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Introduction

Acad. V.G. Kadyshevsky noted in his School opening speech that in recent time
medicine attaches increasingly great importance to the use of achievements of physics,
especially nuclear physics. The wide medical use of ionizing and non-ionizing radiation,
radionuclides, gamma sources, electron and proton accelerators, and computer tomographs
has turned medical physics into a strategic weapon of medicine.

Prof. W.Nawrocik, Chairman of the JINR Programme Advisory Committee on
Condensed Matter Physics, a permanent member of the School's Organizing Committee, and
Chair of the Organizing Committee of the Second School (Poznan, Poland), welcomed the
participants of the School. The School's traditional organizers are the JINR University Centre,
Adam Mickiewicz University (Poznan, Poland), the Czech Technical University in Prague,
and Moscow State University (MSU). The School's students came from Belarus, Bulgaria, the
Czech Republic, Poland, Romania, Russia (MSU, MEPI, and Novosibirsk Institute of Nuclear
Physics), Slovakia, and the JINR University Centre. The first two schools were held in 2001
and 2003; they were highly appraised by students and postgraduates; so there was an influx of
applications for attending the Third School. The most numerous delegations came from
Poland, the Czech Republic, and MSU. New to the School were its participants from Bulgaria
and Slovakia. The audience numbered 75 in all; there were 21 lecturers.

The experience of the previous Schools and active work of the Organizing Committee
members (first of all, Prof. G. Beyer) resulted in the notably well-balanced programme of the
Third School. And, of course, the lecture cycle of the School was successful to the most
extent thanks to highly skilled specialists of different countries.

For the School participants' further work at their home institutions, most of the
lectures, with the lecturers' kind permission, have been put up at the School's Internet site,
http://uc.jinr.ru/3SummerSchool/lecture.html .

Following the School tradition, students presented their research at the Student
Sessions. This School had the greatest number of student reports. At the first School (2001),
12 reports were made; at the second (2003), 31; this time, the School audience members made
42 reports within the School subjects. By tradition, the best reports were selected by the
audience themselves. The student reports will be published in the Proceedings of the School.

In the School participants' opinion, its programme was elaborated quite good. They

found most of the lectures absorbing and useful. In their own words, they got a more
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generalized idea of the world and began to understand what, and for whom, is being done in
this area of knowledge. To the organizers of the School, its most important result is its
participants' intention to attend further schools and, which is yet more important, to come to
JINR for practice and performing their diploma and dissertation theses.

In conclusion, the School organizers express their deep gratitude to the
Plenipotentiaries of Belarus, Bulgaria, the Czech Republic, Poland, Romania, and Slovakia at
JINR, who allotted special. grants for the organization of the School. The School was also

supported by a grant from the Russian Foundation for Basic Research.

S.P. Ivanova
T.A. Strizh



Device for the Proton Beam Energy Control for Radiotherapy

A.V. Agapov

Dzhelepov Laboratory of Nuclear Problems, JINR

In our days protons take a special place in radiotherapy.

The proton beams have radical advantages of dose distributions in comparison with
conventional kinds of radiation, such as electron beams and photons. Dose distribution of
protons allows one to reduce radiation dose to healthy tissues and to deliver higher dose to a
tumor.

Unlike the electron-photon radiation, proton beams undergo significantly weaker
scattering as they penetrate in tissues. They have well defined range, linear energy transfers
(LET) of these particles increase with the penetration depth forming the so-called “Bragg
peak” at the end of the range.

But the Bragg peak of monoenergetic is very narrow for irradiation of large targets. To
increase the width of the maximum dose region, a nonmonochromatic beam with a specially
selected spectrum is used, which is equivalent to superposition of several Bragg curves of
different ranges. It can be made with a help of an energy degrader of variable thickness
(DVT) installed on a proton beam up-stream the patient (Fig.1).

Two Plexiglas wedges are the most important components of DVT. Big wedge can
move across the prbton beam axis with the stepper motor and the worm-gear. The total
thickness of material will vary and change the mean energy of the proton beam during the
treatment procedure. A computerized system automatically adjusts the thickness of material
(and the beam energy) such a way that the Bragg peak always coincides with the tumour for
any beam direction of irradiation,

To measure the current position the wedge two sensors are used.

Construction of DVT is the first step in creation of a compact system for proton beam
dynamic irradiation. The dynamic irradiation is conformal irradiation of the targets with the
hardware-software complex including the device for proton beam energy degrader (DVT),
computer control multileaf collimator (MLC) and the specialized software. During irradiation
DVT changes energy of the proton beam step-by-step, at the same time MLC changes

aperture according to the calculation treatment plan. This method is similar to the beam
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scanning technique, but does not use a pencil beam and scanning magnets. Tumor received

dose layer-by-layer.

Fig.1. Energy degrader of variable thickness (DVT): 1-small wedge; 2-big wedge; 3-
rack; 4-platform; 5-reducer; 6-first sensor (linear potentiometer); 7-second sensor (phase
changer); 8- cheek; 9- director; 10-carriage; 11-sockets; 12-stepper motor; 13-microswitch;
14- worm-gear; 15-clamp of a small wedge

To see the influence of DVT to the proton beam characteristics some measurement were
performed. Depth-dose distributions and horizontal profiles of the beam behind the DVT were
measurement with miniature semiconductor detector for different values of DVT thicknesses:
0 mm waters (the device is removed from a working zone); 35 mm waters; 70 mm waters and
105 mm waters. The results are presented in Fig.2. As one can see both parameters are almost

independent of DVT thicknesses.

DVT has been constructed and put into operation in the Medical-Technical Facility for
hadron radiotherapy based on Joint Institute of Nuclear Reaction phasotron (Dubna, Russia).
The constructed device use for the proton beam energy control and measurement of depth-
dose curve in a treatment room and in the further it will be used in a technique of a dynamic

irradiation.
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Tritium: Sources, Levels of Pollution

Julia Aleksiayenak
International Enviromental Sacharov University
Minsk, Republic of Belarus

e-mail: beataa@gmail.com

Tritium is a radioactive element. The radioactive decay product of tritium is a low
energy beta that cannot penetrate the outer dead layer of human skin. Therefore, the main
hazard associated with tritium is internal exposure. In addition, due to the relatively long half
life and short biological half life, tritium must be ingested in large amounts to pose a
significant health risk. In keeping with the philosophy of ALARA, internal exposure should
be kept as low as practical.

The main tritium sources are:

¢ Cosmic rays

¢ Nuclear testing

e Reactors

* Fuel reprocessing plants

Tritium, as a form of Hydrogen, is found naturally in air and water. In nature, it is

produced by cosmic rays in two source terms:

BN 41> 31 + 120
and
H+?H-->*H+'H

Cosmic rays interact with nitrogen (*N).or with deuterium (*H) and form tritium and
carbon ('2C). These are primarily interactions that happen in the upper atmosphere and the
tritium falls to earth as rain. The unit curie is a measure of an amount of radioactivity. A curie
(Ci) is the amount of a radioactive substance that has 3.7 x 10" decays per second. The world
wide production of tritium from natural sources is 4 x 10° curies per year with a steady state
inventory of about 70 x 10° curies. Human-made tritium is generated by bombarding

hydrogen with neutrons in a nuclear reactor or an accelerator
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Tritium distribution in theenvironment
e Stratosphere 6.8%

* Troposphere 0.4%

¢ Biosphere 27.8%

¢ Ocean 65%

All atoms are composed of a center nucleus surrounded by shells of electrons. The tritium
atom (°H) is unstable because it has two extra neutrons in its nucleus. These neutrons give
tritium an excess amount of energy. Because of this, the atom will undergo a nuclear
transformation or radioactive decay. In this, the atom emits two radiations: a beta particle

(B °), which is similar to an electron, and an anti-neutrino.

3H --> 3He + B + anti-neutrino

This reduces the energy in the nucleus and the atom, now a helium atom (3He), is left
more stable. The anti-neutrino is of no biological significance because it does not interact with

matter.

The beta is non-penetrating with a maximum energy of 18.6 keV and an average of
5.7 keV. This is a low energy beta compared to most radioactive beta emitters and it can be
easily shielded. The outer layer of dead skin is enough to stop all of the beta external of the

body. Only if tritium is taken into the body can it produce a significant dose.

Tritium has a single electron the same as the more abundant forms of hydrogen. This
causes tritium to react chemically to form compounds in the same manner as hydrogen. The
two primary forms that personnel will likely to be exposed to are HT (which is similar to
hydrogen gas) or HTO (tritiated or heavy water). Of these two forms, the HTO is the only
form that is a significant exposure hazard. HT gas is inhaled and exhaled with only of 0.005%
of the activity being deposited in the lungs. The uptake of HTO vapor is near 100% for
inhalation and ingestion. Tritium can also enter the body by absorption through the skin or
open wounds. Skin contact should always be minimized to prevent absorption. Tritium will
also be absorbed into materials suchas gloves, clothing and metal. If not properly controlled,
these contaminated materials can present an additional exposure source by releasing tritium

when in contact with skin.
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HTO is in the form of water, so one to two hours after an uptake, it will be evenly
distributed through out the body's fluids. The amount of time it takes for half of the activity to
be physically removed form the body is the biological half life. The biological half life of
tritium varies significantly because of variations in bodily excretion rates, temperature
dependence and fluid intake. Biological half-life of tritium is about 9.4 days, often rounded to
10 days. This can be shortened to 2-3 days (Fig 1) with ten fold increase of liquid intake

(2 liters to 20 liters), or in serve cases to 4-8 hours by using dialysis machines.

Trtlum actlvity
100 5
9 \
80 4 ~—— 10 day biclogical halflife
——J day biological halfife
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£ \
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204 .
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Time {days)

Fig. 1. The percent of tritium left in a human based on removal half-life of 10 day (average

for humans) and 3 days (based on increased water intake)

Methods of reduction of tritium in the body must be weighed against the potential
harm that the tritium will cause. Any treatment should be based on known levels of uptake

and made in consultation with medical personnel.
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Ne City Country C [T}, Bg/l
1 Minsk Belarus 41

2 Minsk Belarus 46.6
3 Minsk Belarus 40.2
4 Kiev Ukraine 39.3
5 Obuhov Ukraine 39.7
6 Carpatian Mountains Ukraine 38.2
7 Tiraspol Moldova 39.9
8 Yerevan Armenia 385
9 Baku Azerbaijan 39.2
10 Izen (r. Kura) Azerbaijan 41.7
11 Vulcano source Azerbaijan 39.7
12 Tashkent Uzbekistan 40.4
13 Tashkent Uzbekistan 44.7
14 Dushanbe Tadjikistan 41.4
15 Alma-Ata Kazahstan 373

In the previous table are shown the results.of the research of tritium concentration in
the rain water. This results are lower then established levels in 17 times, but in 10 times
exceeded natural concentration before nuclear testing. In our republic main contribution of
tritium in the environment made nuclear testing, because in our country there’s no reactors

and reprocessing plants.
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Applications of Exogenous Sensitizers in Photodiagnosis,
Photodynamic Therélpy, Radiation Therapy, and Boron Neutron
Capture Therapy — Short Survey

Ekaterina Borisova, Latchezar Avramov
Institute of Electronics, Bulgarian Academy of Sciences
72, Tsarigradsko Chaussee Blvd.,, 1784 Sofia, Bulgaria

e-mail: borisova@ie.bas.bg

Cancer is the second most common cause of death. An ideal therapy for cancer would
be one whereby all tumor cells were selectively destroyed without damaging normal tissues.
Most of the cancer cells should be destroyed, either by the treatment itself or with the help
from the body's immune system; otherwise the danger exists that the tumor may re-establish
itself. Although today's standard treatments - surgery, radiation therapy and chemotherapy -
have successfully cured many kinds of cancers, there are still many treatment failures. The
promise of new experimental cancer therapies with some indication of their potential efficacy
has led many scientists from around the world to work on approaches called photodynamic
therapy (PDT) and boron neutron capture therapy (BNCT). PDT and BNCT are binary
modalities for cancer treatment involving activation of tumor cell-localized sensitizers with
light or low-energy neutrons. Both therapies allow local control with minimal side-effects
common in other cancer treatments.

Exogenous sensitizers as porphyrins and porphyrin-like macrocycles have been shown
to selectively localize in a wide variety of neoplastic tissues, and this property provides the
basis for their use in the photodynamic therapy of tumors. PDT relies on the selective uptake
of a photosensitizer in tumor tissues, followed by generation of singlet oxygen and other
cytotoxic species upon irradiation with red light [1, 2], see figure 1.

In addition to necrosis (as the result of oxidative damage) it has been recently shown
that some porphyrins also induce apoptosis (programmed cell death). Active research in the
area of development of highly efficient PDT photosensitizers is currently underway. The
promising new PDT photosensitizers in human clinical trials are porphyrin-based compounds
with enhanced absorptions in the red region, as well as chlorins, benzoporphyrins, and

phthalocyanines [2].
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Fig. 1. Jablonsky diagram [2]

Another therapeutic modality for cancer treatment, the Boron Neutron Capture
Therapy (BNCT) is based on the '®B(n,"He)’Li nuclear reaction which occurs when a '°B
nucleus captures a reactor-generated low-energy neutron to produce cytotoxic high linear
energy transfer particles (*He**, "Li**) [3], see figure 2. Due to their tendency to selectively
accumulate in neoplastic tissue, the family of exogenous sensitizers are attractive boron
carriers for BNCT [1]. There are a number of nuclides that have a high propensity for
absorbing low energy or thermal neutrons. Of the various nuclides that have high neutron
capture cross-sections, '°B is the most attractive for the following reasons: 1) it is non
radioactive and readily available, comprising approximately 20% of naturally occurring
boron; 2) the particles. emitted by the capture reaction 1°B(n, alpha)’ Li are largely high
"Linear Energy Transfer", dE/dx, (LET); 3) their combined path lengths are approximately
one cell diameter; i.e., about 12 microns, theoretically limiting the radiation effect to those
tumor cells that have taken up a sufficient amount of '°B, and simultaneously sparing normal
cells; and 4) the well understood chemistry of boron allows it to be readily incorporated into a
multitude of different chemical structures [3, 4].

A major advantage of a binary system is that each component can be manipulated
independently of the other. With BNCT one can adjust the interval between administration of
the capture agent and neutron irradiation to an optimum time when there is the highest

differential '°B concentrations between normal tissues and the tumor. Furthermore, the
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neutron beam itself can be collimated so that the field of irradiation is circumscribed and
normal tissues with high "B concentration can be excluded from the treatment volumes.
Protection of normal tissues near and within the treatment' volume is achieved by selective

targeting of '°B to the tumor [4].

Incident Thermal
epithermal .
neutrons

O O—

o
E=1,47 MeV @8 E048 MeV

Air | Tissue

Fig. 2. Schematic view of 1°B(n,4He)7Li nuclear reaction in human tissues

Porphyrins and their diamagnetic metal complexes are highly fluorescent thus
providing a means for the photodetection of tumor cells by their fluorescence, and could be
used for an effective treatment planning. Furthermore, tumor-selective paramagnetic metal
complexes of porphyrins are used as effective contrast agents for MRI. Radiolabeled
derivatives of porphyrins with *H, "*C, and 125 are useful radiodiagnostic agents. Porphyrin
complexes bearing radioisotopic metals have also been shown to retain their in vitro and in
vivo localization properties in tumor cells and to be highly promising radiopharmaceuticals
for tumor detection and antibody labelling [1]. Other non-cancerous therapeitic applications
of porphyrins include treatment of atherosclerosis, vascular re-stenosis, age-related macular
regeneration, theumatoid arthritis and blood sterilization.

