
On August 21, 1979 Academician Nikolai Nikolaevich Bogolyubov c e l e b r a t e s  his 70th bi r thday.  The 
Edi tor ia l  Board and authors  of  Teo re t i che skaya  i Matemat icheskaya  Fizika of fer  s ince re  g ree t ings  to the 
Pr inc ipa l  Edi tor  of the Journal  on his b i r thday and dedicate this i ssue to h im.  

N I K O L A I  N I K O L A E V I C H  B O G O L Y U B O V  

(ON HIS 70TH BIRTHDAY) 

A c a d e m i c i a n  A . A .  L o g u n o v  and 
A c a d e m i c i a n  V . S .  V l a d i m i r o v  

A g rea t  modern  sc ient i s t  - Academic ian  Nikolai Nikolaevieh Bogolyubov - was born on August 21, 
1909 in Nizhnii Novgorod (today Gor 'k i i ) .  Bogolyubov began his scientif ic work in Kiev, where f r o m  his 13th 
y e a r  he began to work in the s e m i n a r  of  Academic ian  N. M. Krylov;  in 1924, he a l ready  wrote  his f i r s t  
scient i f ic  paper .  

The initial per iod of Bogolyubov 's  scientif ic  work was devoted to a number  of mathemat ica l  quest ions 
- d i r ec t  methods of var ia t iona l  calculus ,  the theory  of a lmos t  per iodic  functions, methods of approx imate  
solutions of  different ia l  equations,  and dynamical  s y s t e m s .  

Al ready  the young sc i en t i s t ' s  e a r l y  invest igat ions  into the development  of d i rec t  methods of solution 
of ex t r ema l  p rob l ems  made h im widely known. One of the pape r s  f r o m  this cycle  was awarded a pr ize  by the 
Bolon'  Academy of sc iences .  

In the s ame  y e a r s ,  Bogolyubov gave a new const ruct ion of the theory  of un i form a lmos t  per iodic  
functions and found a deep connection between this theory  and the genera l  t heo rem on the behavior  of l inear  
combinat ions  of  an a r b i t r a r y  bounded function. 
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In 1932, in co l labora t ion  with his t eache r  Krylov,  Bogolyubov turned to the development  of a c o m -  
p le te ly  new field of  ma themat i ca l  phys ics  - the theory  of nonl inear  v ibra t ions ,  which they cal led nonlinear  
mechan ics .  The invest igat ions  were  a imed at  the development  of  new methods of asympto t ic  integrat ion of 
nonl inear  equations descr ib ing  v ibra t iona l  p r o c e s s e s .  Bogolyubov c rea ted  a new mathemat ica l  f o r m a l i s m  for 
studying genera l  nonconserva t ive  s y s t e m s  with a smal l  p a r a m e t e r .  He invest igated the nature  of an exact  
s t a t i o n a r y  solution n e a r  an app rox ima te  solution for  suff ic ient ly  smal l  value of the p a r a m e t e r  and proved a 
number  of ex is tence  and s tabi l i ty  t h e o r e m s  for  quas iper iodic  solut ions.  

Among the methods formula ted  and developed by Bogolyubov in nonlinear  mechanics  the method of 
ave rag ing  and the method of in tegra l  manifolds,  which a r e  now c la s s i c ,  a r e  of pa r t i cu l a r  impor tance .  

The pioneer ing ideas and fundamental  r e su l t s  of  Bogolyubov in nonl inear  mechanics  provide the 
ba s i s  of  many modern  inves t igat ions  in genera l  mechanics ,  the mechanics  of  the continuous medium,  ce les t ia l  
mechanics ,  the mechanics  of r igid bodies  and gyroscop ic  s y s t e m s ,  the theory  of the s tabi l i ty  of motion, con-  
t rol  theory ,  control  and s tabi l iza t ion of  the mechanics  of  space  flight, ma themat ica l  ecology, and o ther  
d i rec t ions  in na tura l  sc ience and technology.  

