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Lenin was not only the organizer and leader of the world's firstsocialist state, but also the great 
thinker and philosopher of our time. The combination in Lenin of a revolutionary and philosopher- 
theorist is natural, this is because he was able to find the true path of transformation of a society and to 
determine the methods of constructing socialism which he, like Marx, understood profoundly and for which 
he developed the theory that lies as the basis of knowledge of mobile forces in nature and society, i.e., 
philosophy. 

In philosophy, Lenin was the direct pupil of Marx and Engels, i.e., he was a dialectic materialist. 
He not only succeeded Marx but he also developed and intensified, under new conditions of knowledge, the 
different aspects of Marxist philosophy. Below, we shall consider briefly the new knowledge that Lenin 
introduced into theory and which, in our opinion, is important to physicists. 

i. The fundamental complete philosophical work of Lenin, "Materialism and Empiriocriticsm ~ was 
written in 1908. Despite the fact that after the havoc of the revolution of 1905 many pointed practical and 
theoretical problems associated directly with the revolutionary movement arose, Lenin was able to turn 

to philosophical problems. Important circumstances prompted him to this, which he associated directly 
with the work of the Party. 

At the beginning of the 20th century, there was an increase in philosophical and natural science 
circles of the influence of positivism (empiriocriticism) - of idealistic philosophy stemming originally from 

Berkley and which contradicted the existence of an objective world as the source of knowledge and did not 
acknowledge the objectivity of the laws of nature. 

The effect of positivism increased, because in physics at this time there occurred a turbulent un- 
determining of ideas due to new discoveries and the development of new theories. It was established that 
the atom, which had been assumed to be the starting material basis of the outside world, after all was not 
~'the last brick of universal knowledge." The radioactive source of energy was discovered; it was found 
to be inexhaustible and that it refuted the law of conservation of energy. The representation of the absolute- 
ness of space and time was destroyed. The entire system of absolute representations and concepts built 
up in physics was shaken. Metaphysical materialism, on which physics rested, could not be handled with 
this breakdown of ideas. Some physicists - including for example Poincar~ - began talking about a general 
breakdown of physical laws, about the "physics crisis, ~ the ~'disappearance of matter.'1 This confusion 

of mind was used by positivism, having suggested a philosophy allegedly concurrent with the results of the 
most recent natural science. It is true that in nature there is nothing absolute, positivism asserted, but 
this is because outside of us there is nothing objective and our knowledge is related only to sensations and 
science is a system of ordering of sensations. 

Positivism came into fashion. Certain writers from a number of the Party intelligentsia were ab- 
sorbed by it; they attempted further to unite positivism with Marxism, i.e., with the revolutionary doctrine 
concerning the laws of development and transformation of Society. This "infection ~ was not only a Russian 
occurrence, it ailed the ruling social-democratic circles in the West and the social-democratic press also 
supported it. Lenin had the insight to discern in this attempt to unite Marxism and positivistic philosophy, 
an undetermining of the theoretical foundations of Marxism and, in fact, recent history has shown that with- 
drawal from the basis of dialectic-materialistic philosophy was not accidental - it was the beginning of the 
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depar tu re  of the soc i a l -democra t i c  l eaders  f r o m  M a r x i s m  and by their  change, the lot of the working c lass  
was improved.  

In "Mate r i a l i sm and E m p i r i o c r i t i c i s m "  Lenin reca l led  the e s sence  of posi t iv is t ic  philosophy and 
showed its h i s to r ica l  roo ts ,  its re la t ion  to double-dyed ideal ism,  its incompatibi l i ty  with the scientif ic  
revolu t ionary  theor ies  of the development  and t r ans fo rma t ion  of Society and the g round lessness  of i ts  
p re tences  to e m e r g e  as  a philosophy of modern  natural  science.  

Having shown the unscientif ic  nature  of pos i t iv i sm and having grounded h imse l f  on the works  of Marx  
and Engels,  Lenin developed a theory of r ep resen ta t ion  of the outside world in the consc iousness  of m a n -  
kind. He analyzed the p r o c e s s e s  taking place in physics  and showed that a v igorous  revolut ion was taking 
place, which was natura l  for  the advancing course  of knowledge and the breakdown of ideas,  and the in-  
c reased  noise in ce r t a in  c i r c l e s  concerning the "physics c r i s i s "  is of a gnosiological  nature.  Gnosiological  
hes i ta t ions  give r i s e  t hemse lves  to the development  of science with the specia l  f ea tu res  of modern  physics.  
Lenin noted two r ea sons  for  physical  idea l i sm - m a t h e m a t i z a t i o n  of physics ,  beyond which some  sc ien t i s t s  
cease  to r ega rd  m a t e r i a l  p r o c e s s e s ,  and r e l a t i v i s m  which in the case  of ignorance of dialect ic  logic leads 
to negation of objectivityl There fo re ,  in o rde r  to avoid slipping down into idea l i sm,  Lenin called upon 
na tura l i s t s  to se ize  hold of m a t e r i a l i s t i c  d ia lect ics .  As is well known, Hegel developed dialect ic  logic; but 
for  Hegel it  "stopped a t  the head,"  as  he regarded  the bas i s  of everything r ea l  in some  kind of absolute  
spi r i t  but not in nature  and he expounded it  in an ex t r eme ly  mys t ica l  form.  Just  as  in the t ime  of Marx,  
Lenin posed h imse l f  the p rob lem of "writing Logic with a capital  l e t t e r , "  i .e . ,  to expound and develop a 
ma te r i a l i s t i c  dialect ic  in a specia l  acceptable  book. Just  like Marx,  Lenin did not succeed in wri t ing Logic, 
as a consequence of the fact  that before  him stood urgent  theore t ica l  and prac t ica l  p rob lems  of the r evo lu -  
t ionary  movement .  But he left to our genera t ion the "Phiolosophical  T e t r a d s "  in which he expressed  many 
profound ideas by logic. Moreover ,  he skilfully used dialect ic  ma te r i a l i s t i c  logic in his numerous  wri t ings  
on the theory  and prac t i ce  of t r ans fo rming  Society and par t icu la r ly  in papers  on Marx i sm;  a study of these 
is  essent ia l  for the purpose  of m a s t e r i n g  the philosophical ideas applied in them. 

Thus,  in o rder  to m a s t e r  the philosophical opinions of Lenin and his contr ibution to the development  
of ma te r i a l i s t i c  d ia lec t ics ,  i t  is n e c e s s a r y  to study f r o m  this angle the views of all  his l i t e r a ry  her i tage.  

2. The idealogical  s t ruggle  at  the beginning of the 20th century posed the question: how do p e r t u r b a -  
tions in the natural  sc iences  and, in par t i cu la r ,  in physics affect  the solution of the fundamental  p rob lem 
of philosophy concerning the source  of knowledge, the precedence  of nature  and the repeatabi l i ty  of think- 
ing, and how does i t  af fect  the conclusion about the understanding of the world and the paths and c r i t e r i a  of 
knowledge? The opponents of m a t e r i a l i s m  set  the solution of these p rob lems  in d i rec t  dependence on the 
r e su l t s  of physics ,  which they in te rpre ted  as  a denial of the conclusions of ma te r i a l i s t i c  philosophy. Lenin 
showed that such in te rpre ta t ion  of the r e su l t s  of physics  is unscientific:  they not only do not refute  m a t e r i a l -  
i s t ic  philosophy but they cannot refute  i ts  fundamental  theorems .  The problem as  posed is  i t se l f  incor rec t :  
the just i f icat ion for  the conclusions of ma te r i a l i s t i c  philosophy does not r e s t  on the in te rpre ta t ion  of r e -  
sults ,  even in the case  of such an impor tant  sc ience  as  physics.  It r e s t s  on a much b roade r  bas i s  - on 
the ent i re  act ivi ty  of mankind. The fact  that the feel ings and ideas of man have an objective intension is 
shown by the r e su l t s  of prac t ica l  sui tably d i rec ted  act ivi ty.  Mankind has p r e s e r v e d  his spec ies  and has 
achieved all  the new s tages  of individual ism only because  at  eve ry  previous s tage,  even p r io r  to the genes is  
of modern  science,  he has co r r ec t ly  learned to understand the outside world in a number  of genera t ions ,  
each t ime within the l imi t s  of a defined c i r c l e  linked with him. This fact  is of enormous  gnosiological  i m -  
por tance and it is imposs ib le  to refute  it with any sophis t icated in te rp re ta t ions  of some  or  other  unique r e -  
sult  in physics.  The r e su l t s  of physics a r e  concerned only with knowledge of the concre te  s t ruc tu re  of the 
ma te r i a l  world, with the specif ic  fo rm of in te r re la t ions  in it and not with philosophical  p rob lems  about the 
source  and c r i t e r ion  of the knowledge. 

On the other hand, even philosophy does not dictate  the physics  of any a p r io r i  r ep re sen ta t ions  about 
the s t ruc tu re  and f o r m  of the in te r re la t ions  of objects  studied and, m o r e o v e r ,  of the genera l  conclusion 
that all  nature  is one and is in a s ta te  of motion, or  m o r e  p rec i se ly  in a s ta te  of development  (because only 
this can explain the fundamental  philosophical  fact  that thinking does not stand above nature but is  a p rop-  
e r ty  of h ighly-organized organic  s y s t e m s  developing in nature).  Lenin s t ipula tes  d i rec t ly  that "in d iscuss ing 
the p rob lem concerning the link between one school of the mos t  modern  physics  and the reac t iva t ion  of 
philosophical idea l i sm,  we a r e  fa r  f rom thoughts regard ing  specia l  s tudies of physics .  We a r e  in te res ted  
exclus ively  in the gnosiological  conclusions f r o m  ce r t a in  defined t heo rems  and un iversa l ly  known d i s -  
cover ies .  "* In rea l i ty ,  considera t ion of all  p rob lems  is  t r a n s f e r r e d  to the gnosiological  plane. It is said: 

*V. I. Lenin, Poln. Sobr. Soch, Vol. 18, p. 266. 
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"matter  is vanishing," therefore  mate r ia l i sm is coming to an end. But what, in fact, vanished as a r e -  
sult of the development of physics and what was this "matter"?  The defined, his tor ical ly  bounded rep-  
resentat ion of the s t ruc ture  of molecules  and atoms vanished - and this, naturally, also is the movement 
of science ahead. And the mater ia l?  Material  is a philosophical category for denoting the source  of ob- 
jective moments  in our consciousness  and existing outside of it. But this truth is not refuted - it is con-  
f i rmed by the entire h is tory  of mankind and will be verified by any new step in our knowledge, however 
cardinal  it may be. Lenin success ive ly  draws this line when discussing all other problems - space and 
time, causality,  etc. He does not consider  the question of the specific physical representa t ions  of these 
ca tegor ies  - this is the competence of physics - but he considers  the question of their  objectivity which is 
the competence of philosophy. 

Thus, Lenin sharply divides the subject of philosophy and the subject of physics. Having shown that 
the fundamental philosophies of a problem a re  not solved in physics,  he reveals  by the unscientific posi-  
tion of cer ta in  scient is ts  following f rom the resul ts  of physics at the dawn of the 20th century, the inad- 
miss ible  philosophical conclusions. Even in our time, cer ta in  eminent scientists  as much as stated un- 
acceptably that philosophical problems a re  allegedly solved in physics. Thus, E. Wigner wri tes  that he 
cannot suggest  any scientific philosophy until the entire chain of microphysica l  measurements  relat ing 
the object of the measurement  with understanding is t raced;  he repudiates mater ia l i s t ic  philosophy be-  
cause in his opinion it has been supported by a sys tem of laws of c lass ica l  physics and not by the d isc losure  
of the ent ire  microphys ica l  chain, including also the process  in the brain.* 

However, the ref inement  by Lenin of the competence of the natural sciences and philosophy some-  
t imes is used for the conclusion that physics and philosophy must  be demarcated.  Philosophers,  in talking 
to us, may demand f rom natural is ts  only recognit ion of the objective world but in other respec t s  they 
should not in ter fere  in the development of natural science because their in terference would always be in- 
competent and would impede the development of science. 

