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Summary.  - -  The Neveu-Schwarz model is revealed as possessing the 
same Koba-Nielsen structure as the original dual-resonance model in 
a formalism where the Koba-Nielsen variables are extended by the 
incorporation of anticommuting variables. 

1. - in troduct ion .  

The first consistent  ghost-free dual model to be discovered af ter  the initial 

Venezi~ao mo4el with in te rcept  1 was the  Shapiro-Vir~soro model with in tercept  
2 (1,2), sub:sequently generalized to show operator  fuctorization by  YOSHI- 

~URA (3) and Dr VECC~I~ and DEL G[UDICE (4). The relat ionship between 

this model and the original model can best  be seen ia the  Koba-Nielsen rep- 

resentat ion where the  modification consists of the  replacement  of the  factors 
(z~--zj) -2k'k~ in the  in tegrand with Iz~--zj] -2~'kJ and the extension of the in- 

tegrat ion region from the  real axis or the uni t  circle to the  entire complex 

plane. The purpose of this paper  is to present  a formalism which reveals the 

Neveu-Schwarz (5) model as an extension of the  original model of a similar 

na tu re ;  the  factor z~--z~ is replaced by ~ different distance function and 

the integrat ion region is appropr ia te ly  modified. The completely symmetr ic  

(1) M.A.  VIRASORO: Phys. Rev., 177, 2309 (1969). 
(2) J. SHAPII~O: Phys. T~ett., 33 B, 361 (1970). 
(a) M. YOSmMURA: Phys. Left., 34B, 79 (1971). 
(a) E. D~L GIUDIC]~ and P. DI VI~CCHIA: Nuovo Cimento, 5A, 90 (1971). 
(5) A. NEv~u and J. H. SClIWARZ: Nucl. Phys., 31 B, 86 (1971). 

373 



3 7 4  D . B .  FAIRLIE a n d  I). ~ARTI~ 

pion model of SCHWARZ (8) which a f t e r  the  work of OLIVE and SCHERIE (') is 
l ikely to be the  odd-G-pomeron sector of the  ~Teveu-Schwarz model is obta ined 
from the  Shapiro-Virasoro model  by  an analogous construct ion.  Briefly the  con- 
s t ruc t ion  involves the  in t roduct ion  of an t i commut ing  variables ~di  = 1, ..., N) 
associated with the  h r Koba-Nielsen variables,  and forming a Grassmann al 
gebra  (*) (s): 

(1.1) ~Fj-~- q~q~, = 0 (all i, ~). 

Wi th  the  formal  definit ion of in tegra t ion  as 

(1.2) 
f d~i = 0 , 

f~ i  d~0i = 1 , 

where the  differentials d~c~ also an t i commute  with each o ther  and with ~j 
(j ¢: i) we show tha t  the  5r-point pion Born t e r m  in the  :Neveu-Schwarz model 
may  be wr i t t en  in complete  analogy with the  original model as 

2¢ 

(1.3) ( z i - - z~ - -c f i c f~ )  l l V (  i+1-- 
i = 1  

N ~r--8 

• I I  d~c, H dz,(zN - -  z,v-1 )(z~-i - -  z~-2 )(z~ - -  z~_~). 
i=1  t - -1  

The somewhat  unusual  appearance  of the  formalized in tegrat ion (1.2), which 
has a l ready been applied to  the  evaluat ion of mult i loop ampli tudes in the  Neveu- 
Schwarz model  by  )][ONTONEN (s), may be r ende red  more pala table  when i t  
is real ized tha t  the  in tegra t ion  process is equivalent  to the  evaluat ion of (1.3) 
wi th  the  an t i commuta t ion  relat ions 

(1.4) [~i, %]+ = 0 (i =~j), 

in tegra t ion over ~i being in te rpre ted  as a contour integral  round the  origin 

(6) J .  SCHWARZ: Princeton preprint PURC 3072-06 (1972). 
(7) D. OLIVE and J. SeHV, RK: CERN preprint 1635 (1973). 
(s) (3. MONTO~:  Gambridge preprint (March 1973). 
(*) Historical note. It  is amusing to find in W. BLASCHKE (Vorlesungen iiber Di]]e. 
rentialgeometrie, Vol. 1 (Berlin, 1924), p. 192) numbers of the form zq-~o described 
with astonishing prescience as dual numbers. I am indebted to T. J. WILLMOR• for 
this reference. 
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with measure  v/2dq~ giving 