Of g r ea t  impor tance  for  the subsequent  development  of  not only nonlinear  mechanics  but also the 
genera l  theory  of dynamical  s y s t e m s  were  Bogolyubov 's  pape r s  on the qual i ta t ive invest igat ion of the equations 
of  nonl inear  mechanics ,  which, e ssen t ia l ly ,  led to a new const ruct ion of the theory  of invar iant  m e a s u r e s .  
The bas i s  of  this theory  was the concept  of  an ergodie  se t  and a number  of subtle t h e o r e m s  on the poss ib i l i ty  
of  decomposi t ion  of an invar iant  m e a s u r e  into nondecomposable  invar iant  m e a s u r e s  local ized in ergodic se t s .  
All these  concepts  have long becom e  c l a s s i c  in the modern  theory  of r andom p r o c e s s e s .  

The mathematical methods developed by Bogolyubov for investigating dynamical systems enabled him 
to approach in an essentially new manner the problems of the mechanics of systems consisting of many 
particles. In early papers of this cycle (the first of them in 1939) he considered the manifestation of stochastic 
features traditionally described by the Fokker-Planck equation in dynamical systems subject to the random 
influence of a thermal bath. First, for the example of an exactly solvable model, he established general 
features of the evolution of a statistical system and the establishment in it of the state of equilibrium. It was 
found that the random process which describes the behavior of the system can, depending on the choice of the 
time scale, be regarded as a dynamical, Markov, and, in the general "case , non-Markov process. Thus was 
introduced for the first time the concept of a hierarchy of times in nonequilibrium statistical physics, which 
was the key to all the subsequent development of the statistical theory of irreversible processes. 

A major contribution of Bogolyubov to the statistical mechanics of nonideal classical systems were 
the papers in his monograph Problems of a Dynamical Theory in Statistical Physics (1946), which has become 
well known throughout the world; in it, he developed the method of hierarchies of equations for equilibrium 
and nonequilibrium many-particle distribution functions. 

The new physical concepts established in these papers amounted to a new stage in the development of 
statistical mechanics following on after the work of Gibbs and Boltzmann. At the present time, no serious 
investigation into the theory of nonideal systems, both classical and quantum, can dispense with some modifi- 
cation of the formalism of correlation functions developed by Bogolyubov and the Bogolyubov (BBGKY) hier- 
archy of equations for them. 

Investigating the hierarchy of equations for the distribution functions in the case of statistical 
equilibrium, Bogolyubov proposed regular methods for the most important physical cases - short-range (low- 
density gas) and long-range interaction (system with Coulomb interaction) - in the form of an expansion in a 
small parameter: either in inverse powers of the ratio of the specific volume to the cube of the interaction 
range, or in powers of the specific volume divided by the cube of the Debye radius. 

In nonequilibrium systems, these expansions of the distribution functions are, on account of the 
appearance of circular terms, valid only for very short time intervals. The resolution of this difficulty and 
the associated possibility of developing regular methods of perturbation theory in nonequilibrium statistical 
mechanics were made possible by the use of a particular variant of the met}rods of nonlinear mechanics 
developed earlier and the important physical concept of the existence of different time scales established by 
Bogolyubov. 

A physically meaningful concept of a single-particle distribution function appears only in a certain 
approximation on the transition to time scales long compared with the time of correlation weakening. For such 
a distribution function, one can obtain a closed kinetic equation of, for example, Boltzmann type. 
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To der ive  the kinetic equation i tself ,  Bogolyubov proposed ,  in place of Bo l t zmann ' s  hypothesis  of  
molecu la r  chaos,  which involves ignoring the c o r r e l a t i o n s  between the dynamical  s ta tes  of  the colliding 
pa r t i c l e s ,  a new physical  approach ,  in which the conditions of co r re l a t ion  weakening a r e  used as  boundary 
condit ions imposed on eve ry  initial  condition compat ib le  with the considered specia l  case ,  this having the 
consequence that the explicit  s t ruc tu re  of the col l is ion in tegra l  is a l r eady  obtained at a dynamical  level .  This  
method makes  it poss ible  to der ive  not only the pr inc ipa l  Bol tzmann t e r m  but also to invest igate  the higher  
approxi  mation s.  

