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Proceedings of XII International Conference on Selected Problems of Modern Physics, -
Section I, Dubna, June 8-11, 2008.

Preface

The 12th International Conference on Selected Problems of Modern Physics
dedicated to the 95th anniversary of the birth of the outstanding scientist
Professor Dmitrii Ivanovich Blokhintsev (1908-1979), the first supervisor and
director of the first atomic station in the world and the founder of the Joint
Institute for Nuclear Research, was held at Dubna on June 8—11 2003.

This series of conferences was initiated by D.I. Blokhintsev as meetings
on fundamental problems of quantum field theory. Thirty-five years passed
since the first meeting enriched the methods of field theory and opened many
new areas. The present conference was the 12th of this kind organized by
the Joint Institute-for Nuclear Research. The conference was opened by the
memorial session. Further work of the conference proceeded in two parallel
parts — "Problems of Quantum Field Theory” and ”Physical Investigations at
Pulsed Reactors”.

The topic of the conference reflects the current status of many fundamental
problems in modern physics (Quantum Mechanics; Quantum Field Theory,
~ QCD; Hadron Physics; Gravitation and Cosmology) and those areas of physics

to which Blokhintsev has made significant contributions. These Proceedings
" collect the talks presented at the part ”Problems of Quantum Field Theory”.

The total number of participants of the conference was the following: twenty

scientists came to Dubna from ”remote abroad”, one hundred and twenty from
"neighboring abroad” (Community of Independent States and Russia). We
had twenty-three plenary talks and seventy-five sectional talks. This volume
‘compiles the plenary and sectional talks and contains the main part of pre-
- sented reports. We hope this will give an idea of the scientific content of the
- conference.
The organization of the conference would not be possible without the spon-
~ sorship of the Russian Foundation for Basic Research (grant 02-2-2002/19), the
Ministry of Industry, Science and Technology, the Ministry of Atomic Energy of
~ the Russian Federation and JINR through the Heisenberg-Landau, Votruba-
Blokhintsev and Bogoliubov-Infeld Programs. On behalf of the Organizing
Committee we gratefully acknowledge this support.

The Editors.
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Dmitrii lvanovich Blokhintsev
(11.01.1908 - 27.01.1979) .

(Essay of scientific activity)

B.M. Barbashov, A.V. Efremov, V.N. Pervushin

Bogolubov Laboratory of Theoretical Physics, Joint Institute for
Nuclear Research, Dubna 141980, Russia.

Abstract — A brief survey is given on the scientific activity of the Corre-
sponding Member of the USSR AS Dmitrii Ivanovich Blokhintsev, one of
the pioneers of atomic science and technology in USSR, the organizer and
the first director of the Joint Institute for Nuclear Research in Dubna. -

"None in the world will wake

The soul, who left to the rest,

But on the Earth, you stranger,
Your songs will wander be.”

(D.1. Blokhintsev, Coll. ”Muza

in the temple of science”, M., 1982.)

There is a good tradition in our country to name the streets of cities af-

ter their famous citizens. Among them are Blokhintsev streets in Russian

little towns of Dubna and Obninsk, named in honor of the outstanding So-

viet physicist, distinguished organizer of science, a colleague of Kurchatov in ;
creation, formation and development of nuclear science, technology and nu-
clear power engineering in our country and countries of East Europe. ”The !

name of Dmitrii Ivanovich Blokhintsev ranks row with the names of Sechenov,

Timiryazev, Umov, Lebedev, Vernadsky, Vavilov, Khokhlov and many others,

who make the pride of our nation” ("Pravda”, 23 January, 1980).
Dmitrii Blokhintsev enriched the world’s science by fundamental works in

solid state and statistical physics, acoustics, physics of reactors and atomic -

power engineering, quantum mechanics, quantum field theory and quantum .
electrodynamics, high-energy and nuclear physics, philosophy and methodol-

ogy of science. His role in education of physicists and engineers in our and East |
Europe countries is widely known and received the deserved acknowledgement. .
He was lucky enough to be the founder of many directions in science but first -

of all he was the personality - phenomenally versatile and many-sided person,

scientist, engineer, inventor, teacher, artist, poet, state and public figure, the -

contact with whom was a great pleasure.

/.
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Strong influence on the outlook of Dmitrii Ivanovich was made by the ac-
quaintance with the works by K.E. Tsiolkovski and personal co.rrespc?ndence
with him. DI perceived from Tsiolkovskiy that spirit of the Rus.sxan science of
the beginning of the XX-th century, which was not just aspi.ratlon to achlev?-
ment of specific scientific results, but rather the creation of integral harmonic
world outlook. Admiration of beauty and harmony of the wo'rld, and also t'he
highest degree of respect to Nature and Man was. inherent in the m.entahty
of Tsiolkovskiy. Just for this reason — loved to stress DI — Tsiolkovskiy never
used such word combinations as "conquest” of Space, but he always spoked
about its "exploration”.” Blokhintsev succeeded in preserving these youthful
ideals of the world perception till the end of hif life. This tendency toward the
truth of his initial period, ever increasing with the years, forced him not only
to be up to date in all basic scientific-achievements in both physics and other
fields of knowledge, mathematics, philosophy, biology, economy, etc. but also
to develop his own original viewpoints and judgments.

Dmitrii Ivanovich believed that it is rather easy to learn solving already
formulated problems in any fashionable field of contemporary physics. Almos.t
any person with a sufficiently regulated mind, can become a not bad ?heoretl—
cian. More difficult is to pose problems by himself. Physicists whose interests
are determined by their own outlook are considerably less numerous, b}lt ju§t
they most frequently become the authors of those "fashionable” directions in
science which give food and work to minds of many others.

The famous experiments of Rutherford in splitting an atom forced young
Dmitrii Blokhintsev, a graduate of Moscow industrial-economical technical
school, to focus his attention on those enviable possibilities which nuclear
energy promises and this determined his further way. In 1926 he.en.terefi the
Physics Department of Moscow State university (MSU), where distinguished
scientists as L.I. Mandel’shtam, S.I. Vavilov, N.I. Luzin, D.F. Egorov and LE.
Tamm were his teachers.

There were the years of quantum mechanics formation and of explanation
with its aid of many mysterious physical phenomena. DI’s early works were
already noted by large skill and depth of physical thought. For his graduate
work he was recognized worthy the Doctor of Sciences degree (1934).

DI calculated the work function of electrons from the metal and based on
it offered an explanation of the anomalous magnetic properties of bivalence
metals. This was the reason that energy of electron in these metals depended
not only on the absolute value of its momentum but also on its direction
with respect to the crystal axes. He generalized Bloch’s theory to the gase of
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overlapping zones. His formula for the energy of the overlapping zones was of é

special importance.
At the same time, DI opened a nonlinear dependence of the radiated light

(in Stark effect) on the intensity of the falling one (1933). This work was the -

first study on the nonlinear optics, which is now being developed substantially.
During the subsequent years he gave the first explanation of the mechanism

of the mysterious phosphorescence phenomenon. The basic idea of this work

wonderfully illustrates figurativeness of thinking of the scientist.
that the presence of local impurities in phosphorouses led to the appearance
of local levels between the lower zone and the conduction band. Therefore,

He noted.

the electron which fell on this level and ”hole” in the lower zone are space '

divided so that the probability of their recombination substantially decreases .

and leads to the anomalously long recombination time.

In his subsequent works DI developed this basic idea and, in particular,
investigated the kinetics of phosphorescence and he was the first to explain
the experimentally observed luminescence behaviour with time. :

Further he turned to the effect of the rectification of current by semicon-
ductors and found a simple and correct explanation of this phenomenon. The
essence of his explanation is based on the fact that near the contact of two

semiconductors the gradient of electric field leads to the appearance of a space |

charge and, therefore, to a change in the electrical conductivity. However,

the sign of this change depends on the direction of current that causes the |

rectifying action of the system.

These and subsequent basic works of DI, in particular, the development :
of the theory of heteropolar and colored crystals, and the theory of electrical -

breakdown of dielectrics played an important role in the development of studies
in quantum solid state theory and in practical use of their results.

Already in his early works he showed up a deep understanding of the essence :

of quantum mechanics and originality of thinking anticipating a further devel-
opment of physics. Especially characteristic in this respect is the work on
calculation of "spectral line shift” caused by a reverse action of radiation. The
work actually contained the theory of the Lamb shift, opened only ten years

later and served as the beginning of quantum electrodynamics. The formula °
obtained by DI for the Lamb shift differs from the famous one of H. Bethe !
only by a numerical coeflicient, which appeared as a result of the ultraviolet -

cut. The work was reported at the seminar in the Lebedev Physical Institute
in 1938. Unfortunately, this very important discovery was not understood by

contemporaries and the article was rejected by the editorial staff of JETF. It -
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was published only in 1958 in the collection of Blokhintsev’s works, although
its results were cited earlier in the review: by Ya.A. Smorodinsky (Uspekhi
Fizicheskikh Nauk, 1949, v. 39, p. 325).

In 1935 D.I. Blokhintsev was elected professor of the Department of Theo-
retical Physics of MSU. From that time and to his last days of life his activity
was tidily connected with the Physical Faculty of MSU, where he managed
the chair of Nuclear Physics and prepared many generations of specialists. DI
was one of the organizers of the Department of Nuclear Physics of the Physical
Faculty of MSU and creator of the Dubna branches of MSU and of the Moscow
Institute of Radio Engineering, Electronics and Automation, whose tasks were
to approach the student audience to research laboratories. - -

DI liked the student audience. He was a frequent guest in a student hos-

tel. Among his students there are many well-known scientists who produce
a worthy contribution to the development of science. ”Science — he said -
a matter of talent and vocation, and now science is also a matter of a team.
Nevertheless, among scientists, regardless titles and the fact who they are -
graduate or PhD students — is a special category of people obsessed by passion
to science, scientists whose great talent only seldom gives gladness to them
but often causes a constant flour of dissatisfaction to achievements. Just on
these rare brittle people entire success of an Institute is based. These people
are usually unpractical, they are easily hurtled and vulnerable, they must be
taken care of, they are necessary to be guarded, they are white cranes”."

Dmitrii Ivanovich created and read many fundamental theoretical courses,
among which especially should be mentioned the course of quantum mechan-
ics, which composed the basis of the first in the world university textbook.
It has withstood 22 publications since 1944 — six in our country and 16 in
other countries in the world in nine languages. Many generations of student-
physicists were brought up on it. For his successes in quantum mechanics D.L.
Blokhintsev was awarded the State Prize.

From 1935 through 1950 DI, besides the teaching activity in MSU worked
in the Lebedev Physical Institute. In the same years he was the mernber of
the Scientific Council of the Physical Institute in Kiev (Ukraine), where he
supervised works of young Ukrainian physicists. After liberation of Kiev from
fascists occupation he took active part in the restoration of science in the
Ukraine.

Blokhintsev’s attention in the pre-war years was concentrated on funda-
mental questions of quantum mechanics. This activity continued also in the
postwar period. He established a relation between the quantum description of
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a system of particles in the phase space and its classical distribution function.
In particular, he revealed the impossibility of direct transfer into classics of
quantum condition of the indistinguishability of identical particles. He first i
introduced the concept of ”quasi-probability” (1940)
much later.

He established that the diffraction pattern not always gives a possibility
for unambiguous judgment about the form of the observed object. Objects |
of various forms can give similar diffiraction patterns. He showed also that I
under some conditions it is possible to see an atom with the aid of an electron
microscope. He showed that the ”detailed balance principle” can be broken in .
spite of time reversibility.

D.1. Blokhintsev is the author of the quantum ensemble concept. On the
basis of this concept he gave an objective treatment of the wave function. This
approach, being of large heuristic value, helps removing a number of internal
contradictions in the interpretation of quantum mechanics and established a
close connection between quantum mechanics and statistical physics.. This |
concept of the "Moscow school” gives the modest role to an observer and’
emphasizes everywhere the objective nature of the quantum ensembles and
regularities controlling them. He was the first to realize the special role of a:
classical instrument in quantum mechanics as an unstable state of a macro-
scopic system. It was an important.step in overcoming the barrier, set by Nils §
Bohr authority, who considered that there is no sense in uniting a measuring
instrument with a microscopic system, since then another classical instrument |
will be required for studying the integrated system. ~ :

The works by D. Blokhintsev played an important role in formulation of |
methodological basis of contemporary quantum theory. In the preface to his ’l
book ”Fundamentals of quantum mechanics” (fifth edition, 1976) he wrote:
"1 always gave much importance to the correct methodology without which -
even the most outstanding mind acquires the nuance of handicraft. There-
fore, the materialist methodology, sometimes clearly sometimes less clearly |
pierces the entire book”. In more detail these questions were considered in
his monographs ”Fundamental Questions of Quantum Mechanics” (1966} and
”Quantum Mechanics (Lectures on selected questions)”, 1981.

During the years of the second world war DI almost completely turned to
work on the military subjects in the field of acoustics and soon became the
leading specialist in this field creating the acoustics of inhomogeneous and
moving media. On the basis of the gas-hydrodynamics equations he obtained
the equations of acoustics for the most general case (”Blokhintsev’s equation”)

at which Dirac arrived:
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of which he derived a number of acoustic laws, explained and calculated diverse
acoustic phenomena in the moving and inhomogeneous media (including {the
turbulentenes) which concern, on the one hand, the mechanism of generation
of noise and, on the other hand, methods and means of its reception. In
particular, the sound produced by propellers, the excitation of resonators by a
gas flow and methods of reduction in this excitation, protection of the sound
receivers from the large- and small-scale fluctuation of the incident flow and a
number of others problems forming the basis of the theory of acoustic location
of aircraft and submarines. He formulated the equations of geometric acoustics.

He introduced an extremely fruitful concept of the pseudo-sound as a phe-
nomenon which possesses the formal criteria of sound, but which is not an
acoustic process. In some manifestations the pseudo-sound is identified with
the Rayleigh waves or with the Fresnel zones of radiation in the electrody-
namics (although does not reduce to these phenomena). He formulated the
theorem which determines a necessary and sufficient condition for generation
of sound during the motion of a body in the liquid or during the motion of
liquid. Further development of this question led him to the conclusion that
the basis of any emission, including acoustics, are the phenomena analogous to
the Vavilov-Cerenkov effect. He emphasized high fruitfulness of this acoustic
and electrodynamic analogy.

For these works D.L. Blokhintsev was awarded the Order of Lenin (1946).
Subsequently they were united in the monograph ”Acoustics of an Inhomoge-
neous Moving Medium” (1946), published twice in USSR and abroad which is
now the classics of a large intensively developing branch of physics. Almost
every work in physics of noise in the turbulent boundary layer which arose on
fuselages of modern liners or noise of exhaust jets of their engines refer the
Blokhintsev’s book as a basis of new acoustics.

In the last years of the war and in the postwar years the task of usage of
atomic energy became vitally important for our country. Beginning in 1947,
Dmitrii Ivanovich actively worked on the development of Soviet atomic sci-
ence and technology headed by L.V. Kurchatov. Igor Kurchatov made a great
impact on his formation as a leader of large scientific and technical projects
capable of uniting a collective and to inspire it for reaching a result.

Kurchatov saw in an outstanding theoretician the talent of a big organizer
and research engineer. Since then the name of D.I. Blokhintsev is inseparably
connected with the history of the peaceful atom. Together with Kurchatov,
he became the initiator of the creation of the world first atomic power station
(Obninsk). In his book ”Birth of the peaceful atom” DI wrote that ”... he was
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lucky to participate in the great epic of the creation of Soviet atomic power
engineering”. '

In 1950 he was appointed the fist director of the Institute of Physics and
Power Engineering in Obninsk, and also the scientific supervisor of creation
and putting into operation of the the world first atomic power station (” Atom-

naya energiya”, v. 44, no. 6, 1979). To him belong the physical and design |

calculations of the reactors of this first APS. In the middle of 1954 the first
APS gave current. A long-standing successful operation of the station con-
firmed the correctness of choosing the reactor type and basic parameters of
the first APS. For this work D.I. Blokhintsev was awarded the Lenin prize
(1955). His talk on the first APS in Obninsk was the main one at the first

International Conference on Peaceful Use of Atomic Energy in Geneva (1955). |

In the subsequent years he calculated and supervised the development of -
design and construction of a new type of reactors — the promising, in indus-
trial sense, fast-neutron reactors with the liquid-metal heat-transfer agent. |

Now such reactors are exploited at other APS. He also developed the effective
methods of calculation of slow and intermediate neutrons reactors.

D.I. Blokhintsev was awarded the title of Hero of Socialist Labor (1956).

Reactors attracted Blokhintsev’s attention not only as the basis of power |
plants, but also as an intensive neutron source for diverse scientific studies. |
He is the author of the remarkable invention (1955) — the fast pulsed reactors

(IBR-1 and IBR-2), the pulsed power of which at a very small mean power is
competitive with the most powerful reactors of a constant action. The first
reactor of this type, IBR-1, was built and put into operation in Dubna in

the Laboratory of Neutron Physics under the scientific leadership and with !
the direct participation of DI (1960). (He frequently called it his "dowry”). -

After many years of work this reactor proved to be a remarkable tool for
studies in nuclear physics, physics of liquid and solid states and elementary
particles physics. For this work D.I. Blokhintsev was awarded the State Prize
(1971). During the subsequent years he was the scientific leader of the design

and construction of a more advanced and powerful reactor IBR-2. He led its
physical start (1977) and to the last days of his life the preparation of its
power start. Now this last engineering creation of DI gives interesting physical |

results.

Dl initiated the creation of the Joint Institute for Nuclear Research. In 1956

the Committee of Plenipotentiaries of eleven countries unanimously elected

him the first Director of this Institute. The leading scientists of the Soviet

For the

fulfillment of important State tasks in creation of atomic power engineering |
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‘Union and other JINR Member States were drawn in the work at the In-
stitute. In addition to the two existed in Dubna Laboratories — Laboratory
of Nuclear Problems and Laboratory of High Energies, three new Laborato-
ries were created: Laboratory of Nuclear Reactions, Laboratory of Neutron
Physics and Laboratory of Theoretical Physics. The last two — on the ini-
tiative of Blokhintsev. During the period of his stay as Director (1956-1965)
the Institute was finally organized and converted into the largest scientific re-
search center which won high authority and international recognition for his
research. It became the smithy of the scientific staff of the Member States.
During the subsequent years (1965-1979) Blokhintsev headed the Laboratory
of Theoretical Physics. He also made a noticeable personal contribution to the
world scientific authority of Dubna. ,

Fundamental problems of theoretical physics always drew DI's attention.
In 1957, based on the ”"deuteron peaks” in the reactions of quasielastic high-
energy proton scattering on nuclei, discovered by the group of M.G. Meshch-
eryakov, he proposed and developed the idea of fluctuations of nuclear den-
sity, capable as a whole to receive a large momentum transfer. The idea of
"Blokhintsev’s fluctons” best manifested itself 20 years latter when in reactions
with relativistic nuclei the so-called ”cumulative” particles were discovered.
Later on DI participated in the development of the multi-quark interpretation
of fluctons. Just they were the subject of the last DI's report at the Tokyo
Conference on High Energy Physics in the fall of 1978. These studies grew now
in the new promising direction — relativistic nuclear physics. In particular, just
the presence of multi-quark states explains the ”core” of nuclear forces. The
remarkable confirmation of the flucton idea was obtained in experiments at
CERN for deeply inelastic scattering of muons on nuclei and in the production
of cumulative protons by a neutrino beam at Serpukhov.

In the same years he investigated (on the basis of the optical ”eikonal”
model) the structure of nucleons, established its division into the central and
peripheral parts and came to the conclusion about the dominant role of periph-
eral interactions. He showed the contradiction of the hydrodynamic approach
to the multi-particle production processes with the basic principles of quan-
tum mechanics (1957). The force of this criticism increasingly more begins to
appear now as more correlation and spin measurements are carried out.

Dmitrii Ivanovich proposed the idea of existence of several vacua in quan-
tum field theory and spontaneous transition between them (1960). This idea is
intensively used in contemporary unified theories of elementary particles. He
was the first to point out the possibility of existenge of the so-called ”unitary
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limit” in weak interactions (1957) and the limit of applicability of quantum
electrodynamics.

A large and important cycle of his works was dedicated to quantum field
theory, nonlinear and norlocal theories, non-Hamiltonian approach, and sto-
chastic space-time geometry. In particular, he showed the possibility of break-
ing the finite time signal propagation ”in the small” without the essential
breakdown of this fundamental law in the macrocosm. D.I. Blokhintsev pro-
posed a new approach to nonlocal fields based on the hypothesis of stochastic
fluctuations of the space-time metrics.

Investigating substantially nonlinear fields, DI came to the conclusion that
the concept of point-like coordinates becomes meaningless and requires a change

in the geometry of microcosm if the mass spectrum of particles is bounded from .
above. These questions found their reflection in the book by D.I. Blokhintsev
”Space and Time in the Microworld”, published in 1970 and in 1982 in our
country and repeatedly republished abroad :

Considerable time was spent to searches for a non-Hamiltonian S-matrix
method in the field theory which would replace the traditional Hamiltonian
formalism. Blokhintsev proposed the specific version of the mathematical ap- -
paratus of this method (1947) based on the introduction of the ”elementary
scattering matrix”. This apparatus gave the results which coincided with the -
approaches of usual relativistic invariant perturbation theory.

The creative activity of Dmitrii Ivanovich did not fade to his last days He xl
investigated the problem of anomalously short time of the ultra-cold neutrons
(UCN) storage and proposed the simple mechanism of explanation of this
effect ~ heating of UCN by hydrogen adsorbed by surface. He worked at
one of the most complex problems, confinement of quarks, and proposed the
original hypothesis for the nature of this phenomenon. In the last few years
his thoughts repeatedly refurned to the ”Big Bang” in cosmology. Analyzing
Friedman’s model he arrived at the conclusion that the visible part of our
universe could not be formed within the limits of four-dimensional space-time
and proposed his original hypothesis of the existence of extra space dimensions,
meta-space, in which meta-bodies and antibodies collide. Our Universe could
be formed as a result of such a collision.

DI always took a great interest in the philosophy and methodologies of
science. He repeatedly had to defend in discussions the idea of materialism
from both his opponents and primitive defenders. Much attention was given
by him to defence of the energy conservation law as the basis of materialistic
natural science and the cosrect understanding of the theory of relativity and
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atomic theory. In his first book ”What is the theory of relativity?” he gave not
only comprehensible exposition of this theory, but also its first correcjc inte.r—
pretation. Special importance he gave to his last work ”On the Relationship
of Applied and Basic research” where, being based on the specific features
of man as a biological form - inquisitiveness, extended transmission of infor-
mation from one generation to the next one, which caused the detachment
of man from the remaining living world, the needs for the emotional contact
with the external world — he came to the conclusion on inevitability of increase
of the activity of people in the production of ideas. Very interesting are his
unpublished ”Science and Skill” and ”Essays on the Materialistic Philosophy”.

His gift of foresight appeared not only in his scientific and philosophical
works, but also in the organization of conferences, in particular, conferences
on nonlocal quantum field theory (which, actually, were conferences on funda-
mental problems of field theory) in the period of its almost complete refusion
when it was necessary to have courage to foresee its subsequent renaissance.
He was the permanent chairman of these unique conferences during 1964-1979.
In accordance with his understanding of creative activity, DI proposed such
organization of conferences, which would give to its participants as much the
leisure as possible (not the rest, but the leisure — in that sense of this word,
what ancient Greeks put into it, and which is so small in the contemporary life).
He considered it useful not only to listen to reports, but even more useful to
converse with interesting men. The conferences and the workshops organized
under his leadership, thoroughly planned, gave participants the possibility of
maximum of self-realization. This was one of the reasons for a constant in-
crease of their popularity.

To him belongs a big role in the establishment of the first scientific ex-
changes between CERN (Geneva) and JINR, in the organization of many in-
ternational conferences and symposia, including the so-called Rochester con-
ferences - the largest conferences on high-energy physics.

D.I. Blokhintsev was the outstanding public figure: the member of the
Soviet Peace Committee, the scientific adviser of Secretary General of the UN,
Vice President (1963-1966) and President (1966-1969) of the Union of Pure and
Applied Physics (IUPAP), the member of the USSR State and Lenin Prizes
Committee and a large number of commissions, scientific councils and editorial
boards. .

Blokhintsev’s merits were recognized by the highest Soviet and foreign re-
wards - the title of Hero of Socialist Labor, Lenin and two State prizes winner,
four Orders of Lenin, the order of the October Revolution, the Order of the



16 B.M. Barbashov, A.V. Efremov, V.N. Pervushin

Red Banner of Labor, the nominal gold medal of the Academy of Sciences of

Czechia, the order of Cyril and Methody of 1-st degree (Bulgaria), the highest
orders of Romania, Mongolia, and many other orders and medals of the USSR

and other countries.
The public activity D.I. Blokhintsev was marked by the honorable cer-

tificate of the World Council for Peace (1969). He was chosen member of

the Academies of Sciences of many countries and the honorable doctor of a
number of universities. Scientist, citizen he in his articles and presentations
repeatedly emphasized that the scientist must not be locked in the professional
shell: ”...Our duty, great duty of scientists and engineers of our time, and no
one must escape from this, is to explain to all people what threat will hang

over the world and let then the wrath of entire humanity stop the madmen of |

atomic warfare”.

The many-sidedness of D.I. Blokhintsev, his universality appeared not only
in the scientific but also in the aesthetical perception of the world. He was
original poet and artist whose pictures were repeatedly demonstrated at exhi-
bitions and their reproductions were published in periodicals and newspapers.
Through entire life he carried love for the poetry. His many verses were pub-
lished in the periodicals and in the collection ”Muza in the Temple of Science”
(1982). But the main part of his verses still awaits for publication. In his pic-
tures and verses he is a fine psychologist, attentive observer, deep philosopher.
He deeply understood the process of creative thinking directed for the creation
of a new in science and skill. "Creation — he said — is not volitional event but
the special state of spirit and intellect which implicates into the process of
thinking rich aesthetical experiences”.

The personal charm of ingenious collocutor, the unique combination of

calmness and boiling creative energy which he always generously shared left
lasting impression. The essence of his personality is possible to express briefly
— the creation. Personal contacts with him enriched the collocutor. He began
to feel himself as a creative personality and acquired the belief in his own
forces.

MEMORIAL
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ImuTpuii VIBanoBud bioxunnes -
OpPTaHU3aTOD U HEPBLIA mupexkTop OUSIN

B. I'. KansimreBcKAR
Q6benuHeHHbI NHCTUTYT SOEPHBIX AccnenoBannii, Hy6ua, Poccus

OTkpeiBas 5Ty KOHbepeHINIo, 1 XoTesd 6Bl MpeXie BCero OTMETHTL 4TO
ImuTpuit ViBanoBHY clenall OYeHb MHOTO elle N0 TOro, Kak OpraHH30Ball M
posriasnmi OMSIM. Oz 6uUT TaNaHTINBBLIM yY9eHBIM W KPYNHBIM CHENHAIH-
¢TOM KaK B GyHIAMEHTAIbHBIX, TaK U B IPUKIaOHEIX 00nacTax GU3NKH, Gne-
CTSAITHM HMHXKEHEPOM, BBIIAIOIIMMCS OPraHM3aTOPUM, OCYILIECTBIIABIINM Mac-
uwiTabuble HaydHo-TeXHHMYeckne MpoekTsl. OH 6BUI onuM U3 OpraHM3aTOPOB
7 TIEPBBIM OUPEKTOPOM (DHU3MKO-9HEPreTHYecKoro nHeTuTyTa B OGHUHCKe, rie
6blIa CIPOEKTUPOBAHA U IOCTPOEHa [IepBasi B MUPe aTOMHAs HIIEKTPOCTaHIUA.
910 OHINO COOLITHE MOUCTHHE BCEMHUPHOTO 3HaYeHHsS, ubO BIEpBbLIE Ha IPak-
THuKe ObliIa MIOKa3aHa BO3MOXKHOCTL M H9KOHOMHYECKAs 1es1ecOOOpa3HOCTh HOILy-
YeHHs 37eK TPUYECKON 3HEPI MM Ha OCHOBE YCIONIb30BAHUS JHEPTU PACIIEIIEHUS
aTOMHOTO SIIPa. .

Benomunas o IImutpuu MlBaHOBUYe, HEBO3MOXHO CIENOBATL 3apaHee TOI-
FOTOBJIEHHOMY TEKCTY M, C BAalllero pa3pelleHus, s OTBIEKYCh. DBcroMmuHaio
raseTh uioHs 1954 roma mectpsiue, CoOOMIEHUIME O 3aIlycKe NEepBOM B MHpe
atomuoit crannuu B CCCP. B To BpeMms s, oxonuns CyBOpOBCKOe yUMIIMIIE,
HaXoMWIcA a BOSHHOM Jiarepe U IJIaHUPOBAJ MPONOIKUTH CBOE BhICIIEE 06pa3o-
Barue. Ho sTa undopmanus Tak noueiicTBoBaja Ha MEHS, UTO s IIOHIL:CIIENYeT
IOCTYNATh TOILKO B Y HUBEPCUTET.

Hosxe na dpusdake MI'Y s noceman nexmun [Imurpus Usanosopnya, koTo-
PhIe BcerZia IpuBJiIeKalld MHOTHX caymaTeneii. B 1956 rony, korma 6m1n opra-
HusoBan OUSAW, onun u3 npenonasateneii pusdaxa ckasan mue:” [lonpobyiite
nonactes B ybuy, MockBa-3T0 yxe nayunas npoBunnus”. W g BHAT sToMy
coBeTy.

lonas 8 OUSN, s o6mancs ¢ .. BroxuHneBHM yXe B Hadale cpoeil
PaboThI, HecMOTpPS Ha TO, 4TO GHUI TOT/a BCETO JIAIIL MOJIONBLIM HayYHBIM CO-
TpynuukoMm. Wsymisia mupora HayuyHwX mutepecoB IImurpus MeanoBnua:
MHpPOBOH aBTOPHTET B 0GJIaCTH aKyCTHKH, KBAHTOBOIH MEXaHMKH, GU3UKH pe-
AKTOpOB... Ero smamMeHNTHI 1 TNONy/ISpHLEIA yueGHUK 10 KBAaHTOBOH MEXaHUKE,

B5Beaactisizd Rn&?{f
BESHAE LRuavdinikd
BHSHNOT s

e
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H3MaHHBLI BO BpeMs Bolinbl (1944 rox) uHa nioxolt 6yMmare BbIIEPKaA 3aTEM 22‘5
u3nanug Ha 9 a3wikax. Henmasno nobwBasmuit 8 ONAN npdeccop B. baiom,
39T 3HaMeHuToro B. Taiisen6epra, pacckasmBan MHue, uTo [aitzenGepr ome- |
wuBan kuury Ivurpus MBanoBuYa Kak OOWH M3 TyYUINX yYeGHHKOB IO KBaH-
ToBOI Mexanuke. Ilms MHOTHX (H3NKOB 5Ta KHHTA IO CUX TOP OCTAETCA Ha- |
CTOJILHOM: TaK MHOTO B Heil IIEHHOFO i BaXXHOTO IUIS TOCTHXEHNs KBAHTOBYI |

MeXaHUKH.
Wmsa Broxunuesa Hepa3phIBHO CBS3aHO C CO3IaHHeM B HameM HcTuTyTe
HepBHIX B Mupe uMnyiabcHbX peakTopoB (UBP). Ceronus ma ero netwe pe-
akrope IBP-2 Benyrcs muTepecHeiine 9KCIepUMEHTH YUYEHLIME U3 MHOTHX
CTpaH MHpa.
Benuka 3aciyra [Imatpus MiBanosnua B mONroToBke Hay4HBIX KaapoB. [Ipe-

nonasad ¢ 1935 rona 8 MI'Y, on 61 Hepa3phIBHO CBA3aH C 3THM Y HHBEPCH- |
TETOM, Tle IPOYATAN AL PyHHaMEHTANbHEIX KypcoB. OH ke ABUIICK ONHUM |
13 MHANUNATOpOB H opraHusaTopos ¢mmmana HUUAD MI'Y B ropone Iybue,

rpe 6plita ocBoeHa HoBas (opMa OOydYeHWS CTYHEHTOB B TECHOM KOHTAKTeE C
HayYHBIMHI HCCIICIOBaHUSIMIL.

HapaiiTe mompo6yem Ha 3Toii KoH(pepeHUMn Boccosnarh obpas Imutpus,
WBanoBu4a Bo Bcell ero monnote. Bens Takwe JIOON BCTpEYaloTCs KpaiiHe |

pPE€OKO U ITaMATh O HAX BCErlla XKUBET C HAMU.

" Proceedin
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JI.U.Brnoxunnes u JlabopaTopus
TeopeTUIECKON (PU3NKK

A .H.CucaxsH

Q6LenMHEHHBI UHCTUTYT SOCPHLIX MCCIIeNOBaHUH

YBaxaeMuie KOJIETH, OPY3bi.

Io3BoNbTe MHE HaYaTh CBOE KOPOTKOE BLICTYINIEHUE ¢ IPENCTaBIeHIs BaM
HeckonbKuX ¢oTorpaduii kouma 50-x romos, coxpanuBinmx o6pas murpns
sanoBnua DBrnoxunimesa BMecTe co BCceMHPHO H3BeCTHHIMH ¢usukamu 20-ro
CTONETHs.

Bnanumup I'eopruesnt B cBoeM BLICTYINIEHNH Al APKYIO XapaKTEPUCTHKY
nesrenbaocTn IMurpus Usanosnya Broxunnesa xakx mepBoro nupexkTopa
OUSN (1956-1965 rr.).

B 1965 r., octaBuB noct mupekropa WucTuTyTa, oH 6bln n3bpaH IUpek-
Topom JlaGopaTopun TeopeTHIeckolt (M3MKY, KOTOPYIO BO3TIABILI N0 KOHIA
coeit xusuu (1979 r.). JIT® (rakxe xax u Jlaboparopus HeiiTpoHHO# ¢u-
3uKM) ObUTa cosmana NpH yupexnennn O6beInHEHHOTO HHCTUTYTA [0 JIHYHOI
uHMnuaTuse Jimurpus MBanoBnda, pyKOBONMTE KOTOPOWl OH TOTMa IIPHINIACHII
axanemuka H.H.Boromo6osa.

