
p a r t i c u l a r ,  a Branch  Refe rence  on the de te rmina t ion  of t h e r m a l  loads on construct ion e lements  by the 
methods of i n v e r s e  p r o b l e m s  of heat conduction was developed and published at the Moscow Aviation Ins t i -  
tu te .  The methods  fo r  the solution of conjugate and uncor rec t ed  i nve r se  p rob l ems  developed by the Mos-  
cow Aviation Ins t i tu te ,  the Inst i tute  of Heat and Mass Exchange,  Academy of Sciences of the Beloruss ian  
SSR, Moscow State Univers i ty ,  the Khar 'kov  Aviation Ins t i tu te ,  and a number  of others  have been put into 
p rac t i ce  in the work of a num ber  of s c i e n t i f i c - r e s e a r c h  and des ign- -cons t ruc t ion  organiza t ions .  Automated 
complexes  for  the t r e a t m e n t  of the data of t h e r m a l  expe r imen t s  a r e  being c rea ted .  All these  s tudies and 
p ro j ec t s  a r e  in the s tage of quite in tensive growth and development .  

The a d d r e s s e s  and r e p o r t s  d i scussed  at the Second All-Union Seminar  and approved for  publicat ion 
by the Organizat ional  Commit tee  of the s e m i n a r  a r e  p resen ted  in this  i s sue  of " Inzhenern0-Fiz ichesk i i  
Zhurnal"  (Journal  of Engineer ing Phys ics ) .  
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The s ta tus  and s o m e  methodological  p rob l ems  of t he rma l  s tudies ,  t h e r m a l  design,  and 
the t r e a t m e n t  of expe r imen ta l  r e su l t s  f rom t h e r m a l  t e s t s  a re  d i scussed .  

In r ecen t  y e a r s ,  i n v e r s e  h e a t - t r a n s f e r  p rob l ems  have become one of the bas ic  modal i t ies  for  i n v e s -  
t igat ion of heat t r a n s f e r  and fo r  s imulat ion of the t h e r m a l  r e g i m e s  in many technica l  s y s t e m s .  A c h a r a c -  
t e r i s t i c  f ea tu re  of modern  methods  for  the solution of i nve r se  p rob lems  is  the or ientat ion toward machine 
technology.  "Manual" methods  a r e  used only in the s imples t  ca ses  and do not change this genera l  t r end .  
Thus one can ta lk  of machine  methods  for  the solution of i nve r se  h e a t - t r a n s f e r  p rob l ems  and of machine 
methods  fo r  machine  s imulat ion based on the concept of the i nve r se  p rob lem.  

The ana lys i s  and in t e rp re t a t ion  of the resu l t s  of t h e r m a l  exper imen t s  continue to be the main field 
for  appl icat ion of the i nve r se  h e a t - t r a n s f e r  p rob lem.  It was in p r ec i s e ly  this field that  the g r e a t e s t  ad -  
vances  of t heo re t i ca l  and applied nature  were  achieved f rom the viewpoint of the e f fec t iveness  of the methods 
and the bread th  of t he i r  p r ac t i ca l  appl icat ion.  This  field of applicat ion for  the methods  of the i nve r se  hea t -  
t r a n s f e r  p rob lem includes the de te rmina t ion  of boundary condit ions,  the recons t ruc t ion  of t e m p e r a t u r e  f ie lds ,  
the de te rmina t ion  of contact t h e r m a l  r e s i s t a n c e s ,  and the de te rmina t ion  of hea t -  and m a s s - t r a n s f e r  coeff i -  
c ients :  In planning p rac t i ca l  appl ica t ions ,  cor responding  methods a r e  used for  exoe r imen ta l  s tudies  of non- 
s teady heat t r a n s f e r ,  fo r  const ruct ing low- iner t i a  t h e r m a l - f l u x  s e n s o r s ,  for  identifying hea t -  and m a s s -  
t r a n s f e r  p r o c e s s e s  in h e a t - r e s i s t a n t  m a t e r i a l s  and coat ings ,  for  de te rmin ing  and controll ing opt imal  hea t -  
ing and cooling conditions for  m a t e r i a l s  used in var ious  technical  p r o c e s s e s ,  e tc .  

