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Abstract

This paper is focusing the description of the X-ray radiation for fire investigation purposes. The advantage of the
X-ray radiation technology involvement arises from the fact that the objects can be studied from various aspects
through the selection of the power output and suitable information recording mechanisms, including subsequent
processing and interpretation. The most important properties of X-ray radiation include the ability to penetrate any
matter, in which radiation is attenuated to a greater or lesser extent. During 2017-2018 a study was conducted at
the Population Protection Institute to verify the applicability of X-ray methods for examination of evidence of
electrical appliances damaged by fire. The use of a stationary X-ray station in which the evidence is placed was
assessed as the best option after also considering a portable X-ray instrument that would be used at the fire site.
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1 Introduction

More than one hundred years have passed
since the discovery of ionizing radiation. In the
ensuing years the effects of radiation on
irradiated objects were first studied, and
subsequently, as technology developed,
ionizing radiation began to be applied to a
variety of fields. Using X-ray radiography,
examined objects can be studied from various
aspects through the selection of the power
output and suitable information recording
mechanisms, including subsequent processing
and interpretation. This variability puts ionizing
radiation in a unique position among all other
physical examination principles for examining
the inner volume as well as the surface of
analyzed objects.
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1 Uvod

Od objevu ionizujiciho zateni uplynulo jiz
vice jak sto let, béhem kterych se nejprve
zkoumaly ucinky zafeni na ozatfované objekty,
a nasledné s rozvojem techniky se mohlo
ionizujici zafeni uplatnit v riznych oblastech
lidské cCinnosti. Vlastni RTG prozatovani
dovoluje zkoumat rizné aspekty zkoumanych
objektd nejen volbou generovaného vykonu, ale
i vhodnym zplsobem zaznamu informace
vCetné  jejiho  nasledné  zpracovani a
interpretace. Tato variabilita dava pouziti
ionizujiciho zafeni unikatni postaveni mezi
vSemi ostatnimi fyzikalnimi principy zkoumani
nejen objemu, ale i1 povrchii zkoumanych
objektd.
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X-ray radiation is generated through a
reversed photoelectric effect, where the kinetic
energy of a moving electron is converted into
photon energy. This occurs inside a special
electronic device, the x-ray tube. The process
that transforms electrical energy into photon
energy is relatively inefficient, as only 1-2% of
the electrical energy is converted into radiation
energy. The remaining 98-99% is dissipated as
thermal energy.

The cathode is heated to a temperature of
about 2,000 °C as the electric current passes
through it. This causes free electrons to be
emitted from the cathode. The quantity of
emitted electrons depends on the amount of the
filament voltage. High voltage ranging from
tens to thousands of kilovolts is applied to an
anode, which creates a huge potential difference
between the anode and cathode. The electrons
emitted by the cathode are thus accelerated and
obtain significant kinetic energy. These
accelerated electrons hit the anode at high
speeds and 3 types of radiation are generated
through sharp braking. The anode voltage can
be used to control the penetration of the
resultant radiation. [1]

The most important properties of X-ray
radiation include the ability to penetrate any
matter, in which radiation is attenuated to a
greater or lesser extent. The attenuation of
radiation depends primarily on three factors.

The first is the quality of the radiation. In
general, the shorter the radiation wavelength,
the greater its energy and penetration, which
means less attenuation.

The second factor includes the atomic
characteristics and the thickness of the
irradiated material.

The third factor is the fact that the some of
the rays are scattered as they pass through the
material and are deflected from their original
direction.

During absorption, all the energy from the
X-ray quantum is transferred to the atoms or
molecules of the irradiated material as
excitation or ionization energy. The intensity of
the transmitted radiation decreases
exponentially depending on the material
thickness x. As mentioned above, absorption
takes place mainly due to ionization or
excitation. The greater the wavelength, the
greater the absorption co-efficient. Attenuation
of X-rays as they pass through a material has a
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Samotny vznik rentgenového zafeni je
dasledkem obraceného fotoelektrického jevu,
kdy se kineticka energie pohybujiciho se
elektronu pfeménuje na energii fotonu. Tento
déj probihd ve specialni elektronce tzv.
rentgence. Samotny proces premeény elektrické
energie na energii fotoni je pomérné
nehospodarny, jelikoz pouze 1-2 % elektricke
energie se premeni v energii zafeni.

