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Purpose. Substantiation of opportunities to improve the quality of porous ammonium nitrate (as a component of
industrial explosives for the mining industry) through the use of multisection and multifunctional granulators with
vortex fluidized bed.

Methodology. The data presented in the work were obtained on the basis of series of experimental studies on ex-
perimental-industrial samples of vortex granulators with various designs. According to the results of experiments
samples of porous ammonium nitrate were obtained and comparative description of the main indicators of quality
including surface structure; strength; fractional composition; retention capacity, is presented.

Findings. It is shown that by the application of multistage and multifunctional devices it is possible to obtain a
porous ammonium nitrate with developed surface area and sufficient strength. Here, heat transfer agent recycling is
also provided in the volume of device as well as using its different thermal capacity at various stages of granules porous
structure producing. Evaluation of fractional composition of commodity granules also allows stating the advantages
of presented designs of devices.

Originality. For the first time results, confirming the possibility of combining several stages of process of producing
porous ammonium nitrate, were obtained. Using scanning electron microscopy, the main features of the porous
structure of the granules were shown and recommendations concerning the control of porous surface formation pro-
cess were given.

Practical value. The presented results of experimental studies are the base for development of multi-stage and
multifunctional engineering calculation technique for vortex granulators. Based on these results improved designs of
vortex granulators, protected by IP documents were developed. Such designs of vortex granulators can be used directly
at the place of mining minerals of ore and non-metallic origin.

Keywords: porous ammonium nitrate, mining industry, vortex granulator, multifunctional granulator, multistage granu-
lator, quality

Introduction. Currently specialists are searching for
new ways to obtain granules of porous ammonium ni-
trate (PAN) as a component of industrial explosives.
The PAN samples obtained should have high porosity
sufficient, strength retention and absorption abilities
[1, 2].

Existing methods for obtaining PAN granules are
based on the application of pore-forming and modifica-
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tion additives, which increases the cost of finished prod-
uct [3]. Introduction of such additives may also lead to
lower strength characteristics of PAN granules. The use
of repeated humidification and subsequent heat treat-
ment of ammonium nitrate granules to artificially in-
crease the pore volume also affects the strength of gran-
ules adversely [4].

For blasting, as the experience has shown, ammoni-
um nitrate of any quality (non-porous, with structural
defects, substandard (small or destroyed)) can be used.
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At the same time, the use of such ammonium nitrate leads
to decrease in detonation velocity of industry explosive
based on reducing the amount of diesel fuel, which is re-
tained in the nitrate [5].

Researchers are faced with task of finding new meth-
ods for obtaining PAN, which should provide higher gran-
ules quality scores and reduce the number of PAN pro-
duction steps.

Analysis of recent publications. “Energy Strategy of
Ukraine till 2030” provides more efficient use of energy
resources, fuel and energy economy and based on these
measures significantly reduces energy production in
chemical industry. Such problems are caused by the en-
ergy crisis of the late 20" — early 21% centuries and a
sharp increase in the cost of materials. Ukrainian chem-
ical industry is the major consumer of energy resources
and is characterized by low utilization of energy. Re-
searchers are faced with the problem of development of
new arises of energy saving and especially energy effi-
cient technologies associated with the development of
large sets of power density [6, 7] and intensive action [8].

In research studies on kinetics [9] and hydrodynam-
ic [10] conditions on PAN obtaining a new method of
producing PAN granules, which is based on single hu-
midification of nonporous ammonium nitrate granules
and subsequent heat treatment in the whirling fluidized
bed, was proposed. In the method there is a task of ob-
taining granules with porous structure by the humidifi-
cation of granule with given quantity of moisture before
entering the working volume of the fluidized bed and
early exposure to high temperature vortex flow of a cool-
ant. This solution provides simultaneous flow pore for-
mation and drying process, reduces the time for gran-
ules in fluidized bed to the minimum necessary and in-
creasing the strength of granules without destroying the
internal crystalline structure.

