŀƴнпн ŦƻǊ ǘƘŜ ǊŜǎǇŜŎǝǾŜ ōƛƴŀǊȅ 

ƳƛȄǘǳǊŜǎ ǿƛǘƘ ǿŀǘŜǊ ŀƴŘ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ƛǎ ƻōǎŜǊǾŜŘΦ 

Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƘŀǘ ŀǊŜ ǎƘƻǿƴ ƛƴ 

CƛƎǳǊŜ тΦн ŎƭŜŀǊƭȅ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ ŜŀŎƘ Ǝŀǎ ŘŜŎǊŜŀǎŜǎ ōȅ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ 

ǘƘŜ ƻǘƘŜǊ ƎŀǎΦ ¢ƘŜ ǇŀǊǝŎǳƭŀǊ ŎƻƴŎƭǳǎƛƻƴ ƛǎ ƛƴ ŜȄŎŜƭƭŜƴǘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴ 

ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǊŜπŜȄŀƳƛƴŀǝƻƴ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŦǊƻƳ 5ƘƛƳŀ Ŝǘ ŀƭΦто ŀǘ 

оппΦнр Y ŀƴŘ ŦǊƻƳ vƛƴ Ŝǘ ŀƭΦтп ŀǘ онпΦр Y ŀƴŘ отрΦр Y ǘƘŀǘ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦмΦ 

 



мпт 
 

тΦо /ƻƴŎƭǳǎƛƻƴǎ 

! ǎŜǊƛŜǎ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǘ мл atŀ ŀƴŘ оноΦмр Y ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ŀǘ 

ŎƻƴŘƛǝƻƴǎ ǿƘŜǊŜ ƘȅŘǊŀǘŜǎ ŀǊŜ ƴƻǘ ŦƻǊƳƛƴƎΣ ƛƴ ƻǊŘŜǊ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ŀǉǳŜƻǳǎ ǎƻƭǳōƛƭƛǝŜǎ 

ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ ƳŜǘƘŀƴŜҍŎŀǊōƻƴ ŘƛƻȄƛŘŜҍǿŀǘŜǊ ǎȅǎǘŜƳΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ōƛƴŀǊȅ 

ƳŜǘƘŀƴŜҍǿŀǘŜǊ ŀƴŘ ǘƘŜ ŎŀǊōƻƴ ŘƛƻȄƛŘŜҍǿŀǘŜǊ ǎȅǎǘŜƳǎΦ  

¢ƘŜ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ƛƴ ǾŜǊȅ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ 

ǿƛǘƘ ǘƘŜ ƭƛƳƛǘŜŘ ŀǾŀƛƭŀōƭŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ ƳƛȄǘǳǊŜтн 

ŀǘ ǘƘŜ ǇŀǊǝŎǳƭŀǊ t ŀƴŘ ¢ ŎƻƴŘƛǝƻƴǎΦ Lƴ ŀŘŘƛǝƻƴΣ ǾŜǊȅ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿŀǎ ŦƻǳƴŘ ŦƻǊ ǘƘŜ 

ŎŀǎŜ ƻŦ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŎƻǊǊŜƭŀǝƻƴ ƳƻŘŜƭǎ ōȅ 

5ǳŀƴ Ŝǘ ŀƭΦΣтл ŦƻǊ ǘƘŜ ŎŀǊōƻƴ ŘƛƻȄƛŘŜҍǿŀǘŜǊ ǎȅǎǘŜƳΣ ŀƴŘ {ǳƴ ŀƴŘ 5ǳŀƴнпн ŦƻǊ ǘƘŜ 

ƳŜǘƘŀƴŜҍǿŀǘŜǊ ǎȅǎǘŜƳΦ 

.ƻǘƘ ǘƘŜ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ ǘƘŜ a5 ǎǘǳŘƛŜǎ ŎƭŜŀǊƭȅ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜ ƛƴŎǊŜŀǎŜ 

ƻŦ ƳŜǘƘŀƴŜ ƛƴ ǘƘŜ ƛƴƛǝŀƭ Ǝŀǎ ƳƛȄǘǳǊŜ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ǊŜŘǳŎǝƻƴ ƻŦ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ ŎŀǊōƻƴ 

ŘƛƻȄƛŘŜΣ ǿƘƛƭŜΣ ǎƛƳƛƭŀǊƭȅΣ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ǊŜŘǳŎŜǎ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ 

ƳŜǘƘŀƴŜΦ 
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у 9Ǿŀƭǳŀǝƻƴ ƻŦ ŀ {ƛƳǇƭƛŬŜŘ aƻŘŜƭ ŦƻǊ ¢ƘǊŜŜπtƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ 

/ŀƭŎǳƭŀǝƻƴǎ ƻŦ aƛȄŜŘ Dŀǎ IȅŘǊŀǘŜǎ   

уΦм LƴǘǊƻŘǳŎǝƻƴ 

Lƴ ƻǊŘŜǊ ǘƻ ŘŜǎƛƎƴ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴ ǇǊƻŎŜǎǎŜǎ ǎǳŎƘ ŀǎ ƴŀǘǳǊŀƭ Ǝŀǎ 

ǇǳǊƛŬŎŀǝƻƴ ƻǊ /hн ŎŀǇǘǳǊŜ from flue-gas streams that are based on hydrates, accurate 

thermodynamic, transport and kinetic properties are required for all the involved pure 

components and their mixtures251. As discussed extensively in252,253 there are three 

major approaches that have been employed in order to obtain such properties. 

Namely: (i) experimental measurements, (ii) atomistic scale simulations, and (iii) 

continuum-scale theories. It should be noted that each one of the approaches for 

property estimation has advantages and disadvantages, including the following: 

(i) When fluid mixtures are involved, performing experiments that 

consider all the possible mixture compositions can be significantly 

expensive and time-consuming. Therefore, it is of utmost importance 

to develop macroscopic thermodynamic tools that can be used to 

calculate the required properties of the pure components and their 

mixtures. Such are the cases of atomistic scale simulations, and the 

models based on continuum-scale theories.  

(ii) Molecular simulations (e.g., Molecular Dynamics20,21,23,25,254-258 or 

Monte Carlo9,19,26,46,259ς265 simulations) can use very detailed physics at 

the microscopic level, however, they are very computationally 

demanding, and therefore, the size of the system under consideration 

is very small, and the considered times are usually short (e.g. up to 

several microseconds). Therefore, such types of simulations are hard 

to use during process design or process-optimization schemes. 

(iii). Models based on continuum-scale (macroscopic) theories, which are 

related to hydrate-forming systems, include those developed for the 

calculation of the three-phase (HydrateςLiquid waterςVapor; HςLwςV) 

equilibrium pressure and temperature conditions via a methodology 

that couples the van der Waals and Platteeuw statistical theory266 with 
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an Equation of State (EoS)267ς272. The particular coupling is considered 

as one of the best examples of the application of Statistical 

Thermodynamic Theory towards the solution of a real industrial 

problem. Parrish and Prausnitz267 pioneered the earlier development 

of the methodology and an extensive review of the earlier studies has 

been provided by Holder et al.269 and Englezos273. While a significant 

number of studies considered the use of cubic EoS267ς270, during the 

recent years non-cubic EoS (e.g., SAFT-type271,272,274,275 have also been 

considered. Medeiros et al.276, and Khan et al.277 provided 

comprehensive reviews of hydrate equilibrium calculations using the 

van der WaalsςPlatteeuw theory, while the aspects of the particular 

theory under confinement have been discusses in278,279.   

A major requirement of the macroscopic tools developed for hydrate equilibrium 

calculations, in addition to their accuracy, is their computational efficiency. An 

accurate and computationally fast tool, at the macroscopic level, can be used for initial 

screening purposes in the optimization of a given separation process. Therefore, it is 

deemed essential to identify / develop such a reliable macroscopic tool that can 

describe accurately the equilibrium properties of hydrates of gas mixtures, while being 

computationally efficient. 

The purpose of the current chapter is to perform an extensive evaluation of a 

simple model for three-phase equilibrium calculations of mixed gas hydrates that are 

of practical interest to gas-mixture separations. The model considered in this study 

calculates the equilibrium pressure of the mixed gas hydrate using a simple 

combination rule that employs: (i) the hydrate dissociation pressures of the pure gases 

involved, and (ii) the gas mixture composition. In particular, we examine the 

methodology presented by Lipenkov and Istomin76. 

The particular approach has been used extensively and successfully in polar 

science studies76,77, as well as research related to space science78,79 where the 

temperatures are very low (i.e., below the freezing point of pure water, which is also 

close to the lower quadruple point, Q1, of the corresponding hydrate systems). 

However, to the best of our knowledge, the particular method has not been examined 

systematically for cases of higher temperatures, which are going to be of interest to 
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practical industrial applications of gas mixture separations. Gases of interest to the 

current study include those that are indicated in Table 1. Such gases are encountered 

in typical industrial applications. Some preliminary results considering some limited 

binary gas mixtures have been reported in an earlier study280. Therefore, the current 

work is a systematic extension of the aforementioned paper. 

The purpose of the study is twofold: (i) to extend the LipenkovςIstomin 

methodology to mixed gas hydrate systems of industrial interest by calculating the 

parameters of pure components that are not available, with emphasis at conditions 

above the Q1, and (ii) to evaluate the quality of the predictions of the three-phase 

equilibrium conditions by comparing to experimental measurements.   

Reported experimental measurements (i.e., the recent experimental data collection 

reported by Kastanidis et al.49 is utilized) of hydrate equilibrium pressures are 

compared against: (i) calculations using the examined LipenkovςIstomin 

methodology76, and (ii) calculations based on a commercial simulator (CSMGem1). As 

a result, the range of applicability of the LipenkovςIstomin method is delineated. 

The remainder of the chapter is organized as follows: Initially, the Lipenkovς

Istomin methodology is briefly discussed, followed by the presentation of the 

extensive series of calculations for the examined hydrate-forming gas mixtures. 

Finally, the conclusions are presented.  

 

уΦн aŜǘƘƻŘƻƭƻƎȅ 

уΦнΦм /ŀƭŎǳƭŀǝƻƴ ƻŦ ƘȅŘǊŀǘŜ ŘƛǎǎƻŎƛŀǝƻƴ ǇǊŜǎǎǳǊŜǎ 

Lipenkov and Istomin76 introduced a simplified methodology for calculating 

the hydrate dissociation pressure of a gas mixture. To a first approximation, and after 

assuming that: (i) the clathrate of the gas mixture behaves as an ideally dilute solid 

solution, and (ii) that the ratio of occupancies for the small and large cages is constant 

and the same for all guest molecules. According to the proposed methodology the 

hydrate dissociation pressure of a gas mixture can be expressed as a function of the 

hydrate dissociation pressures of the pure gases and the corresponding mole fractions 

of the gas phase as follows: 
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where ( )
i

eq
HP  is the hydrate dissociation pressure of the pure gas i (with 

ni  ..., , ,21= ), and yi is the equilibrium gas-phase mole fraction of the guest i, that 

belongs to a gas mixture that contains n different components. It should be pointed 

out that yi used in Eq. (1) corresponds to the vapor phase that is part of the three-

phase equilibrium system [i.e., hydrate ς liquid water (or ice) ς vapor]. However, a 

number of experimental studies instead of reporting the measured yi values, they 

report the initial feed composition zi values, which may be different than yi. In the 

current study we also examine the cases when zi values are reported [i.e., yi is replaced 

by zi in Eq. (1), which is a reasonable assumption] and present the corresponding 

results separately. Also, it should be noted that CSMGem needs the overall 

composition, zi, as input parameter and upon completion of the calculation the 

resulting yi values are very close to the corresponding zi values. In summary, Eq. (1) is 

a simple empirical model according to which the hydrate dissociation pressure of a 

gas mixture can be expressed as a function of the hydrate dissociation pressures of 

the pure gases and the corresponding mole fractions of the gas phase. On the other 

hand, CSMGem is a specifically designed model for the prediction of 

thermodynamically stable hydrate structures and cage occupancy. The model utilizes 

Gibbs energy minimization principles, providing insights into hydrate formation 

conditions for gas. 

The hydrate dissociation pressure of the pure gas i is a function of 

temperature: 

( ) ()TfP
i

eq
H =  (2) 

Within the narrow temperature ranges of interest to this study, the three-

phase (HςLwςV) equilibrium curves can be obtained rather accurately through the 

following simple empirical relation: 

( ) ...ln ++++=
32 T

D

T

C

T

B
AP iii

ii

eq
H  

 

(3) 
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where Ai, Bi, Ci, Di, etc, are component-specific parameters that are usually 

obtained from fitting Eq. (3) to available experimental data. All of the hydrate-forming 

gases considered in the current study use a first-degree polynomial (with respect to

T1 ) for the description of the RHS of Eq. (3), namely an Arrhenius-type description. 

Notice however, that a higher degree polynomial can be used if it is deemed necessary 

to improve the accuracy.   

уΦнΦн tŀǊŀƳŜǘŜǊ ŜǎǝƳŀǝƻƴ 

In the current study, the values for the parameters Ai and Bi are obtained either 

(i) from Holder et al.269, or (ii) they are calculated in the current study using available 

experimental measurements. We consider two or three different zones, depending on 

whether a particular hydrate-forming gas has only the lower quadruple point, Q1 (e.g., 

methane), or there is also an upper quadruple point, Q2 (e.g., propane, carbon 

dioxide). Therefore, for conditions below Q1, the type of phase equilibria observed is: 

(HydrateςIce waterςVapor; HςIςV). For conditions above Q1 (when no Q2 is present) 

or between Q1 and Q2 (when Q2 is present), the type of phase equilibria observed is: 

(HydrateςLiquid waterςVapor; HςLwςV). Finally, for conditions above Q2 (when Q2 is 

present), the type of phase equilibria observed is: (HydrateςLiquid waterςLiquid 

hydrocarbon/gas; HςLwςLH). Figure 8.1a is a typical example of the particular 

calculation for the cases of oxygen and sulfur dioxide where a first degree polynomial 

is used, while Figure 8.1b shows the cases of carbon dioxide where a higher degree 

polynomial is required for the description of the HςLwςLCO2 zone.   
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CƛƎǳǊŜ уΦмΦΥ 9ȄǘŜƴŘŜŘ !ǊǊƘŜƴƛǳǎπǘȅǇŜ Ǉƭƻǘǎ ŦƻǊ ǘƘŜ ŎŀƭŎǳƭŀǝƻƴ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘ ǎǇŜŎƛŬŎ ǇŀǊŀƳŜǘŜǊǎ 

ƻŦ 9ǉΦ όмύ ŦƻǊ ǘƘŜ ŎŀǎŜǎ ƻŦΥ όŀύ hн ŀƴŘ {hнΣ ŀƴŘ όōύ /hнΦ  

9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǊŜ ŘŜƴƻǘŜŘ ǿƛǘƘ ōƭǳŜ ǎȅƳōƻƭǎ όhнύΣ ǊŜŘ ǎȅƳōƻƭǎ ό{hнύΣ ŀƴŘ ƳŀƎŜƴǘŀ ǎȅƳōƻƭǎ 

ό/hнύΦ {ȅƳōƻƭ ŎƻŘŜΥ ŎǊƻǎǎŜǎ ŘŜƴƻǘŜ IςLς± ŜǉǳƛƭƛōǊƛŀΣ ŎƛǊŎƭŜǎ ŘŜƴƻǘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛŀΣ ŀƴŘ ŘƛŀƳƻƴŘǎ 

ŘŜƴƻǘŜ Iς[ǿς[I ŜǉǳƛƭƛōǊƛŀΦ .ƭǳŜ ǘǊƛŀƴƎƭŜǎ ƛƴŘƛŎŀǘŜ ǘƘŜ ƭƻǿŜǊ όvмύ ŀƴŘ ǳǇǇŜǊ όvнύ ǉǳŀŘǊǳǇƭŜ ǇƻƛƴǘǎмΦ 

 

όŀύ 

 

όōύ 

 

Table 8.1 gives the values of the parameters Ai, and Bi, for the cases of all gases 

that are of interest to the current study. The parameters have been calculated by 

performing regression analysis on the published experimental data (also shown in 

Table 8.1) for each pure gas hydrate, as implemented by Excel. Shown also in Table 

8.1 are the corresponding errors that resulted from the parameter estimation, as well 

as, the temperature ranges of applicability of the empirical relation for all hydrate-

forming components. The last column of Table 8.1 indicates the references for the 

experimental data that were used in the current study for obtaining component-

specific parameters.  
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¢ŀōƭŜ уΦмΦΥ  tŀǊŀƳŜǘŜǊǎ ŦƻǊ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ƻŦ ǘƘŜ ŘƛǎǎƻŎƛŀǝƻƴ ǇǊŜǎǎǳǊŜ ƻŦ ǇǳǊŜ ƎŀǎŜǎ ǳǎƛƴƎ 9ǉǳŀǝƻƴ όоύΦ  

¢ŜƳǇŜǊŀǘǳǊŜ ƛǎ ƛƴ όYύ ŀƴŘ ǇǊŜǎǎǳǊŜ ƛƴ όƪtŀύΦ ¢ ǊŀƴƎŜ ŘŜƴƻǘŜǎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜ ƻŦ ŀǇǇƭƛŎŀōƛƭƛǘȅ ƻŦ 

ǘƘŜ ǇŀǊŀƳŜǘŜǊǎΦ bκ! ŘŜƴƻǘŜǎ ƴƻǘ ŀǇǇƭƛŎŀōƭŜΦ   

 

Gas Tςrange [K] 
Type of 

Equilibria 
Ai [-] Bi [K] Source Refs. 

CH4 248-273 HςIςV 14.7170 -1886.79 Holder et al. 269 N/A 

CH4 273-298 HςLwςV 38.9803 -8533.80 Holder et al. 269 N/A 

C2H6 248-273 HςIςV 17.5110 -3104.535 Holder et al. 269 N/A 

C2H6 273-287 HςLwςV 44.2728 -10424.248 Holder et al. 269 N/A 

C2H6 287-304 HςLwςLH 14.5831  0.0367 -1860.741  10.867 This work 281 

C2H4 269-274 HςLwςV 24.7929  1.7055 -5016.239  466.056 This work 282ς284 

C2H4 274-286 HςLwςV 47.1247  1.7384 -11138.677  490.000 This work 283ς285 

C2H4 286-291 HςLwςV 42.6159  0.3859 -9941.235  109.283 This work 283ς285 

C2H4 291-295 HςLwςLH 120.9001  2.8681 -32679.321  838.367 This work 283,285 

C3H8 248-273 HςIςV 17.1560 -3269.646 Holder et al. 269 N/A 

C3H8 273-278 HςLwςV 67.1301 -16921.840 Holder et al. 269 N/A 

C3H8 278-303 HςLwςLH 14.5533  0.0684 -2286.93  19.215 This work 286,287 

CO 274-285 HςLwςV 32.4755  0.1108 -8199.692  31.071 This work 288 

CO2 248-273 HςIςV 18.5939 -3161.410 Holder et al. 269 N/A 

CO2 273-284 HςLwςV 44.5776 -10245.010 Holder et al. 269 N/A 

CO2 283-292 HςLwςLH 118.5425  4.0947 -31030.579  1171.400 This work 1 

N2 248-273 HςIςV 15.1289 -1504.276 Holder et al. 269 N/A 

N2 273-298 HςLwςV 37.8079 -7688.626 Holder et al. 269 N/A 

H2S 248-273 HςIςV 16.5597 -3270.409 Holder et al. 269 N/A 

H2S 273-298 HςLwςV 34.8278 -8266.102 Holder et al. 269 N/A 

O2 268-271.7 HςIςV 16.7315  0.0871 -2017.949  23.298 This work 214,289ς290 

O2 271.7-291 HςLwςV 41.9589  0.1963 -8894.429  54.799 This work 214,223,289 

SO2 T<270.65 HςIςV 8.9306 1.3650 -1579.951  365.068 This work 291ς293 

SO2 270.65-286 HςLwςV 50.8949  2.3810 -12940.097  667.712 This work 291ς293 

H2 267-273.7 HςIςV 53.0775  0.9598 -11120.167  259.541 This work 294 

H2 273.7-348 HςLwςV 19.3750  0.2126 -1769.473  64.707 This work 294 

 

 

уΦо wŜǎǳƭǘǎ ŀƴŘ 5ƛǎŎǳǎǎƛƻƴ 

As discussed in the previous section, Lipenkov and Istomin76 introduced a 

simplified methodology for calculating the hydrate dissociation pressure of a gas 

mixture at low temperatures (i.e., TΩǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǾŀƭǳŜǎ ōŜƭƻǿ ǘƘŜ ƭƻǿŜǊ 

quadruple point, Q1). This methodology is used in order to examine binary, ternary 

and some limited quaternary mixed gas hydrates that are of industrial interest. The 
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emphasis in the current study is at conditions above the lower quadruple point, Q1. In 

this chapter, we use experimental data obtained from the data collection presented 

in Chapter 2 (and reported by Kastanidis et al.49). In particular, we examine the 

experimental hydrate systems that are indicated in Table 8.2. Namely, 98 publications, 

reporting 135 experimental mixed hydrate systems were considered, containing a 

total of 2,516 experimental data points. 

 

¢ŀōƭŜ уΦнΦΥ  IȅŘǊŀǘŜπŦƻǊƳƛƴƎ Ǝŀǎ ƳƛȄǘǳǊŜǎ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ǎǘǳŘƛŜǎΦ 

Notation System Comment References Examined 

GMς1 CO2 + N2 άCƭǳŜ Dŀǎέ ! 84,85,88,95,102,143,171,173,236,295-306 

GMς2 CO2 + N2 + O2 άCƭǳŜ Dŀǎέ . 102 

GMς3 CO2 + H2 Methane steam reforming 94,95,104,105,123,133,203,213,250,307,308,309 

GMς4 CO2 + CH4 Biogas upgrade 65,66,68,120,121,123,134,139,143,166,171-173,237,243, 

295,298,300,303,304,310-323 

GMς5 CO2 + gas (other) CO2 ς containing mixtures 173,192,304,324-326 

GMς6 CH4 + H2 ς 123,130-133,135 

GMς7 CH4 + N2 ς 112,140-146 

GMς8 CH4 + N2 + O2 ά/ƻŀƭ-ƳƛƴŜέ Ǝŀǎ mixture 151 

GMς9 CH4 + CO2 + N2 ς 134,142,159-162,170-172,327- 329 

GMς10 CH4 + Hydrocarbon Gas 
Mixtures 

CH4 ς containing mixtures A   142,179,330-333 

GMς11 CH4 + gas (other) CH4 ς containing mixtures B     (No system considered) 

GMς12 Light hydrocarbon binaries Other cases 142,190,191 

GMς13 H2S + gas (other) H2S ς containing mixtures  139,203,334-336 

GMς14 H2 + Natural Gas Mixtures H2 ς containing mixtures 129,132,134,203,207 

GMς15 Air + gas (other) Air/N2 ς containing mixtures  215,217,218,223 

 

Two different comparisons are reported. In particular, we compare the 

hydrate dissociation pressure values that were obtained using (i) the Lipenkovς

Istomin methodology (LI), and (ii) the commercial simulator CSMGem1, against the 

aforementioned experimental values. The overall results of both comparisons are 

reported in Table 8.3, while additional more detailed results are reported in Appendix 

B. We report in Table 8.3 the total number of available experimental data points (ndp) 

and the percentage of the absolute average deviation in predicting the hydrate 

equilibrium pressure (%AAD) for calculations using either the equilibrium gas-phase 
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mole fraction (yi) or the initial feed composition (zi), or both, depending on the 

information provided by each experimental study, which is calculated as follows: 
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(4) 

 

Initially, some general conclusions are presented. For cases of hydrate-forming 

systems that both computational methods can be applied, the CSMGem method 

performs better than the LI for gas mixtures GMς1, GMς5, GMς7, and GMς10. On the 

other hand, the LI approach performs better for the cases of mixtures GMς4, GMς9, 

GMς12, and GMς13. Better performance of the CSMGem should be expected since 

the parameters of the methodology are optimized in order to minimize the error in 

predicting the three-phase equilibrium conditions (it should be noted also that the 

quality of the experimental measurement affects the performance of the CSMGem 

approach). On the other hand, the LI is a simplified mixing rule of the equilibrium 

pressures of the corresponding pure components of the mixture.   

A more detailed comparison between the two computational approaches and 

the experimental data is presented in Appendix B (i.e., Tables included in Sections B.1ς

B.15) where a distinction is made for experimental studies published either before or 

after 2008. The particular year is selected since it is the year that CSMGem was made 

available. Therefore, experimental data that was published during earlier years could 

have been included (in principle) in the development of CSMGem (i.e., during 

parameter optimization). On the other hand, experimental data that are published 

after 2008 can serve only for testing the accuracy of the considered model. In the 

Tables included in Sections B.1ςB.15, we report for each study the total number of 

available experimental data points, ndp, and the percentage of the absolute average 

deviation in predicting the hydrate equilibrium pressure, %AAD. 

It should be noted that for gas mixtures containing either one of the following 

gases O2 (GMς2, GMς8, GMς15), H2 (GMς3, GMς6, GMς13, GMς14), CO (GMς5), and 

SO2 (GMς5) (see also Table 8.3 for particular cases considered in the current study), 
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we report calculations in the current study only with the LI method, since optimized 

parameters for those components are not available in the CSMGem simulator1.     
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¢ŀōƭŜ уΦоΦΥ tŜǊŎŜƴǘŀƎŜ ŀǾŜǊŀƎŜ ŀōǎƻƭǳǘŜ ŘŜǾƛŀǝƻƴ ό҈!!5ύ ŘǳǊƛƴƎ ǘƘŜ ŎŀƭŎǳƭŀǝƻƴ ƻŦ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ 

ǇǊŜǎǎǳǊŜΣ ὖ Σ ŦƻǊ ǘƘŜ ƘȅŘǊŀǘŜ ƳƛȄǘǳǊŜ ǎȅǎǘŜƳǎ ŎƻƴǎƛŘŜǊŜŘ όƛΦŜΦΣ ŎŀǎŜǎ ƻŦ ȅπǾŀƭǳŜǎ ƻǊ ȊπǾŀƭǳŜǎ ǊŜǇƻǊǘŜŘύΦ  

¢ƘŜ ƴǳƳōŜǊ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ Ǉƻƛƴǘǎ ƛǎ ŘŜƴƻǘŜŘ ŀǎ ƴŘǇΦ bκ! ŘŜƴƻǘŜǎ ǘƘŀǘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ 

/{aDŜƳ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ hнΣ IнΣ /hΣ ŀƴŘ {hн ŀǊŜ ƴƻǘ ŀǾŀƛƭŀōƭŜΦ  
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CSMGem LipenkovςIstomin 

y-
values 

z-values 
y- 

values 
z- values 

GMς1: CO2 + N2 20 432 7.40 17.54 15.73 25.74 

GMς2: CO2 + N2 + O2 1 4 N/A N/A - 14.85 

GMς3: CO2 + H2 12 194 N/A N/A 9.24 34.45 

GMς4: CO2 + CH4 36 719 10.79 14.12 7.44 13.23 

GMς5: CO2 + gas (other) 

Cʁ2 + C2H6 3 127 1.40 3.42 5.66 6.11 

Cʁ2 + C3H8 2 66 - 18.18 - 19.37 

Cʁ2 + C2H6 + C3H8 1 5 - 15.68 - 31.81 

Cʁ2 + CO 1 6 N/A N/A - 91.45 

Cʁ2 + SO2 2 75 N/A N/A - 21.38 

GMς6: CH4 + H2 7 338 N/A N/A 9.38 27.61 

GMς7: CH4 + N2 8 93 4.61 7.21 12.77 9.50 

GMς8: CH4 + N2 + O2 1 6 N/A N/A - 25.31 

GMς9: CH4 + CO2 + N2 12 146 33.77 14.11 15.79 9.66 

GMς10: CH4 + Hydrocarbon Gas 
Mixtures 

CH4 + C2H6 3 35 3.15 18.72 14.38 17.30 

CH4 + C3H8 3 38 - 13.17 - 85.03 

CH4 + C2H6 + C3H8 2 20 - 6.87 - 65.16 

GMς11: CH4 + gas (other) - - - - - - 

GMς12: Light hydrocarbon binary C2H6 + C3H8 3 78 - 13.16 - 25.28 

GMς13: H2S + gas (other) 

H2S + CO2 2 19 90.97 25.92 3.11 15.02 

H2S + CH4 2 11 - 8.75 - 14.58 

H2S + CH4 + CO2 2 13 8.60 9.93 15.52 3.30 

H2S + CH4 + C3H8 1 10 - 128.72 - 78.83 

H2S + H2 + CO2 1 4 N/A N/A 24.65 48.74 

GMς14: H2 + Natural Gas Mixtures 

H2+CH4+C3H8 1 22 N/A N/A 49.51 - 

H2+CH4+C2H6+C3H8 1 16 N/A N/A 82.69 - 

H2+C2H4 1 6 N/A N/A 21.49 - 

H2+CH4+C2H4 1 4 N/A N/A 37.33 3.73 

H2+CO2+CH4 1 5 N/A N/A 33.13 - 

H2+CO2+H2S 1 4 N/A N/A 32.41 15.42 

GMς15: Air + gas (other) 4 20 N/A N/A - 13.90 
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Next, some characteristic comparison examples are plotted in Figures 8.2ς8.8 

and are further discussed. Figure 8.2 shows the comparison between experimental 

(denoted with circles) and calculated values with (i) the LI method (shown with solid 

lines), and (ii) the CSMGem simulator (shown with dashed lines) for the hydrate 

equilibrium pressures of the binary gas mixture: CO2 + N2 (GMς1). In particular, Figure 

8.2a shows the case of the experimental data for eq
HP  which are plotted as a function 

of 
2COy  that were reported by Bruusgaard et al.297, which were measured at constant 

temperature, T. Similarly, Figure 8.2b shows the case of the experimental data for eq
HP  

plotted as a function of T that were reported by Olsen et al.85, which were measured 

at constant feed-composition, z. Reasonable agreement is found between the 

computational approaches examined (LI and CSMGem) and the two aforementioned 

studies. 

     

CƛƎǳǊŜ уΦнΦΥ /ƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ŜȄǇŜǊƛƳŜƴǘŀƭ όŘŜƴƻǘŜŘ ǿƛǘƘ ŎƛǊŎƭŜǎύ ŀƴŘ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ όǎƻƭƛŘ 

ƭƛƴŜǎ ŘŜƴƻǘŜ ŎŀƭŎǳƭŀǝƻƴ ǿƛǘƘ ǘƘŜ ŎǳǊǊŜƴǘ ƳƻŘŜƭΣ ǿƘƛƭŜ ŘŀǎƘŜŘ ƭƛƴŜǎ ŘŜƴƻǘŜ ŎŀƭŎǳƭŀǝƻƴǎ ǳǎƛƴƎ ǘƘŜ 

/{aDŜƳ ǎƛƳǳƭŀǘƻǊм ŦƻǊ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜǎ ƻŦ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ όDaςмύΥ /hн Ҍ 

bнΦ  

όŀύ 9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǘ Ŏƻƴǎǘŀƴǘ ¢ ŦǊƻƳ .ǊǳǳǎƎŀŀǊŘ Ŝǘ ŀƭΦнфтΣ ŀƴŘ όōύ 9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǘ Ŏƻƴǎǘŀƴǘ 

Ȋ ŦǊƻƳ hƭǎŜƴ Ŝǘ ŀƭΦурΦ       

 

όŀύ 

 

όōύ 

 

In order to further quantify the performance of the two calculation 

methodologies under consideration we plot in Figure 8.3 the overall %AAD 

corresponding to the calculation of the three-phase equilibrium pressure for different 

experimental studies for various TΩǎΣ yΩǎ ŀƴŘ zΩǎΦ  
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CƛƎǳǊŜ уΦоΦΥ ҈!!5 ǾǎΦ ¢Σ ǊŜǎǳƭǝƴƎ ŘǳǊƛƴƎ ǘƘŜ ŎŀƭŎǳƭŀǝƻƴ ƻŦ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ŦƻǊ 

ŘƛũŜǊŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ŦƻǊ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ όDaςмύΥ /hн Ҍ bнΦ  

{ƻƭƛŘ ƭƛƴŜǎ ŘŜƴƻǘŜ ŎŀƭŎǳƭŀǝƻƴǎ ǿƛǘƘ ǘƘŜ [L ƳƻŘŜƭΣ ǿƘƛƭŜ ŘŀǎƘŜŘ ƭƛƴŜǎ ŘŜƴƻǘŜ ŎŀƭŎǳƭŀǝƻƴǎ ǳǎƛƴƎ ǘƘŜ 

/{aDŜƳ ǎƛƳǳƭŀǘƻǊмΦ όŀύ 9ȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ό.ǊǳǳǎƎŀŀǊŘ Ŝǘ ŀƭΦнфтΣ .ŜƭŀƴŘǊƛŀ Ŝǘ ŀƭΦносΣ [ŀƴƎ ϧ {ŜǊǾƛƻ 
нффύ ǊŜǇƻǊǝƴƎ ȅ ǾŀƭǳŜǎΣ ŀƴŘ όōύ 9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ōȅ .ǊǳǳǎƎŀŀǊŘ Ŝǘ ŀƭΦнфт ς /ƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǊŜǇƻǊǝƴƎ ȅ ƻǊ Ȋ ǾŀƭǳŜǎΦ       

 

όŀύ 

 

όōύ 

 

Figure 8.3a shows the %AAD plotted as a function of T, for the experimental 

data of Bruusgaard et al.297, Belandria et al.236, and Lang et al.299 for which studies y-

values have been reported. For the case of the binary gas mixture CO2 + N2, the 

CSMGem method results, in most cases, in lower %AAD values (i.e., less than 4%). On 

the other hand, for the case of the LI method, the resulting %AAD values vary in the 

range 5ς30%. Furthermore, no clear/systematic trend for the %AAD values can be 

identified. For example, the %AAD increases when T increases for the experimental 

data of Bruusgaard et al.297, while the %AAD decreases when T increases for the 

experimental data of Belandria et al.236.  
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Figure 8.4.: %AAD resulting during the calculation of the three-phase equilibrium pressure for different 
experimental studies for the binary gas mixture (GMς1): CO2 + N2.  

Solid lines denote calculation of the current study (LI), while dashed lines denote calculations using the 

CSMGem simulator1. (a) %AAD vs. 
2COy , and (b) %AAD vs. 

2COz . 

 

(a) 

 

(b) 

 

The corresponding figures for %AAD plotted as a function of 
2COy  (Figure 8.4a) 

or 
2COz  (Figure 8.4b) are shown in Figure 8.4. For most cases shown the %AAD values 

are lower than 20% for the case of CSMGem method, while on the other hand, they 

are lower than 40% for the case of LI method. It should be noted that for the case of 

the experimental data of Herri et al.298 the LI method results in lower %AAD values 

when compared to CSMGem values, which is a notable exception for the gas mixture 

GMς1. Additional exceptions include the experimental data of Belandria et al.236 and 

Le Quang et al. 300. 
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Figure 8.3b utilizes the experimental data reported by Bruusgaard et al.297 in 

order to assess the effect of using the available initial feed composition zi values in Eq. 

(1), instead of the required measured yi values. For the particular experimental data 

set it is clear that for both methods (i.e., LI & CSMGem) we obtain lower values for 

%AAD when yi values are used. The difference in %AAD is higher at lower TΩǎΦ !ǎ T 

increases and the upper quadruple point, Q2, for CO2 is approached (i.e., T=283.0 K), 

we observe that the %AAD for the cases of yi or zi values are converging asymptotically. 

A more detailed discussion on Q2 for the case of CO2 can be found in Chapter 4 (also 

reported by Kastanidis et al.68). In addition, from Table 8.3 we can observe that for the 

vast majority of cases the %AAD values when yi values are reported are lower than 

those when zi values are reported. 

CƛƎǳǊŜ уΦрΦΥ  /ƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ŜȄǇŜǊƛƳŜƴǘŀƭ όŘŜƴƻǘŜŘ ǿƛǘƘ ŎƛǊŎƭŜǎύ ŀƴŘ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ όǎƻƭƛŘ 
ƭƛƴŜǎ ŘŜƴƻǘŜ ŎŀƭŎǳƭŀǝƻƴ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΣ ǿƘƛƭŜ ŘŀǎƘŜŘ ƭƛƴŜǎ ŘŜƴƻǘŜ ŎŀƭŎǳƭŀǝƻƴǎ ǳǎƛƴƎ ǘƘŜ 

/{aDŜƳ ǎƛƳǳƭŀǘƻǊмύ ŦƻǊ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜǎ ƻŦ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜ όDaςпύΥ /Iп Ҍ 

/hнΦ  

όŀύ 9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǘ Ŏƻƴǎǘŀƴǘ ¢ ŦǊƻƳ .ŜƭŀƴŘǊƛŀ Ŝǘ ŀƭΦнотΣ ŀƴŘ όōύ 9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǘ Ŏƻƴǎǘŀƴǘ t 

ŦǊƻƳ {Ŝƻ Ŝǘ ŀƭΦ омоΦ       

 

όŀύ 

 

όōύ 

 

Similarly, Figure 8.5 shows the comparison between experimental and 

calculated values for the hydrate equilibrium pressures of the binary gas mixture: CO2 

+ CH4 (GMς4). In particular, Figure 8.5a shows the case of the experimental data of 

Belandria et al. 237 which were measured at constant temperature, T, while Figure 8.5b 

shows the case of the experimental data of Seo et al. 313, which were measured at 

constant pressure, P. For both cases, experimental values for yiΩǎ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘΦ   
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A general observation that can be made from the figures shown, as well as, 

from all the calculations that were performed, is that the %AAD in hydrate equilibrium 

predictions increases as the hydrate equilibrium pressure (or temperature) increases. 

For hydrate equilibrium pressures that are below 10 MPa the %AAD is kept well below 

8ς10%. Therefore, the accuracy of the methodology deteriorates as we go at higher 

pressures. 
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ŀƭΦ нотύ ǊŜǇƻǊǝƴƎ ȅ ǾŀƭǳŜǎΣ ŀƴŘ όōύ 9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ōȅ .ŜƭŀƴŘǊƛŀ Ŝǘ ŀƭΦ нот ǊŜǇƻǊǝƴƎ Ȋ ǾŀƭǳŜǎΦ         

 

όŀύ 

 

όōύ 

 

We can further observe in Table 8.3 that for the case of gas mixture GMς4 the 

LI method gives lower overall %AAD values. Some typical examples are also shown in 

Figure 8.6, where we plot the %AAD as a function of T for several experimental studies 

which provide y-values (Figure 8.6a) or z-values (Figure 8.6b). Additional plots 

showing the %AAD as a function of 
4CHy (Figure 8.7a) or 

4CHz (Figures 8.7b & 8.7c) are 

shown in Figure 8.7 . It is evident that for most cases of experimental data sets (e.g., 

Adisasmito et al.310 [e.g., see Figure 7.7a), Unruh et al.243, Servio et al.,52, Lee et al.121, 

Belandria et al. 237,317, Sfaxi et al.303, Sadeq et al.143 (e.g., see Figures 8.7b & 8.7c)] the 

%AAD values are lower than 10%, or in the range 10ς20% (e.g., Beltran et al.65, 

Bruusgaard et al.66, Belandria et al.237 (e.g., see Figures 8.6a & 8.6b). Only a few 

exceptions to the aforementioned rule have been identified. Namely, the 
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experimental data of Obanijesu et al.134 and Legoix et al.171,321 have %AAD values in 

the range 30ς60% (see Figure 8.7b and Table B.4 of Appendix B).  

Figure 8.7.: %AAD resulting during the calculation of the three-phase equilibrium pressure for 
different experimental studies for the binary gas mixture (GMς4): CH4 + CO2.  

Solid lines denote calculation of the current study (LI), while dashed lines denote calculations using 

the CSMGem simulator1. (a) %AAD vs. 
4CHy , and (b) & (c) %AAD vs. 

4CHz . 

 

(a) 

 

(b) 

 

(c) 
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Given that the calculations (LI or CSMGem) for the other experimental data 

sets result in %AADΩǎ ǿƛǘƘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭƻǿŜǊ ǾŀƭǳŜǎ ŎƻǳƭŘ ƭŜŀŘ ǘƻ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴ ǘƘŀǘ 

the particular three data sets may have problematic experimental measurements that 

could be resolved by performing additional experimental measurements under similar 

conditions. 
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όŀύ 

 

όōύ 

 

όŎύ 

 

όŘύ 

 

Figure 8.8 examines the case of the binary gas hydrate CH4 + N2 (GMς7). It 

shows the case of the experimental data for eq
HP  plotted as a function of T, measured 

at constant feed-composition, z. In particular, Figures 6a and 6b show the 
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experimental data of Sadeq et al.143, while Figures 6c and 6d show the experimental 

data of Lee et al.146. As can be seen from Figure 8.8 and also Table B.7 of the Appendix 

B for the particular experimental data sets both methods considered in the current 

study give similar results. Overall, for the case of gas mixture GMς7 CSMGem performs 

slightly better than the LI method. In particular, CSMGem has a %AAD equal to 4.48% 

with the corresponding LI equal to 12.57% for cases when yΩǎ ŀǊŜ ǊŜǇƻǊǘŜŘΦ hƴ ǘƘŜ 

other hand, CSMGem has a %AAD equal to 9.50% with the corresponding LI equal to 

7.20% for cases when zΩǎ ŀǊŜ ǊŜǇƻǊǘŜŘΦ !ŘŘƛǘƛƻƴŀƭ Ŏƻmparisons are provided in Figure 

8.9, where the %AAD values are plotted as a function of
4CHz . The majority of cases 

result in %AAD values that are less than 10%, while a limited number of cases are in 

the range 10ς20%. 
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Figure 8.9.: %AAD vs. 
4CHz resulting during the calculation of the three-phase equilibrium pressure 

for different experimental studies for the binary gas mixture (GMς7): CH4 + N2.  

Solid lines denote calculation of the current study (LI), while dashed lines denote calculations using 
the CSMGem simulator1. (a) Case of 4 experimental data sets, and (b) Case of all (8) experimental 
data sets. 

 

(a) 

 

(b) 

 

Figure 8.10 shows the comparison between experimental and calculated (LI 

method) values for the hydrate equilibrium pressures of the binary gas mixture CO2 + 

H2 (GMς3). In particular, Figure 8.10a shows the case of the experimental data for eq
HP  

as a function of 
2COy  that were reported by Sugahara et al.307 which were measured 

at constant temperature, T. Similarly, Figure 8.10b shows the case of the experimental 

data for eq
HP  as a function of T that were reported by of Kumar et al.213 which were 

measured at constant feed-composition, z.   
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CƛƎǳǊŜ уΦмлΦΥ /ƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ŜȄǇŜǊƛƳŜƴǘŀƭ όŘŜƴƻǘŜŘ ǿƛǘƘ ŎƛǊŎƭŜǎύ ŀƴŘ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ ǿƛǘƘ 

ǘƘŜ [L ƳŜǘƘƻŘƻƭƻƎȅ όŘŜƴƻǘŜŘ ǿƛǘƘ ǎƻƭƛŘ ƭƛƴŜǎύ ŦƻǊ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜǎ ƻŦ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ 

ƳƛȄǘǳǊŜ όDaςоύΥ /hн Ҍ IнΦ  

όŀύ 9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǘ Ŏƻƴǎǘŀƴǘ ¢ ŦǊƻƳ {ǳƎŀƘŀǊŀ Ŝǘ ŀƭΦолтΣ ŀƴŘ όōύ 9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǘ Ŏƻƴǎǘŀƴǘ Ȋ 

ŦǊƻƳ YǳƳŀǊ Ŝǘ ŀƭΦнмоΦ       

 

όŀύ 

 

όōύ 

 

 

Figure 8.11 shows additional comparisons for the gas mixture GMς3. Namely, 

Figure 8.11a shows the %AAD values for the prediction of the three phase equilibrium 

pressure of three experimental studies [Sugahara et al.307, Belandria et al.250 

(reporting y-values), and Belandria et al. 250 (reporting z-values)] plotted as a function 

of T. Figure 8.11b shows the corresponding %AAD values of all available experimental 

data (Table B.3 of the Appendix B) plotted as a function of
2COz . The majority of the 

cases result in %AAD values in the range 10ς50%, while for the case of Belandria et al. 

(y-values) the %AAD values are lower than 8%. 

 

 

 

 

 

 

 

 

 



мсф 
 

Figure 8.11.: %AAD resulting during the calculation of the three-phase equilibrium pressure for 
different experimental studies for the binary gas mixture (GMς3): CO2 + H2.  

(a) %AAD vs. T, where solid lines denote calculation of the current study (LI), and (b) %AAD vs. 
2COz . 

 

(a) 

 

(b) 

 

Figure 8.12 shows the comparison between experimental and calculated (LI 

method) values for the hydrate equilibrium pressures of the binary gas mixture CH4 + 

H2 (GMς6). Figure 8.12a shows the case of the experimental data for eq
HP  as a function 

of T that were reported by Pang et al.133 which were measured at constant feed-

composition, z, while Figure 8.12b shows the corresponding cases of the experimental 

data of Zhang et al.129, and Obanijesu et al.134.   
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CƛƎǳǊŜ уΦмнΦΥ /ƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ŜȄǇŜǊƛƳŜƴǘŀƭ όŘŜƴƻǘŜŘ ǿƛǘƘ ǎȅƳōƻƭǎύ ŀƴŘ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ ǿƛǘƘ 

ǘƘŜ [L ƳŜǘƘƻŘƻƭƻƎȅ όŘŜƴƻǘŜŘ ǿƛǘƘ ǎƻƭƛŘ ƭƛƴŜǎύ ŦƻǊ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜǎ ƻŦ ǘƘŜ ōƛƴŀǊȅ Ǝŀǎ 

ƳƛȄǘǳǊŜ όDaςсύΥ /Iп Ҍ IнΦ  

όŀύ 9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ŀǘ Ŏƻƴǎǘŀƴǘ ¢ ŦǊƻƳ tŀƴƎ Ŝǘ ŀƭΦмоо όŘŜƴƻǘŜŘ ǿƛǘƘ ŎƛǊŎƭŜǎύΣ ŀƴŘ όōύ 9ȄǇŜǊƛƳŜƴǘŀƭ 

Řŀǘŀ ŀǘ Ŏƻƴǎǘŀƴǘ ¢ ŦǊƻƳ ½ƘŀƴƎ Ŝǘ ŀƭΦмнф όŘŜƴƻǘŜŘ ǿƛǘƘ ǎǉǳŀǊŜǎύ ŀƴŘ hōŀƴƛƧŜǎǳ Ŝǘ ŀƭΦмоп όŘŜƴƻǘŜŘ ǿƛǘƘ 

ǘǊƛŀƴƎƭŜǎύΦ       

 

όŀύ 

 

όōύ 

 

Additional comparisons are provided in Figure 8.13, where the %AAD values 

for the prediction of the three-phase equilibrium pressure of four experimental 

studies (Zhang et al.129, Skiba et al.130, Pang et al.133, and Obanijesu et al.134) are plotted 

as a function of
4CHz . The majority of cases result in %AAD values that are less than 

10%, while a limited number of cases have %AAD values which are in the range 10ς

20%. 

Figure 8.13.: %AAD vs. 
4CHz  resulting during the calculation of the three-phase equilibrium pressure 

for different experimental studies for the binary gas mixture (GMς6): CH4 + H2.  
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In the current chapter the vast majority of the experimental data that were 

examined have P, T, conditions between the upper and lower quadruple points of the 

participating pure components in the hydrate-forming gas mixtures. From the analysis 

in this work, we can conclude that the presence of a component exhibiting an upper 

quadruple point, Q2, results usually in higher values of %AAD, particularly at the 

proximity of Q2. Therefore, it would be of interest to conduct a more systematic study 

of such hydrate systems (i.e., containing CO2, H2S, C2H4, C3H6, etc.), particularly at 

proximity or above Q2. Such aspects, however, which may also include structural 

transition phenomena (i.e., sIIςtoςsI) are beyond the scope of the current study and 

are left for the future. 

 

уΦп aƻŘŜƭ [ƛƳƛǘŀǝƻƴǎ 

Macroscopic tools developed for hydrate equilibrium calculations need to be: 

(i) accurate, and (ii) computationally efficient. An accurate and computationally fast 

tool can be used for initial screening purposes in the optimization of a given separation 

process. The identification/development of such a reliable macroscopic tool that can 

describe accurately the hydrate equilibrium pressure of hydrates of gas mixtures, 

while being computationally efficient is the main motivation of the current study. The 

current Section summarizes the limitations of the examined/proposed LI 

methodology. 

(1) In the current study the vast majority of the experimental data that were 

examined have P, T, conditions between the upper and lower quadruple points of the 

participating pure components in the hydrate-forming gas mixtures. From the analysis 

in this work, we can conclude that the presence of a component exhibiting an upper 

quadruple point, Q2, results in calculations of the hydrate equilibrium pressures with 

the LI method that have usually higher values of %AAD, particularly at the proximity 

or above Q2. Therefore, it would be of interest to conduct a more systematic study of 

such hydrate systems (i.e., containing CO2, H2S, C2H4, C3H6, etc.), particularly at 

proximity or above Q2. Such aspects, however, which may also include structural 

transition phenomena (i.e., sIIςtoςsI) are beyond the scope of the current study and 

are left for the future. 
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(2) The examined LI methodology is not capable of providing any information 

regarding cage occupancies. For the case of methods that couple the van der Waalsς

Platteeuw statistical theory with an EoS, such as the CSMGem method, the calculation 

of cage occupancies is a side-result obtained during the calculation of three-phase 

equilibrium conditions. 

(3) The LI methodology is applicable to mixtures with components that the 

parameters Ai and Bi, for calculating the equilibrium pressure [via Eq. (3)] of the pure 

component, are available. Namely, the methodology is limited to hydrate-forming 

components listed in Table 1. Therefore, in order to extend the methodology to other 

components, an approach such as the one described in section 7.2.2. should be 

followed.   

 

уΦр /ƻƴŎƭǳǎƛƻƴǎ 

In this chapter we have considered a simple methodology, called LI, for the 

calculation of the hydrate equilibrium pressure of gas mixtures. Gas mixtures of 

interest to this study were binary, ternary, and limited quaternary mixtures that were 

made up of different combinations of eleven components (i.e., CH4, C2H6, C2H4, C3H8, 

CO, CO2, N2, H2S, O2, SO2, and H2). In total, 98 publications, reporting 135 experimental 

mixed hydrate systems were considered, containing a total of 2516 experimental data 

points. Such gas mixtures are encountered in practical industrial applications of gas 

mixture separations. 

An extensive series of calculations using the examined LI methodology was 

performed and the calculations were compared against available experimental 

measurements, as well as with the CSMGem simulator. It should be noted that the 

intent of the study is not to replace the CSMGem simulator with the proposed 

methodology but to examine if a simpler and more computationally efficient approach 

can produce reasonable results (at least within some specific temperature, pressure 

and composition range) that can be used during the preliminary stage of the design of 

processes. After all, the theoretical basis behind CSMGem or other similar van der 

Waals-Platteeuw-based models is significantly stronger than the simplified LI 

approach.       
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Reasonable agreement between experiments and calculations with the LI 

methodology was obtained, considering its simplicity. The agreement was found to be 

better at lower hydrate equilibrium pressures. 