A tendency toward "demarcat ion"  cannot be assumed to be correc t .  It can be understood only as a 
react ion to a fact f rom the recent  past, when individual scientists  and schools in the name of philosophy, 
which a re  dominant in our society,  advocated one trend to the detr iment  of another. Such was the case, 
for example, in re lat ion to the theory of relativity,  genetics,  and cybernet ics .  However, although individual 
philosophers also occupied an unat tract ive position in this problem, there was no mater ia l i s t ic  philosophy 
in it. The natural  philosophical dictate over natural science for the new period was rejected even by Engels, 
although he also pointed out that in its t ime natural philosophy played a positive role. But in the struggle 
against  definitive theories  in natural  science it was frequently not the philosophers who led, but the natura l -  
is ts  themselves;  against  genetics,  the agrobiologis t  Lysenko came out - a g a i n s t  the fundamental theorems 
of quantum mechanics,  the " t r ans fo rmer  of natural sc ience"  (according to Lenin 's  definition), the great  
physicist  Einstein came out, he himself  having given a stimulus to the development of quantum concepts 
and the s tat is t ical  representa t ion  of quantum processes .  

It can be seen a l ready f rom this example that the problem to be freed f rom the struggle against the 
"new" is not solved completely by the removal  of "incompetent philosophers" f rom interfer ing in the af-  
fa i rs  of the physicist .  History shows that the struggle against  the "new" also is led by natural is ts  them- 
selves,  when they do not understand by what paths a knowledge of the "new" is accomplished.  The problem 
of the co r r ec t  relat ion to the new trends in science is solved not by demarcat ion but, on the contrary ,  by 
the close interact ion of philosophy and natural science. 

And here,  Lenin gives us a splendid lesson for the co r r ec t  understanding of the relat ionship between 
the two sciences  - philosophy and natural  science. He is not entirely se l f - removed f rom an investigation of 
by what means thinking a r r i ve s  at a knowledge of the truth in any of the sciences,  because philosophy 
teaches this, the theory of knowledge. With the opening of these paths, dialectic mater ia l i s t ic  philosophy 
- in par t icular  the works of Lenin - rendered considerable ass is tance  to the physicists.  In fact, when it 
seemed to many physicists  that their  science suddenly came before the "ruins of the laws," it was the voice 
of Lenin that sounded encouragement:  a revolution is taking place in natural science; it is demolishing the 
antiquated representa t ions  about nature and the paths for understanding it; this is the natural  process  of 
development. And, further ,  Lenin pointed out: this process  is pregnant with the dangers of the departure  of 

* However, in contradict ion to what has been said, Wigner in the same paper supported one philosophy, 
positivistic philosophy, having expressed views on the concept of real i ty as well as on the synonym of use-  
fulness of this concept in information, and on the world - as well as on the s t ruc ture  of our sensations,  
perceptions and recollect ions.  
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thinking f rom nature, f rom the objective world, if the dialectics are  not known; the natural is t  must study 
dialectic logic and the a r t  of working with understanding. This is why Lenin spoke not about demarcat ion but 
about the union of phi losopher-mater ia l i s t s  with the natural is ts  accepting mater ia l i sm.  

3. The his tory of the development of modern physics shows that the movement  of thinking toward the 
truth is a complex process ,  requiring special investigations of the development especial ly of science. Even 
prominent foreign natural is ts ,  whose contribution to science we value highly, do not always present  this 
process  clearly.  At f i r s t  sight, this statement appears  to be paradoxical,  but the next account shows that 
this is not so. 

Actually, we know in the 20th century two physical theories  which a re  basic for the entire future de- 
velopment of physics - the theory of relat ivi ty and quantum mechanics.  Both theories  have changed in a 
radical  way our Views on the s t ructure  of the mater ia l  world, the propert ies  of solids, space and time and 
the absoluteness of concepts on which c lass ica l  physics operated. It will be co r rec t  to say that both theo-  
r ies  have produced a radical  ca taclysm in the thinking of physicists.  They have caused them to muse over 
how similar  ca tac lysms a re  being effected, how a scientist  who in experiments  rel ies  only on c lass ica l  con- 
cepts which a re  certainly inadequate in the microworld,  even so a r r ives  at his knowledge by whatever 
means knowledge of the "new" is revealed. What are  the answers  to these problems and where are  they 
found? 

Let us consider  the views of two eminent physicists  - Einstein and Born - who have made a significant 
contribution to the development of these theories.  Both Einstein and Born valued highly the importance of 
the theory of knowledge, without which science "becomes primitive and confused" (Einstein). But they both 
proposed that the existing philosophical sys tems  a re  themselves  cer ta in  schemes into which the actual 
process  of knowledge cannot be fitted. Such schemes,  in their opinion, can be constructed only abstract ly ,  
but the natural is t  is forced to take account also of experimental  resul ts  which explode these schemes.  
Therefore ,  he cannot confine himself  to a single philosophical system: he constructs  his sys tem by choos-  
ing f rom one philosophy one useful idea or method, and f rom another philosophy another idea or method, 
etc.; in view of this, his opinion by necessi ty  appears  like an eclectic mixture. Born says direct ly that 
when physicists  encountered difficulties in understanding events on the atomic scale,  when having ex- 
p.lained the inapplicability of the methods of c lass ica l  physics and the inadequacy of its ideas, not a single 
existing gnosiologist  could help him. It was neces sa ry  to work out new gnosiological principles by his own 
efforts  and these were  generated in the fo rm of Born ' s  principle of additivity, Heinsenberg 's  principle of 
observabili ty,  and a number of others. As concerns Marxist  philosophy, physicists  would be unable to fol-  
low it because its foundations were laid down by Marx 100 yea r s  ago, long in advance of the point when prob-  
lems appeared in physics which led to the development of the theory of re la t iv i ty  and quantum mechanics.  
Heisenberg wrote:  "From the point of view of common sense it cannot be expected that the thinkers,  having 
created dialectic mate r ia l i sm more  than 100 yea r s  ago, could forsee  the development of the quantum theory. 
Their  representat ions  of mat ter  and real i ty  cannot be adapted to the resul ts  of our present-day refined ex- 
perimental  technology." 

The problem concerning by what means knowledge of the new is revealed is considered by physicists  
also in the logical plane. 

De Broglie, in the repor t  "Along the Path of Phys ics"  (1955), expresses  his views "on methods of 
reasoning and d iscovery  in physics ."  He says that our understanding resul ts  by two different routes  - de -  
duction and induction. Deduction gives the rules  of t ransi t ion f rom premises  to conclusions. It follows 
s t r ic t ly  logical rules  but it does not lead to knowledge of the new, as in the conclusions f rom deduction 
there is nothing that should not be contained in the premises .  According to De Brog l i e ,  only the method 
of induction leads to the new. But how? Here, there is no logical necess i ty  in the reasonings:  it is guess,  
intuition, creat ivi ty,  and fantasy (imagination) that function; and r i sk  - but " r i sk  is a necessa ry  condition 
for any exploit." Thus guess,  creat ivi ty,  and r i sk  a re  exposed to logic. 

Einstein repeatedly expressed himself  in the sense that ideas and theory a re  the essence  of the prod-  
uct of the free (from logic) creat ivi ty  of thought and that "there is no path f rom experiment to the con-  
s truct ion of a theory."  Even in the decline of life, in a letter to Solovin (1952) he outlined the gnosiological 
cycle as he understood it. Knowledge commences  with perceptions E ("direct  sensitive experiment") and 
f rom these perceptions convers ion to axioms A is effected; f rom the lat ter  conclusions S a re  logically 
drawn (theory, obviously, is also included here;  this can be seen f rom others of Einste in 's  papers) and 
the conclusions a re  compared with the perceptions E (verification of experiment). In this gnosiological 
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cycle Einstein sees two logical gaps - "there is no logical path leading from E to A" he comments on his 

scheme; between them "there is only an intuitive (psychological) link." The other logical gap he sees in 

the transition from S to E. Logical gaps in a gnosiological cycle become obscure, as the conclusions ob- 

tained:may coincide with experiment. Long before the letter quoted, even in 1936 Einstein was pondering 

over this problem but could not find an answer; he wrote then: "The very fact that the combination of our 
sensitive perceptions by means of thought: (...) can be ordered, in my opinion is astonishing, but we 
can never have it. We can say that 'the perpetual puzzle of the world is its cognizability.' " 

The stated views of eminent scientists force us to consider the following questions: I) whether philos- 
ophy, whose principles were developed more than I00 years ago, can exert an infh:cnce on modern science; 
did it solve problems which are of considerable importance to modern science, a~; a former stage; 2) do 
logical gaps actually exist in the gnosiological cycle and does knowledge of the new truth proceed regard- 
less of free invention, change, risk, and intuition; how i s Marxist philosophy the process of reflection of nature 

[n understanding the entire gnosiological cyc le?  

4. One of the problems of philosophy consis ts  in that it should reveal  the most  common relat ionships 
of the objective world, the logic of in terre la t ions  in it and it should t race  the "mechanism" of their r e -  
flection in the awareness  of man. These common relat ionships a re  revealed when investigating specific 
mater ia l  objects,  so that one and the same logical relat ion can be important  for objects of a different 
:nature. A parallel  can be drawn here which will a s s i s t  in explaining the meaning of what has been said 
and which is s imi la r  to physics. It is well known that the Hamilton equations were derived for investigating 
mechanical  phenomena and that they were reduced to a high degree of generality. This was done long in 
advance of the appearance of quantum problems,  more  than 100 years  ago. Nevertheless,  in the general ized 
fo rm of the Hamiltonian equations general  relat ions between variables  were also included, which are  also 
important  for quantum mechanics,  but the var iables  here  a re  of another and more  complex nature. If this 
does not give r i se  to astonishment,  then no astonishment  should be caused by the fact that the logic of c e r -  
tain interact ions which also a re  acting in quantum topics, may also be revealed when investigating other 
nonquantum topics. 

Let  us take the problem of the relat ion between the parts  and whole of a system. Classical  physics 
considered a sys tem as a mechanical  conglomerate  of component parts. Therefore ,  the problem of studying 
a sys tem reduces  to a study of the proper t ies  of the component parts.  This approach, whilst it was cha rac -  
te r i s t ic  for all sciences, was a definite system of thinking. When vulgar economists (D[iring) attempted 
to explain the laws of capitalistic society, they reverted to an investigation of the nature of man and in it 
they searched for the rudiments of properties which were characteristic of a developing society. Thus, 
the "theory" of the "original cell of society" appeared: Robinson was the exploiter and Pyatnits exploited 
the fact that the working relations lie in the nature of the individual. Marx refuted this method, by showing 
through a specific analysis of the economic relationships of capitalism that the laws which are charac- 
teristic of it originate in the system whatever the conditions; and these specific laws which originate in 
the system and which characterize it cannot be reduced to laws of the component parts. Under the action 
of internal relations new associations originate in the system, i.e., development of the system takes place 
- this is the most general conclusion at which the founders of scientific materialism had already arrived 
in the past century and even then there was sufficient material for this conclusion. 

