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INCREASING THE EFFICIENCY OF TRANSFER PROCESSES WHEN
USING INHOMOGENEOUS FLUIDIZATION

The processes of dehydration and granulation are associated with the heat transfer to the solid particles from the gas
coolant, which acts as a fluidizing agent and causes the stochastic movement of the granular material in the
apparatus. To implement the layered structure mechanism of granulation of organic-mineral fertilizers it is necessary
to ensure intensive circulation of granular material with intensive gradual passage through the appropriate
technological zones of the apparatus. The main problem is the low efficiency of interphase exchange in the gas-liquid-
solid system and the formation of agglomerates during granulation with the injection of a liquid heterogeneous
solution into the bed of solid granular material.

In this work the conditions for increasing the efficiency of the transfer processes when using an inhomogeneous jet-
pulsating mode of fluidization were determined.

Analysis of the intensity of renewal of the contact surface of the phases when using inhomogeneous jet-pulsating
Sfluidization in the self-oscillating mode was carried out. It was established that the use of this mode of fluidization
allows getting a significant intensification of heat and mass transfer processes due to the activation of diffusion-
controlled processes and an increase in the dynamics of interphase contact exchange by 1.9+2.9 m%/s, which is
27+41% of the total surface of the material in device.
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Formulation of the problem. The processes of dehydration and granulation are associated with the transfer of
heat to the solid particles from the gaseous coolant, which is at the same time a fluidizing agent and causes stochastic
movement of the sloid granular material in the apparatus. At the same time, with the use of a mechanical device, a
liquid phase is dispersed in the fluidized bed, which is distributed in the form of a thin liquid film on the surface of
the granules due to adhesion and sorption forces. To implement the layer-by-layer granulation mechanism, the mass
of the falling on the granule solution shouldn't be more than 10% of the mass of the dry granule [1].

At the same time, the heat supplied to the film of the liquid phase located on the surface of the granules should
be sufficient for the evaporation of the solvent, and the temperature of the granules should not drop below the wet
bulb temperature. Failure to meet this condition leads to a sharp decrease in the strength of the granules, which will
cause them to wear out and increase the removal of micro components of dry substances in the form of dust.

Analysis of previous studies. The heat for heating is supplied to the granules from the heated coolant (fluidizing
agent). For values of the Reynolds criterion 1.0<Re<2500, it is most appropriate to use the correlation dependence
proposed by Kinzer and Gunn:

Nu = 2 + 0.57Re%5Pr033 ¢Y)

The relationship between heat and mass transfer coefficients at significant temperature drops is known as the
Lewis equation:

o P —pu,0

EZC'P P 2)

where C — isobaric heat capacity of liquid, kJ/kg; p — density of liquid, kg/m 3; P — total pressure in the
system, Pa; py, o — partial pressure of water vapor in a gaseous medium, Pa.
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Thus, the values of coefficients a and B have significant limitations due to the impossibility of increasing the
speed of the gas coolant, which can lead to an increase in the removal of solid particles from the device.

Experimentally established [1] the conditions for the evaporation of the solvent on a separate granule for the
implementation of the layered structure mechanism:

MHZOr = Mgranulecgranule (Tbed - TM)' (3)
where My, , — the amount of water that is in the film on the surface of the granule, kg; r — specific heat of
evaporation of water, kl/kg; Mg, qnyie — mass of single granule, kg; Cgqnuie — heat capacity of granule, kl/(kg-K);
Theas Tw — respectively, temperature of bed of solids and wet bulb temperature, K.

In addition, it is necessary to ensure the presence of the driving force of mass exchange between the moistened
surface of the granule and the gas coolant not only in the zone of intensive heat exchange, which is formed on the
surface of the gas distribution device, but also in the zone of dispersion of the liquid phase.

Creating conditions for intensive removal of moistened granules from the dispersion zone will eliminate the risk
of local formation of agglomerates with unpredictable sizes.

