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On Some Properties of Nuclei Close to Sn-100

V. I. Isakov, Ê. I. Erokhina

Àííîòàöèÿ

Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû ðàñ÷åòîâ ðàçëè÷íûõ ñâîéñòâ ÿäåð âáëèçè äâàæäû ìàãè-
÷åñêîãî íåéòðîíîäåôèöèòíîãî íóêëèäà 100Sn, êîòîðûå èíòåíñèâíî ýêñïåðèìåíòàëüíî èññëåäó-
þòñÿ â íàñòîÿùåå âðåìÿ. Ðàññ÷èòàííûå õàðàêòåðèñòèêè âêëþ÷àþò â ñåáÿ çíà÷åíèÿ ìàññ 25 ÿäåð,
à òàêæå ñâîéñòâà âîçáóæäåííûõ ñîñòîÿíèé ìàãè÷åñêîãî íóêëèäà è ÿäåð òèïà «ìàãè÷åñêèé îñòîâ
ïëþñ äâå êâàçè÷àñòèöû». Ðàññìîòðåíû ïðîáëåìû ýôôåêòèâíûõ êâàäðóïîëüíûõ çàðÿäîâ è ïåðå-
íîðìèðîâêè ñëàáîé àêñèàëüíîé êîíñòàíòû â ÿäðàõ âáëèçè 100Sn.

Abstract

The work presents calculations of various nuclear properties for nuclides close to the neutron-deficient
doubly magic 100Sn, which are under intensive experimental study at the present time. The considered
nuclear characteristics include mass values for 25 nuclei around the core as well as properties
of excited states of the core and the «core plus two quasiparticles» nuclides. The problems of effective
quadrupole charges and weak axial constant in nuclei close to 100Sn are also examined.
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Ýêñòðàêöèÿ ôóëëåðåíîâ ðàñòâîðèòåëåì èç ýëåêòðîäóãîâîé ñàæè
íà ïèëîòíîé óñòàíîâêå

Â. Ï. Ñåäîâ, Â. À. Øèëèí

Àííîòàöèÿ

Îïèñàí îïûò ðàáîòû ïî ýêñòðàãèðîâàíèþ ôóëëåðåíîâ èç ýëåêòðîäóãîâîé ñàæè îðãàíè÷åñêèì
ðàñòâîðèòåëåì (î-êñèëîëîì) íà óñòàíîâêå ïèëîòíîãî ìàñøòàáà. Îïðåäåëåíû îïòèìàëüíûå
òåõíîëîãè÷åñêèå ðåæèìû ïðîöåññà, óñòàíîâëåíû îñíîâíûå íåäîñòàòêè â êîíñòðóêöèè óñòàíîâêè,
ïðåäëîæåíû ìåðîïðèÿòèÿ äëÿ èõ óñòðàíåíèÿ.

Abrtract

The experience of extraction of fullerenes by organic solvent from fullerene containing electric arc
soot on the pilot scale plant is described. The optimal technological regimes of process of extraction are
determined, the principal defects in the construction of plant are ascertained, the measures are offered
for their removal.
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Íåêîòîðûå âîïðîñû ìåòîäèêè è àïïàðàòóðà äëÿ íîâîãî ýêñïåðèìåíòà
ïî èçó÷åíèþ Ð-íå÷åòíîé àñèììåòðèè â ðåàêöèÿõ ïîëÿðèçîâàííûõ

õîëîäíûõ íåéòðîíîâ ñ ëåãêèìè ÿäðàìè ïðè ðåãèñòðàöèè ïðîäóêòîâ
ðåàêöèè èíòåãðàëüíûì ìåòîäîì

Â. À. Âåñíà, Å. Â. Øóëüãèíà

Àííîòàöèÿ

Â ðàáîòå îïèñûâàåòñÿ àïïàðàòóðà äëÿ ðåãèñòðàöèè òîêîâûõ ñèãíàëîâ äåòåêòîðîâ, êîòîðóþ
ïðåäïîëàãàåòñÿ èñïîëüçîâàòü äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ Ð-íå÷åòíîé àñèììåòðèè â ðåàê-
öèÿõ õîëîäíûõ ïîëÿðèçîâàííûõ íåéòðîíîâ ñ ëåãêèìè ÿäðàìè. Èíòåãðàëüíûé ïîòîê ïðîäóêòîâ
ðåàêöèè äîëæåí ñîñòàâëÿòü âåëè÷èíó N ~ 1010 1/ñåê.