The physicist remained at the Robinson position for a further long time, and only the development of 
quantum mechanics persistently suggested the idea that specific laws are characteristic for a system and 
are not a characteristic of the component parts. The system emerges as a certain entirety in which a 
particle loses its lines of individuality to a known degree and which therefore must be defined by another 
nonclassical concept of state. In fact, new relations originate in it. The presence of system laws in quan- 
tum physics is specified by the introduction of the wave function as the new characteristic of state, by the 
establishment of Pauli's principle, the appearance in the system of quasiparticles, etc. It is very good 
that ideas concerning the specific relations in systems, even if with some delay, also finally penetrate into 
physics. It should not be otherwise: they dictate the dialectic nature of objective reality and demonstrate 
the universal nature of a series of logical relations.* 

* However, what has been said does not imply that the gnosiological meaning of these physical discoveries 
has been explained. Certain physicists think, for example, that the regularity of biological systems re- 
duces entirely to the movement in them of elementary particles (see discussion on the report by Weisskopf, 
published in Ukrainsk. Fiz. Nauk, 95, No. 2, 1968) and they even assume that this reduction is a unique 
weapon against vitalism. 
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Further ,  let us take the problem concerning the nature of natural relations.  Physicis ts ,  right up 
to the emergence  of quantum mechanics,  have assumed that in nature there exists a unique fatally develop- 
ing link between one event and another ("Laplace determinism").  But although in the kinetic theory of gases,  
even in the 19th century, s tat is t ical  methods had been developed (Clausius, Maxwell, Boltzmann, et al.) 
they were  considered only as an additional roundabout method applicable by virtue of the fact that it is 
in pract ice impossible to establish dynamic relat ions and the initial conditions for an enormous number 
of molecules;  it was assumed,  however, that in principle the problem can be solved by the methods of 
investigation of single-valued dynamic relations.  

Marx studied the economics of capitalistic society in which an enormous multiplicity of "elementary 
events" was also present  - exchange of commodit ies:  he analyzed this process.  Exchange is conditioned 
by social distribution of labor; on the average  it is effected as exchange-equivalent,  for which identical 
amounts of socially essent ial  labor a re  compared to the commodit ies being exchanged. In events of indi- 
vidual exchange, there a re  always deviations f rom equality. But so long as they are  caused by individual 
reasons,  such as g rea te r  skill of the commodity manufacturer  or accumulation at a given market  and in a 
given t ime relat ive to the demand and supply, these deviations do not affect  the exchange process  as a whole 
- they a re  accidental  for  it. But deviations f rom equivalent exchange may become (at least  over a more  
or less long time) normal ,  if an individual commodity manufacturer  reduces the production costs of his 
commodity in compar ison with the average needs of society, owing to the introduction of a technical im-  
provement. In this case,  he reaps an additional benefit which will also st imulate further  improvement  
in his technology. Thus, in the complete economic organism a definite tendency is created which i l lustrates  
the fact  of a t ransformat ion  of fortui tousness into a definite law. Our problem is not to t race  other ten- 
dencies ar is ing in this society as a resul t  of this (overflow of capital f rom one branch of production into 
another, reduction of the profit norm, etc.); this is all substantiated in the economic world of Marx. It 
is important  to show here that Marx revealed in the economic sys tem of a capitalist ic society the role 
and importance of chance, the condition for convers ion to a tendency and to a law. Marxist  philosophy, 
therefore ,  recognizes  the objective meaning of the category of chance and re jec ts  Laplace determinism,  
even in the past century long in advance of the development of quantum mechanics.  The utter s a r c a s m  of 
Engels '  comments  is well known in the address  of the determinis ts  of Laplacian meaning, reducing de te r -  
minism to fatalism. But in contrast  f rom cer ta in  modern  physicists ,  Marxist  philosophy did not oppose the 
fortui tousness of a regular  relat ion and did not draw false conclusions about the disappearance of a causal 
re la t ion in its philosophical significance only on the basis that a unique relat ion between cer ta in  physical 
categories  (impulse and coordinate) was lost, and reflected in the mathematical  fo rmal i sm of c lass ical  
physics. Marxist  philosophy showed that the boundaries between chance and necessi ty  a re  related and that 
they both a re  only moments  of an objective link in a complete process .  

Or, we may consider  such a problem as the success ion of accomplishments  produced by different 
generations of people. In summariz ing Hegel ' s  "Science of Logic,"  Lenin wrote excerpts  in which the idea 
is expressed that knowledge of mankind is developing and, beginning with simple definitions, it is becoming 
everywhere r icher  and more  specific and nothing is being lost in its dialectic forward movement;  "it im-  
plies that everything is acquired and is enriched and consolidated within i tself ."  Lenin thus commented on 
this situation: "This excerpt  ra ther  aptly sums up in its way what is dialect ics ."* 

Thus, the idea concerning a success ion of accomplishments ,  their development and enrichment  was 
formulated more  than 150 years  ago in the philosophy of Hegel. Subsequently it penetrated also into other 
sciences.  Later ,  dialectic mater ia l i sm defined it in the doctrine concerning the movement  of knowledge 
toward absolute truth through true comparat ives.  Later  still, under the p re s su re  of the necess i ty  for find- 
ing some kind of ground for the solution of specific physical problems in the quantum field, in essence  the 
same gnosiological idea was formulated by Bohr in the form of the physical principles of conformity. 

However, physicists  were far f rom understanding - and not everyone - at once the gnosiological 
significance of the ideal of a success ion of accomplishments  and the movement  of knowledge to the t ruly 
absolute through the truly relative. At the t ime when Lenin wrote "Material ism and Empi r ioe r i t i c i sm,"  
welcoming the revolution in natural science,  many quite eminent physicists  assumed that physics was ap-  
proaching a c r i s i s  and that before us were the "ruins of the laws," etc. Only much later  did they real ize  
that this was not so, that with all the abruptness of t ransi t ion to new ideas the success ion of knowledge 
still existed. 

*V. I. Lenin, Poln. Sobr. Soch., Vol. 29, p. 212. 
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In connection with the problem being discussed,  one cannot but r emember  Lenin 's  famous statement 
that "the e lectron is also inexhaustible, just like the atom. "* This was said soon after  the d iscovery  of 
the electron and during the time when physicists  were assuming that they had reached (at last!)  the "last  
br icks  of the universe ,"  the final proper t ies  of which can be described completely. Such an understanding 
was reflected also in the so-cal led "elementary par t ic les ."  Many have real ized now how naive these con- 
cepts were. But Lenin was not a physicis t  and his prediction cannot be considered as physical. He himself  
implies the inexhaustibility of the e lectron only as an example, i l lustrating the infinity of knowledge of nature 
deep down in view of the singulari ty of its in terre la t ions  and development. Because of this Lenin ra ised 
the profound question concerning the relat ivi ty of this category as the essent ia lness:  The "essent ia lness"  
of an object or the "substance" likewise are  relat ive;  they express  only the depth of human knowledge of the 
objects and if this depth did not go fur ther  than the atom yesterday,  fur ther  than the e lectron today, then 
dialectic ma te r i a l i sm insists  on a t emporary ,  relat ive,  approximate nature of all these boundary marks  
of knowledge of nature progress ing  by the science of mankind.* Knowledge is a perpetual infinite approxi-  
mation of thinking toward an object, in which essent ia lness  emerges  not as  a metaphysical ,  absolute and 
final substance but as a boundary mark  of knowledge of nature. "The concept of man,"  wri tes  Lenin having 
re turned to this problem in his "Philosophical Tet rads ,"  ~is deepened infinitely f rom an event to an e s -  
sent ialness of the second order ,  etc., ad infinitum, tn the charac te r i s t ic  sense,  dialectics is the study 
of a contradict ion in the essent ia lness  i tself  of the subjects:  only the events a re  transient ,  moving and 
fluctuating and they differ only in conditional l imits but the essent ia lness  of the object is the same."#  

The t ransi t ion f rom class ica l  physics to the physics of the atomic scale,  and f rom the latter to the 
physics of e lementary  par t ic les  (of which in Lenin 's  t ime there was no inkling) is the r ichest  i l lustrat ion of 
this s tatement of Marxist  philosophy. In its entire depth, this idea even today has not reached the con- 
sc iousness  of all scient is ts ;  this is at tested by express ions  concerning the fact  that physics is nearing the 
exhaustion of its subject mat te r  (see, for example, the repor t  by Weisskopf mentioned above and the dis-  
cussion on it). 

The examples considered show that Marxist  philosophy reveals  the general  laws of the objective 
world - i ts objective logic, hidden f rom the nonspecial is ts  - and the laws of representa t ion of this world 
in the knowledge of man, investigating the resul ts  of development of individual sc iences  and frequently, 
long before these problems a re  ra ised completely and indeed in obvious and pointed fo rm before the 
natural is ts .  Fu r the rmore ,  this is achieved in the light of considerat ion of the whole h is tory  of knowledge 
and therefore  with a g rea te r  justification and competence. It is precise ly  this, that permitted Marxist  
philosophy to a s se s s  co r rec t ly  the replacement  of c lass ical  representa t ions  in physics on the edge of the 
20th century as a revolution in natural  science and not as a c r i s i s  of physics,  to explain the inevitability 
of the breakdown of ideas (this has now become clear  to all), to warn physicists  of the e r r o r s  associated 
with the special  features  of the new stage of development of science - with the abs t rac tness  and relat ivi ty 
of its representa t ions .  

5. The theory of ref lect ion of the objective world and of nature in the consciousness  of man, developed 
by Lenin, is of considerable importance for natural science. Lenin shows in "Mater ia l ism and Empir io-  
c r i t i c i sm"  that the objective nature of the elements of understanding is demonstrated by the resul ts  of all 
human activity, including the development of science and technology based on it. These elements of under-  
standing - sensation, perception, conception, theory and science as a whole - Lenin called reflect ions 
or  images  of the outside world. The concept of "image ~ is conceived in the logical sense,  i.e., in the sense 
that the movement of an element of understanding even if it concerns sensation, follows the same logic what- 
ever the movement  of the object being reflected,  so that there is no incompatibility between them. 

In "Mater ia l i sm and Empi r ioc r i t i c i sm,"  Lenin paid the most  attention to revealing the objectivity of 
sensations,  representa t ions  and perceptions and this is natural: even at this stage of understanding, posi-  
t iv ism was stumbling and declared again in the face of Berldey that a feeling can only be like a feeling, 
and not like any other thing outside the subject. On the one hand it would be necessa ry  to show the un- 
scientific charac te r  of the subjectivist ic interpretat ion of sensations and perceptions. Such images as 
conception and theory a re  discussed by Lenin in Chapter 5, which is devoted to the revolution in natural 
science,  and in even more  detail in the "Philosophical Tet rads ."  

*V. I. Lenin, Poln. Sobr. Soch., Vol. 18, p. 277. 
J'V. I. Lenin, Poln. Sobr. Soch., Vol. 29, p. 227. 
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Theory is a more  profound image; according to Lenin's  express ion it ref lects  the ~life ~ of an object, 
its development f rom origin to t ransformat ion  into an object of another type. The difference is at once 
explained in the approach to the a s sessment  of the role of theory by posit ivists and mater ia l is ts .  Pos i -  
t ivists ,  who consider theory only subjectively as a sys tem of ordering of sensitive perceptions,  assume 
that this ordering can be accomplished in many ways. In this spiri t  Mach gave his opinion, his pupil 
Kleinpeter and, in our time, P ro fesso r  G. Reichenbach of the University of California, and others.  