A methodology is  a l so  beginning to be developed for  the solution of i nve r se  p rob lems  of identif icat ion 
and co r rec t ion  of t h e r m a l  models  of complex technical  s y s t e m s ,  for  example ,  in the t he rmovacuum tes t ing 

of spacec ra f t .  

The product ion of r e su l t s  of acceptab le  accu racy  often r equ i r e s  cons iderable  complexi ty  in a t h e r m a l  
model  of a p r o c e s s  or  technica l  s y s t e m  under  invest igat ion and the development  of m o r e  complex and r e -  
fined methods fo r  the solution of the i nve r se  h e a t - t r a n s f e r  p rob lem.  All this  leads to an i nc r ea se  in the 
consumption of machine  t i m e .  If one cons ide rs  that the analys is  of an actual  or  s imula ted  t h e r m a l  e x p e r i -  
ment  a lways  p a s s e s  through s e v e r a l  s tages  with a mult ipl ic i ty  of repea ted  calculat ions and different  r e f ine -  
men t s ,  the occas iona l  in te rac t ion  of an inves t iga to r  with a compute r  enta i ls  not only a significant  i nc r ea se  
in the to ta l  t ime  fo r  data  ana lys i s ,  but a l so  a s o m e t i m e s  undes i rable  reduct ion in the number  of poss ib le  
va r i a t ions  of the ana lys i s  with loss  of a ccu rac y  and informat ion  content in the r e su l t s .  Thus a need has 
a r i s en  in many  t h e r m a l  expe r imen t s  fo r  automation of al l  in format ion  analys is  s t a r t ing  with the col lect ion,  
sys t ema t i za t ion ,  and editing of p r i m a r y  s t a t i s t i ca l  and de te rminan t  analys is  before  solution of the i nve r se  
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prob lem and the production of final r e su l t s .  The automated  nature  of the ana lys i s  of data f rom t h e r m a l  
expe r imen t s  impos es  r ig id  r e q u i r e m e n t s  on the a lgor i thms  and p r o g r a m s  for  the solution of the inve r se  
h e a t - t r a n s f e r  p rob l em .  These  a r e  p r i m a r i l y  re la ted  to a c c u r a c y ,  speed,  a s s u r a n c e  of the pr inc ip le  of 
p r o g r a m  modula r i ty ,  and the poss ib i l i ty  of complete  e l iminat ion of the ope ra to r  f r o m  the p r o c e s s  of 

ana lys i s .  

Automated methods fo r  the solution of i n v e r s e  p rob l ems  a r e  of g r ea t  impor tance  at var ious  s tages  
in the development  and re f inement  of ma thema t i ca l  models  involved in t h e r m a l  designs for  a i r c r a f t .  In 
the const ruct ion of ma thema t i ca l  mode l s ,  it is n e c e s s a r y ' t o  ensure  a definite degree  of adequacy of the 
t e s t  t h e r m a l  object  with r e spec t  to sa t i s fac t ion  of the r equ i r emen t s  for  model  s impl ic i ty  and convenience 
in working with the model .  Since the functioning of objects  in t h e r m a l  design is cha rac t e r i zed  by the oc -  
cu r r ence  of complex ,  i n t e r r e l a t ed ,  and s o m e t i m e s  even insuff icient ly unders tood phys icochemica l  p r o -  
c e s s e s ,  the competence  of a model  is  usual ly checked during the course  of spec ia l ly  formula ted  e x p e r i -  
men t s .  In this way, not only a r e  the c h a r a c t e r i s t i c s  and p a r a m e t e r s  of t h e r m a l  models  checked,  but the i r  
s t r u c t u r e  is a l so  modif ied so  that  design r e su l t s  of s a t i s f ac to ry  accu racy  a r e  obtained. The choice and 
re f inemen t  of t h e r m a l  models  for  design objects  must  be based to a considerable  extent on the i nve r se  
h e a t - t r a n s f e r  p rob l em.  The reason  for  this is that  the de te rmina t ion ,  based On c lass ica l  methods ,  of the 
development  of models  of dynamic p r o c e s s e s  used in the ana lys i s  of equation s y s t e m s  p roves  to be unfrui t -  
ful for  t h e r m a l  models  in many ca s e s .  This is a ssoc ia ted  with the diff icult ies of rea l iz ing input effects  of 
spec ia l  f o r m ,  with nonl inear i t ies  in the d i f ferent ia l  equations desc r ib ing  h e a t - t r a n s f e r  p r o c e s s e s ,  and with 
the val~abil i ty of the coeff ic ients .  The study of objects  in t h e r m a l  design and of the conditions under  which 
they opera te  is  based on a ma thema t i ca l  descr ip t ion  cor responding  to the space  state of a dynamic s y s t e m .  
Such an approach  is frui tful  in t h e r m a l - d e s i g n  p rac t i ce .  It p e rmi t s  extensive and complete  use of the 
capabi l i t ies  of modern  computing technology and the de te rmina t ion  of a model with a r b i t r a r y  var ia t ion  of 
the input functions.  This  approach  is based  on the use of the i nve r se  h e a t - t r a n s f e r  p rob lem.  

