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E. V. MANOILO, Y. O MANOILO, K. Y. REPKO, O. O. ZHUHA, D. V. DAVYDOV, T. M.
ARSLANALIIEV

MASSTRANSFER FEATURES IN THE APPARATUSES WITH A MOVING NOZZLE IN A THREE-
PHASE FOAM LAYER

The improvement of heat and mass exchange equipment for sorption processes in the countercurrent contact of gas and liquid in combined block
elements with a weighted spherical nozzle, as well as a more in-depth study of this process, is an urgent task of chemical technology. A fundamentally
new type of ball-shaped three-dimensional mesh fluidized nozzle was developed and researched, the bodies of which are made of polymer layers with
holes, and a freely coiled metal or polymer mesh is located inside. The nozzle has a high specific surface area, developed firee volume and low bulk
density. The study of mass transfer in the liquid and gas phases was carried out and the corresponding calculation equations were obtained.
Dependencies for the calculation of the mass transfer coefficients and the efficiency of the combined block element on the mode and design
parameters are established. The results of calculations based on the obtained dependencies show a sufficient correlation with the experimental data.
The proposed model of the desorption process of carbon dioxide from water, which allows predicting the values of the efficiency indicators of the
decarbonization process. It was established that the use of a combined block element with a ball-shaped nozzle allows to increase the mass transfer
coefficients compared to the failure plate. The industrial implementation of absorption processes in the foam layer and the use of the gas-liquid layer
stabilization method significantly expands the scope of application of foam apparatuses and opens up new opportunities for intensifying technological
processes. Previously expressed assumption about the perspective of using mesh materials for the manufacture of nozzle bodies was confirmed by
experiments, but the peculiarity of the operation of devices with similar nozzles should be emphasized.

Keywords: process engineering and design; masstransfer, combined block element; intensive apparatus; three-phase interaction; perforated
plate; turbulation; moving nozzle; decarbonization; absorption and desorption processes; carbon dioxide

€. B. MAHOHIJIO, I0. 0. MAHOHJIO, K. IO. PEITKO, O. O. JKYT'A, /I. B. IABH/IOB, T.M.
APCIIAHAJIIEB

OCOBJINBOCTI MACOOBMIHY B AITAPATAX 3 PYXOMOIO HACAJKOIO B TPU®AZHOMY
INIHHOMY IIIAPI

Yoockonanenns mennomacooOminnozo 061a0HanHA ON5L COPOYIHUX Npoyecie npu NPomumediuHomy KOHmMAaxkmi 2asy i piouHu 6 KOMOIHO8AHUX
ONOYHUX eleMeHmax 3 008UANCHEHOIO CHEPUUHOIO HACAOKOI0, d MAKONC OiNb No2nubIeHe 00CIONCEHHS YbO20 NPOYecy € aKMyaibHUM 3a60AHHIM
Ximiunol mexnonozii. Po3pobieno ma 0ocniosnceno npuHyuno6o Ho8Uil mun KyJasicmoi mpusumipHoi cimuacmoi ncegio3piodxiceHoi HacadKku, Kopnycu
AKOI 6UKOHAHI 3 WAPIE NONIMepy 3 OMBOPaMU, A 8cepeOuni po3mMawosana GilbHo Hasuma memaneéa abo nonimepna cimka. Hacaoka mae eucoxy
NUMOMY NOBEPXHIO, PO3GUHEHUL BITbHULL 00'€M | HU3bKY HacunHy eycmuny. IIpogedeHo 00cniodceHHs MAco0OMIHYy 6 pIOKill i ea308ill ¢ghazax ma
OMPUMAaHo GiONOGIOHI PO3PAXYHKOSI PIGHAHHA. Bcmanosneno 3sanedxcnocmi Onsi po3paxyuky Koeghiyicumie macogiooaui ma eghekmusHocmi
KOMOIHO8aNH020 6IOYHO20 eNleMEeHMa 6i0 PeHCUMHUX | KOHCMPYKMUSHUX napamempis. Pesynomamu pospaxyHkie 3a ompumanumu 3anexCHOCHAMU
NOKA3VIOMb 00CMAMHIO KOPENYito 3 eKCHepUMEeHMANbHUMU OaHUMU. 3anponoHogana mooens npoyecy O0ecopoyii diokcudy eyeneyrr 3 800U, sKd
00360/15€ NPOCHO3YEAMU 3HAYEHHA NOKAZHUKIG eghekmusHocmi npoyecy oexapbowizayii. Bcmanoeneno, wo 6uKOpUCmManHs KOMOIHO8AH020 OI0YHO20
eneMenma 3 KyaenooibHol0 HAcAOKoI0 00360JA€ NIOGUWUMU Koe@iyichmu maconepedayi @ NOpigHsHHI 3 NPoeaivbHolo mapiikow. Ilpomuciosa
peanizayis npoyecie abcopbyii 6 NIHHOMY wWapi mMa BUKOPUCMAHHA Memoody cmabinizayii 2az30piOUHHO2O WAPY 3HAYHO POWUPIOE Chepy
3ACMOCYBAHHSL NIHHUX anapamis i 8I0KPUSAE HOGI MONCIUBOCMI OJisl IHMEHCUpIKayii mexHono2iuHux npoyecis. Paniwe suciosiene npunywenns npo
nepCneKmueHicms GUKOPUCMAHHA CIMYACMUX MAmepianié Ons GU20MOGNeHHs KOPNYCi@ HACAOOK NiOmMeEepOunocs eKCnepuMenmamu, ane cuio
niokpecaumu 0cooaugicms pooomu anapamis 3 NOOIOHUMU HACAOKAMU.

Knouosi cnosa: mexnonoziune npoekmyeanHs ma OU3auH; MACOOOMIH, KOMOIHOBAHUL ONOK-eleMenm, HMeHCUSHUl anapam,; mpupasna
63acM00isi; nepoposana mapinka; mypoyizayis,; pyxoma nacaoka; oexapbounizayis; npoyecu abcopoyii ma 0ecopoyii; gyenexuciuil 2as

Introduction. Heat and mass transfer processes
between gas and liquid are widely used in the chemical,
oil refining, and energy industries. One of the promising
directions of intensification of the mass transfer process is
the development of devices using the principle of
interaction of gas-liquid flows in a layer of moving
bodies, so-called foam devices with a three-phase
fluidized layer of an irrigated nozzle.

Compared to traditional plate and packed columns,
foam devices with a three-phase fluidized bed have the
following advantages:

- the possibility of working in a wide range of gas
velocities without a significant increase in hydraulic
resistance, which is especially important for gas
purification processes in conditions with frequently
changing flow velocities, both decreasing and increasing;

- practically uniform distribution of the liquid phase
over the entire cross-section of the apparatus and
complete washing of the surface of the nozzle with liquid,

which leads to an increase in the mass exchange surface;

- turbulence of gas and liquid flows, which ensures
high heat and mass transfer coefficients;

- the possibility of intensifying the work of
absorption columns equipped with falling plates by using
fluidized nozzles.

The modern trend is to combine and combine plate
and plug contact devices in one device. To increase the
productivity of columns sectioned by plates, drop-type
plates with a large free cross-section are used. However,
such plates have low efficiency because they work at
large values of splashing. In order to reduce the impact of
splashing on the efficiency of the plate, in addition to the
weighted nozzle, separators of a special design are placed
in the separation space between the failed plates, which
work as stabilizers of the three-phase foam layer when the
apparatus is operating in the advanced bubbling mode [1].

Current status of the problem. There are also
reports in the literature about laboratory studies of devices
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with a fluidized bed of an irrigated nozzle of various
configurations. For example, spherical nozzles were
tested in works [2]. The work [3] describes nozzles in the
form of rings. In the following years, research was
conducted mainly on the ball nozzle, as it is the simplest
in terms of design and manufacturing method. Such
studies are described in works [4].

Different designs of devices with a three-phase layer
of irrigated nozzle are known, which differ in the type of
nozzle and the nature of its movement, in the design of
the support and distribution grid, which holds the grid,
nodes for supplying gas, liquid, etc [5].

Apparatuses with a three-phase layer are divided
into apparatuses with cross-flow, counter-flow and
upward direct-flow movement of phases according to the
organization of movement of gas and liquid flows on the
plate.

In work [4], the nature of the movement of the
nozzle bodies in the working volume is the basis for the
classification of countercurrent devices with a fluidized
bed of the irrigated nozzle; according to which devices
with a weighted nozzle, with a gushing nozzle, with a
rotating nozzle and a circulating nozzle, with a regular
moving nozzle and combined devices with a moving
nozzle are distinguished.

Devices with a weighted nozzle [5] differ from
others in the chaotic and pulsating nature of the
movement of nozzle elements in a suspended state.
Apparatus with a weighted nozzle can be sectionalized,
that is, they use different partitions, inserts, stabilizers or
grids of large free cross-section, which divide the cross-
section of the apparatus and its working area into separate
sections. In such devices, the issue of a large-scale
transition from laboratory models to industrial columns is
successfully solved without a particular change in the
efficiency of mass and heat exchange.

Devices with a jet nozzle use zigzag or conical
plates. In devices with a gushing nozzle with zigzag-
shaped plates, the gushing of the nozzle occurs in the
central part of each zigzag. To prevent accumulation of
the nozzle in the depressions of zigzags, the perforated
part of the plate can be made in the form of a perforated
or slotted horizontal plate.

The basis of devices with a circulating nozzle and a
rotating nozzle [6] is the circulating or rotary movement
of the nozzle, which is organized with the help of
additional paths, various methods and special devices.

In the working area of devices with a circulating
nozzle, there is an upward movement of the nozzle, which
returns to the grid through external transport paths or
internal zones in the device body. The rotation of the
nozzle is carried out in different ways in the working area
of the device. One of them is a gas stream pre-swirled by
means of directional grid nozzles.

In other cases, upper limiting grids or reflectors in
the form of hemispheres, perforated inclined plates, etc.
are used, which give the nozzles a rotational movement.

Devices with gushing and circulating nozzles work
at high gas velocities and have high hydraulic resistance.

In devices with a regular movable nozzle, nozzle
bodies can be freely mounted on rigid strings or, on the
contrary, rigidly fixed on flexible strings. In the first case,
the strings are stretched between the walls of the case or
between the bars, the nozzle moves only along the string;
at the same time, the run of each nozzle element along the
string is limited. Flexible strings with a rigidly fixed
regular movable nozzle are cantilevered to the wall of the
device or to the bars.

A common design of the nozzle, in which one end of
the string with the nozzle is fixed from above to the
mounting grid, and the other end is freely passed through
the opening of the distribution grates. The elasticity or
flexibility of the strings allows the nozzle elements to
perform  transverse and longitudinal oscillating
movements under the influence of the currents.

Regular movable nozzles are difficult to operate and
work with increased gas loads.

Combined devices with a moving nozzle are even
more complex designs that combine elements of fluidized
bed and bubble devices.

The most common in industry are devices with a
weighted fluidized nozzle, which are structurally simpler
and can be improved in the direction of reducing energy
consumption, which is important for gas purification
processes [7].

Currently, in order to reduce the energy costs for
carrying out the mass transfer process, it is advisable to
use packing bodies made of foamed and mesh materials
[8], since these materials make it quite easy to
manufacture packing bodies with a highly developed
phase contact surface, which at the same time have a low
bulk density, which is confirmed studies presented in the
work [9]

A new design of a stabilizer with a large free volume
and a movable spherical nozzle was developed [1]. The
advantage of the proposed design is the transition to a
structured foam mode of operation at relatively low gas
speeds, as well as a developed inner phase contact
surface. The cellular structure of the stabilizer and
movable nozzle makes it possible to achieve increased
values of mass transfer coefficients due to the effect of
film formation in small cells. The structure has high
porosity and relatively low hydraulic resistance.

Placed between the dip plates, the stabilizers
themselves are an additional phase contact zone. For
stable operation in combination with drop-type plates of a
large free section and a weighted nozzle, the design of the
stabilizer must allow high gas and liquid performance,
have relatively small hydraulic resistance and have good
separation characteristics.

A fundamentally new three-dimensional spherical
hollow nozzle was also developed, the advantage of
which is the transition to a fluidized state at relatively low
gas velocities, as well as a developed surface of phase
contact both in a stationary position and in dynamic
mode. The cellular structure from which the nozzle is
made allows to achieve increased values of mass transfer
coefficients due to the effect of film formation in small

4
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cells [10]. The nozzle has a high porosity and relatively
low hydraulic resistance. Depending on the selection of
material, the nozzle can have different wettability.

The new movable nozzles are simple in design and
have a relatively low cost, which allows them to be
effectively used in absorption-desorption processes,
including for the purification of gases from various
industries, in cooling towers and for decarbonization in
circulating water and heat supply systems, in a number of
other heat processes - and mass exchange.

The section of the column apparatus has a wide
working range, and is a combination of a mass exchange
plate with a movable spherical nozzle in combination with
a stabilizer of the foam layer, which is also a separator
that reduces splashing between sections [11].

Such a combined block element with a weighted
spherical nozzle and a stabilizer can work at high
velocities of both gas and liquid phases, which allows
increasing the productivity and efficiency of mass transfer
columns. In devices with similar combinations of contact
devices, higher values of mass transfer coefficients can be
obtained with lower specific energy consumption, which
determines their high energy efficiency. At the same time,
the hydrodynamic and mass transfer processes for such
sections in active hydrodynamic regimes have not been
sufficiently studied, and there are no methods of their
engineering calculation in the literature [12].

Research methodology. A new design of the
stabilizer with a large free volume and spherical nozzles
was developed. The advantage of the proposed design is
the transition to a structured foam mode of operation at
relatively low gas velocities, as well as a developed phase
contact surface. The cellular structure of the stabilizer and
the nozzle makes it possible to achieve increased values
of mass transfer coefficients due to the effect of film
formation in small cells. The structure has high porosity
and relatively low hydraulic resistance. Depending on the
material selection, the structure can have different
wettability. The new designs are simple and have a
relatively low cost, which allows them to be effectively
used in the processes of purification of waste gases in
various industries, in cooling towers of recycled water
supply systems, in a number of other heat and mass
transfer processes, including by modernizing existing
plants.

To study the hydrodynamic parameters, contact
elements were selected - stabilizers, which are packages
or blocks assembled from steel flat and corrugated sheets
of metal mesh at an angle of 30, 45, 60, 90°.

The combined contact block consists of a hole plate
and one or two contact elements acting as stabilizers, and
a movable ball-shaped nozzle located inside the block.
The bubbling layer is formed on hole plates on which a
movable nozzle is located. The design features and
operating modes allow the system to self-clean from
possible dispersed inclusions and operate for a long time
without stopping for cleaning. The new designs are
simple and have a relatively low cost, which allows them
to be effectively used in the processes of gas cleaning in

various industries. The most suitable way to study mass
transfer in the liquid phase is studying the process of
desorption of CO, from a saturated liquid into an air
stream. The methodology of such a study is fully
presented in the work [13]. Experimental installation for
gas-phase mass transfer is shown on Figure 1.

To monitor the mass yield in the gas phase,
ammonia was collected in the container of the absorbed
component, and water was collected in the clay container.
The air looked like an inert gas that does not dissolve in
the water. A combined block element 2 is located inside
the column 1. An air-ammonia mixture was supplied from
the bottom of the column, which was obtained by mixing
ammonia from the cylinder 12 with air pumped by the gas
blower 5. Irrigation water was supplied to the top of the
column from the water supply system through a liquid
distributor. Ammonia water of weak concentration,
formed as a result of absorption, was discharged into the
sewer, and the air was discharged into the atmosphere.
The consumption of water and ammonia was regulated by
valves 9 and measured, respectively, by rotameters 8.

Gas

Liquid

Liquid

Figure 1 — Experimental equipment setup for studying
mass transfer in the gas phase
1 — column; 2 — combined contact element block; 3 — liquid
distributor; 4 — gas distributor; 5 — gas blower; 6 — measuring
pipe; 7 — Pitot tube; 8 — rotameter; 9 — valves;
10 — diffmanometer; 11 — samplers; 12 — ammonia
cylinder; 13 — pump

The mass yield in the gas phase was studied on a
stand with a 0,24 m column under the conditions of
ammonia absorption by water. Ammonia absorption was
carried out at a gas velocity = 1 - 5 m/s using the
stabilization of a three-phase foam layer on perforated
plates with a weighted spherical nozzle. Liquid
consumption was from 1 to 15 m’/m*h. The stabilizer
was installed above the canvas of the perforated plate at a
height of 0,30 m.

Ammonia was determined by sampling followed by
titration. The sampling procedure was carried out as
follows: the water supply valve was opened and the
required flow rates were set. Then the gas blower was
started and the air flow was set, which corresponded to
the visual foam mode. Valve 9 was opened for ammonia
supply and its consumption was set. After 5 minutes, gas
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samples were taken at the bottom and top of the column
and a liquid sample at the bottom of the column. The
temperature of the medium was 20°C. Then the sampling
was repeated again. At the end of the measurements, the
ammonia supply was closed, the gas blower was turned
off, and the water was shut off. The experiment was
performed at atmospheric pressure. The ammonia in the
sample was determined according to the method [14]
using phenolphthalein, sulfuric acid solution, and sodium
hydroxide solution. The costs and amount of absorbed
ammonia were determined by the material balance of
absorption [15].

Research results. Effective operation of mass
transfer devices is achieved with a certain combination of
values of the mass transfer coefficient K and the

efficiency coefficient 7, which characterizes the
efficiency of the process.

The research of mass transfer in the gas phase was
presented in [13] by the propose of a mathematical model
for calculating the efficiency of CO, extraction from
water, and to perform calculations of new nozzles for
which there is no experimental data on the effectiveness
of decarbonization.

During the research of mass transfer in the gas
phase, patterns of ammonia absorption from the main
parameters of the experiment were revealed: gas velocity
in the cross-section of the column, ammonia
concentration, free cross-section of the perforated plate,
loads on the liquid.

During experiments on ammonia absorption Figure
2, it was found that the efficiency of the apparatus
depends on the change in gas velocity.

The efficiency coefficient is significantly higher
when using stabilization with a plate with a smaller free
cross-section, such a plate has a greater hydraulic
resistance. This can be explained by the fact that plates
with a smaller free cross-section contribute to a greater
retention of liquid on the plate, as well as the formation of
a higher height of the three-phase layer, increasing the
mass transfer surface.
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Figure 2 — Dependence of the efficiency factor for the ammonia-
water system in a combined block element with a spherical

nozzle on the gas velocity
Lo=5 m*m’h; 1 — Sp = 0,217 m*/m? (first modification); 2 — S,

= 0,137 m*m? (first modification); 3 —S = 0,217 m*/m? (second
modification); 4 — Sp = 0,137 m*/m? (second modification)

After considering the experimental data presented in
Figbre 3 it can be stated that an increase in the free cross-
sectional area leads to a decrease in the efficiency of the
block element.

From Figure 4 it can be seen that the irrigation
density has an effect on absorption only up to 10 m*/m*h,
then its effect stabilizes and does not increase
significantly. When installing the stabilizer, the values of
the coefficient of useful action in the combined block
element with a weighted spherical nozzle were observed
to stabilize even when the concentration of ammonia
changed Figure 5. Such a dependence of the efficiency
coefficient confirms the proposition about the efficiency
of the proposed design when changing the technological
modes of the equipment, and makes it possible to use
known methods for calculating the number of stages to
achieve the given efficiency of the process.
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Figure 3 — Dependence of the efficiency factor in the ammonia-
water system in the combined block element with a weighted
spherical nozzle on the free cross-section of the perforated plate
Wg=3m/s,Ly=5 m®/m’h, concentration of NH; = 2%. 1 — the
first modification of the nozzle, 2 — the second modification of

the nozzle
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Figure 4 — The dependence of the efficiency coefficient for the
ammonia-water system in the combined block element on the
irrigation density
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Wg =3 m/s, concentration of NH; = 2%: 1 — S, =0,217 m*/m?,
2 — So = 0,137 m*m? (the first modification of the nozzle);
3-S,=0,217 m*/m’, 4 — Sy = 0,137 m*/m” (the second
modification of the nozzle)

So, after analyzing Figure 6 it can be said that an
increase in liquid irrigation increases the mass transfer
coefficient. When the free cross-sectional area of the
perforated plate increased Figure 7, a decrease in the
ammonia absorption coefficient was observed. This can
be explained by a decrease in the amount of liquid in the
combined block element, a greater drop of liquid to the
lower contact stages and a decrease in the contact surface
of the phases.
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Figure 5 — Dependence of the efficiency coefficient for the
ammonia-water system in a combined block element with a
weighted spherical nozzle depending on the ammonia
concentration

Wg =3 m/s, Ly =5 m*/m’h; Sy = 0,217 m*m?*: 1 — the first

modification of the nozzle; 2 — the second modification of the
nozzle
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Figure 6 — Dependence of the mass transfer coefficient related to
the area of the plate on the irrigation density on the combined
block element with a spherical nozzle (second modification)
Ammonia — water system, S, = 0,137 m?/m?, Wg=3m/s
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Figure 7 — Dependence of the mass transfer coefficient related to
the area of the plate on the free cross-section of the perforated
plate when using the nozzle of the second modification
Ammonia — water system: Ly = 5 m*>/m’h, Wg = 3 m/s.
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Figure 8 — Dependence of the mass transfer coefficient of the
combined block element with a weighted spherical nozzle on the
gas velocity
Ammonia — water system: Ly =5 m’/m’h; 1, 3, 5 — the first
modification of the nozzle, 2, 4, 6 — the second modification of
the nozzle; 1,2 — Sy = 0,383 m*/m’; 3, 4 — S°= 0,137 m*/m>;
5,6—S,=0,217 m*m’

As can be seen from Figure 8 gas velocity has a
significant effect on the height of the gas-liquid layer and
the mass transfer coefficient in the combined block
element.

After processing the experimental data, empirical
dependences were obtained for calculating the mass
transfer coefficient in the gas phase m/h:

K, =1600-,°Ly*S,"7 (1
and when determining the efficiency, %:
n="715-w, "Lk )

Formulas are used within the following limits: w,=
1-5mvs, [,=1-15m’/m’h, §, =0.09 - 0.4 m’/m’. The

error of calculations based on these equations did not
exceed 15%.

So, the previously expressed assumption about the
perspective of using mesh materials for the manufacture
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of nozzle bodies was confirmed by experiments, but the
peculiarity of the operation of devices with similar
nozzles should be emphasized.

Therefore, the mass transfer process, both in the gas
and liquid phases, is significantly influenced by
hydrodynamic parameters - the gas velocity in the
apparatus and the specific load on the liquid, which
indirectly affect the height of the liquid layer on the plate
and the gas content of the layer, as well as physical
chemical properties of interacting systems [16, 17].

Conclusions. A promising direction for intensifying
absorption/desorption processes is the development of
devices with a three-phase stabilized pseudo-liquefied
layer of an irrigated movable nozzle made of mesh
materials. For gas purification systems for gaseous
components, it is necessary to ensure low liquid loads
while maintaining a high degree of purification. This can
be achieved by using a slump plate with a small or
medium free cross-section and a newly developed
spherical nozzle and stabilizer when the device operates
in an advanced foam mode with stabilization.

The analysis of a number of studies [2-6, 7, 9] shows
that a promising direction for intensifying the mass
transfer process is the development of devices with a
three-phase fluidized bed of irrigated nozzles of complex
shapes made of mesh materials. For gas purification
systems from gaseous components, it is necessary to
ensure low fluid loads while maintaining a high degree of
purification. This can be achieved by using a slump plate
with a small free cross-section and a newly developed
nozzle.

The increase in the number of diverse and complex
emissions into the atmosphere, which accompanies the
growth of a number of industries, creates a need for
efficient and reliable gas treatment plants [18].

The intensification of foam devices has become
possible thanks to the use of new designs with a foam
layer stabilizer. The wave mode does not occur on the
stabilizer grids, so the gas velocity in the full cross-
section of the unit can be more than doubled and reach 5
m/s. Elimination of the foam layer oscillations leads to a
significant increase in the height of the foam and the
outlet liquid layer, and the degree of poorly soluble gases
capture increases over the entire range of gas velocities
studied.

The range of stable operation of the devices under
changes in gas and liquid loads is significantly expanded.
This is crucial for the reliable and efficient operation of
gas cleaning systems of technological lines with variable
power load.

The industrial implementation of absorption
processes in the foam layer and the use of the gas-liquid
layer stabilization method significantly expands the scope
of application of foam apparatuses and opens up new
opportunities for intensifying technological processes.
The use of modern designs of movable nozzles in
combination with foam layer stabilizers makes it possible
to modernize existing technological installations. At the
same time, it is possible to simultaneously create low-

waste technologies.
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O.B. BABI4, O.B. CABBOBA, 0O.1. ®ECEHKO, A.0.TI'OIIKO

JOCJAIIKEHHS TEMIEPATYPHOI'O KOE®IIICHTY JIHIKHOIO PO3NIMPEHHSA
BIOCYMICHHUX CKJOKPUCTAJIYHUX MATEPIAJIIB HA OCHOBI CHUCTEMM Li,0-CaO-
Zl'Oz—TiOz—MgO—ZHO—A1203—B203—P 205—Si02

BcraHoBEeHa MEPCNIEKTHBHICTH 3aCTOCYBaHHS OiocyMicHUX ckaddomnaiB i3 apXiTEeKTOHIKOK KICTKOBOT TKaHMHH JUISl 3aMillleHHS 3HAYHMX JUISTHOK
KICTKOBOi TKaHWHH. BCTaHOBIICHAa HEOOXIHICTh CTBOPEHHS 3MIIIHEHUX HOPUCTUX 010aKTUBHUX CKIOKPHCTAJIIYHUX MaTEpialiB, sIKi €KCILTyaTyHOThCS
B yMOBaxX 3MIHHHMX HAaBaHT@XEHb Ta XapaKTEPH3YIOTHCS BHCOKMMH OCTEOKOHIYKTHBHHMH Ta OCTCOIHIYKTUBHHMH BIACTUBOCTSIMH. Bu3HaueHo
OCHOBHI KpuTepii (GopMyBaHHS 3Mil[HEHOT ie€papXidyHOi MOPUCTOI CTPYKTypH O10aKTMBHUX CKJIOKPHCTATIYHUX MaTepialiB B yMOBax TEpMiyHOI
00poOku. O6rpynToBano Bubdip cucremu Li,O—CaO-ZrO,-TiO,~MgO-ZnO-Al,05;-B,0;—P,05—Si0,, B Mexax sikoi o0paHi ckinaau crexor cepii OC
3 BMICTOM OCHOBHHX KOMIIOHEHTIB Ta MoIudikyrounx mobaBok, y mac. %: CaF, 0,5-2,5; CeO, 0,01-0,05; SrO 0,01-0,05; Nb,O; 0,01-0,1; SrO
0,01-0,1 Ta 3i cniBBizHomeHHaM Ca:P = 1,67 ta SiO,:Li,O = 4,0 Ta po3po0IeHO CKIOKPUCTATIYHI MaTepiayy, SKi XapaKTepU3YIOThCS BMiCTOM
KpHCTaTiyHUX (a3 TiIpOKCHANATUTY Ta JUCUIIIKATY JITi0 Ul (GOpMyBaHHs 0i0aKTHBHOI 3MilIHEHOT CTPYKTYpH. [IpoaHani3oBaHO BIUIMB XiMIi4HOTO Ta
(ha3oBOro CKJIaJly MOJCIBHUX CTEKOJ Ha KPUCTAli3alliiHy 3[aTHICTH Ta TEPMIYHI BJIACTUBOCTI CKJIOKPUCTAJIYHHMX MaTepialiB Ha iX OCHOBI.
Busnaueno, mo nokasuuk TKJIP s JOCHiHUX cKIOMaTepiais B TeMnepaTypHoMy inTepBani 25-600 °C ckiagae 78-130,2-107°C™' i BusHaerbes
BHUJIOM Ta BMIiCTOM KpHCTalIi4HuX (a3 Ta ckiagoM ckirodasu. BeraHoBieHo, o popMyBaHHS CHTAII30BaHOI B3a€MO3B’I3aHOT CTPYKTYpH 3 HasIBHICTIO
50 06. % rigpoxcuanarury ta 10 06. % mitiro aucunikary 3 TKJIP 6mmseko 100-107°C™, Bu3Hauae MOXIIMBICTh ONEPXKAHHS SKICHAX MIlHHX Ta
Oe3nedeKTHUX MOPUCTUMHX OIOCYMICHHX MaTepiaiiB Ta MOKPHUTTIB MO CIUIaBIBAM THTaHY Ha OCHOBI KaJIBILIHCHIIKOPOCHATHUX CKIOKPHUCTATIYHUX
MatepianiB AT CTBOPEHHS €IMHOI KOHCTPYKIil eHpompoTedy. CTBOPEHHsS 3MIIIHCHHX HAaHOCTPYKTYpPOBAHHMX CKJIOKPUCTATIYHHX MaTepialiB 3
I€papXiYHOIO MOPUCTOIO CTPYKTYPOIO, 3[ATHICTIO IO BUTPUMKH TEPMIYHOTO HABAaHTKCHHS Ta (OPMYBAHHS MIIHOTO CIIOJYYEHHS 31 CIUIaBaMH 3
TUTaHY JO3BOJMTH BUPIIINTU HATalbHI MPOOJIEMHU 3aMillleHHS 3HAYHUX JUITHOK KiCTKOBOT TKAHUHHU.

KarouoBi cioBa: CKIOKpHUCTaliyHi Matepianu; ckaddoiam, TiApOKCHANaTUT; IUCHIIKAT JITiO; TepMiuyHMN Koe(illieHT JiHIHHOTrO
PO3LINPEHHS, TEPMOCTIHMKICTh

O.V. BABICH, O.V. SAVVOVA, O.1. FESENKO, A.0. HOPKO

STUDY OF THERMAL COEFFICIENT OF LINEAR EXPANSION OF BIOCOMPATIBLE GLASS
CRYSTALLINE MATERIALS BASED ON THE SYSTEM Li,0-CaO-ZrO,-TiO,-MgO-ZnO-ALO5—
B,0;-P,05-Si0,

The prospect of using biocompatible scaffolds with bone tissue architecture to replace large areas of bone tissue has been established. The necessity of
creating reinforced porous bioactive glass-crystalline materials, which are operated under conditions of variable loads and characterized by high
osteoconductive and osteoinductive properties, has been established. The main criteria for the formation of a reinforced hierarchical porous structure
of bioactive glass-crystalline materials under the conditions of heat treatment have been determined. The choice of the system is justified
Li,0-CaO—ZrO,-TiO,-MgO-Zn0O-Al,05-B,0;-P,05-Si0,, within which the compositions of the OS series glasses with the content of the main
components and modifying additives are selected, wt. %. %: CaF, 0,5-2,5; CeO, 0,01-0,05; SrO 0,01-0,05; Nb,O; 0,01-0,1; SrO 0,01-0,1 and with
the ratio Ca:P = 1,67 and SiO,:Li,O = 4,0 and glass-crystalline materials were developed, which are characterized by the content of crystalline phases
of hydroxyapatite and lithium disilicate for the formation of a bioactive reinforced structure. The influence of the chemical and phase composition of
model glasses on the crystallization ability and thermal properties of glass-crystalline materials based on them was analyzed. It was determined that
the indicator TCLE indicator for experimental glass materials in the temperature range of 25-600 °C is 78-130,2-107°C" and is recognized by the
type and content of crystalline phases and the composition of the glass phase. It was established that the formation of a sytalized interconnected
structure with the presence of 50 vol. % hydroxyapatite and 10 06. % lithium with TCLE about 100-107°C-1, determines the possibility of obtaining
high-quality durable and defect-free porous biocompatible materials and coatings on titanium alloys based on calcium-silicophosphate glass-
crystalline materials for creating a single endoprosthesis design. The creation of reinforced nanostructured glass-crystalline materials with a
hierarchical porous structure, the ability to withstand thermal loads and the formation of a strong connection with titanium alloys will allow solving
the urgent problems of replacing significant areas of bone tissue.
Keywords: glass ceramic materials; scaffolds, hydroxyapatite; lithium disilicate; thermal coefficient of linear expansion, heat resistance

Beryn. HampsmMok po3BHTKY HAyKH Ta TE€XHOIIOTII €
MpIOPUTETHUM  3aBJaHHSAM  3a0€3MEUYeHHS  CTaloro
PO3BHUTKY JepKaBU. 3BaKalOYM Ha TMOTIPIICHHS CTaHy
HaBKOJMIITHBOTO CEPEJOBUIA Ta €CKalalifo KPHU30BUX
CHUTYaIllii 0COOIMBO BAYKJIIMBUM HAIPSIMKOM € PO3pOOKa
Ta MPOBAKCHHSA HOBUX BHIIB MaTepialliB i1 MEAUIHOTO

NpU3HAYCHHSI.
Y BCbOMY CBITI MOCTIHHO 3poOcCTa€ KUIBKICTb
3aXBOPIOBaHb Ta TpaBM, 110 OTpeOyroTh

€HJIONIPOTEe3yBaHHs Ta XipypriuHoro BTpy4yaHHs. Tomy Ha
ChOTOJHI AaKTyaJbHHUM 3aBJaHHSAM € po3poOka Ta

BIIPOBa/DKEHHSI  «PO3YMHHX»  OloMaTepianmiB,  sKi
BU3HAYAIOTECS  30alaHCyBaHHAM ou3aiiHy  Ta
6iocymMicHOCTI MaTepiary 3 BH3HAYCHUMHU

(YHKIIOHATFHIMH Ta €KCIUTyaTalliHHUMH MapaMeTpaMH.

CaMme BHPOBAaKCHHA B MEIUYHY MPAKTUKY TaKUX
OlocymicHUX MartepialiB, #AKi € Oe3MeYHUMH I
OpraHi3My J03BOJIUTH ITOBHICTIO BiITBOPIOBATH HE JIHIIIE
CTPYKTYPY, a 1 PYHKIIi KICTKOBOi TKAHUHH Y CKOPOYCHHUN
TepMiH 0e3 MPOBEJCHHS MIOBTOPHUX OIIEpALiid.

CTpiMKHII PO3BHTOK BiTHOBJIIOBAJIBLHOI MEIMYHOT
iHKeHepii Ta BJIOCKOHAJICHHS METOJIB 3allOBHEHHS Ta
BIZIHOBJICHHSI BTpayeHUMX a00 MONIKOKEHUX KICTKOBHX
TKaHUH CBOTOJHI CQOKYCOBaHMH  Ha BIPOBAPKCHHI
ckadona-TeXHONOTiil B pereHepaTHBHIM MeIULUHI Ta
Xipyprii.

[lepcniekTHUBHICTE ~ BUKOPHUCTAHHSI  O0iOCYMICHHX
ckaONIiB TOSCHIOETECS MOJMIIHMBICTIO HAa iX OCHOBI
oIep)KaTH Marepial i3 3aJaHOI0 CTPYKTYpOO, IO
MOBHICTIO IMITye CTPYKTypy Ta CKJIaJ BTpadeHOl

10
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(momKOmKEeHOi) YacTHHH KICTKM Ta 3alpOEKTyBaTH
HEOOXIiJIHI eKCIUTyaTaliifHi XapakTepUCTHKU HEOOXiaHi
JUISL  TIOJAJIBIIOTO  Or0  BHUKOPHCTAaHHSI. OpnHak
CKJIIQJHICTh  30epeKeHHs MOPUCTOT  CTPYKTYpH
0l0aKTUBHHMX MaTepiaiiB Ha OCHOBI (oc(aTiB Kb
IpyU  TEepMiuHill 00pOOIll YCKIATHIOEThCS IX BHCOKHM
MTOKa3HUKOM TEMIIEPaTypHOTO KOe]ilieHTy JIiHIHHOTO
PO3ILIMPEHHS.

JlitepatypHunii orJsa. Hna YCIIIIHOTO
KOHCTPYIOBaHHS (DYHKI[IOHAIFHUX TKAHWH 1 OpraHiB
HEOOXiJTHO TaKOX CIPOEKTYBaTH Kapkac ckaddomnmy Taxk,
mo0 BiH CHOpHUAB PO3MOAUTY KITHH 1 KepyBaB
pereHepali€l0 TKaHHH Y TPHUBUMIPHOMY IPOCTOpI Ta
omHoyacHO 30epiraB cBoro mimicHicte. Ilim wac
MIPOEKTYBAHHS Ta BUPOOHHIITBA IMIIAHTAHTY HEOOXiTHO
BPaxOBYBaTH HU3KY MEXaHIYHUX (MKOPCTKICTb, MIIHICTb,
MOJyJb  TPYXHOCTI  TOWmO),  (I3UKO-XIMIYHHX 1
OiostoriuHuxX (aaresis, Mirpamis KIITHH, BacKyJsipU3allis
TOIIO) BJIACTHUBOCTEH, SKi CIPUATHMYTH 3a0€3NCUCHHIO
610CYMICHOCTI IIUIAXOM DEryJIIOBaHHS OCTEOIHTerpaiii,
OCTEOKOHAYKTHBHOCTI, Ta Oiomerpamamii. He wmeHm
BAXUIMBUM TIPH OACpKaHHI SKICHHX Oe3neeKTHUX
010aKTUBHHX CKIIOKPUCTATIIIHUX MaTepiaiB €
3a0e3neueHHd 11X TEXHOJIOTIYHMUX BJIACTUBOCTER IS
OllepKaHHA SAKICHOTO BHpPOOy 3 TpPHUBAIAM TEPMiHOM
ekcruryartarii. Jlo TakuX BIACTHBOCTEH  HAJICKHTH
TEeMIIepaTypHUH Koe(illieHT JIHIHHOTO PO3MIMPEHHS
(TKJIP), sxuwii BHM3HA4a€e 3JaTHICTH MarepiaiiB 10
CTepHUITizallii: 30CpPEeKCHHS CTPYKTYPHOI MIIIHOCTI IIij
BIUIUBOM TEMIIEPaTyp.

Jns  CKIOKpUCTAJIIYHUX  MarepialiB  CyMapHHi
TKJIP 3aieuTh BiJ KUTBKICHOTO CITiBBITHOIICHHS (a3 i,
30KpeMa, BiI KINBKOCTI cKIOmomiOHOi (asm, 1m0
3aqummiace B HboMmy. Kpim  toro, Ha TKIJIP
CKJIOKpUCTAJIIYHUX MaTepiajliB BIUIMBAIOTH ITOJIIMOPQHI
meperBopeHHst kpuctanmiuaux (a3. Cymapamii TKJIIP
MOJIIKPUCTAIIYHOTO MaTepiary € yCEpeTHEHOI
BEJIMYMHOIO Bij anreOpaiuHoro nonasanHs TKIIP a3,
SIKi CKIIaJal0Th IF0 CHCTEMY.

3a ganumm aBtopiB [1] 3mauenns TKJIP mns
HaCTYNHHUX BHJIIB MarepialiB, SIKi BUKOPHUCTOBYIOTHCS B

KICTKOBOMY  €HJONpPOTE3yBaHHI  CKIANAIOTh:  JUIs
TUTAHOBOTO CIUIABY — 99:107°C”', @1 KopyHIOBOI
kepamiku — (60-80)-107°C”', nns  Giocuramis —

(80-100)-107°C™".

ABTopamu [2] Oyn0 po3po0iieHO Ta BOPOBAIKEHO Y
KIIHIYHY MPAKTUKY GiocymicHHH
KaJbIlicmtikoochaTHuil CKIOKPUCTATIYHUI MaTepial 3
TEPMIHOM 3pONIYyBaHHS 3 KICTKOO 3 MicsArmi s
3aMmoBHEHHS Je()EKTIB Ta AUITHOK KICTKOBOi TKaHWHHU.
Biocuran 3 BMiCTOM KpHCTaTigHOI (pa3w riZpoKCHATIATHTY
kanpuito (CAIT) y ximekocti 55 wmac. % micns
OJTHOCTaIIHHOT TEepMiYHOI OOpPOOKHM XapaKTepu3yBaBCs
MinHicTIO Ha ctucHeHHs 100 MIla, TpimuHOCTIHKICTIO
2,78 MIla'm"? ta TKJIP = 86 10'7°C'1, IO JO3BOJSAE HOTO
3aCTOCOBYBATH pu 3HAYHHX JMHAMIYHIX
HaBaHT@KEHHSIX. BHUCOKMH TMOKa3HWK TPIMIMHOCTIMKOCTI
pO3po0IICHOT0 Matepiany, BH3HAYAETHCS MOMKIIHBICTIO

(opMyBaHHS HAHOCTPYKTYpPH Marepialy, fka OJIoKye
HeOe3leyHi TPINMHM, 10 BHHUKAIOTH B IpoOIeci
TepMiuHOi 00poOKHM Martepially, 3Ba)KalOUd Ha BHCOKUH
nokazuuk TKJIP ¢ocdari kanbiiito.

Bimomo, 1m0 aist XiMiuHHX eneMeHTiB (ocdopy Ta
kanpiito TKJIP B remnepatypromy inTepBaini 0 + 300 °C
cknanae BimmosigHo 37,6:107°C! ta 220-107°C; mns
'All 3HAYEHHS JIaHOT'O NIOKa3HWKa  CKJIaJae
138-107°C' [3].

OxpiMm QocdartiB Kabllifo, B CTEKJIAX MicIs BApKH Ta
TePMOOOPOOKH MOXKYTh KpHUCTai3yBaTHCS iHIN (as3u, sKi
OyIyTh 3HAYHO BIUIMBATH HA CKCIUTyaTaIliifHi BIIACTHBOCTI
KiameBoro BupoOy. B mimomy QocdatHi crexia
XapaKTepu3yITbCd  OUMBII  BHUCOKMMH  ITOKa3HHUKAMHU
TKJIP, amix CHIIKaTHI CTeKJIa, [0 MOB’sA3aHO 3 11X
cTpykrypoto. HeoOximnicte 3HmwkenHs TKIJIP  no
(90—110)‘10'7°C'1 JUTA KalnbHiCHITiKopoc(haTHIX CTEKOI
MOSICHIOEThCA HOTO 3HAYHUM IIPHPOCTOM B Pe3yIbTaTi iX
TEPMOOOPOOKH TP  OJEPXKAHHI  CKIOKPHCTATIYHIX
MaTepialiB 31 3HAYHUM BMICTOM (PocdaTiB KaJbIIifo.

I1 BaxkiMBa 3amaya MOCHIIOETHCS MPU OACPIKAHHI
ckapdongiB, SKI MalTh MOPHCTY CTPYKTYypy 3i
3HWKEHUMH TIOKa3HUKaMH MII[HOCTI NpPW TOPIBHSIHHI 3
00’eMHUMH MaTepiajlaMu. Husbka TepMocCTiiiKicTh
CKJIOKPUCTaIIYHOT0 MaTepiainy-ocHOBH ckaddonny Moxe
CIPUYMHHUTH BUHUKHEHHS KPUTHYHUX HABAHTAXCHb Ta
MOSIBY MIKPOTPILIMH IIPH TEPMidHii 00poO1i Ta iX pocToM
IpU  eKCIUTyaTalii BUpoOy, 10 MPHU3BEE A0 ITOCTYIOBOTO
pyWHyBaHHA Marepiamy. ToMy TOpHCTI  KiCTKOBI
3aMIHHUKH MAarOTh OOMEXCHYy NpPHUIATHICTh M IX
3aCTOCYBaHHS IIPH HaBaHTaXKeHHI [4].

EdextuBHIM MeTOOOM Mt YTBOPEHHS MIIIHOL
mopyBaroi CTpykTypu ©OiocymicHoro ckaddomgy €
3MILHEHHS CTPYKTYPH BHXIIHOTO CKJIOMatepiany. 3a
JAHUMH ~ aBTOpiB  [5] KOpTHKaJbHA KICTKA Ma€
TpimmHocTifikicts 5—7 MITa'm". Jlns BupiureHHs miei
3aa4i  HeoOXimHO  chopMyBaTM  HAHOCTPYKTYPY
CKJIIOMaTepially 3 BMICTOM KpUCTamiyHuUX (asu, 1o
3MIIHIOIOT ii.

[Ilupoke 3acrocyBaHHS TpUBAJIMH dYac Maia
CKJIOKepaMiKa Ha OCHOBI aucwiikary mirtito (AJI) y
CTOMATOJIOTii 3aBISKH BHCOKIH MIITHOCTi, MPUPOTHOMY
30BHIIIHBOMY BHUIJISIIY Ta MOXKJIMBOCTI MPECYBaHHS JyXKe
TOHKMX KOHCTpyKLiil. Came mLe JJ03BOJISIE OTPUMATH
KOHKYPEHTOCIIPOMOXKHY BHCOKOSIKICHY CTOMATOJIOTIUHY
CKJIOKepaMiKy 3 MilHicTio Ha BUrHH J10 450 MIla [6],
Onnax Bucokuii TKJIP = 105-107°C! JUCHITIKATY JITIIO
TaKoXXK CTBOPIOE 3HAYHI TEPEemoHH TPH OAep KaHHI
SIKICHUX IMIUTAHTAHTIB JJIs TIpOTe3yBaHHs [7].

OmHguM 13 METOHIB  INABHUIIEHHS  MIIMHOCHHX
BJIACTUBOCTEH  JITIMIUCHIIIKATHUX  CKJIOKPUCTAJIYHUX
MmarepiaimiB € Mogudikamiss X  TOBEpXHi.
[lepcrieKTUBHICTE ~ 3aCTOCYBaHHSA  JITIHAMCHITIKATHOT
CKJIOKepaMiKM 31 CTeXiOMETPHYHHM CKIAJOM, sKa
MiiaeThesl I0HHOMY OOMIHY Y BaHHaX 3 pO3ILIABICHUMHU
coisimu NaNO; a6o NaNO; + KNO; Hmxue temnepatypu
CKI[yBaHHS IIOSCHIOETBCSI HE JIMIIE HPOTHO30BAaHUM

Bicnux Hayionanenozo mexuiunozo ynisepcumemy « XI1I».
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30UIBIICHASM MIITHOCTI Ta B’S3KOCTI pyHHYBaHHS 10 546
MIla 1 4,31 MIlam'"? BIAMOBIAHO, a 1 MiABUIIEHHAM Ii
GioakTHBHOCTI [8].

[HIIMM ~ TEepCrIeKTMBHUM  METOIOM  3MII[HEHHA
CTPYKTYpH  CWJIIKaTHUX CTCKOd €  (hopMyBaHHS
TOHKOKPHUCTJIIYHOI B3a€EMO3B’s13aHOT HAHOCTPYKTYPH 32
MEXaHI3MOM CITIHOJAIBHOrO (ha30BOr0  pPO3AUICHHS B
o06JacTi HU3bKHX TemrepaTyp [9].

Binomo, 110 BBeAEHHS /10 CKJIaay CHJIIKATHOTO CKJla
JIPYTOTO CKIIOYTBOpIOBada — OKcuAy (ochopy IpHUBOTUTH
no iHTeHcH(ikamii mporecy (ha30BOro PO3MIICHHS Ha
craznii ¢popMyBaHHS LEHTpPIB KpHCTai3alii B CKili, yepe3
CYTTEBY PI3HMII0 BEJIMYMH B CTPYKTYPHHX IapaMmeTpax
terpaenpis [SiOy4] it [PO,] Ta ix nparaeHnsm copmysatu
BIIACHUI CTPYKTYPHUII KapKac.

Beenennst 1o ckiany marepianie P,Os B mexax 2,0—
3,0 mac. % no3Bomse  3a0e3MEUUTH  IIPOIECH
HaHOCTPYKTYPYBaHHS CKJIa Ha MOYAaTKOBHX eTamax
3apOIKOYTBOPEHHsI, Ta, mopsy 3 HasBHicTIoO ZnO (10 2,0
mac. %) Tta CeO, (0,1-0,5 wmac. %) 3abe3meunT
3apOIKOYTBOPEHHS B HHU3BKOTEMIepaTypHil obmacti. Lle
JIO3BOJIUTH 3a0E3MEUUTH TMOSIBY KPUCTATIYHHUX (a3, sIKi €
OMU3BEKUMU 32 XIMIYHUM CKJIAJIOM JIO0 BHXIJTHOT CKIIoda3H,
3 HACTYHHUM (OPMYBaHHS BUCOKOMIIHOT TEPMOCTIHKOT
CTPYKTYPH CKJIa.

OnHoYacHE BBEACHHS B,0Os;, Al1,0;, SiO,
JIO3BOJUTE C(OPMYBATH MIIHUH aTOMOOOPOCHITIKATHUH
KapKac CKjia Ta TpH OJHOYacHOMY BBeaeHHI ZrO, Ta
MgO migBUIIMTH YAApHY B'S3KICTh Ta TPIIUHOCTIHKICTH
ctekon [10]. BBeneHHS OKCHIIB TUTaHY Ta UPKOHIIO, SKi
€ TpaguLIiHHUMH KaTaNiTHYHAMH J00aBKaMH IMpH
KpHCTaji3anii cTeKo, J103Bojste cyTTeBo 3Hu3uTH TKIIP
CTEKOJI, 3B)KaI0UM Ha BUCOKI 3HAUEHHS L[LOTO MIOKa3HUKY
JUTSA AUCUITIKATY JITIIO Ta TiApOKCHATIATUTY .

Bimomo, 1m0 i0HM JY)KHO3EMEIBHHUX MeETaliB
CIIPUSIIOTH 301IBIIEHHIO CTYIEHS 3B’SI3yBaHHS
CTPYKTYPHOI CITKH CKJIa Ta MalOTh OLJIBIII BUCOKY CHEPTiI0
A — O, HIX 10HH JY)KHHX METaJiB, 10 MPU3BOAUTH 110
3meHmenHs: TKJIP cxiokpucraniuaux wmarepianis [11].
Tomy BBeZeHHS 10 CKJIay CTEKOJI OKCHIY LIMHKY CIIPHSIE
MiBUIIICHHIO  TePMiUuHOI Ta  XIMIYHOI  CTIHKOCTI
cKIoKpucTamiyanx Marepiamis [12]. IIpu meomy CaO
BBOIUTBCS 1O CKIagy JUIi 3HIDKEHHA B S3KOCTI
CKJIOyTBOPIOIOYOTO po3IIaBy npu BapiHHI
JITIHAIIOMOCHIIIKATHOTO CKJIa 1 PEryJIIOBaHHS TEPMIYHUX
XapaKTEepUCTUK 3aJIMIIKOBOI CKJIo(a3u Ta KPHCTAIIUHOI
¢aszu. 3aranpHuil BMicT nyxHO3eMenbHUX CaO Ta SrO
MOBUHEH CTaHOBUTH 10 1,5 mac.% [13].

OTKe, NOCHIPKCHHS B3a€MO3B’SI3KY  ITOKa3HHKIB
TKJIP crexon Ta iX (a30BOTO CKJIAAYy O3BOJUTH
BCTAHOBUTH MOXIIMBICTh OJICp)KaHHS  HAa IX OCHOBI
SIKICHUX Oe3/ieeKTHIX 010CYyMICHHX CKJIOKPUCTaNTIYHUX

PO3pOOICHUX CKJIOMAaTepialliB Ha OCHOBI CHCTEMH
Li2O—CaO—ZrO2—TiOQ—MgO—ZnO—A1203—B203—P 205—8102

HasBHicTh KprcTamiyHOi a3y B OCTITHIX CTEKIaX
micas BUmany Oyno BCTAQHOBJIGHO 32 JIONOMOTOIO
peHTreHoga3oBoro ananily Ha ycraHoBli «/JIPOH-3M».
Xapakrep Ta KiTbKiCTh KPHCTANIYHOI (pa3u B CTEKIax Ta
MaTepialiax BCTAHOBIIOBAIH IETPOTPaQiuHIM METOIOM
Ha ONTHYHOMY Mikpockoni MI-2e 3i 30UIbIIEHHSM Y
25-1200 pa3.

BigHocHe momomxeHHs MartepianmiB Al/l, % upu
HarpiBaHHi (AtH—tK) BHM3HaYald Ha BEPTUKAILHOMY
kBaprioBomy awiaromerpi JKB-5A. 3nauenns TKIIP
PO3paxoBYBaIH JUIS KOXKHOTO TEMIIEpATypHOTO iHTEPBATY

PesyabTaT ekcriepuMeHTY Ta iX 00roBopeHHs. 3
ypaxyBaHHSAM TIONIEpeHIX mochimkenp [14] Oyma
po3pobiieHa CKJIOMaTpuIs Ha OCHOBI cucremu Li,O—
CaO*ZI‘02*TiO2*MgO*ZHO*A1203*B203*P205*SiOz, B
MeXax fKoi oOpani ckiamu crexon cepii OC 3 BMicTOM
OCHOBHHX KOMMOHEHTiB (Tabm. 1) Ta Momudikyrounmx
nmobaBok, y mac. %: CaF, 0,5-2,5; CeO, 0,01-0,05; SrO
0,01-0,05; Nb,O; 0,01-0,1; SrO 0,01-0,1 Ta 3i
cmiBBigHomennsm Ca:P = 1,67 ta SiO,:Li,0 = 4,0 mus
Ollep)KaHHS  CKJIOKpUCTAJIIYHUX  MarepiaiiB,  sIKi
eKCIUTyaTylOTbCSi B yMOBax 3MIHHHUX JUHaMIYHHX
HaBaHTaXeHb (MiIHICTh Ha BUTHH 180 MIla Ta moka3HHK
TpimuHOCcTiiKocTi (K;¢) = 6,0 MIIa-m"?)).

Hocmipgni  creknma cepii OC  Oyno 3BapeHi B
OHAKOBHX yMoOBax mpu Temrepatypi 1250-1350 °C y
KOPYHIOBUX THUIJSIX 3 HACTYIHHM OXOJIOJDKCHHSIM Ha
METaJeBOMY JIUCTI JUISl YHUKHEHHS BHJIyTOBYBaHHS iOHIB
JY’>KHHX Ta JIy)KHO3EMEIbHHX METaliB.

TepMmiuHy 0OpOOKY HOCTITHHX CKJIOKPHUCTATIYHUX
MarepianiB Ha ocHOBI ctekos OC mpoBOIMIM B yMOBax
HU3bKOTeMIIepaTtypHoro TpuctamiitHoro (I cramis —500—
550 °C, II cramist — 600-650 °C, III cragis —500-550 °C)
Ta KOpoTKoTpuBajioro (1-2 rom) pexuMy TepMidHOI
00poOku (Tabm. 2). Taxi pexumu Oymo oOpaHO IS
kpuctamizamii Ha I cramgii — meracumikary mirtito, Ha I
cranii Horo mepexin y mucwiikar jitiro ([JI) ta ma III
cranii — rigpokcuamnarury (IAIT).

Januii pexxuM TepMiuyHOT OOpOOKH JT03BOJIUTH
KOHTPOJIIOBAaTH KIIBKICTh KPHUCTAJIIYHOI (ha3H KOMKHOTO
BUIy, a 1X KOHKYpEHTHA KpHUCTaji3alis HE JO3BOJHTh
CYTTEBO 30LIBIIUTH PO3MIPH KPUCTAIIIB JUCHIIIKATY JITiIO
Ha III cranii Ttepmiunoi o00poOku. Ile mo3Bose
chopMyBaTH B3a€MO3B’SI3aHY CTPYKTYpY CKIOMAaTepiary
Ta OJIOKYBAaTH KPUTHYHI HAPYTH MPH TEPMIidHiHA 00poOIIi
Ta HaBaHTAKCHHSX.

3acTocyBaHHA
(hizuKo-XiMigHOTO
nerporpadiaHui Ta

B3a€MOJIOTIOBHIOIOYMX ~ METOJIIB
aHANIZY (pentrenogazosuii,

IudepeHIiaTbHO-TePMITHUIT )
JTO3BOJIIJIO  JOCIITUTH TepMIYHY TepeaicTopilo,
xapakrtep (OpMyBaHHS CTPYKTypH MaTepiajiiB Ipu
TEPMiuHii 00poOIIi Ta 00paTn pPeKAM TEPMIYHOT
00poOKH.

MaTepiaiB.
Meta po6oTi. MeToro 1aHo0i poGOTH € JOCTiKeHHs Bubip TpucTaiitHoi TepMiuHOi 00pOOKH TOCITITHIX
BIUIMBY ~ KpUCTami3amiliHOi  3gatHocti ma  TKJIP  CTEKOT .633yBaBCﬂ Ha ,HeO6XI'HHOCT1 BlATAIy
CKIIOKPUCTATIIYHUX  MaTepiadiB Ta  OJHOYACHOMY
12 Bicnux Hayionanvnoeo mexuiunoeo ynieepcumemy «XI1I».
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(dopMmyBaHHI KpHcTaliyHUX (a3 rixpoxcuanarury (30-55
00. %) Tta mitito mucwmiikaty (5-20 06. %) (tabm. 2). Le

JociimkeHHs XapakTepy 3MiHH KPUBUX BiJIHOCHOTO

nmomoxkeHHst  Al/l, %  ODocmimHMX ~— CKIOMAatepialiB

JO3BOJIMTH 3a0e3mednTd OIONOTIYHYy AaKTHBHICTP Ta  JO3BOJIMJIO  BHU3HAYMATH  BaXJMBI  XapaKTCPUCTUYHI
MIIHICTh CKJIOKPHCTATIYHUX MaTepialiB Ha iX OCHOBI IPH  TeMIlepaTypd, HEOOXIAHI Ui BCTAHOBJCHHS PEXUMY
TepMiuHiit 00po0IIi Ta ekcruTyaTarii. TEpMIi4HOI  OOpOOKM  CKIIOMaTepiajiiB:  TeMIeparypy
Ilicna  Bapkm  jmocmimmi creknma cepii OC  cxmyBamHs 7T, Ta JUIATOMETPUYHY TeMIeEpaTypy

XapakTepusyBajaucs (OpPMyBaHHSIM HAHOCTPYKTYpU Ta
BMICTOM KPHCTaJIB TifpoKcianaTuTy y KijabKocTi Big 10

po3M’sikieHHs T,,,, AKi 3HAXOMAThCS B Mexax 400450
ta 500-550 °C BignosigHo (Tadm. 3, puc. 1). Oanak nani

10 35 00. % (tabmn. 2). TEMIIEpaTypu € HIDKYe 3a JIHCHI TeMIepaTypH, Tak SK

BI/IMip}OBaHHSI MMPOBOAUIINCA Hiﬂ HaBaHTAXXCHHSM.

Tabmums 1-Oco6muBOCTI XIMIYHOTO CKIIaAy BUXITHUX cTekod cepii OC

Tloka3uuku Cienapu, mac. %
1 2 3 4 5 6 7 8 9
Cknoytsoproroui (CK)
Si0, +ALLO; + B,Os + | 60,0 51,0 50,0 55,0 50,0 55,0 55,0 52,5 52,5
Nb205
= dazoyrsoproroui (PK)
% LiO + CaO + P,0; 35,0 35,0 45,0 40,0 40,0 35,0 37,5 40,0 37,5
5 Momudikyroui (MK)
=]
% Na,0 + CaF, 1,0 3,0 1,0 1,0 2,0 2,0 1,5 1,5 2,0
4 RO 2,0 6,0 2,0 2,0 4,0 4,0 3,0 3,0 4,0
Karamizaropu
kpucramizamii (KK) 2,0 5,0 2,0 2,0 4,0 4,0 3,0 3,0 4,0
RO,
Tabmums 2 — Bmict Ta Bu KpucTadiuHuXx (a3 miciis BapKu 1 TEPMOOOPOOKH
BwicT Ta Bua kpuctanivyaux a3z
M .
ateplat [icns Bapku, 06. % [Ticast TepMoo6poOKH, 006. %o
OC-1 10 TATI 30 TATL, 5 U (I crazis — 510 °C, II cragis — 610°C, III craxis — 510°C)
0C-2 20 TAII 35 TAIL, 10 IJT (I cramist — 510 °C, 1I craais — 620°C, III crazis — 520°C)
0OC-3 30 T'AIT 45 T'AIl, 20 IJT (I cramis —520 °C, II cramis — 620°C, III ctamis — 520°C)
0oC-+4 30 TAII 45 T'AIl, 20 JIJT (I cranis — 520 °C, II craais — 620 °C, III crazgis — 530°C)
0OC-5 35TAIT 55 T'AIl, 20 1T (I cramis —550 °C, I cranis —650 °C, III cramis —550 °C)
0C-6 25 TAIl 50 T'AIT, 10 JJI (I cramist — 540°C, II craais — 600°C, III craais —550 °C)
oCc-7 25 TAIl 50 T'AIT, 10 JJI (I cramist — 540°C, II craxis — 600°C, III craais —550 °C)
0C-8 30 TAII 55 TAIN, 15 IJI (I cramis — 550 °C, 1I cranist — 640°C, 111 crazist — 540°C)
0C-9 30 TAII 45 T'AITL, 15 JIJT (I cranis — 520°C, II cragis — 610°C, 111 craagis — 530 °C)
£ 075
= 0.7 0C-3
= 0.65
= 06 061
g 055 —H—0C-5
2 05
2 045 —4—0C-1
g 04 (-2
= 035
g 03 --®-+ OC-6
0.25 ]
-y Vv 0C-7
m B g4
0.15 4 £/ 0C-8
g
' e O C-9
0'0(5] = Temmepatypa, °C

100 200 300 400 500 600
Pucynok 1 — 3anexHicTh BiTHOCHOTO NOAOBXKeHHs cTekon cepii OC Bix Temmneparypu

Bicnux Hayionanvnoeo mexuiunozo ynieepcumemy «XI1I». 13
Cepisn: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(11)°2024



ISSN 2079-0821 (print)

Tabmms 3 — 3rauenns TKIIP mis gocniganx ckimomatepianis cepii OC

HocninHi ckiomarepianm
TeM”ipCaTypa’ oC-1 | 0C-=2 OC3 | 0C4 | oc5 | oc6 | OC7 | OC-8 | 0OC9
3nadyenHs koedimienra TKIIP ((x-10'7), 1“paz['l
20-100 78,0 82,1 89,5 88,3 90,3 81,5 82,5 88,6 87,5
20-200 79,2 84,5 95,2 93,2 99,6 82,7 83,5 933 90,4
20-300 81,5 86,8 103,8 100,8 101,2 85,9 86,4 100,6 99,5
20-400 83,4 89,4 106,4 102,4 | 1154 98,5 99,5 102,9 101,6
20-500 90,0 92 110,2 109,5 130,2 99,8 100,1 110,3 109,8
20-600 85,3 89,1 108,3 107,2 120,1 98,1 98,7 107,9 106,8
3a  JaHUMH  JUIaTOMETPUYHMX  JIOCHIDKEHb — 3HIDKCHHS KPUCTANI3aliffHOI 3MATHOCTI Ta IiBUIEHHS

BCTAHOBJICHO, 1[0 HaWBHIIUM moKasHukoM TKJIP =
130-10-7°C-1 B TemmeparypHOMY iHTepBani 25-600 °C
Xapakrepuszyerbcs  gocimigHe ckimo OC-5, Tak  fK
CTPYKTypa [JAHOTO CKJIa XapaKTepU3YETHCS 3HAYHOIO
KUTBKICTIO KpHCTAMiYHUX (a3 rigpokcuamatury (55 o0.
%) Tta mirtito pgucmmikary (20 06. %) micnA
TepMOOOPOOKH, IO 3HAYHO BIUIMBAE HA ITiJBUIICHHSI
nmoka3uuky TKJIP (tab6i. 3)

Hocmigni crekna OC-3, OC—4, OC-8 ta OC-9, ski
XapaKTepU3ylTbCSl  HAsABHICTIO CKJIOYTBOPIOIOYHX
KOMITOHEHTIB y  Kimpkocti 50-55 wmac. % Ta
(ha30yTBOPIOIOYMX KOMIIOHEHTIB y KiibkocTi 37,5-45
Mac. %, XapaKTepU3yHThCS BMICTOM KpUcTaniqHoi ¢asu
TiIpoKCHanaTuTy Imicis Bapku y Kumbkocti 30 06. % e
TIO3HAYAETHCSI HA ITBHMIIECHHI HAasBHOCTI KPHCTAJIYHUX
(a3 micna TepmivHoi 00poOku Ta minsumenHi TKJIP no
110-107°C™".

