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ABSTRACT 

The p a p e r  d e a l s  w i t h  d e t a i l e d  i n f o r m a t i o n  a b o u t  t h e  S t a t e  
t i m e  and f r e q u e n c y  s t a n d a r d  of  t h e  S o v i e t  Un ion ,  i t s  s t r u c -  
t u r e ,  s e r v i c e  c o n d i t i o n s  and o p e r a t i o n  of t h e  b a s i c  s y s t e m s .  
The m e t r o l o g i c a l  and t e c h n i c a l  c h a r a c t e r i s t i c s  of a  g roup  
of s t a n d a r d s  p r o d u c i n g  t h e  nomina l  f r e q u e n c y  v a l u e  a s  w e l l  
as  t h e  c h a r a c t e r i s t i c s  o f  t i m e  s c a l e  c l o c k  s y s t e m s  and of 
i n t e r n a l  and e x t e r n a l  s t a n d a r d  c o m p a r i s o n s  a r e  given. The 
s y s t e m s  p r o v i d i n g  t h e  r e l i a b i l i t y  of t h e  s t a n d a r d  o p e r a t i o n  
a r e  c o n s i d e r e d .  

INTRODUCTION 

I n  t h e  S o v i e t  Union t h e  u n i t y  of t i m e  and f r e q u e n c y  measure-  
men t s  on  a scale  of  t h e  whole  c o u n t r y  i s  ac l i i cved  on t h e  
b a s i s  of t h e  S t a t e  p r i m a r y  t i m e  and f r e q u e n c y  s t a n d a r d .  
The s t a n d a r d  is  k e p t  i n  VNIIFTRI (Al l -Union  R e s e a r c h  I n s t i -  
t u t e  f o r  P h y s i c s  a n d  Radio  E n g i n e e r i n g  Measurements )  s i t u -  
a t e d  n e a r  hfoscow. I t  w a s  f i r s t  c o n f i r m e d  as t h e  S t a t e  
s t a n d a r d  i n  1 9 6 7 .  A t  t h a t  t i r ne ,  an  e r r o r  of f re tquency re- 
p r o d u c i b i l i t y  was 1 X 1 0 - l l .  

S i n c e  t h a t  t i m e ,  t h e  s t a n d a r d  parameters have  been  s u b s t a n -  
t i a l l y  improved and t h e  s t a n d a r d  s t r u c t u r e  has been  a l m o s t  
c o m p l e t e l y  changed .  

A t  t h e  p r e s e n t  t i m e ,  t h e  s t a n d a r d  not o n l y  r e p r o d u c e s  Pre-- 
cluency , b u t  a l s o  p r o v i d e s  :t c o n t  inuou:; i:lt:)ck o n  tile X a t i u n a l  
t i m e  s c a l e .  I n  c o n n c c , t i u n  w i t h  this c:apabi. 1 ity, t h e  s t a n -  
d a r d  i .ncl .udes four. p r i m a r y  a n d  L w o  sec,ondary appar.a. tus com- 
p l e x e s .  The p r i m a r y  complexes  a r c  :IS f o l l o w s :  

- r e p r o d u c i b i l i t h 7  s y s t e m  oi' a measurt3 of r r c q u e n c y ;  

- t i m e  s c a l e  c l o c k  s y s t e m ;  

- i - n t c r n a l  comparison s y s t e m ;  

- e x t e r n a l  compar i son  s y s t e m ;  

The r e g u l - a t e d  power sjfstern a n d  t h e  c la ta .  p r o c e s s i n g  s y s t e m  
are c o n s i d e r e d  to be  s c c o n d a r j 7  s y s t e m s .  