(1.5) ;/1~=i ~V--3 O(z~+~- z,) l--[ dz~(z~-- z~_O(z~._~-- z~_~)(z~-- z~_~)- 
i=1 

i= l (]2i 

After  establishing these results ,  we go on to show tha t ,  if we t r y  to use this device 
on the  Neveu-Schwarz model  itself,  we do not  genera te  a fu r the r  model, b u t  
the  resul t ing ampl i tude  vanishes. We then  presen t  a simple algori thm for the  
sys temat ic  r ep lacement  of the  factors in the  one-loop integrals  for the  original 
model  (9) by  factors incorporat ing the  an t i commut ing  elements  ~ which when 
in tegra ted  formal ly  reproduces  the  resul ts  of GODDARD and W ~ T z  (~o) and 
CLAVELLI and SHAPIRO (11) on the  one-loop calculations in the  57eveu-Schwarz 
model. F ro m  this  we infer  and prove  the  a lgor i thm which, when applied to 
the  mult i loop ampl i tudes  in the  original model  by  L0VE~ACE (~o) and A~ES- 
SA~DgI~I and AMATI (xa.14), reproduces  the  mult i loop calculations by  M0~- 
TOKEN (s) in the  Neveu-Schwarz model. The Born t e r m  is discussed in Sect. 2, 
and the  details of the  contr ibut ions  of single-loop or icntable  graphs in Sect. 3. 
The reader  who is in te res ted  only in general  principles can ignore this Section 
and proceed to Sect. 4 where the  essence of the  geneIal  construct ion is given. 

2. - Tree graphs.  

Consider the  formal  expansion of the  expression (1.3) by  expanding each 
factor  in the  in tegrand  as 

(2.1) (Z"-- zJ-- q~J)--2k'ks = (Zi-- ZJ)--2~'kJ ( 1 ÷ 2k~kJ--~A~-ff i-- wj 

on account  of the  an t i eommuta t ion  relat ions (1.1), and then  in tegra t ing  using 

the  formal  device (1.2). Then  it  is easy to see tha t  the only cont r ibu t ion  will 

come from the  coefficient of ~1q~2~3... ~ in the  expansion of the integrand.  

(9) See, for example, V. ALESSANDRINI, D. AMATI, M. LE B~LLAC and D. OLZV~: Phys. 
Rep., 1 (3, 269 (1971). 
(xo) p. GODDA~D and R. E. WALTZ: Nucl. Phys., 34B, 99 (1971). 
(11) L. ~L~.V~LLI and J. A. SHAPIRO: £Vucl. Phys., 57 B, 490 (1973). 
(x2) (~. L0VELACE: Phys. Lett., 34 B, 500 (1971). 
(x3) V. ALv.SSANDRINI: NUOVO Cimento, 2 A, 321 (1971). 
(x4) V. AL]~SSANDRINI and D. A~ATI: Nuovo Cimento, 4A, 793 (1971). 
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This coefficient will be 

(2.2) 

where ~ denotes  the  sum over all pe rmuta t ions  ilQ ... i r  of the  indices 1 ... N 
subjec t  to the  restric,tions 

(2.3) 

(2.4) 

il < is i is < i4, ..., i~_ 1 < i~ 

il < is < i5 ... < i~_ 1 

and P denotes  the  par i ty  of the  pe rmu ta t i o n  i l . . .  i•. The sign simply arises 
f rom the  fact  t ha t  every  e lementa ry  t ransposi t ion in bringing ~1~i."" ~i~ 
into s tandard  numer ica l  order  introduces a negat ive  sign on account  of (1.1), 
aud the  t e r m  will be  posit ive or negat ive  according to  the  number  of ele- 
m e n t a r y  transposit ions.  

This expression (2.2) when in tegra ted  over the  variable z, with a measure  
to ensure M6bius invariance may be recognized as the  :Neveu-Schwarz model  
in the  Koba-Nielsen formulat ion (~5). There  are two points which arc note- 

wor thy  in this  formulation.  F i r s t ly  z ~ - - z j - - q ~ c f j  plays the  role of a dis- 
tance  function,  and is an t i symmet r ic  under  the  in terchange of i with ]. Sec- 
ondly we can see how M6bius invariance of the  expression (1.3) is guaran teed  
d i rec t ly  if k 2 = - - ½ ,  if we postula te  tha t  under  a M6bius t ransformat ion i 

a z , + b  
(2.5) z i - - > - -  a d - - c b = l  , 

c z ~ + d  ' 

~i s imultaneously t ransforms as 

(2.6) ~ - - > - t - - -  
czf+d 

There  is a sign ambigui ty  in this t ransformat ion,  which is impor tan t  when 

we come to s tudy loop graphs. Of course the  sign chosen must  be the  same 

for all ~ .  