B coorBeTcTBHR CO CBOUM NOHHMAHHEM TBOPUYECKOH HEATENLHOCTH YIEHOTO
1 ponu Hayku B oblecTBe, KOTOphle cOPMUPOBANINCL Y HETO Ha OTPOMHOM
onbiTe paboThi Hal (QYHIAMEHTAaJIbHBIMU M IPHKIIalHBIMU IIpobiemamu ¢u-
3UKH, a ellle B IOHBIE TONBI [oX BiMsHueM maHO nepemucku ¢ K.O.lnonxos-
CKHM, OT KOTOPOTO OH BOCIIPHHSII IyX POCCHIICKOIl Haykn Hauajla XX Beka,
I.M.Broxunnes crpemumics 6LITH BCETIa B Kypce BCeX HayUHbIX JOCTHKEHHIT
B busuke, Quitocodun, NPYIrux pa3felloB HAYKH, NOOMPATh BCEe HOBHIE U IIOM-
Yac HeCTaHJapTHLIE HIEH U HAUHHAHMS, aKTHBHO NOILEPKHBATL TBOPUECTBO
MOJIONBIX MCCIIenoBaTENEN.

W3 nuunpix nayunsix nocruxennit Jimurpus VBaHoBHYA HAIIOMHIO, IPEXie
BCEro, moay4yuBINMe MUPOBYIO M3BECTHOCTDH PabOTHI MO aKycTHKe HEOMHOPOI-
HOIl u nBuxymeiics cpensl. JIMutpuit VIBaHOBMY SBIETCA aBTOPOM KOHIEI-
MM KBaHTOBLIX aHcaMOlleli, Ha OCHOBE KOTOpO# MM Onlila naHa OOBEKTHBHAS
TPaKTOBKa BOJIHOBON (PYHKIINN U 0ObicHeHVe poil HabIIonaTels B KBAaHTOBOH

¢



20 A H.Cucaksan

MexaHuKe. Brepsbie M 6bia MpeIuIoxKeHa naes ydeTa B3aNMOEiCTBHS dJIek-|
TPOHa ¢ COOCTBEHHBIM 3JIeKTPOMArHUTHEIM II0JIeM 1 KaueCTBEHHOE BEIYHCIICHTe
CIBHT'a 3TE€KTPOHHBLIX YpOBHeil B aromax (1938 r.) - JlomGoBckuil casur, skc-
nepuMeHTalbpHOe O0HapyKEHHE KOTOPOIro M INOC/IeNoBaTelbHEIH pacueT ObuIn;
ocyurecTBiennl b 10 net cnycts. B obmacTu mpuximanHBIX HCCAeNOBaHNN
€My NPUHAMIIEXUT Uiiesl CO3NaHNs] UMIYIbCHBIX PEaKTOPOB U ee IPaK THYECKOoe|
OCyHIeCTBIIeHNe - NMIYIbLCHBIE PEAKTOPEl Ha OeIcTphix HeliTponax B OUSN. ]

B 60-x-70-x romax Bmecte ¢ JIMmuTpuem VBanoBnuem akTupHO paboTann o |
JIT® Taxue napectHste yuyensie kak M.A.Mapkos (kcTaTn - onsokypenux Hmvu-§

Tpust Vipanosuya), A.A.Jlorynos, A.H.Tasxemnnse, II.B.1Illupkos, B.I".Corno-
BbeB, yuennli ns Kuraiickoit Haponuoit Pecnybnnku Uxoy 'yan Yxao, U.To-|
nopos (Haponmuaa Pecny6nuka Bonrapus), Hryen Ban Xvey (Boernam),
A.M.Banmns, 5.A.CMoponuuckuii, Mosonsie B To Bpems: B.[.Kansimesckuit,
B.A.Matsees, P.M.Mypansn, C.C.I'epurreiin, JI.II.Conosren, B.J1.Orunesen-
kuit, C.M.Bunenskuit, B.A.Memnepsxos, H.A.YUepnuxoB u np. B nauane 60-
X TOmoB, Gilarofaps JINYHBLIM HAYYHBIM M APYXKECKHM KOHTAKTaM IIMMTpmi
Wsanopirua ¢ BuxTopom Baiickomdom, ['enepansuniv nupextopom IIEPH 8 1o
BpeMsi, GLII yCTaHOBJIeH HayuHBl obMeH Mexnmy ydennimu OWSIN u IIEPH,
9TO SBWJIOCH BaXKHOIl BeXOll ¢ PasBHTHEM HANIIX KOHTaKToB ¢ Eppomefickoit
opranmsanueil sgepHHX uccienoBanuii B 2Kenese. ;

Bosrnapnas JlabopaTopuio Teoperumueckoil ¢msuku, IMurpuit Msanosuy]
co3mal Hay4YHYIO HIKOJly H3 MOJIONEIX Torna ero ydenukos (B.M.Bap6auios,:
I'.B.Ednmos, A.B.Edpemon, M.K.Bonxos, I".W.Konepos, B.H.Ilepsymus,
B.B.HecTepenxo i ap.), yCIemso paboTaIoNyIo i IOHLIHE B 0BIaCTH HeTuHell-
HOM M HeJIOKaJIbHOI KBAHTOBOI TEOPUH IOJIA ¥ TEOPHH 3JIEMEHTapHbIX YaCTHIL.

K xonny 50-x romos oTHOCATCA ABa Kpymnusix nocruxenuns Imurpus Upa-
HoBU4a Baoxunuesa. Bo-niepBHiX, uM GHIIO BBENIGHO HOHATNE YHHTAPHOTO IIpe-|
mena. Bo-propuix, B obnacTu snepHoil ¢u3nky UM Obljla BLIABUHYTa U paspa-
foTana KoHUENUA QIIYKTYAlUH IJIOTHOCTH SHEPHOTO. BEWECTBa - (MIYKTOHH
Bioxunuesa, nossonusinas o0bICHATH Psiji 3araOYHLIX TOTHa IIPOIECCOB IPH
COyIapeHuN HPOTOHOB BLICOKMX SHEPTHUIl C SIpPOM, HalpuMep, obHapyKeHHBIE
eme B 1957 rony rpynmnoit M.I".\Memepsakosa ”neliTpoHHbBIE IIMKX® B PeaKIHHu
KBa3sUyIpyroro paccesHus IPOTOHOB Ha SApax.

Houstne ¢payxronos Hauwio Haubonee spkoe HORTBepxKAeHNe yepes 20 ner,
KOT'[la B PEAKINAX C PENATHUBUCTCKUMH SIIpaMH OBIITH 3a(pUKCAPOBaHLI, TaK Ha-
3pIBaeMble, KyMYJIATHBHBIE YaCTHIBL. Elle ooHO HOITBepXIeHNe SToil mueH
661710 monydeno B skcnepuMente HA-4 8 [IEPHe mo rnyboko-Heynpyromy pac-
CESHMIO MIOOHOB Ha A/IpaX M B POXIEHNN KyMYJISTUBHBIX IPOTOHOB HEHTPHH-

;
|
!
i
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" {pIM TIYYKOM B WNucTtuTyTe Qusnku Bolcokux sHepruii B lIporsuno. OTto Ho-

poe . HallpaBlleHHE UCCIENOBAHUN - PENATHBUCTCKas AlepHas Quimka, ceifgac
yCIIEIIHO PasBUBAETCH Kak y HAc B UucturyTte, Tak M B OPYrUX SOEPHHIX
LeHTpaX MHpa, HO y)Ke Ha OCHOBE MHOTOKBADKOBOI MHTEpIpeTalny (iyKTo-
o (C.B.I'epacumos, A.B.Edpemos, B.K.Jlykssanos, A.l1.Turos, B.II.Tonees,
C.M.Enucees u ap.).: )

B otu xe romst II.J1.BioxuHies uccnenyer Ha OCHOBE ONTHHECKONH 3HKO-
HaJBHOI MomelH CTPYKTYPY HYKJIOHOB U HPUXOOUT K HEOOXOOMMOCTU ee pas-
JlefleHUd Ha IEeHTPalbHYIO H NepHpepudecKyio YacCTH, HeIaeT BLIBOL O HOMH-
HUpYIOIiell POIH B HPOLECCAX PACCESHHs NepubepHuecKuX COyMapeHuil.

B Teopun MHOXECTBEHHOTO POXIEHUS YaCTHUIl OH MOKA3HIBAET SBHLIE IIPO-
THBOpEYHs MeXAy THAPONNHAMUYECKUM MOIXONOM M OCHOBHBIMU TPHUHINIAMHE
KBaHTOBOH MEXaHWKH. JTa HECOBMECTHMOCTD I'MAPOIHHAMIKH C KBAHTOBBIMIL
3aKOHAMH MHAKpOMHpa Bce 6omnblie NposBiIseTcs ceiiyac IO Mepe pacuiupe-
HUS KOPPE/IIMOHHLIX ¥ CIMHOBBIX H3MepeHWil B (WM3MKe BLICOKHX SHEpruil
(A.B.Edpemos, O.B.Tepses, C.B.I'onockoxos n 1p.). 51 xoren 651 ¢ 6maronap-
HOCTBIO OTMETHTH, YTO U B CBOEH HaydIHOH MeATENLHOCTH, HadMHAS C KOHI[A
60-x romos, s mcuerTeBad BausHue nneit IMurpus UsanoBnua, B T.4., B ero
BO33pDEHHSX Ha HPOLECCH MHOXECTBEHHOTO POXICHNUS YacTHII.

Tvopueckas axTupHocTh IMuTpus JBanOoBHYa, OXBAaTHIBaBIIas MIMPOKUI
Nuana3on npobieM ¢u3MKU u puiocodun, He yracaia OO CaMBIX IOCIIETHUX
Iuell ero xu3Hn. Tak OOHHM U3 ero MoCIeNHAX HCCIeNOoBaHU GLUTa 3amada
OOBLACHEHHS aHOMAJILHO MAaJloTO BPEMEHH YIEpXKaHUS YIbTPa-XOJIOMHBIX Hel-
Tponop (YXH), 1u1s peieHns KOTOPOIi OH NIPEISIOXUII IPOCTOI (M3MIECKH Sc-
HEIl MEXaHU3M HarpeBaHUs YIIbTPa-XOJOQHBLIX HEHTPOHOB BONODOIOM, AlCOp-
OMpOBaHHBIM NOBEPXHOCTBLIO COCYHNa, B KoTopoM HaxomsaTcs st Y XH. Dror
MEXaHU3M NOJIYy4H CBOE IKCIEPHMEHTAJIbHOE IIONTBEPXOCHNE B ONBITaX IO
TEMIepaTypHOH 3aBHCHMOCTH BpeMeHn Xpanenus ¥ XH. ,

Ocobo cnemyer orMeruTs uckmounTensuyio sacayry .M. Broxunuesa B
ZieJ1e IONTOTOBKM M BOCHMTAHMUS MOJIONOIO IOKOJIEHUS YYEHBIX-(PU3NKOB BO MHO-
rux crpamax-yvactunax OMSHW u, npexne Bcero B Cosetckom Coroze. By-
Ayun ¢ 1935 roma npodeccopom ¢usnueckoro daxynabTeTa MOCKOBCKOrO yHHI-
BepcuTeTa, OH 3a BpeMs CBOEl [OJIroil MpenoaaBaTeNbCKOl JeATeLHOCTH IIPo-
GHTAT Henpli pan QyHIaAMEHTAJBHBIX TEOPETHYECKHX KYPCOB H Cpell HHX
0cobo crenyeT BHINENNTEL Kypc KBaHTOBOH MeXaHHKM, HAYaTHIA uM eme B 1933
rony. CosganHblil Ha OCHOBE 3TOTO Kypca YHHBEPCHTETCKHI yuebHuK " OcHOBEL
KBaHTOBOIt MexaHuku” BeLepXkai ¢ 1944 roma 22 n3nanus y Hac B CTpaHe U 3a
Pybexom. Kax ussectno, B:T'efiseHGepr BHICOKO NEHMII 5TOT yIeGHHK, XOTH K
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He paspensan GuaocopCcKyo TPAKTOBKY KBAHTOBOH MeXaHHKHM, H3JIOXKEHHYIO B |
kuure. JImurpuit VBanoBuy Biioxmuues cTOSN y HMCTOKOB CO3NaHNA SNEPHOIO |
oTnenenns Ha pusndeckoM dakynsrere MI'Y. [lepsere Tpu xadenpsr Bosrna- j

pwin .M.®pank, B..Bexcnep u Imurpuit Usanosnu. IL.U.baoxuunes n

B.M.Bexcnep B 1960 romy orkpuiBaior B Ily6He nBe HOBe Kadenpbl dusnde- |
ckoro dakyibTeTa - * Teopnu aromuoro sapa” - 3as.kadenpoit I[. M. bnoxunues, |

u ”"®usukn snemenTapubix dactun”, 3as.kapenpoid B.M.Bekcnep. Llensio co-
3[IaHUg HOBHIX y4eOHBIX XKadenp B [{ybHue 6blio obyueHue cTyNeHTOB CTapIInX

kypcos ma 6aze OUSIU, npusneuenue B JyOHy nydmimx CTYIeHTOB U3 By3oB §
MHOTHX TOpOIOB CTPAaHHI, TOATOTOBKA KAHpPOB ¥ IUIA GHIBIIMX CONMAJMCTH- |
geckux cTpad. Ora unes Imurpus VBanosnua 6elma axTHBHO IOIIEpXaHa |
B.M.IlorTtexopBo, koTopslii B 1966 rony sosrnasmi kadenpy " Pusnkn snemen- |

TapHLIX YacTHn” ¥ 6LUI €€ 3aBefyIomuM Ha npoTsikeHun noatn 20 net. Taxum
obpasoM, Imurpuit UBanosud mponoixai 3aHUMATLCS yIeOHEIM IIPOIECCOM B

Hy6ue, B punnane HUNAD MI'Y, napsany ¢ cosnanuem cBoeil HayqHOM IIKOJIBI.

3necy, HEOOXONMMO OTMETHTH MHTEPECHYIO IETalb: MOCKOBCKas Kadempa
Bnoxunnena -” ®usika aTOMHOTO sapa” - HEKOTOpOE BpeMs CYLIECTBOBANA OIl-
HOBpeMeHHO ¢ LyGHeHckoil kapenpoii ” Teopis aTOMHOTO anpa”, a 3aTeM 3TH |
Kadelps! 06HeMMHMIINCH, B OCTaNAach JulnL nybuenckas. B 1973 rony xadenpa
I.1.Bnoxunnepa MeHnseT HasBaHue U cTaHOBHTCH Kadenpoi ” Teoperudeckoit

smepHoll Gu3mKm”.

Popmansro dunuan HUNAD MFy 6u1 oTKpHIT B 1961 romy. Ho ecin
MOCMOTPETh Ha NOKYMEHTEl, TO CTAaHET SCHO, UTO Wies CO3NaHus (uinana |
npuuuta B y6uy Bmecre ¢ cosmarensmu O6bequHeHHOT0 NHCTUTYTA, TOTOMY
kak yxe B 1956 rony Buimwio pacnopsaxenue CoBeTa MMHHCTPOB 06 OpraHu- |
3anuu dunuana ¢usmyeckoro paxynprera MI'Y. B 1959 romy pacnopsxenne |
0 cTponTelbcTBe 3naHus ¢Gummaia B Jlyone. Becnoit 1961 roma smamue 6nuto !
CHAHO B SKCILIyaTauuio. B 5To Xe Bpems mpukasoMm 1o MunucrepcTBy BBHIC- |
HIEro W cpenHero cnenuansHoro obpasosanns PCPHCP u mpukasom mo MIY -
yTBepxIeHa CTPYKTYpa I olpelelensl 3aiadn dmwimaia. Cosnanmo dmmaina |
akTuBHO crnocobcTBoBanu pektop MI'Y WUsan T'eopruesuu llerpoBcknit, mu- |

pexktop HUNSAD Hmurpuit Bnanumuposuy Cxobensuun. Ho npakTuyecknmu
cosmaTenaMu GUInaiia ABIAIOTCA, Ipex e Beero, Imurpuit Msanosuy baoxun-
neB u Cepreit Huxonmaesuuy Bepros, xotopsit ¢ 1960 roma cran gupekTopoM
HUWUSAD u saBenyomum orrenenueM, koropoe B 1960 rony 6muto nepenmeno-
Bano B Ornenenue anepHoit dusuxu. fcHo, uTo nng Hux cosmamue Quiauaia
He ObI0 cny4ailHBIM B 060cObIIEHHBIM COOBITHEM, a OBbIIO COBEPIIEHHO eCTe-
CTBEHHOE Pa3BUTHe IpOLecca HHTerpanun Hayky u obpasoBaHus.
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[lepsoro okTa6ps 1961 rona B Hy6ue B punnane HUUAP MI'Y navamucs
sagaTua, npuexann nepsbie ctynenTol. I.U.Brnoxunnes u b.M.IlonTexopso
qaCTO BCTPEYAINCh CO CTYNEeHTaMH, NPUXONWIN K HIM B OGIIEXNTHE, IPHHH-
MaJIH caMoe IesTellbHOe yJacTHe B yCTPOICTBE CTYINEHTOB-BBIIYCKHUKOB Ha
paboTy, B HX nmalbHelmell HayyHOH kapbepe. BMmecTe ¢ cobCTBEHHON yBIleUYeH-
HOCTBIO HayKOH, BMECTE C TAKNMH IeJIOBEYECKMMHU KaYeCTBAMHU KaK 9€CTHOCTD,
n0GpOKENATENLHOCTh U UYBCTBO IOMOpa, BCE ITO.CO3MIaBalio HENOBTOPUMEIi
cpeTabli o6pa3 kabenp (B dumuane HAUSAD MIY), xoTophlil, MOXHO cKa-
3aTh, OCTAJICS B MaMATH MHOTHX, €CII He BCEX BBIILYCKHUKOB.

Takum obpa3oM, cozfanneM ¢unuaia 6LII0 OGLENNHEHO NONTyYeHue obpa-
soBaHusg B MI'Y u mayuHas nesTeinbHOCTb B KpynHeiiteMm uncrutyte, QUM
MHuorue BuIycKHEKY Katenprl Brnoxunnesa nononuunnu xomnektus JlabopaTo-
pUI TeopeTHUeCKoll GHU3NKHN U yCIEUTHO MPONOIXAOT paboTaTh B Heil, BHOCA
GonbIIOR BKIIAN B ee Hay4HbIe NocTH)enus. Cpely HUX TAKHE YK€ H3BECTHLIE
yuenste, kak B.H.Ilepsyumu, E.A.Wsanos, I.}0.bapaun, B.B.Hecrepenxo,
M.A.WBanos, B.B.Bopouos, A.U.Bnosun u npyrue. OtTmeuy, yTo mumes co-
spanns YHupepcutera B Iybne, a Takxe Yuebno-Hayuroro unenrtpa (YHII)
B OMAMN - sTo TOXe sBnseTcs passuTHeM Haciemus IMutpus Wsanosmua.
Coo3 Hayku M YHHBEPCHTETCKOTO 00pa30BaHUs - Uled, KOTOPas akKTHUBHO TIpo-
naragnupoBaiack B 50-e TOOLI PSIOM BHINAIOMIMXCA YYEHHIX, H B HX 4HCIE
IL.W.Bnoxunueseim, M. A.JlaBpenTheBbIM U Opyrumu.

Hmurpuio BanoBuyy 6bl npucym map NpeNBUOCHAS B Pa3BUTHM HAyKH.
On nmonuepxusan n noompsn B JITP pan nccnenosanmit, KOTOphe B TO BpeMs
HeJb3s GHIJIO OTHECTH K “"MONHEIM” HanpabienmsMm. Tak, Halpumep, IO €ro
UHAINATHBE ¥ aKTUBHOM YYaCTHHM MHOTHE TOLLI OPTaHH30BHIBAJIMCEL MEXKIyHa-
PonHbIe KOH(EPEHUMH IO HEJIOKAJILHON M HelMHEeHHO! KBAHTOBOM TEOPUH 11071,
U CeronHAImnas KoH(pepeHIUs - 5T0 PONoIKeHNe TPaluin. JTO 6bLI TepHol,
KOrla KBaHTOBO-TIOJIEBblE METOMNH B GH3NKe 3IeMEHTapHBIX YaCTHIl GbUIN 1O~
ITH Npeniansl 3abBennio. Temepp Xe OHU ABNSIOTCS NOMUHHPYIOUMME, # CO-
BpPEMEHHbIE IOCTHXKEHNS B 3TOI OGIaCTH NOIYYEHBI B PAMKAX 3THX HOMOXONOB.
Moxno ckasars, 9TO STOT AKUEHT B UCCIENOBaHUAX To3BoigeT JlaGopaTopun
TeopeTuyeckoi (bmn‘im OBITE Ha epenoBLIX pybexax TeOpeTHKO-HONEBLIX MO~
XOLOB B U3yyeHn} KBAHTOBEIX 3aKOHOMEPHOCTe MUKPOMHIPa M BHOCHTD JNOCTOI-
HBI BKNla® B Takye pa3nelibl TeOPHH Kak KBaHTOBag XPOMOIMHAMHKa, TeOpHs
PeNATUBHCTCKUX CTPYH, CYNEepCUMMETPHA, KOCMOJIOTHS ¥ IIp.

Imurpuit Usanosia Broxnunes u Hukonailt Hukonaesnu Boromo6os oxa-
341 M NponoIIKaloT OKAa3LIBATH BIMAHEE Ha NMyX Hay4HOTO NEMOKPaTH3Ma He
Tonbko B JIT®, Ho n Bo BceMm WHCTUTYTE M CBA3aHHBIX C HUM HayYHEIX [EH-

¢
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W.B. KypuaroBa Ha cimy4ail meymadu ¢ nepsoil 6omGoit. Mbl roBopum " ne-
reni” NOTOMY, YTO 5Ta WHGOPMANUI NPOXONUT TOIBKO B BOCIHOMHHAHHSAX Me-
MyapucToB. Hukakux apXuBHBIX NOKYMEHTOB, NOATBEPKIAIOMIMX STy Bepcuio,
B Hay4HOM 0GOpOTe MOKa HE MOABUIIOCE.

9-¢ Ynpasienne MBIl CCCP pykoBonmio MHCTHTYTaMH, KOTOpLIe GhIIHN
CO3MaHBL IS OPraHU3AIMH PaGOTH HEMEUKNX CHENUANCTOB, IPUTIIAIIEHHbX
B CCCP B 1945-1946rr. OnnuM u3 MHCTHTYTOB, OGPA30BAHHEIX B crcTeMe 9-ro
Yupasinenns, 6outa JlaGopatopus "B”. PaGoras B 9-mM Yupasnenun Bioxun-
1eB IPUHUMAJ HEMOCPENCTBEHHOEe yyacTue B coznanun JlaGoparopun "B” n
(bOPMHUPOBaHUHN ee HayUHBIX MIIAHOB,

Cras nupexkropoM JlaGopaTopuu ”B” on coBMecTAN B ORHOM AHNE aIMUHE- |
CTpPaTHBHOE H HayYHOE PYKOBOICTBO HHCTUTYTOM: ”3a coboit ocTanisio obinee
PYKOBOICTBO OGHEKTOM, Hay4HOE PYKOBOICTBO J1aGOPATOPUAMHU U TEOpEeTHYe-
cknM oraenom”. (Ipum aToM 6pia coxpaHeHa IOIXHOCTEL 3aM. JUPEKTOPA MO -
nayunoit vactu (A.K. Kpacun), 3a xoToprM GBLIO 0CTaBleHO: ”pyKOBONCTBO
HayuHEIM cexTopoM N 2, cocTaBleHne NPOU3BOACTBEHHEIX IUIAHOB ¥ OTYETOB |
1o HayKe, KOHTPOJIb 3a BHIIONHEHHEM IutaHoB JlaGopaTopuell, pykoBonCcTBO II0-
BBIIIIEHNEM KBajinbukauuyu HC ¥ utp”.) 2)

H.W.Broxuunes Bo3riaBuil HHCTUTYT Ha IE€PEIIOMHOM 3Tale €ro HCTOPUM:
3aKAHIUBAJICI HEMEIKHI 5Tall 1 HauWHAJCS HOBBIH sTan paspuTus POU. Dot
oran - 1950-1956rr. - BeTepantl WHOTHA HA3LIBAIOT Dioxunnesckum. Vmenno
B 3TOT mepuoy 6bUI chOPMUPOBAHEI OCHOBHLIE HaydHble HANpaBIECHHS B HC-
cnenoBanuax OO u mayaTe paGoTHI, BO MHOTOM ONpENEIAIONINe ero JUIo n
B HACTOSIIEE BpEMS.

IIpn nupexrope Broxunuese 6bun: * cobpantl nepBble B HHCTATYTE GU3H-
yeckute cOOpKHU ypan-rpaduTOBHIX PEAKTOPOB;

* cipoex THpoBaHa, NOCTpoeHa u myineta Heppas B Mupe ADC (1951-1954);

HadaThi paboThl 1O: :

® CO3MAHNIO ATOMHLIX PEAKTOPOB IJIA MONBOMHLIX JIONOK;

@ CO3MAHUIO SNEPHHIX SHEPrETUIECKUX YCTAHOBOK M KOCMHUYECKHX alllla-
PaTOB;

® CO3MaHMIO PEAKTOPOB Ha GHICTPHIX HENTPOHAX; :

® BLINOJIHEHEI PacdyeTHO-TeOPeTUYeCKHe NCCIEHOBAHNA [0 TEPMOSIEPHOMY
B3pHIBHOMY ycTpoiicTBy (1951-1955 rr.);

® OTKDHITO IPM UHCTUTYTe BedepHee orrnelenue (3atem ¢umuan) MUAPU
- ceronus O6uuucKuil ToCcymapcTBeHHbIl TeXHNYeCKn YHUBEPCHTET aTOMHON -
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sHEpTEeTHKI.

[eppas ADC

HamGonpmyto mssectrocts LY. Broxunuesy mpnuecia Hepsas B Mupe
ADC. _ ‘
16 mag 1950 v. Boumo Ilocranosnenne Cobmuna CCCP o coopy:xenun
4a momanke JlabopaTopun "B” Tpex TPaHCHOPTHBEIX PEaKTOPHBIX yCTaHO-
pox (06beKT ” B-10”)3). B neiicTBuTenpHOCTH HanGolee OATOTOBIEHHBIM OBLT
npoexT peakropa AM, onmpasuiniics Ha ONBIT ypaH-Tpa(UTOBLIX PEaKTOPOB.
Onmako IO CBOMM pa3sMepaM AM He yMemialics B OTCEK NONBOTHON NONKH, ¥
GHUIO PEIIEHO PealH30BaTh €ro B BHME IePBOK ADC. (Tax - AM - ”ATom
Mopckoit” cTait ” ATOMOM MUPHBEIM”.)

[lepBoHadabHO BCe Hay4HBIE MCCIENOBaHms Mo ycranoske AM mposony-
mich B JlabopaTopun mameputensunx npubopos AH CCCP (JIMIIAH, Tax

¢ 1949r. crama maswBaThea JlaGopatopus Ne 2, mmime PKHII KH). B HIOHE -

1951r., cornacuo noctanosiennio Cosmuna u npukasy [II'Y, oTBeTcTBeHHEIMN
3a coopyxenne ADC Ha3Ha4arOTCs PYKOBOXUTENN Jla6opaTopun ”"B”
ILU.Broxunues u [L.W. 3axapos. Torma ke BCe MPOEKTHBHIE MAaTEPHaJIbl MO
'AM nepenatorcs u3 JIUITAH B JlaGopaTopuio "B”4). Takum obpa3om c 3TOro
- ppemenn JlabopaTopus ”"B” sBnanach W 3aKa3UMKOM, W Hay4YHEIM DYKOBOAH-
TelleM BCeX NOC/IeNyIOoMnX pa3paGoTOK MO HPOEKTY Hepsoii ADC. T'mapaBIM
korcTpykTOpoM ocTasaics HIUXUMMAII (H.A.Nonnexans) [5].

3Iecs HeoOXOMMMO NOACHUTD, UTO IPOEKTHBIE MATEPHAJIH 10 peakTopy AM
Gin nepenannt JlaGopatopun ”B” B miore 1951r. 6es TeXHIYECKHX peeHnii
10 LeNoMy psily BaXHEHNIHX IpoblieM, B 4aCTHOCTH, - O TBIaM. Buaumo
nosToMy Ha muchMe 1-ro 3am. mupekTopa JIUIIAH W .H.I'onopuna o nepenaye
noxymenTos (" [lepecrutaio Bam Bce Meromuecs y Hac IPOEKTHBIE MaTepHabl
no AM”) man croBoM ”Bce” CTOMT 3HaK BONPOCA, BhIpaXXalomuil HeNoyMeHHe
I.M.Bnoxunnesa. [lotomy, oxonuaTenbueri npoekT ADC cymecTsenHo oT-
IMYancs OT MepBOHAYAILHOIO ¥ OCHOBHas pa3paboTka ero bbuia mposeneHa B
Jla6opatopun *B”.

"B xome nansreitmeil paspaborku npoexTa, - Benomunaa .M. Broxunnes -
Hpononxapimeiics napaIelbHO ¢ COOPYKEHNEM 3/IaHus, BO3HUKIO MHOXECTBO
npobnem. ...Bonpmoe 3HaueHMe HMeNa IPOBEPKa PA3UYHBIX NPENBAPHTEID-
HLIX NaHHBIX Ha SKCIIEPHMEHTANbHOM cTeHze...” [6]).

ITOT cremp - kpuTHUecKas c6OpKa-MakeT aKTHBHOI 30HHI peaktopa AM
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u3 rpadTa, ypaHa U BONLI, - Ha3BaHHas BIOCTENCTBUY ~dus. crengom AMP” -
cobupasica npsamo non kabunerom II.U.Brnoxunnesa A.K.Kpacunbim u
B.T".HyGosckum. Henwio ocymectrnenus "¢us. crenna anmapata AM” asns-
JIOCH [OJLYYeHUE SKCIEPUMEHTAIBHEIX JAHHBIX, HO3BOJISIONINX NPOBEPHTE Npa-
BINTBHOCTH METOINHUKH pacyeTa H BLIGOpa MapaMeTpoB, HCHONL3yeMBIX [P pac-
vyerax anmapata AM. AM® nocrur xpurudeckoro cocrosuus 3 mapra 1954r.
U cTal nepBuM peakTopoM B OBHUHCKe, Ha KOTOPOM BBlTa OCYMIECTBIIEHR LET-
Hasi peaklus IelleHus ypata. [lpoBenennsie Ha HeM 5KCHEPHMEHTEHI OKa3aill,
4To Goabmux omubok, o Kpalineit Mepe Ha Hauaimo kamnanuu [lepsoit ADC,
He Gyner [7]).
OcuoBuas unes npoexta AM cocrossia B npuMeHeHHn Tpy6G4yaToro TBdIIa,
B KOTOPOM NOTOK BOOBI IS TEIJIOCheMa ABUKETCS BHYTPH TPYOKH, & ypaH Ha~
XOOHTCA CHapyXH U HOOJKeH MMeTh HaleXHBIH TeIJIOBOH KOHTaKT CO CTEeHKOMH
Tpybxn. Cosmanue Takoro TBOJIa OBIIO ONHON W3 CaMBIX TPYAHEHINMX IpO-
6imem. K Hayvasy IpOeKTHPOBaHUS CIIOCOO M3TOTOBIEHHA TPYGYATHIX TBIJIOB
He 6Bl M3BecTeH. Muorouyuciennsie nonsiTKu psga uucrurytos (JIAIAH,
HUN-9, HUM-13) u3roToBUTE ONBITHBIE 00pa3nbl TPyOYATHIX TB3IIOB, KOTO-
pBIe BHILEPXKaJi Obl IPOEKTHHIE TEINIOBLIE HACPY3KHU € T€PMOLUMKIIMPOBAHIEM,
3aKaHUYNBAJINCEL HeyHmadamu. ~Pematonmumii ycnex, - ormevaet V. Brnoxunues
- B CBOMX BOCIOMHHAHUAX, - BBINAJ Ha IOJIIO TeXHojormueckoro orzena B 06-
HUHCKe, pykoBonumoro B.A. Mansixom”[8]). B konue 1952r. onu paspaGorann
TB3JI, KOHCTPYKLIUSA KOTOPOI'o JONYCKAJIa, OCYIIECTBIEHNEe MHOT X TEPMOLIKIIOB -
U BHIIEPXUBaJIa HATPY3KH B TPH C JIMIUHUM Pa3a [PeBLILAIONINE IPOEKTHEIE.
lonuepkupas poiss II.U.Bnoxunnesa u corpynuuxos Jlabopatopnu "B” B
cosmanun [Iepsoit ADC Mul HY B Koell Mepe HE XOTUM HPUHU3UTE POIL PYKOBO-
nuteneit [IT'Y u Bkman B 3Ty paGoTy ONBITHLIX YYEHBLIX M CIENHATNCTOB JpY- -
IX MHCTUTYTOB U IpenupuaTuii. C Hayana MOHTaXa 0GOPYIOBAHMA Ha CTAH-
uuu nouru 6e3oTiryuno vaxonwicsa E.I1.Cnasckuit, npuesxanu U.B.KypuaTos,
A.Il. Anexcannpos, riaBusiii KoHcTpykTop peaktopa H.A . Homnexams.
Cnacxuit hax THYeCKN B3I Ha cebsl pyKOBOICTBO MOHTAXHBLIME paboTaMn,
Kypuatos - Gosnble 3anuMancsa Gu3nKoil peakTopa, AIeKCaHIpOB - NONOIHSI
Kypuarosa B 4acTu MHXEHEPHO-TPOW3IBOUCTBEHHKIX Bompocos, llonmexans -
YeTKO OpeAcTaBiIsil cebe KapTUHY Pa3sBUTHUS SHEPreTUIECKOTO PEaKTOPOCTPO-
€HYsl, 0 YeM CBHIETENLCTBYET BLHIOOp Tpy6uaToll KOHCTPYKIMH TBIJI U KaHalla
peaxTopa ADCY).
I.U.Brnoxunues, kak HayYHBIN PYKOBOOUTEH IPOEKTA, 3aHUMAJICS He TOIBKO
BOIIPOCAMHM COOPYKEHUS PEAKTOPA, HO ¥ BOIPOCAMH CO3LAHHS TB3JIOB, i BCEMH
nHXenepHBIMU IpobiemMamu. Ero paboumid IeHb, Kak BCIOMUHAIOT BeTEPaHBI
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IHCTUTYTa, IPONOJIKAJICA He MeHee 15 4acoB M BpAM JIM OH MMeJ BLIXONHEIE.
Takoe HanpsiKeHE MOI" BBIIEPXATH TOIBKO CIIOPTCMEH, KAKOBBIM OH U SBIISAIICA
(Kax m3BeCTHO, OH 6bl1 anbouHKCTOM [10]).

