
Radiation Dosimetry  
 

1. Introduction 

1.1 Development of Stereotactic Radiotherapy Technology 

In recent years, with the application and development of CT, MRI and PET scanner, the 
image diagnosis technology of human body has been developed greatly. Human beings have 
obtained further understanding and cognition of body tissues and intracranial fine structure 
and complex functions. The early diagnosis detectable rate and abnormal tissue localization 
precision of body tumor, intracrancial tumor, arteriovenous malformation, and nerve system 
disease has been improved greatly. The development and utilization of various new 
stereotactic devices and computer software technology have provided more perfect method 
for diagnosis and treatment intracranial malfunction, important tissue and organ disease. Up 
to the eighties of 20th century, in tune with the trend of operation miniaturization, closed 
loop, and computerization, the stereotactic radiotherapy which regards stereotactic technology 
as the means and high-energy radial irradiation as the treatment method has been developed 
very quickly. Stereotactic radiotherapy has many aspects of characteristics, such as precise 
treatment, simple operation, and non-invasion. Its rise and development is a trans-century 
revolution in treatment medicine field. 

According to stereotactic principle, stereotactic radiotherapy selectively determines targets of 
normal tissues of abnormal tissues in body and skull to put focus on the target precisely and 
destroy the target to achieve the treatment purpose. Intracranial target area is usually small 
and the localization and target planning is relatively strict. According to the size of target and 
the type of tissues, single focus irradiation treatment or multi foci irradiation treatment can be 
used. Before the treatment, the dose distribution can be made as conformal as possible to the 
target with treatment planning. The radiation is expected to be delivered to the target with the 
surrounding normal tissue spared. Stereotactic radiotherapy can avoid the danger of post-
operation hemorrhage, infection, and damaging intracranial important organs that is caused by 
opening skull operation and general surgical removal. It also can implement effective 
treatment to tumor or vessel malformation in the deep part of brain, the body (such as internal 
organ), and esophagus. It established a new radiotherapy method without opening cranium, 
opening hole, blood, and pain. After the treatment, although ‘target’ still exists from the 
anatomical images, actually all the tumor cells have become necrosed in solid and the volume 
will not increase any more. By later stage, all the tumor tissues will be replaced by neuroglial 
scar tissue and absorbed partially or totally. The patient’s survival time will be lengthened. 

Stereotactic radiotherapy is quite different from the traditional radiotherapy. The latter utilizes 
the sensitiveness of tumor tissue to radioactive rays to treat the disease. The target dosage is 
greatly smaller than the maximum absorbed dosage of the body surface. The localization 



precision of equipment is also far lower than the demand of stereotactic radiotherapy 
equipment. The additional radiation dosage received by the patient’s normal tissues is large, 
and the clinical radioactive symptom such as alopecia, skin burned often happens. The 
complicating disease and sequelae after treatment is very relatively serious and the patient’s 
survival time is within five years. By utilizing vernier focusing of radioactive rays, 
stereotactic radiotherapy can make the dosage of target far more than the absorbed dosage of 
healthy tissues. The complicating disease and sequelae is lighter and the patient’s survival 
time is longer (there are patients who has survived for 20 years). 

Whole-Body Stereotactic Gamma Radiotheraphy System (SGS-I) developed by Shenzhen 
Hype Technology Incorporation has been successfully installed and been brought into clinical 
operation. The valuable experience obtained provides good foundation for later producing and 
extended use. 

All the stereotactic radiotherapy equipments (gamma knives, Stereotactic Gamma System, X 
knives, proton knives, and BNCT) utilize high-energy beams to implement the treatment. In 
the view of physicists, radiotherapy is essentially a process of producing radiobiological 
effect. In this process, energy is shaped well and is transferred to small-size body tissues. And 
thus influence the structure and function of tissues that are selected as the target area, induce 
corresponding physics, chemistry, and biological effect to enable us obtain expected treatment 
result. 

In the process of stereotactic radiotherapy, selection of target is not restricted and the size of 
target tissues can be very small or very big, especially body tumor whose diameter can be 
more than 10cm. Stereotactic radiotherapy selectively irradiate these target tissues, while the 
surrounding normal tissues will be damaged very little.  

At present, with the development of stereotactic radiotherapy technology and the invention of 
gamma knives, SGS, and body X knives, implementing stereotactic radiotherapy to the 
whole-body tissues and organs of patients is gradually widely used in clinic, which has 
brought greater hope to the recovery and cure of patients. 