Finally, higher deviations have been observed for hydrate-forming gas mixtures 

that contain a component exhibiting an upper quadruple point, Q2, particularly at the 

proximity of Q2. Such systems require a more detailed study in order to examine if the 

performance of the LI method can be further improved. This aspect is left for a future 

study. 
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ф /ƻƴŎƭǳǎƛƻƴǎ ŀƴŘ wŜŎƻƳƳŜƴŘŀǝƻƴǎ ŦƻǊ CǳǘǳǊŜ ²ƻǊƪ 

Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘƛǎ ǘƘŜǎƛǎ ŀƴ ŜȄǘŜƴǎƛǾŜ ǊŜǾƛŜǿ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ǘƘŀǘ ǊŜǇƻǊǘ 

ǘƘǊŜŜπǇƘŀǎŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ Ǝŀǎ ƳƛȄǘǳǊŜǎ ƻŦ ǘǿƻ ƻǊ ƳƻǊŜ 

ŎƻƳǇƻƴŜƴǘǎ Ƙŀǎ ōŜŜƴ ŎƻƴŘǳŎǘŜŘΦ ¢ƘŜ ŀŎŎǳǊŀǘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǎǳŎƘ ŜǉǳƛƭƛōǊƛǳƳ 

ŎƻƴŘƛǝƻƴǎ ƛǎ ŎǊƛǝŎŀƭ ŦƻǊ ǘƘŜ ǇǊƻǇŜǊ ŘŜǎƛƎƴ ƻŦ ǾŀǊƛƻǳǎ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎΦ ¢ƘŜ ƛƴŘǳǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ ƛƴǘŜǊŜǎǘ ŀǊŜ ǇǊƛƳŀǊƛƭȅ ǘƘŜ ǎŜǇŀǊŀǝƻƴ ƻŦ Ǝŀǎ ƳƛȄǘǳǊŜǎΣ ŀƴŘ ǎŜŎƻƴŘŀǊƛƭȅ 

ǘƘŜ ƅƻǿ ŀǎǎǳǊŀƴŎŜ ƛƴ ƻƛƭκƎŀǎ ƛƴŘǳǎǘǊƛŜǎΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƛƴǘŜǊŜǎǘ 

ōŜƘƛƴŘ ŜŀŎƘ ƻƴŜ ƻŦ ǘƘŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǎǘǳŘƛŜŘΣ ǘƘŜ ŜƳǇƘŀǎƛǎ ƛǎ ǇƭŀŎŜŘ ǇǊƛƳŀǊƛƭȅ ƻƴ 

ŜƛǘƘŜǊ ǘƘŜ ƛƴƘƛōƛǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ όŜΦƎΦ ŦƻǊ άCƭƻǿ !ǎǎǳǊŀƴŎŜέ ŀǇǇƭƛŎŀǝƻƴǎύ ƻǊ ǘƘŜ 

ǇǊƻƳƻǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ όŜΦƎΦ ŦƻǊ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴΣ άŜƴŜǊƎȅ ŎŀǊǊƛŜǊέ Ǝŀǎ ǎǘƻǊŀƎŜ 

ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴύΦ ¢ƘŜ ƛƴƘƛōƛǝƻƴκǇǊƻƳƻǝƻƴ ƛƴ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘ 

ǘƘǊƻǳƎƘ ŀǇǇǊƻǇǊƛŀǘŜ ŀŘŘƛǝǾŜǎ ǘƘŀǘΥ όƛύ ǇŀǊǝŎƛǇŀǘŜ ƛƴ ǘƘŜ ƘȅŘǊŀǘŜ ǎǘǊǳŎǘǳǊŜ ōȅ 

ƻŎŎǳǇȅƛƴƎ ƘȅŘǊŀǘŜ ŎŀƎŜǎ όŜΦƎΦ ǇǊƻƳƻǘŜǊǎ ǎǳŎƘ ŀǎ ¢ICΣ /IΣ ŜǘŎΦύΣ όƛƛύ ŀǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ 

ǘƘŜ ƘȅŘǊŀǘŜ ǎǘǊǳŎǘǳǊŜ όŜΦƎΦ ƛƴƘƛōƛǘƻǊǎ ǎǳŎƘ ŀǎ ŜƭŜŎǘǊƻƭȅǘŜǎΣ ŀƭŎƻƘƻƭǎύΣ όƛƛƛύ ŦƻǊƳ 

ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΣ ƻǊ όƛǾύ ǘƘŜ ƛƴƘƛōƛǝƻƴκǇǊƻƳƻǝƻƴ ƛǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǎǇŀǝŀƭ ŎƻƴŬƴŜƳŜƴǘΦ   

Dŀǎ ƳƛȄǘǳǊŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ ǘƘŜ ǇǊŜǎŜƴǘ ǿƻǊƪ ƛƴŎƭǳŘŜ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΣ 

ƴƛǘǊƻƎŜƴΣ ƘȅŘǊƻƎŜƴΣ ƳŜǘƘŀƴŜΣ ŜǘƘŀƴŜΣ ǇǊƻǇŀƴŜΣ ƘȅŘǊƻƎŜƴ ǎǳƭŬŘŜ ŀƴŘ ƻȄȅƎŜƴΦ ¢ƘŜ 

ŀƴŀƭȅǎƛǎ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ нрр ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ǘƘŀǘ ǿŜǊŜ ƎǊƻǳǇŜŘ 

ǳƴŘŜǊ ŬƊŜŜƴ Ǝŀǎ ƳƛȄǘǳǊŜ ǘȅǇŜǎΦ CƻǊ Ƴƻǎǘ ƻŦ ǘƘŜ ƳƛȄǘǳǊŜǎΣ ǘƘŜ ǊŜƭŀǘŜŘ ƛƴŘǳǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴǎ ŀǊŜ ƛŘŜƴǝŬŜŘΦ ¢ƘŜ ŘƛũŜǊŜƴǘ ƳƛȄǘǳǊŜǎ ŀǊŜ ŀƭǎƻ ŎǊƛǝŎŀƭƭȅ ŘƛǎŎǳǎǎŜŘ ŀƴŘ 

ǎǳƎƎŜǎǝƻƴǎ ŦƻǊ ǇƻǎǎƛōƭŜ ŦǳǘǳǊŜ ŘƛǊŜŎǝƻƴǎ ƛƴ ǇŜǊŦƻǊƳƛƴƎ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ƘŀǾŜ ōŜŜƴ ǇǊŜǎŜƴǘŜŘΦ  

CƛƴŀƭƭȅΣ ǿŜ ǎǳƳƳŀǊƛȊŜ ǎƻƳŜ ƻŦ ƻǳǊ ƳŀƧƻǊ ƻōǎŜǊǾŀǝƻƴǎκŎƻƴŎƭǳǎƛƻƴǎΥ 

¶ 9ƴŜǊƎȅ ǊŜƭŀǘŜŘ ƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŎŜǊƴǎ ŀǊŜ ōŜƘƛƴŘ Ƴƻǎǘ ƻŦ ǘƘŜ ƘȅŘǊŀǘŜ 

ǎȅǎǘŜƳǎ ŀƴŘ ǘƘŜ ǊŜƭŀǘŜŘ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ŜȄŀƳƛƴŜŘ ƛƴ ǘƘŜ 

ŎǳǊǊŜƴǘ ǊŜǾƛŜǿΦ 

¶ ¢ƘŜ ƳƻǝǾŀǝƻƴ ōŜƘƛƴŘ ǘƘŜ ǳǎŜ ƻŦ ƘȅŘǊŀǘŜπōŀǎŜŘ ǇǊƻŎŜǎǎŜǎ ŦƻǊ Ǝŀǎ ƳƛȄǘǳǊŜ 

ǎŜǇŀǊŀǝƻƴǎ ƻǊƛƎƛƴŀǘŜǎ ŦǊƻƳ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŀŘǾŀƴǘŀƎŜǎ ǘƘŀǘ ǎǳŎƘ ǇǊƻŎŜǎǎŜǎ 

ŜȄƘƛōƛǘΦ Lƴ ǇŀǊǝŎǳƭŀǊΥ όƛύ ǘƘŜ ŦƻǊƳŀǝƻƴκŘƛǎǎƻŎƛŀǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ ŘƻŜǎƴΩǘ ǊŜǉǳƛǊŜ 

ŎƻƳǇƭŜȄ ƛƴŘǳǎǘǊƛŀƭ ŜǉǳƛǇƳŜƴǘΣ ǿƘƛŎƘ ƛǎ ŦǳǊǘƘŜǊ ǊŜƅŜŎǘŜŘ ƛƴ ǘƘŜ ǊŜŘǳŎŜŘ ŎŀǇƛǘŀƭ 
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ŀƴŘ ƻǇŜǊŀǝƻƴŀƭ Ŏƻǎǘ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎΣ όƛƛύ ǘƘŜ 

ŦƻǊƳŀǝƻƴκŘƛǎǎƻŎƛŀǝƻƴ ƻŦ ƘȅŘǊŀǘŜǎ ŘƻŜǎƴΩǘ ƛƴǾƻƭǾŜ ŀƴȅ ŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴ ŀƴŘ 

ǘƘŜ ŜƴŎƭŀǘƘǊŀǘŜŘ ƳƻƭŜŎǳƭŜǎ ǊŜƳŀƛƴ ŀǘ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ŦƻǊƳΣ ǘƘŜǊŜŦƻǊŜ млл҈ 

ǊŜŎƻǾŜǊȅ ƻŦ ǘƘŜ Ǝŀǎ ǇƘŀǎŜ ƛǎ ǇƻǎǎƛōƭŜ ōȅ ǎƛƳǇƭȅ ƘŜŀǝƴƎ ǘƘŜ ƘȅŘǊŀǘŜ ƻǊ ǊŜŘǳŎƛƴƎ 

ǘƘŜ ǇǊŜǎǎǳǊŜΣ όƛƛƛύ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǿŀǘŜǊ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ǊŜŘǳŎǝƻƴ ƻŦ ƅŀƳƳŀōƛƭƛǘȅ 

ǊƛǎƪΣ ǘƘŜǊŜŦƻǊŜ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎŀŦŜǘȅ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎΣ όƛǾύ ƘȅŘǊŀǘŜπōŀǎŜŘ 

ǇǊƻŎŜǎǎŜǎ ŀǊŜ ƛƴ ǇǊƛƴŎƛǇƭŜ ŎƻƴǎƛŘŜǊŜŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭπŦǊƛŜƴŘƭȅΣ όǾύ ǎƻƳŜ ƻŦ ǘƘŜ 

ǇǊƻƳƻǘŜǊǎ όŜΦƎΦΣ ŎŀǎŜ ƻŦ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎύ ƘŀǾŜ ƭƻǿ ǾŀǇƻǊ ǇǊŜǎǎǳǊŜǎΣ ǿƘƛŎƘ 

ƳƛƴƛƳƛȊŜǎ ǘƘŜ ƭƻǎǎŜǎ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅ ǘƘŜ ƻǇŜǊŀǝƻƴŀƭ ŎƻǎǘΣ ŀƴŘ όǾƛύ ǘƘŜ ǳǎŜ ƻŦ 

ŀǇǇǊƻǇǊƛŀǘŜ ǇǊƻƳƻǘŜǊǎ ŦƻǊ ƘȅŘǊŀǘŜ ŦƻǊƳŀǝƻƴ Ŏŀƴ ǎƘƛƊ ǘƘŜ ƻǇŜǊŀǝƴƎ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƻ ƘƛƎƘŜǊ ǾŀƭǳŜǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŦŀǊ ŦǊƻƳ ǘƘŜ ŎǊȅƻƎŜƴƛŎ ŎƻƴŘƛǝƻƴǎ 

ǘƘŀǘ ŀǊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ǎƻƳŜ ƻŦ ǘƘŜ ŀƭǘŜǊƴŀǝǾŜ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎ ŎǳǊǊŜƴǘƭȅ ƛƴ 

ǳǎŜΣ ǊŜǎǳƭǝƴƎ ǘƘǳǎ ƛƴ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴ ƻŦ ǘƘŜ ŎŀǇƛǘŀƭ ŀƴŘ ƻǇŜǊŀǝƻƴŀƭ ŎƻǎǘΦ 

¶ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ƻŦ ǘƘŜ ǾŀǊƛƻǳǎ ŀŘŘƛǝǾŜǎ ƛƴŎǊŜŀǎŜǎ 

ŀǎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ ŀŘŘƛǝǾŜ ƛƴŎǊŜŀǎŜǎΦ IƻǿŜǾŜǊΣ ŎŀǊŜ ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ 

ǎƛƴŎŜ ƻƊŜƴ ŀƴ ƻǇǝƳǳƳ ǎǘƻƛŎƘƛƻƳŜǘǊƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ǾŀƭǳŜ ŜȄƛǎǘǎ ǿƘŜǊŜ ŀ 

ƳŀȄƛƳǳƳ ǇǊƻƳƻǝƻƴ ƛǎ ƻōǎŜǊǾŜŘΦ !ƴȅ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ 

ǎǝƭƭ ŜȄƘƛōƛǘǎ ǇǊƻƳƻǝƻƴ ŜũŜŎǘǎΣ ƘƻǿŜǾŜǊΣ ŀǘ ŀ ƭŜǎǎŜƴŜŘ ŘŜƎǊŜŜ ŦǊƻƳ ǘƘŜ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ ƻŦ ǘƘŜ ƻǇǝƳǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴ ǾŀƭǳŜΦ ¢ƘŜ 

ǇŀǊǝŎǳƭŀǊ ƛǎǎǳŜ Ƙŀǎ ŦǳǊǘƘŜǊ ƛƳǇƭƛŎŀǝƻƴǎ ƛƴ ǘƘŜ ŜŎƻƴƻƳƛŎǎ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎ 

ŘŜǎƛƎƴΦ CƻǊ ǎǳŎƘ ŎŀǎŜǎ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ ƻǇǝƳǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴ 

ǾŀƭǳŜ ŀƴŘ ƻǇŜǊŀǘŜ ǘƘŜ ƘȅŘǊŀǘŜπōŀǎŜŘ ǇǊƻŎŜǎǎ ŀǘ ǾŀƭǳŜǎ ǘƘŀǘ ŀǊŜ ŜƛǘƘŜǊ ƭƻǿŜǊ ƻǊ 

Ŝǉǳŀƭ ǘƻ ǘƘŜ ƻǇǝƳǳƳ ǾŀƭǳŜΦ hǇŜǊŀǝƻƴ ŀǘ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿƻǳƭŘ ǊŜǎǳƭǘ 

ƛƴ ƛƴŎǊŜŀǎŜŘ ƻǇŜǊŀǝƻƴŀƭ Ŏƻǎǘ όŘǳŜ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ŀƴ ŀŘŘƛǝƻƴŀƭ ŀƳƻǳƴǘ ƻŦ 

ǇǊƻƳƻǘŜǊύΣ ǿƘƛƭŜ ƘŀǾƛƴƎ ŀǘ ǘƘŜ ǎŀƳŜ ǝƳŜ ŀ ƭƻǿŜǊ ǇǊƻƳƻǝƻƴ ŜũŜŎǘ όƛΦŜΦΣ ǿƘŜƴ 

ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƻǇǝƳǳƳ ǾŀƭǳŜύΦ 

¶ ¢ƘŜ ǳǎŜ ƻŦ ŀ ǇǊƻƳƻǘŜǊ όŜΦƎΦ ¢ICΣ /tΣ /IΣ ŜǘŎΦύ ǿƛǘƘ ŀ ƘȅŘǊŀǘŜπŦƻǊƳƛƴƎ Ǝŀǎ 

ƳƛȄǘǳǊŜ ŎƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ ǎŀƳŜ ƻǊ ŘƛũŜǊŜƴǘ ǘȅǇŜ ƻŦ ƘȅŘǊŀǘŜ 

ǎǘǊǳŎǘǳǊŜ ŀǎ ǘƘŜ ƻƴŜ ŦƻǊƳŜŘ ōȅ ǘƘŜ ƻǊƛƎƛƴŀƭ Ǝŀǎ ƳƛȄǘǳǊŜ όǎLΣ ǎLLΣ ƻǊ ǎIύΦ IƻǿŜǾŜǊΣ 

ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ Iς[ǿς± ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎ ǿƛǘƘ ǘƘŜ ǇǊƻƳƻǘŜǊǎ ŀǊŜ ǎƛƳƛƭŀǊ ǘƻ 

ǘƘƻǎŜ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ Ǝŀǎ ƳƛȄǘǳǊŜΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŀ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƴƎŜ ƛƴ 

ǎƭƻǇŜ ƻŎŎǳǊǎ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎΣ ǿƘƛŎƘ ƘƻǿŜǾŜǊΣ ŜȄƘƛōƛǘ ŀƳƻƴƎ 



мтс 
 

ǘƘŜƳ ǎƛƳƛƭŀǊ όƳƻǊŜ ƻǊ ƭŜǎǎύ ǎƭƻǇŜǎΦ ¢Ƙƛǎ ǇŀǊǝŎǳƭŀǊ ōŜƘŀǾƛƻǊ Ƙŀǎ ŀ ǎƛƎƴƛŬŎŀƴǘ 

ŎƻƴǎŜǉǳŜƴŎŜΦ !ǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ŘƛũŜǊŜƴǘ ǎƭƻǇŜǎ ƛƴ ǘƘŜ Iς[ǿς± 

ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜǎ ǘƘŜǊŜ ƛǎ ŀ άŎǊƻǎǎƻǾŜǊ ǘŜƳǇŜǊŀǘǳǊŜέ ǊŀƴƎŜ ǿƘŜǊŜ ǘƘŜ ǎƭƻǇŜǎ ƻŦ 

ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜǎ Ŏŀƴ ƛƴǘŜǊǎŜŎǘ ǿƛǘƘ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ ǎLΣ ǎLLΣ ŀƴŘ ǎI ƘȅŘǊŀǘŜǎΦ 

CƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƘŀǘ ŀǊŜ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ŎǊƻǎǎƻǾŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ǘƘŜ 

ǇǊƻƳƻǝƴƎ ŜũŜŎǘ ƻŦ ǘƘŜ ǎŜƳƛŎƭŀǘƘǊŀǘŜ ƛǎ ǎǳǇŜǊƛƻǊΣ ǿƘƛƭŜ ŦƻǊ ƘƛƎƘŜǊ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƘŜ ŎƻƴǾŜƴǝƻƴŀƭ ƘȅŘǊŀǘŜǎ όƛΦŜΦΣ ǎLΣ ǎLLΣ ŀƴŘ ǎIύ ŜȄƘƛōƛǘ ōŜǧŜǊ 

ǇǊƻƳƻǝƴƎ ōŜƘŀǾƛƻǊΦ 

¶ ¢ƘŜ ƛǎǎǳŜ ƻŦ ƭǳƳǇƛƴƎ ǘƘŜ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ bн ŀƴŘ hнΣ ŀǎ ƛǎ ƻƊŜƴ ŘƻƴŜ ŦƻǊ ƘȅŘǊŀǘŜπ

ŦƻǊƳƛƴƎ Ǝŀǎ ƳƛȄǘǳǊŜǎΣ ƴŜŜŘǎ ǘƻ ōŜ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŜŘΣ ōƻǘƘ ŎƻƳǇǳǘŀǝƻƴŀƭƭȅ όa/ 

ǎǘǳŘƛŜǎύ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅΦ 

¢ƘŜ ǎŎƻǇŜ ƻŦ ǘƘƛǎ ǘƘŜǎƛǎ ǿŀǎ ǘƘŜ ŘŜǎƛƎƴΣ ŎƻƴǎǘǊǳŎǝƻƴΣ ǾŀƭƛŘŀǝƻƴ ŀƴŘ ƻǇŜǊŀǝƻƴ ƻŦ 

ŀƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǇǇŀǊŀǘǳǎ ǿƛǘƘ ŀƴ ƻǇŜǊŀǝƻƴŀƭ ǇǊŜǎǎǳǊŜ ǊŀƴƎŜ ǳǇ ǘƻ нл atŀ ŦƻǊ 

ƳŜŀǎǳǊƛƴƎ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ƻŦ ǇǳǊŜ Ǝŀǎ ŀƴŘ Ǝŀǎ 

ƳƛȄǘǳǊŜΦ ¢ƘŜ ŀǇǇŀǊŀǘǳǎ ǿŀǎ ǾŀƭƛŘŀǘŜŘ ōȅ ǇŜǊŦƻǊƳƛƴƎ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ 

ƳŜŀǎǳǊŜƳŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ ŦƻǊ ǘǿƻ ǎȅǎǘŜƳǎ ƻŦ ǇǳǊŜ Ǝŀǎ ƘȅŘǊŀǘŜǎ όƛΦŜΦΣ /hнҌIнh ŀƴŘ 

/IпҌIнhύΦ ¢ƻ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ǘǿƻ ŘƛũŜǊŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜǘƘƻŘǎ ŀǊŜ ǳǝƭƛȊŜŘΦ Lƴ 

ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ƛǎƻŎƘƻǊƛŎ ǇǊŜǎǎǳǊŜ ǎŜŀǊŎƘ ƳŜǘƘƻŘ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ŦƻǊ ǘƘŜ 

ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǎŜǾŜƴΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ tς¢ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ ŬǊǎǘ ǎȅǎǘŜƳΣ ǿƘƛƭŜ 

ǘǿƻ ŦƻǊ ǘƘŜ ǎŜŎƻƴŘ ǎȅǎǘŜƳΦ !ƭǘŜǊƴŀǝǾŜƭȅΣ ǘƘŜ ǇƘŀǎŜ ōƻǳƴŘŀǊȅ ŘƛǎǎƻŎƛŀǝƻƴ ƳŜǘƘƻŘ ǿŀǎ 

ƛƳǇƭŜƳŜƴǘŜŘ ŦƻǊ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŦƻǳǊΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ tς¢ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ 

ŬǊǎǘ ǎȅǎǘŜƳΣ ǿƘƛƭŜ ƻƴŜ ŦƻǊ ǘƘŜ ǎŜŎƻƴŘ ǎȅǎǘŜƳΦ Lƴ ǘƻǘŀƭΣ ǘǿŜƴǘȅ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ tς¢ ŎƻƴŘƛǝƻƴǎ ŦƻǊ 

ǘǿƻ ǎȅǎǘŜƳǎ ƻŦ ǇǳǊŜ Ǝŀǎ ƘȅŘǊŀǘŜǎ ŜȄŀƳƛƴŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΦ ¢ƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ƻōǘŀƛƴŜŘ ŀǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ǾŜǊȅ 

ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ƛǎ ŦƻǳƴŘ ŦƻǊ ōƻǘƘ ǎȅǎǘŜƳǎ ŜȄŀƳƛƴŜŘΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ǾŀƭƛŘŀǝƴƎ ǘƘŜ 

ŀǇǇŀǊŀǘǳǎ ǿŜ ŀƭǎƻ ǊŜǇƻǊǘŜŘ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǇǊŜǎǎǳǊŜκǘŜƳǇŜǊŀǘǳǊŜ ŀǊŜŀǎ ǿƘŜǊŜ 

ƎŀǇǎ ƛƴ ƭƛǘŜǊŀǘǳǊŜ ŜȄƛǎǘŜŘΦ  

¢ƘŜ ƛǎƻŎƘƻǊƛŎ ǇǊŜǎǎǳǊŜ ǎŜŀǊŎƘ όLt{ύ ƳŜǘƘƻŘ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ƻǊŘŜǊ ǘƻ 

ƳŜŀǎǳǊŜ ǘƘƛǊǘŜŜƴΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ t ς ¢ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ /hн Ҍ 

/Iп Ҍ IнhΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ǇƘŀǎŜ ōƻǳƴŘŀǊȅ ŘƛǎǎƻŎƛŀǝƻƴ όt.5ύ ƳŜǘƘƻŘ ǿŀǎ 



мтт 
 

ƛƳǇƭŜƳŜƴǘŜŘ ŦƻǊ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘǿƻΣ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ t ς ¢ Ǉƻƛƴǘǎ ŦƻǊ 

ǘƘŜ ǎŀƳŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳΦ 9ũƻǊǘ ǿŀǎ ƳŀŘŜ ƛƴ ƻǊŘŜǊ ǘƻ ǇŜǊŦƻǊƳ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ǳƴŘŜǊ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ƴƻ ƻǘƘŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ 

ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΦ ¢ƘŜ ƻōǘŀƛƴŜŘ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ 

ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎ 

ǿƛǘƘ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǎƛƳǳƭŀǘƻǊ /{aDŜƳ ŀƴŘ ǾŜǊȅ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿŀǎ ŦƻǳƴŘ ŦƻǊ ǘƘŜ 

ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ ŜȄŀƳƛƴŜŘΦ  

¢ƘŜ ŎǳǊǊŜƴǘ ǘƘŜǎƛǎ ŀƭǎƻ ǊŜǇƻǊǘǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ Ǝŀǎ ǎƻƭǳōƛƭƛǝŜǎ ƛƴ ǘƘŜ ŀǉǳŜƻǳǎ 

ǇƘŀǎŜ ŘǳǊƛƴƎ ǘƘǊŜŜπǇƘŀǎŜ όIς[ǿς± ƻǊ Iҍ[ǿς[Ǝύ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎΦ DƻƻŘ 

ŀƎǊŜŜƳŜƴǘΣ ōŜǘǿŜŜƴ ƳŜŀǎǳǊŜŘ ŀƴŘ ƭƛǘŜǊŀǘǳǊŜπǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƻǊ ŎŀƭŎǳƭŀǘŜŘ 

ǾŀƭǳŜǎΣ ƛǎ ƻōǎŜǊǾŜŘ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /Iп ǎƻƭǳōƛƭƛǝŜǎΣ ǿƘƛƭŜ ǊŜŀǎƻƴŀōƭŜ ŀƎǊŜŜƳŜƴǘ ƛǎ 

ŦƻǳƴŘ ŦƻǊ ǘƘŜ ŎŀǎŜ ƻŦ /hнΦ 

CƻǊ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ /hн Ҍ /Iп Ҍ Iнh ǊŜŀǎƻƴŀōƭŜ ŀƎǊŜŜƳŜƴǘ 

ōŜǘǿŜŜƴ ƳŜŀǎǳǊŜŘ ŀƴŘ ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƻǊ ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜǎΣ ǿŀǎ ƻōǎŜǊǾŜŘΦ 

!ŘŘƛǝƻƴŀƭ ǎƻƭǳōƛƭƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŀƭǎƻ ǇŜǊŦƻǊƳŜŘ ŀǘ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ŀǊŜ ŎƭƻǎŜ 

ǘƻ ǘƘŜ ǘƘǊŜŜπǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ƭƛƴŜΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ǾŀƭƛŘŀǝƴƎ ǘƘŜ ŀǇǇŀǊŀǘǳǎ ǿŜ ŀƭǎƻ 

ǊŜǇƻǊǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǇǊŜǎǎǳǊŜκǘŜƳǇŜǊŀǘǳǊŜ ŀǊŜŀǎ ǿƘŜǊŜ ƎŀǇǎ ƛƴ 

ƭƛǘŜǊŀǘǳǊŜ ŜȄƛǎǘŜŘΦ  

CƛƴŀƭƭȅΣ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳ ƳŜǘƘŀƴŜ ς ŎŀǊōƻƴ 

ŘƛƻȄƛŘŜ ς ǿŀǘŜǊ ŀǘ ŎƻƴŘƛǝƻƴǎ ǿƘŜǊŜ ƘȅŘǊŀǘŜǎ ŀǊŜ ƴƻǘ ŦƻǊƳƛƴƎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘΣ ǿƘƛŎƘ 

ŎƭŜŀǊƭȅ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƻŦ ƳŜǘƘŀƴŜ ƛƴ ǘƘŜ ƛƴƛǝŀƭ Ǝŀǎ ƳƛȄǘǳǊŜ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ 

ǊŜŘǳŎǝƻƴ ƻŦ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΣ ǿƘƛƭŜΣ ǎƛƳƛƭŀǊƭȅΣ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ŎŀǊōƻƴ 

ŘƛƻȄƛŘŜ ǊŜŘǳŎŜǎ ǘƘŜ ǎƻƭǳōƛƭƛǘȅ ƻŦ ƳŜǘƘŀƴŜΦ 

¢ƘŜ ŎƻƴǎǘǊǳŎǝƻƴ ς ǾŀƭƛŘŀǝƻƴ ς ƻǇŜǊŀǝƻƴ ƻŦ ǘƘŜ ƴƻǾŜƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǾƛŎŜ Ŏŀƴ ōŜ 

ŘŜŜƳŜŘ ŀǎ ǎǳŎŎŜǎǎŦǳƭΥ !ƭǘƘƻǳƎƘ ŀ ǇƭŜǘƘƻǊŀ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǾƛŎŜǎ ŜȄƛǎǘ ǘƘŀǘ Ŏŀƴ 

ǇŜǊŦƻǊƳ ǘǿƻ ŀƴŘ ǘƘǊŜŜ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ƻƴƭȅ ŀ 

ǊŜƭŀǝǾŜƭȅ ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ǘƘŜǎŜ ǇŜǊŦƻǊƳ ǉǳŀƴǝǘŀǝǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ōƻǘƘ ǘƘŜ ƭƛǉǳƛŘ ŀƴŘ 

Ǝŀǎ ǇƘŀǎŜΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ŘŜǾƛŎŜ ŀƴŘ ƛǘǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ 

ƳŜŀǎǳǊƛƴƎ ŜǉǳƛƭƛōǊƛǳƳ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ǿŀǘŜǊ ǎƻƭǳōƛƭƛǘȅ ƻŦ ǘƘŜ ŜȄŀƳƛƴŜŘ ƎŀǎŜǎ ǇǊƻǾŜŘ 



мту 
 

ǘƘŀǘ ǘƘŜ ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ ǎǳŎƘ ŀ ŘŜǾƛŎŜ ǘƘŀǘ Ŏŀƴ ŎŀǊǊȅ ƻǳǘ ƛǘǎ ǇǳǊǇƻǎŜΣ ǿƛǘƘƛƴ ƭƛƳƛǘŜŘ 

ōǳŘƎŜǘΣ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘΦ  

Lǘ ƛǎ ǊŜŀǎƻƴŀōƭŜ ǘƻ ŀǊƎǳŜ ǘƘŀǘ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘƛǎ ǘƘŜǎƛǎ ǿŀǎ ƴƻǘ ǘƻ Ŭƭƭ ŀƭƭ ǘƘŜ ƎŀǇǎ ƛƴ 

ǎŎƛŜƴǝŬŎ ǊŜǎŜŀǊŎƘ ƛƴ ǘƘŜ ǎǳōƧŜŎǘ ƻŦ Ǝŀǎ ƘȅŘǊŀǘŜǎΦ ¢ƘŜǊŜ ƛǎ ŀ ƴǳƳōŜǊ ƻŦ ŜȄǇŜǊƛƳŜƴǘǎ 

ǘƘŀǘ ŎƻǳƭŘ ōŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘƘƛǎ ŘŜǾƛŎŜΦ CƛǊǎǘƭȅΣ ƳƻǊŜ Ǝŀǎ ƳƛȄǘǳǊŜǎ Ŏŀƴ ōŜ ŜȄŀƳƛƴŜŘ 

ŜȄǇŜǊƛƳŜƴǘŀƭƭȅΦ ¢ƘŜ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘƛŜǎ ǘƘŀǘ ƘŀǾŜ ǊŜǇƻǊǘŜŘ ǘƘǊŜŜπ

ǇƘŀǎŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ƳŜŀǎǳǊŜƳŜƴǘǎ Ŏŀƴ ōŜ ƻŦ ŀǎǎƛǎǘŀƴŎŜ ǘƻ ŀƴȅƻƴŜ ǿƘƻ ƛǎ 

ƛƴǘŜǊŜǎǘŜŘ ƛƴ ƭƻŎŀǝƴƎ ƎŀǇǎ ƛƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǊŜŀǎ ǘƘŀǘ ǿƻǳƭŘ ōŜ ƛƴǘŜǊŜǎǝƴƎ ǘƻ ǇǳǊǎǳŜΦ  

CƻǊ ƛƴǎǘŀƴŎŜΣ ŘǳǊƛƴƎ ǘƘŜ ƛƴƛǝŀƭ ǎŜǩƴƎ ǳǇ ƻŦ ǘƘŜ ŘŜǾƛŎŜΣ ƛƴ ƻǊŘŜǊ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ 

ŎŀƭƛōǊŀǝƻƴ ƻŦ ǘƘŜ Dŀǎ /ƘǊƻƳŀǘƻƎǊŀǇƘΣ ƳƛȄǘǳǊŜǎ ƻŦ /hнΣ /Iп ŀƴŘ bн ǿŜǊŜ ǘŜǎǘŜŘΣ ōǳǘ 

ƴƻ ŜȄǇŜǊƛƳŜƴǘǎ ǘƘŀǘ ŎƻƴǘŀƛƴŜŘ ōƛƴŀǊȅ ƻǊ ǘŜǊƴŀǊȅ Ǝŀǎ ƳƛȄǘǳǊŜǎ ǘƘŀǘ ƛƴŎƭǳŘŜŘ ǘƘŜ ǳǎŜ ƻŦ 

bн ǿŜǊŜ ǇŜǊŦƻǊƳŜŘΣ ŘǳŜ ǘƻ ǝƳŜ ŀƴŘ ōǳŘƎŜǘ ǊŜǎǘǊƛŎǝƻƴǎΦ Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘ ǘƘŜ ŬǊǎǘ ƭƻƎƛŎŀƭ 

ǎǘŜǇ ǿƻǳƭŘ ōŜ ǘƻ ŜȄǘŜƴŘ ǘƘŜ ǎǘǳŘȅ ōȅ ǇŜǊŦƻǊƳƛƴƎ ƴŜǿ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ǘƘŀǘ ƛƴŎƭǳŘŜ bнΣ ƛΦŜΦ ǿƛǘƘ Dŀǎ aƛȄǘǳǊŜǎ DaπмΣ DaπнΣ Daπт ŀƴŘ DaπфΣ ŀƭƭ ƻŦ ǿƘƛŎƘ ŀǊŜ 

ƻŦ ŜȄǘǊŜƳŜ ƛƴŘǳǎǘǊƛŀƭ ƛƴǘŜǊŜǎǘΦ  

Lƴ ŀŘŘƛǝƻƴΣ ƛǘ ǿƻǳƭŘ ōŜ ǳǎŜŦǳƭ ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ǇŜǊŦƻǊƳƛƴƎ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ Iн ŎƻƴǘŀƛƴƛƴƎ ǎȅǎǘŜƳǎΣ ŜƛǘƘŜǊ ŦƻǊ ǎŜǇŀǊŀǝƻƴ ŀǇǇƭƛŎŀǝƻƴǎΣ ƻǊ ŦƻǊ 

ƘȅŘǊƻƎŜƴ ǎǘƻǊŀƎŜ ŀǇǇƭƛŎŀǝƻƴǎΦ !ǎ ǘƘŜ ǳǎŜ ƻŦ Iн ŎƻƳŜǎ ǿƛǘƘ ǎƛƎƴƛŬŎŀƴǘ ǎŀŦŜǘȅ ŀƴŘ 

ƭŜŀƪŀƎŜ ƘŀȊŀǊŘǎΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ƳƻŘƛŬŎŀǝƻƴǎ ǎƘƻǳƭŘ ōŜ ƛƳǇƭŜƳŜƴǘŜŘΣ ƛƴ ƻǊŘŜǊ ǘƻ 

ŀŘŘǊŜǎǎ ǘƘŜǎŜ ŎƻƴǎǘǊŀƛƴǘǎΦ  

CǳǊǘƘŜǊƳƻǊŜΣ ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ƛƴƘƛōƛǘƻǊǎ ƻǊκŀƴŘ ǇǊƻƳƻǘŜǊǎ ŎƻǳƭŘ ōŜ 

ǇŜǊŦƻǊƳŜŘΣ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ ƘȅŘǊŀǘŜ ƛƴƘƛōƛǘƻǊǎ ώŜΦƎΦ ŀƭŎƻƘƻƭǎ ǎǳŎƘ ŀǎ 

ƳŜǘƘŀƴƻƭ όaŜhIύΣ ŜǘƘŀƴƻƭ ό9ǘhIύΣ ƎƭȅŎƻƭΣ ŜǘƘȅƭŜƴŜ ƎƭȅŎƻƭ ό9DύΣ ƳƻƴƻŜǘƘȅƭŜƴŜ ƎƭȅŎƻƭ 

όa9DύΣ ǘǊƛŜǘƘȅƭŜƴŜ ƎƭȅŎƻƭ ό¢9Dύϐ ŀƴŘ ŜƭŜŎǘǊƻƭȅǘŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ƘȅŘǊŀǘŜ ǇǊƻƳƻǘŜǊǎ ǎǳŎƘ ŀǎ 

ǘŜǘǊŀƘȅŘǊƻŦǳǊŀƴ ό¢ICύΣ ŜǘƘȅƭŜƴŜ ƻȄƛŘŜ ό9hύΣ ŎȅŎƭƻǇŜƴǘŀƴŜ ό/tύΣ ŎȅŎƭƻƘŜȄŀƴŜ ό/IύΣ 

ƳŜǘƘȅƭŎȅŎƭƻǇŜƴǘŀƴŜ όa/tύΣ ŀƴŘ L[ǎΦ 

.ŀǎŜŘ ƻƴ ǘƘŜ ǾŀƭǳŀōƭŜ ŜȄǇŜǊƛŜƴŎŜ ƎŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ŘŜǎƛƎƴ ŀƴŘ ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ ǘƘƛǎ 

ŘŜǾƛŎŜΣ ŀƴ ŀƭǘŜǊƴŀǝǾŜ ŘŜǾƛŎŜ Ƙŀǎ ōŜŜƴ ŜƴǾƛǎƛƻƴŜŘΣ ōŀǎŜŘ ƻƴ ǘƘŜ ǳǎŜ ƻŦ ƳǳƭǝǇƭŜ ǊƻŎƪƛƴƎ 

ŎŜƭƭǎΣ ŀǧŀŎƘŜŘ ǘƻ ŀ ǊƻŎƪƛƴƎ ŎǊŀŘƭŜΣ ǎǳōƳŜǊƎŜŘ ƛƴ ŀ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴǘǊƻƭ ōŀǘƘΦ ! 



мтф 
 

ǎƛƎƴƛŬŎŀƴǘ ŀŘǾŀƴǘŀƎŜ ƻŦ ǎǳŎƘ ŀ ǎȅǎǘŜƳ ǿƻǳƭŘ ōŜ ǘƘŜ ŎŀǇŀōƛƭƛǘȅ ƻŦ ǇŜǊŦƻǊƳƛƴƎ ƳǳƭǝǇƭŜ 

ŜȄǇŜǊƛƳŜƴǘǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΦ  

CƻƭƭƻǿƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜ ŎƻƴǎƛŘŜǊŜŘ ŀ ǎƛƳǇƭŜ ƳŜǘƘƻŘƻƭƻƎȅΣ 

ŎŀƭƭŜŘ [LΣ ŦƻǊ ǘƘŜ ǇǊŜŘƛŎǝƻƴ ƻŦ ǘƘŜ ƘȅŘǊŀǘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇǊŜǎǎǳǊŜ ƻŦ Ǝŀǎ ƳƛȄǘǳǊŜǎΦ Dŀǎ 

ƳƛȄǘǳǊŜǎ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ ǘƘƛǎ ǎǘǳŘȅ ǿŜǊŜ ōƛƴŀǊȅΣ ǘŜǊƴŀǊȅΣ ŀƴŘ ƭƛƳƛǘŜŘ ǉǳŀǘŜǊƴŀǊȅ ƳƛȄǘǳǊŜǎ 

ǘƘŀǘ ǿŜǊŜ ƳŀŘŜ ǳǇ ƻŦ ŘƛũŜǊŜƴǘ ŎƻƳōƛƴŀǝƻƴǎ ƻŦ ŜƭŜǾŜƴ ŎƻƳǇƻƴŜƴǘǎ όƛΦŜΦΣ /IпΣ /нIсΣ 

/нIпΣ /оIуΣ /hΣ /hнΣ bнΣ Iн{Σ hнΣ {hнΣ ŀƴŘ IнύΦ Lƴ ǘƻǘŀƭΣ фу ǇǳōƭƛŎŀǝƻƴǎΣ ǊŜǇƻǊǝƴƎ мор 

ŜȄǇŜǊƛƳŜƴǘŀƭ ƳƛȄŜŘ ƘȅŘǊŀǘŜ ǎȅǎǘŜƳǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘΣ ŎƻƴǘŀƛƴƛƴƎ ŀ ǘƻǘŀƭ ƻŦ нΣрмс 

ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ǇƻƛƴǘǎΦ {ǳŎƘ Ǝŀǎ ƳƛȄǘǳǊŜǎ ŀǊŜ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ǇǊŀŎǝŎŀƭ ƛƴŘǳǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ Ǝŀǎ ƳƛȄǘǳǊŜ ǎŜǇŀǊŀǝƻƴǎΦ 

An extensive series of calculations using the examined LI methodology was 

performed and the calculations were compared against available experimental 

measurements, as well as with the commercial CSMGem simulator. It should be noted 

that the intent of the study was not to replace the CSMGem simulator with the 

proposed methodology but to examine if a simpler and more computationally efficient 

approach can produce reasonable results (at least within some specific temperature, 

pressure and composition range) that can be used during the preliminary stage of the 

design of processes. After all, the theoretical basis behind CSMGem or other similar 

van der Waals-Platteeuw-based models is significantly stronger than the simplified LI 

approach.      

Reasonable agreement between experiments and calculations with the LI 

methodology was obtained, considering its simplicity. The agreement was found to be 

better at lower hydrate equilibrium pressures.  

Finally, higher deviations have been observed for hydrate-forming gas mixtures 

that contain a component exhibiting an upper quadruple point, Q2, particularly at the 

proximity of Q2. Such systems require a more detailed study in order to examine if the 

performance of the LI method can be further improved. This aspect is left for future 

study. 



мул 
 

wŜŦŜǊŜƴŎŜǎ 

 

όмύ 5ŜƴŘȅ {ƭƻŀƴΣ 9ΦΤ YƻƘΣ /Φ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ bŀǘǳǊŀƭ DŀǎŜǎΣ ¢ƘƛǊŘ 9ŘƛǝƻƴΣ ¢ƘƛǊŘΦΤ ¢ŀȅƭƻǊ ϧ 

CǊŀƴŎƛǎΣ 9ŘΦΤ /ƘŜƳƛŎŀƭ LƴŘǳǎǘǊƛŜǎΤ /w/ tǊŜǎǎΣ нллтΤ ±ƻƭΦ нллтпмрсΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмнлмκфтумпнлллупфпΦ  

όнύ aŀƻΣ ²Φ [ΦΤ aŀƻΣ IΦπYΦ YΦΤ DƻƴŎƘŀǊƻǾΣ !Φ CΦΤ {ǘǊǳȊƘƪƛƴΣ ±Φ ±ΦΤ DǳƻΣ vΦΤ IǳΣ WΦΤ {ƘǳΣ WΦΤ IŜƳƭŜȅΣ wΦ 

WΦΤ {ƻƳŀȅŀȊǳƭǳΣ aΦΤ ½ƘŀƻΣ ¸Φ IȅŘǊƻƎŜƴ /ƭǳǎǘŜǊǎ ƛƴ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜΦ {ŎƛŜƴŎŜ όмфтфύ нллнΣ нфт 

όррфлύΣ ннптςннпфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммнсκǎŎƛŜƴŎŜΦмлтрофпΦ  

όоύ ±ŜƭǳǎǿŀƳȅΣ IΦ tΦΤ YǳƳŀǊΣ wΦΤ [ƛƴƎŀΣ tΦ IȅŘǊƻƎŜƴ {ǘƻǊŀƎŜ ƛƴ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΥ /ǳǊǊŜƴǘ {ǘŀǘŜ 

ƻŦ ǘƘŜ !Ǌǘ ŀƴŘ CǳǘǳǊŜ 5ƛǊŜŎǝƻƴǎΦ !ǇǇƭ 9ƴŜǊƎȅ нлмпΣ мнн όaŀǊŎƘύΣ ммнςмонΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмпΦлмΦлсоΦ  

όпύ tŀǇŀŘƛƳƛǘǊƛƻǳΣ bΦ LΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ {ǘǳōƻǎΣ !Φ YΦ {ǘƻǊŀƎŜ ƻŦ Iн ƛƴ 

/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΥ 9Ǿŀƭǳŀǝƻƴ ƻŦ 5ƛũŜǊŜƴǘ CƻǊŎŜπCƛŜƭŘǎ ¦ǎŜŘ ƛƴ aƻƴǘŜ /ŀǊƭƻ {ƛƳǳƭŀǝƻƴǎΦ 

aƻƭ tƘȅǎ нлмтΣ ммр όфςмнύΣ мнтпςмнурΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκллнсуфтсΦнлмсΦмнттрфлΦ  

όрύ ¢ƘƻƳŀǎΣ {ΦΤ 5ŀǿŜΣ wΦ !Φ wŜǾƛŜǿ ƻŦ ²ŀȅǎ ǘƻ ¢ǊŀƴǎǇƻǊǘ bŀǘǳǊŀƭ Dŀǎ 9ƴŜǊƎȅ ŦǊƻƳ /ƻǳƴǘǊƛŜǎ 

²ƘƛŎƘ 5ƻ bƻǘ bŜŜŘ ǘƘŜ Dŀǎ ŦƻǊ 5ƻƳŜǎǝŎ ¦ǎŜΦ 9ƴŜǊƎȅ нллоΣ ну όмпύΣ мпсмςмпттΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лослπрппнόлоύллмнпπрΦ  

όсύ ±ŜƭǳǎǿŀƳȅΣ IΦ tΦΤ ²ƻƴƎΣ !Φ WΦ IΦΤ .ŀōǳΣ tΦΤ YǳƳŀǊΣ wΦΤ YǳƭǇǊŀǘƘƛǇŀƴƧŀΣ {ΦΤ wŀƴƎǎǳƴǾƛƎƛǘΣ tΦΤ 

[ƛƴƎŀΣ tΦ wŀǇƛŘ aŜǘƘŀƴŜ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ǘƻ 5ŜǾŜƭƻǇ ŀ /ƻǎǘ 9ũŜŎǝǾŜ [ŀǊƎŜ {ŎŀƭŜ 9ƴŜǊƎȅ 

{ǘƻǊŀƎŜ {ȅǎǘŜƳΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ WƻǳǊƴŀƭ нлмсΣ нфлΣ мсмςмтоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜƧΦнлмсΦлмΦлнсΦ  

όтύ !ǾǳƭŀΣ ±Φ wΦΤ DŀǊŘŀǎΣ wΦ [ΦΤ {ŀƴƎǿŀƛΣ WΦ {Φ ! wƻōǳǎǘ aƻŘŜƭ ŦƻǊ ǘƘŜ tƘŀǎŜ {ǘŀōƛƭƛǘȅ ƻŦ /ƭŀǘƘǊŀǘŜ 

IȅŘǊŀǘŜ ƻŦ aŜǘƘŀƴŜ ƛƴ ŀƴ !ǉǳŜƻǳǎ {ȅǎǘŜƳǎ ƻŦ ¢.!.Σ ¢.!. Ҍ bŀ/ƭ ŀƴŘ ¢IC {ǳƛǘŀōƭŜ ŦƻǊ 

{ǘƻǊŀƎŜ ŀƴŘ ¢ǊŀƴǎǇƻǊǘŀǝƻƴ ƻŦ bŀǘǳǊŀƭ DŀǎΦ W bŀǘ Dŀǎ {Ŏƛ 9ƴƎ нлмсΣ ооΣ рлфςрмтΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƴƎǎŜΦнлмсΦлрΦлрмΦ  

όуύ ±ŜƭǳǎǿŀƳȅΣ IΦ tΦΤ YǳƳŀǊΣ {ΦΤ YǳƳŀǊΣ wΦΤ wŀƴƎǎǳƴǾƛƎƛǘΣ tΦΤ [ƛƴƎŀΣ tΦ 9ƴƘŀƴŎŜŘ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ 

CƻǊƳŀǝƻƴ YƛƴŜǝŎǎ ŀǘ ƴŜŀǊ !ƳōƛŜƴǘ ¢ŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ aƻŘŜǊŀǘŜ tǊŜǎǎǳǊŜǎΥ !ǇǇƭƛŎŀǝƻƴ ǘƻ 

bŀǘǳǊŀƭ Dŀǎ {ǘƻǊŀƎŜΦ CǳŜƭ нлмсΣ мунΣ флтςфмфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŦǳŜƭΦнлмсΦлрΦлсуΦ  

όфύ tŀǇŀŘƛƳƛǘǊƛƻǳΣ bΦ LΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ {ǘǳōƻǎΣ !Φ YΦ {ǘƻǊŀƎŜ ƻŦ 

aŜǘƘŀƴŜ ƛƴ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΥ aƻƴǘŜ /ŀǊƭƻ {ƛƳǳƭŀǝƻƴǎ ƻŦ {L IȅŘǊŀǘŜǎ ŀƴŘ /ƻƳǇŀǊƛǎƻƴ ǿƛǘƘ 

9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмсΣ см όуύΣ нуусςнуфсΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦсōллнрсΦ  

όмлύ .ŀōǳΣ tΦΤ [ƛƴƎŀΣ tΦΤ YǳƳŀǊΣ wΦΤ 9ƴƎƭŜȊƻǎΣ tΦ ! wŜǾƛŜǿ ƻŦ ǘƘŜ IȅŘǊŀǘŜ .ŀǎŜŘ Dŀǎ {ŜǇŀǊŀǝƻƴ 

όI.D{ύ tǊƻŎŜǎǎ CƻǊŎŀǊōƻƴ 5ƛƻȄƛŘŜ tǊŜπ/ƻƳōǳǎǝƻƴ /ŀǇǘǳǊŜΦ 9ƴŜǊƎȅ нлмрΣ урΣ нсмςнтфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴŜǊƎȅΦнлмрΦлоΦмлоΦ  

όммύ ·ǳΣ /Φ DΦΤ [ƛΣ ·Φ {Φ wŜǎŜŀǊŎƘ tǊƻƎǊŜǎǎ ƻŦ IȅŘǊŀǘŜπ.ŀǎŜŘ /hн {ŜǇŀǊŀǝƻƴ ŀƴŘ /ŀǇǘǳǊŜ ŦǊƻƳ Dŀǎ 

aƛȄǘǳǊŜǎΦ w{/ !ŘǾ нлмпΣ п όорύΣ муолмςмуомсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлофκŎпǊŀллсммŀΦ  
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мум 
 

όмнύ ¢ƻƳƛǘŀΣ {ΦΤ !ƪŀǘǎǳΣ {ΦΤ hƘƳǳǊŀΣ wΦ 9ȄǇŜǊƛƳŜƴǘǎ ŀƴŘ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ {ƛƳǳƭŀǝƻƴǎ ŦƻǊ 

/ƻƴǝƴǳƻǳǎ {ŜǇŀǊŀǝƻƴ ƻŦ /hн ŦǊƻƳ /IпҌ/hн Dŀǎ aƛȄǘǳǊŜ ¦ǝƭƛȊƛƴƎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΦ !ǇǇƭ 

9ƴŜǊƎȅ нлмрΣ мпсΣ млпςммлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмрΦлмΦлууΦ  

όмоύ ²ŀƴƎΣ CΦΤ CǳΣ {ΦΤ DǳƻΣ DΦΤ WƛŀΣ ½Φ ½ΦΤ [ǳƻΣ {Φ WΦΤ DǳƻΣ wΦ .Φ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘȅ ƻƴ IȅŘǊŀǘŜπ.ŀǎŜŘ 

/hн wŜƳƻǾŀƭ ŦǊƻƳ /Iпκ/hн aƛȄǘǳǊŜΦ 9ƴŜǊƎȅ нлмсΣ млпΣ тсςупΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴŜǊƎȅΦнлмсΦлоΦмлтΦ  

όмпύ YŀƴƎΣ YΦ /ΦΤ [ƛƴƎŀΣ tΦΤ tŀǊƪΣ YΦ ƴŀƳΤ /ƘƻƛΣ {Φ WΦΤ [ŜŜΣ WΦ 5Φ {ŜŀǿŀǘŜǊ 5Ŝǎŀƭƛƴŀǝƻƴ ōȅ Dŀǎ IȅŘǊŀǘŜ 

tǊƻŎŜǎǎ ŀƴŘ wŜƳƻǾŀƭ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ 5ƛǎǎƻƭǾŜŘ Lƻƴǎ όbŀҌΣ YҌΣ aƎнҌΣ /ŀнҌΣ .оҌΣ /ƭπΣ {hп
нπύΦ 

5Ŝǎŀƭƛƴŀǝƻƴ нлмпΣ ороΣ упςфлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŘŜǎŀƭΦнлмпΦлфΦллтΦ  

όмрύ .ŀōǳΣ tΦΤ bŀƳōƛŀǊΣ !ΦΤ IŜΣ ¢ΦΤ YŀǊƛƳƛΣ LΦ !ΦΤ [ŜŜΣ WΦ 5ΦΤ 9ƴƎƭŜȊƻǎΣ tΦΤ [ƛƴƎŀΣ tΦ ! wŜǾƛŜǿ ƻŦ 

/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ .ŀǎŜŘ 5Ŝǎŀƭƛƴŀǝƻƴ ǘƻ {ǘǊŜƴƎǘƘŜƴ 9ƴŜǊƎȅπ²ŀǘŜǊ bŜȄǳǎΦ !/{ {ǳǎǘŀƛƴ /ƘŜƳ 

9ƴƎ нлмуΣ с όтύΣ улфоςумлтΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎǎǳǎŎƘŜƳŜƴƎΦуōлмсмсΦ  

όмсύ YŀƭƛǎǘŀΣ .ΦΤ {ƘƛƴΣ IΦΤ /ƘƻΣ WΦΤ WŀƴƎΣ !Φ /ǳǊǊŜƴǘ 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ CǳǘǳǊŜ tǊƻǎǇŜŎǘ wŜǾƛŜǿ ƻŦ 

CǊŜŜȊŜ 5ŜǎŀƭƛƴŀǝƻƴΦ 5Ŝǎŀƭƛƴŀǝƻƴ нлмуΣ ппт όWǳƭȅύΣ мстςмумΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŘŜǎŀƭΦнлмуΦлфΦллфΦ  

όмтύ bƎŀƴΣ ¸Φ ¢ΦΤ 9ƴƎƭŜȊƻǎΣ tΦ /ƻƴŎŜƴǘǊŀǝƻƴ ƻŦ aŜŎƘŀƴƛŎŀƭ tǳƭǇ aƛƭƭ 9ƉǳŜƴǘǎ ŀƴŘ bŀ/ƭ {ƻƭǳǝƻƴǎ 

ǘƘǊƻǳƎƘ tǊƻǇŀƴŜ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ мффсΣ ор όсύΣ муфпςмфллΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜфслллмǘΦ  

όмуύ 9ƴƎƭƛǎƘΣ bΦ WΦΤ aŀŎ9ƭǊƻȅΣ WΦ aΦ 5Φ tŜǊǎǇŜŎǝǾŜǎ ƻƴ aƻƭŜŎǳƭŀǊ {ƛƳǳƭŀǝƻƴ ƻŦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΥ 

tǊƻƎǊŜǎǎΣ tǊƻǎǇŜŎǘǎ ŀƴŘ /ƘŀƭƭŜƴƎŜǎΦ /ƘŜƳ 9ƴƎ {Ŏƛ нлмрΣ мнмΣ мооςмрсΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнлмпΦлтΦлптΦ  

όмфύ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦ aƻƴǘŜ /ŀǊƭƻ {ƛƳǳƭŀǝƻƴ {ǘǳŘƛŜǎ ƻŦ /ƭŀǘƘǊŀǘŜ 

IȅŘǊŀǘŜǎΥ ! wŜǾƛŜǿΦ WƻǳǊƴŀƭ ƻŦ {ǳǇŜǊŎǊƛǝŎŀƭ CƭǳƛŘǎ нлмуΣ моп ό5ŜŎŜƳōŜǊ нлмтύΣ рмςслΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǎǳǇƅǳΦнлмтΦмнΦлмтΦ  

όнлύ /ƻƴŘŜΣ aΦ aΦΤ ±ŜƎŀΣ /Φ 5ŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ¢ƘǊŜŜπtƘŀǎŜ /ƻŜȄƛǎǘŜƴŎŜ [ƛƴŜ ƛƴ aŜǘƘŀƴŜ IȅŘǊŀǘŜǎ 

¦ǎƛƴƎ /ƻƳǇǳǘŜǊ {ƛƳǳƭŀǝƻƴǎΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ tƘȅǎƛŎǎ нлмлΣ моо όсύΣ мςмнΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлсоκмΦопсстрмΦ  

όнмύ aƛŎƘŀƭƛǎΣ ±Φ YΦΤ /ƻǎǘŀƴŘȅΣ WΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ {ǘǳōƻǎΣ !Φ YΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦ tǊŜŘƛŎǝƻƴ 

ƻŦ ǘƘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ aŜǘƘŀƴŜ IȅŘǊŀǘŜǎ ¦ǎƛƴƎ ǘƘŜ 5ƛǊŜŎǘ tƘŀǎŜ /ƻŜȄƛǎǘŜƴŎŜ 

aŜǘƘƻŘƻƭƻƎȅΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ tƘȅǎƛŎǎ нлмрΣ мпн όпύΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлсоκмΦпфлрртнΦ  

όннύ ¢ǳƴƎΣ ¸Φ ¢ΦΤ /ƘŜƴΣ [Φ WΦΤ /ƘŜƴΣ ¸Φ tΦΤ [ƛƴΣ {Φ ¢Φ DǊƻǿǘƘ ƻŦ {ǘǊǳŎǘǳǊŜ ƛ /ŀǊōƻƴ 5ƛƻȄƛŘŜ IȅŘǊŀǘŜ ŦǊƻƳ 

aƻƭŜŎǳƭŀǊ 5ȅƴŀƳƛŎǎ {ƛƳǳƭŀǝƻƴǎΦ WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ / нлммΣ ммр όмрύΣ трлпςтрмрΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇммннлрȄΦ  

όноύ /ƻǎǘŀƴŘȅΣ WΦΤ aƛŎƘŀƭƛǎΣ ±Φ YΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ {ǘǳōƻǎΣ !Φ YΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦ ¢ƘŜ wƻƭŜ ƻŦ 

