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

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

AHHOTauusA

lMokasaHo, YTO AN KOHTPOMA M30TOMHOMO U ASIEMEHTHOIO CoCTaBa S4epHOro Tonnmea (Unv npu
TpaHCMyTaumMn 4epHbIX OTXOLO0B) MOryT ObiTb MCMOMb30BaHbI NPSIMble U3MEPEHUSI raMMa-CrnekTpa
aKTUBHOW 30HbI peakTopa (MM NOAKPUTUYECKON COOPKM) Ha OOKYCUPYIOLLIEM KpUCTan-gudpakumoH-
HOM ramMmMa-crnekTpoMeTpe BbICOKOro paspeLueHns no Kowya.

M3BecTHO, 4TO B6onee 90% pagmMoakTMBHOCTU OTpaboTaHHOro S4epHOro TonsmMea nocne anuTenbs-
HOW BbIOEPXKKN CBSI3AHO BCEro C ABYMSA OOMTOXMBYLLUMMKW Hyknngamm ¥7Cs, °Sr. [Npu TpaHcmyTaumm
(BbPKMraHUN B BbICOKOM HENTPOHHOM MOTOKE) AONTOXMBYLLNX PaaN0aKTUBHBIX HYKNNMAoOB obpasyoTcs
138Cs n 9Sr. MIHTEHCMBHbIE raMMa-IIMHUM OT 3TUX M30TOMNOB HabNAEHbI NPU NPAMbIX KpUCTanm-
ONPaKLMOHHBIX U3MEPEHUAX CNEKTPA aKTUBHOW 30HbI peakTopa.

Abstract
It is shown that the 4-meter Cauchois crystal diffraction y-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 °°Sr and *’Cs nuclides. Their transmutation (burning up in a high neutron flux) produces the °'Sr
and *8Cs nuclides. Strong y-transitions of °*Sr and 1%¢Cs have been measured with our crystal diffraction
y-spectrometer in a reactor core spectrum directly.
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CyO6MUKpOMeETpbI BbICOKOro paspeLleHMs Ha OCHOoBe
ronorpacpumnyecknx pelueTok

Bb. I'. TypyxaHo, H. TypyxaHo

AHHOTauusA
MpopbIB B TEXHONOIMNIO U3MEPUTESTbHBIX CUCTEM C CyOMUKPOHHOW TOYHOCTbLIO CTan BO3MOXeH bna-
rogaps OTKpbITUIO (Pa30BOro cMHTE3a rosiorpadu4ecKkmx peLLeTok.
HoBoe nokoreHve cyOMUKPOMETPOB UCMONb3yeT rosiorpauyeckyro AM@paKkLMOHHYIO peLleTKy
B KQ4eCTBE U3MepUTEeNbHOro anemMeHTa. ronorpaduyeckne cybMmkpomeTpbl 0b61afaroT BbICOKOW TOY-
HOCTbIO (0.2 MKM), BbICOKMM pa3spelteHrem (8o 0,01 MKM) 1 oTNn4arTCA BbICOKOW HaOEXHOCTbIO,
MHOIO(YHKLMOHaNbHbLIM NpeacTaBneHneM 1 BO3MOXHOCTLI0 06paboTkm nsmepsiemon nHpopmauum.

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 pk) and high resolution
(up to 0.01 pk), 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, B. Mackey, V. V. Gorshkov, V. G. Gorshkov
AHHOTaUuA