1.2 Application of Stereotactic Radiotherapy Technology 

Stereotactic radiotherapy is a kind of very safe treatment technology which has no risk of bleeding or 
infection. It can treat pathologic changes of any part of human body and brain. However, some tissues and 
organs of human body, such as skin, eye lens, optic nerve, brain stem, spinal cord, coronal nerve, are 
sensitive to radioactive rays. Due to the meticulous functions of these tissues, the obvious side-effect, such 
as vision obstacle, invalid in coronal nerve, sectional paralysis, may be caused even though they are 
irradiated by very small dosage. Therefore, dose distribution must be planed perfectly. Strictly and 
accurately select the transmission route and shield to avoid or minimize the received irradiation of these 
sensitive tissues. This is just the advantage of stereotactic radiotherapy technology.  

The irradiation bearing capability of normal tissues around the target will decrease with the increasing of 



target zone. Therefore, we should consider the relation between dosage and irradiation zone in stereotactic 
radiotherapy dose planning. In the process of radiotherapy, setting the upper limit of corresponding 
bearable dosage according to the size of treated target and planning the dosage distribution of target zone 
and the shape of dosage field according to the shape and size of bigger-volume target to achieve highly 
uniform is most important thing. In addition, it is also necessary to have superb medical technology and 
planning software. 

On the whole, the above are some problems that concern the technical performance and treatment method 
to realize stereotactic radiotherapy. In addition, the precise stereo localization of target area and its 
complete consistency on the treatment equipment is also very important. SGS realizes localization of head 
tumor through mask technology and realizes localization of body tumor through vacuum cushion, 
localization couch, and 3-dimension coordinate system which is set by 3-D treatment bed. Thus the target is 
closely connected with the coordinate system of the equipment on geometrical relation. Meanwhile, it is 
necessary to use the same set of coordinate system to finish the localization to patients in the process of 
MRI/CT localization scan and treatment. 

Stereotactic radiotherapy technology is totally different from localization technology in 
conventional radiotherapy process. In the conventional radiotherapy process, physicians make 
fiducial markers on the patients skin. The target connects with coordinate system of treatment 
equipment through these markers and the localization accuracy is not very good. The 3-
dimesional localization process of stereotactic radiotherapy technology is composed of a 
series of configuration, including stereotactic system, MRI/CT frame, MRI/CT scanning, 3-
dimesion image reconstruction, and stereotactic localization of SGS. Each process has very 
strict requirements and rules. Therefore, the target localization precision in stereotactic 
radiotherapy is improved greatly. 

Moreover, in conventional radiotherapy, the target tissues are positioned in different 
coordinate system and thus the coordinates transformation may incur greater systematic 
deviation. To conventional radiotherapy equipment, randomness and uncertainty of this kind 
of localization generally can be ignored, which can not be accepted in stereotactic 
radiotherapy that requires highly accurate localization. 

In order to realize selectively absorbing dosage, it is required to focus energy on radiotherapy 
target area through narrow radioactive rays distributed in 3-dimension space. This kind of 
energy transmission can be realized by several or dozens of rotating sources around head and 
human body, or by hundreds of static source. There is another kind of design which make 
patients swing regarding target area as the center, or make patients move around target area 
together with radiation sources. This kind of irradiation technology has been applied and 
realized in X knives and other equipments. The purpose of all the above designs is to make 
radioactive rays focus on the target and to increase the absorbed dosage rate on the focus.  

In a word, the following requirements are very important to stereotactic radiotherapy 
equipment: 



1) Accuracy of localization. In the process of target localization, treatment planning, and 
treatment, the totally geometrical deviation caused by various factors must be within 
stipulated range and must have quite high repositioning precision. 

2) Selectively transmit higher radiation dosage to targets through multi-rays focusing and 
equal-center rotary irradiation technology without endangering or strongly impacting the 
function and structure of normal tissues around targets. Avoid big irradiation deviation caused 
by patients breathing and organgs wriggling. 

3) Stereotactic radiotherapy equipments should be able to transfer irradiation through static or 
rotary collimators and evenly distribute dosage field in the targets. Radiation beams must be 
collimated rigorously and their axis must highly and precisely intersect in the center of 
stereotactic system. 

4) The design of radiotherapy equipment system and relevant operation process must consider 
the security of patients and medical personnel. The equipment itself must be highly reliable 
and can be used in clinic simply, conveniently, and easily. 