Óïðàâëÿþùàÿ è ðåãèñòðèðóþùàÿ ÷àñòè îïèñûâàåìîé óñòàíîâêè âûïîëíåíû íà ìíîãîôóíêöè-
îíàëüíûõ ïëàòàõ ñáîðà äàííûõ äëÿ ïîâûøåíèÿ íàäåæíîñòè.

Îïèñûâàþòñÿ êîíòðîëüíûå ýêñïåðèìåíòû, âûïîëíåííûå áåç äåòåêòîðîâ.

Abstract

In the work the equipment for registration of current signals of detectors is described which is supposed
to be used for definition of factors of P-odd asymmetry in the reactions of cold polarized neutrons with
light nuclei. An integrated flux of products of reaction has to be N ~ 1010 1/sec.

Regulating and recording part of described setup is made up on multifunctional data acquisition
boards for increase of reliability.

The control experiments executed without detectors are described.
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Ýêñïåðèìåíòû ñ áîðíûì îòðàâëåíèåì íà ôèçè÷åñêîé ìîäåëè ðåàêòîðà ÏÈÊ

À. Í. Åðûêàëîâ, À. Ñ. Çàõàðîâ, Ê. À. Êîíîïëåâ. Þ. Â. Ïåòðîâ,
Ð. Ã. Ïèêóëèê,  Â. Ô. Ñàìîäóðîâ  , Ñ. Ë. Ñìîëüñêèé

Àííîòàöèÿ

Â ïðåïðèíòå äàíî ïîäðîáíîå îïèñàíèå ôèçè÷åñêîé ìîäåëè (ÔÌ) ðåàêòîðà ÏÈÊ, à òàêæå ïðè-
âåäåíû ðåçóëüòàòû ýêñïåðèìåíòîâ ïî îòðàâëåíèþ àêòèâíîé çîíû áîðíîé êèñëîòîé (Í

3
ÂÎ

3
).

Àêòèâíàÿ çîíà ÔÌ ñîäåðæèò 18ÒÂÑ ðåàêòîðà ÏÈÊ. Â íèõ òâýëû êðåñòîîáðàçíîãî ñå÷åíèÿ
ñ âûñîòîé àêòèâíîé ÷àñòè 500 ìì óñòàíîâëåíû â òðåóãîëüíîé ðåø¸òêå ñ øàãîì 5,23 ìì. Ñðåäíÿÿ
êîíöåíòðàöèÿ óðàíà-235 (90% îáîãàùåíèÿ) â àêòèâíîé çîíå ñîñòàâëÿåò 540 ã235U/ë. Äîëÿ ìåòàëëà
(UO

2
 â ìåäíîé ìàòðèöå è â ñòàëüíîé îáîëî÷êå) ñîñòàâëÿåò 0,41 . Â îòðàæàòåëå ÔÌ ðàçìåùàëèñü òå

æå ãîðèçîíòàëüíûå, íàêëîííûå è âåðòèêàëüíûå ýêñïåðèìåíòàëüíûå êàíàëû, ÷òî è â ðåàêòîðå ÏÈÊ.
Ïîëó÷åí íàáîð èç 6 ñåðèé êðèòè÷åñêèõ ñèòóàöèé (60 èçìåðåíèé), îòëè÷àþùèõñÿ âåëè÷èíîé

áîðíîãî îòðàâëåíèÿ ëåãêîé âîäû àêòèâíîé çîíû è ïîëîæåíèåì êîìïåíñàöèè ðàáî÷èõ îðãàíîâ
ðåãóëèðîâàíèÿ. Â äâóõ ñåðèÿõ íàðóæíûé îòðàæàòåëü áûë ëåãêîâîäíûé, â îñòàëüíûõ ÷åòûð¸õ –
òÿæåëîâîäíûé.

