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�à¥¤¨á«®¢¨¥

�á®¢ë¥  ¯à ¢«¥¨ï  ãç®© ¤¥ïâ¥«ì®áâ¨ ª ä¥¤àë â¥®à¥â¨ç¥áª®© ä¨-

§¨ª¨ ä¨§¨ç¥áª®£® ä ªã«ìâ¥â  �àªãâáª®£® £®áã¤ àáâ¢¥®£® ã¨¢¥àá¨â¥â  ¢  -

áâ®ïé¥¥ ¢à¥¬ï á¢ï§ ë á ä¨§¨ª®© í«¥¬¥â àëå ç áâ¨æ, ¢ª«îç ï ä¨§¨ªã ª®á¬¨-

ç¥áª¨å «ãç¥© ¨ ¥©âà¨ãî  áâà®ä¨§¨ªã. �â  â¥¬ â¨ª  ¢®§¨ª«    ª ä¥¤à¥ ¢

1969 £. ¯® ¨¨æ¨ â¨¢¥ ¨§¢¥áâ®£® ãç¥®£®, ®¤®£® ¨§ ªàã¯¥©è¨å á¯¥æ¨ «¨áâ®¢

¢ ®¡« áâ¨ ª¢ â®¢®© â¥®à¨¨ ¯®«ï,  ª ¤¥¬¨ª  �. �. �¨àª®¢  ¨ à¥ªâ®à  ���

¯à®ä¥áá®à  �. �. �®á¥¢ , ª ª  ¤¥ª¢ â ï ®á®¢  ¤«ï ¯®¤£®â®¢ª¨ á¯¥æ¨ «¨áâ®¢

¯® äã¤ ¬¥â «ì®© ä¨§¨ª¥ ¢ ���. � íâ®© æ¥«ìî   ¯®áâ®ïãî à ¡®âã ¢ ���

¡ë«¨ ¯à¨£« è¥ë á®âàã¤¨ª¨ ®â¤¥«  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨ �áâ¨âãâ  � â¥-

¬ â¨ª¨ ¨¬. �®¡®«¥¢  (�®¢®á¨¡¨àáª) �.�.�à«®¢,�. �.� àä¥®¢, �.�. � «« ¨

�. �. �¥àïª, ª®â®àë¥ ¨ ¢®§£« ¢¨«¨ ¢áî ¤ «ì¥©èãî à ¡®âã ¯® à¥®à£ ¨§ æ¨¨

ª ä¥¤àë, à §à ¡®âª¥ ãç¥¡ëå ¯« ®¢, ¯®áâ ®¢ª¥ ®á®¢ëå ªãàá®¢ â¥®à¥â¨ç¥-

áª®© ¨ ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨ ¨ á¯¥æªãàá®¢ ¯® ä¨§¨ª¥ í«¥¬¥â àëå ç áâ¨æ,

ª¢ â®¢®© â¥®à¨¨ ¯®«ï ¨ â.¤.

� 1972 ª ä¥¤à , á®¢¬¥áâ® á « ¡®à â®à¨¥© â¥®à¥â¨ç¥áª®© ä¨§¨ª¨ �¡ê¥¤¨-

¥®£® �áâ¨âãâ  �¤¥àëå �áá«¥¤®¢ ¨© (�ã¡ ) ¨ �áâ¨âãâ®¬� â¥¬ â¨ª¨

¨¬. �®¡®«¥¢  (�®¢®á¨¡¨àáª), ¯à®¢¥«  ¢ �àªãâáª¥ ¬¥¦¤ã à®¤ãî ª®ä¥à¥æ¨î

¯® ä¨§¨ª¥ ¨§ª¨å í¥à£¨©. �®¤®¡ë¥ ª®ä¥à¥æ¨¨ áâ «¨ ¢¯®á«¥¤áâ¢¨¨ âà ¤¨-

æ¨®ë¬¨   ¯à®âï¦¥¨¨ ¬®£¨å «¥â.

