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An idea of producing a focused parametric X-ray radiation (PXR) without special X-ray optics is presented. The PXR is emitted by
relativistic charged particles channelling along a bent crystal. Then the PXR emitted from the whole length of the bent crystal is
going to the focus. Some properties of focused PXR are estimated for typical experimental conditions and possible applications are
discussed. Results of estimations of the focuses position, energies, number of quanta, and polarization of focused PXR and also
number of quanta of characteristic X-ray radiation are presented for 450 GeV protons channeling in bent Si crystal. Besides,
formation of virtual images of the focuses is shown. The experiment for observation of focused PXR is proposed.

KEY WORDS: parametric X-rays, channelling, bent crystal, focusing of X-rays, virtual images.

A possibility of steering charged particles trajectories by a bent single-crystal has first been predicted in Ref. [1].
For the first time, the steering has been experimentally observed in Dubna at proton energy 8.4 GeV [2,3]. The
channeling particles may be deflected, if the crystal is bent smoothly enough. Experiments on proton beam deflection,
focusing and extraction by bent crystals have been performed, e.g., in Gatchina at proton energy 1 GeV [4,5],
Serpukhov at 70 GeV [6,7], CERN at 120 GeV [8] and at 450 GeV [9,10], Fermilab at 900 GeV [11]. The steering of
positive particles at planar channeling is most effective (see, e.g., [9]). Bent crystalline plates of about several
centimeters in length are generally used in the experiments [12]. Such crystals seem to be convenient for production of
parametric X-ray radiation (PXR) by channeling relativistic particles.

The parametric cherenkov radiation of charged particle moving through a periodical medium has been theoretically
predicted in Ref. [13]. Experimental studies of the radiation in the X-ray band from relativistic electrons moving
through a thin crystal have been performed since 1985 [14,15] to gain an insight into the PXR properties and to develop
a new source of quasimonochromatic polarized X-ray beam. The PXR has its maximum intensity in the vicinity of Bragg
direction relative to the crystallographic plane (PXR reflection). The PXR reflection from crystals was observed and
studied at electron beam energies ranging from several MeV to several GeV, and at PXR energies from a few keV to
hundreds of keV. The validity of kinematical theory [16] for the description of PXR properties has been demonstrated in
the most of related publications. General information about the nature, properties and investigations of the PXR, as well
as references to original papers can be found, e.g., in reviews [17-21]. The experiment on observation of PXR from
protons has been described in Ref. [22]. However, the PXR from particles channeling in a bent crystal has not been
studied experimentally as yet, so far as we know.

Crystals usually have a number of crystallographic planes aligned at different directions. Therefore, relativistic
particles emit a number of PXR reflections at Bragg directions relative to these crystallographic planes (see, e.g. [23]).
In the present paper we will show a possibility of focusing the PXR generated in a bent crystal by channeling particles
and consider some of its properties. The experiment for observation of focused PXR is also proposed.

HOW TO FOCUS PXR
Let us suppose that relativistic charged particles are moving in the channeling regime along a bent crystalline plate,

as it is shown in Fig.1. The bent crystal is cylindrical in shape, R being the radius, and f is the axis of the cylinder.

The particles are channeling along the crystallographic planes denoted by the reciprocal lattice vector g . In this paper
we will consider PXR reflections from crystallographic planes aligned at 45° relative to the particle trajectory and
perpendicular to the plane of Fig. 1a. These crystallographic planes are denoted by the reciprocal lattice vectors g, and

g, - The PXR reflections from these planes are going perpendicularly to the particle trajectory and the crystalline plate
surface. The PXR reflections from g, are going from the whole plate to the axis f, or, in other words, are focused.
The PXR reflections from g, are going in opposite directions, i.e., from the axis f . Thus, the PXR generated on the

crystallographic planes g, in the whole bent crystal of several centimeters in length will be collected (focused) at the

axis f .
The properties of the PXR reflection generated at the right angle to the particle beam in thin crystals have been
studied in several papers. The image of the whole PXR reflection at the right angle to the particle beam was first
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observed in Ref. [24], its polarization was considered in [25] and a detailed structure of the yield angular distribution
was studied in [26]. The shape of angular distribution of the yield may be found, e.g., in figures of Refs. [24,26,21]. The
shape of angular distribution of linear polarization directions in the PXR reflection at the right angle to the particle
trajectory may be found, e.g., in figures of Refs. [25,21]. Below we will use those PXR properties to clear up features of
focused PXR.

