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Abstract

For practical measuring purposes in high pure Ge detectors, some useful
semiempirical approaches are often used to calculate the peak efficiency (absolute
efficiency) for any source-to-detector distance (d) if the efficiency has been
measured at one known distance (d;). In all approaches considered, normally, one
begins an experimental efficiency calibration for single measuring geometry at a
distance (d;), and then derives the efficiency for any other arbitrary distance (d),
from the relation

e(d) Q)
e(d) Q)

where € denotes the detector efficiency for any gamma ray energy and Q is solid
angle that is subtended by detector to the source position. However, this relation is
only valid when the distances used in the relation was corrected for the effective
photon interaction depth for any gamma-ray energy (Debertin and Helmer,
1988;Yiicel et al.1996) since the efficiency ratio, €(d)/e(d;), is not equal to the

inverse ratio, d12 / d®. In the present work, the photon interaction depths

depending upon gamma- ray energies in the range of about 50-2000 keV for point
gamma sources (*'Am, “’Cs, ®Co, " *Ba and '“’Eu) and a liquid volume
(cylindrical) source containing STCo, 88y, 3sn, ¥7Cs, cd, *°Ce and *°Co
radionuclides were measured. Then, the calculation of the peak efficiency of a p-
type HPGe detector is experimentally tested for both point and the extended
(cylindrical) liquid source at various distances from the surface of the end cap of
the detector by introduction of the effective photon interaction for any gamma-ray
energy.

1. Introduction
In the last forty years y-ray spectrometer with germanium detector is one of the
fundamental instruments in experimental nuclear physics. Experimental work with
y-ray semiconductor detectors requires very often accurate knowledge of the
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detector efficiency. Many efforts on the measurement of the efficiency of Ge
detectors of various sizes and configurations have been discussed at some
conferences (Debertin et al., 1976; Hirshfeld et al., 1976). An excellent review of
the attempts at calculating detector efficiencies is given in a recent book by
Debertin and Helmer (1988). “Although detector efficiencies must, in the end, be
measured, it is useful to consider what information can be obtained from various
related calculations.” So begins the section on detector efficiency calculations in
that book. Nonetheless, there are many obvious incentives for calculating
efficiency (or greatly reducing the calibration effort), rather than laboriously
measuring it (Gunnik, 1990). For practical measuring purposes, some useful semi
empirical approaches are often used to calculate the efficiency for any source-to-
detector distance if the efficiency has been measured at one known distance. In all
approaches considered, normally, one begins an experimental efficiency calibration
for single measuring at a distance d;, and derives the efficiency for any other
arbitrary distance d, form the relation

€(d) _ Q)
e(d,) Qd))
Where d and d; are distances measured from the surface of the end cap of detector
to the radioactive source, €(d) is the efficiency of the detector at d, e(d;) is the
efficiency of the detector at d;, and Q is solid angle that is subtended by detector at

the source position.
The exact expression for the solid angle for a point source is

O(d) = 27(1-—
Nd* +R?
Where R is the radius of a right circular cylindrical detector and d is distance of
point-source positioned on the symmetry axis of a detector. Equation (1) assumes
the validity of the concept of geometry independent intrinsic detector efficiency.
As long as d and d; are large in comparison with the detector radius R, or if d = d,
this concept may be acceptable. However, this relation is not acceptable
approximation especially for thicker detectors because of the coincidence summing
effects that play an important role on the counts in the full-energy peaks at low
source-to-detector distances (Debertin and Schétzig, 1979).

For thicker detectors, where photon interactions do not only occur at the surface,
but are distributed over the detector volume, the detection efficiency for a point
source is proportional to the solid—angle Q which varies approximately as //d°. Of
course, the detector is never, and the source is seldom, a point. However, the single
point-to-point distance implied by Eqn (1) is determined by using semi empirical
model that, for calculating purposes, reduces the detector volume to an equivalent
point (a point B shown in Fig. 1). It is a point where all y-ray interactions are
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considered to occur. That is the efficiency at a distance d, divided by the efficiency
at a distance d is not equal the inverse ratio of the squares of distances

€ d
e(d) d’
If the concept of an imaginary point of detection is located at a distance d, (E,)

behind the real detector surface as marked point B in the detector shown in Fig. 1,
the equality of Eqn (3) can be obtained with replacing the distance d by the sum of

Q(d)
(d))

€)

d,+d,+d.+d.(E,). Hence it is then possible to make use of Eqn (1) with

2

equal to d_lz .

i
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Fig. 1. A schematic measuring geometry of a Ge detector with a point source
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The calculations on effective photon interaction depth is based on an equivalent
point-detector concept suggested by Notea (1971). Although the concept of an
effective interaction depth for thicker detectors is questionable, it is still an
applicable approximation in most practical cases. Therefore, some functions which
have a semi empirical character can be useful to determine the effective interaction
depth of y-rays in the Ge detectors.

