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ANTI-TERROR ENGINEERING IN THE CASE OF POSSIBLE
TERRORIST ATTACKS WITH CHEMICAL AGENTS

Purpose. This work aims to develop a method of local outdoor reduction of the concentration of a chemically
hazardous substance, which entered the atmosphere through a cafe roof vent. It also involves the creation of a nu-
merical model for calculating the chemical contamination zone that allows assessing the effectiveness of the screens
used to minimize its level. Methodology. To solve this problem, we used the velocity potential equation that al-
lowed to determine the air flow velocity field, and the equation of convective diffusion dispersion of a chemically
hazardous agent in the atmospheric air emitted through the ventilation system in case of a terrorist attack. The simu-
lation took into account the uneven velocity field of the wind flow, atmospheric diffusion, emission rate of a chemi-
cally hazardous agent. In the numerical integration of the velocity potential equation, we used the Liebmann meth-
od. For the numerical solution of the equation of convective diffusion dispersion of the impurity, an implicit alter-
nate-triangular difference splitting scheme was used. Findings. The developed numerical model allowed assessing
the effectiveness of building screens used to reduce the concentration of a hazardous substance and minimize the
risk of toxic damage to people outdoor during an initiated emission of a chemical agent. The constructed numerical
model can be implemented on computers of low and medium power, which allows it to be widely used for solving
problems of the class under consideration when developing an anti-terror engineering strategy. Originality. An ef-
fective numerical model for calculating the outdoor chemical contamination zone during a possible terrorist attack
using a chemical (biological) agent has been proposed. The model can also be applied to assess the effectiveness of
some protective measures aimed at reducing the air pollution level during a terrorist attack. Practical value. The
developed numerical model can be used to organize protective actions near social objects of a possible chemical
attack by a terrorist.

Keywords: terrorist attack; chemical air pollution of the atmosphere; anti-terror engineering; numerical simula-
tion

be its discharge into the ventilation system of vari-
Introduction ous cafes, which are located in city streets (Fig. 1).
Emission of polluted air from the ventilation sys-
tem of a cafe is usually carried out on the roof.
Scientifically, it is the emission from a low source.

Acts of terrorism with the use of chemical (bio-
logical) agents in the streets of cities are not
a groundless threat. One of the variants to emit
a hazardous chemical agent into the atmosphere,
which is sufficiently hidden from an observer, can
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Fig. 1. Scheme of outdoor chemical air contamination
at initiated entry of hazardous substances in
a cafe ventilation system;
1 — process equipment; 2 — place of hazardous

substance entry into the ventilation system,;
3 — polluted air discharging device on the cafe roof;

4 — outdoor chemical contamination zone;
5 — initiator of hazardous substance discharge into

the ventilation system; 6 — cafe building

With such an emission of a chemical agent
through a ventilation system, a sufficiently large
area of chemical contamination can form behind
the building. For example, Fig. 2 shows a photo of
the contamination zone near the mini-cafe. Emis-
sion is combustion process products from the
kitchen. It is clearly seen that the pollution zone
covers not only the sidewalk, but also part of the
roadway. If people get into this chemical contami-
nation zone, the risk of their toxication is extreme-
ly high. We emphasize that people will definitely
fall into the contamination zone, because cafes are
public places. In addition, such a scenario of a ter-
rorist attack ensures unexpectedness and secrecy.
In this regard, the question arises about the devel-
opment of engineering methods to protect people
from damage by reducing the concentration of
a hazardous substance in the street during a possi-
ble terrorist attack.

The theoretical solution to this problem is quite
complicated. When emitting a chemical agent from
a low source, it is necessary, first, to take into
account the influence of the building on the
formation of the chemical contamination zone.
Secondly, it is important that the mathematical
model would also make it possible to calculate the
effectiveness of the use of specific engineering
solutions to reduce the intensity of chemical
contamination of the air environment near the
facility. To estimate the level of air pollution in case
of a possible terrorist act, for example, Gaussian

Fig. 2. Air contamination zone near the cafe:
1 — polluted air discharging device on the cafe roof;
2 — visible boundary of the contamination zone
(Heroev Avenue, Dnipro)

models can be used as a zero approximation. But
these models do not allow to take into account the
influence of the building and various engineering
elements on the formation of chemical
contamination zones, that is, they cannot be used to
assess the effectiveness of various anti-terror
methods. The normative methods used in Ukraine
for solving problems of assessing the size of
chemical contamination zones (for example, the
OND-86 technique), for this reason, also cannot be
applied. The only theoretical method for solving
problems of this class is CFD modeling. Within
this scientific direction, specialized software
packages «ANSYS Fluent», «FAST», etc. have
been created. These packages are a powerful tool
for solving a wide class of problems. It should be
noted that the cost of licensed packages for
research is very high, so access to such packages is
limited. It is also known that the use of these
packages requires the use of powerful computers
and large consumption of computer time when
solving a practical problem — several days to
calculate one variant of the problem. This is
a definite obstacle, as the organizations of a special
focus conduct numerous serial calculations.

