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ACTIONS OF NBC RECONNAISSANCE UNITS DURING SEARCH FOR SMALL
SITES OF RADIOACTIVE CONTAMINATION

The optimal ways of searching for small sites of radioactive contamination, so-called "dead" zones, which are
formed in case of destruction of dangerous objects that use, process, store and transport radioactive agents during
conducting reconnaissance by the NBC units, are analyzed. The following research methods have been applied:
bibliographic, analytical, systematic and informational approach. The following ways of searching (reconnaissance) of
contaminated sites of the area are considered: the zigzag locate technique, the boustrophedon technique, the
classical and rectangular spiral technique and the star survey technique. The length of the route was determined
and the optimal parameters for their carrying out under certain conditions were established. The zigzag method
(29-52%) is found to be the most effective, while the star survey technique is fast but ineffective. The probability of
finding contaminated sites based on the height of the location of the detection unit and the energy of y-quanta of
radioisotopes, which are formed during the destruction of a nuclear reactor, disruption of nuclear and
thermonuclear ammunition, is calculated. Increasing the probability of finding depends on the distance between the
routes, their length, as well as the specifications of the radiation reconnaissance devices. Removal of the detection
unit outside the reconnaissance vehicle increases the search efficiency, which depends on the specifications of the
detection units of radiation reconnaissance devices. It is shown that the use of aerial reconnaissance equipment
significantly increases the survey area and the efficiency of detecting a radiation situation by productivity, since the
detection unit is located at a significantly higher altitude than 3 m. Requirements for technical specifications of
unmanned aerial vehicles of radiation reconnaissance are formulated. It is determined that in order to fully
accomplish the task of radiation reconnaissance, it is necessary to use the means of aerial and ground radiation
reconnaissance in a complex way, complementing one tool with another.
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and effective liquidation of their consequences by military
forces of the country: the units of the State Emergency
Service of Ukraine, Ministry of Defense, Ministry of
Internal Affairs and other ministries and agencies. These
units are usually combined into consolidated groups
whose task is to eliminate aftermath of technological
accidents and catastrophes [3].

In the conditions of unpredictable actions of the
enemy in this area the timeliness and accuracy of
detection of radiation, chemical, biological (NBC)
contamination and assessment of the situation is
especially important, which is one of the main tasks of
NBC defence as one of combat support units [4,5].

The purpose of this task is to provide governing

Problem statement

Rapid development of renewable energy sources in
the international energy community has not stopped the
interest in nuclear power, despite some stagnation, caused
by accidents at Chernobyl and Fukushima nuclear power
plants. This is evidenced by the active construction of new
and modernisation of existing reactors in many
countries [1, 2].

The war in the east of the country continues, and
still the real possibility of escalation, the spread of
aggression into the peaceful territories, the expansion of
the geography of terrorist attacks and sabotage remain the
same. Ukraine has a great humber of dangerous objects
vulnerable to the attacks, attacks on which may cause

huge disasters for the state as a whole and be a potential
threat (emergency situations of technogenic and military
nature) for the civilian population. Hypothetical dest-
ruction of such objects for various reasons can create con-
ditions that can be comparable with the conditions of use
of weapons of mass destruction and will require rapid

bodies, units with information on the NBC situation on
the ground, in the air, the sea area in order to consider it
in planning and giving tasks to NBC protection units.
The objective of this task is achieved by conducting
NBC reconnaissance, in particular, radiation recon-
naissance, determining the doses of radiation in the area,
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fencing of contaminated sites, determinating directions
(routes, roads), bypass. A quality criterion of detection of
the actual radiation situation is the timeliness of obtaining
intelligence [5, 6] and their completeness. Indicator of the
completeness of conducting reconnaissance characterizes
quality of conduct of radiation reconnaissance with
onboard (portable) devices during focal contamination by
radioactive agents in the form of "spots" [7, 8].
Accordingly, resolving issues related to accuracy,
timeliness and completeness of conducting radiation
reconnaissance are very important.

