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Institute of Applied Physics National Academy of Sciences of Ukraine

REFERENCE

The Institute of Applied Physics (IAP), National Academy of Sciences of Ukraine (NAS of Ukraine), was
established in 1991 on the base of the Sumy branch of the Institute of Metallophysics to enlarge the fundamental
and applied investigations in nuclear technology. IAP NAS of Ukraine is a part of the Department of Nuclear
Physics and Power Engineering, NAS of Ukraine.

The main areas of research:

= Studies of low-energy ion and electron interactions with matter;

= Development of electrostatic accelerator-based instrumentation for analysis of material structure
and composition with submicron lateral resolution;

= Molecule radiation biophysics;

= Development of Equipment for Education and Research.

Unique experimental base of the IAP allows to launch cross-subject research and development in education,
environmental science, medicine. Research development of nuclear medicine (including advanced high efficient
nuclear methods of nuclear diagnosis and cardiovascular and oncological disease treatment), nuclear forensics,
nuclear technologies for nanotechnologies.

The staff amounts to 216 persons. Investigations are performed by 129 researchers including 1 academician
of NAS of Ukraine, 3 corresponding members of NAS of Ukraine, 10 Doctors of Science and 43 PhDs.

Acadamic staff is trained in a postgraduate study and a doctorate by the following specialities:

01.04.01 —physics of devices, elements and systems; 01.04.02 — theoretical physics; 01.04.16 — physics of
particles, nuclei and high energies; 01.04.20 — physics of charged-particle beams; 03.00.02 — biophysics.

A specialized Board of Studies on theses defence works at the IAP by the following specialities: 01.04.02 —
theoretical physics; 01.04.20 — physics of charged-particle beams.

In cooperation with Makarenko Sumy Pedagogical University the IAP has established an Institute of Applied
Physics profile chair of advanced physical sciences for young skilled experts to be trained.

The Interagency Board of Studies on Scientific Instrument Making chaired by academician V.Yu. Storizhko
is working on the basis of the IAP.

The Institute of Applied Physics NAS of Ukrane is a part of science park of Taras Shevchenko National
University of Kyiv.
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RESEARCH DEPARTMENTS

DEPARTMENT OF ELECTROSTATIC ACCELERATORS

Head of the Dept.
Corresponding Member of NAS of Ukraine
Myroshnichenko Valentyn 1.

+38 (0542) 22-13-67, mvi@ipfcentr.sumy.ua

The main research areas are

e Study of non-linear dynamics of MeV ion beams in ion-optical systems, development of probe-forming
systems providing beam focusing at a micron and submicron target;

e Study of physical processes in HF ion sources, their application for generation of ion beams of high
brightness in ion injectors, optical emission spectrometers, and mass spectrometer of inductively
coupled low pressure plasma;

e Study and development of intensive sources of positive and negative ions for ion accelerators and ion
technologies; study of these beams interaction with a solid body surface;

e Development of new techniques of protective and strengthening coating for structural materials;

e Study of gas field ion sources for formation of high-brightness ion beams and for construction of field
ion injectors.

The main publications

= Development of the rf ion source for use in accelerator-based microprobes / V. Miroshnichenko, S.
Mordyk, D. Shulha [et al.] // Nucl. Instr. And Meth. B. — 2007. — Vol. 260. — P. 39-44.

= Investigation of rf power absorption in the plasma of helicon ion source / Mordyk S., Alexenko O.,
Miroshnichenko V. [et al.] // Review of Scientific Instruments. — Volume 79. — Issue 2. — P. 02B907-4
(2008).

= Investigation of helicon ion source extraction systems / Mordyk S., Miroshnichenko V., Shulha D.,
Storizhko V. // Review of Scientific Instruments. — Volume 79. — Issue 2. — P. 02B707-4 (2008).

= High-frequency multicusp ion source / Voznyi V.I., Miroshnichenko V.I., Mordyk S.M. [et al.] //
Visnyk SumDU Ne 1. — 2008. — P. 28-31.

= High-brightness extraction system of the helicon ion source / Shulha D., Mordyk S., Miroshnichenko V.
// Problems of atomic science and technology, «Plasma Electronics and New Methods of Acceleration»
(7). —2010. — Ne4. — P. 369-372.

= Microwave two-mode interferometer for plasma diagnostics / Nahornyy D.A., Nahornyy A.G. // Pribory
i tekhnika eksperimenta. — 2010. — Ne3. — P.76-79.

= High-brightness RF ion sources for accelerator applications / Voznyi V.I., Miroshnichenko V.I.,
Mordyk S.M. [et al.] // Science and innovation. — 2010. — V.6, Ne5. — P. 38-44,

= Jon injector field type / Voznyi V.I., Miroshnichenko V.I., Storizhko V.E. [et al.] // Science and
innovation. — 2010. — V.6, Ne5. — P.72-76.
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Lab of Direct Accelerators and Ion Implantation and Modification of Nuclear
Materials

Head of the Lab
PhD, senior research assistant
Baturin Volodymyr A.

+38 (0542) 33-22-50, baturin@ipflab.sumy.ua

Lab staff (left to right): Duvanov S.M., Pustovoitov S.O., Nahornyi A.H., Karpenko O,Yu., Lunika M.M.,
Baturin V. A., Shumylo V.P Yeriomin S.O., Lytvynov P.O., Nahornyi V. A., Golubovkii B.H., Shimko A.1.

High-dose ion implanter

L

Positive ions source H- lon Source with the volume-plasma formation
of ions (cesium-free)
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High-frequency magnetron sputtering facility The electron-beam unit

The main research areas are

Ion implantation and modification of surface layers;

Development and study of intensive sources of positive and negative ions for ion accelerators
and ion technologies;

Development of intensive ion sources and equipment for ion accelerators and technologies;
Interaction of high-energy ions and electrons with a surface;

Development of new techniques of protective and strengthening coating for reactor materials;

The main publications

Ievtushenko, V. Karpyna, G. Lashkarev, V. Lazorenko, V. Baturin, A. Karpenko, M. Lunika / The
structure and morphology of the ZnO films, deposited by RF Si3N4/Si by magnetron sputtering //
Metalofiz.Noveishie Tekhnol.- 2008, V. 30, p. 631-641.

Ievtushenko, V. Karpyna, G. Lashkarev, V. Lazorenko, V. Baturin, A. Karpenko ... / The structure of
ZnO multilayer films, deposited by magnetron sputtering // Metalofiz.Noveishie Tekhnol.- 2008, V. 30,
Ne 11,p. 1511 - 1519.

P.A. Litvinov, V.A. Baturin / Development H- sources for the medicine accelerators // Belgorod State
University Scientific Bulletin, Physics Mathematics, 2008, Ne 9 (49), p.160-166.

G.V. Lashkarev, V.I. Lazorenko, V.A. Karpyna, A.l. levtushenko, V.A. Baturin, A.Yu. Karpenko,
A.Ya. Dan’ko /Photoluminescence of ZnO films excited by femtosecond laser// Physics and Chemistry
of Solid State V.9, Ne2 (2008) P.375-378

A.Yu. Karpenko, V.A. Baturin /The fast gas valve // Patent, UA 83136, H01J27/02, 200612808
(10.06.2008, Bul. Nell,2008).

V.A. Baturin, A.Yu. Karpenko / Deposition of thin-film coating with use cluster beam source // Problem
of Atomic Science and Technology, Series “Vacuum, Pure Materials, Superconductors” 2009, Ne 6, p.
175 - 180.

V.A. Baturin, S.A. Eremin / Mass spectrometric research of ion sputtering processes at high primary ion
energies // Zhurnal Nano ta Electronnoi Fizyky// 2009, V. 1 Nel, p.80-103.

P.A. Litvinov, V.A. Baturin / Discharge system with electron oscillations in the emission region for the
positive ions source // Zhurnal Nano ta Electronnoi Fizyky// 2009, V. 1 Ne2, p.55-59.

V.A. Baturin, A.Yu. Karpenko P.A. Litvinov, S.A. Pustovoitov. / The electromagnetic valve for
adjustable pulse gas inlet // Applied Physics, 2010, Ne 1 p.125 - 129.

V.A. Baturin, P.A. Litvinov, S.A. Pustovoitov, A.Yu. Karpenko / Emission Characteristics of H- Ion
Source with Inverse Gas Magnetron Geometry // Rev. Sci. Instrum. 81, 02A710 (2010).

A L levtushenko, V.A. Karpyna, V.I. Lazorenko, G.V. Lashkarev, V.D. Khranovskyy, V.A. Baturin,
0.Y. Karpenko, M.M. Lunika, K.A. Avramenko, V.V. Strelchuk, O.M. Kutsay / High quality ZnO
films deposited by radio-frequency magnetron sputtering using layer by layer growth method // Thin
Solid Films, Vol. 518, Ne16, pp. 4529-4532 (2010).
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Lab. of Non-linear Dynamics of Ion Beams

Head of the Lab.
DSci, senior research assistant
Ponomarev Oleksandr G.

+38 (0542) 33-30-18, a_g ponomarev(@pochta.ru

N.IL, Kolin'ko S.V., Ponomarev A.O.

The main research areas are

Study of impurity segregation at boundaries of grains and welded joints of structural materials;
Study of non-linear dynamics of ion beams in immersion probe-forming systems for compact
nuclear microprobe of new generation to be constructed.

Development and extension of a p-beam writing channel for samples irradiation by individual
ions;

Development of magnet qudrupole lens of new type and their diagnostic technique;

Study of non-linear dynamics of ion beams in probe-forming systems in modes of high flux
density and individual ions;

Joint study and development with the Joint Institute for Nuclear Research (JINR), Dubna, the
Russian Federation within “Protocol”, particularly an elemental analysis of structural materials
with nuclear and physical methods; elaboration of technical and economical reasoning for
nanoanalytical center based on electrostatic accelerator EG-5 for development and research in
nanotechnology; development of microanalytic ion beam techniques with -electrostatic
accelerator.

The main publications

Storizhko V.E. The Sumy scanning nuclear microprobe: design features and first tests / V.E. Storizhko,
A.G. Ponomarev, V.A. Rebrov, A.l. Chemeris, A.A. Drozdenko, A.B. Dudnik, V.I. Miroshnichenko,
N.A. Sayko, P.A. Pavlenko, and L.P. Peleshuk // Nucl. Instr. and Meth. B. — 2007. — Vol. 260. — P. 49-
54.
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Rebrov V.A. The new design of magnetic quadrupole lens doublet manufactured from a single piece /
V.A. Rebrov, A.G. Ponomarev, V.K. Palchik, N.G. Melnik // Nucl. Instr. and Meth. B. — 2007. — Vol.
260. — P. 34-38.

Sayko N.A. The beam scanning control and data acquisition at the Sumy nuclear microprobe / N.A.
Sayko, A.G. Ponomarev, A.A. Drozdenko // Nucl. Instr. and Meth. B. — 2007. — Vol. 260. — P. 101-104.
Ponomarev A.G. The Beam Control in Quadrupole Probe-Forming Systems with Allowance of
Correlation between Angular Distribution and Energy Spread of Charged Particles / A.G. Ponomarev,
V.I. Miroshnichenko, V.E. Storizhko // Physics Procedia. — 2008. Vol. 1. - P. 99-104.

Melnik K.I. Optimization of the working distance of an ion microprobe-forming system / K.I. Melnik,
D.V. Magilin, A.G. Ponomarev // Nucl. Instr. and Meth. B. — 2009. — Vol. 267. — P. 2036-2040.
Ponomarov A.A. Influence of the beam current density distribution on the spatial resolution of a nuclear
microprobe / A.A. Ponomarov, V.I. Miroshnichenko, A.G. Ponomarev // Nucl. Instr. and Meth. B. —
2009. — Vol. 267. — P. 2041-2045.

Magilin, A.G. Ponomarev, V.A. Rebrov, N.A. Sayko, K.I. Melnik, V.I. Miroshnichenko, V.Y.
Storizhko Performance of the Sumy nuclear microprobe with the integrated probe-forming system //
Nucl. Instr. and Meth. B. — 2009. — Vol. 267. — P. 2046-2049.

Ponomarev A.G. Optimal Collimation of a Charged Particle Beam in Probe-Forming Systems/ A.G.
Ponomarev // Technical Physics. —2009. Vol. 54, No. 2. — P. 276-280.

Vorobjov G.S. Application of focused charge-particle beams in manufacturing of nanocomponents /
G.S. Vorobjov, A.G. Ponomarev, A.A. Ponomareva, A.A.Drozdenko, A.A. Rybalko //
Telecommunications and Radio Engineering. —2010. — Vol. 69, No.4. — P. 355-365.

Ponomarev A.G. Nonlinear processes of probe formation of a beam with inhomogeneous phase density
at nuclear microprobe / A.G. Ponomarev, A.A. Ponomarov, V.I. Miroshnichenko // Nucl. Instr. and
Meth. B. —2011. — Vol. 269. — P. 2197-2201.

Ponomarova A.A. One-stage probe-forming systems with quadrupole lenses excited by individual
power supplies / A.A. Ponomarova, K.I. Melnik, G.S. Vorobjov, A.G. Ponomarev // Nucl. Instr. and
Meth. B. — 2011.- Vol. 269. — P. 2202-2205.

N~— 10
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DEPARTMENT OF RADIATION BIOPHYSICS

Head of the Dept.
PhD Danyl'chenko Serhii M.

+3 (0542) 33-30-89, danil@ipflab.sumy.ua

Department staff (left to right): Stanislavov 0.5, Illashenko V.Yu Yanovs'ka A.A Pavienko P.A., Sukhodub
L.F., Danyl'chenko S.M., Kovalchuk V.M., Moskalenko V.B.

Mass-spectrometer FAB Mass-spectrometer PDMS Scannzn Electron Microscopy

The main research areas are
— Radiation biophysics
— Fundamental and experimental study of thermodynamic stability of biological clusters as main
structural elements of DNA and RNA.
— Study of ionization processes in mass-spectrometric techniques.

— Study of adducts (interaction products) of some medical products and DNA and their
components.

The main publications

»  Danilchenko S.N., Kukharenko O.G., Moseke C. et al. Determination of the Bone Mineral Crystallite
Size and Lattice Strain from Diffraction Line Broadening // Cryst. Res. Technol. - 2002.-V.37, Nell.-
P.1234-1240.

N— 1
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Danilchenko S.N., Moseke C. Sukhodub L.F. et al. X-Ray Diffraction Studies of Bone Apatite under
Acid Demineralization // Cryst. Res. Technol. - 2004.- V. 39, Nel.- P. 71-77.

Danilchenko S.N., Pokrovskiy V.A., Bogatyrov V.M. et al. Carbonate location in bone tissue mineral by
X-ray diffraction and temperature-programmed desorption mass spectrometry // Cryst. Res. Technol. -
2005.- V. 40.- P. 692-697.

Danilchenko S.N., Kulik A.N., Buhay O.M., Pavienko P.A., Kalinichenko T.G., Ul’yanchich N.V., and
Sukhodub L.F. Determination of the content and localization of magnesium in bioapatite of bone. //
Journal of Applied Spectroscopy - 2005 V.72, No6. - P. 899-905.

Danilchenko S.N., Koropov A.V., Protsenko I.Yu., Sulkio-Cllef B., and Sukhodub L.F Thermal behavior
of biogenic apatite crystals in bone: An X-ray diffraction study // Cryst. Res. Technol. - 2006.-V.41,
Ne3.-P.268-275.

Danilchenko S.N., Kulik A.N., Pavlenko P.A., Kalinichenko T.G., Buhay A.N., Chemeris LI., and
Sukhodub L.F. Thermoactivated removing of magnesium from bioapatite crystals: an atomic-absorption
spectrometry and X-ray electron probe microanalysis study. // Journal of Applied Spectroscopy. - 2006-
V.73, Ne3. - P. 385-391.

Kalinkevich O.V., Sklyar A.M., Danilchenko S.N., Kindya V.1, Kalinkevich O.V., Sukhodub L.F.
Production of composite biomaterials for medical application on the basis of chitosan from Blakeslea
trispora industrial waste. // Journal of Biotechnology, 1365 (2008) S402-459, V4-P-120.

Danilchenko S.N., Protsenko I.Yu., and Sukhodub L.F. Some features of thermo-activated structural
transformation of biogenic and synthetic Mg-containing apatite with B-tricalcium-magnesium phosphate
formation. // Cryst. Res. Technol. 2009.-V.44, p.553-560.

Danilchenko S.N., Kalinkevich O.V., Pogorelov M.V. et al. Chitosan-hydroxyapatite composite
biomaterials made by one step co-precipitation method: preparation, characterization, and in vivo tests.
/I Journal of Biological Physics and Chemistry, 2009, V.9, p.119-126.

Danilchenko S.N., Kalinkevich O.V., Kuznetsov V.N., Kalinkevich A.N., Kalinichenko T.G., Poddubny
LN, Starikov V.V., Sklyar A.M., and Sukhodub L.F. Thermal transformations of the mineral component
of composite biomaterials based on chitosan and apatite / Cryst. Res. Technol. — 2010. — V. 45, P. 685-
691.

Danilchenko S.N., Kalinkevich O.V., Pogorelov M.V., Kalinkevich A.N., Sklyar A.M., Kalinichenko
T.G., llyashenko V.Y., Starikov V.V., Bumeyster V1., Sikora V.Z., Sukhodub L.F., Characterization and
in vivo evaluation of chitosan-hydroxyapatite bone scaffolds made by one step co-precipitation method
// Journal of Biomedical Materials Research: Part A, 2011, 96A: P.639-647.

Yanovska A.A., Kuznetsov V.N., Stanislavov A.S., Danilchenko S.N., Sukhodub L.F. Synthesis and
characterization of hydroxyapatite-based coatings for medical implants obtained on chemically
modified Ti6Al4V substrates // Surf. Coat. Technol. 2011, V.205 (23-24), P.5324-5329.

N~— 12
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DEPARTMENT OF NUCLEAR AND PHYSICAL
RESEARCH

Head of the Dept.
Academician of NAS of Ukraine
Storizhko Volodymyr Yu.

+38 (0542) 22-27-94, ipfmail@ipfcentr.sumy.ua

Group of atom and nuclear research (left to right): Buhay O.M., Kramchenkov A.B., Drozdenko M.O.,
Kravchenko S.M., Vnuchenko A.O., Denysenko V.L Peregudov O.M.

The main research areas are

Study of interaction of ions and MeV electrons with a substance.

Development of nuclear and physical methods of submicron resolution for material content and
structure study.

Construction of electron appliances and experimental equipment for analytical facility.

The main publications

A.A.Drozdenko, S.M.Duvanov, S.N.Mordyk, V.E.Storizhko. New ion elastic scattering beam line of
analytical complex at iap NAs Ukraine // Problems of Atomic Science and Technology, series «Nuclear
physics researchy» Ne3, 2008, p.105-109.

A.A.Drozdenko, V.L.Denysenko, A.B.Dudnik, M.l.Zaharets, V.V.Kuprienko, N.A.Sayko,
V.E.Storizhko. An RBS end-station with high energy resolution // Visnyk of the Sumy State University,
Ne2, 2008, p. 60.

1.G.Ignat'ev, V..Miroshnychenko, A.M.Sirenko, V.E.Storizhko. Supression of radiation from 2 MV
electrostatic accelerator // Nuclear physics and power engeneering, 2008, Ne3 (25), p. 90-93.
A.B.Kramchenkov, A.A.Drozdenko, M.I.Zaharets, D.I.Kurbatov, A.S.Opanasiuk. Investigation of thin
films by means of high-resolution RBS // Physics of metals and novel technologies, 2008, v 30, special
issue, p. 153-158.

A.B. Kramchenkov, D.I.Kurbatov, M.l.Zaharets, A.S.Opanasiuk. Investigation of oxygen content in
ZnS thin films by means of RBS // Journal of Surface Investigation: X-Ray, Synchrotron and_Neutron
Techniques. 2010, Ne3, p. 45-47.

L.G.Shabel'nikov, V.L.Denysenko, M.V.Ill'yashenko, V.E.Storizhko, A.A.Drozdenko, S.A.Vershinskiy.
A project of a quasimonochromatic X-ray source, based on proton accelerator, with X-ray optic system
// Physics of metals and novel technologies, 2010, v 32, p. 1-12.

/A D)
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V.E.Storizhko, M.V.Ill'yashenko, V.B.Molodkin, A.Yu.Gayevskiy, V.L.Denysenko, O.I.Denysenko,
S.A.Vershinkiy. Ways of X-rays focusing // Success in physics of metals, 2010, v. 11, p. 1-17.
S.A.Vershinskiy, A.G.Ponomarev, V.E.Storizhko, V.L.Denysenko, M.V.Ill'yashenko. Optimisation of
ion-optical system for a quasimonochromatic X-ray source based on an electrostatic accelerator //
Nuclear physics and power engeneering, 2010, v. 11,Ne2, p. 195-198.

A.B.Kramchenkov, V.E.Storizhko, A.A.Drozdenko, V.L.Denysenko, H.D.Carstanjen. ERDA facility
for investigation of hydrogen in metals // Science and innovations, 2010, v. 6,Ne5, p. 32-37.

O.N. Peregudov, O.M. Buhay. Calculation of the Areas of Peaks in Measurements of Isotopic Ratios
Using MI1201SG Mass Spectrometer // International Journal of Mass Spectrometry, 2010.
V.295, pp. 1-6.

N 14
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DEPARTMENT OF QUANTUM ELECTRODYNAMICS OF

STRONG FIELDS

Head of the Dept.
DSci, professor Roshchupkin Sergei P.

+38 (0542) 22-45-01, rsp@roshchupkin.sumy.ua

L

b
T

Department staff (left to right): Denisenko O.1., Starodub S.S., Tsybul 'nik V.A., Lebed A.A., Levitska O.O,
Nedoreshta V.N., Roshchupkin S.P., Voroshil A.1.

The main research areas are

— Research of interaction between an intensive electromagnet radiation and a substance, in
quantum electrodynamics of strong fields, in particular.

— Study of coherent, non-resonant, and resonant quantum-electrodynamic processes in strong
laser and magnetic fields.

The main publications

= S.P. Roshchupkin, and A.L. Voroshilo, Resonant and Coherent Effects of Quantum Electrodynamics in
the Light Field (Naukova Dumka, Kiev, 2008), in Russian.

= S.P. Roshchupkin, A.A. Lebed’, E.A. Padusenko, A.l. Voroshilo. Resonant effects of quantum
electrodynamics in the pulsed light field. Chapter in the Book “Quantum Optics and Laser
Experiments”, INTECH - Open Access Publisher, University Campus STeP Ri, Croatia, January 2012,
PP.107-156.

= S. P. Roshchupkin, A. A. Lebed’, E. A. Padusenko, and A. I. Voroshilo. Quantum Electrodynamics
Resonances in a Pulsed Laser Field. Laser Physics, 2012, Vol. 22, No. 6, PP. 1113-1144.

= A.A. Lebed’, S.P. Roshchupkin “The Influence of a Pulsed Light Field on the Electron Scattering by a
Nucleus”, Laser Physics Letter, 2008, V.5, No. 6, PP. 437-445.

= S.S. Starodub and S.P. Roshchupkin. “The hydrogen ions attraction effect in the pulsed field of two
laser waves propagating in the opposite directions”, Laser Physics Letter, 2008, V.5, No. 9, PP.691—
695.

= A.A. Lebed’ and S.P. Roshchupkin. “Spontaneous bremsstrahlung effect in the nonrelativistic electron
scattering by a nucleus in the field of pulsed light wave”. Laser Physics Letter, 2009, Vol. 6, No. 6,
PP.472-479.

N— 15
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A.A. Lebed’ and S.P. Roshchupkin. “Nonresonant spontaneous bremsstrahlung by a relativistic electron
scattered by a nucleus in the field of pulsed light wave”. The European Physical Journal D 53, 2009,
PP.113-122.

S.P. Roshchupkin and V.A. Tsybul’nik. “Anomalous amplification of electromagnetic field in the
course of the nonrelativistic electron scattering by ion in the moderate-strong light field”. Laser Physics
Letter, 2009, Vol. 6, No. 12, PP. 906-911.

Lebed’ A.A., Roshchupkin S.P. “Resonant spontaneous bremsstrahlung by an electron scattered by a
nucleus in the field of a pulsed light wave”. Physical Review A. 2010, Vol.81, 033413-P.1-13.

S. S. Starodub and S. P. Roshchupkin. "Heavy Nuclei Confinement Effect in a Pulsed Light Field",
Laser Physics, 2011, Vol. 21, No. 4, pp. 769-773.

Lab of Quantum Electrodynamics of Strong magnetic Fields, Dept of Quantum

Electrodynamics of Strong Fields

Head of the Lab
PhD, Senior Staff Assistant
Kholodov Roman 1.

+38 (0542) 22-13-67, kholodovroman@yahoo.com

Lab staff: Kholodov R.1., Kravchenko S.M., Kul'ment'ev A.1., Novak O.P., Lu
Ostapovich D., Khelemelya O.P., Dyachenko M.M.

enko S., Vechircka V.,

The main research areas are

Study of QED phenomena in resonant and non-resonant conditions in strong magnetic fields,
particularly at collision of quick heavy ions and nuclei.

Study of interaction of a heavy charged particle with electron magnetized gas with quantum
field theory methods by means of dielectric model of plasma physics and in pair collision
model.

Computer modeling of the processes occurring when charged particle beams and particles
beams collide with a matter.
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The main publications

Fomin P.1., Fomina A.P. On the evolution and the characteristic times of the relativistic jet activity of
quasars and radio galaxies // Kinematics and physics of celestial bodies, V. 23, No 6, P. 381-386, (2007).
Fomin P.I. On the vacuum condensates and the problem of the nature of mass and inertial forces //
Collection of Scientific Papers: Problems of Modern Physics, Chap. Ed. Shulga N.F., Kharkov: NSC
KIPT, P. 367-374,( 2007).

Koropov A.V. Morphological stability of islands of small size in the deposition of material on the
surface of the crystal // Zhurnal-fizika-tverdogo-tela.V. 50, Ne 11., P. 2093-2097., (2008).

Novak O.P., Kholodov R. I. Spin-polarization effects in the processes of synchrotron radiation and
electron-positron pair production by a photon in a magnetic field // Phys. Rev. D, 80, Ne 2, 025025-1 —
025025-11 (2009).

Novak O.P., Fomin P.1., Kholodov R. I. Electron-positron pair production by an electron in a magnetic
field near the threshold of the process // JETP, V. 137, Ne6, 1120-1125 (2010).

Kul’ment’ev O.1. Description of the surface of compact nano-objects / Mathematic Modeling Journal,
V.23, Neq4. P.57-68, (2011).
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DEPARTMENT OF PHYSICAL METHODS OF ORE

ANALYSIS

Head of the Dept.
DSci, associate professor
Valter Anton A.

+38 (044) 525-03-20, avalter@iop.kiev.ua

At work (left to right): Pysans’kyi A.1., Valter A.A Goniodska L.S., Chmil V.V.

The main research areas are

— Study and application of products of natural unstable processes resulting in aggregation of
valuable natural resources, monoisotopic raw materials, in particular.

— Development and implementation of new technologies for elemental and isotopic ore analysis,
nuclear and physical analysis method, in particular.

— Acquisition of new fundamental data on the Earth and Space.

The main publications

= Valter A.A., Storizhko V.E., Dikiy N.P., Dovbnya A.N., Lyashko Yu.V., and Berlizov A.N. Nuclear-
analytical and mineralogical principles and techniques for prediction and investigation of the native-
pure rare isotope occurrence. Problems of atomic science and technology.2005, N6. Series: Nuclear
Physics. P. 142-146.

= Valter A.A., Pisansky A.IL., Podberezskaya N.V. Crystal-chemical factor of the strength for confinement
of radiogenic 1870s in the structure of molybdenite with rhenium // Reports of NAS of Ukraine. 2007.
Ne 12. - P.107-110.

= Valter A.A., Zalubovskiy LI., Storizhko V.E., Dikiy N.P., Dovbnya A.N. Achievements in Ukraine in a
new direction on the brink of nuclear physics and earth sciences // Visnyk KhNU. Nuclei, Particles,
Fields. — 2008. — Ne 794, V.1(37). — P.21-31.

= Valter A.A. Mineralogical aspects of the existence of very rare isotopes in natural and pure state. Notes
of the Ukrainian Mineralogical Society. 2010, V 7. P5-17.

= Andreev A.V., Valter A.A., Dikiy N.P., Dovbnya A.N., Eremenko G.K., Lyashko Yu.V., Pisansky A.I. ,
Storizhko V.E., Uvarov V.L. Pure strotium-87 isotope in rubidium biotote from the Ukreinian shield.
Problems of atomic science and technology.2011, N3. Series: Nuclear Physics Investigations. P. 54-59.

= Dikiy N.P., Eremenko G.K., Lyashko Yu.V., Andreev A.V., Pisansky A.l. Rubidium biotite as mineral
carrier of pure strontium isotope -87. Reports of NAS of Ukraine, 2011,Ne 6. P.102-106.
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=  Khorasanov G.L., Blokhin A.I., Valter A.A. The new heat carrier from the melt lead, enriched with
lead-208, and the possibility to obtain it from the thorium-containing ores and minerals for the needs of
nuclear power. Preprint of Leypunsky PhEI -3204. Obninsk, 2011, P.23.

= llyashenko V.Yu., Rogul’sky Yu.V., Buhay O.M., Kulyk O.M. The use of a phenomenological model
for the verification of measurement results in the electrothermal atomic absorption spectrometry //
Applied Spectroscopy Journal, 2011, V.78, Nel, P. 128-133.

= Rogul’sky Yu.V., Buhay O.M., Kulyk O.M., Illyashenko V.Yu. Influence of permanent modifiers on
the temperature of graphite furnace analytical zone // Applied Spectroscopy Journal, 2011, V.78, Ne2, P,
311-315.

= Kulyk O.M., Buhay O.M., Rogul’sky Yu.V., Kalinichenko T.G. The study of tungsten modified
graphite furnace of atomic absorption spectrometer by using scanning microscopy // Applied
Spectroscopy Journal 2009, V.76., Ne4, P. 593-598.

DEPARTMENT OF MODELING OF RADIATION

EFFECTS AND MICROSTRUCTURAL
TRANSFORMATIONS IN STRUCTURAL MATERIALS

Head of the Dept.
DSc, Head of the Lab
Kharchenko Dmitrii O.

+38 (0542) 22-45-01 dikh@jipfcentr.sumy.ua

Multiscale modeling scheme
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The main research areas are

= Research on the first principles of electron structure, energy characteristics, boundary parameters of
constructional materials with alloying elements and stops able to be flooded.
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Studies of behaviour of point defects, dislocation-vacancy ensemble, and grain boundaries in crystals
subjected to radiant flux.

Investigation of processes of ordering/disordering, phase layering, precipitation and dissolution in
crystals subjected to long-term radiant flux, and in processes of annealing and defect structure
crystallization.

Research of structure formation, self-organization of defect structure and unstable processes induced by
interaction of high-energy radiation particles and atomic systems of a crystal.

Investigation of nanostructures formation at a surface of materials subjected to KeV ion bombardment.
Investigation of nanostructures formation at a surface and in volume of materials during condensation
and sputtering.

Investigation of magnetoelastic coupling effect onto structural materials characteristics.

Investigation of diffuse growth and morphological stability of phase separation at grain boundary and
crystal surface.

The main publications

A.1L Olemskoi, D.O. Kharchenko. Self-organization self-similarity stochastic system — Moskow - Izjevsk:
Institute of Computer Science, 2007. - 296 p. (in Russian).

Chepurnyh G.K. Areas of extreme characteristics of magnetically ordered crystals — Kiev — Naukova
Dumbka — 2010. 175 p. (in Russian).

D.O. Kharchenko, V.O. Kharchenko, A.V. Dvornichenko. Ordering processes of complex systems. —
Kiev — Naukova Dumka, 2011. - 264 p. (in Russian).

A.l. Olemskoi, D.O. Kharchenko. Self-organized criticality within the framework of the variational
principles. In: Variational and Extremum Principles in Macroscopic Systems (Ed.by S.Sieniutycz,
H.Farkas), Amsterdam, 2005, p.695-716.

A.l. Olemskoi, D.O. Kharchenko. Representations of self-organized criticality. /n: Order, Disorder
criticality (Ed. By Yu.Holovach), World Scientific, Singapore, 2007, p.181-230.

D.O.Kharchenko, 1.0.Lysenko, P.K. Galenko. Fluctuation effects on pattern selection in the hyperbolic
model of phase decomposition. In: Stochastic differential equations (Ed.by Nikolaos Halidias) - - Nova
Science Publishers, 2011, p.97-127.

D.O. Kharchenko, A.V. Dvornichenko. Phase transitions induced by thermal fluctuations //
Eur.Phys.J.B. - 2008. - V.61. - P.95-103.

D.O. Kharchenko, A.V.Dvornichenko. Phase separation in binary systems with internal multiplicative
noise // Physica A. - 2008. - V.387. - P.5342-5354.

D.O.Kharchenko, S.V.Kokhan, A.V.Dvornichenko. Noise-induced patterning in reaction-diffusion
systems with non-Fickian diffusion // Physica D. - 2008. - V.238. - P.2251-2260.

E.D. Belokolos, V.O. Kharchenko, D.O. Kharchenko. Chaos in a generalized Lorenz system// Chaos,
Solitons and Fractals - 2009. - V.41. - P.2595-2605.

D.Kharchenko, I.Lysenko, V.Kharchenko. Noise induced patterning in periodic systems with conserved
dynamics //Physica A. - 2010. - V.389. - P. 3356-3367.
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RESEARCH CENTER OF EQUIPMENT FOR
EDUCATION AND RESEARCH

Head of The Research Centre
PhD, associate professor
Lopatkin Roman Yu.

+38 (0542) 60-45-38
| rom@mail.ru

o>,

At work (left to right): Lopatkin R.Yu.,

Ignenko S.M., Kolesnik M.1.

The main research areas are

Implementation of scientific and technical policy in construction and production of equipment for
education and research.

Formation and implementation of programmes on development and production of equipment
for education and research.

Coordination of development and implementation of modern models of equipment for
education and research at secondary, vocational schools and high educational establishments,
research institutes of National Academy of Sciences of Ukraine and other branch academies.
Research works and development of new generation models of equipment for education and
research.

The main publications

L.A. Sobko Improving the effectiveness of technology of trimming details processing with high surface
hardness / L.A. Sobko, 1.G. Chizhov, O.V. Zaporozhets // Compressor and power engineering. — 2007. -
Ne3 (9). - C. 40 —41.

M.I. Kolesnik Equipmen of physics, chemistry and biology classrooms / M.I. Kolesnik // Innovative
technologies and features of physics, chemistry and biology education in a school or in an institute of
higher education: int. theoretical and practical conf., 12 - 13 Apr, 2007. : abstracts — Astrakhan, 2007. -
pp- 39 - 45.

R.Yu. Lopatkin Architecture of hardware-software complex for educational experiment / R.Yu.
Lopatkin, A.V. Sineok, B.B. Kynpuenko // Modern physical workshop: conference., 23-25 Sept., 2008:
abstracts. - Astrakhan, 2008. - pp. 89 — 90.

M.I. Kolesnik. Activization of schoolchildren explaratory activity during implementation of educational
experiment with laboratorial kit «Mechanics» / M.I. Kolesnik, O.M. Sokolyuk // Information
technologies and training aids. - 2009. - Ne 2, — Access: http://www.ime.edu-ua.net/em1 1/emg.html.
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R.Yu. Lopatkin, V.V. Kuprienko, S.M. Ignatenko, R.L. Pelepey, V.A. Ivashchenko Universal
equipment for computerization of scientific and educational experiment // Science and innovations -
2010. - Vol.6, Ne5. - pp. 55— 59.

0O.V. Zaporozhets, V.F. Shkurdoda, O.N. Peregudov, V.K. Zaporozhets Desk-size mass spectrometr
based on permanent magnets // Device and experimental technique. - # 5. — 2010. - pp. 103-108.

M.IL. Kolesnik. System of measuring means for modern scholastic classrooms of physics. // Modern
educational equipment: innovations, technologies, experience: All Ukrainian theoretical and practical
conf., 25-26 Feb 2010: abstract. — Sumy, 2010. — pp. 41 — 42.

M.I. Kolesnik., O.M. Sokolyuk Implementation of complex approach in educational environment
through information computer tecnologies // Collected papers of VI international conference «New
informational technologies in education for all: scientific environments». Ed. By. V.I. Gritsenko —
Kyiv.-pp.405-411.

R.Yu. Lopatkin, V.A. Ivashchenko, V.V. Kuprienko. Organization of remote physical experiment by
the instrumentality of a universal hardware-software complex / R.Yu. Lopatkin [et al.] // Control
Systems and Computers). - 2011. - No5. - pp. 73-75, 85. - bibliography.: p. 85 (11 names).

R.Yu. Lopatkin, V.A. Ivashchenko, V.V. Kuprienko Simulation of decentralized computer network
IMMOD-2011. Simulation. Theory and practice. Matherials of conference Vol 2. Section 3. Practical
application of simulation and complex modeling and design automation tools.— St.-Petersburg:
2011.—pp.142-144.
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EXPERIENTAL BASE

MICROANALYTICAL FACILITY

- lon luminescence channel, resonant nuclear reactions channel; scanning microprobe channel with 2 pm
spatial resolution; RBS, PIXE, PIGE channels; ERDA channel with electrostatic spectrometer; X-ray
quasimonochromatic source

Microanalytical facility

L

Channels
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HIGH-SENSITIVITY HVEE ISOTOPE MASS-
SPECTROMETER

AMS facility (model 4110Bo-AMS) is a 1 MV Tandetron, multielement machine designed to be able to

detect not only low-mass isotopes such as 1OBe, 14C and 26Al, but also heavy elements such as 1291. This
type spectrometer was used to analyze the Shroud of Turin.

SPECTRAL ANALYSIS LABORATORY

Analytical methods:

— Atomic absorption spectrometry with electrothermal atomization in graphite furnace.
— Atomic absorption spectrometry in flame.

— Atomic emission spectrometry in flame.

— Molecular spectrometry

— Traditional wet chemical methods.

Facility for atom absorption Flame atomization Sample preparation
spectrometry KAC-120 spectrophotometer C 115 M1 pte prep
{AP)
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Adopted measuring techniques:

Determination of elemental composition of metallic zirconium by atomic absorption
spectrometry with electrothermal atomization.

Determination of elemental composition of ferrous metals by atomic absorption spectrometry
with electrothermal atomization.

Determination of elemental composition of non-ferrous and noble metals atomic by atomic
absorption spectrometry with electrothermal atomization.

Determination of elemental composition of biosamples by atomic absorption spectrometry with
electrothermal atomization.

Determination of elemental composition of nonmetals by atomic absorption spectrometry.

SPECIAL GRID-CLUSTER FOR COMPUTER

MODELING COMPUTER MODELING OF RADIATION

DAMAGES IN REACTOR MATERIALS

/ — ' . The IAP Cluster is a beowulf cluster
- il comprising 11 computational and one
muster node. There are 88 processor cores,
wide variety of software and compilers that
G support MPI and OpenMP standards
; available for users. For cluster load control

a queuing system Torque is used.
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INNOVATION PRODUCTS OF TAP NAS OF UKRAINE,
NATIONAL ACADEMY OF SCIENCES OF UKRAINE

SET-UP FOR PRODUCTION OF SURFACE COATINGS

BY ATOMIC AND ION SPUTTERING OF MATERIALS

Experimental equipment for the application of protective coatings on the blades of last sections of steam
turbines in thermal and nuclear power plants has been developed. A technology of erosion- and corrosion-
resistant coating deposition on the steam turbine blades by atomic and ion materials sputtering is designed. The
method of electron-beam evaporation technique with the ionization of vapor by high-frequency electromagnetic
field and with the introduction of additional gaseous carrier of an “amorphizer” chemical element into the
plasma has been developed.

The main advantages:

— Highly erosion and corrosion-resistant protective coating;
— Increased reliability and efficiency of blades of the steam turbines last sections;
— Resource of the rotor blades increased by 25 - 30%;

— There is no need of expensive turbines reconstruction by stelit soldering at the incoming
blades.

Specifications:

- Cathode ray gun:
e range of electron beam current - 1 ... 1000 mA;
e accelerating voltage - 60.0 kV.
-Generator for HF vapor phase ionization and heating of the
sample:
e frequency - 440 kHz;
e power - 10 kW.
- Automatic control of the electron-beam set-up and the
process of evaporation.

Set-up for production of surface coatings Turbine blade in a vacuum chamber of a facility

SOURCE WITH THE VOLUME PLASMA GENERATION

OF NEGATIVE IONS (CESIUM-FREE SOURCE)

A cesium-free negative hydrogen ions source based on tubular discharge with plasma injection from inverted
gas magnetron..

The main advantages

- Increased concentration of negative ions near the emission aperture due to the flow of negative ions to the
emission aperture from plasma volume, and their additional generation in this area.

- The highest value of emission current density of ions H- (j = 600mA/cm2) among the sources of volume
generation of H-ions. The beam current value reaches 60 mA.

- The developed source can also operate in mode of generation of intense proton beams.
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Field of application

Can be used as injectors in high energy accelerators, powerful neutron generators, meson factories, in ADS
technology, in accelerators for neutron therapy.

14-Apr’' @3 14:685 [Tr i i

HELICON ION SOURCE

Compact plasma generators with magnetic systems on
permanent magnets have been developed..

The main advantages

The developed ion sources, in comparison with the
existing ones, consume ten times less power under the
same parameters of the ion current. The very high
brightness of the beam (argon, helium, hydrogen) at the
level of 300 A/m2 rad2 eV is achieved. The developed
plasma ion sources are characterized by plasma
concentrations of n ~ 1013 cm-3 at low RF power
consumption P <300 W, and working gas pressure 10
mTorr. Increased plasma density in the source is reached
due to the creation of effective RF discharge with an
external magnetic field.

Areas of Application

The use in plasma technology, ion sources for nano-
and micro-analytical analyzers, mass spectrometers with
inductively coupled plasma.

NUCLEAR SCANNING MICROPROBE (NSMP)

In NSMP is used the focused beam of light ions (hydrogen and helium ions) with energies of some MeVs for
nondestructive microanalysis of bulk samples with the resolution of 0.1 — 1.0 um and sensitivity of about 1 ppm,
which enables two-dimensional mapping of elements distribution in the surface layers at the depth of about 10
microns. Also, NSMP can be used in proton beam lithography for creating three-dimensional nanostructures in
resistive materials.

The main advantages

The IAP, NAS of Ukraine, is first among the CIS to develop and put into operation NSMP, with the
parameters similar to that of the best world analogues in the class of Van de Graaff type electrostatic
accelerators.

Field of application
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The industry areas where control for the distribution of impurities in materials subject to operational loads is
essential, for studying the biological objects at the cellular and e
subcellular level, for fabricating micro-and nano-structures in =
photonics, bio-medical apphcatlons etc.

A new type of active ion-optical
element, an integrated doublet or
quadrupole lenses

NSMP

Mapping of chemical elements distribution in zone of joint of solid-phase bounding of heterogeneous
materials (stainless steel -copper). Zone dimensions 100 x 100 um’

NOVEL COMPOSITE NANOSTRUCTURED
BIOMATERIALS

The methods have been developed and optimized for creating nanostructured materials based on chitosan-
apatite composites for medical use. Comprehensive studies of structural and biophysical characteristics of the
synthesized biomaterials have experimentally proved their broad functlonal su1tab111ty for orthopedlcs dentlstry,

and general medicine.

The main advantages

Chitosan-apatite composite materials are highly biocompatible;
control and changing the synthesis conditions and subsequent
processing allow achieving the necessary product operational

characteristics.
In Ukraine, "Tutoplast" is one of the most common materials for

osteoplasty nowadays produced by SPE "Bioimplant", Kyiv.
Among the disadvantages is a relatively high price and some
biocompatible properties that do not fully satisfy the orthopedists.

Areas of Application

Orthopedics, dentistry, and general medicine.

x280  28.8kU " Z8Bpm

Microstructure of porous ChAp
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APPARATUS FOR NON-DESTRUCTIVE ANALYSIS OF

HYDROGEN IN MATERIALS
It is a high resolution elastic scattering channel, a part of the analytical accelerating complex of IAP, NAS of
Ukraine. It is intended for non-destructive quantitative determination of hydrogen and its depth distribution in
the sample material by recoil nuclei method.

The main advantages

The vacuum in the scattering chamber is 107 Pa, that makes contamination of samples impossible during the
experiment. The limit of detection of hydrogen is about 10 ppm. It allows the exploration of the hydrogen
content in metals, where it is present in trace amounts. The relative energy spread is 1.5 x 10, which is an order
of magnitude higher than when using standard silicon surface-barrier detector.

Field of application

The channel can be used for non-destructive determination of the hydrogen concentration in structural
materials, working at high and low temperatures, as well as under intense flows of ionizing radiation.

MONOCHROMATIC X-RAY SOURCE ON THE BASIS
OF ELECTROSTATIC PROTON ACCELERATOR

It is a channel of monochromatic X-rays generated by accelerated protons, a part of the analytical accelerator
complex of IAP, NAS of Ukraine.

The main advantages

The combination of high-current low-energy proton beam with the radiation generation chamber allowed
obtaining very intense source of monochromatic X-rays with low background and high monochromaticity.

Areas of Application

Determination of elements in the surface layers of structural materials and biomaterials by XRF and pXRF
methods, study of the radiation influence on individual cells.
= = — — =

N— 29



Institute of Applied Physics National Academy of Sciences of Ukraine

X-ray quasimonochromatic source

NATURALLY ENRICHED LEAD-208 FOR NUCLEAR
POWER

Lead isotopes aredistributed in nature as (in %): 208 - 52.4%, 206 - 24.1% 207 - 22.1% 204 - 1.4%. Lead
208, 207 and 206 are of radiogenic origin. Therefore, in nature there may be cases of anomalous isotopic
enrichment within the crystal lattice of the very old age minerals that contain long existing living radioactive
isotopes.