Te TpyAHOCTH, ¢ KoTOpbIMHU cTONKHYIuCEH J1. M. BIoXnHIEB 1 ero copaTHEKH
B 5TOT IIepHOl, OYCHb XOPOIIO OTpaXeHsl B mucbMe [Imurpus VsanoBuya B
[IT'Y B mexabpe 1951r.:

7...coobualo, uro B JlaGopaTopun ”B” uMeloTcs TONLKO TpH nuMNa, CHOCOG-
HEIX OCYINECTBIIATEL HayuHOoe pykoponcTBo: Jlefimynckmit A.H., Kpacun A.K.
1 Broxunnes II.11. B ocTansaOM Ha6opaTopnx COCTOUT M3 MAaJIOONLITHOH MoO-
nomexn. Mexny TeM, eciu ydecTh 0613aHHOCTH, BO3JIOXKEHHEBIE Ha Ha3BaHHBIX
THI] IPaBUTENBCTBEHHBIM PEllIeHneM, OTHOCAUINECS K CTPOMTEILCTBY U MPOeK-
THPOBAHMIO PaSIMYHBEIX arPEraToB, I K pacdyeTaM IO CIeNnajbHoil npobieme,
10 06beM yXKe NOJNydYeHHOH paGOTEI HaleKo BHIXOMUT 3a IPENesbl CKOIBKO-
IOy Ib HOPMaJIbHOM HaI'DY3KH, IPH KOTOPOIl MOTJIo 06ecnednBaThC HaleXKHOe
oBcenHeBHOE pyKosoxcTso” [11]).
Tlyck u ycnemnas pabota Ilepsoit ADC umenu u rocynapcTBeHHOe, H TO-
MTHYeCKoe 3HaYeHne, IOTOMY KaK B TaKOH 3aKPBITOH 06JAacTH KaK aTOMHad
CCCP eme MaJlo YTO MOT OTKPHLITO NMOKa3aTh MUDPY. A 30eCh - MUPHBIH aTOM.

I.V.Broxusues BEICTYAET B OTKPLITOM MEYATH CO CTATHIMH O MUPHOM
IPUMEHEHHU aTOMHOI SHEPrMA. B HalmeM apXwBe COXPaHWINCL MHTEPECHBIE
OKYMeHTHI 0 nonroroske Jimurpuem MBanopnyuem nepsoii cTaThit IOYTH CPasy
nocne nycka ADC B mione 1954r. - mnsa raserst "Useectnsa”, xoTopast Tak
i HasbiBasiach IlepBhlil ar mo myTH MHDHOTO IPMMEHEHHUsS aTOMHOH 5SHep-
run”.  OQ6cyxiieHne CTaThbu ”B OTHOUIEHHH cTemenn nEQOPMAIMHE, KOTODAS
MOXET B HEHl CONEPXKaThCA NPOUCXOOUIIO Ha BHICIIEM MHHHCTEPCKOM yDOBHE:
B.A.Mangimes oruncan crarsio Ha oT3nB b.JI.Bannukosy, E.II.Cnasckomy,
b.C.lloanusxosy u A.Il.Anexcannpoy. Or3mBel paspenunuch. [losgusxos u
Manpiues norpebosanu ee nepepaborku. Ilpnuem Ilosnuskos manucan pas-
BEpHY THIE 3aMeUaHts, KOTOpHIE, KACAUCH TOILKO Hay YHO-TEXHHYECKUX BOIPO-
COB.”
. Omurpuio VBaHoBHYY, Cylis TO €ro NOMETaM Ha IOJIAX 3aMedaHHil Kpac-
HBIM KapappgaiioMm: " Bepno”, "Ot1o Bce nonmmarot”, "Ilyranuna”, "Yro xe
pepHO?” M T. I. - KPUTHKA HEe OYeHb MOHpaBMiIach. TeM Gollee HaUAIbHMKH,
BUUMO, CAMH He 3HalH, 4ero xotenu, ubo Cnasckuil Torna Xe B CBOEM Pe3oMe
KOHCT&TI/IpOBBJIZ ”CtaThs Xopomas U He TpebyeT KOppeKTHpOBKM , a Allek-
cannpos: ”CunTalo CTaThHIO OYeHb XOpOIIel, ¥ HalllicaHa XOpOIIo, H HeYero u3
Hee BhICOCaTh...” [12]).
 Ilpumeuarensro, uTo B mione 1954r. Bioxuunes mpocw MHHACTPa
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B.A.Manuiesa nepen nybnuxanueil >Toit nepsoil CTaThU ~ pEMINTE BOIPOC 0T~
HOCHTEJILHO NICEBIIOHNMA, T.K. 0Bo3HadeHHe Moell [T. e. Broxunnesa] damusnn
MOKET CIocobCTBOBATh JOKalnu3alun 06beKkTa, He 0603HaYeHHO B COODIICHNY |

npasurenscrsa’ {13]).

Hpo6nema ” nokanusanun o6wekTa”, He 0603HAYEHHOTO MECTOHAXOXK ICHUEM |

B coobmennn TACC o nycke Ilepsoit B Mupe ADC, pemmnack 09eHb GHICTPO: |

yxe B 1955r. cnaBa Jla6opatopuu "B” nepemarnyna rpasunsl CoBeTCKOTo

Coro3a, a na [lepsoit ADC cTann npuANMaTh HHOCTPAHHLIE MeJleralin.

p

Tak, nanpumep, B noabpe 1955 r. 8 Mocksy npubthina feneranmns anrinii-

ckux ydennix. [Heneranus nobwBama u POU, roe osHakommiack ¢ aTOMHOM

3JIeKTpocTaHnuell. 31ech aHMIMACKUM YYeHBIM ObUI IpEenofHeCeH B 1I0HapOK -
¢unem " IlepBas B Mupe” o6 aTomuolt snekTpocTannun Axanemun nayx CCCP,

kax Torma HaswiBanu Ilepsyio ADC.
Houtu 50-neTunit nepuon ycnemuoit paborwt Ilepsoit ADC monTeepnun

IPaBHJILHOCTH NIPUHATHIX Toria peliennii. 3a 51y pabory ImuTpuit Usanosuy ;.

B uncie apyrux cosgareneii lepsoit ADC 6b11 yoocToen Jlenunckoli npeMun

(1955). Hoxnan Baoxmuuesa o Ilepsoit ADC 6bl1 OCHOBHBIM NOKJIalioM Ha'
[lepBoit MexxnyHAPONHON KOH(pEPEHIMA 110 MIPHOMY HCIIONB30OBAHUIO ATOMHOIL .

sueprun B Kenese (1955).

Hepsas ADC ocobbiMmu HETAMEU GpaTCTBa CBA3alla €e co3laTeseil Ha BCe
HOCHENyIoLHe TObl. . DTH CBA3M COXPAHIINCHL N0 cux nop. [Ipm xusnu [Tmu-
Tpuit ‘MBanOBMY He npomycTui HY omHo# iobmneiinoil Bcrpeun B O6uuncke,
noceainenHoit nycky Ilepsoit ADC.

BEICTpBIE peakTOpHI

Pa6orn mo peaxTopam Ha GuicTpuix HeliTporax B CCCP unnnuupoBanucs ¢

konua 40-x rr. n nposonunucs non HayuHBIM pykosoncTBoM A.W.JleltmyHckoro.

Biioxunnes, B nagase 50-x romax coBMecTHO ¢ JlefmyHCKUM OCYIIECTBIAT UAE0-
JIOTNYECKOe PYKOBOLCTBO Pa3pabOTKOil TeopuH U NpoeKTa nepsoro B Emporme

peaxTopa Ha GLICTPHIX HEHTPOHAX C XKUIKOMETAINYECKUM TEISIOHOCHTEIEM,
KOTOPHIiT CTall IPeNIIECTBEHHUKOM PAla PEaK TOPOB-Pa3MHOXUTEIIE!.

B Te BpeMeHa CiI0BO ” PYKOBOLNTE” HE MO TOTO CMBICIIA, B KOTOPOM OHO
YacTO MCNONB3yeTcs cerofHs. PykoBomuTh dhu3pacdeToM peakTopa O3Hadallo,
4TO YeNoBeK NOMKeH GLLI caM MPOCYHTATh, YTO OTHOCUIOCH K (bHU3MKe peak-
Topa. II.M.Broxumues nuyHO 3aHMMalCA pacyeTHO-TEOPETNIECKUMHE HCCIIENO0-
BaHHAMHE 10 pusHKe GLICTPHIX peakTopoB. B 1950r. on Bumom#un pabory ”Kun-
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HETUYECKUE YPaBHEHUS I GLICTPHIX HYJIEBHIX TOYEK 110 TEOPHUH GHLICTPHIX pe-
aKTOpPOB, B KOTOPOIi OblJIa IOCTaBlIeHa 3alada HaXoXAeHUA IPOCTPaHCTBEHHO-
9HEPTETHYIECKOTO pacHpelielleHns HeHTPOHOB C y4eTOM BCEX OCHOBHBIX CyIIle-

- 'CTBEHHBIX 3(bexToB B3auMoneicTBus HEHTPOHOB ¢ snpamn. B aToit pabore

- OBLIO JaHO KMHETHYECKOE ypaBHeHne 1 (PyHKINN pacHpeneleHrs HelTPOHOB

‘¥ TIpeIUIOXeH psll METOLOB pellleHNs >Toro ypasHenus [14]).

B apyroii pabore "K Teopun xusHermueckux ypasHeHuit” umM Oblim cdop-

. *MYJINPOBaHBI OCHOBEI T€OPHUH PacyY€TOB KpPUTHYECKHX MacC I BOCIIPON3BOACTBa

'B peakTopaxX Ha GLICTPHIX M IPOMEXYTOUHHIX HeiTpoHax. K 1953r. oCHOBEI
.:CO3TaHHOM UM JIHYHO TEOPUH PaCueTa PeaxTOPOB ObLIN 3HAYNTEILHO Pa3BUThHI
. €r0 YYeHUKaMU - MOJIOALIMY COTPYOHUKAMU, pyKoBonuMoro BioxuuneseiM Te-
- OpEeTHYECKOro OTHeNa, U MPUMEHEHH! K NPaKTHYECKN OCYIUECTBIIIEMBIM CHCTe-
~maM [15]). TlepBeiMm Takumu cucreMamu craim peaktopst BHT u BHT®

i

(BP-1 u BP-2) masoro pasmepa ¢ M1y TOHNEBON aKTHBHON 30HOI.
W, nakouen, Henb3g He oTMETUTD, UTo nMenno B Obrmucke B 1955r. mu-

- rpuit UsanoBuy npennoxui uneio UBP u cran rinaBubiM nneonorom co3manus
. MMIIYJICHOTO PEaKTOpa NEPHONUYECKOrO NEHCTBH.

ADY ms meTaTeNbHBIX ANMapaToB

llepBble npopaboTKH SAOEPHBIX YCTAHOBOK IUIM JIETATENBbHBIX AlNapaToB

‘KOCMH9€CKOTO M ABHAIMOHHOTO HasHadeHus Obuin HadaTs B JlaGopaTopun ”B”
B 1953r. llepmuie mefiTponHO-QU3MIECcKHE, TEIIIOTEXHUYECKHE ¥ TEPMOLAHA-

MAYecKUe pacyeThl, BHIIOJIHEHHBIE TOINa, HOKa3ajli BO3MOXHOCTHL CO3JIAHUS
aneproro paxerroro gsurarens (SPI) ¢ npameiM HarpesoM Bonopona B Kade-
cTBe pabodero Teina. :

OJToT HpOeKT ero aBTOpPH HeonmHoKpaTHO obcyxmamu ¢ C.II. KoponeBmM,

: ‘B L. aymixo, M.B.Kennumem, A.M.Jlionskoit. B 1955r. TpoexT Obijl opopM-
‘ eH B BUIE HAyYHOTO OTYeTa, aBTOpaMu KoToporo Guutn IL.1. Broxunues,

1.1 Bonnapenxo, B.5.Iynko u np.[16]).
* HecmoTps Ha To, 4TO KOHCTPYKTOPE! JIeTATENLHEIX aNIAPATOB He CIIEMIII

- BomtomaTh unen Jlabopatopun "B”, noctaTouno 6HICTPO 3a Heil 3akpenuics
- nexuft npnopn're'r B 3TO HOBOH oﬁnaCTn uccrenosanuit. Tax H. B.Kypuatos,
ToNyvas MaTepHalbl IO coananmo ATOMHEIX paKeTHBIX IBUTaTelel, IIPOCHT
 B.Jl.BannuxoBa HanpaBiasATL MX "I TOIyYEHHs 3aKJTIOYCHNS TOB. Brnoxun-

‘ ' esy LI [17]).
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B 1955 r. JlaGopaTopus ”B” npenmoxuna npoekT 6allMCTHYECKOR PAKETEL
¢ "rBepaeiM peaktopom”. C.II. Kopones u B.II. I'nywko cunranu, yto Takas
pakeTa OyIET HE KOHKYPEHTOCHOCOGHON B CPaBHEHHM C paKeToil Ha XUMUde-
CKOM JXHIKOM TOIUINBE, NOTpebyeT GOJIbUINX SKCIePUMEHTAILHLIX H UCCIENo-
BaTeNbCKUX paboT, HalpaBieHne KOTOPLIX Ha TOT TIePUON MPENCTaBIIIOCH UM
CITMIIIKOM HEOIIPENENIEHHBIM.

Brnoxunies 1o sTomy Bompocy uMen ocofoe MHEHHEe, KOTOpoe B HeKabpe
1955r. BoIpasun B 3ammcke, agpecoBannoit A.Il.3asensruny: "4 mymaro, aTo
0611aCTh IPUMEHEHNS aTOMHBIX PRKET - 9TO CBEPXIAIbHHE PAKETHI, O3BOMNS-
fomye nepeGpackBaTh Goabinoll rpy3 (He Menee 10 ToHH) B 0610 TOYKY
3€MHOTO IIAPa. ... PAKETa ¢ TBEPIBLIM PEAKTOPOM SBIISETCS CEfYac eINHCTBEH-
HBIM BapHaHTOM, TEXHHYECKOE OCYIIECTBIIEHNE KOTOPOIo ABIAETCS BIOIHE MBL-
ciuMmbiM. IlosToMy on npemsaran passepryTh B JlaGopaTopun ”B” He Tombko
pacyeTHBIE, HO U 3KCIepUMEHTalbHble paGoOTEl 0 aTOMHOU pakeTe, ”opmeH-
THPOBATH UX Ha CO3[aHHe MAJION ONBITHON aTOMHOI paKeThl, KOTOpas JOJIKHA
ABATHCS NPOTOTHUIOM Gymymux 6oibIunx aTOMHBIX pakeT” [18]).

KopabenpHble peakTophbl

9 cenrabps 1952r. o [ocranosinenue CM CCCP 3a nonmuceio
W.B.Ctanuna o co3manum atomuoil monsonHoii momku. (O6iee pyKoBOACTBO
HayYHO-UCCIIENOBATEILCKIMY paboTaMu 1 pabOTaMH 110 IIPOEK THPOBAHMIO 06b-
exta Bosnaranocs Ha III'Y npu CM CCCP (B.J1.Banuuxos, A.Il.3abensrns,
N.B.KypuaToB), cTpouTenbCTBO Xe, a TakikKe paspaboTka KopabenbHON da-
CTHU # BOOPYXeHUsx 06beKTa -~ Ha MUHHCTEPCTBO CYNOCTPOUTENILHON TIPOMBIII-
nensoctu (B.A.Mansimes, B.I'.YUunukun). HayunsiM pyxosomureneMm pabor
o ocyuiecTBieHuio o6bekTa 66T HasHaden A.Il.Anexcannpos, rilaBHBEIM KOH-
CTPYKTOPOM KOMINIEKCHOI sHepreTmyeckoil ycranoskn - H.A. Jomtexais, rnas-
HEIM KOHCTPYKTOpoM 06hekTa - B.H.Ileperynos. Ilna pykoBoncTsa paboTaMu u
PACCMOTPEHMS HayUHBIX M KOHCTPYKTOPCKUX BOIIPOCOB, CBA3aHHEIX C NOCTPOM-
Koii mogxu, upu Hayuno-rexunyeckom cosere HI'Y Gbura oprannsoBana cexnus
Ne 8, xoTopyio Bosrmasmwii B.A.Mansimes. Brimonnenne ocHOBHBIX paGoT 110
aTOMHOI ycTaHoBKe nopydaiocsk JlaGopatopun "B”, o uem 20 centsabps 1952r.
3aBensarnn » muckMe coobmus Broxunnesy: "Bl yTBepXIeHEl 3aMecTATENEM -
HO HEHTPOCHCTEMHLIM pacdeTaM H MCCIEeNOBAHHAM HAyYHOTO DYKOBOIUTEIS
obbexTa Ne 627 T. Anekcannposa A.I1.”19)

A.ll.3aBensarun nucan rakxe, yro Iocranosnennem Copmuna Ha JlaGopa-
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ropuio ”B” OIHOBPEMEHHO BO3JIOKEHO BHIIOIHEHME PACYETHO-TEOPETHYECKNX
pa60T, pa3paboTKa TBJIOB, coopymexme U HCHBITAHUE ONLITHOIO PEAKTOpa
uom;om{on JIOMKH.

llepsot ¥ BaxHefime#h 3amaueil g8uIcd BLIGOp THIIA PEAKTOPa B KadyecTBe
DCHOBHOTO MCTOYHMKA HHEPTHUH, a TakKkKe o0luero obiinka SHepreTnieckol ycra-
roskn. CHadvajla 3To GbUIM peakTophl Ha rpadMTOBOM M GEPHINIMEBOM 3aMell-
IMTeNle ¢ TEIVIOBLLIENAIOMMMA TpybaMu, HecyluuMu AasjieHne. 1o THIy oHH
bKasalluchL 63Ky K cTpositeiicsa Torna nepsoit ADC. Heckonbko nmosnuee Bos-
HUKIH YCTAHOBKY, Y KOTOPBHIX 3aMeIUTHTeNeM 6bila TAxenas Boga. Y TombKo
0TOM (a O TeM TeMnaM 3TO GBI OOMH MeCSU) HOSBHIICS KOPIYCHON BOIO-
BONAHON PEAKTOp.

{" B oxtabpe 1952r. Bnoxunuer mokmanmsan B Cexmuio Ne 8§ HTC HI'Y
o npoBeneHHEIX B JlaGopaTopuu "B” paborax: B pesynbTaTe mpopeneHHOI
IpEeABapUTeNbHON PaboTH Mbl CYHTAEM BO3MOXHBIM IPEIUIOXHUTE IS 0b6Cy-
KIEHNS ... CIEAYIONIe BapHAHTHL:

~'-a.) Texnonoruueckyio cxemy, Ha ocuose peaktopa AM ¢ meperpesoM mapa
BHYTPH peaxTopa, paspaborannyo B orzene Tos. A.K.Kpacuna u

- 6) CxeMHl ¢ IPUMeHeHNeM MeTAJIIMIeCKOTO OXIIaXIeHus, pa3paboTanubie
B ornene Tos. Jlefimynckoro A.H.

Yke npu IpoEKTHPOBAHUU peakTOpHoU ycTamoBku mia ILJIA seiasuiocs
MHOXeCTBO TpyaHocTefl. CIIOXHBIM OKa3aJioch co3faHue OHOJOrMYECKoil 3a-
IIATHI, KOTOpas, ¢ OMHON CTOPOHBL, obecneunBata 6bl XOPOLIYIO 3AIMUTY JIHY-
HOTO COCTaBa OT W3JIyYeHHS PeaKTOPHON yCTaHOBKH, a C JPYTOil CTOPOHEI, He
nomxHa GElla TI0 BeCy YTONMTH IMOHBOAHYIO JIOOKY. BOT KaK IAIIeT 06 3TOM B
1952r. Baoxunues:

+ ?HeTpuBraJIBHOCTS 5TOM 3alaull [MONpa3yMeBaeTcs 3aa4a pa3spaboTKy JIo-
nquoro peaxTopa] BUIHa U3 TOrO, UTO MOIIHEWINMI U3 O cuX mop paspabo-
TaHme 9HEPreTUYECKUX PeakTOPOB [B MOKyMeHTe Beslle UPOXOMUT KaK ~Kpu-
c'ra,nnmaTop ] nmeeT TENJIOBYIO MOIIHOCTH [30] 000 kBT 1 Bec BMecTe C 3alu-
TOlt [B moxymenTe Besne - "usonauus”] - 5000 ton. Ilpwm sToM rilaBHBIA Bec
cocpenOToseH B 3amuTe2?. "
TpyanocTn ymanioch HpeofioneTsh, U B alpene-Mae 1953r. 6Lul BRIIyIlleH
écms}imﬁ IPOEKT 3HEPreTHYeCKOl YCTAHOBKM M HECKOJIBLKO NO3XE BCEH IOM-
soxmoit sonku. OH mokasall, 4TO JIONKa M SHEPTeTHKA IUIA Hee MOTYT GBITh
CO3MaHH B BECHMa KOMIIAKTHOM BUMIE ¥ C YMEPEHHBIME MacCaMy, 9TO OTKPHUIO
mopory BHEpEL.

 OnHako pyKOBODUTENH NpPOEKTa, ocobenno A.Il.Anexcanmpos,
[I.N.Broxunues, A.}.Jlefinyuckuii, oTaMY10 NOHMMAaJIN, YTO TOCTaBIICHHAS Ce-
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pbe3Has 3alada MOXET OBITH pellleHa TOJIbKO IPU HaJWIUH KPyIHOMACLITab- |
HBIX 5KCHEPUMEHTAIbHEIX CTEHJIOB, Ha KOTOPBLIX 0bOpyloBaHEEe OTpabaThiBa-

JIoch OBl B YCIIOBHAX, Gnu3kux K HaTypuuIM. IlosTomy B 1953r. Ha 6Ga3ze JI@-'
GopaTopuu "B” IPUCTYNWIN K CTPOMTENHCTBY HOTHOMACIITAGHBIX CTEHJIOB-
IPOTOTHUIOB SHEPreTHIECKUX YCTaHOBOK peakTopos [1JTA ¢ BonauniM oxnaxme-
HYeM B XHIKOMETAININYECKIM OXJIaX NeHueM (IepBLIii n3 KOTOPEIX 6blI BBElER

B neficrne npu Jmurpuu ABanoBnue B Hauase 1956r.). Onu mpencrasnsmn
co60l TOITHOCTHIO PEaKTOPHBIN OTCEK U Typbunnyo ycranosky [IJTA. Ha arux

CTEHMaX 3aTeM IIMTENBHOE BPEMsA OTPabaTHIBANUCL PEAKTOPHl HOBLIX THIIOB

1 IpoXonuiy o0ydeHNne 5KUIaXY OIABOIHBIX JIONOK.

PIC-6T

26 ampens 1950 roma Coser Munucrpos CCCP mpunsn Iloctanosienne
" paborax no cozmaumio PIIC-6”. B sToM nocramoBnenun mpemycmaTpu-
BaJlaCh OpPraHM3allis PaCYeTHO-TEOPETUIECKNX, SKCIEPHMEHTANLHEIX U KOH-
cTPYKTOpcKux pabor no cozpmanmio mamemuit PIIC-6¢ ("Cnoiika”) u POC-61
("Tpy6a”)20). (Uudpp ”PIC” no onmoit nerensne pacumppoBeiBaeTcs Kak ” Pe-
akTuBHBIA npuratens Cramuua”, no npyroii - "Poccns pnenaer cama”.)

K pacueTno-TeopeTuyeckuM HCCIIENOBAHAAM 110 TEPMOSAEPHOMY B3PHLIBHOMY
yerpoitcTsy (tema PIIC-61) Ilocranosnennem CM CCCP ot 9 mas 1951r. Ha-
pany -¢ rpynnoit 1.5 3enpnornua 8 KB-11 (BHUUO®) Grina npusnedena u
Jla6opaTopusa "B”. B upukaze III'Y ot 16 mas 1951r. Nel167cc rosopuiocs:
”Ipunsars k pykosoucTsy, 4To Coser munuctpo CCCP mannniM nmocraHosie-’
uueM paspemu ['nasky opranmusosats B JIaGoparopun ”B” ornen npuxiauHoi
TeopeTHUecKkoll GU3HKN B kKolndecTBe 15 desloBeK YKOMIIIIEKTOBAB €r0 KBaJld-
GUUUPOBAHHLIME PU3UKAMH, TEOPETUKAME, MATEMATUKAMU U pacueTunKamu’
[21]). :
B cooTBeTcTBHE C 3THMH pPelIEEUsME IPUKa3oM Bioxunuesa ot 13 okTa6ps
1951r. nmng BemonuenHus paGoT mo TepMosnepHoil TemaTuke B JlaGoparopun
”B” 6buT co3maH HOBEIN oTnel Ne 6 mpukiagHOH TeopeTHYECKOoh GpU3nkKu B co-
cTase AByX nabopaTtopuit. HayuHoe pyKoBONCTBO OTHENOM 1 BceMu paGoTamu
Jla6opaTopuu "B” mo sToit mpobieme corytacHo ykasaumio III'Y posmaranocs
Ha JI.W.Bnoxunuesa [22]). ~

Xporonornyeckuil UHTEPBaJ MEXOY UPUHATHEM pelleHus (Mail) u co3nma-
HueM orzenia Ne6 (okTAOph) CBS3aH ¢ KOMIIIEKTOBaHMEM OTHella U odopMile-
HUEM [ONYCKOB BHIIYCKHHKAM BY30B. DNOXUHNEBY OhNU HaHbl OYEHDH MIUPO-
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KHe 1oliHoMouns HabupaTh cuenuanuctos B HUU u yuebubix 3aBenenusx. Ho
KBaJIM(pUIIPOBAHHLIE CHEIMATHCTHI, O KOTOPBIX TOBOPUIJIOCH B IIOCTAHOBIICHIH
Cosmuna 1 npuxase III'Y, yxe 6uuln 3a8sSTE B APyruX UHCTUTyTax. HoToMy
nccienosanusmu no teme PIC-6T (kak, BopodeM, U 110 BCeM APYTHM TeMaM
JlabopaTopuu "B”) Bmecte ¢ BioxmHIeBBIM 3aHNMAINCL, B OCHOBHOM, MOJIO-
nule (PH3UKH 1 MaTeMaTUKK TOILKO YTO OKOHYUBINNE HHCTUTYTH. BIoxmnHues,
ocTaBaBHIMiCc mpodeccopom MI'Y, uMes BO3MOXHOCTH BHIOHpPATh H IPHIJIa-
maTh cBoux ydenukos. (Tak B JlaGopaTtopmio "B” monamu b.B.Kanomues,
10.11.Paitsep, B.C.Umwenuuk, JI.H.Ycaues, A.C.PomanoBuu u np., crasume
OTOM M3BECTHBEIMU YYEHBIMH. )

3a mepuon 1951-1955rr. non pyxosomctBom ImMutpus Usanosnya mo Teme
PIC-6T 6bumn mpoBeNenbl cephe3Hble paCUeTHO-TEOPETHIECKIE NCCIEIOBaHAL
0 TePMOANEPHOMY B3PHLIBHOMY YCTPOICTBY, HaUallo KOTOPBIM IIOJOXHI OT-
yet JI.J1.Bnoxunnepa ”I"azonumaMuka BelecTBa MU BLICOKUX TEMIEPATypax’
(1951r., wacts 1).

Bcero mo pesynpratam paGor 6puio BhinmyiieHo Goslee 20 HaydHBIX OTUe-
tos JlaGopaTopuu "B”, B KoTOpBIX cpopMynupoBana GU3NKO-MaTeMaTHIeCKas
MOZieJIb BCEX OCHOBHBIX IPOIECCOB, IIPOTEKAIOMHNX BO B3PHIBHOM YCTPOUCTBE.
Cpenu HUX Takoll QyHIAMEHTAIBHEIN oTueT, Kak: () HeIpo3payHOCTH BO3-
yxa B yIapHOIl BOJHE ¥ MHUHAMYME APKOCTH orHeHHoro mapa” (1954r.). As-
topul: II.M.Baoxunnes, A.C.Hasuinos, FO.I1.Paiizep.

Hamo ormerurs, uro B ucciienoBanmsx Jlabopatopun "B”, nmpoBomumsbix
oI PyKOBONCTBOM biloXmHIIEBa, pacCMaTPHUBAIINCEH He OTIHENbHBIE QU3nYecKne
npoGJieMBl, a KOHKPeTHash KOHCTPYKIHS TEePMOANEPHOTO B3PBIBHOIO yCTPON-
crBa. Pusmueckas cxeMa NPEMIOKEHHOTO rpynnoN broxuuiesa ycrpoiicTsa
OTiMYalach OT aHAJOrH4HuX paspaboroxk BHUUD®, ¢ xoropeimu corpyn-
nuku JlabopaTopuu "B” anakomur He Guutn. Wnes cocTosna B BocIIaMeHEHHH
GonpIIof MacCHl nedTepust B Bune chephl.

OTu uccnenobanns NOBIHMAIN Ha OUEHKY IIepCNekTHB pa3paboTok 1o " Tpy6e”.
B nauvane 1954r. B MuHMCTEPCTBE COCTOAIIOCH COBEIIaHNE, KOTOPOE BEIL
U.B.Kypuaros; yuactsosanun B.A.Mansuues, II.1.Broxurues, U.E.TammM,
A.1.Caxapos, 5.B.3eavnosuy, JI.I.Jlannay, U.5.Ilomepanuyk, FO.B. Xapuron
u np. Ha sToM cosemanun or Jlabopatopun "B” BHauyajle BHICTYIIHI
I .broxuuues, a 3aTeM COTPYNHHUKH ero oTHela. [aBHbM Obul HOKIIAL
b.b.KanomueBa o nepenoce HeWTpPOHOB B Ieifirepun. B cBoeM BRICTYIIIEHHR
Kanomues mokasajl, 9YTO B pg3ynbTaTe MPOTHKEHHOrO B MPOCTPAHCTBE Iepe-
HOCa PHEPIHH H MMIIYJIbCa OBICTPLIMHU HEATpOHAMH, a TakxkKe H3-3a 3¢pdekTa
KOMITOHM3AIMA B AefiTepnu HabiooaeTcsd MPpOCTPaHCTBEHHOE YHEPTOBLLIEIe-
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Hue Ha Gompmmx paccTosHusx. llosToMmy, 3amava mONy4YeHUs HETOHALMH B
"rpy6e” He UMeeT rapaHTIPOBAHHOIO NOJOKUTENbHOIO pemenus [23]).

B 1955r. mccmenosanus mo TepMmosnepHoit TeMatnke B JlabopaTopun ”B”
Opexpatiensl. AMepuKaHUbl yoenunuch B GeCHepcnek THBHOCTH 3TOMO METOMA
eme B 1950r.

” Gusdeckuil uneanusM” 1 pasBUTHE TeOPETUIECKON (DU3UKI

Bpems paboter II.U.Bnoxunnesa B JlaGopaTopun "B” coBmanmo c okonda-
HUeM TaK Ha3hIBaeMOW OuCKyccun o ”dusndeckoM mueanusme”. Hauaras
B.M.JlenuneiM eme B "MaTepuanmsme u sMuupuokputunuszme” Gopnba ¢ dpu-
3UYECKHM HACAIN3MOM IPONOIDKAIACH IIOYTH Ha IIPOTIXKEHHN BCEH HCTOPUH
COBETCKO (uitocodun u Gpusnku. B nocreBoeHHEbIe ToONbI OHA IIOJYyYMIIa HOBOE
pa3BHTHe U Belach BOKPYI' OCHOBHBIX IIOJIOKEHHH TEOPUH OTHOCHTENLHOCTH Y
KBaHTOBOH MexaHuku. JIMCKyTupyouye CTOPOHHE IPeACTaBILIN C ONHOM CTO-
poHEB! dusnkn AKaleMHun Hayk, ¢ Ipyroil - dacts ¢usocodos 1 ¢pusnkos MIY.

OpTomnokcanbHble napTuiiHele GuIocods! (elle nX Ha3bBaIl * MEXaHUCTHL )
[I0Ka3bIBaJl, YTO TEOPHA OTHOCUTEILHOCTH 1 KBAHTOBAS MEXAHUKA TIOCTPOEHEL
Ha npealucTHdeckoit duiocodun, IpuiLyMaHb! 32 pyGeKoM 1 TOPMO3AT pa3BU-
THe coBeTckoil ¢usukm. Ha ocHoBe pasBemuanus HOBeHIINX Teopuil ’uiea-
JcToB™ B ”KOCMONOIUTOB” OHH XOTENH PalUKalbHEIM 0Gpa3soM IepecTPOUTh
OpenofaBaHie U TMONTOTOBKY HayYHBIX KaIPOB.

Mexny TeM, GONBUIMHCTBO (DU3MKOB, OOBHHABIINXCS B UIEAIN3ME U KOCMO-
nosuTu3Me (ellle X Ha3bIBAJIK - ”3alaqHuKn” ), GBI BEIyIIMMI TeOPETHKAMH,
OPU3HAHHBIMU CHENUAINCTAMHE B TEOPUU OTHOCUTENLHOCTH, KBAHTOBOH Mexa-
Huke U speproi dpusnke (51.M.Ppenkens, B.A.Poxk, N.E. Tamm, JI.IJlannay u -
Iop.). '

OTa HOeoNnoruvyeckas NUCKYCCAL DocTuria anores 8 1949-1952rr., upu atoM
BO3HUKJIA [TapafiOKCAIbHad CUTYALUs: CO3NaHne aTOMHOIO OpYXK¥sl OIUPAJIOCH
Ha sOepHy0 (HU3MKY, KOTOpas HEMEICIHMMa 6e3 TeophH OTHOCHTENHLHOCTH H
KBaHTOBOI MexaHuMKH. IIpuHato cumtaTh, yro U.B.Cramun Bmemancs u or-
MEHUJI HOATOTOBKY TaK Ha3bIBaeMoro  GpuiocodCKo-KOCMONOIUTHYECKOTO 110-
rpoma” 1949r. mocne Toro, Kax ¢ HUM neperosopuitu obecnokoenusie JI.11. Bepus
ninu 1.B.Kypuaros. Bomba Gbuta Baxuee ¢unocopun. (Ilpasma, stoit kpacu-
BOil BepcHUH HET NOKyMeHTallbHoro nomrTBepxnenns). OmoHako muckyccus Ha
5TOM He IPEeKpaTUNach, H 3HAYUTEIBHYIO PONlb B HEil Ha BCEM IPOTAKEHHN
urpan Broxunites.
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Ipu sTom nosoxenne ero 6bUIO B M3BECTHOI CTENEHH He NpOCTHIM: [lMu-
rpuit VlBanoBuY 6BUI omumHakoBO ONH30K K oOenM IpynmaM ydeHbBIX, Tak Kak
IUTeTbHOE BpeMs omHoBpeMenHo paborain u 8 MI'Y, u B PUUAH, T.e. B cu-
cTeMe AKameMin HayK.