Analysis of recent research and publications

The problem of development of technical means of
NBC reconnaissance in post-Soviet counrties remains
extremely acute because since most of NBC reconnaissance
vehicles, mostly served beyond the established terms of
operation, are obsolete.

Today in the world, a priority direction of
improvement of special NBC reconnaissance vehicles is
the creation of a multipurpose modular set of equipment
for collecting, processing and transfering data on changes
in NBC situation in real time [6, 9]. The creation of land
mobile complexes of detection and assessment of the
situation, which would be equipped with automated
sensors, primary processing and transmission of
information about its condition, navigational data,
development of unmanned aerial vehicles, equipped with
onboard systems to detect contaminated sites is in
demand [7, 9].

Unfortunately, modern developments do not always
take into account the specific requirements for military
radiation survey instruments that are necessary for the
effective fulfillment of assigned tasks. The focus is on the
improvement of the technical characteristics: increasing
of informativeness, reducing of measurement error,
increasing of sensitivity and enhancing of energy range of
power measurement. While on the radius of the
controlled area at the point of location of the NBC
reconnaissance vehicles they do not pay attention.

Aim of the article

The purpose of this article is to determine the optimal
search paths of small sites of radioactive contamination,
so-called "dead" zones, which are formed in case of the
destruction of dangerous objects, that use, process, store
and transport radioactive agents during the conduct of
radiation reconnaissance by NBC reconnaissance units.
The following research methods: bibliographic, analytical,
system and information approach have been applied.

The main material

At failure (accident) at nuclear power plants a
nuclear reactor becomes a constant source of intake of
radioactive agents into the environment until its isolation
"suppression”. Radioactive agents that come on the

surface create zones of radioactive contamination, whose
characteristics are somewhat different from the zones of
radioactive contamination, which are formed during a
nuclear explosion. A low height of release of radioactive
agents, the unstable state of the atmosphere in the surface
layer, the presence of ascending and descending air
currents, which cause frequent changes in the direction
and force of the wind, contribute to uneven contamination
with the formation of a significant number of foci (spots)
of radioactive contamination with significant levels of
radiation. Generated zones of radioactive contamination
will not always be continuous, and the probability of
finding cells ("spots") of radioactive contamination will
increase with increasing distance from the destroyed
(damaged) reactor [5, 9].

The analysis of the methods of conducting radiation
reconnaissance and monitoring radioactive areas, which
are used in the Armed Forces of Ukraine and other
countries shows that the data on radiation contamination
of the area may not always be complete because a route
of conducting reconnaissance is selected taking into
account an area, time of the year, weather conditions,
road network, and so on. Inaccessible areas are surveyed
usually by dismounted patrols, which, in turn, significantly
increases the time to perform tasks and exposes
personnel not reasonable irradiation [6]. In addition,
during the conduct of radiation reconnaissance unsurveyed
areas so-called dead zones will remain, because not all
area is available for reconnaissance vehicles, imperfection
of radiation reconnaissance instruments, time constraints
are also present.

To locate these areas of contamination, different
methods are used in radiation reconnaissance, including
the boustrophedon technique, zigzag, spiral, star survey
technique, and so on. Each of them has its advantages
and disadvantages and allows to reveal the presence of a
small (small in size) zone of radioactive contamination.
Determination of the optimal way of conducting radiation
reconnaissance requires to set criteria by which to assess
effectiveness. This can be, in particular, the probability
of detection, the time during which the search is to be
performed and the area that is surveyed. All three of
these quantities are related by (1) [8]:
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where: t — time of reconnaissance (search), P, — given
probability of finding a contaminated site; Sp — area of
search (area of reconnaissance) km?, u — speed of search
(reconnaissance), km?/h.