Purpose

This work aims to develop a method of local
outdoor reduction of the concentration of a chemi-
cally hazardous substance, which entered the at-
mosphere through a cafe roof vent. It also involves
the creation of a numerical model for evaluating
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the effectiveness of engineering methods for air
contamination protection during a terrorist attack
with a highly toxic chemical agent.

Methodology

The process of dispersing a highly toxic chemi-
cal agent outdoor can be described on the basis of
the following equation (profile task) [2-5, 7, 8]:

oC ouC ovC
—+—+—+0C=
ot ox oy
_i( %}2 €,
o anx oy Hyay

+QB(x—%5)8(y—¥o), (1)

where C — average concentration of chemical (bi-
ological) agent in outdoor air; o — coefficient tak-
ing into account the agent decomposition in the
atmosphere; u, v — components of the air flow

velocity vector; },tz(ux, uy) — coefficients of at-

mospheric turbulent diffusion; Q — agent emission
intensity during the terrorist attack;
8(x—%,)(y—Y,) — Dirac delta function; x,, y, —

agent emission source coordinates during the ter-
rorist attack; t — time.

The boundary conditions for equation (2) are
written as [3]: at t=0, C=0. At the boundaries
where the air flow enters the calculation area,
C=C,,, here C,, is the known value. We assume
that C;, =0. In the area where the air flow exits
the computational domain, in the numerical model
we set a «soft» boundary condition of the form:

G G here G, is the pollutant

i+1,j — vi, ) i+1, ]
concentration in the boundary (last) cell.

Aerodynamics model. To apply equation (1)
in the case of dispersion of a chemical (biological)
agent in the presence of a building, it is necessary
to know the uneven velocity field of the wind flow.
To determine the wind flow velocity field
u="f(x,y), v="1(x, y), we will use the ideal fluid
irrotational flow model [5]:

o’°P %P
—_— =
X2 8y2

where P — velocity potential.

0, (2)

The components of the air flow velocity vector
are determined by the dependence of the form:

oP oP
U=—, V=—.
oy

OX
For equation (2) there are such boundary condi-
tions:

3)

— on solid boundaries we set the condition
of the form:
oP

- :O,
on

where n — unit outer normal vector to the bounda-
ry;

— on the boundary of the airflow exit from the
computational domain, we set the boundary condi-
tion P = const;

— on the boundaries where the inflow of air oc-
curs, we set the boundary condition of the form:

Z—P =V, where V — the known wind flow velocity.
n

Numerical solution to the task. For the nu-
merical integration of the modeling equations we
will use finite-difference solution methods.

We will carry out the approximation of deriva-
tives, following [2, 5]. Approximation of the time
derivative is carried out as follows:

oC CIJ n+l C” n
ot At

The first derivatives are approximated by co-
relations [5]:

ouC _ou'C L uC

OX OX OX
8VC:6'V+C+8V_C
oy oy oy
where
Lo UHul ou=u v o vl
ut = U= V= Vo= —1
2 2 2 2

For approximation of the first derivatives, we
use the formulas [2, 5]:

+~ N+l
—Uu;C;

+ n+l
iCij -1,] _ L+Cn+l.
X 1
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OoX

AX

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154034

30

© M. M. Biliaiev, O. V. Berlov, I. V. Kalashnikov, V. A. Kozachyna, 2018


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancrnopty. BicHuk J{HIIpOneTpoOBCbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2018, Ne 6 (78)

EKOJIOI'TA1 HA TPAHCIIOPTI
ou'C  Uny ClY —up Gyt 1 Ci-Cf 1 K K\ O ~k
~ ) d 1 Y :L;Cn+ 1 —YJ z +—(L;C +L;/C )+_CI,] =
OX AX At 2 4
+ + n+l +~n+l
v'C VijaCij  —VaGija _LreM :l(MX—XCk +M1Ce+ M;ka +M,,C° ) (6)
oy Ay o 4
_ - n+1 —~ N+l H - 3 . 1
N C VijuGijn— V4G _ ¢ — in the third step (k:n+z,c:n+§) we
oy Ay ’ apply the dependence (6);