Katoda je pruchodem elektrického proudu
zhavena na teplotu piiblizné 2 000 °C. Tim
dochazi k emisi volnych elektrond z katody.
Mnozstvi emitovanych elektronti zavisi na
hodnoté zhaviciho napéti. Vysoké napéti, které
se muze pohybovat v fadech desitek az stovek
kilovoltd, pfivedené na anodu vyvola velky
potencialovy rozdil mezi anodou a katodou.
Katodou emitované elektrony jsou tak
urychlovany a ziskavaji zna¢nou kinetickou
energii. Takto urychlené elektrony dopadaji
velkou rychlosti na anodu, kde prudkym
zbrzdénim vznikaji 3 druhy zafeni. Anodovym
napétim lze regulovat pronikavost vysledného
zareni. [1]
patii schopnost pronikat jakoukoli hmotou, ve
které je zateni vice ¢i méné zeslabovano. Mira
zeslabeni zafeni zavisi zejména na tiech
faktorech.

Prvnim z nich je kvalita zafeni. Obecné plati,
ze ¢im je krat$i vlnova délka zafeni, tim ma
vetsi energii, tim je pronikavéjsi, a je tedy
nejmén¢ zeslabovano.

Druhym faktorem jsou atomarni vlastnosti a
tloustka prozafovaného materialu.

Tretim pak fakt, ze prichodem hmotou je
¢ast paprskli rozptylovana a dochazi tak k jejich
odchylovani od ptivodniho sméru. Pfi rozptylu
se uplatiuje jak klasicky rozptyl, tak
Comptonuv jev. Pfi Comptonové rozptylu
dochazi k energetickym zménam. Letici foton
paprsku X dopada na nehybny elektron ve sféie
atomu, pficemz dojde k vychyleni fotonu od
jeho ptivodniho sméru. Foton pfi interakci preda
cast své energie elektronu, ktery se nasledné
zacne pohybovat. Tim se snizi energie
rozptyleného zafeni, a tedy dojde ke zvétSeni
vlnové délky zafeni.

Pfi  absorpci je  vSechna  energie
rentgenového kvanta pfedana atomum ¢i
molekulam prozafovaného materialu jako
excitatni nebo ionizacni energie. Intenzita
proslého zateni klesa exponencialné s tloustkou
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broad spectrum of applications. The most well-
known areas of application include medicine,
security X-rays and material composition
analysis.

Laboratory tests help to take an accurate
assessment of the condition of the appliances or
wiring and of other circumstances that may
have contributed to the fire. Laboratory tests can
focus on examination of the wiring using optical

microscopy, electron microscopy, energy
dispersive  X-ray  spectroscopy,  X-ray
diffractometry, infrared spectroscopy and

Raman spectroscopy.

Correct evidence handling during the entire
duration of laboratory tests is important. Care
must be taken to avoid further damage to the
evidence. The evidence must be examined using
available methods and it is necessary to proceed
from non-destructive to destructive methods.
However, destructive methods are most used in
laboratories to separate the burned parts of the
evidence so that only the connecting elements
of the appliances remain.

Non-destructive investigation plays an
important role. Non-destructive methods of
laboratory examination include X-ray analysis,
which can help identify important areas for
further examination without damaging the
evidence.

Two basic methods of irradiation are
distinguished today, namely radiography and
radioscopy. Radioscopy operates in real time.
The examined object is placed between the X-
ray lamp and the image sensor (which converts
X-rays into the visible range, vacuum image
amplifiers, flat panels). The object is manipula-
by the handling device and thus the object may
be evaluated immediately in real time. The
image is magnified. If the object is located
halfway between the X-ray source and the
image converter, the magnification ratio is 1: 2.
The magnification increases as the object is
moved closer to the X-ray lamp. Specialized X-
ray devices have a magnification factor in the
order of thousands.

During 2017-2018 a study was conducted at
the Population Protection Institute to verify the
applicability of X-ray methods for examination
of evidence of electrical appliances damaged by
fire. The use of a stationary X-ray station in
which the evidence is placed was assessed as the
best option after also considering a portable X-
ray instrument that would be used at the fire site.
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vrstvy Xx. Absorpce nastava zejména diky
ionizaci nebo excitaci. Se vzristajici vinovou
délkou roste i soucinitel absorpce. Zeslabovani
rentgenovych paprski pti prichodu hmotou ma
velmi Sirokou Skalu vyuziti. K nejzndméjsim
aplikacim  patfi medicina, bezpecnostni
rentgeny, analyza slozeni materialu.

