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Summary.  - -  The eyelogram method of t ime series analysis has been used 
to analyse lOBe data ( l lS l -1800AD) and 8180 data (1181-1960AD) 
from an artie ice core and thermolumineseence data (1181-1960 AD) from 
a Mediterranean sediment core. The 1~ concentrations were determined 
at the ETH Zurich. The ~lsO values were measured at the University 
of Copenhagen. The TL measurements were performed at the Ist i tuto 
di Cosmo-geofisica del C.N.R., Torino. Common mean periodicities of 
10.75 y are found for the period 1505 to 1710 AD in TL and lOBe and of 
11.4 y for the period 1715 to 1880 in TL and ~ls0. This periodicity 
was found in the solar sunspot (R~) series analysed in the same way, 
from 1825 to 1905. This supports the argument tha t  the common peri- 
odicities found in the long-running series are peculiar of the solar 
act ivi ty in the past. 

PACS. 94.40. - Cosmic rays. 

(*) Presented at the Third  International Sympos ium o,r~ Accelerator Mass  Spectrometry 
(Zurich, April 10-13, 1984). 
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1 .  - I n t r o d u c t i o n .  

I n  the  recent  years  grea t  progress has been achieved in the  field of solar- 
ter res t r ia l  physics a t  least  for wha t  concerns the  direct  observat ions  of the  solar 
phenomena.  Measurements  of the  solar -ac t iv i ty  indices, of the  solar constant ,  
of the  emission a t  different wave-lengths,  of the  in te rp lane ta ry  magnet ic  field 
and  p l a sma  have  been per fo rmed  on board  of spacecraf t ,  while on the  E a r t h  
a grea t  n u m b e r  of solar, cl imatic and  geomagnet ic  pa r ame te r s  were con- 
t inuously  moni tored.  However ,  the  short  length of t ime  over  which the  rec- 
ords are t aken  still do not  allow a full unders tand ing  of the  complex physica l  
processes visible on the  Sun and  of how their  var ia t ions  influence the  terres t r ia l  
envi ronment .  Long-running terres t r ia l  series may ,  therefore,  provide  valuable  
informat ion.  

Fu r the rmore ,  the  signals are of ten bur ied in the  noise and  ad hoc techniques 
of numer ica l  analysis  have  to be  inves t iga ted  in order to separa te  signal f rom 
noise. As a classical example  we can refer  to the  27 day  recurrence of the  
geomagnet ic  effects re la ted  to the  M regions of the  Sun. CHAPMAN and BAR- 
~ELS (1) p roved  its existence b y  the  harmonic  analysis  of the  <( in ternat ional  
magnet ic  character ,  figure C da ta  ~) p lo t t ed  not  in the  usual  way ,  bu t  in a se- 
quence of vectors  called (~ s u m m a t i o n  dial ~). 

We stress the  fac t  t ha t ,  b y  suitable numer ica l  analysis  of the  t ime  series, 
i t  was possible to  infer  the  solar- terrestr ia l  forcing effects. 

The t ime  series of the  sunsposts (R,) has also been extens ively  studied in 
order to infer  models  of the Sun and in order to determine the  periodicities,  
which should be  reflected in the  ter res t r ia l  records. 

The 11 y cycle is the  mos t  pers i s ten t  fea ture  observed.  I n  order  to in- 
ves t iga te  solar- terrestr ia l  relat ions in the  pas t ,  records in appropr ia te  terres-  
t r ia l  archives mus t  be analysed.  The 1'C concentra t ion in t ree  rings, which 
covers a long t ime  in te rva l  ( ~  7000 y), has  been of ten proposed as a t es t  for 
demons t ra t ing  the  presence of the  Sun impr in t  s tored in a ter res t r ia l  reservoir ,  
as well as the  wid th  of the  rings themselves .  Bu t  the  exchange processes 
be tween  the  t ime  of product ion  of 14C in the  a tmosphere  and  of the  
absorpt ion  in the  trees involve the  damping  of the  signals and  somehow m a k e  
i t  difficult to detect  the  mos t  i m p o r t a n t  of the  Sun long periodicities,  the  
11 y cycle. 