In the present study, semi-empirical functions which relates the given y-ray energy
and the effective interaction depth in Ge is used to fit the measured interaction
depth values for point sources and volume sources. The present concept involves
that a given fraction of the total photon interactions for a particular energy of y-ray
distributed over the detector has occurred in a distance within the detector
described from the real surface of the detector to any imaginary point. In the study,
we have tested the concept of effective interaction depth depending on the gamma-
energy for an extended source (a cylndiric ampoule) containing radioactive
standards (°’Co, ®Y, 'Sn, *Cs, 'Cd, '*Ce and *’Co) because the real samples
to be measured are rarely point sources, but in general, they are the extended
sources in practice. The measurements for the determination of photon interaction
depths have been carried out in a high purity germanium detector.

2. Experimental

The y-ray spectrometer consists of one high purity Ge detector with a charge-
sensitive preamplifier, a linear amplifier, an analog-to-digital converter (ADC) and
a Canberra series 35+ MCA with 4096 channel. The commercially available HpGe
detector in this investigation is the closed ended coaxial p-type Ge crystal with
active volume of approx. 57 cm’. The detector configuration and characteristics as
specified by manufacturer are given in Table 1. The y reference point source set
and a calibrated standard solution used are obtained from the Amersham Int. Ltd.
and Isotope Products Inc., respectively. The calibrated point sources (**'Am, '**Ba,
2Ey, YCs, “Co, *Na) provide a sufficient number of full energy peaks for this
investigation. The standard solution in a 5 ml ampoule contains the radionuclides,
TCo, By, sn, P7Cs, '°Cd, *°Ce and “°Co.  The activities of the present
calibrated sources are known to be accurate less than 3%. The standard point
sources are encased in a thin plastic holder.

The peak count rates were measured at various source-to-detector distances and
different photon energies. The distance, d, from the source to the detector endcap
was altered from 8 to 21 cm for the different y-emitters used. Since the activities of
the sources used in experiments are not too high, the pile-up losses (random
summing) from the full-energy peak counts are negligible. Also, there is no
problem from point of view of dead-time correction since MCA works in the live-
time mode, the analyzer corrects its dead-time losses. The full-energy peak areas
obtained from the '**Ba and '**Eu measurements may some losses because of the
coincidence summing effects on the spectra of multi energy y-ray emitters
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(Debertin and Schoétzig, 1979). Although the coincidence summing losses may
occur in the peak counts obtained from especially '**Ba and **Eu sources at closer
distances. The measurements with '*Ba and '’Eu were also carried out at a
distance of 8 cm below the nominal value of 10 cm. The counting time for each
measurement predetermined was 30 min but some spectra were collected at
different counting times in the range of 10-20 min. The counting time is high
enough to ensure good statistical quality of the data. The count rate measurements
at each selected distance were repeated five times to improve the statistical
precision. Thus the mean values of the measured count rates were used in the
calculations. The series 35+ MCA interfaced to a PC for the transfer of y-ray
spectra. The number of counts under each full-energy peak were evaluated by a
software, and then divided these counts by the counting time to calculate the count
rate. The variation in the full-energy peak areas is estimated to be less than 0.5%.

Table 1.Detector Specifications and performance data

Description

Detector model Canberra AL-30-C

Relative Efficiency 12,4%

Energy Resolution (FWHM)™ (keV) 1,96

Peak-to-compton ratio 42,1:1

Detector geometry Closed-ended-coaxial

Detector material p-type Ge

Diameter, D (cm) 4,5

Length, H (cm) 3,6

Active area facing window (cm?) 15,9

Window material and thickness, d,, (mm) | Al, 0,5

Distance from the window, d. (mm) 5

Crystat and dewar configuration Vertical Dipstick
Canberra Standard 7500

3. Results and discussion
The various plots of N' 235 a function of the distance d, are obtained for different
photon energies by using the mean peak count rates measured independently in
detector. The plots of N7 are shown in Fig.2 for the point sources **'Am, "*’Cs,
Na and “’Co, and the multi energy point sources in Fig.3 for '**Ba, and in Fig. 4
for "*?Eu. In addition a plot of N is shown for a liquid volume source containing
the radionuclides, *’Co, ®Y, Sn, ¥7Cs, '%Cd, *°Ce and *°Co in Fig. 5. The
effective interaction depth d, is determined by plotting the root of the reciprocal
count rates N against the source-detector endcap distance (d,) at the particular
energy of y-ray, and extrapolating the line to obtain the zero of N/ The
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experimental points are fitted by linear least squares method. The experimental and
the calculated points are in good agreement.

