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Èç ìèêðîñêîïè÷åñêîãî ãàìèëüòîíèàíà ïîëíîé ñè-
ñòåìû àíàëèòè÷åñêè ïîëó÷åíà è ðåøåíà ñèñòåìà íåëè-
íåéíûõ óðàâíåíèé Ëàíæåâåíà äëÿ çàòóõàþùåãî ãàðìî-
íè÷åñêîãî îñöèëëÿòîðà â ïðåäåëàõ îáùåé ñâÿçè ìåæäó
êîëëåêòèâíîé è âíóòðåííåé ïîäñèñòåìàìè. Ïîêàçàíî,
÷òî óðàâíåíèÿ äâèæåíèÿ äëÿ êîëëåêòèâíîé ïîäñèñòåìû
óäîâëåòâîðÿþò êâàíòîâîìó ôëóêòóàöèîííî-äèññèïàöè-
îííîìó ñîîòíîøåíèþ. Äëÿ ïåðâîãî è âòîðîãî ìîìåíòîâ
ïîëó÷åíû ëîêàëüíûå ïî âðåìåíè óðàâíåíèÿ, íî ñ òðàíñ-
ïîðòíûìè êîýôôèöèåíòàìè, çàâèñÿùèìè ÿâíî îò âðå-
ìåíè. Ïîêàçàíî, ÷òî ñâÿçü ïî èìïóëüñó ìåæäó êîëëåê-
òèâíîé è âíóòðåííåé ïîäñèñòåìàìè ïðèâîäèò ê ïîÿâëå-
íèþ òðåíèÿ è äèôôóçèè ïî êîîðäèíàòå, òîãäà êàê ñâÿçü
ïî êîîðäèíàòå îòâåòñòâåííà çà òðåíèå è äèôôóçèþ ïî
èìïóëüñó. Äëÿ íåìàðêîâñêîé äèíàìèêè ïîëó÷åíû íàáî-
ðû äèôôóçèîííûõ êîýôôèöèåíòîâ, êîòîðûå ñîõðàíÿþò
ñîñòîÿíèå ñèñòåìû ÷èñòûì. Ïîêàçàíî, ÷òî óðàâíåíèÿ
äëÿ êîððåëÿöèé íå èäåíòè÷íû óðàâíåíèÿì äëÿ ñðåäíèõ
è ãèïîòåçà Îíçàãåðà, ñòðîãî ãîâîðÿ, íå âåðíà äëÿ íåìàð-
êîâñêîãî çàòóõàþùåãî ãàðìîíè÷åñêîãî îñöèëëÿòîðà.
Ãèïîòåçà Îíçàãåðà ñïðàâåäëèâà ëèøü ïðè îïðåäåëåí-
íûõ óñëîâèÿõ. Ðàçâèòûé ïîäõîä ïîëåçåí ïðè îïèñàíèè

âðåìåí æèçíè ìåòàñòàáèëüíûõ ñèñòåì, ïåðåõîäíûõ
ïðîöåññîâ è äåêîãåðåíòíîñòè â êâàíòîâûõ ñèñòåìàõ.

Êàíîêîâ Ç., Ñàðãñÿí Â. Â., Àäàìÿí Ã. Ã., Àíòîíåíêî Í. Â.
Íàïðàâëåíî â æóðíàë «ÒÌÔ».

Ïîêàçàíî, ÷òî ñïåêòð ìàññ ëåãêèõ ïñåâäîñêàëÿðíûõ
( , , , )� � �K � è âåêòîðíûõ ( , , , )*� � �K ìåçîíîâ ìîæåò

áûòü îáúÿñíåí íà îñíîâå ñëåäóþùèõ ïðåäïîëîæåíèé:
1) èìååò ìåñòî àíàëèòè÷åñêèé êîíôàéíìåíò (ïðîïàãà-
òîðû êâàðêîâ è ãëþîíîâ ÿâëÿþòñÿ öåëûìè àíàëèòè÷å-
ñêèìè ôóíêöèÿìè ãàóññîâñêîãî òèïà), 2) ìåçîíû âîçíè-
êàþò êàê ñâÿçàííûå ñîñòîÿíèÿ êâàðêîâ è ãëþîíîâ (èñ-
ïîëüçóåòñÿ óðàâíåíèå Áåòå–Ñîëïèòåðà â ïðèáëèæåíèè
îäíîãëþîííîãî îáìåíà) è 3) êîíñòàíòà ñâÿçè ÊÕÄ êàê
ôóíêöèÿ îò ìàññû ñâÿçàííîãî ñîñòîÿíèÿ M ìîíîòîííî
óáûâàåò. Âû÷èñëåíû ïîñòîÿííûå f � è f K .

Åôèìîâ Ã. Â. Íàïðàâëåíî â æóðíàë «ßäåðíàÿ ôèçèêà».

Ëàáîðàòîðèÿ âûñîêèõ ýíåðãèé
èì. Â. È. Âåêñëåðà è À. Ì. Áàëäèíà

Â 2004 ã. íà íóêëîòðîíå áûëè íà÷àòû ðàáîòû ïî ñè-
ñòåìàòè÷åñêîìó èçó÷åíèþ ýôôåêòà ðåçîíàíñíîãî óñè-
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Bogoliubov Laboratory of Theoretical Physics

Starting with the Hamiltonian of a complete system, the
system of nonlinear Langevin equations was analytically
derived and solved for the damped harmonic oscillator gen-
erally coupled with heat bath. The equations of motion for
the collective subsystem satisfy the quantum fluctuation–
dissipation relation. The equations for the first and second
moments of distribution function seem to be locally in time
but with time-dependent friction and diffusion coefficients.
While the coupling in momentum between the collective
and internal subsystems leads to the friction and diffusion in
coordinate, the coupling in coordinate leads to the friction
and diffusion in the momentum. For the non-Markovian dy-
namics, the sets of diffusion coefficients were found to pre-
serve the purity of the states at any time. The equations for
correlations are not identical to the equations for averages in
general case. For non-Markovian damped oscillator, On-
sanger’s regression hypothesis is true only for certain condi-
tions. The suggested approach is useful for the description
of metastable states, transient nuclear processes and deco-
herence in quantum systems.

Kanokov Z., Sargsyan V. V., Adamian G. G., Antonenko N. V.

Submitted to «Teor. Mat. Fiz.».

It was shown that the masses of light pseudoscalar
( , , , )� � �K � and vector ( , , , )*� � �K mesons can be ex-

plained on the basis of the following assumptions: (1) ana-
lytical confinement (propagators of quark and gluons are
entire analytical functions of the Gaussian type), (2) mesons
are bound states of quark and gluons (the Bethe–Salpeter
equation in the one-gluon exchange approximation), and (3)
the QCD coupling constant � s M( ) is a monotonic decreas-
ing function of the bound state mass M. The decay constants
f � and f K are calculated.

Efimov G. V. Submitted to «Yad. Fiz.».

Veksler and Baldin Laboratory
of High Energies

In 2004 a systematic study of the effect of pion yield
resonance enhancement in proton- and deuteron-nuclear re-
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ëåíèÿ âûõîäà ïèîíîâ â ïðîòîí- è äåéòðîí-ÿäåðíûõ ðå-
àêöèÿõ ïðè ýíåðãèÿõ ïó÷êà â îáëàñòè 350 ÌýÂ. Ýòîò ýô-
ôåêò áûë âïåðâûå îáíàðóæåí â ýêñïåðèìåíòå íà
ôàçîòðîíå ËßÏ ÎÈßÈ è çàòåì ïîäòâåðæäåí â ðàáîòàõ
íà óñêîðèòåëÿõ Ñàêëå (Ôðàíöèÿ) è Òðîèöêà. Äëÿ âûïîë-
íåíèÿ ýòîé çàäà÷è áûëà èçãîòîâëåíà è óñòàíîâëåíà âíó-
òðè âàêóóìíîé êàìåðû óñêîðèòåëÿ íîâàÿ ñòàíöèÿ âíó-
òðåííèõ ìèøåíåé (ñì. ôîòî).

Ñòàíöèÿ âíóòðåííèõ ìèøåíåé ñîñòîèò èç ñôåðè÷å-
ñêîãî êîðïóñà, âàêóóìîïðîâîäà è öèëèíäðè÷åñêîé ÷à-
ñòè, â êîòîðîé ðàçìåùàåòñÿ óñòðîéñòâî êðåïëåíèÿ øå-
ñòè ìèøåíåé. Ðàçìåðû ñòàíöèè, åå êîíñòðóêöèÿ è òîë-
ùèíà îáîëî÷êè âûáðàíû èñõîäÿ èç îïòèìàëüíûõ

óñëîâèé ðåãèñòðàöèè âûëåòàþùèõ èç ìèøåíè âòîðè÷-
íûõ ÷àñòèö ñ ìèíèìóìîì ïîòåðü ïðè ìàêñèìàëüíîì
òåëåñíîì óãëå.

Â 2004 ã. íà íîâîé ñòàíöèè áûëè ïðîâåäåíû ïåðâûå
ýêñïåðèìåíòû ïî èçìåðåíèþ âûõîäà ïèîíîâ íà ïó÷êàõ
ïðîòîíîâ è äåéòðîíîâ îò óãëåðîäíîé, àëþìèíèåâîé,
ìåäíîé è ñåðåáðÿíîé ìèøåíåé ñ öåëüþ îáíàðóæåíèÿ
àíîìàëèè â ôóíêöèè âîçáóæäåíèÿ ýòîé ðåàêöèè.

Îñíîâíîé ÷àñòüþ óñòàíîâêè «Äåëüòà-2» íà âíó-
òðåííåé ìèøåíè íóêëîòðîíà ÿâëÿåòñÿ ñöèíòèëëÿöèîí-
íûé ïðîáåæíûé ñïåêòðîìåòð ST äëÿ èäåíòèôèêàöèè è
òî÷íîãî èçìåðåíèÿ ýíåðãèè çàðÿæåííûõ ÷àñòèö. Ïðåä-
âàðèòåëüíî ïîäòâåðæäåíî íàëè÷èå ýôôåêòà (ñì.
ðèñóíîê) íà ìèøåíÿõ èç ìåäè è ñåðåáðà. Ïåðâûå ïðåä-
âàðèòåëüíûå ðåçóëüòàòû áûëè äîëîæåíû íà XVII
Áàëäèíñêîì Ìåæäóíàðîäíîì ñåìèíàðå ïî ïðîáëåìàì
ôèçèêè âûñîêèõ ýíåðãèé «Ðåëÿòèâèñòñêàÿ ÿäåðíàÿ ôè-
çèêà è êâàíòîâàÿ õðîìîäèíàìèêà» (27 ñåíòÿáðÿ – 2 îêòÿ-
áðÿ 2004 ã.) è áóäóò îïóáëèêîâàíû.

1. Krasnov V. A. et al. // Phys. Lett. B. 1982. V. 108. P. 11.
2. Akimov Yu. K. et al. // JINR Rapid Comm. 1989.

No. 2[35]-89.
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actions at beam energy near 350 MeV was started at the Nu-
clotron. This effect was detected for the first time at the
Dubna Phasotron [1, 2], then was confirmed at the accelera-
tors in Saclay and Troitsk. For realization of this search, a
new station of Nuclotron internal targets was manufactured
and installed inside an accelerator vacuum chamber (see
photo).

The internal target station intended for physics experi-
ments with the Nuclotron is composed of a spherical hull,
i.e., an ion tube and a cylinder where the target holder carry-
ing six targets is located. The dimensions of the station, its
construction and the thickness of the hull shell are opti-
mized for registration of secondary particles using external
detectors with the maximum achievable spatial angle and
minimum losses.

The first experiments with the new station were carried
out in March and June 2004 with the aim to measure a yield

of pions on proton and deuteron beams from carbon, alu-
minum, copper and silver targets and search for singularities
in excitation function of this reaction.

The main part of the DELTA-2 set-up on the Nuclotron
internal target is a scintillation range spectrometer ST for

Îáùèé âèä ìåõàíèçìà âíóòðåííåé ìèøåíè ïåðåä óñòàíîâêîé
â âàêóóìíóþ êàìåðó óñêîðèòåëÿ

The general view of the internal target mechanism before the in-
stallation into the Nuclotron vacuum chamber

Ïðåäâàðèòåëüíûå ðåçóëüòàòû ïî ïîèñêó ðåçîíàíñíîãî óñèëå-
íèÿ âûõîäà ïèîíîâ

The preliminary results of the March and June 2004 Nuclotron
runs for the search of pion yield resonance enhancement
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Ëàáîðàòîðèÿ ôèçèêè ÷àñòèö

10 àâãóñòà íà ñåìèíàðå ÖÅÐÍ áûëè ïðåäñòàâëåíû
íîâûå ïðåäâàðèòåëüíûå ðåçóëüòàòû ýêñïåðèìåíòà
NA-48 (ó÷àñòèå ÎÈßÈ â êîòîðîì âåñüìà çíà÷èòåëüíî),
ïðåäñòàâëÿþùèå áîëüøîé èíòåðåñ äëÿ ìåæäóíàðîäíî-
ãî íàó÷íîãî ñîîáùåñòâà.Óñòàíîâêà NA-48, ñîçäàííàÿ
äëÿ òî÷íîãî èçìåðåíèÿ ïðÿìîãî íàðóøåíèÿ ÑÐ-ñèììå-
òðèè â ðàñïàäàõ íåéòðàëüíûõ êàîíîâ, óñïåøíî âûïîë-
íèëà ñâîþ ïåðâîíà÷àëüíóþ çàäà÷ó â 2001 ã. Íà ýòîò ðàç
îíà áûëà èñïîëüçîâàíà äëÿ ðåøåíèÿ äðóãîé ïðîáëåìû,
çàòðàãèâàþùåé ôóíäàìåíòàëüíûå îñíîâû ñåãîäíÿøíèõ
ïðåäñòàâëåíèé î äèíàìèêå ñëàáûõ âçàèìîäåéñòâèé.
Ðå÷ü èäåò îá ýêñïåðèìåíòàëüíîé ïðîâåðêå óíèòàðíîñòè
ìàòðèöû Êàáèááî–Êàáàÿøè–Ìàñêàâû (CKM), êîòîðàÿ
îïèñûâàåò ñìåøèâàíèå êâàðêîâ, ó÷àñòâóþùèõ â ñëàáûõ
âçàèìîäåéñòâèÿõ. Ïîñêîëüêó íèêòî íå ñîìíåâàåòñÿ â åå
óíèòàðíîñòè â ìàòåìàòè÷åñêîì ñìûñëå, èìååòñÿ â âèäó
ïðîâåðêà ïîëíîòû ñòàíäàðòíîé ìîäåëè. Íàïðèìåð, ñó-
ùåñòâîâàíèå äîïîëíèòåëüíûõ ïîêîëåíèé êâàðêîâ ìî-
ãëî áû îçíà÷àòü, ÷òî ìàòðèöà èõ ñìåøèâàíèÿ íà ñàìîì
äåëå èìååò äðóãóþ ðàçìåðíîñòü, è åå (3 3� )-ñåãìåíò, êî-
òîðûé ìû íàáëþäàåì ñ èçâåñòíûìè ïîêîëåíèÿìè, ìî-
æåò âïîëíå îêàçàòüñÿ íåóíèòàðíûì.

Ñ òî÷êè çðåíèÿ ñîâðåìåííîãî ñîñòîÿíèÿ ýòîé ïðî-
áëåìû, èíòðèãà çàêëþ÷àåòñÿ â òîì, ÷òî äî ñàìîãî ïî-
ñëåäíåãî âðåìåíè ñðåäíåìèðîâûå äàííûå äàâàëè óêàçà-
íèå íà íàðóøåíèå óíèòàðíîñòè CKM-ìàòðèöû. Â ÷àñò-
íîñòè, ñóììà êâàäðàòîâ ìîäóëåé åå ýëåìåíòîâ,
ñâÿçûâàþùèõ u-êâàðê ñî âñåìè äðóãèìè, îòëè÷àëàñü îò
åäèíèöû íà âåëè÷èíó (4,3	1,9)
 �10 3. Â ýêñïåðèìåíòå

NA-48 íà îñíîâå ïîëó÷åííîé ðåêîðäíîé ñòàòèñòèêè ïî
ðàñïàäàì êàîíîâ è íåéòðàëüíûõ ãèïåðîíîâ áûë èçìåðåí
ìîäóëü ýëåìåíòà CKM-ìàòðèöû | |Vus , êîòîðûé äîëæåí
áûòü ðàâåí 0,2274	0,0021, åñëè ïðèíÿòü çà îñíîâó çíà-
÷åíèå | |Vud , ïîëó÷åííîå â ðàáîòå [1], ïðåíåáðå÷ü çàâåäî-
ìî ìàëîé âåëè÷èíîé | |Vub è ïîòðåáîâàòü âûïîëíåíèÿ
óíèòàðíîñòè ìàòðèöû CKM. Äëÿ ýòîãî áûëè ñ âûñîêîé
òî÷íîñòüþ èçìåðåíû âåðîÿòíîñòè ðàñïàäîâ íåéòðàëü-
íûõ è çàðÿæåííûõ êàîíîâ íà ïèîí, ýëåêòðîí è íåéòðèíî
(K e3-ðàñïàäû), à òàêæå ðàñïàäà íåéòðàëüíîãî êñè-ãèïå-
ðîíà íà ñèãìà-ãèïåðîí, ýëåêòðîí è íåéòðèíî. Ðåçóëüòàò
NA-48, ïîëó÷åííûé èç äàííûõ ïî ðàñïàäó íåéòðàëüíûõ
êàîíîâ, | |Vus �0,2187	0,0028, íåñêîëüêî âûøå èçâåñò-
íûõ èçìåðåíèé ýòîé âåëè÷èíû, íî îñòàåòñÿ íèæå òîãî
çíà÷åíèÿ, êîòîðîå íåîáõîäèìî äëÿ âûïîëíåíèÿ óñëîâèÿ
óíèòàðíîñòè. Îäíàêî ýòîò ðåçóëüòàò ñîäåðæèò íåòî÷íî-
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identification and energy gauging of charged particles. The
presence of the effect on copper and silver nuclei (see
figure) is previously endorsed. The first preliminary results
are submitted to the XVII International Baldin Seminar on
High Energy Physics Problems «Relativistic Nuclear
Physics and Quantum Chromodynamics», September 27 –
October 2, 2004, and will be published.

1. Krasnov V. A. et al. // Phys. Lett. B. 1982. V. 108. P. 11.
2. Akimov Yu. K. et al. // JINR Rapid Comm. 1989.

No. 2[35]-89.

Laboratory of Particle Physics

The NA48 collaboration, in which the JINR participa-
tion is quite considerable, presented at a CERN seminar on
10 August its new preliminary results that might be a matter
of large interest to the international scientific community.

The NA48 set-up was originally designed for the pre-
cise measurement of the direct CP violation in neutral kaon
decays and successfully reached its primary goal in 2001.
This time it was used to solve another problem related to the
fundamental ideas about the dynamics of weak interactions.

Namely, the new experimental check for the unitarity of the
quark mixing matrix introduced by Cabibbo, Kobayashi and
Maskawa (CKM) has been carried out. As nobody thinks
this matrix could be a nonunitarian in the mathematical
sense, such checks in fact concern the completeness of the
Standard Model. For example, the existence of additional
quark generations would mean that CKM matrix has anoth-
er dimension and its visible segment (3 3� ) may be nonuni-
tarian.

The current experimental status of this problem is in-
triguing, as up to the latest time the world data led to hint of
the CKM unitarity violation. In particular, the sum of CKM
matrix elements squared norms, connecting the u quark with
all other ones, deviated from unit by (4.3	1.9)
 �10 3. In

the NA48 experiment the norm of the matrix element CKM
| |Vus has been measured using the largest data sample of
kaon and neutral hyperon decays. Its value has to be equal to
0.2274	0.0021, if one accepts the well measured | |Vud [1],
ignores the negligibly small | |Vub , and assumes the unitarity
of the CKM matrix. To do so, a high-precision rate measure-
ment was made for the decay of charged and neutral kaons
into pion, electron and neutrino (K e3 decays), and for the
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ñòè, âíîñèìûå ïëîõèì çíàíèåì ôîðìôàêòîðà ðàñïàäà.
À âîò èçìåðåíèå âåðîÿòíîñòè çàðÿæåííûõ êàîíîâ ïî êà-
íàëó K e3 äàëî âåëè÷èíó | |Vus �0,2241	0,0026, êîòîðàÿ
ðàñõîäèòñÿ ñ èìåâøèìèñÿ äî íåäàâíåãî âðåìåíè ìèðî-
âûìè äàííûìè [2, 3], íî ñîãëàñóåòñÿ êàê ñ óíèòàðíî-
ñòüþ CKM-ìàòðèöû, òàê è ñ ñàìûì ïîñëåäíèì èçìåðå-
íèåì, âûïîëíåííûì â BNL (ÑØÀ) [4]. Àíàëèç äàííûõ î
ðàñïàäå íåéòðàëüíîãî ãèïåðîíà ïðèâîäèò ê çíà÷åíèþ
| |Vus �0,214	0,03, êîòîðîå â ïðåäåëàõ ñâîåé áîëüøîé
íåîïðåäåëåííîñòè ñîãëàñóåòñÿ è ñ íîâûìè, è ñî ñòàðû-
ìè èçìåðåíèÿìè.

Âñå ýòè íîâûå ðåçóëüòàòû áûëè ïðåäñòàâëåíû íà
32-é Ìåæäóíàðîäíîé êîíôåðåíöèè ïî ôèçèêå âûñîêèõ
ýíåðãèé (Ïåêèí, 16–22 àâãóñòà 2004 ã.) [5] ó÷àñòíèêîì
êîëëàáîðàöèè NA-48 èç Äóáíû Ë. Ëèòîâûì. Íîâàÿ èí-
ôîðìàöèÿ î ìàòðè÷íîì ýëåìåíòå | |Vus îò NA-48 áûëà
âêëþ÷åíà â ïëåíàðíûé äîêëàä, ñäåëàííûé Â. Ïàòåðà
(KLOE), è äàæå â çàêëþ÷èòåëüíûé äîêëàä êîíôåðåí-
öèè, ñäåëàííûé Ä. Ýëëèñîì (ÖÅÐÍ). Âìåñòå ñ ïîñëåä-
íèìè ðåçóëüòàòàìè ýêñïåðèìåíòîâ KLOE, KTeV è E865
ðåçóëüòàò NA-48 âíåñ ñóùåñòâåííûé âêëàä â âûâîä êîí-
ôåðåíöèè î òîì, ÷òî «ñàãà | |Vus çàâåðøåíà».

1. Savard G. et al. // Phys. Rev. Lett. 1995. V. 74. P. 1521.

2. Donoghue J. F., Holstein B. R., Klimt S. W. // Phys. Rev. D.
1987. V. 35. P. 934.

3. Bourquin M. et al. // Z. Physik C. 1983. V. 21. P. 27.
4. Poblaguev A. A. for the collaboration BNL-E865.

hep-ex/0405036. 2004.
5. http://ichep04.ihep.ac.cn.

Ëàáîðàòîðèÿ ÿäåðíûõ ïðîáëåì
èì. Â. Ï. Äæåëåïîâà

Â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì èì. Â. Ï. Äæåëå-
ïîâà íà ôàçîòðîíå ÎÈßÈ ïðîâîäèòñÿ øèðîêàÿ ïðîãðàì-
ìà èññëåäîâàíèé ïî ïðîáëåìå ìþîííîãî êàòàëèçà â
dt-ñìåñè. Äëÿ øèðîêîãî ñïåêòðà çíà÷åíèé òåìïåðàòóð
(20–800 K), ïëîòíîñòåé (0:2–1:2 LHD) è êîíöåíòðàöèé
òðèòèÿ (15–86 %) êîëëàáîðàöèåé èç Äóáíû, Ðîññèè è
Ãîëëàíäèè èçìåðåíû ïàðàìåòðû dt-öèêëà.

Bom V. R. et al. Ïðèíÿòî ê îïóáëèêîâàíèþ â «ÆÝÒÔ».

Äëÿ íèçêîôîíîâûõ ãåðìàíèåâûõ äåòåêòîðîâ áîëü-
øîãî îáúåìà, ðàáîòàþùèõ ïðè äîñòàòî÷íî íèçêîé çà-
ãðóçêå â ËßÏ, ïðåäëîæåí íîâûé äâóõóðîâíåâûé èì-
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decay of neutral ksi hyperon into sigma hyperon, electron
and neutrino. The result of NA48, based on the analysis
of neutral kaon decays, leads to the value
| |Vus �0.2187	0.0028, which is still lower than it is neces-
sary for CKM-matrix unitarity, though it is somewhat high-
er than that given before by all known measurements. But
this result suffers from the uncertainties related to the poor
knowledge of the decay form factor, taken from the pub-
lished sources. On the other hand, the new measured decay
rate of the K e3 charged kaon decays yields
| |Vus �0.2241	0.0026, which contradicts to the old estab-
lished data [2, 3], but is completely compatible with the
CKM matrix unitarity as well as with the last BNL measure-
ment [4]. The measurement of this value based on the neu-
tral hyperon decay rate leads to | |Vus �0.214	0.03, which
is in accordance with both old and new data due to its large
uncertainty.

These new NA48 results have been reported at the 32nd
International Conference on High Energy Physics (August
16–22, 2004, Beijing, China) [5] by the JINR participant of
the NA48 collaboration L. Litov. New information on the
| |Vus from NA48 was included into the plenary report by
V. Patera (KLOE) and even into the final «Conference Sum-

mary», made by J. Ellis (CERN). Together with the last re-
sults from KLOE, KTeV and E865, the NA48 experiment
has contributed considerably to the final conclusion of the
conference that the «| |Vus saga is over».

1. Savard G. et al. // Phys. Rev. Lett. 1995. V. 74. P. 1521.
2. Donoghue J. F., Holstein B. R., Klimt S. W. // Phys. Rev. D.

1987. V. 35. P. 934.
3. Bourquin M. et al. // Z. Physik C. 1983. V. 21. P. 27.
4. Poblaguev A. A. for the collaboration BNL-E865.

hep-ex/0405036. 2004.
5. http://ichep04.ihep.ac.cn.

Dzhelepov Laboratory of Nuclear Problems

At the Dzhelepov Laboratory of Nuclear Problems a
vast program of the experimental investigation of the
muon-catalyzed D–T fusion was performed on the JINR
Phasotron by JINR–Russia–the Netherlands collaboration.
Parameters of the D–T cycle were obtained in a wide range
of deuterium–tritium mixture conditions (temperatures of
20–800 K, densities of 0:2–1:2 LHD and tritium concentra-
tions of 15–86%).

Bom V. R. et al. // JETP (in press).

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR



ïóëüñ ôîðìèðîâàíèÿ, â êîòîðîì âåðõíÿÿ ÷àñòü ñòàí-
äàðòíîãî îñòðîêîíå÷íîãî (cusp) èìïóëüñà çàìåíåíà
ïàðàáîëîé. Ñîõðàíåíèå â íèæíåé ÷àñòè èìïóëüñà ñòàí-
äàðòíîé îñòðîêîíå÷íîé ôîðìû îáåñïå÷èâàåò îïòèìàëü-
íîå ïîäàâëåíèå øóìà, à ïàðàáîëè÷åñêàÿ ôîðìà âåðõóø-
êè èìïóëüñà ïîçâîëÿåò äîñòàòî÷íî õîðîøî êîìïåíñèðî-
âàòü áàëëèñòè÷åñêèé äåôèöèò. Â ðåçóëüòàòå ôàêòîð
ïîäàâëåíèÿ øóìà óëó÷øàåòñÿ íà 10–12 % ïî ñðàâíåíèþ
ñî ñòàíäàðòíîé êâàçèãàóññîâñêîé ôîðìîé èìïóëüñà
ôîðìèðîâàíèÿ.

Êàëèíèí À. È., Áåäíÿêîâ Â. À. Ïðåïðèíò ÎÈßÈ
E13-2004-34. Äóáíà, 2004; ïðèíÿòî ê îïóáëèêîâàíèþ â
«NIM A».

Ïðåäëîæåíà è îïèñàíà ÿ÷åéêà äëÿ îäíîîñíîãî ñæà-
òèÿ êðèñòàëëîâ äî 5 êáàð, èñïîëüçóåìàÿ â SR-ýêñïåðè-
ìåíòàõ ïî èññëåäîâàíèþ âçàèìîäåéñòâèÿ àêöåïòîðíîé
ïðèìåñè àëþìèíèÿ â êðåìíèè. Ðàçìåðû èññëåäóåìûõ
îáðàçöîâ 9,5�9,5�20 ìì. Êîíòðîëü äàâëåíèÿ îñóùå-
ñòâëÿëñÿ êàëèáðîâàííûìè òåíçîðåçèñòîðàìè.

Àíäðåéêà Ä. è äð. Ïðåïðèíò ÎÈßÈ Ð14-2004-111. Äóáíà,
2004; íàïðàâëåíî â æóðíàë «ÏÒÝ».

Äàí îáçîð ìåòîäîâ è ðåçóëüòàòîâ âû÷èñëåíèÿ ñïè-
íîâûõ ÿäåðíûõ ìàòðè÷íûõ ýëåìåíòîâ, êîòîðûå íåîáõî-
äèìû äëÿ ðàñ÷åòà âåðîÿòíîñòåé âçàèìîäåéñòâèÿ ìàñ-
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For large-volume high-purity Ge detectors, working at
low counting rates, a new two-level shaping optimized for
ballistic deficit and electronic noise is proposed at the
Dzhelepov Laboratory of Nuclear Problems. The shaping is
based on a cusp-like form of the bottom part of the shaping
and a parabolic-like form of the top shaping part. Due to the
side wings of the cusp the well noise characteristics of the
shaping are conserved. On the other hand, the parabolic part
of the pulse shape allows rather satisfactory compensation
of the ballistic deficit. Calculation shows that the noise fac-
tor can be improved within 10–12% as compared with stan-
dard quasi-Gaussian shaping.

Kalinin A. I., Bednyakov V. A. JINR Preprint E13-2004-34.
Dubna, 2004; Nucl. Instr. Meth. A (in press).

A cell for uniaxial stress of crystals up to 5 kbar, which
is used in the SR experiments on investigation of the alu-
minium acceptor impurity in silicon, is proposed and de-
scribed. Dimensions of the samples to be investigated are
9.5�9.5�20 mm. The pressure control is performed with
the calibrated tensor resistors.

Andreica D. et al. JINR Preprint P14-2004-111. Dubna, 2004;
submitted to «Instr. Exp. Tech.».

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR

Äóáíà, 9 ñåíòÿáðÿ. Îòêðûòèå ìåìîðèàëüíîé äîñêè ïðîôåññîðó Â. Ï. Äìèòðèåâñêîìó
íà ôàñàäå çäàíèÿ îòäåëà íîâûõ óñêîðèòåëåé Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì èì. Â. Ï. Äæåëåïîâà

Dubna, 9 September. Opening of the memorial plaque to Professor V. Dmitrievsky on the front wall of the building
of the New Accelerator Department at the Dzhelepov Laboratory of Nuclear Problems



ñèâíûõ ñëàáîâçàèìîäåéñòâóþùèõ ÷àñòèö òåìíîé ìàòå-
ðèè ñ ÿäðàìè ìèøåíè äåòåêòîðà. Ïðèâåäåí
ìàêñèìàëüíî ïîëíûé íàáîð ÿäåðíûõ âàêóóìíûõ ñðåä-
íèõ ïðîòîííîãî è íåéòðîííîãî ñïèíîâ, ðàññ÷èòàííûõ â
ðàçëè÷íûõ ìîäåëÿõ. Ýòè çíà÷åíèÿ ïîçâîëÿþò âû÷è-
ñëÿòü îæèäàåìóþ ñêîðîñòü ñ÷åòà ñîáûòèé ïðÿìîãî äå-
òåêòèðîâàíèÿ ÷àñòèö òåìíîé ìàòåðèè (ðåëèêòîâûõ íåé-
òðàëèíî) çà ñ÷åò ñïèíîâîãî âçàèìîäåéñòâèÿ ýòèõ ÷àñòèö
ñ ÿäðàìè.

Áåäíÿêîâ Â.À., Øèìêîâèö Ô. hep-ph/0406218; íàïðàâëåíî
â æóðíàë «Ý×Àß».

Â îòäåëå íîâûõ óñêîðèòåëåé Ëàáîðàòîðèè ÿäåðíûõ
ïðîáëåì èì. Â. Ï. Äæåëåïîâà ñîâìåñòíî ñ Èíñòèòóòîì
ÿäåðíîé ôèçèêè Êðàêîâà (Ïîëüøà) ñîçäàíà ðåëÿöèîí-
íàÿ áàçà äàííûõ ïàðàìåòðîâ êîíòðîëÿ è óïðàâëåíèÿ ðà-
áîòîé èçîõðîííîãî öèêëîòðîíà (Isochronous Cyclotron
Data Base — ICDB). Ýòà áàçà äàííûõ íàïèñàíà íà ÿçûêå
Transact SQL äëÿ ÑÓÁÄ MS SQL Server 2000 ñ ïîìîùüþ
MS Enterprise Manager è MS Query Analyzer è óñòàíî-
âëåíà íà ñåðâåðå èçîõðîííîãî öèêëîòðîíà AIC-144 â
Êðàêîâå, ðàáîòàþùåì ïîä óïðàâëåíèåì îïåðàöèîííîé
ñèñòåìû MS Windows Server 2003 (Standard Edition).
Èíòåðôåéñ áàçû äàííûõ íàïèñàí íà Ñ++ ñ ïîìîùüþ MS

Visual C++.NET è âñòðîåí â ïðîãðàììó ïîìîùè îïåðà-
òîðó (Cyclotron Operator Help Program — COHP),
êîòîðàÿ èñïîëüçóåòñÿ äëÿ ìîäåëèðîâàíèÿ ðåæèìîâ ðà-
áîòû èçîõðîííîãî öèêëîòðîíà. Ñâÿçü ïðîãðàììû ïîìî-
ùè îïåðàòîðó ñ ðåëÿöèîííîé áàçîé äàííûõ îñóùåñòâëÿ-
åòñÿ íà îñíîâå ïðîòîêîëà îòêðûòîé ìåæñâÿçè áàç äàí-
íûõ. Ðåëÿöèîííàÿ áàçà äàííûõ ïàðàìåòðîâ êîíòðîëÿ è
óïðàâëåíèÿ ðàáîòîé èçîõðîííîãî öèêëîòðîíà ïðåäíà-
çíà÷àåòñÿ, âî-ïåðâûõ, äëÿ ñèñòåìàòèçàöèè âñåõ êàðò èç-
ìåðåííûõ è ñìîäåëèðîâàííûõ ìàãíèòíûõ ïîëåé ñ
öåëüþ èõ àâòîìàòè÷åñêîãî èñïîëüçîâàíèÿ â ïðîöåññå
ìîäåëèðîâàíèÿ ðåæèìîâ ðàáîòû, âî-âòîðûõ, äëÿ óïîðÿ-
äî÷åíèÿ ñîõðàíÿåìûõ ðåæèìîâ ðàáîòû ñ öåëüþ óäîáíî-
ãî äîñòóïà ê íèì, â-òðåòüèõ, äëÿ óïðîùåíèÿ ðàáîòû
îïåðàòîðà èçîõðîííîãî öèêëîòðîíà. Ðåëÿöèîííàÿ áàçà
äàííûõ ïàðàìåòðîâ êîíòðîëÿ è óïðàâëåíèÿ ðàáîòîé èçî-
õðîííîãî öèêëîòðîíà îòðàæàåò åãî ôèçè÷åñêóþ ñòðóê-
òóðó è ëîãèêó ðàáîòû åãî îïåðàòîðà.

Êèÿí È. Í., Âîðîæöîâ Ñ. Á., Òàðàøêåâè÷ Ð. Ñîîáùåíèå
ÎÈßÈ Ð9-2004-123. Äóáíà, 2004.

Â îòäåëå ôèçèêè ïðîìåæóòî÷íûõ ýíåðãèé ËßÏ
ïðîâåäåíà ðàáîòà ïî ñèñòåìàòèçàöèè ìåòîäîâ âûðàáîò-
êè òðèããåðà â ýêñïåðèìåíòàõ ñðåäíåãî ìàñøòàáà íà
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A review of the calculation of spin-dependent matrix
elements relevant to scattering of weakly interacting mas-
sive dark matter particles on nuclei is provided. A compre-
hensive list of the proton and neutron total spin expectation
values calculated within different nuclear models is present-
ed and analyzed. These values allow a conclusion about the
event rate expected in direct dark matter search experiments
due to spin-dependent neutralino–nucleon interaction, pro-
vided neutralino is a dark matter particle.

Bednyakov V. A., Simkovic F. hep-ph/0406218; Particles and
Nuclei (in press).

At the New Accelerator Department of the Dzhelepov
Laboratory of Nuclear Problems, together with the Institute
of Nuclear Physics (Krakow, Poland), a relational data base
of control parameter of isochronous cyclotron (Isochronous
Cyclotron Data Base — ICDB) is created. The data is writ-
ten in Transact SQL for the MS SQL Server 2000 with the
use of MS Enterprise Manager and MS Query Analyzer and
was installed on the server of the AIC144 isochronous cy-
clotron in Krakow, which operates under the control of op-
erating system MS Windows Server 2003 (Standard Edi-

tion). The interface of the data base under consideration is
written in C++ with the use of Visual C++.NET and is built
in the Cyclotron Operator Help Program (COHP), which is
used for model of operational modes of isochronous cy-
clotron. Communication between the COHP and the rela-
tional data base is realized on the basis of Open Data Base
Connectivity protocol. The relational data base of the con-
trol parameter of the isochronous cyclotron is intended:
firstly, for systematization and automatic using of all mea-
sured and modeled magnetic field maps in process of mod-
eling of operational modes; secondly, for ordering of stored
operational modes and comfortable access to them; thirdly,
for simplifying of isochronous cyclotron operator work.
The relational data base of the control parameter of the
isochronous cyclotron reflects its physical structure and log-
ic of work of its operator.

Kian I. N., Vorojtsov S. B., Tarashkevich R. JINR Commun.
P9-2004-123. Dubna, 2004.

The triggering in medium-scale experiments at high-
and intermediate-energy accelerators is systematically in-
vestigated at the Intermediate Energy Department of DNLP.

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR



óñêîðèòåëÿõ âûñîêèõ è ïðîìåæóòî÷íûõ ýíåðãèé. Ðàñ-
ñìîòðåíû îáùèå òðåáîâàíèÿ ê òðèããåðíûì ñèñòåìàì, à
òàêæå îñîáåííîñòè òàêèõ ñèñòåì â êîíêðåòíûõ ýêñïåðè-
ìåíòàõ, ïîçâîëÿþùèå âûïîëíÿòü ýôôåêòèâíûé îòáîð
ñîáûòèé èçó÷àåìîãî ïðîöåññà. Èçó÷åíû ìåòîäû îòáîðà
ñîáûòèé, îñíîâàííûå íà èñïîëüçîâàíèè ýíåðãîâûäåëå-
íèÿ, ìíîæåñòâåííîñòè, âðåìåíè ïðîëåòà, èîíèçàöèîí-
íûõ ïîòåðü, èíôîðìàöèè ñ òðåêîâûõ äåòåêòîðîâ è äðó-
ãèõ äàííûõ, äîñòóïíûõ â ðåàëüíîì âðåìåíè. Ïðèâåäå-
íû ïðèìåðû ðåàëèçàöèè ìíîãîóðîâíåâîãî òðèããåðà.
Ïîä÷åðêíóòà íåîáõîäèìîñòü îïåðàòèâíîãî êîíòðîëÿ çà
îòáîðîì ñîáûòèé, ïîñêîëüêó íàðóøåíèÿ â åå ðàáîòå ìî-
ãóò ïðèâîäèòü ê íåâîñïîëíèìîé ïîòåðå äàííûõ.

Êóëèêîâ À. Â. Íàïðàâëåíî â æóðíàë «Ý×Àß».

Â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì èì. Â. Ï. Äæåëå-
ïîâà âåäåòñÿ ñîîðóæåíèå íîâîé ýêñïåðèìåíòàëüíîé
óñòàíîâêè — íàêîïèòåëÿ ïîçèòðîíîâ íèçêîé ýíåðãèè
LEPTA (Low Energy Particle Toroidal Accumulator). Â àâ-
ãóñòå áûëà çàâåðøåíà ñáîðêà óñòàíîâêè è íà÷àòî òåñòè-
ðîâàíèå åå ôîêóñèðóþùåé ñèñòåìû ýëåêòðîííûì ïó÷-
êîì. 10 ñåíòÿáðÿ áûë îñóùåñòâëåí çàõâàò èíæåêòèðî-
âàííîãî ýëåêòðîííîãî ïó÷êà è ïîëó÷åíà åãî óñòîé÷èâàÿ
öèðêóëÿöèÿ â íàêîïèòåëüíîì êîëüöå.

Ýòà óñòàíîâêà ïðåäíàçíà÷åíà äëÿ ãåíåðàöèè àòîìîâ
ïîçèòðîíèÿ, âîçíèêàþùèõ â ðåçóëüòàòå ðåêîìáèíàöèè
ïîçèòðîíîâ è îõëàæäàþùèõ ýëåêòðîíîâ â ñåêöèè ýëåê-
òðîííîãî îõëàæäåíèÿ íàêîïèòåëÿ. Ïîçèòðîíèé ôîðìè-
ðóåòñÿ â âèäå èíòåíñèâíîãî, äî 10 4 ñ�1, ïîòîêà àòîìîâ,
êîòîðûé èìååò ìàëûé, ïîðÿäêà 1 ìðàä, óãëîâîé ðàçáðîñ
è ìåíåå ÷åì 10�4 îòíîñèòåëüíûé ðàçáðîñ ÷àñòèö ïî
ñêîðîñòè.

Áëàãîäàðÿ ïðèìåíåíèþ ýëåêòðîííîãî îõëàæäåíèÿ
íà ýòîé óñòàíîâêå áóäóò ïîëó÷åíû óíèêàëüíûå ïàðàìå-
òðû ïó÷êîâ îðòîïîçèòðîíèÿ, êîòîðûå ïîçâîëÿò ïðîâå-
ñòè â ïðèíöèïèàëüíî íîâîé ïîñòàíîâêå øèðîêèé êðóã
ýêñïåðèìåíòîâ â îáëàñòè ôèçèêè ÷àñòèö. Ñðåäè íèõ —
ïîèñê CPT- è CP-íàðóøåíèé, ïðîâåðêà çàêîíà ñîõðàíå-
íèÿ ýëåêòðè÷åñêîãî çàðÿäà â e e� �-àííèãèëÿöèè, ïðåöè-
çèîííûå èçìåðåíèÿ âðåìåíè æèçíè îðòîïîçèòðîíèÿ,
âêëþ÷àÿ ïðîâåðêó ãèïîòåçû ñóùåñòâîâàíèÿ êîðîòêîæè-
âóùåãî áîçîíà è ãèïîòåçû «çåðêàëüíîé Âñåëåííîé».

Êðîìå òîãî, óñòàíîâêà ÿâëÿåòñÿ ïðîòîòèïîì ñèñòå-
ìû ýëåêòðîííîãî îõëàæäåíèÿ àäðîíîâ âûñîêîé ýíåðãèè
öèðêóëèðóþùèì ýëåêòðîííûì ïó÷êîì, ÷òî ïðåäñòàâëÿ-
åò áîëüøîé èíòåðåñ â ôèçèêå âûñîêèõ ýíåðãèé. Îäíèì
èç âîçìîæíûõ ïðèìåíåíèé íàêîïèòåëåé òèïà LEPTA
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General requirements to trigger systems are discussed and
the features of such systems in concrete experiments allow-
ing for effective event selection of the process in study are
also presented. The event selection methods based on ener-
gy deposit, multiplicity, time of flight, ionization losses,
tracking information and other available in real time data
are considered. Examples of using the multilevel trigger are
given. The necessity of permanent control for the event se-
lection process is stressed because its imperfections may re-
sult in irreplaceable loss of data.

Kulikov A.V. Submitted to «Particles and Nuclei».

A new experimental set-up, Low Energy Particle
Toroidal Accumulator (LEPTA), is being constructed at the
Dzhelepov Laboratory of Nuclear Problems. The assem-
bling of the set-up was finished in August and its focusing
system was tested with an electron beam. On 10 September
the injected electron beam was trapped and its stable circu-
lation in the storage ring was obtained.

This set-up is meant for the generation of positronium
atoms, which appear in the recombination of positrons and
electrons in the storage electron cooling section. Positroni-

um appears in the form of an intensive, up to 10 4 s�1, flux
which has a small, about 1 mrad, angle spread and less than

10�4 relative spread of particles in velocity.

Due to electron cooling, unique parameters of the or-
thopositronium beams will be obtained that will allow a
wide range of experiments in particle physics in principally
new conditions. Among them are search for CTP and CP vi-
olations, check of the electric charge conservation law in

e e� � annihilation, precision measurements of the ortho-
positronium lifetime including the test of the hypotheses of
the short-lived boson existence and the «mirror universe».

In addition, the set-up is a prototype of the electron
cooling system of high-energy hadrons with a circulating
electron beam, which is of much interest in high-energy
physics. One of possible applications of the LEPTA-type
accumulators will be also generation of pointed antihydro-
gen fluxes with an intensity of up to several thousands of an-
tiatoms per second. A project of such a «generator» is dis-
cussed in the programme of the future GSI accelerator com-
plex.
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ñòàíåò òàêæå ãåíåðàöèÿ íàïðàâëåííûõ ïîòîêîâ àíòèâî-
äîðîäà ñ èíòåíñèâíîñòüþ äî íåñêîëüêèõ òûñÿ÷ àíòèàòî-
ìîâ â ñåêóíäó. Ïðîåêò òàêîãî «ãåíåðàòîðà» îáñóæäàåòñÿ
â ïðîãðàììå áóäóùåãî óñêîðèòåëüíîãî êîìïëåêñà GSI.

Íà ïîòîêå ïîçèòðîíîâ èíæåêòîðà íàêîïèòåëÿ
LEPTA ïëàíèðóåòñÿ âûïîëíèòü ïðîãðàììó èññëåäîâà-
íèé ïðèêëàäíîãî õàðàêòåðà — ïî ôèçèêå ïîëóïðîâîä-
íèêîâ.

Íåìàëîâàæíî, ÷òî íîâàÿ óñòàíîâêà, ðàçðàáîòàííàÿ
â ðàìêàõ òåìû «Ôèçèêà è òåõíèêà óñêîðèòåëåé», áûëà
ñîîðóæåíà â çíà÷èòåëüíîé ìåðå çà ñ÷åò âíåáþäæåòíûõ
ñðåäñòâ, ïîëó÷åííûõ â ðåçóëüòàòå âûïîëíåíèÿ ðàáîò ïî
çàêàçàì óñêîðèòåëüíûõ öåíòðîâ ìèðà (FNAL, BNL,
RIKEN, FZJ è äð.).

Óñòàíîâêà LEPTA ÿâëÿåòñÿ òàêæå ïðåêðàñíûì «ïî-
ëèãîíîì» äëÿ ïîäãîòîâêè íàó÷íûõ êàäðîâ, òàê êàê «êà-
ìåðíûé» õàðàêòåð ýêñïåðèìåíòîâ, ïðîâîäèìûõ íà íåé,
ïîçâîëÿåò àêòèâíî âîâëåêàòü íàó÷íóþ ìîëîäåæü â âû-
ïîëíåíèå ðàçíîîáðàçíûõ ðàáîò ñ äîâîëüíî áûñòðûì äî-
ñòèæåíèåì ðåçóëüòàòîâ. Ýòî, â ñâîþ î÷åðåäü, äåëàåò
óñòàíîâêó ïðèâëåêàòåëüíîé äëÿ íàó÷íûõ è ó÷åáíûõ
öåíòðîâ ñòðàí-ó÷àñòíèö ÎÈßÈ.

È. Í. Ìåøêîâ

Ëàáîðàòîðèÿ íåéòðîííîé ôèçèêè
èì. È. Ì. Ôðàíêà

Â Ëàáîðàòîðèè íåéòðîííîé ôèçèêè ïðîäîëæàþòñÿ
ñèñòåìàòè÷åñêèå èññëåäîâàíèÿ âëèÿíèÿ âíåøíåãî âû-
ñîêîãî äàâëåíèÿ íà àòîìíóþ è ìàãíèòíóþ ñòðóêòóðó
ìàíãàíèòîâ R1�xA xMnO 3 (R — ðåäêîçåìåëüíûé, A —
ùåëî÷íîçåìåëüíûé ýëåìåíòû). Îòêðûòèå ýôôåêòà êî-
ëîññàëüíîãî ìàãíåòîñîïðîòèâëåíèÿ (ÊÌÑ) è ðàçíî-
îáðàçèå ìàãíèòíûõ è ýëåêòðîííûõ ñâîéñòâ ìàíãàíèòîâ
âûçâàëî çíà÷èòåëüíûé, íå îñëàáåâàþùèé óæå íà ïðîòÿ-
æåíèè ðÿäà ëåò èíòåðåñ ê èññëåäîâàíèÿì ýòèõ ñîåäèíå-
íèé. Îäíàêî âëèÿíèå âûñîêîãî äàâëåíèÿ íà ñòðóêòóðó è
ñâîéñòâà ìàíãàíèòîâ íåäîñòàòî÷íî õîðîøî èçó÷åíî.

Àòîìíàÿ è ìàãíèòíàÿ ñòðóêòóðà ìàíãàíèòîâ
Pr1�xSr xMnO 3 (x �0,5, 0,56) èññëåäîâàëàñü ìåòîäîì
íåéòðîííîé äèôðàêöèè â äèàïàçîíå âíåøíèõ âûñîêèõ
äàâëåíèé 0–4,8 ÃÏà è òåìïåðàòóð 15–300 Ê íà ñïåêòðî-
ìåòðå ÄÍ-12 èìïóëüñíîãî âûñîêîïîòî÷íîãî ðåàêòîðà
ÈÁÐ-2. Ïðè íîðìàëüíîì äàâëåíèè îáà ñîåäèíåíèÿ
â îáëàñòè äîñòàòî÷íî íèçêèõ òåìïåðàòóð èìåþò àíòè-
ôåððîìàãíèòíîå (ÀÔÌ) ñîñòîÿíèå À-òèïà. Â
Pr0,5Sr0,5MnO3 òàêæå íàáëþäàåòñÿ ïðîìåæóòî÷íîå ôåð-
ðîìàãíèòíîå (ÔÌ) ñîñòîÿíèå. Ïðè âûñîêîì äàâëåíèè
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An application program on semiconductor physics
is planned to be implemented at the positron flux of the
LEPTA injector.

It is very important that this new set-up worked out in
the framework of the topic «Physics and Technology of Ac-
celerators» was developed to a large extent with nonbudget
means obtained through execution of orders from accelera-
tor centres such as FNAL, BNL, RIKEN, FZJ.

The LEPTA set-up is a perfect «ground» to train scien-
tific personnel, as the «chamber» character of the experi-
ments makes it possible to involve young scientists into dif-
ferent tasks obtaining rapidly results. In its turn, this makes
the set-up attractive for scientific and educational centres in
JINR Member States.

I. Meshkov

Frank Laboratory of Neutron Physics

At the Frank Laboratory of Neutron Physics the
systematic studies of the effect of external high pressures
on sthe atomic and magnetic structure of manganites

R A MnO1 3�x x (R — rare-earth, A — alkaline-earth ele-
ments) are continued. The discovery of colossal magnetore-
sistance (CMR) effect and a variety of magnetic and
electron properties of manganites have attracted consider-
able interest in the studies of these compounds, which has
not waned in recent years. However, the effect of high pres-
sures on the structure and properties of manganites has not
been adequately investigated yet.

The atomic and magnetic structure of manganites
Pr Sr MnO1 3�x x (x �0.5, 0.56) has been studied by the neu-
tron diffraction method at external high pressures of up to
4.8 GPa in the temperature range 15–300 K at the DN-12
spectrometer of the IBR-2 pulsed high-flux reactor. At nor-
mal pressure, both compounds in the range of rather low
temperatures are in antiferromagnetic (AFM) state of
A-type. In Pr Sr MnO0 5 0 5 3. . the intermediate ferromagnetic
(FM) state is observed as well. At a high pressure P �1.9
GPa in Pr Sr MnO0 44 0 56 3. . a new AFM state of C-type,
which coexists with the initial AFM state of A-type in the
range of low temperatures, has been observed. In
Pr Sr MnO0 5 0 5 3. . the effect of high pressure results in a sig-
nificant increase in temperature of phase transition from in-
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P �1,9 ÃÏà â Pr 0 44, Sr 0 56, MnO 3 íàáëþäàëîñü ïîÿâëå-
íèå íîâîãî ÀÔÌ-ñîñòîÿíèÿ Ñ-òèïà, êîòîðîå ñîñóùå-
ñòâóåò ñ èñõîäíûì ÀÔÌ-ñîñòîÿíèåì À-òèïà â îáëàñòè
íèçêèõ òåìïåðàòóð. Â Pr 0 5, Sr 0 5, MnO 3 âîçäåéñòâèå âû-
ñîêîãî äàâëåíèÿ ïðèâîäèò ê çíà÷èòåëüíîìó âîçðàñòà-
íèþ òåìïåðàòóðû ôàçîâîãî ïåðåõîäà èç ïðîìåæóòî÷-
íîãî ÔÌ-ñîñòîÿíèÿ â ÀÔÌ-ñîñòîÿíèå À-òèïà. Ïðè
P � 2 ÃÏà â îáëàñòè íèçêèõ òåìïåðàòóð íàáëþäàåòñÿ ñî-
ñóùåñòâîâàíèå èñõîäíîãî ÀÔÌ-ñîñòîÿíèÿ ñ ôàçîé, íå
ïðîÿâëÿþùåé ïðèçíàêîâ íàëè÷èÿ äàëüíåãî ìàãíèòíîãî
ïîðÿäêà [1]. Íàáëþäàåìûå ìàãíèòíûå ôàçîâûå ïåðåõî-
äû óäàëîñü óñïåøíî îáúÿñíèòü íà îñíîâå ðàññìîòðåíèÿ
ìîäåëüíîãî ãàìèëüòîíèàíà ñèñòåìû.