But if theory is a thing of objective real i ty  and not an a rb i t r a ry  order ing of an amount of perception, 
then it is natural that the essent ialness  of a given order  can reproduce only a single image. It is obvious 
that the image is unique in the logical sense, because the reflecting theory can be expressed in a different 
form;  but in such a case,  theories  which a re  different in form will be logically equivalent to one another 
and between them there should be unambiguous t ransformat ion relat ions,  as  occurs  for example between 
the mat r ix  and wave fo rms  of quantum mechanics.  

Lenin concerns himself  with the question of the uniqueness of the image- theory  in a debate with 
Bogdanov, in which he advances the fact that he had overlooked the idealistic substance of Kleinpeter 's  
conception. And in demonstra t ion of its ideality, Lenin cites a quotation f rom Kleinpeter 's  work: 'r~Vhy 
is it possible to give many theories  about one and the same domain of facts . . . this fact is so well known 
to the physicist ,  how incompatible with premise  is any absolute theory of knowledge. And this fact is 
linked with the volitional nature of our thinking; in it is also expressed the incoherence of our volition with 
outside c i rcumstances .  ~* Here, for the sake of this positivistic idea about the independence of thought on 
the outside world, Kleinpeter turns his hand to the conception about the multiplicity of theories  by means of 
wMch the set of data f rom events can be nordered." 

It is well known that Einstein assumed that if the perceptions of man to some kind of degree are  com-  
pulsory for him, then concepts and theories  should be free inventions of his thinking. There  a re  also 
other physicists  who assume that theories  a re  ~children of f ree  fantasy, n Such concepts,  however, give 
r i se  to objections f rom the side of the physicists  themselves .  In 1955, the semicentenary  f rom the t ime 
of publication of the fundamental works of Einstein was observed in the Berl in Physical  Society (this was 
during the months before his death). A close friend of Einstein, Max Born, in his address  expressed 
disagreement  with Einste in 's  opinions on theory;  he said: "The value of theory is the higher and our con- 
fidence in it is the grea te r ,  the less the f reedom of choice in it and the grea te r  its logical compulsion." 

The idea of logical compulsion and uniqueness of theory coincides with the mater ia l i s t ic  understanding 
of theory as the image of objective reality.  

But let us re tu rn  to problem of theory,  as Lenin put it. In the fifth chapter,  Lenin speaks about 
concepts as images (again in the same logical sense). But concepts a re  more  mobile than theory. Lenin 
pointed out that in order  to r epresen t  objective reali ty,  concepts should be flexible and mobile to achieve 
identity of contrast .  This mobility, flexibility of concepts, mutual t ransformat ions  of concepts one into 
another,  in short  their dialectic nature, was emphasized by Lenin with special  force in the NPhilosophical 
Te t rads ."  At the same time he warned that this flexibility is not a r b i t r a r y  and not subjective. "Flexibility, 
applied subjectively = eclectic and sophis t ry ,"  he wrote. 

But the question is, what is the guarantee that concepts are  flexible just to the extent that they 
adequately but completely express  the outside world in all its dialectic relat ions and, moreover ,  that 
flexibility is used not subjectively but objectively? 

Lenin at once gives an answer to this question: "Flexibility, used objectively, i.e., reflecting the 
comprehensiveness  of a mater ia l  process  and its uniqueness, is dialectic and is the true reflection of the 
external  development of the world. ~# Here, Lenin points to the condition for which flexibility of concepts 
p rese rves  its objectivity. This condition consists  in that flexible concepts must  ref lect  ~the comprehen-  
s iveness of a mater ia l  process  and its uniqueness," i.e., concepts must be considered not in their dis t inct-  
ness but in their mutual re la t ion and in their completeness.  Here, Lenin does not call theory by name, 
but it is not difficult to see that completeness of concepts and the reflect ion of the comprehensiveness  of 
a mater ia l  process  in its uniqueness is indeed theory. 

*See, V. I. Lenin, Poln. Sobr. Soch., Vol. 18, pp. 232-233. 
~V. I. Lenin, Poln. Sobr. Soch., Vol. 29, p. 99. 
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And, in fact ,  the guaran tee  that concepts  a r e  used flexibly but not a rb i t r a r i l y ,  and p rec i se ly  to the 
extent that they a r e  not detached f r o m  the object ive world,  is thei r  ver i f ica t ion  through theory.  Theory  
in this a spec t  plays a spec ia l  role .  It takes  i ts  s ta r t ing  m a t e r i a l  f rom the object ive world of events ,  which 
it r e f l ec t s  in the f o r m  of ce r ta in  inflexible re la t ions  - postulates  - and it then leads on to p rac t i ce  and to 
ce r ta in  new inflexible re la t ions ,  which a r e  ver i f ied  by compar i son  with the r e su l t  of control led expe r i -  
ments .  This capabi l i ty  of ver i f ica t ion  is the dis t inct ive fea ture  of theory,  which a lso  advances  it as  a m e a -  
sure  of the adequacy of re f lec t ion  of the outside world. As r ega rds  the concepts  used in theory,  then within 
the l imi t s  of theory  (defined by i ts  ma themat i ca l  fo rma l i sm)  they a r e  mobile  and f lexible and, m o r e o v e r ,  
thei r  intension is de te rmined  by that function by which they pe r fo rm  in theory  as  an ent irety.  

Thus, union of the r e q u i r e m e n t s  of dialect ic  logic and m a t e r i a l i s m  takes place through theory  as a 
specif ic  image  of the outside world,  the adequacy of which is eas i ly  ver i f ied.  

But, emerg ing  as  an ent i re ty  of concepts  theory st i l l  p e r f o r m s  one impor tan t  function. It is well  
lmown that  the c r i t i ca l  momen t  in the development  of any science is the p rob lem of knowledge of a new 
and re la ted  t r a n s f e r  to a new s y s t e m  of concepts .  The difficulty of knowing the new, cons is t s  in that  
the r e s e a r c h e r  has at his d isposal  ideas  which, in the new c i rc le  of events ,  a r e  n e c e s s a r i l y  inadequate 
for  him. Bohr,  Heinsenberg ,  Born, and others  pointed out this s i tuat ion repea ted ly  in the const ruct ion of 
quantum mechanics ,  and the phys ic is t  will a lways encounter  the s ame  p rob lem in new fields.  

But whence can ideas be taken, which a r e  adequate in the new field of facts ,  if the physic is t  expe r i -  
menting by means  of c l a s s i ca l  in s t rument s  has in his a r sena l  only c l a s s i ca l  concepts? 

And bes ides ,  it is theory  that p e r f o r m s  an impor tan t  function in knowledge, which cons is t s  in the 
regula t ion  of the t r a n s f e r  to the new s y s t e m  of concepts ,  which ref lec t  adequately the new c i rc l e  of ob- 
ject ive  phenomena. This function is r evea led  in analys is  of the p rocess  of i ts  es tab l i shment  and of i ts  
genetic re la t ion  with exper iments .  

This  s imple  p rob lem,  it would appear ,  in fac t  has not produced an unambiguous answer  by the 
physic is ts .  We r e m e m b e r  the opinions of eminent  r ep r e sen t a t i ve s  of c lass ica l  physics  at  the end of the 
19th century,  having studied the p rob l ems  of e l ec t rodynamics .  It had been a s sumed  that the e l ec t romagne t i c  
osci l la t ion d i scovered  by Maxwell and Her tz  was a p roces s  taking place in a global h ighly-penet ra t ing  
medium - t h e  e ther .  The technical  appl icat ion of e l ec t rodynamics  requi red  phys ic i s t s  to solve the p rob-  
l em of whether  moving bodies  en t ra in  this medium? What kind of answer  do expe r imen t s  give? The phe-  
nomena of the annual a b e r r a t i o n  of s t a r s  can be in te rp re ted  as a demons t ra t ion  of the immobi l i ty  of the 
e ther .  Exper imen t s  to de te rmine  the veloci ty  of light in moving t r anspa ren t  media  led to the well-known 
F re sne l  fo rmula  and gave an unexpected and even nonunderstandable answer :  the e ther  is ~part ial ly en-  
t r a ined . "  It is t rue  that Lorentz  a t tempted  to explain F r e s n e l ' s  s t range  fo rmula  on the bas i s  of the e lec t ron  
theory  and the conserva t ion  of the hypothesis  of s ta t ionar i ty  of the ether .  All phys ic i s t s  were  hoping to 
find an "experimentum cruxis" - "a decisive experiment" -which would solve the problem "finally": is 
the ether stationary or not? Hopes were laid on Michelson's experiment, in which the property of two co- 
herent beams was used, traversing different optical paths but meeting at the point of origin to interfere 
with one another. In this experiment, one of the beams travelled along the direction of motion of the earth 
and the other travelled across it. If the ether is stationary, the beams should return to the point of origin 
with a phase difference and an interference pattern should be observed. But it was not found to be so! This 
was inexplicable, this contradicted the phenomenon of star aberration. But here Lorentz introduced a new 
hypothesis: the ether is stationary but there is no phase shift and no interference is observed because all 
bodies in the direction of motion are contracted always in the ratio 1 :~/1 - v 2 / c  2 (independently of the 
nature of the body). 

Thus, by the introduction of the new hypothesis the previous hypothesis concerning the stationarity 
of the ether was conserved. 

In this example an attempt is cited by physicists to construct a theory by treating eaeh newly dis- 
covered phenomenon in the light of existing ideas, and if it is contradictory then a special hypothesis is 
formulated for the eause of the deviation of the effect from that expected. 

Lenin saw other ways of constructing a theory. He rapidly assessed the understanding of the relation 
between experiments and theory found by him in Hegel's ~Science of Logic." Hegel criticizes the method of 
understanding by whieh contradiction of the new experiment "disposes of the fact that he understands and 
instigates the experiment, not in its speeific entirety but as an example and, moreover, from the side 
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favorab le  for  hypotheses  and theor ies .  In this subordination of a specif ic  exper iment  prefaced with def-  
initions of the bas i s  of theory,  i t  is obscured and appea r s  only f r o m  the side conf i rmed by theory.  "* Con- 
sequently,  Hegel cont ras ted  two methods:  one of these  consis ts  in the sys t emat i c  in te rpre ta t ion  of new 
expe r imen t s  in the light of exist ing hypotheses and ideas (additional hypotheses  a r e  requi red  to explain 
"anomal ies")  and the other cons iders  eve ry  exper iment  in its ent irety.  

Lenin ' s  comments  on this s ta tement  of Hegel,  which he cal ls  "c lever , "  a r e  ve ry  ins t ruct ive .  He 
wr i tes :  "It is r e m a r k a b l y  accura te  and deep (relat ive to polit ical  economical  bourgeois ie  compared  to 
sub jec t iv i sm and unl la te ra l i sm.  "* He not only highly r a t e s  Hege l ' s  s t a tement  but he a lso  emphas izes  that 
i t  is d i rected agains t  sub jec t iv i sm and un i l a t e ra l i sm and s t ra ight  away he d i rec t s  h imsel f  toward an a t -  
t empt  to develop a sc ience  s imi l a r  to it. It is  not difficult to see  that polit ical  economica lbourgeo i s i e  he 
called an example  of development  by the f i r s t  of these  methods.  It cannot be questioned that in Logic he 
should a lso  have quoted an example  of the development  of a theory in accordance  with the second method, 
in which subjec t iveness  and un l l a t e ra l i sm were  f i r s t  ove r come  - the poli t ical  economics  of Marx.  An 
economical  exper iment  was invest igated and in te rpre ted  "in i ts  specif ic  en t i re ty , "  object ively and c o m -  
prehensively .  

