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Abstract:

Introduction/purpose: The paper presents the mode of operation of the
CBU-102(V) 2/B cluster bomb, weighing about 340 kg and containing
bomblets with electrically conductive fibers for disabling power plants.

Methods: Physical and chemical analyses of the fibers were performed.
The following test methods were used for fiber characterization: a
binocular microscope for determining fiber thickness and a qualitative XRF
analysis performed on an XRF-MiniPal spectrometer, PANalytical. The
XRFanalysis aimed at qualitative detection of the present elements, which
was confirmed by a quantitative chemical analysis.

Results: The semi-quantitative XRF analysis determined the content of
gallium (0.007%), the peak of which was detected on the spectrum.
Gallium nitride is a material that can be used as a semiconductor. The
chemical analysis was performed on an atomic absorption
spectrophotometer Analyst 300, Perkin Elmer.

Conclusion: The instrument for differential thermal analysis and
thermogravimetry (DTA/TG), NETZCH STA 409 EP (operational range
from 20°C to 1000°C), confirmed that the sample was of 50% silicate
origin, non-toxic and with heavy metal content in traces. The rest of the
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sample is aluminum whose presence in soil can cause decline in soil
fertility thus leading to decline in crop yields.

Keywords: chemical warfare, cluster bomb, electrically conductive
fibers, energy system, chemical analysis, thermochemical analysis,
silicate, aluminum, environmental impact, soil, declined fertility,
reduced yield.

Introduction

The attack on FR Yugoslavia began with a combined action of
tomahawk cruise missiles (BGM-109 TLM) and AGM-86-ALCM launched
from V-52N strategic bombers, which took off from RAF Fairford base
(Great Britain) and from the southern Adriatic sea from submarines and
ships of the Sixth fleet, USA Navy. A total of 78 projectiles were launched
in the first raid. At the same time, about 300 planes took off from the
aircraft carriers from the Sixth fleet and bases in Italy, Germany and
Turkey, 100-200 out of which were fighters, armed with the most modern
guided munitions (air bombs and air-to-ground and air-to-air missiles).
They deployed air attacks with the aim of destroying and neutralizing vital
facilities of the Yugoslav Army, and especially the Air Force (RV) and the
Air Defense (PVO), with a quick operation. After the war, the Pentagon
publicly stated that the focus of the operation was the destruction and
neutralization of the air defense system of FR Yugoslavia (Andelkovic-
Luki¢, 2015, p.36).

Military doctrines in the world's largest countries hold the view that
war conflicts, such as those in Iraq, Bosnia and Herzegovina, Chechnya
and Yugoslavia, can be successfully resolved by selective attacks on
vital enemy targets using high-precision weapons from a distance. Such
aggressions are carried out by mass attacks with cruise missiles and
aviation on airports, positions of missile units and air defense radars,
command posts, telecommunication systems, but also on the country's
economic infrastructure in order to immediately overcome resistance and
endanger the existence of the population. For this purpose, CBU-102/B
cluster bombs with BLU-114/B bomblets were deployed against electric
power facilities. At the same time, cluster bombs with high-explosive
bomblets were used against civilian targets such as residential buildings,
hospitals, schools, etc. (reference) All missiles dropped on FR
Yugoslavia during the bombing, in terms of their effect and purpose, can
be classified into three general groups:

- high-explosive (HE), guided and unguided, of various calibers,
(missiles, air bombs and cluster bombs),
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- anti-tank, armour-piercing, filled with depleted uranium, and

- non-lethal, which do not have the effect of an explosion at the
target, but cause serious damage, so-called "soft bombs" or "blackout
bombs".

The paper will present the properties and action of bombs for
incapacitation of electric power facilities and the physico-chemical
analysis of electrically conductive fibers contained in cluster bomblets
within cluster bombs and containers. (Andelkovié-Luki¢, 2015, p.36).

Electrically conductive fibers are intended to create blackouts, to
disable the power grid of a state, leaving it without electricity. This
includes hospitals, industrial plants, schools, colleges, etc.

