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The influence of the noncyl indrical  nature  of the po res  on gas flow through porous  bodies fi l led 
with a wet t ing liquid is d i scussed .  A method of calcula t ing the s ize  dis t r ibut ion of the pores  is 
considered.  

The wide applicat ion of porous  m a t e r i a l s  in var ious  technological  p r o c e s s e s  as f i l t e r s ,  phase s e p a r a -  
t o r s ,  etc.  neces s i t a t e s  the i m p r o v e m e n t  of methods of studying the i r  porous  s t ruc tu re .  

Fo r  f i l t e r ing  m a t e r i a l s  the m o s t  impor tan t  c h a r a c t e r i s t i c  is the dis tr ibut ion of the en t i re  flow over  the 
p o r e s ,  as the s ize  of which one takes  the d i a m e t e r  at the n a r r o w e s t  pa r t .  

To e s t ima te  this dis t r ibut ion,  one usual ly  takes  the dependence of the gas flow ra te  through a wetted 
spec imen  on the p r e s s u r e .  Two cases  a r e  dis t inguished:  when the po res  of the spec imen  a re  fi l led with 
liquid while there  is none of it above the spec imen  [1] and when the spec imen  is wetted by the liquid while 
there  is a l aye r  of the s ame  liquid above it [2]. In the f i r s t  case  the p r e s s u r e  dependence of the gas flow 
ra te  through the spec imen  will  have the f o r m  of curve  2 in Fig. 1. Under p r e s s u r e  the l a rge s t  pores  s t a r t  
to be f reed  of liquid in accordance  with the wel l -known equation of capi l la ry  p r e s s u r e  

P = 20 cos O/R. 

Since a f t e r  a pore  is f r eed  of liquid the gas flow through it becomes  the s a m e  as that through a dry  pore  
at  the same  p r e s s u r e ,  it is e a sy  to obtain the f rac t ion  of the total  liquid flow pass ing  through pores  having a 
nar rowing  radius  R --> 2a/P i as  the ra t io  Qz(Pi)/Ql(Pi),  where  Pi is the gas p r e s s u r e  which opens pores  with 
a radius  R i. 

The f i r s t  main defect  of this method cons is t s  in the fact  that ,  along with the expulsion of the liquid f r o m  
the po res  by the gas ,  the intense evapora t ion  of this liquid a lso  o c c u r s ,  which grows sharp ly  as the po res  
a re  f reed.  At tempts  to a c c e l e r a t e  the m e a s u r e m e n t  can i nc rea se  the delay in the opening of pores  re la t ive  
to the r i s e  in p r e s s u r e  [3}. A second defect  of the method is that  it is p rac t i ca l ly  imposs ib le  to fully rea l i ze  
the main  condition of this method - the absence  of liquid over  the su r face  of the spec imen.  With an inc rease  
in p r e s s u r e  the liquid is d isp laced  f r o m  the pore  space  of the spec imen ,  cover ing  its su r face  with a thin l aye r  
until  this p r o c e s s  is compensa ted  for  by the r emova l  of liquid by the gas flow. The invest igat ion which we 
p e r f o r m e d  on spec imens  of porous  PNS-5 and FNS-2-3  s ta in less  s tee l ,  porous  t i tan ium,  and others  showed 
that the behavior  of the f low- ra t e  c h a r a c t e r i s t i c  curves  in the initial  s tage fully coincides with the i r  behavior  
for  the s ame  spec imens  but covered  by a l aye r  of the impregna t ing  liquid. The length of this sect ion depends 
on the p r o p e r t i e s  of the liquid cha r ac t e r i z i ng  its r e m o v a l  and on the c h a r a c t e r i s t i c s  of the spec imen  itself .  