Granule humidification with liquid material in the
mentioned way allows you to:

- create highly-developed porous structure on its ex-
ternal surface within the fluidized bed core on the initial
contact with high-temperature heat transfer gent vortex
flow before granules come on the mirror of the fluidized
bed;

- prevent the process of formation of the granules
with form other than spherical;

- completely eliminate the factor of influence on the
uneven dispersion revenues of liquid material into the
dispersant.

The uniformity of liquid material drying on the gran-
ule surface and homogeneous surface porous structure
that is formed during drying in high temperature vortex
flow of heat transfer agent is also achieved by reducing
the impact of counter axisymmetrical vortex flow of heat
transfer agent and uniform distribution of humidified
granules in the fluidized bed.

This method provides high indicators of PAN quali-
ty, but is characterized by significant energy consump-
tion for heating and discharge of the coolant. In addi-
tion, the hardware design of this method provides pres-
ence of taken out camera-humidifier. This affects the
dimensions of the installation.
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Among other disadvantages of existing equipment
for obtaining PAN we can note:

- inability to classify granules according to size and
uneven application of liquid phase on the granules with
surface of different sizes, which leads to deviations gran-
ules form from spherical and the degree of polydisper-
sity granules increasing;

- mixing granules of different factions by reducing
the angular velocity of heat transfer agent in the height
of device and lack of separation devices in the classifica-
tion and separation area. At the same time the finished
product is obtained with the nonhomogeneous granules
size, which affects the quality and reduces the efficiency
of device;

- absence of clear separation of device working space
into separate zones, in which film deposition on the
granule, its crystallization, drying formed granules, their
cooling and output are conducted. As a consequence,
on some granules the process of forming a solid layer
after liquid material film deposition is not completed, in
some cases, the film is not fully deposited on the gran-
ules, some granules do not enter the spray zone and do
not obtain the necessary amount of liquid material on
their surface, it also includes sticking of some granules
and agglomerates formation;

- inability of parallel deposition of films of different
materials on the granules surface and therefore obtain-
ing multilayer granules;

- absence of the possibility of simultaneous with-
drawal of several monodisperse granules factions;

- significant temperature differentials when humidi-
fying and drying, which can lead to granule core de-
struction and its crushing;

- impossibility of processing granules with several
solutions (for example, anti-caking after formation of
granules porous structure surface) to the extent of one
device;

- increasing size of analogues by the fact that the pre-
liminary humidification zone is carried off from the unit
into the separate block;

- increasing energy costs and necessity to establish
equipment for pneumo transportation because after the
preliminary humidification unit it is necessary to supply
granules into the device.

For partly addressing these disadvantages several
successive working vortex granulators can be used. It
also becomes possible to obtain multilayer granules. But
at the same time the used working area increases signifi-
cantly as well as the production process scheme becomes
more complicated.

Objectives of the article. The question of develop-
ment of multistage multifunctional devices of combined
action, in which simultaneous multiple processes be-
come possible, is very urgent. In such devices efficiency
of working volume should be 2—3 times higher than in
existing analogues.

To study the possibility of obtaining PAN in the
multistage and multifunctional vortex granulators is the
main purpose of the article.

Technique and methodology of research. According to
the tasks of experimental research of laboratory of Process-
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es and Equipment of Chemical and Petroleum-Refineries
Department of Sumy State University an experimental de-
vice was designed whose structure is shown in [9].

Physical modeling is based on methods of similarity
theory. In studies the installation scale was changed in
experimental models of granulators (compared with in-
dustrial conditions). Geometric similarity is maintained
by equity of constants and invariants of geometric simi-
larity. Similarity of respective particles movement and
their trajectories in industrial design and in experimen-
tal models is always maintained as well. The reliability of
obtained experiment results is caused by the application
of time-tested practice methods.

The basic designs of vortex granulators. Within the
article three designs of vortex granulators, the features of
which are shown below, are presented.