In a general form, the mass transfer equation for moisture removal can be represented as follows:

M = BAP[ Fic., 4)
where M — productivity of the apparatus by evaporated moisture, kg/s; B — mass transfer coefficient within one
phase, kg/(m?s); F; . — the minimum required interphase contact surface in the device, m?; AP, — the difference in
partial pressures of water vapor over the surface of the moistened granule Pg,; and in the gas coolant P,, Pa:
AP = Psqr. — Fy ()

Taking into account the above, in addition to the trivial interaction of the gas coolant with granular material
during bubbling hydrodynamics, it is necessary to create the movement of macro clusters of granular material from
the irrigation zone to other technological zones of the granulator chamber.

Therefore, in the general case, the minimum mass transfer surface for moisture removal will be
determined as, m?:

Fro = o2 ®)
AP,
In particular, for a fluidized bed with an equivalent diameter d., this surface will be determined as, m 2:
6APyeqS,
Fie. = ——— ™)
ePbed8

where AP, —hydrostatic pressure of the bed of granular material in the apparatus in a stationary state in the gas
distributing device zone, Pa; S, — horizontal cross-sectional area of the granulator chamber in the area of the gas
distribution device, m %; d. — equivalent diameter of granules in the apparatus, m; pp.q — density of granules, kg/m?;
g — acceleration of gravity, m/s.

In addition to the evaporation of water from the film of the solution, a layer of microcrystals is formed on the
surface of the granule, which is a limiting factor. It was experimentally established [1-3, 6] that the actual surface of
the interphase contacts when dispersing the liquid phase using a cup disperser is 3+4 times greater than the calculated
surface of the interphase contact determined by formula (1) [2].

Therefore, it is rational to effectively increase the productivity of the apparatus for evaporated moisture due to an
increase in the surface of the particles in the fluidized bed, which is associated with an increase in the initial height of
the stationary bed in the apparatus, m:

H = 4F, i.c.de 8
® 7 6S,(1—gp) ®
where g, — porosity of the fixed bed of solids. It is assumed that the bed of granular material consists of solid
particles of spherical shape, therefore £,=0.4.

Under such conditions, fluidization goes into the bubbling mode, in which mixing is insufficient, which
negatively affects the kinetics of the granulation process when spraying liquid systems. In addition, stagnant zones of
granular material are formed on the perforated gas distribution grids, which makes it impossible to carry out the
granulation process using a high-temperature coolant, the temperature of which exceeds the melting point of the
components of the granules.

The purpose of the article is determination of the conditions for increasing the efficiency of transfer processes
during granulation of organic-mineral humic fertilizers using a inhomogeneous jet-pulsation mode of fluidization.
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Presentation of the main material. Almost complete elimination of these shortcomings was achieved in works
[3-5] due to the application of inhomogeneous jet-pulsation fluidization in the self-oscillating mode,
Fig. 1.

In the proposed method of interaction of the gas coolant with the granular material in the fluidized bed, it was
possible to achieve a significant movement of the material beyond the initial bed of solids and through the irrigation
zone, as well as to minimize the size of the slow moving zones of the granular material on the horizontal surface of
the gas distributing device (GDD) [6], Fig. 2, where K, — number of fluidization;
d. — equivalent diameter of solid particles in the bed, mm; Hy.s/Ho=is — index of increase in the total height of the
granular material bed.
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Fig. 1 — Physical model of inhomogeneous jet-pulsating fluidization

The potential of the index of material mass removal beyond the initial bed of solids depends on the maximum
pressure drop in one cycle of pulsations and was determined by the expression that actually determines the intensity
of interphase contact exchange, Fig. 3:

(AP max AP, 0)
. _ Blmax — Af) 9
]Ap A Po ( )

where AP, .« and AP, — respectively, the maximum hydraulic resistance of the bed of solids during the formation
of a gas bubble and the hydrostatic resistance of the initial bed, Pa.
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Fig. 2 — Dynamics of change of the index of increase of the total height of the bed of solids
at Ho=0.32 m for different values of d.
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Fig. 3 — Dynamics of changes in the pressure drop in the bed of solids
at Ho=0.32 m for different values of d.

The dynamics of changes in porosity in the zones of the initial volume of the bed of solids, according to

Fig. 1, are shown in Fig. 4.
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Fig. 4 — Dynamics of changes in porosity in the zones of the initial bed of solids

at Ho=0.32 m for different values of de.