New photosensitizers for application in both BNCT and PDT are object of many
investigations. The correlation of the chemical structure and biological activity of these
compounds is studied. Their accumulation in tumor cells is studied by the fluorescence uptake
in order to establish parameters for the successful design of effective sensitizers for cancer

treatment.
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Influence of Temperature on Radiation-Induced Micronuclei in

Human Peripheral Blood Lymphocytes

Kinga Brzozowska' and Andrzej Wojcik'?

!Institute of Nuclear Chemistry and Technology, Department of Radiation Biology and Health

Protection, Warszawa,
“Swietokrzyska Academy, Institute of Biology, Department of Radiobiology and Immunology,
Kielce, Poland

Abstract

The level of cytogenetic damage induced by ionizing radiation under in vitro conditions in human
peripheral blood lymphocytes is analyzed for the purpose of establishing calibratioﬁ curves used in
biological dosimetry and for assessing the intrinsic radiosensitivity of the blood donor. The irradiation
of blood should be performed under strictly controlled physical conditions that allow a high
reproducibility of the dose. A factor that is often not regarded is the control of blood temperature
during exposure. Available data on the influence of blood temperature on the level of cytogenetic
damage is scarce and somewhat contrdictory. We have, therefore, performed experiments to analyze
the impact of blood temperature on the level of radiation-induced micronuclei. Blood was exposed to
different doses of X-rays (200 kVp, 5 mA, 3mm Cu filter) at 0, 20 and 37°C. Thereafter a standard

micronucleus test was performed and micronuclei were analyzed optically on microscopic slides.

Introduction

Ionizing radiation damages all biomolecules but the most radiation-sensitive biomolecule
in living tissue is DNA. DNA-damage takes place during interphase of mitosis. Fragments of
damaged chromosomes form micronuclei in cells, which passed the mitosis.

Micronuclei are small, round-shaped structures that stain like the cell nucleus and contain
fragments of chromosomes or whole chromosomes. They are formed during mitosis as

consequence of radiation exposure of cells.
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How are micronuclei formed?

irradiation Spindle apparato

~

"
v

[0 'nucleu\s Acentric fragments l

micronucleus

Fig.1. Forming micronuclei in daughter cell after irradiation of mother cell

Chromosome damaged may be so serious that irradiated cells die after the second, third or
next mitosis. For this reason we analyze only those cells, which have completed the first
division. Cells possess two independent mechanisms of nucleus division and cytoplasm
division. By adding cytochalasin B to the lymphocytes culture, we inhibit the cytoplasm

division. In consequence binucleated cells (BNC) are formed.

Fig.2. Binucleated cells with one and two micronuclei (Mn)
The level of radiation damaged is most often expressed through dose-effect curves. The

curves can express the relationships between the dose and the number of micronuclei per

1000 binucleated cells. The frequency of micronuclei increases with dose (Fig.3).
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Mn per 1000 BNC

Dose (Gy)

Fig.3. The dose-response curves for micronuclei in binucleated cells in lymphocytes of 7

donors. The line represents the mean (Wdjcik et.al.,2000)

Not only the dose of radiation can modify the frequency of MN. We were interested in the
influence of temperature on the radiation-induced level of micronuclei.

The impact of temperature on the frequency of radiation-induced chromosome aberrations
in the human lymphocytes was first described by Bajerska and Liniecki (1969). We have
performed experiments to analyze the impact of blood temperature at irradiation in vitro on

the level of radiation-induced micronuclei.

Materials and methods
Blood samples were drawn from two healthy male donors aged 24 and 45 years and
irradiated at 0°C, 20°C, 37°C with X-rays 200 kVp, 5 mA, 3mm Cu filter. The doses were:
- 0, 1 and 2 Gy for the first donor,
- 0, 1.35 and 2.7 Gy for the second donor.
Immediately before (for 20 minutes) and during irradiation blood samples were incubated
at 0°C, 20°C or 37°C. After irradiation blood samples (0.5 ml) were transferred into 4.5 ml
RPMI 1640 medium supplemented with 25 % calf serum, 2.5% PHA, anibiotic solution and
incubated for 72 hours at 37°C, 5% CO;.
Cytochalasin B was added to samples with 5.6 pg/ml after 44 hours after start of the

cultures.
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After incubation with cytochalasin B duplicated cells (after first mitosis) were harvested by
applying 0.14 M KClI, methanol: 0.9% NaCl: acetic acid (12:13:3) and methanol:acetic acid
(4:1). Then lymphocytes were dropped onto clean, dry slides and stained with Giemsa. On
each slide 500 or 1000 binucleated cells (BNC) were count.

Results
1) For first donor
*The difference significat with

400 p<0.05 (Fisher test for Poisson
o 380 I distribution events)
Z 300
g %0 20°C
"2 200 0°c
§ 150
z 100
= 50

0

0 1 2
dose [Gy]

Fig.4. The dose-response curves for micronuclei in binucleated cells in lymphocytes of first
donor

2) For second donor

*The difference significat with
3r’c p<0.05 (Fisher test for Poisson
distribution events)

H

20°C
OQC

MN per 1000 BNC

Dose [Gy] 35 27

Fig.5. The dose-response curves for micronuclei in binucleated cells in lymphocyte§ of

second donor
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Conclusion

Temperature influence on the frequency of radiation-induced micronuclei in human

peripheral blood lymphocytes. The highest frequency of micronuclei is observed for samples

incubated in 37°C before and during irradiation in vitro with doses of 2Gy and 2.7Gy. At this

stage of our research we can not explain which mechanisms are responsible for this situation.

(1]

(2]
(3]

(4]

(5]

16}

Future plans

In the nearest future we would like:

to irradiate isolated lymphocytes in the presence of radical scavengers like acetone or
DMSO,
to analyze chromosomal aberration after irradiation in different temperatures,

to analyze DNA repair using Comet Assay.
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Abstract

A system for the on-line control of the proton beam profiles and range has been designed and
constructed to guarantee the quality assurance of radiotherapy carried out in a Medico-Technical
Complex of the Joint Institute for Nuclear Research.

To measure horizontal and vertical profiles of the beam in the treatment room a multi-wire
ionisation chamber has been designed and constructed. The chamber consists of two anode and three
cathode planes. Each anode plane contains 30 wires 0.1 mm in diameter separated by 3 mm.

To control the range of the beam 4 semiconductor diodes 2D212A for radio engineering
application were used. The system is installed up-stream a first collimator at a peripheral part of the
beam, so it does not disturb the useful part of the beam.

Output signals from the ionisation chamber and the diodes are processed by a specially
constructed electronics connected to a personal computer. It utilizes 64-inputs 16-bits charge
integrators ("TERAb" chip). ‘

One-year experience of the system operation in the proton therapy treatment sessions showed
its high reliability and sensibility to the proton beam parameters. The accuracy of controlling the

symmetry of the beam profiles is 2-% and the range deviations - 0.2 mm of water.

AHHOTaunﬁ

Jns ofecnedenns rapaHTHH KauecTBa NPOTOHHOM y4eBOi Tepanku, nposoaumoi B Meamko-
TexHHueckoM Komruiekce OOBEAHHEHHOr0 HHCTUTYTA SAEPHBIX HCClIel0BaHHlA, Oblna paspaboTana u
CO37aHa CHCTEMa KOHTPO/IA mpoduie :n ﬁpoﬁera MPOTOHHOrO [My4Ka, pafoTaiomwas B peaibHOM
maclTaGe BpeMeHH. ‘

Jina u3sMepeHHs ropUsOHTATLHOTO H BEpTHKABHOTO MpodHel Myuka B MpoLeAypHOii kabuHe
Gbuta pa3pafoTaHa M H3rOTOBNEHa MHOrONPOBONOYHAA HOHM3aLMOHHas kamepa. Kamepa BxnmouaeT
JIBa QHOJHBIX H TPH KaTOAHBIX dnekTpoda. Kaxaslit aHomHbIH 31€KTpoa cOCTOHT H3 30 nmpoBonouek

auametpom 0,1 MM HaTAHYTHIX C IIAroM 3 MM.
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Ins koHtpons npobera mydka 3aaeicTBoBaHbl 4 NpPOMBILLIEHHBIX gHoja THma 2J[212A,
NPEHA3HAYEHHBIX VIS MCMO/B30BAHUA B PAjIMOTEXHHKE. CHucreMa ycTaHOBNEHa mepef MEPBBIM
KOJIIUMATOPOM B nepudepHuecKoii 30He MyyKa H He BHOCHT HCKaKEHHS B €r0 HCIIO/Ib3YeMYIO YacTh.

BoixogHBle CHTHATBI ¢ KaMepbl M JHOAOB OLUMQPOBHIBAIOTCA CNELHATLHO pa3paGoTaHHBIM
OroKoM, CBA3aHHBIM C MEPCOHATBHBIM KOMMBIOTEPOM. B Gnoke HCHONB30BaH Tak Ha3blBaeMBIH
"TERA"-uun, npeacraensoimuii coboit 64-kaHaneHell 16-6HTHEI npeobpa3oeartens "Tok-yacTtoTa”.

CucreMa B TeuyeHHe roja nmnpopalotana B ceaHCaX MpPOTOHHOH TepanHH H
NPOJEMOHCTPHPOBATA CBOKO HANEXKHOCTh H UYBCTBHTENBHOCTb K MAapaMeTpaM MpPOTOHHOIO IyuKa.
TouHocTs ompeneneHUs acMMMeTpHH mpodwid myuka cocTaenseT 2 %, a U3MeHeHHs mpobera —

0,2 MM BOABI.

BBenenne

ITy4kH YCKOpEHHBIX MPOTOHOB B JIy4eBOH TepamHH MO3BONAIOT HOPMHPOBATH HO3HEIE
HOJIsT CYIECTBEHHO Goliee KOH(OpPMHbIE 0OONyuaeMoll MHIIEHH, YeM 3TO BO3MOXXHO MpPH
HCIIOJNB30BAHMH KOHBEHIHOHANBHOTO H3Iy4YeHHA (raMMa KBaHTOB, 3JEKTPOHOB). JTO
0OBACHAETCS OTHOCHTEJIHHO MalbiM GOKOBBIM paccessHHEM IIPOTOHHOIO Iy4Ka, a TaKKe
HaJIHUMEM B KOHIIE mpobera YacTHIl MaKCHMyMa HOHH3allHH - iika Bparra, 3a KoTopsM 1032
Pe3KO CIajiaeT MPaKTHIECKH JI0 HyIIs.

[IpoTOHHEIE MPOCTPAHCTBEHHEIE JIO3HBIE MOJNS XapaKTEPH3YIOTCS PE3KHM TPagHEHTOM
O Kpalo o — yMeHbinenue 10361 ¢ 80% no 20% npoucXonuT Ha pacCTOSHUH HECKOJIBKHX
MHJUTAMETPOB, YTO MO3BONAECT YMEHBIUIHTH JY4YEBYIO Harpy3Ky Ha OKpYKalollHe MHILIEHb
370pOBHlE TKAHM M IIOBEICHTH BENUYHHY IOITIOIEHHON 103bl B DPagHOPE3HCTEHTHBIX
OMyXOJIIX.

S1H npeuMyILecTBa NPOTOHHOI JTydeBoi Tepanuy (I1JIT) no3ponsioT Bpady-panuosiory
C TOMONBIO KOMIIBIOTEPHOH IpOrpaMMBI IUIaHHPOBAHHA MOJENHPOBaTh oOIydYeHHe
MHIIEHEH, HENOCPECTBEHHO MpHIEraloliiX K pPaJHO4YyBCTBHTENBHBIM CTPYKTYpaM H
OpraHaM TeJja NaldeHTa (CTBOJ MO3ra, 3pHTEIbHBIEC HEPBEI U IP.)

JIns mpelu3HOHHOTO BOCIPOM3BENECHHS PacCUMTAHHBIX NO3HBIX IONEH B ceaHcax
MPOTOHHO# JIy4YeBoii Tepamy Heo6X0aHMO, YTOGHI peanbHbIe apaMeTPhl MPOTOHHOTO MyYKa
IpH 06Iy4EHHH TIOTHOCTHIO COOTBETCTBOBANIH 3aJI0KEHHBIM B IIPOrpaMMy InaHHpoBaHuA. K
TAKHM NIApaMeTpaM, B YaCTHOCTH, OTHOCSATCS: TOPH3OHTAIBHBIA M BEpPTHKANGHBIA NPodHIH
Iyuka, ero rIyOHHHOE NO3HOE pachpeieleHue (KpuBas Bparra), BenHYWHA NOTJIONICHHOM

JI03BI ¢ KQXKIOr0 MOoJIst 06nyqemm.
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Henplo HacTosmel paGoTh SBHMHUCH pa3paboTka H Co3haHHe KOMIBIOTEPU3HPOBAHHON

CHCTEMBI KOHTPOJIA NapaMETPOB IIPOTOHHOIO Ny4Ka HENMOCPEACTBEHHO IIpH ITPOBCACHHH IIT.

nanueHToB B Meauko-TexHuueckom koMmekce (MTK) ST OUSIH. CucreMa BKIIoYaeT

CIICII}’IOIiIHC OCHOBHBIC 3JICMCHTHI!

[HHpoKoanepTypHas MPOXOJHas HOHH3ALHOHHAS KaMepa - MOHHTOD HHTCHCHBHOCTH
Hy4Ka;

[TpodunoMerp - ycTaHOBJICHHAsA Ha BXOZie NPOTOHHOTO My4Ka B MPOUEAYPHYIO KaGHHY
MHOTONPOBOJIOYHAs HOHM3AI[MOHHAs KaMepa, MNpeJHa3HAyeHHas Mud KOHTPOJA
TOPH3OHTAIHFHOTO H BePTHKATHHOIO NpoduieH myyka;

CucreMa MONYNPOBOAHHMKOBBIX JAHOMOB, HCHONB3YEMBIX B KAadeCTBE JETEKTOPOB
HOHHM3AUMOHHBIX TIOTEPh IIyYKa IPH TPOXOXKJAEHHH €ro 4Yepes BEIECTBO H
HO3BOJIAIONIMX KOHTPOJINPOBATh NMpober Imyuka;

MroroxananbHbiii 610K npeobpasoBartenet "Tok-yacToTa" AN M3MEPEHHS BBIXOAHBIX
CHTHAIOB PO HIIOMETPa H AUOMOB;

Nrrepdeiic KAMAK 118 nepemadyn OaHHBIX C  H3MEPUTENBHBIX HpHOOPOB B
HepCOHATBHBINA KOMIIBIOTED;

KommnbioTepHas nporpaMMa 06paGOTKH H BH3yaIH3alUA NOJIy4aeMBIX JaHHBIX;

CucTeMa KOHTPOJII OTITYCKa J03b1 IPH 06IyYCHNH alUeHTOB.
1. KoncTpykuns MHOrONpOB0/I0MHOI HOHH3ALMOHHOH KaMepbl

YerpoiicTBO MHOTOIPOBOJIOYHOrO npoduinoMerpa - HOHH3anMoHHOH kamepsl (MK)

l'IpCL[CTaBJ'ICHO Ha pHc. 1. Ona cOCTOMT u3 TPEX BBICOKOBOJIBTHBIX, ABYX CHIHAJIBHBIX

(aHoAHEIX) M JBYX 3alIUTHBIX BJEKTPOZOB, Pa3JENCHHBIX IUIICKTPUYECKUMH paMKaMH-

NMpOKNagKaMH TOJILIMHOM 110 5 MM. BBICOKOBOJIETHEIC M 3alI[HTHEIC OQJIEKTPOABI BBITIOJIHEHEI H3

anroMuHueBol Gonbru TomumHoH 17 MKM U 50 MKM COOTBETCTBEHHO. AHOAHBIN 3JIEKTPOJ

IpeAcTaBIseT cofoil paMKy, H3TOTOBNEHHYIO H3 (ONLTHPOBAHHOrO CTEKIOTEKCTONHTA, Ha

KOTOpYIO HaTAHYTH U pacmasHbl 30 mposonouek u3 OepHimeBoi GpoHssl guamerpoM 100

MKM ¢ maroM 3 MM. [IpoBOJIOYKH JABYX 37MEKTpOAOB OPHEHTHPOBAHHBI OPTOTOHAIBHO APYT

IpYTy, 4TO TO3BOJSIET HE3aBUCHMO M3MEPATh FOPH3OHTAIBHBIM W BepTHKANBHBIA HpOQHIIH

IIPOTOHHOr0 myyka. CHrHaNbHblE MPOBOJIOYKH COEAMHSIOTCS ¢ KOHTaKTaMH ABYX 32

].HTBIpBKOBBIX BBIXOJOHBIX pa3kEMOB, YCTAHOBJIEHHBIX Ha Kopryce KaMephl.
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3amTHBINA
anexTpon

3awntHein
INEKTPOA
N

\,

Buixogbl kaMepn:
30 eepTUKanbHKLIX (X) ¥
30 ropuaoHTanbHbIX (Y)
KaHanoe

CurHanbHbie anexkTpoab!