LƴǘŜǊƳƻƭŜŎǳƭŀǊ LƴǘŜǊŀŎǝƻƴǎ ƛƴ ǘƘŜ tǊŜŘƛŎǝƻƴ ƻŦ ǘƘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜ 

IȅŘǊŀǘŜǎΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ tƘȅǎƛŎǎ нлмрΣ мпо όфύΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлсоκмΦпфнфулрΦ  

όнпύ [ǳƛǎΣ 5Φ tΦΤ wƻƳŜǊƻπwŀƳƛǊŜȊΣ LΦ 9ΦΤ DƻƴȊłƭŜȊπ/ŀƭŘŜǊƽƴΣ !ΦΤ [ƽǇŜȊπ[ŜƳǳǎΣ WΦ ¢ƘŜ /ƻŜȄƛǎǘŜƴŎŜ 

¢ŜƳǇŜǊŀǘǳǊŜ ƻŦ IȅŘǊƻƎŜƴ /ƭŀǘƘǊŀǘŜǎΥ ! aƻƭŜŎǳƭŀǊ 5ȅƴŀƳƛŎǎ {ǘǳŘȅΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ 

tƘȅǎƛŎǎ нлмуΣ мпу όммύΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлсоκмΦрлмтурпΦ  

όнрύ aƛŎƘŀƭƛǎΣ ±Φ YΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ {ǘǳōƻǎΣ !Φ YΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦ 5ƛǊŜŎǘ tƘŀǎŜ /ƻŜȄƛǎǘŜƴŎŜ 

aƻƭŜŎǳƭŀǊ 5ȅƴŀƳƛŎǎ {ǘǳŘȅ ƻŦ ǘƘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ ǘƘŜ ¢ŜǊƴŀǊȅ aŜǘƘŀƴŜπ/ŀǊōƻƴ 5ƛƻȄƛŘŜπ
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мун 
 

²ŀǘŜǊ IȅŘǊŀǘŜ {ȅǎǘŜƳΦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ /ƘŜƳƛŎŀƭ tƘȅǎƛŎǎ нлмсΣ му όопύΣ нороуςнорпуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлофκŎсŎǇлпсптŀΦ  

όнсύ WŜƴǎŜƴΣ [ΦΤ ¢ƘƻƳǎŜƴΣ YΦΤ ±ƻƴ {ƻƭƳǎΣ bΦΤ ²ƛŜǊȊŎƘƻǿǎƪƛΣ {ΦΤ ²ŀƭǎƘΣ aΦ wΦΤ YƻƘΣ /Φ !ΦΤ {ƭƻŀƴΣ 9Φ 

5ΦΤ ²ǳΣ 5Φ ¢ΦΤ {ǳƳΣ !Φ YΦ /ŀƭŎǳƭŀǝƻƴ ƻŦ [ƛǉǳƛŘ ²ŀǘŜǊπIȅŘǊŀǘŜπaŜǘƘŀƴŜ ±ŀǇƻǊ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ 

ŦǊƻƳ aƻƭŜŎǳƭŀǊ {ƛƳǳƭŀǝƻƴǎΦ WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ . нлмлΣ ммп όмтύΣ рттрςртунΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇфммлонǉΦ  

όнтύ ²ŀŀƎŜΣ aΦ IΦΤ ±ƭǳƎǘΣ ¢Φ WΦ IΦΤ YƧŜƭǎǘǊǳǇΣ {Φ tƘŀǎŜ 5ƛŀƎǊŀƳ ƻŦ aŜǘƘŀƴŜ ŀƴŘ /ŀǊōƻƴ 5ƛƻȄƛŘŜ 

IȅŘǊŀǘŜǎ /ƻƳǇǳǘŜŘ ōȅ aƻƴǘŜ /ŀǊƭƻ {ƛƳǳƭŀǝƻƴǎΦ WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ . нлмтΣ мнм 

όолύΣ тоосςторлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧǇŎōΦтōлолтмΦ  

όнуύ 5ƻƘǊƴΣ wΦΤ CƻƴǎŜŎŀΣ WΦ aΦ {ΦΤ tŜǇŜǊΣ {Φ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜǘƘƻŘǎ ŦƻǊ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŀǘ IƛƎƘ 

tǊŜǎǎǳǊŜǎΦ !ƴƴǳ wŜǾ /ƘŜƳ .ƛƻƳƻƭ 9ƴƎ нлмнΣ о όaŀǊŎƘύΣ опоςостΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммпсκŀƴƴǳǊŜǾπŎƘŜƳōƛƻŜƴƎπлснлммπлумллуΦ  

όнфύ CƻƴǎŜŎŀΣ WΦ aΦ {ΦΤ 5ƻƘǊƴΣ wΦΤ tŜǇŜǊΣ {Φ IƛƎƘπtǊŜǎǎǳǊŜ CƭǳƛŘπtƘŀǎŜ 9ǉǳƛƭƛōǊƛŀΥ 9ȄǇŜǊƛƳŜƴǘŀƭ 

aŜǘƘƻŘǎ ŀƴŘ {ȅǎǘŜƳǎ LƴǾŜǎǝƎŀǘŜŘ όнллрπнллуύΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлммΣ олл όмςнύΣ мςсфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмлΦлфΦлмтΦ  

όолύ ²ŀǊŘΣ ½Φ ¢ΦΤ 5ŜŜǊƛƴƎΣ /Φ 9ΦΤ aŀǊǊƛƻǧΣ wΦ !ΦΤ {ǳƳΣ !Φ YΦΤ {ƭƻŀƴΣ 9Φ 5ΦΤ YƻƘΣ /Φ !Φ tƘŀǎŜ 

9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ŀƴŘ aƻŘŜƭ /ƻƳǇŀǊƛǎƻƴǎ ŦƻǊ Iн{ IȅŘǊŀǘŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмрΣ сл όнύΣ 

плоςплуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллсртŦΦ  

όомύ όbL{¢ ǊŜŦΦύ {ŜŜΥ ƘǧǇΥκκƎŀǎƘȅŘǊŀǘŜǎΦƴƛǎǘΦƎƻǾΦ  

όонύ YŀƳŀƭΣ aΦ {ΦΤ IǳǎǎŜƛƴΣ LΦ !ΦΤ {ǳƭǘŀƴΣ !Φ {ΦΤ ±ƻƴ {ƻƭƳǎΣ bΦ !ǇǇƭƛŎŀǝƻƴ ƻŦ ±ŀǊƛƻǳǎ ²ŀǘŜǊ {ƻƭǳōƭŜ 

tƻƭȅƳŜǊǎ ƛƴ Dŀǎ IȅŘǊŀǘŜ LƴƘƛōƛǝƻƴΦ wŜƴŜǿŀōƭŜ ŀƴŘ {ǳǎǘŀƛƴŀōƭŜ 9ƴŜǊƎȅ wŜǾƛŜǿǎ нлмсΣ слΣ 

нлсςннрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǊǎŜǊΦнлмсΦлмΦлфнΦ  

όооύ YƻƘΣ /Φ !Φ ¢ƻǿŀǊŘǎ ŀ CǳƴŘŀƳŜƴǘŀƭ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎΦ /ƘŜƳ {ƻŎ wŜǾ 

нллнΣ ом όоύΣ мртςмстΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлофκōллустнƧΦ  

όопύ YŜƭƭŀƴŘΣ aΦ !Φ IƛǎǘƻǊȅ ƻŦ ǘƘŜ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ [ƻǿ 5ƻǎŀƎŜ IȅŘǊŀǘŜ LƴƘƛōƛǘƻǊǎΦ 9ƴŜǊƎȅ ŀƴŘ 

CǳŜƭǎ нллсΣ нл όоύΣ унрςуптΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜŦлрлпнтȄΦ  

όорύ wǳũƻǊŘΣ ¢Φ 9ΦΤ {ƳŀǊǘΣ {ΦΤ ²ŀǘǎƻƴΣ DΦ /Φ ¸ΦΤ DǊŀƘŀƳΣ .Φ CΦΤ .ƻȄŀƭƭΣ WΦΤ 5ƛƴƛȊ Řŀ /ƻǎǘŀΣ WΦ /ΦΤ aŀȅΣ 9Φ 

CΦ ¢ƘŜ wŜƳƻǾŀƭ ƻŦ /hн ŀƴŘ bн ŦǊƻƳ bŀǘǳǊŀƭ DŀǎΥ ! wŜǾƛŜǿ ƻŦ /ƻƴǾŜƴǝƻƴŀƭ ŀƴŘ 9ƳŜǊƎƛƴƎ 

tǊƻŎŜǎǎ ¢ŜŎƘƴƻƭƻƎƛŜǎΦ W tŜǘ {Ŏƛ 9ƴƎ нлмнΣ фпςфрΣ мноςмрпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǇŜǘǊƻƭΦнлмнΦлсΦлмсΦ  

όосύ 5ŀōǊƻǿǎƪƛΣ bΦΤ ²ƛƴŘƳŜƛŜǊΣ /ΦΤ hŜƭƭǊƛŎƘΣ [Φ wΦ tǳǊƛŬŎŀǝƻƴ ƻŦ bŀǘǳǊŀƭ DŀǎŜǎ ǿƛǘƘ IƛƎƘ /hн 

/ƻƴǘŜƴǘ ¦ǎƛƴƎ Dŀǎ IȅŘǊŀǘŜǎΦ 9ƴŜǊƎȅ CǳŜƭǎ нллфΣ но όммύΣ рслоςрсмлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜŦфллрссфΦ  

όотύ 5ŜƴŘŜǊŜƴΣ aΦ ±ŀƴΤ LƴŜƪŜΣ 9ΦΤ DƻƭƻƳōƻƪΣ aΦ /hн wŜƳƻǾŀƭ ŦǊƻƳ /ƻƴǘŀƳƛƴŀǘŜŘ bŀǘǳǊŀƭ Dŀǎ 

aƛȄǘǳǊŜǎ ōȅ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нллфΣ пуΣ рулнςрултΦ 

όоуύ ²ŀƴƎΣ CΦΤ CǳΣ {ΦΤ DǳƻΣ DΦΤ WƛŀΣ ½Φ ½ΦΤ [ǳƻΣ {Φ WΦΤ DǳƻΣ wΦ .Φ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘȅ ƻƴ IȅŘǊŀǘŜπ.ŀǎŜŘ 

/hн wŜƳƻǾŀƭ ŦǊƻƳ /Iпκ/hн aƛȄǘǳǊŜΦ 9ƴŜǊƎȅ нлмсΣ млпΣ тсςупΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴŜǊƎȅΦнлмсΦлоΦмлтΦ  
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муо 
 

όофύ ½ƘƻƴƎΣ 5Φπ[ΦΤ [ƛΣ ½ΦΤ [ǳΣ ¸Φπ̧ΦΤ ²ŀƴƎΣ WΦπ[ΦΤ ¸ŀƴΣ WΦ 9Ǿŀƭǳŀǝƻƴ ƻŦ /hн wŜƳƻǾŀƭ ŦǊƻƳ ŀ /hн Ҍ /Iп 

Dŀǎ aƛȄǘǳǊŜ ¦ǎƛƴƎ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ [ƛǉǳƛŘ ²ŀǘŜǊ ŀƴŘ ¢IC {ƻƭǳǝƻƴǎΦ !ǇǇƭ 9ƴŜǊƎȅ 

нлмрΣ мруΣ мооςмпмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκƘǧǇΥκκŘȄΦŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмрΦлуΦлруΦ  

όплύ wƛŎŀǳǊǘŜΣ aΦΤ ¢ƻǊǊŞΣ WΦΤ .ǊƻǎŜǘŀΣ 5ΦΤ 5ƛŀȊΣ WΦΤ 5ƛŎƘŀǊǊȅΣ /ΦΤ /ƻƳǇƭŜȄŜǎΣ CΦΤ /ƴǊǎΣ ¦Φ aΦ wΦ ¢Φ /hн 

wŜƳƻǾŀƭ CǊƻƳ ŀ /hн ς /Iп Dŀǎ aƛȄǘǳǊŜ .ȅ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΥ 9Ǿŀƭǳŀǝƻƴ ƻŦ !ŘŘƛǝǾŜǎ ŀƴŘ 

hǇŜǊŀǝƴƎ /ƻƴŘƛǝƻƴǎΦ LƴŘΦ 9ƴƎΦ /ƘŜƳΦ wŜǎΦ нлмоΣ рнΣ уффςфмлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκκмлΦмлнмκƛŜолнруууΦ  

όпмύ ¢ŀƴƎΣ WΦΤ ½ŜƴƎΣ 5ΦΤ ²ŀƴƎΣ /ΦΤ /ƘŜƴΣ ¸ΦΤ IŜΣ [ΦΤ /ŀƛΣ bΦ {ǘǳŘȅ ƻƴ ǘƘŜ LƴƅǳŜƴŎŜ ƻŦ {5{ ŀƴŘ ¢IC ƻƴ 

IȅŘǊŀǘŜπ.ŀǎŜŘ Dŀǎ {ŜǇŀǊŀǝƻƴ tŜǊŦƻǊƳŀƴŎŜΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ wŜǎŜŀǊŎƘ ŀƴŘ 5ŜǎƛƎƴ 

нлмоΣ фм όфύΣ мтттςмтунΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎƘŜǊŘΦнлмоΦлоΦлмоΦ  

όпнύ CŀƴΣ {ΦΤ [ƛΣ vΦΤ ²ŀƴƎΣ ¸ΦΤ [ŀƴƎΣ ·ΦΤ /ƘŜƴΣ WΦ wŜƳƻǾŀƭ ƻŦ /hн ŦǊƻƳ .ƛƻƎŀǎ ōȅ ¦ǎƛƴƎ ¢ŜǊǘ π.ǳǘȅƭ 

tŜǊƻȄȅπнπ9ǘƘȅƭƘŜȄŀƴƻŀǘŜ ŀƴŘ ²ŀǘŜǊΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлмсΣ рр όнфύΣ тфруςтфсоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƛŜŎǊΦрōлпсрсΦ  

όпоύ YƻƘΣ /Φ !ΦΤ {ƭƻŀƴΣ 9Φ 5ΦΤ {ǳƳΣ !Φ YΦΤ ²ǳΣ 5Φ ¢Φ CǳƴŘŀƳŜƴǘŀƭǎ ŀƴŘ !ǇǇƭƛŎŀǝƻƴǎ ƻŦ Dŀǎ IȅŘǊŀǘŜǎΦ 

!ƴƴǳ wŜǾ /ƘŜƳ .ƛƻƳƻƭ 9ƴƎ нлммΣ н όмύΣ нотςнртΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммпсκŀƴƴǳǊŜǾπ

ŎƘŜƳōƛƻŜƴƎπлсмлмлπммпмрнΦ  

όппύ Lƻŀƴƴƛǎ bΦ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΤ ±ŀǎƛƭŜƛƻǎ YΦ aƛŎƘŀƭƛǎΤ Lƻŀƴƴƛǎ DΦ 9ŎƻƴƻƳƻǳΦ !ǘƻƳƛǎǝŎ {ŎŀƭŜ 

{ƛƳǳƭŀǝƻƴǎ ƻŦ ǘƘŜ 9ƴǘƘŀƭǇƛŜǎ ƻŦ 5ƛǎǎƻŎƛŀǝƻƴ ŀƴŘ 9ƴŎƭŀǘƘǊŀǝƻƴ ƻŦ Dŀǎ IȅŘǊŀǘŜǎΦ Lƴ 

¢ƘŜǊƳƻŘȅƴŀƳƛŎǎΤ нлмфΦ 

όпрύ {ƭƻŀƴΣ 9Φ 5Φ CǳƴŘŀƳŜƴǘŀƭ tǊƛƴŎƛǇƭŜǎ ŀƴŘ !ǇǇƭƛŎŀǝƻƴǎ ƻŦ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎΦ bŀǘǳǊŜ нллоΣ 

пнс όbƻǾŜƳōŜǊύΣ ороΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлоуκƴŀǘǳǊŜлнморΦ  

όпсύ tŀǇŀŘƛƳƛǘǊƛƻǳΣ bΦ LΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ {ǘǳōƻǎΣ !Φ YΦ LƴƅǳŜƴŎŜ ƻŦ 

/ƻƳōƛƴƛƴƎ wǳƭŜǎ ƻƴ ǘƘŜ /ŀǾƛǘȅ hŎŎǳǇŀƴŎȅ ƻŦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ōȅ aƻƴǘŜ /ŀǊƭƻ {ƛƳǳƭŀǝƻƴǎΦ 

aƻƭ tƘȅǎ нлмпΣ ммн όмтύΣ ннруςннтпΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκллнсуфтсΦнлмпΦфлнмосΦ  

όптύ aŀƻΣ ²Φ [ΦΤ aŀƻΣ IΦπYΦ YΦΤ DƻƴŎƘŀǊƻǾΣ !Φ CΦΤ {ǘǊǳȊƘƪƛƴΣ ±Φ ±ΦΤ DǳƻΣ vΦΤ IǳΣ WΦΤ {ƘǳΣ WΦΤ IŜƳƭŜȅΣ wΦ 

WΦΤ {ƻƳŀȅŀȊǳƭǳΣ aΦΤ ½ƘŀƻΣ ¸Φ IȅŘǊƻƎŜƴ /ƭǳǎǘŜǊǎ ƛƴ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜΦ {ŎƛŜƴŎŜ όмфтфύ нллнΣ нфт 

όррфлύΣ ннптςннпфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммнсκǎŎƛŜƴŎŜΦмлтрофпΦ  

όпуύ 5ŜƴŘȅ {ƭƻŀƴΤ /ŀǊƻƭȅƴ YƻƘΤ !ƳŀŘŜǳ YΦ {ǳƳΤ !ŘŀƳ [Φ .ŀƭƭŀǊŘΤ WŜũŜǊǎƻƴ /ǊŜŜƪΤ aƛŎƘŀŜƭ 9ŀǘƻƴΤ 

Wŀǎƻƴ [ŀŎƘŀƴŎŜΤ bƻǊƳ aŎƳǳƭƭŜƴΤ ¢ƘƛŜǊǊȅ tŀƭŜǊƳƻΤ DŜƻǊƎŜ {ƘƻǳǇΤ [ŀǊǊȅ ¢ŀƭƭŜȅΦ bŀǘǳǊŀƭ Dŀǎ 

IȅŘǊŀǘŜǎ ƛƴ Cƭƻǿ !ǎǎǳǊŀƴŎŜΤ 9ƭǎŜǾƛŜǊΣ нлммΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ/нллфπлπсноммπпΦ  

όпфύ YŀǎǘŀƴƛŘƛǎΣ tΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ wƻƳŀƴƻǎΣ DΦ 9ΦΤ {ǘǳōƻǎΣ !Φ YΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦ wŜŎŜƴǘ 

!ŘǾŀƴŎŜǎ ƛƴ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ aƛȄŜŘπDŀǎ ¢ƘǊŜŜπtƘŀǎŜ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ 

Dŀǎ aƛȄǘǳǊŜ {ŜǇŀǊŀǝƻƴ ŀƴŘ 9ƴŜǊƎȅπwŜƭŀǘŜŘ !ǇǇƭƛŎŀǝƻƴǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмфΣ сп όмнύΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦфōллсолΦ  

όрлύ 9ǎƭŀƳƛƳŀƴŜǎƘΣ !ΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wƛŎƘƻƴΣ 5ΦΤ bŀƛŘƻƻΣ tΦΤ wŀƳƧǳƎŜǊƴŀǘƘΣ 5Φ !ǇǇƭƛŎŀǝƻƴ 

ƻŦ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ {ŜǇŀǊŀǝƻƴ tǊƻŎŜǎǎŜǎΥ ! wŜǾƛŜǿ ƻŦ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎΦ WƻǳǊƴŀƭ 

ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлмнΣ псΣ снςтмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлммΦмлΦллсΦ  

όрмύ 9ƴƎƭŜȊƻǎΣ tΦΤ .ƛǎƘƴƻƛΣ tΦ wΦ Dƛōōǎ CǊŜŜ 9ƴŜǊƎȅ !ƴŀƭȅǎƛǎ ŦƻǊ ǘƘŜ {ǳǇŜǊǎŀǘǳǊŀǝƻƴ [ƛƳƛǘǎ ƻŦ 

aŜǘƘŀƴŜ ƛƴ [ƛǉǳƛŘ ²ŀǘŜǊ ŀƴŘ ǘƘŜ IȅŘǊŀǘŜπDŀǎπ[ƛǉǳƛŘ ²ŀǘŜǊ tƘŀǎŜ .ŜƘŀǾƛƻǊΦ CƭǳƛŘ tƘŀǎŜ 

9ǉǳƛƭƛō мфууΣ пнΣ мнфςмплΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκлотуπоумнόууύуллрпπнΦ  
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муп 
 

όрнύ {ŜǊǾƛƻΣ tΦΤ 9ƴƎƭŜȊƻǎΣ tΦ 9ũŜŎǘ ƻŦ ¢ŜƳǇŜǊŀǘǳǊŜ ŀƴŘ tǊŜǎǎǳǊŜ ƻƴ ǘƘŜ {ƻƭǳōƛƭƛǘȅ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜ 

ƛƴ ²ŀǘŜǊ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ Dŀǎ IȅŘǊŀǘŜΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллмΣ мфл όмςнύΣ мнтςмопΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лотуπоумнόлмύллрфуπнΦ  

όроύ {ŜǊǾƛƻΣ tΦΤ 9ƴƎƭŜȊƻǎΣ tΦ aŜŀǎǳǊŜƳŜƴǘ ƻŦ 5ƛǎǎƻƭǾŜŘ aŜǘƘŀƴŜ ƛƴ ²ŀǘŜǊ ƛƴ 9ǉǳƛƭƛōǊƛǳƳ ǿƛǘƘ Lǘǎ 

IȅŘǊŀǘŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллнΣ пт όмύΣ утςфлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлмлннррΦ  

όрпύ DŀǳŘŜǧŜΣ WΦΤ {ŜǊǾƛƻΣ tΦ aŜŀǎǳǊŜƳŜƴǘ ƻŦ 5ƛǎǎƻƭǾŜŘ tǊƻǇŀƴŜ ƛƴ ²ŀǘŜǊ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ Dŀǎ 

IȅŘǊŀǘŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллтΣ рн όпύΣ мппфςмпрмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜтллмнусΦ  

όррύ {ƻƳŜȅŀΣ {ΦΤ .ŀƴŘƻΣ {ΦΤ /ƘŜƴΣ .ΦΤ {ƻƴƎΣ ¸ΦΤ bƛǎƘƛƻΣ aΦ aŜŀǎǳǊŜƳŜƴǘ ƻŦ /hн {ƻƭǳōƛƭƛǘȅ ƛƴ tǳǊŜ 

²ŀǘŜǊ ŀƴŘ ǘƘŜ tǊŜǎǎǳǊŜ 9ũŜŎǘ ƻƴ Lǘ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜΦ Lƴǘ W IŜŀǘ aŀǎǎ 

¢ǊŀƴǎŦ нллрΣ пу όмнύΣ нрлоςнрлтΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƘŜŀǘƳŀǎǎǘǊŀƴǎŦŜǊΦнллпΦмнΦлпоΦ  

όрсύ ½ƘŀƴƎΣ ¸ΦΤ IƻƭŘŜǊΣ DΦ 5ΦΤ ²ŀǊȊƛƴǎƪƛΣ wΦ tΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ƛƴ ¢ǿƻπtƘŀǎŜΣ ²ŀǘŜǊπwƛŎƘπ[ƛǉǳƛŘΣ 

IȅŘǊŀǘŜ {ȅǎǘŜƳǎΥ  9ȄǇŜǊƛƳŜƴǘ ŀƴŘ ¢ƘŜƻǊȅΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нллуΣ пт όнύΣ прфςпсфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜлтлупсŎΦ  

όртύ {ƻƴƎΣ YΦ ¸ΦΤ CŜƴŜȅǊƻǳΣ DΦΤ CƭŜȅŦŜƭΣ CΦΤ aŀǊǝƴΣ wΦΤ [ƛŜǾƻƛǎΣ WΦΤ YƻōŀȅŀǎƘƛΣ wΦ {ƻƭǳōƛƭƛǘȅ 

aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ aŜǘƘŀƴŜ ŀƴŘ 9ǘƘŀƴŜ ƛƴ ²ŀǘŜǊ ŀǘ ŀƴŘ ƴŜŀǊ IȅŘǊŀǘŜ /ƻƴŘƛǝƻƴǎΦ CƭǳƛŘ tƘŀǎŜ 

9ǉǳƛƭƛō мффтΣ мну όмςнύΣ нпфςнрфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лотуπоумнόфсύломсрπнΦ  

όруύ ¸ŀƴƎΣ {Φ hΦΤ ¸ŀƴƎΣ LΦ aΦΤ YƛƳΣ ¸Φ {ΦΤ [ŜŜΣ /Φ {Φ aŜŀǎǳǊŜƳŜƴǘ ŀƴŘ tǊŜŘƛŎǝƻƴ ƻŦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ 

ŦƻǊ ²ŀǘŜǊҌ/hн ƛƴ IȅŘǊŀǘŜ CƻǊƳƛƴƎ /ƻƴŘƛǝƻƴǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлллΣ мтр όмςнύΣ трςуфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лотуπоумнόллύллпстπнΦ  

όрфύ ¸ŀƴƎΣ {Φ hΦΤ /ƘƻΣ {Φ IΦΤ [ŜŜΣ IΦΤ [ŜŜΣ /Φ {Φ aŜŀǎǳǊŜƳŜƴǘ ŀƴŘ tǊŜŘƛŎǝƻƴ ƻŦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ 

²ŀǘŜǊ Ҍ aŜǘƘŀƴŜ ƛƴ IȅŘǊŀǘŜ CƻǊƳƛƴƎ /ƻƴŘƛǝƻƴǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллмΣ мур όмςнύΣ роςсоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лотуπоумнόлмύллпрсπоΦ  

όслύ {ŜƻΣ ¸ΦΤ [ŜŜΣ IΦΤ wȅǳΣ .Φ IȅŘǊŀǝƻƴ bǳƳōŜǊ ŀƴŘ ¢ǿƻπǇƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ /Iп IȅŘǊŀǘŜ ƛƴ ǘƘŜ 

5ŜŜǇ hŎŜŀƴ {ŜŘƛƳŜƴǘǎΦ DŜƻǇƘȅǎ wŜǎ [Ŝǧ нллнΣ нф όуύΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнфκнллмD[лмпннсΦ  

όсмύ [ǳΣ ²ΦΤ /ƘƻǳΣ LΦ aΦΤ .ǳǊǊǳǎǎΣ wΦ /Φ 5ŜǘŜǊƳƛƴŀǝƻƴ ƻŦ aŜǘƘŀƴŜ /ƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ²ŀǘŜǊ ƛƴ 

9ǉǳƛƭƛōǊƛǳƳ ǿƛǘƘ {L aŜǘƘŀƴŜ IȅŘǊŀǘŜ ƛƴ ǘƘŜ !ōǎŜƴŎŜ ƻŦ ŀ ±ŀǇƻǊ tƘŀǎŜ ōȅ ƛƴ {ƛǘǳ wŀƳŀƴ 

{ǇŜŎǘǊƻǎŎƻǇȅΦ DŜƻŎƘƛƳ /ƻǎƳƻŎƘƛƳ !Ŏǘŀ нллуΣ тн όнύΣ пмнςпннΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƎŎŀΦнллтΦммΦллсΦ  

όснύ YƛƳΣ ¸Φ {ΦΤ wȅǳΣ {Φ YΦΤ ¸ŀƴƎΣ {Φ hΦΤ [ŜŜΣ /Φ {Φ [ƛǉǳƛŘ ²ŀǘŜǊҍIȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ aŜŀǎǳǊŜƳŜƴǘǎ 

ŀƴŘ ¦ƴƛŬŜŘ tǊŜŘƛŎǝƻƴǎ ƻŦ IȅŘǊŀǘŜπ/ƻƴǘŀƛƴƛƴƎ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ aŜǘƘŀƴŜΣ 9ǘƘŀƴŜΣ 

tǊƻǇŀƴŜΣ ŀƴŘ ¢ƘŜƛǊ aƛȄǘǳǊŜǎΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нллоΣ пн όммύΣ нплфςнпмпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜлнлфотпΦ  

όсоύ YƛƳΣ ¸Φ {ΦΤ [ƛƳΣ .Φ 5ΦΤ [ŜŜΣ WΦ 9ΦΤ [ŜŜΣ /Φ {Φ {ƻƭǳōƛƭƛǝŜǎ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜΣ aŜǘƘŀƴŜΣ ŀƴŘ 9ǘƘŀƴŜ 

ƛƴ {ƻŘƛǳƳ /ƘƭƻǊƛŘŜ {ƻƭǳǝƻƴ /ƻƴǘŀƛƴƛƴƎ Dŀǎ IȅŘǊŀǘŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллуΣ ро όсύΣ мормς

морпΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜулллтпȊΦ  

όспύ .ŜǊƎŜǊƻƴΣ {ΦΤ {ŜǊǾƛƻΣ tΦ /hн ŀƴŘ /Iп aƻƭŜ CǊŀŎǝƻƴ aŜŀǎǳǊŜƳŜƴǘǎ ŘǳǊƛƴƎ IȅŘǊŀǘŜ DǊƻǿǘƘ ƛƴ ŀ 

{ŜƳƛπ.ŀǘŎƘ {ǝǊǊŜŘ ¢ŀƴƪ wŜŀŎǘƻǊ ŀƴŘ Lǘǎ {ƛƎƴƛŬŎŀƴŎŜ ǘƻ YƛƴŜǝŎ aƻŘŜƭƛƴƎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō 

нллфΣ нтс όнύΣ мрлςмррΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнллуΦмлΦлнмΦ  
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мур 
 

όсрύ .ŜƭǘǊŀƴΣ WΦ DΦΤ {ŜǊǾƛƻΣ tΦ 9ǉǳƛƭƛōǊƛǳƳ {ǘǳŘƛŜǎ ŦƻǊ ǘƘŜ {ȅǎǘŜƳ aŜǘƘŀƴŜ Ǉƭǳǎ /ŀǊōƻƴ 5ƛƻȄƛŘŜ Ǉƭǳǎ 

bŜƻƘŜȄŀƴŜ Ǉƭǳǎ ²ŀǘŜǊΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллуΣ роΣ мтпрπмтпф {¢π9ǉǳƛƭƛōǊƛǳƳ ǎǘǳŘƛŜǎ ŦƻǊ ǘƘŜ 

ǎȅǎǘŜƳΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜулллссǉΦ  

όссύ .ǊǳǳǎƎŀŀǊŘΣ IΦΤ .ŜƭǘǊłƴΣ WΦ DΦΤ {ŜǊǾƛƻΣ tΦ {ƻƭǳōƛƭƛǘȅ aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ /Iп Ҍ /hн Ҍ Iнh 

{ȅǎǘŜƳ ǳƴŘŜǊ IȅŘǊŀǘŜπ[ƛǉǳƛŘπ±ŀǇƻǊ 9ǉǳƛƭƛōǊƛǳƳΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмлΣ нфс όнύΣ млсςмлфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмлΦлнΦлпнΦ  

όстύ aŀǊƛƴŀƪƛǎΣ 5ΦΤ ±ŀǊƻǘǎƛǎΣ bΦ {ƻƭǳōƛƭƛǘȅ aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ όaŜǘƘŀƴŜ Ҍ 9ǘƘŀƴŜ Ҍ tǊƻǇŀƴŜύ 

aƛȄǘǳǊŜǎ ƛƴ ǘƘŜ !ǉǳŜƻǳǎ tƘŀǎŜ ǿƛǘƘ Dŀǎ IȅŘǊŀǘŜǎ ǳƴŘŜǊ ±ŀǇƻǳǊ ¦ƴǎŀǘǳǊŀǘŜŘ /ƻƴŘƛǝƻƴǎΦ 

WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлмоΣ срΣ мллςмлрΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмоΦлрΦлофΦ  

όсуύ YŀǎǘŀƴƛŘƛǎΣ tΦΤ wƻƳŀƴƻǎΣ DΦ 9ΦΤ aƛŎƘŀƭƛǎΣ ±Φ YΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ {ǘǳōƻǎΣ !Φ YΦΤ 

¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ bƻǾŜƭ 9ȄǇŜǊƛƳŜƴǘŀƭ !ǇǇŀǊŀǘǳǎ ŦƻǊ IȅŘǊŀǘŜ 

9ǉǳƛƭƛōǊƛǳƳ aŜŀǎǳǊŜƳŜƴǘǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмсΣ пнпΣ мрнςмсмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмрΦмнΦлосΦ  

όсфύ YŀǎǘŀƴƛŘƛǎΣ tΦΤ wƻƳŀƴƻǎΣ DΦ 9ΦΤ {ǘǳōƻǎΣ !Φ YΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦ ¢ǿƻπ ŀƴŘ 

¢ƘǊŜŜπtƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ¢ŜǊƴŀǊȅ /Iп Ҍ /hн Ҍ Iнh 

aƛȄǘǳǊŜΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмтΣ прмΣ фсςмлрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмтΦлуΦллнΦ  

όтлύ 5ǳŀƴΣ ½ΦΤ {ǳƴΣ wΦΤ ½ƘǳΣ /ΦΤ /ƘƻǳΣ LΦ aΦ !ƴ LƳǇǊƻǾŜŘ aƻŘŜƭ ŦƻǊ ǘƘŜ /ŀƭŎǳƭŀǝƻƴ ƻŦ /hн {ƻƭǳōƛƭƛǘȅ 

ƛƴ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴǎ /ƻƴǘŀƛƴƛƴƎ bŀҌΣ YҌΣ /ŀнҌΣ aƎнҌΣ /ƭπΣ ŀƴŘ {hп
нπΦ aŀǊ /ƘŜƳ нллсΣ фу όнςпύΣ 

момςмофΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳŀǊŎƘŜƳΦнллрΦлфΦллмΦ  

όтмύ {ǳƴΣ wΦΤ 5ǳŀƴΣ ½Φ !ƴ !ŎŎǳǊŀǘŜ aƻŘŜƭ ǘƻ tǊŜŘƛŎǘ ǘƘŜ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ {ǘŀōƛƭƛǘȅ ƻŦ aŜǘƘŀƴŜ 

IȅŘǊŀǘŜ ŀƴŘ aŜǘƘŀƴŜ {ƻƭǳōƛƭƛǘȅ ƛƴ aŀǊƛƴŜ 9ƴǾƛǊƻƴƳŜƴǘǎΦ /ƘŜƳ DŜƻƭ нллтΣ нпп όмςнύΣ нпуς

нснΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎƘŜƳƎŜƻΦнллтΦлсΦлнмΦ  

όтнύ !ƭ DƘŀŦǊƛΣ {Φ ½Φ {ΦΤ CƻǊǘŜΣ 9ΦΤ aŀƛǘƭŀƴŘΣ DΦ /ΦΤ wƻŘǊƛƎǳŜȊπIŜƴǊƝǉǳŜȊΣ WΦ WΦΤ ¢ǊǳǎƭŜǊΣ WΦ tΦ aΦ 

9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ aƻŘŜƭƛƴƎ {ǘǳŘȅ ƻŦ ǘƘŜ tƘŀǎŜ .ŜƘŀǾƛƻǊ ƻŦ όaŜǘƘŀƴŜ Ҍ /hн Ҍ ²ŀǘŜǊύ 

aƛȄǘǳǊŜǎΦ W tƘȅǎ /ƘŜƳ . нлмпΣ мму όпфύΣ мппсмςмпптуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇрлфстуƎΦ  

όтоύ 5ƘƛƳŀΣ !ΦΤ ŘŜ IŜƳǇǝƴƴŜΣ WΦπ/ΦΤ WƻǎŜΣ WΦ {ƻƭǳōƛƭƛǘȅ ƻŦ IȅŘǊƻŎŀǊōƻƴǎ ŀƴŘ /hн aƛȄǘǳǊŜǎ ƛƴ ²ŀǘŜǊ 

ǳƴŘŜǊ IƛƎƘ tǊŜǎǎǳǊŜΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ мфффΣ оу όуύΣ омппςомсмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜфултсуƎΦ  

όтпύ vƛƴΣ WΦΤ wƻǎŜƴōŀǳŜǊΣ wΦ WΦΤ 5ǳŀƴΣ ½Φ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ±ŀǇƻǊς[ƛǉǳƛŘ 9ǉǳƛƭƛōǊƛŀ ƻŦ 

ǘƘŜ Iнh Ҍ /hн Ҍ /Iп ¢ŜǊƴŀǊȅ {ȅǎǘŜƳΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллуΣ ро όсύΣ мнпсςмнпфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜтллптоŜΦ  

όтрύ YŀǎǘŀƴƛŘƛǎΣ tΦΤ aƛŎƘŀƭƛǎΣ ±Φ YΦΤ wƻƳŀƴƻǎΣ DΦ 9ΦΤ {ǘǳōƻǎΣ !Φ YΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ 

¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦ {ƻƭǳōƛƭƛǘȅ ƻŦ aŜǘƘŀƴŜ ŀƴŘ /ŀǊōƻƴ 5ƛƻȄƛŘŜ ƛƴ ǘƘŜ !ǉǳŜƻǳǎ tƘŀǎŜ ƻŦ ǘƘŜ 

¢ŜǊƴŀǊȅ όaŜǘƘŀƴŜ Ҍ /ŀǊōƻƴ 5ƛƻȄƛŘŜ Ҍ ²ŀǘŜǊύ aƛȄǘǳǊŜΥ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ 

aƻƭŜŎǳƭŀǊ 5ȅƴŀƳƛŎǎ {ƛƳǳƭŀǝƻƴǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмуΣ со όпύΣ млнтςмлорΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦтōллтттΦ  

όтсύ [ƛǇŜƴƪƻǾΣ ±Φ ¸ŀΦΤ LǎǘƻƳƛƴΣ ±Φ !Φ hƴ ǘƘŜ {ǘŀōƛƭƛǘȅ ƻŦ !ƛǊ /ƭŀǘƘǊŀǘŜπIȅŘǊŀǘŜ /Ǌȅǎǘŀƭǎ ƛƴ {ǳōƎƭŀŎƛŀƭ 

[ŀƪŜ ±ƻǎǘƻƪΣ !ƴǘŀǊŎǝŎŀΦ aŀǘŜǊ Dƭȅŀǘǎƛƻƭ LǎǎƭŜŘ нллмΣ фм όWŀƴǳŀǊȅ мффуύΣ мςолΦ  
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https://doi.org/10.1016/j.fluid.2017.08.002
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мус 
 

όттύ aŎYŀȅΣ /Φ tΦΤ IŀƴŘΣ YΦ tΦΤ 5ƻǊŀƴΣ tΦ ¢ΦΤ !ƴŘŜǊǎŜƴΣ 5Φ ¢ΦΤ tǊƛǎŎǳΣ WΦ /Φ /ƭŀǘƘǊŀǘŜ CƻǊƳŀǝƻƴ ŀƴŘ ǘƘŜ 

CŀǘŜ ƻŦ bƻōƭŜ ŀƴŘ .ƛƻƭƻƎƛŎŀƭƭȅ ¦ǎŜŦǳƭ DŀǎŜǎ ƛƴ [ŀƪŜ ±ƻǎǘƻƪΣ !ƴǘŀǊŎǝŎŀΦ DŜƻǇƘȅǎ wŜǎ [Ŝǧ 

нллоΣ ол όмоύΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнфκнллоD[лмтпфлΦ  

όтуύ IŀƴŘΣ YΦ tΦΤ /ƘȅōŀΣ /Φ CΦΤ /ŀǊƭǎƻƴΣ wΦ ²ΦΤ /ƻƻǇŜǊΣ WΦ CΦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ hȄƛŘŀƴǘǎ ƛƴ ǘƘŜ LŎŜ 

{ƘŜƭƭ ƻŦ 9ǳǊƻǇŀΦ !ǎǘǊƻōƛƻƭƻƎȅ нллсΣ с όоύΣ псоςпунΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлуфκŀǎǘΦнллсΦсΦпсоΦ  

όтфύ ¢ƘƻƳŀǎΣ /ΦΤ aƻǳǎƛǎΣ hΦΤ tƛŎŀǳŘΣ {ΦΤ .ŀƭƭŜƴŜƎƎŜǊΣ ±Φ ±ŀǊƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ aŜǘƘŀƴŜ ¢ǊŀǇǇƛƴƎ ƛƴ 

aŀǊǝŀƴ {ǳōǎǳǊŦŀŎŜ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΦ tƭŀƴŜǘ {ǇŀŎŜ {Ŏƛ нллфΣ рт όмύΣ пнςптΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǇǎǎΦнллуΦмлΦллоΦ  

όулύ YŀǎǘŀƴƛŘƛǎΣ tΦΤ wƻƳŀƴƻǎΣ DΦ 9ΦΤ {ǘǳōƻǎΣ !Φ YΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ tŀǇǇŀΣ DΦΤ ±ƻǳǘǎŀǎΣ 9ΦΤ 

¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦ 9Ǿŀƭǳŀǝƻƴ ƻŦ ŀ {ƛƳǇƭƛŬŜŘ aƻŘŜƭ ŦƻǊ ¢ƘǊŜŜπtƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ 

/ŀƭŎǳƭŀǝƻƴǎ ƻŦ aƛȄŜŘ Dŀǎ IȅŘǊŀǘŜǎΦ 9ƴŜǊƎƛŜǎ ό.ŀǎŜƭύ нлноΦ 

όумύ aŜǘȊ .ΦΣ 5ŀǾƛŘǎƻƴ hΦΣ ŘŜ /ƻƴƛƴŎƪ IΦΣ [ƻƻǎ aΦΣ aΦ [Φ Lt// {ǇŜŎƛŀƭ wŜǇƻǊǘ ƻƴ /ŀǊōƻƴ 5ƛƻȄƛŘŜ 

/ŀǇǘǳǊŜ ŀƴŘ {ǘƻǊŀƎŜΤ bŜǿ ¸ƻǊƪΥ /ŀƳōǊƛŘƎŜ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΣ нллрΦ 

όунύ !ŀǊƻƴΣ 5ΦΤ ¢ǎƻǳǊƛǎΣ /Φ {ŜǇŀǊŀǝƻƴ ƻŦ /hн ŦǊƻƳ CƭǳŜ DŀǎΥ ! wŜǾƛŜǿΦ {ŜǇ {Ŏƛ ¢ŜŎƘƴƻƭ нллрΣ пл όмς

оύΣ онмςопуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлумκ{{πнлллпннппΦ  

όуоύ YŀƴƎΣ {ΦπtΦΤ [ŜŜΣ IΦ wŜŎƻǾŜǊȅ ƻŦ /hн ŦǊƻƳ CƭǳŜ Dŀǎ ¦ǎƛƴƎ Dŀǎ IȅŘǊŀǘŜΥ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ 

±ŜǊƛŬŎŀǝƻƴ ǘƘǊƻǳƎƘ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ aŜŀǎǳǊŜƳŜƴǘǎΦ 9ƴǾƛǊƻƴ {Ŏƛ ¢ŜŎƘƴƻƭ нлллΣ оп όнлύΣ 

пофтςппллΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜǎллммпуƭΦ  

όупύ [ŜŜΣ ¸ΦΤ [ŜŜΣ {ΦΤ [ŜŜΣ WΦΤ {ŜƻΣ ¸Φ {ǘǊǳŎǘǳǊŜ LŘŜƴǝŬŎŀǝƻƴ ŀƴŘ 5ƛǎǎƻŎƛŀǝƻƴ 9ƴǘƘŀƭǇȅ 

aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ /hнҌbн IȅŘǊŀǘŜǎ ŦƻǊ ¢ƘŜƛǊ !ǇǇƭƛŎŀǝƻƴ ǘƻ /hн /ŀǇǘǳǊŜ ŀƴŘ {ǘƻǊŀƎŜΦ 

/ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ WƻǳǊƴŀƭ нлмпΣ нпсΣ нлςнсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜƧΦнлмпΦлнΦлпрΦ  

όурύ hƭǎŜƴΣ .ΦΤ aŀƧǳƳŘŀǊΣ !ΦΤ .ƛǎƘƴƻƛΣ wΦ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎ 5ƛƻȄƛŘŜ ƻƴ IȅŘǊŀǘŜ ŀƴŘ Lǘǎ 

{ȅǎǘŜƳǎΦ LƴǘΦ WΦ ƻŦ aŀǘΦ 9ƴƎΦ ŦƻǊ wŜǎƻǳǊŎŜǎ мфффΣ т όмύΣ мтςноΦ 

όусύ {ǳƴΣ {Φ /ΦΤ [ƛǳΣ /Φ [ΦΤ aŜƴƎΣ vΦ DΦ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ƻŦ .ƛƴŀǊȅ DǳŜǎǘπaƛȄǘǳǊŜǎ 

/ƻƴǘŀƛƴƛƴƎ /hн ŀƴŘ bн ƛƴ ±ŀǊƛƻǳǎ {ȅǎǘŜƳǎΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлмрΣ упΣ мς

сΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмпΦмнΦлмуΦ  

όутύ aŀƧǳƳŘŀǊΣ !ΦΤ aŀƛƴƛΣ .ΦΤ .ƛǎƘƴƻƛΣ tΦ wΦΤ /ƭŀǊƪŜΣ aΦ !Φ ¢ƘǊŜŜπtƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ƻŦ 

¢ƛ!!. {ŜƳƛŎƭŀǘƘǊŀǘŜǎ CƻǊƳŜŘ ŦǊƻƳ bнΣ /hнΣ ŀƴŘ ¢ƘŜƛǊ aƛȄǘǳǊŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмнΣ рт 

όуύΣ ноннςнонтΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜоллппфǇΦ  

όууύ [ŜŜΣ ¸ΦΤ [ŜŜΣ 5ΦΤ [ŜŜΣ WΦ ²ΦΤ {ŜƻΣ ¸Φ 9ƴŎƭŀǘƘǊŀǝƻƴ ƻŦ /hн ŀǎ ŀ /ƻπDǳŜǎǘ ƻŦ {ǘǊǳŎǘǳǊŜ I IȅŘǊŀǘŜǎ 

ŀƴŘ Lǘǎ LƳǇƭƛŎŀǝƻƴǎ ŦƻǊ /hн /ŀǇǘǳǊŜ ŀƴŘ {ŜǉǳŜǎǘǊŀǝƻƴΦ !ǇǇƭ 9ƴŜǊƎȅ нлмсΣ мсоΣ рмςрфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмрΦммΦллфΦ  

όуфύ YƛƳΣ {ΦΤ {ŜƻΣ ¸Φ {ŜƳƛŎƭŀǘƘǊŀǘŜπ.ŀǎŜŘ /hн /ŀǇǘǳǊŜ ŦǊƻƳ CƭǳŜ Dŀǎ aƛȄǘǳǊŜǎΥ !ƴ 9ȄǇŜǊƛƳŜƴǘŀƭ 

!ǇǇǊƻŀŎƘ ǿƛǘƘ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ ŀƴŘ wŀƳŀƴ {ǇŜŎǘǊƻǎŎƻǇƛŎ !ƴŀƭȅǎŜǎΦ !ǇǇƭ 9ƴŜǊƎȅ нлмрΣ мрпΣ 

футςффпΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмрΦлрΦмлтΦ  

όфлύ ¸ŜΣ bΦΤ ½ƘŀƴƎΣ tΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ŀƴŘ /ŀǊōƻƴ 5ƛƻȄƛŘŜ {ŜǇŀǊŀǝƻƴ 9ŶŎƛŜƴŎȅ ƻŦ 

¢ŜǘǊŀƭπƴπ.ǳǘȅƭǇƘƻǎǇƘƻƴƛǳƳ .ǊƻƳƛŘŜ IȅŘǊŀǘŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ bƻΦ рфΣ нфнлςнфнсΦ 

όфмύ aŜȅǎŜƭΣ tΦΤ hŜƭƭǊƛŎƘΣ [ΦΤ wŀƧ .ƛǎƘƴƻƛΣ tΦΤ /ƭŀǊƪŜΣ aΦ !Φ 9ȄǇŜǊƛƳŜƴǘŀƭ LƴǾŜǎǝƎŀǝƻƴ ƻŦ LƴŎƛǇƛŜƴǘ 

9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ŦƻǊ ǘƘŜ CƻǊƳŀǝƻƴ ƻŦ {ŜƳƛπ/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ŦǊƻƳ vǳŀǘŜǊƴŀǊȅ 
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мут 
 

aƛȄǘǳǊŜǎ ƻŦ ό/hн Ҍ bн Ҍ ¢.!. Ҍ IнhύΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлммΣ по όмлύΣ 

мптрςмптфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлммΦлпΦлнмΦ  

όфнύ YƛƳΣ {ΦΤ YŀƴƎΣ {Φ tΦΤ {ŜƻΣ ¸Φ {ŜƳƛŎƭŀǘƘǊŀǘŜπ.ŀǎŜŘ /hн /ŀǇǘǳǊŜ ŦǊƻƳ CƭǳŜ Dŀǎ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ 

¢ŜǘǊŀπƴπ.ǳǘȅƭ !ƳƳƻƴƛǳƳ /ƘƭƻǊƛŘŜ ό¢.!/ύΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ WƻǳǊƴŀƭ нлмрΣ нтсΣ нлрς

нмнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜƧΦнлмрΦлпΦлуоΦ  

όфоύ [ŜŜΣ 5ΦΤ [ŜŜΣ ¸ΦΤ [ƛƳΣ WΦΤ {ŜƻΣ ¸Φ DǳŜǎǘ 9ƴŎƭŀǘƘǊŀǝƻƴ ŀƴŘ {ǘǊǳŎǘǳǊŀƭ ¢Ǌŀƴǎƛǝƻƴ ƛƴ /hн Ҍ bн Ҍ 

aŜǘƘȅƭŎȅŎƭƻǇŜƴǘŀƴŜ IȅŘǊŀǘŜǎ ŀƴŘ ¢ƘŜƛǊ {ƛƎƴƛŬŎŀƴŎŜ ŦƻǊ /hн /ŀǇǘǳǊŜ ŀƴŘ {ŜǉǳŜǎǘǊŀǝƻƴΦ 

/ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ WƻǳǊƴŀƭ нлмтΣ онлΣ поςпфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜƧΦнлмтΦлоΦлмфΦ  

όфпύ [ƛƴƎŀΣ tΦΤ YǳƳŀǊΣ wΦΤ 9ƴƎƭŜȊƻǎΣ tΦ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ŦǊƻƳ IȅŘǊƻƎŜƴκ/ŀǊōƻƴ 5ƛƻȄƛŘŜ ŀƴŘ 

bƛǘǊƻƎŜƴκ/ŀǊōƻƴ 5ƛƻȄƛŘŜ Dŀǎ aƛȄǘǳǊŜǎΦ /ƘŜƳ 9ƴƎ {Ŏƛ нллтΣ сн όмсύΣ пнсуςпнтсΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнллтΦлпΦлооΦ  

όфрύ [ƛƴƎŀΣ tΦΤ YǳƳŀǊΣ wΦΤ 9ƴƎƭŜȊƻǎΣ tΦ ¢ƘŜ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ tǊƻŎŜǎǎ ŦƻǊ tƻǎǘ ŀƴŘ tǊŜπ/ƻƳōǳǎǝƻƴ 

/ŀǇǘǳǊŜ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜΦ W IŀȊŀǊŘ aŀǘŜǊ нллтΣ мпф όоύΣ снрςснфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƘŀȊƳŀǘΦнллтΦлсΦлусΦ 

όфсύ aŀǊǎƘŀƭƭΣ 5Φ wΦΤ {ŀƛǘƻΣ {ΦΤ YƻōŀȅŀǎƘƛΣ wΦ IȅŘǊŀǘŜǎ ŀǘ IƛƎƘ tǊŜǎǎǳǊŜǎΥ tŀǊǘ LΦ aŜǘƘŀƴŜπ²ŀǘŜǊΣ 

!ǊƎƻƴπ²ŀǘŜǊΣ ŀƴŘ bƛǘǊƻƎŜƴπ²ŀǘŜǊ {ȅǎǘŜƳǎΦ !L/Ƙ9 WƻǳǊƴŀƭ мфспΣ мл όнύΣ нлнςнлрΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŀƛŎΦсфлмллнмпΦ  

όфтύ WƘŀǾŜǊƛΣ WΦΤ wƻōƛƴǎƻƴΣ 5Φ .Φ IȅŘǊŀǘŜǎ ƛƴ ǘƘŜ aŜǘƘŀƴŜπbƛǘǊƻƎŜƴ {ȅǎǘŜƳΦ /ŀƴ W /ƘŜƳ 9ƴƎ мфсрΣ 

по όнύΣ трςтуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŎƧŎŜΦрпрлполнлтΦ  

όфуύ {ǳƎŀƘŀǊŀΣ YΦΤ ¢ŀƴŀƪŀΣ ¸ΦΤ {ǳƎŀƘŀǊŀΣ ¢ΦΤ hƘƎŀƪƛΣ YΦ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ {ǘŀōƛƭƛǘȅ ŀƴŘ {ǘǊǳŎǘǳǊŜ ƻŦ 

bƛǘǊƻƎŜƴ IȅŘǊŀǘŜ /ǊȅǎǘŀƭΦ WƻǳǊƴŀƭ ƻŦ {ǳǇǊŀƳƻƭŜŎǳƭŀǊ /ƘŜƳƛǎǘǊȅ нллнΣ н όпςрύΣ осрςосуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{мптнπтуснόлоύлллслπмΦ  

όффύ /ƭŜŜũΣ !Φ ±Φ !Φ bΦΤ 5ƛŜǇŜƴΣ DΦ !Φ aΦ Dŀǎ IȅŘǊŀǘŜǎ ƻŦ bƛǘǊƻƎŜƴ ŀƴŘ hȄȅƎŜƴ LLΦ wŜŎǳŜƛƭ ŘŜǎ 

¢ǊŀǾŀǳȄ /ƘƛƳƛǉǳŜǎ ŘŜǎ tŀȅǎπ.ŀǎ мфсрΣ упΣ млурςмлфоΦ 

όмллύ Wh IƛǊǎŎƘŦŜƭŘŜǊΣ /C /ǳǊǝǎǎΣ w. .ƛǊŘΣ aΦ aΦ aƻƭŜŎǳƭŀǊ ¢ƘŜƻǊȅ ƻŦ DŀǎŜǎ ŀƴŘ [ƛǉǳƛŘǎΤ ²ƛƭŜȅπ

LƴǘŜǊǎŎƛŜƴŎŜΤ wŜǾƛǎŜŘ ŜŘƛǝƻƴ όWŀƴǳŀǊȅ мфспύΣ мфспΦ 

όмлмύ tŀǇŀŘƛƳƛǘǊƛƻǳΣ bΦ LΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ {ǘǳōƻǎΣ !Φ YΦ aƻƴǘŜ /ŀǊƭƻ 