10Be, due to its re la t ively  shor t  mean  a tmospher ic  residence t ime  and the  
absence of exchange processes, is the  cosmogenic isotope be t t e r  sui ted for 
s tudy ing  solar- terrestr ia l  relations.  I n  fact ,  the  11 y solar cycle has been de- 

(1) S. CHAPMA~ and J. BARTELS: Geomagnetism (Oxford, 1940), p. 545. 
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tec ted  in the  da ta  running f rom 1900 to 1976 (2) and also in the  5~ilcent core 
f rom 1181 up to  1808 (8}. 

The thermoluminescence (TL) signals f rom the  different layers of a sea 
sediment  supposed to  have a contr ibut ion from the  atmospheric  dust  i r radia ted 
before deposition m a y  be used for the  invest igat ion of the  irradiat ion of the  
E a r t h  in the past.  The 11 y solar cycle has been detected there  also, during 
the 17th cen tury  (4). 

Beside these two t ime series~ the  series of 8~80 in polar ice has been chosen 
for this invest igat ion ~s a tes t  for  climatic variat ions,  its deposition in 
the polar regions being sensitive to the changes of the circulation pa t t e rn  of 
the  E~r th  a tmosphere  and to its tempera ture .  The numerica l  analysis of 
the t ime series has been performed by  both  the  power spectrum and the 
cyclogram methods ;  the  conventional  power spectrum alone is not  suited for 
the  analysis of the  continuously changing periodicities, while the  cyclogram 
method  allows us r follow them in detai l  (0- 

2. - The  eye log r a m method .  

We briefly recall the  numerical  procedure used to make  the graphs:  f rom 
the  series of AT equispaced data  {x~; t ----- 1, 2, ..., N} a subseries of length T 
is chosen s ta r t ing  f rom the t-th datum. 

In  a moving way the  complex harmonic ampli tude of a period v <  T is then  
computed by  the fast  Fourier  t ransform:  

2 t+z-1 } 
a ~ = ~  ~ x kexp[ i2~k /v ] ;  t = I ,  2 , . . . , N - - T + I  

and summed progressively in the harmonic  dial. 
The uni t  vectors having the  same phases as the  ampli tudes are also rep- 

resented in the  same way. We call the first and the second curve the  phase 
and the  amplitude cyclograms, respectively.  A sine wave of period vo will 

(2) J. BEER, M. ANDRI~E, H. 0ESCHGER, B. STAVrFER, R. BALZER, B. BONA~I, Crr. 
STOLLER, M. SVT]~R, W. WOLr'LI and R.C. FI~KEL: Radiocarbon, 25, 269 (1983). 
(3) J. BEER, H. OESCHGER, ~V[. ANDRI~E, R. FINKEL, G. CINI CASTAGNOLI, G. BONINO, 
!~[. R. ATTOLINI and M. GALLI: in preparation. 
(4) G. CINI CASTAGNOLI, G. Bo~I~r M. R. ATTOLINI and M. GALLI: NUOVO Cimento C, 
7, 69 (1984). 
(5) a) M. R. Aq)TOLINI, S. CECCHINI 9,Ild ~ .  GALLI : Proceedings o] the X V I I  International 
Cosmie-Eay Con/erenee, Vol. 8, 202; b) M. R. ATTOLINI, S. CECCHINI and M. GALLI: 
NUOVO Cimento C, 7, 245 (1984). 
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~ppe~r ~s a s t ra igh t  l ine if vQ ~ v, whereas  i t  will a p p e a r  ~s an  arc  of a circle 
ben t  to the  r igh t  or to the  lef t  according to  vo > v or ~o ~ v. I f  considerat ions  
are  to  be  made  a b o u t  the  exis tence of n o n r a n d o m  periodicit ies,  the  phase  
cyc logram is prefer red  because  i t  is less var iab le  and  it  is no t  affected b y  the  
s ta t i s t ica l  dependence  be tween  the  ~mpl i tudes .  F o r  the  sake  of convenience 
eve ry  sum of T consecut ive vectors  is d ivided b y  T for  the  phases  a n d  b y  
~T  for the  ampl i tudes  and  then  m arked  with  a circle (~ is the  r .m.s ,  ampli-  
tude).  Fu r the rmore ,  the  vec tor  connect ing two successive marks  will r epresen t  
the  average  ampl i tude  in the  ampl i tude  cyc logram and  the  average  phases  in 
the  phase  eyclogram.  Obviously,  when ana lys ing  the  va r ia t ion  of geophysical  
and  as t rophys ica l  phenomena  in which ins tab i l i ty  and  turbulence  are  p resen t  
or regular  va r iab i l i ty  m a y  appea r  a t  r ando m,  the  power  spec t rum analysis  is 
no t  sui table  because the  t i m e  and  phase  in fo rmat ion  is des t royed.  Wi th  the  
cyc logram unalysis,  ins tead,  i t  is possible to discover significant t ra ins  of 
periodicities a m o n g  r a n d o m  var ia t ions  and  also to  eva lua te  the  t ime  var ia t ion  
of the  ampl i tude .  The re la t ion of the  eyc logram me thod  to the  power  spec t rum 
consists in the  fac t  t h a t  to a s t re tched p a r t  of the  cyc logram corresponds a 
peak  in the  p.s. ca lcula ted over  the  same t ime  interval .  T h e  s t ra ighter  is the  
cyclogram,  the  nar rower  is the  peak.  The centre  of the  p e a k  represents  ob. 
v iously  the  average  per iodici ty  over  the  considered t ime  interval .  