In many of his works$ Lenin r e m a r k e d  that an object ive study of rea l i ty  r equ i r e s  an approach  to it 
p rec i se ly  like the approach  to ent i re ty  and only such an approach will r evea l  the object ive re la t ions  of rea l i ty  
and will e l iminate  any subject ivi ty  in the in terpre ta t ion .  

This es tab l i shment  of the logical  union of theory  with exper iment  and with exper ience  is ve ry  i m -  
portant  for the theory of knowledge. It shows what is the logical path f r o m  exper iment  to theory  (despite 
what Einste in  said) and it  cons is t s  in the d i scovery  and formula t ion  of the conditions of logical  compat ibi l i ty  
of cont rad ic tory  (from the point of view of exist ing ideas) expe r imen ta l r e su l t s .  

The factual  h i s to ry  of physics conf i rms  exact ly the ef fec t iveness  of this path. Actually,  as is well  
known, the knot of inconsis tencies  accumulated in e l ec t rodynamics  toward the beginning of the 20th century 
was cut by the young Einstein.  He proceeded along a new path and never  a t tempted  to explain each of the 
well-known expe r imen t s  by means  of hypotheses  concerning the mechan i sm of the e lec t romagne t ic  p rocess ,  
supplemented by hypotheses  explaining the causes  of the "anomalous"  cases ,  nor did he look for  a new 
exper imen tum cruxis .  He set  h imsel f  another  p rob lem - to explain under what conditions the equations of 
e l ec t rodynamics  r e m a i n  covar iant  for all  iner t ia l  sys t ems .  The r equ i r emen t  for  covar iancy,  the c o r r e c t -  
ness  of which was demons t ra ted  at  l eas t  for  quanti t ies  of the f i r s t  o rder ,  was designated by Einstein the 
pr inciple  of re la t iv i ty  of physical  laws in iner t ia l  sy s t ems .  To this proposi t ion he added the theory  of 
the invar iabi l i ty  of the veloci ty  of light in these  s ame  s y s t e m s  (in essence ,  the law of summat ion  of ve loc i -  
t ies  with the veloci ty  of light). Such were  the s ta r t ing  postulates  of Einste in .  The r e su l t  of formulat ing 
the conditions for  thei r  logical compat ibi l i ty  was a fo rmula  for the t r ans fo rma t ion  of coordinates  into t imes .  
The bas ic  h i s to r ica l  p rob lem standing before  the physic is t  - to find the conditions of covar iancy  of Maxwel l ' s  
equations - w a s  solved by the common t r ans fo rma t ion  of coordinates ,  t imes  and field s t rengths .  The s y s -  
t em of t r ans fo rma t ions  and all  the set  of consequences and ideas origir~tting f r o m  it, is the specia l  theory  of 
re la t iv i ty .  The theory  crea ted  by this method brought  fruitful  resu l t s .  It not only substant ia ted the logical  
se t  of all  the exper iments ,  which previous ly  seemed to be incompat ible  (phenomenon of abe r ra t ion ,  F r e s -  
ne l ' s  fo rmula ,  the negat ive r e su l t s  of Michelson ' s  exper iment ,  etc.), but a lso  led to the d i scovery  of phe-  
nomena which were  unknown before  this theory  (for example ,  Dopple r ' s  l a t e ra l  effect). It r evea led  a s e r i e s  
of new and unexpected re la t ions  - for example ,  the proport ional i ty  of m a s s  and energy  of a body, the de-  
pendence of the l inear  dimensions  of a body and the durat ion of p r o c e s s e s  in them on the re la t ive  veloci ty  
of the body. The in te r re la t ions  es tabl ished by the theory  of re la t iv i ty  lay as the bas i s  of calculat ions in 
mode rn  nuclear  physics .  In the light of the new ideas,  the physic is t  must  now consider  all  phenomena taking 
place at r e la t iv i s t i c  veloci t ies  which a r e  comparab le  with the veloci ty  of light and he mus t  take them into 
account in all  physical  theor ies .  

F r o m  the logical  aspec t ,  the mos t  impor tan t  r e su l t  of the new method of construct ing a theory  was the 
convers ion  to a new s y s t e m  of concepts.  In the theory of re la t iv i ty ,  the re la t ive  nature  of these  concepts  
was revea led  as length, duration, m a s s ,  and others ,  the concept of unit four -d imens iona l  continuum for  
" s p a c e - t i m e , "  the idea of absolute  s imul tanei ty  no longer a r o s e  and the idea of the e ther  as  some  absolute  
medium - the c a r r i e r  of e lec t romagne t ic  p r o c e s s e s  - passed as  use less .  To sum up - a new s y s t e m  of 
concepts  originated.  

*V. I. Lenin, Poln. Sobr. Soch., Vol. 29, p. 192. 
-~See, for  example ,  the Paper  "Once again  about the Trade  Unions," V. I. Lenin, Poln. Sobr. Soch., Vol. 42. 
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The new method of const ruct ing a physical  theory proved to be fruitful.  I ts  meaning,  however ,  was 
not explained by the physic is ts .  F i r s t  and fo remos t ,  it was not explained even by Einstein. Factual ly ,  it 
has become  the dec is ive  revolut ion in the method of const ruct ion of a physical  theory,  in e s sence  having 
followed the road  of the s a m e  d iscuss ion  of exper ience  in i ts  ent irety,  about which Hegel wrote  and which 
Lenin a lso  ra ted  v e r y  highly. But in d iscuss ing  the theory  of knowledge, he maintained that there  is no 
logical  path f r o m  exper imen t  to theory  and that in the gnosiological  chain there  a r e  logical  b reaks .  Why 
did he a r r i v e  at  this contradict ion? Because  the new stage of development  of physics r equ i red  new methods;  
a new method matured  object ively  but it was bu r s t  open by a talented r e s e a r c h e r .  But subject ively  Ein-  
s te in  had only a very  na r row understanding of logic and he saw it only fo rma l ly  - the s tandard ru les  of in-  
fe rence .  This,  however ,  was  c h a r a c t e r i s t i c  not only of Einstein. 

6. Marx i s t  philosophy deepened the understanding of logic in a number  of aspec t s .  F i r s t  of all,  
Marx  in the ce lebra ted  nTheses of Fe i rbach  ~ included the prac t ica l  act ivi ty  of man  in the s y s t e m  of logical  
ca tegor ie s ;  this is impor tan t  in pr inciple  for  knowledge. In cr i t ic iz ing " induct iv is ts ,"  Engels  showed that  
the wealth of al l  f o r m s  of inference  cannot be squeezed into the f r a m e w o r k  of deduction and induction and, 
m o r e o v e r ,  opposed to one another ;  such a t t empts  t r a n s f o r m  these f o r m s  winto the pures t  absurd i ty . "  They 
both unders tood logic not only as  a s y s t e m  of ru les  of thought but a lso  as an express ion  of the genera l  
object ive laws of nature.  Engels  wrote:  "Over all  our theore t ica l  thinking, there  preva i l s  with absolute  
fo rce  the fact  that our subject ive  thinking and the object ive world a r e  computed by one and the s ame  laws 
and the re fo re  they cannot contradic t  one another  in thei r  r e su l t s ,  but they must  a g r e e  between themse lves .  
This  fact  is an involuntary and unconditional p r e m i s e  for  our theore t ica l  thinking. "* Never the les s ,  the 
object ive nature  of logic is emphas ized .  Both Marx  and Engels showed that an adequate nature  can only 
be  dialect ic  thinking. 

In p repar ing  the data for  the c rea t ion  of Logic with a capital  le t ter ,  Lenin a lso  connected logic with 
the in ternal  intension of the laws of development  t hemse lves  of the world and its knowledge. He wrote:  
"Logic is the study not of the external  f o r m s  of thought but of the laws of development  of all  ma te r i a l ,  
natural  and sp i r i tua l  objects ,  i .e. ,  of the development  of the ent i re  specif ic  content of the world and its 
knowledge, i .e. ,  the sum total of deduction of the h i s to ry  of the wor ld ' s  knowledge. " t  Such an unders tand-  
ing of logic actual ly  r evea l s  the wealth of f o r m s  of the conclusions about which Engels wrote.  $ It brought  
Lenin to the formula t ion  of a proposi t ion about the unity of logic, dia lect ics  and the theory  of knowledge. 
In "Das Kapi ta l ,"  logic, d ia lec t ics ,  and the theory  of knowledge [three words a r e  not necessa ry :  they a r e  
one and the same]  of m a t e r i a l i s m  a re  applied to one science,  having taken everything valuable f r o m  Hegel 
and moved its value forward .**  

These  condensed formula t ions  give a deep understanding of the e s sence  of logic. Logic is a doctr ine 
not only about the externa l  f o r m s  of thinking but a l so  about the laws of development  of the object ive world;  
it does not exp re s s  any normat ive  ru les  of thought, but the v e r y  laws of development  of the specif ic  in-  
tension of the world and its knowledge, i .e. ,  included in its total is the h is tory  of knowledge. As this total 
shows that nature  i t se l f  is developing in con t rad ic to ry  f o r m s  and that adequate knowledge of the world is 
not poss ib le  through f rozen  f o r m s  of thinking, then logic coincides with dia lect ics .  Subjective logic e m e r g e s  
as the sc ience  of complex dialect ic  laws of the movemen t  of thought toward the truth. The ent i re  theory 
of knowledge, t r ea ted  by Marx i s t  philosophy, is a doctr ine  about the source  of knowledge, about the f o r m s  
of re f lec t ion  of the object ive world in consc iousness  (of sensat ion,  ideas,  theory,  etc.), about the c r i t e r i a  
of knowledge (pract ical  purposeful  activity) ,  about the p roces s  of deepening knowledge by convers ion  to the 
e s sen t i a lness  of a deeper  o rder  with conserva t ion  of the f o r m e r  knowledge in a " sk immed"  form,  about the 
development  of ideas ,  etc. - a l l  this is the expres s ion  of complex dialect ic  laws of the movement  of thinking 
toward the t ruth and, consequently,  it is logic. The  theorem about the unity of logic, d ia lec t ics ,  and the 
theory  of knowledge is a deeper  formula t ion  of the Marx is t  theory  of knowledge, and we can only r e g r e t  
that Lenin h imse l f  was unable to wr i te  Logic with a capital  le t te r  and to work  out this p rob lem in detail.  

In the light of unders tanding of the unity of logic, dia lect ics  and the theory  of knowledge it is be -  
coming c lear  that intell igent knowledge of the new is poss ible  only through logic, but logic which coincides 

*K. Marx  and F. Engels ,  Sochineniya (2nd Ed.), Vol. 20, p. 581. 
SV. I. Lenin, Poln. Sobr. Soch., Vol. 29, p. 84. 
$ Enge l ' s  Manuscr ip t ,  under the t i t le  "The Dialect ics  of Nature ,"  f i r s t  published in 1925 a f t e r  the death of 
Lenin. 
**V. I. Lenin, Poln. Sobr. Soch., Vol. 29, p. 301. 
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with dialectics.  If, in the light of this unity, a real  dialectic process  of knowledge, a gnosiological cycle 
is analyzed then it can be seen that the enigmas of knowledge formulated by Einstein are  reduced. 