The R e p r o d u c i b i l i t y  System of Frequency 

The r e p r o d u c i b i l i t y  sys tem of f r equency  c o n s i s t s  of s i x  
hydrogen and one cesium f requency  s t a n d a r d s .  On a  r e g u l a r  
b a s i s ,  two o r  t h r e e  t i m e s  a week, the s t a n d a r d s '  f r equen-  
cies a r e  c o r r e c t e d  on t h e  r e s u l t s  of  t h e i r  i n t e r c o m p a r i s o n s  
and on t h e  r e s u l t s  of  compar isons  w i t h  t h e  f r e q u e n c i e s  of  
a tomic  t i m e  s c a l e  c l o c k s .  The r e p r o d u c i b i l i t y  of an a v e r a g e  
r e a l  f r equency  v a l u e  is t a k e n  f o r  t h e  main c h a r a c t e r i s t i c  
o f  t h i s  sys tem.  C u r r e n t l y ,  i t  i s  e x p r e s s e d  by a  r e l a t i v e  
e r r o r  of t h e  o r d e r  of 1 X 10-13. Frequency r e p r o d u c i b i l i t y  
of t h e  cesium s t a n d a r d  is somewhat worse t h a n  t h a t  of  t h e  
hydrogen s t a n d a r d .  The magnitude c h a r a c t e r i z i n g  t h e  accu-  
r a c y  of t h e  m e t r o l o g i c a l  cesium s t a n d a r d  is c u r r e n t l y  
( 3  to 5 )  x lo -13 .  

The System of Time S c a l e  C locks .  

The sys tem of  t i m e  s c a l e  c l o c k s  c o n s i s t s  of e i g h t  a tomic  
hydrogen masers  and e i g h t  Hewlet t-Packard cesium atomic  
beam s t a n d a r d s  model 5061A. A s  a  r u l e ,  from f o u r  t o  s i x  
a tomic  s t a n d a r d s  of e a c h  group a r e  o p e r a t i n g  s i m u l t a n e o u s l y .  
The remain ing  a tomic  s t a n d a r d s  a r e  on c o l d  s t andby  o r  p r e -  
v e n t i v e  maintenance .  Each c l o c k  forms i ts  own t i m e  s c a l e .  
I n t e r c o m p a r i s o n s  of a l l  s c a l e s  a r e  c a r r i e d  o u t  a u t o m a t i c a l l y  
on t h e  comparison program w i t h  a  one hour i n t e r v a l .  Com- 
p a r i s o n s  a r e  c a r r i e d  o u t  a t  a  r e s o l u t i o n  of 1 0  n s e c .  Pro-  
c e s s i n g  of s i n g l e  r e s u l t s  is performed i n  two s t e p s :  
P r o v i s i o n a l l y  - d i r e c t l y  by means of comparison equipment ;  
and f i n a l l y  - by u n i v e r s a l  e l e c t r o n i c  computer .  

The c l o c k  sys tem p r o v i d e s  d e v i a t i o n  of  s c a l e s  of  two s t a n -  
d a r d  s e m i s e t s  of t h e  o r d e r  of  no t  more t h a n  1 ps f o r  t h r e e  
months . 
Secondary Systems.  

I n t e r n a l  comparison sys tem is a m u l t i p l e x  measurement s y s -  
t e m  f o r  t i m e  and f requency  measurements.  Accura te  f r equency  
measurements ( F  = 5 MHz) a r e  c a r r i e d  o u t  w i t h  t h e  h e l p  of  
decade  f requency  m u l t i p l i e r s  ( t o  l o 4 )  and f requency  meters. 
The r e s u l t s  a r e  r e c o r d e d  on a  p e r f o r a t e d  t a p e  and d i g i t a l  
p r i n t e r .  

The e x t e r n a l  comparison sys tem i n c o r p o r a t e s  a  number of  VLF, 
LF and VHF r e c e i v i n g  d e v i c e s  and c o r r e s p o n d i n g  r e c e i v i n g  - 
r e c o r d i n g  equipment .  With t h e  a i d  of  t h e s e  d e v i c e s  a  24- 
hour (10-12 t i m e s )  t i m e  s i g n a l  r e c e p t i o n  of such  r a d i o  



s t a t i o n s  as  GBR, OhlA, RBU, NAA, NVC,  e t c .  is  c a r r i e d  o u t .  
The compar i son  w i t h  t h e  U S S R  s e c o n d a r y  s t a n d a r d s  i s  e f f e c t e d  
by TV c h a n n e l s  w i t h  a n  e r r o r  of ( 1  to 3 )  us. F o r  t h e  l a s t  
y e a r s  a few c o m p a r i s o n s  were c a r r i e d  o u t  w i t h  t h e  h e l p  of  
p o r t a b l e  c l o c k s .  