C npyroit cToponsl, BIOXHHIIEB HECOMHEHHO MONIB30BAJICA OCOOLIM IOBEpHEM
DYKOBOIMTENEH COBETCKOIO aTOMHOI'O IPOEKTA, H BO BPEMS IUCKYCCHU 110 (u-
SMKE HeOMHOKPATHO BLICTYIIAJI B POJIM KOHCYnbTanTa pykosomutened [II'Y, a
saTeM 1 Murncrepersa. MOXHO NPeNNIoNoXUTh, YTO MOCKE [IPOBalla COBEla-
s no ¢usuke 1949r. u cmepru npesunenta AH CCCP C.M.Basumnosa (ko-
TOPEIT B 3HAYMTE/ILHON MEpE CAEPIKUBaj Pa3BUTHE HETaTHBHBEIX ITPOLECCOB),
HYKOBOMUTENA ATOMHOTO MPOEKTa PEINWIM B3ATh CUTYalUio ION KOHTPOJIb.
BeposTio nosToMy He nosnuee ¢pespansa 1951r. Kypuartos npenyioxuit, 1Tobb
BIIOXHHIEB BO3MIIABIII CIIEMYIONIYI0 BO3MOXHYIO OUCKyccHio To dusuke [24]).

Kocnemcs kpaTko B3riianos bioxunuesa Ha 1onokenue B 0OJIaCTH COBET-
CKOIl TeopeTHIecKol GU3NKH B TOT NEPHON.

B copaske, nonrorosnennoit miis A.ll.3asensruna B ¢pespane 1951r. bao-
XHHIEB NUIIET, 9TO ~TeopeTHdecKasd pusnka XX cTONeTUA onupaeTcsd Ha ABE
byHZaMEHTaJIbHbIE TEOPUU - TEOPHIO OTHOCUTENILHOCTH H KBAaHTOBYIO MeXa-
unky”. OmEako TyT Xe OH OTMeYaeT, UTo "obe 5TH QyHIaMeHTalbHble QUu3n-
qecKre TeOpUM BO3HUKIIM Ha Io4Be 3apybexHoill, OypXya3HOH HayKHW ¥ 3TO He
MOTJIO HE OTPa3sUThCAd OTPHUIATENLHO Ha PA3sBUTUU COBETCKOH TeOpeTHYECKOi
MBICJIH, BMeCTe ¢ 9THMH TeOpHAMK K HaM ObUIN 3aHECEHBI BpaxneOHble PeBO-
TIOLIOHHOMY MaTepHaJ3My (GIIIoCcodCKIe KORIEIMUN ¥ Ay X HA3KOMOKIOHCTBA
epel MpeNCcTaBUTeNIMH 3apy6exnoil Haykn [25]).

UYuras TEKCTHI TeX JIeT HALO XOPOLIO IOHMMATDL IPOOIieMy B3aiMOOTHOLIE-
HUSL HAy KU 4 MOEOJIOTUH B TO BPEMs, IIPENCTABIATH, KAaKIM 00pa3oM yIlaBaJloch
coueTaTh GUIOCOPCKYIO TEOPHIO MapKCcH3Ma 1 GuilocodcKne IPHHIUIL Hayd-
HOTO peajiu3Ma, W Ha YPOBHE MPaKTHUKH PasTPaHUUIUBATEH CHephl KOMIeTEeHIUNN
yUEHBIX, CIEUHAIUCTOB H MIEOJIOroB. DBIIOXUHIEB, UCIONL3YS CaKpaMeHTallb-
HYIO (DpPa3eosIOrHIO TeX JIET, TOBOPHT O HEOOXONMMOCTH Pa3BUTHs TeopeThde-
ckoit puanku. Ho 06 5ToM ke ropopui u axamemuk Pox - OMUH U3 TIIaBHBIX
OGBEKTOB aTak MapTHHHBIE QUIIOCOPOB B TEX NUCKYCCUAX, - POK roBopusi, 4To
"HEKTO W3 HalIuX (DU3MKOB He CYUTAET KBAHTOBYIO TEOPUIO HOTOIKOM (PU3M-
4eCKOil Teopuu’”. ‘

”Jlnst BceX TEOPETUKOB, - NUIIET fallee BIOXUHIEB - COBEPLUIEHHO ACHA ...
i HMOHATHA HEeNOCTATOYHOCTH KBAHTOBOH MEXaHWKH, a MOXKET GHITH W TeopHH
YTHOCUTENLHOCTH B OOMAcTH YIbTpaMalibiX MaciuTaboB, XapaKTEpHBIX IS
yteMenTapHbIX YacTul. Ilepexonm K HoBBIM MacmTabaM, Kak YYUT AHAJIEK-
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THYECKHU MaTEPHAIIN3M, IOJIKEH COPOBOXAATHCS, IPUHININANLHEIMY, Kade-
CTBEHHBIMU M3MEHEHUAMHI TEOPUU.

Takoe nomnoxenue e, KOrAa y Hac IIPaKTHYECKH He paboTaioT Hal IpUH-
UUIIaMU TEOPUH, ABILETCA TeM 6ollee HeHONYCTHMBIM, BCe MBICIHAIINE GUITKH’
HOHAMAIOT, YTO KX HayKa CTOMT Ceiivac HAKaHyHe HOBOTO BEJHMKOrO IEpesioMa
U COBETCKHE TEOpeTHKH CTPACTHO Xelaiy 6Bl OCYHIECTBHTL 3TOT lepenoMm”:
(26]). -

Bonbmioit nuTepec npencTapiseT aHAIN3 COCTOSHUS ¥ Pa3sBUTHS COBETCKOM
TeopeTHUECKOIl PU3NKH, IOATOTOBIEHHBIT bIoXnHIEBLIM B OKTA0pe 1953r. miis’
orneina cpensero mamunocTpoenus Cosmuna CCCP. Dror ananus 6s11 cienan
B cBa3u ¢ paboroit komuccuu IIK KIICC o nposepke duszdpaxa MI'Y. Bosrna-
BIIAN KOMHCCHIO MUHHCTD cpennero Mammuoctpoenns CCCP B.A.Manuimes.
Wunuunposaio 3Ty nposepky obpallleHne MPYHILL BENyIHX YYEHBIX
(1.B.Kypuaros, M.A Jleourosnu, U.E.Tamum, JI.A. Apnumonuy, JI.11. Bnoxunues
U Ip. - IOYTHU BCE YUACTHUKM aTOMHOTO IPOEKTa) B AKanemuio Hayx u Munu-
CTEPCTBO CPEMHEro MAIIMHOCTPOEHN.

B cBoem ananusze Bioxusuies neauT UCTOPHIO Pa3sBUTHS COBETCKOI Teope-
TUYEeCKOU GU3NKY HA TPH dTala U KPATKO UX XapaKTepPU3yeT.

Ero GecnokouT orTcrasanue Halueil TeopeTHYecKoil GUIMKY, W OH IIpelJia-
raeT pan mep (u3 12 nynkTos), HeobxonuMBIX 17 ee passuTug. Cpenu Hux, B
YaCTHOCTH, TAKUE [PEIIIOKEHUs:

¢ BEPHYThH MacCOBOCTD Halllell HayKe;  CYMeCTBeHHO MooIpPATh paboTy HAK
npofieMaMi TEOPETUYECKOM PU3NKU; @ CHITD PEKUM CEKPETHOCTH ¢ paboT, He
HIMEIOIIUX OTHOINEHNS K TEXHUKE W IIPON3BOLCTBY; ® CYMTATDH O6A3aTEINbHLIM
IS PYKOBONAIINX HAYYHHIX PabOTHUKOB, 3aHATHIX B IPOMBIILIEHHOCTH, y4a-
CTHE B Hay4HBLIX CEMUHApaX W JIMYHOE UMH PYKOBOACTBO. '

MHorne u3 npemioXKeHunil, BbIckasaHHbIX B aToii cupaske .M. Brnoxunnessiv,
BOLIJIM B Toil MJIM MHOW Pelakiny, B 3aKIIOYeHNe KOMUCCHH U B MOCIENYIOIEe
saTeM [loctanobnenue IIK ”O Mepax mo yny4IieHNIO NONTOTOBKYM KaipoB ¢u-
suxos B MI'Y”.

Hackonnko cunbho BonHosaio Tmurpus UsaHOBUYA COCTOSHUE COBETCKOR
TeopeTHYECKOl GpU3NKKM BUOHO M M3 IPYIOH CHPaBKM, COCTABJICHHO HOYTH B
To xe Bpems (Hos6pb 1953r.) mna Hayuno-Texmuueckoro ynpapnenns Mumu-
cTepcTBa cpemnero MammHocTpoenns. Cnpaska HasbiBaeTcs K copemanuio
1o Teoperuyeckoi ¢pusnke”. B neit Bnoxnanes numer:

B nocnennue ronsl B AMeprKe cliefalbl CYMECTBERHEIE YCNEXU 1O KBAHTO-
BoOit anekTponnHaMuke (”MeTON nepeHOpMHUPOBKY” ) U 10 TeopuH supa (”soep-
unie obonoukn”), a B Hannn paspaGoTana ”Komnek TUBHAS MOLeNb Sipa” , Hpen-
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CTaBIAIOLIas CYIIECTBEHHBII [IPOrPECC O CPABHEHUIO KAIENbHON MONeIbIo.

B nameii ke crpaHe, B HacTosIIee BpeMs, paboTa 110 TEOPUH IIPOTEKAET, B
OCHOBHOM, B PaMKaX JaJIbHENINEro pa3sBITHA HA3BAHHLIX 3apyGeXHLIX uelt u
o pa3paboTke TEOPUM OTHENBHEIX YaCTHBIX ABIIEHUN” .

B sTux obcrosTenbcTsax oH npennaraeT m3bexaTh Ha coBellaHuE o6cy-
XNIEHUS PA3TUYHBIX MEJKUX NOCTHKEHUA OTINbHIX JIUIl, I O6CYIUTH OCHOB-
Hele Bonpocel: Kak HOULIN O CyLIECTBYIOLUErO HEYIOBIETBOPHTEILHOIO MO~
aoxenus? YUro menarth, yTo6bl BLiiTH U3 Hero? Q6CYynHTH 3TH BOUPOCH C
TIOJIHOH OTKPOBEHHOCTBIO, IPOAHANIN3NPOBATH OIIMOKK HPOIIIOro, pa3BepHYB
HecriomanHyio KpUTHKY TeX PYKOBOOUTENEH, KOTOPEIE He MONIepXKUBaIidl HO-
'BBIX (U3MYECKUX MIEH B Hallell cTpaHe, MIIYIIWIN UX passuTue [27]).
~ Tocnennss cnpaBka HallCaHa B TO BpeMs, KOTJIa ellle He OKOHUMIach 6ops6a
¢ GU3NYECKNM HIEAIN3MOM, U ellle CBeXW OBUIM OTTONOCKd GOpBOLI ¢ KOCMO-
nonutusMoM. Ho 3meck yxXe HeT ynmoMmuanuiz o6 OTpPHIATENHLHOM BINAHHU
OypxKya3Hoit HayKM Ha Pa3BHTHE COBETCKON TeopeTHUecKoll GU3NKH U IIPOYNX
nopo6ueix Bemeit. C Ipyroit CTOPOHBI, €ro cIoBa 06 OTCTaBaHHM COBETCKOH
(U3NKH 3ByUAT [MCCOHAHCOM TOMY ”3Be3Nonany” , KOTOPHIl OGpyIIMIcs Ha (u-
3MKOB TIOCIIEe TIEPBEIX UCHBITARUA ANEPHOTO OpYXus.

J.M.broxunnes B BOCHOMUHaHUAX

I .Broxunnes, xax BCAKWE TaJlaHTIMUBHIL YENOBEK OLIJI MHOTOIPaHHON
TUYHOCTBIO. ADXUMBHBIE OKYMEHTEL, JIETIINE B OCHOBY 3TOTO PaccKasa, CyXu I
opnumansubl. Jng Toro 4ToGH NONHee PaCKPHITH XapaKTep U JIydile y3HaTb
‘3TOTO YesloBeKa o6paTHMCS K BOCIIOMUHAHUAM TeX, KTo paboran ¢ [IMuTpuem
WBanosuuem. Bot kax nucasn o Hem yuacTHUK cosnanns [lepeoit ADC Muxaun
Eropopuy Munanmn: .

"HecMmoTps Ha 3aHaTOCTE, IMurpuii MBanoBuy coxpanan ceexecTb yMa,
' MOJIHHEHOCHYIO PeaKlIo, HUKOI'Na He YTPauuBall YyBCTBO I0MOp2 U, TJIaBHOE,
“XeJIe3HBIM 00pa3oM He IOMyCKasl pacCTPOHCTBa OOIIECTBEHHO-HAY IHOM - :KN3HU
‘mHCTHTYTa. B TO BpeMs Ka3afoch, UTO NpONMYCK (GU3MYECKOTO CeMHHApa B
' MacTuTyTe 61T paBHOLEHeH B3PHIBY 60MGLI”.
~. . JIro6onbITHO, 4TO 9TH CEMHHAPHI, KaK MHcCal BIIOXHHUEB B ONHOM U3 IIPH-
'Ka30B 10 HHCTUTYTY,.OH IPOBOLMI [IJs “TNONHATHS HaydIHOTO TOHYyCa IPOU3-
BonCTBeHHoM xm3Hu Jla6opaTopuu "B” u nalbHEIero pa3sBepTHBAHUL KPH-
THYECKOTO 0GCYKIEHHA ... BLINOJHEHHBIX pabor” [28]).
- On e mobun CKOPOCTIENLIX Pellennii, Tpe6oBal BCECTOPOHHETO OGIyMEI-
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BaHM, OGCYXKIEHAA CO CIHEeNUAJNCTaMHA CMeXHLIX mpobieM. OH HuKornma He
YIyCKall Cllydast, YTOOLI BOONYIIEBUTH CBOETO MONYMHEHHOro cobecenuuka. B
TaKHX CJIydasx oH ropopmi: " AX, ecim 6bl He 9Ta TEKYUKa, s 651 0013aTENLHO'
TonpoboBail PEMIUTEL 3TY 3allady, YK O4eHb oHa HHTepecHa. Ho 3To MHe He
cyxneno. Bpemenu mer. EnuncrseHHoe Moe mpenmMyinecTBO, KaK JUPEKTODa,
COCTONT B TOM, YTO 3a MOHM KabBHHETOM €CTb ellle OIHA KOMHATa H MHE He
IPUXOMUTCS TaJleKo XONUTh U TPATUThL BpeMs . ‘

Hvutpnit BanoBuy ob6namail yOUBUTENHLHON CHOCOGHOCTHIO OBICTPO pe-:
aTh 3a0a4l, IOJy4aTh YHCIIEHHBIE Pe3ybTAThl, BEPOSTHO, [0 TOH MepKe
OH OUEHMBAJI M APYrux Jonei. lyMmalo, 4To MMEHHO NOTOMY OH 3arpyXal
PaCYeTUYNKOB TAaKUM O6HEMOM pacdeTHHIX pPaboT, KOTOPHI OH caM HCKpeHHe
CUNTAJI ellle He HCUEPNbIBAIOINM BO3MOXHOCTEN, HO Ha BBHINOJIHEHNE KOTOPOTO
He xBaTano u 16-Tu wacoB pabouero mus.

W Bce xe pabora Bmecte ¢ Imurpnem VBanopnyeM Kasanach JETKO# u
Beceroit! B citywae, xorna y Hac 4T0o-1160 He NOMY9aiochk, MbL 1uTH K JIMuTpmio
ViBanoBuuy ¥ Bcerma IOJy4Yalid OTBET, YTO IIPOIIE BCErO 3TO HENaTh TaK-To,
uin ”a 5Ty 3alladuy U pemaTh He Hajo”, MOTOMY-TO M IOTOMY-TO.

HecmoTps Ha To, 9To 1o Mepe nponsuxenus npoekta [lepsoit ADC, ¢pusuk
O .U.Broxunues Bce 6omee BTATMBAICS B TEXHUKY, OH BCe Xe ocTajcs (usi-
koM. Ilo mocriennux nHeit npebpiBanus B JlabopaTopuu "B” on uHOrma BO3MY-
MIAJICS. MHOTMMH TEXHUUECKMMH TEPMHHAMH, 2 B IIEPBOE BpeMs [OCMEHBAJICH
Hall " GaMuIbHON alirebpolt” KpUTepHAJIbHEIX YPaBHEHIIT TENNIOTEeXHUKH U TH-
OPABIIHKI, BO3MYIIAJICS N0 NOBOLY MPUMEHEHHs TaKUX eNWHUI KaK KHIIOKaJIo-
pus B 4ac”: "B gacax MOXHO U3MepATH TONBKO BPEMS CHa, a He KOJIMYECTBO
nepenanHoil speprun. Hy, ckaxwure, 3agsem Bul ucrnonnsyere Takyio equuuny,
KOIZla OHa CaMa HAIIPAIMBAeTCs CHENaTh W3 Hee XOTd 6bl "KaJlopHio B ce-
kyuny?”. Iopanok onun u ToT xe!”.

IlpesocxoncTso 3uannii u ymenusa y Imurpus BaHoBuua B cpaBHeHHH C
HaMU, €r0 HONYMHEHHBIMY, He IO3BOJISIIO HaM CHOPHUTH H, KPOMe TOTO, OIIPaB-
NLIBATL 9TH €IMHNILI B TO BpeMs MBI emle He Moriu. OnHaxo NPeBOCXOACTBO
B 3HaHusx IIMurpus BaHoBHYa He OCTaBILIO HEIPUATHOTO YYBCTBA, T. K.
OH BCETZla UCTONIL30BAIl €T0 B NOGPOXKENATENHLHOM HANPABIEHHH IS CBOETO CO-
6ecenunka. Ilepexon Imurpus Usanosnua us JlaGopatopuu "B” na HOByWO
paboTy B TeuyeHHe IIINTENHHOTO BPEMEHN IONNEPKNBaAJl YYBCTBO COXAJICHNS Y
OYeHb MHOTHUX MHXEHEepoB, ocobenno y pacderunxos” [29]).

PacckasbiBas 06 obuunckom nepuome xusuu I.U.Brnoxunuesa nenb3s He
BcnoMuUTE O ero xeue Cepadpume Wocudosne Hpabkumuoit. Ilpn Hmurpmu -
Wsanosuue 8 JlaGopaTopuu "B” 6nuto oTkpbiTo BeuepHee oTnenenne MUPH,
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u Cepapuma Mocndosra cTana omHUM U3 MEpPBHIX IOpenomaBaTelieil BHOBb CO-
snagHoro mHCTUTYTa. OHa nNpenomaBajia MATEMaTHKY U KBAHTOBYIO QU3HKY.
C Gonbuoit TEmIOTOl ¥ MOGOBLIO €€ IO CHX NIOp BCIOMHHAIOT BCe GBIBIINE CTY-
neutsl. B 1957r. cocrosncs nepsuiit Buinyck O6umuckoro dunuana MUDHY,
W nepsuiit suinyck npuraacun Imutpus sanosuua u Cepadhumy Mocudosny
(koToprie xmim u paboramu yxe B IyOHe) Ha NMPa3sqHUYHOE TOPKECTBO IO
sToMy nosony B O6HnuCK.

3axrouenne

Taknm o6pazoM, kopoTkuit epuon nesrenbuocTu Imutpus MBaHoBuda B
O6uuncke - BaxHas cTpaHnla B McTopuy Hautero Hay4usoro Henrpa. Kak yxe
FOBOPMIIOCH B Hayajle, DIIOXMHIEB BO3IIIaBUil MHCTUTYT Ha IEPEIOMHOM 3TAalle
€ro UCTOPHUH W OCTABUI B Heil Hemsriianumeii cien. [Ipu Bnoxunnese uncien-
HOCTH MHCTHTYTa Beipocia B 3,5 pasa. Ho Baxmuee TO, uTO K cepenune 50-x
rofos (kax oTMevas caM Jmutpuit llBaHoBHY B CBOEM BBICTYIUIEHUN NEperL
konnexktusoM Jlaboparopuu "B” B despane 1956r., 3a Tpu Mecsua [o ero 1e-
pexona B OUAN), uncruryT ”u3 rpynnst HOBUYKOB, O3UPAIOLINXCA HA TO, YTO
nenaercs y bonee ONBITHHIX § MOTYYHX COCeneil, ... NpeBpaTUICA B MOIIHBIN,
KBaJINQUIUPOBAHHBIN KOJUIEKTHUB, 3a IUIEYaMH Yy KOTOPOro HEMaJIblii ONILIT B
CaMOCTOATENLHOM perteHnr Gonblnux 3anau”30).

Hapsny ¢ ocHoBHHIME HanpaBieHuaMu nestenbrocTd JlaGoparopun ”B”,
B pasBUTHe KOTOpHIX BHec Goumbloil Bxkiazn lmurpuit Usasosuu, ocoboit ero
mo6oBbIO OCTaBajlach TeopeTudyeckas ¢msuka. IMuTpuit VBanosuy mpmio-
JKIJI BCE YCHIIHMA, YTOOHI CO3[aTh B HHCTUTYTE CHILHBIA TEOPETHUYECKHUI OT-
ient, crasiuid roprocthio @O, ero Mo3roBuIM neHTpoM. Beem uasecTHHI nipe-
KpacHble yueHble, Beipociine B 3ToM ornene: JI.H.Ycaues, I'.H.Cmupenkus,
‘B.3onoryxun, I'.I.Mapuyk, A.B.Urnartiok, A.C.Pomanosuu, H.C.PaGotuos u
JIpyTHe, MHOTO CHENTaBHINE IUIS PA3BUTHS T€OPeTUYECKOH (PI3UKN U NpaKTiye-
CKHX ee TIpWJIOXKEHNH.

- Cronb xe Gonpmyio pons corpan u POU B xms3un Imurtpus sanoBuyva.
-3mech oH nprobpelt MEPBLI ONLIT PYKOBONCTBa KPYIHEIM HAYYHBIM KOJJIEKTH-
BOM, 3[leCh K HeMY HpHUILIa HacTOAIIas MUpoBas claBa. U BroiHe 060CcHOBaHO
B XapaKTepUCTHKe N0 BeABIKeHumo IMuTpus Vsanosuua B AxaneMuio Hayk
CCCP A.K.Kpacun nucan 8 1953r.: ”B mune /I.U.Brnoxunnesa crpata uMeet
'BBILAIOIIETOCS YYEHOTO ¥ OPraHu3aTopa, CMENO Pa3BUBAIOLIETO HAYYHEHIE 3Ha-
HUS U HPAaK THYECKH HAIIPABISAIOIIEro 5TH 3HaHUs Ha Pa3sBUTHe HOBHIX obnacrei
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TEeXHWKH M HapolHoro xossaicTsa” [31]).
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J1./.BnoxunieB u ero pabora B CapaToBcKoM
YHUBEPCUTETE.

B.B. Urouun

Caparosckonit yausepcutet, Caparos, Poccus

Abstract — Bocnomnuanue o pa6ore II.JI. Bnoxnnuesa B CapaToBckoM
yHuBepcureTe. BhicTyniienne Ha NpoRoikeHUH 3>Toil Kondepentyu B Ca-
PaTOBCKOM YHHBEPCHTETE.

...[Homepga 20aybyro 36e3dy,
ITIycmo 6 memnom 3amepauem cady.
O nomepe pesnuso Moauy...
...Bce cebe ace pesnuso wenuy:
A e€ ombiwy, omuiwy.

I.U. Broxuuues

I. Tlocne okoHYaHUS aCIUPAHTYPHI M 3aIMuThl auccepTauum (81934 r.) L.
broxuHueBy Ha ee ocHOBe Oblia mpucyXkieHa B 1935 r. ydeHas cTeleHb HOK-
Topa ¢usuku. B Tom xe romy o Ouinm npurnamen Ha pabory B CapatoBckuit
rocynapcTeennniii yuusepcuTer M. H.I'. UepubimeBckoro Ha HOIKXHOCTH
npodeccopa - pyKoBomuTelf cosnaBaeMol kadenpbl Teopermdeckoll gusmku
¢du3nKo-MaTeMaTHUECKOTO (hakynbTeTa. CoGCTBEHHO BOIPOC O e€e CO3MAaHUU
BO3HHUK Topa3lio paubiie: eie B koHUe 1919 mHagane 1920 rr. wa Ga3ze cyiue-
CTBYIOLIEro Kabunera TeopeTuyeckoil pusuku Pusnueckoro uucruryra CI'Y,
pyxosonumoro Borycnasckum C.A. Opranusanus kadenpht 6blila NpusHaHa
BecbMa XelaTenpHoll u B petrenun VI Beecorosnoro cresna ¢usukon (1928r.)
U NOCTAHOBJICHUHU IpaBiieRus yHuBepcurera. OOHAKO peasibHBIE BOIMOKHOCTH
opraHm3auuy Takoll Kadenpsl nossmimnuch x cepenune 30 -x romoB XX B. Bort
4TO MHCalla MHOTOTHPAaXKa YHUBEPCUTETA "3a HaydHElE Kaaphl” (oT 23 uions
1935r.): "B1934r. ... 6eUIM OTKPHITEI McTOpHUecKue (akynbTeTh mpu Mo-
CKOBCKOM U JleHuHrpanckoM yHuBepcuTeTaxX. B 5TOM rofy OTKPHIBAETCS TeO-
perudeckuii pakynapTeT B CapaTOBCKOM YHHBEpCHTETE. DTO CBUAETEILCTBYET,
yro CI'Y mocne ¢TONMUYHLIX YHUBEPCHTETOB 3aHMMAET OIHO U3 HEPBHIX MeCT
110 CBOeMY Hay4HO-yuebHOMY obopynmoBaHHIO, OUOIMOTEKe M CBOMM Hay4YHBIM
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xanpaM. OcobenHo pemuTensHO MOXHO OyOeT ob 5ToM 3agBUThH OCIIE OCylie-
CTBIeHNs NINPOKOW IPOrpaMMBbl, KOTOpas HaMedeHa B passuTun CI'Y ¢ 1935-36
yuebroro ropa. C ocenu 1935 roma pa3peprrBaioTca HOBHE Kadenps! u stabo-
paTOPHH 110 MaTeMaTHKe, GU3NKe, XMMuH, 6uonoruu reomoruy u 1.4. Ilo xonu-
yecTBy xadenp CI'Y sanumaeT nepsoe MecTo cpenu yausepcuteros PCPCP
nocite yuusepcutetoB Mocksut u Jlenunrpana. lns pykoBoncTBa HOBEIMH Ka-
dbenpaMn TPUTIIAIAIOTCS YHUBEPCUTETOM KpylHble cueruaanctel CoseTckoro
Cotoza, upodeccopsl: Xunuun, [lerporckuit, Kypom, Baruep, Bioxunnes u
IesIbIil pAll APYTHX y4eHBIX”. MecsameM mo3xe Ta Xe raseTa mucaia (B Hosbpe
or 29 uncia 1935 r.) B cTaThe pexTopa Xpopoctura: ”KomuyecTso kadenp s
CI'Y B sToMm rony BripacteT ¢ 16 no 34. Ha sausTue ux npurialuenb upodec-
copa Mockosckoro yuupepcurera A. Xununn, . Ilerposckuii, A. Kypow u
B. Baruep no matemarugeckum -xadenpam u II. Broxunnes no xadenpe teo-
peTuueckoit ¢puszuku, Kabak no kadenpe nuunamuku paspurus T.n. 7 Haxonern,
IpUBeNleM CBUAETENLCTBO 00acTHOM rasers ”KomMmynucT "B KoppecnoHzieH-
mun no CapaTtoBckoMmy yuumsepcurery (Ne 234 (521) orl0 okTsabps 1935 T., c.
4): 7... Ilna pyxosoncTsa Kadenpbl reoMeTpud mpubblil HOKTOp MaTeMaTH-
uecKux Hayx npodeccop Baruep u fuis pyxoBoncTBa TeOpeTHYECKOH (DU3NKN -
nokTop dbuzudeckux Hayk npodeccop Brnoxunues. Kabenpoit nuuamMuku passu-
tus (6uonoruueckmit paxynbrer) 3apenyer npuexasumit B CapaTos npodec-
cop Kabax n xabenpoit dusuyeckoit reorpadun - npodeccop IIuorposckuit”.
Mu cnenmanbHO Tak nompobHO OCTAHOBHIMCL Ha JOKYMEHTAJILHOM OOOOCHO-
sannu daxrta o cosnanuu Kabenpul Teopernueckoit Ppraukn CI'Y u ee nepsom
pykosonureine bioxunuese .M. B cB13u ¢ TeM, uTo cosmanue kadenphl Do Ha-
cTosuero BpeMenu oTHocwin k 1946 rony, a paGota npodeccopa broxunnesa
B CT'Y Boobmie BO BCex opUUMAIBLHBIX MaTepHajax (r06uneiinbix, HEXposore
H.JIp.) Daxe He ynomuHaercs. Tax uTo, mo BuaMMOMYy, HacTosmas my6mu-
Kan¥s ‘B 5TOM ILIaHe SBJSETCH IepBOil. A 5>To 0DS3bIBaeT HAc NPHUBECTH elle
HECKOJIBKO JIOKYMeHTAIbHEIX Hanubix. Oduunansro kadenpa Teopernueckoit
busuxu 6bina yrsepxnena Hapxomnpocom setom 1935 r. Torma xe Ha xa-
denpy, napany ¢ Broxunneswim, 6binn npurnamensr 10.5. Pymmep u C. U.
Ipabkuna. HomkwocTs 3aBenyloero kadenpoil yreepxaena c 15 XIT 1935
r. (Ilpukas no ynusepcutery or 19 mapra 1936 r.) C okTabps mecsaua 1936
I. ‘Ha KaQelpy 3aunciieH GBUI KAHANLAT QU3NYECKMX HayK L. IMextep -
yuenux .M. BroxunueBa (mpmkas N ot 11 XII 1936 r.). He6esnmrepecno,
4ro B npukasax no yaumsepcurety (or 9 IX u 4 XI 1935 r.) ompenensnocs
guciio BunonueRHsix .M. BroxunueBbiM yueGHBIX 9acoB (JIEKUHOHHBIX H Ce-
munapos). [Ipn sTom Bo BTOpOM Ipuka3e eMy. NOTOIHATENLHO 3aCIUTHIBAIOCH
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50 JeKIMOHHBIX YacoB U 36 ceMUHapoB (CBEpX paHee 3aIUTaHMpOBAHHEIX). He-
Ge3LIHTEPECHO TaKXe, YTO B IOJDKHOCTHEIX Ilepednsx “Ha36/37 yuebmbiii ron
’ycTaHaBIUBalUCh (B cooTBeTcTBHN ¢ npukasoM Hakpomnpoca PCOCP - man
B pukase no ynusepcutery Ne 5 ot 11 suBaps 1937 r.) mepcoHalbHEIE CTaBKH
1podeccopeKo-IIPENONaBaTENbCKOMY COCTaBY, B TOM unclie npodeccopy Bio-
xunnesy ( 1000 py6uneit B Mecsan) u mouentaM Hpabkusoit n Iexrepy (c 1 XII
1936 r.). M yro cHMITOMaTHYHO - TakK 3TO BeCbMa He THIINYHOE KaHIENAPCKH-
allMUHHCTPaTHUBHOE PacIOpsIXKeHNE 3a MOANKUCHIo npodeccopa [omy6a (BPUO
pektopa CI'Y): ”... 9. IlpekpaTHThL BHIIATY NEPCOHAILHBIX CTaBOK Ipodec-
copy Bnoxmsuesy u nouenrty Hpabxunoii ¢ IV 1937 r 8 suny npekpamenus ux
paboTel B yausepcurere ” (7)), T.e. eme no koHma cemectpa. Y B 3aBepuienne
NepBoil 4acTHM HAIIETo coobIIeHHA o cTaHoBieHnu Kadenpsl Teoperumueckoi
¢usukn CI'Y ormernm, urto Ilocranosnennem BAKK BKBIII (ot 23 V 1938)
MlexTep III.III. 6LuT yTBEpXIOEH B yYEHOM 3BaHMK OOLEHTa IO Kadenpe Teo:
peTunueckoi (pusuky, a sateM npukasom BKBIUI npu CHK CCCP yrsepxnen
78 nomxkHoctn Bp. W.0. 3aB. xadenpoit Teoperndeckoit ¢pusukn (npuka3s or
9 mrons 1938 r.) !
I. Yuebuo-nenaroruyueckas paboTa no TeopeTndeckoil GU3NKe ¢ NPUXONOM
Bioxunuesa u Op. ecTeCTBEHHO MOBEICHIIA HEOOXOOMMEIE M YPOBEHBL, U CH-
CTEMATHYHOCTD W IOCHEAOBATENLHOCTD, MOCKOILKY BHINOMHMIACH CHENAAIIH-
CTaMH JaHHOTO NPOQUIS B PaMKaX YHUBEPCHTETCKOH CTPYKTYpPHOU S4eliKn
- xadenpel TeopeTuueckoil PU3UKN YUTAINCh KYPChl KBaHTOBON MEXaHUKH,
TEOPHH IO U JIEKTPOHHON TEOPHH, CTATUCTHIECKOH (PU3NKU U TEPMOOUHA-
MHKY, TEOpUH OTHOCUTEILHOCTH ¥ KYPC JONOIHATEILHLIE TIIABBl COBPEMEHHOI
$U3NKY - >7eMEHTHl TeOpuu aTOMa ¥ palvoakTuBHocTH 1 Ap. Hna obmiero
ApEeNCTaBlieHnd 06 ypoBHE NEKIMOHHLIX 3aHATHI U CEMUHAPOB NENEcO00pPa3Ho
OpHUBECTU Ha3BaHNS HEKOTOPLIX HayuyHhIX pabor Bioxunnesa, omyGnuxosan-
ueix B "CaparoBckye” u mepshie ropwl nocie paborsl B CI'Y (mecomuenHo,
sanymannuix B Capatose) nepmon: Bpems Xu3HM yacTHi B amcopGupoBaH-
oM cocrosuui {coBM. ¢ IHesTepom). ATomucTuka B coBpeMmeHHOI dm3nKe
(coBm. ¢ ®. Tambnepunniv). Marepus, Macca u sueprus (cosM. ¢ ®. lamb-
nepunbim). Ddup (coBm. ¢ $. Tanpnepunniv B xypraide "®pour mayku u
TexHUKN”). B 4eM 3akmioyaloTcs OCHOBHEIE OCOGEHHOCTH KBaHTOBOH MeXa-
aukn. Jluckyccus o cTpyKType aToMBOro Apa (B Ycmexax ¢pusndecKkux Hayk)
Yro Taxoe Teopusa orHocuTenbHocTn OHTU. M.-JI. 1936 r. IloBTopHO OTOBO-
PHMCs, YTO NepedeHb He BKIIOYaeT Kak paHHHe paboThl, Tak M BCe IOCIENy-
fomue nybnukanuu broxunuesa, poBHO KakK M He HOIpa3yMeBaeT Kakylo JIn6o
HX XapakTepuCTHKY. BecbMa BaxxHO, OHaKO, OTMETHUTH, 4TO paboTa mpodec-
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copa Broxunnesa B CI'Y . He orpanuyuBamach TONLKO OMHON aKageMHUYECKON
Harpyskoil. MM cpa3sy ke Gblia pasBuTa CHCTeMaTHYecKasd, BHE NOJIXKHOCTHOM
CeTKH, HAy4HO MONYISIpHAs U NPOCBETUTEILCKAA NedTeNbHOCTh. BoT uTo nn-
calla obnacTHas rasera "Kommynunct” (B HOMepe oT 22 okTabpsa 1935 r., Ne
244 (531), ¢ 4.): "Ilpubpsiuit n3 Mocksul Ans paborsl B CapaToBCKOM yHH-
BepcuteTe npodeccop broxunnes .M. mpourer nukm sekuuii Mg HaydHBIX
paboruukos CaparoBa na temy ”llpobaemnr aTomuoro anpa”. Ilepsas nekuus
cocroutcs ceronts B 8 u. 10 Mun. Beuepa B ¢usndveckoit aynuropun (III xop-
nyc yunBepcuteTa). Ceronus xe npodeccop XHHUNH NPUCTYNAET K YTEHUIO
YHHBEPCUTETCKOTO KyPCa TEOpUY NEACTBUTENLHOTO nepementoro. Jlexuun 6Gy-
IUT YUTATHCA IO YeTBEPTHIM HHSAM InecTUnHeBKH ¢ 9 4. 20 MuH. Beuepa B
¢usnyeckoit aynuTopun yHHBepcuTeTa . 3aMedy, UTO 3TH NEpBble JEKHHE (a
3a TeM U HocieAyiomre) i - IUKOJBLHUK 9 Kilacca cpemHel IIKOJIbE MOCETHI,
K COXalleHUIO He NpOBoAsA Kakux-mubo, xoTsd OBl KpaTKux, 3amuceid. B na-
MATH COXPaHAIOTCH TONBKO OTHeNbHbIe YacTHHE (akTh. OTYeTiuBo noMHIO,
HallpHMep, 3JIEMEHTHL H3 JIEKIUii O TANOTe3e HENTPUHO M 3aKOHE COXPAHEHMS
SHEPIUA U HEKOTOPEIe Apyrue (0 TeopUH OTHOCUTEIbHOCTH U ddupe). 5 cran
CTYIEHTOM (U3MaTa CapaTOBCKOTO yHMBepcuTeTa B cenTsabpe 1937 r., xorma
Ivutpuit Usanosua 8 CI'Y yxe ne pa6oran. Ommako cBoio posib ero Jiek-
nuu cuirpand B Boibope Moeit cnenuwansuoctu. [lkonsgpoMm B cooTBercTBUn ¢
IyXOM TOro BPEMeHH, 1 HAaUEINBAJICA Ha CHEUHaIN3alMIo no Kademnpe asporu-
IpoMexaHUKH (T.e. ”aBHaMOHHOMY” HalPABJIEHUIO YHHBEPCHTETCKOTO 06pa3o-
Bannsd). Jlekmun npodeccopa bioxunnesa B kopHe H3MEHHIIN MO€E LIPEACTABIIe-
HIe 0 COOTHOLIEHNH OTHENbHBIX HayUHHIX NUCHMINIMH. 51 B Mepy BO3PAaCcTHBIX
BO3MOXKHOCTEH €Tall 0OCO3HOBATb YTO €CTh GU3nka Kak GyHAaMEHTAJIbLHAS YHU-
BEPCHTETCKas HaykKa U ee IOJIOKEHUe B CUCTeMe 3HaHui. BosBpamasice k Teme
"Buoxunues u ero pabora B-CI'Y”, orMeuy, 4To B HoclienmHue NpeIBOCHHELE
u BoenHsIe Tonul (1938 - 1945) B yunpepcuteTe u Ha Kadenpe Teoperuyeckoit
dusnku CI'Y kakux-m6o MUCHMEHHBIX MATEPHAJIOB O KOHTaKTaX U CBA3AX C
IM. BrnoxunuesniM Her. HeT m y MeHS TakoBHEIX, POBHO M JIMYHBLIX BOCIIO-
muHanuil. Ilo-BunuMoMy, oH B 3TOT mepuon ¢ yHUBEPCUTETOM He OBUIaJICH U
B CapatoB He npuesxan. Buosw ¢ .M. BroxunuesbiM s BcTpeTHics yixe B
1946 r. Bo BpeMsa coBMecTHON KoMaHIupOBKH c 3aB. kKadenmpoit A.C. Illex-
TepoM B Mocksy (mo memam HUNM® CI'Y, nom. nmpekTopa KOTOPOro IO
aIMUHHCTPATUBHO-TEXHUYECKOH YacTH a1 Omut, Gyoy4d CT. NperofaBaTelleM
kadenpe O6wieii ¢pu3uKY, ¥ OTHOBPEMEHHO IO HAYYHEIM BONPOCAM MOER H/H
paboThi - IpobiieMe pa3zieNeHns TAKenblX n3oTonos BY anexTpoMarHUTHEIM
nosieM ¢ pasosoit dpokycuporkoit - UBOTPOH). Berpeua ¢ II.M. Brnoxunnessim
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1 ero coneiicTBue obecrieunsiu nepsuie Mon konTakTh ¢ HUPU-2 (na Cokone)
u 3naxoMcTBO ¢ npodeccopom C.H. BepHosriM, a Tax ke npyrumu npodecco-
pamu ¢pusudeckoro pakynabrera MI'Y (Cnusakobim u Tumupssepbim). Barem
, B Hayane yxe 50-x romos, copeiicTsue JImutpus lBanoBuya npuseno x KoH-
TaktaM ¢ T.T.JI. B cBs3u. ¢ npoGnemoil co3nanus NUKIOTPOHHON j1abopaTopun
B CapaTOBCKOM YHUBEPCHTETE U, HaKOHell, B KoHUe 50-X ronos, mociie opraum-
satun B CT'Y npobremuoii nabopatopun snepHoil ¢usuku (3as. nab. Uromns .
B.B.), 6naromapsa nonmepxke Ivmurpus Usanosnya Bioxnunesa n ak THBHBIM -
nmeficTeuaM 3aB. Kadenpoit reopetndeckoii Pusnku A.C. Illextepa, Gblio ycra-
HOBIIeHO HaydHoe conpyxectBo ¢ OUSMN (r. Iybua), nepepociuee B cosmanue
dunuana xadenper B O6benuaeHHoM nHCTUTYTE (MBI 30eCh He OCTaHABIINBA-
€MCS Ha BBIXOMATIMUM 3a PAMKH HaHHOTO COOOIIEHH:, COOPYXeCcTBe Kademphl
u JI5I® CTY ¢ ¢pusnueckum unctaryrom AH CCCP, nonnepxannoro akane-