If  a l aye r  of liquid is poured  ove r  the su r face  of the t es t  spec imen  in o rde r  to p revent  the evapora t ion  
ef fec t ,  then the f o r m  of the p r e s s u r e  dependence of the gas flow ra te  becomes  cons iderably  di f ferent  (curve 3 
of Fig. 1). The p rocedu re  for  calcula t ing the d is t r ibut ion of the flow by pore  s ize  a lso  becomes  complicated.  
In this case  the f rac t ion  of the flow taking place  through pores  with a radius  R >- R i can be found as the ra t io  
of the tangent of the angle of slope of the c h a r a c t e r i s t i c  curve  at the p r e s s u r e  Pi  to the tangent of the slope 
angle a for  the d ry  m e m b r a n e  [2]. This  method,  while it does get r id of the evapora t ion  of liquid in the p o r e s ,  
has  impor tan t  defects .  F i r s t ,  the tangent of the s lope angle is a d i f ferent ia l  c h a r a c t e r i s t i c ,  not m e a s u r e d  
d i rec t ly ,  and finding it is a s soc ia t ed  with a cons iderable  e r r o r .  Second, this method,  as shown below, works  
only in the case  of cyl indr ical  po re s  or  po re s  with the s m a l l e s t  na r rowing  d i a m e t e r  located d i rec t ly  at  the 
outer  su r face .  
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Fig.  1. Theore t i ca l  f o r m  of p r e s s u r e  dependences of gas flow ra te  
through the s a m e  porous  m a t e r i a l  containing cyl indr ical  po res :  1) 
dry m a t e r i a l ;  2) po re s  of m a t e r i a l  f i l led with alcohol ,  no liquid over  
the su r face ;  3) po re s  fi l led with alcohol ,  a l a y e r  of alcohol poured 
ove r  the su r face .  

Fig .  2. Expe r imen ta l  p r e s s u r e  dependence of gas flow ra te  through 
a sheet  of PNS-5 me ta l  c e r a m i c  0.75 m m  thick with an a r ea  of 6 cm2: 
1) m a t e r i a l  impregna ted  with alcohol and a l aye r  of alcohol poured 
ove r  the su r f ace ,  p r e s s u r e  grows (direct  c h a r a c t e r i s t i c  curve) ;  2) 
a l aye r  of alcohol poured ove r  the su r f ace ,  p r e s s u r e  fal ls  ( r eve r se  
c h a r a c t e r i s t i c  curve) ;  3) d ry  spec imen.  Dashed line) p r e s u m e d  be-  
havior  of r e v e r s e  c h a r a c t e r i s t i c  curve  under  the condition that  the 
exi t  d i a m e t e r s  of all  the po re s  a r e  the s a m e  and cor respond  to the 
mean  capi l la ry  p r e s s u r e  at  the su r face  of the spec imen.  Q, m / s e c ;  
p'lO -4, Pa. 

In the invest igat ion of a porous  me ta l  c e r a m i c  we encountered two diff icult ies.  F i r s t ,  the fo rm of the  
p r e s s u r e  dependence of the gas flow ra te  as the p r e s s u r e  i n c r e a s e s  (the d i r ec t  c h a r a c t e r i s t i c  curve) d i f fe rs  
comple te ly  f r o m  the ideal fo rm.  The typical  f o r m  of the actual  dependence for  the m a t e r i a l  PNS-5 is shown 
in Fig. 2 (curve 1). At high p r e s s u r e s  (P > PB) the slope of the d i r ec t  c h a r a c t e r i s t i c  curve  coincides with 
the slope of the c h a r a c t e r i s t i c  curve  of a dry  m e m b r a n e  (curve 3), but at P < PB the re  is a sec t ion  in which 
the slope of the d i r ec t  c h a r a c t e r i s t i c  curve  is cons iderably  l a r g e r  than the slope of the c h a r a c t e r i s t i c  curve  
of a dry  m e m b r a n e .  T h e r e f o r e ,  the calculat ion of this c h a r a c t e r i s t i c  curve  by the s tandard  method is i m -  
poss ib le .  Second, with a d e c r e a s e  in p r e s s u r e  h y s t e r e s i s  occurs .  The loop does not tighten and d i s appea r  
with an i nc rea se  in i ts  m e a s u r e m e n t  t ime.  A poss ib le  r e a son  for  the h y s t e r e s i s  in gas pe rmeab i l i t y  may  be 
h y s t e r e s i s  of the angle of wet t ing of the su r face  by the liquid dur ing flow in and out. In our  expe r imen t s ,  
however ,  we used  ke rosene  and ethyl alcohol ,  for  which the angles of wett ing the su r face  of the me ta l  c e r a m -  
ic a r e  v e r y  sma l l ,  as  the wet t ing liquid. T h e r e f o r e ,  a d i f ference in the wett ing angles dur ing inflow and 
outflow in the given case  cannot lead to an apprec iab le  h y s t e r e s i s  of the gas pe rmeab i l i ty .  