3, - E x p e r i m e n t a l  data  and resul ts .  

The da ta  series, covering the  las t  centuries,  are 

a) the  ~OBe concentra t io~ in t he  ~ l c e n t  core (s), 

b) t he  ~ 8 0  in the  s ame  core (7), 

c) the  thermoluminescence  in tens i ty  f rom the  different layers  of the  
Tyr rhen ian  Sea sed iment  core CT75 (4.8). 

I n  fig. 1 the  two phase  eyelograms of ~~ and  of TL  f rom the  yea r  1180 
up to 1780 are shown for the  per iod v ---- 10.75 y. TL  data. are sampled  every  
4.35 y be tween  1500 and  1780; previous measu remen t s  are a t  8.7 y intervals.  
'oBe da ta  are measured  a t  in tervals  va ry ing  f rom 3 to 8 y. Along the  eyclo- 
grams the  small-circle marks  are a t  T ~ 50 y in tervals  : the  vectors  50 y apa r t  
are complete ly  independent  of each other.  

(e) J. BEER, L r. SI ]~GENTHALER,  H. OESCHGER and M. ANDR~E: Proceedings o/ the 
X V I I I  I~ternationa~ Gosmie-Ra v Confere~zce, Late papers 0G 7.2 (1983). 
(7) C.U. H ~ E R ,  H .B .  CLAVS~, W. DANSa~I ) ,  N. GV~D~STRU~, S. J. JO~SON 
and R. RUTH: J .  Glavio~., 20, 3 (1978). 
(8) G. CINI CASTAGNOLI, G. BONINO and S. MIONO: Nuovo Cimento C, 5, 488 (1982). 
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TL 

IO8e 11730 

168o . ,x~ 

~ 0 1 1630 

1580~'NtL 
1530~ 

1 / + 8 0 ~  1505 

~1180AD 
1 0 

Fig. 1. - Phase eyclogram of ~OBe and TL data at ~ = 10.75 y with T = 50 y. Notice 
the stretching between 1505 and 1710 AD. 

For  a series of independent  r a n d o m  da ta  one should find t h a t  a segment  
joining two marks  should be  r andomly  oriented. I n s t e a d  we notice tha t ,  s ta r t ing  
f rom the  year  1505~ the  vectors  t end  to  be  aligned r a the r  s t ra ight ly .  

I n  order  to calculate the  s t re tch ing  probabi l i ty ,  we have  compu ted  (in 106 
trials) the  empir ical  f requency (in percent)  of a d isplacement  > d a f t e r  n un i t a ry  
s teps  (n ~-- (1710--  1505)/50 ~ 4 steps).  

For  10Be d ---- 3.3 uni ts  and  for  TL d ----- 2.4 uni ts  we have  found  the  cor- 
responding probabil i t ies  94.6 % and 73 %, respectively~ for lOBe an4  TL. We  
m u s t  also consider the  fac t  t h a t  the  d isp lacement  of the  vectors  is achieved 
as the  per iod approaches  10.75 y wi th  a r a the r  regular ly  bend ing  pa th ,  which 
gives ano the r  fac tor  2 -~ in the  p robab i l i ty  to  be  a t  r andom.  All toge ther  the  
s t ra ight  a l ignment  of lOBe and  of TL  vec tors  in fig. 1 has  a p robab i l i t y  of 
(at least) 99.6% and  96.6%,  respectively~ to be nonrandom.  Wi th  this  reli- 
abi l i ty  we can say~ therefor% t h a t  the  mean  common  per iodici ty  during the  
in te rva l  1505-1710 is 10.75 y. ~knyhow toward  the  end  of the  l~aunder  
m i n i m u m  the  per iodici ty  in 1~ da ta  seems to change to smaller  values  
a round  10 y. 