�«¥¤ãîé¨¬ ¢ ¦ë¬ íâ ¯®¬ ¢  ãç®© ¦¨§¨ ª ä¥¤àë áâ «  ¬¥¦¤ã à®¤-

 ï ª®ä¥à¥æ¨ï, ¯à®å®¤¨¢è ï ¢ ¯®á¥«ª¥ �¨áâ¢ïª  ã ®§¥à  � ©ª « ¢ 1979

£. �â  ª®ä¥à¥æ¨ï ï¢«ï« áì ç áâìî ¬¥¦¤ã à®¤®£® ª®£à¥áá  ¯® ®ª¥ ®«®-

£¨¨ ¨ ¡ë«  ¯®á¢ïé¥  ¯à®¡«¥¬¥ ¤¥â¥ªâ¨à®¢ ¨ï ¯à¨à®¤ëå ¯®â®ª®¢ ¬î®®¢

¨ ¥©âà¨® ¢ à ¬ª å á®¢¬¥áâ®© �®¢¥âáª®-�¬¥à¨ª áª®© ¯à®£à ¬¬ë. �¬¥®

  íâ®© ª®ä¥à¥æ¨¨  ª ¤¥¬¨ª ¬¨ �. �. � àª®¢ë¬ ¨ �. �. �ã¤ ª®¢ë¬ ¡ë« 

¢ëáª §   ¨¤¥ï ®¡ ¨á¯®«ì§®¢ ¨¨ ¡ áá¥©  ®§. � ©ª « ¢ ª ç¥áâ¢¥ ¡ §ë ¤«ï ®â-

à ¡®âª¨ íªá¯¥à¨¬¥â «ìëå ã§«®¢ ¯®«®¬ áèâ ¡®© ãáâ ®¢ª¨, ª®â®àãî ¯à¥¤-

¯®« £ «®áì á®§¤ âì ¢ �¨å®¬ �ª¥ ¥ ã ¯®¡¥à¥¦ìï � ¢ ©áª¨å ®áâà®¢®¢. � ª¨¬

®¡à §®¬ ¡ë«® ¯®«®¦¥®  ç «® á®¡áâ¢¥® � ©ª «ìáª®£® íªá¯¥à¨¬¥â  NT-200,

ª®â®àë© ¢  áâ®ïé¥¥ ¢à¥¬ï ãá¯¥è® à §¢¨¢ ¥âáï ¨ ¯®«ãç¨« è¨à®ª®¥ ¬¥¦¤ã -

à®¤®¥ ¯à¨§ ¨¥. �¤®¢à¥¬¥® á®âàã¤¨ª ¬¨ ª ä¥¤àë, á®¢¬¥áâ® á ª®««¥-

£ ¬¨ ¨§ �áâ¨âãâ  �¤¥àëå �áá«¥¤®¢ ¨© �� ���� (�®áª¢ ), ¡ë«¨  ç âë

â¥®à¥â¨ç¥áª¨¥ ¨áá«¥¤®¢ ¨ï ¯à®¡«¥¬ë £¥¥à æ¨¨ ¨ ¯¥à¥®á  ¬î®®¢ ¨ ¥©âà¨®

ª®á¬¨ç¥áª¨å «ãç¥©. �ç¥ì ¡ëáâà®   ª ä¥¤à¥ áä®à¬¨à®¢ «®áì á ¬®áâ®ïâ¥«ì-

®¥  ¯à ¢«¥¨¥ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ ¨© ¯® ä¨§¨ª¥ ª®á¬¨ç¥áª¨å «ãç¥© ¨

¥©âà¨®©  áâà®ä¨§¨ª¥. �¥§ã«ìâ âë ¬®£®«¥â¥© à ¡®âë ¯® ¤ ®© â¥¬ â¨ª¥

¨á¯®«ì§ãîâáï á¥£®¤ï ¢® ¬®£¨å ®¡« áâïå \¥ãáª®à¨â¥«ì®© ä¨§¨ª¨ ç áâ¨æ" ¨

á«ã¦ â å®à®è¥© ®á®¢®© ¤«ï ¯®¤£®â®¢ª¨ ¬®«®¤ëå á¯¥æ¨ «¨áâ®¢ ¢ íâ®© ®¡« áâ¨

 ãª¨.