The regression constants obtained are order of 0.999. If the effective interaction
radius 7.(£,) is neglected, the intercept of the line on the d, axis at —(d, + d,, +
d.(E,)), the quantity of interest. Since the distance (d. +d,,=3.5 mm) is known as the
detector specification d,(£,) in given Table 1 d.(E,) is easily calculated from the
intercept value of the line for a y-ray of a particular energy. Thus, the y-ray
energies and respective the interaction depths for the detector used are given in
Table 2 for all point sources and in given Table 3 for a volume source,
respectively.
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Fig. 2. Plot of Square Root of Reciprocal Count Rates for **'Am, '*’Cs, **Na, “’Co
Point Sources

The dependence of d.(£,) on the photon energy obtained for the high purity Ge
detector is shown in Fig. 6 for the point sources **'Am, "*’Cs, *Na and ®’Co and
the multi energy point sources in Fig.7 for '**Ba, and '*’Eu and is shown in Fig. 8
for a liquid volume source.

The absolute efficiency is calculated by taking the ratio of the measured activity
for that particular y-ray and given geometry to the stated activity of the calibrated
source. The absolute efficiencies at 9,5 ¢cm, at 15,4 cm and at 20,7 ¢cm as a function
of y-ray energy for Ge detectors is shown in Fig 9 for point sources and in Fig. 10
for a volume source. The experimental and the calculated values for the absolute
efficiencies at these distance are also given in Table 4 for point source geometry
and in Table 5 for a cylindiric volume source. For the absolute efficiency curve for
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a volume source, the acceptable fit is obtained although the fit in the low energy
region (50-90 keV) is not done as can be seen in Fig 9 due to the lack of
experimental points, especially in the energy range.

The measured and calculated absolute efficiencies give in Table 4 agree within 0.1
to 7% when effective interaction depths were taken into account in Eq. 3 for two
different distances of at d;=9,5 cm and d =15,4 cm. The validation of Eq. 3
introducing interaction depths for a volume source given in table 5 is obtained by
0,1 to 7,6%, assuming that all photons are emitted from the source at its half
height. Besides, the experimental interaction depths for point sources and a volume
source can be approximated well using Least Square Methods (LSQ) by the
following function;

de(Ey) _ a(l _ eb(Ey+C))

Where the coefficients, a,b and c¢ are determined by LSQ method, and E, was
chosen in MeV and d. in cm. It is apparent that the curves shown in Figures 6, 7
and 8 exhibit the same behaviour. The curves increase with increasing gamma ray
and level out at higher energies of photons.
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Fig. 3 Plot of Square Root of Reciprocal Count Rates for a '**Ba Point Source
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Conclusion

The well established procedures for the efficiency calibration of Ge-detector
spectrometers appeared in the literature, however, an attempt was made to show
that a semi empirical function relating the particular energy of y-ray and effective
interaction depth in Ge can facilitate the achievement of absolute efficiency
calibration of a coaxial Ge detector without the necessity of much laboriously
calibration effort. If an experimentalist determines the absolute efficiency at a
distance, e.g at 10 cm by a calibrated source, then these values can be used to
determine the efficiencies at any sample to detector distance by using the effective
interaction depths.