MpunHUUN reHeTUYeCKoW aganTauumn OpraHM3MoB K U3MEHSIOLLMMCS YCNOBUSIM OKpYXKatoLlen cpeqbl
N NPUHLMN NMIMMUTUPOBAHNS YACTOWN NEPBUYHOM NPOAYKLUUN NUTATENbHBIMU BELECTBaMM C MUHUMarb-
HbIMWU OTHOCUTESTbHBIMU KOHLEHTPALMAMM SABMISIKOTCA B HACTOSILLIEE BPEMSA OCHOBOW A paccMoTpe-
HWA BCEX 3Kosormyeckmnx npobnem. B paboTe nokasaHo, YTO 3TN NPUHLUMMNLI YCTAHOBIEHbI NPU UCChe-
A0BaHUN YeNOBEKOM HapyLLEHHbIX NPUPOAHbLIX COODLLECTB, a Takke COPTOB pacTEHUI U NOPO, KUBOT-
HbIX, BbIBEAEHHbIX HA OCHOBE MCKYCCTBEHHOro otbopa. B He HapyLleHHbIX YenoBekom coobLecTBax
YHKLUNOHUPOBaHWE eCTECTBEHHbIX BUAOB BUOTLI HanpaBfieHo Ha nogaepXaHne onTUMarbHbIX YCIo-
BUIN OKpY>KatoLLen cpefbl, B KOTOPOW, TakuM 06pa3oM, He MOXET BbITb IMMUTUPYIOLLNX OYHKLIMOHUPO-
BaHWe OMOTbl NUTaTenbHbIX BewecTB. bruoTa, ynpaensiowasa co3gaHHOM el OKpYyXKatoLen cpenown,
He MOXeT npucrnocabnmBaTbCA K CriydanHbiM OnyKTyaunam BHELLIHNX yCNoBun. B coBpeMeHHbIX ycro-
BUSIX rNOBanbHbIX UIBMEHEHWIN OTCYTCTBUE KPUTUYECKOTO OTHOLLEHNS K OCHOBHBIM BUONIOrMYeckumM NpuiH-
yunam, HeagekBaTHO ONUCHIBAKOLLMM (PYHKLMOHMPOBAHNE eCTECTBEHHOM rnobansHon 6uoTsl, NpensT-
CTBYET BbIOOPY KOPPEKTHOW CTpaTernm s npeogosieHmst rnobanbHOro aKosIorMyeckoro Kpmsmca.

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

A. M. Makarieva
AHHOTauuA

HarpgeHna 3aBMCMMOCTb NapHUKOBOIo adodeKkTa OT KOHUEHTPaL MM NapHUKOBbLIX BELLLECTB, OO BbSCHS-
owan Habngaemblin NOCTOSIHHBIM TPOMOCMEPHbIN rpagueHT TemnepaTtypbl. CornacHo NonyyYeHHoOM
3aBUCUMOCTW, MAPHUKOBBIN 3peKT BbICTPO pacTeT C yBenmyeHnem TemnepaTtypbl B TOM Criydae, Kor-
Aa 06raYyHOCTb 3aKpbIBaeT BCE CYLLECTBYHOLLME CNeKTparibHble OKHA. Ha ocHOBe nosly4YeHHoW 3aBuCK-
MOCTM NOKa3aHo, YTO CyLecTBYeT ABa (PU3NYECKN YCTONUNBBIX COCTOAHNA 3€MHOrO KfiMmaTa — COCTO-
sIHAE MOSIHOro OfieAEeHEHNSI N COCTOSIHME MOSHOMO Mcrnapenust rmapocdepbl 3emnn. Habnogaemoe
COCTOSIHME 3eMHOr0 KnMmaTa, B KOTOPOM COCYLLECTBYIOT BCe TPy dhasbl BOAbI, SABASETCA (prnsndeckm
HeyCTOMYMBbIM. YCTOMYMBOCTb Habngaemon cpegHernobanbHon TemnepaTtypbl 3eMHOW NoBepX-
HOCTM NOAOEPXKMBAETCS TOMBKO 3a CHET ynpasnsaoLwero oyHKUMoHMpoBaHMs 61oTel 3emnu.

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
AHHOTaUuA

MocnegHue akcnepuMeHTarnbHble pes3yrnbTaTbl NOdyaMnmM Hac NPoBeCcTU aHann3 dOTOMOHM3ALUK
9HEPIUYHbIX, HO ele HepenATUBUCTCKMX INTIEKTPOHOB U3 COCTOSIHUN C NPOWU3BOJSIbHBIM MOMEH-
TOM | BHE paMOK ogHoYacTU4YHOro nNpubnmxenuns. MNokasaHo, YTo npu | = 2 acuMmnToTMKa Npouecca
meHsieTca. Mpn | = 1 popma 3HepreTMyeckon 3aBUCUMOCTU HE MEHAETCS, OAHAKO, MEHSIeTCs Benn-
YMHa KO3IhPULMEHTa B aCUMNTOTUYECKOM YneHe. [Npu | = 0 ogHoYacTn4HOE NpubnmkeHne KOPPEKTHO.
[ns 6onblinx 3apsgoB agpa Z noslydyeHa 3aBUCMMOCTb aCUMNTOTUKKN OT Z A5l BHYTPEHHUX 0600Yek.
KMcnonb3yst Teopuio BO3MYLLEHUI, Mbl NOSTYYUIN NPOCTbIE BblpaXeHUs Yepes ogHOYaCTUYHbIE BOSHO-
Bble oYHKUMK. [ToKa3aHO, YTO OTHOLLEHUS CEYEHUIN BbIXOAAT HA aCUMNTOTUKY NPU 3HAYUTESNbHO MEHb-
LLUMX QHEPIUAX, HEXENN CaMM CeYEeHUs!, Tak Kak nocnegHue cogepxat obLwmnm MHOXUTENb, 3aBUCSLLUIA
OT 3Heprum (haktop LLUTo66e). 3TO NO3BONAET NONYYUTL pe3yrbTaTthl ANA OTHOLIEHNA CEYEHU NOHU-
3aumm atoma HeoHa npu aHeprumn dpotoHa 1 kaB.