Crexkma OC-3, OC-4  xapakTepu3yIOThCA
OJTHAKOBMIM BMICTOM KPHCTAIIYHUX (a3 K MiCIs BapKH
TaK 1 micisi TepMOOOPOOKH, ajie BMICT CKIIOYTBOPIOBAYiB
10 55 mac. % pa3oM 3 OKCHAAMH I[HHKY, IUPKOHIIO,
TUTaHy, SKI TP TIEBHOMY BMICTi BOYNOBYIOTBCS Y
CTPYKTYpPY CKJIa 1 3MIIHIOIOTH 1, MO3HAYa€ThCS Ha
nesikomy  3HwkenHi  TKJIP.  Jlna  cxma OC-9
XapakTepHuM € neske 3HmkeHHs TKJIP y mopiBHsHHI 3
OC-8, 3aBIsIKM MEHIIOMY BMICTY KPHUCTATIUYHHX (a3 Ta
HasBHOCTI Ounbmioro Bmicty TiO, + ZrO,.

Hus cxkma OC-2 mpm 30epekeHHI BMICTY
CKIOyTBOptoBauiB 10 51 mac. %, 3HWKEHHI
(hazoyTBOpIOIOYUMX KOMMOHEHTIB 1o 35 Mmac. % Ta
HABUIIOMY  BMICTI  MOJM(]IKyIOUMX  KOMIIOHEHTIB
CIOCTEPIraeThCsl 3HMKEHHSI BMICTY KpHCTaliuHOI (aszu
TUIPOKCHANATUTy HaBITh NpU HAaWBUIIOMY BMICTI
KaTaJi3aTopiB KpUCTaIi3alil, sIK MiciIsl BapKH, TaK 1 MiCIs
TepMiuHOi 00poOKku (35 00. %), mo BIUIMBaEe Ha
sumwkeHHss TKJIP. Ilpu mnopiBHsHHI 31 ckiiom OC-2
CYTT€BE Mi/BUIIEHHS CKJIOYTBOpIoBadiB g0 60 mac. %
s ckma  OC-1 MIPUBOIUTE 110 3HIKEHHS
KpHCTaJIi3alifHOI 3/1aTHOCTI CTEKOJ SIK IICJIsT BapKH, TaK
i micisa tepmiunoi 06podku (I'AIT 30 06. %, JI 5 06.
%). Tomy ckno OC—1 xapakrepusyeTbcs HalMEHIINM
nokasaukom TKJIP = 90-107°C! cepen ycix DOCIHiTHIX
crekon cepii OC. TakuM YHMHOM, BCTAHOBIJICHO, IO

BMICTy OKCHIy LMHKY Yy CKJani cCkiononioHoi ¢a3u

M03HAYAETHCS Ha 3HIKEHHI TKJIP IS

ckiokpuctaniganx marepianis OC—-1 Ta OC-2.
3abe3nedyeHHss BMICTY  CKJIOYTBOPIOBAaYiB IS

crekon OC-6 ta OC-7 y ximpkocti 55 mac. % npu

CYTTEBOMY BMICTi ()a30yTBOPIOIOYMX KOMITOHEHTIB [0
35-37,5 mac.% Ta xaTamizaTropiB KpucTamizanii 3—4 mac.
% Bimirpae BaIIMBY poiib s (OPMYyBaHHs 3MII[HEHOT
0i0aKTHBHOI ~CTPYKTYpPHM 3a paxyHOK 3arajbHOro
craisBigaomendst TAIT:JIJI = 5:1 (tabn. 2) Ta HagaHHA
TepMiunnx Bractuoctei 3 TKJIP 6uspko 100-107°C
(tabn. 2). Jus cxkma OC—6 TKJIP nekinbka Humx4e 3a
paxyHok BMmicty Y, (TiO,, ZrO,, SnO,, CeO,) mo 4 mac.
% Tta BMmicty ) (MgO, ZnO, SrO) mo 4 mac.% y
mopiBHsHHI 3 OC— 7 jgng  SKOTO BMICT JTaHUX
KOMITOHEHTIB ckiazac 3 mac.%.

Takum YHHOM JOCIIDKESHHS BIUIMBY
KpucTamizaniiinoi  3marHocti  Ha  mokasHuk  TKJIP
po3pobnernx  ckiomatepianie cepii OC Ha OCHOBI
CHCTEMH Li,0-Ca0-ZrO)-Ti0,—MgO-ZnO-Al,05—
B,05—P,05-S10, moxaszano, mo mnokasuuk TKJIIP B
TemrepatypHoMy iHTepBami 25 — 600 °C ckmanae
78—130,2’10'7"C'1 1 3aJeXUTh Bi BUAY 1 BMICTY
KpUCTaTiyHUX (a3 Ta BMICTY SK CKIOYTBOPIOIOYHX,
MomudiKkyrounx Ta (Pa30yTBOPIOIOYUX KOMIIOHCHTIB.
OneprxaHi JaHHI CBig4YaTh MPO MOXJIMBICTH CTBOPEHHS
ckromarepiamis 3 TKJIP Gmmseko  100-107°C™ s
oJiep KaHHS Ha IX OCHOBI SKICHAX MINHUX Ta
6e3nedextHux OiocymicHHX BHpOOIB (ckaddonmaiB) Ta
HOKPUTTIB IO CIUIABAaX THTaHY.

BucHoBkn. Ha ocHOBI ormsagy — HayKoOBOi
JITEpaTypu TEOPETUYHO OOIPYHTOBaHO BUOIp CHCTEMHU
LiZOfCaOerOsziOngOonOfA12037B2037P2057
SiO, Ta po3pobiieHo ckiaau MoaeabHUX cTekol cepii OC
3 BMicToM ckioyTBopiotounx (SiO, +ALO; + B,0; +
Nb,Os), momudikyrounx (Li,O + CaO + P,Os) Ta
tazoyrBoprorounx (Li;,O + CaO + P,0s5) KOMIOHEHTIB
JUIA OfepKaHHSA Ha iX OCHOBI SKICHUX MIIIHUX Ta
Oe3medexTHIX OiocymicHIX ckaddoris, 3
ypaxyBaHHSIM BHMOT 1O OiOCYMiCHOCTI MaTepialiB Jyis
SHIONPOTE3yBaHHS.
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[IpoanamizoBaHo  BINIMB  XIMIYHOTO  CKIJIAOy
MOJIEIEHUX CTEKOJ Ha KPHUCTANi3alliifHy 3IaTHICTH Ta
TKJIP CKIOKpHCTaNiYHUX MatepiaiB Ha iX OCHOBI.
Bceranosneno, mo  BMIiCT  KpUCTamiyHuX (a3
rigpokcuanartury (55 00. %) Ta niTii0 JQUCHIIKATY
(20 06. %) micist TepMiuHOi 0OPOOKM 3HAYHO BILIMBAE HA
migBUICHHS ToKa3sHuKy TKJIP  ckiokpucTamigHux
matepianis 1o 130-107°C”'. A massmicts 50 06. %
rigpokcuanartury ta 10 00. % uiTifo aucuiikaty y
CTPYKTYpl CKJIOKPHCTAJIYHOTO MaTepialy BHU3Ha4ae
MOKa3HUK TKJIP 6im3bsK0 100'10'7°C'l, oo €
HEOOXiTHUM s OJEp)KaHHA  SAKICHUX MIIHHX Ta
Oe3nedexTHX OiOCyMICHHX BHpPOOIB Ta TOKPHUTTIB.
CtBOpeHH: 3MIITHEHUX HAHOCTPYKTYPOBAaHHUX
CKJIOKPUCTATIYHUX  MartepiajiB 3 iepapXidHOIO
MOPHUCTOI0  CTPYKTYPOIO, 3HATHICTIO J0 BUTPUMKHU
TEPMIYHOTO HAaBaHTAXEHHs Ta (DOPMYBaHHS MIIIHOTO
CHOJIyYEeHHS 31 CIUIaBaMM 3 TUTaHY J03BOJHMTH BUPIIIUTH
HarajbHi MpoOJeMH 3aMillleHHs 3HAaYHUX JUITHOK
KiCTKOBOT TKaHWHH.
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0.1 3IMIH, I.T. 3E3EKA/IO

METO/IUKA TA OCOBJUBOCTI JOCJIII)KEHb ®LIbTPAIIMHUX BJACTUBOCTEN
YINIJIBHEHUX I'NIMBOKO3AJIATAIOUYHUX I'NTPCBKHUX ITOPL

V pesynemami euvepnanns mpaouyiiiHux 3anacie 8yene6o0Hia nocmae HeoOXIOHICMb Po36iOKU NOKNAOI6 HA BEeNUKUX 2AUOUHAX MA NPU CKAAOHUX
2eonoziunux ymoeax. Lle nepedbauac yOOCKOHANEHHS MEXHONO0LIU SUBYEHHS 2IPCLKUX Nopio i (uioidie 3a 0ONomMo2oio cucmem KOMN HOMEPHO20
Mmooeniosanns ma aabopamoprozo obnaonanns. Mooenosanna y 1a60pamoprux ymoeax npoyecie ski 6i00yearomvcs y 2ipcoKux nopooax npu
OypinHi, po3pobyi, inmeHcu@ikayii 4y pisSHOMAHIMHUX XIMIYHUX BNIUBAX GIOIZPAIOMb 3HAUHY POJb NPU CYYACHOMY BUOOOYBAHHI 8)2lIeB00HIB, OCKIIbKU
0036015€ 3MEHUUMU KITbKICMb ROMUIOK HA CMAOIl NPOEKMYBanHs po3poOKu pooosuny yu Memodié 6Nnauey Ha npooyKmueHi niacmu. B ceimi icnye
HU3KA 8I00MUX BUPOOHUKIE 1a60pamopHo20 00IA0HANHA, WO MOOeNIoMy Pinbmpayilini npoyecu 6 2ipcbKux nopooax, npome Oy0b sKa cucmema
Mae AK c60i nepesazu max i Hedoniku. [nsa peanizayii 3a0au i3 6usYeHHs QInbMpayiiHuX npoyecie y 2ipCbKux nopooax, mexmonozii po3pooxu
VWIIbHEHUX Ma MpAOUYitiHUX KOJIEKMOpIE, Memooie iHmeHcu@ixayii ma @isuxo-xiMiuno2o 6naugy npu 6ud0OY6aHHi 6Y2le800HI6 PO3POOIEHO
@inempayitine 06naonanns, siKe 003605€ NPOGOOUMU CIAHOAPMHI MA CReYianbHi 0OCTIONCEeHHsI KePHOBO20 Mamepiany 2ipcokux nopio. Ilepuia
VCMAHOBKA HU3LKO20 MUCKY O00360JA€ NPOBOOUMU WEUOKI Mda MOYHI GUMIpU nopucmocmi ma nponuknocmi npu muckax oo 10 Mlla ma
memnepamypax 00 120°C. Kpim ¢inempayiinux npoyecie 061a0HaAHHA 0036015€ NPOBOOUMU OYIHOYHI QOCTIONCEHHSL BNIUBY PIZHOMAHIMHUX XIMIYHUX
PO34UHI8, GYPOGUX MA THUUX MEXHONOSIYHUX PIOUH HA NPUPOOHI MA WIMYYHI KEPHU Y HAYKOGUX MA NPOMUCTIOBUX 00CHiOdcenHax. [l docuioicens
2IPCbKUX nopio ma hnioidie y niacmosux ymosax po3podieno Qinempayitiny cucmemy, wjo 00360J5€ NPOBOOUMU 6CI 8UUIEBKA3AHT 00CTIOHNCEHHS NPpU
muckax 0o 100 MIla ma memnepamypax 0o 200°C. Ocobausicmio po3pobieno2o 001a0HAHHS € GUCOKA MOYHICHb GUMIDIOBAHb, ABMOMAMU3AYISL
npoyecie MOHIMOpUH2Y, KOPO3IUHOCMIlIKe BUKOHAHHA OCHOBHUX BY31i6 MA aAZpe2amis, wo O00360.5€ NPOBOOUMU OOCTIONCEHHS Y OYOb AKOMY
azpecusnomy cepedosuui. Jlabopamopui 0ocniodicenns 003601A10Mb YHUKAMY NOMUTOK NPU NPOEKNmySaHHi pO3POOKU HOBUX NIOW, 3MEHUWUMU
asapiinicms OypinHs ma niooupamu eghekmusHi MexHON02Il 6NAUBY HA 2IPCLKI ROPOOU.

Knrouosi cnosa: ywinvneni 2ipcoki nopoou; kapbowamu, inmencu@ikayis ceeponogun; KUCIOmMHI po3uunu; @itbmpayiuni npoyecu;
Qinompayiiine 061a0HaAHHS.

O.L. ZIMIN, 1.H. ZEZEKALO

METHODOLOGY AND FEATURES OF RESEARCH OF FILTRATION PROPERTIES OF
COMPACTED DEEP-SEATED ROCKS

As a result of the depletion of conventional hydrocarbon reserves, there is a need to explore deposits at great depths and under difficult geological
conditions. This requires the improvement of technologies for studying rocks and fluids using computer modeling systems and laboratory equipment.
Laboratory modeling of the processes occurring in rocks during drilling, development, stimulation or various chemical treatments plays a significant
role in modern hydrocarbon production, as it reduces the number of errors at the design stage of field development or methods of impacting
productive formations. There are a number of well-known manufacturers of laboratory equipment that model filtration processes in rocks, but any
system has both advantages and disadvantages. To implement the tasks of studying filtration processes in rocks, technologies for the development of
compacted and conventional reservoirs, stimulation methods and physical and chemical effects in hydrocarbon production, filtration equipment has
been developed that allows for standard and special studies of rock core material. The first low-pressure unit allows for fast and accurate
measurements of porosity and permeability at pressures up to 10 MPa and temperatures up to 120°C. In addition to filtration processes, the
equipment allows for evaluation studies of the impact of various chemical solutions, drilling and other process fluids on natural and artificial cores in
scientific and industrial research. For the study of rocks and fluids in reservoir conditions, a filtration system has been developed that allows for all
of the above studies at pressures up to 100 MPa and temperatures up to 200°C. The peculiarity of the developed equipment is high accuracy of
measurements, automation of monitoring processes, corrosion-resistant design of the main components and assemblies, which allows conducting
research in any aggressive environment. Laboratory studies allow avoiding mistakes in the design of new areas development, reducing drilling
accidents and selecting effective technologies for rock impact.
Keywords: compacted rocks; carbonates; well stimulation; acid solutions; filtration processes; filtration equipment.

Beryn TAaKUX TOPiN SK IpaBHIO Iepeadadae BUKOPHUCTAHHS

AKTHBHE BHUAOOYBaHHS TPATUIIHUX 3araciB TEXHOJIOTIHA iHTeHCHiKaIIii IS 30UIBIIIEHHS
HaTH 1 Tazy y CBITI NPU3BOIUTH A0 HEOOXiJHOCTI (GiTPTpamiiHUX BIACTUBOCTEH MPHUBUOIMHOI 30HH YU
OypuTH 3 KO)KHUM POKOM BCe TIHOIIN eKCIuTyaTaliiHi 30HH JIpeHYBaHHS CBEpUIOBHHHU Bitomy [4]. CywacHi
CBepIOBHHU. J[OCHIDKEHHS BENMKHMX TJIMOMH i3 METOIH CTUMYJISILIT pobotu CBEP/UIOBUH
3HAYHUMH TUTACTOBMMHU THCKaMH 1 TeMIieparypamu Ta nependavyaTh JieTalbHe BUBYCHHS BIUIMBY piAWH
HU3bKMMHU  (PIIbTPALifHO-EMHICHUMH  XapaKTEePUCTH- iHTeHcudikarii Ha MOpoan B JADOPATOPHHUX YMOBaxX 10
KaMH HaOyBalOThb BCE BaKJIMBIIIOTO 3HAYEHHS, aje, MOYaTKy NPOBEICHHS NPOMHUCIOBHUX 3aXOIiB Ta
pasoM 3 THM, BHMaralThb 3Ba)XEHOI'O HAayKOBO- BUIIPOOYBaHb.
TEXHIYHOTO MiAXOAy. 3HayHi MEpPCIEeKTUBH  JUIS BuBuennss mpomeciB OypiHHS UM pO3pPOOKH
30UTbIIEHHS  BHAOOYBHMX  3amaciB  BYIJICBOAHIB nepenbavyae aHami3 BIUIMBY Cy4YacHHX TEXHOJIOTTYHHX
BIJKPUBA€  MOJMJIMBICTh  PO3POOKM  YIIUTBHEHHX pianH Ha TipChKi NOPOJM IIe 10 MoYaTKy OypiHHS (3a
rimboko3aysiralounx ripeskux mopix [1-3]. Po3pobka YMOBH HasiBHOCTI KEPHOBOT'O Marepiaiy), [0 BUMarae
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CIICIIaTi30BaHOTO J1abOpaTOPHOTro OOJaHAHHS IS
JOCHiDKeHb  (UIbTpalliiHUX  BJacTHBOCTEH B
IUTACTOBUX yMOBaX. SIKiCHI JOCIIPKCHHS JTO3BOJISIOThH
YHUKHYTH TIOMIJIOK Ha CTajii NPOEKTyBaHHS Ta
CIIOpPYUKEHHS CBEpJIOBUHH, JIO3BOJISIIOTh
OIITHMI3YyBaTH KUTBbKICTh BHJIOOYBHHX CBEp/JIOBHH Ta
iX CITKy TpH po3poOIi, MiABUIMUTH e(EKTUBHICTH
OypiHHS KOKHOI KOHKPETHOI CBEpAJIOBHHH [5].

CKiragHicTh eKCILTyaTariii, BHCOKa
TEXHOJIOTIYHICTh Ta HAYKOEMHICTh Cy9aCHHX IPOIECIB
po3po0KH  BUMAraroTb BHUBQXEHHWX IIAXOMIB 10
YIPOB/KEHHsI HOBITHIX TexHojorid. [lepexaycim me
CTOCYEThCSI 00OB’SI3KOBUX TPOLECIB MOZCITIOBAHHS Ta
71a00paTOPHUX JOCIIIKEHD, 10 MePeNyIOTh Oy/Ib IKUM
MIPOMHUCIIOBUM  BHUNpoOyBaHHsM.  Jna  sKicHHX
71a00paToOpPHUX JAOCIIKEHB TiPCHKUX NOPif Ta (Iroinis
y CBITI IIMPOKO BHKOPUCTOBYETHCS OOJIQJHAHHS IS
MOJIENIIOBaHHS IUIACTOBUX YMOB (QiIbTpamii, o Jae
3MOTYy BHBYaTH Ta MOJEJIOBATH IpOIECH Ta
ocoOumBOCTI  po3poOkn uu  iHTeHcH(ikamii  6e3
BTPYYaHHS B pealibHi CBEPAJIOBUHH [6].

VY 30-x pokax MHHYJIOTO CTOJITTS XacllepoM Ta
IHIIMMU ~ BYCHUMH pO3pOOJICHO OONMajHAHHS Ta
METOJHKY AOCHIIKEHHS (PiTbTpaniiiHuX BIaCTUBOCTEH
ripcekux mopia. Ilicms 1mporo, mapanensHO 3
PO3BUTKOM Ha(TOra30BHIOOYTKY, IIOYaBCS OyPXITHBHA
PO3BUTOK J1abOpaTOpHOro OOJaJHAHHS. Y HaIml
KpaiHi TpUBaJIMil Yac NOCHIPKEHHS MPOBOIMJIMCH Ha
o0JiaJIHaHHI PaJsIHCHKUX PO3po00K 50-X pOKIB, THUILY
VUIIK-2 Ta aHAIOTiYHHX, K1 MAIOTh 3HAYHI HEIOIKH
MoB’si3aHi 13 3acTapiicTio KOHCTpyKuUii. TouHicTh
BUMIpPIOBAaHb Ta JOCTOBIPHICTH (TTOBTOPIOBAHICTH)
pe3yNbTaTiB  NPH  JOCHIIKCHHAX  HAa  TakOMY
o0JyiasiHaHHI € Jy)Xe HU3BKOIO, Ta TIOB’sA3aHa 3 SKICTIO
mpunaniB  ¢ikcarii THCKy, TeMOepaTypH, BUTpaTH,
TOYHICTIO TI0/Ia4i HAaCOCHOTO Ta KOMIIPECOPHOTO
obmagHanas. e He mae 3MorM y OiLMBIOIOCTI BHUIAIKiB
3aCTOCOBYBATH Pe3yJIbTaTH LUX BUNpoOyBaHb. bararo
MIAPUEMCTB ~ Ta  HAayKOBO-JOCHITHMX  YCTaHOB
MPOBOAMJIM  Pi3HI  yIOCKOHAJIEHHS, TIOB’s3aHi i3
BCTAHOBJICHHSIM TOYHUX MaHOMETPHUYHUX NPUIIANIB YU
BUTPATOMIIB, yIOCKOHAJIEHHIM KOHCTpPYKIIi{
KEpPHOTpUMaya Yd HACOCHOrO OOJNajHaHHA, aue Le
HE3HaYHO MOKPALIyBaJl0 SKICTh BUMIpPIOBaHb Ta
JIOCIIJIKCHB BILIOMY.

OcTaHHI POKM 3HA4YHO 3POCTAIOTh MOXIIUBOCTI
KOMIT'IOTEPHUX  TEXHOJOriH Ta  JabopaTopHUX
JOOCTITHAX CHCTEM JUIA MOJCNIOBAHHS IUIACTOBUX
THUCKIB Ta TeMIepaTyp, IpomeciB Oaratoga3oBoi
CTamioHapHOi ~ Ta  HecramioHapHoi  QimpTparmii
IUIaCTOBUX (IIIOIAIB Ta TEXHOJOTIYHUX PiAWH, 1HIIIX
mporeciB HadTorazoBuao0yTKy. CydacHi TEXHOIOTIi B
[BOMY HAIpPsIMi PO3POOJISIFOTHCS, HANPHUKIAT, TaKHUMHU
Bimomumu koMmmanismMu sk Core Laboratories, Vinci
Technologies, DCI Test Systems Ta 6aratbMa iHITUMH.
Take BHCOKOTEXHOJIOTiYHE OOJIAJHAHHS JIO3BOJISIE
3HAYHO MiJBUINUTH CQCKTHUBHICTh JOCIIIKCHb MpU
MOJICTIOBaHHI Ta BIPOBA/HKCHHI HOBUX TEXHOJIOTIH
OypiHHS, pO3poOKH, eKcIuryaramii, iHTeHcHiKamil
TOIIO.

SIK1Io BpaxoByBaTH peTiOHAIBHUN KOHTEKCT, TO B
VYkpaiHi B IesKiii Mipi BiquyBaeTbcsi Opak TEXHOJOTIH
JUISE  BHCOKOTOYHUX  (DUIBTPAIlifHAX  JTOCIiIKEHb,
OCKIIBKM ~ CydacHE OONagHaHHA Ma€  HEBeJINKa
KUTBKICTh IIOPUEMCTB Ta HAYKOBHX YCTaHOB. B
YMOBax IIOCTYTIOBOTO 3POCTaHHS TIIMOWH OypiHHS,
CKJIAHOCTI yYMOB IIPOGKTYBaHHS CBEPUIOBHUH Ta
YAOCKOHAJCHHS TEXHOJOTIH po3poO0KH  MOCTIHHO
3pocTa€ MOIMT Ha MPOBEACHHS BHCOKOTEXHOJOTTYHUX
GbinpTpamiiHux — mocaimkenb. KpiM  Toro,  Taki
YCTaHOBKH MEPEBaXHO BY3bKOCIELIATI30BaHl 1 I
JIeSIKMX ~ YHIKQIbHUX JOCHIZIB 3pa3KH JIOBOAUTHCS
BIJNPABIATH 1O IHIIMX KpaiH, MO0 3HAYHO 30UIBIIYE
Yac Ta BapTiCTh IPOBEJECHHS POOIT.

Yce me BUMarae CTBOPEHHS YHIBEpCaJbHOTO
Cy4acHOTO  BHCOKOTOYHOrO  OOJIaHAHHA,  WIO
JIO3BOJIUTH INBUAKO Ta 0€3 3aTpUMOK IPOBOJIUTH
HEOOXigHI (QUIBTpaIiiiHi TOCTiIHKEHHS TIpCHKUAX TTOPIiLT
3 BUKOPUCTAHHAM Oyb SIKUX (IIFOIIB.

Buxisian ocHOBHOTO MaTepiajy

B 3anexsocti Bin HampsMmy Ta crenudiku
JIOCITI/KEHb, MPOBEICHHS aHalizy mopia 4 QIroinis
mepeadayae  BHKOHAHHS  IMEBHOI  IMOCIIZOBHOCTI
3aBlaHb. J{si BUBUEHHs, Hampukian, (uIbTpaliiHUX
MPOLIECIB B YIIUILHEHNX TIPCHKUX MOPOJaX Ta METOJIB
inTeHcudikanii npu moNaNbIIi  po3polui  TaKMx
KOJIEKTOPiB [7] TPOIOHYETHhCS BUKOHATH HACTYIHI
3a1a4il:

1. IpoBectn  pocmiypkeHHS — QI3UYHMX  Ta
MEXaHIYHUX BIIACTUBOCTEH TipCHKUX MOPi.

2. Jlocmimutu ¢binpTpamiiiHi Ta €MHICH1
XapaKTePUCTUKH OPOIH.

3. IlpoBectrt  aHami3s  TPUYMH  3HIDKEHHS
(biTPTpaniiHIX BIACTHBOCTEH MOPOIH.

4. Tligibpatu MoxUIMBI  eEeKTUBHI  XIMi4HI
PO3YMHHU Uil BIUIMBY Ha (UIbTpaliiiHi MOKa3HUKU
YIIUIBHEHUX TIOPi-KOJIEKTOPIB HA(TH 1 ra3y.

5. IlpoBecTH JOCHIKEHHS BIUIMBY XIMIYHHX
po3uMHIB iHTeHcuQikamii Ha MOJENBHHX 3pa3Kax
LITYYHUX KEPHIB 115 3a0e3neyeHHs mig00py HalOUIbII
e(EeKTUBHUX KOMITO3HIiH B OJHAKOBHX YMOBaXx.

6. Jocnmimuth BIUIMB pO3YMHIB I1HTEHCH]IKamii
Ha (UIBTpAIiHHO-€MHICHI BIACTUBOCTI JTOCHIIKYBAaHIX
mopig mpu BUCOKHX Temreparypax (mo 120°C) Ha
LITYYHUX Ta IPUPOJHHUX KEPHAX.

7. TlpoBecTH AOCTIIKEHHS BIUTUBY PO3POOIICHNX
PO3UMHIB Ha KEPHH PEANTbHUX TIPCHKUX MOPix TpHU
IUTACTOBUX THCKAaX Ta TeMIepaTypax.

8. IlpoamamizyBaTh  €(QEKTHBHICTH  BIUTUBY
PO3pO0ICHUX TEXHOJIOTIH Ha ¢inpTpaniizi
BIACTMBOCTI TPH  PI3HUX TIEOJNIOTIYHUX  YMOBax
3aJITaHHs TTOPiI.

Jus  peamizamiii  TOCTaBIIEHHX 3agad  OyJo
po3po0IeHo KOMILIICKC CIICIaTi30BaHOTO
nabopaTopHOTO  (QimbTpamiiHOro OO0NAgHAHHS, IO
3a0€3MeYNTh  MPOBEJCHHS  BCHOTO  KOMIUIEKCY
eKCIIEPUMEHTIB, BHXOJISYM 13 BHIIE IOCTABICHUX
3aB/IaHb.

QinpTpariitna ycTaHOBKa HU3EKOTO THCKY (pHcC. 1)
IUTS OCHIDKEHHS (himpTpamiiHO-€MHICHUX
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XapaKTEePUCTHUK TIPCHKUX MOPiJ] J03BOJISE MPOBOIUTH
JOCIHI/DKEHHSI TIpCbKUX TMOpil Ha MOPHCTICTh 1
NPOHUKHICTh LUISIXOM IPOKauyyBaTH PIIUH Ta Ta3iB
Kpi3b CTaHIApTHI 3pasku (LMIIIHAPH) TIpCHKUX IOPin
po3mipom 30x30Mmm.

Kpim cranmapTHUX AociiDKeHb (inbTparniiiHo-
€MHICHHUX ITOKAa3HHKIB OOJIaJHAHHS BUKOPUCTOBYETHCS

BJIACTHBOCTI TPCHKHUX MOPIA UM MTYYHO CHOPMOBAHUX
3pa3kiB  PI3HOMAHITHUX  TEXHOJIOTIYHHUX  PiJIuH,
OypOBHX PO3YMHIB, PiUH IHTEHCU(IKALIT UM TITYIITHHS
mpu THckax 1o 10 MITa.

YcraHOBKa CKIIQAETHCS 3 BiacHE (iNbTpariiHoi
CUCTEMH Ta OJIOKY NOPO3UMETpa.

MopoaumeTp

ok

Puc.1 Cxema dinprparniiiHol ycTaHOBKH HU3bKOTO TUCKY

3aBaHTAXYETHCSI 3Pa30K KEPHY TIPCbKOi MOpOAM YU
IITYYHOTO MaTepiany i 3a JOIOMOTOr pemykTopa (26)
CTBOPIOETHCS HEOOXIMHUI THCK a30Ty i3 OanonHy (27),
SKUA TPOXOASAYN Kpi3h TpuxomoBuit kpaH (17)

Ul OLIHKA BIUIMBY Ha  (pUIbTaliHHO-€MHICHI
’ O “
MepmeameTp
®inbTpaujiiHa cuctema
18
L
—{olt_ o]
% &
1/ 6 8 6 9
IMopo3umerp mnpu3HAYCHWA [UIS BHU3HAYCHHS
MOPUCTOCTI  TA30BOJMIOMETPHYHIM  METOIOM 32
poromororo remito. Ilpmman ckmamaerecs 3 IBOX
KOMIpOK  omHakoBoro o60’emy, y mepmy (1)

3aBaHTaXKYEThCS JTOCTITHUN 3pa30K, JAPyra sBISETbCS
eTaJIOHHOIO (2) 1 00JamHaHa BUCOKOTOYHUM JAaTYUKOM
tucky Siemens (3). Jas poOOTH Takok HEOOXITHUMN
O6anon 3 remiem (4), razoBuil penykrop (5) mus
CTBOPEHHSI HEOOXiMTHUX TUCKIB, NATYUKH TEMIIEPaTypH
KoMipok (6) Ta maposi kpauu (7,8,9), 1Mo 103BOJISIOTH
KepyBaTH TIIEPEIMyCKOM TeJI0 MDK KOMIpKamH,
KOHTPOJIIOIOYM IpPU LBOMY THCK Ta TEMIEPaTypy.
[punaz 103BOJISE MBUAKO BUMIPIOBATH MOPUCTICTH Y
IOIMPOKUX MEXax 3a PI3HUIECI0 y MaAiHHI THCKY IS
JIOCTIMHUX 3pa3kiB Ta eTanoHiB. Lleit metox HabaraTo
MIBHALINAN 1 He MEHII TOYHMH, BiJl 3araJIbHOBKHBAHOTO
y Hac CHoco0y BU3HAYCHHS TMOPUCTOCTI METOIIOM
HacudeHHs (abo MeToioM [IpeoOparkeHChKOTO).

s digpTpamiiHUX — OOCTIMKCHb  IIPH
BHUMIPIOBaHHI IPOHUKHOCT] BU3HAYAOTh BUTPATY a30TY
Uuepe3 TIONMEPeYHHi IMEpeTHH KepHa TMpU  Pi3HUX
nepenanax THcKy. g mporo y kepHoTpumau (10)

MIEPEKITIOYCHUH y HaIpsMi «Ta3», PYXaeTbCsl depe3
perymoBaibHAN BeHTHIH (15) Kpi3e KepHOTpUMAad
Xaciepa 31 3pa3koM mopoau. THCK Ha BXOI Ta BUXOII
KOHTPOJIFOETBCSI 332 JOTMOMOTOI0  BHCOKOTOYHHX
JaT4rKiB THCKY (13), TaKOXK TUCKH MOXHA PEryJIlOBaTH
JPOCEJTIOBAHHIM 3a IOMOMOro BeHTwmiB (14 Ta 15).
Hami ra3 mnotpamisie 13 KepHOTpMMada uepes
TpuxonoBuid KpaH (16), IO TakoX 3HAXOAWTHCI B
MOJIOXKEHHI «Ta3» 10 MacoBOro BUTparomipa Omega
(21). SIxmio ra3 MoXe MICTUTH 3aJMIIKH P1IUHH, TTEPe]
BUTPATOMIpOM BCTaHOBIIIOETHCS cerapaTop-
posznaimosau (20).

BumipioBaHHS TPOHUKHOCTI MO DpigMHI YU
TOCITIIOKEHHS BILIMBY TEXHOJIOTTYHUX piouH
MIPOXOJUTh  AHAIOTIYHO, ajJe€ B IPOTHIICKHOMY
HamIpsIMKy. 3a JOMOMOTOI0 Io3yrodoro Hacocy (18)
pimmHa 3abmpaetscsi 3 emHocti (19) Ta wepes
TpuxomoBuid kpaH (16) y TONOXEHHI «piauHA»
pyXaeThCcsl Kpi3hb perymoBadbHUNA BeHTWIH (14) Ha
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BXOAi, KepH B keHorpumaui (10) Ta perymtoBabHUI
BeHTW1b (15) Ha BHXoAi 1O MipHOI eMHOCTI (22), ipu
LBOMY TpUX010BHH KpaH (17) TakoX NepeMUKAETHCS B
MOJIOXKEHHS «pianHa». biuHui (Tipchbkuil) THCK KepHY
3a0e3MeuyeTsCcsl a30TOM 4epe3 OKpEeMHH peryKTop
BHCOKOTo THCKY (25) ta TpuxomoBmii kpan (23), a
KOHTPOIIOEThCA maTdukoMm (24). [lns 3a0esmedeHHs
peryIroBaHHS TeMITepaTypu BHKOPHCTOBY€ETHCS
JaTauk-KoHTposep (12) Ta TepMoizoimoounii 90xo, B
CepeaMHi SKOTO0 3HAaXOAWTbcs HarpiBad (11), sxwuit
JI03BOJISIE HArpiBaTH KEPHOTPHMAd JI0 TEMIIEPATYPH Y
120 °C.

Tax, HarpHKJIa, y n1a00paTopHUX
JOCIHI/DKEHHSIX PO3YMHEHHS KapOOHATHHX TIPCHKUX
nopin 3a JIOTIOMOT'0I0 TITHOOKONPOHUKHUX

MOBUTGHOIFOYMX ~ KUCIOTHUX  po3uuHiB [8] Ha
YCTAaHOBIII MPOBOJATHCS  JOCHIDKCHHS MOpin  Ta
IITyYHUX KEepHIB Ha MOPHCTICTh 1 MPOHUKHICTB. [list
BU3HAYCHHS OCHOBHUX pOOOYMX  XapaKTePHCTUK
PO3YMHIB JIOCHIJKY€ThCS BIUIMB Ha (iIbTpariiHi
0COOTMBOCTI OJHOTO 3 HAMBAXUIMBIMINX MapaMeTPiB —
TeMmepaTypu. B sKOCTI B3ipIiB BHKOPHUCTOBYIOTHCS
3pa3Ki KepHY 3 KPYNMHO3EPHUCTOTO MIlaHUKA. 3pa3Ku
JUIL LUX JOCHI/DKeHb OYMINEeHI BiX KapOOHATiB 1
TJIMHUACTOT CKJIAIOBOT, JUisi 3a0e3MeYeHHs BiJICYTHOCTI
XIMIYHAX ~peakiiii mnpu TpPOKadyBaHHI PO3YHMHIB
OpraHiyHMX KHCIOT. EKCHepHUMEHTH TOJISTalTh Yy
MOCITIIOBHOMY MPOKaYyBaHH1 Kpi3b 3pasku
JMOCTIKYBaHUX PO3YMHIB, OPTaHIYHUX KHUCIOT Ta
OKpPEeMHX PO3YMHHHKIB MPH TeMmeparypax Bim 25 1o
120 °C.

I

HactymHuM ~ eTarmoM  eKCIEPUMEHTIB €
MOCTDKEHHS TPOIECiB  peakii  JOCIiKyBaHUX
XIMIYHUX PO3YHHIB Ha IITYYHUX KEPHAX MPHU TUCKAX J0
40 Oap Ta mulacToBHX TemrepaTtypax. dopmyBaHHs
LITYYHUX KEPHIB BiI0YBa€ThCs i3 KapOOHATHOI KPHUXTH,
OCHTOHITOBOI TIJIMHU, IWICKy Ta IIEMEHTYy. 3pa3Ku
(GOpMYIOTBCS MiJi THUCKOM Yy BUIJIAI IHJIIHIPIB
BHCOTOIO Ta AiamerpoM 30 MM NpH J0/1aBaHHI Bogu. Y
pe3yapTaTi BCi IITYYHI 3pa3kd MAalOTh OJHAKOBHUI
CKJIAJ Ta MPOHHUKHICTh, SKa 3aISKUTh Bil THUCKY
(dbopMyBaHHS Ta KUTBKOCTI BomU. JlOCTiPKEHHS NAIOTh
MOXUJIMBICTh JOCHIOUTH BIUIMB Ha MPOHHUKHICTH
PO3UYMHIB B 3aJ@KHOCTI BiJ MIBHIKOCTI peakmii mpw
PI3HHX TemIiepaTypax.

Anamiz  4yuclHeHHMX ~— JabopaTopHHX — Ta
MIPOMHUCIIOBHX JOCHIKeHb [9-12] mokasye, mo mis
pO3pOOKH  HOBHUX TEXHOJIOTIH, IO  CTOCYIOThCS
YIOCKOHAJICHHS PO3POOKH pOMOBHIN, iHTeHCHDiKamii
BUIOOYBaHHS 3a paxXyHOK XIMIYHHMX BIUIHBIB YH
TiPaBIIIYHOIO PO3PUBY IJIACTa HEOOXITHO MTPOBEACHHS
JIOCIHI/PKEHb, 0 MAaKCUMAaJbHO MOEJIOIOThH IJIacTOBI
YMOBH Ta BCI IPOLIECH, 5IKi TaM BiIOYBarOTHCSI.

OTxe, AJ1s1 TOCHIPKEHb NIPU TUIACTOBUX THUCKAX
Ta TeMIiepaTypax po3pobIieHO VHIKaITbHY
¢uteTpaniiiny cucremy HPHT, ska mnpusnaueHa
TOJOBHUM YHHOM JIJIsl BH3HAYCHHS (UIBTpALidHO-
€MHICHUX BJIACTUBOCTEH IOPiJ Ta ITOCIiIKEHb BIUTHBY
Ha TIOpPOIM PI3HUX METOMIB 1 TMpoIleciB OypiHHA,
PpOo3po0KH, eKcIuTyaTarii 9u iHTeHCH]iKaIii BUI0OyTKY
GI0iziB y TIACTOBUX YMOBax (puc.2).

Puc. 2 ®inprpaniiina ycTaHOBKa BUCOKOT'O THCKY
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['0/10BHUM €JIEMEHTOM CHUCTEMH € KepPHOTpUMaY
Xacnepa, 10 SIKOTO 3aBaHTaXYKOThCS CTaHIAapTHI
3pa3Kd KepHy TipchKuX mopia. BoHn momimarorses y
CHJIIKOHOBY MaHJKETy, IIIO0 J03BOJISIE CTBOPIOBATH THUCK
ooxumy (Oiunmit Tick) no 110 MIla Ta HarpiBatu
3pa3ok 70 Temneparypu 200°C. YcTaHOBKa OcHameHa
JBOMa HacocaMH MJsl TPOKAadyBaHHSA Kpi3b 3pa3Ku
TIpCBKAX TIOPiA pI3HOMAHITHUX, B TOMY YHCII
arpecuBHuX pimuH. Hacoc BucOkoro THCKY 3
TiApaBIIYHUMH PO3IUTIOBaYaMH TPU3HAYCHUN IS
ctBopeHHs THcKiB 10 100 MIla Ta nmpokauyBaHHS Kpi3b
3pa3Ku pivH 3 BUCOKMMH Toaauyamu (10 400 Mi/xB).
[penensiiinunii Hacoc M480 HPLC nparitoe 3 Tuckamu
no 40 MIla, ane wmae pgyxe BHCOKY TOYHICTh
pPEeryJIIOBaHHS  TOAA4l  PIAWHM, 10  JO3BOJIIE
BIJICTIIIKOBYBaTH MiHIMaIbHI IIepenagd TUCKY MpHU
¢inprpamii 7o 10 Mi/XB.

Jnst  CTBOpEHHs  IUIACTOBOI  TeMIlepaTypHu
BHKOPHCTOBYIOTHCSI HArpiBaJlbHI €JIEMEHTH, SKHMH
KepHOTpHUMAY Ta JiHii MoAa4i piguH HArpiBalOTHCS IO
temneparypu y 200°C., a ans 3MEHIICHHS TETIOBTPAT
KepHOTpUMAd 330BHI 3aKPHBAIOTH TEILIOI3OJSAIIHIM
koxkyxoMm. [l mocnmijpkeHb MpoOIECiB  po3poOKu
TIOKJIa IiB yCTaHOBKa OCHaIleHa TaKOXK
TOPH3OHTAILHUM  KEPHOTPUMAayeM 31  3MIHHOIO

JIOBXXMHOIO [WJIIHAPUYHOTO KOPIYCy, IO JO03BOJISIE
JTOCTIIKYBaTH HaOipHI 3pa3Kku KepHiB miameTpom y 30
MM Ta JOBXKHHOIO 10 600 MM. Bei enemenTu cuctemu
MalOTh KHCIJIOTOCTIHKE BHUKOHAHHS, IO JIO3BOJISIE
JIOCTIKYBATH OyIb SIKI arpeCUBHI PiMHU.

BaxnuBuM eleMEeHTOM OOJaJHAHHS € HOoro
aBTOMaTHu3allis, 10 CTOCYETHCS B IepIly 4epry 300py
Ta aHai3y JaHuX. /laT4uku THCKY, BUTpPAaTOMIp, Baru
Ta iHIIIe KOHTPOJIbHE 00T HAHHA 3 €IHAHO Y 3arajibHy
SCADA-cucremy, uii MOHITOPUHTY, KOHTPOJIIO,
aHalizy Ta apxiByBaHHA MHaHHX 3a JIOTIOMOTOIO
KOMII FOTEPHUX CHUCTEM.

Hocnian o BU3HAYCHHIO OCHOBHHX
GITBTPAIiHHO-€EMHICHAX ~ XapaKTEPHUCTUK  TIPCHKHX
MOpiA, MOCIIDKEHHS MPOIECIB PO3POOKH, a TaKOK
mporecd  OOpoOKKM  3pa3KiB  MOPOAH  PiIUHOIO
inTeHcu(iKanii 3MIHCHIOIOTHCS Y CTaIlllOHAPHOMY a0o
HECTalliOHApHOMY pekumax  ¢inerpanii. I[Ipomec
¢uTbTpalii piJMHU YK ra3y yepe3 MOPUCTE CePEAOBHIIE
KEpHOBOTO MaTepialy Moke OyTH onucaHuil 3a
JIOTIOMOTOI0  JIiHIHHOTO 3akoHy ¢inprpamnii  Hapci.
Oinprpanis  GIIOINIB M JTI€0  Tepenamy THCKY
3MICHIOETHCS] B OCBOBOMY HAIPSIMKY, TOOTO Ma€e miciie
MIPSIMOJTiHIHHO-TIapaIebHa (LIBTPALIis.

Puc. 3 Cxema 1a00paTopHOi CUCTEMH BUCOKOTO THCKY

Jo ckiany gabopaTopHO YCTAaHOBKHA BHCOKOTO
tucky HPHT (Puc. 3) ms npoBenenHst GpuibTpaiiHux
JOCITI/KeHb BXOJTh: KepHOTpuMau Xaciepa (1), mo
nMpu3HaueHnd  ansd  ¢ikcanii  Ta  BceOIUHOTO
PIBHOMIPHOTO CTHCKaHHS 3pa3ka KepHY y CHIIIKOHOBIH
Mamkeri. Kpisp KepH Wig THCKOM (QiIBTpyeEThCS

piAnMHa, IO JOCTIJDKYEThCS, sIKa HATHITAEThCS 3a
JIOTIOMOroI0  mpeca-po3ainoBada  (2). Tuck vy
PO3MLIIOBAYl CTBOPIOETHCS HACOCOM BHCOKOTO THCKY
(3), sixkmii kayae Macio i3 eMHocTi (24) uepe3 QiabTp
(23) mo mpeca-posmimoBada (2), e BUTICHSIIOUUH
NOpIICHh BHUIITOBXYE JAOCTIDKYBaHY piIMHY IO
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TpyOompoBogaM 3 po0OY0K0  (IOCTIIKYBaHOKO)
pimuHOolO0 (22) no kepHoTpumaua (1 um 5). 3a
JIOTTIOMOT'OIO TiJJPaBIiuHOTO PO3/iIIOBayYa MOTOKY (4) €
MOJJIUBICTh BHKOPHCTaHHS OJHOYACHO JBOX IIPECIB
PO3MLIIOBaYiB, SKi JAalOTh 3MOTY HATHITATH NIBI Pi3HI
TEXHOJIOTIYHI PIJVHM IO HE 3MIIIYIOTBCS Y PI3HUX
mponopuisx. Hacoc (3) Mae cucreMy 3aXuCTy, a TAaKOK
TigpaBIiuyHy Ta EIEKTPOHHY CHCTEMH KepyBaHH:, IO
JO3BOJISIIOTE KEPyBaTH THCKOM Ta IMOJAYer0 Macia y
CHCTEMy, Ta CTBOPIOBAaTH LM HEOOXiIHI MPOIMOpIil
mo1avi JOCTIKYBaHUX PiIWH 10 KepHoTpuMada. [lpn
JOCIIJDKEHH] TPOLECiB PO3POOKH BUKOPHUCTOBYETHCS
TOPH3OHTANIBHUM KepHOTpuMad (5), AKWHA 3aBISKU
CBOiM KOHCTPYKIIi JIO3BOJISIE JOCIIIKYBaTH HaOipHi
3pa3kKl CTaHJAAPTHUX KEPHIB JOBXKHHOK 10 600 MM.
Jlnst TouHOT moavi HEBENMKUX OOCSTIB TEXHOJIOTTUHUX
piauH 3 THcKoM 10 40 MIla BUKOPUCTOBYETHCSI HACOC
M480 HPLC (6), sxuii TpHEAHYETHCS IO IPYTOro
Bxony y kepHorpumau (1). Takox, mist miaTpuMaHHS
THCKY 3 BHCOKOIO TOYHICTIO Ha BXOAI YM BUXOIl Y
KEepHOTpHMay BHUKOPUCTOBYETHCS perynsTop
mpotutucky (7) i3 THEBMAaTHYHOIO CHCTEMOIO
pEryJIIOBaHHS, IO JO3BOJISIE BCTAHOBIIOBATH TOYHI
3HaYEeHH AeNpecii THCKY Y 3pa3Kax KepHy.

IIpu imitamii mporeciB OypiHHA € MOXXJIHBICTBH
[IPOKavYyBaTH KPi3b HIKHIO TOPLEBY IUIOLIMHY KEpHY
TEXHOJIOTIYHUX PiAWH: OypOBHX, CIElialbHUX Ta iH.
s mporo yepe3 Bxim (A) 3a JOMOMOror Impeca-
po3ainaioBava (2) HarHiTaeThCs piauHa, a A0 Bxoay (B)
MIPUETHYETHCS PETysTOp THCKY (7), SIKUM 33a€ThCst
HEOOXIIHMH THCK Ha HIKHIO IUIOMMHY KepHy. [lo
Buxony (C) mpuemHyerbcs abo momada a3oTy, s
imitamii THCKy i3 Tuiacta, abo 3amipHa iHisA (8) mus
BUMIpIOBaHHS 00’€MiB (QinbTpary.

Hdus  imitamii  pobOoTm 1mmacta, TPOIECIB
OCBOEHHs a00 IS BW3HAYEHHS NPOHUKHOCTI dYepe3
Bxix (C) Ta Kpi3p 3pa3oK KEpHY IMPOKAYYETHCS, SK
MpaBHJIO, a30T i3 Oasony (9) uepes peaykrop (10) mpu
THckax g0 15 MIla. Slkmo X € HeoOXigHICTh
JOCTIDKEHHSI HU3BKUX IIPOHUKHOCTEH, CTBOPIOETHCS
TUck azoty no 40 MIla, 3acTocoByroun creniaibHUA
KOMITPECOP BUCOKOTO TUCKY 13 GasioHoM 00’eMoM 1 1.

BumiproBanbauii 010K (8) BHKOPUCTOBYETHCS
JUIl BH3HA4YeHHA o00’eMy Ta wMmacu ¢uoiny, o
MIPOXOJUTh Kpi3b 3pa3ku KepHy, Ta MoOXe OyTH
MIPUETHAHUK SK 70 BEPXHBOTO UM HHW)KHBOTO BHUXOIY
BEPTHKAIBFHOTO KEpHOTpUMaya, TaK 1 1O BHXOIY
TOPU30HTAILHOIO KepHOTpHMava. B 3anexHocTi Binx
pIOMHU 9M Ta3y, MO MPOXOAATH KPi3hb JOCIiIKyBaHI
3pa3Kd Ta YMOBH JOCIIIKEHHS BUMIPIOBAIBHUN OJIOK
MOXE€ CKJIafaTHCSl i3 BHCOKOTOYHOTO MAacoOBOTO
purparomipa OMEGA (11), xomommmpamka (12),
mipHoro tuitiHapy (13), cenapaniiiHoro muriHapy (14)
Ta MipHOi €MHOCTI Ha enexkTpoHHux Barax (15). Ha
BXOJaX Ta BHXOJaX KEpHOTPHUMAadiB BCTAHOBJICHO
perymoBanbHi BenTw (16,17,18,32) Ta BUCOKOTOUHI
Jat4uky Tucky (20,31).

Jnst crBopeHHs Oi4HOTO (TIPCBKOTO) THCKY Yy
KEpHOTpHMauax 3acTOCOBYEThCS TiZpaBilidHa CHCTEMA,
o CKJIamaeThesl i3 3amipHoi apmarypu (19), mpeca

(25), namipHAX MaciIsTHUX TPYOOIIPOBOAIB IiIpaBIigHOT
cucremu (21). Tuckm y rigpaBiiyHii cucremi
KOHTPOJIIOIOTBCSL  JaTYHKaMH-KOHTpoJiepamu  (29,30).
3a gomoMoror mpeca ab0 HACOCY BHCOKOTO THCKY
MOJKJIMBO CTBOPUTH THUCK 00kumy 1o 110 MITa.

Jdns  HarpiBaHHA Ta MIATPUMKH  3aJ@HOI
TEMIIEpPaTypd  BEPTUKAIbHUH  KEPHOTpUMAd  Mae
TEPMOCTATYIOYHH HarpiBaJbHUN KOXYyX (26), saxuit
JTO3BOJISIE HArPiBaTH KEPHOTPHUMAY Ta JiHIi HATHITAHHS
o temnepatypu 200 °C, KOHTpONb Ta PEryIIOBaHHA
TeMIepaTypu BiZOYBAEeThCsA 3a JOIOMOTOI0 JATYHKIB
(27). F'opu3oHTAIBHUM KEPHOTpUMAY JUTS HiITPUMAaHHS
Temnepatrypu jgo 120 °C  Takox oOJamHAHHN
CICIaIbHAM ~ TEPMOI3OISLIHHUM doxjioM (28) i3
HarpiBaJIbHUMH €JIeMEHTaMH.

3a J0IOMOTOI0 OIMCAHOTO JIAOOPATOPHOTO
oONamHAaHHA  TPOBOMUTHCS  HAWOUIBII  BaXkIMBa
CKJIaI0OBa JOCIHIDKEHb TIPCBKUX TMOPiA, TIIACTOBHX
GIroiniB Ta TEXHONOTIYHHX pIgUH — Big migdopy
PO3UYMHIB UIA XiMIYHHX OOpOOOK TIpCHKUX TOPiT IO
aHajizy mpoueciB  OypiHHA YW e(eKTHBHOCTI
3aCTOCOBYBAaHMX TEXHOJIOT1H pO3pOOKH POIOBHIIL.

BucHoBknu

JociikeHHsT HaOJIMKEH1 10 TJIACTOBUX YMOB
Ha 3pa3Kax IITYYHO CTBOPEHHMX TiPCBKUX TIOpiA 4u
KEpHOBOTO  MaTepialy 3  peaJbHHX  POJOBHII
BYIJIEBOJHIB JIO3BOJISIIOTH MOJICTIFOBATH  ITOBEIHKY
IUIACTOBOI CHCTEMHM y LWX IOKJIaJaxX Ta pPOJOBHUINAX.
Jist  BUBYEHHS TmpolieciB OypiHHS, TJIYHIHHS Ta
OCBOEHHSI ~ CBEpIJIOBMH,  TEXHOJIOTIH  pO3poOKH,
eexkTHBHOCTI MeTOIB iHTeHcHu(ikamii B yMOBax,
HAOMDKEHNX O  peambHHUX  OyJIo  CTBOPEHO
nmabopaTopHe OONagHAHHS, IO 3aJ0BOJBHIE BUMOTAM
MIPOBEACHHS 0COONMBOCTEH TaKUX TOCIIIKCHb.

JlabopaTopHa yCTaHOBKa HH3BKOIO THCKY
JI03BOJISIE IIBUAKO Ta 3 BHCOKOK TOYHICTIO (KJac
TOYHOCTI JaT4uKiB TUCKy Siemens — 0,1) npoBoxuTn
JIOCHI/DKEHHST Ha  TOPHUCTICTh Ta  TPOHHUKHICTb,
¢ubTpalilo  pi3HUX PIOMH  Kpi3b  3pa3Ku  IpHU
Temnepatypax 10 120 °C. 3aBigku BUKOPUCTAHHIO MIPU
JIOCHiZax JIMIIe CTHCHYTOTO TIOBITPS UM  a30Ty
IIBHKICTH 3MiHM 3pa3KiB 3pOCTa€ y JIEKUIbKa pasiB y
MOPIBHAHHI 3 OONamgHaHHAM Jie¢ B SIKOCTI poOodoi
PIAMHU 3aCTOCOBYETHCS TEXHIYHA PiTUHA.

JlabopaTopHa cuCTeMa BHCOKOTO THCKY MJIS
BHUBYCHHS (DUTBTpAIliifHO-EMHICHHX XapaKTePUCTUK Ta
mporeciB  ¢inpTparii € yHIKaJIbHAM Ta, TOJIOBHE,
YHIBEpCaIbHUM o0agHaHHIM, 110 JI03BOJISIE
BHKOHYBAaTH IMUPOKHUI CIIEKTP IOCIiIKEHb. Y CTAHOBKA
Ma€ KUCIOTOCTiIKe BUKOHAHHS yCiX OCHOBHHX BY3IIiB,
IO JIO3BOJISE  BUBYATH OyAb  sKi  arpecuBHi
cepenoBHUIIa. ABTOMAaTH3aIlisl 00JaTHAHHS BUKOHaHA
Ha Cy4YacHOMY BHCOKOMY piBHi, JaTYMKH THCKY Ta
BUTpaTH MarOTh BUCOKI kitacu TouHocTi (0,1-0,25) s
cydacHoro jabopatopHoro oOmamnansg, a SCADA-
CHCTEMa JJ03BOJISIE TPOBOJMTH TPOIIECH MOHITOPHUHTY,
KOHTPOJIIO, aHalli3y Ta apXiByBaHHS JaHUX MpHU
BHKOHAHHI  JOCIIIKEHD. Buxopucranas ~ ABOX
KepHOTpUMAdiB  JO3BOJSIE BUBYATH  PI3SHOMAaHITHI
MpOIECH TIOB’S3aHI 3 TEOJOTIYHUM BHUBUYCHHSM,
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OypiHHSM, XIMIYHMM BIUIMBOM, pO3pOOKOI0  Ta
eKCILTyaTalli€lo poJOBHI BYIJIEBOAHIB. BepTukanbHuii
KepHOTpUMAu Ma€ MOXJIHMBICTh KpiM  3BHYANHOT
¢duteTpanii Kpi3k 3pa3zok, JOCHKYBaTH (UIBTpalio
B3JIOBX HW)XHBOI TUIOLIIMHHU 3pa3ka 3 MOHITOPHHIOM
TUCKY Ha 1HIIOMY KiHIli KEPHY, [0 € HEOOXiTHUM ISt
JIOCTIKeHHST TiporieciB OypiHHS. [y mocmimKeHHS
MPOIECiB  3aBOAHEHHS TPH pPo3podmi abo iHmImX
METO/IB EOR/IOR BHKOPHCTOBYETHCS
TOPU3OHTAILHUA ~ KEpHOTpUMAd i3  MOJKIIHMBICTIO
HapOIIyBaHHSA 3pa3KiB KepHiB 10 600 MM.

CrBOpeHi [JOCHIIHI CHCTEMH BHUPI3HSIOTHCS
CBOEIO YHIBEPCAIbHICTIO, a/KE 3aBISKH O0JIaTHAHHIO €
MOXIIMBICTh ~ BMBYaTW  (uIbTpaliidiHI  mpolecy,
e(EeKTUBHICTh METOJIB TEPBHHHOIO Ta BTOPHHHOI'O
PO3KpHUTTSl TUIACTiB, TDIYIIiHHA, iHTeHcuQikamii Ta
MIATPUMKH IUTACTOBOTO THCKY, MEXi KOHIUIIIHHOCTI
MOKJIAiB  BYTJIEBOJHIB, MPOLECH pO3poOKH  Ta
eKCILTyaTallii mokaaaiB HaTH i rasy.