� ª  ãçãî, â ª ¨ ¯¥¤ £®£¨ç¥áªãî à ¡®âã ª ä¥¤à  ¯à®¢®¤¨«  ¨ ¢¥¤¥â ¢

â¥á®¬ á®âàã¤¨ç¥áâ¢¥ á ¢¥¤ãé¨¬¨  ãçë¬¨ æ¥âà ¬¨ �®áá¨¨, â ª¨¬¨ ª ª

�áâ¨âãâ �¤¥à®© �¨§¨ª¨ ¨¬. �ã¤ª¥à  ¨ �áâ¨âãâ � â¥¬ â¨ª¨ ¨¬. �®¡®-

«¥¢  (�®¢®á¨¡¨àáª), ���� (�ã¡ ), ��� ��� (�®áª¢ ),   â ª ¦¥ á ã¨¢¥à-

á¨â¥â ¬¨ �¥â¥à¡ãà£ , �®¬áª , �®¢®á¨¡¨àáª . �®á«¥ ®ª®ç ¨ï ã¨¢¥àá¨â¥â 
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¨  á¯¨à âãàë ¢ë¯ãáª¨ª¨ ª ä¥¤àë ¯à®¤®«¦ îâ ãá¯¥è® à ¡®â âì ¢  ãç-

ëå ãçà¥¦¤¥¨ïå �®áá¨¨ ¨ §  àã¡¥¦®¬ (¢ ç áâ®áâ¨, ¢ �â «¨¨, �¢¥©æ à¨¨,

���, �  ¤¥). �¦¥£®¤® ª ä¥¤à  ¢ë¯®«ï¥â  ãç®-¨áá«¥¤®¢ â¥«ìáª¨¥ à -

¡®âë ¢ à ¬ª å ¥áª®«ìª¨å £à â®¢,   ¥¥ á®âàã¤¨ª¨ { ¯®áâ®ïë¥ ãç áâ¨ª¨

¬¥¦¤ã à®¤ëå ª®ä¥à¥æ¨©. �á¥ìî 1998 £. ª ä¥¤à   ªâ¨¢® ãç áâ¢®¢ « 

¢ ®à£ ¨§ æ¨¨ ¨ ¯à®¢¥¤¥¨¨ ¯¥à¢®© ¢ �àªãâáª¥ �ª®«ë ¯® äã¤ ¬¥â «ì®©

ä¨§¨ª¥ ¤«ï ¬®«®¤ëå ãç¥ëå \�áâà®ä¨§¨ª  ¨ �¨§¨ª  �¨ªà®¬¨à ", á®¡à ¢è¥©

¡®«¥¥ á®â¨ á«ãè â¥«¥© ¨ 10 ¯à¨£« è¥ëå «¥ªâ®à®¢ ¨§ �®áá¨¨, �â «¨¨ ¨

�¥à¬ ¨¨.

�  ¯¥à¨®¤ á 1969 ¯® 1998 ££. á®âàã¤¨ª ¬¨ ª ä¥¤àë (á®¢¬¥áâ® á  á¯¨à -

â ¬¨ ¨ áâã¤¥â ¬¨) ®¯ã¡«¨ª®¢ ® ®ª®«® 500  ãçëå à ¡®â, ãç¥¡ëå ¨ ãç¥¡®-

¬¥â®¤¨ç¥áª¨å ¯®á®¡¨©. �¨¦¥ ¯à¨¢¥¤¥ á¯¨á®ª  ãçëå ¯ã¡«¨ª æ¨© ª ä¥¤àë

§  ¯®á«¥¤¨¥ 5 «¥â. �¥¬ â¨ç¥áª®¥ à §¤¥«¥¨¥ ¬ â¥à¨ «  ¢ § ç¨â¥«ì®© ¬¥à¥

ãá«®¢®, ¯®áª®«ìªã ¬®£¨¥ à ¡®âë ¯®á¢ïé¥ë ¯à®¡«¥¬ ¬,  å®¤ïé¨¬áï \ 

áâëª¥  ãª". � ç áâ®áâ¨, íâ® ®â®á¨âáï ª à ¡®â ¬, ¢ë¯®«¥ë¬ ¢ à ¬-

ª å ¬¥¦¤ã à®¤ëå ¯à®¥ªâ®¢ \Baikal NT-200", \NESTOR", \L3+Cosmics" ¨ ª

¨áá«¥¤®¢ ¨ï¬, ¯à®¢®¤¨¢è¨¬áï   ã¨¢¥àá¨â¥âáª®¬ -â¥«¥áª®¯¥ ¢ �ãª¨áª®©

¤®«¨¥; ¢á¥ â ª¨¥ à ¡®âë ãá«®¢® ®â¥á¥ë ª à §àï¤ã \íªá¯¥à¨¬¥â «ìëå".

