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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/3 SummerSchool/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. 
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Device for the Proton Beam Energy Control for Radiotherapy 

A.V.Agapov 

Dzhelepov Laboratory of Nuclear Problems, JJNR 

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 Bi:agg 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.I). 

Two Plexiglas wedges are the most important components of DVT. Big wedge can 

move across the proton 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. I. Energy degrader of variable thickness (DVT): I-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; IO-carriage; I I-sockets; I2-stepper motor; I3-microswitch; 
I4-worm-gear; IS-clamp ofa 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 

I 05 mm waters. The results are presented in Fig.2. As one can see both parameters are almost 

independent ofDVT 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 

• 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: 

and 

Cosmic rays interact with nitrogen (14N) or with deuterium (2H) and form tritium and 

carbon (1 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 1010 decays per second. The world 

wide production of tritium from natural sources is 4 x 106 curies per year with a steady state 

inventory of about 70 x 106 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 theenvironrnent 

• Stratosphere 6.8% 

• Troposphere 0.4% 

• Biosphere 27.8% 

• Ocean65% 

All atoms are composed of a center nucleus surrounded by shells of electrons. The tritium 

atom (3H) 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 ofno 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 iow 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 such· as 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. 
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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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N2 City Country C [T], Bq/1 

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 Annenia 38.5 

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 37.3 

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. 

14 



Applications of Exogenous Sensitizers in Photodiagnosis, 

Photodynamic Therapy, Radiation Therapy, and Boron Neutron 

Capture Therapy - Short Survey 

Ekaterina Borisova, Latchezar A vramov 

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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Another therapeutic modality for cancer treatment, the Boron Neutron Capture 

Therapy (BNCT) is based on the 10B(n,4He)7Li nuclear reaction which occurs when a 10B 

nucleus captures a reactor-generated low-energy neutron to produce cytotoxic high linear 

energy transfer particles (4He2+, 7Li3+) [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, 10B 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 10B(n, alpha)7 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 10B, 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 10B 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 10B concentration can be excluded from the treatment volumes. 

Protection of normal tissues near and within the treatment volume is achieved by selective 

targeting of 10B to the tumor [ 4]. 

Incident 
epithermal 
neutrons 

Thermal 
neutrons. 

Cl 
E=1,47MeV 

o-+ ~ ~~B ~ftB • 
~ ~~~~ I 

o-+ o-+ t=1012 
sec 

Air Tissue 

Fig. 2. Schematic view of 10B(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 3H, 14C, and 1251 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 therapeutic applications 

of porphyrins include treatment of atherosclerosis, vascular re-stenosis, age-related macular 

regeneration, rheumatoid 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 Brzozowska1 and Andrzej Wojcik1
•
2 

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

Protection, Warszawa, 
2 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 calibration 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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Fig. I. 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 niicronuclei (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 ofmicronuclei increases with dose (Fig.3). 
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Fig.3. The dose-response curves for micronuclei in binucleated cells in lymphocytes of7 

donors. The line represents the mean (Wojcik 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 md 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% CO2. 

Cytochalasin B was added to samples with 5.6 µg/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 KCl, 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 
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Fig.4. The dose-response curves for micronuclei in binucleated cells in lymphocytes of first 

donor 

2) For second donor 
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Fig.5. The dose-response curves for micronuclei in binucleated cells in lymphocytes 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 of2Gy and 2.7Gy. At this 

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

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 2O212A 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 ("TERA" 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. 

AHHOTaUHH 

,[vlll o6ecneqeHJffi rapattTHH KaqecTBa npOTOHHOH JiyqeBOH TepanHH, npOBO)J,HMOH B Me)J,HKO­

TeXHHqecKOM KOMilJieKce O6'be)J,HHeHHOrO HHCTHyYTa ll)J,epHbIX HCCJie/J,OBaHHH, 6hIJia pa3pa6orntta H 

C03)],aHa CHCTeMa KOHTpOJill npoqmJieH ,H npo6era npOTOHHOro nyqKa, pa6oTaIOII.\all B peaJibHOM 

Macrnrn6e BpeMeHH. 

,[vlll H3MepeHHll ropH30HTaJibHOrO H BepTHKaJibHOro npoqmnen nyqKa B npoueAypHOH Ka6HHe 

6hIJia pa3pa6orntta H H3fOTOBJietta MttoronpOBOJIOqHaJI HOHH3aUHOHHall KaMepa. KaMepa BKJIJOqaeT 

)],Ba aHO/J,HblX H TpH KaTO)J,HblX :meKYpO)J,a. KIDK.llblH attO)J,HbIH :meKTPOA COCTOHT H3 30 npOBOJioqeK 

/J,HaMeTpOM 0,1 MM ttaTllttyTblX c rnaroM 3 MM. 
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.l1/Ill KOHT{JOJlll npo6era nyqKa 33,lleHCTBOBaHbl 4 npOMbIIIIJieHHbIX ,!IHO,!la THna 2.l(212A, 

npe,!1Ha3HaqeHHbIX .!IJlll HCilOJlb30BaHHll B PaJl_!'IOTeXHHKe. CttCTeMa ycTaHOBJieHa nepe.11 nepBbIM 

KOJIJIHMaTOpOM B neptt¢epHqecKOH 30He nyqKa H He BHOCHT HCKIDKeHHll B ero HCilOJib3yeMylO qaCTb. 

BbIXO,!IHbie CHrHaJibl C KaMepbl H ,!IH0,!10B OUH¢poBbIBalOTCll cneUHaJibHO pa3pa6oTaHHbIM 

6JIOKOM, CBll3aHHbIM C nepCOHaJibHbIM KOMilblOTepOM. B 6JIOKe HCilOJlb30BaH TaK Ha3bIBaeMbIH 

"TERA"-qttn, npe.11cTaBJill10IUHH co6oii 64-KaHaJibHbIH 16-6ttTHbIH npeo6pa3oBaTeJib 11ToK-qacT0Ta11
• 

CttcTeMa B TeqeHHe ro.11a npopa6oTana B ceaHcax npoTOHHOH TepanHH H 

npo.t1eMOHCT{)HpOBaJia CBOIO Ha,D,e)KHOCTb H qyBCTBHTeJibHOCTb K napaMeTpaM npoTOHHOro nyqKa. 

ToqHOCTb onpe.11eneHHll aCHMMe'f{JHH npo¢HJill nyqKa COCTaBJilleT 2 %, a H3MeHeHHll npo6era -

0,2 MM BO,!lbl, 

BBC,ll;CHHC 

IlyqKH ycKopeHHblX rrpOTOHOB B JiyqeBOll TeparrHH II03BOJUIIOT <pOpMHpOBaTb ,D;03Hble 

IlOJill cyiuecrneHHO 6onee KOH<pOpMHbie o6JiyqaeMOll MHIIleHH, qeM :no B03MO)KH0 rrpH 

HCilOJib30BaHHH KOHBeHIIHOHaJibHOro H3JiyqeHHll (raMMa KBaHTOB, :meKTPOHOB). 3TO 

061,HCIDieTCH OTHOCHTeJibHO MaJiblM 6oKOBbIM pacceHHHeM rrpoTOHHOro rryqKa, a TaK)Ke 

HaJIH~eM B KOHIIe npo6era qacTHII MaKCHMYMa HOHH3aIIHH - IIHKa Ep3rra, 3a KOTOpbIM .!I03a 

pe3KO cna.11aeT rrpaKTHqecKH .110 Hymr. 

IlpOTOHHhle rrpOCTPaHCTBeHHbie ,D;03HbJe IIOJill xapaKrepH3YIQTCH pe3KHM rpa,!IHeHTOM 

no KpaIO IIOJUI - YMeHbIIIeHHe ,!103bl C 80% ,no 20% rrpOHCXO,!IHT Ha paCCTOHHHH HeCKOJibKHX 

MHJIJIHMeTPOB, qTQ II03BOJilleT YMeHbIIIHTb JiyqeByIO Harpy3KY Ha OKpy)KaIOJUHe MHIIIeHb 

31:\0pOBbie TKaHH H IIOBbICHTb BeJIHqHHY IIOrJIOIUeHHOll .!103bl B pa,!1HOpe3HCTeHTHbIX 

onyxoJillx. 

3TH rrpeHMyIUeCTBa rrpoTOHHOll nyqeBOll TepanHH (IlflT) II03BOJUIIOT Bpaqy-pa.!IHOJiory 

c IIOMOIUblO KOMilbIOTepHOll rrporpaMMbl IIJiaHHpOBaHHll MO,!leJIHpOBaTb o6JiyqeHHe 

MHIIIeHeil:, Henocpe.11crneHHO rrpHJieraIOIUHX K Pa.!IHOqyBCTBHTeJibHbIM CTPYKTYPaM H 

opraHaM TeJia na11HeHTa (CTBOJI M03ra, 3pHTeJibHbie HepBbl H ,!Ip.) 

~ rrpeIIH3HOHHOro BOCI1pOH3Be,!leHHll paccqHTaHHbIX ,!103HbIX IIOJieil: B ceaHcax 

rrpoTOHHOll JiyqeBOll TepanHH Heo6XO,!IHMO, no61,1 peaJibHbie napaMeTPbI npOTOHHOro rryqKa 

IIpH o6JiyqeHHH IIOJIHOCTblO COOTBeTCTBOBaJIH 3aJIO)KeHHbIM B nporpaMMY IIJiaHHpOBaHHll. K 

TaKHM napaMeTPaM, B qacTHOCTH, OTHOCHTCH: ropH30HTaJibHblll H BepTHKaJibHblll rrpo<pHJIH 

nyqKa, ero rny6HHHOe .!103HOe pacnpe,!leJieHHe (KpHBaH Ep3rra), BeJIHqHHa IIOrJIOIUeHHOll 

.!103bl C Ka)K.!IOro IIOJill o6nyqeHHH. 
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Qem,IO HaCTOJirn:eiI pa60Thl JIBHJIHCI, pa.3pa60TKa H C03~aHHe KOMIIbIOTepmnpoBaHHOH 

CHCTeMhl K0HTP0Jlj{ rrapaMeTP0B rrp0T0HH0ro JlY1IKa Herrocpe~cTBeHH0 rrpn rrpoBe~eHHH IIJIT 

rra11neHTOB B Me~nKo-TexHnqecKOM K0MIIJieKce (MTK) ,[µUIII OI15U1. CncTeMa BKJI10qaeT 

CJie~yiorn:ne 0CH0BHbie :rneMeHTbI: 

• lllnpoKoarrepTypHM rrpoxo~M H0HH3aIIH0HHM KaMepa - M0HHT0p HHTeHCHBH0CTH 

rryqKa; 

• IIpoqmJIOMeTP - ycTaH0BJieHHM Ha BX0~e rrp0T0HH0ro rryqKa B rrpo11e~ypHyIO Ka6nHy 

MH0rorrp0B0JI0qHaJI H0HH3aIIH0HHM KaMepa, rrpe~Ha.3HaqeHHM ~Jlj{ K0HTP0Jlj{ 

ropm0HTaJII,H0r0 H BepTHKaJibH0f0 rrpoqmneiI rryqKa; 

• CncTeMa II0Jiyrrp0B0~HHK0BI,IX ~H0~0B, HCII0Jl1,3yeMbIX B Kaqecrne ~eTeKT0p0B 

H0HH3aIIH0HHl,IX II0Tep1, rryqKa rrpH IIp0X0)K)];eHHH ero qepe3 Bern:ecrno H 

II03B0Jlj{IOJ.UHX K0HTP0JIHp0BaTI, rrpo6er rryqKa; 

• MHoroKaHaJil,HI,IH 6JIOK rrpeo6pa.30BaTeJieiI 
11
TOK-qacTOTa" ~Jlj{ H3MepeHHJI BI,IX0~HI,IX 

CHrHaJI0B rrpoqmJIOMeTPa H ~H0~OB; 

• I1HTepqieiic KAMAK ~ rrepe~aqn ~aHHbIX c H3MepnTeJI1,H1,1x rrpn6opoB B 

rrepCOHaJII,Hl,IH K0MIII,IOTep; 

• KoMIIbIOTepHM rrporpaMMa o6pa60TKH H Bmyanma11nn II0JiyqaeMbIX ~aHHbIX; 

• CncTeMa K0HTP0Jlj{ OTIIYCKa ~031,I rrpn o6nyqeHHH rra11neHT0B. 

1. KoncTpyKIIHH MnoronpOBOJioquoiI HOHH3aIIHOHH0H KaMepbl 

y CTP0HCTBO MH0rorrp0B0JI0qHoro rrpoq>HJIOMeTpa - HOHH3aIIHOHH0H KaMep1,1 (HK) 

rrpe~CTaBJieHO Ha pnc. 1. OHa COCTOHT H3 TPeX BI,IC0K0B0JII,THI,IX, ~Byx CllfHaJII,HI,IX 

(aHO~HI,IX) H ~Byx 3aJ.UHTHbIX 3JieKTP0~0B, pa.3~eJieHHbIX ~H3JieKTPHqecKHMH paMKaMH­

rrp0KJIMKaMH TOJIW:HHOH 110 5 MM. BhlCOKOBOJII,THble H 3aJ.UHTHbie 3JieKTP0~l,I BbIII0JIHeHbl H3 

aJIIOMHHHeBOH q>OJibrH TOJIJ.UHHOH 17 MKM H 50 MKM C00TBeTCTBeHH0. AHO~HI,IH 3JieKTP0~ 

rrpe~CTaBJlj{eT co6oii paMKY, H3fOTOBJieHHYJO H3 q>OJibrHpOBaHHOro CTeKJI0TeKCTOmna, Ha 

K0T0PYJO HaTJIHYTbl n pacrrMHI,I 30 rrp0B0JI0qeK m 6epHJIJIHeBoii 6pOH3bl ~HaMeTP0M 100 

MKM C maroM 3 MM. IIpoBOJIOqKH ~Byx 3Jieicrpo~OB opneHTHp0BaHHl,I opTOr0HaJibH0 ~pyr 

~pyry, qm 1103B0Jlj{eT He3aBHCHM0 H3MepJITI, ropH30HTaJII,HI,IH H BepTHKaJII,HI,IH rrpoqmJIH 

rrp0T0HH0ro rryqKa. CnrHaJil,HI,Ie rrpOBOJioqKH coe~HHJIIOTCJI c K0HTaKTaMH ~yx 32 

IIIThlpbK0BI,IX BI,IX0~HI,IX pa.31,eM0B, ycTaH0BJieHHblX im Koprryce KaMep1,1. 
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3aLUHTHbli't 
3neKTp0A 

\ 

CHl"HaJlbHbte 3neKTp0Abl Bb1X0Abt KaMepbl: 
30 eepTHKanbHblX (X) H 
30 ropH30HTaJ1bHblX (Y) 

KaHa/10B 

PHC. I. Y CTpoil:CTBO MHOrorrpoBOJIQqHoil: HOHH3(1UHOHHOH KaMepbl 

I - H0pMarrbHIDI KpHBruI; 2 - CMemeHHIDI KpHBIDI 

Ha BbIC0K0B0JibTHbie ::meKTp0}J;bl OT BHenrnero CTa6HJIH3HpOBaHHOfO HCTQqHHKa 

IIHTaHmI rroii;aeTC.11 II0CT0.IIHH0e 0TpHI~aTeJibH0e HaIIp.!!)KeHHe I 000 B, o6ecrreqHBaIOJ.Uee 

JIHHeil:Hblll pe)KHM pa6on,1 KaMepbl B pa6oqeM }J;HaIIaJ0He HHTeHCHBH0CTH rrp0T0HH0ro rryqKa 

rrpH He3HaqnTeJibH0M yp0BHe T0K0B YTeqKn Ha CHfHaJibHbie rrpoB0JIQqKH. 

KoHCTpYKUH.11 H0HH3aUHOHHOll KaMepbl - M0HHT0pa HHTeHCHBH-OCTH rryqKa -

attarrornqHa K0HCTpYKUHH rrpoqmJIOMeTpa 3a TeM HCKJIIoqeHHeM, qTo aH0}J;Hrul IIJI0CK0CTb 

BbIII0JIHeHa TaK )Ke, KaK KaT0}J;Hrul. 

2. KonTpOJJh npo6era ny'IKa c U0M0W:hIO Il0JJYDP0B0AHHK0BhlX AH0A0B 

OcHOBHbIM rrpeHMymecTB0M rrpoT0H0B H ii;pyrnx T.ll)KeJibIX 3ap.11)KeHHbIX qaCTHU rrepeii; 

ii;pyrnMH BH}J;aMH H3JiyqeHH.II rrpHMeHHTeJibH0 K nyqeaoil: TeparrHH .IIBJI.lleTC.11 yaeJIHqeHHe HX 

HOHH3Hpyiomeil: crroco6HOCTH no Mepe rrp0HHKH0BeHH.11 B aemecrno. KpHBIDI rny6HHHOro 

}];03H0ro pacrrpeii;eJieHH.11 }];JI.II 3THX qacTHU HMeeT xapaKTepHblll MaKCHMYM B K0HUe rrpo6era 

(IIHK Ep3rra), 3a K0T0pbIM }J;03a pe3K0 crraii;aeT }];0 HYJI.11. BeJIHqHHa 3HeprnH, BM}J;eJI.lleMoil: 
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npOTOHaMII B nIIKe, MO)KeT B HeCKOJibKO pa3 npeBbIIIIaTb 3TY )Ke BeJIIIqIIHY Ha BXO,n;e B 

061,eKT. 3TO no3BOJUieT no,n;BeCTII Heo6xo,n;IIMYIO ,n;o3y K o6rryqaeMOll MIIIIIeHII, MaKCIIMaJibHO 

CHII3IIB rryqeByIO Harpy3KY Ha TKaHII II opraHbI, pacrroJIO)KeHHbie Ha rryTII nyqKa, II 

rrpaKrn:qecKII He o6rryqrui: o6rracTb 3a onyxoJibIO. 

TaK KaK cna,n; ,!l;O3bl OT MaKCIIMaJibHOro ,n;o HyJieBoro 3HaqeHJUI 3a nIIKOM Ep3rra 

npOIICXO,!l;IIT Bcero Ha HeCKOJibKIIX MIIJIJIIIMeTpax BO,D;bI, TO ,n;a)Ke rrpII He3HaqIITeJibHOM 

II3MeHeHIIII rrry6IIHhl npOHIIKHOBeHIIH rryqKa B TKaHb rrpocTpaHCTBeHHOe pacnpe,n;eJieHIIe 

,!l;O3bl OTHOCIITeJibHO paccqIITaHHOro nporpaMMOll IIJiaHIIpOBaHIIH MO)KeT CIIJibHO IICKa3IITbCH. 

3TO, B CBOIO oqepe,D;b, MO)KeT npIIBeCTII K He,n;oo6rryqeHIIIO orryxoJIII IIJIII K rrepeo6rryqeHIIIO 

KpIITIIqecKIIX cTpyKTYP, Herrocpe,n;crneHHO rrpmreraIOIIIIIX K o6JiyqaeMoii MIIIIIeHII. ITo3TOMY 

no pa,n;IIOJIOrIIqecKIIM Tpe6oBaHIIHM OTKJIOHeHIIe rny6IIHbI rrpOHIIKHOBeHIIH rryqKa OT 

Tpe6yeMoro 3HaqeHIIH He ,!l;OJl)KHO npeBbIIIIaTb 1 MM. 

Y CJIOBIIH qiopMIIpOBaHIIH II TpaHcnopTIIpOBKII rrpOTOHHOro rryqKa OT qla30TpOHa ,[(JI5IIT 

011.HH K rrpoIIe~)'.PHbIM Ka6IIHaM MTK TaKOBbI, qrn cpe.n;HHH 3HeprIIH qacTIIII B nyqKe B 

MeCTe o6rryqeHIIH rraIIIIeHTOB MO)KeT BapbIIpOBaTbCH B ,!l;OBOJibHO IIIIIpOKIIX npe,n;errax B 

TeqeHIIe ceaHca TepanIIII. 3m o6ycrroBJieHo, B rrepByIO oqepe,n;b, HaJIIIqIIeM pa3JIIIqHoro po,n;a 

HeCTa6IIJibHOCTeii MarHIITHOro noJUI B noBopOTHbIX MarHIITax TpaKTa TpaHCIIOpTIIpOBKII 

nyqKa. ITo3TOMY Heo6xo,n;IIMO KOHTpOJIIIpOBaTb rrpo6er npoTOHHOro rryqKa Herrocpe,n;cTBeHHO 

BO BpeMH o6rryqeHIIH naIIIIeHTOB. 

B pa3pa60TaHHOll CIICTeMe ,n;JUI II3MepeHIIH OTHOCIITeJibHbIX 3HaqeHIIll IIOHII3aIIIIOHHbIX 

IIOTepb rrpOTOHOB IICIIOJib3OBaHbl rrpOMbIIIIJieHHbie pa,n;IIOTeXHIIqecKIIe ,!l;IIO,!l;bl 2,[(212A. 

llyBCTBIITeJibHblll 061,eM ,D;IIO,D;OB rrpe,n;CTaBJUieT co6oii ,!l;IICK ,!l;IIaMeTpOM 3 MM II TOJIIIIIIHOll 

OKOJIO 0,2 MM, qTQ IIO3BOJUieT KOHTpOJIIIpOBaTb IIOJIO)KeHIIe IIIIKa Ep3rra npOTOHHOro rryqKa 

c xopOIIIIIM pa3peIIIeHIIeM no rny6IIHe npOHIIKHOBeHIIH B BeIIIeCTBe. KpoMe TOro, OHII 

HBJUIIOTCH ,!l;OCTaTOqHO pa,n;IIaIIIIOHHO-CTOllKIIMII II MOfYT IICIIOJib3OBaTbCH 6e3 3aMeHbI B 

TeqeHIIe HeCKOJibKIIX JieT pa60TbI B ceaHcax npOTOHHOll TepaIIIIII. 