Continuing his invest igat ion into the evolution of the sys t em,  Bogolyubov showed that the next s tage,  
the hydrodynamic ,  is a ssoc ia ted  with the t rans i t ion to an even c o a r s e r  t ime scale ,  which is apprec iab ly  
longer  than the mean f ree  t ime  of the pa r t i c l e s  (i. e . ,  the t ime  of format ion  of the local  t he rmodynamic  c h a r a c -  
t e r i s t i c s ) .  In this s tage of the evolution, the s ing le -pa r t i c l e  dis t r ibut ion function i t se l f  depends on the t ime 
only through the functional dependence on the hydrodynamics  p a r a m e t e r s  of  the s y s t e m  (local veloci ty,  density,  
and s p e c i f c  internal  energy) .  For  these l as t  quanti t ies ,  Bogolyubov const ructed a closed s y s t e m  of hy d ro -  
dynamic equations d i rec t ly  on the ba s i s  of L iouvi l le ' s  equation and without r e c o u r s e  to a kinet ic  equation (1948). 
This  idea, which provided the logical  comple t ion  to the descr ip t ion  of the evolution of many -pa r t i c l e  sy s t ems ,  
had a g rea t  influence on the subsequent  development  of  the theory  of nonequi l ibr ium p r o c e s s e s .  

Bogolyubov obtained just as fundamental  r e su l t s  in quantum s ta t i s t i c s .  General iz ing the method of 
c l a s s i ca l  co r re l a t ion  functions to the case  of quantum s ta t i s t ica l  sy s t ems ,  he const ructed h i e r a r c h i e s  of 
equations for the equi l ibr ium and nonequi l ibr ium densi ty  m a t r i c e s  and proposed a method for  const ruct ing 
kinet ic  equations in the quantum case  (1947). The idea of different  sca les  of  mic roscop ic  p r o c e s s e s  in 
s ta t i s t i ca l  s y s t e m s  was used by h im subsequent ly  in the construct ion of the equations of  the hydrodynamics  of  
a superfluid liquid (1963). 

In r ecen t  y e a r s ,  Bogolyubov has  re turned  to cons ider ing  genera l  quest ions of  the evolution of 
s ta t i s t ica l  s y s t e m s .  In his pape r s  in the per iod 1975-1978 he has  signif icantly deepened unders tanding of 
t r ans i en t  p r o c e s s e s  in nonequi l ibr ium s y s t e m s  and found the mic roscop ic  s t ruc tu re  of the Bol tzmann approx i -  
mation in k ine t ics .  His scheme proposed e a r l i e r  for  the development  of  s tochast ic  p r o c e s s e s  for  a smal l  
s y s t e m  (consisting, poss ibly ,  of  even a single par t ic le)  in te rac t ing  weakly with a la rge  s y s t e m  enabled him, 
in conjunction with a new, effect ive,  and, as a lways with Bogolyubov, powerful technique,  to approach  f r o m  
a unified point of  view the p rob l em  of  descr ib ing  all phases  of  evolution, including the kinetic phase,  with 
al lowance for  all  h igher  co r r e l a t i ons  of  the pa r t i c l e s ,  and the hydrodynamic s tage .  

Bogolyubov 's  name is inseparab ly  linked with the crea t ion  of the modern  theory  of nonideal quantum 
macroscop ic  s y s t e m s .  

