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Modern industrial and agricultural processing almost always
implies mixing loose material on a variety of equipment. At present,
there are known mixers of various designs, principles, and techniques
to implement the technological process. One of the existing mixing
techniques is a continuous flow method that has significant advan-
tages — reducing energy intensity while improving the quality of
the process of the mixture continuous preparation and distribution.
However, the continuous-flow technique of mixing loose materials
has been paid little attention to. This prevents the application of
well-known analytical models of the process of moving loose compo-
nents to substantiate the structural and technological parameters for
the working bodies of a continuous flow mixer.

The result of the analytical study of the continuous-flow mixing
technique is the constructed system of differential equations of the
movement of a bulk material’s components in the airflow under
the influence of the working bodies’ surfaces of the designed mixer.
The reported system of differential equations underlies the physi-
cal-mathematical apparatus for the numerical modeling of the spec-
ified process employing the software package StarCCM+ (USA).

The result of the numerical modeling is the established depen-
dences of the dynamics of change in the concentration of compo-
nents in the mixture and the homogeneity of the mixture in the
zones of a continuous flow mixer depending on the study factors
(the frequency of rotations, the angle of attack of the blade mixer, the
performance of feeding the first and second components).

The optimal structural and technological parameters for a conti-
nuous flow mixer involved in the process of mixing a two-component
feed mixture (stem and concentrated feed) have been determined,
at which the uniformity of the resulting forage mixture is maximal.

Keywords: loose material, continuous flow mixing, numerical
modeling, working body, structural and technological parameters.
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An algorithm for calculating the strength and reliability of
centrifugal fire pump housings has been developed, aimed at deter-
mining the optimal mass-dimension parameters of centrifugal fire
pumps. To this end, a method has been devised for determining the
main indicators of reliability, an optimization mathematical model
has been built, and an algorithm for solving the optimization problem
using the Monte Carlo method has been developed. When devising a
method for determining the main reliability indicators of centrifugal
fire pumps, the strength and kinematic parameters have been taken
into consideration, as well as an economic indicator of reliability and
the costs of ensuring reliability. These indicators make it possible to
establish the optimal consumption of materials for the manufacture
of structural elements of centrifugal fire pumps that ensure their
strength and reliability. When building the optimization mathema-
tical model, a pump weight minimization was used as the objective
function while the applied difference criterion makes it possible to
take into consideration the economic indicator in the manufacture
of centrifugal fire pumps and to reduce their cost. It was established
that the principal indicator that affects the weight of a pump and
the cost of its manufacture is the thickness of the pump housing
wall. Based on the developed optimization mathematical model, the
flowcharts of the algorithms have been constructed for solving it
using the Monte Carlo method. The calculation results showed that
the width of the PN-40 UV pump housing can be reduced by 1.18
from the rated one. Applying the optimization mathematical model
in the process of designing fire centrifugal pumps makes it possible
to reduce the pump weight by 9—11 % while ensuring high reliability
and reducing the cost of its production by 10 %.

Keywords: fire centrifugal pump, housing, optimization mathe-
matical model, reliability of fire pumps.
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One of the technologies that are developing rapidly is 3D printing.
3D printing machines can create objects easily, quickly and in detail.
There are three main steps that a 3D printing machine goes through,
namely design, printing and finishing. 3D printers using polylactic
acid are widely used in various types of fields such as industrial
machinery, spacecraft, consumer goods, electronic components, ve-
hicles, medical industry, toy industry and others.

In this research, we succeeded in making an educational game
tool called Tetris with the 3D printing method using polylactic acid
filaments. The process of consistently creating 3-dimensional objects
from digital files by arranging many layers of thin metal in succession
is called 3D printing. Using additive manufacturing technology,
3D digital designs are turned into virtual products by sequentially
depositing metals. 3D printing provides reasonable feasibility to meet
various parameters based on the engineering arena. By utilizing the
advantages of PLA material, which has good tensile strength, good
surface quality, is available in various colors and user-friendly, educa-
tional game tools are produced that have the advantage of being at-
tractive, light, strong and easy to play. That way, making educational
game tools using 3D printing made from PLA can solve the problems
with previous educational game tools, which are not easy to play and
less attractive to early childhood. Educational games that have been
made in this study can be used as a platform for learning children at
the kindergarten to elementary school levels. The way to play this
educational game Tetris is by attaching shapes to the main part of
Tetris and matching them with other shapes, just like playing a puzzle
where each shape that is installed must match the other shapes.

Keywords: 3D printing, educational game tools, polylactic acid.
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Polymer-abrasive brush rotating tools are increasingly used
for finishing operations in automated manufacturing. Given this,
studying the process of their fibers’ wear has become important; and
such a type of wear as the detachment of a whole fiber at the point
of fixing has not been investigated in detail up to now. This phenom-
enon can lead to the disruption of stable equipment operation and
the catastrophic wear of brushes. Therefore, it is a relevant task to

search for and identify those limitations that could prevent fibers
from detachment.

This study involved the disc and cylindrical polymer-abrasive
brushes as the most common in production.

The current study has established that the detachment occurs at
an unfavorable combination of the processing regimes and brushes’ pa-
rameters at rotations close to the limits specified by the manufacturer.

When checking the temperature level at the fiber anchoring
point, it was determined that the heating of the fibers in this region
during operation was not enough to melt the polymeric base of the
fibers and detach them.

It has been established that the reason for the detachment of
fibers is the accumulation of fatigue changes, which significantly ac-
celerate under the limit modes. Studying the cyclical durability of fi-
bers has made it possible to determine the ratios of critical processing
modes to the tool parameters, which lead to the fatigue destruction
of fibers at their fixing point.

The following technological restrictions have been defined to
warrant that fibers are not detached:

— it is not recommended to use circumferential cutting speeds
exceeding 40 m/s;

— the tension during operation should not exceed 10 % of the
fibers’ overhang magnitude.

These limitations ensure the integrity of the tool, its high dura-
bility, as well as the stability of the process of parts’ finishing machin-
ing under an automated mode.

Keywords: polymer-abrasive disc brush, fiber detachment, fiber
temperature, cyclical durability.
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Obtaining conical shells by forging is an important and relevant
task in energy and heavy engineering. Existing processes of their
manufacture come down to simplifying the configuration of such bil-
lets. The result is the increased material’s consumption while the in-
ternal fiber is cut during machining, which also leads to a decrease in
mechanical properties. A new forging technique necessitated a study
into the shape change of the billet and the distribution of deforma-
tions in the process of rolling. A finite-element method was used to
investigate the process of rolling out the step hollow billets. Based on
the study results, the forging’s taper was established, obtained during
the forging process. A research procedure involving the finite-ele-
ment method was devised to study the operation of conical shells’
rolling, which made it possible to determine a change in the shape
and size of a hollow forging when rolled out by a step tool. A pa-
rameter has been proposed to quantify the formation of taper in the
process of rolling a billet with a flange. Based on the study results,
a step-wise distribution of the intensity of logarithmic deformities in
the body of a forging was established when conical shells were rolled
out. It was found that the step deformation leads to an increase in
the uneven distribution of deformations on the part of the protrusion
and ledge. Maximum deformations of 1.0...1.2 occur at the inner and
outer surfaces of the step billet’s protrusion. Dependences of the
shape change in a step billet for the investigated ratios of sizes and
rolling modes have been established. It was found that the maximum
taper is obtained at a deformation degree of 15 %. It was determined
that the degree of compression in the ledge and protrusion is leveled
after 3 deformation runs of the step billet.