Puc. 1. YcTpoiicTBO MHOTOIIPOBONOYHOI HOHH3aIHOHHOH KaMepBI

1 — HopManbHas KpuBast; 2 — CMELIEHHAS KpUBas

Ha BEICOKOBOJNBTHBIE 3JICKTPOJAB! OT BHEIHEr0 CTaOHIH3HPOBAHHOIO MCTOYHHKA
IMTAHUA TOfAaeTCd IOCTOSHHOE OTpHuatensHOoe HampsixkeHHe 1000 B, o6ecmeunBaromee
JMHEHHBIA peXxuM paboThl KaMeph! B paboyeM Auana3oHe HHTEHCHBHOCTH IIPOTOHHOTO MyYKa
TIpH He3HAYMTEIEHOM YPOBHE TOKOB YT€UKH Ha CHTHATIBHEIE IIPOBONIOYKH.

Koncrpykrusa HOHM3aUMOHHOM KaMepbl - MOHHTOpPAa MHTCHCHBHOCTH Iydka -

aHaJIOTH4YHa KOHCTPYKIMH l'IpO(I)HHOMeTpa 3a TEM HCKIIOYCHHEM, YTO aHoAHas IUIOCKOCTB

BBINIOJTHCHA TaK K€, KaK KaToaHasl.

2. Konrpoas npofera my4xa ¢ NOMOIIBIO NOJYNPOBOAHHKOBLIX {HO0B

OCHOBHBIM [IPEUMYIIECTBOM IIPOTOHOB M APYIHX TOKENBIX 3apAKEHHBIX YACTHII Iepe]
JPYTHMH BUAMM H3JIYHYeHHUs OPHMEHHMTENBHO K JIYdeBOH TepaluH SBNSeTCA YBEIHYCHHE HX
HOHH3HpYIOIe# CcrocoGHOCTH [0 Mepe NMPOHHKHOBEHHA B BemecTBO. KpHBas riyGUHHOTO
IO3HOTO pacmpeneneHus IS 9THX YacTHII HMeeT XapaKTePHEIH MakCUMyM B KOHLe mpobera

(nux Bparra), 3a KOTOPBIM /032 PE3KO CranaeT A0 Hynd. BelHyHHA SHeprHH, BBIAEIAEMOM
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IPOTOHAMH B IIHKE, MOXET B HECKOJBKO Pa3 NpPEBBHIIATh 3TY K€ BEJIMYMHY Ha BXOJE B
00BeKT. DTO N03BOJIET NOABECTH HEOOXOMUMYIO 103y K 06J1yuyaeMokit MHIIEHH, MAKCHMABHO
CHM3HMB JIy4€BYIO HArpy3Ky Ha TKaHH M OpraHbl, PacloJIOKCHHbIE HA NyTH Iy4ka, H
NPaKTHYIECKH He 06ytIas 001acTh 3a OIMYXOJIEIO.

Tax kak cmam 03el OT MakCHMaIBHOIO JO HYNEBOTO 3HA4eHHs 3a IHKOM bparra
NPOHCXOJHMT BCETO HA HECKOJBKMX MHJUIMMETpaX BOJBL, TO HaXe IPH HE3HAYMTEIHLHOM
M3MEHEHHH IIIyOHHB! IPOHMKHOBEHHS IIyYKa B TKAHb NPOCTPAHCTBEHHOE PACHpENCIIEHHE
J0361 OTHOCHTENBHO PacCUHTaHHOIO HPOrpaMMOii INIAaHHUPOBAHHA MOXET CHIIbHO HCKA3HTECH.
Ot0, B CBOIO OYepeib, MOXKET IPHBECTH K HEJOOONyIEHHIO ONYXOJH MK K nepeoBIIydeHHIo
KPHTHYECKHX CTPYKTYD, HEMOCPEACTBEHHO NMPHIETAOMHNX K 06jlydaemoil Mumenu. TTosromy
[0 pajHOJOTHYECKHM TpeGOBaHMAM OTKIOHEHHE INIyOMHEI NPOHHKHOBEHHsA My4YKa OT
TpeOyeMoro 3Ha4YeHUs He JOJDKHO MPEBHIIATE 1 MM.

VYcnopus ¢opMHPOBaHHA H TPAHCHIOPTHPOBKH IPOTOHHOrO myd4ka ot ¢aszotpona JJISIII
OWSIU x mpoueiypHbiM kabunaM MTK TakoBbl, 4TO CpefiHsAs 3HEPIHA YACTHL B IYUKE B
MecTe OONydeHHs NAlUEHTOB MOXET BApPbHPOBATECS B TOBOJEHO IIMPOKHX IpeneNiax B
TeYeHHe ceaHca Tepanui. JTo o0ycnoBleHo, B IEPBYIO OYepe/ib, HATHYHEM PasIHYHOrO poja
HecTaOHIBHOCTEH MArHMTHOIO NOJ B NOBOPOTHHIX MAarHHTaX TpaKTa TPaHCIOPTHPOBKH
nyuxa. [IoaToMy HEOGXOAMMO KOHTPOIHPOBATH MPO6er NPOTOHHOrO MyYKa HEMOCPEICTBEHHO
BO BpeMs 00Iy4eHUS NalHEHTOB.

B paspaboTanHOH cHcTeMe 171 H3MEPEHUSA OTHOCHTENBHBIX 3HAYCHNH HOHH3ALHOHHEIX
HOTEpPb INPOTOHOB HCIOJNB30BAHBl NPOMBIIUIEHHEIE paJHOTeXHHYecKue auonsl 2J1212A.
HUyBCTBHTENbHBIH 00BEM AHONOB NMPEACTABNSET COOOH MUCK AUAMETPOM 3 MM M TOJILUHMHOH
oko1o 0,2 MM, YTO IO3BOJISET KOHTPOJMPOBATE NOJIOXEHHE TMKA Bparra MpOTOHHOTO mydKa
C XOpOIIMM paspelleHHEM IO [NyGMHE NPOHHKHOBEHHS B BelecTBe, KpoMe Toro, OHH
SBJISIIOTCA JOCTATOYMHO PaJHAllHOHHO-CTOMKMMH M MOTYT HCIIONB30BaThCs Oe3 3aMeHH B
TedeHHe HECKONBKHUX JIeT paboThl B c€aHCaX NMPOTOHHOH TeparuH.

Kak mpaBuio, npu NpoBeleHHH ceaHca TEpPalHH B NPOLENYPHYIO KaGHHY BEIBOAHTCS
HY40K TOJNBKO ¢ ool ¢ukcupopaHHoii sHeprucit. Ilepen HaganoM ceaHca mpober mydxa
M3MEPSETCH  AHAIM3AaTOPOM Iy4Ka C [OMOLUBIO MHHHATIOPHOIO J03UMETPHIECKOrO
KPEMHHEBOTO JIETEKTOpA, II€PEMEIIacMOT0 B BOJHOM (aHTOMe 1OZX ' yIpaBJIeHHEM
KoMmmbioTepa. [loclie 3TOTO ycTaHOBIEHHOE 3HAUeHHE Npobera HyXKHO KOHTPOJIHUPOBATH HA

MNPOTAXXCHHUH BCEI'O C€aHCa TEpaInH. U3 aroro CJIEAYCT, 9TO K CHCTEMC KOHTPOJIA np06era HC
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npenbsBiIseTcs TpeOOBaHMs M3MEpEHHs abCONIOTHOTO 3HaueHMs mpobera myuka,

HEOOXO0UMO JIHIIE HU3MEPATH €0 CMEILICHHE.

dE/dx

e.ny6uua BPOHUKHOBEHUA

Puc. 2. Buzn kpuesix bparra u BeIGHpaeMoe Ha HEX PaclonoXeHHe TOYeK KOHTPOJIA

B0 npoBeieHO KOMIBIOTEPHOE MOJETHPOBAHHE € LENBIO ONPeAeicHUS KONHYECTBA
IHOJ0B, HEOOXOJUMOTO [T H3MEPEHHs mpobera Myyka ¢ 3aJaHHoH TouHocTh0. OKasaiocs,
YTO s NOCTABIEHHON 3aJaud JOCTAaTOYHO HCIOJB30BaTh BCero 4 OHoma, €CIH 2 H3 HHX
YCTaHOBHTH Ha IOJbeMe NHKa bparTa, a 2 1pyrux — Ha ero cnaje (puc.2). B atoM cayusae npu
He oueHb GOJBLUIMX OTKJIOHEHHAX Npobera oT HOMHHAJIbHOTO 3HaudeHUA (Jo 10 MM Bomel)
MOKA3aHMA JUOAOB XOPOILUO ANIPOKCHMHPYIOTCS rHNepOoIoH, B CMeLIeHHE npobera MoXeT
OBITh BEIYACIEHO ¢ HEOOXOAHUMOH TOYHOCTBIO.

I[IpoBeaeHHEIe H3MEPEHHs KpHBoit Bparra ¢ nomompio aunoda 2J/I1212A mokasamy, uTo
H3MEHEHHE CpeAHedl »HEepruM Iy4Ka, IpH KOTOpoM mpober cMemaercs Ha 1 MM BOJH,
HPHBOJNT K H3MEHEHHIO CHIHANA JHofa (B 06IacTH NHKa Ha €ro IpaJMEeHTax) B CPEIHEM Ha
5%, YTO CYIIECTBEHHO NPEBBINAET CTATHCTHYECKYIO H alllapaTypHYIO TOYHOCTh Hsmepennﬁ
(oxoio 2 %).

AnnapaTHas pealn3auMs dTOH MiEH NPEACTaBicHa Ha PHC.3. 3aMeTHTENb U JUOMHI
YCTaHOBJEHE HHXKE amnepTypbl KOJUIHMATOpa, PacHOJOXEHHOTO Ha BXOAE IHydka B
npoleaypHyio kabuny. TaxuM o6pa3oM, B MOJE3HYIO 4YacTk MyYKa, HPOXOAAINYIO CKBO3b
anepTypy KOJUIMMAaTopa H HCIOIb3yeMyIo i O6IydeHHs NallHEHTOB, HE BHOCHTCS HHKAKHMX
JOMOJTHATENHBIX HCKAXKECHHH,

B kauecTBe MaTepHana 3aMeTHTEN ObUT BEIOpaH AIOpaTOMHUHHIA, HO BO3MOKHO TAKXe
HCTIONB30OBAHME M JPYTHX MATepHANOB, HalpHMeEp, CTalH, T. K. M3MepeHHs npobera mydka

SBJIAIOTCA OTHOCHTENBHBIMH. OH COCTOHT H3 3-X CKPEIUICMBIX BMECTE Jetanei. IIeTa.m; 1
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IpefHa3HaueHa IS yuéta pasHOCTel TONMIHH JOMONHUTENEHOTO 3aMELIHTENT LI KaXI0TO
H3 JHOJIOB, a TAKXe U1 KPEIIEHHs Bce KOHCTPYKIMMH H THOOB K KOJUTHMATOPY.

Bropas wacte 3amennurens, JerkochEMHas, NMpeAHAa3HAYCHa JUI1 OCHOBHOTO TaMICHHUS
SHEPIUH npOTOHOB. IIpu BBIBoJE B mpolieAypHYyIO KaOuWHY Iyuka C Apyroit sHeprueil srta
JeTalh MOXET ObITh JIETKO 3aMcHEHa Ha JPYTylo JeTals HyXHOH Tommmusl. [letanp 3
IpenHa3HayeHa U1 OKOH4ATeNbHOro mnoadopa CyMMapHOH TOMINIHHEI 3aMeIHTENs C

HIOMOIIBIO NIOPAFOMUHHEBBIX IDIACTHH TONMIMHOM 1Mo 1 MM.

Konnumarop
{(HVDEHAA YacTb)

fonanHKTensluM \
JaMeanuTeND (Aopanb) . Anoab: 2a212a

Puc. 3. PacnionoxeHne 1HOA0B H AOMOJNIHUTENBHOTO 3aMEITUTEINS OTHOCUTENBEHO

TIIEPBOT0 KOJUTUMaTopa U IIPOTOHHOIO ITydKa

3. JnexTponnka cheMa HHQOpMALHH

B paloueM pexHMe NpH HPOXOXACHHH 4Yepe3 HOHH3ALMOHHYIO KaMepy H JHOJBI
TEPAIIEBTHYECKOr0 MyYKa NPOTOHOB C CHTHAJIBHBIX IIPOBOJNOYEK M JHOJOB BO3HHKAET TOK
nopsnxa 0.1 HA. Jlna H3MEpEeHNs 3THX CHIHAIOB ObLT pa3paGoTaH W H3TOTOBJIEH MOIYJb B
crangapre KAMAK Ha ocHoBe MukpocxeMsl TERA. Muxpocxema npenctapiser coboit 64
KaHabHblH  16-OMTHBIN  cTpoOMpyeMblf  mpeoGpasoBarenb — BXOAHOTO  TOKa B
HPONIOPIUOHANIBHEIH eMy mudpoBoit koa. Kaxnelii kaHan cocToMT M3 JBYX dacTel:
aHasioroBoit u 1udposoi (puc.4). AHaJIOroBas 4acTh COCTOMT H3 KOHBEPTEPA TOK-YacTOTa.
"KBaHT" TOKa, COOTBETCTBYIOIIHMH OXHOMY MMIYJECY, coctaBiseT 600 ¢pKu, uro moszsomser

H3MepATh BXOAHbIE TOKH B AuanasoHe ot 0.1 HA 10 1 MKA ¢ To4HOCTEIO He Xyxe 1 Yo.
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I, [Ipeo6pasosa _ﬂ_ CueTyuk Yneno BrixogHoit 16

— |  TEAB TOK- HMITYJIECOB Gydep A\

4acToTa

Latch t

Puc. 4. brnok-cxema onHoro u3 kananoB BAC "TERA"

WMnynechl ¢ KOHBEpTEPa TOK-4acTOTa NOCTYNAIOT Ha 16-GHTHEIN cueTINK M BEIXOIHOM
Oybep. Buemmeil komannoif "Latch" pnanHele cO BCEX CYETYMKOB OXHOBPEMEHHO
3aIMCHIBAIOTCA B BRIXOAHBIE Oydephl M 3aTeM MOCIeIOBATENIBHO CYUTHIBAIOTCS B IaMSThH
KOMIIBIOTEPA.