They were first used over Iraq, but their chemical structure was that
of graphite fibers, an allotropic modification of carbon, which is also
highly conductive. Therefore, all such bombs containing electrically
conductive fibers are popularly called graphite bombs, and, despite the
difference in their composition, they all work in the same way: they
disrupt the electricity supply in the attacked country. (Jeler & Roman,
2016, pp.13-18)

The fibers dropped on FR Yugoslavia were the product of highly
sophisticated technology, a product of the fourth generation, and they
work by causing short circuits on transmission lines.

Cluster bombs with electrically conductive fibers
targeting the electrical grid of FR Yugoslavia

Depending on the model, cluster bombs (CBUs - Cluster Bomb
Units) consist of the body of the SUU-65/B or SUU-66/B (Stores Release
and Suspension Unit) air bomb loaded with 202 BLU-114/B bomblets.
The CBU-102/B cluster bomb weighs about 340 kg and bomblets, 1 kg
each, are filled with spools of conductive filaments. It was developed for
the US Air Force to be dropped from the altitudes of 600m - 6000m at a
speed of 460 up to 1.200 km/h. It is released from aircraft and covers an
elliptical surface measuring approximately 150x360 m. This bomb was
developed in 1994, and became operational in the US Armed Forces in
the late 1990s. (Andelkovic¢-Luki¢, 2015, pp.57-58)

Bombs with electro-conductive fibers (which contains BLU-114/B
bomblets, produced in the USA) were used in the NATO aggression on
FR Yugoslavia (1999), when more than 70% of the electricity in the
national power grid was disabled.
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In less than 24 hours, experts from Serbia managed to restore the
operability of the electrical system, so that the used bombs with
electrically conductive fibers did not give the expected results. (Jeler &
Roman, 2016, pp.15)

In the territory of FR Yugoslavia (Republic of Serbia), the power
transmission system in 1999 consisted of:

1) Overhead lines (transmission lines) a total of 449 in the length of
9,408 km, by voltage levels:

- 400 kV - 37, in the length of 1,626 km;
- 220 kV - 48, in the length of 1,917 km;
- 110 kV - 358, in the length of 5,804 km;
- 35kV - 6, in the length of 141 km;

2) Underground lines (cables) of voltage level 110 kV, 2 in total, in
the length of 6.1 km;

3) Transformer stations (TS) a total of 30, total installed capacity
15.396 MVA, by voltage levels:

- 400/H kV/KkV - 14, total installed capacity 9,750 MVA,;
- 220/H kV/KkV - 13, total installed capacity 5,343 MVA,;
- 110/H kV/KV - 3, total installed capacity 303.5 MVA and

4) Distribution plants (DP) a total of 8, by voltage levels, as follows:
-400 kV - 4;

- 220 kV -1,

- 110 kV - 4. (Energy Agency of the Republic of Serbia, 2017, p.8)

Cluster bombs targeted overhead lines, transformer stations and
switchyards.

The electric power system of the FR of Yugoslavia was targeted with
cluster air bombs with BLU-114/B bomblets from the beginning to the end
of May 1999:

- May 2, 1999, at 9.45 pm, the substations TS 400/200 kV
"Obrenovac”, TS 220/35 kV "Bajina Basta", TS 2400/220/110kV "Nis",
TS 400/220/110kV "Novi Sad" and distribution plant RP 400kV "Drmno".

- May 7, 1999, at 9.21 pm, the substations TS 400/220 kV "Belgrade
8", TS 220/110 kV "Belgrade 5", TS 400/220 kV "Obrenovac" and TS
220/110 "Belgrade 3".
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- May 13, at 10.40 pm, distribution plants RP 400 kV "Drmno" and
RP 10/35 kV TPP "Kolubara" and the substations TS 400/220/110 kV
"Nis 2", TS 400 and 110 kV "Novi Sad 3".