Hencefor th ,  fo r  s impl ic i ty  we will a s s ume  that cos | = 1. T h e r e f o r e ,  the ma in  r ea son  for  the h y s t e r e s i s ,  
in our  view,  is not a delay in the opening of po res  and.not a wet t ing h y s t e r e s i s  but the noncyl indrical  na ture  
of the po res  of the me ta l  c e r am i c .  If  a pore  has  a nar rowing ,  and the d i ame te r  of the exit  opening is l a r g e r  
than the d i a m e t e r  of the nar rowing ,  then to fo rce  the liquid men i scus  through the pore  it is n e c e s s a r y  to o v e r -  
come the cap i l l a ry  p r e s s u r e  P '  in the n a r r o w e s t  pa r t .  Since the d i a m e t e r  of the opening is l a r g e r  at the ou te r  
su r f ace ,  the cor responding  capi l la ry  p r e s s u r e  P" will be lower.  Af te r  the pore  is opened under  the act ion of 
the p r e s s u r e  1 ) '  , the gas flow through it abrupt ly  grows to that  value for  which the dynamic  r e s i s t ance  of the 
pore  to the gas flow becomes  equal to the p r e s s u r e  d i f ference  P'  - P".  With a fu r the r  inc rease  in p r e s s u r e  
the gas flow ra te  will  grow l inear ly ,  with the slope of the dependence being the s ame  as that for  a dry  pore .  
With a d e c r e a s e  in p r e s s u r e  the c los ing of the po re  takes  place  not at the opening p r e s s u r e  P'  (as fo r  a cy l in-  
d r ica l  pore)  but at the p r e s s u r e  P " ,  i .e . ,  h y s t e r e s i s  develops.  Since the ra t io  between the outer  d i a m e t e r  
of a pore  and i ts  na r rowing  has  a random c h a r a c t e r  and may  dif fer  by s eve ra l  t i m e s ,  the s ize of the jump in 
p r e s s u r e  p ,  - p ,  and in the co r respond ing  gas  flow ra te  can be v e r y  cons ide rab le .  
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Porous  m a t e r i a l s  of the m e t a l - c e r a m i c  type a r e  obtained by s in ter ing  p r e s sed  powders ,  and each open 
pore  through the en t i re  thickness  of the porous  m a t e r i a l  is fo rmed  by a collection of " e l emen ta ry  po res"  
fo rmed  by the f ree  space  between neighboring grains .  These  e l emen ta ry  pores  fo rm a compl ica ted i n t e r s e c t -  
ing s t ruc tu re  in which each through pore  cons is t s  of at l ea s t  s e v e r a l  tens of e l emen ta ry  pores .  