A two-stage granulator (Fig. 1). Availability of parti-
tioned housing ensures compactness of device placement
and possibility of parallel flow of two granulating process-
es which are identical according to mechanism, but dif-
ferent according to a technological mode, which allows
obtaining two fractions of granules. The combination of
conical and cylindrical parts in each of the sections allows
simultaneous multiple processes: separation of granules
in different cross sections of conical part of the section as
a result of unequal size and, consequently, weight — gran-
ules with a larger size under the gravity and velocity of the
angular component of the heat transfer agent are moving
to the lower section and periphery, and smaller granules,
respectively, move to the upper section and center; estab-
lishment of steady movement zone in the cylindrical part
for selecting granules with the necessary size.

Due to the presence of an additional vortex gas dis-
tribution unit additional twisting of gas flow is provided
before entering it into the upper section of the housing,
which gives greater value to the tangential gas flow ve-
locity component and results in stabilizing the vortex
fluidized bed in the upper section of housing.

heat transfer
agent

seeding agent

solution

(melt) (A)

solution
(melt) (B)

%
intermediate
granules fraction

-
final granule
fraction

Fig. 1. A two-stage granulator
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Availability of a granule overflow unit with all struc-
tural elements allows outputting intermediate granules
fraction from the upper section of the device housing, if
necessary, partially outputting the intermediate granules
fraction as a commodity, or providing full flow of inter-
mediate granules fraction from the upper section to the
lower section of the device housing. Also we obtain a
possibility of device operation without entering a seed-
ing agent into working cavity, i.e. functioning in a closed
mode: in the top section together with the application of
melt on granules of the seeding agent the formation of
crystallization centers from the melt occurs, which fur-
ther will be a seeding agent, and the second section uses
the seeding agent, which is the fraction of intermediate
granules from the upper section of the device.

Due to the presence of an additional tube with a
sprayer for supplying the liquid fraction, parallel appli-
cation of liquid film on the granules surface in both cy-
lindrical-conical sections is done. This provides a pos-
sibility of obtaining monodispersed granules or obtain-
ing multilayer granules when granules humidification
with different fluids in each of the sections of the device.

Application of the proposed vortex granulator will
improve the humidification of the liquid material on the
surface of granules of fine fraction (seeding agent), that
provides a possibility of monodispersed granules or
granules of several factions with high monodispersity of
each of them or multilayer granules.

Multifunctional spiral granulator (Fig. 2). Perform-
ing the top part of the vertical housing in turbinated
shape with four turns can divide the inner space of de-
vice into separate zones, which will allow separating dif-

Liquid Exhaust heat-transfer agent

material ﬂ

Seeding agent ‘N

=

{} Heat-transfer agent for granulation
(| Heat-transfer agent for drying of granules
g] leat-transfer agent for cooling of granules

Porous ammonium nitrate

Seeding agent

Liquid /X
material

Fig. 2. A multifunctional spiral granulator
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ferent flows and carrying out a phased process of porous
structure granules obtaining in volume of a single de-
vice. Separation of flows is caused by the fact that at the
set time a granule in each zone should receive some
thermal capacity necessary for it without incurring ther-
mal stresses. In each following round of turbinated top
part of the device a new stage of the porous structure
granules obtaining process begins. After the seeding
agent humidification (the fourth round of housing with
a turbinated shape) it passes consistently through the
working volume to the next zones, where it will by dried
(the third round of housing with a turbinated shape) in
hot heat transfer agent flow, cooled (the second round
of housing with a turbinated shape) in the cold air stream
and drained from the device (the first round of housing
with a turbinated shape).

Performing the bottom part of vertical housing cylin-
der-conical and composed of external and internal parts
allows creating differentiated flow of a heat transfer
agent in each zone of the vortex granulator, avoiding the
crossing of the heat transfer agent flows and distinguish-
ing clearly the stage of contact of the heat transfer agent
with granules in the certain area.