KaK npaBIIJIO, rrpII rrpoBe.n;eHIIII ceaHca TepaIIIIII B rrpoIIe.n;ypHYIQ Ka6IIHY BblBO,!l;IITCH 

rryqoK TOJibKO C O,D;HOll qJIIKCIIpOBaHHOll 3Heprneii. ITepe,n; HaqaJIOM ceaHca rrpo6er rryqKa 

II3MepHeTCH aHaJIII3aTopoM rryqKa C noMOIIIbIO MIIHIIaTIOpHoro ,D;O3IIMeTpIIqecKoro 

KpeMHIIeBoro ,n;eTeKTOpa, nepeMeIIIaeMoro B BO,!l;HOM qlaHTOMe rro,n; . yrrpaBJieHIIeM 

KOMnbIOTepa. ITocrre 3TOro ycTaHOBJieHHOe 3HaqeHIIe rrpo6era HY)KHO KOHTpOJIIIpOBaTb Ha 

npOTH)KeHIIII Bcero ceaHCa TepaIIIIII. l13 3TOro crre,n;yeT, qTO K CIICTeMe KOHTpOJUI rrpo6era He 
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rrpe.[l'bHBIDieTCH TPe6oaamrn H3Mepemrn a6corrIOTHoro 3Ha'!eHHH rrpo6era rry'!Ka, 

Heo6XO,[IHMO Jllllllb ll3MepHTb ero CMemeHHe. 

dE/dx 

2 

zny6w1a npoHUKH06eHtlfl 

Pnc. 2. Bn.z:1 KpHBbIX 6p3rra ll BbI6npaeMoe Ha HHX pacrroJIO)KeHHe TO'!eK KOHTPOIDI 

DbIJIO rrpoae,[leHO KOMIIbIOTepHoe MO,[lerrnpoBaHHe C uerrbIO orrpe.r1erreHHH KOJIH'!eCTBa 

,[IH0,[10B, He06XO,[lllMOro ,[IJUI ll3MepeHHH rrpo6era IIYtIKa C 3a,[laHHOH TO'IHOCTbIO. OKa3aJIOCb, 

'!TO ,[\JUI IIOCTaBrreHHOH 3a,[la'!H ,[IOCTaTO'IHO llCIIOJib30BaTb Bcero 4 ,[lllO,[la, ecrrn 2 ll3 HHX 

ycTaHOBHTb Ha IIO,[l'beMe IIHKa 6p3rra, a 2 .r1pymx - Ha ero CIIa,[le (pnc.2). B 3TOM CJIY"ae rrpn 

He O'!eHb 60JiblllllX OTKJIOHeHHHX rrpo6era OT HOMHHaJibHOro 3Ha'!eHHH (.z:10 10 MM B0,[lbl) 

IIOKa3aHHH ,[lll0,[10B xopOIIIO arrrrpOKCHMHpyIOTCH mrrep6orroii:, ll CMemeHHe rrpo6era MO)KeT 

6bITb Bbl'lllCJieHO C He06XO,[lllMOH TO'IHOCTbIO. 

IIpoBe,[leHHbie ll3MepeHHH KpllBOH Ep3rra C IIOMOIUbIO ,[lllO,[la 2,[1;212A IIOKa3aJIH, '!TO 

ll3MeHeHHe cpe.r1Heii: 3Hepmn IIY"Ka, rrpn KOTOpOM rrpo6er CMemaeTCH Ha 1 MM B0,[lbl, 

rrpHBO,[lllT K ll3MeHeHHIO cnrnarra ,[lllO,[la (B o6rraCTH IIHKa Ha ero rpa.z:1neHTax) a cpe,[IHeM Ha 

5%, '!TO cymecTBeHHO rrpeBbIIIIaeT CTaTHCTH'!eCKYIO ll arrrrapaTypHyIO TO'IHOCTb ll3MepeHHH 

(OKOJIO 2 %). 

ArrrrapaTHaH pearrmaunH 3TOH H,[lell rrpe,[ICTaBJieHa Ha pnc.3. 3aMe,[IJIHTeJib ll ,[lllO,[lbl 

ycTaHOBJieHbl HH)Ke arreprypbl KOJIJIHMaTopa, paCIIOJIO)KeHHOro Ha BXO,[le IIY'!Ka B 

rrpoue.r1ypH)'IO Ka6nHy. TaKHM o6pa30M, B IIOJie3H)'IO '!aCTb IIY"Ka, rrpOXO.rlHIU)'IO CKB03b 

arrepTypy KOJIJIHMaTOpa ll llCIIOJih3yeMyio ,[IJUI o6JIYtieHHH rrauneHTOB, He BHOCllTCH HllKaKHX 

,[IOIIOJIHHTeJibHbIX llCKa)KeHHH. 

B Ka'leCTBe MaTepnarra 3aMe,[IJIHTeJUI 6hIJI BbI6paH .rlIOPaJIIOMHHHH, HO B03MO)KH0 TaK)Ke 

llCIIOJib30BaHHe ll .r1pyrnx MaTepnarroB, HarrpHMep, CTaJIH, T. K. ll3MepeHHH rrpo6era rry'IKa 

HBJUIIOTCH OTHOCHTeJibHbIMll. OH COCTOHT ll3 3-x CKperrJUieMbIX BMeCTe ,[leTarreii:. ,[J;eTaJib 1 

29 



rrpe,nHa:malfeHa ,nIDI )"IeTa pa3HOCTeil: TonmnH ,norronHnTenhHoro 3aMe,nmneIDI .LIIDI KIDK,noro 

H3 ,nno,noB, a TaK)Ke ,[\JUI KperrneHIDI BCeil: KOHCTPYKIIHH H ,nno,nOB K KOJinnMaTopy. 

BToprur lfaCTh 3aMe,nJIHTeIDI, JierKOC'beMHM, rrpe,nHa3HalfeHa .r\IDI OCHOBHOfO rarneHIDI 

3Heprnn rrpoTOHOB. Tipn BhIBO,ne B rrpo11e,nypHYIO Ka6nHy IIYlfKa C ,npyroil: 3Heprneil: 3Ta 

,neTanb MO)KeT 6bITh nerKO 3aMeHeHa Ha ,npyry10 ,neTanb HY)KHOil: TOnIUHHhl. ,lJ;eTanb 3 

rrpe,nHa3HalfeHa ,[\JUI OKOHlfaTeJibHOro rro,n6opa cyMMapHoil: TOJIIUHHhl 3aMe,nnnTeIDI C 

IIOMOIUhIO ,n10panIOMHHHeBhIX rrnaCTHH TonmnHoil: ITO 1 MM. 

KonmtMaTop 
{Hl1ll<Hl'll'I \CTb) 

-M•~••--· ____ _,_ .. ________ ... 

.. --··--· 
_ .... ------• 
,---;: ~~---,. 

Pnc. 3. Pacrrono)KeHne ,nno.noB n ,norronHnTenhHoro 3aMe,nnnTeIDI OTHocnTeJihHO 

rrepBoro KonnnMaTopa n rrpoTOHHoro rrylfKa 

3. 3JieKTpOHHKa CbeMa uu4'opMaIIHH 

B pa6olfeM pe)KHMe rrpn rrpoxo)K,neHHH lfepe3 HOHH3aIIHOHHYIO KaMepy H ,nno,nbl 

TeparreBTHlfeCKoro II)"IKa rrpoTOHOB C cnrHanhHhlX rrpoBonolfeK H ,nno,noB B03HHKaeT TOK 

rrop.smKa 0.1 HA. ,lJ;IDI H3MepeHHH 3THX CHrHanOB 6hrn pa3pa6oTaH H H3fOTOBneH Mo,nynh B 

cmH,napTe KAMAK Ha ocHOBe MHKpocxeMhI TERA. MnKpocxeMa rrpe,ncTaBIDieT co6oil: 64 

KaHanbHhlll 16-6nTHhiil: crpo6npyeMbiil: rrpeo6pa3oBaTeJih BXO,nHoro TOKa B 

rrporrop11noHanhHhlll eMy 11mpp0Boil: KO,n. Ka)K,nhlll KaHan COCTOHT H3 ,nByx qacTeil:: 

aHanoroBoil: H 11mpp0Boil: (pnc.4). AHanOrOBM qaCTh COCTOHT H3 KOHBepTepa TOK-lfaCTOTa. 

"KBaHT11 TOKa, COOTBeTCTBYIOIUHll O,L\HOMY HMrrynhcy, COCTaBIDieT 600 qiKn, lfTO II03BOIDieT 

H3MepHTh BXO,L\Hble TOKH B ,nnaIIa30He OT 0.1 HA ,no 1 MKA C TOlfHOCTbIO He x~e 1 %. 

30 



101 
Ilpeo6paJoBa Jl Cqe1"J11K 

ql!CJIO 8bIXO,ll,HOH 16 
TeJJb TOK- l!MnyJJhCOB 6y4>ep ' qacrnrn ' 

Latch t 

P1Ic. 4. EJioK-cxeMa o,n:Horo m KaHaJIOB EHC "TERA" 

HMIIYJibCbI C KOHBeprepa TOK-qacTOTa rrocryrrruoT Ha l 6-61ITHbill cqerqlIK II BbIXO,U:HOll 

6yqiep. BHemHeiI KOMaH.z:t:oii "Latch" ,n:aHHbie co Bcex cqerq1IKOB o,n:HOBpeMeHHO 

3aIIIICbIBaIOTCH B BbIXO,U:Hbie 6yqiepbI II 3aTeM IIOCJie,n:oBaTeJibHO cqlITbIBfilOTCH B IlaMHTh 

KOMilbIOTepa. 

OJIOK rrpeo6pa30BaTeJieii ycTaHOBJieH B rrpoue.n:ypHOll Ka61IHe B Herrocpe,U:CTBeHHOll 

6JIII30CTII OT KaMepbI II ,U:IIO,U:OB, qro II03BOJIHeT CBecrn K MIIHIIMYMY ypoBeHb BHeruHIIX 

HaBe,U:eHHbIX CIIrHaJIOB II KpOCC-TOKOB Me)K,!(y KaHaJiaMII. ~JIH ero corrpH)KeHIIH C 

KOMilbIOTepoM IICIIOJib3YIOTCH CTaH.z:t:apTHbie 6JIOKII KAMAK: perncrp BBO,U:a-BbIBO,U:a KH:015 

II KOHTpOJIJiep Kpeil:Ta KK009, ycTaHOBJieHHbie B IIYJibTOBOM IIOMemeHIIII, 

4. C11cTeMa oTnyci.:a .U:03hl 

B COCTaB CIICTeMbI ornycKa ,U:03bI BXO,n:HT: MOHIITOpHM IIJIOCKOIIapaJIJieJibHM 

IIOHII3aUIIOHHM KaMepa, rrpeo6pa30BaTeJib TOK-qacTOTa, cqerqlIK-qacTOTOMep, 6-TII 

pa3pH,U:Hbill .n:ecxrnqHbill ycTaHOBOqHbill cqerqlIK II yrrpaBJIHIOIUIIH 6JIOK (plic.5). 

MoHIITOpHM KaMepa ycTaHOBJieHa Ha BXO,U:e rrpoTOHHoro rryqKa B
0 

rrpoue.n:ypHyIO 

Ka61IHY (rrocJie MHOrorrpoBOJIOqHoii KaMepbI). ToK C aHO,n:HbIX IIJIOCKOCTeii KaMepbI rro.n:aeTCH 

Ha rrpeo6pa3oBaTeJih TOK-qacrora, BhIIIOJIHeHHhiii B MexaH1IqecKOM CTaH,n:apre KAMAK. C 

BbIXO,U:a rrpeo6pa30BaTeJIH IIMIIYJihCbI rrocryrraroT Ha cqerqlIK-qaCTOTOMep .z:t:JIH KOHTpOJIH 

IIHTeHCIIBHOCTII rryqKa II Ha 6-TII pa3pH,n:Hbill ,n:eCHTIIqHbill ycTaHOBOqHbill cqerqlIK 6JIOKa 

OTIIYCKa ,U:03bI. 

y CTaHOBOqHbill cqerqlIK BKJIIOqaeT B ce6x co6cTBeHHO 6-TII pa3pH,n:Hbill ,n:eCHTIIqHbill 

cqerqlIK, 6-TII pa3pH.U:Hbill .n:ecxrnqHbill perncTp C ycrpoiiCTBOM BBO,U:a qlicJia II cxeMbI 

cpaBHeHIIH q1IceJI. Cqerq1IK II perncrp IIMeIOT BII3YaJibHYIO IIH,U:IIKaUIIIO co.n:ep)KamlIXCH B 

HIIX 3HaqeHIIH. 

31 



ITprr paBeHCTBe 3aJIHCaHHOro B pernc-rp 'llICJia lI Ha6paHHOro 'llICJia lIMIIYJibCOB 

C'leT'llIKOM cxeMa cpaaHeHIIH 'llICerr 6rroKrrpyeT ,llaJibHeiiumii Ha6op 'llICJia C'leT'llIKOM rr 

uo.r1aeT crrrnarr Ha Y1Ipaarr.sr10mrrii 6rroK. C YIIPaBrrHIDmero 6rroKa 3a11pemruomrrii crrrnarr 

110,llaeTCH Ha 6rrOKlI YIIPaBrreHIIH ycKOpHTerreM ,l:IJIH 6oICTporo ( OKOJIO 5 0 MKC) upepbIBaHHH 

IIY'IKa, a TaK)Ke .r1y6rrnpyeTCH Ha CHCTeMy 6JIOKHpOBOK OTKJIIO'leHHH Bq, CHCTeMbl 

ycKOpHTeJIH. 

HCHH:l 111,HCHHM 

r;m,,iep• 
np e o6pa:i OHTCIIb 

TlllC-'QaCTatll 

C'tleT"tnnt­

'lllCTOTCIMep 

YCTaH OB O'IHl,IH C'!eT'!HK 

C'leT'lH!t 

ynpen.,,cm¢i 
I --1 __,_I -~1 6nor; 

ytTpafiCTBO no11• 
"'11:eJI 

Pnc 5. ErroK-cxeMa crrcTeMbI OTIIYCKa ,ll03bI 

E~icTpoe 
CTltlIIO'leHH0 

yarnpmenx 

K rncTeM? 
6ncn<HpOBCJlt B q 

B Ha'larre Ka)K,lloro ceaHca pa,l:IHOTepaIIHlI IIpOBO,llHTCH Karrtt6pOBKa CHCTeMbl OTIIYCKa 

,ll03bl C IIOMOII(blO IIOBepeHHOro KJIHHII'leCKOro ,ll03HMeTpa, ycTaHaBJIHBaeMoro B MeCTe 

o6rrY'leHHH IIaJJIIeHTOB. 3TH lI3MepeHlIH ,llaJOT B03MO)KHOCTI, 11epeC'llITaTb ,ll03Y, IIOJIY'laeMYIO 

IIaIIIIeHTOM 11prr o6JIY'leHIIlI IIpOTOHHbIM IIY'IKOM, B 'llICJIO HMIIYJibCOB 11peo6pa30BaTeJIH TOK­

'laCTOTa. 

ITepe,ll o6JIY'leHHeM IIaIIIIeHTa B perncTp YCTaHOBO'IHOro C'leT'llIKa 3aHOClITCH 'llICJIO, 

COOTBeTCTBYIOII(ee 3a,llaHHOH Bpa'IOM ,ll03e. ITprr BKJIIO'leHIIlI ycKoprrTeJIH Ha'IIIHaeTCH 

110,llC'leT C'leT'IHKOM 'llICJia lIMIIYJibCOB, IIOCTYIIaJOII(lIX C 11peo6pa30BaTeJIH TOK-'laCTOTa. ITprr 

,llOCTlI)KeHIIlI paaeHCTBa 3Ha'leHHH, CO,llep)KaJIIlIXCH B perncTpe H B C'leT'llIKe (3a,llaHHM ,l:I03a 

lI OTIIymeHHM ,l:I03a), cpa6aTbIBaeT cxeMa cpaaHeHIIH qrrcen lI IIpOHCXO,llHT OTKJIIO'leHrre 

ycKOplITeJIH. 
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5. KoMDLIOTCpHaH nporpaMMa ynpaBJJCHHH UJMepennHMU 

,[(ml ClJHTLIBaIUIH, o6pa60TKH H BH3YaJibHOro rrpe,ncwBneHHH HH<popMaUUH C 

HOHH3al.(HOHHoii KaMepLI H ,nHo,noB B cpe,ne "Turbo Pascal" 6Lma uarrHcaHa crreuHanLHaH 

KOMITLJOTepHasi rrporpaMMa "Beam Control". IlporpaMMa IT03BOnHeT rrpoBO,nHTI, H3MepeHmI B 

palllHlJHbIX pe)KHMax, BbI6HpaeMbIX B 3aBHCHMOCTH OT TeKym;eii 3a_nalJH. OCHOBHLie pe)KHMbl 

OITHCailbl HH)Ke, 

H3MepeHue <j;OH06020 CU2HaJla. 3TOT pe)KHM cny)KHT ,nnsi H3MepeHHH CHrHaJIOB, 

IlOCTYilaJOIIIHX 6e3 rrpoxo)K,neHHH tJepe3 ,neTeKTOpbl rrpOTOHHOro IlYtJKa, T.e. TOKOB yretJKH, 

ecnH TaKOBhie rrpHCYTCTBYJOT. I13MepeHHbie ,naHHbie 3aHOCHTCH B q>aiin H coxpaHHJOTCH Ha 

)KeCTKOM ,nHCKe KOMilbJOTepa. 3aTeM BO BpeMH II3MepeHHH CHfHaJIOB y)Ke rrpH HaJIHlJHH IlYlJKa 

3TH 3HalJeHIIH BbllJHTaJOTCH H3 IlOKaJaHIIH ,neTeKTOpOB. 

Pe:»eUM noiJ6opa moJll,l/UHbl iJono;mumeJJbH020 3a.MeiJJJumeJIJl rrpeiHaJHalfeH ,nnsi 

H3MepeHHH IlHKa Ep3rra B ,nIOpaJIIOMHHIIII C IlOMOIIILJO ,nHo,noB CHCTeMhl. OH Il03BOnHeT 

rro,no6paTb CYMMapHyJO TOllIIIHHY ,norronHHTenhHOro 3aMe,nnHTensi B 3aBHCHMOCTH OT 

BbI6paHHbIX "perrepHbIX" TOlJeK Ha IlOllYlfeHHOH KpHBOH. 

Pe:»eUM KaJIU6p06KU. KaK y)Ke 6bmo CKaJaHO BbIIIIe, rrepe,n HalJaJIOM Ka)K_nOro ceattca 

TeparrHH rrpoq>HJIH II rrpo6er IlYtJKa B MeCTe o6nytJeHHH rrauIIeHTOB HaCTpaHBaJOTCH c 

rroMOIIIbJO crreuHanLHoro rrpH60pa - attanmarnpa ITYlJKa. Cpa1y rrocne 3Toro 3arrycKaeTcH 

pe)KHM KaJIII6pOBKH KaMepbl II ,nHO,nOB. BLIXO,nHble CIIrHaJlbl 3aITIICbIBaJOTCH B crreUHaJibHblli 

qiaiin H B ,nanbHeHIIIeM HCilOllb3YJOTCH B KalfeCTBe 3TaJIOHa ,nnsi CpaBHeHHH C TeKyIIIHMH 

3HalJeHIIHMH. 

KOHmpOllb napa.Mempo6 ny'IKG. B 3TOM pe)KHMe rrporpaMMa Il03BOnHeT rrpoBO,nHTb KaK 

BH3YaJibHOe Ha6nJO,neHHe 3a ropH30HTaJibHLIM H BepTHKaJibHbIM rrpoq>HnHMH rrpOTOHHOrO 

rrylfKa H IlHKOM Ep3rra, OT06pa)KaeMbIX Ha MOHHTOpe KOMilbJOTepa B BH,ne rIICTOrpaMM, TaK H 

3a lJHCllOBbIMH 3HalJeHIIHMH BenHlJHH OTKnOHeHHH KOHTpOllHpyeMbIX rrapaMeTpOB OT IIX 

3HalfeHHH, YCTaHOBneHHbIX rrpII KaJIH6poBKe (pHC. 6). IlpH rrpeBbIIIIeHim XOTH 6hl o,nHoro H3 

rrapaMeTpOB 3a_naHHOro B rrporpaMMe rrpe,nena, KOMilbJOTep rro,naeT 3BYKOBOH CHrHaJI 

rrpe,nyrrpe)K,neHHH H OKpaIIIIIBaeT COOTBeTCTBYJOIIIYJO rIICTOrpaMMY B KpaCHblli UBeT. 

AcHMMeTpHH rrpoq>HnH IlytJKa OTHOCHTenLHO ero OCH BbllJIICnHeTCH cne.nYJOIIIIIM 

o6paJOM. Ilo H3MepeHHbIM 3HalfeHHHM MeTo,nOM HaHMeHbIIIHX KBa,npaTOB rrpOBO,nHTCH 

ycpe,nueHHaH rrpHMaH. Yron HaKnOHa 3TOH rrpHMOH OTHOCHTenbHO OCH a6CUHCC 
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xapru<TepmyeT CTenem, aCRMMeTpIUI Il)"IKa B C00TBeTcrnyromeM HanpaBJieHim. TotJHOCTh 

K0HTp0mip0BaHIUI :noro napaMerpa C0CTaBllileT 0K0JI0 2 %. 

,ll;llil y,no6crna BH3YaJihHoro Ha6mo,neHm1 3a H3MeHeHrreM npo6era npoTOHHoro ny11Ka B 

mcTorpaMMY "BRAGG" Me)K)];y crnn6uaMrr crrHero UBeTa, noKaJhmruomrrMrr TeKymrre 

crrrHaJihl c ,nrro,noB, BCTaBJIHIOTCH KpaCHhie CTOJI6Uhl, Il0Ka3hIBaIOmrre "rr,neaJihHhie" CHfHaJihI, 

nony11eHHhie nprr KaJirr6pOBKe H ClJHThIBaeMhie Il3 <paii:na. Ecnrr npo6er YMeHhIUaeTCH, TO 2 

neBhIX CHHHX CTOJI6ua rHCT0rpaMMhl CTaH0BHTCH BhIIUe "rr,neaJihHhIX11 KpaCHhIX, a 2 npaBhIX, 

C00TBeTCTBeHH0, HH)Ke. Ecnrr npo6er Il)"IKa yBeJIHlJHBaeTCH, TO Bee nporrcxo,nrrT B o6paTHOM 

nopx,nKe. 