The concepts p resen ted  allow a quali tat ive explanation of the p r e s s u r e  dependence of the gas flow ra te  
through a me ta l  c e r a m i c  under  a l aye r  of liquid. The opening of the l a r g e s t  p o r e s ,  not having nar rowings ,  
begins when the value PA is reached.  Then as the p r e s s u r e  r i s e s  pores  with s m a l l e r  and s m a l l e r  n a r r o w -  
hags s t a r t  to open. The probabi l i ty  that  the sma l l e s t  e l emen ta ry  pore  is at  the outer  sur face  is ve ry  smal l ,  
and one can p rac t i ca l ly  a s s um e  that  all  the nar rowings  a re  located in the inner pa r t  of a pore.  Consequently,  
when the liquid is forced  down into the n a r r o w e s t  pa r t  of the pore  they all give a jump in the gas flow ra te .  
And the s m a l l e r  the s ize  of the nar rowing ,  the l a r g e r  the jump.  And it is jus t  this which explains the sharp  
r i s e  in the d i rec t  c h a r a c t e r i s t i c  curve  in the sect ion PA B. When the p r e s s u r e  PB is reached prac t ica l ly  all  
the po res  of the m a t e r i a l  a re  open and then the d i rec t  c h a r a c t e r i s t i c  curve runs para l l e l  to the f low- ra t e  
c h a r a c t e r i s t i c  curve for  a dry m e m b r a n e  with a shift  by an amount  PF cor responding  to the ave rage  capi l la ry  
p r e s s u r e  at  the sur face  of the m e m b r a n e .  With a dec r ea se  in p r e s s u r e  the r e v e r s e  cha rac t e r i s t i c  curve runs 
pa ra l l e l  to the f low- ra t e  c h a r a c t e r i s t i c  curve  of a dry m e m b r a n e  down to the point D, which co r responds  to the 
s m a l l e s t  value of the pore  d i a m e t e r s  at  the su r face  of the m a t e r i a l .  With a fu r the r  dec rea se  in p r e s s u r e  the 
r e v e r s e  c h a r a c t e r i s t i c  curve drops  abrupt ly at f i r s t  and then tends toward the point PE. This  is explained as 
follows: when the p r e s s u r e  fal ls  so much that t he re  appea r  at the su r face  a considerable  number  of pores  hav-  
ing a capi l la ry  p r e s s u r e  g r e a t e r  than the gas p r e s s u r e ,  then the liquid s t a r t s  to be drawn through them under  
the action of capi l la ry  f o r c e s ,  and s ince the po res  i n t e r sec t ,  by flowing through the n a r r o w e s t  cap i l la r ies  this 
liquid can block an additional number  of po res  owing to the s t icking of gas bubbles in the i r  nar rowings .  At 
the point PE t h e p a s s a g e  of gas through the spec imen  stops ent i re ly .  This  p r e s s u r e  co r responds  to the closing 
of the l a r g e s t  po res  at the sur face  of the ma te r i a l .  In the sect ion DE under  the conditions of r e tu rn  capi l lary  
suction of the liquid the p r o c e s s  of gas flow through a porous  spec imen  p roves  to be e x t r e m e l y  compl ica ted 
and is not subjec t  to calculation. T h e r e f o r e ,  we a re  confined to a sce r t a in ing  the s t a r t  of this p r o c e s s  at  point 
D. F r o m  this it becomes  c l ea r  that  the d i r ec t  c h a r a c t e r i s t i c  curve  is de te rmined  both by the dis tr ibut ion 
of through po re s  with r e s pec t  to nar rowings  and by the i r  dis t r ibut ion with r e spec t  to the s ize of the exit  d i a m -  
e t e r .  T h e r e f o r e ,  it cannot be used in the exis t ing  methods of de te rmin ing  the s ize dis tr ibut ion of the po res .  
Second, the r e v e r s e  c h a r a c t e r i s t i c  curve is de te rmined  mainly  by the dis t r ibut ion of the exit  openings of the 
p o r e s ,  and if the influence of the mutual  in te rsec t ion  is not too g rea t  (the dip in the c h a r a c t e r i s t i c  curve  in 
sect ion PE  D is absent  o r  slight) then this d is t r ibut ion can be obtained using the usual  method. But if the 
influence of the in te rsec t ion  of po re s  is l a rge  and the total  dis t r ibut ion of exit  openings of the po res  cannot 
be obtained in this way,  f r o m  this c h a r a c t e r i s t i c  curve  it is s t i l l  easy  to obtain the l a rge s t  po re  s ize at  the 

surface~ 

R" (max ~ = 2o/Pe, 

the s m a l l e s t ,  
R" (rain) = 2o/P  o 

and the average pore size at the surface, 

R* ~v ) = 2(r/P s. 

Here it is interesting to determine how this averaging occurs. We assume that the gas flow rate Qj through 
the individual j-th pore is directly proportional to the pressure P with a proportionality factor Kj. If part of 
the pressure is expended in overcoming the capillary pressure P" at the exit from the pore, then the gas flow 

rate through the pore will be 

Q~ = Kj  (P - -  P~); 

the total  gas flow ra te  through a unit sur face  is 
n 

Q - Kj  (p  - P;) ,  
1 

where  n is the number  of po res  p e r  unit su r face .  

The coeff icient  Kj c h a r a c t e r i z e s  the dynamic  r e s i s t ance  of the j - t h  pore .  As a l ready  noted, however ,  
a through pore  in a me ta l  c e r a m i c  r e p r e s e n t s  a random sequence of e l emen ta ry  p o r e s ,  and the re fo re  its exit  
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radius is in no way connected with the total dynamic res i s tance  of the pore (except for the r a re  cases when 
the narrowing of the pore falls at the exit). One can  therefore  assume that the dynamic res i s tance  of all the 
pores  is the same on the average ,  Kj = K. Then 

n 

Q = (p - = nK (p- P ' ) ,  

l 

where P" is the arithmetlc-mean capillary pressure of the menisci of the exit openings of the pores, corres- 

ponding to the p r e s s u r e  PF (Fig. 2). 