I n  the  same  fig. 1 we can see t h a t  the  p a t h  of *0Be f rom 1180 up  to  1500 AD 
is r a the r  circular~ indicat ing t h a t  a different per iodici ty  is present  before 1500 AD. 
I n  fact~ i t  is shown in (8) t h a t  the  m e a n  per iodici ty  in this in te rva l  is 11.4 y 
wi th  a confidence level of 99.98 %. Fo r  T L  ins tead the  p a t h  is r a n d o m  because 
the  da ta  pr ior  to  1500 AD have  been sampled  a t  too large in tervals  to be  able 
to  show the  11 y per iodici ty  b y  the  cyelogrum computed  wi th  T = 50 y. 

I n  fig. 2 we show the  cyc logram for  ~ = 11.40 y for  8~80 s ta r t ing  f rom 1180 
up to 1960 AD. The  da ta  have  the  same sampl ing of the  ~"Be data .  I n  the  ear ly  
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p a r t  of the  series the  p a t h  is not  regular ,  however ,  s t a r t i ng  f rom 1680 AD, the  

vectors  are  r a t h e r  s t r a igh t ly  al igned,  ind ica t ing  a pe r iod ic i ty  of 11.40 y f rom 

1680 to 1880 AD. 

1880 
6180 

"'" 1930 "~80 

. ~ ~ 6 8 0  AD 
O" 1 

Fig. 2. - Phase cyelogram of 81sO data at ~ :  11.4y with T---- 50y.  
stretching between 1680 and 1880 AD. 

Notice the 

In  fig. 3 we show the  phase  cyclogram for TL a t  T ~-- 11 y as a good ex- 

ample  of how this  m e t h o d  can give evidence to  a change of pe r iod ic i ty  in  t he  

t ime  series. In  1705 AD,  in fact ,  we can see a t u rn ing  po in t  be tween  two arcs 

of different cu rva tu re  radii .  The arcs correspond,  respect ive]y,  to  da ta  hav ing  

the  a fore-ment ioned  mean  per iod ic i ty  of 10.75 y pr ior  to  1705 AD and  the  mean  

per iod ic i ty  of 11.4 y~ f rom 1705 up  to  1860 AD, the  same found in ~180. 

I t  is in te res t ing  to  not ice t ha t ,  dur ing the  t ime  in t e rva l  1825-1905 AD, also 

TL ]1 ~605 

~1#'~180L / 19555 

Fig. 3. - Phase cyclogram of TL data at T :  l l y  with T =  50y.  Notice the two 
urcs bent clockwise between 1505 and 1705 corresponding to a mean periodicity of 
10.75 y and anticloekwise between 1705 and 1860. 
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lOBe 

TL 

5180 

R z 

I0.75 

I ! I I I 
1200 l&00 1600 AD 

: : : I I . / . 0  : : : - - - - -  

. . . . .  4 ~1.,.o ~ 1 o  4~, 

I I I 
1800 2000 

Fig. 4. - Graphic of the significant m e a n  periodicities detected in the series ZOBe, 8180, 
TL. The Zurich sunspot number  (Rz) periodicities are also shown. 

2.13 57 1 
c )  

P 

22 

a) P t  

7~ 18.6 7 
I I 53yA t / 
90 I 22 

6Z. 32. 21.3 16 12.7 10.67 
Y 

Fig. 5. - Power spectral density of a) 1~ b) 81s0 and c) TL for the period 1181- 
-1808 AD. The data have been 5 y linearly interpolated and detrended with a second- 
degree polynomial. 
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the sunspot number  (R,) series analysed in the same way  (8) shows the vector  
al ignment  at  the same periodici ty of 11.4 y. After  1905 up to 1945 AD a 

smaller mean  value is found. 
In  conclusion it  seems tha t  the periodicities found in our series around 

11 y are peculiar of the solar act ivi ty  and change from t ime to t ime in con- 

cordance with one another  (see fig. 4). 

