
i m p r e s s i o n s  a r o s e  at  the inner  su r face  of the shaft ,  i .e . ,  t r a c e s  of the p r e s s u r e  of the wedges.  The identity 
(visual) of the i m p r e s s i o n s  b e a r s  wi tness  to the uniformity  of the dis t r ibut ion of the s t r e s s e s .  

In another  model ,  a piston with a d i a m e t e r  of 50 m m  was used, having values of ~,  "/, and fl equal ap-  
p r o x i m a t e l y  to 0.9, 0.87, and 0.45, r e spec t ive ly .  The working p r e s s u r e ~ o f t h e c o m p r e s s e d  gas  was around 2000 
a tm .  The m a x i m a l  rad ia l  s t r e s s e s  in this case ,  accord ing  to the calculat ion,  around 1200 a tm.  

It mus t  be noted that,  in s e v e r a l  hundreds of cyc les  of work,  there  was no case  of breakdown of the sy s t em 
o r  of damage  to i ts  e l ement s .  

1, 
2. 

3. 

L I T E R A T U R E  C I T E D  

Yon Karman  Inst i tute for  Fluid Dynamics ,  Education, and Research ,  1956-1976 (1976). 
A. A. Meshche ryakov  andV~ I. P inakov , "  The piston of an adiabatic c o m p r e s s i o n  device ,"  Inventor ' s  C e r -  
t i f icate  No. 390315, Byull. Otkr . ,  Izobr . ,  P r o m .  Obraz . ,  Tov.  Znaki, No. 30 (1973). 
S. D. P o n o m a r e v  e t  al., Strength Calculat ions in Machine Building [in Russian],  Vol. 2, Mashgiz,  Moscow 
(1958). 

A N A L Y S I S  O F  S T R U C T U R E  E L E M E N T S  T A K I N G  

A C C O U N T  O F  M A T E R I A L  D A M A G E  D U R I N G  C R E E P  

V.  A .  Z a e v  a n d  A .  F .  N i k i t e n k o  UDC 539.376 

Deformationsi  accumula ted  in the third s tage of  c r e e p  [1, 2] a r e  neglected in the ana lys i s  of s t ruc tu re  e le -  
m e n t s  in the ma jo r i t y  of c a s e s .  However ,  as  follows f rom an ana lys i s  of expe r imen ta l  r e su l t s  [3], some s t r u c -  
t u r a l  m a t e r i a l s  d i sc lose  quite de f i n i t e t h i rd  sec t ions  of c r e e p  even fo r  insignificant  de fo rmat ions  on the o r d e r  of 
1-2%. 

A s tandard  computat ion of the s t r e s s - s t r a i n  s ta te  for  this scheme and the s t rength  analys is  of the s t r u c -  
tu re  e l emen t s  under  c r e e p  condit ions do not take account  of the fact  [1] that cumulat ive  damage ,  which exe r t s  
subs tan t i a l  influence on the c r e e p  ra te  and re su l t s  in redis t r ibut ion  of the s t r e s s  field, p recedes  f r ac tu re .  

An ana lys i s  of v e s s e l s  s t r e s s e d  by in terna l  p r e s s u r e  is p resen ted  below, in which the c i r c u m s t a n c e s  noted 
above  a r e  taken en t i re ly  into account.  The s t r e s s - s t r a i n  s ta te  of the ve s se l s  and the lower  boundary of the f r a c -  
tu re  t ime  a r e  de t e rmined .  It is noted that  the elucidated method of solution is s i m p l e r  and more  effect ive in the 
vo lume  and complexi ty  of the calcula t ional  p rocedu re s  than the t radi t ional  methods [1]. 

Let  a uniformly heated v e s s e l  ( sphere ,  cyl inder)  be loaded by a constant  in ternal  p r e s s u r e  p with r e spec t  
to t ime.  The equi l ibr ium equations and boundary conditions have the fo rm [1, 2] 

aaJOr + k(a ,  - -  a~ )/r = O, a ~ r ~ b; (1) 

at(a) = - - p ,  at(b) = O, (2) 

where  a and b a r e  the inner  and outer  radi i ,  r e spec t ive ly ,  l~or a cy l indr ica l  ve s se l  k : l ,  while k = 2  for  a sp h e r i -  
ca l  ve s se l ,  and cr r ,  a m a re  the p r inc ipa l  s t r e s s  t enso r  components ,  which a r e  functions of the t ime and the co-  
ord ina te  r .  The remain ing  pr incipal  s t r e s s  a 0 equals a m [2] for  a spher ica l  ves se l  in the case  of cen t ra l  s y m -  
m e t r y ,  and az for  a cy l indr ica l  ve s s e l  is de te rmined  f r o m  the s tandard assumpt ion  about no c r e e p  in the axial  
d i r ec t ion  [1, 2]. 

