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u=wvax@l}�wRv@ O}U= |R=U=OH Qw_vtx@ QDt|r}t 9 5|rN=O Q]k =@ |Q=ovnvQ

"O};|t CUO x@ |y=oW}=tR; |=yxR=Ov= QO KQ] u}= |O=YDk= jta

|Q=YDN= s�qa
l =QwN p=}U CaQU :�

C=}rta u=tR :t

lQLDt R=i |=Q@ |OwQw R= xrY=i :z

u} RQ QDU@ Q}eDt jta :Z

u} RQ QDU@ C@=F jta :L

lQLDt R=i QO xOv}q; C_re :C

?P=H R=i QO xOv}q; C_re :C�

C� C@=F R=i C_re =@ pO=aD QO lQLDt R=i C_re :C0

QDU@ sHL OL=w Q@ sQH p=kDv= K]U :a

`}=t R=i QO sQH p=kDv= |rm ?} Q[ :KL

|tHL sQH p=kDv= ?} Q[ :KLa

lQLDt R=i QO xOv}q; l =QwN C_re :CF
?P=H R=i QO xOwD |rO=aD C_re :C�F

sHL Q=Okt Qo = "OwW|t xOy=Wt 5 pmW QO '�xk}kO QO QD}r|r}t 0 75 pO=at�
QO |tHL u=} QH Q=Okt ?Q[ =@ OW=@ Q_v OQwt OwW|t Ov}=Qi OQ=w xm |m =QwN
"�4 x]@=Q� O};|t CUO x@ u} RQ QDU@ hrDNt |=yjta |=Q@ sHL u}= Ov}=Qi u=tR
xO=t u}= l}�wRv@ O}U= OQwtQO xm � xOv} wW O=wt =} xO=t sHL Q=Okt |UQQ@ =@ xD@r=
w O}U= u}= |=Q@ xJ '?PH Q=m |D=}rta pmW QO u=wD|t � CU= l} QO} QrmO}U=
l}Dm q O}U= |=Q@ Q=m u}= "OQm P=ND= =Q xv}y@ s}tYD 'Qo}O |r; |=yO}U= |=Q@ xJ
jta =Hv}= QO [10]"Ot; CUO x@ xv}y@ |tHL u=} QH COW w s=Hv= j}kO CQwYx@
sHL x@ xHwD =@ u; |iQYt Q=Okt w xOv} wW |xO=t |xv} Ry x@ xHwD =@ xv}y@ QDU@

"O};|t CUO x@ 4 |x]@=Q j@] |Ov}=Qi l =QwN
V = Q:t (4)

t w 'xOvwWOv}=Qi p=}U |tHL u=} QH Q 'xOvwWOv}=Qi p=}U sHL V u; QO xm
0 75 C@=F |tHL u=} QH COW =@ QDt|Dv=U 6 QDU@ jta =Pr "CU= Ov}=Qi u=tR
30�36 |=yxR=Ov= QO xOWp=@ Qe p=ai u@ Qm ?P=H R= xO=iDU= =@ xk}kO QO QD}r|r}t
l}�wRv@ O}U= |R=U=OH |=Q@ QDt|r}t 9 5 |rN=O Q]k =@ |Q=ovnvQ |xrwr w Vt
OQwtQO "O};|t CUO x@ |y=oW}=tR; |=yxR=Ov= QO KQ] u}= |O=YDk= jta u=wvax@
,qN AtB R= xO=iDU= w QDt 1 OwOL pw]x@ |}xW}W uwDU OwHw ,=a]k '|}=tvnQR@
CQwQ[ GQ@ u}}=B R= |HwQN pwrLt |tHL COW s}_vD Qw_vtx@ Q}eDt QwO =@
p=kDv= |DL w |m}rwQO}y ^=Lrx@ =Q xrY=L G}=Dv u=wD|t |}=tvnQR@ u}= QO "OQ=O

"OQm xU}=kt |y=oW}=tR; G}=Dv =@ w 'O=O Q=Qk j}kLD w |UQQ@ OQwt |tQH

|Q}oxH}Dv
u=tR x@ C@Uv Ot=H R=i w `}=t R=i |=yC_re C@=F QDU@ =@ |L]U ?PH QO �

"Ovvm|t Q}}eD QDU@ QO u=mt w
|=Q@ p=}U u; QO xm QDU@ |OwQw l}ORv QO sQH p=kDv= QDW}@ Ov}=Qi R=e; QO �

"ODi=|t j=iD= O@=}|t T=tD |L]U ?P=H =@ Q=@u}rw=
p=}U C_re 'OW=@v |}xOvwW?PH |xO=t I}y |w=L =OD@= QO Ot=H ?P=H Qo = �

"O@=}|t Vy=m QDU@ QO xrY=i V}=Ri= =@ |}=tv CQwYx@ ,qwtat
|OQ@ Q=m |=Q@ X=N |tHL u=} QH COW l} QO QDU@ jta |=RHt |UQQ@ �
|tHL u=} QH COW QO xv}y@ QDU@ jta |R=wt u}}aD w 'CU= Xk=v u; uOw@

"CW=O Oy=wN x=Qty x@ =Q xv}y@ ?=NDv= u}= |OQ@ Q=m OQmrta 'xv}y@

CWwv=B
1. heat of adsorption
2. breakthrough curves
3. nonlinear wave propagation theory
4. driving force
5. plug
6. gravitational
7. breakthrough time
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