The time of the search (reconnaissance) will depend
on the length and configuration of the route, width of a
zone covered with a detection unit of detection devices,
speed of reconnaissance vehicles on a particular route.
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Speed of conduct of radiation reconnaissance
substantially depends on technical feasibilities of radiation
reconnaissance devices. The standard area to be
determined for a reconnaissance by the NBC
reconnaissance section is up to 100 km?.

Accordingly, the effectiveness will depend on the
accuracy of the information, which will be affected by
the route of a reconnaissance section on this site. It is
obvious that the reduction of the distance between
contour lines of passing by a section (lanes, spirals or
zigzags), the probability of detecting radioactive
contamination increases, but the length of the route of
reconnaissance also increases that will influence the
search time of contaminated sites.

Having calculated by appropriate formulas the
length (L) of the routes, we determine the optimal
parameters of the search method of the contaminated
site with the highest probability and the least time for its
detection. For comparison, we will consider the different
methods of reconnaissance of an area 10x10 km, with
the speed of a reconnaissance vehicle 40 km/h.

Reconnaissance by the boustrophedon technique
(Fig. 1) suggests passing of straight lanes by a section
(D) and turnings half-turns on the border of a certain
search square. The length of the route can be determined
by the formula:

L=4-n+lI(k+1)+m-n-(2k +1) (2)
(or simplified: L=(+n)-k),
where: L — distance that will be passed by a section
(patrol), n — distance (width) between tacks, km;

I —length of lane where search is conducted, km;
k — number of tacks on the site, that is searched.

area of locality, that is uninspected
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J——— — )
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-1
area that inspects the block of detection of
reconnaissance means

Fig. 1. Boustrophedon technique
(BD - is a block of detection)

A reduction of the distance between the tacks
increases the length of the route, and, respectively, time
to conduct the reconnaissance, but increases the probability
of finding a contaminated site. The most optimal distance
on a site 10x10 km is the distance between the tacks
1+1,5 km, the length of the route will be 80,5+99 km.

Conduct of reconnaissance by the zigzag locate
technique suggests the movement of the patrol along a
line oriented a certain angle from the starting point of
reconnaisance. After passing 500 m along the first zig,
the patrol turns 90° and moves in the opposite direction
along the next zigzag. The process is repeated until the
whole territory is searched (Fig. 2). The length of the
route will depend on the angle of movement of the NBC
reconnaissance patrol, the number of zigzags and
number of turns performed by the patrol:

L=n-k-+/B?+(B-tga)?

D

n= B-tga ®)

k="
B

where: L — distance that will be passed by a section,
B — width of the site, where reconnaissance is conducted;
F — width of the site where the search is conducted;
D — height of a single site where a search is conducted;
k — number of sites where reconnaissance is conducted
in a district; o — given angle of the zigzag in determining
movement of a reconnaissance section; n — number of
points of change to a traffic route on one site of
reconnaissance.

B

Nl N

@ \_area that inspects the block of detection of reconnaissance means

Fig. 2. Zigzag locate technique

A reduction of distance between the sites of search
(reconnaissance) increases the length of the route. An
increase of the angle at which a movement of a
reconnaissance vehicle is conducted reduces the number
of points of change to the direction of search and,
respectevily, reduces the length of the route, but reduces
the probability of detection. Optimal parameters of search
on a site 10 x 10 km will be an angle of 45 ° and
distance between the routes (sites) of search 1+1,5 km;
the length of the route is 94+141 km.
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The total length of the trajectory of movement of a
section (L) when conducting reconnaissance by "spiral”
method (Fig. 3) isat n € N [10]:

L=m-r-(n?+n+1)
orif ngN (4)
L=n-r-(n?+n+1+n}—{n}?),

where: r — distance between the trajectories;
n — number of complete turns on the area of search;
{n} — fractional part of number of turns. Reducing of
the distance between the spirals increases the length
of the route. The length of the route when the distance
between the trajectories 1+1,5 km is 79+97 km.

area that inspects the block of detection
of reconnaissance means

Fig. 3. Spiral method (classic)

In some cases, to reduce "dead" zones, it is more
practical to carry out the search (reconnaissance) in a
particular area using the "rectangular spiral” (Fig. 4),
in this case, the length of the route (search) can be
calculated using the appropriate formula in the spiral:

L=[a+{a+d-(n=D}]-n (5)
when twisting the spiral:
L=[a+{a—-d-(n—-D}]-n, (6)

where: a — length of the first site of the search, km;
d — a distance between sites of the search, km;
n — number of sites, of a different length.