Ñóììàðíûå íåîïðåäåë¸ííîñòè â ñîñòàâå è ãåîìåòðè÷åñêèõ ðàçìåðàõ îöåíåíû â ∆ ρEXP =  ±0,2%.

Abstract

In this report we give the detailed description of the mock-up of reactor PIK and also the results
of experiments of core poisoning with boron acid (Í

3
ÂÎ

3
).

The core of mock-up consists of 18FA of reactor PIK. They have cross shaped fuel elements with
active height 500 mm in triangle lattice with spacing 5,23 mm. The mean concentration of uranium-235
(90% enrichment) in core is 540 g235U/l. Metal ratio (UO

2
 in copper matrix and in steel cladding) is 0,41.

In reflector of mock-up are placed the same horizontal, inclined and vertical channels as in reactor PIK.
The set of 6 experimental series of critical situations (60 measurements), differs by boron poisoning

of light water of the core and by the position of the central control shutter. In two series the outer
reflector was a light water, in four other it was heavy water.

The total uncertainty due to material and geometry leads to the accuracy of reactivity: ∆ ρEXP =  ±0,2%.
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Ãàììà-ñïåêòð ðåàêöèè 117Sn(n, γγγγγ)118Sn
è ñõåìà âîçáóæäåííûõ ñîñòîÿíèé ÿäðà 118Sn

Þ. Å. Ëîãèíîâ, Ë. Ì. Ñìîòðèòñêèé, Ï. À. Ñóøêîâ

Àííîòàöèÿ

Ãàììà-ñïåêòð ðåàêöèè 117Sn(n,γ)118Sn â äèàïàçîíå 0,1-10 ÌýÂ áûë èçìåðåí íà Ge(Li)-äåòåêòîðå
íà âûâåäåííîì ïîñðåäñòâîì íåéòðîíîâîäà èç ðåàêòîðà ÂÂÐ-Ì (ÏÈßÔ, Ãàò÷èíà) ïó÷êå òåïëîâûõ
íåéòðîíîâ. Ñïåêòð γγ-ñîâïàäåíèé ñ íàèáîëåå èíòåíñèâíîé γ-ëèíèåé (Åγ = 1229 êýÂ) èçìåðåí
íà ñïåêòðîìåòðå γγ-ñîâïàäåíèé ñ NaI-Ge(Li)-äåòåêòîðàìè.

Íà îñíîâå ïîëó÷åííûõ äàííûõ ïîñòðîåíà ñõåìà âîçáóæäåííûõ ñîñòîÿíèé 118Sn, ñîäåðæàùàÿ
46 óðîâíåé ýíåðãèè, ìåæäó êîòîðûìè ðàçìåùåíî 162 γ-ïåðåõîäà.

Çíà÷åíèÿ ñïèíîâ è ÷åòíîñòåé îïðåäåëåíû äëÿ âñåõ ñîñòîÿíèé. Èíôîðìàöèÿ î γ-ñïåêòðå
è ñõåìå âîçáóæäåííûõ ñîñòîÿíèé 118Sn èñïîëüçîâàíà äëÿ îïðåäåëåíèÿ âåëè÷èíû ìàòðè÷íîãî
ýëåìåíòà ñëàáîãî íóêëîí-íóêëîííîãî âçàèìîäåéñòâèÿ â êîìïàóíä-ñîñòîÿíèè ÿäðà 118Sn. Ôîòîí-
íàÿ ñèëîâàÿ ôóíêöèÿ äëÿ ïåðâè÷íûõ M1-ïåðåõîäîâ íå ñëåäóåò Å-3-çàâèñèìîñòè. Îïðåäåëåíà
ýíåðãèÿ ñâÿçè íåéòðîíà â ÿäðå 118Sn, ðàâíàÿ 9326,12(4) êýÂ.