The c r e e p  s t ra in  r a t e  t enso r  components  a r e  re la ted  to the d i sp lacement  veloci ty vec to r  components  by 
the known Cauchy re la t ions  [2], while the equation of continuity of the c r eep  s t ra in  ra te  has  the fo rm [2] 

a~l~ lar -{- (~l~ - - ~ r ) l r  - -  O. (3) 

We wr i te , the  s y s t e m  of equations desc r ib ing  all  t h ree  s tages  of m a t e r i a l  c r e e p  and taking account  of the damage  
p r o c e s s  in t ime  in the f o r m  [1, 4] 

Novos ib i r sk .  Trans la ted  f rom Zhurnal  Pr ikladnoi  Mekhaniki i Tekhnicheskoi  Fiz iki ,  No. 2, pp. 157-164, 
M a r c h - A p r i l ,  1980. Original  a r t i c l e  submit ted  June 19, 1979. 
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ao~/aa j  (4) 
~11 = ~m (t -- ~t) ~/(~+1) ; 

t 71/(m+~) 
[ ~ :  l - - ( ~ Z +  l ) ( r a +  ~)S(I)~dT~ , (5) 

u j 

w h e r e  j~ - r ,  q~, z fo r  a c y l i n d e r ,  and j = r ,  ~p, 0 f o r  a s p h e r e .  H e r e  # i ,  r  a r e . h o m o g e n e o u s  funct ions  in the 
s t r e s s e s  of d e g r e e  (n + 1) and ~(g + 1) of the f o r m  r 1 =B1SI n § Q/2 ,  r =B2SI g + ~)/2, s~ i s  the second i n v a r i a n t  of the  
s t r e s s  t e n s o r  d e v i a t o r  (S~ = (I/6) [(cr 1 t -  (72) 2 + (or 2 -  a 3) ~ + (a 3 -  a 1)~]). The  funct ion p is  r e l a t e d  to the d a m a g e  p a r a -  
m e t e r  ~z by the r e l a t i o n s h i p  

co = ( t  - -  ~ ) ' / ( ~ + ~ )  (6 )  

ob ta ined  by in tegra t ing~the  k ine t ic  equa t ion  [1, 4] 

do)/dt = r162 ~ (i - -  r "~, 0)(r, 0) -- 0, o(r , ,  t , )  = i ,  

w h e r e  B1, B~, m ,  n, g, a a r e  m a t e r i a l  c h a r a c t e r i s t i c s ,  t ,  is  the t i m e  of the beginning  of f r a c t u r e  f ron t  p r o p a g a -  
t ion [1, 2] d e t e r m i n e d  f r o m  (6) by us ing  (5): 

0 

(7) 

T h e  t i m e  t ,  a t  which  w =1 f i r s t  a t  a c e r t a i n  point  r ,  of the body,  wil l  be de s igna t ed  the l o w e r  boundary  of the 
body  ( s t r u c t u r e  e l emen t )  f r a c t u r e  t i m e .  

The  s y s t e m  (1)-(7) p e r m i t s  c o m p u t a t i o n  of the s t r e s s - s t r a i n s t a t e  of v e s s e l s  loaded by in t e rna l  p r e s s u r e  
a t  any t i m e  and d e t e r m i n a t i o n  of the l o w e r  boundary  of the f r a c t u r e  t ime .  

We s e e k  the so lu t ion  of the p r o b l e m  f o r u m l a t e d  as  

a I (r, t) = a~ (r) ] (r, t) + C (r, t); (8) 

vj (r,  t) = v o (r) F (t),  (~) 

w h e r e  v j a r e  the d i s p l a c e m e n t  ve loc i ty  v e c t o r  c o m p o n e n t s ,  and ~],  v~, f ( r ,  t), C(r ,  t), F(t)  a r e  func t ions  to be 
d e t e r m i n e d .  The  z e r o  s u p e r s c r i p t  on the a p p r o p r i a t e  func t ions  deno tes  that  t he se  l a t t e r  depend only on the c o -  
o r d i n a t e  r .  