The method of forecasting, research, and extraction of mineral carriers of lead enriched in Pb-208 is
proposed. Analysis of geological and mineralogical data and their experimental verification show that within the
Ukrainian Shield and placer deposits formed by its denudation there are deposits of minerals containing lead-
208 in an amount to 0.7% by weight of mineral with isotopic content of Pb-208 to 88% (deposits) and 95%
(native ore).

The main advantages

Leads of the above isotopic composition have much better nuclear-physical properties (lower neutron capture
cross sections) than the lead of conventional isotopic composition, and are promising material for the liquid-
metal carrier in nuclear reactors.

The presence of naturally enriched material allows
to predict the low cost production of lead with this
isotopic composition out of natural isotope-enriched
mineral sources: up to 30 usd/kg (88% - purity in
placers) and up to 60 usd/kg (95% - purity of
indigenous manifestation). The cost of such artificially
enriched isotope compositions according to Oak Ridge
laboratory is ~ 1000 and ~ 2000 usd/kg, respectively.

Areas of Application

Geology; materials for liquid-metal carriers in
nuclear reactors.

5

deposits of plumbtlm a in Ukraine
pI//www.dgs.kiev.ua/doc/15Sv_Zn.pdf)

KIT "MECHANICS" FOR LABORATORY WORKS ON

PHYSICS IN SECONDARY SCHOOLS

The kit allows all of the laboratory works to be performed in studying mechanics at the school physics
course according to the current curriculum of the Ministry of Education of Ukraine. The kit is executed as a case
with a lid, with elements and devices placed at lodgments; the case can transform and serve as a tripod, inclined
plane etc.

The main advantages )

The introduction of the arc- protractor with the installation and A{’};
locking holes and corners markings, as well as the connection of v
lid with the case using detachable, for example, fork joints and ball y ,/ b

retainers can significantly spare time of the laboratory work, when
it is necessary to set the inclined plane or race-track or change their
angle of inclination. Together all the features of the kit allow a
teacher to free extra time to explain new material and reinforce the
knowledge and skills of pupils.

Areas of Application . =
The "Mechanics" kit is the technical means for training; it can be used » .
at secondary and vocational schools in the labs classrooms for studying
mechanics.
(AP)
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KIT

"ELECTRICITY" FOR LABORATORY WORKS ON
PHYSICS IN SECONDARY SCHOOLS

The "Electricity"” kit is intended for laboratory work and physical practicum, under the current curriculum of
the Ministry of Education of Ukraine, it includes a switching panel, modules of electron radioelements, an
ammeter and a voltmeter DC, a set of electrical circuits patterns, a rheochord, a magnetic needle, an electrolysis
set, and a power supply. The kit provides for all of the laboratory works of the school physics course according

to the current curriculum of the Ministry of Education of Ukraine.

The main advantages

The "Electricity" kit, apart from instruments and
accessories, includes a set of guidelines for laboratory
work and physical work practicum. The set is provided
with complete instructions for laboratory works on
electricity under the curriculum of the Ministry of
Education of Ukraine. All works are clearly structured
and comprise: aim, equipment table, theoretical
information, instructions for work performance, test
questions. Theoretical data briefly describe of the
physical phenomena and processes studied at the work.
Therefore, prior classwork and textbook studying is
essential for thorough study of the material.

Areas of Application

General educational institutions of Ukraine.

UNIVERSAL SOFTWARE AND HARDWARE COMPLEX

FOR COMPUTERIZATION OF SCIENTIFIC AND

EDUCATIONAL EXPERIMENTS

Universal hardware and software complex (UHSC) consists of a set of analog sensors, a device for recording
and data transfer, a control device, and computer software (SW). The device for data registration and processing
is implemented as a separate module, and interaction with any computer device for processing, analysis and
visualization of experimental data is built on wide-spread open Ethernet technology, which enables both

individual and collective work with UHSC.

The main advantages

Modular approach allows quickly adapt the UHSC to the existing equipment and to develop new
computerized research and teaching apparatus. The use of common data transfer standards will enables building

interactive devices and systems with
users’ remote access. Also, UHSC
may be seful in training using
expensive equipment, providing the
possibility of collective use, where
information and control of the
experiment can be done online.

Global network

Global access

Local network Mass-spectrometer

Trarsmission @ 6
madue
Hall effect
Voltmeter

{7 rmemet Managemant SWiy
A k‘* E . Ethemat switch ) | - modude __-'_
Areas of Application e E' ¥
UHSC is a flexible tool for the . « asiisineins
computerization of scientific and RS Sener e S B
educational experiments, it can be e men N 3
used in educational institutions and Q %méva;
research organizations. M‘r_— Veoum  Engine
J—* el - o
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TRAINING OF SCIENTIFIC PERSONNAL AT IAP NAS OF
UKRAINE

Training of Magisters by speciality of “Physics™ at joint chair of
experimental and theoretical physics of the Dept. of Physics and
Mathematics at Makarenko Sumy Pedagogical University.

IAP Postgraduate study:

o 01.04.01 — physics of devices, elements and systems;

o 01.04.02 — theoretical physics;

o 01.04.16 — physics of particles, nuclei and high energies;
o 01.04.20 — physics of charged-particle beams;

o 03.00.02 — biophysics

IAP Doctorate:

o 01.04.01 — physics of devices, elements and systems;
o 01.04.02 — theoretical physics;
o 01.04.16 — physics of particles, nuclei and high energies.

A specialized Board of Studies on theses defence
works at the I1AP:

o 01.04.02 — theoretical physics;
o 01.04.20 — physics of charged-particle beams.;
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INTERNATIONAL COOPERATION

The Institute of Applied Physics of the National Academy of Sciences of Ukraine
(IAP NAS of Ukraine) is working in close cooperation with CERN (Geneve,
Switzerland) under the International Project on the design and construction of an
electron-positron collider (CLIC=Compact Linear Collider) for energies of about 3
TeV and electric field gradients approaching 100 MeV/m. IAP NAS of Ukraine
researchers have found a mechanism underlying RF breakdown and plasma
formation in the accelerating structures, which is a serious obstacle blocking the
advancement of the Project.

The examination of the experimental spectra from the plasma formed in the DC sparc CLIC revealed the
presence of hydrogen lines of appreciable intensity, permitting the plasma density, composition, and ion
temperature to be estimated. Using nuclear analysis techniques with the ERDA end station of the IAP NAS of
Ukraine accelerator-based analytical facility, a relative hydrogen content was measured in ultrapure copper from
which the accelerating structures are made. The results obtained are vital for further investigations into the
breakdown and plasma formation mechanisms, and thus, for finding ways to avoid these effects.

IAP NAS of Ukraine takes active part in theoretical studies of the antiproton beam cooling down in the
storage ring in the framework of the FAIR Project
(FAIR=Facility for Antiproton and Ion Research). The
objective of the Project is to perform experiments in
nuclear — and elementary particle physics, viz, studies of
the quark-gluon plasma, antiproton program, applied
studies to verify quantum electrodynamics in strong
electromagnetic fields, etc.

IAP NAS of Ukraine workers attend conferences and
meetings held in the countries

participating in the Project.

IAP NAS of Ukraine also maintains cooperation with IJAEA (Austria) under the
Projects “Using nuclear techniques for the characterization and preservation of
cultural heritage artifacts in European region” and “Application of microanalytical
techniques to environment monitoring and materials science”.

With a view to saving research time and
combining research efforts in the field of
surface-layer modification, application of
nuclear techniques to the characterization of the surface layer structure
and composition, construction of advanced equipment for use in
nanotechnology research, IAP NASU signed a Protocol of Scientific
cooperation with the Joint Institute for Nuclear Research (Dubna,
Russia).npo BUKOHaHHS CIITEHUX HAYKOBO-IOCIiJHAIIBKUX POOIT.

In 2011, IAP NAS of Ukraine made an Agreement with the Institute
of Physics, (Augsburg, Germany) about collaborative research including
exchange of scientific information on the problems of experimental and theoretical physics of mutual interest
(e.g. anomalous diffusion in condensed media) preparation of joint publications, performing computations for
both Institutes, as well as training young researchers on a full — and part-time basis.

In last years the Institute of applied physics NAS of Ukraine has collaboration with Lanzhou Institute of
Chemical Physics, Chinese Academy of Sciences on the common project named: “Ultrastructural organization,
crystal-chemical characteristics and morphological transformation of nanostructured calcium phosphate in
pathological deposits from human cardiovascular system”. This project aimed at studying the crystal-chemical,
ultrastructural and morphological characteristics of calcium phosphate pathological deposits from human
cardiovascular system and adequate model samples, to facilitate research on methods of preventing and slowing
ectopic biomineralization.

In 2011, a Memorandum was made between IAP NAS of Ukraine and the Science and Technology Center of
Ukraine (STCU) about technology transfer. In the same year, IAP NASU and STCU made a Bilateral
Agreement under Project P464 “Investigation of representative samples of uranium ores from Ukraine
deposits”.

Also in 2011, a general agreement was reached between IAP NAS of Ukraine and the Institute of Chemical
Physics of the Russian Academy of Sciences (Chernogolovka, Russia) about a long-term scientific cooperation
in basic and applied research in chemical physics as stipulated by Act No 130/192 of 14.06.2011 passed by the
Russian and the Ukrainian Academy of Sciences.
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HOI'TOMEHUE MOIIHOCTHU B ITASMEHHOM NOHHOM
NCTOYHUKE T'EJJUKOHHOI'O THUITA

C. H. Mopauk, B. U. Mupomiandenko, O. B. Anekcenko, B. E. Cropnxko — UHCTHTYT
npukjaagHoi puzuku HAH Ykpaunsi;
K. H. Crenanos, B. B. Onbmanckuii — HHLI X®TU HAH Ykpaunbi

OTnpaBieHa B :kypHaa “SlnepHa ¢isuka Ta
eHepreTuka”.

Abctpaktr — B crathe pemaercs 3amava
MOIJIONIEHNUsT MOIIHOCTH B IIIa3MEHHOM HOHHOM
WCTOYHHUKE TeJIMKOHHOTO TUMA. J{j1s pacyeToB BEIOpaH
HCTOYHHUK HOHOB, KOTOPBIM celyac MCHOIb3yeTcsd B
Ka4eCTBe HUHXXEKTOpa AHAJINTUIECKOTO
yckoputenbHoro komiiekca (AYK) Ha ocHoBe
yckoputensi Ban—ne-I'paada. Pesynbrarsl nomydeHs!
UIsT  BOAOPOOHOM M renueBodl mmasmbl. s
Pa3IMYHBIX MJIOTHOCTEH IMJa3Mbl HalI€HBl 3HAYEHUS
BHEIIHETO OJHOPOJHOTO MAarHUTHOTO TMOJIA, TpHU
KOTOPBIX MOTTOMIEHHE MOIIHOCTH MaKCUMAIIBHO. .

1. BBenenne
WNonHHbIE HCTOYHHKHU, KOTOpBIE MCIIOJIB3YIOTCS B
KauecTBe MHXKEKTOPOB yckopureneil Ban-ne-I'paada,

JOJDKHBI  paboTaTh B JKOHOMHYHBIX pPEXAMax (c
MUHUMAJIBHBIM YPOBHEM BBO)Z[I/IMOP'I B miasmy
MoimHocTH). PaGota B pekuMe moOTpeOsieHUs

0O0JIBIIION MOIIHOCTH HE MPEACTABISIETCS BO3ZMOXKHOM
M3 — 332 KOHCTPYKTHUBHBIX OCOOCHHOCTEH yCKOpPUTEISI
Ban-ne-I'paada.

I'enukoHHbBIE HCTOYHUKU HOHOB MOTYT
obecrieunBaTh BBICOKYIO IUIOTHOCTH IUIa3MbI, a
CJIEIOBAaTEIbHO W BBICOKYIO IUIOTHOCTH TOKa IIPH
Mayioit BBoAuMO# MoinHocty (11 Ban — ne - I'paaga
MeHee 350 BT). DkcriepuMeHTaNIBHOE OIpenecHue
ONTUMAIBHBIX PEKUMOB PaOOTHI ICTOYHHUKA HOHOB BO
BCEM JuWara3oHe 3HAYCHWH BHEIIHETO MAarHUTHOTO
MoJIsL — JOCTaTOYHO TpyAoeMKas 3azaya. [lortomy B
TAHHOM  Cjydae IIeJIecoo0pa3HO  HCITOJIB30BaTh
BO3MOXHOCTH YHCJIEHHOr0 MozenupoBanus [1-3].
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2. PacuyeT norJiomeHuss MOIIHOCTH

Pacuer mormnomieHus: MOIHOCTH MPOBOAUICS AJIA
JIBYX COPTOB IUIa3MBI: HAa OCHOBE BOJOpPOAA, TEIHS.
PesynbTaThl npuBeaeHsl Ha puc. 1,2.

3akiouenne

HNmeercs nBa nuama3oHa BEJIMYWH MarHUTHOTO
oJisl, IpU KOTOPBIX IOTJoIIaeMas MOIIHOCTh
MaKCHMaJbHa.

st Bomopoga: 100 — 200 I'c; 600 — 800 I'c.

Jus remmst: 100 — 200 I'c; 1000 — 1200 I'e.

Pabora BEIMOMHEHA B paMKax TOCOIOKETHOU
Hay4yHOil paboTel “UccriemoBaHue HEIMHEHHBIX
IPOIeCCOB  (POPMHUPOBAHUS TIPEIM3NOHHBIX HOHHBIX
nyykoB B BY-ucTtouHmkax ¢ BBICOKOM IIOTHOCTBHIO
I1a3Mbl U 30HJOBBIX CHCTEMax C HEPaBHOMEPHBIM
pacrpeneneHueM JacTul B pa3oBOM IpocTpaHCTBE”.

Cnucok JauTepaTypsl

1. Mordyk S.M., Voznyy V.I., Miroshnichenko V.I.,
Storizhko ~ V.E.,  Sulkio-Cleff B., Shulga D.P.
Hydrogen/helium ion injector for accelerator — based
microprobe facilities // Nuclear Instruments and Methods in
Physics Research. - B 231, 2006 — p. 37 — 42.

2. Shamrai K.P., Taranov V.B. Volume and surface rf
power absorption in a helicon plasma source // Plasma
Sources Sci. Technol — 1996 (5) p. 474 - 491

3. Shamrai K.P.,, Virko V.F., Kirichenko G.S.
Geometrical resonances of helicon waves in an axially
bounded plasma // Plasma Sources Sci. Technol. — 2002
(11) p. 10-26
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KATACTPO®PUYECKOE OKHUCJIIEHHUE CIIJIABA HA OCHOBE
OUPKOHHUA IMMOCJIE OBJUYYEHUNA NOHAMU API'OHA

A.IlL. Ko03eB — O0beiHEeHHbIN HHCTUTYT S/IEPHBIX UCCJICI0BAHMI;
B.A.barypun, A.IO.Kapnenko, C.M./lyBanoB — UncTuTyT npukiaagnoi ¢puznkn HAH
Ykpannbl

Cratyc paborsl (HampaBieHa s me4yaTwd B

peAaKkunoHHO-U3AaTeabckuil otanen OUAUN kak
npenpunt OUSAN)
Abctpakt — B poboTe  mpencTaBieHBI

SKCIIEPUMEHTAIILHBIE PEe3yNbTaThl 10 HAOIIOICHUIO
KaTacTPO(PUIESCKOITO OKUCIICHHUS MPUITOBEPXHOCTHOTO
CJIOS CIUIaBa Ha OCHOBE LUPKOHUSA, OOJIYYCHHOTO
WOHaMH aproHa. [Ipm pacdeTHOM TIPOEKTUBHOM
mpobere (Rp) nonos aprona (150 k3B) B 0,07 MukpoH
B Zr TOJIMHA OKHUCJEHHOIO CJIOoA HaiifleHa paBHOU
okono 0,7 wmwukpoH. W3mepeHHas CTEXHOMETPUS
MOKPBITHSI, a TaK)Ke ero OKpacka He IMPOTHBOpEdar
BEIBOY 00 oOpazoBanum okcuaa ZrO,. Obcyxnaercs
BO3MOXKHBIH ~ MEXaHM3M OKHUCJICHUSA. Pe3ynbraThl
paboTel MOTYT OBITh WCIIONB30BAaHEI B 00JacTH
CO3/IaHUSl HOBBIX MAaTEPUAIOB IS adPOKOCMHYECKOM,
paMallMOHHON TEXHUKU, MEIUIUHBI U BO MHOTHX
JIPYTHUX BHICOKOTEXHOJIOTUYHBIX 00TIaCTAX.

IKcHepuMeHTAJIbHbIE
padoTbI M UX 00CYKIEHUE

OO6pa3upl criaBa MUPKOHUS JHaMETPOM 0Kojio 20
MM W TOMWMHOAW 3 MM  BBIpE3aJuCh U3
MOHOKPHUCTAJUINYECKHX 3€peH M MOJUPOBAIHUCH 0
3epkaibHOrO Onecka. OOnydeHue 0Opas3IOB Macc-
CEMapUpOBAHHBLIMU MOHAMU AT’ GbLIO BBITIONHEHO CO
cleAylonuMU MapaMmeTpamu:  sHeprus 150 xoB;

YCJI0BHSl, Pe3yJbTaThl

(rroeHc = 131017 em2; mnoTHOCTH HOHHOTO TOKA =~
4 MKA/CMz; <150°C;

OCTAaTOYHBI BaKyyM 3x10-4 Tla. CrexuomeTpus u
pacipenefieHHe  KOHUCHTPALMH  BJIEMEHTOB IO
nryomHe ObuT m3MepeHbl MeTomamu RBS u ResBS

woros 4He' ¢ oHeprusAMH BIM3M  U3BECTHOIO
KHCIIOPOTHOTO pe3oHaHca (paccesinue

16O(4He,4He)160 mpu 3,045 M»sB). IlpoekTtuBHBIC
npobery 1oHOB Ar’ B Zr OIEHMBAIUCh pacueTaMH C
ucnons3oBanueM mporpammel  SRIM2008. Oxpacka
MOKPBITHS OLIEHUBAJIACh BU3YalIbHO.

Ha puc.l npencraBieHa cepusi  CHEKTPOB
00paTHOTO paccessHUs HMOHOB Telusl OT TOHKOU
OKCHIHOH MJICHKH, 00pa3oBaBILICiics HA MOBEPXHOCTH
obpasma cruraBa Zr mociie 00ydeHHsT HOHAMHU aproHa.
B paiione 800 kaHama 4eTKO BHJHA «CTYNEHBbKa» B
napuuanbHoM Beixose OP noHoB renus ot Zr, IupuHa
ATOW CTYNEHBKH COBMANAET C MUPHUHONW curHaia ot O
B paidione 300 kanama. Iluku oT kuciopoma mpu
PE30HAHCHBIX ~ DHEPTHsSIX  CBUACTEIBCTBYIOT 00
00pa3oBaHUU OKCUAHOTrO cjosi. boiee Toro, okpacka
chopMHpOBABIICHCS TUICHKH UMEET XapaKTePHBIN IS
¢uannta (ZrO;) cuHEBaTO-PUONETOBBIH OTTEHOK.
Pacuer mo mnporpamme SRIM2008 mokazan, dYTO

TeMIeparypa MOMJIOXKHU

TOJILMHA IUICHKH HA MOPSAAOK IPEBBIIAET BEIUUUHY
IPOEKTUBHOIO Ipo0era MOHOB aproHa B IMPKOHUH,
9TO CBUJCTEIHCTBYET 0 MIPOTEKaHUH
KaTacTpo(pUIECKOro (v JMHEWHOTO, WIN
«TOPSIYET0») OKHUCIICHUS MOBEPXHOCTH LUPKOHHEBOTO
CIUTaBa.
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Hns BBISICHEHUS TOYHOTO MeXaHHU3Ma
(GhOopMUpPOBAaHUS ~ OKHUCHOW  IUICHKH  TPeOYyIOTCS
JTOTIOJTHUTENIBHBIC AKCIEPUMEHTHI C HCIOJIb30BaHUEM
ocTaTOuHOM aTMocdepsl M3 Tasa wm30TOma O, H
OTIpe/IeIICHHs] SHEePTHHA aKTHBAMK [CM. Hampumep,l]

mporecca  NpU  TOBBINICHHBIX  TeMIIepaTypax
o0nyueHvst. BoIBOABI
B pabore 00HapyXEeHO dhopmupoBaHue

MPOTSHKEHHOTO OKCHJIHOTO CJIOSI Ha TOBEPXHOCTH
CIUIaBa Ha OCHOBE Zr, TONIIMHA KOTOPOr0 Ha MOPSI0K
npesbimaeT Rp wuoHoB Ar’ B Zr. Oxpacka,
WU3MEPEHHBII CTEXHOMETPUUECKHM COCTAaB OKCHJIHOTO
CIOSl HE NpPOTHBOpeYaT BHIBOAY O (HOPMHPOBAHUH
wieHkn u3 ¢Quanuta (ZrO;). CxopocTh pocTa
TOJIIMHA TOKPBITHSA CBUIETENBTBYIOT O IPOTEKAHUU
opicTporo okxuciaeHus. TpeOyloTcsi AOMOJHUTETbHBIE
9KCTIIEPUMEHTHI ISl MIPOSICHEHUSI TOYHOTO MEXaHH3Ma
mpolecca.

PabGora dwacTmuHO moAmepkaHA B paMKax
JIBYXCTOPOHHUX YyKpanHo-HeMmelkux npoektos MOH
VYxpaunbl  («/3ydeHue  CBOHCTB  COBPEMEHHBIX
HaHOCTPYKTYPHPOBAHHBIX CHCTEM METOAaMHU
SJIEPHOTO MHKpOaHallu3a C BBICOKOHM pasperaromieit
criocobHocThiO») M IB BMBF at DLR UKRO05/003
(2006-9) 1 UKR10/064 (2011-13).

Cnmcok JuTepaTypsbl

1. S.M.Duvanov, A.G.Balogh. Two-stage diffusion
and nanoparticle formation in heavily implanted
polycrystalline Al,Os // Nucl. Instr.and Meth. B, 2000,
T.B171, Is.4, p. 475-480.
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ONE-STAGE PROBE-FORMING SYSTEMS WITH QUADRUPOLE
LENSES EXCITED BY INDIVIDUAL POWER SUPPLIES

K.I. Melnik, A.G. Ponomarev — Institute of Applied Physics NAS of Ukraine;
A.A. Ponomarova, G.S. Vorobjov — Sumy State University

Published in Nuclear Instruments and Methods
in Physics Research Section B: Beam Interactions
with Materials and Atoms, vol. 269, No. 20, 2011,
pp. 2202-2205.

Abstract — The work deals with the ion optical
characteristics of the probe forming systems (PFS)
based on the quadruplet of magnetic qadrupole lenses
with four power supplies. Excitation of the lenses of a
final doublet of such system is determined from the
stigmatic focusing conditions, and excitations of the
first two lenses (downstream the beam) are free
parameters which form parametric set of PFS. Based
on this set a figure of merit as system acceptance
reduced to the envelope dimensions in the target
plane is determined for the optimization task.
Solution of this task gives optimal excitations of the
first two lenses allowing to increase demagnifications
and acceptance of PFS with individual power supplies
in comparison with separated Russian quadruplet.

1. Task definition

In quadrupole one-stage probe forming systems
(PFS) of a nuclear microprobe it is necessary to use
no less than two quadrupole lenses to create a
stigmatic beam focusing on a target. While this,
minimum two separated power supplies with the two
last lenses downstream the beam (final doublet)
connected to them are needed. If the number of
quadrupole lenses in PFS N>2 then, as a rule, the

The aim of the work is to improve Sumy nuclear
microprobe with separated Russian quadruplet
(Sumy SRQ) using two additional power supplies of
the lenses.

2. Results

Optimization task of the probe forming process in
the quadruplet of magnetic quadrupole lenses with
individual power supplies was solved in the work.
The problem is based on the usage of criterion of the
maximal acceptance reduced to the envelope
dimensions in the target plane. Obtained results show
that quadruplets with independent power supplies
(QIPS) has a number of advantages in comparison
with separated Russian quadruplet. Concentrating
action is DxxDy=~5-103 in QIPS comparing to
DxxDy=6-102 for Sumy SRQ. Value of reduced

acceptance is A1<°=1.8um2mrad2 for QIPS and

A =0.67 um2mrad2 for Sumy SRQ. Therefore, ion
current density in QIPS should three times exceed
current density in the existing Sumy SRQ.

Table 1 shows parameters of current system and
QIPS-01 HD system with high demagnifications and
providing maximal concentrating action
DxxDy~4-104, as one of the prospect variant of the
Sumy microprobe improvement. Such system can be
used in the modes with small beam current and high
resolution.

remaining N-2 lenses do not have separated power Table 1
supplies and are coupled to one of the final doublet PFS Sumy SRQ QIPS-01 HD
lenses. Such combination limits their capabilities to Pole tip fields, T
influence on a beam. The Ol’lly one pOSSibﬂity to B1; B2 0.1897; -0.2039 -0.42; -0.2352
extend capabilities of such PFS is to separate these N- B3; B4 0.2039; -0.1897 | 0.1957; -0.1745
2 quadrupoles along the optical axis and to find their Demagnification
optimal positions. The principal schema and main s 23 5x23.5 232.3x165.7
parameters varied during optimization process shown DxxDy
atFig.1. . Acceptance, 0.67 0.021
o - P um2mrad2,
) rﬁ - AIO
h ) Collimator
g | iy /G) )| ’“ 2% dimensions, um 13.1x13.1 6.62x28.64
- N\ v . - 0;‘»1 2rxx2ry 91.1x268.4 7.38%92.52
) Ny - > - jec 2RX><2Ry
? I AN QR J P Performed Withil’l. state budget subject “ The
_I.m.‘_cQ " VW& Power supplies - . nonlinear processes investigation of precision ion
- beams formation in RF hight-density sources and
Fig. 1 microprobes with no uniform distribution of particles
in phase space ”.
./\
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DIAGNOSTICS OF FIELD STRUCTURE OF MAGNETIC
MULTIPOLE LENSES TO BE FINELY ADJUSTED IN ION-
OPTICAL SYSTEMS

S.V. Kolinko, A.G. Ponomarev, V.A. Rebrov — The Institute of Applied Physics, National
Academy of Science, Ukraine, Sumy

Proceedings of The 3-rd International
Conference Current Problems in Nuclear Physics
and Atomic Energy (NPAE-Kyiv2010), Kyiv2011.

Abstract — A facility for field structure analysis
of magnetic multipole lenses has been developed.
Along with the multipole field structure detection in
a pole gap it enables spatial position of the lens
optical axis to be determined. A technique of field
reconstruction based upon radial component of the
magnetic induction measured by a Hall-probe in
individual points at cylindrical surface in the pole
gap is implemented in the facility. Calculation of
field structure in the volume limited by the surface is
based on Neumann problem for Laplace equation
with measured data used as boundary conditions. The
determination accuracy of lens optical axis is less
than 5 mkm with probe rotation radius of 3 mm. An
accuracy of induction measuring error is 10~.

MQL field reconstruction technique

MQL field reconstruction technique is described.
MQL field is defined by magnetic scalar potential in
the cylindrical coordinate system related to its optical
axis as
w(r,0,2)=W,(z)'r’sin(20)+U;(z) r°cos(30)+W(z) r’sin
(30)+U4(z) r*cos(40)+W,(2)1'sin(40), (1)
where Wy(z) — longitudinal distribution of mail
quadrupole component, W5(z),U;3(z); W4(z),Us(z) —
longitudinal distribution of main and rotational
sextupole and octupole parasitic field components,
correspondingly.

Facility
General scheme and photo of the facility for MQL
field research are presented and described.

Experimental data

Series of experiments have been performed to
define the position of MQL (OM-50 type of Oxford
microbeam) optical axis and integrated lens doublet
constructed in the IAP. The results of position
determination for OM-50 optical axis in series of six
measurements in constant coordinate Z are presented.
Spread in values is not higher than 1 micron that
shows stable repeatability of result. The Fig. 1 shows
the position of optical axes of the integrated doublet
of MQL in direct (X, Y) and inverse (X', Y)
excitation. It is evident that resulting from residual
magnetization the axes shift is about 20 microns.

150 N//
o B = /

€ _
= v T
>
¢ -150- \/ ——y
— X'
& . YI
-300-
0 5 10 15

Z (cm)
Fig. 1. Shift of optical axes of the MQL doublet in
excitation polarity change.

Conclusions

Experiment data show that the facility for field
structure analysis of multipole lenses enables spatial
position of the lens optical axis accurate within 5
microns to be determined. It provides a way for
adjustment of two or several single lenses on a base
optical axis. Since for a set of several MQL there is a
technique of their optical axis alignment with a
beamline axis, adjustment of the whole system
becomes feasible.

Performed within state budget subject “The
nonlinear processes investigation of precision ion
beams formation in RF hight-density sources and
microprobes with no uniform distribution of particles
in phase space”.
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UCCJUEJOBAHUE MATHAUTHOI'O NOJS KBAJAPYIOJbHOM
JUH3BI C KOHUYECKOM AIEPTYPOM

C.B. Koaunbko, A.TI'. Ilonomapes, /I.B. Marniana — UHCTUTYT NPpUKJIATHOH (PU3UKH
HAH Yxpaunnbi

Te3ucst pokiaagoB IX koHdepeHunu mno
¢u3uke BBLICOKMX 3Hepruii, saepHoil (usuke u
yexkoputeasim 21 — 21 ¢espans 2011 r. Xapbkos,
2011.

Abctpakt —  PaccmoTpeHa — MarHuTHas
KBaJpyToOJIbHAsI JINH3a, B KOTOPOU pajinyc anepTypsl
B MPOJOJBHOM HANpPaBICHUH HU3MEHACTCS IO
JMHEHHOMY 3aKOHY. C HCIIOJIb30BaHUEM TAKUX JIMH3
32 CYeT YMEHBIIEHHS pPaboyero paccTOSHUS
KBaJpYyMOJIBHBIX  30HAOGOPMUPYIOIIUX  CHUCTEM
MOKHO JOCTUYb YBEJIMUYCHHS IPOCTPAHCTBEHHOTO
pa3perneHus siIepHbIX MUKPO30HIOB.

C HCnonb30BaHUEM MAarHUTHOM KBaJpyIOJbHOU
JUH3BI C PETYyIHPYEMBIM IOJIOKEHHUEM ITOJIFOCHBIX
HaKOHEYHHUKOB [1] M3rOTOBIECH 3KCHEPUMEHTAIBHBIHN
oOpazerr IWH3BI C  KOHHYECKOW  amepTypoil.
IIpoBeneHo wuccneqoBaHWE CTPYKTYPHl MOJS 3TOU
JUH3Bl C TIOMOIIBIO YCTAHOBKH JIMAarHOCTHKH
CTPYKTYPBI TIOJIi MarHUTHBIX KBAJPYIOJIBHBIX JIHH3
[2].

IIpoBenen pacueT pacmpeneicHUs TpaaueHTa
moJist BAOJH onTuyeckod ocu B 3D reomerpun st
W3rOTOBJICHHON JHMH3bl C KOHUYECKOW amepTypoil.
[lome  paccumTHIBaIOCH C  WCIOJH30BAHUEM
KoMMepdeckoro umucieHHoro koma OPERA-3D [3]
(mmuen3us NeVFE5496).

Ha ocHoBaHMHM NpOBENEHHBIX PAcCUETOB TOISI B
3D reomeTpuM MOKa3aHO, YTO paclpeieseHue
rpajueHTa TONsS Ha OCH TAaKUX JMH3 MOXET OBITh
IPEJCTAaBIEHO  AHAIUTUYECKOM  3aBUCUMOCTBIO.
KpuBas pacnpenenenus rpagueHta monss W2(z) Ha
OCH MarHUTHOM KBaJIpyHOJbHOW JIMH3bI, IOJyYeHHAS
9KCHEPHMEHTAIbHO, COBIAJAeT C pacueTHOM Ha
YpOBHE MOTPEIIHOCTH U3MEPEHHUS YCTaHOBKH. 1.

PabGora BEIMONHEHA B paMKaxX TOCOIOHKETHOMH
TeMbl Ne 364-07 “HccnemoBaHue  HEJIMHEHHBIX
MPOIECCOB (POPMHUPOBAHUS MPEIM3UOHHBIX MOHHBIX
ny4ykoB B BU-uCTOUHHMKAX C BBICOKOW MIIOTHOCTBIO
IJIa3MBl  30HJIOBBIX CHCTEMax ¢ HEPaBHOMEPHBIM
pacnpeaescHIeM YacTull B (ha30BOM MTPOCTPAHCTBE”.

Cceblikun
1. Brazhnik V., Khomenko V., Lebed S., Ponomarev
A. Some possibilities of nuclear microprobe focusing
system improvement // Nucl. Instr. and Meth. B
(1995), V.104, P.69-76.
2. Komunesko C.B., [lonomapes A.I'., Mensauk K.U.
VYcraHoBKa Uil MCCIEOOBaHUS CTPYKTYPBl TIOJS
MarHWTHBIX KBaApymnoibpHbIX Jun3 // [ITD - 2010.
Nel. c. 180.
3. http://www.vectorfield.co.uk
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ONE-STAGE PROBE-FORMING SYSTEMS WITH QUADRUPOLE
LENSES EXCITED BY INDIVIDUAL POWER SUPPLIES

K.I. Melnik, A.G. Ponomarev — Institute of Applied Physics NAS of Ukraine;
A.A. Ponomarova, G.S. Vorobjov — Sumy State University

Published in Nuclear Instruments and
Methods in Physics Research Section B: Beam
Interactions with Materials and Atoms, vol. 269,
No. 20, 2011, pp. 2202-2205.

Abstract — The work deals with the ion optical
characteristics of the probe forming systems (PFS)
based on the quadruplet of magnetic qadrupole
lenses with four power supplies. Excitation of the
lenses of a final doublet of such system is
determined from the stigmatic focusing conditions,
and excitations of the first two lenses (downstream
the beam) are free parameters which form
parametric set of PFS. Based on this set a figure of
merit as system acceptance reduced to the envelope
dimensions in the target plane is determined for the
optimization task. Solution of this task gives
optimal excitations of the first two lenses allowing
to increase demagnifications and acceptance of PFS
with individual power supplies in comparison with
separated Russian quadruplet.

1. Task definition

In quadrupole one-stage probe forming systems
(PFS) of a nuclear microprobe it is necessary to use
no less than two quadrupole lenses to create a
stigmatic beam focusing on a target. While this,
microprobe with separated Russian quadruplet
(Sumy SRQ) using two additional power supplies of
the lenses.

2. Results

Optimization task of the probe forming process
in the quadruplet of magnetic quadrupole lenses
with individual power supplies was solved in the
work. The problem is based on the usage of
criterion of the maximal acceptance reduced to the
envelope dimensions in the target plane. Obtained
results show that quadruplets with independent
power supplies (QIPS) has a number of advantages
in comparison with separated Russian quadruplet.
Concentrating action is DxxDy=5-103 in QIPS
comparing to DxxDy~6-102 for Sumy SRQ. Value

of reduced acceptance is A‘~°=1.8um2mrad2 for

QIPS and A =0.67 um2mrad2 for Sumy SRQ.
Therefore, ion current density in QIPS should three
times exceed current density in the existing Sumy
SRQ.

Table 1 shows parameters of current system and
QIPS-01 HD system with high demagnifications
and providing maximal concentrating action
DxxDy~4-104, as one of the prospect variant of the

minimum two separated power supplies with the wo
last lenses downstream the beam (final doublet)
connected to them are needed. If the number of
quadrupole lenses in PFS N>2 then, as a rule, the
remaining N-2 lenses do not have separated power
supplies and are coupled to one of the final doublet
lenses. Such combination limits their capabilities to
influence on a beam. The only one possibility to
extend capabilities of such PFS is to separate these
N-2 quadrupoles along the optical axis and to find
their optimal positions. The principal schema and
main parameters varied during optimization process
shown at Fig.1.

g 4—-\ 4 __|2r,
e))) & Object
\ ,_.I'! 2Rl
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% o .
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Fig. 1

The aim of the work is to improve Sumy nuclear

Sumy microprobe improvement. Such system can
be used in the modes with small beam current and
high resolution.

Table 1
PFS Sumy SRQ QIPS-01 HD
Pole tip fields, T
BI; B2 0.1897; -0.2039 | -0.42;-0.2352
B3; B4 0.2039; -0.1897 | 0.1957; -0.1745
Demagnifications
DxxDy 23.5%x23.5 -232.3x165.7
Acceptance, 0.67 0.021
pm2mrad2,
Ao
Collimator
dimensions, um 13.1x13.1 6.62x28.64
2rxx2ry 91.1x268.4 7.38%92.52
2Rxx2Ry

Performed within state budget subject “ The
nonlinear processes investigation of precision ion
beams formation in RF hight-density sources and
microprobes with no uniform distribution of
particles in phase space .
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HNOHHO-ONITHYECKHWE CBOVMCTBA KBAJAPYHNOJBbHBIX JINH3
C KOHUYECKOM ANEPTYPOH

A.I'. llonomapes, /I.B. Marnaun, B.U. MupomrHu4eHko - UHCTHTYT NPUKJIAAHOH (PU3MKH
HAHY Yxkpaunsl,
A.A. ITonomapeBa - Cymcknii I'ocynapcreennsiii Yausepecurer MOHMC

Cratpa onyo0JMKOBaHA B JKypHaJe
«Ilpukiaagnas ¢pusuka», Ne3, 2011 r., c.-117.
AOcTtpakt — PaccMoTpeHsl MarHuTHas W

AJIEKTPOCTATUUECKAasl KBAAPYIMOJbHBIE JIMH3BL, B
KOTOPBIX  paflyC amepTypbl B  TPOJOJBHOM
HaIpaBJICHUN W3MEHSETCS 10 JIMHCHHOMY 3aKOHY.
[IpoBenen pacuer pacmpeneiacHUs TpagueHTa MO
BIOJNb onTuueckod ocu B 3D reomerpum s
JUIMHHBIX ~ 3JIEKTPOCTATUYECKOM M MarHUTHOU
KBaJAPYNOJbHEIX JHH3. [lodydeHBl aHaIUTHYECKHE
3aBUCUMOCTH  JUIS  KApAUHAJIBHBIX  SJIEMEHTOB
KBaJI[pyMHOJIbHBIX JIMH3 C KOHUYECKOW amepTypoH.
[IpoBeneno cpaBHEHHE MOHHO-ONTHYCCKUX CBOWMCTB
SKBUBAJICHTHBIX KBAJIPYMOIbHBIX JIMH3 C KOHUYECKOM
Y IUITMHAPUIECKOH arepTypami.

1. ITosie KBaAPYNOJbHBIX JHH3 ¢ KOHMYECKOH
aneprypoit

YpaBHeHHE TOBEPXHOCTEH TUIEPOOTNIECKOI
9acTH AJSL DJICKTPOCTAaTUYECKOM JIMH3BI 3a1aBaJIOCh
YpaBHEHUSMHU:

R —
R —

[IpononsHOE ceueHue moiroca B MIOcKocTH xOz
mpu 3ToM uMmeeT BUA puc. la. Ha puc. 10 mokasan
BHEIIHUN BUJ 3JIEKTPOIOB JINH3BI.

@)

POLE
A
Y ”‘n =
T S
O . I ~
| =4 v Y, =
i z
205 :"-{-Lm'{f
a) 0)
Pucynok 1 .
Pacuer I10JIA B 3JIEKTPOCTATUYECKOM

KBaJpyHOJbHOW JIMH3€ C KOHUYECKOW amnepTypou
NPOBOAWICS C TPUMEHEHUEM YHUCIEHHOIO Koja
Laplas-3D. Ilome B MarHuTHOW KBaApYyMOJBbHOMN
JIUH3E  PACCUUTHIBAIOCH C  HCIOJB30BAHUEM
KoMMepueckoro umucieHHoro koma OPERA-3D [1]
(mumen3us NeVFE5496).

PacyerHoe 3HadeHWe TONS B CpeAHEH YACTH
TUH3BL (BHAJH OT YYAacTKOB PACCESTHHOTO TIIOJIS)

0Ka3aJoCh OJIM3KUM K aHAIIMTUYECKON 3aBUCUMOCTH
BUA:

Lz’ n=12,
[1+b(z—2z;)]

e G =y, -Z-Nlrofzk — s
G, = —V/ r02 , IS
3JEKTPOCTATUUECKOM KBaApyIHOJbHON JIUH3BI;
Lo = 471107 TH — MarduTHas nocrosgaHas; NI —
KOJMYECTBO  aMIIEPBUTKOB B  BO30yKHaromieit
KaTyLIKe TOJI0Ca; ¥y — PAARYC anepTyphbl Ha BXO/JIC B
muH3y (puc. la); k — xo3ddunmenT, yanTeiBaromuit
(uznyeckue cBOICTBa MaTepuana MOJIOCOB M SpMa
MarHUTHOW KBaJpYyHOJbHOW JUH3BI, ) — MOTeHIMaN
notoca, b = (Ro-r0)/(L o) = tg(a)/ro.

Jns ompeneneHus CBOMCTB MEPBOrO MOpsAKa U
abepparuii KBaIpYIOJBHBIX JIUH3 HCIIOJIB30BANICS
METO/T M3JI0KEHHEIN B padoTe [2].

TlokazaHo, 4YTO CBOMCTBa TEPBOro TMOPSAKA
3aBUCHAT OT yTIila KOHYCHOCTH JIH3.

AHanu3 3aBUCHUMOCTH a0eppaluii JHH3 MOoKa3all,
YTO XpoMaThdeckue adeppariyi YMEHBINAIOTCA C
YBEJIUYEHUEM yria KOHYCHOCTH. Opnaxo
chepuyeckue abepparnuu npu 0OJIBIIUX
TTOJIOKUTENBHBIX 3HAYEHHUSAX KOHYCHOCTH 0ojiee uyeM
B JBa pa3a MEHbUIE i JHUH3bl C KOHHUYECKOM
anepTypoid, 4YeM M SKBUBAJIEHTHOW JHUH3BI C
HWINHAPHYECKOH anmperypoil. M HaobOopoT s
OTPHUIATEIHHBIX 3HAYCHUH KOHYCHOCTH C(epHIECcKue

g,(2)=

MAarHuTHOMI

KBaJIPYIIOJIHON  JIMH3BL

abeppallid  JIMH3BI C KOHHYECKOH amepTypoit
MPEBHIIAIOT adeppaliy JUH3bI C HAIMHAPHUYECKON
anepTypoi.

PoGora BBITONHEHA B paMKax TOCOIOHKETHOMH
HaydHOH paboTel “ MccrnenoBaHue HETHHEHHBIX
MPOIeCCOB (POPMHUPOBAHUS MPEIU3UOHHBIX MOHHBIX
ny4ykoB B BU-UCTOUHMKAX C BBICOKOH IJIOTHOCTHIO
mj1asMbl U 30HOOBBIX CHCTEMAX C HEPABHOMCPHBIM
pacnpeneneHrueM 4acTUIll B (ha30BOM MTPOCTPAHCTBE .

Cnucok ccbLI0K:
1. http://www.vectorfield.co.uk
2. OemmuukoB A.Jl., OceruHckuii I''M. // ®dwusuka
3JIEMEHTAPHBIX YacTUIl U aTOMHOro sigpa, 1989, T.
20, Bemm. 3, C. 694.
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NONLINEAR PROCESSES OF PROBE FORMATION OF A BEAM
WITH INHOMOGENEOUS PHASE DENSITY AT NUCLEAR
MICROPROBE

A.G. Ponomarev, A.A. Ponomarov, V.I. Miroshnichenko — Institute of Applied Physics,
NAS of Ukraine

Published in Nucl. Instr. and Meth. B, 269
(2011), 2197-2201

Abstract — The work describes nonlinear
processes of probe formation on the target with
allowance for an inhomogeneous density of ion
distribution in phase space in the object collimator
plane taken from experimental data. The chromatic
aberrations, intrinsic aberrations of the 3rd order and
parasitic aberrations caused by sextupole and
octupole components of the magnetic quadrupole
lens field have been taken into account in the object-
target phase coordinate transformation. The criterion
of obtaining the optimal resolution was defined as the
minimum spot size (FWHM) for a fixed ratio
Irwnm/lo of beam current in this spot to the total beam
current.

1. Optimization of beam ion distribution at the
target with inhomogeneous density in phase space

The work shows that the measurement of a total
beam current and a beam spot size (FWHM) does not
give full information about the current density in the
spot, because a beam halo is ignored. Taking this into
account an optimization of the parameters of the
beam current distribution at the target was carried out
to evaluate the resolution limit of NMP. The
following input data was determined: initial density
distribution in phase space, momentum spread and
target-object transformation matrix of the particle’s
phase coordinates with allowance to all aberrations
mentioned in abstract. For such input data the
optimization task was formulated: to focus spot size
of minimal area (FWHM) for a fixed ratio
Irwnam/lg=const. The sequence of operations in the
defined optimization task is described.

2. Compatibility of the beam density
distribution in phase space and the ion-optical
characteristics of probe-forming systems

For beams from typical MeV electrostatic
accelerators and probe-forming systems with small
demagnifications a small filling of the available
angular acceptance of the PFS results in a “non-
occupancy” of the aperture collimator by particles.
For matching the distribution parameters of the beam
density in phase space with the ion-optical
characteristics of such PFS a condenser system
upstream of the object is used. Its action leads to an
increase of the angular dispersion due to a decrease
of the linear dispersion. As a result it is possible to

decrease the size of the object collimator and to fill
the aperture collimator with particles saving the total
value of the beam current and decreasing the spot.

3. Simulation

Simulation of the beam optics in PFS with
inhomogeneous beam density distribution in phase
space in the object plane was carried out to obtain the
current density distribution at the target for different
conditions of probe formation. These conditions are
specified by the current value Irwyy in the spot, the
influence of parasitic sextupole and octupole
components of the lens fields and by the axial
brightness value. Two PFS with a short working
distance were considered as one of the ways to
improve the nuclear microprobe resolution: 1) based
on the high excitation triplet (HET); 2) separated
Russian quadruplet (SRQ). Result of the simulation
is the beam current density distribution parameters at
the target obtained for the different conditions of
probe formation with inhomogeneous beam density
distribution in phase space in the object plane.
Current density distribution profiles at the target for
SRQ are shown at Fig.1 as an example.
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4. Conclusions

It was shown that parasitic multipole components
result in a distortion of the beam distribution profile,
an increase in spot size and a decrease of the
maximal beam current density value.