The length of the route at distance between the
areas of search 1+1,5 km is 84+110 km.

f d

C)\

ﬂt area that inspects the block of detection

of reconnaissance means
Fig. 4. Method "'rectangular spiral™

The star survey technique (Fig. 5) is quite rough
but a quick method of searching a contaminated site. An
NBC reconnaissance unit moves under the angle of 135°
in the direction of possible contamination, defining the
level of radioactive contamination at certain intervals
(e.g. 200 m). Passing a certain distance, the unit turns
approximately 135° and moves towards the contaminated
site until the whole area is searched. Similarly, a section
moves until all the "legs™ of the star are connected. The
probability of detecting radioactive contamination is the
least among the methods.

area that inspects the block of
m detection of reconnaissance means

Fig. 5. Star survey technique
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The length of the route will consist of the perimeter
of the star and the perimeter of a pentagon that is
inscribed in a star because during the search (reconnaissance)
by this method, a reconnaissance vehicle passes the
angles of the pentagon twice:

L =10a+5b =5(2a+b) =10(a+a-cos o)
b=2a-cosa, @)

where: a, b — sides of the triangle (the star rays), a —an
angle in determining movement of a reconnaissance
section. An increase of the "star" side leads to an increase
in the length of the route, but the probability here will
not be significant (on a site 10x10 km with a length of
one ray of the star 4.4 km total distance will be 57,6 km).

Defining the search area, it is necessary to be aware
that the energy of y-rays of radioactive isotopes formed
during the destruction of a nuclear reactor, detonation
of nuclear and thermonuclear ammunition is almost the
same (table 1) [8 ,9]. At a low altitude above the ground
a dose of y-radiation is mainly determined by the sources
located at a distance of not more than 100+150 m from
the measurement point (table 1).

Table 1

Radiuses of sites of contamination area depending on
energy of y-rays and measuring height

_tu
P=1-e S,

where: P — probability of detecting a contaminated site;
t — time required for search, h; u —speed of search
(reconnaissance) of the area, km% h; S — area in which
search (reconnaissance) is performed, km? The results
of the search calculations in different ways on a site
10x10 km, provided that the distances between the
routes of the reconnaissance vehicle moving at a speed
of 40 km/h are 1 km, are given in table. 2.

As it can be seen from table 2, with a probability
of detection of the contaminated site search methods do
not differ much from each other. The best method to
search (detect) contaminated sites with radioactive agents
is the zigzag locate technique.

Search efficiency will depend substantially on the
technical capabilities of dosimetric devices (location,
height of placing and arrangement of the detector, its
design features, the material from which it is made, sen-
sitivity, error of measurement, energy of y-rays (table 1)).

It is known that the detection unit of the detection
device is in the middle of the reconnaissance vehicle at a
height of =1 m from the surface of the earth. Object’s
body, which attenuates y-radiation, affects the sensitivity
of detection of ionizing radiation. The imposition of the
detection unit from outside of a reconnaissance vehicle