The mass of granular material carried beyond the initial bed of solids, Fig. 5, depends on the porosity and the
initial volume of the bed, kg:

- 80) (10)

where V, — the initial volume of the bed of solids at t=0, m?; pyo;;4s — density of solid particles, kg/m?; £445 —
the current average value of porosity in the initial volume of the entire bed of solids.

The total mass of a bed of granular material moving beyond the initial bed of solids for a part of the time interval
of one cycle of pulsations tcycle contacts with the gas coolant in the case of direct-flow phase contact 0<t <t;+t, and
in counter-flow phase contact T1+1,<t<tqc, Fig. 1. When in this case, direct current contact between phases occurs
during the time 11+1,=0.751c, Fig. 1, which corresponds to the movement of solid particles in the direction opposite
to the action of gravity during the formation of a gas bubble in the bed of solids and the removal of particles into the
space above the initial bed, with height Hy. The countercurrent contact between the phases occurs during the reverse

AM = VoPsotias (ggas
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movement of solid particles until the voids in the bed of solids, which arose in the first periods during the time of
0.257.yce are filled. Then the mass of material that was carried beyond the initial bed of solids is equal to the mass of
the bed that returned to the borders of the initial bed of solids with height Ho:

_AMejected = +AM,eturned (11)

‘ = =MQo(bed) = M(residual) ‘
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Fig. 5 — Dynamics of changes in the mass of a bed of granular material carried beyond the
initial bed of solids in one cycle at Ho=0.32 m for different values of de.

Then the total mass of displaced solid particles of the bed of solids (ejected beyond the boundaries of the initial
layer and returned to the initial volume of the bed of solids with a height of Hy) within one cycle (during one self-
oscillation Ty with inhomogeneous fluidization) in the chamber of the apparatus, kg:

0.75T¢ycle Tcycle
Z AMiorq = f dMejected dr + f AM,eturneq AT. (12)
0

0-7STcycle
So, for one cycle in the vertical plane outside the initial bed of solids depending on the equivalent diameter
de=1.5+4.0 mm, Fig. 5, the intensity of mixing is determined as, kg/s:
AM,
Z total. (13)
Tcycle

At the pulsation frequency f=1/t.ce, the total mass of material movement in the apparatus chamber will be

determined as, kg/s:
Z Z AMyotar = Z AMiotar f- (14)

Therefore, the predicted time of complete mass exchange of the initial bed of solids is, s:
M, M,
T =— =g 15
Meotal = Jy T B X AMyora (1>
The results of calculations for the bed of granular material with a height of Hy=0.32 m with d.=1.5+4.0 mm under
the conditions of ensuring a high-quality inhomogeneous jet-pulsation mode [6] are shown in Table 1.

M=

Table 1 — Results of calculations of the intensity of bed of solids mass renewal

Parameter Equivalent diameter of solid particles of the bed de, mm

1.5 2.5 4.0
Teyeles S 0.32 0.4 0.560
f, Hz 3.125 2.5 1.786
Y AM, psiguai» K8 0.864 (11.7%M,) 0.976 (13.2%M,) 1.050 (14.3%M,)
Ju, kg/s 2.699 (36.6%M,) 2.439 (33.1%M,) 1.875 (25.5%M,)
TMeotar> S 2.362 2.789 3.928

In the general case, for spherical particles, the surface of the initial bed of solids will be defined as:

13  —
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F, = Mo (16)
0 de Psolids '
where My— mass of the initial bed of solids, kg; d. — equivalent diameter of solid particles, m:
1
de = F (17)
d;
where x; — mass proportion of the i-th fraction; d; — average geometric size of the i-th fraction, m.
The residual surface of solid particles in the bed will be, Fig. 6, m?:
6AM, osidual
Fresidual = % (18)
ePsolids

The surface of the granular material carried out of the initial bed of solids within one cycle of pulsations,

