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Excitation of Lowest Autoionization States In Helium-Like Ions
by Photon Scattering

M. Ya. Amusia, A. I. Mikhailov, I. A. Mikhailov

Àííîòàöèÿ
Ðàññìàòðèâàåòñÿ ðàññåÿíèå âûñîêî÷àñòîòíûõ ôîòîíîâ äâóõýëåêòðîííûì èîíîì ñ âîçáóæäå-

íèåì ñèíãëåòíûõ àâòîèîíèçàöèîííûõ ñîñòîÿíèé, ðàñïîëîæåííûõ íèæå ïåðâîãî âîçáóæäåííîãî
óðîâíÿ ñîîòâåòñòâóþùåãî îäíîýëåêòðîííîãî èîíà. Âû÷èñëåíû óãëîâûå ðàñïðåäåëåíèÿ ðàññåÿí-
íûõ ôîòîíîâ è ïîëíûå ñå÷åíèÿ èçó÷àåìîãî ïðîöåññà äëÿ ïåðåõîäîâ â 2s2ð(1Ð) è 2p2(1D) àâòî-
èîíèçàöèîííûå ñîñòîÿíèÿ (ÀÈÑ) èç îñíîâíîãî ñîñòîÿíèÿ ãåëèåïîäîáíûõ èîíîâ (ïåðåõîäû â äâà
ñàìûõ íèæíèõ 1S ÀÈÑ áûëè èçó÷åíû ðàíåå). Â íóëåâîì ïðèáëèæåíèè ýëåêòðîíû îïèñûâàþòñÿ
êóëîíîâñêèìè ôóíêöèÿìè, ìåæýëåêòðîííîå âçàèìîäåéñòâèå ó÷èòûâàåòñÿ â ïåðâîì ïîðÿäêå
òåîðèè âîçìóùåíèé.

Abstract
High-frequency photon scattering by two-electron ion with excitation of singlet autoionization states

located below the first excited level of the respective one-electron ion are considered. Angular distributions
of scattered photons and total cross sections of the process are calculated for transitions to 2s2p(1P)
and 2p2(1D) autoionization states (AIS) from the ground state of helium-like ions (the transitions to two
lowest 1S AIS were investigated earlier). In the zero approximation electrons are described by Coulomb
functions and the inter-electron interaction is taken into account in the first perturbation order.
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Î ñóùåñòâîâàíèè è âîçìîæíîì íîâîì ìåõàíèçìå ýôôåêòà Ïðàóòà
â ìàññàõ îäíîèçîòîïíûõ àòîìîâ

Î. È. Ñóìáàåâ

Àííîòàöèÿ
Ïðîâåðêà ýôôåêòà Ïðàóòà [1] îñóùåñòâëåíà äëÿ ñîâðåìåííûõ òàáëè÷íûõ ýêñïåðèìåíòàëü-

íûõ âåñîâ îäíîèçîòîïíûõ ýëåìåíòîâ, èñõîäÿ èç îæèäàíèÿ èõ áîëüøåé òî÷íîñòè, îáóñëîâëåí-
íîé îòñóòñòâèåì îøèáîê è íåîïðåäåëåííîñòåé ó èçîòîïè÷åñêîãî ñîñòàâà òàêèõ îáðàçöîâ.

Îêàçàëîñü, ÷òî ýôôåêò Ïðàóòà âûïîëíåí (ñì. óñëîâèå (1)) äëÿ âñåõ 34 îäíîèçîòîïíûõ ýëå-
ìåíòîâ è, åñëè ñ÷èòàòü ñâîéñòâà ñàìèõ òàêèõ àòîìíûõ âåñîâ òîæäåñòâåííûìè èõ ñâîéñòâàì
ó îñòàëüíûõ ýëåìåíòîâ, òî îêàçûâàåòñÿ, ÷òî Ïðàóò ïîëíîñòüþ ïðàâ. Âîçìîæíî, ÷òî â îñíîâå
ýôôåêòà Ïðàóòà, òàê æå êàê è ýôôåêòîâ íåñòàòèñòè÷åñêèõ ðàñïðåäåëåíèé ýíåðãèé γ-ëèíèé
è ãðóïïèðîâàíèÿ ìàññ ýëåìåíòàðíûõ ÷àñòèö, ëåæèò ÿâëåíèå òèïà äèíàìè÷åñêîé ñèíõðîíèçàöèè
Ãþéãåíñà [7].