- May 22, at 2.18 p.m, the substations TS 400/220 kV "Drmno", TS
400/220 kV "Belgrade 8", TS 400/220/110 kV "Ni§ 2", TS 220/35 kV
"Bajina Basta" and the plant 110 kV TPP "Kostolac A". (Dveri srpske,
pp.68-69)

Due to a small mass of fibers, winds occasionally carried conductive
fibers from uncleaned parts of facilities and their surrounding areas,
which then fell on the already cleaned parts of the electrical system and
short circuits and power outages occurred repeatedly.

Engineers from the Military Technical Institute with colleagues from
the Faculty of Technology and Metallurgy in Belgrade successfully solved
the lifting of conductive fibers from the ground, using a certain procedure,
by which thin threads were glued to the ground and there was no
possibility for their re-lifting.

Their lifting into the air and causing short circuits again was thus
prevented. When the enemy realized that Serbian electric power grid
workers were successfully repairing the damage from conductive fibers
and that there was practically no damage to the electric power system,
they started firing HE bombs at transformer stations. This resulted in
subsequent soil contamination, because transformer oil leaked from the
hit transformer stations and went into the water and into the soil
(Andelkovic¢-Luki¢, 2015, p.104).

How the CBU-102/B cluster bomb works

The CBU-102/B cluster bomb has a timer fuze with an altimeter
which at a given height from the ground activates a detonation blade that
cuts off the front and the rear of the bomb with the stabilizer, and the
container is cut along its length to three parts at an angle of 120° (Figure
1) thus releasing cluster bomblets under the action of air current and
centrifugal force. Spools are made of silicon fiber covered with a
molecular layer of aluminum probably applied by a special process,
evaporation under vacuum, or by a nanotechnological process.
(Andelkovi¢-Luki¢, 2015, p.55)
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Figure 1 — Parts of an activated CBU-102/B cluster bomb (in Figures 1 and 2, inactivated
BLU-114/B bomblets are marked with the arrows) (Serbian Armed Forces, 1999)
Puc. 1 — Hacmu akmusupoeaHHoU kaccemHol 6ombbl CBU-102/B (Ha pucyHkax 1 u 2
cmpersikamu ommeYeHbl HeakmugupogaHHblie 6ombbi BLU-114/B) (Serbian Armed
Forces, 1999)

Cnuka 1 — [enosu akmusupaHe kacemHe 6ombe CBU-102/B (Ha cnukama 1 u 2
cmpenuyama cy obenexeHe HeakmusupaHe bombuue BLU-114/B) (Serbian Armed
Forces, 1999)

Figure 2 — Content of the BLU-114/B cluster bomblet (Serbian Armed Forces, 1999)
Puc. 2 — CodepxaHue kaccemHoti 6ombel BLU-114/B (Serbian Armed Forces, 1999)
Cnuka 2 — Cadpxaj kacemHe 6ombuue BLU-114/B (Serbian Armed Forces, 1999)
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Table 1 shows the technical characteristics of the CBU-102/B cluster
bomb, and Figure 3 shows the arrangement of spools in the cluster
bomblet shell, top view.

Table 1 — Technical characteristics of the CBU-102/B cluster air bomb
Tabnuua 1 — TexHu4Yeckue xapakmepucmuku kaccemHou asuayuoHol 6ombbi CBU-
102/B
Tabena 1 — TexHU4YKe Kapakmepucmuke kacemHe asuo-bombe CBU-102/B

Purpose and the name CBU-102/B cluster air bomb for disabling
electric power facilities

Total weight 340 kg

Charge BLU-114/B bomblets (202 pieces,
individual weight of about 1 kg)

Dimensions of the BLU-114/B bomblet Length 16.7 cm, diameter 6.7 cm

Number of spools 147 pieces

Weight of a spool 2g

Length of a filament in a spool 150 m

Material Glass fibers with aluminum coating

Manufacturer USA

CBU-102/B cluster bombs are carried by F-117 aircraft and
manufactured in the USA (Jeler & Roman, 2016, pp.13-18).

r

P — 4
Figure 3 — Arrangement of spools in the bomblet, top view (Serbian Armed Forces, 1999)
Puc. 3 — PacrnionoxeHue kamywek 8 6ombe manozo kanubpa, sud ceepxy (Serbian
Armed Forces, 1999)
Cniuka 3 — Pacrioped kanemosa y bombuuyu, usaned ca copwe cmpaHe (Serbian Armed
Forces, 1999)
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Figure 4 shows an open bomblet and a mechanism for opening the
shell.