For approximation of the second derivatives,
we use the dependencies [5]:
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Taking into account the above designations of dif-
ference operators, we write the difference analogue
of equation (1):

C_r_H—l _ Cn
i E— = LrLc™+Le™+ L+yC"+1+

+L,C™ +oCj* =

=(M,C"™ + L, C™ + L C™ + L, C™) +
+Qij8ij' 4)
We perform the splitting of the difference equa-

tion (4). The splitting equations at each step are
written as follows:

— inthe first step (k = n+%):

C_m_—k_C_n_ 1 c
ij ij +~k +~k k _
- +§(LXC +L,C )+Zci,j_

1, . _ 4 _
:Z(MXXCK +M,C"+ M C* + M, C"), (5)

— in the second step (k:n+%;c:n+%):

— in the fourth step (k=n+1;c=n+%) we

use the dependence (5).

The desired value of the function C at each
fractional step (5), (6) is determined by the point-
to-point computation formula.

In the last step, we solve the equation:

oC
'l =Q3(X —X%)8(Y — ¥p) -

To solve this equation, the Euler method is used.

For the numerical solution of equation (2), we
use the Liebmann method. The approximate equa-
tion for the velocity potential in this case is written
in the form:

i+1 i~ 2B +PR 4 _0
AX? '

Ay?

The value of the velocity potential PB; is calcu-

lated in the centers of the difference cells by the
formula:

{Piﬂ,j - Pi—l,j I:)i,j+1 - Pi,i—l}
P —

AX?
ij — A y

2,2
AXZ T AY? )

For the software implementation of the con-
structed numerical model, we used FORTRAN.

where A= (

Findings

The developed CFD model was used to solve
the following model problem. We consider the
emission of highly toxic chemical agent through
the ventilation system, the outlet of which is locat-
ed on the cafe roof. The scetch of the computation-
al domain is shown in Fig.3.
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It is necessary to evaluate the effectiveness of
the used screens to minimize the air contamination
level near the cafe.

The air contamination zone near the cafe for
each working scenario is shown in Fig. 6-8.

Y

SIS

Fig. 3. Sketch of emission of a chemical agent
on the cafe roof (no protection element):
1 —cafe building; 2 — point of chemical
agent emission

To minimize the air contamination level near
the cafe, as an anti-terrorist method, we use the
installation of a vertical (Fig. 4) or inclined screen
(Fig. 6) on the roof.

T777777777777777777777777

Fig. 4. Sketch of computational region (vertical screen

on the café roof is a protection measure, scenario Ne2):

1 — café building; 2 — point of high toxic chemical emission;
3 — vertical screen

SIS

Fig. 5. Sketch of computational region (inclined screen
on the café roof is a protection measure, scenario Ne3):
1 — café building; 2 — point of high toxic chemical
emission; 3 —inclined screen

0

Fig. 6. Isolines of toxic chemical concentration
near café building (no protection measures
are used, scenario Nel)

1

X

Fig. 7. Isolines of toxic chemical concentration near
café building (vertical screen on the roof is a protection

0

measure, scenario Ne2):
1 — vertical screen

X

Fig. 8. Isolines of toxic chemical concentration near

café building (inclined screen on the roof is
a protection measure, scenario Ne3)
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Fig. 8 shows that the use of the inclined screen
makes it possible to take a stream of contaminated
air away from the cafe. For a more detailed analy-
sis of the effectiveness of the used screens, the Ta-

ble 1 shows the concentration of the contaminant at
different distances from the building, the level of
1.7 m — the height of a person for all the scenarios
under consideration.

Table 1

Dimensionless concentration of toxic chemical
at different distance from the cafe building

Distance
fromfghe Concentration, Concentration, Concentration,
cate scenario # 1 scenario # 2 scenario #3
building,
m
25m 1.26 0.98 0.78
45m 1.16 0.93 0.75
55m 1.12 0.91 0.74
95m 1.02 0.86 0.70
11.5m 0.98 0.83 0.68

As can be seen from the Table 1, the use of
screens on the building roof allows to reduce the
concentration of a chemically hazardous substance
outdoor and thereby minimize the risk of toxic
damage to people during the terrorist attack. Obvi-
ously, for the case under consideration, it is more
effective to use the inclined screen (scenario
No. 3).

It should be noted that the task solution time is
about 5 seconds.