Setting individual nozzles for heat transfer agent
supplying to the granulation area (the fourth round of
the spiral shape housing), formed granules drying (the
third round of the spiral shape housing) and cooling of
finished product (the second round of the spiral shape
housing) allows controlling the progress due to the fact
that each of the first three turns of the spiral shell spiral
top of their form created conditions for the formation of
granules. This avoids granule overheating phenomena.

Multifunctional sectional granulator (Fig. 3). The
innovation is based on the task of device improving by
changing the design of the interior space through its di-
vision into separate zones. This design solution enables
to carry out all stages of granules with porous structure
production process to the extent of a single device with
high intensity and necessary consistency as well as to
improve the quality of the target product.

Operating in the humidification area of the internal
additional housing in form of confuser allows for control

Exhaust heat-transfer agent

[

iy

Seeding agcntff\;?_,,’I -

Liquid material s -5

3

2 T

|/N Porous ammonium nitrate
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Adr

Drying zone

Cooling zone  ~p--

Fig. 3. A multifunctional sectional granulator
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over moistened granules movement due to the fact that
decreasing the free cross section area of the confuser the
increasing step of spiral turbinated trajectory of moist-
ened granules is achieved. When installing the liquid
material sprayer for granules humidification within the
confuser before they reach the drying zone, a developed
porous structure on their surface is created, the process
of formation of granules with a form other than spheri-
cal is prevented, conditions for the uniform application
of liquid material on granules surface without the influ-
ence of destabilizing factors are created: counter heat
transfer agent vortex heat transfer agent flow effect on
granule and liquid material film by, a possibility of colli-
sion and agglomeration of individual drops, uneven wet
material contact time with the drying fluidized agent.

Operating in the area of drying internal housing in a
diffuser form, promotes uniform liquid material drying
on the seeding agent surface, allows obtaining granules
with a homogeneous surface porous structure, that is
formed during drying when contact with the high tem-
perature vortex flow of the heat transfer agent, creates
conditions for even granules drying and porous surface
layer creation without the influence of destabilizing fac-
tors such as: crossing the trajectories with granules of the
created surface layer and moistened granules, which
surface layer at creation stage; agglomeration of granules
with varying degrees of porous surface layer formation;
destruction of the porous surface layer and core granules
due to long term contact with vortex flow of coolant at
the stage when porous surface layer creation and form
granules stabilization are not complete yet. In the dif-
fuser, humidified granules from its bottom are moving to
the upper section by spiral trajectory because of reduc-
ing weight by removing moisture. Given the variable dif-
fuser cross section, namely its gradual increasing, the
velocity rate component of high-temperature heat trans-
fer agent and spiral step turbinated path is decreasing.

Gas distribution grid installation in the bottom part
of vertical housing forms a zone of cooling of dried
granules, evenly distributes the flow of air through the
cross section of the device and supports the layer of
granules when device operating mode violation occurs,
which prevents materials falling in the under grid space,
ensures no dead zones due to mixing material, which is
in direct contact with the grid, allows creating highly de-
veloped phase contact surface by the developed fluidiza-
tion regime creation. The surface of granules, which are
involved in advanced fluidization mode, is equally ac-
cessible for airflow, which significantly contributes to
cooling process with high intensity.

The main advantages of the granulators are:

- compactness of the device by simultaneous con-
ducting the main stages of the production of granules
with porous structures, such as seeding agent wetting
processes, drying of formed granules in one housing;

- ability to manage the time granules spend to the
extent of the device;

- classification of granules according to size to the
extent of the device, which leads to increasing the degree
of commodity faction monodispersity;
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- uniformity of the contact high-temperature heat
transfer agent with granules in a weighted vortex layer
mode;

- absence of granules overheating, and consequent-
ly reducing the granules thermal stress and the risk of
crack appearing and core destruction through clear
separation of heat transfer agent streams input with
different enthalpy in separate zones of spiral top part of
the device;

- uniform contact of wet granule with the flow of the
heat transfer agent in a vortex weighted layer mode,
minimally required time to form the porous surface lay-
er on a granule;

- improving quality of finished product and its de-
gree of monodispersity through differentiated granule
interaction with the flow of the heat transfer agent at
each stage of granulation;

- possibility of obtaining few fractions of granules
with high monodispersity of each fraction.