SGS-I is the third generation of radiotherapy equipment which is developed by Shenzhen 
Hyper Technology Incorporation. 18 sealed Co-60 radiation source is installed on its fan-
shape ball shell. The radiation beams of each radiation source focus on the center of sphere to 
form focus in radial direction via the guidance of specified-diameter collimators. When doing 
treatment, radiation beams will rotate simultaneously around a cross-focus axis and form a lot 
of different focus scanning conical surface. The focus on the target is continuously irradiated 
by many radiation beams, while the healthy tissues outside the focus are momentarily 
irradiated by single radiation beam. The focus dosage field has enough strength (the focus 
dosage rate is high enough) and the edge of focus dosage field has very big dosage attenuation 
gradient. This ensures that the target is killed with little radiation to adjacent normal tissues, 
resulting in so-called non-invasive treatment. 

SGS-I is a kind of whole-body stereotactic gamma radiotherapy system which is meticulously 
designed based on the above principles. In the following chapters, we will separately 
elaborate the physical mechanism design, dosimetry index, radiation protection of SGS-I. 

2 Basis of Radiophysics 

2.1 Atom Structure and Nuclear Disintegration 

2.1.1 Atom Structure 

Various materials in nature are made up of different elements. Elements are composed of 
atom and atom is composed of atomic nucleus and extranuclear electron. The centre of atom 
is atomic nucleus with positive charge, and extranuclear electron moves round atom nucleus 



on different paths. Atom nucleus is composed of proton and neutron. Proton and neutron are 
both elementary particles that are often called nucleon and the total amount of them is called 
mass number of atom nucleus. The protons bring positively charged and one proton brings 
one positive charge. The total number of protons in atom nucleus is the nuclear charge 
number of this atom nucleus. The neutrons are not charge. The electrons bring negatively 
charged and one electron brings one negative charge. The nuclear charge number of 
extranuclear electron is equal with the nuclear charge number in atom nucleus, so the whole 
atom presents electroneutrality. 

Atoms have the same nuclear charge number are called elements. Although atomic nucleus of 
the same class of elements has the same number of protons, the number of neutrons in the 
atomic nucleus might not be the same. Atoms that have same number of protons but different 
number of neutrons are at the same position on Mendeleev’s periodic table of elements, which 
is called isotope. For example, 59Co and 60Co are both isotope. The nuclear charge number of 
atom nucleus is equal with the number of extranuclear electron, which is atomic number Z on 
Mendeleev’s periodic table of elements. All the atom nucleus that have different number of 
nucleons are called different nuclide. For example, 1H , 14C , 59Co , 60Co and 60Ni are five 
different nuclide. At present, more than one hundred of elements have been found, while more 
than 1900 kinds of nuclide has been found. Atoms compose molecules in order. Some 
molecules only contain a few atoms, for example water molecule only contains one oxygen 
atom and two hydrogen atoms. Some complicated molecules may contain hundreds of or 
hundreds of thousands of atoms, such as protein molecule, enzyme, and ribonucleic acid 
(DNA, RNA). Different objects associated by different molecule groups include forming 
human body. The human body may contain large number of atoms, most of which are carbon, 
hydrogen, and oxygen atoms. The problem of radiation protection is essentially considering 
the interaction problem of atoms in radioactive rays and human body. 

Isotope can be divided into two classes: 1. Stable isotope. Atomic nucleus of this kind of 
isotope will not decay spontaneously and can exist steadily; 2. Radioactive isotope. Atomic 
nucleus of this kind of isotope will decay spontaneously and turn to another kind of atomic 
nucleus, and emit rays at the same time. Radioactive isotope can be divided into natural 
radioactive isotope and artificial radioactive isotope according its different mode of 
production. Natural radioactive isotope exits in nature naturally, while artificial radioactive 
isotope is produced through artificial method. For example, 60Co is a kind of artificial 
radioactive isotope which is produced by natural stable isotope 59Co irradiating via neutrons 
in nuclear reactor. Almost all the radioactive isotope used in clinic is artificial radioactive 
isotope. 

2.1.2 Mode of Nuclear Decay 

The nuclear decay of radioactive nuclide has many modes. We will only have a brief 
introduction of α decay and β decay. 



α decay means emitting α ray in nuclear decay process. The decay mode is shown in below 
formula: 

AX → A-4Y +α+ Q            (2.1)     

AX  means mother nucleus; A-4Y  means child nucleus; α is α particle; Q  is the energy emitted 
in nuclear decay process. 