The estimation of beam halo dimensions is
needed for more precise measurements of nuclear
microprobe resolution.

Performed within state budget subject “The
nonlinear processes investigation of precision ion
beams formation in RF height-density sources and
microprobes with no uniform distribution of particles
in phase space”.
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KOHJUIIMOHUPOBAHUE YCTAHOBOK BBICOKOT O
HANPSAXKEHUSA NIPU MOMOIIIA A3SOTHBIX KOMIPECCOPHBIX
CTAHI MU

N.I'. UrnaTtbeB — UHcTUTYT npukiaaaHoi pusuku HAH Ykpannsi;
II.LE.Kapkog, C.II. OBepunk — Konuepn Ykppocmerasui, r. Cymbl, YKpauHa

Crartbsa ony0JIMKOBaHA B JKypHaJie
«Komnpeccopnoe U IHEpreTuyecKoe
MaluHoOCcTpoeHue». Ne3 (25), c. 52 - 54, 2011.

Aoctpakt —  IlpencrtaBmena — MeToamMKa
KOHAUIIUOHUPOBAHUA YCTaHOBOK BBICOKOI'O
HampsOKEHUS C  KCHOJB30BAaHUEM Tra3000pa3HOro
a30Ta, MOJy4aeMOro HEMOCPEICTBEHHO W3 BO3IyXa.
B kadectBe wWCTOYHMKA a30Ta TpeAIaraeTcs
WCIOJb30BaTh a30THYIO KOMIIPECCOPHYIO CTaHIUIO.
Ha npumepe cBepXBBICOKOBOJIBTHOTO T€HEpaTopa Ha
2 MB mnpoBesneHa OllEHKa MapamMeTpoB 3JIEMEHTOB
CUCTEMBI KOHIUITUOHHUPOBAHMA..

B pabGorax [1,2] aBTopamMu JaHHOW CTaThH OBLI
MpeJUIoKEeH Ccrnocod olecmeueHuss ra3z000pa3HBIM
a30TOM YCTaHOBOK BbICOKOro Hampspkenus (YBH)
IpY TIOMOLIM Aa30THBIX KOMIIPECCOPHBIX CTaHIMK
(AKC).

OnHUM U3 TPEUMYMIECTB JAHHOTO crocoba, mMmo
CPAaBHEHHIO C TPAAWLUOHHBIM crocoboMm (mmpu
IMOMOINA  OaJIJIOHOB), SBJSACTCS  YIPOIIEHHUE |
COKpallleHHe BpEMEHM Ipolecca  MOJATOTOBKH
YCTaHOBKHU K paboTe — KOHIUIIMOHUPOBAHHSI.

B JAHHOU pabote Ha npumepe
3NIEKTPOCTATHUECKOT0 TeHeparopa Ha 2 MB onucanbl
oco0eHHOCTH  KOoHAWUMOHWpoBanusi YBH ¢
ucnonb3oBanueM AKC. Ilpu s3TomM  yuuThIBaics
MHOTOJIETHUH OIIBIT 9KCIUTyaTaluu
aneKTpocTaTudeckoro yckopurens «Cokom» WIID
HAHY ¢ 6aioHHO#M cUCTeMOM ra30CHa0KECHUS.

OnHO W3 BO3MOXKHBIX HOBBIX HAIPaBICHUH
MIPUMEHEHHUS] a30THBIX KOMIIPECCOPHBIX CTaHIHUHA —

MOATOTOBKAa K  paboTe  (KOHAMIIMOHHPOBAHHE)
JIICKTPUYECKON H30IAIMHM  YCTAHOBOK  BBICOKOTO
HaIPSHKCHUS. Bricokas 3 PEeKTUBHOCTH

KOHJULMOHUPOBAHUSL JOCTUTACTCS 3a CYET HAIUYMS
MPAKTHYECKN HEOTPAaHUUEHHOI'O KOJIMYECTBA a30Ta U
HE 3aMKHYTOCTH IIPOLIeCcca Ia3000ecedeHus.

JanHasg TtexHoJOTHS TpeOyeT OCYIIeCTBICHHUS
HEIPEPBIBHOTO MacC-CIEKTPOMETPUYECKOTO
KOHTpOJIA cocTaBa raza. K cokaneHuro, B HacTosIIEee
BpeMsl OTCYTCTBYIOT AHAJIUTHYECKHE METOIUKHU
ONPENENIEHUsT COCTaBa ra30B, IIOJBEPrarOIIMXCS
JJIEKTPUYECKUM  TIPO0OSM TIPH  CBEPXBBICOKOM
HanpspKeHUH. PaOoThl B 3TOM HampaBlIeHUH BERyTCS
B HacTtosee Bpems B 1O HAH Ykpauns!.

PaboTta BEIMONHEHA B paMKaxX TOCOIOHKETHOMH
HaydyHOW paboTel  McciemoBaHne MeEXaHHU3MOB

aTOMHBIX ~ TIPOIIECCOB ~ TPH  B3aWMOACHCTBUH
IIPOTOHOB M3B-HBIX 3HEPTHUIl C BEIIECTBOM .

CnHcoK cCBIIOK

1. .I'. Urnatwes, I1.E.XKapkos, C.I1. OBepunk .
[lepcriekTHBBI MIPUMEHEHUS A30THBIX
KOMIIPECCOPHBIX ~CTAHIM B TEXHUKE BBICOKHUX
Hanpsokennit  //KommnpeccopHoe um 3HEpreTudeckoe
mamuHocTpoerue, 2010, Ne2 (20),—c. 11 - 13.

2. I[TarenT Ha xopucHy Mozenb Ne 57581 YkpaiHa,
MIIK H 01 B 17/07, FO4C 18/00 (2011.01). Cmocio
ra3o3a0e3rneyeHdss  BHCOKOBOJBTHHX  CTPYKTYP
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CHHOCIBb I'A303ABE3IIEYEHHSA BUCOKOBOJIBTHHUX
CTPYKTYP YCTAHOBOK BUCOKOI HANIPYTH

I1.€. Kapkos, C.II. OBepunk — Konuepn «Ykppocmera», r. Cymu, Ykpaina;
LI'. IrnaTbeB — IHcTUTYT npukaaaHoi ¢izuku HAH Ykpainu

IlatenT Ha KkopucHy Moaeab Ne 57581
Ykpaina, MIIK H 01 B 17/07, F04C 18/00
(2011.01). - Ne 2010 07852; 3asBa. 23.06.2010;
ony0.. 10.03.2011, broa. NeS - 3 c.

1. 3ampomoHoBaHO  cmocid — 3a0e3meueHHs
ra3onofiOHMM a30TOM BHCOKOBOJBTHOI CTPYKTYpHU
YCTAHOBKM BHUCOKOI HANPYTH, SKHA BKJIHOYAE
MIPUTOTYBAHHS €IEKTPOI30IAIIHHOI Ta30BOi CyMiri i
noJjauy ra3oBoi cyMmimri B pobo4dy ycTaHOBKY BHCOKOT
HampyTrH, SKAH BiAPI3HSIETBCS THUM, LIO Tepen
ITOYaTKOM Ta B KiHIII poOOTH poOOTy YCTAaHOBKY i
TpyOOTIpOBOAN POIyBalOTh CYXHM

A30TOM,BiIBOJIATh  BiJNpAnbOBaHUN i
YUCTUH a30T B YCTAHOBKY BHCOKOI HAITPYTH.

IoJar0Th

2. 3anpomoHoBaHo cmoci6 3a m.l, sKkui
BIIPI3HAETBCA THM, IO CYXHUH a30T OJEPKYIOTh
Oe3rmocepeTHRO Ha MICIl PO3TAllyBaHHS YCTAaHOBKH
BHCOKOI HAmpyru, MPUYOMY JDKEPESIOM OJICP:KaHHS
a30Ty € arMocepHe TOBITPs, SKE€ OYUIIYIOTH,
CTHUCKAIOTh, OCYIIYIOTh 1 PO3AUIAIOTH HA (ppakiii.

PoGora BuKOHaHa B pamKax Aep>kKOIOKEeTHOL

HaykoBoi poGotu  “ JlocmipkeHHS  MeXaHi3MiB
ATOMHHX TIPOIIECIB MPH B3aEMOii MpoToHIB MeB-
HUX eHeprii 3 pEe4OBUHOIO ..

NEPCHEKTHUBbBI HPUMEHEHHUSA A3O0THBIX
KOMIIPECCOPHBIX CTAHIIM B BLICOKOBOJIbTHBIX
YCKOPHUTEJAX

N.I'. UrnatbeB — UHcTUTYT npukiaaaHoil pusuxku HAH Ykpannbi

Te3ncer pokiaamnos IX Kondepennuun mo
¢u3uKke BBLICOKMX 3Hepruii, snepHoil (puzuke u
yckopurtessim, (r. Xapskosn, 21.02 — 25.02 2011
r.), X®TH, c. 114, 2011.

B mHacrosmee BpeMs B KauecTBe TIa30BOM
JIIEKTPUIECKON W30JISILUH OONBLIMHCTBA
BBICOKOBOJILTHEIX yckopurenedt (Ban ge ['pada,
KacKaJIHBIX U JAPYTUX) UCHOJB3YETCs CXKATBIM a30T.
l'a3 moctymaer B 0ak YCKOpPHUTENS M3 CHUCTEMBI
0aJJIOHOB  BBICOKOTO JaBieHus. B mpouecce
JKCIUTyaTallud KauecTBO M3OJALUH yXY/IIIIaeTcs,
TpeOyeTcs MOCTOsSIHHAsA pereHepalys rasa.

[Ipennaraercs aJIbTepHATUBHBIN BapHaHT
ra30BOW M30JIALUH C UCTIOIb30BAHUEM KOMIIAKTHBIX
a30THBIX KomnpeccopHsix cranimii (AKC) [1,2].

B AKC IPUMEHSIOTCS MeMOpaHHBIE
TEXHOJIOTHH, IIO3BOJLIIOIIME IIOJNydYaTh a30T M3
arMocdepHoro BO3/IyXa B MPaKTUIECKU
HEOTpaHMYCHHOM KonuuecTtBe. JlaBieHne rasa
MOXeT gocturath necsatkoB Mlla mpu comepkanun
azora 710 99,99 %.

Ha npumepe BBICOKOBOJIBTHOTO YCKOPHUTENS Ha
HampspkeareM 2  MB  mokazaHel  mpeuMyIIecTBa
ra3oBoro xossictBa ¢ wucnoas3oBanneM AKC mo

CPaBHEHUIO c TPaIUITUOHHOM CHCTEMOIA:
SKOHOMMYHOCTb, HaJIEKHOCTb, MPOCTOTA B
IKCIUTyaTalluH.

PaboTta BBIMONHEHA B paMKaxX TOCOIOKETHOU
TeMbl  McciemoBaHue MEXaHU3MOB ATOMHBIX
MPOLECCOB MPU B3aUMOAEHCTBUM TPOTOHOB M»aB-HbIX
SHEPrui ¢ BEUIECTBOM .

CHHCOK CCHLIOK

1. ". T'. Urnarees, I1.LE. XKapkos, C.II. OBepuuk.
[lepcriekTHBEI TPUMEHEHUST a30THBIX KOMIIPECCOPHBIX
CTaHIMH B  TEXHHWKE BBICOKMX  HaNpsOKCHUN//
KommpeccopHoe u JHEPreTHYECKOe
MamuHocTpoenue. —2010. — Ne 2(20). —c. 11 —13.

2.I'B. Kupux. KommpeccopHas  TeXHHKa
KoHIlepHa "YKppocMmeraui' B MHOTOOTPACIECBOM
XO035IUCTBE VYxpaunbl  //KommpeccopHoe U
sHepreTudeckoe MamuHocTpoeHue, 2009, Ne 3(17), c.
15-21.
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Actpaxanuesa O.I'. — Cymcbkuii HanioHaabHuii arpapauii yHiBepcuter MiHAIIK Ykpainu
BaiineBasitoBa O.M. — IncTutyT nraxiBanursa HAAH Ykpainn
Yisanos B./I. — Incturyt npukaaaunoi ¢piznkn HAH Ykpainn

Crartyc poodotu (IlaTeHT Ha KOPHCHY Mojelb
Ne59917 (19)UA (11)59917 (A3)U (S1)MIIK
(2011.01) AO01K 43/00 AO01K 41/00 Omny0.a.
10.06.2011, 6r021. Nel11, 2011 CHAY.)

Anortanis — KopucHa Mozaens BiTHOCHTBCS 10
o0JIacTi  CUTBCBKOTO  TOCIOAApCTBA, a  camMe
MPOMHUCIIOBOTO ~ NTaxXiBHUITBA 1 MoOXe OyTH
BHKOPHCTAaHA y KOMIUIEKCI 3aXOIiB i3 3aXHCTy
IHKyOamiiHuX s€enp Kypeil. B ocHOBY KopucHOT
MOJIeNl TIOCTaBJCHAa 3a7ada po3poOKH  crocoly
3aXMCTy 1HKyOaIlifHUX s€mb 1040 HETaTUBHUX
YMHHUKIB JOBKUUIS Ta MAaTOTeHHOI MiKpoQuiopu y
akoMy O mependadyBanocs yTBOpPEHHS Ha MOBEPXHi
S€0b 3aXUCHOI Ta30NPOHUKHOI IUTIBKM 3aBTOBIIKH
0,5-5,0 MKM 3 €eKOJIOTiYHO O€3Me4YHOl HETOKCHYHOI
PEUOBHHU TIPUPOIHOTO MOXOKEHHS 3 BUPAKCHUMH
OlOMOHMMH BJIACTUBOCTSIMHM IIOJO MAaTOTE€HHOT
MiKpOdITOpH.

O00’exkT BHMHaxoay. — XiTO3aHOBa IUTIBKA IS
3aXHMCTy MIOA0 HEraTUBHMX YWHHHUKIB IOBKIJUISA Ta
MaTOTeHHOT MIKpO(MIOpH 1HKYOAIIfHAX SIENb Kypeu.

I'any3s 3acrocyBanHsl. — BuHaxis BiqHOCHTHCS
70 TPOMHCIOBOTO NTAaXiBHHLTBA Ta MOXe OyTu
BUKOPUCTOBAaHMM [UI TPOBEACHHS 3aXOMdiB 3
YIOCKOHAJICHHS TEXHOJIOTI1 IHKyOaItii sens Kypeu.

Cyrs BuHaxoay. — SIKicHUIl Ta KiIbKiCHHH
CKJaj PO3YMHY AJsl YTBOPEHHS Ha I1HKyOamiiHUX
SAIAX 3aXUCHOTO TMOKpHTTsA 3 Xxitozany (0,1-3,0%
BoaHUI po3uuH, pH 3,6).

Texwiunmii  pesyabrar. - BukopucraHus
XiTO3aHOBOI IUIIBKM VISl 3aXHUCTy IIOJO HETaTUBHHUX
YUHHUKIB JOBKULII Ta IATOTCHHOI MIiKpoQIopu
1HKyOamiiHUX s€lb KypeWl O3BOJISE TMiIBUILYBAaTH
MOKAa3HUK BUBOAMMOCTI 3 OJHOYACHUM 3HIDKCHHAM
KUTBKOCTI TTaTOTeHHOI MiKpodopr Ha IOBEpPXHi
S€b.

[TocraBnena 3amada BUPILIYETHCS 3a PaxyHOK
BHKOPWUCTAaHHS Yy SKOCTI 0a30BOro KOMITOHEHTA
npenapary Ui 3aXHCTy 1HKyOalidHHX sienb Kypen
NpUPOAHOro OiomoJimMepy XiTo3aHy — MOXiZHOTO
Ha/3BUYaHO PO3MOLIMPEHOTO Y NPUPOIi Marepiairy
MMOKPUBIB  pPaKOMOMIOHMX 1 KOMax. XiTo3aHy
npUTamMaHHi OionmaHa BJIACTHBOCTI 10710
MATOTeHHOT MIKpo(Iopr 1 BiH € HETOKCHYHOIO,
€KOJIOTIYHO Oe3eTHO0 peuoBHHOO [1-3].

IIporioHoBaHM CKIIaJl PO3UYMUHY JJIA YTBOPEHHS
Ha IHKyOalifHUX SIMISAX 3aXUCHOTO TOKPHUTTS
MICTHTH TaKl KOMIIOHEHTH, Mac. %:

XirozaHn (kucnotopozunHHuii) (pH 1% BomHOTO
po3unHy y 2% omroBii kucmorti 3,6. CopOmiitHa
aKTHBHICTb 3a ioHamMu Mimi 80,3 mr/r) 0,1-3,0
[ToM’sikiryBa4 BOIM 0,1
Heopraniunuit 6apBauk (depBonwmii mirmeHt) 0,01
MikpoeneMeHTH (MarHiii, Ko0abT,

LIMHK, MiJIb) 0,1
Bomna mo 100 mac.%

HaBenenuii cknan po3dyMHy JUIsl YTBOPCHHS Ha
IHKyOaliiHUX SUISIX 3aXHUCHOTO IMOJ0 HETaTUBHUX
YUHHHUKIB JIOBKUIIS Ta WAaTOreHHOI Mikpodiopu
IOKPUTTS ~ COpHUA€  MIABUINEHHIO  MTOKa3HUKY
BUBOJMMOCTI KypyaT 1 3HWKEHHIO KIUIBKOCTI
MATOTEeHHOT MIKpOQIOpH Ha TIOBEPXHI H€Ib, IO
TIOTIEPEKY € TMOIMMUPEHHS HeOe3MeuyHnX 1HPEKITiHHIX
3aXBOPIOBAHb CIIBCHKOTOCIIOIAPCHKOT MITHIII.

Cnucok nocujaHb

1. Properties of chitosan and its salt.- // In:
Chemical Products in Agriculture and Enviroment.-/
Eds. E. H. Gorecki, Z. Dobrzanski. Chech-Pol Trade
(Prague, Brussels, Stockholm) 2003.-3.- 74-80.

2. Cenzig Caner, Ozge Cansiz Chitosan coating
minimises eggshell breakage and improves egg
quality // Journal of the Science of Food and
Agriculture. -2007.-Vol. 88, Issue 1.-P. 56 — 61.

3. Xian De li et al. Effect of combination of
chitosan coating and irradiation on physicochemical
and functional properties of chicken egg during
room-temperature storage // Radiation Physics and
Chemistry.-Vol. 78, Issues 7-8.- 2009.- P. 589-591.
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CTPYKTYPHBIE OCOBEHHOCTH
HAHOKPUCTAJINJINUYECKOI'O MATHETHUTA PA3JINYHBIX
BAPUAHTOB CUHTE3A IO JTAHHBIM PEHTTEHOBCKOM

JUOPAKIIUU U DJIEKTPOHHOMU MUKPOCKOINIUHU

C.H. Jannabuenko, B.H. Ky3nenos, A.C. Crannciaasos, O.B. KanunkeBunu, A.H.
KanunkeBuy, JI.®. Cyxonyd — IncrutyTt npuxkiaagnoi ¢isuku HAH Ykpainu;
M.I'. lembinenko, K.B. Tumenko — Cymcbkuii aep:xxaBHuii yHisepcurer MOH Ykpainn

Cratryc poGoru: Bwuiinmuia B >xypHani Journal of
Nano- and Electronic Physics, Sumy State University
2011.—-T.3, Ne3. - C. 139-147.

AdcTpakT — MerogaMu  TIPOCBEUHBAIOIICH
aneKTpoHHON MuKkpockonuu (IIOM) ¢ aiexTpoHHOI
mudpaknred W peHTreHAU(PPaKIIMOHHOTO aHaIn3a
W3YYEHBI CTPYKTypHBIE 0COOEHHOCTH
HaHopazMepHoro MmarHetutra Fe;O4, cuHTE3H-
POBaHHOTO C YYacTHEM IOJHMMEPHBIX MAaTpHIl
(momucaxapua xutozaH u Ap.). Ha ocHoBanum
MOJMYYCHHBIX ~KOMIUIEKCHBIX JaHHBIX  BBISIBICHO
BBIp)KEHHOE BIMSHME TIONHCaXapUAHON MaTPHUIIBI HA
WHTHOMPOBAHUE POCTa M CTAOMIIM3AIHMIO pPa3MepoB
HaHOYacTH4YeK MarHetuta. lIpum 3TOM HampaBiIeHHOE
yMEHBIIEHHE  pa3MepoB  HaHowacTHLl  Fe;Oy
COIIPOBOXKIAETCS YBEJIMYEHHEM ne(eKTHOCTH
KPUCTAJUIMYECKOW  peIIeTKM W YMEHBIICHHUEM
pasMepoB  dJeMeHTapHOH sueliku. B pabote
nokazaHa 3(PQPEKTHUBHOCTh B3aWMOIONOIHSIOLIETO
rcmonb30-Banus [I9M ¢ anexkTpoHHON mudpakmueit
W pEHTreHIU(PPaKIMOHHBIX METOJOB OIpeIeIeHNUs
napaMeTpoB CTPYKTYpbl M CyOCTPYKTypHl —mpHu
HCCIICIOBAHUAX HAHOPAa3MEPHBIX YACTHUL[ MarHeTUTa,
CHHTE3MPOBAHHBIX B MOJHCAXapUIHON MaTpHIIE.

PesyabTarhl

CoocaxeHue MarHeTHTa B OHOMOJIUMEPHOH
Marpuie 3HAYUTCIBHO YMCEHBIIACT pasMeEpPbI
oOpasyromuxcss HaHowacTHl Fe;O4, 4TO yKas3pIBaeT
Ha  UWHTUOMpOBaHWE  XUTO3aHOM  TPOIIECCOB
obpazoBaHns W  pocta KpuctawioB  Fe;04.
CTpyKTypHBIE M CYOCTPYKTYpHbIE XapaKTEpPUCTHKH
HaHOYACTHIT Fe;0y, CUHTE3MPOBaHHBIX B
OMONONMMMEpPHOW MAaTpuIle, YyBCTBHTEIBHBI H K
JpPYrMM  WM3MEHEHUSIM  YCIIOBUM  pEakUuu, B
YaCTHOCTH, K [J0OaBJICHHIO WIEJOYM, aMMHAaKa,
M3MEHEHUIO TEMITePaTyPhl COOCAXKICHUSI.

Pesynpratsr oTIpe/ieTIeHHS pa3mMepoB
KPUCTAJUTUTOB METOAaMHU PEHTT€HOBCKOMH
TU(PpPaKkIuyd  YAOBICTBOPHUTEIBHO COTIIACYIOTCS C
MIPSMBIMH M3MEPEHUSMH HaHOoYacTUIT MeTogoM [1OM
uig dactul, ¢ pasmepamu 5-20 HM. B cimydae
OoJIbIIMX KpUCTAJUIMYecKuX dvactun (> 200 HM,
obpazerr «MaraeTut 0»), pa3Mepbl, U3MEPECHHEIE C
nomotpio [I9M, B 3-4 pasza Ooiblle pa3MepoB
KPUCTAUIUTOB  ONpENeNseMBbIX [0  JaHHBIM
pPEHTTeHOBCKOW audpakiuu. ITO OOBICHIETCS TEM,
YTO KaKAas «OoJbIIas» KpUCTAJUIMYecKas 4acThIa

COCTOMT W3 HECKOJIBKMX KPHUCTAUIUTOB WU
o0JacTelt KOTepeHTHOTO PacCenBaHUsI.

Hanpasnennoe YMEHbIIIEHUE
HAHOYACTHI] Fe;04 yTeM
OMOMONMMEPHBIX WHTHOUTOPOB pOCTa, MIENOYH,
aMMHaKa, TOBBIIICHUS  TEMIIEpaTypbl  CHHTE3a
COIIPOBOXKIACTCS YBEIIMYCHUEM e eKTHOCTH
KPUCTAJUTMYECKOW  CTPYKTYphl ~ HAaHOYACTHUI[ U
YMEHBIIIEHHEM Pa3MepOB X AJIIEMEHTApHOU SYEHKU.
Haubonee BEPOSITHO (dhopmMupoBaHue
xene3oaepuIuTHON CTPYKTYphl MarHeTuTa Fe; 504 ¢
HapyIIEHHEM HCXOIHOTO COOTHOIIeHNs HoHOB Fe'™ n
Fe™".

HeranbHoe BBIACHCHUE CTPYKTYPHBIX
0COOCHHOCTEH HAHOPa3MEPHOTO MarHeTuTa,
CHUHTE3NPYEeMOTO B OWOMONMMEpHBIX MAaTPHIAX,
Tpebyer JlaJbHEeUIIINX CHCTEMATHYECKUX
WCCIICIOBAHUA  C  HCIOJB30BAaHHUEM  B3aUMO-
JOTIOJTHSIONINX HHCTPYMEHTAIBHBIX MOIXOIOB M C
MIPUBIICICHUEM METO/IOB OIPEIEIICHNS] MATHUTHBIX U
ANEKTPO(PHU3UUECKUX  CBOKMCTB,  ONPEACIAIOIINX
CITy)KeOHBIE XapaKTePUCTHKH TaHHBIX MaTEePHUaJOB.

I 311

pa3MepoB
BBEJICHUS

400

Maruerur 1

Marnernr 2
-W
WM%M
ChitFe,0,NaOH
i MWWMWWM
WWWWNWWMWW

JCPDS Ne 19-629

1, otH. ex1.

Puc. 1 PentreHoBckHe qU(pakTOrpamMMbl
o0pa3ioB Maraetuta. HIeKcaMu OTMEUYEeHBI
ocHoBHble JiuanK Fe;04 (JCPDS Ne 19-629), B3y —
TeopeTnueckas audpakrorpamma Fe;Oy.
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MIKPOEJJEMEHTHUM CKJAJ JOBIrUX TA MIIAHUX
KICTOK CKEJIETA B HOPMI

I'ycak €.B.l, IHoropeJio M.B.z, Tkau I'.®.2, JaHUIbYEHKO C.M.l, Bymeiictep B.I.z,
Topaienko O.B.%, Cikopa B.3.%, Cyxony6 JI.®.'

Bignin maccnexkrpomerpii Ta 0io¢isuku ITI® HAH Ykpainu

1; kadenpa aHaToMil JIIOAUHHU

2
CymJ1y
Craryc poGorm: Buimma B KypHami | [1 [2 | |
VYxpaincekuit Mopdonoriununii anemanax 2010, T 8§, KoMiiekcHa  OIHKA  KiTbKICHOFO  BMicTy

Ne 4, c.51-55

AOGCTpPAKT — CTUMYJIALIST OCTEOreHe3y € OJHIEK0
3  MaJOBHBYCHHUX 1  aKTyaJbHHX  MpoOiieM
TpaBMmarosorii. OCKITbKH OIHIEI0 3 OCHOBHHUX
(hyHKIIIH KiCTKOBOI TKAHWHHM € JICTTOHYBaHHSI MaKpo-
Ta MIKPOEJIEMEHTIB, TOMY BHBUYCHHS 10HHOTO
CKJIaly KiCTSKa BaXKJIMBE IS MOSICHEHHS TIPOIIECIB
(i310JTOTITHOTO Ta perapaTUBHOTO OCTEOTCHE3Y.
Psin MikpoeseMeHTIiB NpuiiMae yd4acTh y KaTawisi
(epMEHTATHBHUX pEaKLili, sKi MPOTIKalOTh B
OCTEOTeHHHMX KIITHHAX, 1 3a IX BIJICYTHOCTI 4YH

nucOamanci  MOPYIIYEThCS — OCTEOONAacTHYHA 1
OCTEOKJIACTUYHA nudepeHmianis, IIpoLEeCH
YTBOPEHHS  KPUCTANIB  amaTuTy, MDKKIITHHHA
B3a€EMOJIs, IO  NPU3BOAWTH 1O  3pYIICHb

(i310JI0TIYHOTO Ta pPEnapaTuBHOIO PEMOCITIOBAHHS
kictku. Tomy Meroro poOOTH OyJI0 BHBUYEHHS
€IIEMEHTHOTO CKJIAIy BEIIMKOTOMIJIKOBOI, CTETHOBOI
kictok Ta Il momepexoBoro xpedI i MpoBeneHHS
aHaJi3y  KOpENSLIMHUX  CHIBBIIHOLIEHb  MIX
PIBHSIMU BUSIBJICHUX €IIEMEHTIB.

Marepiamu Ta  MeTOOAM  JOCJIIKEHHS.
OTtpumMaHi po34MHH KiCTKOBOI TKAHHHH aHaTi3yBaln
Ha cnektpodoromerpi C115-01 3 momymeHeBuM Ta
EIEKTPOTEPMIYHUM aToMmizatopoM. Bubip meromy
aroMmisarlii IpyHTyBaBCsl Ha KOHIIEHTpAIlii eJeMeHTa
B PO3YHHI.

PesyabTatHn Ta ix o0rosopenHs. Y Xomi
JOCTIKeHHsT OyJiM OTpUMaHI HACTYIHI Jiarma3oHu
3araJIbHOTO  BMICTY BIJNOBITHUX OiOCIEMEHTIB
(Tabmn.1).

Taoauus 1. CepenHiii BMiCT MIKPOSIEMEHTIB ¥
KiCTKOBIH TKaHHHI IIIypiB

Mikpoene [CterHoBa |['ominkoBa |[lomepekosi
MEHTH KicTKa KiCTKa Xpeoui
Fe Mxr/r  [64,60+3,65 |55,00+5,87 |127,47+12,0
6
Mgwmr/r [1,94+0,25 ]2,5240,35 [3,07+0,18
Znwmr/vr [3,3240,24 |5,31+0,62  |3,71+0,14
Cuwmkr/r |2,36+0,31 |2,53+0,26 [4,23+0,47
Co mkr/r |(1,41+0,09 |1,52+0,22 |2,44+0,29
Mn mxr/r |1,93£0,26 (2,44+0,18 |2,66+0,43
Ni Mxr/r 2,38+0,56  [4,00+0,87 |4,95+0,96
Pb mxr/r [0,86+£0,04 0,66+0,09 ]0,51+0,06
Cd mxr/r [0,024+0,00 |0,025+0,00 |-

OloesleMeHTIB TOKa3ana, 10 HalOIble y KiCTKax
IMHKY 1 MarHilo, [¢ CBiJYHTh HE TIJIBKU MPO iX
OioximMiuHy pomb, anme 1 MexaHiuHy. BinmoBimHo
HatiMenmie y kictkax Pb 1 Cd, mo Bka3dye Ha ix
010XiIMIYHY POJIb y MANUX KOHIICHTPAIIisIX.

BinpmricTe eceHniiHUX eNeMEHTIB HaKOIMUIYEThCS
caMe B IIONEPEKOBUX XpeOIIX, IO CBIAYUTH IIPO
OiBIly aKTUBHICTH PEMOJENIOBaHHS Ta (EPMEHTIB,
mo 3abe3nmeuyloTh JaHWKd  mporec.  TokchuHi
€NIEMECHTH, TaKi SK HIiKeIb Ta CBUHEIb, MEPEBAXKHO
HAKOIMYYIOTBCS B JOBI'MX KICTKax, MI0 TaKOX
CBIIYMTH PO  MEHIYy IMIBHAKICTb  HPOLECIB
PEMOJICITIOBAHHST B KOMIAKTHIH pe4yoBuHi. Takum
YHHOM, CJEMEHTHHH CKJaJ] KICTKH Mae TpsaMy
3aJICKHICTh Bifl OyTIOBH KICTKOBOT TKAHUHH.

OtpumaHi  maHi  MIKpPOENEMEHTHOTO  CKJIAay
KICTKOBOI TKAaHWHH y HOpPMIi JOIOBHATH 3araibHi
JOCTIDKEHHS PO XIMIYHUHN CKIIaJ KicTOK. Pe3ynbpratu
JOCHIPKEHHSI MOXKYTh OyTH BUKOPHCTaHI K MOJEIbHI
JUTS. BUSIBJICHHSI MOJIMBUX MATOJNIOTIYHUX TMOPYIIEHb,
y TpaBMaToJIOTii — JJI1 BUTOTOBJICHHS IMIUIAHTATIB 3
NEBHUMH BKIIOUYEHHSIMU MIKPOEIEMEHTIB 3 METOI0
ONTHMI3alii MPOIECiB ocTeopenapariii.

Cnmcok nocuwiaHb

Bensckag JI.B. Ontumusanusga METOOIMKH CHHTE3Q
TUAPOKCHIIATIATATA JJIsi OMOMEIUIIMHCKUX Iesed /
JI.B. Benbckas, O.A. 'onosanosa, A.Il. Cononenko //
Bueni  3amucku  TaBpilicbKOTO  HAIlOHAJIBHOTO
yauBepcutety iM. B.l. BepHancekoro. Cepisi: di3uka.
—2009. —T. 22(61), Nel. — C. 170 — 181

MockanenkoE.B. OcreoacconIiopoBaHHEIE
XMMHYECKHE 3JIeMEHThl B OpraHu3Me OOJBHBIX
peBmatouaHeiM aptputoM / E.B. Mockanenko //
36ipauk crareir. — 2009. — Bumyck 13, T. 1. — C.
35-40

HoBuxkos M.N. nHamuka HAKOILJICHUSA
MHUKPOAJIEMEHTOB B OOJNBIIEOEPIIOBBIX KOCTSIX COOaK
/M. Hosuko, A.H. Haxockun // WssecTus
Yenstounckoro HayuHoro nentpa — 2006. — Beim.
3(33). — C. 148 — 151
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NOJYUYEHUE U UCCJEJOBAHUE CTPYKTYPHBIX CBOUCTB
HAHOCTPYKTYP CYJIbBO®OUJA IUHKA

Kypo6aros /I.HU., Onanacwok A.C., I[Iponenko U.E. — Cymckuii rocyaapcTBeHHbIH
YHHBEpPCHTET;
Cogponos JI.C. - HTK “HuctutryT MOHOKpHCcTAaN10B” HAH YKpaunsl r. XapbKoB;
Jannapyenko C.H. — IncturyTt npukiaaanoi ¢gizuku HAH Ykpainu

Crartyc poooTu: Buiimia B 30ipui nomosineii
21st Int. Crimean Conference “Microwave &
Telecommunication Technology”, Sevastopol-
2011, Crimea, Ukraine
AdcTtpakt — B pabGore onmcana TEXHOJIOTHS
MOJTyYeHHUs] W TPOBEICHO WCCIIEOBaHNE HEKOTOPBIX
CTPYKTYpPHBIX CBONCTB HAaHOCTPYKTYp ZnS
OCaXIICHHBIX METOIOM BaKyyMHOH cyOnumanuu B
KBa3u3aMKHyTOM o0beme (CSVS). Uzyuenmue
MOP(}O-TTIOTUN U CTPYKTYPHBIX CBOMCTB IOTy9IE€HHBIX
HaHOCTPYKTYP MIPOBOIUIIOCH MeTOJaMH
BBICOKOPAa3peIlaloIieil CKaHUPYIOLMe MHKPOCKOIINU
¥ PEeHTT€HOCTPYKTYPHOTO aHajH3a COOTBETCTBEHHO.

HpOBe)leHHI)Ie HUCCIICA0BaHUA TIO3BOJINIHN
OIIpEeACINTDb BIIUAHUC PEXKUMOB OoJIy4CHUs
HAaHOHUTEH Ha ux OCHOBHBIC CTPYKTYPHBIC

napametpsl (¢aza, TepuoJ pPEUIeTKH, pasMephl
KPUCTAJUIUTOB U T.I1.).

PesyJsbTaTthl

B pesynbraTe paboThl YCTaHOBIEHO, YTO IIPHU OCAXK-
neHun  cyiabpuaa 1uHKa wmerogomM CSVS  Ha
mwiockocth (220) ZnSe mnpu Ttemmeparypax 240-
350°C obpa3zyrorcst HaHOHUTH TOMIHHON 40-80 HM.
HansHeimme CTPYKTypPHBIE HCCIICOBAHUS
HaHOCTPYKTYp ZnS TOKa3ajid, YTO TIEPHOA UX
KPUCTAIIMYECKON PEIIeTKH M3MEHSUICS B Ipenenax
0,541-0,543 uM mipu pa3zmepe kpuctaumToB L=10-15
HM, YTO CBUAETEILCTBYIOT 00 NX Ae(hEKTHOCTH.

PaboTta BBImMoONHEHA TP (UHAHCOBOW MOIIEPIKKE
locynapcTBeHHOTO areHTCTBa 1O BOMPOCaM HAyKH,
WHHOBAIMH U MH(POPMATU3alUN YKPaWHbBI B paMKax
HUP  "Hcmomp3oBaHWME  HOBBIX  MaTepuajoB
Oy(hepHBIX ¥ TOTJIOMIAONIMX CJIOEB IS JCHICBBIX
TUIGHOYHBIX MNOJHUKpUcTamueckux COD Ha OCHOBe
reTeporepexooB”.

Puc. 1 MUKpOCHUMKH MOBEPXHOCTH HAHOCTPYKTYp ZnS
MOJTyYSHHBIX TP Pa3HBIX TeMIeparypax mojoxku: 150°C
(a); 240°C (6); 350°C (B); 550°C ().

40
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Puc. 2 lndpakrorpammsl oT CTpyKTYp nano-ZnS/ZnSe,
MOJTyYSHHBIX TIPH Pa3HBIX TeMIepaTypax MOIIO0KKH Ts.
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INVESTIGATION OF BONE REGENERATION BY
PIXE-METHOD PP218-M

M.V. Pogorelov, V.V. Sikora, S.D. Bonchev - Anatomy Department, Sumy State University,
Ministry Education and Science of Ukraine
I. Poddubniy — Dept. Biophysics@Mass Spectrometry, Institute for Applied Physics NAS
Ukraine

Cratryc po6oru (Bone 48 (2011) S161-S172;
doi: 10.1016/j.Bone. 2011.03.378)

Aoctpakt — AAS, ETAAS and ICP-AES are
usually used for investigation of ion concentration in
biological specimens. But this method can show how
elements distribute along the object. The alternative
method which can show distributions of all ions
along the statements is PIXE (Proton Induced X-Ray
Emission). Because PIXE is relatively easy to do,
and because it can be done in non-invasive manner,
the technique has been and is currently being applied
to a wide range of material analysis problems.

Bone regeneration leads to change of mineral
balance in injured human skeleton using instrumental
analytical methods, such as atomization atomic
absorption spectrometry (AAS). But there are few
results about the distribution of bone minerals in the
bone/bone regenerate interface.

In this study 16 laboratory rats 6 months old were
used. Perforated defects, diameter 2 mm were made
in sterile operating room with a stomatological borer
in the middle third of the right tibia of the animals.
The extracted bones with the defects (3, 10, 15 and
24 days after operation) were fixed in glutaraldehyde
and embedded in epoxy resin. The specimen was
analyzed by PIXE-method in Applied Physics
Institute (Sumy, Ukraine). We studied the zone of
generation and part of the non-injured bone just near
the defect. The analyzed area was 1000x1000pm.

The present experiments that calcification starts
from the middle part of the bone defect and spreads
out to non-injured bone tissue later in the bone
replacement process. Also we found that distribution
of Cr, Cu and Mg correspond to the distribution of
Ca and P. Cl, K, Ni, and Fe were found in al
investigating areas and didn’t correspond to main
bone ions such as Ca and P.
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STRUCTURAL AND SUBSTRUCTURAL CHARACTERISTICS OF
ZINC SELENIDE FILMS

M.M. Ivashchenko, A.S. Opanasyuk — Sumy State University;
S.M. Danilchenko — Institute of Applied Physics of NAS of Ukraine

Craryc pobotu: Bwuiimmia B  KypHaTi
Functional Materials V.18, #1, 2011
Abstract —  Structure and substructure

characteristics of zinc selenide layers were
investigated. The dependence of the orientation
factor, lattice constant, coherent scattering domain
size, microdeformation level from deposition
temperature of films chalcogenide are established.
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Fig. 1 Diffractograms of ZnSe films obtained at different
substrate temperatures: a — charge; b— 373 K; ¢ —473 K;
d-673 K; e — 873 K (top) and dependence of orientation
factor from substrate temperature (bottom).

On insertion resulted measuring of the pole density for
film obtained at Ts= 573 K.

0,571
1e o Breadly-Jay
05704 —=— Nelson-Riley
I charge
05694 | ASTM
05684
E | RN . .
c .
& 0367 b .
0566 ] . I 1
.
0,565 ?
0,564

T T T T T T T g T T T T
400 500 600 700 800 900 1000
T,K
L]

Fig. 2 Lattice constant versus condensation temperature
dependence of ZnSe films.

Conclusions

Was carried out a complex investigation of
structural and substructural properties of the zinc
selenide semiconductor films obtained by a
CSVS method at the different substrate
temperatures. It was estimated than the films
were monophase, have a stable zinc blend
modification. Besides that in all cases well
expressed texture [111] was observed. Was
revealed a dependence of orientation factor,
lattice constant, CSD size and microdeformation
level from deposition temperature.

It was estimated that dependence of CSD size
from condensation temperature has a view of
curve with maximum, and the microdeformation
level in most cases was decreased at the
increasing of 7, By the wvalue of
microdeformation ¢ and CSD size L was carried
out an evaluation of the medium dislocation
density in ZnSe films crystallines, which
generate a boundaries and situated inside
subgraines. It was established that films are
characterized by the low concentration of
dislocation density, which in general amass on
the CSD boundaries. Polycrystalline ZnSe films
with low dislocations concentration obtained by
a CSVS method may be used as basis layers of
devices with improved characteristics.
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STRUCTURAL AND OPTICAL CHARACTERISTICS OF ZNSE
AND CDSE FILMS CONDENSED ON NON-ORIENTED
SUBSTRATES

ML.M. Ivashchenko, A.S. Opanasyuk — Sumy State University;
S.M. Danilchenko — Institute of Applied Physics of NAS of Ukraine;
V.V. Starikov — National Technical University “KhPI”, Kharkiv

Cratyc poOoru: Bumiima B sKypHaudi
Semiconductor Physics, Quantum Electronics &
Optoelectronics, 2011. V. 14, N 2. P. 157-163.

Abstract — In this work the complex
investigation of structural and optical properties of
zinc and cadmium selenide semiconductor films
deposited by close-spaced vacuum sublimation
(CSVS) method using thermal evaporation on non-
oriented substrates was carried out. The structural
and phase analysis of the layers condensed at
different substrate temperatures was performed. The
transmission and reflection spectra of investigated
films have been measured and their main optical
characteristics have been calculated.

Results — It has been found that ZnSe films
deposited by CSVS method possess a cubic structure,
whereas CdSe layers are hexagonal. But in high-
temperature condensates of zinc selenide and low-
temperature cadmium selenide, by using XRD
method it was fixed the tracks of a metastable phase
that was hexagonal in ZnSe and cubic in CdSe. This
phase is mainly located in the defect-containing fine-
dispersed layer near the substrate.

For cubic ZnSe films in all the investigated range
of condensation temperatures, the typical grown
texture is [111]. In hexagonal CdSe layers deposited
at Ts < 773 K, an axial grown texture [002] was
observed and, with increasing the substrate
temperature, changed to the texture [102]. It was
estimated that perfection of the film texture for zinc
and cadmium selenide is worsened to some extent at
intermediate  condensation temperatures under
condensation conditions close to thermodynamic
equilibrium. It was discovered a complex
dependence of crystallographic constants of materials
on the condensation temperature, which can be
caused by changes in their stoichiometry.

It was obtained spectral distributions of optical
constants inherent to these materials. It was shown

that (ahv)’ —hv dependences of ZnSe films can be

extrapolated by one line, while those of CdSe films
had two linear parts. The lower values E,=
1.67...1.74 eV correspond to the BG width of CdSe
and higher Ey = 1.87...2.25 eV — to transitions of
charge carriers excited by light between conduction
band and segregated owing to spin-orbital interaction

low valence band of material (point I';). The BG
width of ZnSe is E, = 2.59...2.67 eV.

The conditions for obtaining single phase, high-
textured stoichiometric chalcogenide films with good
optical characteristics have been determined. These
may be used in device structures, first of all in thin-
film solar cells.

100 —
s 8 g g
e e 8 |= b
— - 6\
S —_
z Slo g sca o)
— | — = ™ o = o
@ 50 8 & |85% 8
‘2 [ o S d]:A| i ,I.___‘L~_f_._..t
= ____,_M_ L~ \_________'w_l_\m_h‘___’_’ __-I A .‘A_,i"_,._.._..,._.'lk._w_.w’k—g»
(SN | ||____,-L__,\__~ _ _ l____».__‘i
[ | | (400
iy B ey
ELY s e s e e A it ™1
. \ Ao AN\ S NLLABI
T T T T T T T T ' ’
20 30 40 50 60 70 80

20
Fig. 1 X-ray diffraction of ZnSe (a) and CdSe (b) obtained
at different substrate temperatures: charge (a); 373 K (b);
573 K (c); 773 K (d); 873 K (e).

PaGora BeIMoNHEHA NPU (PUHAHCOBOW MOJICPIKKE
l'ocynapcTBeHHOro areHTCTBa IO BOIpOcaM HayKH,
WHHOBAIUi W WH(pOpMaTH3anud YKpanHbI B paMKax
HWP "Ucmonp30oBaHUE  HOBBIX  MaTepUaJoOB
Oy(epHBIX M TMOINIOIIAIOMINX CJOEB IJS AELIEBBIX
IUICHOYHBIX TOJNMKpUCTaUndeckux CO Ha OCHOBE
TeTepoInepexoaoB".
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CHARACTERIZATION AND IN VIVO EVALUATION OF
CHITOSAN-HYDROXYAPATITE BONE SCAFFOLDS MADE BY
ONE STEP COPRECIPITATION METHOD

Sergei N. Danilchenko, Oksana V. Kalinkevich, Aleksei N. Kalinkevich, Tatyana G.
Kalinichenko, Vyacheslav Y. Ilyashenko, Leonid F. Sukhodub — Institute for Applied Physics;
Vadim V. Starikov — National Technical University “KhPI”, Kharkiv
Anatoly M. Sklyar — Sumy State Pedagogical University, MES of Ukraine;

Maksim V. Pogorelov, Valentina I. Bumeyster, Vitaly Z. Sikora — Sumy State University, MES
of Ukraine

Craryc podoru: Bmiimia B :xkypuaai J Biomed
Mater Res Part A: 96A: 639-647, 2011.