Brox npeoGpasoBaterieil YCTAaHOBIEH B.MpOLEIYPHOH KabMHE B HENMOCDPEICTBEHHOM
OIU30CTH OT KaMephl M JHOJO0B, YTO MO3BONSET CBECTH K MHHUMYMY YDPOBEHb BHEUIHWX
HABENEHHHIX CHIHAJIOB H KpPOCC-TOKOB MexJNy KavamaMu. Jlns ero compsxkeHHA ¢
KOMIIBIOTEPOM HMCoNb3yioTes cranpapTubie 6nokn KAMAK: pernctp BBoza-BriBoga K015

u koHTpoep kpeitra KK009, ycTaHOBNEHHEIE B IYJTETOBOM MOMEIIEHHH.

4. CucreMa oTIycKa J03bl

B cocra cHCTeMBl OTIYCKa JO3Bl BXOJAAT: MOHHUTOPHAsd IUIOCKOHapasUlenbHas
HOHM3aI[MOHHAad Kamepa, mpeoOpasoBaTels TOK-4acTOTa, CYECTYHK-4acTOTOMED, 6-TH
Pa3pAOHEIA JeCATHYHEIH YCTAHOBOYHBIH CHETUHK U yHpaBistiomuii 6110k (puc.5).

MonuTopHas kaMepa ycraﬂoﬁnena Ha BXOAE NPOTOHHOIO ITy4Ka B IPOLEIYPHYIO
kaGuHy (T0cIe MHOTOMpPOBONIOYHOMN Kamepbl). TOK ¢ aHOJHBIX TUIOCKOCTeH KaMepsl NofaeTcs
Ha mpeobpa3oBareNib TOK-4acTOTa, BHIMOJIHEHHBIH B MexanudeckoM crasgapre KAMAK. C
BEIXOZIA npeo6pa303a’renx' HMITYJBCEl TIOCTYHAKOT HA CHETYMK-YacTOTOMED st KOHTpOIs
HHTEHCHBHOCTH Iy4Ka M Ha 6-TH PaspsiHBIi JeCATHYHBIH yCTaHOBOUHBIH cueTuHk 6j0Ka
OTIyCKa JO3BL '

VCTaHOBOYHBIH CUETYHK BKIIOUAET B cebs COOCTBEHHO 6-TH pa3psIHBIi HEeCATHUHBIH
CYETUHK, 6-TH pa3psOHbii JECATHYHBIH PErHCTp € YCTPOHCTBOM BBOJA YHCIA M CXEMBI
cpaBHeHus 4nces. CUETUHK H PETHCTD HMEIOT BH3YallbHYIO HHIHKALHIO COIEpXKaUIHXCS B

HUX 3HaYeHHH.
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Ilpy paBeHCTBE 3alMCAaHHOTO B PETHCTP YHCIAa W HaGpaHHOTO YHCIA HMMITYIHCOB
CUETYHKOM CXE€Ma CpaBHEHHA uHcel OIOKHMpyeT JanpHeiinmii HaGop YMCIa CYETYMKOM H
HofaeT CHTHam Ha ynpasjiiomuit Gmok. C ympapnsomero Grnoka 3anpemiaromuii CHIHal
nofaeTcss Ha GNIOKH ynpaBlIeHHs yCKOpHTENneM I GplcTporo (okono S0 MKC) mpephIBaHHS

ny4dka, a Takxke OyONMpyeTcs Ha CHUCTeMy ONOKMpOBOK OTKmoueHHs BY ., cucTeMs

YCKOPHUTEIA.
YCTaHOBOYHHIH CHETMHK
nornamenes [~ npecbpesonarem > CHETHHR
Kavepa TOX-tACTOTE Y i Exrrpoe
| DTEIIIOMEHKE
CXeMa CpABHeryIN = yexopimeL
e . | ympesnmonydt
> Gnox >
CUETHHE- ? T
L g wmcroraep K cucreme
: Emoxmposax BY
perucTp
YCTRQUACTBO PBOARA
wicen

Puc 5. bnok-cxeMa cHCTEMEI OTITyCKa HO3BI

B Hauaye kaxjoro ceaHca pafHOTEpalM{ MMPOBOAUTCA KaIMOPOBKA CHCTEMEI OTITYCKa
[03Bl C MOMOIIBIO IOBEPEHHOTO KIMHMYECKOTO [03MMETPA, YCTAHABIMBAEMOTO B MECTE
o6JIyueHHs NaHeHTOB. OTH H3MEPEHH JalOT BO3MOXXHOCTD [IEPECUUTATD J03Y, OIydaeMyIo
HalMEHTOM IIpH 00IyueHNH IPOTOHHBIM IYYKOM, B YHCIIO MMITYJIECOB IIpeobpa3oBaTels TOK-
4acToTa. ‘

Tlepen o6/IyueHHeM NMAMEHTA B PETHCTP YCTAHOBOYHOTO CUETYMKA 3aHOCHTCH MHCIIO,
COOTBETCTBYIOLIEE 3aNaHHOit BpadoM po3e. [IpM BKIIIOYEHHH YCKOPHUTENS HauHHACTCS
IIOJICUET CYETUHKOM YHCIIA HMITYJIECOB, IIOCTYNAIONIMX ¢ Ipeobpa3oBatens Tok-yacToTa. [Ipu
IOCTIDKEHMH paBEHCTBA 3HAUEHUIA, COJePKAIIUXCA B PETHCTPE H B CUETUHKE (3alaHHast 03a
W OTIHYIUCHHAas [03a), cpabaTeBaeT CXeMa CPaBHEHHS YHMCENT U IMPOHUCXOMHT OTKIIOUCHHE

YCKOPHTENA.
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5. KoMnsroTepuas nporpaMma ynpaBJaeHHS H3MepeHHAMH

Hna cuutbiBanus, 00paGOTKM M BH3YANBHOIO NpeACTaBNeHus HHGOpMANMH C
HOHH3AlIMOHHOIM Kamepsl H AuofoB B cpeae “Turbo Pascal” Grina Hanmcada crenuanpHas
KoMINbloTepHas nporpamma “Beam Control”. IlporpaMMa no3posseT NpoBOAHTL H3MEPEHHS B
Pa3THYHBIX pe>i<nMax, BBIOHPAEeMBIX B 3aBUCHMOCTH OT TeKyllel 3agaun. OCHOBHBIE PEXHUMEL
OIHCAHHBI HIXKE,

Hsmepenue ¢hoH08020 cuerana. DTOT PEXHUM CIYXHT U1 H3MEPEHHMS CHIHANOB,
HOCTYnaoMMX Ge3 MPOXOKAeHHs Yepe3 ASTEKTOphl IIPOTOHHOIO IIyYKa, T.e. TOKOB YTEYKH,
€CJIH TaKOBble NPHCYTCTBYIOT. M3aMepeHHbIE AHHBIE 3aHOCATCS B (alin M CoXpaHSIOTCA Ha
HKECTKOM JIMCKE KOMIIBIOTEPA. 3aTeM BO BPEMs H3MEPEHHS CHTHANIOB YiKe IPH HAJIHUUH NIy4Ka
STH 3HAYEHUS BBIUMTAIOTCS H3 IOKA3aHHH AETEKTOPOB.

Peosicum nodbopa moawunst OOROTHUMENbHOZ0 3amedlumens TpPeNHA3HAYeH JUIA
H3MepeHus ruka Bparra B IIOPAMIOMHHHH € TOMOLIBIO AMOOB cucTeMbl. OH mo3Bomnser
noJo0paTh CyMMapHyl0 TOJIUHHY JOIOJHHTEIBHOIO 3aMeMIHTeNs B 3aBHCHMOCTH OT
BBIOpaHHBIX "penepHBIX"” TOYEK Ha NONy4eHHOH KpHBOH.

Pexcum xanubposxu. Kak yxe 6pU10 cka3aHO BBILIE, Ilepe] HAYaJIOM KaJIOro ceaHca
Tepanuu npoduaH M mpober myuka B MecTe 00MydeHMS MNAlMEHTOB HACTPaHBAIOTCA C
NMOMOLIBIO CIElMaIbHOro npubopa —~ aHamu3zaropa nydka. Cpa3y mociie 3TOro 3amycKaeTcs
PEXHM KaTMGPOBKH KaMepH! H THOMOB. BBIXOJHbIE CHTHATBI 3ATHCHIBAIOTCH B CTICUHATBHDII
haitm M B HanbHeHINEM HCTIONB3YIOTCS B KAUECTBE JTANOHA JUIA CPABHEHHS C TEKYLIHMH
3HAYEHHUAMH.

Koumpone napamempos nyuxa. B 310M pexuaMe ImporpamMma Mo3BoJIseT IPOBOJHTH Kak
BH3YaNbHOE HAGMIONEHHE 32 TOPH3OHTATLHEIM H BEPTHKANBHBIM TMPOMGHIAMH NPOTOHHOTO
my4ka 1 mukoM Bparra, 0TobpakaeMeIX Ha MOHHTOPE KOMIBIOTEPA B BHAE THCTOrPaMM, TaK H
332 YHCIOBBIMHM 3HAYCHHMAMH BEJIHUYHMH OTKIOHEHHS KOHTPONHpPYEMBIX NApaMeTPOB OT HX
JHAYCHHH, YCTAHORJEHHbIX MK KanuOposke (puc. 6). Ilpu npesbunennn XoTa 661 0{HOTO U3
MapaMeTpoB 3aJaHHOIO B IporpaMMe [pefeNa, KOMIBIOTEP MOAAcT 3BYKOBOH CHrHal
NpeAyIpexAeHHs i OKPAlIHBAET COOTBETCTBYIOLIYIO THCTOTPaMMY B KPACHBIH LBET.

AcuMMeTpus TPOQUIS Mydka OTHOCHTENBHO €r0 OCH BBIYHCIAETCS CICAYIOLIHM
obpasom. Ilo H3MepeHHBIM 3HAYEHHSAM METOJOM HAMMEHBLIMX KBaJpaToB MPOBOTUTCH

ycpenHEHHAs mpsMas. YTOl HAaKIoOHa OTOH IpAMOH OTHOCHTENHHO OcH  abcuuce
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XapaKTEPH3YeT CTENEHb aCHMMETPHH IIyYKa B COOTBETCTBYIOLIEM HANpaBleHHH. TOYHOCTH
KOHTPOJMPOBAHHUSA 3TOro NapaMeTpa cOCTaBIAET okoo 2 %,

Jlna yonoGeTsa BU3yansHOro HabMOACHHS 32 H3MeHeHHeM Mpobera MPOTOHHOO MyYKa B
ructrorpammy "BRAGG" Mmexpmy cronbuamMu CHHEro IBeTa, INOKA3BIBAIOIIUMH TEKYIHE
CHTHANBI ¢ JHOJOB, BCTABJAIOTCSA KPACHBIE CTONOILI, MOKA3LIBAIOIIHE "HACAIBHEE" CHIHANDI,
HOJNy4YeHHBIE MIPH KamuOpoBKe U CUMTHIBaeMble U3 daitma. Ecnu npober ymeHbInaercs, To 2
JIEBBIX CHHHX CTOJ0Ia THCTOrpaMMEI CTAHOBATCA BEILIE "HACANBHBIX" KPAaCHBIX, a 2 MpaBbIX,
COOTBETCTBEHHO, HHke. Ecnu npober my4dka yBeTHYHBAETCS, TO BCE IPOUCXOAUT B 0OpaTHOM

HOPSIIKE.

BEAM CONTROL
dellas 0.1

84 W0 &1 M a5 &3 &M B3-815 846 87 S0 o6 @18 10N 1N
86 860 83 6% 65 g7 w7 7 5 81 B9 B o5 60 131750313

PRESS ANY KEY TO ENTER NENV

Super o0, VR

Puc. 6. DxpaH paGoTEI IPOTPaMMBI B PEXUME "KOHTPOJIA" IIPH HOpPMAJIBHBIX TapaMeTpax

TNPOTOHHOrO IMy4Ka

Jlna ompeneneHus KOIMYECTBEHHOTO OTKIOHEHHS Npobera oT 3TANOHHOIO 3HAYEHHS
NOKa3aHHA [HOAOB ANNPOKCHMHpYIOTCS rumepGonot. CMelleHHe, BEIOKEHHOE B
MUIIMMETPAxX npobera B AIOPATIOMHHUH, Tpeobpa3yeTcs B COOTBETCTBYIOLIEE 3HAYECHHE IS
BOJIBI H BHIBOOHMTCS Ha 3KpaH mouuTopa ("delta"). TouHoCcTs onpeaencHUs CMELICHHS MHKa

cocTasiseT 0,2 MM BOJIEI.

6. OnbIT YKCIUTYATAINH CHCTEMBI

Ha pucyHke 6 mpuBegeHO H300paK€HHE KpaHA MOHHTOpA KOMIBIOTEPA B PEXHME
"kOHTpons" TpH = HOPMalnbHBIX MapaMeTpax mpoToHHoro nydka. O6a npodus,

FOpHBOHTaJII:HHﬁ H BCpTHKaJIBHBIﬁ, HE TICPCKOIICHBI H NMPEACTABIAIOT coboii NPAaKTHYCCKH
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npsaMylo JHHHAIO. 3MepeHHBI nHK bDparra Takke MOYTH MOJHOCTBIO COBIAZaeT ¢
"HOeanbHBIM".

Ha pucynke 7 mpencraBneHo H300paXCHHE 3KpaHa MOHHTOpAa B cilydae, KOrza
NPOTOHHEIH My4OK € MOMOIIBIO OTKJIOHSAIOLINX MarHUTOB OBUI HCKYCCTBEHHO MEPEKOIIEH 10
TOPH3OHTANH ¥ ero mpober ObUT yBemHYeH IPHMEpPHO Ha 2 MM BOAbl. OIHOBpEMEHHO C
TOMOIIBI0 AHATH3ATOPA NYYKA H MHHHATIOPHOTO KDEMHHMEBOTO JETEKTOpa OBUI H3MepeH
TOPU3OHTANBHEIN npoduab B MecTe oOnyuenus namuenta (puc.8). Kak MoxHO BHOETH,
MMEETCs OCTaTOMHO XOpOllee COBNAJCHME H3MEPEHHBIX IByMs NpuGopamH Mpodumeii.
Hekotopoe Bo3pacraHue MHTCHCHBHOCTH Iy4ka 0o kpasm npoduns Ha puc.8 ofycnosneHo
TaK HA3bIBAEMBIM KOJUIMMATOPHBIM 3Gh¢eKToM — BKIAaIOM pacCesHHBIX Ha CTeHKaX

KommMaTopa 4acTHIL.