mukom Ckobenessim B.IL. - ormen ”Ilntomunk”, 3aB orTnenom akamemux B.JL
Bexcnep naboparopueii - JI.E. Jlasapepa) Cpenu 1epBHIX CTYOEHTOB, OKOHYHB-
mux CI'Y no cnenmanbrocTH QuU3fKa aTOMHOTO AOpa H KOCMHYECKHX JIydeit
I'\. Konepos, H.H. Cinonos, B.K. Jlyksanos, B.I'.. Cepanun, O.I'. Bokos,
W.A. Tpumenko, O.U. Jlorunos, A.B. Penwoxk, H.b. Ckaukos, B.II. Tepar,
[H. Jleikacos, I0.P. Tioxrses, B.II. »Kurynos, M.B. Ileprens, I0.M.
Usanpmmu, JI.II. Ilextep u mp. (3a mecarmierne 1955 - 1965 rr. umcio
CTYZEHTOB MO HaHHON ClleNNaIN3aliuil TeopeTH4ecKol I 3KCIepuMeHTAILHOM
BO3POCIIO IO HOSIHOH TPYIILI YHHBEPCHTETCKOro IJIaHa TIONTOTOBKH CHENHa-
nuctos). Cpenu mepBHIX PYKOBOOHTeNeH MUIIOMHKIX paGor no OUSIH 6wimm ‘
P.M.Punmun, C.M. Bunennkuit, B.B. Benses, M.JI. Hlupoxos, Hryen Ban-
Xwvey, B.H. 3axapwes, B.A. ApGyzos, B.A. Memepsaxos, A.B. Edpemos,
B.I". Kanmsimescknit, C.C. Tepwreiin. H.A. Yepuukos, H.W. Tapankus,
B.B. Banawos u np. Bce pykoBonuTenu (u pelleH3eHTHl) AUIIIOMHEIX paboT
IINPOKO M3BeCTHHIE ydeHHle, 6e30TKa3HO IPHHUMAJN Ha cebs BeCOMBIN rpys
PYKOBOICTBa NUIIJIOMHEIMHU paboTamu, obecrieunBas NX BEICOKMA HayYHEIN ypo-
BEHb, [IPENbABIAEMEIM K BLIIYCKHUKaM yHuBepcuTeroB. C mpyroli CTOpOHH,
HMeHa PYKOBONUTENENl CBUOETEILCTBYIOT O CTENEHH IPeIBapUTENLHON [I0[ro-
TOBKH CTYAEHTOB, CIIELXAINIAPOBABIINXCA 110 Kadenpe TeOpeTHYECKOH U Saep-
noit ¢pusuxu CI'Y, ciocobusrx paboTaTh Ha ypoBHE TpeGoBaHUil BLICOKOKBAIH-
dunmpoBaunsix pykooguteneit. Ha 3ToM mMoxuo 661110 6B MOCTABATEL TOUKY B
paccmorpenuu Boripoca o JI.M. Brnoxunnese u ero caasax ¢ CapaToBckuM yHu-
BEPCUTETOM K POJIM B CTAHOBJICHUU H Pa3sBUTHYU HalpaBiieHNUHM GU3MKa Aapa i
3JIeMeHTapHBIX yacTull Ha ¢usdake CI'Y. Onnaxo, HaM IpeNCcTaBIAETCS liele-
CO0Gpa3HEIM IPUBECTH HEKOTOpHIE GPArMEHTHl U3 INO3THYECKOTO TBOPUECTBA -
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IMuTpus MBanopuva, o6LeKTH3NpyIOlIeE €ro BHYTPEHHEE COCTOSHAE AYIUN B
"OIB1 O KOTOPHIX 3[€Ch LIL1a peyb. BoT a1ty cTpoku (n3 cTuxoTBoperus ” Meure
oeit”): ”...Mos Hamexna u MeuTal

Hac ¢ mob6orw 6uau, uspanuay, uamgiu..
...MT0d noeu 6pocaau 6peena nedosepusg!
...B auyo nazasbno pocaso auyemepbve.
Ho mot ocmaaucs na Hozaz.

...Ho xax 3a6vims. Bce nomnun.
...Buau: neaenocmeio ceepry,
duxocmbio 6 naz,

Hoacom npedameabcmea 8 cnuny.

A mut ¢ mobot ocmaaucy na noaax.

Ho xpoiavg cuamor!

Tenepy aemems yoce dpyaum,

Ilosepum ¢ nuz, onu ropowue pebama’.
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The famous book “An Introduction to Quantum Mechanics” by Prof. D.I.
Jlokhintsev was one of the first textbooks on quantum mechanics for universi-
ies published in Russia. Dmitriy Ivanovich succeeded to explain very delicate
nd intricate problems in a strict and comprehensible manner.

The notion of measurement in quantum mechanics and probabilistic char-
cter of the theory were among them. These problems were important in the
arly years of quantum mechanics. They attract a great interest now as well,
articularly in connection with the present development of quantum commu-
ication.

Here we present a detailed description of a new quantum mechanical notion
— Conditional Density Matrix — proposed by the authors [1], [2], [3]. This
1otion is a natural generalization of von Neumann density matrix for such
rrocesses as divisions of quantum systems into subsystems and reunifications
f subsystems into new joint systems. As we will see, conditional density
natrix assigns a quantum state to a subsystem of a composite system under
ondition that another part of the composite system is in some pure state.

First, let us recall some elements of the general scheme of quantum me-
hanics proposed by von Neumann in 1927 [4].

According to von Neumann, to evaluate the mean value of a physmal vari-
ible F one should calculate the trace

<F> = Tr(Fp).
Here operator p satisfies three conditions:

n o= p

2) Trp = 1,

3) YweH <ylpp> >0.
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By the formula for mean values von Neumann found out the correspondence
between linear operators g and states of quantum systems:

state of a system p <= linear operator p.

In this way, the formula for mean values becomes quantum mechanical
definition of the notion “a state of a system”. The operator p is called Density
Matrix. ~

From the relation

(< F>y = Tr(F*p)

one can conclude that Hermitian-conjugate operators correspond to complex-
conjugate variables and Hermitian operators correspond to real variables.

Feob < F okt
F=F <= F=F*"
The real variables are called observables.
From the properties of density matrix and the definition of positively deﬁ-
nite operators: .

Fr=F, YyeH <PpFp> >0,

.1t follows that the mean value of a nonnegative variable is nonnegative. More--
over, the mean value of nonnegative variable is'equal to zero if and only if this
- varfable equals zero. Now it is easy to give the following definition:
variable F has a definite value in the state p if and only if its dispersion in
the state p is equal to zero.
In accordance to general definition of the dispersion of an arbitrary variable:

D(A) = <A’> - (<A>)?,

‘the expression for dispersion of a quantum variable F in the state p has the
form:

Dy(F) = Tr(Q%),
where @ is an operator:
Q = F-<F>E.

If F is observable then @Q? is a positive definite variable. It follows that the
dispersion of F is nonnegative. And all this makes clear the above-given defi-
nition.
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;. Since density matrix is a positive definite operator and its trace equals 1,
ve see that its spectrum is pure discrete and it can be written in the form

p = anpm
n .

vhere P, is a complete set of self-conjugate projective operators:

13:- Pﬂ) PmﬁrL:&man, an=E

n

I

Numbers {p, } satisfy the condition
p;:pn, 0_<_Pn, anTrpn——-l.
n .

Ifffollows that p acts according to the formula

pl = an Z ¢na(¢na|q})'

n aEln

The vectors ¢,, form an orthonormal basis in the space H. Sets A, =
{1,...,k.} are defined by degeneration multiplicities k, of eigenvalues py,.
Now the dispersion of the observable F in the state p is given by the

equation ' .
: Dp(f) = an,z ”Qﬁbnanz-

n a€ln

All terms in this sum are nonnegative. Hence, if the dispersion is equal to
zero, then

if pn#0, then Q¢pe=0.
kUsing the definition of the operator (), we obtain
if Pa#0, then F¢na=dnalF).

In other words, if an observable F has a definite value in the given state p,
then this value is equal to one of the eigenvalues of the operator F'.
- In this case we have

ﬁﬁ¢na = ¢no¢pn(f) 5
Fﬁ‘ﬁna = ¢na(}->pn,

that proves the commutativity of operators £ and p.
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It is well known, that if A and B are commutative self-conjugate operators,
then there exists self-conjugate operator T with non-degenerate spectrum such

that A and B are functions of T
TU = 3 fnatnalbnal¥),

t:a = tnon tna ?é tn'a') lf (n,a) f,é (nl,a').

F‘I’ = Zd)nafl(tna)(d’nal‘ll)v
/3‘11 = Z ¢naf2 (tna)(‘ﬁnallp)a

Suppose that F' is an operator with non-degenerate spectrum; then
if the observable F with non-degenerate spectrum has a definite value in
the state p, then it is possible to represent the density matriz of this state as a

function of the operator F'.
The operator F' can be written in the form

Po= anﬁn,
P:_:Pn, Pmpn=5mnpm, tT(ﬁn)=1,‘ ZP:A
The numbers {f,} satisfy the conditions -
f::fn7 fn?éfn', Zf n;én'.

We obviously have

F = anpn
From
(FYy = Y.pfo = fn,
(Fz) = anff = f12V
we get |

Pn = 6nN-
In this case density matrix is a projective operator satisfying the condition

o= b
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It acts as

pU = Un(UN(T),

where |¥) is a vector in Hilbert space.
The mean value of an arbitrary variable in this state is equal to

(A) = (Un|ATy).

It is so-called PURE state. If the state is not pure it is known as mized.
Suppose that every vector in H is a square integrable function ¥(z), where

z is a set of continuous and discrete variables. Scalar product is defined by

the formula

(9]@) = / dz ¥ (2)®(z).

Fdr simplicity we assume that every operator F in H acts as follows .
(Fo)(z) = / Flz,2')dz ¥(z).

That is for any operator £ there is an integral kernel F(z,z) associated with
this operator R
: F < F(z,z).

Certainly, we may use é-function if necessary.
 Now the mean value of the variable F in the state p is given by equation

(Fo - / F(z,z)dz p(z', z)dz.
Hete the kernel p(z, z') satisfies the conditions
Prz,2) = p(z,2),
/p(x,x)dx = 1,

Yo eH /\Il(x)da:p(w,x')dzllll(:z') > 0.

. Suppose the variables z are divided into two parts: z = {y,z}. Suppose
also that the space H is a direct product of two spaces Hy, Ha:

7‘[ = 'Hl ®H2
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So, there is a basis in the space that can be written in the form

Pan(y,2) = faly)oal2).

The kernel of operator F" in this basis looks like

A~

F F(y,z;y',z').

In quantum mechanics it means that the system S is a unification of two;
subsystems S; and S;:
S = S] U Sg .

The Hilbert space H corresponds to the system S and the spaces H; and Hy
correspond to the subsystems S; and S,. |

Now suppose that a physical variable F; depends on variables y only. The
operator that corresponds to F; has a kernel

Fl(y7z;ylazl) = Fl(y,yl)J(z—z').

The mean value of F} in the state p is equal to

(), = /F(y,yl)dy'm(y';y)dy,

where the kernel p, is defined. by the formula

py,y) = /P(y,Z;y',Z)dZ~

The operator p; satisfies all the properties of Density Matrix in Sy. Indeed,
we have

p(yy) = ;YY)
/pl(y,y)dy = 1,

VO, € Hoo /\Ih(y)dym(y,y')dy"l’l(y') >0.
The operator
pr = Trapiia,

is called Reduced Density Matrix . Thus, the state of the subsystem 5, is
defined by reduced density matrix.
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The reduced density matrix for the subsystem S, is defined analogously.
pz = Tripisa.

~ Quantum states p; and p; of subsystems are defined uniquely by the state
0142 of the composite system.
Suppose the system S is in a pure state then a quantum state of the sub-
éi(stem S, is defined by the kernel

plwy) = [92dv,2).
If the function W(y, z) is the product
Uyp.2) = S, [lEPde=1,
then subsystem S; is a pure state , too
pwy) = SOFE) [IfwPdy =1
As it was proved by von Neumann, it is the only case when purity of cofnpo;ite
system is inherited by its subsystems.

. Let us consider an example of a system in a pure state having subsystems
in mixed states. Let the wave function of composite system be

Y(y,z) = %(f(y)w(z)ﬁ:f@)w(y)),

‘x}vhere < flw >= 0 and < f|f >=< w|w >= 1. The density matrix of the
subsystern 51 has the kernel ’

pwy) = SUGSE)+uEew)):
The kernel of the operator A7 has the form
pi0y) = VW) + e E))

Therefore, the subsystem S is in the mixed state. Moreover, its density matrix
is proportional to unity operator.
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The mean value of a variable with the kernel

F(e,2) = By, u(@u' (), [ lu(z)Pds =1,

is equal to .
(F), = p / Fi(y,y)dy o°(y,y)dy,
where )
P(y,y) = ’ / u*(2)dz p(y, 239/, 2") u(2)dz’,
p o= [w(edzply, 5y, ) u(e)ddy.
Since we can represent p in the form
p = /P(z,z’)dz'pz(z';z)dz,
P(z,7) = u(z)u*(2),

we see that p is an mean value of a variable P of the subsystem S;. Operator -
P is a projector (P? = P). Therefore it is poss1ble to consider the value p as
a probability.

It is easy to demonstrate that the operator p¢ satisfies all the properties of
density matrix. So the kernel p°(y, y’) deﬁnes some state of the subsystem 31
What is this state?

According to the decomposmon of §-function
8(z = 2) = 2_¢n(2)¢n™(2),

{#n(2)} being a basis in the space H, the reduced density matrix is represented
in the form of the sum

) =D Pl (¥, ¥).
Here

) = - [ (01 plys 30 #) ()

and

/ ¢n™(2)dz p(y, 23y, 2") du(2’)d2'dy

/Isn(z, 2Vd2' pa(2, 2)dz
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The numbers p,, satisfy the conditions
Pt =Py  Pa20, D Pa=1
n

ind are connected with a probability distribution.

The basis {¢,} in the space H, corresponds to some observable Gs of the
subsystem S; with discrete non-degenerate spectrum. It is determined by the
kernel

Ga(z,2") = Zgn¢n¢*n, Gn = g% GnF g if 7 # nl.
The mean value of G; in the state p, is equal to

/ dyps(z,2)dz2'G(2', z) =

= Zgn/dypg(z,z')dz'¢»n(z')¢n*(z’) = angn-

Thus nhumber p, defines the chance that the observable G has the value g,
iri the state po. Obviously, the kernel p&(y,y’) in this case defines the state of
system $; under condition that the value of variable G, is equal to g,. Hence
it is natural to call operator 5 as Conditional Density Matrix

) Tra(P2p)
Pell2= 5 &
Tr(P2p)

It is (conditional) density matrix for the subsystem Sy under the condition that
the subsystem S, is selected in a pure state p; = P2 It is the most important
case for quantum communication. We can see that conditional den31ty matrix
satisfies all the properties of density matrix. '
As density matrix is an operator with a pure discrete spectrum, that is

p= Z @nln s
’ n
and projective operators satisfy the condition

anTrQn = 1,

vthen the number .
wp, = ¢Tr{Qn)



60 V. V. Belokurov, O.A. Khrustalev, V.A. Sadovnichy, O.D. Timofeevskaya

is the probability for the system to be in the state given by the projective *
operator Qn. |

Conditional density matrix determines conditional probability in the same
manner as usual density matrix gives probability of a measurement.

To make this statement clear let us recall the notion of conditional prob-
ability.

Let H be an event with the positive probability P(H). Then the probability
of the event AH is presented in the form

P{AH} = P{A|H}P{H}

Here P{A|H} is the conditional probability of the event A under the condition
that the event H takes place.

Obviously for a given H all the properties of the probabilities are valid for
conditional probabilities, e.g., '

P{AUB|H} = P{A|H}+ P{B|H}~- P{AB|H).

Consider the set of mutually excluded events {Hy, Hz,...}. And let one of
them takes place inevitably. Then any event A can be fulfilled only with one
of the H; simultaneously. Since the event A is represented in the form

A = AHUAH,U..,

the probability of the event A can be written in terms of the probabilities of
the events {H;} and corresponding conditional probabilities:

P4} = Y P{AH;)P{H;).

For a system 5 = S; U S, matrix elements of density matrix are of the form

ply,z; ¥, 7).
The elements of the reduced density matrix are

Py ) = D3 8(2,2) ply, 2 ¥, 7).

Let a set of operators P, give a decomposition of the identity operator in

the space ‘Hy. Then
8(z,2") = D Pulz,7).
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Now
M) = XX X Pl ) olur = 427
= Z Pa pC(l)
Here
B0 = - DT R 1),
nd ’

e = o9 Pulz,7) Y ply,7 9,2,
z 2 Yy
= Y% Puz,2)p%(z 7).

Thus, p, is the probability for the subsystem 5; to be in the state given by
he projective operator P,.
P (y; ') is a density matrix of the subsystem S; .

The number
w, = Zp pV(y; y)

s the probability for the subsystem S; to be in the state |y).
The above equation is nothing else but the representation of total prob-
bility in terms of conditional probabilities.
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Abstract — The Blokhintsev investigations of the structure of microworld
spacetime are reviewed. Some new proposals are made.

D. I. Blokhintsev was a man with unusual wide personality. He was a
scientist and a poet, a painter and a philosopher. He was also an outstanding
animator and manager of science. His personal charm was wonderful.

As a physicist D. 1. Blokhintsev equally well was interested in applied
physics and in fundamental problems. One of his main subject of investi-
gation in the field of fundamental physics was the problem of spacetime in
microworld [1]. After a profound and detailed analysis of all aspects of the
concept of space and time in macrophysics he performed a critical review of
all fundamental spacetime notions and tried to define them from the scratch.
The goal was to find such definitions of spacetime concepts which, as particular
cases, will include the standard macrophysical models of spacetime from one
side and will give adequate models of spacetime in microworld from the other
side.

He started from a very general definition of geometry as a science of order-
ing physical events. Similarly, the fundamental notion of causality he defined
as a genetical relation between physical events.

The understanding of spacetime as a specific physical object usually is at-
tributed to general relativity. It is generally believed that before the era of
general relativity all physicists treated space as empty arena for all physi-
cal processes.As a matter of fact, it is not a true statement because already
Helmbholtz paid attention to the fact that Euclidean geometry is tightly related
to the notion of physical rigid bodies. All our ability to check geometrical re-
lations dictated by Euclidean geometry depends on the existence of physical
bodies which more or less accurately posses the properties of ideal rigid bodies.
In a modern language the Helmholtz analysis allows to look at the Euclidean
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eometry as a representation of the group of symmetries of rigid bodies. There-
ore, it may be said that the intrinsic relation between geometry of spacetime
nd the class of physical bodies and processes was always present and the fact
hat some time ago this relation was not properly understood does not mean
hat this relation was absent. The discovery of new physical objects, new in-
eractions between them and new kind of processes in which they participate
nust always be accompanied by critical reviews of fundamental spacetime no-
ions in order to clarify which of them may still be applied to the new physical
ituation and which of them must be replaced by new and/or more general
otions. The relation between geometry and physical laws was also stressed
y B. Riemann.

.. In his general analysis of spacetime concepts D. I. Blokhintsev realized that,
ontrary to the wide believe, in some coordinate systems the natural properties
f spacetime and physical processes may be described simpler than in other
nes. In this way he admitted the possibility of formulating physical theories in
rivileged reference systems. This statement does not contradict the relativity
rinciples. As a matter of fact, the physical theories with preferred reference
ystems are now intensively developed [2]. It seems that the preferred systems
re necessary for relativistic quantum mechanics as. well as in all classical
heories in which the space properties are described in terms of generalized
unctlons instead of ordinary functions. «

-iFrom the general Blokhintsev’s analysis of spacetlme concepts it follows
hat he was close to formulate the statement that the understanding of these
oncepts depends on [3]:

. 1. The class of observers.
‘  2. The class of elementary events.

3. The kind of agents which are used to connect the observers with the
lementary events.

i.4. The assumed way of mteractlon of the agents with the events.

‘5. Some conventions.

.. These items needs some explanation.

- Ad. 1: In the standard approach to special relativity it is assurned that
hc observers have emitters and detectors of light signals. The emission times
nd detection times are registered by ordinary clocks. These facts limit the
pplicability of models constructed by such observers to classical models. In
nicroworld the emission and detection times are connectéd with some uncer-
ainties and neglecting that is possible only in classical physics.

‘Ad. 2: It is not so obvious how to select the class of elementary events.
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Here already the very definition of elementary events is a complicated problem
Again, as a rule, we apply here only classical intuitional concepts.

Ad. 3: As arule, it is uncritically assumed that only light signals may serve
as agents to connect observers and events. The light is treated classically as..
objects moving uniformly with invariant velocity. It is however easy to develop
special relativity assuming that light is moving with constant acceleration [4).
It is also an interesting exercise to repeat the Einstein-Bondi radiolocation
method with different from light signals agents. In each case we end up with
different models of spacetime. Simultaneously we see that light is not the only
tool of communication between observers and events. Such possibilities were
already been considered by D. I. Blokhintsev.

Ad. 4: This point is the most difficult item in the construction of mod-
els of spacetime. Here we have to include as one of fundamental facts the
knowledge of the interaction between agents and elementary events. However
most of such knowledge is connected with some models of spacetime. We fall
therefore in a closed circle of reasoning. The only way to get out from this
circle is to agree that all our constructions should be treated as approximate
and we must perform repeated applications of model dependent knowledge to
construct better models. The final goal is to get (in some hmlt) a umversal
..model of spacetime adequate for microworld physics. ‘

The standard radiolocation method assumes that light behaves according
to geometrical optics. In particular, the light signals immediately reflect from
ideal "mirrors” located at elementary events. The real light is behaving ac-
cording to quantum electrodynamics and therefore any model which disregards.
this fact must be treated as very approximate one with a restricted domain of
applicability. It is almost obvious that disregarding the quantum character of
interaction of light with matter located at elementary events excludes models
based on such an assumption as invalid in microworld. E

Ad. 5: The conventional character of all models of spacetime was exten-
sively discussed. by H. Reichenbach [5]. In this line D. I. Blokhintsev discussed -
other "non spatial” models of spacetime. For example, he discussed models
based not on numbered coordinates but on different colors ascribed to dif--
ferent points of space. This is an example rather of a qualitative picture of
spacetime. Another line of reasoning consists in investigation the influence of.
”pseudo events” taken as real physical events. Again, as an example, D. [
Blokhintsev considered a model based on the replacement of the space coordi-
nate by the value of force exerted by a mass point at the given position. He
observed that the standard Hook’s law '
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?___?

al]ows to replace the concept of position by the concept of force. This method
seems to be more general because the force is directly measurable in a very
wide class of events. Unfortunately, the Hook’s law is invalid for large values of
the coordinate and this restricts its validity at large scale distances. A better
example seems to be the method based on a Coulomb law

1 7

4meg T3

which is valid for large distances. For small distances we meet a limitation
connected with the fact that the maximal value of measurable intensities of
electric field is of the order of 103V/m. This definitely shows that for small
distances our intuition breaks down. The applicability of the Hook’s law for
small distances is however artificial because as a matter of fact we do not know
whether in microworld such law is reasonable or not.

D. L. Blokhintsev extensively investigated the possibility of replacement
the standard classical spatial coordinatization of spacetime by the values of
physical fields. Unfortunately, he never considered the real electromagnetic
field as a fundamental object on which we may base our understanding the
concept of spacetime. As is well known, Maxwell equations possess definite
symmetry properties [6] which in the simpleét case is the SO (3,3) symmetry.
The standard Minkowski spacetime posses the SO (1,3) symmetry and all
physmal objects are described by various irreducible representations of this
symmetry group. Here we get a possibility to reverse the way. Instead of
looking for the representations of the SO (1,3) group we may look for the
various representations of the SO (3, 3) group and base the construction of the
spacetime model on one such representation which adequately will describe
the regularities in the microworld. In particular, this approach in natural way
introduces the notion of a three-dimensional time, a concept also extensively
investigated at the present time [7].

D. I. Blokhintsev came to the conclusion that each way of ascribing space
and time coordinates to elementary events is in fact an arbitrary procedure
which requires to perform some definite manipulations with physical objects.
Since our knowledge increases in time also the known constructions of space-
time models time to time must be revised and, if necessary, improved. In
this way we may achieve extensions of the applicability domains for differ-
ent existing models and improve their degree of accuracy This applies not
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only to microworld models but also to macroworld models, especially for non :
stationary worlds. ‘

According to D. I. Blokhintsev there is rather a little doubt that we ad-
equately know precise models of macroworld spacetime. It is not so for mi-
croworld where we shall agree that adequate models of microworld spacetime
must be more abstract and less intuitive than the macroworld concepts are.
He came to the conclusion that we should also be ready to reject the concepts
of spacetime coordinates at all and base our understanding of space order and
time relations on other more abstract notions. The full understanding of this"
new abstract notions will be achieved gradually after deriving sufficient number -
of conclusions which can experimentally be checked.

D. I Blokhintsev deeply believed that for investigating the microworld
spacetime structures ”"we need to find new physical concepts and, consequently,
a new language which will be more adapted for description of internal nature of
elementary particles”. He hoped that for finding this new language ”we need to
find only two or three new words which will allow to express that new physical
idea which is necessary to understand all microworld events”. He appealed to
the coming generations of physicists to find these new words having in mind
that ”these new words should be as revolutionary as those words which led to
formulate quantum mechanics or the theory of relativity”.

In my opinion, it is rather the opposite case: we do not need to add
some new elements to the spacetime physics but we have first to re--
move from it some standard concepts which obscure the new looks"
into microworld spacetime physics. Let me remind that quantum physics
removed from physics the classical notion of the trajectory and relativity the-
ory rejected the absolute character of time. Since all essential troubles of
microworld spacetime physics are connected either with finite accuracy of ex-
perimental devices or with fundamental uncertainty relations I would like to
propose to replace the standard mathematics used in analyzing phys-
ical phenomena by new, more modern mathematical methods. In
particular, I propose to use mathematical methods based on:

1. Non-standard analysis.

2. The theory of fuzzy sets.

3. The topos theory, the categorial approach to logic. :

These proposal are indeed revolutionary. The immediate gains from them
are the following:

1. The non-standard analysis [§] allows to avoid all questions connected
with fundamental uncertainties. The physical uncertainties simply define the
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1athematical monads” which surround all standard numbers used in stan-
ard analysis.

2. The fuzzy sets [9] in a more fundamental way introduce into physics
he quantum mechanical languages. In particular, the quantum mechanical
robabilities define the degree of inclusion the elements into a given sets. The
ew physics will be simply a fuzzy version of ordinary physics.

3. The topos theory [10] is the most radical change in mathematics which
llows to realize different logical deduction schemes. For physics, the most
ttractive feature of topos theory is to have a possibility to analyze structures
f complex systems without specifying their elements. This allows to avoid
he question where the physical limit of divisibility of matter is. According
> Niels Bohr and Werner Heisenberg the theory which do not allow to ask
nanswerable questions is a good physical theory.
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Abstract — The concepts of the lifetime and path-length of a virtual
particle are introduced. It is shown that near the mass surface of the
real particle these quantities constitute a 4-vector. At very high energies
the virtual particle can propagate over considerable (even macroscopic)
distances. The formulae for the lifetime and path-length of an ultrarela-
tivistic virtual electron in the process of bremsstrahlung in the Coulomb
field of a nucleus are obtained. The lifetime and path-length of the vir-
tual photon at its conversion into the electron-positron pair is discussed.
The connection between the path-length of the virtual particle and the
coherence length (formation length) has been analyzed.

1 Localization of a virtual particle in time and space

It is known that internal lines of Feynman diagrams play the role of inter-
mediate states, or virtual particles [1]. The definite 4-momentum P = {E, P}
outside the mass surface of the real particle corresponds to the virtual particle.
Here E is the energy of the virtual particle, P is its 3-momentum (we use the
unit system, in which # = ¢ = 1). The magnitude

M =+P*=E? - P? . (1)

has the meaning of the mass of the virtual particle. When P is the time-like
4-momentum, then the virtual particle has the positive mass as well as the real
particle. In so doing M # m, where m is the mass of the real particle. When
P is the space-like 4-momentum, then the imaginary mass (M? < 0) formally
corresponds to the virtual particle.