Abstract — Chitosan/hydroxyapatite scaffolds
could be used for bone regeneration in case the
application of auto- or allografts is impossible. The
objective of the present work was to characterize and
study in  vivo Dbiodegradation of simple
chitosan/hydroxyapatite scaffolds. For this purpose, a
series of chitosan/hydroxyapatite composites has
been synthesized in aqueous medium from chitosan
solution and soluble precursor salts by a one step
coprecipitation method. A study of in vivo behavior
of the materials was then performed using model
linear rats. Cylindrical-shaped rods made of the
chitosan/hydroxyapatite composite material were
implanted into tibial bones of the rats. After 5, 10,
15, and 24 days of implantation, histological and
histo-morphometric ~ analyses of  decalcified
specimens were performed to evaluate the stages of
biodegradation processes. Calcified specimens were
examined by scanning electron microscopy with X-
ray microanalysis to compare elemental composition
and morphological characteristics of the implant and
the bone during integration. Porous
chitosan/hydroxyapatite  scaffolds have shown
osteoconductive properties and have been replaced in
the in vivo experiments by newly formed bone tissue.

Results — A series of chitosan/hydroxyapatite
composite materials has been synthesized in aqueous
medium from chitosan solution and soluble precursor
salts by a one step coprecipitation method. XRD
patterns of the materials suggest the presence of
nanocrystalline apatite with the average crystallite
size of 20 nm. The similar size of crystallites is
characteristic for natural bone bioapatite. The results
of IR spectroscopy studies suggest the presence of
carbonate ions in the synthesized materials. Thus,
this relatively simple synthesis procedure allows
obtain composite materials with nanocrystalline
carbonate-substituted hydroxyapatite similar to
natural bone bioapatite. There are several works
demonstrating the ability of chitosan-hydroxyapatite
scaffolds to support bone cell attachment and growth
using isolated cell cultures. But the behavior of
scaffolds of such type in organisms, their
biodegradation and replacement by bone tissue in

vivo is much less studied. The objective of the
present study was to examine in vivo behavior of
simple chitosan/hydroxyapatite scaffolds placed into
a perforated tibial defect of model laboratory animals
following the main stages of reparative regeneration.
In these experiments porous chitosan/hydroxyapatite
materials have shown good osteoconductive
properties. Histomorphological studies have shown
that the porous chitosan/hydroxyapatite materials
undergo almost complete biodegradation. The
complete replacement of porous
chitosan/hydroxyapatite composite implant by newly
formed bone tissue within bone defects in rats takes
place on the 24th day of implantation. The results of
this study suggest the high potential of simple
chitosan/hydroxyapatite composite scaffolds
produced by the one-step co-precipitation method as
a filling material for orthopaedy and stomatology.
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Fig. 2 Microstructure of the porous ChAp.
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SYNTHESIS AND CHARACTERIZATION OF
HYDROXYAPATITE-BASED COATINGS FOR MEDICAL
IMPLANTS OBTAINED ON CHEMICALLY MODIFIED TI6AL4V
SUBSTRATES

A. Yanovska, V. Kuznetsov, A. Stanislavov, S. Danilchenko, L. Sukhodub
Institute of Applied Physics National Academy of Sciences of Ukraine, Sumy, 40000 Ukraine

Bwuiimna B xypHadi J. Surf. Coat. Technol. 205
(2011) 5324-5329.

Abstract — In this study various schemes of
chemical pretreatment with NaOH, HF, or H,O, are
used to form bioactive hydroxyapatite (HA) coatings
by a thermal substrate method. Investigations were
conducted to examine the properties of the coatings
produced on untreated and chemically pretreated
substrates as well as the bioactivity of HA coatings
subjected to soaking with a simulated body fluid
(SBF) for 7 days.

The thermal substrate method has proved suitable
for a fast formation of uniform coatings on titanium
and Ti6Al4V substrates at low temperatures, with the
chemical composition and film thickness being
controlled. The chemical pretreatment is intended to
improve the bioactivity of the coatings, their
uniformity and adhesion to the substrate.

1. Introduction

Hydroxyapatite is the most commonly used
biomaterial in bone tissue engineering because of its
superior biocompatibility [1]. It is a mineral
component of bone tissue which contains nearly 60%
of HA. Several methods are available for the
application of HA coatings onto metal substrates.

The thermal substrate method is an
alternative means to form coatings from aqueous
solutions [2-4]. A vital phase of the experiment is the
pretreatment and cleaning of the substrate surface
with a view to improving the bioactivity and
crystallization of HA. Several factors influence the
HA nucleation and crystallization: pH value of the
solution, ion concentration [5] the heating time and
temperature, substrate surface roughness, etc [6].

2. Experimental

Ti6Al4V specimens, 36 x 1.9 x 0.36 mm in size,
were used as substrates. They were polished with
sandpaper, washed in acetone (15 min), 96% ethanol
(15 min) and three times rinsed with distilled water
under ultrasound.

The cleaned and polished titanium alloy plates
were soaked with 200 ml of 35% NaOH aqueous
solution, other in 200 ml of a 35% H,O, solution and
keeping them at 60 °C for 2 h and then for 48 h at
room. A third part was etched in HF.

3. Results and discussion

3.1. Calcium phosphate deposition after NaOH
pretreatment

After NaOH-treatment of the Ti6Al4V

substrate, due to surface passivation TiO, is formed.
As shown The alkali treatment produces negatively
charged Ti-O- groups interacting with positively
charged Ca®" ions, which in turn attract phosphate
ions from the precursor solution to form an initial
calcium-phosphate layer. After deposition by the
thermal substrate method, a relatively thick (1.04
mm) porous coating is formed on the substrate
surface.

Fig.3. SEM micrographs showing the morphologies of (A)
treated by NaOH surface and (B) HA coating after
deposition from the aqueous precursor solution by thermal
substrate method. (C, D) are a higher magnification of (B).

The surface morphology of the peroxide-treated
Ti6Al4V substrate is shown in Fig.4 (A). The porous
coating was obtained under the same conditions as
before: substrate temperature 105°C, solution pH =
6.5, 2-hour treatment by the thermal substrate
method (Fig. 4 (B)). The coating formed on the
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H,0,-treated surface corresponds to HA is illustrated
in Fig. 6 (d). Fig. 4 shows a porous (C, D) and a
smooth surface (E, F) of the HA coating in higher
magnification.

Fig.4. SEM images showing the morphologies of (A)
H202-treated Ti6Al4V substrate; (B) H,O,-treated
Ti6Al4V substrate after deposition of the HA coating by
thermal substrate method; (C, D) higher magnification of
(B) in a pore; (E, F) higher magnification of (B) on the
surface of the coating.

Conclusions
The objective of our work was to investigate the
influence of the chemical pretreatment on the coating
formation by the thermal substrate method. We can
draw a conclusion that with chemical treatments
performed prior to deposition, the coatings become
more uniform and well-adhered.

Hydroxyapatite needle crystals are formed on the
HF-treated Ti6Al4V substrate surface. Subjected to
H202 and NaOH pretreatment hydroxyapatite
crystals are densely packed and the coatings are more
amorphous as is seen from XRD diffraction patterns.
The coatings after chemical pretreatment are
expected to show better bonding ability owing to
their pores and crystalline HA structure.

PoGora BukOHaHa B pamkax AepiKOKOHKETHOL

TEMU No383-11“BuBueHHs MOJIEKYJIIPHUAX
MEXaHI3MIB paiallifHAX MOMKOHKEHb B 01000 ‘KTax
HAaHOCTPYKTYPHHX  PO3MIpiB 3  BUKOPHCTaHHSAM
Olodizmuyanx  Ta  AACPHODIZUIHHUX METO/IiB
IOCIIHKEHHS ~.
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JUDDPY3ZUOHHBIA POCT U MOP®OJOTUUYECKAA
YCTOUYUBOCTb ABYMEPHOTO BBIJJEJJEHUS HOBOH
®A3bl, PACIIOJOXEHHOTO HA MEX3EPEHHOM I'PAHUIIE

A.B. Koponos — HuctutyT npuxkiaagnoi ¢gusukn HAH Ykpaunsl

Craryc padootrbl (Onmy06JumKoBaHA B JKypHaJie
«KypHaa HaHO- M 3JIeKTPOHHOH (u3uxu», 2010,
T. 2, Ne 4, c. 31-46.)

Abctpakt — PaccmoTpen nnd¢y3uoHHBIH pocT
JBYMEPHOTO BBIJICJICHUS HOBOI ¢assl,
PaACIOJIOKEHHOTO HAa  MEX3EpEeHHOW  TpaHUIle
KOHEYHOW TONIIUHBEI, ¢ Vy9eToM Ju(Gy3HOHHBIX
MOTOKOB aTOMOB MNPHMECH M3 TIyOMHBI 3epHa K
MeX3epEeHHOM TpaHUILE. [IpoananmmsupoBana
YCTOWYHMBOCTh PACTYIIETO BBIIEIEHUS JIOCTATOYHO
MaJIOTO paauyca OTHOCHUTEIHHO MPOHM3BOJIBHBIX
MaJBIX BO3MYIIEHHH €ro QOpMbI € yd4eToM
MMOBEPXHOCTHOW KHHETUKA aTOMOB IIPUMECH Ha
MOBEPXHOCTH MEXK3epeHHass TpaHUIla-BbIICICHHE.
Haiinensl moporoBble paanychl BBIAENCHUS, BBIIIE
KOTOPBIX HapacTaeT aMILTUTY/Ia UCKaXeHHS (HOPMBI
¥ aMIUIATYyJa OTHOCHTEIIbHON aedopMartuu (hopMbl
BBIJICIICHHS.

VYpasuenne mud@y3mm aToMoB TPUMECH B

MEK3EPCHHOW TIpaHUIe TOJNLIMHOW O  BOKPYT
BBIJCIICHUS HOBOH q)a3LI 3aIHMIIEM B BUIE
on 21
LB = DpAny +—L. )
ot )
3}.‘[€CL ng — o0beMHas IIJIOTHOCTH aTOMOB

IpUMECH B  MEX3EpPeHHOM rpanune, Dy —

K03(hGHUIUEHT Mex3epeHHOH anbdysuun, [, —

i y3nOHHBIN TOTOK aTOMOB MPUMECH U3 00beMa
3epHa K MeX3epeHHol rpaHune. PaccmarpuBaem
TUIOCKOE IIMJIMHAPUYECKOE BBIICIICHUE HOBOH (ha3bl ¢
TIOCTOSIHHOHM BBICOTOH /> W pajlycOM OCHOBaHHS

R=R(1),

rpanutie (cM. puc. 1).

PaCIIOJIOKEHHOE Ha

MEX3EpEHHON

Puc. 1.
Ypasuenue (1) pemaeTcss B KBa3UCTAI[MOHAPHOM

MPHOTKEHUH (8n 5/0t = O) , TPaHUYHBIE YCIIOBUS

OepyTcsi B BUzie

Dp—=  =Bplnp(R)-ngp]
r

n B|r_>OO g, Q)

3mecr  — paccTOsiHHE OT IIEHTpa BBIIEICHUS,
Npp — PAaBHOBECHOE 3HAYEHUE IUIOTHOCTU aTOMOB
IPUMECH B MEX3EPEeHHOMH rpanule npu r=R, fBp —
MTOBEPXHOCTHBIN KHHETHYECKUI KO (DUIIUEHT.

B pazniuuHbIX TNpeNenbHbIX CIOydasx HalJieHa
CKOPOCTb pOCTa Bbiieenus dR/dt w Bpems pocrta

BBIICTICHH OT paxmyca R, npo pammyca R,

At(R,R,).
IlpoBenen aHaiu3 yCTOMYMBOCTH  KPYTrOBOM
(dopMbl  BBIZICTICHMSIT B IIPOIIECCE €ro  pocrta

(MOpdoIOTHUeCKO  YCTOWYMBOCTH) AHAIIOTUYHO
TOMy, Kak 3T0 OBUIO CIeNaHoO JJs OCTPOBKOB
KOHAECHCHPOBAaHHOW (pa3pl MPH OCAKISHUH BEIIECTBA
Ha TMMOBEPXHOCTH Kpuctaia [1-3].

PabGora BBITONIHEHA B pamMKax TOCOOIKETHON
TeMbl «IloeBrle TIOMXOMBI K TIpoOIeMaM SIIEPHOMH
¢u3uKM W OHEpreTMKM Ha 0a3e KBAaHTOBOM
XPOMOJIMHAMUKH u WCCIICIOBAHUS
ANEKTPOIMHAMHUYECKUX TPOILIECCOB U CTPYKTYPHBIX
3¢ (}eKToB Mpu B3aUMOJCHCTBUU IYYKOB YacCTHUI[ C
noJyisiMu ¥ BemectBom» (2007-2011 rr.).
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I[I/IUCI)(I)Y3I/IOHHI)II7I POCT U MOP®OJOI'NYECKAA
YCTOUYUBOCTDb IBYMEPHOH ITOJOCTHN B MOHOCJIOE
AJATOMOB HA IMTOBEPXHOCTH KPUCTAJIJIA

A.B. Koponos — UuctutyT npuxkiaaatoi ¢pusuku HAH Ykpaunsl

Cratyc paGorsl (Bpmmia B sKypHaje
«IloBepxHocTh. PeHTreHOBCKHME, CHHXPOTPOHHBbIE
U HeHTPOHHbIE HccJeqoBaHus», 2011, Ne 8, c. 79-
85.)

AnHoramusa — PaccmoTrper muddy3uoHHBIH pocT
IByMEpHOH  momoctd  (MOpeI) B~ MOHOCIOE
a71cOpOMPOBAHHBIX aTOMOB (amatomoB) Ha
MOBEPXHOCTH KpHUCTAIa B CIydyae BaKaHCHOHHOTO
MexaHn3ma nuddy3un B MoHOCoe. B Tom ciyuae,
KOrZla paguyc TMOJOCTA Majld [0 CpaBHEHUIO C
XapakTepHOH Au(Qy3MOHHON UIMHON BaKaHCHH,
MIPOaHaTU3UPOBaHA YCTOMYUBOCTD pacrtyiuen
[IOJIOCTH  OTHOCHUTEIBHO MPOU3BOJBHBIX  MAaJIbIX
BO3MYILEHUH ee¢ (OpMBI C YYETOM TPaHHUYHOU
KWHETUKHU BaKaHCUIl Ha TpaHulle nojocTu. HaiineHsl
MIOPOTrOBBIE PAAMYChl IOJOCTH, BBIIIE KOTOPBIX
HapacTaeT aMIUIUTy/a HWCKaXeHHa (OpMBI W
aMIUTUTYJla OTHOCUTENbHOW zAedopmanuu  Gopmbl
MIOJIOCTH.

VYpaBuenne nupdy3un «IByMEpHBIX» BaKaHCHH B
MOHOCJIO€ aJaTOMOB BOKPYI TISITHA C YYe€TOM Kak
UCTIapeHns, TaKk W KOHAEHCAIlMM aTOMOB Ha
MOBEPXHOCTH KPHCTAIIIA 3alUILIEM B BUJIC

on N-—n

P —DAn+ —al >
ot T N (1)

3nece n — AByMepHas IUIOTHOCTh BaKaHCHH B
MoHOcnoe, D - xoddduurent ux muddysuu, N -
IByMEpHasl IUIOTHOCTh aJaTOMOB B MOJHOCTBIO
3aII0JHEHHOM MoHocnoe (N >>n), 7 — cpeauee

BpeMsl  JKM3HU  aJaTOMOB 1O HCHapeHHus C
MOBEPXHOCTH, [ — BHEUIHMH IMOTOK KOHAEHCALUHU
aTOMOB Ha IOBEPXHOCTH, « — BEPOATHOCTb
KOHJICHCAlUK aToMa U3 moToka [ B CBOOOJHOM
mo3unuu. AmnHamormdHo paboram [1-3] pemraercs
middy3noHHas 3amada  BOKPYT TOJOCTH CJerKa
HCKa)KEHHOH QOpMBI:

R((p,t)zR(t)+l§151 (t)exp(ilp) ()

(¢ — momspHBIA yrod, 51 <<R) c¢ rpaHUYHBIMHU

YCIIOBUSIMH Ha rpanuine B

0
Da_,:B =ﬂ{n—noo exp(FK)}B,
n| -, (3)

rne [ — rpaHUYHBIA KMHETHYECKHH Koddduiuenrt,
K — xpuBM3Ha rpaHULBl NOJNOCTH, n,, [, n —
HOCTOsIHHBIE. [l BO3MyIEHHs BUAA O, exp(il(p) ,

rae o, << R

K =l+(12 —1)5—12exp(il(0) . @)
R R

st mcciemoBaHus  Bompoca 00  YCTOWMYHMBOCTH

hopmbl (Mmopdonorudeckoit YCTOMYHUBOCTH)

MOJIOCTH JTOCTATOYHO MAJIOrO pa3Mepa HaXOAATCS U

AHAIM3UPYIOTCS] NHKPEMEHTbI BEIMUMH &; U &) /R :

d 51
v, Ealn{(sl (1)} 5 ()

d [5(1)] 9 R
SR Y ASVA G B 6
" R(t)] & R (©)

HeycroifunBocts  (OpMBI ~ HOIOCTH  BIEpPBbIE
HACTyNaeT Ha BTOPOH TIapMOHMKE; HApPAacTaHHE KeE
OTHOCHTENIbHOH  Jedopmanuu  (GOPMBI  HOJIOCTH
6;/R  wHaunmnaercs npu [=3. Haxomsres

COOTBETCTBYIOIIHE MTOPOTOBBIE PAIIYCHI TTOJIOCTH.

Pabora BbINONHEHA B paMKaX rOCOMKETHON TEMbI
«IToneBple MOIXOBI K TIPOOIIEMaM SACPHOU PUIUKA
¥ PHEPIeTHKH Ha 0a3e KBAaHTOBOH XPOMOIMHAMHKH
U HCCIEAOBAHUS DICKTPOIMHAMHYECKUX IPOIECCOB
U CTPYKTYpHBIX 3((eKToB mnpu B3aUMOJICHCTBUU
Iy9KOB YACTHIl C TOJSAMH W BemiecTBoM» (2007-
2011 rr.).
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ELECTRON-POSITRON PAIR PHOTO-PRODUCTION WITH
RADIATION OF A PHOTON IN MAGNETIC FIELD AT
NONRESONANT REGIME

, R.I. Kholodov — Institute of Applied Physics, National Academy of Sciences of
Ukraine

Sent (10.2011) in journal Problems of Atomic
Science and Technology.

Abstract The electron-positron pair production
by a photon in the case when one additional photon is
emitted in external magnetic field under nonresonant
condition has been investigated. The resonant
conditions have the place, when the photon energy is
close to the splitting between Landau levels. The
differential probability of nonresonant process has
been obtained and is three order of magnitude less
the resonant case.

Probability of the process

FAIR (Facility for antiproton and ion research
project) is one of the largest research project today. It
will be erected at GSI (Darmstadt) in the next few
years. Quantum-electrodynamic test in strong
electromagnetic fields, for example under heavy ions
collisions, is one of the important applied task of this
project.

The quantum-electrodynamic (QED) processes in
the presence of strong magnetic field close to the
critical value of about 10" Gs may accompany fast
heavy nuclei collisions.

The process of et+e- production by a photon with
photon radiation in resonant condition has been
considered in previous work [1]. This work is
devoted to the study of such the process at
nonresonant regime.

Probability amplitude of the process is described
by Feynman diagrams that are shown in Fig.1
according standard rules of QED [2].

p pt
k!

p* P
Fig. 1 Feynman diagrams of the processof e+e- pair
production by a photon with photon emission

Wave lines in the diagrams correspond to wave
functions of photons. External and internal solid lines
are wave functions and Green's functions
correspondingly of electrons (positrons) in a
homogenies magnetic field.

The process is studied in the lowest Landau levels
approximation (LLL or ultraquantum
approximation).

Resonances in the process have the place at the
poles of Green's function of electron, when
intermediate state goes to mass shell. In magnetic
field it gives the frequency of the final photon is
equal to the distance between Landau levels. So
nonresonant case is located between two neighboring
resonances.

We consider the process near threshold, so
frequencies of initial and final photons are

w =2m +amh®, w'=kmh’. (1)

Total probability of the process per unit of time in
LLL approximation has the form

2
W= o %mlﬁem«/ﬁ[ln(i) + %] @)

min

where h = eH /m” is normalized magnetic field.
This value is equal to

W ~10°s7" (3)
for a =1, h=0.1 and it is three order of
magnitude greater then resonant probability.

Performed within state budget subject Ne 367-07
“Resonances and structure transformations in
quantum electrodynamics, chromodynamics and
many particle systems upon the influence of external
fields and fast particle beams”.
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NCHHOJBb30OBAHUE KBATEPHUOHOB IIPU NCCJIEJOBAHUHN
QJIEKTPOHHOI'O OXJAXIAEHUA IYYKOB YACTHUIL

A M. KyabmentbeeB — UHeTuTyT npukiaaanoi pusnkun HAH Ykpannsi

Kondepenuis ®axyiabtery EgexTpoHikum Ta

indopmaniinnx TeXHOJorii Cymcbkoro
Jep:KaBHOI0 YHHBEPCUTETY "Pizuka,
eJIeKTpoHika Ta  ejekTpoTexHika'. Cekuin

«ExcnepumenTaibHa (Qisuka». 18 — 22 kBiTHHA
2011 poky. — Cymn: M3p-Bo Cym/JY. — 2011. -
C.114-115.

AbctpakT — B pabore BBeneHO mpelcTaBIeHNE
00 0000IIEeHHOM KWHEMAaTHYECKOM MHOXHUTEINE IS
YacTHUIIbl, HCHBITABLUIEH JBa IIOCIIEA0BATEIbHBIX
VOPYTHX  CTOJNKHOBEHUS, B paMKaX TEOpUH
TUIEPKOMIUIEKCHBIX YHCeN pa3paboTaH GopMannu3m
JUIL  €ro BBIYUCICHHS, CO3JaHO HE00XO0IMMOe
OpOorpaMMHOe  00ecIeueHHe U UCCIEIOBAHBI
XapaxkTepHbIe 0co0eHHOCTH pacnpeneneHus
HEPTrUM MHOTOKPATHO PACCESIHHOM YaCTHIIbI.

Ha  yckoputensx B OSKCIEPHUMEHTaX  C
HETIOJIBMKHBIMI MUIICHSIMHU 3HEPTUS YaCTHIl ITyJKa
MpeBpamaeTcss B OCHOBHOM B DHEPIHIO
COBMCCTHOI'O OBUXCHUSA HpOI[yKTOB peaKHI/II/I, 158
JUINb HE3HAYWTEIbHAas €€ 4YacTh IEPEXOAHWT B
SHEPTHIO  pOXAawmuxcs  dactul.  [loatomy
00pa3zoBaHWe HOBBIX YACTHI] C OOJBIMMH MaccamMH
BO3MOJKHO JIMIIb B 9KCIIEPUMEHTaX CO BCTPEUHBIMU
MyYKaMHd, B KOTOPBIX YIAeTCs HCIIONB30BATH BCIO
SHEPTHUIO HAYAJIHHOTO NBIDKCHUS CTATKHBAIOIIMXCS
YACTHII.

B Takux skcrnepuMeHTaX OYeHb BaXKHO, YTOOBI
MIPUTOTABINBAECMBIC ITy9IKH ObLIN
MOHOXpOMaTI/I‘-IHBIMI/I nu XOpOHIO
KOJUTMMUPOBAHHBIMH, T.6. B CHCTEME OTCYETa,
JBUOKYIIEHUCS CO CPEeITHE CKOPOCTHIO YaCTHI] ITyYKa,
OHM JIOJDKHBI HMMETh Y3KOE€ paclpeiesieHne 10
CKOPOCTSIM BOJIM3H HYJICBOTO 3HAYCHUS.

B mocnenHee BpeMs IIsl IPUTOTOBIEHUS ITyYKOB
TSOKETIBIX 3apsSUKEHHBIX YaCTHI] ITUPOKO
UCIOJIB3YETCs METOJ] SJIEKTPOHHOTO OXJIaxaeHus. B
3TOM METOJI€ B OJHOM U3 TPSIMOJUHEHHBIX
MPOMEXKYTKOB HAKOMUTENS TapajielbHO IYYKY
TAXKCIBIX qacCTHUI] HpOHYCKaeTCSI I/IHTCHCI/IBHblf/‘I
MYYOK 3JICKTPOHOB C TOM KE CPEIHEH CKOPOCTHIO U
MaibIM  pa3dpocoM Mo uMMIyibcam. Ha oOmem
y9acTKE TpaeKTopuu 'ropsumii" Ta3 THKEIBbIX
YaCTHUI[ OKa3bIBaeTCS B "XOIOMAHOM'" JJIECKTPOHHOM
ra3e W B pe3ysbTaTe KyJIOHOBCKHX CTOJKHOBEHHM
oxnaxkmaercs. [Ipy 3ToM OOBIYHO pazNMUYaAIOT ABA
MpoIecca: OJHOKPATHBIC CTOJIKHOBEHHUS, KOTOPBIC
NPUBOAAT K OXJAXKICHUIO, W MHOTOKPATHBIC,
BEI3BIBAKOIIME HAarpeBaHue Tra3a dactull. llpum
TEOPETHYECKOM OIMCAHWW ITH IPOTHUBOIIOJIOKHBIC
MPOIECCH PACCMATPHUBAIOTCS IO OTICIBHOCTH, YTO

CBSI3aHO C OTCYTCTBHEM TCOPHH, IO3BOJISIOLINI
00001IUTh (hOpMa3M OIHOKPATHOTO PACCESTHUS Ha

cryJait HECKOJIBKHX IIOCJIEOBATENBHEIX
CTOJIKHOBEHHIA.

B nanHoii paboTe mpemnaraercs ais pa3paObOTKu
Tox00HOTrO 000011IeHAA HUCHOJB30BaTh

THUIIEPKOMIUIEKCHBIE dYHClIa — KBAaTEPHHOHBL. B
ciiydae CQEpUYEeCKd CHMMETPHYHOTO IOTEHIIHAaa
OTJIENIEHOE CTOJKHOBEHHE B ONPEAEICHHOM CMBICIIE
CBOJIUTCS K TIOBOPOTY BEKTOpa CKOPOCTH YACTHIIHI B
OpOUTANTBHON TUIOCKOCTH Ha YTOJ — paccesHHs.

[Moaromy JUIS OTHCaHUs HECKOJIBKIX
MOCJIEeOBATENBPHBIX ~ CTOJKHOBEHHH  HEOOXOIUM
dbopmamiaM, B KOTOPOM MOXHO 3(h()EKTHBHO

CKJIaJbIBaTh MOJOOHBIE TOBOPOTHI.

Ilo ompenenenuto, KBaTepHHUOHBI 0O0pa3zyoT 4-
MEpHYIO anreOpy Ham moyieM R IeHCTBUTETHHBIX
yhucen.  OTa  €IWHCTBEHHAas  acCOIMaTHBHAs
HEKOMMYyTaTHBHasi anreOpa Hajg R Oe3 nmemuteneit
HyJI1. B KBaTepHHOHE MOYKHO BBIAETUTH CKAJSPHYIO
U BEKTOPHYIO 4YacTd, TpHYEeM  YMHOXKEHHE
KBaTEpHUOHOB 00BbeOuHAET B cebs [Ba BHOA
YMHOXEHHS BEKTOPOB (CKAIIPHOE ¥ BEKTOPHOE).

MosxHO TIOKa3aTh, 9TO MPH TTOBOPOTE BOKPYT OCH
p Ha yroJs 2¢ MpOU3BOJBHBIN BEKTOpP V NEPEXOIUT B
BEKTOp qVq, Ile KBAaTePHHOH ( MMEeT BHJ ( =
cosg + psing. IlosTomy, ecnwm NPOW3BOOUTCS IBa
[IOBOpOTAa: TEpBBIH Ha yroa 2¢; BOKPYr OCH,
XapakTepu3yeMoi eJMHUYHBIM BEKTOPOM P, U 3aTeM
BTOPOH — Ha YroJ1 2¢, BOKPYT OCH, XapaKTepU3yeMmon
BEKTOPOM P;, TO B WUTOre TOJy4yaeTcs HEKOTOPHIi
HOBBIN MOBOPOT. Mconb3ysl KBaTEpUHUOHBI MOXHO
CPaBHUTENBHO IIPOCTO HAWTH OCh P W yrom 2y
PE3YIBTUPYIOIIETO MTOBOPOTA: ,(; = COSY + psiny.

I[lo amamormm co cioyyaeM OJHOKpPATHOTO
paccesHus B JTAHHOU pabote BBEJICHO
TIpeACTaBIeHHe 00 OOOOIEHHOM KHHEMAaTHYECKOM
MHOXKUTEJIE JUId 4YacTHULbl, HWCIBITAaBIIeN [1Ba
MOCIIEA0BATENBHBIX YOPYTHUX CTOJIKHOBEHH,
paszpabotaH (opManm3sM W CO3JaHO HEOOXOIUMOe
MIpOrpaMMHOE obecrnieueHme. B pamKax
MIPEI0AKEHHOTO noxxoza UCCIIEZIOBaHBI
XapakTepHble  OCOOCHHOCTH  KHMHEMAaTHYeCKOTO
MHOXHWTENIA. B  dacTHOCTH, TOKa3aHO, YTO B
JKCIIEPUMEHTE, B KOTOpOM (UKCHPOBaHBI
HampaBleHUs [BWXEHMs Majarolied M ABYKPaTHO
paccessHHON  YacTHIBI, CYIIECTBYeT  HWHTEpBal
BO3MOXXHBIX 3HAUYEHHH DSHEPrud TaKOW 4YacTHULBI.
YCTaHOBJEHO, YTO OJKCTpEMallbHble  3HAYEHUs
SHEPTUH UMEIOT YaCTHIIbl, UCTIHITHIBAIOIINE 00a aKTa
paccesHUS B OOHOW © TOW K€ OpOUTAIBHOMN
MIJIOCKOCTH.
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PaboTa BBIMOTHEHa B pamMKax TOCOIOKETHOM
TeMbl «llojieBbIe MOAXOIBI K MpoOIeMaM sIEPHOM

¢u3uKku W OHEepreTMKH Ha 0aze
XPOMOJMHAMUKHA u

KBaHTOBOM
HCCIIEIOBAHUS

JMEKTPOTMHAMHYECKUX TIPOIECCOB M CTPYKTYPHBIX
3¢ (}HeKTOB Mpu B3aUMOJCHCTBHU IYYKOB YACTHII C
noJsisiMu ¥ BemectBom» (2007-2011 rr.).

OIMMCAHHUE HOBEPXHOCTHU KOMITAKTHBIX
HAHOOBBEKTOB

AM.KyabmenTbeB — UHcTUTYT npukiaaanoi pusukn HAH Ykpaunsbl

Beimiia B oxypHane // MaremaTHdeckoe
MojaeaupoBanme, 2011. — T.23, Ne 4. — C.57 — 68.

AOctpakt B crarbe mnpeasiokeH UMCIEHHBIN
METOA WACHTH(PHUKAUUK W aHajh3a TOBEPXHOCTH
KOMITAaKTHBIX aTOMHBIX HaHOOOBekTOB. IIpoBeneH
aHaJ M3 AJITOPHTMOB, pa3pabdoTaHO HEoOXOaUMOe
nporpaMMHoe — oOecriedeHMe W Ha  IpUMepe
MOJIETBHBIX KJIACTEPOB NMPOBEJEHO €r0 TECTUPOBAHUE.
Merton obecrieunBaeT OJHOBPEMEHHOE OJHO3HAYHOE
OTpe/ieJIeHHe aTOMOB MOBEPXHOCTH U €€ MO3auyHOe
NpeACTaBICHHE, KOTOpOE 3aTeM MOXET OBbITh
WCIONB30BAHO ISl BBIYHCICHHA  PA3JINYHBIX
WHTETPAIBHBIX XapaKTEPUCTHK PaccMaTpUBAEMOI0
00BeKTa.

OmHUM U3 OCHOBHBIX HAIIPABJICHUN MCCIIEIOBAHMIA
B WucturyTe SIBJISICTCSI KOMITBIOTEPHOE
MOJICJIMPOBAHUE  DBOJIOIUH  TMOA  OOIydYeHHeM
neeKTHOH  CTPYKTYpPHI ~ MaTepHaJIOB  aTOMHOM
sHepretuku. COBpEeMEHHBIN MOAXO0 K PEIICHUIO ATOU
3aja4d COCTOMT BO BBEIEHUH IIPEICTABICHUS O
CTPYKTYPHBIX YPOBHSX CHCTEMBI M HCIOJIH30BAHHUU
(U3MYECKUX MoOJeNeld U METOJ0B KOMITbIOTEPHOU
(U3MKKM, aJeKBATHBIX JUJIS ONUCAHHS  SIBJICHHIA,
MPOUCXOAAIIUX HA  OTACNBHBIX  ypoBHsiX. K
HACTOSIIEMY BpEMEHU B MHOTOYpPOBHEBOM
MOJICJIMPOBAaHUU O(GOPMHUIIUCH JIBA HAIMPABJICHUS —
mocleoBaTeNlbHble W THOpUAHBIE cXeMbl. B
MOCIIEIOBATENFHBIX CXE€MaX CTPYKTYPHBIH DJIEMEHT
MOJENN TAHHOTO YPOBHS paccMaTpHUBACTCS B BHIE
CUCTEMBI, COCTABIICHHOH M3 3JIEMEHTOB MOJIeNn Ooee
HU3KOTO YpoBHA. IloaToMy mepexos K cieayromemMy
YPOBHIO TIPUBOJIUT K YMEHBIIICHHUIO YHCJIA CTETICHEM
CcBOOOJIBI W, KaK CJEJCTBHE, OINUCAHUE IOBEACHUS
CUCTeMBbl (PUKCHPOBAaHHOTO pa3Mepa B TeEYEHHE
3aJJaHHOTO MPOMEXYTKAa BPEMEHH TpeOyeT MEeHbBIINX
BBIYMCIMTEIBHBIX ~ 3aTpar. OJTO  OOCTOSTEILCTBO
MO3BOIISIET TIPU TIepexojie Ha Ooyiee BHICOKHWE YPOBHH
paccMaTpWBaTh CHCTEMBI OOJNBIIETO pa3Mepa B
TeueHue OOIBIIETO MPOMEXKYTKA BpEMEHHU.

PeakTopHoe MarepuanoBeleHUE SIBISETCS OIHOMU
13 HamboJee MEepCIEeKTUBHBIX 00IacTe MPUMEHEHUS
MIOCJIETOBATEIHHBIX CXeM, MTOCKOJIBKY npu
SKCIIEPUMEHTAIBLHOM  HUCCIEIOBAHUU  TOBEJEHUS
KOHCTPYKIIHOHHBIX MAaTepHalioB B AaKTHBHOW 30HE
peakTopa HaOmIOacTCsl OOBEIUHECHUWE TEPBUIHBIX

paaranoOHHBIX neeKToB - BaKaHCHUH,
MEXY3eIbHBIX W  TNPUMECHBIX  aTOMOB B
pa3HOOOpa3Hble HAHOKJIACTEPhl — BaKaHCHOHHBIC
MOpbl, AUCIOKALMOHHBIE TETIM U IPUMECHBIC
BBIJICIICHUS.

B cratbe TOpemsioKEH UMCIEHHBIM METOo.
UICHTU(UKAIMM W aHalli3a MOBEPXHOCTH TaKUX
aTOMHBIX ~ OOpa3OBaHWH, KOTOPBIH  SBISETCS
JIOCTAaTOYHO MPOCTHIM, 3(PPEKTHBHBIM, YCTOWINBBIM
U  JOMyCKAaeT  HaJSIAHYI0O  T€OMETPUYECKYIO
HMHTEPIPETAIHIO. O0s13aTeTEHBIM 3TaroM
peamzanuu JI000TO YHCIEHHOTO METOAA SBISETCS
€ro TEeCTUPOBaHHE. JTa MPOIEeIypa BBHIMOIHEHA Ha
IpuUMepe  MOJENbHBIX  KIACTEPOB C  XOPOIIO
OTIpeIeTICHHON MTOBEPXHOCTBIO. Pesynbrathr
TECTUPOBAHMS HE TOJBKO JOKa3adl KOPPEKTHOCTH
npeasaraeMoro  MeTojla, HO W IO3BOJIMIU
YCTaHOBUTH HEKOTOPBIE KAYeCTBEHHBIE 0COOCHHOCTH
OIIEHOK TUIOMIATN TIOBEPXHOCTH W 00BeMa MallbIX
ATOMHBIX CHCTEM.

Cy1iecTByeT HECKONBKO 00JacTeil, B KOTOPBIX
MOXET OBITh WCIIOJIE30BaH pa3paboTaHHBIA METOI.
Bo-miepBeIX, B TpaauIMOHHOM MAaTEPUATIOBEICHUN
MHOTHE MIPOILIECCHI, MMEIOIINE OTPOMHOE
TEXHOJIOTUYECKOE 3HAYEHWE, 4YacTO CBS3aHBI C
BBJIETICHHEM W JBOIIOLMEH JIOKATBHBIX aTOMHBIX
oOpa3oBanuii. [IpenoxeHHBII METOJ] IO3BOJIACT
YCTaHOBUTHh CBSI3b MEXIY aTOMHCTUYECKHM U
ME30CKOTIMYECKUM YPOBHSIMH TIPH KOMITBIOTEPHOM
MOJIEITUPOBAHUH TAKUX TIPOIECCOB, TOCKOJIBKY OH
o0ecrieunBaeT Ha  aTOMHOM  ypOBHE  Kak
OJTHO3HAYHOE OTpefesieHNe aTOMOB IOBEPXHOCTH,
TaK W €€ MO3aW4HOE€ IIpeACTaBlIeHHE. JTO
MPEJICTABICHUE MOMKET OBITh HUCIOIB30BAHO IS
BBIYHCIICHUS Pa3IMYHBIX WHTETPATbHBIX
XapaKTepUCTHUK,  KOTOpble  (GUTypUpYyIOT  Ha
Me30cKonmuueckoM ypoBHe. Kpome Toro, ero MoxxHo
MIPUMEHATH TIPH UCCIIEIOBAHUY aTOMHBIX KJIACTEPOB,
KOTOpBIE  ABISIOTCS  ONHUM W3  Hamboiee
UHTEPECHBIX 00HEKTOB HAHO(DU3UKH.

PabGora BbIOMHEHa B paMKax TOCOIKETHON
Hay4yHOU poboThl Ne 367-07 «llonmeBbie mOAXOMBI K
npoOieMaM siIepHOi (U3UKK U SHEPreTUKH Ha Oase
KBAaHTOBOM  XPOMOJAMHAMHUKHA U  HUCCIEIOBAHUS
ANEKTPOIMHAMHUYECKUX TIPOIIECCOB U CTPYKTYPHBIX
3¢ PexTOB MpU B3aUMOJCUCTBUM ITyYKOB YaCTHI[ C
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CTPYKTYPA U CBOUCTBA HAHOKPUCTAJUJUYECKHX
MOKPBITUM U3 HUTPUIA TUTAHA, MOJYUYEHHBIX NPHU
HETIPEPBIBHOM OCAXJIEHUHW UJU HOHHO-IIJIASMEHHOU
NMINJAHTAIUHU

A.N.KyabmenTbeB — UHcTUTYT npukiaaanoi pusuku HAH Ykpannbl;
O.I1.KyabmentbeBa, A.M.Maxmyn — Cymckuii rocyfapcrseHHblii yausepcurer MOH
Ykpannsbl

Beimia B :kypHase // KomnpeccopHoe n
JHepreTuvYecKkoe MamimHocTpoenue. — 2011 —
Ne2 (24). — C.36-39.

AOcTpakT B craThe mNpoBENEHO KOMILIEKCHOE
TEOPETUYECKOE U IKCIEPHUMEHTAILHOE HCCIIE0BAHNE
u CpaBHEHUE TpUOOJIOTHYECKUX CBOMCTB,
CTPYKTypHO-(a30Boro cocraBa H  Mopdomoruu
MOBEPXHOCTH TOKphITHH n3 TiN, HaHEeCeHHBIX B
YCIOBUSIX HENPEPHIBHOTO OCAXAECHUS WIH HOHHO-
MJIa3MEHHOMN UMITJIaHTaLlUH.

OmHO U3 OCHOBHBIX HAIIPABJICHUHA UCCIICIOBAHUN B
I/IHCTI/ITYTG CBA3aHO C HCIOJL30BAHUEM ITYYKOB
YacTWI[ JJI1 aHalWM3a CTPYKTyphl H  COCTaBa
CPaBHUTEIILHO TOHKOW MPHUITOBEPXHOCTHOU 00JIaCTH
MaTepuanoB. B mocnenHee  BpemMsl  MOTOKH
SHEPreTUYECKUX 3aPSKEHHBIX YACTHI[ — JIECKTPOHOB,
WOHOB WM  TIOTOKOB  IUIa3Mbl —  aKTHUBHO
WCIONB3YIOTCS  TaKKe Ul LIEJeHaNPaBIeHHOTO
W3MEHEHHS CBOMCTB MaTepUaoB, & UMEHHO, TOHKOTO
MMOBEPXHOCTHOTO CJIOA 00padaThIBaeMOTO H3/IEIIHsL.
Ocoboe BHMMaHWE K OTOM 00JacCTH TBEPHOBIX Tl
ABJISICTCA OILHOﬁ N3 XapaKTCPHBIX Y€PT COBPEMECHHOT'O
MaTepUANOBEACHUS. JTO OOBSICHACTCS TEM, YTO
CTPYKTypa ¥ COCTaB TIIOBEPXHOCTH OMPEAEISIIOT
MHOTHE (U3UYECKHe W XHMHUYECKHE CBOMCTBA
TBEPJABIX TEJl M WIPAIOT TIABHYIO POJb BO MHOTUX
MpoIeccax M SIBICHUSX, YaCTO MMEIOIUX OTPOMHOE

TeXHOJIOTHYecKoe 3HaueHue. Kpome Toro, peskoe
YBEIMYEHHE  OTHOCHUTENBHOM  JOJMH  aTOMOB,
JeXalMX Ha IMOBEPXHOCTH, 10 CPaBHEHHUIO C
MIOJTHBIM YHCIIOM aTOMOB CHUCTEMBI, SBIISETCS TaKXKe
OJTHOM M3 XapaKTEPHBIX YePT 0ObEKTOB HAHOHAYKH.

B CTaThbe IIPOBEJICHO KOMIUIEKCHOE
TEOPETHUECKOE u AKCIIEPUMEHTATBHOE
nccienoBanne MokpbiTHii W3 TiN, HaHeCEHHBIX B
YCIIOBHUSIX HETPEPBHIBHOTO OCAXKACHHS WM HOHHO-
IJ1a3MEHHOM WMILTaHTAIIH. B YaCTHOCTHU
YCTaHOBJIEHO, YTO HE3aBHUCHMO OT pPEXHMOB
OCaX/IECHUS B TOKPBHITHAX UMEIOTCS TIOPBI, KOTOPHIE
MOTYT OBITh  JBYX THIOB: OTKPBITBIE  Ha
MMOBEPXHOCTH M 3aKPBITBIC BHYTPH IOKPBITHSL.
[Ipenmoxxer Gu3nIecKnii MEXaHU3M, OO0BICHIIOIINN
BIMSHME TIOp Ha TpUOOJOTHYECKHEe CBOWCTBA
nokpeiTuii. Kpome  Toro, mpoaHaau3upOBaHO
BIIUSHUE  3aKpPBITBIX TOpP HA  JUITHTENBHYIO
HM3HOCOCTOWKOCTh MOAM(HUIIMPOBAHHOTO MaTepHara,
paboTaroliero B mape TpeHusl.

PaGora BhIMmOMHEHa B paMKax TOCOIOIKETHON
TeMbl «lloyeBble MOIXOBI K TIpoOIeMaM sIEpHON
¢u3uku W DHepreTMKH Ha 0aze KBaHTOBOIA
XPOMOJIMHAMUKH u UCCIeI0BaHUS
ANEKTPOTMHAMHUYECKUX TIPOIIECCOB M CTPYKTYPHBIX
3¢ (}HeKToB Mpu B3aUMOJCHCTBHM IYYKOB YacTHI[ C
noJisiMu ¥ BemectBom» (2007-2011 rr.).
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THRESHOLD ELECTRON-POSITRON PAIR PRODUCTION BY
A POLARIZED ELECTRON IN A STRONG MAGNETIC FIELD

O.P. Novak, R. I. Kholodov — Institute of Applied Physics, National Academy of Sciences of
Ukraine

Sent (10.2011) in journal Problems of Atomic
Science and Technology.

Abstract — Resonant e+e -pair production by an
electron in a magnetic field near the process threshold
is analytically studied. Using the Nikishov’s theorem
an estimation of the number of events is made in
magnetic field equivalent to laser wave in the SLAC
experiment [1].

1. Introduction
The measure of strong field in QED is the critical

Schwinger one B, =m’c’/eh~4.4-10" G. When

magnetic field is comparable with the critical one, the
quantum electrodynamical treatment of processes is
necessary.

Neutron stars have magnetic field within the range
from 10”G to 10” G. Thus, QED processes in a
magnetic field are of great importance in
astrophysics. It is necessary to mention the possibility
to study QED processes in subcritical magnetic field
in experiments on heavy ion collisions [2].

Strong magnetic field modifies physical processes
and allows occurring new ones, like e'e
pairproduction by a moving electron. It is necessary
to notice that this reaction in intense /aser field was
experimentally studied at SLAC [1].