Abstract
The check up of Prout effect [1] is carried out for modern tabular experimental atomic weights of

monoisotopic elements, waiting their greater accuracy due to absence of some errors and uncertainties
for monoisotopic samples (as compare to multiisotopic ones).

We observed the pronounced Prout effect (in agreement with the condition (1)) for all 34 monoisotopic
elements . So Prout turned out to be absolutely right. But we do not still understand the physical nature
of the effect.

It seems that the Huygens synchronization may play a very essential role in forming Prout effect as
well as the effects of distributions of γ-line energies and particle mass clastering [7].
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Ñöèíòèëëÿöèîííûå äåòåêòîðû ñ íèçêîé ÷óâñòâèòåëüíîñòüþ
ê ôîíîâîìó n-γγγγγ-èçëó÷åíèþ

Ñ. Ñ. Êîçëîâñêèé, Ô. È. Ãàðñèÿ, Â. Â. ßíîâñêèé

Àííîòàöèÿ
Ïðîåêòèðîâàíèå è èçãîòîâëåíèå àíàëèçàòîðà íåéòðàëüíûõ ÷àñòèö ISEP (èçîòîïíûé ñåïàðà-

òîð) äëÿ òåðìîÿäåðíîé óñòàíîâêè JET (Àíãëèÿ) ïîòðåáîâàëî ðàçðàáîòêè íîâîé ñèñòåìû äåòåêòè-
ðîâàíèÿ. Ýòî áûëî îáóñëîâëåíî òåì, ÷òî ïðè ðàáîòå òîêàìàêà â òðèòèåâîì öèêëå óðîâåíü ôîíî-
âîãî n-γ-èçëó÷åíèÿ â ìåñòå óñòàíîâêè àíàëèçàòîðà ìîæåò äîñòèãàòü âåëè÷èíû 1011 ñ-1 .ñì-2 è ðàáî-
òîñïîñîáíîñòü ïðèáîðà â ñóùåñòâåííîé ìåðå çàâèñèò îò ÷óâñòâèòåëüíîñòè äåòåêòèðóþùåé
ñèñòåìû ê ôîíîâîìó èçëó÷åíèþ ïëàçìû. Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû îïòèìèçàöèè
ñèñòåìû äåòåêòèðîâàíèÿ, ñïîñîáíîé ðåãèñòðèðîâàòü p, d è t â óñëîâèÿõ èíòåíñèâíîãî n-γ-ôîíà.
Íàìè èñïîëüçîâàíû ñöèíòèëëÿöèîííûå äåòåêòîðû íà îñíîâå òîíêèõ êðèñòàëëîâ CsI(Tl), îïòèìè-
çèðîâàííûå ïî òîëùèíå äëÿ ðåãèñòðàöèè èçîòîïîâ âîäîðîäà ñ çàäàííîé ýíåðãèåé. Èñïîëüçîâà-
íèå ñòàíäàðòíûõ ìåòîäèê àìïëèòóäíîãî àíàëèçà äëÿ ðàçäåëåíèÿ ñèãíàëîâ, âîçíèêàþùèõ
ïðè ðåãèñòðàöèè êîðïóñêóëÿðíûõ ïîòîêîâ è ôîíîâîãî n-γ-èçëó÷åíèÿ, ïîçâîëèëî ñóùåñòâåííî óëó÷-
øèòü ñîîòíîøåíèå ñèãíàë/øóì àíàëèçàòîðà ISEP.