Jeranbhi nabopartopHi JIOCITLIKEHHS
(biTpTpamiiHUX BIIACTHBOCTEH TO3BOJSIOTH YHHUKATH
MOMHJIOK TIPH MPOEKTYBaHHI CBEPIOBHH, 3MEHIIUTH
aBapilHICTh OYypiHHA, MPABIIBHO MiIOMpATH PO3YMHU
IUIsl TIEPBHHHOTO 1 BTOPMHHOTO PO3KPHTTS IIACTa Ta
OypuTH CBEpAJIOBHHM HaWHOLIbII OE3MeYHUMH ISt
KOJIEKTOPCHKHX BIJIACTHBOCTEH croco0amu, OCOOIMBO
Ha HOBUX MAaJIOBHBYCHMX IUIOIIAX. DBuBYeHHS
VIIIJIPHEHHUX TMOpiJ] HAa TMpeaMeT iX BUAOOYBHHX
MOJKJIMBOCTEH Ta CIOCO0IB iHTeHCH(iKaIii gae 3MOry
e(eKTUBHO  PO3pOONATH  TMOKJIAAW  MiHIMaIbHOIO
KUIBKICTIO CBEPIJIOBUH Ta HAMOLIBII pamioHAJIbHHUMU
TEXHOJIOTISIMM ~ eKCIUTyaTallii, 0 JacTb 3HAYHHUH
C€KOHOMIYHHH e(eKT, BpaxOBYIOUM BHCOKY BapTiCTh
CIOpPY/DKEHHS TIIMOOKUX BHIO0OYBHHUX CBEPAJIOBHH.
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K. M. ITAJIEEBA
AHAJII3 NNEPCHEKTHUB 3ACTOCYBAHHS METOJAIB BUSAABJIEHHS BUTOKIB ITPUPOAHOI'O
T'A3Y AJid NIIBUINEHHA E@EKTUBHOCTI MOHITOPUHI'Y ATMOC®EPHOI'O ITOBITPS HA
OB’EKTAXTITC

JisnpHICTH mianpreMcTB HadTOra3zoBoi raiysi, 30kpema 00’ekTiB razorpaHcrnoptHux cucrteM (I'TC), cynpoBOKY€eTbCS CYTTEBHUM aHTPOIIOI€HHUM
BIUIMBOM Ha JIOBKULIL. 3HAYHOTO BIUIUBY 3a3HA€ caMe aTMOC(epHe MOBITPsl, OCKIIEKH 6araTo TEXHOJIOITYHUX MPOLECIB CYIPOBODKYETHCSI BUKHIAMHU
MPUPOIHOTrO rady (OpraHi3oBaHHMMH, HEOPTaHi30BAHHMH Ta aBApPiHHUMH) i, SIK HACIIJOK, MIOTPAIUIIHHSIM B aTMoc(epy CYTTEBOI KiJIbKOCTI JIETIOUHX
pedoBHH, 6araTo 3 SKHUX € HeOe3NeUHUMH Ta ILIKiUTHBUMH.
JU1s BUSIBIICHHSI BUTOKIB ra3y 3 €JIEMEHTIB Ia30TPAHCIIOPTHUX CHCTEM iCHye MIMPOKHUH Jiama3oH MeroxiB. CriocoOu iacudikanii MeToniB HapsiMy
3aleXarh BiJl O3HAK, LI0 MOKJIAJCHI B OCHOBY iX posmoxiry. OmHaK HEIOCTATHs BH3HAYCHICTH KiIAacH(IKalifHUX O3HAK, iX «OZHOOIYHICTB» He
JIO3BOJISIIOTH B MOBHOMY OOCS31 OLIIHUTH HEJOJNIKM Ta IepeBard THX YM IHIIMX METOMIB Ta 3aco0iB, a, OTXKE, i MOXKJIMBICTh iX 3aCTOCYBaHHS JJIS
MiABUILCHHS e()eKTUBHOCTI MOHITOPUHTY aTMocdepHoro nosiTps Ha 00’ ektax ['TC 3 MeTor0 3a0€31eYeHHs €KOJIOTIUHOT Oe3MeKH.
OCHOBHUMH 3aBJaHHSMH, L0 BUPILIYIOTECS B JaHiH CTATTi, € ()OpMyIIIOBAHHS ONTHMAJIBHOI 3 TOUKH 30pY 32CTOCOBHOCTI B CHCTEMaX €KOJIOIIYHOIO
MOHITOPUHTY aTrMoc(epHOro moBiTps kinacudikauii iCHyroOUMX METOMIB KOHTPOJIIO HAsBHOCTI BHTOKIB ra3y; aHaji3 iX mepeBar Ta HEAOJIKIB;
OOTPYHTYBaHHS JOLIJIBHOCTI Ta MEPCHEKTUBHOCTI 3aCTOCYBAaHHS JaHHX 3aC00iB Ta METOJIB JUIsl 3a0€3MEUEHHS MMOCTIHOTO MOHITOPUHTY 332 CTaHOM
aTMocdepHoro mosiTps Ha 00 exkrax I'TC.
3anponoHoBaHO Kiacudikallito METO/iB Ta 3ac00iB KOHTPOJIIO OCHOBAHY Ha PiBHI 3aCTOCYBaHHS TEXHIYHHUX 3aC001B, 3riJJHO Kill yCi METOM MOALIEHI
Ha OpPraHOJICNITUYHI, amapaTHi Ta OOYMCIIOBANBHI (IPOrpaMHO-MaTeMaTHyHi). 3a pe3yabTaTaMH aHaTi3y JaHWUX IPYI BU3HAYCHO, IO 3 TOUKH 30py
MEePCIEKTHB 3aCTOCYBAHHS B CHCTEMaX MOHITOPHHTY sSKOCTi arMocdepHOro nositpst Ha 06’ ektax I'TC HaliOibIIe nepeBar MaroTh anapaTHi 3aco0H, a
came ra30aHatizaTopu.

Ku11040Bi c10Ba: ra30TpaHCIOPTHI CUCTEMH; aTMOC(EpHI BUKUIN, MOHITOPHHT, BUTOKH, €KOJIOTIUHA Oe3meKa.

K. PALEYEVA
ANALYSIS OF THE PROSPECTS OF APPLICATION OF NATURAL GAS LEAK DETECTION
METHODS TO INCREASE THE EFFICIENCY OF ATMOSPHERIC AIR MONITORING AT HTS
FACILITIES

The activities of the oil and gas industry enterprises, in particular the objects of gas transportation systems (GTS), are accompanied by a significant
anthropogenic impact on the environment. The atmospheric air itself is significantly affected, since many technological processes are accompanied by
emissions of natural gas (organized, unorganized and emergency) and, as a result, a significant amount of volatile substances, many of which are
dangerous and harmful, enter the atmosphere.

There is a wide range of methods for detecting gas leaks from elements of gas transportation systems. Ways of classifying methods directly depend on
the features that form the basis of their distribution. However, the insufficient definition of the classification features, their "one-sidedness" do not
allow a full assessment of the shortcomings and advantages of certain methods and means, and, therefore, the possibility of their application to
increase the effectiveness of atmospheric air monitoring at HTS facilities in order to ensure environmental safety.

The main tasks solved in this article are the formulation of the optimal classification of existing methods of controlling the presence of gas leaks in
terms of applicability in environmental monitoring systems of atmospheric air; analysis of their advantages and disadvantages; substantiation of the
expediency and perspective of using these means and methods to ensure constant monitoring of the state of atmospheric air at GTS facilities.

A classification of methods and means of control is proposed based on the level of application of technical means, according to which all methods are
divided into organoleptic, hardware and computational (software-mathematical). According to the results of the analysis of the data of the groups, it
was determined that, from the point of view of the prospects of application in the atmospheric air quality monitoring systems at the GTS facilities,
hardware means, namely gas analyzers, have the most advantages.

Key words: gas transport systems; atmospheric emissions, monitoring, leaks, environmental safety.

Beryn Yei BUJN BHKHU/IIB CYIIPOBOIKYIOTHCS
JismbHICTS  MIANPHEMCTB  HA(TOra3oBOi Tamy3i, MOTPAIUIIHHSIM CYTTEBOi KIJBKOCTI JIETIOUMX PEUYOBHH B
30kpemMa o00’ekTiB TrazorpaHcnoptHux cucreM (I'TC), armocdeprHe moBiTps. barato 3 1mWX pedoBHH €
CYIPOBOIXKYETbCSA CYTTEBUM AHTPONOTCHHMM BIUIMBOM  HeOe3lMeYHMMH Ta IOK/UIMBHMH. ToMy Mae Micie

Ha TOBKUDIA. 3HAYHOTO BIUIMBY 3a3HA€ caMe aTMocdepHe
noBiTpsi. lle moB’s3aHO 3 NEBHOW cHEeUU}IKOI Mi€l

ramysi, OCKUIbKM 0araTo TEXHOJIOTIYHHX IMPOIECIB
CYNPOBOJKYETbCS ~ BHKUAAMH MPHPOJHOIO Tra3sy B
aTMocdepy.

Bukugyu npupomHOro Trasy mpH  eKCInTyaTaii

06’extiB ['TC npwuiinsTo oty Ha [1]:

— OpraHi30BaHi — BUKUIM, IO BiJOYBAIOThCS depe3
JDKEpeIia BU3HAYEHOI TeOMETpUIHOT (hopMH;

— HeopraHi3oBaHi (Tak 3BaHI TEXHIYHI BTpaTH) —
HEHAIIpaBJICHI IOTOKH Ta3y, 10 BUHUKAIOTh, HATIPHKIAL,
BHACIIJJOK MTOPYIICHb TePMETUIHOCTI 00IaTHAHHS;

— BUKH[M TiJI 4ac aBapiiHUX CUTYAIiH.

OpranizoBaHi  BUKHOM  BHKJIWKAaHI  [EBHUMH
TEXHOJIOTIYHUMHU OCOOJUBOCTSAMHU POOOTH 00’E€KTIB Ta
obyiajiHaHHs, a HeopraHi3oBaHi Ta  aBapidHi —
HOPYIICHHSMH B pOOOTI ra30TPaHCHOPTHUX CUCTEM.

HETaTUBHUH aHTPOIIOTEHHHWH BIUIMB Ha AOBKULIA. OKpiM
TOTO yCi BHKHIN, OCOOIMBO HEOPTaHI30BaHI Ta aBapiiHi,
HECYThb  3arpo3y  BHHHMKHEHHS  IOXEXHOI  Ta
BHOyxoHeOe3mekn [2].

OKpiM €KOJIOTTYHHMX HACIIIAKIB BUTOKH MPHPOTHOTO
rasy B armocdepy B Ipoleci HOro TpaHCIIOPTYBaHHS
CHOXKMBAuaM, BHKIHKAIOTh TaKOX BTPaTH TOBAPHOTO
rasy, a OT)XKe TATHYTh 32 cO00I0 €KOHOMIUHI BTpaTH, 5K y
BUTJISIII HEJOOTPUMAHOTO MNpPUOYTKY, Tak 1 y BHIUISAL
mrpadiB 3a BUKUIH.

BB BHUTOKIB IPUPOJHOTO Tazy Ha arMocgepHe
noBiTpst Ha 00’extax I'TC poOHUTH akTyanpHOIO 3ajady
MiABUIEHAS €(PEKTHBHOCTI MOHITOPHHTY aTMOC(HEPHOTO
MOBITPS Ha [UX OO0’€KTaX 3 METOI 3a0e3MeUeHHS
exosorigyaoi Oesmeku. lle, B cBor depry, moTpedye
aHaNi3y ICHYIOUMX METOJIB BHSIBICHHS BHTOKIB Ta
BU3HAYCHHS MTOJAIBIINX IUIIXIB IX YAOCKOHAJICHHS.

Bicnux Hayionanenozo mexuiunozo ynisepcumemy « XI1I».
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AmnaJji3 icHyOunx MeToaiB BHUABJICHHSA
HEeCAHKIiOHOBAHUX BUTOKIB ra3y 3 eixemeHTiB ['TC
Jist  BUSIBIICHHST BUTOKIB Ta3y 3  €JIEMEHTIB

ra30TpaHCHOPTHUX CHCTEM ICHY€ INMPOKHH Jiara3oH
MeroniB. Crocobn kiacudikamii MeToAIB  HampsAMy
3ajexarb BiJ O3HAaK, [I0 TNOKJIAJCHI B OCHOBY IX
posnoziny. Po3rnsgaemo mpukiraay KiacuQikarii MeToaiB
BUSIBIICHHS HECAHKI[IOHOBAHHX BUTOKIB Ta3y 3 €IEMEHTIB
I'TC.

3a pexxumMoM poOOTH 0OJaTHAHHS
HACTYIIHI METOJIH:

— AMHAMIYHI — KOHTPOJIb 3MIHCHIOETHCS 13 3yMUHKOIO
TPyOOIPOBOY;

— CTATMYHI — KOHTPOJIb 3JIHCHIOETHCS 13 3yNUHKOIO
o0JiaiHaHHSI.

3a TepioAMYHICTIO 3aCTOCYBaHHS PO3PI3HAIOTH
METOJM TEPIOANIHOTO KOHTPOIO (3MIACHIOETHCSA Uepes
MeBHI IMPOMDKKM dYacy) 1 TIOCTIHHOTO KOHTPOIIO
(3MIHCHIOETBCS. MPOTSATOM YCHOTO HEpiogy eKCILTyaTariii
TPyOOTIIPOBOTY).

3a xapakTepoM B3a€MOIii i3 CEpeHOBHUIIEM, IO
TPAHCIIOPTYETHCS ICHYIOTB!

— aKTHBHI MeETOMW (BHIIPOMIHIOBaHHS CHTHAIY B
JOCTIUKYyBaHE CEPEeNOBHIIE Ta MPHAHATTSI Y MICTI
BHUTOKY);

— macuBHI MeToH ((PiKCYIOTBCS «IITyMH» BHTOKIB);

—Merond  HempsMoi  mii (32 pe3yiabTaTaMu
BUMIPIOBaHHS TapaMeTpiB BHMIPIOBAHOIO CEpEOBHUINA
a0o BJIACTHBOCTEH TPAHCIIOPTOBAHOI PEYOBHHH);

—mpsiMi  MeToaM  (po3TaulyBaHHS — OOJIaJHAHHS
6e3rnocepeIHFO B IMOBIPHHUX MICLSIX BUTOKIB).

3a KOHCTPYKTHBHHM BHKOHAHHSM Ta YMOBaMH
3aCTOCYBaHHS  3acO0M  KOHTPOJIIO  MOJUISIOTH  HA
cTaiioHapHi (BOy/zOBaHI CHCTEMH 1 MpHiaay), EpPecyBHi
Ta TPAHCIIOPTOBaHI IO TPYOOIIPOBOTY.

Jeski MOCTHiAHWKN TIPOTIOHYIOTH MOMUIATH METOIU
KOHTpONIi Ha  amapaTHi 1  mporpamui.  Takox
3aCTOCOBYEThCSl KiacU(ikailis Ha 30BHIIIHI, Bi3yalbHi i
BHYTPIlIHI 200 00UUCITIOBAIIbHI METOTH.

ITocTanoBka 3agaui

AHami3 TOKa3ye, M0 HEAOCTATHSI BU3HAYCHICTH
kiacu(ikamiiHUX  O3HAK, 1X  «OJHOOIYHICTE»  HE
JIO3BOJISIFOTh B IIOBHOMY OOCSI31  OIIIHUTH HEIONIKH Ta
repeBard TUX YM IHIIUX METOJIB Ta 3aco0iB, a OTXKe 1
MOJMJIMBICTE  1X  3aCTOCYBaHHS JUIS  IIJBUINCHHS
e(EeKTUBHOCTI MOHITOPUHTY aTMOC(EpHOTrO IOBITPS Ha
00’€KTaXx  ra3oTPaHCIOPTHHX  CHCTEM 3  METOI0
3a0e3medeHHs eKOIOTIYHOT Oe3IeKH.

OCHOBHHMMH 3aBIAHHSIMH JaHOT CTATTI €:

— (popMyIFOBaHHS ONTHUMAIBHOI 3 TOYKH 30pY METH
JOCIIKeHHS Kiacuikamii iCHyFOUuX METOJIB KOHTPOJIIO
HAasSBHOCTI BUTOKIB Ta3y;

— aHaJIi3 MmepeBar Ta HEMOJIKIB ICHYIOUHMX METOIIB
KOHTpOJIIO Ta 3aCO0IB MOHITOPUHIY HAasBHOCTI BUTOKIB
MIPUPOJIHOTO Tra3y;

— OOIpyHTYBaHHS JOIUIBHOCTI Ta MEPCIEKTUBHOCTI
3aCTOCYBaHHsS JIaHMX 3ac00iB Ta  METONIB  JUIA
3a0e3MeuyeHHs IOCTIHHOTO MOHITOPHHTY 32 CTaHOM
aTMocepHoro noitps Ha 00’ ektax ['TC.

BUILISIOTH

BukiaseHHs 0CHOBHOTO MaTepiany

JUis  crpomieHHS OIHKH ICHYFOUMX METOMIB Ta
3ac001B KOHTPOJIIO 32 BUTOKAMU Ta3y B IIEPIIy Yepry CIil
BU3HAYHTHCS 3 O3HAaKaMH, IO OyAyTh IOKJIAJCHI B
OCHOBY 3acTOCOBYBaHOI Kiacuikarii. lle m03BOTUTH
OLTBII pEeTeNbHO OI[IHUTH TepeBard Ta HEJOJIKH TOTO YU
1HIIIOTO METOY.

Ockinmpku ~ MeTOI0  po0OTH €  TIiABHIICHHSA
exonoriyHoi Oesnmekun Ha o0’ektax [TC mumsixom
BU3HAUYCHHS Ta HAYKOBOTO OOIPYHTYBAaHHS METOZIB Ta
amapaTHUX 3ac00iB KOHTPOJIO CcTaHy aTtMoc(hepHOro
TIOBITPs, MOIIFHO B OCHOBY Kiacuikamii MeTomiB Ta
3ac00IB KOHTpPOJIIO TMOKJIACTH pIiBEHb 3aCTOCYBaHHS
TEXHIYHMX 3aco0iB. 3rigHO 1K o3Haui y AaHiii poOoTi
NIPOTIOHY€EThCS ~ NMPHUHHATH  HACTYNHY  Kiacudikamito
METOJiB BWSBJIECHHS BHUTOKIB Ta3y: OpraHOJCITHYHI,
amaparHi Ta 004YHCIIIOBANIBHI (IIPOrpaMHO-MaTEeMaTHYHI).

OpHak ciif 3ayBaXkKWTH, [0 Ha MPAKTHUII JTOBOJI HE
Y4acTO 3yCTPIidaeThCs 3aCTOCYBAHHS OKPEMO JIMIIE OHOTO
TUIy METOAY BHSABICHHA BHUTOKIB Ta3zy. Yacrime
BiZIOyBa€Thcsi KOMOiIHYBaHHsS OyJb-KMX JBOX BHIIB, a
iHOZI OyBaroTh 3aiisHi 1 KOMOiHamii 3 OUIBIIOT KiTBKOCTI
METOIIB.

Opeanonenmuuni Memoou UAGIeHHs UMOKIE 2a3y.

Jlo opraHosienTHYHUX METOMIB CIiJ BIAHECTH:
¢ikcanito 3amaxy; Bi3yaJbHHH; 332 IIYMOM (CIIyXOBHNA)
TOLIO.

BuzHaueHHs1 BUTOKIB ra3y HUIIXOM (ikcarii 3amaxy
€ HaWmpoCTIMM Ta Halpo3moBCrOKeHIMIM. OHAK,
BHU3HAYCHHS BUTOKIB Ta3y i HASIBHOCTI HOTO B TMOBITpi 3a
JIOTIOMOTOI0 HIOXY MA€E PSJ] CyTTEBHUX HEJOMIKIB.

Ilo-nepuie, cam npupoaHui raz He Mae 3anaxy. s
BUSBJIICHHS HOTO HAsSBHOCTI B TOBITPi 3a 3amaxoM [0
CKJIagy MIOJAIOTHCS ONOPAaHTH — PEYOBHHH, AKI MAaroTh
pi3kuil HeMpHEMHMH 3amax (HanpuKiIaj, eTHIMEpKanTaH,
sIKUi 3acTocoBYeThes B Ykpaini) [3]. OnHak omopu3aris
BimOyBaeThess Ha Buxoxi 3 I'PC 1 mpupomnuii ras, mpo
TPaHCIOPTYETHCSI MO MaricTpalbHUX TPYOONpPOBOJAx 10
I'PC, 3anaxy He mae. OkpiM TOro, MpoIecy oAopu3alii B
00OB’SI3KOBOMY ~ MOPSIAKY ~ MiAJIrac JIMIIEe Ta3, Mo
nocTynae modyToBuM criokuBadaM. Oopu3zartis rasy, mo
MOCTyIIa€ Ha IIPOMHUCIIOBI TiJNPHEMCTBA, MOXE He
31HCHIOBATHUCS.

[o-gpyre, iHOmI JIONWHA HE BiAYyBae 3amaxw,
3rigHo [4] Takuil CTaH XapaKTepU3YEThCs SIK aHOCMis abo
BTpaTa 3/1aTHOCTI BiguyBaTH 3amaxu. JlaHwil cummrom
BUKIIMKAaHUHA YpaK€HHSIM PpEHENTOpiB OpraHiB HIOXY |
MPOBIIHUX NUIIXIB HIOXOBOTO aHaimi3atopa Ta OyBae sK
BPO/DKEHUM, TaKk 1 CYHOpPOBODKYE MLUTy  HHU3KY
3aXBOPIOBaHb, Cepell SKUX BipycHI iH(EKIIl, XpOHIUYHHIA
THIHHUHA CHHYCHUT, eHIM(AIT, HEBPUT, TPaBMH TOJOBH,
MYXJMHA MO3KY, XBOpoOa AublreiiMepa, iHTOKCHKAIIis
PI3HMMH XIMIYHMMH pedoBHHAMU (y TOMY YHCHI MiJ 4ac
ximiorepanii), anepriuni peakuii Tomo. OcoOnuBy yBary
CIIiZ 3BEpHYTH Ha Te, L0 Ha JAaHWH Yac posiag HIOXY
BBaXAEThCA OXHMM 3 OocHOBHUX cumnroMiB COVID-19
(KUTBKICTH JTFOJEH, Yy SIKMX CIHOCTEpiraeTbcs JaHWH
CUMITOM B cepeaHboMy ckmamae 50 % Big 3aranbHOT
KUTBKOCTI ~ yCiX  3axXBOpIBIIMX Ha  KOPOHOBIPYCHY
iH(eKIIiI0).
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J1o 11bOTO METO/ly TaKOX MOYKHA BIJIHECTH METOAMKY
NaTpPyJIOBAaHHS  Ta30lpOBOJY 3  BHKOPHUCTaHHAM
CHCIialbHO ~ TPEHOBAaHUX  COOakK. Opnak s
BUKODHCTaHHSI I[bOI'0O METOJy HEOOXiTHO CTBOpPEHHS
CHCHiadbHAX  CIIy’)KO 1  CHEIlalbHOI  MiJrOTOBKU
nepcoHaiy [5].

Bisyanpauit
MIPUPOIHOTO rasy  Takok  HaOyB LINPOKOTO
po3noOBCIOUKeHHA. o  HBOrO  MOXKHa  BIJTHECTH
BCIIHIOBaHHS MIJIBHOT eMyJbCii, YTBOPEHHS HaMOPO3KY
a6o cHDKHOI mryOmM, >KOBTIHHS TPaBH BIITKY Ta Oyporo
CHIry B3UMKY TOmIO [5]. 3acTocyBaHHS I[bOIO METO.Y,
Hacammepen, noTpeOye 3abe3rnedeHHsT TMEBHUX YMOB
(HasBHICTP MMJIBHOTO PO34MHY, TEMIIEPATYpHI YMOBH,
pO3TalIyBaHHs 00’ €KTY B 30POBIii 30HI TOIIO).

MeTop BUSBICHHS BUTOKIB, OCHOBaHMIA Ha (ikcarlii
HIyMy, IO 3 SIBISIETHCS i Yac BUXOIY 4epe3 OTBOPHU
rasy, L0 3HAXOIWTBHCA TN THCKOM, TaKoXX HOTpelye
0COOJIMBMX YMOB: HEBENHMKOI BIACTaHI 0 BHUTOKY,
(i310JIOTIYHNX BIIACTHBOCTEH criocTepirada (4yTJIMBICTH
CIIyXY), BIACYTHOCTI iHIINX JpKEpeT MryMy Tomio [6].

VYci 1 MeTromu OTpUMalH CBOE PO3IIOBCIOIKCHHS
3aBISKU CBOIH NPOCTOTI. Alle BOHH BHKOPHUCTOBYIOTBCS
mume Uit ikcarii ¢pakTy HECaHKIIOHOBAaHOTO BHKHIY
ra3y i He 1al0Th 3MOTH OIIIHUTH KUTBKICTh Ta3y B MOBITPI.
Lle, B cBOO 4epry, poOUTH HEMOXKIMBHM BH3HAUCHHS 32
JIOTIOMOTOI0 [IMX METOJIB EKOJIOTIYHOTO BIUIMBY Ha
JIOBK1JLJISL.

Mamemamuuni Memoou GUSHAUEHHA UMPAM 2a3).

IcHye GaraTo MareMaTHYHHX METONIB PO3PaxXyHKY
BTpaT ra3y B Ia30TPAaHCIIOPTHUX CHCTeMax. PosrisiHeMo
JIUIIE esKi 3 HuX [7].

UncenbHHUH  MeTOA, poO3poOieHMii Ha  OHOBI
MaTeMaTUYHUX MOJENIeH Ul OCITIKEHHS HPOTIKAHHS
rasy B TpPyOONIpPOBOAAX BEIHMKOi MOBXKHHH, JO3BOJISE
IUIIXOM 3aCTOCYBaHHS JAQHWX BUMIPIOBAHHS IapameTpiB
NOTOKY BHU3HAQUUTH KOOPIMHATH BHUTOKY rasy. JlaHmuit
Meron € Moaudikaliiero 3akoHy HploToHa uist MiHiMizaril
(yHKIIOHATY  CEePeAHbOKBAJPATUYHOTO  BiJXWIICHHS
PO3paxyHKOBUX TMapaMeTpiB Bill JaHHX, OTPUMaHHUX
HIJSIXOM BUMipIOBaHHS.

00’ eMHO-0alIaHCOBUH METOJ] KOHTPOJIIO OCHOBaHHA
Ha TOMY, II0 Yy pa3i HasBHOCTI BUTOKY, BUTpaTa Ha BXOJi
MepEeBHIILYE BUTPATY HA BUXOJI, a KUIBKICTh ra3y B camii
TpyOi 3MeHmIyeThes. [y BUSHAYEHHsS] BUTPAT HA KIiHILIX
KOHTPOJBOBAHOI JUISHKH HEOOXiTHO iX BHUMIpATH 3a
JOTIOMOTOI0 BHCOKOTOYHHX BHUTpartoMmipiB. I[lepeBaramm
JaHOTO METOIY € MOMIIMBICTB IiarHOCTYBaHHS BHTOKIB
Ha BEJIMKHX JISTHKaX TpyOONpPOBOIY, a TAKOX HEBENHKA
MoxXuOKa BUMipIOBaHb, 00yMOBIJIEHA CYYaCHIUM TEXHITHIM
PO3BHUTKOM 3ac00iB BUMiproBaHHS BUTpatd (Omm3bko 0,5-
1 %). Cepen HEHONIKIB IIHOTO METO/A MOXKHA 3a3HAYUTH
HEMOJKJIMBICTh BH3HAYaTH KOHKPETHY TOYKY BHTOKY, IIIO,
B CBOIO 4Yepry, IPU3BOAMTH JIO JOJATKOBUX BUTpAT 4acy.
3 TOYKH 30py BU3HAYaHHS aHTPONOTIEHHOTO BIUIMBY, II€H

METO BHU3HAYCHHA BHUTOKIB

Merton 3MIiHHOTO TIepenaay THUCKY Ha 3BYXYIOUOMY
npuctpoi (3I1) orpumaB B oOcTaHHI dYac mIHpOKe
Ppo3IoBCIOKeHHS. BiH mosnsirae y BUMiproBaHHi nepenay
THCKY IO 1 TiCJIsI 3BY)KYIOUOTO MPHUCTPOIO, BCTAHOBIICHOTO
B raszoBomy notoui. [TlepeBaraMu poro METoy € HU3bKa
NONEpeaHsT BapTICTh, INPOCTAa METOAWKA IEPEeBipKH,
BIJICYTHICTh PyXOMHX YaCTHH, MOXKJIMBICTh BUMIipIOBaHHS
BUTPaTH B YyMOBaxX BHCOKOTO THCKY Ta IIHPOKOTO
Jiama3oHy TeMIepaTyp BHMIPIOBAaHOTO CEpeIOBHIIA,
LNIMPOKWHA  Jiala3oH  THIIOPO3MIpIB  BUMIPIOBaHUX
razomnpoBoiB. Cepesl HEMAOMIKIB CIIil 3a3HAYNTU BY3bKUIA
JMUHAMIYHHWA JTialla30H, BUCOKY BapTICTh CKCILTyaTarlii,
HU3BKY TOYHICTh BHUMIpPIOBaHb, BUKOPUCTAHHS JIMIIE LIS
MEBHUX JIUITHOK Ta30IpoBOIiB [9].

Merton BUSIBICHHS BUTOKIB IO aHamizy mHpodiis
THUCKY OCHOBAaHMH Ha MOJEIIOBAHHI PO3MOJLTY THCKY
B3JIOBXX TPYOOIIPOBOMY 1 CTATUCTHYHOMY aHaNi3i IbOTO
posnoxiny [7]. Burpara Ha minsgHIi TpyOONpOBOY Micis
TOSIBM BUTOKIB TIOPIBHSHO 3 TIOMIEPEIHBOIO CTa€ OLIbIIE, a
Ha HACTYIHIN 32 KOHTPOJIBOBAHOIO MUISAHIII — HABIIAKH
cTae MeHIe. BifmoBigHo mepenan THCKY Ha TUISHIN 10
MiclI BUTOKY 30UIBIIY€ThCS, a TICHs BHTOKY —
3MEHIIYETHCS, M0 MPU3BOAWTH OO MOSBH 3JIOMYy B
HaBeJeHOMY npodini Tucky. Henonikamu boro MeToay €
Te, M0 OCKUJIbKHM 0arato (akTopiB BUKIMKAIOTH MOAIOHI
NPOSIBH, JTAHWI METOJI MOXXE 3aCTOCOBYBATHCS JIMIIE B
CTallioOHapHOMY  peXuMi. Takok [bOMYy  METOIy
NpUTaMaHHAa HHU3bKAa TOYHICTH Ta HASABHICTH XUOHHUX
cnpanboByBaHb. Ha naHuil yac BUKOPHCTOBYETHCS JIMIIIE
pazoMm 3 iHImMMH MetogamMu. OOMEXEHHSIM BOT0 METOLY
TaKOXX € Te, IO WOro MOXKHa 3aCTOCOBYBaTH JIMIIE Ha
IUISTHKaX Ta30mpoBoAiB 0e3 BimOoOpiB rasy, mo poOHUThH
HEMOXJIMBUM 3aCTOCYBaHHS HOro Ha Ta30IpOBOAAX,
NPOKJIAACHHUX Y HACEICHHX ITyHKTAaX.

Crneuiamictu  [TAT «IBanodpankicekraz» [10]
3aMpOIOHYBAIM METO/, 10 Nepeadavae 3MiHy TUCKY rasy
y IOCTIKYBaHINA MUISHIII MEPEXi, Tak 3BaHUH «METO.
3MIHM THCKY». BHUMIpIOBaHHSI BUTpaTH 3[IHCHIOETHCS 32
JIOTIOMOTOI0  MOOIJIBHOTO BUTPATOMIPHOTO KOMIUIEKCY
(MBK). 3acrocyBaHHS MeETOAy [a€ 3MOTY BHUSBUTH
BUTOKH Y OKPEMHX TUITHKaX ra30po3MOAUIEHAX MEPEXK Ta
BHUKOHYBATH KOHTPOJIb 00’ €My BHUTOKIB. 3alIpOITIOHOBAaHHN
METOX MOXKHa e(EeKTHBHO 3acTOCOBYBATH B Mepekax
CepeHhOTO THCY HE3aIe)KHO BiJl TEOJOTIYHHX YMOB
npokiagaHHs. [Ipy ObOMY ICTOTHOIO IIEPEeBaror IBOro
METOAy TOpPIBHAHO i3 IHIIHMH € MOXIUBICTh HOTO
3aCTOCYBaHHS  0€3  NpUIMHEHHS  ra30IloCTadaHHS.
3acTocyBaHHS METOAYy B MeEpekax HHU3BKOTO THCKY
TEXHOJIOTIYHO YaCTKOBO oOMexeHo. HemomikoM € Te, 1110
BUMIpDIOBaHHSI ~ CIIii TPOBOAMTH  JUIi  HEBEJIHUKOTO
iHTepBaly dacy (abo 3a BIAKIIOUEHHS CIIOKUBAYiB Y
BUIAJKy 3 MepeaMH HHU3bKOTO THCKY), OCKUIBKU
MOBUHHA BUKOHYBATUCS YMOBA II0/I0 TIOCTIHHOTO 00’ €My
BiZIOOpY ra3y CriokuBayamu.

He MoxJMBO He 3a3HAYUTU TaKWil BHI OLIHKH

HEJOJMIK Ma€ CyTTEBE 3HAUCHHS, OCKUIBKM 31  KIIBKOCTI BUTOKIB, SIK CTATUCTUYHHUM aHami3 iH(opMariii,
301IBIIEHHAM 4acy BUTOKY 30UIBIIYEThCA KOHLIEHTpAllis  30KpeMa MIOJ0 aBapiii B ra3oBii ramys3i. Amnami3
rasy B armocgepHoMy HOBiTpi. [lo TOro *, LEl METOx  MOKa3HUKIB PU3UKY i HaJIHHOCTI pobotn
MOXKHa 3aCTOCOBYBaTH JIMIIE JUIS JIHHIMHUX JUITHOK  Ta30TPAaHCIOPTHOI ~ CHCTEMH  JI03BOJSIE  MPHAMATH
rasonposony [8]. OOTpyHTOBaHI pimIeHHA B TIpoIeci MPOEKTYBaHHS,
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eKCIUTyaTtallii, PeMOHTY Ta OOCIYroByBaHHsS 00’ €KTIiB
Hadrora3oBoi iH(pacTpyKkTypu 1 IUIaHyBaTH 3aXoau 3
MIABUINCHHS TX HAAIWHOCTI Ta OE3MEYHOCTI, Y TOMY YHCIT
1 eKOJIOTI4HOI.

MokHa 3pOOHMTH BHCHOBOK, IO MaTeMaTH4HI
METO/M J03BOJISIIOTH BU3HAYaTH BUTOKH Ta3dy HaBiTh 0e3
HasSBHOCTI mpsAMoi iH(opMmarii. Ale i METOAN 3a3BHYAil
BCE K Takd IPYHTYIOTbCA Ha [aHWX, OTPHMAHHX Ha
OCHOBI BHMIpIOBaHb 13 3aCTOCYBaHHAM allapaTHUX
3ac00iB, a OTXKE€ € JIMIIE [JONMOMDKHMMH. Takox
BUMIPIOETBCS CaMe BTpaTra ra3y B CHCTEMi, NPHIOMY
3a3Bu4ail 0e3 ypaxyBaHHS yMOB pexumy podoru I'TC
(Hampukiia#, TOBHOTH Ii 3aBaHTaXKEHHS), 110, B CBOIO
Yepry MoOKe NpPU3BECTH A0 MNOXHOOK B pO3paxyHKax
BenmmunHOO 1o 30 % [16]. Tomy € nouinbHUM
6e3rocepeIHbO JOCIIKYBAaTH CTaH came aTMoc(epHOro
TIOBITpSI, IO TaKOX JIO3BOJINTH BpaxyBaTH OLIbIIE YMOB
BIUTMBY (CKJIaJ ra3y, MorepeHiil CTaH MOBITPs TOIIO).

Anapammui memoou 8UAGIEHHs BUMOKIB 2a3).

BusnaueHHsT ~ BHTOKIB rasy 3  €JEMEHTIB
ra30TPaHCIOPTHUX CHUCTEM € JIOBOJI CKIIAIHOIO 3a/auero,
sIKa YCKJIQTHIOETBCS 3HAYHUMHA TEXHIYHIMHU
TpyaHomamu. OmgHak 3a  OCTaHHI poku  OyIo
3aMpoIOHOBAHO 0araTo CydYaCHHX AamapaTHUX METOMIB
BHUABIICHHA BUTOKIB Ha ra3omnpoBojax. TexHidHi 3aco0wu,
BUKOPDHCTOBYBaHI Al  BUpIOIEHHA  Ii€l  3amadi,
BIZPI3HSIIOTHCSL 32 OaraThMa MapaMeTpaMu: MPUHIMIIOM
il TPHUCTPOIO, YYTJIMBICTIO, Taly33l0 3aCTOCYBaHHS,
(GI3MYHUMYU SBUIAMY, TTOKJIQJICHUMH B OCHOBY pPOOOTH,
JOKamizamielo jgiarHocTyBaHHs Tomo. [lopiBHsHO 3
OpraHOJIENTUYHUMH, arapaTHi 3aCO0H € OUIbII TOYHUMH i
HaIIMHAMU.

MoXHa BH3HAYMTH HACTYNHI OCHOBHI TI'pynyu
armapaTHUX METOJIB BHUSBJICHHS BHTOKIB Taszy [5, 9]
aKyCTHYHI; YIIBTPa3BYKOBI; OTITHYHI; Ja3epHi;
pamioNOKaIliifHi; TeIIOBi3iifHI; CHEeKTpanbHi; MeXaHiuHi
METOJH Ha OCHOBI BUTPAaTOMIpiB; ra30aHANI3aTOPH TOIIO.

BuxopucraHHs akyCTHYHUX METOIB MOHITOPUHTY €
OCHOBHUM HAIIPIMKOM B Taly3l KOHTPOIO 3a CTaHOM
ra3onpoBOJIiB MPOBIMHUX KOMMOAHIH Tramy3i. AKyCTHYHI
METOJIM BHUKOPHCTOBYIOTH IIyM abo BiOpamito, sika
BUHMKA€E B pe3yJIbTaTi palToBOro MajiHHS THCKY, 100
BUSBUTH MOxUMBl BuTOKM [9]. IlepeBaramm 1poro
METOJy € Te, 0 METOJ] He MOTpedy€e BUBE/ICHHS CHCTEMHU
3 poOOTH AJIs1 BCTAHOBJICHHS Ta HAJAIITYBaHHS JaBadiB.
Takox 1pOMYy METOAy TpHTAMaHHI BHCOKa YyTJIHBICTD,
MaJIM Yac BUSIBICHHS BHTOKY 1 BUCOKA TOYHICTh MicIis
BUTOKY. HemoiikoM € Te, 1o BiH MOXKE 3aCTOCOBYBATHCS
TN Ha JHIAHIA YaCTHHI MariCTpalbHUX Ta30MPOBO/IIB
Ta moTpedye MPSIMOTO AOCTYIY 10 TpyOompoBoay. Takox
icHye mpobiemMa BIUTUBY (POHOBOTO IIYMY Ta MEPEIIKO,
SIKI MOXYThb 3aMacKyBaTH CHTHal BHUTOKY, a TaKOX
IMOBIPHICTh ~ HAKJIAJJAHHS CHTHAJIIB BiI  JCKUIBKOX
BUTOKIB, 10 MOX€ IPHU3BECTH 0 HEBIPHOTO OOUMCIICHHS
MICI[E3HAXOJKCHHST Ta BenumuuHu BUTOKY [10]. Oxpemo
CIiI 3a3HAYMTH HEMOJKJIMBICTh BHM3HAUEHHS KUTBKICHOT
CKJIaJIOBO1 BUTOKY.

B ocranHiit yac MHPOKe PO3MOBCIOKEHHS OTPUMYE
METOX  BHMIPIOBaHHS  BHUTpPAaTH  3a  JIOTIOMOTOIO
yIBTPa3BYKOBHX BHTpaTOMipiB. BiH ocHOBaHMil Ha sBUII

3CYyBY 3BYKOBOTO KOJHMBaHHS PYXOMHM CEPEIOBHUILEM.
[lepeBaraMm 1OrO METOAY € BIJCYTHICTH Iepemnany
THUCKY, BHCOKa UIBHJKOMiS Ta BIJCYTHICTh PYXOMHX
eneMeHTiB. TakoX [UISI KOHTPOJISI TOPH3OHTANBHUX i
NPSMHUX JUISTHOK Ta30MpPOBOAY YJIBTPa3BYKOBHH CKaHEp
MOXHa 3aCTOCOBYBaTH IIUIIXOM BCTAaHOBJICHHS HOTO Ha
pizHOMaHITHI poboTH. OCHOBHUMH HEIOJIKAMH IIHOTO
METOAY c 3aJIEKHICTD BJIACHOI [IBUAIKOCTI
YIBTPa3BYKOBUX  KONUBAaHb  Bifl  (Di3MKO-XIMIYHHX
BJIACTHBOCTEl BUMIPIOBAHOTO CEpENOBHIA Ta IICBHA
HETOYHICTh BHMIPIOBaHb 332 pPaxyHOK YyCEpeAHEHHs
IIBUAKOCTI TMOTOKY HE B3JIOBX IEpepizy TpyOH, a B3I0BXK
YJIBTpa3BYKoOBOro mnydka. CripoOu MiJBUINEHHS TOYHOCTI
BUTPATOMIpY 3HAYHO YCKJIQJHIOIOTH Ta 30POXKUYIOTh el
mertof [5].

OnTuyHi METOZM BUSBICHHS BUTOKIB 3 Ta30IIPOBOJLY
MOXHa YMOBHO MOJIIUTH Ha MBI TPYNH: aKTHBHI 1
TTACHBHI. AKTHBHI METOT! XapaKTepU3YIOThCA
000B’I3K0BOIO HAsIBHICTIO JKEpesia BUIIPOMiHIOBAaHHS. SIK
mpuiiMad BUIPOMIHIOBaHHS BHKOPHCTOBYIOTBCS Pi3HI

THITH JIETEKTOPIB: HAIIBIPOBIIHUKOBI,
(OTONIOMHOXKYIOUI, ONTHKO-aKycTHuHI Ta iHm. Jlus
peamizailii MMACHBHUX ONTHYHHUX METOIIB KEPEIIO

BUIIPOMIHIOBaHHS HenoTpiOHe. OgHAK HEIOJIKOM IHX
METOIIB € BHCOKAa E€HEpro3aTrparHiCTh, BUCOKA BapTiCTh
MOHTaXy o0OJaqHaHHS, WMOBIPHICTH IOMHJIKOBOTO
cripattoBaHus [5].

JlazepHi METOAM BHW3HAYCHHS MICIS Ta BEITUYHUHHU
BUTOKY Ta3iB 3a MPUHIIMIIOM JIii aHAJOTiYHI ONTUYHUM i

3aCHOBaH1 Ha OTIPOMiHEHHI MICIIEBOCTI
BHUCOKOCHEPIeTHYHUM  (JIa3€pHUM)  BHUIIPOMIHIOBAHHSI.
OCHOBHMM  €JIEMEHTOM  JIa3epHOTO  MOpWIaay  Juis
BUSBJICHHS BHTOKIB MeETaHy € [IOOHUH nazep 3

MePEeHAIAIITOBYBaHOO 4acTOTO0. OCKIIBKM MeTaH 1o0pe
MOTJIMHAE IH(QpauepBOHE BHUIPOMIHEHHS Ha JOBXKHHI
xBiwIi 1,65 MKM, HajgalITyBaHHS IOJHOIO Ja3epy
3MIHCHIOETECST HAa BHUIPOMIHEHHS caM€ B  LOMY
CICKTPAJIBHOMY Jiama3oHi. Biacranb edexkTuBHOI mii
JIMCTaHLIHHOTO JIa3€pHOT0 JETEKTOpa BUTOKIB Tazy JUIs
JIesKUX MoJienen ckinagae 1o 250 m [5].

Takox icHye Ja3epHHI MeTO]] BU3HAYEHHS BHUTOKIB
rasy, NpH SKOMY IIiI 4Yac ONPOMIHEHHS MiCIEBOCTI
BUKOPHCTOBYETHCS OJHOYACHO [Ba JIa3epH 3 Pi3HUMH
JOBXMHAMH XBWIb. JIOBXKMHA XBHJII ONpPOMIHEHHS
MEepImioro  jasepy OOHMpaeTbcs Takor, 100 BOHA
NOTpanuia B Mialla30H IOIVIMHAHHSA IPHPOIHOTO Tasy.
JloBxkuHa XBWJII Opyroro Jja3epa OOHWpaeThCS HaBIAKH
TaKolo, MpH SKif Ja3epHE BHUIIPOMIHIOBAHHA MailKe HE
MOTJIMHAETHCS MPUPOJHUM Ta30M. AHali3 IHTEHCHBHOCTI
BigOUTOrO Bifg MOBEPXHI 3eMtl JIA3EPHOTO
BUIIPOMIHIOBAaHHS JBOX Jia3epiB 3 PI3HUMH JIOBKHHAMH
XBUJIb JO3BOJIIE€E BU3HAYUTH MiCI_Ie Ta BCJIMYHUHY BI/ITOKiB
NpUpoxHOrO Tra3y 3  TpybompoBomy. OCHOBHHMH
nepeBaraMu LOI'0 METOAY € MOJKJIMBICTH JUCTaHLIHHOT
po0OTH, BHCOKAa YYyTJIMBICTH JETEKTOPIB, MOXKIHUBICTbH
BUSIBJICHHS ~ 3ara3oBaHOCTI  Kpi3b  CKJIO,  IIHPOKa
HOMEHKJIaTypa THIHOPO3MIpIB Ta KOHCTPYKTHBHOTO
BUKOHAHHA SIK CaMHX Ja3epHUX JETeKTOpiB, TakK i
OB ’SI3aHUX 3 HUMH eJeMeHTIB 1 mpmmaxiB. OgHak naHi
mpuiagd MarloTh HHU3KY HEAONIKIB, 30KpeMa HeE Iyxe
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BHCOKY TOYHICTb BHUMIPIOBaHb, CKJIAJHICTh
HaJIaIITYBaHHS, BUCOKY BapTICTh CHCTEMH, MAJIHH TEPMiH
eKCIuTyartalii, mnoTpedy B CHOeI[adbHIil MiATOTOBIII

nepcoHany [5].

IcHye TakoX KOMMIAKTHHH (TIEPEHOCHHMH) Ja3epHUH
nerekrop Metany. Lleit npunan Mae BUCOKY €(peKTHBHICTD
BUSIBIICHHS BHTOKiB Ta3y. MOro mepeBaraMu BiJHOCHO
IHIIMX ~MOzeNell Ja3epHHX MJETeKTOpiB € BHCOKA
YYTIMBICTE /IO METaHy, MOOUTBHICT, 3HAYHO MEHIIA
BapTICTh.

Papionokamiitauii meto. JaHuii MeTon BU3SHAUCHHS
MiCllb Ta BHMIPIOBAaHHsS KOHLEHTpAIil BHUTOKIB Ta3y 3
€JIEMEHTIB ra30TPAaHCIOPTHUX CHCTEM 3a HPUHIUIIOM Jil
AHAJIOTIYHUN JIa3ePHOMY, TIABKH JJISI OMPOMIHIOBAHHS
30HU JOCITIPKEHHS BUKOPHCTOBY€ETHCS
pamioBunpoMineHHs. JlaHW MeTOA  3HAWIIOB CBOE
3aCTOCYBaHHS JUIS BU3HAYCHHS IMOTY)KHOCTI 1 BEMYMHU
BUTOKIB TIPHPOAHOTO Ta3zy, a TaKoX JJsl BHUSBICHHS
MOTCHIIIHO  HEeOEe3MeYHUX  TUISHOK — Ta30IpPOBOJIIB.
Henomixu: cucremMu, IO MpaIfoloTh Ha OCHOBI JJAHOTO
METOy, MalOTh HU3bKHI TEPMIH €KCILTyaTallii Ta BUCOKY
IMOBIpHICTh TOMIJIKOBOTO CITPAallbOBYBaHHS [5].

Temnosiziiiai METOJIH. Mertop, 1110
BUKOPHCTOBY€EThCS [UISl BU3HAUCHHS BUTOKIB 3 MiJ36MHUX
ra30npoBOJIiB, IPYHTY€ETbCS HAa TOMY, IO TeMIEpaTypa
ra3y, SIKHH TPaHCHOPTYETHCS TPyOOIPOBOAOM, 3aBKAU
BUIIA 32 TeMIlepaTypy IpyHTY. ToMy y pa3i BUHHKHEHHs
BUTOKY BiZI0yBaTHMETHCS HarpiBaHHs TPYHTY.
BusHaueHHsT Miclsi BHTOKY 3IIHCHIOETBCS IUISIXOM
aHaji3y TEeIUIOBOTO IOl BUIPOMIHIOBaHHS 3€MHOI
MOBEPXHI 32 JIONIOMOTOI0 TEIUIOBi3opiB. [laHumii meron
MOXE  BHMKOPHUCTOBYBAaTHUCS  SIK  JIsI  MOOULIBHHX
naboparopiif, Tak 1 I acpo3WOMKH B  PEXHMI
Oe3nepepBHOrO CKaHyBaHHS. HenomikaMu 11bOro MeTomy
€ CKJIaJHICTh HANAIITYBaHHS Ta BUCOKA BapTicThb. o TOro
XK BIH MOXE 3aCTOCOBYBATHCSl TUIBKM [UIS TIA3EMHHUX
ra3oIpoBoIiB [5].

Jns BusiBieHHs 1 Bi3yawmizamii BHUTOKIB razy 3
HAa3eMHHX €JIEMEHTIB I'a30TPaHCIOPTHHX CHUCTEM TaKOX
BUKOPHCTOBY€EThCSI MmopTaTiBHA [U-kamepa (TerioBizop).
[MpuHUMD POOOTH J@HOrO METO/AY TaKOX BUKOPHCTOBYE
BJIACTUBICTh MeTaHy MOTJIMHATH iH(payepBOHE
BUITPOMIHCHHS Ha TMEBHIM noBxwuHI xBuwii. Cepen nepesar
BOTO METOJY CIHiJ 3a3HaYUTH HOT0 HAOYHICTh,
YYTJIMBICTh JIO BHTOKIB, JOCTATHIO BIiJCTaHb Jii.
HenomnikamMn € HEMOKNIMBICTD BU3HAYCHHS 3ara30BaHOCTI
B 3aMKHEHOMY 00’eMi (TIIPUMIIICHHS, KOJOA3b TOIIO),
OB ’s13aHy 3 HEOOXIMHICTIO HASBHOCTI 30HU IIiBUIICHOT
KOHIICHTpAIlii Ha 3araibHOMY (OHI; moTpeda y BHUCOKIH
KBawTiQiKkarlii mpariBHUKa Ta JOCBiTy POOOTH 3 TIPHIIAIIOM,
HEMOXIUBICTh BUMIPIOBaHHS KUTBKOCTI BUKHY.

CrekrtpansHi MeTtomum. llpm 3acTocyBaHHI ITHX
METO/IIB ONPOMIHEHHS TEPUTOPii HE BHKOPUCTOBYETHCS,
TOOTO JaHWH METOM € MacCHBHUM. METO CIIEKTPaIbHOIO
CKaHyBaHHS 0a3yeThCcs Ha BUKOPUCTAHHS CIIEKTPOMETPIB

Ta iHTepdpepomerpiB  (y TomMy umchai  Dyp’e-
iHTepdepomerpa) Ui OTPUMaHHS Ta  MOJAIBILIO]
iHTepIIpeTanii CHEKTpiB TeIyIoBOro iHQpauyepBOHOTO

BUIIPOMIHIOBaHHS B yMOBax Oe3XMapHOi aTrMocdepH.
JlocmikeHHST MICIIEBOCTI Ha HAasIBHICTh MICIlb BUTOKIB Ta

BU3HAYCHHS iX BEJIMYMHU BUKOHYETHCS 3 BUKOPUCTAHHIM
JITaNbHUX anapaTiB Ta opOiTaJbHUX CYMYTHHKIB. JlaHui
METOJl MOXKHA 3aCTOCOBYBATH SIK JUISl HiJ3EMHHX, TakK i
IUIsl HA3EMHHUX €JIEMEHTIB ra30TpaHCIOPTHHX cHcTeM. Jlo
TOrO0 K CIiJ 3a3HAYUTH HOro HaouHicTh. OpHak,
0e3yMOBHMMH HEAONIKAMH IIbOTO METOLY € BHCOKa
BapTICTh Ta CKJIAIHICT 3aCTOCYBaHH: 00MagHaHHA [5].

MexaHi4HI METOIH i3 3aCTOCYBaHHSM BHTPATOMIpiB.
IcaytoTs pi3Hi THOHM BUTpaToMipiB. PosrimsHemo mesxi,
HAMOLIBII PO3MOBCIOKEHI 3 HUX:

— TaXOMETPUYHI ~ BHUTPATOMIpH:  OpUHOMD [l
OCHOBaHMH Ha 3aJIGKHOCTI MIBHIKOCTI  0OCpTaHb
MepeTBOpIOBaya, KM BCTAaHOBJIEHO B ra30IpPOBOJIB, BiX
BUTpATH rasy; IepeBarami IHX IMPWIaAiB € NIBUIAKOMIA,
BEJIMKUI Jiana3oH BHMIpIOBaHb Ta HEBHCOKA ITOXHOKA;
HEJIOJIKaMH € 3HOC OIOp Ta HAsABHICTD PyXOMHX
€JIEMEHTIB, MOXKJIMBICTh 3aCTOCYBaHHS METONY JIMIIE Ha
JESKUX CKUTHHUX eJIEMEHTaX ra3olpoBOIiB;

— TETUIOBI BHUTPATOMIpH: TIpU3HAYCHI TUTS
BUMIPIOBaHHS BHTPaTH PEUYOBHHH, SKa MPOXOIUTH depe3
JaHUH Tepepi3 3a OAMHMIO 4Yacy, BHMIpPIOBaHHS
MIBUAKOCTI TIOTOKY pinmuHH abo ra3zy 0a3yerbest [uist
JIAHOTO THITy BUTPATOMIpPIB Ha e(DeKTi IEPEHOCY PYXOMHM
cepeloBUIIEM Teria Bij HarpiToro Tina;
BUKOPHCTOBYIOTHCS 3a3BUYAil JJIsi BUMIPIOBaHHS MallX
BUTOKIB y 3aMKHEHOMY 00’eMi (HarpuKiaj, MPOAyBOYHI
W ckupmaneHi CBiukHW, (GIaHIEBI 3’€JIHAHHS, 3aCyBKH,
KpaHW ¢ IHII €JeMEHTH 30BHIIIHIX Ta30MpOBOJIB);
XapaKTepU3yIOThCSl  BHCOKOIO  TOYHICTIO, JIOCTaTHBO
IIIPOKMM [ialla30HOM BHMIPIOBaHb 1 BiJICYTHICTIO
HEOOXITHOCTI MiJl Yac BUMIpIOBaHb BPAaXOBYBaTH THUCK 1
TeMIepaTypy; pa3oM 3 THM, AaHI BUTPATOMIpH MAaiOTh
BHUCOKY  BapTICTh, IyxKe 9acTo moTpeOyroTh
TEXHOJIOTIYHOTO TPOTPaMyBaHHS BHMiPIOBAIEHOTO OJIOKY
MiJi KOHKPETHI IapaMeTpd razy i yMOB BHMipIOBaHHS.
Takox CiIiJ 3a3HAYUTH, 110 BUMIPIOBAHHS 32 JOIIOMOTO0
TEIJIOBUX BUTPATOMIPIB BUKOHYETHCS LISIXOM 3aHYPEHHS
YYTJIIMBOTO €JIEMEHTa B TpyOomposin [12].

lazoanamizaropu. IcHye mmHMpoka HOMEHKIIATypa
TUIIB 1 KOHCTPYKLIH Tra3oaHaii3aTopiB, B OCHOBY iX
knacugikamii MOKIageHi pi3HI HapaMeTpH, 30Kpema
¢iznuni abo XiMiUHI peakIlii, [0 BUHUKAIOTH IIPU IOSBI
rasy B TOBITpi, IO KOHTPOJIIOETHCS; TPU3HAYCHHS;
CTYIiHb aBTOMATH3aIlil; THI KOHTPOJIHOBAHOTO Ta3y;
CIoCi0 BCTaHOBJIGHHS TOMIO. 3a MPU3HAYCHHIM JaTYUKH
KOHTPOJISL 3ara3oBaHOCTI IOIUISTHCS HAa JBa OCHOBHUX
BUAM: MOOYTOBI i MPOMMCIOBI. 3a3BHUail CUTHAJI3aTOpH
moOyTOBOTO TPH3HAYECHHS TNOKIMKAHI pearyBaTh Ha
MoporoBe (BCTAaHOBJICHE) 3HAYEHHS KOHIICHTpAIlil ra3y B
MOBITPi, HATOMICTh OCHOBHUMH 3a/la4aMH IPOMHUCIIOBUX
CUTHAJI3aTOpiB € BUMIPIOBaHHS Ta  BiIOOpaKEHHS
MOKA3HUKIB 3ara30BaHOCTI MOBITPSI.

3a crmocoOOM BCTaHOBJIEHHS! T'a30Bi CHTHajIi3aTOpH
MOJIISIOTECS. Ha CTalliOHapHI Ta IepeHocHi. JKuBieHHs
CTalliOHAPHUX MATYUKIB 3MIHCHIOETHCS Bill EIEKTPUIHOL
Mepexi, MepeHOCHHX (MOOUIBHMX) — BiJ] aBTOHOMHOT'O
JUKepelna JKHUBJIEHHs (BOYZOBaHOTO aKyMyJssiTopa), TOMY
MICIIsl 1X 3aCTOCYBaHHS, Ha BiAMIHY Bill CTaI[iOHApPHUX
CUTHAIII3aTOPiB, HE OOMEKEHI 3 TOUKH 30PY MiAKITIOYCHHS
IO JDKepeTa JKUBIIEHHS. ToMy MOOITBHI ra3oaHali3aTopu
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HIUPOKO BUKOPUCTOBYIOTHCS IS oprasizauii
NaTpyJIIOBAaHHS 00 €KTIB  Ta30TPAaHCIIOPTHUX CHCTEM
3rifHo  rpadiky abo mijg Yac UpUOYTTS PEMOHTHOI
Opuramu Ha Mmicue imMoBipHOi aBapii. HemomikoM nporo
METO/ly MOXKHa BBaXKaTW HEOOXIAHICTH NEPIOAMYHOTO
KaxiOpyBaHHS ~ Ta  HEMOXJMBICTH  Oe3mepepBHOTO
OTpUMaHHS 1HPOPMAIIii MO0 HAIBHOCTI Ta KOHIICHTPAIIii
TIPUPOTHOTO Ta3y Y MOBITPI.

3a crymeHeM aBTOMaTrH3amii ra3oaHaii3aToOpH
MOXXHA  TIONITMTH  HAa  aBTOMATHUYHOI  (HaTYWKH
3ara3oBaHOCTi) Ta py4Hoi aii. Cepen pydHHX HaifgacTime
PO3MOBCIOKEHI aOCOpOIiiiHI ra3oaHanizaTopu, y SKUX
KOMIIOHCHTH T'a30BOT1 CYMIIIl MOCTIIOBHO MOTIHHAKOTHCS
PI3HOMaHITHUMHU peareHTaMu. ABTOMaTHYHI
ra30aHalli3aToOpu BHUMIPIOIOTh Oynb-sKy Gi3ndHy abo
(i3uKo-XiIMIUHY XapaKTEpUCTUKY ra3oBoi cymimn abo ii
OKpEeMUX KOMIIOHCHTIB 0e3mepepBHO. [upoxe
3aCTOCYBaHHS Yy SIKOCTI Ta30aHali3aTOpiB OTpUMAaIN
JaTYMKU 3ara30BaHOCTI — 1€ BUCOKOTOYHI BHMipIOBAJIbHI
TIPUIAN, 10 BUKOPUCTOBYIOTHCS MiJT Yac Oe3IepepBHOTO
ABTOMATHYHOTO KOHTPOJIIO KIJIBKOCTI Ta3iB, IO MICTATHCA
B moBiTpi. HailiuacTime ra3oBi JaTYuK{ BCTaHOBIIOIOTH B
MICIIIX, JI¢ BiAICYTHIH TMOCTIHHWIA KOHTPOIb 332 Ta30BHM
oOagHaHHAM, a00 B CHIIy pO3TalllyBaHHS HOTO B MICIIX
YCKJIAIHEHOTO JOCTYIy (HampHKiIang, Ha BHCOTi), abo B
CIUly HEMOXIHUBOCTI Oe3MepepBHOrO KOHTPOJIO 3a
00J1aTHAHHSIM.

3 TOYKM 30py MOHITOPUHIY SIKOCTI arMoc(epHOro
noBiTpst Ha 00’extax ['TC HaiOLIBII NEPCIIEKTUBHUM €
3aCTOCYBaHHs caMme razoaHaiizaropiB. OfHaK 3 oLy Ha
LIMPOKY HOMEHKJIATYpy HEOOXIZHO YiTKO c(OpMYIIIOBATH
KpHUTepii Ta BHMOTH IIOJO 3aCTOCOBYBAHOCTI THX YH
IHIIKX X THTIB.

BucHoBkM.
1. lns BUABICHHS BUTOKIB Ta3zy 3 enmemeHTiB [ TC
icHye TP OKHIA miara3oH METO/IIB. Criocobu

kimacudikarmii METOIB HAIpsAMY 3aleXaTh BiJ O3HAK, IO
MOKJIAJICHI B OCHOBY 1X PO3IOJILITY.

2. HemoctaTHst  BU3HAYEHICTh  KiaacH(DiKamidHHX
O3HaK, IX «OJHOOIYHICTBY» HE JO3BOJIAIOTH B IOBHOMY
00’eMi OLIIHUTH HENONIKM Ta NEepeBard THX YM IHIINX
METOMIB Ta 3aco0iB, a OTKE 1 MOXIMBICTE iX
3aCTOCYBaHHA JuIs 1 JIBUILICHHS e(eKTUBHOCTI
MOHITOpHHTY arMoc(epHoro nositpst Ha 06’ekrax 'TC 3
METOIO 3a0€3MeUeHHs €KOJIOIYHOT OE3IEKH.

3. 3anponoHoBaHa knacuikaris METO/IB
BUSIBJIICHHS BUTOKIB Tra3y 3a pIBHEM 3aCTOCYBaHHs
TEXHIYHUX 3aco0iB: OpraHoJIeNTH4YHI, amapatHi Ta

00uuCITIOBaAIBHI (TIPOrpaMHO-MaTeMaTHYH).