BEAM CONTROL 

~~m~~~m ffiffi~W~~ffi 
~~~~~WW Wffi~ffi~ffi~ 

PR£SS ANY KEY TO ENTER nENU 

1039 1171 
1317 HJ 

&ll 
t<JpiwkUO,USU 

Prrc. 6. 3KpaH pa60Thl nporpaMMhl B pe)KHMe 11K0HTpOID111 nprr HOpMaJihHhIX napaMeTpax 

npoT0HH0ro Il)"IKa 

,ll;JIR onpe,neJieHHR K0JIHlJeCTBeHHoro 0TKJI0HeHHH npo6era OT 3TaJI0HHOro 3HalJeHHR 

Il0Ka3aHHR ,nrro,n0B annpOKCHMHpyroTCR mnep6onoii:. CMemeHrre, Bhipa)KeHH0e B 

MHJIJIHMerpax npo6era B ,nIOpaJIIOMHHHH, npeo6pa3yeTCH B C00TBeTCTBy10mee 3HalJeHrre ,nJIR 

B0,nhI H BhIB0,nHTCR Ha 3KpaH M0HHTOpa ("delta"). TotJHOCTh onpe,neneHHR CMemeHHR IlHKa 

C0CTaBllileT 0,2 MM B0,nhI. 

6. OnbIT 3KCUJ1yaTauuu CUCTCMbl 

Ha prrcyuKe 6 nprrae,neHo mo6pa)KeHrre 3KpaHa M0HHTopa K0MilhIOTepa B pe)KHMe 

11K0HTP0IDl11 nprr H0pMaJihHhIX napaMerpax np0T0HH0ro Il)"IKa. O6a npo<pHIDI, 

ropH30HTaJihHhIH H BepTHKaJihHhlli, He nepeK0IUeHhl H npe,ncTaBJIRIOT co6oii: npaKTHlJeCKH 
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npHMYJO mrnmo. H3MepeHHI,Ili IIIIK Ep3rra TaIOKe nOtffll nOJIHOCTI,IO COBna,n;aeT C 

11
H,!leaJibHI,IM 11

• 

Ha pn:cyHKe 7 npe,!ICTaBJieHO mo6pIDKeHn:e 3KpaHa MOHllTOpa B CJI}"fae, Kor.n:a 

npoTOHHI,Ili n}"IOK c noMOIIIbIO OTKJIOHHIOIIIHX MarHHTOB 61,m llCKYCCTBeHHO nepeKOIIIeH no 

ropH30HTaJIH ll ero npo6er 61,m yaeJin:qeH npn:MepHO Ha 2 MM B0.Zl:bl. 0,!IHOBpeMeHHO C 

nOMOIIIbIO aHaJill3aTopa nyqKa ll MllHllaTIOpHoro KpeMHlleBoro ,!leTeKTOpa 61,m ll3MepeH 

ropH30HTaJII,Hl,Ili npoqmJII, B MeCTe o6JI}"feHHH nauneHTa (pnc.8). KaK MO)I(HO BH,!leTb, 

HMeeTCH ,!IOCTaTOqHo xopornee COBna;:J;eHn:e ll3MepeHHbIX .!IBYMH npn6opaMll npoqillJieil:. 

HeKOTOpoe B03paCTaHlle llHTeHCllBHOCTll n}"!Ka no KpaHM npOqJllJIH Ha pnc.8 o6ycJIOBJieHO 

TaK Ha3bIBaeMbIM KOJIJIHMaTOpHbIM 3qJqJeKTOM - BKJia;:J;OM pacceHHHI,IX Ha CTeHKax 

KOJIJIHMaTopa qaCTllII. 

CncTeMa KOHTPOJIH napaMeTPOB n}"!Ka llCnOJI1,30BaJiac1, B TeqeHne ro,n:a B ceaHcax 

npOTOHHoil: Tepann:n, npoBO.!lllMbIX B MTK )J;JUIII OI1.5lH, n noKa3aJia CBOIO 

llCKJIIOqnTeJibHYJO noJie3HOCTI, KaK ,!IJIH ycKopeHllH npouecca BbIBO,!la nyqKa B npoue.r1ypHyIO 

Ka6n:Hy, TaK n ,!IJIH o6ecneqeHHH rapaHTllll KaqecTBa o6JI}"feHHH naun:eHTOB. 

BEAM CONTROL 

ainrnx=O.~ U ER I IC AL 
]Of 

no 781 816 865 885 agz rot 811 832 832 rn 'oll 829 832 
713 818 861 W1 888 000 roi 837 826 810 821 835 Bll 837 

PRESS ANY KEY TO ENTER MENU 

delta= 2.0 
BRAGG 

915 1223 
ll-6 575 

38Wi 
~M.OSU 

Pnc. 7. 3KpaH pa60TI,l nporpaMMl,I B pe)I(HMe 
11
KOHTPOJIH

11 
npn HeCHMMeTpllqHoM B 

ropH30HTaJII,HOM HarrpaBJieHllll npoqinJie npOTOHHOro n}"!Ka ll yaeJinqeHHH npo6era nyqKa 

Ha 2 MM B0,!11,I 
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Principles of Thermoluminescent Dosimetry 

Tomasz Cybulski, Pawel Dziepak 

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: 

• Ionizing 

• 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 

(radiothermoluminescnce 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: 

I. 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 electrons to conduction 

band (upper energetic level). Electrons in c.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 f.b. 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.I. LiF:Mg,Ti,Cu-TL light 

"Excited"1 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 · s exp(-E I kT), 
dt 

(I) 

p = sexp(-E I kT) - Boltzman distribution defining probability of electron release [s"1
], 

s - frequency parameter dependent on defect type (normally 106 
- 1014 s·1

), 

E- energy of trap [eV], 

K - Boltzman constant [JK"1
], 

T - temperature [K], 

n - number of traps filled in the first stage. 

1 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. 

.,, 
"" § 
.0 
Q ,.· 
C: 
g, .,, 
r:: 

~o 

LIF:Mg,TI 

100 150 200 =~ 
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); LhB4O7: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 1 00nGy 

up to lkGy. 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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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 

applied 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 photo biological 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 ofphotosynthesis: 

• a form based on chlorophyll - most common, 

• a form based on bacteriorodopsin - carried out by some bacteria, 

• 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 complexes 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 CO2 to carbohydrates in stroma by means of certain 

enzymes. 

Fig. 1. Anatomy of the plant cell chloroplast [11] 

co, 

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 all over the world 

many scientists developed and presented different laser constructions (e.g. a semiconductor or 

dye 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 Nd3+:YAG and Ti:Sapphire. 

2.2. Pulses lasers 

The time duration of the pulses of the first laser constructions was very long (I o·6 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 10·12 to 10·15 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): 

rp, - rp,_, = (fJ =const , . (2.3.1.) 

where <p1 is the /-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): 

+n 

E(t) = LEo exp{i[(wo +/;1a,)t+1rpn. 
-n 

(2.3.2.) 

We see that E(t) depends on the frequency of the central mode (wo), the <p value, the 

resonator length I and the frequency difference between two neighboring modes, Llw. If we 

adopt for simplicity a zero phase value for the central mode then the summation of the 2.3.2 

equations gives: 

sin[(2n+l)T] . 

E(t) = E0 [ ] exp(Ja>of ). . Mut 
sm --

2 

(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 (Llwt) 

is equal 0, n, 2n etc. Time between two successive pulses will be connected with the 
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frequency difference, /J.v, of two consecutive modes. We can write an expression for L1t- time 

which separates two successive pulses: 

2,r I 
IJ.t=-=-. 

!J.m !J.v 
(2.3.4.) 

Fort> 0 the first minimum of the light intensity, A2(t), occurs .when the.numerator 

vanishes. It happens when 2((2n+ I )rot') = 1t. Then the pulse width, •p, is approximately equal 

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

2,r I 
T =:e---=-

P - (2n+I)!J.m !J.vL 
(2.3.5.) 

AJ(t} 

Jt•Zlb 

l>T 

Fig. 4. Plot of the equation 2.3.3 

2.4. Mode-locking techniques 

During 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: 

• AM mode-locking - induced by an amplitude modulator 

• FM mode locking - induced by phase modulator 

In passive mode locking we distinguish: 
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• fast saturable absorber - uses saturation properties of a suitable absorber (dye 

molecule or a semiconductor) with a very short lifetime, 

• Kerr 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 non­

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 FA and 

Fs. 

Thylakold Interior 

"H20\ 
~ ,,,,,-, '>,o ' 

PholOSystem I 

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 b6f complex and plastocyanin. Cytochrome b6f 

complex is embedded in the thylakoid membrane whereas plastocyanin is a water soluble 

protein located on the luminal (inner) side ofthylakoid 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 

I. 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 

phylloquinones, 3 iron-sulphur clusters, 22 carotenoids, 4 lipids), an ion ca2+, 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 F8 , 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: 

• PsaD and PsaE - dock ferredoxin or flavodoxin, 

• PsaF - docks plastocyanin, 

• PsaL and PsaI - are indispensable to form the PS I trimer in cyanobacteria, 

• all of them ensure correct assembly and stability of PS I. 

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 - Chis a and 

Chis 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 Fe4S4• The structure of the 

electron transfer chain is shown in figure 7. Chlorophylls and phylloquinones are bound to 

subunits PsaA 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 QK-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] 
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Charge separation is initiated at the primary electron donor P700 which is formed by 

chlorophylls pair eC-Al/eC-Bl. Chlorophylls of the next pair eC-B2/eC-A2 are sometimes 

called accessory ch! orophylls 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 

Ao. The next electron acceptor, At, is one or both phylloquinones QK-A and QK-B. The iron­

sulphur cluster Fxis the next electron acceptor and is bound to both subunits PsaA and PsaB. 

Two iron-sulphur clusters, FA and FB, bound to the peripheral protein subunit, PsaC, represent 

terminal acceptor of electron. 

Upon excitation P700 to its lowest singlet excited state P700* electron is transferred to 

Ao and next to At on a picosecond timescale, then from At to Fx on nanosecond time scale 

and finally to FA and F8 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 

T~ee methods applied to measure kinetics of electron transfer in photosystem I will 

be considered: ultrafast absorption change measurements, transient electron paramagnetic 

resonance and pliotovoltage 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, 

• 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: 

~OD(2,r)=log Io(,1,) -log Io(,1,) =Io/(,1,,cx:i), 
1(2,r) 1(2,cx:i) 1(2,r) 

(4.1.1.) 

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

spectral intensity of the probe pulse going through the sample measured at a time r after 

excitation, and I(A, cx:,) 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. lµm 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 A1, 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 1 0ns to several microseconds is available. Transient EPR is also applied to 

characterize magnetic interactions in P700+ A1 ·. 

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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Abstract 
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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 Krakow, 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. 

Ii 
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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 (D2O) 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 + ln 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. Knowledge of the time decay constant of the neutron flux in a bounded 

sample gives information on thermal neutron diffusion parameters of the medium. The sample 

is placed inside the sample camera (Fig 4). 

Fig. 4. Sample camera 
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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 contribution 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 2060th
• It will exceed a level of 

pollution by isotopes Pu-238 and Pu-240 in 2.7 times. About the 2086th 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 (Ea=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 modem 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 m 

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(Tl). 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 Csl(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), 
t, s 

MDA, MDA, MDA, MDA, 
g Bq Bq/sample Bq/sample Bq/sample Bq/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 

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

condt1ctor 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, track 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 [l, 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=VTN8 ; where V8 is bulk etching rate and VT 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 IO to 700 keV/µm. From LET spectra, dose characteristics 

can be calculated as: 

DLEr = f (dN I dL) L dL , 

HLEr = f (dN I dL) L Q(L) dL, 

(1) 

(2) 

where dN/dL is the number of tracks in a LET interval, Lis 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/µm [3]. It foHows that only tracks of protons with 

energy lower than about 6 (for Page) to 2 MeV (for Tastrak) [4] can be directly registered in a 

P ADC 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, DLET, was calculated from the LET spectra and 

compared with ionisation collision dose of primary protons, Dpic• Good linearity of the 

response as a function of primary proton collision dose was observed. Further, the ratio of 

DLET and Dp;c was investigated. The values of DLEp])p;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. I. Ratio DLEr/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/µm, while for I mm Tastrak one can 

see a plateau. With increasing energy of protons, the distribution of D(L) (related to I Gy) 

grows. 
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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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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, 

■ electron inner shell excitations, 

■ nuclear reactions, 

■ radioactive decay. 

In analytical chemistry all of following methods are being used: 

■ Neutron activation analysis (NAA), 

■ 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]. 

Fig. 1. Scheme ofneutron activation [2] 

X-ray fluorescence spectrometry 

X-ray fluorescence is o~e 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 liquid 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. 

X-RayBeam 

Sample 

Fig. 2. Schematic ofXRF [3] 

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

technique very selective but less sensitive as NAA [I]. 

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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B 
Fig.3. Schematic ofTXRF [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 reduced. 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, creating 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 µm 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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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, computer 11-lgorithms, 

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 cm3 cylindrical ionization chamber (type NE 

25 71) and a tissue equivalent phantom composed of slabs with an area of 3 0 cm x 3 0 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 'Variari 2300 CID. 

Detectors were positioned on the surface 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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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 [I]. 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 rings 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 ~-activity as well as of spectrum of 

y-radiation of a tree grown in Stark6wek 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 P-radiation was determinated using a standard detection system 

with a window-type Geiger-Muller counter. y-radiation of some of the ashes, exhibiting an 

enhanced P-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 

P-radiation from individual annual rings on their age is represented on Fig. 1. 
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Few local maxima are clearly visible ~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 

P-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 P-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. 

- 1• - - - = ~ lffl - = - = = 1a 1m•~ 
Year 

Fig. 2. Comparison of the changes of the intensity of P-radiation from ashes with the number 

of nuclear explosion in a year 

As it seen from Figs 2 and 3, the positions of maxima of the intensity of P-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. 

75 



20000 ~------· W 100 

98747 f , .... 1 90 1sooo 1 21603 ===i+II-U-iflf== 1s3,02 
~ 

rl'l 4S2UO-P Cl g 16000 80 -~ 

¼ 14000 -1-------lHHI-IH~-------------------1----+ 70 1 .. 
" -1-------lHHl-l~---+l----------~----I---+ E ; 12000 60 Q .. ~ 

y -1---------JIHHHl-lH•--~~<---------++---J'---+ c ;l 10000 50 ~ 

- = Q -
1- sooo H-\--.-~lk1HHIHll\.---lll----'\--------J----l-A-I------+ 40 -g .. -~ -!' 6000 il----'-cHHH'--llll----\------JHl-----l]'---''-....--+--'--e._-----+ Jo t' 
= -
- ~----HH~l-ll-1!-H~~l--~--~~~-------t ~ ~ 4000 20 ! 

2000 -'----'Hh!lHHl-lHHlhlHHHHHHh,- D U I 10 

UHUUUEIUH ll!lUHUHQUUl1HIJUIIOUDUUUUUUHflDl1UDne I o 
1946 1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 

Year 

.s 

Fig. 3. Comparison of the changes of P-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 radioactive fall-out 

are 137Cs, 90Sr, 14C, 144Ce and 106Ru. 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-Millier counter as well as due to the sample preparation procedure, 

mainly the P-radiation of 90Sr 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 90Sr 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 

specific activity of several radioisotopes (4°K, 210Pb, 211Bi, 212Bi, 214Bi, 228Ac, 231Th 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 4°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 -1 O 9 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. 
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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 enn:ance dose 

measurement, which is realized by using p-type and n-type semiconductor diodes (Isorad -

Sun Nuclear Corp.) for all photon beams: Varian Clinac 600C (4 MV and 6 MV), Varian 

Clinac 2100C (6 MV, 18 MV). 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 [I]: 

a) Photon energy: A diode has a much higher atomic number (Zsi = 14) compared to soft 

tissue (Zetr~ 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. 

c) Accumulated dose: As a consequence of accumulated dose is a progressive decrease in 

detector sensitivity. This is due 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) Dose 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 

hardening of the spectrum of the beam. Therefore, as the sensitivity of the diode depends on 

both dose rate and energy, a correction factor different from 1 is expected when using 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 physical 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). 

80 



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 

phantom which temperature was measured by thermometer. Subsequent was_ measured 

voltage of p-n junction for several temperatures and calibration curve was gained. 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 voltage on diode is known. 

+ 

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 

equilibrium. 

Then was determined correction factor for a set of diodes as (I - SVWT * Llt) where 

SVWT means sensitivity variation with temperature and Llt 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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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, perform 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 VO controllers provide the 

board with ability to suite any specific device needs. The core of the board is the AL TERA 

Excalibur EPXA1F484C3 chip with integrated ARM922T standard 133MHz processor and 

FPGA [5]. The board is capable of runriing 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 the JT AG 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 L VDS (Low Voltage Differential Signalling) 1/0 units. 
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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 [I]. 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 12c bus protocol [6]. The realization ofl2C 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 12c bus 

would get lost in interference. For this reason a bus more stable to interference and capable of 

carrying the 12c bus protocol communication is necessary in the Dilbert to Excalibur section, 

the "differential I2C". The Dilbert is able to convert this differential signals back to standard 

12c. The same applies to the clock signal from the Excalibur chip. 
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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 

I2C [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 I2C, 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 I2C communication by another bus, 

which already fits into criteria. The L VDS (Low-Voltage Differential Signaling) is a good 

choice. Its differential nature makes the L VDS resistant to interference and the 

communication distance ranges up to several meters. The downside of the L VDS usage is the 

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

original necessity for 2 wires for the I2C changes into necessity of 8 wires (SDA and SCL, 

each by 2 directions, each direction by 2 wires). 
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Fig 3. 12c versus differential 12c 

Having so many wires inside the detector is always not comfortable because of space 

reasons. The nature of our Excalibur-Dilbert-DCU chain is that there is present one master 

chip only (Excalibur). The Dilbert and the DCUs will always behave as slaves (and will not 

generate clock pulses). This allows us to remove the SCL line in direction from the DCU to 

the Excalibur, which leaves us with 6 wires, but introduces deviation from standardized 12c. 

The transition from the 12c to the LVDS and backwards is realized on inputs of the Excalibur 

and the Dilbert chips, so their cores do not know of any LVDS and talk standard I2c. Since 

the Dilbert and the DCUs are slaves always, there is no need to introduce any changes into the 

12c implementation because of the standard deviation either. 

Software 

The software portion of development consist of three parts. Primarily, the Excalibur's 

FPGA needs to be programmed for the 12c to differential I2Ctransition. Low-level part of the 

12c protocol support is also implemented in the FPGA. Code for the 12c protocol support was 

taken from OpenCores [7] repository and modified to perform the transition. 

Next step in software development is to create the device drivers (Linux kernel module), to 

provide connection between user programs and the FPGA. The code for the module was taken 

from Opencores repository again, but widely rewritten to exactly suite the needs of our chips. 

While the FPGA implements the low-level I2C protocol support, such as clock and signal 

generation, the module provides the rest; addressing, acknowledge signals and device files. 
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Each of the DCU's or the Dilbert's registers is accessible via a device file. A user program just 

opens a corresponding file, reads and writes data and closes the file. 

C function libraries were written to provide more comfort for following DCS development. 

Library functions include data loss, false read· and write protection. 

Conclusion 

The system is planned to be operationalduring the year 2006 and will be used during the 

ALICE experiment initial testing and during conducting of experiments afterwards. 
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Proton Beam Dosimetry in an Alderson Phantom 

M. Mumot, G. Mytsin 
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Since 1967, proton therapy research has been conducted at the Joint Institute for 

Nuclear Research (JINR). The described experiment involved a beam and routine equipment 

used in proton therapy and is closely connected with treatment performed at JINR's Medico­

Technical Complex. 

The experiment had the following two aims: to verify the dose distributions in a 

patient's body and to check the dosimetry methods used in an Alderson phantom. Measuring 

dose distributions in a patient's body in vivo is of course impossible; to avoid this difficulty, 

we used an Alderson phantom, which is an anthropoid, tissue-equivalent phantom and could 

be a good substitute of the human body (fig.I). This was the first experiment with this 

phantom in a proton beam, so we wanted to work out methodology for the routine usage of 

this phantom. 

As a detector, we used radiochromic films and the TLDs (lithium fluoride made by 

Harshaw). We used these kinds of dosimeter putting them into the phantom (there are special 

holes for putting TLDs in every layer of the phantom). 

Fig. I. External appearance and internal structure of an Alderson phantom 
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The films consist of an active layer (an organic matter - for example, 

polydiacetylene), which is sandwiched between polyester layers (fig 2). Under the influence 

of irradiation, the active layers undergo polymerization producing polyconjugted polymer 

chains which exhibit the blue coloration. 

Fig.2. Structure and example of a radiochromic film 

Three treatment plans were prepared for different clinical cases, and the CT scans of 

the phantom were done. The target was drawn on the scans; a physician determined the target, 

number of fields, and modifiers to get the best dose distributions for these cases. The 

maximum dose delivered to the phantom with the films was 60Gy; the maximum dose for 

TLDs was 2 Gy because of the dose range suitable for this kind of dosimeters. After 48 hours, 

the films were scanned; the obtained bitmaps were digitized into the dose matrixes using a 

calibration curve. The main isodoses were drawn and overlaid on the same isodoses from the 

treatment planning system. The results of this performance are shown on figures 3, 4, and 5. 

The next pictures present the dose profiles for all three cases (fig. 6, 7, and 8). 

Fig.3. Isodoses from the treatment planning system (color) and measured using a 

radiochromic film for the first target 
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Fig.4. Isodoses from the treatment planning system (color) and measured using a 

radiochromic film for the second target 