In his l ec ture  to the Section of Phys ica l  and Mathemat ical  Sciences of the USSR Academy of Sciences 
in 1946, Bogolyubov explained the phenomenon of superf luidi ty,  the explanation being r e m a r k a b l e  for  i ts  
s impl ic i ty  and subtlety of  physical  ana lys i s .  He showed that the phenomenon of  superf luidi ty  in Bose s y s t e m s  
with a weak in terac t ion  is  due to the o c c u r r e n c e  in the s y s t e m  of  a condensate ,  and, if  the condensate  is 
t he rmodynamica l ly  s table  r, in terac t ion  does not d is rupt  but, in con t ras t ,  s tabi l izes  this s ta te .  Bogolyubov 
cons t ruc ted  a ma themat ica l  f o r m a l i s m  adequate for the descr ip t ion  of this phenomenon. The format ion  of the 
condensate  was taken into account by  separa t ing  out a c l a s s i ca l  component  f r o m  the o p e r a t o r  wave function, 
and the quantum par t  of  the Hamil tonian was diagonalized by a canonical  t r ans fo rma t ion  which is now widely 
known as the Bogolyubov t r ans fo rma t ion .  This  t r ans fo rma t ion ,  wh ich  defines quas ipar t i c les  that do not 
in te rac t  in the f i r s t  approximat ion ,  made it poss ib le  to e s t a b l i s h  that the co r re la t ion  of pa i r s  of  pa r t i c l e s  with 
opposi te  momenta  play the pr incipal  pa r t  in the s tabi l izat ion of the condensate .  These  invest igat ions made  it 
poss ib le  to cons t ruc t  a mic roscop ic  theory  of superf luidi ty ,  in which it was poss ib le  to desc r ibe  cons i s ten t ly  
the e n e r g y  s p e c t r u m  of a superfluid s y s t e m  and elucidate the re la t ionship  between the superfluid and the 
normal  s ta te .  Modern invest igat ions into the behav io r  of  a nonideal Bose gas  have as the i r  point of  depar tu re  
the Bogolyubov s p e c t r u m  and the Bogolyubov s t ruc tu re  of  the ground s tate ,  f r o m  which fur ther  invest igat ions 
of  the s y s t e m  c o m m e n c e .  

The genera l i ty  of  the new concepts  defined in the l ec tu re ,  in pa r t i cu l a r  the connection between the 
s tabi l i ty  of  the c l a s s i ca l  s tate  and the posi t ive  def ini teness  of  the quantum par t  of  the Hamil tonian went far  
beyond the needs of the p rob l em  under  cons idera t ion ,  and one can now say  that they a r e  numbered  among the 
c l a s s i ca l  concepts  of  s ta t i s t i ca l  physics  and quantum field theory .  

In September  1957, Bogolyubov applied his canonical  t r ans fo rmat ion ,  genera l ized  to fe rmion  
o p e r a t o r s ,  to the sys t emat i c  const ruct ion of the theory  of  superconduct iv i ty  on the bas i s  of  the FrShlich model,  
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taking into account e lec t ron-phonon  in terac t ion  in meta l s .  The vacuum of quas ipa r t i c l e s  defined by this 
t r an s fo rma t ion  is a s tate  with an indefinite number  of  pa r t i c l e s  - a kind of condensate  in which the cor re la t ion  
of pa r t i c l e s  with opposi te ly  d i rec ted  momenta  and spins plays the pr incipal  pa r t .  It is the s tabi l i ty  of  this 
condensate  which de te rmines  the s ingular  p r o p e r t i e s  of  the superconducting s ta te .  The method of the 
canonical  t r ans fo rmat ion ,  which is the most  adequate f o r m a l i s m  for  taking into account the exis tence of 
Cooper  pa i r s  near  the Fe rmi  sur face ,  proved to be a powerful  tool for investigating the energy  spec t r u m of 
superconductors .  As a resu l t ,  it was es tabl ished that the s y s t e m  contains,  in addition to exci tat ions of 
fe rmion  type assoc ia ted  with the breaking  of the Cooper  pa i r s  and cha rac t e r i zed  by a definite value of the 
energy  gap, col lect ive gap less  Bose exci tat ions,  the p r e s e n c e  of which is of  fundamental  impor tance  (1958). 

Thus,  in his pape r s  of  1957 Bogolyubov c rea ted  independently and a lmos t  s imul taneous ly  with Bardeen,  
Cooper,  and Schr ief fer  the mic roscop ic  theory  of superconduct ivi ty .  