4. OpraHojenTH4YHi METOAW TOTaHO IMiAJar0ThCS
CTaTHCTHYHIH 00poOIi 1 He I03BOJSIOTE OTpPUMAaTH
KUJIBKICHI ~ pe3ysIbTaTH, TOOTO BH3HAYUTH KUIBKICTBH
NPUPOIHOTO Ta3y, IO MOTPANUTh y HOBITpA y pasi
BUTOKY.

5. Marematn4yHi METOIW TPYHTYIOThCS IHIIE Ha
HenpsAMid iHGopMamii i He TO3BOJSIOTH 3AIHCHIOBATH
MTOCTIHHUA MOHITOPUHT CTaHY aTMOC(EpPHOro MOBITPS Ha
o6’ektax I'TC. MoxyTh  3acTOCOBYBaTHCS  SIK
JIOTIOMDKHHIA IHCTPYMEHT BHU3HAYCHHS SIKOCTI
aTMOC(EepHOTO MOBITPSL.

6.3a pesynpTaTaMH aHali3y 3a 3alpPOIIOHOBAHOIO
Kkiacuikaiiero MOKHA 3pOOUTH BUCHOBOK, IO HAWOUIBIII
3pYyYHUMH I ONTHMI3alii € came amapaTHi METOIH Ta
3acobn. OCHOBHOI0O iX TepeBarold € OTPUMaHHs
KUTBKICHUX XapaKTePUCTHK JOCIIKYBaHUX MapaMeTpiB.

7.3 TOYKH 30py MOHITOPHHTY SIKOCTi aTMOC(EpPHOTO
noBiTpst Ha 00’ektax I'TC HalOUIBII NEPCTIEKTHBHUM €
3aCTOCYBaHHS caMme razoaHaiizaropis. OfHaK 3 OrJIsLy Ha
IMIMPOKY HOMEHKJIATypy HEOOXIZHO YiTKO C(OpMYIIOBaTH
KpUTEpil Ta BUMOTH MIOAO 3aCTOCOBYBAaHOCTI THX YH
IHIMAX X THTIIB.
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M. T. MAJIADAEB, 0.0. T'ATIOHOBA, 1.B. PAFOBA

OCOBJIMBOCTI ®A30BUX JIATPAM JIBOYACTOTHOI'O MASATHUKA B
SH - TEJUVIEPIBCBKOMY INIOTEHUIAJII TA TEINIOEMHICTDb BOAU

IIposedeno mooentosants 0bepmanbHuX KOAUSAHb MOEKYIU 600U I3 O0NOMO20I0 MOOENi 0604ACMOmMHO20 Masmuuka y npocmomy An-Tennepiecokomy
nomenyiani (ATII), wo mac minivym nomenyiany npu neeHomy Kymi i0XuieHHs. MAMHUKA 6i0 oci (Kymy 6ueuHy MidCMONEKYIAPHOZ0 800HEB020
36'3Ky MoneKkynu 6oou). Bemanoeneno, wo 3a Manux nouamKogux wieuoKocmeil 6 OaHOM NOmMeHyiani cnocmepieacmvCs HOGUL MUN KOMUBAHb —
nonepeuni Koruanus masmnura y kpyeosomy sconobi ATII, npu cepeonix weuoxocmsx — osouacmomnui nesanedicni konusanins (HK) no 0gox ocsax i
3a genuxux — eninconodioni xonueanns (EIK) na oowiei wacmomi. ¥ pobomi posenanymi ¢pasosi oiacpamvu (@A) ma smiwani @ (3P/) 3a 06oma
KoopOounamamu 01 yux 080SUMIpHUX Koaueanbv. Ilokazano snauny eiominnicme Oanux Oiazpam y ATII 6i0 cmandoapmuux DJ]. Busieneno nosigy
dodamkosux enincie, nemeib ma xeunv Ha P eHacniOOK noseu nonepeuHux Koauawv y diconodi ATIL s ompumanus enincie na gazosux
diazpamax 6i0 ycix nonepeyHux Koaueans MasmHuKa 3anpononogano st ananizy koausans nooyoosy DI éio paoiycy (PAP). Ilokasano, wo enincu
na DJIP 0ns nonepeunux KOIUanb Masmnuka 0odpe cnocmepiearomoscs 3a MAnux nOYAmMKoUX WeUOKOCmell, a 0liA cepeOHix i 6enuKux weuoxocmel
nonepeuni Konueanna me GUOLIAIOMbCA He3anedcHo 3 3azanviol weuoxkocmi. Hasenicmo cmitikux nonepeunux xonusanv y owconobi ATII ons
00epmanbHUX KOIUBAHb AMOMIE BOOHIO MOLEKYIl 600U HABKOIO 0Cell MIJCMONEKYAAPHUX 36'A3Ki6 MOJICHA po3ensoamu aK HO8i cniyneni cob6oou ona it
HOBUX KONEKMUGIZ306aHUX NONEPEYHUX KOIUEAHb Y YboMy nomenyiani. Ix icHyeanns mooice eecmu 00 NoACHeHHS. HAAGHOCMI 6KIAY YUX HOGUX MOO
KONUGAHD Y 6EUHUHY AHOMATbHO 6€IUKOT mennoeMHocmi 600u 6 piokill ¢hazi. OOnak, 051 HAAGHOCMI MAKUX HOBUX CIYNEHI8 c60000U OJisi NONEPE HUX
KONUGAHb MONEKYI 600U HEODXIOHO, uj06 IX KOTUGAHHS 3a8HCOU NPOXOOUNU 8 obaacmi «manuxy weuokocmet — y aconoobi ATI. [ns yvoeo neobxiono
30inbuwenns yici obnacmi Ko1UGaHb, OO GENUUUHA MAKCUMYMY NOMEHYIANY HA MIJCMONEKYIApHOT oci 36'a3Ky 6yna eenuka. Lle mac 3abesneuumu
HAas8HICMb NONEPEUHUX 0OePMANbHUX KOIUBaHs y 2icono6i ATII 0ns monexyn 6oou y piokiil ¢pazi 015 eciei obnacmi it memnepamyp icHy8anHms.
Knrouosi cnosa: monexyna 6oou, An-Tennepiecokuii nomenyian, nonepeyni KOIUSAHHs, pazosi diazpamu, MenioEMHICMb 800U.

N. T. MALAFAYEYV, O. O. GAPONOVA, I.V. RIABOVA

FEATURES OF PHASE DIAGRAMS OF A TWO-FREQUENCY PENDULUM IN
JAN - TELLER POTENTIAL AND HEAT CAPACITY OF WATER

A simulation of rotational vibrations of a water molecule was carried out using a model of a two-frequency pendulum in a simple Jahn—Teller
potential (JTP), which has a minimum potential at a certain angle of deviation of the pendulum from the axis (the bending angle of the intermolecular
hydrogen bond of the water molecule). It has been established that at low initial speeds for a given potential a new type of oscillations is observed -
transverse oscillations of the pendulum inside the circular gutter JTP, at medium speeds - two-frequency independent oscillations (I0) along two
axes, and at large ones - ellipse-like oscillations (ELO) at a single frequency. The work examines phase diagrams (PD) and mixed PD (MPD) in two
coordinates for these two-dimensional oscillations. A significant difference between these diagrams in the JTP and standard PD is shown. The
appearance of additional ellipses, loops and waves on the PD due to the appearance of transverse vibrations in the nuclear fuel gutter was
discovered. To obtain ellipses in phase diagrams from all transverse oscillations of the pendulum, it is proposed to construct a PD versus radius
(PDR) for the oscillation trajectory. It is shown that ellipses on the PDR for transverse oscillations of the pendulum are clearly observed at low initial
speeds, but for medium and high speeds the transverse part of speed is not independently distinguished from the total speed. The presence of stable
transverse vibrations in the JTP gutter for rotational vibrations of hydrogen atoms of water molecules around the axes of intermolecular bonds can be
considered as new degrees of freedom for its new collectivized transverse vibrations in this potential. Their existence may lead to an explanation for
the contribution of these types of oscillations to the anomalously large heat capacity of water in the liquid phase. However, for the presence of such
new degrees of freedom for transverse vibrations of water molecules, it is necessary that their vibrations always take place in the region of “small”
velocities - in the JTP gutter. To do this, it is necessary to increase this range of vibrations so that the maximum value of the potential on the axis of
the intermolecular bond would be large. This should ensure the existence of transverse rotational oscillations in the JTP gutter for water molecules in
all liquid phase temperatures.
Key words: water molecule, Jahn—Teller potential, transverse vibrations, phase diagrams, heat capacity of water.

Beryn. TonoBHOIO  ocoOnmBicTIO — B3aeMopiit HEOOXiTHO,  30KpeMa,  JOKJIAJHIIe  PO3TISTHYTH

MOJIEKYN y PiIKid BoAi € Te, MmO iX MDKMOJEKYJSpHi
BojHEeBl 3B'si3ku BurHYTI [1]. Y poboti [2] Oyno
MOKa3aHO, 1[I0 BUTWHU BOJHEBHUX 3B'S3KIB  MIiK
MOJIEKYJIAMHA BOJIM € HE BUITAJKOBUMH Ta XaOTHUYHUMHU
[3], 1 u0o BoHM OOYMOBIEHI MOSIBOIO B PigKid BOAL
BEJIUKOT KIOBKOCTI HOBUX KOJIEKTHUBI30BaHUX
obepranbHuX («J1iOpaniitHux» [1]) KoauBaHb 11 MOJIEKYII.
Jis TOsICHEHHST TPUPOJIU BUTHHIB BOJHEBUX 3B'S3KIB
Mae OyTH 3anydeHa (QyHIaMeHTalbHa Teopis edekTy
Sna - Temmepa (EST) [4], mo po3risgae TpHIMHU
HECTIMKOCTI JIHIMHUX KOHQIrypariii aTOMIiB Ta MOJISKYJI,
BIUTMB KOJHMBAaHb aTOMIB 1 MOJIEKYJl Ha BIACTHUBOCTI
peuoBMHH Ta Ha (a3oBi IEPETBOPCHHSI Y HBOMY.
3actocyBanHs Teopii EAT mo B3aemoniif Monexym y
PIAKI# BOMI JO3BOJSIE TOSCHUTH TNPHYUHHU 0OaraThox
aHomanit 11 BmactuBoctei [1, 2]. Jmsa po3ymiHHS
MPUPOIN AHOMAJIBHO BEJIUKOI TEIUIOEMHOCTI BOJAM

0COONIMBOCTI 00EpTaNbHUX KOJNUBAHb 1i MOJEKYI Yy
HoBoMmy noteHmian — SATTI, Ta ocobnuBocTi ix DJI.

Orusig JiTepatypu. ITpu MOSICHEHH1
0co0IMBOCTEHl 6OraThOX BIACTUBOCTEH BOAM IIMPOKO
3aCTOCOBYIOTH ~ JIBOKOMIIOHCHTHY  TEOpIl0  BOJIL.

BnactuBocti  Bomm  moOmm3y — temmeparypu 0 °C
BHU3HAYAIOTh SIK CyMy BIIQCTUBOCTEH NIBOX KOMIIOHEHT
Bomu. [Ipore s Mozmens, Ha kanb, HE Ja€ BIAIOBINI Ha
OpUPOAY  BEJHMKOi  TEIIOEMHOCTI Boau. B Hiil
nepe10avacThCs HassBHICTh BEJMKOTO KOHQITypariifHoro
BKJIaay 110 Hel [1], He MOSICHIOKYHU YITKO HOro peaabHy
Gi3uuHy Mpupoxy.

Binnosigno mo miei teopii [1, 5] Hmwkue 320K y
Boi 3'sBiAeThCS "Boma Hm3bKoi ryctmHm” (BHI), sxa
IIpU OXOJIOKEHHI HIbK4e Temmeparypu 277 K = 4 °C
BeJie J0 3pocTaHHs i1 00’emy. Ilpm mepeoxosiopKeHH1
BCs BOJAa TMOCTYyNOBO mepeTBoproeThess Ha BHI,
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CKJIYETBCS Ta TMEPETBOPIOETHCS HA amophHUil Jix
moommy 230 K [5]. 3a miei Temmeparypu
CIIOCTEPIraeTbesi  TOCTPUHA ~ MakCUMyM  Juia i1
teroeMHocTi C,. el MakcuMyM MOKHA pO3paxyBaTH 3
KoH(irypamiitHoi eHtpomii Bomu [6] abo oTpuMaTH
eKcriepuMeHTanbHo [5]. BcraHoBneHo, mo Boaa B
HaHoMopax po3mipom 1..2 HM 3amep3sae Juiie MooIN3y
temriepatrypu 210 K. IIpn mpomy B'SI3KiCTH BOIH ITepen
UM 3pocTae, a AUQy3is 3MEHIIYETHCS HA TPU MOPSIKH,
a temroemHicTs Bume 0 °C mna Hel crae BTpUYI
MEHILIOI0, HIK Yy 3BHYaifHOi 00'éeMHOI BOAM Ta MEHIIOIO,
HiX y 1p01y 1pH 0 °C, 3aTe Biamosinae 3axoHy Jlromonra
ta Ilti st TeruioeMHocTi. SIKIIO 3acTocyBaHHSI Teopii
EST [2] no3Bomsuio BIBiUi  30UIBIIMTH  KUIBKICTB
CTYIICHIB CBOOOAM MOJICKYJ, HOPIBHSIHO 3 UM 3aKOHOM
32 pPaxyHOK TMOSABH iX 0OepTaNbHUX KOJMBAaHb, TO
301IBIICHHST X BTPUYiI BHMAara€ IOJaTKOBOIO TMOIIYKY
MOJJIMBICTI ICHYBaHHS HOBUX CTYIICHIB CBOOOIM JIJIst
MOJICKYJI BOJIU Ta BU3HAYCHHS iXHBOI IPUPOJIH.

JIiss  KOMITTOTEpHOTO MOJETIOBAHHS B3aEMOJIN
MOJICKYJl BOJIM IIpU OOepTaJbHUX KOJNMBAHHAX Oyia
3aCTOCOBaHA MOJIENIb JIBOYACTOTHOTO MasTHUKA [7].
OnmHak Ui OTpPUMAaHHS BIpHOI KapTWHH KOJIUBAaHb
HEOOXiJJHO  TMPOBEACHHS  MOJENIOBAHHS  KOJHMBaHb
MasTHHKAa HE B CTAHJAPTHOMY CHJIOBOMY IIOTCHIiai 3
MIiHIMyMOM TOTEHI[ialy Ha oci MasTHHKa (OCi 3B'SI3KYy
monekyu) [1, 8], a B SIu - TemnepiBcbkoMy MOTEHINAI
(ATIT). Leit ATII mae MiHIMYyM TOTEHHiaNy TIIpH
JIESIKOMY BIIXWJICHHI MasgTHHKA BiJl OCI KOJMBaHb, TOOTO
BIITIOBiJa€ CepeTHHOMY BHIHHY BOJHEBOIO 3B'3KY Y
Bogi [2, 9]. Lle mo3BoJsie OUIBII TOYHO MOJEITIOBATH Ta
omucatd 0coO0IMBOCTI 00epTAIbHUX KOJIWBAHb IS
MoJieKynl Boau. Y poboti [10] Oyi0 BCTaHOBJICHO
HasBHICTb 0COOMMBOCTEN KonMBaHb y xono0y ATII, ta
KpIM ITO3JIOBXKHIX y 7K0J1001, TTOSBY CTIHKMX HMOIEPEYHUX
KOJMBaHb y HboMY. Li konuBaHHs OylI0 3alPOINOHOBAHO
pO3rIAmaTH SK MOXIMBY HOBY MOXIY OOepTalbHHX
KOJIMBaHb JJIsl IPOTOHIB MOJIEKYJI BOAM 1, BIATIOBIAHO, SIK
HOBHIT TOJJATKOBHUII CTYIIIHb CBOOOAN MOJIEKYJ BOJH, IO
JIa€ BHECOK y 11 aHOMaJbHO BEJIHMKY TEIUIOEMHICTD.
OnHak 3a BEJMKHX ITOYATKOBHX IIBHIKOCTEH MasTHHKA
[OIIEPEYHI KOJMBAHHS HE BUSIBISUTHCS, IO BHMAraio
JIOMATKOBOTO aHANI3y NNX KOJIMBAHb Y BCHOMY Jialla30Hi
[MOYATKOBUX LIBHIKOCTEH MasTHHKA.

B po6ori [10] npoBeeHO MOICITIOBaHHS KOJIMBAHb
MasTHHKa B mpoctomy STII, mo mpenactaBisie Girypy
00epTaHHSA HABKOJIO OCi KOJIUBAHb Z, Ta i30TPOITHOMY IO
KyTy oOepTaHHs. bBinbIn CKIagHUN MOTEHIad MOXe
MaTH eJNTHYHICT M0 0CAX, CUMETpito 3-To abo HaBiTh
6-ro mopsAaKy TO KyTy oOepranHs. Jlig  Manmx
BIIXWJICHb KyTa MasTHHKA (TPH TEIUIOBUX KOJIWUBAHHSIX
MOJICKYJIH) MO)KHa  3HEXTYBaTH AHI30TPOIIIEI0
MOTEHINATy y WOTO >K0J00i, MO MOXE CIIOCTePIiraThucs
JUI BEMKUX KYTIB BUTHHY 3B's3KiB Mouyiekyn [4]. Jlmst
imMiTarii B MKMOJICKYIAPHOMY MOTEHITial CIPSIMOBAHUX
cun (IICC), mo mBuako yOyBarTh 31 3pOCTaHHAM KyTa

BUTHHY  BOJHEBOTO  3B'S3KYy  MOJEKYNH, paHime
posrisigascs [ICC ans masitHuka sk [10]:
U,=-MIlgU/" " =-Mlgcos"(O), (1)

ne I, M — nosxuHa Ta Maca MasTHHKaA, /[ = 1 M, M = 1 kr,
g — CUJIOBA KOHCTaHTA — MPUCKOPEHHS MaAiHHS/MHUTOMA

cuma, g= 10 wm/ict, U, — KyTOBUH MOTEHWian, 7 —
noka3uuk crymnens [ICC (n = 6...8, y oqHOpIAHOMY TIOJTI
TsOKiHHS 1 = 1), @ — KyT BIAXWICHHS MasTHUKA BiJ] OCi
piBHOBaru MasiTHuKa Z (0ci 3B'13Ky) B pajiaHax.

Jnsa mopenroBanns SITIL, mo mae MakcCUMyM Ha OCi
MasgTHUKA (3B'I3Ky), 1 MIHIMyM TIpH BIIXWJICHHI
(BUrMHaHHI) Ha JAeAKUH KyT O, Oyno 3amponoHOBAaHO
BBECTH B KyTOBHWI moteHIian B3aemonii U; (1) mobaBky
tuny BeiiBnera AU, = ¢ cos(m®)/exp(s@’) (ne mapamerp
STII ¢ < 0,1). Iicns minbopy KoedimieHTIB y KyTOBOMY
SITII, BpaxoByIOUM cepe/iHii KyT BUTHHY 3B'S3KiB y BOJI
[9], ©ymo 3anpomonoBano HactymHui Bua SATII [10]:

G,qT:—Mlg U1*n =
— Mg [cos® — ¢ cos(80)/exp(8O°]°. )

Ilpu posrmsai KOMWBaHB y CHUCTEMax 3aBXKIU
NpUIIIsETbesl OaraTo yBaru asamizy (a3oBUX Jdiarpam
KonmBaHb cuctemu [11]. ¥V pa3i HasgBHOCTI HOBHX
CTyIeHeW CcBOOOAM IJisl KOJMBAaHb MOJICKYN BOIH MU
MMOBUHHI 100AYMTH HOBI 0ocOOMMBOCTI i ixHix DJI.
®Da3oBi miarpaMd MasTHHKa PO3IILNAIOTH 3aJCXKHICTh
MIBUJIKOCTI MOTO KOJIMBaHHS BiJ BEJMYMHHU 3MIIICHHS.
3a3BHuail HiarpaMu MaroTh BUIJISA] €JIICY, X04a MOXKYTb
JIemo 3MIHUTHCA Yy pa3i HeNHIHOCTI CHJI, MaTH
cripalibHl  JUISHKM, BUTMHU. [l JABOYACTOTHOTO
MasiTHUKa MH MaeMo JiBi HesanexHi ®J] mo oro ocsx -
1o X ta Y, AKi Takox 3a3BHYail SIBISIOTHCS €IIIICAMH.

OpHak JUIsi JABOYACTOTHOTO MAasTHHKA MO>KIIHBI
takox 3mimani ®J[ (3DJ]), and SKUX MIBUIAKOCTI Ta
3MIIIEHHA MasTHHKAa OepyThCcAd IO PI3HUX OCAX HOTO
koiuBaHb [12]. Tomy, siKIIo oOMBI 4acTOTH MO Pi3HUX
0CSIX OJIHAKOBi 1 TapMOHIIHI, M MaTHMEMO TpsMy, abo
3a HasIBHOCTI 3MIIIICHHs (a3, eJIiIc 9u 11e O CKIaIHi
nmiarpamMu. 3HaK KyTa CepeIHbOTO HaXWiy KPHUBOI
TOBOPHUThH IIPO HANPSIMOK OOCpTaHHS MasTHHKA HABKOJO
oci. Y pa3i HassBHOCTI HETIHIMHOCTEH TII0UNX CHII eJTITICH
OyayTh CIIOTBOpPEHi. Y pa3i BIAIMIHHOCTI 9aCTOT 10 OCSX,
MH OTPHMAaEeMO MpPH KPaTHOCTI 4acToT ¢irypu Tumy
Jlicaxxy, WO € O03HaKOK IOSBH a00 3HUKHCHHS
BiIMiHHOCTI 4yacToT 1o ocsx [12]. Takox mpu mpoMmy
CIIOCTEPITAIOTHCS 3MIHM HANPSIMKY OOCpTaHHS MasTHHKA
Ha X PI3HUIEBIH YacTOTi — YacCTOTI OWTTA HUX IBOX
9acTOT, IO YCKJIAIHIOE TPAEKTOPil KOJNMBaHb, Ma€ Ha
JiarpaMi 3a BEJIMKUU Yac MOJIENIOBAHHS MPSMOKYTHY
00J1aCTh UX KOJIMBAHB.

Skmo mpu  cepemHiX 1 BENMKHX MOYaTKOBHX
mBuakoctsax MaatHuka B SATII  [10] xosmBaHHs
BinOyBaIuCs BHIE MAaKCUMyMy IOTEHIially Ha BiCi Ta
Oynu monioui mo xonmBanb (HK i EINK) y 3Bu4aiiHoMy
I[ICC (1), To B 00nacti MaluxX MIBUIKOCTCH 3'SIBUIIMCS
3HA4YHI OCOOJHMBOCTI KOJHMBAaHb BHACIHIIOK HAsSBHOCTI
kpyrosoro xonoba ATIL Y xomo6i ATII 3'aBunmcs HOBI
TANIM ~ KOJMBAHb:  CEKTOpPHI, HEBIOPSJAKOBaHI  Ta
BIIOpsiAKOBaHi obeptanHs y »kono0i [10]. Lli HoBi Tumu
KOJIMBaHb OOYMOBIICHI MOSBOIO TTOTIEPEYHHUX KOJIHBAHbD Y
KOJ00i, a TakoX [i€l0 HeueHTpalpbHUX cuwil. JlaHi
KOJINBaHHs MaroTh HectaHmaptHi D/, po3risia mpupou
Ta 0COONMBOCTEH SKUX € 3aBJAHHSAM JaHOI POOOTH.

Merta Ta 3aBaaHHs po6oTu. Metoro po6oTu OyIo
MPOBEICHHS KOMITFOTEPHOIO MOJICIIOBAHHS KOJIHUBAaHb
nBovyacToTHOro MastHuka B STII, mo mae MiHIMyM
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MOTEHIIiay MpH AESIKOMY KYTi BiIXWJIECHHS MasTHUKA,
po3rmsan ix ®J] ta inmmx 3mimanux OJ] konauBaHb, X
JuHaMiKy. {7t nporo OyIo mocTaBiieHi 3aBIaHHS:

— posrsin DI ta 3D/, ix ocobmmBoCTEeH IS
nBoyacToTHOro masgtHuka B SATII,

— nporto3uttist ®JIP ans ABOYACTOTHOTO MasTHHKA
B ATII, po3rmsy BIUIMBY IONEPEYHUX KOJIMBAaHb Y
xko051001 STII Ha 3miny Bugy DJI, 3D/ ta OP mist
BCHOTO Jiana3oHy MOYaTKOBUX MIBUIKOCTEH MasTHUKA,

— PO3MIISL LISl MOJIEKYJT BOJM YMOB iICHYBaHHS TSI
HUX MOMEPEYHHX MOJA KoiuBaHb B konobi ATII Ta ix
BIUIMBY Ha BEIMYMHY TEIUIOEMHOCTI JIJTSI P1IKOT BOJIN.

OcHoBHAa 4YacTHHA. Mojaeiab JIBOYacCTOTHOTO
MasiTHUKAa JOKJIAQJAHO omucaHna B poborti [10] Ta B
momnepenHix. Y Moaeni  BBOAWUTBCS — Hapamerp
BiJTHOIIEHHSI MOMEHTIB iHEpIIil MasiTHUKA (MOJIEKYJIH) IO
ocaMm k = I/I,, piBuuii y po0GOTI MaKCUMaabHOMY JUIs
MOJIEKYZ Bomu: k = 3. VHacIiOK MEHIIOI JOBXWHHU
MasTHUKA (MOMEHTY 1HepIlil MoJIeKyi) 1o oci Y, KyToBe
IPUCKOPEHHSI 10 Hili 6yie Gimburm (B A pasis), Hixk 1o
oci X. JIns BUMagKy MaluX KOJMBAaHb JIBOYACTOTHOTO
masiTHuka B [ICC BUKOHYETHCS CHIBBiIHOIICHHS IS
YacTOT MO OCAX: ),/ = K% ke 3 POCTOM BiJXWJICHB
MasiTHUKa HeniHiiiHo 3meHmyetbes Ta 1 EIIK crae
PiBHUM @, /= 1. JIns 10YaTKy po3paxyHKiB TPAacKTOPii
KOJIMBaHb 33/1al0THCSI MIOYATKOBE 3MIILIEHHS MasTHHUKA X,
M0YaTKOBA WBUJIKICTE Vy, 1 BennuuHa napamerpa STII c.
Hoxasuuk crynenss [ICC n = § 3abesmeuye BUCOKY
CTIPSIMOBAHICT CHJI 3BSI3KIB 1O KYTY BiIXWJICHHS
MasiTHUKa ©. Tpaekropii MasTHHKa PO3MIIAAAIOTHCS Ha
pHucyHKax (BikHa «) y Tpoekmii Ha IwrommHy XY, o
MePICHANKYJIPHA 0 Horo oci KojauBaHb Z. Po3paxyHku
TPAEKTOPIH KOJIMBAaHb JBOYACTOTHOTO MastHUKa B STII
ta ix ®J1, 301 Ta ®JIP nposoawiucs B naketi MatLab.

JIns cripomeHHsT BUTILITY TPAaeKTOpid Ta miarpam
BUOMpaMCA BapiaHTH KpPaTHOCTI YacTOT MONEPEedHUX
KOJIMBaHb Ta MO3AO0BXKHIX 00epTaHb MasTHUKA Y >KOJI001
SATII Ta ix nepionis #n, =TH /T, . Toni xpuBi nepioguIHO

HaKJIQMAIOTECSl OfHA Ha OJHY, CTAalOTh 3aMKHYTHUMH 1
YacTO CHMETPUYHHMH [IOJ0 OCCH, YH [OYATKY
KoopauHaT. JIIs IBOTO YacTOo HEOOXiTHO 3amaBaTH
MOYaTKOBY IIBHJKICTh MasfTHHKA 3 TOUHICTIO 10 4-TO
3HaKa. Y pa3i HEKPaTHOCTI YacTOT OTPUMYBAJH
TpaeKTOpil Ta Jiarpamu, siki 3a 4ac MOJICIIFOBaHHS OiIbIII
MEHIII PIBHOMIPHO 3allOBHIOBAIM JEsKi, YaCOM 3HauHi,
oOmacTi konuBaHb a00 (Pa3oBUX Aiarpam, siki Oyau MEHII
HAOYHI Ta 4acTo OUTHII CKIIAJHI JJIS aHAITI3Y.

Ockinbku ~ K0J00  mMOTeHLialy Ta  00NacTb
TPAEKTOPii KOJMBAHb y HOMY OJIM3BKi 1O KPYyTrOBHUX, HA
rpagiky Tpaektopii (puc. 1, a Ta TakoX BiKHa a Ha
HACTYITHUX PHUCYHKax) JJIsI HAOYHOCTI TPOBENCHI KOJa:
YepBOHA JIiHIA pagiycoM R = X, — JUIA TOJOXKEHHS
MMOYATKOBOI'O  3MIIEHHS MasTHHKA, 3€JeHa JIHIA
paniycom R = x,, — MOKa3ye moyiokeHHs MiHimymy SITTI
JUIs 3aaHoi BennuuHU mapamerpa c¢ [10], mtpuxoBa —
JUIT  TOYOK MEXI MaKCHMaJbHUX  BIAXWICHb Y
PO3paxyHKax TPAEKTOPIl MO pajuiycy Ry, MyHKTHPHA —
JUIT TOYOK MeEXi MIHIMaTbHHUX BIIXHJICHb TO Pajiycy
R, TPAEKTOPII MASITHHKA 32 YAC MOJICJIIOBAHHS.

Jns tpaextopii [10] Ta miarpam JBOYacTOTHOTO
mastHuka B STII  croocrepiraemo  iX  BEJHKY
pisHOMaHiTHICTE. Ha puc. 1 mpencrasneni knacwuni ®J]

UL BUIMAJAKY CHINTHYHUX KOJMBAaHb MasTHUKA. JlaHuii
PHCYHOK, SIK 1 psiJi HACTYITHUX, Ma€ YOTUPH BIKHA: ¥ 1-My
(a) mpencraBineHa MPOEKIis TPAEKTOPil KOJIMBaHb Ha
nnoutiny XY, y 2-my (6) — a8i ®J1: Vi(x) 1a y(V,), y 3-my
(6) ) — mBi 3O/: Vy(x) Ta y(Vy), y 4-my (2) — tpu O/1 Bin
paniycy (nBi ®JIP tTa ®JIM — muB. nami). J{ns 3pygHoCTi
nopiBasiHHS DJ] 3 TpaekTOpi€ro, iX 3MilieHHS 1Mo oci Y
JiarpaMu cripsiMoBaHi 1o Beptukadii. liarpama y(V;) — e
DJ] 3D/ abo DJIP), 1m0 moBepHEHi BiJHOCHO iarpam
Vi(x) 1a 90° st Bi3yaabHOTO PO3JUICHHS Map Jiarpam mo
ocsaimM. Tomy y 3arajpHHil BHYTPILIHIH OKPYIJIHHA
IpSAMOKYTHHK TIepeTHHy JaBoX eminciB ®J] (BikHO 6)
MOXKHA BIIHCATH TPAEKTOPIF0 MasTHUKA (BIKHO a).
Bauumo, mo 3®J] ta OJIP HemniHiliHI, 110 MOB'I3aHO 3
HEICHTPAIBHICTIO IIFOYUX CHJI Ta 3 TIOKA3HUKOM CTYIICHS
[CC (n = 8). OpieHTamis giarpaM 10 3MiIIEHHSIM
nmpu3BeNia A0  HEBIANOBIMTHOCTI X  OpieHTamil ™o
mBuakoctsM — st OJ] BigHocHo 3D/ ta ®IP. Tyt i
Tl JUTS THIECIB 3aJIe)KHOCTeH Ha Tpadikax MaeMo: B
JTy’)KKaxX BKa3aHa 3MiHHA T10 TOPU3OHTAILHOI OCi, HYKHIH
iHAEGKC WIANMUCY BKa3dye Ha KOJIp JaHOl KPUBOI Ha
rpadiky: k - HOpHUI, » — YepBOHMUIA, CHHIIl — HE BKA3aHO.

Ilpyu HEBHOPSAAKOBAaHMX OOEPTAHHAX MasTHHKA B
xkomo06i  STII, BiH XaoTWYHO 3MIHIOE HANmpPAMOK
o0epTaHH, IPH CEKTOPHUX KOJHMBAHHAX MOOIH3Y oci X -
HaTpsIMKU O0EpPTaHHS B JAESKOMY CEKTOPi 3MiHIOIOTHCS
nepiogumyHo.  Ilpm  BHopsakoBaHWX — 0OEpTaHHAX
MasITHHKA HallpAMOK OOepTaHHSA B k011001 30epiraeTses i
fioro, sIK 1 CEKTOpHI 00epTaHHs, JIETKO aHai3yBaTu. J{ms
BropsiakoBaHux obepranb (ta g EIIK) mepiogn
KoJIMBaHb (00epTaHb) MasTHUKA B3JOBXK KOJ00a Mo
00ox ocax X Ta Y oxmnakoBi, Ha Bingminy Big HK.
HesropsiikoBaHi o0epTaHHS 3a3BHYail CIIOCTEPIraloThCs
32 MaluX IIOYaTKOBHX IIBHIKOCTEH a0 3a Maiux
3Mimens Big MiHiMymy ATII, sxi 118 Monekyn Boxu B
piakiii a3l HeakTyalbHi BHACHIIOK MaJOCTI LHX
BeJIMYMH. 3a JOCHUTh MAaJHUX IMOYATKOBMX IIBUIKOCTEH
MasTHUKa BiH TOBUILHO PYXAa€ThCSl B3JOBXK KPYTOBOTO
xoo6a STII 3 panmiycom X, i BCTUTAE 3MIHCHUTH TPH
[[bOMY BEJMKY KUIbKICTh IONEPEYHUX KOJMBaHb. [lpn
UPOMY  Tepiogy  MOMEPeYHHX  KOJUBaHb  ciabo
3MIHIOIOTBCSL TIPU 3MiHI HOYATKOBUX IIBHIKOCTEH Ta
3MilIeHb, TAKOX Pi3HI 32 BEJIMUYMHOIO MOMEPEUHi IO Oci
Koyio0a IIBHIKOCTI a0 BIUIMBAIOTH HA CEpelHi
MIOB3/IOBXKHI MIBUIKOCTI pyxy MasTHHKa [10], mo mMoxe
CBITYaTH TIPO BIJHOCHY HE3ANEKHICTH IONEPEYHHX Ta
MIOB3/I0BKHUX KOJMBAaHb MasgTHHUKA y #o01001 SATIL.

PosrisiHeMo nokmagHime omHE Take OOepTaHHS
MastHuKa y xkono0i SATII (puc. 2,a) Ta iioro @] 3a
MOBHUH  000OpOT, TOJNIOBHHY Ta YBEpPTb 00OPOTY
obepTaHHa MasTHHKA Yy k0700i. J{nst moBHOTO 060pOTY
MasTHHKA (puc. 2,0) 6aunMo 3aMiCTh eiIca CKIamHi, 3
0araTboX JOAATKOBHX MaJMX €JIINCIB 1 MEeTeIb KPUBI Ha
Jiarpamax i, TOMy JIETIIE PO3TJIIHYTH iX OCOOIMBOCTI
U1 4acTok mnepioxy obOepranns. ns @DJ] Basidi
30UIBIIIEHO MacmTald Mo oci Y, 10 J03BOJIsIE Kparie
pO3MIIAHYTH  jmeTaimi  (QOpMyBaHHS  €INCiB  Ta
TICEBIIOCTINCIB Ha miarpamax. baunmo, mo s mapHOTo
qpclia IONMEPeYHHX KOJMBaHb 3a IIOBHHUH 000pOT
MasTHUKa (1, = 22), miarpamy 3a BABiuUi OUIBIIMI yac
(puc. 2, 06-2) MOXHa OTpUMATH ii J3€pKaJIbHUM
BigOoOpakeHHIM 1010 ocel X abo Y.
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Puc. 1. Enintuyni KoauBaHHs MasTHUKA B 5051001 SITIT npu mouaTkosii meuakocti v, = 0,772 m/c: a - Tpaekropis, 6 - OJI, 6 —
3D/, e — P Ta ®AM s nouatkoBoro 3mimeHHs x, = 0,3 m ta mapamerpa ATII ¢ = 0,05.
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Puc. 2. Konusanus mastHuka B xon006i ATII npu noyatkosiil msuakocti v, = 0,0701 m/c, nist napameTpis x, = 0,23 M, ¢ = 0,04 ta
n, =22: a - Tpaekropis, 6 - ®J] 3a mOBHUI 000POT, 6 — 3 MOJOBUHY 1 2 — 3a YUBEPTh 00EPTY MasTHUKA.
Baunmo, mo @1 (puc. 2, B) mo oci ¥ MaroTh metdi HasBHICTb TOMEpeYHUX KonuBaHb. Lle BimOyBaeThCs
0 BUCOTI, Ta 1X MiCIle BU3HAYAETHCS iX PO3TANTYBaHHIM TUM IIBUALIE, YUM MEHLIE YMCIO IONEPEeUHHUX
Ha Li# oci, a TOMy NPUYMHU TOSBHU €JINCIB Ta NETeb KOJIMBaHb 3a 00epT y 5k071001 Ta MEHIIa iX aMILIITyAa.
Tpeba MIyKaTH Ha TPAEKTOpisX. EKCTpeMatbHUM TOYKaMm BuHukae muTaHHS, 9d MOXXHa ToOyayBatu DJ]
TPAEKTOpiil y3MOBXK BepTHKaIbHOI oci Y (puc. 2, a) Tak, 00 MOOAYUTH BCi MOMEPEdHi KOIMBAaHHA Y
BIJINIOBIZAIOTE HYJBOBI IIBUJKOCTI V), 0 ma D], ko001 ATII wa HIM, Hampukian, y 3aleKHOCTI
MaKCHUMYMH LIBUJIKOCTIL CIIOCTEPITatoThCs IS MIBUJIKOCTI Bifl pajiycy (BiJ MoYaTKy KOOpIMHAT oceit
TIOJIO’KEHHS MIHIMYMY MOTEHIANY X, — Ha 3eJIeHIl JIiHii. X Tta Y), mid SKOro TONEpPEeYHI KOJMBAHHSA y BCIX
IToku HACTymHHMH MIHIMYM TIONEPEYHOTO KOJIUBAHHS HampsiMKax sk Ou onHakoBi? Paniyc, 3BH4aiiHO,
MEHIIUI 3a HACTYyMHUH MaKCUMyM Ha TpaeKTopii, MO3UTHBHA Ta OOMEKEHA BEIMYUHA, 3aT€ MU MOXKEMO
IIBUJKICTH 3MIHIOE CBIM 3HaK 1 MU OaunMoO ejirncu adbo nobaunTH BCi enmincu Ha DI, y TOMyY YuCIi U1 MaJux
MeTIIi MK IMMU eKCTpeManbHUMH Toukamu Ha D] (puc. 3MillleHb, TOONMM3y oceill koopauHat, siki Ha @F]
2,2). llpu n3epkanbHOMY BinoOpaskeHHI 1010 oci Y (s MIEPETBOPIOIOTHCS HA XBUJI.
MTApHOTO YHCIIa MONEPEYHNX KOJIHMBAHb 7,,) 1Bl 3yCTpPidHI Tomy pami ©Oyno moOynmoBani @/ He Bix
neTii chopMmyroTh mceaoenine, a ®JI sk Ou poOUTh BEJIMYUHHU 3MileHb 1o oci, a ®J] Bix paxiycy (PIP).
BipTyanbHEe TIICEBAOCTINTHYHE KOJNHBAHHA (pHUC. 2,8). bymm mo6ymosani /1P st mBuaKocTeit mo ocsx Vi(r)
AHaJOTI4HI TIceBIoeNincH 6aunmo i momo oci X (puc. 2, i Vyr) Ta Takok A MOBHOI WIBMJAKOCTI V'
0-8), X049 1 3HAYHO MEHIII. ﬂK. TULKA - TPAEKTOPist (V= ,Vx‘z +V72), AiKa AK i pajtiyc 3aBAIM NIO3HTHBHA —
[IOYMHAE€ MOHOTOHHO CHaJaTH, 3MiHA 3HAKa IIBUIKOCTI ’ ’ i
IPUIHHAETBC 1 meTni 3HHMKaroTh, KpuBa OJ[ crae e monyneMm. ®IIP r(V) i V\(r) zaiimaiors mno isa
MOHOTOHHO CIIQJalouol0 XBHWJIEK, HE 3Barasich Ha KBaJIpaHTH Jiarpamu. Binsuaunmo mo mBuakocti Vi,
Bicnux Hayionanvnoeo mexuiunozo ynieepcumemy «XI1I». 35
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Ha 3®/] (BikHO 6) Ta D/IP (BikHO 2) Oynu cipsMOBaHi 3a
CBOIMH OCSIMH, Ha BiqMiHy Bix D/ — BiKHO 6. 3aeXHICTh
V(r) — nue @] Bin monyniB BenuuuH (OAM) — 3aiimae
OIIMH KBAJpaHT, SKUH 3MIHOIO 3HAKIB IUIA HUX [-V(-1)]
nepeHeceHuii Ha rpadiky (LEHTPaTbHOCUMETPUYHO) 3
TepIIoro y BiUTbHME 3-ff KBajgpaHT miarpamu (puc 3.2),
xonip ®ZIM Ha rpadikax yepBoHuid. [upuHu BCix mux
JiarpaM OJIHAKOBi, BOHH 3QJIC)KUTh BiJl TIOYATKOBHX
YMOB, BEJTHYMH MAaKCUMAJIBHOTO 1 MiHIMAJILHOTO pajilycCiB
JUTS TIOTIEPEYHHX KOJMBaHb. 31 3pOCTaHHSAM ITOYaTKOBHX

MIBUJKOCTI 1 3MINIEHHS MasTHHKA LIMPUHA OO0JIACTi
KOJIMBaHb y k051001 SATTI 3BU4aiiHO 301IBIIYETHCS.

Ha puc. 3 HaBezneHo aiarpaMu AJsl JaHUX HA PHC.
2, ajie Ha YOTHPH BikHa, K Ha puc. 1. i mpoctoTn Ta
HAOYHOCTI MOPIBHSAHHSA JAiarpaM Ta ix ocoOmmBocTel 3
iX TpaekTopi€lo, i 3a YMOBM MiHIMI3aIlil NpH IIHOMY
BCIIMKMX Ta CHUMETPHUYHHUX BHUXIJHUX JaHUX JUIS
BEJIUKOi KIUIBKOCTI TIONIEPEYHUX KOJMBaHb 7, = 22,
TpaekTopii Ta iX JiarpaMd HaBeJEHI I YBEPTI
nepioxy oOepTaHHS MasTHHKA B XKOJIOOI.

V() y(Vy), Vy(x), y(Vx), V), Vy(r) o Ve

0.2 0.2 0.2 <>

0.1 0.1 0.1

0 0 0
01 041 0.1 v
02 02 0.2

02 01 0 01 02
02 01 0 01 02 02 01 0 01 02 02 01 0 01 02
a 9] 8 2

Puc. 3. Konupanus masThuka y xoi06i SITII 3a usepTh nepiony obepra. Bikua: a - Tpaextopis, 6 - ®JI: Vi(x) ta y(V,), 6 — 3®/I:
Vi) iy(Vy), e = OOP Vi(r) i r(V,) Ta ®AM -V(-r). (IlapameTpu KOIHMBaHb — IUB. Ha PHC. 2).

Jnst @11 3D/1 (puc. 3, 6-6) 6auumo, 1110 EJINCH Ta
MIETJI CTIOCTEPITAIOTHCS MPH TUX KE 3MIMEHHAX 10 OCSIX,
xo4a momepeuHi ammiityan ans x(V) ta y(Vy) B ix
HMIBUJKOCTEH wacto npotunexui (min(V;) < max(V))).
Hus 301  (puc. 3,6) Oaummo, 1m0 100IM3Y
MaKCUMaJbHUX 3HAa4eHb OCi Y MBUIKICTH V, criovaTky
HE 3MIHIOETBCS, a MOTIM ITOYMHAE KOJUBATHUCS MOOIU3Y
miel BeNMMYMHM, IO TOBOPUTH NPO 30epexeHHs il
cepeiHbol BEIMYMHU TMOONM3y oci Y mijg 4ac pyxy
B310BK skono0a. IMorim mBuakocti V, i V), mpoxoaars
4yepe3 Hylb I0YaTKy KOOPIHMHAT IPH HEepPeTHHI oceid X
abo Y, # nami UeHTPaTbHOCUMETPUYHO 3MIiHSATH 3HAKH
BEJIMYMH, aHAJIOTIYHO JI0 pHC. 4,8.

Jdus ®JIP (puc. 3,0) 6aunMMo 3aMKHEHI ENIlCH
MOTIEPEYHHUX KOJHMBaHb. BauuMo NeBHY CXOXKICTh KPHUBHX
st mBuakocteit s GJIP (puc. 3,2) i 3O (puc. 3,8),
Xo4ya KONbOpH WX KpuBUX pi3Hi. Kpusa ®JIP V(7)
crpaBa sk O6u po3TsarHyra Ha 3D Vy(x) m0 moyartky
koopauHat (puc. 3,8), IO TIOB'S3aHO 31 3MIIICHHSIM
IOJIOKCHHSI MOMCPEYHHUX KOJIMBAHb B3IOBXK kK0JI00a TIpH
Mepexo/Ii BiJl 3MilIeHb 0 oci X 10 pajiycy TpaekTopii.
TakuM yuHOM, moIpoOuLi (OpMyBaHHS KOMIIAKTHUX
eminTnaHux KpuBux mist /[P mobpe momitHi Ha 3D/
AHanoriuai nmoapoOHIll BUIHO 1 JUIsi BEPXHBOI KPHBOL
®JIP na 3®J] — B3moBx ii oci Y. Jlngd mapHOrO Ymcia
nonepeyHux konusaub (n, = 22) 30/ 1 ®/IP 3a nepion
HIyTh MOBTOPHO y HAMPSAMI 3a CBOIMHU X KPHUBHMH a00
cUMETpUYHO (puc. 2, 6-g), Burasa 3anexHocti DJIP
SIKICHO He 3MiHIOeThcA. Y 3-My KBajapaHTi (puc. 3.2)
06aynMo YepBOHY KpuBY 3anexxkHocTi ®JIM V(r), BoHa
KOMITaKTHA 1, ajie Ha JKallb, 9aCTO JIa€ MajJo JOTATKOBOI
iHpopmarii. OOHyseHHs BenuuuH V Ta r Ha DM
MoxumBi y Bumaaky HK; a ansg HeBmopsakoBaHuX i
CCKTOPHUX KOJIMBaHb — JIUIIE 33 IIBUIKICTIO V.

Jnst mopiBHAHHA 3 pHUC. 3, Ha pHC. 4 HAaBEJCHO AaHI
3a obopor y komobi SATII mis HemapHOro YHCTa
MOTIePEYHHUX KoNuBaHb (1, = 17). bauumo BigcyTHiCTH

cumerpii giarpam y(V,) i Vi(x) (puc. 4,6) BigHOCHO oci ¥
HOpPiBHSHO 3 puc. 2,6 1 po3aBoenHs y(V,) Ha JBi rinku
100 OcCi Y, 3pOCTaHHs YHCa eiNciB, MeTeNb 1 XBUIIb 3a
MOBHUH TIepiosy oOepTaHHsA, MOPIBHAHO 3 pHC. 2,
BigcyTHicTs ncespoeninciB. Jus 3D/ y(V,) Oaunmo ii
[EHTpaJIbHy CHMETPil0. BelmunHu Ta HanpsMu TeTelb
Ha 11 KIHIAX 3ajeKaTh BiJ MOJIOKEHb MIiHIMyMIB a0o0
MaKCHMyMIB TONEPEYHNX KOJHMBAaHb TPA€KTOPIH Ha IX
ocsax. Jusa 3D Vy(x) 6aunmo and 1 KpaliHiX TOYOK IO
oci X, mo kiani #Ha 3®J], 0OyMOBICHI MONEPEUHUMU
KoJuBaHHsIMH (puc. 4,a): A MakCUMyMy (IIpaBoOpyd)
KiHenp MIe Ha30BHI Big MOYAaTKy KOOpPAMHAT, ISt
MiHiMyMy (JiBopy4) BiH ¥ae Bcepeamny 3D/ — y
HampsMi JI0 TT0YaTKy KOOpAHuHaT (puc. 4,6).

Y xomobi moTeHIiamy WOONMHM3y HaWMEHIINX
MOYaTKOBUX  IIBUJAKOCTEH  MasTHHKAa  BHACHIJOK
HELEHTPAIBHOCTI CHJI Il JJBOYACTOTHOTO MasiTHHKA
9acTO CIOCTEPIraroThesl CEKTOPHI MOMepeyHi KOIUBaHHS
[10], sixi cumerpuuHi moxo oci X. Ha puc. 5 mokasani
HAWIPOCTINI KPaTHI CEKTOPHI KOJMBAHHS, a HA pHC. 6 —
KOJIMBAHHS MTOOJIM3Y MaKCUMAJIBHOTO CEKTOPA KOJIMBAHb,
JUTS Kpamoi iXHbOT HAOYHOCTI — 3@ YBEPTh MEPIOAy IHX
kosiuBaHb. bauumo, mo ®J] ra 3D (puc. 5) ansa HUX
MalOTh BUIJISA Ay)K€ BiAMIHHMKA Big CTaHZApTHOTO
emirncy. Jns 3D/ V,(y) 6auuMo TIOABOEHHST YaCTOTH 1O
oci Y («BiciMKa», ny, = 2) anxd V. yepe3 mnojpiiiHe
MIPOXOKEHHS MiHIMyMY TOTEHITIaTy 3a OJJHE KOJHBAHHS
no oci Y. ina ®J] Vy(y) 6auuMo BiICYTHICTb HEPETSIKKH
Ha BiJMIHY Bijl «BiciMUI» Vy(y), OCKLIbKU MIBUAKICTH V),
Ha oci X HeHynboBa (puc. 5,0). Takox BHACIIIOK IIOTO
6aurMO CX03Ki HE3aMKHYTI eJtincu s giarpam i3 Vi (x, r)
(puc. 5, 6-2). Takox cxoxi miarpamu V,(x), Ta V(r), X0
X mBHAKOCTI Ha rpadikax moBepHyTi Ha 90° (puc. 5,0 Ta
5,2). g CEeKTOpHHUX KOJIMBaHb OaynMoO OOHYJICHHS
mBuakocTi V' = 0 gnsg @AM V(r) y TyNHKOBUX TOYKax
pPO3BepHECHHS KONMBAaHb B3aJ: Ha pHC.S — I
30BHIIIHBOI TOYKU TOTMEPEYHUX KOJIMBaHb, Ha PUC. 6 —
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Uil 000X TOYOK IIMX KOJUBAHB 3a PaAiycoM, 1€ MaeMO
MPAaKTUYHO TOBHE TallbMyBaHHs MasTHHKa Ha 000X

Mexax o0macTi konuBaHb y k0001 SATII.

V(x), y(Vy), Vy(x), y(Vx), H(VX), V(1) . V(-
0.2 0.2
0.2
0.1 0.1 0.1
o 0 o
01 01 =01
02
nz 02
03
-0.2 ] 02
0.3 03
-0.2 0 0.2
a 9] 8 2

Puc. 4. Konusanus masrauka y xos1060i SATII mpu novarkosill mBuakocti v, = 0,1 m/c a1 napamerpis x, = 0,25 M, ¢ = 0,05, n, = 17.

V(o) (V)

Vyix), y(Vx) ; r(Vx), Vy(r) ¢ -V |’—r}r

Y-X 05 0.5 0.5
0.4
0.2
0 0 0 0
02
04
04 02 0 02 04 . w5 5%
05 0 05 0 05 05 0 05
a 9] 6 2

Puc. 5. Haiinpocrimmi cekTopHi KoluBaHHs MasTHUKa B k01061 SATII npu nouatkosiil mBuakocti v, = 0,1445 m/c ans napameTpis

X, =0,1m,¢=0,04,n,=2.

V(x), y(Vy), Vi), y(Va), r(Vx), Vy(r),, V(1)
0.4 0.4
0.2 0.2
o 0
02 02
0.4 0.4
0.4 0.2 o 02 04 -0.4 0.2 0 02 04

6 2

Puc. 6. CextopHi konuBanHs MasiTHHKa B x051001 SATII 3a moyarkosiii mBuakocti v,, = 0,144 m/c aus napamerpis x, = 0,3 m, ¢ = 0,1.

Ha pmc. 7 T1a 8 mnokasaHi, KpaTHI YOTHPHOM,
MOTICPEYHI KOJUBAHHS: 3 MAKCUMyMaMH (pHC. 7, X, > X,;)
Ta MiHIMyMam Ha OCSX MasTHHKa (puc. 8, x, < X,).
Baunmo, 1o ixHi giarpaM# y BiKHAaX IO OCSX IOIApHO
aHaJIOT1UHi, X0U 1 MOMITHO PI3HATHCS B NIETASIX, OJHAK
JUTSL UX JTBOX BUITAJKIB BOHU 3HAYHO Pi3HATHCA.

VY pa3i HagBHOCTI B TPaeKTOpili MaKCHMyMiB Ha
ocsix (puc. 7,a) XpuBi, a B3HAYUTh 1 MIBUIKOCTI,
MOHOTOHHO CIa/Iat0Th Ha ocsAx X Ta Y 1o Hymnst. Tomy He

crioctepiraerbes emrciB i merens Ha DI 1 3D/1, nume
s GJIP maemo metini. bauumo, mo aiarpamu mo ocsim
MOTIAPHO aHAJIOTIYHI, a HEeBeNMKa IX BIAMIHHICTE —
BHACJIIOK aHi3oTporii cuil no ocsix. baunmo, mo 3P]]
3HAYHO HEIiHIHHI BHACHIZOK aii 3HAYHUX MONEPEYHMX
cuit y xomo6i ATIIL. s 3®J] ta ®JIP cnoctepiraemo
«30BHIIIHI» KiHII, 3yMOBJEHI HAfBHICTIO MaKCHMYMIiB
JUISL BIIXWJICHB TI0 PaJiiycy Ha 000X OCsIX.

Bicnux Hayionanvnoeo mexuiunozo ynieepcumemy «XI1I».
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- Vx(x), y(Vy), Vy(x), y(Vx), r(Vx), Vy(r),, V(r),
0.2 0.4 0.4 0.4
0.2 0.2 0.2
0 0 0 0
02 02 02
02 04 0.4 0.4 %
06 06 06
0.2 0 02 0.5 0 0.5 0.5 0 05 0.5 0 05
a 9] 8 2
Puc. 7. Konusanns mastHuka y #0001 SITIT npu nowatkosiii msuakocti vy, = 0,320 M/c a1s napametpis x, = 0,3 m, ¢ = 0,05, n, = 4.
i Vx(x), v(Vy), Vy(x), y(Vx), r(Vx), Vy(r),, V(1),
0.2 0.4 0.4 0.4
0.2 0.2 0.2
0 0 0 0
02 02 02
02 04 04 0.4
06 06 06
0.2 0 02 0.5 0 0.5 0.4 02 1] 0.2 04 0.4 02 1] 0.2 04
a 9] 8 2

Puc. 8. KonuBanns mastHuka y 5051001 SITIT npu nowatkosii meuakocti vy, = 0,501 m/c as napamerpis x, = 0,15 m, ¢ = 0,04, k= 2.

VY pasi HagBHOCTI B TPAEKTOPiil MIHIMyMIB Ha OCSIX
(puc. 8,a) KpHUBI MalOTh MAKCHMYMH TTOONIN3Y KYyTiB +55°,
a Ttomy Ha D] crocTepiraloThCs eminck Ta XBuii. J{is
3®/] ta ®/IP cmocTepiraeMo MOBEPHEHI «BCEPEANHY
KIiHIIl JiarpaMm, TOPIBHSHO 3 puc. 7, 1m0 OOYMOBIICHI
HasBHICTIO MiHIMYMIB Ha OCSIX JUIS BiIXHWJICHb MasTHHKA
1o pazaiycy. Jliarpamu y HUX TaKOX MMOTAPHO aHAJIOTIYHI,
X04Ya aHI30TPOIIs CHJI MO OCAX y HUX OinbIla, HDK Ha
puc. 7, mo BuaHo it ]I 3a pi3HUICIO PO3MIpPIB EIICIB
o ocsix. Ha ®JIP a7, < 4 3BuuaiiHo 6a4rMo meTi —
Ha puc. 8§ — MO OJHIH y IIEHTpi, Ha pHC. 7 — MO JIBi, IO 3a
noBHUK 00epT y k05001 moaBoerbes. st @AM V(r)
(puc. 8,2) 0auuMoO PpO3JBOEHHS KPUBUX TIPH R,
BHACJIIZIOK CHJIBHOI aHi30TpOMii BETUYMH MIBUIKOCTEH i
3MIIEHb JUII TOYOK BHYTPIMIHIX MIHIMyMIB st
TPAEKTOPIi, 1110 MOMITHO Pi3HATHCS MO ii ocsiM (puc. 8,a).

31 mOJaIbIIUM 3POCTAHHSIM TIOYaTKOBOI IIIBHIKOCTI
MasTHUKA Ta HaOJMKEHHSIM 10 KpuTu4Hoi Touku STII,
3pocTae MBHAKICTE y Komobi 1 ToMmy Tepiox
MO3JI0BXKHBOTO O0OCpTaHHS Ta KIIBKICTh MONCPEYHUX
KOJIMBaHb y HbOMY 3MEHIIyeThcs — 71, = 2...4. Ix ®]I,
3®]] ta ®JIP sikicHO He 3MiHIOIOThCS, alie DJIP craroTh
MEHIII CXOXKIMH Ha EJIICH, a CKOpiIlle Ha MeTi.

OKpeMUM BHUIAIKOM KOJHMBaHb y sx0i06i STII €
CTHCHYTI B3HOBX oci Y emintuuHi Tpaektopii (pue. 1),
IO XapaKTePH3YIOTHCS HAWIPOCTIMIMMHE, 03 HasBHOCTI
MIOTIEPEYHNX KOJIMBAHb (HYJIBOBOI aMILTITYH) Y 5K0JI001
SITTI, TpaexTopisiMu Ta aiarpamMamu, TpU KPaTHOCTI BCiX
ix wactor Ta ¢a3. I3 HAOMIDKEHHAM IOYaTKOBOTO
3MimeHHss x, A0 wminimyma STII x, movatkoBa
MBUJIKICTh MasTHUKA JUIA [UX ENINTHYHUX TPAEKTOPii
3MEHIIY€EThCSA. AJsie Il HOoro HalMEHIIMX IMOYaTKOBUX

MBHUIKOCTEHl CcTa€ MOMIMBOIO TIOSIBA  CEKTOPHUX
koymBaHb y 05001 SATII (puc. 5 u 6).

[Ipu  mojmampmIOMy  3pOCTaHHI  MOYATKOBOL
MBUJIKOCTI MasTHHKA, B HWOr0 KPHUTUYHIA TOWII

KIHETUYHA €Heprisi MasTHUKA CTae€ OUIbIIE TOTCHIIHHOT
Oap'epa Ha oci 3B’s3ky B STII, BHyTpimHS Mexa
xomoba, Ta W pa3oM 3 HUM BIH caM, 3HHKAE Ta
KOJIMBAaHHS TI0 OCSAM CTalOTh HEOOMEKEHHMH Ta
nBouyactrothumu HK (puc. 9) [10]. [lana Tpaexropis
6mm3bka 1o ¢irypu Jlicaxxy 3 BiJHONIEHHSM YacTOT MO
ocsIX My, = 5/4. ®J] cranu 6inpi GIM3PKMMU 10 €IIINCIB.
Hesenuka HecuMerpuuHicTh nojoBuH P (puc. 9,0), 3
MPOBAJIOM OLTI MaKCHUMyMy IIBHJIKOCTi, TOB'I3aHa 3
OMM3BKMM  TMOABIMHIM  TNPOXO/KCHHSAM  MIHIMyMY
xoso00a STII. baunMo 3Ha4YHE YCKIaIHEHHS iarpam B
o0ylacTi [ABOYACTOTHUX KOJIMBaHb, oco0muBo 3DJI 1
OLP. Axuro 3D]] V),(x) sAKicHO cX0kKa 3 TPaeKTopi€lo, Te
30 y(V,) 3HaYHO YCKIAJHWIACH BHACTITOK OLIBIINX
3MiH y k01001 JuIsi OUTBII HU3bKOYACTOTHOT MIBUIKOCTI
V.. Ui niarpamu moapiOHi no ¢iryp Jlicaxy, ame OinpIu
CKJIQJHINI  BHACNIJIOK TOSIBI 3HAYHUX BKJIAIIB Yy
MBUAKICTh BiJl CWJI, L0 AIFOTh IiJ] 4ac IMPOXOJUKCHHS
xomoba SITII. Obmacti xommBane it 3D/] y Bunanaxy
HK, sx 1 ans TtpaekTtopiil, cTaiu OJMU3BKUMHU JI0
MPSIMOKYTHHX, OCKUTBKH OOEpTaHHS MasTHUKA HaBKOIIO
oci Z BinOyBaloThCs B 000X HaNpsIMKaXx.