Fig. 5. Isodoses from the treatment planning system (color) and measured using a 

radiochromic film for the third target 
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We have no dose matrixes from the treatment plan, so we have done an analysis 

comparing the areas limited by isodoses from the plan and from films. The planned area was 
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taken as 100% and the area from measurements as respectively less portion (table 1). We can 

see that underdosage on the film is greater for higher doses near the Bragg peak. The 

differences in doses under 6% can be explained by RCF heterogeneity. We found that the 

films show greater underdosage in the Bragg peak region, which was also mentioned in other 

articles describing an experiment with radiochromic films in a proton beam (Vatinsky et al 

1997; Piermattei et al 2000). 

Table 1. Comparison of areas limited by isodoses measured using a film and from the 

treatment planning system 

isodoses 90% 80% 70% 60% 50% 40% 

Target 1 83% 91% 92% 94% 97% 99% 

Target2 97% 99% 98% 98% 99% 99% 

Target 3 89% 90% 89% 89% 93% 94% 

The TLDs were calibrated with Co60 and their individual coefficients were 

determined. A set of detectors was irradiated with a proton beam to a known dose to 

transform the individual coefficient for the protons. Taking into account all the coefficients, 

for 12 of 25 detectors the difference between the results obtained from measurements in the 

Alderson phantom and the planned dose is more than 5%. We checked the individual 

coefficients after the experiment and found that they had changed. It turned out that a number 

of detectors had mechanical microdefects and some of them had microscopi_c contamination 

with the phantom material. Concluding, we should propose another method for placing 

detectors in a phantom. 

There is a good agreement between the plan and results obtained with radiochromic 

films, but we should observe their accurate response to proton radiation, especially near the 

Bragg peak. Further experiments are planned. 
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Interventional radiology is rapidly developing clinical specialization. There are new 

and more complex kinds of interventional procedures as a result in progress in medicine. 

Fluoroscopically guided interventions involve longer exposure than in other radiological 

diagnostics. Irradiations ofboth groups - the patients and clinical staff - may be thereby 

relatively high. On the other hand these techniques allow effective treatment of many diseases 

that could be otherwise treated only by surgical procedures under full anaesthesia which mean 

apparently higher risk for the patient. Therapeutic interventional radiology thus helps or 

replaces surgery and decreases the length of stay in hospital. 

Interventional radiology represents image guided therapeutic procedures 

(interventions). These methods are usually performed under local anaesthesia. Image 

guidance is performed generally by fluoroscopy. Recently methods of US, CT and MR are 

employed as well for the localization and control of the result. 

In general radiology various quantities and terminologies ·have been used (sometimes 

inco~ectly) for the specification of dose on the central beam axis at the point at which X-ray 

beam enters the patient or a phantom. The same names for the different quantities are used. 

Conversely e.g. one abbreviation (ESD) is using for entrance dose in meaning to absorption 

in air (surface) and in skin (tissue). For each quantity it is necessary to provide the conditions 

of measurement, i.e. point of measurement and whether the back scatter contribution is 

included. 

As a direct dose measurement methods are considered those in which the dose is 

determined by a direct measurement at or very near the skin during the procedure. Such a 

dose measurement could be done e.g. using TLDs placed directly on the patient. For patient 
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dosimetry in diagnostics and interventional radiology various types of films are used, too. The 

next dose measuring method is usage ofreal-time small detectors during the fluoroscopy. 

Indirect or calculation dose determining methods are those in which the dose at the 

skin is inferred from dose measurement at other locations or from other equipment 

parameters. In case that the device is equipped with DAP meter, the dose can be determined 

from DAP quantity. In case that the system parameters and geometric setting with X-ray tube 

characteristic are known, the calculation of dose or dose rate in the point can be done. 

Within the scope of diploma thesis the determination of patient doses undergoing the 

treatment of arterial aneurysms using endovascular replacement was performed. Two methods 

of indirect dose measurement have been used, determining from measurement of Dose-Area­

Product and deriving from system parameters and radiation output. Thes.e methods were 

verified comparing the results with the values directly measured using thermoluminescence 

dosimeters (TLD). The thesis focuses also on radiation protection and possibilities of dose 

reduction. 

Fig. 1. Treatment of arterial aneurysms using endovascular 
replacement 

A. Ferko, A. Krajina, et al. Arterialni aneuryzmata 

The measurement ran on mobile X-ray machine OEC 9800 Mobile C-Arm with 

lk x lk WorkStation in Na Homolce Hospital (Czech Republic). Measurements in open beam 

were carried out using plane parallel ionizing chamber PTW type 77334 with the volume of 

1 cm3• Chamber was connected in dosimetric chain with electrometer PTW Unidos. Scattered 

radiation was measured using TOL/F device by Berthold Technologies. The patient was 

replaced during the measurement by phantom which attenuated the X-ray beam equivalently 

to 15, 20 and 30 cm of water. As a next replacement of the patient the anthropomorphic 

RANDO® phantom was used. 
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Fig. 2. OEC 9800 Mobile C-Arm and anthropomorphic RANDO® phantom 

The values' computed using DAP were·higher in comparison with ionizing chamber 

measurements by c. 15 % at 80 kV (continuous mode). The manufacturer states the typical 

uncertainty± 15 % and the total uncertainty (for the larger fields)± 25 %. The results stayed 

in these limits, but they were ~onspicuously only at one side of the interval. 
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Fig. 3. Histogram of determined dose distribution 

Continuous and pulsed mode of the X-ray tube was compared for the same attenuating 

material thickness. It was found out that the dose rate for the pulsed mode of general 

fluoroscopy (8PPS) is around one third in comparison with continuous mode. 

'Application of mobile shielding barrier provides extra protection in terms of one order. 

It results from the analysis of resulting values the most frequent value of entrance surface 

dose to be around 300 mGy. Cases exceeding the deterministic threshold value of 2 Gy 

occurred, too. The third quartile of the value group is determined to be around double 

of the most frequent dose, i.e. 600 mGy. 
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Diagnostic procedures using X-rays are the most common application of radiation in 

medicine. The amount of radiation received by the population during X-ray examinations can 

be expressed in terms of a collective dose. To quantify the collective dose, typical effective 

doses per X-ray procedure must be known. The effective doses for X-ray examinations range 

between several microsieverts and several millisieverts. The effective dose is a weighted­

organ dose quantity and therefore cannot be measured directly. To obtain a value for the 

effective dose, it is essential to know the absorbed doses in all radiosensitive organs. There 

are two approaches available to determine the organ doses for a particular X-ray examination. 

The first approach is to use a simplified mathematical model of a human body and a Monte 

Carlo simulation of radiation transport through this mathematical phantom. The second 

approach is to use an anthropomorphic phantom loaded with appropriate detectors and 

irradiate it in the same way as a patient. Thermoluminescent dosimeters (TLDs) are the most 

suitable detectors for this purpose. This method can verify the Monte Carlo model and also 

enables assessment of the organ and of effective doses for very complex and difficult X-ray 

procedures such us interventional examinations, for which computational models are not yet 

available. In this study, the organ and effective doses for four types of routine X-ray 

examinations were evaluated using the direct method with an anthropomorphic phantom and 

TLDs. The results were compared with two very widely used computational programs. 

Before the phantom measurements, the whole TLD system was optimized. Major 

problems in dosimetry in diagnostic radiology are the very low doses applied to patients and 

also the wide range of energies in the X-ray emission spectrum. Moreover, photon energies in 

a spectrum range usually between 20 kV - 120 kV; TL detectors show strong energy 

dependence in this energy range. To avoid excessively high uncertainty due to energy 

dependence, and to detect doses in the microgray range, LiF:Mg,Cu,P was chosen as a TL 
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material, because of its tissue equivalence, and its very high sensitivity. This material also has 

excellent fading properties, its light sensitivity is negligible and the annealing procedure is 

very simple. As a reader, manual the Harshaw 4500 TL system with corresponding Winrems 

software was used to measure and evaluate the signal from the TL dosimeters. Physical form 

of the TLDs was a sintered chip with a diameter 4,5 mm and a thickness 0,9 mm. 

Before each irradiation-readout cycle, oven-annealing was performed. The TLDs were 

annealed at 240°C for 10 minutes and then they were rapidly cooled down to room 

temperature. After the first oven annealing, the individual background and individual 

sensitivity correction coefficients were assessed for each of the TLDs. When corrected, the 

readout values show differences ±5% (2 SD) after a homogeneous irradiation. After these 

initial experiments, the energy and angular dependence of the TLDs were determined. Energy 

dependence of LiF:Mg,Cu,P does not exceed 20% relative to 137Cs gamma radiation (see 

fig. 1). If calibrated in the corresponding energy range (similar voltage and half-value layer), 

the energy dependence does not exceed ±2% (see fig. 2). The angular dependence does not 

exceed 5% if the orientation of a TLD in a measurement field matches the orientation in a 

calibration field (see fig. 3). There was no need for fading correction during the experiments, 

because the measurement and calibration dosimeters were annealed, irradiated and read out 

together at the same time. Calibration of the TLDs was performed against a PTW DIADOS 

electrometer and the corresponding semiconductor detector with combined uncertainty 

5% (2 SD). The combined uncertainty of dose assessment with TLDs is less than 10%. 
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Fig. 1. Energy dependence ofLiF: Mg, Cu, P (narrow spectra) 
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Fig. 3. Angular dependence ofLiF:Mg, Cu, P 

To obtain the doses absorbed to radiosensitive organs, an anthropomorphic RANDO 

phantom loaded with 100 TLDs was used for each type of examination. The RANDO 

phantom consists of a bone, lung and soft tissue equivalent material, and simulates the torso 

of a reference man. It is sectioned into 35 slices 2,5 cm in thickness. Holes 5 mm in diameter 

are drilled in a 3 x 3 cm array in each slice (see fig. 4 and 5). The correlation between the 

position of the radiosensitive organs in a human body and the holes in the slices of the 

phantom was made according to an anatomical atlas of CT slices [1]. Exposures of the 

phantom were performed using a Chirana MP-15 X-ray unit. A standard X-ray examination of 

a chest (low and high voltage technique), head, and abdomen were simulated. Calibration of 

the TLDs in terms of air kerma was made at the same unit. In the energy range of radiation 

used in diagnostic radiology, the air kerma and the absorbed dose in air can be considered 
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equal. In order to convert the dose in air to the dose in tissue or the dose to bone and bone 

marrow, the dose in air was multiplied by a factor of 1,06 or 1,1 respectively [2, 3]. 

Fig. 4 and Fig. 5. Anthropomorphic RANDO phant0m, general view and a slide with TLDs 

The organ doses measured inside the phantom and the corresponding effective doses 

were compared with the doses obtained from two Monte Carlo based programs PCXMC and 

NRPB [3, 4]. Comparison of the results is shown in table 1. 

Table 1: Effective dose estimated from TLD measurement and by MC programs 

Effective dose (mSv) 

TLD PCXMC NRPB 

Lung 117 kV (PA) 0,05 O,D3 0,03 

Lung 63 kV (PA) 0,06 0,04 0,04 

Head (AP) 0,07 0,06 0,03 

Abdomen (AP) 1,22 0,89 0,68 

The results from the TLD measurements were systematically higher than the results 

from the computational models. The reason lies in insufficient coverage of the large organs 

(skin, bones, lung) with TLDs. Because of the small number of available TLDs, the 
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dosimeters were placed only into organ parts with the maximum dose. Quite good agreement 

was achieved in head examinations, where coverage of the head region of the phantom with 

TLDs was satisfactory. The second reason for the discrepancies is a difference in the organ 

position in mathematical and anthropomorphic phantoms and the setting of the X-ray field in 

the case of the phantoms. To achieve better agreement between the results, it is essential to 

_perform the measurements with a greater number of TLDs and also to compare the results 

with other sources of available data. 
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Cosmic Rays 

The study of cosmic rays began on the beginning of the 20th century. That time, there 

was a problem with spontaneous discharging of a well isolated electrosop. At first, scientists 

thought that it can be caused by radiation originated in the Earth. However, in the year 1912, 

Viktor Hess realized a balloon flight to the height of about 5 km and observed that the 

discharging of an electroscop was faster than on the surface of the Earth. In this way, it was 

proved that the source of the radiation must be outside the Earth and the history of studying of 

cosmic rays began. 

In the year 1927, D. V. Skolbecin observed an electron with the energy of20 MeV and 

in 1932 C. D. Anderson discovered a positron in cosmic rays. A few years later, in the year 

1937, Anderson and Neddermayer observed a muon in cosmic rays. In the next year, Pierre 

Auger observed showers of secondary cosmic rays (Extensive Air Showers). In 1946, the first 

detector for detection of secondary cosmic ray showers was built. In 1962, the shower of 

secondary cosmic rays produced by a particle with the extreme energy of 1020 eV was 

detected. 

What is the origin of cosmic rays? The presently accepted view is that ultrahigh 

energy cosmic rays are created and accelerated in active cosmic objects, like as supernovae, 

pulsars, galactic nuclei, quasars and radio galaxies. Because of the interaction with the relic 

photons, detected particles with the energy higher than 6·1019eV could not be created farther 

than 150 Mly (Greisen-Zatsepin-Kuzmin cutoff). 

And how are such energetic particles accelerated? In general, models for acceleration 

of cosmic rays fall into two classes: statistical or direct acceleration. In the case of statistical 

acceleration, the final energy is gained slowly over many decades of energy. The prototype of 

this kind of acceleration is the Fermi acceleration model. Fermi originally proposed that 

particles are accelerated by collision with the magnetic clouds in the galaxy; this picture can 

also be extended to acceleration by shock waves from supernovae, as well as in galactic 
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nuclei and radio galaxy hot spots. An advantage of statistical acceleration models is that the 

observed power law spectrum is achieved in a natural way. The acceleration is slow and 

occurs over an extended region of space. 

Direct acceleration, on the other hand, assumes the existence of a strong 

electromagnetic field. The acceleration is fast, and is particularly applicable to systems such 

as pulsars \\'ith strong rotating magnetic fields producing an induced electromotive force. 

There is a difference between solar rays and cosmic rays with the different origin. One 

way to understand this difference is to assume that cosmic rays have the same composition as 

solar matter at their origin. As they pass through interstellar space they interact with gas and 

dust particles, and the heavier nuclei spallate into lighter nuclei. On the other hand, in our 

solar system, there is not a possibility to accelerate solar rays into high energies and cosmic 

rays have higher energies of primary particles, if it reaches the Earth. 

Primary cosmic rays (the particles traveling through the universe until they reach the 

Earth and until they interact with the atmosphere) are composed of 90% protons, 7% alpha 

particles, I% nuclei (to uranium), I% electrons and positrons and small fraction of photons. 

The study of cosmic rays above a few PeV must be indirect because of the low flux 

involved. Experimental data comes from the detection and sampling of the shower of 

secondary cosmic rays (EAS - extensive air shower) produced by a cosmic ray as it interacts 

in the atmosphere. We study the characteristics of EAS that are important for the 

understanding ofthese experiments. EAS can be studied at the surface, beneath the Earth, and 

at various mountain elevations. The experimentally determined quantities are: the lateral 

distribution function, i.e., the particle density as a function of distance from the shower axis of 

the charged particles in the EAS; the lateral distribution of Cherenkov light produced by the 

EAS particles in the atmosphere; and the lateral distribution function of muons generated by 

pion and kaon decays in the EAS. The longitudinal development of the shower in the 

atmosphere can be determined in an indirect fashion from the study of the lateral distribution. 

The time distribution of particles arriving at the surface as well as the Cherenkov light pulse 

rise time and width also carry information about the longitudinal development of the shower. 

The hadronic component of the shower is concentrated very near the axis and is therefore 

difficult to study at high energies. 
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Detection of Cosmic Rays 

There are some possibilities, how to detect cosmic rays - optical detection, particle 

detectors, large arrays, satellite experiments, underground experiments, experiments in the ice 

and balloon experiments. 

At present, the biggest project to detection of cosmic rays is called Pierre Auger 

Project (Pierre Auger Observatory). It is place in West Argentina and it uses optical and large 

arrays detection techniques. For optical detection 24 telescops for the detection of fluorescent 

photons are used. The large arrays detection uses 1600 detectors (barrels with water, 

photomultipliers for detection of Cherenkov photons) on the total area of 3000 km2
. The 

distance between two neighbouring detectors is 1.5 km. 

Project NALTA (North America Large-are Time coincidence Array), ALTA (Alberta 

Large-are Time coincidence Array) and many others similar are running now. This kind of 

experiments uses scintillation detectors placed at roofs of high schools (NAL TA in the USA, 

ALTA in Canada). One scintillation detector (typical for ALTA project) is composed of 1cm 

thick scintillator, photomultiplier, plexiglas light guide, temperature monitor, outdoor casing 

and the electronics for the data acquision. 

Project CZELTA 

Institute of Experimental and Applied Physics (IEAP) of the Czech Technical 

University (CTU) in Prague realize project for the detection of high energy EAS, which will 

have not only scientific, but pedagogical impact, too. The aim of this project is to made 

relatively sparse net of detection stations, which will be placed mainly on the roofs of selected 

high schools in the Czech Republic. This project, which is called CZELTA (CZEch Large-are 

Time coincidence Array) is realized in cooperation with University of Alberta, that prepared a 

net of detection stations in Canada (project AL TA). 

For the project CZEL TA, optimal design in meaning of price and operation was 

chosen. Each station is composed from three scintillation detectors, which are placed into a 

triangle and uses the GPS signals for the time-labeling of the events. The distance between 

two scintillation detectors is 10 m. One scintillation detector has dimensions of 60cm x 60cm 

and is connected to a photomultiplayer, which detects photons originated from the passage of 

EAS through the scintillator. The detectors work in the coincidence - EAS must hit all three 
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scintilators to be stored. In such a case, the energy of primary particle is at least 1014 eV. For 

recognizing in which time the EAS was detected, GPS is used. It has accuracy of -10 ns. 

From the time differences between the signal measured with the scintilators, the direction of 

EAS and primary particle flight can be determined. 

Similar projects are running in other countries, too. In cooperation between Canada­

USA a net NALTA (North America Large-scale Time coincidence Array) was made. It 

covers local nets in Canada and USA (ALTA, SALTA, WALTA, CHICOS CROP, ... ). 

Similar project is running in Japan (LAAS) and detection stations were made in the roofs in 

the high schools in Europe, too - in Sweden (SEASA), Germany (SkyView), Netherlands 

(HiSparc), Great Britan (Cosmic Schools) and in other countries. 

The staff from IEAP CTU and from University of Alberta in 2004 installed the first 

station for the detection of EAS on the roofofIAAP and the project CZELT A started. To the 

end of the year 2005 two next stations will be build- on the roof of Silesian University in 

Opava and on high school in Pardubice. In the future, other stations on roofs of high schools 

in the Czech Republic will be installed. 

Fig. I. The building ofIEAP CTU with three boxes, which contain detectors 
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Fig.2. One of the scintillation detectors in the outer box 

Fig. 3. The equipment for the data acquision 
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Abstract 

The aim of this contribution is to inform about state-of-the-art in the field of quality assurance 

for conformal radiotherapy with photon beams in the Czech Republic. 

Introduction 

There are three workplaces in the Czech Republic, where intensity modulated 

radiation therapy (IMRT) is being used. This modem therapeutic technique is going to be 

implemented to other places. Nowadays, there are 14 linear accelerators equipped with 

multileaf collimator (MLC) in the Czech Republic and about half of them is convenient for 

IMRT. It is necessary to add tests for linear accelerators with multileaf collimator into the 

quality assurance (QA) programme. This extension should not be only the matter of technical 

assurance of the machine but it should be related to the whole chain of the dose delivery to the 

patient: treatment planning system, multileaf collimator ( depending on the mode in which it is 

being used), electronic portal imaging device (EPID) etc. Clinically oriented tests, such as QA 

of individual treatment plans before and during treatment, are very important too. National 

Radiation Protection Institute (NRPI) shares these issues and also developes methods for 

independent checks of new items and techniques in the dose delivery chain to the patient. 

Conventional versus conformal radiotherapy 

In conventional radiotherapy, the treatment is provided with rectangular radiation 

fields and critical organs are shielded with custom beam blocks. The beam blocks are 

fabricated based on the patients treatment plan, using radiographic plane films or CT-scan 

data. Conformal radiotherapy uses multileaf collimators. MLC has movable, closely abutting 

leaves, arranged in pairs. By setting the leaves to a fixed shape, the fields can be shaped to 

conform to the tumour (this is called conformal radiotherapy). Special application is to use of 

the MLC to achieve beam-intensity modulation (IMRT). 
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Tests for MLC, IMRT and EPID 

National Radiation Protection Institute has developed a questionnaire about MLC, 

EPID, and conformal radiation therapy. Workplaces with linear accelerators and multileaf 

collimator were requested to fulfill it. Results imply that 7 other workplaces propose to use 

IMRT in the future. It is necessary to broaden the quality assurance programme in workplaces 

for new techniques and equipment. In the Czech Republic, State Office for Nuclear Safety has 

published series of Recommendation for Quality Assurance in Radiation Therapy (among 

others for linear accelerators), where tests for current device are described. It is necessary to 