Production of focused PXR by particles channeling in a bent crystalline plate is shown in Fig. 1. The side and front
views are shown in Figs. la and 1b, respectively. The particle beam is indicated by arrows p*. The angular

distributions of the yields in the PXR reflections are shown schematically for three points at the plate. Wavy lines with
arrows show the radiation propagation direction in the PXR reflections. PXR reflections from crystallographic planes

denoted by the reciprocal lattice vector g, are focused at points /| and F, at the axis f . PXR reflections from
crystallographic planes denoted by the reciprocal lattice vector g, are going in opposite directions and form a virtual

image of points F; and F).

1
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Fig. 1. Production of focused PXR by particles channeling in a bent crystalline plate: a — the side view, b — the front view.

The angular distribution of the PXR yield in the reflection at the right angle to the particle trajectory has two
maxima in the plane of Fig.1b. Therefore the PXR will be focused at two points F; and F, at the axis f at an angular

distance of about 2}/6_/,/1, one from another. Here, 7, is the effective relativistic factor in the medium [21],

}/g_f; =, /}/_2 +| ;(0| , where ¥ is the relativistic factor of incident particles, ¥, is the dielectric susceptibility of the

medium. The PXR is linearly polarized in the vicinity of points /| and F,. The linear polarization direction is

practically in the plane of Fig. 1b. Thus, the focused PXR is linearly polarized in the plane of Fig.1b.
Apart from the PXR emission, the particles moving through the crystalline plate ionize crystal atoms and thus make

them emit the characteristic X-ray radiation (CXR). The CXR is isotropic and not focused, but it exists at points /| and
F,, too.

ESTIMATIONS OF SOME PROPERTIES OF FOCUSED PXR
To understand the main features of focused PXR, let us estimate them for typical experimental conditions. As an
example, we performed calculations for 450 GeV protons channeling along the crystallographic plane (110) with the

reciprocal lattice vector g =< 110> (Fig.1) in the Si single-crystal plate. The PXR reflections under consideration are
generated at crystallographic planes parallel to the ones denoted by the reciprocal lattice vectors g, =<100 > and

g, =< 010 > . The calculations were performed using formulae from Refs. [18,21,27] derived within the framework of
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the Ter-Mikaelian theory [16]. The focused PXR reflections are going to the points F and F, from the
crystallographic planes having a nonzero structure factor parallel to (100), these are (400), (800), (12 00). The PXR
reflections from higher-index planes have substantially lower yields. The PXR reflections from similar crystallographic
planes, that are parallel to (OTO), are going in opposite directions from the axis f and form a virtual image of points

F} and F, . The particular case of channeling radiation diffraction [28,29] is not considered in the present estimations.

The crystallographic axis < 110> is aligned along the proton beam in the above-considered example. To avoid
axial channeling in the experiment, one needs to provide misalignment of the crystal lattice in the (110) plane for a small
angle, which is somewhat larger than the critical channeling angle. The critical channeling angle for the Si single crystal at
a proton energy of 450 GeV is about 10~ radian [12]. The main features of PXR emission, the positions of focal points

F,, F, and the properties of focused PXR will change insignificantly at such a small misalignment.

The PXR properties are functions of the relativistic factor of the incident particle and the absolute value of particle
charge [16,18,27]. Therefore, the results of present calculations might be valid for 245 MeV positrons and electrons,
which have the same relativistic factor. However, the motion of these particles in a long crystal can differ from the
motion of protons. For example, a significant part of high-energy protons can move through a long bent crystal in the
channeling regime [2-12]. But electrons strongly scatter at channeling. So far as we know, there have been no
publications about experimental research on the channeling of positrons in bent crystals and on generation of PXR by
positrons in any crystals.