Figure 4 — Parts of an open cluster bomblet with spools and an ejection mechanism
(Serbian Armed Forces, 1999)
Puc. 4 — HYacmu omkpbimol Kkaccembl ¢ KamywkKamMu U MexaHU3MOM 8blbpachieaHusi
(Serbian Armed Forces, 1999)
Cnuka 4 — [Jenosu omeopeHe kacemHe 6ombuue ca karnemosuma u usbayHum
mexaHusmowm (Serbian Armed Forces, 1999)

After being dispersed from bomblets, spools unwind and conductive
filaments fall on high-voltage lines of the power system and form
electrically conductive lines which cause short circuits and electrical
discharges. Unwound filaments have a length of about 150 m, and while
they fall, they unwind into a number of thinner ones creating a net at the
point of impact, covering large areas. Such a net has higher strength
than individual filaments. Figure 5 shows unwound electrically conductive
filaments on transmission lines.

A short circuit is accompanied by filament evaporation, ionization of
the air and the formation of an intensive current flow between the wires of
the transmission line, i.e. the appearance of electric arcs, with
accompanying manifestations: temperatures above 4000°C and strong
flashes of whitish light. Not only does the power system break down, but
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also high temperatures can cause fires and explosions. (Andelkovié-
Luki¢, 2015, p.58).

Figure 5 — Electrically conductive filaments on power transmission lines
(Serbian Armed Forces, 1999)
Puc. 5 — Snekmponposodsiujue 80/10KHa Ha NTUHUSIX arekmpornepedadyu
(Serbian Armed Forces, 1999)
Cnuka 5 — Enekmponpoegodsbusa enakHa Ha Oasiekoeoouma
(Serbian Armed Forces, 1999)

Characterization of electrically conductive fibers

In order to characterize electrically conductive fibers, a qualitative
XRF analysis, a (DTA/TG) analysis and a chemical quantitative analysis
were performed. The analyses were performed at the Institute for
Technology of Nuclear and Other Mineral Resources in Belgrade and
represent the first test for the Commission for Investigating the
Consequences of NATO Bombing in 1999, formed by a Government
decision in June 2018.

The analysis sample was taken from one spool from an inactivated

BLU-114/B cluster bomblet. Figure 6 shows a spool sample for a fiber
analysis.
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Figure 6 — Samples for the analysis — a separate spool of fibers from a
cluster bomblet (Serbian Armed Forces, 1999)
Puc. 6 — Obpasupbl 0nsi aHanu3a — usgredyeHHasi u3 kaccemHoli 60Mbbl 8B0IOKOHHas!
kamywka (Serbian Armed Forces, 1999)
Cniuka 6 — Y3opuyu 3a aHanusy — us0eojeH HaMomayj efiakaHa u3 kacemHe 6ombuue
(Serbian Armed Forces, 1999)

Figure 7 shows a BLU-114/B fiber magnified on a binocular
microscope.

Figure 7 — External appearance of a conductive fiber from the BLU-114/B, magnified on a
binocular microscope (size - 1 mm) (Serbian Armed Forces, 1999)
Puc. 7 — Bud nposodsujeco sornokHa u3 BLU-114/B, ysenuyeHHbIl no0 6UHOKYNAPHLIM
Mukpockoriom (paamep - 1 mm) (Serbian Armed Forces, 1999)
Cnuka 7 — CriorbHU u3aned npogodrbueoe enakHa u3 BLU-114/B, yeehaH Ha
OUHOKYnapHOM MUKpockory (pa3mepa : 1 mm) (Serbian Armed Forces, 1999)
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The qualitative XRF analysis was performed on the XRF-MiniPal,
PANalytical spectrometer, and the XRF spectrum of the fibers is shown
in Figure 8 (the energy in KeV is represented on the x-axis, and the
relative intensity of the peak on the y-axis).