Energy, The distance from the surface and placing it at a height of 1.5+2 m above the object
Mey | Thefullness of of the earth H. m using a special device (for example telescopic rod) will
the power at the ' reduce the influence of the body on the sensitivity.
measuring point 1 3 10 50
50% 6 7 8 12 Table 2
0,41 75% 40 50 86 60 o . .
90% 122 131 170 250 Search results in dlfferent_ways by reconnaissance vehicle
0% 5 P 38 98 BRDM-2 nbc at height of 1 m above ground
1,25 75% 42 55 92 173 Search methods (reconnaissance)
90% 130 142 180 280 s _
50% 7 15 | 45 | 112 _ =2 T I
2,8 75% 50 | 66 | 115 | 205 Indicators 5| 8| £ |28 s
90% 140 | 153 | 200 | 300 gl N |9 | g™ "7
c% [0
Mainly isotopes 1ggCS with the energy of y-rays  |The length of the 99 | 141 | o7 110 53
0,661 MeV will infect the area in destruction of a  |route. L km
nuclear reactor for a long period. Accordingly, a detection ghi;?zrveyed A% | 240 | 384 | 237 | 268 13
unit can determine t.he presence of radlogctlye agents in Time. t, hours 25 | 35 | 24 275 13
the range of approximately 130 m. Considering that, the  [sgzrch speed U,
area (S) of the surveyed area is calculated on the |km? hour 97 1 98 | 99 | 97 10
formula: The probability of
detection of 0,21 | 0,29 | 0,21 | 0,23 0,12
s=L-C, ®) contamination, P

where: S — area surveyed, km?; L — length of the route,
km; C — width of search lane, km. The width of the
search lane depends on location and height of placing of
a detection unit.

We find the probability of finding a contaminated
site by formula 1:

Placing it above the object at a height of 3 m above
the ground is the most optimal because it affects only the
action of the object as a screen. The coefficient value of
shielding to consider will be much smaller than the
attenuation coefficient. This will reduce the measurement
error of the exposure dose of y-radiation (table. 3).
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To detect radioactive spots on large areas you can
use aerial equipment, which have the appropriate equipment
for conducting radiation reconnaissance. However, their
use is not always advisable (expensive) and can be
dangerous for the crew.

Table 3
Search results in different ways, when a detection unit is
placed outside of reconnaissance vehicle at height of 3 m
above the ground

Search methods
(reconnaissance)

oy
o —
Indicators E > | = |3
o ﬁ © (2] =
— C ©
S|l 2| a|85| 5
k7 N 2 S
3 @
m
The length of the route, L, 99 | 141 | 97 | 110 | 53
km
The suzrveyed area, 2570367| 25 | 286 | 14
S, km
Time, t, hours 25135124 | 275 |13
Search speed u, km* hour [10,3/105(10,4| 10,4 |10,8
Thg propablllty of detection 0.23]031]022| 025 |013
of infection, P

The most appropriate option to obtain information
about the exposure dose rate is the use of unmanned
aerial vehicles (UAVSs). Today experience of the use of
UAVs for the purpose of conducting radiation
reconnaissance is being developed in the world and in
Ukraine [11-13].

In our view the UAVS, as a means of radiation
reconnaissance, can be equipped of devices for measuring
the exposure dose rate, determining coordinates of a
measurement visualization with the relevant specifications,
the ability to launch them manually (tab. 4).

Table 4

Approximate specifications of UAVs of radiation
reconnaissance

For efficient determination of radioactive
contamination in different conditions, it is advisable to
have UAVs (radiation reconnaissance) in two models of
helicopter and airplane types.

A detection unit should provide power measuring
range of amnt equivalent dose of x-ray and gamma
radiation 0.01 psv/h — 10 SV/h; the energy range of 0.05 +
3 MeV; the basic error of measurement no more than +
15 %,; energy dependence of the sensitivity in the range
of 15 to 60 Kev + 35 %; energy dependence of the
sensitivity in the range from 60 Kev to 3 MeV + 20 %;

sensitivity 135705 70 imp/s at 1mk3B/h; operating

temperature range from -30 to 50 ° C; the speed of
conducting radiation reconnaissance of the routes up to
90 km/h, the speed of conducting radiation reconnaissance
of the areas up to 180 km?/h.