renew the Recommendation and to add tests for linear accelerators with multileaf collimator 

that are not described in the old version. For multileaf collimators, accuracy and 

reproducibility of leaf positioning should be regularly checked in conformal radiotherapy. 

Except these, there are other important parameters for IMRT: Dosimetric leaf separation, 

Average leaf transmission, Energy stability for IMRT fields, Sweeping gap for output at 

multiple gantry and collimator angles, Homogeneity, symmetry, and reproducibility for IMRT 

fields, Stability during discontinuous irradiation. Clinically oriented tests include independent 

MU check (measurement with .ionization chamber in the tissue-equivalent phantom) and 

verification of relative dose distribution (film dosimetry, EPID, 2D-array of ionization 

chambers or semiconductor detectors). Electronic portal imaging device can be used for 

patient positioning. accuracy verification. It is important to carry out checks of Contrast, 

Signal-to-noise ratio, Spatial resolution, Image quality. If EPID is used for verification of 

relative dose distribution, calibration must be done as well. 

For QA for treatment planning systems (TPS), special phantoms were developed (Fig. 

1 ). National. Radiation Protection institute owns them and workplaces can borrow them. 

QUASAR Multileaf collimator beam geometry phantom serve as an instrument for 

verification of TPS geometric accuracy. QUASAR Body Phantom can be used for evaluation 

of the target volumes within the phantom inserts, CT number to relative electron density 

conversions and nondosimetric parameters ofTPS. 
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Fig. 1. QUASAR phantoms for quality assurance tests of treatment planning systems 

Independent checks of therapeutic equipment 

National Radiation Protection Institutes provides independent checks of therapeutic 

equipment, mainly newly put into the operation, as a part of the state supervision. It consists 

of regular TLD postal audits and on-site audits. On-site audits enable a comprehensive 

evaluation and comparison of geometric and dosimetric parameters of radiotherapy 

equipment: gamma beam therapy equipment (Co+Cs), electron accelerators (linear 

accelerators and betatrons), therapeutic X-ray equipment and brachytherapy afterloading 

equipment. They are performed after every acceptance test and then once per 5 years. 

26% 

13% 

□ curative - conformal (14 LA with MLC incl. 3 IMRT) 

Ell curative - conventional (5 LA) 

■ paliative (9 Co, Cs) 

□ paliative and nontumourous (10 Cs, th. X-rays) 

Fig. 2. Distribution of workplaces: External radiotherapy in the Czech Republic till June 2005 
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Measured values are compared with values given by the hospital, from treatment 

planning system for dosimetry parameters. If deviation exceeds the tolerance, results are 

carefully investigated. Remedial action or in-depth measurement by licensee can be 

recommended. Some components (e.g. applicators) or some practices can be prohibited. 

In the end of 2003, MLC checks were added. Accuracy of leaf positioning and output factors 

for MLC shaped fields were tested. In the near future, methodology of on-site audit for IMRT 

will be finished. 

Ministry of Health of the Czech Republic is acknowledged for financial support 

granted to the project NC7393-3/2003. 
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The history of the mankind is also history of everlasting searching of new resources. So 

far, none of the discovered source is perfect. One of the perspective future energy sources. 

seems to be the energy gained from fusion. To initialize and preserve reactions in 

thermonuclear reactor, the particles need to be heated to high energies in the range of ke V to 

overcome the repulsive Coulomb force. Another state of matter, called plasma, is created 

under this temperature. Plasma is quasineutral ionized system of charged particles large 

enough to behave collectively.[JJ Major characteristics of the fusion plasmas except high 

temperature are also very high particle densities~ 1020 and confinement time~ s. Up to now 

the most succesfull device to achieve plasma with such parameters is tokamak. On the other 

hand, tokamak plasma is also the source of many instabilities that deteriorate confinement of 

particles and energy. 

On principle, tokamak, on the Fig. I, is a toroidal vacuum vessel with strong toroidal 

and poloidal magnetic field. Plasma ring is used as a I-turn transformer secondary coil. 

Current circulating in the primary coil induces plasma current lp, which produces a poloidal 

magnetic field Be. Solenoid coils wounded around the torus create a strong toroidal magnetic 

field B<J>. The resulting magnetic field is hellicaly shaped. Additional quadrupole 

(Helmholtz's) coils that create vertical magnetic field Bv and horizontal magnetic field BH 

are important for plasma position control. Precise control of plasma position is crutial 

because any contact of plasma with the material wall releases a large quantity ofinpurities. 

Plasma position can be measured by magnetic sensors; e.g. inductive loops (coils) or 

Hall sensors. 
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Diagnostisc based on magnetic coils are presently the standard methods for measuring 

the changes of magnetic field inside tokamak. According to Faraday law the voltage U is 

induced in coil proportionally to the time alternation of the magnetic field B passing through 

the coil's cross-section: U = - d<Pldt = - Ae.ff dB/dt; where Ae.ff is effective area of the 

measuring coil. 

The function of the Hall sensor is based on the physical principle of the Hall effect. 

When a current IH is flowing through a thin plate of conductor or semiconductor and is driven 

under angle o. to the B, then free charge carriers drift due to Lorentz force. Across the plate 

a voltage difference appears, the Hall voltage VH = kHIHBsino.. 

On Castor tokamak the full poloidal ring (SK ring) of 16 coils, 16 Hall sensors and 96 

Langmuir probes was constructed, see Fig. 2, to measure plasma position and properties of 

electrostatic and magnetic turbulencies. All sensors are uniformly distributed around the 

whole poloidal tokamak cross-section. 

Calibration of the Hall sensors was performed. The simple calibration circuit consists of 

the high-frequency power source, Rogowski coil, Hall sensor and oscilloscope connected to 

the PC. With the help of the oscilloscope was measured the value of the magnetic field given 

by the Hall sensor. The effective value of the magnetic field was get from the equation 

B = µ0 /21, I/r , where r is the distance between the conductor and the centre of the Hall 

sensor, µ0 is the permeability of free-space and I is the current flowing through the conductor. 

The value of the current is gained from the known sensitivity (0.1 AN) of Rogowski coil. 
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Fig. 3: Calibration results of the Hall sensors 
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The nominal sensitivity of the Allegro Hall sensors type Al322LUA is 31,25 mV/mT 

up to 30 kHz, the sensitivity from the calibration shown on the Fig. 3 is 30 mV/mT up to 10 

kHz. Phase characteristics is also lineary increasing up to 10 kHz; phase shift between 

measured magnetic field and output signal is up to 10 kHz under 30°. 

First tests of this diagnostics on Castor tokamak were performed. Basic agreement 

between magnetic field measurements using coils and Hall sensors was observed, see Fig. 4. 

But there are also seen vibrations of the coils in the later phase of the discharge. Because of 

that is planned to attached to the coils anti alliasing low filter at about 100 kHz frequency. 
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Another unexpected thing is that the Hall probes measured significant remaining magnetic 

field ~5 mT still 100 ms after termination of the discharge. 
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Fig. 4: Left panel - Record of Be during the discharge #26168 with only toroidal field; Right 

panel - Record of Be during the discharge #26171 with plasma 

Good agreement between vertical position deduced from standard Castor diagnostics 

and from Hall probes mounted on SK ring was observed. 

Briefly at the end, there is a lot of work before us, yet. Firstly, determination of the 

plasma position using the ring of the Hall sensors and coils employing the Fourier 

decomposition. Then study of the MHD instabilities and searching for the possible link 

between electrostatic and magnetic turbulancies. 
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1. Introduction 

Conformal radiotherapy requires accurate dose calculation at the dose specification point 

and at other points in PTV (Planning target volume) and OAR (Organs At Risk). However, 

each patient is different and human body is unfortunately inhomogenious environment. 

Specialized software known as TPS ( treatment planning system) provides many algorithms to 

calculate doses but due to tissue inhomogeneity we often get several errors in calculation. 

That's why additional correction algorithms are required. They convert calculations in 

homogenous water-like patient to the situation with inhomogeneities. Influence of 

inhomogeneities on the primary photon influence is generally well predicted, influence of 

inhomogenity on the dose delivered by scattered radiation is often aproximated in a crude way 

because most of correction algorithms are semi-empirical and accurate for only limited set of 

simplified geometries. 

In our research we used Pencil Beam correction with three additional patches and we tried 

to answer if there are any significant differences between used methods and where these 

differences are located. 

2. Analysis 

Calculations were based on simumlation taken for female above 50 years old with none 

small cell loung cancer (NSCLC). Target dose was 60Gy in 30 fractions,we made simulation 

for 3DCRT with 3 beams irradiation on software Varian Eclipse. Short characteristic of used 

algorithms: 

• eq TAR (J'issed Air Ratio) 

Important feature is TAR dependance on area and depth of dose calculation, so the 

correction factor we may present as: 
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TAR(d,JJ, r)ITAR(d,r) 

• Batho Power Law 

Improvement of eqT AR which include additional parameters such as build-up area, 

energy of radiation: 

CF = k • "TAR(d S)(µm-Pm-l)I µ 
N L....J m' , 

where µ - is linear attenuation factor. 

• Modified Batho 

Use only ,,lower part" of TAR/TPR diagram. TAR/TPR value in build-up area is not so 

essential. The only difference is we change dm to dm + Dmax. 

The basic image used for transformation is CT scan (Fig. I). Then whole picture 

withinitial dose calculation is exported as DIACOM file to ImageJ and converted to stack. 

Because rest of calculation was done in MS Excel picture had to be cuted to 250x250 pixels 

and ~escaled as 1mm equals lpx. Each slice in stack is converted to text image and as result 

we get one square matrix for each correction patch filled with numbers related to percentage 

radiation doses. Comparing these numbers shows asymetry in dose difference diagram on the 

left side which means that patch curve is shifted to the right according to base curve (Fig.2), 

(Fig.3), (Fig.7). As we see algorithm patches represent dose calculations more accurately and 

somehow it may be for the patient matter of survival especialy when calculated target dose is 

near its critical value. 

Interesting thing is that when we compare two patches curve together we see that 

area of huge differences dissapear. Why? It is unknown but probably is somehow related to 

algorithm feature. 

Additional research was made to answer the questions : where these differences 

come from? Our hipothesys is that there is greatest probability to find differences in are of 

edges where the strongest gradient are located. To check it similar work was done as before 

with JPEG images transformed with edge detection filters (Fig.4). The results are shown on 

figure ( 5) and ( 6) and in fact the most probability of finding edge is in area of dose difference. 

3. Conclusions 

• Pencil Beam patches are quite effective in correction of dose calculation in very 
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inhomogenious organ e.g lungs. 

■ There are significant differences between patch and ,,none patch". 

■ Using patches provide more accurate dose planning. 

■ Base, ,,naked" algorithm has tendency to ,,get lost" in lungs. 

■ There is biggest probability to find dose differences in area where edges are present. 

■ Recent research cannot give straight answer to question: which method is best for 

patient? 

■ Future studies are needed to compare effectiveness of computer simulation with 

calculations taken from real man or phantom. 

Fig. I. CT scan of non small cell loung cancer 
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Fig. 4. Edge detection on basic CT scan 
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Abstract 

An analysis of iron state in two commercial products of medicines containing ferrous 

gluconate (ASCOFER~\ ESPEFA) and ferrous sulfate (HEMOFER®, GLAXOSMITHKLINE) was 

made by Mossbauer spectroscopy. Some ferric impurities were found in one sample. 

Introduction 

Iron is an essential metal and is an active site in hemoglobin, myoglobin, cytochromes, 

catalase, and other iron containing proteins that realize oxygen and electron transport and 

enzyme functions. Iron deficiency causes anemia and other pathological effects in the body 

and iron containing medicines, including oral iron containing vitamins and dietary 

supplements or injectable pharmaceuticals, are used in order to prevent and treat iron 

deficiency. A knowledge of the chemical states of iron in these products is very important 

because this may determine its effect and toxicity. For instance, ferrous compoun.a"s are more 

bioavailable than ferric ones for oral iron containing supplements [1,2,3]. 

Mossbauer spectroscopy 

Mossbauer spectroscopy is a sensitive technique for determining the iron oxidation 

state. Numerous studies of the iron containing species demonstrated possibilities of 

Mossbauer spectroscopy in various fields of chemistry, biology and medicine. Mossbauer 

spectroscopy allows to observe the hyperfine splitting of the nuclear energy levels as well as 

changes of energies of the ground and excited states ofMossbauer nuclei (57Fe in our case) in 

the absorption or emission spectrum of y-rays. The typical Mossbauer parameters which can 

be obtained from Mossbauer spectra are isomer shift, IS, quadrupole splitting, QS, magnetic 

hyperfine field, Herr, line width, r, intensity and area of the spectral lines [1,4]. 
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The IS value is related to the electron density at the 57Fe nucleus. The QS value is 

related to the electric field gradient tensor at the 57Fe nucleus. The Heff value is the effective 

magnetic field at the 57Fe nucleus. The r value reflects information related to hom~geneity of 

sample and dynamic processes. Intensity and absorption area are related to the mean square 

displacement of the 57Fe nucleus and quantity of the 57Fe nuclei. In general, isomer shift and 

quadrupole splitting give information about the iron electronic structure, valence and spin 

state while absorption area gives information about relative content of various iron 

compounds in the sample. Therefore, Mossbauer spectroscopy was applied in biomedical 

research, in particular for analysis of the iron containing pharmaceutical compounds [1]. 

A Mossbauer spectrometer has rather simple setup, and typically consists of a 

y-ray source, the absorber (sample) and a detector. The source is moved relative to the absorber, 

shifting the energy spectrum due to the Doppler effect. For our study 57Fe 

(14.41 keV transition, ~ 25 mCi of activity) was used. The radioactive isotope. is usually 

incorporated in a host material such that its levels remain unsplit. The sources used for this 

work were 57Co:Rh. All presented measurements were performed at the room temperature in 

transmission geometry. 

Experimental results and discussion 

Two different commercially available ferrous iron-containing samples were 

studied. The ferrous gluconate (ASCOFER®, ESPEFA) and ferrous sulfate (HEMOFER®, 

GLAXOSMITHKLINE) samples were used, first had the outer coating removed. Fig. 1-2 

and Tab. 1 present our results. Tab. 2 presents comparison of our date and earlier 

measurements. 

Table 1. Mossbauer parameters of ferrous gluconate (ASCOFER®, ESPEF A) and ferrous 

sulfate (HEMOFER®, GLAXOSMITHKLINE) samples measured at 295 K 

Samples IS [mm/s] QS [mm/s] Area(%) Compound 

1.23345(87) 3.1271(30) 64.39(18) Ferrous gluconate (1) 
ASCOFER® 1.1921(44) 2.698(17) 25.48(21) Ferrous gluconate (2) 

0.397(17) 0.803(30) 9.13(46) Ferric high spin (3) 

HEMOFER® 1.29307(56) 2.8214(11) 100 Ferrous sulfate (4) 
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Table 2. A comparison of the room temperature Mossbauer data 

Samples IS [mm/s] QS [mm/s] Reference 

Ferrous gluconate 
70/20% Fe2+ l.22/1.18 3.1/2.7 [5] 

10% Fe3+ 0.45 0.7 [5] 

Ferrous gluconate 

~ 65/25% Fe2+ l.23/1.19 3.1/2.7 This work 
~ 10% Fe3+ 0.40 0.8 This work 

Ferrous sulfate 1.26 2.69 [5] 

Ferrous sulfate 1.29 2.82 This work 
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Fig. I. Mossbauer spectrum offerrous gluconate (ASCOFER®, ESPEFA). 

Components (I) and (2) are ferrous gluconate compounds, 

component (3) is ferric compound (T=295 K) 
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Fig. 2. Mossbauer spectrum offerrous sulfate (HEMOFER®, GLAXOSMITHKLINE). 

Component (1) is ferrous sulfate compound (T=295 K) 

Authors observed ~ 9% of ferric compounds in the sample containing ferrous 

gluconate that they attributed to ferric gluconate. Up to now we didn't received technical 

specification from manufacturer, but on the other hand the presence of ferric iron was not be 

higher than 2% according to international requirements. Thus, Mossbauer spectroscopy may 

be useful for the control of the iron compounds and their content in iron containing medicines. 

Our date are in good agreement with the earlier measurements. 

Conclusion 

Measuements of the iron state in iron containing vitamins (ferrous sulfate, FALVIT®, 

JELF A and ferrous fumarate, MATERNA®, WYETH) are in progress. 

Mossbauer spectroscopy demonstrates wide possibilities for analysis of the iron 

conta_ining compounds, the iron electronic structure, valence and spin states and relative 

content of these compounds in the sample. This technique can be useful for studying various 

species including pharmaceutical and biological subjects and in biomedical research [6]. 
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Introduction 

Radioimmunoassay is an in vitro measurement technique making use of specifity of 

the antigen-antibody reaction. It detects pathogens or signs of infection from blood, urine or 

tissue samples using radioactively labeled compounds. 

Every substance inducing reaction cifthe organism's immune system is called antigen. 

Once an invading agent ( such as for example virus, bacteria, toxicant ) is recognized by the 

immune system as foreign the white blood cells called lymphocytes start producing antibodies 

against it. Antibodies bind antigens in order to neutralize them. There are two kinds of 

antibodies: policlonal ( which can bind few kinds of antigens ) and monoclonal. Monoclonal 

antibodies react specifically with antigens, which means that only one definite type of antigen 

can be attached to given antibody. This is the main idea of these methods. 

Radioimmunoassay reactions may be used for: 

• physical checkups 

• diagnosis 

• evaluation of drug potency 

Classification of inspection is very wide and contains: 

• biochemistry ( enzyme, protein, sugar, lipid) 

• immunology ( tumor marker, serum protein, hormone, reagent, virus) 

• hematology ( computation, classification, coagulation ) 

• microbiology ( bacteria identification, susceptibility ) 

The reation between antigen and antibody is held in vitro in plastic test tubes in which 

monoclonal antibodies are immobilized. They are monitored in quantitative manner by 

tagging a radioisotope to some component of the reaction. 
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The Competitive Radioimmunoassay (RIA) system 

Limited fixed amount of antibody is immobilized in the tube. Then examined sample 

that contains fixed and known amount of radio labelled antigen against which the antibody is 

addressed is added. Radiolabelled and not radiolabelled antigens compete for the binding 

places of the antibody and attache to them. After removing liquid layer from probe containing 

not attached antigens the activity of the attached antigens is measured. It is inversly 

proportional to the amount of antigens in the sample and can be calculated from the 

callibration curve shown below. 
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The Sandwich Immunoradiometric Assay ( IRMA ) system 

This method is used for examinind bigger molecules. Two kinds of antibodies 

addessed against antigen are needed here. An access of one antibody is immobilized in the 

tube. Then, after adding the sample antigens attache to antibodies. After that the sec_ond, this 

time radiolabelled, antibody is added and it also attaches to the antigen. After removing the 

liquid layer from probe containing not attached radiolabelled antibodies the activity of the 

probe is measured. It is directly proportional to the concentration of antigen in the sample and 

can be calculated from tha callibration curve shown below. 
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Isotopes that may be used for labelling are expected to have long enough half -life 

because changes in their concentration shouldn't influence the measurement which takes 

about 3 hours. They should be easily detected therefore P-emmiters like 3H or 14C are not very 

good. What is also important, radioisotopes built into the antigen or antibody can't affect 

stability of the molecule or it's ability to attach. Some of the radioisotopes used to labelling 

are shown below. 

Radioisotope Half- life Energy Detection method 

jH 12,26 years p Liquid scintillation 

Jqc 5730 years p Liquid scintillation 

~'co 270 days 'Y Scintillation crystal 

"Se 120,4days 'Y Scintillation crystal 

··~1 60days 'Y Scintillation crystal 

Jj'I 8days p,y Scintillation crystal 

Taking all the conditions into accaunt the best and mostly common radioisotope used 

is 125!. It has sufficient long half-life, it is y-emmiter ( used with Nal scintillation crystal ) and 

it acts well in the molecule. 

130 



Detection 

Below you can see schematic block diagram illusrtating scintillation counter.· 
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The tube is placed in a lead shield with scintillator (Nal) and photomultiplier. 

Photomultiplier is very important in the detection because tle level of the radiation is very 

low. Therefore it can't be noisy and it has to have high quantum efficiency at the peak 

emission wavelength which is 410nm for Nal. 

Conclusions 

Radioimmunoassay methods are very sensitive and convenient. Their detection limits 

are even pmol/l and you can get results in 3 hours, with minimal hands-on. They can 

indentify the carriers of infection, determine the infectivity of the disease, and predict 

response to treatment. Their role in the epidemiological study, management and prevention of 

a number of diseases such as malaria and tuberculosis is very important although they are 

being displaced by fluoroimmunoassays. 
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Abstract 

Retinopathy represents the biggest cause of blindness in the industrialized world, with a high 

incidence for old people. It point's out all the consequent affection of the retina to systemic illnesses 

as: the diabetes (diabetic retinopathy), the hypertension (hypertensive retinopathy), other disorders of 

endocrine nature and local degenerative phenomenon or metabolic functional, connected with aging. 

The main purpose of the project is to: 

• develop a software able to qualify the abnormalities in the retinal vessel network, using 

highly sensitive parameters to pathology progression; 

• deepen the employment of the fractal geometry within the identification and the 

qualification of the diabetic retinopathy; 

• make an automatic method of segmentation of the vascular structure and to study the 

possibility to use it in substitution to the manual method; 

• make a procedure for the extraction of the vascular retinal pattern and to follow the retinal 

vessel system modification using fractal dimension. 

The current version of the method has been tested on several images differing for local retinal 

pattern view and ocular background. 

The obtained results show that retinal vascular system is a fractal. The fractal dimension 

values are coherent with the analyzed figure complexity. 

Introduction 

Particular attention has been given to the study of two parameters: the angles between 

arteries and veins and fractal dimension of the vascular tree. In this study we will discus only 

about the second parameter. These parameters are under study and the methods developed for 