F r o m  (9) we have  

~j  (r,  t) _- n~F ( t ) .  (1,0) 

We s e l e c t  the funct ion  f ( r ,  t) f r o m  the condi t ion that  subs t i tu t ing  (8), (10) in the coupl ing  equat ion  (4) the var iable , ,  
could then be s e p a r a t e d ,  f o r  e x a m p l e ,  se t t ing  

] = [~t 'n (t - -  ,~t )~'(~+~)/X(t)] 1/~ (11) 

to the a c c u r a c y  of an a r b i t r a r y  funct ion of the t ime ,  we obtain  

- -  = ~ const. 
o o F ( t )  X(t) Oq) l /Oa j 

Tak ing  the cons t an t  equal  to one,  we see  tha t  

F( t )X( t )  = t,  (12) 

0 and the c o m p o n e n t s  ~?., c~ ~ s a t i s fy  the s t e ady  c r e e p  equa t ions  [1, 2]. The  so lu t ion  of the s t e a d y  c r e e p  p r o b l e m  f o r  
the v e s s e l s  unde r  conJside)ration which a r e  loaded by the v e r y  s a m e  c o n s t a n t  i n t e rna l  p r e s s u r e  in t i m e  wil l  l a t e r  
be c o n s i d e r e d  known [2]. 

Tak ing  the a b o v e - m e n t i o n e d  into account ,  i t  c a n b e  s e e n t h a t  the f ie ld  of d i s p l a c e m e n t  v e l o c i t i e s  (9) i den t i ca l ly  
s a t i s f i e s  the Cauchy r e l a t i o n s  and the z e r o  bounda ry  condi t ions .  The  equa t ion  of cont inui ty  of the c r e e p  s t r a i n  
r a t e  (3) is a l so  sa t i s f i ed .  

Subs t i tu t ing  the s t r e s s  t e n s o r  c o m p o n e n t s  (8) into the e q u i l i b r i u m  equat ion  (1), and the boundary  condi t ions  
(2)9 we see  tha t  they a r e  s a t i s f i e d  if the funct ion C( r ,  t) h e r e  s a t i s f i e s  the d i f f e r e n t i a l  equat ion  
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�9 oC _o el  = 0 (13) 

at  any t ime  with the boundary  condition 

C(a, t) = - -p [ t  --](a, t)], C(b,, t)= 0., (14) 

The reason  fo r  the o c c u r r e n c e  of two boundary conditions (14) for  the d i f ferent ia l  equation (13) is p e r -  
fec t ly  evident .  Taking into account  that the pr inc ipa l  s t r e s s  vec to r  az equals the fo rce  of the in terna l  p r e s s u r e  
on the bot tom of a tube (or  the pr incipal  s t r e s s  vec to r  a0 equals the in ternal  p r e s s u r e  force  on the su r face  of 
a hemisphe re ) ,  by taking account  of (8) it can be shown that the second boundary condition for  (13) is sat isf ied 
ident ical ly.  

Let  us turn to a de te rmina t ion  of the functions/~,(r,  t) and X(t) in t e r m s  of which f(r ,  t) is exp res sed  ac -  
cord ing  to (11). Using the ene rgy  t h e o r e m  [2], we have 

T~ = ~ c~/(r, t)~?p (t)dV.. (15) 
s V 

. 0 On the other hand, taking into account that v]_(r, t)=~F(t), ~ are compatible with ~?~, and the external loads Tj 

which are oonstaat in time are in equilibrium with a_~ we obtain 
J 

s V 

We have f r o m  a c o m p a r i s o n  between (15) and (16) 

o~)iflV.. t) oj~lflV ~ o, o .(](r, o o 
Y V" 

(16) 

(17) 

0 ~-(n +1)0],  and applying the t heo rem of the mean to the~ f i r s t  in tegra l  in (17) Taking  into account  that niT/j 

S l (r, t)cI)~ ---- ~(~ (t), t).[ a)~dV, 
V V 

(18) 

we finally obtain that at  any t ime  the equali ty 

f(r(t), t) = 1, 0 ~ t ~< t , ,  

should be sat isf ied,  which p e r m i t s  de te rmina t ion  in combinat ion with (11) of the t ime function X(t): 

X(t) = ~ (t _~),,c~+l), ~ = 9(7(t), t). (19) 

Substituting (8) into (5), we obtain a f t e r  the s imp le s t  manipulat ions with (11) taken into account  

S z' (1 - = - + 1) t.~ -1  .I (20)  
1 0 

and taking (11) into account  we have f r o m  (17) 

,I [~'~ (I - -  ~)~/(r = X 'In ~ (1)~ (21) 
V V 

Here  

l ---  , n ( n - ~ - 1 )  cz ~ + I  t o [( ~] ; P = ~ + ~ - - W - - ;  - -  r + t)  (m + i )  (I) -1 .  