1. Kozlenko D. P., Glazkov V. P., Jirák Z., Savenko B. N. //
J. Phys.: Condens. Matter. 2004. V. 16. P. 2381.

Â ïåðèîä ñ 16 èþíÿ ïî 23 èþëÿ 2004 ã. áûëè âûïîë-
íåíû ðàáîòû ïî ïóñêó ÈÁÐ-2 è èññëåäîâàíèÿì îñíîâ-
íûõ õàðàêòåðèñòèê ðåàêòîðà ñ íîâûì ìîäóëÿòîðîì ðå-
àêòèâíîñòè ÏÎ-3. Ðàáîòû ïðîâîäèëèñü êàê â ñòàöèîíàð-
íîì ðåæèìå (áåç âðàùåíèÿ ÏÎ-3), òàê è â èìïóëüñíîì
ðåæèìå íà ìîùíîñòè äî 1,5 ÌÂò. Êðîìå òîãî, áûëà ïðî-
âåäåíà äîãðóçêà àêòèâíîé çîíû îäíîé òîïëèâíîé êàññå-

òîé äëÿ îáåñïå÷åíèÿ çàïàñà ðåàêòèâíîñòè íà
ïîñëåäóþùèå ãîäû ýêñïëóàòàöèè ÈÁÐ-2.

Ïîëó÷åííûå ðåçóëüòàòû áëèçêè ê îæèäàåìûì: äëè-
òåëüíîñòü íåéòðîííîãî èìïóëüñà (ïîëóøèðèíà) —
245 ìêñ. Ýòî äîñòèãàåòñÿ ìîäóëÿòîðîì ðåàêòèâíîñòè
ÏÎ-3, ñêîðîñòü êîòîðîãî âñåãî 600 îá./ìèí âìåñòî
1500 îá./ìèí íà ïðåäûäóùèõ ìàøèíàõ. Ðàñïðåäåëåíèå
ìîùíîñòè ìåæäó äâóìÿ ïîñëåäîâàòåëüíûìè èìïóëüñà-
ìè âèäíî íà ðèñóíêå.

13 ñåíòÿáðÿ âîçîáíîâëåíà ïëàíîâàÿ ðàáîòà ÈÁÐ-2
íà ôèçè÷åñêèé ýêñïåðèìåíò.
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termediate FM state to AFM state of A-type. At P �2 GPa
in the range of low temperatures the coexistence of initial
AFM state with a phase without any evidence of long-range
magnetic order has been observed [1]. It has become possi-
ble to successfully explain the observed magnetic phase
transitions on the basis of consideration of model Hamil-
tonian of the system.

1. Kozlenko D. P., Glazkov V. P., Jirák Z., Savenko B. N. //
J. Phys.: Condens. Matter. 2004. V. 16. P. 2381.

During a period from 16 June to 23 July, work was per-
formed to start up the IBR-2 reactor and to study the basic
characteristics of the reactor with a new modulator of reac-
tivity MR-3. The work was carried out both in a steady-state
mode (without rotation of MR-3) and in a pulsed mode at a
power of up to 1.5 MW. Moreover, one fuel cell to ensure
reactivity margin for the future operation of IBR-2 was ad-
ditionally loaded to the active zone.

The obtained results proved to be close to the expected
ones: neutron pulse duration (halfwidth) is 245 s. It is
achieved by means of the modulator of reactivity MR-3,
whose speed is only 600 rpm, instead of 1500 rpm for the

previous machines. Distribution of power between two con-
secutive pulses can be seen in figure.

On 13 September the scheduled operation of IBR-2 for
physical experiments was renewed.

Laboratory of Information Technologies

In cooperation with the International Solvay Institute
for Physics and Chemistry (Brussels, Belgium), the Depart-
ment of Mathematics of the Aristotle University (Thessa-
loniki, Greece) and the Moscow Engineering and Physics
Institute (Russia), the efficient resource distribution in eco-
nomics based on entropy has been investigated. The ap-
proach developed in previous work on the efficient resource

Ðàñïðåäåëåíèå ìîùíîñòè ìåæäó äâóìÿ ïîñëåäîâàòåëüíûìè
âñïûøêàìè. Äàííûå íîðìèðîâàíû íà ìàêñèìóì âñïûøêè

Distribution of power between two consecutive pulses. The data
are normalized to the pulse maximum
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Ëàáîðàòîðèÿ èíôîðìàöèîííûõ
òåõíîëîãèé

Ñîâìåñòíî ñ Ìåæäóíàðîäíûì Ñîëüâååâñêèì èí-
ñòèòóòîì ôèçèêè è õèìèè (Áðþññåëü, Áåëüãèÿ), ôàêóëü-
òåòîì ìàòåìàòèêè Óíèâåðñèòåòà èì. Àðèñòîòåëÿ (Ñàëî-
íèêè, Ãðåöèÿ) è Ìîñêîâñêèì èíæåíåðíî-ôèçè÷åñêèì
èíñòèòóòîì (Ðîññèÿ) ïðîâåäåíû èññëåäîâàíèÿ ïî ýô-
ôåêòèâíîìó ðàñïðåäåëåíèþ ðåñóðñîâ â ýêîíîìèêå íà
îñíîâå ýíòðîïèè.

Áûëî ïîëó÷åíî îáîáùåíèå ïîäõîäà, ðàçðàáîòàííî-
ãî ðàíåå ïî ýôôåêòèâíîìó ðàñïðåäåëåíèþ ðåñóðñîâ â
ýêîíîìè÷åñêèõ ñèñòåìàõ ñ ìàëåíüêèì íàáîðîì ýëåìåí-
òîâ íà îñíîâå ýíòðîïèè. Äëÿ ó÷åòà àñèììåòðè÷íîãî ðàñ-
ïðåäåëåíèÿ ðåñóðñîâ áûë ââåäåí íîâûé íàáîð ôóíêöèé
èíòåðïîëÿöèè ñ äâóìÿ ïàðàìåòðàìè. Ïîêàçàíî, ÷òî ìàê-
ñèìàëüíîå çíà÷åíèå ýíòðîïèè äîñòèãàåòñÿ òîëüêî â ñëó-
÷àå àñèììåòðè÷íîãî ðàñïðåäåëåíèÿ ðåñóðñîâ.

Ïåðâûå ðåçóëüòàòû èñïîëüçîâàíèÿ òàêîãî îáîáùåí-
íîãî ïîäõîäà äëÿ àíàëèçà ðàñïðåäåëåíèÿ äîõîäîâ íàñå-
ëåíèÿ Øâåöèè è Ðîññèè ïîêàçàëè, ÷òî íîâàÿ ñõåìà ïî-
çâîëÿåò äàâàòü ýôôåêòèâíóþ îöåíêó ñîñòîÿíèÿ àíàëè-
çèðóåìîé ñèñòåìû è êîíòðîëèðîâàòü ïðîöåññ
ðàñïðåäåëåíèÿ ðåñóðñîâ.

Àíòîíèó ß., Èâàíîâ Â. Â., Êðÿíåâ À. Â., Ìàòîõèí Â. Â.,
Øàïîâàëîâ Ì. Â. // Physica A. 2004. V. 336. P. 549–562.

Â ñâÿçè ñ ýêñïåðèìåíòàìè íà óñòàíîâêàõ «Ýíåð-
ãèÿ + òðàíñìóòàöèÿ» è SAD ìåòîäîì ìîíòå-êàðëîâñêî-
ãî ìîäåëèðîâàíèÿ èçó÷àåòñÿ çàâèñèìîñòü âûõîäà íåé-
òðîíîâ è òåïëîâûäåëåíèÿ â ìèøåíÿõ ýëåêòðîÿäåðíûõ
óñòàíîâîê, îáëó÷àåìûõ âûñîêîýíåðãåòè÷åñêèìè ïðîòî-
íàìè, îò ìàòåðèàëà, ðàçìåðîâ è êîíôèãóðàöèè ìèøåíè.
Ðàññìîòðåí îäèí èç âàðèàíòîâ ìèøåíè äëÿ ñîçäàâàåìîé
â Äóáíå óñòàíîâêè SAD íà ïðîòîííîì ïó÷êå ñ ýíåðãèåé
660 ÌýÂ. Ïîêàçàíî, ÷òî â ïðåäåëàõ 5–10 % âûõîä íåé-
òðîíîâ â âèñìóòîâîé, ñâèíöîâîé è âîëüôðàìîâîé ìè-
øåíÿõ îêàçûâàåòñÿ ïðàêòè÷åñêè îäèíàêîâûì è íå çàâè-
ñèò îò ãëóáèíû îêíà, ÷åðåç êîòîðîå ââîäèòñÿ ïó÷îê ïðî-
òîíîâ, çàâèñèìîñòü ñòàíîâèòñÿ ñóùåñòâåííîé ëèøü äëÿ
î÷åíü ãëóáîêèõ îêîí. Ñâèíöîâàÿ è âèñìóòîâàÿ ìèøåíè
äèàìåòðîì 8 ñì, à âîëüôðàìîâàÿ ìèøåíü äèàìåòðîì
5–6 ñì àêêóìóëèðóþò íà äëèíå �Z � 20 ñì íå ìåíåå
80 % òåïëîâûäåëåíèÿ, îáóñëîâëåííîãî èîíèçàöèîííû-
ìè ïîòåðÿìè ýíåðãèè ïðîòîíîâ. Ïðè ýòîì îêîëî 95 %
ýòèõ ïîòåðü ïðîèñõîäèò â öåíòðàëüíîé îáëàñòè ðàäèó-
ñîì R �1,5 ñì.

Áàðàøåíêîâ Â. Ñ., Êóìàâàò Õ., Ëîáàíîâà Â. À., Ñòåöåí-

êî Ñ. Ã. Íàïðàâëåíî â æóðíàë «Ïèñüìà â Ý×Àß».
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distribution in economic systems with a small number of el-
ements based on entropy was generalized. To take into ac-
count the asymmetric resource distribution, a new set of
two-parameter interpolating functions was introduced. It
demonstrates that the maximal value of entropy is reached
only in case of asymmetric distribution of resources. First
results on application of the generalized approach to the
analysis of income distribution for Sweden and Russia pop-
ulation have shown that the new scheme allows efficient es-
timation of the state of the analyzed system and control over
the resource distribution process.

Antoniou I., Ivanov V. V., Kryanev A. V., Matokhin V. V.,
Shapovalov M. V. // Physica A. 2004. V. 336. P. 549–562.

A dependence of the neutron yield and the heat produc-
tion in the targets of the installations «Energy + Transmuta-
tion» and SAD on their material, dimensions and configura-
tion of the target is investigated. As an example, one of the
variants of the target for the 660-MeV proton beam SAD
produced in Dubna is considered. It is shown that within the
limit of 5–10% the neutron yield in Bi, Pb and W targets is
practically independent of the material of the target and the

depth of the entrance window. The dependence becomes
significant only for enormous depths. The bismuth and lead
targets of diameter 8 cm and the tungsten target of diameter
5–6 cm accumulate on the length �Z � 20 cm about 80% of
the heat release due ionization losses of the proton beam.
Approximately 95% of these losses occur in the central re-
gion with the radius R �1.5 cm.

Barashenkov V. S., Kumawat H., Lobanova V. A., Stecen-

ko S. G. Submitted to «Part. Nucl., Lett.».

A numerical temperature effect investigation of materi-
als exposed to high-energy heavy ions by using systems of
temperature conductivity equations for electrons and lattice
has been performed by LIT and FLNR researchers. The sys-
tem of equations for the electron gas and lattice around and
along the trajectory of heavy uranium ion with the energy
700 MeV in nickel at the constant of heat capacity and heat
conductivity taken at room temperature is solved numerical-
ly in a cylindrical axial-symmetrical coordinate system. On
the basis of the obtained temperature dependence of the lat-
tice upon the radius (coordinate r) and the depth (coordinate
z) around the ion trajectory, a conclusion was made that the
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Ñîòðóäíèêàìè Ëàáîðàòîðèè èíôîðìàöèîííûõ òåõ-
íîëîãèé è Ëàáîðàòîðèè ÿäåðíûõ ðåàêöèé ïðîâåäåíî ÷è-
ñëåííîå èññëåäîâàíèå òåìïåðàòóðíûõ ýôôåêòîâ â ìàòå-
ðèàëàõ ïðè îáëó÷åíèè èõ òÿæåëûìè èîíàìè âûñîêèõ
ýíåðãèé â ðàìêàõ óðàâíåíèé òåïëîïðîâîäíîñòè äëÿ
ýëåêòðîíîâ è ðåøåòêè.

Ñèñòåìà óðàâíåíèé äëÿ òåìïåðàòóðû ýëåêòðîííîãî
ãàçà è ðåøåòêè âîêðóã è âäîëü òðàåêòîðèè òÿæåëîãî
èîíà óðàíà ñ ýíåðãèåé 700 ÌýÂ â íèêåëå ïðè ïîñòîÿí-
íûõ çíà÷åíèÿõ òåïëîåìêîñòè è òåïëîïðîâîäíîñòè, âçÿ-
òûõ ïðè êîìíàòíîé òåìïåðàòóðå, ðåøåíà ÷èñëåííî â àê-
ñèàëüíî-ñèììåòðè÷åñêîé öèëèíäðè÷åñêîé ñèñòåìå êî-
îðäèíàò. Íà îñíîâå ïîëó÷åííûõ çàâèñèìîñòåé
òåìïåðàòóðû ðåøåòêè îò ðàäèóñà âîêðóã òðàåêòîðèè
èîíà (êîîðäèíàòà r) è ãëóáèíû (êîîðäèíàòà z) ïîêàçàíî,
÷òî èîíèçàöèîííûå ïîòåðè ýíåðãèè èîíà óðàíà â íèêåëå
äîñòàòî÷íû äëÿ ïëàâëåíèÿ è èñïàðåíèÿ ìàòåðèàëà ñ ïî-
âåðõíîñòè.

Ñäåëàíû îöåíêè ðàçìåðà îáëàñòåé ñ ìàêñèìàëüíûì
ðàäèóñîì Rmax è ãëóáèíîé â ìèøåíè Zmax, ãäå ïðîèñ-
õîäÿò ïðîöåññû ïëàâëåíèÿ è èñïàðåíèÿ ìàòåðèàëà ìè-
øåíè.

Àìèðõàíîâ È. Â., Äèäûê À. Þ. è äð. Íàïðàâëåíî â æóðíàë
«Ïèñüìà â Ý×Àß».

Àíàëèòè÷åñêè è ÷èñëåííî íàéäåíû ðåøåíèÿ ðàç-
ëè÷íûõ êðàåâûõ çàäà÷ äëÿ óðàâíåíèÿ âûñîêîãî ïîðÿäêà
ñ ìàëûì ïàðàìåòðîì ïðè ñòàðøèõ ïðîèçâîäíûõ. Äàí
àíàëèç ýòèõ ðåøåíèé. Óñòàíîâëåíî, ÷òî äëÿ íåêîòîðûõ
âàðèàíòîâ ñèììåòðè÷íûõ ãðàíè÷íûõ óñëîâèé ðåøåíèÿ
êðàåâîé çàäà÷è äëÿ óðàâíåíèé 4-ãî, 6-ãî è ò. ä. ïîðÿäêîâ
ïåðåõîäÿò â ðåøåíèå óðàâíåíèÿ Øðåäèíãåðà ïðè � � 0
(�— ìàëûé ïàðàìåòð). Íàéäåííûå ðåøåíèÿ ñ ðàçëè÷íû-
ìè óçëàìè îðòîãîíàëüíû ìåæäó ñîáîé. Ïðèâåäåíû ðå-
çóëüòàòû ÷èñëåííûõ ðàñ÷åòîâ.

Àìèðõàíîâ È. Â., Æèäêîâ Å. Ï., Ñàðêàð Í. Ð., Ñàðõàäîâ È.
Ñîîáùåíèå ÎÈßÈ Ð11-2004-147. Äóáíà, 2004.

Îòäåëåíèå ðàäèàöèîííûõ
è ðàäèîáèîëîãè÷åñêèõ èññëåäîâàíèé

Ïðîäîëæàþòñÿ èññëåäîâàíèÿ áèîëîãè÷åñêîãî äåé-
ñòâèÿ òÿæåëûõ çàðÿæåííûõ ÷àñòèö íà íóêëîòðîíå. Îä-
íîé èç ñïåöèôè÷åñêèõ îñîáåííîñòåé äåéñòâèÿ âûñîêî-
ýíåðãåòè÷íûõ òÿæåëûõ ÿäåð íà ãåíåòè÷åñêèé àïïàðàò
êëåòîê ÿâëÿåòñÿ èíäóêöèÿ ïîâðåæäåíèé ÄÍÊ êëàñòåð-
íîãî òèïà. Òàêèå ïîâðåæäåíèÿ ÿâëÿþòñÿ ñëåäñòâèåì ëî-
êàëüíîãî âûäåëåíèÿ çíà÷èòåëüíîãî êîëè÷åñòâà ýíåðãèè,
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ionization energy loss was enough for melt and evaporation
of the material from the surface. The characteristic sizes of
maximum radius Rmax and depth Zmax in the target where
the melting and evaporation processes take place were esti-
mated.

Amirkhanov I. V., Didyk A. Yu. et al. Submitted to «Part.
Nucl., Lett.».

Solutions to various boundary-value problems for a
high-order equation with a small parameter at higher deriva-
tives have been found in the work «Investigation of Bound-
ary-Value Problems for a High-Order Equation with a small
Parameter at Higher Derivatives». An analysis of the solu-
tions is presented. It has been found that for some variants of
symmetric boundary conditions the solutions to the bound-
ary-value problem for equations of the 4th, 6th, etc. orders
turn to the solution of Schrödinger equation for � � 0 (� is a
small parameter). The solutions with different knots are or-
thogonal with each other. The results of numerical calcula-
tions are given.

Amirkhanov I. V., Zhidkov E. P., Sarker N. R., Sarhadov I.
JINR Commun. P11-2004-147. Dubna, 2004.

Division of Radiation and Radiobiological
Research

The investigations of biological effects of heavy
charged particles at the Nuclotron are continued. One of the
specific characteristics of genetic effects of accelerated
heavy charged particles is the induction of clustered DNA
damages. Such lesions are the result of significant energy
deposition in genetic structures. In this case the repair of
single- and double-strand breaks (DSB) of DNA may be
strongly suppressed, which reflects on different radiation-
induced genetic effects. It was established that DNA dam-
ages by the physical factors and different chemical muta-
genes induce two kinds of cell response. The first kind is the
repair of DNA damages and the second is the apoptotic cell
inactivation. The specific character of DNA damages due to
heavy charged particle irradiation can reflect on the damage
repair kinetics and influence the frequency of apoptotic cell
inactivation.

In order to study the regularities of DSB repair in hu-
man cells after heavy ion irradiation, the DNA comet analy-
sis method was developed. This method allows determining
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â ðåçóëüòàòå ÷åãî îäíîâðåìåííî ïîâðåæäàåòñÿ áîëüøîå
êîëè÷åñòâî õèìè÷åñêèõ ñâÿçåé, ñîñòàâëÿþùèõ ôðàã-
ìåíò ÄÍÊ. Ðåïàðàöèÿ êëàñòåðíûõ îäíî- è äâóíèòåâûõ
ðàçðûâîâ (ÄÐ) ÄÍÊ ìîæåò áûòü ðåçêî ïîäàâëåíà, è ýòî
áóäåò îêàçûâàòü ñóùåñòâåííîå âëèÿíèå íà õàðàêòåð èí-
äóöèðóåìûõ òÿæåëûìè çàðÿæåííûìè ÷àñòèöàìè ãåíå-
òè÷åñêèõ ýôôåêòîâ. Óñòàíîâëåíî, ÷òî ïîâðåæäåíèå
ÄÍÊ ôàêòîðàìè ôèçè÷åñêîé ïðèðîäû è ÄÍÊ-òðîïíûìè
õèìè÷åñêèìè àãåíòàìè âûçûâàåò â êëåòêå äâà òèïà îò-
âåòíûõ ðåàêöèé — ðåïàðàöèþ èíäóöèðîâàííûõ ïîâðå-
æäåíèé è àïîïòîòè÷åñêóþ ãèáåëü êëåòîê. Ñïåöèôèêà
ïîâðåæäåíèé ÄÍÊ, îáóñëîâëåííàÿ âîçäåéñòâèåì óñêî-
ðåííûõ òÿæåëûõ èîíîâ, ìîæåò îòðàæàòüñÿ íà êèíåòèêå
ðåïàðàöèè ïîâðåæäåíèé è âëèÿòü íà ÷àñòîòó ðàçâèòèÿ
àïîïòîçà â ïîïóëÿöèè îáëó÷åííûõ êëåòîê.

Ñ öåëüþ èçó÷åíèÿ çàêîíîìåðíîñòåé èíäóêöèè ÄÐ
ÄÍÊ è èõ ðåïàðàöèè ïðè äåéñòâèè ðàçëè÷íûõ óñêîðåí-
íûõ òÿæåëûõ ÿäåð â Îòäåëåíèè ðàäèàöèîííûõ è ðàäèî-
áèîëîãè÷åñêèõ èññëåäîâàíèé áûë ðàçâèò ìåòîä ÄÍÊ-
êîìåò, ïîçâîëÿþùèé îöåíèòü ñîñòîÿíèå ãåíîìà èíäèâè-

äóàëüíûõ êëåòîê. Áûëî óñòàíîâëåíî, ÷òî óñêîðåííûå
èîíû óãëåðîäà c ýíåðãèåé 0,5 ÃýÂ/íóêëîí îáëàäàþò áî-
ëåå âûñîêîé ýôôåêòèâíîñòüþ â èíäóêöèè ÄÐ ÄÍÊ è êè-
íåòèêà ðåïàðàöèè ÄÐ ÄÍÊ ïðè äåéñòâèè èîíîâ óãëåðîäà
îòëè÷àåòñÿ îò òàêîâîé ïðè ãàììà-îáëó÷åíèè (ñì. ðèñó-
íîê). Ïîñëå 6 ÷ èíêóáàöèè êëåòîê, îáëó÷åííûõ òÿæåëû-
ìè çàðÿæåííûìè ÷àñòèöàìè, âíîâü îòìå÷àåòñÿ ïîäúåì
îòíîñèòåëüíîãî êîëè÷åñòâà èíäóöèðóåìûõ ÄÐ, ÷òî ìî-
æåò ñâèäåòåëüñòâîâàòü î âîçðàñòàíèè ôðàêöèè êëåòîê ñ
ðàçâèâàþùèìèñÿ àïîïòîòè÷åñêèìè èçìåíåíèÿìè.

Ó÷åáíî-íàó÷íûé öåíòð

Ñòóäåíòû ÌÈÔÈ, ÌÔÒÈ, à òàêæå âóçîâ Ðîññèè è
äðóãèõ ñòðàí-ó÷àñòíèö ÎÈßÈ ïðîäîëæàþò â Ó÷åá-
íî-íàó÷íîì öåíòðå îáó÷åíèå íà äâóõ ïîñëåäíèõ êóðñàõ.
Ó÷åáíûå ïëàíû ïîäãîòîâêè ñòóäåíòîâ ñîñòàâëÿþòñÿ ñî-
âìåñòíî ñ êàôåäðàìè âóçîâ è äîïîëíÿþòñÿ â ñîîòâåò-
ñòâèè ñ íàïðàâëåíèÿìè íàó÷íûõ èññëåäîâàíèé ëàáîðà-
òîðèé ÎÈßÈ.

Â îñåííåì ñåìåñòðå 2004–2005 ãã. äëÿ ñòóäåíòîâ
ñòàðøèõ êóðñîâ ÷èòàþòñÿ ñëåäóþùèå êóðñû ëåêöèé:
Ñ. Ï. Èâàíîâà è Í. Â. Àíòîíåíêî «Òåîðèÿ ÿäåðíûõ ðå-
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the level of DNA damages in individual cells. It was shown
that efficiency of DSB induction by carbon ions with energy
of 0.5 GeV/nucleon is much higher in comparison with
gamma rays (see figure). After 6-hour cell incubation (at
carbon ion irradiation) the relative amount of DSB increases
again. This is evidence of the growth of cell population with
damages induced by the apoptosis.

University Centre

At the JINR University Centre (the UC), students of the
Moscow Engineering Physics Institute, the Moscow Insti-
tute of Physics and Technology, and other higher education
institutions of JINR Member States study throughout two fi-
nal years of their graduate education. The curricula are pre-
pared jointly with the departments of their home institutions
and are expanded to reflect research carried out at JINR
Laboratories.

In the autumn semester of 2004–2005 the following
lecture courses will be given to the graduate students:
S. P. Ivanova and N. V. Antonenko, «Theory of Nuclear Re-
actions»; A. V. Kulikov, «Experimental Nuclear Physics»;
M. G. Sapozhnikov, «Elementary Particle Physics»;
G. V. Trubnikov, «Introduction to the Theory of Accelera-
tors»; G. A. Shelkov, «Introduction to the Specialty»;
A. V. Efremov, «Standard Model»; V. V. Korenkov, «Data-
base Management System»; T. A. Strizh, «Internet Tech-
nologies»; and E. G. Nikonov, «Object-Oriented Program-
ming in C++». Courses of English are provided for graduate
and postgraduate students.
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Çàâèñèìîñòü îòíîñèòåëüíîãî êîëè÷åñòâà äâóíèòåâûõ ðàçðû-
âîâ ÄÍÊ â ëèìôîöèòàõ ÷åëîâåêà è èõ ðåïàðàöèè îò âðåìåíè
îáëó÷åíèÿ èîíàìè óãëåðîäà ñ ýíåðãèåé 0,5 ÃýÂ/íóêëîí è ãàì-
ìà-êâàíòàìè

The dependence of the relative amount of the double-strand breaks
of DNA in human lymphocytes and their repair on the time of irra-
diation with 0.5 GeV/nucleon carbon ions and gamma rays



àêöèé»; À. Â. Êóëèêîâ «Ýêñïåðèìåíòàëüíàÿ ÿäåðíàÿ
ôèçèêà»; Ì. Ã. Ñàïîæíèêîâ «Ôèçèêà ýëåìåíòàðíûõ ÷à-
ñòèö»; Ã. Â. Òðóáíèêîâ «Ââåäåíèå â òåîðèþ óñêîðèòå-
ëåé»; Ã. À. Øåëêîâ «Ââåäåíèå â ñïåöèàëüíîñòü»;
À. Â. Åôðåìîâ «Ñòàíäàðòíàÿ ìîäåëü»; Â. Â. Êîðåíüêîâ
«Ñèñòåìà óïðàâëåíèÿ áàçîé äàííûõ»; Ò. À. Ñòðèæ «Èí-
òåðíåò-òåõíîëîãèè»; Ý. Ã. Íèêîíîâ «Îáúåêòíî-îðèåí-
òèðîâàííîå ïðîãðàììèðîâàíèå íà Ñ++». Äëÿ ñòóäåíòîâ
è àñïèðàíòîâ âåäóòñÿ çàíÿòèÿ ïî àíãëèéñêîìó ÿçûêó.

Äëÿ ïîääåðæêè òðàäèöèîííûõ ñâÿçåé â îáëàñòè
îáðàçîâàíèÿ è ïîäãîòîâêè êàäðîâ, à òàêæå â ñîîòâåò-
ñòâèè ñ ïëàíîì ìåæäóíàðîäíîãî ñîòðóäíè÷åñòâà ïðî-
äîëæàåòñÿ îáìåí ñòóäåíòàìè ìåæäó Ó÷åáíî-íàó÷íûì
öåíòðîì è óíèâåðñèòåòàìè ñòðàí Âîñòî÷íîé Åâðîïû.
Ñòàëî òðàäèöèåé ïðèíèìàòü ñòóäåí÷åñêèå ãðóïïû è îò-
äåëüíûõ ñòóäåíòîâ, ïðèåçæàþùèõ â Äóáíó ñ îçíàêîìè-
òåëüíûìè âèçèòàìè.

Â ñåíòÿáðå äëÿ ãðóïïû ïîëüñêèõ ñòóäåíòîâ èç Ïî-
çíàíè Ó÷åáíî-íàó÷íûì öåíòðîì è Ëàáîðàòîðèåé íåé-
òðîííîé ôèçèêè ÎÈßÈ áûëà îðãàíèçîâàíà íàó÷íî-ïðî-
èçâîäñòâåííàÿ ïðàêòèêà ïî òåìå «Èñïîëüçîâàíèå ðàññå-
ÿíèÿ íåéòðîíîâ è ñèíõðîòðîííîãî èçëó÷åíèÿ».

Ïðàêòèêà ñîñòîÿëàñü áëàãîäàðÿ ïîääåðæêå îáðàçîâà-
òåëüíîé ÷àñòè ïðîãðàììû «Áîãîëþáîâ–Èíôåëüä»,
ñïîñîáñòâóþùåé ðàçâèòèþ è ðàñøèðåíèþ ñòóäåí÷å-
ñêèõ îáìåíîâ.

Ñòóäåíòû Áóõàðåñòñêîãî óíèâåðñèòåòà (Ðóìûíèÿ) è
èõ ïðåïîäàâàòåëü ñî 2 ïî 23 ñåíòÿáðÿ íàõîäèëèñü íà
ïðàêòèêå â Ó÷åáíî-íàó÷íîì öåíòðå è ëàáîðàòîðèÿõ
ÎÈßÈ. Äëÿ ñòóäåíòîâ áûëè îðãàíèçîâàíû ýêñêóðñèè â
ËÍÔ, ËßÐ, ËßÏ, ËÂÝ, ËÈÒ, îíè ïîçíàêîìèëèñü ñ èñ-
ñëåäîâàíèÿìè íà ìåäèöèíñêîì ïó÷êå ËßÏ. Îñíîâíóþ
÷àñòü âðåìåíè ïðàêòèêàíòû ïðîâîäèëè â ëàáîðàòîðèÿõ,
ãäå ïîä ðóêîâîäñòâîì êóðàòîðîâ — ñïåöèàëèñòîâ Èí-
ñòèòóòà ó÷àñòâîâàëè â òåêóùèõ èññëåäîâàíèÿõ. Ïðè âû-
áîðå ìåñòà ïðîâåäåíèÿ ïðàêòèêè ó÷èòûâàëèñü ëè÷íûå
ïîæåëàíèÿ è íàó÷íûå èíòåðåñû ñòóäåíòîâ. Äëÿ ïðàêòè-
êàíòîâ áûëè îðãàíèçîâàíû ëåêöèè, îíè ïðèíèìàëè ó÷à-
ñòèå â èíñòèòóòñêèõ ñåìèíàðàõ. Îäèí èç ñòóäåíòîâ,
Èâàí Êðèñòèàí, âûñòóïèë íà ñåìèíàðå â ËÒÔ. Ïî îêîí-
÷àíèè ïðàêòèêè âñå ñòóäåíòû ïðåäñòàâèëè îò÷åòû î
ïðîäåëàííîé ðàáîòå. Ñòóäåíòû è èõ ïðåïîäàâàòåëü âû-
ðàçèëè áëàãîäàðíîñòü îðãàíèçàòîðàì ïîåçäêè ñî ñòîðî-
íû Èíñòèòóòà, è â ÷àñòíîñòè Ó÷åáíî-íàó÷íîãî öåíòðà, à
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To maintain the UC’s well-established ties in education
and staff training, and in accordance with the JINR Topical
Plan for Research and Cooperation, student exchanges are
continued between the UC and a number of universities of
Eastern Europe. It has become a tradition to receive student
groups and individual students coming to Dubna for visits
of acquaintance.

In September, for a group of students from Poznan,
Poland, the UC and the Laboratory of Neutron Physics
jointly organized a practice in neutron scattering and syn-
chrotron radiation applications. The practice has become
possible thanks to the support from the educational part of
the Bogoliubov–Infeld Programme, which promotes the de-
velopment and broadening of student exchanges.

During 2–23 September, a group of students from
Bucharest University (Romania) and their instructor had a
practice at the UC and JINR Laboratories. Excursions were
organized for them to the Laboratories of Neutron Physics,
Nuclear Reactions, Nuclear Problems, High Energies, and
Information Technologies. They were introduced to re-

search carried out at the medical beams facility. They spent
most of the time at the Laboratories, where under supervi-
sion by the Institute’s scientists they participated in current
research. The places where the students had their practice
were chosen so as to meet their personal preferences and
scientific interests. The students were given a number of
lectures; they attended the Institute’s seminars. One of them,
Ivan Cristian, himself gave a seminar at the Laboratory of
Theoretical Physics. At the end of the practice, all the stu-
dents presented their practice reports. The students and their
instructor expressed gratitude to the organizers of the visit
on the part of the Institute — in particular, to the UC, and to
the Romanian Ministry of Education and Research and
Bucharest University. The visit was realized thanks to a
grant from the Plenipotentiary of Romania to JINR.

On 12–20 September, four students of the Czech Tech-
nical University in Prague and their instructor visited the
UC. Although their stay in Dubna was short, the programme
of the visit was very diverse. They learned about the UC ac-
tivities and had an excursion over the Laboratory of Infor-
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òàêæå îðãàíèçàòîðàì îò Ìèíèñòåðñòâà îáðàçîâàíèÿ è
íàóêè Ðóìûíèè è Áóõàðåñòñêîãî óíèâåðñèòåòà. Âèçèò
áûë îñóùåñòâëåí áëàãîäàðÿ ãðàíòó ïîëíîìî÷íîãî ïðåä-
ñòàâèòåëÿ ïðàâèòåëüñòâà Ðóìûíèè â ÎÈßÈ.

Ñ 12 ïî 20 ñåíòÿáðÿ ÷åòâåðî ñòóäåíòîâ ×åøñêîãî
òåõíè÷åñêîãî óíèâåðñèòåòà (Ïðàãà) è èõ ïðåïîäàâàòåëü
áûëè ãîñòÿìè Ó÷åáíî-íàó÷íîãî öåíòðà. Íåñìîòðÿ íà
êîðîòêèé ñðîê ïðåáûâàíèÿ â Äóáíå, ïðîãðàììà áûëà
î÷åíü íàñûùåííîé. Ñòóäåíòû ïîçíàêîìèëèñü ñ ðàáîòîé
Ó÷åáíî-íàó÷íîãî öåíòðà, ñîâåðøèëè ýêñêóðñèþ ïî
ËÈÒ, â ËÂÝ îñìîòðåëè ñèíõðîôàçîòðîí, íóêëîòðîí,
êðèîãåííûå è îõëàæäàþùèå óñòàíîâêè, ýêñïåðèìåí-
òàëüíûé çàë, â ËßÏ — ôàçîòðîí è ìåäèöèíñêèå ïó÷êè,

â ËßÐ — öèêëîòðîí Ó-400M, â ËÍÔ — ÈÁÐ-2, îçíàêî-
ìèëèñü ñ íåéòðîííî-àêòèâàöèîííûì àíàëèçîì. Â ñâîèõ
îò÷åòàõ-àíêåòàõ ñòóäåíòû äåëèëèñü âïå÷àòëåíèÿìè î
íàó÷íûõ ýêñêóðñèÿõ, ïîä÷åðêèâàëè äîáðîæåëàòåëüíîå
îòíîøåíèå ê íèì ñîòðóäíèêîâ Èíñòèòóòà è âûñêà-
çûâàëè ïîæåëàíèÿ ïðèåõàòü â Äóáíó íà áîëåå äîëãèé
ñðîê äëÿ ñòàæèðîâîê è ó÷àñòèÿ â ëåòíèõ ñòóäåí÷åñêèõ
øêîëàõ.

Äëÿ êàæäîé ãðóïïû ñòóäåíòîâ áûëè îðãàíèçîâàíû
ýêñêóðñèè â Ìîñêâó è Ñåðãèåâ Ïîñàä.

Ñîòðóäíèêàìè è àñïèðàíòàìè ÓÍÖ ñîâìåñòíî ñ íà-
ó÷íûìè ñîòðóäíèêàìè ËÒÔ (ñåêòîð Ð. Â. Äæîëîñà) è
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mation Technologies; at the Laboratory of High Energies
they saw the Synchrophasotron, Nuclotron, cryogenic and
cooling installations, and the experimental hall; at the Labo-
ratory of Nuclear Problems, the Phasotron and medical
beams facility; at the Laboratory of Nuclear Reactions, the
U-400M cyclotron; at the Laboratory of Neutron Physics
they saw the IBR-2 pulsed reactor and were introduced to
neutron activation analysis. In their reports, the students ex-

pressed their impressions of the excursions to JINR Labora-
tories, noted that JINR staff had always received them
friendly, and stated an intention to come to the Institute for a
longer time for practical experience and to attend summer
student schools.

Excursions to Moscow and Sergiyev Possad were pro-
vided for each student group.
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òåîðåòè÷åñêîé è ÿäåðíîé ôèçèêè ñî ñòóäåíòàìè-ïåðâîêóðñíèêàìè êàôåäð

University «Dubna», 1 September. Professors and scholars of the chairs of theoretical and nuclear physics meet the first-year students



Óíèâåðñèòåòà Ãèññåíà (Ãåðìàíèÿ) â òå÷åíèå ìíîãèõ ëåò
âåäóòñÿ èññëåäîâàíèÿ âçàèìîäåéñòâèÿ òÿæåëûõ èîíîâ ñ
ÿäðàìè. Â ýòîì ãîäó áûëè âûïîëíåíû ðàñ÷åòû âûæèâàå-
ìîñòåé ñâåðõòÿæåëûõ ÿäåð [1] â ðàìêàõ ñòàòèñòè÷åñêîé
ìîäåëè è ñ ó÷åòîì ïîñëåäíèõ òåîðåòè÷åñêèõ ïðåäñêàçà-
íèé ÿäåðíûõ ñâîéñòâ [2]. Äëÿ îïðåäåëåíèÿ ïëîòíîñòè
óðîâíåé èñïîëüçîâàëàñü ìîäåëü ôåðìè-ãàçà è ìîäåëü,
ó÷èòûâàþùàÿ êîëëåêòèâíîå óñèëåíèå ïëîòíîñòè óðîâ-
íåé. Âûæèâàåìîñòè ÿäåð ñ Z �102–109, ïîëó÷åííûå íà
îñíîâå òåîðåòè÷åñêèõ ïðåäñêàçàíèé [2], îêàçàëèñü
áëèçêèìè ê âûæèâàåìîñòÿì, ïîëó÷åííûì íà îñíîâå òå-
îðåòè÷åñêèõ ïðåäñêàçàíèé ðàáîòû [3]. Ðàññ÷èòàíû ñå-
÷åíèÿ îáðàçîâàíèÿ èñïàðèòåëüíûõ îñòàòêîâ ñâåðõòÿæå-
ëûõ ÿäåð â ðåàêöèÿõ õîëîäíîãî è ãîðÿ÷åãî ñëèÿíèÿ.
Ïðåäñêàçàíû ñå÷åíèÿ � ( )2 3� n äëÿ ÿäåð ñ Z �103, 107–
109. Ðåçóëüòàòû, ïîëó÷åííûå íà îñíîâå ìîäåëè ñ êîë-
ëåêòèâíûì óñèëåíèåì óðîâíåé, îêàçàëèñü áîëåå ÷óâ-
ñòâèòåëüíûìè ê ÷åòíî-íå÷åòíûì ýôôåêòàì, ÷åì ðåçóëü-
òàòû íà îñíîâå ìîäåëè ôåðìè-ãàçà.

Âïåðâûå èçó÷åíà âîçìîæíîñòü ïîëó÷åíèÿ èçîòîïîâ
ñâåðõòÿæåëûõ ÿäåð ñ Z �101–108 â ðåàêöèÿõ íåïîëíîãî
ñëèÿíèÿ [4]. Âåëè÷èíû ïðåäñêàçàííûõ ñå÷åíèé íàõî-
äÿòñÿ âûøå ñóùåñòâóþùåãî ýêñïåðèìåíòàëüíîãî ïðå-
äåëà.

Ðåçóëüòàòû, ïîëó÷åííûå â ðàáîòàõ [1, 4], áûëè äî-
ëîæåíû íà ìåæäóíàðîäíûõ êîíôåðåíöèÿõ «NUCLEUS-
2004» è «EXON-2004».

1. Zubov A. S. et al. Submitted to «Eur. Phys. J. A».
2. Parkhomenko O. et al. // Acta Phys. Pol. B. 2003. V. 34.

P. 2153;
Muntian I. et al. // Ibid. P. 2073;
Muntian I. et al. // Ibid. P. 2141;
Muntian I. et al. // Acta Phys. Pol. B. 2001. V. 32. P. 691.

3. Möller P., Nix R. // At. Data Nucl. Data Tables. 1988. V. 39.
P. 213.

4. Adamian G. G. et al. Submitted to «Phys. Rev. C».
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Scientists and postgraduates of the UC, jointly with sci-
entists of the Bogoliubov Laboratory of Theoretical Physics
(a Sector headed by R. V. Jolos) and Giessen University
(Germany), have been studying for many years the interac-
tions between heavy ions and nuclei. This year, by using the
statistical model and recent theoretical predictions of nu-
clear properties [1], survival probabilities of superheavy nu-
clei have been calculated [2]. Level densities of the Fer-
mi-gas model and of a model with collective enhancement
are used. The survival probabilities obtained for isotopes
with Z �102–109 using the predictions of [1] are close to
those obtained with the predictions of [3]. The evaporation
residue cross sections of superheavy nuclei in cold- and
hot-fusion reactions have been calculated. The cross sec-
tions � ( )2 3� n for the nuclei with Z �103, 107–109 have
been predicted. The results obtained with the collective en-

hancement model are more sensitive to even–odd effects
than those obtained with the Fermi-gas model.

A possibility of producing new isotopes of the super-
heavy nuclei with Z �101–108 in incomplete fusion reac-
tions has been studied for the first time [4]. The predicted
cross sections are beyond the present experimental limit.

The results of [1, 4] were reported to the International
Conferences NUCLEUS-2004 and EXON-2004.

1. Parkhomenko O. et al. // Acta Phys. Pol. B. 2003. V. 34.
P. 2153;
Muntian I. et al. // Ibid. P. 2073;
Muntian I. et al. // Ibid. V. 34. P. 2141;
Muntian I. et al. // Acta Phys. Pol. B. 2001. V. 32. P. 691.

2. Zubov A. S. et al. // Submitted to «Eur. Phys. J. A».
3. Möller P., Nix R. // At. Data Nucl. Data Tables. 1988. V. 39.

P. 213.
4. Adamian G. G. et al. Submitted to «Phys. Rev. C».
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Â. Â. Íåñòåðåíêî, À. Ñ. Ñîðèí

Àñèìïòîòè÷åñêàÿ ñâîáîäà —
òðèóìô êâàíòîâîé òåîðèè ïîëÿ

Â ýòîì ãîäó Íîáåëåâñêàÿ ïðåìèÿ ïî ôèçèêå ïðèñó-
æäåíà òðåì àìåðèêàíñêèì ôèçèêàì-òåîðåòèêàì —
Äýâèäó Ãðîññó, Äýâèäó Ïîëèòöåðó è Ôðàíêó Âèëü÷å-
êó — «çà îòêðûòèå àñèìïòîòè÷åñêîé ñâîáîäû â òåîðèè
ñèëüíûõ âçàèìîäåéñòâèé» (èç ïðåññ-ðåëèçà Íîáåëåâ-
ñêîãî êîìèòåòà).

Ýòî îòêðûòèå áàçèðóåòñÿ íà ëîêàëüíîé ïåðåíîðìè-
ðóåìîé êâàíòîâîé òåîðèè ïîëÿ, êâàðê-ïàðòîííîé êàðòè-
íå àäðîíîâ è ðåíîðìãðóïïå. ×òîáû ïðàâèëüíî îöåíèòü
çíà÷åíèå äàííîãî îòêðûòèÿ äëÿ ñîâðåìåííîé ôèçèêè
âûñîêèõ ýíåðãèé, èìååò ñìûñë ïðîñëåäèòü, õîòÿ áû
êðàòêî, ïóòü íàó÷íîãî ïîèñêà, êîòîðûé ïðåäøåñòâîâàë
ýòîìó óñïåõó. Êîíå÷íî, çäåñü ñëåäóåò íà÷àòü ñ òîãî, êàê
ñîçäàâàëàñü ñîâðåìåííàÿ òåîðèÿ ñèëüíûõ âçàèìîäåé-
ñòâèé — êâàíòîâàÿ õðîìîäèíàìèêà (ÊÕÄ).

Îáúåäèíåíèå êâàíòîâîé ìåõàíèêè ñ òåîðèåé îòíî-
ñèòåëüíîñòè ïðèâåëî â ïîñëåâîåííûå ãîäû ê çàâåðøå-

íèþ ïîñòðîåíèÿ àïïàðàòà êâàíòîâîé òåîðèè ïîëÿ,
îñíîâíîé çàäà÷åé êîòîðîé áûëî îïèñàíèå âçàèìîäåé-
ñòâèÿ ýëåìåíòàðíûõ ÷àñòèö. Âåðøèíîé ýòîãî ïîäõîäà
ÿâèëàñü êâàíòîâàÿ ýëåêòðîäèíàìèêà (ÊÝÄ), êîòîðàÿ
áûëà ñôîðìóëèðîâàíà åùå â 1930-å ãîäû â ðàáîòàõ Äè-
ðàêà, Ïàóëè, Ôåðìè è äðóãèõ âûäàþùèõñÿ ôèçèêîâ. Îä-
íàêî òîëüêî â 1950-õ ãîäàõ òåîðåòèêè íàó÷èëèñü «èçáà-
âëÿòüñÿ» îò ðàñõîäèìîñòåé, íåèçáåæíî ïðèñóòñòâóþ-
ùèõ â ëþáîé ëîêàëüíîé êâàíòîâîé òåîðèè ïîëÿ.

Âñå ïîïûòêè ïðÿìîãî ðàñïðîñòðàíåíèÿ ôîðìàëèç-
ìà ÊÝÄ íà ñèëüíûå âçàèìîäåéñòâèÿ îêàçàëèñü áåçóñ-
ïåøíûìè. Øîê, âûçâàííûé ýòèì ôàêòîì ñðåäè òåîðåòè-
êîâ, áûë íàñòîëüêî ñèëåí, ÷òî íà íåêîòîðîå âðåìÿ èíòå-
ðåñ ê êâàíòîâîé òåîðèè ïîëÿ áûë ïîòåðÿí. Çäåñü
óìåñòíî âñïîìíèòü ñëåäóþùèé èñòîðè÷åñêèé êàçóñ:
âûäàþùèéñÿ ôèçèê-òåîðåòèê, ó÷åíèê Ë. Ä. Ëàíäàó
È. ß. Ïîìåðàí÷óê äàæå çàêðûë â òî âðåìÿ (1955 ã.) ñâîé
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V. V. Nesterenko, A. S. Sorin

Asymptotic Freedom —
Triumph of Quantum Field Theory

The Nobel Prize in Physics for 2004 has been awarded
for «the discovery of asymptotic freedom in the theory of
the strong interaction» (from the Nobel Prize Committee’s
press release) jointly to David J. Gross, H. David Politzer,
and Frank Wilczek.

This discovery is based on the local renormalizable
quantum field theory, the quark-parton picture of hadrons,
and the renormalization group. In order to evaluate correctly
the importance of this discovery for present-day high-ener-
gy physics, it is worthwhile, though briefly, to trace the line
of the quest that preceded this success. It is good to begin
with the creation of the modern theory of strong interac-
tions, Quantum Chromodynamics (QCD).

In the post-war years the unification of quantum me-
chanics with the theory of relativity led to the construction

of an apparatus of quantum field theory aimed mainly at de-
scribing interactions of elementary particles. This approach
culminated in Quantum Electrodynamics (QED), which
was formulated by Dirac, Pauli, Fermi, and other outstand-
ing physicists as early as the 1930s. However, only in the
1950s theoreticians learnt how to get rid of divergences that
are inevitably present in any local quantum field theory.

All attempts to extend the QED formalism to strong in-
teractions were unsuccessful. Theoreticians were so
shocked by this fact that interest in quantum theory faded
for some time. It is pertinent to note the following historical
casus: an outstanding theoretical physicist I. Ya. Pomeran-
chuk, a disciple of L. D. Landau, even cancelled his seminar
on quantum field theory at that time (1955). However, a
worthy candidate to replace quantum field theory was not
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ñåìèíàð ïî êâàíòîâîé òåîðèè ïîëÿ. Îäíàêî äîñòîéíîãî
êàíäèäàòà íà çàìåíó êâàíòîâîé òåîðèè ïîëÿ íàéòè íå
óäàëîñü, õîòÿ ïðåòåíäåíòîâ áûëî íåìàëî: ýòî è S-ìà-
òðè÷íûé ïîäõîä, è ðåäæèñòèêà, è äóàëüíûå ìîäåëè.
Êñòàòè, â ýòîì ïîòîêå èññëåäîâàíèé òåîðåòèêè âïåðâûå
ðàññìîòðåëè ñòðóííûå ìîäåëè — òàê íàçûâàåìûå
àäðîííûå ñòðóíû.

«Ñïàñ» êâàíòîâóþ òåîðèþ ïîëÿ ïåðåõîä ê íåàáåëå-
âûì êàëèáðîâî÷íûì ñèììåòðèÿì, âïåðâûå ðàññìîòðåí-
íûì ×. ßíãîì è Ð. Ìèëëñîì â 1954 ã. Íåïîñðåäñòâåííî
ïðèìåíèòü íåàáåëåâó êàëèáðîâî÷íóþ òåîðèþ ïîëÿ
ê îïèñàíèþ íàáëþäàåìûõ ñèëüíîâçàèìîäåéñòâóþùèõ
÷àñòèö — ïðîòîíîâ, íåéòðîíîâ, ïè-ìåçîíîâ è ò. ä. —
íåëüçÿ, òàê êàê êàëèáðîâî÷íûå ïîëÿ — áåçìàññîâûå
(÷òî ïðèâîäèò ê äàëüíîäåéñòâèþ), à ÿäåðíûå ñèëû —
êîðîòêîäåéñòâóþùèå. Íàäî áûëî ïåðåéòè íà äðóãîé
óðîâåíü îïèñàíèÿ ýòèõ ÷àñòèö. Çäåñü î÷åíü ïðèãîäèëàñü
òðàêòîâêà àäðîíîâ êàê ñîñòàâíûõ ÷àñòèö. Äåëî â òîì,
÷òî ýêñïåðèìåíòàòîðàìè áûë íàêîïëåí îãðîìíûé ìàòå-
ðèàë ïî ñâîéñòâàì àäðîíîâ, êîòîðûé ïîçâîëèë ïðèïè-
ñàòü èì öåëûé ðÿä êâàíòîâûõ ÷èñåë: áàðèîííûé çàðÿä,
èçîòîïè÷åñêèé ñïèí, ñòðàííîñòü è ò. ä. Ôèçè÷åñêèìè
íîñèòåëÿìè âñåõ ýòèõ êâàíòîâûõ ÷èñåë ñ÷èòàëèñü ýëå-
ìåíòàðíûå áëîêè, èç êîòîðûõ ïîñòðîåíû àäðîíû —
êâàðêè, ââåäåííûå Ì. Ãåëë-Ìàííîì è Ã. Öâåéãîì â

1964 ã. Íî êëþ÷åâûì äëÿ äàëüíåéøåãî ðàçâèòèÿ òåîðèè
îêàçàëîñü êâàíòîâîå ÷èñëî ó êâàðêîâ, âïåðâûå ââåäåí-
íîå â 1965 ã. äëÿ ñîãëàñîâàíèÿ ñïèíà è ñòàòèñòèêè â ðà-
áîòàõ äóáíåíñêèõ ó÷åíûõ Í. Í. Áîãîëþáîâà,
Á. Â. Ñòðóìèíñêîãî è À. Í. Òàâõåëèäçå è íåçàâèñèìî
Ì. Õàíà è É. Íàìáó, ïîëó÷èâøåå âïîñëåäñòâèè íàçâà-
íèå öâåòà. Äàëåå ïîñòðîåíèå íåàáåëåâîé êàëèáðîâî÷-
íîé òåîðèè ïîëÿ îñóùåñòâëÿåòñÿ äîñòàòî÷íî ïðîñòî: áå-
ðåì êâàíòîâóþ ýëåêòðîäèíàìèêó è çàìåíÿåì â íåé ýëåê-
òðîíû íà öâåòíûå êâàðêè, à ýëåêòðîìàãíèòíîå ïîëå
(ôîòîíû) — íà íåàáåëåâî êàëèáðîâî÷íîå ïîëå (ãëþî-
íû). Èìåííî ýòî áåçìàññîâîå ïîëå è ïåðåíîñèò âçàèìî-
äåéñòâèå ìåæäó êâàðêàìè. Îäíàêî, â îòëè÷èå îò ïîëÿ
Ìàêñâåëëà, íå èìåþùåãî çàðÿäà, ãëþîííîå ïîëå íåñåò
çàðÿä — öâåò, è óðàâíåíèÿ, îïèñûâàþùèå ýòî ïîëå, íå-
ëèíåéíû. Íîâàÿ òåîðèÿ ïîëó÷èëà íàçâàíèå êâàíòîâîé
õðîìîäèíàìèêè, ò. å. êâàíòîâîé äèíàìèêè öâåòîâûõ
ñòåïåíåé ñâîáîäû.