their evaluation use different procedures of segmentation to be applied: the construction of a 
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strong segmentation procedure to be used in the processing of retinal images; the 

segmentation method has been developed in such way that it can be also applied to retinal 

images acquired without fluorescence. 

Retinopathy. Represents the biggest cause of blindness in the industrialized world, 

with a high incidence for old people. Three main types of retinal pathology have been 

identify (all are characterized by alteration of the vascular pattern): diabetic, hypertensive and 

senile. 

For the prevention of loss of vision it is needed an early discovery of the retinal 

damage trough regular control and an qualitative evaluation of the retinal morphology. 

With aging it is observed a progressive loss of the physiological abilities. To 

discriminate among healthy and ill subjects represents the priority objective for numerous 

studies influenced by the different modes of control. 

In the evaluation of aging we must differentiate between physiological aging and 

pathological aging (a normal aging it is associated with one or more pathologies). A perfect 

distinction cannot be made between physiological and pathological aging. 

The Diabetes. Provokes alteration of the vessels in the whole body and in particularly 

of the small vessels (capillary), which bring blood to the tissue and they exchange oxygen 

with them and nourishments. The capillaries are damaged by the interaction between the 

constituents of their wall and the excess of sugar in the blood. 

Diabetic Retinopathy. Is an alteration of the retinal capillaries: becoming more week, 

they modify their morphology inducing a long time term alteration of the retinal tissue, which, 

not receiving enough blood and oxygen, degenerates. The organism is induced to stimulate 

the growth of new vessels to increase the oxygenation. The new vessels, however, are 

extremely fragile and subjects to repeated hemorrhages. 

The Fractals. Latin "fractus"= "fragmented". The name of the fractals it is due to the 

technical characteristic to introduce irregularities, infinitely stratified, non observable 

fragmentations which can't be calculated without the computer. Fractals are geometric figures 

characterized by repeating themselves to the endless one of a same motive on it climbs more 
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and more redoubt. We find fractals in human body (neurons, nervous fibers, cardiac muscle, 

blood vessels and bowels) and also in nature (cauliflower, clouds, mountains and galaxy). 

The fractal dimension. Is that fraction of area of a plan that is covered by a fractal 

curve, increased of a unity. The fractals have fractional dimension, not described, therefore 

from the integers 0, 1, 2, 3 to which it has gotten used us the Euclidean geometry. 

Calculation of Fractal Dimension. 

As example we consider a AB segment and we section it in parts with a scale factor s=l/2: we 

will get N=2 identical segments and similar to the original one. Ifwe use a scale factor s=l/3, 

we will get N=3 identical segments similar to the original one, and so on. 

s=1/2, N:2 s=113. N=3 

d=-log N/log S; N=s•ct; d - topological dimension of the object. 

The retinograph. The retinography is performed through the retinograph, an 

ophthalmoscope with camera. For the visualization of the retinal capillary is used an 

fluorangiograph, in order to visualize the small vessels m1derlined through mean of contrast 

injected before the examination. The images are stocked in the camera and are transferred into 

the computer for being elaborated. 

The automatic segmentation. The solution for the problem can be given as a binary 

image where the entrances of the corresponding matrix are fixed: 1 for the pixels that belong 

to the vessel and O for the remained pixels. To make a precise segmentation we have to 

consider the general characteristics of the structures that must be recovered: 

Properties of the retinal vessels structure: a) every vessel almost has a continuous 

linear form; b) every vessel has a Gaussian form along the direction of the "cross-section"; c) 

the various vessels are connected in a network similar to a 'tree'. 

. Properties for the noise: l) white noise of low intensity due to the process of 

acquisition; 2) ample zones with very different illumination; 3) small zones with non-linear 

properties. 
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The procedure of segmentation is based on: 

Filtering phase. For the intensification of the objects characterized by the properties 

a), b) and for the attenuation of the objects that have the properties I), 3). 

Binary phase. It is bases on how the vascular tree it is separate from the background 

of the filtered image. 

Connected components. The segmented image on the base of these components they 

have o big number of pixels that that conduced at a considerable reduction of the noise in the 

segmented images. 

(a) (b) (c) (d) 

Fig. I. Example ofresults of the procedure of segmentation: (a) an retinal colour image; (b) 

the filtered image obtained from the image (a) using sigma =3; (c) the binary image obtained 

from the image (b) with taul =0.01; (d) the segmented image obtained from the image (c) 

with tau2=500 

We use three important parameters: sigma, taul, tau2. Sigma characterised the length 

and the dependence of profile mentioned at point b) and taul, tau2 represents the threshold 

(they can reduce or increase the noise). Using a large value for sigll}.a we obtain a 

considerable smoothing effect and a significant enhancement of large vessels while thin ones 

are attenuated. Using a small value for sigma we obtain a significant enhancement of thin 

vessels while large ones can be damaged, and the global noise reduction is usually modest. 

Sigma is large when it's value is approximately equal to the half width of large vessels in the 

considered image and it is small when. it's value is approximately equal to the half width of 

the thin capillaries in the considered image. 

For this reason we have made some attempts to find the best combination of these 

parameters and to get am image with a good description of the whole vascular network, from 

the greatest vessels to the capillary. 
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The manual segmentation. Is made using the drawing pad. 

The results of manual and automatic segmentation. The retinographic colour 

images (632 lines, 843 columns and with 256 levels of colour in every RGB channel). The 

images taken into account differ from the view of retinal network, in particularly we considere 

images with, optic disk and images with central or peripheral retina zones. Moreover, we also 

consider images with a different background. 

Image 194 

(a) (b) (c) 

Fig.2. Example ofresults of the procedure of segmentation: (a) an retinal colour image; (b) 

automatic segmented image; ( c) manual segmented image 

The fractal analysis of the retinal vascular vessels. The calculation of the fractal 

dimension has been applied to the manual segmented images. For the estimation of fractal 

dimension it was tuned the Box Counting method implemented in Mat Lab. 

Box Counting Method. It counts every box that contains at least a pixel of the 

skeleton of the vessels, departing from the smallest network (a pixel) and increasing to almost 

all the pattern. We put the results in a double logarithm graph having in ordered the logarithm 

of the number N ( e) of containing boxes at least a pixel of the figure and on the abscissa the 

logarithm of the length (e), always in pixel, of the side of the box. The figure that is obtained 

is represented in central part by a straight line, whose inclination (negative) represents the 

value of the fractal dimension with changed of sign. 

Fractal dimension of the vascular structure. The values of fractal dimension obtained 

from the fractal analysis of the isolated vascular structures with the method of the manual 
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segmentation. A very reduced value of the fractal dimension it shows a partial regression of 

the vessels and a very raised value of the fractal dimension - new vessels. 

The values of fractal dimension obtained from the fractal analysis of isolatet vascular 

structures withthe manual segmentation method: 

Immagine Fracttal Dimension DF 

Conclusions 

IMMAGINE 2 
IMMAGINE 10 
IMMAGINE 62 
IMMAGINE 194 

1.4291 
1.3413 
1.4298 
1.3905 

The obtained results show that retinal vascular system is an fractal. 

The obtained value for the fractal dimension suggests that the applied method is good 

(valid). 

The fractal dimension values are coherent with the analysed figure complexity. 

For an evident ramification we have bigger value of the fractal dimension. 

For a simple ramification we have a smaller value of the fractal dimension. 

Perspectives 

The improvement of the digital image acquisition and filtering techniques." 

The improvement of the contrast and the best definition of the borders. 

We must work at grey levels (the existence of another structure characterised by the same 

variation of the grey levels - microaneurisms). 

The work time must be reduced (it is an important factor): 

• Cleaning of the image 30 minutes; 

• Filters 30 minutes. 

The implementation of an algorithm able to distinguish between the micro aneurisms and 

blood vessels. 
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Short-term Instrumental Neutron Activation Analysis 

Milan Tesinsky 

Czech Technical University in Prague 

Research project 

The activation was carried out in the core of the training nuclear reactor VR-1 Sparrow 

at the Faculty of Nuclear Sciences and Physical Engineering of the CTU in Prague. The VR-1 

Sparrow is a pool-type reactor with 36% enriched 235U metal fuel in aluminium cladding. The 

core is equipped with a number of irradiation positions. For a short-term activation of 

examined samples, a vertical channel with pneumatic rabbit system was used. The transfer 

time of a sample from the rector core to the laboratory is approximately 3,5s. The laboratory 

is equipped with high-resolution gamma ray spectrometric system with a HPGe detector 

(FWHM 1,8 keV, relative efficiency 25%) 

Experimental part of the research project is divided into three categories. First of them 

is devoted to non-point-configuration detector-sample, second to determination of hafnium in 

zircon samples and the last but not least one to neutron activation analysis of silver. 

The aim of the first part is to discover the influence of non-point-configuration 

detector-sample and to suggest the optimal distance between the detector and the sample. 

Series of experiment were done in the following way. A point and an area y-emitter were one 

after another given at the detector with an exact distance and the response of the detector was 

evaluated. The project concludes that the optimal distance is 80mm. On one hand, 80mm is 

enough, so the influence of the non-point-configuration is limited, and on the other hand, 

80mm is not too far, so counts are not uselessly lost in the detector. 

Determination of hafnium in zircon samples was based on analytical response of 

gamma line 214 keV of short-lived radionuclide 179mHf (18,67s). Cross section of the 

178Hf(n,y)179mHfreaction is 52 barn. The optimal working regime was fixed: irradiation in the 

neutron flux lxl09 cm·2s·1 during 180 s, decay time 20 s and accumulation of gamma-ray 

spectrum of induced activity during 90s. The abundance of hafnium in zircon was determined 
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by using the comparative mode (the net peak area of 179mHfin a sample is compared with the 

same net peak area of hafnium standard). The concentration varies from 0,2501 % to 0,4756% 

depends on the area of origin of each single sample. 

The aim of the last part was to find the best technique of neutron activation analysis of 

silver. The measurement was based on analytical response of gamma line 632keV of short­

lived radionuclide iosmAg (2,4min) and line 657keV of short-lived radionuclide IIOmAg 

(24,6s). The summary states that both lines can be useful for NAA, depending on working 

regime. While iosm Ag needs higher power of the reactor and longer activation time, detecting 

of the IIOmAg isotope is destroyed by detector dead time with such a technique. 
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X-Ray Fluorescence Analysis 
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Czech Technical University in Prague, 
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Supervisor: Tomas Trojek 

The goal ofmy research project is to compare characteristics of two apparatuses for X­

Ray Fluorescence Analysis, which we have on our department. It involves the measurements 

of samples on the both apparatuses, determination detection limits, quantitative analysis of 

samples and comparison measured data. 

X-Ray Fluorescence Analysis is an analytical surface method using ionizing radiation. 

It is based on excitation of characteristic X-ray. When a primary photon strikes a sample, it 

can be either absorbed by the atom or scattered. The process in which a photon is absorbed by 

the atom by transferring all of its energy to an innermost electron is called the ,,photoelectric 

effect". During this process electrons are ejected from the inner shells, creating vacancies. As 

the atom returns to its stable condition, electrons from the outer shells are transferred to the 

inner shells and in the process giving of£ Energy of characteristic x-ray is the difference 

between the two binding energies of the corresponding shells. Energy of emitted X-ray is 

characteristic for each element. This property is described by Mosley law: /v = Z - Sn , Vi n 

(v is frequency, R is Rydberg constant, Z is proton number, Sn is shield parameter and n is 

main quantum number.) The process of detecting and analysing the emitted x-rays is called 

,,X-Ray Fluorescence analysis" or XRF [1]. 

Depending on the application, characteristic x-rays can be produced by using not only 

photons but also other sources like alpha particles, protons (PIXE method - particle inducted 

X-ray emission) or electrons (EMP method - electron micro probe). Each of them has some 

advantages and disadvantages. Advantages of using of charged particles are greater cross 

sections, so trace elements are easier identify and beam of charged elements are able to focus. 

The main disadvantage is a rise of braking radiation (bremsstrahlung) which represents 
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serious problem mainly in the case of electrons. Protons have a wider area of use, however 

requiment of an accelerator makes this technique less approachable. Alpha particles are not 

usually use in this method because of the problem with short range of these particles and with 

radiation danger. 

There are two main ways how to detect characteristic X-rays, that is Wavelength­

dispersive and Energy-dispersive method. Wavelength-dispersive is based on diffraction on 

crystal by Bragg law. Characteristic X-ray can either be detected by one detector (sequential 

method) detector or crystal is moving, or by more detectors placed around (simultaneous 

method). In energy-dispersive method the spectrometric detectors are used, whole spectra are 

obtained at once. The most used are semiconductor detectors (mainly Si(Li)), which have the 

biggest energy discrimination ability. Sometimes when a energy resolution is not so important 

and we need transferable and not so demanding device, scintillation or proportional detector is 

possible to use. 

On department we use two devices for XRF. The first apparatus use a cathode heated 

X-ray tube as a source of primary radiation (Oxford instruments). It is operated at a voltage of 

30kV and a maximum current of l00mA. The X-ray tube produce characteristic x-rays from 

molybdenum anode and bremsstrahlung. Semiconductor Si-PIN detector Amptek XR-l00CR 

used for detection of characteristic X-rays It consist of lmil thick Be window, active volume 

of 13 mm2 of detection area and thickness of 300 µm. Its energy resolution (FWHM) is 

190 eV [2]. Second apparatus applies radionuclide source, namely 55Fe and 238pu as a 

source of primary radiation. To detection of characteristic x-ray we use Si(Li) detector SLP 

06170 from ORTEC with lmil thick Be window, with 28mm2 detection area and a thickness 

of 5,67mm. The energy resolution of this detector is 170eV (measured 164eV)'. 

For these two devices were measured different dependences and properties like: X-ray 

tube stability, dependence of peak area on current on X-ray tube, X-ray tube heating effect to 

intensity, measurement of wood (clean sample), determination of the origin of Ni peak in 

spectrum from apparatus with X-ray tube, measurements of radionuclides 238pu and 55p, 

comparison spectra both apparatus. Device with X-ray tube was examined more, because it is 

relatively new apparatus on our department. 

To evaluate a measured data program QXAS (Quantitative X-ray analysis System) is 

used. This program consists of many independent programs that can work separately. This 

program is able to do conversion of peaks areas to concentration based on Fundamental 

parameters method or Empirical parameters method, it allows qualitative analyses of spectra, 
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it calculates radiation absorption in sample with known composition, a part of program is a 

library of spectra which contain energies and intensities of spectral line and off course it can 

print and save results in different formats. For us is the most important part of QXAS 

algorithmic program AXIL (Analysis of X-ray spectra by Iterative Least-square fitting), 

which independent calculate area of selected peaks. 

Limit of detection is a smallest amount of analyte that can be detected in a sample. 

The basic requirement . of quantitative XRF analysis is firstly to prepare suitable sample. 

Detection limit we determine for given apparatus setup and for fixed or very close matrix. 

There have to be said confidence level. We can use for example the formula: 

LLD=3·C; &, 
IP vr: 

(lb is the background count, Ip is the signal - number of counts, produced by the concentration 

C of the element and Tb is a measurement time) [3]. 

Quantitative analysis is a transfer of measured fluorescent intensities to concentration 

ofanalyte (measured data have to be corrected to background and overlap of spectral line). To 

make quantitative analysis is used AXIL. In this program there are more possibilities how to 

count the concentration of analyte. 

Fundamental parameters method is one of used. The relation· between the 

concentration c of an element x and the net count rate N of a characteristic line l can be 

written as ex = L [Q Nxt , ] , G is instrument constant, Ex1 is 
. G&(Exl) I(E.) x1(E.)Ax1(E.)+Hx1(E.) 

energy of characteristic line l of element x, En is central energy of an energy interval n of the 

primary radiation, r.(Ex1) is relative detection efficiency for characteristic radiation Ex1, !(En) is 

primary intensity at energy En, A 'xi(En) is absorption correction factor for the line l of element 

x excited with En and Hx1(En) is enhancement correction factor for the line l of element x 

excited with En, 

In alpha coefficients method the following general formula describes the desired 

concentration as function of the measured net intensity and the concentrations of other 

elements in the sample c x = Rx { 1 +~a xJ · c 1 +~~a xJk · c 1 ·ck J. where Cx is analyte weight 

fraction (concentration), c1, Ck is corresponding weight fraction of elements j and k, 

respectively, Rxis ratio of the net intensity of the analyte and the net intensity of the same line, 
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but from a sample consisting only of this element, ax/ is alpha coefficient and llxJk is "crossed" 

alpha coefficient. The coefficient a,;1 quantifies the effect of elementj on analyte x [4]. 
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Introduction 

Pulse electric field, when acting on biological membranes can at certain conditions 

cause pore formation. This process is called electroporation. The purpose of membrane 

electroporation is to modify membranes, to change their qualities and to input various 

medicines and genes into the cell. Biological and artificial membranes are exposed to 

electroporation. 

Various kinds of cells, such as erythrocytes, skeleton muscle cells, plant cells, bacteria, 

and especially cancer cells can be exposed to electroporation. In medical practice 

cardiomyocytes are exposed to electroporation during electric defibrillation. As a result of 

electric breakdown various biophysical phenomena occur: cell functioning modification and 

even cell death. The special interest is asymmetry of cell membrane electroporation from 

anode and cathode sides. 

The combination of pulse electric field action on biological membrane and 

physicochemical phenomena can lead to alteration in electoporation results. Experimental 

facts show that not only electrical parameters of action ( electric field strength, pulse duration) 

have impact on electroporation results but other factors capable of changing electroporation 

threshold as well. The electroporation threshold alteration of flat synthetic lipid by layer under 

the surface-active substances is indicated. The electroporation threshold decreased under the 

combined action of pulse electric field and beam of accelerated electrons. 

In clinical practice perflurocarbons are widely applied as blood substitute, for example 

perftoran. These compounds also make changes to membrane structure and alter 

characteristics of electroporation. Therefore studying of perftoran action on the erythrocyte 

membrane modified by an electric field is an actual theoretical and practical problem. 
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To study the action on the process of heart defibrillation by pulses of various shapes in 

clinical reumatology is an important practical task which is also related to the problem of 

alteration of electroporation characteristics. Defibrillation threshold and therefore 

electroporation threshold for byphasal pulse is lower than for monophasal. In number of cases 

during defibrillation it is necessary to use a few electric pulses. This process can be looked at 

as a combined action. It is indicated that the increase in number of pulses (I sec between 

every two pulses) brought down the effective threshold of cell death. 

The practical importance of electoporation and the diversity of biophysical phenomena 

during it determine the scientific interest for studying the mechanisms of membrane electric 

breakdown. At present there are basically two approaches of describing electroporation 

phenomenon: energy and kinetic. 

The purpose of our experiment: I. Getting experimental data on erythrocyte membrane 

electroporation under combined action of electrical pulses of various polarities on membranes 

with perftoran and surface-active substances. 2. Creation of mathematical model, describing 

the electroporation process and allowing estimating quantitatively the extent of influence of 

certain physicochemical factors on electroporation threshold, number of formed pores and 

their radii. 

Materials and methods 

The initial erythrocyte suspension out human blood was prepared immediately before 

the experiment in ratio 0,05 ml of blood in I ml of 0,9% sodium chloride solution. In I ml of 

initial suspension there are approximately 230 million erythrocytes and its optical density of 

5 mm solution layer equals I. It is known that suspension characteristics along with physical 

factors effect on it depend significantly on solution temperature. That is why there was held a 

series of experiments (140) in order to determine the optimal experimental method. As a 

result the experiments were held an hour from suspension preparation under 20°c. The 

suspension was termostated in every experiment. Right before every step of the experiment 

the suspension was intermixed. During the experiment the initial characteristics of control 

suspension did not change. 

Clinical defibrillator Lifepak 7 (USA) was used as a source of pulse electric field. Field 

strength in the solution was determined with pulse energy set by defibrillator and solution 

resistance. 
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Exposure effect was evaluated by the rate of erythrocyte quantity decrease which was a 

result ofhemolysis. The data for erythrocyte quantity at the certain moment in suspension was 

received by measuring optical density of the solution with photoelectrocolorimeter. Light 

wavelength is 760 nm, and for all these the permeability of light through the solution is 

mainly determined by scattering of light off erythrocytes. The decrease in erythrocyte quantity 

being a result of their hemolysis n(t) led to decrease in suspension optical density D(t). In the 

case of linear dependence: D(t) - n(t). We well call dependence D(t) - kinetic curve. The 

optical density of control suspension was controlled during every step of the experiment. 

In our experiments we used the calibrated pulse of electric field was supplied 

(1700 V/cm) and kinetic curves were measured right after the exposure. There were estimated 