F o r  the in tegra t ion in (20) it mus t  be taken into account  that 1->p (r, t)> 0 for  0-< t< t . ,  # ( r . ,  t . )  = 1, X(0) = 
1, X(t . )  > 0. This  imposes  ce r ta in  cons t ra in t s  on the m a t e r i a l  c h a r a c t e r i s t i c s  which a r e  not genera l ly  too 
s t r i c t .  

It follows f r o m  the above that  the p rob lem (1)-(7) fo rmula ted  above for  c r e e p  theory with the m a t e r i a l  
damage  taken into account  s imul taneous ly  can be reduced to a s teady c r e e p  problem.  In o r d e r  to obtain the 
des i r ed  solution (rj, 7)j the known s teady c r e e p  solution a~, ))~ should be mult ipl ied by the functions f(r ,  t) and 
F(t) ,  r e spec t ive ly .  The hydrosta t ic  component  is found f r o m  the solution of the d i f ferent ia l  equation (13) and the 
boundary  condition (14). 
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One of the known numer i ca l  methods of solving the s y s t e m  (20), (21) is requi red  to de t e rmine  the functions 
f(r ,  t) and F(t) which a r e  e x p r e s s e d  in t e r m s  of p (r, t) and 7( t )  accord ing  to (11) and (12). 

Substituting (8) into (7), we find the lower  bound of the f r a c tu r e  t ime ,  a f t e r  which propagat ion of the f r a c -  
tu re  f ront  s t a r t s  f r o m  the point r = r ,  as  mos t  s t r e s s e d  

t~ 

j' If (r , ,  t)]g+ld~ = t o (r . ) .  (22) 
0 

Since the function f(r ,  t) is re la ted  to the damage  p a r a m e t e r  o~(r, t), it then follows f r o m  (8) that the l a t t e r  
e x e r t s  subs tant ia l  influence on the s t r e s s  field by contr ibut ing to its red i s t r ibu t ion  f r o m  the t ime  of load appl i -  
ca t ion to the beginning of f r a c t u r e .  Evidently f(r ,  0) =1, C(r,  0) = 0, and the re fo re ,  the s t r e s s  field (8) a g r e e s  with 
the s teady  d is t r ibut ion  a0 fo r  t = 0. 

J 
Limi t ing  o u r s e l v e s  to the ca se  of a m a t e r i a l  becoming  soft  dur ing c reep ,  i .e . ,  when ~ =0, we de t e rmine  

p and ~ f r o m t h e  s y s t e m  (20) and (21) as follows. Using the notation 
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t 

S~ d~ -(m+l)Ud'c----u, u(0)----0j: "~'----I  for t = 0 ,  
0 

fJ = ra/(n + re (n - -  g i t)), v = (n + m(n - -  g - -  l))/n(m + 1), 

= m(g + t)ln(m + 1), "t' = rafn(m + 1) 

and subs t i tu t ing  p (r,  t) f r o m  (20) into (21), we obtain  

v ~dV (du/dt) -v/x q~dV.  ? t---F~ = 

V ~ y, 

We seek  the solut ion of (23) in the f o r m  of a power  s e r i e s  in t: 

u =  ~ b~tk~: bl = t .  