Originality and practical value

The numerical model has been developed that
allows to determine the effectiveness of engineering
methods for minimizing the outdoor air contamina-
tion level in the event of an initiated (terrorist at-
tack) pollution with a highly toxic chemical agent.

The distinctive feature of the constructed model
is the use of the equation of convective-diffusive
dispersion of a chemical agent together with the
equation for calculating the wind flow velocity
field near the building (potential flow model).

Computer time spent on the implementation of the
developed numerical model is a few seconds.

Studies conducted on the basis of numerical
simulation have shown that the use of screens on
the roof of a building can reduce the air contamina-
tion level in a certain area near the building.

Conclusions

The numerical model has been developed for
assessing the air contamination level near the
building in the event of the chemical agent emis-
sion on its roof. The model makes it possible to
assess the effect of screens on the protection of
atmospheric air against contamination during such
an emission. The basis for solving the problem is
numerical simulation based on the equations de-
scribing the dispersion of impurities and aerody-
namics.

Further improvement of this approach should
be carried out in the direction of developing
a three-dimensional numerical model focused on
solving the tasks of this class.
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AHTUTEPOPUCTUYHUI THXKUHIPUHT ITPU MOXKJIUBOMY
TEPAKTI 3 BUKOPUCTAHHSAM XIMIYHOTI'O ATEHTA HA BYJINLI

Meta. [lana po6ota mepembdadae po3poOKy METOAY JIOKATHHOTO 3HW)KCHHS Ha BYJIMII KOHIIEHTpAIii XiMi4HO

Hebe3meyHo1 pevoBHHH, sIKa Halifma B aTMocdepy depe3 BEeHTWIALIHHUA BUKHI Ha Jaxy Kade, a TakoX CTBO-
PEHHS YHCETHHOT MOJIENI I PO3paxyHKY 30HH XiMI9HOTO 3apa)XCHHS, sIKa JO3BOJISE OLIHUTH €()eKTUBHICTH 3aCTO-
CyBaHHS €KpaHiB, 1110 MiHIMI3yIOTh oro piBeHb. MeToauka. [{J11 BUPIIIEHHS IOCTABIEHOT0 3aBJaHHs BUKOPHCTAHO
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EKOJIOI'I HA TPAHCIIOPTI

PIBHSIHHSI JIJIsI OTEHIIATY MIBUAKOCTI, Ha 0a3i IKOT0 BU3HAYEHO I10JI€ IIBHJIKOCTI HOBITPSHOTO IOTOKY, i PIBHSHHS
KOHBEKTHUBHO-IH(Y31HHOrO pO3CIIOBaHHS XiMIYHO HeOE3IEeYHOro areHTa B aTMOC(EpPHOMY IMOBITPi, BUKHHYTOTO
B pa3si TepakTy depe3 cucteMy BeHTWIALII. [Ipn MomenroBanHI Oy BpaxoBaHi HEpiBHOMIpHE TI0OJIE MIBUIKOCTI BIiT-
pOBOTO TOTOKY, aTMocdepHa anudys3is, iIHTCHCHBHICTh BHKHUIY XIMI9HO HeOe3medHoro areHrta. lIpm dmcemsHOMY
IHTeTpyBaHHI PiBHAHHA TSI TIOTEHIIaTy MIBUIKOCTI BUKOpHCcTaHUA MeToy Jliomana. J[J1s 9rcenbHOTO pillleHHs piB-
HSHHS KOHBEKTHBHO-TU(Y31HHOTO PO3CIIOBaHHS ITOMIIIIKM BUKOPHUCTaHA HESBHA MOMEPEMIHHO-TPUKYTHA Pi3HUIICBA
cxeMa posmiervieHHs. PesyabTaTtu. Ha ocHOBI po3po0iieHoi urcenpHOT MOIeNi ToAaHa OiHKa e(eKTUBHOCTI 3aCTO-
CyBaHHS €KpaHiB Ha OyIiBIi 1JIs1 3HIKEHHsI KOHIIEHTpallii HeOe3IeuHOi peYOBHHHU Ta MiHIMi3allil pU3HKY TOKCUYHO-
T'O ypa)kKeHHS JII0JIel Ha BYJIHILI NPH iHIIIHHOBaHOMY BUKHII XiMiuHOTO areHTa. [1o0ynoBaHa 4ncesibHa MOZIEIb MOXKe
OyTu peasizoBaHa Ha KOMII'IOTEpaX Mayiol Ta cepelHbOl MOTY)KHOCTI, IIO J03BOJISE IIUPOKO BUKOPUCTOBYBATH
il s BUpIIEHHS 3aBJaHb JAHOTO KJacy IIpH po3poOmi crpaTerii aHTHTEPOPUCTHYHOTO IHXKUHIPHHTY.
HaykoBa HOBHM3HA. 3alipoOIOHOBaHO €()EeKTHBHY YMCEIbHY MOJENb Ul PO3paxyHKy 30HH 3apakK€HHs JIIoeH Ha
BYJIMII TIPY MOXIJIMBOMY TEPaKTi 3 BUKOPUCTAHHSAM XIMi4HOro (0iojioriuHoro) areHra. Mozeib TakoX Moxe OyTh
3aCTOCOBAHA I OIIHKM €(PEKTHBHOCTI NESKUX 3aXUCHHUX 3aXOJiB, CIIPSIMOBAHUX Ha 3HIKECHHS PiBHS 3a0pyTHEHHS
MOBITPSHOTO CepeloBHIIa I yac TepakTy. IlpakTuyna 3HaunmicThb. Po3pobieHa uncensHa MOJeTh MOXE OyTH
BHUKOPHWCTAHA JJIs OpraHi3amii 3aXUCHUX 3aX0MiB OIS ComialbHUX 00’ €KTIB MOXKIIMBOI XIMIYHOT aTaKH TEPOPHCTA.