Development  of the concept  of superconduct ivi ty  as the superf luidi ty  of  F e r m i  s y s t e m s  led Bogolyubov 
to the d i scove ry  of the new fundamental  effect  of  superf luidi ty  of nuc lear  ma t t e r  (1958)o The concept of s u p e r -  
fluidity of  nuc lear  ma t t e r  has  since become fundamental  in modern  nuclear  theory .  

Fur the r  invest igat ions of Bogolyubov showed that the s tabi l izat ion of  the condensate  in nonideal 
s y s t e m s  is a consequence of degeneracy  with r e spec t  to the par t ic le  number ,  a p rope r ty  cha rac t e r i s t i c  of  
s y s t e m s  with infinitely many deg ree s  of  f r eedom.  Study of the p r o p e r t i e s  of  s y s t e m s  with degeneracy  led 
Bogolyubov to the formulat ion of the now widely known method of q u a s i - a v e r a g e s  (1961). In conjunction with 
his  own method of two- t ime the rma l  G r e e n ' s  functions (1959) and the technique of spec t ra l  expansion,  this 
method is essen t ia l ly  a un iversa l  method for studying s y s t e m s  whose ground state  is unstable against  smal l  
pe r tu rba t ions  (for a superconductor  agains t  the source  of pa i r s ,  and for  a f e r r o m a g n e t  against  the switching 
on of a smal l  magnetic field). 

A ma jo r  achievement  of the method of q u a s i - a v e r a g e s  was Bogolyubov's  fundamental  t heo rem (1961) 
which proved that a long- range  in terac t ion  a lways  r e su l t s  f rom spontaneous breaking  of s y m m e t r y  in a 
s y s t e m .  This  t h e o r e m  made it poss ib le  to solve the fundamental question of the s t ruc tu re  of  the energy  
spec t rum of low-lying e l e m e n t a r y  exci ta t ions  in nonideal Bose and F e r m i  sy s t ems ,  re la t ing  it to the r e q u i r e -  
ment of gauge invar iance  of these  models .  

The ideas and methods developed by Bogolyubov in the study of nonideal quantum s y s t e m s  had not 
only a t remendous  influence on the development  of  modern  s ta t i s t ica l  physics  but also proved to be e x t r e m e l y  
fruitful in the study of an impor tan t  p rob l em  in quantum field theory  re la t ing  to the p rob lem of degeneracy  
and s tabi l i ty  of  the vacuum.  Indeed, the v e r y  idea of vacuum instabi l i ty  in quantum field theory  a ro se  through 
his inves t iga t ions .  

At the beginning of the fif t ies,  Bogolyubov 's  attention was drawn to quantum field theory .  His work 
in this field led above all to the formulat ion of new concep ts .  At that t ime,  quantum field theory  had only one 
effect ive f o r m a l i s m  - per turba t ion  theory - and the main shor tcoming of this f o rma l i sm ,  the u l t rav io le t  
d ive rgences ,  was el iminated by heur i s t i c  a rgumen t s  about the poss ib i l i ty  of  r enormal i z ing  the mass  and the 
charge .  Bogolyubov 's  pape r s  emphas ized  that the in te rpre ta t ion  of the d ive rgences  as a shor tcoming of theory  
is due essen t i a l ly  to the d i rec t  t r a n s f e r  to quantum field theory  of o rd ina ry  concepts  of  macroscop ic  phys ics .  
The or igin  of  the d ive rgences  is contained in the bas ic  concept  of  mic roscop ic  physics ,  in which an e l e m e n t a r y  
par t i c le  is unders tood as  a quantum of a locaI  wave field. The re fo re ,  an adequate mathemat ica l  f o r m a l i s m  
must  include organ ica l ly  genera l ized  functions.  

