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Boron Poisoning Experiments at the PIK Mock-up

A. N. Erykalov, K. A. Konoplev, R. G. Pikulik, Yu. V. Petrov,
V. F. Samodurov , S. L. Smolsky, A. S. Zakharov

Àííîòàöèÿ
Â ïðåïðèíòå äàíî ïîäðîáíîå îïèñàíèå ôèçè÷åñêîé ìîäåëè (ÔÌ) ðåàêòîðà ÏÈÊ, à òàêæå ïðè-

âåäåíû ðåçóëüòàòû ýêñïåðèìåíòîâ ïî îòðàâëåíèþ àêòèâíîé çîíû áîðíîé êèñëîòîé (H
3
BO

3
).

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

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

ùàëèñü 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 ÷åòûðåõ �
òÿæåëîâîäíûé.

Ñóììàðíûå íåîïðåäåëåííîñòè â ñîñòàâå è ãåîìåòðè÷åñêèõ ðàçìåðàõ îöåíåíû â ∆ρ EXP = ±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 (H
3
BO

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 540g 235U/l. Metal ratio (UO

2
 in copper matrix and in steel gladding) 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 shutters. 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: ∆σ  exp = ±0,2 %.
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Ìàãíèòíûå ñâîéñòâà àíèçîòðîïíûõ Co-Fe ïëåíîê, îáíàðóæåííûå
ìåòîäîì âåêòîðíîãî àíàëèçà ïîëÿðèçîâàííûõ íåéòðîíîâ

À. Â. Êîâàëåâ

Àííîòàöèÿ
Ìåòîäîì âåêòîðíîãî àíàëèçà ïîëÿðèçîâàííûõ íåéòðîíîâ èññëåäîâàíû ìàãíèòíûå ñâîéñòâà

òîëñòûõ ïîëèêðèñòàëëè÷åñêèõ àíèçîòðîïíûõ Co-Fe ïëåíîê. Íàáëþäàëèñü ýôôåêòû, çàïðåùåí-
íûå â «Ò-èíâàðèàíòíûõ» ôàçàõ òåòðàãîíàëüíîé, ðîìáè÷åñêîé è ðîìáîýäðè÷åñêîé ñèììåòðèè.
Ýêñïåðèìåíòàëüíûå äàííûå, â ÷àñòíîñòè, óêàçûâàþò íà ñóùåñòâåííûå îòëè÷èÿ ïðîòèâîïîëîæ-
íî íàìàãíè÷åííûõ ñîñòîÿíèé îáðàçöà.

Abstract
The magnetic properties of thick anisotropic policrystalline Co-Fe films have bean studied using

3-D neutron polarization analysis. The effects forbidden in «T-invariant» tetragonal, orthorhombic
and rhombohedral phases have bean observed. The experimental evidence, for example, refer
to essential distinctions of the sample states, magnetized in opposite directions.
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Cold Neutron Spin Rotation at Passage Trough a Noncentrosymmetric Crystal

V. V. Fedorov, E. G. Lapin, S. Yu. Semenikhin, V. V. Voronin

Àííîòàöèÿ

Îáíàðóæåí ýôôåêò âðàùåíèÿ ñïèíà õîëîäíûõ íåéòðîíîâ ïðè ïðîõîæäåíèè ÷åðåç íåöåíòðî-
ñèììåòðè÷íûé ìîíîêðèñòàëë. Ýôôåêò îáóñëîâëåí Øâèíãåðîâñêèì âçàèìîäåéñòâèåì ìàãíèòíîãî
ìîìåíòà äâèæóùåãîñÿ íåéòðîíà ñ âíóòðèêðèñòàëëè÷åñêèì ýëåêòðè÷åñêèì ïîëåì íåöåíòðîñèì-
ìåòðè÷íîãî êðèñòàëëà è çàâèñèò îò íàïðàâëåíèÿ ðàñïðîñòðàíåíèÿ íåéòðîíà ÷åðåç êðèñòàëë
è åãî ýíåðãèè. Ïîêàçàíî, ÷òî õàðàêòåðíàÿ âåëè÷èíà ýôôåêòà äëÿ α-êâàðöà ñîñòàâëÿåò
≅ (1÷2) ⋅10-4 ðàä/ñì â øèðîêîì äèàïàçîíå äëèí âîëí (îò 2.8 À äî 5.5 À) è îïðåäåëÿåòñÿ ñòåïåíüþ
ìîíîõðîìàòè÷åñêîãî ïó÷êà. Òàêàÿ âåëè÷èíà ýôôåêòà ñîîòâåòñòâóåò ñðåäíåìó ýëåêòðè÷åñêîìó
ïîëþ ≅ (0.5÷1)⋅105 Â/ñì, äåéñòâóþùåìó íà íåéòðîí. Èçìåðåííàÿ âåëè÷èíà õîðîøî ñîãëàñóåòñÿ
ñ òåîðåòè÷åñêèì ðàñ÷åòîì.