Application of multistage and multifunctional vortex
granulators can increase the intensity and uniformity of
the porous surface layer on granules formation and cre-
ate conditions for obtaining a quality product with a
high degree of dehydration and developed porous sur-
face without destroying its structure. Using a proposed
vortex granulator will increase the efficiency of pore for-
mation on granule surface, uniformity of its growth, and
increase the percentage of formation of granules with
uniform porous layer of dried liquid material in a given
range of size and weight. This will provide increased
monodispersity of granulometric structure of material
and improve the quality of final product.

Materials of PAN structure and features research.
Analysis of ordinary ammonium nitrate surface struc-
ture (Fig. 4) at a magnification by 3300 times shows, that
the granules surface has only small micropores. The

Fig. 4. The surface of ordinary ammonium nitrate prior
to treatment
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number and size of these micropores are insufficient to
ensure the standard ratio of PAN holding capacity.

Fig. 5 shows the microstructure of ammonium nitrate
granules surface which was treated with water and then
dried in the volume of one-section vortex granulator. As we
see from the figure, the pores on granules surface are clear-
ly observed at a magnification by 225 times. Local cracks
are also visible, which suggests that during the preparation
of PAN significant thermal stresses were present.

Fig. 6 shows the microstructure of ammonium ni-
trate granules surface, which was treated with water and

"

T SRR

Fig. 5. The surface of PAN, obtained in a single-stage
Sfuidized granulator

Fig. 6. The surface of PAN, obtained in a multistage vor-
tex granulator with single humidification (granula-
tor-classifier)
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pre-dried in the first section of the multisection vortex
granulator, and subsequently final drying occurred in
the second section. As we can see from the figure, the
surface porosity of granules is expressed more clearly
than in the granules after processing in the single section
vortex granulator. Lack of local cracks indicates softer
granules drying mode.

In Fig. 7 microstructure of ammonium nitrate gran-
ules surface is presented, which was treated with water
and dried in the first section of the multisection vortex
granulator and re-processed with water and drying in
the second section. As we can see from the figure, the
pores on the granules surface became large in diameter
and depth (compared to the surface shown in Fig. 6).

In Fig. 8 the microstructure of ammonium nitrate
granules surface, which was treated with an aqueous

Fig. 7. The surface of PAN, obtained in the multistage
vortex granulator with double humidification (granu-
lator-dryer)

Fig. 8 The surface of PAN, obtained in the monofunc-
tional vortex granulator
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urea solution and dried in the monofunctional vortex
granulator, is shown. As we can see from the figure the
area covers the ammonium nitrate granule with a non-
continuous layer. Some sections of PAN after drying
have uniform porous structure.

In Fig. 9 the microstructure of ammonium nitrate
granule surface, which was treated with water, dried and
cooled in the multifunctional vortex granulator, is shown.
Aswe can see from the figure, the granule has a developed
porous surface. Local cracks in the surface of the granule
are absent, which indicates a soft drying mode.

Comparative characteristics of PAN samples, obtained
under different conditions (using different types of equip-
ment), are presented in Table.

Conclusions. The results of experimental research
studies show that application of multi-stage and multi-
functional vortex granulators improves quality indica-
tors of PAN. With virtually unchanged strength (within
the standard ratio) the fractional composition and re-
taining ability of PAN granules is improved. Variation of
the hydrodynamic and thermodynamic conditions for
PAN obtaining in separate parts of the device (steps or
sections) allows to obtain uniform developed porous
surface.

As part of this research we have proposed pilot pro-
duction scheme for PAN obtaining using the multifunc-
tional vortex granulator. Principally, it can be submitted
in a form shown in Fig. 10.

