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Optimal  conditions a re  de te rmined  for  roentgenoscopic  de te rmina t ion  of local  mo i s tu re  con-  
tent  in a porous  body. 

It is known f r o m  the theory  of in terac t ion  of ha rd  e l ec t romagne t i c  radia t ion with m a t t e r  [1-4] that in 
the 7 r a y  region with photon energ ies  of the o rde r  of 1 MeV, the m a s s  at tenuation Coefficients of all  the 
light e l ements  (Z < 30) a re  the s a m e  in the f i r s t  approximat ion .  The gammascop ic  method of mo i s tu re  con-  
tent de te rmina t ion  is based on this fact [5]. In the x r ay  range  (quantum energ ies  of the o rde r  of tens of 
keV) the m a s s  at tenuation coeff icients  d i f fer  even fo r  the light e lements .  It is of g rea t  p rac t i ca l  i m p o r -  
tance that these coeff icients  for  the x ray range  are  ve ry  much g r e a t e r  than for  y radiat ion.  

In accordance  with Bouguer ' s  law the attenuation of a pa ra l l e l  monochromat ic  x r ay  beam by a mois t  
porous  body is desc r ibed  by the fo rmula  

I = 11 exp [-- (rao9 o +/ap)./]. (1) 

C onside ring that 

w e f i n d  

I o = 11 exp (--  ~t0p0l), (2) 

~) = (~tl) -1  I n  (Io/I), 
u = P/Po ----- (~tlgo) -1 In (loft) 

in the exper imen ta l  p r o c e s s  the value L = ln(I0/I)  is measu red ,  which, as is evident f r o m  Eq.  (3), 
equals  

L = ~tlp. 

The sens i t iv i ty  of the method is de te rmined  by the ra t io  

(3) 

(4) 

dL 
s - = ~tl. (5) 

@ 

F r o m  E q. (5) it is evident that the sensi t iv i ty  is p ropor t iona l  to the spec imen  thickness  and the coef-  
f icient  ~. The la t t e r  d e c r e a s e s  with inc rease  in photon energy .  It is to be unders tood that  it does not fol -  
low f r o m  this that the photon ene rgy  can be dec rea sed  to the lowest  value poss ib le  in the device,  and the 
spec imen  th ickness  chosen unpropor t ional ly  large,  s ince this would d e c r e a s e  the values  I and I 0 and m e a -  
s u r e m e n t  e r r o r  would i n c r e a s e .  We will a t tempt  to evaluate  this e r r o r .  

o L _ 1 / ~0 o~ (6) 
% = Po% -- ~,l lxl l" I---~- + 12 

F r o m  E q. (3) it follows that 
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Fig .  2 n-d~l~ n a s  a func t ion  of  photon  

�9 t j  
e n e r g y  (E, keV) fo r  v a r i o u s  s p e c i -  
m e n  t h i c k n e s s e s :  1) l = 2 em;  2) Z = 
4 cm.  

Having statistical material for determination of the terms in the radicand in Eq. (6), it is possible 
to determine the standard deviation of the quantity measured. In our experiments the values ai0/I0 and aI 
/ lwere I to 2%. Calculation byEq. (6) for#~ =0.30 em 2g-I (H20 ' E =35 keV) andl =3.5 cmgives O-p 
-< 0.027 gem -3. 

We will perform a theoretical evaluation of the optimum measurement conditions for several possible 
c R s e s .  

In a c e o r d a n c e  with [6] 

Us ing  E q. (6), we obtain 

�9 - - ~ / 2  
O'so/I o = {no'q) , e ; l / I  = (ml) -1/2. 

1 1 
% pl ~ / /  

_ �9 �9 _ ) ( 7 )  

~, n o ~ , 

T a k i n g  the a t t e n u a t i o n  law in the  f o r m  

n = ~z,) exp ( - -  r@), 

we r e w r i t e  E q .  (5) in the  fo l lowing  m a n n e r :  

i 1 + exp (rt/p) 
qP = 'O~ ~ tt.[ ],/Tln 0 

F r o m  E q. (8) it  is  e v i d e n t  tha t  the  quan t i ty  ~p has  i t s  s m a l l e s t  va lue  at  O = 0, h o w e v e r  the s t a n d a r d  
d e v i a t i o n  then t ends  to in f in i ty .  

F r o m  Eq .  (8) i t  fo l lows  tha t  

E p  - -  

(8) 

% _ %+ ]/1 + exp(~d9) 
- -  e .  = (9) 

F o r  s e l e c t i o n  of an  o p e r a t i n g  mode  u n d e r  c ond i t i ons  w h e r e  the  va lue  of L = # lp  v a r i e s  o v e r  a n a r r o w  
r a n g e  about  s o m e  m e a n  va lue  d u r i n g  m e a s u r e m e n t ,  i t  i s  u s e f u l  to d e t e r m i n e  at  what  L v a l u e  the func t ion  

f(L) = L-1I] 1 + expL (10) 

h a s  a m i n i m u m ,  which  point ,  obv ious ly ,  c o i n c i d e s  with the m i n i m u m  of Eq .  (9) f o r  ~n 0 = c o n s t .  As  m a y  
e a s i l y  be  s e e n ,  d e t e r m i n a t i o n  of th i s  m i n i m u m  r e d u c e s  to  s o l u t i o n  of the t r a n s c e n d e n t a l  equa t ion  exp L 
= 2 / L - 2  the  roo t  of which is  a p p r o x i m a t e l y  2.22.  The  g r a p h  of E q .  (10) i s  p r e s e n t e d  in  F i g .  1, f r o m  which  
it is evident that the optimum conditions for this case occur at 1.5 ~ L -< 3. 