β decay means emitting β ray in nuclear decay process. The decay mode is in below formula: 

           zX → z+1Y+β+Q       (2.2)                
zX means mother nucleus; z+1Y   means child nucleus; β is β particle; Q  is the energy emitted 
in nuclear decay process. 

What should be pointed out here is that some radioactive nuclide has more than one decay 
mode. Most radioactive nuclide radiates α ray or β ray followed along with radiating γ ray. 
Further study found that α ray is helium atomic nucleus with high-speed movement which is 
called α particle. It is made up of two protons and two neutrons, and it brings two pieces of 
positive charge. Because it brings two electric charges and the mass is big, it has the 
characteristics of high ionization ability and low impenetration ability. α ray is very easy to be 
shielded, even a piece of paper can block it. A α particle with 5 Mev energy only has 3.5mm 
range in the air. Therefore, the most important thing of α ray protection is protecting internal 
irradiation. β ray is high-speeding moving electron stream which is called β particle. Electron 
brings a negative charge and its rest mass is only 1/1840 of proton mass. Therefore, 
comparing with α ray, the ionization ability of β is low, but the impenetration ability is high. 
A β particle with 5 MeV energy has 20mm range in the air. Use light materials to shield β, 
such as lucite and aluminium. Bremsstrahlung (X ray) will be produced in the process of 
stopping β particle, and the intensity of bremsstrahlung will increase along with the increasing 
of atomic number of shield materials. To β ray with high average energy, add heavy materials 
with proper thickness behind light materials in order to shield X ray produced by 
bremsstrahlung. γ ray is neutral particle flows which does not bring charge. γ particle is also 
called γ photon and its rest mass is zero. The inpenetration ability of γ is very strong and it 
can not make materials ionize and excite directly. The interaction between γ ray and materials 
and the protection of γ ray will be introduced in detail later. 

2.1.3 Decay Laws of Radioactive Nuclide  

The decay modes of radioactive nuclide are varied, but they all comply with the common law 
of decay. In the process of decay, the atomic nucleus amount of any kind of radioactive 
nuclide will decay according to index law, namely:  

         N = N0 e - λ t                      (2.3)  



N0 is the atomic nucleus amount of radioactive nuclide when t=0, N is the number of atomic 
nucleus that do not decay after time t, λ is decay constant which is the characteristic constant 
of radioactive nuclide. Each kind of radioactive nuclide has its own decay constant. 
Obviously, if time t is in terms of second, the unit of λ will be 1/second. If time t is in terms of 
day, the unit of λ will be 1/day, and the rest may be deduced by analogy. In the above 
formula, the decay of atomic nucleus amount is only half of original amount, which means the 
time needed by N= N0/2 is called half life of this radioactive nuclide that is usually expressed 
in T1/2. Half life T1/2 is another characteristic constant of radioactive nuclide. 

         T1/2= ln2/λ=0.693/λ               (2.4)  

The atomic nucleus that the radioactive nuclide decays within unit time is called radioactive 
activity and is usually expressed in A. The expression is: 

         A = -dN/ dt                     (2.5) 

Increment dN of the atomic nucleus amount is a negative value, so there is negative sign in 
the formula. 

According to the suggestion of International Commission on Radiation Units and 
Measurements (ICRU), adopt International System of Units Beckler as the unit of radioactive 
activity which is expressed in Bq. Moreover, if the radioactive nuclide decays once per 
second, its radioactive activity will be 1 Beckler. Namely: 

          1Bq = 1decay/second 

In practice, Curie is usually used as the unit of radioactive activity and the symbol is Ci. The 
activity of 1 Curie means there are 3.7X1010 times decay per second. Namely: 

１  Ci =3.7X1010 Bq 

2.1.4 Decay of Co-60 

60Co is a kind of commonly used artificial radioactive isotope and it has widely used in many 
fields, such as industry, agriculture, and health care, etc. γ ray used in SGS-I is generated from 
the decay process of 60Co. In the decay process, the 60Co atomic nucleus with 27 nuclear 
charges emits one β particle with negative electricity (electron), and then it changes into 60Ni 
atomic nucleus with 28 nuclear charges. 60Ni nuclear energy is in excited state at this moment. 
Excited state is a kind of unstable energy state which can emit two γ photons (one is 1.17Mev, 
the other is 1.33Mev) to achieve stable ground state via two times of energy level transition. 
The half-life of 60Co is 5.27 years. The decay process of radioactive nuclide 60Co can  be 
reflected more clearly from its decay scheme (Figure 6. 1). 
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Figure 6.1   60Co Decay Scheme 