Table 2. Photon Interaction Depth for all point sources

Nuclide Photon Energies|  Interaction Depth (mm)
Am-241 59,60 9,15
Cs-137 661,66 17,26
Co-60 1.173,24 19,85
Co-60 1.332,50 18,00
Na-22 1.274,50 17,43
Ba-133 81,00] 11,43
302,00 18,80
356,00 19,12
384,00 19,02
Eu-152 121,78 16,58
344,32 21,48
411,17, 22,07
443,99 23,09
779,01 28,56
867,47 33,11
964,24 22,52
1.086,10 28,41
1.112,30 31,37
1.299,50 36,43
1.408,30 22,35
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Table 3. Photon Interaction depth for volume sources
Nuclide Photon Energies|  Interaction Depth (mm)
Pcd 88,03 11,69
°'Co 122,06 21,97
P’Co 136,48 23,41
¥cd 165,85 30,29
'Sn 391,69 32,23
PTcs 661,66 26,13
Y 898,02 32,56
"Co 1173,24 28,16
Co 1332,50 29,39
Y 1836,01 35,14
Table 4. The Measured and Calculated Efficiencies for Foint Sources
Measured efficiency(x10~)
Energy € €, = Interaction | (e,/e;) | (ei/e,) |YBias
(keV) (9,5 cm)|(15,4 cm)| (20,7 cm) Depth (meas.) (calc.)
(cm)
59,60 5,43 2,27 1,23 0,92 2,40 2,37 -1,3
81,000 7,97 3,41 1,91 1,14 2,34 2,33 -0,2
121,78] 7,26 3,23 1,83 1,66 2,24 2,26 0,8
302,85 3,34 1,49 0,86 1,88 2,24 2,23 -0,3
344,32 2,82 1,29 0,74 2,15 2,19 2,20 0,6
356,01 2,80 1,25 0,72 1,91 2,24 2,23 -0,5
383,85 2,64 1,18 0,67 1,90 2,25 2,23 -0,7
661,66 1,50 0,66 0,38 1,73 2,28 2,25 -1,1
779,01 1,15 0,56 0,32 2,86 2,07 2,12 2,7
867,47 0,98 0,46 0,36 3,31 2,12 2,08 -2,2
964,24 0,97 0,44 0,25 2,25 2,19 2,19 0,1
1.086,10/ 0,88 0,44 0,33 2,84 1,98 2,12 6,6
1.112,30] 0,84 0,38 0,22 3,14 2,19 2,10 -4,6
1.173,24] 0,83 0,37 0,22 1,99 2,24 2,22 -1,0
1.299,50| 0,67 0,35 0,19 3,64 1,90 2,05 7,0
1.274,500 0,75 0,33 0,19 1,74 2,25 2,25 0,0
1.332,50[ 0,73 0,33 0,19 1,80 2,24 2,24 0,3
1.408,30 0,62 0,29 0,16 2,23 2,17 2,19 0,8
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Fig. 6 Effective Photon Interaction Depth for 241Am, mCs, 2Na and *’Co Point Sources
Table 5. The Measured and Calculated Efficiencies for Foint Sources
Measured efficiency(x10~)
Energy € =P €3 Interaction | (e,/€,)|(e1/€,)| YoBias
(keV) |(9,5 cm) |(15,4 cm)|(20,7 cm)[Depth (cm) | (meas.) | (calc.)

88,03 5,20 2,20 1,19 1,17 2,36 2,33 -1,5
122,06 5,04 2,23 1,28 2,20 2,25 2,20 -2,6
136,48 4,85 2,23 1,25 2,34 2,18 2,18 0,1
165,85 4,40 2,02 1,17 3,03 2,18 2,11 -3,3
391,69 1,92 0,86 0,51 3,22 2,23 2,09 -6,9
661,66 1,08 0,51 0,29 2,61 2,13 2,15 0,8
898,021 0,78 0,37 0,21 3,26 2,13 2,08 -2,2

1.173,24) 0,62 0,29 0,17 2,82 2,13 2,13 0,0
1.332,50, 0,53 0,25 0,15 2,94 2,13 2,11 -0,6
1.836,01] 0,40 0,18 0,11 3,51 2,22 2,06 -7,6




Basic problems of nuclear physics 213

— N N W W A N
w o wn O W
| | | |

—_

Photon Interaction Depth (mm)

(=]
|

Wi

|
et

\ et

(et

[ )
| | |
T T T TrT
(!

500 1000 1500 2000 2500

Energy (keV)
Fig. 7 Effective Photon Interaction Depth for ""’Eu and '*’Ba Point Sources

(=}
(=}

(9%
(=]
I
\
|
|
|
——
——i
e+

G:‘ : : : t : : : : t : : : : t : : : : t : : : —

0 500 1000 1500 2000 2500
Energy (keV)

Fig. 8 Effective Photon Interaction Depth For Volume Source



214 Basic problems of nuclear physics

10-3

9 - B Measured

8 £ Fitted
271
56+
R
s > E +95cm
24+
2" F = 154 cm
=) o
237 + 20,7 cm
< £

21

O F T T T T T T T T T 1

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Energy (keV)
Fig. 9 Absolute Efficiency for point sources
10-3
6 m Measured
— Fitted
5

N
I

o
1

—_
I

Absolute Efficiency
w2
Il

(=]
W
(=3
(=]

1000 1500 2000
Energy (keV)
Fig. 10 Absolute Efficiency for a Volume Source



Basic problems of nuclear physics 215

9.

References

Cline J. E. (1979) A tecnique of y-ray detector absolute efficiency calibration
for extended sources. In Proc. Am. Nucl. Soc. Topical Conf. Computers
Activat. Analysis y-ray Spectros. CONF-780421, p.185 Mayaguez Puerto Rico.