B o6macti EIIK (puc. 10) xommBaHHS TO OCAX
BiOyBawThes, K 1 B k0001 SATII, Ha omHil 4YacToTi,
paniycd JUisi TOYOK TPAEKTOPiil 3pOCiy, 3BHYANHO 7 > X,
Ta r > X,,. Jlani Tpaekropii Ta ix giarpamu chopmMoBaHi 3a
I'STh MepiofiB KonmBaHb. OO0IacTh KOIMBAHb 3aMiCTh
KPYTOBOI cTaJjia eIINTHYHOI, BUTSTHYTOK B3I0OBXK OCi Y,
stk 1 st konmuBanb y [ICC [12]. 3amicTs eminciB Ha ®/IP
06auuMo IS MOTIEPEYHHUX KOJUBaHb (V) TUTBKU TETIIi.
Buacnigok HasBHOCTI mpenecii mis ETIK maemo 7, < 2.
Jis @JIM 6aunMo TPaKTHYHO JIHIHHY 3aJIKHICTb, IO
MOJKHA TMOSICHUTH THM, IIO IIi TPAa€eKTOpii JexkaTh mo3a
MiHimymy STIT — r > x,,, 1 TOMy 3MEHIIICHHS IIBUIKOCTI
micns i1 MakCUMyMy TIPH X,,, 0€3 HasBHOCTI NEPETHHY
miuii MmiHimymy STIT x,, Hemae. Bkiamum BuImx
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rapmoHik st ¢a3 B EIIK 3menmmmnucs nopisasiao 3 HK,
MIPUIOMY TSl BHCOKOYACTOTHOT MOJIH KOJIUBAHb 110 oci Y

V,(r) Bonu HabaraTo MeHILIi.

Va(x), y(Vy), Vy(x), y(Vx), r(V), Vy(1),, V(-1),
1.5
'
0.5
0
05
-1
-15
-1 0 1
[ e

Puc. 9. HK mastuka y sx01061 SITII npu nouatkosiit msuakocti v, = 1,744 m/c qns napamerpis x, = 0,25 m, ¢ = 0,05, , n,, = 5/4.

Ocobmueum  BumagkoM  EIIK e eminTwyHi
TPAEKTOPil, 10 XapPaKTEPU3YIOThCS HAUIPOCTIIMMU
TPAEKTOPISIMU Ta JiarpaMaMH¥ ITPH PiBHOCTI IX 4acTOT 110
ocsM. Ha Binminy Big xonuBasb y sxo0n00i STII (puc. 1),
eninTuaHi Tpaekropii y obmacti EIIK e BuTyrmyTHMHN
B30BX oci Y.

Vx(x), y(Vy) P

IIpr mMoYaTKOBHX 3MIIICHHAX MAasTHHKA X, > X,
Oinpmiux 3a mojoxeHHs MiHimymy STII, ymoBu
koymBaHb He Bimpizusrorees Biax EIIK B TICC [10]. 3a
MaJIMX MMOYaTKOBUX 3MIllICHb MasiTHUKA (X, < X,,) BEJIUKa
MOJKJIMBICTh HEBIIOPSIKOBAHUX OOEpTaHb MasTHUKA Yy
xomo0i STII.

iy, y(Vx), r(Vx), V() ,, -Vir)

A

-2

2 -2 -1 o 1 2
2

Puc. 10. EIIK masTnuka y 01001 SITII npu nouarkosiii msuakocti v, = 2,003 m/c a5 napametpis x, = 0,2 m, ¢ = 0,04.

Oo6roBopeHHs pe3yJabTartiB. HasBHrictb
morniepeyHnx KoiuBaHb y skonobi STII mpmssema mo
mosiBu Ha DJ] 3HAYHUX OJATKOBHX JIOKAJBHUX CJIICIB.
Ha @/ criocrepiraroTbest emincu ado MeTini MiX TOYKaMu
MaKCUMyMIB Ta MIHIMyMiB CyCiJHIX 3yO0iB «IIIeCTepEHb)»
TIOTIEPEYHHUX KOJIMBAaHb TPAEKTOPIH ISt BiAMOBITHOI Bici
11 3MimeHp. BennyrHa moyaTKkoBOi MIBHIKOCTI BU3HAYAE,
JUISL  BUMNAAKYy  HAWMEHIIMX  HIBUJAKOCTEH, 4MCIIO
MOMEPEYHUX KOJUBAaHb 3a 000poT y »xomodi SATII.
AMITiTyga HmomepeyHuX KOIHMBaHb C€abo BIUIMBAE Ha
BEJIMYMHY 1 YHCJIO EJINCIB Ta MeTesib. Y BCIX IHIINX
BHITIQJIKAX MU T0Oa4nMo et abo xBuii (puc. 2,8), ki
OyAyTh TUM MEHIIUMH, YAM BOHH OJVDKYI JIO TIOYATKY
oci st 3mimenns Ha ®JI. Ix monoxenns Ha Bici BKa3zye
Ha ixHe Micie (koopauHaTy) Ha Tpaektopii. Komu
MIOTIEPEYHHUX KOJIMBAaHb Maso, Maja iX aMIUTiTyJa i KOJH
TOYKH TPAEKTOPIl 3MCHIIYIOTHCS MOHOTOHHO BiJJHOCHO
BiCi, ETTI 3HUKAIOTh Ta 3JHIIAIOTHCS JIHIIE XBUII (pHUC.
7). Tomy 9uCIIO TOJAATKOBHX €IIIICIB HA cTaHaapTHIA DJ]
3aBXKAM MEHIIE BiJ KUTbKOCTI TOMEpEeYHUX KOJIMBAHb 3a
000pOT MasiTHUKA HABKOJIO OCI.

ITin uyac OOroBOpeHHs pe3yabTaTiB PO3PAXYHKIB
HEOOXITHO PO3TIIMTH O0JIACTh MAJIMX NIBHIKOCTEH Ta
005acTh IIBUAKOCTEH, OLTBIINX 3a KPUTHYHY — KOJIH

JIONMAEThCST TOTEHMiWHWI Oap'ep Ha oci 3B'A3Ky. Y
MepIIoMy  JOKPUTHYHOMY  BHIIAIKy  KOJHMBaHHS
MPOXOAATH Y KinbiieBoMy k011001 SATII, i uacto ocHOBHY
KIHETHYHY €HEprilo 3a MaJlMX MOYaTKOBMX IIBHKOCTEH
Ta BEJIMKUX MOYATKOBUX 3MILIEHb MAasTHHKA MOXYTb
MaTH IOTIepeyHi KOJMBAHHA. Y PYyroMy 3aKpUTHIHOMY
BUMAAKy KONMBaHb - coocrepiratotees HK, ski
MIPOXOAATH Y TPSIMOKYTHOMY HPOCTOPI, IO TEPEXOIUTh
31 3pOCTaHHSAM HIBHJKOCTI B ENINTHYHUNA TPOCTIp IUIA
EIIK, ananoriuno [10]. B o6macti EIIK BimHOIIEHHS
NepioNliB  TO3JOBXKHIX 1 TOMEpPeYHHX KOJMBaHb CTa€
OJMM3BKUM IO JTBOX 1, 32 YMOBaMH PyXY, Il KOJHBAaHHS
Terep (i3UYHO 3B'A3aHI, HE € HE3AICKHHUMH 1 TOMY
HEMae TIOJIBOEHHS YHCIA CTYINEHIB CBOOOMM JUIA ITNX
KonuBaHb, K y k01001 ATII. Jna EIIK BmiauB cun y
xomo6i  STII wacTo 30BCIM BIiACYTHIH, OCKITBKH
TPAEKTOPIT NPU 1[bOMY 3BUYANHO MPOXOJATH 32 PajilyCoM
nami mirimymy STII x,, (puc. 10,a).

JInst CrIoCTepeKeHHS eIINCIB IS BCIX MOMEePeYHNX
KOJIMBaHb MAasiTHUKA OyJIO 3alpoOlOHOBAHO TOOY/IOBY
OJIP (puc. l,e, 3...10,e). Y 3akpurnuniit obmacti HK ta
EIK s ®AP V,(r) (puc. 9., 10,2) 6aunmo, 1m0 30BCiM
3HUKJIM eJIIICH Ois MoYaTKy KOOpAWHAT, SKi paHilie B
HUX cnoctepiranucs (puc. 3...8,2), xoua ans OJIP V. (r)
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netii me 30epernucs. B obnactsax HK ta EIIK ponb cun
TaJIbMyBaHHs TMOOJIM3Yy TMOYaTKy KOOPJIWHAT 3HAYHO
3MCHILWIACS, MBUIKOCTI V moOnu3y oci KojuBaHb (0ci
3Bs'3Ky) Benmki (puc. 9,2, 10,2). Tpaextopii mepectamu
TIOMITHO BUTWHATHUCS Yy HAMpPSIMKY BiJX OCi, a TOMY HeTi
s Vy(r) mobnausy noyaTky KoopAauHaT 3HMKIH. Kpim
toro, et ®JIP nepecranu OyTH ONMyKJIMMH, CKOpilIe
CTaJM SIK OW 3BOPOTHHMH, 32 MOMIEPEIHIM IIISIXOM, SIK Ha
®JIM. Ile, 5K 1 BiICYTHICTD €JIINCIB Ha JiarpaMax, MOXe
TaKOXX CBIMYATH MPO T€, IO TOIMEPEYHI KOJIMBAHHS B
obmactsx HK ta EITK nepecranu OyTu He3aleKHUMHU.

Iepexin no ®/IP mo3BOJsIE OTPUMATH EIINICH ISt
BCIX MONEPECYHUX KOJIUBAHB ISl MAIUX, TOKPUTHYHUX
IMBUAKOCTEN Ta BBa)KaTH, IO JaHl E€IIIICH € JOKa30M
ICHyBaHHS HOBHUX HE3aJICKHUX MONIEPEYHUX
o0epTallbHIX KOJNMHUBaHb. [ 3aKpUTHYHHUX IIBHIKOCTEH
MOYKHA TOBOPHUTH IIPO 3HUKHCHHS ITOIIEPEYHIX KOINBAHb
SIK HE3aJIe)KHUX. TOMy eJNCH Ta TMeTi, SK MOBHOLIHHI
OJIP HOBUX KOJMBAJIBHUX O0EPTAIBLHUX MOJ, MOXXHMO
CIIOCTEpiraTH JINIIe y 00JIacTi JOKPUTHYHUX MOYATKOBUX
IIBUIKOCTEN.

@®/IM moka3ye Ha CKUIBKH CHMETPUYHI TPAaeKTOpii
BinHOCcHO MiHiMyMy STII x,, Xo4a BOHa 4acTo He Hece
nonatkoBoi iHpopmauii, nopiBasHo 3 ®JIP. OnHak Ha
HI{ 9iTKO BHJHO MEXIi 3MiH BEJIMYMH PAJiyCiB BiIXUICHb
TPACeKTOpii Bill MOYATKY KOOPJHHAT Ta BEJIMYUH ITOBHUX
MIBUJIKOCTEH, HASIBHICTh HA TPAEKTOPISX TOUOK 3YMUHKH
(V' = 0). Indopmauis nmpo HasiBHICT TOYOK 3YMUHKH Ta
noBepHeHHsT MasTHUKa Ha @DJ[M  mposBiseTbes K
HasIBHICTb TOYOK 3 HYJHOBOIO IIBUKICTIO Ha 3aJIeKHOCTI
V(r) mis HEX Ta TP MaKCHMaJbHOMY BiIXMJICHHI
MasTHHKA MPH LBOMY BiJ] MiHIMyMYy MoOTeHIliana. BoHn
MOXYTh crioctepiratucs aist HK, cekTopHHX KOJHMBaHB,
JUTSL HEBIOPSIKOBAHUX KOJIMBaHb ITOONN3Y TOYOK 3MIHU
HampsiMKy oOeptanHA. Anme mmt HK mHa kpaTHRX
YacTOTaX TOYKHM 3YHNHHKU KOJHMBAHb y Ps/i BUIAJKIB, a
TAaKOK 3a MajWii 4Yac MOJETIOBaHHSA, MOXYTb OYyTH
BincytHiMu. Jlns HK 3a Oinpmivii yac MOJeTrOBaHHS
YUCIIO KPUBUX 3pOCTAaE W TOMY CTarOTh  OLIBII
MOXITHBHMH TOYKH 3 7 =~ () IPH MPOXOJKEHHI TPaeKTOPil
MasiTHAKA TIOOM3Y TI0YaTKy KOOPIUHAT.

3rylieHHs TPAEeKTOPii IMONMEpeYyHHX KOJIUBAHb
nobmm3y oci Y, mopiBHAHO 3 Biccio X (puc. 2.,a),
MOB'SI3aHO B MEPINY Yepry 3 OUIBII BHCOKOK YacTOTOIO
KONMBaHbh II0 I OCi BHACHIZOK MEHIIOI JIOBXKHHHU
JBOYACTOTHOTO  MAasTHHKAa (MOMEHTY iHepIii Uit
MOJIEKYJIH) 10 Il oci. [ caMuxX Manux TMO370BXKHUX
LIBUAKOCTEH BHACTIJOK HELCHTPAIBHOCTI CHJI MOXE
CIIOCTEpiraTucsl TalbMyBaHHS 1€l MIBUAKOCTI MasTHUKA
nobnu3y oci Y, 1 HaBiTh HOro 3yNMUHKH IS CEKTOPHHUX
(puc. 5, 6) ta HeBmopsakoBaHMX KonmuBanb [10]. B
pe3ynbTati mobm3y ocell MasTHHKA CIIOCTEPIraTHMEMO
KOJIMBaHHsI MOOIHM3Y HOTO «BIACHUX» YaCTOT, a TaKOXK
KOJIUBaHHSI HA MMPOMDKHUX YaCTOTaX MiX HUMH [4].

3acrocyeMo ofep)kaHi pe3ynbTaTH 3 KOJIHMBaHb
JIBOYACTOTHOTO MAasTHHKA JO PO3MIISAY OCOOIMBOCTEH
KOJIMBaHb MOJIEKYJ BOAM Yy iX peanbHomy ATII.

OtpumaHi  pe3ynpTaTH  CBig4aTh, IO Yy
JOKPUTHYHOI 00JIACTI KOJMBAaHb MOJIEKYJ BOAU MOKHA
TOBOPUTH TIPO HASBHICTh HE3aJNESKHUX IOMEPEIHUX
KOJMBaHb MoJeKyn B ko001 SATII, sk mpo HOBI cTyneHi
CBOOOIM, IO BEOyTh JO AHOMAIBHOTO 3POCTaHHS
BeJIMYMHM TemnoeMHocTi Boau C, = C, = n'R, ne R =

8314/18 = 462 JIx/(xr-K) — nutoma ra3osa crajia BOJH,
1 — YUCIIO CTYIEHEeH CBOOOIM MOJEKYNH (KONMBAIBHUX
mon). [lepexin KonuBaHb y 3aKpUTHYHY 00J1aCTh BeJe 10
BIICYTHOCTI ~ BHYTPINIHBOI ~MEXi  «BIIOWUTTS»  JUIA
MOTIEPEYHUX KOMUBaHb y k07001 ATII, mo Benme sk a0
3HUKHEHHS JK0JI00Y, TaK I IINX KOJMBAaHb Y HHOMY.

3HUKHEHHS MONEPEeYHUX KOJMBaHb y #komobi SATIT
y 3aKpHUTHYHIN 00JacTi Bege 10 3MEHIICHHS KiJTbKOCTI
CTYIEHIB cBOOOIU (KOJMBATIBHUX MOJI) MOJIEKYJI BOJH 32
PaxyHOK BiJICYTHOCTI ITUX KOJMBAHb K HE3AJIEKHUX, 10
Ma€e BECTH 10 3MCHIIICHHS BEJIMYHUHU TCIUIOEMHOCTI BOAU
3 HarpiBaHHAM. OJHAK I[LOTO HE CIIOCTEPIraeThes i TOMY
1ed GakT MOXKe CBIIYUTH PO BiJCYTHICTh 3aKPUTHYHOL
obmacTi KONMBaHb I MOJEKYT BOAW. ToMy MOJKHa
3pOOUTH BHCHOBOK TNPO HAsBHICTH IOCHTH BHCOKOTO
noTeHiHoro Oap'epy B STII Ha oci 3B'I3Ky, mIO
MIEPEIIKOKAE TTOSIBI 3aKPUTHYHOT 00TaCTi KOJIMBAHB IS
MoJIeKyJT Bou. Lle Moxe TOBOPHTH MPO MOKIMBO JICIIIO
Oinpmry BenmuumHy mapamerpa SATII ¢, mpo iioro
MokimBe 3poctanHs 10 ¢ = 0,15 ... 0,2 mua ATIT (2).
Bennunna nporo mapamerpa abo iHIIOTO aHAJIOTTYHOTO
mapaMeTpa, 10 Beje IO MOSBH MaKCHMyMy IOTEHITIaTy
MOJICKYJIM Ha OCi Ta MIHIMyMYy MOTEHIIATy MOJICKYJIH
IpU BENUYUHI KyTy BUTHHY BOIHEBOTO 3B'SI3KY,
HalCKOpillle BU3HAYAETBHCS B3AEMOJISIMH  MOJICKYI,
TEMIIEPaTypol0 CHCTEMH i, MaOyTb, JOCHTHh IIOCTilHa,
Xo4ua HaM 3apa3 i HeBinoMa. MOXJIHBe, IO BOHA MOXE
JIeTI0 3MIHIOBATHCS 3aJIeKHO BiJ yMOB KOJHMBAHb I
KOHKPETHOI MOJIEKYJIN.

[Ipy BUHHMKHEHHI HOBHX KOJEKTHUBI30BaHHX MOJI
KOJIMBaHb MOJICKYJI, BOHH TIOBHHHI MaTH €HEpTilo, II0
ponopuiiiHa aOCcoNMOTHIN Temmeparypi, Ta BiAMOBiAHY
HCHYJIBOBY IIOYAaTKOBY IIBHIKICTb, NPHYOMY TEIUIOBI
eHeprii Ui BCIX MOJ KOJHMBaHb TIOBHHHI OyTH
CTATUCTHYHO PiBHUMHU. TOMY MIBHIKOCTI Uil KOJWBaHb
MOJIEKyJT MaloTh OyTH MOPIBHAHHMH, a CEpelHi eHeprii
BCIX MOJI KOJIMBaHb, Y TOMY YHCIIi HOBHX TIO3JIOBXHIX Ta
nonepevyHux y xono6i ATII, piBHUMHU.

KonuBaHHS 3 MaTMMU TTOYaTKOBUMH BiIXMJICHHIMH
(x, < x,), T Yac MOJEIIOBaHHS, YacTO BEAYTH JIO
HECTIMKMX Ta HEBIOPSAKOBAHUX KOJHMBaHb, HAMPUKIAI
puc. 8, KO MaHi TpaeKTopil OyM MOJIyYeHi JIUIIe TPU
k = 2. Tomy 1ocTae nuTaHHs, SIKi IOYATKOBI BIAXUJICHHS
MoJIeKy i Tpeba BBakaTH OLIbII peanbHuMH. [lix ygac
OTPUMAHHS  HA/UIMIIKOBOTO  IMIYJBbCY  MOJICKYJa
TIOBMHHA 3a3HATH OJHOYACHOTO BIUIMBY CTHCHEHHS BiX
cyciaiB. [Ipu 11boMy 3B'SI3KM MOJIEKYJIM MOBHUHHI CHUJIBHO
BUTHYTHCS TI0 KYTY, OCKUIbKA MUTTEBUI MOIYJb 3CYBY
3HAYHO MEHIIE MOJYJISi CTUCHEHHS, OCOOJIMBO B PiJIMHI.
ToMy mOYaTKOBUI KyT, 1 BiJANOBIIHE BIIXUICHHS
Monekynn  Big MiHimymy STII, mpu MonemtoBaHHI
MOBMHEH 3BHYAalfHO OyTH IOYAaTKOBO OUTBIIMM 3a
cepeaHiil KyT BUTHHY 3B'SI3KY, TOOTO X, > X,

ITpu BUCOKHX TeMIlepaTypax BHACIIJOK TEILIOBOTO
PO3IIMPEHHST 3MCHIIYIOTBCS CHJIM TSDKIHHS TIPOMIDK
MOJIEKyJIaMH, AaHAJOTiYHO eHeprii akTtuBamii [2]. A
BHACTIJIOK 3POCTaHHS aMIUTITY BCIX KOJHMBaHb MOJICKYII
TaKOX HEMOJXIIUBO TOBOPHTH PO 30EpEIKEHHS CTaIOCTI
IUX CWI y dYaci. Benuki aMIuniTynId KOJMBaHb Ta
GbykTyalii cu 3B'S3KiB MU HArpiBaHHI MPU3BEIYTH 10
MIBAJIKOIO HENIHIAHOrO 3MEHINEHHS IUX CHI |,
3pEIITO0, HASBHOCTI MOCTIMHUX PO3PUBIB 3B'A3KIB MiXK
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MOJICKYJIaMH 1 IOBHOTO 1X PO3PHBY Ta 3MCHIICHHS LUX
CHWJI IO HYJIS TIPH KPUTHYHINA TeMIepaTypi BOJIH.

[MpukiazoM YHUCTUX TIO3JOBXKHIX KOJUBAaHb Y
xono6i SATII e crucmmit eminc (puc. 1, a). Ilonepeuni
KOIIMBAHHS MOJICKYJI y TaKOMY CJIICi BHHUKAIOTh
YHACIIIOK B3aEMOJIIN 13 CYCIIHIMU MOJIEKYJIaMH Ta 3 iX
KOJNMBaHHAMU a00, y MO, i3 MOJANIBIINM 3POCTaHHIM
BEJIMYMHHU ITOYATKOBOT MIBHKOCTI MasTHUKA/ MOJICKYIIH.
Te, mo nepioan odepTaHp y 01001 IpU [OMY Maiike
He 3MiHIOTEC [10], MOXe TOBOpUTH TPO Tepenady
MIOYaTKOBOI €HEeprii MasTHUKa/MOJIEKYJIH 10 MOTMEPEUYHUX
KONMMBAaHb MOJICKYNL. OCKIIBKM IMIyJNBCH T 9ac
B3aEMOZIIH MOJICKYJI 00yMOBIIEH1 Hacamnepes
TEMIIEPATypOI0 CHUCTEMH, TO EHEprii MUX IOMEPEeUHHUX
KoJMBaHb y 5051001 SATTI, 1m0 3'SIBAATHCS BHACTIOK IIHX
B3a€EMOJIif, TaKOXX TIOBUHHI BIAMOBINATH CeperHIM
TCIUIOBUM. A TOMY MOJXXHa TOBOPHTH IIPO HAasBHICTBH
YMOB JUIS KOJICKTHBI30BaHOTO 30y/PKCHHS Ta iCHYBaHHST
HE3aJICKHUX MO3J0BKHHUX Ta IOMEPEYHHX TEIIOBUX
KOJIMBAHb MOJIEKYI BoAHU y ko001 SATIL.

[TinbuBaroun migcymMku aHamizy Bcix ®J] ta OJIP
MOKHAa CTBEP/UKYBATH, IO BEJIWKE YHCIO CTYICHIB
cBO0O/IM Y MOJICKYJ BOJIU, SIKE OJlep)KaHe 3 BEIMYHMHHU ii
termnoemHocti n = C,/R = 9, MOHa TI0Ka3aTH fK:

-0.95

1
0.4

0.4

— 3 crymeHsi cBOOOAM — TPAHCISILIHHI KOJTMBaHHS
0 TPHOM OCsIM KoopAHuHAT (3akoH J[romonra Ta I1Ti),

— 3 + 3 cryneHs cBOOOAM — HE3aJICKHI MO30BKHI
Ta TTorepedHi 00epTaIbHI KOJIMBAHHSA MOJICKYJIN BOAU Y
k071001 STII 3a TppoMa i ocsiMu 0OepTaHHSI.

IneanizoBaHna KapTHHA TpaeKkToOpil MasTHHKA Ta
BIJMOBIAHI TPAa€EKTOPil aTOMiB BOAHIO MOJEKYJ BOAM
HABKOJIO OCi 3B’SI3KY JIJISl KpaTHUX KOJIMBaHb (1, = 10) y
MPOCTOPI HABKOJIO OcCi Z, moka3aHa Ha puc. 11. Takox Ha
PHCYHKY ITOKa3aHO XY-TIPOCKIls TpaeKkTopil MasTHHUKa,
noJjoxeHHs1 koja MiHiMymy STII Ha HIWKHINA TUTOLIUHI
PUCYHKY, 110 aHajoriuHi 1o puc. 1...10,a. [1ns HaouHOCTI
pUCYHKa YHCJIO MONEPeYHUX KOJUBAHb MAasTHUKA, iX
aMIUTITYM, MacmrTad oci Z CKopimie Jemo 3aBUIleHi,
MOPIBHSHO 3 YMOBaMH KOJIMBaHb, IO ICHYIOTH JUIS
MOJIEKYJT BOJIH.

Skmo panime B [2] BBaXAJIOCh IO Pe3yJIbTyIOUi
TpaekTopii 0O0epTanbHUX KOJIWBAaHb ATOMIB BOJHIO
MOJICKYJl BOJAM HABKOJO OCEd 3B’s3KiB € Koiamu abo
eurcamMH, To Ha puc. 11 nmani Tpaextopii obepTaabHUX
KOJIMBaHb MOJICKYJ Yy TIpOCTOpi OyiaM BTOYHEHI
HasBHOCTIO TIOTIEPEYHUX KOJHMBAHb AaTOMIB BOJHIO Y
Xoy1001 HoBOro moteHmiawy Moiekyn — STII ma mix
SNUNTHYHUX TPAEKTOPIsX.

X-Y-Z

-0.4

Puc. 11. IneanizoBaHa TpaekTOpis MONEPEYHNX KOIUBAHb MasTHHKA (aTOMa BOJHIO MOJIEKYJIH BOJH HABKOJIO OCi 3B’A3Ky) Y IPOCTOPI

Ta 1i XY-npoekuis a7 No4aTKOBMX mapaMeTpis: x, = 0,3 M, vy,

Jlana ineanizoBaHa KapTHHA KOJIMBaHb y »K0JI001
STII BiamoBimae KpaTHUM MO YacTOTaM KOJHMBAHHSIM
aToMa  BOJHIO  MOJICKYJIM BOJM  HAaBKOJIO  OCi
MDKMOJIEKYJIIPHOTO 3B'I3KY B ITOCTIIfHOMY 30BHIIITHEOMY
moji cwi. BBaxkarounm MOJICKYJly BOAW IKOPCTKOIO,
aHAJIOTIYHI KOJIMBAHHS Ma€ 3IMCHIOBATH W IPYTUH aTOM
BOJTHIO MOJICKYJTM HaBKOJIO BIIACHOT oci 3B'a3Ky. OmHaK B
CWIIy BiIMIHHOCTI TIOTEHLialiB IO OCSAM 3B'A3KiB,
BHACIIIZIOK ~ PI3HOTO  OTOYEHHS CYCIIHIX  MOJIEKYJI,
BiACTaHEH 10 HMX, iX 3MiH y Yaci uyepe3 KOIMBAHHSI
CYCITHIX ~ MOJIEKYJl, HAsABHOCTI CYyCITHIX  BOJHHX
KJIaCTepiB, KOJIMBAHHA MOJEKYIH BigOyBaTHMYThCS B
JESIKOMY ~ CEpellHbOMYy IO il 4YOTUPbOM  3B'A3KaM
MOTEHIaal mois Cui. Bce 1ie 10JaTKOBO BECTHME JI0
PO3IIMPEHHS YaCTOTHOTO CIIEKTPa KOJIMBaHb MOJICKYJIH B
#051001 SATII, ocoGnrBoO 3 ypaxyBaHHSIM HasgBHOCTI y Hel
TPBOX BJIACHHUX 0OEPTABHUX YACTOT MO OCSM MOJICKYIIH
Ta IX JOJATKOBI Bapiamii d9epe3 yMOBH CYCiTHBOTO
ortoueHHA. OCKIUNBKM CcepefHi MIBHAKOCTI JUII aTOMIB
MOJIEKYJH BOJM TOBMHHI OyTH TEMJIOBUMH 1 TOMY
JOCHTh BCJMKHAMH, YHCIO IIONEPCYHUX KOIUBAHb Y
#0710601 SATII, y MiHiMyMi MOTeHIialy, 3a MOBHUI 00epT

=0,197 m/c, ¢ =0,08 Ta n,=10.

HaBKOJIO oci He Moke OyTn BenmmkuM [10], 1k Ha pHc. 2,
Haickopime, n,=2...6.

Posrisinaioyn Bei TpY MOKIIMBI BapiaHTH KOJHBAaHb
JIBOYACTOTHOT'O MASITHUKA Ta MOJIEKYJIM BOIH 3 il TppOMa
MOMEHTaMH iHepiii Ta i3 11X BIJIHOIICHHAMH K,
OIIEpPXKMMO, IO TOBHI CHEKTPH KOJHMBaHb TOBUHHI
MICTUTH BCi TPH BJIaCHI YaCTOTH MO OCSM 1 MPOMDXKHI
YaCTOTH KOJHMBaHb MDX HUMH. BiibIl HHU3bKOYACTOTHI
MOB3/IOBXKHI 00epTaibHI KoJWBaHHA B koyo0i STII
MOBUHHI JIaBaTH J0JATKOBO BHECKHU B CIICKTPH KOJHUBAHb
MOJIEKYJT BOAM 3a OUIBII HHU3BKHX Temreparyp. Llei
UIAPOKHI CIIEKTP KOJIMBAHb MOJICKYJ BOJH, [UIS MOJEII
nBouactoTHoro MastHuka B STII, 3 ypaxyBaHHAM
MOXKJIMBOTO OTOYCHHS Ta KOJHMBaHb CYCIJHIX MOJICKYI,
J00pe y3ro/KYEThCS 3 HASBHICTIO IMUPOKOTO CIICKTpa
YyacToT Ji0pauifHuX KOJUBaHb MOJIEKyT Boau [1]. Skmro
o0epTaJibHI KOJIHMBAaHHS OJHOTO aTOMa BOJHIO MOJICKYJIH
BOJH MOXYTb OyTH ABOBHMipHHMH, 33 JBOMA CTYMiHAMU
cB00O/IH, TO 13 BpaXyBaHHSAM KOJHMBAHb ii APYroro aroma
BOJHIO, 33 TETPAEJPUYHUM KYTOM HOT0 3B'S3KY, MOXKHA
YeKaTH, o OyJie aBTOMATUYHO 3aJIisiHA i TPETs CTYIIHb
cB00OIM U1l 00ePTATBHUX KOJIMBAHb MOJIEKYJIH BOJIH.
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3BepHEMO yBary Ha MOJJIMBICTb iCHYBaHHS HOBHUX
KOOTICPaTHBHUX KOJMBAHb MOJICKYJ y BOJI B 1i piIkoMy
CTaHi, Ha YMOBH CTIMKOCTI aMIUTITyJl KOJIMBaHb MOJIEKYJ
BOJIM 13-32 BTpAT €HEeprii KOJMBaHb BHACHIJOK HAsBHOCTI
€JIEKTPOMArHiTHOTO BUIIPOMIHIOBAHHS i Yac KOJMBAHb
il TOCUTh BENHMKHX JIOKAIGHUX 3apsiiB ¢ 3 YaCTOTOI @
Ta aMILTITYJI010 A, 1110 onucyeThest hopmysnoro [13]:

Epuy =A° ¢’ /3¢ 3)

Bracnigok MajyocTi MOMEHTIB 1HEpII MOJICKYIIH
BOJIM Ta BEJMKHX €HEPTiil MDKMOJIEKYIAPHUX 3B'I3KiB, iX
obepTalbHi YacTOTH y JIbOJAI BHCOKI, MOPIBHSIHO 3
TpaHcsALiitHnMH [1], i TOMy BOHHM IIBHIKO 3aracarTb. Y
BOJIi, TIOPIBHSHO 3 JILOJIOM, BHACIIIOK OCIIaOJCHHS CHII
3BSI3KIB Ili YAaCTOTH CTAlOTh MEHII BHCOKOYACTOTHHMHU.
XoYa aMIDTTYyJu KOJNUBaHb A 3pOCTalOTh, aji¢ BIUINB
4acToTu OyJie MOCTIHHUM 1 TOJIOBHHUM.

OCKiIbKA BHUIPOMIHIOBaHHS €Heprii o0epTalbHUX
KOJIUBAaHb JIOKAIBHHUX 3apsiiB MOJCKYIHM BOAW IICIIs
IUTABJICHHS 3HAYHO 3MCHINYETHCS, KOJNUBAHHS MOJICKYII
CTalOTh MEHII 3aracar04yvMH, OUIBII IOB'I3aHUMH MIX
cO00I0 MEXaHIYHO, a TaKOX IEPEBUIIPOMIHIOBaHHSIM.
Tomy obeprambHi KOIMBaHHA MOJICKYT y PiIkiii Boai
CTalOTh HE3aracaroyrMH HOBHUMH KOJICKTHBI30BAHUMHU
MOJIaMH{ KOJIMBaHb, 110 BEAYTh JJO 3HAYHOT'O 3pOCTAaHHS il
TeroeMHocTi. [Tpy ofepskaHHi 30BHIIIHIX IMITYJIbCIB Bi
CyCiliB  MOJIeKylna OTPHUMYy€ BEIUKY IIOYaTKOBY
aMIUTITY/ly KOJIMBaHb, SKa, MPUXOASYH JIO PIBHOBArH,
3aracae IpoIopIiHO A°. Moxua O4iKYyBaTH, 1110 i1 Yac
6araTo4acTOTHHX OOEepTATBHUX 3B'S3aHUX KOJIMBAHb
MOJIEKyJla BOIM Yy CEpeJHhOMY Oyme  Oinblie
BUIIPOMIHIOBaTHIME HAa BHIIIX YacTOTax Ta Oiiblre
OTPUMYBATH CHEPTil0 MEXaHIYHUX KOJHMBaHb Ta CHEPTilO
BHITPOMIHIOBAHHS BiJl CYCi/liB HA HUKYIH 4aCTOTI.

BracTuBOCTI BOIM B HAHONIOpaX MOXKHA OYiKYBaTH
OJIN3BKUMH JIO BJIACTMBOCTEH «3B'si3aHOi» Boau. [lificHO
B [5] BCTaHOBJIEHO, MIO ii TEINIOEMHICTH y HAHOMOpPAaX
punie 0 °C Biamosinae 3akony dromonra i ITi Ta Brpuyi
MeHIla, HDK y 3BHYaiiHOI «o00'emHOI» Boau. lLle
MiATBEp/XKYE Haml MipKyBaHHS [2] mpo Te, IO Yy
HAHOIIOpax, SIK W y «3B'sA3aHiil» BOJI, CIOCTEPIraloThCs
HalluacTile JuIle TPaHCIAiiHI KOJMBAHHS MOJIEKYI 1
3a3BHYai 4aCTO MOBHICTIO MPUTHIYECHI CYCITHIMH, OiTbIIT
BeIMKAMH 32 pPO3MIpOM, MOJEKylIaMH oOepTaibHi
KOJIMBaHHS MOJICKY BOAM. TOMy TEIUIOEMHICTH B
XapUuOBUX MPOAYKTaX, L0 3BUYANHO MiCTATH 10 90% abo
OiTbIIIe BOJIM, IECh BIBIYYl MEHIIIA HIXK Y BOJIH.

Bignosiguno mo teopii EAT edekr, ananoriuamit
TOSIB1 Y BOJIi P OXOJIOJDKEHHI «BOJIM HU3bKOT I'y CTHHID)
— 13 3pocraHHSAM 1 00’eMy, € 0OyMOBICHHM
BHIPSIMJICHHSIM Y TIEPEOXOJIOJIKECHIN BOJII, PH HU3BKHUX
TeMmreparypax BOAHEBUX 3B'si3kiB. Tomy HasBHOCTI
JKOJTHOT 1HIIIOT KOMIIOHEHTH Bou — « BHI» He moTpi6HO.
Tpeba posymitu, 1o 3pocTaHHs 00'€eMy BOAM TIPH
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9%}

OXOJIOJDKCHHI 3yMOBJICHE 3MEHIICHHSIM aMIUTTYJ Ta
HACTYMHHUM 3aracaHHiM IIpU IbOMYy OOepTaIbHUX
KOJIMBAaHb MOJEKYJI, BUIPSMICHHIM MIKXMOJICKYIIIPHUX
3B'SI3KIB Ta 3HAYHUM POCTOM CHJI BiIIITOBXYBAaHHS MIX
CIIEKTPOHIMH OpOITASIMI CYCIAHIX MOJICKYJN BOAH Y
BOJIHEBHX 3B’SI3Kax y JIbOJI.

ITpoBenenmii aHami3 (a30BUX [iarpaM KOJNHMBaHb
MasitHuKa B SITII roBopuTh, IO MPHUIYHICHHS Y POOOTI
[10] mpo Te, mo momepeuHi komuBaHHS B k01001 SATII
MOYKHA BBa)KaTH Al MOJEKYJT BOJU HOBUMU MOJAMHU
KOJICKTUBI30BaHUX O0EPTAIBHUX KONMBAHb MOJEKYI
BOJAM Ta iX HOBHMH CTYIEHSIMH CBOOOIM, IO JAIOTh
BHECOK Y BEJHUYHHY ii TEIIOEMHOCTI, MOXKHAa BBa)KaTH
NpaBWIBHUM. AJsie 1e Oyzae BIpHUM TUIBKH  JUIA
JIOKPUTHYHOT 00J1aCTi KOJIMBAaHb MOJIEKYJ BOJH B JKOJI001
STIL Lle, BianoBiaHO, MOTPeOy€e ICHYBaHHS BEIUKUX 10
BeIMYMHI moTeHHiHuX Oap'epiB  ATII Ha ocsax
MDKMOJIEKYJIIDHHX 3B'I3KiB B MOJICKYJI BOAU Y BCHOMY
TeMIIepaTypHOMY Jiana3oHi ii pigKoro cTaHy.

BucHoBku

1. Burmsn yecix @] ta 3®DJ] koimMBaHb y HOBOMY
SATIl 3HayHO 3MiHUBCS Ta YyckiaaaHiBcs. HasiBHiCTBH
MOTIEPEYHNX KOJMBaHb MAsATHHKA TPH JOKPUTHIHUX
[IOYaTKOBUX HIBUAKOCTAX IPHU3BEIO A0 mosABU Ha DJ]
3HAYHUX JIOJIATKOBUX JIOKABHHUX EIIICIB, OCOOJMBO
no0nu3y MakCHUMalbHUX 3MilleHb MO OCSM, IO
MEepexoaTh y TeTdl Ta XBWII 3a MaJUX BEIUYUH
3MIIEHD 110 OCSM.

2. 3anponanoBani /[P 103BONSIOTH MOOAYNTH HA
nmiarpami Bci emimen a0o meTNi AT MONEPEYHHX
komuBaHb y komobi ATII y o6macTi DOKPUTHYHHX
MIBUAKOCTEH. VY  3akpuUTHYHIA  00NacTi  KOJMBaHb
morepevHi KonuBaHHSA y xomo6i  STII me3aroTs,
MepeCTaroTh OYTH HE3aJICKHUMH, i TOMY CJIICH ISl HUX
Ha ©/IP Tex BiACYTHI.

3. TifbKHM B JOKPUTHUYHIN 00J7aCTi KOJMBAHb, JIUIIE
B k01061 STII momepeuHi KoNMMBaHHSA MOJEKYNT BOAU
MOXXKHA BB@KATH HOBHMH HE3QICKHHMH MOJAMHU
KOJMBAHb, 10 IPU3BOIATH IO 3POCTAHHA BEIWYMHH Il
teroeMHocTi. OgHaK U1 UbOro HeoOXinHO, 100 yci
KOJIMBAaHHS MOJIEKYJl BOIU TPOXOIWIM TUIBKA B
JMIOKPUTHYHIA 00JIaCTI KOJWBaHb, MO0 MOTEHIIHHUI
Gap'ep Ha OCSIX 3B'SI3KiB MOJIEKYJ Y BOJi B PiAKOMY CTaHi
HE 3HUKAaB Ta HE JI0JIaBCs 3a BCiX ii Temmeparyp.

4. AHOMAJBHO BENMKE YUCIO CTYNEHIB CBOOOIM y
MOJICKYJl BOJHM, 110 BHUIUIMBAE 3 BEIUYUHU il
TETIOEMHOCTI # = 9 MOXHA TPEJCTAaBUTH IK: 3 CTYIEHI -
TPAHCIIALIAHI KOJIMBAHHS 10 OCsAM Ta 3 + 3 - He3alnexHi
MO370BXKHI Ta momepewHi B komo6i SATII obepranbHi
KONIMBAaHHS MOJICKYJI BOJM 32 TpPhOMa OCAMH IX
o0OepTaHHs AJIST MOJIEKYJT BOJIH.

Popl J.A. Proc. Roy. Soc. London, 1951. V. A 205, 163.

4. bepcykep 1. b. Edexr flma — Temepa Ta BiOpOHHI
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5. Mallamace, F., Corsaro C., Fazio E., Mallamace D. et al.

Specific Heat and Transport Functions of Water / Int ] Mol
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B. I. JMUTPEHKO, I10. I'. JA4YEHKO

MIABUILIEHHS 3MAIYBAJIbHUX BJACTUBOCTEN BOJHOTIJTMHUCTUX BYPOBUX PO3UMHIB
g 9AC NOXUJIO-CKEPOBAHOI'O TA TOPU30OHTAJIBHOI'O BYPIHHSA

VY po6oTi mpencraBieHi pe3yNbTaTH CSKCICPUMEHTAIbHHUX MOCHIIKEHb aHTH(GPAKUIfHUX BIACTUBOCTEH IPUPOJHUX POCIHHHUX OJiil: PHIUHOBOL,
KOHOIUISHOT, ParcoBOl, CO€BOi, TipYMYHOI, COHSLIHMKOBOI Ta KyKypya3sHol. HaBeneHo pes3ynbTaTH HOCHIAIB, 110 JO3BOJISIOTH OLHWUTH BIUIMB
JOCIIKYBaHUX IIPUPOTHAUX OJNiH Ha ITapaMeTpH IPiCHOTO, MiHEpali30BaHOTO Ta COJICHACHICHOTO BOJOTINHICTOrO OYPOBOrO PO3UHMHIB, TAKHX SIK T'YCTHHA,
PEOJIOTiuHI Ta CTPYKTYPHO-MEXaHi4Hi BIACTHBOCTI, piBeHb pH, moka3sHMK (inbTparii, TOBIIMHA Ta JIMIKICTh TIMHUCTOI KipKH, KOe(illieHT 3MalllyBaHHS.
ExcnepuMeHT OylI0 NPOBEIEHO 3 BUKOPUCTAHHSIM METOAMKH AMEpHKaHChKOro HadToBOro iHCTUTYTy (3a cranmapramu API). BcranoBieno, mo y
NPICHOMY PO34MHI HAWOINbII e(EeKTHBHO BHUSABHIM 3MAllyBalbHi BIACTUBOCTI parcoBa oulisi B KOHUeHTpauisx 1 i 3 % Ta coHsAIIHMKOBa oIil B
koHIeHTpanii 1 %, y MiHepanizoBaHOMY PO3UHHI — COHSIIHHKOBA OJis KOHIEHTpamnieio 0,5 % Ta parcoBa ollisi KOHIEHTpaIi€eio 3 %, B COICHACHICHOMY
po3unHi — parcoBa o KoHLeHTpauiero 1 %. Jlo6aBKM COHAIIHMKOBOI OJii IMOKa3alM 3aJOBUIBHI pe3ysbTaTH TECTYBaHb JHUINE AJIS NPICHOro i
MIHEpalTi30BaHOI'0 BOAOMIMHUCTUX PO3UYMHIB. [IOPIBHSHO 3 COHSIIHMKOBOIO OJIIEI0 PAIicoBa OJIisl BUSIBMIA ceOe MpU JI0JaBaHHI 0 BCIX JOCIIPKYBaHHX
3pa3kiB po3urHiB. MOKHA 3pOOMTH BUCHOBOK, III0 BBEICHHS PArCcoBOi 0Jii 3a0e3neuye 3a10BiIbHI aHTH(PAKIIIHHI Ta TEXHOJIOTIYHI TTOKAa3HUKH JUIS BCIX
THITB PO3YHHIB, TOMY SIK OCHOBY 3MalllyBaJbHOI JOOABKU 0OpaHO parcoBy oJit0. TeXHONOTiYHO JOIIIbHI KOHIICHTPALil Ol 3HAXOAATHCS B Jliana3oHi Bif
1 mo 3 %. 3a muX KOHIGHTpAIiil OJii MEHIIO MIpOI0 BHABIIOTH HETaTHBHHN MOOIYHHII edeKT, 30KpeMa Ha CIIHIOBAHHS DPO3YHHY, PO3UMHU
XapaKTepH3YIOTHCS CTa0IIBHOIO B Yaci KOHCHCTEHIIEI0 Ta MOKPAIIYIOTHCS iX 3MalllyBalibHI BIACTUBOCTI. Po3po0iieHo cKiTaa 3MamlyBaibHOI 100aBKH Ha
OCHOBI parncoBoi oJii U1t 0OPOOKH Pi3HUX THITIB BOZOTJIMHUCTUX OypOBUX PO3UHMHIB HA BOJHIi OCHOBI.

KurouoBi ciioBa: GypoBuii BOZOTTIMHUCTHI PO3YMH, POCIMHHA OJIisl, HOBEPXHEBO-aKTHBHI PEYOBUHHU, Koe(illieHT 3cyBy (JIUMKOCTI) (inbTpauiinoi
TJIMHUCTOI KipKH, KOe(iIlieHT 3MalllyBaHHs, MACTHUIIbHI BIACTUBOCTI.

UDC 62-403:001 (477)
V.1 DMYTRENKO, YU. GR. DIACHENKO

INCREASE OF THE LUBRICATING PROPERTIES OF WATER-CLAY DRILLING MUDS DURING
INCLINED AND HORIZONTAL DRILLING

The paper presents the results of experimental studies of the antifracturing properties of natural oils: castor, hemp, rapeseed, soybean, mustard, sunflower,
and corn. The results of the experiments are presented, which allow to evaluate the effect of the studied natural oils on the parameters of fresh, mineralized
and saline-saturated water-clay drilling mud (density, rheological and structural-mechanical properties, pH level, filtration index, thickness and stickiness
of the clay crust, lubrication coefficient). The experiment was conducted using the methodology of the American Petroleum Institute (according to API
standards). It was established that in the fresh solution, rapeseed oil in concentrations of 1 and 3 % and sunflower oil in a concentration of 1 % showed the
most effective lubricating properties, in a mineralized solution - sunflower oil with a concentration of 0.5 % and rapeseed oil with a concentration of 3 %,
in a saline-saturated solution - rapeseed oil with a concentration of 1 %. Sunflower oil additives showed satisfactory test results only for fresh and
mineralized water-clay drilling mud. Compared to sunflower oil, rapeseed oil showed itself when added to all the tested samples. It can be concluded that
the introduction of rapeseed oil provides satisfactory anti-fracture and technological indicators for all types of solutions, therefore rapeseed oil was chosen
as the basis of the lubricant additive. Technologically appropriate concentrations of oils are in the range from 1 to 3 %. At these oil concentrations, the
negative side effect, in particular on the foaming of the solution, is to a lesser extent, the solutions are characterized by a stable consistency over time, and
their lubricating properties are improved. The composition of a lubricating additive based on rapeseed oil was developed for the treatment of various types
of water-clay drilling mud.

Keywords: water-clay drilling mud, natural oil, surface-active substances, shear coefficient (stickiness) of the clay crust, lubrication coefficient,
lubricating properties.

Beryn. Po3BuTox Ha(TOra3oBUA00yBHOI Ha#0inpln MepCreKTHBHUMH B [IbOMY  BHIAIKY
MIPOMHCIIOBOCTI cripusie COIIaTbHO-CKOHOMIYHOMY ~ BBA)KAIOTBCS ~ TEXHOJOTil, 3acHOBaHI Ha  MOXWIO-
PO3BUTKY Ykpainn i 3a0€3MEUCHHI0  CKEPOBaHOMY, T'OPH30HTAIBHOMY TIIIMOOKOMY OypiHHI Ta
HapOJIHOTOCIOAAPCHKOTO  KOMIUIEKCY  BYIJICBOJHEBOIO  BHKOPHCTAHHI PO3YMHIB 3 TIOKpAIEHUMH (QimbTpamiiHIMH,

CHPOBMHOIO Ta NPOAYKTaMH Ii mepepoOKH, a TakoXX  iHrOYyHYMMH, HOBEPXHEBO-aKTHBHHUMHU 1 3MallyBalbHUMH

CTBOPEHHIO €KCIOPTHOTO MoTeHIiany kpainu [1-3]. TIpote
OCTaHHIM 9acoM Ha()TOra30BUI00yBHA rally3b CTUKAETHCS 3
HHU3KOIO MpoOJieM, sAKi TMOTPeOyIOTh BHUpIIeHHSA. Bemuki
pOMOBHIIa TEPEBaXHO BHPOOJICHI, a HOBI CTPYKTYpH
JIOCHUTh 9acTo TIpe/ICTaBIEH] POIOBHIIAMHI 3
ManoJe0ITHIMI HHU3BKOIPOHUKHAMH  KOJEKTOpaMHu. Y
OaraThOX  BHUIAJKAaX BHJIydCHHS  BYIJIEBOAHIB  0e3
3aCTOCYBaHHS HOBHX TEXHOJIOTIH CTae MpOOIeMaTHYHUM,
HE3BAKAIOYH HAa JOCHTh BHCOKHH pIBEHb TEXHOJOTIH
Cy4YacHOro OypiHHSI.

BJIACTUBOCTSIMH [4, 5].

OmHuM i3 OCHOBHHX (DaKTOpiB, IO BH3HAUAE
YCHIIIHICT, OypiHHS CBEP/UIOBHH, € SKICTh OypOBOTO
po3unHy. BypoBi po3uuHH, SIKi CTAHOBIIATH O OJHI€T M'STOT
Bif 3araJpHOI BapTOCTi OypiHHS CBEpAIOBHH, MOBHHHI
BITIOBIATH TPHOM BaXJIMBHM BUMOTaM: OyTH IPOCTUMH Y
BUKOPUCTaHHI, HE HAATO JOPOTHMMHU Ta Oe3MEYHUMHU IS
JOBKiLIA [6, 7].

IMpu OypiaHi CBep/UIOBHH B OLIBIIOCTI BHNAAKIB
3aCTOCOBYIOTH OypOBiI pO3YMHM Ha BOIHIM OCHOBI, piflie
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BUKOPHCTOBYIOTh IIpsIMy a00 3BOPOTHY €MyJIbCil0 Ha
BYTJICBO/IHEBIH OCHOBI [8§].

Oco0muMBO  BaX/IMBE 3HAYEHHS Mae€ MiATPUMKA
MEBHOTO DIBHA 3MAIlyBalbHUX BIIACTUBOCTEH OypoBOTO
pO3UuHYy opu OypiHHi MIOXUJIO-CKEPOBAHUX i
TOPH3OHTAJIBHUX ~ CBEP/UIOBHH. 3MalllyBajibHI  J100aBKH
3HAUHO 30UIBIIYIOTH TEpMiH pobOTH JOMT U ychOro
OypoBoro oOnanHaHHA. JlocsraeTbess I 32  paxyHOK
3HIDKCHHST CHJIM TepTs Ha BCIX IIOBEPXHSIX KOHTAKTY,
pyxomMux abo mepeMillyBaHUX €JEMEHTIB OypoBOro
IHCTpyMeHTy 1 oOmamHaHHS MDK cO00OI0 Ta 3 TiPCBKOIO
nopogoto [9]. Ilpm 1bOMY 3HHXKYETbCS 3HOLIYBaHHS,
MiJBUINYEThCS TPUBAIICTh EKCIUTyaTallii oOJaTHaHHSA,
3MEHIIYETHCS WMOBIPHICTD YCKIAaIHEHb IPOIeCY OypiHHS
BHACJIIZIOK TPUXBATIB 1 MOCamOK OypOBOTO IHCTPYMEHTY,
3aJIMIIaHHs KOJIOHH OypWiIbHUX TpyO y kojobax i Ha

NISHKaX  BHUKPUBJIEGHHS cBepmioBuHu [6, 10, 7].
[MpomucioBi jmaHi cBiguaTh, IO YacTKa 3HMIKEHHS
BEJIMUMHMA  OHOPIB  PyXy IHCTPYMEHTy B  KOJOHI,

0o0yMOBJIEHa MACTHJIBHUM e(EKTOM, CTAaHOBHUTh MOHAJ
60 % [9, 11].

P03BHUTKOM HayKH IIOJO KEPYBaHHS TEXHOJIOTIYHUMH
mapaMeTpaMn OypOBHX pO3YHHIB, YIOCKOHAJCHHS IX
KOMIIOHEHTHOTO CKJIaly Ta PO3POOKOI0 ONTHMAaIbHUX
peuentyp 3aiiMamcs TaKi JOCITiTHHUKH, K
Axymeme O.0.,  Amagpycsk  AM., Bakynin €M,
Borocnasens B.B., Bacunsuenko A.O., BnoBuuenko A.l.,
Bepcra O.M., BoiitoB B.A., I'aBpunenko H.M., I'ypcekuit
C.A., HaBugenko A.H., Hymns H.A., poroMupenbkuii
AM., XKyran O.A., 3akipoB A.4., 3inbkoB P.B., €pmakos
M. II., KoBanenko B.®., Konkymuy f.C., Koukynuy €.41.,
Kysemenko A.I'., Kynusk S.B., Kycryposa O.B.,
JlurBunenp A.b., Jleuyk K.I'., JIy6an C.B., JIy6an O.B.,
JlamenkoB C.B., Maryn M.S., Maptunenko 1.1, Mucmrox
M.A., Hakoneuna I'.A., Omenpkuit C.O., ITmmmn S.A.,
Mpormmuua B.T., Pancekmit A.Il.,, Pozenrapr A.T.,
Cipenko I'.O., Co6akap T.I., Tumorienko B.A., Turapenko
H.X., Xapie [LIO., Hlepuenxo P.O., Hlykun H.B.,
Spemiitayk LYO., SApemiiiayk P.C. Ta iHmii.

3a KOpIOHOM iCTOpiS PO3BHTKY HAYKOBOTO HAIpPSIMy
3a TEXHOJIOTi€l0 OypiHHS CBEPIUIOBHH 1 OypOBHX PO3UHHIB
MpefcTaBieHa B poOoTax TOBapHUCTBA  IH)KECHEPIB-
HadroBukiB (SPE), myOmikamisx 1970 — 2022-x pokiB
Pomxepca B.®., bo6o P.A., y kuurax I'peit JI.P., Jlapmi
I'C.I'., byproiina A.T., 1OKJIaAHO OIMCaHa B CY4aCHOMY
JIOBITHUKY iHXkeHepa-HapToBuKa Jlaitonsa VY.P., Ilmisra
I'.B., Miryemna P.®., Jleiiko JI.B., a Takox y poborax
TaKuX HaykoBLiB, sk Apaleke A.S., Al-Majed A.A,
Hossain M.E., Holand J., Kvamme S.A., Omland T.H.,
Saasen A., Taugbol K., Jamth J., Beg O.A., Sanchez
Espinoza D.E., Kadir A., Shamshuddin M., Sohail A. Ta
i [11, 12].

Ha weil dac 3amponoHOBaHO 3HAayHYy KiJIBKICTh
3MallyBalbHUX J00aBOK A0 OYypOBHX PO3YHHIB, IPO IO
CBilUaTh YMWCJIEHHI JaHi NAaTeHTHUX 1 JiTepaTypHHUX
JoKepel. 3MallyBalibHI JOOABKH IIPEICTAaBIICHI MIMPOKHM

HaboOpOM Ppi3HUX KJaciB XIMIYHMX CHOJYK: JY)XKHI COJi
METAJIiB KUPHUX KUCJIOT; CKJIaaHI edipH KUPHUX KHCIOT;
XJIOpOBaHi, Cynb(oBaHi, KOHJCHCOBaHI XXUPHI KHCIOTH, a
TaKOX CKJIaJHI CyMIIll NMPUPOAHHMX PEUOBHH, HANPUKIAL,
TYAPOHH POCIMHHMX OIi# Tomo [13].

TecTyBaHHS BeNUKOi  KiIBKOCTI  3MallyBalbHHX
700aBOK y OypOBHX PO3YMHAX PI3HUX THUIIB MTOKA3ao, IO
3MallyBaibHi  J100aBKM MOXYTb OyTH  aKTHBHUMH
KOMIIOHCHTaMH  PO3YMHY, TOOTO MOXYThb HOMITHO
BIUTMBATH HA CTPYKTYPHO-MEXaHIYHI Ta PEOJIOTiuHi (B TOMY
YHCIII THKCOTPOIIHI) BIAaCTUBOCTI PO3YMHY, a TaKOX Ha
BOJIOBiAIady, 110 MOSCHIOETHCA 1X aICOPOLiEI0 Ha MOBEPXHI
TBEpIUX YaCTUHOK Yy po3umHi [14, 15]. OCHOBHUI aKIeHT
MpU  CIIBCTaBJICHHI 3pa3KiB 3pOOJCHO Ha TEPBUHHUX
BJIACTHUBOCTSAX — 3IAaTHOCTI 3MallyBaTh OypoBHH pO3UHMH.
3ManiyBaibHi  100aBKH € HEOOXITHUM KOMIIOHEHTOM
po3uMHY JUIi TPOMHBKH CBEPUIOBUHHM TIpH OypiHHI
HOXHMJIO-CKEPOBAHUX 1  TOPU3OHTANbHUX  TIIHMOOKHX
cBepasioBuH [16].

3apa3 Ha pUHKY TPeICTaBICHUI 3HAYHUI aCOPTUMEHT
BITUM3HSHUX 3MallyBaJbHHUX N00aBOK, Takux, sk CMAJI,
CI', 3COM, EKCTPA-C, CIIPUHT, TPUBOC, KEPTOJI,
KEM®OP MCM, ©K-2000, ®K-2000 [Tmroc JIYBPU-M,
TJINTAJL, TIOJIUTAJL, )XUPMA, CPXXH, BoaHi po3unHn
ITAP Tomo.

Ha croromHinmHiii JeHs 3MallyBaJbHI TOOABKH TaKOX
BUPOOJISIIOTBCSL T2  TNOCTABISIFOTBCS B LIMPOKOMY
ACOPTUMEHTI W TPOBIAHUMH 3apyOLKHUMH XIMIYHUMH
¢ipmamu  (CESCO, AVA, Venture, Ibex, Alpine) Ta
CEpBICHUMH KOMITaHisAMH 3 OypiHHs cBepaioBuH (Baroid,
M-1 Drilling Fluids, Baker, Messina, K-Lube, TEQ-Lube,
Lubristeel, FRW, Lubrital, PolyMudLiquid, ASP 820,
Drill-Free, IK-Lube Ta ixmmi) [11, 12].

SIx 3MarryBanbHi 100aBKH 10 OYpPOBHX PO3UMHIB 1HOM1
3aCTOCOBYIOTh Ha()Ty, IU3eIbHE AINBO a00 KOMIIO3HLIT Ha
iXHil ocHOBI [6].

VY3araJgbHEHHS ~ EKCIIEPUMEHTAIBHUX  JAHUX 1
HAKOIIMYEHOTO  MPOMHCIOBOTO  JOCBITy  JO3BOJIE
copMyTIOBaTH  OCHOBHI BHMOTH, SKHM  IOBHUHHI

BiZITIOBIZIATH 3MalllyBajIbHI JOOABKH. 3MaIlyBaJibHI JOOABKH
NOBHHHI MaTM HACTYIHI TEXHOJOTiYHI BIACTHBOCTI:
HIIBUIIYBaTH MacTWIbHI, IPOTH3HOCHI Ta MPOTHIIPUXBATHI
BJIACTHBOCTI OYPOBOTO PO3YMHY, Y TOMY YHCII B yMOBax
BUCOKHMX KOHTAKTHHX THCKIB Ta TEMIIEPaTyp; HE BUKIUKATH
CITiHIOBaHHS OypoBoro PO3UUHY; T{BUITYBaTH
rinpodo0bizyroui, iHTIOyfoui Ta  HOBEpXHEBO-aKTHBHI
BJIACTUBOCTI (piIbTpaTy OYpOBOTO PO3YHHY, BHACIIAOK YOTO
CYyTTEBO  MOKPAIIYETHCS  KOSPIMI€EHT  BiJHOBICHHS
MOYaTKOBOI MPOHUKHOCTI KEPHY; HE HA/JIAaBATH HETATHBHOTO
BIUIMBY Ha IOKa3aHHs Ta30BOTO KapoTaxy; OyTH moOpe
CYMICHUMH 3 yciMa peareHTam, [0 3aCTOCOBYIOTBCS ISt
00poOKHM OypOBHX pO3YMHIB, Ta CIPUSATH 3HIKCHHIO
HOKa3HUKa (inmpTparii po3unny [7, 8]; OyTH eKOIOTidHO
0e3neyHrMH Ta TEXHOJOTIYHUMH Y BUKOpHCTaHHi [17].
OpHak OUIBIIICTh i3 3aCTOCOBYBaHUX J00aBOK HeE
BIMOBIAIOTh IIMM BUMoram. Jleski 3 mepepaxoBaHUX
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3MmamryBanbHux ngo6aBok (CMAJ], CI' Tta iHmmn) He
PEKOMEH/Ty€ThCSI BUKOPHCTOBYBATH 3 TOYKH 30pY OXOPOHH
HABKOJIMIITHBOTO CEPEIOBHUINA, iHIII HE 3HANIIUIN ITUPOKOTO
3aCTOCYBaHHS dYepe3: CHIIbHY CIIHIOIOYYy 3[IaTHICTB
(CITPUHT, ®K-2000, JIYBPI-M Ta iHun ), 3HWKCHHSA
eheKTUBHOCTI B yMOBax TMoOJiMiHepalIbHOI  arpecii
(TPIBOC, 3COM, EKCTPA-C, KEM®OP-MCM rTa iHiii);
He TexHonoriunicte (IKB-4B, Bomni posumnu ITIAP Ta
iHII); BIACYTHICTH JOCTYITHOI CHpPOBHHHOI 0asum Ta
obmexxeHoro BupoOHunTBa (EKOC-b, EMCA Ta iHmi)
[18].