Fig. 6, m?:
AFeject:ed = Fyotias — Fresiaual (19)
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Fig. 6 — Dynamics of changes in the interphase surface of the bed of solids in the chamber of the
apparatus with satisfactory quality of hydrodynamics of jet-pulsation fluidization
Then the total surface of the moved bed of solid particles in one cycle of pulsations, similarly to the mass, m?:
0.75Tcycle Tcycle
Z AF:total = f dFejected dr + f dFsurface dr (20)
0 0.75Tcycle
Taking into account (17) and (13), equation (21) can be presented in the form, m%:
6% AM;oral
P 1)
epsoltds
Then the frequency of updating the contact surface of the phases will be m?/s:
X AF o
Jp =2 N APt f (22)
Tcycle
Therefore, the calculated time of complete exchange of the bed of solids surface is, s:
- — Fsolids — Fsolids (23)
Feotal ]F Z AFtotal f
] ] ——————————————
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The results of calculations for a bed of granular material with a height of Hy=0.32 m with d.=1.5+4.0 mm under
the conditions of ensuring a high-quality inhomogeneous jet-pulsating mode of fluidization, Table 2, are correlated
with the obtained results given in Table 1.

So, with this method of implementing inhomogeneous fluidization, the device works in a mixed mode: ideal
mixing and ideal movement of the material.

At the same time, the averaged dynamics of changes in the movement of solid particles [1], Fig. 7, confirms that
the device implements forward and counter-current movement of the granular material relative to the movement of
the gas coolant. This leads to significant turbulence of the diffusion sublayer and on the micro-level intensifies the
exchange of the interphase surface and, accordingly, to the significant intensity of the interphase exchange in the gas-
liquid-solid system.

Table 2 — Results of calculations of the intensity of bed of solids surface renewal

Equivalent diameter of solid particles of the bed d., mm
Parameter

1.5 2.5 4.0
Teyeles © 0.32 0.4 0.560
Fputsation, Hz 3.125 2.5 1.786
¥ AF;piq1, M2 0.893 (11.7%F,) 1.009 (13.2%F,) 1.086 (14.3%F,)
Jp, m¥/s 2.792  (36.6%F,) 2.523  (33.1%F,) 1.940 (25.5%F,)
TFiotal® © 2.362 2.789 3.928

According to the Lewis model, Fig. 8, this nature of the interaction of the gas coolant with granular material
confirmed the hypothesis regarding the intensification of diffusion-controlled processes during dehydration and
granulation of liquid heterogeneous systems [6].

Wy, m/s = iotal ,z"
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Fig. 7 — Averaged dynamics of changes in Fig. 8 - Velocity, temperature and partial
the movement of solid particles (de=2.5 mm; pressure distribution curves
Wgas(average)=1.6 m/s; Kw=2.05)

The study of the processes of interphase exchange during the granulation of organic-mineral humic fertilizers
was carried out in two stages at the pilot plant [6], the scheme of which is shown in Fig. 9.
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1— granulator; 2 — mechanical dispersant; 3 — containers for the finished product; 4 — pump; 5 — mixer;
6 — scales; 7 — cyclone; 8 — dust container; 9 — scrubber; 10 — vacuum pump; 11 — gas blower; 12 — diaphragm;
13 — heater; 14 — control unit; 15 — pressure transducers (MPXV7007DP); 16 — controller (Arduino Pro Mini);
17 — computer; 18— temperature controller (ICP-7018)

Fig. 9 — Scheme of the pilot plant

In experiments 1 and 2, the concentration of dry substances in the working liquid phase supplied to dehydration
was 40% (wt), and in experiments 3 and 4 it was increased to 50% (wt).

The composition of a liquid heterogeneous system with different water content is shown in Fig. 10 [6].

Chemical composition of the working solution (by dry components) and, accordingly, of the granulated product
[Humates]:[K]:[S]:[N]:[Ca]:[Mg]:[P]=[1.5]:[21.5]:[13.8]:[9.1]:[4.6]:[3.2]:[ 1.8].

O Water
OS.A.
OA.S.

OB.