Laboratorni testy pomohou provést presné
posouzeni stavu spotifebicl nebo
elektroinstalace, zda mohly zpisobit pozaru.
Laboratorni zkoumani je mozné provadét
zkoumanim vodict elektroinstalace pomoci
riznych  metod:  optické  mikroskopie,
elektronové mikroskopie, energeticky disperzni
rentgenova spektrometrie, difrak¢ni rentgenova
analyza, infraervené  spektroskopie a
Ramanovy spektroskopie.

Po celou dobu laboratorniho zkoumani je
dalezité, jakym zplisobem je se vzorkem
manipulovano. Musi se dbat na to, aby nedoslo
k dalsimu poskozeni vzorku. Je tieba zkoumat
vzorek dostupnymi metodami a pfi jejich
kombinaci postupovat od nedestruktivnich k
destruktivnim metodam. Nejcastéji se vSak v
laboratofich pouzivaji destruktivni metody,
kterymi se oddeluji spalené casti, tak aby
zustaly pouze samotné spojovaci prvky
spotiebicil.

Vyznamnou roli ma  nedestruktivni
zkoumani. Mezi nedestruktivni  metody
laboratorniho zkoumani patii RTG analyza,
ktera nam miiZze odhalit diilezita mista pro dalsi
zkoumani bez mnozného poskozeni dodaného
vzorku.

Podle zptisobu pouziti se dnes rozliSuji dva
zékladni zplsoby prozafovani, a to radiografie
a radioskopie. Pfi radioskopii se pracuje v
realném case. Mezi rentgenovou lampou a
prevadéCem obrazu (ktery prevadi rentgenové
zafeni do oblasti viditelného svétla, vakuové
zesilovace obrazu, ploché panely) je umistén
zkoumany objekt. S objektem manipulator
nataci a tim je mozné okamzité v realnim Case
objekt vyhodnocovat. Zde se pracuje se
zvétsenim. V piipad€, Ze je zkoumany objekt v
poloviné mezi zdrojem zafeni a pfevadéCem
obrazu, je zvétSeni 1:2. Pfi posunu objektu
smérem k lampg je zvétSeni vétsi. U specialnich
rentgend je zvétSeni az v fadu tisict.

Na pracovisti Institutu ochrany obyvatelstva
byla provedena v letech 2017 -2018 studie k
ovéfeni vyuzitelnosti RTG zafeni pro ucely
zkoumani odebranych vzorki el. spotiebicu ted
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More accurate results are obtained with the
X-ray station and the X-ray equipment is
classified as a minor source of ionizing
radiation according to the Atomic Law [2].

The station is designed in such a way that the
examined object is located between the X-ray
lamp and the image sensor (which converts X-
rays into the visible range, vacuum image
amplifiers, flat panels). The dimensions of the
detector are 41 x 41 cm. The investigators work
with the projected image of the examined object
on the screen of the detector. The evidence can
also be geometrically enlarged. The examined
evidence is moved around with a handling
device operated outside the X-ray system. The
handling device supports shifting, tilting and
rotation.

The projection of the examined object can be
recorded on several imaging devices. Selection
of 1imaging devices depends on system
requirements and the funds available for
acquisition.  The imaging devices can be
classified into systems providing only a single
image from one scan (radiography) or images
transmitted in real time (radioscopy). The
described X-ray station ensures a scanning rate
of at least 1 frame per second.

High energy is not required for analysing
small objects, objects composed of light
elements or thin metal objects. An X-ray source
that achieves a power output in the order of
dozens of kVs, usually between 40 and 60 kV,
is sufficient. For examining objects made of
light metals or bulky objects made of plastics or
similar materials, X-ray acceleration voltage in
the range of 80 to 120 kV is typically used. X-
rays with a micro or mini focus are used
depending on the sensitivity of the detector.

The two sources of ionizing radiation used at
the Population Protection Institute are: a
primary X-ray source of 7.5-160 ekV with a
lamp current of 5-11 mA and focal spot of 0.4
mm /1 mm.