{ƛƳǳƭŀǝƻƴǎ ƻŦ ǘƘŜ {ŜǇŀǊŀǝƻƴ ƻŦ ŀ .ƛƴŀǊȅ Dŀǎ aƛȄǘǳǊŜ ό/Iп Ҍ /hнύ ¦ǎƛƴƎ IȅŘǊŀǘŜǎΦ tƘȅǎƛŎŀƭ 

/ƘŜƳƛǎǘǊȅ /ƘŜƳƛŎŀƭ tƘȅǎƛŎǎ нлмуΣ нл όппύΣ нулнсςнулоуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлофκŎуŎǇлнлрлƎΦ  

όмлнύ 5ǳΣ WΦΤ ²ŀƴƎΣ [Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ CƭǳŜ Dŀǎ ό/hн Ҍ 

bнҌ hнύ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ ¢ŜǘǊŀπƴπ.ǳǘȅƭ !ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ ƻǊ ¢Ǌƛπƴπ.ǳǘȅƭǇƘƻǎǇƘƛƴŜ hȄƛŘŜΦ 

WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлмрΣ ууΣ фсςмллΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмрΦлпΦлноΦ  

όмлоύ YƭŀǊŀΣ {Φ aΦΤ {ǊƛǾŀǎǘŀǾŀΣ wΦ 5Φ ¦Φ{Φ 5h9 LƴǘŜƎǊŀǘŜŘ /ƻƭƭŀōƻǊŀǝǾŜ ¢ŜŎƘƴƻƭƻƎȅ 5ŜǾŜƭƻǇƳŜƴǘ 

tǊƻƎǊŀƳ ŦƻǊ /hн {ŜǇŀǊŀǝƻƴ ŀƴŘ /ŀǇǘǳǊŜΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻƎǊŜǎǎ нллнΣ нм όпύΣ нптςнроΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŜǇΦстлнмлпмпΦ  

όмлпύ YŀƴƎΣ {Φ tΦΤ [ŜŜΣ WΦΤ {ŜƻΣ ¸Φ tǊŜπ/ƻƳōǳǎǝƻƴ /ŀǇǘǳǊŜ ƻŦ /hн ōȅ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ {ƛƭƛŎŀ 

DŜƭ tƻǊŜ {ǘǊǳŎǘǳǊŜΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ WƻǳǊƴŀƭ нлмоΣ нмуΣ мнсςмонΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜƧΦнлмнΦммΦмомΦ  
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муу 
 

όмлрύ [ŜŜΣ ²ΦΤ YƛƳΣ ¸ΦΤ YŀƴƎΣ {Φ {ŜƳƛŎƭŀǘƘǊŀǘŜπ.ŀǎŜŘ /hн /ŀǇǘǳǊŜ ŦǊƻƳ CǳŜƭ Dŀǎ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ 

¢ŜǘǊŀπƴπ.ǳǘȅƭ !ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ ŀƴŘ {ƛƭƛŎŀ DŜƭ tƻǊŜ {ǘǊǳŎǘǳǊŜΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ 

WƻǳǊƴŀƭ нлмуΣ оом ό!ǳƎǳǎǘ нлмтύΣ мςтΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜƧΦнлмтΦлуΦмлуΦ  

όмлсύ ¸ŀƴƎΣ aΦΤ [ƛǳΣ ²ΦΤ {ƻƴƎΣ ¸ΦΤ wǳŀƴΣ ·ΦΤ ²ŀƴƎΣ ·ΦΤ ½ƘŀƻΣ WΦΤ WƛŀƴƎΣ [ΦΤ [ƛΣ vΦ 9ũŜŎǘǎ ƻŦ !ŘŘƛǝǾŜ 

aƛȄǘǳǊŜ ό¢ICκ{5{ύ ƻƴ ǘƘŜ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ ŀƴŘ YƛƴŜǝŎ tǊƻǇŜǊǝŜǎ ƻŦ /hн κIн IȅŘǊŀǘŜ ƛƴ 

tƻǊƻǳǎ aŜŘƛŀΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлмоΣ рн όмоύΣ пфммςпфмуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜолонулŜΦ  

όмлтύ [ŜŜΣ IΦ WΦΤ [ŜŜΣ WΦ 5ΦΤ [ƛƴƎŀΣ tΦΤ 9ƴƎƭŜȊƻǎΣ tΦΤ YƛƳΣ ¸Φ {ΦΤ [ŜŜΣ aΦ {ΦΤ YƛƳΣ ¸Φ 5ƻΦ Dŀǎ IȅŘǊŀǘŜ 

CƻǊƳŀǝƻƴ tǊƻŎŜǎǎ ŦƻǊ tǊŜπ/ƻƳōǳǎǝƻƴ /ŀǇǘǳǊŜ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜΦ 9ƴŜǊƎȅ нлмлΣ ор όсύΣ 

нтнфςнтооΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴŜǊƎȅΦнллфΦлрΦлнсΦ  

όмлуύ YƛƳΣ {Φ aΦΤ [ŜŜΣ WΦ 5ΦΤ [ŜŜΣ IΦ WΦΤ [ŜŜΣ 9Φ YΦΤ YƛƳΣ ¸Φ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ aŜǘƘƻŘ ǘƻ /ŀǇǘǳǊŜ 

ǘƘŜ /ŀǊōƻƴ 5ƛƻȄƛŘŜ ŦƻǊ tǊŜπ/ƻƳōǳǎǝƻƴ tǊƻŎŜǎǎ ƛƴ LD// tƭŀƴǘΦ Lƴǘ W IȅŘǊƻƎŜƴ 9ƴŜǊƎȅ нлммΣ ос 

όмύΣ мммрςммнмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƘȅŘŜƴŜΦнлмлΦлфΦлснΦ  

όмлфύ tŀǊƪΣ {ΦΤ [ŜŜΣ {ΦΤ [ŜŜΣ ¸ΦΤ {ŜƻΣ ¸Φ /hн /ŀǇǘǳǊŜ ŦǊƻƳ {ƛƳǳƭŀǘŜŘ CǳŜƭ Dŀǎ aƛȄǘǳǊŜǎ ¦ǎƛƴƎ 

{ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ CƻǊƳŜŘ ōȅ vǳŀǘŜǊƴŀǊȅ !ƳƳƻƴƛǳƳ {ŀƭǘǎΦ 9ƴǾƛǊƻƴ {Ŏƛ ¢ŜŎƘƴƻƭ нлмоΣ 

пт όмоύΣ тртмςтрттΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜǎпллфссȄΦ  

όммлύ .ŀōǳΣ tΦΤ ¸ŀƻΣ aΦΤ 5ŀǧŀΣ {ΦΤ YǳƳŀǊΣ wΦΤ [ƛƴƎŀΣ tΦ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ ŀƴŘ YƛƴŜǝŎ ±ŜǊƛŬŎŀǝƻƴ ƻŦ 

¢ŜǘǊŀπƴπ.ǳǘȅƭ !ƳƳƻƴƛǳƳ bƛǘǊŀǘŜ ό¢.!bhоύ ŀǎ ŀ tǊƻƳƻǘŜǊ ŦƻǊ ǘƘŜ /ƭŀǘƘǊŀǘŜ tǊƻŎŜǎǎ 

!ǇǇƭƛŎŀōƭŜ ǘƻ tǊŜŎƻƳōǳǎǝƻƴ /ŀǊōƻƴ 5ƛƻȄƛŘŜ /ŀǇǘǳǊŜΦ 9ƴǾƛǊƻƴ {Ŏƛ ¢ŜŎƘƴƻƭ нлмпΣ пу όсύΣ оррлς

орруΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜǎплппумфΦ  

όмммύ [ƛƴƎŀΣ tΦΤ 5ŀǊŀōƻƛƴŀΣ bΦΤ wƛǇƳŜŜǎǘŜǊΣ WΦ !ΦΤ 9ƴƎƭŜȊƻǎΣ tΦ 9ƴƘŀƴŎŜŘ wŀǘŜ ƻŦ Dŀǎ IȅŘǊŀǘŜ 

CƻǊƳŀǝƻƴ ƛƴ ŀ CƛȄŜŘ .ŜŘ /ƻƭǳƳƴ CƛƭƭŜŘ ǿƛǘƘ {ŀƴŘ /ƻƳǇŀǊŜŘ ǘƻ ŀ {ǝǊǊŜŘ ±ŜǎǎŜƭΦ /ƘŜƳ 9ƴƎ 

{Ŏƛ нлмнΣ су όмύΣ смтςсноΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнлммΦмлΦлолΦ  

όммнύ ½ƘƻƴƎΣ 5Φ [ΦΤ 5ŀǊŀōƻƛƴŀΣ bΦΤ 9ƴƎƭŜȊƻǎΣ tΦ /ƻŀƭ aƛƴŜ aŜǘƘŀƴŜ Dŀǎ wŜŎƻǾŜǊȅ ōȅ IȅŘǊŀǘŜ 

CƻǊƳŀǝƻƴ ƛƴ ŀ CƛȄŜŘ .ŜŘ ƻŦ {ƛƭƛŎŀ {ŀƴŘ tŀǊǝŎƭŜǎΦ 9ƴŜǊƎȅ ŀƴŘ CǳŜƭǎ нлмоΣ нт όуύΣ прумςпрууΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜŦпллстсƎΦ  

όммоύ {ƛŀƴƎǎŀƛΣ !ΦΤ wŀƴƎǎǳƴǾƛƎƛǘΣ tΦΤ YƛǝȅŀƴŀƴΣ .ΦΤ YǳƭǇǊŀǘƘƛǇŀƴƧŀΣ {ΦΤ [ƛƴƎŀΣ tΦ LƴǾŜǎǝƎŀǝƻƴ ƻƴ ǘƘŜ 

wƻƭŜǎ ƻŦ !ŎǝǾŀǘŜŘ /ŀǊōƻƴ tŀǊǝŎƭŜ {ƛȊŜǎ ƻƴ aŜǘƘŀƴŜ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ŀƴŘ 5ƛǎǎƻŎƛŀǝƻƴΦ 

/ƘŜƳ 9ƴƎ {Ŏƛ нлмрΣ мнсΣ оуоςоуфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнлмпΦмнΦлптΦ  

όммпύ ²ŀƴƎΣ CΦΤ {ƻƴƎΣ ¸Φ aΦΤ [ƛǳΣ DΦ vΦΤ DǳƻΣ DΦΤ [ǳƻΣ {Φ WΦΤ DǳƻΣ wΦ .Φ wŀǇƛŘ aŜǘƘŀƴŜ IȅŘǊŀǘŜ 

CƻǊƳŀǝƻƴ tǊƻƳƻǘŜŘ ōȅ !Ǝϧ{5{π/ƻŀǘŜŘ bŀƴƻǎǇƘŜǊŜǎ ŦƻǊ 9ƴŜǊƎȅ {ǘƻǊŀƎŜΦ !ǇǇƭ 9ƴŜǊƎȅ нлмуΣ 

нмо όWǳƭȅ нлмтύΣ ннтςнопΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмуΦлмΦлнмΦ  

όммрύ {ƻƴƎΣ ¸Φ aΦΤ ²ŀƴƎΣ CΦΤ DǳƻΣ DΦΤ [ǳƻΣ {Φ WΦΤ DǳƻΣ wΦ .Φ 9ƴŜǊƎȅπ9ŶŎƛŜƴǘ {ǘƻǊŀƎŜ ƻŦ aŜǘƘŀƴŜ ƛƴ ǘƘŜ 

CƻǊƳŜŘ IȅŘǊŀǘŜǎ ǿƛǘƘ aŜǘŀƭ bŀƴƻǇŀǊǝŎƭŜǎπDǊŀƊŜŘ /ŀǊōƻƴ bŀƴƻǘǳōŜǎ ŀǎ tǊƻƳƻǘŜǊΦ !ǇǇƭ 

9ƴŜǊƎȅ нлмуΣ ннп όWŀƴǳŀǊȅύΣ мтрςмуоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмуΦлпΦлсуΦ  

όммсύ [ƛΣ ½ΦΤ ½ƘƻƴƎΣ 5Φ [ΦΤ [ǳΣ ¸Φ ¸ΦΤ ¸ŀƴΣ WΦΤ ½ƻǳΣ ½Φ [Φ tǊŜŦŜǊŜƴǝŀƭ 9ƴŎƭŀǘƘǊŀǝƻƴ ƻŦ /hн ƛƴǘƻ ¢ŜǘǊŀπƴπ

.ǳǘȅƭ tƘƻǎǇƘƻƴƛǳƳ .ǊƻƳƛŘŜ {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ ƛƴ aƻŘŜǊŀǘŜ hǇŜǊŀǝƴƎ /ƻƴŘƛǝƻƴǎΥ 

!ǇǇƭƛŎŀǝƻƴ ŦƻǊ /hн /ŀǇǘǳǊŜ ŦǊƻƳ {ƘŀƭŜ DŀǎΦ !ǇǇƭƛŜŘ 9ƴŜǊƎȅΦ нлмтΣ ǇǇ отлςоумΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмтΦлрΦлпоΦ  

όммтύ aƛŘŘƭŜǘƻƴΣ wΦ {ΦΤ /ŀǊŜȅΣ WΦ ²ΦΤ /ǳǊǊƛŜǊΣ wΦ tΦΤ IȅƳŀƴΣ WΦ 5ΦΤ YŀƴƎΣ vΦΤ YŀǊǊŀΣ {ΦΤ WƛƳŞƴŜȊπ

aŀǊǟƴŜȊΣ WΦΤ tƻǊǘŜǊΣ aΦ [ΦΤ ±ƛǎǿŀƴŀǘƘŀƴΣ IΦ {Φ {ƘŀƭŜ Dŀǎ ŀƴŘ bƻƴπ!ǉǳŜƻǳǎ CǊŀŎǘǳǊƛƴƎ CƭǳƛŘǎΥ 
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hǇǇƻǊǘǳƴƛǝŜǎ ŀƴŘ /ƘŀƭƭŜƴƎŜǎ ŦƻǊ {ǳǇŜǊŎǊƛǝŎŀƭ /hнΦ !ǇǇƭ 9ƴŜǊƎȅ нлмрΣ мптΣ рллςрлфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмрΦлоΦлноΦ  

όммуύ .ƛƭƎŜƴΣ {ΦΤ {ŀǊƤƪŀȅŀΣ TΦ bŜǿ IƻǊƛȊƻƴ ƛƴ 9ƴŜǊƎȅΥ {ƘŀƭŜ DŀǎΦ W bŀǘ Dŀǎ {Ŏƛ 9ƴƎ нлмсΣ орΣ сотςспрΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƴƎǎŜΦнлмсΦлфΦлмпΦ  

όммфύ !ƴŘǊƛŀƴƛΣ 5ΦΤ ²ǊŜǎǘŀΣ !ΦΤ !ǘƳŀƧŀΣ ¢Φ 5ΦΤ {ŀŜǇǳŘƛƴΣ !Φ ! wŜǾƛŜǿ ƻƴ hǇǝƳƛȊŀǝƻƴ tǊƻŘǳŎǝƻƴ ŀƴŘ 

¦ǇƎǊŀŘƛƴƎ .ƛƻƎŀǎ ǘƘǊƻǳƎƘ /hн wŜƳƻǾŀƭ ¦ǎƛƴƎ ±ŀǊƛƻǳǎ ¢ŜŎƘƴƛǉǳŜǎΦ !ǇǇƭ .ƛƻŎƘŜƳ .ƛƻǘŜŎƘƴƻƭ 

нлмпΣ мтн όпύΣ мфлфςмфнуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмнлмлπлмоπлсрнπȄΦ  

όмнлύ ·ƛŀΣ ½ΦΤ /ƘŜƴΣ ½ΦΤ [ƛΣ ·ΦΤ ½ƘŀƴƎΣ ¸ΦΤ ¸ŀƴΣ YΦΤ [ǾΣ vΦΤ ·ǳΣ /ΦΤ /ŀƛΣ WΦ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ 9ǉǳƛƭƛōǊƛǳƳ 

/ƻƴŘƛǝƻƴǎ ŦƻǊ {ƛƳǳƭŀǘŜŘ [ŀƴŘ Cƛƭƭ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴǎ ƻŦ !ŘŘƛǝǾŜǎΦ W 

/ƘŜƳ 9ƴƎ 5ŀǘŀ нлмнΣ ртΣ онфлςонфрΦ 

όмнмύ [ŜŜΣ {ΦΤ [ŜŜΣ ¸ΦΤ [ŜŜΣ WΦΤ [ŜŜΣ IΦΤ {ŜƻΣ ¸Φ 9ȄǇŜǊƛƳŜƴǘŀƭ ±ŜǊƛŬŎŀǝƻƴ ƻŦ aŜǘƘŀƴŜπ/ŀǊōƻƴ 5ƛƻȄƛŘŜ 

wŜǇƭŀŎŜƳŜƴǘ ƛƴ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎ ¦ǎƛƴƎ ŀ 5ƛũŜǊŜƴǝŀƭ {ŎŀƴƴƛƴƎ /ŀƭƻǊƛƳŜǘŜǊΦ 9ƴǾƛǊƻƴ {Ŏƛ 

¢ŜŎƘƴƻƭ нлмоΣ пт όннύΣ момупςмомфлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜǎплорпнȊΦ  

όмннύ ½ƘƻƴƎΣ 5Φ [ΦΤ [ƛΣ ½ΦΤ [ǳΣ ¸Φ ¸ΦΤ {ǳƴΣ 5Φ WΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ƻŦ Dŀǎ IȅŘǊŀǘŜǎ CƻǊƳŜŘ ŦǊƻƳ ŀ 

/hн Ҍ /Iп Dŀǎ aƛȄǘǳǊŜ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ ¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ рф όмнύΣ 

пммлςпммтΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллтпунΦ  

όмноύ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ 9ǎƭŀƳƛƳŀƴŜǎƘΣ !ΦΤ wƛŎƘƻƴΣ 5Φ {ŜƳƛπ/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ 

aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ /hнҌIнκ/IпҌǘŜǘǊŀπƴπ.ǳǘȅƭŀƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴ 

{ȅǎǘŜƳΦ /ƘŜƳ 9ƴƎ {Ŏƛ нлмоΣ фпΣ нупςнфлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнлмоΦлмΦлсоΦ 

όмнпύ !ŎƻǎǘŀΣ IΦ ¸ΦΤ .ƛǎƘƴƻƛΣ tΦ wΦΤ /ƭŀǊƪŜΣ aΦ !Φ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ 

9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ƻŦ ¢ŜǘǊŀπ ƴ π.ǳǘȅƭŀƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ {ŜƳƛŎƭŀǘƘǊŀǘŜǎ CƻǊƳŜŘ ŦǊƻƳ 

{ȅƴǘƘŜǝŎ [ŀƴŘŬƭƭ DŀǎŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлммΣ рс όмύΣ сфςтоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜмллулрŎΦ  

όмнрύ [ŜŜΣ ¸ΦΤ YƛƳΣ ¸ΦΤ {ŜƻΣ ¸Φ 9ƴƘŀƴŎŜŘ /Iп wŜŎƻǾŜǊȅ LƴŘǳŎŜŘ Ǿƛŀ {ǘǊǳŎǘǳǊŀƭ ¢ǊŀƴǎŦƻǊƳŀǝƻƴ ƛƴ ǘƘŜ 

/Iпκ/hн wŜǇƭŀŎŜƳŜƴǘ ¢Ƙŀǘ hŎŎǳǊǎ ƛƴ {I IȅŘǊŀǘŜǎΦ 9ƴǾƛǊƻƴ {Ŏƛ ¢ŜŎƘƴƻƭ нлмрΣ пф όмпύΣ ууффς

уфлсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦŜǎǘΦрōлмсплΦ  

όмнсύ vƛƴƎΣ {ΦΤ ½ƘƻƴƎΣ 5ΦΤ ¸ƛΣ 5ΦΤ [ǳΣ ¸ΦΤ [ƛΣ ½Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŀƴŘ 5ƛǎǎƻŎƛŀǝƻƴ 9ƴǘƘŀƭǇƛŜǎ ŦƻǊ ¢ŜǘǊŀπƴπ

.ǳǘȅƭŀƳƳƻƴƛǳƳ /ƘƭƻǊƛŘŜ {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ CƻǊƳŜŘ ǿƛǘƘ /hнΣ /IпΣ ŀƴŘ /hнҌ /IпΦ W 

/ƘŜƳ ¢ƘŜǊƳƻŘȅƴ нлмуΣ ммтΣ рпςрфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмтΦлтΦлофΦ  

όмнтύ {ŀƭŜǎ {ƛƭǾŀΣ [Φ tΦΤ 5ŀƭƳŀȊȊƻƴŜΣ 5ΦΤ {ǘŀƳōƻǳƭƛΣ aΦΤ !ǊǇŜƴǝƴƛŜǊΣ tΦΤ ¢ǊǳŜōŀΣ !ΦΤ CǳǊǎǘΣ ²Φ tƘŀǎŜ 

.ŜƘŀǾƛƻǊ ƻŦ {ƛƳǇƭŜ ¢ǊƛōǳǘȅƭǇƘƻǎǇƘƛƴŜ hȄƛŘŜ ό¢.thύ ŀƴŘ aƛȄŜŘ Dŀǎ ό/hнΣ /Iп ŀƴŘ 

/hнҌ/IпύҌ¢.th {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлмсΣ млнΣ 

нфоςолнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмсΦлтΦлннΦ  

όмнуύ [ǳƻΣ ¸ΦΤ [ƛΣ ·ΦΤ DǳƻΣ DΦΤ ¸ǳŜΣ DΦΤ ·ǳΣ ½ΦΤ {ǳƴΣ vΦΤ [ƛǳΣ !ΦΤ DǳƻΣ ·Φ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ƻŦ .ƛƴŀǊȅ 

Dŀǎ aƛȄǘǳǊŜ /Iп Ҍ Iн ƛƴ {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ ¢ŜǘǊŀ π ƴ π .ǳǘȅƭ !ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜΦ W 

/ƘŜƳ 9ƴƎ 5ŀǘŀ нлмуΣ соΣ офтрςофтфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦуōллсолΦ  

όмнфύ ½ƘŀƴƎΣ {Φ ·ΦΤ /ƘŜƴΣ DΦ WΦΤ aŀΣ /Φ CΦΤ ¸ŀƴƎΣ [Φ ¸ΦΤ DǳƻΣ ¢Φ aΦ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƻŦ 

IȅŘǊƻƎŜƴҌƘȅŘǊƻŎŀǊōƻƴ Dŀǎ aƛȄǘǳǊŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлллΣ пр όрύΣ флуςфммΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜллллтсŀΦ  
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όмолύ {ƪƛōŀΣ {Φ {ΦΤ [ŀǊƛƻƴƻǾΣ 9Φ DΦΤ aŀƴŀƪƻǾΣ !Φ ¸ΦΤ YƻƭŜǎƻǾΣ .Φ !ΦΤ YƻǎȅŀƪƻǾΣ ±Φ LΦ LƴǾŜǎǝƎŀǝƻƴ ƻŦ 

IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ ǘƘŜ {ȅǎǘŜƳ Iнπ/IпπIнh ŀǘ ŀ tǊŜǎǎǳǊŜ ǳǇ ǘƻ нрл atŀΦ WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎŀƭ 

/ƘŜƳƛǎǘǊȅ . нллтΣ мммΣ ммнмпςммннлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇлтунмȄΦ  

όмомύ {ǳƴΣ /Φ ¸ΦΤ aŀΣ /Φ CΦΤ /ƘŜƴΣ DΦ WΦΤ ½ƘŀƴƎΣ {Φ ·Φ 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ {ƛƳǳƭŀǝƻƴ ƻŦ {ƛƴƎƭŜ 

9ǉǳƛƭƛōǊƛǳƳ {ǘŀƎŜ {ŜǇŀǊŀǝƻƴ ƻŦ όaŜǘƘŀƴŜ Ҍ IȅŘǊƻƎŜƴύ aƛȄǘǳǊŜǎ Ǿƛŀ CƻǊƳƛƴƎ IȅŘǊŀǘŜΦ CƭǳƛŘ 

tƘŀǎŜ 9ǉǳƛƭƛō нллтΣ нсм όмςнύΣ урςфмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнллтΦлсΦлонΦ  

όмонύ aŀΣ vΦπ[ΦΤ /ƘŜƴΣ DΦπWΦΤ aŀΣ /ΦπCΦΤ ½ƘŀƴƎΣ [Φπ²Φ {ǘǳŘȅ ƻŦ ±ŀǇƻǊςIȅŘǊŀǘŜ ¢ǿƻπtƘŀǎŜ 9ǉǳƛƭƛōǊƛŀΦ 

CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллуΣ нср όмςнύΣ упςфоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнллуΦлмΦллмΦ  

όмооύ tŀƴƎΣ WΦΤ bƎΣ IΦ WΦΤ ½ǳƻΣ WΦΤ ½ƘŀƴƎΣ 5ΦΤ aŀΣ vΦΤ /ƘŜƴΣ DΦ IȅŘǊƻƎŜƴ Dŀǎ IȅŘǊŀǘŜπaŜŀǎǳǊŜƳŜƴǘǎ 

ŀƴŘ tǊŜŘƛŎǝƻƴǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмнΣ омсΣ сςмлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлммΦмнΦллсΦ  

όмопύ hōŀƴƛƧŜǎǳΣ 9Φ hΦΤ .ŀǊƛŦŎŀƴƛΣ !ΦΤ tŀǊŜŜƪΣ ±Φ YΦΤ ¢ŀŘŜΣ aΦ hΦ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘȅ ƻƴ CŜŀǎƛōƛƭƛǘȅ ƻŦ 

Iн ŀƴŘ bн ŀǎ IȅŘǊŀǘŜ LƴƘƛōƛǘƻǊǎ ƛƴ bŀǘǳǊŀƭ Dŀǎ tƛǇŜƭƛƴŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ рфΣ отрсς

отссΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŦǳŜƭΦнлмнΦлрΦлнуΦ  

όморύ aŀǘǎǳƳƻǘƻΣ ¸ΦΤ DǊƛƳΣ wΦ DΦΤ YƘŀƴΣ bΦ aΦΤ {ǳƎŀƘŀǊŀΣ ¢ΦΤ hƘƎŀƪƛΣ YΦΤ {ƭƻŀƴΣ 9Φ 5ΦΤ YƻƘΣ /Φ !ΦΤ {ǳƳΣ 

!Φ YΦ LƴǾŜǎǝƎŀǝƴƎ ǘƘŜ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ {ǘŀōƛƭƛǝŜǎ ƻŦ IȅŘǊƻƎŜƴ ŀƴŘ aŜǘƘŀƴŜ .ƛƴŀǊȅ Dŀǎ 

IȅŘǊŀǘŜǎΦ WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ / нлмпΣ мму όтύΣ отуоπотууΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇпммлмфǘΦ  

όмосύ YƘŀƴΣ aΦ bΦΤ wƻǾŜǧƻΣ [Φ WΦΤ tŜǘŜǊǎΣ /Φ WΦΤ {ƭƻŀƴΣ 9Φ 5ΦΤ {ǳƳΣ !Φ YΦΤ YƻƘΣ /Φ !Φ 9ũŜŎǘ ƻŦ IȅŘǊƻƎŜƴπ

ǘƻπaŜǘƘŀƴŜ /ƻƴŎŜƴǘǊŀǝƻƴ wŀǝƻ ƻƴ ǘƘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ vǳŀǘŜǊƴŀǊȅ IȅŘǊŀǘŜ {ȅǎǘŜƳǎΦ W 

/ƘŜƳ 9ƴƎ 5ŀǘŀ нлмрΣ сл όнύΣ пмуςпноΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллстрǉΦ  

όмотύ ½ƘŀƴƎΣ vΦΤ /ƘŜƴΣ DΦπWΦΤ IǳŀƴƎΣ vΦΤ {ǳƴΣ /Φπ̧ΦΤ DǳƻΣ ·ΦπvΦΤ aŀΣ vΦπ[Φ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ 

/ƻƴŘƛǝƻƴǎ ƻŦ ŀ IȅŘǊƻƎŜƴ Ҍ aŜǘƘŀƴŜ Dŀǎ aƛȄǘǳǊŜ ƛƴ ¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴ Ҍ ²ŀǘŜǊΦ WƻǳǊƴŀƭ ƻŦ 

/ƘŜƳƛŎŀƭ ϧ 9ƴƎƛƴŜŜǊƛƴƎ 5ŀǘŀ нллрΣ рл όмύΣ нопςносΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлпфтмпсΦ  

όмоуύ ²ŀƴƎΣ ·ΦΤ /ƘŜƴΣ DΦΤ ¸ŀƴƎΣ [ΦΤ ½ƘŀƴƎΣ [Φ {ǘǳŘȅ ƻƴ ǘƘŜ wŜŎƻǾŜǊȅ ƻŦ IȅŘǊƻƎŜƴ ŦǊƻƳ wŜŬƴŜǊȅ 

όIȅŘǊƻƎŜƴ Ҍ aŜǘƘŀƴŜύ Dŀǎ aƛȄǘǳǊŜǎ ¦ǎƛƴƎ IȅŘǊŀǘŜ ¢ŜŎƘƴƻƭƻƎȅΦ {Ŏƛ /Ƙƛƴŀ . /ƘŜƳ нллуΣ рм 

όнύΣ мтмςмтуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎммпнсπллтπлмомπуΦ  

όмофύ ·ƛŀΣ ½Φ ƳƛƴƎΤ [ƛΣ ·Φ ǎŜƴΤ /ƘŜƴΣ ½Φ ȅŀƴƎΤ [ƛΣ DΦΤ /ŀƛΣ WΦΤ ²ŀƴƎΣ ¸ΦΤ ¸ŀƴΣ YΦ ŦŜƴƎΤ ·ǳΣ /Φ ƎŀƴƎΦ 

IȅŘǊŀǘŜπ.ŀǎŜŘ !ŎƛŘƛŎ DŀǎŜǎ /ŀǇǘǳǊŜ ŦƻǊ /ƭŜŀƴ aŜǘƘŀƴŜ ǿƛǘƘ bŜǿ {ȅƴŜǊƎƛŎΦ !ǇǇƭ 9ƴŜǊƎȅ 

нлмтΣ нлтΣ рупςрфоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмтΦлсΦлмтΦ  

όмплύ IŀǇǇŜƭΣ WΦΣ IƴŀǘƻǿΣ aΦ !ΦΣ ϧ aŜȅŜǊΣ IΦ ¢ƘŜ {ǘǳŘȅ ƻŦ {ŜǇŀǊŀǝƻƴ ƻŦ bƛǘǊƻƎŜƴ ŦǊƻƳ aŜǘƘŀƴŜ .ȅ 

IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ¦ǎƛƴƎ ŀ bƻǾŜƭ !ǇǇŀǊŀǘǳǎ π 5ƛǎŎǳǎǎƛƻƴΦ !ƴƴ b ¸ !ŎŀŘ {Ŏƛ мффпΣ тмрΣ пнрς

пнфΦ 

όмпмύ aŜƛΣ 5ΦΤ [ƛŀƻΣ WΦΤ ¸ŀƴƎΣ WΦΤ DǳƻΣ ¢Φ 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ aƻŘŜƭƛƴƎ {ǘǳŘƛŜǎ ƻƴ ǘƘŜ IȅŘǊŀǘŜ 

CƻǊƳŀǝƻƴ ƻŦ ŀ aŜǘƘŀƴŜҌ bƛǘǊƻƎŜƴ Dŀǎ aƛȄǘǳǊŜ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ !ǉǳŜƻǳǎ 9ƭŜŎǘǊƻƭȅǘŜ 

{ƻƭǳǝƻƴǎΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ мффсΣ ор όфсύΣ попнςпоптΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜфслмсснΦ  

όмпнύ bƛȄŘƻǊŦΣ WΦΤ hŜƭƭǊƛŎƘΣ [Φ wΦ 9ȄǇŜǊƛƳŜƴǘŀƭ 5ŜǘŜǊƳƛƴŀǝƻƴ ƻŦ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ŦƻǊ 

tǳǊŜ DŀǎŜǎΣ .ƛƴŀǊȅ ŀƴŘ ¢ŜǊƴŀǊȅ aƛȄǘǳǊŜǎ ŀƴŘ bŀǘǳǊŀƭ DŀǎŜǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō мффтΣ мофΣ 

онрςоооΦ 

όмпоύ {ŀŘŜǉΣ 5ΦΤ LƎƭŀǳŜǊΣ {ΦΤ [ŜōŜŘŜǾΣ aΦΤ {ƳƛǘƘΣ /ΦΤ .ŀǊƛŦŎŀƴƛΣ !Φ 9ȄǇŜǊƛƳŜƴǘŀƭ 5ŜǘŜǊƳƛƴŀǝƻƴ ƻŦ 

IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ŦƻǊ 5ƛũŜǊŜƴǘ Dŀǎ aƛȄǘǳǊŜǎ /ƻƴǘŀƛƴƛƴƎ aŜǘƘŀƴŜΣ /ŀǊōƻƴ 5ƛƻȄƛŘŜ 
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ŀƴŘ bƛǘǊƻƎŜƴ ǿƛǘƘ aƻǘƻǊ /ǳǊǊŜƴǘ aŜŀǎǳǊŜƳŜƴǘǎΦ W bŀǘ Dŀǎ {Ŏƛ 9ƴƎ нлмтΣ оуΣ рфςтоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƴƎǎŜΦнлмсΦмнΦлнрΦ  

όмппύ ½ƘƻƴƎΣ 5ΦΤ 9ƴƎƭŜȊƻǎΣ tΦ aŜǘƘŀƴŜ {ŜǇŀǊŀǝƻƴ ŦǊƻƳ /ƻŀƭ aƛƴŜ aŜǘƘŀƴŜ Dŀǎ ōȅ ¢ŜǘǊŀπƴπ.ǳǘȅƭ 

!ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΦ 9ƴŜǊƎȅ ŀƴŘ CǳŜƭǎ нлмнΣ нс όпύΣ нлфуς

нмлсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜŦнлнллтȄΦ  

όмпрύ ½ƘƻƴƎΣ 5Φ [ΦΤ 5ŀǊŀōƻƛƴŀΣ bΦΤ 9ƴƎƭŜȊƻǎΣ tΦ wŜŎƻǾŜǊȅ ƻŦ /Iп ŦǊƻƳ /ƻŀƭ aƛƴŜ aƻŘŜƭ Dŀǎ aƛȄǘǳǊŜ 

ό/Iпκbнύ ōȅ IȅŘǊŀǘŜ /ǊȅǎǘŀƭƭƛȊŀǝƻƴ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ /ȅŎƭƻǇŜƴǘŀƴŜΦ CǳŜƭ нлмоΣ млсΣ пнрς

полΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŦǳŜƭΦнлмоΦлмΦлнфΦ  

όмпсύ [ŜŜΣ WΦ ²ΦΤ YƛƳΣ 5Φ ¸ΦΤ [ŜŜΣ IΦ tƘŀǎŜ .ŜƘŀǾƛƻǊ ŀƴŘ {ǘǊǳŎǘǳǊŜ ¢Ǌŀƴǎƛǝƻƴ ƻŦ ǘƘŜ aƛȄŜŘ aŜǘƘŀƴŜ 

ŀƴŘ bƛǘǊƻƎŜƴ IȅŘǊŀǘŜǎΦ YƻǊŜŀƴ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ нллсΣ но όнύΣ нффςолнΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκ.CлнтлртомΦ  

όмптύ {ƘƛŎŀƛΣ {ΦΤ ¸ƻƴƎΣ ½ΦΤ ¸ŀȅǳƴΣ YΦΤ /ƘŀƴƎƭƛƴƎΣ [ΦΤ ¸ǳŦŜƴƎΣ [Φ tǊŜƭƛƳƛƴŀǊȅ {ǘǳŘȅ ƻƴ aŜŀǎǳǊŜƳŜƴǘ 

¢ŜŎƘƴƻƭƻƎȅ ŦƻǊ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмрΣ плоΣ слςсфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмрΦлсΦлмлΦ  

όмпуύ /ŀƛΣ WΦΤ ·ǳΣ /Φ DΦΤ IǳΣ ¸Φ CΦΤ 5ƛƴƎΣ ¸Φ [ΦΤ [ƛΣ ·Φ {ŜƴΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ŀƴŘ wŀƳŀƴ {ǇŜŎǘǊƻǎŎƻǇƛŎ 

{ǘǳŘƛŜǎ ƻŦ {ŜƳƛπ/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ŦƻǊ aŜǘƘŀƴŜΣ bƛǘǊƻƎŜƴ ŀƴŘ ¢ŜǘǊŀπ.ǳǘȅƭπ!ƳƳƻƴƛǳƳ 

CƭǳƻǊƛŘŜΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмсΣ пмоΣ пуςрнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмрΦлфΦлрпΦ  

όмпфύ {ǳƴΣ vΦΤ DǳƻΣ ·ΦΤ [ƛǳΣ !ΦΤ [ƛǳΣ .ΦΤ IǳƻΣ ¸ΦΤ /ƘŜƴΣ DΦ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘȅ ƻƴ ǘƘŜ {ŜǇŀǊŀǝƻƴ ƻŦ 

/Iп ŀƴŘ bн Ǿƛŀ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ ¢.!. {ƻƭǳǝƻƴΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлммΣ рл όпύΣ ннупς

ннууΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜмлмтнсŦΦ  

όмрлύ [ƛŀƻΣ ½ΦΤ DǳƻΣ ·ΦΤ ½ƘŀƻΣ ¸ΦΤ ²ŀƴƎΣ ¸ΦΤ {ǳƴΣ vΦΤ [ƛǳΣ !ΦΤ {ǳƴΣ /ΦΤ /ƘŜƴΣ DΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ 

aƻŘŜƭƛƴƎ {ǘǳŘȅ ƻƴ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ ¢ŜǘǊŀπƴπ.ǳǘȅƭ !ƳƳƻƴƛǳƳ 

.ǊƻƳƛŘŜ Ҍ /IпΣ /hнΣ bнΣ ƻǊ Dŀǎ aƛȄǘǳǊŜǎΦ LƴŘǳǎǘǊƛŀƭ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎ /ƘŜƳƛǎǘǊȅ wŜǎŜŀǊŎƘΦ 

нлмоΣ ǇǇ мупплςмуппсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜплнфлоƳΦ  

όмрмύ ½ƘƻƴƎΣ 5ΦΤ {ǳƴΣ 5ΦΤ [ǳΣ ¸ΦΤ ¸ŀƴΣ WΦΤ ²ŀƴƎΣ WΦ !ŘǎƻǊǇǝƻƴ ҍ IȅŘǊŀǘŜ IȅōǊƛŘ tǊƻŎŜǎǎ ŦƻǊ aŜǘƘŀƴŜ 

{ŜǇŀǊŀǝƻƴ ŦǊƻƳ ŀ /Iпκbнκhн Dŀǎ aƛȄǘǳǊŜ ¦ǎƛƴƎ tǳƭǾŜǊƛȊŜŘ /ƻŀƭ tŀǊǝŎƭŜǎΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ 

нлмпΣ роΣ мртоуςмртпсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜрлнсупƧΦ  

όмрнύ ½ƘŀƴƎΣ .ΦΤ ²ǳΣ vΦ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ tǊƻƳƻǝƻƴ ƻŦ ¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴ ƻƴ aŜǘƘŀƴŜ {ŜǇŀǊŀǝƻƴ 

ŦǊƻƳ [ƻǿπ/ƻƴŎŜƴǘǊŀǝƻƴ /ƻŀƭ aƛƴŜ aŜǘƘŀƴŜ .ŀǎŜŘ ƻƴ IȅŘǊŀǘŜΦ 9ƴŜǊƎȅ ŀƴŘ CǳŜƭǎ нлмлΣ нп 

όпύΣ нролςнрорΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜŦфлмппсƴΦ  

όмроύ ½ƘƻƴƎΣ 5Φ [ΦΤ 5ƛƴƎΣ YΦΤ ¸ŀƴƎΣ /ΦΤ .ƛŀƴΣ ¸ΦΤ WƛΣ WΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ CƻǊƳŜŘ 

ǿƛǘƘ /Iп Ҍ bн Ҍ hн ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ /ȅŎƭƻǇŜƴǘŀƴŜ ƻǊ /ȅŎƭƻƘŜȄŀƴŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмнΣ 

рт όмнύΣ отрмςотррΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜолмлнпǾΦ  

όмрпύ ½ƘƻƴƎΣ 5ΦΤ ¸ŜΣ ¸ΦΤ ¸ŀƴƎΣ /Φ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ŦƻǊ {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ CƻǊƳŜŘ ƛƴ ǘƘŜ 

/Iп Ҍ bн Ҍ hн Ҍ ¢ŜǘǊŀπ ƴ π.ǳǘȅƭ !ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ {ȅǎǘŜƳǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлммΣ рсΣ 

нуффςнфлоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦлнмκƧŜнлллууŦΦ  

όмррύ ½ƘƻƴƎΣ 5ΦΤ ¸ŜΣ ¸ΦΤ ¸ŀƴƎΣ /ΦΤ .ƛŀƴΣ ¸ΦΤ 5ƛƴƎΣ YΦ 9ȄǇŜǊƛƳŜƴǘŀƭ LƴǾŜǎǝƎŀǝƻƴ ƻŦ aŜǘƘŀƴŜ {ŜǇŀǊŀǝƻƴ 

ŦǊƻƳ [ƻǿπ /ƻƴŎŜƴǘǊŀǝƻƴ /ƻŀƭ aƛƴŜ Dŀǎ ό /Iп κ bн κ hн ύ ōȅ ¢ŜǘǊŀ π ƴ π .ǳǘȅƭ !ƳƳƻƴƛǳƳ 

.ǊƻƳƛŘŜ {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ /ǊȅǎǘŀƭƭƛȊŀǝƻƴΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлмнΣ рмΣ мпулсςмпумоΦ 
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όмрсύ ½ƘƻƴƎΣ 5Φ [ΦΤ ²ŀƴƎΣ ²Φ /ΦΤ [ǳΣ ¸Φ ¸ΦΤ ¸ŀƴΣ WΦ ¦ǎƛƴƎ ¢ŜǘǊŀπƴπ.ǳǘȅƭ !ƳƳƻƴƛǳƳ /ƘƭƻǊƛŘŜ 

{ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ ŦƻǊ aŜǘƘŀƴŜ {ŜǇŀǊŀǝƻƴ ŦǊƻƳ [ƻǿπ/ƻƴŎŜƴǘǊŀǝƻƴ /ƻŀƭ aƛƴŜ DŀǎΦ 

9ƴŜǊƎȅ tǊƻŎŜŘƛŀΦ нлмтΣ ǇǇ пурпςпуруΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƎȅǇǊƻΦнлмтΦлоΦфсмΦ  

όмртύ ½ƘƻƴƎΣ 5Φπ[ΦΤ ²ŀƴƎΣ ²Φπ/ΦΤ ½ƻǳΣ ½Φπ[ΦΤ [ǳΣ ¸Φπ̧ΦΤ ¸ŀƴΣ WΦΤ 5ƛƴƎΣ YΦ LƴǾŜǎǝƎŀǝƻƴ ƻƴ aŜǘƘŀƴŜ 

wŜŎƻǾŜǊȅ ŦǊƻƳ [ƻǿπ/ƻƴŎŜƴǘǊŀǝƻƴ /ƻŀƭ aƛƴŜ Dŀǎ ōȅ ¢ŜǘǊŀπƴπ.ǳǘȅƭ !ƳƳƻƴƛǳƳ /ƘƭƻǊƛŘŜ 

{ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΦ !ǇǇƭ 9ƴŜǊƎȅ нлмуΣ ннтΣ сусςсфоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмтΦлуΦлсфΦ  

όмруύ bŀǎƛǊΣ vΦΤ [ŀǳΣ YΦ YΦΤ [ŀƭΣ .ΦΤ {ŀōƛƭΣ YΦ aΦ IȅŘǊŀǘŜ 5ƛǎǎƻŎƛŀǝƻƴ /ƻƴŘƛǝƻƴ aŜŀǎǳǊŜƳŜƴǘ ƻŦ 

/hн π wƛŎƘ aƛȄŜŘ Dŀǎ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ aŜǘƘŀƴƻƭ κ 9ǘƘȅƭŜƴŜ DƭȅŎƻƭ ŀƴŘ aƛȄŜŘ aŜǘƘŀƴƻƭ κ 

9ǘƘȅƭŜƴŜ DƭȅŎƻƭ Ҍ 9ƭŜŎǘǊƻƭȅǘŜ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ рф όммύΣ офнлςофнсΦ 

όмрфύ {ŀōƛƭΣ YΦ aΦΤ bŀǎƛǊΣ vΦΤ tŀǊǘƻƻƴΣ .ΦΤ {ŜƳŀƴΣ !Φ !Φ aŜŀǎǳǊŜƳŜƴǘ ƻŦ Iπ[²π± ŀƴŘ 5ƛǎǎƻŎƛŀǝƻƴ 

9ƴǘƘŀƭǇȅ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜ wƛŎƘ {ȅƴǘƘŜǝŎ bŀǘǳǊŀƭ Dŀǎ aƛȄǘǳǊŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ рф 

όммύΣ орлнςорлфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллпроƧΦ  

όмслύ [ŜŜΣ IΦ IΦΤ !ƘƴΣ {Φ IΦΤ bŀƳΣ .Φ ¦ΦΤ YƛƳΣ .Φ {ΦΤ [ŜŜΣ DΦ ²ΦΤ aƻƻƴΣ 5ΦΤ {ƘƛƴΣ IΦ WΦΤ IŀƴΣ YΦ ²ΦΤ 

¸ƻƻƴΣ WΦ IΦ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ {ǘŀōƛƭƛǘȅΣ {ǇŜŎǘǊƻǎŎƻǇƛŎ LŘŜƴǝŬŎŀǝƻƴΣ ŀƴŘ Dŀǎ {ǘƻǊŀƎŜ /ŀǇŀŎƛǘȅ 

ƻŦ /hнπ/Iпπbн aƛȄǘǳǊŜ Dŀǎ IȅŘǊŀǘŜǎΥ LƳǇƭƛŎŀǝƻƴǎ ŦƻǊ [ŀƴŘŬƭƭ Dŀǎ IȅŘǊŀǘŜǎΦ 9ƴǾƛǊƻƴ {Ŏƛ 

¢ŜŎƘƴƻƭ нлмнΣ пс όтύΣ пмупςпмфлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜǎнлооуфƪΦ  

όмсмύ ½ŀƴƎΣ ·ΦΤ [ƛŀƴƎΣ 5Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ŦƻǊ ǘƘŜ IȅŘǊŀǘŜǎ ƻŦ {ȅƴǘƘŜǎƛȊŜŘ ¢ŜǊƴŀǊȅ /Iп κ/hн 

κbн .ƛƻƎŀǎ aƛȄǘǳǊŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмуΣ со όмύΣ мфтςнлмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦтōллуноΦ  

όмснύ {ŜƻΣ ¸ΦΤ !ƴΣ {ΦΤ tŀǊƪΣ WΦπ²ΦΤ YƛƳΣ .Φπ{ΦΤ YƻƳŀƛΣ ¢ΦΤ ¸ƻƻƴΣ WΦπIΦ hŎŎǳǇŀǝƻƴ ŀƴŘ wŜƭŜŀǎŜ .ŜƘŀǾƛƻǊ 

ƻŦ DǳŜǎǘ aƻƭŜŎǳƭŜǎ ƛƴ /IпΣ /hнΣ bнΣ ŀƴŘ !ŎŜǘƻƴŜ aƛȄǘǳǊŜ IȅŘǊŀǘŜǎΥ !ƴ ƛƴπ{ƛǘǳ {ǘǳŘȅ ōȅ 

wŀƳŀƴ {ǇŜŎǘǊƻǎŎƻǇȅΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлмпΣ роΣ смтфςсмупΦ  

όмсоύ .ƻǎǿŜƭƭΣ wΦΤ /ƻƭƭŜǧΣ ¢Φ {Φ /ǳǊǊŜƴǘ tŜǊǎǇŜŎǝǾŜǎ ƻƴ Dŀǎ IȅŘǊŀǘŜ wŜǎƻǳǊŎŜǎΦ 9ƴŜǊƎȅ 9ƴǾƛǊƻƴ {Ŏƛ 

нлммΣ п όпύΣ мнлсςмнмрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлофκŎлŜŜллнлоƘΦ  

όмспύ /ƻƭƭŜǧΣ ¢ΦΤ .ŀƘƪΣ WΦ WΦΤ .ŀƪŜǊΣ wΦΤ .ƻǎǿŜƭƭΣ wΦΤ 5ƛǾƛƴǎΣ 5ΦΤ CǊȅŜΣ aΦΤ DƻƭŘōŜǊƎΣ 5ΦΤ IǳǎŜōǄΣ WΦΤ YƻƘΣ 

/ΦΤ aŀƭƻƴŜΣ aΦΤ aƻǊŜƭƭΣ aΦΤ aȅŜǊǎΣ DΦΤ {ƘƛǇǇΣ /ΦΤ ¢ƻǊǊŜǎΣ aΦ aŜǘƘŀƴŜ IȅŘǊŀǘŜǎ ƛƴ bŀǘǳǊŜπ

/ǳǊǊŜƴǘ YƴƻǿƭŜŘƎŜ ŀƴŘ /ƘŀƭƭŜƴƎŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмрΣ сл όнύΣ омфςонфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллслпƘΦ  

όмсрύ /ƘƻƴƎΣ ½Φ wΦΤ ¸ŀƴƎΣ {Φ IΦ .ΦΤ .ŀōǳΣ tΦΤ [ƛƴƎŀΣ tΦΤ [ƛΣ ·Φ {ŜƴΦ wŜǾƛŜǿ ƻŦ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎ ŀǎ ŀƴ 

9ƴŜǊƎȅ wŜǎƻǳǊŎŜΥ tǊƻǎǇŜŎǘǎ ŀƴŘ /ƘŀƭƭŜƴƎŜǎΦ !ǇǇƭ 9ƴŜǊƎȅ нлмсΣ мснΣ мсооςмсрнΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŜƴŜǊƎȅΦнлмпΦмнΦлсмΦ  

όмссύ hƘƎŀƪƛΣ YΦΤ ¢ŀƪŀƴƻΣ YΦΤ {ŀƴƎŀǿŀΣ IΦΤ aŀǘǎǳōŀǊŀΣ ¢ΦΤ bŀƪŀƴƻΣ {Φ aŜǘƘŀƴŜ 9ȄǇƭƻƛǘŀǝƻƴ ōȅ 

/ŀǊōƻƴ 5ƛƻȄƛŘŜ ŦǊƻƳ Dŀǎ IȅŘǊŀǘŜǎΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ /hнπ/Iп aƛȄŜŘ IȅŘǊŀǘŜ {ȅǎǘŜƳΦ 

Wh¦wb![ hC /I9aL/![ 9bDLb99wLbD hC W!t!b мффсΣ нф όоύΣ птуςпуоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмнрнκƧŎŜƧΦнфΦптуΦ  

όмстύ YƻƳŀǘǎǳΣ IΦΤ hǘŀΣ aΦΤ {ƳƛǘƘΣ wΦ [ΦΤ LƴƻƳŀǘŀΣ IΦ wŜǾƛŜǿ ƻŦ /hнπ/Iп /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ 

wŜǇƭŀŎŜƳŜƴǘ wŜŀŎǝƻƴ [ŀōƻǊŀǘƻǊȅ {ǘǳŘƛŜǎ π tǊƻǇŜǊǝŜǎ ŀƴŘ YƛƴŜǝŎǎΦ W ¢ŀƛǿŀƴ Lƴǎǘ /ƘŜƳ 9ƴƎ 

нлмоΣ пп όпύΣ рмтςротΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧǝŎŜΦнлмоΦлоΦлмлΦ  

όмсуύ .ƻǎǿŜƭƭΣ wΦΤ {ŎƘƻŘŜǊōŜƪΣ 5ΦΤ /ƻƭƭŜǧΣ ¢Φ {ΦΤ hƘǘǎǳƪƛΣ {ΦΤ ²ƘƛǘŜΣ aΦΤ !ƴŘŜǊǎƻƴΣ .Φ WΦ ¢ƘŜ LƑƴƛƪ 

{ƛƪǳƳƛ CƛŜƭŘ 9ȄǇŜǊƛƳŜƴǘΣ !ƭŀǎƪŀ bƻǊǘƘ {ƭƻǇŜΥ 5ŜǎƛƎƴΣ hǇŜǊŀǝƻƴǎΣ ŀƴŘ LƳǇƭƛŎŀǝƻƴǎ ŦƻǊ /hн ς
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/Iп 9ȄŎƘŀƴƎŜ ƛƴ Dŀǎ IȅŘǊŀǘŜ wŜǎŜǊǾƻƛǊǎΦ 9ƴŜǊƎȅ ϧ CǳŜƭǎ нлмтΣ ом όмύΣ мплςмроΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦŜƴŜǊƎȅŦǳŜƭǎΦсōлмфлфΦ  

όмсфύ {ŎƘƛŎƪǎΣ WΦ aΦΤ {ǘǊŀǳŎƘΣ .ΦΤ IŜŜǎŎƘŜƴΣ YΦ ¦ΦΤ {ǇŀƴƎŜƴōŜǊƎΣ 9ΦΤ [ǳȊƛπIŜƭōƛƴƎΣ aΦ CǊƻƳ 

aƛŎǊƻǎŎŀƭŜ όплл ɾƭύ ǘƻ aŀŎǊƻǎŎŀƭŜ όпнр [ύΥ 9ȄǇŜǊƛƳŜƴǘŀƭ LƴǾŜǎǝƎŀǝƻƴǎ ƻŦ ǘƘŜ /hн κbн π/Iп 

9ȄŎƘŀƴƎŜ ƛƴ Dŀǎ IȅŘǊŀǘŜǎ {ƛƳǳƭŀǝƴƎ ǘƘŜ LƑƴƛƪ {ƛƪǳƳƛ CƛŜƭŘ ¢ǊƛŀƭΦ W DŜƻǇƘȅǎ wŜǎ {ƻƭƛŘ 9ŀǊǘƘ 

нлмуΣ мно όрύΣ ослуςоснлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнфκнлмтW.лмромрΦ  

όмтлύ [ƛƳΣ 5ΦΤ wƻΣ IΦΤ {ŜƻΣ ¸ΦΤ {ŜƻΣ ¸ΦΤ [ŜŜΣ WΦ ¸ΦΤ YƛƳΣ {ΦΤ [ŜŜΣ WΦΤ [ŜŜΣ IΦ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ {ǘŀōƛƭƛǘȅ ŀƴŘ 