B Humates

0,8% 1,2%

1,0% 1,5%
a) experiments 1 and 2 (Exp.1, Exp.2) b) experiments 3 and 4 (Exp.3, Exp.4)
Fig. 10 — Composition of the liquid phase (wt.%)

As initial granulation centers were used ammonium sulfate granules with admixtures of humic substances with
equivalent diameter of granules de=1.85 mm. The initial height of the stationary bed of solids was Hy=0.32 m and the
mass of the bed of granular material Mp.,~7.83 kg was kept constant during the experiments due to the constant
unloading of the bed when APjyarosi0)=2389 Pa was exceeded at 400 Pa. The liquid phase was fed into the bed of
solids and dispersed using a mechanical bowl disperser [6].
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When using the inhomogeneous jet-pulsating mode of fluidization, according to the physical model, Fig. 1, a
monotonous growth of the equivalent diameter was observed: experiment Nel — from 1.85 mm to 2.15 mm, experiment
Ne2 — from 2.46 mm to 2.9 mm, experiment Ne3 — from 2.86 mm to 3.58 mm, experiment Ne4 — from 3.18 mm to 3.58
mm with an average growth rate of granules: Aexp.1=0.182 mm/h, Agxp2=0.243 mm/h, Aexp3=0.297 mm/h, Aexp4=0.301
mm/h, which indicates stable kinetics of the process with a layered structure granulation mechanism, Fig. 11.

1l d., mm | | | | | |
3,50 4 de “-lg‘—‘

3,30 Exp.1 Exp.2
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2,90 : o010 0?
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170 T |
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Fig. 11 — Dynamics of changes in the equivalent diameter of granules d. = f (1)

The basic assessment of the intensity of heat-mass exchange processes during dehydration and granulation is the
specific load of the surface of the bed by moisture, which characterizes the effective renewal of the interphase surface
and the preservation of the driving force for mass exchange.

It was experimentally confirmed that the specific load of the surface of the bed of solids by the moisture is at
least 1.5 times bigger compared to the bubbling mode when producing organic-mineral (humic-potassium-nitrogen-
calcium-sulfur-containing fertilizers with magnesium and phosphorus impurities) with composition
[Humates]:[K]:[N]:[Ca]:[S]:[Mg]:[P]==[1.5]:[21.5]:[13.8]:[4.6]:[21.5]:[4.6]:[3.2].

The comparisons of the specific load by moisture shown on Fig. 12 confirm a significant advantage when using
inhomogeneous fluidization, compared to the usual bubbling homogeneous mode.

;é 0.8 710 inhomogeneous jet-pulsating mode of fluidization
- 1@ bubbling mode of fluidization
e | AL
’:%05 . I— ‘I.’F“. | Exp.4
’ [_Exp.1
0.4 Exp.2 Exp.3 I I
? o o ° o Y XX goepPoo
029 o @O (@
0,1
0.0 1, hour

00 04 08 12 16 20 24 28 32 36 40 44 48 52 56 6,0

Fig. 12 — Comparison of the dynamics of changes in the specific load of the surface
of the bed by moisture in the case of inhomogeneous jet-pulsating and bubbling
hydrodynamic modes of fluidization

At the same time, the kinetics of the granulation process was stable, which is confirmed by the dynamics of
changes in the granulation coefficient - a coefficient that shows how many percent of the dry substances contained in
the initial liquid phase (which was fed to the granulation apparatus) was used to form a granulated product, Fig. 13.
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Fig. 13 — Dynamics of changes in the granulation coefficient y = f' (1)

Conclusions. Thus, the use of inhomogeneous jet-pulsating mode of fluidization makes it possible to significantly
intensify the processes of heat and mass transfer due to the activation of diffusion-controlled processes and the
increase of the exchange dynamics of the interphase contact 1.9+2.9 m2/s, which is 27+41% of the total surface of
the material in the apparatus.

This made it possible, under the same conditions of experimental studies of granulation of liquid heterogeneous
systems, to increase the productivity of the apparatus in terms of evaporated moisture by 1.5 times with stable kinetics
of the layered structure mechanism of granulation with a coefficient of granulation in the stationary mode y>90%.

Experimental studies confirm that applying the inhomogeneous jet-pulsating mode of fluidization provide an
intensive volumetric mixing with an intensive surface exchange without formation of agglomerates during the process
of granulation the humic organic-mineral fertilizers with the injection of a liquid heterogeneous solution into the bed
of solid granular material.