The use of UAVs with given specifications of the
search tasks of contaminated sites will be carried out
more quickly and reduce the time on identification of
the radiation environment in 2-2,5 times (tab. 5).

Table 5
Search results in different ways, when a detection unit is

placed on UAVs and conduct of search of the site of
radioactive contamination at height of 50 m

Search methods
(reconnaissance)

S =
. ko] t_U
Indicators % 2 s 3= .
) N = c = ]
= (= o 15 k7
B | N |9 |5 =
E &
The length of the route, L, km | 99 | 141 | 97 | 110 | 53
The suzrveyed area, 513 73 [503| 57 |275
S, km
Time, t, hours 1,1 16 [ 11| 12 (0,63
Search speed u, km?/ hour 46,6 | 45,6 |457| 47,5 (43,7
The proba_blllt_y of detection 04| 052 |039] 043 |0.24
of contamination, P

Descriptions

Value

Measurement of y-
radiation at hight of

- aircraft type: 0+500 m
- helicopter type: 20+500 m

Control

distance up to 20 km

Conduct of video

from the height of 20+500 m at a

surveillance distance of 20 km
Maximum takeoff

weight up to 5 kg
Weight of special

equipment for

measuring gamma to 1-2 kg

radiation and
sampling

Takeoff system

starting with his hands

Landing system

landing on a dirt surface

Control of UAVS rr

manual and automatic, according
to the appropriate program

Conclusions

1. Among the considered methods of search
(reconnaissance) contaminated with radioactive materials
sites the most effective method is the method of "zigzag"
(29-52%). All other methods ("boustrophedon”, "spiral™)
is generally not different from each other. According to
calculations the method of " star survey technique " is
ineffective (the probability of detection r3 to 20%,
depending on the height of placing of a detection unit).
Increasing of probability of finding depends on the
distance between the routes and their length, as well as
the technical capabilities of radiation reconnaissance
instruments.

2. The imposition of the detection unit outside of
reconnaissance vehicle increases search efficiency, which
depends on the technical capabilities of the detection
units of the radiation reconnaissance instruments.
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3. Use of aerial reconnaissance means greatly
increases the efficiency of detecting of radiation
environment through the placement of the detection unit
at a much higher altitude of 3 m. The area of
reconnaissance and speed of UAVs are increasing, but
contaminated sites will not marked by warning signs.

4. For completion of the task of radiation
reconnaissance it is essential to use air and ground
radiation reconnaissance in complex, complementing
one means with another.
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€.M. [lImatos, .M. Maptuniok, O.M. Craaniuyk, I.I. Hikoners, K.M. Xowm’sik, B.B. JlapioHos, I'.A. MartBeeB