DǳŜǎǘ 5ƛǎǘǊƛōǳǝƻƴ ƻŦ /Iпκbнκ/hн aƛȄŜŘ IȅŘǊŀǘŜǎ ŦƻǊ aŜǘƘŀƴŜ IȅŘǊŀǘŜ tǊƻŘǳŎǝƻƴ ¦ǎƛƴƎ 

bнκ/hн LƴƧŜŎǝƻƴΦ W /ƘŜƳ ¢ƘŜǊƳƻŘȅƴ нлмтΣ млсΣ мсςнмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмсΦммΦлмнΦ     

όмтмύ [ŜƎƻƛȄΣ [ΦΤ wǳŶƴŜΣ [ΦΤ 5ŜǳǎƴŜǊΣ /ΦΤ IŀŜŎƪŜƭΣ aΦ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘȅ ƻŦ aƛȄŜŘ Dŀǎ IȅŘǊŀǘŜǎ 

ŦǊƻƳ Dŀǎ CŜŜŘ /ƻƴǘŀƛƴƛƴƎ /IпΣ /hн ŀƴŘ bнΥ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ 9ȄŎŜǎǎ 

²ŀǘŜǊ ŀƴŘ Dŀǎ 9ȄŎƘŀƴƎŜΦ 9ƴŜǊƎƛŜǎ ό.ŀǎŜƭύ нлмуΣ мм όуύΣ мфупΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκŜƴммлумфупΦ  

όмтнύ aǳΣ [ΦΤ Ǿƻƴ {ƻƭƳǎΣ bΦ IȅŘǊŀǘŜ ¢ƘŜǊƳŀƭ 5ƛǎǎƻŎƛŀǝƻƴ .ŜƘŀǾƛƻǊ ŀƴŘ 5ƛǎǎƻŎƛŀǝƻƴ 9ƴǘƘŀƭǇƛŜǎ ƛƴ 

aŜǘƘŀƴŜπ/ŀǊōƻƴ 5ƛƻȄƛŘŜ {ǿŀǇǇƛƴƎ tǊƻŎŜǎǎΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎΦ нлмуΣ ǇǇ 

ооςпнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмтΦлуΦлмуΦ  

όмтоύ CŀƴΣ {Φπ{ΦΤ DǳƻΣ ¢ΦπaΦ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƻŦ /hн πwƛŎƘ .ƛƴŀǊȅ ŀƴŘ vǳŀǘŜǊƴŀǊȅ Dŀǎ aƛȄǘǳǊŜǎ ƛƴ 

!ǉǳŜƻǳǎ {ƻŘƛǳƳ /ƘƭƻǊƛŘŜ {ƻƭǳǝƻƴǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ мфффΣ пп όпύΣ унфςуонΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜффллммōΦ  

όмтпύ {ŜƻΣ ¸ΦΤ YŀƴƎΣ {ΦΤ WŀƴƎΣ ²Φ {ǘǊǳŎǘǳǊŜ ŀƴŘ /ƻƳǇƻǎƛǝƻƴ !ƴŀƭȅǎƛǎ ƻŦ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎ Υ мо / 

baw {ǇŜŎǘǊƻǎŎƻǇƛŎ !ƴŘΦ WΦtƘȅǎΦ/ƘŜƳΦ! нллфΣ ммо όорύΣ фспмςфспфΦ 

όмтрύ ½ŀǊƛŬΣ aΦΤ WŀǾŀƴƳŀǊŘƛΣ WΦΤ IŀǎƘŜƳƛΣ IΦΤ 9ǎƭŀƳƛƳŀƴŜǎƘΣ !ΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦ 9ȄǇŜǊƛƳŜƴǘŀƭ 

{ǘǳŘȅ ŀƴŘ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ aƻŘŜƭƭƛƴƎ ƻŦ aŜǘƘŀƴŜ ŀƴŘ aƛȄŜŘ /м Ҍ /н Ҍ /о /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ 

ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ aŜǎƻǇƻǊƻǳǎ {ƛƭƛŎŀ DŜƭΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмсΣ пноΣ мтςнпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмсΦлоΦлмуΦ  

όмтсύ ½ƘŀƴƎΣ [Φ ²ΦΤ IǳŀƴƎΣ vΦΤ {ǳƴΣ /Φ ¸ΦΤ aŀΣ vΦ [ΦΤ /ƘŜƴΣ DΦ WΦ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ /ƻƴŘƛǝƻƴǎ ƻŦ 

aŜǘƘŀƴŜ Ҍ 9ǘƘȅƭŜƴŜ Ҍ ¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴ Ҍ ²ŀǘŜǊ {ȅǎǘŜƳǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллсΣ рм όнύΣ пмфς

пннΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлрлопнǉΦ  

όмттύ aŀΣ vΦΤ /ƘŜƴΣ DΦΤ ½ƘŀƴƎΣ [Φ ±ŀǇƻǊπIȅŘǊŀǘŜ tƘŀǎŜǎ 9ǉǳƛƭƛōǊƛǳƳ ƻŦ ό/IпҌ/нIсύ ŀƴŘ ό/IпҌ/нIпύ 

{ȅǎǘŜƳǎΦ tŜǘ {Ŏƛ нллуΣ р όпύΣ орфςоссΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмнмунπллуπллпнπлΦ  

όмтуύ {ǳƴΣ /Φπ̧ΦΤ /ƘŜƴΣ DΦπWΦΤ ½ƘŀƴƎΣ [Φπ²Φ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ŀƴŘ {ǘǊǳŎǘǳǊŜ ŦƻǊ 

όaŜǘƘŀƴŜҌŜǘƘŀƴŜҌǘŜǘǊŀƘȅŘǊƻŦǳǊŀƴҌǿŀǘŜǊύ {ȅǎǘŜƳΦ W /ƘŜƳ ¢ƘŜǊƳƻŘȅƴ нлмлΣ пн όфύΣ ммтоς

ммтфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмлΦлпΦлнмΦ  

όмтфύ [ŜŜΣ {ΦΤ [ŜŜΣ ¸ΦΤ tŀǊƪΣ {ΦΤ YƛƳΣ ¸ΦΤ /ƘŀΣ LΦΤ {ŜƻΣ ¸Φ {ǘŀōƛƭƛǘȅ /ƻƴŘƛǝƻƴǎ ŀƴŘ DǳŜǎǘ 5ƛǎǘǊƛōǳǝƻƴ ƻŦ 

ǘƘŜ aŜǘƘŀƴŜ Ҍ 9ǘƘŀƴŜ Ҍ tǊƻǇŀƴŜ IȅŘǊŀǘŜǎ ƻǊ {ŜƳƛŎƭŀǘƘǊŀǘŜǎ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ 

¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴ ƻǊ vǳŀǘŜǊƴŀǊȅ !ƳƳƻƴƛǳƳ {ŀƭǘǎΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлмоΣ 

срΣ ммоςммфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмоΦлрΦлпнΦ  

όмулύ {ǳƴΣ ½Φ DΦΤ CŀƴΣ {Φ {ΦΤ DǳƻΣ YΦ IΦΤ {ƘƛΣ [ΦΤ ²ŀƴƎΣ wΦ ½Φ 9ǉǳƛƭƛōǊƛǳƳ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ /ƻƴŘƛǝƻƴǎ 

ŦƻǊ aŜǘƘȅƭŎȅŎƭƻƘŜȄŀƴŜ ǿƛǘƘ aŜǘƘŀƴŜ ŀƴŘ ŀ ¢ŜǊƴŀǊȅ Dŀǎ aƛȄǘǳǊŜΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллнΣ 

мфу όнύΣ нфоςнфуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лотуπоумнόлмύллулсπуΦ  
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όмумύ {ǳƴΣ ½Φ DΦΤ CŀƴΣ {Φ {ΦΤ DǳƻΣ YΦ IΦΤ {ƘƛΣ [ΦΤ DǳƻΣ ¸Φ YΦΤ ²ŀƴƎΣ wΦ ½Φ Dŀǎ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ 

5ŀǘŀ ƻŦ /ȅŎƭƻƘŜȄŀƴŜ ŀƴŘ /ȅŎƭƻǇŜƴǘŀƴŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллнΣ пт όнύΣ омоςомрΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлмлнмффΦ  

όмунύ {ŜƻΣ ¸ΦΤ YŀƴƎΣ {ΦπtΦΤ WŀƴƎΣ ²ΦΤ YƛƳΣ {Φ LƴƘƛōƛǝƻƴ ƻŦ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ 

[ƛǉǳƛŘ IȅŘǊƻŎŀǊōƻƴǎ CƻǊƳƛƴƎ {ǘǊǳŎǘǳǊŜ IΦ W tƘȅǎ /ƘŜƳ . нлмлΣ ммп όмуύΣ слупςслууΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇфмлфпмŘΦ  

όмуоύ /ƘŜƴΣ [ΦΤ {ǳƴΣ /ΦΤ /ƘŜƴΣ DΦΤ bƛŜΣ ¸ΦΤ {ǳƴΣ ½ΦΤ [ƛǳΣ ¸Φ aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ 

/ƻƴŘƛǝƻƴǎ ŦƻǊ /IпΣ /hнΣ ŀƴŘ /Iп Ҍ /нIс Ҍ /оIу ƛƴ ±ŀǊƛƻǳǎ {ȅǎǘŜƳǎ ōȅ {ǘŜǇπIŜŀǝƴƎ aŜǘƘƻŘΦ 

/Ƙƛƴ W /ƘŜƳ 9ƴƎ нллфΣ мт όпύΣ сорςспмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{мллпπфрпмόлуύслнрсπсΦ  

όмупύ /ƘŜƴΣ [Φ ¢ΦΤ {ǳƴΣ /Φ ¸ΦΤ bƛŜΣ ¸Φ vΦΤ {ǳƴΣ ½Φ {ΦΤ ¸ŀƴƎΣ [Φ ¸ΦΤ /ƘŜƴΣ DΦ WΦ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ 

/ƻƴŘƛǝƻƴǎ ƻŦ ό/Iп Ҍ /нIс Ҍ /оIуύ Dŀǎ aƛȄǘǳǊŜǎ ƛƴ {ƻŘƛǳƳ 5ƻŘŜŎȅƭ {ǳƭŦŀǘŜ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴǎΦ 

W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллфΣ рп όрύΣ мрллςмрлоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκ5ƻƛ млΦмлнмκWŜуллулртΦ  

όмурύ ¸ŀǎǳŘŀΣ YΦΤ hƎŀǿŀΣ IΦΤ hƘƳǳǊŀΣ wΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ŦƻǊ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ CƻǊƳŜŘ ǿƛǘƘ 

aŜǘƘŀƴŜ Ҍ 9ǘƘŀƴŜ Ҍ tǊƻǇŀƴŜ aƛȄǘǳǊŜǎ ŀǘ ¢ŜƳǇŜǊŀǘǳǊŜǎ ōŜƭƻǿ ǘƘŜ CǊŜŜȊƛƴƎ tƻƛƴǘ ƻŦ ²ŀǘŜǊΦ W 

/ƘŜƳ 9ƴƎ 5ŀǘŀ нлмлΣ рр όмύΣ оруςосмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜфллосоƴΦ  

όмусύ aŀŜƪŀǿŀΣ ¢Φ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ŦƻǊ aƛȄǘǳǊŜǎ ƻŦ aŜǘƘŀƴŜ Ҍ IŜƭƛǳƳ ŀƴŘ 9ǘƘŀƴŜ Ҍ IŜƭƛǳƳΦ 

W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллоΣ пу όрύΣ мнуоςмнурΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлолмрфнΦ  

όмутύ LƭŘȅŀƪƻǾΣ !Φ ±ΦΤ aŀƴŀƪƻǾΣ !Φ ¸ΦΤ ½ŀǾƧŀƭƻǾΣ !Φ tΦΤ .ŀǊŘŀƪƘŀƴƻǾΣ {Φ tΦ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ōȅ 

aŜǘƘŀƴŜπIŜƭƛǳƳ aƛȄǘǳǊŜǎΦ /ƘŜƳ 9ƴƎ ¢ŜŎƘƴƻƭ нлммΣ оп όмлύΣ мтооςмтоуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŎŜŀǘΦнлмлллрмоΦ  

όмууύ aƻƻƛƧŜǊπ±ŀƴ 5Ŝƴ IŜǳǾŜƭΣ aΦ aΦΤ {ŀǿƛǊƧƻΣ bΦ aΦΤ tŜǘŜǊǎΣ /Φ WΦ LƴƅǳŜƴŎŜ ƻŦ CƭǳƻǊƻŀƭƪŀƴŜǎ ƻƴ 

ǘƘŜ tƘŀǎŜ .ŜƘŀǾƛƻǳǊ ƻŦ aŜǘƘŀƴŜ Dŀǎ IȅŘǊŀǘŜ {ȅǎǘŜƳǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллсΣ нпм όмςнύΣ 

мнпςмотΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнллсΦлмΦлнмΦ  

όмуфύ [ƛΣ [ΦΤ [ǾΣ vΦ bΦΤ [ƛΣ ·Φ {ŜƴΤ CŜƴƎΣ WΦ /ΦΤ /ƘŜƴΣ ½Φ ¸Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ŀƴŘ 5ƛǎǎƻŎƛŀǝƻƴ 9ƴǘƘŀƭǇƛŜǎ 

ƻŦ ¢ǊƛƳŜǘƘȅƭŜƴŜ {ǳƭŬŘŜ Ҍ aŜǘƘŀƴŜ IȅŘǊŀǘŜǎ ƛƴ .ǊƛƴŜ ²ŀǘŜǊ {ȅǎǘŜƳǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ 

рф όммύΣ отмтςотннΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллслтƴΦ  

όмфлύ IƻƭŘŜǊΣ DΦ 5ΦΤ IŀƴŘΣ WΦ IΦ aǳƭǝǇƭŜπtƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƛƴ IȅŘǊŀǘŜǎ ŦǊƻƳ aŜǘƘŀƴŜΣ 9ǘƘŀƴŜΣ 

tǊƻǇŀƴŜ ŀƴŘ ²ŀǘŜǊ aƛȄǘǳǊŜǎΦ !L/Ƙ9 WƻǳǊƴŀƭ мфунΣ ну όоύΣ пплςпптΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŀƛŎΦсфлнуломнΦ  

όмфмύ aŀƎƘǎƻƻŘƭƻƻ .ŀōŀƪƘŀƴƛΣ {ΦΤ .ƻǳƛƭƭƻǘΣ .ΦΤ 5ƻǳȊŜǘΣ WΦΤ Iƻπ±ŀƴΣ {ΦΤ IŜǊǊƛΣ WΦ aΦ ! bŜǿ !ǇǇǊƻŀŎƘ 

ƻŦ {ǘǳŘȅƛƴƎ aƛȄŜŘ Dŀǎ IȅŘǊŀǘŜǎ LƴǾƻƭǾƛƴƎ tǊƻǇŀƴŜ ŀǘ bƻƴπ9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ŀƴŘ Cƛƴŀƭ 

{ǘŀǘŜΥ !ƴ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘȅ ŀƴŘ aƻŘŜƭƛƴƎΦ /ƘŜƳ 9ƴƎ {Ŏƛ нлмуΣ мтфΣ мрлςмслΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнлмуΦлмΦлмтΦ  

όмфнύ aŀƎƘǎƻƻŘƭƻƻ .ŀōŀƪƘŀƴƛΣ {ΦΤ .ƻǳƛƭƭƻǘΣ .ΦΤ 5ƻǳȊŜǘΣ WΦΤ Iƻπ±ŀƴΣ {ΦΤ IŜǊǊƛΣ WΦ aΦ t±¢Ȅ 

aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ aƛȄŜŘ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƛƴ .ŀǘŎƘ /ƻƴŘƛǝƻƴǎ ǳƴŘŜǊ 5ƛũŜǊŜƴǘ 

/ǊȅǎǘŀƭƭƛȊŀǝƻƴ wŀǘŜǎΥ LƴƅǳŜƴŎŜ ƻƴ 9ǉǳƛƭƛōǊƛǳƳΦ W /ƘŜƳ ¢ƘŜǊƳƻŘȅƴ нлмуΣ мннΣ тоςупΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмуΦлоΦллсΦ  

όмфоύ .ŀƭƭŀǊŘΣ !Φ [ΦΤ WŀƎŜǊΣ aΦ 5ΦΤ bŀǎǊƛŦŀǊΣ YΦΤ aƻƻƛƧŜǊπ±ŀƴ 5Ŝƴ IŜǳǾŜƭΣ aΦ aΦΤ tŜǘŜǊǎΣ /Φ WΦΤ {ƭƻŀƴΣ 9Φ 

5Φ tǎŜǳŘƻπwŜǘǊƻƎǊŀŘŜ IȅŘǊŀǘŜ tƘŜƴƻƳŜƴŀ ŀǘ [ƻǿ tǊŜǎǎǳǊŜǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллмΣ мур 

όмςнύΣ ттςутΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лотуπоумнόлмύллпруπтΦ  
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мфр 
 

όмфпύ YŀƴƎΣ {ΦΤ [ŜŜΣ WΦ IȅŘǊŀǘŜπtƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŀƴŘ / baw {ǘǳŘƛŜǎ ƻŦ .ƛƴŀǊȅ ό/Iп Ҍ /нIпύ ŀƴŘ ό/нIс 

Ҍ /нIпύ IȅŘǊŀǘŜǎΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлмоΣ рнΣ олоςолуΦ 

όмфрύ ¢ǳƳōŀΣ YΦΤ bŀƛŘƻƻΣ tΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wƛŎƘƻƴΣ 5ΦΤ wŀƳƧǳƎŜǊƴŀǘƘΣ 5Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ 

/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ 9ǘƘŀƴŜ Ҍ 9ǘƘŜƴŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмоΣ ру όпύΣ уфсςфлмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜолмлрмŎΦ  

όмфсύ wŜƴΣ ¢ΦΤ tŀǘŜƭΣ aΦΤ .ƭƻƪΣ YΦ hƭŜŬƴǎ ŦǊƻƳ /ƻƴǾŜƴǝƻƴŀƭ ŀƴŘ IŜŀǾȅ CŜŜŘǎǘƻŎƪǎΥ 9ƴŜǊƎȅ ¦ǎŜ ƛƴ 

{ǘŜŀƳ /ǊŀŎƪƛƴƎ ŀƴŘ !ƭǘŜǊƴŀǝǾŜ tǊƻŎŜǎǎŜǎΦ 9ƴŜǊƎȅ нллсΣ ом όпύΣ пнрςпрмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴŜǊƎȅΦнллрΦлпΦллмΦ  

όмфтύ wŀƘƛƳƛΣ bΦΤ YŀǊƛƳȊŀŘŜƘΣ wΦ /ŀǘŀƭȅǝŎ /ǊŀŎƪƛƴƎ ƻŦ IȅŘǊƻŎŀǊōƻƴǎ ƻǾŜǊ aƻŘƛŬŜŘ ½{aπр ½ŜƻƭƛǘŜǎ 

ǘƻ tǊƻŘǳŎŜ [ƛƎƘǘ hƭŜŬƴǎΥ ! wŜǾƛŜǿΦ !ǇǇƭ /ŀǘŀƭ ! DŜƴ нлммΣ офу όмςнύΣ мςмтΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇŎŀǘŀΦнлммΦлоΦллфΦ  

όмфуύ /ƘŀǇƻȅΣ !ΦΤ !ƭǎƛȅŀōƛΣ LΦΤ DƘƻƭƛƴŜȊƘŀŘΣ WΦΤ .ǳǊƎŀǎǎΣ wΦΤ ¢ƻƘƛŘƛΣ .Φ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛŀ ƛƴ 

[ƛƎƘǘ hƭŜŬƴǎ ŀƴŘ aƛȄŜŘ aŜǘƘŀƴŜπhƭŜŬƴǎ {ȅǎǘŜƳǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмоΣ оотΣ мрлςмррΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмнΦлфΦлмрΦ  

όмффύ ¢ǳƳōŀΣ YΦΤ .ŀōŀŜŜΣ {ΦΤ bŀƛŘƻƻΣ tΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wŀƳƧǳƎŜǊƴŀǘƘΣ 5Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ 

/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ 9ǘƘȅƴŜ Ҍ tǊƻǇŀƴŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ рф όфύΣ нфмпςнфмфΦ  

όнллύ ¢ǳƳōŀΣ YΦΤ IŀǎƘŜƳƛΣ IΦΤ bŀƛŘƻƻΣ tΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wŀƳƧǳƎŜǊƴŀǘƘΣ 5Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ 

/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ 9ǘƘȅƴŜ Ҍ tǊƻǇŜƴŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмрΣ сл όнύΣ нмтςннмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрлллонȊΦ  

όнлмύ IŀǎƘŜƳƛΣ IΦΤ .ŀōŀŜŜΣ {ΦΤ bŀƛŘƻƻΣ tΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wŀƳƧǳƎŜǊƴŀǘƘΣ 5Φ 9ȄǇŜǊƛƳŜƴǘŀƭ 

aŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ aƻŘŜƭƛƴƎ ƻŦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ 5ƛǎǎƻŎƛŀǝƻƴ /ƻƴŘƛǝƻƴǎ 

ŦƻǊ wŜŦǊƛƎŜǊŀƴǘǎ wммсΣ wноΣ ŀƴŘ ¢ƘŜƛǊ aƛȄǘǳǊŜ wрлу.Φ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ рф όммύΣ офлтς

офммΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллтфррΦ  

όнлнύ YŀƳŀǘŀΣ ¸ΦΤ ¸ŀƳŀƪƻǎƘƛΣ ¸ΦΤ 9ōƛƴǳƳŀΣ ¢ΦΤ hȅŀƳŀΣ IΦΤ {ƘƛƳŀŘŀΣ ²ΦΤ bŀǊƛǘŀΣ IΦ IȅŘǊƻƎŜƴ {ǳƭŬŘŜ 

{ŜǇŀǊŀǝƻƴ ¦ǎƛƴƎ ¢ŜǘǊŀπ ƴ π.ǳǘȅƭ !ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ {ŜƳƛπ/ƭŀǘƘǊŀǘŜ ό¢.!.ύ IȅŘǊŀǘŜΦ 9ƴŜǊƎȅ 

ŀƴŘ CǳŜƭǎ нллрΣ мф όпύΣ мтмтςмтннΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜŦлпфтлфуΦ  

όнлоύ ·ƛŀΣ ½ΦΤ [ƛΣ ·ΦΤ /ƘŜƴΣ ½ΦΤ [ƛΣ DΦΤ ²ŀƴƎΣ ¸ΦΤ WƛƴƎΣ /ΦΤ [ƛΣ ½ΦΤ [ǾΣ vΦ IȅŘǊŀǘŜπ.ŀǎŜŘ {ȅƴŎƘǊƻƴƻǳǎƭȅ 

/ŀǇǘǳǊŜ ƻŦ /hн ŀƴŘ Iн{ ŦƻǊ /ƭŜŀƴ Iн ǿƛǘƘ bŜǿ {ȅƴŜǊƎƛŎ !ŘŘƛǝǾŜǎΦ 9ƴŜǊƎȅ tǊƻŎŜŘƛŀ нлмтΣ мпнΣ 

опнтςопонΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƎȅǇǊƻΦнлмтΦмнΦннрΦ  

όнлпύ aŀΣ vΦΤ ²ŀƴƎΣ ·ΦΤ /ƘŜƴΣ DΦΤ {ǳƴΣ /ΦΤ ¸ŀƴƎΣ [Φ DŀǎπIȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ ǘƘŜ IƛƎƘπ

tǊŜǎǎǳǊŜ wŜŎȅŎƭŜŘπIȅŘǊƻƎŜƴ Dŀǎ aƛȄǘǳǊŜǎ ϞΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмлΣ рр όмлύΣ пплсςппммΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜмллрулǉΦ  

όнлрύ [ƛǳΣ .ΦΤ ²ŀƴƎΣ ·ΦΤ ¢ŀƴƎΣ ·ΦΤ ¸ŀƴƎΣ [ΦΤ {ǳƴΣ /ΦΤ /ƘŜƴΣ DΦ wŜŎƻǾŜǊȅ ƻŦ IȅŘǊƻƎŜƴ ŦǊƻƳ !ƳƳƻƴƛŀ 

tƭŀƴǘ ¢ŀƛƭ Dŀǎ ōȅ !ōǎƻǊǇǝƻƴπIȅŘǊŀǝƻƴ IȅōǊƛŘ aŜǘƘƻŘΦ /Ƙƛƴ W /ƘŜƳ 9ƴƎ нлммΣ мф όрύΣ тупς

тфмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{мллпπфрпмόммύсллртπуΦ  

όнлсύ aŀΣ vΦΤ IǳŀƴƎΣ vΦΤ /ƘŜƴΣ DΦΤ ²ŀƴƎΣ ·ΦΤ {ǳƴΣ /ΦΤ ¸ŀƴƎΣ [Φ YƛƴŜǝŎ ŀƴŘ tƘŀǎŜ .ŜƘŀǾƛƻǊǎ ƻŦ 

/ŀǘŀƭȅǝŎ /ǊŀŎƪƛƴƎ 5Ǌȅ Dŀǎ IȅŘǊŀǘŜ ƛƴ ²ŀǘŜǊπƛƴπhƛƭ 9ƳǳƭǎƛƻƴΦ /Ƙƛƴ W /ƘŜƳ 9ƴƎ нлмоΣ нм όоύΣ 

нфрςоллΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{мллпπфрпмόмоύслпссπуΦ  

όнлтύ aŀΣ vΦ [ΦΤ /ƘŜƴΣ DΦ WΦΤ {ǳƴΣ /Φ ¸Φ ±ŀǇƻǊπ[ƛǉǳƛŘπ[ƛǉǳƛŘπIȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ /ŀƭŎǳƭŀǝƻƴ ŦƻǊ 

aǳƭǝŎƻƳǇƻƴŜƴǘ {ȅǎǘŜƳǎ /ƻƴǘŀƛƴƛƴƎ IȅŘǊƻƎŜƴΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмоΣ ооуΣ утςфпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмнΦммΦллнΦ  
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мфс 
 

όнлуύ [ƛŀƻΣ ½ΦΤ DǳƻΣ ·ΦΤ [ƛΣ vΦΤ {ǳƴΣ vΦΤ [ƛΣ WΦΤ ¸ŀƴƎΣ [ΦΤ [ƛǳΣ !ΦΤ /ƘŜƴΣ DΦΤ ½ǳƻΣ WΦ ¸Φ 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ 

aƻŘŜƭƛƴƎ {ǘǳŘȅ ƻƴ ǘƘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ IȅŘǊŀǘŜǎ ƻŦ Dŀǎ aƛȄǘǳǊŜǎ ƛƴ ¢.!. {ƻƭǳǝƻƴΦ /ƘŜƳ 

9ƴƎ {Ŏƛ нлмрΣ мотΣ срсςсспΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнлмрΦлтΦлмфΦ  

όнлфύ CƭƻǊǳǎǎŜΣ [Φ WΦΤ tŜǘŜǊǎΣ /Φ WΦΤ {ŎƘƻƻƴƳŀƴΣ WΦΤ IŜǎǘŜǊΣ YΦ /ΦΤ YƻƘΣ /Φ !ΦΤ 5ŜŎΣ {Φ CΦΤ aŀǊǎƘΣ YΦ bΦΤ 

{ƭƻŀƴΣ 9Φ 5Φ {ǘŀōƭŜ [ƻǿπtǊŜǎǎǳǊŜ IȅŘǊƻƎŜƴ /ƭǳǎǘŜǊǎ {ǘƻǊŜŘ ƛƴ ŀ .ƛƴŀǊȅ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜΦ 

{ŎƛŜƴŎŜ όмфтфύ нллпΣ олс όрсфрύΣ псфςптмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммнсκǎŎƛŜƴŎŜΦммлнлтсΦ  

όнмлύ ±ŜƭǳǎǿŀƳȅΣ IΦ tΦΤ ¸ŜǿΣ WΦ /ΦΤ [ƛƴƎŀΣ tΦ bŜǿ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ŦƻǊ ¢ǿƻ .ƛƴŀǊȅ Dŀǎ 

aƛȄǘǳǊŜǎ ƻŦ IȅŘǊƻƎŜƴ ŀƴŘ tǊƻǇŀƴŜ /ƻǳǇƭŜŘ ǿƛǘƘ ŀ YƛƴŜǝŎ {ǘǳŘȅΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмрΣ сл 

όнύΣ ннуςнотΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллпуфŘΦ  

όнммύ {ƪƛōŀΣ {Φ {ΦΤ [ŀǊƛƻƴƻǾΣ 9Φ DΦΤ aŀƴŀƪƻǾΣ !Φ ¸ΦΤ YƻȊƘŜƳƧŀŎƘŜƴƪƻΣ {Φ LΦ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ 

ǘƘŜ {ȅǎǘŜƳ /нIсπIнπIнh ŀǘ tǊŜǎǎǳǊŜǎ ǳǇ ǘƻ нрл atŀΦ W LƴŎƭ tƘŜƴƻƳ aŀŎǊƻŎȅŎƭ /ƘŜƳ нлмлΣ ст 

όоύΣ ороςорфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмлуптπллфπфтмсπрΦ  

όнмнύ tŀǊƪΣ WΦΤ [ŜŜΣ IΦ {ǇŜŎǘǊƻǎŎƻǇƛŎ 9ǾƛŘŜƴŎŜǎ ƻŦ ǘƘŜ 5ƻǳōƭŜ IȅŘǊƻƎŜƴ IȅŘǊŀǘŜǎ {ǘŀōƛƭƛȊŜŘ ǿƛǘƘ 

9ǘƘŀƴŜ ŀƴŘ tǊƻǇŀƴŜΦ YƻǊŜŀƴ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ нллтΣ нп όпύΣ снпςснтΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎммумпπллтπллмпπȄΦ  

όнмоύ YǳƳŀǊΣ wΦΤ ²ǳΣ IΦ ƧƛŜΤ 9ƴƎƭŜȊƻǎΣ tΦ LƴŎƛǇƛŜƴǘ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ŦƻǊ Dŀǎ aƛȄǘǳǊŜǎ 

/ƻƴǘŀƛƴƛƴƎ IȅŘǊƻƎŜƴΣ /ŀǊōƻƴ 5ƛƻȄƛŘŜ ŀƴŘ tǊƻǇŀƴŜΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллсΣ нпп όнύΣ мстς

мтмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнллсΦлпΦллуΦ  

όнмпύ aƛƭƭŜǊΣ {Φ [Φ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ !ƛǊ ƛƴ !ƴǘŀǊŎǝŎ LŎŜΦ {ŎƛŜƴŎŜ όмфтфύ мфсфΣ мср όоуфнύΣ пуфς

пфлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммнсκǎŎƛŜƴŎŜΦмсрΦоуфнΦпуфΦ  

όнмрύ YǳƘǎΣ ²Φ CΦΤ YƭŀǇǇǊƻǘƘΣ !ΦΤ /ƘŀȊŀƭƭƻƴΣ .Φ /ƘŜƳƛŎŀƭ tƘȅǎƛŎǎ ƻŦ !ƛǊ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΦ Lƴ tƘȅǎƛŎǎ 

ƻŦ LŎŜ /ƻǊŜ wŜŎƻǊŘǎΤ LƴǘŜǊƴŀǝƻƴŀƭ {ȅƳǇƻǎƛǳƳ ƻƴ tƘȅǎƛŎǎ ƻŦ LŎŜ /ƻǊŜ wŜŎƻǊŘǎΦ {ƘƛƪƻǘǎǳƪƻƘŀƴΣ 

IƻƪƪŀƛŘƻΣ WŀǇŀƴΣ {ŜǇǘŜƳōŜǊ мпπмтΣ мффуΦΣ нлллΤ ǇǇ отоςофнΦ 

όнмсύ tŀǳŜǊΣ CΦΤ YƛǇŦǎǘǳƘƭΣ WΦΤ YǳƘǎΣ ²Φ CΦ wŀƳŀƴ {ǇŜŎǘǊƻǎŎƻǇƛŎ ŀƴŘ {ǘŀǝǎǝŎŀƭ {ǘǳŘƛŜǎ ƻƴ bŀǘǳǊŀƭ 

/ƭŀǘƘǊŀǘŜǎ ŦǊƻƳ ǘƘŜ DǊŜŜƴƭŀƴŘ LŎŜ /ƻǊŜ tǊƻƧŜŎǘ LŎŜ /ƻǊŜΣ ŀƴŘ bŜǳǘǊƻƴ 5ƛũǊŀŎǝƻƴ {ǘǳŘƛŜǎ ƻƴ 

{ȅƴǘƘŜǝŎ bƛǘǊƻƎŜƴ /ƭŀǘƘǊŀǘŜǎΦ W DŜƻǇƘȅǎ wŜǎ hŎŜŀƴǎ мффтΣ млн ό/мнύΣ нсрмфςнсрнсΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнфκфтW/лнорнΦ  

όнмтύ ¸ŀǎǳŘŀΣ YΦΤ hǘƻΣ ¸ΦΤ {ƘŜƴΣ wΦΤ ¦ŎƘƛŘŀΣ ¢ΦΤ hƘƳǳǊŀΣ wΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴ 

aŜŀǎǳǊŜƳŜƴǘǎ ƛƴ bƛǘǊƻƎŜƴ ŀƴŘ !ƛǊ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ CƻǊƳƛƴƎ {ȅǎǘŜƳǎ ŀǘ ¢ŜƳǇŜǊŀǘǳǊŜǎ 

ōŜƭƻǿ CǊŜŜȊƛƴƎ tƻƛƴǘ ƻŦ ²ŀǘŜǊΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлмоΣ стΣ мпоςмптΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмоΦлтΦлноΦ  

όнмуύ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wƛŎƘƻƴΣ 5Φ LŎŜ π /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ π Dŀǎ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ !ƛǊ Σ hȄȅƎŜƴ Σ 

bƛǘǊƻƎŜƴ Σ /ŀǊōƻƴ aƻƴƻȄƛŘŜ Σ aŜǘƘŀƴŜ Σ ƻǊ 9ǘƘŀƴŜ Ҍ ²ŀǘŜǊ {ȅǎǘŜƳ ϞΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ 

нлмлΣ пфΣ офтсςофтфΦ 

όнмфύ [ǸǘƘƛΣ 5ΦΤ [Ŝ CƭƻŎƘΣ aΦΤ .ŜǊŜƛǘŜǊΣ .ΦΤ .ƭǳƴƛŜǊΣ ¢ΦΤ .ŀǊƴƻƭŀΣ WΦ aΦΤ {ƛŜƎŜƴǘƘŀƭŜǊΣ ¦ΦΤ wŀȅƴŀǳŘΣ 5ΦΤ 

WƻǳȊŜƭΣ WΦΤ CƛǎŎƘŜǊΣ IΦΤ YŀǿŀƳǳǊŀΣ YΦΤ {ǘƻŎƪŜǊΣ ¢Φ CΦ IƛƎƘπwŜǎƻƭǳǝƻƴ /ŀǊōƻƴ 5ƛƻȄƛŘŜ 

/ƻƴŎŜƴǘǊŀǝƻƴ wŜŎƻǊŘ срлΣлллπуллΣллл ¸ŜŀǊǎ ōŜŦƻǊŜ tǊŜǎŜƴǘΦ bŀǘǳǊŜ нллуΣ про όтмфоύΣ отфς

оунΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлоуκƴŀǘǳǊŜлсфпфΦ  

όннлύ tŜǝǘΣ WΦ wΦΤ WƻǳȊŜƭΣ WΦΤ wŀȅƴŀǳŘΣ 5ΦΤ .ŀǊƪƻǾΣ bΦ LΦΤ .ŀǊƴƻƭŀΣ WΦπaΦΤ .ŀǎƛƭŜΣ LΦΤ .ŜƴŘŜǊΣ aΦΤ 

/ƘŀǇǇŜƭƭŀȊΣ WΦΤ 5ŀǾƛǎƪΣ aΦΤ 5ŜƭŀȅƎǳŜΣ DΦΤ 5ŜƭƳƻǧŜΣ aΦΤ YƻǘƭȅŀƪƻǾΣ ±Φ aΦΤ [ŜƎǊŀƴŘΣ aΦΤ 

[ƛǇŜƴƪƻǾΣ ±Φ ¸ΦΤ [ƻǊƛǳǎΣ /ΦΤ tŞΣ [ΦΤ wƛǘȊΣ /ΦΤ {ŀƭǘȊƳŀƴƪΣ 9ΦΤ {ǝŜǾŜƴŀǊŘΣ aΦ /ƭƛƳŀǘŜ ŀƴŘ 
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мфт 
 

!ǘƳƻǎǇƘŜǊƛŎ IƛǎǘƻǊȅ ƻŦ ǘƘŜ tŀǎǘ пнлΣллл ¸ŜŀǊǎ ŦǊƻƳ ǘƘŜ ±ƻǎǘƻƪ LŎŜ /ƻǊŜΣ !ƴǘŀǊŎǝŎŀ ¢ƘŜ 

wŜŎŜƴǘ /ƻƳǇƭŜǝƻƴ ƻŦ 5ǊƛƭƭƛƴƎ ŀǘ ±ƻǎǘƻƪ {ǘŀǝƻƴ ƛƴ 9ŀǎǘΦ bŀǘǳǊŜ мфффΣ оффΣ пнфςпосΦ 

όннмύ aƻƴƴƛƴΣ 9ΦΤ LƴŘŜǊƳǸƘƭŜΣ !ΦΤ 5ŅƭƭŜƴōŀŎƘΣ !ΦΤ CƭǸŎƪƛƎŜǊΣ WΦΤ {ǘŀǳũŜǊΣ .ΦΤ {ǘƻŎƪŜǊΣ ¢Φ CΦΤ wŀȅƴŀǳŘΣ 

5ΦΤ .ŀǊƴƻƭŀΣ WΦπaΦ !ǘƳƻǎǇƘŜǊƛŎ /hн /ƻƴŎŜƴǘǊŀǝƻƴǎ ƻǾŜǊ ǘƘŜ [ŀǎǘ DƭŀŎƛŀƭ ¢ŜǊƳƛƴŀǝƻƴΦ {ŎƛŜƴŎŜ 

όмфтфύ нллмΣ нфм όррлмύΣ ммнςммпΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммнсκǎŎƛŜƴŎŜΦнфмΦррлмΦммнΦ  

όнннύ ¦ǊǎΣ {ΦΤ CΦΣ {ΦΤ 9ǊƛŎΣ aΦΤ 5ƛŜǘŜǊΣ [ΦΤ WŀƪƻōΣ {ΦΤ .ŜǊƴƘŀǊŘΣ {ΦΤ 5ƻƳƛƴƛǉǳŜΣ wΦΤ WŜŀƴπaŀǊŎΣ .ΦΤ 

IǳōŜǊǘǳǎΣ CΦΤ ±ŀƭŜǊƛŜΣ aΦπ5ΦΤ WŜŀƴΣ WΦ {ǘŀōƭŜ /ŀǊōƻƴ /ȅŎƭŜπ/ƭƛƳŀǘŜ wŜƭŀǝƻƴǎƘƛǇ 5ǳǊƛƴƎ ǘƘŜ [ŀǘŜ 

tƭŜƛǎǘƻŎŜƴŜΦ {ŎƛŜƴŎŜ όмфтфύ нллрΣ омл όbh±9a.9wύΣ момоςмомтΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммнсκǎŎƛŜƴŎŜΦммнлмолΦ  

όнноύ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ ¢ƻƘƛŘƛΣ .ΦΤ .ǳǊƎŀǎǎΣ wΦ ²Φ 9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ŀƴŘ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ aƻŘŜƭƛƴƎ 

ƻŦ bƛǘǊƻƎŜƴΣ hȄȅƎŜƴΣ ŀƴŘ !ƛǊ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллоΣ пу όоύΣ смнςсмсΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлнрслуȄΦ  

όннпύ ¸ŀƴƎΣ IΦ WΦΤ CŀƴΣ {Φ {ΦΤ [ŀƴƎΣ ·Φ aΦΤ ²ŀƴƎΣ ¸Φ IΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ aƛȄŜŘ Dŀǎ IȅŘǊŀǘŜǎ ƻŦ 

hȄȅƎŜƴ Ǉƭǳǎ ¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴΣ bƛǘǊƻƎŜƴ Ǉƭǳǎ ¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴΣ ŀƴŘ !ƛǊ Ǉƭǳǎ ¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴΦ W 

/ƘŜƳ 9ƴƎ 5ŀǘŀ нлммΣ рс όммύΣ пмрнςпмрсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκ5ƻƛ млΦмлнмκWŜнллстсƪΦ   

όннрύ ¸ŀƴƎΣ IΦΤ CŀƴΣ {ΦΤ [ŀƴƎΣ ·ΦΤ ²ŀƴƎΣ ¸ΦΤ {ǳƴΣ ·Φ IȅŘǊŀǘŜ 5ƛǎǎƻŎƛŀǝƻƴ /ƻƴŘƛǝƻƴǎ ŦƻǊ aƛȄǘǳǊŜǎ ƻŦ 

!ƛǊ Ҍ ¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴΣ !ƛǊ Ҍ /ȅŎƭƻǇŜƴǘŀƴŜΣ ŀƴŘ !ƛǊ Ҍ ¢ŜǘǊŀπƴπ.ǳǘȅƭ !ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜΦ W 

/ƘŜƳ 9ƴƎ 5ŀǘŀ нлмнΣ рт όпύΣ мннсςмнолΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜнлмоолƧΦ  

όннсύ 5ǳΣ WΦΤ [ƛΣ IΦΤ ²ŀƴƎΣ [Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŀƴŘ aŜǘƘŀƴŜ 9ƴǊƛŎƘƳŜƴǘ ƻŦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ 

aƛƴŜ ±Ŝƴǝƭŀǝƻƴ !ƛǊ Ҍ ¢ŜǘǊŀōǳǘȅƭǇƘƻǎǇƘƻƴƛǳƳ .ǊƻƳƛŘŜΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлмпΣ ро όмфύΣ 

умунςумутΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜрлллсспΦ  

όннтύ 5ǳΣ WΦΤ [ƛΣ IΦΤ ²ŀƴƎΣ [Φ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ {ǘŀōƛƭƛǘȅ /ƻƴŘƛǝƻƴǎΣ aŜǘƘŀƴŜ 9ƴǊƛŎƘƳŜƴǘΣ ŀƴŘ Dŀǎ 

¦ǇǘŀƪŜ ƻŦ LƻƴƛŎ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ aƛƴŜ ±Ŝƴǝƭŀǝƻƴ !ƛǊΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ WƻǳǊƴŀƭ 

нлмрΣ нтоΣ трςумΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜƧΦнлмрΦлоΦлпсΦ  

όннуύ {ŜƻΣ ¸ΦΤ ¢ŀƧƛƳŀΣ IΦΤ ¸ŀƳŀǎŀƪƛΣ !ΦΤ ¢ŀƪŜȅŀΣ {ΦΤ 9ōƛƴǳƳŀΣ ¢ΦΤ YƛȅƻƴƻΣ CΦ ! bŜǿ aŜǘƘƻŘ ŦƻǊ 

{ŜǇŀǊŀǝƴƎ IC/πмопŀ ŦǊƻƳ Dŀǎ aƛȄǘǳǊŜǎ ¦ǎƛƴƎ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΦ 9ƴǾƛǊƻƴ {Ŏƛ 

¢ŜŎƘƴƻƭ нллпΣ оу όмтύΣ псорςпсофΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜǎлпфтлтнΦ  

όннфύ [ŜŜΣ 9Φ YΦΤ [ŜŜΣ WΦ 5ΦΤ [ŜŜΣ IΦ WΦΤ [ŜŜΣ .Φ wΦΤ [ŜŜΣ ¸Φ {ΦΤ YƛƳΣ {Φ aΦΤ tŀǊƪΣ IΦ hΦΤ YƛƳΣ ¸Φ {ΦΤ tŀǊƪΣ ¸Φ 

5ƻΤ YƛƳΣ ¸Φ 5ƻΦ tǳǊŜ {Cс ŀƴŘ {Cсπbн aƛȄǘǳǊŜ Dŀǎ IȅŘǊŀǘŜǎ 9ǉǳƛƭƛōǊƛǳƳ ŀƴŘ YƛƴŜǝŎ 

/ƘŀǊŀŎǘŜǊƛǎǝŎǎΦ 9ƴǾƛǊƻƴ {Ŏƛ ¢ŜŎƘƴƻƭ нллфΣ по όнлύΣ ттноςттнтΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜǎфлморлǾΦ  

όнолύ /ƘŀΣ LΦΤ [ŜŜΣ {ΦΤ [ŜŜΣ WΦ 5ΦΤ [ŜŜΣ DΦπ²ΦΤ {ŜƻΣ ¸Φ {ŜǇŀǊŀǝƻƴ ƻŦ {Cс ŦǊƻƳ Dŀǎ aƛȄǘǳǊŜǎ ¦ǎƛƴƎ Dŀǎ 

IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΦ 9ƴǾƛǊƻƴ {Ŏƛ ¢ŜŎƘƴƻƭ нлмлΣ пп όмсύΣ сммтςсмннΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜǎмллпумуΦ  

όномύ ¸ŀƴƎΣ ¸ΦΤ {ƘƛƴΣ 5ΦΤ /ƘƻƛΣ {ΦΤ ²ƻƻΣ ¸ΦΤ [ŜŜΣ WΦπ²ΦΤ YƛƳΣ 5ΦΤ {ƘƛƴΣ IΦΤ /ƘŀΣ aΦΤ ¸ƻƻƴΣ WΦ {ŜƭŜŎǝǾŜ 

9ƴŎŀƎƛƴƎ ƻŦ bнh ƛƴ bнhςbн .ƛƴŀǊȅ Dŀǎ IȅŘǊŀǘŜǎ Ǿƛŀ IȅŘǊŀǘŜπ.ŀǎŜŘ Dŀǎ {ŜǇŀǊŀǝƻƴΦ 9ƴǾƛǊƻƴ 

{Ŏƛ ¢ŜŎƘƴƻƭ нлмтΣ рм όсύΣ оррлςорртΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦŜǎǘΦсōлрфтуΦ  

όнонύ YƛƳΣ 9ΦΤ YƻΣ DΦΤ {ŜƻΣ ¸Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŀƴŘ !ȊŜƻǘǊƻǇƛŎ .ŜƘŀǾƛƻǊ ƻŦ /нCсҌ bн Dŀǎ IȅŘǊŀǘŜǎΦ W 

/ƘŜƳ ¢ƘŜǊƳƻŘȅƴ нлмуΣ ммтΣ поςптΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмтΦлсΦлмсΦ  

όнооύ {ǘǊǳȊƘƪƛƴΣ ±Φ ±ΦΤ aƛƭƛǘȊŜǊΣ .ΦΤ aŀƻΣ ²Φ [ΦΤ aŀƻΣ IΦΤ IŜƳƭŜȅΣ wΦ WΦ IȅŘǊƻƎŜƴ {ǘƻǊŀƎŜ ƛƴ aƻƭŜŎǳƭŀǊ 

/ƭŀǘƘǊŀǘŜǎΦ /ƘŜƳ wŜǾ нллтΣ млт όмлύΣ пмооςпмрмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŎǊлрлмуоŘΦ 
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https://doi.org/10.1021/es0497072
https://doi.org/10.1021/es901350v
https://doi.org/10.1021/es1004818
https://doi.org/10.1021/acs.est.6b05978
https://doi.org/10.1016/j.jct.2017.06.016
https://doi.org/10.1021/cr050183d


мфу 
 

όнопύ .ǊŜǿŜǊΣ tΦDΦΤ CǊƛŜŘŜǊƛŎƘΣ DΦ Τ tŜƭǘȊŜǊΣ 9Φ¢ΦΤ hǊǊ WǊΦ CΦaΦ 5ƛǊŜŎǘ ŜȄǇŜǊƛƳŜƴǘǎ ƻƴ ǘƘŜ ƻŎŜŀƴ 

ŘƛǎǇƻǎŀƭ ƻŦ Ŧƻǎǎƛƭ ŦǳŜƭ /hнΣ {ŎƛŜƴŎŜ мфффΣ нупΣфпоπфпрΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммнсκǎŎƛŜƴŎŜΦнупΦрпмсΦфпоΦ  

όнорύ IƻǳǎŜΣ YΦ½ΦΤ {ŎƘǊŀƎΣ 5ΦtΦΤ IŀǊǾŜȅΣ /ΦCΦΤ [ŀŎƪƴŜǊΣ YΦ{ΦΤ tŜǊƳŀƴŜƴǘ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ǎǘƻǊŀƎŜ ƛƴ 

ŘŜŜǇπǎŜŀ ǎŜŘƛƳŜƴǘǎΣ tǊƻŎΦ bŀǘƭΦ !ŎŀŘΦ {ŎƛΦ ¦Φ {Φ !Φ нллсΣ млоΣ мннфмπмннфрΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлтоκǇƴŀǎΦлслромумлоΦ  

όносύ .ŜƭŀƴŘǊƛŀΣ ±ΦΤ 9ǎƭŀƳƛƳŀƴŜǎƘΣ !ΦΤ aƻƘŀƳƳŀŘƛΣ !ΦΤ wƛŎƘƻƴΣ 5Φ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ 

/ŀǊōƻƴ 5ƛƻȄƛŘŜ Ҍ bƛǘǊƻƎŜƴҌ ²ŀǘŜǊ {ȅǎǘŜƳΥ /ƻƳǇƻǎƛǝƻƴŀƭ !ƴŀƭȅǎƛǎ ƻŦ 9ǉǳƛƭƛōǊƛǳƳ tƘŀǎŜǎΦ 

LƴŘΦ 9ƴƎΦ /ƘŜƳΦ wŜǎΦ нлммΣ рл όуύΣ птннςптолΦ 

όнотύ .ŜƭŀƴŘǊƛŀΣ ±ΦΤ 9ǎƭŀƳƛƳŀƴŜǎƘΣ !ΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ ¢ƘŜǾŜƴŜŀǳΣ tΦΤ [ŜƎŜƴŘǊŜΣ IΦΤ wƛŎƘƻƴΣ 5Φ 

/ƻƳǇƻǎƛǝƻƴŀƭ !ƴŀƭȅǎƛǎ ŀƴŘ IȅŘǊŀǘŜ 5ƛǎǎƻŎƛŀǝƻƴ /ƻƴŘƛǝƻƴǎ aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ /ŀǊōƻƴ 

5ƛƻȄƛŘŜ Ǉƭǳǎ aŜǘƘŀƴŜ Ǉƭǳǎ ²ŀǘŜǊ {ȅǎǘŜƳΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлммΣ рл όфύΣ ртуоςртфпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜмлмфрфǘΦ  

όноуύ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ {ǘǳōƻǎΣ !Φ YΦ aŜǘƘŀƴŜ {ƻƭǳōƛƭƛǘȅ ƛƴ !ǉǳŜƻǳǎ 

{ƻƭǳǝƻƴǎ ǳƴŘŜǊ ¢ǿƻπtƘŀǎŜ όIπ[ǿύ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмпΣ 

отмΣ млсςмнлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмпΦлоΦлмнΦ  

όнофύ ƘǧǇΥκκǿǿǿΦǎǊƛπƛƴǎǘǊǳƳŜƴǘǎπŜǳǊƻǇŜΦŎƻƳκŜƴκǇǊƻŘǳŎǘǎκǎƻƊǿŀǊŜκǇŜŀƪπǎƛƳǇƭŜΦǇƘǇΦ  

όнплύ [ƻƘΣ aΦΤ CŀƭǎŜǊΣ {ΦΤ .ŀōǳΣ tΦΤ [ƛƴƎŀΣ tΦΤ tŀƭƳŜǊΣ !ΦΤ ¢ŀƴΣ ¢Φ {Φ 5ƛǎǎƻŎƛŀǝƻƴ ƻŦ CǊŜǎƘπ !ƴŘ {ŜŀǿŀǘŜǊ 

IȅŘǊŀǘŜǎ ŀƭƻƴƎ ǘƘŜ tƘŀǎŜ .ƻǳƴŘŀǊƛŜǎ ōŜǘǿŜŜƴ нΦо ŀƴŘ мт atŀΦ 9ƴŜǊƎȅ ϧ CǳŜƭǎ нлмнΣ нс όмлύΣ 

снплςснпсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜŦоллуфрпΦ  

όнпмύ 9Φ ²Φ [ŜƳƳƻƴΣ aΦ hΦ aŎ[ƛƴŘŜƴΣ 5Φ DΦ CǊƛŜƴŘΣ tΦ WΦ [ƛƴǎǘǊƻƳΣ ²Φ DΦ aŀƭƭŀǊŘΣ bL{¢ /ƘŜƳƛǎǘǊȅ 

²Ŝō.ƻƻƪΣ нлмпΦ 

όнпнύ 5ǳŀƴΣ ½ΦΤ aŀƻΣ {Φ ! ¢ƘŜǊƳƻŘȅƴŀƳƛŎ aƻŘŜƭ ŦƻǊ /ŀƭŎǳƭŀǝƴƎ aŜǘƘŀƴŜ {ƻƭǳōƛƭƛǘȅΣ 5Ŝƴǎƛǘȅ ŀƴŘ 

Dŀǎ tƘŀǎŜ /ƻƳǇƻǎƛǝƻƴ ƻŦ aŜǘƘŀƴŜπ.ŜŀǊƛƴƎ !ǉǳŜƻǳǎ CƭǳƛŘǎ ŦǊƻƳ нто ǘƻ рно Y ŀƴŘ ŦǊƻƳ м ǘƻ 

нллл .ŀǊΦ DŜƻŎƘƛƳ /ƻǎƳƻŎƘƛƳ !Ŏǘŀ нллсΣ тл όмоύΣ оосфςооусΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƎŎŀΦнллсΦлоΦлмуΦ  

όнпоύ ¦ƴǊǳƘΣ /Φ IΦΤ YŀǘȊΣ 5Φ [Φ Dŀǎ IȅŘǊŀǘŜǎ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜπaŜǘƘŀƴŜ aƛȄǘǳǊŜǎΦ WƻǳǊƴŀƭ ƻŦ 

tŜǘǊƻƭŜǳƳ ¢ŜŎƘƴƻƭƻƎȅ мфпфΣ м όпύΣ уоςусΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнммуκфпффуоπDΦ  

όнппύ wƻōƛƴǎƻƴΣ 5Φ .ΦΤ aŜǘƘŀΣ .Φ wΦ IȅŘǊŀǘŜǎ Lƴ ǘƘŜ tǊƻǇŀƴŜ π /ŀǊōƻƴ 5ƛƻȄƛŘŜ π ²ŀǘŜǊ {ȅǎǘŜƳΦ 

WƻǳǊƴŀƭ ƻŦ /ŀƴŀŘƛŀƴ tŜǘǊƻƭŜǳƳ ¢ŜŎƘƴƻƭƻƎȅ мфтмΣ мл όлмύΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнммуκтмπлмπлпΦ  

όнпрύ ¢ƻƘƛŘƛΣ .ΦΤ .ǳǊƎŀǎǎΣ wΦ ²ΦΤ 5ŀƴŜǎƘΣ !ΦΤ qǎǘŜǊƎŀŀǊŘΣ YΦ YΦΤ ¢ƻŘŘΣ !Φ /Φ LƳǇǊƻǾƛƴƎ ǘƘŜ !ŎŎǳǊŀŎȅ ƻŦ 

Dŀǎ IȅŘǊŀǘŜ 5ƛǎǎƻŎƛŀǝƻƴ tƻƛƴǘ aŜŀǎǳǊŜƳŜƴǘǎΦ !ƴƴ b ¸ !ŎŀŘ {Ŏƛ нлллΣ фмн όмύΣ фнпςфомΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммммκƧΦмтпфπссонΦнлллΦǘōлсупсΦȄΦ  

όнпсύ ¢ƻƘƛŘƛΣ .ΦΤ .ǳǊƎŀǎǎΣ wΦ ²ΦΤ 5ŀƴŜǎƘΣ !ΦΤ ¢ƻŘŘΣ !Φ /Φ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘȅ ƻƴ ǘƘŜ /ŀǳǎŜǎ ƻŦ 

5ƛǎŀƎǊŜŜƳŜƴǘǎ ƛƴ aŜǘƘŀƴŜ IȅŘǊŀǘŜ 5ƛǎǎƻŎƛŀǝƻƴ 5ŀǘŀ ŀΦ !ƴƴ b ¸ !ŎŀŘ {Ŏƛ мффпΣ тмр όмύΣ ронς

ропΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммммκƧΦмтпфπссонΦмффпΦǘōоууттΦȄΦ  

όнптύ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wƛŎƘƻƴΣ 5Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ /ŀǊōƻƴ 5ƛǎǳƭŬŘŜ Ҍ 

bƛǘǊƻƎŜƴ ƻǊ /ŀǊōƻƴ 5ƛƻȄƛŘŜ Ҍ ²ŀǘŜǊ {ȅǎǘŜƳΦ /ƘŜƳ 9ƴƎ {Ŏƛ нлмоΣ фмΣ мпсςмрлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнлмоΦлмΦллсΦ  

https://doi.org/10.1126/science.284.5416.943
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https://doi.org/10.1021/ie101959t
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https://doi.org/10.1111/j.1749-6632.2000.tb06846.x
https://doi.org/10.1111/j.1749-6632.1994.tb38877.x
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мфф 
 

όнпуύ .ŀƭƭŀǊŘΣ [ΦΤ {ƭƻŀƴΣ 9Φ 5Φ ¢ƘŜ ƴŜȄǘ DŜƴŜǊŀǝƻƴ ƻŦ IȅŘǊŀǘŜ tǊŜŘƛŎǝƻƴ L±Φ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō 

нллпΣ нмс όнύΣ нртςнтлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнллоΦммΦллпΦ  

όнпфύ aƻƻƛƧŜǊπǾŀƴ ŘŜƴ IŜǳǾŜƭΣ aΦ aΦΤ ²ƛǧŜƳŀƴΣ wΦΤ tŜǘŜǊǎΣ /Φ WΦ tƘŀǎŜ .ŜƘŀǾƛƻǳǊ ƻŦ Dŀǎ IȅŘǊŀǘŜǎ 

ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ ¢ŜǘǊŀƘȅŘǊƻǇȅǊŀƴΣ /ȅŎƭƻōǳǘŀƴƻƴŜΣ /ȅŎƭƻƘŜȄŀƴŜ ŀƴŘ 

aŜǘƘȅƭŎȅŎƭƻƘŜȄŀƴŜΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллмΣ мун όмςнύΣ фтςммлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лотуπоумнόлмύллоупπоΦ  

όнрлύ .ŜƭŀƴŘǊƛŀΣ ±ΦΤ 9ǎƭŀƳƛƳŀƴŜǎƘΣ !ΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wƛŎƘƻƴΣ 5ƻƳƛƴƛǉǳŜΦ {ǘǳŘȅ ƻŦ Dŀǎ 

IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ ǘƘŜ /ŀǊōƻƴ 5ƛƻȄƛŘŜ Ҍ IȅŘǊƻƎŜƴ Ҍ ²ŀǘŜǊ {ȅǎǘŜƳǎΥ /ƻƳǇƻǎƛǝƻƴŀƭ 

!ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Dŀǎ tƘŀǎŜΦ LƴŘΦ 9ƴƎΦ /ƘŜƳΦ wŜǎΦ нлммΣ рл όмлύΣ спррςспрфΦ 

όнрмύ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ /ƻǎǘŀƴŘȅΣ WΦΤ YŀǎǘŀƴƛŘƛǎΣ tΦΤ 9ƭ aŜǊŀƎŀǿƛΣ {ΦΤ aƛŎƘŀƭƛǎΣ ±Φ YΦΤ 

tŀǇŀŘƛƳƛǘǊƛƻǳΣ bΦ LΦΤ YŀǊƻȊƛǎΣ {Φ bΦΤ 5ƛŀƳŀƴǘƻƴƛǎΣ bΦ LΦΤ aƻǳƭǘƻǎΣ hΦ !ΦΤ wƻƳŀƴƻǎΣ DΦ 9ΦΤ {ǘǳōƻǎΣ 

!Φ YΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦ ¦ǎƛƴƎ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ŦƻǊ Dŀǎ {ǘƻǊŀƎŜ ŀƴŘ DŀǎπaƛȄǘǳǊŜ {ŜǇŀǊŀǝƻƴǎΥ 

9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ /ƻƳǇǳǘŀǝƻƴŀƭ {ǘǳŘƛŜǎ ŀǘ aǳƭǝǇƭŜ [ŜƴƎǘƘ {ŎŀƭŜǎΦ aƻƭ tƘȅǎ нлмуΣ ммс όмрς

мсύΣ нлпмςнлслΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκллнсуфтсΦнлмуΦмптмннпΦ  

όнрнύ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ WŀƳŀƭƛΣ {Φ IΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ ±ƭǳƎǘΣ ¢Φ WΦ IΦΤ aƻǳƭǘƻǎΣ hΦ !Φ hƴ ǘƘŜ 

±ŀƭƛŘƛǘȅ ƻŦ ǘƘŜ {ǘƻƪŜǎς9ƛƴǎǘŜƛƴ wŜƭŀǝƻƴ ŦƻǊ ±ŀǊƛƻǳǎ ²ŀǘŜǊ CƻǊŎŜ CƛŜƭŘǎΦ aƻƭ tƘȅǎ нлнлΣ мму 

όфςмлύΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκллнсуфтсΦнлмфΦмтлнтнфΦ  

όнроύ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ aŀƛǘȅΣ {ΦΤ /ŜƭŜōƛΣ !Φ ¢ΦΤ aƻǳƭǘƻǎΣ hΦ !Φ 9ƴƎƛƴŜŜǊƛƴƎ aƻŘŜƭ ŦƻǊ 

tǊŜŘƛŎǝƴƎ ǘƘŜ LƴǘǊŀŘƛũǳǎƛƻƴ /ƻŜŶŎƛŜƴǘǎ ƻŦ IȅŘǊƻƎŜƴ ŀƴŘ hȄȅƎŜƴ ƛƴ ±ŀǇƻǊΣ [ƛǉǳƛŘΣ ŀƴŘ 

{ǳǇŜǊŎǊƛǝŎŀƭ ²ŀǘŜǊ .ŀǎŜŘ ƻƴ aƻƭŜŎǳƭŀǊ 5ȅƴŀƳƛŎǎ {ƛƳǳƭŀǝƻƴǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлнмΣ сс όуύΣ 

оннсςонппΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦмŎллоллΦ  

όнрпύ ±ŀǘŀƳŀƴǳΣ WΦΤ YǳǎŀƭƛƪΣ tΦ DΦ aƻƭŜŎǳƭŀǊ LƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ IŜǘŜǊƻƎŜƴŜƻǳǎ /Ǌȅǎǘŀƭ DǊƻǿǘƘ ƻŦ {L 

aŜǘƘŀƴŜ IȅŘǊŀǘŜΦ W tƘȅǎ /ƘŜƳ . нллсΣ ммл όонύΣ мруфсςмрфлпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇлсмсупƭΦ  

όнррύ 9ƴƎƭƛǎƘΣ bΦ WΦΤ tƘŜƭŀƴΣ DΦ aΦ aƻƭŜŎǳƭŀǊ 5ȅƴŀƳƛŎǎ {ǘǳŘȅ ƻŦ ¢ƘŜǊƳŀƭπ5ǊƛǾŜƴ aŜǘƘŀƴŜ IȅŘǊŀǘŜ 

5ƛǎǎƻŎƛŀǝƻƴΦ W /ƘŜƳ tƘȅǎ нллфΣ мом όтύΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлсоκмΦонммлуфΦ  

όнрсύ !ƭŀǾƛΣ {ΦΤ wƛǇƳŜŜǎǘŜǊΣ WΦ !Φ bƻƴŜǉǳƛƭƛōǊƛǳƳ !ŘƛŀōŀǝŎ aƻƭŜŎǳƭŀǊ 5ȅƴŀƳƛŎǎ {ƛƳǳƭŀǝƻƴǎ ƻŦ 

aŜǘƘŀƴŜ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ 5ŜŎƻƳǇƻǎƛǝƻƴΦ W /ƘŜƳ tƘȅǎ нлмлΣ мон όмпύΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлсоκмΦооунопмΦ  

όнртύ WŀŎƻōǎƻƴΣ [Φ /ΦΤ aƻƭƛƴŜǊƻΣ ±Φ /ŀƴ !ƳƻǊǇƘƻǳǎ bǳŎƭŜƛ DǊƻǿ /ǊȅǎǘŀƭƭƛƴŜ /ƭŀǘƘǊŀǘŜǎΤ ¢ƘŜ {ƛȊŜ ŀƴŘ 

/Ǌȅǎǘŀƭƭƛƴƛǘȅ ƻŦ /ǊƛǝŎŀƭ /ƭŀǘƘǊŀǘŜ bǳŎƭŜƛΦ W !Ƴ /ƘŜƳ {ƻŎ нлммΣ моо όмсύΣ спруςспсоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŀнлмплоǉΦ  

όнруύ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ aƛŎƘŀƭƛǎΣ ±Φ YΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦ 9ƴǘƘŀƭǇȅ ƻŦ 5ƛǎǎƻŎƛŀǝƻƴ ƻŦ aŜǘƘŀƴŜ 

IȅŘǊŀǘŜǎ ŀǘ ŀ ²ƛŘŜ tǊŜǎǎǳǊŜ ŀƴŘ ¢ŜƳǇŜǊŀǘǳǊŜ wŀƴƎŜΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмфΣ пуфΣ олςплΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмфΦлмΦлнпΦ  

όнрфύ CƛƴƴŜȅΣ !Φ wΦΤ wƻŘƎŜǊΣ tΦ aΦ !ǇǇƭȅƛƴƎ ǘƘŜ ½ aŜǘƘƻŘ ǘƻ 9ǎǝƳŀǘŜ ¢ŜƳǇŜǊŀǘǳǊŜǎ ƻŦ aŜƭǝƴƎ ƛƴ 

{ǘǊǳŎǘǳǊŜ LL /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ /ƘŜƳƛŎŀƭ tƘȅǎƛŎǎ нлммΣ мо όппύΣ мффтфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлофκŎмŎǇнмфмфƎΦ  

όнслύ ²ƛŜǊȊŎƘƻǿǎƪƛΣ {Φ WΦΤ aƻƴǎƻƴΣ tΦ !Φ /ŀƭŎǳƭŀǝƻƴ ƻŦ CǊŜŜ 9ƴŜǊƎƛŜǎ ŀƴŘ /ƘŜƳƛŎŀƭ tƻǘŜƴǝŀƭǎ ŦƻǊ 

Dŀǎ IȅŘǊŀǘŜǎ ¦ǎƛƴƎ aƻƴǘŜ /ŀǊƭƻ {ƛƳǳƭŀǝƻƴǎΦ W tƘȅǎ /ƘŜƳ . нллтΣ ммм όнрύΣ тнтпςтнунΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇлсуонрŀΦ  
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όнсмύ {ƛȊƻǾΣ ±Φ ±ΦΤ tƛƻǘǊƻǾǎƪŀȅŀΣ 9Φ aΦ /ƻƳǇǳǘŜǊ {ƛƳǳƭŀǝƻƴ ƻŦ aŜǘƘŀƴŜ IȅŘǊŀǘŜ /ŀƎŜ hŎŎǳǇŀƴŎȅΦ W 

tƘȅǎ /ƘŜƳ . нллтΣ ммм όммύΣ нуусςнуфлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇлсруфлрΦ  

όнснύ tŀǇŀŘƛƳƛǘǊƛƻǳΣ bΦ LΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ tŀǇŀƛƻŀƴƴƻǳΣ !Φ ¢ƘΦΤ {ǘǳōƻǎΣ !Φ YΦ 9Ǿŀƭǳŀǝƻƴ ƻŦ 

ǘƘŜ IȅŘǊƻƎŜƴπ{ǘƻǊŀƎŜ /ŀǇŀŎƛǘȅ ƻŦ tǳǊŜ I н ŀƴŘ .ƛƴŀǊȅ Iн π¢IC IȅŘǊŀǘŜǎ ǿƛǘƘ aƻƴǘŜ /ŀǊƭƻ 

{ƛƳǳƭŀǝƻƴǎΦ ¢ƘŜ WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ / нллуΣ ммн όнтύΣ млнфпςмлолнΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇлтптлсǎΦ  

όнсоύ tŀǇŀŘƛƳƛǘǊƛƻǳΣ bΦ LΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ {ǘǳōƻǎΣ !Φ YΦΤ aŀǊǝƴΣ !ΦΤ wƻǾŜǧƻΣ [Φ WΦΤ tŜǘŜǊǎΣ /Φ 

WΦ ¦ƴŜȄǇŜŎǘŜŘ .ŜƘŀǾƛƻǊ ƻŦ IŜƭƛǳƳ ŀǎ DǳŜǎǘ Dŀǎ ƛƴ {LL .ƛƴŀǊȅ IȅŘǊŀǘŜǎΦ W tƘȅǎ /ƘŜƳ [Ŝǧ нлмлΣ 

м όсύΣ млмпςмлмтΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧȊфллпснрΦ  

όнспύ tŀǇŀŘƛƳƛǘǊƛƻǳΣ bΦ LΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ {ǘǳōƻǎΣ !Φ YΦΤ aŀǊǟƴΣ !ΦΤ wƻǾŜǧƻΣ [Φ WΦΤ CƭƻǊǳǎǎŜΣ 

[Φ WΦΤ tŜǘŜǊǎΣ /Φ WΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ /ƻƳǇǳǘŀǝƻƴŀƭ LƴǾŜǎǝƎŀǝƻƴ ƻŦ ǘƘŜ {LL .ƛƴŀǊȅ IŜҍ¢IC 

IȅŘǊŀǘŜΦ W tƘȅǎ /ƘŜƳ . нлммΣ ммр όсύΣ мпммςмпмрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇмлрпрмƳΦ  

όнсрύ .ǊǳƳōȅΣ tΦ 9ΦΤ ¸ǳƘŀǊŀΣ 5ΦΤ ²ǳΣ 5Φ ¢ΦΤ {ǳƳΣ !Φ YΦΤ ¸ŀǎǳƻƪŀΣ YΦ /ŀƎŜ hŎŎǳǇŀƴŎȅ ƻŦ aŜǘƘŀƴŜ 

IȅŘǊŀǘŜǎ ŦǊƻƳ Dƛōōǎ 9ƴǎŜƳōƭŜ aƻƴǘŜ /ŀǊƭƻ {ƛƳǳƭŀǝƻƴǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмсΣ пмоΣ нпнς

нпуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмрΦмлΦллрΦ  

όнссύ ²ŀŀƭǎΣ WΦ IΦ Ǿŀƴ ŘŜǊΤ tƭŀǧŜŜǳǿΣ WΦ /Φ /ƭŀǘƘǊŀǘŜ {ƻƭǳǝƻƴǎΤ мфруΤ ǇǇ мςртΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκфтулптлмпопуоΦŎƘмΦ  

όнстύ tŀǊǊƛǎƘΣ ²Φ wΦΤ tǊŀǳǎƴƛǘȊΣ WΦ aΦ 5ƛǎǎƻŎƛŀǝƻƴ tǊŜǎǎǳǊŜǎ ƻŦ Dŀǎ IȅŘǊŀǘŜǎ CƻǊƳŜŘ ōȅ Dŀǎ 

aƛȄǘǳǊŜǎΦ LƴŘǳǎǘǊƛŀƭ ϧ 9ƴƎƛƴŜŜǊƛƴƎ /ƘŜƳƛǎǘǊȅ tǊƻŎŜǎǎ 5ŜǎƛƎƴ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ мфтнΣ мм όмύΣ 

нсςорΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛнсллпмŀллсΦ 

όнсуύ IƻƭŘŜǊΣ DΦ 5ΦΤ /ƻǊōƛƴΣ DΦΤ tŀǇŀŘƻǇƻǳƭƻǎΣ YΦ 5Φ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ ŀƴŘ aƻƭŜŎǳƭŀǊ tǊƻǇŜǊǝŜǎ ƻŦ 

Dŀǎ IȅŘǊŀǘŜǎ ŦǊƻƳ aƛȄǘǳǊŜǎ /ƻƴǘŀƛƴƛƴƎ aŜǘƘŀƴŜΣ !ǊƎƻƴΣ ŀƴŘ YǊȅǇǘƻƴΦ LƴŘǳǎǘǊƛŀƭ ϧ 

9ƴƎƛƴŜŜǊƛƴƎ /ƘŜƳƛǎǘǊȅ CǳƴŘŀƳŜƴǘŀƭǎ мфулΣ мф όоύΣ нунςнусΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛмсллтрŀллуΦ 

όнсфύ IƻƭŘŜǊΣ DΦ 5ΦΤ ½ŜǧǎΣ {Φ tΦΤ tǊŀŘƘŀƴΣ bΦ tƘŀǎŜ .ŜƘŀǾƛƻǊ ƛƴ {ȅǎǘŜƳǎ /ƻƴǘŀƛƴƛƴƎ /ƭŀǘƘǊŀǘŜ 

IȅŘǊŀǘŜǎΥ ! wŜǾƛŜǿΦ wŜǾƛŜǿǎ ƛƴ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ мфууΣ р όмςпύΣ мςтлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмрмрκw9±/9ΦмфууΦрΦмπпΦмΦ 

όнтлύ YƭŀǳŘŀΣ WΦ .ΦΤ {ŀƴŘƭŜǊΣ {Φ LΦ aƻŘŜƭƛƴƎ Dŀǎ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƛƴ [ŀōƻǊŀǘƻǊȅ ŀƴŘ bŀǘǳǊŀƭ 

tƻǊƻǳǎ aŜŘƛŀΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нллмΣ пл όнлύΣ пмфтςпнлуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜлллфсмƳΦ 

όнтмύ 5ǳŦŀƭΣ {ΦΤ DŀƭƛƴŘƻΣ !ΦΤ WŀŎƪǎƻƴΣ DΦΤ IŀǎƭŀƳΣ !Φ WΦ aƻŘŜƭƭƛƴƎ ǘƘŜ 9ũŜŎǘ ƻŦ aŜǘƘŀƴƻƭΣ DƭȅŎƻƭ 

LƴƘƛōƛǘƻǊǎ ŀƴŘ 9ƭŜŎǘǊƻƭȅǘŜǎ ƻƴ ǘƘŜ 9ǉǳƛƭƛōǊƛǳƳ {ǘŀōƛƭƛǘȅ ƻŦ IȅŘǊŀǘŜǎ ǿƛǘƘ ǘƘŜ {!C¢π±w 

!ǇǇǊƻŀŎƘΦ aƻƭ tƘȅǎ нлмнΣ ммл όммςмнύΣ мнноςмнплΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκллнсуфтсΦнлмнΦсспсснΦ 

όнтнύ 9ƭ aŜǊŀƎŀǿƛΣ {ΦΤ 5ƛŀƳŀƴǘƻƴƛǎΣ bΦ LΦΤ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦ IȅŘǊŀǘŜ ς CƭǳƛŘ 

tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ aƻŘŜƭƛƴƎ ¦ǎƛƴƎ t/π{!C¢ ŀƴŘ tŜƴƎςwƻōƛƴǎƻƴ 9ǉǳŀǝƻƴǎ ƻŦ {ǘŀǘŜΦ CƭǳƛŘ tƘŀǎŜ 

9ǉǳƛƭƛō нлмсΣ пмоΣ нлфςнмфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмрΦмнΦллоΦ 

όнтоύ 9ƴƎƭŜȊƻǎΣ tΦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΦ LƴŘΦ 9ƴƎΦ /ƘŜƳΦ wŜǎ мффоΣ онΣ мнрмςмнтпΦ 

όнтпύ [ƛΣ ·Φ {ŜƴΤ ²ǳΣ IΦ WΦΤ 9ƴƎƭŜȊƻǎΣ tΦ tǊŜŘƛŎǝƻƴ ƻŦ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ /ƻƴŘƛǝƻƴǎ ƛƴ ǘƘŜ 

tǊŜǎŜƴŎŜ ƻŦ aŜǘƘŀƴƻƭΣ DƭȅŎŜǊƻƭΣ 9ǘƘȅƭŜƴŜ DƭȅŎƻƭΣ ŀƴŘ ¢ǊƛŜǘƘȅƭŜƴŜ DƭȅŎƻƭ ǿƛǘƘ ǘƘŜ {ǘŀǝǎǝŎŀƭ 
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https://doi.org/10.1021/jp105451m
https://doi.org/10.1016/j.fluid.2015.10.005
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!ǎǎƻŎƛŀǝƴƎ CƭǳƛŘ ¢ƘŜƻǊȅ 9ǉǳŀǝƻƴ ƻŦ {ǘŀǘŜΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нллсΣ пр όсύΣ нмомςнмотΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜлрмнлпȄΦ  

όнтрύ tŀǊƛŎŀǳŘΣ tΦ aƻŘŜƭƛƴƎ ǘƘŜ 5ƛǎǎƻŎƛŀǝƻƴ /ƻƴŘƛǝƻƴǎ ƻŦ {ŀƭǘ IȅŘǊŀǘŜǎ ŀƴŘ Dŀǎ {ŜƳƛŎƭŀǘƘǊŀǘŜ 

IȅŘǊŀǘŜǎΥ !ǇǇƭƛŎŀǝƻƴ ǘƻ [ƛǘƘƛǳƳ .ǊƻƳƛŘŜΣ IȅŘǊƻƎŜƴ LƻŘƛŘŜΣ ŀƴŘ ¢ŜǘǊŀπƴπ.ǳǘȅƭŀƳƳƻƴƛǳƳ 

.ǊƻƳƛŘŜ Ҍ /ŀǊōƻƴ 5ƛƻȄƛŘŜ {ȅǎǘŜƳǎΦ WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ . нлммΣ ммр όнύΣ нууςнффΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇмлстпртΦ  

όнтсύ aŜŘŜƛǊƻǎΣ CΦ 5Φ !ΦΤ {ŜƎǘƻǾƛŎƘΣ LΦ {Φ ±ΦΤ ¢ŀǾŀǊŜǎΣ CΦ ²ΦΤ {ǳƳΣ !Φ YΦ {ƛȄǘȅ ¸ŜŀǊǎ ƻŦ ǘƘŜ Ǿŀƴ 5ŜǊ 

²ŀŀƭǎ ŀƴŘ tƭŀǧŜŜǳǿ aƻŘŜƭ ŦƻǊ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ π ! /ǊƛǝŎŀƭ wŜǾƛŜǿ ŦǊƻƳ Lǘǎ {ǘŀǝǎǝŎŀƭ 

¢ƘŜǊƳƻŘȅƴŀƳƛŎ .ŀǎƛǎ ǘƻ Lǘǎ 9ȄǘŜƴǎƛƻƴǎ ŀƴŘ !ǇǇƭƛŎŀǝƻƴǎΦ /ƘŜƳƛŎŀƭ wŜǾƛŜǿǎΦ !ƳŜǊƛŎŀƴ 

/ƘŜƳƛŎŀƭ {ƻŎƛŜǘȅ 5ŜŎŜƳōŜǊ ноΣ нлнлΣ ǇǇ моопфςмооумΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦŎƘŜƳǊŜǾΦлŎллпфпΦ  

όнттύ YƘŀƴΣ aΦ bΦΤ ²ŀǊǊƛŜǊΣ tΦΤ tŜǘŜǊǎΣ /Φ WΦΤ YƻƘΣ /Φ !Φ !ŘǾŀƴŎŜƳŜƴǘǎ ƛƴ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ 

ŀƴŘ aƻŘŜƭƛƴƎ ƻŦ Dŀǎ IȅŘǊŀǘŜǎ {ȅǎǘŜƳǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмуΣ псоΣ пуςсмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмуΦлмΦлмпΦ  

όнтуύ [ƛΣ ·Φ {ŜƴΤ ½ƘŀƴƎΣ ¸ΦΤ [ƛΣ DΦΤ /ƘŜƴΣ ½Φ ¸ΦΤ ¸ŀƴΣ YΦ CΦΤ [ƛΣ vΦ tΦ Dŀǎ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ 5ƛǎǎƻŎƛŀǝƻƴ 

/ƻƴŘƛǝƻƴǎ ƛƴ tƻǊƻǳǎ aŜŘƛŀ ¦ǎƛƴƎ ¢ǿƻ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ !ǇǇǊƻŀŎƘŜǎΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ 

¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нллуΣ пл όфύΣ мпспςмптпΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнллуΦлпΦллфΦ  

όнтфύ [ƭŀƳŜŘƻΣ aΦΤ !ƴŘŜǊǎƻƴΣ wΦΤ ¢ƻƘƛŘƛΣ .Φ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ tǊŜŘƛŎǝƻƴ ƻŦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ 

5ƛǎǎƻŎƛŀǝƻƴ /ƻƴŘƛǝƻƴǎ ƛƴ aŜǎƻǇƻǊƻǳǎ aŜŘƛŀΦ !ƳŜǊƛŎŀƴ aƛƴŜǊŀƭƻƎƛǎǘ нллпΣ уф όуςфύΣ мнспς

мнтлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнмоуκŀƳπнллпπуπфмрΦ  

όнулύ ¢ǎƛƳǇŀƴƻƎƛŀƴƴƛǎΣ LΦ bΦΤ ¢ƘƻƳŀǎΣ 5ΦΤ 9ŎƻƴƻƳƻǳΣ LΦ DΦΤ {ǘǳōƻǎΣ !Φ YΦ 9Ǿŀƭǳŀǝƻƴ ƻŦ ŀ {ƛƳǇƭŜ 

aƻŘŜƭ ŦƻǊ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ /ŀƭŎǳƭŀǝƻƴǎ ƻŦ .ƛƴŀǊȅ Dŀǎ IȅŘǊŀǘŜǎ ǿƛǘƘ !ǇǇƭƛŎŀǝƻƴ ǘƻ Dŀǎπ

aƛȄǘǳǊŜ {ŜǇŀǊŀǝƻƴΦ Lƴ уǘƘ LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ Dŀǎ IȅŘǊŀǘŜǎ όL/DIуύΣ .ŜƛƧƛƴƎΣ /ƘƛƴŀΤ 

нлмпΦ 

όнумύ {ƻƴƎΣ YΦ ¸ΦΤ YƻōŀȅŀǎƘƛΣ wΦ ¢ƘŜ ²ŀǘŜǊ /ƻƴǘŜƴǘ ƻŦ 9ǘƘŀƴŜΣ tǊƻǇŀƴŜ ŀƴŘ ¢ƘŜƛǊ aƛȄǘǳǊŜǎ ƛƴ 

9ǉǳƛƭƛōǊƛǳƳ ǿƛǘƘ [ƛǉǳƛŘ ²ŀǘŜǊ ƻǊ IȅŘǊŀǘŜǎΤ мффпΦ 

όнунύ ±ƻƴ {ǘŀŎƪŜƭōŜǊƎΣ aΦ {ƻƭƛŘ Dŀǎ IȅŘǊŀǘŜǎΦ bŀǘǳǊǿƛǎǎ мфпфΣ осΣ онтςорфΦ 

όнуоύ 5ƛŜǇŜƴΣ DΦ !Φ aΦΤ {ŎƘŜũŜǊΣ CΦ 9Φ /Φ ¢ƘŜ 9ǘƘŜƴŜπ²ŀǘŜǊ {ȅǎǘŜƳΦ wŜŎǳŜƛƭ ŘŜǎ ¢ǊŀǾŀǳȄ /ƘƛƳƛǉǳŜǎ 

ŘŜǎ tŀȅǎπ.ŀǎ нлмлΣ сф όрύΣ рфоςслоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκǊŜŎƭΦмфрллсфлрмоΦ  

όнупύ wŜŀƳŜǊΣ IΦ IΦΤ {ŜƭƭŜŎƪΣ CΦ ¢ΦΤ {ŀƎŜΣ .Φ IΦ {ƻƳŜ tǊƻǇŜǊǝŜǎ ƻŦ aƛȄŜŘ tŀǊŀŶƴƛŎ ŀƴŘ hƭŜŬƴƛŎ 

IȅŘǊŀǘŜǎΦ WƻǳǊƴŀƭ ƻŦ tŜǘǊƻƭŜǳƳ ¢ŜŎƘƴƻƭƻƎȅ мфрнΣ п όлуύΣ мфтςнлнΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнммуκфрнмфтπDΦ  

όнурύ {ǳƎŀƘŀǊŀΣ ¢ΦΤ aƻǊƛǘŀΣ YΦΤ hƘƎŀƪƛΣ YΦ {ǘŀōƛƭƛǘȅ .ƻǳƴŘŀǊƛŜǎ ŀƴŘ {Ƴŀƭƭ IȅŘǊŀǘŜπ/ŀƎŜ hŎŎǳǇŀƴŎȅ 

ƻŦ 9ǘƘȅƭŜƴŜ IȅŘǊŀǘŜ {ȅǎǘŜƳΦ /ƘŜƳ 9ƴƎ {Ŏƛ нлллΣ рр όнпύΣ слмрςслнлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лллфπнрлфόллύллннсπуΦ  

όнусύ YǳōƻǘŀΣ IΦΤ {ƘƛƳƛȊǳΣ YΦΤ ¢ŀƴŀƪŀΣ ¸ΦΤ aŀƪƛǘŀΣ ¢Φ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ tǊƻǇŜǊǝŜǎ ƻŦ wмо ό//ƭCоύΣ wно 

ό/ICоύΣ wмрнŀ ό/нIпCнύΣ ŀƴŘ tǊƻǇŀƴŜ IȅŘǊŀǘŜǎ ŦƻǊ 5Ŝǎŀƭƛƴŀǝƻƴ ƻŦ {Ŝŀ ²ŀǘŜǊΦ Wh¦wb![ hC 

/I9aL/![ 9bDLb99wLbD hC W!t!b мфупΣ мт όпύΣ пноςпнфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмнрнκƧŎŜƧΦмтΦпноΦ  

https://doi.org/10.1021/ie051204x
https://doi.org/10.1021/jp1067457
https://doi.org/10.1021/acs.chemrev.0c00494
https://doi.org/10.1016/j.fluid.2018.01.014
https://doi.org/10.1016/j.jct.2008.04.009
https://doi.org/10.2138/am-2004-8-915
https://doi.org/10.1002/recl.19500690513
https://doi.org/10.2118/952197-G
https://doi.org/10.1016/S0009-2509(00)00226-8
https://doi.org/10.1252/jcej.17.423
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όнутύ aƻƻƛƧŜǊπǾŀƴ ŘŜƴ IŜǳǾŜƭΣ aΦ aΦ tƘŀǎŜ .ŜƘŀǾƛƻǳǊ ŀƴŘ {ǘǊǳŎǘǳǊŀƭ !ǎǇŜŎǘǎ  ƻŦ ¢ŜǊƴŀǊȅ /ƭŀǘƘǊŀǘŜ 

IȅŘǊŀǘŜ {ȅǎǘŜƳǎ Υ ¢ƘŜ wƻƭŜ ƻŦ !ŘŘƛǝǾŜǎΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ¢ƘŜǎƛǎΣ 5ŜƭƊ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 

¢ŜŎƘƴƻƭƻƎȅΣ нллпΦ 

όнууύ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ !ƴŘŜǊǎƻƴΣ wΦΤ ¢ƻƘƛŘƛΣ .Φ /ŀǊōƻƴ aƻƴƻȄƛŘŜ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΥ 

9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ŀƴŘ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ aƻŘŜƭƛƴƎΦ !L/Ƙ9 WƻǳǊƴŀƭ нллрΣ рм όмлύΣ нунрςнуооΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŀƛŎΦмлрнсΦ  

όнуфύ Ǿŀƴ /ƭŜŜũΣ !ΦΤ 5ƛŜǇŜƴΣ DΦ !Φ aΦ Dŀǎ IȅŘǊŀǘŜǎ ƻŦ bƛǘǊƻƎŜƴ ŀƴŘ hȄȅƎŜƴΦ LLΦ wŜŎǳŜƛƭ ŘŜǎ ¢ǊŀǾŀǳȄ 

/ƘƛƳƛǉǳŜǎ ŘŜǎ tŀȅǎπ.ŀǎ мфсрΣ уп όуύΣ млурςмлфоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκǊŜŎƭΦмфсрлуплумрΦ  

όнфлύ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wƛŎƘƻƴΣ 5Φ LŎŜҍ/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜҍDŀǎ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ !ƛǊΣ hȄȅƎŜƴΣ 

bƛǘǊƻƎŜƴΣ /ŀǊōƻƴ aƻƴƻȄƛŘŜΣ aŜǘƘŀƴŜΣ ƻǊ 9ǘƘŀƴŜ Ҍ ²ŀǘŜǊ {ȅǎǘŜƳΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлмлΣ 

пф όуύΣ офтсςофтфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜфлмунлǳΦ  

όнфмύ .ȅƪΣ {Φ {ΦΤ CƻƳƛƴŀΣ ±Φ LΦ Dŀǎ IȅŘǊŀǘŜǎΦ wǳǎǎƛŀƴ /ƘŜƳƛŎŀƭ wŜǾƛŜǿǎ мфсуΣ от όсύΣ псфςпфмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлтлκw/мфсуǾлотƴлс!.9IллмсрпΦ  

όнфнύ ¢ŀƳƳŀƴΣ DΦΤ YǊƛŜƎŜΣ DΦ LΦ Φ ½Φ ŀƴƻǊƎΦ /ƘŜƳΦ мфнрΣ мпсΣ мфмΦ 

όнфоύ {ŎƘǊƻŜŘŜǊΣ ²Φ 5ƛŜ DŜǎŎƘƛŎƘǘŜ 5ŜǊ Dŀǎ IȅŘǊŀǘŜΦ {ŀƳƳƭǳƴƎΦ /ƘŜƳΦ ¢ŜŎƘΦ ±ƻǊǘǊŀƎŜΦ мфнтΣ нфΣ 

флςфуΦ 

όнфпύ 5ȅŀŘƛƴΣ ¸Φ !ΦΤ [ŀǊƛƻƴƻǾΣ 9Φ DΦΤ aŀƴŀƪƻǾΣ !Φ ¸ΦΤ ½ƘǳǊƪƻΣ CΦ ±ΦΤ !ƭŀŘƪƻΣ 9Φ ¸ΦΤ aƛƪƛƴŀΣ ¢Φ ±ΦΤ 

YƻƳŀǊƻǾΣ ±Φ ¸Φ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ IȅŘǊƻƎŜƴ ŀƴŘ bŜƻƴΦ aŜƴŘŜƭŜŜǾ /ƻƳƳǳƴƛŎŀǝƻƴǎ мфффΣ 

ф όрύΣ нлфςнмлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлтлκƳŎмфффǾллфƴлрŀōŜƘллммлпΦ  

όнфрύ {ŜƻΣ ¸Φπ¢ΦΤ YŀƴƎΣ {ΦπtΦΤ [ŜŜΣ IΦΤ [ŜŜΣ /Φπ{ΦΤ {ǳƴƎΣ ²ΦπaΦ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ Dŀǎ 

aƛȄǘǳǊŜǎ /ƻƴǘŀƛƴƛƴƎ /ŀǊōƻƴ 5ƛƻȄƛŘŜΥ ! tǊƻƻŦπƻŦπ/ƻƴŎŜǇǘ ǘƻ /ŀǊōƻƴ 5ƛƻȄƛŘŜ wŜŎƻǾŜǊȅ ŦǊƻƳ 

aǳƭǝŎƻƳǇƻƴŜƴǘ Dŀǎ {ǘǊŜŀƳΦ YƻǊŜŀƴ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ нлллΣ мт όсύΣ срфςсстΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκ.CлнсффммпΦ  

όнфсύ YŀƴƎΣ {Φ tΦΤ [ŜŜΣ IΦΤ [ŜŜΣ /Φ {ΦΤ {ǳƴƎΣ ²Φ aΦ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ ǘƘŜ DǳŜǎǘ aƛȄǘǳǊŜǎ 

/ƻƴǘŀƛƴƛƴƎ /hнΣ bн ŀƴŘ ¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллмΣ мур όмςнύΣ млмςмлфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лотуπоумнόлмύллпслπрΦ  

όнфтύ .ǊǳǳǎƎŀŀǊŘΣ IΦΤ .ŜƭǘǊŀΣ WΦ DΦΤ {ŜǊǾƛƻΣ tΦ ±ŀǇƻǊ π [ƛǉǳƛŘ ²ŀǘŜǊ π IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ŦƻǊ ǘƘŜ 

{ȅǎǘŜƳ bн Ҍ /hн Ҍ IнhΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллуΣ Ŏ όроύΣ нрфпςнрфтΦ 

όнфуύ IŜǊǊƛΣ WΦ aΦΤ .ƻǳŎƘŜƳƻǳŀΣ !ΦΤ YǿŀǘŜǊǎƪƛΣ aΦΤ CŜȊƻǳŀΣ !ΦΤ hǳŀōōŀǎΣ ¸ΦΤ /ŀƳŜƛǊŀƻΣ !Φ Dŀǎ 

IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ /hнπbн ŀƴŘ /hнπ/Iп Dŀǎ aƛȄǘǳǊŜǎπ9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎ ŀƴŘ 

¢ƘŜǊƳƻŘȅƴŀƳƛŎ aƻŘŜƭƭƛƴƎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлммΣ олм όнύΣ мтмςмфлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмлΦлфΦлпмΦ  

όнффύ [ŀƴƎΣ CΦΤ {ŜǊǾƛƻΣ tΦ {ƻƭǳōƛƭƛǘȅ aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ bн Ҍ /hн Ҍ Iнh {ȅǎǘŜƳ ǳƴŘŜǊ IȅŘǊŀǘŜς

[ƛǉǳƛŘς±ŀǇƻǊ 9ǉǳƛƭƛōǊƛǳƳΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ рф όуύΣ нрптςнррлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллоплōΦ  

όоллύ [Ŝ vǳŀƴƎΣ 5ΦΤ [Ŝ vǳŀƴƎΣ 5ΦΤ .ƻǳƛƭƭƻǘΣ .ΦΤ IŜǊǊƛΣ WΦ aΦΤ DƭŜƴŀǘΣ tΦΤ 5ǳŎƘŜǘπ{ǳŎƘŀǳȄΣ tΦ 

9ȄǇŜǊƛƳŜƴǘŀƭ tǊƻŎŜŘǳǊŜ ŀƴŘ wŜǎǳƭǘǎ ǘƻ aŜŀǎǳǊŜ ǘƘŜ /ƻƳǇƻǎƛǝƻƴ ƻŦ Dŀǎ IȅŘǊŀǘŜΣ ŘǳǊƛƴƎ 

/ǊȅǎǘŀƭƭƛȊŀǝƻƴ ŀƴŘ ŀǘ 9ǉǳƛƭƛōǊƛǳƳΣ ŦǊƻƳ bнπ/hнπ/Iпπ/нIсπ/оIуπ/пIмл Dŀǎ aƛȄǘǳǊŜǎΦ CƭǳƛŘ 

tƘŀǎŜ 9ǉǳƛƭƛō нлмсΣ пмоΣ млςнмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмрΦмлΦлннΦ  

https://doi.org/10.1002/aic.10526
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нло 
 

όолмύ WŀǊǊŀƘƛŀƴΣ !ΦΤ bŀƪƘŀŜŜΣ !Φ IȅŘǊŀǘŜς[ƛǉǳƛŘς±ŀǇƻǊ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴ ƻŦ bн Ҍ /hн Ҍ Iнh 

{ȅǎǘŜƳΥ aŜŀǎǳǊŜƳŜƴǘ ŀƴŘ aƻŘŜƭƛƴƎΦ CǳŜƭ нлмфΣ нотΣ тсфςттпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŦǳŜƭΦнлмуΦмлΦлмтΦ  

όолнύ YƛƳΣ {Φ IΦΤ {ŜƻΣ aΦ 5ƻΤ YŀƴƎΣ WΦ ²ΦΤ [ŜŜΣ /Φ {Φ IȅŘǊŀǘŜπ/ƻƴǘŀƛƴƛƴƎ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ aƛȄŜŘ 

DǳŜǎǘǎ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜ ŀƴŘ bƛǘǊƻƎŜƴΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлммΣ олс όнύΣ ннфςнооΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлммΦлпΦлммΦ  

όолоύ {ŦŀȄƛΣ LΦ .Φ !ΦΤ .ŜƭŀƴŘǊƛŀΣ ±ΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ [ǳƎƻΣ wΦΤ wƛŎƘƻƴΣ 5Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ 

/hнҌbн ŀƴŘ /hнҌ/Iп /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΥ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ 

aƻŘŜƭƭƛƴƎΦ /ƘŜƳ 9ƴƎ {Ŏƛ нлмнΣ упΣ слнςсммΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнлмнΦлуΦлпмΦ  

όолпύ /ƘŀǇƻȅΣ !ΦΤ .ǳǊƎŀǎǎΣ wΦΤ ¢ƻƘƛŘƛΣ .ΦΤ !ƭǎƛȅŀōƛΣ LΦ IȅŘǊŀǘŜ ŀƴŘ tƘŀǎŜ .ŜƘŀǾƛƻǊ aƻŘŜƭƛƴƎ ƛƴ /hн π

wƛŎƘ tƛǇŜƭƛƴŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмрΣ сл όнύΣ пптςпроΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллуопǘΦ  

όолрύ /ƘŀȊŀƭƭƻƴΣ .ΦΤ tƛǊƛƳΣ /Φ {ŜƭŜŎǝǾƛǘȅ ŀƴŘ /hн /ŀǇǘǳǊŜ 9ŶŎƛŜƴŎȅ ƛƴ /hнπbн /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ 

LƴǾŜǎǝƎŀǘŜŘ ōȅ ƛƴπ{ƛǘǳ wŀƳŀƴ {ǇŜŎǘǊƻǎŎƻǇȅΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ WƻǳǊƴŀƭΦ нлмуΣ ǇǇ мтмς

муоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜƧΦнлмуΦлмΦммсΦ  

όолсύ wƘƻΣ ²Φ DΦΤ YƛƳΣ {Φ IΦΤ /ƘƻΣ 5Φπ²ΦΤ YŀƴƎΣ WΦ ²ΦΤ [ŜŜΣ /Φ {Φ !ƴ 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ aƻŘŜƭƛƴƎ {ǘǳŘȅ 

ƻƴ LƴŎƛǇƛŜƴǘ IȅŘǊŀǘŜπCƻǊƳƛƴƎ /ƻƴŘƛǝƻƴǎ ŦƻǊ ¢ŜǊƴŀǊȅ DǳŜǎǘǎ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜΣ bƛǘǊƻƎŜƴ ŀƴŘ 

{ǳƭŦǳǊ 5ƛƻȄƛŘŜΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмуΣ птоΣ мнтςмомΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмуΦлрΦлнлΦ  

όолтύ {ǳƎŀƘŀǊŀΣ ¢ΦΤ aǳǊŀȅŀƳŀΣ {ΦΤ IŀǎƘƛƳƻǘƻΣ {ΦΤ hƘƎŀƪƛΣ YΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ Iн Ҍ /hн Ҍ Iнh 

{ȅǎǘŜƳ /ƻƴǘŀƛƴƛƴƎ Dŀǎ IȅŘǊŀǘŜǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллрΣ ноо όнύΣ мфлςмфоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнллрΦлрΦллсΦ  

όолуύ /ƘŀǇƻȅΣ !ΦΤ .ǳǊƎŀǎǎΣ wΦΤ ¢ƻƘƛŘƛΣ .ΦΤ !ǳǎǘŜƭƭΣ WΦΤ 9ƛŎƪƘƻũΣ /Φ 9ũŜŎǘ ƻŦ /ƻƳƳƻƴ LƳǇǳǊƛǝŜǎ ƻƴ ǘƘŜ 

tƘŀǎŜ .ŜƘŀǾƛƻǊ ƻŦ /ŀǊōƻƴπ5ƛƻȄƛŘŜπwƛŎƘ {ȅǎǘŜƳǎΥ aƛƴƛƳƛȊƛƴƎ ǘƘŜ wƛǎƪ ƻŦ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ 

ŀƴŘ ¢ǿƻπtƘŀǎŜ CƭƻǿΦ {t9 WƻǳǊƴŀƭ нлммΣ мс ό5ŜŎŜƳōŜǊύΣ фнмςфолΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнммуκмноттуπt!Φ  

όолфύ .ƻǳŎƘŀŦŀŀΣ ²ΦΤ 5ŀƭƳŀȊȊƻƴŜΣ 5ΦΤ ±ƛŎǘƻǊΣ .Φ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ 9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ CƻǊ aƛȄŜŘ 

IȅŘǊŀǘŜǎ ƻŦ /hн πbнΣ /hн π/Iп ŀƴŘ /hн πIн ƛƴ tǳǊŜ ²ŀǘŜǊ ŀƴŘ ¢.!. {ƻƭǳǝƻƴǎΦ ;ŎƻƭŜ bŀǝƻƴŀƭŜ 

{ǳǇŞǊƛŜǳǊŜ ŘŜ ¢ŜŎƘƴƛǉǳŜǎ !ǾŀƴŎŞŜǎ ¦ƴƛǘŞ /ƘƛƳŜ Ŝǘ tǊƻŎŞŘŞǎΦ Lƴ тǘƘ LƴǘŜǊƴŀǝƻƴŀƭ 

/ƻƴŦŜǊŜƴŎŜ ƻƴ Dŀǎ IȅŘǊŀǘŜǎ όL/DI нлммύΤ нлммΦ 

όомлύ !ŘƛǎŀǎƳƛǘƻΣ {ΦΤ CǊŀƴƪΣ wΦ WΦΤ {ƭƻŀƴΣ 9Φ 5Φ IȅŘǊŀǘŜǎ ƻŦ /ŀǊōƻƴπ5ƛƻȄƛŘŜ ŀƴŘ aŜǘƘŀƴŜ aƛȄǘǳǊŜǎΦ W 

/ƘŜƳ 9ƴƎ 5ŀǘŀ мффмΣ ос όмύΣ суςтмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜллллмŀлнлΦ  

όоммύ 5ƘƻƭŀōƘŀƛΣ tΦ 5ΦΤ tŀǊŜƴǘΣ WΦ {ΦΤ .ƛǎƘƴƻƛΣ tΦ wΦ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ŦƻǊ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ 

ŦǊƻƳ .ƛƴŀǊȅ aƛȄǘǳǊŜǎ ƻŦ aŜǘƘŀƴŜ ŀƴŘ /ŀǊōƻƴ 5ƛƻȄƛŘŜ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ 9ƭŜŎǘǊƻƭȅǘŜǎΣ 

aŜǘƘŀƴƻƭ ŀƴŘ 9ǘƘȅƭŜƴŜ DƭȅŎƻƭΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō мффтΣ мпмΣ норςнпсΦ 

όомнύ {ŜǊǾƛƻΣ tΦΤ [ŀƎŜǊǎΣ CΦΤ tŜǘŜǊǎΣ /ΦΤ 9ƴƎƭŜȊƻǎΣ tΦ Dŀǎ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ƛƴ ǘƘŜ {ȅǎǘŜƳ 

aŜǘƘŀƴŜς/ŀǊōƻƴ 5ƛƻȄƛŘŜςbŜƻƘŜȄŀƴŜ ŀƴŘ ²ŀǘŜǊΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō мфффΣ мруςмсл όaŀȅ 

нлмсύΣ тфрςуллΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{лотуπоумнόффύлллупπфΦ  

όомоύ {ŜƻΣ ¸Φ ¢ΦΤ [ŜŜΣ IΦ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ ǘƘŜ /ŀǊōƻƴ 5ƛƻȄƛŘŜΣ aŜǘƘŀƴŜΣ ŀƴŘ ²ŀǘŜǊ 

{ȅǎǘŜƳΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллмΣ пс όнύΣ оумςоупΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлллнотŀΦ  
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όомпύ [ŜŜΣ {ΦΤ tŀǊƪΣ {ΦΤ [ŜŜΣ ¸ΦΤ {ŜƻΣ ¸Φ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ ŀƴŘ мо/ baw {ǇŜŎǘǊƻǎŎƻǇƛŎ ±ŜǊƛŬŎŀǝƻƴ ƻŦ 

aŜǘƘŀƴŜπ/ŀǊōƻƴ 5ƛƻȄƛŘŜ wŜǇƭŀŎŜƳŜƴǘ ƛƴ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ 

WƻǳǊƴŀƭ нлмоΣ ннрΣ сосςсплΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜƧΦнлмоΦлоΦммтΦ  

όомрύ .ƛΣ ¸ΦΤ ¸ŀƴƎΣ ¢ΦΤ DǳƻΣ YΦ 5ŜǘŜǊƳƛƴŀǝƻƴ ƻŦ ǘƘŜ ¦ǇǇŜǊπvǳŀŘǊǳǇƭŜπtƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ wŜƎƛƻƴ ŦƻǊ 

/ŀǊōƻƴ 5ƛƻȄƛŘŜ ŀƴŘ aŜǘƘŀƴŜ aƛȄŜŘ Dŀǎ IȅŘǊŀǘŜǎΦ W tŜǘ {Ŏƛ 9ƴƎ нлмоΣ млмΣ снςстΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǇŜǘǊƻƭΦнлмнΦммΦлмфΦ  

όомсύ {ŜƻΣ ¸Φ ¢ΦΤ [ŜŜΣ IΦ aǳƭǝǇƭŜπtƘŀǎŜ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ ǘƘŜ ¢ŜǊƴŀǊȅ /ŀǊōƻƴ 5ƛƻȄƛŘŜΣ aŜǘƘŀƴŜΣ 

ŀƴŘ ²ŀǘŜǊ aƛȄǘǳǊŜǎΦ WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ . нллмΣ млр όпмύΣ мллупςмллфлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧǇлммлфрҌΦ  

όомтύ .ŜƭŀƴŘǊƛŀΣ ±ΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wƛŎƘƻƴΣ 5Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ 

aŜǘƘŀƴŜ Ҍ /ŀǊōƻƴ 5ƛƻȄƛŘŜΥ bŜǿ 9ȄǇŜǊƛƳŜƴǘŀƭ 5ŀǘŀ ŀƴŘ tǊŜŘƛŎǝƻƴǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō 

нлмлΣ нфс όмύΣ слςсрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмлΦлоΦлоуΦ  

όомуύ {ƘƛΣ [Φ [ΦΤ [ƛŀƴƎΣ 5Φ vΦΤ [ƛΣ 5Φ [Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ŦƻǊ {ƛƳǳƭŀǘŜŘ [ŀƴŘŬƭƭ Dŀǎ 

IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴǎ ƻŦ ¢ŜǘǊŀōǳǘȅƭŀƳƳƻƴƛǳƳ bƛǘǊŀǘŜΦ WƻǳǊƴŀƭ ƻŦ 

/ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлмпΣ суΣ оннςонсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмоΦлфΦлнфΦ  

όомфύ ½ƘƻǳΣ ·ΦΤ [ƻƴƎΣ ½ΦΤ [ƛŀƴƎΣ {ΦΤ IŜΣ ¸ΦΤ ¸ƛΣ [ΦΤ [ƛΣ 5ΦΤ [ƛŀƴƎΣ 5Φ Lƴ {ƛǘǳ wŀƳŀƴ !ƴŀƭȅǎƛǎ ƻƴ ǘƘŜ 

5ƛǎǎƻŎƛŀǝƻƴ .ŜƘŀǾƛƻǊ ƻŦ aƛȄŜŘ /Iп ς/hн IȅŘǊŀǘŜǎΦ 9ƴŜǊƎȅ ŀƴŘ CǳŜƭǎ нлмсΣ олΣ мнтфςмнусΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦŜƴŜǊƎȅŦǳŜƭǎΦрōлнммфΦ  

όонлύ ½ŀƴƎΣ ·ΦΤ [ƛŀƴƎΣ 5Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ŦƻǊ {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ ƻŦ {ȅƴǘƘŜǎƛȊŜŘ .ƛƴŀǊȅ 

/hн κ/Iп Dŀǎ aƛȄǘǳǊŜ ƛƴ ¢ŜǘǊŀπ ƴ π.ǳǘȅƭŀƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴΦ W /ƘŜƳ 9ƴƎ 

5ŀǘŀ нлмтΣ сн όнύΣ урмςурсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦсōллутсΦ  

όонмύ [ŜƎƻƛȄΣ [ΦΤ wǳŶƴŜΣ [ΦΤ 5ƻƴǾŀƭΣ WΦπtΦΤ IŀŜŎƪŜƭΣ aΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ ǘƘŜ /Iпπ/hн .ƛƴŀǊȅ ŀƴŘ ǘƘŜ 

/Iпπ/hнπIнh ¢ŜǊƴŀǊȅ aƛȄǘǳǊŜǎ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ ŀ /hнπwƛŎƘ [ƛǉǳƛŘ tƘŀǎŜΦ 9ƴŜǊƎƛŜǎ ό.ŀǎŜƭύ 

нлмтΣ мл όмнύΣ нлопΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκŜƴмлмннлопΦ  

όоннύ [ƛƳΣ WΦΤ /ƘƻƛΣ ²ΦΤ aƻƪΣ WΦΤ {ŜƻΣ ¸Φ /ƭŀǘƘǊŀǘŜπ.ŀǎŜŘ /hн /ŀǇǘǳǊŜ ŦǊƻƳ /hн πwƛŎƘ bŀǘǳǊŀƭ Dŀǎ ŀƴŘ 

.ƛƻƎŀǎΦ !/{ {ǳǎǘŀƛƴ /ƘŜƳ 9ƴƎ нлмуΣ с όпύΣ рснтςрсорΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎǎǳǎŎƘŜƳŜƴƎΦуōллтмнΦ  