Keywords: forging, rolling, taper, conical shell, ring, hollow
forging, step striker.
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This paper has proposed a simplified procedure for the rapid
assessment of the suitability of small-scale articles made from various
raw mixtures (hereafter referred to as mixtures) for semi-dry press-
ing (SP) at molding presses, which could employ fillers composed of
slag, ash, dust, and other industrial waste, whose properties are he-
terogeneous. The procedure is based on an assessment of the degree of
negative impact on the quality indicators of articles due to the error
of their density Ap>+2.5 %, associated with the imperfection of bulk
dosing devices that the SP molding presses are equipped with. It has
been established that the mixtures can be graded on the basis of the
steepness of a compression curve (CC) — the dependence g;=f(p;),
where g; and (p;) are the current values of pressure (in MPa) and
density of the mixture array (in g/cm?). A criterion applied to define
the mixture’s suitability to SP is a multiplier 4 (in cm?/g) included
in the dependence. It is shown that the mixture of type I (at b<8) is
suitable for SP at the multi-cavity molding presses. The mixture of
type III (at 5b>12) is problematic; its composition must be adjusted
to re-determine b. The mixture of type IT (at b=8..12) requires
additional research, proposed to be carried out in two stages. The
first stage implies a low-cost determination of the dependence of the
strength of SP samples on pressure 6=/(¢q) and testing the minimum
strength o,in, as well as for the criteria of steepness K and permissible
pressure ¢g,. The ranges of K and g, have been determined, in which
a more laborious second stage is needed to check for the absence of

an «overpressing» defect. If all stages of the tests are successful, the
mixture belongs to type I; if not — to type III. Techniques to improve
the suitability of the mixtures to SP have been considered. A promi-
sing technique has proven to be the treatment of the mixture in
a high-speed roller-type activator, which simultaneously reduces both
the CC steepness of the activated mixture and the required pressure
of pressing. The study results could expand the application scope of
anthropogenic products by utilizing them in the mixtures for SP.

Keywords: semi-dry pressing, pressure, pressing curve, dosing
error, raw mixtures, suitability check.
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This paper reports the operational indicators for industrial-
sized jet grinding plants (JGP). The dependences of specific energy
consumption on productivity have been generalized. The techno-
logical patterns in the working process were considered in terms of
reducing energy costs using the operation of gas-jet and steam-jet

mills at the Vilnohirsk Mining and Metallurgical Plant (VMMP)
involved in crushing zircon to 60 pm as an example. The acoustic
activity in the grinding area has been studied relative to the con-
centration of p and in combination with the technological assess-
ment of the mill’s performance. A broadband piezo sensor was used
in the assessment of acoustic emission (AE). It is shown that the
acoustic activity of the grinding zone contains information about
the effects of dispersion and energy costs for grinding, which makes
it possible to estimate and minimize the specific energy costs.
It has been established that the principal factors of JGP energy
intensity are the initial temperature of the energy carrier, which
sets the speed of the jet, and the concentration of solid phase in
the jet, which changes the effects of dispersing. A technique has
been proposed for the current assessment of energy costs in the
working process of dispersion based on the experimental acoustic
data and a pattern of the acoustic dimensional effect. The estimated
acoustic indicators of the energy cost of a jet mill for the conditions
of VMMP were derived. To reduce the energy cost of disper-
sion (1,=0.42 J/cm?), the effect of adjusting the loading of jets to
vv=1.8 J/pulse is employed. Thus, this study has investigated the
dispersal of solid loose material in jets with the involvement of
acoustic information about the operation of jet mills, which makes
it possible to comprehensively assess and minimize (optimize) the
specific energy costs of grinding.

Keywords: jet mill, dispersion, dispersing, energy carrier tem-
perature, solid-phase concentration, acoustic activity.
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The possibilities of optimization of cutting technology for the
production of autoclaved aerated concrete and the use of low-clinker
binders in it are investigated. Taking into account the price factor,
energy-ecological trends in the development of the industry of build-
ing wall and heat-insulating materials, autoclaved aerated concrete
has significant prospects for the development of production.

With the transition to the production of autoclaved aerated
concrete of lower density, on the one hand, the total material con-
sumption of production decreases, and on the other, the specific costs
of the binder (cement) per unit mass of aerated concrete increase.
The research was aimed at implementing a number of technological
solutions. They imply a decrease in the energy intensity of produc-
tion by minimizing the clinker component in the raw mix and an
intensification of the production process in order to increase the
coefficient of the structural quality of the material, as well as the
possibility of mass production of low-density aerated concrete. Re-
ducing the clinker component by replacing it with active mineral ad-
ditives, blast-furnace granular slag, under the conditions of cutting
technology, is possible provided that the problem of accelerating the
plastic strength gain of acrated concrete raw material at the stage of
formation of its macrostructure is solved.

It has been established that the implementation of forced syn-
thesis of ettringite at the stage of formation of aerated concrete
mixture with a high W/T ratio reduces the time of pre-autoclave
holding of the raw massif. This allows the use of mineral additives
and enhances the strength of the final product. Replacing 10—-15 %
of cement with the GBFS addition in the composition of the aerated
concrete mixture in the presence of an additional content of gypsum
stone of 5-10 % in the composition of sand slime provides an inten-
sive increase in the plastic strength of the raw material before cutting
it into products and high strength of the final product.

Keywords: acrated concrete, mineral additives, granulated blast
furnace slag, low-clinker binder, ettringite.
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The aim of this research is to study the stability of haulage drifts
and the manifestations of rock pressure in them lengthwise the work-
ing area when protecting them with coal pillars.

To assess the stability of workings, field experiments were conduct-
ed to study the manifestations of rock pressure in the haulage drifts
of a steep coal seam. It has been registered that as the breakage face
progresses, the displacement of roof rocks on the contour of the drift
linearly increases with an increase in the length of the working area.

The deformation properties of coal pillars were studied taking
into consideration the extent of the convergence of the roof and soil.
This paper reports a theoretical model that describes the destruction
of the above-drift coal pillars when unloading the coal-bearing massif
that hosts the workings.

It has been determined that the equilibrium state of coal pillars is
ensured when the specific deformation and stress potentials are equal
before the occurrence of main cracks of destruction. As the relative
deformation of coal pillars increases at compression, when this equa-
lity is broken, the specific energy intensity of destruction increases.
It is noted that at a distance exceeding />10 m behind the breakage
face, the occurrence of the main cracks of destruction is followed by
a stability loss in the coal pillars. As a result of external forces, the
change in the volume and shape of the coal pillars causes the intensi-
fication of the process of convergence of lateral rocks on the contour
of haulage drifts lengthwise the working area and leads, with a certain
degree of probability, to a deterioration in the stability of workings.

The results of this study could be used to justify the choice of
technique to protect haulage drifts. This would allow the timely de-
velopment of minefield reserves thereby improving the safety of ope-
rations. It is recommended that the technique of protecting haulage
drifts by coal pillars should be abandoned.

Keywords: rock pressure, haulage drift, coal pillar, deforma-
tions, coal-bearing massif, roof.
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Operating conditions of thermal units for processing raw mate-
rials predetermine defects in refractory elements resulting in their
gradual accumulation, which leads to a change in technical condi-
tion. A large number of defects, their development, and the achieve-
ment of critical values lead to difficulties in modeling the physical
processes of changing the technical condition of refractory elements.

This study has investigated the mechanism of the occurrence,
development, and accumulation of defects in refractory elements, as
well as the processes of cumulative accumulation of damages; a prob-
ability model of their degradation has been constructed. The model
was built using Markov chains; it describes the sequences of change
in the states of refractory element damage and the probability of
transitions between these states. Based on the statistical data about
a change in the state of damage, the model makes it possible to assess
the probability of a defect reaching the critical condition following
the predefined number of load cycles. A special feature of the model
is the possibility of its application to individual defects, as well as to
refractory elements on which defects occur and develop, as well as to
assemblies where such refractory elements are installed.

The main patterns of change in the technical condition of refrac-
tory elements of coke ovens have been established: the distribution
of cracks of a certain length according to the number of coke oven
output cycles; the probability of the occurrence of a crack of a critical
length at a certain point during operation; the dependence of the



probability of a refractory element failure on the predefined number
of coke oven output cycles.

Based on the modeling results, it has been proposed, in order

to prevent the degradation of refractory elements, to strengthen
the structure of the surface layer of the refractory element by cold
gas-dynamic spraying, to arrange laying elements that would stop
the evolution of defects, and to make up schedules of hot repairs
based on the time when the defects may reach critical values, deter-
mined during modeling.

Keywords: refractory element, crack, change in technical condi-

tion, probability model, Markov chains.
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The results of theoretical and experimental studies aimed
at identifying hidden defects in the structure of hard alloys and
superhard composites used in the manufacture of cutting tools in
order to control and predict gradual and sudden failures of cutting
inserts.

Damage control of cutting inserts is carried out by microscopic
analysis. Deeper damage to the structure can be detected using the
method of chemographic imaging. The proposed method is based
on obtaining photographs of the oxidative reactions of materials of
ultra-low concentrations occurring on the surface of solids under
thermobaric loading.