The i nve r se  h e a t - t r a n s f e r  p rob lem belongs to the i m p r o p e r l y  formula ted  p r o b l e m s .  The p roper ty  
specif ied r equ i r e s  thorough invest igat ion and just i f icat ion of the method chosen for  solution depending on 
the type of i n v e r s e  p rob l em ,  and on the c h a r a c t e r i s t i c s  of i ts  use in t h e r m a l  s imulat ion and in specif ic  ex-  
pe r imen ta l  s tudies .  It is  a l so  n e c e s s a r y  to organize  a careful  cor re la t ion  of the methods for  solution of 
the i nve r se  p rob lem with the methods fo r  p r i m a r y  analys is  of exper imenta l  in format ion .  

A subject  for  detai led study at the Moscow Aviation Insti tute at the p re sen t  t ime  is p rec i se ly  such a 
comprehens ive  analys is  of the a r e a s  for  appl icabi l i ty  of var ious  methods for  solution of the inve r se  heat -  
t r a n s f e r  p rob lem toge ther  with opt imal  design of expe r imen ta l  s tudies and m e a s u r e m e n t s .  

The se lec t ion  of p a r a m e t e r s  for  a h e a t - r e s i s t a n t  s y s t e m  is of g rea t  impor tance  in t h e r m a l  design 
for  a n u m b e r  of a i r c r a f t .  The complexi ty  of the phys icochemica l  phenomena occur r ing  during the 
operat ion of such craf t  in respons ib le  for  the need to c a r r y  out an extensive p r o g r a m  of expe r imen ta l  
s tudies  both on spec ia l ly  cons t ruc ted  t e s t  stands and ins ta l la t ions  on the ground and by the p e r f o r m a n c e  of 
actual  or  s imula ted  flight expe r imen t s .  The purpose  of such studies can be, for  example ,  an evaluation 
of the accu racy  of exis t ing methods for  the calculat ion of heat t r a n s f e r ,  the de te rmina t ion  of the a r e a  of 
appl icabi l i ty  of one method or  another ,  a study of the p e r f o r m a n c e  of h e a t - r e s i s t a n t  m a t e r i a l s ,  e tc .  

A modern  t h e r m a l  expe r imen t ,  and even m o r e  one in flight, is except ional ly  expensive  and complex  
so that  i t s  p e r f o r m a n c e  demands  thorough p repa ra t ion  and p r i m a r i l y  sc ient i f ical ly  sound, eff icient  p lan-  
ning. Planning provides  a c l e a r  logical  s cheme  for  p e r f o r m a n c e  of the expe r imen t ,  i n c r e a s e s  the eff ic ien-  
cy and accu racy  of the resu l t s ,  and makes  poss ib le  the saving of t ime  and m a t e r i a l s  in the p e r f o r m a n c e  
of the exper imen t .  

The p rob l ems  in expe r imen ta l  design include a means  for  se lec t ion  of a h e a t - t r a n s f e r  model  or  of a 
m e c h a n i s m  for  breakdown of a h e a t - r e s i s t a n t  m a t e r i a l ,  a means  for  set t ing up the measu red  p a r a m e t e r s ,  
fo r  opt imal  a r r a n g e m e n t  in space  and t ime  of the measu r ing  equipment ,  and for  se lect ing a method for  
analyzing the r e su l t s .  They a l so  influence the se lec t ion of the design for  the expe r imen ta l  ins ta l la t ion and 
model .  