Abstract

Stimulated by the recent experimental results, we perform an analysis of the photoionization of high
energy nonrelativistic electrons from states with orbital momentum | 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 | > 2 the IPA asymptotic energy- dependence
is altered. For | = 1 the form of the IPA asymptotic dependence is not modified, but the coefficient
of the asymptotic term is changed. For | = 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 w =1 keV.
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Mechanism of Disintegration of 228U Nuclei by Relativistic Projectiles

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

KonnuHeapHble OBYX- U TpexTernbHble KOHUrypaumm, BO3HUKaKLWMe B pesynbTaTte NepBUYHOMo
B3aUMOJENCTBUS HaneTatoLLeld YacTULbl C TAXKENbIM SAPOM, NO3BONAT 0O bACHUTL NOABMNEHNE COObI-
TUI ¢ obpasoBaHMEeM MACCUMBHbLIX OCKOMKOB C PasfiyHbiM KONMYECTBOM HEUTPOHOB U 3apsKEHHbIX
4acTUL, CONPOBOXAEHUS. AHaNU3 3KCNepUMeHTarbHbIX pacrpeaeneHunii no yrnam mexay AByMsi Mac-
CVBHBIMM OCKOJSIKaMu, CONMPOBOXAALWNUMUCA BONbLUMMU MHOXECTBEHHOCTAMU 3apsKEHHbIX YacTul,
NPUBOAUT K BbIBOAY O ABWXKEHUWN BCEW TEPSIEMON SOEPHON Macchl Kak eanHoro uenoro. TpebosaHue
KOMMeHcaUun Umnynbca HaneTarLleld YacTuLbl BEAET K CyLIeCTBEHHOMY YMEHbLUEHUIO 3arnaceHHOM
B BO30Y>KOEHHOM SiApe SHEPrMmn MO CPABHEHUIO C NpeacKasaHMeM TpaauLMOHHONM KackagHoi Moaenw.

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
AHHOTaUuA

3aMKHyTbIe CuUCTeMbl NOAYNHAKOTCA BTOPOMY Ha4vany tTepMmoanHaMnkm 1 He MoryTtT CnoHTaHHO yBe-
Jin4mBaTb CBOIKO yNnopAaao4eHHOCTb. B OTKPbITbIX Cbl/l3|/|‘-IeCKI/IX cucrtemMax, HaxogAaLnxca B NOTOKax BHELL-
Heun SHEeprmn, BO3HNKaKT AONOJTHNTESIbHbIE MaKpPOCKONMN4yeckmne cteneHun cBoboapbl («FI‘-IGIZKI/I I'IaMFITI/I))),
YNCINO KOTOPbLIX BO3pAacCTaeT C yBeJIMYEHNEM NOTOKA U yNopAaAa04EHHOCTA BHELUHEN SHEeprmn. Buonoru-
YeCKNne CUCTEMbI XapaKTepu3dyroTCA MONEKYINAPHbIMU CTEMEHAMU cBoboabl, NAOTHOCTb KOTOPbIX Oonee
4YeM Ha ABaauaTtb NopAaAaKoB npeBOoCXOoAUT MIIOTHOCTb MAaKPOCKOMNYEeCKnX cTeneHen ceoboabl NodbIX
OTKPbITbIX (*)I/I3I/I‘-IeCKI/IX CNCTEM B paBHbIX NMOTOKaX BHELUHEN SHEeprmn. OTO0 NoKasbIBaET, YTO camoopra-
HU3auuna CbM3I/1‘-IeCKI/IX CNCTEM BO BHELUHNX MOTOKaxX SHeprnmn n caMmoopraHmn3auna n 3BoJ1itioLnA XUBbIX
CUcTtemMm MMerT NnpuHUuunmaliibHO pa3Hyto npupoay n He MoryT onmcbiBatbCA aHanorm4HbiMmn HennHen-
HbIMU YpaBHEHUAMMWN.

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.

MpenpuHT Ne 2388, 15.09. 2000 r., aHrn. TEKCT.
E-mail: elba@infopro.spb.su



