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Use of the Crystal Diffraction Method to Study the Transmutation
of Long-Lived Nuclides

V. L. Alexeev, V. V. Fedorov, V. L. Rumiantsev

Àííîòàöèÿ
Ïîêàçàíî, ÷òî äëÿ êîíòðîëÿ èçîòîïíîãî è ýëåìåíòíîãî ñîñòàâà ÿäåðíîãî òîïëèâà  (èëè ïðè

òðàíñìóòàöèè ÿäåðíûõ îòõîäîâ) ìîãóò áûòü èñïîëüçîâàíû ïðÿìûå èçìåðåíèÿ ãàììà-ñïåêòðà
àêòèâíîé çîíû ðåàêòîðà (èëè ïîäêðèòè÷åñêîé ñáîðêè) íà ôîêóñèðóþùåì êðèñòàëë-äèôðàêöèîí-
íîì ãàììà-ñïåêòðîìåòðå âûñîêîãî ðàçðåøåíèÿ ïî Êîøóà.

Èçâåñòíî, ÷òî áîëåå 90% ðàäèîàêòèâíîñòè îòðàáîòàííîãî ÿäåðíîãî òîïëèâà ïîñëå äëèòåëü-
íîé âûäåðæêè ñâÿçàíî âñåãî ñ äâóìÿ äîëãîæèâóùèìè íóêëèäàìè 137Cs, 90Sr. Ïðè òðàíñìóòàöèè
(âûæèãàíèè â âûñîêîì íåéòðîííîì ïîòîêå) äîëãîæèâóùèõ ðàäèîàêòèâíûõ íóêëèäîâ îáðàçóþòñÿ
138Cs è 91Sr. Èíòåíñèâíûå ãàììà-ëèíèè îò ýòèõ èçîòîïîâ íàáëþäåíû ïðè ïðÿìûõ êðèñòàëë-
äèôðàêöèîííûõ èçìåðåíèÿõ ñïåêòðà àêòèâíîé çîíû ðåàêòîðà.

Abstract
It is shown that the 4-meter Cauchois crystal diffraction γ-spectrometer with a very high energy

resolution have been used for in-pile control of fission nuclides in nuclear waste products transmuta-
tion. It is known that more than 90% of the waste activity after 10 years storage provides with two long-
lived 90Sr and 137Cs nuclides. Their transmutation (burning up in a high neutron flux) produces the 91Sr
and 138Cs nuclides. Strong γ-transitions of 91Sr and 138Cs have been measured with our crystal diffraction
γ-spectrometer in a reactor core spectrum directly.
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Ñóáìèêðîìåòðû âûñîêîãî ðàçðåøåíèÿ íà îñíîâå
ãîëîãðàôè÷åñêèõ ðåøåòîê

Á. Ã. Òóðóõàíî, Í. Òóðóõàíî

Àííîòàöèÿ
Ïðîðûâ â òåõíîëîãèþ èçìåðèòåëüíûõ ñèñòåì ñ ñóáìèêðîííîé òî÷íîñòüþ ñòàë âîçìîæåí áëà-

ãîäàðÿ îòêðûòèþ ôàçîâîãî ñèíòåçà ãîëîãðàôè÷åñêèõ ðåøåòîê.
Íîâîå ïîêîëåíèå ñóáìèêðîìåòðîâ èñïîëüçóåò ãîëîãðàôè÷åñêóþ äèôðàêöèîííóþ ðåøåòêó

â êà÷åñòâå èçìåðèòåëüíîãî ýëåìåíòà. Ãîëîãðàôè÷åñêèå ñóáìèêðîìåòðû îáëàäàþò âûñîêîé òî÷-
íîñòüþ (±0.2 ìêì), âûñîêèì ðàçðåøåíèåì (äî 0,01 ìêì) è îòëè÷àþòñÿ âûñîêîé íàäåæíîñòüþ,
ìíîãîôóíêöèîíàëüíûì ïðåäñòàâëåíèåì è âîçìîæíîñòüþ îáðàáîòêè èçìåðÿåìîé èíôîðìàöèè.