A la rge  por t ion of the p rob l ems  which a r i s e  in the planning of a t h e r m a l  exper iment  can obviously 
be re la ted  to the p rob l ems  in planning expe r imen t s  fo r  the de te rmina t ion  of a mechan i sm for  a p r o c e s s ,  
i .  e . ,  for  seeking ma thema t i ca l  models  descr ib ing  a p r o c e s s  under invest igat ion.  Les s  at tention than is 
de se rved  is  being devoted to  this field of the ma thema t i ca l  theory  of expe r imen ta l  design of exper imen t s  
at the p r e sen t  t ime ;  this  pa r t i cu l a r ly  concerns  the p rac t i ca l  applicat ion of the methods for  planning such 
expe r imen t s .  
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Thus the p rob l em  of obtaining the g r e a t e s t  amount of informat ion about a h e a t - t r a n s f e r  p roces s  un- 
d e r  study with min imum consumption of m a t e r i a l  and t ime  is a p re s s ing  one at the p re sen t  t ime .  Mathe-  
ma t i ca l  methods  fo r  planning e x p e r i m e n t s ,  in con t ras t  with exist ing methods ,  make it  poss ib le  to reduce  
the n u m b e r  of t e s t s t  to reduce  expe r imen ta l  e r r o r ,  to obtain a ma themat i ca l  model  possess ing  cer ta in  op- 
t ima l  p r o p e r t i e s ,  and to  evaluate  the bas ic  ef fec ts  of in te rac t ions .  

I t  i s  p rac t i ca l ly  imposs ib l e  to cons ider  al l  the numerous  and in t e r r e l a t ed  p r o c e s s e s  occurr ing  under  
ac tual  condit ions.  I t  is  difficult  to evalua te  the c o r r e c t n e s s  of the choice of computing scheme  and the 
re l iab i l i ty  of t h e  r e s u l t s .  

Numer i ca l  s imula t ion  on a compu te r  is  an impor tan t  and p resen t ly  intensively developing t rend in the 
study of complex  p r o c e s s e s  in heat and m a s s  t r a n s f e r .  A machine exper imen t  acqu i res  spec ia l  impor t ance  
in those  ca se s  where a suff ic ient ly  comple te  expe r imen ta l  s tudy of a phenomenon is difficult .  

One such p rob l em  is  nonsteady heat t r a n s f e r  during the in teract ion between a solid and a gas  flow. 
A m a t h e m a t i c a l  model  of the p r o c e s s  sufficiently c lose  to the actual  physica l  p ic ture  can be constructed on 
the bas is  of a coupled h e a t - t r a n s f e r  p rob lem where s imul taneous  solution of the nons teady-s t a t e  equations 
of the gaseous  boundary l aye r  and of heat  t r a n s f e r  in the solid is  cons idered .  Boundary conditions of the 
four th  kind a r e  ass igned  at the in te r face  between the solid and gaseous  reg ions .  Such a formula t ion  of the 
p r o b l e m  makes  it  poss ib le  to cons ider  the mutual  t h e r m a l  effect  of gas  and solid and to  evaluate  the depen-  
dence o f the  p a r a m e t e r s  fo r  nonsteady heat  t r a n s f e r  on the g e o m e t r i c  and t he rmophys i ca l  c h a r a c t e r i s t i c s  of 
the sol id.  In addit ion,  coupled p r o b l e m s  provide  an opportunity to es tab l i sh  gene ra l  re la t ionships  in non- 
s teady heat  t r a n s f e r ,  including the effect  of a whole s e r i e s  of controll ing p a r a m e t e r s ,  the expe r imen ta l  de-  
t e rmina t ion  which r equ i r e s  numerous  and expens ive  expe r imen t s .  All this is  evidence that  the study of 
coupled p rob l ems  may  be an e x t r e m e l y  t imely  t rend  in the theory  of heat and m a s s  t r a n s f e r .  

In our  s tud ies ,  coupled p rob l ems  were  used in the analys is  of nonsteady t h e r m a l  in te rac t ions  between 
a solid and a l a m i n a r  flow of fluid or  d i s soc ia ted  a i r  around it .  F o r  example ,  in the l a t t e r  case  a f ive-  
component  model  of an a i r  mix tu re  was cons idered  with the chemica l  reac t ions  in the boundary l aye r  in-  
cluded. It  turned out that  the p a r a m e t e r s  for  nonsteady heat t r a n s f e r  in the so l id - -gas  s y s t e m  were p r a c -  
t ica l ly  independent of the t he rm ophys i ca l  and g e o m e t r i c  c h a r a c t e r i s t i c s  of the solid,while in the so l id - - l iq -  
uid s y s t e m  the d i f fe rence  between nonsteady h e a t - t r a n s f e r  p a r a m e t e r s  and the cor responding  quas is teady 
p a r a m e t e r s  might  be cons iderab le .  