As a secondary X-ray source, we use a 40—
120 ekV source with a lamp current of 0.05-0.3
pA and focal spot of 0.05 mm.
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poskozenych pozarem. Jako nejlepsi varianta
byla vyhodnocena varianta pofizeni stacionarni
RTG kabiny, do které¢ se umisti odebrany
vzorek, oproti variant¢ prenosného RTG
pfistroje, ktery by se pouzil na pozafisti. Pti
pouziti RTG kabiny jsou dosazeny pfesnéjsi
vysledky zkoumani a rentgen je oznacovan dle
atomového zakona jako drobny zdroj [2].
Kabina je navrZena tak, ze zkoumany objekt je
umistén mezi rentgenovou lampou (zdroj) a
prevadééem obrazu (ktery prevadi rentgenové
zafeni do oblasti viditelného svétla, vakuové
zesilovace obrazu, ploché panely). Tento
detektor je o velkosti 41 x 41 cm. Pfi zkoumani
pracujeme s projekci zkoumaného objektu na
stinitko detektoru. Zkoumany vzorek lze i
geometricky zvétsit. Se zkoumanym vzorkem
se pohybuje pomoci manipulatoru ovladaného
mimo  rentgenovy systém. Manipulator
umoziuje posun, naklapéni a rotaci.

Projekci objektu je mozné zaznamenat na
vétsi mnozstvi médii. Tato volba souvisi s
pozadavky na systém a finance na potizeni
zaznamovych prvkl.  Podle zaznamovych
prvki délime na systémy poskytujici pouze
jeden snimek z jednoho prozafovani
(radiografie) nebo snimky prenasené v realném
case (radioskopie). V ptfipade této popisované
kabiny je zabezpeCena rychlost snimani
minimalné 1 snimek za sekundu.

Pfi analyze drobnéjSich predméti nebo
predméta slozenych z lehkych prvki a tenkych
kovovych predméti neni tfeba vysokych
energii. U rentgenového zdroje nam postaci
energie v desitkach kV, bézné€ od 40 do 60 kV.

Pro zkoumani objektl z lehkych kovi nebo
objemnéjSich pfedmétid z plasti a podobnych
materialti se vétsSinou pouzivaji uz urychlovaci
napéti na rentgence v rozsahu 80 az 120 kV. V
zavislosti na citlivosti detektoru pouzivame
rentgeny s mikro nebo mini ohniskem.

V Institutu ochrany obyvatelstva jsou
konkrétn€ pouzivany dva zdroje zafeni, a to
primarna zdroj zafeni 7,5 -160 kV, proud lampy
5-11 mA, ohnisko 0,4mm/1 mm. A dale
sekundarni zdroj zafeni 40-120 kV, proud
lampy 0,05-0,3 pA a ohniskem 0,05 mm.
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Figure 1. Evidence of fire scene — X ray [3]

Obrazek 1. RTG snimek vzorku z pozaristé

Conclusion

The described X-ray station has been used
since January 2019 at the workplace of the
Population Protection Institute for non-
destructive examination of evidence from fire
sites. The still images or video sequences taken
during the laboratory examination are part of
fire investigation expertise (Figure 1 [3]).
Samples taken from the origin area do not need
to be removed from the sealed safety packaging
and can be placed directly in the X-ray station.
The evidence is imaged in real time, so it is
possible to study the evidence in different
positions or tilt and from different sides. For
better contrast, the image can be colorized for
easier identification of different materials. After
calibration to adjust for the distance between the
evidence and the lamp, the system enables
measurements in the order of tenths of
millimetres. This system is a unique device
available to the FRS CR and continues to push
the boundaries of physical and technical
investigations.
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Popisovand RTG kabina je vyuzivéna od
ledna 2019 na pracovisti Institutu ochrany
obyvatelstva za U¢elem nedestruktivniho
video potizené béhem laboratorniho zkoumani
jsou soucasti pozarné technickych expertiz
(obrazek 1). Odebrané vzorky z pozaristé
nemusi byt vyjmuty ze zapeceténcho
bezpe¢nostniho obalu a je mozné je ihned
umistit do RTG kabiny. Na snimany vzorek se
zobrazuje v realném case, tedy je mozné
sledovat vzorek v jednotlivych polohach ¢i
naklonéni a z jednotlivych stran. Pro lepsi
kontrast je mozné ziskané snimky ,,obarvit®, a
tim zvyraznit i rGzné materidly. Tento systém
umoznuje po provedené kalibraci pro danou
vzdalenost vzorku od zdroje provadét méteni
rozméri s presnosti na desetiny milimetru.
Tento systém je unikatni u Hasicského
zachranného sboru a nadale posouva hranice
moznosti fyzikalné technickych zkoumani.
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