Before the moment of a sharp release of the energy of destruc-
tion, chemical processes of ultra-low concentrations are activated.
Chemography allows to fix the zones where the incipient micro-
cracks and microdefects are ready to actively develop, which can
lead to the onset of macrodamage and failure to work.

The chemographic image of the plate obtained as a result of the
study is compared with the reference sample, as a result of which it
is possible to assess the initial defect state of the material and pre-
dict the further period of the plate’s operation.

The criterion for the existing defects and imperfections in the
structure is the change in the blackness index of the chemographic
image, the minimum value of which indicates a minimum of struc-
tural defects and internal defects in the material under study.

The results allow to propose a new method for controlling the
surface of cutting plates, which can be easily implemented in any
machine shop, which makes its application very promising.



Keywords: chemography, internal defects, microdamages, coat-
ing spalling, failure, gradual wear, low concentration reactions, cut-
ting tool, reliability prediction.
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MABUINNEHHA EOEKTUBHOCTIIIPOLIECY IIOTOKOBOT'O 3MIIIIYBAHH A CUIIKNX KOMIIOHEHTIB (c. 6-13)

I. A. IlleByenxko, E. B. Anics

CyuacHa MpOMMCIIOBA i arpapHa TepepobKa Maiike 3aBsK/IM TTepenbadac BUKOHAHHS MPOIIECY 3MIlyBaHHSI CHITKOTO MaTepiaty Ha pi3Ho-
ManiTHOMY obsaananui. Ha ganuii MOMeHT BioMi 3MmiltyBadi pisHOMAHITHUX KOHCTPYKILiii, IPUHIIMIIB Ta cIIoco0iB peasisallii TeXHOJI0Tiy-
Horo mponecy. Cepesl icHyIOUMX €1I0CO0IB 3MiNTyBaHHS € TIOTOKOBUIT CIIOCIO, SIKMIT Ma€ 3HAUHI MepeBarn — 3MEHIIEHHsT €HePrOEMHOCTI T1pU
MIBUIIEHH] SIKOCTI Tipotiecy 6e3nepepBHOTO TPUIOTYBaHHS Ta posaaBanisa cyminri. OQHaK A0CHIHKEHHIO TOTOKOBOTO COCO0Y 3MIIILyBaHHS
CUIIKMX MaTrepiaiB mpujineHo Mano yBaru. Lle He 1ae MOKIMBOCTI BUKOPUCTATH BiIOMI aHATITUYHI MOJEJI 1IpoLiecy HepeMillleHHs CUIIKUX
KOMIIOHEHTIB /I7IsT OOTPYHTYBAHHS KOHCTPYKTUBHO-TEXHOJIOTIYHIX TTAPAMETPIB POOOUNX OPTaHiB 3MilllyBaya ITOTOKOBOTO THUITY.

B pesyJibrati aHaTiTHYHUX TOCIZKEHD TOTOKOBOTO CIIOCOOY 3MIIIyBaHHS CKIAIEHO CHCTEMY ANMEPEHIIHHIX PIBHAHD PyXy YACTHHOK
KOMIIOHEHTIB CHUIIKOTO MaTepialy B MOBITPSHOMY MOTOII T/l Ai€H0 MOBEPXOHb POGOUMX OpPraHiB po3pobsaeHoro amimysada. [IpeacrasieHa
cucreMa AndepeHIiiHIX PIBHAHHSA MOKJIa/eHa B OCHOBY (Di3MKO-MaTeMaTHYHOTO anapary 4riceJbHOr0 MOZIETIOBAHHS 3a3HAYEHOTO TIPOIIECy
B maxeti nporpamMuoro 3abesneuenns StarCCM+ (CIIIA).

B pesysbrati 4ncepHOTO MOZIETIOBAHHS OTPUMAaHI 3AJI€KHOCTI ANHAMIKN 3MiHM KOHIIEHTPAIlii KOMIOHEHTIB B CYMiIlli Ta OHOPiTHOCTI
cyMili BiJl 30H 3MilllyBaya MOTOKOBOTO TUITY B 3aJI€KHOCTI Bijl (hakTopiB goc/ipkenb (yacTota 06epTiB, KyTa aTaku JIONaTeBOro 3MilyBaya,
TIPOZYKTUBHICTH 110/[aui TIEPIIOTO i APYTOro KOMIOHEHTIB).

JLuist iporiecy 3MilyBaHHsT IBOKOMIIOHEHTHOT KOPMOBOT cyMmilni (cTebI0BUI i KOHIIEHTPOBAHUIT KOPMI) BUSHAYEH] ONTHMaIbHI KOHCTPYK-
THUBHO-TEXHOJIOTTUHI NTapaMeTpu 3MilllyBayua II0TOKOBOIO TUILY, IIPU AKUX OJ{HOPI/IHICTb OTPUMAHOI KOPMOCYMIII € MaKCUMAaJIbHOIO.

Kio4osi c1oBa: cumkiii MaTepial, TOTOKOBe 3MIIITYBaHHSI, YrCeTbHe MOIETIOBAHHS, POOOUMIT OPraH, KOHCTPYKTHBHO-TEXHOJIOTIYH] TAPAMETPHL.
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PO3POBKA METO/IY 3ABE3IIEYEHHS HAQIMTHOCTI [P 3SMEHIIIEHHI MACOBO-TABAPUTHHX
XAPAKTEPUCTHUK ITOKEKHUX BIZIIEHTPOBUX HACOCIB IIJIIXOM ONTHUMI3AIIIT iX
KOHCTPYKTHUBHUX EJIEMEHTIB (c. 14-19)

0. E. Bacuibesa, 1. B. IIacnak, A. A. Penkac

JIist BUBHAYEHHS ONTUMAIBHUX MAacO-rabapUTHUX MapaMeTpiB BiIIIEHTPOBUX TOKEKHUX HACOCIB PO3POOJIECHO AITOPUTM PO3PAXyHKY Ha
MIIHICTD | HaIHICTH KOPITYCIB Bi/IIIEHTPOBUX TIOKEKHUX HACOCIB. [JIst 1IbOTO PO3POGJIEHO METO/I BUBHAYEHHST OCHOBHUX MOKA3HUKIB HaiiiHOCTI,
CTBOPEHO ONTUMI3AIITHY MATeMaTUYHy MOJIE/Tb Ta TT0OY0BAHO aJIrOPUTM PO3B’SI3KY ONTHMI3AIiHHOI 3a/1a4i 3 BUKOPUCTAHHSIM MeToity MoHTe-
Kapuio. TTpu po3pobiierHi MeTojty BU3HAYEHHSI OCHOBHUX MOKa3HUKIB HAIHHOCTI BIAIIEHTPOBUX TTOKEKHIX HACOCIB BPAXOBAHO CHJIOBI Ta KiHe-
MaTH4Hi [apaMeTpy, eKOHOMIYHUI MOKa3HUK HaIiliHOCTI Ta BUTpaTH Ha 3abesnedeHHs HaaiiiHocTi. [[i MoKa3HUKK J03BOMAIOTH BCTAHOBJIIOBATH
OIITUMAJIBHI BUTPATH MaTepiasiiB Ha BUTOTOBJIEHHS KOHCTPYKTUBHUX €JIEMEHTIB Bi/IIIEHTPOBUX TOKEKHNX HACOCIB, 3a06€31edyi0oun iX MilHICTh Ta
HagiitnicTs. [Ipu po3pobiieHH] onTUMIZAIHHOT MaTeMaTHYHOT MOZIeJI Y sIKOCTI 1[/Ib0BOT (DYHKIIT 3acTOCOBAHO MiHIMIZaIiI0 MACH HACOCY, a TAKOK
BHUKOPHUCTAHO PI3HUIEBUI KPUTEPIl, 1110 /103BOJISIE€ BpaXyBaTl €KOHOMIUHUI IIOKa3HUK IIPU BUTOTOBJICHHI BIIIIEHTPOBUX MOXKEKHUX HACOCIB Ta
3HUBUTH iX 06iBapTiCTh. BeTaHOBIIEHO, 1[0 OCHOBHIM MTOKA3HUKOM, SIKUiT BIUINBAE Ha MACY HACOCY Ta 3aTPATH Ha HOTO BUTOTOBJIEHHSI, € TOBIIHHN
crinku Kopitycy Hacocy. Ha mizcrasi po3po6iieHoi onumizantiiiHoi MateMatiaHoi Mogiesti 6y moGyoBaHi 6JI0K-CXeMI alropuT™iB i i po3s's-
3YBaHHS 3 BUKOPUCTAHHAM MeToy MonTe-Kapio. Pesyssrati po3paxyHkiB mokasas, mo mupuiy kopiycy Hacocy [TH-40 ¥ B mosxma 3smenmm-
tny 1,18 Bin HominambHoi. Bukopucranus onTuMisaliiiHoi MaTeMaTHIHOI MOJIeJT B TIPOIIeCi TPOEKTYBAHHS TTOJKEKHUX BiIIEHTPOBUX HACOCIB /1a€
MOJKJIMBICTD 3MEHIIUTH Macy Hacoca Ha 9—11 %, ipu 11boMy 3a0e311e4nTH BUCOKY Ha/IIHICTD | SMEHIIMTH BUTPATH Ha iioro Burotossiexns Ha 10 %.