Êîíå÷íî, îáîáùèâ ýëåêòðîäèíàìèêó Ìàêñâåëëà–
Äèðàêà íà íåàáåëåâ ñëó÷àé, íåëüçÿ áûëî ñ÷èòàòü íîâóþ
òåîðèþ ïîñòðîåííîé; åå íàäî áûëî åùå ïðîêâàíòîâàòü.
È ýòî îêàçàëîñü äàëåêî íå òðèâèàëüíîé çàäà÷åé. Ðè÷àðä
Ôåéíìàí â 1963 ã. ïåðâûì ïîêàçàë, ÷òî ïðàâèëà êâàíòî-
âàíèÿ ýëåêòðîäèíàìèêè íå ðàáîòàþò â ñëó÷àå íåàáåëå-
âîé êàëèáðîâî÷íîé ãðóïïû, à èìåííî: îíè ïðèâîäÿò ê
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found, though there were many contenders: an S-matrix ap-
proach, and Regge and dual models. By the way, in this
stream of investigations theoreticians considered for the
first time string models, the so-called hadron strings.

Quantum field theory was «rescued» by passing to
non-Abelian symmetries that were first considered by Yang
and Mills in 1954. The non-Abelian gauge field theory can-
not be directly applied to describe observable strongly inter-
acting particles — protons, neutrons, pi-mesons, etc., as
gauge fields are massless (which results in a long-range in-
teraction) and nuclear forces are short-range. A different
level of describing these particles was needed. In this case,
the treatment of hadrons as compound particles was of great
use. The fact is that experimenters accumulated vast materi-
al on hadron properties which made it possible to ascribe to
them a great variety of quantum numbers such as baryon
charge, isotopic spin, strangeness. Elementary blocks con-
stituing hadrons — quarks introduced by Gell-Mann and
Zweig in 1964, were thought to be physical carriers of all
these quantum numbers. However, the key moment for fur-
ther development of the theory was the quark quantum num-
ber first introduced in 1965 to interface the spin with

the statistics by the Dubna physicists N. N. Bogoliubov,
B. V. Struminsky, and A. N. Tavkhelidze, and independent-
ly by Hahn and Nambu, which was later called the color.
Then the construction of the non-Abelian gauge field theory
is carried out in a rather simple way: take quantum electro-
dynamics and replace in it electrons by colored quarks and
an electromagnetic field (photons) by a non-Abelian gauge
field (gluons). Just this massless field carries an interaction
between quarks. However, in contrast with the Maxwell
field having no charge, the gluon field carries a charge, the
color, and equations describing this field are nonlinear.
A new theory received the name of quantum chromodynam-
ics, i.e., quantum dynamics of color degrees of freedom.

By generalizing the Maxwell–Dirac electrodynamics
to the non-Abelian case, one could not of course consider
the new theory to be constructed; it had to be quantized. This
turned out to be rather a nontrivial problem. In 1963,
Richard Feynman was the first to show that the rules of
quantization of electrodynamics were not valid in the case
of the non-Abelian gauge group; namely, they lead to viola-
tion of unitarity. A brilliant solution of this problem was
suggested by L. D. Faddeev and V. N. Popov — they intro-
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íàðóøåíèþ óíèòàðíîñòè. Áëåñòÿùåå ðåøåíèå äàííîé
ïðîáëåìû áûëî ïðåäëîæåíî Ë. Ä. Ôàääååâûì è
Â. Í. Ïîïîâûì — îíè ââåëè «äóõè» â êâàíòîâóþ òåî-
ðèþ íåàáåëåâà êàëèáðîâî÷íîãî ïîëÿ è òåì ñàìûì âîñ-
ñòàíîâèëè óíèòàðíîñòü. Ñëåäñòâèÿ íåàáåëåâîñòè êàëè-
áðîâî÷íîé ñèììåòðèè íà êâàíòîâîì óðîâíå áûëè èññëå-
äîâàíû â ðàáîòàõ À. À. Ñëàâíîâà è íåçàâèñèìî
Äæ. Òýéëîðà — îíè ïîëó÷èëè òîæäåñòâà, êîòîðûå èãðà-
þò öåíòðàëüíóþ ðîëü â äîêàçàòåëüñòâå ïåðåíîðìèðóå-
ìîñòè íîâîé òåîðèè. Òîëüêî ïîñëå ýòèõ ôóíäàìåíòàëü-
íûõ ðàáîò òåîðåòèêè ñìîãëè èñïîëüçîâàòü äèàãðàììû
Ôåéíìàíà è â íåàáåëåâûõ òåîðèÿõ, ò. å. ïðèñòóïèòü ê èñ-
ñëåäîâàíèþ ýòîé òåîðèè.

È çäåñü, êîíå÷íî, âíîâü âîçíèê òîò æå ñàìûé âî-
ïðîñ, ÷òî è â 1950-õ ãîäàõ: êàê ðàáîòàòü ñ òåîðèåé, êîòî-
ðàÿ îïèñûâàåò ñèëüíûå âçàèìîäåéñòâèÿ, ãäå íåëèíåéíî-
ñòè íå ìàëû è, êàê ñëåäñòâèå, íåëüçÿ èñïîëüçîâàòü òåî-
ðèþ âîçìóùåíèé ïî èñõîäíîé áîëüøîé êîíñòàíòå
âçàèìîäåéñòâèÿ. Ê ýòîìó âðåìåíè òåîðåòèêè óæå íàó÷è-
ëèñü èññëåäîâàòü ïîâåäåíèå âêëàäà íåëèíåéíîñòåé â íà-
áëþäàåìûå ïðîöåññû ïðè ðàçëè÷íûõ çíà÷åíèÿõ ýíåð-
ãèè. Îñíîâíûì ìàòåìàòè÷åñêèì àïïàðàòîì çäåñü ÿâëÿ-
åòñÿ ôîðìàëèçì ðåíîðìãðóïïû. Îðèãèíàëüíûå èäåè â
ýòîé îáëàñòè áûëè ïðåäëîæåíû Ý. Øòþêåëüáåðãîì è
À. Ïåòåðìàíîì, à òàêæå Ì. Ãåëë-Ìàííîì è Ô. Ëîó åùå
â 1950-õ ãîäàõ, íî îêîí÷àòåëüíî ìåòîä ðåíîðìãðóïïû

áûë ñôîðìóëèðîâàí è ðàçâèò â ðàáîòàõ Í. Í. Áîãîëþáî-
âà è Ä. Â. Øèðêîâà. Çäåñü öåíòðàëüíóþ ðîëü èãðàåò ïî-
íÿòèå ýôôåêòèâíîãî çàðÿäà, çàâèñèìîñòü êîòîðîãî îò
ýíåðãèè âîçíèêàåò â ðåçóëüòàòå ó÷åòà âçàèìîäåéñòâèÿ
ïîëåé. Ìåòîä ðåíîðìãðóïïû äàåò ïðîñòîé ñïîñîá âû÷è-
ñëåíèÿ óëüòðàôèîëåòîâûõ è èíôðàêðàñíûõ àñèìïòîòèê,
ýôôåêòèâíî ñóììèðóÿ ëèäèðóþùèå âêëàäû áåñêîíå÷-
íîãî êëàññà äèàãðàìì Ôåéíìàíà.

Òåïåðü ìû óæå âïëîòíóþ ïîäîøëè ê îòêðûòèþ
àñèìïòîòè÷åñêîé ñâîáîäû, âñå íåîáõîäèìîå äëÿ ýòîãî
áûëî ñîçäàíî ê íà÷àëó 1970-õ ãîäîâ: ñôîðìóëèðîâàíà
íåàáåëåâà êàëèáðîâî÷íàÿ òåîðèÿ, ýòà òåîðèÿ áûëà ïðî-
êâàíòîâàíà, äîêàçàíà åå ïåðåíîðìèðóåìîñòü (Ã. ò’Õîîôò,
1971 ã.), ìîæíî áûëî ðàçâèâàòü òåîðèþ âîçìóùåíèé è
ñòðîèòü äèàãðàììû Ôåéíìàíà. Îñòàëîñü òîëüêî çàäàòü-
ñÿ öåëüþ èññëåäîâàòü ïîâåäåíèå èíâàðèàíòíîãî çàðÿäà
â ýòîé òåîðèè. Âîò ýòî è áûëî ñäåëàíî Ä. Ãðîññîì,
Ô. Âèëü÷åêîì è íåçàâèñèìî Ä. Ïîëèòöåðîì â 1973 ã. Êà-
êîé ìåòîä èñïîëüçîâàòü ïðè ðåøåíèè ýòîé çàäà÷è, áûëî
ïî÷òè î÷åâèäíî — êîíå÷íî æå, ìåòîä ðåíîðìãðóïïû.
Òåõíè÷åñêè ïîòðåáîâàëîñü ðàññ÷èòàòü íåñêîëüêî äèà-
ãðàìì Ôåéíìàíà, òî÷íåå, íàéòè èõ àñèìïòîòèêó è ðå-
øèòü ðåíîðìãðóïïîâîå óðàâíåíèå (ýòî äèôôåðåíöèàëü-
íîå óðàâíåíèå â îáû÷íûõ ïðîèçâîäíûõ). Çàñëóãà æå
Ä. Ãðîññà, Ô. Âèëü÷åêà è Ä. Ïîëèòöåðà çàêëþ÷àåòñÿ íå
òîëüêî è íå ñòîëüêî â ýòîì, ñêîëüêî â ïðàâèëüíîé èíòåð-
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duced ghosts in quantum theory of the non-Abelian gauge
field, thus restoring unitarity. Consequences of the non-
Abelian nature of gauge symmetry at the quantum level
were studied by A. A. Slavnov and independently by J. Tay-
lor — they derived identities that play a central role in the
proof of the new theory being renormalizable. Only after
these fundamental works theoreticians could use the Feyn-
man diagrams in non-Abelian theories as well, i.e., under-
take research into this theory.

There arose the same question as in the 1950s as to how
to work with a theory that describes strong interactions,
where nonlinearities are not small and, as a result, one can-
not use the perturbation theory in the initial large interaction
constant. By that time theoreticians had learned to investi-
gate the behavior of the contribution of nonlinearities to the
observed processes at different energy values. The main
mathematical apparatus here is the renormalization group
formalism. Unconventional ideas in this domain were put
forward by E. C. G. Stueckelberg and A. Petermann, and
M. Gell-Mann and F. E. Low as early as the 1950s; how-
ever, the renormgroup method was conclusively formulated

and developed by N. N. Bogoliubov and D. V. Shirkov. The
key role here is played by the notion of effective charge the
dependence of which on energy arises as a result of taking
field interactions into account. The renormgroup method
provides a simple way of calculating ultraviolet and infrared
asymptotics, effectively summing leading contributions of
an infinite class of Feynman diagrams.

We came now close to the discovery of asymptotic free-
dom, everything necessary had been established by the be-
ginning of the 1970s: the non-Abelian gauge theory was for-
mulated, it was quantized, its renormalizability was proved
(’t Hooft, 1971), so one could develop the perturbation theo-
ry and construct the Feynman diagrams. It remained only to
study the behavior of the invariant charge in this theory.
This is just what D. Gross, F. Wilczek, and independently
D. Politzer did in 1973. It was almost evident which method
had to be used in solving this problem — the renormaliza-
tion group method, of course. Technically, a few Feynman
diagrams had to be calculated; more exactly, one had to find
their asymptotics and solve a renormgroup equation (a dif-
ferential equation in ordinary derivatives). The credit of
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ïðåòàöèè îáíàðóæåííîãî èìè âåñüìà íåîáû÷íîãî ñ òî÷-
êè çðåíèÿ îáû÷íîé ýëåêòðîäèíàìèêè ïîâåäåíèÿ èíâà-
ðèàíòíîãî çàðÿäà. Ñóòü èõ îòêðûòèÿ ñîñòîèò â òîì, ÷òî
èíâàðèàíòíûé çàðÿä (ýôôåêòèâíàÿ êîíñòàíòà âçàèìî-
äåéñòâèÿ) â ÊÕÄ, â îòëè÷èå îò ÊÝÄ, óáûâàåò ñ ðîñòîì
ýíåðãèè (ò. å. íà ìàëûõ ðàññòîÿíèÿõ). Òåïåðü ýòî âîøëî
â ó÷åáíèêè ïî êâàíòîâîé òåîðèè íåàáåëåâûõ êàëèáðî-
âî÷íûõ ïîëåé è õîðîøî èçâåñòíî ñòóäåíòàì. Îäíàêî â
òî âðåìÿ îò àâòîðîâ ïîòðåáîâàëàñü íåçàóðÿäíàÿ íàó÷íàÿ
ñìåëîñòü è ïðåîäîëåíèå çíà÷èòåëüíîãî ïñèõîëîãè÷å-
ñêîãî áàðüåðà, ÷òîáû çàÿâèòü îá «èñ÷åçíîâåíèè» âçàè-
ìîäåéñòâèÿ â ôèçèêå àäðîíîâ.

Òåîðåòè÷åñêîå äîêàçàòåëüñòâî ñóùåñòâîâàíèÿ
àñèìïòîòè÷åñêîé ñâîáîäû â ÊÕÄ âûçâàëî â ñâîå âðåìÿ
áîëüøîé ðåçîíàíñ. Äåëî â òîì, ÷òî ê ýòîìó âðåìåíè íà-
êîïèëñÿ çíà÷èòåëüíûé ýêñïåðèìåíòàëüíûé ìàòåðèàë ïî
àäðîííûì âçàèìîäåéñòâèÿì, êîòîðûé íåëüçÿ áûëî ñî-
ãëàñîâàòü ñ ïðåäñòàâëåíèåì î òîì, ÷òî ýòè âçàèìîäåé-
ñòâèÿ ÿâëÿþòñÿ ñèëüíûìè. Òàê, âî âòîðîé ïîëîâèíå
1960-õ ãîäîâ áûëà âûïîëíåíà öåëàÿ ñåðèÿ ýêñïåðèìåí-
òîâ ïî ãëóáîêîíåóïðóãîìó ëåïòîí-àäðîííîìó ðàññåÿ-
íèþ íà ëèíåéíîì óñêîðèòåëå ýëåêòðîíîâ â Ñòýíôîðäå
(ÑØÀ). Óãëîâîå ïîâåäåíèå ñå÷åíèÿ ðàññåÿíèÿ óäàâà-
ëîñü îáúÿñíèòü, òîëüêî ïðåäïîëîæèâ, ÷òî ðàññåÿíèå
âèðòóàëüíîãî âûñîêîýíåðãåòè÷åñêîãî ôîòîíà ïðîèñõî-

äèò íà òî÷å÷íûõ ñîñòàâëÿþùèõ àäðîíà, êîòîðûå ïðàê-
òè÷åñêè íå âçàèìîäåéñòâóþò äðóã ñ äðóãîì, ò. å.
ÿâëÿþòñÿ ñâîáîäíûìè. Òàêóþ êàðòèíó âûñîêîýíåðãåòè-
÷åñêèõ àäðîííûõ ïðîöåññîâ ïðåäëîæèë â 1969 ã. Ð. Ôåé-
íìàí. Îí íàçâàë íåâçàèìîäåéñòâóþùèå ñîñòàâëÿþùèå
àäðîíîâ ïàðòîíàìè, à ñàìà ìîäåëü ïîëó÷èëà íàçâàíèå
ïàðòîííîé ìîäåëè. Îòêðûòèå àñèìïòîòè÷åñêîé ñâîáî-
äû îáúÿñíÿëî, ïî÷åìó ïàðòîíû (ò. å. òå æå êâàðêè) âåäóò
ñåáÿ êàê êâàçèñâîáîäíûå ÷àñòèöû íà ìàëûõ ðàññòîÿíè-
ÿõ (ïðè âûñîêèõ ýíåðãèÿõ) è ñèëüíî âçàèìîäåéñòâóþò
íà áîëüøèõ ðàññòîÿíèÿõ. Áëàãîäàðÿ ñâîåé ôèçè÷íîñòè è
íàãëÿäíîñòè ïàðòîííàÿ ìîäåëü ïðî÷íî âîøëà â ñîâðå-
ìåííûé àïïàðàò ÊÕÄ.

Àñèìïòîòè÷åñêàÿ ñâîáîäà ÷ðåçâû÷àéíî âàæíà äëÿ
ïðàêòè÷åñêîãî ïðèìåíåíèÿ ÊÕÄ, à èìåííî äëÿ ðàñ÷åòà
ïðîöåññîâ ñèëüíûõ âçàèìîäåéñòâèé è ñîîòâåòñòâóþ-
ùèõ òåîðåòè÷åñêèõ ïðåäñêàçàíèé, òàê êàê îíà ïîçâîëÿåò
èñïîëüçîâàòü òåîðèþ âîçìóùåíèé áëàãîäàðÿ âîçìîæíî-
ñòè îòäåëåíèÿ âêëàäîâ ìàëûõ è áîëüøèõ ðàññòîÿíèé â
àäðîííûå ïðîöåññû (òàê íàçûâàåìàÿ ôàêòîðèçàöèÿ, äî-
êàçàííàÿ, â ÷àñòíîñòè, äóáíåíñêèìè òåîðåòèêàìè
À. Â. Åôðåìîâûì è À. Â. Ðàäþøêèíûì â 1978 ã.). Åñëè
áû ÊÕÄ íå îáëàäàëà àñèìïòîòè÷åñêîé ñâîáîäîé, òî
îáëàñòü ïðèìåíèìîñòè òåîðåòè÷åñêèõ ðàñ÷åòîâ â ýòîé
òåîðèè ïðàêòè÷åñêè áûëà áû ðàâíà íóëþ. Ïîýòîìó â
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D. Gross, F. Wilczek, and D. Politzer is not only this, but
rather a correct interpretation of a very unusual, from the
viewpoint of ordinary electrodynamics, behavior of the in-
variant charge. The main idea of their discovery lies in the
fact that the invariant charge (effective interaction constant)
in QCD, in contrast to QED, decreases with increasing ener-
gy (i.e., at small distances). Now this is well known to stu-
dents from text-books on quantum theory of non-Abelian
gauge fields. However, at that time the authors needed out-
standing scientific courage to overcome a great psychologi-
cal barrier to advocate that interactions in hadron physics
«disappear».

Theoretical justification of the existence of asymptotic
freedom in QCD touched off a great resonance. The fact is
that by the time considerable experimental material on
hadron interactions had been accumulated which could not
fit to the notions that these interactions were strong. Thus, in
the second part of the 1960s a series of experiments on deep
inelastic lepton–hadron scattering was carried out at the lin-
ear accelerator of electrons at Stanford (USA). The angular
behavior of the scattering cross section could be explained

only under the assumption that scattering of a virtual
high-energy photon proceeds at point constituents of hadron
which almost do not interact with each other, i.e., are free.
This picture of high-energy hadron processes was suggested
by R. Feynman in 1969. He called noninteracting con-
stituents of hadrons partons and the model was called the
parton model. The discovery of asymptotic freedom ex-
plains why partons (i.e., quarks) behave as quasifree parti-
cles at small distances and strongly interact at large dis-
tances. Being physical and simple, the parton model forms a
strong part of the modern QCD apparatus.

Asymptotic freedom is very important for practical ap-
plication of QCD, namely, for calculation of strong interac-
tion processes and the corresponding theoretical predic-
tions, as it allows the use of perturbation theory due to a pos-
sible separation of contributions at small and large distances
to hadron processes (the so-called factorization, proved by
the Dubna theoreticians A. V. Efremov and A. V. Radyush-
kin in 1978). If QCD did not have asymptotic freedom, the
range of applicability of theoretical calculations in this theo-
ry would be zero. Therefore, this discovery could be evalu-
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ïîëíîé ìåðå çíà÷åíèå äàííîãî îòêðûòèÿ
ìîæíî àäåêâàòíî îöåíèòü òîëüêî ñïóñòÿ
äåñÿòèëåòèÿ, â òå÷åíèå êîòîðûõ ÊÕÄ ñòà-
ëà ðàáîòîñïîñîáíîé òåîðèåé ñèëüíûõ
âçàèìîäåéñòâèé.

Ïðåäñêàçàíèÿ, áàçèðóþùèåñÿ íà
àñèìïòîòè÷åñêîé ñâîáîäå, ïðåêðàñíî
ïîäòâåðæäàþòñÿ ïðàêòè÷åñêè âñåìè ýêñ-
ïåðèìåíòàìè, èìåþùèìè äåëî ñ ñèëüíû-
ìè âçàèìîäåéñòâèÿìè. Â ýòîì ïëàíå Íî-
áåëåâñêèé êîìèòåò ïðèñóäèë ïðåìèþ çà
îòêðûòèå âàæíîãî ÿâëåíèÿ â îêðóæàþ-
ùåì íàñ ôèçè÷åñêîì ìèðå, ðåøèâ ñëîæ-
íóþ çàäà÷ó âûáîðà ëàóðåàòîâ ñðåäè íåñî-
ìíåííî äîñòîéíûõ íîìèíàíòîâ.

Íàø íåáîëüøîé èñòîðè÷åñêèé ýêñ-
êóðñ ïîêàçàë, â ÷àñòíîñòè, ñóùåñòâåííûé
âêëàä ðîññèéñêèõ (â òîì ÷èñëå äóáíåí-
ñêèõ) ó÷åíûõ â ìèðîâóþ íàóêó. Âûñîêàÿ
îöåíêà ôóíäàìåíòàëüíûõ ôèçè÷åñêèõ èñ-
ñëåäîâàíèé òàêèì àâòîðèòåòíûì îðãà-
íîì, êàê Íîáåëåâñêèé êîìèòåò, íåñîìíåí-
íî, âàæíà äëÿ âñåõ ôèçèêîâ-òåîðåòèêîâ,
ðàáîòàþùèõ â äàííîé îáëàñòè.

Ï. È. Çàðóáèí

«Áåëûå çâåçäû»
â ðåëÿòèâèñòñêîé
ôðàãìåíòàöèè ëåãêèõ ÿäåð

Ôðàãìåíòàöèÿ ñòàáèëüíûõ ÿäåð

Ñëàáîñâÿçàííûå êëàñòåðíûå ñèñòåìû. Öåëü ýêñïåðèìåíòîâ ïî
ïðîåêòó BECQUEREL ñîñòîèò â èçó÷åíèè êàðòèíû ôàçîâîãî ïåðåõîäà
ÿäåðíîé ìàòåðèè èç ñîñòîÿíèÿ êâàíòîâîé æèäêîñòè â ñîñòîÿíèå êâàí-
òîâîãî ãàçà, ñîñòîÿùåãî èç áîëüøîãî ÷èñëà íóêëîíîâ è ëåã÷àéøèõ
ÿäåð âáëèçè ýíåðãåòè÷åñêèõ ïîðîãîâ òàêèõ ðåàêöèé. Òåðìèí «ëåã÷àé-
øèå ÿäðà» âêëþ÷àåò äåéòðîíû, òðèòîíû, ÿäðà 3He è 4He, ò. å. ñòàáèëü-
íûå ñèñòåìû, íå èìåþùèå âîçáóæäåííûõ ñîñòîÿíèé íèæå ïîðîãà ðàñ-
ïàäà íà íóêëîíû.

Ñîâðåìåííûé èíòåðåñ ê èññëåäîâàíèþ äàííûõ ôàçîâûõ ïåðåõî-
äîâ ìîòèâèðîâàí ïðåäñêàçàíèåì ñâîéñòâ òàêèõ ñîñòîÿíèé, êàê ñëàáî-
ñâÿçàííûå êëàñòåðíûå ñèñòåìû. Ýòè ñèñòåìû ìîãóò èìåòü ïðîñòðàí-
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ated in full measure only after decades dur-
ing which QCD became a workable theory
of strong interactions.

Predictions based on asymptotic free-
dom are well justified by almost all strong
interactions experiments. In this respect, the
Nobel Prize was awarded for the discovery
of an important phenomenon in the physical
world surrounding us. The Nobel Prize
Committee solved a very complicated prob-
lem of choosing laureates among undeniably
best nominees.

Our short excursus to the history shows
in fact a considerable contribution of
Russian (including Dubna) scientists to the
world science. Such a high appraisal of fun-
damental physics research by such a presti-
gious body as the Nobel Prize Committee is
undoubtedly very important for all theoreti-
cal physicists working in this field.

P. I. Zarubin

«White» Stars in Relativistic
Fragmentation of Light Nuclei

Fragmentation of Stable Nuclei

Loosely Bound Cluster Systems. The goal of our experiments on the
BECQUEREL project is the study of the picture of the phase transition of
nuclear matter from the state of a quantum liquid to that of a quantum gas
consisting of a large number of nucleons and the lightest nuclei that occur
near the energy thresholds. The term «lightest nuclei» implies deuterons
and tritons, as well as 3He and 4He nuclei, that is, stable systems having no
excited states below nucleon decay thresholds.

The present-day interest in the study of such phase transitions is moti-
vated by the prediction of the properties of such states as loosely bound
cluster systems. The spatial extension of these systems can essentially ex-
ceed the sizes of the fragments (Efimov’s states near the threshold of the de-
cay of three-body systems, light nuclei having the structure of a molecular
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ñòâåííóþ ïðîòÿæåííîñòü, ñóùåñòâåííî ïðåâûøàþùóþ
ðàçìåð ôðàãìåíòîâ (ñîñòîÿíèÿ Åôèìîâà âáëèçè ïîðîãà
ðàñïàäà ñèñòåì èç òðåõ òåë, ëåãêèå ÿäðà ñî ñòðóêòóðîé
ìîëåêóëÿðíîãî òèïà, áîçå-êîíäåíñàò ðàçðåæåííîãî ãàçà
�-÷àñòèö â N�-ÿäðàõ). Ïðîöåññ ìóëüòèôðàãìåíòàöèè,
ïðîòåêàþùèé ñ àäèàáàòè÷åñêîé ïåðåäà÷åé âîçáóæäåíèÿ
è áåç îáìåíà íóêëîíàìè, ìîæåò èíòåðïðåòèðîâàòüñÿ êàê
èñ÷åçíîâåíèå êóëîíîâñêîãî áàðüåðà âñëåäñòâèå îäíî-
âðåìåííîãî óâåëè÷åíèÿ ðàññòîÿíèÿ ìåæäó çàðÿæåííû-
ìè êëàñòåðàìè.

Èçó÷åíèå òàêèõ ñîñòîÿíèé â ìàñøòàáàõ, õàðàêòåð-
íûõ äëÿ íóêëîííîé è êëàñòåðíîé ñòðóêòóðû ÿäðà, ïðåä-
ñòàâëÿåò èíòåðåñ äëÿ ÿäåðíîé àñòðîôèçèêè. Íàïðèìåð,
áëàãîäàðÿ ñóùåñòâåííîìó óìåíüøåíèþ êóëîíîâñêîãî
îòòàëêèâàíèÿ â òàêèõ ïðîòÿæåííûõ ñèñòåìàõ, îíè ìî-
ãóò èãðàòü ðîëü ïðîìåæóòî÷íûõ ñîñòîÿíèé â ïðîöåññàõ
ÿäåðíîãî ñèíòåçà â çâåçäàõ. Óñòàíîâëåííûå òîïîëîãèè
ìîãóò îêàçàòüñÿ ïîëåçíûìè äëÿ ïðîÿñíåíèÿ âàðèàíòîâ
ñèíòåçà ÿäåð êàê ïðîöåññîâ, îáðàòíûõ ïðîöåññàì èõ
ôðàãìåíòàöèè.

Ðåëÿòèâèñòñêàÿ ôðàãìåíòàöèÿ. Çàðÿäîâàÿ òîïî-
ëîãèÿ ôðàãìåíòîâ ïðè ïåðèôåðè÷åñêèõ âçàèìîäåéñòâè-
ÿõ ëåãêèõ ÿäåð ñ íà÷àëüíîé ýíåðãèåé âûøå 1À ÃýÂ ìî-

æåò ñëóæèòü ýôôåêòèâíîé õàðàêòåðèñòèêîé ÿâëåíèÿ
ìóëüòèôðàãìåíòàöèè ÿäåð. Â ýòîé îáëàñòè ýíåðãèé äî-
ñòèãàåòñÿ ðåæèì ïðåäåëüíîé ôðàãìåíòàöèè ÿäåð, ò. å.
íåèçìåííîñòü ñïåêòðà ôðàãìåíòîâ ïðè èçìåíåíèè ýíåð-
ãèè ñîóäàðåíèÿ è ñîñòàâà ÿäåð ìèøåíè.

Âîçìîæíîñòè íàáëþäåíèÿ è ñïåêòðîñêîïèè êîíå÷-
íûõ ñîñòîÿíèé èç çàðÿæåííûõ ôðàãìåíòîâ ïðè èññëåäî-
âàíèè ìóëüòèôðàãìåíòàöèè â ðåëÿòèâèñòñêîé îáëàñòè
ýíåðãèé îïðåäåëÿþòñÿ òî÷íîñòüþ óãëîâûõ èçìåðåíèé.
Áëàãîäàðÿ íàèëó÷øåìó ïðîñòðàíñòâåííîìó ðàçðåøå-
íèþ (0,5 ìêì) â ÿäåðíîé ýìóëüñèè äîñòèãàåòñÿ óãëîâîå
ðàçðåøåíèå ñëåäîâ ðåëÿòèâèñòñêèõ ôðàãìåíòîâ îêîëî
10�5 ðàä. Ýòî îáåñïå÷èâàåò ïîëíóþ íàáëþäàåìîñòü
âñåõ âîçìîæíûõ ðàñïàäîâ âîçáóæäåííûõ ñîñòîÿíèé
ÿäåð íà ôðàãìåíòû. Íàïðèìåð, íà äëèíå 1 ìì óâåðåííî
ðàçëè÷àåòñÿ ïðîöåññ 8 2Be � �, ïðîÿâëÿþùèéñÿ ïðè

èìïóëüñå 4,5À ÃýÂ/ñ êàê ïàðà ñëåäîâ â óãëîâîì êîíóñå
îêîëî 2 10 3
 � ðàä. Òàêèå óçêèå ðàñïàäû äîñòàòî÷íî ÷à-
ñòî íàáëþäàþòñÿ ïðè ôðàãìåíòàöèè ðåëÿòèâèñòñêèõ
ÿäåð êèñëîðîäà è áîëåå òÿæåëûõ ÿäåð.

Äëÿ èëëþñòðàöèè êðèòåðèåâ îòáîðà ñîáûòèé íà
ðèñ. 1 ïðåäñòàâëåíî ñîáûòèå ìóëüòèôðàãìåíòàöèè ÿäðà
êðåìíèÿ ñ èìïóëüñîì 4,5À ÃýÂ/c. Îñíîâíîé èíòåðåñ
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type, the Bose condensate of dilute �-particle gas in N� nu-
clei). A multifragmentation process going with an adiabatic
transfer of excitation and without nucleon exchange may be
interpreted as a disappearance of the Coulomb barrier be-
cause of a simultaneous increase in distances between
charged clusters.

The study of such states on the scale typical of the nu-
cleon and cluster structure of the nucleus is of interest for
nuclear astrophysics. For example, thanks to an essential de-
crease in the Coulomb repulsion in such extended systems,
the latter can play the role of intermediate states in nucle-
osynthesis processes in stars. The topologies established
can turn out to be useful for clearing up the variants of the
nuclear synthesis as processes inverse to those of their frag-
mentation.

Relativistic Fragmentation. The charge topology of
fragments in peripheral interactions of light nuclei of an ini-
tial energy above 1 GeV per nucleon may be considered as
an effective characteristic of the nuclear multifragmentation
phenomenon. In this energy range, a regime of limiting frag-
mentation of nuclei sets in; that is, the fragment spectrum is

invariable with respect to the collision energy and the tar-
get-nucleus composition.

In the investigation of the multifragmentation at rela-
tivistic energies, the possibilities of observing the final
states consisting of charged fragments and their spec-
troscopy are defined by the accuracy of angular measure-
ments. Owing to the best spatial resolution (0.5 m), the nu-
clear emulsion ensures the angular resolution of the tracks
of relativistic fragments of about10 5� rad. This enables one
to observe completely all the possible decays of nuclear ex-
cited states to fragments. For example, over a track length of
1 mm, one can surely distinguish a process 8 2Be � �,

which is revealed for a momentum of 4.5 GeV/c per nucleon
as a pair of tracks within an angular cone of about
2 10 3
 � rad. Such narrow decays are rather frequently ob-
served in the fragmentation of relativistic oxygen nuclei, as
well as heavier ones.

For the sake of illustration of the selection criteria,
Fig. 1 presents an event of the multifragmentation of a 28Si
nucleus of momentum 4.5 GeV/c per nucleon. Of particular
interest is a group of projectile fragments with total charge

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR



ïðåäñòàâëÿåò ãðóïïà ôðàãìåíòîâ íàëåòàþùåãî ÿäðà â
óçêîì êîíóñå óãëîâ ïîðÿäêà íåñêîëüêèõ ãðàäóñîâ ñ ñóì-
ìàðíûì çàðÿäîì Z �13. Âåëè÷èíà êîíóñà îïðåäåëÿåòñÿ
îòíîøåíèåì ïîïåðå÷íîãî èìïóëüñà Ôåðìè ê èìïóëüñó
íà íóêëîí ïåðâè÷íîãî ÿäðà. Ñëåäû ðåëÿòèâèñòñêèõ
ôðàãìåíòîâ äîëãî îñòàþòñÿ â îäíîì ýìóëüñèîííîì
ñëîå, ÷òî äîñòàòî÷íî äëÿ ðåêîíñòðóêöèè íåïðåðûâíîãî
3-ìåðíîãî îáðàçà ýòîé ãðóïïû òðåêîâ. Â ýìóëüñèè âîç-
ìîæíà èäåíòèôèêàöèÿ ðåëÿòèâèñòñêèõ èçîòîïîâ âîäî-

ðîäà è ãåëèÿ ïî ìàññå ÷åðåç îïðåäåëåíèå ñðåäíåãî óãëà
ðàññåÿíèÿ ñëåäîâ è ñâÿçàííîãî ñ íèì ïîëíîãî èìïóëüñà.
Âåëè÷èíû ïðîäîëüíûõ èìïóëüñîâ ôðàãìåíòîâ íà íó-
êëîí ñ òî÷íîñòüþ íåñêîëüêèõ ïðîöåíòîâ ðàâíû èìïóëü-
ñàì íóêëîíîâ ïåðâè÷íîãî ÿäðà. Ýíåðãèÿ âîçáóæäåíèÿ
ñèñòåìû ôðàãìåíòîâ îïðåäåëÿåòñÿ èõ ìíîæåñòâåííî-
ñòüþ è óãëàìè ðàçëåòà. Îíà ìîæåò áûòü îïðåäåëåíà êàê
ðàçíîñòü ìåæäó èíâàðèàíòíîé ìàññîé ôðàãìåíòèðóþ-
ùåé ñèñòåìû è ìàññîé ïåðâè÷íîãî ÿäðà è ñîñòàâëÿåò âå-
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Z �13 within a narrow cone of angles of the order of a few

degrees. The magnitude of the cone is defined by the ratio of

the transverse Fermi momentum to the momentum per nu-

cleon of the primary nucleus. The tracks of relativistic frag-

ments remain in one emulsion layer for a long time, suffi-

cient for reconstructing a continuous three-dimensional im-

age of this group of tracks. The mass identification of

relativistic H and He isotopes in emulsion is possible via the

determination of the mean angle of track scattering and the
total momentum connected with it.

The longitudinal momenta of fragments per nucleon
are equal, within a few percent, to the momenta of the nucle-
ons of the primary nucleus. The excitation energy of a sys-
tem of fragments is defined by their multiplicity and the
emission angles. It can be estimated as the difference be-
tween the invariant mass of the fragmenting system and the
mass of the primary nucleus and amounts to a few MeV per
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Ðèñ. 1. Ñîáûòèå ôðàãìåíòàöèè ÿäðà 28Si c ýíåðãèåé 3,65À ÃýÂ â ïåðèôåðè÷åñêîì âçàèìîäåéñòâèè íà ÿäðå ýìóëüñèè. Íà âåðõíåì
ôîòî âèäíà âåðøèíà âçàèìîäåéñòâèÿ è ñòðóÿ ôðàãìåíòîâ â óçêîì óãëîâîì êîíóñå âìåñòå ñ ÷åòûðüìÿ ñîïðîâîæäàþùèìè îäíîçà-
ðÿäíûìè ÷àñòèöàìè â øèðîêîì êîíóñå è òðåìÿ îñêîëêàìè ÿäðà ìèøåíè. Ïðè ñìåùåíèè ïî íàïðàâëåíèþ ñòðóè ôðàãìåíòîâ (íèæ-
íåå ôîòî) ìîæíî ðàçëè÷èòü òðè ôðàãìåíòà H è ïÿòü ôðàãìåíòîâ He. Èíòåíñèâíûé ñëåä íà íèæíåé ôîòîãðàôèè (òðåòèé ñâåðõó)
èäåíòèôèöèðîâàí êàê î÷åíü óçêàÿ ïî óãëó ïàðà ôðàãìåíòîâ ñ Z � 2, ñîîòâåòñòâóþùàÿ ðàñïàäó ÿäðà 8Be. Òðåõìåðíûé îáðàç ñîáûòèÿ
ðåêîíñòðóèðîâàí êàê ïëîñêàÿ ïðîåêöèÿ ñ ïîìîùüþ àâòîìàòè÷åñêîãî ìèêðîñêîïà ÔÈÀÍ êîìïëåêñà ÏÀÂÈÊÎÌ

Fig. 1. Event of the fragmentation of a 28Si nucleus of an energy of 3.65 GeV per nucleon in a peripheral interaction on an emulsion nucleus.
On the upper photograph one can see the interaction peak and the jet of fragments in a narrow angular cone along with four accompanying
single-charged particles in a wide cone and three fragments of the target nucleus. Moving toward the fragment jet direction (upper photo-
graph) it is possible to distinguish three fragments of hydrogen and five fragments of helium. An intensive track on the upper photograph
(the third one from above) is identified as a very narrow pair of Z � 2fragments corresponding to the 8Be decay. A three-dimensional image
of the event was reconstructed as a plane projection by means of an automated microscope (Lebedev Institute of Physics, Moscow) of the
PAVIKOM complex



ëè÷èíó ïîðÿäêà íåñêîëüêèõ ÌýÂ íà íóêëîí ôðàãìåíòà.
Óãëîâûå êîððåëÿöèè ôðàãìåíòîâ îòðàæàþò óãëîâîé ìî-
ìåíò îáðàçîâàâøåéñÿ ñèñòåìû. Íà ðèñ. 1 â áîëåå øèðî-
êîì êîíóñå âèäíû ñëåäû ñ ìèíèìàëüíîé èîíèçàöèåé îò
ðîæäåííûõ ìåçîíîâ. Êðîìå òîãî, â âåðøèíå âçàèìîäåé-
ñòâèÿ ïðèñóòñòâóþò ñëåäû îò ñèëüíîèîíèçèðóþùèõ
îñêîëêîâ ÿäðà ìèøåíè ñ ýíåðãèåé ïîðÿäêà íåñêîëüêèõ
äåñÿòêîâ ÌýÂ. Òàêèì îáðàçîì, âî âçàèìîäåéñòâèè îò-
÷åòëèâî ïðîÿâëÿåòñÿ ðàçäåëåíèå êèíåìàòè÷åñêèõ îáëà-
ñòåé ôðàãìåíòàöèè ñòàëêèâàþùèõñÿ ÿäåð.

Ìóëüòèôðàãìåíòàöèÿ â «áåëûõ çâåçäàõ». Ïðè
íàáîðå ñòàòèñòèêè ïî ìóëüòèôðàãìåíòàöèè ÿäåð îòáè-
ðàþòñÿ ñîáûòèÿ áåç ñëåäîâ îò çàðÿæåííûõ ÷àñòèö ìå-
æäó îáëàñòÿìè ôðàãìåíòàöèè íàëåòàþùåãî ÿäðà è ÿäðà
ìèøåíè. Êàê ïðàâèëî, â òàêèõ ñîáûòèÿõ ïðîèñõîäèò
ïîëíàÿ ïåðåäà÷à çàðÿäà ïåðâè÷íîãî ÿäðà â óçêèé óãëî-
âîé êîíóñ ôðàãìåíòàöèè. Íàèáîëåå ÿñíàÿ èíòåðïðåòà-
öèÿ îáåñïå÷èâàåòñÿ äëÿ ñîáûòèé, êîòîðûå íå ñîäåðæàò
ñëåäîâ è îò ôðàãìåíòîâ ÿäåð ìèøåíè. Îíè îáðàçóþòñÿ â
ñëó÷àå ìèíèìàëüíîé ïåðåäà÷è ýíåðãèè ê ôðàãìåíòèðó-
þùåìó ÿäðó. Ñîáûòèÿ òàêîãî òèïà èç-çà èõ âèäà íàçûâà-
þòñÿ «áåëûìè çâåçäàìè». Èõ äîëÿ îò îáùåãî ÷èñëà íå-
óïðóãèõ ñîáûòèé ñîñòàâëÿåò íåñêîëüêî ïðîöåíòîâ. Íà-

çâàíèå îòðàæàåò íå òîëüêî âíåøíèé âèä ñîáûòèÿ, íî è
ðåçêîå óìåíüøåíèå ïîòåðü íà èîíèçàöèþ (â ïðåäåëüíîì
ñëó÷àå â Z ðàç) ïðè ïåðåõîäå îò ñëåäà ïåðâè÷íîãî ÿäðà ê
óçêîìó êîíóñó âòîðè÷íûõ ñëåäîâ. Îáðàçîâàíèå «áåëûõ
çâåçä» ïðîèñõîäèò ïðè ýëåêòðîìàãíèòíûõ âçàèìîäåé-
ñòâèÿõ ñ âèðòóàëüíûìè ôîòîíàìè ÿäåð ìèøåíè è ïðè
äèôðàêöèîííîì ðàññåÿíèè íà ïåðèôåðè÷åñêèõ íåéòðî-
íàõ ìèøåíè.

Âàæíûì ïðàêòè÷åñêèì óäîáñòâîì ïðè ïîèñêå ñî-
áûòèé òàêîãî òèïà ÿâëÿåòñÿ òðåáîâàíèå ñîõðàíåíèÿ çà-
ðÿäà, ÷òî ïîçâîëÿåò èñêëþ÷èòü âêëàä îò ïðèìåñè â ïó÷-
êå áîëåå ëåãêèõ ÿäåð ñ áëèçêèì îòíîøåíèåì çàðÿäà ê
ìàññå. Ýòî ñóùåñòâåííî ïðè îáëó÷åíèè ýìóëüñèè âî
âòîðè÷íûõ ïó÷êàõ ðàäèîàêòèâíûõ ÿäåð, èìåþùèõ äî-
ñòàòî÷íî ñëîæíûé ñîñòàâ. Îòìåòèì, ÷òî îïèñàííûå
êðèòåðèè îòáîðà «áåëûõ çâåçä» ñîâìåñòíî ñ óñëîâèåì
ñîõðàíåíèÿ ïîòîêà ýíåðãèè â êîíóñå ôðàãìåíòàöèè ìî-
ãóò áûòü èñïîëüçîâàíû â áóäóùåì ýêñïåðèìåíòå ïî èñ-
ñëåäîâàíèþ ãëîáàëüíûõ îñîáåííîñòåé ôðàãìåíòàöèè
òÿæåëûõ ÿäåð â ïðîöåññàõ ïåðèôåðè÷åñêîé äèññîöèà-
öèè.

Çàðÿäîâàÿ òîïîëîãèÿ. Òîïîëîãè÷åñêèå õàðàêòåðè-
ñòèêè ñîáûòèé â äèññîöèàöèè ëåãêèõ ÿäåð â ïåðèôåðè-
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nucleon of the fragment. The angular correlations of frag-
ments reflect the angular momentum of the produced sys-
tem. In Fig.1, one can see, in a broader cone, tracks with
minimal ionization from produced mesons. In addition, in
the interaction peak, there are tracks from strongly ionizing
target-nucleus fragments of energy of the order of several
tens of MeV. Thus, the separation of the kinematic regions
of the fragmentation of colliding nuclei is clearly revealed
in the interaction.

Multifragmentaion in «White» Stars. When accumu-
lating data on nuclear multifragmentation, events without
tracks from charged particles are selected between the areas
of the fragmentation of a projectile and the target nucleus.
As a rule, in such events the primary nucleus charge is total-
ly transferred into a narrow angular cone of fragmentation.
The most obvious interpretation is provided for the events
that contain no tracks also from the target-nucleus frag-
ments. They are produced when a minimal energy is trans-
ferred to the fragmenting nucleus. Events of this type are
called «white» stars because of their appearance. Their frac-
tion constitutes a few percent of the total number of inelastic
events. Their name reflects not only the outward look of the

event, but also a sharp decrease in ionization losses (in a
limiting case, by a factor of Z) in the transition from the pri-
mary nucleus track to the narrow cone of secondary tracks.
The formation of «white» stars is induced by the electro-
magnetic interactions of the target nucleus with virtual pho-
tons and by the diffraction scattering on peripheral target
neutrons.

In the search for events of this type, of important practi-
cal advantage is the requirement of charge conservation,
which makes it possible to exclude in the beam admixtures
from lighter nuclei with a close charge-to-mass ratio. This
condition is essential when emulsion is exposed to the sec-
ondary beams of radioactive nuclei having a rather compli-
cated composition. We note that the above-mentioned crite-
ria of selection of «white» stars, along with the requirement
of conservation of the energy flux in the fragmentation
cone, can be used in a future experiment dealing with the
study of global features of the fragmentation of heavy nuclei
in peripheral dissociation processes.

Charge Topology. The topologic characteristics of the
events in the dissociation of light nuclei in peripheral inter-
actions were investigated by the emulsion technique for the
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÷åñêèõ âçàèìîäåéñòâèÿõ áûëè èññëåäîâàíû â ýìóëüñèè
äëÿ ÿäåð 12C, 22Ne, 24Mg, 28Si, 16O, 6Li è 10B ïðè ýíåðãè-
ÿõ ïîðÿäêà íåñêîëüêèõ ÃýÂ íà íóêëîí. Ïðè ýíåðãèè
200À ÃýÂ áûëè èññëåäîâàíû ïðîöåññû äèññîöèàöèè
ÿäåð 16O è 32S. Âñå ýòè ðåçóëüòàòû èìåþò óíèêàëüíóþ
ïîëíîòó è äîñòîâåðíîñòü è ìîãóò îêàçàòüñÿ ïîëåçíûìè
ïðè ïëàíèðîâàíèè èññëåäîâàíèé ïî ìóëüòèôðàãìåíòà-
öèè ÿäåð ñ âûñîêîé ñòàòèñòè÷åñêîé îáåñïå÷åííîñòüþ.
Ýêñïåðèìåíòàëüíûå äàííûå î ñîîòíîøåíèÿõ íàáëþäàå-
ìûõ êàíàëîâ äèññîöèàöèè ÿäåð äàþò ïðåäñòàâëåíèå êàê
îá îáùèõ çàêîíîìåðíîñòÿõ ïðîöåññà ôðàãìåíòàöèè
ÿäåð, òàê è îá îñîáåííîñòÿõ ôðàãìåíòàöèè, ñâÿçàííûõ
ñî ñòðóêòóðîé îòäåëüíûõ ÿäåð.

Õàðàêòåðíàÿ îñîáåííîñòü çàðÿäîâîé òîïîëîãèè ïðè
ôðàãìåíòàöèè ÿäåð Ne, Mg, Si è S ñîñòîèò â ïðàêòè÷å-
ñêè ïîëíîì ïîäàâëåíèè ïàðíûõ ðàñùåïëåíèé ÿäåð íà
ôðàãìåíòû ñ çàðÿäîì áîëüøå 2. Äîìèíèðóþò ïðîöåññû
ñ îòäåëåíèåì îäèíî÷íûõ ôðàãìåíòîâ, ïðîòåêàþùèå
ïðè ìèíèìàëüíûõ ýíåðãèÿõ âîçáóæäåíèÿ. Âîçðàñòàíèå
ñòåïåíè ôðàãìåíòàöèè ÿäåð ïðîÿâëÿåòñÿ â ðîñòå ìíîæå-
ñòâåííîñòè ôðàãìåíòîâ ñ çàðÿäîì 1 è 2 ïðè óìåíüøåíèè
çàðÿäà îñíîâíîé íåâîçáóæäåííîé ÷àñòè ôðàãìåíòèðóþ-
ùåãî ÿäðà.

Â ïðîöåññàõ ìóëüòèôðàãìåíòàöèè ñòàáèëüíûõ èçî-
òîïîâ Li, Be, B, C, N è O óñòàíîâëåíû îñîáåííîñòè
îáðàçîâàíèÿ ñèñòåì èç ëåã÷àéøèõ ÿäåð �, d è t. Òàê, â äî-
ïîëíåíèå ê �-êëàñòåðèçàöèè îïðåäåëåíà êëàñòåðèçàöèÿ
íóêëîíîâ â âèäå äåéòðîíîâ â ðàñïàäàõ 6Li è 10B, à òàêæå
òðèòîíîâ â ðàñïàäàõ 7Li. Êðîìå òîãî, äëÿ ýòèõ ÿäåð
óñòàíîâëåíà âàæíàÿ ðîëü ìíîãî÷àñòè÷íûõ äèññîöèà-
öèé.

Ìóëüòèôðàãìåíòàöèÿ ÿäðà 10B. Ïðîäîëæåíèåì
èññëåäîâàíèé ìóëüòèôðàãìåíòàöèè ëåãêèõ ÷åòíî-÷åò-
íûõ ÿäåð ñ äèññîöèàöèåé òîëüêî íà �-÷àñòèöû ÿâëÿåòñÿ
èçó÷åíèå âêëàäà äåéòðîíîâ â ðàñïàäû íå÷åòíî-íå÷åò-
íûõ ÿäåð 6Li, 10Â è 14N. Ðîëü äåéòðîíîâ êàê êëàñòåðà
íàèáîëåå ÿðêî ïðîÿâèëàñü â «áåëûõ çâåçäàõ» ÿäåð
6Li ïðè ýíåðãèè 3,65À ÃýÂ ( 6Li* � d� — 74 %,
6 3Li He* *� t — 13 %, 6Li* � dtp — 13 %).

Òîïîëîãèÿ «áåëûõ çâåçä» áûëà èññëåäîâàíà
äëÿ ÿäåð 10B ïðè ýíåðãèè 1,0À ÃýÂ. Äîëÿ ðàñïàäîâ
10B* � d�� ñðåäè ñîáûòèé ñ çàðÿäîâîé òîïîëîãèåé

2 + 2 + 1 ñîñòàâèëà 40 %. Âêëàä êàíàëà
10 8B Be* (*)� �d d�� îöåíåí íà óðîâíå 18	3 %. Ðàñ-
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nuclei 12C, 22Ne, 24Mg, 28Si, 16O, 6Li, and 10B at energies
of the order of a few GeV per nucleon. The dissociation of
the 16O and 32S nuclei at an energy of 200 GeV per nucleon
was studied. All these results are notable for their exception-
al completeness and reliability. They may turn out to be use-
ful for planning investigations on nuclear multifragmenta-
tion with a high statistical provision. The experimental data
on the relations between the nuclear dissociation channels
being observed give an idea both of the general features of
nuclear fragmentation processes and of the special ones as-
sociated with the structure of individual nuclei.

The characteristic feature of the charge topology in the
fragmentation of Ne, Mg, Si, and S nuclei implies an almost
total suppression of pairing splitting of nuclei to fragments
with charges larger than 2. Processes with separation of in-
dividual fragments occurring at minimal excitation energies
are predominant. The growth of the nucleus fragmentation
degree is revealed in an increase in the multiplicity of
Z �1.2 fragments with decreasing charge of the non-excited
part of the fragmenting nucleus.

In multifragmentation processes of stable Li, Be, B, C,
N, and O isotopes, special features of the formation of sys-

tems involving the lightest �, d and t nuclei have been deter-
mined. In addition to the alpha clustering, a clustering of
nucleons in the form of deuterons in 6Li and 10B decays, as
well as of tritons in 7Li decays has been revealed. Besides,
the multiparticle dissociation is found to be important for
these nuclei. Emulsions exposed to relativistic 14N and 11B
isotopes are being analyzed with the aim to study clustering
of these types.

Multifragmentation of 10B Nucleus. The study of the
contribution from deuterons to the decays of odd-odd 6Li,
10B, and 14N nuclei pursues the investigation of the multi-
fragmentation of light even-even nuclei with dissociation
only to � particles. The role of the deuteron as a cluster is es-
pecially pronounced in the «white» stars of 6Li nuclei at an
energy of 3.65 GeV per nucleon ( 6Li* � d� — 74%,
6 3Li He* *� t — 13%, 6Li* � dtp — 13%).