Sk moKazaB MPOMHCIOBUI JOCBi, 3MallyBalbHi
no0aBKM Ha OCHOBI HapTH Ta HAa(TONPOAYKTIB TaKOK
MaroTh CYTT€BI HENOJIKM IIPH 3aCTOCYBAaHHI: HETaTHBHO
BIUIMBAIOTH Ha pPE3YNbTaTH TIeo(i3UYHHX OCITiIKCHB;
3a0pyJHIOIOTh HABKOJIMIIHE CEPEIOBHINE; MOXKEXKO- Ta
BHOyXOHeOe3MmeuHi 1 3aCTHraloTh TPH  HETATHBHHX
Temrieparypax [6]. KpiMm Toro, mpm 3ymmHKax OypiHHA Ta
OPUNMHEHHI TOPOMHUBKH CTOBOypa CBEpMIOBHHH i3
TEXHIYHHX Ta TEXHOJOTIYHUX NPUYMH 3MallyBasbHi
J00aBKH Ha OCHOBI HahTH Ta Ha()TONPOIYKTIB MIrpyIOTH
MO CTOBOYpPY CBEpAJIOBUHM Ha IOBEPXHIO, CTBOPIOIOYH
MPUXBaTOHEOE3MEYHI YMOBH [UIS HU3Y OYPHIBHOI KOJIOHH.
ITpoMucaoBUMHU JaHUMU TaKOXK 6araTopazoBo
BCTaHOBJICHO, IO TMPH OYypiHHI MTMOOKHUX CBEPIJIOBHH, J€
BHOitHI Temmeparypu Bume 3a 150 °C, BimOyBaeThcs
3HIDKEHHS! MacCTWJIBHHX BJIACTHBOCTEH OYpOBHX PO3YHHIB,
00pobnennx Hadroro [19, 20]. 3a3HaueH] BUIIE HEIOTIKH
MalOTh 1  3MamlyBaibHi  g00aBKM — 3apyOiXKHOTO
BUPOOHHMIITBA, NPUIOMY XapaKTEPHOIO IS HUX € BHCOKA
BapTICTB.

OCTaHHIM YacoM TIOCTIHHO 3'SBISIOTHCSA HOBI BHIH
peareHTiB Ta ix Moaudikamnii, Ski He0OXiHO agaNTyBaTH O
yMOB OypiHHS CBEpIUIOBHH Y KOHKPETHHX TipHHYO-
TeoIoTiYHUX yMoBax [21].

IIporsiroM OCTaHHIX POKIB,
3MallyBalbHUX JO0AaBOK MO0 OypOBHX pO3YMHIB |
TEXHOJIOTYHUX pinuH, HNOLIMPEHHS OTPUMYIOTh
3MallyBaJibHI JO0AaBKM Ha OCHOBI €KOJOIIYHO YHCTUX
MPOAYKTIB POCIMHHOIO Ta TBapHHHOTO IIOXOIDKCHHS, a
TaKOX MOOIYHUX MPOAYKTIB BUPOOHMIITBA OJIid, OCHOBOIO
SKUX € KapOOHOBI KUCJIOTH (KyOOBI 3aJMIIKH (TYIPOHH)
OJIHO-)KUPOBUX MiIIPHEMCTB, (y3H, dhochaTumy, Biaxoan
BUPOOHHMIITBA PHO’SUOTO XKHUPY, TPOAYKTH NepepoOKH
JIepeBHHH (TaJIOBI Macja) Ta iHII MPOXYKTH HATypaIbHOTO
noxo/pkeHHs) [22, 23]. OCHOBHOIO MEePEeBaro0 HaTypatbHOL
CUpOBMHH € 1i eKoJjioriyHa 4wcrota. Tak, Ticis
MOTPAIUISIHHS bi (o) HABKOJIUIITHBOTO CepeoBuIIa,
HAMPUKIAT, OJIii TMOPIBHAHO MIBUAKO (OJM3bKO 5 i)
MiATAI0ThCS TOBHOMY po3kiany [23].

TBapuHHI XUpU 3a XIMIYHUM CKJIAZOM NOAiIOHI HO
OJIif, aje BMICT y HHX HEHACHYCHHX KHCJIOT 3HAYHO
HIDKYUI, TOMY BOHH XapaKTepH3YIOThCS IOPIBHIHO
BHCOKOIO TEMIIEPaTyPOIO TUIABJICHHS.

Pocnunui  omii SIBISAIOTE CcO0OI0  MOHOBIIOBaHUN
pecypc, SKUM MOXK€ BUKOPHUCTOBYBATHCS SK HATIHHUN

OKpIM  TpaIuIiiHUX

BUXITHMIA MaTepian Ajs OTpUMAaHHS HOBHX NPOIYKTIB 3
IMIUPOKHM CIIEKTPOM CTPYKTYPHUX 1 (DYHKITIOHATBHHX
Bapiariii [23, 24].

Omiss, 3 TOYKH 30py XiMil, € CKJIaTHOI XIMIYHOIO
CYMIIIIIIO €CTepiB KHUPHHUX KHUCIOT 1 TPHOXATOMHOTO
CIHPTy TJiLEpUHYy Ta pPI3HOMAHITHUX pPEYOBHH HE
KHUPOBOTO Xapakrepy: (octarnais, BiTaMiHIB, BOCKIB,
(hepmeHTiB, OITKOBUX PEYOBHH, eQipHUX ONii, OapBHHUKIB
tonto. OCHOBOIO OJIiHl € HMPHI KACIOTH 1 Thinepun (97 —
98 %), BCl iHOI PEYOBHMHH BXOIATH OO iX CKIagy B
HE3HAuYHIi KIUIBKOCTI. BiracTuBOCTi 0mili 3amexarh Bif X
KHUPOKUCIOTHOTO cKiaxy. HalOumpn momupeHnMH € pinki
omii, o MicTATh Oam3pk0 80-90% HeHaCHYEHUX KHCIIOT
[22, 24].

JKuipHi KHCIOTH, IO BXOMITH IO CKJIAIy POCIHHHHX
OJTi#, MitOTh SIK MOBepXHeBo-akTHBHI pedoBuHu ([TAP); ix
CKJIaHI eipu YTBOPIOIOTH MACTHIILHY IUTIBKY Ha TIOBEPXHI
TEpTs; JKUPHI CHUPTH BUCTYNAIOTh B POJI CBOEPITHUX
PO3UMHHHKIB [25].

3aranpHa OyzoBa ofii BiAMIOBifae Takiil CTPyKTypi:

CHz—O—CO—RI;CHz—O—CO—Rz;

CH,-0—-CO—R;,

ne R — pajukanu skupHUX KucioT [25].

IIporsromM TpmBamoro dWacy pOCIMHHI onii Ta IXHi
MOXiJHi BHKOPHUCTOBYIOTBCSI HAYKOBIIMU dYepe3 IXHIO
MIAPOKY JAOCTYITHICTH IT0 BCEOMY CBITY Ta BiTHOCHO HHU3BKY
uiny. JlocmimkeHHSIMH BCTaHOBIEHI OOCTaTHRO BHCOKI
TpHOOJIOTIYHI BJIACTUBOCTI POCAMHHUX OJiM — IIBHIKA
B3a€EMOJIiSI 3 MeTallaMH, BHCOKAa 3MallyBalbHa 31aTHICTH,
KOpO3ifiHMIT ~ 3aXHCT, HEWTpajbHE BIAHOMICHHA JIO
yIIijbHEeHb. J[0 OCHOBHHMX HENOJIKIB OJii HalexkaTh
IHTEHCUBHE 3aryllyBaHHS MpH TeMIeparypi HWXKYE 3a
miryc 15 °C (moHa xpucramisamis — 3a minyc 280 °C),
BITHOCHO IIBHJIKE CTapiHHS IiJ Yac eKCILTyaTallii, a TaKox
CXHJIBHICTB JI0 TipOIIi3y MiJ BIUTMBOM Boau. it 60poTHOH
i3 3a3HAYCHUMHU HEJOJIKaMH (HOPMYIOTHCS — 3aBIaHHSI
CTBOpPEHHS [J00aBOK 3 BiJMOBIJHMMH BIACTUBOCTSIMH
[22, 26].

Haii6inpmmMu  JoKepenaMu  POCIMHHHUX — ONilf €
CLIBCBKOTOCHIOAAPCHKI KynbTypH. Cepen pOCIHMHHHX ONid
BUKOPUCTOBYIOTHCSI ParicoBa, COHANTHUKOBA, KYKYPYI3sHa,
Co€Ba, MajbMoBa (OJIETH), JUISHA, PUIUHOBA, OAaBOBHSHA,
OJIMBKOBA, KYH)XyTHa TOIIO. Y 0OaraTbox KpaiHax BEeIyThbCs
poboTH mIomO0 OTpuMaHHS Ha 0a3i POCIMHHHUX OJiH
MAaCTHJIBHUX  MarepiaiiB, MPUCATOK 1 IUTACTHYHUX
3MallyBaJIbHUX 100aBOK, HalHOUIbII iHTeHCHBHO — y CIIIA,
Benukiit bpuranii, Himeuunni, Actpii [22].

Y Garatpox perioHax Ykpainu (30xpema, i B [TonTasi)
€ ONITHOEKCTPAaKIIiifHi 3aBOAM, MIPOAYKILS Ta BIXOIU SKUX
MOXYTh OyTH BHUKOPHUCTAaHHI SK OCHOBa YH CKJaJ0oBa
3ManryBaibHOT 00aBkH [27].

AHai3 iCHYyIOUMX 3MallyBalbHUX PEAreHTiB JO3BOJISE
npuiiMaTH OUTBII OOTPYHTOBaHI PIiIICHHS IIPH PO3POOIICHHI
e(eKTUBHOI, HenedinuTHOT, HHU3BKOBapTiCHOI
3MaIyBaNtbHOI T0OaBKH 10 OYPOBHX PO3UMHIB.
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VY 3B'I3Ky 3 BHUIICHABEICHUM, BAaXKJIHBO PO3POOHUTH
e(dexTHBHI Ta ManojedinmuTHI MO0OABKH, MO JO3BOJSIOTH
CYTTE€BO TOKPAIIUTH MACTHJIBHI BJIACTHBOCTI OypOBHX
PO3UYUHIB.

Marepiaau Ta Metoau aociimxeHns. Po3poOka Ta
IMIMPOKE BIPOBAKCHHS E(PEKTUBHUX I  EKOJIOTiYHO
HEUIKIZJIMBUX 3MAallyBaJbHUX J00aBOK, IO BOJIOJIIOThH
KOPHCHHMH TONi(YHKIIOHATEHAMA BIIACTUBOCTAMH Y
pi3HHX cucTeMax OypOBHUX PO3YMHIB 1 3aJ0BOJBHSIOTH
BUIIIC 3a3HAYCHI TEXHOJOTIYHI BIACTUBOCTI, CTaHOBUTH
OIIUH 13 aKTyalbHUX HANPSAMIB yIOCKOHAJICHHS TE€XHOJOTil
OypiHHS CBEpAJIOBHH.

VY HagBHIH JiTepaTypi HEJOCTaTHRO MaHHWX IIOMO
3aCTOCYBAaHHS 3MallyBaJIbHUX pEarcHTIB Ha OCHOBI
POCITMHHUX OJIH JJIS BIOCKOHAJICHHS TEXHOJOTiIH OypiHHA
cBepmwIoBHH. ToMy Il¢ NMUTaHHA MHOTpeOye IONAIBIIOrO
BUBUCHHS. Pe3ynbTaTM HAayKOBHX  JOCTI/DKEHb  HE
JIO3BOJISIFOTH  3pPOOMTH BHUCHOBKM IIPO BIUIMB POCIMHHUX
omii  Ha  (I3UKO-XIMIYHI  XapaKTEPUCTHUKH  Pi3HHUX
BOJIOTTIMHUCTHX OypoBuX po3unHiB (BI'GP).

BpaxoByloun BHIIE3a3HAUCHE, MOXHa 3pPOOUTH
BHCHOBOK 070 HEOOXITHOCTI PO3pOOITEHHS
3MAIl[yBaJIbHOTO PeareHTy Ha OCHOBI IPUPOIHOI CHPOBUHH.

MeTo1o pobOTH € MiABHIICHHS e()EeKTUBHOCTI OypiHHSI
MOXMIO-CKEPOBAaHUX  CBEPAJIOBHH  MIIIXOM  PO3pOoOKH
3MallyBalbHUX PEAreHTiB [UIsi BOIOIIMHUCTHX OypOBHX
PO3YUHIB.

BignoBigHO 10 MeTH poOOTHM TOCTaBIEHO Taki
3aBIaHHS:

1) DOCHiUTH BILUTUB POCIMHHUX OJIiii Ha 3MaIlyBalbHI
Ta  (I3UKO-XIMIUHI  XapaKTEPUCTHKH  BOJOTJIHMHHUCTHX
OypoBux po3umHiB (TIpicHUHA, MiHepami3oBaHHH Ta
COJICHAaCUYEHUI PO3UHHN);

2) eKCIepUMEHTAIGHO JOCHIIUTH Ta pPO3POOHTH
CKJIaJI 3MAlllyBaIbHUX KOMIIOHEHTIB JUIsl BOJOTJIMHUCTHX
OypOBHUX PO3UHHIB.

Jns mpoBeneHHs TOCTiIKEeHb BUKOPUCTaH1 TPU THITN
BOJOIJIMHUCTUX  OypOBHX  PO3YHMHIB, SIKI  IIMPOKO
BUKOPHCTOBYIOTBCS TMiJ dYac OypiHHA CBEpJIOBHH, —
NpicHUH, MiHEpai30BaHUH Ta COJICHACHYCHUH PO3YMHH:

- mepmuit Tum — BI'C (BomornmuHMCTa CyCTieH3is) —
BoJa + 5% riimHM (OCHTOHITOBHI TJIMHOIIOPOIIIOK);

- npyruit Tun — BI'C+10%KCl1+1%KMII;

- tperiit T — BI'C+10%KCl+15%NaCl+1%KMILI.

Ilix yac  JOCHIMKEHHS  BHBYEHO  MACTHIIbBHI
BJIACTHBOCTI HACTYITHHX NPHPOIHUX ONiH: PHIMHOBA,
KOHOIUISIHA, pAarcoBa, CO€Ba, TIpYMYHA, COHSIIHMKOBA,
KyKypyazsHa. Konuentpanii onii y OypoBux po3umHax
ckmamu Bix 0,5 mo 3 %. JlocmimkeHHS TpOBENEHI y
ceprudikoBaniii nabopaTopii OypoBHX Ta TaMIOHAXKHHUX
pPO3YMHIB 3 BHKOPHUCTaHHAM craHmapry APl s
JIoCIiKeHHs] OypOBHX PO3YHMHIB Ha BOAHIN OCHOBI [27].

Jlnst  XapaKTepUCTHKM TEXHOJIOTIYHUX IapamMeTpiB
6ypOBHX PO3UMHIB BHKOPHCTOBYBAIH: I'yCTHHY (p, KI/M’),
ymoBHy B’skicte (T, c¢), cratmgHi Hampyrd 3CyBy,

BenmmunHy  dimprpamii (P,  cM’/30xB),  TOBIIMHY
¢inprpaniiinoi kxipku (K, mm). KoeodimienT 3cyBy Kipkn
(KTK, tg o) BumMiproBanu 3a gonomororo npunany KTK-2.
PeororiuHi BTacTHBOCTI PO3YMHIB BH3HAYAIH POTAI[IHHIM
Bicko3umerpom OFITE M-800. 3a pe3synpTaTamMmu BUMIpiB
po3paxyBanu MirHicTs remo (Gell0/10, alla), miacTuyuny
B's3kicte (PV, cll), rpannuHe QuHaMidHE Hampy>KEHHS
3cyBy (YP, alla) ta ysaBHy B's3kicTsb (AV, cIl) [28].

Ha cporommi choemiamicTd y XOAi TeCTyBaHHA
3MallyBalbHUX J00aBOK OepyTh A0 yBaru KoedilieHT
3cyBy (JIUMKOCTI) (imbTpaniiiHol Kipku — Iie BeIHYHHA, 110
XapakTepu3ye  MiOHICTb  QimpTpamiiiHoi  Kipku i
BU3HAYA€THCS BIAHOIICHHSIM 3YCHIUIA, HEOOXIZHOTO mJIst
TaHTCHI[IATBHOTO 3MIIIEHHS KUTBIIEBOIO BaHTAXYy MO KipIli,
0 fioro Bard Ta Koe(iIlieHT 3MallyBaHHS (TepTs) — e
BEJIMYMHA, 1[0 OIIOCEPEAKOBAHO XapaKTepHU3ye MAaCTHIBbHI
BJIaCTUBOCTi OypoBoro po3unny [29].

Koedimienr 3mamryBanHs (koediIlieHT TepTs) €
OCHOBHUM KpHTepieMm OLIHIOBAHHS MacCTUIBHUX
BJIACTHBOCTEH JI00ABOK, 3HWKCHHS SIKOTO XapaKTepU3ye
ixaro egektuBHiCTh [29]. OkpiM 3HadeHHs KoedilieHTa
3MallyBaHHs, TaKOXX BPaxOBYBaJM 3HAa4eHHs KoedilieHTa
3cyBy (JMmKocTi)  QimpTpamiiHol  KipkH, (iTbTparii
(BomoBigmaui) po3umHy, pH Ta peonoriudi BIACTHUBOCTI.
I'ycruHa po3unHy Ta B’S3KICTH CYTTEBO HE 3MIHIOBAJIMCS.
3aieXHO BiJ 3HIDKCHHS ab0 CTAJOCTi JAHMX MapaMmeTpiB
MOXKHa ~ TOBOPUTH TIPO  MOXIIMBICT  IOKpPAILCHHS
MaCTWJIBHHX BIIaCTHBOCTEH PpO3YMHY TpH JOJABaHHI [0
HBOTO TEBHOi KOHLEHTpauii oiii, MOBEpXHEBO-aKTHBHOI
PEYOBHHH 1 MIHOTaCHUKA.

TectyBanHs  koedimieHTa  3CYBY (srrmTrocCTi)
¢binpTpaniiiHoi kipku npooawtn Ha mpwiasi KTK-2. ITig
gac BUNPOOYBaHb BHUMIPIOBAaBCS KOe(DIIlieHT 3CyBy MiX
CTaJleBUM BaHTaXeM 1 (IbTpalifHOIO KipKOIO TpH
3pyIIeHHI BaHTAXy Yy TOPH3OHTANBHIH  IUIOIMIMHI.
TectyBanHs KoedilieHTa 3MAallyBaHHA IIPOBOAWIH 3
BUKOPHCTaHHAM  TecTepa  IPaHUYHOTO  TUCKYy |
3mamyBansHOI 31aTHOCTI OFI Testing Equipment (OFITE)
BianoBigHO a0 crtanmapty APIL. OctanHiil BiamoBinmHO 10O
CTaHAApTy  AMEpHUKaHCBKOTO  HAa(TOBOTO  IHCTHTYTY
BUMIpIOE KOE(DILIEHT TEpTS MPH MPUTHUCKAHHI MPU3MHU 0
Kbl 3 HapaHTaXeHHsM 1,03 MITa (150 dynt/mroiimM?) Ta
qacToti obepranns Bama 60 xB ' [30]. I3 3MCHIICHHIM
BEJIMUMHN Koe(dillieHTa TepTs MAacTHIbHI BIACTHBOCTI
PO3uUMHY 30UIBLIYIOTECS, a NMpHUXBaToHeOe3neka OypoBOro
pO34MHY 3HIXKYETHCA [9, 29].

Pe3yabTaTH i 00roBOpeHHsI MOCHITNKeHb. AHami3
JaHUX  TIPOBOAWIM 32  NOKa3HUKaMH  (ureTpamii
(BomoBinmaui) OypOBHX PO3YHHIB 1 BUMipaMH KoeQilli€HTiB
3MallyBaHHA Ta KoedimieHTa 3CyBYy (iIbTpariifHoi
TJIMHUCTOI KipKH, OCKUIBKM IIi MapaMeTpH € OCHOBHUMHU
KPHUTEPIIMH  OLIHIOBAaHHS ~ MAaCTHJIbHUX  BIACTHBOCTEH
n00aBOK,  3HIDKEHHS  SKUX  XapakTepu3ye  iXHIO
epexTrBHICTh. HEOOX1THO Bi3HAYUTH, IO IO TIO3UTHBHUX
MOMEHTIB BITHOCHTBCA Te, IO MJOOaBKM HAaBiTh Yy
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MiHIMaIBHIA KimbkocTi 1o 0,5 % 10 KOKHOTO 3paska
(tripungHOi Ta KyKypyI3sSHOI OJNiH 70 HPICHOTO PO3YHHY;
TiIPYNYHOI, CO€EBOI, COHSIIIIHUKOBO1 omii o
MIHEpaTi30BaHOTO PO3YHMHY; PAaICOBOI, KyKypyI3sHOI Ta
TIpYMYHOI OMiH [0 COJIEHACHYEHOI'O PO3YMHY) CIpPHUSIOTH
3HIDKEHHIO MOKa3HUKa GbinpTparii (BogoBimmaya),
koecirieHTa 3CyBy (iIpTpaniiiHoi Kipku Ta KoedilieHTa
3MaiyBaHHs. [Ipy IbOMy OCHOBHI IapaMeTpy PO34YMHY HE
TOTiPIIYOTHCS.

Tax, MOpiBHSAHO 3 MapamMeTpaMu BHUXiAHOTO PO3YUHY
MpU JOJ]aBaHHI 1O MPICHOTO BOJOTIMHUCTOTO PO3YHHY
TipynyHOi OMNii 3HIKYEThCS BOAOBiANAYa pO3UMHY Ta
xoediuient 3cyBy dinbrpauiiinoi kipku 3 14 1o 13 cm’/3a
30 xB. i 3 0,09 mo 0,07 BigmoBiAHO, KOCPIliEHT
3manryBanHs ckiaazgae 0,058. [Ipu nonaBanHI KyKypyA3siHOT
omii koedimieHT 3ManryBanHsa ckiamae 0,042, xoedimieHT
3cyBy 3HWKYyeThes 3 0,08 1o 0,07, a BomoBiggada po3unHy
He 3MiHioeThes (13 cm’/3a 30 XB.), 110 TAKOXK XapaKTEPH3ye
il epeKTUBHICTH SK 3MAIyBaJIbHOI JOOABKH.

[Ipn J0JlaBaHHI bi o) MiHepali30BaHOTO
BOJIOTJIMHUCTOTO PO3YMHY TipYMYHOI OJii BOMOBimIada i
Koe(iIieHT 3cyBy (GimbTpariifHOi KipKH 3HIXKYIOTbCS 3 18
o 16,5 em*/3a 30 xB. i 3 0,23 1o 0,18 MOPIBHSHO 3
BUXITHUMH 3HAYCHHSMH, a KOC(]IIi€eHT 3MalryBaHHs
ckmamgae  0,050. Jlnsg  COHSANIHMKOBOI  OJii  3HAYCHHS
BOJIOBiIavi Ta KoeilieHTa 3CyBY KipKU 3HHXKYIOThCS 3 19
10 15 em*/3a 30 xB.13 0,22 no 0,19 BignoBigHO, KOEPimieHT
3MantyBaHHa ckianae 0,042. /s coeBoi onii BonoBinaaya
He 3mimoeThest (19 cv?/3a 30 XB.), 0 TAKOK XaPAKTEPH3YE
ii edexkTuBHICTD K 3MallyBalbHOi N0OABKH, KOeQilieHT
3cyBy 3HWKyeThes 3 0,22 go 0,21, a koedimieHT
3ManryBaHHs ckinagae 0,052.

Jis  coleHacHYEHOTO  BOAOINIMHHCTOTO  PO3YHHY,
MOPIBHAHO 3 MapaMeTpaMM BUXIAHOTO pO3YHHY, IIpU
JOAaBaHHI KYKYpPYyI3sHOI oJlii BOJAOBia4a 3HHKYETHCS 3
19 10 18 cm’/3a 30 xB., Koedilli€HT 3MaI[yBaHHs CKIaae
0,053, ane migBHITyeTHCS KoedimieHT 3cyBy (inbTpamiiHOl
kipku (3 0,22 mo 0,27). IligBumieHHs KoedilieHTa 3CyBY
CBITYNTH NPO TIPWINNAHHSA METally 0 TJIMHHUCTOI KipKH i,
SK HACNiJOK, IIiJBUINEHHS IapaMeTpiB MpU J0JaBaHHI

HACTYMHUX KOHIIEHTpAIlii KyKypya3sHoi omii. Ilpu
JIOJlaBaHHI pamcoBoi oOfii 3HAaYeHHs BOJOBiAAadl Ta
KoedimieHTa 3CYyBY KIpKH 3HHXKYIOThCS 3 19 110

15 em®/3a 30 xB. i3 0,30 10 0,24 BigmoBimxHO, KoedimieHT
3martyBaHHs ckiagae 0,057. Ilpu nonaBaHHi Tipur9HOT Ol
BOJZIOBi/UTaua He 3MiHIOeThCs (16 cM/3a 30 XB.), 110 TAKOXK
XapakTepusye i1 e(eKTHBHICTb B SKOCTi 3MallyBaJIbHOI
nobaBku, koedilieHT 3cyBy 3HmKyeTbes 3 0,31 mo 0,30, a
koedimienT 3mamnryBaHHs ckiagae 0,053. [Ipu momaBaHHI
OJIiif 10 3pa3KiB PO3YMHIB Y KOHLEHTpamisx Bin 1 1o 3 %
JIaHI TMapaMeTpH IiIBHINYIOTECS. IIpH 1boMy 30iNBIICHHS
iXHBOT KOHIIEHTpalil MPU3BOAUTH 0 3HAYHOTO 3POCTAHHS
PEOJIOTIYHAX Ta CTPYKTYPHO-MEXaHIUYHHMX XapaKTePHCTHK
pO3YHHY.

OTprMaHi pe3yJIbTaTH 03BOJISIOTH 3pOOUTH HACTYIIHI
BUCHOBKH. JlOfaBaHHS MPUPOJHHUX OJiH Y KOHIIEHTPAI[iSIX

Bix 1 mo 3 % BHWKYIOTh KOC]IIi€HT 3MallyBaHHSA 1
MOKPAIIyI0OTh MACTHJIBbHI BJIACTHUBOCTI po3umHy. [I[o6
HAOYHO I00AYUTH, HACKUIBKM 3MIHIOETBCS BEJIMYMHA
KoedimieHTa 3MallyBaHHS B 3aJ€KHO BiJ KOHIIEHTpAIil
oii, 3BepHeMocst 10 TpadikiB (auB. puc. 1 - 3).

SIK  TOKa3yloTh pe3yJIbTaTH JIOCHIUKEHb 3pa3KiB
npicioro BI'BP (auB. puc. 1), 3acTocyBaHHS NPHUPOTHHUX

ONi AK 3MallyBaJbHOI J0OABKM JO3BOJSIE 3HU3UTH
KOeQIIliEHT 3MallyBaHHS 1, BIAMOBIIHO, TTOKPAIIUTH
MacTWJbHI ~ BJACTUBOCTI ~ PO3YMHY TP  JOJaBaHHI
PHLIMHOBOI, parcoBoi, TipYMYHOI, KYKYpyA3sHOI,

COHSAIIHUKOBOI, KOHOIUIAHOI oiii. Ha#Ginpm edexTuBHi
KOHIeHTpatii omii — Bixg 1 mo 3 %. Halikpami pesynbrary,
BPaxOBYIOUM BCi OCHOBHI MapaMeTpH, IO BIUIMBAIOTH Ha
MacTWJIBHI BJIACTHBOCTI PO3YHHY, MAlOTh parcoBa Ta
constmrHrKoBa onii. Ilpn momasanHi 1% coHAITHUKOBOT oil
BinOyBaeThCs 3HMKEHHS KoedinienTta 3manryBanus 3 0,036
mo 0,033, xoedimienra 3cyBy kipku 3 0,08 mo 0,07,
BOZOBiaua He 3MiHweThes (14 em/za 30 XB.), IO
CBimunTH 1po 1i e(heKTUBHICTH K 3MAIyBaNbHOI JOOABKH.
Ilpn momaBanHi 3 % COHSAIIHUKOBOI OMii KoedimieHT
3MallyBaHHsA, Koe(illieHT 3cyBy (JIMNIKOCTI) Kipku i
BOJIOBiilaua 3ajMIIAlOTBCSA Ha PiBHI KOHIEHTparii B 1 %,
MO CBIQUATH MHpO 11 e(EeKTHBHICTH SK 3MallyBaIBHOI
JN00aBKH, ajle 3MIHIOETHCSI TOBLIMHA TJIIMHUCTOI KipKH, IIO
CBITYMTh TPO WMOBIpHY 3MiHY BMICTy TBepmoi ¢azm y
PO3UMHI 1, SIK HACTIJOK, 3MiHY INIACTUYHOI B’ 3KOCTI.

IIpu momaBaHHi parncoBoi ofii KoHieHTpariero 1 %
KoedimieHT 3MmamryBaHHs 3HIKYeTbes 3 0,067 mo 0,065,
koedimieHT 3cyBy (iunkocti) Kipku — 3 0,11 mo 0,07. Tlpu
nomaBaHHi 3 % pamcoBol omii KoedimieHT 3MalryBaHHS
3HmKyeTbes 3 0,067 mo 0,061, koedilieHT 3CyBy Kipku — 3
0,11 mo 0,09. BomoBimmaya po3duMHy CYTTEBO HE
3mimroeThest (3 12,5 no 13 cm’/3a 30 xB.). Pummmosa,
KYKypy/JA3siHa, TipYM4HA, KOHOIUISIHA HAWKpalle BHIBUIA
ce0e Ipu ToJaBaHHI A0 PO3YMHY B KOHIEHTpauii 3 %, mo
CIPHUSIO MOKPALICHHIO MAaCTHJIBHUX BIACTHBOCTCH, aje
TOTipITYBaIo GiIBTPAIIIO Ta PEOJIOTIIO.

OTxe, BpaxoBYIOUH OTPHMaHi JaHi, MOXXEMO 3pOOUTH
BUCHOBOK, @10 HafOUThII e(eKTUBHA KOHICHTpAIis
COHSIIHUKOBOI o11ii — 1 %, parncoBoi omii —1 i 3 %.

PesynbraTi mocmimkeHb 3pa3KiB MiHEpasli30BaHOTO
BI'BP ( guB. puc. 2) mokaszaam 3HWKEHHS KoedillieHTa
3MallyBaHHS Tpd JOAaBaHHI ParcoBOi, PHUIIMHOBOI,
KYKYpYI35HOI, COEBOI, COHSIIHMKOBOI, KOHOIUISHOI OJIiH.
Haii6inpmn edekTiBHI KOHIEHTpaIil pancosoi omii 1 1 3 %.
Koediuient 3mamryBanns 3umwkyerses Bia 0,063 mo 0,054.
IIpu noxasanui 1 % omii koedimienT 3manryBanus 3 0,063
3HmKyeThesa 10 0,059, 3HmKyeThCs BomoBigmada 3 11 1o
7 cv’/3a 30 xB., KkoeillieHT 3CyBy He 3MiHIOETHCS
MOPIBHSHO 3 BHXIJHOTO 3HAYCHHS, IO CBIAYUTH MPO Il
e(eKTUBHICTh 5K 3MallyBalbHOi noOaBku. [Ipu momaBaHHI
3% omii xoedinieHT 3MamryBaHHsA 3 0,063 3HIKYeTBCSA 1O
0,054, 3HmKyeThes BogoBiamada 3 11 mo 8,5 cm’/3a 30 xB.
(mero MigBHILY€EThCS MOPIBHIHO 3 KOHIICHTPAIIEI0 Ol B
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1 %), koedilieHT 3CyBY TaKOX HE 3MIHIOETHCS IOPIBHSIHO 3
BUXIIHUM 3HAYEHHS.
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Puc. 1. BB npuponuux oniit y konnenTpauisx Big 0,5 1o 3 % Ha kxoedinieHT 3MamtyBaHHs pu 00poOui 3pa3kis npicaoro BI'BP

PunvHOBa, KyKypy[a3sHa, CO€Ba, COHSIIHUKOBA,
KOHOIUITHA HaliKpaie BHSABWIN ceOe NpH JoNaBaHHI 10
po3uuHy B KOHULeHTpauii 3 %, 10 CIPHUSIO MOKpPAIICHHIO
MAaCTHJIbHUX BJIACTHBOCTEH, aJjie TOTIpIIyBaJio (iTbTpaIiiio
Ta peonorito. JomaBanus 3 % Tipunm4yHOI ONii 3HIXKYE
BOJZIOBiAauy 3 18 10 15 cM’/3a 30 xB. i koediuieHT 3cyBy
(;mkocti) dimbTpamiiiHOi Kipkm — 0,23 0,15, ane
30inbmye koedinmieHt 3mamrysanHs Bin 0,050 go 0,067, mo
HETraTUBHO BIUTMBA€ HAa MACTWJIBHI BIACTUBOCTI PO3YHHY.
OTxe, BpaxOBYIOYH OTPHMaHi JaHi, HAWOIIBII eeKTHBHA
KOHLICHTpAIIisl pancoBoi ouii — 3%.

3 HaBenmeHoro rpadiky mis conenacuueHoro BI'BP
(muB. puc. 3) BUAHO, L0 AJS MOKPAIIEHHS MACTHIBHUX
BJIACTHBOCTEH K  3MallyBajbHy J00aBKy  MOJHa
BHUKOPHCTATH PAIICOBY, PUIIMHOBY, TiPUHYHY, COHSIITHUKOBY
Ta coeBy odii. HaiOinbin edekTHBHI KOHIEHTpaii ol —
Bim 1 mo 3 %. I[lpm momaBanui 1 % parmcoBoi omii

3HIKYETbCS KoedimienT 3mamryBands 3 0,057 go 0,056,
Koe(irieHT 3cyBy dinprpamniitaoi kipku — Bix 0,30 no 0,23,
BonoBimmaua — Big 19 mo 16 cm’/za 30 xB. Ommak npu
noxaBaHHi 3 % pamcoBoi oiii KoedilieHT 3MallyBaHHS
MOBEPTAEThCA 10 BUXigHOTO 3HaueHHS — 0,057, koedimieHT
3CyBY, MOpIBHSHO 3 mapamerpamu | % KOHIIEHTpaIlii,
migBumnyetbess g0 0,25, ame 3HIKYEThCS TMOPIBHIHO 3
BHUX1THUM PO34YMHOM, a BOJIOBIIaua pO34MHY
3MEHIIY€ETbCs 10 15 cm/3a 30 XB. IIpu nmonmaBanui 3 %
coeBoi ol koedillieHT 3ManTyBaHHs 3HIKY€eThes Bia 0,066
10 0,051, xoediieHT 3cyBy (JIMIKOCTI) KIPKU 3HUKYETHCS
Bix 0,24 mo 0,21, aje BogoBiAIaYa ACMIO MiABUITYETHCS Bif
19 no 22 cm’/3a 30 xB. JloGaBku 1m0 3 % PHIMHOBO,
TIPYNYHOI, COHSIIHUKOBOI OJIH CHPHSIM MOKPAIICHHIO
MaCTWJIBHUX BIIACTUBOCTEH 1 3HIDKEHHIO KoedillieHTa
3MAIllyBaHHs, ajie MOTipPLIyBaIi PEOJIOTIYHI Ta CTPYKTYPHO-
MeXaHI9HiI XapaKTePUCTHKH.
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OTxe, BpaxoBYIOYM OTpPHMaHi JaHi, HaHOLIBII
e(eKTHBHA KOHIIEHTpanis parcoBoi omii — 1 %.

TakuM YHHOM, HAWOUIBII BOAJMM TEXHOJOTIYHUM
pimIeHHSAM, BPAaXOBYIOYM IOCTYNHICTH Ta 3 EKOHOMIYHOI
TOYKH 30pY, € 3aCTOCYBaHHS y BHUIVIAI 3MallyBaJbHOT
JI0OABKU COHSIITHUKOBOT Ta parcoBoi ofiif. Tak, mo0aBKu
1 % pamncoBoi omii 740 BCiX THUMIB PO3UHHIB CYTTEBO
MOKPALIYIOTh MAaCTHJIBHI BIACTUBOCTI, SIKI 3MEHIIYIOTHCS 3
0,063 mo 0,054, xoedimieHT 3cyBYy (JIMIKOCTI) KipKH
3meHmyerscs 3 0,20 mo 0,13, ¢dinprpanis (BomoBigmaua)
posunHy 3menmyetses 3 11 10 7 cM’/30 XB, B’SI3KiCTH
3MeHmIyeTscs 3 27 1o 24 c. Ilpu nomasanHi 3 % pamncosoi
oJii 3aJOBUTBHI PE3YNBTATH TECTYBAaHHSA OTPHMAaHI JIHIIE
JUIS  TPICHOTO  PO3YMHY. MacTHIBHI  BIaCTHUBOCTI
3MeHmnytoTbes 3 0,067 mo 0,061, xoedilieHT 3CyBy KipKu
3menmyerbes 3 0,11 mo 0,09, BomoBimmada po3unHy He
3MIHIOETBCSI, @ B A3KICTh JICHIO 301TBIITY€THCS.

Jlo6aBkn 0,5% COHSAIIHUKOBOI OMii MOKPAaIIyIOTh
MaCTHJIbHI BJIACTHUBOCTI, sKi 3MeHIIyoThes 3 0,065 mo
0,042, xoediuieHT 3cyBy Kipku 3meHmyerbes 3 0,23 1o
0,19, dinprpamis (BomoBimmada) po3UMHY 3MEHIIYETHCS 3
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KoebiltiedT 3MamyBaHEs po3dHEY
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19 o 15 cM*/30 xB, B’s3KicTh 3MeHmyetses 3 20 g0 19 ¢
Jutst MinepaitizoBanoro BI'BP. Jlo6aBku 1 % COHSIITHUKOBOT
ONii  TMOKpAaIIylOTh  MACTWJIBHI  BIIACTUBOCTi,  SIKi
3menHmyioTees 3 0,036 mo 0,033, koedirieHT 3CyBy Kipkh
3menmryetscs 3 0,08 no 0,07, a dpinpTparis Ta B’A3KicTh He
3MiHIOIOTECS 11 mipicHoro BI'BP. J1o6aBku COHSITHUKOBOT
onii MoKa3any 3aJ0BiIbHI pe3yIbTaTH TECTYBaHb JIHIIE IS
MPICHOTO 1 MiHEPATi30BaHOTO BOJOTIMHUCTUX PO3UHHIB.

OTxe, nmeTalbHE BHBUYCHHS BIUIMBY PHIIHHOBOI,
KOHOIUISIHO{, ParcoBoi, CO€BOi, TpYMYHOI, COHSIIIHHUKOBOT
Ta KyKypyJI3sHOI OJifi Ha aHTHU(PAKIiiiHI Ta TEXHOJIOTIUHI
rnactuBocteil BI'BP cBimunth, 1110 BBeZEHHS pancoBoi omii
3abe3mneyye HaWKpail MOPIBHAHO 3 IHIIMMH pearcHTaMHu
MMOKAa3HUKHM y BCIX MOCTIIPKYBaHWX po3unHax. Ilomamsimi
JOCHIKCHHS. MaJH Ha METI BHU3HAYHTH KOHIICHTPALIIO
MTOBEPXHEBO-aKTUBHUX PEUOBHH 1 peareHTY-IHOTAaCHHUKA,
AKi pa3oM 3 MifiOpaHOI0 KOHIEHTPALIE€I0 parcoBoi oii
JOfaBaNMCA JO 3pa3KiB pPO3YMHIB 1 IXHIH BIDIMB Ha
MacTHJIBHI BJIACTHBOCTI PO3YMHY Ta KOG(ILi€HT 3CYBY
Kipku (quB. Tabm. 1 —3).

0,08

0,074

0,06

0,055
0,05
O; 045 0.0 r

0,04
0,5 1.0 15

=== Pancopa === PHIHHoBa TipuHdHa

o,
0,055

2,0 2.5 3.0
KoHuzHTpania omii, %

Kykypya3saHa === Cocpa === C OHANTHHKOBA ==0==K 0HOILTHIHA

Puc. 2. Brmus npupoaHux oniil y koHnenTpaunisax sig 0,5 1o 3 % Ha koedilieHT 3MalyBaHHS Ipy 00poO1Ii 3pa3kiB
MmiHepainizoBanoro BI'GP
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KoedillieHT 3MalTyBaHHA PO3IHAY
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Puc. 3. BB npuponHux ol y koHIeHTpanisx Big 0,5 1o 3 % Ha xoedilieHT 3ManryBaHHs Ipy 00poO1i 3paskiB
coneHacuuerHoro BI'BP

Tabmuus 1 — [Mapamerpu nmpicuoro BI'BP 3 nonaBanusam pancosoi odii, [TAP-1 i miHoracHuka
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0,5 % pamcosoi ouii, 0,1 % ITAP, 0,1 % miHOTacHHKa
1020 44 9 13 1 0,07 32 25 16 7 86 24 24 0,038
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0,5 % parcooi omnii, 0,25 % ITAP, 0,25 % miHoracHuka

1020 48 9 13 1 0,06 32 25 16 7 86 24 29 0,034

0,5 % pamcoBoi omii, 0,5 % ITAP, 0,5 % niHoracHuka

1020 48 9 14 1 0,07 32 25 16 7 86 24 29 0,035

1 % pancosoi omii, 0,1 % ITAP, 0,1 % ninoracHuka

1010 48 9 15 1 0,07 38 29 19 9 96 29 29 0,038

[

% paricoBoi omnii, 0,25 % ITAP, 0,25 % miHoracHuka

1010 46 9 14 1 0,07 32 25 16 7 86 24 24 0,035

1 % pancosoi omii, 0,5 % ITAP, 0,5 % ninoracHuka

1010 46 9 15 1 0,07 32 25 16 7 86 24 24 0,035

3 % pancooi onii, 0,1 % ITAP, 0,1 % niHoracHuka

1010 48 9 15 1 0,07 36 30 18 6 115 120 130 0,038

W

% pancosoi omii, 0,25 % ITAP, 0,25 % miHoracHuka

1010 34 9 14 1 0,06 29 21 15 8 62 24 24 0,030

3 % pancooi omii, 0,5 % ITAP, 0,5 % niHoracHuka

1010 34 9 14 1 0,07 32 25 16 7 86 24 29 0,035

Ta6muug 2 — [Mapamerpu minepainizoBanoro BI'BP 3 nogaBannsm pancosoi odii, [TAP-1 i minoracHuka

) .
o g
< oo = =
o cq| EZ M-800 CH3 2 =
£ ; % 2 = : Eﬁ KTK AV, PV, YP, ] g
< ® 0 s & ci cr nlla oz
© SN
g
~ )
"o o
B“ 3 = 600 | 300 10s 10m
0,5 % pancosoi omii, 0,1 % ITAP, 0,1 % niHoracHuka
1080 22 8 17 0,5 0,20 18 10 9 8 10 0 0 0,07
0,5 % paricoBoi omii, 0,25 % ITAP, 0,25 % niHoracHuka
1080 20 8 11 0,5 0,16 21 10 11 11 0 0 0 0,064
0,5 % pamcoBoi ouii, 0,5 % ITAP, 0,5 % miHoracHuka
1080 20 8 11 0,5 0,14 21 10 11 11 0 0 0 0,063
1 % pancosoi omii, 0,1 % ITAP, 0,1 % ninoracHuka
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1080 22 8 11,5 0,5 0,18 20 9 10 11 0 0 0 0,062
1 % parmcosoi ouii, 0,25 % ITAP, 0,25 % niHoracHuka
1080 20 8 11 0,5 0,18 18 9 9 9 0 0 0 0,062
1 % pancoBoi omii, 0,5 % ITAP, 0,5 % ninoracHuka
1080 20 8 11 0,5 0,18 18 9 9 9 0 0 0 0,062
3 % pancosoi oiii, 0,1 % ITAP, 0,1 % niHoracHuka
1080 24 8 11,5 0,5 0,19 20 9 10 11 0 0 0 0,054
3 % pancooi ouii, 0,25 % ITAP, 0,25 % ninoracHuka
1080 20 8 11 0,5 0,18 18 9 9 9 0 0 0 0,054
3 % pancooi onii, 0,5 % ITAP, 0,5 % ninoracHuka
1080 20 8 13 0,5 0,19 18 9 9 9 0 0 0 0,054

Tabmuus 3 — [Mapamerpu conenacuuernoro BI'BP 3 nonaBanusm parcosoi ouii, [TAP-1 i miHOracHuKa

/m
>< Hod
2o |8 5 g
< O = =
- 29| E 2 M-800 CH3 Z 5
£ o = 2E8 | 2| ki AV, | PV, | YP, g g
= [ [>9 .- g 2 cr cn alla 23
S/ E g
g
~ M
"o )
~Q | = 600 | 300 10s 10m
e O
0,5 % pancosoi omnii, 0,1 % ITAP, 0,1 % ninoracHuka
1170 20 7 15 0,5 0,21 15 7 7 8 0 0 0 0,087
0,5 % pamncosoi ouii, 0,25 % ITAP, 0,25 % niHoracHuka
1170 20 7 14 0,5 0,19 15 7 7 8 0 0 0 0,087
0,5 % pamcoBoi omii, 0,5 % ITAP, 0,5 % niHoracHuka
1170 20 7 15,5 0,5 0,20 15 7 7 8 0 0 0 0,087
1 % pancosoi omii, 0,1 % ITAP, 0,1 % miHoracHuka
1170 20 7 20 1 0,21 18 8 9 10 0 0 0 0,067
1 % parcoBoi omii, 0,25 % ITAP, 0,25 % niHoracHuka
1160 20 7 28 1 0,18 15 7 7 8 0 0 0 0,082
1 % pancosoi omii, 0,5 % I1AP, 0,5 % niHoracHuka
1160 20 7 29 1 0,18 15 7 7 8 0 0 0 0,082
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3 % pancosoi omii, 0,1 % ITAP, 0,1 % niHoracHuka
1160 20 7 22 1 0,20 15 7 7 8 0 0 0 0,082
3 % parncoBoi oxii, 0,25 % ITAP, 0,25 % niHoracHuka
1160 20 7 28 1 0,19 14 7 7 7 0 0 0 0,097
3 % pancoBoi omii, 0,5 % I1AP, 0,5 % niHoracHuka
1160 20 7 28 1 0,19 14 7 7 7 0 0 0 0,097

Pesynprati TecTyBaHp TMOKa3alH, IO HAKOLIBII
ebexTBHOIO €. KoHmeHTtpamiss IIAP i pearenra-
miHoracHuka — 1o 0,25 % KOXHOTO Ta 3MalryBajbHOT
J00aBKU y BUIIAAI parcoBoi ofii B KoHueHTpauisax 113 %
npu goxaBaHHi 1o mpicHoro BI'BP; 3 % pamcoBoi o,
ITAP i pearenra-ninoracauka mo 0,1 % koxHOro — 10

MminepamizoBanoro BI'BP; 1 % pamcoBoi omii, [TAP i
pearenra-mHoracanka mo 0,1 KOXXHOrO —  JIO
conenacuueHoro BI'BP  mopiBHsSHO 3 mapameTpamu

BuXigHOro po3umHy. Jlo6aBkm 1 % pamcoBoi omii Ta 1o
0,25 % TIIAP 1 peareHTa-IMHOTaCHUKA MOKPAIIYyIOTh
MaCTHJIbHI BIACTHUBOCTI, sIKi 3MeHINyThes 3 0,065 1o
0,035, xoedimieHT TepTs KipKH HE 3MIHIOETHCS 1 CKIaJae
0,07, binbrpamis 3HmWKyeThCs 3 15 10 14 oM’ 3a 30 xB, a
B’SI3KiCTh 3HIDKYEThCs 3 60 1m0 46 ¢ mis mpicHoro BI'BP
HNOPIBHAHO 3 TapaMeTpaMH BHXIJHOTO po3uuHy. Jlis
TpiCHOTO po3unHy 1o0aBku 3% parcooi oiii Ta o 0,25 %
ITAP 1 peareHTa-mHOracHUKAa TaKOX MOKpAIIyIOTh
MaCTHJIbHI BIACTUBOCTI, 5AKi 3HIXKYIOThCS 3 0,061 10 0,030,
KoedimieHT TepTs Kipku 3HIKyeTbes 3 0,09 mo 0,06,
(hinpTpallis He 3MIHIOEThCSA, a B A3KICTh 3HIKYETHCS 3 66 10
34 ¢ mOpiBHAHO 3 MapamMeTpaMH BUXIJHOTO PO3YHHY.
Jo6asku 3 % pancosoi oumii Ta mo 0,1% ITAP i pearenra-
MmiHOTacHUKa 10 MiHepaiizoBaHoro BI'BP He 3MiHIOIOTH
MAacCTIIBHI BIACTHBOCTI po3unHy. KoedimieHT 3ManryBaHHs
— 0,054, xoeodiuient tepts kipku — 0,18. Dinprpauis Ta
B’SI3KICTB pPO3UUHY JIeIo 3MIHIOETBCS. Jos
conenacuueHoro BI'BP 3amoBinbHi pesyneTatu  Oynu
oTpuMaHi npu nonaBaHHi 1% parcoBoi omii Ta mo 0,1 %
ITAP i pearenTa-minoracHuka. [lompu Te, mo KoedimieHT
3ManryBaHHs 3MiHuBes 3 0,056 no 0,082, koedimieHT TepTs
Kipku 3HM3HBCA 3 0,23 10 0,18.

Orxe, Ha TIACTaBl MPOBEIEHUX JIAOOPATOPHUX
CKCIICPUMCHTIB ~ BCTAHOBJICHO  HaOLIbm  e(eKTUBHI
KOHIIEHTpAIlii peareHTiB 3MallyBajbHOI JOOAaBKH st

BOJIOTJIMHUCTUX OYpOBHUX PO3YMHIB: pamcoBa onis — 1 i
3%, ITAP - 0,1 10,25 %, mizoracuuk — 0,11 0,25 %.

BucHoBku. Buxonsuum 3 BHINEHABEICHOrO, MOKHA
3pOOHTH TaKi BUCHOBKH:

1. JlocmipkeHo MacTHIIBHI BJIACTHBOCTI PHIIMHOBOI,
KOHOIUISIHO1, ParcoBOi, COEBOI, TiPUNIHOI, COHSITHHKOBOL
Ta KyKypyI3sHOi OJIii Ta BCTAHOBJCHO IXHIM BIUIMB Ha

3MallyBaJbHI Ta PEOJIOTIYHI XapaKTEPUCTUKU IPiCHOTO,
MiHepasi30BaHOTro Ta cosleHacrdeHoro BI'BP.

2. 3a pe3ynpTaramu OOCIHIIPKEHb BCTAHOBIEHO, IO
3aJ0BUTBHI aHTH(PAKIifHI Ta TEXHOJIOTIYHI BIIACTUBOCTI
npicHoro BI'BP cmocrepiranucs npu BBeIeHHI parncoBoi Ta
COHAIIHMKOBOI oM B KoHIEHTpamisx 1 1 3 %,
MiHepamizoBaHoro BI'BP — mpu BBeneHHi parcoBoi ol
KoHUeHTpanielo 3 % 1 conenacuueHoro BI'BP - mpu
BBEJICHHI  pamcoBoi  omii  KoHmeHTpariero 1 %.
TexXHOIOr1YHO AOLIIBHI KOHIEHTpALil Oliii 3HaXOAATHCS B
niamasoHi Big 1 1o 3 %.

3. Po3pobieHo ckimax 3MmamiyBalbHOI J00aBKH Ha
OCHOBI paricoBoi omii. ExcriepuMeHTanpHO OOTpyHTOBaHO
e(eKTUBHICTh 3MalllyBaJbHOI 00aBKU (parcoBa oiis +
ITAP + ninoracHuk) ass 00poOku pizHux TumiB BI'BP.
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O. B. XPUCTHY, A. M. KOPOI'O/ICbKA, I M. LIABAHOBA, C. M. JIOI'BIHKOB
JIO MUTAHHA MTPO CHIBICHYBAHHS HIKEJIOBOI I KOBAJILTOBOI IITTMHEJII

JU1st po3po0KK KOMIO3HIIIHHUX MaTepiasliB Ha OCHOBI TJIMHO3EMHCTHX Ta BHCOKOIJIMHO3EMHCTHX IIEMEHTIB 3a PECYPCOOIIAHOI TEXHOJIOTI0 IIpH
3aMiHi BHXIJTHUX CHPOBHHHUX MaTepiaiiB Ha HeKOHAULINHHY CHPOBHHY Ta BIIXOIM XIMIYHUX BHPOOHHILTB, BHHHKAE HEOOXIMHICTE (hi3HKO-XIMIYHOTO
OOIPYHTYBaHHS CIIIBICHYBaHHs HOBOYTBOPIOBaHHX (a3 y CKiIaji B’sHKydOro Marepiamy, Lie 3yMOBHJIO HEOOXIAHICTb JOCIIDKEHHSI CYOCONimTyCHOT
OynoBH cucTeMu. Y poOOTi HaBeICHO Pe3yNbTAaTU PO3PaxXyHKIB, IO XapaKTePH3yIOTh eleMeHTH cyocomiaycHoi 6ynosu cuctemu CoO - NiO - ALO;.
3a pe3ysbTaTaMy JOCHIPKESHb BCTAHOBJIICHO MEPEBAXHICTh Mpepediry TBepaodasHux peakiiii oOMiHy Ta Bu3HaueHo OymoBy cuctemu CoO - NiO -
ALO; y cybcominycHiii obmacti. BeTaHoBieHo, 1o cyOconmigycHa OymoBa CHCTEMH HPOCTa i CKIAJAETHCS 3 TPhOX EJIEMEHTApHUX TPUKYTHHKIB.
AHani3 1Ionli eIeMeHTapHuX TPUKYTHHKIB 1 HEBHCOKHH CTYIiHb acHMETpii BKa3ylOTh HA BiJCYTHICTh iCTOTHUX PH3UKIB BiIXUJIEHHS Bil 33JaHOTO
(azoBoro ckiiaxy CMHTE30BaHMX MaTepialiB 4epe3 IiroToBYi TEXHOJIOTIYHI CTaii, a MiJl Yac CHHTE3y MaTepialiB He MOTPIOHI cremialibHi 3aX011
LIOJ0 TOYHOCTI J03yBaHHs BHXIAHHX IHIPEMi€HTIB. 3a pe3yibTaTaMd PO3PaxyHKiB BH3HAYCHO HAWHOLIBII TEPMOAMHAMIYHO CTabiNbHY CIOIYKY B
JIOCHIIKYBaHil cucTeMi (aJIrOMOKOOAIBTOBY LIIIHENb), & TAKOXK BH3HAUYCHO MAKCUMAJIbHY HMOBIPHICTb 11 iCHyBaHHS. AJIIOMOHIKeNEBa ILIiHENIb Ma€e
MEHIIy HMOBIpHICTh iCHyBaHHs, ToOMy I0 He cmiBicHye 3 CoO i He IpexcTaBlIeHa B €IEMEHTAPHOMY TPHKYTHHKY 3 MaKCHMAJIBHOIO ILIOLICIO.
AJIOMOHIKeJeBa IIMiHEIb Ma€ MEHIIly HMOBIPHICTh ICHYBaHHsI, a HaiiMeHII BiporinHow € inentudikauis ALO; y cknani rerepodasuux komoGiHamiit.
3a pesyspTaTaMu AOCIIDKEHb MPOAHATI30BaHO T€OMETPO-TOMOJIOTIUHI Ta CTATHCTHYHI XapaKTEPUCTHUKK CyOCOIIiycHOI Oy10BH CHUCTEMH, SIKI MAIOTh
3HAYEHHS Ul TOYHOCTI IIPOTHO3YBaHH KOMOIHAIH (a3 mpy CHHTE31 HOBUX reTepOreHHNX KOMIO3UIIHHUX MaTepiaiB.

KirouoBi cioBa: TepMoamHaMivdHi pO3paxyHKH, cyOcomigycHa OymoBa, HOBKHHA KOHHOMM, AJIIOMOKOOANbTOBA ILIMiHETIb, TE€OMETPO-
TOIOJIOTYHI T4 CTATUCTUYHI XapaKTEPUCTHUKH.

O. V. KHRYSTYCH, A. M. KOROGODSKA, H. M. SHABANOVA, S. M. LOGVINKOV
ON THE QUESTION OF THE COEXISTENCE OF NICKEL AND COBALT SPINEL

For the development of composite materials based on alumina and high-alumina cements using resource-saving technology when replacing the
original raw materials with substandard raw materials and chemical wastes, there is a need for a physical and chemical substantiation of the
coexistence of newly formed phases in the composition of the binder, which necessitated the study of the subsolidus structure of the system. The
paper presents the results of calculations characterising the elements of the subsolidus structure of the CoO - NiO - AL,O; system. The results of the
study revealed the predominance of solid-phase exchange reactions and determined the structure of the CoO - NiO - Al,O; system in the subsolidus
region. It was found that the sub-solidus structure of the system is simple and consists of three elementary triangles. The analysis of the area of the
elementary triangles and the low degree of asymmetry indicate that there are no significant risks of deviation from the specified phase composition of
the synthesised materials due to the preparatory technological stages, and no special measures are required during the synthesis of materials to ensure
the accuracy of the dosage of the starting ingredients. Based on the results of the calculations, the most thermodynamically stable compound in the
studied system (aluminocobalt spinel) was identified, and the maximum probability of its existence was determined. Aluminium-nickel spinel has a
lower probability of existence because it does not coexist with CoO and is not represented in the elementary triangle with the maximum area.
Aluminium-nickel spinel has a lower probability of existence, and the least likely is the identification of AlL,O; in the composition of heterophase
combinations. Based on the results of the study, the geometric-topological and statistical characteristics of the subsolidus structure of the system were
analysed, which are important for the accuracy of predicting phase combinations in the synthesis of new heterogeneous composite materials.

Keywords: thermodynamic calculations, subsolidus structure, length of tie lines, alumina- cobalt spinel, geometrotopological and statistical
characteristics.

Beryn. V cydacHHX yMOBax OCOOJIMBO aKTyaabHHUM
€ TMparHeHHs JI0 Marepiajio- Ta EHepro30epeKeHHs,

EKOHOMIT MIPUPOTHUX pecypciB, 3HMKEHHS
AQHTPOIIOIEHHOTO ~ HABAaHTAKEHHS  Ha  HAaBKOJIUIIHE
cepenoumie. OcraHHIMH pOKaMH ocoOyiMBa yBara

NPUAIIEThCS PO3pOOKaM KOMITO3ULIHHUX MaTepiajiB Ha
OCHOBI HEKOHAMIIHHOI CHPOBHHH Ta BIAXOIIB XIMIYHHX

BHPOOHHIITB, IO JOJATKOBO IIJBHIIYE TEXHIYHI
BIIACTUBOCTI  OTPUMYBAaHHUX  MarepiaiiB  (MIIHICTb,
BOTHETPUBKICTB, JIOBT'OBIYHICTb, MOJKJINBICTH

eKCIITyaTalii y BHCOKOTEMIICpAaTypHHX pEXHMax Ta
yMOBax 3MIHHHX TemIeparyp). B'sxyumit matepian €
HEBI'EMHOI0 YaCTHHOI He(pOPMOBAHUX BOTHETPHBIB,
KUK 3a0€e31euye MIIHICTD MIC/Is 3aTBEPiHHS Ta PopMye
3HOCOCTIfiKYy  cTpykTypy.  HaiiGimem  wacto y
BOTHETPUBKUX MarepiajiaX SK 3B'SI3KH BHKOPHUCTOBYIOTH
TJIMHO3EMHUCTI Ta BHCOKOTJIMHO3EMHCTI memeHTH [1, 2].
Ilpn 3aMiHi BHUXIIHMX CHPOBHHHHMX MaTepialiB Ipu
CHHTE31 TaKUX I[CMCHTIB BHHUKA€ HEOOXiMHICTH (hi3HKO-
XIMI9HOTO 0OIpyHTYBaHHS CHiBiCHYBaHHS
HOBOYTBOpIOBaHMX (pa3 y Ckiani B’sDKy4oro MaTepiany.
[Mpuknagom Takoi 3aMiHI MOXE CIyTyBaTH BBEICHHS IO
CKIamy CHUPOBUHHOT cyMiri BIJIXO/IIB HOCITB

KaTai3aTtopiB BHCOKOTEMITEPaTypHUX MpoIIeCiB
Ha(TOOPTaHIYHOTO CHHTE3Y, OCHOBOIO SIKHX € OKCHIH
KOoOaJbTy Ta HIKEII0, HAHECEHI Ha MiIKIAAKY 3 OKCHIY
amroMinito [3]. OmgHowacHe BBEICHHS TaKWX BIIXOIIB
3YMOBWJIO HEOOXIIHICTh JOCIHIJXKEHHS CyOCOilyCHOT
oynosu cuctemu CoO - NiO - AlO;. OkpiM cuHTE3y
BSDKyYMX MaTepiajiB JaHa CHUCTeMa Ma€ 3HAYCHHS IS

BUPOOHHMLTBA  BOTHETPUBKHX  3aIlOBHIOBAaYiB I
HE(OPMOBAaHMX BOTHCTPHUBIB, KEpaMi4HHX BHPOOIB 3
0COOTMBIM KOMILIEKCOM enekTpodiznIHuX

XapaKTEepUCTHK, OTPHMAaHHS TEPMOCTIMKHX IirMEHTIB,
Ti1a3ypi Ta emajel, y SKHX OKCHIM HIKeIo i KoOaJabTy
BUKOHYIOTh TPaTULIHHY (hyHKIIO M ABUILIECHHSA
"3ueruteHHs " 13 3aXHUCHOMO minkiaankoro [4, 5]. Kpim Toro,
cucrema CoO - NiO - ALO; BXOIuTh SIK CKJIag0Ba
YacTMHA [0 CKJIaxy Oigbml  0araTOKOMIIOHEHTHHUX
OKCHJHUX cUCTeM, i Oe3 BuBUEHHs (pa30BHX piBHOBAr y ii
cyOcomimycHif ~ 00macTi  BTpPAayaeThCs  MOXKIHMBICTBH
NPOTHO3YBAaHHS HOBHX TETEPOreHHUX KOMIIO3HLIHHIX
MaTepiaiB.