IIposedeno ananiz onMUMAILHUX WIAXIE NOULYKY HEBETUKUX OLIAHOK PAOiOAKMUBHOLO 3APAICEHHS, AK 36AHUX «MEPMBUXY
30H, AKI YMEOPIOIOMbCA Y 6UNAOKY PYUHYBAHHA Hebe3neyHux 06 €Kmis, Wo BUKOPUCTNOBYIOMb, hepepobsioms, 30epieaioms i
Mpancnopmyloms padioakmueHi pevosunu nio uac eedenus padiayiinoi po3eioku nioposzdinamu PXB po3eioku. 3acmocosano
HACMYNHI Memoou HAYKo8020 O00CHIOJCeHHs: 0ibnioepapiunull, aHATIMUYHUL, CUCTNEMHO20 MA [HHOPMAYIUHO20 NIOX00Y.
Posenanymo nacmynui cnocobu nowyky (po3gioku) 3apasxcenux padioakmueHUMU peuosuHamu OUIAHOK MICYe8oCmi: «3ue3aey,
«napanenvhe 2aicupy8antay, K1aCUuHa ma nPpamoKymHa «CRipanby i «3ipkay. Busnaueno npomsoicnicms mapupymy ma ecma-
HOBIEHO ONMUMANbHI Napamempu ix nposedentst 3a 8UsHAYeHUX ymos. Bcmanosneno, wo naileghpexmusniwum € cnocio «3uzzazy
(29-52%), mooi sk 3a pospaxynkamu cnocié «3ipka» € WeuoKuUM, aie manroeekmueHum. Pospaxosano imogipricme 3Haxo-
O2ICeHHs1 3aPadNCeHUux OLIAHOK MICYEBOCMI 3ALECHO IO GUCOMU PO3MIWEHHS OI0KA OeMeKmy8an s ma enepeii y-keanmie padio-
i30monis, sIKi YMEOPIOIOMbCsi NPU PYUHYBAHHI I0ePHO20 Peakmopa, niopusi si0epHoeo ma mepmosoeprozo 6ocnpunacis. ITiosu-
WeHHsL IMOBIPHOCT 3HAXOONCEHHSL 3ANeAHCUMb 810 GIOCIAHI MINC MAPUPYMAMU, iX NPOMSANCHOCMI, A MAKONC MEXHIUHUX MOC-
ausocmeti npunadie padiayiiinoi po3sioku. Bunecenns 610xa 0emexkmyg@anHs 3a Medict po3gioyeanvbHol MawuHy 30ibuLye egex-
MUBHICMb NOWYKY, SKA 3AeHCUMb GI0 MEXHIUHUX MOJCIUGOCmell ONOKI8 OemeKmyG8aHHs Npunadié paodiayitinoi po3gioKu.
Tloxkasano, wjo euxopucmanms 3acobié noGimpaHoi po3gioku 3HAYHO 30LTbULYE NAOWY 0OCMEdICeHH Ma NIOGUILYE ONEPAMUBHICG
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BUABIEHHS PAOiayiliHOl 0OCMAHOBKU 3a NPOOYKMUGHICTIO, OCKLIbKU OIOK OemeKmy8aHHs PO3MIWYEMbCSA HA CYMMEBO OLibLUIl
sucomi, nixe 3 m. OOnax 3apadiceni OiNAHKU NO3HAYEHI HA Micye8ocmi 3HaKamu 020pooicents e 6yoymoe. Copmynvbosarno
BUMO2U 00 MEXHIUHUX XAPAKMEPUCMUK Oe3NIIOMHUX TIMATbHUX anapamie padiayiinoi po36ioku. Busnaueno, wjo 011 nosHo2o
BUKOHAMHA 3A680aHHA padiayiliHoi pO36IOKU HeOOXIOHO 8UKOPUCOBY8aAmMU 3aco0U NOGIMPAHOT | Ha3eMHOI padiayilinoi po36ioKu
KOMNJIEKCHO, OONOBHIOIOWU OOHUH 3ACIO IHUUM.

Knrwwuosi cnosa: PXF possioka, padioakmuene 3apadicenns, cnocoou PX poszeioxu

JeiictBus nogpasaenennii PXb passenku Bo BpeMs IOMCKA He0OIbIINX 0YAT0B PAAHOAKTUBHOIO 3aPAKECHUS
E.M. lllmaros, U.H. Mapteiaiok, E.H. Craganuyk, M.1. Huxonen, K.M. Xomsk, B.B. Jlapuonos, I'.A. Marees