This cycle begins with the determination of the start ing elements of knowledge. Then, what Ein-  
stein calls a "set of f i rs t -hand data f rom a sensitive experiment" is still very  indefinite. But the point 
is not only that information about the objective source of the sensitive experiment is absent here. In the 
pure form "the f i rs t -hand sensit ive experiment in question" (even understood objectively) is encountered 
only with animals and with man at a lower stage of development. A thinking man is found to be at some 
kind of nonelementary loop of a gradual spi ra l -shaped movement of knowledge; he is concerned with pe r -  
ceptions illuminated by the light of thought. Not only the elements of logic a re  reflected in them, which 
a re  access ib le  also to an animal (identity, difference, comparison),  but also a sys tem of ideas and pract ice  
attained at a given level as cr i ter ia  of the truth, i.e., the sum total of the fo rmer  cognitive process  is in-  
cluded to some extent.* According to this, the starting elements on which the gnosiological cycle of think- 
ing man functions, can be defined more  advantageously as "the initial experimental ly established re l a -  
tions." 

The fact that the s tar t ing relations ref lect  in themselves  the operation of thinking, dialectically in- 
cludes in itself both positive and negative moments.  In fact, if the gnosiological cycle began every t ime 
with "pure" sensations,  every person must  have accomplished anew the entire path of accumulation of know- 
ledge. There would be no noticeable p rogress  of knowledge f rom generation to generation. On the other 
hand, however, this same c i rcumstance  leads to a danger;  it consists  in that common sense can be in t ro-  
duced into the s tar t ing relat ions in excess of that due to observation, and the his tory of physics gives many 
examples of this. Control of thinking is essential.  

Usually, a multiplicity of experimental  relat ions is established in a new sphere of knowledge (probing 
experiments).  For  the fur ther  movement of knowledge it is necessa ry  to make a choice of "a sys tem of 
postulates." Indeed, thought creat ively chooses a sys tem of s tar t ing postulates,  but it chooses not r ega rd -  
less  of logic but on the basis  of logic in the same way as an inventor who has created a new machine uses  
creat ive fantasy, not r ega rd less  of the physical laws but on the basis of  them, and that is why it is hopeless 
to create  perpetuum mobile. 

When choosing a sys tem of postulates, thought must  take into account the requirement  of the dialectic 
theory of knowledge, i.e., logic. These requirements  a re  not a rb i t ra ry .  They a r i se  f rom the necess i ty  of 
ensuring adequacy of the future theory- image of objective reality. Without pretending completeness here,  we 
shall name the principal ones. 

The f i rs t  requi rement  is that the postulates themselves must be adequate by nature, i.e., they must 
be relat ionships whose truth can be established experimentally at  the existing level of knowledge. The 
second requirement  is that of the logical full value of each of the postulates. It consists  in that of all the 
adequate postulates,  those which a re  able to introduce a special contribution to future theory a re  chosen 
(those which possess  an inherent "logical intension"). It is Clear that in a set  of postulates there should be 
two postulates with identical logical  intension. Finally, the third requirement  - the choice of postulates 
must  be complete, i.e., all (or all existing) postulates with a specific logical intension must  be included in 
the choice. Without these requirements  on the start ing postulates,  theory would not accomplish its problem 
- t o  the reflection of the essence of new diverse events. It is clear that the choice of a sys tem of postulates 
corresponding to the requirements  of adequacy, the full value of the postulates and the completeness  of 
their choice, is found wholly within the sphere of the theory of knowledge or of dialectic logic. 

For  dialectic logic it is important  that the co r rec tness  of the choice of postulates, as well as any 
component in the process  of knowledge, is controlled by the subsequent verif icat ion of the adequacy of 
the theory created.  This test  can be made to either accept  or re jec t  the choice of postulates made, or 
even to co r r ec t  it in relat ion to any of the requirements .  Thus, in the process  of knowledge there is a 
r eve r s e  re la t ion which is absent in the interpretat ions of formal  logic. This r e v e r s e  relat ion is a form 
of logical bond, i.e., a sphere of logic, but the logic of dialectics.  It should be recal led that in dialectic 

* This fact is admitted in essence also by physicists.  De Broglie wri tes:  "Data of our feelings can serve  for 
the construct ion of a scientific theory only when they will be interpreted in the appropr ia te  manner,  and in 
this interpretat ion cer ta in  ideas of our mind, i.e., theoret ical  ideas, will necessar i ly  in ter fere ."  Born also 
expressed s imilar  ideas. 
t It is convenient to call them "probing exper iments , "bear ing  in mind that they a re  like a probe feeling the 
unknown and deeper nature - i n  contrast  f rom control ledexperiments  which verify the adequacy of the theory 
created. 
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logic the category of practice emerging as a criterion of truth is included in the gnosiological cycle; prac- 
tice is a logical category and Lenin emphasized this with great force in his theoretical works, following 
Marx. 

The source of the starting postulates is the practical activity of man and his interaction with nature; 
it is constantly enriched and expanded on the basis of knowledge already acquired. This constantly ex- 
panding practical activity of man is one of the sources of new knowledge, although at this stage it is not 
yet revealed to the end, until a new theory-image of objective reality has been created on its basis. 

The next stage of the process of k_nowledge is the construction of a theory on the basis of the set of 
postulates. Dialectic logic requires a joint consideration of the starting postulates; of two possible routes, 
Lenin counted this as the first and the history of the development of physics also confirmed the correctness 
of this route at the most critical moment, independently of whether or not the gnosiological significance of 
this route was achieved by the physicists. Joint consideration of the starting postulates -this is the same 
as we formulated in the words: the establishment of theory is a process of searching for and formulating 
the conditions of logical compatibility of the starting postulates (experimental relations). 

The process of constructing a theory from a set of postulates is not a simple deduction, in the findings 
of which there is nothing that was not in the premises. First of all, the theoretician is concerned here with 
a set of postulates and, moreover, postulates which in the light of existing theory are contradictory to one 
another. The problem is posed therefore, of finding and formulating the condition for their logical com- 
patibility, i.e., formulating a new theory. Consequently, the construction of a theory is a complex logical 
process and dialectic by nature. Theory, in relation to postulative relations and to the concepts in which 
they are formulated, plays the same role as played by any complete system relative to its components. 

This is precisely because, from the set of postulates to the theory, a cognizable logical process is 
involved; theory is not an identical set of postulates. It is natural, therefore, that this logical process leads 
to a knowledge of the new, which is revealed in various aspects. 

In the first place, new interrelationships are revealed of categories which did not lie on the surface 
in the set of starting postulates itself (for example, the relation between mass and energy in the theory of 
relativity, the relation of the indeterminacy of noncommuting quantities in quantum mechanics, etc.). 
Secondly, the generalized meaning of the categories is revealed. The categories used in probing experi- 
ments are related of necessity to an existing system of concepts; in resultative theory they receive a new 
intension, or the function is changed by which they achieve complete compatibility. This change of con- 
cepts as a result of transition to a new theory is of considerable importance; it is the key to the understand- 
ing of unusual relations in a new field and with a starting point for the further development of knowledge, 
which will always proceed from what is already achieved to the last stage of knowledge. 

It is inevitable that later the problem will arise concerning the relation of theories reflecting the 
substance of the various orders about which Lenin wrote. 

The initial probing experiments and the postulates selected from them are formulated in the con- 
cepts of existing theory. This path is inevitable. But only by rational thinking, which "grasps the difference 
and inconsistence, but not transition from one to the other ~ (Lenin), this inevitability is portrayed as an 
obstacle to the movement of knowledge to a substance of higher order. Actually, this movement is achieved 
through the entire gnosiological cycle. Probing experiments considered in the light of this new substance 
emerge as limiting cases in which the categories - mobile, relative, transient in their contrast in the new 
substance - acquire a rigidly fixed precision and become accessible to measurement by classical methods. 
However, the substance of the higher order is associated with the former substance, not by way of individual 
concepts but through their dialectic unity, i.e., through theory: generalized theory with limiting values of 
the characteristic parameter assumes the form of the previous theory, which is a form of substance of a 
less high order. In physics, this connection with theory is shaped in the form of the correspondence 
principle. In Marxist philosophy this character of the movement of knowledge through truth which are rela- 
tive to truth of the absolute, i.e., to an even more precise image of the objective world, without leading 
however to absolute knowledge and to cessation of its movement. Lenin wrote in his "Philosophical 
Tetrads~: "The coincidence of an idea with an object is a process: the idea (= man) should not represent 
the truth in the shape of a dead spot in the form of a simple picture (image), pale (dull), without trend, with- 
out motion, like a genius, like a number, like an abstract idea .... Knowledge is a perpetual infinite ap- 
proximation of thought to an object. The reflection of nature in the thinking of man must be understood not 

403 



as  "dead," not as " abs t r ac t , "  not without movement ,  not without contras t ,  but in a perpetual  p roces s  of 
movemen t  and of the genes is  of thei r  con t ras t s  and reso lu t ions ."*  

Finally,  in the t rans i t ion  to the image of a substance  of deeper  o rder ,  not just a single c o n c e p t i s  
changed but the ent i re  set .  Individual concepts  pass away. Trans i t ion  to a new sys t em of concepts  is a c -  
complished.  This movemen t  of knowledge deepens the link between man and the objective world,  expounds 
the possibi l i ty  of his act ive  influence on nature  and thereby a c c e l e r a t e s  fu r ther  movement  of knowledge 
which we a lso  obse rve  in the h is tory  of all  the sc iences .  The genesis  of a new sys t em of ideas exer t s  a 
r e v e r s e  effect  on the en t i re  percept ion of man. The new generat ion does not begin knowledge f r o m  the 
same  origin,  repeat ing  the f igures  of logic at  the s a m e  quali tat ive level. Never the less ,  in revea l ing  the 
"mechan i sm"  of t rans i t ion  to new concepts by the example  of the genes is  of modern  theor ies ,  dialect ic  
logic gives the key to an understanding of the development  o f t h e p r o c e s s  of knowledge in the past ,  and i ts  
t rans i t ion  f rom the lowest  to the highest f o r m s  of thought. Again, Marx  wrote  that  the ana tomy of man 
is the key to the ana tomy of the monkey. Such is the common complete  p rocess  of knowledge, the gnosiol -  
ogical cycle,  which has no logical gaps and in which every  component  is linked with the others  by a mutual  
logical  chain. 

Let  us compare  two cycles .  The gnosiological  cycle of Einstein with i ts  logical gaps inevitably led 
to a r e su l t  which he h imse l f  acknowledged as astonishing: the conclusions of the randomly devised theory 
unexpectedly can coincide with sensual  percept ions  (with experiment) .  

In the gnosiological  cycle of Marxis t  philosophy none of the unexpected a r i s e s ;  he re  there  is a logical  
connection in the whole cycle ,  a dialect ic  connection which includes a lso  the r e v e r s e  connection; there  is 
no place in it for  gaps or for  incomprehens ib le  unexpectedness.  The fact  that in eve ry  e lement  of know- 
ledge, beginning with sensat ion,  there  is an object ive intension provides i ts  in tegra l  ver i f ica t ion  in p r e -  
c ise ly  this gnosiological  cycle: the whole sophis t ry  of the posi t iv is ts  becomes  c l ea r  in i ts  light, defining 
rhe to r i ca l  p rob lems  such as:  but what can a sensat ion r e s e m b l e  if not a sensat ion? Or,  where  in a single 
act  of percept ion (measurement)  does the boundary lie between the subject ive and the objective? In the 
light of this gnosiological  oycle,  which, a f te r  explaining the "mechan i sm"  of the es tab l i shment  of theory,  
acquired total comple teness ,  all  the p rob lems  of knowledge can and should be considered - even the s y s t e m  
of concepts  used and the signif icance of object ive rea l i ty  in whatever  a b s t r a c t  f o r m s  of thinking it has been 
ref lec ted ,  and many others .  