Kuro4oBi ciioBa: mosKesKHIIT BiIEHTPOBUI HACOC, KOPITYC, ONTUMI3aliiiHa MaTeMaTIHYHa MO/IEJIb, HAJIHHICTh MOMKEKHUX HACOCIB.
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BITPOBAJ/GKEHHA HIBUJTKOT'O ITPOTOTUITYBAHHSI IIOJIIMOJIOYHOI KCJIOTU 3 BHKOPUCTAHHAM
TEXHOJIOTI 3D-JIPYKY IJIsl 3BACTOCYBAHHS B JIOIMKLJILHII OCBITI (c. 20-26)

Dwi Hadi Sulistyarini, Debrina Puspita Andriani, Zefry Darmawan, Putu Hadi Setyarini

3D-ApyK € OJHIEI0 3 TEXHOJIOTIH, 0 MBUAKO PO3BUBAIOTLC. Maruuu st 3D-ApyKy MOKYTb CTBOPIOBaTH 00’€KTH JIETKO, HIBH/IKO
i letanpro. [cHy€e TPH OCHOBHI eTary, Yepes siKi MpOXoAnTh MamHa st 3D-ApyKy, a came MpoeKTyBaHHs, IPYK i 00podKa. 3D-npuHTepy 3 Bui-
KOPUCTAHHSIM TIOJIIMOJIOYHOT KICJIOTHU IITMPOKO BUKOPHCTOBYIOTHCS B PI3HIX 00JIACTSIX, TAKKX K TPOMUCITIOBE 00JIaIHAHHSI, KOCMIUHi araparu,
CHOKUBYI TOBApPH, eJIEKTPOHHI KOMIIOHEHTH, TPAHCIIOPTHI 3ac00M, Me[IMUHA IIPOMUCJIOBICTD, irpaIikoBa MPOMUCJIOBICTD Ta 1HIII.

B manomy focmizzkenHi 3a goromMoroio Metozny 3D-pyKy 3 BUKOPUCTaHHAM HUTOK 3 HOJIIMOJIOYHOI KUCIOTH HaM BJIaJIOCSI CTBOPUTH PO3BHU-
BAIOUMIi irpoBUii iHCTPYMeEHT 11 HazBoto Terpic. 3D-APYKOM HA3UBAETBHCS MPOLEC MOCTIIOBHOIO CTBOPEHHST TPUBUMIPHUX 00'€KTIB 3 1udpoBUX
aiisTiB MUIIXOM TIOCJIiIOBHOTO PO3MIIIEHHST MHOKUHT TIAPiB TOHKOTO MeTary. 3a JOTIOMOTOI0 aIUTUBHIX TeXHOJOTiH, 3D-1mmdposi koHcTpyKIii
MIEPETBOPIOIOTD Y BIpTyaslbii BUPOOU IIIIXOM TIOCII0BHOTO OcajiKeH st MeTasiB. 3D-1pyk 3abe3nedye po3yMHy MOKJIMBICTD BIATIOBIHOCTI PI3HUM
HapamMeTpaM B 3aJIeXKHOCTI Bt rastysi imkenepii. 3asiku nepesaram mMatepiany IIMK, sikuit Bosioztie XopoIoo MiliHICTIO, SIKICTIO TOBEPXHi, I0CTYTI-
HUH B PIBHUX KOJILOPaX i 3PYYHUIA Y BUKOPUCTAHHI, BUPOOJISIIOTHCS PO3BUBAIOUI irPOBI IHCTPYMEHTH, 110 MAIOTh TaKi MepeBard sk IpuBabInBicTD,



JIETKICTh, MIITHICTD 1 TPOCTOTA B TPi. TAKMM YMHOM, CTBOPEHHST PO3BUBAIOYNX irPOBUX iHCTPYMeHTiB 3 Bukopucranisam 3D-npyky 3 [IMK moske Bupi-

MIUTH TTPOOJIEME 3 TIOMEPEHIMU PO3BUBAIOYNMHU IrPOBUMU IHCTPYMEHTAMH, B sIKi HEIIPOCTO IPATH 1 SIKi MEHII IPUBAOIMBI IUT1 PAHHBOTO INTHHCTBA.

PosBuBaioui irpu, cTBopeHi B IAHOMY AOCTIPKEHHi, MOKYTh BHKOPUCTOBYBATHCS B SIKOCTI TITATOPMU /7T HABYAHHS AiTel Ha PiBHSX BiJl ANTSIIOTO

cazika 710 o4yatkoBoi ko, Crioci6 rpu B posBuBaiody rpy Terpic mossrae B Tomy, 1106 npuKpimiosaTi Girypu 10 ocHoBHOI Yacturn Terpicy

1 3icTaB/ATH iX 3 iHIIIME (DiTypaMu, TOYHO TaK, SIK TPaTH B TOTOBOJIOMKY, /e KO’KHA BCTaHoBJIeHa (hirypa TOBMHHA BiAMOBIAATH iHIMM (irypam.
Kumouosi cioBa: 3D-apyk, po3BrBaiodi irpoBi iHCTPYMEHTH, TIOJIIMOJIOYHA KUCJIOTA.
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PO3POBKA TEXHOJIOTTYHUX OBMEKEHD ITPY POBOTI JIMCKOBUMH ITOJIIMEPHO-ABPA3VBHIMU
IIITKAMU (c. 27-33)

II. P. Tpumms, H. B. Tonuap, E. B. Konapariok, /I. M. Crenanos

TTosnimMepHOo-abpasuBHI MIITKOBI IHCTPYMEHTH 0GEPTAIBHOI /il BCe YacTilie BUKOPUCTOBYIOTH /ist (DiHIIIHIX OTepalliii B aBTOMATH30BAHOMY BY-
POOHUIITBI. Y 3B'SI3KY 3 I[UM BUIIILIO Ha TIEPe/IHii M1ar BUBYEHHsT TIPOIECY 3HOITYBAHHST IX BOJOKOH, 1 TAKHI BU/I 3HOIIIEHHS, SIK BIZPHB IJIOTO BOJIOK-
Ha B MiCI[i 3aKPINJIEHHs, Ha JAHUI MOMEHT HEI0CTATHLO BUBUYEHO. Lle sBuIIe MOsKe IIPU3BOAMTH JI0 TTOPYIHEHHS ¢TablIbHOI poOOTH 001 {HAHHS 1 10
KaTacTpoMIYHOTO 3HOIEHHS 1HITOK. TOMY MOIIYK | BUBHAYEHHST 0OMEIKEHD, 1110 JI03BOJISIOTH 3aM00IITH BiIPUBY BOJIOKOH, € aKTYaJIbHIM 3aBIaHHSIM.

BuByasiu [UCKOBI Ta MUIHAPUYHI MOTIMepPHO-a0pa3uBHI IHITKH, K HAHOLIBII TOMMPEHi Y BUPOOHHUIITBI.

B naHoMy J0CJIIKEHHI BCTAHOBJICHO, 0 BiAPKUB BiOYBAETHCS IPU HECTIPUATIMBOMY TIOEHAHHI PeKUMIB 0OPOOKH 1 apaMeTpiB IIiTOK,
Ha 060poTax, 6JIM3bKUX [0 IPAHUYHIX, 3a3HaueHnX (hipMaMu-BupoOHuKaMu. TIpu miepeBipiti piBHs TeMIiepaTyp B MicCIli 3aKPITJIEHHsT BOJTOKOH
BU3HAYUJIM, 110 HArPiBaHHS BOJIOKOH B 1[Il 30Hi B [1POLIEC] eKCILIyaTallil HeZIOCTATHbO JIJI4 [IJIaBJIeHHS [10JIiIMePHOi OCHOBU BOJIOKOH 1 iX BiJ[pUBY.