� ¡®âë ¯® ï¤¥à®© ä¨§¨ª¥, ï¤¥à®©  áâà®ä¨§¨ª¥ ¨ ¥ª®â®àë¬ á¯¥æ¨ «ìë¬

¯à®¡«¥¬ ¬ â¥®à¥â¨ç¥áª®© ä¨§¨ª¨ ®â¥á¥ë ª à §¤¥«ã \� §®¥".

� ¢¥¤ãîé¨© ª ä¥¤à®© â¥®à¥â¨ç¥áª®© ä¨§¨ª¨,

¯à®ä¥áá®à �. �. � ««

�àªãâáª, 1999
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Preface

Basic directions of the scienti�c activity of the Theoretical Physics Department

of Irkutsk State University's (ISU) Physics Faculty currently center around (but

not restricted to) high-energy particle physics, including cosmic-ray physics and

neutrino astrophysics. This line of investigation originated with an initiative of

academician D. V. Shirkov, an internationally known expert in quantum �eld the-

ory, and of professor N. F. Losev, the chancellor of ISU. High-energy physics was

considered an appropriate ground for the education in fundamental physics at the

University. For this purpose, several researchers from the Theoretical Physics De-

partment of Sobolev Institute of Mathematics (Novosibirsk) were o�ered work at

ISU. From 1969, these researchers, Drs. I. I. Orlov, Yu. V. Parfenov, A. N. Vall,

and V. L. Chernyak, led the overall work on the re-organization of the Department,

development of the curriculum, and arrangement of fundamental (required) studies

in theoretical and mathematical physics as well as specialized courses in high-energy

physics, quantum �eld theory, and related subjects.

In 1972 in Irkutsk city, the Department, jointly with Laboratory for Theoretical

Physics of Joint Institute for Nuclear Research (Dubna) and Sobolev Institute of

Mathematics (Novosibirsk), conducted an International Conference on Low-Energy

Particle Physics. Since then such meetings had been traditional for many years.

The next signi�cant event in the scienti�c activity of the Department was an

International Conference on Deep Underwater Detection of Muons and Neutrinos

that was held in Listvyanka village near Lake Baikal in 1979. This conference was a

part of an International Oceanological Congress within the framework of the joint

Soviet-American scienti�c program. That was the conference where academicians

M. A. Markov and A. E. Chudakov came up with a proposal for utilizing the Baikal

lakescape as a testing area for the development of experimental segments of the

full-scale apparatus that was planed to deploy in the Paci�c Ocean near Hawaii

Islands. In fact the conference marked the beginning of the independent Baikal

neutrino experiment. Today it has progressed rapidly and gained an international

recognition. Simultaneously, theoretical studies of the cosmic-ray muon and neu-

trino production and transport through matter were started by researchers from the

Department in collaboration with their colleagues from a laboratory of Institute for

Nuclear Research, Academy of Science of USSR (Moscow). In short order a fully

substantive line of investigation on cosmic rays and neutrino astrophysics came into

being. Results of the long-term research are now of the considerable current use in

several divisions of \astroparticle" physics. Furthermore, the research achievements

have provided a good ground for the training of young researchers in the �eld.

Both teaching and scienti�c work in the Department are performed in a close

collaboration with the leading Russian institutions, such as Budker Institute of Nu-

clear Physics and Sobolev Institute of Mathematics (Novosibirsk), Joint Institute for

Nuclear Research (Dubna), Institute for Nuclear Research of Russian Academy of

Science (Moscow), as well as with St.-Petersburg, Tomsk, and Novosibirsk Universi-

ties. Many graduates of the Department work successfully in scienti�c institutions

in Russia and abroad (Italy, Switzerland, Israel, USA, and Canada). Annually,

the Department ful�ls scienti�c researches within the framework of several grants;
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members of the Department regularly participate in international scienti�c confer-

ences. In autumn 1998, the Department took an active part in the preparation and

work of the �rst Irkutsk School on Fundamental Physics for young researchers called

\Astrophysics and Physics of Microworld." The School brought together more than

100 listeners and 10 invited lecturers from Russia, Italy, and Germany.