The overal l  fo rm of the d i rec t  and r eve r se  charac te r i s t i c  curves allows one to determine the l a rges t  and 
smal les t  d iameters  of narrowing of the pores  at once. The l a rges t  d iameter  will cor respond to the p r e s s u r e  
PA and the smal les t  to the p r e s s u r e  PB at which the d i rec t  and reve r se  charac te r i s t i c  curves diverge.  

F o r  f i l ter ing mate r ia l s  it is important  to obtain the distr ibution of the entire flow over  pores  with dif-  
ferent  d iameters  of the narrowinga.  Let us at tempt to find this distribution using the d i rec t  and reve r se  
cha rac te r i s t i c  curves ,  as well as the concept of the pores  of a metal  ce ramic  as a collection of individual 
e lementary  pores ,  the size of each of which is a r andom value. In this case neither the d iameter  of the exit 
opening of a through pore nor  the d iamete r  of its nar rowes t  section can by itself determine its dynamic r e -  
s is tance,  since the length of an e lementary  pore is far  less than the total length of the entire through pore ,  
while the d iameters  of other  e lementary  pores  of the given through pore  are  random values. Therefore ,  it is  
reasonable to simply assume that the gas flow rate through each through pore is porport ional  to the p r e s s u r e ,  
while the proport ional i ty  fac tor  is the same for  all through pores  and is a cha rac te r i s t i c  of the porous m a -  
ter ial .  

Using this approach,  let us f i r s t  consider  the d i rec t  and r eve r se  charac te r i s t i c  curves  in the p re s su re  
range f rom PD to PB,  where the r eve r se  charac te r i s t i c  curve is paral le l  to the charac te r i s t i c  curve of a dry 
specimen,  i .e . ,  the pores  of the mater ia l  a re  f ree of liquid. The fact  that the charac te r i s t i c  curve of the dry 
specimen in sect ion BD is paral le l  to the cha rac te r i s t i c  curve of the wetted specimen se rves  as a guarantee 
that at the p r e s s u r e s  reached pract ica l ly  all the through pores  are  free of liquid. The point Qli of the d i rec t  
cha rac te r i s t i c  curve shows the gas flow rate through all those pores  whose radii  of narrowing sat isfy the 
condition 

R ~> 2~/Pl = R~, 

where Pi is the value of the p r e s s u r e  corresponding to the point Qli '  On the r eve r se  charac te r i s t i c  curve 
this p r e s s u r e  corresponds  to a gas flow rate Q2i. Since Q2i is the gas flow rate through all the pores  of the 
mate r ia l  at the p r e s s u r e  Pi while Qli is the gas flow rate under the same conditions but through pores  with 
a narrowing radius R > Ri ,  it is obvious that the fract ion of gas pass ing through pores  with a narrowing radius 
R > Ri equals Qli/Q2io 

Thus,  the distr ibution of gas flow over pores  with the smal les t  narrowing radius R > R i in the p re s su re  
interval  f rom PD to PB is found simply as the rat io of the corresponding values of the d i rec t  and reve r se  
characteristic curves. 

This cannot be done for pressures P < PD, since here the reverse characteristic curve indicates the 

filling of the pores  with liquid. One can escape the difficulty by taking all the exit openings of the through 
pores  as the same ,  corresponding to the average capil lary p res su re  at the exit f rom the pores ,  determined 
by the value PF.  Then the average value of the jump in the gas flow rate upon the opening of pores  along the 
d i rec t  cha rac te r i s t i c  curve does not change, and the form of the d i rec t  charac te r i s t i c  curve will be the same 
(for the same distr ibution of pores  with respec t  to narrowings).  In this case the form of the r eve r se  cha r -  
ac te r i s t i c  curve will cor respond to the dashed line extending the line BD paral le l  to the cha rac te r i s t i c  curve 
of a dry specimen (Fig. 2). Then the distr ibution of flow over  the pores  does not change, and the fract ion of 
the flow taking place through pores  having a radius of narrowing R > R i can easily be found as the ra t io  Q d /  
Q[i, where Q[i is the value of the gas flow rate taken along the dashed extension of the reverse  c h a r a c t e r i s -  
tic curve (Fig. 2). 