Bceranosiieno, 1110 nprunHOIO BiIPUBY BOJIOKOH € HAKOIMYEHHSI BTOMHUX 3MiH, SIKi 3HAUHO TIPHCKOPIOIOTHCS HA TPAHUYHUX PEKNMAX.
JlociIpKeH S IIMKJTIYHOT I0BROBIYHOCTI BOJIOKOH JI03BOJIMJIO BUSHAYNTH CIIBBIIHONIEHHST KDUTHYHUX PEKUMIB 0OPOOKH i mapaMeTpis iHcTpy-
MEHTY, AKi MPU3BO/ATD /10 BTOMHOTO PyIHYBaHHS BOJOKOH B MicCIli iX 3aKpilieHHs.

Byutit BcTaHOBIIEHI HACTYIIHI TEXHOIOTIUHI 0GMEKEHHST IS TaPaHTOBAHOTO 3aIT06ITatHs BiIPUBY BOJOKOMH:

— He PEKOMEH/YEThCS 3aCTOCOBYBATH OKPY/KHI IMBUAKOCTI pisanus Gisbine 40 m/c;

— HaTar npu poboTi He TToBMHEH nepesuiyBatu 10 % Bix BETMUMHN BUJIBOTY BOJOKOH.

Bukonanus ganux ooMexerHb 3abesnedye MmilicHiCTb IHCTPYMEHTY, 0r0 BUCOKY CTIHKIiCTD, a TaKoK cTablIbHICTD mpotecy (hiHimHoi 06-
POOKH jieTasieil B aBTOMATHYHOMY PEKIM.

KiiouoBi caoBa: mosiiMepro-abpasiBHa ANCKOBA TIITKA, BIZAPUB BOJIOKOH, TEMIIEPAaTypa BOJOKOH, IIUKJIYHA JOBrOBIUHICTD.
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BU3HAYEHHS JIEOOPMOBAHHOTO CTAHY V¥ ITIPOIECI PO3KOUYBAHHS KOHIUHIX OBMYANOK 3
®JIAHIIEM (c. 34-41)

O. €. Mapkos, B. B. I1anos, C. I. Kapnayx, A. C. XBamuucekuii, P. 10. Kutnikos, B. B. Kyxap, M. C. Kocuios, II. I. Pizak

OrpuMaHHst KyBaHHSIM KOHIYHMX OGMYAHOK € BKJIMBOIO 1 aKTYaJIbHOIO IPOGJIEMOIO B HEPreTHYHOMY 1 BaKKOMY MatiiHoOyryBanHi. IcHyioui
MPOIIECH X BUTOTOBJICHHST 3BOJSATHCST JIO CIIPOIIEHHsT KOHDIrypaiti Takix 3arotoBok. B pesyJisrati 36i/bIIyI0ThCSI BATPATH MaTepiaiy i BinOysa-
€ThCS TIepepizaHHs BHYTPIHBOTO BOJIOKHA TIPU MeXaHiuHiit 06po0iL, M0 TaKOK MPU3BOAUTH [0 3HIKEHHS] MeXaH{4HuX BjaacTuBocteil. Hosmit
€110¢i6 KyBaHHsT BAMAraB TPOBEICHHST I0C/I/IKEHb (hOPMO3MIHM 3arOTOBKH Ta PO3IMOIiiTy sedhopmalrtiii B mporieci poskouyBanHsi. I3 3acrocyBanHsIM
METO/Iy CKIHYEHHUX eJIeMEHTIB OyJia I0C/IFKEeHa onepaltis PO3KOUYBaHHsI CXi[4acTHX IyCTOTIIMX 3aroTOBOK. Ha mizicTasi pesysisraTis goc/ipKern
BCTAHOBJIIOBAJIACS KOHYCHICTh MOKOBKH, SIKA 3'SIBJIAJIACH B TIPOIIEC] KyBaHHsL. ByJia po3pobJieHa METONKA OCITI/UKEHHS] METOJIOM CKIHUECHUX eJie-
MEHTIB orepartii po3KOYyBaHHs KOHIYHUX 00MYaOK, IO I03BOJIM/IA BUBHAYNTH 3MiHy (HOPMHU i PO3MIPIB MOPOKHUCTIX OKOBKHU IIPU PO3KOYYBaH-
Hi CTYIIIHYACTUM iHCTPYMEHTOM. 3aIPOIIOHOBAHO TTAPAMETP I KiJIbKiCHOI OIliHKN (hOPMYBAHHS KOHYCHOCTI B TIPOIECi PO3KOYYBAHHS 3aTOTOBKU
3 (hmanmem. Ha 6asi oTpuMaHuX pe3ysibraris OyB BUSBICHUIT MOETAHKUI PO3IOILT IHTEHCMBHOCTI JTorapudmivanx aedopmartiii B T IOKOBKN
TIPH PO3KOYYBaHHI KOHYCHIX 00ndaiiok. Bysio BcraHoBieHo, 1o moeTare 1ehopMyBaHHsT TPI3BONTD 0 MABHINEHHS HEPIBHOMIPHOCTI PO3ITO-
Ay pedopmartiii 3 Goky Buctyiy i yeryiy. Makcumasshi gedopmarti Besmunnomo 1,0...1,2 BUHUKAIOTh Ha BHYTPIlIHIil | 30BHilIHII TTOBEpXHSIX
BHCTYILY CTYIIHYACTOI 3aTOTOBKU. BeTanoBseHi 3ayeskHOCTI (GOPMO3MIHH CTYIIHIACTUX 3aTOTOBOK VIS IOCTI/PKYBAHIX CITiBBIIHOIIIEHb PO3MIpIiB
i PEXKIMIB PO3KOUYBaHHsL. ByJi0 BCTaHOBIIEHO, 110 MAKCHMaJbHA KOHYCHICTD Oy/1e yTBOPIOBATUCS IS cTyTieHs nedopmaitii 15 %. BeranoieHo, mio
BEJIMUMHA CTYIIeHst OGTUCKAHHST B YCTYII | BUCTYII BUPIBHIOETBCS TSt 3 TTPOXO/LY ehOpMyBaHHSI CTYIIHYACTOIO 3arOTOBKH.

KiiouoBi ciioBa: KyBaHHs, PO3KOUYBAHHs, KOHYCHICTb, 0OMYaiika KOHIYHa, KiJIbIle, ITyCTOTiIa MOKOBKa, CTYIHYaCTHii O0IOK.
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BJIOCKOHAJIEHHSI METOIUKU OIIHKY IPUIATHOCTI CHPOBUHHUX CYMIIIENA IS
®OPMOBAHUA BUPOBIB METO/IOM HAIIIBCYXOI'O IPECYBAHHA HA OCHOBI AHAJII3Y
KOMIIPECIIHUI KPUBUX (c. 42-54)

0. I. CaBuenxo, O. IO0. Kpor, B. O. Byupkuii, O. II. Kpor, JI. M. Byupka

3arpornoHoBaHo CHPOIIEHY METOIMKY eKCIIPec-OIiHKM MpUAATHOCTI 10 Hamiseyxoro mpecysaris (HIT) wa npecax apibHomTyynux Bupobis
3 PIBHOMAHITHUX CUPOBUHHMX cyMimneil (aji — cymiieil), B IKMX HAIIOBHIOBAYaMU MOKYTh OyTH HEOIHOPI/IHI 32 BIACTUBOCTAMU IIJIAKH, 30J1a,
THJT Ta iHIT BiAXOMM BUPOOHUITB. MeTonnKa 3aCHOBaHA Ha OIIIHII CTYTIEHsT HETATMBHOTO BILTMBY Ha TIOKA3HUKU SKOCTI BUPOOIB TIOXMOKH X TyC-
THHI Ap2+2,5 %, TIOB'sI3aHO1 3 HEJIOCKOHAJIICTIO TIPUCTPOIB 06’€MHOTO 103yBaHHs, BUKOPHCTOBYBaHuX B mpecax HIL. BeraHoBieHo, 1110 Tpajariio