2. Process rate

Probability amplitude of the process is described
by two Feynman diagrams shown in Fig. 1, where
double lines represent Dirac equation solutions in a
magnetic field.

Fig. 1. Feynman diagrams of the process.

We assume the following condition is met:

B
b=—<x1. €))
BC
The process has been considered near the
threshold when the final particles occupy ground
Landau levels and the initial electron energy is:

E =3mc’ )

(hereinafter relativistic units with 7=c=1 are used)
and the final particles occupy the ground Landau
level. Thus, the final spin states are determined.

When process kinematics allows the virtual
photon to be real then a resonant divergence arises.
In this case the interaction range goes to infinity [3].

The divergence was eliminated by introducing
small imaginary part into the propagator
denominator using Breit-Wigner prescription:

A

w—w—1— 3)

where A is the corresponding state width.
Nonresonant contribution to the process can be

neglected in comparison with the resonant part.

Total process rate in the considered case is

me? | Nr Qe ri+1/2)
holsfs A/mo (U1

where Q=2/b and / is Landau level number of the
initial electron. Note that the rate (4) can be
expressed via product of the rates of the
corresponding first-order processes.

Nikishov's theorem allows to compare the
obtained result (4) with the SLAC experiment on
observation of e'e” pairproduction by an electron in
intense laser wave.

The estimated according to Eq. (4) number of
events is N =80. It is in reasonable agreement with
the experimental result of 10614 events indicated
in [1].

Performed within state budget subject Ne 367-07
“Resonances and structure transformations in
quantum electrodynamics, chromodynamics and
many particle systems upon the influence of external
fields and fast particle beams”.

W= 042[ 4)
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PE3OHAHCHOE ®OTOPOXIEHHUE 3JEKTPOH-
IHO3UTPOHHOMU ITAPBI HA AAPE B UMIIYJBbCHOM
CBETOBOM IIOJIE

A.A. Jlebenp, C.I1. Pomynknn — UHceTuTyT npukiaaanoi ¢puzukun HAH Ykpaunnsbi

Cratbs BbiLLIa B kypHaje KITD, 201, tom
139, Bpn.5, crp.1-10 / JETP, 2011, Vol.113, Ne.l,
pp- 46-54.

AOcTpakt — TeopeTuyeckd H3y4Ye€H HPOLECC
PE30HAHCHOTO (doTopoxIeHHS 3JEKTPOH-
MO3UTPOHHON TMaphl HA fAJpe B TMOJE HMITYIHCHOU
CBETOBOH BOJIHBI.

Paccmotpeno mpubmimkeHue, Korna IIUTETbHOCTh
AJIEKTPOMArHUTHOTO MMITYJIbCA 3HAYUTENBEHO OOJIbIIe
XapaKkTepHOTO  BPEMEHW  OCIMIUISIHMIA  BOJHBL
B3aumoneiicTBUe  AlEKTpOHA M MO3UTpPOHA €
KYJOHOBCKHM IIOTEHLIMANIOM sipa PacCMOTPEHO B
OOpHOBCKOM  npuOimmxenuu.  Jlns  auamasoHa
YMEPEHHO CUJIBHBIX MHTEHCHBHOCTEH BHEITHETO ITOJIS
MOJTy4€HO AHAIMTHYECKOE BBIpAKEHHE TUIS
PE30HAaHCHOTO TuQhepeHITUAIEHOTO CCUCHUS.
[TokazaHo, 4yTO pe3oHaHCHOE cedeHrne (POTOPOKIECHHUS
map Ha siipe B HMITYJIbCHOM JIa3€pHOM I10JIe MOXKET Ha
MOPSAZIOK BEJIMYMHBI TIPEBBIIATH COOTBETCTBYIOIIEE
ceuyeHne (POTOPOXKACHUS Map Ha sIpe B OTCYTCTBHE
BHEIITHETO TOJIS.

®oropoxxnenne mapel  (DPII) osmexktpona wu
MO3UTPOHA B MOJIE ATOMHOTO SI/Ipa SBJISIETCS] OTHUM U3
OCHOBHBIX  TIPOIIECCOB  B3aWMOJEWCTBUS  ramma-
KBAaHTOB C BEIIECTBOM. XapaKTEPHOH OCOOCHHOCTHIO
npouecca @OPII Bo BHEMHEM Ja3epHOM IMOJE €CTh
BO3MOXXHOCTH ~ pPE30HAaHCHOTO  XapakTepa  €ro
mporekanus  [1]. HcciaemoBanne — pe30HAHCHBIX
MIPOLIECCOB B UMITYJIbCHBIX MOJISIX aKTyaJIbHO B CBSI3U C
IIUPOKUM MPUMEHEHHEM HWMITYJIbCHBIX Ja3epoB B
MPAKTHKE COBPEMEHHOTO YKCIIEPHMEHTA.

Huarpammbr @eitnmana npouecca OPII Ha sape B
T10JIE€ UMITYJIbCHON CBETOBOM BOJIHBI MTPEICTABICHBI HA
Puc.1. [IBoliHble CcBOOOAHBIE JIMHUH 0003HAYAIOT
BOJIHOBbIE (DYHKIIUM JJIEKTPOHA p U MO3UTPOHA p, B
MoJIe BOJIHBI, BHYTPEHHUE JUHUHM — QyHKIUI0 ['prHa
NIEKTpOHa ¢ (IO3UTPOHA ¢,) B TIOJNE BOJHBI,
BOJHHUCTBIC JTUHUHU OTBEUYAIOT MAJAIOIIEMy ) -KBaHTY
k, n "ncepnodorony" ¢ ornauM Aapa.

AMIUTHTY/1a HCCIETyeMOTO IMpolecca MMEET BHI
CyMMBI TI0 TIApPIIMAIBHBIM KOMIIOHEHTaM, KaKhas W3
KOTOPBIX  OTBEUaeT IpoleccaM TMpPH  ydacTUH
OINpPENICICHHOTO 4YKcia (DOTOHOB BHEIIHErO ITOJIS.
AManmuTynna ComepKUT PEe30HAHCHBIN 3HAMEHATENh, B
KOTOPOM TPHUCYTCTBYET XapakTepHas TOJIbKO s
HMITYJIbCHBIX BHEIIHUX TOJIEH 3aBUCUMOCTb.

Pesonanc ans mpouecca @OPII B uMmynbcHOM
CBETOBOM IIOJIE UMEET MECTO TIPU ITOPOTOBOM SHEPTHH

Pe3onancuoe ®OPII B uMITyJIbcHOM CBETOBOM IIOJIE,
3¢ (EKTUBHO CBOIWTCS K JBYM IIOCJICIOBATEIbHBIM
MPOIECCaM MEPBOTO MOPSAKA 110 TIOCTOSHHOM

a)

Puc.1.
TOHKOW CTPYKTYpPBI: OJHO(POTOHHOMY POXKICHHUIO
mappl B MOJIE WMIIYJbCHOW BOJHBI M PAaCCEIHUIO
3JIEKTPOHA Ha SIAPE B MOJIE UMITYJILCHOM BOJIHBIL.

Pe3oHaHCHOE ~ ceueHHME  HMMEET  CIEYIOIIYIo
XapaKTEepHYIO CTPYKTYPY
doj) ~ P, do, -dW,. (1)
rae do, — muddepeHInanbHOE CEYEHHE PACCESHUS
HNPOMEKYTOYHOTO JJIEKTPOHA Ha SJpe, dWlfizr -
BEPOSITHOCTh  POXKIEHHS  HayalbHBIM  (OTOHOM

3J'I€KTpOH—H03PITpOHHOﬁ napbel 3a CUCT HNOTJIOLICHUA
OJTHOI'O (bOTOHa BHCIOTHECTO IT0JIA.

OrtHoleHue PE30HAHCHOTI'O CE€YCHUA K CCUCHUIO B
OTCYTCTBUC BHCIIHETO MOJIA UMECT BU

R, =7n"2""nwr - (InE, /m). ()
Omenka  oTHOmeHWs — cedeHmd  (2) it
nukocekyHaHoro Nd:YAG nazepa cepun PICAR:

HanpsHkeHHOCTh 77, = 0.1, nuuHa BonHbl A =1064 HM,

IJIUTEIBHOCTh r7=25mc. ITamaromui dhoToH
JBH)KETCS HABCTpedy BOJHE C DHEprued BONM3M
oporoBoro  3HaueHus @, =25515B. Ilomyuynm
R, ~40. CrnenoBarelbHO, pPE30HAHCHOE CEYECHHUE

OPIl Ha sape B HUMIyJIbCHOM CBETOBOM IIOJIE Ha
MOPSAJIOK BETUYMHBI MOXKET TpeBbimaTh ceuenue OPII
Ha siIpe B OTCYTCTBHE BHEUTHETO ITOJIS.

PaboTa BbInosHeHa B paMKax rOCOIOIKETHON TEMBI

(13

KorepenTHbie 51 PE30HAHCHBIC KBAHTOBO-
AJIEKTPOIMHAMUYECKHUE SBJICHUS B CHIIBHBIX JIA3epHBIX
moJIsix .

Cnucok nocujaHb
1. C.II. Pomynkun, A.W. Bopommuno, Pezonancusie u
KOTepeHTHBIE (P (EKTH KBAHTOBOH JJICKTPOIMHAMHUKH
B CHJIBHBIX CBETOBBIX Hojisix, Haykopa mymxa, Kuls,

(2008).

najaomero  (GOTOHa  3HAYUTENLHO  OOJNbIIEH
yﬂBoeHHOﬁ 3HepFI/II/I ITIOKOs aneKTpOHa.
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HEAVY NUCLEI CONFINEMENT EFFECT
IN A PULSED LIGHT FIELD

S.S. Starodub, S.P. Roshchupkin — Institute of Applied Physics, National Academy of
Sciences of Ukraine

Published in journal Laser Physic, 2011,
Vol.21, No.4, pp. 769-773.
Abstract — Outside the framework of the dipole

approximation (with an accuracy of about v/ C) the

effective interaction force between stripped uranium
nuclei in the presence pulsed field of two laser waves
extending towards each other is theoretically studied

[].

1. The effective interaction force
Let’s investigate interaction of the two classical
nonrelativistic heavy nuclei with charges ¢, and ¢, ,

moving towards to each other along the axis x in the
pulsed field of two opposite laser waves, extending
along the axis z .

Further, the system of equations for relative
motion of the uranium nuclei and the projection of
the effective force of nuclei interaction to a direction
of the relative particles motion was solved
numerically. Initial conditions for laser waves the
following. Frequencies of waves were set by the

o =0,=0=3,57-10"s" (hw=235
eV); the laser pulse durations correspond to
t,=t,=1,5-10"s. The

equal:

picoseconds lasers:

oscillation velocity varied in the range from 107 to
10" magnitudes of velocity of light in free space. It

corresponds to fields strength from 10" to
10° V/em.

Calculations have shown that in all range of the
oscillation velocities we can observe the effect of an
attraction of uranium nuclei.

Till the moment of the closest approach of
uranium nuclei, external field influence on a motion
of particles very little (see the left part of a Fig. 1). It
is caused by a select of initial conditions, at which
the external field does not resist to closest approach
of uranium nuclei on distances, comparable with

"Coulomb" (2 ~107 %), i.e. such on which particles

can approach without an external field.

After the closest approach the force of Coulomb
repulsion is great and nuclei start to go away from
each other. Thus, with magnification of the relative
distance between nuclei, the force of Coulomb
repulsion promptly decreases, and the force caused
by an external laser field increases. There is an
attraction of magnetic current generated by strength
of a magnetic field of the first and second wave. As a
result of it effective force of interaction becomes an
attractive force and uranium nuclei go away from

each other much more slowly. Thus, the nuclei
confinement effect (see the right part of a Fig. 1)
takes place.

Fig. 1

On Figurel the averaged relative distance é? in

units & vs. time 7 for 77, = 107 and various values

of nuclei oscillation velocity in second wave. The
dashed line — 0 on figures corresponds to interaction
of nuclei without external field influence

(n, =n,=0). Full lines 1, 2, 3, 4 correspond to
oscillation velocities, respectively 7, =2.9-107,

n, =22-10%,,=1.6-10%, , =2-10°.

Performed within state budget subject “Coherent
and resonant quantum electrodynamics phenomena
in strong laser field”.
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NON-LINEAR EFFECTS AT IONIZATION OF HYDROGEN
ATOMS IN THE STRONG PULSED LIGHT FIELD

S.S. Starodub, S.P. Roshchupkin — Institute of Applied Physics, National Academy of
Sciences of Ukraine

Sent (10.2011) in journal Problems of Atomic
Science and Technology.

Aocrpakt — Outside the framework of the
dipole approximation (with an accuracy of about

V/ Cc) the effective interaction force between

hydrogen ions (atoms after ionization), can become
an attractive force on certain time intervals in the
presence of the pulsed laser field. As a result the
pulsed laser field can slow down backward motion of
ions in 6 times.

1. The effective interaction force
Let’s investigate interaction of the two classical
nonrelativistic hydrogen atoms ¢, and g, (the charge

of atoms ¢ =0, but after ionization g =+e ), moving

towards to each other along the axis x in the pulsed
field of two opposite laser waves, extending along
the axis z .

Further, the system of equations for relative
motion of the hydrogen atoms and the projection of
the effective force of atoms interaction to a direction
of the relative particles motion was solved
numerically. Initial conditions for laser waves the
following. Frequencies of waves were set by the

equal: @ =w,=w=3-10"s" (hw=19,7keV);
the laser pulse durations correspond to femtoseconds
lasers: ¢, =t, =1,5-10""s. The oscillation velocity

varied in the range from 10~ to 107> magnitudes of
velocity of light in free space. It corresponds to fields

strength from 10" to 10" V/cm.

Calculations have shown that in all range of the
oscillation velocities we can observe the effect of an
attraction of of atoms after they ionization.

Till the moment of the closest approach of atoms,
external field influence on a motion of particles very
little (see the left part of a Fig. 1). It is caused by a
select of initial conditions, at which the external field
does not resist to closest approach of atoms on

distances, comparable with "Coulomb" (£ ~107° %),

i.e. such on which particles can approach without an
external field.

After approach to the several atoms distance the
external field is on and we have ionization of atoms.
After actually a stopping of ions, the force of
Coulomb repulsion decreases much rather, than the
force caused by an external laser field. There is a
magnetic current generated by strength of a magnetic
field of the first and second wave. It compensate the
Coulomb repulsion and does not allow hydrogen ions

promptly to go away from each other (see the right
part of the Fig. 1). It is visible that in the presence of
a pulsed field the ions leave from each other much
more slowly. Deceleration can reach six times. (see
the right part of a Fig. 1).

0 I | I | I | T I T I ] I

-15000 -10000  -5000 0 T 5000 10000 15000

Fig. 1
On Figurel the averaged relative distance g? in
units A vs. time 7. The dashed line — 0 on figures
corresponds to interaction of atoms without external
field influence (7, =17, =0). Full lines 1, 2, 3
correspond to oscillation velocities, respectively
n, =107, n,=2-107; n, =3- 10, n, =7-107;

n =810°, 17, =910,

Performed within state budget subject “Coherent
and resonant quantum electrodynamics phenomena
in strong laser field”.
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PE3OHAHCHOE PACCEUBAHHUE ®OTOHA HA QJIEKTPOHE B
NMMIOYJbCHOM HOJIE

A.N. Bopommao, C.II. Pomynkun, B.H. Hegopemrra — UnctutyT npukiaagnoi ¢pusnkn HAH
Ykpannsbl

Cratpbs BblILIa B :KypHase Laser Physics,
2011, V. 21, No. 9, pp. 1675-1687.

AOcTpakT — HccnenoBaH mpoLecc pacceruBaHUs
dotona Ha anektpoHe (KommroH-a3ddekt) B mMoie
CTa0OMHTEHCUBHON HUMITYJIBCHOM JIa3epHON BOJIHBI
LUPKYJISIPHOI MOJIApU3ALMH, JUTUTEBHOCTD
UMIIyJIbCa  KOTOPOH 3HAYMTENbHO OOoJblle, 4YeM
XapaKTEPHOE BPEMSI OCLIAIUISILIMM.

-|||I|I|'i
pf':l‘l::‘l" k,-\

Puc. 1 ®elimaHoBckas auarpaMma mpoiecca

B kauectBe MoOnAENM HMITYJIbCHOW Ja3epHOU
BOJIHBI HCIIOJIF30BaHA IIIOCKAs OSJIEKTPOMarHHUTHAas
BOJIHaA ¢ orubatomeii [1].

XapakTep IpoIecCOB B3aUMOIEHCTBYSI SJIEKTPOHA
C TMOJEeM IUIOCKOW 53JIEKTPOMAarHUTHOM  BOJIHBI
OTIMICHIBACTCS KJIACCHUYCECKUM MHBapPUAHTHBIM
napamerpoM 77 [2]. llpu BBINOJHEHWH YCIIOBUS

n <1 (rakas BonHa siBiIsieTCS CIAOOMHTEHCHUBHOIN)

JOCTaTOYHO Yy4YeCTb B3aUMOJEICTBUE 3IIEKTPOHA
JIMIIb ¢ HECKOIBKUMHU (POTOHAMH.

B paznoxeHun aMImIuTyAbl npouecca Ho MajJoMy
napameTpy 1)  claraeMble, IPONOPLHOHAIbHBIC

HYJIEBOM CTENEeHH 1], OMNPEAETSIOT aMIUTHTYAY

Kommnton-3¢hekTa B OTCYTCTBHHM BHEITHETO IIOJIS.
Cnaraemble, TMPOIOPIUOHATBHBIE IEPBON CTEIEHH
napamerpa n, OTIPEIEIISIOT TIOTIPABKH,

00yCIIOBIIEHHBIE yYacCTHEM B TIPOLECCE OJIHOTO
(oTOHA BOJHBI, a cllaraeMble, MPOTOPLHUOHAIBHBIE

BTOpOH CTENEHH mapamerpa 7)°, — AByX (DOTOHOB
BOJIHBI.
[Tapametp
¢ —m
B=——0,, (M
4(kq)

rie g — 4-UMIyJabC MPOMEXYTOYHOTro (oToHa (B

2 2
obuiem ciiyyae g~ #m”), m — Macca dJIeKTpoHa, k

— BONHOBOH BexktOp, @, =27t /T>1 -

[IPONOPLUOHAIIEH  KOJIMYECTBY  OCLIJUIALUK B
HMMITyJIbCE, MIO3BOJISIET KJIacCU(pHUIHUPOBATH
MpOLECChl, NPUCYTCTBYIOIIME B  PA3JIOKEHUU
aMIUTUTY/IBl TI0 MAJIOMy HapaMeTpy 7] CIEIYIOIUM

o0Opa3oM:

1. Tlpouecchl, Jomyckawomue pPe30HAHCHOE
TEYCHHUE, T.€. TC, B KOTOPHIX BHPTyaJbHas YacTHIA
MOXET TIOMAacTh HA MAacCOBYIO 000y0uKy. J[ims HHX

pomonnsercss  ycaosue 3 <1. Pesonancuoe
MPOTEKaHUE TMpolecca CBSI3aHHO C  BBIXOJIOM
IIPOMEKYTOUHON  vacTuibl  (QJIEKTpOHa WM

MO3UTPOHA) B TIOJIE UMITYJIBCHON CBETOBOM BOJHBI HA
2 2
MaccoBYI0 000JI0UKyY (g~ —> m”).

2. Ilporecchl, He [OIMYCKAIOIIHE PE30HAHCHOIO
teuenus. s aux > 1.

Pe3onanc MoxeT MMETh MECTO Kak JJIsl MPsIMOH,
TaK ¥ i1 0OMEHHOU aMITUTyAbl. Benencteue oueHpb
Y3KOH KHHEMaTU4eCKOH OO0IlacTH, B KOTOPOH
MPOSIBJISIETCS PE30HAHC OOMEHHOW IMarpamMMbl, €ro
BKJIAJIOM B  TOJHYIO  BEpPOSTHOCTb  MOKHO
npeHeOpeyb. B 3TOM ciyyae monHas BEpOSTHOCTD
Kommron-addekra B mosIe crmaboil  MMITYIIECHOM
CBETOBOM BOJIHBI OIpeNeseTcs pPe30HAHCOM TOJBKO
MPSMOM aMITUTY ABI

[loka3aHno, 4YTO pe30OHAHCHAasT BEPOATHOCTD
KomnToHn-3dpekta B mOJIE  CIIAOOMHTCHCUBHOM
CBETOBOM BOJHBI MOXET HA HECKOJIBKO MOPSAIKOB
BEJIMYHMHBI MPEBBIIIAT COOTBETCTBYIOIIYIO
BEPOSITHOCTh 0e€3 BHemHero mnois. [lomyueHHble
pe3yabTaThl  MOTYT  OBITH  MOATBEP)KICHBI B
IKCHEPUMEHTAX 1o IIPOBEPKE KBaHTOBOM
UIEKTPOANHAMUKY B CUJIBHBIX IIOJISIX, HAIPUMEp, Ha
SLAC u FAIR.

PaboTta BbImONHEHa B paMKax TOCOIOIKETHOM
TEMBI “ KorepeHTHbIE u PE30HAHCHBIE
KBaHTOBO3JIEKTPOANHAMUYECKHE SABJIEHUS B CHIIBHBIX
Ja3epHBIX MOJAX .

Cnucok JuTepaTrypsl
1. N. B. Narozhny and M. S. Fofanov, Zh. Eksp. Teor. Fiz.
110, 26 (1996) [JETP 83, 14 (1996)].
2. C.II. Pomymnkun, A.W. Bopommno, Pe3oHaH-cHbIE U
KOTrepeHTHbIE 3(P(EKThl KBAHTOBOW 3JICKTPOJAWHAMHKH B
CHJIbHBIX CBETOBBIX NOJIAX, HaykoBa nrymka, Kuis, (2008).
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IPPEKTHI CWIBHOI'O UMITYJIBCHOI'O CBETOBOI'O IIOJIA
B ITIPOIIECCAX KBAHTOBOM QJIEKTPOJAMHAMUKHA

C.II. Pomynkus, A.A. Jlebenb— HHcTUTYT npukiaagHoil pusuku HAH Ykpannbi

Cratyc padotsl: MoHorpadus npuHsara K
neyaTu B u3aarenbcrse «HaykoBa nymkar, r.
Kues, 2011 r., 212 cTp. (Ha pyccKoM si3bIKe).

AOcTpakT - MoHnorpadust IIOCBSYEHA
HCCIENOBAHUIO BIUSAHUSA CUIBHOIO WMILYJIbCHOIO
CBETOBOTO ITOJII Ha KBAaHTOBOXJIEKTPOIMHAMUYECKHUE
IIPOLIECCHI.

B  wmoHorpadmm  paccMOTpeHBI  OCHOBHEIE
[IPOLIECCH KBAHTOBOM 3JIEKTPOJMHAMUKU IIEPBOTO U
BTOPOTO  MOPSJAKOB MO  TOCTOSHHOW  TOHKOM
CTPYKTYpPhl B CHJIBHBIX HMITYJIbCHBIX JIa3€pHBIX
MOJISIX, TaKUE KaK: paccesHUe DIIEKTpPOHA Ha sJpe,
CIIOHTAHHOE M3JIyYEHUE OJJIEKTPOHA, CIIOHTaHHOE
TOPMO3HOE U3IyUYEHUE DIEKTpOHA B TIOJIe SApa,
(hoTOpOKIIEHNE INEKTPOH-TIO3UTPOHHBIX Tap B TOJIE
sJipa, paccesHue JIeNTOHa Ha JjenTtoHe, KommrToH-
a¢ ekt u npyrue. [lokazaHo CyIIECTBEHHOE BIIMSIHUC
Ha 3JIEKTPOAMHAMHUYECKUE IPOLECCH UMITYJIbCHOTO
JIa3epHOro nojis. [leranbHO M3y4deHBI PE30HAHCHBIE
a¢dexkThl B mpoleccax BTOPOro IMOpPSJIKA IO
MIOCTOSIHHOM TOHKOM CTPYKTYpBl, CBSI3aHHBIE C
BBIXOJIOM IPOMEKYTOUYHOM YacCTHULbl B UMITYJbCHOM
JIa3epHOM TI0JIe Ha MaccoByio ob6osiouky. IlokazaHo,
YTO IIUPUHA M aMIUIUTyJa PE30HAHCHOIO IHKa
ONPEIEISIIOTCS. 4acTOTOM U BPEMEHEM HMITYJIbCA
JIA3€pHOM BOJIHBI, & TaKXe KHHEMAaTUYECKUMH

XapakTepHucTuka mnponecca. [Ipu sToM, pe3oHaHCHBIE
MOMEPEYHbIC  CEUCHUS  pacCesHUS  MOTYT  Ha
HECKOJIBKO  TOPSAKOB  BEIMYUHBI  MPEBBINIATH
COOTBETCTBYIOIIME TMOIEPEYHbIE CEUCHUS! PACCESHUS
0€3 BHEIITHETO Ja3epHOro MoJIsl.

JletanbHO W3ydYeHBl HEPE30HAHCHBIE TPOIECCHI
KBaHTOBOM QJICKTPOJUHAMUKHA B CHJIBHOM
umnynbcHoM Tmone. IlokasaHo, 4YTO B CHIBHBIX
MOJISIX, KOT/a CKOPOCTh OCHWJUISAIMHA 3JICKTPOHA
CpaBHHNMa C €ro CKOpPOCThIO IOCTYIATEILHOTO
JBIDKCHHS, HEPE30HAHCHOE IIONEepEeYHOe CeueHHe
paccesHisT MOXET B HECKOJBKO pa3 OTJIMYATHCS OT
COOTBETCTBYIOIIETO MOIIEPEYHOTO CeUCHUS
paccessHust 6e3 BHemHero mois. OTmedeH >pQexT
AHOMAaJILHOTO YCHJICHHUS Ja3epHOro IMoJisl B Mpolecce
paccesiHHsT HepeSITUBUCTCKHUX DIIEKTPOHOB HA MOHAX
B YMEpPEHHO-CWJIBHOM JIa3epHoOM IioJie. JleTanbHO
paccMoTpeHa npupoja 3Toro dpgexra.

ITokazaHa BO3MOXXHOCTh DKCIEPUMEHTAIBHOM
TIPOBEPKHU MIPEICTaBICHHBIX s dexTor B
MEXIYHAPOIHBIX MPOEKTaX IO MPOBEPKE KBAHTOBOU
3JIEKTPOJAMHAMUKHY B CHJIBHBIX JIA3EPHBIX MOJISX.

PaboTta BbINONHEHa B paMKax TOCOIOKETHOM
TEMBI “ KorepenTnsie u PEe30HaHCHBIE
KBaHTOBO3JIEKTPOJMHAMHUYECKHE SBJICHUS B CHIIbHBIX

Ja3€pHBIX MOJIX .
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RESONANT EFFECTS OF QUANTUM ELECTRODYNAMICSIN
THE PULSED LIGHT FIELD

Sergei Roshchupkin, Alexandr Lebed’, Elena Padusenko and Aleksey Voroshilo — Institute of
Applied Physics, NASU Ukraine

Chapter ‘RESONANT EFFECTS OF
QUANTUM ELECTRODYNAMICS IN THE
PULSED LIGHT FIELD’ (50 pages) has been
prepared for the book Quantum Optics (ISBN
978-953-307-937-0) which will be published by
INTECH - Open Access Publisher University
Campus STeP Ri Croatia in 2012.

Abstract — The review on the resonant processes
of quantum electrodynamics (QED) proceeding in
the strong pulsed light fields, realised in modern
powerful pulsed lasers is presented.

The resonant character relates to the fact that the
lower order processes, such as spontaneous
emission or one-photon creation and annihilation of
electron-positron pairs, may be allowed in the field
of a light wave. Therefore, within a certain range of
the energy and momentum, a particle in an
intermediate state may fall within the mass shell.
Then, the considered higher order process is
effectively reduced to two sequential lower order
processes. The appearance of resonances in a laser
field is one of the fundamental problems of QED in
electromagnetic fields.

Following QED processes of the second order in the
fine structure constant in the pulsed laser field are
considered: resonant spontaneous bremsstrahlung by
an electron scattered by a nucleus, resonant
photocreation of electron—positron pairs on a nucleus,
resonant scattering of a lepton by a lepton, and
resonant scattering of a photon by an electron. The
resonant peak’s altitude and width are defined by the
external pulsed wave properties. It is demonstrated
that the resonant cross sections may be several orders
of magnitude greater than the corresponding cross
sections in the absence of an external field. Results
obtained may be experimentally verified, for example,
by the scientific facilities at the SLAC National
Accelerator Laboratory and FAIR (Facility for
Antiproton and lon Research, Darmstadt, Germany).

Performed within state budget subject ‘Coherent
and resonant quantum electrodynamics phenomena in
strong laser field ’.
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HEPE3OHAHCHOE ®OTOPOXIAEHHUE 3JEKTPOH-
IHO3UTPOHHOMU IMAPBI HA AAPE B UMIIYJBbCHOM
CBETOBOM HOJIE

A.A. Jledenn, C.I1. Pomynkun — UHcrutyT npukiaaanoi ¢pusnkun HAH Ykpannsl

Crarbn ony0aukoBaHa B :xypHaje Laser
Physics, 2011, Vol. 21, No. 9, pp. 1613-1620.

AOctpakt — TeopeTndeckH H3y4YeH THpolece
HEPE30HAHCHOTO (DOTOPOKIEHHUS € - € Maphl Ha Spe
B I0JIE UMITYJIbCHOM CBETOBOM BOJIHBI. PaccMoTpeHo
MpHOIIKEHNE, Koraa JUIUTEIbHOCTh
AJIEKTPOMArHUTHOTO MMITYJIbCA 3HAYHTEIBHO OOJIbIIE
XapaKTEpPHOIO  BPEMEHUM  OCLMUISIUUMHA  BOJIHBIL.
BzaumoneiicTBue  dJEKTpOHA W TO3UTPOHA C
KYJIOHOBCKUM TOTCHIIAIOM SIpa PacCMOTPEHO B
OOpHOBCKOM  mpuOmmkenuu. Jlng  auanaszona
YMEPEHHO CHJIbHBIX HMHTEHCHUBHOCTEH BHEUIHETO
MOJISL TIOJIYYEHO Hepe3oHaHCHoe nuddepeHInaibHoe
CCUCHHUS B ciyyae PEIATUBUCTCKUX u
HEPENATUBUCTCKUX AHepruit yactul. [lokazaHo, uTo
HEPE30HAHCHOE CEYCHHE (hoTopokIeHUS
HEPENSITUBUCTCKOM Maphl HA fAlIpe B HMITYJIECHOM
JIA3€pHOM II0JIE MOKET B [JBa pas3a IPEBBILIATH
COOTBETCTBYIOIIEE cedeHne (OTOPOXKISHHS Map Ha
SIIPE B OTCYTCTBUE BHEITHETO TIOJIS.

®oropoxaenne mnapel  (DOPII) osnexktpona wu
MO3UTPOHA B IOJIE ATOMHOTO SIApa SIBISIETCSI OAHUM
W3 OCHOBHBIX IPOIIECCOB B3aMMOJICHCTBUA TamMMa-
KBaHTOB C BewecTBoM. Jluarpammbl @eliHMaHa
npouecca @OPII Ha sape B 1ojie HMIYJIbCHOM
CBETOBOU BOJIHBI MPEACTaBICHH Ha Puc.1

rmue do-,(f) — muddepennmansHoe cedenne DPII Ha
VVl(i) _
BEPOATHOCTb  BBIHYXAEHHOTO  W3TyYeHHUS WU
TOTJIOLIEHUS |l| -poToHOB BHemIHero nojs [1].

AAp€ B OTCYTCTBUE BHCIIHETO IIOJIA;

B cnydae HepensSTUBUCTCKUX OJHEPruil JaHHas
(akropuzanmss He wuMeer Mecrta. VccnemoBaHa
3aBUCUMOCTb OTHOILIEHUS IPOCYMMHUPOBAHHOI'O IO
napuraibHbiM npoueccam ceueHust OPII Ha sape B
UMIyJIbCHOM moje Kk ceueHutro ®OPII B orcyrcrBue
OIS KaK (DYHKIHSI a3UMYTAJTBHOTO yTiaa (CM. puc.2).

do'® | - “

1 — —
0 90 180 270 360

@
Puc.2.
MakcuMyM OTHOIIICHUSI CEYCHHI COOTBETCTBYET
BBUIETY DJIEKTPOHA W TIO3UTPOHA B OJTHOW IIOCKOCTH
¢ (GOTOHOM BHENIHETO ITOJISI U HAaYaJILHBIM (DOTOHOM.

Ilporieccel ¢ morsomenneMm [ ~y,  (GoToHOB
IMMOJABJICHBI B Cliy4dac HMHyHBCHOﬁ BOJIHBI, YTO

MPUBOJUT K CYIIECTBEHHOMY PA3IHUYHUIO PE3yJIbTaTOB
JUIS. MOJieJiei MOHOXPOMATHUYECKOW W UMITYJILCHOM

BOJIH (mynyTHpHas 51 CILIOIIHAS JINHUSA,
COOTBETCTBEHHO).
B ciyuae, korma OSIeKTPOH H  TO3HUTPOH

POXKIAKOTCA C HUMILYJIbCAMH B IUIOCKOCTH, KOTOpAast
MEePIEHIMKYJIIPHA HAMNPABJICHUIO BJIETA HAYAJIBLHOIO

0) (oToHa, MaKCUMyM pacmhpefelieHHs  OTBEeYaeT
Puc.1. BBIIETY JJICKTPOHA W IMO3UTPOHA BIOIH OJTHON JTMHUH
an@elggﬁmﬂwoe CCHCHNC paccesHu B MPOTUBOIIOJIOXKHBIX HalpaBJICHUsAX. B 3ToM ciyuae
Tiporecea Ha S1pe B UMIyJIbCHOM CBCTOBOM MMPOCYMMHPOBAHHOE TIO MapIUAILHBIM IPOIIECCaM
fone  UMECT - BHA - CyMMBL 10 HMapHHaIbHBIM HEpPEe30HAHCHOE CeueHHe B JBa pasza IPEeBHIIIAET
KOMIIOHCHTAM COOTBETCTBYIOIIEE CEYCHHE B OTCYTCTBHE BHEIIHETO
o0
() _ (%) ITOJISL.
do' =Y doy”, (1) pa . )
= aboTa BBIIIOJIHEHA B paMKaX TOCOKETHOU
(15
e da,(i) —  mapumanbHoe  audepeHIHATbHOE TeMbl ~~ KOrepeHTHbIE W pPE30HAHCHBIE KBAaHTOBO-
ceuenue OPIl Ha sape B UMIYJIBCHOM CBETOBOM BHeKTPOHHHaMH[f,eCKHe SBICHMS B CHJIBHBIX
mojie. B ciyuyae peNATHBUCTCKUX JHEPIHid Mapbl JIA3CPHBIX HOTIX .
MapiyalbHOE CCUCHHUE OMPENCACTCS KaK: CHnMCOK CCBLIOK
+ + +
dGl( ) _ dO',E ) 'Wl( )’ 2) 1. CII. Pomynkun, A.W. Bopomlxmou,
Pe3zonancuble 1 KorepeHTHBIE d(PQPEKTH KBaHTOBOU
ANIEKTPOJIMHAMUKA B CHJBHBIX CBETOBBIX TOJSX,
Hayxosa nymka, Kuis, (2008).
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NONRESONANT QUANTUM ELECTRODYNAMICS PROCESSES
IN A PULSED LASER FIELD

S. P. Roshchupkin, A.A. Lebed', E.A. Padusenko — National Academy of Sciences of Ukraine,
Institute of Applied Physics

Cratyc padorsi: O030p (52 cTp.) HanpaBJeH B
:kypHai «Laser Physics»

AbcTpakT — B 0030pe paccMOTpeHBI OCHOBHBIE
MIPOLIECCH KBAHTOBOM JJIEKTPOIMHAMUKH IIEPBOTO U
BTOPOTO  MOPSJAKOB MO  TOCTOSHHOW  TOHKOM
CTPYKTYpPhl B CHJIBHBIX HMITYJIBCHBIX JIa3€pHBIX
MOJISIX, TaKWE KaK: paccesHhe IEKTPOHA Ha sIpe,
CIIOHTaHHOE W3JyYeHHE DJIEKTPOHA, CIIOHTAaHHOE
TOPMO3HOE M3JIy4€HUE OJJIEKTpOHA B IIOJE AIpa,
(oTOpOXKIEHHE 3IEKTPOH-IO3UTPOHHBIX Map B I0JIE
Alpa, paccesHUE DICKTPOHA Ha MIOOHE. bbuio
MOKa3aHo CYIIECTBEHHOE BIIUSTHHE Ha
JJIEKTPOIMHAMHYECKHAE  MPOLECCHl  UMITYJIbCHOTO
JIa3€pHOTO NOos. JleTaabHO N3y4eHbl HEPE3OHAHCHBIE
MPOIIECCH KBAHTOBOW 3JIEKTPOJIMHAMHUKHU B CHIIBHOM
UMIyJsCcHOM T1iosie. Iloka3zaHO, YTO B CHJIBHBIX
MOJIIX, KOTZa CKOPOCTh OCHWUIALMUN 3JIEKTpOHa
CpaBHHMa C €ro CKOpPOCTBIO IIOCTYIATEeIbHOTO
IBYD)KEHUS, HEPE30HAHCHOE IIONEPEYHOE CEUEHUe
paccesHHs MOXKET B HECKOJIBKO Pa3 OTIMYAThCS OT
COOTBETCTBYIOLIETO MIONIEPEYHOTO CEUEHUs
paccesnus ©6e3 BHemHero mois. IlomyueHHBIE
pesyabpTaThl  MOTYT  OBITh  3KCIEPUMEHTAIBHO
moarBepxkaeHsl Ha yckopurene SLAC (SLAC

National = Accelerator  Laboratory ) u B
IKCTICPUMEHTAX o pOBEpKe KBaHTOBO
JNEKTPOJMHAMHUKN CHJBHBIX MOJEH B pamKax

mpoekta FAIR (Facility for Antiproton and Ion
Research, Darmstadt, Germany).

Paccmotpeno npuOIKEeHHe, Koraa
JUIUTETIbHOCTE  DJIEKTPOMAarHUTHOTO  HMMITYJIbCa
3HAYUTENFHO  OOJNbIIE  XapaKTEepHOTO  BPEMEHHU

OCUMJUISINMM BOJIHBIL. B3anMoOJeWCTBUE JIENTOHOB C
KYJIOHOBCKUM IOTEHIIHAIIOM f1pa M OPYT C OPYyroM
paccMOTpeHO B OOpPHOBCKOM mpuOmmkeHun. Jlis
JMara3oHa YMEPEHHO CWJIBHBIX HWHTEHCHUBHOCTEH
BHEIIHETO  IOJII  TOJNYYEeHbl  aHAJTUTHYECKUE
BRIpOKEHHUS I OuPepeHNnanbHbIX — CeUCHHH
HEPE30HAHCHBIX MPOILECCOB B UMITYJILCHOM TOJIE.

B Teuenmnm mocnenHUX HECKOIBKUX IIE€T OBLIO
OTTyOJIMKOBAHO HECKOJIBKO TEOPETHYECKUX padoT 1o
W3yUYEHHIO HePe30HAHCHBIX d(h(HEKTOB I OCHOBHBIX
MPOLIECCOB  KBAaHTOBOW 3JeKTpoAuHamuku [1-4].

[losromy wx cucremarm3anmss ©  00OOIIEHWE
MIPE/ICTABIIACTCSA BEChMa aKTyalbHBIM.
OtMeTuM, 4YTO IS JAWamna3oHa YMEPEHHO

CWJIBHBIX TOJICH W PENSITUBUCTCKUX SHEPIUH YACTHIT
B Clly4ae HEpE30HAHCHOTO TPOTEKAHUsS MPOIECCOB
OHEPreTUYCCKUM BKIIaJ0M q)OTOHOB BHCIUIHET'O I10JI4A
B 3aKOHE COXpaHEHHUs MOXHO TpeHeOpeub. B

pe3yapTaTte  IOpU  CYMMHPOBaHMM IO  BCEM
MapiuaIbHBIM HM3ITyYeHUS W TOTIIOIEHUS (POTOHOB
BHEIIHETO0 IOJII BCE CYLIECTBEHHO KBAHTOBBIE
BKJAAbl KOMIICHCUPYIOTCS WU HPOCYMMHPOBAHHOE
CEYECHME COBIANAET C CEYEHUEM COOTBETCTBYIOILErO
MpOLECCa B OTCYTCTBUE BHELIHETO MOJIA.

KauectBenHo apyrasi cutyamus HaONromaeTcs B
Cllydyae HEepeATUBUCTCKUX DHEPTrUil yacTul. B 3Tom
CJly4ae SHEPreTHUYeCKUi BKIAJ (POTOHOB BHEIIHETO
T0JISI CYLIECTBEHEH.

TTokazano, 4TO B 3TOM cny4ae
IPOCYMMHUPOBAHHOE 110  BCEM  IaplHaIbHBIM
poreccam CedeHne MOXET 3HAYUTEIHFHO

OTJIMYAThCS OT COOTBETCTBYIOLIEIO CedeHus 0e3
BHEIIIHETO TOJIS.

Jna  mpomecca  CIIOHTaHHOTO  TOPMO3HOTO
U3ITyYEHHUs XapaKTep 3aBUCUMOCTH MOJTHOT'O CEUECHHUS
OT yIJga paccesHUs DIEKTPOHA  KAaueCTBEHHO
MEHSETCSl Ul Ppa3iIMuYHBIX DHEPTUi CIOHTaHHOIO
tdotona. Jns “markoro” crnoHTaHHOro (HOTOHA
[IOJTHOE CEYeHHWEe MEHbIIEe CedeHus mnpouecca 0e3
BHemHero nond. Ecnu ke usmydaercss ‘9KecTKuit™
CIOHTAaHHBI (OTOH C DHEprued, TO B IIOJHOM
CeUCHMH [UI1  HEKOTOPOro  yIjla  paccesHus
nosiBisiercss  MakcuMmyM.  CeueHuwe — mporecca
CIOHTAHHOTO M3JIYYEHHUS KECTKOTO (POTOHA MOXKET B
HECKOJBKO a3 MpPEBHILATh COOTBETCTBYIOLIEE
CEYCHHE B OTCYTCTBHUE IIOJIS.

IlokazaHo, = 4YTO  IPOCYMMHUpPOBAaHHOE IO
napuyagbHBIM  [IpolleccaM  CeueHHe  Ipolecca
pOXIeHus mnapel OOJIbIIE€ CEYEHHS B OTCYTCTBHUE
BHEIIIHETO MO JUIsl BCeX 3HAYeHHUH a3MMyTalbHOTO
yria. Maxkcumym OTHOILIEHUS cedeHuit
COOTBETCTBYET BBUIETY 3JIEKTpOHA M IIO3UTPOHA B
OHOH TMJIOCKOCTH ¢ ()OTOHOM BHEIIHEro TMOJS U
Ha4YaJIbHBIM ¢doToHOM. B 3TOM ciryuae
MIPOCYMMHPOBAaHHOE MO MapLUUaJbHBIM MpOoLEccaM
HEPE30HAaHCHOE CEYEHHE B J[Ba pa3a IPEBbIIIAET
COOTBETCTBYIOIIIEE CEUEHUE B OTCYTCTBUE BHEILIHEIO
oJIs1.

Bausaune BHCIITHETO HUMITYJIBCHOT'O T10JIA
MIPOABJIACTCA B IIOJaBJICHUH mpouecca
HEPE30HAHCHOTO paccesaHus HEPCIATUBUCTCKUX

3JIEKTPOHA Ha MIOOHE.

PaboTta BbIMONHEHa B paMKax TOCOIOKETHOM
Hay4yHOil pabotel “ KorepeHTHbIE M pe30HAHCHBIC
KBaHTOBORJIEKTPOJUHAMHUYECKHE SBJICHUS B CHIIBHBIX
JIa3epHBIX TOJIAX .
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Aodctpakt — IlpoBeaén 0030p TeoOpeTHUECKHX
paboT TO W3YYEHUIO PE30OHAHCHBIX IPOIECCOB
KBaHTOBOW 3JIEKTPOAWHAMUKH B UMITYJICHOM TIOJIE

nmazepa. PaccMoTpeHO — TpUONIDKEHHE,  KOTJa
JJIINTECIBbHOCTD QJICKTPOMArHuTHOT'O HUMITYyJIbCa
3HAYUTENLHO OONBIINE  XapaKTepHOrO BPEMEHU

OCLIJUIANMI BOJHEL. B3auMoOeicTBUE JIEOTOHOB C
KYJIOHOBCKMM HOTEHLIUAJIOM Sipa U APYT C IPyroM
paccMoTpeHO B OOpPHOBCKOM mNpHOMMkeHuu. s
IMana3oHa YMEPEHHO CHJIBHBIX HMHTEHCHBHOCTEH
BHEIIHETO  MOJI1  MOJY4YEeHbl  AHAINTHYECKHE
BEIpOKEHHS s TUQPEepeHINATBHBIX — CeUeHHUN
TAKUX PE30OHAHCHBIX MPOLECCOB B HMITYJIBCHOM
[0Jie KaK: CIOHTAaHHOE TOPMO3HOE H3IIyueHHE
JNeKTpOHA Ha  A1Ape, POXKICHHE  JJIEKTPOH-
MO3UTPOHHOH mapbl GOTOHOM Ha sApe, paccesHHue
JIEITOHA Ha JIENITOHE, KOMITOHOBCKOE paccesHHe
¢dorona Ha anexTpone. [lokazaHo, yTO pe3oHaHCHOE
CeueHHe Mpolecca B MMITYJIbCHOM JIa3€PHOM TIOJe

MOXET Ha TOpPSAKM BEIMYMHBI  IPEBBIIATH
COOTBETCTBYIOIIEE  CEUYEHHWE B OTCYTCTBHE
BHEILIHETO MOJIA.