IIposeden ananusz oOnMUMAIbHLIX HYymMel NOUCKA HeDOIbUUX YUACHKOS PAOUOAKMUBHO20 3APANCEHUS, MAK HA3bIBAEMbIX
«MEPMBbIX» 30H, 00PASVIOUUXCA 8 CTIyHAe PA3PYUEHUS ONACHBIX 00bEKNOS, KOMOopble UCNONb3YIOM, Nepepabamuléarom, XpaHam
U MPAHCROPMUPYIOM PAOUOAKMUBHbIE SEWeCm8d Npu 8edeHUU PaouayuoHHoU pasgedku noopazdenenusimu PXB passedku.
Tpumenenvi cnedyrowue Memoobl HAYYHO20 UCCIEO08AHUA: OUOIUOZPADUYECKUL, AHATUMUYECKULL, CUCIMEMHO20 U UHPOPMAYUOHHO2O
nooxooa. Paccmompenvi cnedyiowue cnocobvl noucka (pazeeoku) 3apadrCeHHbiX paouOAKMUGHbIMU BeUeCm8amu y4acmKos
MECHmHOCIU. (3U23a2», KNAPANNETbHOE 2aNCUPOBAHUEY, KIACCULECKAs U NPAMOY20TIbHAS «CRUPATbY U «36e30ay. Onpedenenbl npomsdice-
HHOCHIb MAPWPYMa U YCMAHOBNIEHbl ONMUMALbHbIE RAPAMENPbl UX NPOBEOEHUs NPU ONPEOeseHHbIX YCI08UAX. YCmaHosne o,
umo Hauboaee dPppexmusHbiM a6semcss cnocob «3uesazy (29-52%), moeda xkax no pacuemam cCnocob «36e30a» sGJIAemcs
Obicmpoim, HO ManosgexmusHvim. Paccuumana 6eposmnocms HAXOHCOCHUS, 3APAHCEHHBIX YUACHIKO8 MECIHOCIU 6 3a8UCUMOCIIU
Om 8blCOMbL pazmeujenus. O10Ka 0emeKmupo8anUs U SHepeull Y-KAHMos paouoU30monos, Komopsie 00pasyiomcs npu paspy-
weHuu s0epHO20 peakmopa, noopviee A0epHO20 U mepmosadepHozo 6Goenpunaca. Iloevluienue 6epOAMHOCIU HAXOICOEHU.
3a6UCUm Om PACCMOSAHUSL MeHCOY MAPWPYMami, uUx NPOMANCEHHOCMU, d MAKHCE MEXHUYECKUX B03MONCHOCMEN Nnpubopos
paouayuonHol paseeoku. Beinecenue bnoka demexmuposanus 3a npeoenvi pazeeobléamenbHOl Mauunbl yeeruuusaem sQdex-
MUBHOCMb NOUCKA, KOMOPAsS 3A8UCUM OM MEXHUYECKUX B03MONCHOCMEl DI0K08 0emeKmuposanus npubopos paouayuoHHol
passeoku. TIokazano, 4mo ucnoib3o6anue cpeocms 6030YUHOU pa3eeoKl 3HAUUMENbHO Yeenuuusdaem niouads 06ci1e008anus u
nogvluaem onepamusHOCMy BblAGNEHUs. PAOUAYUOHHOT 0OCMAHOBKU NO NPOUEOOUMENLHOCU, MAK KAK 610K 0emeKmuposanus.
pasmewjaemcs Ha cyujecmeeHHo 6onvuuell gvicome 3 M. OOHAKO 3apaxgceHHvle Y4acmKu He OyOym 0003HAYeHbl HaA MeCTMHOCU
sHakamu oepadcoenus. Chopmynuposanvi mpedoBaHUs K MeXHUYECKUM XapaAKMepUcmukam 6ecnuiomnbix 1emameibHblX annapamos
paouayuounoil pazeedxku. Onpedeneno, umo 01sa NOAHO20 BbINOIHEHUS 3A0AHUSL PAOUAYUOHHOU PA38e0KU HEe0OX0O0UMO
UCNONBL306aMb CPEOCMBA BO30YUIHOU U HAZEMHOU PAOUAYUOHHOU PA36€OKU KOMNIEKCHO, OONOHAA 00HO CPEOCME0 OPYUM.

Knrwueeswie cnosa: PXb pazeedxa, paduoaxmusHnoe 3apasxicerue, cnocoowl PX pazeeoku
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