cymilieii MoxKHa TIPOBOAUTH 10 KpyTH3Hi Komrpeciiiroi kpusoi (KK) — sanesxnocti ¢;i=/(p;), Ae g; 1 p; € morounumu snadernsamu tucky (MIla)
i ryctuny MacuBy cymimi (r/cm®). Sk kpurepiit mpuzaTHoCTI cymini o HIT Bukopuctanyii MHOKHWIK b (cM>/T), 0 BXOUTH 10 CKJTA/Ty 3a/1€KHOCTI.
[Toxkazano, 1o cymirn nepioro Tumy (npu b<8) npuparna ayist HIT B Garatornisanux npecax. Cyminr tperboro tury (ipu b>12) € mpobieMHoIo —
BUMarae KOpUryBaHHsI CKJIa/ly i HOBTOPHOTO BusHadeHHst b. Cymiun apyroro tuiy (nipu b=8...12) BUMarae j10/laTKOBUX JIOCI/IKEHbD, SIKi 3alIPOIIO-
HOBAHO MPOBOAUTH B /1B crajil. [Tepira nepeabadae MaloBUTpaTHe BU3HAUYEHHST 3asie;kHoCTi MittHocTi 3paskis HIT Bin tneky o=/(q) i mepesipky 3a
MiHIMaJIBHOIO MilIHOCTIO Gpyin, 32 KpuTepisMu kpyTustu K i gomycrumoro Trcky ¢,. Busnadeno gianasonn K1i g, npu sixix neo0xiana Gisibi Tpy1o-
MICTKa JIpyTa CTa/lisi — IepeBipKa Ha Bi/ICYTHICTb le)eKTy «IeperpeccoBKuy. Y pasi yCIixy BCiX cTafiiil HepeBipoK CyMilll BiJHOCUTBCS /IO TIEPIIOro
THITY, TPH HEBIa4i — /10 TPeThoro. PosriisiyTo criocobu mosirnmenns npugatHocti cymimeii 1o HIT. TTepenektuBHUM BUSBUBCS crioci6 0OpoOKu
CcyMillli B IIBI/IKOXiIHOMY aKTHBATOPI BAJIKOBOIO THILY, IIPH SIKOMY OJIHOYACHO 3HIDKY€EThCs1 | kpyTnaHa KK akrusoBanoi cymint, i HeoOXiHuil THCK
npecyBanHs. PesymsraTit 1ocipkens J03BOIATD PO3NMPUTH chepy BUKOPUCTAHHS TeXHOTEeHHNX TPOAYKTIB 3aCTOCYBaHHAM iX B cymintax st HIL.
Kiro4oBi ciioBa: HariBeyxe IpecyBaHHsl, THCK, KPUBA TIPECYBAHHsI, MOXUOKA 103YBaHHsI, CHPOBIHHI CYMillli, epeBipKa IPUAATHOCTI.
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BUSIBJIEHHS YMHHUKIB 3HUKEHHS EHEPTOBUTPAT ITIPU IVICIIEPTYBAHHI B
CTPYMEHSIX (c. 55-62)

JI. K. TopoGenp, I. B. BepxopoGina, B. C. Bineupkuii, A. I0. Kpusenko, M. A. Ipumenxko, O. B. Bynax

Hasesieno moka3Huku poboTu yeTaHoBOK cTpyMuHHOTO Ttozpionentst (YCIT) mpoMucaoBOro THIIOpO3MIpy. Y3araibHeHi 3aJIe)KHOCT] MTOMOT
BUTPATH €HEPrOHOCIsT Bi/[ TIPOAYKTUBHOCTI. 3 MOBKIII 3HUKEHHST BUTPAT €HEPril PO3IJISHYTI TEXHOJOTIYHI 3aKOHOMIPHOCTI poO0YOro TIpoIecy Ha
NPUKJIaIax poOOTH ra30CTPYMUHHUX 1 TAPOCTPYMUHHUX MIIMHIB BibHOripehKOro ripaudo-metasypriitnoro kombinary (BITMK) npu noxpiGHerHi
1mpKony 10 60 MkM. BUKOHAHO ZOCTIKEHHS aKyCTHIHOI aKTUBHOCTI B 30Hi TIOMEJTY B 3B’SI3KY 3 KOHIIEHTPAIIEIO | i B IOEHAHHI 3 TEXHOJIOTIYHOIO
OIIHKOIO TIOKa3HUKIB poboTu MuiHa. [Ipu omini akycruuroi emicii (AE) 3acrocoBanmii mmpokocMyrosuii 1'esonaryunk. [Tokasao, 1o akycrindHa
AKTHBHICT 30HK [OMEJTY MICTHTB iH(BOPMAILiO TPO eDEeKTH UCTIEPrYBaHHs | BUTPATH €HEPTii Ha MOAPIGHEHHS, 110 A€ MOKJIMBICTD OIIHUTH Ta Mi-
HIMi3yBaTH MUTOMI BUTpaTH eHeprii. Betanosseno, 1o nposiannmy unannkamu eneproputparaocti YCII € mouatkosa Temmiepatypa eHeproHocis,
1110 33/1a€ MIBHUKICTh CTPYMEHS, I KOHLIEHTPAIlist TBepoi (hasu B CTPYMEHi, 110 3MiHIOE eheKTH UCIIepryBaHHs. 3alPOIOHOBAHO CIIOCIO MOTOYHOT
OITIHKY €HEPrOBUTPAT B POOOYOMY TIPOIIEC] AUCIIEPTYBAHHs Ha OCHOBI €KCIIEPUMEHTATBHIX aKyCTHYHUX JAHUX i 3aKOHOMIPHOCTI aKyCTUYHOTO
poamipHoro edekry. OTpUMaHO PO3PaXyHKOBI aKyCTHYHI MOKa3HUKN eHEProBUTPATHOCTI POOOTH cTpyMeHeBoro MHa B ymoBax BTMK. [luist 3ru-
KeHHsl BUTPAT eHeprii Ha jucneprysanist (Y,=0,42 Jlk/cM?) BUKOPUCTOBYEThCs eheKT peryJmoBatis 3aBaHTaskeHHs crpymeis 10 yy=1,8 [k /imr.
Takum ynHOM, BUKOHAHE JOCJI/KEHHS TUCIIEPTYBAHHS TBEP/IOTO CUITYYOTr0 MaTepialy Y CTPYMEHSX i3 3aydeHHsIM aKyCTUIHOI iHpopMaliii po
POGOTY CTPYMUHHUX MIIVIHIB, B KOMILIEKC] IA€ MOSKJIMBICTD OIIHUTH Ta MiHIMI3yBaTu (ONTUMI3yBaTH) TUTOMI BUTPATH €HEPTii Ha OAPIOHEHHSL.

KiiouoBi cioBa: ctpyMeHeBuil MIIMH, IMCIEPIYyBaHHsI, TEMIIEPATYPa eHeProHoCis, KOHI[eHTpaIlist TBep/oi (hasu, akyCTUUHA aKTUBHICTb.

DOI: 10.15587,/1729-4061.2020.217308
BUKOPHCTAHHA MAJIOKJIIHKEPHUX BSJKYYHNX ITPU BUPOBHUIITBI ABTOKJIABHOTI'O
TA3OBETOHY 3A PISAJIbHOIO TEXHOJIOITEIO (c. 63-71)

B. P. Cepaiok, /1. I. Pynuenko, H. O. /Tio:xunoBa

JlocIiIsKeHO MOYKIMBOCTI ONTUMIBAIT Pi3aibHOT TEXHOMOTT BUPOOHUIITBA aBTOKJIABHOTO Ta300€TOHY Ta BUKOPUCTAHHS MAaJTOKITHKEPHUX
B'siKyunx. BpaxoByioun niHoBuii (hakTop, eHepro-eKoJ0TiuHi TeHAEHIii PO3BUTKY MPOMUCIOBOCTI OY/IiBEJIbHIX CTIHOBUX 1 TEIIOI30IsIIiTHIX
MarepiasiB, aBTOKJIABHUI ra300eTOH Ma€ 3HAYHI TIEPCIIEKTUBH PO3BUTKY BUPOGHUIITBA.