References

1. Kornienko Y. M., Haidai S. S., Sachok R. V., Liubeka A. M. and Kornienko B. Y. Increasing of the Heat and
Mass Transfer Processes Efficiency with the Application of Non-Uniform Fluidization. ARPN Journal of
Engineering and Applied Sciences. APRIL, 2020. Ne7, Vol. 15. PP. 890-900.

2. Kornienko Y., Hayday S., Liubeka A., Martynyuk O. (2016) “Kinetic Laws of the Process of Obtaining Complex
Humic-Organic-Mineral Fertilizers in the Fluidized Bed Granulator”. Ukrainian Food Journal. Vol. 5, Issue 1.
PP. 144-154. W0OS:000443646900015.

3. Korniyenko B., Kornienko Y., Haidai S., Liubeka A. (2022) “The Heat Exchange in the Process of Granulation
with Non-Uniform Fluidization”. In: Hu, Z., Petoukhov, S., Yanovsky, F., He, M. (eds) Advances in Computer
Science for Engineering and Manufacturing. ISEM 2021. Lecture Notes in Networks and Systems, Vol. 463.
Springer, Cham. Pp. 28-37. https://doi.org/10.1007/978-3-031-03877-8 3.

4. Kornienko Y., Haidai S. (2017) “Non-Uniform Fluidization in Auto-Oscillating Mode”. Ukrainian Food Journal.
Vol. 6, Issue 3. Pp. 562-576. DOI: 10.24263/2304-974X-2017-6-3-16.

5. Korniyenko B., Kornienko Y., Haidai S., Liubeka A., Huliienko S. (2022) “Conditions of Non-Uniform
Fluidization in an Auto-Oscillating Mode”. In: Hu, Z., Petoukhov, S., Yanovsky, F., He, M. (eds) Advances in
Computer Science for Engineering and Manufacturing. ISEM 2021. Lecture Notes in Networks and Systems,
Vol. 463. Springer, Cham. Pp. 14-27. https://doi.org/10.1007/978-3-031-03877-8 2.

6. Haidai S. S. (2018). “Hidrodynamika u hranuliatorakh iz psevdozridzhenym sharom pry oderzhanni orhano-
mineralnykh dobryv: dysertatsiia na zdobuttia naukovoho stupenia kandydata tekhnichnykh nauk”. Kyiv, KPI
im. Thoria Sikorskoho. 253 s. URL: https://ela.kpi.ua/handle/123456789/25455.

7. Sahoo B. and Poncet S. (2011) “Flow and Heat Transfer of a Third Grade Fluid Past an Exponentially Stretching
Sheet with Partial Slip Boundary Condition”. International Journal of Heat and Mass Transfer, Vol. 54. Pp. 5010—
5019. DOI:10.1016/j.ijheatmasstransfer.2011.07.015.

8. KhanN. A., Saeed U. B, Sultan F., Ullah S., Rehman A. (2018) “Study of Velocity and Temperature Distribution
in Boundary Layer Flow of Fourth Grade Fluid Over an Exponential Stretching Sheet”. AIP Advances, Vol. 8.
025011. DOI:10.1063/1.5014047.




Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy. 2023. Ne 1 (22)

Kopuienuxo A. M., Iaiioan C. C., Cameniox O. B.