Acknowledgments. This work was carried out under
the project “Improving the efficiency of granulators and
dryers with active hydrodynamic regimes for obtaining,
modification and encapsulation of fertilizers”, state reg-
istration Ne 0116U006812. While preparing the article,
information about the original designs of vortex granu-
lators (patents Nos 112021 Ukraine IPC (2006.01)
B01J2/16, 112293 Ukraine IPC (2006.01) B01J2/16,
112394 Ukraine IPC (2006.01) B01J2/16) and the au-
thors' software products (certificates of authorship
Ne 65140, 67472) was used. The authors thank research-

Fig. 9. The surface of PAN, obtained in the multifunc-
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Table
Comparative characteristics of PAN samples, obtained in various types of vortex granulators
Holdin Content of
Equipment for sample Characteristics Strength, ne commodity
.. capacity, .
obtaining of surface kg/granule fraction
%
2—-3mm, %
Single-stage The porous surface with 0.35 8 71
granulator local cracks and single
non-porous sections
Two-stage granulator The porous surface with local 0.38 8.9 81
(“granulator-classifier” cracks
mode)
Two-stage granulator Developed porous surface 0.4 9.1 81
(“granulator-dryer”
mode)
Multifunctional spiral Developed porous surface 0.4 9.5 93
granulator
Multifunctional Developed porous surface 0.4 9.7 94
sectional granulator
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Fig. 10. An experimental industrial scheme for PAN obtaining using the multifunctional vortex granulator
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Meta. OOrpyHTYBaHHSI MOXKJIMBOCTI ITiIBUIIEHHS
SIKOCTi TTIOPUCTOI aMiayHOi CeJiTpu (SIK KOMITOHEHTa
MPOMUCIOBUX BUOYXOBUX PEYOBUH MIJIsI TipHUYOI00YB-
HO1 MPOMMUCIIOBOCTI) 32 paXyHOK 3aCcTOCyBaHHSI Oara-
TOCEKUIMHUX i 6araToPyHKIIOHATbHUX TPAHYISATOPIB
i3 BUXPOBUM TICEBIO3PIMKEHUM IIAPOM.

Meromuka. [IpeacrasieHi B poOOTi gaHi oTpUMaHi
Ha TIiICTaBi cepil eKCrepuMeHTaAILHUX OOCIIKEeHb Ha
TMOCTiMHO-IIPOMMCIOBUX 3pa3Kax BUXPOBUX T'PaHYIISI-
TOpIB Pi3HOI KOHCTPYKIIii. 3a pe3yJabTaTaMu eKCIepu-
MEHTIB OTpMMaHi 3pa3KM MOPUCTOI aMiauHOl CeliTpu
Ta MpeAcTaBjIeHa MOPiBHSIbHA XapaKTepUCTUKA OCHO-
BHUMX MOKa3HMKIB SIKOCTi: CTPYKTypa IMOBEPXHi; Mill-
HiCTh; DpakiliiHuii cCKIal; yTpUMYyBajibHa 3MaTHICTb.

PesyabraTu. [TokazaHo, 1110 Mp¥ BUKOPUCTaHHi Oara-
TOCTYIIEHEBUX i OararoyHKIIIOHATBHUX arapartiB MOX-
JIUBE OTPUMAHHS MOPUCTOI aMiayHOI CEJITpU 3 PO3-
BUHEHOIO TTIOBEPXHEIO I TOCTaTHbOWO MillHicTIO. T1pu
IbOMY 3a0e3IeUYETHCS BTOPUMHHE BUKOPWCTAHHS TC-
TUIOHOCIST B 00’€Mi OHOTO amapara i BUKOPUCTaHHS
10ro pi3HOro TEIIOBOTO MOTEHIialy Ha pi3HUX CTamdi-
SIX OTPUMAaHHS TTOPUCTOI CTPYKTYpH TpaHyau. OuiHka
(pakuiiiHOro ckiamy TOBapHUX I'paHyJl A€ IMiIcTaBU
IUIST TBEPIKEHHS TIPO MepeBary MpeacTaBIeHUX KOH-
CTPYKIIili armapartiB.