Abstract
The new detection system for the neutral particle analyser ISEP (isotope separator) of the thermo-

nuclear reactor JET (England) was designed and developed. It was stipulated by the high
(≈1011 s-1cm-2) n-γ background in the analyser site. It is clear the device efficiency is determined
by the detection system sen-sivity to background radiation of the high-temperature plasma. The results
of the optimisation of the detection system to detect p, d  and t in an the presence of intensive
n-γ background are submitted. The thin (a few microns) CsI(Tl)  scintillators as the sensitive element
of such detectors were used. Their width was optimised for detection of the hydrogen isotopes with
fixed energy. Uses of the standard amplitude analysis procedure for separation of signals from corpus-
cular particles and background radiation has allowed us essentially improve the signalto-noise ratio
of the neutral particle analyser ISEP.
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Study of Background Characteristics of ÑÅÌ, ÌÑÐ and PMT Detectors
at n -γγγγγ Irradiation

S. S. Kozlovsky, F. I. Garcia, D. V. Balin

Àííîòàöèÿ
Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èçìåðåíèÿ ÷óâñòâèòåëüíîñòè ðåãèñòðèðóþùèõ ýëåìåíòîâ

äåòåêòîðîâ ÷àñòèö, ïðèìåíÿåìûõ äëÿ äèàãíîñòèêè ïëàçìû, � êàíàëüíûõ ýëåêòðîííûõ óìíîæèòå-
ëåé (ÊÝÓ), ìèêðîêàíàëüíûõ ïëàñòèí (ÌÊÏ) è ôîòîóìíîæèòåëåé (ÔÝÓ) – ê ôîíîâîìó íåéòðîííî-
ìó è ãàììà-èçëó÷åíèþ, è ïðèâåäåíà îöåíêà ïðåäåëüíîãî ïîòîêà ôîíîâîãî èçëó÷åíèÿ, ïðè êîòî-
ðîì äåòåêòîðû òåðÿþò ðàáîòîñïîñîáíîñòü.

Abstract
This paper presents the results of measurements of sensitivity of the registering elements of particle

detectors for plasma diagnostics, the Channel Electron Multipliers (ÑÅÌ), the MicroChannel Plates
(MCP) and Photomulti-pliers (PMT) to neutron and gamma radiation and estimates of intensity level
which can cease their operability.
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Îá óðàâíåíèÿõ êèíåòèêè è êîýôôèöèåíòàõ ðàçìíîæåíèÿ
â òåîðèè ðåàêòîðîâ ñ íåçàâèñèìûì èñòî÷íèêîì íåéòðîíîâ

Ý. Ã. Ñàõíîâñêèé

Àííîòàöèÿ

Óðàâíåíèÿ êèíåòèêè äëÿ ðåàêòîðà ñ íåçàâèñèìûì èñòî÷íèêîì íåéòðîíîâ ïðåäñòàâëåíû
ñ èñïîëüçîâàíèåì äèíàìè÷åñêèõ êîýôôèöèåíòîâ ðàçìíîæåíèÿ, çàâèñÿùèõ êàê îò ñîñòàâà è ãåî-
ìåòðèè ðåàêòîðà (êîýôôèöèåíò êðèòè÷íîñòè), òàê è îò ñâîéñòâ è ìåñòîíàõîæäåíèÿ èñòî÷íèêà
(ôàêòîð èñòî÷íèêà). Ðàññìîòðåíû ìîäåëè êàê ñ ýôôåêòèâíûì êîýôôèöèåíòîì ðàçìíîæåíèÿ keff
â êà÷åñòâå ñîáñòâåííîãî ÷èñëà óñëîâíî-êðèòè÷åñêîãî óðàâíåíèÿ ðåàêòîðà, òàê è ìîäåëè ñ ñîá-
ñòâåííûì ÷èñëîì, õàðàêòåðèçóþùèì ëþáûå ïðîöåññû ðîæäåíèÿ íåéòðîíîâ (äåëåíèå, ïîðîãî-
âûå ðåàêöèè ðàçìíîæåíèÿ (n, Õn)). Ïðîâåäåí êà÷åñòâåííûé àíàëèç ïîâåäåíèÿ ðåøåíèé, ïîëó-
÷åííûõ óðàâíåíèé êèíåòèêè. Ïîêàçàíî, ÷òî äëÿ ñòàöèîíàðíîãî ðåæèìà ðåàêòîðà ñ íåçàâèñèìûì
èñòî÷íèêîì äèíàìè÷åñêèé êîýôôèöèåíò êðèòè÷íîñòè è ôàêòîð èñòî÷íèêà ñîâïàäàþò, íî îòëè÷à-
þòñÿ îò ýôôåêòèâíîãî êîýôôèöèåíòà ðàçìíîæåíèÿ keff. Äîêàçàíà òåîðåìà î êîíâåðñèè äèíàìè÷å-
ñêîãî êîýôôèöèåíòà êðèòè÷íîñòè â ñòàòè÷åñêèé ýôôåêòèâíûé êîýôôèöèåíò ðàçìíîæåíèÿ keff
ïðè âçâåøèâàíèè ñ ôóíêöèåé öåííîñòè îòíîñèòåëüíî àñèìïòîòè÷åñêîé ìîùíîñòè ðåàêòîðà.