TeopeTH4Hi MOJIOKEHHSI TA METOAM JOCIiIKEeHb.
IToBHOi  cybOcomigycHOi  OyZOBH  TPUKOMIOHEHTHOI
cucremu CoO - NiO - Al,O; y mitepaTypi He BHSBJICHO.
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Bynosu Ginapuux cuctem NiO - AlLO; Ta CoO - AlLO;
BHBYCHI IOCTaTHHO aBTOpaMu [6-10] Ta mpencraBieHi Ha

puc. 1-2.
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Pucynok 1 — Cy6ecomninycna 6ynosa NiO - AL,O;
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Pucynok 2 — Cy6comnimycaa 6ymzosa CoO - Al,O3

ABTopamu [6] [OOCHiIKEHO alOMiHAT —HIKETI0
NiALL,O,, sKWil CHHTE3yBanu 13 CyMilIl KpUCTaNiYHUX
OKCHAIB, a TaKoX IiJi Yac HarpiBaHHA OCAJKEHUX
TIIPOKCHUJIIB. ITomiTHe YTBOpPEHHS NiAL O,
criocrepiraeTbcst  3a  Temmeparypu  700°C;  Ha
peHTreHorpaMax audpaxniiHi MaKCUMyMH 1€l CIIOJIYKH
Oymu imeHtudikoBani 3a Temneparypu 1000 °C. 3a
1100 °C Bim3HAYeHO TIOBHY B3a€EMOJII0 BUXiJHUX OKCHIIB
AIFOMIHIIO 1 HIKEIIO 3 YTBOPCHHAM 3a3HAYCHOT HiKEIEBOL
mmmireni. Crnonxyka NiAl,O4 kpucramizyerscs B KyOiuHiit
cuctemi (oo = 80,4 HM) Mae MOKa3HUK 3aoMieHHs 1,875,
m1aBuTECS 3a Temnepatypu 2020 °C. 3a gaHuMHU aBTOPIB,

A1,0; mae Bemmky posumsHICTE ¥ NiAlL,O4, a NiO y
tiiHesi GakTHYHO He PO3YMHSETHCSI.

3a miteparypuumu mganumu [9] y cuctemi CoO —
Al,O; icHye By3bKa 00sacTh roMoreHHocTi noosauzy CoO
i gocuth mmpoka noosmsy mmineni CoAl,Oy4 (puc. 2). Y
JaHI CHUCTeMi ICHYe TIIBKM OJ[HAa CTiiika Crojyka
CoALLO4 — amoMOKOOaNbTOBA IIIiHENb, TEMIIEPATypa
riaBineHHs sikoi 1980 °C, xpucramizyerscst B KyOiduHiN
cHCTeMi 1 Ma€e BHUCOKMI MOKa3HUK CBITJIO3aJIOMJIIOBAHHS
(Bumie 1,76). Y mmineni CoAl,O4 atomu Co+2 3aiimaroTh
TeTpaeapuuHy mo3uuio, a aromu Al” — oxraeapuumy
MO3UIII0. AJIOMOKOOAJIbTOBA IIMIHEIL ITOYWHAIOYHA 3
1400 °C ytBoproe tBepai po3unHu ckiaaxy CoAlyipOyguax 1
Hajae ONAKUTHUHA KOJip MirMeHTaMm. TakoXX BOHA €
BaXXJTUBOIO JUTS OTpPHMaHHS KaTai3aTopis
BHUCOKOTEMITEPATYPHUX MPOLIECIB OPraHiqYHOTO CUHTE3Y, a
Mar”iTHi BJIACTUBOCTI BU3HAYalOTh IEPCHEKTUBH il
3aCTOCYBaHHS JIJIsl HOBUX MarepialliB eJIeKTPOTEXHIYHOTO
npu3HadeHHs. TpamuumiiHUM — METOAOM  OJEpKaHHS
aIIOMOKO0ANBTOBOI LIMiHENI € TBepAo(a3Huil CHHTE3 MPU
Bucokux (T > 1300 °C) Temneparypax.

PazoM 3 THM, TepMOAMHAMIYHO PIBHOBaXKHUX
KOMOiHamiii ¢a3 cucremMu, ska 0 OJHOYACHO MICTHIIA
oOuaBi 1ImiHENi, HE BCTAHOBICHO, IMOBIpHO, Yepes
MTOPIBHSHO HEIIOIaBHO OTpUMaHi  JaHi po
TepPMOAWHAMIYHI BJIACTHUBOCTI AIIFOMOKO00aIETOBOT
mimideni [10]. Tomy Meroro poOOTH € BH3HAUCHHS
cybcomiaycHoi OymoBu TprKoMIToOHeHTHOT crctemu CoO -
NiO - ALO; Ta anami3 eneMeHTiB 1 Oym0BH IO
BIZIHOILICHHIO JI0 TEXHOJIOTIYHO 3HAYYIINX CTail CHHTE3Y
TYTOIUIaBKMX HEMETAIIYHUX MaTepialiB.

JUJiss BCTaHOBIICHHSI CTAOLTBHUAX KOHOJ| y 3a3HAUYCHIN
CHCTEMI 3aCTOCOBYBAIN TEPMOJMHAMIYHUI Ta TEOMETPO-
TOTIOJIOTIYHANA METOAW aHami3iB. 3acTOCyBaHHS IIHOTO
METOIY MJO3BOJIIE MiHIMI3yBaTH KibKiCTh HEOOXiTHUX
TePMOANHAMITHUX PO3paxyHKiB [4]. Jus
XapaKTEepUCTHKH cyOcomimycHoi OynoBu cuctemu CoO -
NiO - AlLO; mpoBemeHO pPO3paxyHOK OCHOBHHX
reOMETPO-TOIOJIOTIYHMX ~XapakTepucTHK 1i  ¢da3, mo
BKJIIOYAIOTh JOBXKWHY KOHHOJ, IUIOLI eJeMEeHTapHUX
TPUKYTHUKIB, CTyMmiHb IX acuMmerpii, HMOBIpHICTb
icayBanHs ¢a3 y cucreMi CoO - NiO - AL, O;. I'eomerpo-
TOIOJIOTIYHI Ta CTATHCTHYHI PO3PaXyHKH BHKOHAHO
BIMTOBIAHO A0 MeTOTUKH [11].

Pe3yabTaT po3paxyHkiB Ta ix o6roopenHs. s
BCTaHOBJICHHS TEPMOAMHAMIYHO CTaOiTBHUX JBO- 1
Tpudazaux koMmOiHamii y cucremi CoO - NiO - AlO;
BUKOHyBajacsi ii TpiaHTymALis 3a  pe3yJbTaTaMu
po3paxyHkiB 3miHu eHeprii [i66ca (AG) oOMIHHHX
peakiiit. Jlnsa pospaxyHky 3anexHocti AG = f(T)
BUKOPHCTOBYBajacsi KOMITIOTEpHa IporpamMa B MaKeTi
Microsoft Office Excel. TepmomunaMiyai gaHi CIIOJYK
cucremu CoO — NiO - Al,O; 3a mannmu aBtopis [12, 13],
MpeCcTaBIcHI B Ta0IMI. 1.

58

Bicnux Hayionanvnoeo mexuiunoeo ynieepcumemy «XI1I».

Cepis: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(11) 2024



ISSN 2708-5252 (Online)

Tabmuns 1 - TepmonmHamigHi mani cronyk cuctemu CoO — NiO - AlL,O;.

AH® 50 Cp=a+8-107-T-c-10°-T7,
-4 398, 2985 / K
Croyka k/bx/Mons | Jhx/mons K Jlox moms
a B c
CoAlLO, 1948.,9 101,7 149,03 30,54 27,32
NiO 239,74 37,99 46,78 8,46 -
CoO 238,9 52,97 48,28 8,535 -1,67
NiALOy 1915.,4 92,50 159,20 23,34 30,752
V migcucremax cucremu CoO - NiO - AlLO; CoAlL,O4 + NiO = CoO + NiALL O, (N
JOCTOBIpHO BCTAHOBJICHO JIMINE IBi MOJABIHHI CIIONYKH -
koOanpToBy Ta HikesneBy mimiHeni (CoALO, i NiAlLOy, PesynpraTn TEePMOANHAMITHIX PO3paxyHKiB

BIAMOBIZHO), IO
TBepIo(da3Hy peakiiro:

nepenbadae  €IUHY ~— OOMIHHY

TBeprodas3Hoi peakuii, sika mepebdirae y cucrtemi CoO -
NiO - Al,O3 nipeacrasieHi B Ta0I. 2.

Tabmuns 2 - Pe3ynbpraTi po3paxyHKiB 3HaueHHs 3MiHu AG=f(T).

Peaxiis 3unauenns 4G(x x/Monb) npu Temneparypi 7, (K)
cartt 800 1000 1200 1400 1600 1800 1900
1 25,94 22,89 19,65 16,30 12,90 9,49 7,79

V¥ 3B'13Ky 3 THM, 10 PO3PaxOBaHi 3HAYCHHS QYHKIIIT
AG=f(T) maroTh IO3UTHBHI 3HAYCHHS 3a BCIX TEMIEPaTyp
(Bixg T = 800 mo 1900 K, Tabm. 2), To TepMOAWHAMITHO
MIEPEBAXXHHUM € 3BOPOTHHUI HAIPSIMOK MepeOdiry peakiii.

TakuM YHMHOM CHIBICHYIOUHMH € BHUXiIHI PEYOBUHH,
mo 3abe3neuye HasBHiCTE KoHHOOU CoALO, - NiO y
cy6comimycniit Oynosi cuctemu (puc. 3). Konnoma mix
KOOAJbTOBOI0 Ta HIKENEBOIO INMIHETAMH BH3HA4YeHA
TOIOJIOTIYHOI0 OJIHO3HAYHICTIO ICHYBaHHSI €JIeMEHTapHUX
TPUKYTHHKIB y TpiaHTyJIbOBaHill cucremi [ 14].

3a pe3yipTaraMyd NPOBEACHOTO  aHamizy Ta
pO3paxyHKiB BCTAQHOBJIEHO, L0 cyOcoiixycHa OymoBa

JOCIDKYBaHOI ~ cHCTEMH €  JOyxe  IPOCTOlo,
NPENCTABICHOID  BCHOTO  TPhOMa  EJIEMEHTAPHUMH
TPUKYTHUKAMH.

OCHOBHI T'€OMETPO-TOMOJIOTIUHI  XapaKTePUCTHKU

(TOBXMHU KOHHOJ, IUIOMI €JIEMEHTApHHUX TPUKYTHHKIB,
CTyIiHb IX acuMeTpii, WMOBIpHICTh iCHyBaHHA (a3 y
cucreMi CoO - NiO - Al,O; HaBezeni y Tabm. 3-5.

ALO 10 20 30 *a0 50 60 70 Nio
Nia

Pucynok 3 - Tpianrymsuais cuctemu CoO - NiO -
Al O;

Tabnuust 3 - Jowxkuuu kouHon y cuctemi CoO - NiO - Al,O4

Ne Konnona L, BigH. of.
1 CoAl,04-NiAl,O, 0,4232
CoAl,04-NiO 0,8694

Tabnunst 4 - [nowti enementapHux TpukyTHHUKIB cuctemu CoO - NiO - Al,O4

Ne EnemeHnTapHuil TPUKYTHUK ITnomra, BigH.0d. CTyEﬁZ;iP%ZTpH’
1 Al,03-CoAl,04-NiAl,O, 0,1764 1,0021
2 NiO-CoAl,04-NiAl,Oy 0,2436 2,0543
3 NiO-CoAl,04-CoO 0,5800 1,7349
CymmMma 1,0000
Max 0,5800
Min 0,1764
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Tabaums 5 - 'eomerpo-Tonosoriuna xapakrepuctuka a3 cucremu CoO — NiO - Al,O,

Ne Crnomyka VY ckinbkn 3i ckimpKOMa CymapHa 1iormia ImoBipHiCTE
TPUKYTHUKAX (hazamu icHyBaHHS, S, iCHyBaHHS, @,
icHy€e CHiBiCHY€E BIIH. OII. BIJH. OII.

1 NiO 2 3 0,8236 0,2745
2 CoO 1 2 0,5800 0,1933
3 AlLOs 1 2 0,1764 0,0588
4 CoAlO4 3 4 1,000 0,3333
5 NiALO, 2 3 0,4200 0,1400
Cymma 3,000 1,000
Max 1,000 0,3333
Min 0,1764 0,0588

JIOBKUHM KOHHOJ PI3HATHCS OLIBII HIX y 2 pasu
(tabn. 3), a enemenrapHuii TpukyTHUK Al,O3-CoAlO4-
NiALO,4, mo Bkimowyae koHHOAY C0AlO4-NiAl,O4, mae
MiHiManbpHy 1iomy (tabm. 4). Pasom 3 TuM, uei
€JIEMEHTAPHUH TPUKYTHUK OJM3BKHHA 10 MPaBHIBHOTO 1
M dYac CHHTe3y MarepiaimiB i3 3amaHuM (Pa3oBUM
CKJIaIOM y HOTo KOHIICHTpALiiHii 00macTi He MOTpiOHI
CHemiaigbHi 3aX0AU MIOAO0 TOYHOCTI J03yBaHHS BHXIJTHUX
IHTpenmieHTiB, a dYac 3MIIOIyBaHHSI  IOPOIIKOBUX
KOMITO3HIIii MOKe OyTH 00MekeHHM. 3HauYHI IUIOIII ABOX
IHIINX eJeMEHTapHUX TPUKYTHUKIB 1 HEBUCOKUI CTYIIHB
acuUMeTpil TakoXX BKa3ylOThb Ha BIJICYTHICTb ICTOTHHX
PU3UKIB BIIXWJCHHS BiJl 3aaHOr0 (a30BOro CKIAIy
CHHTE30BaHMX MaTepiaiiB 4epes3 MiAroTOBYi TEXHOJIOTIUHI
cranii. I[Ipy 1bOMy HEXTyBaTH TOYHICTIO J03yBaHHS HE
ClIiI y KOHLUEHTPALIHNX 00JacTsAX 3 BHCOKMM BMIiCTOM
NiO, a Takok 3 BHCOKHM BMIiCTOM aJTFOMOKOOAJIbTOBOT
IIMiHeNi il Yac TPOrHO3YBaHHSA (Ha30BOTO  CKIaLy
Martepiany, KUl HaJICKUTh €JIEMEHTAPHOMY TPHKYTHUKY
NiO-CoAl,04-NiAl, Oy, 110 Mac MaKCHMAaJIbHY
aCHMETpI0 B JOCHTIKyBaHii cucteMi (puc. 3, tadam. 4).

AnroMOKO0abTOBa IIMIHENb CIHIBICHYE 3 yciMa
cnoiykamu B cuctemi CoO - NiO - Al,O3, 1o 3abe3mneuye
il MakcuMajbHy WMOBIpHICTH icHyBaHHS (Tabn. 5) y
ckiani Oyap-skux TpudazHux KomOiHamiid ¢as. Tomy
CoAl,O, MoXHA BBaXaTH HAWOUIBII TEPMOAUHAMIYHO
CTa0UIbHOIO CIIONYKOIO B  JIOCIIJUKYBaHId CHCTEMI.
AJIOMOHIKeNeBa WITHETh Ma€ MEHITy WMOBIPHICTB
icHyBaHHA (Tabn. 5), Tomy mo He cmiBicHye 3 CoO 1 He
NIPEACTaBICHA B  EIEMEHTAapHOMY TPUKYTHHKY 3
MakCUMaJIbHOIO IUIomero (amB. puc. 3). Haiimenm
BiporigHoto (Tabm. 5) € igentudikamis ALO; y cximaxi
rerepodasHuX  KOMOiHALiK, 10 YTBOPIOIOTBCS B
CHHTE30BaHMX MaTepiajlax 3 IPUYMH BUIIAJKOBOTO
XapakTepy - YHacliJOK BIIXWIEHHS BII 3aJaHoro
(dasoBoro ckiazy B pa3i HEIOCTaTHBO OIHOPIIHOTO
3MIIIIyBaHHS IHTPEIIEHTIB, 3a 3HAYHOI BiIMIHHOCTI B
rpa”ysoMeTpii (B MDK3EpEHHOMY IIPOCTOpi), TYCTHHH
MTOYaTKOBUX KOMIIOHEHTIB, CTEPHYHHX YHWHHHKIB TOIIO
[15].

BucHoBku. TakuM 9WHOM, TIPOBEICHUI aHAII3 Ta
BUKOHAaHMHA KOMIUIEKC JOCIHiIDKEHb  CyOcomimgycHOl
oymoBu cucremun CoO — NiO - AlLO; no3Bomse
TEOPETUYHO TPOTHO3YBaTH Pi3HI  TEPMOAMHAMIYHO
cTabinbHI KOMOiHalii CcHoiyk, KepyBaTH IIpollecamu
CHUHTE3y Ta (JOPMYBaTH 3aJaHUH KOMIUICKC BIIACTHBOCTEH

y Marepianax 3a3HayeHoi cucTeMu. BusHayeHo, w10
cybcomimycaa Oymoa cucremu CoO - NiO - AlLO,
MOPIBHSHO TIPOCTa Ta CKJIaJa€ TpPU EJIEMEHTapHUX
TPUKYTHUKA. AHami3 IUION Ta CTYNEHS acuMerpii
CIIEMCHTapHUX TPHKYTHHKIB BKa3ylIOTh Ha BIICYTHICTh
ICTOTHUX PHU3UKIB BIIXWJICHHSA Bill 3amaHoOro (ha3oBOTrO
CKJIaly CHHTE30BaHUX MaTepialiB dYepe3 MiJroToBYi
TEXHOJIOTiYHI cTafii. ['eoMeTpo-TomonoriyHui  aHami3
xapakrepuctuk ¢a3 cucremu CoO — NiO - Al,O; Hamae
MOXJTUBICTh BU3HAYHUTH, IO AIFOMOKOOAIILTOBA IIITIHENb
Ma€ MakCUMaJlbHy HMOBIPHICTb ICHYBaHHS y CKJIaJi Oy/ib-
akuxX TpudasHux KomOiHauiii ¢a3. AmomoHikeeBa
IIITiHEJIb MA€ MEHITY IMOBIpHICTh ICHYBaHHSI, a HAHMEHIII
BiporimHOoro € igeHTudikamis AlLO; y  ckmami
rerepodasHux KoMOiHamii. 3a3HauuMo, MO MiJI dYac
CHHTE3y MaTepialiB, fKi HaJeXaTh JO Ii€l CHCTEMH,
HEOOXiTHO BpaxOBYBaTH BCTAaHOBJCHI B  JAHOMY
JIOCHIDKEHH]I 0COOIMBOCTI.
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IM. ®UK, /I.B. PHMYYK

BIL/IMB TIPUPOTHUX ®AKTOPIB INIATPUMYBAHHS ITACTOBOT'O TUCKY HA MI3HIA
CTAIIl PO3POBKHU I'A3OKOHAEHCATHHUX POJOBMUILI.

OO0’€KTOM JIOCHI/DKEHHS € NpUpoAHi (aKTop, SKi MOXYTh BIUIMBATH SK Ha HIIATPUMYBaHHS IUIACTOBOTO THCKY B MpOLECi PO3POOKH
ra30KOH/ICHCATHUX POIOBHIL, a TAKOXX Ha BiTHOBIICHHS 3allaciB BUCHAKCHUX MOKIaiB. [0 Takux (aKTOpIiB CiJ BiZHECTH: OOBOJIHEHHS MOKIALIB,
MPOCIJaHHs TTOBEPXHi, HPYKHICTh IMOPOIH, BOAHM 1 ra3y, MOYATKOBI I'PANi€HTH IUIACTOBOrO THCKY B TOKJIaAax, KanumipHi cuid. [Ipu BuBuYeHHI
BIJJHOBJICHHS 3allaciB Ha BHCHAXXCHUX Ta30KOHAEHCATHUX pPOJAOBHINAX, Halnepuie Tpeba BpaxyBaTH BIUIMB BHIIEHAaBEACHHX (HaKTOpIB Ha
MiATPUMYBaHHS INIACTOBOTO TUCKY, 1100 BUSBUTH caMe 00’ €MH rasy, siKi IepeTiKalTh 3 IIIMOOKUX FOPU30HTIB (CTOPOHHI [pKepena).

B po6orti nmoka3ana auHaMika oOCsTiB OOBOJHEHHS Ta CEpPeAHi IUIACTOBI THCKH IO POKaM. AKIIEHTOBAHO, IO OOBOJHEHHS CYTTEBO HE BIUIMBAE HA
MiATPUMYBaHHs IJIACTOBOTO THCKY. HaBeneHo KopemsuiiHi 3aiexHOCTi 00’€MiB OOBOJHEHHS B 4aci, Ta 3aJeXKHICTh 00’€MiB OOBOAHEHHS Bif
IIACTOBOTO THCKY. 3aIIPOIIOHOBAaHA OPHIiHAIBHA CHCTEMA PO3PaxyHKY 00’€My BOJOHAIIPHOI CHCTEMH 3 METOO IPOrHO3Y ITOAAIBIION0 OOBOIHCHHS
nokJTaiB. BpaxoBaHo BIUIMBH BCiX HaBeICHUX BHIIE (aKTOPIB Ha IpoOIeC MiATPHMYBAaHHS IUIacTOBOTO TUCKy. ITokaszano, mo st IlleGenmHChKOTO
I'KP Bci 1i ¢axkropu CyTT€BO HE BIUIMBAIOTh HAa BiJIHOBJICHHS 3amaciB. BHBYCHO BIUIMB KamiJISPHUX CHJI Ta BMIIAPOBYBAHHS BOJM B MOKJIAJax Ha
MIPOLIECH PO3POOKH 3 TOYKH30PY MiATPHMYBaHHS IIACTOBOTO THCKY Ha Mi3Hil cranii ekcrutyaranii [KP.

KimiouoBi ci10Ba: ponoBuiie, IacToBril THCK, 0OBOIHEHHS, po3po0Ka, Py KHICTh, KOJIEKTOP.

IM. FIK, D.V.RYMCHUK

INFLUENCE OF NATURAL FACTORS OF SUPPORTING RESERVOIR PRESSURE AT THE
LATE STAGE OF DEVELOPMENT OF GAS CONDENSATE FIELDS.

The object of the research is natural factors that can affect both the maintenance of reservoir pressure in the process of developing gas condensate
fields and the recovery of depleted deposits. Such factors include: waterflooding of deposits, subsidence of the surface, elasticity of rocks, water and
gas, initial gradients of reservoir pressure in deposits, capillary forces. When studying the recovery of reserves in depleted gas condensate fields, it is
necessary to take into account the influence of the above factors on the maintenance of reservoir pressure in order to identify the volumes of gas that
flow from deep horizons (external sources).

The paper shows the dynamics of waterflooding volumes and average reservoir pressures over the years. It is emphasized that waterflooding does not
significantly affect the maintenance of reservoir pressure. Correlation dependencies of waterflooding volumes over time and the dependence of
waterflooding volumes on reservoir pressure are given. An original system for calculating the volume of the water pressure system is proposed for the
purpose of forecasting further waterflooding of deposits. The influences of all the above factors on the process of maintaining reservoir pressure are
taken into account. It is shown that for the Shebelinsky GCF, all these factors do not significantly affect the recovery of reserves. The influence of
capillary forces and evaporation of water in deposits on the development processes from the point of view of maintaining reservoir pressure at the late
stage of GCF operation is studied.

Key words: deposit, formation pressure, irrigation, development, elasticity, collector.

Berym. Brums MPUPOJTHHUX (dakTopiB  OOBOJHEHHs MOKa3ajo, IO 3a mepiog 7 POKIB IUIOMNI
MiATPUMYBaHHSI IUIACTOBOTO THCKY Ha Mi3HIM cranii  0OBOJHEHHs 3pOCIHU HE CYTTEBO.
PO3pPOOKH ra30KOHICHCATHUX POIOBHILL IMonanpime OOBOAHCHHS PONOBHINA HABEACHO B

B poborti posrnsgaroTbes mpupoaHi (akrtopw, ski  Tabmmimi 1, e y3aragbHeHO O0’€MH  BTOPTHECHHS
MOXYTh BIUIMBaTH $K Ha WiATPUMYBaHHS IUIACTOBOTO  3aKOHTYPHHMX IUIACTOBHMX BOJ IO pOKax Ta ILIaCTOBI
TUCKY B IPOLIECi po3poOKU ra30KOHJCHCATHUX POJOBHII,  THUCKH.

a TaKOXX Ha BIJJTHOBJICHHS 3aI1aciB BHCHA)KCHUX TTOKIIAIB.

AHaJli3 OCHOBHMX [OCATHeHb i Jireparypu. B . 2
pobori [1,2,3] BiaMidamoch, OO0 B YMOBax pPO3POOKH
ra30KOH/ICHCATHUX POJOBHII B PEXXHMMi BHCHa)KEHHS a00
YaCTKOBOI'O MPOSBY BOJOHAIIPHOTO DPEXUMY, CYTTEBY
pOIb BIiAITPAlOTh NPHPOIHI SBHUINA 3 INATPUMYBaHHS
IUIACTOBOTO TUCKY 200 HaBIaKH.

JIo TakMX SIBHIII CITijl BiTHECTH:

- OOBOJHEHHS  Ta30KOHJIEHCATHUX  POJIOBHII
HaCTYIAIOYUMH TJIACTOBUMH BUIIAMH;

- TIpOCijiaHHA NOBEPXHI HaJ POJIOBHIIEM;

- TPYXHICTb OP y BOJY Ta ra3y B POJOBHIIL;

- TIOYaTKOBI TPaJi€eHTH THCKY SIK MDK IUIaCTOBI.
TaK 1 MDKITOpPOBI (KanIspHi).

PosrnsiHeMO HaBeneHi SBUINA 3 TOYKH 30pY iX
BIUIMBY Ha MIATPUMYBaHHS IUIACTOBOTO THUCKY Ha Mi3Hii
cTazii po3poOKU ra30KOHCHCATHUX POJIOBHIILI.

Ha puc.1 ta puc.2 HaBeneHO [Bi KapTH OOBOJHEHHS Pucynok 1 — Cxema 00BOJHEHHS MPOIYKTHBHHX
[Ie6eNMHCEKOTO Ta30KOHICHCATHOTO POJIOBHINA B Yaci ropusonTis lllebemncrkoro pogosuma (1981 pik)
(cranoMm Ha 1981 Ta 1987 pokwu [2,3]. crmiBCTaBIeHHS KapT
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Pucynok 2 — Cxema 00BOIHEHHS IPOAYKTHBHUX
ropu3onTiB [llebenuuchroro pogosuina (1987)

Tabmuus 1 — CriBeraBieHHs 00csTiB 00BOIHEHHS
Ta cepeaHi mactosi THkK B Lllebennuacekomy I'KP o

pOKax.
Pik (t) Qo6sMITH. M P..cepenne
MIla

1964* 0 23,8
1989 40,6 12,0
2009 80,0 2.5
2016 90,0 2,08
2022 96,0 2,00

IMpumitka: * - 1964 pik OpPUHHATO SK IOYATOK
3pYyILICHAS BOJOHAIIPHOI CHCTEMH B Ta30Bi IMOKIAIH.

I3 Tabmmmi 1 cmigye, mo TeMmu OOBOTHEHHS
IUTACTOBUMH  BOJAMH  NPOJYKTHBHHX  TOPU3OHTIB
3Menmyerbes. B poGotax Abenenuesa B.M., JypreA I,
MOKAa3aHO HE3HAYHEe OOBOJHCHHS OCHOBHHX POIOBHII
A3 [4,5] mo migTBepmkyethes Ha lllebenuHChKOMY
T'KP.

B po6ori [6] BiaMi4aeThCsl, 10 OJHUM i3 KPUTEPIiB
BaXKOBHIOOYBHUX 3aracis € 00BOIHEHHS
ra30KOHACHCATHUX TIOKJIAMiB, TOMY BaXXJIMBO 3HATH
00’emu 00BOIHEHHS MPOIYKTUBHUX IUTACTIB
Ille6enurcexoro I'KP.

ABTOpaMH pO3paxOBaHi CTATUCTHYHI 3aJIEKHOCTI
00’emiB oOBomHeHHA Bing dYacy (Qugs(t), a Takox
3aJIeKHICTh 00’€MIB OOBOJHEHHS BiJ| IIACTOBOIO THUCKY

(Qoﬁs (P rm) .

OTpyMaHHI PiBHSHHS MalOTh BUTJISL

Qos(t) =1.758 -t-3454 r=0,998 (1)

Qoss (Pr)=-33,8 -In(P,)+114,4  r=0,967 (2)
Jie T — KoeilieHT Kopemsmii
I3 oTpumanux piBHAHG | 1 2 cimimye, OO 3aJIeKHOCTI
00’eMiB OOBOIHEHHS BiJ 4Yacy i BiJ THCKY BeAyTh cebe
HEaZeKBaTHO 1 BCTYNAIOTh y NPOTHPIY4s, OCKUIBKH Ha
mi3HIA cramii po3poOku 1lleGenmnHCHKOro pomOBHINA
3aJIexHICTh Qo6 Bi Py, TIOKa3ye npakTuuHy cradinizaiito

IUTACTOBOTO THUCKY BIZHOCHO HE3HAYHUM, ale Pi3KUM
pocTomM 00’eMiB OOBOAHEHHS MPHU MaiHHI MJIACTOBOTO
THCKY 3 2,5 MIla no 2,08 Mlla 3a mepiox 3 2009 mmo
2016 pik, ta 3 2018-2022 pokax IJIACTOBUI THCK
ctabini3yBaBcs Ha miBHI 1,8 MIla.

lazonacuuenuit 06’em mop Ile6enuncekoro I'KP
cknagae 0,576 109 M’ , B TOH 4ac, K 00’eM OOBOIHEHHS
craom Ha 2022 pik cxiamae 96 mmaM’. To6To 06’eM
OoOBOJHEHHS Ha 3 TOPSOKM MEHIIMH HDK 00’eM
ra30HaCHYEHHUX TIOp I HE MOXKE CEpHO3HO BIUIMBATH Ha
PEKXUM pO3pOOKH POOBHIIA 1 MiITPUMAHHS IJIACTOBOTO
THCKY.

BpaxoBytoun, mo HaBeAeHHH 00’€M 3a KOHTYPHHUX
IUTACTOBHUX BOJI, SIKi YBIHIIIM B Ta30Bi IMOKIATU CKIAJa€
96 MIH M3, MIPH [IBOMY TUIACTOBI THCKH 3HHU3WIHCH i3 25
MIla no 1,8 MIla, a BojoHamipHa cucTeMa, B IIJIOMY,
3aMKHEHa, MO’KHa PO3paxyBaTh MPHOJIM3HHUN 3amac BOAM
y BogoHamipHii cuctemi [lledenuuchkoro pogosuiia [3].

[TmacToBa BoOma B pOJOBHUINI 3HAXOIUTHCS TIJI.
TUCKOM — CTHUCHYyTa. B Xomi po3poOkum THCK y TuIacTi
MOCTYIOBO TMaja€ i BoJa IOYMHAE PO3UIMPIOBATHCH
BTOPTalOYMCh Y TA30HACHUCHY CHCTEMY.

TakuM 4MHOM 1€ 1O3BOJIIE TPOBECTH IMiAPAXyHOK
3amaciB 3aMKHYTOI BOIOHAIIPHOI CHCTEMH Ta30BHX Ta
Ta30KOHICHCATHUX POJOBHIN. 3HAIOYH  BIACTHBOCTI
piamH, Gi3nKO-XiMiUHI TapaMeTpH IIACTOBOI BOAH, 00’ €M
BOJIY, L0 YBIHMIIOB y ra30HACHYCHUH IUIACT 32 PaxyHOK
po3mmpenHs (96 MJ'IH.M3), a TaKOX TOYAaTKOBHM Ta
MOTOYHUI IIACTOBI THUCKH, MOXHA PO3paxyBaTH 00’ €M
BOIM 3 SIKOTO pO3IIMpPWIIACh IIIacTOBAa BOJA, MIO
BTOPIJIACh Yy Ta30Bi IUIACTH, TOOTO 3amac BOJIU 3aMKHYTOT
BOJIOHAITIPHOT CUCTEMH.

3a pi3HUMH JgaHUMH  KoeQilieHT 00’eMHOTro
PO3IINPEHHS [IACTOBOI BOIM KOIMBAeThess 3,7 + 54107
MIIa™ [2,3]. Januii mapametp 3MiHIOETbCS B 3aIEKHOCTI
BiJl TUCKY, TEMIIEPAaTypH, a TaKOXX TYCTUHHU piauHu. Crix
3a3HAYUTH, M0 KOe(]iieHT  pO3MHUPEHHS  BOIU
301IBIIY€THCS TP HASBHOCTI B BOA1 POYMHEHOTO Ta3y.

Ockinbku 1llebenuHCbKe pOJOBUILE Ma€e 3HAUYHHUN
Jiama3oH 3MiH yCiX BHINE HAaBEACHHX IapameTpiB, TO Y
JlaHil poOOTI 3 METOIO CIIPOILCHHS YCEPETHUMO 3HAUCHHS
xoedilieHTa po3MmMpeHHs miactoBoi Boau 10 4,510
MI]a.

Takum 4YMHOM IS pO3paxyHKy 3amaciB BOAM
3aMKHYTOI ~ BOJIOHAIlIPHOI ~ CHCTEMH  BHUKOPHCTAEMO
hopmyny B.H. lllenkadoBa, mo npuiiMae Buriss [3]

Vﬁe

0

 Bx(PIOT — POy

3)

BC

1ie Ve — 06°€M BOIOHAMIPHOT CHCTEMH, M';
Vo — ©00’eM BOAM, IO BTOpPIIach y
ra30HACHYCHHIl OKJIAJ, 3 PAXYHOK PO3IIUPEHHS Ve M;
B — 06’ emHMii KOEeILIEHT PO3MIMPEHHS IIIACTOBOT
BoJH, 4,51 0° aTM;

17104
PH/T

ngz’T - IOTOYHUH IIACTOBUM TUCK. aTM.

- IOYATKOBUH TJIACTOBUI THCK, aTM;
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[IpoBeneMo po3paxyHOK 3amaciB BOAW 3aMKHYTOL
BOJIOHAIIIPHOT CUTEMHU [IebennHCHKOTO  POMOBHINIA
BUKOPHCTOBYIOUHM opMyity 3 Ta gani Tabmwmi 1,

96-10°
VBC = 5
475-107 x (250 - 20)

=9,278 Mﬂp}l.M3

Takum dYWHOM 3aranbHUN 00’€M BOJOHAMIPHOL
CHUCTEMHU [IlebennHCHEKOTO poAoBHIA 3 SIKOT
pO3MIMPUIACh BOAA, III0 BTOPIJIACH y POAOBHIIE CKIAIa€e
PUGII3HO 9,2 MIPAM..

OCKUIBKH TTOJAIBIIOTO Na iHHS TJIACTOBOT'O THCKY B
POJIOBHII MPAKTUYHO HE CIIOCTEPIraeThCsl, TO BKa3aHUI
00’eM BoauM y BojoHamipHii cuctemi IlleGenuHChKOTO
I'KP (9,3 mupa.M’) He Gy/e B IEPCHEKTHBI BIIHBATH HA
0OBOJJHEHHSI.

B poborax [1,2,3] Bim3Hayamock, MO TPOCITaHHS
MOBEPXHI 3eMJII HaJ| Ta30KOHJCHCATHHUMH POJOBHIAMHU
BiTOYBA€ETHCSA 32 PaXyHOK PO3POOKH Ta30BHUX MOKIATIB Ta
MOHIDKEHHS IUIACTOBOTO THCKY (IUI1 POMAOBHIN, IO
PO3pOOIAIOTECS B PEXHMiI BHCHaXeHHA. B poboti [3]
HaBEJCHO KOHKPETHI MapaMeTpH MPOCITaHHA MOBEPXHi
Hal ra30BHUMHU MOKJIaJaMU [le6enmHCHKOTO
ra30KOHJICHCATHOTO POJIOBUIIIA.

Mertoio po6oTn

Binokpemutn (akTopu BIUIMBY Ha MiJTPUMYBaHHS
IUIACTOBOTO ~ TUCKY B CEpeAMHI  TNOKJIAAIB IO
PO3po0IIsIOTECS Bl (DaKTOPIB BiJHOBJICHHS 3amaciB razy
3a PaxyHOK IEPETOKY 3 TITMOOKNX TOPU30HTIB.

Bigomo, 1m0 TepuTopis TOBEpXHI IO  IUIOMII
[IeGenuHCHKOTO POIOBHUINA MPOCisa B cepeHpoMy Ha 0,5
M. IlimkoMm 3po3yMmimo, o Ied mporec MOB'SA3aHUM 3
PO3pOOKOIO Ta30BUX MOKIIAMIIB 1 IIOHIKEHHSM IIACTOBOTO
TtHCcKy 3 25 MIla mo 1,8 MIla. Skmio moma poxoBHma
cknamae 246+10° M* To B rasoBi mokTamM yBIHIILIO
123+10° M’ BHYTpimHBOI TIACTOBOI BOAM (IIEPETOKH,
Judy3ist BOIU KOHTAKTYFOUHMX BOJO HACHUCHHX IMOPIA i
TJIMHHACTHX TUIACTIB).

Buxonsun i3 Toro, mo 00’eM MOp Tra30HACHYCHUX
KOJICKTOPIiB  CKIIaJIa€ 2,945-103 M3, 00BOJHEHHS 3a
PaxyHOK BHYTPIIIHBOTO BOZOHAIIIPHOTO PEXHUMY CKIIA/A€
4,2% Bim TMOYATKOBOTO Ta30HACHYCHOTO 00’eMy
KOJIEKTOPIB.

TaxuM 4YuHOM, 3arajabHHE 00’ €M IIJJACTOBHUX BOJI, IO
yBifimm B moxian [lleGenuHCEKOTO pomoBHIIA 3a
pPaxyHOK 30BHINIHBOI'O 1 BHYTPIIIHBOTO BOJOHAIIPHOTO
pexumiB cranom Ha 01.01.2009 poxy ckmagas 203+10°
M.

HacrymauM  ¢akropom, 1m0 BIUIMBAaE 5K Ha
IMiApaxyHOK 3amaciB 110 MaJiHHIO MTaCTOBOTO THCKY, TaK i
Ha pO3poOKYy poIOBHIIA, € O0’€MHa MPYXHICTh
3aJIMIIKOBOI BOAM 1 MOpoan KosekTopa. Tak, mpu naaiHHi
miactoBoro tucky Ha 20 MIla 00’eM 3amMImKkoBOi BOIU
36impmmBes (posmmpuees) Ha 11 mmmm®. Obem xe
MOPOIH, sIKa PO3IMIMPHUIIACH Y «CBii» MOPOBHI MpOCTIp,
ckraze 60 wmuH.M°. HaBemeni (akTops MparioroTh
AHAJIOTIYHO, K 1 BHYTPILIHIN BOAOHAIPHUNA PEXKIM.

B  mimomy, 3  ypaxyBaHHAM  30BHIIIHBOTO
00BOJHEHHS, BHYTPIIIHBOTO BOJOHAIIIPHOTO PEXHUMY,
00’eMHOT TPYKHOCTI 3aJMIIKOBOI BOIM Ta TiPCHKHUX
Mopiz, Tra3oHacHYEHHH TOPOBHH 00’€M  IOKIIAIB
sMeHmmBCH Ha 274 MuHM’. TakuM dHHOM cyMapHe
3MEHIIEHHS  a30HACMYEHOr0  MOpoBoro  o0’emy
KOJICKTOPIB 1 HE KOJIEKTOPIB (II0YaTKOBE 3HAYEHHS SIKOTO
CTaHOBHJIO 3,521-109 M3) ckinagae 10 8%  Bixg
noyatkoBoro. ToOTo, cyTTeBOro BIUIMBY SIK Ha
MipaXxyHOK 3alaciB, Tak i Ha po3poOKy pOIOBHINA 3a
paxyHOK HaBeICHHUX (haKTOPIB HE CIIOCTEPIraeThesl.

[po sBHIIE KAamiMSPHHUX CHJI Ta IX BIUIUB LIMPOKO
BiIOMO TIpH po3po0Ili HAQTOBHX POMOBHIL, [I¢ KAIIAPHI
SIBUIIA TIPOSABIIIOTHCS MiJ dYac BUAOOyBaHHSI Ha(TH.
Cunm B3a€eMOZii BOJU 3 TIPCBKUMU MTOPOJAaMHU OibII HiXK
y Hadtu. TakuM 4MHOM BOJA 3/1aTHA BUTICHITH HaTy 3
JpiOHUX TpilKH y Oinbwi. B nanoMy BUnajaky poaoBHiie
ra3okoHzieHcaTHe  (KOoJeKTop  TigpodiibHuil), TOMY
HEOOXI/THO TPOBECTH JOCIIKEHHsI BIUIMBY KallIIPHUX
CHJI Ha 3aBO/IHEHHS Fa30HOCHOT YaCTUHU POJIOBHILA.

[MigifimanHs piguHM 1O Kamisgpa Mix i€k
MOJIEKYJISIPHOTO TPUTSATAHHS MIX CTIHKaMH KamiIsipiB Ta
piAMHOIO BiAOyBa€eThCS JO THX Iip, JOKH MTOBEPXHEBHI
HATAT CHPOMOXKHHH YTPHMYBAaTH CTOBITYMK PIIUHHU. Ha
JaHUi mporec Oe3rmocepeIHbo BILIMBAE CKIIA] PEYOBHHH,
TemmepaTypa, (i3MKO-XiMigHI BIACTHBOCTI IIIACTy, a
TAKOX IUTACTOBHH THCK 1[0 POTHUJIIE KAMUIIPHOMY.

VY NpoayKTUBHOMY IUIACTI Ha 3HAYHIA Bifmaii Bij
ra3oBOASHOTO  KOHTAaKTy  Oarato  KamUmIpHHX i
CcyOKamiJsIpHUX TOp 3alloBHEHI BYIJIeBOAHsAMH. B xomi
pO3poOKM piBHOBara KamiaspHUX ( IUIACTOBUX) CHII
MOPYIIYEThCs, 1 BoAHA (a3a, MOYNHAE BXOJAWTH B TOHKI
ra3oHacHYCHI IOpH, a BHTICHEHI 3 HHUX BYIJICBOAHI
MIrpyloTb y KpynHi mnopu. [Ipomec kaminspHOro
BCMOKTYBaHHS MOX€ MpPOJIOBXYBaTUCh JIO HACTYITHOI
piBHOBAarM  KamisIpHUX  THCKiB. HalliHTeHCHBHIiIIE
KalsipHe BCMOKTYBAaHHS IPOTIKa€ B Ta30HACHYCHUX
nopax [7].

Bigomo, 10 IIACTOBHX THCK B Ta30HACHYCHUX
IUTacTaX BPIBHOBAXYETHCA KANMUJIIPHUMH CHJIAMH, SIKi
BH3HAYAIOTHCS PA/IiyCOM IOPOBHUX KaHAJIB, TOBEPXHEBUI
HATAT Ha MeXI po3ainy ra3onoAiOHOl i piakoi ¢as, a
TaKOX KparloBUM KyTOM 3MouyBaHHs [7,8].

dopmyia KansIpHOTO TUCKY MPUHMAe BUTIISIL:

_2-0-cosb’

P, (4)

r

Jie G — IIOBEPXHEBHH HATAT, JIiH/CM;

©" — kpacHuit KyT 3MOUyBaHHS B IPaycax;

I — paziyc Kanispis, CM.

B ymoBax ¢opmyBaHHS ra3oBOro NOKJIaAy IpH
BUTHCHEHHI BOJIM I'a30M CIIOCTEPITa€ThCS piBHOBAra Mix
IUTACTOBMM THCKOM Ta THUCKOM KaIlUIIPHUX MEHICKIB B
MMOPOBOMY TPOCTOPi KOJEKTOpy. B xomi po3poOku
IUTACTOBHH THUCK ITOCTYIIOBO MaJa€, TUM CaAMUM MPOTHIs
KallSIPHOMY ~ THCKY  3MCHIIYETbCSA, TMpPU  LBOMY
KalUIAPHUA THCK HE TUIBKH 3QJMIIAETBCS HA TOMY XK
piBHI, a HaBITh CTa€ OUTBIINM 3a PAXyHOK 3pPOCTaHHSI
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TTOBEPXHEBOTO HATATY, SKUU € CIaJHOI0 (QYHKIII€I0 TUCKY
3rigHo 3 pocuimkenas M.Mackerty (puc.3) [8].
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Pucynok 3 — 3anexHicTh MOBEPXHEBOT'O HATATY G
BOJIM Ha MEXI 3 ra30M Bif] TUCKY P.

Bukopucraemo ¢opmyny 3 s po3paxyHKY
pazmiyciB TOpPOBMX KaHAJiB, IO CBOEI KAIJISIPHOIO
MIPOTHUIIEI0 CIIPOMO>KHI BUPIBHIOBATH TUIACTOBHUHN THCK. 3a
JAHUMH eKCIIepUMeHTIB [7,8] ans 3paskiB y3aTux 3
Xpectumencskoro poxosuma ©°=89,6°, mpu THcKy B 30
MIla (6=34 nin\cM mo M. MackeTy) 3aJIUIIaTHCh BOJIO
HaCHYEeHUMH Kamirapu 10 2,5 MikpoH. A mpu tucky 10
MIla (c=34 pnin/cM) BOJOHACHYEHHMH 3aJIUINAIICH
Karnsipu giamerpom 3,6 MikpoH. ToOTO mpu HIXKYOMY
TUCKY KaIlUISIpH 3/1aTHI BOUpaTH y cebe OibIne BOIH.

TaxuM guHOM, B X0/ (hOpMyBaHHS MOKIALy HE BCA
Boaa OyJia BUTiCHEHA ra30M 3 Kamisap, a B X0/l PO3POOKHU
(B pe3ynpraTi AKOi IDIACTOBHA THCK 3HU3UTHCI) [0
3aJIMIIKOBOI BOJM y BCE IIe Ta30HACHUYCHIH 4acTHHI Oyze
BCMOKTYBAaTHCh JTOJTATKOBa Boja, 1o Oyne BimiOpana Bin
OCHOBHOT'O ()POHTY OOBOJIHEHHS HA POIOBHIIII.

Ha puc.4 mnokazHa cxema IOIVIMHAHHS IJIaCTOBOT
BOJIM, WIIO BTOPTra€Tbcsi B MIKPOCTPYKTYpPY MOPOBOTO
MIPOCTOPY 3a PaxyHOK BiJJHOBJICHHS! OaJlaHCy IJIaCTOBOTO
THUCKY Ta KaIllIIpHUX CHJL.

Pucynox 4 — 3pymieHHsT MeXi KOHTaKTy «BOJa-Ta3»
Y Kamisipax:
1 — 3anumkoBi Boau pu P, "**(P1); 2 — nogaTkosi
o rput P,""" (P2); 3- nomarkosi Boxu npu P, ™
(P3); rl ta r2 — pamiycu MeHICKiB 3a pi3HUX Proi.
Prmnoq.(Pl)> Pmnoﬂ (P2) > Pmnoﬂ (P3)

I3 pucd cumigye, mo [0 TMOYATKYy pPO3POOKH
TUIACTOBHU THCK 1 KamJISIpHI CHJIM 3HAXOAWINCH Y CTaHi
piBHOBaru. B xozai po3po0Ky MIacTOBUH THCK MTOCTYIIOBO
3HW)KYBABCS 1 CUCTEMa «KaIlUIIPHUI THCK — IUIACTOBHHN
TUCK» TMoTpeOyBajia BiHOBIEHHS piBHOBaru. Ilpu
MOYaTKOBOMY IUIacTOBOMY THCKY P1 MeHick maB paniyc
rl, TOCTYIIOBO TUIACTOBHUIT THUCK 3HU3UBCA 10 P2 i paxiyc
BUPIC JI0 2, BIANOBIIHO MpH 3HIDKeHH1 10 P3 paniyc craB
3.

Take BITHOBICHHS MOXJIMBE JIMIIE TPH 3MiHI
paziyciB MEHICKIiB B MiKPOCTPYKTYpi IOPOBOTO IIPOCTOPY.
JlaHuii  mpolec  CympoBOJDKYETbCS —~ BCMOKTYBAaHHSIM
KamsipaMy  JJOJaTKOBOI ITACTOBOI BOAHM. TakWM YHHOM
mpu OOBOMHEHHI KalIAPH CIOBUIGHIOIOTH HOTO TEMITH
BCMOKTYIOUH BOJTy 3 HACTYIAI0U0i Fa30BOISIHOT CyMIIITi.

TakuM 4rHOM, TIpH OOBOJIHEHHI YaCTHHA BOJHM, IO
BTOpPIJacsi B IIOPH PO3CMOKTYETHCS 3a PaxyHOK il
KanISIPHUX CHJ B MIKPOCTPYKTYPY MOPOBOTO IPOCTODPY,
B HACHiIOK 4YOro OOBOJHEHHS TIa30BOr0 IOKJIaIy
CHOBUIBHIOETHCS. [3 KapT 00BojHEHHs Ha puc 1 Ta puc.2
BUJIHO, 1110 OCOOJIMBOTO MPOCYBAaHHS IIACTOBUX BOJ Ha
PONOBHMIII  HE  CIOCTEpIraerbcsi.  TakuM  YHMHOM
OOBOJJHEHHS CTPHMYETHCS Yy TOMY YHCII 1 3a PaxyHOK
KaIiISIPHUX CHIL.

Sk mpaBWiO Ta30Bi pOMOBHINA, SAKi HE MICTATh
HadTH, TPENCTaBISAIOTh COOOK Ta3oBy INANKY, IO
3HaXOAMTBhCA Hax Boor. [a3 Takoro ponoBHIIA
HAaCU4ECHHUN ITapamu BOJHU.

3rigno pobotm [8] B Tra3i IllebenmmHCBKOTO
pPOZOBHINA B YMOBax IIOHW)KEHHS I[UIACTOBOTO THUCKY
NOCTIHHO 30inbluyerbes nediuut Bojoru. Tak mpu
tuckax 8-10 Mlla HacHyeHiCTh ra3y BOJIOTOIO CKiIajaiia
1,5-2 cM’/M’, B TOH 4ac SIK NMOBHA BOJOTO HACHYCHICTH
noBuHHA OynMa ckaacté 3-3,5 cM’/M’. SIKIIO mpHitHATH,
o 3a TMepiox po3poOKH HACHYCHICTH Ta3y BOJOTOO
36iMBIMIAch B cepeHboMy Ha 1 cM’/M’, To ipi BrTydeHi
rasy i3 pojgosuma B 600 MIpA.M’® B ra3 BHIAPOBYBANOCH
Bcboro 600 tucsau M3B0,I[I/I. To6To BUnapoByBaHHS BOIH B
IUIACTOBMH Ta3 HE MOXKE KOMIIGHCYBaTH BTOPTHEHHS
IUIACTOBHX  BOJA  30BHIIIHBOTO 1  BHYTPILIHBOTO
BOJIOHAITIPHUX PEKUMIB, X0ua B HE3HAUHIH Mipi 3MEHIIye
iX BIJMB Ha MIATPUMYBAaHHS IUIACTOBOTO  THUCKY
[3,4,5,7,8].

Crnin 3ayBaxkutn, mo Ha Illebenmmuaceromy I'KP
3aKayka rasy B IUIACTH He mpoBoauiack. [9]. [epmernyna
SKICTh CBEpIUIOBHH 3a0€3ledye BiICYTHICTh MEPETOKIB
1o3a KOJIOHHOMY IIPOCTOpPY 3alleMEHTOBAaHO! YaCTHHHU
kojoHu. [11, 12].

BucHoBkn. B craTTi moxa3zaHO BiZOKpeMIICHHS
(aKkToOpiB BIUIMBY Ha MiTPUMYBaHHS IUIACTOBOIO THUCKY
B CepeAMHI MOKIAAIB 10 PO3POOISIOTECS Bin (hakTopy
BiJTHOBJICHHS 3aIlaciB rasy.

[okazana quHamika oOCsTiB OOBOJAHEHHS Ta cepelHi
IUIACTOBI THCKM 10  pOKaM. AKIEHTOBaHO, IIO
OOBOJHEHHsSI CYTTEBO HE BIUIMBAE€ HAa MiATPUMYBaHHS
IUTACTOBOTO  THCKY OCOONMBO Ha Ti3HIM  cramii
excrutyatanii I'KP.
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HaBemeno  kopemsmiiiHi — 3aiexHOCTI  00’eMiB
00BOJHEHHS B 4Yaci, Ta 3aJ€)KHICTE 00’€MIB 0OBOJHEHHS
BiJ] IJIACTOBOTO THCKY.

3anpornoHOBaHa OPUTIHATIbHA CHCTEMa PO3PAXYHKY
00’eMIiB BOJIOHAIIPHOT CHCTEMH 3 METOI IPOTHO3Y
MOAAJBIIOT PO3POOKH Ta30KOH/ICHCATHUX TOKJIAIIB.

BpaxoBaHO BIUIMBM BCiX HaBEIACHUX B CTaTTi
(haxToOpiB Ha MPOIIEC MIATPUMYBAHHS TUIACTOBOTO TUCKY.

ITokazano, mo s Illebemuncekoro I'KP Bci mi
(hakTOpHM CYTTEBO HE BIUIMBAIOTH HA BiJIHOBJICHHS 3aIaciB
rasy.

BuBUYeHO BIUIMB KalMIAPHUX CHJI Ta BUITAPOBYBaHHS
BOJIM B MOKJaJax Ha IMPOLECH PO3POOKH 3 TOUKU 30pY
MATPUMYBaHHS IUTACTOBOTO THCKYy Ha I3HIA cramil
excruryararii  ['KP.  Amamiz HaBemeHMX  (axTopiB
JIO3BOJINTH «BIJACIKTH» IX BIUIUB Ha 00’€MIB MEPETOKIB
rasy 3 ru0okux ropu3oHTiB [le6eTnHCHKOTO pOTOBHIIA.
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O. H. LEVYTSKA
PECULIARITIES OF ECOLOGICALLY ORIENTED RECREATIONAL COMPLEXES OF EUROPE

The demand for safe recreation conditions is growing every day. Therefore, hotels, lodges which acquire ecological
characteristics, improving the interiors of the premises, the exterior of the territories, causing green areas and growing
organic products, supporting the ideas of resource conservation and remediation of territories. The purpose of this
article is to evaluate the most successful tourism eco-projects in Europe, to identify environmental criteria that attract
vacationers and improve the quality of the environment, to evaluate the service, natural attraction and creativity of
holiday destinations, to make a comparative description of hotels and resorts located in different natural areas. Service,
proximity to nature and the satisfaction of visitors with interaction of nature, design of the exterior and interior, the
availability of exclusive decor items, and non-standard leisure activities are the three important criteria for choosing a
hotel or resort today. These three criteria were studied by the method of manual analysis of visitor reviews. Most often
vacationers mention natural beauty, somewhat less often — service, and quite rarely — creativity in the design and
organization of recreation. For the first time, the most successfully functioning ecological resorts in Europe are divided
into groups by location and natural resources. The requirements for resorts that are popular among the visitors have
been formed. The criteria of service, natural advantages and creativity in different groups are compared.
Keywords: wood; organic; green; natural; landscape.

O. I. IEBUI[bKA
OCOBJIUBOCTI EKOJIOTTYHO OPIEHTOBAHUX PEKPEALIHUX KOMILJIEKCIB €BPOIIA

[Tout Ha Oe3meuyHi YMOBHM BIiATIOYMHKY 3pOCTa€ 3 KOKHUM JHEM. ToMmy rorenmi, JOIKi HaOyBalOTh EKOJOTIYHUX
XapaKTEePUCTHK, MOKPAILIYIOYH IHTEp'€pH NPHUMIIIEHb, SKCTEP'Ep, O3EJICHIOIYM TEPUTOPIil Ta BUPOIIYIOYM OpPraHiuHY
MPOYKIIIO, MATPUMYIOUH 1Jiel pecypco30epeKeHHs Ta 0310POBJICHHs TepUTOpiid. MeTa 1iei cTaTTi - OLIHUTH HaWOLIbII
YCHINIHI TYpPUCTUYHI EKONPOEKTH B €BpOIi, BUSBUTH EKOJIOTIYHI KpUTEpii, 110 NPUBAOIIOIOTH BiJIIOYMBAIOYUX, Ta
TIOKPAIUTH SIKICTh JOBKIJUIS, OLIHUTH CEPBIC, TPUPOIAHY NPUBAOIMBICTE Ta KPEATHBHICTH MICLb BiJIIOYHNHKY, IPOBECTH
MOPIBHSUIBHUM aHalli3 TOTENIB Ta CaHATOPIiB, PO3TAIIOBAHUX Yy PIi3HMX NpHUpOAHMX 30HaX. Cepic, OJM3BKICTH 1O
NIPUPOIM Ta 3aZ0BOJIEHICTH BiJBIAYyBayiB B3a€MOAIEI0 3 IPHUPOJOI0, IU3aHHOM EKCTep'epy Ta iHTep'epy, HasBHICTIO
EKCKIIIO3MBHUX TPEIMETIB JIEKOPYy, HECTAHAAPTHICTIO JO3BULIL — TPH BaXKIMBI KpHUTepil BUOOpPY TOTENIO M KypOPTY
ceorozHi. Lli Tpu kpurepii Oyno BUBUEHO METOJOM HEaBTOMAaTH30BAHOTO aHAJNI3y BIATYKIB BinBimyBauiB. Haifuacrime
BiIIOYMBAIOYI BiJA3HAYAIOTH MPHUPOIHY Kpacy, TPOXH piamie — cepBic i Iyke pIOKO — KPEaTWBHICTh y IH3aifHI Ta
oprasizaiii BiqmoYnHKy. Briepire HaiOimpmI yemimHO (yHKIIIOHYI0Yi €KOJIOTiUHI KypOopTH €BpONH MOIUICH]I Ha TPYTH 3a
poO3TanIyBaHHAM Ta MPUPOIHUME pecypcamu. CHopMOBaHO BUMOTH 0 KypOPTIB, SIKi KOPUCTYIOTHCS MOIYISIPHICTIO ¥
TypHcTiB. [IOpiBHIOIOTECS KpHUTEPii cepBicy, IPUPOJHUX NIEpeBar Ta KPEaTHBHOCTI Y PI3HUX Ipymax.
KurouoBi cioBa: nepeBrHa; opratika; 3eJIeHUI; IPUPOAHNUIL; TaHaAmadT.

Introduction. Quality rest is certainly associated
with safety, environmental friendliness, memorable
locations and organic food. Therefore, the existing
principles of sustainability are being strengthened and
new criteria are being appeared. Ecotourism is
effectively developing as a successful destination, and
tourists choose hotels and resorts that are equipped with
green areas, water parks and swimming pools, fields
where organic fruits and vegetables are grown, water
areas with fresh fish and seafood. This is also evidenced
by the work (Merli et al., 2019) where it is indicated that
the visitors like the environmental friendliness of hotels.

The task of the work was to identify the following
characteristics of natural beauty, service quality and
creativity in the organization of leisure and in the design
of interiors and exteriors of resorts. These parameters
can be decisive when choosing a resort.

Also, the task of the work is to compare the
ratings given by visitors to hotels and resorts. It is
important to determine how eco-resorts fit into the

concept of evaluating holiday destinations and what
parameters should be strengthened. It is also important to
determine what potential benefits eco-resorts have and
how pleasant they are for visitors.

The implementation of eco-projects certainly
requires compliance of some rules. In (Kosti¢ et al,
2019, Bulatovic, 2017) talking about the eco-
technologies, environmental standards and the specific
maintenance when designing and building an object.

In the interior, natural materials are often in
demand, including decorative elements made from
natural stone, clay, reeds, straw, etc. The predominance
of plants in the room and on the territory of the resort
ensures closeness to nature and leads to air purification.
Often hotels that adhere to the principles of sustainability
are financed or participated in sustainable projects such
as planting forests, clearing protected areas, research to
get rid of plastic, etc.

In articles (Alonso-Almeida et al, 2016, Garcia-
Pozo et al, 2015, Garcia-Pozo et al, 2016) is talking
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about minimal use of natural resources (materials
including energy and surface area) per unit output.

The scarcity and high price of natural resources,
including energy resources, contribute to the
development of technologies and equipment for the
efficient use of fuel and -electricity. In addition,
alternative energy sources are widely considered. In
articles (Alonso-Almeida et al, 2016, Garcia-Pozo et al,,
2015, Garcia-Pozo et al, 2016) is also talking about
minimal release of toxic substances. Combustion
products of traditional and alternative fuels (oxides of
carbon, nitrogen, sulfur compounds, methane, etc.)
significantly affect the quality of atmospheric air. In
articles (Levytska et al., 2021) compared emissions from
the combustion of natural and industrial gases.
Interestingly, when using alternative sources (industrial
gases), emissions are comparable or lower than when
burning conventional fuels. At the same time, alternative
fuels can be waste that requires processing, or their cost
is much lower, and their production is much more
environmentally friendly compared to traditional fuels.