All this conf i rms  the fact  that logic (subjective), having been elevated to a higher dialect ic  level ,  
e m e r g e s  like a sc ience ,  learning the p roces s  of movemen t  of thought toward truth. The wealth of Lenin ' s  
understanding of the p rocess  of knowledge is  inexhaustible,  exp res sed  in the formula:  logic, d ia lect ics ,  
and theory of knowledge - these a r e  one and the same.  

7. Ways have been shown above for  es tabl ishing the theory of re la t iv i ty .  In the h is tory  of the ap -  
pearance  and in the future  destiny of this theory,  the rea l iza t ion  of the ent i re  gnosiological  cycle of Marx i s t  
philosophy is t raced quite c lea r ly  - probing exper iments  and the se lect ion f rom them of the s ta r t ing  pos tu-  
la tes  - formula t ion  of  the theory as a s ea r ch  for the conditions of their  logical compat ibi l i ty  - and the 
c r i t e r i a  of prac t ice ,  conf i rming the theory. And all  this has led to a change of the s y s t e m  of concepts ,  to 
an explanation of the in te r re la t ion  between the new and previous theor ies ,  i .e. ,  to an explanation of the 
overa l l  p rog re s s ive  development  of knowledge. 

If we analyze  the p roces s  for  es tabl ishing another  fundamental  theory of modern  physics  - quantum 
mechanics  - we can see  that in it, a gnosiological  cycle of Marx is t  philosophy was a lso  rea l i zed  in the 
final count. If otherwise,  phys ic is t s  would not have a r r i ved  a t  such posi t ive resul t s .  

But the path to this theory was not s traight:  there  were  deviations and r e g r e s s i o n s  to the r ight  path 
in it; there  were  a lso  a t t empts  to work to "new gnosiological  p r inc ip les , "  although it  should be r e m e m b e r e d  
that no new gnosiology had been created.  

In his a tomic  model ,  Bohr used quantum concepts successfu l ly  for  the s t ruc tu re  of the a tom and he 
re la ted ,  although superf ic ia l ly ,  the quantum s ta tes  of the a tom with its d i sc re t e  spec t ra .  However,  this 
st i l l  did not provide the theory of events  on the a tomic  scale.  Phys ic i s t s  knew what was essen t ia l  to them 
in order  to produce a physical  theory:  it was n e c e s s a r y  that s ta t ionary  energy s ta tes  of the a tom followed 

*V. I. Lenin, Poln. Sobr. Soch., Vol. 29, pp. 176-177. 
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as solutions of the general  equations describing atomic phenomena, that these equations should s imul-  
taneously determine also the intensity of the radiations and it was necessa ry  that the theory descr ibe  also 
complex atomic systems.  However, the path for construct ing this theory was not clear;  an at tempt was 
made to find the theory by means of the Bohr planetary model of the atom - it had the advantage of v isual i -  
zability. Around the nucleus a re  rotating c lass ica l  par t ic le -e lec t rons  along an orbit of finite radius in a c -  
cordance with the laws of c lass ica l  mechanics.  Quantum conditions were introduced in the fo rm of r e -  
quirements ,  so that the constants of integrat ion of this motion were nonderivative; it was attempted to 
identify the frequency of the quantum with the frequency of rotation of the electron along its orbit, which 
was found to be possible only in the limit for large quantum numbers.  The latter led to the idea that in 
the region of large numbers ,  the quantum problem merged into the c lass ica l  problem. This bounded t r ans i -  
tion was formulated in view of the correspondence principle by means of which an at tempt was made to 
probe the approach to the solution of more  general  cases.  Of course,  the d iscovery  of this principle was 
a step in the r ight direct ion but in itself it still did not give the path to a theory;  on the contrary ,  the whole 
of its deep significance was explained only after  the theory was created and it became clear  that it expresses  
not only coincidence of the problem in the limiting case,  but f i rs t  and fo remos t  the union of two theories 
which ref lec t  the essence  of different procedures .  

Despite partial  success ,  af ter  10 yea r s  of searching it became c lear  that the "semic lass ica l  method" 
does not reveal  the mechanism of quantum events. The picture on the whole had not been clarified. 

The mer i t  of Heisenberg consis ts  in that he renounced himself  f rom the "semic lass ica l  method," 
f rom electron orbits ,  and he attempted to formulate  quantum conditions on the basis of the laws of c l a s -  
sical  mechanics .  There  were  no e lectron orbits and in principle they could not be observed;  any attempt 
at observing them led to des t ruct ion of the atom. This gave Heisenberg cause to justify his new approach by 
the existence of a special  gnesiological principle - the principle of observabili ty.  

The introduction of this principle led to cont rovers ies  of idealogical procedure.  The posit ivists 
used it as the natural  science "basis" of a thesis,  to exist, to mean to be perceptible. Meanwhile, ma te -  
r ia l is t ic  philosophy considers  abs t rac t  concepts,  providing they a re  inseparable  elements of an adequate 
theory, not less but even more  rea l  than the categories ,  "directly observable."  Lenin wrote: "Value is 
a ca tegory  which deprives a substance of sensitivity,* but it is more  real  than the law of demand and sup- 
ply. "# It is inadmissible  to demand that if all ca tegor ies  possessed a "substance of sensit ivi ty" they should 
be observable.  

In the mater ia l i s t ic  theory of knowledge there is no necessi ty  to r e so r t  to such extravagent  methods 
as the announcement of a new gnosiological principle. In it, each step is based logically and naturally. 
In fact, having posed the problem of construct ing a theory for a new range of phenomena and having selected 
the s tar t ing set  of postulates,  the r e s e a r c h e r  naturally should require  that the postulates themselves  be 
adequate by nature. This is an essential  but tr ivial  requirement .  It does not always coincide with the r e -  
quirement  for  "observabil i ty":  as, for example, the postulate concerning the relat ivi ty of physical phe- 
nomena in inert ial  sys tems  (in the special  cases  of covariance of Maxwell 's  equations) is not an identical 
"observabil i ty ."  Representa t ions  of the c lass ica l  t ra jec tor ies  of e lectrons in the atom, moving according 
to the laws of c lass ica l  mechanics ,  should be excluded f rom the premises  of theory but not on account of 
the special principle of observabil i ty,  but because there was no proof (and we know now, that this could not 
be) that these representa t ions  a re  adequate by nature. The requirement  for adequacy is more  str ict .  If 
it is not adequate by nature,  then obviously it will not be observable.  

However, independently of the methods of demonstrat ion,  the practical  steps of Heisenberg in a 
specific situation were  completely rational:  they brought him naturally right to the choice of cer ta in  s t a r t -  
ing, experimental ly justified postulates,  on the basis of which it was only possible to const ruct  a new 
theory (jointly with Born and Jordan) by finding the conditions for their logical compatibility. 

The entire collection of experimental ly verified facts known at that t ime (1925), led to the conclusion 
that the atom is a complex integral  system. This is shown by the fact that the spectra  of the atom are  sub- 
ject to a defined systematizat ion;  each spectra l  ser ies  consists  of an infinite se r ies  of spect ra l  lines 
gradually approaching and merging at the edge of the ser ies .  This is also indicated by the fact, established 
by Einstein, that although in the language of quantum representat ions  a single act  of emiss ion  of a quantum 
represen t s  a probable process  in which the magnitude and direction of the individual quantum is random, 

* Translat ion f rom German: "Entbehrt  des Stoffes der Sinnlichkeit." 
#V. I. Lenin, Poln. Sobr. Soch., Vol. 29, p. 154. 
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the entire aggregate of radiations f rom the atom (for the equilibrium case) is subject to a definite law 
- Planck 's  distribution of energy density throughout the spectrum. 

As the purely mechanical  charac te r i s t i cs  (motion of the electrons along an orbit) for the atom de-  
cay, it should be necessa ry  to look for some other defined state of the atom or, as Heisenberg formulated,  
some other kinematics.  It was prompted by the fact that in order  to change the atom, it is essential ly 
a change of its energy levels, associated with the emiss ion of defined frequencies.  But as atoms are  com-  
plex sys tems which give a stable emiss ion spectrum, thentheir  kinematics naturally are  determined not by 
any unique transition, but by the aggregate of all possible transit ions,  for which a cer tain "matr ix ~ of 
transi t ions can be depicted with components Enm. Such matr ices  should represent  all physical ~quan- 
t i t les" - "coordinates ,"  "momenta, ~ their derivatives and squares,  "energy,"  which a re  encountered in 
Hamilton's  canonical equations.* It should be necessa ry  to take account of one fur ther  fact - t h e  wave 
propert ies  of atomic processes .  The investigations undertaken in 1921-1925 on the dispers ion of light 
showed that every t ransi t ion of the atom is associated with a finite oscillation amplitude. Consequently, 
the atom can be considered as some kind of osci l la tor  with amplitude qnm = e2~iunmt" This determined 
the form of the s tar t ing matr ix  of the coordinate f rom which it should not be difficult to convert  to all other 
matr ixes.  

The use of mat r ixes  in Hamilton 's  equations leads immediately to an encouraging result :  the energy 
matr ix  (for the case of a harmonic oscillator) is found to be diagonal, but its elements a re  t ime- inde-  
pendent, i.e.,  the use of a mat r ix  calculation discr iminates  a number of energy states of the atom which 
corresponds to the resul ts  of experiments and to Bohr ' s  atomic model, and is found to coincide with the 
law of conservat ion of energy. The value itself of the energy levels is found f rom the quantum condition, 
according to which the ncommutation relat ion" - which is charac te r i s t ic  for the matr ix  - should be pro-  
portional to h, or more  precise ly  it is equal to h/2~i.  Calculation shows that for elements of the energy 
matrix,  a value of Wnm = En = hu(n + 1/2)  is obtained, which coincides with the resul ts  of experiments.  

Of course ,  the theory developed should also take account of the internal degrees  of f reedom of the 
e lementary part icles (spin, magnetic moment) and the singularit ies of their  bonds in complex sys tems  
(Pauli 's principle). But we a re  not writing the his tory of quantum mechanics.  For  our purposes it is im-  
portant to show, even if only in general  form, that the s t ruc ture  of quantum mechanics has been a c c o m -  
plished in complete accordance  with the mater ia l i s t ic  theory of knowledge and that the theory was revealed 
as the formulat ion of the logical compatibility of a defined set of experimental ly verified relations.  The 
difficulties consisted in determining this set and in finding the conditions for their logical compatibility, 
and not in the absence of any new gnosiological principles. 