The lifetime 7" of the virtual particle, characterizing the time scale of the
considered process, can be defined on the basis of the uncertainty principle for
energy and time: T = |AE|™!, where

AE = VP2 + m? — VP? + M?

is the difference of energies of the real and virtual particles
with the same 3-momentum P. As a result, we obtain:
E+E
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Here E is the energy of the virtual particle, E = vEZ + m? — M? is the energy
f the real particle. Relation (2) can be rewritten in the form:

E m2 — M?

Analogously, the space dimensions L of the region of propagation of the virtual
varticle, characterizing the space scale of the given process, can be defined
n the basis of the uncertainty principle for momenta and coordinates: L =
AP|~!, where

|AP| = VE? = m? — VEZ — M?

s the difference of momenta of the real and virtual particles moving along the
lirection of the momentum vector P with the same energy E. It is easy to see
hat

|P| + |P|
= Imz__MQI' . (4)

Here |P| = v/P? — m? + M? is the absolute value of momentum of the real

particle. We can also write

e m2 — M? -
eV Y O

At small differences of masses of the virtual and real particles, when

L

m? = M?| < B, |m? - M*| < |P[,
t follows from Eqs. (2) and (3) that

2E 2|P|
T=r—o———— L=+—Frr——r—r-r0.

e N T ©)
Under these conditions the quantities T' and L = 2P /|m?% — M?| constitute the
4-vector [2]
| 2P
All the relations presented above are valid for any 4-momentum of the vir-
tual particle (both time-like and space-like). In the case of the time-like 4-
momentum P the quantity L can be clearly interpreted as the vector of path-
length of the virtual particle moving with the velocity v = P/E < 1; in so

(T, L} =
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doing, the path-length and lifetime of the virtual particle are connected by thei
standard equation L=vT ! =). :

When the mass M of the virtual particle is close to the mass m of the!
real particle, the lifetime T' of the virtual particle strongly increases and its
path-length L = |L| may considerably exceed the interatomic distances. The'
same takes place also at ultrarelativistic energies E >> |M|, E > m, when"
the velocity of the virtual partucle approaches the velocity of light. In the
limit of very high energies the path-length of the virtual particle can reach.
even macroscopic values. That leads to the coherent effects observed in the
interaction of very high-energy particles with matter [3-6].

2 Lifetime and path-length of the relatlwstlc virtual electron at the
electron bremsstrahlung

Using the Born approximation, the bremsstrahlung of the electron in the
Coulomb field of a heavy nucleus is described by two Feynman diagrams (see
Fig.1). Let us denote the 4-momenta of the mltxal electron, final electron and
photon, respectively, as
p = {E1, p1},p2 = {E2, p2} and k = {w, k}. Taking into account that the
energy transfer to the heavy nucleus is absent, the equality £, = E; —w is
valid, and the energy component of the space-like 4-momentum of the virtual
photon ¢ = {0, q} is equal to zero (here q is the 3-momentum transferred to
the nucleus)[1]. Then the 4-momentum of the virtual electron, corresponding
to the diagram I, is

' Pr=py+ k= {E, p2+k},

and the 4-momentum of the virtual electron, corresponding to the diagram II,

1) In the usual unit system the formulae (3), {5), {6) and (7) have the following form:

Tz_h_z_( Hwﬂ>; (30

[m? — M2|cd B2
h[P| m - MBE |\
L=m< 1- B+ 1) (5a)
%HE 2% = |P|
T= L=rs—53 (6a)
|m? — M?|c [m2 — M?|c
2hP

{eT, L} = (7a)

[m2 — M2|e?”
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is :
Pry=py —k={E;, py—=k}.
* It is evident that the square of mass of the virtual electron for the diagram
I has the form:

M}’ =(p2 + k) =m? + 2k = m? + 2Ew(1 — vz cos 8),

where m is the electron mass, 8 is the angle between the final electron mo-
mentum p; and the photon momentum k, v, = |p3|/E; is the velocity of the
final electron. According to Egs. (6), the hfetlme and path-length of the virtual
electron under the condition

E? > Eyw(l — vy cos8) are determined by the following formulae:

Er . _ |p2 + k|

‘ = L; = . ;
T Eyw(l — vy cos8)’ T Eyw(l — vy cos ) (8)

Analogously, in the case of the diagram II we have:
M} = (pr — k) = m? = 2p1k = m? — 2E1w(1 — v, cos D),

where 0 is the angle between the initial electron momentum p1 and the photon

momentum k, v; = |p1{/E; is the velocity of the initial electron. In accordance

with Eqs.( 6), we obtain, under the condition E? > FEyw(l — v cos8), the

following expression for the lifetime and path-length of the virtual electron:
E, Ip: — K|

T = —; L= —. 9
i Eyw(l ~ vy cosb) " Eiw(1 — vy cos §) ©)

At ultrarelativistic energies El > m, E; > m and small angles § <« 1, 6«1
one can write:

2 1 ~ 2 1 ~
‘].fvz cosf = 1—’()2+02—2- ~ -2—7—22-(14-’)’2202); 1—‘01 cosf = 1—1)1+'01—2—' ~ 2-—7?(14'71202)’
where 71 = Ey/m and v, = E3;/m are the Lorentz-factors of the initial and
final electrons, respectively (71 3> 1, y2 > 1). Under these conditions, taking
into account the approximate equalities |p; + k| &~ E; and |p; — k| & E,, the
relations (8) and (9) give:

~ T 272 - 2n72
TINLINw(1+’72202), TIINLIINW (10)
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The main contribution into the process of the bremsstrahlung of the ultrarela-
tivistic electron in the Coulomb field of a heavy nucleus arises from the region
of small angles § <~ 1/7;, 8 <~ 1/7;. As a result, the effective path-length
of the ultrarelelativistic electron at the bremsstrahlung in the Coulomb field
has the magnitude of the order of

L~Lp~Ly~22 (11)
w :

In the usual unit system Ly ~ L ~ henye/(Er — Ez). For example, for the !
electron with the energy Fy = E; = 100 GeV and the photon energy w = 10
MeV the effective path-length L of the virtual electron amounts to ~ 8- 1072
cm ~ 1 mm (the virtual electron lifetime T equals ~ 3 - 10712 sec).

3 Conversion of the virtual photon into the electron-positron pair

Any process with the emission of a photon may be accompanied by the
other process in which the virtual photon is converted into the ete™-pair (see
Fig.2). In this case the virtual photon has the time-like 4-momentum P =
{E+ + E_, p+ + p-}, and its mass is given by the formula

M? =2m? +2E,E_(1 — v_vy cos p),

where m is the mass of the positron and electron, py, Fy, vy — the momentum,
energy and velocity of the positron, respectively, p_, E_,v_ — the same for the
electron, ¢ is the angle between the electron and positron momenta. According
to Eqgs.(6), under the condition E? = (E, + E_)? >> M? the lifetime and path-
length of the virtual photon at the conversion into the ey e_-pair amount to

2E

T%L:-M—z“.

(12)
For narrow electron-positron pairs, when ¢ ~ 0, M? ~ 4m? E, ~ E_, we
obtain: B+ E :
Twmlmt 22

, 2m?2 m’

where v is the Lorentz-factor of the positron and electron. In the usual unit
system T = hy/mc?, L ~ hy/mec. For example, at v = 10° (the energies of
the ultrarelativistic electron and positron amount to Ey =~ E_ = 500 GeV),
the lifetime and the path-length of the virtual photon reach the values T =
1.3-1071% sec , L =~ 3.8 - 107 cm, respectively. These magnitudes are not
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nacroscopic but they, = nevertheless, strongly exceed the characteristic atomic
cale. : ‘

L Connection between the path-length of the VIrtuaI particle and the
oherence length

For the process of the ultrarelativistic electron bremsstrahlung, the co-
erence length (formation length) is inversely proportional to the minimal
nomentum gmin transferred to the nucleus [1,3-6]:

1

Gmin

Lcoh ~

(he minimal transferred momentum corresponds to the forward direction,
vhen the momenta of both the final electron and photon are parallel to the
nomentum of the initial electron. It is clear that

Imin:\/E'12’_Tn2"'\/E‘22'_'777’2_"“‘:\/7E12_rnz_\/E‘%”Tnz'—(‘El;Ek)z
BB _
T2E, 2B, 2 EE 2y

all the notations are the same as in Section 2). So, we obtain:

Leoh ~ (13)

2Ny
w _

[hus, the path-length L of the virtual ultrarelativistic electron (see Eq. (11))

oincides, by the order of magnitude, with the coherence length L.

* The relation L ~ Lo, is valid for any process, in which the transition of

. real particle into the virtual one, or the reverse transition, takes place with

he very low momentum transfer to a nucleus.

5 Summary

1. The concepts of the lifetime T and path-length L of a virtual particle are
introduced. On the basis of the uncertainty principle for energy and time
and the uncertainty principle for momenta and coordinates, the general
expressions for T and L are obtained.

- 2. Using the example of the ultrarelativistic electron bremsstrahlung in the

- Coulomb field of a heavy nucleus, it is shown that at very high energies

the virtual particle can propagate over considerable (even macroscopic)
distances. '
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3. The connection between the path-length of a virtual particle and the co-
herence length at the interaction of ultrarelativistic particles with nuclei
is analyzed.

The work is supported by Russian Foundation for Basic Research (grantﬁ
No. 03- 02-16210) .
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igure 1. Feynman diagrams for the electron bremsstrahlung in the Coulomb
field of a nucleus.

:gure 2. Conversion of the virtual photon into the electron-positron pair.
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Particles and wave functions

L.V.Prokhorov
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Abstract — Problems of particles, wave functions and measurement are
considered. It is shown that there are superselection rules for macroscopic
objects.

1 Quantum mechanics: Questions

The non-relativistic quantum mechanics (QM) rises obvious questions:
1) What is particle?
2) What is wave function?
3) What is measurement?
Different "interpretations” of QM give different answers to the questions. |
The Copenhagen interpretation (CI). A particle has no certain position
or momentum; t-functions describe individual systems (e.g. electron) and
contain full information about particles; measurement cannot be described in .
details ("uncontrolled interaction” of a microscopic object with a classical ap- -
paratus). It is tacitly assumed that particles are pointlike.
The statistical interpretation (SI). ”... a momentum eigenstate (plane-
wave in configuration space) represents the ensemble whose members are sin--
gle electrons each having the same momentum but distributed uniformly over.
all positions.” [1. p. 361]. Thus QM is not complete: particles can be charac-
terized by both positions and momenta. There is no problem of decoherence"
of macroscopic apparatuses in the act of measurement (¢-function describes a
statistical ensemble!). Particles are pointlike.
The Everett interpretation (EI). The interpretation was invented to solve-
the orthodox QM problem of decoherence of macroscopic objects {2]. In the
process of measurement the initial state |0)|A) of an object |o) and of an ap-
paratus |A) becomes entangled:

lo)|A) — Zk:aclk)l/lk)-

The process is described by the Schroedinger equation. Both initial and final |
states are pure. Thus the classical apparatus is described by superposition of -
macroscopically different states. Assumption: the world branches. Only the
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served state |A,) is in ”this” world. All the other states also exist, but in
ther” worlds. The Everett interpretation respects both the orthodox QM
1d the principle of macroscopic certainty of classical bodies.
It is significant that even in XXI century quantum problems are discussed
terms appeared some 70-75 years ago.

D.l. Blokhintsev: Answers

It is usually assumed that D.I. Blokhintsev confessed the statistical inter-
etation [1, p. 360]. Actually it is not the case [3]. As is easily seen from book
] he adhered to the orthodox QM, though keeping door open for the other
ssibilities. D.1. Blokhintsev acknowledged wave function though invented
w term ”quantum ensemble” in order to stress stochastic nature of QM and
eculiarity of its mathematical apparatus (probability amplitudes instead of
cobability densities).

1. PARTICLES. Blokhintsev pointed out that particles are not pointlike
vjects [5,6]; they are excitations (quanta) of fields (see also [7]). Actually this
the key to the main problem of QM. It follows from it that particles are non-
cal objects. They can be registered at any point where the field is excited.
‘the field is treated as an ordered set of oscillators then it is natural to call
1e set "quantum -ensemble”. But Blokhintsev understood under ”quantum
1semble” an ensemble of macroscopic experimental devices plus microobjects

. :

2. WAVE FUNCTIONS. Blokhintsev was not certain about nature of wave
inctions. He discussed, in particular, the hypothesis that wave function is a
diary of physicist” [4, p. 121). Indirectly he even admitted the possibility
1at there exists more detailed description of microobjects (”Who prevents
ou to set the Thames on fire?” [4, p. 157]; the Russian equivalent sounds less
rong). It is amazing that he did not identified wave function with the field
or functional) describing the one-particle field excitations. In {5, p. 81] he
sisted: ”Of course one should not identify field ¢ (z, t) with the wave function
”. Even more amazing that sixteen years later in his book [4] he even did not
iention this idea on nature of particles as quanta of fields. Of course he had
rious reasons for that, 1) QM is an essentially linear theory while the field
juations are non-linear, 2) one has to explain why the excitation behaves like
particle.

. 3. MEASUREMENT. One of the main problems of QM is description of the
easurement process. Microobjects are described by QM while experimental
svices are classical objects. Question: what mechanics should be used? This
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was the source of many vague ideas like uncontrolled interaction of a particle
with the measuring apparatus. Later on it became clear that macroscopic
objects are also described by QM. The problem was to explain nonexistence
of superpositions of macroscopically different states of macroscopic objects.

Blokhintsev has given a model of measurement permitting its full descrip-
tion. Of course, the model didn’t solve the general problem but it allowed to
understand some essential features of the procedure.

3 Particles and wave functions: Quantum mechanics and quantumi
field theory

At present time the idea that particles are quanta of fields is universally
accepted. Gradually it becomes clear that for free fields one should identify the
wave function of a particle with the function describing excitation of the cor-
responding field. Indeed, in case of a scalar field state vectors |k) = a*(k)|0),
[z) = $(z)|0) describe the one-particle states with momentum k and coor-
dinate z correspondingly (here |0) is the vacuum vector, ¢(x) — the field
operator; in case of |z) the field is excited only at the point z). By definition
the scalar product B

{z]k) = (0@ (2)lk) = e
is the spinless particle wave function. Taking @(f) = —i [ d®e f(x)ed(z) =
Oof(z)P(x), we observe that the state vector @(f)|0) also describes the one-
particle state, but the excitation of the field depends on the function f(z); the
field ¢(z) is excited only at the area where f(z) # 0. On the other hand, f(x)
is the particle wave function by definition

OIp(f)H k) =i [ () Go .

We see: wave functions describe excitations of fields.

There are two obvious' difficulties in this approach. First, the 1ntegr1ty
of particles (in particular, photons). One should explain why such excitations
behave like unbreakable objects. The reason is simple. Dividing a quantum of a
field into, say, two parts one introduces discontinuity of the field, thus getting
a field configuration with infinite energy: Hamiltonian of any bosonic field
contains the term (V)? leading in this case to the non-integrable singularity
(6(z))?. Thus, the integrity of particles in QFT is guaranteed by the continuity
of fields. In case of discrete set of oscillators jump of a field leads to ﬁnite but
very large energy ~ Az(Ap/Az)? ~ [p}(Ap)? where [p = 1.6 - 1073

The second difficulty comes from the non-linearity of quantum ﬁeld theory
(QFT). The resolution of the problem is simple. In QFT the particle number is
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. not conserved, and one should consider more general object — a vector in the
Fock space or the Fock functional. These functionals also describe excitations
- of fields, and their evolution in time is given by linear equations (both in
quantum and classical theories). Thus, QFT allows to "materialize” the wave
- -function.

' We conclude: at low energies particles are a one-particle excitations of
~ fields, and wave functions are functions describing these excitations. At higher
energies one should use the functionals, i.e. the state vectors in the Fock space.

-4 Measurement: Macroscopic objects and the superselection rules

The main problem of measurement is description of the process in the
framework of QM. Both the measuring apparatus and the microobject are de-
- scribed by some state vector. Of course, the former is a macroscopic object,

but all the objects in the world are more or less complex excitations of fields,
and the latter are quantum ones. In this case one should explain the main
- property of classical bodies important for experimenters: the macroscopic ob-
jects cannot be in the states which are superpositions of their macroscopically
- different states.
The mentioned model of measurement considered by Blokhintsev though
- takes into account the essential features of the procedure, deals whith classical
objects. Therefore, this consideration does not solve the problem.
‘ It is easy to see that the superpositions of macroscopically different quan-
“tum states of macroscopic objects are indeed forbidden due to the superse-
- lection rules. These rules was first discussed in [8]: the state ¢ = vy + ¢y,
~ where 1, ¢ are correspondingly bosonic and fermionic states, is forbidden.
Under 27-rotation of the coordinate system the wave function t; changes the
sign (¥; — —;), and ¢ — ¥’ = ¢, — p;. But the 27-rotation is an identical
transformation and 1 cannot be changed, i.e. the vector ¢ cannot be realized.
Analogous statement is valid for macroscopic objects.

Definition. The macroscopic object is that having all the properties of a
= compact stable system of N particles retained in the limit N — co.

Superselection rule. If there is an operator S commuting with all the phys-
ical operators of a system (Hermitian polynomials of canonical variables) then
the liner combinations of eigenfunctions of S are forbidden.

THEOREM. Superpositions of wave functions of macroscoplc objects with
different centers of mass are forbidden.

PROOF. Let {x;,p:},? = 1,2, ..., N be the canonical variables of a compact
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stable system of IV particles in the 3D space. Then
. 1N
=¥ ; X;

is the operator of center of mass, and the limit N — oo obviously exist. I
this limit X commutes with all the physical operators P, (XiyPi), n < 00

X,P] =0, N> .

Thus, Xisan operator of the type S and superposition of states correspondin
to dlﬂerent proper values of X are forbldden [9].

The physics behind this phenomenon is simple. In the limit N — oo the
body is described by the quantum field theory. Bodies with different centers o
mass has orthogonal Hilbert spaces and the evolution operator cannot trans
form a vector from one space to the other because it is a physical operator.
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Abstract — The main objects of the semiclassical field theory are clarified.

It seems to be evident that classical and quantum field theories are quite
ifferent. Main objects — states — are presented as classical field configu-
ations in classical field theory and Hilbert space vectors in quantum. The
oincare group transformations are symplectic in classical theory and unitary
n quantum. The classical observables are functions of the field configuration,
vhile in quantum theory the obsrvables are operators. Moreover, classical the-
ry is much simpler and can be defined mathematically, while quantum theory
as not been rigorously formulated yet. ‘

However, classical and quantum models are applied to the same object.
'his means that the results of classical and quantum theories should not con-
radict each other, so that classical results should be reproduced from the
uantum theory. Therefore, we come to the problem of correspondence be-
ween "exact” (quantum) and ”approximate” but simpler (classical) theories
f the same object.

Different approaches to this problem has been developed for systems of a
inite number of degrees of freedom. Various semiclassical methods are known.
ome of them (the Ehrenfest approach) are based on investigation of the av-
rage values of "semiclassical” observables; other use the path integral tech-
ique. However, from the mathematical viewpoint, it is much more suitable
o use approaches based on substituting the approximate wave function to the
chrodinger equation, since the accuracy of the approximation can be esti-
nated.

* Consider the Schrodinger equiation of a general form

ih@%ﬁ = H(—z'h-a%,x)z/)(w,t), ze€R"teR. (1)
\ first step to apply any of the semiclassical techniques is to choose such a sys-
em of units that the Planck constant is dimensionless and small (it is denoted
s h in (1)), while all other parameters of the quantum system (parameters of
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the potential, particle mass, distances etc.) are also dimensionless and of the
order O(1). If such a system of units exists, one comes to a purely mathematical
problem of solving eq.(1) as h — 0. ‘

Historically, the first known semiclassical substitution (satisfying eq.(1) as
h — 0) was the WKB wave fucntion of the form

Y(z,1) = p(z, t)ekSED, (2

Nowadays, a much wider class of semiclassical solutions of eq.(1) is known.
Maslov [1,2] has classified them. The simplest example is given by the Maslov
theory of a complex germ in a point. It is the semiclassical wave packet

N £ P (o z—-Q(t), _ :
(@, 1) = consterSWerP Q(’))f(t,TQ)=K§(:),P(z),o(t)f(t)- (3)

One can show that the wave function (3} is indeed an approximate solution of
eq.(1), provided that the following conditions are satisfied: '
(a) "classical” equations for S, P, Q:

0 = p()229 — H(P(t),Q(t)); , (4)
PO = _d(P1),Q); L =(P(1),Q(1)); (5)

(b) Schrodinger equiation for f with quadratic Hamiltonian:

0f(t€) 118 8°H 18 32H 13 118 9%°H 92H
[ T [Eia_gaPaP?ag+ §3Q6P:35 +§75‘ PSQ§+ faQan] f(tvé)'

(6)

Let us compare the wave functions of the types (2) and (3). The uncer- .
tanties of coordinates and momenta for the WKB wave function are usually of
the order O(1) (not small as A — 0). Thus, the wave function (2) cannot cor-
respond to a point classical particle. On the other hand, for the Maslov wave
function (3), the uncertanties of coordinates and momenta are of the order
O(V'h), so that the state (3) corresponding to the minimal value of product
dpéq ~ O(h) can be interpreted as a point particle with momenta P(t) and
coordinates ()(t). Substitution (3) confirms the heuristic Ehrenfest theorem
then.

Let us discuss the geometric interpretation of the semiclassical state (3)
and its evolution. At fixed moment of time, it is specified by classical variables
X = (S, P,Q) € R**! and quantum function f(£). Therefore, a semiclassical
wave packet state can be viewed as a point of a bundle ("semiclassical bundle”
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[4]) with the base X = R?"*! = {(5, P,Q)} being a classical space and fibres
L¥R") = {f} being Hilbert spaces Fx of quantum states in the external
classical background X.

The semiclassical evolution transformation (taking initial conditions for
eqs.(4),(5),(6) to the solution) can be viewed as an authomorphism of the
semiclassical bundle. The initial state (X° = (S(0), P(0), Q(0)), f° = £(0,¢))
is taken to (X* = (S(t), P(), Q(t)), f* = f(2,€)): (X°, f°) = (X*, f*) with

Xt =X  ff = U(uX® « XO)f°%

here u, are transformations of the base, while Up(u:X® ¢~ X°) : Fxo — Fy,xo
are unitary operators.

Geometric structures of the classical mechanics can be derived from the
semiclassical point of view [4]. If one shifts the classical variables by the
quantities of the order O(h), S(t) — S(t) + h85(t), P(t) — P(t) + héP(t),
Q(t) = Q(t) + héQ(t), the wave packet wave function (3) will be (in a leading
order in h) multiplied by a c-number :

b ~ =PRIy, )
Since both wave functions (7) are approximate solutions of eq.(1), one comes to

the conclusion that P(t)6Q(t)—8S(t) = const, provided that (65(t), 6 P(t), 6Q(1))
is a solution of the variation system for (4), (5). Thus, the differential form

w = PdQ — dS

on the base of the bundle should conserve under time evolution.

Analogosly, under the shift X — X + VRSX of the order O(Vh), the wave
packet (3) transforms as K ;‘{ VRSX f ~ constK%e WX f with the operator-
valued 1-form , L9

(QBXIN(E) = (5P — 5Q3 50)S(6),
or .
) Q=dP-£—-d0Q --—

which should also conserve under time evolution
th[(SXt]Ut(Xt — XO) = Ug(Xt — XO)QXOI(SXO].
The introduced 1-forms satisfies the important commutation relation

[Q[6X,]; QX)) = idw(8X1,6X2) (8)
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which can be also interpreted geometrically.
It happens that other semiclassical substitutions (including WKB) of the
wave packets (3) can be presented as a superposition {3

¥(z,1) = const / daK iy oy preayoea/(60)s o € RE. (9)

One can show [3] that the superposition (9) is not exponentially small only
under the Maslov isotropic condition

0X
Wiz

=0, (10)

while the inner product is then as follows
0X '
(#.9) = [ da(7(a), T] 8005 DS (@). (1)

Thus, the semiclassical approximation shows that quantum mechanics {with
Hilbert space of states) leads not to the calssical mechanics (with phase space)
directly but to the semiclassical mechanics with the semiclassical bundle as the
main object (analog of the space of states); the classical space is the base of the
bundle. Wave packet semiclassical states (3) are points of the bundle; more
complicated semiclassical states (9) are identified with surfaces (X (), f(a))
on the bundle. Symmetry transformations of the semiclassical mechanics are
authomorphisms of the semiclassical bundle. The c-number 1-form w and
operator-valued 1-form {2 are also important objects: they should conserve
under any symmetry transformation; they also enter to important relatxons
(8), (10), (11). '

Let us now clarify the main objects of the semiclassical field theory for the
simplest scalar theory case with the Lagrangian £ = 19,p0%¢ — —V(\/_ap)
being a ”Planck constant”. In the canonical approach, the operators vh@(x
and v/h#(x) are analogs of quantum mechanical coordinate and momenta op—
erators. One can formally develop the semiclassical theory in the Schrodinger
functional representation analogously to finite dimensional case. The main
objects of the semiclassical field theory will be [5]

¢ the semiclassical bundle with base X = {X} = {5, H(x),®(x)} and
fibres Fx being quantum field state spaces in the given classical back-
ground;
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e the c-number form w[6X] = [ dxII(x)6®(x) — 6S and operator-valued
1-form Q[6X] satisfying commutation relation (8);

o the semiclassical wave packet states — points of the semiclassical bundle;
the ”composed” semiclassical states — surfaces {X(a), f()} obeying
the conditions (10) (the inner product is of the form (11));

¢ semiclassical Poincare transformations: to each element g of the Poincare
group one assigns classical transformations X — u,X and unitary oper-
ators Uy(ugX < X) : Fx — Fu,x; the group property

Ugy Ugy, = Ugygzs

Ugi (g X = g, X)Up, (ug, X 4= X) = Upyg, (ugy, X ¢ X)

should be satisfied; the 1-forms w and 2 should conserve under Poincare
transformations:

wuyx [0 X,] = wx [0 Xo);

Qu,x[6X,1Us (1, X  X) = Uy(w,X  X)0x[5%), (12

with uo(X +6Xo) ~ u, X + 8 X,; the properties (12) provide unitarity of
Poincare transformations of states (9).

o field operators in the semiclassical mechanics (can be expressed via (2;
their Poincare invariance is a corollary of (12)).

he formulated properties are checked in [5] with the help of results of [6].

References

1] V.P.Maslov. Operational Methods. Moscow, Nauka, 1973.

2] V.P.Maslov. The Complex-WKB Method for Nonlinear Equations.
Moscow, Nauka, 1977.

3] V.P.Maslov, O.Yu.Shvedov. The complex Germ Method for Many Particle
Problem and Quantum Field Theory. Moscow, Editorial URSS, 2000.

4] O.Yu.Shvedov, Mat.sbornik, 190, N10, 123-157 (1999).
5] O.Yu.Shvedov, J.Math.Phys., 43, 1809-1843 (2002).
6] O.Yu.Shvedov, Ann.Phys., 296, 51-89 (2002).



86 Proceedings of XII International Conference on Selected Problems of Modern Physics,
Section I, Dubna, June 8-11, 2003.

D.l. Blokhintsev and Fundamental Problems
of Quantum Mechanics

A.D. Sukhanov
1 The Statement of the Problem

Foundations of Quantum Mechanics have been formed more than 75 years
ago. Its creation opened up new horizons for the development of thinking.
But the process of the new world-outlook familiarization was rather slow and
contradictory. In these circumstances a great deal has been done by those
scientists, who along with the creators of the new theory contributed to the ~
propagation and adequate interpretation of fundamental ideas of this theory.

Among those who made a significant contribution to this matter a partic-
ular position belongs to representatives of the Moscow school, headed by aca- -
demician L.I. Mandelshtam [1]. One of them was K.V.Nikol’skii, in his book .
”Quantum Processes” (1940) there have been presented for the first time ideas
of this school [2]. Starting from the middle of 1940th it was D.I. Blokhintsev
who became the leader of this school, and to whose memory this conference is
devoted. The Moscow’s interpretation of the Quantum Mechanics, developed
by him, was in strong opposition to the initial version of the Copenhagen’s
interpretation from the Bohr’s school [3].

Still_ at 1944 he created the first in the world textbook ”Foundations of .
Quantum Mechanics” (6th edition in 1983), which still remains to be one of
the best and has been translated to nine languages [4]. During almost 40 years
Blokhintsev systematically gave an account of his point of view in the papers,
devoted to methodological problems of Quantum Mechanics [5,6]. They have
been collected later on in his well-known monograph ”Principle Questions of
Quantum Mechanics” (1966, 1987) [7] and in Lectures on Quantum Mechanics
for young scientists (1981, 1988) {8] delivered at Dubna in 1970th years. Theses
repeatedly advocated by him were not always accepted by adherents of other -
views. '

But Blokhintsev firmly persisted and, as a result, the positions of many
of his opponents has been changed. At the same time, when analyzing views
of his opponents, he always yearned to find a rational pearl inside of them,
in order to fill up, as he noticed by himself ”... all gaps in that "Moscow”
understanding of Quantum Mechanics...” (1981). In relation with this still
sound actual his words, which have been said at 1968 [5]: ”... Now, when
already many things were thought over and lots of things were written, it
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‘Jooks more reasonable to consider a good many of those ”alternative” points
of view as just a various aspects of the one and the same scientific problem...
Evidently, that the deal is not as much in the setting off the different points
“of view, but instead in the successive development and in more thoughtful
“understanding of the problem”.

In the presented report we do not pursue the aim to embrace all method-
: ologlcal problems of Quantum Mechanics, which were discussed by Blokhint-

sev. The aim of this talk is to show that

e the main Blokhmtsev s methodological ideas definitely passed the so-
called time-test;

o their development allows one to get an approach to a new understanding
of the Complementarity Principle;

e they might be spread out on the other physical theories with the proba-
bilistic description;

e these ideas open up the perspectives for creation of an integral non-
classical (non-deterministic) physical theory.

The main tool of our analysis would be the generalized uncertainty relations
(UR), introduced in Quantum Mechanics by Shroedinger still at 1930 [9]. As it
" ‘became clear nowadays, their successive application allows one to make more

precise and to extend the Moscow interpretation of Quantum Mechanics. More
than that, an extension of similar UR on the other physical theories with
“the probabilistic description demonstrates an intrinsic proximity of several
theories, which are traditionally considered as standing far from each other.

2 Some methodological ideas by D.I. Blokhintsev

~ Without saying, the probabilistic character of the descrlptlon of Nature
in Quantum Mechanics does not have any opponents already for a long time.
' The questions arise when one tries to make more precise the physical meaning
of these probabilities. In this direction today has been achieved a substantial
- progress, initiated in much by the Moscow school ideas, developed by Blokhint-
sev. Their last versions might be in short given in the form of several thesises,
‘based on Blokhintsev’s sayings (1976):
” The principal quarrels are concentrated around the understandmg of the
wave function. Does the wave function provides one with the objective and
"complete description of the physical reality or it is just a "notebook” of an
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observer...? Does the wave function describes the state of the particle, or that
of the system of particles? j

We restrict ourselves to an explanation of the putted above questions, start-
ing from the concept of quantum ensembles... This concept... differs from ..-
the concept of Copenhagen school to those, that it gives a more modest role:
to an observer, while underlines the objective character of quantum ensembles
and that of patterns, which control them. ,

The concept of quantum ensembles is a very close one to the concept of
Gibbs’ classical ensemble. In Gibbs’ ensemble a microsystem is considered in”
the interaction with a macroscopic thermal bath, having the temperature 0.
The probability Wg of one or another result of the measurement... is related
with the ensemble, formed by unlimited reiterations of the microsystem p at
one and the same macroscopic conditions, given by the thermal bath with the
temperature O. '

In the full analogy with a classical Gibbs’ ensemble a quantum ensemble is
formed by unlimited reiterations of situations, made up by one and the same
microsystem p, which is imbedded into one and the same macroscopic environ-
mentz M. Macrosituation might be artificially formed at the laboratory... , as
well as to arise by itself in natural conditions... . The wave function ¥y (or
the density matrix pas) is an objective characteristic of the quantum ensemble
and, in principle, might be found by measurement”.

In the above expressions there are posed several fundamental problems,
which would be commented in what follows. The main problem, which was
under discussion, that is whether the probabilistic description of Nature in
Quantum Mechanics is the primary, fundamental one or it is a secondary one,
as it has been traditionally considered in the Classical (deterministic) Physics.

As it is known, in Classical Physics there is initially presupposed the univa-
lent predeterminance of the course of events. Therefore the impossibility of an
univalent prediction of all events, which is encountered in practice, one usually
refers to an incompleteness of the initial data, that is to consider as a secondary
effect. However, ”... the real collapse of determinism happened along with the
development of Quantum Mechanics, starting from the Einstein’s work (1916)
on the radiation theory, were there have been introduced a priori probabilities
for the first time in physics” (V.A. Fock, 1957) {10]. Now it is possible to
affirm, that the a priory, a primer character of the probability description in
Quantum Mechanics is accepted by majority among investigators.

A substantial progress in this question has been achieved only after eluci-
dation of the meaning of probability, as used in physics as a whole. In relation
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with that Blokhintsev (1977) [6] wrote: "Probability is the numerical measure
of the potential possibility of that or another one draw of events. The draw
happens in a some statistical ensemble of events, which should be defined by
clearly formulated material conditions. ... Probability is not a.characteristic
of an individual mechanical system as itself.” It belongs to a particular sys-
tem to that extent, to what extent this system is a member of some definite
statistical ensemble.” Let us underline, that the use by Blokhintsev and by
some other well-known physicists of the term ”quantum ensemble” caused in
the past obdurate discussions.