Besides, the yield of CXR at 1.74 keV due to K-shell ionization of Si atoms by 450 GeV protons was estimated in
accordance with the recommendations from Ref. [30]. In the calculations, the K-shell ionization cross section for Si
atoms was taken to be 1946 barn. This cross section value was calculated for 245 MeV electrons having the same
relativistic factor as that of 450 GeV protons. The effect of channeling was not taken into account in the present
estimations of CXR yield, as it is not expected to be very significant at high particle energies (see Refs. in [30]).

The calculations were performed for a uniform distribution of protons in the crystalline plate thickness. The

radiation excited by channeling protons is going to points F| and £, across the plate, and is attenuated by the Si

crystal. The attenuation of radiation in the plate was taken into account in the calculations.
Properties of CXR and focused PXR were calculated for 450 GeV protons channeling along the crystallographic

plane (110) in a bent Si single-crystal plate, 0.5 mm in thickness and / =5 cm in length. The radius of the crystal
curvature R =35 m. The origin of radiation (CXR or focused PXR) and polarization properties of the radiation are given

in the first and second columns of the Table. In the Table, E is the energy of spectral peaks of X-ray radiation, }/e_f} is
the inverse effective relativistic factor (for comparison, the inverse relativistic factor of incident 450 GeV protons is
y'=2.08-107), AF is the distance between points /| and F,, T, is the e-fold attenuation length of radiation having

the energy £ in a Si single crystal, / is the number of quanta per proton per cm’ at points F| and F, with X-ray

attenuation in the crystal taken into account for the total number of channeling protons randomly distributed in the plate
thickness. The divergence of focused X-ray radiation is about 10 mrad in the plane of Fig.1a.

Table. Properties of CXR and focused PXR from 450 GeV protons channeling in a bent Si single-crystal plate.

_ uanta

Radiation Polarization | E,keV ]/eﬁ}- AF,mm |T, inSi, um| I ,%
cm - p
CXR Si No 1.74 13.3 1.94.1077
PXR(400) Linear 6.46 524.10° | 524 37 6.90-107
PXR(800) Linear 1291 | 3.18.10° | 31.8 270 3.32-107
PXR(12 00) Linear 1937 | 2.63-10° | 263 865 3.98-10°°

RESULTS AND DISCUSSION

The results of calculations are presented in Table. The spectrum of X-ray radiation at points /| and F, has four

spectral peaks in the 1.7...19.4 keV energy range, this being convenient for registration by standard X-ray spectrometric
detectors. The peak at 1.74 keV is due to a non-focused non-polarized CXR, which is produced mainly by protons
moving in a 13.3 um layer at a concave side of the plate. This layer thickness is determined by X-ray attenuation in a

Si crystal (see Table). Thus, only a little part of the total number of protons passing through the plate produces the CXR
that reaches the points £ and F) . The other spectral peaks are due to a focused polarized PXR. The spectral peaks of
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focused PXR at £ =6.46, 12.91, 19.37 keV are produced mainly by protons moving in the 37 zm layer at a concave
side of the plate, in the 270 pm layer at the same side of the plate, and in almost the whole crystalline plate thickness

respectively.

The radiation sources for different spectral peaks are specifically distributed in the crystal thickness. Therefore, the
measurements and analysis of relative intensities of spectral peaks would permit the estimation of beam proton
distribution in the crystal thickness. This can be done for the whole crystalline plate or for its separate part, provided that
other parts of the plate are screened, and the X-ray detector can see only this separate part of the crystal. The CXR from
the 13.3 im layer at a convex side of the bent crystal may be registered by an X-ray detector installed opposite to a

convex side of the bent crystal, as the CXR is isotropic and non-focused.