ITpu epexoi Ha BUPOGHUIITBO ABTOKJIABHOTO ra300€TOHY MEHINOI TYCTHHIY 3 OJHIET CTOPOHU 3MEHIIYEThCS 3arajibHa MATEPIaTOEMHICTh
BUPOOHUIITBA, 3 1HINOI — 3POCTAIOTH MMTOMI BUTPATH B'SIKYYOro (IIeMEHTY) Ha OJAMHUINO Macy razobertony. Jloc/ipkents Oy Haliieni Ha
peanizaiiiio HU3KM TEXHOJIOMYHUX pilieHb. Boru nepeabadaioTh 3MEHIIEHHSA eHeProEMHOCTI BUPOOHUIITBA IIJIIXOM MiHiMizallii KiiHKkepHOT
CKJIaI0BOI y CUPOBUHHII cymimii Ta inTeHcubikaiiio npoiecy BUPOOHHUIITBA 3 METOIO MiJABUIIEHHS KOCMIIi€HTY KOHCTPYKTUBHOI SIKOCTI
Marepiajy i cepiliHOro BUpOOHHUIITBA ra300€TOHY MEHIIOl TYCTHHH. 3MEeHIIeHHs KIIHKePHOI CKIA0BOI, MIJIAXOM ii 3aMiHi aKTUBHIMU MiHe-
pasibHuMU 106ABKaMU Ta JOMEHHUM IPAHY/JIbOBAHKM IIJIAKOM, B yMOBAX Pi3ajlbHOI TEXHOJIOTII € MOXKJIMBUM 32 YMOBH BUPIIIEHHs IIPOOIeMU
MPUCKOPEHHS POCTY TJIACTHYHOI MIITHOCTI Ta300€TOHHOTO CUPIS Ha cTa/ii (hOpMyBaHHS HOr0 MAaKPOCTPYKTYPH.

BusnaueHo 1110, peasiisaliist IPUMYCOBOTO CHHTE3Y eTTPUHTITY Ha cTazil (hopMyBaHtsa razobeTonHoi cymint 3 Bucokum B/ T BigHomeHHAM
CKOPOUYE TPUBATICTH I0ABTOKJIABHOI BUTPUMKM MacuBy cupiis. Ile 3abesnedye MOKINBICT BUKOPUCTAHHST MiHEPATbHIX 00ABOK Ta CIIPHSIE
3POCTAHHIO MIITHOCTI KiHIleBOro TpoayKTy. 3amina 10—15 % mementy mo6askoio [T B ckiazi ra306eTOHHOT CyMillli P HASBHOCTI IOIAT-
KOBOTO BMicTY TiricoBoro kamenio 5—10 % B ckJia/ii mimanoro nuiamy 3a6e311eqye IHTEHCUBHE 3POCTAHHS IJIACTUYHOI MII[HOCTI CUPILS /10 HOTO
PO3Pi3KM Ta BUCOKY MIIIHICTb KiHIIEBOTO MTPOLYKTY.

Kimo4oBi ciioBa: ra306eToH, MiHepaibHi 106aBKH, JOMEHHUI TPAHYILOBAHUI IIJIAK, MATOKJIIHKEPHE B'SIKYY, €TTPHHTIT.
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BU3HAYEHHS YMOB CTIMKOCTI BZIKATHUX IITPEKIB ITPY OXOPOHI IIVIMKAMHU BYTLILJIA (c. 72-81)

I. B. Iopaanos, I0. B. Hogikosa, 1O. 1. Cimonosa, A. B. Kopous, €. C. Iloakonaes, O. I1. Kaion, B. 0. /losrais, I. E. Boiiuenko,
M. O. Ipuropens

Mertoro mocikeHb € BUBUCHHS CTIHKOCTI BiIKATHUX TITPEKiB i MPOABIB TiPHNYOTO THCKY B HUX TIO JIOBXKHUHI BUIMKOBOI AITBHUIL PN
€1r1oco6i OXOPOHHU HiJTMKaMu BYTLLIsL. st OliHKY CTiiikocTi TipHmaux BUpoOOK, OyJin MpoBeeHi HaTypHi eKcliepUMeHTH 3 BUBYEHHS IPOSIBIB



FiPHUYOTO TUCKY Y BIAKATHUX MITPEKaX KPyTOro BYTriJIbHOTO TIacTa. 3adikcoBaHo, 0 B MIpy TOCYBaHHsS 0YUCHOTO BUOOIO 3MILIEHHST OPij
MOKPIBJI Ha KOHTYPI IITPEKIB JIHIIIHO 3pPOCTAIOTH 31 301/IbIIEHHSIM TOBKUHU BUIMKOBOI JILIBHHUIL].

Jlocamipkennst eopMaliiHux BJIACTUBOCTEH BYTUIBHUX IJIUKIB OyJI0 BUKOHAHO 3 YPaxXyBaHHIM BEJIUYUHU 30JIVIKEHHS TTOKPIiBJI
i mizfomBu. Onrcana TeopeTnyHa MOJIe/Ib PYHHYBAHHS HAIITPEKOBUX BYTIJIBHUX IIJIMKIB IIPH PO3BAHTAKEHHI BYTJIEIIOPOHOIO MacUBY, 110
BMilIfa€ BUPOOKH.

BusnaueHo, 110 PiBHOBayKHUI CTaH BYTiJIbHUX IIJIUKIB 3a0€3II€UYETHCS 3a OJHAKOBOI KiJILKOCTI MUTOMUX HOTEHIHaMB gedopmariiii
i HaIpy’KeHb JI0 MOSIBU MaricTpaJgbHUX TPIlIMH PYHHYBaHHS. 3 POCTOM BifiHOCHOI lehopMartii ByriJibHUX HIJMKIB PN CTHCHEHHI, KON 115
PIBHICTB MOPYIIYETHCS, TUTOMA €HEPrOMICTKICT pyiitHyBarHst 3611bIy€eThes. Bingnaueno, mo Ha Bigcrani 6isbire /> 10 M mosagy 04nCHOTO
BUOOIO HACTAE BTparta CTIHKOCTI ByriIbHUX I{iUKiB. B pesysbrari Aii 30BHINIHIX cuil, 3MiHa 06cary i GOpMU BYTLIBHUX IIINKIB BUKJIMKAE iH-
TeHcHdIKaIio IpoIlecy KOHBEpPreHItii Gi9HIX MOPi/ Ha KOHTYPI BiIKATHUX MITPEKIB 110 AOBXKIHI BUIMKOBOI [IBHUII i BeJie, 3 IEBHOIO YaCTKOIO
WMOBIPHOCTI, 10 TIOTipIIEHHST CTIHKOCTI BUPOOOK.

OtpumaHi pesysbraTu J0C/IIZKEHb MOKHA BUKOPUCTOBYBATH TIPU 00T PYHTYBaHHI BUOOPY CIIOCOOY OXOPOHU BiIKATHUX INTPEKIB HA TIJ1aC-
Tax KpyToro mazinus. Ile 103BOMNTD 3AIHCHUTH CBOEYACHE BiAMPAIIOBAHHS 3aMaciB MAXTHOTO TIOJIS 1 MABUIIUTH Gesreky podit. Pekomen-
JLYETBCST BIIMOBUTUCA Bijl CIIOCOOY OXOPOHMU BiJIKATHUX HITPEKIB I[IIUNKAMU BYT1JLIS.

KimouoBi cioBa: TipHuunii THCK, BiIKaTHUIL IITPEK, BYTIbHNMIL ek, gedopMaltii, ByrJenopoHuil MacuB, OKPIBJISL.
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BUSIBJIEHHSI OCOBJIMBOCTE 3MIHHN TEXHIYHOI'O CTAHY BOTHETPUBKUX EJTEMEHTIB TEILIOBUX
ATPETATIB B IIPOIIECI EKCIIJIVATAIII (c. 81-92)

I1. B. Tper’sikos, A. A. Tonopos, O. €. Anekceera, O. /. Kocrina, B. M. Boposibsos

YMOBU eKcIuTyarailii TelIOBUX arperaTis Jist epepoOKU CUPOBIHHUX MaTepiasliB BUKJIMKAIOTh BUHUKHEHHS JeDeKTiB BOTHETPUBKIX €Jie-
MEHTIB 3 OCTYIIOBUM X HAKOIMYEHHSIM, 1110 IPU3BOUTH /10 3MIHN TEXHIYHOTO cTaHy. Besnka KinbKicTs gedexTis, iX pO3BUTOK Ta JOCATHEHHS
KPUTUYHUX 3HAYEHD TIPU3BOANTD /10 CKJIAIHOIIIB PN MOJIETIOBaHHI (hi3MYHNX IIPOIECiB 3MIHN TEXHIYHOTO CTaHy BOTHETPUBKIX €JIEMEHTIB.