Evidently, that just a refusal of the term ”ensemble” and its change by
another similar terms — statistical population (von Neumann) [11], statistical
collective (Mandelshtam, Fock) etc. - does not make any essential changes.
It is needed to define clearly, what kind of statistical collective (ensemble)
is subtended in Quantum Mechanics. In relation with this Fock (1957) [10]
wrote: 7 Elements of statistical collectives, considered in Quantum Mechanics,
are not micro-objects by themselves, but results of experiments over these
objects. Moreover, a definite setting of the experience corresponds to a definite
collective... Probability is related to a particular object and characterizes its
potential possibilities; at the same time for an experimental definition of its
numerical value it is needed the statistics of realization of these possibilities,
that is a multiple reiteration of the experiment. Hence it is clear, that the
probabilistic character of the theory does not exclude, that it might be related
with an individual object”. _

It is not difficult to see, that Blokhintsev’s and Fock’s positions on these
questions finally became rather close. From these positions it follows that the
probability is a characteristic of an individual object, but not of it as itself, but
rather as that of a member of some statistical collective (ensemble), defined
by the same external conditions.

o In the clearest form this statement might be expressed when using the
concepts of observables and states, introduced by P. Dirac [12]. According to
L.D. Faddeev (1980) [13], ”... the conditions of experiment do determine the
state of a system, if for a multiple reiteration of the experiment under these
conditions there arise probabilistic distributions for all observables”. Hence it
follows, that each of similar systems under invariable exterior macro-conditions
appears to be at one and the same state, independently of that whether they
will be putted under these conditions sequentially one by one or all together
simultaneously. In this case it is not to any extent essential are these states
pure or mixed.
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One should say, that Blokhintsev in the course of development of Moscow
school ideas always persisted for the consistent consideration of pure (wave
function) and mixed (density matrix) states in Quantum Mechanics. The lat-
ter were traditionally associated with mixed states of Classical Statistical Me-
chanics, which (in contradiction to Gibbs view) were related with an ensemble
of particles, but not with an individual particle at all. Therefore Blokhintsev’s
point of view on this problem was not usually accepted. :

Now the position of scientific society on this question has been drastically
changed. Due to the efforts of 1. Segal [14], G. Mackey [15] and Faddeev [13]
the description of Nature on the language of observables and states became
possible to extend from quantum mechanics to other physical theories, up to
the traditional classical mechanics. The only peculiarity, which is inherent for
classical (deterministic) theories, is that to their pure states does correspond
degenerate (delta-like) distributions of probabilities. It is possible to look at
this position as on the development of Moscow school ideas.

Let us recall two more important methodological problems to which Blokhin
sev paid a considerable attention. These are *Probability and Objectiveness
of Knowledge” and ”Probability and Perceptuality of Nature”.

The first problem deals with the role of an instrument and an observer in
Quantum Mechanics. As it is known these questions were among the most
important in the initial version of Copenhagen interpretation. That led to the
exaggeration of the role of-a measuring instrument and an observer, and gave
rise to some subjective interpretations up to the perception on the defining role
of an observer consciousness. Qur point is that there is no any base for any
doubts on the possibility of an objective description of micro-world. In this
relation Fock (1957) [10] wrote: ”We can call "an instrument” such a device,
which on the one side might interact with a micro-object and react on its effect,
and on the other side provides a classical (deterministic) description... In this
definition of an instrument it is completely inessential whether this is human
hand made one or it presents by himself a natural.. combination of exterior
conditions, where the micro-object was putted in. It is important only, that
these conditions should be described classically”. k

In his turn Blokhintsev (1968) [5] noted: ”An observer does not take part
in events, therefore he must be excluded from the game. Paradoxes, incident
to an understanding of wave function as a collection of information, or as a
notebook of an observer, are cleared up when one performs an analysis of a
microsystem action on the instrument”. Such an analysis has been successfully
performed by Blokhintsev in 1968.
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In.the second problem one deals with the role of an uncontrollable quan-
um influence (interaction) of a microobject on the system, which forms its
tate. There were different opinions expressed. Let us give Fock’s (1958) [16]
tatement: ”Actually we are speaking here not about an interaction as._it-
elf, but instead about. a logical interrelation between quantum and classical
vays of .description at the junction of that part of system, which is described
juantum-mechanically, and that one, which is described classically. The term
uncontrollable interaction”. as it sounds literally, causes perplexity: since any
shysical process is perceptual one, and therefore available for a control”.

The thesis "about a logical interrelation between classical and quantum
vays of description” has a subjective inflection and there-fore was rejected by
Moscow school. There were some reasons for that. In Quantum Mechanics
here are considered two qualitatively different ways of changing the state-
ither an evolution in accord with Schrodinger equation (the controlled in-
luence), either a reduction as a result of changes in macro-environment (the
incontrolled influence). Minimal uncontrolled quantum influence consists in
n interchange by an elementary quantum of action. The fact that his numer-
cal value differs from zero demonstrates an uncontrolled influence inherent.in
the very Nature is unremovable. Hence, the presence of an elementary quan-
tum of action restricts the perception of Nature not more, than the existence
of the limiting velocity of motion. As it was noticed by Blokhintsev (1963) in
this respect ” the discovered in quantum-region finiteness of interactions " does
not set any boundaries for perception.”

3 Development of D.I.Blokhintsev's ideas and the modern outlook
on the Complementarity Prmuple

Blokhmtsev s ideas an quantum ensembles orxgmated prerequisites for the
contemporary mterpretatlon of such statements as the wa.ve—pa.rtlcle duahty
concept and the Complementary Principle. Blokhintsev (1963) wrote: “ac-
cording to Bohr, a quantum description of phenomena falls into two alterna-
tive classes, which are complementary.to each other in that very sense, that
their totality in classical physics provides with complete description. In other
words in the first row are not objective peculiarities of micro-world, but in-
stead the abilities of an observer, who manipulates with macroscopic quantities
and concepts”.

~In essence, position’ of the Moscow school is different. The basis for this
posmon is the perceptxon about a self-dependent role of the state of system
e a qualitatively new feature of physwal reality. The fundamental property
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of a state is its entirety, which gives rise to a substantial interdependency of
conjugate characteristics of a system. The task raises to demonstrate in the
most visual form the necessity of an entire opinion of the Nature, which could
not be reduced to a collection of complementary mutually exclusive pictures.
Its resolution appeared to be possible on the base of investigation of the most
general properties of the state spaces, which are of use in Quantum Mechanics
and elsewhere.

At the description of the Nature in terms of observables and states in dlf—
ferent physical theories these spaces can be vastly different from each other,
but their "geometrical” properties are similar in many respects. They are de-
termined by the Cauchy-Bunyakovskii-Shwarz’s inequalities which, as a rule,
lead to non-trivial UR. These relations have sense of the fundamental restric-
tions determining the basic features and interrelations in correspondmg space
of states.

Let’s analyze this thesis by the example of the complex Hilbert’s space used
in quantum mechanics [17,18]. Opportunities for such analyzes have appeared
after Shroedinger [9] has received the most general UR for any pair of conjugate
observables and in any states which are not eigenvectors of operators A and
B . Further this conclusion has been propagated on the any mixed states of
quantum mechanics.

Let us restrict ourselves with the consideration of the conjugate observ-
ables - coordinate and momentum - for the micro-particle, which is subjected
to the one-dimensional motion. In this case Shroedinger’s UR ”coordinate -
momentum” has the form

Ag® - Ap* > |qu|2' (1)
Here Aq? and Ap? are dispersions (variances) of observables ¢ and p, which
characterize their fluctuations in the state |¥), and

” A | h?
Byl =05, + (‘I’I{Aq, APHE) + (2

is the square of generalized complex correlator (covariance) of these fluctua:
tions.
Let us note some features of Shroedinger’s UR (1):

e in the generalized correlator |R,,| on the equal rights enter the same
footing average values of the commutator ¢, = 3|[Ag, Ap}| and the anti
commutator a,, for the operators A§ = §—g and Ap = p— p accordingly
with ¢ and p being average values of observables.
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[

‘o1t goes over.it’s specral versron, namely the Hersenberg s UR: only by the
condition aqp =05 :

.8 in the quasrclassrcal hmrt Cgp —> 0 whereas ogp don’t go to zero, but goes,
.».»over into the correlator (Ag - Ap) from . the classrca,l probablhty theory :

For more detalled analys1s let us present the ﬁrst term in the Eq.. (2) in.
the followmg form [19]: . :

qp'=’7‘ﬁ"/‘d“1‘(qr_< q)Jpr(‘I), 1; j ‘; | (3)

where

L

is the density of the probability current in the state, descrlbed by the wave
finction W(q) = ,/ppr(q) exp{z(,o(q)} This denotes, that the quantity Oup turns_
equal to zero for all the real wave functions and also for the infinite harmonic
de Broghe wave, when Jpr = const. In order the quantlty to be different
from Z€ero (aqp # 0) the correspondmg wave functlon have to be complex and'
As an example of reahstlc model for which Ogp # 0 let us consider the free
~ motion of mlcro—partlcle with the mass m in the state of Gauss wave packet
' with initial width Aq(0) = b and the velocity of the packet center Vo = const.
In an arbltrary instant of time we have: ’

AP =B+ VA AP =(mV) ()
Ogp = quzu ) ‘ : ' (6)
where Viu = %fl 2 73 1 the rate of the spreadlng of the Gauss packet '

In this case the Shroedinger’s UR obtains the form [19]

o ; - 5

2(t) -Ap? = |Repl” = (mV2 t)? + rE ()
50 the Gauss packet minimizes Shroedinger’s UR (1), turning it into equality
at any value of t. We note, that the rate of spreadmg is deter-mined by the
dispersion of the momentum in the initial instant of time (Ap? = hA/4Ag¢2),

when both UR (Shroedinger’s and Helsenberg s) coincide .
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As is known the starting version of complementarity principle [3] was tightly
bound with the analysis of the Heisenberg’s UR. It follows from this one that
in Nature there are no states , for which the dispersions of coordinate and
momentum equal to zero together. But the illusion remained that there may
be experimentally realized the states for which the coordinate and momentum
dispersions go to zero individually. But it does not seem reasonable to say that
this illusions are valid. The example with the Gauss packet for which shows

Ap? = const # 0, that it never can spread enough to transform into an infinite

de Broglie harmonic wave with Ap? = 0. Thus the states which illustrate the

complementarity principle are only mathematical abstractions of a kind of the

6- functions or an infinite harmonic de Broglie wave and not more.
‘Moreover, one cannot ever say formally that the quantity Ap — 0 by Ag—

oo or vice versa because the square of generalized correlator |Kgp| in the form .

(7) has two terms playing different roles on the divers stages of the packet’s
spreading. As a threshold time one may define 7, = ‘—,b— It characterizes

the time interval which is necessary for doubling of initial packet width. Then -

the second term which corresponds to the traditional contribution into the
Heisenberg’s UR can be ignored at ¢ > 7,,. In this limit it comes out that the

dispersions Ag? and Ap? are directly proportional each other Ag? = (£)2Ap?.
Thus the traditional statement that these quantities are inversely proportlonal‘

each other (Ag® = X 1ap 2) has only some meaning at the time t < 74,
Thus the widely used . perceptions about the particle-wave dualism and

about the complementarity of these two alternative types of micro- particles

description are seen now as somewhat conventional. In the Nature there are

no micro-objects in states, in which they have quite definite values of the co-

ordinate or the momentum. Moreover in many cases the initial mutual inverse
proportionality of the values Ag? and Ap? with the time evolution turns into a
direct proportionality. This means that the concept of the two complementary
(alternative) ways of the micro-object description is the echo of classical repre-
sentations. It may be realized only approximately. For an adequate description
of the micro-world it is only convenient the holistic approach by which both
conjugate observables - the coordinate and the momentum - posses no definite
values in any state. They are characterized by average values, dispersions and
generalized correlator. Furthermore the type of their fluctuations correlation

is changed from anti-phase one (Ag® ~ z7) to the in-phase one (Ag® ~ Ap?).-
Summing up we are dealing in fact with the same observables in the clas-

sical and in the quantum mechanics. The only difference consists in the fol-

lowing: it the first (classical) case the conjugate observables are considered as -
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‘independent. primary, whereas in the other {quantum) case - as interdepen-
dent ones. The interdependence between coordinate and momentum in the
quantum mechanics one may demonstrate explicitly [19] in its version named
‘Nelson’s stochastic mechanics [20].

‘4 The propagation of D.I. Blokhintsev's ideas beyond the frameworks
of Quantum Mechanics.

The ideas of Moscow school about the unified treatment of pure and mixed
_ states in quantum mechanics initiated the problem of interrelations between
the probability description in quantum mechanics and outside it. This prob-
lem was interesting for Blokhintsev for a long time. The last paper on this
subject under the title ”Classical statistical physics and quantum mechanics”
was published by him in 1977 [6] (a year and a half before his death).
His ensemble approach opens up some possibilities to a more wide inter-

-pretation of probabilistic type theories. Now it is possible to say that there are
the theories beyond frameworks of the quantum mechanics also. In them the
probability description has also a primary fundamental character. It would
be quite natural to expect that corresponding limitations in their state spaces
will appear in these theories,which would be analogous to the Schroedinger’s
UR (1).

~ For convenience of comparison with behavior of one free micro-particle let
us consider one-dimensional generalized diffusion [21], described by the Fokker-
Planck equation in the configurational space

dp 0
‘ a - _aq(pv)a (8)
where ‘
v=w+u ‘ (9)

is the velocity of flow or the current velocity, proportional to the particle flow
fdensxty v= —]

This quantlty is made up of two quahtatlvely different terms. Addend w
.means an average velocity of the motion forward of separate particle or drift
velocity. It is defined by Newton’s dynamics, that is initial conditions and
known forces working on a particle (controllable mﬂuence)

The second term in the formulae (9)

10p

=D
Tpoq

(10)
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refers to osmotic (or diffusion) velocity. It is meaningful to velocity of
displacement of particles of a flow as a result of diffusion according to Flck’
law (uncontrollable thermal influence) with coefficient of diffusion

kgT
T
m

Dr = (11)

Here T - is temperature of the environment,m - is mass of a particle, 7 -
is the relaxation time and - is the fundamental Boltzmann’s constant. Let’s
notice, that by w = 0 the equation (8) turns to the ordinary equation of
diffusion. On the contrary, at the same equation turns to Liouville’s equation
concerning to the mixed states of classical (deterministic) mechanics. :

In the case of the generalized diffusion, as the momentum conjugate to'
coordinate it is accepted to choose [22,23,21] the current momentum

1d0p |
) (12)

The corresponding UR ”coordinate-momentum” which follows from Cauchy:
-Bunyakovskii-Schwartz inequality has the following form

psz:%' m(w — Dp—

Ag - Ap* > [Aq-Bp) = m?[(Aq- Aw) + (Ag- AP, (13)

where (Aq- Au) = Dr. As well as in quantum mechanics, right -hand side UR-
of a kind (13) at adequate definition conjugated coordinate and a momentum

is distinct from zero only when velocity w (or u) and coordinate g are inter-

dependent. As to study sources of such interdependence outside of quantum

mechanics let us analyze two extreme cases. ‘

First we shall consider a case when D = 0, i.e. diffusion is absent (osmotic

velocity u = 0). This case corresponds to Classical (deterministic) Mechanics
of the particle which is taking place in the mixed state owing to disorder of
the initial data. The elementary example of similar type has been described

in known Blokhintsev’s monograph (1966) [7] in which was considered one-

dimensional movement of a free particle with initial distribution function for

coordinate and momentum of Gauss’ type

1 (p—p)?° (¢-9)°
, eX — — 14

In this case the Fokker-Planck equation (8) transforms to the special case
of the Lioville’s equation where the current velocity V = w = P/m = const:
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2 = —apu) = -2 (15)
According to Faddeev’s terminology [13] such kind of description corresponds
to the Liouville’s picture of motion in classical (deterministic) mechanics. The
solution of Eq. (15) at an arbitrary moment of time is obtained from the Eq.
(14) by the change of gon (¢ — £ - T). '

¢ The simplest calculation shows that in this case

Ag® = Ags + V% Ap? = (m - Va)? = Ap] = const, (16)

where V; = Apo/m- the velocity of spreading of Gauss initial distribution of
classical mechanics. Continuing the analysis of the space states properties we
obtain the expression for the correlator

o = m(Aq- Aw) = mV3t. (17)
As a result the UR ”coordinate-momentum” (13) in considered special case
takes the form

A BF 3 o2, = (mV2L)? (18)

- Let us now analyze another special case of UR (13) corresponding to the
Brownian motion by the absence of external forces when the drift velocity
w= 0. In the limit ¢ >> 7 it has been examined by Furth [23] still in 1933 [23]
when instead of (14) he has received the formula

Ag*—~ Ap* = oy, (19)
where the correlator
Ogp = mDT = k‘BTT. (20)

It is easily to see that the non-trivial UR ”coordinate-momentum” is the con-

sequence of the non-controlled thermal influence which is determined by the

Bolzmann’s constant.

+ The generalization of the UR (19) on an arbitrary time intervals [24] in the

frameworks of the Ornstein- Uhlenbeck theory [25,26] leads to the expression
Ag? - Ap* > O'ZP, (21)

where the correlator has form
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ogp = mDr(t) = mD7(1 — exp —t/7) (22
By t > 7 it obviously transforms to Eq. (20), but by t < 7 it gives :

o =mDr - - = kpTt = mVt. | (23

Here V} = —i— -is the dispersion of velocity in the thermal equilibrium state
determmed by one-dimensional Maxwell’s distribution .

Thus, in the Brownian’s motion theory the state of a particle is formed du
to uncontrollable thermal influence of the thermal bath. Let us emphasize
that it also is unremovable. In this state both the conjugate observables
and p also are interdependent, that results in essential correlation of thei;
fluctuations. The formalism of this theory is .qualitatively distinct from :
formalism of quantum mechanics. However in the methodological attitude
they are close enough, whereas both ones being conceptually different fron
that in Classical Statistical Mechanics.

5 The conclusion.

So, the approach of Moscow school (Mandelshtam, Nikolskii, Blokhintser
and their successors) to any physical theories on a basis of probability descrip
tions shows the efficiency. The further development of these ideas opens, in ou
opinion, prospects for creation of the holistic non-classical ( non-deterministic
physical theory.

As a first step there is an opportunity to enter the new criterion, allowin
to divide the all physical theories on classical (deterministic) and non-classica
(non-deterministic). Such criterion, in our opinion, is presence or absence o
fundamental uncontrollable influence of this or that type resulting to formatlor
of a state of system in certain macro-enviroment.

From this point of view qualitative differencies between the mixed states ir
classical (deterministic) mechanics and states in the Brownian motion theor,
are distinctly visible as two special types of the Fokker’s-Planck’s equatior
decisions. In both theories takes place a correlation of fluctuations of coor:
dinate and momentum. However in classical mechanics the state of systen
is determined to two observable ¢ and p which primary are independent. In
terdependence of these observables in mixed states can arise, but only during
movement (¢ # 0), in other words it is secondary. On the contrary, in the
Brownian motion theory interdependence of observables ¢ and p arises initially
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t forming of a state of system due to uncontrollable (thermal) influence, in
ther words it is primary.

It is interesting, that the certain analogy between the Brownian motion
heory and quantum mechanics is observed to this attribute. In last one inter-
lependence between .observables ¢ and p, as well as in the Brownian motion
heory, arises initially at forming of a system state due to uncontrollable (quan-
um) influence, in other words, it is primary. It gives the ground to approve,
hat both these theories concern to non-classical { non-deterministic) physical
heories. Furthermore, Brownian motion theory appears to be more close to
Q/uantum Mechanics than to Classical Statistical Mechanics.

Thus, the search of the holistic theory in which both types of uncontrollable
nfluence would be viewed as conjoint and equal in rights, is not deprived sense
27-30]. As an illustration of this thesis let us address to Brownian motion of
free micro-particle. Recently we have [30] shown, that the generalized corre-
ator |R,,| at any arbitrary moment of time rather complicate de-pends from
he both fundamental constants % and kg. This dependence becomes simpler
t t ~ 1. = h/2kgT, where r..~ the moment of time dividing two regimes at
vhich prevails either quantum, or thermal influence. In these conditions

Vitl? = (k5T + ) (24)

0 "thermal” and ”quantum” contributions to the generalized correlator prove
o be additive. The commensurability of them might be reached at certain val-
es of macro-parameters (temperature, and relaxation time, related with the
iscosity of medium), and, along with an increase of these macro-parameters,
thermal” contribution might became a dominant one. Under these conditions
he correlation of the coordinate and momentum fluctuations for micro-particle
s determined not by the Planck constant, but mostly by the Boltzman con-
tant. '

Thus, ideas of the Moscow school play an essential role not only at interpre-
ation of quantum mechanics. They can be used as a com-pass by searches of
he complete non-classical physical theory based on the joint and equal in rights
ccount of all types of uncontrollable influence. In this connection Blokhint-
ev’s researches on fundamental problems of quantum mechanics are actual
nd today. They, undoubtedly, represent a subject of pride of the Russian and
rorld science.
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Positronium Bose condensate as gamma laser

V. S. Vanyashin
Dnepropetrovsk National University, 49050 Dnepropetrovsk, Ukraine

Abstract — The rate of self-stimulated emission of photons produced
by the decay of Bose condensate of para-positronium atoms has been
calculated. This rate exceeds the rate of spontaneous two-photon decay
at plausible density values of positronium gas, thus opening, in principle,
the way to the positronium Bose condensate gamma laser.

1 Introduction

We present the estimation of the main parameter upon which the princi<
pal possibility of one of the earliest gamma ray laser idea crucially depends.
This parameter is the density — number of particles per unit volume — of
positronium gas in a state of deep quantum degeneracy. The choice of exotic’
substance is suggested by the decay property of a free para-positronium atom
that emits two monochromatic recoilless gamma quanta in opposite directions.
So the acute in Mev range Doppler shift difficulty simply does not exist for
the stimulated two-photon decay of condensate particles.

2 Rate of self-stimulated emission of photon pairs from Bose con-
densate of pseudoscalar field

For our aim we accept the phenomenological quantum field theory formal--
ism, the most straightforward one for the primary investigation of the problem.
As the only on-mass-shell treatment is needed at the first stage, the descrip-
tion of ground state para-positronium atoms as point-like particles — quanta
of the local pseudoscalar field ¢(z) — will do no harm. ‘

So let us begin with the-phenomenological Lagrangian density of interacting
electromagnetic and neutral pseudoscalar field:

E?2 — H? 952 _ (V9°)2 _ m2(p2

L=—F—+ ;

The radiation gauge is the most appropriate for our case:

+g9pEH. (1)

Ay=0, VA=0, E=-A, H=VxA. (2)
Canonical momenta are defined as:

N=A-goH, 1=¢ 3)
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All previous formulas lead to the Hamiltonian density:

E2 +H2 9'92 + (th)z + m2(,92
7t 2 =
(M+gpH)?+H? %4 (Vo) + mPp?
+ ) (4)
2 2
that consists of two positive contributions from each field. The interaction
manifests itself through the non-commutativity of these two energy densities.
The canonical commutation relations (nontrivial) are:

[r(x,t),0(x',t)] = —id®(x —x),

[Mi(x, 1), A(x, O] = —i8; 6 (x —x) —

H =

; 02 1
0;0; 4m|x — x'|’

()

They are consistent with the radiation gauge conditions: divA = divIIl = 0.
With the help of the canonical commutators we obtain the rate of energy
exchange between the two fields:

2 2 2 2
% / Pt H i[H, / dstJr_H_] _

2 2
HE + EH~r d 72+ (Vp)? + mPp?
=g [exT = oo .
o [ e ] f—5 ©
So in a closed conservative system of the two fields the flow of energy between
them oscillates with a characteristic frequency of order 77! = (g¢). For a

real open system in thermal environment the rate of energy exchange can be
enhanced through the Bose-Einstein condensation of the ¢ field.

We have to consider this possibility in detail. The canonical variables
¢(x,t) and 7(x,t) can be expressed by the plane-wave decomposition:

1 . .
1) = b(p,t sz+bf ,t)ePx)
mat) = X 25{‘}(-ib(p,t)efv"+ibf(p,t)e-ivx),
o

Jp? +m? _ [Y&p
Ep =/p? +m?, };...—/(2‘”)3...
[o(p, 1),0!(p',1)] = (—2‘7;—)5‘3’(1) -p) o5t (7)
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For the electromagnetic field the decomposition into plane waves with circular
polarization is:

A = % \/g—lm [(a™(, tye(k) + a(k, e (K)) €™ + H.c),
w = Ik', e(k) = \/Lﬁ <e_1_+2g- X EJ_> , elk=0,e3_ = 1,

e(-k)=e’(k),e?=e?=0,ee"=1,ek=ek =0, (8) |
ey = \/g [~i (a0, )e(k) + a(k, e*(K)) ™ + H.e],

H(x,.t) = zk; \/g [(a®(k, t)e(k) ~ ab(k, t)e"(k)) €™ + Hel,

as

ik x e(k) =we(k),, tkxe*(k)=-we*(k).

The commutation relations for the right (analogous for the left) polarized
modes are:

[a®(k, 1), atR(K',1)] = @ 8k - K') == 1. (9)

For the condensate field ¢(x,) = (¢):

o(t) = \/% (50 + 81(1)), |
r(t) = \/2_21; (—ib(e) +1(2)) , (10)

?

(30, (0] =1, [v(0), o(8)] = — .

When we take into account only the condensate mode for physical reasons, the -
total Hamiltonian becomes:

5 +V 3 +

H_/d3xn2+H2 7r2+m2992
v

ITH + HIT H? |
3 2 2 [ 13
g<p(//dx 2 +ggov/dx2. (11)
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or reasonable fields g?(?) <« 1 and the last term in (11) is negligible. The
otal Hamiltontan without it takes the form in the momentum space:

H =3 w(atR(k,1)al(k,t) + a'¥(k, t)al(k,t) + 1) +
k

m (b*(t)b(t) + %) + ﬁgﬁv (b(t) + bf(t)) X
) g [~i (P&, t)af(~k, 1) — ab(k,)ab(~k, 1)) + He]  (12)
k

A

L is convenient to separate the fast energy dependence by going to slow varying
lde-operators:

Rk, t) = e"“taR(k,t),...,  bt)=e"™b(t),... (13)
‘heir time dependence is determined by the interaction Hamiltonian:
b(t) =i [Hine(®), B(@)] - 8" (e, 1) = i [Ham (1), &R, 1)] ... (10)
1 which we retain only the resonant (w = m/2) terms

Hmt )

( Ak, 1)a"(—k, 1) - a*(k,t)a"(=k,1)) + H.c.| (15)

w
k, w—m/2 2

nd omit the fast varying nonresonant terms like b & e~#(m+2«)t,

For every fixed direction and circular polamzatlon of a plane electromag—
etlc wave there are two coupled equations, e.g.

Blht) = o b a (k)
iPkt) = —ZEBt()aR(k, ). (16)

VamV

et the annihilation decay of the condensate be compensated by a new delivery
o it. For this case, when one could consider b'b = N >> 1 as a constant c-
umber, the system (16) is linear and easily solvable. It appears that the time
volution produces the Bogolyubov transformation:

af(k,t) =

cosh (g”n;‘];’ )ﬁR(k,O) + sinh (%\/Mt) %&"R( -k,0). (17)
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This is a clear case of quantum parametric resonance [1]. The given condensat
field plays the role of a time dependent external field — the energy source ¢
constant intensity pumping the coherent electromagnetic field. The opposit
case of coherent creation of scalar boson pairs by a time dependent externa
electric field was considered in [2] with a similar result.- :
The photon number increment according to (17) and agreeing with (6
tends to i
Npn | mN
Now Vav
The dependence of the photon emission rate on the density of emitters is simila
to other collective phenomena. Another peculiar feature of the result (18) i
that a measurable effect comes out with the first rather than the second powe
of the small coupling constant, that is more favorable.

(s

3 The feasibility of positronium Bose condensate gamma laser

Formula (18) is applicable for the self-stimulated two-photon decay of an
pseudoscalar particles condensate, e.g., for 7%-mesons or hypothetical axion:
As our priority is the para-positronium condensate, we substitute the parame
ters m and g by m. and « :

1 sMe & 3 Ny 4ras N

m-, m= 2me, m = . V (19

It follows from (19) that the photon number increment dominates ove
spontaneous two-photon decay at the condensate densities N/V > 10%cm™
this should be feasible at the liquid hydrogen temperatures.

All above results were obtained a decade ago and published in [3]. Toda
the whole topic of Bose-Einstein condensation is very promising physics, an
this fact gives new impetus to the problem considered.

The author would like to thank the Conference organizers for the 1nv1tatlo
and financial support.
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The scalar O(IN) model beyond the Hartree

épproximation, in and out of equilibrium

J. Baacke®, A. Heinen?, S. Michalski
'+ 1Fachbereich Physik, Univ. Dortmund, Germany

Abstract — We discuss recent results obtained in the two-loop approxima-
tion of the two-particle point-irreducible (2PPI) effective action applied
to the scalar O(N) model at finite temperature and out of equilibrium.

1 Introduction

The fundamental theories and phenomenological models of elementary par-
ticle physics contain, as a basic constructive element, the Higgs mechanism.
This involves the physical phenomena of spontaneous symmetry breaking,
phase transitions and symmetry restoration at high temperatures and energy
densities, particle production in time dependent background fields via the mass
term provided by the Higgs field. The question of thermalization of particles
produced in this way arises in inflationary cosmology. Most of these concepts
are not based on exact results in quantum field theory but on certain ap-
proximations to it. Beyond the tree level approximation as defined by the
basic Lagrangian typical approaches are: resummation schemes like 1PI, 2PI,
2PPI, the 1/N expansion, the loop expansion, the semiclassical approximation,
the Hartree approximation and variational approaches based on Gaussian and
other wave functionals. A simple model which displays spontaneous symmetry
breaking and in which such approximations can be studied is the O(N) sigma
model with a Mexican hat potential ‘

2

L= %auq>iauq>i - % (9:0: —v?)" . (1)
‘The model appears, e.g., in the Higgs sector of some fundamental theories
(Coleman-Glashow model, SO(10) GUT etc.), as an effective low energy the-
ory for 7 and o mesons, and as a model for particle creation after inflation.
Many results are known in leading order (1-loop, large -N, Hartree) in ther-
mal equilibrium and out of equilibrium. Next-to-leading order calculations
are technically very demanding, both analytically and numerically. Not even
renormalization has been achieved in some resummation schemes. In out-of-
equilibrium quantum field theory an outstanding problem is the approach to
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thermalization after copious particle production at the end of inflation. In
leading order approximations the systems do not thermalize. .

In this context we have recently investigated some aspects of the model, we'
will present here some of our results for the O(/N) model in the 2PPI scheme
in the two-loop approximation: at finite temperature in 3 + 1 dimensions, and
out of equilibrium in the O(1) model in 1 + 1 dimensions. We will discuss the -
different resummation schemes in section 2, and present our results in section -
3. In section 4 we will draw some conclusions.

2 Effective action formalisms

2.1 The effective action, 1P| ;
Consider the action S of a quantum field theory with external source J ().
Then the effective action I'"'P/[¢] generates the one-particle irreducible (1PI)
Feynman graphs. Vice versa, I"'F7 is the sum of all 1PI Feynman graphs with ~
external lines representing ¢(z). We have

Plg] = Salg]+ (4]

The summation of all orders in the external field can be obtained by writing all
vacuum Feynman graphs, but with the free Green function GO)(z, ') replaced
by the Green function in the external field defined by

[D +m? + 3)\¢2(x)]' G(m,‘w') = —&%(z — 2') (2)

In this way one resums all seagull diagrams. In the lowest order approximation
one just takes account of the simple bubble diagram and obtains the one-loop
effective action.

2.2 The 2PI effective action (CJT)
One gets a more powerful resummation [1] by introducing in addition to an
external field ¢(z) the Green function G(z,z') via Legendre transformation of
a bilocal source term K(z,z')¢(z)d(z’).

T, G] = Safd]+ %z’Tr InG™! + %m (p'6)
+I%1[¢, 6], (3)

Here I?P1[¢, G] is the sum of all two-particle irreducible (2P1) vacuum Feynman -
graphs, Feynman diagrams that do not fall apart if one cuts any two interior
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lines. Here the Greens function G is a solution of the Schwinger-Dyson equa-

tion :

T, G ,
5G(:l‘,:1:‘) - —6(1' - x ) (4)

The simple bubble is already contained in the “Trace-log” term, the lowest
nontrivial contribution is the double-bubble graph, giving rise to the daisy
and superdaisy resummation. This reproduces the exact theory in the limit
NS 00. The next term in a loop expansion is the sunset diagram. Here the
insertions

(O 4+ m? + 30¢*)G(z,2") +

Amw=%%%% (5)

are no longer local. If we truncate I'; including two-loop order terms we have

W%ﬂ:C:X:>+ ..... <E> """" .

In order to obtain the next-to-leading order approximation (2PI-NLO-1/N) in
the 1/N expansion [2] one has to resum all necklace diagrams:

This approximation has been investigated in nonequilibrium quantum field
theory in 1+ 1 and 3+ 1 dimensions by Berges and collaborators, and at finite
temperature by Bordag and Skalozub [3].

2.3 The Bare-Vertex-Approximation (BVA)
..The bare vertex approximation (BVA) has been introduced in nonequi-
librium quantum field theory by Blagoev, Cooper, Dawson and Mihaila (see,
eg. [4]). It is based on the 2PI scheme. One introduces an auxiliary field
x(z) = p?+ £ TrG and replaces the exact vertex (®(z)®(z")x(z")) by the bare
one. By this approximation the set of Schwinger-Dyson-equations closes; the
expansion ends at the two-loop-level of graphs containing internal ¢ and x
lines.
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It differs from NLO-1/N by inclusion of the second graph, so it becomes iden:
tical to the NLO-1/N approximation if ¢ = 0.

2.4 The 2PPI formalism
The 2PPI formalism in its original form [5] is based on the action

T, A] = Sald) + %7, M + 2 [ Pani(z) ©

It differs from the 2PI formalism by introducing, in the functional integral
only a local source term [ dPz K (z)¢*(z). Here I?PPI[$, M?] is the sum of all
two-particle point-irreducible (2PPI) graphs; these are defined as graphs which
do not decay into two parts if two lines joining at a point are cut. So among
the following diagrams ‘

(a) (b) @

the diagram (a) is both two-particle reducible (2PR) and and two-particle
point reducible (2PPR) while diagram (b) is 2PR but 2PPI.
In [?PPI[¢, M?] the Feynman propagators are replaced by the solutions of

(B + M*(2))G(z,2') = —é(z — o) O
and the gap equation is '
5F2PPI[¢,M2] (8)

SM¥z) |
So A contains all local insertions into the propagator. If one uses this in order
to eliminate A, the action becomes a function of ¢ and M2 By variation

with respect to ¢ and M? one reobtains the gap equation and the equation of
motion for the mean field |

M?*(z) — m? — 3)$*(z) = 3NA(z) = —6)

5F2PPI[¢, MZ] |

the equation of motion for the mean field and the gap equation. Unlike in the
2P1 formalism the Green function itself is a functional of M2 and therefore not:
a variational variable. In the lowest order this approach reduces to the Hartree
approximation. Here we go beyond the Hartree approximation by including,
besides the bubble diagram (a) the sunset diagram (b) which constitutes the
entire two-loop contribution.