Angular divergence (convergence) of focused PXR may be controlled by changing the radius of curvature R of
the bent crystal. Thus, we have an X-ray source of several centimeters in size, with a provided smooth tuning of the
divergence (convergence). This monochromatic source of polarized X-rays with a possibility of smooth tuning of
divergence may be useful for calibration of large-aperture X-ray equipment, for example, X-ray space telescopes [23].

The divergence (convergence) of PXR reflections from channeling particles is about / / R at the plane of Fig.1a.

The focused PXR generated by channeling positive relativistic particles in a long crystal can provide a natural PXR
spectral peak of extremely narrow width. The natural spectral peak width of focused PXR may be of microelectronvolts
range at PXR spectral peak energy of about 10 keV.

The experiment on observation of focused PXR may be performed at one of existing facility with a crystal bent for

steering the proton beam having the channeling particles intensity of about or above 10’ p/s . It can be seen from the
Table that all spectral peaks have comparable intensities, and thus, can be measured simultaneously by a spectrometric
X-ray detector. The X-ray detector, being about 1 cm” square, should be installed at point F, or F, atthe axis f . The

PXR from non-channeled particles can be rejected by registering X-rays in coincidence with the particles that have
passed through the bent crystal in the channeling regime. There should be vacuum connection between the bent crystal
and the X-ray detector in order to observe soft X-rays, because of their attenuation in air. X-rays of energies 1.74 and
6.46 will be absorbed practically completely over a distance of 5 m in air. However, observation of higher-energy
focused PXR is possible in air. The X-rays of energies 12.91 and 19.37 keV will be attenuated by factors of about 0.23
and 0.60, respectively, at 5 m in dry air. The energies of all spectral peaks are practically independent of incident
relativistic particle energy. Yet, their intensities can increase (decrease) with an increasing (decreasing) incident proton
energy [18,27].

CONCLUSION
In the present paper, an idea of producing a focused PXR without any special X-ray optics is presented for the fist
time. Generation of PXR from a bent crystal is considered. Some properties of focused PXR are estimated and
discussed. It is shown that focused PXR is intensive enough and may be observed at existing 450 GeV proton beam. A
possibility for application of the focused PXR for calibration of large-aperture X-ray equipment is noted. Some details
of the experiment for observation of the focused PXR are discussed.

ACKNOWLEDGEMENTS AND FINAL NOTES
The author is thankful to E.N. Tsyganov for discussions during the meeting [31,32] and more recently, to X. Artru,
I. Endo and V.V. Sotnikov. The present work was first reported as an oral paper at Workshop [33] and in the preprint
[34].

REFERENCES

1. Tsyganov E.N. Some aspects of the mechanism of a charge particle penetration through a monocrystal / Fermilab,
Batavia, TM-682, 1976.

2. Elishev AF., Filatova N.A., Golovatyuk V.M., Ivanchenko I[.M., Kadyrov R.B., Karpenko N.N., Korenkov V.V.,
Nigmanov T.S., Riabtsov V.D., Shafranov M.D., Sitar B., Senner A.E., Starchenko B.M., Sutulin V.A., Tyapkin L.A., Tsyganov
E.N., Uralsky D.V., Vodopianov A.S., Forycki A., Guzik Z., Wojtkowska J., Zelazny R., Grishaev [.A., Kovalenko G.D., Shramenko
B.I., Bavizhev M.D., Bulgakov N.K., Avdeichikov V.V., Carrigan R.A., Jr., Toohig T.E., Gibson W.M., Ick-Joh Kim, Phelps J., Sun
C.R. Steering of charged particle trajectories by a bent crystal // Phys. Lett.-1979.-Vol.B88.-P.387-391.

3. Vodopianov A.S., Golovatyuk V.M., Elishev A.F., Ivanchenko 1.M., Kadyrov R.B., Karpenko N.N., Korenkov V.V.,
Nigmanov T.S., Ryabtsov V.D., Senner A.E., Sitar B., Starchenko B.M., Sutulin V.A., Tyapkin [.A., Uralsky D.V., Filatova N.A.,
Tsyganov E.N., Shafranov M.D.,Wojtkowska J., Guzik Z., Zelazny R., Forycki A., Grishaev I.A., Kovalenko G.D., Shramenko B.I.,
Bavizhev M.D., Bulgakov N.K., Carrigan R.A, Toohig T.E., Gibson V.M., Sun C.R., Kim L.J., Phelps J., Avdeichikov V.V. Control
of charged particle trajectories by mean of a bent monocrystal // Pis'ma ZhETF.-1979.-Vo0l.30.-P.474-478 [in Russian].