The topology of «white» stars was investigated for 10B
nuclei at an energy of 1.0 GeV per nucleon. The fraction
of the 10B* � d�� decays is 40% of the events with

a charge topology 2 + 2 + 1. The contribution of the
10 8B Be* (*)� �d d�� channel is estimated to be
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ïàä íåñòàáèëüíîãî ÿäðà 9B íå ÿâëÿåòñÿ îñíîâíûì èñ-
òî÷íèêîì ñîáûòèé ñ òàêîé òîïîëîãèåé. Íà ýòî óêàçûâàåò
ìàëàÿ âåðîÿòíîñòü òîïîëîãèè 4 + 1 â ðàñïàäå
10 9B Be* � p , à òàêæå íåáîëüøîé âêëàä 8Be â
10 8B Be� p . Ìîæíî ñäåëàòü âûâîä î ðåøàþùåé ðîëè

ïðÿìûõ òðåõòåëüíûõ ðàñïàäîâ ñ êîíôèãóðàöèåé «áåëûõ
çâåçä» 2 + 2 + 1. Òàêèì îáðàçîì, òîïîëîãèÿ ðàñïàäà
10B* � d�� ïðîÿâëÿåò àíàëîãèþ ñ ðàñïàäîì 12 3C* � �.

Äëÿ ðàñøèðåíèÿ ïðåäñòàâëåíèé î ñîîòíîøåíèè ìå-
æäó ïðÿìûì òðåõ÷àñòè÷íûì ðàñïàäîì è ðàñïàäàìè ÷å-
ðåç 8Be áûëî ïðîâåäåíî îáëó÷åíèå ýìóëüñèè ðåëÿòè-
âèñòñêèìè ÿäðàìè 9Be. Ïó÷îê ÿäåð 9Be ñ èìïóëüñîì
2À ÃýÂ/c áûë ñôîðìèðîâàí íà íóêëîòðîíå ÎÈßÈ ïðè
ôðàãìåíòàöèè 10 9B Be� . Ïðîöåññ îáðàçîâàíèÿ «áåëûõ

çâåçä» ñ äâóìÿ �-÷àñòèöàìè èíèöèèðóåòñÿ âî ôðàãìåí-
òàöèè ñî ñðûâîì îäíîãî íåéòðîíà. Àíàëèç äàííûõ ïî-
çâîëèò ñóäèòü î êëàñòåðèçàöèè â ÿäðå 9Be è âåðîÿòíîñòè
îáðàçîâàíèÿ ÿäðà 8Be. Ýòî äîëæíî îòðàçèòüñÿ íà âûõîäå
ïàð �-÷àñòèö ÷åðåç âîçáóæäåíèÿ n� 8Be è � �� �n .

Ìóëüòèôðàãìåíòàöèÿ ÿäðà 14N. Ïðåäñòàâëÿåòñÿ
èíòåðåñíûì âûÿâèòü ðîëü òðåõ÷àñòè÷íûõ ðàñïàäîâ,

óñòàíîâëåííóþ äëÿ 10B* � d��, 12 3C* � � è
16 4O* � �, è ðàñøèðèòü ïðåäñòàâëåíèÿ î êëàñòåðèçà-

öèè â ÿäðàõ ñ ó÷àñòèåì äåéòðîíîâ. Äëÿ ýòîãî áûëî âû-
ïîëíåíî îáëó÷åíèå ýìóëüñèè ÿäðàìè 14N ñ ýíåðãèåé
2,1À ÃýÂ. Îñíîâíàÿ öåëü ñîñòîèò â èçó÷åíèè «áåëûõ
çâåçä» 14N* � d��� â ïåðåäíåì êîíóñå äî 8�. Èìååòñÿ

óêàçàíèå íà âàæíóþ ðîëü çàðÿäîâîé êîíôèãóðàöèè
2 + 2 + 2 + 1, ñâÿçàííîé ñ ðàñïàäîì 14N* � d���. Ïðî-

ÿâëÿåòñÿ çàìåòíàÿ ðîëü êîíôèãóðàöèè 6 + 1, èìåþùàÿ
àíàëîãèþ ñ ñîáûòèÿìè ñ îòùåïëåíèåì ôðàãìåíòîâ ñ
Z �1 ïðè äèññîöèàöèè áîëåå òÿæåëûõ ñèììåòðè÷íûõ
ÿäåð.

Êëàñòåðèçàöèÿ ñ ó÷àñòèåì òðèòîíîâ. Èçó÷åíèå
«áåëûõ çâåçä» ëåãêèõ íå÷åòíî-÷åòíûõ ñòàáèëüíûõ ÿäåð
(7Li, 11B, 15N è 19F) ìîæåò äàòü îñíîâó äëÿ âêëþ÷åíèÿ
â îáùóþ êàðòèíó è òðèòîíîâ. Óñòàíîâëåíî, ÷òî â
«áåëûõ çâåçäàõ» îò ðåëÿòèâèñòñêèõ ÿäåð 7Li êàíàë
7Li* � �t ñîñòàâëÿåò 50 %, 7Li* � �dp — 30 % è
7Li* � �pnn — 20 %. Â êà÷åñòâå ñëåäóþùåãî øàãà

âûïîëíåíî îáëó÷åíèå è âåäåòñÿ àíàëèç äèññîöèàöèè
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(18	3)%. The decay of an unstable 9B nucleus is not a ba-
sic source of the events with such a topology. This is sug-
gested by the fact that the probability of observing a 4 + 1
topology in the 10 9B Be* � p decay is small, as well as the

contribution of 8Be to 10 8B Be� p is also not large. It may

be concluded that the direct three-body decays with «white»
stars 2 + 2 + 1 configuration play a crucial role. Thus, the
decay topology 10B* � d�� is indicative of an analogy

with the 12 3C* � � decay.

In order to gain extended knowledge about the relation
between the direct three-body decay and the decays via 8Be
nucleus, emulsion was exposed to relativistic 9Be nuclei. A
beam of 9Be nuclei with a momentum of 2 GeV /c per nucle-
on was formed in 10B fragmentation after acceleration at the
JINR Nuclotron. The process of production of «white» stars
with two � particles is initiated in the fragmentation with a
breakup of one neutron. An analysis of the data will allow
one to have an idea about clustering in the 9Be nucleus and
the probability of formation of 8Be nucleus. This is expected
to affect the yield of �-particle pairs through n�8Be and
� �� �n excitations.

Multifragmentation of 14N Nucleus. It is interesting
to find out the role of the three-body decays which has been
defined for 10B* � d a� , 12 3C* � �, and 16 4O* � �, as

well as to develop ideas of clustering in nuclei involving
deuterons. To this end, emulsion was exposed to 14N nuclei
of an energy of 2.1 GeV per nucleon. The major goal is the
study of the 14N* � d��� «white» stars within the for-

ward cone to 8�. There is evidence for an important role of
the 2 + 2 + 2+ 1 charge configuration, which is related to
14N decay. The noticeable role of the 6 + 1 configuration is
seen to have analogy to the events with a Z �1 fragment
splitting in the dissociation of heavier symmetric nuclei.

Clustering That Involves Tritons. The study of the
«white» stars of light odd-even stable nuclei (7Li, 11B, 15N,
and 19F) can provide a basis for including tritons into the
general picture. It is established that in the «white» stars
originating from relativistic 7Li nuclei, the 7Li* � �t chan-

nel constitutes 50%, 7Li* � �dp — 30%, and
7Li* � �pnn — 20%. As a next step, an exposure has been

performed and the dissociation of 11B nuclei of an energy of
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ÿäåð 11B ñ ýíåðãèåé 1,2À ÃýÂ. Îñíîâíàÿ çàäà÷à ýêñ-
ïåðèìåíòà ñîñòîèò â èçó÷åíèè «áåëûõ çâåçä»
11B* � t��.

Ïåðñïåêòèâû èçó÷åíèÿ íåéòðîíî-

äåôèöèòíûõ èçîòîïîâ Be, B, C, N

Ïîèñê «3Íå-ïðîöåññà» â ðàñïàäàõ 11Ñ , 10C è 9Ñ.
11B ÿâëÿåòñÿ äî÷åðíèì ÿäðîì â �-ðàñïàäå çåðêàëüíîãî
ÿäðà 11Ñ. Ïîýòîìó âñëåä çà èçó÷åíèåì «áåëûõ çâåçä»
11B* � t�� è 11 7B Li* � � ïðåäñòàâëÿåò èíòåðåñ èçó÷å-

íèå ðîëè 3He â ðàñïàäàõ 11Ñ. Ðàñïàäû ïî êàíàëàì
11 3C He* � �� è 11 7C Be* � � ìîãóò èìåòü àíàëîãèþ ñ

êàíàëàìè 12 3C* � � è 12 8C Be)* � ( �. Êëàñòåðèçàöèÿ â

ðàñïàäàõ 12 3C* � � îòðàæàåò èçâåñòíûé «3�-ïðîöåññ»

â çâåçäàõ. Íàáëþäåíèå êëàñòåðíûõ ðàñïàäîâ
11 3C He* � �� äàëî áû îñíîâó äëÿ èçó÷åíèÿ âîçìîæíîé

ðîëè «3He-ïðîöåññà» â íóêëåîñèíòåçå â çâåçäàõ â ñëèÿ-
íèè 3He��, ò. å. â ãåëèåâûõ ñðåäàõ ñî ñìåøàííûì ñî-

ñòàâîì èçîòîïîâ ãåëèÿ.

ßäðî 10Ñ îáðàçóåòñÿ èç ÿäðà 9Ñ ïðèñîåäèíåíèåì
îäíîãî íåéòðîíà. Îäíàêî äîáàâëåíèå íåéòðîíà, ïî-âè-
äèìîìó, íå ïðèâîäèò ê îáðàçîâàíèþ â îñíîâíîì ñîñòîÿ-
íèè 10Ñ êëàñòåðîâ â âèäå äåéòðîíà èëè â âèäå ÿäðà 3He.
Îáðàçîâàíèå äâóõêëàñòåðíûõ ñòðóêòóð â âèäå ÿäåð 7Be
è 3He èëè â âèäå ÿäðà 8B è äåéòðîíà ìàëîâåðîÿòíî èç-çà
áîëüøîé ýíåðãèè ñâÿçè òàêèõ êëàñòåðîâ â ÿäðå 10Ñ. Â
ñëó÷àå îäíîãî âíåøíåãî ïðîòîíà öåíòðàëüíîé ÷àñòüþ
ÿäðà ìîæåò ñëóæèòü íåñòàáèëüíîå ÿäðî 9B. Â äðóãîé
âîçìîæíîé ñòðóêòóðå ñ äâóìÿ âíåøíèìè ïðîòîíàìè
öåíòðàëüíàÿ ÷àñòü ÿäðà ïðåäñòàâëÿåò äðóãîå, òîæå íå-
ñòàáèëüíîå ÿäðî 8Bå. Òàêèå ñòðóêòóðû, ïî-âèäèìîìó,
äîëæíû áûòü ñõîäíû ñ áîðîìèíîâñêèìè ñòðóêòóðàìè
íåéòðîíîèçáûòî÷íûõ ÿäåð. Â äàííîì ñëó÷àå îäèí èëè
äâà âíåøíèõ ïðîòîíà óäåðæèâàþò ÿäðî 10Ñ îò ðàñïàäà
íà ÿäåðíûå ðåçîíàíñû.

Ïðåäñòàâëÿåò èíòåðåñ ïîëó÷èòü ýêñïåðèìåíòàëü-
íûå ñâåäåíèÿ î êàíàëàõ 10 3 3C He He* � � è
10 7 3C Be He* � , ÷òî ïîçâîëèò ñäåëàòü îáîáùåíèå «3He-

ïðîöåññà». Â îïèñàííîì âûøå îáëó÷åíèè ýìóëüñèè
ÿäðàìè 10B íàìè óæå íàáëþäàëèñü äâå «áåëûå çâåç-
äû» åãî äèññîöèàöèè áåç âîçáóæäåíèÿ ÿäåð ìèøåíè,
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1.2 GeV is being analyzed. The major task of the experiment
is the study of the «white» stars of the 11B* � t�� channel.

Prospects of the Study of Neutron-

Deficient Be, B, C, and N Isotopes

Search for a «3He process» in 11C, 10C, and 9C De-

cays. The 11B nucleus is a daughter one in the � decay of a
mirror 11C nucleus. Therefore, following the study of the
«white» stars of the 11B* � t�� and 11 7B Li* � � chan-

nels, it is interesting to explore the 3He role in 11C decays.
The decays via the 11 3C He* � �� and 11 7C Be* � � chan-

nels may be analogous to those via the 12 3C* � � and
12 8C Be)* � ( � channels. Clustering in 12 3C* � � decays

reflects the well-known «3� process» in stars. Observation
of the cluster 11 3C He* � �� decays would serve as a basis

for studying the possible role of the «3He process» in nucle-
osynthesis in stars occurring by means of 11 3C He* � ��

fusion, that is, in helium media with a mixed composition of
helium isotopes.

The 10C nucleus is produced out of a 9C nucleus by
adding one neutron. However, it appears that the addition of
a neutron does not result in the formation in the ground state
of 10C clusters in the form of deuterons or 3He nuclei. It is
unlikely that the two-cluster structures will be produced in
the form of 7Be and 3He nuclei, or in the form of a 8B and a
deuteron because of a high binding energy of such clusters
in the 10C nucleus. In the case of one external proton, an un-
stable 9B can serve as the central part of the nucleus. In the
structure with two external protons, the central part is repre-
sented by another, but also unstable, 8Be nucleus. Such
structures must apparently be similar to the Boromean struc-
tures of neutron-rich nuclei. In the present case, one or two
external protons keep the 10C nucleus from being decayed
to nuclear resonant states.

It is of interest to get experimental information about
the channels 10 3 3C He He* � � and 10 7 3C Be He* � ,

which permits one to make a generalization of the «3He
process». In the above-mentioned irradiation of emulsion
by the 10B nuclei, we have already observed two «white»
stars from a dissociation without target-nucleus excitation
that are interpreted as 10 3 10B He C* *� � ��� �t ( )
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èíòåðïðåòèðóåìûå êàê 10 3 10B He C* *� � ��� �t ( )

� �� �3 3He He . Îíè óêàçûâàþò íà ñóùåñòâîâàíèå
ìîäû òðåõêëàñòåðíîãî âîçáóæäåíèÿ 10Ñ. Îòìåòèì êàê
ïðèìåð, ÷òî ïðè èçó÷åíèè ïðîöåññà ïåðåçàðÿäêè
t � 3He íà ÿäðàõ ýìóëüñèè áûëà óñòàíîâëåíà âûñîêàÿ

íàäåæíîñòü åãî íàáëþäåíèÿ.
Ðàñïàä ÿäðà 10Ñ ìîæåò ïðîèñõîäèòü ïóòåì êàñêàä-

íûõ ðàñïàäîâ ñ îáðàçîâàíèåì â ïðîìåæóòî÷íîì ñîñòîÿ-
íèè íåñòàáèëüíûõ ïðîìåæóòî÷íûõ ÿäåð 9B, 8Be è 6Be.
Â òàêèõ ðàñïàäàõ â êîíå÷íîì ñîñòîÿíèè îáðàçóþòñÿ ïî
÷åòûðå çàðÿæåííûõ ôðàãìåíòà. Òàêèì îáðàçîì, âîç-
ìîæíî èçó÷åíèå ðàñïàäîâ íåñòàáèëüíûõ ÿäåð 9B, 8Be
è 6Be.

Ïðîöåññû �-ðàñïàäà 11 11C B� è 10 10C B� âåäóò ê

îáðàçîâàíèþ ñòàáèëüíûõ èçîòîïîâ áîðà. Òåì ñàìûì
ó÷àñòèå ðàñøèðåííîãî «3He-ïðîöåññà» ìîæåò ñêàçû-
âàòüñÿ íà ðàñïðîñòðàíåííîñòè èçîòîïîâ ýòîãî ýëåìåíòà
â êîñìè÷åñêèõ ëó÷àõ è âåùåñòâå. Â íàñòîÿùåå âðåìÿ
ïðèíÿò âàðèàíò âîçíèêíîâåíèÿ áîðà ïóòåì ðàñùåïëå-
íèÿ áîëåå òÿæåëûõ ÿäåð.

Íà íóêëîòðîíå ÎÈßÈ ïëàíèðóåòñÿ ôîðìèðîâàíèå
ïó÷êîâ 11C è 10C è îáëó÷åíèå èìè ýìóëüñèè. Äëÿ èõ ãå-

íåðàöèè âûáðàíû ïðîöåññû ïåðåçàðÿäêè 11 11B C� è
10 10B C� , à íå ôðàãìåíòàöèÿ áîëåå òÿæåëûõ ÿäåð, ñ òåì

÷òîáû ïîäàâèòü âêëàä îò áëèçêèõ ïî èîíèçàöèè ÿäåð.
Èç âñåõ ðàññìàòðèâàåìûõ ÿäåð ÿäðî 9Ñ èìååò íàè-

áîëüøåå îòíîøåíèå ÷èñëà ïðîòîíîâ ê ÷èñëó íåéòðîíîâ.
Ýòî ÿäðî èìååò îäèí äîïîëíèòåëüíûé ïðîòîí îòíîñè-
òåëüíî ÿäðà 8B. Ýíåðãèÿ ñâÿçè ýòîãî ïðîòîíà çíà÷èòåëü-
íî áîëüøå ýíåðãèè ñâÿçè âíåøíåãî ïðîòîíà â ÿäðå 8B.
Ýòî ìîæåò áûòü ïðîÿâëåíèåì âçàèìîäåéñòâèÿ äâóõ ïðî-
òîíîâ, àíàëîãè÷íîãî âçàèìîäåéñòâèþ âíåøíèõ íåéòðî-
íîâ â ÿäðå 6He. Îñîáåííî èíòåðåñíûì è àêòóàëüíûì
ÿâëÿåòñÿ èññëåäîâàíèå âåðîÿòíîñòè ðàñïàäîâ
9 33C He* � ïî îòíîøåíèþ ê 9 8C B* � p , pp 7Be,
3He3He3He è äðóãèì êàíàëàì ðàñïàäà. Ñëåäóåò îòìå-
òèòü, ÷òî ïðåèìóùåñòâà ýìóëüñèîííîé ìåòîäèêè äëÿ
èçó÷åíèÿ «áåëûõ çâåçä» ïðîÿâëÿþòñÿ òåì ïîëíåå, ÷åì
áîëüøå îòíîøåíèå Z/N â èññëåäóåìîì ÿäðå, áëàãîäàðÿ
áîëåå ïîëíîé íàáëþäàåìîñòè íóêëîíîâ îò ôðàãìåíòè-
ðóþùåãî ÿäðà.

Ñëèÿíèå 3 3 3 6 3 9He He He Be He C� � ÿâëÿåòñÿ åùå

îäíèì âàðèàíòîì «3He-ïðîöåññà». Åãî �-ðàñïàä â çåð-
êàëüíîå ÿäðî 9B, íå ÿâëÿþùååñÿ ñâÿçàííûì, ïðèâîäèò ê
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� �� �3 3He He . They give an indication of the fact that
there exists a 10C three-cluster excitation mode. As an ex-
ample, we note that the study of the t � 3He charge-ex-

change process on emulsion nuclei has shown a high relia-
bility of its observation.

The 10C nucleus breakup can proceed in a cascade
manner with the production in the intermediate state of 9B,
8Be, and 6Be unstable nuclei with four charged fragments
produced in the final state. Thus, it is possible to study the
decays of these nuclei.

It is suggested to form at the JINR Nuclotron 11C and
10C beams and expose to them emulsions. For the beam
generation, one preferred the 11 11B C� and 10 10B C�

charge-exchange processes to the fragmentation of heavier
nuclei, so as to suppress the contribution from nuclei having
close ionization.

Of all the nuclei being considered, the 9C nucleus has
the largest ratio of the number of protons to that of neutrons.
This nucleus has an additional proton with respect to the 8B
nucleus. The binding energy of this proton is much higher
than that of the external proton in 8B. Perhaps, this is an ef-
fect of the interaction of two protons, which is analogous to

the interaction of external neutrons in 6He. Of special inter-
est and urgency is the investigation of the probability of
9 33C He* � decays with respect to 9 8C B* � p , pp 7Be,

and to some other decay channels. It should be noted that the
larger the ratio Z N/ in the nucleus being investigated thanks
to more complete probability of observing nucleons from
the fragmenting nucleus, the wider the manifestation of the
advantages of the emulsion technique in the study of the
«white» stars.

The fusion 3 3 3 6 3 9He He He Be He C� � is one more

option of the «3He process». Its � decay to a mirror 9B nu-
cleus, which is not a bound one, results in the 9 B � p�� de-

cay. Thus, in a star medium, initially involving only 3He, a
workout of 4He can proceed. The 9C produced can take part
in a further 4 9 13 13He C N( C+� �� ) fusion under definite

astrophysical conditions.

In the 9 8C C� fragmentation, a crossing of the bound-

ary of proton stability takes place. In this case, there arises a
possibility of studying nuclear resonances by means of mul-
tiple 8 3 3C He He� pp and pppp 4He decay channels,

which possess a striking signature. It is quite possible that
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íåìåäëåííîìó ðàñïàäó 9 B � p��. Òàêèì îáðàçîì, â

çâåçäíîé ñðåäå, ñîäåðæàùåé èçíà÷àëüíî òîëüêî 3He, ìî-
æåò ïðîèñõîäèòü íàðàáîòêà 4He. Îáðàçóþùååñÿ ÿäðî 9Ñ
ìîæåò â îïðåäåëåííûõ àñòðîôèçè÷åñêèõ óñëîâèÿõ ó÷à-
ñòâîâàòü â äàëüíåéøåì ñëèÿíèè 4 9 13He C N( +� �� )

� 13C.

Ïðè ôðàãìåíòàöèè ÿäðà 9 8C C� ïðîèñõîäèò ïåðå-

ñå÷åíèå ãðàíèöû ïðîòîííîé ñòàáèëüíîñòè. Ïðè ýòîì
ïîÿâëÿåòñÿ âîçìîæíîñòü èññëåäîâàíèÿ ÿäåðíûõ ðåçî-
íàíñíûõ ñîñòîÿíèé ïî ìíîæåñòâåííûì êàíàëàì ðàñïà-
äà 8 3 3C He He� pp , pppp 4He, êîòîðûå îáëàäàþò ÿðêîé

ñèãíàòóðîé. Íå èñêëþ÷åíî, ÷òî èõ èçó÷åíèå ìîæåò äàòü
íîâîå ðàçâèòèå ôèçèêå ñëàáîñâÿçàííûõ ÿäåðíûõ ñè-
ñòåì.

Íà íóêëîòðîíå ÎÈßÈ ïðè óñêîðåíèè ÿäåð 12Ñ ñ èì-
ïóëüñîì 2,0À ÃýÂ/ñ è èíòåíñèâíîñòüþ îêîëî 109 ÿäåð â
öèêë áûë ñôîðìèðîâàí ïó÷îê âòîðè÷íûõ ÿäåð ñ ìàãíèò-
íîé æåñòêîñòüþ, ñîîòâåòñòâóþùåé îòíîøåíèþ
Z A/ /� 6 9. Ïîëó÷åí ìàòåðèàë äëÿ àíàëèçà âçàèìîäåé-
ñòâèé ÿäåð 9Ñ â ýìóëüñèè.

Êëàñòåðèçàöèÿ â ðàñïàäàõ ÿäðà 8B. Îñîáåííî-
ñòüþ ÿäðà 8B ÿâëÿåòñÿ ðåêîðäíî ìàëàÿ ýíåðãèÿ ñâÿçè îä-

íîãî èç ïðîòîíîâ. Ïîýòîìó íàèáîëåå âåðîÿòíî, ÷òî ó
ÿäðà 8B èìååòñÿ îñòîâ â âèäå ÿäðà 7Bå è ñëàáîñâÿçàííûé
ïðîòîí, ïðîñòðàíñòâåííîå ðàñïðåäåëåíèå êîòîðîãî âî
ìíîãîì îïðåäåëÿåò çíà÷åíèå ðàäèóñà ÿäðà 8B.

Îñîáåííîñòè ñòðóêòóðû ëåãêèõ íåéòðîíîäåôèöèò-
íûõ ÿäåð ìîãóò ëåæàòü â îñíîâå òàê íàçûâàåìûõ áû-
ñòðûõ rp-ïðîöåññîâ çàõâàòà ïðîòîíîâ. Íàïðèìåð, íàëè-
÷èå ñîñòîÿíèÿ òèïà ïðîòîííîãî ãàëî (ñèëüíî óäàëåííî-
ãî îò îñòîâà ÿäðà ïðîòîíà) ìîæåò ïîëîæèòåëüíî
ñêàçûâàòüñÿ íà ñêîðîñòè ñèíòåçà ëåãêèõ ðàäèîàêòèâíûõ
ÿäåð âäîëü ãðàíèöû ïðîòîííîé ñòàáèëüíîñòè, êîòîðûå
ðàñïàäàþòñÿ íà ñòàáèëüíûå èçîòîïû. Â ÷àñòíîñòè, ãàëî
8B ñíèæàåò êóëîíîâñêîå îòòàëêèâàíèå ïðè ñëèÿíèè
ÿäåð p 3He� â ñìåñÿõ ñòàáèëüíûõ èçîòîïîâ âîäîðîäà è

ãåëèÿ â àñòðîôèçè÷åñêèõ ñèñòåìàõ. Îáðàçóþùååñÿ ÿäðî
8B ìîæåò èëè «äîæäàòüñÿ» ��-ðàñïàäà, èëè, â îïðåäå-

ëåííûõ àñòðîôèçè÷åñêèõ ñöåíàðèÿõ, ó÷àñòâîâàòü â ñëè-
ÿíèÿõ � �8 12 12B N( ) C+� � . Îñîáåííîñòü ýòîãî ïðî-

öåññà ïî ñðàâíåíèþ ñ âàðèàíòîì ñèíòåçà 12Ñ ÷åðåç ÿäðî
8Be ñîñòîèò âî ìíîãî áîëüøåì âðåìåíè æèçíè 8B.

Ïðè óñêîðåíèè íà íóêëîòðîíå ÎÈßÈ ÿäåð 10B ñ èì-
ïóëüñîì 2,0À ÃýÂ/ñ è èíòåíñèâíîñòüþ îêîëî 108 ÿäåð â
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the study of these resonances would promote further devel-
opment of the physics of loosely bound nuclear systems.

The 12C nuclei with a momentum of 2.0 GeV/c per nu-
cleon and an intensity of about 109 nuclei per cycle were ac-
celerated at the JINR Nuclotron and a beam of secondary
nuclei with a magnetic rigidity corresponding to the ratio
Z A/ /� 6 9 was formed. The information obtained was used
to analyze 9C nucleus interactions in emulsion.

Clustering in 8B Nucleus Decays. The particular fea-
ture of the 8B nucleus is a record low binding energy of one
of the protons. Therefore, the 8B nucleus is most likely to
have the core in the form of a 7Be nucleus and a loosely
bound proton the spatial distribution of which mostly deter-
mines the value of the 8B nucleus radius.

The special features of the structure of light neutron-de-
ficient nuclei may underlie the so-called rp processes. For
example, the presence of a state of the proton-halo type can
positively affect the velocity of synthesis of light radioac-
tive nuclei along the boundary of proton stability which de-
cay to stable isotopes. In particular, 8B halo reduces the
Coulomb repulsion when p 3He� nuclei undergo a fusion in

mixtures of the stable H and He isotopes in astrophysical

systems. The 8B nucleus being produced can either «wait
for» the � decay or, in definite astrophysical scenarios, take

part in fusion reactions � �8 12 12B N( ) C+� � . As com-

pared with the 12C synthesis via the 8Be nucleus, this
process features much longer lifetime of the 8B nucleus.

The 10B nuclei with a momentum of 2.0 GeV/c per nu-
cleon and an intensity of about 108 nuclei per cycle were ac-
celerated at the JINR Nuclotron and a beam of secondary
nuclei of a magnetic rigidity corresponding to Z A/ /� 5 8
was formed. Information on the 8B interactions in emulsion
had been obtained. We plan to determine the probabilities of

forming «white» stars in 8 7B Be� p, � 3Hep, 6 Lipp, and

�dpp. In the 8 7B B� fragmentation, a crossing of the limits

of proton stability also takes place. Thus, there arises a pos-

sibility of studying the decay channels 7 3 3B He He� p (an

analog to 9B) and ppp 4He. In order to investigate the 12N

structure and clear up the role played by 8B in this nucleus,
we intend to expose emulsion to the 12N beam produced in

the charge-exchange reaction 12 12C N� . It is also possible
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öèêë áûë ñôîðìèðîâàí ïó÷îê âòîðè÷íûõ ÿäåð ñ ìàãíèò-
íîé æåñòêîñòüþ, ñîîòâåòñòâóþùåé îòíîøåíèþ
Z A/ /� 5 8. Ïîëó÷åí îáëó÷åííûé ìàòåðèàë ïî âçàèìî-
äåéñòâèÿì 8B â ýìóëüñèè. Ïëàíèðóåòñÿ îïðåäåëèòü âå-
ðîÿòíîñòè îáðàçîâàíèÿ «áåëûõ çâåçä» 8 7B Be� p,

� 3Hep, 6 Lipp, �dpp. Ïðè ôðàãìåíòàöèè ÿäðà 8 7B B�

òàêæå ïðîèñõîäèò ïåðåñå÷åíèå ãðàíèöû ïðîòîííîé ñòà-
áèëüíîñòè. Ïðè ýòîì ïîÿâëÿåòñÿ âîçìîæíîñòü èññëåäî-

âàíèÿ êàíàëîâ ðàñïàäà 7 3 3B He He� p (àíàëîã 9B),

ppp 4He. Äëÿ èçó÷åíèÿ ñòðóêòóðû 12N è ïðîÿñíåíèÿ

ðîëè 8B ïðåäïîëàãàåòñÿ âûïîëíèòü îáëó÷åíèå ïó÷êîì
ýòèõ ÿäåð, îáðàçîâàííûõ â ðåàêöèè ïåðåçàðÿäêè
12 12C N� . Â ñâîþ î÷åðåäü, â ïðîöåññå ôðàãìåíòàöèè
12 11N N� ìîæíî èññëåäîâàòü ðàñïàäû åùå îäíîãî ÿäðà

çà ãðàíèöåé ïðîòîííîé ñòàáèëüíîñòè.
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Fig. 2. Examples of the events from the peripheral 7Be dissociation in emulsion. The upper photograph is a splitting to two He fragments
with production of two target-nucleus fragments. Below there are «white» stars with splitting to two He, one He and two H, one Li and one H
and four H fragments

Ðèñ. 2. Ïðèìåðû ñîáûòèé ïåðèôåðè÷åñêîé äèññîöèàöèè ÿäðà 7Be â ýìóëüñèè. Íà âåðõíåì ôîòî — ðàñùåïëåíèå íà äâà ôðàãìåíòà He
c îáðàçîâàíèåì äâóõ îñêîëêîâ ÿäðà ìèøåíè. Íèæå — «áåëûå çâåçäû» ñ ðàñùåïëåíèåì íà äâà ôðàãìåíòà He, íà îäèí He è äâà Í,
íà îäèí Li è îäèí H è íà ÷åòûðå ôðàãìåíòà Í



Êëàñòåðèçàöèÿ â ðàñïàäàõ ÿäðà 7Be. Èññëåäîâà-
íèå ôðàãìåíòàöèè ÿäðà 7Be ïðåäñòàâëÿåò èíòåðåñ, òàê
êàê ýòî ÿäðî ìîæåò ÿâëÿòüñÿ îñòîâîì â ÿäðå 8B. Èìååò
ñìûñë ñðàâíèòü â åäèíîì ïîäõîäå êëàñòåðíóþ ñòðóêòó-
ðó ýòîãî ÿäðà ñ áëèçêèìè ïî ñòðóêòóðå ÿäðàìè 6Li è 7Li
ïî âåðîÿòíîñòÿì îáðàçîâàíèÿ «áåëûõ çâåçä» â êàíàëàõ
� 3He è p 6Li.

Ýìóëüñèÿ áûëà îáëó÷åíà ÿäðàìè 7Be ñ ýíåðãèåé
1,23À ÃýÂ, ïó÷îê êîòîðûõ áûë ñôîðìèðîâàí íà íóêëî-
òðîíå ÎÈßÈ íà îñíîâå ðåàêöèè ïåðåçàðÿäêè 7 7Li Be� .

Ïðè ïðîñëåæèâàíèè ïî âñåì ïåðâè÷íûì ñëåäàì áûëî
íàéäåíî 75 «áåëûõ çâåçä» ñ ñóììàðíûì çàðÿäîì âòîðè÷-
íûõ ñëåäîâ, ðàâíûì 4 â êîíóñå äî 15�. Ïðèìåðû òàêèõ
çâåçä äëÿ òîïîëîãèé 2 + 2 ñ âîçáóæäåíèåì ìèøåíè è
áåç, à òàêæå äëÿ òîïîëîãèé 3 + 1 è 1 + 1 + 1 + 1 ïðèâåäå-
íû íà ðèñ. 2. Â 22 ñîáûòèÿõ ñ òîïîëîãèåé 2 + 2 äîìèíè-
ðóåò ðàñïàä 7 3Be He* � � , èäóùèé ïðè ìèíèìàëüíîì

âîçáóæäåíèè íàä ïîðîãîì ðàñïàäà ïî ñðàâíåíèþ ñ äðó-
ãèìè êàíàëàìè. Â ýòîé òîïîëîãèè ïÿòü ñîáûòèé
èäåíòèôèöèðîâàíû êàê ðàñïàä 7 3 3Be He He* � ( )n . Òà-

êèì îáðàçîì, â «áåëûõ çâåçäàõ» ÿäðà 7Âe îò÷åòëèâî ïðî-
ÿâëÿåòñÿ êëàñòåðèçàöèÿ c îáðàçîâàíèåì ÿäðà 3Hå, ÷òî
ïîçâîëÿåò ïîñòàâèòü âîïðîñ î ïðîÿâëåíèè êëàñòåðèçà-
öèè â ñîñåäíèõ íåéòðîíîäåôèöèòíûõ ÿäðàõ.

Èòàê, ìîæíî ñäåëàòü âûâîä, ÷òî ýìóëüñèè ïðîäîë-
æàþò îáåñïå÷èâàòü óíèêàëüíóþ îñíîâó äëÿ ðåêîíñòðóê-
öèè ðåëÿòèâèñòñêèõ ìíîãî÷àñòè÷íûõ ñèñòåì. Íåêîòî-
ðûå èç òàêèõ ñèñòåì ìîãóò èãðàòü ðîëü íà÷àëüíûõ èëè
ïðîìåæóòî÷íûõ ñëàáîñâÿçàííûõ ñîñòîÿíèé ïðè ñëèÿ-
íèè áîëåå ÷åì äâóõ ÿäåð â íóêëåîñèíòåçå â çâåçäàõ.
Îïèñàííàÿ â ñòàòüå íàáëþäàòåëüíàÿ îñíîâà ìîæåò áûòü
èñïîëüçîâàíà äëÿ ïîèñêà òàêèõ ñîñòîÿíèé. Ñòàòüè, èçî-
áðàæåíèÿ è âèäåîìàòåðèàëû ïî íàøåìó ïðîåêòó ðàçìå-
ùåíû íà âåá-ñàéòå http://becquerel.lhe.jinr.ru.
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to use the 12 11N N� fragmentation to study decays of one

more nucleus being away from the valley of proton stability.

Clustering in 7Be Nucleus Decays. The study of the
7Be nucleus fragmentation is of interest as far as this nucle-
us may be a core in the 8B nucleus. By using one and the
same approach, it will be possible to compare the cluster
structure of this nucleus with the 6Li and 7Li nuclei through
the probabilities of forming «white» stars in the � 3He and
p 6Li channels.

Emulsion was exposed to 7Be nuclei of an energy of
1.23 GeV per nucleon, the beam of which was formed at the
JINR Nuclotron on the basis of the charge-exchange reac-
tion 7 7Li Be� . As a result of viewing over all the primary

tracks, 75 «white» stars with the total secondary track
charge equal to 4 were found in a cone up to 15�. The exam-
ples of such stars for 2 + 2 topologies with and without tar-
get excitation, as well as for 3 + 1 and 1 + 1 + 1 + 1 topolo-

gies, are given in Fig. 2. The 7 3Be He* � � decay, which

occurs for a minimal excitation above the decay threshold as
compared with other channels, is dominant in 22 events
with 2 + 2 topology. In the latter, five events are identified
as the 7 3 3Be He He* � ( )n decay. Thus, a clustering with
3He formation is clearly demonstrated in the «white» stars
of the 7Be nucleus, which makes it possible to put the ques-
tion as to whether this clustering is revealed in neighboring
neutron-deficient nuclei.

Thus, one could conclude that emulsions continue to
provide a unique basis for reconstructing relativistic multi-
particle systems. Some of these systems are expected to play
the role of the initial or intermediate loosely bound states in
a fusion of more than two nuclei in nucleosynthesis in stars.
The observation basis described in the article can be em-
ployed in the search for such states. Papers, images, and
videos on our project can be found on the web-site
http://becquerel.lhe.jinr.ru.
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Î. À. Çàéìèäîðîãà, Î. Þ. Ñìèðíîâ

Ïîèñê ÿâëåíèé âíå ñòàíäàðòíîé ìîäåëè
íà ïðîòîòèïå äåòåêòîðà «Áîðåêñèíî»

Äóáíåíñêèå ó÷åíûå ó÷àñòâóþò â ðàáîòàõ ïî ñîçäà-
íèþ äåòåêòîðà «Áîðåêñèíî» ñ íà÷àëüíîé ñòàäèè ïðîåê-
òà: êàê â ñîçäàíèè ïðîòîòèïà äåòåêòîðà «Áîðåêñèíî» —
Counting Test Facility (CTF), òàê è â îáðàáîòêå äàííûõ ñ
íåãî.

Îñíîâíîé öåëüþ CTF ÿâëÿëàñü ïðîâåðêà âîçìîæíî-
ñòè ãëóáîêîé î÷èñòêè æèäêîãî ñöèíòèëëÿòîðà è âîäû,
çàùèòû îò åñòåñòâåííûõ ðàäèîàêòèâíûõ èçîòîïîâ. Áûë
äîñòèãíóò ðåêîðäíûé óðîâåíü î÷èñòêè ïîðÿäêà
5 10 6
 � ã/ã U/Th â ñöèíòèëëÿòîðå, ÷òî ñäåëàëî CTF ñà-
ìûì áîëüøèì (îêîëî 4 òîíí æèäêîãî ñöèíòèëëÿòîðà)
ñâåðõ÷èñòûì äåòåêòîðîì [1].

Äàííûå, ïîëó÷åííûå íà ìîäèôèöèðîâàííîé óñòà-
íîâêå CTF-II, àíàëèçèðîâàëèñü ãðóïïîé Ëàáîðàòîðèè
ôèçèêè ÷àñòèö ñ öåëüþ ïîèñêà ðåäêèõ ôèçè÷åñêèõ ÿâëå-
íèé çà ðàìêàìè ñòàíäàðòíîé ôèçèêè. CTF ïðîäîëæàåò

íàáîð äàííûõ, íà ñåãîäíÿ íàêîïëåíî áîëåå 8 òîííî-ëåò
äàííûõ.

Ñòàíäàðòíàÿ ìîäåëü (ÑÌ) ýëåêòðîñëàáûõ âçàèìî-
äåéñòâèé èìååò ðÿä âíóòðåííèõ ïðîáëåì, ñðåäè êîòî-
ðûõ îòìåòèì áîëüøîå êîëè÷åñòâî ñâîáîäíûõ ïàðàìå-
òðîâ, îòñóòñòâèå ýêñïåðèìåíòàëüíîãî ïîäòâåðæäåíèÿ
ñóùåñòâîâàíèÿ õèããñîâûõ ÷àñòèö, íåÿñíóþ ñèòóàöèþ ñ
ïðîèñõîæäåíèåì òåìíîé ìàòåðèè è, íàêîíåö, îòêðûòèå
îñöèëëÿöèé íåéòðèíî. Ïåðå÷èñëåííûå ôàêòû ïîáóæäà-
þò ôèçèêîâ ê ïîèñêó ÿâëåíèé âíå ðàìîê ÑÌ. Ïîèñê ðåä-
êèõ ïðîöåññîâ ïðè íèçêèõ ýíåðãèÿõ, îáû÷íî íàçûâàå-
ìûé «íåóñêîðèòåëüíîé ôèçèêîé», ÿâëÿåòñÿ ìåòîäîì,
ïîçâîëÿþùèì, õîòÿ è íå ïðÿìûì îáðàçîì, äîñòè÷ü
ýíåðãèé, ïðè êîòîðûõ îñóùåñòâëÿåòñÿ îáúåäèíåíèå ÷à-
ñòèö è ïîëåé è êîòîðûå íåäîñòóïíû íè ñîâðåìåííûì,
íè áóäóùèì óñêîðèòåëÿì ÷àñòèö.
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O. A. Zaimidoroga, O. Yu. Smirnov

Search for the Phenomena beyond
the Standard Model with the Prototype
of the Borexino Detector

Dubna scientists have been working in the Borexino
collaboration starting from the initial stage of the project.
The LPP group participated in the construction of a proto-
type of the Borexino detector, the so-called Counting Test
Facility (CTF), and its further exploitation.

The primary goal of the CTF was to test a possibility of
the deep purification of the liquid scintillator (LS) and
shielding water from the natural radioactive isotopes. After
achieving the record purification of the liquid scintillator at
a level of 5 10 6
 � g/g of U/Th, the CTF became the world’s
biggest (about 4 tons of LS) ultra pure detector [1]. The data
collected with a second version of the CTF were analyzed
by the LPP group in order to search for a number of possible

manifestations of the nonstandard physics. The CTF is still
acquiring data, at the moment 8 ton-year of the data are col-
lected.

The Standard Model (SM) of the electroweak interac-
tions has a number of intrinsic problems, among which are
big number of free parameters, lack of experimental obser-
vation of the Higgs particles, vague situation with the cold
dark matter origin, and, finally, the discovery of neutrino os-
cillations. All these facts are challenging experimentalists to
search for the phenomena beyond the SM frames. The
search for rare processes in the low-energy region, usually
called «nonaccelerator physics», is a method for reaching,
perhaps in an indirect way, the energies at which the unifica-
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Íèæå ìû ïðèâîäèì êðàòêèé îáçîð îñíîâíûõ ðå-
çóëüòàòîâ ïî ôèçèêå ðåäêèõ ïðîöåññîâ, ïîëó÷åííûõ èç
äàííûõ CTF.

Ìàãíèòíûé ìîìåíò íåéòðèíî è ïîòîê ñîëíå÷-

íûõ àíòèíåéòðèíî. Èíòåðåñ ê ïîèñêó îãðîìíîãî ïî
ìåðêàì ÑÌ (ïîðÿäêà 10 11�  B ) ìàãíèòíîãî ìîìåíòà

(ÌÌ) íåéòðèíî áûë âûçâàí ïðîáëåìîé ñîëíå÷íûõ íåé-
òðèíî. Äî ýêñïåðèìåíòà KamLand ìîäåëü ñïèíôëýéâîð-
íîé ïðåöåññèè èìåëà ëó÷øåå ñîãëàñèå ñ ýêñïåðèìåí-
òàëüíûìè äàííûìè, ÷åì îñöèëëÿöèîííîå ðåøåíèå. Òåì
íå ìåíåå îñöèëëÿöèîííîå ðåøåíèå (LMA MSW) íå èñ-
êëþ÷àåò âîçìîæíîñòè íàáëþäåíèÿ áîëåå ñëàáûõ ýôôåê-
òîâ, âûçâàííûõ íàëè÷èåì ìàãíèòíîãî ìîìåíòà ó íåé-
òðèíî. Àíîìàëüíî áîëüøîé ÌÌ íåéòðèíî ïðèâîäèò ê
ýëåêòðîìàãíèòíîìó ðàññåÿíèþ íåéòðèíî íà ýëåêòðîíå,
à òàêæå ê ðàäèàöèîííîìó ðàñïàäó íåéòðèíî
� � �H L� � . Íèæíèé ïðåäåë íà âðåìÿ æèçíè ñîëíå÷-
íûõ pp- è 7Be-íåéòðèíî ïî îòíîøåíèþ ê ðàäèàöèîííî-
ìó ðàñïàäó, ïîëó÷åííûé èç äàííûõ CTF, ñîñòàâèë
� �� � �� �c m c ýÂH L m� � � 
 
 �) / ,4 2 10 3 1 ( )� � 0 [2],

÷òî áîëåå ÷åì íà ïîðÿäîê âåëè÷èíû ïðåâîñõîäèò ïðåäû-
äóùèé ýêñïåðèìåíòàëüíûé ïðåäåë, ïîëó÷åííûé íà

ÿäåðíûõ ðåàêòîðàõ è óñêîðèòåëÿõ. Ïðåäåë íà ÌÌ,
ïîëó÷åííûé èç äàííûõ CTF, äëÿ ñîëíå÷íûõ íåéòðèíî
â ïðèëîæåíèè ê íåéòðèííûì ïîòîêàì, îïèñûâàå-
ìûì ñòàíäàðòíîé ìîäåëüþ Ñîëíöà, ñîñòàâèë
 � � 
 �5 5 10 10, B (90 % CL) [3], ÷òî âñåãî â òðè ðàçà

ñëàáåå ïðåäåëîâ, ïîëó÷åííûõ íà ðåàêòîðàõ è äëÿ ñîë-
íå÷íûõ 8Â-íåéòðèíî.

Äðóãèì ïðîÿâëåíèåì áîëüøîãî ÌÌ íåéòðèíî ìî-
æåò áûòü ïðèñóòñòâèå àíòèíåéòðèíî â ñïåêòðå íåéòðè-
íî îò Ñîëíöà. Äëÿ îöåíêè ïîòîêà ñîëíå÷íûõ àíòèíåé-
òðèíî â èíòåðâàëå ýíåðãèé íà÷èíàÿ îò ïîðîãà ðåàêöèè
îáðàòíîãî �-çàõâàòà E �1,81 ÌýÂ èñïîëüçîâàëèñü
2 òîííî-ãîäà äàííûõ CTF. Ïîñëå äèñêðèìèíàöèè ôîíà,
íàâåäåííîãî êîñìè÷åñêèìè ìþîíàìè, íå îñòàëîñü íè
îäíîãî ñîáûòèÿ-êàíäèäàòà ïðè ôàêòè÷åñêè íóëåâîì
îæèäàåìîì ôîíå. Äàííûé ôàêò ïîçâîëèë íàëîæèòü
îãðàíè÷åíèå íà ïîòîê ñîëíå÷íûõ àíòèíåéòðèíî íà
óðîâíå 5 % îò íåéòðèííîãî ïîòîêà, ïðåäñêàçûâàåìîãî
ñòàíäàðòíîé ìîäåëüþ Ñîëíöà [4]. Ïîëó÷åííûé ïðåäåë,
õîòÿ è ñëàáûé â ñðàâíåíèè ñ ðåçóëüòàòàìè áîëåå ìàññèâ-
íûõ äåòåêòîðîâ, ÿâëÿåòñÿ ïåðâûì â îáëàñòè íèçêèõ
ýíåðãèé.
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tion of particles and fields occurs, and which are nonreach-
able for the modern and future particle accelerators. Below
we give a brief review of the main results on the rare physics
obtained recently using the CTF data.

Neutrino Magnetic Moment and Solar Antineutrino

Flux. The interest in the huge (of the order of10 11�  B ) for

the SM neutrino magnetic moment was inspired by the solar
neutrino problem. The model of spin-flavour precession has
had better agreement with experimental data than the oscil-
lation solution, favoured by the KamLand experiment. At
the same time, the oscillation (LMA MSW) solution of the
problem does not exclude the possibility of observing weak-
er effects caused by the neutrino magnetic moment. Anom-
alously big electromagnetic neutrino moments should lead
to the neutrino scattering on the electron and to the ra-
diative neutrino decay � � �H L� � . The lower limit on
the mean lifetime of the pp and 7Be neutrinos relative to
the radioactive decay obtained from the CTF data is
� �� � � �cm s eVH L m� � � 
 
 �) / .4 2 10 3 1 ( )� � 0 [2]. It

is more than one order of magnitude stronger than that ob-
tained in the previous experiments using nuclear reactors
and accelerators. A new upper limit on the neutrino magnet-
ic moment from the CTF data for the pp and 7Be solar neu-

trinos is  � � 
 �55 10 10. B (90% CL) in the assumption of

SSM neutrino fluxes [3]. This upper limit is only three times
weaker than that obtained using reactor neutrinos and 8B so-
lar neutrinos.

Another possible manifestation of a large neutrino
magnetic moment would be the presence of the antineutrino
in the solar neutrino spectrum. The 2 ton-year of the expo-
sure of the CTF has been used to limit the antineutrino flux
in the low region starting at the inverse beta-decay threshold
E �1.81 MeV. After the rejection of the muon-induced
background, no candidate events have been observed at
practically zero expected background. This fact limits the
antineutrino production on the Sun by no more than 5% of
the Standard Solar Model 8B flux [4]. The limit, being
weaker than that of other experiments, is the first one valid
in the low-energy region.

Electric and Baryon Charge Conservation. Many
extensions of the SM include interaction violating the bary-
on and lepton charges B and L, and predict processes with
�B �1.2 and �( )B L� �0.2 resulting in the decay of pro-
tons and neutrons in nuclei. The main direction of the
searches is the attempts to observe the nucleon decay into
strongly interacting or charged particles. At the same time,
for the processes with nucleon disappearance or decay into
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Íàðóøåíèå ýëåêòðè÷åñêîãî è áàðèîííîãî çàðÿ-

äîâ. Ìíîãèå ðàñøèðåíèÿ ÑÌ âêëþ÷àþò âçàèìîäåé-
ñòâèÿ, íàðóøàþùèå áàðèîííûé è ëåïòîííûé çàðÿäû B è
L, è ïðåäñêàçûâàþò ïðîöåññû ñ �( )B L� �1,2 è
�( )( )B L B L� � �0,2, ïðèâîäÿùèå ê ðàñïàäó ïðîòîíîâ
è íåéòðèíî â ÿäðàõ. Ãëàâíûì íàïðàâëåíèåì ïîèñêîâ ïî-
äîáíûõ ïðîöåññîâ ÿâëÿþòñÿ ïîïûòêè íàáëþäåíèÿ ðàñ-
ïàäà íóêëîíîâ íà ñèëüíî âçàèìîäåéñòâóþùèå çàðÿæåí-
íûå ÷àñòèöû. Â òî æå âðåìÿ äëÿ ïðîöåññîâ ñ èñ÷åçíîâå-
íèåì íóêëîíîâ ëèáî ñ èõ ðàñïàäîì íà ñëàáî
âçàèìîäåéñòâóþùèå ÷àñòèöû (íåéòðèíî, ìàéîðîíû
è ò. ï.) ñóùåñòâóþùèå ïðåäåëû ñëàáåå íà 5–6 ïîðÿäêîâ
âåëè÷èíû. Ñîõðàíåíèå ýëåêòðè÷åñêîãî çàðÿäà íà æèä-
êîñöèíòèëëÿöèîííîì äåòåêòîðå ìîæåò áûòü ïðîâåðåíî
íà ïðîöåññå ðàñïàäà ýëåêòðîíà ïî êàíàëó e � �� �. Äëÿ
áàðèîííîãî ÷èñëà òà æå ïðîâåðêà ìîæåò áûòü âûïîëíå-
íà ïðè íàáëþäåíèè ïðîöåññîâ ðàñïàäà íóêëîíîâ è äè-
íóêëîíîâ â «íåâèäèìûé» êàíàë: N � 3�, NN � 2�. Íî-
âûé ïðåäåë íà âðåìÿ æèçíè ýëåêòðîíà ïî îòíîøåíèþ ê
ðàñïàäó e � �� �, ïîëó÷åííûé èç äàííûõ CTF, ñîñòàâèë

� � 
4 6 10 26, ëåò (90 % CL) [5]. Íîâûå ïðåäåëû íà âðåìÿ

æèçíè N è NN îòíîñèòåëüíî ðàñïàäà â «íåâèäèìûé êà-

íàë» (èñ÷åçíîâåíèå, ðàñïàä â íåéòðèíî, ìàéîðîíû
è ò. ï.), ïîëó÷åííûå èç äàííûõ CTF äëÿ nn è pp,
�( ) ,nn � � 
inv 4 9 10 25 ëåò, �( ) ,pp � � 
inv 5 0 10 25 ëåò

(90 % CL) [6], ÿâëÿþòñÿ íàèáîëåå ñèëüíûìè èç ñóùå-
ñòâóþùèõ, âêëþ÷àÿ ïîëó÷åííûå ðàäèîõèìè÷åñêèìè è
ãåîõèìè÷åñêèìè ìåòîäàìè.

Ïðèíöèï Ïàóëè. Ýêñïåðèìåíòû ïî ïðîâåðêå ïðèí-
öèïà Ïàóëè (ÏÏ) çàêëþ÷àþòñÿ ëèáî â ïîèñêå àíîìàëü-
íûõ àòîìîâ èëè ÿäåð â ñîñòîÿíèÿõ, íå ïîä÷èíÿþùèõñÿ
ÏÏ, ëèáî â ïîèñêå èçëó÷åíèÿ, ñîïðîâîæäàþùåãî ïåðå-
õîäû ñ íàðóøåíèåì ÏÏ, ëèáî â ïîèñêå ��- èëè ��-ðàñ-

ïàäîâ, ïðîòåêàþùèõ ñ íàðóøåíèåì ÏÏ. Äàííûå CTF
ñëóæèëè äëÿ ïðîâåðêè ÏÏ äëÿ íóêëîíîâ ( , )n p â ÿäðàõ
12C è 16O. Èñïîëüçîâàëñÿ ïîäõîä, çàêëþ÷àþùèéñÿ â ïî-
èñêå �-, n-, p- è/èëè �-÷àñòèö, èçëó÷åííûõ â íåïàóëèåâ-
ñêèõ ïåðåõîäàõ íóêëîíîâ ñ 1Ð-îáîëî÷êè íà çàïîëíåí-
íóþ1 1 2S / -îáîëî÷êó. Ïîäîáíûì æå îáðàçîì ïðîèçâîäèë-
ñÿ ïîèñê çàïðåùåííûõ ÏÏ ïðîöåññîâ �	-ðàñïàäà.