CucreMa KOHTPOIS [IapamMeTpPoB MydKa HCIONB30BANACH B TeHUEHHE Iofla B ceaHcax
npotoHHo#i Ttepammu, npoomumeix B MTK JJBIII OWAM, u nokasama ceoiwo
HCKJIIOUUTENBHYIO [OJIE3HOCTH KaK I YCKOPEeHHs Ipoliecca BEIBOAA My4Ka B MPOIEAYPHYIO

KaGHHY, Tak u [ obeclievyeHHs rapaiTHH KauecTBa 00My4eHHS NallHEHTOB.

BEAM CONTROL
delta= 20
sinm:08 YERTICAL RDARR

70 784 #6 5 8% 8% 1 Bl &2 R 83 &7 88 8 513
743 618 &1 &7 838 90 M 87 86 80 M4 ES &0 & 1%575

PRESS ANY KEY TO ENTER HENV S0, U

Puc. 7. DxpaH paGoTs! NporpaMMEl B pexxuMe "KOHTPONA" IPH HECHMMETPHIHOM B
FOPHU30OHTAILHOM HaIpaBJICHUH Npoduie NPOTORHOrO MydYKa H yBeIHYEeHUH npofera nmyyka

Ha 2 MM BOJBI
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Principles of Thermoluminescent Dosimetry

Tomasz Cybulski, Pawel Dziepak
v Faculty of Physics and Applied Computer Science
AGH University of Science and Technology, Cracow, Poland

Introduction
Everything has begun when Antoine Henri Becquerel discovered radioactivity first
named Becquerel Rays after him. Than Ernest Rutherford in 1911 discovered atomic nuclei.
Practically these discoveries made XX century a period of nuclear physics. A lot of different
applications in nuclear and atomic radiation have been introduced to our lives and technology
since that time. In the same year of the discovery of X rays by Wilhelm Conrad Roentgen
(1896) first severe radiation effects on human body were notified. It appeared a significant
matter to find methods for quantitative describing of radiation. This was a must due to the fact
that the effects on radiation interactions with matter are closely connected with absorbed dose.
Every single exposure to both directly and indirectly ionizing radiation has to be controlled.
This has lead to development of a new discipline - dosimetry which main goal is to measure
and decrease exposure to reasonably low level that does not affect our practice.
Thanks to our good knowledge of radiation interactions with matter several different
techniques of its measurements were introduced. These are as follows:
+ lonizing
« Photometric
« Scintillation
« Semiconductor
« Luminescent
Luminescent methods are integral methods based on changes made by radiation in
dielectric crystals. Effects of this exposure can give us useful information about exposure
after specific stimulation by both light (radiophotoluminescence) and temperature
(radiothermolumine;cnce called thermoluminescence).
First thermoluminescent events were observed by Robert Boyle in 1663 while
examining luminescence of diamond during heating. Further ages brought new studies on

thermoluminescence for instance developed by Maria Sklodowska-Curie in her PhD thesis.
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She was examining luminescence of CaF after exposure to Ra radiation. 1940s’ investigations
on this phenomena lead finally to the first concept of thermoluminescence which succeeded in
final application of radiation quantitative measurements, Nowadays most laboratories,
hospitals and other institutions in the world base their personnel dose controll on TL

detectors.

TL detectors

Thermoluminescence is strongly connected with dielectric crystals. It is very
convenient to show or explain this phenomena on energetic band model of solid state. In ideal
crystal valence band is filled with electrons while forbidden band and conduction band are
empty. Thermoluminescent processes are impossible to occur in this situation. However, there
are always defects of crystal lattice such as irregularities or impurities that make this process
possible. Irregularities mentioned above have very specific energetic structure similar to outer
orbit electrons. They trap electrons with energy that is located in forbidden band. These
centers are located in different places of f.b. and are normally separated one from another.
They can either play role of the acceptor of electron or donor. The first is located near
conduction band and is called electron trap. The other is located next to valence band and is
called hole trap simultaneously being luminescence center. Electron traps bind electrons with
different energies that are dependent on so called depth of the trap. Luminescent centers (hole
traps) recombine with electrons form electron traps what results in conversion of its energy to
photon. All this centers along with its specific properties result in TL pjenomena which

nowadays is considered to be a two-stage process:

1. Absorption of radiation, ionization and trapping of holes and electrons.
2. Stimulation of TL material resulting in recombination of charge carriers and emission

of luminescent light.

In standard dielectric crystal the forbidden band is wide enough to prevent valence
electrons from being lifted to conduction band. Neither light nor mechanic or chemical
stimulation of material can give enough energy' for this process. Situation is different when it
comes to ionizing radiation. It has enough energy to elevate these electroné to conduction
band (upper energetic level). Electrons in ¢.b. stay there as long as they find themselves in the
vicinity of the trap. When they find a trap they recombine immediately. The energy of

electron in the trap is called binding energy. If we want to release electron from the trap we
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‘have to deliver at least as much energy as is the binding energy. Holes generated in valence
band also stay in it untill they find an irregularity that will be able to deliver electron to v.b.
Trapping of the hole in fb. is the end of the first stage of the thermoluminescence process.
The concentration of filled traps in material is proportional to absorbed dose (dependent on

radiation type).

Fig.1. LiF:Mg,Ti,Cu ~ TL light

“Excited”' state after irradiation lasts until we deliver high enough energy portion to
release electrons from traps. In practice it is realized by heating the detector. Also
environment conditions can deliver sufficient energy e.g. light or mechanic stress, what is
very undesirable. After thermal stimulation trapped electron finds itself again in conduction
band. It will stay there until it finds itself in the vicinity of the hole trap. This causes
recombination which results in emission of luminescent photon. Not all traps are being
empted at the same time of heating. At the beginning electrons come from those traps of the
lowest binding energy. We can define function that will show us changes in number of

thermally released electrons in period of time. This is as follows:
dn
—=n-sexp(-E/kT), 1
" p( ) 1)

p= sexp(—E/kT) - Boltzman distribution defining probability of electron release [s'1,
s - frequency parameter dependent on defect type (normally 10° — 10" s™),

E - energy of trap [eV],

K - Boltzman constant [JK''],

T — temperature [K],

n — number of traps filled in the first stage.

! Term excited means the state after irradiation of TL detector when electrons and holes are trapped
with reference to the theory above.
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We can see that the higher the temperature is the more electrons are released from
traps what increases the intensity of luminescent light. The increase has its critical moment
when n parameter in Eq.1. starts do decrease. Due to fact that the intensity is proportional to
number of traps it also starts to decrease.

Linear growth of temperature and registration of TL light leads to obtaining detector
glow curve. The number of peaks and shape of glow curve depends on trap types. Fig.2 shows
example glow curve of TL detector for several different types of traps. Surface under the
curve is proportional to absorbed dose, that can be obtained form specific calibration of the

detector.

i arb. unis

L signa

3 163 150 20 2%
Temperature, °C

Fig. 2. TL glow curve

Very important thing in production of TL detectors is existence of reasonably deep
traps with minimal number of different traps giving signal in temperatures between 180° and
250°. It is also very crucial to obtain the same parameters of read out process. Changes in
temperature growth result in shift of glow peaks to higher temperatures what makes collected
data useless in comparison to calibration curves. It is also very important to keep all the
detectors in right conditions especially to prevent them from any surface contamination or
exposure to UV light. All this factors can affect our expected to collect information spoiling

reliability of detector - memorized data.
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Investigation and application of TL detectors have been the main goal of the Institute
of Nuclear Physics of Polish Academy of Science in Cracow, Poland. Main types of TLDs
produced there are based on:

LiF:Mg,Ti (so called MTS); LiF:Mg,Cu,P (so called MCP); Li;B407:Mn — under

investigation. -

What makes TL detectors so special?

We must remember that whenever we are investigating any single subject we cannot
omit its advantages and disadvantages. Considering TL detectors it is worth mentioning that
their application is very easy and wide however technological processes of their preparation
and analysis are often very complicated and labor-consuming. TL dosimetry however gives us
great possibility of controlling radiation exposure in very wide range of doses form 100nGy
up to 1kGy. They are environment resistant what helps in their application in various
conditions. It often happens that our measurement is being run in places where reach of power
supply is limited. This doesn’t bother TL dosimetry as it is in a group of passive detectors.
Moreover absorbed dose memory of the detector is very useful when we do not have
possibility of reading out detector directly at place of irradiation. Their dimensions — normally
4.5mm in diameter and ca. 2mm thickness allow us to reach places that are not available for

relatively big active detectors in comparison with TLD.
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‘The Magic World of Photosynthesis

Wojciech Giera, Wawrzyniec Kaszub, Zuzanna Pawlowska, Karolina Tomczyk

Faculty of Physics, Adam Mickiewicz Uﬁiversity, Pozna, Poland |

Abstract

Life on Earth depends on photosynthesis which' converts solar energy to chemical energy by
means of two large protein complexes located in the thylakoid membranes: photosystem I and
photosystem II. In this paper, some basic features of photosystem'I are presented; composition and
architecture, of photosystem I, antenna system and the electron transport chain. The main techniques
épplied to study dynamics of electron transfer in photosystem I are also described, including the

generation ultrashort laser pulses needed to investigation fast photosynthetic processes.

1. What is a photosynthesis?

The term “photosynthesis” means literally synthesis with light, but conventionally it is
used to name a particular. photobiological process, Because of that a narrower definition will
be adopted here:

Photosynthesis is a process in which energy of light is captured and stored by an

organism, and the stored energy is used to drive cellular processes.

It should be noted that this definition is still relatively broad, because includes
different forms of photosynthesis:
e aform based on chlorophyll — most common,
e aform based on bacteriorodopsin — carried out by some bacteria,

e other mechanisms, which are not discoverd yet.

In photosynthetic eukaryotic cells, photosynthesis takes place in a cellular organellum
called chloroplast (Figure 1). Inside chloroplast, an extensive system of membranes can be
found. These membranes are called thylakoids and bind most of chlorophylls and other
photosynthetic pigments. In typical plant chloroplast most of thylakoids are organized in
stacks called grana. The non-stacked ones are called stroma thylakoids. The stroma is an
aqueous nonmembranous interior of chloroplast, and is the place of carbon metabolism

reactions.
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Photosynthesis is driven by two large pigment-protein complexes, photosystem I and
photosystem II, which are embedded in the thylakoid membranes (Figure 2). These
photosystems contain antenna complexe's absorbing photons, the energy of which is next used
to drive electron transfer across the membrane. This transport is carried out through a chain
of redox cofactors, which can be found in both photosystems, and leads to transmembrane

difference in electrical potential and concentration of protons H'. The electrochemical force
| created in this way is next used to drive ATP synthesis and reduction of NADP* to NADPH.
ATP and NADPH are used to convert CO; to carbohydrates in stroma by means of certain

enzymes.

Quter
Membrane

Granum

: intermembrane
Space

Fig. 1. Anatomy of the plant cell chloroplast [11]
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Fig. 2. Schematic presentation of photosynthetic processes which occur in plants, algae, and

cyanobacteria [12]
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2. Ultrashort pulses lasers

2.1. Laser — at the beginning

“Laser” is the acronym of Light Amplification by Stimulated Emission of Radiation.
The first laser was made by Theodore Maiman in 1960. It was a ruby laser — the first pulse
construction. After this invention, Ali Javan presented the He-Ne laser — the first construction
which had a continuous beam. Next, in sixties in Bell Laboratories and ally over the world
many scientists developed and presented different laser constructions (e.g. a semiconductor or
aye laser).

» Lasers have many useful and interesting advantages. Their beam is nearly
monochromatic, coherent and powerful. This last property is very important in view of non-
linear optics experiments or photochemistry researches.

There are pulse and continuous lasers, working with a solid-state, semiconductor, gas
or dye active medium. They are used in communication and computer technology,
entertainment, medical equipment and many other areas. They are also used in laboratory
researches, especially the pulse one.

At the beginning pulse ruby lasers were the most popular source of high power light
“pulses, giving much more possibilities than gas or semiconductor constructions, Later the dye
lasers have been found to be a good source of shorter in time duration and higher in energy
pulses. Nowadays instead of ruby and dyes we are using as an active material (crystal doped
with) elements with Nd**:YAG and Ti:Sapphire.

2.2. Pulses lasers
The time duration of the pulses of the first laser constructions was very long (10 s).
Today, in professional studies in physics, chemistry or medicine, scientist need very fast pulse

lasers. The pulse duration of these systems is of about 10" to 105 s,

2.3. Frequency domain description of mode locking

The laser beam is a superposition of many electromagnetic wave, oscillating in many
accidental modes. Each mode has a distinct phase. In the case of a continuous beam, the
intensity of the beam show a random-value time behavior.

In ultrashort pulse lasers to reach very short pulses, we must implement mode locking.
This is a process in which the relations between phases are well defined. Let’s imagine 2n+1

longitudinal modes oscillating with the same amplitude (as shown in figure 3).
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Fig. 3. 2n+1 longitudinal modes oscillating with the same amplitude

Lets imagine that due to a synchronization process, the modes present in the laser

cavity satisfy the relation (2.3.1):

D =Pt =P =const , “(2.3.1)

where ¢y is the I-mode phase. Then, the total electric field, which is the sum of wave’s

equations for different modes, can be described by formula (2.3.2):
E(N) =) E, expljl(w, + 100} +1p]} 2.3.2)

We see that E(r) depends on the frequency of the central mode (wy), the ¢ value, the
resonator length / and the frequency difference between two neighboring modes, Aw. If we
adopt for simplicity a zero phase value for the central mode then the summation of the 2.3.2

equations gives:

sin[(Zﬁ + l)Ath
E(t)=E, T[A__wt]—exp(jmor). (2.3.3))

A plot of this expression can be seen in figure 4. As we can see the synchronization
process leads to the appearance of intensity peaks. In mathematical language pulse maxima
occurs when the denominator in formula (2.3.3) vanishes. It happens when expression (Awt)

is equal 0, m, 27 etc. Time between two successive pulses will be connected with the
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frequency difference, Av, of two consecutive modes. We can write an expression for At — time

which separates two successive pulses:

Ar=2Z o (2.3.4)

For t > 0 the first minimum of the light intensity, 4%(f), occurs when the.numerator
vanishes. It happens when 2((2n+1)wt’) = 7. Then the pulse width, 1,, is approximately equal

to 8t (figure 4) and we can write (2.3.5):

2 1

= n+do Av,

n

(2.3.5)

A%

=21/

8T

Fig. 4. Plot of the equation 2.3.3

24. Mode-lockmg techmques

.Durmg a long time now we’ve got two kinds of mode-locking methods: The first one,
active mode locking, basing on external sources, and the second one, passive mode locking.
The last one bases on non-linear optics effects and it is very popular in new researches in
biology, chemistry and especially physics.

In active mode locking we distinguish:

e AM mode-locking — induced by an amplitude modulator

e FM mode locking - induced by phase modulator
In passive mode locking we distinguish:
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e fast saturable absorber — uses saturation properties of a suitable absorber (dye
molecule or a semiconductor) with a very short lifetime,

* Kermr lens mode locking (KLM) — exploits the self-focusing property of a suitable,
transparent, non-linear optical material,

¢ slow saturable absorber — exploits the dynamic saturation of the gain medium,

¢ additive pulse (APM) — exploits the self-phase modulation induced in a suitable n(;n-
linear optical element inserted in an auxiliary cavity and coupled to a main cavity of

identical length.