Crisler D. F., Jarmer J. J. and Eldridge H. B. (1971) A method for absolute
calibration of Ge(L1i) detectors using effective interaction depth. Nucl. Instrum.
Meth. 94, 285.

Debertin K. and Helmer R.G. (1988) y-and X-ray spectrometry with semi
conductor Detectors. Elsevier, New York.

Debertin K. and Schétzig U. (1979) Coincidence summing corrections in
Ge(Li) —specrometry at low source-to-detector distances. Nucl. Instrum. Meth.
158,471.

Debertin K., Schétzig U., Walz K. F., and WeiB H. H., (1976) Efficiency
Calibration of semi conductor spectrometers —techniques and accuracies. In
Proc. ERDA Symp. X-Ray and y-Ray Sources Applic. Ann Arbor, MI. (edited
by Griffin H.C.), CONF-760539 p.59 National Technical Information Service,
Springfield, VA.

Gunnik R. (1990) New Method for calibrating a Ge detector by using only
zero to four efficiency points. Nucl. Instrum. Meth. Phys. Res. A299,372

Helmer R. G. (1982) Efficiency Calibration of a Ge detector for 30-2800 keV
y-rays. Nucl. Instrum. Meth. 199,521

Hirsfield A. T., Hoppes D. D and Schima F. J. (1976) Germanium detector
efficiency calibration with NBS standards. In Proc. ERDA Symp. X-Ray and -
Ray Sources Applic. Ann Arbor, MI. (edited by Griffin H.C.), CONF-760539
p-90 National Technical Information Service, Springfield, VA.

Notea A. (1971) The Ge(Li) spectrometer as a point detector. Nucl. Instrum.
Meth. 91, 513

10. Rieppo R. (1987) The efficiencies of different photon detectors. A review

covering work done between 1975 and 1985. Appl. Radiat. Isot. 38,1.

11. Yiicel H., Cetiner M. A., Demirel H., (1996) Dependence of Photon

Interaction Depth on Linear Attenuation Coefficient in High Pure Germanium
Detectors. Appl. Radiat. Isot Vol 47, No. 5/6 pp. 535-541