Concerning the method  of spectral analysis we show in fig. 5 the power 
spectral densi ty (p.s.d.) for the three series from 1181 up to 1808 AD:  the 

11.4 

10.7!. 

-- 5180.~. ~e~ 

6/. 32 21.3 16 12.7 10.67 
r(y) 

Fig. 6. - Power spectral density of lOBe, 8lsO, TL data for the following intervals: 
a) llS0-1500AD, b) 1505-1710AD, v) 1710-1920AD. In order to avoid a pos- 
sible power leakage, the spectra have been computed on the difference between the 
original series and the same smoothed with a double procedure of averaging one 
datum with the next. 

(8) M.R. ATTOLINI, G. CINI CASTAGNOLI and M. GALLI: to be submitted to Sol. Phys. 
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data have been interpo]ated to 5 y intervals. There we can see a significant 
band between 130 and 500 y covering the long-term oscillations of the series 
and another band with coincidence peaks at 52.2 y for ~180 and TL, at a signif- 
cance level the first of (at least) 99.75 % and the second of 99.96 %. The prob- 
ability of random overlapping is about 3 %, increasing the confidence on the 
reality of their existence. Furthermore,  it is worth noticing tha t  a small peak 
in 1~ is present at the same period of 53 y. 

In order to be able to see by the p.s.d, methods the periodicities tha t  we 
have analysed by the cyclogram method, we divided the data according to the 
results of the eyclograms into three intervals: 1) 1180-1500 (medieval), 
2) 1505-1710 (baroque), 3) 1710-1920 AD (modern). 

The power spectral density has been computed by using the differences 
between the original series and the same smoothed with a double procedure 
of averaging one datum with the next  so to see only the high-frequency part  
of the spectrum, i .e. from about i cycle/30 y to 1 cycle/10 y. The results shown 
in fig. 6 clearly reflect what we have found by the cyclogram method: during 
the medieval period 10Be shows the 11.40 y peak at a significance level of 
99.99 % (together with a peak at 19.1 y at 97.8 %); during the baroque period 
the ~0Be and TL data show the peak at 10.75 y, respectively at a level of 
99.3 % and 98 ~o; during the modern period TL and ~180 both have the 11.4 y 
peak at a level of 98 % and 99.55 %. I t  may be noticed that  the 11.4 y peak 
during the medieval period is narrower than the 10.75 y peak during the 
baroque period. To the first peak corresponds a straighter cyclogram with 
respect to the second one, as reported at the end of sect. 2. 

4 .  - C o n c l u d i n g  r e m a r k s .  

I t  is worthwhile noticing that  it is the information drawn from the cyclo- 
grams that  gives us the possibility of dividing the data for the p.s.d, compu- 
tation, so that  significant peaks appear in the p.s.d. In  fact, when averaging 
together the spectra, the peaks would sum up in a noise background in which 
the real signals would have been buried. However, there is an intimate con- 
nection between the two methods because the distance from the origin to the 
end of the amplitude cyclogram is proportional to the square root of the power 
spectrum relative to the Fourier component of the frequency chosen for the 
cyclogram analysis. 

In summary:  

a) The 11 y cycle has been detected in all three time series by both 
methods. 

b) Similar variabilities are shown in the three series reflecting the pos- 
sible common control agent. 
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v) The  concordance  w i th  the  pe r iod ic i ty  m e a s u r e d  in  the  R~ series be- 

t w e e n  1825 a n d  1905 seems to give confidence to  the  u t i l i t y  of th is  k i n d  of 

ana lys i s  for i n f e r r i n g  m e a n  per iodic i t ies  of the  solar  a c t i v i t y  in  the  p a s t  over  

t i m e  i n t e r v a l s  of the  order  of ~ few centur ies .  

d) D u r i n g  the  M a u n d e r  m i n i m u m  the  solar  cycle d id  n o t  s top in  the  

t e r re s t r i a l  records.  One  of t he  changes  of i ts  pe r iod ic i ty  seems to  have  hap -  

pened  a t  t he  e n d  of the  M a u n d e r  i n t e r v a l .  