Áëàãîäàðÿ ÷ðåçâû÷àéíî íèçêîìó óðîâíþ ôîíà è áîëü-
øîé ìàññå ñöèíòèëëÿòîðà â CTF (4,2 òîííû) óäàëîñü
óñòàíîâèòü ñëåäóþùèå ýêñïåðèìåíòàëüíûå ïðåäåëû íà
íàðóøåíèå ïðèíöèïà Ïàóëè:
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weakly interacting particle (neutrinos, majorons, etc.), the
experimental limits are 5 or 6 orders of magnitude lower. A
check on the electric and baryonic charge conservation can
be performed by looking for the electron decay into the
channel e � �� �, and by looking for the decay of nucleons
and dinucleons into the «invisible» channel N � 3�,
NN � 2�. Anew lower limit on the mean lifetime for the de-
cay e � �� � established using the CTF data is
� � 
4 6 10 26. y (90% CL) [5]. New limits on the N and NN

decays into the invisible channels (disappearance, decays
to neutrinos, majorons, etc.) established using the CTF data
for the nn and pp decays (�( ) .nn � � 
inv 4 9 10 25 y,

�( ) .pp � � 
inv 50 10 25 y with 90% CL) are the best up-to-

date limits set by any method, including radiochemical and
geochemical experiments [6].

Pauli Exclusion Principle (PEP). Experiments on the
PEP test are either looking for the anomalous atoms or nu-
clei in a non-Paulian state, or by searching for the radiation
accompanying the non-Paulian transitions. One of the ways
of the PEP checking is the search for the emission of �, p, n,
and � particles, following the transitions violating the Pauli
principle in nuclei, or the search for the non-Paulian �� and

�� decays. The PEP was tested for nucleons (n, p) in 12C

and 16O nuclei, using the results of background measure-
ments with the CTF. The approach consisted of a search for
�, n, p and/or �’s emitted in a non-Paulian transition of
1P-shell nucleons to the filled1 1 2S / shell in nuclei. Similar-
ly, the Pauli-forbidden �	-decay processes were searched

for too. Due to extremely low background and large mass
(4.2 tons) of the CTF detector, the following most stringent
up-to-date experimental bounds on PEP violating transi-
tions of nucleons were established:

� �(
~

) .12 12 2721 10C C +� � 
 y,

�(
~

) .12 11 2650 10C B� � 
+ p y,

�(
~ ~

) .12 16 11 15 263 7 10C( O) C( O)� � 
+ n y,

� �( ~ ) .12 8 2361 10C Be +� � 
 y,

� �(
~ ~ ) .12 12 2776 10C N� � � 
�+e e y,

� �(
~

) .12 12 277 7 10C B +� � 
+ e e y,

all at 90% CL [7].

Heavy Neutrino. Before the discovery of the neutrino
oscillations with the mixing parameters �m12

56 10� 
 � eV

and �m23
33 10� 
 � eV, the search for the mass eigenstates

of m2 and m3 in the mass range from a few keV up to some
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� �(
~

) ,12 12 272 1 10C C +� � 
 ëåò,

�(
~

) ,12 11 265 0 10C B� � 
+ p ëåò,

�(
~ ~

) ,12 16 11 15 263 7 10C( O) C( O)� � 
+ n ëåò,

� �( ~ ) ,12 8 236 1 10C Be +� � 
 ëåò,

� �(
~ ~ ) ,12 12 277 6 10C N� � � 
�+e e ëåò,

� �(
~

) ,12 12 277 7 10C B +� � 
+ e e ëåò

(âñå äëÿ 90 % CL) [7], ÿâëÿþùèåñÿ ñàìûìè ñèëüíûìè
èç ñóùåñòâóþùèõ.

Òÿæåëîå íåéòðèíî. Äî îòêðûòèÿ îñöèëëÿöèé íåé-
òðèíî ñ ïàðàìåòðàìè ñìåøèâàíèÿ �m12

56 10� 
 � è

�m23
33 10� 
 � ýÂ ïîèñê ìàññîâûõ ñîñòîÿíèé íåéòðèíî

m2 è m3 â äèàïàçîíå ìàññ îò íåñêîëüêèõ êýÂ äî íåñêîëü-
êèõ ÌýÂ ÿâëÿëñÿ àêòóàëüíîé çàäà÷åé, òàê êàê ýêñïåðè-
ìåíòàëüíî óñòàíîâëåííûå âåðõíèå ïðåäåëû íà ìàññû
�  è � � ñîñòàâëÿëè 170 êýÂ è 18 ÌýÂ ñîîòâåòñòâåííî. Â
íàñòîÿùåå âðåìÿ âîçìîæíîñòü ñóùåñòâîâàíèÿ íîâûõ
ìàññîâûõ ñîñòîÿíèé ïîääåðæèâàåòñÿ ìîäåëÿìè ñî ñòå-
ðèëüíûì íåéòðèíî. Ïîñëåäíåå â îáùåì ñëó÷àå ìîæåò
èìåòü ïðîèçâîëüíóþ ìàññó è áûòü ñìåøàííûì ñ òðåìÿ
àêòèâíûìè íåéòðèíî. Åñëè òÿæåëîå íåéòðèíî ñ ìàññîé

m mH e� � 2 èñïóñêàåòñÿ â ðàñïàäå 8B íà Ñîëíöå, òî äîë-
æåí íàáëþäàòüñÿ ðàñïàä � �H L e e� � �� � . Äàííûå

CTF èñïîëüçîâàëèñü äëÿ ïîèñêà íîâûõ ìàññîâûõ ñîñòî-
ÿíèé íåéòðèíî ñ ìàññîé, ïðåâûøàþùåé 2me . Ïðåäåë,
ïîëó÷åííûé äëÿ ïàðàìåòðà ñìåøèâàíèÿ | |U eH

2 �

� �� �10 103 5 â äèàïàçîíå ìàññ 1,1�12 ÌýÂ [8], ÿâëÿåò-

ñÿ áîëåå ñèëüíûì, ÷åì ïðåäåëû, ïîëó÷åííûå â ðåàêòîð-
íûõ è óñêîðèòåëüíûõ ýêñïåðèìåíòàõ.

Ïðèâåäåííûå ðåçóëüòàòû äåìîíñòðèðóþò óðîâåíü
÷óâñòâèòåëüíîñòè ñîâðåìåííîãî íèçêîôîíîâîãî æèä-
êîñöèíòèëëÿöèîííîãî äåòåêòîðà â îáëàñòè ìàëûõ ýíåð-
ãèé. Â òå÷åíèå áëèæàéøèõ ëåò ìû îæèäàåì çíà÷èòåëü-
íîãî óëó÷øåíèÿ ýòèõ ðåçóëüòàòîâ ñ èñïîëüçîâàíèåì
äàííûõ ïîëíîìàñøòàáíîãî 300-òîííîãî äåòåêòîðà «Áî-
ðåêñèíî» [9] âïëîòü äî çíà÷åíèé, ïðåäñòàâëÿþùèõ
îãðîìíûé òåîðåòè÷åñêèé èíòåðåñ äëÿ íåêîòîðûõ èç íà-
çâàííûõ ÿâëåíèé.
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MeV was an actual problem, because the upper limits on the
masses of �  and � � , obtained in the direct experiments, are
170 keV and 18 MeV, respectively. At present, the possibili-
ty of the existence of new mass eigenstates is supported by
the models with a sterile neutrino. This latter in the common
case can have an arbitrary mass and can be mixed with three
active neutrinos.

If heavy neutrinos with mass m mH e� � 2 are emit-
ted in the decays of 8B on the Sun, then decays
� �H L e e� � �� � should be observed. The search for

new mass eigenstates of neutrino was performed using the
CTF data looking for the neutrino decay with a mass bigger
than 2me . The obtained limits on the mixing parameter
| |U eH

2 3 510 10� �� � in the mass range 1.1�12 MeV [8]

are stronger than ones obtained in previous experiments us-
ing nuclear reactors and accelerators.

These results demonstrate the sensitivity level of the
modern low-background low-threshold liquid scintillator
detector. Within the next few years we expect to improve
significantly the presented limits with the data of the
full-scale 300 tons Borexino detector [9], approaching the
limits of great theoretical importance for some of the cited
processes.
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Ñ 26 èþëÿ ïî 2 àâãóñòà ÎÈßÈ ïðèíèìàë äåëåãà-

öèþ Ðóìûíèè âî ãëàâå ñ ãîññåêðåòàðåì ïî íàó÷íî-èñ-

ñëåäîâàòåëüñêîé äåÿòåëüíîñòè, ïîëíîìî÷íûì ïðåä-

ñòàâèòåëåì ïðàâèòåëüñòâà ýòîé ñòðàíû â ÎÈßÈ

Ã. Ïîïà. 28 èþëÿ ñ îäíîäíåâíûì âèçèòîì Äóáíó òàê-

æå ïîñåòèëè ×ðåçâû÷àéíûé è Ïîëíîìî÷íûé Ïîñîë

Ðóìûíèè â Ðîññèè Ä. Ïðóíàðèó è ñîâåòíèê ïîñîëü-

ñòâà Ë. Íèöý. Â òîò æå äåíü ñîñòîÿëàñü âñòðå÷à ñ äè-

ðåêöèåé ÎÈßÈ, â êîòîðîé ïðèíÿëè ó÷àñòèå äèðåêòîðà

âñåõ ëàáîðàòîðèé Èíñòèòóòà. Ñ ñîîáùåíèåì î ðàçâè-

òèè ñîòðóäíè÷åñòâà ó÷åíûõ Ðóìûíèè è Îáúåäèíåííî-

ãî èíñòèòóòà, î áîëüøîì âêëàäå ðóìûíñêèõ ñïåöèà-

ëèñòîâ â äåÿòåëüíîñòü ÎÈßÈ âûñòóïèë äèðåêòîð Èí-

ñòèòóòà àêàäåìèê Â. Ã. Êàäûøåâñêèé. Â îòâåòíîì ñëî-

âå Ã. Ïîïà îòìåòèë âûäàþùóþñÿ ðîëü Èíñòèòóòà â

ìèðîâîé íàóêå è äàë âûñîêóþ îöåíêó ñîòðóäíè÷åñòâó

ÎÈßÈ ñ íàó÷íûìè öåíòðàìè Ðóìûíèè.

Ãîñòè ïîñåòèëè Ëàáîðàòîðèþ ÿäåðíûõ ðåàêöèé,

ìåäèêî-áèîëîãè÷åñêèé êîìïëåêñ ËßÏ, Ëàáîðàòîðèþ

èíôîðìàöèîííûõ òåõíîëîãèé, ðåàêòîð ÈÁÐ-2 â Ëàáî-

ðàòîðèè íåéòðîííîé ôèçèêè, ïîáûâàëè íà ýêñïåðè-

ìåíòàëüíûõ óñòàíîâêàõ â Ëàáîðàòîðèè âûñîêèõ ýíåð-

ãèé. Ñîñòîÿëàñü âñòðå÷à ãîñòåé ñ ðóìûíñêèìè ñîòðóä-

íèêàìè ÎÈßÈ.

�
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A delegation from Romania headed by State Secre-

tary on scientific research, Plenipotentiary of the Gov-

ernment of Romania to JINR G. Popa visited JINR on

26 July – 2 August. Also, Extraordinary and Plenipoten-

tiary Ambassador of Romania in Russia D. Prunariu and

the Embassy Advisor L. Nice arrived in Dubna on

28 July. They had a meeting at the JINR Directorate,

where all laboratory leaders were present. JINR Director

Academician V. Kadyshevsky informed the guests on

the development of the cooperation between Romanian

and JINR scientists, and on the considerable contribu-

tion of Romanian specialists to JINR activities. In his

turn, G. Popa marked the outstanding role of JINR in

the world science and highly evaluated JINR–Romanian

scientific centres cooperation.

The guests visited the Laboratory of Nuclear Reac-

tions, the medical biological complex of the Laboratory

of Nuclear Problems, the Laboratory of Information

Technologies, the IBR-2 reactor at the Laboratory of

Neutron Physics and experimental facilities at the Labo-

ratory of High Energies. They also met Romanian scien-

tists who work at JINR.

�
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Äóáíà, 26 èþëÿ. Âèçèò â ÎÈßÈ äåëåãàöèè Ðóìûíèè

Dubna, 26 July. A visit of a Romanian delegation to JINR



Â íà÷àëå àâãóñòà â Äóáíó äëÿ ïîäïèñàíèÿ íîâîé

ðåäàêöèè Óñòàâà è Ôèíàíñîâîãî ïðîòîêîëà Îáúåäè-

íåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé ïðèáûëè

ïðåäñòàâèòåëè Ðåñïóáëèêè Áåëîðóññèè — ïîëíîìî÷-

íûé ïðåäñòàâèòåëü Ñîâåòà ìèíèñòðîâ Ðåñïóáëèêè Áå-

ëîðóññèè â ÎÈßÈ, ïðåäñåäàòåëü ÊÏÏ ÎÈßÈ Â. È. Íå-

äèëüêî, ÷ëåí Ó÷åíîãî ñîâåòà ÎÈßÈ Í. Ì. Øóìåéêî,

÷ëåí êîîðäèíàöèîííîãî ñîâåòà ïî ñîòðóäíè÷åñòâó ñ

ÎÈßÈ Â. È. Ïðîêîøèí.

10 àâãóñòà â äèðåêöèè ÎÈßÈ ñîñòîÿëîñü ïîäïè-

ñàíèå íîâîé ðåäàêöèè äîêóìåíòîâ, ðåãëàìåíòèðóþ-

ùèõ äåÿòåëüíîñòü Èíñòèòóòà. Â öåðåìîíèè ïîäïèñà-

íèÿ ñî ñòîðîíû ÎÈßÈ ó÷àñòâîâàëè äèðåêòîð

Â. Ã. Êàäûøåâñêèé, âèöå-äèðåêòîð À. Í. Ñèñàêÿí

è íà÷àëüíèê ïëàíîâî-ïðîèçâîäñòâåííîãî îòäåëà

À. Â. Ðóçàåâ.

�

16 àâãóñòà â Ïåêèíå (Êèòàé), ãäå ïðîõîäèëà 32-ÿ

Ìåæäóíàðîäíàÿ (Ðî÷åñòåðñêàÿ) êîíôåðåíöèÿ ïî ôè-

çèêå âûñîêèõ ýíåðãèé, ïðåäñòàâèòåëè äåëåãàöèè

ÎÈßÈ — äèðåêòîð Â. Ã. Êàäûøåâñêèé, âèöå-äèðåê-

òîð À. Í. Ñèñàêÿí è ïîëíîìî÷íûé ïðåäñòàâèòåëü

ïðàâèòåëüñòâà Ãðóçèè â ÎÈßÈ, ïðåçèäåíò ÀÍ Ãðóçèè

À. Í. Òàâõåëèäçå — áûëè ïðèíÿòû çàìåñòèòåëåì

ïðåäñåäàòåëÿ Âñåêèòàéñêîãî ñîáðàíèÿ íàðîäíûõ

ïðåäñòàâèòåëåé, ïðåäñåäàòåëåì àññîöèàöèè íàó÷íûõ

îáùåñòâ ÊÍÐ ïðîôåññîðîì ×æîó Ãóàí÷æàî. Â ïðî-

äîëæèòåëüíîì ðàçãîâîðå, ïîñâÿùåííîì ïðîáëåìàì

ðàçâèòèÿ ñîòðóäíè÷åñòâà ìåæäó ÎÈßÈ è íàó÷íûìè

öåíòðàìè Êèòàÿ, îñîáîå âíèìàíèå áûëî óäåëåíî íå-

îáõîäèìîñòè âîâëå÷åíèÿ â ñîòðóäíè÷åñòâî ìîëîäûõ

ó÷åíûõ è ñïåöèàëèñòîâ.

18 àâãóñòà ïðîøëî çàñåäàíèå êîìèññèè ïî ÷àñòè-

öàì è ïîëÿì Ìåæäóíàðîäíîãî êîìèòåòà ïî ÷èñòîé è

ïðèêëàäíîé ôèçèêå (IUPAP). Íà íåì øëà ðå÷ü î ìå-

ðîïðèÿòèÿõ, ïðîâîäèìûõ IUPAP, à òàêæå î ïðàâàõ ïî
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In the first days of August, representatives of the

Republic of Belarus — Plenipotentiary of the Council of

Ministers of Belarus to JINR, JINR CP Chairman

V. Nedilko, JINR Scientific Council member N. Shumeiko

and JINR Cooperation Steering Committee member

V. Prokoshin — arrived in Dubna to sign a new version

of the JINR Charter and the JINR Financial Protocol.

On 10 August the new version of documents, which

regulate the Institute activities, was signed at the JINR

Directorate. On the Institute’s side, JINR Director

V. G. Kadyshevsky, JINR Vice-Director A. Sissakian and

Head of the JINR Budget and Financial Planning Depart-

ment A. Ruzaev took part in the ceremony.

�

During the 32nd International (Rochester) Confer-

ence on High Energy Physics in Beijing (China), the

members of the JINR delegation — JINR Director

V. Kadyshevsky, JINR Vice-Director A. Sissakian and

Plenipotentiary of the Government of Georgia to JINR,

President of the Academy of Sciences of Georgia

A. Tavkhelidze — were received on 16 August by

Deputy Chairman of the All-Chinese Assembly of peo-

ple’s representatives, Chairman of the Association of

Scientific Societies of China Professor Zhou Guanzhao.

In the long discussion of the development of the

JINR–Chinese scientific centres contacts, special atten-

tion was paid to the necessity of involving young scien-

tists and specialists into the cooperation.

On 18 August a meeting of the Particles and Fields

Board (International Union of Pure and Applied

Äóáíà, 10 àâãóñòà.
Ïîäïèñàíèå ïðåäñåäàòåëåì ÊÏÏ ÎÈßÈ
ïîëíîìî÷íûì ïðåäñòàâèòåëåì Ðåñïóáëèêè
Áåëîðóññèè Â. È. Íåäèëüêî íîâîé ðåäàêöèè
äîêóìåíòîâ, ðåãëàìåíòèðóþùèõ
äåÿòåëüíîñòü Èíñòèòóòà

Dubna, 10 August.
JINR CP Chairman, Plenipotentiary
of Belarus to JINR V. Nedilko signs a new
edition of the documents that regulate the
activities at the Institute

ÈÍÔÎÐÌÀÖÈß ÄÈÐÅÊÖÈÈ
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àâòîðñòâó â êîëëàáîðàöèÿõ ôèçè÷åñêèõ ýêñïåðèìåí-

òîâ. Áûë çàñëóøàí äîêëàä ïðîôåññîðà À. Í. Ñèñàêÿ-

íà, ÷ëåíà êîìèññèè îò Ðîññèéñêîé Ôåäåðàöèè, î

õîäå ïîäãîòîâêè ê 33-é Ðî÷åñòåðñêîé êîíôåðåíöèè,

êîòîðàÿ áóäåò ïðîõîäèòü â èþëå-àâãóñòå 2006 ã. â

Ìîñêâå.

19 àâãóñòà äèðåêòîð ÎÈßÈ àêàäåìèê Â. Ã. Êàäû-

øåâñêèé è äèðåêòîð ïåêèíñêîãî Èíñòèòóòà ôèçèêè

âûñîêèõ ýíåðãèé ïðîôåññîð ×åí Õåøåíã ïîäïèñàëè

ñîãëàøåíèå î ñîòðóäíè÷åñòâå ìåæäó ÎÈßÈ è ÈÔÂÝ

(Ïåêèí). Ïîñëå ïîäïèñàíèÿ äîêóìåíòà ïðåäñòàâèòåëè

äåëåãàöèè ÎÈßÈ îñìîòðåëè ëàáîðàòîðèè èíñòèòóòà.

Â çàêëþ÷åíèå âñòðå÷è ñîñòîÿëàñü äèñêóññèÿ ïî âî-

ïðîñàì ðàçâèòèÿ äàëüíåéøåãî ñîòðóäíè÷åñòâà.

�

Ñ 13 ïî 17 ñåíòÿáðÿ äåëåãàöèÿ ó÷åíûõ ÎÈßÈ âî

ãëàâå ñ äèðåêòîðîì Èíñòèòóòà àêàäåìèêîì Â. Ã. Êà-

äûøåâñêèì ïðèíèìàëà ó÷àñòèå â ïðîõîäèâøåé â

Êèåâå ìåæäóíàðîäíîé êîíôåðåíöèè «Ñîâðåìåííûå

ïðîáëåìû ìàòåìàòèêè è òåîðåòè÷åñêîé ôèçèêè», ïî-

ñâÿùåííîé 95-ëåòèþ ñî äíÿ ðîæäåíèÿ àêàäåìèêà

Í. Í. Áîãîëþáîâà è îðãàíèçîâàííîé Ìåæäóíàðîäíîé

àññîöèàöèåé àêàäåìèé íàóê (ÌÀÀÍ), ÍÀÍ Óêðàèíû,

Èíñòèòóòîì ìàòåìàòèêè è Èíñòèòóòîì òåîðåòè÷åñêîé

ôèçèêè (ÈÒÔ) èì. Í. Í. Áîãîëþáîâà.

Âî âðåìÿ ïðåáûâàíèÿ â Êèåâå äèðåêòîð ÎÈßÈ

àêàäåìèê Â. Ã. Êàäûøåâñêèé è ïîìîùíèê äèðåêòîðà

Ï. Í. Áîãîëþáîâ ïðèíÿëè ó÷àñòèå â òîðæåñòâàõ ïî

ñëó÷àþ 170-ëåòèÿ Êèåâñêîãî íàöèîíàëüíîãî óíèâåð-

ñèòåòà èì. Ò. Ã. Øåâ÷åíêî. 15 ñåíòÿáðÿ ñîñòîÿëàñü

âñòðå÷à Â. Ã. Êàäûøåâñêîãî è Ï. Í. Áîãîëþáîâà ñ

ðåêòîðîì óíèâåðñèòåòà àêàäåìèêîì ÍÀÍ Óêðàèíû

Â. Â. Ñêîïåíêî è äåêàíîì ôèçè÷åñêîãî ôàêóëüòåòà

÷ëåíîì-êîððåñïîíäåíòîì ÍÀÍ Óêðàèíû Ë. À. Áóëà-

âèíûì, íà êîòîðîé áûëè îáñóæäåíû ïåðñïåêòèâû ñî-

òðóäíè÷åñòâà â ðàçâèòèè èññëåäîâàòåëüñêèõ è îáðà-
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Physics) was held. Activities by IUPAP and copyright

aspects in experimental physics collaborations were

discussed. Professor A. Sissakian, member of the

Board from the Russian Federation, made a report on

preparations for the 33rd Rochester Conference, which

will be held in July–August 2006 in Moscow.

On 19 August JINR Director Academician V. Kady-

shevsky and Director of the Institute of High Energy

Physics (Beijing) Chen Hesheng signed an agreement on

JINR–IHEP (Beijing) cooperation. After the ceremony

the JINR delegation were shown around the laboratories

of the Institute. In conclusion, a discussion was held on

further development of contacts.

�

On 13–17 September a delegation of JINR scien-

tists headed by JINR Director Academician V. Kady-

shevsky took part in the international conference «Mod-

ern Problems in Mathematics and Theoretical Physics»

in Kiev, dedicated to the 95th anniversary of Academi-

cian N. Bogolyubov. It was organized by the Interna-

tional Association of Academies of Sciences (IAAS),

NAS of Ukraine, the Institute of Mathematics and the

Bogolyubov Institute of Theoretical Physics (ITP).

During the visit, JINR Director Academician

V. Kadyshevsky and JINR Assistant Director P. Bo-

golyubov took part in the celebration of the 170th an-

niversary of Kiev National University named after

T. Shevchenko. On 15 September they had a meeting

with the University rector, Academician of the Ukraini-

an National Academy of Sciences V. Skopenko and the

Ïåêèí (Êèòàé), 19 àâãóñòà.
Äèðåêòîð ÎÈßÈ àêàäåìèê

Â. Ã. Êàäûøåâñêèé è äèðåêòîð
ïåêèíñêîãî Èíñòèòóòà ôèçèêè

âûñîêèõ ýíåðãèé ïðîôåññîð
×åí Õåøåíã ïðè ïîäïèñàíèè

ñîãëàøåíèÿ î ñîòðóäíè÷åñòâå
ìåæäó ÎÈßÈ è ÈÔÂÝ

Beijing (China), 19 August.
JINR Director Academician

V. Kadyshevsky and Director of the
Institute of High Energy Physics

(Beijing) Professor Chen Hesheng
during the signing of the Agreement

on JINR–IHEP cooperation
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çîâàòåëüíûõ ïðîãðàìì ÎÈßÈ è Êèåâñêîãî óíèâåðñè-

òåòà.

Â 2004 ã. ðåøåíèåì Ó÷åíîãî ñîâåòà óíèâåðñèòåòà

Â. Ã. Êàäûøåâñêèé áûë èçáðàí åãî ïî÷åòíûì äîêòî-

ðîì. Â òîðæåñòâåííîé îáñòàíîâêå ïðàçäíîâàíèÿ

170-ëåòèÿ Êèåâñêîãî óíèâåðñèòåòà äèðåêòîðó ÎÈßÈ

áûëè âðó÷åíû äèïëîì è ìàíòèÿ ïî÷åòíîãî äîêòîðà

óíèâåðñèòåòà.

�

14 ñåíòÿáðÿ Äóáíó ïîñåòèëà äåëåãàöèÿ êèòàéñêèõ

ó÷åíûõ è ñïåöèàëèñòîâ, ïðèãëàøåííûõ â Ðîññèþ Ðîñ-

ñèéñêèì ÿäåðíûì îáùåñòâîì. Â ñîñòàâ äåëåãàöèè,

êîòîðóþ âîçãëàâëÿë ïðåçèäåíò ßäåðíîãî îáùåñòâà

Êèòàÿ, âèöå-ïðåçèäåíò Âñåêèòàéñêîãî ôîíäà åñòå-

ñòâåííûõ íàóê àêàäåìèê Âàíã Íàéÿí, âõîäèëè ðóêî-

âîäèòåëè ÿäåðíîé êîðïîðàöèè Êèòàÿ Æó Öçàíõóà è

Ñóí Õóàïó, à òàêæå ðóêîâîäèòåëè èíñòèòóòîâ, ñâÿçàí-

íûõ ñ ÿäåðíîé èíæåíåðèåé, ñòðîèòåëüñòâîì è èíôîð-

ìàöèåé, — Õîó Õèêóí, Ëè Ñÿîìèí è Âàíã Êàéõóà.

Äî ïðèåçäà â Äóáíó êèòàéñêàÿ äåëåãàöèÿ ïîñåòè-

ëà ôèëèàë Ðîññèéñêîãî ÿäåðíîãî îáùåñòâà è Öåíòð

îáùåñòâåííîé èíôîðìàöèè â Ñàíêò-Ïåòåðáóðãå, ïî-

áûâàëà íà Ëåíèíãðàäñêîé àòîìíîé ýëåêòðîñòàíöèè â

Ñîñíîâîì Áîðó. Â Ìîñêâå êèòàéñêèå ñïåöèàëèñòû

áûëè ïðèíÿòû â Ôåäåðàëüíîì àãåíòñòâå ïî àòîìíîé

ýíåðãåòèêå, «Êóð÷àòîâñêîì èíñòèòóòå», ÌÈÔÈ, â Îá-

íèíñêå — â Ôèçèêî-ýíåðãåòè÷åñêîì èíñòèòóòå è íà

ïåðâîé â ìèðå ÀÝÑ.

Íà ïðèåìå â äèðåêöèè ÎÈßÈ âèöå-äèðåêòîð Èí-

ñòèòóòà ïðîôåññîð À. Í. Ñèñàêÿí ðàññêàçàë îá èñòî-

ðèè ñîçäàíèÿ ÎÈßÈ, ìåæäóíàðîäíîì ñîòðóäíè÷å-

ñòâå, óäåëèâ îñîáîå âíèìàíèå ðàçâèòèþ ïëîäîòâîð-

íûõ íàó÷íûõ êîíòàêòîâ ñ èíñòèòóòàìè è

óíèâåðñèòåòàìè Êèòàÿ, à òàêæå âñòðå÷àì ðóêîâîäèòå-

ëåé ÎÈßÈ ñ âåäóùèìè êèòàéñêèìè ó÷åíûìè âî âðåìÿ

ïðîõîäèâøåé â àâãóñòå â Ïåêèíå Ìåæäóíàðîäíîé Ðî-

÷åñòåðñêîé êîíôåðåíöèè. Çàòåì êèòàéñêàÿ äåëåãàöèÿ

ïîñåòèëà ëàáîðàòîðèè ÿäåðíûõ ðåàêöèé è íåéòðîí-

íîé ôèçèêè.
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dean of the Physics Faculty, Corresponding Member of

the Ukrainian National Academy of Sciences L. Bulavin.

They discussed prospects of cooperation in research

and educational programmes at JINR and Kiev Uni-

versity.

In 2004 the University Scientific Council made a de-

cision to elect V. Kadyshevsky Honorary Doctor of the

University. Ceremonially, in the atmosphere of the

170th anniversary celebration, the JINR Director re-

ceived a Diploma and a gown of the University Hon-

orary Doctor.

�

On 14 September a delegation of Chinese scien-

tists and specialists visited Dubna. They were invited to

Russia by the Russian Nuclear Society. The delegation

was headed by President of the Nuclear Society of Chi-

na, Vice-President of the All-Chinese Foundation for

Natural Sciences Academician Wang Naiyan. It also in-

cluded the leaders of the China National Nuclear Corpo-

ration Zhu Jianhua and Sun Huapu, together with the

leaders of the institutes for nuclear engineering, con-

struction and information Hou Huiquin, Li Xiaoming and

Wang Kaihua.

Before arriving in Dubna, the Chinese guests visit-

ed the bureau of the Russian Nuclear Society and the

Public Information Centre in St. Petersburg, the

Leningrad atomic power station in Sosnovy Bor. In

Moscow the Chinese specialists were received at the

Federal Agency of Atomic Energy, the Kurchatov Insti-

tute, MEPI. In Obninsk they visited the Institute of

Êèåâ, 13 ñåíòÿáðÿ.
Áîãîëþáîâñêàÿ êîíôåðåíöèÿ «Ñîâðåìåííûå
ïðîáëåìû ìàòåìàòèêè è òåîðåòè÷åñêîé ôèçèêè».
Ó÷àñòíèêîâ êîíôåðåíöèè ïðèâåòñòâóåò ïðåçèäåíò
ÍÀÍ Óêðàèíû àêàäåìèê Á. Å. Ïàòîí

Kiev, 13 September.
Bogolyubov conference «Modern Problems in
Mathematics and Theoretical Physics».
President of NAS of Ukraine Academician B. Paton
greets the participants of the conference

ÈÍÔÎÐÌÀÖÈß ÄÈÐÅÊÖÈÈ
JINR DIRECTORATE’S INFORMATION



Physics and Energy and the world’s first atomic power

station.

During the reception at the JINR Directorate the In-

stitute Vice-Director A. Sissakian informed the guests

about the history of establishing JINR and international

cooperation. He especially stressed in this context the

importance of the development of fruitful scientific

contacts with institutes and universities of China and

meetings of JINR leaders with Chinese scientists during

the International Rochester Conference in Beijing. After

the reception at the JINR Directorate, the delegation

visited the Laboratories of Nuclear Reactions and Neu-

tron Physics of JINR.

Head of the Chinese delegation, Academician

Wang Naiyan worked at the Laboratory of Neutron

Physics in 1956–1965. He remembered that time and

his colleagues from Dubna with the following warm

words, «Many years ago, when the Institute was organ-

ized, the level of cooperation in nuclear physics be-

tween scientific centres of China and JINR was very

high. A lot of Chinese scientists and specialists worked

here. I hope today there are all possibilities to further

develop this cooperation, which is important to both
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Äóáíà, 14 ñåíòÿáðÿ.
Âèçèò â ÎÈßÈ äåëåãàöèè
Êèòàéñêîãî ÿäåðíîãî îáùåñòâà

Dubna, 14 September.
A visit to JINR of a delegation
of the Chinese Nuclear Society
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PRIZES. HONORARY TITLES
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Ãëàâà äåëåãàöèè àêàäåìèê Âàíã Íàéÿí ñ

1956 ïî 1965 ã. ÿâëÿëñÿ ñîòðóäíèêîì Ëàáîðàòî-

ðèè íåéòðîííîé ôèçèêè ÎÈßÈ. Ñ òåïëîòîé îò-

çûâàÿñü î òîì âðåìåíè è âñïîìèíàÿ ñâîèõ äóá-

íåíñêèõ äðóçåé è êîëëåã, Âàíã Íàéÿí ñêàçàë:

«Ìíîãî ëåò íàçàä, êîãäà Èíñòèòóò áûë îñíîâàí,

óðîâåíü ñîòðóäíè÷åñòâà ïî ÿäåðíîé ôèçèêå ìå-

æäó íàó÷íûìè öåíòðàìè Êèòàÿ è Äóáíîé áûë

î÷åíü âûñîêèì, çäåñü ðàáîòàëî ìíîãî êèòàé-

ñêèõ ó÷åíûõ è ñïåöèàëèñòîâ. Íàäåþñü, ñåãîäíÿ

åñòü âñå óñëîâèÿ äëÿ äàëüíåéøåãî ðàçâèòèÿ ýòî-

ãî ñîòðóäíè÷åñòâà, â êîòîðîì çàèíòåðåñîâàíû

îáå ñòîðîíû. Ëè÷íî ÿ õðàíþ î÷åíü ãëóáîêèå

÷óâñòâà ê Ðîññèè, ê ðóññêèì ëþäÿì».

Íà çàêëþ÷èòåëüíîé âñòðå÷å â äèðåêöèè, â

êîòîðîé ñî ñòîðîíû ÎÈßÈ ó÷àñòâîâàëè

À. Í. Ñèñàêÿí, Ì. Ã. Èòêèñ, À. Â. Áåëóøêèí,

À. Ã. Îëüøåâñêèé, Å. À. Êðàñàâèí è äð., áûëè

îáñóæäåíû êîíêðåòíûå øàãè ïî ðàçâèòèþ ñî-

òðóäíè÷åñòâà ìåæäó ÎÈßÈ è êèòàéñêèìè íàó÷-

íûìè öåíòðàìè, â ÷àñòíîñòè, êèòàéñêîé ñòîðî-

íîé áûëî âûñêàçàíî ïðåäëîæåíèå ïîäãîòîâèòü

ñîãëàøåíèå î ñîòðóäíè÷åñòâå ìåæäó ÎÈßÈ è

Âñåêèòàéñêèì ôîíäîì åñòåñòâåííûõ íàóê.
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sides. My personal feelings to Russia and Russian

people are very deep.»

At the closing meeting at the Directorate,

where JINR was represented by A. Sissakian,

M. Itkis, A. Belushkin, A. Olchevski, E. Krasavin,

and other JINR leaders, specific measures to de-

velop cooperation between JINR and Chinese sci-

entific centres were discussed. In particular, the

Chinese side suggested that an agreement should

be prepared on the cooperation between JINR and

the All-Chinese Foundation of Natural Sciences.

23 íîÿáðÿ 2004 ã. Ïðåçèäèóì Ðîññèéñêîé àêàäåìèè íàóê

ïðèñóäèë Çîëîòóþ ìåäàëü èì. Í. Í. Áîãîëþáîâà 2004 ã.

àêàäåìèêó Äìèòðèþ Âàñèëüåâè÷ó Øèðêîâó,

ïî÷åòíîìó äèðåêòîðó ËÒÔ ÎÈßÈ,

çà âûäàþùèåñÿ ðàáîòû â îáëàñòè ìàòåìàòèêè,

òåîðåòè÷åñêîé ôèçèêè è ìåõàíèêè.

Äèðåêöèÿ ÎÈßÈ, äèðåêöèÿ Ëàáîðàòîðèè òåîðåòè÷åñêîé

ôèçèêè èì. Í. Í. Áîãîëþáîâà, äðóçüÿ è êîëëåãè ñåðäå÷íî

ïîçäðàâèëè ó÷åíîãî ñ âûñîêîé çàñëóæåííîé íàãðàäîé.

On 23 November 2004 the Presidium of the Russian Academy

of Sciences conferred a Golden Medal in memory

of N. N. Bogoliubov for the year of 2004 on

Academician Dmitri Vasilievich Shirkov,

Honorary Director of JINR’s BLTP,

for his outstanding activities

in mathematics, theoretical physics and mechanics.

The JINR Directorate, the Directorate of the Bogoliubov

Laboratory of Theoretical Physics, friends and colleagues

heartily congratulated D. Shirkov on receiving

the well-deserved outstanding prize.



14 îêòÿáðÿ èñïîëíèëîñü 60 ëåò âèöå-äèðåêòîðó

Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé

äîêòîðó ôèçèêî-ìàòåìàòè÷åñêèõ íàóê, ïðîôåññîðó

Àëåêñåþ Íîðàéðîâè÷ó Ñèñàêÿíó.

Â äåíü ñâîåãî þáèëåÿ Àëåêñåé Íîðàéðîâè÷ ïðèíè-

ìàë ñåðäå÷íûå ïîçäðàâëåíèÿ è ïîæåëàíèÿ îò ñâîèõ äðó-

çåé, êîëëåã è ó÷åíèêîâ. Â åãî àäðåñ ïðèøëî ìíîãî ïîçäðà-

âëåíèé èç íàó÷íûõ öåíòðîâ ñòðàí-ó÷àñòíèö ÎÈßÈ è

äðóãèõ ñòðàí, îò ãîñóäàðñòâåííûõ è îáùåñòâåííûõ äå-

ÿòåëåé, îò ðóêîâîäèòåëåé ãîðîäà è îáëàñòè.

On 14 October Vice-Director of the Joint Institute for

Nuclear Research Doctor of Physics and Mathematics, Pro-

fessor Alexei Sissakian celebrated his 60th anniversary.

Friends, colleagues and students congratulated him

warmly and wished many happy returns of the day. On the

jubilee day A. Sissakian received numerous greetings with

congratulations from scientific centres in JINR Member

States, from other countries, state and public figures, lead-

ers of the town of Dubna and the Moscow Region.
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12 àâãóñòà â Àñòàíå (Êàçàõñòàí) ïðîøëà ñèìâîëè÷å-
ñêàÿ àêöèÿ, ïîñâÿùåííàÿ íà÷àëó ñòðîèòåëüñòâà Ìåæäèñ-
öèïëèíàðíîãî íàó÷íî-èññëåäîâàòåëüñêîãî êîìïëåêñà â
Åâðàçèéñêîì íàöèîíàëüíîì óíèâåðñèòåòå èì. Ë. Í. Ãóìè-
ëåâà (ÅÍÓ), — òîðæåñòâåííàÿ çàêëàäêà òàê íàçûâàåìîãî
êðàåóãîëüíîãî êàìíÿ ôóíäàìåíòàëüíîé íàóêè. Îñíîâíûì
ýëåìåíòîì íîâîãî êîìïëåêñà ñòàíåò óíèêàëüíûé óñêîðè-
òåëü òÿæåëûõ èîíîâ (DÑ-60), ðàçðàáîòàííûé â ÎÈßÈ ãðóï-
ïîé ñïåöèàëèñòîâ âî ãëàâå ñ ïðîôåññîðàìè Ì. Ã. Èòêèñîì
è Ñ. Í. Äìèòðèåâûì. Ïîìèìî ðàáîò ïî ñîçäàíèþ óñêîðèòå-
ëÿ âåäåòñÿ ïîäãîòîâêà íàó÷íîé è îáðàçîâàòåëüíîé ïðî-
ãðàìì äëÿ ðåàëèçàöèè íà áàçå ýòîãî ëàáîðàòîðíîãî êîì-
ïëåêñà.

Âî âðåìÿ òîðæåñòâåííîé öåðåìîíèè âûñòóïèëè ìè-
íèñòð ýíåðãåòèêè è ïðèðîäíûõ ðåñóðñîâ Êàçàõñòàíà ïðî-
ôåññîð Â. Ñ. Øêîëüíèê, âèöå-äèðåêòîð ÎÈßÈ ïðîôåññîð
À. Í. Ñèñàêÿí, ãëàâà Àñòàíû Ó. Øóêååâ, ðåêòîð ÅÍÓ ïðîôåñ-
ñîð Ñ. Àáäûìàíàêîâ. Â öåðåìîíèè çàêëàäêè êàìíÿ òàêæå
ó÷àñòâîâàëè ïåðâûé çàìåñòèòåëü ìèíèñòðà íàóêè è îáðà-
çîâàíèÿ ïðîôåññîð Í. Áåêòóðãàíîâ, ïðåäñòàâèòåëè ãîñó-
äàðñòâåííûõ è íàó÷íûõ èíñòèòóòîâ ðåñïóáëèêè.
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Äåëåãàöèÿ ó÷åíûõ Ëàáîðàòîðèè òåîðåòè÷åñêîé ôèçè-
êè èì. Í. Í. Áîãîëþáîâà ïðèíÿëà ó÷àñòèå â ðàáîòå Ìåæäó-
íàðîäíîé êîíôåðåíöèè ïî òåîðåòè÷åñêîé ôèçèêå, ïðîõî-

äèâøåé ñ 26 ïî 29 àâãóñòà â Êîíñòàíöå (Ðóìûíèÿ). Ñ îáçîð-
íûìè äîêëàäàìè íà êîíôåðåíöèè âûñòóïèëè Â. Â. Âîðî-
íîâ, Ñ. Í. Åðøîâ, Ñ. Á. Ãåðàñèìîâ è Â. À. Îñèïîâ.

Ýòà êîíôåðåíöèÿ ïðîâîäèëàñü ïîä ýãèäîé ïðîãðàì-
ìû «Öèöåéêà–Ìàðêîâ», îòêðûòîé íåäàâíî íà îñíîâå ñîãëà-
øåíèÿ ìåæäó äèðåêöèåé ÎÈßÈ è ïîëíîìî÷íûì ïðåäñòà-
âèòåëåì Ðóìûíèè. Öåëüþ ïðîãðàììû ÿâëÿåòñÿ óñèëåíèå
ñîòðóäíè÷åñòâà â îáëàñòè òåîðåòè÷åñêîé ôèçèêè. Îòêðû-
òèå ïðîãðàììû ïîçâîëèëî çàìåòíî àêòèâèçèðîâàòü êîí-
òàêòû ìåæäó òåîðåòèêàìè Äóáíû è Ðóìûíèè è íàìåòèòü íî-
âûå ïåðñïåêòèâíûå íàïðàâëåíèÿ ñîòðóäíè÷åñòâà.

�

Ñ 10 ïî 18 ñåíòÿáðÿ ïðîõîäèë âèçèò â Ìîíãîëèþ äè-
ðåêòîðà Ëàáîðàòîðèè âûñîêèõ ýíåðãèé èì. Â. È. Âåêñëåðà
è À. Ì. Áàëäèíà ïðîôåññîðà À. È. Ìàëàõîâà è íà÷àëüíè-
êà ñåêòîðà ëàáîðàòîðèè äîêòîðà Ã. Ë. Ìåëêóìîâà. Âî âðåìÿ
âèçèòà ñîñòîÿëñÿ ðÿä îôèöèàëüíûõ è äðóæåñêèõ âñòðå÷ ñ
ðóêîâîäèòåëÿìè, îðãàíèçàòîðàìè íàóêè è ó÷åíûìè Ìîíãî-
ëèè.

14 ñåíòÿáðÿ ó÷åíûå ÎÈßÈ âñòðåòèëèñü ñ ÷ëåíîì ïàð-
ëàìåíòà, ïðåçèäåíòîì Àêàäåìèè íàóê Ìîíãîëèè àêàäå-
ìèêîì Á. ×àäðàà è îáñóäèëè âîïðîñû ñîòðóäíè÷åñòâà ìîí-
ãîëüñêèõ íàó÷íûõ öåíòðîâ ñ ÎÈßÈ, äåòàëüíî ðàññìîòðåâ
âîïðîñ ó÷àñòèÿ ìîëîäåæè â ñîâìåñòíûõ ðàáîòàõ. Â áåñåäå
ïðèíÿë ó÷àñòèå äèðåêòîð Èíñòèòóòà ôèçèêè è òåõíîëîãèè
Àêàäåìèè íàóê Ìîíãîëèè àêàäåìèê Ö. Áààòàð.
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On 12 August a symbolic event took place in Astana
(Kazakhstan) dedicated to the start of the construction of the
Multidisciplinary Research Centre at the Gumilev Euroasian
National University (ENU) — the ceremonial laying of the
so-called corner stone of the fundamental science. The main
component of the new centre will be a unique heavy-ion ac-
celerator (DC-60) developed at JINR by a group of specialists
headed by Professors M. Itkis and S. Dmitriev. Besides the de-
velopment of the accelerator, scientific and educational pro-
grammes are being prepared to be realized on the basis of
this centre.

The ceremonial event included speeches by Minister of
Energy and Natural Resources of Kazakhstan Professor
V. Shkolnik, JINR Vice-Director Professor A. Sissakian, Astana
Mayor U. Shukeev and ENU rector Professor S. Abdymanakov.
Also, First Deputy Minister of Science and Education Professor
N. Bekturganov and other representatives of state and scientif-
ic institutions of the republic took part in the ceremony of the
corner stone laying.

�

The delegation of theoretical physicists from the Bogo-
liubov Laboratory of Theoretical Physics participated in an In-
ternational Conference on Theoretical Physics which was held
on 26–29 August in Constance, Romania. Review talks were

presented by V. V. Voronov, S. N. Ershov, S. B. Gerasimov, and
V. A. Osipov. This conference was organized under the aus-
pices of the Ciceika–Markov programme that was recently
opened on the basis of the agreement between the JINR Di-
rectorate and the Plenipotentiary of the Government of Roma-
nia to JINR. The programme is aimed at strengthening the col-
laboration in theoretical physics. It considerably enriched the
contacts between theorists in Dubna and Romania, and out-
lined new perspective directions of collaboration.

�

Professor A. I. Malakhov, director of the Veksler and
Baldin Laboratory of High Energies (VBLHE), and Dr G. L. Melku-
mov, group leader at VBLHE, visited Mongolia in a period from
10 to 18 September. They had official and informal meetings
with leaders, science organizers and scientists of Mongolia
during the visit.

On 14 September a meeting with member of the Parlia-
ment of Mongolia, President of the Academy of Sciences of
Mongolia Academician B. Chadraa took place. During the
meeting, problems of collaboration of Mongolian scientific
centres with JINR were discussed. Special attention was paid
to participation of young scientists in joint research. Director of
the Institute of Physics and Technology of the Academy of Sci-
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15 ñåíòÿáðÿ íà âñòðå÷å ñ ïîëíîìî÷íûì ïðåäñòàâèòå-
ëåì ïðàâèòåëüñòâà Ìîíãîëèè â ÎÈßÈ ðåêòîðîì Ìîíãîëü-
ñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà ïðîôåññîðîì Ö. Ãàí-
öîãîì òàêæå îáñóæäàëàñü ïðîáëåìà ó÷àñòèÿ ìîëîäåæè â
ñîâìåñòíûõ ïðîåêòàõ, ïóòè âîçìîæíîãî ôèíàíñèðîâàíèÿ
ýòèõ ïðîåêòîâ è ðÿä äðóãèõ âîïðîñîâ. Ïðîôåññîð Ö. Ãàíöîã
ñîîáùèë î òîì, ÷òî â 2005 ã. ïëàíèðóåòñÿ íàïðàâèòü íå-
ñêîëüêî ìîëîäûõ ñîòðóäíèêîâ íà ðàáîòó â ÎÈßÈ è ÷òî âî-
ïðîñ î ïåðåâîäå äîëåâîãî âçíîñà Ìîíãîëèè â ÎÈßÈ çà
2004 ã. óæå ðåøåí. Íà âñòðå÷å ïðèñóòñòâîâàëè äèðåêòîð
Öåíòðà ÿäåðíûõ èññëåäîâàíèé Ìîíãîëüñêîãî ãîñóäàð-
ñòâåííîãî óíèâåðñèòåòà ïðîôåññîð Ñ. Äàâàà è àêàäåìèê
Ö. Áààòàð.

Â äèðåêöèè Èíñòèòóòà ôèçèêè
è òåõíîëîãèè Àêàäåìèè íàóê Ìîí-
ãîëèè ñîñòîÿëîñü îáñóæäåíèå ðå-
çóëüòàòîâ ñîâìåñòíûõ ðàáîò è ïåð-
ñïåêòèâíûõ ïëàíîâ ñ âåäóùèìè
íàó÷íûìè ñîòðóäíèêàìè ýòîãî èí-
ñòèòóòà. Íàèáîëüøèé èíòåðåñ âû-
çâàëè ðåçóëüòàòû, ïîëó÷åííûå â
ãðóïïå äîêòîðà Ð. Òîãîî ïî íàáëþ-
äåíèþ ìíîãîêâàðêîâûõ ñîñòîÿíèé
ïðè àíàëèçå ïîëó÷åííûõ ðàíåå
äàííûõ ñ äâóõìåòðîâîé ïðîïàíî-
âîé ïóçûðüêîâîé êàìåðû Ëàáîðà-

òîðèè âûñîêèõ ýíåðãèé ÎÈßÈ. Â òîò æå äåíü À. È. Ìàëàõîâ
è Ã. Ë. Ìåëêóìîâ âûñòóïèëè íà ñåìèíàðå ïåðåä ñîòðóäíè-
êàìè Èíñòèòóòà ôèçèêè è òåõíîëîãèè è Ìîíãîëüñêîãî ãîñó-
äàðñòâåííîãî óíèâåðñèòåòà. À. È. Ìàëàõîâ ñäåëàë ñîîá-
ùåíèå î ïðîãðàììå èññëåäîâàíèé â Ëàáîðàòîðèè âûñî-
êèõ ýíåðãèé íà íóêëîòðîíå, à Ã. Ë. Ìåëêóìîâ ðàññêàçàë î
ïîñëåäíèõ ðåçóëüòàòàõ ýêñïåðèìåíòà NA-49 â ÖÅÐÍ. Äî-
êëàäû áûëè âûñëóøàíû ñ áîëüøèì èíòåðåñîì, ñîñòîÿëîñü
èõ îáñóæäåíèå, â õîäå êîòîðîãî ìîíãîëüñêèå ó÷åíûå åùå
ðàç ïîä÷åðêíóëè íåîáõîäèìîñòü áîëåå àêòèâíîãî ó÷àñòèÿ
â íàó÷íîé ïðîãðàììå ÎÈßÈ.
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ences of Mongolia Academician
Ts. Baatar also took part in the dis-
cussion.

The problems of participation of
young scientists in joint projects, pos-
sible ways of financial support of
these projects and a number of other
issues were discussed in detail dur-
ing the meeting with Plenipotentiary
of Mongolia to JINR, Head of the
Mongolian State University Professor
Ts. Gantsog on 15 September. Pro-
fessor Ts. Gantsog spoke about the
plans of sending a number of young
researchers to work at JINR in 2005. The Plenipotentiary also
mentioned that the problem of transfer of the financial contri-
bution of Mongolia to JINR for the year 2004 had been solved.
Director of the Centre of Nuclear Research of the Mongolian
State University Professor S. Davaa and Academician
Ts. Baatar took part in the meeting.

The results of the joint work and plans for the future were
discussed at the Directorate of the Institute of Physics and
Technology of the Academy of Sciences of Mongolia. Leading
scientists of the Institute took part in the discussion. The results
obtained by the group of Dr R. Togoo on observation of multi-

quark states aroused the biggest interest. These results were
obtained while analyzing the data taken previously with the
2-m propane bubble chamber at the Laboratory of High Ener-
gies. On the same day A. I. Malakhov and G. L. Melkumov
gave talks at a seminar at the Institute of Physics and Technolo-
gy of the Mongolian State University. A. I. Malakhov made a
presentation on the LHE research programme at the Nu-
clotron. G. L. Melkumov reported on the latest results of the
NA49 experiment at CERN. The talks were listened to with
great attention, a fruitful discussion followed. The Mongolian
scientists showed their interest in participation in the JINR re-
search programme.