The spectrum was recorded using a sodium filter that reduces the
intensity of interfering lines and background noise. The XRF analysis
aimed at qualitative detection of the present elements, which was
confirmed by a quantitative chemical analysis. The semi-quantitative XRF
analysis determined the content of gallium (0.007%), the peak of which
was detected on the spectrum. Gallium nitride is a material that can be
used as a semiconductor.
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Figure 8 — XRF spectrum of a conductive fiber (with a sodium filter)
Puc. 8 — PenmeeHogyopecueHmHbIl criekmp rnpogoda (C HampuesbiM huribmpom)
Cnuka 8 — XRF criekmap rpoeodrbugoe 8rakHa (ca HampujyMcKum ¢urmepom)

The chemical analysis was performed on the atomic absorption
spectrophotometer Analyst 300, Perkin Elmer (Table 2). The sample was
dissolved in HCI (1: 1) and the insoluble residue was alkaline.
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Table 2 — Chemical analysis of the sample of conductive fibers from the BLU-114/B
bomblet
Tabnuua 2 — Xumudeckull aHanu3 obpa3sua rnposodsiLiux 80/10KoH U3 6ombsl BLU-114/B
Tabena 2 — Xemujcka aHarnu3a y3opKa rnpogsodsrbusux enakaHa us bombuye BLU-114/B

Element | Al SiO, CaO MgO Fe, O3 Na,O K20 TiO»
% 51.400 | 31.640 | 13.260 | 1.606 0.495 1.132 | 0.104 0.329

Element | Pb Zn Cu Cd Cr Ga Ni MnO
% 0.029 0.015 0.006 <0.001 | 0.002 0.007 | <0.001 | 0.003

Based on the chemical analysis of the conductive fibers, it is
concluded that these are glass fibers coated with aluminum, which is in
accordance with the literature data. Fang et al. (2010), write about the
usage of ordnance with conductive fibers/flaments which can consist of
carbon filaments or glass filaments with metal coating.

Filaments have a characteristic of creating a compulsively sequential
arc that leads to a short circuit in the contact between two electrical
phases or the phase and the ground.

The sum of all determined inorganic oxides that are part of the glass
fiber is 48.5686%, the content of heavy metals (Pb, Zn, Cu, Cd, Ni) is
0.0522%, the content of Ga 0.0074% and the content of aluminum is
51.400%. The analysis of the acid-soluble part of the fiber detected all
elements except Si which remained in the insoluble residue and after
melting was transferred to the solution. This information is important from
the point of view of the solubility of aluminum and its potential harmful
effect on soil contamination and inclusion in the food chain.

The device for a thermal (DTA/TG) analysis is NETZCH STA 409 EP
(operating range of 20-1000 °C, with a heating rate of AT = 10 °C/min).
The experiments were performed in an air atmosphere. The differential
thermal analysis, DTA, (Figure 9) indicates an endothermic peak at
659 °C, which corresponds to the melting point of aluminum, which
according to the literature is 660.3 °C. The TGA, thermogravimetric
analysis, indicates that there was no change in mass. The TGA of the
sample resulted in melting of the metal without loss of mass.
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Figure 9 — Thermal analysis (DTA/TG) of a sample of conductive fibers
Puc. 9 — Tepmuueckut aHanu3s (QTA/TI) obpa3sya nposodsiuyux 80510KOH
Cnuka 9 — Tepmujcka aHanu3sa (DTA/TG) y3opka npoesodrbusux ernakaHa

This is obviously a non-toxic sample that is about 50% of silicate
origin.