Abstract

The γ-spectrum from the 117Sn(N,γ)118Sn reaction in the energy range 0.1-10 MeV has been studied
with a Ge(Li) detector at the thermal neutron beam of the WWR-M reactor (PNPI, Gatchina).
The γγ-coincidences with the most intensive γ-line (Eγ  = 1229 keV) were measured with the NaI-Ge(Li)
γγ-coincidence spectrometer.

The 118Sn level scheme involving 46 excited states and 162 γ-transitions between them were
constructed on the basis of the experimental results. Spin values and parities are assigned to all these
states.

The γ-ray data and spin-parity assignments were used for the determination of the matrix element
of weak nucleon-nucleon interaction in the compound state of 118Sn.

Tlie photon strength function of twenty one M1 primary transitions does not follow punctually
the E-3 dependence. The neutron binding energy in 118Sn has been determined as 9326.12(4) keV.
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Methods of Small Angles Measurements in Emulsion Plane

F. G. Låpekhin, 0. V. Levitskaya

Àííîòàöèÿ

Â ýìóëüñèîííîé êàìåðå, îáëó÷åííîé èîíàìè ñâèíöà ñ ýíåðãèåé 160 À ÃýÂ â CERN, íà ñëåäàõ
ïåðâè÷íûõ ÷àñòèö è èõ äâóõçàðÿäíûõ ðåëÿòèâèñòñêèõ ôðàãìåíòîâ ïðîâåäåíî ñðàâíåíèå òî÷íîñòè
èçìåðåíèÿ ìàëûõ óãëîâ òðåìÿ ðàçëè÷íûìè ìåòîäàìè. Ïîêàçàíî, ÷òî ñòàòèñòè÷åñêàÿ îøèáêà
èçìåðåíèÿ ìàëîãî óãëà íà ñëåäàõ ïåðâè÷íûõ ÷àñòèö ïðèìåðíî â äâà ðàçà áîëüøå, ÷åì íà ñëåäàõ
äâóõçàðÿäíûõ ôðàãìåíòîâ. Íà äëèíå â 1 ìì îíà ðàâíà 0.5 ìèëëèðàäèàíà. Íà ñëåäàõ äâóõçàðÿä-
íûõ ÷àñòèö ïðè èçìåðåíèè êîîðäèíàò 10-20 òî÷åê îäíîãî ñëåäà îòíîñèòåëüíî äðóãîãî òàêîãî æå
ñëåäà ÷åðåç 1 ìì ïîëó÷åíà ñòàòèñòè÷åñêàÿ îøèáêà èçìåðåíèÿ ìàëîãî óãëà â 8 ìèêðîðàäèàí, ÷òî
ñðàâíèìî ñ êóëîíîâñêèì ðàññåÿíèåì ïðè ýòèõ óñëîâèÿõ. Ðàññìîòðåíî ïðàêòè÷åñêîå èñïîëüçîâà-
íèå ïîëó÷åííûõ ðåçóëüòàòîâ â ðàáîòàõ ïî èçó÷åíèþ ôðàãìåíòàöèè ðåëÿòèâèñòñêèõ ÿäåð â ôîòî-
ýìóëüñèÿõ.

Abstract

In the emulsion chamber exposed at CERN SPS by the lead projectiles at 160 A GeV the comparison
of the measurement accuracy of small angles in emulsion plane between pairs of projectile tracks
and between their two-charged relativistic fragments was carried out by three various methods.