όоноύ [ŀƴƎΣ CΦΤ {ŜǊǾƛƻΣ tΦ .ǳƭƪ [ƛǉǳƛŘ ŀƴŘ Dŀǎ aƻƭŜ CǊŀŎǝƻƴ aŜŀǎǳǊŜƳŜƴǘǎ ŘǳǊƛƴƎ IȅŘǊŀǘŜ DǊƻǿǘƘ 

ŦƻǊ ǘƘŜ /IпҌ /hнҌ Iнh {ȅǎǘŜƳΦ W /ƘŜƳ ¢ƘŜǊƳƻŘȅƴ нлмуΣ ммтΣ ммоςммуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмтΦлфΦллнΦ  

όонпύ aŀǘǎǳƛΣ ¸ΦΤ hƎǳǊŀΣ ¸ΦΤ aƛȅŀǳŎƘƛΣ IΦΤ aŀƪƛƴƻΣ ¢ΦΤ {ǳƎŀƘŀǊŀΣ ¢ΦΤ hƘƎŀƪƛΣ YΦ LǎƻǘƘŜǊƳŀƭ tƘŀǎŜ 

9ǉǳƛƭƛōǊƛŀ ŦƻǊ .ƛƴŀǊȅ IȅŘǊŀǘŜ {ȅǎǘŜƳǎ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜ Ҍ 9ǘƘŀƴŜ ŀƴŘ /ŀǊōƻƴ 5ƛƻȄƛŘŜ Ҍ 

¢ŜǘǊŀƅǳƻǊƻƳŜǘƘŀƴŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмлΣ рр όфύΣ онфтςоолмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜмлллфтȄΦ  

όонрύ !ŘƛǎŀǎƳƛǘƻΣ {ΦΤ {ƭƻŀƴΣ 9Φ 5Φ IȅŘǊŀǘŜǎ ƻŦ IȅŘǊƻŎŀǊōƻƴ DŀǎŜǎ /ƻƴǘŀƛƴƛƴƎ /ŀǊōƻƴ 5ƛƻȄƛŘŜΦ W 

/ƘŜƳ 9ƴƎ 5ŀǘŀ мффнΣ от όоύΣ опоςопфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜллллтŀлнлΦ  

όонсύ YƛƳΣ {Φ IΦΤ IǳƘΣ /ΦΤ YŀƴƎΣ {ΦπDΦΤ YŀƴƎΣ WΦ ²ΦΤ [ŜŜΣ /Φ {Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ /ƻƴǘŀƛƴƛƴƎ Dŀǎ IȅŘǊŀǘŜ 

ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜΣ {ǳƭŦǳǊ 5ƛƻȄƛŘŜΣ ŀƴŘ ²ŀǘŜǊ aƛȄǘǳǊŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмоΣ ру όсύΣ мутфς

муунΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜпллппсǘΦ  

https://doi.org/10.1016/j.cej.2013.03.117
https://doi.org/10.1016/j.petrol.2012.11.019
https://doi.org/10.1021/jp011095
https://doi.org/10.1016/j.fluid.2010.03.038
https://doi.org/10.1016/j.jct.2013.09.029
https://doi.org/10.1021/acs.energyfuels.5b02119
https://doi.org/10.1021/acs.jced.6b00876
https://doi.org/10.3390/en10122034
https://doi.org/10.1021/acssuschemeng.8b00712
https://doi.org/10.1016/j.jct.2017.09.002
https://doi.org/10.1021/je100097x
https://doi.org/10.1021/je00007a020
https://doi.org/10.1021/je400446t
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όонтύ YŀƪŀǝΣ IΦΤ aŀƴŘŀƭΣ !ΦΤ [ŀƛƪΣ {Φ tƘŀǎŜ {ǘŀōƛƭƛǘȅ ŀƴŘ YƛƴŜǝŎǎ ƻŦ /Iп Ҍ /hн Ҍ bн IȅŘǊŀǘŜǎ ƛƴ 

{ȅƴǘƘŜǝŎ {ŜŀǿŀǘŜǊ ŀƴŘ !ǉǳŜƻǳǎ 9ƭŜŎǘǊƻƭȅǘŜ {ƻƭǳǝƻƴǎ ƻŦ bŀ/ƭ ŀƴŘ /ŀ/ƭнΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ 

нлмрΣ сл όсύΣ муорςмупоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦрōлллпнΦ  

όонуύ {ǳƴΣ 5ΦΤ wƛǇƳŜŜǎǘŜǊΣ WΦΤ 9ƴƎƭŜȊƻǎΣ tΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ ǘƘŜ /hн κ/Iп κbн κIнh {ȅǎǘŜƳ ƛƴ ǘƘŜ 

IȅŘǊŀǘŜ wŜƎƛƻƴ ǳƴŘŜǊ /ƻƴŘƛǝƻƴǎ wŜƭŜǾŀƴǘ ǘƻ {ǘƻǊŀƎŜ ƻŦ /hн ƛƴ 5ŜǇƭŜǘŜŘ bŀǘǳǊŀƭ Dŀǎ 

wŜǎŜǊǾƻƛǊǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмсΣ см όмнύΣ плсмςплстΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦсōллрптΦ  

όонфύ {ǳƴΣ ¸ΦπIΦΤ [ƛΣ {Φπ[ΦΤ ½ƘŀƴƎΣ DΦπ.ΦΤ DǳƻΣ ²ΦΤ ½ƘǳΣ ¸ΦπIΦ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ƻŦ /Iп Ҍbн 

Ҍ/hн Dŀǎ aƛȄǘǳǊŜǎ ŀƴŘ /ŀƎŜ hŎŎǳǇŀƴŎȅ .ŜƘŀǾƛƻǊǎΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлмтΣ рс όнуύΣ умооς

умпнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƛŜŎǊΦтōлмлфоΦ  

όоолύ YǿƻƴΣ aΦΤ [ŜŜΣ WΦΤ [ŜŜΣ IΦ ¢ŜƳǇŜǊŀǘǳǊŜπ5ŜǇŜƴŘŜƴǘ {ǘǊǳŎǘǳǊŀƭ ¢Ǌŀƴǎƛǝƻƴǎ ƛƴ aŜǘƘŀƴŜ ҍ 

9ǘƘŀƴŜ aƛȄŜŘ Dŀǎ IȅŘǊŀǘŜǎΦ WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎŀƭ /ƘŜƳƛǎǘǊȅ / нлмпΣ ммуΣ нуфлсςнуфмоΦ 

όоомύ {ƻƭǘŀƴƛƳŜƘǊΣ {ΦΤ WŀǾŀƴƳŀǊŘƛΣ WΦΤ bŀǎǊƛŦŀǊΣ YΦ [ƛǉǳƛŘ ²ŀǘŜǊςIȅŘǊŀǘŜς±ŀǇƻǊ 9ǉǳƛƭƛōǊƛǳƳ ŦƻǊ 

aŜǘƘŀƴŜ Ҍ 9ǘƘŀƴŜ Dŀǎ aƛȄǘǳǊŜǎΥ !ǇǇƭƛŎŀǝƻƴ ƻŦ Dŀǎ IȅŘǊŀǘŜǎ ŦƻǊ {ŜǇŀǊŀǝƻƴΦ W /ƘŜƳ 9ƴƎ 

5ŀǘŀ нлмтΣ сн όтύΣ нмпоςнмпуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦтōллнонΦ  

όоонύ {ƻƴƎΣ YΦ ¸ΦΤ YƻōŀȅŀǎƘƛΣ wΦ Cƛƴŀƭ IȅŘǊŀǘŜ {ǘŀōƛƭƛǘȅ /ƻƴŘƛǝƻƴǎ ƻŦ ŀ aŜǘƘŀƴŜ ŀƴŘ tǊƻǇŀƴŜ 

aƛȄǘǳǊŜ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ tǳǊŜ ²ŀǘŜǊ ŀƴŘ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴǎ ƻŦ aŜǘƘŀƴƻƭ ŀƴŘ 9ǘƘȅƭŜƴŜ 

DƭȅŎƻƭΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō мфуфΣ пт όнςоύΣ нфрςолуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκлотуπ

оумнόуфύулмумπрΦ  

όоооύ {ƳƛǘƘΣ /ΦΤ tŀŎƪΣ 5ΦΤ .ŀǊƛŦŎŀƴƛΣ !Φ tǊƻǇŀƴŜΣ ƴ π.ǳǘŀƴŜ ŀƴŘ ƛπ.ǳǘŀƴŜ {ǘŀōƛƭƛȊŀǝƻƴ 9ũŜŎǘǎ ƻƴ 

aŜǘƘŀƴŜ Dŀǎ IȅŘǊŀǘŜǎΦ W /ƘŜƳ ¢ƘŜǊƳƻŘȅƴ нлмтΣ ммрΣ нфоςолмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмтΦлуΦлмоΦ  

όоопύ /ƘŜƴΣ [ΦΤ [ǳΣ IΦΤ wƛǇƳŜŜǎǘŜǊΣ WΦ !Φ 5ƛǎǎƻŎƛŀǝƻƴ /ƻƴŘƛǝƻƴǎ ŀƴŘ wŀƳŀƴ {ǇŜŎǘǊŀ ƻŦ /hн Ҍ {hн 

ŀƴŘ /hн Ҍ Iн { IȅŘǊŀǘŜǎΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлмрΣ рп όнмύΣ ррпоςррпфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƛŜŎǊΦрōллорлΦ  

όоорύ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wƛŎƘƻƴΣ 5Φ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ DŀǎŜƻǳǎ aƛȄǘǳǊŜǎ ƻŦ 

aŜǘƘŀƴŜ Ҍ /ŀǊōƻƴ 5ƛƻȄƛŘŜ Ҍ IȅŘǊƻƎŜƴ {ǳƭŬŘŜΦ /ƘŜƳ 9ƴƎ /ƻƳƳǳƴ нлмрΣ нлн όрύΣ снфςсооΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκллфусппрΦнлмоΦуруоннΦ  

όоосύ ²ŀǊŘΣ ½Φ ¢ΦΤ aŀǊǊƛƻǧΣ wΦ !ΦΤ {ǳƳΣ !Φ YΦΤ {ƭƻŀƴΣ 9Φ 5ΦΤ YƻƘΣ /Φ !Φ 9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ƻŦ Dŀǎ 

IȅŘǊŀǘŜǎ /ƻƴǘŀƛƴƛƴƎ aŜǘƘŀƴŜΣ tǊƻǇŀƴŜΣ ŀƴŘ IȅŘǊƻƎŜƴ {ǳƭŬŘŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмрΣ сл 

όнύΣ пнпςпнуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜрллтпноΦ  

όоотύ CŀƴΣ {Φ {ΦΤ /ƘŜƴΣ DΦ WΦΤ aŀΣ vΦ [ΦΤ DǳƻΣ ¢Φ aΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ aƻŘŜƭƛƴƎ {ǘǳŘƛŜǎ ƻƴ ǘƘŜ 

IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƻŦ /hн ŀƴŘ /hнπwƛŎƘ Dŀǎ aƛȄǘǳǊŜǎΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ WƻǳǊƴŀƭ нлллΣ ту 

όнςоύΣ мтоςмтуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{моурπуфптόллύллмртπмΦ  

όооуύ tŀǊƪΣ WΦΤ {ŜƻΣ ¸ΦΤ [ŜŜΣ WΦΤ [ŜŜΣ IΦ {ǇŜŎǘǊƻǎŎƻǇƛŎ !ƴŀƭȅǎƛǎ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜ ŀƴŘ bƛǘǊƻƎŜƴ aƛȄŜŘ 

Dŀǎ IȅŘǊŀǘŜǎ ƛƴ {ƛƭƛŎŀ DŜƭ ŦƻǊ /hн {ŜǇŀǊŀǝƻƴΦ нллсΣ ммрΣ нтфςнунΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŀǧƻŘΦнллсΦлнΦлрфΦ  

όоофύ [ƛΣ {ΦΤ CŀƴΣ {ΦΤ ²ŀƴƎΣ WΦΤ [ŀƴƎΣ ·ΦΤ ²ŀƴƎΣ ¸Φ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ /ŀǇǘǳǊŜ ƻŦ /hн ŦǊƻƳ {ƛƳǳƭŀǘŜŘ 

CƭǳŜ Dŀǎ ǿƛǘƘ /ȅŎƭƻǇŜƴǘŀƴŜκ²ŀǘŜǊ 9ƳǳƭǎƛƻƴΦ /Ƙƛƴ W /ƘŜƳ 9ƴƎ нлмлΣ му όнύΣ нлнςнлсΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{мллпπфрпмόлуύслопоπнΦ  

https://doi.org/10.1021/acs.jced.5b00042
https://doi.org/10.1021/acs.jced.6b00547
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https://doi.org/10.1021/acs.jced.7b00232
https://doi.org/10.1016/0378-3812(89)80181-5
https://doi.org/10.1016/0378-3812(89)80181-5
https://doi.org/10.1016/j.jct.2017.08.013
https://doi.org/10.1021/acs.iecr.5b00350
https://doi.org/10.1080/00986445.2013.858322
https://doi.org/10.1021/je5007423
https://doi.org/10.1016/S1385-8947(00)00157-1
https://doi.org/10.1016/j.cattod.2006.02.059
https://doi.org/10.1016/S1004-9541(08)60343-2
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όоплύ DŀƭŦǊŞΣ !ΦΤ YǿŀǘŜǊǎƪƛΣ aΦΤ .ǊŀƞƴǘǳŀǎΣ tΦΤ /ŀƳŜƛǊŀƻΣ !ΦΤ IŜǊǊƛΣ WΦ aΦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ 

9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ŦƻǊ ǘƘŜ Dŀǎ aƛȄǘǳǊŜ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜ ŀƴŘ bƛǘǊƻƎŜƴ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ ŀƴ 

9Ƴǳƭǎƛƻƴ ƻŦ /ȅŎƭƻǇŜƴǘŀƴŜ ƛƴ ²ŀǘŜǊΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ рф όоύΣ рфнςслнΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜпллнрутΦ  

όопмύ ¢ȊƛǊŀƪƛǎΣ CΦΤ {ǘǊƛƴƎŀǊƛΣ tΦΤ Ǿƻƴ {ƻƭƳǎΣ bΦΤ /ƻǉǳŜƭŜǘΣ /ΦΤ YƻƴǘƻƎŜƻǊƎƛǎΣ DΦ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ 

5ŀǘŀ ŦƻǊ ǘƘŜ /hнҌ bн {ȅǎǘŜƳ ǿƛǘƘ ǘƘŜ ¦ǎŜ ƻŦ ¢ŜǘǊŀπƴπ.ǳǘȅƭŀƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ ό¢.!.ύΣ 

/ȅŎƭƻǇŜƴǘŀƴŜ ό/tύ ŀƴŘ ¢ƘŜƛǊ aƛȄǘǳǊŜΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмсΣ плуΣ нплςнптΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмрΦлфΦлнмΦ  

όопнύ ½ƘŀƴƎΣ ¸ΦΤ ¸ŀƴƎΣ aΦΤ {ƻƴƎΣ ¸ΦΤ WƛŀƴƎΣ [ΦΤ [ƛΣ ¸ΦΤ /ƘŜƴƎΣ /Φ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ 

aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ό¢ICҌ{5{Ҍ/hнҌbнύ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴ {ȅǎǘŜƳǎ ƛƴ tƻǊƻǳǎ aŜŘƛŀΦ CƭǳƛŘ 

tƘŀǎŜ 9ǉǳƛƭƛō нлмпΣ отлΣ мнςмуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмпΦлнΦлооΦ  

όопоύ YǳƳŀǊΣ !ΦΤ {ŀƪǇŀƭΣ ¢ΦΤ [ƛƴƎŀΣ tΦΤ YǳƳŀǊΣ wΦ LƳǇŀŎǘ ƻŦ Cƭȅ !ǎƘ LƳǇǳǊƛǘȅ ƻƴ ǘƘŜ IȅŘǊŀǘŜπ.ŀǎŜŘ 

Dŀǎ {ŜǇŀǊŀǝƻƴ tǊƻŎŜǎǎ ŦƻǊ /ŀǊōƻƴ 5ƛƻȄƛŘŜ /ŀǇǘǳǊŜ ŦǊƻƳ ŀ CƭǳŜ Dŀǎ aƛȄǘǳǊŜΦ LƴŘ 9ƴƎ /ƘŜƳ 

wŜǎ нлмпΣ ро όноύΣ фупфςфурфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜрллмфррΦ  

όоппύ {ŦŀȄƛΣ LΦ .Φ !ΦΤ 5ǳǊŀƴŘΣ LΦΤ [ǳƎƻΣ wΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wƛŎƘƻƴΣ 5Φ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ 

/hнҌbнҌŀǉǳŜƻǳǎ {ƻƭǳǝƻƴ ƻŦ ¢ICΣ ¢.!. ƻǊ ¢.!C {ȅǎǘŜƳΦ LƴǘŜǊƴŀǝƻƴŀƭ WƻǳǊƴŀƭ ƻŦ DǊŜŜƴƘƻǳǎŜ 

Dŀǎ /ƻƴǘǊƻƭ нлмпΣ нсΣ мурςмфнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƎƎŎΦнлмпΦлпΦлмоΦ  

όопрύ 5ǳŎΣ bΦ IΦΤ /ƘŀǳǾȅΣ CΦΤ IŜǊǊƛΣ WΦ aΦ /hн /ŀǇǘǳǊŜ ōȅ IȅŘǊŀǘŜ /ǊȅǎǘŀƭƭƛȊŀǝƻƴ π ! tƻǘŜƴǝŀƭ 

{ƻƭǳǝƻƴ ŦƻǊ Dŀǎ 9Ƴƛǎǎƛƻƴ ƻŦ {ǘŜŜƭƳŀƪƛƴƎ LƴŘǳǎǘǊȅΦ 9ƴŜǊƎȅ /ƻƴǾŜǊǎ aŀƴŀƎ нллсΣ пу όпύΣ 

момоςмоннΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴŎƻƴƳŀƴΦнллсΦлфΦлнпΦ  

όопсύ CŀƴΣ {ΦΤ [ƛΣ {ΦΤ ²ŀƴƎΣ WΦΤ [ŀƴƎΣ ·ΦΤ ²ŀƴƎΣ ¸Φ 9ŶŎƛŜƴǘ /ŀǇǘǳǊŜ ƻŦ /hн ŦǊƻƳ {ƛƳǳƭŀǘŜŘ CƭǳŜ Dŀǎ ōȅ 

CƻǊƳŀǝƻƴ ƻŦ ¢.!. ƻǊ ¢.!C {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎΦ 9ƴŜǊƎȅ ŀƴŘ CǳŜƭǎ нллфΣ но όуύΣ пнлнς

пнлуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜŦфллоонфΦ  

όоптύ 5ŜǎŎƘŀƳǇǎΣ WΦΤ 5ŀƭƳŀȊȊƻƴŜΣ 5Φ 5ƛǎǎƻŎƛŀǝƻƴ 9ƴǘƘŀƭǇƛŜǎ ŀƴŘ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ŦƻǊ ¢.!. {ŜƳƛπ

/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ bнΣ /hнΣ bн Ҍ /hн ŀƴŘ /Iп Ҍ /hнΦ W ¢ƘŜǊƳ !ƴŀƭ /ŀƭƻǊƛƳ нллфΣ фу όмύΣ 

ммоςммуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмлфтоπллфπлоффπоΦ  

όопуύ [ƛΣ ·Φ {ŜƴΤ ·ǳΣ /Φ DΦΤ /ƘŜƴΣ ½Φ ¸ΦΤ ²ǳΣ IΦ WΦ ¢ŜǘǊŀπƴπ.ǳǘȅƭ !ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ {ŜƳƛπ/ƭŀǘƘǊŀǘŜ 

IȅŘǊŀǘŜ tǊƻŎŜǎǎ ŦƻǊ tƻǎǘπ/ƻƳōǳǎǝƻƴ /ŀǇǘǳǊŜ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ 5ƻŘŜŎȅƭ 

¢ǊƛƳŜǘƘȅƭ !ƳƳƻƴƛǳƳ /ƘƭƻǊƛŘŜΦ 9ƴŜǊƎȅ нлмлΣ ор όфύΣ офлнςофлуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴŜǊƎȅΦнлмлΦлсΦллфΦ  

όопфύ .ŜƭŀƴŘǊƛŀΣ ±ΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ wƛŎƘƻƴΣ 5Φ /ƻƳǇƻǎƛǝƻƴŀƭ !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Dŀǎ tƘŀǎŜ ŦƻǊ ǘƘŜ 

/hнҌbнҌǘŜǘǊŀπƴπ.ǳǘȅƭŀƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴ {ȅǎǘŜƳǎ ǳƴŘŜǊ IȅŘǊŀǘŜ {ǘŀōƛƭƛǘȅ 

/ƻƴŘƛǝƻƴǎΦ /ƘŜƳ 9ƴƎ {Ŏƛ нлмнΣ упΣ плςптΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнлмнΦлтΦлнтΦ  

όорлύ .ŜƭŀƴŘǊƛŀΣ ±ΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ 9ǎƭŀƳƛƳŀƴŜǎƘΣ !ΦΤ wƛŎƘƻƴΣ 5ΦΤ {łƴŎƘŜȊπaƻǊŀΣ aΦ CΦΤ DŀƭƛŎƛŀπ

[ǳƴŀΣ [Φ !Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ {ŜƳƛπ/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ ǘƘŜ 

ό/hнҌbнҌǘŜǘǊŀπƴπ.ǳǘȅƭŀƳƳƻƴƛǳƳ .ǊƻƳƛŘŜύ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴ {ȅǎǘŜƳǎΥ tŀǊǘ нΦ CƭǳƛŘ tƘŀǎŜ 

9ǉǳƛƭƛō нлмнΣ оннςоноΣ млрςммнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмнΦлнΦлнлΦ  

όормύ aƻƘŀƳƳŀŘƛΣ !Φ IΦΤ 9ǎƭŀƳƛƳŀƴŜǎƘΣ !ΦΤ .ŜƭŀƴŘǊƛŀΣ ±ΦΤ wƛŎƘƻƴΣ 5ΦΤ bŀƛŘƻƻΣ tΦΤ wŀƳƧǳƎŜǊƴŀǘƘΣ 5Φ 

tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ {ŜƳƛπ/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ ǘƘŜ ό/hн Ҍ bн Ҍ ¢ŜǘǊŀπƴπ

.ǳǘȅƭŀƳƳƻƴƛǳƳ .ǊƻƳƛŘŜύ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴ {ȅǎǘŜƳΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ 

нлмнΣ псΣ ртςсмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлммΦмлΦллпΦ  
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όорнύ /ƘŜƴΣ /ΦΤ [ƛΣ ·Φπ{ΦΤ /ƘŜƴΣ ½Φπ̧ΦΤ ·ƛŀΣ ½ΦπaΦΤ ¸ŀƴΣ YΦπCΦΤ /ŀƛΣ WΦ 9ǉǳƛƭƛōǊƛǳƳ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ 

/ƻƴŘƛǝƻƴǎ ƻŦ /hн Ҍ bн Ҍ {hн ¢ŜǊƴŀǊȅ {ƛƳǳƭŀǘŜŘ CƭǳŜ Dŀǎ ƛƴ {hн ŀƴŘ ¢ŜǘǊŀπ ƴ π.ǳǘȅƭŀƳƳƻƴƛǳƳ 

.ǊƻƳƛŘŜ /ƻƴǘŀƛƴƛƴƎ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмпΣ рф όмύΣ млоςмлфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜпллутрƴΦ  

όороύ IŜǊǊƛΣ WΦπaΦΤ .ƻǳŎƘŜƳƻǳŀΣ !ΦΤ YǿŀǘŜǊǎƪƛΣ aΦΤ .ǊŃƴǘǳŀǎΣ tΦΤ DŀƭŦǊŞΣ !ΦΤ .ƻǳƛƭƭƻǘΣ .ΦΤ 5ƻǳȊŜǘΣ WΦΤ 

hǳŀōōŀǎΣ ¸ΦΤ /ŀƳŜƛǊŀƻΣ !Φ 9ƴƘŀƴŎŜŘ {ŜƭŜŎǝǾƛǘȅ ƻŦ ǘƘŜ {ŜǇŀǊŀǝƻƴ ƻŦ /hн ŦǊƻƳ bн ŘǳǊƛƴƎ 

/ǊȅǎǘŀƭƭƛȊŀǝƻƴ ƻŦ {ŜƳƛπ/ƭŀǘƘǊŀǘŜǎ ŦǊƻƳ vǳŀǘŜǊƴŀǊȅ !ƳƳƻƴƛǳƳ {ƻƭǳǝƻƴǎΦ hƛƭ ϧ Dŀǎ {ŎƛŜƴŎŜ 

ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ нлмпΣ сф όрύΣ фптςфсуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнрмсκƻƎǎǘκнлмонлмΦ  

όорпύ ¢ȊƛǊŀƪƛǎΣ CΦΤ {ǘǊƛƴƎŀǊƛΣ tΦΤ /ƻǉǳŜƭŜǘΣ /ΦΤ ±ƻƴ {ƻƭƳǎΣ bΦΤ YƻƴǘƻƎŜƻǊƎƛǎΣ DΦ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ 

5ŀǘŀ ŦƻǊ /hнҌbн {ȅǎǘŜƳ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ ¢ŜǘǊŀπƴπ.ǳǘȅƭŀƳƳƻƴƛǳƳ CƭǳƻǊƛŘŜ ό¢.!Cύ ŀƴŘ 

aƛȄǘǳǊŜ ƻŦ ¢.!C ŀƴŘ /ȅŎƭƻǇŜƴǘŀƴŜ ό/tύΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмсΣ см όнύΣ мллтςмлммΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦрōллфпнΦ  

όоррύ ½ƘŀƴƎΣ WΦΤ ¸ŜŘƭŀǇŀƭƭƛΣ tΦΤ [ŜŜΣ WΦ ²Φ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ !ƴŀƭȅǎƛǎ ƻŦ IȅŘǊŀǘŜπ.ŀǎŜŘ tǊŜπ/ƻƳōǳǎǝƻƴ 

/ŀǇǘǳǊŜ ƻŦ /hнΦ /ƘŜƳ 9ƴƎ {Ŏƛ нллфΣ сп όннύΣ птонςптосΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎŜǎΦнллфΦлпΦлпмΦ  

όорсύ .ŀōǳΣ tΦΤ ¸ŀƴƎΣ ¢ΦΤ ±ŜƭǳǎǿŀƳȅΣ IΦ tΦΤ YǳƳŀǊΣ wΦΤ [ƛƴƎŀΣ tΦ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ƻŦ ¢ŜǊƴŀǊȅ 

Dŀǎ aƛȄǘǳǊŜǎ /ƻƴǘŀƛƴƛƴƎ /ŀǊōƻƴ 5ƛƻȄƛŘŜΣ IȅŘǊƻƎŜƴ ŀƴŘ tǊƻǇŀƴŜΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ 

¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлмоΣ смΣ руςсоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмоΦлнΦллоΦ  

όортύ [ŜŜΣ IΦπWΦΤ [ŜŜΣ WΦπ5ΦΤ YƛƳΣ ¸Φπ5Φ tǊŜπ/ƻƳōǳǎǝƻƴ /ŀǇǘǳǊŜ ƻŦ /ŀǊōƻƴ 5ƛƻȄƛŘŜ ¦ǎƛƴƎ tǊƛƴŎƛǇƭŜǎ ƻŦ 

Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΦ YƻǊŜŀƴ WƻǳǊƴŀƭ ƻŦ aŀǘŜǊƛŀƭǎ wŜǎŜŀǊŎƘ нллуΣ му όмнύΣ срлςсрпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦотплκaw{YΦнллуΦмуΦмнΦсрлΦ  

όоруύ [ƛΣ ·Φπ{ΦΤ ·ƛŀΣ ½ΦπaΦΤ /ƘŜƴΣ ½Φπ̧ΦΤ ¸ŀƴΣ YΦπCΦΤ [ƛΣ DΦΤ ²ǳΣ IΦπWΦ 9ǉǳƛƭƛōǊƛǳƳ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ 

/ƻƴŘƛǝƻƴǎ ŦƻǊ ǘƘŜ aƛȄǘǳǊŜǎ ƻŦ /hн Ҍ Iн Ҍ ¢ŜǘǊŀōǳǘȅƭ !ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ 

нлмлΣ рр όсύΣ нмулςнмупΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜфллтруǘΦ  

όорфύ ·ǳΣ /ΦΤ [ƛΣ ·ΦΤ /ŀƛΣ WΦΤ /ƘŜƴΣ ½Φ IȅŘǊŀǘŜπ.ŀǎŜŘ /ŀǊōƻƴ 5ƛƻȄƛŘŜ /ŀǇǘǳǊŜ ŦǊƻƳ {ƛƳǳƭŀǘŜŘ 

LƴǘŜƎǊŀǘŜŘ DŀǎƛŬŎŀǝƻƴ /ƻƳōƛƴŜŘ /ȅŎƭŜ DŀǎΦ WƻǳǊƴŀƭ ƻŦ bŀǘǳǊŀƭ Dŀǎ /ƘŜƳƛǎǘǊȅ нлмнΣ нм όрύΣ 

рлмςрлтΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{мллоπффроόммύслофтπсΦ  

όослύ ²ŀƴƎΣ {ΦΤ 5ŀƴƴŜǊΣ aΦΤ YǳŎƘƭƛƴƎΣ ¢ΦΤ /ƭŀǊƪŜΣ aΦ !Φ aŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ¢ƘǊŜŜπtƘŀǎŜ ό±ŀǇƻǳǊ Ҍ 

[ƛǉǳƛŘ Ҍ {ƻƭƛŘύ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ƻŦ {ŜƳƛπ/ƭŀǘƘǊŀǘŜǎ CƻǊƳŜŘ ŦǊƻƳ aƛȄǘǳǊŜǎ ƻŦ /hнΣ /h 

ŀƴŘ IнΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ¢ƘŜǊƳƻŘȅƴŀƳƛŎǎ нлмоΣ рсΣ мпфςмрнΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмнΦлтΦлмпΦ  

όосмύ [ǳƻΣ ¸ΦΤ ¸ŀƴΣ ½ΦΤ [ƛΣ WΦΤ DǳƻΣ DΦπWΦΤ DǳƻΣ ·ΦΤ {ǳƴΣ vΦΤ [ƛǳΣ !Φ 9ũŜŎǘǎ ƻŦ 5ƛƳŜǘƘȅƭ {ǳƭŦƻȄƛŘŜ ƻƴ tƘŀǎŜ 

9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ƻŦ /hн ŀƴŘ LD// CǳŜƭ Dŀǎ IȅŘǊŀǘŜ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ŀƴŘ !ōǎŜƴŎŜ ƻŦ 

¢ŜǘǊŀπ ƴ π.ǳǘȅƭ !ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмтΣ сн όмύΣ мууςмфоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦсōллрруΦ  

όоснύ 5ƘƻƭŀōƘŀƛΣ tΦ 5ΦΤ .ƛǎƘƴƻƛΣ tΦ wΦ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ƛƴ !ǉǳŜƻǳǎ 9ƭŜŎǘǊƻƭȅǘŜ 

{ƻƭǳǝƻƴǎΥ aƛȄǘǳǊŜǎ ƻŦ aŜǘƘŀƴŜ ŀƴŘ /ŀǊōƻƴ 5ƛƻȄƛŘŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ мффпΣ оф όмύΣ мфмςмфпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлллмоŀлрпΦ  

όосоύ .ƛǎƘƴƻƛΣ tΦ wΦΤ 5ƘƻƭŀōŀƛΣ tΦ 5ΦΤ aŀƘŀŘŜǾΣ YΦ bΦΤ 5ƘƻƭŀōƘŀƛΣ tΦ 5ΦΤ aŀƘŀŘŜǾΣ YΦ bΦΤ 5ƘƻƭŀōŀƛΣ tΦ 

5ΦΤ aŀƘŀŘŜǾΣ YΦ bΦ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛ Lƴ LƴƘƛōƛǘŜŘ ŀƴŘ .ǊƛƴŜ {ȅǎǘŜƳǎΤ мффсΤ ±ƻƭΦ wwπмрсΦ 
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όоспύ ¢ŀƴƎΣ WΦΤ ½ŜƴƎΣ 5ΦΤ ²ŀƴƎΣ /ΦΤ /ƘŜƴΣ ¸ΦΤ IŜΣ [ΦΤ CǳΣ IΦ LƴƅǳŜƴŎŜ CŀŎǘƻǊǎ ƻŦ IȅŘǊŀǘŜπ.ŀǎŜŘ 

{ŜǇŀǊŀǝƻƴ ŦƻǊ bŀǘǳǊŀƭ Dŀǎ 5ŜŀŎƛŘƛŬŎŀǝƻƴΦ {Ƙƛȅƻǳ ·ǳŜōŀƻΣ {Ƙƛȅƻǳ WƛŀƎƻƴƎκ!Ŏǘŀ tŜǘǊƻƭŜƛ 

{ƛƴƛŎŀ όtŜǘǊƻƭŜǳƳ tǊƻŎŜǎǎƛƴƎ {ŜŎǝƻƴύ нлмнΣ ну όсύΣ фрлςфрсΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦофсфκƧΦƛǎǎƴΦмллмπутмфΦнлмнΦлсΦлмлΦ  

όосрύ [ŜŜΣ ¸Φ WΦΤ YŀǿŀƳǳǊŀΣ ¢ΦΤ ¸ŀƳŀƳƻǘƻΣ ¸ΦΤ ¸ƻƻƴΣ WΦ IΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ {ǘǳŘƛŜǎ ƻŦ 

¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴ ό¢ICύ Ҍ /IпΣ ¢IC Ҍ /hнΣ /Iп Ҍ /hнΣ ŀƴŘ ¢IC Ҍ /hн Ҍ /Iп IȅŘǊŀǘŜǎΦ W /ƘŜƳ 

9ƴƎ 5ŀǘŀ нлмнΣ рт όмнύΣ орпоςорпуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜоллурлǉΦ  

όоссύ CŀƴΣ {ΦΤ [ƛΣ vΦΤ bƛŜΣ WΦΤ [ŀƴƎΣ ·ΦΤ ²ŜƴΣ ¸ΦΤ ²ŀƴƎΣ ¸Φ {ŜƳƛŎƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ŦƻǊ 

/hнκ/Iп Dŀǎ aƛȄǘǳǊŜǎ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ ¢ŜǘǊŀōǳǘȅƭŀƳƳƻƴƛǳƳ IŀƭƛŘŜ ό.ǊƻƳƛŘŜΣ /ƘƭƻǊƛŘŜΣ ƻǊ 

CƭǳƻǊƛŘŜύΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмоΣ ру όммύΣ омотςомпмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜпллрфооΦ  

όостύ !ƭ DƘŀŦǊƛΣ {Φ ½ΦΤ aŀƛǘƭŀƴŘΣ DΦ /ΦΤ ¢ǊǳǎƭŜǊΣ WΦ tΦ aΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ aƻŘŜƭƛƴƎ {ǘǳŘȅ ƻŦ ǘƘŜ 

tƘŀǎŜ .ŜƘŀǾƛƻǊ ƻŦ {ȅƴǘƘŜǝŎ /ǊǳŘŜ hƛƭҌ/hнΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмпΣ осрΣ нлςплΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмоΦмнΦлмуΦ  

όосуύ ¸ǳŜΣ DΦΤ [ƛǳΣ !ΦΤ {ǳƴΣ vΦΤ [ƛΣ ·ΦΤ [ŀƴΣ ²ΦΤ ¸ŀƴƎΣ [ΦΤ DǳƻΣ ·Φ {ǘǳŘȅ ƻŦ {ŜƭŜŎǘŜŘ CŀŎǘƻǊǎ LƴƅǳŜƴŎƛƴƎ 

/ŀǊōƻƴ 5ƛƻȄƛŘŜ {ŜǇŀǊŀǝƻƴ ŦǊƻƳ {ƛƳǳƭŀǘŜŘ .ƛƻƎŀǎ ōȅ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ 

нлмуΣ соΣ офпмςофррΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦуōллрстΦ  

όосфύ bƎΣ IΦ WΦΤ wƻōƛƴǎƻƴΣ 5Φ .Φ 9ǉǳƛƭƛōƛǳƳ tƘŀǎŜ /ƻƳǇƻǎƛǝƻƴ ŀƴŘ IȅŘǊŀǝƴƎ /ƻƴŘƛǝƻƴǎ ƛƴ {ȅǎǘŜƳǎ 

/ƻƴǘŀƛƴƛƴƎ aŜǘƘŀƴƻƭΣ [ƛƎƘǘ IȅŘǊƻŎŀǊōƻƴǎΣ /ŀǊōƻƴ 5ƛƻȄƛŘŜΣ ŀƴŘ IȅŘǊƻƎŜƴ {ǳƭŬŘŜΤ мфуоΤ ±ƻƭΦ 

wwπссΦ 

όотлύ bƎΣ IΦ WΦΤ wƻōƛƴǎƻƴΣ 5Φ .Φ ¢ƘŜ LƴƅǳŜƴŎŜ ƻŦ aŜǘƘŀƴƻƭ ƻƴ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ŀǘ [ƻǿ 

¢ŜƳǇŜǊŀǘǳǊŜǎΦ Dŀǎ tǊƻŎŜǎǎƻǊǎ !ǎǎƻŎƛŀǝƻƴ π wŜǎŜŀǊŎƘ wŜǇƻǊǘ мфупΣ wwπтпΦ 

όотмύ {ŜǊǾƛƻΣ tΦΤ aŀȊȊŀΣ WΦΤ 9ƴƎƭŜȊƻǎΣ tΦ LƴŎƛǇƛŜƴǘ 9ǉǳƛƭƛōǊƛǳƳ Dŀǎ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ /ƻƴŘƛǝƻƴǎ ŦƻǊ 

¢ƘŜ /hнπ/IпπbŜƻƘŜȄŀƴŜπbŀ/ƭπIнh ŀƴŘ /IпπtƻƭȅǇǊƻǇȅƭŜƴŜ DƭȅŎƻƭπbŀ/ƭπIнл {ȅǎǘŜƳǎΦ 

LƴǘŜǊƴŀǝƻƴŀƭ WƻǳǊƴŀƭ ƻŦ ǘƘŜ {ƻŎƛŜǘȅ ƻŦ aŀǘŜǊƛŀƭǎ 9ƴƎƛƴŜŜǊƛƴƎ ŦƻǊ wŜǎƻǳǊŎŜǎ мфффΣ т όмύΣ нпς

нуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмууκƛƧǎƳŜǊΦтΦнпΦ  

όотнύ [ƛΣ vΦΤ CŀƴΣ {ΦΤ ²ŀƴƎΣ ¸ΦΤ [ŀƴƎΣ ·ΦΤ /ƘŜƴΣ WΦ /hн wŜƳƻǾŀƭ ŦǊƻƳ .ƛƻƎŀǎ .ŀǎŜŘ ƻƴ IȅŘǊŀǘŜ 

CƻǊƳŀǝƻƴ ǿƛǘƘ ¢ŜǘǊŀπƴπ.ǳǘȅƭŀƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ {ƻƭǳǝƻƴ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ мπ.ǳǘȅƭπоπ

aŜǘƘȅƭƛƳƛŘŀȊƻƭƛǳƳ ¢ŜǘǊŀƅǳƻǊƻōƻǊŀǘŜΦ 9ƴŜǊƎȅ ŀƴŘ CǳŜƭǎ нлмрΣ нф όрύΣ омпоςомпуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦŜƴŜǊƎȅŦǳŜƭǎΦрōлллсмΦ  

όотоύ tŀǊǘƻƻƴΣ .ΦΤ {ŀōƛƭΣ YΦ aΦΤ wƻǎƭŀƴΣ IΦΤ [ŀƭΣ .ΦΤ YŜƻƴƎΣ [Φ YΦ LƳǇŀŎǘ ƻŦ !ŎŜǘƻƴŜ ƻƴ tƘŀǎŜ 

.ƻǳƴŘŀǊȅ ƻŦ aŜǘƘŀƴŜ ŀƴŘ /ŀǊōƻƴ 5ƛƻȄƛŘŜ aƛȄŜŘ IȅŘǊŀǘŜǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмсΣ пмнΣ 

рмςрсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмрΦмнΦлнтΦ  

όотпύ {ƻƴƎΣ ¸ΦΤ ²ŀƴƎΣ {ΦΤ WƛŀƴƎΣ [ΦΤ ½ƘŀƴƎΣ ¸ΦΤ ¸ŀƴƎΣ aΦ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ŦƻǊ /Iп π/hн π Iнh 

{ȅǎǘŜƳ ƛƴ tƻǊƻǳǎ aŜŘƛŀΦ /ŀƴ W /ƘŜƳ 9ƴƎ нлмсΣ фп όуύΣ мрфнςмрфуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŎƧŎŜΦннрнфΦ 

όотрύ vƛΣ WΦΤ ²ŀƴƎΣ ¸ΦΤ CŀƴΣ {ΦΤ [ŀƴƎΣ ·ΦΤ [ƛΣ vΦΤ [ƛΣ DΦΤ /ƘŜƴΣ WΦ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛǳƳ aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ 

/Iп ŀƴŘ /hн κ/Iп aƛȄǘǳǊŜ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ {ƛƴƎƭŜ нπaŜǘƘȅƭπнπtǊƻǇŀƴƻƭ ŀƴŘ мΣмπ5ƛŎƘƭƻǊƻπмπ

CƭǳƻǊƻŜǘƘŀƴŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмуΣ со όуύΣ омпрςомпфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦуōллплмΦ  

όотсύ {ŀƭŜǎ {ƛƭǾŀΣ [Φ tΦΤ 5ŀƭƳŀȊȊƻƴŜΣ 5ΦΤ {ǘŀƳōƻǳƭƛΣ aΦΤ [ŜǎƻǊǘΣ !Φ [ΦΤ !ǊǇŜƴǝƴƛŜǊΣ tΦΤ ¢ǊǳŜōŀΣ !ΦΤ 

CΚΚǊǎǘΣ ²Φ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ {ŜƳƛπ/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ ¢ŜǘǊŀπƴπ.ǳǘȅƭ tƘƻǎǇƘƻƴƛǳƳ 
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.ǊƻƳƛŘŜ ŀǘ !ǘƳƻǎǇƘŜǊƛŎ tǊŜǎǎǳǊŜ ŀƴŘ ƛƴ tǊŜǎŜƴŎŜ ƻŦ /Iп ŀƴŘ /hн Ҍ /IпΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō 

нлмсΣ пмоΣ нуςорΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмрΦлфΦлпнΦ  

όоттύ aŀƪƛƴƻΣ ¢ΦΤ hƎǳǊŀΣ ¸ΦΤ aŀǘǎǳƛΣ ¸ΦΤ {ǳƎŀƘŀǊŀΣ ¢ΦΤ hƘƎŀƪƛΣ YΦ LǎƻǘƘŜǊƳŀƭ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŀƴŘ 

{ǘǊǳŎǘǳǊŀƭ tƘŀǎŜ ¢Ǌŀƴǎƛǝƻƴ ƛƴ ǘƘŜ /ŀǊōƻƴ 5ƛƻȄƛŘŜ Ҍ /ȅŎƭƻǇǊƻǇŀƴŜ aƛȄŜŘπDŀǎ IȅŘǊŀǘŜ {ȅǎǘŜƳΦ 

CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллфΣ нуп όмύΣ мфςнрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнллфΦлрΦлнлΦ  

όотуύ /ƘŀǇƻȅΣ !ΦΤ bŀȊŜǊƛΣ aΦΤ YŀǇŀǘŜƘΣ aΦΤ .ǳǊƎŀǎǎΣ wΦΤ /ƻǉǳŜƭŜǘΣ /ΦΤ ¢ƻƘƛŘƛΣ .Φ 9ũŜŎǘ ƻŦ LƳǇǳǊƛǝŜǎ 

ƻƴ ¢ƘŜǊƳƻǇƘȅǎƛŎŀƭ tǊƻǇŜǊǝŜǎ ŀƴŘ tƘŀǎŜ .ŜƘŀǾƛƻǳǊ ƻŦ ŀ /hнπwƛŎƘ {ȅǎǘŜƳ ƛƴ //{Φ 

LƴǘŜǊƴŀǝƻƴŀƭ WƻǳǊƴŀƭ ƻŦ DǊŜŜƴƘƻǳǎŜ Dŀǎ /ƻƴǘǊƻƭ нлмоΣ мфΣ фнςмллΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƎƎŎΦнлмоΦлуΦлмфΦ  

όотфύ {ŀΣ WΦΤ YǿŀƪΣ DΦΤ wŀƳΣ .ΦΤ IŀƴΣ YΦΤ WǳƴΣ {ΦΤ 5ƻƴƎΣ WΦΤ [ŜŜΣ YΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ŀƴŘ 

/ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ /hн ŀƴŘ {Cс .ƛƴŀǊȅ IȅŘǊŀǘŜǎ ŦƻǊ /hн {ŜǉǳŜǎǘǊŀǝƻƴΦ 9ƴŜǊƎȅ нлмтΣ мнсΣ 

олсςоммΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴŜǊƎȅΦнлмтΦлоΦлофΦ  

όоулύ YȅǳƴƎΣ 5ΦΤ [ŜŜΣ ²Φ {ǘǊǳŎǘǳǊŜΣ {ǘŀōƛƭƛǘȅΣ ŀƴŘ {ǘƻǊŀƎŜ /ŀǇŀŎƛǘȅ ƻŦ /hнҌbнh aƛȄŜŘ IȅŘǊŀǘŜǎ ŦƻǊ 

ǘƘŜ {ǘƻǊŀƎŜ ƻŦ /hнҌbнh aƛȄǘǳǊŜ DŀǎΦ LƴǘŜǊƴŀǝƻƴŀƭ WƻǳǊƴŀƭ ƻŦ DǊŜŜƴƘƻǳǎŜ Dŀǎ /ƻƴǘǊƻƭ нлмуΣ 

тсΣ онςоуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƎƎŎΦнлмуΦлсΦлмрΦ 

όоумύ bƎΣ IΦ WΦΤ wƻōƛƴǎƻƴΣ 5Φ .Φ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ŀƴŘ 9ǉǳƛƭƛōǊƛǳƳ tƘŀǎŜ /ƻƳǇƻǎƛǝƻƴǎ ƛƴ ǘƘŜ 

tǊŜǎŜƴŎŜ ƻŦ aŜǘƘŀƴƻƭΥ {ŜƭŜŎǘŜŘ {¸ǎǘŜƳǎ /ƻƴǘŀƛƴƛƴƎ IȅŘǊƻƎŜƴ {ǳƭŬŘŜΣ /ŀǊōƻƴ 5ƛƻȄƛŘŜΣ 

9ǘƘŀƴŜ ƻǊ aŜǘƘŀƴŜΤ мфурΤ ±ƻƭΦ wwπурΦ 

όоунύ ²ŀƴƎΣ ·Φ [ΦΤ {ǳƴΣ /Φ ¸ΦΤ ¸ŀƴƎΣ [Φ ¸ΦΤ aŀΣ vΦ [ΦΤ ¢ŀƴƎΣ ·Φ [ΦΤ ½ƘŀƻΣ IΦ ²ΦΤ /ƘŜƴΣ DΦ WΦ ±ŀǇƻǊ π 

IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ ǘƘŜ aŜǘƘŀƴŜ Ҍ IȅŘǊƻƎŜƴ Ҍ ¢ŜǘǊŀƘȅŘǊƻŦǳǊŀƴ Ҍ ²ŀǘŜǊ {ȅǎǘŜƳΦ W /ƘŜƳ 

9ƴƎ 5ŀǘŀ нллфΣ рп όнύΣ омлςомоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜуллоофǊΦ  

όоуоύ ²ŀƴƎΣ ·Φ IΦΤ vƛƴΣ IΦ .ΦΤ 5ŀƴŘŜƪŀǊΣ !ΦΤ ²ŀƴƎΣ ¸Φ CΦΤ {ǳƴΣ ¸Φ CΦΤ aŀΣ vΦ [ΦΤ [ƛǳΣ .ΦΤ ¸ŀƴƎΣ [Φ ¸ΦΤ {ǳƴΣ 

/Φ ¸ΦΤ /ƘŜƴΣ DΦ WΦ IȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ƻŦ Iнκ/Iпκ/hн ¢ŜǊƴŀǊȅ Dŀǎ aƛȄǘǳǊŜǎ ŀƴŘ /ŀƎŜ 

hŎŎǳǇŀƴŎȅ tŜǊŎŜƴǘŀƎŜ ƻŦ IȅŘǊƻƎŜƴ aƻƭŜŎǳƭŜǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмрΣ плоΣ мслςмссΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмрΦлсΦлнлΦ  

όоупύ tŀƴŘŜȅΣ wΦ YΦΤ YŀƪŀǝΣ IΦΤ aŀƴŘŀƭΣ !Φ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ aƻŘŜƭƛƴƎ ƻŦ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ƻŦ 

/I п κ/h н κb н /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ ƛƴ tǊŜǎŜƴŎŜ ƻŦ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴ ƻŦ {ƻŘƛǳƳ /ƘƭƻǊƛŘŜ 

LƴƘƛōƛǘƻǊΦ tŜǘ {Ŏƛ ¢ŜŎƘƴƻƭ нлмтΣ ор όмлύΣ фптςфрпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκмлфмспссΦнлмтΦмнфлсрпΦ 

όоурύ !ǊƧƳŀƴŘƛΣ aΦΤ /ƘŀǇƻȅΣ !ΦΤ ¢ƻƘƛŘƛΣ .Φ 9ǉǳƛƭƛōǊƛǳƳ 5ŀǘŀ ƻŦ IȅŘǊƻƎŜƴ Σ aŜǘƘŀƴŜ Σ bƛǘǊƻƎŜƴ Σ 

/ŀǊōƻƴ 5ƛƻȄƛŘŜ Σ ŀƴŘ bŀǘǳǊŀƭ Dŀǎ ƛƴ {ŜƳƛπ/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƻŦ ¢ŜǘǊŀōǳǘȅƭ !ƳƳƻƴƛǳƳ 

.ǊƻƳƛŘŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллтΣ нмроςнмруΦ 

όоусύ /ƘŀǇƻȅΣ !ΦΤ IŀƎƘƛƎƘƛΣ IΦΤ .ǳǊƎŀǎǎΣ wΦΤ ¢ƻƘƛŘƛΣ .Φ Dŀǎ IȅŘǊŀǘŜǎ ƛƴ [ƻǿ ²ŀǘŜǊ /ƻƴǘŜƴǘ DŀǎŜǎΥ 

9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ aƻŘŜƭƭƛƴƎ ¦ǎƛƴƎ ǘƘŜ /t! 9ǉǳŀǝƻƴ ƻŦ {ǘŀǘŜΦ CƭǳƛŘ tƘŀǎŜ 

9ǉǳƛƭƛō нлмлΣ нфс όмύΣ фςмпΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнллфΦммΦлнсΦ  

όоутύ ·ƛŀƴƎΣ /Φ {ΦΤ tŜƴƎΣ .Φ ½ΦΤ [ƛǳΣ IΦΤ {ǳƴΣ /Φ ¸ΦΤ /ƘŜƴΣ DΦ WΦΤ {ǳƴΣ .Φ WΦ IȅŘǊŀǘŜ 

CƻǊƳŀǝƻƴκ5ƛǎǎƻŎƛŀǝƻƴ ƛƴ όbŀǘǳǊŀƭ Dŀǎ Ҍ ²ŀǘŜǊ Ҍ 5ƛŜǎŜƭ hƛƭύ 9Ƴǳƭǎƛƻƴ {ȅǎǘŜƳǎΦ 9ƴŜǊƎƛŜǎ 

ό.ŀǎŜƭύ нлмоΣ с όнύΣ мллфςмлннΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκŜƴслнмллфΦ  

όоууύ {ŀōŜǊƛΣ !ΦΤ !ƭŀƳŘŀǊƛΣ !ΦΤ {ƘŀǊƛŀǝΣ !ΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜŀǎǳǊŜƳŜƴǘ ŀƴŘ 

¢ƘŜǊƳƻŘȅƴŀƳƛŎ aƻŘŜƭƛƴƎ ƻŦ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴ ŦƻǊ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜ ƛƴ a9D !ǉǳŜƻǳǎ 

https://doi.org/10.1016/j.fluid.2015.09.042
https://doi.org/10.1016/j.fluid.2009.05.020
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https://doi.org/10.1016/j.energy.2017.03.039
https://doi.org/10.1021/je800339r
https://doi.org/10.1016/j.fluid.2015.06.020
https://doi.org/10.1016/j.fluid.2009.11.026
https://doi.org/10.3390/en6021009
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{ƻƭǳǝƻƴΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀΦ нлмуΣ ǇǇ ммлςммуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмтΦммΦлопΦ  

όоуфύ .ǳǊƎŀǎǎΣ wΦΤ /ƘŀǇƻȅΣ !ΦΤ [ƛΣ ·Φ Dŀǎ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛŀ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ aƻƴƻŜǘƘȅƭŜƴŜ DƭȅŎƻƭΣ 

{ƻŘƛǳƳ /ƘƭƻǊƛŘŜ ŀƴŘ {ƻŘƛǳƳ .ǊƻƳƛŘŜ ŀǘ tǊŜǎǎǳǊŜǎ ǳǇ ǘƻ мрл atŀΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ 

¢ƘŜǊƳƻŘȅƴŀƳƛŎǎΦ нлмуΣ ǇǇ мфоςмфтΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмтΦмлΦллтΦ  

όофлύ WƻƘƴΣ ±Φ ¢ΦΤ IƻƭŘŜǊΣ DΦ 5Φ IȅŘǊŀǘŜǎ ƻŦ aŜǘƘŀƴŜ Ҍ .ǳǘŀƴŜ ōŜƭƻǿ ǘƘŜ LŎŜ tƻƛƴǘΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ 

мфунΣ нт όмύΣ муςнмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлллнтŀллпΦ  

όофмύ tŀǊŀƴƧǇŜΣ {Φ DΦΤ tŀǝƭΣ {Φ [ΦΤ YŀƳŀǘƘΣ ±Φ !ΦΤ DƻŘōƻƭŜΣ {Φ tΦ IȅŘǊŀǘŜ 9ǉǳƛƭƛōǊƛŀ ŦƻǊ .ƛƴŀǊȅ ŀƴŘ 

¢ŜǊƴŀǊȅ aƛȄǘǳǊŜǎ ƻŦ aŜǘƘŀƴŜΣ tǊƻǇŀƴŜΣ LǎƻōǳǘŀƴŜΣ ŀƴŘ ƴπ.ǳǘŀƴŜΦ 9ũŜŎǘ ƻŦ {ŀƭƛƴƛǘȅΦ {t9 

wŜǎŜǊǾƻƛǊ 9ƴƎƛƴŜŜǊƛƴƎ ό{ƻŎƛŜǘȅ ƻŦ tŜǘǊƻƭŜǳƳ 9ƴƎƛƴŜŜǊǎύ мфуфΣ п όпύΦ 

όофнύ bƎΣ IΦ WΦ IȅŘǊŀǘŜ tƘŀǎŜ /ƻƳǇƻǎƛǝƻƴ ŦƻǊ aǳƭǝŎƻƳǇƻƴŜƴǘ Dŀǎ aƛȄǘǳǊŜǎΦ !ƴƴ b ¸ !ŎŀŘ {Ŏƛ 