Ecological aspects of the impact of aluminum on
arable land

Aluminum makes up 51.40% of the fiber sample (Table 2). lIts
presence in the soil can cause the decline in soil fertility, which leads to
the reduction in the vyield of cultivated crops. The phyto-toxicity of
aluminum in acidic soils has been the subject of numerous studies in the
country and in the world. It is known that the harmful effects of aluminum
depend on its concentration and form, the pH value, organic and
inorganic ligands in the solution, the ionic strength, and the plant
genotype. Aluminum binds strongly to phosphates, sulfates, and silicates,
and its desorption from negatively charged soil colloids is difficult, given
the highly positive charge (Mrvic et al, 2012, pp.257-262).
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Hydrogen and aluminum cations are responsible for soil acidity.
Below pH 6, the substitution acidity of the soil, aluminum is the main
source of H + ions, due to the dissociation of Al from clay minerals.
Aluminum becomes more soluble at lower pH values. Very acidic soils
with the pH value below 4 are not suitable for agricultural production.
Leachate from acid soils can contain substances, especially aluminum,
which have a detrimental effect on the quality of surface water and
groundwater and a negative effect on plants, animals, especially fish in
watercourses and lakes. Research in recent decades indicates the
harmful effect of Al on human health, with an emphasis on its role in
Alzheimer's disease. (Rondeau et al, 2000, pp.59-66)

Conclusion

During the aggression on FR Yugoslavia in 1999, CBU-102/B cluster
bombs with BLU-114/B bomblets filled with electrically conductive fibers
were dropped on electric power facilities of FR Yugoslavia. Cluster
bombs with high-explosive bomblets targeted civilian objects such as
residential buildings, hospitals, schools, etc.

The qualitative XRF analysis of conductive fibers from BLU-114/B
bomblets was performed on an XRF-MiniPal spectrometer, PANalytical.
Spectrum recording was done using a sodium filter that reduces the
intensity of interfering lines and background noise. The XRF analysis
aimed at qualitative detection of the present elements, which was
confirmed by a quantitative chemical analysis. The semi-quantitative XRF
analysis determined the content of gallium (0.007%), the peak of which
was detected on the spectrum. Gallium nitride is a material that can be
used as a semiconductor.

Based on the chemical analysis of the conductive fibers, it is
concluded that they are glass fibers with aluminum coating, which is in
accordance with the literature data (Fang et al, 2010).

The differential thermal analysis (DTA) indicates an endothermic
peak at 659 °C, which corresponds to the melting point of aluminum,
which is, according to literature data, 660.3 ° C.

It is obvious that this is a sample that is about 50% of silicate origin,
non-toxic in nature, and with the content of heavy metals in traces, which
is important from the point of view of environmental protection.

The rest of the sample consists of aluminum, the presence of which
in the soil can cause the decline in soil fertility, resulting in a lower yield
of cultivated crops. The phyto-toxicity of aluminum in acidic soils has
been the subject of numerous studies in the country and in the world.
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Unfortunately, no study has been done after the aggression to
determine the degree of degradation, i.e. decline in soil fertility due to
residual electrically conductive fibers near the affected electric power
facilities by analysing the content of accessible forms of aluminum, as
forms that are easily adsorbed in plant organs and included in the food
chain.
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AJIEKTPOIMPOBOOALUNE BONOKHA B KACCETHbBIX BOMBAX,
CBPOLWEHHBIX HA OB BLEKTbI QNEKTPO3HEPIETUYECKOW
CUNCTEMbI COKO3HOW PECIYBINWKW FOTOCNABUA B 1999 roay

MupbsiHa H. Anmkenkosud-Tlyknu®, koppecnonaeHT, MupbsHa [. CrosiHoBnY®

@ BOEHHO-TEXHUYECKUIA MHCTUTYT, T. Benrpaa, Pecnybnvka Cepbus;
MpaButenbctBo Pecnybnukmn Cepbus, MexXxBeJOMCTBEHHbI
KOOpAMHaLMOHHbIV opraH, r. benrpag, Pecnybnuka Cepbusi