Knrouosi cnosa: TepakT; XiMiuHe 3a0pyIHEeHHs aTMOC(hepH; aHTUTEPOPHCTUYHHHN 1HKHHIPUHT; YUCEIIbHE MOJIe-
JIFOBAHHS

H. H. BEJISIEBY", A. B. BEPJIOB?, 1. B. KAJIAIIIHUKOB®", B. A. KO3AUMHA*"

Kag. «uapapiyka ¥ BOH0CHAGKEHHE, JIHENPONETPOBCKHI HAMOHATIBHBIA YHUBEPCHTET HKEJIE3HOI0POKHOI0 TPAHCIIOPTa
nMeHH akanemuka B. Jlazapsina, yi. JlasapsiHa, 2, [lnunpo, Ykpauna, 49010, ten. +38 (056) 273 15 09,

911. moura water.supply.treatment@gmail.com, ORCID 0000-0002-1531-7882

2’Kad. «b5e30macHOCTb XKM3HEAEATENLHOCTHY, | 0Cy1apCTBEHHOE BhIcIIee yueOHOe 3aBeacHue «[IpuIHenpoBCKas FOCy1apCTBEH-
Hasl aKaJeMUs CTPOUTEIILCTBA M aPXUTEKTYPhI», Y. UepHbImeBckoro, 24 a, Jlaunpo, Ykpanna, 49600, Ten. +38 (056) 756 34 57,
ai1. moura berlov@mail.pgasa.dp.ua, ORCID 0000-0002-7442-0548

ST «[TpoeKTHO-U3BICKATENbHBINA HHCTHTYT XKEJIE3HOA0POKHOTO TPAHCTIOPTA «Y KP3aIM3HBIUIIPOEKT, yi. Konapesa, 7,
XappkoB, YkpanHa, 61052, Ten. +38 (057) 724 41 25, >n. mouta uzp38@ukr.net, ORCID 0000-0002-2814-380X

“Kad. «'uapaBiauka U BOJOCHA0XEHHEY, JIHEIPOIETPOBCKUI HALIMOHAIBHBIH YHUBEPCUTET 5KEJIE3HOA0POKHOIO TPAHCIIOPTA
nMeHH akagemuka B. Jlazapsnaa, yi. Jlasapsna, 2, Jaunpo, Ykpauna, 49010, ten. +38 (056) 273 15 09,