It is shown, that the statistical error of measurement of a small angles between projectile tracks
is approximately twice more than between tracks of double-charged fragments. For one millimeter cell
value it is equal to 0.5 mrad. For the tracks of double-charged particles the available accuracy of 8 µrad
is achieved by relative measurement of 10-20 coordinates of one track with respect to another one
with 1 mm intervals. It is already comparable to a Coulomb scattering under these requirements.
The practical usage of the obtained results for investigation of relativistic nuclei fragmentation
in photoemulsion is discussed.
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Laser Ion Source for Laser Spectroscopy of Nuclides Far from Stability:
Experiment and Calculation

À. Å. Barzakh, D. V. Fedorov, V. N. Panteleev, M. D. Seliverstov

Àííîòàöèÿ

Äëÿ èññëåäîâàíèÿ ÿäåð, óäàëåííûõ îò ïîëîñû áåòà-ñòàáèëüíîñòè, íåîáõîäèìî ïðèìåíÿòü
ýêñïåðèìåíòàëüíûå ìåòîäèêè, îáëàäàþùèå î÷åíü âûñîêîé ÷óâñòâèòåëüíîñòüþ. Ïðèìåíåíèå
ìåòîäèêè ðåçîíàíñíîé ôîòîèîíèçàöèîííîé ñïåêòðîñêîïèè ïîçâîëÿåò ïðîâîäèòü èçìåðåíèÿ
èçîòîïè÷åñêèõ ñäâèãîâ è ñâåðõòîíêîãî ðàñùåïëåíèÿ îïòè÷åñêèõ ëèíèé èçîòîïîâ, ïðè ñêîðîñòè
îáðàçîâàíèÿ èõ â ìèøåíè ïîðÿäêà 103 àò./ñ. Â ëàáîðàòîðèè ÈÐÈÑ (ÏÈßÔ) áûë ïðîâåäåí öèêë
ýêñïåðèìåíòîâ ñ óäàëåííûìè îò ïîëîñû ñòàáèëüíîñòè èçîòîïàìè èòòåðáèÿ è òóëèÿ (153, 155Yb, 153, 154Tm).
×óâñòâèòåëüíîñòü äàííîé ìåòîäèêè îïðåäåëÿåòñÿ âûñîêîé ýôôåêòèâíîñòüþ (≈10% â ýêñïåðè-
ìåíòàõ ñ èçîòîïàìè Yb) è ñåëåêòèâíîñòüþ ëàçåðíîãî èîííîãî èñòî÷íèêà, êîòîðûé ïðèìåíÿëñÿ
â ýêñïåðèìåíòàõ.

Ðàññìîòðåíû îñíîâíûå õàðàêòåðèñòèêè äàííîãî òèïà ëàçåðíîãî èîííîãî èñòî÷íèêà. Ïðèâåäåíû
ðåçóëüòàòû ðàñ÷¸òîâ ñ ïîìîùüþ ìåòîäà Ìîíòå-Êàðëî îñíîâíûõ õàðàêòåðèñòèê (ýôôåêòèâíîñòü,
ñåëåêòèâíîñòü, âðåìåííàÿ ñòðóêòóðà èîííîãî òîêà, äîïëåðîâñêàÿ øèðèíà è ñäâèã ëèíèè ïîãëî-
ùåíèÿ), à òàêæå ñîîòâåòñòâóþùèå ýêñïåðèìåíòàëüíûå äàííûå.

Abstract

The study of nuclei far from stability requires high sensitivity of the experimental technique.
The method of Resonance Ionization Spectroscopy in a Laser Ion Source (RIS/LIS) allows one
to perform measurements of the isotope shifts and hyperfine splitting for isotopes at the production rate
about 103 atoms per second. A series of experiments with Yb and Tm isotopes far from stability
(153, 155Yb, 153, 154Tm) has been carried out at the IRIS facility (PNPI). The sensitivity of this method
is determined by a high efficiency (≈10% for Yb isotopes) and selectivity of the laser ion source.

The basic properties of this type of laser ion source have been discussed. The results of Monte Carlo
calculation of the basic properties (efficiency, selectivity, time structure of the ion beam and Doppler
width and shift of the optical line) together with corresponding experimental data have been presented.
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