	============
	MAIN PAGE
	============
	CONTENTS
	SAFETY REGULATION INFRASTRUCTURE OF PEACEFUL USE OF ATOMIC ENERGY IN THE REPUBLIC OF KAZAKHSTAN A. Kim, G. Yeligbayeva, T. Zhantikin
	THE DUTIES, THE RESPONSIBILITIES AND THE JURISDICTIONS OF TURKISH ATOMIC ENERGY AUTHORITY (TAEK) AND THE NEW PROJECTS THAT TAEK IS PRESENTLY INVOLVED ÖNER Önder
	INTERNATIONAL PROJECT ON INNOVATIVE NUCLEAR REACTORS AND FUEL CYCLE Cherepnin Yu.S., Bezzubtsev V.S., Gabaraev B.A.
	A SIMPLE APPROACH FOR PRE-LOCA ANALYSIS OF MTR TYPE RESEARCH REACTORS Yılmazer A., Yavuz H.
	ACTIVITIES ON METU –TWO PHASE FLOW TEST FACILITY Yesın A.O.
	AUTOMATED HYDROGEN AND ITS ISOTOPES MEASURING SYSTEM AT IVG.1M REACTOR Chikhray Y., Shestakov V., Kulsartov T., Kenzhin E.
	DETERMINISTIC AND PROBABILISTIC ANALYSIS OF PWR PRESSURE VESSEL INTEGRITY FOR DIFFERENT TRANSIENT CONDITIONS Oya Özdere Gülol, Üner Çolak
	DOSE ASSESSMENT AROUND YENIKOY COAL-FIRED POWER PLANT DUE TO MEASURED GROSS ALPHA RADIOACTIVITY LEVELS IN FLYING ASH OF THE PLANT Tayfun Büke
	ENVIRONMENTAL IMPACT OF NUCLEAR INDUSTRY AND POWER GENERATION IN THE RUSSIAN FEDERATION: ASSESSMENT OF CONTRIBUTION TO GENERAL ECOLOGICAL DAMAGE V.A. Vetrov
	EVALUATION OF CORE HEATUP IN CASE OF TOTAL LOSS OF POOL WATER OF TRIGA REACTORS Tayfun Büke and Hasbi Yavuz
	EXPERIMENTAL STUDY OF HEAT TRANSFER IN A THIN VERTICAL RECTANGULAR CHANNEL Arikan İbrahim, Baykal Adnan, Adalioğlu Ulvi Yavuz Hasbi
	HEU-LEU MIXED CORE ANALYSIS FOR TR-2 TURGUT Mehmet Hulusi
	PUBLIC AWARENESS ON NUCLEAR ENERGY Aykol Fethiye, Özkan Reşat, Atila Berrak, Hangül Gökhan, Aksu Levent M.
	CHARGED-PARTICLE TRANSFER REACTIONS AND NUCLEAR ASTROPHYSICS PROBLEM Artemov S.V, Yarmukhamedov R., Yuldashev B.S. Burtebaev N., Duysebaev A.D., Kadyrzhanov K.K.
	THRESHOLDS, CLUSTERS and ASTROPHYSICS Peterson R. J.
	A RESEARCH OF THE TWO-AVALANCHE EVENTS BY A METHOD OF AN IONIZATION CALORIMETER AND X-RAY FILMS AT THE ENERGIES E>10^13 EV T. Kh. Sadykov
	A NOVEL APPROACH FOR THE COUPLING POTENTIAL IN COUPLED-CHANNELS FORMALISM I. Boztosun, N. Burtebayev, V. Dzhazairov-Kakhramanov
	ABOUT INVESTIGATION OF NUCLEAR REACTIONS WITH ION BEAMS CHANNELING AND COLLIDING INSIDE CRYSTAL Takibayev N. Zh.
	ABOUT LIMIT MASSES OF ELEMENTARY PARTICLES IBADOVA Umida and SAFAROVA Zamira
	ABOUT TOTAL KINETIC ENERGY DISTRIBUTION BETWEEN FRAGMENTS OF BINARY FISSION Khugaev A.V., Koblik Yu.N., Pikul V.P., Ioannou P., Dimovasili E.
	ALPHA-PARTICLE STATES AND α-CONDENSATE IN NUCLEAR MATTER Gnilozub I.A., Kurgalin S.D. and Tchuvil'sky Yu.M.
	ANGULAR DEPENDENCE OF A TWO-PROTONS CORRELATION FUNCTION IN p+A AND d+A INTERACTIONS AT 3 AGeV S.V. Afanasiev, Yu.S. Anisimov, V.K. Bondarev, D.K. Driablov, A.Yu. Isupov, V.I. Ivanov, A.G. Litvinenko, A.I. Malakhov, I.I. Migulina, V.N. Penev
	DEFINITION OF THE MASS OF BOUND STATE M. Dineykhan, Zh. Baizhanova, A. Jahanshir, S.K. Sakhyev
	DETERMINATION OF DYNAMICAL QUADRUPOLE DEFORMATION OF NUCLEI AT NUCLEAR CAPTURES OF HEAVY IONS Khugaev A.V., Koblik Yu.N., Pikul V.P., Jovliev U., Nasirov A.K., Muminov A.I., Pavly K.V., Poliak Yu.V., Vdovkin P.O.
	DIAGRAM METHODS IN NUCLEAR REACTION THEORY Blokhintsev L.D.