3. Basic features of photosystem I
3.1. Linear electron transfer
Under illumination with light at wavelengths shorter than approximately 700 nm

photosystem I (PS I) carries out transmembrane electron transfer (Figure 5). The primary
electron donor is a special chlorophylls pair called P700. From P700 electron goes through
chain of intermediate electron acceptors to the terminal acceptor originally named P430. Now
it is known that P430 is represented by one or both of two iron-sulphur clusters called F5 and
Fs.

Thy}akoid interior
I'J. sz\‘% e
2H* 1 by
2 0; ] NADP reductase

complex

Stroma
Photosystem If

Pholosystem | R
7

Fig. 5. Linear electron transfer from water to NADP" [13]
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The reduced terminal acceptor is a strong reductant and donates its electron to NADP*
via ferredoxin or in some cases, flavodoxin. Both these protein complexes are water soluble
and are present on the stromal (outer) side of thylakoid membrane. The primary electron
donor in its oxidized form, P700%, is a strong oxidant and gets on electron from water
oxidazing photosystem II via cytochrome bsf complex and plastocyanin. Cytochrome bgf
complex is embedded in the thylakoid membrane whereas plastocyanin is a water soluble

protein located on the luminal (inner) side of thylakoid membrane.

3.2. Structure of photosystem I

Nowadays the structure PS I from the cyanobacteria Thermosynechococcus elongatus
is known at resolution 2,5 A. This structure will be used here to describe an architecture of PS
L. In cyanobacteria PS I exists as a trimer and in the higher plants, as a monomer. From now
on the term PS I wil be used for its monomeric form.

Each monomer consist of 12 protein subunits and 127 cofactors (96 chlorophylls, 2
phylloguinones, 3 iron-sulphur clusters, 22 carotenoids, 4 lipids), an ion Ca®, and 201 water
molecules. The biggest subunits, PsaA and PsaB, are homological and form the core of PS I.
They bind large number of antenna pigments and almost all redox cofactors, except for Fa
and Fp, which are bound to PsaC. The PsaC subunit is located peripherally on the stromal side
of PS I. The other subunits are smaller and play rather structural role:

e PsaD aqd PsaE — dock ferredoxin or flavodoxin,

e PsaF — docks plastocyanin,

e Psal and Psal — are indispensable to form the PS I trimer in cyanobacteria,

e allof th&,n ensure correct assembly and stability pf PSI.
Some subunits seem to be specific for certain organism, e.g. PsaM was found only in
cyanobacteria whereas PsaG, PsaH and PsaN only in algae and plants. A schematic

presentation of PS I is shown in figure 6.

3.3. Antenna system

PS I (from Thermosynechococcus elongatus) contains antenna system formed by 90
chlorophylls a (Chl a) and 22 carotenoids. Seventy-nine chlorophylls are bound to subunits
PsaA and PsaB. The smaller subunits and bind together 11 chlorophylls — directly, through
water molecule or in one case through a lipid molecule. In plants and algae, PS I is also

associated with another antenna complex called LHC I (light harvesting complex). In plants
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LHC I contains 4 protein subunits which bound together about 60 chlorophylls - Chls a and
Chls b, at a ratio of 3,5:1. The numbers of protein subunits and chlorophylls are larger in the

case of a model alga Chalmydomonas renhardti.

Fig. 6. Schematic presentation of PS I architecture [14]

Antenna system of PS I contains several spectral form of Chl a with absorption
maxima between 666 and 693 nm and a few long wavelength chlorophylls called also “red
chlorophylls”. The latter ones have maxima absorption between 700 and 730 depending on
species. It implies that their excitation energy is smaller than excitation energy of primary

electron donor P700.

3.4. The electron transport chain

The electron transport chain is functionally most important part of PS I. It is formed by
6 chlorophylls, 2 phylloquinones and 3 iron-sulphur clusters FesS4. The structure of the
electron transfer chain is shown in figure 7. Chlorophylls and phylloquinones are bound to
subunits Psz;A and PsaB in such way that they form two symmetric pathways A and B. The
pathway A contains chlorophylls eC-Al, eC-B2, eC-A3 and phylloquinone Qg-A whereas the
pathway B contains chlorophylls aC-B1, eC-A2, eC-B3 and phylloquinone Qk-B.
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Fig. 7. The electron transport chain in PS I [15]

Charge separation is initiated at the primary electron donor P700 which is formed by
chlorophylls pair eC-Al/eC-B1. Chlorophylls of the next pair eC-B2/eC-A2 are sometimes
called accessory chlorophylls and their role in the electron transport is controversial. One or
both chlorophylls of the third pair eC-A3/eC-B3 represents primary electron acceptor called
Ay. The next electron acceptor, Ay, is one or both phylloquinones Qg-A and Qk-B. The iron-
sulphur cluster Fy is the next electron acceptor and is bound to both subunits PsaA and PéaB.
Two iron-sulphur clusters, Fa and Fp, bound to the peripheral protein subunit, PsaC, represent
terminal acceptor of electron. '

Upon excitation P700 to its lowest singlet excited state P700" electron vis transferred to
Ao and next to A; on a picosecond timescale, then from A, to Fx on nanosecond time scale
and finally to F4 and Fp also on nanosecond time scale. The controversial point is if one or

both of two paths of electron transport chain are active.

4. Techniques applied to study dynamics of electron transfer in photosystem I

Three methods applied to measure kinetics of electron transfer in photosystem I will
be considered: ultrafast absorption change measurements, transient electron paramagnetic
resonance and photovoltage measurements. The first technique will be described in most

detail, since it is most commonly used for measurements on photosystem I.
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4.1. Ultrafast absorption change measurements
Time-resolved transient absorption spectroscopy is a sensitive technique to study time
evolution of the excited and redox states and to determine the lifetimes and characteristic
difference spectra of short living species.
In this method, there is used ultrashort laser pulse that is divided in two beams:
¢ pump pulse - which excites the sample,
e probe pulse — which is used to observe induced optical changes (that are monitored as
a function of time) and is divided in two beams: first one goes through the excited part
of the sample, and the second one (called reference beam) goes through not excited
part.
The absorption of the reference beam is a background that is subtracted from the absorption of
the probe pulse. To get the optical density of transient absorption signal, the spectral intensity
of the probe pulse is measured directly in front of the sample and after passing through it. But
using reference beam lets one to measure intensity only after passing trough the sample. The

formula for optical density (OD) in this case is:

LA o L@ o ()

A0D@A,7)=log7 7= ~log s =lee Gy

4.1.1)

where I (2) is the spectral intensity of the probe pulse in front of the sample, I(4,7) is the

spectral intensity of the probe pulse going through the sample measured at a time 7 after
excitation, and /(4,) is the spectral intensity of the reference beam.

The change in optical dencity is received as a function of wavelength and delay time.
Measurements of optical changes as a function of time are possible by using delay times
between the pump and the probe pulses. Those delay times are received by using an optical
delay line. 1pm optical path difference gives a time delay equivalent to 3.3 fs. What is the
special advantage of this technique is that there is no necessity of using ultrafast detectors.
What is more: accessible time window is very large (from sub-picosecond to second time

scale).

4.2. Transient electron paramagnetic resonance
When the electron is knocked off from P700 to A, the spin-polarized radical pair
appears, which is detected in transient electron paramagnetic resonance. In the absorption
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change measurements a time scale from sub-picoseconds to second is covered and in transient
EPR from 10ns to several microseconds is available. Transient EPR is also applied to

characterize magnetic interactions in P700*A;",

4.3. Photovoltage measurements

Photovoltage technique allows measurement of the temporally resolved changes in the
membrane potential in an oriented sample and provides kinetic information on electrogenicity
of the individual reaction steps. While an electros is passing across the membrane, an electric
dipole is formed in the direction perpendicular to the membrane plane. As a consequence,
there is a possibility to measure an electric potential which increases during the movement of
electron.

Advantages of this method are inherent selectivity for electrogenic events, high
temporal resolution and excellent signal-to-noise ratio. Disadvantages is that electrogenic

relaxations might contribute to a measured potential change.
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Pulsed Neutron Generator at the Henryk Niewodniczanski
Institute of Nuclear Physics Polish Academy of Sciences, Krakéw

Maciej Grzadziel
AGH University of Science and Technology,
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‘Krakéw, Poland

Abstract

This paper describes the structure, operating principles and application of the 14 MeV pulsed
neutron generator, which is working at the Institute of Nuclear Physics (IFJ PAN) in Krak6w, Poland.
A pulsed beam of fast neutrons produced by a pulsed neutron generator is the source of the decaying

thermal neutron flux, which is investigated in a medium of interests.

Principles of operation

The 14 MeV neutron generator was built at the Institute of Nuclear Physics in the
sixties. In the seventies it was turned into the pulsed regime, modernized in the last decade,
and now is used for the thermal neutron transport research in bounded media, including
applications for the nuclear geophysics. It consists of the ion source, linear accelerator, tritium

target plate (Fig. 1) and is equipped with a sample camera with helium detectors.

about 250 cm

about 400 cm

Fig. 1. Schema of The Generator
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Neutrons are produced in the 3H(d,n)4He reaction. Deuterons are produced by
ionization of the deuterium gas in the ion source quartz bulb (Fig 3). Gas deuterium is
obtained from electrolysis of heavy water (D20) and dosed to the ion source through the
palladium valve (Fig 2). The valve allows to control the deuterium gas yield by increasing or
decreasing the. temperature of palladium. The deuterium gas is ionized by a high frequency
electromagnetic field. The ion plasma is specially formed at the output hole of a quartz bulb,
which is connected to the input hole of the accelerator. The ions are periodically pushed off
by positive extraction voltage pulses (amplitude 4 kV). The light intensity and colour of the
glowing gas in the bulb provides us with important information about working conditions of

the ion source ( Fig 3 ).

Fig. 2. Heavy water electrolyzer and palladium valve

The ions are accelerated and focused by a system of cylindrical electrodes, then they
leave the accelerating section and travel through the straight section above 0,9 m long until

they reach the tritium target plate. Deuterons hitting the tritium target plate cause the

3T + 2D = 4He + 1n reaction. Neutrons created in this reaction are monoenergetic, 14 MeV.
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Fig. 3. The ion source

Experiments »

The thermal neutron flux is used for the thermal neutrons transport research in solid
and liquid samples.v Knowledge of the time decay constant of the neutron flux in a bounded
sample gives inform*ation on thermal neutron diffusion parameters of the medium. The sample

is placed inside the sample camera (Fig 4).

Fig. 4. Sample camera

56



The camera establishes proper physical conditions during the experiments. The camera
is made of borated paraffin flat walls that form a nearly cube shape of the internal dimensions
approximately 60 x 60 x 60 cm3. Inside the sample camera Two 3He detectors of thermal
neutrons (Fig. 5) are placed symmetrically at the sample in the camera. The temperature

inside the camera is automatically controlled and stabilized.

Fig. 5. Thermal neutron helium detector and two samples, plexiglas and polyethylene
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The greatest contributiop to effective dose after Chernobyl tragedy have brought
Cs-137 and Sr-90. At the same time we should take into consideration the behavior of
transuranic elements (TUE) in ecosystems because of their high radiotoxicity, long half-life
period and kind of decay (because TUE are alpha-emitters).

After the accident on Chernobyl atomic power station in Belarus were 17 TUE,
including uranium, neptunium, plutonium, americium. Now the most dangerous are Pu-238,
Pu-239, Pu-240 and Am-241. At the moment on contaminated areas constant growth of
americium content is observed due to beta-decay of Pu-241. Calculations show that the
maximum level of pollution by Am-241 will be about the 2060™. It will exceed a level of
pollution by isotopes Pu-238 and Pu-240 in 2.7 times. About the 2086 common alpha-
radioactivity of soil on contaminated areas will be in 2.4 times above the initial period [1].

In line with these facts we have to consider the behavior of Am-241 in different
ecosystems.

According to Belarusian laws zoning of territories depends on density of soil pollution
by following radionuclides: Cs-137, Sr-90, Pu-238, Pu-239, Pu-240 and Pu-241. For today it
is offered to use Am-241 instead of Pu-241 and to include Am-241 into the list of parameters
for zoning territories.

Am-241 is one of the most dangerous radionuclides. ‘First of all, it is alpha-emitter.
Basic organs of americium deposition in organism are skeleton (up to 60%) and liver
(30-40%). It’s necessary to notice that from 10% to 40% of americium is removed with slow-
removing fractions (48-1000 days). That’s why it can lead such diseases as osteosarcoma,
leukocythemia, tumor of lungs and so on {2].

Ecological danger of americium depends on its migratory properties in different parts

of ecosystems. It makes researches in the area of “americium” problem very actual now.
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For detection of Am-241 in soil following methods can be used:

* radiochemical: isolation of Am-241 from co-radionuclides (mainly alpha-emitting
TUE), preparation of targets and measuring of alpha-radiation (E,=5.49 MeV);

* incomplete radiochemistry: measurements of gamma-radiation are made after
chemical procedures of concentrating and clearing from co-radionuclides (for example
Cs-137);

* instrumental: based on registration of soft gamma-radiation without any preparations
(E=59.6 keV).

The last method does not require so much time and money as traditional methods of
radio-chemistry. However the instrumental method demands a correct choice of gamma-
detector.

In the modern situation of big variety of gamma-detectors, there are only few of them
which have a good sensitivity for low energy gamma-radiation of Am-241. Within the task of
zoning of territory it is necessary to choose the most suitable type. There are some criterions
~of “good” gamma-detector for Am-241: sensitivity, wide spread, mobility and, the last by
order, but not by importance — price.

So, we have a task to classify existing detectors. As a base of classification may be
comparison of the Minimum Detectable Activity (MDA) of Am-241. The MDA is a measure
of the smallest activity, which could be detected by the device. The MDA is evaluated by the
way of measurement of the corresponding isotope in a case of the real absence of this isotope
in a sample [3].

Authors developed an algorithm of express-evaluation of the MDA of Am-241 in
objects of an environment for scintillation and high pure germanium (HPGe) detectors. With
this algorithm we save time on standard routine measurements, because we don’t need for 20-
50 of them, but the one. ,

Using the offered algorithm we checked the MDA of Am-241 for following devices:

* a gamma-spectrometer "NOMAD-PLUS" with the semi-conductor detector of type
GMX,; '

+ a gamma -spectrometer "NOMAD-PLUS" with the semi-conductor detector of type
GEM;

» a gamma-beta-spectrometer EL-1315 with scintillation detector;

« a beta-gamma radiometer EL-1311 with combined scintillation block of detecting of

type phosfich.
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GEM and GMX detectors are HPGe detectors, they are produced by firma ORTEC,
USA. The GMX detector differ by beryllium window. Such kind of detectors (especially the
last with the beryllium window) allows to measure low-energy gamma-radiation.