Then  

(2.7) 

and as usual 

(2.s) 

z ~ -  z~- .  q~o~ 
z , - -  z j - -  q~q~ ~ (cz, + d)(cz, ÷ el) ' 

dzi 
dz~ 

(ez, + d)~ " 

(15) D.  B. FAIRLIE-" Nuvl. Phys.,  42 B, 253 (1972). 
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However we also have d ~ - - ~ ( c z ~ - ~  d)(l% and this relation calls for fur ther  
comment.  Essential ly it arises from the fact t ha t  we have defined the  integ- 
ration operation by (1.2). This relationship is preserved if 

1 
(2.9) q~z ----> 2~ ~ , ( t % - ~  d%.. 

Alternat ively giving this formal integrat ion the significance of contour integ- 
ration under  ~,--> 2~ the  integrat ion measure 

(2.10) (~ d~ _~ f I (tq~ 

Put t ing  (2.7), (2.8) and (2.9) together  we see that we have a MSbius-invariant 
expression (1.3) provided tha t  k~ -- ½, the  muss shell condition of the Neveu- 
Schwarz ampl i tude.  

What  happens when we i tera te  this  operat ion by applying it to the  am- 
pli tude (2.2)? We might  expect  to obtain thereby  an ampli tude which is fully 
factorizable and describes the scattering of zero-mass particles. However the 
outcome for the four-point function is identically zero, a result  both satisfying 
from the point of view of self-consistency and disappointing as it closes this 
avenue to fur ther  extensions of dual models. 

The method may be readily adapted however to construct the  symmetr ic  
dual-pion model (6) which is the  analogue of the Virasoro-Shapiro model (~.2) 
s tar t ing from the lat ter .  All tha t  is necessary is to introduce elements of the 
algebra of involutions of ¢i, i .e.  q~* in addition to ¢,, ~*=/=%, and replace 
[z~--z j l  -~k~k~ by the expression 

(2.1~) ( ( ~ i  - -  * * * * k .k  Zj)(Zi  _ _ Z j ) _ _ ( p i ~ , i  ~)j?j  )-- l 1 

in the Koba-Nielsen integrand and integrate  formally over all %, ~* as well 
as over all complex z~. I t  is clear t h a t  this model is M6bius invariant  and cor- 
reponds to the scat ter ing of particles with k : = - - l .  

3. - One- loop  graphs.  

We first of all discuss the representation of the planar loop graph in the 
Neveu-Schwarz model in terms of our formalism. GODDARD and WALTZ (~o) 
first evaluated these contributions:  their  result for the planar loop in d =  ]0 
dimensions is 

(3.1) f N_Z-__ o)-~ 
l [ d x ~ , : ~ .  [t(o,)] .-6 17[ ~(x.) -~,~, ~ : ( -  1)P~(~)Y[ki,'kimz+(x,,,m) 
i=1 I n  (o  1 ~<=i~i~,2~ " pairs 

2 5  - l l  Nuovo Cimento A. 
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w h e r e  t h e  s u m  in t h e  s econd  f a c t o r  is ove r  a l l  se t s  of p a i r s  i,i~.., z#_I~N w i t h  

t h e  s ign j u s t  as  in  eq.  (5.2) for  t h e  t h r e e  g r a p h s :  t h e  f i rs t  f ac to r  is j u s t  t h e  p l a n a r  

loop for  t h e  o r i g i n a l  m o d e l  (9) w i t h  s t a n d a r d  c o n v e n t i o n s  

(3 .5)  

x .  = x , x~+~  . . .  x j  ( i  < j )  , 

N 

i=1 

1(~o) = f i  (1 - -  o) '~) , 
n = l  

r In x] 
V(x) = - -  2~i  exp  Ll-~-~ j 

O,(ln xl2~illn o,/2~) 
O;(Olan a , 1 2 ~ i )  