	DISPLAYING OF FORMATION OF ATOMIC CLUSTERS IN RADIOACTIVE LUTETIUM OXIDE FILMS V.M. Kartashov, A.G. Troitskaya
	EFFECT OF PHOTON INTERACTION DEPTH IN THE DETERMINATION OF ABSOLUTE EFFICIENCY OF HPGe DETECTOR FOR LIQUID VOLUME SOUCE Demirel, H., Yücel H., Çetiner M.A., Çetiner B., Yurtseven İ., Demircioğlu B., Karadeniz, H. and Özmen A.
	ELASTIC AND INELASTIC DIFFRACTION INTERACTIONS OF NUCLEONS AND LIGHT NUCLEI AT INTERMEDIATE AND HIGH ENERGIES Ye.I. Ismatov, K.A. Kuterbekov, Sh.Kh. Djuraev, Sh.F. Esanniyazov, S.B. Strigina, M.I. Fazylov
	ELASTIC NUCLEUS-NUCLEUS INTERACTION WITHIN THE DIFFRACTION THEORY OF MULTIPLE SCATTERING B.S.Yuldashev, Ye.I.Ismatov, K.A.Kuterbekov, Z.F.Fazylova, M.I.Fazylov
	ELASTIC SCATTERING OF PROTONS ON 8Li NUCLEUS IN INVERSE KINEMATICS M.A. Zhusupov, E.T. Ibraeva, O. Imambekov, A.B. Sanfirova
	ENERGY DEPENDENCE OF MACROSCOPIC AND SEMIMICROSCOPIC POTENTIAL PARAMETERS FOR ALPHA-PARTICLES IN THE RANGE OF ENERGIES 20 - 80 MeV K.A. Kuterbekov, T.K. Zholdybayev, B.M. Sadykov, А. Mukhambetzhan, Yu. E. Penionzhkevich, I.N. Kukhtina
	FROM STORAGE ION TRAP TO EFFECTIVE ACCUMULATORCOLLAIDER OF ACCELERATED FUSIONING HYDROGEN NUCLEI N.I. Tarantin
	HIGH-EFFECTIVE POSITION-TIME SPECTROMETER IN ACTUAL MEASUREMENTS OF LOW INTENSITY REGIONS OF ELECTRON SPECTRA M.I. Babenkov , V.S. Zhdanov
	HYDROGEN PLASMA ION SOURCE WITH SEPARATION OF IONS IN BEAM BY MASS COMPOSITION L.M. Nazarenko, E.M. Yakushev, O.V. Stakhov, A.G. Mit', A.K. Elengeev, N. Alkozhaev
	HYPOTHESIS OF FUNDAMENTAL MASS AND CONCRETE EXPERIMENTAL CONSEQUENCES AT ULTRAHIGH ENERGIES Ibadov R.M.
	INFLUENCE OF HIGHER ORDER ABERRATIONS ON THE RESOLUTION ABILITY OF MIRROR OBJECTIVE FREE FROM THE THIRD ORDER SPHERICAL ABERRATION S. B. Bimurzaev, G. S. Serikbaeva and E. M. Yakushev
	INVESTIGATION of SPACE – TIME-OF-FLIGHT FOCUSING PROPERTIES of TWO –DIMENSIONAL ELECTRONIC MIRRORS with CURVILINEAR AXIAL TRAJECTORY S.B. Bimurzaev, Z.D. Iskakova and N.S. Sarsenbaeva
	INVESTIGATION OF PARTICLE CORRELATIONS BY THE METHOD OF DEFINITION OF RAPIDITY INTERVALS DENSITY IN INELASTIC COLLISIONS OF NUCLEI E.G. Boos, M. Izbasarov, N.N. Zastrozhnova
	MASS DEPENDENCE OF MACROSCOPIC AND SEMI-MICROSCOPIC POTENTIAL PARAMETERS FOR ALPHA-PARTICLES IN THE RANGE OF ENERGIES 20 - 80 MeV K.A. Kuterbekov, T.K. Zholdybayev, B.M. Sadykov, А. Mukhambetzhan, Yu. E. Penionzhkevich, I.N. Kukhtina
	MASS SPECTROMETER WITH TWO ION SOURCES L.G. Glickman, A.G. Mit'
	MAXIMAL HEAT LOADING OF THE ELECTROSTATIC DEFLECTOR’S SEPTUM AT THE CYCLOTRON A. Arzumanov, A. Borissenko
	MEASUREMENT OF ABSOLUTE GAMMA RAY EMISSION PROBABILITY OF 1001 keV FROM THE DECAY OF 234mPa Çetiner B., Karadeniz H., Yücel H., Özgür İ., Çetiner M.A. and Özmen A.
	MEASUREMENT OF MASS DISTRIBUTIONS OF FISSION FRAGMENTS 235U INDUCED BY THERMAL NEUTRONS IN ASYMMETRIC AREA U. Jovliev, Yu.N. Koblik, A.V. Khugaev, A.I. Muminov, A.K. Nasirov, K.V. Pavliy, V.P. Pikul, Yu.V. Polyak
	MEASUREMENT OF THERMAL NEUTRON CROSS SECTION AND RESONANCE INTEGRAL FOR 139La(n,gamma)140La REACTION BY ACTIVATION METHOD USING CADMIUM RATIOS Yucel, H., Karada, M., Cetiner, M.A., Tan, M. And Ozmen, A.