(23) 

Then  we have f o r  # (r,. t) and ~'(t) 

I~*nln~ I + ~, Batk; 

h = t  

(24) 

(25) 

w h e r e  

k A i k-i 
Bk = X ( -  t ) i  fl ~(i). b(ki) -~ ua , ~" X unl'(1)l'(t-i)'ua-n , 

i=1 n=t 

b ~ ) = 0  for k < i ,  i > i ;  b(k'i=-(rn.-l-t)@~ 

Dk = /u) d(•); d• i )  d l )d i - l )  
i ~ l  n = l  

d(~)=O for: k , < i ,  i > l ;  d(k~)=(k+t)bk+~; 

A n is the n u m b e r  of  p e r m u t a t i o n s  of  m e l e m e n t s  n at  a t ime .  A f t e r  s t anda rd  ope ra t i ons ,  we obtain a f o r m u l a  
f r o m  which we d e t e r m i n e  the expans ion  coe f f i c i en t s  B k and D k. 

z)~ .I r = .I ,I,~8~av. 
V 

Let  us wr i t e  down s o m e  of  the f i r s t  coef f i c ien t s :  

Dt = - -  ~v/P, B,  = --  [~vlt~ 

w h e r e  

a n d S .  

r . . ,vs' / ( f  ~176 ~1 ~ (I)l(~) l d V  {~}]dV (~i i d ' 

V 

is d e t e r m i n e d  f r o m  the e x p r e s s i o n  

~: -- [(= + 1) o ;  (;)]-1 _- [(,~ + 0 ~ I ] - L  
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where 

v IV 

(26) 

Di rec t  computat ions show that a perfect ly good approximation can be obtained in determining the s t r e s s - s t r a i n  
state if the sums of the infinite se r i e s  (24) and (25) are  approximated by the express ions  

(27) 

Diagrams of the s t r e s s  distr ibutions in a thick-walled tube at different time s are r ep resen tedby  sol idl ines  in 
Fig. 1. The computation was pe r fo rmed  by me ans of the dope ndenees (8) by using (27) and (28). The mater ia l  cha rac -  
t e r i s t i c s  had the values: ?,--b/a = 2 ,  n = g = 4 ,  m = 3, B 1 = 9.4"10 -9, at(a)--  - 12 kg/mm2o Here the s t r e s s  dis t r ibu-  
tion d iagrams  obtained in a d i rec t  computation by using an electronic computer  are  represented by dashed lines 
fo r  compar ison.  The time interval  between 0 and t was here  divided into bands At and the computation was per -  
fo rmed by a standard method [1]. 

Substituting (27) and (28) into (22), we obtain the following expression:  

t ,  ---- i, ~ [i - -  (t - -  t ~ ( a ) f t ~  xtv] (29) 

for  the t ime of the beginning of f rac ture  front propagation. In par t icular ,  t ,  calculated f rom (29) was 473 h, but 
t* ~-488 h in a d i rec t  computation. It is seen hence and f rom a compar ison  of the s t r e ss  distribution d iagrams 
represented  in Fig. 1 that the method elucidated to compute the s t r e s s -  s t ra in  state of h igh -p res su re  vesse ls  and 
to determine the lower bound of the f r ac tu re  t ime yields a perfect ly  good approximation to actuality.  EvidentIy 
it is much s impler  and more  effective in the volume and complexity of the calculational procedures  as compared  
with tradit ional  methods [1, 2]. 

In the par t icu lar  ease when the mater ia l  cha rac t e r i s t i c s  are  associated with the relationship (fl =1) 

m = n / ( 2 - - ( n - - g ) )  for l ~ n - - g . < 2 ,  
m = n / 2  for n = g, 

the sys tem (20) and (21) has the simple solution 

(30) 

(3i) 

This same resul t  can be obtained d i rec t ly  f rom (24) and (25). The lower bound of the f rac tu re  time is de te r -  
mined f rom (29) by replacing ~ by y(~ =y  for/3 =1). 

It turns  out that in the case  /3 r 1 a perfect ly  sa t i s fac tory  approximation can be obtained in the computa-  
tion of the s t r e s s - s t r a i n  state if the sums of the infinite se r ies  in (24) and (25) a re  approximated by (30) and (31) 
The appropriate  s t r e s s  distribution d iag rams  are  represented  by solid lines in Fig. 2 for  different t imes com-  
puted by means of (8) by using (30) and (31) (the dashed Iines a re  the same as inFig.  1). The lower bound of the 
f r ac tu re  time, as determined f rom (29) where u was replaced by 7 ,  was 461 hrs .  

Let us note that a lower bound in the f r ac tu re  t ime t .  -->-t-~. is obtained in [5] on the basis  of an investigation 
of the f r ac tu re  front  propagation in an a r i b t r a r y  body by using a simple cumulative damage law (which is equiva- 
lent to the par t icu lar  case/3 ~-1) which agrees  completely  with (29). 