T h e  p o w e r  of t h e  p ~ r t i t i o n  f u n c t i o n  is chosen  so t h a t  on ly  p h y s i c a l  i n t e r m e d i a t e  

s t a t e s  c o n t r i b u t e  to  t h e  loop  a c c o r d i n g  to  t h e  r e c e n t  r e s u l t s  of BRINK a n d  

OLIVE (16A7). T h e  o t h e r  f unc t i ons  a p p e a r i n g  in  t h e  c o r r e c t i o n  f ac to r  a r e  de f ined  

b y  

~.~,~.~, ,,c~,~±,x, = . , .  ~ ± . . . . .  ~ , 

(3.4/ q~:~(~) = IV[ (1 + ~ . -~) .  

I t  is e x p e d i e n t  to  t r a n s f o r m  b y  a J a c o b i  t r a n s f o r m a t i o n  to  see  t h e  c o n n e c t i o n  

b e t w e e n  Z a n d  ~. I f  we def ine  

In x in  eo 
(3.5) v - -  T = 

2~i  ' 2 z i  ' 

(3.6) - -  i in  ~ = Oi-- Oj = 2zt l n x i s  z~ ln~--~- ' In q In o) = 2~ ~ , 

i t  is shown in ref .  (1o) t h a t  Z + m a y  b e  e x p r e s s e d  in  t e r m s  of t h e t a - f u n c t i o n s  as  

(3.7) 
1 _,o3(~r~) 

,~+ -= ~ i o.~(ol~)o,(ol ~ J o~-~l ~ 

CLAVELLI a n d  SHAPIRO (11)(*) use  t h i s  r e l a t i o n  to  e x p r e s s  ;/+ as  a d e r i v a t i v e  

(3.8)  Z + = _i ~ In O*(v/21~)O3(v/2]~) 

(16) L. BRINK and D. OLIVE: Nuel. Phys., 56 B, 253 (1973). 
(17) L. BRINK and D. OLIVE: Nucl. Phys., 58 B, 237 (1973). 
(*) After  correcting a small  omission in (11). 
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When we recall  the  expression for 01(r]T) in t e rms  of half-angles (is) 

(3.9) O~(v,v)O'.(0,3) = 20. ( 2  3)02 (2.3)03 (~ 3)04 (vi 3) , 

we see tha t  the re  is a close relat ionship between g + and the  logarithmic der ivat ive  
of ~. The precise connection is made  explici t  by  the  following device. By 
using the  Jacobi  t ransformat ion  on the  funct ion ~(x~j, 3) it may be expressed (is) 
in t e rms  of the  funct ion 0,(v/3ll/z)/0:(01l/z ) giving 

(3.10) ~f(x~j) -- ~"-- ~j 11 (z,-- q2~z¢)(zj-- q- ~) 
~ / z ~  ,,=~ (z~- q ~ z , ) ( z 7  q~'z~) 

From (3.8) we observe t h a t  the  funct ion Z÷(x~j) may be expressed as an infinite 
series of the  form 

lnq  _ _  ~ (--q)" 
(3.11) Z+(x,) 7e~ ~/z, z;=_~ z~--q2"zi . 

From (3.10) and (3.11) we can see di rect ly  tha t  if F'(x~,3) represents  the 
funct ion obta ined by  t e r m  by t e rm  rep lacement  of each factor z~--q:'z~ 
in (3.10) by  z~--q'-'zj+ (--q) '~v~j,  t hen  the  coefficient c~j of %Fj in the 
expansion of y/(x,~,3) -~'kj will be given bv 

(3.12) c~j = k~" kj In q ~/z-~z~ ~'(x~J)-k'kJZ+(x~J) " 

The rat ionale  behind this subs t i tu t ion  is the  following: z~--q2"z~ is the dif- 
ference between z~ and the  n t imes  i t e ra ted  MSbius t ransformat ion of z~ by  q~. 
The s tandard  form corresponding to this i t e ra ted  t ransform has 

(3.13) a ---- d - 1  ~ -  :~: q". 