The gamma-beta-spectrometer EL-1315 produced by Scientific and Production
Enterprise ATOMTEX, Belarus and contains a crystal scintillator Nal(T1). The crystal size is
63x63 mm. The beta-gamma-radiometer EL-1311 is produced by ATOMTEX too. It has
phosfich- detector. This kind of detector contains organic scintillator for beta-radiation
(156x8 mm) and CsI(Na) for gamma-radiation (152x40 mm). We made measurement of
different times and activities of co-radionuclide (K-40). The results of the measurements see

in following table:

NOMAD- NOMAD-
EL-1311 | EL-1315 PLUS PLUS
GMX GEM
m(KCl), | A(K-40), ts MDA, MDA, MDA, MDA,
g Bq ’ Bg/sample | Bg/sample | Bg/sample Bg/sample
7200 2.7 - - -
10800 - 13.7 - -
25900 - — 0.1 , -
55100 — - - 0.2
3600 - — - 2.5
50 1700 5400 — - 0.6 -
: 7200 2.8 22.2 - -
100 3400 3600 5.0 38.7 0.8 2.9
g 3000 - - 1.3 -
200 6800
3600 5.6 43.1 - 3.7
257 8738 3600 — 46.0 - -
303 10302 3600 6.4 - - -

It is easy to see, the semi-conductor detectors have the best sensitivity. This result was
rather predictable.

The most interesting are the results of beta-gamma radiometer EL-1311. The
scintillator detector with a big crystal can give us the similar results, as some kinds of semi-

conductor detectors. Considering cost of the equipment, operating conditions, prevalence, at
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zoning territory of Belarus on a level TUE it is possible to assume an opportunity of use for

the express-analysis beta-gamma radiometer EL-1311.
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Introduction

Risks from ionizing radiation depend both on the radiation quantity (absorbed dose) and the
radiation quality (space and time distributions of dose and energy deposition distributions on
the microscopic level). The radiation quality is characterized by the methods and procedures
of microdosimetry. Current concept of radiation protection results from the connection
between quality of concrete radiation and physical quantity — linear energy transfer (LET).
For the purposes of measurements of LET spectra, there are several techniques. The tissue-
equivalent proportional counter is probably one of the most used and accurate methods.
However, in some cases its use can be compromised, for example at high dose rates and/or in
the presence of very intense low LET component in the radiation field to be characterized. On
the other hand, tréck etch detectors have some advantages, especially in situations where:
dimensions and weight of detectors are important; high LET particles have to be characterized

in low LET intense radiation beams and fields; and a long exposure time is expected.

Materials and methods

The spectrometer of LET based on a polyallyldiglycolcarbonate (PADC) chemically etched
track detectors (TED) was developed in the Department of Radiation Dosimetry, Nuclear
Physics Institute, AS CR [1, 2]. In the studies, three types of PADC materials are used: one
available from Page (England) with a thickness of 0.5 mm, and another one available from
Tastrak (Bristol) with thicknesses of 0.5 and 1 mm. After irradiation, the detectors are etched
in 5 N NaOH at 70°C for 18 hours. To determine the LET value of a particle, the etching rate
ratio V (V=V1/Vg; where Vp is bulk etching rate and Vr is track etching rate) was primarily
established through the determination of track parameters. They were measured by means of
an automatic optical image analyzer LUCIA G. The V-spectra obtained were corrected for the
critical angle of the detection and transformed into LET spectra using calibration curves based
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on the heavy charged particles calibration. This LET spectrometer enables determining LET
of particles approximately from 10 to 700 keV/pm. From LET spectra, dose characteristics

can be calculated as:

Digr=[(dN/dL) L dL, %))
Higr=[@N/dL) L Q() dL, )

where dN/dL is the number of tracks in a LET interval, L is the value of LET, and Q(L) is the
ICRP 60 quality factor [1].

The detectors were irradiated by protons at Loma Linda University Medical Center
(LLUMC) during experiment ICCHIBAN, and in the Joint Institute for Nuclear Research
(JINR), Dubna. During experiment ICCHIBAN, exposure to monoenergetic protons with
energies 70, 155, and 230 MeV was performed. Exposures to different doses (from
7 to 500 mGy) were made for all irradiation to study both proton dose registration efficiency

and dose linearity. At Dubna, the detectors were exposed to 1 GeV protons and to two doses.

Results

First, it should be made clear the tracks of what particles are registered in PADC LET
spectrometer. The LET threshold depends slightly on the choice of detector; it varies from
7 (Page) to about 22 (Tastrak 1 mm) keV/um [3]. It follows that only tracks of protons with
energy lower than-about 6 (for Page) to 2 MeV (for Taé‘tralc) [4] can be directly registered in a
PADC LET spectrometer. Energies of protons used during experiments were higher; tracks
observed correspond mainly to the secondary heavier charged particles created through
nuclear interactions of primary protons with nuclei included in the detector and its

surroundings.

The absorbed dose in the detector, Dygr, was calculated from the LET spectra and
compared with ionisation collision dose of primary protons, Dp.. Good linearity of the
response as a function of primary proton collision dose was observed. Further, the ratio of
Dygr and Dy was investigatedv. ,Tfle values of Dyep/Dy;c as a function of protons’ energy are
presented in Figure 1. Measured doses represent few percent of primary proton collision dose;

their ratio varies slightly with proton energies.
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Fig. 1. Ratio DLET/Dpic
The microdosimetric distributions of the absorbed dose D(L) in LET are presented in

Figure 2. There are slight differences between PADCs in the spectra of D(L): Page and 0.5
mm Tastrak show gradual growth up to about 200 keV/um, while for 1 mm Tastrak one can-
see a plateau. With increasing energy of protons, the distribution of D(Z) (related to 1 Gy)

grows.
Distribution of absorbed dose - Page 0.6 mm Distribution of absorbed dose - Tastrak 1 mm
0.30
0.28 4----- boeseded
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§°"5 L ]-m—1Gay
5 H

0.10

0.05 $--nu-ro-

L [keVipm] 190 1000 L (keVium]

a b)

Distribution of absorbed dose - Tastrak 0.5 mm

1000|

100
L [keV/ium]

Fig. 2. Distribution of absorbed dose on 1 Gy as a function of LET for a) Page;
b) 0.5 mm Tastrak; ¢) 1 mm Tastrak
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Conclusion

The LET spectrometer based on the track-etch detectors have been developed. Some

differences among individual materials of PADC have been observed, especially for lower

energies of protons (70 MeV). Measured dose represents few percent of nominal dose; its

ratio increases slightly with proton’s energy.
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Nuclear Methods in Analytical Chemistry
Beata Jagucka, Justyna Jasinska

Faculty of Chemistry, Jagiellonian University, Krakow

Introduction

Nuclear methods are very useful in analytical chemistry. Nuclear techniques are
complementary to non-nuclear methods. This techniques are fast, sensitive and provide a

wealth of information, some of which is difficult or impossible to obtain by other means.

Nuclear chemistry methods are based on the measurement of isotopes. They use

mainly properties of nucleus. This techniques deal with:
= nuclear excitations,
= clectron inner shell excitations,
» nuclear reactions,
» radioactive decay.
In analytical chemistry all of following methods are being used:
= Neutron activation analysis (NAA),
s X-ray fluorescence spectrometry (XRF),
»  Total reflection X-ray fluorescence spectrometry (TXRF),

= Particle-inducted X-ray emission spectrometry (PIXE).
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Neutron activation analysis (NAA)

Neutron activation is an established analytical technique for determining trace
elements in a wide variety of materials in solid, liquid, or gaseous states. Neutron activation
analysis is the most sensitive analytical technique used for multi-elemental analysis. This‘
method allows for qualitative and quantitative determination of major, minor, trace and rare

elements. NAA is non-destructive technique.

Neutron activation analysis is based on the conversion of stable atomic nuclei into
radioactive nuclei by irradiation with neutrons and subsequent measurement of the radiation,
released by these radioactive nuclei. Radioactive nuclei can emit several types of radiation,
but gamma-radiation offers the best characteristics for the selective and simultaneous

determination of elements [1,2].
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Fig. 1. Scheme of neutron activation 2]

X-ray fluorescence spectrometry

X-ray fluorescence is one of the oldest analytical techniques. XRF is a well established
technique for qualitative and quantitative elemental analysis and it is fast, non-destructive,
multi-elemental and requires minimal sample preparation. This method can be used to

determine elements in solid, powdered and liqu_id samples.

When the sample is bombarded with appropriate energetic X-ray photons,
characteristic radiation of the same nature is emitted by its chemical elements. This is X-ray

fluorescence phenomena. Emitted X-rays are first collimated and then selectively separated
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on the analyzing crystal by diffraction (energy-dispersive spectrometry works without a
crystal). Number of emerging X-ray photons are measured with a proportional detector.
Corrected intensities from inter-element effects are linearly correlated with certified

concentrations of reference materials.

Fig. 2. Schematic of XRF [3]

The fluorescence X-radiation is characteristic for each element, what makes this

technique very selective but less sensitive as NAA [1].
Total reflection X-ray fluorescence spectrometry (TXRF)

Total reflection X-ray fluorescence is a non-destructive surface analysis technique for

ultra-trace analysis of particles, residues, and impurities on smooth surface.

Total reflection X-ray fluorescence spectrometry is a form of X-ray fluorescence
spectrometry, that can be applied to very thin samples. TXRF is basically an energy
dispersive XRF technique in a special geometry. An incident X-ray beam impinges upon a
sample at angles below the critical angel for total reflection for X-rays, resulting of almost
100% of the primary beam photons. The background normally associated with XRF
measurements is much reduced, leading to the higher sensitivity and lower detection limits. It

is because only particles surface are excited giving rise to X-ray fluorescence emission.
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Fig.3. Schematic of TXRF [3]

Total reflection X-ray fluorescence spectrometry has many advantages. First of all the
fluorescence intensity of the sample is doubled by excitation of both the direct and reflected
beam. The background contribution from scattering on the sample is redﬁced. The detector
can be mounted very close to the sample. This results in a large solid angle for the detection

of the fluorescence signal [3,4].
Particle-inducted X-ray emission spectrometry (PIXE)

Particle-inducted X-ray emission is a sensitive, non-destructive, simultaneous

elemental analysis of solid, liquid, thin film, and aerosol filter samples.

PIXE is a technique utilizing also X-ray fluorescence but without background. X-rays
fluorescence is induced by bombardment of the target atoms with protons or charged particles
with energies below threshold for nuclear reactions. When sample is bombarded with the
beam, the protons interact with the electrons in the atoms of the sample, creéting inner shell
vacancies. The energy of the X-rays emitted when the vacancies are refilled is characteristic
for the element from which they originated, and the intensity of X-rays is proportional to the
amount of the corresponding element within the sample. The proton beam can be focused to a
small cross-section (beam spot is in the order of 1 pm or less) and can also be deflected to
produce a scan of the sample object. In this way, elemental maps can be created which can be
superposed on an optical image from a microscope. PIXE technique has many advantages. It
is very fast and sensitive analytical method especially for the lower atomic number

elements [1].
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Statistic Analysis of Results from in Vivo Dosimetry in
Radiotheraphy with the Use of Electron Beams

Aleksandra Klos!, Adam Konefat?

! Department of Medical Physics,
’Department of Nuclear Physics and Its Applications,

Institute of Physics; Silesian University, Katowice

The effect of radiotherapy depends on a precision of delivery of the planned dose to
the target volume. The administration of a course of radiotherapy requires a whole series of
steps starting from basic dosimetry over tumor localization, treatment planning, dose
calculation, to patient immobilization. Malfunctions of apparatus, combuter algorithms,
human mistakes can contribute to a significant differences between the planned dose and
received one.

The analysis of results of in vivo dosimetry in the electron beam radiotherapy is
presented. The in vivo dosimetry measurements were carried out with the use of the EDE-5
semiconductor diodes in the Centre of Oncology in Gliwice. The detectors were linked to the
DPD-510 electrometer (Scanditronix). The 0.6 cm® cylindrical ionization chamber (type NE
2571) and a tissue equivalent phantom composed of slabs with an area of 30 cm x 30 cm were
used for the calibration of the applied detectors. The measurements were performed for 70
patients with cancers of the lung, chest and neck region. Total number of measurements was
208 (maximal 3 times for one patient). Patients were irradiated with the 9, 12, 15, 18 and 22
MeV electron beams generated by the biomedical accelerator Clinac Varian 2300 C/D.
Detectors were positioned on the sﬁrface of the body at the centre of irradiated field. Results
are shown on the histograms of percentage differences between the planned dose and received

one (figures below).

Extremal values are -19% and 30% for the 9 MeV beam whereas -6%, 6% and -26%,
30% for 12 and 15 MeV, respectively. Analysis was not realized for 18 and 22 MeV because
of only some cases. The extremal values were observed for single cases. The average of
distribution is shifted to right side of histograms i.e. patients have given larger doses than the

planned one. The differences do not exceed 5 % for majority of cases. That is in a good
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agreement with the recommendation of ICRU. Deeper analysis showed that the main reason
of the differences between the planned dose and delivered one is the algorythm of the
planning treatment system CADPLAN.
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Radioactive Contamination
of the Environment of Wood — Rings

Agnieszka Kluza, Grzegorz Bujnarowski

Institute of Physics, Opole University, Oleska 48, 45-052 Opole, Poland

Introduction

It is well known that the natural environment contains some amount of radioactive
elements, originating from the natural sources present in Earth mantle and/or resulting from
the interaction of cosmic rays with matter [1]. The radiation of the radioactive elements
present in the natural environment forms some background level, harmless for the mankind,
because of the adaptation in the evolution process. On the other hand, the radiation of the
artificial radiation sources, with their intensity increasing with the civilization progress, may
be imminent for the nature, Nuclear explosion tests, injuries to the nuclear power plants, and
other radiation events stimulate the investigation of various aspects of the radioactive
pollution on both the effects of the living organisms and on the inanimate matter.

The trunks of many kinds of trees display a grainy structure [2]. A new layer of a
living tissue is built around the trunk of a growing tree. After few years this layer lignifies. In
our climatic zone the layers of a new living tissue are growing in an annual cycle.
The nourishing substances are transported only by the non-lignified peripheral part of the
trunk composed from the last annual rings [3]. The wood-rings trap various chemical
substances absorbed from the soil together with nourishing substances. If the area is polluted
with radioactive elements, the permanent deposition of radioactive isotopes in annual rings of
a tree is possible. Analysis of the chemical composition of annual .ri'ngs is a source of
information on climate and other changes in the environment, and, what is most important
from our point of view, on the changes in the concentration of radioactive elements during the
life of the tree.

Currently the changes in the pollution level in the annual layers of trees are widely
carried on, depending on the age, kind and area where they are growing {4-7]. The purpose of
this paper is to present the results of investigations of total B-activity as well as of spectrum of

y-radiation of a tree grown in Starkéwek near Polanica in Poland.
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Experimental

The tree chosen for the experiments was a 65 year old spruce (Picea abies) growing in
the forest. From the trunk of the truncated tree a few centimeter thick slice, located about
70cm above the ground, was cutted of. After polishing its surfaces the slice was dried for few
mount in a room conditions. After drying the slice was separated manually into subsequent
annual rings. Chips of wood originating from indyvidual annual rings were burned in
porcelain containers in an oven with free access of air. The combustion process was carried at
temperature of 450°C and lasted 4 hours. This way the wood was completely ashed. The
combustion process was necessary to take away the carbon, strongly absorbing the
p-radiation.

Thin layer of the obtained wood-ashes were located in standard measuring bowls and
then the specific intensity of B-radiation was determinated using a standard detection system
with a window-type Geiger-Miiller counter. y-radiation of some of the ashes, exhibiting an
enhanced B-activity, has been investigated using a spectrometer equipped with a germanium
detector. For the comparison purposes, the radiation of annual rings from the period before

the years 1945 (first nuclear explosion tests) has been investigated, too.