4, Andreev  V.A., Baublis V.V., Damaskinskij E.A., Krivshich A.G.,Kudin L.G., Marchenkov V.V., Morozov
V.E., Neljubin V.V., Orishchin E.M., Petrov G.E., Rjabov G.A., Samsonov V.M., Samsonov L.E., Spiridenkov E.M., Sulimov



49

physical series «Nuclei, Particles, Fields», issue 1 /29/ Focusing of parametric x-ray radiation from ...

V.V., Sumbaev O.I., Schegelsky V.A. Experimental detection of the effect of volume capture in a channelling mode in the bent
single crystal // Pis'ma ZhETF.-1982.-Vol.36.-P.340-343.

5. Andreev V.A., Baublis V.V., Damaskinsky E.A., Krivshich A.G., Kudin L.G., Marchenkov V.V., Morozov V.F.,
Nelyubin V.V., Orishchin E.M., Petrov G.E., Ryabov G.A., Samsonov V.M., Samsonov L.E., Spiridenkov E.M., Sulimov V.V,
Sumbaev O.I., Shchegelsky V.A. Focusing of a beam 1 GeV protons during volume capture in a channelling mode by the bent
monocrystal // Pis'ma ZhETF.-1984.-Vo0l.39.-P.58-61 [in Russian].

6. Asseev A.A., Gorin M.Yu. Crystal-aided non-resonant extraction of 70 GeV protons from the IHEP accelerator // Nucl.
Instr. and Meth.-1996.-Vol.B119.-P.210-214.

7. Chesnokov Yu.A. Review of IHEP experiments for focusing and deflection 70 GeV proton beam with bent crystals / Nucl.
Instr. and Meth.-1996.-Vol.B119.-P.163-171.

8. Elsener K., Fidecaro G., Gyr M., Herr W., Klem J., Mikkelsen U., Mgller S.P., Uggerhgj E., Vuagnin G., Weisse E. Proton
extraction from the CERN SPS using bent silicon crystals // Nucl. Instr. and Meth.-1996.-Vol.B 119.-P.215-230.

9. Baurichter A., Kirsebom K., Medenwaldt R., Meller S.P., Worm T., Uggerhgj E., Biino C., Clément M., Doble N., Elsener
K., Gatignon L., Grafstrém P., Mikkelsen U., Freund A., Vilakazi Z., Siffert P., Hage-Ali M. New results from the CERN-SPS beam
deflection experiments with bent crystals // Nucl. Instr. and Meth.-1996.-Vol.B119.-P.172-180.

10. Doble N., Gatigton L., Grafstrom P. A novel application of bent crystal channeling to the production of simultaneous
particle beams // Nucl. Instr. and Meth.-1996.-Vol.B 119.-P.181-190.

11.  Murphy C.T., Carrigan R., Chen D., Jackson G., Mokhov N., Shih H.-J., Cox B., Golovatyuk V., McManus A., Bogacz
A., Cline D., Ramachandran S., Rhoades J., Rosenzweig J., Newberger B., Ellison J.A., Baker S., Sun C.R., Gabella W., Tsyganov
E., Taratin A., Asseev A., Biryukov V., Khanzadeev A., Prokofieva T., Samsonov V., Solodov G. First results from bent crystal
extraction at the Fermilab Tevatron // Nucl. Instr. and Meth.-1996.-Vol.B119.-P.231-238.

12.  Biryukov V.M., Chesnokov Yu.A., Kotov V.I. Steering of high-energy charged particle beams by bent single crystals //
Uspekhi Fizicheskikh Nauk.-1994.-Vol.164.-P.1017-1040 [in Russian]. Physics-Uspekhi.-1994.-Vol.37.-P.937-961 [in English].