HaykoBa noBu3Ha. Ymepilie OTpuMaHi pe3yJibTaTu,
IO TiATBEPIKYIOTh MOXIIMBICTh 00'€THAHHS IEKiThb-
KOX CTafiifi mpolecy OTPpUMAHHS MOPUCTOI aMiayHOi
cenitpu. I3 3acTocyBaHHSIM PacTpOBOI €JIEKTPOHHOL Mi-
KpOCKOMii TMoKa3aHi OCHOBHi OCOOJMBOCTI MOPUCTOI
CTPYKTYpM I'paHyJI i BUJaHI peKOMEHIALIil III0J0 MeXa-
HI3MiB ympaBjliHHSI MPOLIECOM YTBOPEHHSI IOPUCTOI
TMOBEPXHI.

IIpakTnyna 3HauyumicThb. [IpencrasieHi pe3yabratu
eKCIepUMEHTAIbHUX NOC/iIKEeHb MTOKJIaeHi B OCHOBY
PO3pPOOKM METOAMKM iHXEHEPHOI'0 PO3paxyHKy Oara-
TOCTYIEHEBUX i 0araroyHKLiIOHAIbHUX BUXPOBUX Ipa-
HynsTopiB. Ha migcTaBi oTpuMaHuX pe3yabTaTiB po3-
po0JieHi BIOCKOHaJIEHI KOHCTPYKILil BUXPOBUX TpaHy-
JISTOPIB, 110 3aXUILEHI OXOPOHHUMU JTOKYMEHTAMM.
Taki KOHCTPYKILii BUXPOBUX IPAHYJISITOPiB MOXYTh OyTH
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BUKOPUCTaHi Oe311ocepeIHbO B MiCLli BUTOOYTKY KOPUC-
HUX KOMAJIWH PYIHOTO 1 HEPYAHOTO MOXOIKEHHSI.

KimouoBi caoBa: nopucma amiauna ceaimpa, eipnuyo-
0d00y8Ha npomuca08icms, 8UXPOBULL epanyasmop, baea-
MOQYHKYIOHANbHULL 2PAHYAIMOp, 0A2aMOCMYRIHYACMULL
2PaHYAamMop, AKicmo

Ieas. O60cHOBaHME BO3MOXHOCTHY MOBBILIEHUST Ka-
YecTBa MMOPUCTOM aMMHUAYHOW CEJIMTPHI (KaK KOMITO-
HEHTAa MPOMBITIIUICHHBIX B3PBIBYATHIX BEIICCTB IIJIST TOP-
HOHOOKIBAIOIIEH TTPOMBIIIUIEHHOCTH) 3a CUET IIPUMeE-
HEHUSI MHOTOCEKIIMOHHBIX ¥ MHOTO(YHKIITMOHATBHBIX
TPaHYJIITOPOB C BUXPEBBIM IICEBIOOXITDKEHHBIM CJIOEM.

Mertoauka. [IpeacraBieHHbIe B pabOTe JaHHbIE MO~
JIy4eHbl Ha OCHOBAaHUM CEPUHU SKCIIEPMMEHTAJIbHBIX
HCCIIeI0OBaHMUI Ha OTIBITHO-IIPOMBIIILICHHBIX O0pa3iiax
BUXPEBBIX TPAHYISITOPOB PA3TUYHON KOHCTPYKIIMU.
ITo pe3ynbraTaM 3KCIEPUMEHTOB IOJYyYE€HbI 00pa3LIbl
MOPUCTON aMMUAYHOI CEJIMTPBI U TIPEACTaBIeHa CpaB-
HUTEJIbHAsT XapaKTepUCTUKAa OCHOBHBIX ITOKa3aTesiei
KadyecTBa: CTPYKTYpa MOBEPXHOCTH; IIPOYHOCTD; (ppak-
IIMOHHBIN COCTaB; yIepKUBAIOIIast CIIOCOOHOCTD.