In his  invest igat ions  in quantum field theory,  Bogolyubov dispensed with the usual Hamiltonian 
f o r m a l i s m  and based his theory  on the S ma t r ix  introduced by Heisenberg .  In his invest igat ions in the 
beginning of the f if t ies he showed that the S ma t r ix  can be r econs t ruc ted  in all o r d e r s  of per turba t ion  theory  
f r o m  the in terac t ion  Lagrangian  by requi r ing  only fulfi l lment of the fundamental  physical  pr inc ip les  of the 
theory  - r e la t iv i s t i c  invar iance ,  the spec t ra l  condition, uni tar i ty ,  and causal i ty .  An impor tant  pa r t  in these 
and subsequent  pape r s  was played by the development  of  a new pr inciple  of  causal i ty ,  which is today widely 
known as  "Bogolyubov's  condition of  m ic rocausa l i t y " .  

Bogolyubov 's  t h e o r e m  that the S mat r ix  in all p e r t u r b a t i o n  o r d e r s  can be de te rmined  sys t ema t i ca l ly  
up to quasi local  o p e r a t o r s  (with the or igin  of the nonuniqueness identified in the s ingular  na tu re  of the 
coeff icient  functions of  the S mat r ix ,  revea led  the nature  of the u l t rav io le t  d ivergences  and made it poss ible  
to develop a cons is tent  scheme  for  the i r  e l iminat ion - the Bogolyubov R opera t ion (1955). Per tu rba t ion  
theory  cons t ruc ted  in this manner  is essen t ia l ly  pure ly  axiomat ic ;  it is the f i r s t  sys temat ic  axiomat ic  scheme 
in quantum field theory .  
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Bogolyubov's  lecture at the conference at Seattle (1956) heralded a new stage in the development of 
not only the axiomatic method but also in the physics  of s trong interact ions general ly .  In this lecture (so 
charac te r i s t i c  of Hilbert with his "we must know, we shall know") Bogolyubov, having established the causal  
s t ruc ture  of the pion-nucleon scat ter ing amplitude on the basis  of his principle of microcausal i ty ,  direct ly  
proved the possibil i ty of analytic continuation of the amplitude to complex values of the energy.  The proof  
is associa ted  with the d i scovery  of a new principle of  analytic continuation of general ized functions of many 
var iables ,  and the "edge-of- the-wedge"  theorem thereby proved (today, it c a r r i e s  Bogolyubov's  name) 
became the basis  of a new direct ion in mathemat ics .  

Bogolyubov's  papers  on the foundation of dispers ion relat ions opened up a new stage in the theory of 
strong interact ions.  It was not s imply that a sys temat ic  fo rmal i sm had been constructed that did not depend 
on assumed weakness of the interaction of e lementa ry  par t ic les .  The ideas introduced into physics  by the 
proof  of  the dispers ion relat ions became the basis  of  a new language of the theory of s t rong interact ions.  
Phys ic i s t s  were given a new concept of the scat ter ing amplitude as a single analytic function of the scat ter ing 
var iables;  this concept was to be decisive for the fur ther  development of theory.  At the f i rs t  glance, the 
purely  mathematical  concept was a reflection of  the deep connections existing in physics  between apparent ly  
different p roces se s .  It became obvious that even if one could not find the scat ter ing amplitude of a given 
p roces s  one could find its connection to the amplitudes of other  p rocesses .  The idea of a connection between 
different react ion channels was the point of depar ture  for numerous heuris t ic  construct ions  of the scat ter ing 
amplitude. 

The papers  of Bogolyubov and his students outlined wide and varied applications of the asymptotic  
method, such as asymptot ic  es t imates  at high energies ,  descript ion of  low-energy  regions  using the uni tar i ty  
condition, the problem of scaling at high energies ,  and so forth. 

Numerous other  ideas and investigations in different fields of the relat ivis t ic  dynamics of par t ic les  
a re  due to Bogolyubov. 

In the yea r s  1965-1966 there are  his investigations into the theory of the s y m m e t r y  of e lementary  
par t i c les .  With these investigations there is in par t icu lar  associated the introduction of a new quantum 
number,  today called color,  which plays a fundamental par t  in modern schemes  of the theory of weak and 
strong interact ions.  