Results and discussion
The experimentally determined dependence of the specific (per unit mass) intensity of

B-radiation from individual annual rings on their age is represented on Fig. 1.
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Fig. 1. Dependence of the intensity of radiation of ashed wood-rings
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Few local maxima are clearly visible c}n this dependence, located at the years 1945,
1952, 1960-1963, 1968—1974 and 1989. The last maximum located at the year 2000 will not
be interpreted in the present paper because of the lack of appropriate information about the
nuclear explosion tests or injuries to the nuclear power plants. The remaining maxima of the
B-activity correlate well with the periods of the intensive nuclear explosion tests [8].

This last statement is supported by the comparison of the age dependence of the
intensity of B-radiation with the time dependence of the number of nuclear explosion tests
(Fig. 2) and with the time dependence of total power of nuclear explosion tests (per year) —
Fig. 3.
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As it seen from Figs 2 and 3, the positions of maxima of the intensity of B-radiation
correlate well with the enhanced intensity of nuclear explosion tests. Increase in the intensity
of p-radiation in the 1989 is, at least in part, caused by the damage of the Chernobyl nuclear
power plant. There is some shift (tardiness) of the maxima of the intensity of p-radiation with
respect to the maxima of the intensity of nuclear explosion test, resulting from the mechanism
“of transport of the radioactive elements to the trunk of the tree. Radioactive fall-out penetrates
the soil with a velocity ranging from a dozen to several dozen centimeters per year. The tree
begins to absorb the pollutants only after penetration at the depth of its rooting. Depending on

that how deep the tree is rooted, it may last several years.
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Fig. 3. Comparison of the changes of B-radiation from investigated ashes with the total power

of nuclear test explosions in a year

Radioactive fall-out contains many different radioisotopes. The majority of them occur
at slow concentration, or their decay is very fast. The main components of radi_oactive fall-out
are 7Cs, PSr, C, "Ce and '"Ru. The remaining radioisotopes cause no serious threat
because of their very short decay half-period. In our experiment, due to the application of the
window-type Geiger-Miiller counter as well as due to the sample preparation procedure,
mainly the B-radiation of *°Sr has been registered. Therefore, it can be stated that intensive
radiation events (e. g. nuclear explosion tests or the consequences of the damages of nuclear
power plants) cause an increase in the amount of %0Sr radionuclide in the annual rings of
growing trees.

For a better validation of this statement the spectrum of the
y-radiation for some ashes has been analysed. Basing on the results of these experiments the
§peciﬁc activity of several radioisotopes'('wK, me, 2“Bi, 212Bi, 214Bi, 228Ac, BITh and 235U)
has been determined. The age of dependences of the activity of these isotopes are shown in
Fig. 4. '
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The activity of **K does not changes over the investigated period. It is easily
understandable, because of its natural occurrence in the environment and long half-period
amounting 1,28-10° years. For the remaining isotopes, belonging to the natural radioactive
families, some changes in their activity are observed. This may suggest, that their presence in
the wood does not result from the natural reasons. The possible reason may be artificial

radioactive events. Similar investigations with similar conclusions are reported in {6].
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Fig. 4. Changes in the specific activity of chosen y emitting isotopes in investigated ashes
The applied method permits to trace the occurrence of radioactive pollution in the area

where the tree grows several years back. The method may be also used for preparation of

maps of the areas contaminated many years ago. The method permits to verify the information
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on the effect of nuclear explosion tests and damages of nuclear power plants on the

environment as well as to reveal the hitherto unknown sources of the radiation pollution.

(1]

[2]

(3]

(4]

(51

(6]
(71

(8]

References

A. Hrynkiewicz, ed. ,,Czlowiek i promieniowanie jonizujace”, Wydawnictwo Naukowe
PWN, Warszawa (2001).

A. Zielski, M. Krapiec, ,,Dendrochronologia”, Wydawnictwo Naukowe PWN,
Warszawa (2004).

A. Szwejkowska, ,,Fizjologia roslin”, Wydawnictwo Naukowe UAM, Poznan (1998).
G. Bujnarpwski, A. A, Kluza, Z. Witkowski, K. Gasiewicz, M. Dorociak,
B. Bialon in ,Mtlodziez akademicka a wspdlczesna nauka”, K. Jankowski, ed.
Wydawnictwo Akademii Podlaskiej, pp. 31-35, Siedlce (2003).

T. Majcherczyk, M. Waclawek, Chemia i Inzynieria Ekologiczna, T. 8,
Nr 12, pp. 1269-1276, (2001).

J. Pajak, M. Szuszkiewicz, A. Domagata, P. Krogul, Unpublished results, (1992).

A. Kagawa, T. Aoki, N. Okada, Y. Katayama, J. Environ. Qual. 31,
pp. 2001-2007 (2002).

This information is compiled from unclassified Widley accepted sources -

http://nuclearweaponarchive.org

78



Clinical Implementation of in-vivo Diode Dosimetry
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Supervisor: Jan Hrbacek

In-vivo dosimetry is used as a Quality Assurance tool to measure the dose delivered to

patients during radiotherapy. These dose measurements are compared with the target doses
specified by the oncologist and calculated by the radiotherapy treatment plan.
- In-vivo dosimetry in the University Hospital Motol is based on the entrance dose
measurement, which is realized by using p-type and n-type semiconductor diodes (Isoréd -
Sun Nuclear Corp.) for all photon beams: Varian Clinac 600C (4 MV and 6 MV), Varian
Clinac 2100C (6 MV, 18 MYV). Each treatment room is equipped by 3 diodes for
corresponding beam energy. ,

Diodes are a semiconductor analogy for ionisation chambers, which are too large and
fragile to be used on patients. Diodes are used without external bias and only an electrostatic
potential difference over depletion layer, which is created when diodes are doped, is used for
minority charge collection.

Signal of diodes is influenced by following factors [1]:

a) Photon energy: A diode has a much higher atomic number (Zs; = 14) compared to soft
tissue (Zegs= 7). Due to this difference the photoelectric effect is more .important in the
diode and it results in overestimation of the dose.

b) Temperature: With increasing temperature the energy of minority charge carries
increases and probability of recombination decrease. And it leads in a higher response of
diode per pulse.

¢) Accumulated dose: As a consequence of accumulated dose is a progressive decrease in
detector‘sensitivity. This is dﬁe to additional lattice defects, which are produced by the

radiation and which act as recombination centers for the minority charge carries.
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d) Deose rate: At higher dose rate the recombination centres are “occupied” which results
in a relatively lower rate of recombination. This leads to a proportionally higher

response at higher dose rates.

Due to these dependences the entrance dose measurement by diodes is also influenced
by geometric parameters which could affect factors mentioned above. So set of-correction
factors has to be established to account for variations in diode response in situations deviating
from the reference conditions. The factors influencing diode signal are mainly source to skin
distance (SSD), field size, presence of a wedge because:

SSD: With increasing SSD is changing contribution of contaminating head-scatter
electrons and also the dose per pulse. -

Field size: Increasing field size results in a increase of number of scatter photons that
come from flattening filter and that are not shielded by secondary collimators - so it is
changing energy spectrum of the photons reaching the diodes.

Wedge: Inserting a wedge in the beam leads in a decrease of the dose rate and a
hardeni.ng of the spéctrum of the beam. Therefore, as the sensitivity of the diode depends on
Bdth dose rate and energy, a correction factor different from 1 is expecte& Wheﬂ usmg wedges.

The temperature dependence, should be accounted if a particular diode is used at
different temperatures. This may be done by applying a temperature correction factor or by

using a thermostatically controlled calibration phantom.

Beside the pﬁysical properties of the diode crystal, to the value of correction factors also
contribute the fact that the measurements are performed with the diode located outside the
patient or the phantom. The photon scatter conditions experienced by the diode are therefore
different from those at the point of entrance dose definition, i.e. at the depth of dose maximum
inside the patient or the phantom.

Our physical model incorporates corrections for field size, SSD, -presence of-a wedge
and also temperature correction factor. Correction factors were measured by methods which
are well described in numerous literatures and are not presented here (except temperature

correction factor).
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Temperature correction factor

When diodes are calibrated on a solid water phantom, they are in temperature
equilibrium with room. But during clinical measurements, when diodes are placed on the
patient skin, temperature of p-n junction increases and it results in a higher sensitivity of
diode as was mentioned earlier.

To quantify this phenomenon diode was connected to a source of constant current
according an arrangement on fig. 1. Then diode was put in a waterproof cap into a water
phan;om which temperature was measured by thermometer. Subsequent was measured
voltage of p-n junction for several temperatures and calibration curve was géined. Note .that
for ideal diode this dependence (voltage on temperature) is linear in comparison with
dependence of current on temperature, which is not linear. So it was possible to determine

temperature of a p-n junction if the voltagé on diode is known.

14 = const.

ﬂ; 1%

Fig. 1

But connection of diodes which is used in clinical mode does not allow determining
temperature of p-n junction immediately. So correction for temperature may be done by
applying a constant temperature correction factor.

Therefore were performed measurements on 15 patients for several parts of body to
assign final skin temperature and also time which is necessary to reach temperature
¢quilibrium. ‘ I

Then was determined correction factor for a set of diodes as (1 - SVWT * At) where
SVWT means sensitivity variation with temperature and At is the difference between room

and average skin temperature.
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SVWT was measured on a water phantom under reference conditions. Diodes were
placed on the top of the phantom of a known temperature and were irradiated. This was

performed for several temperatures (in a range from 20 °C to 40 °C).

Results

The database includes over 1690 records from measuring 230 patients. The overall
average deviation from the prescribed dose is -0.70 % (SD = 0.07). The deviation less than
= 5 % (8 %) has been observed in 83.2 % (94.1 %) of all records (fig. 2). This includes also
tangential field technique for breast cancer treatment with significantly wider spread
deviations. In-vivo dosimetry proves to be a valuable tool for verification of delivery of
prescribed dose and enables to discover major errors in the treatment planning process and

patient’s setup.
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The Detector Control System Board of the ALICE Experiment

Utilization of the DCS Board for status control of Silicon Drift Detectors of the
Inner Tracking System

J. Kral, V. Petracek

Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University
Prague, Czech Republic

ALICE and ITS

Work on a new accelerator and experiments is in progress at CERN. One of the recently
build experiments is A Large Ion Collider Experiment. ALICE will focus on heavy-ion
physics, proton-proton and lead-lead collisions at LHC energies (~5.5 TeV per nucleon).
Main goal is to study quark-gluon plasma, which is expected to form in such density and
temperature [1].

The experiment is composed of several detectors [2]. The innermost one, the ITS (Inner
Tracking System), is ment to: determine primary vertex and secondary vertices necessary for
the reconstruction of charm and hyperon decays,kperform particle identification and tracking
of low-momentum particles and participate on momentum and angle measurements {1]. The
ITS is composed of six layers of silicon detectors; strip (SSD), drift (SDD) and pixel (SPD)
detectors, each in two layers. This article deals with the SDD sub-detector.

Detector Control System

ALICE experiment is a complex device and requires a system, that provides
synchronization with other devices, experiment status overview and ways to control the run of
the experiment. Such a system is called the Experiment Control System (ECS). The Detector
Control System is then a ECS's sub-system dealing with one detector only.It is a set of
hardware and software components providing man to machine interfaces and configuration,
process and operation control [3]. The DCS must provide complete supervision chain from
field hardware to operator's screen and in opposite direction for carrying commands. For that,

the DCS is composed of three layers: the supervising layer — the supervision and operation of
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the detector; the controlling layer - the collection and processing of data; and the field layer -
the connecting of the detector equipment to the DCS.

The field DCS layer can be also defined as a point, where commands from software part of
system transform into device specific hardware communication. The supervising and the
controlling layers of the DCS are realized on the software level. Field devices are simple, they
do not and can not include any sophisticated computer to run programs to connect to the DCS.
So arises a necessity of a device capable of working with software part of the chain and with

device specific hardware part and carrying out the communication chain transition.
The DCS Board

A device meeting such needs has been under development at University of Heidelberg, the
device name is Detector Control System Board (DCS Board) [4]. To connect to the software
layers, the board incorporate a simple computer; processor, operation memory, flash memory
and Ethernet controller. Programmable logic (FPGA) and various I/O controllers provide the
board with ability to suite any specific device needs. The core of the board is the ALTERA
Excalibur EPXA1F484C3 chip with integrated ARM922T standard 133MHz processor and
FPGA [5]. The board is capable of running a Linux ARM architecture distribution. Any user
software must be compiled for ARM architecture as well. Presence of a ordinary OS allows us
to implement any software necessary for operation within the DCS. The board is completely
manageable through the Ethernet network, once the OS and the FPGA image are loaded into
flash memory by fhe JTAG chain for the first time. A RS232 interface is present for backup
purpose.

The FPGA (user logic) is reprogrammed on every device boot according to the image
stored in the flash memory. The user programmed logic registries are accessible for a kernel
modules on defined memory addresses. The other side of user logic can be linked either

directly to output pins or to LVDS (Low Voltage Differential Signalling) I/O units.
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OCS System Overview
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Fig 1. DCS Board block scheme [4]

Communication chain

The task we are working on is tosetup a chain, that will read temperature and low voltage
data from the SDDs and make them available to the detector control system.

All the SDD wafers are mounted on a linear structures called ladders, each of them holding
6 or 8 detectors, depending on the layer [1]. Two front-end electronics modules (left, right)
are attached to each wafer. The front-end modules on each ladder are connected to two low
voltage half-module end-ladder cards. A DCU (Detector Control Unit) chip, capable of
temperature and low voltage data readout, is present on each of the end-ladder cards. Two
DCUs are operated by one control chip called Dilbert, which is then connected to the DCS
Board. ‘

The Dilbert chip provides a reset signals to both DCUs and possesses one additional

ability. All three chips communicate by the I2C bus protocol [6]. The realization of 12C bus in

between the DCUs and the Dilbert is not problematic because of the distances of several

centimeters. The DCS Board is much farther from the Dilbert chip. The signal on I2C bus

would get lost in interference. For this reason a bus more stablé to interference and capable of
carrying the 12C bus protocol communication is necessary in the Dilbert to Excalibur section,
the “differential 12C”. The Dilbert is able to convert this differential signals back to standard

I2C. The same applies to the clock signal from the Excalibur chip.
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Fig 2. Communication chain scheme

Izand differential 12C

Nearly every electronic system includes a control unit coordinating work of task-specific
units. This units are in need of some communication amongst them selves. To exploit this

similarities, Philips developed a bi-directional 2-wire bus for efficient inter-IC control, the

1C [6]. The bus is simple, requires only 2 lines (SCL serial clock line and SDA serial data
line), yet powerful. Incorporates multi-master mode with collision detection and arbitration, 8-
bit bi-directional data transfers up to 3.4 Mbits/s, units are software addressable and can be
simply clipped or unclipped directly to the bus. The bus was meant to be used on PCBs and its
bare bus design triggers problems while used for communication on longer distances,

especially in environments with interference. Which is the case here. Both cores of the

Excalibur and the Dilbert communicate using 12C, but their distance is approximately 2.5 m.
Modifications to the bus needed to be done, in order to increase its reach and make it more

resistant to interference.

One way to achieve the goal is to encapsulate the 1C communication by another bus,
which already fits into criteria. The LVDS (Low-Voltage Differential Signaling) is a good
choice. Its differential nature makes the LVDS resistant to interference and the
communication distance ranges up to several meters. The downside of the LVDS usage is the

wire count. The bus is uni-directional, thus requires separate line for each direction. The
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