	MEASUREMENT OF TIME STRUCTURE AND THE INTERNAL BEAM INTENSITY AT THE CYCLOTRON A. Arzumanov, M. Gorkovets, V. Koptev
	MEASUREMENTS OF GROUND, FIRST EXCITED-STATE ENERGY AND WIDTH OF 5He VIA d-7Li REACTION Baykal Adnan, Tarcan Gokce, Reyhancan Iskender Atilla and Erduran M. Nizamettin
	MULTIPLE PRODUCTION OF PARTICLES IN ANTIPROTON - PROTON ANNIHILATION AT MOMENTUM 22.4 GeV/c Boos E.G., Temiraliev T., Pokrovsky N.S., Samoilov V.V.
	NEW DATA ON THE ANOMALOUSLY DELAYED PARTICLES IN CORE REGION OF THE ABOVE-THE-KNEE EXTENSIVE AIR SHOWERS V.P. Antonova, A.P. Chubenko, A.S. Baigubekov, S.V. Kryukov, A.I. Kupchishin, V.V. Oskomov, T.Ch. Sadykov, A.L. Shepetov, L.I. Vildanova
	ON THE PROPERTIES AND APPLICATIONS OF RELATIVISTIC DUFFIN-KEMMER-PETIAU EQUATION I. Boztosun and F. Taskin, N. Burtebayev
	ON THE STRUCTURE OF THE HAMILTONIAN OF QCD STRING M. Dineykhan, D.S. Ashimov, A. Jahanshir, S.K. Sakhyev
	PREDICTION OF CATASTROFE THEORY FOR HEAVY IONS COLLISION AT HIGH ENERGIES Kuchin I.A.
	PRODUCTION OF Pd-103 RADIONUCLIDE AT THE CYCLOTRON A. Arzumanov, V. Berger, N. Gorodiskaya, A. Knyazev, Yu. Popov
	PROMPT GAMMA-RAY NEUTRON ACTIVATION ANALYSIS (PGNAA) SYSTEM BY USING A 740 GBq 241Am-Be NEUTRON SOURCE Cetiner M.A., Yucel H., Demirbas A., Demirel H., Bozkurt A., Turhan S. and Ozmen A.
	RADIAL AND LATITUDINAL GRADIENTS OF GALACTIC PROTONS Ye. K. Kazkenov, A.A. Aitmuhambetov, R.R. Ashirov
	RADIATION ASPECTS ON THE EARTH’S SURFACE DURING SOLAR FLARES Mansurov K.Zh., Aitmuhambetov A.A.
	REACTIONS OF MASSIVE NUCLEI FOR HEAVY AND SUPERHEAVY ELEMENTS G.Fazio , G.Giardina, A.Lamberto, A.I.Muminov, A.K.Nasirov, U.T.Yakhshiev, R.Palamara, R.Ruggeri
	REGENERATION OF ENRICHED 98Mo FROM WASTE 99mTc GENERATORS S. Khujaev, N.A. Mirzaeva,U.T. Ashrapov, L.B. Nushtaeva, M. Berdieva
	SEARCH OF CORRELATION BETWEEN A FLOW LOW ENERGY OF SPACE PARTICLES AND PERTURBATION IN TERRESTRIAL CRUST M.K. Babaev, A.S. Baigubecov, I.S. Martyanov, Kh. Sadykov, N.N. Zastrozhnova
	SEARCH OF THE RESONANCE E55 ^+ + + IN ANTIPROTON-PROTON INTERACTIONS AT THE MOMENTUM 22.4 GeV/c Temiraliev T.
	STATUS OF CYCLOTRON BASED RADIOISOTOPES PRODUCTION IN ALMATY A. Arzumanov, N. Berdinova, A. Borisenko, G. Chumikov, N. Gorodisskaya, A. Knyazev, V. Koptev, Yu. Popov, G. Sychikov, D. Zhetltov
	STUDY OF FINAL STATE RESONANCE IN PHOTODESINTEGRATION REACTIONS Takibayev N.Zh., Lennik S.G., Livetsova A.S.
	THE QUARK BAG FORMFACTOR IN THE MODEL OF INDEPENDENT PARTICLES Rasulov E.A.
	THE HN METHOD FOR SOLVING LINEAR TRANSPORT EQUATION: THEORY AND APPLICATIONS Tezcan C., Kaskas A. and Gulecyuz M. C.
	THE SIMPLE METHOD FOR ADAPT TIME SAMPLING OF THE ANALOG SIGNAL М.K. Babaev, A.S. Baigubecov, Yu.G. Kalinin, I.S. Martyanov, T.Kh. Sadykov N.N. Zastrozhnova
	THE STATIONARY GENERATOR OF THE TECHNETIUM - 99М. U.T. Ashrapov, S. Khujaev
	THE VIBRATIONAL STATES IN THE SKYRME MODEL Abdulvagabova S.K.
	UPGRADE OF THE GIBS SPECTROMETER AT THE NUCLOTRON ACCELERATOR FOR INVESTIGATION OF CHARGE EXCHANGE REACTIONS V.D.Aksinenko, V.P. Kondratiev, L.V. Krasnov, J. Lukstins, V.T. Matyushin, N.N.Nurgoz- hin, V.S.Richvitsky, I.S. Saitov, O.Yu Tyatyushkina
	AUTHOR INDEX