0 =04 + M*(z)¢(z) — 22¢°(2)
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Renormalization in the Hartree approximation leads to well known inconsis-
encies of the counter terms with those of standard perturbation theory; this
s due to the lack of crossing symmetry in the subgraphs taken into account in
 certain order. This problem has been analyzed thoroughly by Verschelde [6].
He decomposes the counter-terms into 2PPI ones and the remainders and for-
nulates the bookkeeping to all orders. He thereby shows the overall consistency
of the procedure. In praxi his approach reduces to renormalizing on the level
of the gap equations. -

2.5 Comparison of the different formalisms
In general the three schemes resum large classes of Feynman graphs; this is
ot immediately evident from the graphs displayed when formulating a certain
wpproximation, as by resummation the meaning if the lines in these graphs is
lifferent in the three schemes. If one “counts” the graphs actually included in
the resummation in next-to-leading order one can roughly rank:

BVA > NLO — 1/N > 2PPI(2 — loop) (10)

[t is unclear, however, whether these resummations correctly reproduce the
xpected features of the model even qualitatively: order of phase transition,
ate-time behavior, thermalization (or equilibration), Goldstone particles etc..
[t is unclear, furthermore, how small 1/N has to be in the first two schemes.
or if there is another small parameter (). So we would plead for taking the
ragmatic approach: to apply these schemes, and to compare them with each
other and with known features of the exact theory, whenever possible.

3 Numerical results

3.6 The O(1) model in 1 + 1 dimensions, out of equilibrium

The simulation of the simultaneous time evolution of the classical field and
he fluctuations (as encoded in the Green functions) is a formidable task, once
me goes beyond the Hartree approximation. As the leading order large-N or
Hartree approximation is often used e.g. in cosmological models of particle
sroduction, it is important to see whether and how the qualitative and quan-
iitative features survive in higher orders, either in a loop or a 1/N expansion.
T'his is very difficult in 3 + 1 dimensions [7], where in the 2PI formalism the
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renormalization has not been performed even in equilibrium for nonzero ex-
ternal fields. We have chosen to consider simulations in 1 4+ 1 dimensions [8],
where Cooper, Dawson and Mihaila [4] have already compared the Hartree,
NLO-1/N and BVA approximations. |

The time evolution of a quantum system in the Heisenberg picture has been
formulated by Schwinger and Keldysh [9]. The perturbation theory in the so--
called Schwinger-Keldysh or closed-time-path (CTP) formalism is similar to
the Feynman graph expansion of the S-matrix with the following modifications:
in all Feynman graphs the integrations over py are replaced by integrations over
2% = ¢, and this time integration is not from —oo to 400, but along a closed
time path.

Imt I_‘_

Cr

_Pﬁ

F———e— Ret
o

The vertices have different signs on the two parts of the path; thereby the time
integration decays into parts, whose number proliferates as 2™ where n; is the
number of interior lines. These combine in such a way that the kernels of the
time integration become causal. The spatial momentum integrals are those of
the usual Feynman graphs. They are regularized in dimensional regularization
using d®~*p. ,

How does the calculation [8] proceed in practice? If we consider a spatially
homogenous classical field ¢(¢) the variational masses likewise depend only on
time. So the r dependence can be formulated in a plane wave basis. The
Green function for momentum p satisfies

| 75+0+ M0 66 ) = st -0 1)

- As in the 2PPI formalism used by us the mass term is local in time the solutlon
can be written in factorized form

G(t,¢',p) = O(t =) f(p, 1) f*(p,t) + O = ) f(p, )} f*(p,t)  (12)

Having solved the differential equations for the mode functions

|3+ 4 40| 1) = (13
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he Greens function can be computed and used to compute all relevant Feyn-
nan graphs. The factorized form represents a tremendous computational sim-
lification. We do not have to store the memory of the past, and the compu-
ation of the Feynman graphs is also greatly simplified.

The mode functions f(p,¢) can be used as 4 basis for a Fock space, and serve
o formulate particle production via Bogoliubov coeflicients. This Fock space
s also used in formulating the initial state or density matrix. Note however,
hat these Green functions do not converge to the exact Green functions, and
herefore, unlike in leading order, the particle interpretation becomes rather
uestionable.

The initial conditions of course depend on the physics of the system under
onsideration. . In inflationary models one of the initial conditions specifies
he initial inflation amplitude ¢(0) and reheating after inflation starts with an
‘empty” vacuum, so the Fock vacuum is widely used as initial condition for
he quantum state.

We here consider both the case of a double well potential as also the case
vithout spontaneous symmetry breaking, i.e., a potential V(®) = m?®2?/2 +
\®* /4 with m? > 0.

We first display the results for the latter case, with m? = 1, A = 1 and

5(0) = 1.2. :

1.5 - - 18
2 loop 2ppi

2 loop 2ppx

16
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The four figures show the time dependence of the mean field ¢(t), the effective
mass squared M?(t), the sunset contribution S(¢) to the equation of motion
of ¢(t), and the energy. While dissipation is negligible in the Hartree approxi--
mation, the amplitude ¢(¢) shows strong dissipation when the sunset diagram :
is included. Indeed the sunset contribution is large in the region 10 < ¢t < 35
where the dissipation is strong. |
We now consider the case of broken symmetry (on the tree level). For for
v =1 and A = 1/6 we display the mean field amplitude ¢(¢) and the effective
mass M?(t) for the Hartree and the two-loop approximations. With the initial
amplitude ¢(0) = 1.5 :

2 loop 2ppi~—— 2 loop' 2ppi
Hattte.z i 4 Hartree -~ -
1 7N
£
0.5 / AN 3

de)
°
%
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t t

the total energy is larger than the height of the potential barrier. Again we
find strong dissipation in the two-loop approximation, while there is practically
no dissipation in the Hartree approximation. While in this case the mean
field oscillates around ¢ = 0 at late times the case becomes more interesting
if the total energy is lower than the height of the barrier. In the Hartree
approximation the amplitude then oscillates around the minimum of one of
the wells. In the following figures the results are shown for the Hartree, the
NLO-1/N, the BVA and the 2PP1I two-loop approximations, for the parameter
sets v = 2,A = 0.5, and v = 0.523, XA = 3.65 used by Cooper et al. [4].
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Jne sees that the 2PI-NLO-1/N approximation tends towards the symmetric
onfiguration ¢ = 0 at late times, and so does our two-loop 2PPI simulation.
or the BVA, as in the leading Hartree approximation, the mean field tends
owards the broken symmetry minimum at late times.

In summary the inclusion of the sunset diagram (i) leads to dissipation in
he symmetric case; (ii) causes the system to end up in the symmetric phase for
he broken symmetry case. No thermalization is observed in the momentum
pectra at late times.

3.7 The O(N) model in 3 + 1 dimensions, in thermal equilibrium

* The O(N) model in 3+ 1 dimensions with spontaneous symmetry breaking
n the tree level has a first-order phase transition in the Hartree approximation
hile there is evidence that is has a second-order phase transition in the exact
heory. We recently have investigated the model beyond the Hartree approxi-
nation by going to the next-to-leading order in the 2PPI formalism [11]. This
mplies the inclusion of sunset diagrams at finite temperature.

| ah N LN N
3 ey (Neli e 9 = + AN 5 4 (N=l)...
v v l \‘J had

L " n
9.... S e 4 2NaD) - - e () ~ -
o E n

"he next-to-leading order in the 2PPI formalism has been done for the O(1)
nodel by Smet et al. [10]. We have performed the calculations for the O(N)
nodel. An O(N) invariant decomposition of the Green function contains two
nass parameters M, and M, and leads to a coupled set of nonlinear gap
quations. Instead of solving these we compute the free energy (finite tem-
erature action) and look for maximum as a function of the two masses M,
nd M. This then leads to the effective potential V(¢). The behavior of the
flective potential is displayed in the following figures for several values of the
emperature in the vicinity of the phase transition:
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The figure on the left hand side shows the results for the Hartree approxima-
tion, by inclusion of the new diagrams the phase transition becomes second
order as seen in the graph on the right hand side. A second-order phase tran-
sition is also signalled by the behavior of v(T'):
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The values m, (diamonds) and m, (squares) of the effective masses M, and
M, at the equilibrium point, as well as the sigma mass M, defined by the
curvature of the potential at the minimum are displayed in the following figures:
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Note that in 2PPI, as also in 2PI, the propagator G is not, and does not
converge to the exact propagator of the theory. Therefore the effective masses
My, M, displayed in the graph on the left hand side are not the real sigma -
and pion masses but simply variational parameters. So if the “pion mass”
s not zero below the phase transition, this does not signal a violation of the
Goldstone theorem. One has to note that the resummation schemes violate the
crossing relations of the included four-point amplitudes. The effective potential
s O(N)-symmetric, however. The sigma mass as defined by the curvature at
the minimum, displayed on the right hand side, it goes to zero at the phase
transition.

The 2P1 approach to this model in NLO-1/N has not been performed even
n equilibrium. Renormalization is an obstacle, the problem is so]ved in prin-
ciple [7], but only for ¢ = 0.

In conclusion we find for the O(N) model in 3 4+ 1 dimensions in thermal
equilibrium: (i) the renormalization & la Verschelde is found to work in this
nontrivial case; (ii) the phase transition towards the symmetric phase becomes
second order; (iil) besides the instabilities (imaginary part) due to negative
M2 and M2 we find a new instability: the decay, in the heat bath, of 0 = 27
vith one external (constant) o field. Thereby the region where the effective
hotential makes sense is further reduced.

A Conclusions and Outlook

As we have seen the inclusion of next-to-leading order diagrams leads to
1ew features as well in thermal equilibrium as out of equilibrium:

1. The naive association of modes with particles is no longer convincing,
as the effective masses are not those of real particles (poles or the exact
Green function) but simply variational parameters; this puts a question
mark on popular models of particle production in external fields. This is
even more apparent in the 2PI formalism where beyond the leading order
the Green function does not factorize anymore into mode functions.

2. While the effective potential already gets an imaginary part in the Hartree
approximation, due to negative squared masses (spinodal instability),
when including the sunset diagram we find at finite temperature new
imaginary parts associated with the presence of unstable particles (the
Higgs) in the heat bath.

3. In the 1+1 dimensional out-of-equilibrium simulations we have seen that
the various approximations lead to controversial results, so one is led to
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the question whether summing more diagrams automatically implies :
better approximation to physics..

These topics have to be investigated in the near future. Likewise it is 1mportan
to see what happens if one goes to more realistic theories by including gaug

fields.
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Abstract — We derive the analytical properties of the elastic forward scat-
tering amplitude of two scalar particles from the axioms of the noncom-

mutative quantum field theory for the case of only space-space noncom-
mutativity.

The proof of the analytical properties of scattering amplitudes is one of
he most remarkable achievements of the axiomatic approach to quantum field
heory [1]- [5]. The implications of the modern ideas of noncommutative geom-
try [6] in physics have been lately of great interest (see review {7]). The task of
stablishing the analytical properties of noncommutative field theory is very in-
eresting, but highly nontrivial. In passing from a usual space-time manifold to
 space on which the coordinate operators do not commute, i.e. [z,,z,] = 10,,,
vhere 0, is an antisymmetric constant matrix, the interactions acquire a non-
ocal character, which gives rise to a novel behaviour of the NC QFT. For the
lerivation of analyticity, of crucial importance is the microcausality, which is
ffected by the noncommutativity of space-time. The effect is drastic when
ime does not commute with the spacial coordinates (fp; # 0), in the sense
hat microcausality is completely lost [8,9]. In the case of theories with com-
nutative time (fo; = 0) microcausality survives, but as a weaker condition
han in the commutative case [8] (see eq. (2)). For this reason one may hope
hat analyticity can still be obtained in field theories with only space-space
ioncommutativity.

The first step in this direction was made in {10]. The essential difference
retween the analytical properties of the scattering amplitude in commutative
nd noncommutative cases found in this work was related to a specific way of
ontinuation of the scattering amplitude to the complex plane.
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In the present work we aim at deriving analyticity first for forward elastic
scattering of two spinless particles with masses m and M. We prove that if
the noncommutativity affects only the space variables, then analyticity similar -
to the commutative case is valid. j

In the case of space-space noncommutativity we can choose the coordinates
in such a way that only 6, = —#3; # 0. Then the usual condition of local *
commutativity can be substituted by its analog containing only the zg and 3
coordinates {8} (see egs. (1) and (2)). Our proof is valid under the condition .
(7) on scattering amplitude , which is weaker than the usually used polyno-
mial boundedness. We have proven the analyticity of the elastic scattering
amplitudes on the basis of LSZ reduction formulas [11].

In the commutative case we admit the condition of local commutativity:

(@), =0, if (z-y)?<0, - O

where j () is the current of interacting fields.
In the noncommutative case with 8y; = 0 on the same basis as in the usual
case, we assume the local commutativity condition to be [8]

(@),d ()] =0 if (zo—y0)" — (23 —ys)" <. (2)

This condition was shown to be valid [9] for the cases when j(z) is any power
of field operators with x-product.

If in' the noncommutative case ”in” and "out” fields can be constructed in
the same way as in usual theory then the standard L.SZ reduction formulas are
valid and the scattering amplitude is:

F(E,§) = / d*z & E=TD) 1 (20) F (2), (3)

where F'(z) =< M |[§ (z/2),] (—z/2)]| M > . We omit in (3) numerical factor
which is irrelevant to the analytical properties of F' (E, q) and the term, which
is some polynomial of E. Eq. (3) is written in the reference frame in which the
particle with the mass M is at rest. E and § are the energy and momentum
of the particle with mass m. :

In order to extend F (E,q) to the upper complex E-plane (Im E > 0) we
integrate (3) over z; and z (similarly as in [10]). Then F (E, ) is represented
in the form:

[e.o] ro
F(E7,8) = [¢F™day [ @ VEB @ (s, z0)dzs,  (4) -
0

-0
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where ® (zq,23) = [ F (z) e~ @ a1t9222) d g, dx,.
We admit that as in the commutative case one has from the energy-momentum
relation EZ = E? — ¢2 = m® + ¢7 + ¢;. In order to exclude the singularity at

\/ E? — E2, we make the substitution

F(B1,8) ~ 5 (F (B, 12,8) + F (E,14, ~8) = F (E),

-

= €|q], |é] = 1. A direct extension of F'(E) into the complex E-plane is

impossible since Im+/E? — E2 > Im E (see [12], chapter 10). To overcome
this obstacle, following [12], we substitute F'(E) by the regularized amplitude
F.(E):

oo o
F.(E) :/eiE’°d:co / cos (e x5 1/ E? — E2) e (#6+9%) & (24, z3) dz3.  (5)

0

F.(F) is an analytical function in the upper half-plane, where the integral in
(5) converges. ' '

The main problem is to prove the existence of analytical function F (E) =
lim. o F. (E). To this end let’s use the analytical properties of F, (E). Our
goal is to represent F, (F) at complex E as integral over real axe only and then
go to € = 0. But it is impossible to do this directly as F. (E) /4 0 at £ — oo.
So first we have to construct such a function. In commutative case to this end
the polynomial boundedness of F' (E) is used. Here we use the weaker bound.
Namely we suppose that there exists a, 0 < a < 1 such that

| F(E)| < exp (‘E"’), E — co. (6)

Evidently inequality (6) is fulfilled also for F, (E). Condition (6) is valid also
at E — —o0 as

F(-E+41i0)=F"(E+10), F.(—E+1i0)=F;(E+10). (7)

Eq. (7) isastandard crossing symmetry condition. Evidently, function ¢, (E) =

F.(E)¢(E), where £ (E) = exp [— (\/mz—Ez)ﬁexp(-—iﬁﬂ)], 0<f <

1, a < [ satisfies the necessary condition ¥, (E) — 0, E - too. It
is easy to see that £ (E) is an analytical function in the whole E-plane with
cuts (m, c0), (—oo, —m) satisfying the conditions

E(~E4i0) =€ (E+4i0)=¢(E—i0) (8)
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Using the Cauchy formula we see that

1 «(E)dE
¢5(E)=27ri/0¢153,_)E , ImE>0. (9)
Contour C consists of interval (—R, R) and semicircle in an upper half-plane.

Now let’s demonstrate that owing to cond.(2) ¢ (Re'¥) — 0 if R —
o0, 0 < ¢ < 7. Owing to the factor exp(—¢ z3?) integral over z3 converges
when xg — 00, 50 the integration is really taken over some finite interval. Thus
the growing factor in exponential in eq. (5) disappears at |E| — oo and we
can put R = oo in eq. (9). So

/’/’E(E)dE, ImE > 0. (10)

271'2

Eq. (10) is valid at any fixed e. Now let’s go to € = 0. First let’s consider the
interval (m,c0). If E" > Ey, we can go to the limit ¢ = 0 without any problem
as in this interval lim._,0 Fx (E') = F (E") (see eq. (5)). In the interval (m, Eo)
we can’t use directly eq.(5). But F, (E) is the function of E only. Let’s consider
two functions F{!) (E) and F® (E) with different ¢? + ¢ and so with different
E and EP?. If eg. EY® > EV, then FW(E) = FO(E) at E > E®?.
Thus analytical in upper half-plane functions F") (E) and F® (E) coincide
everywhere. The interval (E(()l), E((,2)) is a physical one for function F(!)(E).
As lim._,o F®) (E) exists in this interval lim._,o F(® (E) exists in it as well.
Continuing this process we come to Eq = m. The interval (—oo, —m) can be
treated similarly in accordance with egs. (7) and (8).

The remained interval can be considered as well as in commutative case.
Let’s construct the analytical function in the lower half-plane and prove that
this function is an analytical continuation of F, (£). To this end we use the
function F'(E,§), which is determined by eq. (3) with the standard substi-
tution: 7 (z0) F (z) — 7(—xo) F (—z). As before we substitute F (E,§) by
F.(E). The function ¥, (E) = F. (E) £ (E) is an analytical function in a lower
half-plane and ¥, (E) = 0, |E| — co. Let’s suppose that vectors |p,n > form
the complete system of basis vectors, p is a momentum, n denotes all other
quantum numbers and that masses of intermediate states satisfy the condition -
M, > M +m (excluding one M particle intermediate state). After usual cal- -
culations {12] we see that in the interval (—m,m} lim.—q (1/)5 (B)—: (E)) =0,
excluding 2 points: £m?/2 M. Thus function F (E) is an analytical func- '
tion in the whole E-plane excluding cuts (—oo, —m}, (m, 00) and poles + %+
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Based on the analytical properties obtained, we can derive the formal disper-
sion relations analogous to the usual case of quantum field theory [13].
Conclusion: We have derived the analytical properties for the forward
elastic scattering amplitude of two spinless particles in noncommutative quan-
tum field theory with space-space noncommutativity.
We are grateful to Jan Fischer, André Martin, Claus Montonen and Viadimir
Petrov for discussions and useful comments.
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Abstract — The strong-coupling problem is considered in the scalar super-
renormalizable field theory g¢*. We have found an optimal representation
where the exact strong-coupling behaviour of the free energy is obtained.
The interaction becomes weaker as the bare coupling constant grows, so
the higher-order corrections can be systematically estimated. The new
regularization procedure regroups the initial counter terms so that the
divergences are exactly removed in the final expressions.

1 Introduction

The perturbation method is the basic, well established and reliably work-
ing instrument in QFT. However, various physical tasks require going beyond
the weak-coupling region and the strong-coupling problem is one of the main
and unsolved tasks in QFT. Therefore, a number of investigations have been
devoted to the strong-coupling resummation techniques, particularly, the Pade
approximants and the Borel transform [1], the Heaviside transformation [2], a
modified Laplace transformation [3], the renorm-group methods [4], the vari-
ational interpolation method [5] and the strong-coupling expansion [6].

Along the low convergence, the above methods are not optimal for theo-
ries with divergences - the structure of the counter terms is not transformed
correctly and, the strong-coupling behaviour differs from the exact solution.
Besides, variational estimates may contain errors of infinite order.

The model ¢* plays a significant role in theoretical physics by providing a
simple but nontrivial testing ground for new methods and techniques [7].

In our earlier investigations [8,9] an effective approzimate strong-coupling
solution has been obtained in the theory o3 by combining the canonical trans-
formations and normal ordering procedure. This technique ensures the canon-
ical structure of the theory [10].

Now we demonstrate the ezact strong-coupling solution in the scalar field
theory g¢3 in d-dimensional Euclidean space. For simplicity, we consider the
case d = 2, because up to d < 4 the theory remains superrenormalizable,
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,‘only minor modifications will be required for extension. In higher dimensions
(d > 4) the theory becomes either instable, or trivial [11,12].

 ‘2 Scalar field model in two d|menS|ons

Consider the ground-state energy in the ¢3- theory The Lagrangian reads:

1 2 2 9 4
L= 5(¢[-0" —m’lg) — T (: ¢*1). ey
All divergences are removed by introducing the normal form of the interaction:

¢'(z) := ¢(z) — 6Dod*(2) + 3D} = (¢*(2) — 3Do)2 -6, (2

| dk % FdB _pg
Do=DO), D@ =|ommsm = ge
0

1. For intermediate calculations we use a dimensional regularization [13]:
1 7 2 r(1-4) ,9\1-%

Dreg(x) = _/L e_ng_EE 3 DO - i‘Tz) (—) ’ »
2 ] 2(2m)d2 \m?

.1.e. consider d < 2 and then, all auxiliary divergences are explicitly and accu-
: ;frately removed out. For final formulae we restore the true value d = 2.
2. The normalized partition function in the Gaussian representation is:

. —L(4[—52 4 m2le) - L _ 2
Za(g) =/det(—82 + mz)/&b ) %_<[¢2 3] )+3g2DgQ
; ___/5(1) - 3(22) /det(—-a2+m2)/5¢ o~ H(#l-97+m?]g)—ig(®[42-3Do) ) +352 D202

— o9 D3 / 6@ e~ 3(9)+igDo(®)-TrIn(1-4¢2Do D+i2@D) (3)

‘In (3) we have obtained a "logarithmic” interaction, quite different from the
.initial ”quartic” one and slowly increasing at ¢ — oo. It is important to
“trace and provide the correct reqularization scheme with new counter terms to
eliminate all divergences in the new representation. The new interaction reads:

| V@] =T { D 49D + i2g‘1’} = [do [duy [dole) {1 - ootPomio@m}

D1
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The optimal value of the shift A should be defined from the condition
eliminating the total linear terms over ® in (4) and is obtained

A= —g— /d,ua [1 — R AR (gza)] .

The intermediate divergences are completely removed because of the equality:

1
~g*DoA+ ¢’ D} = §/d/ta Q(g’a, A).
After removal of all divergences we put d = 2. Going to new scale:
A 2 2
(B) = Van(r), B’:H’ a=—t, =9

m2

Tm?

we write the final representation for (3) as follows:
Z[g] = e_QE ‘QEO /5@ e (I)(I))._ FU1[2] = e_Q(EO'I“Ecorr) . (7)

The leading-order term for the vacuum energy is

By= -1 {hB2 + m% e [20 =1 - Q1) + e®¥ (R(ht) - 1)]} ®

8w
0

[\Dlr—-‘

T dt
O/—t— AmB) Riht)~1]

_%jdr 72 (1) —ht:W(n):s
QU =-ht[B+C+hn@)], R(t)= [dn-e o :

:Win) 1 //dTld'rg/ @y e:')Q(’I(Tl)—fl(Tz)) Y e—g;(|"‘1—‘l‘2|—("'1—7'2)2)_

The higher-order correction reads

Ecorr = — hm ‘I—ID/J(I) e—%(@Q)—%UI[Q] . (9)

(7)-(9) define the ground-state energy of the system at arbitrary
couplmg h. For large h we estimate R(ht) oc e?Ur(")/h) Therefore, for h — co
we obtain

m? 3.2
Bo= (T [—ihln (h) +3(C + 2)h1n(h)} +ok), (0
=In(h)—C—~2, C=0577215..
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This coincides with the exact strong-coupling solution [8] and it has been
reached within the leading-order approximation only.

By concluding, we have represented a path-integral technique effective for
the strong-coupling regime. It has been applied to the problem of the ground-
state energy in the superrenormalizable scalar theory ¢! in two dimensions.
Hereby,

e the initial renormalization scheme of elimination of the divergences is:
correctly transformed into a new re-summation scheme,

e the exact strong-coupling solution has been achieved in the leading-order:
approximation,

e there are no artificial infinite terms in the final results, v

e any appearance of auxiliary complex functionals do not represent any
difficulties for this technique. ' ‘

o this technique is extendable to higher dimensions up to d < 4 because the
theory remains superrenormalizable, only minor modifications are required.
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NS bremsstrahlung under collision of bosonic
strings in D dimensions.
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Abstract — We calculate classically NS radiation emitted in the colli-
sion of two bosonic strings in D > 4 space-time dimensions. Radiation
arises when the point of minimal separation between two crossed straight
strings moving in parallel planes separated by finite distance moves faster
than light. Radiation has typical Cherenkov nature and is emitted at the
Cherenkov’s angle with respect to the direction of motion of this point.
We analyze the radiation spectrum in arbitrary dimensions. In four di-
mensions the spectrum contains an infrared divergence which is absent in
all higher dimensions.

1 Introduction

Radiation emitted by strings is interesting both in the context of the cos-
mic string theory [1-3] and in the fundamental superstring theory. So far
generation of radiation of different nature (gravitational, dilaton, axion) was
considered only in four space-time dimensions, the main mechanism being the
radiation from the oscillating string loops [4,5]. Radiation from an oscillating
string can be treated within the classical theory as an effect of the first order
in the interaction constant [6-11). The equations of motion contain an infi-
nite self-force . It was shown that in four dimensions the equations of motion
of radiating strings can be consistently renormalized to absorb the associated
infinite self-action terms into the redefinition of the string tension and the cou-
pling constant [7,8]. The finite part of radiation can then be easily calculated
within the linearized theory for any given string excitation mode.
~ Here we investigate another mechanism of the string axion radiation — the
bremsstrahlung, which should arise under collision of two strings due to their
mutual interaction. To separate the bremsstrahlung from the other radiation
mechanisms we assume the strings to be in unexcited states as the infinite
straight strings (i.e. endless open strings). We assume that they are moving in
the parallel planes in space avoiding the direct contact. Contrary to the case of
oscillating loops, the bremsstrahlung radiation is the effect of the second order
in the interaction constant, like the usual electromagnetic radiation of colliding
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charges in the perturbative treatment within classical electrodynamics. For -
strings similar perturbative technique was suggested before to calculate the
gravitational radiation {12], however in that case the actual computation has .
led to zero result. The reason for vanishing of gravitational radiation in the
collision of straight strings can be explained by the absence of gravitons in
the 1 + 2 gravity theory which can be applied in this case. In contrary, other .
types of string bremsstrahlung such as the electromagnetic one in the case of
superconducting strings [13} and the axion radiation under collision of global
strings in four dimensions [14] do exist. |

Here we consider the NS radiation in the collision of two bosonic strings .
an arbitrary space-time dimensions assuming essentially the same geometry of
collision as in [12]. When two straight strings propagate with respect to each
other at some inclination angle o with the relative velocity v, the point of their
minimal separation can move with any velocity, from zero value for orthogonal
strings to an infinite value for parallel strings. It turns out that radiation
arises once this point, which corresponds to the localization of an effective
radiation source, moves faster than light. Radiation exhibits Cherenkov nature
being concentrated on the cone with respect to the direction of motion of the
superluminal point. Its properties depend on the dimensionality of space-time
basically due to the different phase volume of emitted quanta. Our calculations.
are perturbative and involve two subsequent iterations in the strings equations
of motion and the NS field equations.

2 Strings interacting via NS field

Consider a pair of relativistic strings z# = z%(¢®), p=0,..,D-1, o0, =
(r,0), for a = 0,1 and n = 1,2 is the index labelling the strings (in the
following its position up and down will be arbitrarily used for compactness
of the formulas). The D-dimensional space-time is flat and the signature is

mostly minus (and (4, —) for the string world-sheets). Strings interact via the
NS two-form field B,, as described by the action

S == Sst + SB) (1)
where the strings term is
1
Syt = 3 Z / (/=77 Bzt 0p2 M — An B € 0azlilpzl) d*ony,  (2)
n=1,2

and the field term is
1

— pr gD . 3)
51 = 1o / Hyn H#dP2 (3)



NS bremsstrahlung under collision of bosonic strings in D dimensions. 131

Here ., An are the string tension and coupling parameters (their n-labelling
helps to control the perturbation expansion), Levy-Civita symbol is chosen so
that €g1. = 1, 7as is the metric on the world-sheet, and the NS field strength is
Huu,\ = auBu/\ + auBAu + aAB;w-

Using them, we fix the gauge v,, = 7,5 so that the constraint equations
read 22 +2'2 =0, 2*z"7,, = 0 for each string, where dots and primes denote
the derivatives over 7 and o as usual. It will be necessary to distinguish the
NS fields generated by each string

B = d4n g2, (4)
where the gauge 0y B** = 0 is assumed and the D-dimensional D’Alembert
operator is understood 0 = —5**3,d,, and the source term

JE = 4y, / VE 60z — on(0n)) Pom, 5)

with V4 being a covariant version of the tensor V% = ¢%08,229,2°.
In the gauge 7,5 = nas the strings equation of motion reads
A

o (02— 02) 22 = 2oy, ()
The self-action presumably can be renormalized , in four dimensions this was
done in (8], in higher dimensions this issue is worth to be clarified further.
However, here we do not intend to focus on the renormalization problem and
include only the mutual interaction terms (m # n, no sum over m, n). The
retarded solution to the wave equation can be presented in the standard form.

- Our strategy consists in solving the system of equations (4,6) iteratively,
expanding the solution in powers of the coupling constants A,:

© )
By = 3B,

=1

oo (l
hon) = 3 2t (o). ™)
=0

[n the zero order under mutual interaction the strings world-sheets are defined
by the linear functions

s = & + ulr +5%0, n=12. (®)

T'he constraint equations imply the orthogonality and normalization condi-
ions (choosing the time-like D-velocity with the unit norm)  w*¥, = 0,
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uu, = 1= —%*Y, for each string. We choose the reference frame so-that
the first string is at rest and is stretched along the axis #® while the second :
string is assumed to move in the plane z%, 23 , with the velocity v orthogonal :
to the string itself and inclined at the angle o with respect to he first string:

uf = (1,0,..0), =% =(0,0,0,1,0,...0),

uy = (1,0, —vcos e, vsine,0...0), X§ = (0,0,sine,cos,0,...0),  (9)

where v = (1 — v?)~%. We also choose both impact parameters d* orthogonal |
to u* and T* and aligned with the axis z'. With this choice the point of

minimal separation between the strings moves with the velocity v, = v/sina

along the axis z>.

(1) ,
According to the expansion (7), the first order field B#” in the equation (4)
is determined by the zero order source term (5)

©) (©)
Ji— 4, / Vv §0(z— ) (o)) do, (10)

(0)
where V= (u#X¥ — T#ul). In the zero order the strings are freely moving,

1)
so the lowest order NS field B%” does not contain the radiative part. Inserting
the field terms into the right hand side of the string equations (6) we obtain

(1)
the small deviations z# (7,0) of the string’s trajectories due to mutual inter-

@
action. In the second approximation the axion field B*” may be obtained by

the substitution to the right-hand side of Eq.(4) the first-order expression for
@) (1 (1
the source 00 B*= —4n J#*. In the first-order source of energy J** has the

form

(1) 1 1O (0 (1) ©)
J= ax, / 2(#hd¥) + #b)— VEg: 8, | 6P(a— 5 (o)) o (11)
The square brackets denote anti-symmetrization (a6 = (a#b” — a*b*)).

3 Radiation loss

Evaluating the source terms in the D’Alembert equations (4) with account

(2)
for these corrections we can calculate the second order NS field BA”, which
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already has the radiative component. The radiation power can be computed
as the reaction work produced by the half sum of the retarded and advanced
fields upon the source. The radiation energy with frequency w emitted during
an infinite time of collision in the direction n ( D — 1 dimensional unit vector)
is given by the following expression ’

. A , 2 - | ’ .
P = W/k [Jap (k)] Ikol §(k*)d"k | (12)

where the null D-dimensional wave vector k* is introduced as  k* =
w(l,nt cos i, N*sin ¢) , where n*, 1 =1,2,3 is the unit vector in the string
sector n'n* =1, n* = (sinfcos qS, s1n0sm ¢,cos ) and N® is the unit vector
in the remaining space, a = 1,..., D — 4.
Here for simplicity we con51der the ultrarelativistic collision v > 1. Af-
ter some calculations one obtains for the spectral distribution of the radiated
energy per unit string length in D = 4: ‘ :

dP X8 exp(— "—”ﬁ)

~ 27
deodydl 1287 Z e 6(cos )f4(¢’79 a) (13)

where £ = cosa+vsinfsing and f4(4,0,a) = m?%((72€+sin &)+
cos $?). This expression contains an-infrared divergence, so to integrate over
w one has to introduce a cutoff parameter A. This leads to the logarithmic
dependence of the total radiated energy In |[yA/2d|, where d = d; — d; is the
impact parameter.

It is easy to recognize the Cherenkov nature of radiation which arises
once the point of minimal separation moves with the faster-than-light velocity
(v/sino > 1) and is concentrated on the cone with respect to the direction of
motion of the superluminal point (cosf = £22),

The structure of the angular dependence through the function f4(#,6, a)
indicates that the main part of the radiation is emitted within the narrow
interval of the angle ¢ around ¢ ~ —7r

In higher dimensions D > 4 there is no mfrared dwergence in the spectral
distribution

sm o4

dP A6 sina

m F 5(0050COS¢ -

——)fp(¢,6,4), (14)

where

Fo= s TR [ ()™ e (22), o0, )
" B e T(3) r2(=4)2u), w =0,
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1

oo aa=T) s (2 cos al—cos ¢? cos a4+

¢ = cosatvsinfsin¢cosy and fp =
vicosy? —1).

In D > 5 dimensions the frequency region for the radiation energy is 0 <
w < qv/d, in the lower limit (w — 0) the spectral distribution tending to
a constant at low frequencies in 5-dimensions and to zero in higher D > 5
dimensions. Note that the argument of the delta-function, which indicates
the shape of the Cherenkov cone, now depends on the angle ¥ showing the
propagation of radiation into the extra” space: cos 8 cos = sin @/v). Again
the main part of radiation is concentrated around the angle ¢ ~ %7‘1‘. More
detailed description of radiation will be given elsewhere.
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Some facts and fictions in subnuclear realm
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Abstract — Some well-known but poorly understood phenomenological

facts in subnuclear realm, which may be of paramount importance for the

future theory, together with some widespread mythic concepts are briefly
" reviewed. ‘

1 Facts and their interpretation

o Lack of isolated quarks. For whatever reason colored particles can not be
isolated and directly observed. This fact culminates in the idea of confinement,
including the color confinement (kinematic aspect) and the permanent confine-
ment of quarks in hadrons due to a linearly rising potential of stringy color
forces between quarks (dynamical aspect), for a review see, e. g., Prokhorov
(1994). The nuclear forces, that keep colorless hadrons in nuclei, are often
viewed as a