нлллΣ фмнΣ млопςмлофΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκŘƻƛΥмлΦммммκƧΦмтпфπссонΦнлллΦǘōлсуруΦȄΦ  

όофоύ aŀΣ /ΦΤ /ƘŜƴΣ DΦΤ ²ŀƴƎΣ CΦΤ {ǳƴΣ /ΦΤ DǳƻΣ ¢Φ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƻŦ ό/Iп Ҍ /нIпύ ŀƴŘ ό/Iп Ҍ 

/оIсύ Dŀǎ aƛȄǘǳǊŜǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нллмΣ мфмΣ пмςптΦ 

όофпύ YƻƴŘƻΣ ²ΦΤ hƎŀǿŀΣ IΦΤ hƘƳǳǊŀΣ wΦΤ aƻǊƛΣ ¸Φ IΦ /ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ŦǊƻƳ ŀ 

IȅŘǊƻŎŀǊōƻƴ Dŀǎ aƛȄǘǳǊŜΥ 9Ǿƻƭǳǝƻƴ ƻŦ DŀǎπtƘŀǎŜ /ƻƳǇƻǎƛǝƻƴ ƛƴ ŀ IȅŘǊŀǘŜπCƻǊƳƛƴƎ 

wŜŀŎǘƻǊΦ 9ƴŜǊƎȅ ŀƴŘ CǳŜƭǎ нлмлΣ нп όмнύΣ сотрςсоуоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜŦмллфрлǇΦ  

όофрύ ¸ƻǳǎǎŜŦΣ ½ΦΤ .ŀǊǊŜŀǳΣ !ΦΤ aƻǳƎƛƴΣ tΦΤ WƻǎŜΣ WΦΤ aƻƪōŜƭΣ LΦ aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ IȅŘǊŀǘŜ 5ƛǎǎƻŎƛŀǝƻƴ 

¢ŜƳǇŜǊŀǘǳǊŜ ƻŦ Dŀǎ aƛȄǘǳǊŜǎ ƛƴ ǘƘŜ !ōǎŜƴŎŜ ƻŦ !ƴȅ !ǉǳŜƻǳǎ tƘŀǎŜ ŀƴŘ tǊŜŘƛŎǝƻƴ ǿƛǘƘ ǘƘŜ 

/ǳōƛŎπtƭǳǎπ!ǎǎƻŎƛŀǝƻƴ 9ǉǳŀǝƻƴ ƻŦ {ǘŀǘŜΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмлΣ рр όуύΣ нулфςнумпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜфлмллмǳΦ  

όофсύ DƘŀǾƛǇƻǳǊΣ aΦΤ DƘŀǾƛǇƻǳǊΣ aΦΤ /ƘƛǘǎŀȊŀƴΣ aΦΤ bŀƧƛōƛΣ {Φ IΦΤ DƘƛŘŀǊȅΣ {Φ {Φ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘȅ 

ƻŦ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎ ŀƴŘ ŀ bƻǾŜƭ ¦ǎŜ ƻŦ bŜǳǊŀƭ bŜǘǿƻǊƪ ǘƻ tǊŜŘƛŎǘ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ 

/ƻƴŘƛǝƻƴǎΦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ wŜǎŜŀǊŎƘ ŀƴŘ 5ŜǎƛƎƴ нлмоΣ фм όнύΣ нспςнтоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎƘŜǊŘΦнлмнΦлуΦлмлΦ  

όофтύ [ŀƴƎΣ CΦΤ {ŜǊǾƛƻΣ tΦ {ƻƭǳōƛƭƛǘȅ aŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ /Iп Ҍ /нIс Ҍ Iнh {ȅǎǘŜƳ ǳƴŘŜǊ IȅŘǊŀǘŜπ

[ƛǉǳƛŘπ±ŀǇƻǳǊ 9ǉǳƛƭƛōǊƛǳƳΦ W bŀǘ Dŀǎ {Ŏƛ 9ƴƎ нлмрΣ нсΣ молςмопΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƴƎǎŜΦнлмрΦлсΦллнΦ  

όофуύ YǿŀƪΣ DΦπIΦΤ [ŜŜΣ YΦπIΦΤ IƻƴƎΣ {Φ ¸ΦΤ {ŜƻΣ {Φ 5ΦΤ [ŜŜΣ WΦ 5ΦΤ [ŜŜΣ .Φ wΦΤ {ǳƳΣ !Φ YΦ tƘŀǎŜ .ŜƘŀǾƛƻǊ 

ŀƴŘ wŀƳŀƴ {ǇŜŎǘǊƻǎŎƻǇƛŎ !ƴŀƭȅǎƛǎ ŦƻǊ /Iп ŀƴŘ /Iп κ/оIу IȅŘǊŀǘŜǎ CƻǊƳŜŘ ŦǊƻƳ bŀ/ƭ .ǊƛƴŜ 

ŀƴŘ aƻƴƻŜǘƘȅƭŜƴŜ DƭȅŎƻƭ aƛȄǘǳǊŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмуΣ со όсύΣ нмтфςнмупΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦуōллмррΦ  

όоффύ bƎΣ IΦ WΦΤ wƻōƛƴǎƻƴΣ 5Φ .Φ ¢ƘŜ 9ũŜŎǘ ƻŦ 9ǘƘȅƭŜƴŜ DƭȅŎƻƭ ƻǊ aŜǘƘŀƴƻƭ ƻƴ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ 

{ȅǎǘŜƳǎ /ƻƴǘŀƛƴƛƴƎ 9ǘƘŀƴŜΣ tǊƻǇŀƴŜΣ /ŀǊōƻƴ 5ƻȄƛŘŜΣ IȅŘǊƻƎŜƴ {ǳƭŬŘŜ ƻǊ ŀ ¢ȅǇƛŎŀƭ Dŀǎ 

/ƻƴŘŜƴǎŀǘŜΦ Dŀǎ tǊƻŎŜǎǎƻǊǎ !ǎǎƻŎƛŀǝƻƴ π wŜǎŜŀǊŎƘ wŜǇƻǊǘ мфурΣ wwπфнΦ 

όпллύ .ƛǎƘƴƻƛΣ tΦ wΦΤ 5ƘƻƭŀōƘŀƛΣ tΦ 5Φ 9ǉǳƛƭƛōǊƛǳƳ /ƻƴŘƛǝƻƴǎ ŦƻǊ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ŦƻǊ ŀ ¢ŜǊƴŀǊȅ 

aƛȄǘǳǊŜ ƻŦ aŜǘƘŀƴŜΣ tǊƻǇŀƴŜ ŀƴŘ /ŀǊōƻƴ 5ƛƻȄƛŘŜΣ ŀƴŘ ŀ bŀǘǳǊŀƭ Dŀǎ aƛȄǘǳǊŜ ƛƴ ǘƘŜ 

tǊŜǎŜƴŎŜ ƻŦ 9ƭŜŎǘǊƻƭȅǘŜǎ ŀƴŘ aŜǘƘŀƴƻƭΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀΦ нллнΣ ǇǇ унмςунтΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκǎлотуπоумнόффύллмлоπȄΦ  

https://doi.org/10.1016/j.fluid.2017.11.034
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https://doi.org/10.1021/je901001u
https://doi.org/10.1016/j.cherd.2012.08.010
https://doi.org/10.1016/j.jngse.2015.06.002
https://doi.org/10.1021/acs.jced.8b00155
https://doi.org/10.1016/s0378-3812(99)00103-x
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όплмύ ²ǳΣ IΦ WΦΤ 9ƴƎƭŜȊƻǎΣ tΦ LƴƘƛōƛǝƴƎ 9ũŜŎǘ ƻŦ ¢ǊƛŜǘƘȅƭŜƴŜ DƭȅŎƻƭ ŀƴŘ DƭȅŎŜǊƻƭ ƻƴ Dŀǎ IȅŘǊŀǘŜ 

CƻǊƳŀǝƻƴ /ƻƴŘƛǝƻƴǎΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎ 5ŀǘŀΦ нллсΣ ǇǇ муммςмумоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлслмфтǿΦ  

όплнύ [ŜŜΣ WΦπ²ΦΤ YŀƴƎΣ {ΦπtΦ tƘŀǎŜ 9ǉǳƛƭƛōǊƛŀ ƻŦ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ aŜǘƘŀƴƻƭΣ 

9ǘƘȅƭŜƴŜ DƭȅŎƻƭΣ ŀƴŘ bŀ/ƭ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴǎΦ LƴŘ 9ƴƎ /ƘŜƳ wŜǎ нлммΣ рл όмпύΣ утрлςутррΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛŜнллмумпΦ  

όплоύ WŀǾŀƴƳŀǊŘƛΣ WΦΤ .ŀōŀŜŜΣ {ΦΤ 9ǎƭŀƳƛƳŀƴŜǎƘΣ !ΦΤ aƻƘŀƳƳŀŘƛΣ !Φ IΦ 9ȄǇŜǊƛƳŜƴǘŀƭ 

aŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ tǊŜŘƛŎǝƻƴǎ ƻŦ Dŀǎ IȅŘǊŀǘŜ 5ƛǎǎƻŎƛŀǝƻƴ /ƻƴŘƛǝƻƴǎ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ 

aŜǘƘŀƴƻƭ ŀƴŘ 9ǘƘŀƴŜπм Σ нπ5ƛƻƭ !ǉǳŜƻǳǎ {ƻƭǳǝƻƴǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмнΣ ртΣ мптпςмптфΦ 

όплпύ !ƪƘŦŀǎƘΣ aΦΤ !ǊƧƳŀƴŘƛΣ aΦΤ !ƳŀƴΣ ½Φ aΦΤ .ƻȄŀƭƭΣ WΦ !ΦΤ aŀȅΣ 9Φ CΦ Dŀǎ IȅŘǊŀǘŜ ¢ƘŜǊƳƻŘȅƴŀƳƛŎ 

LƴƘƛōƛǝƻƴ ǿƛǘƘ a59! ŦƻǊ wŜŘǳŎŜŘ a9D /ƛǊŎǳƭŀǝƻƴΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмтΣ сн όфύΣ нртуς

нруоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎΦƧŎŜŘΦтōлллтнΦ  

όплрύ IǳΣ ¸ΦΤ aŀƪƻƎƻƴΣ ¢Φ ¸ΦΤ YŀǊŀƴƧƪŀǊΣ tΦΤ [ŜŜΣ YΦπIΦΤ [ŜŜΣ .Φ wΦΤ {ǳƳΣ !Φ YΦ Dŀǎ IȅŘǊŀǘŜǎ tƘŀǎŜ 

9ǉǳƛƭƛōǊƛŀ ŦƻǊ {ǘǊǳŎǘǳǊŜ L ŀƴŘ LL IȅŘǊŀǘŜǎ ǿƛǘƘ /ƘƭƻǊƛŘŜ {ŀƭǘǎ ŀǘ IƛƎƘ {ŀƭǘ /ƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ 

ǳǇ ǘƻ нлл atŀΦ W /ƘŜƳ ¢ƘŜǊƳƻŘȅƴ нлмуΣ ммтΣ нтςонΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎǘΦнлмтΦлсΦллтΦ  

όплсύ 5ŜŀǘƻƴΣ ²Φ aΦΤ CǊƻǎǘΣ 9Φ aΦ Dŀǎ IȅŘǊŀǘŜǎ !ƴŘ ¢ƘŜƛǊ wŜƭŀǝƻƴ ¢ƻ ¢ƘŜ hǇŜǊŀǝƻƴ hŦ bŀǘǳǊŀƭπDŀǎ 

tƛǇŜ [ƛƴŜǎΤ мфпсΦ 

όплтύ bƻŀƪŜǊΣ [Φ WΦΤ YŀǘȊΣ 5Φ [Φ Dŀǎ IȅŘǊŀǘŜǎ ƻŦ IȅŘǊƻƎŜƴ {ǳƭŬŘŜπaŜǘƘŀƴŜ aƛȄǘǳǊŜǎΦ WƻǳǊƴŀƭ ƻŦ 

tŜǘǊƻƭŜǳƳ ¢ŜŎƘƴƻƭƻƎȅ мфрпΣ с όлфύΣ морςмотΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнммуκостπDΦ 

όплуύ aƻƭƛƴŜǊƻΣ wΦΤ CŀƎŜƎŀƭǝŜǊΣ wΦ 9ǘǳŘŜ 5ǳ /ƻƳǇƻǊǘŜƳŜƴǘ ±ƻƭǳƳŜǘǊƛǉǳŜ 9ǘ 5Ŝǎ /ƻƴŘƛǝƻƴǎ 5Ŝ 

CƻǊƳŀǝƻƴ 5 Ω IȅŘǊŀǘŜǎ 5 Ω ¦ƴ DŀȊ bŀǘǳǊŜƭ /ƻƴǘŜƴŀƴǘ ¦ƴŜ CƻǊǘŜ tǊƻǇƻǊǝƻƴ 5 Ω IȅŘǊƻƎŜƴŜ 

{ǳƭŦǳǊŜΦ Lƴ пǘƘ ²ƻǊƭŘ tŜǘǊƻƭŜǳƳ /ƻƴƎǊŜǎǎΣ сπмр WǳƴŜΣ wƻƳŜΣ LǘŀƭȅΤ ²ƻǊƭŘ tŜǘǊƻƭŜǳƳ /ƻƴƎǊŜǎǎΥ 

wƻƳŜΣ LǘŀƭȅΣ мфррΦ 

όплфύ wƻōƛƴǎƻƴΣ 5Φ .ΦΤ IǳǧƻƴΣ WΦ .Φ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ ƛƴ {ȅǎǘŜƳǎ /ƻƴǘŀƛƴƛƴƎ aŜǘƘŀƴŜΣ IȅŘǊƻƎŜƴ 

{ǳƭǇƘƛŘŜ ŀƴŘ /ŀǊōƻƴ 5ƛƻȄƛŘŜΦ WƻǳǊƴŀƭ ƻŦ /ŀƴŀŘƛŀƴ tŜǘǊƻƭŜǳƳ ¢ŜŎƘƴƻƭƻƎȅ мфстΣ с όлмύΣ сςфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнммуκстπлмπлнΦ  

όпмлύ {ŎƘǊƻŜǘŜǊΣ WΦ tΦΤ YƻōŀȅŀǎƘƛΣ wΦΤ IƛƭŘŜōǊŀƴŘΣ aΦ !Φ IȅŘǊŀǘŜ 5ŜŎƻƳǇƻǎƛǝƻƴ /ƻƴŘƛǝƻƴǎ ƛƴ ǘƘŜ 

{ȅǎǘŜƳ Iн{πaŜǘƘŀƴŜπtǊƻǇŀƴŜΦ LƴŘǳǎǘǊƛŀƭ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎ /ƘŜƳƛǎǘǊȅ CǳƴŘŀƳŜƴǘŀƭǎ мфуоΣ нн 

όпύΣ осмςоспΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛмлллмнŀллмΦ  

όпммύ IƻƭŘŜǊΣ DΦ 5ΦΤ {ǘŜǇƘŜƴǎƻƴΣ WΦ [ΦΤ WƻȅŎŜΣ WΦ WΦΤ WƻƘƴΣ ±Φ ¢ΦΤ YŀƳŀǘƘΣ ±Φ !ΦΤ aŀƭŜƪŀǊΣ {Φ CƻǊƳŀǝƻƴ ƻŦ 

/ƭŀǘƘǊŀǘŜ IȅŘǊŀǘŜǎ ƛƴ IȅŘǊƻƎŜƴπwƛŎƘ DŀǎŜǎΦ LƴŘǳǎǘǊƛŀƭ ϧ 9ƴƎƛƴŜŜǊƛƴƎ /ƘŜƳƛǎǘǊȅ tǊƻŎŜǎǎ 

5ŜǎƛƎƴ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ мфуоΣ нн όмύΣ мтлςмтмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƛнлллнлŀлнфΦ 

όпмнύ {ǳƴΣ /Φ ¸ΦΤ /ƘŜƴΣ DΦ WΦΤ [ƛƴΣ ²ΦΤ DǳƻΣ ¢Φ aΦ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ /ƻƴŘƛǝƻƴǎ ƻŦ {ƻǳǊ bŀǘǳǊŀƭ 

DŀǎŜǎΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нллоΣ пу όоύΣ сллςслнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜлнлмррƘΦ  

όпмоύ ¸ŀƳŀƳƻǘƻΣ ¸ΦΤ YƻƳŀƛΣ ¢ΦΤ ¸ƻƻƴΣ WΦ IΦΤ YŀƴƎΣ {Φ tΦΤ hƪƛǘŀΣ {ΦΤ YŀǿŀƳǳǊŀΣ ¢Φ wŜƳƻǾŀƭ ƻŦ IȅŘǊƻƎŜƴ 

{ǳƭŬŘŜ ŦǊƻƳ Dŀǎ aƛȄǘǳǊŜ ōȅ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴΦ WƻǳǊƴŀƭ ƻŦ /ƘŜƳƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƻŦ WŀǇŀƴ 

нллоΣ ос όуύΣ фтмςфтуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмнрнκƧŎŜƧΦосΦфтмΦ  

όпмпύ [ǳōŀǏΣ WΦΤ 5ŀǊƱŀƪΣ .Φ aŜǘŀǎǘŀōƛƭƛǘȅ ƻŦ bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎ ƛƴ ǘƘŜ tǊŜǎŜƴŎŜ ƻŦ bн ŀƴŘ Iн{Φ W 

9ƴŜǊƎȅ wŜǎƻǳǊ ¢ŜŎƘƴƻƭ нллпΣ мнс όнύΣ мнрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмммрκмΦмсфмпоуΦ  
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https://doi.org/10.1115/1.1691438


нмн 
 

όпмрύ [ƛǳΣ IΦΤ DǳƻΣ tΦΤ 5ǳΣ WΦΤ ²ŀƴƎΣ ½ΦΤ /ƘŜƴΣ DΦΤ [ƛΣ ¸Φ 9ȄǇŜǊƛƳŜƴǘǎ ŀƴŘ aƻŘŜƭƛƴƎ ƻŦ IȅŘǊŀǘŜ tƘŀǎŜ 

9ǉǳƛƭƛōǊƛǳƳ ƻŦ /Iпκ/hнκIн{κbн vǳŀǘŜǊƴŀǊȅ {ƻǳǊ DŀǎŜǎ ƛƴ 5ƛǎǝƭƭŜŘ ²ŀǘŜǊ ŀƴŘ aŜǘƘŀƴƻƭπ

²ŀǘŜǊ {ƻƭǳǝƻƴǎΦ CƭǳƛŘ tƘŀǎŜ 9ǉǳƛƭƛō нлмтΣ понΣ млςмтΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƅǳƛŘΦнлмсΦмлΦлмфΦ  

όпмсύ bƎΣ IΦπWΦΤ wƻōƛƴǎƻƴΣ 5Φ .Φ bŜǿ 5ŜǾŜƭƻǇƳŜƴǘǎ ƛƴ ǘƘŜ aŜŀǎǳǊŜƳŜƴǘ ŀƴŘ tǊŜŘƛŎǝƻƴ ƻŦ IȅŘǊŀǘŜ 

CƻǊƳŀǝƻƴ ŦƻǊ tǊƻŎŜǎǎƛƴƎ bŜŜŘǎΦ !ƴƴ b ¸ !ŎŀŘ {Ŏƛ мффпΣ тмр όм bŀǘǳǊŀƭ Dŀǎ IȅŘǊŀǘŜǎύΣ прлς

пснΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммммκƧΦмтпфπссонΦмффпΦǘōоууруΦȄΦ  

όпмтύ .ǳƭōǳƭΣ {ΦΤ tŀǊƭŀƪǘǳƴŀΣ aΦΤ aŜƘƳŜǘƻƎƭǳΣ ¢ΦΤ YŀǊŀōŀƪŀƭΣ ¦Φ IȅŘǊŀǘŜ CƻǊƳŀǝƻƴ /ƻƴŘƛǝƻƴǎ ƻŦ 

aŜǘƘŀƴŜ IȅŘǊƻƎŜƴ {ǳƭŬŘŜ aƛȄǘǳǊŜǎΦ 9ƴŜǊƎȅ {ƻǳǊŎŜǎΣ tŀǊǘ !Υ wŜŎƻǾŜǊȅΣ ¦ǝƭƛȊŀǝƻƴ ŀƴŘ 

9ƴǾƛǊƻƴƳŜƴǘŀƭ 9ũŜŎǘǎ нлмпΣ ос όноύΣ нрнтςнрорΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκмррстлосΦнлммΦрсфупнΦ  

όпмуύ tŀǊƪΣ 5Φ IΦΤ [ŜŜΣ .Φ wΦΤ {ŀΣ WΦ IΦΤ [ŜŜΣ YΦ IΦ DŀǎπIȅŘǊŀǘŜ tƘŀǎŜ 9ǉǳƛƭƛōǊƛǳƳ ŦƻǊ aƛȄǘǳǊŜǎ ƻŦ 

{ǳƭŦǳǊ IŜȄŀƅǳƻǊƛŘŜ ŀƴŘ IȅŘǊƻƎŜƴΦ W /ƘŜƳ 9ƴƎ 5ŀǘŀ нлмнΣ рт όрύΣ мпооςмпосΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκƧŜнлмнтоōΦ  

όпмфύ IŀƴŜŘŀΣ IΦΤ YƻƳŀƛΣ ¢ΦΤ ¸ŀƳŀƳƻǘƻΣ ¸Φ ¢ƘŜ 9ũŜŎǘ ƻŦ /hн π!ƛǊ aƛȄǘǳǊŜ /ƻƳǇƻǎƛǝƻƴǎ ƻƴ ǘƘŜ 

CƻǊƳŀǝƻƴ ŀƴŘ 5ƛǎǎƻŎƛŀǝƻƴ ƻŦ /hн IȅŘǊŀǘŜΦ !ƴƴ b ¸ !ŎŀŘ {Ŏƛ нлллΣ фмнΣ нсмςнтмΦ 
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 нмо 

!Φ !ǇǇŜƴŘƛȄΥ [ƛǎǘ ƻŦ Dŀǎ aƛȄǘǳǊŜǎ /ƻƴǎƛŘŜǊŜŘ  π tǊŜǾƛƻǳǎ 

9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎ

Dŀǎ aƛȄǘǳǊŜ м όDaςмύΥ  /hн Ҍ bн όάCƭǳŜ Dŀǎέ !ύ       

ώ!Φмŀϐ  /hн Ҍ bн 

ώ!Φмōϐ  /hн Ҍ bн Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ 

ώ!ΦмŎϐ   /hн Ҍ bн Ҍ ¢IC 

ώ!ΦмŘϐ  /hн Ҍ bн Ҍ {ŜƳƛŎƭŀǘƘǊŀǘŜ 

 

Dŀǎ aƛȄǘǳǊŜ н όDaςнύΥ  /hн Ҍ bн Ҍ hн όάCƭǳŜ Dŀǎέ .ύ      

ώ!Φнŀϐ  /hн Ҍ bн Ҍ hн 

ώ!ΦнŘϐ  /hн Ҍ bн Ҍ hн Ҍ {ŜƳƛŎƭŀǘƘǊŀǘŜ 

 

Dŀǎ aƛȄǘǳǊŜ о όDaςоύΥ  /hн Ҍ Iн        

ώ{Lςоŀϐ  /hн Ҍ Iн 

ώ{Lςоōϐ  /hн Ҍ Iн Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ 

ώ{LςоŎϐ  /hн Ҍ Iн Ҍ ¢IC 

ώ{LςоŘϐ  /hн Ҍ Iн Ҍ {ŜƳƛŎƭŀǘƘǊŀǘŜ 

 

 Dŀǎ aƛȄǘǳǊŜ п όDaςпύΥ  /hн Ҍ /Iп        

ώ!Φпŀϐ  /hн Ҍ /Iп 

ώ!Φпōϐ  /hн Ҍ /Iп Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ 

ώ!ΦпŎϐ  /hн Ҍ /Iп Ҍ ¢IC 

ώ!ΦпŘϐ  /hн Ҍ /Iп Ҍ {ŜƳƛŎƭŀǘƘǊŀǘŜ 

 

Dŀǎ aƛȄǘǳǊŜ р όDaςрύΥ  /hн ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ      

ώ!Φрŀϐ  /hн Ҍ Ǝŀǎ όƻǘƘŜǊύ 

ώ!Φрōϐ  /hн Ҍ Ǝŀǎ όƻǘƘŜǊύ Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ 

  

Dŀǎ aƛȄǘǳǊŜ с όDaςсύΥ  /Iп Ҍ Iн        

ώ!Φсŀϐ  /Iп Ҍ Iн 

ώ!Φсōϐ  /Iп Ҍ Iн Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ 

ώ!ΦсŎϐ  /Iп Ҍ Iн Ҍ ¢IC 

ώ!ΦсŘϐ  /Iп Ҍ Iн Ҍ {ŜƳƛŎƭŀǘƘǊŀǘŜ 

 

Dŀǎ aƛȄǘǳǊŜ т όDaςтύΥ  /Iп Ҍ bн        

ώ!Φтŀϐ  /Iп Ҍ bн 

ώ!Φтōϐ  /Iп Ҍ bн Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ 

ώ!ΦтŎϐ  /Iп Ҍ bн Ҍ ¢IC 

ώ!ΦтŘϐ  /Iп Ҍ bн Ҍ {ŜƳƛŎƭŀǘƘǊŀǘŜ 

 

Dŀǎ aƛȄǘǳǊŜ у όDaςуύΥ  /Iп ς όά/ƻŀƭπƳƛƴŜέ Ǝŀǎ ƳƛȄǘǳǊŜύ      

ώ!Φуŀϐ  /Iп Ҍ bн Ҍ hн  



 нмп 

ώ!Φуōϐ  /Iп Ҍ bн Ҍ hн Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ 

ώ!ΦуŎϐ  /Iп Ҍ bн Ҍ hн Ҍ ¢IC 

ώ!ΦуŎϐ  /Iп Ҍ bн Ҍ hн Ҍ {ŜƳƛŎƭŀǘƘǊŀǘŜ 

 

 

Dŀǎ aƛȄǘǳǊŜ ф όDaςфύΥ /Iп Ҍ /hн Ҍ bн        

ώ!Φфŀϐ  /Iп Ҍ /hн Ҍ bн 

ώ!Φфōϐ  /Iп Ҍ /hн Ҍ bн Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ 

ώ!ΦфŎϐ  /Iп Ҍ /hн Ҍ bн Ҍ bŀǘǳǊŀƭ Dŀǎ aƛȄǘǳǊŜǎ 

 

Dŀǎ aƛȄǘǳǊŜ мл όDaςмлύΥ /Iп ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ !      

ώ!Φмлŀϐ  /Iп Ҍ IȅŘǊƻŎŀǊōƻƴ Dŀǎ aƛȄǘǳǊŜǎ 

ώ!Φмлōϐ  /Iп Ҍ IȅŘǊƻŎŀǊōƻƴ Dŀǎ aƛȄǘǳǊŜǎ Ҍ LƴƘƛōƛǘƻǊ 

ώ!ΦмлŎϐ  /Iп Ҍ IȅŘǊƻŎŀǊōƻƴ Dŀǎ aƛȄǘǳǊŜǎ Ҍ tǊƻƳƻǘŜǊ 

 

Dŀǎ aƛȄǘǳǊŜ мм όDaςммύΥ /Iп ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ .      

ώ!Φммŀϐ  /Iп Ҍ Ǝŀǎ όƻǘƘŜǊύ 

 

Dŀǎ aƛȄǘǳǊŜ мн όDaςмнύΥ hǘƘŜǊ ŎŀǎŜǎ        

ώ!Φмнŀϐ  [ƛƎƘǘ ƘȅŘǊƻŎŀǊōƻƴ ōƛƴŀǊƛŜǎ 

ώ!Φмнōϐ  hǘƘŜǊ ŎŀǎŜǎ 

 

Dŀǎ aƛȄǘǳǊŜ мо όDaςмоύΥ  Iн{ ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ      

ώ!Φмоŀϐ  Iн{ Ҍ Ǝŀǎ όƻǘƘŜǊύ 

ώ!Φмоōϐ  Iн{ Ҍ Ǝŀǎ όƻǘƘŜǊύ Ҍ LƴƘƛōƛǘƻǊ 

ώ!ΦмоŎϐ  Iн{ Ҍ Ǝŀǎ όƻǘƘŜǊύ Ҍ {ŜƳƛŎƭŀǘƘǊŀǘŜ 

 

Dŀǎ aƛȄǘǳǊŜ мп όDaςмпύΥ Iн ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ      

ώ!Φмпŀϐ   Iн Ҍ bŀǘǳǊŀƭ Dŀǎ aƛȄǘǳǊŜǎ 

ώ!Φмпōϐ   Iн Ҍ Ǝŀǎ όƻǘƘŜǊύ 

 

Dŀǎ aƛȄǘǳǊŜ мр όDaςмрύΥ !ƛǊκbн ς ŎƻƴǘŀƛƴƛƴƎ ƳƛȄǘǳǊŜǎ      

ώ!Φмрŀϐ   !ƛǊ Ҍ Ǝŀǎ όƻǘƘŜǊύ 

ώ!Φмрōϐ   bн Ҍ Ǝŀǎ όƻǘƘŜǊύ 

 

 

 



 нмр 

!ΦмΦ Dŀǎ aƛȄǘǳǊŜ м όDaςмύΥ  /hн όмύ Ҍ bн όнύΣ όάCƭǳŜ Dŀǎέ !ύ 

  

¢ŀōƭŜ !ΦмΦŀΥ  /hн Ҍ bн  
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1 274.1 - 281.9 1.986 - 9.550 0.2 - 0.75 0.8 - 0.25 z 15 Olsen et al. 1999 85
 

2 273.1 - 280.2 1.22 - 3.09 0.9099 - 0.9652 0.0901 - 0.0348 z 9 Fan & Guo 1999 173
 

3 271.92 - 284.26 1.137 - 30.19 0 - 1.00 1.00 - 0 z 46 Seo et al. 2000 295
 

4 271.8  - 284.5 1.00 - 30.2 0.0663 - 0.9659 0.9337 - 0.0341 z 28 Kang & Lee 2000 83
 

5 274.95 - 283.55 1.565 - 24.12 0.0663 - 0.9659 0.9337 - 0.0341 z 28 Kang et al. 2001 296
 

6 273.7 7.70 0.169 0.831 T, z 1 Linga et al. 2007 95
 

7 273.75 1.6 - 7.7 0.169 - 0.83 0.831 - 0.17 T 3 Linga et al. 2007 96
 

8 275.2 - 283.1 1.60 - 22.40 1.00 - 0 0 - 1.00 T 26 Bruusgaard et al. 2008 297
 

9 273.4 - 281.10 6.10 - 5.60 0.16 - 0.59 0.84 - 0.41 - 16 Herri et al. 2011 298
 

10 273.2 ς 284.4 3.07 - 13.99 0.10  - 0.50 0.90 - 0.50 z 8 Bouchafaa & Dalmazzone 2011 309
 

11 276.88 - 285.41 5.00 - 20.00 0.808 - 0.906 0.192 - 0.094 z 33 Kim et al. 2011 302
 

12 273.6 - 281.7 - - - T 35 Belandria et al. 2011 236
 

13 278.1 - 285.3 3.24 - 29.92 0.271 - 0.812 0.729 - 0.188 z 9 Sfaxi et al. 2012 303
 

14 275 - 281.1 8.23 - 24.51 0.10 - 0.20 0.90 - 0.80 z 18 Lee et al. 2014 84
 

15 275.1 - 279.2 2.70 - 14.00 0.649 - 0.103 0.351 - 0.897 - 27 Lang & Servio 2014 299
 

16 276.91 - 288.55 2.05 - 55.11 0.954 0.046 z 6 Chapoy et al. 2015 304
 

17 273.4 - 278.4 5.28 - 7.53 0.101 - 0.251 0.899 - 0.749 z 17 Sun et al. 2015 86
 

18 274.4 - 281.6 1.84 - 10.20 0.40 - 0.80 0.60 - 0.20 z 15 Lee et al. 2016 88
 

19 275.61 - 279.9 2.46 - 3.38 0.821 0.179 z 6 Le Quang et al. 2016 300
 

20 278.75 - 284.45 5 - 20 0.26 - 0.36 0.74 - 0.64 z 10 Sadeq et al. 2017 143
 

21 270.5 - 278.8 3.6 - 16.5 0.01 - 0.70 0.99 - 0.30 z 49 Chazallon & Pirim 2018 305
 

22 276.06 - 280.97 9.762 - 20.583 0.2317  0.7683 z 4 Legoix et al. 2018 171
 

23 277.82 - 280.52 2.50 - 3.50 0.900 0.100 z 3 Rho et al. 2018 306
 

24 274.15 - 280.15 14.43 - 29.01 0.05 - 0.25 0.95 - 0.75 z 7 Jarrahian & Nakhaee 2019 301
 

 
 

 

  



 нмс 

¢ŀōƭŜ !ΦмΦōΥ  /hн Ҍ bн Ҍ tǊƻƳƻǘŜǊκLƴƘƛōƛǘƻǊ 
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1 266.9 - 276.2 1.12 - 3.16 0.9099 0.0901 z 7 9.41 mass % NaCl Fan & Guo 1999 173
 

2 266.9 - 276.2 1.12 - 3.16 0.9099 - 0.9652 0.0901 - 0.0348 z 12 10 - 13.01 mass % EG Fan et al. 2000 337
 

3 271.0 - 278.8 2.5 - 13.0 0.10 - 0.17 - 0.35 
- 0.50 

0.50 - 0.65 - 0.83 
- 0.90 

z 21 30.0 nm Silica gel pores Park et al. 2006 338
 

4 281.25 2.49 - 3.95 0.166 0.834 z, T 10 CP -  CP/water emulsion Li et al. 2010 339
 

5 283.5 - 287.5 0.761 - 2.20 0.279 - 0.836 0.721 - 0.164 - 13 CP/water emulsion GalfrŞ et al. 2014 340
 

6 271.6 - 278.6 5.00 - 18.27 0.101 - 0.251 0.899 - 0.749 z 51 Seawater/seasand/seawater + 
seasand, salinity (3.16-3.5) wt % 

Sun et al. 2015 86
 

7 274.2 - 281.5 2.06 - 13.66 0.10 - 0.80 0.90 - 0.20 z 25 NH: 3.0 mol % Lee et al. 2016 88
 

8 286.73 - 
293.04 

1.89 - 6.51 0.0687 0.9313 z 8 CP: 6.03 ς 22.15 mol % Tzirakis et al. 2016 341
 

9 276.15 - 
278.15 

2.080 - 3.327 0.85 0.15 z, T 27 NaCl: 0 ς 4 wt % Sun et al. 2016 328
 

10 274.3 - 282.5 2.05 - 23.18 0.10 - 0.80 0.90 - 0.20  28 MCP: 3.0 mol % Lee et al. 2017 93
 

bIΥ ƴŜƻƘŜȄŀƴŜΤ /tΥ ŎȅŎƭƻǇŜƴǘŀƴŜΤ a/tΥ aŜǘƘȅƭŎȅŎƭƻǇŜƴǘŀƴŜ 
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1 273 - 295 0.4 - 14.3 0.17 - 0.70 0.83 - 0.30 z 20 THF: 1 - 3 mol % Kang & Lee 2000 83
 

2 237.7 0.345 0.169 0.831 z 1 THF: 1 mol % Linga et al. 2007 95
 

3 273.75 - 275.95 0.13 - 1.35 0.169 0.831 z 9 THF: 0.5 - 1.5 mol % Linga et al. 2007 94
 

4 277.45 - 292.95 0.14 - 8.30 0.198 0.802 z 56 THF: 1 - 5 mol% + 1000 mg/L  SDS Zhang et al. 2014 342
 

5 274.5 3.75 0.161 0.839 z, P, T - fly ash 0.25 wt % + THF 1 mol %) Kumar et al. 2014 343
 

6 285.2 - 293.5 1.90 - 7.80 0.15 - 0.30 0.85 - 0.70 - 6 THF: 3 mol % Sfaxi et al. 2014 344
 

7 277.4 - 289.6 0.62 - 11.02 0.18 0.82 z 13 THF: 0.004 - 0.042 M Fraction Sun et al. 2015 86
 

{5{Υ {ƻŘƛǳƳ 5ƻŘŜŎȅƭ {ǳƭŦŀǘŜ 
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¢ŀōƭŜ !ΦмŘΥ  /hн Ҍ bн Ҍ {ŜƳƛŎƭŀǘƘǊŀǘŜ 
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1 282.25 - 295.25 0.55 - 5.32 0.155 - 0.234 0.845 - 0.766 z 17 TBAB: 0.29 mol %  Duc et al. 2007 345
 

2 277.65 

277.65 - 280.25 

3.36 - 7.31 

2.19 ς 6.79 

0.166 

0.166 

0.834 

0.834 

z 

z 

7 

11 

TBAB: 0.293 mol %; 

TBAF: 0.293 mol % 

Fan et al. 2009 346
 

3 284.8 - 293.3 0.00 - 9.18 0.249 0.751 z 5 TBAB: 0.400 wt Deschamps et al. 2009 347
 

4 274.95 - 277.15 0.66 - 2.66 0.170 - 0.65 
(Stage 2) 

0.830 - 0.350 z - TBAB: 0.29 mol %, DTAC: 0-0.056 
mol %  

Li et al. 2010 348
 

5 281 - 290 1.9 - 5.9 0.20 - 0.75 0.80 - 0.25 z 43 TBAB: wTBAB: 0.05 - 0.20 Meysel et al. 2011 94
 

6 279.90 - 294.00 0.10 - 9.23 0.30 - 0.75 0.70 - 0.25 z 39 TBAB: 10 - 20 - 30 - 40 mass %  Bouchafaa & 
Dalmazzone 

2011 309
  

7 275.15 - 289.21 0.581 - 19.085 0.151 - 0.749 0.849 - 0.251 z 63 TBAB: 0.05 - 0.30 mass fraction Belandria et al. 2012 349
 

8 275.1 - 291.0 0.67 - 19.07 0.151 - 0.749 0.849 - 0.252 z 34 TBAB: 0.05 - 0.30 mass fraction Belandria et al. 2012 350
 

9 302 - 307 0.22 - 2.115 0.21 - 0.78 0.79 - 0.22 z 15 TiAAB: wTiAAB: 0.1403 Majumdar et al. 2012 87
 

10 277.1 - 293.2 1.12 - 16.21 0.151 - 0.399 0.849 - 0.601 z 28 TBAB: 0.05 - 0.30 mass fraction Mohammadi et al. 2012 351
 

11 281 ς 288.1 1.90 ς 7.79 0.15-0.30 0.85 - 0.70 z 12 TBAB: 0.3 - 0.55 mol % Sfaxi et al. 2014 344
 

 287.7 - 293.7 2.21 ς 6.74 0.30 0.70 z 6 TBAF: 0.36 - 0.68 mol %    

12 272.85 - 283.15 1.20 - 5.46 0.1368 0.8547 z 25 SO2: 0.0085; TBAB: 0 - 0.05 mass 
fraction in feed aqueous solution 

Chen et al. 2014 352
 

13 277.59 - 299.88 0.6 - 4.3 0.17 - 0.6171 0.83 - 0.383 - 40 TBPB: 0.05 - 0.15 mass fraction Ye & Zhang 2014 90
 

14 283.4 - 288.6 2.5 - 5.2 0.317 - 0.665 0.683 - 0.335 - 6 TBAB: 0.21 ς 0.11 mass fraction Herri et al. 2014 353
 

15 286.4 - 289.9 

288.9 - 291.7 

300.2 - 302.2 

1.08 - 7.29 

1.09 - 7.48 

1.04 - 7.53 

0.2 

0.2 

0.2 

0.8 

0.8 

0.8 

z 

z 

z 

5 

5 

5 

TBAB: 3.7 mol %;  

TBAC: 3.3 mol %;  

TBAF: 3.4 mol % 

Kim & Seo 2015 89
 

16 285.5 - 291.7 1.10 - 7.46 0.2 0.8 z 15 TBAC: 0.01 - 0.05 Kim et al. 2015 92
 

17 279.6 - 288.6 1.19 - 14.62 0.18 0.82 z 15 TBAB: 0.004 - 0.042 Sun et al.  2015 86
 

18 279.83 - 290.32 1.83  - 7.21 0.0687 - 0.1492 0.8508 - 0.9313 z 30 TBAB: 5 - 20 wt % + CP: 0 - 5 wt % Tzirakis et al. 2016 341
 

19 280.99 - 294.30 0.97 - 0.91 0.0048 0.9952 z 21 TBAF: 3.2 - 10 wt % CP: 0  - 5 vol 
% 

Tzirakis et al. 2016 354
 

5¢!/Υ 5ƻŘŜŎȅƭ ¢ǊƛƳŜǘƘȅƭ !ƳƳƻƴƛǳƳ /ƘƭƻǊƛŘŜΣ ¢ƛ!!.Υ ¢ŜǘǊŀπƛǎƻπŀƳȅƭ !ƳƳƻƴƛǳƳ .ǊƻƳƛŘŜ 

 



 нму 

!ΦнΦ  Dŀǎ aƛȄǘǳǊŜ н όDaςнύΥ  /hн όмύҌ bн όнύ Ҍ hн όоύΣ όάCƭǳŜ Dŀǎέ .ύ 

 

 

¢ŀōƭŜ !ΦнΦŀΥΥ  /hн Ҍ bн Ҍ hн   
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1 281.5 - 291.8 

283.8 - 294.0 

2.67 - 18.78 

1.56 - 18.47 

0.126 0.805 0.069 z 

z 

10 

10 

TBAB: 5 - 26 wt % 

TBPO: 5 - 26 wt % 

Du & Wang 2015 102
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1 276.0 ς 279.0 8.49 ς 17.17 0.126 0.805  0.069 z 4 Du & Wang 2015 102
 



 нмф 

!ΦоΦ Dŀǎ aƛȄǘǳǊŜ о όDaςоύΥ  /hн όмύ Ҍ Iн όнύ 

 

¢ŀōƭŜ !ΦоΦŀΥ /hн Ҍ Iн  

# 

T
 ra

n
g
e
 (

K
) 

P 
ra

n
g
e
  

(M
P

a)
 

F
e
e

d  
Z 1

  

(m
o
le

 f
ra

ct
io

n
) 

F
e
e

d  
Z 2

  

(m
o
le

 fr
a

ct
io

n
) 

E
x
p
s.

 a
t 
C

o
n
st

. 

N
D

P 

A
u
th

o
rs

 

Y
e
a
r 

R
e
fe

re
n

ce
 

1 274.3 - 281.9 1.42 - 9.13 1 - 0.805 0 - 0.195 T 43 Sugahara et al. 2005 307
 

2 273.9 - 281.6 1.58 - 10.74 0.291 - 0.810 0.729 - 0.19 - 20 Kumar et al. 2006 213
 

3 273.7 5.10 0.392 0.608 T, z 1 Linga et al. 2007 95
 

4 273.75 1.4 - 5.1 0.392 - 0.83 0.608 - 0.15 T 2 Linga et al. 2007 94
 

5 273.6 - 281.2 1.888 - 8.57 0.508 - 0.829 0.492 - 0.171 - 32 Belandria et al. 2011 250
  

6 271.15 - 277.15 7.894 - 22.298 0.98 0.02 z 6 Chapoy et al. 2011 308
 

7 271.5 - 284.2 1.52 - 7.15 0.50 0.50 z 6 Bouchafaa & Dalmazzone 2011 309
  

8 274.15 - 283.15 3.50 - 20.38 0.5037 0.4963 z 9 Pang et al. 2012 133
 

9 274.4 - 278.8 5.4 - 10.3 0.415 0.585 z 7 Kang et al. 2013 104
 

10 275.6 - 278.4 1.32 - 15.91 0.3952 - 0.7501 0.6048 - 0.8519 - 7 Mohammadi et al. 2013 123
 

11 274.05 - 277.25 5.75 - 9.84 0.398 0.602 z 4 Xia et al. 2017 203
  

12 274.65 - 278.55 5.7 - 9.1 0.40 0.60 z 5 Lee et al. 2018 105
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1 284 - 289 1.5 - 5 0.3204 0.6796 z 6 CP: 0.01 cm3 D.I. water + 0.015 cm3 CP Zhang et al. 2009 355
 

2 275.3 - 283.2 2.51 - 7.946 0.381 - 0.800 0.594 - 0.188 z 22 C3H8: 2.5 mol %  Babu et al. 2013 356
 

3 271.8 - 282.7 1.6 - 9.3 0.301 - 0.802 0.699 - 0.198 z 25 Silica pore 100nm Kang et al. 2013 104
 

4 274.7 - 278.3 6.3 - 10.3 0.415 0.585 z 4 Silica pore 25 nm Kang et al. 2013 104
 

5 274.6 - 278.4 5.6 - 9.3 0.415 0.585 z 7 Silica pore 100 nm Kang et al. 2013 104
 

6 274.7 - 278.1 5.9 - 9.1 0.415 0.585 Z 5 Silica pore 250 nm Kang et al. 2013 104
 

/tΥ ŎȅŎƭƻǇŜƴǘŀƴŜ 
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1 274.8 - 282.8 5.25 - 19.80 0.399 0.601 z 8 THF: 1 - 3 mol % Lee et al. 2008 357
 

2 274.4 - 283.6 0.51 - 3.69 0.399 0.601 z 15 THF: 0.5 - 3 mol % Lee et al. 2010 107
 

3 278.55 - 290.95 2.295 - 8.60 0.396 0.604 z 30 THF: 1 - 4 mol % + 1000 mg/L  SDS Yang et al. 2013 106
 

{5{Υ {ƻŘƛǳƳ 5ƻŘŜŎȅƭ {ǳƭŦŀǘŜ 
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1 274.05 - 288.55 0.25 - 11.01 0.185 - 0.392 0.815 - 0.608 z 68 TBAB: 0 - 2.67 mol % Li et al. 2010 358
 

2 283 - 290 2.5 - 5.0 0.40 0.60 z 28 TBAB: 0.5 - 6 mol % Kim et al. 2011 108
 

3 276.55 - 284.55 0.25 - 6.23 0.10 - 0.392 0.90 - 0.608 z 19 TBAB: 0.29 mol % Xu et al. 2012 359
 

4 282.1 ς 288.7 

293.2 - 301.2 

1.09 ς 8.13 

1.07 ς 7.82 

0.40 

0.40 

0.60 

0.60 

z 

z 

16 

18 

TBAB: 0.6 - 7.7 mol %;  
TBAF: 0.8 - 5.3 mol % 

Park et al. 

Park et al.  

2013 

2013 

109
 

109
 

5 275.6 - 292.8 1.32 - 15.91 0.1481 - 0.7501 0.2499 - 0.8519 z 23 TBAB: 0 - 0.30 mass fraction Mohammadi et al. 2013 123
 

6 282.5 - 291.08 3.351 - 6.612 0.4 - 0.6 0.6 - 0.4 z 18 TBAB: wTBAB: 0.05 - 0.20 Wang et al. 2013 360
 

7 285.44 - 286.75 2.837 - 4.396 0.0991 - 0.5 0 - 0.295 z 4 TBAB: wTBAB: 0.5 - 0.20  
+ CO: 0.5 - 0.6059 mol % 

Wang et al. 2013 360
 

8 277.1  -283.8 1.86 - 7.49 0.40 0.60 z 35 TBANO3: 0.5 - 3.7 mol % Babu et al. 2014 110
 

9 285.85 - 288.15 0.55 - 3.89 0.392 0.608 z 4 TBAB: 0.034 mol Xia et al. 2017 203
   

10 275.55 - 285.45 0.45 - 7.60 0.155 - 0.406 0.8188 - 0.5711 z 28 TBAB: 0.29 - 0.62 mol % + 
DMSO 0 ς 2.00 mol % 

Luo et al. 2017 361
 

11 278.90 - 289.55 

282.15 ς 289.55 

1.2 - 7.1 

1.0 ς 7.2 

0.40 

0.40 

0.60 

0.60 

z 

z 

18 

15 

TBAB: 5 - 30 wt %  

TBAB: 10 - 30 wt %  in 100 
nm Silica Gel pore solution 

Lee et al. 

Lee et al. 

2018 

2018 

105
 

105
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!ΦпΦ  Dŀǎ aƛȄǘǳǊŜ п όDaςпύΥ  /hн όмύ Ҍ /Iп όнύ 

 

¢ŀōƭŜ !ΦпΦŀΥ/hн Ҍ /Iп 
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P

a)
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e
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  Z

1 
 

(m
o
le

 f
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io

n
) 

F
e
e

d
  Z

2 
 

(m
o
le
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ra

ct
io

n
) 

E
x
p
s.

 a
t 
C

o
n
st

.
 

N
D

P 

  A
u
th

o
rs
 

Y
e
a
r 

R
e
fe

re
n

ce
 

1 275.483 - 285.650 1.993 - 6.998 0.176 - 0.726 0.824 - 0.274 - 15 Unruh & Katz 1949 243
 

2 213.7 - 287.6 1.810 - 10.95 - - - 37 Adisasmito et al. 1991 310
 

3 274.1 - 284.84 2.36 - 7.53 0.80 0.20 z 4 Dholabai and Bishnoi 1994 362
 

4 274.10 ς 284.79 2.33 ς 7.53 0.80 0.20 z 11 Bishnoi et al. 1996 363
 

5 280.3 3.04 - 5.46 0.00 - 1.00 1.00 - 0.00 T 31 Ohgaki et al. 1996 166
 

6 273.560 - 283.876 2.371 - 7.304 0.80 0.20 z 3 Dholabhai et al. 1997 311
 

7 273.5 - 278.3 1.780 - 3.400 0.50 - 0.80 0.50 - 0.20 z 18 Servio et al. 1999 312
 

8 273.5 - 282.3 1.10 - 4.80 0.0348 0.9652 z 9 Fan & Guo 1999 173
 

9 272.66 - 283.56 1.5 - 5.0 - - P 40 Seo et al. 2000 295
 

10 272.66 - 283.56 1.5 - 5.0 0.00 - 1.00 1.00 - 0.00 P 26 Seo & Lee 2001 316
 

11 273.06 - 285.56 1.5 - 5.0 - - P 34 Seo & Lee 2001 313
 

12 275.14 - 285.34 1.92 - 7.47 - - z 23 Beltran & Servio 2008 65
 

13 279.1 - 289.9 2.96 - 13.06 0.270 - 0.736 0.730 - 0.264 - 11 Belandria et al. 2010 317 
 

14 274.02 - 280.05 1.66 - 4.03 - - - 12 Bruusgaard et al. 2010 66
 

15 273.30 - 286.40 1.42 - 10.57 - - T 6 Herri et al. 2011 298
 

16 273.60 - 285.50 1.510 - 7.190 0.2395 - 0.7750 0.7605 - 0.2250 z 50 Belandria et al. 2011 250
 

17 278.22 - 280.77 2.10 - 3.79 0.50 0.50 z 4 Bouchafaa and Dalmazzone 2011 309
 

18 274.57 - 280.60 3.0 - 5.9 0.32 - 0.82 0.68 - 0.18 z 13 Jianfeng et al. 2012 364
 

19 278.1 - 285.3 3.24 - 29.92 0.188 -  0.769 0.812 - 0.271 - 35 Sfaxi et al. 2012 303
 

20 274 -  278 1.41 - 4.24 0.50 0.50 z 16 Lee et al. 2012 365
 

21 274.15 - 280.85 1.90 - 4.34 0.45 0.55 z 4 Xia et al. 2012 120
 

22 276.150 1.806 - 3.222 0.410 0.590 z 7 Lee et al. 2013 314
 

23 275.5 - 283.4 2.030 - 5.17 0.5971 0.4029 z 4 Mohammadi et al. 2013 123
 

24 276.0 - 286.6 2.85 - 9.22 0.33 0.67 z 5 Fan et al. 2013 366
 

25 273.4 - 285.0 1.70 - 6.69 0.20 - 0.60 0.80 - 0.40 - 18 Lee et al. 2013 121
 

26 283.09 - 287.04 4.46 - 8.37 0.000- 0.220 1.000 - 0.780 - 10 Bi et al. 2013 315
 

27 280.0 - 288.3 1.90 - 13.83 0.50 0.50 z 32 Shi et al. 2014 318
 

28 281.85 - 288.35 10 - 20 0.78 - 0.90 0.100 - 0.220 z 21 Obanijesu et al. 2014 134
 

29 288.30 - 288.70 3.00 - 7.20 0.2746 - 0.2753 0.7247 - 0.7255 z 5 Sabil et al. 2014 159
 

30 285.15 - 300.50 6.268 - 7.787 0.0187 - 0.2158 0.9809 - 0.7841 T 31 Ghafri et al. 2014 367
 

31 276.0 - 285.75 1.82 - 12.25 0.059 0.941 z 7 Chapoy et al. 2015 304
 

32 263.0 2.53 - 3.97 0 - 1.00 1.00 - 0 T 7 Zhou et al. 2016 319
 

33 275.35 - 282.65 2.91 - 5.63 0.225 - 0.24 0.775 - 0.76 z 14 Le Quang et al. 2016 300
 

34 278.2 - 282.4 2.76 - 5.61 0.50 0.50 z 5 Zhang et al. 2017 320
 



 ннн 

35 279.45 - 293.95 5 - 25 0 - 0.20 1.00 - 0.80 z 24 Sadeq et al. 2017 143
 

36 274.15 - 277.55 1.9 - 2.84 0.55 0.45 z 3 Xia et al. 2017 139
 

37 274.3 - 289.2 2.63 - 12.55 0.2810 - 0.2499 0.7190 - 0.7506 z 15 Kastanidis et al. 2017 68
 

38 278.2 - 284.1 2.76 - 5.5 0.50 0.50 z 5 Zang & Liang 2017 320
 

39 285.11 - 288.39 7.17 - 27.71 0.100 - 0.154 0.900 - 0.846 - 7 Legoix et al. 2017 321
 

40 274.7 - 284.0 1.86 - 5.65 0.50 0.50 z 6 Lim et al. 2018 322
 

41 280.92 - 284.97 3.410 - 6.206 0.1004 0.8996 z 3 Legoix et al. 2018 172
 

42 274.1 2.27 - 2.31 0.70 0.30 z, T 2 Lang & Servio 2018 323
 

43 273 - 282 1.5 - 5.0 0.64 0.36 z 5 Yue et al. 2018 368
 

44 279.90 - 286.37 3.381 - 7.935 0.497 0.503 z 6 Mu & von Solms 2018 172
 

 

 

 

  




























































