B po6oTi 10CITipKeHO MeXaHi3M BUHUKHEHHS, PO3BUTKY Ta HAKOIMYEHHs 1e(DEKTIB Y BOTHETPUBKUX €JIEMEHTAX Ta TIPOIECIB KyMYJIATHB-
HOTO HAKOTIMYEHHS TIOTITKO/DKEHD Ta CTBOPEHO MOBIPHiCHY MOIesIb IX ierpajialtii. Mozesnb mo0yioBana 3 BAKOPUCTaAHHSIM JIaHIoriB MapkoBa
Ta OMUCYE TTOCIIIOBHOCTI 3MiHU CTaHIB MONIKO/KEHOCTI BOTHETPUBKOTO €JIEMEHTY Ta MMOBIPHOCTI TIepexoiiB Mixk numMu cranamu. Ha ocHosi
CTATHCTUYHUX JIAHUX TIPO 3MIHY CTaHY IOIMIKOKEHOCTI MOZEb J03BOJISE OIIHUTH HMOBIPHICTD OCATHEHHS Ae(eKTOM KPUTHYHOTO CTAHY
TiCTIST 3aIaH01 KiJTbKOCTI KB HaBaHTakeHHsL. BiMiHicTIO MO/IesTi € MOXKJIMBICTD 11 3aCTOCYBAHHS SIK /10 OKPEMUX /eeKTiB, TaK i 0 BOT-
HETPUBKUX €JIEMEHTIB, Ha SIKUX BUHMKAIOTh Ta PO3BUBAIOTHCS J€(EKTH, a TAKOK JI0 arperaris, /ie BCTAHOBJIEHO TaKi BOTHETPHUBKI €JIeMEHTH.

BceranoBieno ocHOBHI 3aKOHOMIPHOCTI 3MiHHM TEXHIYHOTO CTaHy BOTHETPHUBKHUX €JIEMEHTIB KOKCOBHUX TI€Ueli: PO3IO/ITIeHHS TPIIUH BU-
3HAYCHOI JIOBKIHU Bi/IIOBITHO /10 KiJIbKOCTI IIMKJIIB MiYOBU/Ia4; IMOBIPHICTb YTBOPEHHS TPIIIUHU KPUTUYHOI IOBKUHU HA MEBHUIT MOMEHT
eKCILIyaTallii; 3aIe;KHOCTI HMOBIPHOCTI Bi/]IMOBI BOTHETPUBKOTO eJIeMEHTa BiJ| 33/1aHOI KiJIbKOCTI IIMKJIIB MiYOBUIAY.

Ha ocHOBi pe3yJsibTaTiB POBEIEHOTO MOJETIOBAHHS /ST 3aM00IraH s Ierpajallii BOTHETPUBKUX €JEMEHTIB 3aPOMOHOBAHO TIPOBOAUTH
3MiIHEHHSI CTPYKTYPH HMOBEPXHEBOTO IIAPy BOTHETPUBKOTO €JIEMEHTa METO/IOM XOJIO/HOTO Ta30/[MHAMIYHOTO HAIWJIEHHS, PO3MIIIEHHS 3a-
KJIQJTHUAX €JIEMEHTIB, sIki Oy/yTh 3yIUHIATH PO3BUTOK Je(eKTiB, Ta ckaagaT rpadiku rapsynx PeMOHTIB Ha OCHOBI BU3HAYEHUX 32 MOJIEJIO-
BaHHSM TEPMiHIB JOCATHEHHS JleeKTaMi KPUTUYHUX BEJINYNH.

Koio4oBi ciioBa: BOTHeTPUBKUIL eJIeMeHT, TPIlHA, 3MiHA TEXHIYHOTO CTaHy, HMOBIpHiCHA MOJIe/Ib, JIaHIIOTH Mapkosa.
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ONIHKA PO3BUTRY YIIKO/KEHD I HACY HACTAHHAA BIIMOBHU PI3AJIbHUX IIJIACTHUH 13 TBEPAUX
CIIJTABIB Il HAATBEPAUX KOMIIO3UTIB METOIAMI XEMOTPA®II (c. 93-102)

M. B. 3aripusik, O. @. Canenko, M. O. €xizapos, O. O. YUenuena, C. A. Kimmenko, Tapex Anb-Kypaan, B. T. IlleTunin

[IpescTaBieni pesysbraTH TeOPETHKO-eKCIIEPUMEHTAIbHUX JIOCTI/PKeHb, OCHOBAHNX HA J[IarHOCTHIN CTPYKTYPHUX Je(eKTiB TBepanx
CILJIABiB Ta HAATBEP/NX KOMIIO3UTIB, SIKi BUKOPUCTOBYIOTBCS IIPU BUTOTOBJICHHI PLKYUNX IHCTPYMEHTIB, 3 METOIO KOHTPOJIIO Ta ITPOTHO3YBaHHS
TIOCTYIOBHX Ta ParTOBUX Bi/[MOB PisKy4YMX IJTACTHH.

Konrposb mosepxui pikydoi maacTuim 3ilCHIOETbCS, SIK TIPABIJIO, 3a JOMOMOTOI0 MIKPOCKOIIYHOTO aHami3y. Bussienus Oiibin rim-
OOKMX TOIIKOKEHUX CTPYKTYP MOKe OYTH BUKOHAHO 32 J0MOMOTOI0 METO/LY XeMOrpahiuHoi 3iOMKH. 3alponioHOBaHIH METO/| 3aCHOBAHWI
Ha OoTpuUManii (GOTO3HIMKIB OKUCJIIOBATBHUX PEAKITI MaTepiaiB HaJMAJIUX KOHIEHTPAIIiii, M0 TPOTIKAIOTh Ha MOBEPXHI TBEPAOTO Tijia pU
TepMOGAPUIHOMY HABAHTAKEHH].

Xemorpadist 103BoJsI€ (hiKCyBaTH 30HU, /1€ MiKPOTPIIIUHY Ta MiKpoaeeKTH, IO 3aPOKYIOThCS, TOTOBI aKTUBHO PO3BUBATHUCS, 1110 HEO/I-
MIHHO NIPU3BOJUTH Y MaiiOyTHHOMY JI0 MAKPOIIOMIKO/PKEHHS Ta BIAMOBU B POOOTI.

Orpumani B pesyJbrati Joc/ipKkentst xeMorpadivni 300pakeHHsI IIJTACTUHY TTIOPIBHIOIOTHCS 3 €TATOHHUM 300PaskeHHSIM, 1110 JIA€ MOJKJIH-
BICTD IaTH OI[IHKY TIOYaTKOBOMY Ze(heKTHOMY CTaHy MaTepiasy Ta CIPOTHO3YBATH TIOABITII TEPio/l eKCITyaTallii MIacTu.

Kpurepiem HasgBHUX 1e(DEKTIB Ta HEIOCKOHANOCTEN CTPYKTYP € 3MiHa iHIEKCIB YOpHOTH XeMorpadiuHOro 300paskeHHs1, MiHIMaIbHe 3Ha-
YEeHHS STKOTO CBiTYUTDH ITPO MIiHIMYM CTPYKTYPHUX MOPYIIEHD Ta BHYTPINTHIX MedeKTiB Y AOCHIIKYBAHUX MaTepiaiax.

OtrpuMani pesyJibraTi 103BOJIAIOTH 3aMPONOHYBATH HOBUI OPUTIHATLHUN METO/ KOHTPOJIIO MOBEPXHI PIAKYUYMX IIACTUH, AKUiT MOKe OyTH
JIETKO PeaTi30BaHmil y Gy/Ib-sIKOMY MEXaHIYHOMY IIEXY, [0 POOUTH HOTO 3aCTOCYBAHHS IIITKOM HEPCIIEKTHBHIM.

KumouoBi ciioBa: xemorpadisi, BHyTpilHi gedekT, MiKpOIOIIKOKEHHsI, BUKPUIITYBAHHS TIOKPUTTSI, HACTYTI BiZIMOBHU, IOCTYIOBUII 3HOC,
peaxifii MaJauxX KOHIEHTPAill, pixky4nii IHCTPYMEHT, TPOrHO3YBAaHHS Ha/[IHHOCTI.