2.2 Interaction between γ Ray and Materials  

When γ ray interacts with materials, it can not make materials directly ionize and excite. The 
interaction between γ ray and materials has three main forms, namely photoelectric effect, 
Compton effect (Compton scattering), and electron pair effect. The mode of interaction relates 
to energy of incident photons and features of medium. γ ray with lower energy mainly 
generate photoelectric effect in materials; γ ray with higher energy mainly generate electron 
pair effect; Compton effect is the main form of interaction between moderate-energy γ ray 
and materials. 

2.2.1 Photoelectric Effect 

When low-energy γ photons interact with materials, photoelectric effect is easily to be 
generated. Photoelectric effect means that γ photons collide with atoms to hit out an electron 
on the innerorbit and the energy of γ photons are all absorbed by electrons. Electrons emitted 
in the process of photoelectric effect are called photoelectron, while the atom itself turns into 
cation. 
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Figure 6.2 Sketch Map of Photoelectric Effect 

2.2.2 Compton Effect 



When moderate-energy photons interact with materials, Compton effect is easily to be 
generated. Incident photons collide with electrons of outer orbit to transfer some energy to 
electrons. The electrons that get every fly out of the electron orbit and these electrons are 
called recoil electrons. The atom itself turns into cation. Photons whose energy has been 
reduced will change the original movement direction to continue flying. This kind of photon 
is called scattering photon. 

The energy of γ ray emitted in the decay process of 60Co is 1.17Mev and 1.33Mev which 
belongs to moderate energy and its interaction with medium is mainly Compton effect.  

 

Figure 6.3 Sketch Map of Compton Effect 

2.2.3 Electron Pair Effect 

When the energy of incident γ ray is more than 1.02MeV, electron pair effect is easily to be 
generated. When photons pass by atomic nucleus, they will be acted upon by nuclear electric 
field and photons will disappear suddenly to turn into positive and negative electron, which is 
called electron pair effect. When high-energy photons interact with materials, electron pair 
effect will be in the ascendant. 

From the above discussion, it can be found out that when γ ray interacts with materials, all the 
three effects can generate secondary electrons which can make atoms of absorbing material 
ionize or excite. The range of secondary electrons in materials is not long, so there is no need 
to take protection measures when considering shield of γ ray. The generation time of the three 
effects is the symbol of the amount of γ radiation absorbed by materials. Both theory and 
practice prove that the occurring probability of photoelectric effect is proportional to atomic 
number of absorbing materials to the fourth power; the occurring probability of Compton 
effect is proportional to Z/A (A is the total amount of nucleons in absorbing materials which 
is called mass number of atomic nucleus); the occurring probability of electron pair effect is 
proportional to square of Z. Therefore, it is best to choose heavy materials that have high 
atomic number to shield γ ray.   
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Figure 6.4 Sketch Map of Electron Pair Effect 

2.4 Fundamental Principleof Radiophysics and Radiobiology 

When biological cell are irradiated by γ ray, a series of change will take place. First is primary 
action of rays. When γ ray interacts with atoms of biomacromolecule, atoms will be ionized or 
excited, which causes the structure of macromolecule compounds and some tiny structures of 
cells destroyed. Second is secondary action of rays. The ionization of water molecule is 
caused by rays irradiate water, which forms free radical. These very lively free radicals will 
destroy biomacromolecule indirectly. Cells have various kinds of molecules, however the 
biomacromolicule and water molecule is most important considering from the view of 
radiobiology. Biomacromolicule includes proteins and ribonucleic acid which are the basic of 
cell function and biological heritage. After radiation, biological cells can cause: albumen 
chain rupturing, DNA or RNA chain rupturing, some enzyme or coenzyme destroyed directly, 
structure of biological enzyme destroyed, obstruction of mitochondria energy system, 
lysosome rupturing, etc. And thus cause the variation of cell function, function loss, or cell’s 
death. The reaction of biology cells and damage degree after irradiation is related to the 
amount of absorbed dose. Radiation can cause cancer, but it also can kill cancer cells. 

SGS-I utilizes γ rays irradiated by Co-60, concentrates the irradiation of targets in human 
body, and destroys target tissues after strict plan to achieve the purpose of curing diseases. 
 
 
 
 
 

Downloaded from: 
 

www.onkocet.eu  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