Abstract

Effect of the neutron-optic spin rotation in a noncentrosymmetric crystal was experimentally observed.
The effect is caused by Schwinger interaction of moving neutron with the interplanar electric field
of the noncentrosymmetric crystal and depends on a direction and energy of neutron. For α-quartz
crystal it is shown, that the value of effect can reach ≅ (1÷2) ⋅10-4 rad/cm in a broad band of neutron
wavelengths and is restricted by energy dispersion of beam. The measured effect has well coincided
with the theoretical one.
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Ïàðàìåòðû êîððåëÿöèè ñïèíîâ ïðîòîíîâ, èçìåðÿåìûå
íà äâóõïëå÷åâîì ìàãíèòíîì ñïåêòðîìåòðå

Î. ß. Ôåäîðîâ

Àííîòàöèÿ

Ðàññìàòðèâàþòñÿ ïàðàìåòðû êîððåëÿöèè ñïèíîâ ïðîòîíîâ, êîòîðûå ìîãóò èçìåðÿòüñÿ íà äâóõ-
ïëå÷åâîì ìàãíèòíîì ñïåêòðîìåòðå. Ðàíåå èçâåñòíîå ðàñïðåäåëåíèå êîððåëèðîâàííûõ ñîáûòèé
âûâåäåíî â ÿâíîì âèäå ÷åðåç ñïèíîâûå ôóíêöèè ïðîòîíîâ è ìàòðèöó ðàññåÿíèÿ. Îáñóæäàåòñÿ
ôèçè÷åñêèé ñìûñë ïàðàìåòðîâ êîððåëÿöèè è èõ ñâîéñòâà. Ðàññìîòðåí ìåòîä âû÷èñëåíèÿ èñêî-
ìûõ ïàðàìåòðîâ èç íàêîïëåííûõ ñðåäíèõ äâîéíûõ êîñèíóñîâ è ñèíóñîâ. Ïðèâåäåíû ïðåäñêàçà-
íèÿ ôàçîâîãî àíàëèçà èñêîìûõ ïàðàìåòðîâ. Äàíà ôîðìóëà îöåíêè ñòàòèñòè÷åñêîé îøèáêè
èçìåðåííûõ ïàðàìåòðîâ.

Abstract

Parameters of spin correlations measured on the double-arm magnetic spectrometer are
investigated. The before known distribution of correlation events is obtained implicity using spin functions
of protons and scattering matrix.  Physical meaning of the correlation parameters and their properties
are discussed. Calculation of the correlation parameters from the experimental average twofold cosine
and sine is proposed. The SAID program prediction of parameters is given and formula of statistical
error of parameters is obtained.
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Îïûò ïðîèçâîäñòâà ôóëëåðåíîñîäåðæàùåé ñàæè

Â. Ï. Ñåäîâ, Â. À. Øèëèí

Àííîòàöèÿ

Îïèñàí îïûò ðàáîòû íà ýëåêòðîäóãîâîì ãåíåðàòîðå ôóëëåðåíîñîäåðæàùåé ñàæè. Îïðåäåëå-
íû îïòèìàëüíûå ïàðàìåòðû ðåæèìà ðàáîòû, âûÿâëåíû êîíñòðóêòèâíûå íåäîñòàòêè, îãðàíè÷è-
âàþùèå äëèòåëüíóþ ðàáîòó ãåíåðàòîðà, ïðåäëîæåíû ìåðû ïî èõ óñòðàíåíèþ.

Abstract

The experience of the exploitation of the arc generator for production of the fullerenecontaining soot
is described. The optimal parameters of the regime of the work are determined, the conctruct defects
are ascertained, the measures are offered for their removal.
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Semiclassical Calculation of Rates for Rotational Transitions in Muonic
Hydrogen-Helium Molecules

W. Czaplin’ski, A. I. Mikhailov, I. A. Mikhailov

Àííîòàöèÿ

Â ðàáîòå ðàññìîòðåíû ðîòàöèîííûå J = 1 → J = 0 ïåðåõîäû â ìþîííîì ìîëåêóëÿðíîì èîíå,
(dµ3He)++, â ñòîëêíîâåíèÿõ dµ3He – D è (dµ3He)+ – D. Ñîîòâåòñòâóþùèå ñå÷åíèÿ è ñêîðîñòè ðåàê-
öèé âû÷èñëåíû â ðàìêàõ ïîëóêëàññè÷åñêîãî ïðèáëèæåíèÿ, èñïîëüçóÿ He – H(H+) è
He+ – H(H+) ïîòåíöèàëû âçàèìîäåéñòâèÿ. Ïîëó÷åííûå ðåçóëüòàòû ïðèìåðíî íà äâà ïîðÿäêà
ìåíüøå ñîîòâåòñòâóþùèõ êâàíòîâî-ìåõàíè÷åñêèõ ðåçóëüòàòîâ, ïîëó÷åííûõ ðàíåå òåìè æå
àâòîðàìè ñ èñïîëüçîâàíèåì ïëîñêî-âîëíîâîãî ïðèáëèæåíèÿ äëÿ îïèñàíèÿ îòíîñèòåëüíîãî äâè-
æåíèÿ ïîäñèñòåì.