® IHCTUTYT TEXHOMOTUIt SIAEPHBIX W APYIUX MUHEPATbHBIX PECYPCOB,
r. benrpag, Pecnybnuka Cepbus

PYBPUKA TPHTW: 78.00.00 BOEHHOE LEJIO;

78.25.12 Xvmuyeckoe, buonornyeckoe 1 3axuratenbHoe
opyxue. BoopyxeHus n cpeactea
pagnaumMoHHONM, XMMMYeckon n bruonornyeckom
3aLluThI,

61.00.00 XUMNYECKAA TEXHONIOIMA. XUMNYECKAA
NMPOMBbIWWIEHHOCTb;

61.01.94 OxpaHa okpyxatLen cpeabl

BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Pe3swome:

BeedeHue/uernb: B cmambe npedcmasneH crocob
yHKUUOHUpO8aHusi KaccemHol 6ombsbi CBU-102(V) 2/B, maccol
okorno 340 ke, codepxawel 6ombbl Manoz2o Kanubpa ¢
3/16KMPONPO8OOSLLLUMU 80/I0KHaMU, KOMOpbIl 6bifl npuMeHeH Ons
8bI8e0eHUS U3 CMPOSs 351eKmpocmaHyudl.

Memodbi: B xode uccnedosaHusi 6bini 6bINONHEH busudeckul u
XUMUYecKkul aHasu3 80JI0KOH. [ns onpedenieHUsi xapakmepucmuk
B0JIOKHa UCMOb308asuchk credyrwue memoobl: OUHOKYSPHbIU
MUKpocKon Oris orpedesieHUsi MoJsiUuUHbl 80/I0KHA U Ka4yeCmeeHHbIU
PEeHmMaeHoyopecyeHmMHbIU aHanus, 8bIMOJTHEHHBIU Ha
criekmpomempe XRF-MiniPal, PANalytical.
PeHmeeHOQyopecueHmHbIU aHanu3 Obisl  8bIMOSIHEH C  UEsbio
Ka4ecmeeHHO20  ObHapyXeHus  MpuUCymcmeywux 371eMeHmos,
Komopoe 6bi10  NoOMeEepKOEeHO KOIUYECMBEHHbIM  XUMUYECKUM
aHasu3om.

Pesynbmamesi:  [NonykonudecmeeHHbIl  peHmaeHogh1yopecyeHmHbIU
aHanus ebisieun codepxaHue eamnnus (0,007%), nuk komopozo Obin
OBHapyxeH Ha crnekmpe. Humpud eannus sensemcs mamepuariom,
KOmopbIU  MOXHO  UCMO/b308amb 8 Kayecmee  [10s1yrnpo8OOHUKA.
Xumudeckuli aHanus rnposoousu ¢ rnoMoWbK amoMHO-abcopbyUoOHHO20
criekmpogpomomempa Analyst 300, Perkin Elmer.

Bbigodbi: Npubop 0nsa dughgbepeHuuanbHOo20 mepMUYeCcKo2o aHau3a
u mepmoepasumempuu (AQTA/TT), NETZCH STA 409 EP (pabouuti
OQuarna3oH om 20 ° C 8o 1000 ° C), nodmeepdus, ymo obpasey
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codepxan 50% HEmMOKCU4YHO20 cusiukama U crelbl MmsKesbixX
memarnnos. OcmarnbHass 4Yacmb obpa3ya codepxana asroMuHul,
fipucymcmeue Komopo20 8 [1048e MOXem 6bi38amb CHUXEHUe
rnnodopodusi roysbl, YMO Kak credcmeue npueodum K CHUXEHUI
ypoxatHocmu.

Knwyeseble crnosa: xumu4yeckass eoliHa, KaccemHass  6owmba,
3/1eKMporposodsiLiUEe BOTOKHA, SHEPeemuYecKasl cucmema, XUMu4eckul
aHasu3, mepMoxXuMu4YecKuli aHanus, cusukam, amoMuHul, eosdelicmeaue
Ha OKpyxarowyro cpedy, ro4Yea, CHLXKeHUe 71000p0o0Us], CHLXKEHUE
ypoxatiHocmu.