Abstract
A breakthrough in the technology of measuring systems of submicrometer precision was made possible

by the invention of holographic phase aperture synthesis of highly regular interference structures.
Use of holographic diffraction gratings as a measuring elements has resulted in creation of new

generation of sub-micrometeres.
The holographic submicrometeres are at the moment high accuracy (±0.2 µk) and high resolution

(up to 0.01 µk), are incremental systems and are characterized by reliability, polifunctional representation
and processing of the measuring information.
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Basic Principles of the Global Change Bioscience:
Time for Re-Consideration?

A. M. Makarieva, Â. Mackey, V. V. Gorshkov, V. G. Gorshkov

Àííîòàöèÿ

Ïðèíöèï ãåíåòè÷åñêîé àäàïòàöèè îðãàíèçìîâ ê èçìåíÿþùèìñÿ óñëîâèÿì îêðóæàþùåé ñðåäû
è ïðèíöèï ëèìèòèðîâàíèÿ ÷èñòîé ïåðâè÷íîé ïðîäóêöèè ïèòàòåëüíûìè âåùåñòâàìè ñ ìèíèìàëü-
íûìè îòíîñèòåëüíûìè êîíöåíòðàöèÿìè ÿâëÿþòñÿ â íàñòîÿùåå âðåìÿ îñíîâîé äëÿ ðàññìîòðå-
íèÿ âñåõ ýêîëîãè÷åñêèõ ïðîáëåì. Â ðàáîòå ïîêàçàíî, ÷òî ýòè ïðèíöèïû óñòàíîâëåíû ïðè èññëå-
äîâàíèè ÷åëîâåêîì íàðóøåííûõ ïðèðîäíûõ ñîîáùåñòâ, à òàêæå ñîðòîâ ðàñòåíèé è ïîðîä æèâîò-
íûõ, âûâåäåííûõ íà îñíîâå èñêóññòâåííîãî îòáîðà. Â íå íàðóøåííûõ ÷åëîâåêîì ñîîáùåñòâàõ
ôóíêöèîíèðîâàíèå åñòåñòâåííûõ âèäîâ áèîòû íàïðàâëåíî íà ïîääåðæàíèå îïòèìàëüíûõ óñëî-
âèé îêðóæàþùåé ñðåäû, â êîòîðîé, òàêèì îáðàçîì, íå ìîæåò áûòü ëèìèòèðóþùèõ ôóíêöèîíèðî-
âàíèå áèîòû ïèòàòåëüíûõ âåùåñòâ. Áèîòà, óïðàâëÿþùàÿ ñîçäàííîé åþ îêðóæàþùåé ñðåäîé,
íå ìîæåò ïðèñïîñàáëèâàòüñÿ ê ñëó÷àéíûì ôëóêòóàöèÿì âíåøíèõ óñëîâèé. Â ñîâðåìåííûõ óñëî-
âèÿõ ãëîáàëüíûõ èçìåíåíèé îòñóòñòâèå êðèòè÷åñêîãî îòíîøåíèÿ ê îñíîâíûì áèîëîãè÷åñêèì ïðèí-
öèïàì, íåàäåêâàòíî îïèñûâàþùèì ôóíêöèîíèðîâàíèå åñòåñòâåííîé ãëîáàëüíîé áèîòû, ïðåïÿò-
ñòâóåò âûáîðó êîððåêòíîé ñòðàòåãèè äëÿ ïðåîäîëåíèÿ ãëîáàëüíîãî ýêîëîãè÷åñêîãî êðèçèñà.