Thus,  one can obtain the total distr ibution of the entire flow over  pores  having a radius of nar rowing 
R > R i for  all values of R i. 

Since we have assumed above that the dynamic res i s tances  of all the pores  can be taken as the same in 
general ,  r ega rd le s s  of the nar rowing or  the exit opening, the numer ica l  distr ibution of pores  with respec t  to 
the narrowing radii will be s imi la r  to the flow distribution over pores  with different narrowing radii.  
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What was said above is a lso  valid when a wett ing liquid p o s s e s s i n g  a wett ing h y s t e r e s i s  is used.  In this 
case  to obtain the s izes  of the pore  nar rowings  one mus t  allow for  the outflow fac to r  cos e3, while in e s t i m a t -  
ing the s izes  of p o r e s  at the su r face  one mus t  allow for  the equi l ibr ium fac to r  cos | 

To de te rmine  the total  number  of p o r e s  , one m u s t  draw upon additional data based on additional model 
considera t ions  or  mic roscopy  data.  

P is the 
a is the 
@ is the 
R is the 
Q is the 
Qi is the 
Q2 is the 
P' is the 
P" is the 

N O T A T I O N  

pressure; 
su r face  tension;  
wett ing angle; 
capi l la ry  rad ius ;  
gas flow ra te  through m e m b r a n e ;  
gas flow ra te  through wet ted m e m b r a n e  dur ing an inc rease  in p r e s s u r e ;  
gas flow ra te  through wet ted m e m b r a n e  dur ing a dec r ea se  in p r e s s u r e ;  
cap i l la ry  p r e s s u r e  in the n a r r o w e s t  p a r t  of the capi l la ry ;  
capi l la ry  p r e s s u r e  at the exit  of the capi l la ry  at  the sur face .  

1. 
2. 
3. 
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A system of equations of heat and mass transfer is derived and analyzed which describes evapora- 

tion of several volatile substances from a porous body. 

Porous  m a t e r i a l s  a r e  widely heat  t r e a t ed  in industry fo r  the r e m o v a l  of volat i le  subs tances .  One fo rm 
of such a t r e a t m e n t  is drying,  where  one substance  (moisture)  evapora te s  [1]. In some technological  p r o -  
c e s se s  it is impor tan t  to r emove  f r o m  a porous  body not one but a group of var ious  volat i le  substance  (fil lers) 
contained there in .  In t i tanium product ion,  e .g . ,  the reac tan t  m a s s  is vacuum-hea ted  for  pur i f icat ion of the 
t i tanium sponge of m a g n e s i u m  and m a g n e s i u m  chloride [2]. When not one but s e v e r a l  volat i le  subs tances  a re  
r em oved ,  t he r e  a r i s e  new pa t t e rns  due to the effect  which escap ing  of m o r e  volat i le  f i l l e r s  has on the d i s t r ibu-  

tion of l ess  volat i le  f i l l e r s  in the porous  body. 

I. Mathemat ica l  Model. The s y s t e m  of t r a n s f e r  equations will  be cons t ruc ted  on the following basic  

p r e m i s e s .  

1. The condensate phase  of vola t i le  f i l l e r s  is s ta t ionary  re la t ive  to the "skele ton" of porous  m a t e r i a l .  
This  is poss ib l e ,  e .g . ,  when subl imat ion of solid f i l l e r s  occu r s  during hea t  t r ea tmen t .  When some of the 
f i l l e r s  a r e  in the liquid s ta te ,  however ,  then one a s s u m e s  that  they a r e  adsorbed  on the su r face  of the solid 
phase  and not f r ee  to move under  act ion of gravi ta t ional  or  cap i l la ry  fo rces .  

2. The  f i l l e r s  do not f o r m  solutions with one another  or  with the m a t e r i a l  of the porous  body. 

3. T r a n s p o r t  of vapo r s  through channels and po re s  is a f fec ted  by the p r e s s u r e  gradient ,  accord ing  to 
D a r c y ' s  law, the role  of diffusion being negligible.  Th is  a lso  a s s u m e s  a subsonic  flow of vapor  (Mach number  
s m a l l e r  than unity),  with vapor  behaving like an incompres s ib l e  fluid, and a s s u m e s  the model  of a continuous 
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