Thus we expec t  t ha t  q~ should appear  with the n t imes i t e r a t ed  action of this 

t ransformat ion  on ~v~, i.e. with  ( - - l )~ ' q ' ~ .  H e re  we have made a specific 
choice of sign in (3.13). The mot iva t ion  for this choice will be clarified when 

we come to consider nonplanar  graphs.  The ex t ra  factors (logq~z~z~) -~ are 
accounted for by  the  slight difference in the  exponents  k~-kj in the  original 
model where the  momenta  sat isfy the  mass shell condition k~ = - - 1  and (3.12) 

(.s) E. T. WHI~TAX:En and G. N. WATSON: Modern Analysis (London. 1927) p. 488. 
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1 The overal l  dependence  on where  the  mass  shell condit ion is k~ = - - ~ .  

lnq~/z~zj in the  comple te  in tegrand  is therefore  the  same in b o t h  cases. The in- 

t egra t ion  measure  mus t  also change in accordance with  the  in t roduct ion  of the  
var iables  ~ .  We do not  have  any  rea l  unders t and ing  of this effect a t  p resen t ,  
bu t  would like to draw a t t en t i on  to cer ta in  numer ica l  coincidences. In  the  

originM model ,  a f t e r  correct ing the  exponen t  of the  pa r t i t ion  funct ion to d--2 
in accordance  wi th  the  e l iminat ion  of the  cont r ibut ion  of spurious s ta tes  to the  

t r ace  opera t ions  in accordance wi th  the  resul ts  of BRISk: and OLIVE (~¢.~7), 
for the  cri t ical  dimension d = 26 t he r e  is a factor  (n) 

co 

(3.14) /(q2)-:4 __ 1-I (1 -q2,)- .~,  = 2"q'O[(O ]z)-8, 
n = 0  

whereas  the  corresponding factor  in the  Neveu-Schwarz model  for the p lanar  
loop is (10.11) 

(3.15) 1 ( - ~ !  = 2~q ~0;(01 ~)] = 2'q(O~(ol ~)0do I ~))-~. 

I t  may  be significant t ha t  the  coefficients of the  the ta- funct ions  appea r ing  in 

(3.2) and (3.7) a re  0~(01~) -~ and 02(01~)04(01~ ) respect ively .  

I n  order  to t r e a t  the  case of nonplanar  or ientable  loops, it proves  more  
convenient  to work in the  represen ta t ion  where the  Koba-Nielsen var iables  
lie on the  real  line. To make  contac t  wi th  the  no ta t ion  of ref. (n) we call these  
variables  ~ and  define x ,  = ~j/~)~, where the  range of in tegra t ion  of the  va- 
r iables  e~ is given by  

(3.16) - - l=01<O=.. .<~<--co<O<w~+~<~+a<. . .<O~+~andw<o~+~<l , 

where there  a re  N par t ic les  on one boundary ,  • + M on the  other .  

We mus t  now dist inguish be tween  the  case where  N is even and Y is odd. 

The  in tegra l  is given by  

(3.17) 

1 

H I I  k,. k;Z~,(x,), 
0 

where  ~p(r)(x~¢) is read  as ~p if i and j are  on the  same boundary  and 

as ~ : ~0(xi~ exp [in], (o) if i and  j are on different  boundaries.  Similarly 

(3.18) z V x , ,  ~o) = z'~(x, exp [~:~], o)). 
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By formal  expansion of the  denominator  in Z±(x~) and in terchange  of orders 
of summat ion  we find 

(3.19) Z±(x) = 
(~ 1)-<o-,~ 

n = - ~  1 - ~on x 

Since yJ(x,[~) -k'b has an expansion in t e rms  of ~)~, ~)j of the  same form as (3.10) 
apar t  f rom an exponent ia l  factor,  we again find tha t ,  if ~--(o~Qj is replaced 
by  ~ - - ~ ' ~ - - ( : ~  1)"to"/ '~q~ in the  product, expansion of V(x,l~) -~'~, then 
the  coefficient of V~q)~ in the expansion will be - - 2 k , k ~ V ( x , [ ~ ) - ~ ' ~ Z : ~ ( x ~ ) .  
By definition of V and Z -+ (3.18) it  is clear t h a t  the  similar expansion of the 
funct ion V of the  ex tended  variables will give analogous factors Z-*. Thus we 
see t ha t  the  resolution of the  ambigui ty  in sign of the  action of a M6bius trans- 
form on ~ is re la ted  to whether  we have an even or odd G-pari ty  pomeron. 

I f  N is even we choose the  sign (-- l)", if N is odd we choose the  posi t ive sign. 
To reproduce the  ampl i tude  s ta r t ing  from the  original model we must  replace 
the  par t i t ion  funct ion by  (q~+-((o)//(~,)) s, replace ~--(m~)~ as indicated above 
and per form the  formal  integral  over  the  N +  M variables ~ .  