a11. moura v.kozachyna@gmail.com, ORCID 0000-0002-6894-5532

AHTUTEPPOPUCTUYECKHWIN MH)XUHUPUHT ITPU BO3MOKHOM
TEPAKTE C HIPUMEHEHMUEM XUMHNYECKOI'O ATEHTA HA YJIMIE

Hens. Jlannas paboTa mpeaycMaTpuBaeT pa3pabOTKy METOa JOKATBHOTO CHIDKEHHS Ha YIUIEC KOHIICHTPAINH
XUMHUYECKH OTMACHOTO BEIIeCTBAa, KOTOPOE MOCTYMUJIO B aTMocdepy uepe3 BEeHTWISAIIMOHHBIA BHIOPOC Ha KpBIIIe
kade, a TakKe CO3MaHUC YUCICHHOW MOJEH IS pacueTa 30Hbl XMMUYECKOTO 3apakeHUsI, TIO3BOJISIONICH OLCHUTh
3¢ (GEKTHBHOCTh MPUMEHEHHUSI YKPaHOB, MUHIMH3HUPYIOLIUX €ro ypoBeHs. MeToauka. J[jis perieHus moCTaBIeHHOM
3a/la4yl MCIIOJIb30BAHO ypaBHEHHWE JJIs MOTEHIIMajla CKOPOCTH, Ha 6a3e KOTOPOTO OMPEAeNeHO MoJie CKOPOCTH BO3-
JIYIITHOTO TOTOKA, ¥ YpaBHEHHE KOHBEKTUBHO-IH(DPY3MOHHOTO pacCerBaHMsI XUMHUUECKH OITACHOTO areHTa B aTMO-
chepHOM BO37yXe, BHIOPOIIEHHOTO B CiIydae TepakTa uepe3 CUCTEMY BEHTH/IIMU. [IpH MOJIEIUPOBAHHH OBLIH
YYTeHBl HEPaBHOMEPHOE II0JIE CKOPOCTH BETPOBOTO MOTOKa, aTMocdepHas aud(y3us, HHTCHCHBHOCTH BHIOpoca
XAMHWYECKH OMACHOTO areHTa. [Ipn 4iCIeHHOM WHTETPUPOBAHUM YPaBHEHUS IS MOTEHIHANAa CKOPOCTH HUCIOIB30-
BaH MeToJ JInOmaHa. J[1s1 YHCICHHOTO pelIeHUs ypaBHEHHsSI KOHBEKTUBHO-IH(P(PY3NOHHOTO PaCCEHBAHUS MIPUMECH
HCTIOJIb30BaHa HEsBHAsI IONEPEMEHHO-TPEYTONbHAs PAa3HOCTHAs cXeMa pacmieruicHus. Pedyabrarbl. Ha ocHoBe
pa3paboTaHHOI YHCIEHHOW MOJEH 1aHa OLeHKa d(PPEKTHBHOCTH NMPUMEHEHHS 3KPAaHOB Ha 3IaHUM JJIS CHIDKCHHS
KOHIIEHTPAIIMY OTIACHOTO BEUIECTBAa 1 MUHUMH3AIIUU PUCKA TOKCHYHOTO TIOPKEHUS JIFOJIeH Ha YIIUIe TP WHUIUH-
POBaHHOM BBIOpOCE XUMUYECKOTO areHTa. [locTpoeHHas YrcieHHas MOIEIbh MOXKET OBITh pealn30BaHa Ha KOMIIbO-
Tepax MaJIOH W CpeIHed MOIIHOCTH, YTO TO3BOJISET MUPOKO MCIONB30BATh €€ IS PEIIeHUs 3a7ad paccMaTpHuBac-
MOTO KJlacca Mpu pa3paboTKe CTpaTernu aHTUTEPPOPUCTHUECKOTO HHKHUpUHTa. Hayunasi HoBu3Ha. [Ipeamoskena
s dexTrBHAS YHCICHHAS MOJENb IS pacdeTa 30HbI 3apa)KeHUsl JIIOJIeH Ha YJIuIle P BO3MOXKHOM TEpPaKTe C MC-
MOJIb30BAHUEM XMMHUYECKOTO (OMOIOTHUecKoro) arenta. Mojienb Takxke MOXKET ObITh MPUMEHEHA JIJISl OLICHKH 3(¢-
(DEKTHBHOCTH HEKOTOPBIX 3allIUTHBIX MEPOIPUSATHIH, HANIPABICHHBIX HAa CHIDKCHUE YPOBHS 3arpsA3HCHUS BO3IYLTHOM
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EKOJIOI'I HA TPAHCIIOPTI

Cpe€abl IpU TEPAKTEC. HpaKanecxaﬁ 3HAYUMOCTbD. Pa3pa60TaHHaﬂ YHUCJICHHaA MOJACIb MOXKCT OBITH KCIIOJIB30BaHA
JUIA OpraHrU3aliy 3alllUTHBIX MepOl'IpI/IﬂTI/Iﬁ BO3JIC COIUAJIbHBIX 00BEKTOB BO3MOXKHOM XUMUYECKOM aTaK! TEeppopuUcTa.

Kniouegvie cnosa: TepakT, XMMUYECKOE 3arps3HEHHE aTMOC(hEphl; aHTUTEPPOPUCTHICCKUI MH)XUHUPHHT; THC-
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