XapakTepHOoU 0CcOOEHHOCTBIO IPOLIECCOB
BTOPOTO  MOpAJKAa MO IOCTOSHHOM  TOHKOH

CTPYKTYpPHl BO BHEIIHEM JIa3epHOM IIOJie €CTh
BO3MOXHOCTH ~ PE30HAHCHOTO  XapakTepa  HUX
MPOTEKAHUSL. HUccnenoanune PE30HAHCHBIX
IIPOLIECCOB B HUMIIYJIbCHBIX IOJSIX aKTYaJIbHO B
CBSI3M C UIMPOKUM TPUMEHEHHEM HMITYJIbCHBIX
J1a3epoB B MPAKTHKE COBPEMEHHOTO 3KCIIEPUMEHTA.
B mociemnne HECKONBKO JeT OBIIO OMyOJIMKOBAHO
HECKOJIBKO ~ HOBBIX ~ paboT Mo  W3Y4YEHHUIO
pe3oHaHCHBIX 3((EeKTOB 11 OCHOBHBIX MPOLIECCOB
KBaHTOBOU 3iekTpoauHaMuku [1-4]. Iloatomy ux
cucreMaru3anus M 0000IIeHHEe NpPeACTaBIsAeTCS
BEChbMa aKTyaJIbHBIM

[lepBriii  pazmen oO3opHBIL. B pazmene 2
paccMOTpEeH HIPOLECC PE30HAHCHOTO CIIOHTAHHOT'O
W3Iy4YeHUs] MPH PaccesHUU DJIEKTPOHA Ha sApe B
MoJie UMITYJIbCHOTO J1azepa. OnpeneneHsl yCloBus,
B KOTOPBIX HUMEET MECTO PE30HAHCHOE MPOTEKaHHE

TG PEepeHITHATEHOTO CEYCHUSI K COOTBETCTBYIOIIEMY
CCUCHHIO TOPMO3HOTO M3IYYCHUS DJICKTPOHA HA spe
B OTCYTCTBHE BHEIIHETO IOJISI MOXET JOCTHraTh 5-6
IMOPAAKOB BCJIIMYMHLI. I[JIH YIbTPapCIATUBUCTCKUX
DHEPTUil DJICKTPOHOB JAaHHOE OTHONICHHE CEYCHUI
paccesiHus Pe3KO YMEHbIACTCSI.

B pasgene 3 wu3ydeH mpolecc pPe30HAHCHOTO

POXIEHHUS DJICKTPOH-TIO3UTPOHHONW MAaphl BHEITHHM
(hOoTOHOM B TOJE SAApa W HMIYJBCHOH CBETOBOM
BoJHBI. [ToKa3aHo, 4TO Pe30HAHC MMEET MECTO, KOT/Ia
SHEpPrus Majarero GoToHa ®, 0oJblIe HEKOTOPOIo

h
IMOporoBoro 3HAa4YCHUA ©; > (D; , rac

o ~2m2/(0 > 2m. Tak, poxneHHblE MIEKTPOH U

MO3UTPOH HMEIOT YJIbTPAPEISTUBUCTCKUE HHEPTUU.
OueHKr TMOKa3bIBAIOT, YTO PE30HAHCHOE CEYeHHe
(hoTOpOXKICHUS TIAphl HA TMOPSIOK BEIMYUHBI MOXKET
IIPEBBIIATE COOTBETCTBYIOLIEE CEYEHUE B OTCYTCTBUE
BHEILIHETO IOJIS.

B pasgene 4 paccMoTpeH mpouLecc paccesHus
JENTOHa Ha JIenToHe (DJEeKTpOHa Ha DJIEKTPOHE,
JJICKTPOHA Ha TO3UTPOHE, JJICKTPOHA HA MIOOHE) B
MoJIE MMIIYJIbCHOTO Jla3epa B YCIOBUSAX PE30HAHCA.
Ananu3 MIPOBOAMIICS JUISt JiarpaMmm
paccenBaTeNpbHOrO0 TUNA. PE30HAaHCHI MMEIT MECTO
IIPU PACCESIHUM JIEITOHOB HAa MaJble YIJIbl B CUCTEME
LIEHTpa ITokazano,

UHEpHIUH. 4YTO PC30HAHCHOC

CEYCHHE  paccestHUusl  CYLIECTBEHHO  MPEBBIIIAECT
COOTBETCTBYIOIICE CEUEHHE 03 BHEUIHEro IOJIs.
HauGonpmee mnpeBblmieHHe (0 TATH TOPSIKOB)
HMEEeT MECTO JUIsi  MPOIECCOB  PE30HAHCHOTO
paccesHUs IEKTPOHA Ha DJIEKTPOHE U MTO3UTPOHE.

B pasmene 5 wuccienoBaH — pe30HAHCHBIM
MpoIeCC paccenBaHusl (POTOHA Ha IJICKTPOHE B IMOJIE
CTa0OMHTEHCUBHOW WMITYJICHOH CBETOBOH BOJIHBI.
YcTaHOBJIEHO, YTO PE30HAHCHI UMEIOT MECTO, KaK JJis
mpsMO#, Tak ®W s OOMEHHOW  aMILTUTYBL.
Bcenencreue odeHb y3KOM KHHEMATHUYECKOW OO0JIACTH

U1 OOMEHHOW IuarpaMMbl, €€ BKJIAJIOM B TIOJTHYIO

nanHoro  mpouecca.  Ilokasano,  yro A BEPOSATHOCTL MOKHO IpeHeOpeusb. I[lokaszaHo, 4TO
HEPENSATUBUCTCKUX M PENATUBUCTCKUX DHEPrHid

pe3oHaHcHas BepoaTHOCTh KomnTon-3¢dexra B none
5JIEKTPOHOB OTHOIIICHHUE PE30HAHCHOTO
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ci1a0OMHTEHCUBHON CBETOBOM BOJIHBI MOJKET Ha

HECKOJIBKO TIMOPAAKOB BCJIMYHUHBI IIPEBLIIATH
COOTBETCTBYIOIIYIO BEPOSTHOCTh 0€3 BHEUIHETO
TTOJISI.

Pabora BeIOTHEHA B paMKaX TOCOIOKETHOM
TEMBbI “ KorepeHTHbIE u pE30HaHCHBIE
KBAaHTOBOJJICKTPOAUHAMHWYCCKHUEC ABJICHUA B

CUJIbHBIX JIa3€PHBIX MOJSIX .
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AMPLIFICATION OF ELECTROMAGNETIC FIELD IN THE
ULTRARELATIVISTIC ELECTRON SCATTERING BY ION IN A
LIGHT WAVE

V.A. Tsybulnik, S.P. Roshchupkin — National Academy of Sciences of Ukraine, Institute of Applied

Physics.

Published in Books of Abstracts 3rd
International Conference on Quantum
Electrodynamics and Statistical Physics

QEDSP2011, 2011, pp. 81-82.

Abstract — The electromagnetic field
amplification constant in the scattering of the
ultrarelativistic electrons by ions in the elliptically
polarized light wave is theoretically studied for the
medium intensities of light wave. We study the gain
coefficient in the scattering of ultrarelativistic
electrons by ion in the presence of the field of a plane
electromagnetic wave of the medium intensities. In
this case the known Bunkin- Fedorov multiphoton
quantum parameter [1] is:

7/i~1 (1)

The scattering of ultrarelativistic electron occurs in
a narrow cone along a direction of the light wave
propagating. It is shown that the gain coefficient is
defined by the formula

#=phy—5B; 2

where 1, = const, Ei is the electron energy,mc’ is
the rest energy of an electron, B; is the function
which has a sharp maximum. Inconsequence of the
amplification effect, the electric field strength can
increase on some order of values. This effect is
caused by the ultrarelativistic electron radiation of a
great number of the stimulated photons of a wave.
Results obtained may be experimentally verified, for
example, by the scientific facilities at the SLAC
National Accelerator Laboratory and FAIR (Facility
for Antiproton and Ion Research, Darmstadt,
Germany).

Performed within state budget subject “Coherent
and resonant quantum electrodynamics phenomena
in strong laser field”.
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B3AUMOJENUCTBUE KJACCHUUYECKHUX HEPEJSTUBUCTCKHUX
OJHOUMEHHO 3APAKEHHbBIX YACTHUL B CUJIBHBIX
NUMIIYJBbCHBIX CBETOBBIX ITOJAX.

C.C. Crapony0, C.I1. Pomyynknn — UucTutyT npukiaagnoi ¢pusnkn HAH Ykpannsl

CraTtyc paGoTbl: 0030p MOATOTOBJIEH K MeYaTH
B kypHaa «Laser Physics», 35 crp. (Ha
aHIJIUIICKOM SI3bIKE) .

Abctpakt — OO030p moCBsIIeH padoTaM IO
B3aMMOJEHCTBUIO OJHOMMEHHO 3apsDKEHHBIX YaCTHIL
MEXIy cOOOH B MMILYJIbCHBIX IOJISIX OJHOW M JIBYX
CBETOBBIX BOJIH.

0O030p COCTOUT U3 IBYX TJIaB.

B mnepBoii riaBe paccMOTPEHO B3aUMOJEHCTBHE
OJTHOMMEHHO 3apsSKCHHBIX YacTUI[ B HMITYJIBCHOM
[oJIe OJHOM JMHENHO HOJSPU30BAHHON CBETOBOM
BOJIHBI, paCIpOCTPAHSIOMEHCS BIOIb OCH Z.
UccnenoBana  cpemnsis  3ddexkruBHas  cuna
B3aMMOJCHCTBUS JIBYX HEPEJSITUBUCTCKUAX
JJIEKTPOHOB, IBWXKYIINXCS HABCTpEUy IpyT OPyTy
BJIOJTH ocH b u MIEPIICHANKYIISIPHO
pacrpocTpaHEHHIO  CBETOBOM  BoJiHBI.  Haiigen
ekt MIPUTSKEHUS 3JIEKTPOHOB rocie
JOCTH)KCHUST MAaKCMMyMa WHTCHCHBHOCTCH TP

7 =0 B cHIBHBIX TA3epPHEIX MOJIAX, KOTJIA CKOPOCTH
OCLMJUIAIMI  3JCKTPOHOB HAMHOTO OOJIbIIE HX
OTHOCHUTEIHHOH CKOPOCTH. YCTaHOBJEHO, HTO
BHEIIIHEE JIa3epHOE T0JIE HE T03BOJISIET 3JIEKTPOHAM
CONMMKAThCS HA KYJIOHOBCKHE PACCTOSHUSA, a IOCHe
cOmmKeHus hi (o) HEKOTOPOTo MUHHMAJBHO
BO3MOXKHOTO PACCTOSHHSI, BCIEICTBUE IMPUTDKEHUS
3JICKTPOHOB B 3(P(PEKTUBHOM IMOTEHI[HAIC, YACTHIIBI
MeieHHee (10 CPAaBHEHUIO CO B3aUMOJICHCTBHEM 0e3
BHEIIIHETO TOJIs1) YIANSAIOTCA APYr oT apyra. [lamee
WICCIIEZIOBAHO B3aMMOJICICTBUE IIBYX
HEPEIATUBUCTCKUX HOHOB BOJOPOJA, ABUKYIIUXCS
MPAKTHYECKHU MapallIeNbHO APYT APYTY B ILIOCKOCTH
pacnpocTpaHEHHs CBETOBOM  BOJIHBI. ITonyden
3G(dEeKT TPUTHKEHHUST HOHOB IIOCHIE JOCTHXKECHUS
MakcumyMa uHTercuBHocteit npu 7 =0 B cpennux
JA3epHBIX TONIAX, KOTAa CKOPOCTh OCIHMJUIALINN
HOHOB OJHOrO TOpS/IKA C BEIMYMHON MONEPEYHOU
CKOPOCTU OTHOCUTEIHHOI'O IBUKEHHUSL.

Bo BTOpO#i r1aBe uccleq0BaHO B3aMMOJIEHCTBUE
MEXIY OJHOUMEHHO 3apsHKEHHBIMH YacTHIIAMHU B
HMITYJIbCHOM TI0JI€ IBYX BCTPEUYHBIX CBETOBBIX BOJIH,
pacmpocTpaHsoInXcst BAONb ocu Z . MccnenoBana
cpenusas d¢GGeKTHBHAS CHIIa B3aUMOJEHCTBHS IBYX
HEPENATUBUCTCKUX  JJEKTPOHOB,  JABUKYIIUXCS
HaBCTpedy APYT BAOIL OCH X U MEPHEHANKYISIPHO
pacmpoCTpaHeHUIO0 CBETOBBIX BOJH. [lokaszano, dro
MIPH OJIMHAKOBBIX WHTEHCHUBHOCTSAX W YaCTOTAaX BOJH
BapbUPOBAaHUE BPEMEH WMITYJIECOB TMPHBOIUT K
YCUJICHUIO TIPUTSDKEHUS JJIEKTPOHOB B TIOJIE JABYX
BOJH MO CpPaBHEHUIO C TIOJEM OJHON BOJIHEIL.

[Ipuyem, ecnu BpeMeHa UMITYJIBCOB OTJIMYAIOTCA Ha
MopsIOK  ©  Ooyee, HWMEET MECTO yjAepiKaHue
JJIEKTPOHOB OKOJIO HEKOTOPOTO OTHOCHUTEIBHOTO
PACCTOSTHUS B TCUCHHE BPEMECHH OOJIBIIIETO BPEMEHU
AMITYJIbCA.

PaccmoTpeno B3aMMO/ICHCTBUE JIBYX
HEPCIITUBUCTCKUX HWOHOB BOAOpPOJa, ABMIKYIIHUXCA
NpPaKkTUYECKH  MapajyieibHO  Apyr  JIpyry B
HampaBJIeHHH PACIPOCTPAaHEHHUs] CBETOBBIX BOJIH.
IToxa3aHa BO3MOXXHOCTb YCWIECHUS HPUTSKCHUS
WOHOB (IIO CPaBHEHUIO C IIOJIEM OJIHOW BOJHBI) B
Mydke © yAep)KaHWE 4YacTUI[ Ha HEKOTOPOM
OTHOCHUTEITFHOM paccTosTHUN JOCTAaTOYHO
JUINTEIbHOE  BpeMs 3a CYeT  BapbUPOBAHUS
WHTEHCHUBHOCTE W BpPEMEH HMITyJIbCOB  IPHU
OJIMHAKOBBIX YACTOTAaX BOJIH.

Tarxoxe M3YYEHO B3aUMOJIEUCTBUE  JIBYX
HEPEeNATUBUCTCKUX THKeNbIX siaep (ypan 235),
JBUKYIIMXCS HaBCTpedy IpyT Ipyry
NEPIIEHANKYISIPHO  PACHpPOCTPAaHEHHIO  CBETOBBIX

BosiH. OOHapysxeH 3D (eKT CynecTBEeHHOM 3aePKKU
pasneta saep Mociie UX MaKCHMAIbHOTO COJNMKEHUS,
NpH  YCIIOBHM, 4YTO HAdYaJbHAas OTHOCUTEIbHAsS
CKOPOCTh U CKOPOCTU OCLUMJIISILUH siAEp B NEPBOM U
BTOpPOW BOJIHAX OJHOTO MOPSAKA BeMUUuHBL. [Ipn
3TOM BpeMs 33JICPIKKU MOXKET Ha MOPSIOK BEIIMINHBI
NPEBBIIIATH BpeMs pa3iieTa 6e3 BHEIIHETO MOJIs.

PaGora BeIMONHEHa B paMKax TOCOIOKETHOMH
Hay49HOH paboTel ““ KorepeHTHbIE W pe30HAaHCHEIE
KBaHTOBO3JIEKTPOANHAMUYECKHE ABJIEHUS B CHIIBHBIX
Ja3epHBIX MOJAX .
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KOHTAKT ABYX YIIPYI'UX KIUHBEB C YYETOM TPEHUA U
COENJIEHUA

B. K. Ocrpuk — UHcTHTYT npukjaagHoi puzukn HAH Ykpaunsi;
A. @. Yiautko — KueBckuii HannoHaabHb1i yHuBepcuteT uM. T. IlleBuenko

Ony0/uKOBaHO B KHUTe: YIPYrocTh M Heynpy-
roctb. Martepuanbl MeKIyHAPOJHOIO HAYYHOIO
CUMIIO3MyMa MO NpodjeMaM MeXaHUKH JedopMu-
pyeMbIX Tej, nmocBsimeHHomy 100-1eTHio co aHsi
poxaenus A. A. Unbromuna (MockBa, 20-21 sinBa-
pa 2011 roga). — M.: U3a-Bo MoCKOBCKOIO YH-Ta,
2011. — 488 c. — C. 427-435.

JIBa ynpyrux KJIMHA ¢ yrJIaMH IIOJypacTBopa o, H

o, (G, Gy, mY, m® —ux monynu casura u unca
[Tyaccona), ocr KOTOPBIX COBIIQAAIOT, KacaloTCsA APYT
Jpyra CBOMMH BeplinHaMu. KIMHBS CXKUMAIOTCS MO/
JNCUCTBHEM  HampsDKEHWH,  NPWIOKEHHBIX  Ha
OECKOHEYHOCTH, C TJaBHBIM BEKTOpoM P i Ka-
XKIIOTO KJIMHA. B mipolecce Harpy»eHusi KIUHbBS Jie-
(hopMupyroTCcs U UX Oepera BXOAAT B KOHTAKT BOJIH3U
ux oOmeil BepmmHbL. JlimHAa o00NMACcTM KOHTaKTa
3apaHee HEM3BECTHA M OMPEAEISAETCS B XO/€ PEIeHHUs
3a]]auMl U3 yCIJIOBUSI PAaBHOBECHS.

CuurtaeM, 4yro obOmacte kontakta 0<r</ Ha
KaXIOW I'paHu 0OOMX KJIMHBEB pa3JeiisieTcsi B HEH3-
BECTHOM OTHOILIEHUH Ha 30HYy cuemienus 0<r</ u

30Hy npockanb3biBaHus /; <r </. Tawxke mnosaraem,

YTO B 30HE TMPOCKAIL3BIBAHUS KacaTeIbHBIC HAIPs-
JKCHHS CBSI3aHBl C HOPMAJBHBIMH 3aKOHOM TPEHUS
Amontona — Kyliona, a B 30HE CLEIUICHUS HaKarlIu-
BaeTCs Tak Ha3biBaeMas "3ameMieHHas nedopmarus’”,
pacrpeneneHHas 110 TUHEHHOMY 3aKOHY.
CooTBeTCTBYIOIIAs KpaeBas 3ajada TECOPUHU YIpy-
TOCTH JJIs JIBYX KJIMHBEB C WCIIONB30BAaHHWEM HWHTE-
TpaibHOTO TIpeoOpa3oBaHus MeuiiHA CBOAHMTCS K
CHUCTEME WHTETPAIBHBIX YPaBHEHHHA C Pa3sHOCTHHIMHU
SpaMA  OTHOCHUTEIBHO (YHKIIMM HOPMAIBHBIX Ha-
MpsDKEHUH B 30HE TPOCKAIB3BIBAaHUS W (YHKIHN
HOPMAJIGHBIX W KacaTeNbHBIX HaIPSHKCHUH B 30HE
cuerieHus. CucTeMa MHTETPajbHBIX YPaBHCHHU Me-
ToioM Bunepa — Xormnda npuBoauTcs K 0OeCKOHEUHOM
cucrteMe anreOpandeckux ypaBHeHwii tumna I[lyankape
— Koxa ¢ 3KCHOHEHIMaIbHO 3aTyXaloIUMH KO3(]-
¢ummentamu. Ee pemreHune HaxoAwTcs B psAAax Io

cTenmensM Manoro mapamerpa A= (/ /l)”/(2°‘1+2°‘2)

(0<A<l1). ns ompeneneHust Kod3pHUIUEHTOB pas-
JI0)KEHHST METO/IOM HEOIPE/ICICHHBIX KOI(P(PHUIIMEHTOB
MONYyYeHBl ~ PeKYppeHTHble  cooTHomreHus.  Jlims
OIpeieNeHns TapameTpa A, a 10 HeMy M pasMepa
30HBI CLEIUIEHHS /| CIy’KUT yCIOBUE OrPaHUYEHHOCTU

HaHpH)KGHI/Iﬁ B TOUYKC IEpexoaa U3 30HbI CUCIUVICHUA B
30HY IMPOCKAJIb3bIBAHUA.

HOJIy‘-IeHBI AHAJIUTUYCCKUE 3aBHUCHUMOCTH TJIA pa-
CIIPEACIICHNA HOPMAJIBHBIX W KaCaTCJIbHBLIX HAIPSAXKE-

HUM B 0OJIACTM KOHTAaKTa B BHJE PAJOB MO KOPHIM
TPAaHCLEHACHTHBIX YpaBHEHHH, KO3((HULUHEHTH KO-
TOPBIX BBIPAKAIOTCS Yepe3 pelleHHe OeCKOHEYHOM
CHCTEMBl anreOpanyeckux ypaBHeHHH. KOHTakTHbIE
HANpPsOKEHHsl OTPaHMYEHBI B ciydae o <7/2,

Ay < TE/2 U HEOT'paHUYCHBI B BCPIINMHE KIIMHLEB, KO-

I/la O/IMH U3 yIJIOB O, OL, NPEBBIIACT T/2 .

0 0,25 0,5 0,75 r/l
G,T I v,
/1/ == =
‘0,5 //
1 _+~
-1 ,/
-1,5
2

Puc. 1

Pacnipenenenie KOHTaKTHBIX HANPSHKEHUH B Ciy-
yae B3aMMOJIEHCTBHS yrpyroro kmuHa (o, =4m/9,

mV =10/3) ¢ abcomorno swectkum (G, /G, =)
nokazaHo Ha puc. 1. Cruomssle KpuBble 1, 2 cOoOT-
BETCTBYIOT Oe3pa3MepHBIM (OTHECEHHBIM K MHOXH-
Temo 2Gi€ ) HOPMaJBHBIM G M KacaTelbHbIM T Ha-
MPSDKEHUSIM TIPU KOHTaKTe KIWHBEB C TpeHUeM (KO-
>gdunuent tpenus p,=0,25) u YaCTHYHBIM cLEI-
nenmem (1,/1=0,2644, 1=0,672P/(2Ge)). Iyuxrnp-
Has KpuBasg | OTBeUaeT HOPMAIBHBIM KOHTaKTHBIM
HaNpsDKEHUSIM TIPU  TJIaJKOM KOHTaKTe YIPYroro u
xecTkoro kimHbeB (o =0, /=0,697P/(2Ge)). Bu-

JTHO, YTO TPEHHE MMEeT HE3HAYHTEIbHOE BIHSHHUE Ha
pacmpeneicHue HOPMaIbHBIX KOHTAKTHBIX HaIlpshKe-
Huil. Jlump B Manoil OKPECTHOCTHM BEPLIMHBI KIMHA
HEOTPaHWYECHHbIE HOPMAlIbHBIE KOHTAKTHBIE Hamps-
KEHHWS TP y4eTe TPEHUs IepexomsiT B KOHEUYHBIE,
XOTSl UMEKOT B BepuinHe KiuHa 7/l =0 Gompuioe mu-
KoBoe 3HaueHue G =-10,71. Ilpu Hammuuu TpeHus
TaK)K€ BO3HUKAIOT KAacaTebHBIC KOHTAKTHBIC Hampsi-
J)KEHUST CO 3HAYUTENbHBIM TPAaJUCHTOM B BEpIIMHE
ynpyroro kimmna (T =—1 pu r/1=0).

PaboTa BeIMOTHEHA B pamMKax TOCOIOKETHON TEMBI
“CraTucTryeckas TEOpusi 0Opa30BaHUS U SBOJIIOIHU
HepapXuiyecknx IeQeKTHBIX CTPYKTYp B CHCTEMax
YIOAJICHHBIX OT pPaBHOBECHS .
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KOHTAKTHOE B3AUMOJEMCTBUE KPYTOBOI'O ITAMIIA
C YIIPYI'UM ITOJYIIPOCTPAHCTBOM IIPU HAJINYUH
TPEHUA U CHEIIJIEHUA

B. . Octpuk — UHcTHTYT npukjaagHou pusnkn HAH Ykpaunbl

Onyo6aukoBano B :xkypHaie: Teopermueckass u
npukaagnas mexanuka. — 2011. — Bein. 2 (48). — C.
22-28.

[Ipy KOHTaKTHOM B3aUMOJEHCTBMU YHPYTHX TeN C
Y4eTOM CHJI TpeHHs 00JacTh KOHTAaKTa, KaK MPaBUJIO,
paszensiercst Ha 30Hbl CLHEIUICHUS M IPOCKaJIb3bIBAHUS
[1]. BmepBble KOHTakT CO CLECIUICHHEM | IPO-
cKanb3blBaHueM paccMorped JI. A. TI'anuubiM [2] B
3ajjaye O BJAABIMBAHUM LITaMIa C NPSAMOJIMHEHHBIM
OCHOBaHMEM B VYIPYTyl TOJYIUIOCKOCTh. Hinke
paccMaTpuBaeTCs OCECUMMETPUYHBIN aHajor 3ajadu
lNanuHa — KOHTAKT CO CIEMJIeHHEM M MPOCKaIb3bIBa-
HUEM KpPYTOBOTO IITaMIa C IUIOCKUM OCHOBaHHEM H
YIPYTOro MOJIyIpOCTPaHCTBA.

IlycTp KpyroBoi IITaMII C IUIOCKMM OCHOBaHUEM
(0<r<R, 0<39<2m) pammyca R BHaBIHBaCTCS
HOPMAJIBHOM CHWJIOH P B YNPYroe HOJyHpOCTPaHCTBO
0<r<ow, 0£9<2n, 0<f<ow. C yueroM CHI

TpeHus: 001acTh KOHTaKTa pa3elsieTcsi Ha KPYTOBYIO
30Hy cuemieHus 0<r <R, BHyTpH OCHOBaHHWs IlTa-

Mmna (R, <R), paguyc R, xoTopoil 3apaHee HeU3Bec-
TEH, M KOJIBLIEBYIO 30HY IPOCKalb3bIBaHUS R <r<R

Ha Kpae ocHOBaHUA Tamna. CuWtaem, 4TO B 30HE
NIPOCKAJIB3BIBAHMSI  BBIIIOJHACTCA  3aKOH  TPEHUSA
AMoOHTOHA C MMPOCKAJIB3BIBAHUEM TI'PAHUYHBIX TOYEK
MOJIYIIPOCTPAHCTBA K CEPEAUHE LITAMIIA.

B ycnoBusx ocecummerpuuHO# medopmaruu
AMEEM CMEIIaHHYIO 3aJady TEOPUH YIPYTOCTH I
noysrynpoctpascrea £ >0 ¢ rpaHUYHBIMU YCIIOBUSIMU

HC‘QZOZS (OSI"SR), I/lr|€:0:0 (OSI"SRI)’

Y lezg =l~l0(5z;‘c:0 (R <r<R),

GC‘Q:OZO’ Tl =0 (R<r<m), (1)

rae W, — koddduiueHt TpeHus, 6 — ocajaka LITama.

Jnis ompeneneHuss OCagku CIYKUT YCJIOBHE PaBHO-
BecHs

21IJ-; GQ‘C:O rdr=—P. 2)

C rmoMomIpl0 HWHTETPATBHOIO MPeodpa3oBaHUs
Memmna kpaeBas 3amada (1), (2) cBegeHa xk cucreMe
VMHTErPaJbHbIX YPaBHEHUH C Pa3HOCTHBIMH SAPAMU,
KoTopast 00001meHHbpIM MeToioM Burepa — Xomda [3,
4] npuBeneHa K OeckoHe4HOW cHcTeMe anredpa-
WYECKUX YpPaBHEHWHA C DKCIOHEHIMAIBLHO 3aTyXaro-
mumMu kodpdurmentamu. Ee pemeHue HaxomuTcs B

psiIax IO CTEeNeHsAM Manoro mapamerpa A = (R, /R)2

(0<X<1). Paguyc 30HBI cuemieHUs: R, HaXOAUTCS

n3 YCIOBHUA OTI'pPaHUYCHHOCTHU HaHp}l)KeHI/Iﬁ Ha
JIMHUW pasacia MEXKAY 30HaMHU CHCIUICHUS U
IIPOCKAJIb3bIBaHMS.

KontakTHbIE HalpsXKCHUA U 0CalKa 1ITaMIla BbI-
PaXEHbI B BUAC CTCICHHBIX PAAOB HCPEC3 PCHICHUC

OCCKOHEUHOH CUCTEMBI anre0pandecKux
YpaBHEHUI.
5,7 —

0 0,2 0,4 0,6 0,8 /R
Puc. 1

Ha puc. 1 npuBeneHsl pe3yiabTaTbl BEIYUCICHUN
KOHTAaKTHBIX HaNpsDKEHWH B  Clydae dYHCia
[yaccona m=10/3 u xoddduunenta TpeHus

Lo =0,25. Kpusasg 1 mokassIBaeT paclpenencHue

0e3pasMEpHBIX ~ HOPMAaJIbHBIX c=(R / P)o, |C—0 ,
KpuBas 2 — KacaTelbHBIX 1= (R? / Pyt o
HanpspkeHuid. Ha nwuamn r= =R, =0,8239R

mepexoJa W3 30HBI  CHEIUIGHWS B 30HY
MPOCKaIb3bIBaHUs TPAQUKUA HAMNPSIKCHUA HMEIOT
XapakTepHble W3IOMBI. J[ms ciaydas Tiiagkoro
KOHTakTa (p,=0) pacnpeneneHne BETHYHHBI

G=1/(2m/1-(r/R)*) M300pakeHO IIyHKTHPOM [1].

PaboTa BbImonHeHa B paMKax rocOI0)KETHOM Te-
Mbl  “Cratuctuueckas Teopus oOpa3oBaHUS U
IBOJIIOIIMU UEPAPXUUYECKUX JE(PEKTHBIX CTPYKTYD B
cUCTeMax yAaJeHHBIX OT paBHOBECHUS .
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BAABJINBAHUWE HITAMIIA B YIIPYI'YIO IOJIOCY
PN HAJIMYUU TPEHUA U CHENJIEHUA

B. 1. Octpuk — UHcTutyT npukiaagnoi ¢pusnkun HAH Ykpannsl

Onyo0aukoBaHo B :kypHaje: H3Bectus PAH.
Mexannka TBepaoro teaa. —2011. — Ne 4, — C. 181-
193.

PaccmatpuBaercst ananor 3agauu ['amuHa Jjis 1o-
JIOCHI — KOHTAKT CO CHETUIEHHEM U MPOCKAIb3bIBAHHEM
mrammna ¢ NpSAMOJMHEHHBIM OCHOBaHHEM U YTIPYToif
MOJIOCHI, OZIHA TPaHb KOTOPOH 3aKpeIuieHa.

Mycre mramn (0<x</) ¢ NpAMOIHHEHHBIM OC-
HOBaHWEM IMUPHUHBI [ TOJ NEUCTBHEM HOPMATbHOU
CWIbl P, mpuioXXeHHOW K cepeauHe ImTamma (X =
=1/2), BHABIMBAETCA B BEPXHIOW IPpaHb y=~h yI-
pyTO# MONOCH —w<x<©, —h<y<h C KECTKO 3a-
KpeIUIeHHOW HIDKHEH rpaHbio y =—h. [lpu 3tom oc-
HOBaHHUE INTAMIIA OCTACTCA MAapaUICIbHBIM HIDKHEH
T'paHH MOJIOCHL, TaK YTO OCajKa ITaMra O MOCTOSHHA,
HO 3apaHee HeusBecTHa. C yueToM CHWJI TpEHHUs
obnacts koHTakta 0<x</, y=h TaKk XKe, Kak U B
3amadye [‘anmHa, pazgensercs Ha 30HY CLEIUICHUS
[, £x<[—I, BHyTpU OCHOBaHMs LITAMIIA U JIBE 30HbI
npockane3piBanusas 0<x </, /—/ <x</ Heusecr-
HOro pasMepa /; Ha ee kpasx. Cuuraem, 4TO B 30HaX
MPOCKAIb3bIBAHUS BBIMOIHIETCS 3aKOH TPEHUs AMo-
HTOHA C IIPOCKAJIb3bIBAHUEM I'PAHUUYHBIX TOUYEK YIIPY-
TOH TOJIOCH MOJ IITAMIIOM K cepeinHe 0071acTH KOH-
TaKTa.

B ycnoBusx mirockoit medopmarii UMeeM CcMe-
IIAHHYIO 3a7ladyy TEOPWUH YIPYTOCTH JUIS TOJIOCHI
—0<x<00, —h<y<h co CIeAyOUMH TPaHUYHBIMU

YCIIOBUAMMU:

y‘y:h =8 (0<x<I),

Tl =sign(l/2-x) -, Gy‘y:h

x|y=
(O0<x</, -] <x<l),

|7
uxy
_0

=0, 1

]
Yly=h rx

y=h
(—o<x<0,/<x<wo),

u | =0, u ‘
Xly=—h ’ yy:—h

(—0<x< ), (1)
rae Y, — xoddouuuent tpenus. g onpeneneHus

ocazKu O CIIYKHT YCJIOBHE PABHOBECHS IIITAMITA

Icy‘yzh dx=-P. 2
0

C TOMOIIBI0 HMHTETPAIBHOTO IMPEe0oOpa3OBaHUS
Oypre kpaeBas 3amada (1), (2) cBegeHa K cucTeme
WHTETPAILHBIX YPABHEHHI C PA3HOCTHBIMH SIIPAMH,

KoTopas 0000meHHbEIM MeTonoM Burepa — Xorda
NpUBE/ICHA K perysipHON OECKOHEYHOW CHUCTEME a-
reOpanueckux ypaBHeHmii tuma [lyankape — Koxa ¢
JKCTIOHEHITHATRHO 3aTyXaIONUMHU KO3 UITHEHTAMH.
Ee peuieHrne HaliIeHO METOIOM PENYKLHH. Y CIOBUE
OTPaHMYEHHOCTH HANPSDKEHMH B Toukax x =/, [ -1,
y=h CIyXdT Iy ONpelNeNeHHs pa3Mepa 30HEI
npockanb3piBaHus /. KoHTakTHble HampspkeHUs U

0CaJIKa [ITaMIIa BEIPaXKCHBI B BHJIC CTETICHHBIX PSIOB
gepe3 pelreHne 0eCKOHETHOW CHCTEMBI anreopamdec-
KHX ypaBHECHHM.

o1 /7‘_-“\:::::—_—_—
e
/3 // P
| /2 /
| L////1
-0,3 rz
4
/
|
-0,6

0,2 0,3 0,4 x/1
Puc. 1

Brruncienus npoBOIMIIUCH MPU 3HAYCHUSIX KOA(D-
¢umuenta IMyaccona v=1/3 u xoaddunuenta tpe-

uus W, =1/4. Ha puc. 1 nmokazaHo pacmpeeneHue

Oe3pa3MepHBIX HOPMAJbHBIX G = (I/P)Gy‘ A (ctw0-
y=

IIHBIE KPUBBIE) M KacaTelbHbBIX ?z(Z/P)Txy i
y=

(MyHKTHpHBIC JIMHUKM) KOHTAKTHBIX HANPSIKCHUI.
Kpusbie 1-5 COOTBETCTBYIOT 3HA4Y€HUSIM OTHOCH-
TENPHON IIMPHUHBI IITaMIa l/(2h)=0,25; 0,5; 1; 4;

10. Ilpu >TOM Oe3pa3mepHasl ocaaka S:SGZ/(Ph)

cooTBeTcTBeHHO pasHa 0,233; 0,327; 0,410; 0,479;
0,491. IlITpux-myHKTHpHAsA JUHUA OTBEUYaeT pacrpe-

JeneHnio BenmunHel G npu [/(2h)=0,25, p,=0.

Jlns wramnos 66mbmux pasmepos (1/(2h)=1; 4;
10) pacnpeneneHue HOPMaJbHBIX KOHTAKTHBIX Ha-
MPsOKCHUH (CIUTOITHBIC KpUBEIE 3, 4, 5) IpakTHIeCKH
HE OTIIMYAETCS OT CIydas TJaIKOro KOHTaKTa.

PaboTta BbImosHEHa B paMKax TOCOIOIKETHOH Te-
Mbl  “CrarucThueckas Teopusi o0pa3o0-BaHUS U
IBOJIIOLIMH HMEPAPXUYECKUX AE(HEKTHBIX CTPYKTYp B
cHcTeMax yAaJeHHBIX OT PaBHOBECHS .
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KOB3HUM KOHTAKT IITAMIIA 3 IPYKHUM KJIUHOM

B. I. Octpuk, O. M. IllokoroBa — IHcTUTYT Npukiaagnoi ¢gizuku HAH Ykpainu

Onyo6saikoBaHo B kypHaji: ®Di3zumko-xiMiuna
MexaHika marepiaJjis. — 2011. — Bumn. 4. — C. 82-91

PosrnsimaeTbesi KOHTaKTHA B3a€MOJisl MITamIa 3
OPSMOJIIHIHOIO OCHOBOIO Ta HPYXHOTO KIIMHA
0<r<w, 0<3<a B ymoBax miockoi aedopmarii.
Hwxast rpans 9 =0 KiIMHA )KOPCTKO 3akpimieHa. [1ig
nie€0 HopManbHOi P Ta ZOTHYHOI [P cui (|u0| -

KOeQiIliEHT TEpTsS MiXK KIIMHOM Ta OCHOBOIO IIITaMIIa;
opu Lo >0 INTaMn pyxaeTbcd y HampsMKy BifJ
BEpIIMHU KJIMHA, MPU |y <0 — 10 BEPUIMHH, SKIIO
Lo =0, MaeMo TIaAKuil KOHTAKT), JiHii Ail AKHX
MIPOXOIATh Yepe3 CEepeIMHY OCHOBH IIITaMIIa, a TAKOXK
MOMEHTY M IITaMIl BTUCKYETHCS y BHYTPIITHIO Jac-
THHY [} <r<[ BepxHboi rpani 9=o kmuHa. TyT €
MOBHE TIPOKOB3YBaHHS B3JIOBXK yCi€i  JISHKH
KOHTaKTy /; <r </, Ha fAKill HOpPMaJbHI Ta JOTHYHI

Hanpy>KeHHs 3B’s13aHi 3akoHOM TepTsi AMoHTOHA (Ky-
nona) [1]. Bmacmimok nedopmariii KiIuMHa OCHOBa
mITamra IMOBEPTAETbCS Ha ACSIKHH KyT € Ta 3Mi-
IIY€ThCS HA BIJICTaHb b .

Mimani kpaifoBi yMOBH Ha IpaHsIX KJINHA:

I"S|9=OL =b—er, Tr8|9=a =Ky 69|9:a (ll SI"SZ),

GSb:xzoﬂtmquZO(OSr<ﬁ,l<r<wL
ur|9:0=0, u9|9=0:0 (0<r<w). (1)

Hesinomi 3MimeHHs b Ta KyT MOBOPOTY INTAMIIA €
BU3HAYKMMO 3 YMOB PiBHOBArd MITAMIIA:

[+

L l
[oulyydr=—P. [rogly dr=M-—"LP. (2)

4 h

I3 3acTocyBaHHSM IHTErpaILHOTO MEPETBOPCHHS
Memnnina 3amaga (1), (2) 3BegeHa A0 iHTETPaIBLHOTO
PIBHSHHS 3 PI3HHUIIEBUM SJIPOM, PO3B'SI30K  SKOTO
3HAXOAMMO, 3BIBIIM HOro 0 HECKIHYEHHOI CHCTEMH
aNreOpUYHUX PIBHSIHB 33 BiJOMHM Tiaxojom [2]. Ii
PO3B'A30K IIYKAEMO B psAjgaxX 3a CTEHCHSIMH Malloro
mapamerpy A =e /%% = /"D (0<n<1). na
KoeQiIlieHTIB paniB
CIIIBBIIHOIIIEHHS.

KoHTakTHI Hanpy>KeHHs Ta MEPEMIIIEHHS TOYOK
HE3aKpIIUICHOT TpaHi KJIMHA BHPAXAIOThCA dYepes
PO3B'I30K  HECKIHYEHOI CHUCTEeMH  alreOpUIHUX
PIBHSHD Yy BHUTJIS/II CTETICHEBUX PSJIIiB 32 KOPEHSIMU
TPAHCUCHACHTHUX PiBHSHb.

Ha puc. 1, 2 momaHo pe3yibTaTé OOYMCIIEHB
HOPMAJIbHUX KOHTAKTHHX HAIPYXEeHb Ta KOJIIOBUX
MepeMilieHh TOYOK TpaHi ¢ =q MPYNKHOTO KIHHA 3
KyTOM pPO3XHIYy o =7/4 3a BiJCyTHOCTI MOMEHTY

OTPUMAHO  PEKypEeHTHi

M =0 Ta nipu 3HaveHHi uncna Ilyaccoma m=10/3.

CyuinpHi KpHBi BIANOBIIAIOTH 3HAYCHHIO Koedi-
iEHTY TepTA Lo = 0,5 (pyx IITamma Bif BEPIIUHU);
mTpuxoBi — Yy = —0,5 (pyX mramma 10 BEPIIUHH);
ITPUXITYHKTUPHI — [y = O (TIamKkuii KOHTAKT).
Po3nogin 6e3po3MipHHX HOPMaTbHHX KOHTAKT-
HUX HalpyxeHb G =(/ —ll)P_1 69|9=a HABCICHO Ha

puc. 1. Kpusi 1 BiAmoBigaroTh 3HaYEHHIO BiIHOIICH-
HS BiJICTaHEH BiJ KpaiB IITamIa 10 BEPIIMHHA KIIHHA
I/, = 2; xpui 2 — I/l = 6. 3i 3pocTaHHAM
BigHomIeHH //];, TOOTO 31 3MEHIIIEHHAM B1ACTaHl BiJ
ITamIa 10 BEpITUHU KJIMHA, TaK caMo, sK 1 TIiJ Jac
pyXy IUTaMma [0 BeplMHHM KiuHa (py<0),

pO3HOIiNI KOHTaKTHHUX
ACHMETPHUYHIIINM.

HanpyXeHb cTae

Ha puc. 2 300paxeHi 6e3po3MipHi KOJIOBI mepe-
mienns g =(2G/P)ug|,_, » AKi XapaKTepU3yIOTh
dbopmy nedopmMoBaHOI TpaHi KIMHA Yy BHUNAIKY
I/, =2 Ta LMIOCTPYIOTH BIUIUB TEPTsS. HA BEIHYUHY
MPOCiIaHHA 1 TOBOPOTY LITAMIIA.

Puc. 1,2

Qi

-0,75

-0,54

-1 T T r

PoGora BuKOHaHA B paMKax Iep>KOIOIKETHOI
teMn “ CTaTUCTUYHA TEOPis YTBOPEHHS i €BOJIFOIIIT
iepapxiyHUX Je(peKTHUX CTPYKTYp B CHCTEMax
BiJlJaJICHUX BiJ] piBHOBaru .

Cnucok nocujIaHb

1. orconcon K. Mexannka KOHTaKTHOT'O B3aUMO-
nevictBus. — M.: Mup, 1989. — 510 c.

2. Aumunos FO. A. TouHoe pelieHHe 3a7addl O
BIIaBJIMBAHUY KOJIBIICBOTO INTaMIa B IOJYIPO-
crpanctBo // Joxn. AH YCCP. — 1987. — Ne 7. — C.
29-33.
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KOHTAKT IITAMITIA TA ITPYKHOT O KJINHA
3 YPAXYBAHHAM TEPTSH TA 3UEIIJIEHHA

B. I. Octpuk, O. M. IllokoroBa — IHcTUTYT Npukiaagnol ¢pisuku HAH Ykpainu

OnyoJikoBano B :kypHandi: ®izmko-marema-
THYHEe MOJeJIIOBAHHA Ta iHdopMaliiiHi TexHO10-
rii. — 2011. — Bun. 13. — C. 121-131.

Po3risinaeTscsi KOHTAKTHA B3a€MOJIS ITaMIa 3
NPSIMOJIIHIHOIO OCHOBOIO Ta TMPYXHOTO KITMHA
0<r<ow,0<9<a ByMOBax IIOCKOi gedopmariii.
Hwxhio rpanp 3 =0 KIMHA )KOPCTKO 3aKpiMjIeHo, a
y BEpXHIO TpaHb 3=0 Ha Bigpi3ky 0<r <]
BIABIIOETHCS IITaMI Mij Ii€l0 HOPMaJIbHOI cuiu P,
MIPHUKJIAJIEHOI JIO MpaBoro Kpato mramna (r=1[, [ —
po3mip ocHOBM TmTamma). JliBuit kpail mrTamma
(r=0) HepyxXxOMHIl 1 ONUpPAETbCS HA 3aKpIILUICHY
rpaHb KiIMHa y Horo BepumHi. I1linpHe mpunsranHs
OCHOBW INTaMIa 10 TpaHi KJIMHA 3a0e3edyeThes
NPUKIAIEHUM [JI0 IITamMna MoMeHToMm M. IHiia
gactuHa (r>/) rpaHi 3 =0 KIWHa BiTbHA BIf
HaBaHTaXeHb. BHacmigok aedopmarii mpy)HOTO
KJIMHA OCHOBA IITaMIIa IOBEPTAETHCS HA NEIKUH KyT
€. 3a HasBHOCTI TepTs 0ONAcTb  KOHTAKTY
0<r<[,9=0 TOOUISETECS Ha 30HY 3YETUICHHSI
0<r</ 1 30HY OpOKOB3yBaHHA /, <r</[, B sKiif
HOpPMaJbHI Ta JOTHYHI HampyXeHHs IIOB’s3aHi
3akoHOM TepTss AmoHToHa (Kymona) [1]. Baa-
JKAEMO, IO B 30HI ITPOKOB3yBaHHS TPAaHUIHI TOUKH
MPY>KHOTO KITMHA 3MILIYIOThCS Y HAMPSIMKY O HOTO
BEPLIMHH.