13.  Fainberg Ya.B., Khizhnyak N.A. Energy losses by a charged particle passing through a laminar dielectric / Zh. Eksp. Teor.
Fiz.-1957.-Vol.32.-P.883-895.

14.  Vorobiev S.A., Kalinin B.N., Pak S., Potylitsin A.P. Discovery of monochromatic X-rays at interaction of ultrarelativistic
electrons with diamond crystal / Pis'ma ZhETF.-1985.-Vol.41.-P.3-6 [in Russian].

15. Didenko A.N., Kalinin B.N., Pak S., Potylitsin A.P., Vorobiev S.A., Baryshevsky V.G., Danilov V.A., Feranchuck LD.
Observation of monochromatic X-ray radiation from 900 MeV electrons transmitting through a diamond crystal // Phys. Lett.-1985.-
Vol.A 110.-P.177-179.

16. Ter-Mikaelian M.L. High-Energy Electromagnetic Processes in Condensed Media: Edition of Armenian Academy of
Sciences, Erevan, 1969 [in Russian]. Wiley-Interscience, New York, 1972 [in English].

17. Ter-Mikaelian M.L. Electromagnetic radiation processes in periodic media at high energies / Uspekhi Fizicheskikh Nauk.-
2001.-Vol.171.-P.597-624 [in Russian]. Physics-Uspekhi.-2001.-Vo0l.44.-P.571-596 [in English].

18.  Shchagin A.V., Maruyama X.K. Parametric X-rays. In: Accelerator-based atomic physics technique and applications, Ed.
S.M. Shafroth, J.C. Austin, AIP Press, New York, 1997.-P.279-307.

19. Rullhusen P., Artru X., Dhez P. Novel radiation sources using relativistic electrons: World Scientific Publishers, Singapore,
1998.

20. Shchagin A.V. Current status of parametric X-ray radiation research // Radiation Physics and Chemistry.-2001.-Vol.61.-
P.283-291.

21.  Shchagin A.V. Investigations and properties of PXR. In: Electron-photon interactions in dense media, ed. by H.
Wiedemann, NATO Science Series, II Mathematics, Physics and Chemistry, Vol.49, Kluwer Academic Publishers,
Dordrecht/Boston/London, 2002.-P.133-151.

22. Afanasenko V.P., Baryshevsky V.G., Zuevsky R.F., Lobko A.S., Moskatelnikov A.A., Nurushev S.B., Panov
V.V., Potsilujko V.P., Rykalin V.V., Skorokhod S.V., Shvarkov D.S. Detection of proton parametric x-ray radiation in silicon //
Phys. Lett.-1992.-Vol.A170.-P.315-318.

23.  Shchagin A.V., Khizhnyak N.A., Fiorito R.B., Rule D.W., Artru X. Parametric X-ray radiation for calibration of X-ray
space telescopes and generation of several X-ray beams // Nucl. Instr. and Meth.-2001.-Vol.B 173.-P.154-159.

24.  Fiorito R.B., Rule D.W., Piestrup M.A., Maruyama X.K., Silzer R.M., Skopik D.M., Shchagin A.V. Polarized angular
distributions of parametric x radiation and vacuum-ultraviolet transition radiation from relativistic electrons // Phys. Rev.-1995.-
Vol.E51.-P.R2759-R2762.

25.  Shchagin A.V. Linear polarization of parametric X-rays // Phys. Lett.-1998.-Vol.A247.-P.27-36.

26.  Shchagin A.V. Parametric X-rays at the right angle to the particle beam // Phys. Lett.-1999.-Vol.A262.-P.383-388.

27. Shchagin A.V., Khizhnyak N.A. Differential properties of parametric X-ray radiation from a thin crystal // Nucl. Instr. and
Meth.-1996.-Vol.B119.-P.115-122.