During the period from 1969 to 1998, the sta� of the Department, together with

its students and post-graduates, had published about 500 scienti�c articles, several

textbooks and teaching aids. Below is a list of scienti�c papers published over the

past 5 years. The topical division of the material is to a large extent relative because

many studies have been dedicated to problems linking several �elds. It is particu-

larly true of the pieces of work ful�lled for or within the international collaborations

\Baikal NT-200", \NESTOR", and \L3+Cosmics", as well as for experiments with

 telescope at Tunka valley; all such works are arbitrarily called \experimental".

Papers on nuclear physics, nuclear astrophysics, and on some particular problems

of theoretical physics are placed to subsection \Miscellaneous".

Head of the Theoretical Physics Department,

Professor A. N. Vall

Irkutsk, 1999
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List of Publications

I. Theoretical investigations

Cosmic-Ray Physics and Neutrino Astrophysics

1. V. A. Naumov, Cosmic-ray neutrinos at low and intermediate energies, in Proceedings of

the International Workshop on \�

�

=�

e

Problem in Atmospheric Neutrinos", Gran Sasso,

Italy, March 5{6, 1993, edited by V. S. Berezinsky and G. Fiorentini (LNGS, L'Aquila,

Italy, 1993), pp. 25{70.

2. V. A. Naumov, S. I. Sinegovsky, and E. V. Bugaev, High-energy cosmic-ray muons under

thick layers of matter I. A method to solve the transport equation, Universit�a degli Studi

di Firenze, Dipartimento di Fisica and Istituto Nazionale di Fisica Nucleare, Sezione di

Firenze, Preprint DFF 179/1/1993 (Firenze, January, 1993), 37 p.; hep{ph/9301263.

3. E. V. Bugaev, V. A. Naumov, S. I. Sinegovsky, A. Misaki, N. Takahashi, and E. S. Za-

slavskaya, Muon depth-intensity relation and data of underground and underwater experi-

ments, in Proceedings of the 3rd NESTOR International Workshop, October 19{21, 1993,

Fortress of Niokastro, Pylos, Greece, edited by L. K. Resvanis (Physics Laboratory of the

Athens University, Athens, 1993), pp. 268{304.

4. V. A. Naumov, Resonance values of Berry's phases for three-neutrino oscillations in matter,

ibid., pp. 306{321.

5. V. A. Naumov, Berry's phases for three-neutrino oscillations in matter, Universit�a degli

Studi di Firenze, Dipartimento di Fisica and Istituto Nazionale di Fisica Nucleare, Sezione

di Firenze, Preprint DFF 190/09/1993 (Firenze, September, 1993), 12 p.; Phys. Lett.

B323 (1994) 351{359.

6. V. A. Naumov, Resonance in geometric phases for three-neutrino oscillations in matter, in

Proceedings of the International Topical Workshop on Solar-Neutrino Problem \Astro-

physics or Oscillations?", Gran Sasso, Italy, February 28 { March 1, 1994, edited by V.

Berezinsky and E. Fiorini (Laboratory Nazionale del Gran Sasso, L'Aquila, Italy, 1994),

Vol.2, pp. 179{208.

7. V. A. Naumov, S. I. Sinegovsky, and E. V. Bugaev, A new method for calculating the

energy spectrum of cosmic-ray muons under thick layers of matter, Yad. Fiz. 57 (1994)

439{451 [Physics of Atomic Nuclei 57 (1994) 412{424].

8. E. V. Bugaev, V. A. Naumov, S. I. Sinegovsky, A. Misaki, N. Takahashi, and E. S. Za-

slavskaya, Muon depth-intensity relation and data of underground and underwater experi-

ments, Universit�a degli Studi di Firenze, Dipartimento di Fisica and Istituto Nazionale

di Fisica Nucleare, Sezione di Firenze, Preprint DFF 204/4/1994 (Firenze, April, 1994),
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37 p; in Proceedings of the RIKEN International Workshop on Electromagnetic and Nu-

clear Cascade Phenomena in High and Extremely High Energies, Tokyo, Japan, December

22{24, 1993, edited by M. Ishihara and A. Misaki (RIKEN, Tokyo, 1994) pp. 264{300.

9. M. Kato, T. Miyazaki, S. Polityko, N. Takahashi, and A. Misaki, Cherenkov radiation from

electron showers accompanied by muons in lake Baikal in the high and the extremely high

energy range, Proceedings of the International Workshop \Baikal as a Natural Laboratory

for Global Change", Irkutsk, 1994, Vol.8, p. 51.