T h e s e  c o m p a r i s o n s  e n a b l e d  t h e  d e t e r m i n a t i o n  o f  s y s t e m a t i c  
d e l a y s  i n  r a d i o  and t e l e v i s i o n  c h a n n e l s .  F o r  i n s t a n c e ,  t h e  
compar i son  w i t h  t h e  h e l p  of an  O s c i l l o q u a r t z  c l ock  i n  1974 
p e r m i t t e d  t h e  c a l i b r a t i o n  of a compar i son  p a t h  on s h o r t  
waves and t o o k  i n t o  a c c o u n t  a s y s t e m a t i c a l  d e p a r t u r e  o f  t i m e  
sca les  t o  w i t h i n  1 u s .  

A s y s t e m  of s t a n d b y  e n e r g y  was established f o r  t h e  power 
s u p p l y  of  t h e  whole  s t a n d a r d  complex.  T h i s  s y s t e m  c o n s i s t s  
o f  b a t t e r y  f a c i l i t i e s ,  a d i e s e l - g e n e r a t o r  and a s y s t e m  uf 
a u t o m a t i c  s w i t c h i n g  i n  case o f  a n  i n t e r r a p t i o n  of  e n e r g y  
s u p p l y  f rom t h e  e l e c t r i c a l  ne twork .  

A l l  i n f o r m a t i o n  f o r  o p e r a t i o n  o f  t h e  s t a n d a r d  i s  s y s t e m a t i -  
c a l l y  p r o c e s s e d  on a u n i v e r s a l  electronic compu te r .  T h i s  
i n f o r m a t i o n  i n c l u d e s  t h e  r e s u l t s  uP s i n g l e  measurements  of 
f r e q u e n c y  d e v i a t i o n  of  s e p a r a t e  s t a n d a r d s  and  c l o c k s ,  t h e  
r e s u l t s  o f  e x t e r n a l  signal r e c e p t i o n 1  and  t h e  r e s u l t s  of  
measurements  o f  t h c  env i ronmen t  p a r a m e t e r s ,  











QUESTION AND ANSWER PERIOD 

DR.  HELLWIG: 

With r e s p e c t  t o  t h e  hydrogen  and t h e  ce s ium d e v i c e s ,  f i r s t  
o f  a l l  on t h e  ce s ium d e v i c e ,  w a s  i t  d e s i g n e d  and  c o n s t r u c t e d  
a t  y o u r  l a b o r a t o r y ?  How l o n g  is i t  and s u c h  p a r a m e t e r s ?  

TRANSLATOR: 

I l e  s a i d  t h e  hydrogen  a p p a r a t u s  h a s  been  work ing  a b o u t  f i v e  
y e a r s .  The c e s i u m  m e t r o l o g i c a l  s y s t e m ,  t h e y  s t a r t e d  a 
y e a r  o r  s o  a g o .  They have  had  p r a c t i c a l  r e s u l t s  f o r  a b o u t  
six months  f rom t h e i r  r e s e a r c h .  IIe s a y s  b e c a u s e  of t h i s ,  
he  c a n n o t  g i v e  you an  e x a c t  r e a d i n g  on t h e  a c c u r a c y  of i t ,  
o n l y  a p p r o x i m a t e l y  3 t o  5 X 1 0  - I 3 .  

They have  good a c c u r a c y  w i t h  t h e  hydrogen  work 2 X 10 - l2  
a c c u r a c y .  The r e p r o d u c i b i l i t y  is 1 o r  2 X 10"~. 