It  should a l so  be noted that  a n u m e r i c a l  solution of coupled p rob lems  in heat and m a s s  t r a n s f e r  is a 
complex p rob lem in computat ional  m a t h e m a t i c s .  The des i red  ma thema t i ca l  model  is  not a lways rea l i zed  
because  of the l imi ted  capac i t i e s  of m o d e r n  computing technology.  However ,  i t  is safe to say that  coupled 
p r o b l e m s  r e m a i n ,  and ~-_'11 r e m a i n ,  a powerful  i n s t rumen t  in s tudies of the re la t ionships  in nonsta t ionary  
heat and m a s s  t r a n s f e r .  

To p e r f o r m  high-quali ty t h e r m a l  e x p e r i m e n t s  appropr i a t e  to  the modern  level  of technical  develop-  
ment ,  i t  is  n e c e s s a r y  to c r ea t e  a new s y s t e m  for  the ana lys i s  of expe r imen ta l  in format ion  f r o m  the v iew-  
point of methodology.  Such a s y s t e m  mus t  p o s s e s s  a high degree  of automat ion in all  computat ional  p r o -  
cedures .  Automation not only makes  i t  poss ib le  to p e r f o r m  the ana lys i s  opera t ional ly  but a l so  i n c r e a s e s  
the a c c u r a c y  of the f inal  r e s u l t s .  

P r e h m i n a r y  ana lys i s  of expe r imen ta l  data  takes  on g r e a t  impor t ance  in automated  ana lys i s .  The 
purpose  of p r e l i m i n a r y  ana lys i s  is  to put all  expe r imen ta l  in format ion  into a f o r m  sui table  for  solution of 
subsequent  p r o b l e m s ,  pa r t i cu l a r ly  i n v e r s e  h e a t - t r a n s f e r  p r o b l e m s .  

At the p r e s e n t  t i m e ,  s t a t i s t i ca l  ana lys i s  has rece ived  widespread  acceptance  as  p r e l i m i n a r y  (pr imary)  
ana lys i s .  On the bas i s  of exper ience  in the study of a broad c lass  of random p r o c e s s e s ,  the methods of 
ma thema t i ca l  s t a t i s t i c s  make  i t  poss ib le  to  p e r f o r m  suff icient ly deta i led ana lys i s  of expe r imen ta l  r e su l t s  
and provide  an opportunity to evaluate  the quality of the expe r imen ta l  in fo rmat ion  obtained. 

The r e su l t s  of the p r i m a r y  ana lys i s  a l so  have a d i r ec t  effect  on the solution of the i nve r se  hea t -  
t r a n s f e r  p rob l em.  

The use  of the r e s u l t s  f r o m  s ta t i s t i ca l  ana lys i s  a l so  have a d i r ec t  effect  on the solution of the i n v e r se  
h e a t - t r a n s f e r  p rob l em.  

The use  of  the r e su l t s  f r o m  s ta t i s t i ca l  ana lys i s  in the de te rmina t ion  of t h e r m a l  boundary conditions 
m a k e s  i t  poss ib le  to  i n c r e a s e  the accu racy  in obtaining des i r ed  values  of t h e r m a l  flux and su r f ace  t e m p e r -  
a t u r e ,  and to expand the a r e a  of appl icat ion of individual a lgor i thm~ fo r  the i n v e r s e  h e a t - t r a n s f e r  p rob l em.  
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Any expe r imen ta l  data c a r r y ,  in addition to useful  in format ion ,  d is tor t ions  of al l  kinds supe r imposed  
as the r e su l t  of the operat ion of m e a s u r i n g  equipment ,  of insuff icient ly modern  technology in the p r e p a r a -  
tion of d e t e c t o r s ,  e tc .  In addition, the p r o c e s s e s  under  invest igat ion may  t h e m s e l v e s  pos se s s  some s t a t i s '  
t i ca l  va r iab i l i ty .  The methods of s t a t i s t i ca l  ana lys i s  provide  an opportunity to evaluate  al l  the d is tor t ions  
supe r imposed  on the expe r imen ta l  data obtained. 