Abstract

Modern scientific approach to the global change problems is underpinned by two basic biological
principles, the principle of genetic adaptation of species to changing environment and the limiting prin-
ciple stating that nutrients that are present in the environment in the smallest relative concentrations
limit biological productivity. Both principles were formulated as a result of studies of either artificially
selected organisms, or anthropogenically perturbed territories, i.e. in both cases studies of organisms
outside their natural ecological niche. We argue that natural ecological communities do not conform
to the above two principles. Nonperturbed biota of natural ecological communities forms and maintains
an optimal environment itself. In such a biotically formed environment there cannot be nutrients limiting
the biota’s functioning. Which is more, the biota controlling its own environment has no need to adapt
to random environmental fluctuations. We illustrate how the current absence of critical attitude towards
the basic biological principles that prove to be flawed when applied to nonperturbed biota, precludes
people from choosing a hopeful way out of the global ecological crisis.
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Biotically Maintained Stability of the Earth’s Mean
Global Surface Temperature

À. Ì. Makarieva

Àííîòàöèÿ

Íàéäåíà çàâèñèìîñòü ïàðíèêîâîãî ýôôåêòà îò êîíöåíòðàöèè ïàðíèêîâûõ âåùåñòâ, îáúÿñíÿ-
þùàÿ íàáëþäàåìûé ïîñòîÿííûé òðîïîñôåðíûé ãðàäèåíò òåìïåðàòóðû. Ñîãëàñíî ïîëó÷åííîé
çàâèñèìîñòè, ïàðíèêîâûé ýôôåêò áûñòðî ðàñòåò ñ óâåëè÷åíèåì òåìïåðàòóðû â òîì ñëó÷àå, êîã-
äà îáëà÷íîñòü çàêðûâàåò âñå ñóùåñòâóþùèå ñïåêòðàëüíûå îêíà. Íà îñíîâå ïîëó÷åííîé çàâèñè-
ìîñòè ïîêàçàíî, ÷òî ñóùåñòâóåò äâà ôèçè÷åñêè óñòîé÷èâûõ ñîñòîÿíèÿ çåìíîãî êëèìàòà � ñîñòî-
ÿíèå ïîëíîãî îëåäåíåíèÿ è ñîñòîÿíèå ïîëíîãî èñïàðåíèÿ ãèäðîñôåðû Çåìëè. Íàáëþäàåìîå
ñîñòîÿíèå çåìíîãî êëèìàòà, â êîòîðîì ñîñóùåñòâóþò âñå òðè ôàçû âîäû, ÿâëÿåòñÿ ôèçè÷åñêè
íåóñòîé÷èâûì. Óñòîé÷èâîñòü íàáëþäàåìîé ñðåäíåãëîáàëüíîé òåìïåðàòóðû çåìíîé ïîâåðõ-
íîñòè ïîääåðæèâàåòñÿ òîëüêî çà ñ÷åò óïðàâëÿþùåãî ôóíêöèîíèðîâàíèÿ áèîòû Çåìëè.

Abstract

The established dependence of greenhouse effect on atmospheric concentrations of greenhouse
substances makes it possible to account for the observed constant tropospheric lapse rate. It proves
that greenhouse effect grows rapidly with temperature under conditions of substantial cloudiness which
«closes» all spectral windows. It is shown on the basis of the established dependence that there are
two physically stable states of Earth’s climate – that of complete glaciation and that of total evaporation
of the Earth’s hydrosphere. Modern climate of Earth, where all the three phases of water coexist,
proves to be physically unstable. The observed stability of the global mean surface temperature
is completely due to regulatory functioning of the natural biota of Earth.
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Photoionization Beyond Independent Particle Approximation