8. The principle of complementar i ty  is frequently introduced as another and perhaps even more  
fundamental gnosiological principle which supposedly has played a basic role in the creat ion of quantum 
mechanics.  Born wri tes  about it as ' the  highest achievement of the present  day form of the philosophy 
of science."  However, this principle has not played a leading role in the establishment of quantum mech-  
anics. In the well-known review ~Discussions with E i n s t e i n . . .  " Bohr himself  tells of the reason for the 
appearance of the idea of complementar i ty  in the fall of 1927. At this time, the fo rmal i sm of quantum 
mechanics  had already been created by the efforts  of Heisenberg, Born, and Jordan (matrix form), Schr5-  
dinger (wave form), and also Dirac; the theory had been found and proved. Bohr wrote: "Quantitative scope 
of the great  empir ical  mater ia l  did not leave any large doubt in the sat isfaction and usefulness of the equip- 
ment of quantum mechanics;  however, the abs t rac t  nature of this equipment created a widespread feeling 
of dissat isfact ion."  Whence, f rom 1927 according to Bohr ' s  statement,  the second phase of development 
began with the purpose of overcoming the feeling of dissat isfact ion which had a r i sen  because of the ab-  
s t rac tness  of the mathematical  equipment. The principle of complementar i ty  thus appeared to be the r e -  
sult of a tendency toward visualizabili ty and toward a clear interpretat ion of the already created theory. 

Having s tr iven to achieve this visualizability,  Bohr assigned different formulat ions to the idea of 
complementari ty.  One of these, the ear l ies t  and most  frequently encountered, states that in nature there 
exist two mutually complementary  types of ins t ruments ;  the use of one of them for the accura te  m e a s u r e -  
ment of a single corre la ted  (conjugate) quantity gives lesser  accuracy  than the other. The tendency toward 
great  visualizabili ty led him also to another formulat ion in which the noncommutativity of quantum values 
was because in any interaction, exchange with the action can be achieved only with a whole number of 

* The fact of using these equations - but with mat r ixes  in place of the usual quantities - shows the unity of 
c lass ical  and quantum physics and at the same t ime of their specific propert ies .  
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quanta and the re fo re  within the l imi ts  of the quantum the p roces s  becomes  uncontrol lable.  This f o r mu la -  
tion has an agnost ic  tint; it was subjected to c r i t i c i s m  (in par t i cu la r  byV.  A. Fokke) and in one of the 
r ecen t  papers  spec ia l ly  reproduced  in the journal  "Advances in Physica l  Sc iences ,"  Bohr makes  the r e s e r -  
vation: " . . .  we, obviously a r e  concerned here  not with l imited m e a s u r e m e n t  a c c u r a c i e s  but with l imited 
appl icabi l i ty  of s p a c e - t i m e  concepts  and the dynamic laws of c o n s e r v a t i o n . . .  " (Uspekhi Fiz icheskikh 
Nauk, 67, No. 1, 1959). Suppor te rs ,  just  like opponents,  of the pr inciple  of complemen ta r i t y  r e m a r k e d  on 
the vagueness  of the fo rmula t ion  of this principle.  Einstein r e m a r k e d  that despite  all  his effor ts ,  he had 
not succeeded in understanding the meaning of this principle.  Born even a s sumed  that the i nco r r ec t  uses  
of the concept of complemen ta r i t y  f requent ly  encountered in the l i t e ra tu re  to a ce r t a in  extent a r e  not exact ly 
explained by Bohr ' s  p r ec i s e  formula t ions .  

It is impor tan t  he re  for  us to note the following. F i r s t  of all  the idea of complemen ta r i t y  appeared ,  
accord ing  to Bohr h imsel f ,  a f t e r  quantum mechanics  was crea ted  and i ts  adequacy proved. Secondly, i ts  
formula t ion  was changed and ref ined by i ts  author over  a period of many  decades.  Such an idea could not 
be a new gnosiological  pr inciple ,  which supposedly could be der ived only by modern  physics ,  by the c o r r e c t  
route  in the counterba lance  of the m a t e r i a l i s t i c  theory of knowledge. 

The rationale that is in this principle consists not in that it formulates new paths of knowledge, not in 
that it makes obvious the mathematical formalism of quantum mechanics, but in that Bohr in this form 
emerged against attempts to reduce the physical presentations either to a wave pattern or to a discrete pat- 
tern; such attempts were encountered at this time by other physicists also. It is obvious that the inadmis- 
sibility of these tests of knowledge ensues directly from the correct use of the gnosiological cycle of ma- 
terialistic philosophy. The latter requires flexibility of ideas, unity of contrary definition, which are 
dictated by an objective nature and Lenin persistently emphasized this special characteristic of nature and 
knowledge of it. But the fact that this is the inevitable result of the use of a gnosiological cycle and that 
this is the basic argument in favor of the use of a new system of concepts, was not acknowledged either 
by supporters of quantum ideas or by their opponents. Therefore, the statement against reduction of ob- 
jective reality to any one of the patterns had a positive meaning even if this was achieved in the form of 
complementarity, although it was not found to be convincing for all physicists. 

9. The application of the gnosiological cycle to materialistic philosophy leads to the establishment 
of a new system of concepts. If the whole cycle is achieved correctly in each of its links, the new system 
of concepts  r e f l ec t s  the object ive rea l i ty  and is  imposed upon consc iousness  with compel l ing force ,  how- 
eve r  " s t range"  (Lenin) it  may be. 

In physics ,  many  d iscuss ions  have taken place which have been assoc ia ted  with lack of understanding 
of the p rocess  of knowledge i t se l f  (of the gnosiological  cycle) and the commi tmen t s  of its conclusions.  
Many pseudoprob lems  a r i s e  which lead to u se l e s s  debates  and s o m e t i m e s  to i n c o r r e c t  ideological  con-  
clusions which the opponents of m a t e r i a l i s m  use. Up to the p resen t  t imes ,  demands have inc reased  to 
show through what c r a c k  in the la t t ice  the e lec t ron  passes ;  a t t empts  have been made to r e g e n e r a t e  a con-  
t r ac t ion  hypothesis  (Janossy) or by means  of "hidden p a r a m e t e r s  ~ to get rid of the s ta t i s t i ca l  re la t ionships  
in quantum mechanics. 

Einstein even made repeated attempts to construct, although mentally, an experimental device by 
means of which it would be possible to verify the most important conclusion of quantum mechanics - the 
uncertainty relation. Each time, Bohr showed the fallacy of the next device and Einstein constructed yet 
another mental experiment, even more subtle. Over the period of many years the disputing sides failed to 
convince one another. Neither took account of the fundamental argument: the assumption of the feasibility 
of such a mental experiment, which would verify the uncertainty relation, is incompatible with many real 
experiments which had been reliably substantiated (including all spectral analyses, Planck's distribution, 
energy levels of the atom, diffraction of electrons, etc.). To the extent that the entire system of quantum 
mechanics is constructed correctly in relation to the gnosiological cycle (validated probing experiments 
- theory, as well as the formulation of conditions for their logical compatibility - controlled experiments, 
practice), acceptance of the uncertainty relation is inevitable. And, in fact, the correctness of the struc- 
ture of quantum mechanics was not disputed by Einstein. 

All these and similar pseudoproblems are associated with the well-known conservation of rational 
thinking: a correctly used process of knowledge leads to a new system of concepts, but reason still tries 
to use the old categories in the new field of events, which no longer reflect the new relations. 
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The p roces s  of development  of a new sys t em of concepts and p rocedures  for thei r  use,  natural ly  is a 
philosophical  p rob lem although the many discuss ions  a r i s ing  do not appea r  to fall  outside the scope of 
physics .  But lack of understanding of the whole p roces s  of knowledge s o m e t i m e s  leads a lso  to d i rec t  
philosophical  conclusions.  Let  us cite an example.  In events on the a tomic  scale ,  there  has been a ve ry  
c lear  dependence of the r e su l t  of observa t ion  on the conditions of observat ion.  This has been in te rpre ted  
as if a new theo rem had appeared  in the a tomic  field: it is possible ,  in an effect,  to dist inguish the boundary 
between that which is being observed  and the conditions of observat ion;  it follows f r o m  this that the physic is t  
is  concerned not with object ive rea l i ty  but with an effect  in an ins t rument ,  which a lso  is a unique "physical  
r ea l i ty"  and about which the expe r imen te r  can talk. This ~physical rea l i ty  ~ was opposed to object ive rea l i ty ;  
the l a t t e r  concept was cons idered  to be obsolete  and i ts  use was considered to be a r e tu rn  to c l a s s i ca l  
physics .  

Meanwhile, the formula t ion  of this p rob lem is  unacceptable.  Of course ,  a unique happening is the 
r e su l t  of in terac t ion  of two pa r tne r s  and in the specia l  case  it r e p r e s e n t s  an inseparab le  comple teness  
of objective and subject ive  moments .  But man a r r i v e s  a t  the concept of an object  not because  he has suc -  
ceeded in drawing the boundary between the object ive and the subject ive  in any unique events.  Lenin a s -  
se r ted  that in our feel ings there  is an object ive inser t ion  which is not en t i re ly  r e f e r e n c e  to the p resence  
of such a boundary but to the c r i t e r ion  of objectivity.  Man a r r i v e s  at the concept of the object ive as a r e -  
sult  of achieving the en t i re  p rocess  of knowledge (gnosiologieal cycle). He obse rves  the r e su l t s  not of a 
single unique event but of a set  of events;  this leads him to s ea r ch  for the conditions of thei r  logical  c o m -  
patibil i ty and he c r ea t e s  a theory and then proves  it in pract ice .  If it is substant iated,  i t  e m e r g e s  as the 
image  of an object ive rea l i ty  and there  is  no question of the p resence  in it of any boundary in a unique event, 
and the conditions of in terac t ion  (observation) exis t  in it  only in a ~str ipped" fo rm,  implici t ly .  

We can see  that ma te r i a l i s t i c  gnosiology is an adequate theory of knowledge of a r ea l  world,  appl icable  
for  knowledge of any regions  of nature  whatsoever  - both the m a c r o -  and microwor ld .  Lenin made a s ignif -  
icant  contr ibution to this theory.  By emphasiz ing  the impor tance  of logic f i r s t  of al l  as  an express ion  of the 
mos t  genera l  laws of in te r re la t ions  in nature ,  heJshowed logic subject ive as  a ref lec t ion  in the knowledge of 
man of logic objective,  as  a complex r egu la r  p roces s  of the movement  of thought toward the truth. This 
movemen t  does not lead to the normat ive  ru les  of thinking; it encompasses  logic, d ia lect ics  and the theory  
of knowledge in a single gnosiological  cycle.  In this cycle ,  each link is  joined with another;  in par t i cu la r ,  
theory  e m e r g e s  as the formula t ion  of the conditions of the logical compat ibi l i ty  of exper iments ,  and this 
genera l iza t ion  of exper imen t s  in the i r  s ingular i ty  leads to new knowledge, to a new s y s t e m  of concepts  and 
dia lect ics  developing on the bas i s  of the previous  ones. 

Science is moving ahead only to the extent that sc ien t i s t s  r ea l i ze  finally the genera l ized  gnosiologieal  
cycle of ma t e r i a l i s t i c  philosophy, independently of the fact  that they do or do not acknowledge this. With 
many,  and frequent ly  leading, sc ient i s t s  this rea l iza t ion  goes by complex z ig -zag  paths,  with a sequence 
and with a t t empts  to fo rmula te  c h a r a c t e r i s t i c  gnosiological  pr inciples .  Soviet sc ien t i s t s  mus t  show that 
sc ience gains much f r o m  the conscious appl icat ion of Lenin ' s  theory of knowledge with all  i ts  r e p r e s e n -  
ta t ives .  

Lenin attached enormous  impor tance  to the conscious appl icat ion of ma te r i a l i s t i c  gnosiology. It  was 
p rec i se ly  for  the sake of these  a ims  that he r ecommended  the achievement  of union between phi losopher -  
m a t e r i a l i s t s  and na tura l i s t s  using ma te r i a l i sm .  
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