Ulaanbaatar, September. JINR delegation on a visit to Mongolia. From left to right:
Director of the Centre of Nuclear Research of the Mongolian State University Professor

S. Davaa, Rector of the Mongolian State University, Plenipotentiary of Mongolia to JINR
Professor Ts. Gantsog, Director of LHE (JINR) Professor A. Malakhov,

chief of an LHE department Dr G. Melkumov, Director of the Institute of Physics and
Technology of the Mongolian Academy of Sciences Academician Ts. Baatar

Óëàí-Áàòîð, ñåíòÿáðü. Âèçèò äåëåãàöèè ÎÈßÈ â Ìîíãîëèþ. Ñëåâà íàïðàâî:
äèðåêòîð Öåíòðà ÿäåðíûõ èññëåäîâàíèé Ìîíãîëüñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà

ïðîôåññîð Ñ. Äàâàà, ðåêòîð Ìîíãîëüñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà,
ïîëíîìî÷íûé ïðåäñòàâèòåëü Ìîíãîëèè â ÎÈßÈ ïðîôåññîð Ö. Ãàíöîã, äèðåêòîð ËÂÝ

ÎÈßÈ ïðîôåññîð À. È. Ìàëàõîâ, íà÷àëüíèê ñåêòîðà ËÂÝ äîêòîð Ã. Ë. Ìåëêóìîâ,
äèðåêòîð Èíñòèòóòà ôèçèêè è òåõíîëîãèè Àêàäåìèè íàóê Ìîíãîëèè àêàäåìèê Ö. Áààòàð
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6–7 ÑÅÍÒßÁÐß â Áóäàïåøòå ïðîøåë ñåìèíàð, ïî-
ñâÿùåííûé ñîòðóäíè÷åñòâó â ðàìêàõ Ñîãëàøåíèÿ ìå-
æäó Âåíãåðñêîé àêàäåìèåé íàóê è Îáúåäèíåííûì èí-
ñòèòóòîì ÿäåðíûõ èññëåäîâàíèé íà 2001–2004 ãã. Öåëü
ñåìèíàðà — îáñóäèòü ïîëó÷åííûå çà ýòè ãîäû ðåçóëüòà-
òû è îáîçíà÷èòü îñíîâíûå íàïðàâëåíèÿ äàëüíåéøåãî
ðàçâèòèÿ ñîòðóäíè÷åñòâà Âåíãðèÿ–ÎÈßÈ.

Òðè ñåìèíàðñêèå ñåññèè áûëè ïîñâÿùåíû ñîâìåñò-
íûì ðàáîòàì ïî ôèçèêå êîíäåíñèðîâàííîãî ñîñòîÿíèÿ,
ôèçèêå òÿæåëûõ èîíîâ è òåîðåòè÷åñêîé ôèçèêå. Â ðàì-
êàõ íåéòðîííûõ èññëåäîâàíèé êîíäåíñèðîâàííûõ ñðåä

íà èìïóëüñíîì ðåàêòîðå ÈÁÐ-2 ËÍÔ ÎÈßÈ è èññëåäî-
âàòåëüñêîì ðåàêòîðå Áóäàïåøòñêîãî íåéòðîííîãî
öåíòðà áûëè ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèé
íàíîñèñòåì: ìàãíèòíûõ æèäêîñòåé ñ ïîìîùüþ ìàëî-
óãëîâîãî ðàññåÿíèÿ íåéòðîíîâ (Ì. Â. Àâäååâ, ËÍÔ
ÎÈßÈ, ñîâìåñòíî ñ Èíñòèòóòîì ôèçèêè òâåðäîãî òåëà è
îïòèêè, Öåíòðàëüíûì èíñòèòóòîì ôèçè÷åñêèõ èññëåäî-
âàíèé Âåíãåðñêîé àêàäåìèè íàóê (ÖÈÔÈ)) è ìíîãî-
ñëîéíûõ ìàãíèòíûõ ïëåíîê ñ ïîìîùüþ ðåôëåêòîìå-
òðèè ïîëÿðèçîâàííûõ íåéòðîíîâ (Ä. Íàäü, M. Ìàéîð,
Èíñòèòóò ôèçèêè ÷àñòèö è ÿäåðíîé ôèçèêè è ÖÈÔÈ;
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A seminar devoted to the collaboration within the
framework of the Agreement for 2001–2004 between the
Hungarian Academy of Sciences and the Joint Institute for
Nuclear Research was held on 6–7 September in Budapest.
The purpose of the seminar was to discuss the results ob-
tained in these years and to mark out the main directions of
further development of the Hungary–JINR collaboration.

Three seminar sessions were devoted to joint projects
in condensed matter physics, heavy ion physics and theoret-
ical physics. Within the framework of neutron investiga-
tions of condensed matter at the IBR-2 pulsed reactor

(FLNP, JINR) and the research reactor of the Budapest Neu-
tron Centre, the results of the studies of nanosystems were
presented: magnetic fluids by small-angle neutron scatter-
ing (M. V. Avdeev, FLNP, JINR, in cooperation with the
KFKI (Central Institute of Physics Research of the Hungari-
an Academy of Sciences) Research Institute for Solid State
Physics and Optics) and multilayer magnetic films by polar-
ized neutron reflectometry (D. Nagy, M. Major, KFKI Re-
search Institute for Particle and Nuclear Physics;
Yu. N. Khaidukov, FLNP, JINR). In addition, possible lines
of cooperation in creating new detectors of thermal neutrons

ÑÅÌÈÍÀÐÛ
SEMINARS

Äóáíà, Äîì ìåæäóíàðîäíûõ ñîâåùàíèé, 10 àâãóñòà. Þáèëåéíûé ñåìèíàð ïðîôåññîðà È. À. Ãîëóòâèíà (íà ôîòî êðàéíèé ñëåâà)

Dubna, the International Conference Hall, 10 August. The jubilee seminar of Professor I. Golutvin (extreme left)



Þ. Í. Õàéäóêîâ, ËÍÔ ÎÈßÈ). Òàêæå îáñóæäàëèñü âîç-
ìîæíûå ïóòè ñîòðóäíè÷åñòâà ïî ñîçäàíèþ íîâûõ äåòåê-
òîðîâ òåïëîâûõ íåéòðîíîâ (À. Â. Áåëóøêèí, ËÍÔ
ÎÈßÈ) è ìîäåðíèçàöèè ýêñïåðèìåíòàëüíîé áàçû äëÿ
ðåôëåêòîìåòðèè ïîëÿðèçîâàííûõ íåéòðîíîâ (À. Â. Ïå-
òðåíêî, ËÍÔ ÎÈßÈ; Ë. Áîòüÿí, Èíñòèòóò ôèçèêè ÷à-
ñòèö è ÿäåðíîé ôèçèêè, ÖÈÔÈ).

Ñåññèÿ ïî ôèçèêå òÿæåëûõ èîíîâ áûëà ïîñâÿùåíà
ðàáîòàì ïî ìîäèôèêàöèè ïîâåðõíîñòåé ðàçëè÷íûõ ìà-
òåðèàëîâ ñ ïîìîùüþ òÿæåëûõ èîíîâ íà óñêîðèòåëå
Ó-400 ËßÐ ÎÈßÈ (Æ. Äþëàè, Èíñòèòóò òåõíè÷åñêîé
ôèçèêè è ìàòåðèàëîâåäåíèÿ ÂÀÍ; Ê. Õàâàí÷àê,
Ø. Øòèõëîéòíåð, Ä. Ñåíåø, Óíèâåðñèòåò Ýòâåøà;
Ç. Êàé÷îø, Èíñòèòóò ôèçèêè ÷àñòèö è ÿäåðíîé ôèçèêè,
ÖÈÔÈ; Â. À. Ñêóðàòîâ, ËßÐ ÎÈßÈ).

Äîêëàäû ïî òåîðåòè÷åñêîé ôèçèêå ïðåäñòàâëÿëè
ñëåäóþùèå íàïðàâëåíèÿ: ÿäåðíàÿ ôèçèêà, à èìåííî êó-
ëîíîâñêèå ñèñòåìû íåñêîëüêèõ òåë ïðè íèçêèõ ýíåðãè-
ÿõ (ß. Ðåâàè, Èíñòèòóò ôèçèêè ÷àñòèö è ÿäåðíîé ôèçè-
êè, ÖÈÔÈ; Â. Á. Áåëÿåâ, ËÒÔ ÎÈßÈ); òåîðèÿ ñòîëêíî-
âåíèé ðåëÿòèâèñòñêèõ òÿæåëûõ èîíîâ (Ï. Ëåâàè,
Èíñòèòóò ôèçèêè ÷àñòèö è ÿäåðíîé ôèçèêè, ÖÈÔÈ;
Â. Ä. Òîíååâ, ËÒÔ ÎÈßÈ); êâàíòîâàÿ õðîìîäèíàìèêà

(Â. Ãîãîõèÿ, Èíñòèòóò ôèçèêè ÷àñòèö è ÿäåðíîé ôèçèêè,
ÖÈÔÈ).

Ïðåäñòàâèòåëè Âåíãåðñêîé àêàäåìèè íàóê (àêàäå-
ìèêè Ç. Õîðâàò, Æ. Äþëàè, Ä. Ìèõàé; ÷ëåíû-êîððå-
ñïîíäåíòû Ä. Ôàéãåë, À. Ïàòêîø, äîêòîð Á. Êàðäîí),
ó÷àñòâîâàâøèå â ðàáîòå ñåìèíàðà, âûñîêî îöåíèëè ñòà-
òóñ ñîâìåñòíûõ ðàáîò, âûïîëíÿåìûõ â ÎÈßÈ â ðàìêàõ
äâóñòîðîííåãî ñîãëàøåíèÿ, è âûðàçèëè ïîääåðæêó ðàñ-
øèðåíèþ äàëüíåéøèõ íàó÷íûõ êîíòàêòîâ. Îòìå÷åíî
çíà÷èòåëüíîå êîëè÷åñòâî ìîëîäûõ ó÷åíûõ, ïðèíÿâøèõ
ó÷àñòèå â ñåìèíàðå, è âûñîêèé óðîâåíü ïðåäñòàâëåííûõ
èìè ðàáîò. Âñå ó÷àñòíèêè ñåìèíàðà, êàê ñî ñòîðîíû
Âåíãðèè, òàê è ñî ñòîðîíû ÎÈßÈ, âûðàçèëè íàäåæäó íà
òî, ÷òî ýòîò ñåìèíàð ñòàíåò òðàäèöèîííûì.

Ìåæäóíàðîäíûé ñåìèíàð,

ïîñâÿùåííûé 30-ëåòèþ ñîòðóäíè÷åñòâà

ÎÈßÈ–IN2P3

Ñ 30 ñåíòÿáðÿ ïî 1 îêòÿáðÿ â ÎÈßÈ ïðîõîäèëè ìå-
ðîïðèÿòèÿ, ïîñâÿùåííûå 30-ëåòèþ ñîòðóäíè÷åñòâà
Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé è
ôðàíöóçñêîãî Íàöèîíàëüíîãî èíñòèòóòà ôèçèêè ÿäðà è
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(A. V. Belushkin, FLNP, JINR) and modernization of ex-
perimental base for polarized neutron reflectometry
(A. V. Petrenko, FLNP, JINR; L. Bottyán, KFKI Research
Institute for Particle and Nuclear Physics) were discussed.

The session on heavy ion physics was devoted to works
on modification of surfaces of various materials by heavy
ions at the U-400 accelerator, FLNR, JINR (J. Gyulai, Re-
search Institute for Technical Physics and Materials, HAS;
K. Havancsák, S. Stichleutner, Gy. Szenes, Eötvös Univer-
sity; Zs. Kajcsos, KFKI Research Institute for Particle and
Nuclear Physics; V. A. Skuratov, FLNR, JINR).

Reports on theoretical physics represented the follow-
ing directions: nuclear physics, namely the Coulomb sys-
tems of several bodies at low energies (J. Révai, KFKI Re-
search Institute for Particle and Nuclear Physics;
V. B. Belyaev, BLTP, JINR); theory of relativistic heavy ion
collisions (P. Lévai, KFKI Research Institute for Particle
and Nuclear Physics; V. D. Toneev, BLTP, JINR); quantum
chromodynamics (V. Gogohia, KFKI Research Institute for
Particle and Nuclear Physics).

The representatives of the Hungarian Academy of Sci-
ences (Academicians Z. Horvath, J. Gyulai, Gy. Mihaly;

Corresponding Members Gy. Faigel, A. Patkos, Dr B. Kar-
don), who participated in the seminar, expressed a high
opinion of the status of the joint projects carried out at JINR
within the framework of the bilateral Agreement and sup-
ported the broadening of further scientific contacts. Note-
worthy also was a significant number of young scientists
who took part in the seminar and a high level of their works.
All participants of the seminar, both on the part of Hungary
and on the part of JINR, expressed hope that this seminar
would become traditional in the future.

Joint Scientific Seminar

«JINR–IN2P3: 30 Years of Collaboration»

An event dedicated to the 30 years’ collaboration be-
tween the Joint Institute for Nuclear Research and the Na-
tional Institute for Nuclear Physics and Particle Physics of
France (IN2P3) was held from 30 September to 1 October at
JINR.

On 31 August 1972 a Protocol was signed in Dubna on
the collaboration between JINR and IN2P3. In 1974 the first
joint experiment was carried out. Today, about 15 scientific

ÑÅÌÈÍÀÐÛ
SEMINARS



46

Äóáíà, 30 ñåíòÿáðÿ.
Ìåæäóíàðîäíûé ñåìèíàð
«ÎÈßÈ–IN2P3 (Ôðàíöèÿ) —
30 ëåò ïëîäîòâîðíîãî
ñîòðóäíè÷åñòâà»

Dubna, 30 September.
International seminar
«JINR–IN2P3: 30 Years of
Collaboration»
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ýëåìåíòàðíûõ ÷àñòèö (IN2P3). 31 àâãóñòà 1972 ã. â Äóá-
íå áûë ïîäïèñàí ïðîòîêîë î ñîòðóäíè÷åñòâå ìåæäó
ÎÈßÈ è Íàöèîíàëüíûì èíñòèòóòîì ôèçèêè ÿäðà è ýëå-
ìåíòàðíûõ ÷àñòèö, à â 1974 ã. ïðîâåäåí ïåðâûé ñîâìåñò-
íûé ýêñïåðèìåíò. Â íàñòîÿùåå âðåìÿ îêîëî 15 íàó÷íûõ
öåíòðîâ è óíèâåðñèòåòîâ Ôðàíöèè îñóùåñòâëÿþò ñî-
âìåñòíûå èññëåäîâàíèÿ ñ ÎÈßÈ ïî ôèçèêå ÿäðà è ôèçè-
êå âûñîêèõ ýíåðãèé, â îáëàñòè òåõíèêè óñêîðèòåëåé è
ïî ôèçèêå òÿæåëûõ èîíîâ.

Äëÿ ó÷àñòèÿ â íàó÷íîì ñåìèíàðå ïî èòîãàì 30-ëåò-
íåãî ñîòðóäíè÷åñòâà ÎÈßÈ–IN2P3 â Äóáíó ïðèåõàëà
ïðåäñòàâèòåëüíàÿ äåëåãàöèÿ ôðàíöóçñêèõ ó÷åíûõ.
30 ñåíòÿáðÿ ïðîøëè ïåðåãîâîðû ìåæäó ðóêîâîäñòâîì
ÎÈßÈ è IN2P3, áûëè ïîäâåäåíû èòîãè ñîâìåñòíûõ ðà-
áîò ó÷åíûõ â êîëëàáîðàöèÿõ è íàìå÷åíû ïëàíû íà áóäó-
ùåå. Ôðàíöóçñêèå ó÷åíûå ïîñåòèëè Ëàáîðàòîðèþ ÿäåð-
íûõ ðåàêöèé èì. Ã. Í. Ôëåðîâà è äðóãèå ëàáîðàòîðèè
ÎÈßÈ. Â òîò æå äåíü â Äîìå ìåæäóíàðîäíûõ ñîâåùà-
íèé ñîñòîÿëîñü òîðæåñòâåííîå çàñåäàíèå, ïîñâÿùåííîå
30-ëåòèþ ñîòðóäíè÷åñòâà, íà êîòîðîì ñ äîêëàäàìè âû-
ñòóïèëè äèðåêòîð IN2P3 Ì. Ñïèðî, äèðåêòîð ÎÈßÈ
Â. Ã. Êàäûøåâñêèé è ñîâåòíèê ïî íàóêå, òåõíîëîãèÿì è
êîñìîñó ïîñîëüñòâà Ôðàíöèè â Ðîññèè Á. Ôëåòüå. Çàòåì
äëÿ æóðíàëèñòîâ ãîðîäà áûëà óñòðîåíà ïðåññ-êîíôå-

ðåíöèÿ, êîòîðóþ âåë âèöå-äèðåêòîð ÎÈßÈ ïðîôåññîð
À. Í. Ñèñàêÿí, îòìåòèâøèé ýôôåêòèâíîñòü ñîòðóäíè-
÷åñòâà ó÷åíûõ Äóáíû è Ôðàíöèè, ïðî÷íîñòü èñòîðè÷å-
ñêèõ êîðíåé, ñâÿçûâàþùèõ íàøè íàðîäû è ïîçâîëÿþ-
ùèõ íàéòè îáùèé ÿçûê íå òîëüêî â íàóêå, íî è â æèçíè.

1 îêòÿáðÿ â ÄÌÑ ÎÈßÈ ïðîøåë íàó÷íûé ñåìèíàð,
ãäå ïðîçâó÷àëè äîêëàäû äóáíåíñêèõ ó÷åíûõ è èõ ôðàí-
öóçñêèõ êîëëåã, ïîñâÿùåííûå õîäó è ðåçóëüòàòàì ñî-
âìåñòíûõ èññëåäîâàíèé, à òàêæå íîâûì ïðîåêòàì, ïðåä-
ïîëàãàþùèì äàëüíåéøåå íàó÷íîå ñîòðóäíè÷åñòâî.

Ïî èòîãàì âèçèòà äåëåãàöèè Ôðàíöèè â ÎÈßÈ
Ì. Ñïèðî è Â. Ã. Êàäûøåâñêèì áûëî ïîäïèñàíî ñîãëà-
øåíèå î íîâîì ýòàïå ñîòðóäíè÷åñòâà. Â íåì, â ÷àñòíî-
ñòè, ãîâîðèòñÿ:
• ÎÈßÈ áóäåò ó÷àñòâîâàòü â ïðîãðàììå äàëüíåéøèõ

èññëåäîâàíèé â öåíòðå GANIL (áîëüøîé íàöèîíàëü-
íûé óñêîðèòåëü òÿæåëûõ èîíîâ) â Êàíå (Ôðàíöèÿ), à
òàêæå âîéäåò â åâðîïåéñêèé íàó÷íûé êîíñîðöèóì, êî-
òîðûé áóäåò ñîçäàí âîêðóã óñòàíîâêè SPIRAL2 â
GANIL äëÿ ïîëó÷åíèÿ è èçó÷åíèÿ ñâîéñòâ ýêçîòè÷å-
ñêèõ ÿäåð;

• IN2P3 áóäåò ó÷àñòâîâàòü â íàó÷íûõ ïðîãðàììàõ
ÎÈßÈ, ñâÿçàííûõ ñ ýêñïåðèìåíòàìè ïî ñèíòåçó òÿæå-
ëûõ è ñâåðõòÿæåëûõ ýëåìåíòîâ è èçó÷åíèþ èõ
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centres and universities of France conduct, jointly with
JINR, research in nuclear physics and high energy physics,
accelerator technology and heavy ion physics.

A representative delegation of French scientists arrived
in Dubna to take part in the seminar on the results of
30 years of the JINR–IN2P3 collaboration. Negotiations be-
tween the leaders of the two organizations were held on
30 September. Also, on that day the joint activities of scien-
tists in collaborations were summerized and plans for the fu-
ture were discussed. The French scientists visited the Flerov
Laboratory of Nuclear Reactions and other JINR Laborato-
ries. On that day a ceremonial meeting dedicated to the 30th
anniversary of the collaboration was held at the Internation-
al Conference Hall, where IN2P3 Director M. Spiro, JINR
Director V. Kadyshevsky and Counsellor on Science, Tech-
nology and Space of the Embassy of France in Moscow
B. Fleutiaux made reports. Then a press conference for jour-
nalists was organized. It was conducted by JINR Vice-Di-
rector Professor A. Sissakian, who noted the efficiency of
the collaboration between scientists of Dubna and France,
solidity of historical bonds between our nations that facili-

tate mutual contacts not only in science but in general life
aspects.

A scientific seminar was held on 1 October at the JINR
International Conference Hall, where Dubna and French
scientists spoke about the activities and results of the joint
studies and new projects of further cooperation.

As a result of the visit of the French delegation,
M. Spiro and V. Kadyshevsky signed an agreement on a
new stage of collaboration. In particular, it says:

• JINR will take part in the programme of further research
at GANIL (Grand Accelerateur National d’Ions Lourds)
in Caen (France) and will enter the European scientific
consortium which will be established for the SPIRAL2
set-up at GANIL to obtain and study the properties of ex-
otic nuclei;

• IN2P3 will take part in JINR scientific programmes relat-
ed to the experiments on the heavy and superheavy ele-
ments’ synthesis and their properties, and will also partic-
ipate in the international collaboration of scientists who
work at the Flerov Laboratory of Nuclear Reactions in
Dubna;
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ñâîéñòâ, à òàêæå áóäåò âõîäèòü â ìåæäóíàðîäíîå ñî-
îáùåñòâî ó÷åíûõ, ðàáîòàþùèõ â Ëàáîðàòîðèè ÿäåð-
íûõ ðåàêöèé èì. Ã. Í. Ôëåðîâà â Äóáíå;

• ïðîäîëæèòñÿ ó÷àñòèå ÎÈßÈ â ðàáîòàõ, ïðîâîäèìûõ â
ïîäçåìíîé ëàáîðàòîðèè â Ìîäàíå (Ôðàíöóçñêèå Àëü-
ïû), ïî èçó÷åíèþ ñâîéñòâ íåéòðèíî, òåìíîé ìàòåðèè
è ñâåðõòÿæåëûõ ýëåìåíòîâ.

Ïðåäñòàâèòåëè ñòîðîí âûðàçèëè óâåðåííîñòü, ÷òî â
äàëüíåéøåì âñå ýòî ïîçâîëèò ðàñøèðèòü îáìåí ó÷åíû-
ìè è èíæåíåðàìè, îñîáåííî ìîëîäûìè ñïåöèàëèñòàìè,
îáìåí íàó÷íî-òåõíè÷åñêèì îáîðóäîâàíèåì äëÿ ðàçâè-
òèÿ è óêðåïëåíèÿ ñîòðóäíè÷åñòâà ìåæäó ÎÈßÈ è íàó÷-
íûìè öåíòðàìè Ôðàíöèè.

�

XVII Áàëäèíñêèé ìåæäóíàðîäíûé ñåìèíàð ïî ïðî-
áëåìàì ôèçèêè âûñîêèõ ýíåðãèé «Ðåëÿòèâèñòñêàÿ ÿäåð-
íàÿ ôèçèêà è êâàíòîâàÿ õðîìîäèíàìèêà» ïðîõîäèë â
Äóáíå ñ 27 ñåíòÿáðÿ ïî 2 îêòÿáðÿ. Ýòî óæå âòîðîé ìå-
æäóíàðîäíûé ñåìèíàð, ïðîâîäèìûé áåç Àëåêñàíäðà
Ìèõàéëîâè÷à Áàëäèíà — îðãàíèçàòîðà è íàó÷íîãî ðó-
êîâîäèòåëÿ ñåìèíàðà.

Ïåðâûé ñåìèíàð ïðîâîäèëñÿ Îòäåëåíèåì ÿäåðíîé
ôèçèêè Àêàäåìèè íàóê ÑÑÑÐ â 1969 ã. êàê îäèí èç ñåðèè
òàê íàçûâàåìûõ Ìàðêîâñêèõ ñåìèíàðîâ, öåëüþ êîòîðûõ
áûëî îáñóæäåíèå ïîñëåäíèõ äîñòèæåíèé è íàèáîëåå
àêòóàëüíûõ çàäà÷ ïî êîíêðåòíî âûáðàííîé òåìàòèêå äî-
ñòàòî÷íî óçêèì, íî àâòîðèòåòíûì íàó÷íûì êîëëåêòè-
âîì. Îñíîâó ñåìèíàðîâ ñîñòàâëÿëè îáçîðíûå äîêëàäû
âåäóùèõ ôèçèêîâ — òåîðåòèêîâ è ýêñïåðèìåíòàòîðîâ, â
òîì ÷èñëå ïðèãëàøåííûõ èç-çà ðóáåæà.

Èìåííî ñ îäíîãî èç òàêèõ ñåìèíàðîâ 34 ãîäà íàçàä
íà÷àëà ñâîé îòñ÷åò ñåðèÿ äóáíåíñêèõ êîíôåðåíöèé (ñ
íåîôèöèàëüíûì íàçâàíèåì «Áàëäèíñêàÿ îñåíü»), êîòî-
ðûå ïðîâîäÿòñÿ ñ òåõ ïîð ðåãóëÿðíî ñ äâóõëåòíåé ïåðèî-
äè÷íîñòüþ. Íûíåøíÿÿ êîíôåðåíöèÿ — óæå 17-ÿ ïî ñ÷å-
òó. Çà ñâîþ èñòîðèþ îíà ïðèîáðåëà èçâåñòíîñòü êàê àâ-
òîðèòåòíàÿ êîíôåðåíöèÿ ïî ôèçèêå ñèëüíûõ
âçàèìîäåéñòâèé, ïðåæäå âñåãî ïî àêòóàëüíûì ïðîáëå-
ìàì êâàíòîâîé õðîìîäèíàìèêè è âçàèìîäåéñòâèÿ ÿäåð
ïðè ðåëÿòèâèñòñêèõ ýíåðãèÿõ.

Íà ýòîò ðàç êîíôåðåíöèÿ ïðîõîäèëà â Ëàáîðàòîðèè
òåîðåòè÷åñêîé ôèçèêè èì. Í. Í. Áîãîëþáîâà. Áûëî
ïðåäñòàâëåíî îêîëî 120 äîêëàäîâ íà ïëåíàðíûõ è ïà-
ðàëëåëüíûõ ñåññèÿõ â äâóõ êîíôåðåíö-çàëàõ ËÒÔ.
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• JINR will continue its participation in the research at the
underground laboratory in Modane (the French Alps) in
the studies of neutrino, dark matter and superheavy ele-
ments.

The representatives of both sides expressed their confi-
dence that in the future all these issues will facilitate the ex-
change of scientists and engineers, especially, young spe-
cialists, as well as scientific equipment to develop and
strengthen the cooperation between JINR and scientific cen-
tres of France.

�

The XVII International Baldin Seminar on High Ener-
gy Physics Problems «Relativistic Nuclear Physics and
Quantum Chromodynamics» was held in Dubna on 27 Sep-
tember – 2 October. It is the second seminar without Alek-
sandr Mikhailovich Baldin, the scientific advisor and leader
of the seminar.

The first seminar was held in 1969 as one of a series of
meetings at the Nuclear Physics Department of the USSR
AS initiated by Academician M. A. Markov. The purpose of
these meetings, known as Markov’s seminars, was a discus-

sion of the latest achievements and the most urgent prob-
lems on a selected topic by a small team of prominent
scientists. Review reports of leading physicists — theoreti-
cians and experimentalists, both Russian and foreign,
formed the basis of the seminars.

The seminar with the informal title «Baldin Autumn»
in Dubna dates back to one of such seminars held 34 years
ago. Since then it has been held once every two years. The
present seminar is the 17th one. It has become world-wide
known and gained reputation as a prestigious conference on
physics of strong interactions, first of all on topical prob-
lems of quantum chromodynamics and nuclear interactions
at relativistic energies.

The present seminar was held at the Bogoliubov Labo-
ratory of Theoretical Physics. About 120 reports were pre-
sented at plenary and parallel sessions in two conference
halls at BLTP.

The main topics of the international seminar were:
• Quantum chromodynamics at large distances
• Relativistic heavy-ion collisions
• Hadron spectroscopy and multiquark states
• Structure functions of hadrons and nuclei
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Ëàáîðàòîðèÿ òåîðåòè÷åñêîé ôèçèêè
èì. Í. Í. Áîãîëþáîâà.

XVII Áàëäèíñêèé ìåæäóíàðîäíûé
ñåìèíàð ïî ïðîáëåìàì ôèçèêè

âûñîêèõ ýíåðãèé «Ðåëÿòèâèñòñêàÿ
ÿäåðíàÿ ôèçèêà è êâàíòîâàÿ

õðîìîäèíàìèêà»

Bogoliubov Laboratory
of Theoretical Physics.

XVII International Baldin Seminar on
High Energy Physics Problems

«Relativistic Nuclear Physics and
Quantum Chromodynamics»
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Ìîæíî âûäåëèòü îñíîâíûå òåìû ìåæäóíà-
ðîäíîãî ñåìèíàðà:
• ÊÕÄ íà áîëüøèõ ðàññòîÿíèÿõ,
• ôèçèêà ðåëÿòèâèñòñêèõ òÿæåëûõ èîíîâ,
• ñïåêòðîñêîïèÿ àäðîíîâ è ìíîãîêâàðêîâûå ñî-

ñòîÿíèÿ,
• ñòðóêòóðíûå ôóíêöèè àäðîíîâ è ÿäåð,
• ìíîãî÷àñòè÷íàÿ äèíàìèêà,
• ñïèíîâàÿ ôèçèêà è ïîëÿðèçàöèîííûå èññëåäî-

âàíèÿ,
• èçó÷åíèå ýêçîòè÷åñêèõ ÿäåð â ðåëÿòèâèñòñêèõ

ïó÷êàõ,
• èñïîëüçîâàíèå ðåëÿòèâèñòñêèõ ïó÷êîâ äëÿ ïðè-

êëàäíûõ èññëåäîâàíèé,
• äîñòèæåíèÿ â ýêñïåðèìåíòàëüíûõ èññëåäîâàíè-

ÿõ íà óñêîðèòåëÿõ âûñîêèõ ýíåðãèé,
• óñêîðèòåëüíûå êîìïëåêñû: íàñòîÿùåå è áóäó-

ùåå.
Êðîìå ñîòðóäíèêîâ ÎÈßÈ â ñåìèíàðå ïðèíÿ-

ëè ó÷àñòèå ñïåöèàëèñòû èç Áîëãàðèè, Áåëîðóññèè,
Ãåðìàíèè, Èðàíà, Èíäèè, Ìîíãîëèè, Ïîëüøè,
Ðîññèè, Ñëîâàêèè, ÑØÀ, Ôðàíöèè, Ãðåöèè, Åãèï-
òà, ×åõèè, Óçáåêèñòàíà, Óêðàèíû è èç áûâøåé
Þãîñëàâèè (Ñåðáèÿ è ×åðíîãîðèÿ).

C 29 èþíÿ ïî 2 èþëÿ â Ëàáîðàòîðèè èíôîðìàöèîííûõ
òåõíîëîãèé ïðîõîäèëà ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Ðàñ-

ïðåäåëåííûå âû÷èñëåíèÿ è Grid-òåõíîëîãèè â íàóêå è îáðà-

çîâàíèè». Ýòî áûëà ïåðâàÿ êîíôåðåíöèÿ â Ðîññèè, ïîñâÿùåí-
íàÿ îáñóæäåíèþ âîïðîñîâ, ñâÿçàííûõ ñ èñïîëüçîâàíèåì ñî-
âðåìåííûõ Grid-òåõíîëîãèé è ðàñïðåäåëåííûõ âû÷èñëåíèé
âî âñåõ ñôåðàõ äåÿòåëüíîñòè.

Â íàñòîÿùåå âðåìÿ Grid ñòàíîâèòñÿ äîìèíèðóþùåé êîí-
öåïöèåé ðàñïðåäåëåííûõ âû÷èñëåíèé. Ýòà òåõíîëîãèÿ ðàñ-
ñìàòðèâàåòñÿ ìèðîâûì ñîîáùåñòâîì êàê íàèáîëåå ïåðñïåê-
òèâíàÿ ñòðàòåãèÿ ãëîáàëüíûõ âû÷èñëåíèé, èñïîëüçóþùàÿ
ãåîãðàôè÷åñêè ðàñïðåäåëåííûå ðåñóðñû è ïðåäóñìàòðèâàþ-
ùàÿ ïðèìåíåíèå îòêðûòûõ ñòàíäàðòîâ, îáúåäèíåíèå ðàçíî-
ðîäíûõ ñèñòåì, ñîâìåñòíîå èñïîëüçîâàíèå äàííûõ è äèíàìè-
÷åñêîå âûäåëåíèå âû÷èñëèòåëüíûõ ìîùíîñòåé.

Íà îòêðûòèè êîíôåðåíöèè ïðåäñåäàòåëü îðãêîìèòåòà âè-
öå-äèðåêòîð ÎÈßÈ ïðîôåññîð À. Í. Ñèñàêÿí ïîä÷åðêíóë
âàæíîñòü ñîçäàíèÿ âû÷èñëèòåëüíîé ñåòè íà îñíîâå Grid-òåõ-
íîëîãèé: «Ôèçèêè, îñîáåííî ôèçèêè, ðàáîòàþùèå â îáëàñòè
ìèêðîìèðà, íàâåðíîå, îêàæóòñÿ ïåðâûìè ïîëüçîâàòåëÿìè è
èíèöèàòîðàìè ñîçäàíèÿ òàêîé ñåòè. Òàê æå êàê ñîâðåìåííûé
Èíòåðíåò ÿâëÿåòñÿ â êàêîé-òî ìåðå äåòèùåì ôèçèêè âûñîêèõ
ýíåðãèé, òàê è Grid-òåõíîëîãèè ÷åðåç ôèçèêó âûñîêèõ ýíåð-
ãèé íà÷èíàþò ñâîå ïðîíèêíîâåíèå âî âñå îáëàñòè íàóêè,

• Multiparticle dynamics
• Polarization phenomena and spin physics
• Studies of exotic nuclei in relativistic beams
• Applied use of relativistic beams
• Progress in experimental studies at the high-energy

accelerators
• Accelerator facilities: status and perspectives.

The scientists from such countries as Bulgaria,
Belarus, Germany, Iran, India, Mongolia, Poland,
Russia, Slovakia, the USA, France, Greece, Egypt,
the Czech Republic, Uzbekistan, Ukraine and former
Yugoslavia (Serbia and Montenegro) took part in the
conference.

From 29 June to 2 July, an international conference «Distrib-

uted Computing and Grid Technologies in Science and Educa-

tion» was held at the Laboratory of Information Technologies.
The conference was the first one dedicated to the issues of the im-
plementation of advanced Grid technologies and distributed com-
puting in all fields of human activities.

The Grid is getting a dominating concept of distributed com-
puting. The Grid technologies are considered worldwide as the
most promising strategy of global computations that uses geo-
graphically distributed resources and provides use of open stan-
dards, integration of heterogeneous systems, joint use of data and
dynamic allocation of computing resources.

In the opening address JINR Vice-Director A. N. Sissakian
took note of the importance of creating a computing network
based on Grid technologies, «The physicists, especially those in-
volved in microcosm research, are likely to become first users and
pioneers of such a network. Just as the present-day Internet was to
some extent a brainchild of high energy physics, the Grid begins
penetrating through high energy physics into all areas of science
and education and, finally, into the civilized process of the 21st
century.» D. L. Penyaz, a representative of Hewlett Packard, one
of the world’s largest computer companies and a long-standing



îáðàçîâàíèÿ è, â êîíå÷íîì èòîãå, â òîò öèâèëèçàöèîí-
íûé ïðîöåññ, êîòîðûé ïðîèñõîäèò â XXI âåêå». Ïðåä-
ñòàâèòåëü ÍÐ (Hewlett Packard), îäíîé èç êðóïíåéøèõ
êîìïüþòåðíûõ êîìïàíèé ìèðà, ìíîãîëåòíåãî ïàðòíåðà
ÎÈßÈ è ñïîíñîðà êîíôåðåíöèè, Ä. Ë. Ïåíÿçü ðàññêàçàë
î ñòðàòåãèè êîìïàíèè, ñâÿçàííîé ñ Grid: «Êîìïàíèÿ
ñ÷èòàåò, ÷òî â òå÷åíèå áëèæàéøèõ äâóõ-ïÿòè ëåò Grid-
âû÷èñëåíèÿ áóäóò îêàçûâàòü îãðîìíîå âëèÿíèå íà èíäó-
ñòðèþ. Åñëè âñïîìíèòü áóðíûé ñêà÷îê ðàçâèòèÿ Èíòåð-
íåòà, òî ìîæíî ïðåäïîëîæèòü, ÷òî Grid äëÿ ðåñóðñîâ
ñäåëàåò òî æå, ÷òî Èíòåðíåò ñäåëàë äëÿ èíôîðìàöèè».

Â êîíôåðåíöèè ó÷àñòâîâàëî áîëåå 200 ÷åëîâåê.
Áûëî çàñëóøàíî 79 äîêëàäîâ, êàñàþùèõñÿ êàê âîïðîñîâ
îðãàíèçàöèè Grid-èíôðàñòðóêòóð, òàê è ðàçðàáîòêè
ñðåäñòâ äëÿ ôóíêöèîíèðîâàíèÿ òàêèõ ñèñòåì, à òàêæå
âîïðîñîâ ðåøåíèÿ ïðèêëàäíûõ çàäà÷ íà ñîçäàâàåìûõ
ñòðóêòóðàõ. Âî âñòóïèòåëüíîì äîêëàäå Â. À. Èëüèíà
(ÍÈÈ ÿäåðíîé ôèçèêè èì. Ä. Â. Ñêîáåëüöûíà ÌÃÓ) è
Â. Â. Êîðåíüêîâà (ËÈÒ ÎÈßÈ) îñíîâíîå âíèìàíèå
áûëî óäåëåíî óæå ñóùåñòâóþùèì ïðîåêòàì ðîññèé-
ñêèõ íàó÷íûõ öåíòðîâ è ÎÈßÈ ïî ñîçäàíèþ èíôðà-
ñòðóêòóðû, êîòîðàÿ ìîãëà áû îáñëóæèâàòü êîíêðåòíûå
ïðèêëàäíûå çàäà÷è. Òàê, áëàãîäàðÿ ó÷àñòèþ â ïðîåêòå
EDG — European DataGrid — ðîññèéñêèå öåíòðû è

ÎÈßÈ ïîëó÷èëè îïûò ðàáîòû ñ íîâåéøèì ïðîãðàìì-
íûì îáåñïå÷åíèåì Grid, ðîññèéñêèé ñåãìåíò áûë
âêëþ÷åí â åâðîïåéñêóþ èíôðàñòðóêòóðó. Ñ 2003 ã. ðîñ-
ñèéñêèå öåíòðû è ÎÈßÈ ïðèíèìàþò ó÷àñòèå â ïðîåêòå
LCG — LHC Computing Grid — ñîçäàíèè ãëîáàëüíîé
èíôðàñòðóêòóðû ðåãèîíàëüíûõ öåíòðîâ äëÿ îáðàáîòêè,
õðàíåíèÿ è àíàëèçà äàííûõ ýêñïåðèìåíòîâ íà LHC. Íî-
âûé ïðîåêò EGEE — Enabling Grids for E-science in Eu-
rope, êîòîðûé ñòàðòîâàë â àïðåëå ýòîãî ãîäà, îáúåäèíÿåò
70 èíñòèòóòîâ èç 28 ñòðàí ìèðà. Åãî öåëü — ñîçäàíèå
èíôðàñòðóêòóðû Grid, äîñòóïíîé 24 ÷àñà â ñóòêè. Â
ðàìêàõ ïðîåêòà EGEE íàêàíóíå êîíôåðåíöèè äëÿ
ó÷àñòíèêîâ áûëè âïåðâûå â Ðîññèè ïðîâåäåíû îäíî-
äíåâíûå îáó÷àþùèå êóðñû.

Âîïðîñàì ñîçäàíèÿ Grid-ñòðóêòóð â ñòðàíàõ-ó÷àñò-
íèöàõ ÎÈßÈ áûëè ïîñâÿùåíû äîêëàäû À. Ãðèãîðÿíà
(Àðìåíèÿ), À. Äèðíåðà (Ñëîâàêèÿ), Ì. Ëîêàé÷èêà (×å-
õèÿ). Áîëüøîå âíèìàíèå ïðèâëåêëè äîêëàäû î Grid-öåí-
òðàõ Ãåðìàíèè, ñäåëàííûå Ì. Êóíöå (Êàðëñðóý) è
Â. Ëèíäåíøòðóòîì (Ãåéäåëüáåðã). Áîëüøîé èíòåðåñ
ó÷àñòíèêîâ êîíôåðåíöèè âûçâàëè äîêëàäû Ò. Ñîëîìî-
íèäåñà (Âåëèêîáðèòàíèÿ) è À. Æó÷êîâà (Ðîññèÿ), êîòî-
ðûå êàñàëèñü âîïðîñîâ ïðèìåíåíèÿ Grid-òåõíîëîãèé â
ïðîåêòàõ HelthGrid è MammoGrid â ìèðå è â Ðîññèè.
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JINR partner, spoke about the strategy of the company con-
nected to Grid developments, «We believe that within the
nearest two-five years the Grid computing will have an even
greater impact on industry. If we take a look at the rapid
growth of the Internet, we can suppose that Grid will do the
same for resources as the Internet has done for informa-
tion.»

More than 200 scientists attended the conference. The
participants heard 79 reports dedicated to the implementa-
tion of Grid infrastructures and development of tools for
functioning of such systems, as well as to the issues of solv-
ing applied tasks with the help of the created structures. The
introductory report delivered by V. A. Ilyin (SRINP, MSU)
and V. V. Korenkov (LIT, JINR) focussed basic attention on
the available projects of Russian research centres and JINR
aimed at creating an infrastructure that could serve specific
applied tasks. For example, due to the participation in the
EDG (European DataGrid) project the Russian centres and
JINR have gained experience of work with the newest Grid
software, and the Russian segment has been included in the
European infrastructure. Since 2003, the Russian research
centres and JINR have been participating in the LCG (LHC

Computing Grid) project devoted to the creation of a global
infrastructure of regional centres for processing, storage and
analysis of data from LHC experiments. The new project —
EGEE (Enabling Grids for E-science in Europe) that started
in April 2004, joins 70 institutes from 28 countries world-
wide. Its purpose is to develop a Grid infrastructure accessi-
ble 24 hours a day. Before the conference, for the first time
in Russia, one-day training courses were organized for the
conference participants in the framework of the EGEE pro-
ject.

The issues of creating Grid structures in the JINR
Member States were discussed in the reports delivered by
A. Grigoryan (Armenia), A. Dirner (Slovakia), A. Loka-
jicek (Czechia). Particular attention was attracted by the re-
ports on Grid centres in Germany presented by M. Kunze
(Karlsruhe) and V. Lindenstruth (Heidelberg).

The contributions of T. Solomonides (Great Britain)
and A. Zhuchkov (Russia) devoted to the application of the
Grid technologies in the projects HealthGrid and Mammo-
Grid in Russia generated great interest of the conference at-
tendees.

ÊÎÍÔÅÐÅÍÖÈÈ. ÑÎÂÅÙÀÍÈß
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Ïðèìåíåíèþ Grid-òåõíîëîãèé äëÿ ñîçäàíèÿ ñèñòåì
îáðàáîòêè äàííûõ ýêñïåðèìåíòîâ íà LHC è ñâÿçàííûõ ñ
ýòèì Grid-ñèñòåì áûëè ïîñâÿùåíû äîêëàäû Þ. Ñìèð-
íîâà (ÎÈßÈ, ÑØÀ), Î. Ñìèðíîâîé (ËßÏ ÎÈßÈ, Øâå-
öèÿ), Â. Ëèòâèíà (ÑØÀ), Þ. Õàðëîâà (Ïðîòâèíî),
Ñ. Øìàòîâà (ÎÈßÈ).

Ó÷àñòíèêàì êîíôåðåíöèè áûëè ïðåäñòàâëåíû äî-
êëàäû î ñîñòîÿíèè è ïåðñïåêòèâàõ ðàçâèòèÿ Öåíòðàëü-
íîãî èíôîðìàöèîííî-âû÷èñëèòåëüíîãî êîìïëåêñà
ÎÈßÈ (Â. Â. Ìèöûí, ÎÈßÈ), î ïðîåêòå «Äóáíà–Grid»
(Þ. À. Êðþêîâ), îá èññëåäîâàíèÿõ òåõíîëîãèé ðàñïðå-
äåëåííîé îáðàáîòêè äàííûõ íà ãèãàáèòíîì ñåòåâîì ïî-
ëèãîíå Ìîñêîâñêîãî óíèâåðñèòåòà (Âë. Â. Âîåâîäèí,
ÌÃÓ), îá ýêñïåðèìåíòàëüíîì Grid-ñåãìåíòå íà áàçå
ÑÑÊÖ ÑÎ ÐÀÍ (Ñ. Â. Áðåäèõèí, ÑÑÊÖ ÑÎ ÐÀÍ), î ñî-
çäàíèè ðîññèéñêîãî ñåãìåíòà Grid â îáëàñòè êâàíòî-
âî-õèìè÷åñêèõ ðàñ÷åòîâ (Â. Ì. Âîëîõîâ, ÈÏÕÔ ÐÀÍ),
oá îñîáåííîñòÿõ ñèñòåìíîé èíòåãðàöèè êðóïíûõ ðàñ-
ïðåäåëåííûõ ñóïåðêîìïüþòåðíûõ öåíòðîâ (À. Â. Áî-
ãäàíîâ, ÈÂÂèÁÄ).

Áîëüøîå ÷èñëî ñîîáùåíèé, ïðåäñòàâëåííûõ ó÷àñò-
íèêàìè èç Èíñòèòóòà ïðèêëàäíîé ìàòåìàòèêè (Ìî-
ñêâà), Ðîññèéñêîãî óíèâåðñèòåòà äðóæáû íàðîäîâ (Ìî-
ñêâà), Èíñòèòóòà ïðîáëåì èíôîðìàòèêè (Ìîñêâà), Èí-

ñòèòóòà îðãàíè÷åñêîé õèìèè (Ìîñêâà), Ñàíêò-Ïåòåð-
áóðãñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà, Âîðîíåæ-
ñêîãî óíèâåðñèòåòà, Íèæåãîðîäñêîãî ãîñóäàðñòâåííîãî
óíèâåðñèòåòà, Ñàìàðñêîãî ãîñóäàðñòâåííîãî àýðîêîñ-
ìè÷åñêîãî óíèâåðñèòåòà, ÍÈÈßÔ ÌÃÓ, ÈÔÂÝ, ÏÈßÔ
ÐÀÍ, ÍÈÂÖ ÌÃÓ, ËÈÒ ÎÈßÈ, áûëî ïîñâÿùåíî êîí-
êðåòíûì âîïðîñàì ðàçðàáîòêè ïðîãðàììíîãî îáåñïå÷å-
íèÿ â Grid-ñèñòåìàõ, àíàëèçó ðàáîòû òàêèõ ñèñòåì, ïðè-
ìåíåíèþ â ðàçëè÷íûõ èññëåäîâàíèÿõ.

Ïî îáùåìó ìíåíèþ ó÷àñòíèêîâ, êîíôåðåíöèÿ ÿâè-
ëàñü çíàêîâûì ñîáûòèåì äëÿ âñåõ, êòî çàèíòåðåñîâàí â
ðàñøèðåíèè ñâîèõ âû÷èñëèòåëüíûõ ìîùíîñòåé è ãîòîâ
ïðåäñòàâèòü ñâîè ðåñóðñû äëÿ îáùèõ çàäà÷, è åå íåîáõî-
äèìî ñäåëàòü åæåãîäíîé. Óñïåøíîå ïðîâåäåíèå êîíôå-
ðåíöèè ñòàëî âîçìîæíûì áëàãîäàðÿ ôèíàíñîâîé ïîä-
äåðæêå ÎÈßÈ, Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ
èññëåäîâàíèé è Ðîññèéñêîãî ïðåäñòàâèòåëüñòâà ôèðìû
«Hewlett Packard».

�

Â Ëàáîðàòîðèè òåîðåòè÷åñêîé ôèçèêè èì. Í. Í. Áî-
ãîëþáîâà â ðàìêàõ íàó÷íî-îáðàçîâàòåëüíîãî ïðîåêòà
«Äóáíåíñêàÿ ìåæäóíàðîäíàÿ øêîëà ñîâðåìåííîé òåî-
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The presentations of Yu. Smirnov (Grid2003++ and
Atlas Applications), O. Smirnova (NorduGrid’s Advanced
Resource Connector), V. Litvin (Long-term Massive Pro-
duction Runs on Alliance Resources), Yu. Kharlov (Experi-
ence in Data Challenge Runs of the ALICE Experiment in
the Distributed Environment of Russian Computer Centres)
and S. Shmatov (RDMS CMS Computing Model) were
dedicated to application of the Grid technologies for cre-
ation of experimental data processing systems on LHC and
related Grid systems.

The conference participants heard reports on the status
and perspectives of the JINR Central Information Comput-
ing Complex (V. V. Mitsyn, JINR), the Dubna–Grid project
(Yu. A. Kryukov), research in the technologies of distrib-
uted data processing on the Gigabit network testbed of
Moscow State University (V. V. Voyevodin, MSU), experi-
mental Grid segment on the basis of SSCC of the Siberian
Branch of RAS (S.V. Bredikhin, SSCC, Siberian Branch of
RAS), creation of a Russian Grid segment in the field of
quantum chemical calculations (V. M. Volokhov, RAS), pe-
culiar features of system integration of large distributed su-

percomputer centres (A. V. Bogdanov, IHPCIS, St. Peters-
burg).

A lot of reports delivered by the conference attendees
from the Institute of Applied Mathematics (Moscow),
Russian University of Peoples’ Friendship (Moscow), Insti-
tute of Problems of Informatics (Moscow), Institute of Or-
ganic Chemistry (Moscow), St. Petersburg State University,
Voronezh University, Nizhnii Novgorod State University,
SRINP MSU, IHEP, St. Petersburg Institute for Nuclear
Physics of RAS, SRCC MSU, LIT JINR, were devoted to
specific problems arising in Grid-systems software devel-
opment, analysis of operation of such systems, application
in various research fields.

In the general opinion of the participants, the confer-
ence was a key event for those concerned in expansion of
their computing resources and ready to offer these resources
for solving common tasks, and such meetings should be or-
ganized annually. The successful work of the conference
also became possible due to the financial support provided
by JINR, the Russian Foundation for Basic Research and the
Russian Agency of the Hewlett Packard company.
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ðåòè÷åñêîé ôèçèêè» ñ 20 ïî 29 èþëÿ ïðîâåäåíà ïåðâàÿ
Øêîëà ïî èçáðàííûì âîïðîñàì òåîðèè ÿäðà. Îíà
áûëà ïîñâÿùåíà îáñóæäåíèþ ðåçóëüòàòîâ íîâåéøèõ èñ-
ñëåäîâàíèé ÿäåðíîé ñòðóêòóðû è ÿäåðíûõ ðåàêöèé, òåî-
ðåòè÷åñêèõ ìåòîäîâ, à òàêæå èõ ïðèìåíåíèþ â àñòðîôè-
çè÷åñêèõ çàäà÷àõ è äëÿ îïèñàíèÿ ìåçîñêîïè÷åñêèõ ñè-
ñòåì. Â êà÷åñòâå ëåêòîðîâ áûëè ïðèãëàøåíû èçâåñòíûå
ó÷åíûå èç ÎÈßÈ, Ðîññèè, Óêðàèíû, ×åõèè è Ãåðìàíèè.
Ñîñòàâ ñëóøàòåëåé áûë èíòåðíàöèîíàëüíûì: â ðàáîòå
øêîëû ïðèíÿëè ó÷àñòèå 60 ñòóäåíòîâ è àñïèðàíòîâ èç
ÎÈßÈ, Áåëîðóññèè, Áîëãàðèè, Ãåðìàíèè, Êàçàõñòàíà,
Ðîññèè, Ðóìûíèè, Ïîëüøè, Ñëîâàêèè, Óêðàèíû è ×å-
õèè. Îáñóæäàëèñü òàêèå âîïðîñû, êàê ñîâðåìåííûå ìå-
òîäû îïèñàíèÿ ñòðóêòóðû ÿäðà è ÿäåðíûõ ðåàêöèé íà
ãðàíèöå ñòàáèëüíîñòè, ñâÿçü ÿäåðíîé ôèçèêè ñ àñòðî-
ôèçè÷åñêèìè çàäà÷àìè, äâîéíîé áåòà-ðàñïàä è ïðîáëå-
ìà ìàññû íåéòðèíî, ãèïåðúÿäðà. Áîëüøîå âíèìàíèå
áûëî óäåëåíî òàêæå èññëåäîâàíèÿì ñâîéñòâ ðàäèîàê-
òèâíûõ ÿäåð è ìåõàíèçìîâ ðåàêöèé, ñ ïîìîùüþ êîòî-
ðûõ îíè ïîëó÷àþòñÿ. Ìåæäóíàðîäíàÿ øêîëà îòêðûëàñü
ëåêöèåé àêàäåìèêà Þ. Ö. Îãàíåñÿíà «Ñâåðõòÿæåëûå
ýëåìåíòû».

Ëåêöèè øêîëû çàïèñàíû íà öèôðîâóþ âèäåîêàìåðó
è äîñòóïíû ê ïðîñìîòðó íà ñàéòå ËÒÔ â Èíòåðíåò. Òàì

æå ìîæíî íàéòè ìàòåðèàëû øêîëû, ïðåäîñòàâëåííûå
ëåêòîðàìè â ýëåêòðîííîì âèäå.

Âî âðåìÿ ïðåáûâàíèÿ â Äóáíå ó ñòóäåíòîâ áûëà âîç-
ìîæíîñòü îçíàêîìèòüñÿ è ñ ïðîãðàììîé ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèé â ÎÈßÈ. Ïîìèìî ëåêöèé áûëè
îðãàíèçîâàíû ýêñêóðñèè â òå ýêñïåðèìåíòàëüíûå ëàáî-
ðàòîðèè Èíñòèòóòà, ñ êîòîðûìè ËÒÔ ñîòðóäíè÷àåò ïî
ñîâìåñòíûì ïðîåêòàì. Ñëóøàòåëè øêîëû èìåëè âîç-
ìîæíîñòü ðàáîòàòü â êîìïüþòåðíûõ êëàññàõ Ó÷åáíî-
íàó÷íîãî öåíòðà ÎÈßÈ. Ìíîãèå ó÷àñòíèêè âûðàçèëè
æåëàíèå ïðèåõàòü â Äóáíó äëÿ ïðîäîëæåíèÿ íàó÷íîé
ðàáîòû â ÎÈßÈ.