4. - Muhi loop  ampl i tudes .  

From the  work of LOVELACE (~2) and ALESSANDPJ~I (13) We know tha t  

the  s t ruc tu re  of the  integrand for the  mult i loop graphs i~volves principally 
factors of the  form exp [k~k j~(~ ,  ~)],  where ~9(~,~) is an automorphie  rune- 
tion. If  T~ is a member  of this group, then  ~ ( ~ j )  will have essentially the 
form given by  

(4.1) exp [tg(~,, ~j)] = ~ (~,_ T~(~,))(~j-- T~(~))%/Q~j " 

From the s imilar i ty  of this expression to eq. (3.10) we infer the rule for deriving 
a Neveu-Schwarz ampl i tude:  replace all factors of the form ~)~--T~(~) in 

(4.1) by 

(4.2) ~ , -  T~,(q~) -~ q~-- 2~ , (q j ) -  
c~ ~ ÷ d ~ J  ' 

and formally in tegra te  over  all %, where  n~ is the  order  of the  t ransformat ion 

T~,, i.e. t he  sum of the  powers of the  fundamenta l  generators  in a representa t ion  
of T~ in te rms of these t ransformat ions:  

a~,z ~ b~, 
T~,(z) c~,z ÷ d~, ' 
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and the  negat ive or posit ive sign is chosen according to the  G-parity in the 
appropr ia te  channel.  The t imely  appearance  of ref. (8) enables us to prove 
this a lgor i thm very  simply:  i t  follows direct ly  from eqs. (6.3) and (6.4) of this 
paper ,  which have the  joint  consequence ( remember ing  tha t  a Pfaffian is the  
square root  of a skew-symmetr ic  de te rminan t  (15.~9)) t ha t  the  modification 
factor  may  be expressed  as 

(4.3) 1-[ ( -  k,, k,, F(Q  q,) 
pairs 

with  

( T 1 )  TM 

d~) (¢)i-- T~(~s)) " 

Comparison of (4.1) a f te r  the rep lacement  (4.2) shows t h a t  the  coefficient of 
~ ... ~ in the  N-part ic le  ampl i tude  is just  the  original ampl i tude  modified 
by (4.3), leaving aside the  par t i t ion  function. 

5 .  - C o n c l u s i o n .  

The essence of this paper  is the  demonst ra t ion tha t  the  Neveu-Schwarz 
model  is an extension of the  original model  of essentially the  same na tu re  as 
the  Virasoro-Shapiro model. There  is one impor tan t  diffelence however,  and 
tha t  is in the  different power of the par t i t ion  funct ion which is present  in the 
Neveu-Schwarz model for the  cri t ical  dimension (2o) d = 10 and tha t  for the  
Virasoro-Shapiro model which shares the  same cri t ical  dimension d = 26 with 
the  original model. We suspect  tha t  fu r the r  analysis of this question may cast 

some light on the  dimension problem. Fu r the r r e f c r ence  to Grassmann algebras 

may  be found in ref. (~1). 
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• R I A S S U N T O  (')  

Si t r ova  she il  mods l lo  di Nevsu-Sehw~rz  possieds la stessa s t ru t t u r a  di Koba-Nielsen 
del  model lo  originals  dells r i sonanzs  du~li in un fo rmMismo in cui le var iabi l i  di Koba-  
Nielsen sono ampl ia te  con l ' inclusions di var iabi l i  chs  an t i commutano .  

(*) Traduzione a cura della Redazione. 

Hosaa imtllopMallim o Movie.rill Hea3-1I/aapua. 

Pe3mMe (*). - -  1-IoKa3hmaeTcn, ,1TO Mo~e~b HeB3-II/aapua o6na~aeT TO~ g e  cTpyI(rypo~ 
Ko6a-HrisIbCeHa, xai~ ncxo~Han ~yaabHan pe3oHaRCHan MO~e~b, B TOM c~yqae, Korea 
nepeMeHHbie Ko6a-HnnbceHa pacturipnroTcn 6aaro~apn  B~mo~erm~o aHTrIKOMMyTrlpyrom~IX 
IlepeMeHHblX. 

(*) l-Iepeeedeno peOaKque~. 