Two factors were not considered in our evaluation: first, the dependence of radiation detector effi- 
ciency on photon energy, av.d second, the attenuation effect of the solid skeleton of the body and the struc- 

tural walls of the apparatus. As may be seen from the tables presented in [7]~ for Nal scintillation crys- 

tals 25 and 40 mm in thickness, as used in our apparatus, the efficiency ~? -- 1 at photon energies of 0 to 
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TAB LE 1. Op t imum Specimen 
Th ickness  v e r s u s  Photon E n -  
e rgy  for  Quar tz  Sand (SiO2, 1.8 
g / c m  3) a n d W a t e r  (H20 , 0.2 g 
/ c m  3) 

Photon energy~ Optimum specimen 
E, keV thickness, lm, cm 

20 
30 
40 
50 
60 
80 

100 
150 
200 

0,44 
1,25 
2,32 
3,44 
4,27 
5,44 
6,39 
7,~5 
8,30 

F r o m  E q. (9) at ~ = 1 we obtain 

150 keV, i.e.,  p rac t i ca l ly  over  the ent i re  x ray  wavelength range.  It 
follows f rom this that use of scint i l la t ion methods in roentgenoscopic  
s tudies is ve ry  efficient,  and counter  eff ic iency as a function of quan- 
tum energy  need not be considered.  

The effect  of radia t ion absorpt ion  by the solid skeleton of the 
spec imen,  and s o m e t i m e s  by the appara tus  walls,  may  be quite s ign i -  
ficant, if the radiat ion power  at the tube output is r a t h e r  l imited,  for  
example ,  when using d i f f r ac tome t r i c  devices  fo r  roentgenoscopy.  It 
should, however,  be noted that cons idera t ion  of these fac to r s  in the 
x r ay  range is quite compl ica ted.  

In fact ,  if we neglect  attenuation of the beam by s t ruc tu ra l  wails,  
which in pr inciple  can be cons t ruc ted  to have an insignificant effect  on 
intensity, we may  a s sume  that  in accordance  with Eq. (2) 

n i = n o exp (~toPol). 

V n~% = (glp)-a exp (0.5,%/po) ~ 1 -" exp (~tlp) . (11) 

In the g a m m a  ray  region,  where P0 ~ ~, the c r i t e r i a  for  the opt imum m e a s u r e m e n t  mode a re  found c o m -  
pa ra t i ve ly  s imp ly  [5]. For  the x ray  range,  in each concre te  case  the opt imum reg ime  mus t  be se lec ted  
by t r i a l  and e r r o r .  The curves  of Fig. 2 show the c h a r a c t e r  of the dependence of the quantity e x p r e s s e d  
by Eq. (11) on photon energy  for  two different  values of spec imen  thickness  l, under  the condition that p 
= 0.2 gem -3, P0 = 1.8 gem -3, and the m a s s  attenuation coeff icients  # and P0 co r re spond  to H20 and SiO 2. 

Somet imes  the choice of an opt imum mode may be s impl i f ied with the aid of the re la t ive ly  s imple  
solution of the p rob lem of finding an opt imum spec imen  thickness  l for  constant  radia t ion quantum energy  
and given mo i s t u r e  content. It is s imple  to prove  that de te rmina t ion  of a min imum for  Eq.  (11) for  con-  
s tant  p, P0, P, andP0 reduces  to finding the root of the following t ranscendenta l  equation: 

2 ~top 0 _ 1 (12) 
~lm9 pp 1 ~- exp (--  ~tlmP) 

Equation (12) is solved for  l m re la t ive ly  s imply  by the method of success ive  approximat ion .  To ca l -  
culate the f i r s t  approximation,  the exponential  function in the denominator  of the righthand side is taken 
equal to unity, and the equation obtained is solved for  l m.  The righthand side of the equation for  the second 
approximat ion  is obtained by subst i tut ion of the I m value obtained in the f i r s t  approximation,  etc .  

Table  1 p resen t s  l m as a function of photon energy  fo r  m a t e r i a l  of the following composi t ion  as the 
spec imen:  SIO2, P0 = 1.8 gem-3;  H20, p = 0.2 gem -3. The values of p and ~0 for  the var ious  energy  values 
were  taken f r o m  the tables  of [8]. 
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Z 

N O T A T I O N  

a re  the intensi ty  of radia t ion  which has t r a v e r s e d  through l ayer  of moi s t  spec imen,  and 
through l aye r  of same  spec imen  containing no mo i s tu re ;  
is the intensity of radia t ion incident on spec imen;  
a re  the number  of photons cor responding  to these  intensi t ies  incident on radia t ion  de tec tor  
input over  identical  count per iod;  
a re  the densi ty of solid skeleton and absorbed  mo i s tu re  (mass  pe r  unit volume);  
a re  the m a s s  at tenuation coeff icients  cor responding  to these two phases ;  
is the beam path in spec imen  (specimen thickness) ;  
is the re la t ive  speci f ic  moi s tu re  content; 
is the signal level;  
m the sens i t iv i ty  of roentgenoscopic  method;  
m the s tandard deviat ion of quantity; 
m the re la t ive  s tandard  deviat ion of quantity x; 
m the de tec tor  eff iciency;  
is the photon energy;  
is the opt imum spec imen  thickness  at given photon energy  and mo i s tu re  content; 
is the a tomic number  of e lement .  
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