Ïðîâåäåíèå øêîëû áûëî áû íåâîçìîæíûì áåç ïîä-
äåðæêè ÎÈßÈ, Ëàáîðàòîðèè òåîðåòè÷åñêîé ôèçèêè
èì. Í. Í. Áîãîëþáîâà, Ó÷åáíî-íàó÷íîãî öåíòðà, ÐÔÔÈ,
ïðîãðàìì «Áîãîëþáîâ–Èíôåëüä», «Ãåéçåíáåðã–Ëàí-
äàó», «Áëîõèíöåâ–Âîòðóáà».

�

2–13 àâãóñòà â Ëàáîðàòîðèè òåîðåòè÷åñêîé ôèçèêè
èì. Í. Í. Áîãîëþáîâà ïðîõîäèëà ìåæäóíàðîäíàÿ øêî-
ëà-ñåìèíàð «Àêòóàëüíûå ïðîáëåìû àñòðîôèçèêè è

êîñìîëîãèè». Åå ñëóøàòåëÿìè áûëè îêîëî 60 ìîëîäûõ
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On 20–29 July the first School on Selected Topics in

Nuclear Theory, organized in the framework of the re-
search-educational project «Dubna International Advanced
School of Theoretical Physics», was held at the Bogoliubov
Laboratory of Theoretical Physics. It was devoted to the dis-
cussion of the results of the recent research into nuclear
structure and nuclear reactions, theoretical methods as well
as their application to astrophysical problems and descrip-
tion of mesoscopic systems. Prominent scientists from
JINR, Russia, Ukraine, Czechia, and Germany were invited
as lecturers. The composition of the school was internation-
al: 60 students and postgraduates from JINR, Belarus, Ger-
many, Kazakhstan, Poland, Russia, Romania, Slovakia,
Ukraine, and Czechia attended the school.

The main topics discussed were present-day methods
of describing nuclear structure and nuclear reactions at the
border of stability, astrophysical aspects of nuclear struc-
ture, double beta decay, neutrino mass problem, and hyper-
nuclei. Much attention was paid to the studies of properties
of radioactive beams and reaction mechanisms to obtain

them. This school was opened by a lecture «Superheavy El-
ements» by Yu.Ts. Oganessian.

The lectures of the school were recorded on video and
are available in the MPEG4 format at the BLTP Web site.
The electronic versions of the materials provided by the lec-
turers are also available there.

While in Dubna, the students had an opportunity to be-
come acquainted with the programme of experimental re-
search at JINR. The participants of the school were shown
round the JINR experimental laboratories. They also had an
opportunity to work in the computer classes of the JINR
University Centre. Many students expressed their wish to
continue their research work at JINR.

The school was supported by JINR, BLTP, University
Centre, RFBR, and the Bogoliubov–Infeld, Heisenberg–
Landau and Blokhintsev–Votruba Programmes.

�

On 2–13 August the Bogoliubov Laboratory of Theo-
retical Physics hosted an international school-seminar «Hot

Points in Astrophysics and Cosmology». It was attended by
about 60 young scientists and postgraduates from Armenia,
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ó÷åíûõ è àñïèðàíòîâ èç íàó÷íûõ öåíòðîâ è óíèâåðñèòå-
òîâ Àðìåíèè, Áåëîðóññèè, Áîëãàðèè, Ãåðìàíèè, Èòà-
ëèè, Ïîëüøè, Ðîññèè, Õîðâàòèè, ßïîíèè. Øêîëà ïî
ýòîé òåìàòèêå âïåðâûå ïðîõîäèëà â ÎÈßÈ â 2000 ã. Â
ýòîì ãîäó îíà ïðîâîäèëàñü â ðàìêàõ ïðîåêòà DIAS-TH
ïðè ïîääåðæêå Îáùåñòâà Ãåëüìãîëüöà (Ãåðìàíèÿ),
ÐÔÔÈ è ïðîãðàìì «Ãåéçåíáåðã–Ëàíäàó» è «Áîãîëþ-
áîâ–Èíôåëüä».

Àñòðîôèçèêà — ýòî áóðíî ðàçâèâàþùååñÿ ñåãîäíÿ
íàïðàâëåíèå ôèçèêè, è íàèáîëåå âïå÷àòëÿþùèå îòêðû-
òèÿ äåëàþòñÿ èìåííî òàì. Ñ äðóãîé ñòîðîíû, àñòðîôè-
çèêà è êîñìîëîãèÿ òåñíî ñâÿçàíû ñ äðóãèìè ðàçäåëàìè
ôèçèêè — ôèçèêîé ÷àñòèö, ÿäåðíîé ôèçèêîé, àòîìíîé
ôèçèêîé è ôèçèêîé ïëàçìû. Ïîýòîìó íà øêîëó ñïåöè-
àëüíî áûëè ïðèãëàøåíû ìîëîäûå ëþäè, ñïåöèàëèçèðó-
þùèåñÿ â äðóãèõ îáëàñòÿõ ôèçèêè, ÷òîáû ïîçíàêîìèòü
èõ ñ íàèáîëåå èíòåðåñíûìè è áûñòðî ðàçâèâàþùèìèñÿ

íàïðàâëåíèÿìè â àñòðîôèçèêå è êîñìîëîãèè. Ëåêòîðà-
ìè øêîëû áûëè ó÷åíûå èç âåäóùèõ â ýòîé îáëàñòè
öåíòðîâ è óíèâåðñèòåòîâ Ðîññèè, Ãåðìàíèè, Èòàëèè,
Ïîëüøè, ÑØÀ, Êîðåè, ßïîíèè.

�

Ñ 8 ïî 11 ñåíòÿáðÿ â Äîìå ìåæäóíàðîäíûõ ñîâåùà-
íèé ÎÈßÈ ïðîøëî 1-å Ìåæäóíàðîäíîå ñîâåùàíèå
«Ìîëåêóëÿðíîå ìîäåëèðîâàíèå â íàóêàõ î âåùåñòâå è

áèîëîãèè». Ïî ñóòè ýòî îäíî èç ïåðâûõ óçêîíàïðàâëåí-
íûõ ñîâåùàíèé â Ðîññèè, ïîñâÿùåííûõ êîìïüþòåðíî-
ìó ìîëåêóëÿðíî-äèíàìè÷åñêîìó ìîäåëèðîâàíèþ â ôè-
çèêî-õèìè÷åñêèõ è áèîôèçè÷åñêèõ çàäà÷àõ. Â íåì ïðè-
íÿëè ó÷àñòèå ñïåöèàëèñòû ïî ðàçëè÷íûì îáëàñòÿì
çíàíèé — êîìïüþòåðíîìó ìîäåëèðîâàíèþ, áèîôèçèêå
è ôèçè÷åñêîé õèìèè, ôèçèêå íàíîñòðóêòóð è ò. ï., èç âå-
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Belarus, Bulgaria, Germany, Italy, Poland, Russia, Croatia,

and Japan. The first school on this subject was held at JINR

in 2000. This year it was organized in the framework of the

DIAS-TH project with the support of the Helmholtz Associ-

ation (Germany), RFBR, and the Heisenberg–Landau and

Bogoliubov–Infeld Programmes.

Astrophysics is a rapidly developing trend of physics
and most dramatic discoveries are made there. On the other
hand, astrophysics and cosmology are interrelated with oth-
er divisions of physics — particle physics, nuclear physics,
atomic physics, and plasma physics. Therefore, young sci-
entists who specialize in other fields of physics were invited
to the school to be introduced to the most interesting and

Ëàáîðàòîðèÿ òåîðåòè÷åñêîé ôèçèêè èì. Í. Í. Áîãîëþáîâà.
Øêîëà äëÿ ìîëîäûõ ó÷åíûõ è àñïèðàíòîâ «Àêòóàëüíûå ïðîáëåìû àñòðîôèçèêè è êîñìîëîãèè»

Bogoliubov Laboratory of Theoretical Physics.
School for young scientists and postgraduates «Hot Points in Astrophysics and Cosmology»
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äóùèõ íàó÷íûõ öåíòðîâ ßïîíèè, ÑØÀ, Åâðîïû, ðîñ-
ñèéñêèõ àêàäåìè÷åñêèõ èíñòèòóòîâ è óíèâåðñèòåòîâ,
ÎÈßÈ. Äîêëàäû, ïðåäñòàâëåííûå íà ñîâåùàíèè, îõâà-
òûâàëè øèðîêóþ òåìàòèêó: ìîäåëèðîâàíèå ÄÍÊ è áåë-
êîâ, íàíîêëàñòåðû, ìåìáðàíû, êâàíòîâàÿ áèîôèçèêà,
ìîëåêóëÿðíîå ìîäåëèðîâàíèå ôèçè÷åñêèõ è õèìè÷å-
ñêèõ ñèñòåì, ïàðàëëåëüíûå âû÷èñëåíèÿ â áèîìîëåêó-
ëÿðíîì ìîäåëèðîâàíèè. Íåñìîòðÿ íà áîëüøîå ðàçíî-
îáðàçèå è øèðîêèé ñïåêòð ïðîáëåì, ñîâåùàíèå èìåëî
÷åòêóþ ãðàíèöó — âñå îáñóæäàåìûå âîïðîñû áûëè ïå-
ðåíåñåíû â ïëîñêîñòü ìîëåêóëÿðíîãî ìîäåëèðîâàíèÿ è
âûñîêîïðîèçâîäèòåëüíûõ êîìïüþòåðíûõ âû÷èñëåíèé.

Ðî÷åñòåðñêàÿ êîíôåðåíöèÿ â Ïåêèíå

Â òå÷åíèå íåäåëè, 16–22 àâãóñòà, â Ïåêèíå ïðîâîäè-
ëàñü 32-ÿ Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ ïî ôèçèêå âû-
ñîêèõ ýíåðãèé «ICHEP’04» èç ñåðèè òàê íàçûâàåìûõ Ðî-
÷åñòåðñêèõ êîíôåðåíöèé, ïåðâàÿ èç êîòîðûõ ñîñòîÿëàñü
â àìåðèêàíñêîì ãîðîäå Ðî÷åñòåð â 1950 ã.

Âíà÷àëå íåñêîëüêî öèôð, äàþùèõ ïðåäñòàâëåíèå î
ìàñøòàáå ýòîãî ôîðóìà. Â êîíôåðåíöèè ïðèíÿëè ó÷à-
ñòèå îêîëî 800 ôèçèêîâ, èç êîòîðûõ ïî÷òè 600 ó÷åíûõ

ïðèåõàëè èç äðóãèõ ñòðàí. Íàèáîëüøàÿ äåëåãàöèÿ áûëà
ïðåäñòàâëåíà ñòðàíàìè Àçèè (42 %), ÷òî âïîëíå åñòå-
ñòâåííî ïîòîìó, ÷òî êîíôåðåíöèÿ ïðîâîäèëàñü â Êèòàå.
Åâðîïåéñêèé êîíòèíåíò äåëåãèðîâàë ñâîèõ ó÷åíûõ, êî-
òîðûå ñîñòàâëÿëè çàìåòíóþ äîëþ ñðåäè ó÷àñòíèêîâ
(34 %), è çàìûêàëè îñíîâíóþ ãðóïïó ôèçèêè-äåëåãàòû
ÑØÀ (23 %).

Ïî óñòàíîâèâøåéñÿ óæå òðàäèöèè, ôîðìàò êîíôå-
ðåíöèè «ICHEP’04» ñîäåðæàë øåñòü ðàáî÷èõ äíåé, èç
êîòîðûõ ïåðâûå òðè áûëè íàïîëíåíû îðèãèíàëüíûìè
äîêëàäàìè ïî ïàðàëëåëüíûì ñåññèÿì, à îñòàëüíûå òðè
äíÿ áûëè ïîñâÿùåíû ïëåíàðíûì çàñåäàíèÿì. Íà òðèíà-
äöàòè ïàðàëëåëüíûõ ñåññèÿõ áûëî ïðåäñòàâëåíî áîëåå
300 äîêëàäîâ ïî ôèçèêå íåéòðèíî, êâàðêîâîé ìàòåðèè è
ñòîëêíîâåíèÿì òÿæåëûõ èîíîâ, àñòðîôèçèêå è êîñìîëî-
ãèè, ýëåêòðîñëàáûì âçàèìîäåéñòâèÿì, ÊÕÄ â æåñòêèõ è
ìÿãêèõ ïðîöåññàõ, ïðîáëåìàì ÑÐ-íàðóøåíèÿ è ðåäêèì
ðàñïàäàì ìåçîíîâ, àäðîííîé ñïåêòðîñêîïèè è ýêçîòè÷å-
ñêèì ñîñòîÿíèÿì, ïðîáëåìàì ñòàíäàðòíîé ìîäåëè è åå
ðàñøèðåíèÿì, òåîðèè ñòðóí è ò. ä. Â 27 ïëåíàðíûõ äî-
êëàäàõ áûëè äàíû îáçîðû ïî ñîâðåìåííûì ïðîáëåìàì
ôèçèêè è òåîðèè ýëåìåíòàðíûõ ÷àñòèö, íîâûì íàïðà-
âëåíèÿì â òåîðèè êâàíòîâûõ ïîëåé, ïîñëåäíèì ðåçóëü-

56

rapidly developing trends in astrophysics and cosmology.
Scientists from centres and universities of Russia, Germany,
Italy, Poland, the USA, Korea, and Japan — leaders in this
field — were invited as lecturers.

�

The 1st international workshop «Molecular Simula-

tion Studies in Material and Biological Sciences», orga-
nized by the Division of Radiation and Radiobiological Re-
search of JINR, was held from 8 to 11 September at the In-
ternational Conference Hall. Actually, the workshop was
among the first held in Russia to centre on the computer
molecular dynamics simulations of the biological and
chemical physics problems. The workshop was attended by
leading research experts working in various branches of sci-
ence — computer molecular simulations, biophysics and
chemical physics, nanotechnology, etc., from Japan, the
USA and European countries, Russian research institutes
and universities, JINR. The research topics covered at the
workshop included molecular dynamics simulations of
DNA and proteins, nanoclusters, membranes and lipids,

quantum biophysics, parallel computing for biomolecular
simulations.

The Rochester Conference in Beijing

The 32nd International Conference on High Energy
Physics (ICHEP’04) was held on 16–22 August in Beijing,
China. These conferences are called Rochester conferences
as the first of them was held in 1950 in Rochester, the USA.

A few figures illustrate the large-scale character of the
event. About 800 physicists took part in the conference,
among them 600 were from foreign countries. The largest
delegation was from Asian states (42%) and it was quite nat-
ural as the conference was held in China. Europe was repre-
sented by 34% of participants. Physicists from the USAcon-
stituted 23% of the total number of the delegates.

Traditionally, the ICHEP’04 conference had a six-day
agenda. The first three days included original reports at par-
allel sessions, plenary meetings were held on the other three
days. At 13 parallel sessions more than 300 reports were
presented on neutrino physics, quark matter and heavy-ion
collisions, astrophysics and cosmology, electroweak inter-
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òàòàì, ïîëó÷åííûì â óñêîðèòåëüíûõ ëàáîðàòîðèÿõ è â
íåóñêîðèòåëüíûõ ýêñïåðèìåíòàõ.

Äåëåãàöèÿ ó÷åíûõ ÎÈßÈ âî ãëàâå ñ äèðåêòîðîì
àêàäåìèêîì Â. Ã. Êàäûøåâñêèì ïðåäñòàâèëà ñâîè äî-
êëàäû íà ðàçëè÷íûõ ïàðàëëåëüíûõ ñåññèÿõ. Ïðîôåññîð
À. Í. Ñèñàêÿí âûñòóïèë ñ äîêëàäîì î ïðîáëåìàõ òåðìà-
ëèçîâàííîãî ñîñòîÿíèÿ â ñîóäàðåíèÿõ, ïðîèñõîäÿùèõ
ïðè âûñîêèõ ýíåðãèÿõ. Ïîñëåäíèì ðåçóëüòàòàì ýêñïå-
ðèìåíòîâ NA-48/2 ïî ðàñïàäàì çàðÿæåííûõ Ê-ìåçîíîâ,
à òàêæå NA-48 è NA-48/1 ïî ðàñïàäàì íåéòðàëüíûõ
Ê-ìåçîíîâ áûëè ïîñâÿùåíû äîêëàäû ïðîôåññîðà
Â. Ä. Êåêåëèäçå è Ë. Ëèòîâà ñîîòâåòñòâåííî. Â äîêëà-
äàõ ïðîôåññîðà È. À. Ñàâèíà ïðåäñòàâëåíû ïîñëåäíèå
ðåçóëüòàòû ïî ïîëÿðèçîâàííûì êâàðêîâûì è ãëþîííûì
ðàñïðåäåëåíèÿì â ýêñïåðèìåíòå COMPASS. Èññëåäîâà-
íèþ áîçå-ýéíøòåéíîâñêèõ ìíîãî÷àñòè÷íûõ êîððåëÿöèé
è ôàçå äåêîíôàéíìåíòà áûë ïîñâÿùåí äîêëàä Ã. À. Êîç-
ëîâà, à â äîêëàäå Ì. Êàïèøèíà áûëè îòðàæåíû ðåçóëü-
òàòû ïî èíêëþçèâíîé äèôðàêöèè â ýêñïåðèìåíòå HERA.

Ñåññèþ ïëåíàðíûõ äîêëàäîâ íà «ICHEP’04» îò-
êðûë ïðîôåññîð È. Ñàêàè (ßïîíèÿ), êîòîðûé äàë ïî-
äðîáíûé àíàëèç ôèçèêè Â-ìåçîíîâ è èõ ðàñïàäîâ. Â
÷àñòíîñòè, áîëüøîå âíèìàíèå áûëî óäåëåíî íàðóøå-

íèþ ÑÐ-ñèììåòðèè â àäðîííûõ ðàñïàäàõ Â-ìåçîíîâ.
Âîçìîæíûì ïðîÿâëåíèåì ýôôåêòîâ íîâîé ôèçèêè (íî-
âûõ âèðòóàëüíûõ ïðîìåæóòî÷íûõ ÷àñòèö) ìîæåò áûòü
îáúÿñíåíî çíà÷èòåëüíîå îòêëîíåíèå âåëè÷èíû àñèììå-
òðèè â ýòèõ ðàñïàäàõ ïî ñðàâíåíèþ ñ èçâåñòíûìè ðå-
çóëüòàòàìè. Èçâåñòíûé òåîðåòèê À. Àëè (DESY, Ãåðìà-
íèÿ) ñäåëàë îáçîð ñîâðåìåííîãî ñîñòîÿíèÿ òåîðèè òÿ-
æåëûõ êâàðêîâ, àäðîíîâ, ñîñòîÿùèõ èç òÿæåëûõ
àðîìàòîâ, èõ ðàñïàäîâ â ðàìêàõ ñòàíäàðòíîé ìîäåëè è
çà åå ïðåäåëàìè. Àíàëèç ñîâðåìåííîãî ñîñòîÿíèÿ è ïðî-
áëåìû ÑÐ-íàðóøåíèÿ â ôèçèêå Â- è K �-ìåçîíîâ áûë
ïðåäñòàâëåí â äîêëàäàõ Ì. Äæîðæè (Èòàëèÿ), Â. Ïàòåðà
(Èòàëèÿ) è Ç. Ëèãåòè (ÑØÀ). Ôèçèêà òàê íàçûâàåìûõ
÷àðìîâàííûõ êâàðêîâ áûëà ïîäðîáíî èçëîæåíà â äîêëà-
äå ß. Øèïñè (ÑØÀ). Ñ. Õàøèìîòî (ßïîíèÿ) ñäåëàë îá-
çîð î ïðîãðåññå, äîñòèãíóòîì â âû÷èñëåíèÿõ íà ðåøåò-
êàõ çà ïîñëåäíèå 30 ëåò, íà÷èíàÿ ñ ðàáîòû Âèëüñîíà
1974 ã. Àäðîííàÿ ñïåêòðîñêîïèÿ, âêëþ÷àÿ ïåíòàêâàðêè
ñ òî÷êè çðåíèÿ ñîâðåìåííûõ òåîðåòè÷åñêèõ ìîäåëåé,
áûëà èçÿùíî èçëîæåíà â äîêëàäå Ô. Êëîçà (Âåëèêîáðè-
òàíèÿ).

Ïðîãðåññó â ýëåêòðîñëàáûõ âçàèìîäåéñòâèÿõ ñ àê-
öåíòîì íà îãðàíè÷åíèå âåðõíåé ãðàíèöû ìàññû áîçîíà
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actions, QCD in hard and soft processes, problems of CP vi-
olation and meson rare decays, hadron spectroscopy and ex-
otic states, problems of the Standard Model and its exten-
sion, string theory, etc. Twenty-seven plenary reports
reviewed modern problems in physics and elementary parti-
cle theory, new trends in quantum field theory, latest results
obtained in accelerator laboratories and nonaccelerator ex-
periments.

The delegation from JINR was headed by JINR Direc-
tor Academician V. Kadyshevsky. JINR scientists made re-
ports at different parallel sessions. Professor A. Sissakian

presented a report on problems of the thermalized state in
collisions at high energies. Latest results of the NA48/2 ex-
periments on decays of charged K mesons and NA48 and

NA48/1 studies of neutral K �-meson decays were reported
by Professor V. Kekelidze and L. Litov. Professor I. Savin
made a report on recent results in polarized quark studies
and gluon distributions in the COMPASS experiment.
G. Kozlov, the author of these notes, spoke about the re-
search in Bose–Einstein multiparticle correlations and the
deconfinement phase. M. Kapishin reported on results in the
inclusive diffraction in the HERA experiment.
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Õèããñà (ìåíåå 260 ÃýÂ) áûë ïîñâÿùåí äîêëàä Ô. Òüþ-
áåðòà (ÖÅÐÍ). Ïîñëåäíèå ñîáûòèÿ, ñâÿçàííûå ñ ôèçè-
êîé òîï-êâàðêîâ è ïîèñêîì õèããñîâñêèõ áîçîíîâ íà òýâà-
òðîíå, áûëè èçëîæåíû â äîêëàäå Ä. Äåíèñîâà (ÑØÀ).
Êîëëàáîðàöèè CDF è D0 (òýâàòðîí) ñ îïòèìèçìîì îöå-
íèâàþò ïîèñê íåóëîâèìîãî ïîêà áîçîíà Õèããñà. Ð. Áàð-
áèåðè (Èòàëèÿ) â ñâîåì äîêëàäå ïðåäñòàâèë ó÷àñòíèêàì
êîíôåðåíöèè ãîðèçîíòû íîâîé ýêçîòè÷åñêîé ôèçèêè,
êîòîðàÿ, êàê îæèäàåòñÿ, ñìîæåò äàòü ñâîå ïðîÿâëåíèå â
âèäå íîâûõ (ñóïåðñèììåòðè÷íûõ) ÷àñòèö íà áóäóùèõ
àäðîííûõ è ýëåêòðîí-ïîçèòðîííûõ êîëëàéäåðàõ. Îáçîð
ïî ôèçèêå è òåîðèè íåéòðèíî ñîäåðæàëñÿ â äîêëàäàõ
Ê. Ìàêãðþ (Âåëèêîáðèòàíèÿ) (óñêîðèòåëüíûå ýêñïåðè-
ìåíòû), Þ. Âàíãà (Êèòàé) (íåóñêîðèòåëüíûå ýêñïåðè-
ìåíòû) è Ï. Ëàíãàêåðà (ÑØÀ). Îáçîð íîâûõ ìåòîäîâ
óñêîðåíèÿ è ñàìèõ óñêîðèòåëåé ïðåäñòàâèë Ê. Éîêîÿ
(ßïîíèÿ).

Çàìå÷àòåëüíûé èñ÷åðïûâàþùèé äîêëàä ïî èòîãàì
32-é Ðî÷åñòåðñêîé êîíôåðåíöèè ñäåëàë Äæ. Ýëëèñ
(ÖÅÐÍ), êîòîðûé â êîíöå ñâîåãî âûñòóïëåíèÿ ïðèçâàë
ó÷àñòíèêîâ êîíôåðåíöèè âåðíóòüñÿ â ñâîè ëàáîðàòîðèè,
÷òîáû ïðîäîëæàòü çàíèìàòüñÿ ôèçèêîé.

Ã. À. Êîçëîâ

Áîãîëþáîâñêàÿ êîíôåðåíöèÿ

Ñ 2 ïî 6 ñåíòÿáðÿ â Ìîñêâå è Äóáíå ïðîõîäèëà ìå-
æäóíàðîäíàÿ êîíôåðåíöèÿ «Ïðîáëåìû òåîðåòè÷åñêîé è
ìàòåìàòè÷åñêîé ôèçèêè», ïîñâÿùåííàÿ 95-ëåòèþ ñî
äíÿ ðîæäåíèÿ Íèêîëàÿ Íèêîëàåâè÷à Áîãîëþáîâà. Îíà
áûëà îðãàíèçîâàíà Îáúåäèíåííûì èíñòèòóòîì ÿäåð-
íûõ èññëåäîâàíèé è Ðîññèéñêîé àêàäåìèåé íàóê ïðè
ïîääåðæêå ÐÔÔÈ è ÞÍÅÑÊÎ (Ðåãèîíàëüíîãî áþðî ïî
íàóêå â Åâðîïå).

Êîíôåðåíöèÿ ñîáðàëà áîëåå 120 ó÷àñòíèêîâ èç 15
ñòðàí ìèðà, êàê ïðåäñòàâèòåëåé ñòàðøåãî ïîêîëåíèÿ,
èçâåñòíûõ ôèçèêîâ-òåîðåòèêîâ, ÿâëÿþùèõñÿ ó÷åíèêà-
ìè è ñîðàòíèêàìè àêàäåìèêà Í. Í. Áîãîëþáîâà, òàê è
ìîëîäûõ ëþäåé, åùå òîëüêî âñòóïèâøèõ íà ïóòü òåîðå-
òè÷åñêîé ôèçèêè. Áûëî ïðåäñòàâëåíî áîëåå 60 äîêëà-
äîâ, òåìàòèêà êîòîðûõ ñâÿçàíà ñ ñîâðåìåííûìè ïðîáëå-
ìàìè ìàòåìàòèêè è íåëèíåéíîé ìåõàíèêè, êâàíòîâîé
òåîðèè ïîëÿ è òåîðèè ýëåìåíòàðíûõ ÷àñòèö, ñòàòèñòè-
÷åñêîé ôèçèêè è êèíåòèêè — èìåííî ñ òåìè îáëàñòÿìè
íàóêè, â êîòîðûå Í. Í. Áîãîëþáîâ âíåñ îïðåäåëÿþùèé
âêëàä.

Êîíôåðåíöèÿ îòêðûëàñü 2 ñåíòÿáðÿ â Ìàòåìàòè÷å-
ñêîì èíñòèòóòå èì. Â. À. Ñòåêëîâà ÐÀÍ, â êîòîðîì
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Professor Y. Sakai (Japan) opened the plenary session
at ICHEP’04 with a report on the detailed analysis of B-me-
son physics and B mesons’ decays. In particular, much at-
tention was paid to the CP-symmetry violation in hadron de-
cays of B mesons. Possible demonstration of the new
physics effects (new virtual intermediate particles) may ex-
plain a considerable deviation of the asymmetry value in
these decays in comparison to the known results. The fa-
mous theoretician A. Ali (DESY, Germany) made a review
of the modern status of the heavy quark theory, hadrons
which consist of heavy flavours, their decays in the frame-
work of the Standard Model and beyond it. M. Giorgi
(Italy), V. Patera (Italy) and Z. Ligeti (USA) analyzed mod-
ern aspects of CP violation in B- and K-meson physics.
Charmed quark physics was discussed in detail in the report
by I. Shipsey (USA). S. Hashimoto (Japan) made a review
on the progress in lattice calculations in the last 30 years
starting from the studies by Wilson in 1974. F. Close (Great
Britain) made an elegant report on hadron spectroscopy, in-
cluding pentaquarks in modern theoretical representations.

Progress in electroweak interactions with an accent to
the limit of the Higgs boson mass upper boundary (less than
260 GeV) was discussed in the report by F. Teubert

(CERN). D. Denisov (USA) dwelt on the latest events in top
quark physics and the search for Higgs bosons at the Teva-
tron. The CDF and D0 collaborations optimistically esti-
mate the search for yet elusive Higgs boson. R. Barbieri
(Italy) presented in his report horizons of the new exotic
physics which, as is expected, will reveal itself in new (su-
persymmetric) particles at future hadron and electron–
positron colliders. Physics and theory of neutrino were re-
viewed in the reports by C. McGrew (Great Britain) (accel-
erator-based experiments), Y. Wang (China) (nonaccelera-
tor experiments) and P. Langacker (USA). K. Yokoya
(Japan) spoke on new accelerator methods and future accel-
erators.

An outstanding complete report on the results of the
32nd Rochester Conference was presented by J. Ellis
(CERN). In his concluding words he addressed the partici-
pants, advising them to continue their physics studies when
they return to their laboratories.

G. Kozlov
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Í. Í. Áîãîëþáîâ ðàáîòàë ñ 1948 ïî 1992 ã., ñî ñëîâ ïðè-
âåòñòâèÿ îò ïðåçèäåíòà ÐÀÍ àêàäåìèêà Þ. Ñ. Îñèïîâà â
àäðåñ êîíôåðåíöèè è åå ó÷àñòíèêîâ. Ñ äîêëàäàìè î ìà-
òåìàòè÷åñêîé ôèçèêå è íåëèíåéíîé ìåõàíèêå è ðîëè â
ðàçâèòèè ýòèõ íàóê Í. Í. Áîãîëþáîâà âûñòóïèëè àêàäå-
ìèêè Â. Ñ. Âëàäèìèðîâ è Þ. À. Ìèòðîïîëüñêèé. Òåî-
ðèè êâàíòîâûõ ñèñòåì íà òîðå è çàêîíàì ñîõðàíåíèÿ
áûë ïîñâÿùåí ñîâìåñòíûé äîêëàä àêàäåìèêà Â. Â. Êîç-
ëîâà è Ä. Â. Òðåùåâà. Óòðåííÿÿ ñåññèÿ çàâåðøèëàñü âû-
ñòóïëåíèåì ïðîôåññîðà É. Äåâðèçà (Áåëüãèÿ), êîòîðûé
ïðåäñòàâèë îáçîð ñâîèõ èññëåäîâàíèé ïî òåîðèè ïîëÿ-
ðîíà è ñâåðõïðîâîäèìîñòè. Â ýòîò æå äåíü ó÷àñòíèêè
êîíôåðåíöèè ïîñåòèëè Íîâîäåâè÷üå êëàäáèùå è âîçëî-
æèëè âåíêè è öâåòû íà ìîãèëó Íèêîëàÿ Íèêîëàåâè÷à
Áîãîëþáîâà.

3 ñåíòÿáðÿ Áîãîëþáîâñêàÿ êîíôåðåíöèÿ ïðîäîëæè-
ëà ðàáîòó â Äóáíå, â Ëàáîðàòîðèè òåîðåòè÷åñêîé ôèçè-
êè ÎÈßÈ, íîñÿùåé èìÿ Í. Í. Áîãîëþáîâà. Êîíôåðåí-
öèÿ â Äóáíå îòêðûëàñü âûñòóïëåíèÿìè äèðåêòîðà
ÎÈßÈ àêàäåìèêà Â. Ã. Êàäûøåâñêîãî, àêàäåìèêà
Â. Ñ. Âëàäèìèðîâà, ÷ëåíà-êîððåñïîíäåíòà ÐÀÍ
Í. Í. Áîãîëþáîâà (ìë.), âèöå-äèðåêòîðà ÎÈßÈ ïðîôåñ-
ñîðà À. Í. Ñèñàêÿíà, ðåêòîðà óíèâåðñèòåòà «Äóáíà»
ïðîôåññîðà Î. Ë. Êóçíåöîâà è äð. Îáçîðàì ïî îáùèì è

èçáðàííûì ïðîáëåìàì ñîâðåìåííîé êâàíòîâîé òåîðèè
ïîëÿ è òåîðèè ýëåìåíòàðíûõ ÷àñòèö áûëè ïîñâÿùåíû
äîêëàäû àêàäåìèêà Ä. Â. Øèðêîâà (ÎÈßÈ) «Áîãîëþ-
áîâñêàÿ ðåíîðìãðóïïà, 50 ëåò ñïóñòÿ», ÷ëåíà-êîððå-
ñïîíäåíòà ÐÀÍ Ë. Í. Ëèïàòîâà (Ñàíêò-Ïåòåðáóðã)
«BFKL- è DGLAP-óðàâíåíèÿ â N � 4 ñóïåðñèììå-
òðèè», ïðîôåññîðà Â. Ñ. Ôàäèíà (Íîâîñèáèðñê)
«BFKL-ïîäõîä â ïîñëåäóþùèõ ïîðÿäêàõ», ïðîôåññîðà
Ä. À. Ñëàâíîâà (Ìîñêâà) «Êîíöåïöèÿ ëîêàëüíîé ðåàëü-
íîñòè â êâàíòîâîé òåîðèè».

Íà çàñåäàíèè ñåêöèè «Êâàíòîâàÿ òåîðèÿ ïîëÿ» âû-
ñòóïèëè ïðîôåññîðà Ô. Èîãåðëåíåð (Ãåðìàíèÿ), Ñ. Ýé-
äåëüìàí (Íîâîñèáèðñê), Ã. Ñêàðïåòòà (Èòàëèÿ),
Ã. Â. Åôèìîâ (ÎÈßÈ), Â. Â. Áåëîêóðîâ (Ìîñêâà),
Ä. Ë. Áåííåò (Äàíèÿ), Ä. Ïîëÿêîâ (Ëèâàí), Â. Í. Ðîäèî-
íîâ (Ìîñêâà), Ë. Â. Ëàïåðàøâèëè (Ìîñêâà), Ä. È. Êàçà-
êîâ (ÎÈßÈ). Â çàêëþ÷åíèå ïåðâîãî äíÿ êîíôåðåíöèè â
Äóáíå ïðîôåññîð Ï. Ñ. Èñàåâ íà ñïåöèàëüíîì âå÷åðíåì
çàñåäàíèè âûñòóïèë ñ äîêëàäîì, ïîäãîòîâëåííûì ñî-
âìåñòíî ñ ïðîôåññîðîì Ï. Í. Áîãîëþáîâûì, î æèçíè è
òâîð÷åñêîé äåÿòåëüíîñòè Í. Í. Áîãîëþáîâà â äóáíåí-
ñêèé ïåðèîä æèçíè.

Ñëåäóþùèé äåíü ðàáîòû êîíôåðåíöèè áûë ïîñâÿ-
ùåí îáñóæäåíèþ ñîâðåìåííûõ ïðîáëåì ñòàòèñòè÷å-
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The Bogolyubov Conference

The international conference «Problems of Theoretical
and Mathematical Physics» dedicated to the 95th anniver-
sary of Nikolai Nikolaevich Bogolyubov was held on
2–6 September in Moscow and Dubna. The conference was
organized by JINR and the Russian Academy of Sciences
with the support of RFBR and UNESCO Office in Venice —
the Regional Bureau for Science in Europe.

The conference was attended by more than 120 partici-
pants from 15 countries. Among them were scientists of the
older generation — renown theoretical physicists, disciples
and colleagues of Academician N. N. Bogolyubov, as well
as young people who were at the start of their theoretical
physics career. More than 60 reports were presented at the
conference. Their topics were related to modern problems
of systematics and nonlinear mechanics, quantum field the-
ory and elementary particle theory, statistical physics and
kinetics — exactly those to which N. N. Bogolyubov made
a decisive contribution.

The conference opened on 2 September at the Steklov
Mathematical Institute of RAS, where from 1948 to 1992
N. N. Bogolyubov was its director, with the greeting ad-

dress of RAS President Yu. Osipov to the audience. Acad-
emicians V. Vladimirov and Yu. Mitropolsky made reports
on mathematical physics and nonlinear mechanics and the
role of N. N. Bogolyubov in the development of these
branches of science. The joint report of Academician V. Ko-
zlov and D. Treshchev was devoted to the theory of quan-
tum systems on the torus and conservation laws. The morn-
ing session at the Steklov Institute closed up with the pre-
sentation by Professor J. Devreese (Belgium), who made a
review of his research in the theory of polarons in supercon-
ductivity. On the same day the participants of the conference
visited the Novodevichy cemetery and put flowers to the
tomb of Nikolai Nikolaevich Bogolyubov.

On 3 September the conference moved to Dubna,
where it continued its work at the Laboratory of Theoretical
Physics named after N. Bogolyubov. The meetings in Dub-
na opened with the presentations by JINR Director Acad-
emician V. Kadyshevsky, Academician V. Vladimirov,
RAS Corresponding Member N. Bogolyubov (jr.), JINR
Vice-Director A. Sissakain, Rector of Dubna University
O. Kuznetsov and others. General and selected problems of
modern quantum field theory and elementary particle theory
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ñêîé ôèçèêè è êèíåòèêè. Áûëî ïðåäñòàâëåíî áîëåå 15
äîêëàäîâ ïî ýòèì ðàçäåëàì ôèçèêè, ñðåäè íèõ — ïëå-
íàðíûå äîêëàäû Í. Ì. Ïëàêèäû (ÎÈßÈ) «Òåîðèÿ
ñâåðõïðîâîäèìîñòè â êóïðàòàõ», À. Ã. Çàãîðîäíåãî
(Óêðàèíà) «Äèôôóçèÿ â ïðîñòðàíñòâå ñêîðîñòåé, âû-
çâàííàÿ ñèëüíûìè ïðîèçâîëüíûìè ïîëÿìè», Ï. Ýíòåëÿ
(Ãåðìàíèÿ) «Ìàãíåòèçì è ýôôåêòû êîððåëÿöèè â íàíî-
÷àñòèöàõ», À. Àâåëëû (Èòàëèÿ) «Ìåòîä êîìïîçèòíûõ
îïåðàòîðîâ», Ò. Â. Òðîïèíà (ÎÈßÈ) «Êèíåìàòèêà âîç-
ðàñòàíèÿ êëàñòåðîâ â ôóëëåðåííûõ ìîëåêóëÿðíûõ ðå-
øåíèÿõ», Â. À. Çàãðåáíîâà (Ôðàíöèÿ) «Ìåòîä áîãîëþ-
áîâñêîãî àïïðîêñèìèðóþùåãî ãàìèëüòîíèàíà äëÿ áî-
çîííûõ ìîäåëåé», Í. Òîí÷åâà (Áîëãàðèÿ) «Ïîâåäåíèå
ñèñòåì ñ âçàèìîäåéñòâèÿìè íà áîëüøèõ ðàññòîÿíèÿõ â
îãðàíè÷åííîé ãåîìåòðèè», Å. Å. Òàðååâîé (Ìîñêâà)
«Íîâûå òèïû ôàçîâûõ ïåðåõîäîâ: ïðåîáðàçîâàíèÿ â
ðàçóïîðÿäî÷åííûõ ñóáñòàíöèÿõ».

6 ñåíòÿáðÿ, â çàâåðøàþùèé äåíü ðàáîòû êîíôåðåí-
öèè, ó÷àñòíèêè Áîãîëþáîâñêîãî ôîðóìà ïî òåîðåòè÷å-
ñêîé ôèçèêå îáñóäèëè íîâûå íàïðàâëåíèÿ â òåîðèè
êâàíòîâûõ ïîëåé è òåîðèè ýëåìåíòàðíûõ ÷àñòèö, ïðåä-
ñòàâëåííûå, â ÷àñòíîñòè, â äîêëàäàõ àêàäåìèêà
À. À. Ñëàâíîâà (Ìîñêâà) «Ïðîãðåññ â íåêîììóòàòèâ-
íûõ ïîëåâûõ òåîðèÿõ», ïðîôåññîðà À. Ã. Ñåðãååâà (Ìî-

ñêâà) «Î íåêîììóòàòèâíûõ óðàâíåíèÿõ Ñàéáåðãà–Âèò-
òåíà», ïðîôåññîðà Â. Êóâøèíîâà (Áåëîðóññèÿ) «Âèëü-
ñîíîâñêàÿ ïåòëÿ â ÊÕÄ è êâàíòîâûå âû÷èñëåíèÿ», ïðî-
ôåññîðà Ì. È. Ïîëèêàðïîâà (Ìîñêâà) «Êà÷åñòâåííîå
îïèñàíèå ýëåìåíòàðíûõ ÷àñòèö ñ ïîìîùüþ ñóïåðêîì-
ïüþòåðîâ», ïðîôåññîðà À. Àíäðèàíîâà (Ñàíêò-Ïåòåð-
áóðã) «Î êèðàëüíîé äèíàìèêå», ïðîôåññîðà Á. À. Àðáó-
çîâà (Ìîñêâà) «Ìåòîä áîãîëþáîâñêèõ êâàçèñðåäíèõ è
äèíàìè÷åñêèå íàðóøåíèÿ ýëåêòðîñëàáîé ñèììåòðèè»,
ïðîôåññîðà È. À. Ñàâèíà (ÎÈßÈ) «Ïîñëåäíèå ðåçóëü-
òàòû ïî ñïèíîâîé ñòðóêòóðå íóêëîíà», Ñ. Äåðêà÷îâà
(Ñàíêò-Ïåòåðáóðã) «Êâàíòîâàÿ èíòåãðèðóåìîñòü â (ñó-
ïåð)òåîðèè ßíãà–Ìèëëñà íà ñâåòîâîì êîíóñå».

Èòîãè Áîãîëþáîâñêîé êîíôåðåíöèè â ñâîåì çàêëþ-
÷èòåëüíîì ñëîâå ïîäâåë âèöå-äèðåêòîð ÎÈßÈ ïðîôåñ-
ñîð À. Í. Ñèñàêÿí è, âìåñòå ñî ñëîâàìè áëàãîäàðíîñòè,
ïðåæäå ÷åì ïîïðîùàòüñÿ ñ ó÷àñòíèêàìè êîíôåðåíöèè,
íàïîìíèë î òîì, ÷òî Áîãîëþáîâñêàÿ êîíôåðåíöèÿ â
Êèåâå ïðîéäåò ñ 13 ïî 17 ñåíòÿáðÿ 2004 ã.
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were reviewed in the reports of Academician D. Shirkov
(JINR) «Bogolyubov Renormgroup, 50 Years Later», RAS
Corresponding Member L. Lipatov (St. Petersburg) «BFKL
and DGLAP Equations in N � 4 SUSY», Professor
V. Fadin (Novosibirsk) «BEKL Approach at Next-to-lead-
ing Order», Professor D. Slavnov (Moscow) «Concept of
the Objective Local Reality in Quantum Theory».

At the Quantum Field Theory section the following sci-
entists made reports: Professor F. Jegerlehner (Germany),
S. Eidelman (Novosibirsk), G. Scarpetta (Italy), G. Efimov
(JINR), V. Belokurov (Moscow), D. Bennet (Denmark),
D. Polyakov (Lebanon), V. Rodionov (Moscow),
L. Laperashvili (Moscow), D. Kazakov (JINR). The first
conference day in Dubna was closed at the special evening
session with a report by Professor P. Isaev about the life and
creative work of N. N. Bogolyubov in Dubna.

A day of the conference agenda was devoted to the dis-
cussions of modern problems of statistical physics and ki-
netics. More than 15 reports were delivered on this physics
topic. Among them were plenary reports by N. Plakida
(JINR) «The theory of Superconductivity in Cuprates»,
A. Zagorodny (Ukraine) «Diffusion in Velocity Space
Caused by Strong Random Fields», P. Entel (Germany)

«Magnetism and Correlation Effects in Nanoparticles»,
A. Avella (Italy) «Composite Operator Method: History and
Perspectives», T. Tropin (JINR) «Kinetics of the Cluster
Growth in Fullerene Molecular Solutions», V. Zagrebnov
(France) «Bogolyubov Approximating Hamiltonian
Method for Boson Models», N. Tonchev (Bulgaria) «Be-
haviour of Systems with Long-Range Interaction in Re-
stricted Geometry», E. Tareeva (Moscow) «New Kinds of
Phase Transitions: Transformations in Disordered Sub-
stances».

The last day of the conference, 6 September, was devot-
ed to new trends in quantum field theory and elementary
particle theory. The topics were presented in reports by Aca-
demician A. Slavnov (Moscow) «Progress in Noncommu-
tative Field Theories», Professor A. Sergeev (Moscow) «On
Noncommutative Seiberg–Witten Equations», Professor
V. Kuvshinov (Belarus) «Fidelity and Wilson Loop in QCD
and Quantum Computations», Professor M. Polikarpov
(Moscow) «Qualitative Properties of Elementary Particles
from Supercomputers», Professor A. Andrianov (St. Peters-
burg) «Stringification of Chiral Dynamics», Professor
B. Arbuzov (Moscow) «The Bogolyubov Quasiaverage
Method and Dynamical Electroweak Symmetry Breaking»,
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XIX Ðîññèéñêàÿ êîíôåðåíöèÿ

ïî óñêîðèòåëÿì çàðÿæåííûõ ÷àñòèö

(RUPAC-2004)

Ñ 4 ïî 8 îêòÿáðÿ â Îáúåäèíåííîì èíñòèòóòå ÿäåð-
íûõ èññëåäîâàíèé ïðîõîäèëà XIX Ðîññèéñêàÿ êîíôå-
ðåíöèÿ ïî óñêîðèòåëÿì çàðÿæåííûõ ÷àñòèö (RUPAC-
2004), êîòîðàÿ ñîñòîÿëàñü ïðè íåïîñðåäñòâåííîé ïîä-
äåðæêå ÎÈßÈ, ÐÀÍ, Êîìèòåòà ÐÔ ïî àòîìíîé ýíåðãåòè-
êå, Ìèíèñòåðñòâà íàóêè è îáðàçîâàíèÿ ÐÔ, ÐÔÔÈ. Ñ
ïðèâåòñòâåííûì ñëîâîì íà îòêðûòèè êîíôåðåíöèè âû-
ñòóïèë ïðåäñåäàòåëü ïðîãðàììíîãî êîìèòåòà àêàäåìèê
À. Í. Ñêðèíñêèé.

Âñåñîþçíûå (òåïåðü âñåðîññèéñêèå) êîíôåðåíöèè
ïî óñêîðèòåëÿì çàðÿæåííûõ ÷àñòèö èìåþò äîëãóþ
èñòîðèþ. Îòêðûâàÿ êîíôåðåíöèþ, ïðåäñåäàòåëü îðãà-
íèçàöèîííîãî êîìèòåòà àêàäåìèê Â. Ã. Êàäûøåâñêèé
ðàññêàçàë îá èñòîðèè ðîññèéñêèõ óñêîðèòåëüíûõ ôîðó-
ìîâ: ôëàã ýòèõ êîíôåðåíöèé ïîäíÿë àêàäåìèê
À. Ë. Ìèíö â 1968 ã. â Ìîñêâå. Íà÷èíàÿ ñ 1976 ã. îíè ñòà-
ëè íàçûâàòüñÿ âñåñîþçíûìè ñîâåùàíèÿìè è â òå÷åíèå
íåñêîëüêèõ ëåò ïðîâîäèëèñü â Äóáíå. À çàòåì ìåñòîì èõ
ïðîâåäåíèÿ ñòàë Èíñòèòóò ôèçèêè âûñîêèõ ýíåðãèé â
Ïðîòâèíî. Â 2002 ã. óñêîðèòåëüíûé ôîðóì ïåðååõàë â

Îáíèíñê, â Ôèçèêî-ýíåðãåòè÷åñêèé èíñòèòóò, ãäå ïðî-
õîäèë êàê Âñåðîññèéñêàÿ êîíôåðåíöèÿ ïî óñêîðèòåëÿì
çàðÿæåííûõ ÷àñòèö. Òàì æå áûëà óòâåðæäåíà àááðåâèà-
òóðà, òðàäèöèîííàÿ äëÿ âñåõ óñêîðèòåëüíûõ êîíôåðåí-
öèé ìèðà, — RUPAC (ïî àíàëîãèè ñ åâðîïåéñêîé
(EPAC), àçèàòñêîé (APAC) è àìåðèêàíñêîé (PAC) êîí-
ôåðåíöèÿìè).

Íà÷èíàÿ ñ íûíåøíåé êîíôåðåíöèè, RUPAC èíòå-
ãðèðîâàí â ìåæäóíàðîäíóþ ñèñòåìó, êîòîðàÿ íàçûâàåò-
ñÿ «Îáúåäèíåííûé âåá-ñàéò óñêîðèòåëüíûõ êîíôåðåí-
öèé» (JACoW), — ìèðîâîå óñêîðèòåëüíîå ñîîáùåñòâî,
êîòîðîå ñóùåñòâóåò ôîðìàëüíî ïîä ýãèäîé ìåæäóíà-
ðîäíûõ ôèçè÷åñêèõ ñîþçîâ, èìååò ñàéò ñî ñâîáîäíûì
äîñòóïîì ê áèáëèîòåêå, ãäå ñîáðàíû âñå òðóäû óñêîðè-
òåëüíûõ êîíôåðåíöèé. Ýòî ñòàëî âîçìîæíûì áëàãîäàðÿ
óñèëèÿì íàó÷íîãî ñîâåòà ÐÀÍ ïî ïðîáëåìàì óñêîðèòå-
ëåé çàðÿæåííûõ ÷àñòèö.

Ñóùåñòâåííî áîëüøåå, ÷åì â ïîñëåäíèå ãîäû, ÷è-
ñëî ó÷àñòíèêîâ êîíôåðåíöèè ñâèäåòåëüñòâóåò î òîì, ÷òî
íàó÷íûé ïîòåíöèàë ðîññèéñêèõ óñêîðèòåëüùèêîâ íàõî-
äèòñÿ íà âåñüìà âûñîêîì óðîâíå, à èíòåðåñ ê êîíôåðåí-
öèè RUPAC ïîñòîÿííî âîçðàñòàåò. Â Äóáíå ñîáðàëîñü
268 îôèöèàëüíî çàðåãèñòðèðîâàííûõ ó÷àñòíèêîâ, êðî-
ìå òîãî, â ðàáîòå êîíôåðåíöèè ó÷àñòâîâàëè ñëóøàòåëè
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Professor I. Savin (JINR) «Recent Results on the Nucleon
Spin Structure», S. Derkachov (St. Petersburg) «Quantum
Integrability in (Super) Yang–Mills Theory on the Light
Cone».

JINR Vice-Director Professor A. Sissakian made a
concluding report with words of gratitude. He reminded the
conference participants that the Bogolyubov conference in
Kiev would be held on 13–17 September 2004.

G. Kozlov

The XIX Russian Particle Accelerator Conference

(RUPAC-2004)

The XIX Russian Particle Accelerator Conference
(RUPAC-2004) was held from 4 to 8 October at the Joint In-
stitute for Nuclear Research. The conference was supported
by JINR, the Russian Academy of Sciences, the RF Com-
mittee of Atomic Energy, the Ministry of Science and Edu-
cation, and the Russian Foundation for Basic Research.
Chairman of the Programme Committee Academician
A. N. Skrinsky made a salutatory talk at the opening cere-
mony.

The All-Union (now the All-Russian) RUPAC confer-
ences have a long history. Opening the conference, Chair-
man of the Organizing Committee Academician V. Kady-
shevsky spoke about the history of the Russian accelerator
forums — Academician Alexander Mints raised the flag of
these conferences in 1968 in Moscow. Since 1976 the con-
ferences took the title of All-Union and were held in Dubna
for a period of time. Later they were held in Protvino at the
Institute for High Energy Physics. In 2002 the accelerator
forum moved to Obninsk to the Institute of Physics and En-
ergy and was held as the All-Russian particle accelerator
conference. The abbreviation RUPAC was established there
which is traditional for accelerator conferences in the world,
like the European EPAC, Asian APAC and American PAC
events.

The present conference RUPAC is integrated into the
international system, which is called the joint web-site of
accelerator conferences (JACoW), — a world accelerator
community, which formally exists under the aegis of inter-
national physics unions, has a site with a free access to the
library of proceedings of accelerator conferences. All this
became possible due to efforts of the RAS Scientific Coun-
cil on particle accelerators.
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(êàê ïðàâèëî, ñòóäåíòû è àñïèðàíòû ìîñêîâñêèõ âóçîâ),
êîòîðûå ïðèåçæàëè íà êîíêðåòíûå ïëåíàðíûå çàñåäà-
íèÿ. Íåëüçÿ íå îòìåòèòü äîâîëüíî áîëüøîå êîëè÷åñòâî
ìîëîäåæè — îêîëî òðåòè ó÷àñòíèêîâ.