Ñêîðîñòè ðåàêöèé äëÿ ðàäèàöèîííîãî è îæå-ïåðåõîäîâ ìþîíà îò âîäîðîäà ê ãåëèþ òàêæå
âû÷èñëåíû ïîëóêëàññè÷åñêè. Ñîîòâåòñòâóþùèå ðåçóëüòàòû áëèçêè ê îïóáëèêîâàííûì êâàíòîâî-
ìåõàíè÷åñêèì ðàñ÷åòàì.

Abstract

Rotational J = 1 → J = 0 transitions in muonic molecular ion, (dµ3He)++, in dµ3He � D and
(dµ3He)+ � D collisions are considered. The corresponding cross sections and reaction rates
are calculated in the frame of the semi-classical approximation using He � H(H+) and He+ � H(H+)
interaction potentials. Results obtained are about two orders of magnitude smaller than the corresponding
quantum-mechanical ones calculated previously by the authors using plane-waves approximation
for description of relative motion of the subsystems.

Reaction rates for radiative and Auger muon transfer from hydrogen to helium are also calculated
semi-classically. The corresponding results are close to the quantum-mechanical ones published
elsewhere.
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Thermodynamic and Transport Properties
of the Liquid and Gaseous Deuterium

S. D. Bondarenko, V. A. Mityukhlyaev

Àííîòàöèÿ

Äëÿ òåðìîãèäðàâëè÷åñêèõ ðàñ÷åòîâ ðàáî÷èõ ïàðàìåòðîâ íèçêîòåìïåðàòóðíîãî îáîðóäîâàíèÿ
ñ æèäêèì äåéòåðèåì íåîáõîäèìî çíàòü ñ î÷åíü âûñîêîé òî÷íîñòüþ òåðìîäèíàìè÷åñêèå è òðàíñ-
ïîðòíûå ñâîéñòâà èñïîëüçóåìîãî ðàáî÷åãî âåùåñòâà.

Â äàííîì ïðåïðèíòå ñâîéñòâà æèäêîãî è ãàçîîáðàçíîãî äåéòåðèÿ ïðîàíàëèçèðîâàíû â îá-
ëàñòè òåìïåðàòóð îò òðîéíîé òî÷êè äî êðèòè÷åñêîé. Ðàññìîòðåíû ýêñïåðèìåíòàëüíûå äàííûå
ïî äàâëåíèþ íàñûùåííûõ ïàðîâ íàä æèäêîñòüþ, ïëîòíîñòè æèäêîé è ãàçîîáðàçíîé ôàç, ðàññ÷è-
òàíà òåïëîòà ôàçîâîãî ïåðåõîäà, ïðîàíàëèçèðîâàíû äàííûå ïî òåïëîïðîâîäíîñòè, âÿçêîñòè
è òåïëîåìêîñòè æèäêîñòè. Â äîñòóïíûõ ïóáëèêàöèÿõ íåêîòîðûå äàííûå äëÿ äåéòåðèÿ îòñóò-
ñòâóþò â âèäå óðàâíåíèé è ïîýòîìó íåîáõîäèìûå óðàâíåíèÿ áûëè âûâåäåíû è ïóáëèêóþòñÿ
â äàííîé ðàáîòå.

Ýòè óðàâíåíèÿ ïîçâîëÿþò ïîëó÷àòü ðàçëè÷íûå ñâîéñòâà äåéòåðèÿ ñ âûñîêîé òî÷íîñòüþ
êàê äëÿ ðàñ÷åòà ðàáî÷èõ ïàðàìåòðîâ êîíòóðà åñòåñòâåííîé öèðêóëÿöèè èñòî÷íèêà õîëîäíûõ
íåéòðîíîâ (ÈÕÍ), òàê è äëÿ êîëîííû ðåêòèôèêàöèè âîäîðîäà óñòàíîâêè äåòðèòèçàöèè âîäû
ðåàêòîðà ÏÈÊ.

Abstract

For thermo-hydraulic calculation of the working parameters of the low temperature equipment with
liquid deuterium it is necessary to know very precisely the thermodynamic and the transport properties
of the used substance.

In this preprint, the liquid and gaseous deuterium properties have been analyzed in the area
of temperatures from triple point to critical. The experimental data for the pressure of saturate vapour,
the liquid and gaseous densities have been considered. Heat of vaporization has been calculated and
the data for the heat conductivity, the viscosity and the heat capacity of liquid have been analyzed.

In the available publications, some data for deuterium in the form of equation are absent and therefore
these have been deduced and are published in the present work.

These equations allow getting the different properties of liquid deuterium with highest precision
for the calculation of the working parameters as for the cold neutron source (CNS) natural circulation
loop and just as for the hydrogen distillation column of the Detritiation Plant of reactor PIK.
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