HNIABUIMEHHA E®EKTUBHOCTI IIPOLIECIB TIEPEHECEHHA TIPU 3ACTOCYBAHHI
HEOJHOPIAHOTI'O IICEBJO3PLI’)KEHHSA

Tpoyecu 3ne6o0nenHA ma spanyiayii nos s3ami 3 nepeHeceHHAM Meniomu 00 meepoux YaCMUHOK 6i0 24308020 MENJIOHOCIA,
SKULL MAKOIC BUKOHYE POTIb 3PIOJNCYBATILHOZO A2EHINY MA CHPUYUHSIE CHIOXACHIUYHE NEPEMILYEHHS 3ePHUCINO20 MAmepIary 8
anapami. J[1a peanizayii nowaposoeo Mexamizmy epaHyiayii opeaHo-MiHEPATbHUX 000pus HeoOXiOHO 3abe3neyumu
IHMEHCUBHY YUPKYIAYIIO 3ePHUCIO20 MAMEPIANLY 3 NOCMYHOBUM NPOXOONCEHHAM Yepe3 GIONOGIOHI MEXHONOIYHI 30HU
anapama: 30Hy [HMEHCUBHO20 MeNJ000MIHY, 30HY BUCXIOHO20 NOMOKY, 30HY 3POUIEHHA, A 30HY HUSXIOHO20 DYXY
(penaxcayii). [Ipu ybomy 3a OONOMO2010 MEXAHIYHOSO NPUCMPOIO Y NCeBO03PIONHCEHUL Wap OUCHep2yeMbCa PiOKa (asa, sKa
30 PAXYHOK A02e3iUHO-COPOYILHUX CUT PO3NOOLIAECMbCA Y 8USTAOL MOHKOT PIOKOT NIIGKU HA NOBEPXHI SPAHY .

Hesupiwienoio naykosor npobiemoro € HU3bKa eqpeKmueHicms Midcghazo8020 0OMIHY 6 cucmemi 2a3-piouna-meepoe
Mio Ma ymeopeHHs a2iomMepamis npu cpanyaayii 3 niose0enHAM PiOK020 2emepo2eHH020 PO3UUHY 8 AP 3ePHUCTIO20
mamepiany. Tomy docniodcenns 6naugy 2iopooUHamiuHoi 06CMano8KU 8 Kamepi panyIsamopa Ha 3a0e3neyents ymos
IHMEHCUBHO20 nepeMiuly8anis ma nepemiujeHHs 3epHUCmOo20 mamepiany uepe3 CMAHOB8IeH] MEeXHON02IUHI 30HU
2PAHYIAYIT NPU HEOOHOPIOHOMY NCeB8003PIONCEHHS. € HAO38UYATIHO AKMYATbHUM.

Memorwo pobomu Oyn0 6usHaueHHs yMO8 NiO8UWEHHs eheKMUSHOCMI NpoYyecié nepeHeceHHs Npu 3acmoCy8aHHi
HEeOOHOPIOHO20 CMPYMEHEeB0-NYNbCAYIUHO20 PetcUMy Nce8003piodcenHs. [ 00CAcHeHHsT NOCMABLenoi memu y
oauitl pobomi nposedeHo aHami3 IHMEHCUBHOCMI OHOGIEHHS NOGEPXHI KOHmMAxkmy a3z npu 3acmocy8ammi
HEOOHOPIOHO20 CIPYMEHe80-NYIbCaAYIUH020 NCEBO03PIONCEHHS.

Bcmanosneno, wo  3acmocysanHs  HEOOHOPIOHO20 — CMPYMEHe80-NYIbCaAYiUH020  NCe8003DIONCEHHA 8
ABMOKOUBALHOMY PeNCUMI  0036015€ CYMMEBO THMEHCUDIKY8amu npoyecu Menio-MacooOMiHy 3a pPAXYHOK
akmugizayii OuQy3iliHo-KOHMPOILOBAHUX NPOYECI@ MA NIOBUUEHH OUHAMIKU O0OMIHY MINCHA308020 KOHMAKMY
1.9+2.9 m’/c, wo cmanosums 27+41% 6i0 3azanvnoi nosepxni mamepiany ¢ anapami. Lle dano moxciugicmo npu
OOHAKOBUX YMOBAX eKCHEePUMEHMANbHUX OO0CNIONCeHb 2PAHYIAYIl PIOKUX 2emepO2eHHUx cucmem nio8UWUmu
NPOOYKMUGHICMb anapama 3a GURAPeHOI 80402010 6 1.5 pasu npu cmiliKill KiHemuyi nouaposoco Mexauizmy 3
Koegiyicumom epanyrayii 6 cmayionapromy pesxcumi oinvuie 90%.

Knruosi cnosa: ncegdospioscenuti wap, 2iOpoOUHAMIKA, CMPYMEHe80-NYIbCaAYIUHUL PEeXCUM, HeOOHOPIOHe
NnceBO03PIONCEeHHAL.
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