two parameters by the kinetic curve: 1) average rate of erythrocyte number decrease and 

2) efficiency of pulse action. 

Comparison of average rates of cell death resulting from electrical pulse and from its 

combined action with other factors gives information about intensity of these actions on 

membrane. 

In experiment the suspension was exposed by both single electric pulse and two 

electric pulses, with second pulse having polarity in number of cases equal to the first one and 

in the rest of cases having it changed to the opposite. In Fig. 1 there is an outline of 

corresponding pulses. Symbol «1+» stands for the first pulse with positive polarity. Symbol 

«2+» stands for the second pulse with equal polarity and symbol «2-» stands for the second 

pulse with different polarity. In future perftoran will be labeled as PF, surface-active 

substance - as SAS, and electric field - as EF. In experiments the following combinations of 

pulse exposure on erythrocyte suspension were used: 

1) One of(l+) and two pulses ofEF (1+, 2+ or l+, 2- ), 

2) PF and one pulse l+, PF and two pulses (1 +, 2+ or l+, 2-), 

3) SAS and one pulse 1+, SAS and two pulses (1+,2+ or l+,2-). 

There was conducted a total of 450 experiments under the combined action of 

physicochemical factors and pulse EF on erythrocyte suspension. The results of the 

experiments were processed with standard mathematical statistics methods. 
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Fig. 1. Action of two electric field pulses on erythrocyte suspension. 

Statistical representation of results of 95 experiments 

Results 

Combined action of two electric pulses on erythrocyte suspension 

In Fig. I there are presented the results of experiments on exposure by first and second 

pulses on erythrocyte suspension. In every series of experiments the left column shows the 

rate of erythrocyte quantity decrease, which is a result of pulse I+ exposure. This rate is 

assumed to be 1. We will consider that effectiveness of pulse exposure is determined by the 

rate of erythrocyte quantity decrease. It is shown that the effectiveness of the second pulse 

exposure is higher than that of the first pulse and the effectiveness of puls~ 2- exposure is 

higher than that of pulse 2+. The combination exposure of first and second pulses results in 

uniinear phenomena. 

Combined influence of PF, SAS and pulse EF on erythrocyte suspension 

In Fig. 2 there are presented experiment results when adding PF in suspension before 

exposing it by pulse electric field. Kinetic curves of PF action ( concentrations are I 00 µI/ml 

of suspension and IO µI/ml of suspension - curve I) pulse EF I+, pulse energy = 230 J 

(curve 2) and their combined exposure (curves 3 and 4). 

When two pulses were acting on system "erythrocyte suspension - PF" the 

effectiveness of first and second pulses exposures was determined by PF concentration 

(Fig. 3). For concentration C = 0 the effectiveness of pulse 2+ exposure in these experiments 
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was always higher than that of pulse 1 +. For pulse 2- exposure the effectiveness was even 

higher. 

Accelerating effect of PF was expressed stronger for two pulse exposure than for 

single one. In Fig. 3 there is presented the data for relative change of erythrocyte number 

decrease rate depending on concentrations for one and two pulses. In the region of small 

concentration PF decelerated down the hemolysis of erythrocytes being a result of membrane 

electric breakdown, i.e. was slightly decreasing threshold potential. For concentration 

10 µI/ml for pulse 1+ exposure decelerating effect made up about 10-12%, for two pulses 

1 +, 2+ exposure it made up about 30% and for pulses 1 +, 2- - about 45%. This data shows the 

different alteration of effective electroporation threshold in system "erythrocyte suspension -

PF" with various combinations of pulse polarities. 
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Fig. 2. Kinetic curves of erythrocyte quantity decrease under the influence on blood 
suspension of: 

I, I' - perftoran with concentration I 0, 100 µI/ml of suspension, 
2 - pulse electric field (pulse energy 230 J), 

3 - combined influence of perftoran in concentration of 10. µI/ml of suspension and 
pulse electric field (pulse energy 230 J), 

4 - combined influence of perftoran in concentration of 100 µI/ml of suspension and 
pulse electric field (pulse energy 230 J). 
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-0,6 Concentration of perftoran C , mkUml suspension 

Fig. 3. The dependence of relative speed difference (VP+E -:- VE) I VE 
from the concentration of added perftoran for pulse I+ ( curve I), 

for pulses l+, 2+ ( curve 2) and for pulses I+, 2- ( curve 3) 

Thus it was experimentally demonstrated the following: 

I) Action effectiveness of pulse 2+ on i::rythrocyte suspension was higher than 

that of pulse I+ (in 70% of the cases). This indicates the electroporation threshold for 

second pulse was lower than that of the first one. 

2) Action effectiveness of pulse 2- was higher than that of pulse I+ in 92% of the 

cases. In the rest 8% effectiveness was the same. 

3) Action effectiveness of pulses l+, 2- was in 1,1 - 1,8 times higher then of 

pulses I +,2+. 

4) An addition of substances (PF C = 30 ... 100 mcL/mL, SAS, ether 

C = 200 µI/ml) to the erythrocyte suspension brought down the electric breakdown 

threshold. 

5) For small concentration perftoran increases electroporation threshold. 

Discussion 

Experimental data shows that the rate of cell quantity decrease during combined action 

of electric field and number of physicochemical factors does not equal to the sum of rates 

during action of each of these factors in separate. It is connected with electric breakdown 

conditions change. The number of pores and their radii are determined by induced 

transmembrane potential <p and electric breakdown threshold potential </Jihr• 
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Electric potential difference L1<pc induced on cell depends on field strength E in solution 

and cell radius r: 

l::i.rpc = 1,5Ercos0, (1) 

where 0 is angle between vector E and radius vector of observation point on the sphere (in 

future we well omit symbol L1). The electric transmembrane potential difference <p will be 

determined by ratio of membrane electric resistance Rm and cell solution resistance R,0 1. 

It is important to take into account that' before the first electric field pulse, membrane 

resistance Rm is determined by initial membrane qualities and it is in its maximum in our 

experiments. For the second pulse (+ or -) Rm decreases because of pore formation, being a 

result of pulse 1 + exposure. The Rm for the second pulse will depend on quantity and radii of 

pores formed before its action. 

Besides all that, the electric breakdown threshold (f)ihr can change under the influence 

of physicochemical factors ( chemical agents, ionizing radiation, pulse EF). As a rule action of 

these factors decreases the threshold, but in number of cases for small concentration of 

substances or low exposure dose there is a threshold increase. Th,e degree of threshold change 

will depend on the first pulse energy and membrane qualities. 

Model 

We will single out membrane surface of unit area and will break down this area into N 

equal regions with every one of them having individual proper membrane qualities and in 

every one of them pore formation being possible. N is a high number. Pore formation in every 

region depends on proper qualities of this region. Proper qualities determine two parameters 

of electroporation: electric breakdown threshold potential and pore radius. It is assumed that 

there are at least two stages of pore formation during electroporation: pore appearance and the 

following increase in its size. For pore formation it is necessary that transmembrane potential 

exceeds threshold potential of electric breakdown in certain membrane region. In other words 

transmembrane potential determines on the cell level the topology of membrane surface 

where the appearance of electroporation is possible. Size increase of appeared pore depends 

on membrane condition and electric pulse duration. In the region where threshold potential is 

lower, the pore radius will be higher. The set of macroscopic membrane regions can be 

considered as Gibbs ensemble. 

According this model it is possible to estimate the threshold change due to different 

physicochemical factors. 
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Depending on concentration perftoran can produce both strengthening and destructive 

effect on membrane without pulse electric exposure. Under the pulse electric field exposure 

the local PF concentration by the membrane can change. This will have impact on kinetics of 

pore formation during of the first pulse exposure. For small concentration dissolution of 

perftoroorganic compounds may strengthen the membrane by building into its defects. In this 

case the threshold potential increases and the pore radii decrease. This way the total pore area 

and hemolysis rate correspondingly might decrease. For high concentration PF building into 

membrane will increase the size of formed pores. This explains why hemolitic rate increases 

in 5-6 times (Fig. 2, 3). 

The local change of PF concentration, which is a result of the first pulse exposure, will 

have impact on the influence of the second one. In fact, diameter of PF particle is in about 

IO times higher than the membrane thickness. If (for high concentration) before the second 

pulse about 20-50% of membrane surface will be shut to the PF then electric field voltage in 

this regions will decrease in 10 times and electroporation won't occur. That is the first reason 

for effectiveness decrease of second pulse exposure. The other reason is reducing of induced 

transmembrane potential, being a result of pore formation from the first pulse. 

We compare the effectiveness of pulse exposure on suspension with PF and without 

for various pulses (in brackets there is the decelerating effect ofhemolysis). In fact, according 

to the model an establishing effect of PF for two pulse exposure was higher than for one. This 

effect is higher for the second pulse than for the first one and also it is higher for pulse 2- than 

for 2+. 

Conclusions 

In the model the possibility ofelectroporation of average erythrocyte'(average age) is 

analyzed. In order to describe kinetic curves it is important to keep in mind various <fJm thr for 

erythrocytes of various age: for old ones the average breakdown threshold reduces, for young 

ones - it is growing. Along with that in every statistical group of erythrocytes of various ages 

<p,hr will obey the normal distribution law. Thus the suggested approach can be implied to the 

whole ensemble of erythrocytes. 

We are examining the spherical cell, though in reality erythrocyte has the shape of 

disk. In ensemble their radii obeys to the normal distribution law. It is assumed in the model 

that in the time between first and second pulses the cell location in the space didn't change. 
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This allows us to fix the erythrocyte surfaces L and R from cathode and anode side in our 

reasoning. 

Our model allows considering the transmembrane potential distribution by cosine law, 

considering unequal alteration of transmembrane potential on the cell surface after the first 

pulse exposure and by that to calculate the pore distribution on the surfaces and pore radii 

more accurately. 

The suggested mathematical model allowed describing the presented experimental 

results and numerically estimating the characteristics of erythrocyte membrane 

electroporation under the influence of various physicochemical factors. With the help of this 

model it is possible to calculate the influence degree for every factor separately at their 

combined action. The model allowed to numerically estimate the alteration of threshold 

potential for the various conditions of the experiment. It was shown that on different sides of 

the cell there are pores appearing of different size and their number can differ widely. The 

influence of perftoran of various concentrations on electroporation process has been analyzed. 

It was shown the strengthening effect for the low concentration of perftoran and destructive 

effect for high concentration. These phenomena are mathematically described. The various 

conditions and perspectives for the use of mathematical model in future studies were 

explored. 
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Abstracts of the lectures 

The lectures in full are available at http://ucjinr.ru/3SummerSchool/lecture.html 

From Tissue Optics Study to Smart Laser Therapy 
L. Avramov 
Institute for Electronics of Bulgarain Academy of Sciences 

Considered in detail are the basics of the laser interaction with biologic tissues. A 

review is given of experimental and series-produced laser systems. Featured are modem 

trends in laser equipment and methodology of medical applications of the laser; diagnostic 

and therapeutic laser applications; laser therapy computerization; telemedical networks for 

laser applications; and prospects for laser medicine. 

Therapeutic Effects of Beta Radiation in Nuclear Medicine 
M. Beran 
Radiopharmaceutical Department 
Nuclear Physics Institute of Czech Academy of Sciences 
250 68 Rez near Prague, Czech Republic 

Several P-radionuclides (9°Y, 166Ho, 177Lu, 169Er, 186Re) are being more and more 

frequently used in radiotherapy of various human diseases at present time. Their mean P­

energies vary from 0.34 MeV {1 69Er, T = 9.5 days) to 2.26 MeV (90Y, T = 2.7 days) with a 

soft tissue range of a few millimeters (mean range 0.3 - 3.6 mm, maximum range 1 - 11 mm). 

These radionuclides provide curative effect through ablation (radiation necrosis) when 

targeted to the tissue involved (heavy arthritis/arthrosis, cancer etc.). 

The radionuclides are usually incorporated within colloidal suspensions (e.g. 90Y or 
169Er citrates, 166Ho boromacroagregates) that are injected into diseased joint, or immobilized 

in a tumor (166Ho chitosan complex) or introduced into isolated liver tumor through its 

nutritive capillary veins (e.g. 166Ho or 90Y polylactic microspheres). 

Most promising therapeutic use of P-radionuclides consists in radioimmunotherapy, 

when selected monoclonal antibodies (Mab's) are labeled with ultrapure "carrier free" 90Y 

radionuclide of high specific radioactivity. The labeled 90Y-Mab conjugate is then targeted 

against appropriate antigens in the body, that are specifically expressed on the cancer cell. 

Even small metastases can be destroyed by this method. 

Principles and some examples of P-radiotherapy are described in this lecture. 
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Isotopes in Medicine - Requirements, Production, Application and Future 
Prospective 
G. Beyer 
Prof Dr. rer. nat. habil. (i. R.) 
Geneva, Switzerland 

A review of the history of nuclear medicine is presented. Considered are diagnostic 

and therapeutic uses of isotopes; nuclear medicine equipment (in particular, detectors); 

production of isotopes based on reactors and cyclotrons ,and in fission reactions caused by 

high-energy protons. Discussed are prospects for the application of isotopes (in particular, 

therapeutic uses of alpha and beta radiation and Auger electrons; positron emission 

tomography for in vivo dosimetry; and tissue, cell, and molecular surgery). Future demands 

for isotopes are estimated. 

Modern X-ray Technique 
N.N. Blinov 
MEPhI, Moscow 

Dramatic development of digital technologies in the end of 20 century resulted in new 

generation of x-ray units in all branches of medical radiology. The lecture is a review of 

digital x-ray imaging detectors and modem digital x-ray units based on these methods of x­

ray detection. The concept and design of flat panels, CR systems, CCD & optics cameras, 

linear detector scanners and digital image intensifiers are given as well as description and 

analysis of their main features. Digital x-ray machines of different type produced by Russian 

and world industry are described. 

Neutron Activation Analysis for Life Sciences 
M.V. Frontasyeva 
Department of Neutron Activation Analysis, Frank Laboratory of Neutron Physics, 
Joint Institute for Nuclear Research 

In spite of competing non-nuclear analytical techniques (AAS, ICP-ES, ICP-MS, etc), 

reactor neutron activation analysis is continuing to be a most powerful multi-element 

analytical technique used in geosciences, life sciences and material sciences. Radioanalytical 

complex REGATA at the IBR-2 reactor for more than 20 years of operation has become a 

source of analytical data for a considerable number of international projects carried out with 
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specialists from JINR member- and non-member states. Supported by grants of JINR 

Plenipotentiaries (Bulgaria, Czech Republic, Poland, Slovakia, Romania), they all together are 

joined in the JINR project REGATA (2000-2004) dedicated to air pollution studies in the 

above countries and Central Russia, South Urals, Bosnia and Herzegovina, Serbia and 

Montenegro, Macedonia (FYROM), and Western Ukraine. The results obtained in Dubna are 

reported to the European Atlas of <<Atmospheric deposition of heavy metals in Europe -

estimates on the basis of the analysis of mosses» edited each 5 years under the aegis of the 

UNO Commission of transboundary transport of atmospheric deposition in Europe (UNECE 

ICP Vegetation). The next all-European moss survey will be in 2005. Several more 

researchers from Greece and Turkey, as well as from some Asian countries (Vietnam, 

Mongolia, and China) expressed their desire to joint our activity in this field. This led to a 

suggestion to prolong the JINR project REGATA for 2005-2007 with extension to Asian 

countries, besides Eastern Europe and Balkans. The other newly developing trend of applying 

NAA in life sciences is food quality and safety. IAEA Technical Cooperation (2003-2005) 

and IAEA Co-ordinated Research Programme (2002-2004) support these studies. The year of 

2004 is the final one for our project in 5th Frame Programme of EU: «Workplace monitoring 

and health-related studies at fertilizer plants in Russia, Poland, Romania, and Uzbekistan». 

Our intense and productive cooperation since 1999 with the Georgian scientists in developing 

new pharmaceuticals (selenium- and chromium-contating) and sorbents of toxic elements 

(mercury, uranium, etc) based on blue-green micro-alga Spirulina platensis (biotechnology) 

resulted in two patents, the necessary prerequisites for production of Spirulina derivatives for 

food, perfume and medical needs. 

Department ofNAA serves a basis for training young specialists in ~uclear analytical 

techniques. A special course «NAA for studying the Environment» and practicals at the 

radioanalytical complex REGAT A are offered for graduate and undergraduate students from 

the universities of Dubna and JINR member-states. Every year 5-6 Master and Bachelor 

diploma are prepared, one Ph.D. thesis is defended (2003), and another three are in progress. 

High-LET Radiation in Modern Oncology 
I.A. Gulidov 
Medical Radiological Research Center RAMS, Obninsk 

Radiation therapy is necessary at least for 70% of oncological patients. Unfortunately, 

for 15-20% of them conventional low-LET radiation is uneffective. High-LET radiation has 
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some radiobiological advantages which allow using them effectively in modem radiation 

therapy. Among them: low dependence from phase of cell cycle; low dependence from 

oxygen tension in cells; low probability of repair of sublethal damages; small difference in 

radiosensitivity of different cell types. 

Radiation oncologists use in clinical practice fast neutrons, thermal and epithermal 

neutrons, heavy ions. Physical and radiobiological features, clinical indications for use of 

different types of high-LET radiation, perspectives of further development of high-LET 

technologies, possibility of combination of high-LET and low-LET radiation will be 

discussed in this lecture. 

Fast Light and Heavy Ions in Medicine, Materials Analysis and Materials 
Modifications 
Heinrich Homeyer 
Ion Beam Laboratory ISL, Hahn Meitner Institut Berlin 

Fast ions exhibit unique features when they penetrate into matter, scattering from 

target nuclei, and electrons. The degree of ionization varies a lot depending on the ion charge 

mass and velocity. Thus, the different features can be used to cure cancer, to analyze thin or 

thick layers of materials, to modify materials. The different regimes will be discussed and 

specific examples, such as tumor treatment of ocular melanoma with fast protons, analyses of 

object d'art with high energy PIXE, thin layer analyses with ERDA and modification of 

materials due to high electronic excitations will be presented. 

Treatment Planning for Radiotherapy 
O. Jakel 
German Cancer Research Center (DKFZ), Dep. of Medical Physics in Radiation Oncology 
(£040) Heidelberg, Germany 
e-mail: o.jaekel@dkfz.de 

Treatment planning for radiotherapy is a complicated multi-step procedure, which 

involves a number of physical as well as medical aspects of radiotherapy. The overall 

procedure is outlined, beginning from the medical question what the aim of the treatment shall 

be, which treatment modality is chosen and what imaging is appropriate for this. The next 

steps in this procedure are then: image registration, definition of target volumes and organs at 

risk and the prescription of dose and definition of a fractionation scheme. After that, the 
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definition of treatment parameters, therapy simulation and numerical dose calculation follows. 

The procedure ends by the evaluation and optimization of the dose and finally the preparation 

of treatment including reporting and preparation of dosimetric verification measurements. The 

lecture will focus on modem computer assisted three-dimensional treatment planning 

techniques which are implemented in most commercial systems. Some aspects of recent 

developments in the field and their impact for treatment planning are reviewed, like the tools 

for stereotactic treatments, inverse treatment planning, intensity modulated radiotherapy, 

image guided radiotherapy and Hadron therapy. 

Literature on the topic: 

[1] Radiotherapy and Oncology Vol 73 (Supplement 2), 2004: "Proceedings of the Heavy 

charged particles in biology and medicine and ENLIGHT meetings held in Baden 

(2002) an Lyon (2003). 

[2] Jiikel 0., Schulz-Ertner D., Karger C.P., Nikoghosyan A., Debus J.: Heavy ion 

therapy: status and perspectives. Technology in Cancer Research and Treatment 2, 

377-388, 2003. 

[3] Suit H. et al.: Proton beams to replace photon beams in radical dose treatments. Acta 

Oncol. 2003;42(8):800-8. 

Technical State of Hadron Therapy 
0. Jakel 
German Cancer Research Center (DKFZ), Dep. of Medical Physics in Radiation Oncology 
(E040) Heidelberg, Germany 
e-mail: o.jaekel@dkft.de 

In 2004 hadron therapy celebrated its 50th anniversary and between 1954 and 2004 

nearly 40'000 patients were treated with protons and~ 4500 with heavier particles (mainly 

helium, carbon and neon). Especially within the last decade, hadron therapy has gained 

increasing interest. In mid 2004, 22 proton facilities were operational and about half of all 

patients treated with protons received their treatment within the last 5 years. There are 

currently 3 facilities treating patients with carbon ions, two of them in Japan within a clinical 

setting and one in Germany at a heavy ion research center. In Germany, Italy and Austria new 

hospital based facilities for ion therapy are under construction or have been approved. 

An outline of the current status of proton and ion radiotherapy is given with emphasis 

to the technical aspects of the respective facilities. This includes a description of the various 
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accelerators used for Hadron therapy, as well as the beam delivery using fixed beam lines and 

gantries. The design of different beam shaping systems, like the conventional used passive 

scattering technique and the recently introduced active scanning system for protons and ions 

will be described. The implications of the beam delivery system for treatment planning and 

dosimetry will also be discussed. 

Literature on the topic: 

[1] Radiotherapy and Oncology Vol 73 (Supplement 2), 2004: "Proceedings of the Heavy 

charged particles in biology and medicine and ENLIGHT meetings held in Baden 

(2002) an Lyon (2003). 

[2] Jlikel 0., -Schulz-Ertner D., Karger C.P., Nikoghosyan A., Debus J.: Heavy ion 

therapy: status and perspectives. Technology in Cancer Research and Treatment 2, 

377-388, 2003. 

[3] Suit H. et al.: Proton beams to replace photon beams in radical dose treatments. Acta 

Oncol. 2003;42(8):800-8. 

Modern State of Radionuclide Production and Usage in Russian Nuclear 
Medicine 
G.Ye. Kodina 
State Scientific Center - Institute Biophisics, Moscow 

A systemized review is given of the current production in Russia of alpha and beta 

radionuclides for diagnostic and therapeutic applications. Considered are different stages of 

the production of specific radionuclides and special features of their application. 