The direct ions  listed here  by no means exhaust the scientific work of  N. N. Bogolyubov. He also 
made a number  of fundamental investigations into p lasma theory and kinetic equations that  a re  of pract ical  

importance.  

Bogolyubov's  investigations have been made in many branches  of mathematics ,  mechanics,  and 
physics .  In each of these fields he has made a number of fundamental scientif ic d iscover ies ,  and he has 
writ ten more than 200 papers  and monographs.  

The main feature of his scientific style is his ability to g rasp  the key nature of the problem and its 
essent ial  solvabili ty and then ,  undaunted by the difficulties, c rea te  an adequate fo rmal i sm for the solution 
of this problem.  The organic fusion of mathematics  and physics reca l l s  to the reader  of Bogolyubov's  papers  
the t imes  when the represen ta t ives  of the exact sc iences  were s imply  called natural  phi losophers .  This gift 
enabled Bogolyubov to make a decisive contribution to the development of theoret ical  physics during the last  
forty yea r s  and in fact c rea te  a new modern mathematical  physics .  All this has long made Bogolyubov one of 
the great  scientis ts  of the world and has left his individual mark on the complete development of theoret ical  
physics  in the second half of ou r  century.  

Bogolyubov devotes much attention to the education of young scient is ts .  To him is due the honor of 
having created a number of scientific schools,  such as the school of mathematical  physics  and nonlinear 
mechanics  at Kiev and of theoret ical  and mathematical  physics at Moscow and Dubna. Many well-known 
scient is ts  are  proud to calt Bogolyubov their  teacher .  

N. N. Bogolyubov also devotes much attention to the organizat ion of science.  He is cu r ren t ly  a 
member  of the Pres id ium of the USSR Academy of Sciences, Direc tor  of the Joint Institute for Nuclear 
Research ,  and Principal  Editor of our  journal Theoret ical  and Mathematical Physics ,  which he created .  

Bogolyubov also devotes much t ime and in teres t  to general  work and is a deputy of the Supreme 
Soviet of the USSR. 

His country has highly valued his scientific and general  work. He has been awarded the Lenin Pr ize ,  
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the USSR State P r i ze  twice, the Lomonosov P r i ze  of  the USSR Academy of Sciences,  five Lenin Orde r s ,  
a number  of  o ther  o r d e r s  and meda l s .  In 1969, Bogolyubov was made a Gold Star of  a Hero of Social is t  
Labor  for  his eminent  s e rv i ce s .  

and 

In recognit ion of Bogolyubov 's  pe rsona l  contr ibution to the development  of science and his high 
scientif ic  and public authori ty he has  been made a Fore ign  Member  of  many foreign academies .  He has  been 
awarded honora ry  doc tora tes  by a number  of dist inguished un ive r s i t i e s  throughout the world and many i n t e r -  
national p r i ze s  and meda l s .  

Nikolai Nikolaevich Bogolyubov c e l e b r a t e s  his 70th b i r thday in the full f lower of  his c rea t ive  
abi l i t ies .  We wish h im long and happy y e a r s  of  scientif ic inspi ra t ion and new d i scove r i e s  bringing honor to 
sc ience in our  country .  

T A U B E R I A N  T H E O R E M S  IN Q U A N T U M  F I E L D  T H E O R Y  

V . S .  V l a d i m i r o v  and B . I .  Z a v ' y a l o v  

The use  of Tauber ian  t h e o r e m s  in quantum field theory  is  studied in pa r t i cu l a r  connection 
with the scal ing of the f o r m  fac to r s  of  deep inelast ic  sca t t e r ing  and the asympto t ic  behavior  
of  the Wightman two-point  function. 

1.  I n t r o d u c t i o n  

Tauber ian  t heo rem s  a re  t heo rem s  that r e l a t e  the asympto t ic  behavior  of a (generalized) function in 
the neighborhood of the origin to the asympto t ic  behav ior  of i ts  Four i e r  t r a n s f o r m  (Laplace t r a n s f o r m  o r  
o ther  in tegral  t r a n s f o r m s )  at infinity. T h e o r e m s  that a r e  the c o n v e r s e s  of  Tauber ian  t heo rems  a re  called 
Abelian t h e o r e m s .  