As the  presence  of ~he m a i n  solar  cycle in  t he  d a t a  ind ica tes  t h a t  all  t h e  

th ree  t i m e  series should  have  some re l a t ionsh ip  wi th  t he  solar  b e h a v i o u r ,  we 

could expec t  also to  f ind  longer  solar  per iods  in  these  records  such as the  22 y 

a n d  t he  80 y Gleissberg cycles, t~owever,  t he re  is no ev idence  ~or such pe- 

r iodici t ies .  O n l y  ~ 53 y c o m m o n  pe r iod ic i ty  has  been  found ,  the  or igin  of which  

has to  be  exp la ined .  

�9 R I A S S U N T O  

I1 me~odo dei eiclogrammi ~ s~tto uszto per an~lizzare i da~i delle serie temporali 
di ~~ (1181-1800 AD) e di 31s0 (1181-1960 AD) d~ cnrote di ghiaceio ~rtieo e i 
d~ti dell~ termolumineseenza (TL) di sedimenti marini mediterranei (1181-1960 AD). 
L~ concen~r~zione del 1~ ~ st~ta determin~tz medi~nte l'acceleratore del Politeenieo 
di Zurigo. I valori di ~sO sono stnti inveee misurati presso l 'Universit~ di Copenhagen. 
Le misure di TL sono state eseguite presso l 'Istitu~o di Cosmo-geofisie~ di Torino. 
Sono stnte trov~te periodicits medio comuni di 10.75 ~nni nel periodo 1505-1710 AD 
nell~ TL e nel 1~ e di 11.4 ~nni per il periodo 1715-1880 nelln TL e 3180. Ln perio- 
dicit~t di 11.4 ~nni 6 s ~ t a  anehe trovn~a nella serie delle maeehie sol~ri (R~) analizznt~ 
in m~niern ~naloga. Ci6 f~vorisee l '~rgomento ehe le periodieit~t comuni trova~e nelle 
suddette serie siano legate nll 'at t ivits  solnre nel passnto. 

Co.~leqHble  llHlC.rIb! B IlpOttl.rlble Beica Ha OCHOBe aHaJiH3a ~0Be H ~ 8 0  B 

apKTH~eCKOM ~ y  [4 TepMoJHoMHHeClleH[IHH 0ca~]coB.  

Pe3mrcIe (*). - -  Mero~ ttm~orpaMM ~YL~r BpeMemm~ noc~e~oBarem, rmcTe~ ItClIOYlb3yeTclI 
~n~ aHanH3a ~~ ~artrmIx (3a nepr~o~ 1181-1800 r.r.) ri ~lsO ~aHm, Ix (3a neprto~ 1181- 
1960 r.r.) H3 ap~rn~ecKoro ~r,~a ri nauru, ix rio repMomOMHnect~emm~ (3a neprm~ 1181- 
1960) OCa~OB Cpe~3eMnoro MOp~I. Is 1~ onpe~en~r~irIcr, 13 ETH L[mpnxe. 
3rIatter~L~ ~lsO rf3Mep~[~HCb B Y~BepcHTeTe KonerwareHa. I/I3MepeHl~q TepMoYl]OMHHec- 
IleHII/a~ rlpOBO2~rlldCb B KOCMo-reo~H3nalecKoM I/IrlCTI~TyTe Haur~ormnbHoro l-[eHTpa I/Iccne- 
~oBarLm~ (Typmr, I/ITanm~). O6Hapyz~em,~ o6~,v~rmm cpe~la~ne ~Iepnoa~HOCTH C nepHo~OM 
10.75 ~Ier ~n~ ~r~vepsa~a c 1505 r. no 1710 r. B n3MepeHrmX TepMonmMrmecnemlgn n 
10Be r~ c neprto~oM 11,4 neT ~n~ r~nTepBana c 1715 r. no 1880 r. B naMepeHr~x TepMonIOMH- 
necLIerrt~g~i r[ 8180. Odrmpy~erm I-[eplto~HqHOCTb C ~epr~o~oM 11.4 YleT B l~OCY[e~oaa- 
ren~,Hocr~x COnHe~rm~x rmreu (R~) ~n~ HHTepBa~a C 1825 r. no 1905 r. IIony~errrmm 
pe3y~TaT],~ CBI~2(eTeYlbCTBytOT, qTO odHapy>geHrtbm o6~,wrmm r~ep~4o~r~OCTH m~n~OTCn 
xapaKTeprm~r~ ~ n  conr~e~uo~ aKTHBHOCT]/ B npom~ble Beta. 

(') Hefleaec)eno pec)ag~ue~. 
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