E. G. Drukarev, N. B. Avdonina, R. H. Pratt

Àííîòàöèÿ

Ïîñëåäíèå ýêñïåðèìåíòàëüíûå ðåçóëüòàòû ïîáóäèëè íàñ ïðîâåñòè àíàëèç ôîòîèîíèçàöèè
ýíåðãè÷íûõ, íî åùå íåðåëÿòèâèñòñêèõ ýëåêòðîíîâ èç ñîñòîÿíèé ñ ïðîèçâîëüíûì ìîìåí-
òîì l âíå ðàìîê îäíî÷àñòè÷íîãî ïðèáëèæåíèÿ. Ïîêàçàíî, ÷òî ïðè l ≥ 2 àñèìïòîòèêà ïðîöåññà
ìåíÿåòñÿ. Ïðè l = 1 ôîðìà ýíåðãåòè÷åñêîé çàâèñèìîñòè íå ìåíÿåòñÿ, îäíàêî, ìåíÿåòñÿ âåëè-
÷èíà êîýôôèöèåíòà â àñèìïòîòè÷åñêîì ÷ëåíå. Ïðè l = 0 îäíî÷àñòè÷íîå ïðèáëèæåíèå êîððåêòíî.
Äëÿ áîëüøèõ çàðÿäîâ ÿäðà Z ïîëó÷åíà çàâèñèìîñòü àñèìïòîòèêè îò Z äëÿ âíóòðåííèõ îáîëî÷åê.
Èñïîëüçóÿ òåîðèþ âîçìóùåíèé, ìû ïîëó÷èëè ïðîñòûå âûðàæåíèÿ ÷åðåç îäíî÷àñòè÷íûå âîëíî-
âûå ôóíêöèè. Ïîêàçàíî, ÷òî îòíîøåíèÿ ñå÷åíèé âûõîäÿò íà àñèìïòîòèêó ïðè çíà÷èòåëüíî ìåíü-
øèõ ýíåðãèÿõ, íåæåëè ñàìè ñå÷åíèÿ, òàê êàê ïîñëåäíèå ñîäåðæàò îáùèé ìíîæèòåëü, çàâèñÿùèé
îò ýíåðãèè (ôàêòîð Øòîááå). Ýòî ïîçâîëÿåò ïîëó÷èòü ðåçóëüòàòû äëÿ îòíîøåíèÿ ñå÷åíèé èîíè-
çàöèè àòîìà íåîíà ïðè ýíåðãèè ôîòîíà 1 êýÂ.

Abstract

Stimulated by the recent experimental results, we perform an analysis of the photoionization of high
energy nonrelativistic electrons from states with orbital momentum l which goes beyond independent
particle approximation (IPA) to include the consequences of electron-electron correlations. We show
that in ionization of states with orbital momentum l ≥ 2 the IPA asymptotic energy- dependence
is altered. For l = 1 the form of the IPA asymptotic dependence is not modified, but the coefficient
of the asymptotic term is changed. For l = 0 the IPA asymptotic result is correct. We give, for large
nuclear charge Z, the Z-dependence of high energy photoionization from a given inner subshell. With
a perturbative treatment of IPA breaking effects we obtain simple equations, expressing the breaking
effects in terms of IPA functions. We show that the ratios of cross sections reach their asymptotic
values at much lower energies than the cross sections themselves, which contain a common energy
dependent factor (Stobbe factor). This permits us to obtain a result for the ratio of Ne photoionization
cross sections at the photon energy ω = 1 keV.
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Mechanism of Disintegration of  238U Nuclei by Relativistic Projectiles

L. N. Andronenko, A. A. Zhdanov, A. V. Kravtsov, G. E. Solyakin

Àííîòàöèÿ

Êîëëèíåàðíûå äâóõ- è òðåõòåëüíûå êîíôèãóðàöèè, âîçíèêàþùèå â ðåçóëüòàòå ïåðâè÷íîãî
âçàèìîäåéñòâèÿ íàëåòàþùåé ÷àñòèöû ñ òÿæåëûì ÿäðîì, ïîçâîëÿþò îáúÿñíèòü ïîÿâëåíèå ñîáû-
òèé ñ îáðàçîâàíèåì ìàññèâíûõ îñêîëêîâ ñ ðàçëè÷íûì êîëè÷åñòâîì íåéòðîíîâ è çàðÿæåííûõ
÷àñòèö ñîïðîâîæäåíèÿ. Àíàëèç ýêñïåðèìåíòàëüíûõ ðàñïðåäåëåíèé ïî óãëàì ìåæäó äâóìÿ ìàñ-
ñèâíûìè îñêîëêàìè, ñîïðîâîæäàþùèìèñÿ áîëüøèìè ìíîæåñòâåííîñòÿìè çàðÿæåííûõ ÷àñòèö,
ïðèâîäèò ê âûâîäó î äâèæåíèè âñåé òåðÿåìîé ÿäåðíîé ìàññû êàê åäèíîãî öåëîãî. Òðåáîâàíèå
êîìïåíñàöèè èìïóëüñà íàëåòàþùåé ÷àñòèöû âåäåò ê ñóùåñòâåííîìó óìåíüøåíèþ çàïàñåííîé
â âîçáóæäåííîì ÿäðå ýíåðãèè ïî ñðàâíåíèþ ñ ïðåäñêàçàíèåì òðàäèöèîííîé êàñêàäíîé ìîäåëè.