Pesyabrarel. [TokazaHo, 4TO TIPM MCITOJIB30BAHUM
MHOTOCTYIIEHYAThIX ¥ MHOTO(DYHKIIMOHAIBHBIX allra-
paTOB BO3MOKHO MOJIYICHIE TIOPUCTON aMMHATHOM ce-
JIATPBI C Pa3BUTOM ITOBEPXHOCTBIO M JIOCTATOYHOM POY-
HocThlo. [Ipu 3TOM 00ecneurBaeTcs BTOpUUHOE UCTIOb-
30BaHME TETUIOHOCUTENSI B OOBbEME OIHOTO amrapara u
HCTOb30BaHUE €r0 Pa3IMYHOIO TEIIOBOTO MOTEHIIMA-
JIa Ha pa3HbIX CTAIUSIX MOJYYSHUSI TOPUCTOM CTPYKTYPhI
rpaHyJyibl. OneHka (hpakIIMOHHOTO COCTaBa TOBapHbIX
I'paHyJT TaKKe TTO3BOJISIET YTBEPXKIATh O MPEUMYIIECTBE
MIpeICTaBICHHBIX KOHCTPYKIIMIA artrapaToB.

Hayunas HoBu3Ha. BriepBble MOJTyYeHBI pe3YJIBTATHI,
MMOATBEPKAAIONINEe BO3MOXHOCTh OOBEIMHEHUS He-
CKOJIBKMX CTaIWiA TIporiecca MoIydeHsT IOPUCTOM aM-
MuagHOM ceauTphl. C IIpUMEHEHNEM PacTPOBOM 3JIEK-
TPOHHOM MUKPOCKOITMH TTOKa3aHbI OCHOBHBIE OCOOCH-
HOCTH TTIOPUCTOM CTPYKTYPHI TPaHYJI ¥ BbIIAHBI PEKOMEH-
JAIA OTHOCUTEIbHO MEXaHM3MOB YIIPaBJICHMSI ITPOIIeC-
CcOM 00pa30BaHUsI TTOPUCTOM TTOBEPXHOCTH.

IIpakTHyeckas 3nauynmMocTh. I[lpeacTaBiaeHHbIE pe-
3yJIbTaThl 9KCIIEPUMEHTATbHbBIX MCCIAEIOBAHUM MO0~
>KEHBI B OCHOBY Pa3pabOTKN METOOUKU WHXEHEPHOTO
pacuy€ta MHOTOCTYIIEHYATBIX ¥ MHOTO(MYHKIMOHATb-
HBIX BUXPEBBIX TPaHYISTOpoB. Ha OCHOBaHWM MOTyYeH-
HBIX pe3yJIBTaTOB pa3pabOoTaHbl YCOBEPIIIEHCTBOBAHHBIC
KOHCTPYKIIMY BUXPEBBIX TPaHY/ISITOPOB, 3alIUIIEHHBIC
OXpaHHBIMU JOKyMeHTaMU. Takme KOHCTPYKIINM BUX-
PEBBIX TPAHYISTOPOB MOTYT OBITh MCITOJIb30BaHBI HE-
TOCPEICTBEHHO B MECTE JOOBIYM ITOJIE3HBIX MCKOTIae-
MBIX PYAHOTO 11 HEPYAHOTO IIPOUCXOXKICHUS.

KimoueBble clioBa: nopucmas ammuaynas ceaumpa,
20pHO000bI8AIOWAST NPOMBIULACHHOCMb, BUXPEBOl 2PAHY-
AAMOP, MHOCOQYHKYUOHANbHBLIL 2PAHYASTMOD, MHO20CHY -
neHuamolil 2paHyIImop, Kauecmao

Pexomendosaro do nybaikauii dokm. ¢iz.-mam. Hayk
A. M. Yopuoycom. [lama naoxodxucennsi pykonucy 12.11. 16.
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