In the case  of one independent va r iab le ,  Tauber ian  theory  has  been developed fa i r ly  far  and has 
numerous  appl icat ions in the theory  of numbers ,  the theory  of different ia l  equations,  in harmonic  ana lys i s ,  
and in mathemat ica l  phys ics .  

For  the ca se  of  many va r i ab les ,  the p rob l ems  of Tauber ian  theory  a r e  much more  compl ica ted .  Only 
individual r e su l t s  have been achieved in this d i rec t ion.  One of them r e l a t e s  to the mult idimensional  g e n e r a l i -  
zat ion of the Tauber ian  t h e o r e m  of Hardy  and Litt lewood (see Sec. 10). 

A number  of  impor tan t  r e s u l t s  in mul t id imensional  Tauber ian  theory  has been obtained in connection 
with the theore t ica l  explanation of  the expe r imen ta l ly  obse rved  scal ing at high energ ies  and la rge  momentum 
t r a n s f e r s  of quanti t ies  in quantum field theory,  in pa r t i cu la r ,  the f o r m  fac to r s  of  deep inelast ic  l ep ton-hadron  
sca t te r ing .  One of the main p r o b l e m s  of theory  is to es tab l i sh  whether  these  phenomena a re  consis tent  with 
the genera l  p r inc ip les  of  local  quantum field theory  and es tab l i sh  what r e s t r i c t i o n s  these  pr inc ip les  impose  on 
the poss ib le  asympto t ic  behav io r s .  This  p r o b l e m  is  in t imate ly  re la ted  to the s ingular  s t ruc tu re  of the 
Fou r i e r  t r a n s f o r m s  of the f o r m  fac to r s  in the neighborhood of the light cone. These  p rob l ems  have been 
d iscussed  intensively  in the phys ics  l i t e r a tu r e  since B jo rken ' s  pape r  in 1967 [1] and in the mathemat ica l  
l i t e r a tu re  since the pape r  of Bogolyubov, Vladimirov,  and Tavkhel idze in 1972 [2]. 

These  p r o b l e m s  a re  in t imate ly  re la ted  to the dimensional  ana lys i s  of  deep inelast ic  sca t te r ing  
p r o c e s s e s  [3] and the study of the asympto t ic  behavior  of  inclusive p r o c e s s e s  [4-5]. A detailed bibl iography 
on this quest ion can be found in the rev iew [6]. Although the explicit  f o r m  of the fo rm fac to r s  is  unknown, 
some  informat ion  about t hem follows f r o m  the genera l  p r inc ip les  of local  quantum field theory:  Lorentz  
covar i ance ,  the spec t r a l  condition, local i ty ,  uni tar i ty ,  and var ious  s y m m e t r i e s  [7]. 

Let  F (q ) ,  q = (q0' q ) '  q = (ql '  q2' q3 ) be the f o r m  fac tor  in the coordinate  s y s t e m  assoc ia ted  with 
the hadron (we a s s u m e  that the hadron has  m a s s  equal to 1).  The genera l ized  function F(q )  has  the 
following p r o p e r t i e s :  i) F%~'(R~), 2) F(q)=--F(--q), 3) F(q)=0,  i f  --q~/2[qo[>t, 4) $~(x)=0, if x~<0, 
5) F(qo, q)=F(qo,Sq), VSESO(3). Here  q2=qoZ--lql~=qo~--qi2--q~2--qs2 is the Lorentz  square  and F(x )  is the 

V. A. Steklov Mathemat ics  Inst i tute,  USSR Academy of Sciences .  Trans la ted  f r o m  Teore t i eheskaya  
i Matemat icheskaya  Fizika,  Vol.40,  No.2,  pp. 155-178, August, 1979. Original  a r t i c l e  submit ted October  16, 
1978. 
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