In studying t h e r m a l  conductivity,  one is  fo rced  to deal  with nonsteady s t a t e s  fa i r ly  often, and the use 
of t radi t ional  s t a t i s t i ca l  methods is  r a r e l y  success fu l  in p rac t i ce  because  they al l  were  developed for  
s t e a d y - s t a t e  p r o c e s s e s .  In the ana lys i s  of nonsteady--state p r o c e s s e s ,  i t  is  n e c e s s a r y  to consider  a na r row 
range  of random p r o c e s s e s  and to cons t ruc t  hypotheses .  

The si tuat ion is often compl ica ted  by g rea t ly  l imited expe r imen ta l  informat ion  such as a single r e a l i -  
zation of a random p r o c e s s  under  study.  P r e l i m i n a r y  studies showed that  even under  such significantly 
l imited condit ions,  s t a t i s t i ca l  ana lys i s  yields  acceptab le  r e su l t s .  

As a l ready  s ta ted ,  ma themat i ca l  s imula t ion  of the t h e r m a l  r e g i m e  of an a i r c r a f t  as one of the f ac to r s  
de te rmin ing  i ts  appea rance  and p a r a m e t e r s  plays an impor tan t  role  in the design of a i r c r a f t  and a lso  in the 
development  of o ther  objects  in new technology. As a ru le ,  p rev ious ly  checked expe r imen ta l  and t h e o r e t -  
ical  re la t ionships  and methods a r e  used in ma thema t i ca l  s imulat ion descr ib ing  the rmophys i ca l  p r o c e s s e s .  
A ma thema t i ca l  t h e r m a l  model  se t  up for  studying the t h e r m a l  r eg ime  of an a i r c r a f t  makes  it  poss ib le  to 
inves t iga te  i t s  t h e r m a l  r eg i m e  under  var ious  ex te rna l  load condit ions,  to take account of the var iab i l i ty  
in the t he rmophys i ca l  c h a r a c t e r i s t i c s  of m a t e r i a l s  and coat ings ,  and, in addit ion,  to cons ider  the ranges  
introduced in the design solution.  

Var ious  hypotheses  and methods a re  used in the formula t ion  of ma themat i ca l  t h e r m a l  models .  Re -  
cent ly ,  methods based on the use of e lements  of the theory  of g raphs  were  introduced into the p rac t i ce  of 
ma thema t i ca l  s imulat ion.  These  methods a r e  dist inguished by the i r  newness and can be used successfu l ly  
for  automated design of a i r c r a f t  and other  objects in new technology.  

In a number  of c a s e s ,  ma thema t i ca l  s imulat ion makes  it  poss ib le  to study the rmophys ica l  p r o c e s s e s ,  
the physica l  s imulat ion of which cannot be achieved success fu l ly  under  su r face  condit ions.  Among such 
p r o c e s s e s  a r e  t he rmograv i t a t i ona l  convection of low-boil ing fluids in the fuel tanks of a i r c r a f t  under weak-  
field conditions and some  o thers .  

Mathemat ica l  s imulat ion plays an impor tan t  ro le  in s tudies  of coupled h e a t - t r a n s f e r  p rob lems  in de -  
sign s t r u c t u r e s  of complex configurat ion s ince ,  within the l imita t ions  of the t h e r m a l  model  of the s t ruc tu r e ,  
i t  makes  it  poss ib le  to cons ider  the cour se  of t he rmophys i ca l  p r o c e s s e s ,  to inves t iga te  the i r  in te rac t ion ,  
to solve opt imizat ion p rob l ems  for  the t h e r m a l  mode of the s t r u c t u r e ,  etc.  

It  should be noted that  opt imizat ion of the t h e r m a l  mode of an a i r c r a f t  is  c losely connected with the 
solution of the i nve r se  h e a t - t r a n s f e r  p rob lem in s t r u c t u r e s  of complex fo rm.  Among such p r o b l e m s ,  for  
example ,  is  the r econs t ruc t ion  of the t e m p e r a t u r e  prof i le  in in terconnected  e lements  of a s t ruc tu re  under  
study f r o m  known values of the t e m p e r a t u r e  in individual e l ement s .  Although these  p rob l ems  a re  complex 
even in the plan advanced,  one can hope that  the i r  solution will be obtained in the immed ia t e  future .  
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