3mimani KkpaiioBi yMOBH Ha TpaHSX KIMHA 3aITd-
IIEMO y TAKOMY BHTTISIII (Lo — KOeillieHT TepTs)

ugly_, =—er (0<r<li),

”r|9=a =0 (Oéréll),

T’”9|S:a =—u, 69|9=a (ll <r<l),

Oglg_y =05 Trglg, =0 (I<r<w),
Uglg_y =0, w,]g_, =0 (0<r<w). (1)

Takox MOBUHHI BUKOHYBaTHCh YMOBH PiBHOBaru
nIramina

1
[rogly_, dr=—Pl+M ()

[
.[08|9:0( dr:—P,
0 0

3 SKHX BH3HAYAIOTHCS KyT MOBOPOTY INTaMIla Ta
MPUKIaJeHUN 10 HbOTO MOMEHT.

I3 3acTocyBaHHSM IHTErpaJbHOTO TEPETBOPEHHS
Memnina 3amgada (1), (2) 3BeneHa 10 CHCTEMH iHTET-
paTBbHUX PIiBHSHB 3 PI3HULEBUMH SIPaMU, SIKY 3 BU-
KOpHCTaHHSIM mpouenyp Meroxy Binmepa — [omda
[2] mepeTBOpeHO OO0 HECKIHUEHHOI CHCTEMH
AITeOpUYHUX  PIBHAHb 13  EKCIOHEHIIAIbHO
crajarouuMH Koedimientamu. BigHocHuE po3mip

30HM 34YCIUICHHS /) // 3HAXOAMMO 3 YMOBH OOMExe-

HOCTI KOHTaKTHHX HaIPyXeHb Yy TOUIll TEPEeXOomy i3
30HU 3UEIICHHS y 30Hy IPOKOB3YBaHHSI.

Uepes po3B'I30K HECKIHUCHHOI CHCTEMH alreOpud-
HUX PIBHSHb OTPUMAHO HOPMAJIBHI 1 JOTHYHI HAIPy-
JKEHHS B 00JIacTi KOHTAaKTy, a TaKOX MepeMillleHHS
TOYOK HE3aKpiIUIEHOI IpaHi KJIMHA Y BUIJISAI CTEIEHE-
BUX PAIB 32 KOPEHSIMH TPAHCIICHJCHTHHUX PiBHSHb.

Ha puc. 1 xpusi 1 i 3 BignoBigaroTs po3noginy 6e3-
PO3MipHHX HOPMAlbHUX G =Gg/ (2G8)| 9o, Ta JOTHY-

HOX T =T,g / (2Gs)|9=a KOHTAaKTHUX HaIpyXeHb IS
3HAYEHHs KyTa PO3XWIY KIMHA o =T/4, Kpusi2 i 4
— U1 O = n/ 6. CymiibHI KpUBI BiAIOBITAIOTh (PPUK-

MiHHOMY KOHTaKTy (Lo = 0,5), ITPUXOBI — TIATKOMY
KOHTakTy (Uo=0). OOuucneHHss NPOBOIWINUCH Yy

o7

2

-3

-4 T T T
0 05 r/l

BUNaaKy 3HaueHHs yucina [lyaccona m = 10/3.
Puc. 1

HasBHicTe TepTs Ta 34emsieHHs ACMIO IiJBHILYE
KOHTaKTHHM THCK y 30HI 3UCIICHHS 1 Bele 10 MOSBU
JOTUYHUX KOHTAKTHUX HANpYy>KeHb, SKi 3MIHIOIOThH
3HAK MOOJIM3Y NPABOr0 KParo 30HU 3YEIJICHHS y TOYII
r=0-38 (8/1=0,018 mus a=n/4, §//=0,014 nua
a=m/6). Tomy wMaibke y310BK yciei obnacri
KOHTAaKTy BiZOyBa€ThCcs 3CYyB MPHUMEKOBHX MIapiB
NPY>KHOTO KJIWHA Y HAmlpsIMKY BiJ] HOrO BEpIIMHH, Ta
TIIBKM y Maiid 30HI MPOKOB3YBaHHs TPaHUYHI TOUKU
KJIMHA PyXaloThCsl Y HANPSIMKY 0 BEPLIMHU KIMHA.

Pob6oTa BuKkoHaHA B paMKaX JepKOIOIKETHOT TeMHU
“Craructuyeckas TeopHus 0Opa30BaHHS U IBOIIOIUHU
HepapXuyeckux Ne(QeKTHBIX CTPYKTyp B CHCTEMax
YIAJICHHBIX OT pABHOBECHS .

Cnucox nocuianb

1. /]riconcon K. MexaHnka KOHTaKTHOTO B3aMMO-
nerictBusa. — M.: Mup, 1989. — 510 c.

2. Hobn b. Meton Bunepa—Xomnda. — M.: Uuoctp.
qurt., 1962. — 280 c.
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STRUCTURE FORMATION PROCESSES INDUCED BY THE ION
SPUTTERING IN ANYSOTROPIC SYSTEM WITH ADDITIVE
NOISE

V.0. Kharchenko — Institute of Applied Physics, NAS of Ukraine

Published in Functional Materials, 2011, V.18,
Ne2, pp.156-164

Abstract — The processes of structure
formation in an anysotropic system described by
Kuramoto-Sivashinskiy equation with additive noise
as a generalization of the Bradley-Harper model for
the surface structures formation induced by ion
sputtering processes are studied. The time stability
of the periodic spatial structures in the linear regime
is considered. For a nonlinear model the various
surface structures formation is studied, the power
law of the surface growth is established, the
roughness index and correlation fractal dimension
of the respective structures are determined.

1. The model

We have used a generalized Kuramoto-
Sivashinskiy equation for modeling the structure
formation processes including white gaussian noise.

2. Results

We have calculated phase diagrams varying
penetration depths and incidence angle. It was
found, that in considered anysotropic system seven
types of different structures can be formed. Phase
diagram, illustrating regions of different structures
realization is shown in Fig.1.

10 20 30 40 50 60 70 80 O

AT a T T T T T T T
il A 11,20, 2,<0, i <0
T B: v,<0, 4,>0, 2 <0

15r¢ 4 C: 1,0, i>0, A <0

ABI D D: w20, 1,20, A >0
AN g Ein20.73<0,220

1ToF 5 F: 1,<0, 4y<0, 1 >0 7
G ! G: 1,<0, >0, 1 >0

05F F .

A R
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03 06 09 12 G

Fig.1. Phase diagram with seven redigion of different
spatial structures realization

Typical structures, realized in each region in
Fig.1 are shown in Fig.2.

-
LTIl P EEE

Fig.2. Typical structures in different regions in Fig.1

3. Conclusions

We have studied the pattern formation processes
induced by the ion sputtering under stochastic
condition of illumination in anysotropic system. The
phase diagrams, illustrating formation of different
patterns are obtained. The main properties of the
pattern formation processes were studied with the
help of interface width and correlation functions.
We have shown that nano-dots and nano-holes
patterns are stable in time. To make a detail analysis
of the pattern formation we have examined the
scaling behavior of main statistical characteristics of
the system, reduced to the correlation functions and
its Fourier transforms. We have computed the
scaling exponents for all possible types of
structures. It was shown, that the additive noise in
anisotropic systems is able to delay the growth and
coarsening processes and decrease the time interval
where these processes are realized. We have
calculated the fractal (correlation) dimension. It was
shown, that all patterns have fractal structure.

Performed within state  budget subject
“Statistical theory of creation and evolution of
hierarchical defect structures in systems far off
equilibrium”.
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MOAEJNUPOBAHUE USMEHEHUA MOP®OJIOI'MU
ITOBEPXHOCTMH SI IPU PACIIBIJIEHUU UOHAMMU Ag

[1.0. Xapuyenko, B.O. Xapuyenko — MHcTuTYT Npukiaagnoi pusnkn HAH Ykpaunsl

Cratbs onyOuukoBaHa B :xkypHaie BAHT,
2011, T.97, Ne2, c.16-21

AHHOTALIUA — [IpoBeneno YHCIIEHHOE
MOJCITUPOBaHNE W3MEHEHHUS MOpP(OITIOTHH
TIOBEPXHOCTH KPEMHUS TMPHU PACTBUICHUN HOHAMH
aproHa. Ha ocHOBe COBMECTHOTO HCHIOJB30BaHUS
npoueaypsl MoHTte-Kapiio u  KOHTHHYyalbHOTO
MOAX0/Ma YCTAaHOBJICHA AHMarpaMma yCTOWYHBOCTH
MIOBEPXHOCTHBIX CTPYKTYP, UMEIOIIUX HaHOpa3Mep-
HBIi MacmTald. BEISICHEHBI CKEHIMHTOBBIE Xapak-
TEPUCTUKHU JTTUHBI BOJHBI CTPYKTYP IIPH BEIOOPE UX
opueHTanuu. I[lomydeHBl 3HAYEHUS IMOKA3aTEIs
pocTa, MPOAOIBHOTO W TONEPEYHOro IOKazaTenen
MIEPOXOBATOCTH B O0JACTIX IUArpaMMbl YCTOM-
YUBOCTH,  OTBEYAIOIIMX  PAJNIMYHBIM  THUIIAM

CTPYKTYP.

OcHoOBHBIE Pe3yJIbTAThI

B xadecTtBe Mozmenu s MOJEIHPOBAHUSA
W3MEHEHUS MOP(QOJIOTUH TOBEPXHOCTH KpPEMHHUS
Opd  pPacHbUIEHMM ~ €ro  HMOHAaMHU  aproHa
HCTIOJIB30BaJIOCh aHU30TPOIIHOE ypaBHEHHE
Kypamoto-CuBammu-ckoro.  3HaueHuss  TiyOuH
MPOHMKHOBEHUS HMOHOB aproHa BIJIyOb KpEeMHHUs
B3aBUCHUMOCTH OT €HEPrMHM HAJETAIoIIero HOHa
nostyyeHsl MerooM Monte-Kapio.

YCTaHOBJEHO, YTO KOJWYECTBO  CTPYKTYP,
HMEIOLIMX  PAaBHOOCHYI0  CHMMETPHIO  MpH
(UKCHPOBAaHHBIX 3HAYEHUSAX DHEPIHMM HAJIETAFOIIUX
WOHOB U yIJa MaJeHHs HOHOB Ha IOBEPXHOCTh
ciepBa CO  BpEeMEHEM pacTeT —  CTaaus
00pazoBaHMs CTPYKTyp, a 3aTeM, Ha OOJBIIUX
BpEMEHAaX, OCTA€TCs IMOCTOSHHOW  BEIMYHHOM.
VYcTaHOBIE€Ha 3aBUCHUMOCTh CpEAHEro pa3Mepa
PaBHOOCHBIX CTPYKTYp OT SHEPIHM HAaJETaIOIIUX
WMOHOB TIPH Pa3HBIX 3HAUYEHUAX YIJIOB MAJCHUSA (CM.
pucl).

50+

E, xaB
Puc. 1. 3aBucuMOCTh CpeiHETO pazMepa IOBEPXHOCTHBIX
CTPYKTYp OT €HEPTHH HOHOB B CTALlHOHAPHOM CIIy4ae

BpiBoabI

[Ipoananu3upoBaHa KHHETHKAa (HOPMHUPOBAHUS
HaHO-Pa3MEpPHBIX CTPYKTYp Ha  IOBEPXHOCTH
KpeMHHUsI TIpu OONy4eHHH HWOHaMH aproHa.
VYCcTaHOBIEHO, YTO B TaKOW CHCTEME BO3MOXHBIMHU
SBIISIFOTCS MOBEPXHOCTHEIE CTPYKTYPBHIL,
MPEJICTABIIAIONINE OCTPOBKH «IBIPOK» M TIOJIOCOBBIE
CTPYKTYpHl. BBIICHEHO, YTO C W3MEHEHHEM YyTia
pacIblieHds] TIepeOpUeHTaUsl CTPYKTYp MPUBOAUT
K UW3MEHEHWIO CKEHIIMHTOBOW XapaKTepUCTHKHU
3aBHCHMOCTH JUIMHBI BOJHBI OT DHEPIHMH HOHOB.
I[Ipu wuccnemoBaHMM  AMHAMUKA  OOpa3oOBaHUS
OCTPOBKOB YCTaHOBJIEHO, YTO Ha BpPEMEHHBIX
Macmrabax 3apOXKACHUS peau3yercs CTENeHHOH
3aKOH pPOCTa, Ha OOJBIIMX BpeMEHaX KOJIMYECTBO
OCTPOBKOB  SIBIIIETCSI IIOCTOSIHHOM  BEJIMYMHOM.
[omyuensr 3HAYEHUS MoKa3aTens pocra,
MpOAOJIBHOTO M TOMEPEeYHOro  MokKa3zaTesneit
HIEpOXOBATOCTH. Y CTAHOBJIEHO, YTO COOTHOILIEHUS
MEX]y TIPOJOJIBHBIM H TIOTIEPEYHBIM TOKa3aTeIIMHU
IIEPOXOBATOCTH OMPEAEISIOTCS COOTHOIICHUSIMHU
MEXIy COOTBETCTBYIOIIMMH  IOBEPXHOCTHBIMHU
HATSDKEHUSIMU.

PabGoTta BEIMONMHEHA B paMKaX TOCOIOTKETHOU
TeMbl “ CtatucTudeckas Teopusi 0oOpa3oBaHHS U
SBOJIOMU HUEepapXUUYECKUX NE(PEKTHBIX CTPYKTYp B
cucTeMax yAaJeHHBIX OT PaBHOBECHUS .
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MORPHOLOGY CHANGE OF THE SILICON SURFACE
INDUCED BY Agr+ ION BEAM SPUTTERING

V.0O. Kharchenko, D.O. Kharchenko — Institute of Applied Physics, NAS of Ukraine

Published in Cond.Mat.Phys., V.14, N2,
P.23602(11)

Abstract —Two-level modeling for nanoscale
pattern formation on silicon target by A, ion
sputtering is presented. Phase diagram illustrating
possible nanosize surface patterns is discussed.
Scaling characteristics for the structure wavelength
dependence versus incoming ion energy are defined.
Growth and roughness exponents in different
domains of the phase diagram are obtained.

Main results

Two-level modeling for nanoscale pattern
formation on silicon target induced by Ar+ ion
sputtering has been reported. We have used Monte
Carlo simulations and continuum approach based on
the Bradley-Harper theory. It was shown that for the
described system dependencies of the averaged
penetration depth of the incident ion and
corresponding distribution widths of the deposited
energy in directions parallel and perpendicular to
the incoming beam versus ion energy are of the
power-law form. Varying incoming ion energy and
ion incidence angle we have defined sputtering
yield with the help of the Monte Carlo modeling
(Fig.1). Obtained results have been used in the
modified Bradley-Harper theory in the framework
of two-scale modeling scheme.

We have computed phase diagram for control
parameters: incidence angle 6 and ion energy ¢,
that defines possible patterns on silicon target
sputtered by Ar+ ions (see Fig.2). It was shown that
at small incident angles nanohole patterns are

Y, (atoms/ion)

o

2 4 6 8 10
& (keV)

Fig.1. Sputtering yield for Ar+ in Si at fixed
incidence angle

realized, whereas at large incidence angles patterns
type of ripples are observed. Analyzing the

morphology change of silicon surface we have
shown that during the system evolution a number of
nanoholes/ripples becomes a constant, indicating
stability of obtained structures in time.

We have found that there are deviations from the
Bradley-Harper asymptotics for the wavelength
dependence on the ion energy. Moreover when the

=
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W
/
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45
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Fig.2. Phase diagram and typical surface patterns

orientation of patterns is changed a kink in such
asymptotics is realized. The exponent of such
power-law asymptotics depends on the angle of
incidence. At fixed values for incidence angle one
has two scaling exponents related to small and large
values for ion energy according to a change in the
orientation of structures.

Studying scaling characteristics of the height-
height correlation function the growth exponent
together with longitudinal and transverse roughness
exponents are obtained for different values of
incidence angle at fixed ion energy. It was shown
that relations between roughness exponents are
defined through relations between corresponding
effective surface tensions.

Obtained results in two-scale modeling scheme
are in good correspondence with known theoretical
and experimental data for sputtering of silicon target
by Ar+ ions in considered values interval for
incidence angle of ions, incoming ion energy,
temperature and ion flux.

Performed  within state  budget subject
“ Statistical theory of creation and evolution of
hierarchical defect structures in systems far off
equilibrium .
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PACYET U3 NEPBBLIX NPUHIIMIIOB DJEKTPOHHOM
CTPYKTYPHI I'lTY CIIJTABOB ZR - NB U ZR + BAKAHCHUHA

B.O. Xapuenko — UucturyT npukjaaanoi ¢pusuxku HAH Ykpaunbi

Cratpsn ony0JIMKOBaHA B JKypHaJie
Metanaodusuka u HoBelilue TexHoaorum, 2011,
T.33, Ne 5, cc.577-589

AocTtpakt — [IpoBeneHO TEPBONPHUHITUITHOE
MOJCIINPOBAHUE BJIEKTPOHHON cTpykTypbl I'TIY
cruaBoB Zr — Nb, u Zr coiepkaiiero BakaHCHH MPH
HYJIEBOH TeMIiepaType, HCIIONIb3ys TEOPHIO (hYHKIIH-
OHaJIa TIOTHOCTH, METOJ JIMHEAPU30BAHHBIX TIPUCO-
S/IMHEHHBIX IUIOCKMX BOJH M TMPHUOIIKeHue 0000-
LIEHHOTO rpaaueHTa. MccienoBaHsl CTPYKTYpHBIE U
SHEPreTUYECKUE CBOMCTBA JBYX YIOPSAOYECHHBIX
cTpykTyp: Zr—12.5% Nb wu Zr + 12.5% eakancuil,
00pa30BaHHBIX MTyTEM BHEAPEHHS aToMa HHOOHS, KaK
aToMa 3aMEIIEHUs, B KPUCTAUI LIUPKOHHS U ydeTa
BaKaHCUH, COOTBETCTBEHHO, B mosioxeHuu (0,0,0) B
mockoctu A. OmnpeneneHsl ONTUMAaIbHBIE 3HAUCHUS
MapaMeTpoB PEUIETKH YKa3aHHBIX CTPYKTYp. Bpbrsic-
HEHO BJIMSHUE HUOOHWSA, KaK aToMa 3aMeIICHHS, B
pelieTke ILUPKOHHUS, W BaKaHCHUM Ha Xapakrtep
W3MEHEHUs 3HaYCHUI MOJHOM 3HEpruM KpucTaiia 1
sHepruu ®epMH, TUIOTHOCTH COCTOSAHHUM, SHEPreTH-
YECKOTO CIIEKTpa U PEHTTCHOBCKUX CIEKTPOB
MOTJIOIICHU S/ U3y YUSHUSL.

1. Pe3yabTathbl

Ha pucynke 1 mnpencraBieHbl 3JI€KTPOHHBIE
IUIOTHOCTH  CTPYKTYypel Zr—Nb B IIIOCKOCTH,
cofepXaiieil aroMbpl HHOOWS; H 3JEMEHTapHOM
CTPYKTYpHBI Zr + K @akancuu B INIOCKOCTH, COAEPKa-
el BaKaHCHH.

LO R O OO O
& &

TOE O C R )

Puc.1. DnekTpoHHAS IUIOTHOCTE CTPYKTYPHI Zr — ND B
IIJIOCKOCTH, COZIepKalleld aTOMbl HIOOHS; JIEMEHTapHON
CTPYKTYpBI Z¥ + K 6akancuu B INIOCKOCTHU, COAEpIKaIIeH

BaKaHCHUH.

3aBUCHUMOCTH ITOJHOW INIOTHOCTH COCTOSIHHH IS
TpeX CTPYKTYp: YHCTOrO IUpKOHUs, Zr—Nb, u

DOS(States/eV)

Energy(eV)

Puc.2. 3aBUCHMOCTD IOJIHOM INIOTHOCTH COCTOSIHUI OT
SHEPruu, OTCYUTAHHOU OT 3Hepruu Pepmu.

2. BoiBoabI

[IpoBeneHHble pacdeTsl MOKA3ajiH, YTO B CILIABE
Zr— Nb, cojepxaliero BaKaHCHH, C OOJbIIEH
BEPOATHOCTBIO OoyayT 00pa3oBBIBATHCS
3JIEMEHTapHbIe CTPYKTYpHl Zr — 12.5% Nb Hexenu
JNIeMEHTapHbIe CTPYKTypel Zr + 12.5% eaxancuii.
[Ipu sTOM, BHeOpeHHE aToMa HUOOHS, KaK aroMa
3aMeIlEeHHs, B KPUCTAJUT IIUPKOHUS BBITSTUBACT €€ B
HaInpaBJICHUN C  yBeIUYUBas CTPYKTYpHOE
COOTHOIIIE-HUE ¢/a. YYeT BaKaHCHUH B KpUCTAILIC
LUPKOHUS CHUMMETPUYHO CXKHMMAET 3JIEMEHTapHYIO
SYEUKy. YCTaHOBJIEHO, YTO aMIUIUTYJa OCHOBHBIX
IMMKOB HA 3aBUCUMOCTH TMOJHOW  IUJIOTHOCTH
COCTOSIHUM y DJIEMEHTapHOM CTPyKTypbl Zr —
12.5% Nb Gonpme Hexenmu y Zr + 12.5% saxancuii.
Iloka3ano, 4To BHexpeHHe HUOOUS, Kak aTroma
3aMeUIeHNs, B KpPUCTAI IIMPKOHHS YBEIHMYHUBAET
aMIUIUTY Ly SMHCCHOHHOTO PEHTTEHOBCKOI'O CIIEKTPA,
HE MEHAA IIOJIOXKEHUS IMKa 3aBHUCUMOCTH, U
YMEHbBIIAeT 3HA4YeHHE JHEPIUH  IOIJIOIAEMBIX
PEHTT€HOBCKHX  ()OTOHOB.  YCTaHOBIIEHO,  4TO
sHeprusa depMmu A 3NEMEHTAPHON CTPYKTYpbl Zr —
12.5% Nb umxe uexenu Wit Zr + 12.5% saxancuii.

PabGora BbimosHeHa B paMKax ~ Hay4HO-
WCCIeoBaTeNnbckol  pabotel  “Hcmonbs3oBanne U
ajanTanusl IPOrpaMMHBIX KOAOB IO CTaHAApPTaM

Zr + Keakancuu, TIPeICTABIICHBI HA PUC.2. IPUA-TEXHOIOTH AT MyJIETHMAIITabHOTO
MO/ICTUPOBAHUSI MHKPOCTPYKTYPHBIX
npeoOpa3oBaHUil y  MaTepuajgaX  PEaKTOPHOM
TEXHUKHU .
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PHASE-FIELD MODELING OF EPITAXIAL GROWTH IN
STOCHASTIC SYSTEMS WITH INTERACTING ADSORBATE

Vasyl O. Kharchenko, Dmitrii O. Kharchenko, Irina O. Lysenko — Institute of Applied
Physics, NAS of Ukraine

Published in: Physica  Scripta, V.83,
P.045802(9) (2011)
Abstract — We study epitaxial growth of

pyramidal patterns in stochastic systems with
interacting adsorbates within the framework of phase
field approach based on the Burton-Cabrera-Frank
model. Assuming that the desorption rate is defined
by the strong local bond we introduce and additional
flux opposite to the diffusion one. Considering
statistical criteria of the pattern formation it was
shown that the system dynamics is governed by the
interaction strength of adatoms and the noise
intensity of the combined total flux fluctuations. We
have shown that the noise action can crucially change
processes of pyramidal pattern formation. Scaling
behaviour of the height-height correlation function is
discussed.

Main results

In the framework of the phase field approach of
the epitaxial growth of crystals based on the Burton-
Cabrera-Frank model we derive the stochastic model
by introducing fluctuations of the total atomic flux
composed by ordinary diffusion flux and the flux
related to interaction of adatoms.

z
O0,x=F—xe ™ +V~Def(x)Vx—2V'[V

+V- [Dy (0EC r)—%(’w,

0,p = wAp+sin(z(¢— ;) + Ax(1+cos(z (4 - ¢,))),
where x is the concentration field of adatoms,
D, (x)=D(1-e&x(1-x)), D is the diffusion coefficient

dD, (x)
dx

of adatoms, the dimensionless interaction strength of
adatoms ise=u/T, T is the temperature; X is
intensity of fluctuations

(E(r,DEW 1)) =288(r—r)S(t—1"), (£)=03; ¢ is the
height field, @ is the terrace width, ¢, is the initial

height of the surface, A is the interaction parameter.
The proposed model is used to study pyramidal
patterns growth on the surface (see Fig.1). It was
shown that for such kind of structures the height
probability density function has several peaks related
to number of terraces. Studying the system behavior
we have used three statistical criteria related to
interface width, skewness, and kurtosis. It was shown
that the system dynamics depends crucially on the
interaction strength of adatoms and the noise
intensity of the total flux fluctuations. It was shown
that at large interaction strength & of the adsorbate

pyramidal patterns are observable, whereas at small
¢ there are no well pronounced patterns due to large
possibility of adatoms to evaporate from the
condensate. The noise action results in symmetrical
distribution of the height with respect to it average
(the height distribution becomes Gaussian).

Fig.1. 2d and 3d snapshots of the order parameter field
¢ at t=20, 100, 200 (from top to bottom) at & =4.1

Studying pattern formation processes we have
found that there are two essential parameters
(interaction strength ¢ of adatoms and the noise
intensity ¥ that govern the system behavior at non-
zero deposition flux F. At large values for & the
system goes to the saturation regime, the large noise
intensity delays growth processes. Considering the
two-point correlation function it was shown that the
noise intensity crucially decreases the lateral
correlation length at large ¢ .

Considering the scaling behavior of the height-
height correlation function we have shown that there
are set of scaling exponents governing universal
behavior of correlation function versus space and
time. In other words a more complicated form of the
height-height correlation function than the simplest
power-law approximation is realized.

Performed within state budget subject “Statistical
theory of creation and evolution of hierarchical
defect structures in systems far off equilibrium”.
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INPOOECCHI YHOPAJOYEHUA CJIOKHBIX CUCTEM

J.0.Xapuenko, B.O. Xapuenko — UnctutyT npukiaagnoi ¢gusukn HAH Ykpaunsl;
A.B. [IBopanuenko — CyMcbKkoii rocynapcrsennblii yausepeurer MOH Ykpainn

Mownorpadpus: K.: HaykoBa aymka, 2011.
263c.

AHHOTamuss —  MoHorpadus  mOCBsIEHA
mpobiemam CaMOOpTaHU3aIHN HEJMHEHHBIX
TUHAMUYECKUX  CHCTEM, HAXOMSIIUXCA TpU
WHTEHCUBHOM BHEIIHEM BO3/ICHCTBUN
JETEPMUHUPOBAHHOTO " (hayKTyanmmoHHOTO
xapakTepa. HccnenoBanbt MIPOIIECCHI
(opMUPOBaHUS  BPEMEHHBIX  JAMCCUIIATHBHBIX

CTPYKTYp, MEPEX0]l K XaoCy B HOMOKOMITOHEHTHBIX
CHUCTEMax U €ro KOHTPOJIb, MPOBEJIeH (ppaKTaibHbIMH
aHallu3 CTpaHHOro arrpakTopa. OTAETbHOE MECTO
3aHUMAET HCCIIeIOBaHNE MPOIIECCOB
CTPYKTYpOOOpa30BaHMs M HEPABHOBECHBIX (ha30BBIX
MEPEXOJI0OB B PaCHPECICHHBIX CTOXaCTHUYECKUX
cuctemax. [IpuBeZeHBI METOABI OMHCAHHUS W
aHaJM3a BPEMEHHBIX JIUCCHUIIATHBHBIX CTPYKTYp H
Xa0THYECKOI'0  peXHMMa, a TakKe  METOMbI
WCCIICJIOBAHUS CTOXaCTUYECKUX CHUCTEM.
PaccMoTpeHHBIE 3aaYMpenieHbl aHATUTHUECKH |
YHCIICHHO.

MoHorpagusi ~ MOCBALICHA  HMCCICIOBAHHIO
CaMOOPraHMU3YIOIIUXCS cHCTEM, KOTOpbIE
O00HapyXHMBAIOT TIOBEICHUE, TpHUCyliee (a30BbIM
nepexonam. PabGota comepKHT ceMb  TJaB,
MTOCTPOSHHBIX TaKWUM 00pa3oM, YTOOBI B paMKax
CAVHBIX CUHCPICTUYCCKUX HpeIlCTaBJIeHI/Iﬁ Pa3BUTH
KapTUHY CaMOOpraHU3allMd MHOT'OKOMITOHEHTHBIX
JNETePMUHUPOBAHHBIX U CTOXACTHYECKHX CHCTEM,
MOJBEPKEHHBIX ACHCTBUIO BHEIIHUX U BHYTPEHHUX
LIyMOB. Takas KapTuHa OCHOBaHa Ha
CTaTUCTUYECKOM aHajJH3€, C IOMOIIBIO KOTOPOTO
[IOKAa3aHO M3MEHEHHE Haulojiee BEpPOATHBIX U
Cpe€aHux 3HAUYEHUH CTOXAaCTHYECKHUX NEPEMCHHBIX.
AmHanu3 mpolecca caMOOpPraHU3alul OCHOBBIBAETCS
Ha PpacCMOTPEHHWH BPEMEHHBIX 3aBHCUMOCTEH
napamerpa TMOpsAKa, CONPSDKEHHOTO €My TONS U
YIOPaBISIOIIEro MapaMeTpa, CaMOCOTIacOBaHHOE
MOBEJCHUE KOTOPBIX MO3BOJIET BCECTOPOHHE
HCCIIEOBATh IPOLIECC YIOPSIOYCHHS CIOXKHOU
JMHAMUYECKON CUCTEMBI: dhopmupoBanue
BPEMEHHBIX CTPYKTYp B (a30BOM IPOCTPAHCTBE U
nepexon K xaocy, IpeBpalleHne
TEPMOAMHAMHUYECCKOTO THUIIA U (I)a3OBBIe NepEXOanbI,

WHIYLHPOBAaHHbIC HIyMamu, HaJIn4ne
MeTacTaOWIbHBIX (a3, pEeBEpPCHUBHBIA XapakTep
IIPEBpALICHUS, KOHCTPYKTHBHYIO poIb

KOPPETHUPYIOUIMX LIYMOB, YCIOBHS (OPMUPOBAHHUS
CTallHOHAPHBIX TPOCTPAHCTBEHHBIX CTPYKTYp IIPH
HEPaBHOBECHBIX (Da30BBIX Tepexomax W ApyTue
0COOEHHOCTH TIpOLIecca CaMOOPTaHU3aIUH.

[lepBast Ty1aBa COAEPIKUT OIMHUCAHUE CYIIECTBYIOIIUX
MpeCTaBIeHUI u METOJIOB HCCIeI0BaHUS
CaMOOpraHu3yloumxcs  cucteM. Bropas  riasa
MOCBsILIIEHA HCCIEI0BAHUIO HEJIUHEUHBIX
MUHAMUYECKUX CHCTEM, OCHOBAHHBIX Ha MOJETHU
Jlopenna—XakeHa, KOTopas  CaMOCOIUIACOBAaHHBIM
00pa3oM OMHCHIBAET TOBEJEHHUE TPEX KOJUIEKTUBHBIX
MEPEMEHHBIX, CBOIANIMXCS K TapaMeTpy IOpsaKa,
CONPSDKEHHOMY TOJI0 U YIPABISIIOIIEMY MapameTpy,
u LIUPOKO MIPUMEHSETCS JUTsL ONMCAaHUS
CHHEPTeTUYECKUX MIepeX0I0B B ONITHYECKHU
OMCTa0MIILHBIX CHCTEMaX, B CHUCTeMax Jae(EeKTOB B
TBEPJOM Telle, MOJIUMEPHBIX U COLUO-3KOHOMUYECKUX
cuctemMax. B TpeTbeii  aBe  HCClemyeTcs
BO3MOXKHOCTh W XapakTep IMEepexoaa B XaOTHUCCKUI
pexXUM, a TakxkKe JETAIbHO U3YyYaroTCsl CBOICTBa
COOTBETCTBYIOILIETO0  XaOTHUYECKOTO  aTTpakropa ¢
HCII0JIb30BAHUEM METOJIOB HaXO0XJICHUS
XaycIoppoBOH, KOPPETSLMOHHOW pa3MEpHOCTEH |
pPa3MEpHOCTH, OCHOBAaHHOM Ha  JUHAMUYECKUX
nokazarensix JlamyHoBa. B derBepToil  TiaBe,
MOCBSIIICHHON OIMCAaHUIO HEPAaBHOBECHBIX (Pa30BBIX
MEPEXOJOB B CHCTEMax C BHYTPEHHUM IIyMOM,

obcyxmaercs MPUHITUITHATBHBIN IMOIXO K
MOCTPOEHUIO MOJENe CTOXaCTUYECKUX CHUCTEM C
peliakcalMOHHBIMU MOTOKaMH. OnHoMoI0BOE

MpUOIMKEHNE B CHHEePTreTHUecKoi Momenn Jloperma—
XakeHa paccMOTpPEHO B TJaBe S, TI[€ BBEICHbI
¢GuyKTyauy napameTpa mnopsaka, CONpsbKEHHOTO eMy
MoJisi W YIPABILIIONIETO TapamMeTpa, SBIISIOIIUECS
BHEIIHAMH, KOPPEIMPOBAHHBIME TI0 BpeMeHH. B
HIECTOH THaBe WccieayeTcs KapThHa (Ha30BOTO
MpeBpaIIeHus CTOXaCTUYECKON CUCTEMBE,
TOJIBEPKEHHOU BO3JICUCTBUIO HECKOJIBKHX
KOPPENUPYIOIUX IIYMOB, Ha OCHOBE pa3lIOKEHUS
BBICIIUX KOPPENSATOPOB MO KyMyJsHTaM. B cexpmoit
TIaBe  HCCIENYITCS  Tporecchl  (OpMUPOBAHUS
MPOCTPAHCTBEHHBIX CTPYKTYP M peanu3anus (pa3oBbIx
NepexoloB B OHMHAapHBIX CHCTEMax pPEaKLMOHHO-
¢ Gy3NOHHOTO THIIA, OCHOBHIBASICH HAa YPaBHEHUHU
HENPEPBIBHOCTHU T JIOKAIBHOTO TTOJISI KOHIIEHTPAITUH
C 3aBUCHUMBIM OT Toys kodddunuentom aupdys3nn u
BHEIIHEH CHJION, 3ajaromied  KBa3sUXHMHUYECKHE
MIPOIIECCHI B CHCTEME.

PabGora BrImOTHEHa B paMKax TOCOIOTKETHOM
HaygHOM  paborbl  “ CraTHCTHuYeCKas  Teopus
o0Opa3oBaHHA " SBOIIOIIUU HUepapXuIeCcKIX
NedeKTHBIX CTPYKTYp B CHCTEMax YIOAJIEHHBIX OT
paBHOBecus .
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CTPYKTYPHI BJACTUBOCTI CTOIIIB Zg-X%N3p:
MOJEJIOBAHHA 3 NIEPIIUX ITPUHIIUIIIB

B.0.Xapuenko, /[.0.Xapuenko — IncTuTyT npukiaaanoi ¢pisuku HAH Ykpainu;
B.O.Xap4yenko — IHcTUTYT Qi3nkH, AyrcOyprcbKui yHiBepcHTeT

CraTTl HampaBjeHa [0 :kypHaay JKypnaa
@i3NYHAX JOCTITKEHb.

Abctpakt — [IpoBeneHo TeEPIIONPUHIUIIHI
JOCIIPKEHHS CTPYKTYPHUX BIIACTUBOCTEH CTOMIB Z7-
Nb 13 NOBITPHIMH 3HAYEHHIMH KOHIIEHTpAIlil Hi00it0
IIpU HYJIBOBi#M TeMmriepaTypi. OTpUMaHO ONTHUMATBHI
3HAUYEHHsS MapaMeTpiB IpaTku Ta, y Bumaaky [TIY
CTPYKTYp, CTPYKTYpHOTO CIIiBBIJHOIIEHHS c¢/a.
BcraHoBieHO KpuTHYHE 3HA4YEHHS KOHLEHTpaLii
HIOOIl0O Yy  UIUPKOHIW-HIOOi€BUX  cTOMax, IO
BiJMIOBiae CTPYKTypHOMY meperBopenHto [TIV-
OLIK. HaBeneHo rycTuHU CTaHIB U IBOX CTPYKTYP
i3 KOHIEeHTpauierwo Hio0ist 12.5% Tta 25%, 110
xapakrepusytotecss I'TIY Tta OLIK crpykTypamu,
BIIIIOBITHO.

1. PesyabTaTn

IIposeneno MpoUEenypy 3 BU3HAYEHHS
€HepreTHYHO HaNOIMbII BHTIAHOT CTPYKTYPH IS
KOXKHOTO 13 CTOIIB Zr-xNb, MO XapaKTepU3yeEThCs
CBOIM 3HAYECHHSIM KOHIICHTpaIlil Hi00i10.
BukopucToBytoun onTuManbHi 3HAYSHHS TapaMeTpiB
rpatku  Ta, y Bumagky IIIY cTpykrypu, c/a
00YHCITIOBATIOCH 3HAYCHHS MOBHOI €HEPrii KpUCTaTy
Ha €JEeMEHTAapHy KOMIpKY, IO MICTUTh 32 aTOMH.
Hami oOumcmioBanachk pi3HUI TOBHUX €HEPrid Ha
elneMeHTapHy KoMipKy i3 32-ox atomiB I'TIY Ta OLIK
CTPYKTYp JJsl KOKHOTO 3HA4eHHS KOHICHTpaIil
HioOito. OOumcneHa pi3HUIM TOBHUX EHEpTid
BH3HAYATHME THIT CHEPTETUYHO HAHOUTBII BHTiTHOT
CTpyKTypH. KpuTuuHe 3Ha4YeHHS KOHIICHTpAILil
HiO0il0, II0 BHM3HAYa€ CTPYKTYpPHE TEPETBOPEHHS
I'TIY-OLK, w™moxe OyTH BH3HAa4YeHE 3a YMOBH
peamizarii e€HEepPreTHYHOI EKBIBAJICHTHOCTI JBOX
TUTIB CprKZTyp.
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Puc.1. 3anexHicth pi3Huli moBHUX eHeprii ['TIY Ta

OLIK cTpykTyp Ha eneMeHTapHy KOMipKy 3 32 aTOMiB Bix
KOHLEHTpaLil Hi00ir0 y cToni Zr-xNb.

eJIeMEeHTapHy KOMIpKY 3 32 aToMiB Bi KOHIEHTpaLil
Hi00i10 y cTomi Zr-xNb HaBeneHo Ha puc. 1.

2. BucHoBKH

[IpoBeneHO TeOpEeTWYHI JOCHIMHKEHHS CTPYKTYp-
HUX BJACTUBOCTEH cromiB Zr-xNb 13 pi3HUMH
3HAaUYCHHSAMH KOHIIEHTpamii Hio0if0 B  pamKax
BUKOPHUCTaHHS Teopil PyHKIIOHATY TYCTHHHU, METOIY
MPUEAHAHUX JIIHEAPU30BAHUX IUIOCKUX XBHIb Y
HaOMMKEHHI y3araJbHEHOTO TPAIEHTy TIPH HYIHOBIH
temnepatypi. Jist koxHOro (hikcoBaHOTO 3HAUCHHS
KOHIIEHTpalii Hi00il0 y CTOIi PO3INISHYTO BHUMAIKU
OLIK Ta I'TTY crpykryp. BukopucroBytoun ontumi-
3aliiiHy mpoueAypy Oyj0 OTpPHUMaHO ONTHUMAJIbHI
3HAYeHHS MapaMeTpiB IpaTku Ta, y Bumaaky [TIY
CTPYKTYp, CTPYKTYPHOTO  CIIiBBIJHOIUIEHHS c¢/a
BcTanoBneHo, mo yBeIeHHS aTOMiB IHPKOHIIO, SK
atoMmiB 3amimienns, B OIK kpucran Hio0iro0
301IblIyE ONTHMAaJIbHE 3HAYECHHS IapaMeTpa IPaTKH.
Orpumana 3aimexHicTe mapamerpa rpatku OILIK
KpHCTally  Bil ~ KOHIEHTpamii Hiobiro  mobpe
y3rOMXKYETbCs 13 3akoHOM Berapna ta BigzomMumu
eKkcriepuMeHTaTbHUMU naHumu. llpu amamizi T'TIY
croniB Zr-xNb mipu pi3HUX 3HAUCHHSAX KOHICHTpAIil
HI00ir0 3'ICOBAHO, IO YBEACHHS aTOMiB HIOOil0, SIK
atoMiB 3amimeHHs, y [TIY xpucran nupkoHiro
[IPU3BOAUTL [0 3MCHILICHHS 3HAYeHb IlapaMmerpa
IpaTKu a Ta 30UIbIICHHS 3HA4Y€Hb CTPYKTYPHOTO
CHIBBiAHOLICHHS ¢/a. 3alleXXHICTh MapameTpa IpaTku
a Big koHmeHtpamii HioGito y ITIYV  cromi
y3rOJKYETbCS 13 3aKoHOM Berappa mnume mnpu
HEBEIMKUX KOHLEHTpaUisfiX Hio0iI0, NpH SKUX
OTpPHMAaHi TEOPETUYHI PO3PaXyHKY Y3TODKYIOTHCS 3
BIJOMUMH €KCIIEPUMEHTAJIbHUMHI JaHUMH.
AHamnizyroun 3HaueHHA MOBHUX EHEPriid KpHCTaliB
BCTAHOBJICHO KPUTHYHE 3HAY€HHS KOHLEHTpauii
Hiobiro 20% y crom Zr-xNb, mo BignoBimae
cTpykTypHOMYy mieperBopenHio [TIY-OLK mnpu
HyJbOBiH Temmepatypi. [lizBuineHHs TemmepaTypu
Oyze TNpU3BOOUTH [0 3MEHIUCHHS KPUTHYHOI'O
3HA4YeHHS BHACTIIOK TOTO, IO TEPMivyHI (QIyKTyamii
aTOMIB B OKOJIi BY3JIiB IPaTKH CTAIOTh BEIIMKUMH, 110
MIPU3BOJIUTE 10 pyWHYBaHHS Oinmbin ckiamHoi ['TIY
CTPYKTYPH TIpH 3aHYPEHHI O1IBIIOI KiJTbKOCTI aTOMIB
HioGit0. [IpoBenieHo po3paxyHKH I'YCTHHHU CTaHIB JUIs
IBOX CTPYKTYp i3 KOHIEHTpauiero Hiobiro 12.5% Ta
25%, mo xapakrtepusytotecs ITIY Ta OLK
CTPYKTypaMH, Bi/ITOBITHO.

OTpumaHi  pe3ynbTaTH  3aJEKHOCTI  PI3HHI Pobota BuKOHaHa y pamMKax HayKOBOi pPabOTH
moBHux eHeprii I'TIY Ta OLK cTpyktyp Ha “ BukopucTaHHS Ta afanTallis IporpaMHUX KOIB 3a
CTaHAAPTOM rpix - TEXHOJIOT1i TUTS
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MYJIbTUMACIITa0HOTO MOJICTIOBAHHS
MIKPOCTPYKTYpHHX TMEpPETBOPEHh Yy MaTepianax
pPEaKTOpPHOI TEeXHIKH ~.
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FLUCTUATION EFFECTS ON PATTERN SELECTION IN THE
HYPERBOLIC MODEL OF PHASE DECOMPOSITION

D. Kharchenko, I. Lysenko — Institute of Applied Physics, Nat. Acad. of Sci. of Ukraine;
P. Galenko — Institut fiir Materialphysik im Weltraum, Institut fiir Festkorperphysik

Status of work: Monograph, be published in
“Stochastic differential equations”, Nova Sciens
Publishers, Inc., 2011, p. 97-127.

Abstract — We have considered phase
separation processes in the hyperbolic model of
spinodal decomposition. The model has been
addressed to description of earlier and later stages of
phase separation in binary systems deeply
undercooled into spinodal region of phase diagram.
To deterministic local equilibrium contribution and
deterministic pure nonequilibrium contribution into
spinodal decomposition, we have introduced the
noise induced fluctuations which are defined as
multiplicative fluctuations.

We have studied phase separation processes in a
framework of formalizm based on a local non-
equilibrium  hypothesis  where  effects of
causal/delayed diffusion start to play an important
role in decomposition processes. Such theory can be
applied to the study of non-Newtonian fluids,
viscoelastic bodies, rapidly solidifying alloys,
materials deeply quenched into the spinodal region,
and, generally, systems with memory. In the
framework of such an approach, the Cahn-Hilliard
theory was generalized for the case of slowly
relaxing variables.

We have considered a binary system A.B,_,
undergoing phase decomposition. To describe the
system behaviour we introduce the composition
field as local concentration difference, x =c—c .
The field x obeys the continuity equation:

o _
ot

7, ‘2—‘: +J = —M(x)%[x] + M (x)¢(r,7)

Considering early stages of decomposition we
have shown that pattern selecting processes are
possible only if memory effects are introduced into
the dynamics of system (see Pic.1).

-VJ

10 Iz =00, t=1.0
F ¢

————— =00, =50

=== 210,210

Vosw | o A=10,1=5.0

We have found that an increase in the noise
spatial correlation radius accelerates such selecting
processes. As a general outcome, therefore, one
should conclude that spatially correlated noise makes
the pattern selection faster in comparison with the
pure deterministic case of spinodal decomposition.

We have derived the effective Fokker-Planck
equation for the hyperbolic model describing phase
separation with fluctuations. Using the exact
stationary distribution functional for the concentration
field we have discussed pattern selection processes at
late stages of spinodal decomposition. It was found
that: (i) pure non-equilibrium  deterministic
contribution leads to selection of more fine patterns
appearing in spinodal decomposition; (ii)noise
intensity increases thickness of the boundary between
separating phases that make the phase interface more
diffuse; (iii) multiplicative noise of the diffusion flux
leads to a shift of the threshold wave-numbers where
the selection of patterns is possible: with the increase
the noise induced fluctuations the threshold (the
critical wave number) shifts to larger values and
selecting patterns become finer.