SPECT and NURSE-ECG Examination of the Heart Muscle 
R. Krzyminiewski 
A. Mickiewicz University, Poznan, Poland 

The paper presents the main principles for obtaining enhanced signal resolution of 

standard ECG records, constructing of high-resolution vectorcardiogram and determining of 

activities of particular segments of the cardiac muscle. Standardized electric activities of the 

ventricles and septum __ in healthy people are given. Electric activities of particular fragments of 

the cardiac muscle were measured for a group of healthy and with ischaemia subjects and for 

people subjected to SPECT (single photon emission tomography)examination. A good 
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correlation was established between the results of scintigraphy examination (SPECT) and the 

decrease in electric activity of particular fragments of the cardiac muscle. 

Mathematical Basis of Radiotherapy 
P. Kukolowicz 
Holycross Cancer Centre Kielce, Poland 

It is shown that radiotherapy is a mixture of clinical experience and theory that is 

based on experience and developed by physicists and mathematicians. In radiotherapy, 

mathematical models should be used with great caution and only if there is no other choice. 

Proton 3-D Conformal Radiotherapy and Radiosurgery of Intracranial 
Targets 
Ye.I. Luchin 
Joint Institute for Nuclear Research 

Proton three-dimensional radiation therapy and radiosurgery is, at the present time, a 

powerful modality to decrease normal-tissue integral dose significantly while achieving a 

highly conformal dose distribution in the target area. Especially this is advantageous for many 

critically located and complex-shaped intracranial tumors and arteriovenous malformations. 

Purpose of this report is presentation of developed technique of 3D proton radiation therapy in 

Dubna and early results of clinical using. 

Material and method: After difficulties during economic transformations in 1990, 

proton accelerator of the JINR (Phasotron) began to run more time that was enough to re-start 

proton therapy clinical program in Dubna. In-patient radiation therapy department has been 

organized in the local hospital. During 2000-2001 years one procedure room has been 

modified to satisfy requirements for precise stereotactic radiation treatments. Technological 

steps of the proton treatment are as follows. 1) Manufacturing of head immobilizing devices. 

2) Imaging studies: high resolution CT with up to 99 2-mm slices on the "GE hi-speed" 

apparatus. MRI usually used as visually correlated image. 3) 3D treatment planning. We are 

using three-dimensional treatment planning system "TPN" that has been developed at the 

Loma Linda University Medical Center. This is early version of the "OptiRad-3D" system 

that is now presented at the market. The system was modified to incorporate the Dubna proton 

beams. Often treatment plans have been duplicated with local less sophisticated planning 
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system. 4) Manufacturing of beam modifying devices - individual cerrobend apertures, 

compensating boluses. 5) Realization of the treatment plans and beam position verification 

relatively to bone landmarks. Digital reconstructed radiographs (DRRs) with projection of 

target, isocenter and bone landmarks were calculated and printed. Alignment Rx-films were 

compared with DRRs during irradiation sessions. Alignment accuracy was about 1mm. 

Early clinical experience: 143 patients with different intracranial targets received 3D­

proton conformal radiation therapy or radiosurgery at Dubna since April 2001 till December 

2004. Radiosurgery (1-3 fractions) irradiation applied for relatively small targets. Maximum 

total doses were 20-27 GyE. Hypofractionated regimen of 10-15 fractions has been used for 

larger size and critically located targets. Dose per fraction was 3-4 GyE with traditional for 

proton RBE=l.1. Total equivalent doses were calculated by the linear-quadratic formula and 

were equal to 56-60 GyE-a/b to the target margin. Some patients received conventionally 

fractionated (30-33 fraction) proton conformal radiation therapy. 

Early clinical and imaging results demonstrated that developed technique of proton 

irradiation allow to deliver proton dose to the target volume precisely. 

Hadron Therapy Complex at the Laboratory of Nuclear Problems, JINR 
G.V. Mitsyn 
Joint Institute for Nuclear Research 

One of the promising ways to increase the efficiency of radiotherapy is to use new 

types of radiation, such as heavy charged particles and high-energy neutrons, produced at 

modem accelerators. These particles show pronounced advantages in the space distribution of 

the dose absorbed . and favorable changes in some of their biological effects (relative 

biological efficiency and oxygen ratio). 

To the date a seven-compartment Medico-technical complex based on a 660 MeV 

proton accelerator (Phasotron) has been constructed and now it is in operation at DLNP, 

JINR. It allows tumor treatment with wide and narrow beams of protons, negative pions, high­

energy neutrons, and with their combinations. It is for the first time that one accelerator has 

provided a set like this of hadron beams for medical purposes. As a result, the most effective 

type of radiation can be individually selected for each patient, depending on .the dose 

distribution features and biological characteristics of each sort of particles and on the size and 

clinical features of the tumor. 
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Unique dose delivery techniques, new methods of digital reconstructive X-ray, proton, 

and positron emission tomography have been developed and are used to treat patients. For the 

first time methods have been devised and equipment constructed for rotation irradiation of 

deep seated tumors and for simultaneous scanning rotation irradiation of a large target with 

several narrow proton beams, which ensures a high accuracy and fully computerized control 

over irradiation. 

Physical and Technical Principles of the Stereotactic Radiosurgery and 
Radiotherapy with the Leksell Gamma Knife and Linear Accelerator 
Jr.J. Novotnya,h, J. Novotnya 
0Na Homolce Hospital, Prague, Czech Republic 
bCharles University in Prague, First Faculty of Medicine, Institute of Biophysics and 
Informatics, Prague, Czech Republic 

Stereotactic radiosurgery represents a single session of a precisely focused radiation 

from external source to the stereotactically localized intracranial target. . Stereotactic 

radiotherapy exploits stereotactic localization of the target but treatment is performed in 

fractionated scheme. Three-dimensional tomographic imaging such as computed tomography 

(CT) and magnetic resonance imaging (MRI) or positron emission tomography (PET) is 

especially essential to these activities. 

To assure precise target localization a special stereotactic frame is attached by four 

fixation screws to the patient's skull or by a special plastic mask that is well shaped to a 

patient's face. This frame creates base of coordinate system that after three-dimensional brain 

imaging unequivocally defines intracranial target. Resulting images are transferred into 

treatment planning system ( computer with software able to simulate irradiation of the target). 

Treatment planning procedure involves selection of a proper beam geometry and simulation 

and computation of relative dose distribution and absolute dose in terms of treatment 

irradiation time or monitor units. Treatment planning process is performed until the moment 

when simulated irradiation geometry assures sufficient target coverage and adequate saving of 

surrounding healthy tissue, especially important structures such as optic nerve, brain stem and 

etc. Then all data defining target irradiation are exported and treatment itself is controlled by 

computer. 

The Leksell gamma knife contains altogether 201 6°Co sources that are arranged in 

hemispherical geometry surrounding patient's head. Emitted energies of gamma photons are 
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1.17 MeV and 1.33 MeV, half-life of 6°Co is 5.26 years. All 201 beams are focused to a 

single point, which gives very high dose in this point and very steep dose gradient to 

surrounding healthy tissue. All beams are collimated by two fixed collimators. The final 

collimation is achieved by means of four interchangeable collimator helmets that produce 4, 

8, 14 and 18 mm diameter fields at the focus. Individual plugs can stop-off beams from 

selected collimators if required to shield the eyes or to change the dose distribution. 

Single high energy X-rays of bremsstrahlung photons are used for stereotactic 

radiotherapy with linear accelerator (typically 4-6 MV). Since only one beam is generated by 

linear accelerator different techniques must be used to simulate dose distribution that is 

obtained when high number of beams focused to a single point are used. These techniques 

include: non coplanar isocentric arcs, conformal static isocentric fields, conformal non 

coplanar isocentric arcs, dynamic conformal non coplanar isocentric arcs and techniques of 

intensity modulated radiation therapy. 

Stereotactic radiosurgery or radiotherapy can be used for the treatment of following 

brain lesions: vascular diseases (mainly AVMs), benign tumors (mainly acoustic neuromas, 

meningiomas and pituitary adenomas), malignant tumors (mainly metastasis and glial 

tumors), functional disorders (mainly trigeminal neuralgias). 

Principles and Application of Gel Dosimetry in Radiation Oncology Quality 
Control 

Jr. J. Novotnya.c,, V. Spevacek\ J. Hrbacek\ P. Dvorak h, J. Novotny\ T. 
Cechak b 

a Na Homolce Hospital, Prague, Czech Republic 
bCTU in Prague, Faculty of Nuclear Science and Physical Engineering, Prague, 
Czech Republic 
cCharles University in Prague, First Faculty of Medicine, Institute of Biophysics and 
Informatics, Prague, Czech Republic 

Currently used techniques in radiation oncology allow tailoring of three-dimensional 

dose distribution to the treated target volume with high conformity and precision. By contrast 

there are not available dosimeters which can continuously measure three-dimensional 

absorbed dose distributions and which may be used for the verification of the treatment 

process. 

The gel dosimeter and its use together with nuclear magnetic resonance (NMR) is a 

promising tool and attempt to satisfy the requirements of the ideal dosimetry system which 
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allows to measure three-dimensional dose distributions. Based on composition there are two 

types of such dosimeters at this time: Fricke-gel and polymer-gel dosimeter. Polymer-gel 

dosimeter eliminates some problems mainly related to ferric ion diffusion associated with the 

use of Fricke-gel and consequently is superior for clinical applications. Polymer-gel dosimeter 

is formed by acrylic monomers that are uniformly dispersed in a gel. Radiation-induced 

polymerization and cross-linking of acrylic monomers increases the NMR relaxation rates of 

neighboring water protons and thus NMR can be used for evaluation of three-dimensional 

absorbed dose distributions that are created in the polymer-gel dosimeter after its irradiation. 

Several different polymer-gel dosimeter compositions have been presented. As an 

example typical composition of the dosimeter may be given (in weight fraction): 3% acrylic 

acid, 3% N,N'-methylene-bis-acrylamide; 5% gelatin, 1% sodium hydroxide and 88% 

distilled purified water. As an example of NMR evaluation sequence may be given protocol 

used in our center on Siemens EXPERT IT scanner: multi-echo sequence with 16 echoes, TE 

22.5 - 360.0 ms, TR 2000 ms, slice thickness 2 mm, FOV 255 mm, pixel size l.0xl.0 mm2
• 

Many factors may influence dosimeter response. These factors include: dosimeter chemical 

composition and preparation history, time between dosimeter preparation and dosimeter 

irradiation, temperature during dosimeter irradiation, type of radiation and energy used 

(dosimeter energy dependence), dose rate used (dosimeter dose rate dependence), time from 

dosimeter irradiation to NMR evaluation, temperature during dosimeter NMR evaluation, 

sequence and other NMR parameters used during dosimeter NMR evaluation. 

As an example of utilization of gel dosimeter in clinical practice measurements 

performed for Leksell gamma knife stereotactic procedures are presented. Altogether four 

applications of polymer-gel dosimeter were carried out: 

l) head phantom with the polymer-gel dosimeter was used for verification of 4, 8, 14, 18 mm 

single isocenters irradiation, 

2) head phantom with the polymer-gel dosimeter was used for verification of four different 

tumor.s treatment plans, 

3) head phantom with the polymer-gel dosimeter was used for verification of six different eye 

lesion's treatment plans and 

4) specially designed rat phantom filled by polymer-gel dosimeter was used for verification of 

experimental animal treatment plans. To compare measured and calculated dose distributions 

dose profiles in X, Y and Z Leksell stereotactic coordinates were calculated and compared. 
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Good agreement between measured and calculated dose profiles, by the Leksell 

GammaPlan treatment planning system, was observed. The maximum deviation in the spatial 

position of measured and calculated centers of dose profiles was 0.9 mm in the case of the 

head phantom and 1.0 mm in the case of the rat phantom. The maximum deviation in the 

width of the selected reference isodose of measured profiles was 3.0 mm in the case of the 

head phantom and 1.1 mm in the case of the rat phantom. It was demonstrated that polymer­

gel dosimeter evaluated by nuclear magnetic resonance is effective tissue equivalent 

dosimetric tool that allows measurement of three-dimensional dose distributions with steep 

gradients. 

The use of polymer-gel dosimeter for a verification of radiation oncology procedures 

has some unique advantages that can be summarized as follows: dosimeter itself is tissue 

equivalent, three-dimensional dose distribution can be measured, dosimeter allows simulation 

of the patient's procedures without any limitations. 

This research project is supported by IGA MH CR grant NC 7460-3/2003. 

E~vironment and Human Health 
J. Stamenov 
JNRNE BAS, Sofia 1784, boul. Tsarigradsko chaussee 72 

The environment is characterized by the parameters of its components starting from 

aerospace, magnitosphere, atmosphere, hydrosphere, lithosphere, biosphere and finishing as 

well with the human society by itself The correlations between the human health and 

different environmental parameters are more or less well known during the time. However, 

the relative high level of the information noises and the complexity of this multiparametric 

system make the investigations quite complicated. Nevertheless the essential improvement of 

the measurement accuracies of the environmental parameters, the correct studies of the 

correlations with different aspects of the status of the human health and its dynamic could 

provide reliable basis for the study of the relation human health - environment, treating it 

consequently as an inverse problem and trying to obtain by this way quantitative well defined 

estimations. 
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Modulation of Absorbed Dose Distributions by Magnetic Fields 
S.M. Varzar, A.P. Chemyaev 
Lomonosov Moscow State University Skobeltsyn Institute of Nuclear Physics 

Considered is the application of the magnetic field in the proton and electron radiation 

therapy of oncological diseases for minimizing the radiation effect upon healthy tissues and 

increasing the dose absorbed by tumors. 

Estimation of Effective Dose in Nuclear Medicine Diagnostic 
Marta Wasilewska-Radwanska 
AGH University of Science and Technology, Krakow, Poland 

The principles of estimation of the effective internal dose due to radionuclides 

injected, ingested or inhaled will be presented. Methods of calculation will based on 

publications from the Medical Internal Radiation Dose (MIRD) Committee of the Society of 

Nuclear Medicine as well as from ICRP (International Commission on Radiation Protection) 

recommendations. 

Biological Basis of Radiotherapy 
A. Wojcik 
Institute of Nuclear Chemistry and Technology, Warsaw, Poland 

The lecture is concerned with the following issues: the development of a tumor from a 

mutated cell; the cell cycle and separation of chromatids during mitosis; the direct and 

indirect effect of radiation upon DNA; the fate of an irradiated cell; the chromosome radiation 

damage mechanism; the biological principle of radiotherapy, which is to use the difference 

between the tumor and healthy tissue with respect to the radiation-induced DNA damage; 

DNA reparation; radiation tolerance of cells irradiated during different stages of a cell cycle; 

the history of radiotherapy; and different schemes of radiotherapy ( conventional, fractionated, 

and accelerated). 
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Lecturers and lectures 
at the International Summer Student School on Nuclear Physics Methods 

and Accelerators in Biology and Medicine 
30 June-11 July 2005, Dubna (Ratmino) 

Bulgaria 
L.Avramov 

"From tissue optics study to smart laser therapy" 
Institute for Electronics, Bulgarain Academy of Sciences 

J. Stamenov 

"Environment and human health" 
JNRNE, Bulgarain Academy of Sciences, Sofia I 784, bout. Tsarigradsko chaussee 72 

Czech Republic 
M. Beran 

"Therapeutic effects of beta radiation in nuclear medicine" 
Radiopharmaceutical Department 
Nuclear Physics Institute, Czech Academy of Sciences 
250 68 Rez near Prague, Czech Republic 

Jr.J. Novotnya·h, J. Novotnya 

"Physical and technical principles of stereotactic radiosurgery and radiotherapy with the 
Leksell gamma knife and linear accelerator" 
aNa Homolce Hospital, Prague, Czech Republic 
bCharles University in Prague, First Faculty of Medicine, Institute of Biophysics and 
Informatics, Prague, Czech Republic 

Jr. J. Novotnya,c,. V. Spevacek\ J. Hrbacekb. P. Dvorak h, J. Novotny\ T. Cechak b 

"Principles and application of gel dosimetry in radiation oncology quality control" 

aNa Homolce Hospital, Prague, Czech Republic . 
bCTU in Prague, Faculty of Nuclear Science and Physical Engineering, Prague, 
Czech Republic 
cCharles University in Prague, First Faculty of Medicine, Institute of Biophysics and 
Informatics, Prague, Czech Republic 

Germany 

H. Homeyer 

"Fast light and heavy ions in medicine, materials analysis and materials modifications" 
Ion Beam Laboratory ISL, Hahn - Meitner Institut, Berlin 
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o. Jakel 

"Treatment planning for radiotherapy" and "Technical state of hadron therapy" 
German Cancer Research Center (DKFZ), Dep. of Medical Physics in Radiation Oncology 
(E040), Heidelberg, Germany 
e-mail: ojaekel@dkfz.de 

Poland 

R. Krzyminiewski 

"SPECT and NURSE-ECG examination of the heart muscle" 
A. Mickiewicz University, Poznan, Poland 

P. Kukolowicz 

"Mathematical basis of radiotherapy" 
Holycross Cancer Centre, Kielce, Poland 

M. Wasilewska-Radwanska 

"Estimation of effective dose in nuclear medicine diagnostics" 
AGH University of Science and Technology, Krakow, Poland 

A. Wojcik 

"Biological basis of radiotherapy" 
Institute of Nuclear Chemistry and Technology, Warsaw, Poland 

Russia 

V.E. Balakin 

"New generation of equipment for proton beam treatment of oncologic diseases" 
Obninsk Branch of the Institute of Nuclear Physics, 
Siberian Division of the Russian Academy of Sciences 

V.N. Belyaev 

"Positron annihilation and positron tomography" 
MEPhl Moscow 

N.N. Blinov 

"Modem X-ray technique" 
MEPhL Moscow 

I.A. Gulidov 

"High-LET Radiation in modem oncology." 
Medical Radiological Research Center RAMS, Obninsk 
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G.Ye. Kodina 

"Modem state of radionuclide production and usage in Russian nuclear medicine" 

Federal Research Center - Jnstitut~ of Biophysics, Moscow 

E.K. Kozlova, P.U. Alexeeva, U.A. Bliznuk, A.M. Chernish1 

"Physical bases of using the impulse electrical field for hidden damage diagnostics of the 
biological membrane" 
Physics Faculty, Lomonosov Moscow State University 
1 Department of Medical and Biological Physics, I.M Sechenov Moscow Medical Academy, 
Moscow, Russia 

S.M. Varzar, A.P. Chernyaev 

"Modulation of absorbed dose distributions by magnetic fields" 
Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University 

Switzerland 

G. Beyer 

"Isotopes in medicine: requirements, production, application, and prospects" 

Prof Dr. rer. nat. habil. (i. R.) 
University Hospital of Geneva, Cyclotron Unit, Geneva, Switzerland 

JINR 

V. Ye. Aleinikov 

"Basic concepts of ionizing radiation dosimetry" 

M.V. Frontas_yeva 

"Neutron activation analysis for life sciences" 

Ye.I. Luchin 

"Proton 3D conformal radiotherapy and radiosurgery ofintracranial targets" 

G.\T, M_it~n 

"Hadron therapy complex at the Laboratory of Nuclear Problems, JINR" 
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Audience of the International Summer Student School 
on Nuclear Physics Methods and Ac<;elerators in Biology and Medicine 

30 June -11 July 2005, Dubna (Ratmino) 

Aleksiayenak, Yuliya 

Galochkina, Olga 

Sakharov International Environmental 
University, Minsk 

· Sakharov International Environmental 
University, Minsk 

Bulgaria 

Arhangelova Nikolova-Todorova, Nina University of Shumen "Episkop Konstantin 
Preslavski" 

Borisova, Ekaterina Institute of Electronics, Bulgarian Academy 
of Sciences · 

Ivanova, Galina Zhivkova Sofia University 

Chudoba, Vratislav 
Jadmickova, Iva 
Koncek, Ondrej 
Kral, Jii'i 
Maca,Pavel 
Muzik, Jan 
Myilka, Miroslav 
Novak,Leos 
Nyklicek, Michal 
Pavlikova, Irena 
Sentkerestiova, Jana 
Tesihsky, Milan 
Tmkova, Lenka 
Yins, Miroslav 
Jaluvkova, Pavlina 
Hladik, Jan 
Kovacikova, Petra 

Brzozowska, Kinga Maria 

Cybulski, Tomasz 

Dziepak, Pawel 

Gozdyra, Roman 

Czech Republic 

Czech Technical University, Prague 
Czech Technical University, Prague 
Czech Technical University, Prague 
Czech Technical University, Prague 
Czech Technical University, Prague 
Czech Technical University, Prague 
Czech Technical UnivJrsity, Prague 
Czech Technical University, Prague 
Czech Technical University, Prague 
Czech Technical University, Prague 
Czech Technical University, Prague 
Czech Technical University, Prague 
Czech Technical University, Prague 
Czech Technical University, Prague 
Silesian University in Opava 
Silesian University in Opava 
Silesian University in Opava 

Poland 

Institute of Nuclear Chemistry & 
Technology/Dpt of Radiation Biology & 
Health Protection (Warszawa) 
Krakow AGH University of Science & 
Technology 
Krakow AGH University of Science & 
Technology 
Krakow AGH University of Science & 
Technology 
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Grzadziel, Maciej 

Przybylowicz, Katarzyna 

Szykowna, Ewa Karolina 

Werschner, Dariusz 

Jagucka, Beata Ewa 
Jasinska, Justyna Patrycja 
Pietrzyk, Mariusz 
Siennicki, Jakub 

Wierzbianski, Piotr 

Giera, Wojciech 
Kaszub, Wawrzyniec Emil 
Pawlowska, Zuzanna 
Smulski, Radosl'aw 
Szwarc, Sebastian 
Tomczyk, Karolina 
Bujnarowski, Grzegorz 
Kluza, Agnieszka Anna 

Dontu, Simona 

Telcian, Ancuta 

Bakaev, Sergey 
Dorogush, Svetlana 

Agapov, Alexey 
Deperas, Marta 
Dyatlovich, Anna 
Kolonuto, Petr 
Mumot, Marta 

Artamonov, Dmitry 
Bogdanova, Alexandra 
Filatov, Alexey 
Galinovskaya, Olga 
Gudkova, Olga 
Korshikova, Yulia 
Komilov, Alexander 
Kutyakina, Vera 
Malyk, Alexandra 

Krakow AGH University of Science & 
Technology 
KrakowAGH University of Science & 
Technology 
Krakow AGH University of Science & 
Technology 
Krakow AGH University of Science & 
Technology 
Jagiellonian University, Krakow 
Jagiellonian University, Krakow 
Jagiellonian University, Krakow 
University of Lodz, Dpt of Nuclear Physics 
& Radiation Protection 
University of Lodz, Dpt of Nuclear Physics 
& Radiation Protection 
AMUPoznan 
AMUPoznan 
AMUPoznan 
AMUPoznan 
AMUPoznan 
AMUPoznan 
University of Opole I Institute of Phyics. 
University of Opole I Institute of Physics 

Romania 

National Institute of R&D for 
· Optoelectronics, Bucharest I Faculty of 
Physics 
Bucharest University I Faculty of Physics 

Russia 

Moscow Engineering Physics Institute 
Moscow Engineering Physics Institute 

JINR University Centre 
JINR 
JINR 
JINR 
JINR 

Moscow State Univer$ity 
Moscow State University 
Moscow State University 
Moscow State University 
Moscow State University 
Moscow State University 
Moscow State University 
Moscow State University 
Moscow State University 
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Musaelian, Ivan 
Povolotskaya, Inna 
Umarova, Maria 
Voyskovich, Alexey 
Yungelson, Yevgeny 
Yastrebkova, Svetlana 
Zharova, Tatyana 

Bryzgunov, Maxim 

Lovas, Lubomir 

Lumtzerova, Eva 

Nunukova, Vera 

Moscow State University 
Moscow State University 
Moscow State University 
Moscow State University 
Moscow State University 
Moscow State University 
Moscow State University 

Novosibirsk Institute of Nuclear Physics, 
Siberian Branch of the Academy of 
Sciences 

Slovakia 

Comenius University, Faculty of 
Mathematics, Physics & Informatics 
Comenius University, Faculty of 
Mathematics, Physics & Informatics 
Slovak Office for Standardization, 
Metrology, and Testing 
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