Abstract

The equations of the kinetics for a nuclear reactor with a extraneous neutron source are constructed
by using dynamic multiplication factors. These are the commonly used dynamic criticality factor, which
only depends on a given reactor composition and geometry, and the source criticality factor depending
on both properties of reactor medium and neutron source. The model with the effective neutron multipli-
cation factor keff for a noncritical reactor and the model with the eigenvalue which takes into account
fission as well as nonfission (n,Xn) multiplicative processes were considered. Qualitative analysis
of the solutions behaviour for obtained equations of kinetics has been carried out. It is shown that
for the stationary state of a reactor with extraneous source the dynamic criticality factor is equal
to the source criticality factor but not equal to the effective neutron multiplication factor keff. A theorem
is proved on the conversion of the dynamic criticality factor into the static effective neutron multiplication
factor keff , when the first one is averaged over the fundamental-mode of the adjoint («importance»)
function which is proportional to the asymptotic power level of a reactor.
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Íåêîìïàêòíàÿ êâàíòîâàÿ àëãåáðà u
q
 (2,1).

I. Îòðèöàòåëüíàÿ äèñêðåòíàÿ ñåðèÿ óíèòàðíûõ
íåïðèâîäèìûõ ïðåäñòàâëåíèé

Þ. Ô. Ñìèðíîâ, Þ. È. Õàðèòîíîâ

Àííîòàöèÿ

Ðàññìîòðåíà ñòðóêòóðà óíèòàðíûõ íåïðèâîäèìûõ ïðåäñòàâëåíèé íåêîìïàêòíîé êâàíòîâîé
àëãåáðû u

q
(2,1), îòíîñÿùèõñÿ ê îòðèöàòåëüíîé äèñêðåòíîé ñåðèè. Ñ ïîìîùüþ ïðîåêöèîííûõ îïå-

ðàòîðîâ äëÿ ïîäàëãåáðû suq(2) ïîëó÷åí q – àíàëîã ôîðìóë Ãåëüôàíäà-Ãðàåâà â áàçèñå, ñîîòâåò-
ñòâóþùåì ðåäóêöèè uq(2,1) → sug(2) x è(1). Ïðîåêòîðû äëÿ ïîäàëãåáðû suq(1,1) èñïîëüçîâàíû
äëÿ èññëåäîâàíèÿ òåõ æå ïðåäñòàâëåíèé â ðåäóêöèè uq(2,1) → u(1) x suq(1,1). Â íîâîì áàçèñå
âû÷èñëåíû ìàòðè÷íûå ýëåìåíòû ãåíåðàòîðîâ àëãåáðû uq(2,1). Ðàññìîòðåíà ìàòðèöà ïåðåõîäà
< UT >

q
 ìåæäó áàçèñíûìè âåêòîðàìè, ñîîòâåòñòâóþùèìè ýòèì äâóì ðåäóêöèÿì. Ïîëó÷åííûå

êîýôôèöèåíòû Âåéëÿ ïðåäñòàâëÿþò ñîáîé àíàëèòè÷åñêîå ïðîäîëæåíèå êîýôôèöèåíòîâ Ðàêà
äëÿ àëãåáðû suq(2).

Abstract

The negative discrete series of unitary irreducible representations of the noncompact quantum
algebra uq(2,1) is considered. The q – analog of the Gelfand-Graev formulas in a basis corresponding
to the reduction uq(2,1) → suq(2) x u(1) is obtained using the projection operators for the suq(2)
subalgebra. The projectors for the subalgebra suq(1,1) are applied to study the reduction
uq(2,1) → u(1) x suq(1,1). The matrix elements of generators of the same representation are calculated
in this new basis. Also the transformation brackets < UT >g between two bases are found. They
appears to be an analytical continuation of the suq(2) Racah coefficients.
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