10. S. I. Polityko, N. Takahashi, M. Kato, A. Misaki, High and extremely high energy muons

accompanied by electromagnetic cascade shower, in Proceedings of the RIKEN International

Workshop on Electromagnetic and Nuclear Cascade Phenomena in High and Extremely

High Energies, Tokyo, Japan, December 22{24, 1993, edited by M. Ishihara and A. Misaki

(RIKEN, Tokyo, 1994) pp. 414{425.

11. T. K. Gaisser, M. Honda, K. Kasahara, H. Lee, S. Midorikawa, V. A. Naumov, and T.

Stanev, Comparison of Neutrino Flux Calculations, in Proceedings of the 24th International

Cosmic Ray Conference, Rome, Italy, August 28 { September 8, 1995, Vol.1, pp. 702{705.

12. V. A. Naumov, A subject list towards the Baikal \KM3" proposal [Invited talk at the Second

Japanese{Russian Workshop on High Energy Neutrino Astrophysics \Future KM3 Muon

and Neutrino Telescope in Lake Baikal", Irkutsk, Russia, December 21{24, 1995], Univer-

sit�a degli Studi di Firenze, Dipartimento di Fisica, Preprint DFF 252/06/1996 (Firenze,

June, 1996), 10 p.

13. T. K. Gaisser, M. Honda, K. Kasahara, H. Lee, S. Midorikawa, V. A. Naumov, and T.

Stanev, Comparison of atmospheric neutrino ux calculations at low energies, Phys. Rev. D

54 (1996) 5578{5584; hep{ph/9608253.

14. A. Misaki, V. A. Naumov, T. S. Sinegovskaya, and S. I. Sinegovsky, Form factors of three-

particle kaon decay and atmospheric neutrino avor ratio at high energies, in Proceedings of

the 25th International Cosmic Ray Conference, Durban, South Africa, July 30 { August 6,

1997, edited by M. S. Potgieter, B. C. Raubenheimer, and D. J. van der Walt (Wesprint,

Potchefstroom, Space Research Unit, 1997) Vol.7, pp. 129{132.

15. V. A. Naumov and L. Perrone, Neutrino propagation through matter, Universit�a degli Studi

di Firenze, Dipartimento di Fisica, Preprint DFF 294/12/1997 (Firenze, December, 1997),

16 p.

16. V. A. Naumov, T. S. Sinegovskaya, and S. I. Sinegovsky, The K

`3

form factors and at-

mospheric neutrino avor ratio at high energies, Universit�a degli Studi di Firenze, Diparti-

mento di Fisica, Preprint DFF 253/06/1996 (Firenze, June, 1996), 18 p.; Il Nuovo Cimento

111A (1998) 129{148; hep{ph/9802410.

17. E. V. Bugaev, V. A. Naumov, T. S. Sinegovskaya, S. I. Sinegovsky, A. Misaki, and N.

Takahashi, Atmospheric muon ux at sea level, underground and underwater, Universit�a

degli Studi di Firenze, Dipartimento di Fisica, Preprint DFF 1/07/1998 (Firenze, July,

1998), 49 p.; National Graduate Institute for Policy Studies (GRIPS) Research Report
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I-98-0002 (Urawa, June, 1998), 49 p.; Phys. Rev. D 58 (1998) 054001 (27 p.); hep{

ph/9803488.

18. V. A. Naumov and L. Perrone, Neutrino propagation through dense matter, Universit�a

degli Studi di Firenze, Dipartimento di Fisica, Preprint DFF 313/06/1998 (Firenze, June,

1998), 21 p. (to appear in \Astroparticle Physics"); hep{ph/9804301.

19. V. A. Naumov, Physics of atmospheric neutrinos (introductory overview), in \Astrophysics

and Physics of Microworld", Proceedings of Baikal School on Fundamental Physics, Ir-

kutsk, October 11{17, 1998, edited by V. A. Naumov, Yu. V. Parfenov, and S. I. Sine-

govsky (Irkutsk State University Publishing House, 1998), pp. 67{85.

1

20. V. A. Naumov, T. S. Sinegovskaya, and S. I. Sinegovsky, The spectra of secondary particles

in K

`3

decays, ibid., pp. 211{226.

1

21. C. Giunti, C. W. Kim, U. W. Lee, and V. A. Naumov, Implications of Super-Kamiokande
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