28. Baryshevsky V.G. Channeling, radiation and reactions in crystals at high energies: BGU publishers, Minsk, 1982 [in
Russian].

29. Ikeda T., Matsuda Y., Nitta H., Ohtsuki Y.H. Parametric X-ray radiation by relativistic channeled particles // Nucl. Instr.
and Meth.-1996.-Vol.B115.-P.380-383.

30. Shchagin A.V., Pristupa V.I., Khizhnyak N.A. K-shell ionization cross section of Si atoms by relativistic electrons // Nucl.
Instr. and Meth.-1994.-Vol.B48.-P.9-13.

31. Tsyganov E. High efficiency beam halo crystal extraction from proton colliders // The Future of Accelerator Physics, ed. T.
Tajima, AIP Conf. Proc. No.356, AIP, New York, 1996.-P.73-108.

32. Shchagin A.V., Spectral-angular distribution and absolute differential yield of parametric x-ray radiation / The Future of
Accelerator Physics, ed. T. Tajima, AIP Conf. Proc. No0.356, AIP, New York, 1996.-P.359-377.



50
«Journal of Kharkiv University», No.721,2006 A.V. Shchagin

33. Shchagin A.V. Focusing of Parametric X-ray Radiation from a Bent Crystal // Oral paper at Workshop “Relativistic
Channeling and Related Coherent Phenomena”, March 23-26, 2004, INFL-Laboratori Nazionali di Frascati, Frascati, Italy.
34. Shchagin A.V. Focusing of Parametric X-ray Radiation from a Bent Crystal.-E-preprint physics/0404137, April 2004.-8P.

Correction for preprint [34]: Number of quanta for PXR(12 00) in the Table must be 3.98-10® instead of 1.28-107".

D®OKYCHUPOBKA MNAPAMETPHYECKOI'O PEHTTEHOBCKOI'O U3JIYYEHUSA U3 N30THYTOI'O
KPUCTAJLJIA
A.B. lllarun
Hayuonanenetii nayunuiii yenmp Xapokosckuii @uzuxo-Texnuveckuit Mncmumym, Xapoxos 61108, Yrpauna
E-mail: shchagin@kipt.kharkov.ua

Onucana wuzgess 0 BO3MOXHOCTH (POKYCHPOBKH TMapaMeTpUUEcKOro peHTreHoBckoro wu3nyueHus (I[IPU) 6e3 mnpumeHeHus
penTreHosckoi ontuku. [IPY ucnyckaercst pensTUBUCTCKON 3apsDKEHHON YacTULIEH, IBHXKYILEHCS B peXUMe KaHaJIUpOBaHUs BIOJIb
n3orayToro kpuctamia. ®okycupyercs [IPU, ucnyckaemoe co Beeil IMHBI H30THYTOro kpuctaia. OLeHeHbl HEKOTOpbIe CBOMCTBa
cdokycupoBanHoro [TPU u o0cyxaaloTcs ero Bo3MoXkHbIe npuMeHenus. [IpencraBieHbl pe3yibTaThl OLEHOK MOJI0KEHUs (OKYCOB,
SHEPIUM, YKCJla KBAaHTOB M nouisipusauuu cdoxycuposantoro I1PH, a taxxke uucia KBAHTOB XapaKTEPUCTHYECKOTO PEHTICHOBCKOTO
u3nydeHus it 450 I'5B npoToHOB, KaHANMUPYIOLIMX B M30THYTOM KpucTawie KpemMHUs. Kpome Toro, mokasaHo (popMHpoBaHHE
MHHUMBIX H300pakeHuii pokycoB. [IpeanokeH sxkcnepuMeHT o HabroaeH o (pokycuposku [TPU.

KJIFIOUEBBIE CJIOBA: mapamMeTpH4ecKoe PEHTICHOBCKOC H3JIyYCHHE, KaHAJIMPOBaHWE, M30THYTHIH KpHCTALI, (OKYCHPOBKA
PEHTTEHOBCKOT0 M3JTy4eHHUS], MHUMbIE H300pakeHNsI.