DR. COSTAIN: 

T h e r e  i s  a  d i f f e r e n c e  be tween  o u r  hydrogen  p r i m a r y  s t a n d a r d s  
and o u r  ce s ium p r i m a r y  s t a n d a r d s .  We t h i n k  o u r  ce s ium is  by 
f a r  t h e  b e s t ,  b u t  o u r  measu remen t s  a t  t h e  moment i n d i c a t e  
t h a t  t h e  hydrogen  f r e q u e n c y  d e c r e a s e s  a t  a r a t e  o f  more 
t h a n  1 p a r t  i n  1 0 1 2  p e r  y e a r ,  and  t h i s  is no doub t  c h a r a c t e r -  
i s t i c  o r  p a r t l y  t h e  f a u l t  o f  o u r  o l d  mach ines .  

I would b e  i n t e r e s t e d  t o  know i f  i n  s u b s e q u e n t  y e a r s  you 
have  a  compar i son  be tween  y o u r  s t a n d a r d s .  

TRANSLATOR: 

H e  s a y s  i t  i s  t r u e  t h a t  t h e  hydrogen  s y s t e m  is n o t  a s  good 
a s  t h e  ce s ium s y s t e m t o d a y .  They were n o t  able t o  break 
down t h e i r  a c c u r a c y  t o  t h e  d e g r e e  t h e y  r e q u i r e d  as f a r  as  
t h e  u n i . t s  a r e  c o n c e r n e d .  They d i d  make a measurement  i n  
t h e  l a s t  y e a r ,  a  c e s i u m  u n i t ,  and t h e  a c c u r a c y  of t h i s  is 
3 o r  5 u n i t s  i n  1 0 - l ~ .  T h e s e  d a t a  a r c  i n  good ag reemen t  
w i t h  t h e  N a t i o n a l  S t a n d a r d  d a t a ,  b o t h  f o r  West Germany and 
Canada .  

DR.  WINKLER: 

Could you leave  t h e  mic rophone  w i t h  D r .  C o s t a i n ,  b e c a u s e  I 
would l i k e  t o  ask him a q u e s t i o n  and t h a t  is ,  i n  r e g a r d  t o  



your  l a s t  comment, d i d  I u n d e r s t a n d  t h a t  you s a i d  t h e  
hydrogen  f r e q u e n c y  seems t o  d e c r e a s e  a I t e r  a l l  a l l o w a n c e s  
have  b e e n  made f o r  w a l l  s h i f t  a n d  p o s s i b l e  ch~h, , i ical  changes 
i n  t h e  w a l l  c o a t i n g ?  Would you  e l a b o r a t e  on t h a t  s l a t e -  
ment?  

DR. COSTAIN:  

E s s e n t i a l l y ,  t h e  p a s t  y e a r  i n  a n  a u t o t u n e d  p a i r ,  and one  i s  
d e c r e a s i n g  a t  a  r a t e  f a s t e r  t h a n  t h e  o t h e r .  We presume i t  
i s  c h a n g e s  due  t o  t h e  w a l l  s h i f t ,  b u t  w e  have  n o t  i n  f a c t  
made t h e  measu remen t s .  The r e s u l t s  i n  r a t e  now seem a 
l i t t l e  h i g h e r  t h a n  t h e  cumu:Lative r a t e  o v e r  t h e  p a s t  f i v e  
y e a r s .  

MR. AL,LAN: 

M r .  I l j i n ,  you i i i d i c a t e d  good agreement  w i t h  t h e  Canad ian  
p r i m a r y  ce s ium s t a n d a r d  and t h e  West German p r i m a r y  s - t a n d a r d  
I f  I u n d e r s t a n d  you c o r r e c t l y ,  t h i s  would mean t h a t  you 
would s a y  t h e  i n t e r n a t i o n a l  second used b y  t h e  BIH i s  t o o  
s h o r t  o r  t o o  high i n  f r e q u e n c y  by a b o u t  1 p a r t  i n  1 0 1 2 ,  i f  
I u n d e r s t o o d  you c o r r e c t l y .  

TRANSLATOR: 

C o r r e c t .  FIe s a y s  he  h a s  a n  a c c u r a c y  no~v of  a b o u t  1.6 X 
10-12. 