Abstract

Collinear two- and three-body configurations which can appear as a result of interaction of the rela-
tivistic projectile with a heavy nucleus allow one to explain the observation of the events in which two
massive fragments are accompanied by a number of neutrons and charged particles. The analysis
of experimental distributions of the folding angle between the two massive fragments, accompanied
by large multiplicities of charged particles, leads to a conclusion that the nuclear mass lost moves
as a whole. The condition of the compensation of the projectile momentum by ejected particles leads
to considerably lower excitation energies than those predicted by the traditional cascade model.
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Order in Physical and Living Systems Principal Differences
in Quantitative Characteristics and Mechanisms

of Maintenance Do Not Allow a Similar Description

M. Makarieva, V. G. Gorshkov

Àííîòàöèÿ

Çàìêíóòûå ñèñòåìû ïîä÷èíÿþòñÿ âòîðîìó íà÷àëó òåðìîäèíàìèêè è íå ìîãóò ñïîíòàííî óâå-
ëè÷èâàòü ñâîþ óïîðÿäî÷åííîñòü. Â îòêðûòûõ ôèçè÷åñêèõ ñèñòåìàõ, íàõîäÿùèõñÿ â ïîòîêàõ âíåø-
íåé ýíåðãèè, âîçíèêàþò äîïîëíèòåëüíûå ìàêðîñêîïè÷åñêèå ñòåïåíè ñâîáîäû («ÿ÷åéêè ïàìÿòè»),
÷èñëî êîòîðûõ âîçðàñòàåò ñ óâåëè÷åíèåì ïîòîêà è óïîðÿäî÷åííîñòè âíåøíåé ýíåðãèè. Áèîëîãè-
÷åñêèå ñèñòåìû õàðàêòåðèçóþòñÿ ìîëåêóëÿðíûìè ñòåïåíÿìè ñâîáîäû, ïëîòíîñòü êîòîðûõ áîëåå
÷åì íà äâàäöàòü ïîðÿäêîâ ïðåâîñõîäèò ïëîòíîñòü ìàêðîñêîïè÷åñêèõ ñòåïåíåé ñâîáîäû ëþáûõ
îòêðûòûõ ôèçè÷åñêèõ ñèñòåì â ðàâíûõ ïîòîêàõ âíåøíåé ýíåðãèè. Ýòî ïîêàçûâàåò, ÷òî ñàìîîðãà-
íèçàöèÿ ôèçè÷åñêèõ ñèñòåì âî âíåøíèõ ïîòîêàõ ýíåðãèè è ñàìîîðãàíèçàöèÿ è ýâîëþöèÿ æèâûõ
ñèñòåì èìåþò ïðèíöèïèàëüíî ðàçíóþ ïðèðîäó è íå ìîãóò îïèñûâàòüñÿ àíàëîãè÷íûìè íåëèíåé-
íûìè óðàâíåíèÿìè.

Abstract

Closed systems obey the Second Law of Thermodynamics being incapable of spontaneously
increasing the degree of their orderliness. In open physical systems existing in the fluxes of external
energy there may arise additional macroscopic degrees of freedom (information memory cells). Their
number grows with increasing power and orderliness of the external energy flux. Living systems are
characterised by molecular (instead of macroscopic) degrees of freedom. In equal energy fluxes,
the volume density of biological molecular degrees of freedom exceeds that of macroscopic degrees
of freedom of any open physical systems by more than twenty orders of magnitude. This suggests that
self-organisation of physical systems in external energy fluxes and self-organisation and evolution
of living systems are fundamentally different. It follows that non-linear equations of physical kinetics that
describe physical self-organisation and have been recently claimed to be capable of explaining evolution
and other biological phenomena as well, are not applicable for description of information gain in living
systems.
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