Â êîíôåðåíöèè ïðèíÿëè ó÷àñòèå ñïåöèàëèñòû, ðà-
áîòàþùèå â îáëàñòè ôèçèêè è òåõíèêè óñêîðèòåëåé, èç
ìíîãèõ íàó÷íûõ, îáðàçîâàòåëüíûõ è ïðîìûøëåííûõ
öåíòðîâ Ðîññèè: Ìîñêâû, Ñàíêò-Ïåòåðáóðãà, Íîâîñè-
áèðñêà, Ïðîòâèíî, Îáíèíñêà, Ñàðîâà, Òðîèöêà, Íèæíå-
ãî Íîâãîðîäà, Äóáíû, à òàêæå èç âåäóùèõ óñêîðèòåëü-
íûõ ëàáîðàòîðèé ìèðà — DESY, Èññëåäîâàòåëüñêîãî
öåíòðà â Þëèõå, GSI (Ãåðìàíèÿ), ÖÅÐÍ (Øâåéöàðèÿ),
FNAL (ÑØÀ), ORNL (ÑØÀ), NIRS è ÊÅÊ (ßïîíèÿ),
Óíèâåðñèòåòà Ñàííèî (Èòàëèÿ), Õàðüêîâñêîãî ôèçèêî-
òåõíè÷åñêîãî èíñòèòóòà (Óêðàèíà), Èíñòèòóòà ÿäåðíûõ
èññëåäîâàíèé Íàöèîíàëüíîé àêàäåìèè íàóê Óêðàèíû
(Êèåâ, Óêðàèíà), Ôèçèêî-òåõíè÷åñêîãî èíñòèòóòà Ñóõó-
ìè (Àáõàçèÿ).

Âñåãî íà êîíôåðåíöèè áûëî ïðåäñòàâëåíî 79 óñò-
íûõ è 129 ñòåíäîâûõ äîêëàäîâ, äàþùèõ äîñòàòî÷íî
ïîëíîå ïðåäñòàâëåíèå î ñîâðåìåííîì ñîñòîÿíèè óñêî-
ðèòåëüíîé íàóêè è òåõíèêè, îõâàòûâàþùèõ øèðîêèé
ñïåêòð íàïðàâëåíèé íàó÷íûõ èññëåäîâàíèé: îò ïðîáëåì
ñîçäàíèÿ íîâûõ óñêîðèòåëåé íà ñâåðõâûñîêèå ýíåðãèè,

óñîâåðøåíñòâîâàíèÿ è ðåêîíñòðóêöèè óæå äåéñòâóþ-
ùèõ óñêîðèòåëåé äî òåíäåíöèé ðàçâèòèÿ è øèðîêîãî
ïðèìåíåíèÿ óñêîðèòåëåé â íàðîäíîì õîçÿéñòâå è ìåäè-
öèíå.

Îñíîâíûìè òåìàìè êîíôåðåíöèè ñòàëè ñëåäóþùèå:
— ñîâðåìåííûå òåíäåíöèè ðàçâèòèÿ óñêîðèòåëåé, êîë-

ëàéäåðû;
— äèíàìèêà ÷àñòèö â óñêîðèòåëÿõ è íàêîïèòåëÿõ, ìåòî-

äû îõëàæäåíèÿ, íîâûå ìåòîäû óñêîðåíèÿ;
— öèêëè÷åñêèå è ëèíåéíûå óñêîðèòåëè áîëüøîé èí-

òåíñèâíîñòè;
— óñêîðèòåëè òÿæåëûõ èîíîâ;
— èñòî÷íèêè ñèíõðîòðîííîãî èçëó÷åíèÿ è ëàçåðû íà

ñâîáîäíûõ ýëåêòðîíàõ;
— ìàãíèòíûå ñèñòåìû, ñèñòåìû ýëåêòðîïèòàíèÿ è âà-

êóóìíûå ñèñòåìû óñêîðèòåëåé;
— ñâåðõïðîâîäÿùèå óñêîðèòåëè è êðèîãåííûå ñèñòå-

ìû;
— óñêîðÿþùèå ñòðóêòóðû è ìîùíàÿ ðàäèîòåõíèêà;
— ñèñòåìû óïðàâëåíèÿ è äèàãíîñòèêè;
— èîííûå èñòî÷íèêè, ýëåêòðîííûå ïóøêè;
— óñêîðèòåëè äëÿ ìåäèöèíû è ïðèêëàäíûõ öåëåé;
— ðàäèàöèîííûå ïðîáëåìû íà óñêîðèòåëÿõ;
— èíæåêòîðû.
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The fact that the number of the conference participants
has grown much recently indicates that the scientific poten-
tial of the Russian accelerator physicists is on a high level,
and the interest to the RUPAC conference increases. 268 of-
ficially registered participants attended the conference ple-
nary sessions, and, besides, free listeners arrived (as a rule,
students and graduate students from Moscow universities
and institutes). It is a pleasure to note a considerable amount
of young attendees — about one third of all participants.

Physicists and engineers, working in the field of
physics and technology of accelerators, from many scientif-
ic, educational and industrial centres of Russia took part in
the conference: they were from Moscow, Saint Petersburg,
Novosibirsk, Protvino, Obninck, Sarov, Troitsk, Nizhnii
Novgorod, Dubna, and also from the world leading acceler-
ator laboratories such as DESY, Forschungzentrum Jülich,
GSI (Germany), CERN (Switzerland), FNAL (USA),
ORNL (USA), NIRS and KEK (Japan), University of San-
nio (Italy), the Kharkov Physics and Technology Institute
(Ukraine), the Institute for Nuclear Research of NAS (Kiev,
Ukraine), the Physics and Technology Institute, Sukhumi
(Abkhazia).

A total of 79 oral reports and 129 posters gave the full
representation of the modern status of the accelerator sci-
ence and technology at the conference. They covered a wide
spectrum of the directions of the scientific studies: from
problems of the development of new accelerators at ultra
high energy, improvement and reconstruction of the already
existing accelerators up to the trend of the development and
wide use of the accelerators in industry and medicine. The
main topics of the conference were:
— Modern trends in accelerator development, colliders
— Particle dynamics in accelerators and storage rings, cool-

ing methods, new methods of acceleration
— High-intensity cyclic and linear accelerators
— Heavy-ion accelerators
— Synchrotron-radiation sources and free-electron lasers
— Magnetic systems, power supply and vacuum systems

for accelerators
— Superconducting accelerators and technology of cryo-

genics
— Accelerating structures and powerful electronics
— Control and diagnostic systems
— Ion sources, electron guns
— Accelerators for medical and industrial purposes
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Äóáíà, 4–9 îêòÿáðÿ.
XIX Ðîññèéñêàÿ

êîíôåðåíöèÿ ïî óñêîðèòåëÿì
çàðÿæåííûõ ÷àñòèö

(RUPAC-2004)

Dubna, 4–9 October.
The XIX Russian Particle

Accelerator Conference
(RUPAC-2004)



Íåñêîëüêî îáçîðíûõ ïðèãëàøåííûõ äîêëàäîâ áûëî
ñäåëàíî î êðóïíåéøèõ óñêîðèòåëüíûõ öåíòðàõ ìèðà:
LHC (ÖÅÐÍ), òýâàòðîíå (FNAL, ÑØÀ), GSI (Äàðì-
øòàäò, Ãåðìàíèÿ), COSY (Þëèõ, Ãåðìàíèÿ), DESY
(Ãàìáóðã, Ãåðìàíèÿ), NIRS (×èáà, ßïîíèÿ). Âîçðîñëà
àêòèâíîñòü îòå÷åñòâåííûõ óñêîðèòåëüíûõ öåíòðîâ:
ìíîãî äîñòèæåíèé â èçó÷åíèè íîâûõ ýôôåêòîâ äåìîí-
ñòðèðóåò Èíñòèòóò ÿäåðíîé ôèçèêè èì. Ã. È. Áóäêåðà
(Íîâîñèáèðñê), ðåãóëÿðíî ðàáîòàåò ñèíõðîòðîí Ó-70
(ÈÔÂÝ, Ïðîòâèíî), ãäå äîñòèãíóòà èíòåíñèâíîñòü âû-
âîäèìîãî ïó÷êà äî 2 1013
 ÷àñòèö, ÎÈßÈ (DRIBS, íó-
êëîòðîí), ÈÒÝÔ (ïðîåêò ÒÂÍ), ÈßÈ (ëèíåéíûé óñêî-
ðèòåëü).

Â õîäå êîíôåðåíöèè ïðè ïîääåðæêå ëàáîðàòîðèé
áûëè îðãàíèçîâàíû ýêñêóðñèè íà áàçîâûå óñòàíîâêè
ÎÈßÈ: öèêëîòðîíû è èîííûå èñòî÷íèêè ËßÐ, ìåäè-
öèíñêèå ïó÷êè ôàçîòðîíà ËßÏ, íàêîïèòåëü LEPTA
ËßÏ, íóêëîòðîí ËÂÝ, âûçâàâøèå áîëüøîé èíòåðåñ ó
ó÷àñòíèêîâ.

Çàêðûâàÿ êîíôåðåíöèþ, çàìåñòèòåëü ïðåäñåäàòåëÿ
îðãêîìèòåòà È. Í. Ìåøêîâ ïîä÷åðêíóë, ÷òî èç äîêëàäîâ
ó÷àñòíèêîâ, ïðåäñòàâëÿþùèõ ðîññèéñêèå óñêîðèòåëü-
íûå öåíòðû, ìû óçíàëè î íîâûõ ðàçðàáîòàííûõ êîíöåï-
öèÿõ, ñîáñòâåííûõ íîâûõ ñîîðóæåííûõ èëè ðåêîíñòðó-
èðîâàííûõ ôèçè÷åñêèõ óñòàíîâêàõ, ó÷àñòèè â ìåæäóíà-

ðîäíûõ ïðîåêòàõ. «Ñåãîäíÿ, êîãäà íè îäíà ñòðàíà â ìèðå
íå ìîæåò ñåáå ïîçâîëèòü ñîîðóæàòü â îäèíî÷êó êðóïíûå
ñîâðåìåííûå óñêîðèòåëè, ìåñòî Ðîññèè — â ìåæäóíà-
ðîäíîì ñîòðóäíè÷åñòâå íà îñíîâå îðèãèíàëüíûõ, ðàçâè-
òûõ «äîìà» èäåé è òåõíîëîãèé, à òàêæå â ñîçäàíèè óñêî-
ðèòåëåé «ñðåäíåãî êàëèáðà» äëÿ ïðîâåäåíèÿ óíèêàëü-
íûõ ýêñïåðèìåíòîâ â ðàçëè÷íûõ îáëàñòÿõ ôèçèêè».

Ýëåêòðîííàÿ âåðñèÿ âñåõ ïðåäñòàâëåííûõ íà êîí-
ôåðåíöèè äîêëàäîâ, êàê ïîñòåðíûõ, òàê è óñòíûõ, áóäåò
ðàçìåùåíà â îáúåäèíåííîé óñêîðèòåëüíîé áèáëèîòåêå
(JACoW), êðîìå òîãî, óñòíûå äîêëàäû áóäóò îïóáëèêî-
âàíû â ñïåöèàëüíî èçäàâàåìîì ïå÷àòíîì ñáîðíèêå òðó-
äîâ, æóðíàëå «Àòîìíàÿ ýíåðãèÿ».

Âî âðåìÿ ðàáîòû êîíôåðåíöèè ñîñòîÿëîñü çàñåäà-
íèå óñêîðèòåëüíîãî ñîâåòà ÐÀÍ, â êîòîðîì ïðèíÿëè ó÷à-
ñòèå ïðåäñòàâèòåëè âñåõ âåäóùèõ óñêîðèòåëüíûõ öåí-
òðîâ Ðîññèè è ÕÔÒÈ (Óêðàèíà).

Ã. Â. Òðóáíèêîâ, È. Í. Ìåøêîâ
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— Radiation problems in accelerators

— Injectors.

Several invited overview talks were dedicated to the
current status of the world’s largest accelerator centres:
LHC (CERN), Tevatron (FNAL), Future Accelerator Inter-
national Facility (GSI), COSY (FZJ, Jülich), DESY (Ham-
burg), NIRS (Japan). The national accelerator centres have
also become more active: as always, a lot of new achieve-
ments and new effects are the result of research at the Bud-
ker Institute of Nuclear Physics (Novosibirsk), the U70 syn-
chrotron (IHEP, Protvino) works regularly where the inten-
sity of the extracted beam was achieved up to 2 1013

particles, JINR (Nuclotron, DRIBs), ITEP with the TWN
project, the linear accelerator at INR, Troitsk.

During the conference, excursions were organized to
JINR basic facilities: cyclotrons and ion sources of FLNR,
medical beams of the Phasotron and LEPTA accumulator
(DLNP), Nuclotron (VBLHE). The conference participants
actively took part in the excursions, which were provided
with the help of all the JINR Laboratories.

Closing the conference, Vice-Chairman of the Organiz-
ing Committee I. N. Meshkov said that from the talks of
RUPAC’04 the participants, who represented different
Russian accelerator centres, we learned a lot about new de-
veloped concepts, native recently constructed or modern-
ized facilities and installations, collaboration in internation-
al projects. «Today, when no country in the world can afford
an individual construction of a large modern accelerator,
Russia is actively involved in the international collaboration
on the basis of originally developed «home» ideas and tech-
nologies and «middle-size» accelerators for unique experi-
ments in physics».

All the presented talks will be published as electronic
versions at the joint accelerator web-library (JACoW), the
invited and oral talks will be published in a special edition of
the conference proceedings and in the journal «Atomnaya
energia».

During the conference the meeting of the Accelerator
Council of RAS was held, where all representatives of the
leading Russian and Ukrainian accelerator centres took part.

G. V. Trubnikov and I. N. Meshkov

ÊÎÍÔÅÐÅÍÖÈÈ. ÑÎÂÅÙÀÍÈß
CONFERENCES. MEETINGS



Ìåæäóíàðîäíûé êîìèòåò ïî óñêîðèòåëÿì áóäóùåãî
(ICFA) âûñòóïèë 20 àâãóñòà ñ ðåêîìåíäàöèåé ïî âûáîðó
òåõíîëîãèè ðàáîòû áóäóùåãî ìåæäóíàðîäíîãî óñêîðèòå-
ëÿ ÷àñòèö — ýëåêòðîí-ïîçèòðîííîãî êîëëàéäåðà íà ýíåð-
ãèþ 0,5–1 ÒýÂ, ðàçðàáàòûâàåìîãî êîëëàáîðàöèåé ó÷åíûõ
èç ðàçíûõ ñòðàí.

Âíåñòè ïðåäëîæåíèÿ ïî âûáîðó òåõíîëîãèè ðàáîòû
áóäóùåãî óñêîðèòåëÿ áûëî ïîðó÷åíî ìåæäóíàðîäíîé ðå-
êîìåíäàòåëüíîé êîìèññèè ïî òåõíîëîãèè, ñîñòîÿùåé èç
12 ÷ëåíîâ, ïîä ïðåäñåäàòåëüñòâîì Á. Áýðèøà èç Êàëè-
ôîðíèéñêîãî èíñòèòóòà òåõíîëîãèé, êîòîðàÿ ðåêîìåíäî-
âàëà ìèðîâîìó ñîîáùåñòâó ïî ôèçèêå ÷àñòèö îñòàíîâèòü
ñâîé âûáîð íà èñïîëüçîâàíèè íå «X-band» ðåçîíàòîðîâ,
ðàáîòàþùèõ ïðè êîìíàòíîé òåìïåðàòóðå, à ñâåðõïðîâî-
äÿùèõ ñòðóêòóð ïðè òåìïåðàòóðå 2 Ê. Òàêîå ðåøåíèå èìå-
åò áîëüøîå çíà÷åíèå äëÿ DESY è åãî ïàðòíåðîâ, òàê êàê
èìåííî òàì ðàçðàáîòàíà ýòà òåõíîëîãèÿ è óñïåøíî îïðî-
áîâàíà íà óñòàíîâêå TESLA â Ãàìáóðãå.

Ðåøåíèå êîìèññèè ÿâèëîñü ðåçóëüòàòîì àíàëèçà
óñêîðèòåëüíûõ òåõíîëîãèé, ðàçðàáàòûâàåìûõ â íàó÷íûõ
öåíòðàõ Àìåðèêè, Àçèè è Åâðîïû â ïîñëåäíèå 12 ëåò.

Êåéìáðèäæ, Ìàññà÷óñåòñ, ÑØÀ. 9 ñåíòÿáðÿ ó÷åíûå
îòêðûòîãî íàó÷íîãî êîíñîðöèóìà Grid ïðîâåëè ðàáî÷åå
ñîâåùàíèå â Ãàðâàðäñêîì óíèâåðñèòåòå ïî ñëó÷àþ
óñïåøíîãî çàâåðøåíèÿ èñïûòàòåëüíîé ðàáîòû ñèñòåìû
GRID ÑØÀ â ýêñïåðèìåíòàõ ïî ôèçèêå ÷àñòèö è äðóãèõ
îáëàñòÿõ. Ïðîòîòèï Grid3 èñïîëüçóåò ðåñóðñû 26 óíèâåð-
ñèòåòîâ è íàöèîíàëüíûõ ëàáîðàòîðèé ÑØÀ â îáðàáîòêå

äàííûõ ýêñïåðèìåíòîâ â îáëàñòè ôèçèêè ÷àñòèö, àñòðî-
ôèçèêè, áèîèíôîðìàòèêè è êîìïüþòåðíîé íàóêè.

Ïî ìàòåðèàëàì ñàéòà http://www.interactions.org

ßðêèå îãíè ïðàçäíîâàíèÿ 50-ëåòèÿ ÖÅÐÍ

29 ñåíòÿáðÿ, ðîâíî â 8 ÷àñîâ âå÷åðà òåððèòîðèÿ, ãäå
ðàñïîëîæåíî 27-êèëîìåòðîâîå êîëüöî áîëüøîãî àäðîí-
íîãî êîëëàéäåðà, îñâåòèëàñü ëó÷àìè ãðàíäèîçíîé èëëþ-
ìèíàöèè. Ìèøåëü Ñïîåðè, ãëàâà æåíåâñêîãî äåïàðòàìåí-
òà þñòèöèè, ïîëèöèè è áåçîïàñíîñòè, òîðæåñòâåííî çà-
æåã öåïü 24 ìîùíûõ ôåéåðâåðêîâ, è íåáî íàä Æåíåâîé â
ðàéîíå Ïåè-äå-Ãå îñâåòèëîñü ôîíòàíîì îãíåé.

Ìåðîïðèÿòèÿ ïî ïðàçäíîâàíèþ þáèëåÿ ÖÅÐÍ ïðîõî-
äèëè â ÷åòûðåõ ñòðàíàõ-ó÷àñòíèöàõ. Ìåñòå÷êî Êðîçå âî
Ôðàíöèè, ðàñïîëîæåííîå íåäàëåêî îò ÖÅÐÍ, ñòàëî öåí-
òðîì òîðæåñòâ. Îäíîâðåìåííî â ïðÿìîì ýôèðå ê ïðàçä-
íîâàíèþ ïîäêëþ÷èëèñü øâåéöàðñêèé îòåëü «Interlaken»
(ãäå ïðîõîäèëà êîíôåðåíöèÿ ïî êîìïüþòåðèçàöèè ôèçè-
êè âûñîêèõ ýíåðãèé, â ðàáîòå êîòîðîé â ýòî âðåìÿ ïðèíè-
ìàë ó÷àñòèå ãåíåðàëüíûé äèðåêòîð ÖÅÐÍ Ð. Ýéìàð), Ëîí-
äîí è Ðèì. Â ïðÿìîì âèäåîýôèðå ìîæíî áûëî óñëûøàòü
âûñòóïëåíèÿ áûâøèõ ãåíåðàëüíûõ äèðåêòîðîâ ÖÅÐÍ
Êðèñà Ëüþâåëèíà-Ñìèòà è Ëó÷àíî Ìàéàíè, à òàêæå ïîä-
êëþ÷èòüñÿ ê Áîñòîíó, îòêóäà ïðèñëàë ñâîè ïîçäðàâëåíèÿ
ñîçäàòåëü «âñåìèðíîé ïàóòèíû» Òèì Áåðíåðñ Ëè.

Ïðàçäíè÷íûé ïèðîã — ãëàâíûé àòðèáóò ëþáîãî äíÿ
ðîæäåíèÿ. Þáèëåé ÖÅÐÍ â ýòîì ñìûñëå íå èñêëþ÷åíèå.
50 ñâå÷åé íà òîðòå çàäóëè ñîáðàâøèåñÿ â Êðîçå ëþäè, êî-
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The International Committee for Future Accelerators
(ICFA), meeting during the international physics conference
in Beijing (20 August), endorsed the recommendation of a
panel of physicists charged to recommend the technology
choice for a proposed future international particle accelera-
tor.

The 12-member International Technology Recommen-
dation Panel, chaired by Barry Barish of the California Insti-
tute of Technology, recommended that the world particle
physics community adopt superconducting accelerating
structures that operate at 2 K, rather than «X-band» accelerat-
ing structures operating at room temperature, as the technol-
ogy choice for the internationally federated design of a new
electron–positron linear collider to operate at an energy be-
tween 0.5 and 1 TeV.

This decision is of great importance for DESY and its in-
ternational partners, since they developed this technology to-
gether and successfully tested it at the TESLA Test Facility
(TTF) in Hamburg. The decision of the Committee came as a
result of the analysis of the accelerator technologies worked
out in research centres of America, Asia and Europe during
the last 12 years.

Cambridge, Massachusetts, the USA. Scientists of the
Open Science Grid Consortium, meeting at a workshop at
Harvard University (9 September), announced the success of
a nine-month trial operation of a US data grid for particle

physics experiments and other scientific applications. The
prototype grid, called Grid3, uses the Internet to combine the
computational resources of 26 universities and national labo-
ratories across the USA to serve the computing needs of
more than 10 research groups in particle physics, astro-
physics, bioinformatics and computer science.

CERN’s 50th Anniversary in Lights

To mark the 50th anniversary of CERN’s creation, a
spectacular illumination of the 27-kilometre ring of the Large
Hadron Collider accelerator was launced at 20:00 sharp on
29 September. Micheline Spoerri, head of Geneva’s Depart-
ment of Justice, Police and Security, threw the switch for 24
powerful «skytracer» floodlights to light up the night sky of the
Geneva–Pays de Gex region.

This illumination forms part of a larger celebration, with
birthday events taking place in four of the Organization’s
Member States. Close to CERN itself, the village of Crozet in
France was the centre of attraction. During an event starting
at 18:30, the Crozet celebration was joined by live video link
to Interlaken, Switzerland, where the Organization’s Director
General Robert Aymar was attending a conference on com-
puting in high-energy physics (http://www.chep2004.org).
Video links were made to London and Rome to hear from for-
mer Director Generals Chris Llewellyn-Smith and Luciano
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òîðûì â ýòîì ãîäó èñïîëíèëîñü 50. 14 îêòÿáðÿ ñîñòîÿëàñü
îôèöèàëüíàÿ ïðåçåíòàöèÿ ïîäàðî÷íîé êíèãè «Ó èñòîêîâ
ÖÅÐÍ — 50 ëåò èññëåäîâàíèé â ìåìóàðàõ».

Äðóãèå âàæíûå ìåðîïðèÿòèÿ ïðàçäíîâàíèÿ þáèëåÿ ÖÅÐÍ
ïðîøëè 16 îêòÿáðÿ. Â ýòîò äåíü ñîñòîÿëñÿ îäèí èç ñàìûõ òîð-
æåñòâåííûõ äíåé îòêðûòûõ äâåðåé íà 50 ïëîùàäêàõ öåíòðà.
Ãîñòè ïîñåòèëè ýêñïåðèìåíòàëüíûå îáúåêòû, óñêîðèòåëè ÷à-
ñòèö; áûëè ïðîâåäåíû ðàáî÷èå ñîâåùàíèÿ, äèñêóññèè; ñîñòîÿ-
ëèñü âûñòóïëåíèÿ íàó÷íîãî òåàòðà, öèðêà, ðàçëè÷íûå ñîðåâíî-
âàíèÿ. Áûëî ïðåäóñìîòðåíî, ÷òî ïîñåòèòåëè ïðèäóò íà äåíü îò-
êðûòûõ äâåðåé ñåìüÿìè, ïîýòîìó áûëà ïîäãîòîâëåíà
ïðîãðàììà äëÿ äåòåé ñ òðåõëåòíåãî âîçðàñòà.

Ïðàçäíîâàíèå çàâåðøèëîñü 19 îêòÿáðÿ îôèöèàëüíûì
VIP-ïðèåìîì, íà êîòîðîì ïðèñóòñòâîâàëè ðóêîâîäèòåëè è

ïðåäñòàâèòåëè 20 ñòðàí-ó÷àñòíèö ÖÅÐÍ è ãîñóäàðñòâ-íàáëþ-
äàòåëåé. Â ýòîò äåíü áûë òîðæåñòâåííî îòêðûò Ïàâèëüîí íàóêè
è èííîâàöèé — ñåòåâîé è ðåêëàìíûé öåíòð, êîòîðûé Øâåéöàð-
ñêàÿ êîíôåäåðàöèÿ ïîäàðèëà ÖÅÐÍ íà þáèëåé. Ïîäðîáíóþ èí-
ôîðìàöèþ î ïðîâåäåíèè ïðàçäíîâàíèÿ 50-ëåòèÿ ñîçäàíèÿ
ÖÅÐÍ ñìîòðèòå íà ñàéòå http://www.cern.ch/ CERN50.

Íàöèîíàëüíàÿ óñêîðèòåëüíàÿ ëàáîðàòîðèÿ èì. Ý. Ôåðìè è
Ñòåíôîðäñêèé óñêîðèòåëüíûé öåíòð ïðèñòóïèëè ê âûïóñêó íî-
âîãî æóðíàëà ïî ôèçèêå ÷àñòèö «Ñèììåòðèÿ». Â íîâîì èçäàíèè
áóäóò îñâåùàòüñÿ ðàçëè÷íûå àñïåêòû ôèçèêè ÷àñòèö è åå ñâÿ-
çè ñ äðóãèìè îáëàñòÿìè íàóê, âîïðîñû ïîëèòèêè è êóëüòóðû.
Æóðíàë áóäåò âûõîäèòü â ïå÷àòíîé è ýëåêòðîííîé âåðñèè 10
ðàç â ãîä. Âñå ïóáëèêàöèè æóðíàëà ìîæíî íàéòè íà ñàéòå
http://www.symmetrymagazine.org

� Nuclear Physics Methods and Accelerators in Bi-
ology and Medicine: Second International Student
School, Poznan, Poland, June 19–30, 2003:
Proc. — Dubna: JINR, 2004. — 93 p.: ill. —
(JINR, E18-2004-63). — Bibliogr.: end of papers.

� Very High Multiplicity Physics: Proc. of the Fourth
International Workshop, Alushta, Ukraine, June
1–4 , 2003. — Dubna: JINR, 2004. — 242 p.:
ill. — (JINR, E1,2-2004-83) . — Bibliogr.: end of
papers.

� Advanced Research Workshop on High Energy
Spin Physics (NATO ARW DUBNA-SPIN-03)
(10; 2003; Dubna): Proceedings, Dubna, Sept.
16–20, 2003 / Eds.: A. V. Efremov and
O. V. Teryaev. — Dubna: JINR, 2004. — 500 p.:
ill. — (JINR, E1,2-2004-80). — Bibliogr.: end of
papers. — Cover title: Workshop on High Energy
Spin Physics.

� Ñàìîéëîâ Â. Í., Òþïèêîâà Ò. Â. Èíôîðìàöèîí-
íûå ñèñòåìû â ýêîíîìèêå. — Äóáíà: ÎÈßÈ,
2004. — 162 ñ.: èë. — (ÎÈßÈ, Ð10-2003-227).
Samoilov V. N. and Tyupikova T. V. Information
Systems in Economics. — Dubna: JINR, 2004. —
162 p.: ill. — (JINR, P10-2003-227).

� Ïðîáëåìû êàëèáðîâî÷íûõ ïîëåé: Ê 60-ëåòèþ
ñî äíÿ ðîæäåíèÿ Â. Í. Ïåðâóøèíà / Ïîä ðåä.
Á. Ì. Áàðáàøîâà è Â. Â. Íåñòåðåíêî. — Äóáíà:
ÎÈßÈ, 2004. — 138 ñ.: èë. — (ÎÈßÈ,
Ä2-2004-66). — Áèáëèîãð. â êîíöå ñò.
Problems of Calibration Fields: to the 60th An-
niversary of V. Pervushin / Eds.: B. Barbashov and
V. Nesterenko. — Dubna: JINR, 2004. — 138 p.:
ill. — (JINR, D2-2004-66). — Bibliogr.: end of pa-
pers.

� Relativistic Nuclear Physics and Quantum Chro-
modynamics: Proc. of the XVI International
Baldin Seminar on High Energy Physics Problems
(ISHEPP XVI), Dubna, June 10–15, 2002 / Eds.:
A. N. Sissakian et al. — Dubna: JINR, 2004. —
(JINR, E1,2-2004-76). — Bibliogr.: end of papers.
V. 1. — 2004. — 320 p.: ill. V. 2. — 2004. —
305 p.: ill.

� Actual Problems of Microworld Physics: Proc. of
the International School-Seminar, Gomel, Belarus,
July 28 – Aug. 8, 2003 / Ed.: P. Starovoitov. —
Dubna: JINR, 2004. — (JINR, E1,2-2004-93). —
Bibliogr.: end of papers. V. 1. — 2004. — 280 p.:
ill. V. 2. — 2004. — 269 p.: ill.

� Relativistic Nuclear Physics and Quantum Chro-
modynamics: Book of Abstracts of the XVII Inter-
national Baldin Seminar on High Energy Physics
Problems, Dubna, Russia, Sept. 27 – Oct. 2,

Maiani, and to Boston for a message from the inventor of the World
Wide Web, Tim Berners-Lee.

No birthday party would be complete without a cake, and
CERN’s is no exception. The 50 candles on the cake were blown out
at Crozet by people sharing their 50th birthday year with CERN. As
well as visits to experimental sites and particle accelerators, there
were workshops, debates, scientific theatre, a circus and competi-
tions. The day was planned as a family day out, and activities for
children as young as three were prepared.

Other major 50th anniversary events at CERN include an Open
Day on 16 October. With 50 sites to visit, this is the most ambitious
Open Day in the history of the Organization.

Celebrations reach a conclusion three days later, on 19 Octo-
ber, with the official VIP celebration attended by Heads of State and
representatives of the Organization’s 20 Member States. This occa-
sion also marked the inauguration of the Globe of Science and Inno-
vation, CERN’s new networking and visitor centre that is a 50th an-
niversary gift to the Organization from the Swiss Confederation.
For details of all CERN’s 50th anniversary events, see
http://www.cern.ch/CERN50.

A new particle physics magazine, «Symmetry», is launched by
the Fermi National Accelerator Laboratory and Stanford Linear
Accelerator Center. «Symmetry» will explore the diverse dimen-
sions of particle physics and its links with other aspects of science,
policy and culture. The magazine will be published in print and elec-
tronic versions 10 times per year. All content is available online at
http://www.symmetrymagazine.org



2004. — Dubna: JINR, 2004. — 154 p.: ill. — (JINR,
E1,2-2004-144). — Bibliogr.: end of papers.

� Íèêîëàé Íèêîëàåâè÷ Áîãîëþáîâ: Ê 95-ëåòèþ ñî äíÿ
ðîæäåíèÿ / Ïîä îáù. ðåä. Ä. Â. Øèðêîâà è À. Í. Ñè-
ñàêÿíà. Ñîñò.: Ï. Í. Áîãîëþáîâ, Á. Ì. Ñòàð÷åíêî. —
Äóáíà: ÎÈßÈ, 2004. — 82 ñ.: èë. — Áèáëèîãð.:
ñ. 35–70.
Nikolai Nikolaevich Bogoliubov: to the 95th Anniver-
sary / Eds.: D. Shirkov and A. Sissakian; Comp. P. Bo-
golyubov and B. Starchenko. — Dubna: JINR, 2004. —
82 p.: ill. — Bibliogr.: P. 35–70.

� Áèáëèîãðàôè÷åñêèé óêàçàòåëü ðàáîò ñîòðóäíèêîâ
Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé /
Îáúåäèíåííûé èíñòèòóò ÿäåðíûõ èññëåäîâàíèé,
ÍÒÁ. — Äóáíà: ÎÈßÈ, 2004. — (ÎÈßÈ, 2004-134).
Bibliographic Index of Papers Published by JINR Staff
Members / The Joint Institute for Nuclear Research,
STLib. — Dubna: JINR, 2004. — (JINR, 2004-134).

� Ïèñüìà â Ý×Àß. 2004. Ò. 1, ¹¹ 3(120), 4(121).
Particles and Nuclei, Letters. 2004. V. 1, Nos. 3(120),
4(121).
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Ý×Àß PARTICLES AND NUCLEI

Âûøëè â ñâåò î÷åðåäíûå âûïóñêè æóðíàëà «Ôèçèêà
ýëåìåíòàðíûõ ÷àñòèö è àòîìíîãî ÿäðà».

� Âûïóñê 4 (2004. Ò. 35) âêëþ÷àåò ñëåäóþùèå ñòàòüè:
Âîëêîâ Â. Â. Ïðîöåññ ïîëíîãî ñëèÿíèÿ àòîìíûõ ÿäåð.
Ñëèÿíèå ÿäåð â ðàìêàõ êîíöåïöèè äâîéíîé ÿäåðíîé
ñèñòåìû.
Âàðëàìîâ Â. Â., Èøõàíîâ Á. Ñ. Ãèãàíòñêèé äèïîëü-
íûé ðåçîíàíñ â ôîòîÿäåðíûõ ýêñïåðèìåíòàõ ðàçëè÷-
íîãî òèïà: ðàñõîæäåíèÿ, ïðè÷èíû, ñïîñîáû óñòðàíå-
íèÿ, ñëåäñòâèÿ.
Åðåìèí A. B., Ïîïåêî À. Ã. Ñåïàðàöèÿ è èäåíòèôèêà-
öèÿ ïðîäóêòîâ ðåàêöèé ïîëíîãî ñëèÿíèÿ, äàëüíåé-
øåå ðàçâèòèå ìåòîäîâ (îïðåäåëåíèå ìàññû òÿæåëûõ
ÿäåð).
Áîíäàð÷åíêî Å. À., Ïåïåëûøåâ Þ. Í., Ïîïîâ À. Ê.
Ýêñïåðèìåíòàëüíîå è ìîäåëüíîå èññëåäîâàíèå îñî-
áåííîñòåé äèíàìèêè èìïóëüñíîãî ðåàêòîðà ïåðèîäè-
÷åñêîãî äåéñòâèÿ ÈÁÐ-2.
Àíòîíèó ß., Èâàíîâ Â. Â., Èâàíîâ Âàëåðèé Â., Çðå-
ëîâ Ï. Â. Ñòàòèñòè÷åñêàÿ ìîäåëü èíôîðìàöèîííîãî
òðàôèêà.

� Âûïóñê 5 (2004. Ò. 35) ñîäåðæèò ñòàòüè:
Òðîøèí Ñ. Ì., Òþðèí Í. Å. Óíèòàðíîñòü ïðè ýíåðãè-
ÿõ LHC.
Ñåðãååâ C. M. Êâàíòîâûå èíòåãðèðóåìûå ìîäåëè â
äèñêðåòíîì 2 + 1-ìåðíîì ïðîñòðàíñòâå-âðåìåíè:
âñïîìîãàòåëüíàÿ ëèíåéíàÿ çàäà÷à íà ðåøåòêå, ïðåä-
ñòàâëåíèå íóëåâîé êðèâèçíû, èçîñïåêòðàëüíàÿ äå-
ôîðìàöèÿ ìîäåëè Çàìîëîä÷èêîâà–Áàæàíîâà–Áàê-
ñòåðà.
Åôèìîâ Ã. Â. Áëîõèíöåâ è íåëîêàëüíàÿ êâàíòîâàÿ
òåîðèÿ ïîëÿ.
Õâàñòîâñêèé ß., Ôèãåëü ß. Ôîòîðîæäåíèå íà óñòà-
íîâêå HERA.
Ìàíîâ Ñ. Ðàñïðîñòðàíåíèå ñèãíàëîâ â ïðîñòðàíñò-
âàõ ñ àôôèííûìè ñâÿçíîñòÿìè è ìåòðèêàìè, èñïîëü-
çóåìûõ â êà÷åñòâå ìîäåëåé ïðîñòðàíñòâà-âðåìåíè.
Êîäîëîâà Î. Ë. Èçìåðåíèÿ â óñëîâèÿõ î÷åíü áîëüøîé
ìíîæåñòâåííîñòè íà óñòàíîâêå CMS.

Regular issues of the journal «Physics of Elementary
Particles and Atomic Nuclei» have been published.

� Issue 4 (2004. V. 35) includes:
Volkov V. V. Process of Complete Fusion of Atomic Nu-
clei. Complete Fusion of Nuclei in the Framework of the
Dinuclear System Concept.
Varlamov V. V., Ishkhanov B. S. Giant Dipole Resonance
in Photonuclear Experiments of Various Types: Discrep-
ancies, Reasons, Methods of Overcoming, Conse-
quenses.
Yeremin A. V., Popeko A. G. Separation and Identifica-
tion of Complete Fusion Reaction Products, Further De-
velopment of the Methods (Mass Determination of
Heavy Nuclei).
Bondarchenko E. A., Pepyolyshev Yu. N., Popov A. K.
Experimental and Model Investigations of Dynamics Pe-
culiarities in Periodic Pulsed Reactor IBR-2.
Antoniou I., Ivanov V. V., Ivanov Valery V., Zrelov P. V.
Statistical Model of Network Traffic.

� Issue 5 (2004. V. 35) includes:
Troshin S. M., Tyurin N. E. Unitarity at the LHC Ener-
gies.
Sergeev S. M. Quantum Integrable Models in Discrete
( 2+ 1)-Dimensional Space-Time: Auxiliary Linear
Problem on a Lattice, Zero Curvature Representation,
Isospectral Deformation of the Zamolodchikov– Bazha-
nov–Baxter Model.
Efimov G. V. Blokhintsev and Nonlocal Quantum Field
Theory.
Chwastowski J., Figiel J. Photoproduction at HERA.
Manoff S. Propagation of Signals in Spaces with Affine
Connections and Metrics as Models of Space-Time.
Kodolova O. L. Measurements in Conditions of a Very
High Multiplicity.



2005
5-å ñîâåùàíèå «Ñîòðóäíè÷åñòâî ìåæäó íåìåöêèìè èññëåäîâàòåëüñêèìè
öåíòðàìè è ÎÈßÈ»

17–19 ÿíâàðÿ, Äóáíà

97-ÿ ñåññèÿ Ó÷åíîãî ñîâåòà ÎÈßÈ 20–21 ÿíâàðÿ, Äóáíà
Ðàáî÷åå ñîâåùàíèå ïî ýêñïåðèìåíòàì ÈÔÂÝ–ÎÈßÈ
«Íåéòðèííûé äåòåêòîð NOMAD-HARP»

ßíâàðü, Äóáíà

Ñîâåùàíèå «Êëàññè÷åñêèå è êâàíòîâûå èíòåãðèðóåìûå ñèñòåìû» 24–28 ÿíâàðÿ, Äóáíà
Ðàáî÷åå ñîâåùàíèå ïî äèñòàíöèîííîìó ìîíèòîðèíãó ñèñòåì ÓÊ ßÌ 24–28 ÿíâàðÿ, Äóáíà
III Çèìíÿÿ øêîëà ïî òåîðåòè÷åñêîé ôèçèêå 29 ÿíâàðÿ – 6 ôåâðàëÿ,

Äóáíà
9-ÿ êîíôåðåíöèÿ ìîëîäûõ ó÷åíûõ è ñïåöèàëèñòîâ 31 ÿíâàðÿ – 6 ôåâðàëÿ,

Äóáíà
Çàñåäàíèå ðàáî÷åé ãðóïïû ïðè ïðåäñåäàòåëå ÊÏÏ
ïî ôèíàíñîâûì âîïðîñàì ÎÈßÈ

15 ôåâðàëÿ, Äóáíà

Çàñåäàíèå Ôèíàíñîâîãî êîìèòåòà ÎÈßÈ 16–17 ôåâðàëÿ, Äóáíà
Âñåìèðíûé ôîðóì «Èíòåëëåêòóàëüíàÿ Ðîññèÿ» (ïåðâàÿ àññàìáëåÿ) 18–19 ôåâðàëÿ, Äóáíà
Çàñåäàíèå Êîìèòåòà ïîëíîìî÷íûõ ïðåäñòàâèòåëåé ïðàâèòåëüñòâ
ãîñóäàðñòâ — ÷ëåíîâ ÎÈßÈ

17–18 ìàðòà, Äóáíà

Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà ïî ôèçèêå ÷àñòèö 14–15 àïðåëÿ, Äóáíà
Êîíôåðåíöèÿ îïåðàòîðîâ è ïîëüçîâàòåëåé ñåòè ñïóòíèêîâîé ñâÿçè è âåùàíèÿ ÐÔ 19–22 àïðåëÿ, Äóáíà
Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà ïî ÿäåðíîé ôèçèêå 21–22 àïðåëÿ, Äóáíà
Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà ïî ôèçèêå êîíäåíñèðîâàííûõ ñðåä 25–26 àïðåëÿ, Äóáíà
Ñîâåùàíèå «Èññëåäîâàíèÿ â ãèãàíòñêèõ èìïóëüñàõ òåïëîâûõ íåéòðîíîâ
îò èìïóëüñíûõ ðåàêòîðîâ è â ëîâóøêàõ áîëüøèõ óñêîðèòåëåé»

27–29 àïðåëÿ, Äóáíà
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2005
V workshop «Scientific Cooperation between German Research Centres and JINR» 17–19 January, Dubna
The 97th session of the JINR Scientific Council 20–21 January, Dubna
Workshop on IHEP–JINR Neutrino Detector NOMAD–HARP Experiments January, Dubna
Meeting «Classical and Quantum Integrable Systems» 24–28 January, Dubna
Workshop on Distant Monitoring of Systems for Nuclear Materials Accounting Control 24–28 January, Dubna
III Winter School on Theoretical Physics 29 January – 6 February,

Dubna
IX Conference of Young Scientists and Specialists 31 January – 6 February,

Dubna
Meeting of the Working Group of the CP Chairman for Financial Issues at JINR 15 February, Dubna
Meeting of the JINR Finance Committee 16–17 February, Dubna
World forum «Intellectual Russia» (the 1st assembly) 18–19 February, Dubna
Meeting of the Committee of Plenipotentiaries of the Governments of JINR Member States 17–18 March, Dubna
Session of the Programme Advisory Committee for Particle Physics 14–15 April, Dubna
Conference of Operators and Users of the RF Satellite and
Broadcasting Communication Net

19–22 April, Äóáíà

Session of the Programme Advisory Committee for Nuclear Physics 21–22 April, Dubna
Session of the Programme Advisory Committee for Condensed Matter Physics 25–26 April, Dubna
Meeting «Studies of Giant Pulses of Thermal Neutrons from Pulsed Reactors and
in Traps in Large Accelerators»

27–29 April, Dubna

Meeting «Transition Radiation Detector-Tracker ATLAS LHC» 22–29 May, Dubna

ÏËÀÍ ÑÎÂÅÙÀÍÈÉ ÎÈßÈ
SCHEDULE OF JINR MEETINGS



Ñîâåùàíèå «Äåòåêòîð ïåðåõîäíîãî èçëó÷åíèÿ — òðåêåð ATLAS LHC» 22–29 ìàÿ, Äóáíà
«Ðåëÿòèâèñòñêàÿ ÿäåðíàÿ ôèçèêà: îò ñîòåí ÌýÂ äî ÒýÂ» 23–28 ìàÿ, Äóáíà
XIII Ìåæäóíàðîäíûé ñåìèíàð ïî âçàèìîäåéñòâèþ íåéòðîíîâ ñ ÿäðàìè 25–28 ìàÿ, Äóáíà
Ðàáî÷åå ñîâåùàíèå êîëëàáîðàöèè «Áàéêàë» 30 ìàÿ – 3 èþíÿ, Äóáíà
98-ÿ ñåññèÿ Ó÷åíîãî ñîâåòà ÎÈßÈ 2–3 èþíÿ, Äóáíà
Ìåæäóíàðîäíàÿ øêîëà «Ôèçèêà òÿæåëûõ êâàðêîâ» 6–16 èþíÿ, Äóáíà
Ñîâåùàíèå êîëëàáîðàöèè HADES 7–12 èþíÿ, Äóáíà
4-å ðàáî÷åå ñîâåùàíèå ïî èññëåäîâàíèÿì íà ðåàêòîðå ÈÁÐ-2 15–17 èþíÿ, Äóáíà
V Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Íîâàÿ ôèçèêà â íåóñêîðèòåëüíûõ ýêñïåðèìåíòàõ» 20–26 èþíÿ, Äóáíà
Ðàáî÷åå ñîâåùàíèå ïî ïðîåêòó ÄÂÈÍ 23–24 èþíÿ, Äóáíà
Ðàáî÷åå ñîâåùàíèå «Òåîðèÿ íóêëåàöèè è åå ïðèìåíåíèÿ» 25 èþíÿ – 3 èþëÿ, Äóáíà
Ñîâåùàíèå «Ñóïåðèíòåãðèðóåìûå ñèñòåìû â êëàññè÷åñêîé è êâàíòîâîé ìåõàíèêå» 27 èþíÿ – 1 èþëÿ, Äóáíà
3-å ìåæäóíàðîäíîå ðàáî÷åå ñîâåùàíèå «Êâàíòîâàÿ ôèçèêà è èíôîðìàöèÿ» 30 èþíÿ –3 èþëÿ, Äóáíà
III Ìåæäóíàðîäíàÿ ëåòíÿÿ ñòóäåí÷åñêàÿ øêîëà
«ßäåðíûå ìåòîäû è óñêîðèòåëè â áèîëîãèè è ìåäèöèíå»

30 èþíÿ – 11 èþëÿ,
Äóáíà, Ðàòìèíî

Ëåòíÿÿ ñòóäåí÷åñêàÿ ïðàêòèêà ïî íàïðàâëåíèÿì äåÿòåëüíîñòè ÎÈßÈ 12 èþëÿ – 4 àâãóñòà,
Äóáíà

Ìåæäóíàðîäíàÿ ëåòíÿÿ øêîëà ïî ñîâðåìåííîé ìàòåìàòè÷åñêîé ôèçèêå 14–26 èþëÿ, Äóáíà
VIII Ìåæäóíàðîäíàÿ Ãîìåëüñêàÿ øêîëà-ñåìèíàð
«Àêòóàëüíûå ïðîáëåìû ôèçèêè ìèêðîìèðà»

25 èþëÿ – 5 àâãóñòà,
Ãîìåëü, Áåëîðóññèÿ

Ìåæäóíàðîäíàÿ øêîëà «Òåîðèÿ ÿäðà è åå àñòðîôèçè÷åñêèå ïðèëîæåíèÿ» 26 èþëÿ – 4 àâãóñòà,
Äóáíà

Ñîâåùàíèå «Ñóïåðñèììåòðèè è êâàíòîâûå ñèììåòðèè» 28–31 èþëÿ, Äóáíà
III Ìåæäóíàðîäíàÿ øêîëà ïî ñîâðåìåííîé ôèçèêå 8–15 àâãóñòà, Óëàí-Áàòîð
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International workshop «Relativistic Nuclear Physics: from Hundreds of MeV to TeV» 23–28 May, Dubna
XIII International Seminar on Interaction of Neutrons with Nuclei 25–28 May, Dubna
Baikal Collaboration Workshop 30 May – 3 June, Dubna
The 98th session of the JINR Scientific Council 2–3 June, Dubna
International school «Heavy Quark Physics» 6–16 June, Dubna
HADES Collaboration Meeting 7–12 June, Dubna
The 4th Workshop on the Research at the IBR-2 Reactor 15–17 June, Dubna
The 5th International Conference on Non-Accelerator New Physics (NANP-2005) 20–26 June, Dubna
DVIN Workshop 23–24 June, Dubna
Research workshop «Nucleation Theory and Applications» 25 June – 3 July, Dubna
Workshop «Superintegrable Systems in Classical and Quantum Mechanics» 27 June – 1 July, Dubna
3rd international workshop «Quantum Physics and Communication» 30 June – 3 July, Dubna
III International Summer Student School on Nuclear Physics Methods
and Accelerators in Biology and Medicine

30 June – 11 July,
Dubna, Ratmino

Summer Student Practice in JINR Fields of Research 12 July – 4 August, Dubna
Advanced Summer School on Modern Mathematical Physics 14–26 July, Dubna
VIII international Gomel school-seminar «Modern Problems in the
Physics of the Microworld»

25 July – 5 August,
Gomel, Belarus

International school «Nuclear Theory and Its Applications in Astrophysics» 26 July – 4 August, Dubna
Workshop «Supersymmetries and Quantum Symmetries» 28–31 July, Dubna
III International School on Modern Physics 8 –15 August, Ulaanbatar
XIII European School on High Energy Physics 21 August – 3 September,

Kitzbuhel, Austria

ÏËÀÍ ÑÎÂÅÙÀÍÈÉ ÎÈßÈ
SCHEDULE OF JINR MEETINGS



XIII Åâðîïåéñêàÿ øêîëà ïî ôèçèêå âûñîêèõ ýíåðãèé 21 àâãóñòà – 3 ñåíòÿáðÿ,
Êèöáþýëü, Àâñòðèÿ

VI Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Ðåíîðìàëèçàöèîííàÿ ãðóïïà–2005» 30 àâãóñòà – 3 ñåíòÿáðÿ,
Õåëüñèíêè

XI Ìåæäóíàðîäíîå ðàáî÷åå ñîâåùàíèå ïî ñïèíîâîé ôèçèêå âûñîêèõ ýíåðãèé 1–5 ñåíòÿáðÿ, Äóáíà
Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Íîâûå òåíäåíöèè â ôèçèêå âûñîêèõ ýíåðãèé» 10–17 ñåíòÿáðÿ,

ßëòà, Óêðàèíà
Çàêëþ÷èòåëüíîå ðàáî÷åå ñîâåùàíèå ïî ýêñïåðèìåíòàì íà óñòàíîâêå ÝÊÑ×ÀÐÌ 14–21 ñåíòÿáðÿ,

Öàðåâî, Áîëãàðèÿ
Ñîâåùàíèå «Àêòóàëüíûå ïðîáëåìû êîñìè÷åñêîé ðàäèîáèîëîãèè
ïðè äëèòåëüíûõ îðáèòàëüíûõ è ìåæïëàíåòíûõ ïèëîòèðóåìûõ ïîëåòàõ»

Ñåíòÿáðü, Äóáíà

Ñîâåùàíèå «Ôèçèêà íà áóäóùèõ êîëëàéäåðàõ» Ñåíòÿáðü, Òáèëèñè
XX Ìåæäóíàðîäíûé ñèìïîçèóì «ßäåðíàÿ ýëåêòðîíèêà è êîìïüþòèíã» (NEC’2005) 12–18 ñåíòÿáðÿ,

Âàðíà, Áîëãàðèÿ
Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Öâåòíûå êâàðêè» 19–23 ñåíòÿáðÿ, Òáèëèñè
Ðàáî÷åå ñîâåùàíèå ïî ïðîåêòó ÍÈÑ 15–16 ñåíòÿáðÿ, Äóáíà
Ðàáî÷åå ñîâåùàíèå êîëëàáîðàöèè NEMO 22–29 ñåíòÿáðÿ, Äóáíà
VI Íàó÷íûé ñåìèíàð ïàìÿòè Â. Ï. Ñàðàíöåâà 23–25 ñåíòÿáðÿ, Äóáíà
Êîíôåðåíöèÿ «Ïåðñïåêòèâû ðàçâèòèÿ ìóëüòèìåäèéíîé ñïóòíèêîâîé ñâÿçè
è âåùàíèÿ â Ðîññèè è ñòðàíàõ ÑÍÃ»

Îêòÿáðü, Äóáíà

Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà ïî ÿäåðíîé ôèçèêå Íîÿáðü, Äóáíà
Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà ïî ôèçèêå ÷àñòèö Íîÿáðü, Äóáíà
Ñåññèÿ Ïðîãðàììíî-êîíñóëüòàòèâíîãî êîìèòåòà ïî ôèçèêå êîíäåíñèðîâàííûõ ñðåä Íîÿáðü, Äóáíà
Ðàáî÷åå ñîâåùàíèå êîëëàáîðàöèè «Áàéêàë» 5–9 äåêàáðÿ, Äóáíà
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VI international conference «Renormalization Group–2005» 30 August – 3 September,
Helsinki

XI International Workshop on High Energy Spin Physics 1–5 September, Dubna
International conference «New Trends in High Energy Physics» 10–17 September,

Yalta, Ukraine
EXCHARM Workshop. Final meeting on experiments at the set-up 14–21 September, Tsarevo,

Bulgaria
Workshop «The Actual Problems of Space Radiobiology in Long Orbital and
Interplanetary Men Powered Flights»

September, Dubna

Meeting «Physics at Future Colliders» September, Tbilisi
XX international symposium «Nuclear Electronics and Computing» (NEC’2005) 12–18 September,

Varna, Bulgaria
NIS Workshop 15–16 September, Dubna
International Conference «Colored Quarks» 19–23 September, Tbilisi
Workshop on NEMO Collaboration 22–29 September, Dubna
VI Scientific Seminar in Memory of V. P. Sarantsev 23–25 September, Dubna
Conference «Prospects for Further Multimedia Satellite Communication and
Broadcasting in Russia and CIS Countries»

October, Dubna

Session of the Programme Advisory Committee for Nuclear Physics November, Dubna
Session of the Programme Advisory Committee for Particle Physics November, Dubna
Session of the Programme Advisory Committee for Condensed Matter Physics November, Dubna
Baikal Collaboration Workshop 5–9 December, Dubna

ÏËÀÍ ÑÎÂÅÙÀÍÈÉ ÎÈßÈ
SCHEDULE OF JINR MEETINGS
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