ENEKTPOIMPOBOAJBMBA BNAKHA Y KACETULIAMA BEOMBU
KOJMMA JE HANAOHYT ENNEKTPOEHEPIETCKN CUCTEM CP
JYIT'OCNABWJE 1999. TOONHE

Mupjana H. AnRenkosuh Jlyknh®, ayTop 3a npenucky, Mupjaxa [. CTOjaHOBVIﬁ6
@ BojHOTeXHWYKM MHCTUTYT, Beorpaa, Peny6nuka Cpbuja;

Bnapa Penybnuke Cpbuje, MehypecopHoO koopaAnHaLMOHO Teno,

Beorpag, Penybnuka Cpbuja

® IHCTUTYT 3a TEXHOMOMWjy HyKIeapHUX 1 APYrX MUHEpPanHUX CUPOBHUHA,
Beorpag, Penybnuka Cpbuja

OBNACT: xemujcke TexHomnorunje
BPCTA YJ1IAHKA: opurMHannim Hay4Hu pag

Caxemak:

Yeod/uyurb: Y pady je npukasaH Ha4uH OyHKUUOHUCara kacemHe bombe
CBU-102(V) 2/B, mace oko 340 kg, y kojoj ce Hamase bombuue ca
e/1eKmpornpoeod/bUsUM  8r1akHUMa KojuMa Ccy OHecriocobrbasaHa
efleKmpoeHepaemcKa rnocmpojersa.

Memode: UsepweHe cy pusudyke U Xxemujcke aHasuse enakHa. 3a
aHanuszy enakaHa kopuwheHe cy cnedehe memode ucnumueara:
OUHOKYniapHU ~ MUKpockornl  3a  oOpefjusarbe  OebrbuHE  6r1aKkHa,
keanumamueHa XRF aHanu3sa ypafieHa Ha criekmpomempy XRF-MiniPal
u PANalytical. Lurs XRF ananuse 6uo je O0a ce  keanumamueHO
OemeKkmyjy  npucymHu  efieMeHmu, wmo je romepheHo U
K8aHMUMamMUBHOM XEMUJCKOM aHarlu30M.

Pesynmamu: CemukeaHmumamueHom XRF ananusom odpeheH je
cadpxaj eanujyma (0,007%), 4uju je nuk OdemekmoeaH Ha CrieKmpy.
lanujym-HUmpud je Mamepujari Koju ce MOXe Kopucmumu Kao
nonynpogodHuK. Xemujcka aHanusa ypaheHa je Ha amoMCKO-
abcopnyuoHom criekmpogbomomempy Analyst 300, Perkin Elmer.

Sakrbyyvak: Ha ypehajy 3a OucbepeHyujarnHo-mepMujcKy aHanusy u
mepmoepasumempujy (LTA/TT), NETZCH STA 409 EP (onceez pada
20-1000°C), nomepheHo je da ce padu O y30pKy Koju je oko 50%
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CcusnuKkamHoe ropekxsia, HemoKCU4YHO2 Kapakmepa, ca cadpxajeM meuwKux
mMemana y mpazosuma. Ocmamak y30pKa YUHU amyMuHujym 4duje
fpucycmeo y 3eMsbulUMy Moxe 0a ymu4ye Ha cMar-eHe MIodHoCmU,
wmo 0oeo0u 00 cMaH-eHa NpuUHoOca 2ajeHuUx Kyrmypa.

KrbyqHe pedu: xemujcku pam, kacemHa bomba, eriekmporposodrbuea
e/laKHa, €eHEepa2emcKu CcucmeM, XeMujcka aHanusa, mepmMoxemujcka
aHanusa, cunukam, anyMUHUjyM, €KOJIOWKU ymuuaj, 3emrbulime,
CMar-eH-e MII0OHOCMU, CMak-eHe MpUHoca.
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