It is seen f rom relat ions (8), (11), (19), (30), (31) that the s t r e ss  intensity distribution d iagram in the case  
/3 =1 in te r sec t s  an analogous steady c reep  d iagram at a point with coordinate r= '~  at  any time 0 < t - < t , ,  i .e.,  
the s t r e s s  intensity at this point is not redis t r ibuted during creep,  but remains  equal to its initial value ' 

s~ (7, t) = sO (;), s~ (,., o) = sg  (r). 
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The coordinate  of this point is de te rmined  f r o m  (26), and is independent of the t ime.  

"~  ~ k(8g+n+6)ln  __ l 

and fo r  a cy l inder  

7 [(g-l-2)(k~/n--i)]n/('~g+2)(t g < 2 ) .  

In pa r t i cu la r ,  fo r  a sphere  

(32) 

(33) 

It is seen that the coord ina tes  (32) and (33) d i f fe r  insignif icantly f rom the cor responding  coordina tes  for  i n t e r -  
sec t ion  of the e las t ic  and s teady  d is t r ibut ion  d i a g r a m s ,  and fo r  ~? ~ oo ag ree  exac t lywi th the  coord ina tes  fo r  i n t e r s e c -  
t ion of the e l a s t i c  s t r e s s  in tens i ty  d is t r ibut ion  with the ideal  p las t ic  dis t r ibut ion.  In combinat ion with (30) and (31), 
th is  r e su l t  a f fords  a poss ibi l i ty  of involving an e lec t ronic  compu te r  (or  using it minimal ly)  to compute the s t r e s s -  
s t ra in  s ta te  of h i g h - p r e s s u r e  v e s s e l s  by means  of (8) and (9) even in the case  fl ~ 1 as an approx ima te  e s t ima te  
dur ing  design.  The lower  bound of the f r a c t u r e  t ime  is de te rmined  f r o m  (29) o r  f r o m  the express ion  t .  -> to, p ro -  
posed in [5]. In combinat ion with (30), (31) and (29), the re la t ionships  (8) and (9) yield the exact  solution fo r  
B = I .  
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S T .  V E N A N T  P R I N C I P L E  

E L A S T I C  M E D I A  

F O R  S T R O N G L Y  A N I S O T R O P I C  

Y u .  A .  B o g a n  UDC 539.1 

The p r e senc e  of s t rong  an iso t ropy  in modern  c o m p o s i t e s  (consequently,  l a rge  p a r a m e t e r s  a r e  p resen t  in 
the genera l ized  Hooke ' s  law fo r  the ave r age  s t r e s s e s )  r e su l t s  in l imi t  models  being c h a r a c t e r i z e d  by the pheno- 
menon of "propagation" of the s t r e s s  s ta te  [1]. 

In t h i s  connection,  the question occu r s  a s t o  what deg ree  does  the St. Venant pr inc ip le  r e m a i n  valid fo r  
med ia  with inextensib!e  f i be r s?  As is shown below, exponential l ty dec reas ing  the potential  s t r a in  energy with 
d is tance  f r o m  the domain of se l f -equ i l ib ra ted  load appl icat ion occu r s  [2] fo r  media  with inextensible f ibe r s  un- 
d e r  defini te conditions; however ,  it is hence genera l ly  imposs ib le  to make a deduction about the exponential i ty 
of the damping with d is tance  f r o m  the loaded sect ion.  

The re fo re ,  the St. Venant pr inciple  mus t  be fo rmula ted  in a weakened, in tegra l  f o rm without local  e s t i m a t e s  
of the s t r e s s  s ta te  of the s t ruc tu re  for  the appl icat ion of the pr inciple  to media  with inextensible f ibe r s .  

1. Without pinpointing any specif ic  model  of a l i n e a r l y  e las t ic  composi te ,  le t  us take the genera l i zed  Hooke' s 
law re la t ionsh ip  in the f o r m  

a~ = Alle~ -~ Ai~8~l , o'~ ~-- A12e ~ --~ A2~%, ~n = Cr~,~n, (1.1) 

where  ~ = x c o s a  =y  s i n a ; ~ ? = - x s i n  a + y cos a;O<-a < ~ is some constant  angle,  and (x, y) a r e  ca r t e s i an  o r -  
thogonal  coord ina tes .  Let  us put 

= A, G' = a = 1,  

~ = ~ G  - I , ~  =orG -1,7~ = ~ G  -~ 
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