Performed within state budget subject “Statistical
theory of creation and evolution of hierarchical defect
structures in systems far off equilibrium”.
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MOIOEJIIOBAHHSA 3MIHU MIKPOCTPYKTYPH
ONMPOMIHIOBAHUX CUCTEM METOJAOM ®A30BOI'O ITOJA

KPUCTAJY
J.0. Xapuenko, B.O.Xapuenko, C.B. Koxan, I.O. JIncenko — IncTuryT npukjiaanoi Qisuku
HAH Ykpainu
.. KpPHUCTAIY. [Ipu OCITiPKEHHI MPOLIECIB
CrarTss  HampaBjieHa 0  YKpaiHCBKOIo P yo oo TpH o AOCI pon
. pekpucTamizamii  michs  3HATTA  ONPOMIHCHHS
(pizuuHOrO XKypHaTY.
. . BUSIBJIICHO, MO 30y/PKEHAa cUCTeMa TEepPexXOJUTh 0
AocTtpakt — IlpoBenmeHo MOCHIDKEHHS 3MiHH . . T
. ) NS CTAllIOHAPHOTO CTaHy i3 MEHIIOK  KUIBKICTIO
MIKPOCTPYKTYpPH CHCTEM, MiAJaHUX i OaTiCTUIHOTO . .
TOYKOBUX Ta JiHIHHUX nedekriB  (puc.l). VY

MOTOKY, LI0 ONHCYye (OPMYBAaHHS CTPYKTYPHOTO
Oe3nagy TpU OMPOMIHEHHI i3 BHUKOPHUCTaHHIM
Mmerony (a3oBOro mois KpucTany. BusBieno, mo
BHACITiIOK KOHKYPEHLii peryJsipHOi Ta CTOXaCTHYHOT
KOMIIOHEHT OaJiCTHYHOTO TIOTOKY B  CHCTeMi
MOXJIHBE (OpMyBaHHS CTPYKTYp 3 DPO3MHUTHMH
aTOMHMMHU TyCTHHaMHd. [IpoBeINeHO MOCTIIKECHHS
OUHAMIKK JeeKTiB MpH peKpucTamizalii Takoi
CHUCTEMH Ta BCTAHOBJICHO XapaKTep 3MiHHM KUTBKOCTI
Ne(EKTIB 3aJIeXKHO BiJl CTATUCTHYHUX BJIACTHBOCTEH
OajicTM4HOrO TMOTOKY. BcraHoBmeHo, mo mpu
peKpHcTati3allii IpocTopoBi CTPYKTYpH, chopMoBaHi
IIPH il TAKOTO MOTOKY, € CTAIlIOHAPHUMH 1 CTIHKIMH
710 TepMIYHHX (QIIyKTyaliid Majoi iHTEHCHBHOCTI.

1. Mogean

VY pamkax cranmapTHoro Gopmanizmy (Ha3oBoro
MOJIE KPHUCTaly MepiOJAWYHA CHUCTEMa Ta MOXKIIHBI
CTPYKTYpHI Tepexonu B Hil OMUCYIOTbCS 3MIHOIO
BJIACTUBOCTEN TIOJISI ATOMHOI TYCTHMHH  p(7,t).

Bynemo po3risgatd OQHOKOMIIOHEHTHI CHUCTEMHU 3
BJIIACTUBOCTSIMH I drp(7,t) = py, py = const , LI SIKO1
3MiHa BiJIbHOT eHeprii AF = F[p]- F[p,] momaeTbcs
BUPA30M

% = [d@rtpe)nlp(r)/ po]- 200

1
— [ [arap)e® (r.rs. p)000)

ne Ap(#)=p(F)—py, c? (7,7%,p9) — HOTOYKOBA
KOpensiiiiHa QyHKITis.

2. Pe3yabTaTtn
VY paMkax BHKOPHUCTaHHS METOAY (a3oBOTO TOJSA
KpHCTaJly MPOBEIEHO MOAETIOBAHHS POLECIB 3MIHU
MIKPOCTPYKPH KPHUCTAIIYHUX CHCTEM Yy MpoIieci

ONPOMIHEHHS, IO XapaKTePU3YETbCSI BHECKOM
CTOXaCTUYHOTO MTOTOKY aTePMIYHOTO
nepeMimyBaHHs.  BcTaHoBieHo, 1O B XO.i
OTIIPOMiHEHHS BiIOyBaETHCS PO3TOTUICHHS

KpPHUCTAIIYHOT CTPYKTYpH Ha Aedekrax, 10 HaJexKaTb
rpaHuIsM 3epeH. [lpm mpoMy cKopenmbOBaHa JIist
CTOXAaCTUYHOI KOMIIOHCHTH OalliCTUYHOTO IIOTOKY,
KOHKYPYIOUH 13 PEryJsIpHOIO CKJIaJ0BOIO IIOTOKY,
CHpHsi€e MiATPUMAHHIO YMOPSAKOBAHOI KoH(irypamii

CTAI[lOHAPHOMY  DPEXHMI BHSBJICHO, IO UIyM
30BHINIHBOTO ~ TOTOKY  MOXE TPHBOIUTH 1O
(opMyBaHHS TNPOCTOPOBUX CTPYKTYP PO3MOALTY
aTOMHOI TYCTHHH, KOJIM BOHAa PO3MHBAETHCS B3JIOBK
aTOMHHUX IUIOIIMH y HANPSIMKY IIUIBHOTO MaKyBaHHS.
Taki crpykTypH, OyIayun MeTacTaOLIBHUMH, €
CTalliOHAPHUMH 33 PaxXyHOK BCTAHOBJIEHOI CHJIBHOI
B3a€EMOJIi aTOMIB 3 TEPEKPUTUMH TYCTHHAMHU.
Ilepexin 0 pIiBHOBaXHOT BHUXITHOI KPUCTAIIYHOT
KoH(]irypamii  crae  MOXIUBUM  JIMIIE  [pHU
IIBUILICHH] TEMIIEPaTypy CUCTEMHU.
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Puc.1. /Ilunamika BiTHOCHOT KUTBKOCTI Ie(EKTIB IPH
PIIHUX 3HAYEHHSIX IHTEHCUBHOCTI 0aJIiCTUYHOTO
nepeMilTyBaHHS.

PoGotra BHKOHaHAa y paMmKax JIep>KOIOHKETHOI
HayKoBOi poOoTH ‘ BukopucTaHHs Ta ajanTawis
MIPOTpaMHUX KOJIiB 32 CTaHJIAPTOM TPifl - TEXHOJOTIH
Ui MyJIbTUMAcIITaOHOT O MOJIEIIOBAaHHS
MIKPOCTPYKTYpHHX TIEpETBOpEHb Yy MaTepianax
peakTopHOi TeXHIKH .
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PATTERN SELECTION PROCESSES AND NOISE INDUCED
PATTERN-FORMING TRANSITIONS IN PERIODIC SYSTEMS
WITH TRANSIENT DYNAMICS

D.Kharchenko, V.Kharchenko, I.Lysenko — Institute of Applied Physics, NAS of Ukraine

Published in Central European Journal of
Physics, V.9, N.3, p698-709

Abstract — We apply the phase field crystal
method for nonequilibrium patterning to stochastic
systems with external source where transient
dynamics is essential. Considering a prototype model
for a one-component periodic system subjected to
external influence kind of irradiation we study
properties of pattern selection processes and external
noise induced pattern-forming transitions. These
processes are examined by means of the structure
function dynamics analysis. Nonequilibrium pattern-
forming transitions are analyzed numerically.

Main results

We have studied pattern selection processes in
periodic stochastic systems with the hyperbolic
transport. Considering the system with thermally
sustained flux and flux of athermal mixing we
discuss properties of pattern formation, selection and
nonequilibrium pattern-forming transitions. The
dynamics is studied in terms of both the first
statistical moment and the structure function.
Analytical results related to the linear stability
analysis are compared with computer simulations.
We have found that external athermal flux having
both regular and stochastic components influences
crucially on pattern selection processes. It was shown
that regular part of the external flux suppresses such
processes, whereas it stochastic component promotes
the pattern selection (see fig.1). Considering pattern-
forming transitions we have shown that external
influence shifts the critical point of the transition
where the regular and random components of the
external flux act in competing manner.

The obtained results can be used to study pattern
selection processes in pure materials, melts, block-
copolymers, polymer solutions, glasses, generally in
one-component systems under irradiation of high-
energy particles. Our theoretical study is general but
we believe that the discussed results can stimulate
experimental investigations of pattern selection
(microstructure transformations) and fluctuation-
induced effects (noise-induced patterning transitions)
in systems under irradiation. According to
formulation of the modified phase field crystal
method and proposition of its usage our stochastic
model can be exploited to study microstructure
transformations of nanocrystalline solids and pattern
selection during irradiation of high-energy particles

(electrons, « -particles, ions, etc.) when statistical
properties of different defects generated by
irradiation governs the system dynamics. Moreover,
our results can be exploited to describe
microstructure transformation in materials under
sustained irradiation when dispersion of atomic
relocation distances (stochastic effect) is realized. It
depends on properties of irradiation source and
statistics of high-energy particles in the flux.

1.4+
- ——D=0.0.6~00
| A U e D =0.1,6=0.0
1.0+ ---D=0105=02
0.8 1
© 0.6
0.4 1
0.2
0.0 T I T T 1
0.0 0.5 1.0 1.5 2.0 2.5
k
Fig.1. Structure function att=2 for 7, =1.0, . = 1.0,
6=0.7.

Performed within state budget subject “ Statistical
theory of creation and evolution of hierarchical
defect structures in systems far off equilibrium .
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BINAHUE BPAIMAIOINETOCA MATHHUTHOTI O ITOJIA HA
YMEHBIWIEHUE HEOJHOPOJHOCTH KOMIO3UTOB

I'. K. Yenypubix — UacTuTyT npukiaagnoi ¢gusnkn HAH Ykpaunsl

Crathsi oTOCHaHA B KypHaa «@Pusuka
TBEP/IOTO TeJaa»

AOcTpakt —  BO3MOXHOCTH  yIIy4llUEHUS
KadgecTBa MaTepualoB, IOIY4YEHHBIX METOJaMu
MOPOIIKOBOM METaJUTypIuH, COCTOUT B
YMEHBIIEHHH HEOJHOPOIHOCTH  HaHOIOPOIIKOB
yTeM UCIIOJIb30BaHUSA BpaIaroIEerocs
HEOJHOPOTHOTO MarHUTHOTO TIOJIS. Hust
NPUHOMIIMAIGHOTO — pelIeHHs 3TOro  BOIpoca
N3yYeHbI s¢dexTUBHAS TEIUIONIPOBOIHOCTD,
yIOeNbHAS  TEINIOEMKOCTh W KO3 (UIIHESHTHI
JMHEHHOTO TEIJIOBOTO PACIIUPEHHST KPHUCTAJUIOB,
CO3JaHHBIX W3 MOPOIIKOOOpa3HBIX MOJIMMEPOB, B
3aBUCHMMOCTH  OT  IIPOLEHTHOTO  COJEpPXKaHUs
MEJIKOTUCTIEPCHOTO xKeresa. YcTaHoBIeHO
3HAYUTENBHOE yIlydlleHne YKa3aHHBIX
XapaKTEpUCTHUK B TOH cepuu 00pa3LoB, KOTOpHIC
TOTOBWJIM ~ TYyTEM  CMEIIMBAHUS  TOJIHMEPHOU
MaTpumbl M JKele3a  BO  BpaularouieMcs
HEOJHOPOIHOM MAarHuTHOM mone. B stom ciywae
00HapyXKEHO aHOMaJIbHOE HU3MEHEHue
ko3 duimeHTon JUHEMHOTO TEIUIOBOTO
pacuMpeHyss B 3aBUCHMOCTH OT IPOLIEHTHOTO
COICP)KaHMs JKele3a MpPH COAEPKAaHUM JKele3a
MEHE€e 5 MPOLEHTOB.

1. Pe3yabTathbl

Pe3y.]'IBTaTBI JJIsA TCIUIOMPOBOJHOCTH
MIpUBEICHHI B Ta0nwe 1.
DddexruBHas
No TEIUIOIPOBOIHOCTb,
- Komnosunus A Br/(m K)
I1/TI
bes [Tocne
T™MO T™MO
nBA® 0,21 0,21
1 'IBId+20 macc. % Fe 0,24 0,57
TIBJA®+100 macc. % Fe 0,55 1,37
A 0,29 0,42
2 T1IA+30 macc. % Fe 0,37 0,85
ITIA+100 macc. % Fe 0,62 1,69

Tabmuua 1 — D dekTuBHAs TEIUIONPOBOIHOCTh
Pas3IMYHBIX KOMIIO3UTOB C Pa3IMYHBIM IIPOLIEHTHBIM
coziepKaHUeM MEJKOIUCIIepC-HOM JKelesa,
MPUTOTOBJICHHBIX B OTCYTCTBUM MarHUTHOTO TOJISL M BO
BpAIAIONIeMCsl HEOTHOPOIHOM MAarHUTHOM HOJIE C
MaKCHUMaJIbHOM HampspkeHHOCThI0 H=105 A/ M

2. BBIBOJbI
[pu 20% noGaBieHWH MEIKOIUCIIEPCHOTO
xKenesa s dexTrBHAS TETIONPOBOJHOCTh

komno3uta Ha ocHoBe [IBJI® yBenuuuBaercs B 2,7

pasza mocire TMO, a mpu 100% moGaBiennu — B 6,5
paza. B ciyuae xommosuta Ha ocHoBe IIA TMO
yBennuuBaeT 3()(PEeKTHBHYIO TEIUIONMPOBOJHOCTh B
2,9 paza ipu 30% noOaBieHUU METKOANUCIIEPCHOTO
xenesa, u npu 100% nodasnenuu - B 5,8 pasa.

Pabora BEIMONHEHA B pamMKax TOCOIOTKETHOMH
HaydHOH  paborel  ““ CTatmcTHyecKas  TeopHus
o0pa3oBaHMS W  DJBOJIOIUH  HMEPaPXUUECKUX
JNePEKTHBIX CTPYKTYp B CHUCTEMax YIAJICHHBIX OT
paBHOBecus .
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OCOBEHHOCTH COCTOSSHUH ®TOPUIA KOBAJBTA

I'. K. Yenypubix — UacTuTyT npukiaagnoi ¢gusnkn HAH Ykpaunsl

Cratbs ony0JuKoBaHA B sKypHaje < KypHan
HAHO- M YIEKTPOHHOH (puzukm», 2011, T.3, Ne 4,
cc. 160-166.

AbOctpakt — IloCKONBKY KOHEYHOH LENbIo
MHUKPOCTPYKTYPHBIX HMCCIIEJOBAaHUI pPEaKTOP-HBIX
MaTepUaloB SBISETCA TONy4YeHHE pPEKOMEHIAIUU
Ui perieHus mpoOIeMBbI CO3/1aHus
KOHCTPYKLMOHHBIX ~MAaTepUajoB s sIIepHOMN
SHEPreTUKH C TMOBBIIICHHBIMU HKCILTYaTallMOHHBIMU
cBoiicTBaMu. M TOCKO-JIBKY YJIBTPa3BYK SIBIISIETCS
OJTHUM W3 BO3MOXHBIX CHOCOOOB HAHOTEXHOJIOTHH,
TO B MAarHHTOCTPHUKITMOHHOM (TopHme KoOallb-Ta
00HaApPYKEHbI HOBBIC COCTOSHUS, HEOOXO-AUMBIC IS
cozfganus 3QpPEeKTUBHBIX HCTOU-HUKOB YIBTPa3BYKa.

1. Pe3yabTaTsl

[ns ciyyas koraga MmarautHoe nosie H || EMA
(EMA - ocp Iervaiimero HaMarHUYHBaHUS)
COCTaBJICHO u peuieHo ypaB-HEHUE
OTHOCUTEILHO  yriaa ¢,  ONpeaesronero
OpHEHTAIMIO BEKTOpa aHTU(EeppOMarHeTu3Ma.
OTH JaHHBIC PUBEICHBI B Ta0wHIe 1.

H/Hc 1,025 | 1,05 1,1 1,15 1,2 1,25

e(rpan) 4,282 | 6,181 | 9,081 11,518 13,736 15,823

Tabéauna 1 — 3aBHCHMOCTH OPHEHTAIINN BEKTOPA
aHTI/ICI)CppOMaFHeTI/ISMa OT BCJIMYMHBI MArHUTHOTO ITOJIA
W3 mpuBemeHHOW TaOMHMIBI  CIEIyeT, dTO
HanOoJsiee CHUIbHOE (M HENPEpPHIBHOE) HW3MCHCHHE
yraa @ ¢ pocTOM MarHUTHOTO TMoJisi (HauWHas C
MOpOTrOBOT0 TMONIsi H.) TPOUCXOIUT B 0O0NACTH

3HaYe€HHUH 0oJa OIM3KuX K H,, T. €. ‘H —H‘A‘ <<1.

2. BuIBOABI

1. B pesynpTaTe BBIMOTHEHHBIX HCCIIEIOBAHUMN
BBIICHEHO, YTO HAWJEHHBIE PELIEHUA NPEACTABISAIOT
HWHTEpEC U1l AAJIBHEU-IIMX SKCIEPUMEHTANBHBIX U

TEOPETHUCCKUX UCCTIeIOBaHUM c HEIBI0
oOHApyKEHUST HOBBIX OcOOeHHOCTEH (QHU3NIeCKUx
CBOMCTB  obmactm  wmccneayemoro  (hasoBoro
nepexoja.

2. Bniepeeie Ha mnpumepe ¢ropuaa KobaibTa
00HApY)KEHO, YTO mMapaMeTp mopsaka (a3oBoro
nepexo/ia BTOPOro poja (B TaHHOM CIIydae 3TO Yroll
@) WU3MEHSETCS B OKPECTHOCTH KPHUTHYECKOTO
(TIOpOTOBOTO) TIONIA CTOJb PE3KO C HM3MEHEHHUEM
BCJIMYUHBI MAruvMTHOr'O0 I0JIA, YTO J3TOT pPE3YJIbTAT
MPEJICTABIACT TEXHU-UYECKUH HMHTEPEC B CMBICIE
pa3paboTKH pa3InvHbIN perne.

3. IlockOdbKYy THTaHTCKas MarHUTOCTPHUK-ITHS,
oOHapyKeHHas B MHTEPMETAILTUYECKUX

coemuHennsix TbFe, m DyFe, mnpu KkKoMHaTHBIX
TEMIIEpaTypaX HE MOXET OBITh HCIIOJIb30BaHa IS
co3maHusi ManorabaputHbIX u ¢ BbicokuM KIIJ|
WCTOYHUKOB yJIbTpa3ByKa MH3-3a TOTO, HTO OTH
COEINHEHNS 001amaoT 00bII0
MarHATOKPHUCTALTUIECKOH aHU30TPOIIHEH, TO
oOHapy>XeHHbIE ~ OCOOCHHOCTH  COCTOSIHMM  BO
¢dropuae k00ajIbTa B MPOJOJILHOM MAarHUTHOM TIOJIE,
BO-TIEPBBIX, OTKPBIBAIOT MIEPCIIEKTUBY
WCTIIONB30BaHMs (GTopuaa KodalbkTa B KadecTBE
paboueii dYacTH HWCTOYHHKA YIBTPa3ByKa, a, BO-
BTOPBIX, YKa3bIBAIOT OJMH M3 IyTeH UCCIICAOBaHUS,
YKa3aHHBIX HHTEPMETAI-THYECKAX COeIWHEHHH, C
IETIBI0 00HApYKCHHS obmacreit BBICOKOM
YYBCTBUTEIIBHOCTH K  BO3JCHCTBUIO  BHEIIHETO
MarHuTHOTO TTOJIS.

Pobora BmITONHEHa B paMKax TOCOIOHKETHOMH
HayqHOH  paboTel  “CraTUCTHYECKas  TEOPHs
o0pa3oBaHMsT ¥ DBONIIOIUU  HEPAPXUUSCKUX
NeQEeKTHBIX CTPYKTYp B CHCTEMax YIaleHHBIX OT
paBHOBecHA .
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IS DNA’S RIGIDITY DOMINATED BY ELECTROSTATIC OR
NON-ELECTROSTATIC INTERACTIONS?

Alexey Savelyev — Institute of Applied Physics, National Academy of Sciences of Ukraine;
Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA;
Chris K. Materese — Department of Chemistry, University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA;
Garegin A. Papoian — Department of Chemistry and Biochemistry, Institute for Physical
Science and Technology, University of Maryland, College Park, MD, USA; Department of
Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA;

Status of the work - Published in the Journal of
the American Chemical Society (JACS), 2011, 133
(48), pp. 19290 - 19293. Publication date (Web):
October 31, 2011. DOI: 10.1021/ja207984z.
Communication.

Abstract — Double-stranded DNA molecule is
among the stiffest bioplolymers, whose bending
propensity crucially influences many vital biological
processes. It is not fully understood what among the
two most likely forces — electrostatic self-repulsion
or the compressive base pairing stacking — plays a
dominant role in determining the unique DNA
stiffness [1]. Different theoretical and experimental
studies led so far to contradictory results on this issue
[1]. In this Communication we addressed this
important problem by means of Molecular Dynamics
(MD) simulations at two scales. Two independent
and structurally identical coarse-grained (CQ)
models for the double-stranded DNA were used in
the study (see Fig. 1A): (1) a chemically accurate CG
model for the normally charged DNA developed in
our prior work [2]; and (2) CG model for the fully
neutralized DNA, which was systematically derived
in this study from the corresponding all-atom MD
simulations. We quantitatively estimated the role of
electrostatic and elastic effects in regulating DNA
flexibility by calculating DNA persistence length
from models (1) and (2). We found that electrostatic
and non-electrostatic effects counterbalance each
other to a significant extent and both of them play a
comparable role in maintaining DNA’s stiffness. As
seen in the Fig. 1B, our findings substantially differ
from the predictions of existing well-recognized
theories for DNA rigidity, such as celebrated theory
of Odijk, Fixman and Skolnick [3] (OSF) and a
conceptually different theory proposed by G.
Manning [4]. The obtained results suggest that the
current theoretical view of DNA flexibility may be in
need of a major overhaul and, furthermore, additional
experiments may be necessary to quantitatively
investigate the extent of electrostatic and non-
electrostatic contributions to DNA’s persistent
length.

Performed within state budget subject “ Statistical
theory of creation and evolution of hierarchical
defect structures in systems far off equilibrium ”.

Bl MNon-electrostatic PL
B [ lectrostatic PL

Manning CG-DNA-CN  AA-DNA-FN-CG  OSF

Various theoretical approaches
Fig. 1 (A) Our chemically accurate two-bead coarse-
grained model of the DNA with explicit mobile ions [2]
was extensively used in this study. To elucidate the role of
electrostatics in mediating DNA rigidity we continuously
reduced residual DNA charges without change of
solvation and measured DNA's persistence length (PL)
(CG-DNA-CN approach). Another set of results for the
structurally identical fully uncharged DNA was obtained
from the related all-atom MD simulations (AA-DNA-FN-
CG approach). (B) Electrostatic and non-electrostatic
portions of the DNA's PL obtained from different
theoretical approaches: Manning's theory [4], our CG-
DNA-CN and AA-DNA-FN-CG computational
approaches, and OSF theory [3].

(nm)

Persistence length of DNA
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DO MONOVALENT MOBILE IONS AFFECT DNA'S
FLEXIBILITY AT HIGH SALT CONTENT?

Alexey Savelyev — Institute of Applied Physics, National Academy of Sciences of Ukraine;
Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA;

Status of the work - Accepted for publication
in the journal of Physical Chemistry Chemical
Physics (PCCP). DOI: 10.1039/C2CP23499H.
Communication. This work is dedicated to the
memory of my mentor, Professor Alexander I.
Olemskoi, who untimely passed away in August,
2011.

Abstract — Numerous theoretical and experimental
studies disagree on the impact of surrounding mobile
ions on DNA conformational flexibility at high salt
content [1]. Specifically, it is not clear how varies the
DNA persistence length when concentration of
monovalent mobile ions is increased beyond
physiological value of ~0.1 M. This question is of
fundamental importance since DNA greatly opposes
bending required by many vital biological processes,
such as chromatin assembly and viral packaging, and
a complete understanding of how DNA structural
rearrangements are regulated by a surrounding ionic
atmosphere  is  missing. In the  present
Communication we addressed this biologically
important issue computationally by means of
Molecular Dynamics (MD) simulations. We utilized
our accurate coarse-grained (CG) model for the
double-stranded DNA with explicitly present mobile
ions [2] to measure the DNA persistence length from
MD simulations, at NaCl salt concentrations ranging
from 0.1 M to 1 M, and compared our findings with
existing controversial experimental data and
theoretical predictions (see Fig. 1). Our results imply
that DNA persistence length drops significantly by
~30%, when ionic concentration increases from 0.1
M to 1 M, what is in near quantitative agreement
with a number of experimental studies and G.
Manning’s theory [3] for DNA rigidity. At the same
time, our results contradict some other experimental
works and a celebrated theory of Odijk, Skolnick and
Fixman (OSF) [4]. Despite a clarity on this issue,
however, our recent computational study based on
use of the same (as in this work) CG DNA model
revealed support for neither OSF, nor Manning's
theory, when the relative role of elastic and
electrostatic interactions in maintaining DNA rigidity
was investigated [5]. These combined results may
indicate that an adequate theoretical description of
DNA rigidity regulated by surrounding mobile ions
remains an open question.

Performed within state budget subject “ Statistical
theory of creation and evolution of hierarchical
defect structures in systems far off equilibrium .
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Fig. 1 We use our accurate computational model for DNA
with explicit mobile ions [2] (A) to measure DNA’s
persistence length at moderate-to-high concentrations of
NaCl (¢ ~ [0.1-1] M) from MD simulations. Our results
(black symbols) are compared with controversial
experimental data (color symbols) and theoretical
predictions (dashed and dotted lines) (B).
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COARSE GRAINING THE DNA: A NEVER ENDING QUEST

Davit A. Potoyan — Institute for Physical Science and technology, University of Maryland -
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Garegin A. Papoian — Department of Chemistry and Biochemistry, University of Maryland -
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Status of the work - Under review in the
WIREs: Computational  Molecular  Science.
Review.

Abstract — The growing interest in the DNA
based mesoscale systems of biological and non-
biological nature has kindled the interest of the
computational molecular science community to
develop coarse grained representations of the DNA
that will be simple enough to permit exhaustive
simulations in a reasonable amount of time, yet
complex enough to capture the essential physics at
play. In the recent years there have been some major
developments in the DNA coarse graining area and
several fairly sophisticated models are now available
that faithfully reproduce key mechanical and
chemical properties of the double and single stranded
DNA. However, there are still many challenges
which limit the applicability of the present models
and much has to be done yet to develop more reliable
schemes which would have a predictive power
beyond the target domain of the intrinsic
parameterization. A  development of robust,
controllable and transferable coarse grained DNA
force fields will provide an invaluable tool for
gaining physical insights into the molecular nature of
complex DNA based nano-scale entities such as the
chromatin, virus capsids and DNA nano-composites.
In the present contribution we provide an overview
of the recent developments in the DNA coarse
graining field. Our aim is to review the existing
coarse grained models of the double stranded DNA,
with detailed descriptions for some of the more
promising ones that we deem as likely to find a
niche in the DNA modeling field [1-3].

Performed  within  state  budget subject
Neo* Statistical theory of creation and evolution of
hierarchical defect structures in systems far off
equilibrium .
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Fig. 1 Some of the coarse-grained (CG) DNA models
discussed in the review: (A) mesoscale model of DNA by
de Pablo et al [1] (left) along with comparison of thermal
melting curves from the CG simulations with experiments

(right); (B) anisotropic model by Plotkin et al [2] with
ellipsoidal beads corresponding to sugars (S) and
phosphate groups (P). Schematic on the left shows the
principal axes of the ellipsoid, which uniquely determine
the orientation of the base; (C) chemically accurate model
of DNA with explicit mobile ions by Savelyev et al [3]
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Sci. USA 2010, 107, 47, 20340-20345.
A
(AP 92



MOP®OJTOI'HMYECKAS YCTOMYUBOCTH JBYMEPHOTI' O
BBIAEJEHHUSA HOBOU ®A3bI, PACITIOJTOKEHHOI'O HA
MEX3EPEHHOUN I'PAHUIIE

A.B. KoponoB — UactutyT npukiaaanoi ¢pusuku HAH Ykpaunnsl

Cratyc padorsl (Bbimia B :kypHase «Kypuan

TexHuuecko ¢usukmu», 2011, T.81, Bein. 12, c.
83-88.)
AnHoTauus — I[IpoaHamu3upoBaHa yCTOWYHMBOCTh
(OpMBI  TUTOCKOTO HMJIMHAPUYECKOTO BBIACICHUS
HOBOHl (a3pl JOCTaTOYHO MAJIOTO0 pajauyca B
nporecce  ero  Aud@dy3HOHHOro  pocra  Ha
MEXK3E€pPEHHON TpaHUIIE.

OKcNepUMEHTaIbHOMY u TEOPETHIECKOMY
WCCIIEIOBAHNIO  TIOBENEHHSI  MaKPOCKOIMYECKHUX
BKJIIOUEHHM B pEaJbHBIX KpUCTAIaX IIOCBAIICHO
OueHb 0O0JbIIOE YHCIO paboT (cM., Hampumep,
moHorpadpuu  [1-4]). K  makpockommueckum
BKJIFOUEHHMSIM B KPHUCTAUIMYECKOH  MAaTpuIle
OTHOCSITCSI, KaK HM3BeCTHO [1-4], TBepIple YaCTHIIBI
BTOpO# (haspl, KHUIKHE BKIIOYCHHUS, BaKAaHCHOHHBIE
(He3ammoJIHeHHBIE) TIOPHI, TIOJIOCTH, 3arOJTHEHHBIC
razom.  TBepaple  YacTUIBl  BTOpoi  (a3sl
HAOMIOJAIOTCS B KOMIIO3HMIIMOHHBIX ~MaTrepuaiax,
cTaperommx  (pacciIanBaroIIUXCs) METALTHYECKUX
CIUIaBaxX, pacHaJalolIiXcsl MePeChIIEHHBIX TBEPIBIX
pacTBOpax.

Hocratouno pnaBHO ObUTO OOHApPYXEHO, HYTO
MaKpOCKOMMYECKHe  BKJIIOYEHHS, B  HYaCTHOCTH
TBEpAblE  BBUICIEHUS  HOBOM  (aspl,  9acTo
0o0pa3yrTcs Ha TpaHHWIAX 3epeH (MeX3epeHHBIX
TpaHUIlax) TOJUKPHUCTALIOB. Takwe BBIACICHUS
CYIIIECTBEHHO BIUSIOT Ha MEXaHHYECKHWe W JAPYTUe
CBOMCTBa  MAakKpOCKONHMYECKMX  00pasuoB, B
YaCTHOCTA TPOYHOCTHBIE, Ha  KOH(HUTYpaIHIO
muhQy3MOHHEIX TIOTOKOB aTOMOB TIPHMECH HIIH
BakaHCHH B oOpasle, Ha KHHETHKY M CKOPOCTb
QG Gy3UOHHOTO paciiaga MepeCchHIIIEHHOTO TBEPAOTO
pacTBopa.

IIpu TeopeTMdyecKkOM ONUCAaHUU  BBIACIICHUN
HOBOHl (a3l BO MHOTHX CJIy4asX BO3HHKAIOT
BONIPOCHI 00 WX 3apOKISHWH, KHHETHKE POCTa HIIN
YMEHBIIIEHHUS B pa3Mepax, MepeMeIIeHNH KakK LeIoro
OTHOCHUTEIBHO pEIIETKH 3a CYET HalpaBIEHHOIO
TUQHy3UOHHOTO TBUKEHUS aTOMOB B I0JI€ BHEITHUX
CWJI, YCTOWYHUBOCTH WX TEOMETPHIECKOW (OpMBI
(Mop¢onoruueckoit yCTOHUYUBOCTH) H AP.

C ToukH 3peHwsl paJIuaIMOHHON TTOBPEXKTaEMOCTH

MaTepHaioB PEaKTOPOCTPOCHUS HaIluaue
MaKpOCKOITMYCCKUX BKJIIOUCHUI B mMarcpuajiax
BIMSET HA WX PAAUAIUOHHYIO CTOWKOCTS. B

YaCTHOCTH, BBIICJICHUS BTOPBIX (pa3 BIUSAIOT Ha
JUHAMUYECKUI OajaHC TOYCYHBIX Je(EKTOB B
MaTepuane ToJ OOMydYeHHEM 3a CUYeT YCKOPEHUS
peKOMOWHAIIK TOYEYHBIX Ae(PEeKTOB Ha MeK(Pa3HBIX

TpaHUIlaX, ¥, COOTBETCTBEHHO, Ha pacIyXaHHe,
pacmpeneneHue u nmapaMmerpsl nopuctoctu [1]. Bonee
KOHKPETHO, BBIICNICHNsI BTOpPHIX (a3 maroT 3¢ddekt
YMEHBIIEHUS! CPENHUX KOHIEHTPAIMiA TOYEUHBIX
nedeKkToB, TEM caMbIM 3aTPyIHSS 3apOKACHUE H
poct BakaHcuoHHbIX mop [1]. Ilpu wu3MeHeHUU
MOp(}OJIOTHN BBIICTICHUN H3MEHSIETCS UX MOIHOCTh
KaK CTOKOB TOYEYHBIX Ne(PEeKTOB, a 3TO, B CBOIO

oduepenb, MOXET OTpPa3uUThCs Ha  IOBEJCHUU
Marepuaia noj oomydenuem [1].
B HacToAIIeH pabore TEOPETUYECKU

paccmarpuBaercs AUQQY3HOHHBIH POCT TBEPIOTO
JBYMEPHOTO  BBIACNICHUS  HOBOH  (a3el  Ha
MEX3EpEHHOM  TIpaHUlle, HMEIOIIEH KOHEUHYIO
TONIIMUHY O C YYETOM IOBEPXHOCTHOW KHHETHKH
pocta Ha OOKOBOH TOBEPXHOCTH BBIJCIECHUS U
i Qy3MOHHEIX TOTOKOB aTOMOB TPUMECH U3
rmyOMHBI 3epHa K MeX3epeHHoW Tpanune. Kpome
TOTO, B IJIMHEHHOM TMPHUOIIDKEHUHN aHAIM3UPYETCS
Mophorornyeckas YCTOMYHUBOCTh TaKoro
BblJIeTIEHUA. BricOoKkas CHMMETpUs paccMaTpUBaeMon
3alayd TO3BOJISIET TOJYYUTh BCE OKOHYATEIbHBIC
(opMyIlBI B 3aMKHYTOM BHUZE, YTO CYIIECTBEHHO
oberuaet ux QU3NUECKUN aHATU3.

Pabora BeIOJNIHEHA B pamMKax HAydyHOUW PabOTHI
«CrarucTudeckas Teopus 0Opa3oBaHUs U IBOJIOIUN
nepapxuyecknx AePEeKTHBIX CTPYKTYp B CHCTEMaXx,
yaalneHHbIX OT paBHoBecus» (2007-2011 rr.).
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CHHOCOB BBIBOPA AJITOPUTMA PAZBUEHUA I'PAD®A JJA
PACHOPEJEJEHHBIX BhIUMCJEHUN

P.1O. Jlonatkun, B.A. UBamenko, B.B. Kynpuenko— UncTutyT npukiaaasoii puznkun HAH
Ykpannsbl

Cratryc pabdorsl (HampaBiena B mnedatrb B
s)KypHaJa MaTtemaTu4yeckne MallIMHbI U CUCTEMbI)

Aocrpakt — [IpeanoxkeH crnocod onpeaeneHus
MOTEHITUATEHO Hauboee 3¢ (heKTUBHOTO
alropuTMa pasOueHust 3amaHHOrO Tpada It
pacrpeneneHHbIX BBIYMCIICHUH, KOTOPBIN
OTHPAETCs HA Pe3yJIbTAThl aHAIHM3a CTATUCTHUECKOM
3aBHCHMOCTH BEITMYMHBI ITOyIaeMOTo paspesa (s
TOTO WM WHOTO alroputMa paszbueHus rpada) ot
METpHK rpada.

B o0mem cimyuae mocTaHOBKa 3afjadd ITOWICKA
MHUHUMAJILHOTO pa30ueHus (MHOTAa yIoTpeOiseTcs
TEPMUH «MUHUMAJBHBIH  pa3pes3») rpada
(dhopmynmupyetcs crenyrommm obpasom. [lycts man
HeopueHTHpoBaHHBIA Tpad G = (V, E), tme V —
MHOXECTBO €ro BepiiuH, G — MHOXECTBO €ro
pebep. Heobxoaumo pasmenuts MHOXKECTBO V Ha k
HeNepeceKaroIIXCs TOJMHOKECTB TaKUM 00pa3om,
9TOOBl KaKAOE M3 JTUX IOJAMHOXKECTB HWMEIO
NpUOTU3UTENIBHO OJMHAKOBYIO  MOIIHOCTB, HO
KOJIMYECTBO pedep, COeNMHSIOUINX BEPUINHBI W3
pasHbIX MOJJMHOKECTB JOJDKHO OBITDH
MUHUMaNbHBIM. OTMETUM, YTO 3Ta 3ajada HUMeEeT
BaXHOE NPAKTHYECKOE IPUMEHEHHE B O00JIacTH
MapaJuIeIbHBIX BBIYACICHUN I pa3OueHus 3amad
Ha rmoj3amaun [1].

U3BecTHO, 4TO 3Ta 3a/ma4a OTHOCHTCS K KJIacCy
NP-nonaHpIX 3a7ay, g peleHus KOTOPHIX Ha
MPaKTUKE MPUMEHSIOTCS IBPUCTHYCCKHE
ITOPUTMBI, HMEIOIIUE JOCTATOYHO XOPOLIYIO
ACHUMIITOTHYECKYIO OLIEHKY TOYHOCTH HaWJIEHHOTO
pemenus [2]. Kak mpaswmio, BeIOOp anropuTMma
OPOMCXOAUT MO  KakuM-THOO  CyOBEKTHBHBIM
MPEMOYTeHUSIM HICCTIeIOBaTeNsl, 4TO He BCeraa
MPUBOINT K HAWITYYIIEMY PE3yJIbTaTy.

Hamm  paspaboran  cmoco®  ompeneneHus
MOTEHIIUAIBHO Haunbonee 3¢ HEeKTUBHOTO
anroputMa paszOueHus Ia 3amaHHoro rpada. OH
UCIIONIB3YET PEe3yNbTaThl aHAIM3a CTaTHCTUYECKOH
3aBUCHMOCTH BEJMYUHBI OTY4aeMOro paspesa (CM.
Puc. 1) ¢ moMompo TOro MM HHOTO aNTOPUTMA OT
OTIpe/ieJIeHHBIX MeTpHUK Tpada. Ha ocHOBaHWHM 3THX
JaHHBIX UMeeTcst BO3MOXHOCTh OLIEHKH
OKUIaeMoro pa3omeHus rpada, KOTOPBIA B CBOIO
ouepenbr MOXHO HCIIONB30BaTh Kak IapaMerp
MOJENT JIJIsl TIPOTHO3UPOBAHUS OBICTPOAEHCTBUS
napanieabHON MPOrpaMMEI.

2. B. Hendrickson and
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A3BIK IPOT'PAMMUPOBAHUA GROOVY KAK CPEACTBO
OMMUCAHUA MYJBTUATEHTHBIX MOJIEJIEH

P.1O. Jlonatkun, B.A. UBamenko — UncTuTyT npukaagnoi ¢pusnkn HAH Ykpaunsl

Craryc paborbl (HampaBjena B medaThb
(10.2011) B :xypHaa BecTHMK 4YepHHUIOBCKOI0
rocyapcTBEHHOr0 TEeXHOJOTH4eCKOro YHHBEPCH-
TeTa)

AOCTpakT — Tpe[IaraeTcs HCIOJIb30BaHUE
METOJIOJIOTHHI MeTanporpaMMHPOBAHUS JUTS
YIPOIIEHUSI ONHCAHUS MYJIbTHAT€HTHBIX MOJIENEH,
MpeJIoKeHa apXUTEeKTypa CUCTEMBI JUTSt
MyJIbTHATEHTHOTO  MOJEIMPOBAHUS B  pPaMKax
JAHHOTO TOIX0/a, a TaK)Ke PEIIaloTCs CBSI3aHHBIE C
ATUM TIOJIXO0JIOM TEXHUYECKHE BOMIPOCHI.

MeTon050THs METalpPOrpaMMHUPOBAHHS BBEIOpaHa
HE HampacHO — OHAa WCIONB3yeTCs HaMH IS
YCTpaHEHHs] HEIOCTaTKOB M3BECTHOW IIATQOPMBI
Java, koTOpasi, Kak MbI CYUTAEM, PEIIAET MHOXKECTBO
MPOOJIEM CBS3aHHBIX C BHITIOJTHEHHWEM KOAa MOZETEH:

OHa obecrieunBaeT KpoccIuiatpopMeHHOCTh
pa3paboTaHHBIX TIPUIIOKEHUH, pemaer
HEMaJOBRXHBI ~ BOMpOC  0€30MacHOCTH  HX

BBHIMOJIHEHUSI. Bompoc 0e30macHOCTH  CTaHOBHUTCS
0co00 OCTpO B clyyae CO3JaHHUsl paclpelesIeHHBIX
CHCTEM MOJETUPOBAHUS, KOTJa KOJI MOAEIH MOXKET
NepeaaBaThCs CUCTEME MOJEIUPOBAHUS C YAAJICHHON
MAaIlIuHBI. A, KaK M3BECTHO, BOIPOCHI 0€3011aCHOCTU
Y OTPaHMYEHHS JOCTYIA MOYKHO PEIIaTh C TOMOIIBIO
PasBUTHIX CTAaHOAPTHBIX CpPeACTB IaTGopmel Java
[1]. Ho ¢ mpyroii CTOPOHBI TIPH HCIIOIH30BAHUH
aTopMbl Java BO3HHKAIOT HEKOTOPBIE TPOOIEMBI
¢ THOKOCTBIO CO3JaHHBIX PEUICHUH, N30BITOYHOCTHIO
KOZa MOZEJNed He TONbKO B IUIaHE HM30BITOYHOCTH
caMoro xona Java, HO ¥ B IJIaHE HAIW4MA B TaKOM
cllyyae MHOXKECTBA «IIAOJIOHHBIX» KOHCTPYKIHH,
MPUCYLIUX MOJEIISIM.

Ho ITH MPOOIIEMBI MOJKHO pemaTts
HCIIOJIb30BaHUEM COBPEMEHHBIX SI3BIKOB
MPOrpaMMHUPOBAHHS, OPUEHTHPOBAHHBIX Ha

miaTdopMy Java, pearn3yromuX HOBBIE KOHIICTIIHH
MPOTPaAaMMHUPOBAHUSA HE TPUCYIIHE SI3BIKY Java.
[ToaTOoMy c 11(S)15%) cO3JaHus OCHOBBI
CHELUANTU3UPOBAHHOIO SI3bIKA MPOrPAMMHUPOBAHUS
JUTSI OTIMCAaHMsI MoJeJieit MBI HCTmoiib3oBasin Groovy
[2], kak OHY M3 CaMbIX YJA4YHBIX, Ha HAIl B3IJIAI,
peanuzanuii  Takoro S3bIKa, MOAJIEPKUBAIOIIETO
KOHIIENIHUIO METAITPOTPaMMHUPOBAHUSI.
IIpennoxxeHHbI1 HAaMU TMOAXOJl, OCHOBAaHHBINA Ha
Groovy, B COYCTaHUU c MPEATI0KEHHON
apXUTEKTYypOor MOCTPOECHUS CHCTEMBI
MYJIBTHATEHTHOTO MOJEITUPOBAHMS TIO3BOJISIET C
OJIHOM CTOPOHBI  HCHOJB30BaTh IPEUMYIIECTBA
mwiatdopmMel Java, a ¢ APYroil CTOPOHBI YCTpaHSET
HEKOTOpbIE  HEJOCTAaTKW  CTaHJApTHOTO  si3bIKa

NporpaMMHUpOBaHUsl  Java, KOTOpBIE  KacaroTcs
nocTpoeHus: mogoOHbIX cucteM. K mpenmyinecTBam
B JaHHOM CJIy4ae MOXHO OTHECTH: IIOJIHOE
pasmereHue JIOTMKM MOAEIM U UHTepdencos
yhnpaBiieHHs, THOKOCTb M KpOCCIIaTGpOpMEHHOCTH
CO3[IaBaeMbIX PELICHUH, 0€30IacCHOCTh BBINOJHEHHUS
MOJENeil, YTo He Bcerza IpUCYyLIe APYIHM
KpoccriarGopMeHHbIM  pemeHusiM. Kpome Toro,
MPEIIOKEHHBIN HaMH HOJXO0N MO3BOJISIET
IPENOCTABIATh  IIOJB30BATENIAM  BO3MOXHOCTh
MEHSITD SI3bIK OMHCAHUSI MOJEIe B COOTBETCTBHHU C
UX NOTPEOHOCTSAMHU.

Heob6xomumo oTMETUTH, UTO pPa3pabOTUHKH
W3BECTHOM cpenl MoaenupoBanus Repast Symphony
[3] Tarkke HCHONB3YIOT A3BIK MPOTPAMMUPOBAHUS
Groovy, HO HE MPeNOCTaBJISAIOT I0JIb30BATEIAM
cpeacTtB ani  MoAudUKauu  sI3bIKa  ONUCAHHUSA
MOJENEH.

PoGora BHKOHaHA B paMKax AEP>KOIOIKETHOI
TEMHU “ Po3pobka IHTEpaKTUBHUX MIKpO-
MPOIECOPHUX  CHCTEM ISl KOMIT IoTepH3aii
HaBUYaJIBHOTO EKCIIEPUMEHTY .

Cnucok nocujiIaHb
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Proceedings of the Agent 2005 Conference on
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Chicago, Oct. 13-15, 2005.
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