As stated in (Richards and Duif, 2018, Richards,
2020), the positive influence of local stakeholders, that
can collaborate. Thus, producers of organic products can
supply goods to restaurants, interior and exterior
designers can work to improve the design of rooms and
territory, environmentalists — to offer new technologies
for waste processing, water purification (and engineering
and construction companies - to ensure the installation
and operation of these systems), engineers-robotics can
offer automatic cleaning systems, creative waste bins,
manufacturers of floor and wall coverings, varnishes,
paints, furniture and decor elements will be encouraged
to produce environmentally friendly products and
possibly a unique products for a particular hotel or
ecolodge. As stated in (Ardhala et al, 2016) creative
industries and tourism sector are able to produce a new
tourism destination when applied to a region. The
presence of craft industries, including environmentally
oriented ones (production of cheese, milk, jewelry made
of natural stone, decorative elements, furniture made of
cane and straw, wine, etc.) today attracts tourists. A
modern person, as a rule, having high mental and
physical mobility, is ready even on vacation to be
dynamic and acquire new skills and knowledge.

It is significant that the cooperation between
consumers, tourists and designers is developing widely.
This is confirmed in (Sanders and Stappers, 2008) where
it is said that design solutions are changing when adding
new areas of collective creativity. Mutual work leads to a
clear understanding of the needs of the market, a
response to new challenges and ensuring high
competitiveness of the created projects.

Today, research in the field of eco-tourism and
eco-hospitality is relevant and necessary. More and more
people are choosing eco-friendly destinations for their
holidays. However, the issues of the importance of
natural potential in the construction of eco-complexes
are rarely considered, and the issues of creativity in the
organization of eco-resorts are practically not raised in

the scientific literature. These important characteristics,
together with the hospitality rating of eco-friendly
resorts, have been explored in this article.

Methodology

Materials. In order to determine the materials
and components of interiors and exteriors, the eco-
concept of the resort, activities, natural attractions, the
presence or absence of organic food, photos,
presentations and information materials from official
resort websites were used. Attention was paid to
furniture, decorative elements, and decoration of the
rooms, which were made using natural raw materials.
Floral elements framed the rooms and exteriors stood
out. The eco-friendly concept of the resort with careful
use of natural resources was welcomed.

Environmental criteria for resorts. The criteria
service, nature, creativity were studied by the method of
manual analysis of visitor reviews on a popular resource
https://www.google.com/travel/hotels/. Manual analysis
is accepted because some ideas cannot be measured
using numerical methods and software products. The
data was selected based on the frequency of mentions
and positive assessments of the service, nature and
creativity in the reviews on the specified resource. Each
positive criterion in the review was scored as 1. If there
were both positive and negative characteristics of the
criterion in one review (for example, “the rooms were
cleaned daily and the staff was friendly, but the waiter
did not serve us on time”), the criterion in the review
was evaluated as 0.5. Next, the percentage of mentions
of the criterion (K) among the submitted reviews was
calculated using the formula:

K= _f‘*“*:f“’?‘ 100% (1)

In Eq. 1, n; is the number of reviews with a
positive characteristic of the criterion, #, is the number
of reviews with a semi-positive characteristic of the
criterion, N is the total number of reviews.

The sample of reviews consisted of 50 reviews
(or all submitted if there were less than 50 reviews
during the specified period) for the expired 3 years.

Analytics of visitor ratings. Also, the overall
ratings of the hotel or resort, obtained from the service
https://www.google.com/travel/hotels/ were compared.
Indicative for the study was the comparison of
assessments of hotels and resorts located in different
natural zones and in the area of different natural
attractions: mountains and forests of northern Europe,
mountainous and forest areas of natural zones of broad-
leaved forests, hard-leaved evergreen forests and bushes
and altitudinal zonation, as well as coastal areas of the
Mediterranean basin.

Results and discussion

Landscapes of Nothern Europe. Snow-covered
forests, clear starry skies and northern lights attract
tourists to the northern regions of Europe. Hotels and
resorts located in natural ecosystems, often far from
noisy industrial cities, allow to take a break from office
bustle and breathe clean air. The resorts also offer
outdoor activities such as fishing, husky and reindeer
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safaris, skiing, etc. In the best way, the northern flavor
and restrained landscapes emphasize the interior in the
Scandinavian style or in the style of minimalism.

Manshausen hotel area in Norway
(https://www.manshausen.no/, retrieved July 4, 2023)
occupies 14 acres. Tourists and bloggers sometimes
attribute the "Eco" status to the complex, although there
is no such position on the official website. The thing is
that the hotel is located on a unique mountainous
location beyond the Arctic Circle, and the rooms
overlook on the picturesque landscape. It is the unique
nature that visitors praise, as well as creative solutions -
glass cabins for a complete overview of natural beauties
and the bright night sky. Increasing the area of the
glazed surface and, accordingly, the amount of natural
light are among the environmentally friendly criteria.
Woodworking walls, wooden furniture and natural
materials create an eco-friendly interior. Scandinavian
minimalism in the interior and the minimalist exterior of
the cabins emphasize the beauties of nature. The hotel
offers various activities such as kayaking, fishing, hiking
the mountains, rowing a boat etc. and excursions. The
territorial location (Fig. 1) with a high probability will
allow the development of craft production or the
cultivation of organic products by the type of city
farming.

Designed at the foot of a glacier in a mountainous
area, the Svart hotel, even at the stage of its construction,
stands out among its competitors, attracting the press and
future tourists. Representatives of Svart Hotel, Norway,
declare the environmental friendliness and energy
efficiency of the project (https://svart.no/, retrieved July
4, 2023). Energy consumption is provided by solar
energy and energy optimization. In this way, the creators
of the hotel are struggling with growing carbon
emissions when using traditional fuels. In summer,
visitors can see the polar nights, and in winter, the
northern lights. The hotel building is designed as a
circle, the rooms are with huge panoramic windows on
the fjord, which will reduce the use of fluorescent lamps
and provide an overview of the northern landscape.

e nh_‘-:-g s 7] stpieen | i o :.

Figure 1 - Screenshot of the hotel's official website

Manshausen with a photograph of the location of
administrative buildings and the room fund

(https://www.manshausen.no/, retrieved July 4, 2023)

@yna Cultural Landscape hotel, Norway, located
in the picturesque landscape of the northern fjord, and
the roofs of the buildings are covered with a green carpet
of grass (https://www.oyna.no/english, retrieved July 4,
2023). The walls and ceiling of the rooms are made of
wood, and the view of the fjord opens through wide
panoramic windows. There are indoor plants in the
rooms.

Kakslauttanen Arctic Resort offers a unique
opportunity to see the Northern Lights. To do this, the
hotel is equipped with special glass rooms, sensors are
working, announcing the beginning of a natural
phenomenon. The complex is located near the Urho
Kekkonen National Park. As indicated on the website
(https://www kakslauttanen.fi/, retrieved July 4, 2023),
the air is fresh here, and it is possible to drink from
springs and lakes. It is natural ecosystems and unique
natural processes that bring the hotel closer to the status
of environmental friendliness. In addition, entertainment
is built on closeness to nature and communication with
animals. So, in winter, the hotel offers husky and
reindeer safaris, horseback riding, ice fishing on Lake
Inari, ski activities, icebreaker cruise and so on
(https://www kakslauttanen.fi/, retrieved July 4, 2023).
In summer there are horse safaris, Lemmenjoki cruises,
hiking, mountain biking, picking mushrooms and berries
and so on (https://www kakslauttanen.fi/, retrieved July
4, 2023). The interior of the rooms is made using wood,
there is even wooden furniture. The hotel is close to the
status of a lodge, and partial city farming which will help
to meet the needs of restaurants in some vegetables and
herbs can also be interesting. Any craft production
adapted to the peculiarities of the northern nature will be
able to carry out both an entertaining function and meet
the needs of the resort.

The frequency of positive mentions of the
beauties of nature the quality of service and creativity in
the reviews of tourists shown on the Fig. 2.

All hotels have more positive reviews than
negative ones. In particular, reviews that emphasize
nature or creativity, but also name certain shortcomings,
were defined as partially (half) positive feedback
according to a certain criterion. E.g., a tourist likes
panoramic views, but it is too bright in the room at night,
which is why he must wear a sleep mask. Tourists often
mention organized ways of entertainment in their
reviews and, despite their sometime high cost, evaluate
them positively. There is also an opposite assessment of
the same situation. E.g., glass of Glass Igloos in
Kakslauttanen Arctic Resort covered with ice and snow,
which worsens the view, there is no heating system, at
the same time, frozen snowflakes on a cold window
draw truly amazing and unique pictures.
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Kakslauttanen Arctic Resort, East Village

Figure 2 - The frequency of positive mentions of the beauties of nature the quality of service and creativity in the reviews of tourists,
% (Landscapes of Nothern Europe)

In general, hotels and complexes located in the
North of Europe, where you can watch the Northern
Lights, have the most references to natural beauties. It is
also important to note that hotels offer transparent rooms
and pods that allow you to observe the northern sky
around the clock.

Mountain and Forest Areas. Visitors are
attracted by hotels situated high in the mountains or in
forest ecosystems. In this subsection, the natural zones of
broad-leaved forests, hard-leaved evergreen forests and
bushes and altitudinal zones were considered. Here it is
possible to get away from the bustle of the city and feel
the unity with nature. Designers try to integrate buildings
and structures into natural systems as much as possible.
Natural materials are chosen, laconic shapes and colors
which are close to natural — green, sand color, brown,
white (in snow-capped mountains). Resorts offer hiking,
including mountain routes are being developed.

Whitepod hotel located high in the Swiss Alps,
and from the transparent domed rooms offer an
unforgettable view of the snow-capped mountains (Fig.
3b). The hotel supports a number of environmental
initiatives, including limiting lighting in the evening to
ensure a comfortable environment for guests and reduce
the impact on the environment, and increases the
awareness of visitors about the local flora and fauna. An
interesting solution is the adaptation of color schemes to
the season, so the pods are white in winter and green in
summer. This is very comfortable for the local fauna,
because buildings merge with the environment and
animals practically do not notice objects that are unusual
for natural systems (Fig. 3a). The restriction of transport,
which certainly has a positive effect on air quality,
obliges tourists to move independently from the check-in
counter to their pod. The heating system uses wood as a

renewable resource. The hotel provides activities such as
husky sledding, running, cycling, skiing. An interesting
solution was chosen for the interior of the Forest suite —
a forest growing indoors was created
(https://whitepod.com/, retrieved July 6, 2023).

Teapot Lane Couples Glamping (Ireland)
(https://www.glampingireland.ie/, retrieved July 6, 2023)
offers a holiday as close to nature as possible. Rooms are
equipped with modern wood-burning glass.

stoves. There are chickens and other animals in
free range. The resort operates noise reduction from
23.00.

The camp puts forward environmentally friendly
requirements for guests such as limiting noise in the
evenings, cars remain in the parking lot (exceptional
cases are loading and unloading), which provides clean
air. Also, they suggest not to take a lot of disposable
plastic, use appropriate trash cans. The territory is green,
with a huge number of trees and flowers, there are no
building tiles, natural paths are laid.

Teapot Lane Couples Glamping (Ireland)
(https://www.glampingireland.ie/, retrieved July 6, 2023)
offers a holiday as close to nature as possible. Rooms are
equipped with modern wood-burning glass stoves. There
are chickens and other animals in free range. The resort
operates noise reduction from 23.00. The camp puts
forward environmentally friendly requirements for
guests such as limiting noise in the evenings, cars remain
in the parking lot (exceptional cases are loading and
unloading), which provides clean air. Also they suggest
not to take a lot of disposable plastic, use appropriate
trash cans. The territory is green, with a huge number of
trees and flowers, there are no building tiles, natural
paths are laid.
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Pods Cabins

TR - - § PN
b
Figure 3 - Screenshots of the official website of the Whitepod
hotel: a — the location of the Pods and the Cabins; b —
illustration of the Pods and the Cabins (https://whitepod.com/,
retrieved July 6, 2023)

Creativity

—— Whitepod

Teapot Lane Couples Glamping

A Casas Cueva del Tio Tobas hotel
(https://www.cuevastiotobas.com/, retrieved July 6,
2023) was organized in the worked-out mine caves of
Spain. The cave complex is barely visible under the trees
and thick layer of tall grass. The cave rooms are made as
authentic as possible, the walls and ceilings are
minimally processed, the furniture is made from natural
materials. Caves provide heat and sound insulation,
which contribute to a comfortable, secluded rest. Among
the activities are skiing, landscape walks. The frequency
of positive mentions of the beauties of nature the quality
of service and creativity in the reviews of tourists shown
on the Fig. 4.

Interestingly, the largest number of references to
the beauty of nature in the reviews has a hotel located in
the Swiss Alps. Hotels located near mountains and
forests offer excellent service.

Coastal Territories. In this subsection, the
coastal areas of the Mediterranean Sea basin of the
natural zone of hardwood evergreen forests and bushes
were considered. The coastal hotels of the Greek islands
of Mykonos and Santorini are attractive. They immerse
visitors in the natural environment of the Mediterranean
caves, offering a modest, but certainly authentic
Mediterranean interior with almost unfinished walls and
ceilings, austere furniture and color schemes close to
marine ecosystems.

Nature
60

50
40
30
20

Service

Casas Cueva del Tio Tobas

Figure 4 - The frequency of positive mentions of the beauties of nature the quality of service and creativity in the reviews of tourists,
% (Mountain and Forest Areas)

Cocoon Cave Suites Boutique Hotel is one of
such resorts (https://cocoonsuites.com/, retrieved July 7,
2023). Natural materials, wood furniture as close as
possible to natural colors look neat and elegant.
Environmental friendliness is manifested even in small
things such as wooden trays, wooden loungers, and
glassware because the hotel is moving away from the use
of plastic. The private outdoor areas of the hotel suites
offer stunning views of the volcano, the Aegean Sea and

the famous Santorini sunsets. The hotel offers an organic
breakfast with organic local products, fresh juices, fresh
fruit, jams, honey and Greek yogurt. The exterior is not
loaded, personal areas have enough space and a
swimming pool.

Resorts and spas close to the sea offer maximum
service and have huge competition. Green spaces and
plants connect visitors to nature, provide shade on hot
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days and improve air quality. Therefore, such an eco-
initiative is useful and attractive.

Contessina Suites & Spa is a luxury boutique
hotel of the island of Zakynthos, immersed in vegetation.
The exterior is made using natural building materials and
fabrics. The pools are surrounded by greenery. It
surprises the plants attached by the root system to the
surface of the balcony wall. Ampelous plants
unobtrusively enclose personal terraces with pools.

The hotel is within walking distance of the
Mediterranean Sea, while at the same time slightly
removed from the coastline, providing guests with a
secluded, luxurious and personalized holiday.
(https://contessinacollection.com/, retrieved July 7,
2023). The rooms are made with quality materials in
discreet shades. In the interior of the corridors, spa-
rooms, the indoor pool and restaurants, greenery is
generously used. A significant amount of green plants
used in the interiors and exterior of the resort has a
positive effect on air quality by absorbing carbon
dioxide.

Outlying from coastal areas and resort islands
resorts also attract visitors. It is possible to avoid
crowded streets and huge hotels filled with noisy
tourists. Instead, a tourist can find small cozy hotels
located in rural areas and taste organic food from local
products.

Creativity

Cocoon Cave Suites

Contessina Suites & Spa

Sa Rota d’en Palerm hotel supports many serious
eco-initiatives. 15 kVA photovoltaic system for
generating own electricity, using motion sensor lights in
both shared areas and the main house, centralised energy
consumption control system, turns off the air
conditioning whenever the windows or doors of the
property are opened, ceiling fans which are encouraged
for using instead of the air conditioning, using of low
energy lamps provide energy savings (https://sa-
rota.com/, retrieved July 7, 2023). The waste separation
system, eco-efficient recommendations for guests, the
use of rainwater from roofs for watering plants and other
hotel needs also contribute to the solution of both local
and global environmental problems. Natural materials
and fabrics are used in the exterior and interiors. The
room immerses the guest in the natural environment as
much as possible: the walls, stylized as brickwork, the
legs of the lamps resemble a tree trunk. The hotel
provides a unique opportunity to enjoy the rural
sceneries of the resort island of Mallorca. In Sa Rota and
the surrounding area, you will have the opportunity to
enjoy authentic cuisine with wholesome local products
and wine. The frequency of positive mentions of the
beauties of nature the quality of service and creativity in
the reviews of tourists shown on the Fig. 5.

Nature
80

60
40

20
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N\

Service

Sa Rota d'en Palerm

Figure 5 - The frequency of positive mentions of the beauties of nature the quality of service and creativity in the reviews of tourists,
% (Coastal Territories)

The hotel located near the volcano on the island
of Santorini has the largest number of references to the
beauty of the caldera. At the same time, the rooms have
their own areas with pools and a view of the volcano,
which inspires visitors and makes it possible to admire
the sea. Hotels located on resort islands and in coastal
areas demonstrate a high level of service.

Analytics of visitor ratings. The first thing the
evaluation of the beauties of nature the quality of service
and creativity in the reviews of tourists charts show is
the advantage of natural beauty. People often come to

the area to see the unique fjords, Northern Lights,
untouched forests. These are the places to choose for the
construction of new resorts. Visitors are also demanding
when evaluating the staff. Politeness and delicious food
create a picture of the resort, so the tourist draws
conclusions whether he wants to return. The information
that some tourists lack the variety of vegan food was not
included in the graphic material.

When cf. the charts in Fig. 3, 5, 7 it becomes
clear that the high quality of service was more often
mentioned when evaluating hotels and resorts located in
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mountainous and forest landscapes (natural zones of
broad-leaved forests, hardwood evergreen forests and
bushes and altitudinal zones), as well as hotels and
resorts of coastal areas of the Mediterranecan basin
(natural zone of hardwood evergreen forests and bushes).
Frequent mention of natural beauties (more than 40% of
reviews) was revealed when evaluating reviews of hotels
located in northern Europe, as well as in hotels and
resorts located in the Swiss Alps and on the island of
Santorini.

Creativity is rarely mentioned. This is typical for
all considered objects. It is surprising that the really
creative hotel buildings (the glass cube and the roofs of
buildings covered with green grass) attract tourists from

Sa Rota d’en Palerm

Contessina Suites & Spa

Cocoon Cave Suites

Casas Cueva del Tio

Tobas

the pages of information websites and social networks
and encourage them to choose this particular hotel, but
do not evoke more vivid emotions during the rest than
the contemplation of natural landscapes and
communication with the staff. In part, tourists get the
expected picture, but natural beauties can be even more
convincing than in the photo, give more emotions. In
addition, the growing variety of creative buildings may
saturate the tourist and not evoke the same emotions as
perhaps 30-50 years ago. General ratings for hotels and
resorts according to
(https://www.google.com/travel/hotels/, retrieved July
13, 2023) shown on the Fig. 6.

Manshausen

Gyna Cultural Landscape

Kakslauttanen Arctic

Resort

Whitepod

eapot Lane Couples
Glamping

Figure 6 - European recreation complexes ratings

Fig. 6 shows that all the reviewed hotels and
resorts have got the high points (from 4.2 to 4.8). In each
group there are hotels and resorts that have got 4.8
points. In the group of northern hotels and resorts, the
lowest point was 4.2, in the group of hotels and resorts
located in mountainous and forest landscapes (natural
areas of broad-leaved forests, hard-leaved evergreen
forests and bushes and altitudinal zones) — 4.4 (2 hotels),
in the group of coastal hotels and resorts — 4.5.
Nevertheless, resorts are developing, new projects are
appearing, such as Svart Hotel, Norway. Consumer
demand and interest in sustainable hotels and complexes
is growing. This is confirmed by the reasoning and some
recommendations to the administrations of the resorts in
the reviews.

Conclusions. Summing up, it should be noted
that many of the objects discussed above declare their
environmental friendliness and implement relevant eco-
initiatives. Some hotels have a high potential for the
development of eco-technologies. Eco-initiatives are
manifested in landscaping areas, the use of natural
materials in interiors and exteriors, the use of organic
food, resource conservation (often energy conservation),
and the rejection of non-degradable plastic. Our findings
indicate that people want to relax near unique and
picturesque places. They are willing to pay for an

extraordinary view from their room or terrace.
Designers, in turn, try to bring people as close as
possible to nature, designing transparent pods, rooms
with panoramic windows, terraces overlooking the
sights. Leisure organizers provide communication with
animals such as horseback riding, husky and deer safaris.
Our findings also indicate that most often vacationers
mention natural beauty, somewhat less often — service,
and quite rarely — creativity in the design and
organization of recreation. However, there is a high
probability that the choice of the hotel is made taking
into account the interesting design solutions in the design
of rooms and the implementation of exterior projects.
The process of greening of hotels and resorts is
developing. And if there is a growing interest in such
resorts among visitors, then the ongoing initiatives will
help to preserve the natural identity of ecosystems and
allow a person to penetrate safely into the untouched
systems of forests, mountains, coastal areas. This gives a
huge quantity of emotions to people and attracts the
society to the problems of environmental protection.
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O.B. CABBOBA , A. O. IOKPO€BA

AOC/IUKEHHA BILIUBY BA3KOCTI ®PUT HA IIVIABKICHI XAPAKTEPUCTHUKHA
IJIA3YPEM 1151 KEPAMIUHOI INIMTKHU OJTHOPA3OBOT'O BUTIAJTY

IIpoananizoBaHa HEOOXINHICTh PO3IIMPEHHS ACOPTUMEHTY KEPaMiyHOI IUIMTKU Ta KEPaMOTPaHiTy HUIIXOM MoauQiKalii CTPyKTypH Ta TEKCTYpU
CKJIOIIOKPHUTTIB 31 CHeNiaJbHUMH BIACTUBOCTSIMH 3a  TEXHOJIOTI€I0 OJHOPAa30BOrO BHIIANy 3 YpPaxyBaHHSAM acIIeKTiB pecypco-Ta
€HEepro30epexeHHs Ta EKOJOTIYHOCTI 03J00JIFOBAJPHUX MaTepialliB MIMPOKOrO BXKUTKY. BH3HaueHO HEOOXiIHICTh CTBOPEHHS HOBHMX BHIIB
KepaMivuHOl IUIMTKH Ta KEepaMOIpPaHiTy Ha BITYM3HSHOMY BHPOOHMITBI 3 ypaxyBaHHSAM IOTpe0 ITaNMBHO-EHEPIeTHYHOTO KOMILIEKCY Ta
BITYM3HSHOI CHPOBHHHOI 0a3u B yMOBax HaJ3BHYAiHHX cuTyamiil. ChopMyIb0BaHO MeTy Ta 3aBIaHHS POOOTH, SIKi BH3HAYAIOTh HEOOXITHICTH
JOCTI/DKeHHSI IUIaBKICHUX XapaKTepUCTUK IJlasyped Ta I1X B’S3KOCTI Ul KepaMivyHOI IUINTKU OJHOPa3oBOro Bumamy. IlpoaHamizoBaHO
0COOJIMBOCTI CKIIaAiB PPUT Ta BCTAHOBJICHO BUMOTH JIO BJIACTUBOCTEH MOBEpXHI Ui 3abe3neueHHs 0e3qe(eKTHOro riia3ypHOro HOKPUTTS IS
OJIHOCTAIiifHOTO BHIIAy KepaMidHOI IUTUTKH. PO3poOIeHO BHCOKOKAIBIIEB] MHKAIFOMOCHIKATHI (PUTH 3 KOPOTKHM iHTEpBaIOM (hOpMyBaHHS
CKJIOKPHCTAIIYHOTO MOKPUTTS TP OJMHAPHOMY BHHANi 3 pi3HO TekcTyporo Ha IIpAT «XII3». IlpoananizoBaHo 3MiHy OCOOJIHBOCTI 3MiHU
B’SI3KOCTI Ta IJIaBKOCTI (GpUT pU (GOpMYBaHHI CKIOKPUCTATIYHUX NOKPUTTIB B 3QJISKHOCTI Bijl XIMIYHOTO CKJIaay Ta (pa30BUX NEPETBOPEHb MPHU
TepMiuHiii 06polui. BusHaueHo, o 3a6e3MeyeH s KpUcTai3amiitoi B’ a3kocti 7 = 10%'° ITa-c B 06macti TemmepaTyp 3apoaxoyTeoperHs 1050—
1150 °C mus pocmigHuX (GPUT CBITYUTE NPO iHTEHCHBHE (OPMYBAaHHS Ta PICT KPUCTATIYHUX (a3, 0 € BH3HAYAIBHUM I 3a0e3MedyeHHs 1X
mwiaBkocTi 'y obnacti temmeparyp 1100-1200 °C. BcraHOBIEHO, IO HIBUAKE HAPOCTAHHS B'SI3KOCTI  (PUT BU3HAYAE CTPIMKY 3MiHY
XapaKTePUCTHYHHUX KPUBHX IUIABKOCTI y By3bKOMY iHTepBalli TeMIepaTyp IpH 3a0e3IeUeHHI IIOCIITOBHHUX CTail po3M’IKIIeHHS, pOpMyBaHHS
cdepy, HamiBcdepu Ta IUIABICHHS, IO € IOKa3HHMKOM MOJKJIMBOCTI 3aCTOCYBAaHHS PO3pOOJICHHX (PUT 332 TEXHOJIOTIEI0 OJMHAPHOTO BHIIANY.
3acTocyBaHHS po3po0IeHUX (GPUT 32 TEXHOJIOTIEI0 OJMHAPHOTO BUIATY IO3BOJHUTH CYTTEBO MiJABUIIMUTA KOHKYPEHTO3AATHICTH BITUH3HSHOI
KepaMivHOI IUTMTKH Ta CIPHATU CTadinizanii pUHKY B yMOBaxX CTaJIOTO PO3BUTKY ACPIKaBH.
KurouoBi ci1oBa: rinasypi, kepaMivuHa IUIMTKA, OJMHAPHHMIT BUIIAN, B A3KiCTh, INIABKIiCTh, MOAMDIKaLis CTPYKTYpH

0.V. SAVVOVA, Y. O. POKROIEVA

STUDY OF THE INFLUENCE OF FRIT VISCOSITY ON THE MELTING CHARACTERISTICS OF
GLAZES FOR SINGLE-FIRED CERAMIC TILES

The need to expand the assortment of ceramic tiles and ceramic granite by modifying the structure and texture of glass coatings with special
properties using the technology of one-time firing, taking into account the aspects of resource and energy saving and environmental friendliness
of widely used finishing materials, is analyzed. The need to create new types of ceramic tiles and ceramic granite in domestic production, taking
into account the needs of the fuel and energy complex and the domestic raw material base in the event of emergency situations, has been
determined. The purpose and tasks of the work are formulated, which determine the need to study the fusible characteristics of glazes and their
viscosity for ceramic tiles for one-time firing. The peculiarities of frit compositions are analyzed and the requirements for surface properties are
established to ensure a defect-free glaze coating for one-stage firing of ceramic tiles. High-calcium zinc aluminum silicate frits with a short
interval of formation of a vitreous coating during single firing with different textures on PJSC «Kharkiv Tile Plant». The change in the
characteristics of the change in viscosity and melting point of frit during the formation of glass-crystalline coatings, depending on the chemical
composition and phase transformations during heat treatment, was analyzed. It was determined that ensuring crystallization viscosity 5 = 10%'%3
Pa-s in the area of nucleation temperatures 1050-1150 °C for experimental frits indicates intensive formation and growth of crystalline phases and is
decisive for ensuring their melting in the range of temperatures 1100 -1200 °C. It was established that the rapid increase in the viscosity of frit
determines the rapid change in the characteristic melting curves in a narrow temperature range when ensuring successive stages of softening,
forming a sphere, a hemisphere and melting is an indicator of the possibility of using the developed frits by single firing technology. The use of
developed frits in single firing technology will significantly increase the competitiveness of domestic ceramic tiles and contribute to the
stabilization of the market in the conditions of sustainable development of the country.
Key words: glazes, ceramic tiles, single firing, viscosity, melting point, structural modifications

Beryn
[ocrifine 3O0iMBIICHHS CBITOBHX MOTY)KHOCTEH
BUPOOHHUIITBA KEPAMIYHOI IUIMTKU Ta KEPaMOTPAHITY Ta

ypaxyBaHHAM €KOJOTiYHOCTI MOTOKOBOI'O BUPOOHHUIITBA
Ta JOCTYMHOI BapTOCTI 03700JIOBaTBHUX MaTepialiB
LIAPOKOTO BXKHUTKY.

CTBOPEHHST KOHKYPCHTHOTO CEpEOBHINA CIOHYKAIOTh Pazom 3 1mum MPOBITHUMHU  CBITOBUMH
AK BUPOOHMKIB, TaK i JOCHIIHMKIB JI0 PO3POOKM  BUPOOHMKAMH KEPAMiuHOI IUIMTKK ISl BHYTPILIHBOTO
IHHOBALIIMHMX TEXHOJOri BMPOOHMITBA, 3HIKEHHS  OQIUIIOBAHHS CTIiH IITIPOKO 3aCTOCOBYEThCS
BATpaT — Ta  HajaHHid  HOBHMX .(byHKHiOHam’HHX TEXHOJIOTiS ~ OJIHOPAa30BOTO  BHUMANy, KA  Ma€
BJACTHBOCTEH iCHYIOWill Kepamilli i3 3aCTOCYBAHHSM  ocoGnupocti  CTOCOBHO — CKiamis  rnasypeidi  Ta
HAHOCTPYKTYpOBAHUX noipyHKILiOHAIE HUX  rexHONOriYHMX MapaMeTpiB iX Oep/KaHHS Ta TEPMIUHOI
I\ﬁig;aﬁl?z]. (okenpip  THTaHy,  LMHKY,  luepiio 00poOKHI MOH(‘)’HOpOSI/I [5]. MOH.(.)HOpOSa (monoporosa)

3paume  ypara ODHIUACTSCA  DOSIEDEHHT e OKpPEeMHH BUJ KepaMidHOI IJIMTKH OJMHAPHOTO

ACOPTHMEHTY KepaMidHOl IUIMTKA Ta KEpPaMOTPaHITY
nuisxoM  Moamikamii  CTPYKTYpH Ta  TEKCTypH
CKJIOTIOKPHUTTIB IS HagaHHd 1M CaMOOYMCHOI
3IaTHOCTI Ta OakTepUIMIHHUX BiacTUBOcTel [3, 4] 3

BUNAy. 3a TEXHOJOTI€I0, TUIO KEepaMidyHOi IUTUTKH Ta
HAaHECEHOi Tha3ypi MiANaeTbcd TPECYBaHHIO Ta
NOAAJBLUIOMY OAMHAPHOMY BHITATIOBAHHIO.
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TexHomorist oquHAPHOTO (OIHOPA30BOTO) BUIIATY
e(eKTUBHO BIIPOBAPKEHA NMPH BUPOOHUIITBI KEpaMiduHOT
IUINTKH BiZIOMHX CBITOBUX BHUPOOHHMKIB, TakuxX SK
Marazzi Group 3Ba)karouM Ha CYTTEBI TEXHOJOTIYHI
nmepeBarn. MeToro miei TeXHONOTii Oyno OTpUMaHHS
KOHKYPEHTO3/IaTHUX KepaMiuHMX BHPOOIB, MepeBaroro
AKUX Oyno O 3HWKEHHS IX BapTOCTI BHACHIIZOK OIHOTO
BHTIATy SIK YepernKa, TaK i Tasypi mpu 30epekeHHi
eKCIUTyaTallifHIX XapaKTePHCTUK, SKi BHUCYBAIOTHCS 10
Cy4acHOi OOJIMLIOBANBHOI IUTUTKH: HHM3bKa Bara, Maia
TOBIIMHA, PO3MIPH CTOPiH (KamiOpy) Ta IUIOMMWHHICTD, a
TaKO0’K BUCOKI €CTCTUYHI XapaKTEPUCTUKH.

Y mopiBHSHHI 3 TPaAMUIHOI TEXHOJOTIEO
MOJBIHHOIO BUMAJy 3acTOCYBaHHS Ili€i TEXHOJOTIT
JIO3BOJISIE  3MEHIIUTH BUTPATH IMAIMBHO-CHEPTETHIHNX
pecypciB Ha oauHMIO BHpoOy (6mm3pko 30 %),
CKOPOTHTH  3araJbHUM  dYac  BUNATy  BHpPOOIB,
e(eKTUBHIIIE BUKOPHCTOBYBAaTH BHUPOOHWYI TUIATPOPMH
B TEXHOJIOTIYHOMY ITMKIIi Ta 30UTBIINTH BUPOOHUIITBO 32
JIOTIOMOTOI0  HasiBHUX  BHPOOHMUYMX  pecypciB. I3
3aCTOCYBAaHHAM TEXHOJOTi{ MOABIHOTO BHUIATy Tia3yp
HAaHOCUTBhCA Ha TONMEPEeNHhO OOmalieHy KepamidHy
IUTUTKY, a IJIa3ypHe MOKPUTTS (OPMYETHCS B OCHOBHOMY
i/l 4ac HACTYITHOTO BHUOaly. Y MpoIeci 0JHOPa30BOrO
BUMAJy  BeChb  MNpOLEC  BHUPOOHHNTBA  IUIMTKH
3MIACHIOETBECSA B OIHOMY LUK TEepMiuHOI OOpOOKH 3
npolecaMy BHUIUIEHHS Ta3y Ta (ha30yTBOPEHHS B
KepaMiuHiil OCHOBi, IO NPOTIKAIOTH MapaJIeIbHO 3
MpoIiecaMu YTBOPEHHS TIa3ypi [6].

Ha panmit wac B VYkpaini wHa IIpAT «XII3»
BIIPOBA/PKEHO TEXHOJIOTII0 OJHOPAa30BOTO BHNATY Ta
po3po0iieH0 Tima3ypi Ta KepamidyHi MacH Ha OCHOBI
BITYM3HSAHOI CHPOBUHH Maiinan-BigbChKOTO poIOBHIIA.
Kpama y cBiTi BOTHeTpWBKa TIMHA i MOJBOBWH IIMAT
BIIACHOTO  BUAOOYTKY  JO3BOJSIIOTH  3a0€3MeUuTH
MIAMPHEMCTBO  BHCOKOSKICHOIO ~ CHPOBHHOK  Ta
KOHTPOJIIOBaTH SIKICTh TMPOAYKTY Ha YyCiX eTamax
BUpOOHHMLTBA  KepaMiku. Bumyck  HOBUX  BHIIB
KepaMivHOI IJIMTKU Ta KEPaMOTPaHITy Ha BITYU3HSHOMY
BUPOOHHMLTBI TOB’s3aHi 3  BUpILIEHHAM Ipo0iIeM
MAJMBHO-CHEPIETUYHOTO KOMIUIEKCY Ta BIiTYHM3HSHOI
CHUpOBHMHHOI 0a3u B yMOBax BeJCHHS OOHOBHX iH:
MOPYIICHHS JIOTICTUKH,  HECTa4er0 KBami(pikoBaHUX
KaJpiB, HECTAOUTHFHICTIO TIOMUTY Ha PUHKY Ta 3arpo3aMH,
SIKi BUHHKAIOTh y pa3i HaI3BUYAHUX CUTYyaIlill (BHOYXIB,
MO’KapiB, TIOBEHI TOIIIO).

3 Meroro 3a0e3MmeueHHS

CTaJIoTO  PO3BUTKY

€KOHOMIKM KpailHH B yMOBaX KpPHU30BUX CHTYyaIlill Ui
I[IpAT «XII3» xapakTepHUM €  CTUMYJIOBAHHI
eBpoiHTerpamiiianx mnpomeciB. Ha cporogui B yciid
CTPYKTYpi TMpOJAAXiB IUIUTKOBOTO 3aBOJAY EKCIOPT
ckinamae mnpubmmsHo 45 %, mo 3abe3medyeTbes
BIIPOBA/DKCHHSIM  IHBECTHINA MO0  iHHOBALIAHOL
TUSUTBHOCTI 3 HAsBHICTIO TOCTiTHOI JTaboparopii sSKOCTI
MPOAYKIIT BiAITOBITHO JIO €BPOIIEHCHKUX CTAHIAPTIB [7].

SkicTh  TpoOAyKWil  MiANpPHEMCTBA  BIANOBiAAEe
cragaaptam ISO 9001:2009 Ta ISO EN 14411:2012.
JlabopaTopis cepen

3aBOAy — e€aWmHa B YKpaiHi

NPOMHCIIOBUX MIANIPUEMCTB aKPEAUTOBAaHA 32 CHCTEMOIO
MeHEIDKMEHTY sikocTi 17025.

Ha cporomai wa IIPAT «XII3» pospobiieHO
3aXHCHE IIPO30pe MIPOTEKTOPHE  CKJIIOKPHCTAIIYHE
HOKPUTTS Ul KepaMOTpaHiTy Ta CKJIOTIOKPUTTS 3
IIOBKOBOIO Ta TJISHLEBOIO (DaKTyporo Uil KepamidHOl
IUINTKA 3 BHCOKMMH JAEKOPATHBHHMHM Ta 3aXHCHUMHU
BIIACTUBOCTSIMH [8, 9].

[Ipu nepexo/i BiA  JBOCTamiiiHOrO 10
OJTHOCTQIIMHOTO BHUMATY KepaMiuHO! IUTUTKH OIHIEI0 3
TOJIOBHUX TEXHOJIOTIYHUX MPooiieM € Buxif rasie (CO,) 3
KanpIUTy Ta/abo mponomity mpu 750-950 °C (3oHa
«BH3pIBaHHI» TpaguLiiHOI rinasypi). [ns oxHOpasoBoro
BUMATY 3BXIMBAM € TMOIIYK IJa3ypell 3 BHCOKOO
TEeMIIEpaTypolO0 IUIABJICHHs, IO IOB'3aHO came 3
HEOOXITHICTIO BBeICHHS KapOOHATHHX MiHEpaliB [0
CKJIaJly MacH.

KepamiyHa Maca MoOXe CKJIagaTHCS 3 THIIOBUX
KapOOHaTHMX TMH abo OUIMX TNHH, 3MIMIAaHUX 3
KaJIbI[UTOM, KBapILoM Ta MOJIbOBOIINIATHUMHU
MaTepiaiamu. Temmneparypa BUIIAJY 3a3BUYail
konuBaeTrbest Bim 1090 °C go 1130 °C, Tomi SIK ITUKI
BUTIANTy CTaHOBUTH Bil 30 mo 60 XBWJIMH, 3aJIC)KHO Bia
(opmary Ta TOBILMHH IUTUTKH.

HeoOxinHIiCTh MiBUIIEHHS TEMIIEPaTypy PO3ILUIaBY
riasypi bio) 1100 °C IS 3a0e3neueHHs
0e3repeIKoHOro BUXOy rasiB 31 CKJlaay MacH IpHBea
JI0 TIOIIYKY HOBHMX BHCOKOTEMIIEPATYPHHUX (IIOCYIOUNX
CHONYK (€BTEKTUYHUX PO3ILIABIB).

Beenmenns CaO, MgO, ZnO Tta K,O gx akTHBHUX
CJIEMEHTIB JUI1 JOCATHEHHS BHCOKOTEMIICPaTypHOTO
«EBTEKTUYHOTO  PO3ILIaBY» JIO3BOJIUIIO  CKOPOTHTH
KIIBKICTh TAKHMX OKCHIIB, K B,0; it Na,O. Orxe, 3a11s
3a0e3MmevyeHHsl  IIBUJAKOI  «EBTEKTUYHOD»  IIIaBKH
HEoOXimHO Oyno 30UIBIIMTH BMICT JIYXKHO3EMEIbHUX
OKCHIB Ta 3MEHIINTH TPOLEHTHUH BMICT (HIIIOCYIOUHX
OKCHIIB, TaKuX K Jyrd Ta OopHuil aHrigpua. [lpm
BHOOpI (pUT IS OFHOPA30BOTO BHUIATY HEOOXITHO
OTPUMATH TaK 3BaHI «IBUAKI» (QPHUTH, sAKi O IUTABHIHCS
TIPH BUCOKIH TeMITepaTypi Iyke MBUAKO

3a ganumu  kommanii Sacmi (Societda Anonima
Cooperativa Meccanici Imola) [10] mo6 mosicHuTH
TaKy MOBEAIHKY, HEOOXiJHO MpoaHamizyBatu rpadiku
riaBiieHHs: Qput «A» Ta «by», sIKi 3aCTOCOBYIOTBCSI TIPU
TpaAMLiilHOMY  JIBOPa30oBOMY Ta TOPHCTOMY
0JTHOPa30BOMY BHIAJIIOBaHHI (PeXuM 2) BiAMIOBITHO.

Ha puc. 1 HaBeneHo Tw1aBKicTh (GpHUT «A» Ta «Bw, ki
BUKOPHCTOBYIOTECS BINOBITHO 33 PSKUMOM 1 Ta pexkUMOM
2, SIKi CYTTEBO BiIPI3HSIOTHCS 32 CKITamoM (Tabir. 1)

3pa3ok «A» — 1e Thasyp Uil CTaHIapTHOTO
JIBOPA30BOTO BHIANY, sIKa po3M'sakmryeTscs Ha 6070 °C
pamime, TOpiBHAHO i3 3pa3skoM «By». 3pa3ok «A»
aOCOJIIOTHO HENPUAATHUH Ui OJHOPAa30BOTO BHIIANY,
OCKUJIBKM JJIsl HBOTO TPOCTEXKYEThCS TEHACHIS 0
3aIMiKaHHs OBEPXHEBOI'O IIAPY 10 BUXOAY rasis i3 MacH.

Kpim TOYKH PO3M'SIKIIIEHHS BOKITMBUMH
XapaKTepUCTUKaMH BU3HAYCHHS MOBEAIHKA MOHOIIOPO3U
TIi]] Yac BUMANy € MOBEPXHEBUI HATST rina3ypi. Huspkuit
MOBEPXHEBUI  HATAT  TOJIETHIIYE  BHXIJl  Ta30BHX
OynpOamiok 3 Tmiasypi mix uac Bunamry. Oxcuau
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AITFOMIHIIO Ta MarHifo 301IBIIYIOTH MOBEPXHEBUH HATST
CKJIa, OKCHJIH KaJlilo, HaTpito, 60py HOTro 3HWKYIOTS.

1050 126

1210

940 1020 1060

Pucynok 1- I'padiku mnaBkocTi Bizomux ¢Hput:
a— ¢pura A; 6 — ppura b

Tabmms 1 XiMIiYHUHA CKIIa

Ximiunnii ckinag put, mac.%
Oxkcunn A B
SiO, 55/56 53/55
ALO, 7/8 8/9
B,0, 12/13 8/9
CaO 2/3 7/9
MgO 0,5/1,5 2/4
Zn0O 1/2 9/10
71O, 8/9 5/6
Na,O 6,5/7,5 -
K,O 2/3 3/5

OcobmuBicTio BiactuBocTel (put «b» € BHCOKA
TeMIiepaTypa IUIABICHHS, BY3bKWIl IHTEpBal IUIABJICHHS Ta
HU3bKUI [TOBEPXHEBUI HATAT, 1110 JO3BOJLIE il 3aCTOCOBYBATH
U1 OZTHOPA30BOr0 BUNATY KEPAMIYHOT IUTUTKH.

Peamizaiiiss  TexHoJyorii  OJHOPA30BOTO  BHIAITY
KEepaMivyHOi TUIMTKH Ha BITYU3HSIHUX MIANPUEMCTBAX
morpedye po3poOKM HOBHX THIIB TIasypeH, sKi
JIO3BOJISITh  3a0€3MEUMTH  y3TO/DKEHICTh KepaMiku 3
rasyp'to JUTSE dhopmyBaHHS 6e3neeKTHOrO
CKJIOTIOKPUTTS 3 ypaxyBaHHIM TUTaBKICHUX
XapaKTEePUCTHK TIa3ypi, MO 1 BH3HAYWIO aKTyalbHICTBH
JTaHOT pOOOTH.

Mera poborm. Meroro gaHOi poboTH €
JIOCHI/PKEHHS TUIABKICHUX XapaKTePHCTHK TiIasyper s
KEpaMivHOI IJIUTKH 32 0JTHOPA30BHM BHITAJIOM.

s mocsrHeHHS 03HA4YeHOi METH OynM IoCTaBiieHi
HACTYITHI 3aBIaHH:

— BH3HAYEHHA BHMOT JI0 TJa3ypel
MOHOIIOPO3H;

— OOTrpyHTyBaHHS
MOHOIIOPO3H;

— JIOCII/DKCHHS 3MIHM B’SI3KOCTI Ta IUIABKOCTI Ti1azypei
NpU TepMiYHId 00poOIl B 3aJIeKHOCTI BiJ| XIMIYHOTO Ta
(hazoBro cknany.

@putn Oy CHHTE30BaHI B OJHAKOBHX YMOBax Ha
IpAT «XII3» mnpu temmeparypi 1733-1743 K B
KOPYHIOBHUX THIJISIX B €JICKTPUYIHIHN 1edi 3 HarpiBadyamH 3
MOCTYIOBUM OXOJIO/DKCHHSIM BIPOAOBX 12 TOIMH.
CtpyKTypa QpuT IiciIst BapKu € aMop(HOTO.

[InaBkicte ¢puT  BU3HAYaIM 3 BHKOPHUCTAHHAM
BUCOKOTEMITepaTypHoro Mikpockoria EM301. BuxonaHHs

B TEXHOJOTII

BHOOPY CKIAiB TJa3yped s

BUMIpIOBaHb 3iicHIOBaM BiamoBigqao 1o DIN 51730, ISO
540, CEN/TS 15370 and CEN/TR 15404 [11]. B’s3kicts
JIOCIITHUX (DPUT BUBYAIIH 32 METOIOM TIOJIOBXKEHHS HUTKH.

Pe3yabTaTH ekcrmepuMeHTY Ta iX 0OroBOpeHHS.
@®opmyBaHHS  SIKICHOT'O I71a3ypHOTo MOKPHUTTS
BU3HAYAETHCS MOTO Y3TOMKEHICTIO 32 BIACTUBOCTAMH 3
KEpPaMiyHOI0 OCHOBOI. Y3ro/DKEHICTh Tjasypi 10
KepaMiuHOi MiJAKIAJKA BHU3HAYAETHCS HACTYITHUMH
BUMOT'aM JI0 BJIACTUBOCTEH MOBEPXHi: MOBHE PO3TIKAHHS
Ha  TOBEpXHI  Kepamik,  (OpMyBaHHS  DIBHOI,
JI3EPKAJIbHOI CKJIOMO1I0HOT TOBEepXHiI 0€3 TpiimuH (1IeKy)
a0o0 BIJKOMIB Ta IHIIMX Baj, 32 BUHATKOM THX BUIAJKIB,
KOJIM METOI0 € OTpPUMAaHHS CIIelialbHUX MAaTOBUX
TTOKPHUTTIB.

OTpuMmaHHA pIBHOTO ¥ TJAAKOTO IJIA3ypHOTO
HOKPHUTTS. BU3HAYAETHCS MPOLIECOM PO3TiKaHHS Horo Ha
KepamiuHiii moBepxHi. [lpomnec po3TikaHHs Tinazypi B
OCHOBHOMY 3aJIeKHTh Bif 11 (Di3MUHHMX BJIACTUBOCTEH:
TUIABKOCTI,  B'SI3KOCTi, IIOBEPXHEBOrO  HATATY Ta
3MOYYBaJIbHOI 34aTHOCTI.

[lix mnaBKicTIO pO3YMIIOTH BIIACTUBICTH TIJa3ypi
MePEeXONUTH TPH HArpiBaHHI 3 TBEPAOTO CTaHy B

pinuHHui. YuM  BUINE IUIaBKICTh, THM  OLIbIIE
Temneparypa po3rikanHsa. [l[o0 orpumaTm sKicHY
MOBEPXHIO TJNa3ypi, 1i TIDIaBKICTh TMOBHHHA OyTH

Y3rO/DKEHOI0 3 TEMIIEPATypOr0 CIIKAHHS KepaMikKH, sika
BU3HAYAETHCS B'S3KICTIO Ta KUIBKICTIO PiAKOi (a3u B
KepamiuHiil Maci.

[InaBKicTh € IPaKTUYHOIO BEIMYHMHOIO, SKa
XapakTepu3y€e MIBHAKICTh PO3M'AKIICHHS TIia3ypi 3a
pisHEX Temmeparyp. [ImaBKiCTH TpeAcTaBiIsAe CKIATHY
(GyHKIIO B'I3KOCTI, MTOBEpXHEBOI eHeprii Ha Mexi a3,
KpHCTaJ3aliiHol 3aTHOCTI, TEMIepaTypH I0YaTKy
KpHcTamizamii Ta  OJIBHOCTI  pO3IUIaBy,  IIpoOTe
BUPIMANIGHY pPOJNb TpPHA IIbOMY HAJIE)KHUTh B'SI3KOCTI.
B’s3kicTh  BH3HAYa€ YMOBHM  IUIABJCHHSA, pO0OOYY
TEeMIEpaTypy Ta TeMIepaTypy BHIANY, MaKCHUMAaIbHY
TeMIIepaTypy eKCIUTyaTaIlii Ta MIBHIKICTh KpHCTami3amii
CKJIOTIOKPUTTIB [12].

Jnst  3a0esneyeHHs MOMJIMBOCTI  (DOpMyBaHHS
0e31e(heKTHOr0  CKJIOKPHUCTAIIYHOTO  TIOKPUTTSI  Ha
KepaMiuHiil IUMTII 32 OJHOPAa30BUM BHIIATOM OyJio
00paHO BHCOKOKAJIBINEB] IMHKATIOMOCHIIKATHI  (DpUTH.
Bubip momnepenHix cKiaaiB po3podieHux Gput «Ax» [8] Ta
«B» [9] (taba. 2) Oa3yBaBca Ha HEOOXiTHOCTI
3a0e3MeYeHHsT KOPOTKOTO iHTepBaixy (OpMYyBaHHS
CKJIOKPUCTAJIIYHOTO TIOKPUTTSA TMPH OJHOCTAIIHHOMY
Bumnaii npu temneparypi 1423 K 3 pizHOIO TEKCTYpOIO
nokputts. @DopmyBanHa  Omuckydoi («A») Ta
MIOBKOBHUCTOI («B») TEKCTYpH MOKPUTTS BU3HAYAETHCS
0COOJTUBOCTSAMHU KPUCTAJI3alifiHOI 34aTHOCTI (QpUT
Ipu TepMidHi 00poOIli, sika B CBOIO YEpry CYTTEBO
3aIIe)KHUTh BiJl KpUCTAII3aIliHHOT B’ I3KOCT1 (PpUT.

Bigomo, 1m0 BBEICHHS OKCHIY Kalbllilo 3a
HHU3bKHUX TEMIIEpaTyp MiABHILYE B'S3KICTh CKIa; MpU
BUCOKHX TEMIIepaTypax HEBeJIHMKa #Oro KuIbKICTh
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(mo 8-10 %) 3HMXKYE B's3KicTh ckia. [Ipu mopanbiomy
301IBIICHH] BMICTY OKCHIy KaJblilO, SIK 1I€ XapaKTepHO
JUTSL TOCTITHUX (DPHT, B'I3KICTh 3HAYHO 3pocTae. B cBorO
4Yepry BBEICHHSA OKCHAY LHHKY JO3BOJIUTH 3HU3HTH
TeMIepaTypy YTBOPEHHS pO3IUIaBY, IJABHIIUTH HOTO
PEaKIlifiHy 3[aTHICTh Ta 3HHM3UTU IOBEPXHCBHM HATST.
3HaYHa KiTBKICTh OKCHIY KaJbIlif0, 3 OCOOIMBO MArHIlO
CYTTEBO MiJBUIIY€E MMOBEPXHEBUH HATST, TOMY KiJIBbKIiCTbH
MgO Oyna cyTTeBO 3HIKEHA TPH ITOPIBHIHHI 3 BiZlOMOIO
¢puroro «B» ms omHOpazoBoro Bunaiy (Tadm.l).

Tabmuus 2 — XimiuHu# ckaag gppur

Oxent Ximiuauii ckinag put, mac.%
A B
Si0, 54,5/55,5 47,5/49,5
Al O3 5,5/6,5 12,5/13,5
B,0; 3,5/4,0 1,0/1,5
CaO 11,3/12,0 13/14
MgO 1,4/1,7 0,2/1,0
ZnO 10,7/11,7 9,5/10,5
BaO - 9,5/10,5
7r0O, 8,5/9,0 -
Na,O 0,5/1,0 1,0/1,5
K,O 2,5/3,0 1,5/2,5
s ¢put «B» XapakTepHEM €  BBEICHHS

oKcuny Oapiro 70 ii CKiIamgy 3aMicTh OKCHIY IHPKOHIFO,
10 JTO3BOJIUTH IIPYU 3HAYHOMY BMICTi OKCHAY aJIOMiHIiIO
3HM3UTH B’S3KICTH HEOOXimHYy 1  (QopMyBaHHA
IJIagKkoro MokputTsa. [lpm mpoMy i 3HIDKGHHS
TeMIepaTypu TOSBH TeEpIIOi KPHUCTATYHOI  (a3u
HEOOXINHOI0 yMOBOIO € 3a0e3ledyeHHs BEJTMYMHHU
coiBBigHorenus: R,O+RO/Si0,=0,5-0,7 y cTpyKTypi
riasypi.

Jis mocnimHuX QPUT CIOCTEPIraeThCsl aHOMATBHUMA
picT B’SI3KOCTI ITpM MiIBUILEHI TEMIIEpaTypH B iHTEpBai
ckmyBaHHs T, — Tj sAKi 37aTHI 10 TOHKOIMCIEPCHOI
KpHCTajli3amii, IO MOB’S3aHO 3 BHCOKOIO MIIBHIKICTIO
HApOCTaHHS  TeMIlepaTypu B o0nacTi  iHTEpBay
CKIIyBaHHS, sIKa BUIIEpeIDKAa€E HAPOCTAHHS B SI3KOCTI, a 11e
MPU3BOANTH 10 MPOBaly Ha KpHBii B’s3KoCTi (pHC.2).
Le#t cTaH MBUAKO IIKBIMY€THCS, OCKIIBKH B HOBHUX
TEMIIEPaTYPHUX YMOBaX BiJIOYBA€ThCs OUIBII IHTEHCUBHE
301IBIICHHS KPUCTATIYHOT (pa3u 3a paxyHOK 3MEHIICHHS
KUTBKOCTI CKJIOBHIHOI (ha3u, 10 i BU3HAYAE TIOBTOPHE
HApOCTaHHS B’SA3KOCTI JI0 3aKiHYEHHs TEpMIYHOTO
00pobku [12, 13]. B ymoBax mBHAKICHOT 00poOKH
CKJIOKPUCTaTIYHUX MOKPHTTIB o Kepamili
ONTHUMAIBHUM  CIiJ] BB&XaTh TAaKWH XiJ KpPHUBOI
3aJIeXKHOCTI B’SI3KOCTI  Bi  TeMmIepaTypu, KOJH
MakcHUMyM ii 3CyHyTHH B 00JacTb TeMIeparyp HIKYE
TOYKH pPO3M’SIKIICHHA, TOOTO B 00NAacTh 3HAUYCHb
B’s3xocti Bume 10° ITa-c [14]

3miHa B’s3KocTi QpUT TpU  TeMmepaTrypi €
NnoJi0OHOI0 /10 MpPOTIKaHHS BKa3aHOTO MpOIECy JUIs
CKIIOKpHUCTaMiyHNX MatepiamiB [14]. B's3kicte ckiia
3aJIeKUTH BiJl XIMIYHOTO CKJIAAy Ta BiJ TemnepaTypu [15,
16]. JlyxkHi Ta ny’KHO3EMEJbHI OKCHAM 3HIKYIOTh
B'SI3KICTh CKJIa, & KPEMHE3eM, OKCHJI aJTFOMIHII0, OKCHUJI

IIUPKOHIIO TiIBUIIYIOTH ii. Jly’Ke CKIagHO BIIMBAIOTH HA
B'SI3KICTh (pUT OOpPHUI aHTIIPHUI Ta OKCHI KaJIBIIIO.
BopHuii aHrizpun 3HaYHO 3HMKYE B'S3KICTh CKa 3a
BHCOKMX TEMIIEPaTyp; NMPH HU3BKUX TEMIIEpaTypax HpH
BBeICHHI npuOau3Ho 10 15 mac. % B,0; B's13kicTh CcKila
MIiABUIIY€ETHCS, 1 TUIBKMA MPH MOAAIBIIOMY 301IbIICHHI
BMicTy B,0; BoHa 3MeHmIyeTbcs. TOMy Uil 3HIKEHHS
B’S3KOCTI OyJ0 3HAYHO 3MEHIIEHO BMICT I[OTO
BapTICHOTO KOMITOHEHTY 33 PaxyHOK BBEICHHS OKCHIY
Gapito 1o ckianxy ¢putH «B» Ta 3HIKEHHS BMICTY
OKCHITy aTFOMIHIO U GpUTH «A» (TadII. 2).

Pict xpuctanizauiitnoi B’s3kocti 7 = 10%*° ITa-c
B obmacti Temmeparyp 10501150 °C mis gocmigHux
¢Gpur cBigUUTH SK TpO IHTEHCMBHE (HOPMYyBaHHS
HYKJICaTOpiB, TaK 1 MpPO PICT KPHUCTANiB y IiX CKIaji
(puc. 2). Jnsa pocminHoi ¢putn «By» crnocrepiraerscs
MaKCHMyM 3pocTanHs B’s3kocti 10%° ITa-c. mpu 1150 °C,
3 HACTYIHHUM CTPIMKUM 3HIDKCHHAM B’si3kocTi 1o 1200
°C (puc.2), moO TOB’SA3aHO 3 MIiABUINECHAM BMiCTOM
OKCHAY KaJIbIiI0 Yy CKiIagli ¢pur Ta BHCOKOIO
KPHUCTATI3aiHOIO 3JaTHICTIO iHBEPTHUX CcTeKoI (Si0, <
50 mac. % ).

Hdns  pgocmigHOi bputn  «A» MaKCUMyM
napocrauns B’skocti 10%° Ila-c crocrepiraetbes mpu
temriepatypi 1050 °C, omHak s naHol ¢putH
XapakTepHuM € nosore 3HmwkeHHs Bix 1050 no 1300 °C.
[liaTBep/)KEHHSIM ~ 3HAYHOI HIBMIKOCTI HapOCTaHHS
B'S3KOCTI JUIs  A0CHigHOI (putd «B» (WIBUAKICTH
TBEpJIHHS) CBIJUUTH pi3ka 3MiHa KpailoBOro KyTa
3MouyBaHHs (puc. 3 ©) Ta crpiMka 3MiHa
XapaKTepUCTHYHNX KpuBHX ImaBkocTi (Shape factor
(xoeoinient popmnu), Area object (ruromra 00'exra)) (pHc.
4 0) y By3bKOMY iHTEpBaJIi.

: : /f*\_

——3 ——H

PucyHok 2 — 3miHa B’3KOCTi AOCHIAHUX QPUT NPH
TepMiuHiit 06poOIi

Hdust dpurn «A» neit intepsan (Bix DT mo FT) e
3HaYHO MLIMPIIMM HAa 10 BKa3ylOTh XapaKTEPHCTUYHI
TeMIepaTypu po3M sIKIIeHHs (Tabi. 3), siki BU3HayaIucs 3a
3MIHOIO KpaifoBoro KyTa (puc. 3 a) Ta XapaKTepUCTHYHOIO
KpHBOKO TuIaBkocTi (puc.4d a). Came mnpoTIKaHHS
MOCIIIOBHUHN CTajiil IpH TeMneparypHiid oopooui ¢pur:
po3M’sikimieHHs,, (opmyBaHHs cdepH, HamiBchepu Ta
TUIABJICHHSI € TIOKa3HWKOM MOXIIMBOCTI 3aCTOCYBaHHS
po3poOiIcHUX (QPUT 32 TEXHOJIOTIED OIHOPA30BOTO
BUIIATY.
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Tabauus 3 — XapaKTepuCTUIHI TEMIIEPaTypH
po3M’sIKIeHHs ppuT

XapakTepucTHyHi Oputn
TeMIIepaTypu A b
Temneparypa nedopmarii DT 10423 1125.0
Temmeparypa kymi ST 1082.0 1133.0
Temneparypa miBkymi HT 1132.0 1143.0
Temneparypa nozmadi FT 1301.0 1232.0
Temmeparypa crikanast SIN 763.3 733.0

OcobnuBicTio Xapakrepy maBieHHs Gputu «B»
€ 3HaYHa TPHUBANICTH (a30BUX MEPETBOPEHD BiJl MPOLECY
cmikaHHS 10 Temreparypu (opMmyBaHHA cdepH, sgKa
croctepiraeTecsi Ha KpuBux Shape factor (daxtop
¢dopmn) Ta Area object (Tuioma 06’€kTa), K MpsiMa JIiHis
(puc.4 0). Lle m03BOJISIE 3HAYHO CKOPOTUTH IHTEPBAI
IUTAaBKOCTI Ta 3MICTUTH HOTo B 00JacTh TEMIEparyp
1130-1200°C.

i IFNPNSS
u W=

Start ST
6

Puc 3. 3MouyBasibHA 34aTHICTB JOCHITHUX (DPUT:
a — pura «A»; 6 — ppura «b»

HT

BucnoBku. BcraHoBII€HO HEOOXIAHICTE PO3MIMPEHHS
ACOPTUMEHTY KepaMiYHOI INTUTKH Ta KEPaMOTPaHITy HIISIXOM
Momudikamii CTPyKTYpH Ta TEKCTYpH CKIONOKPHTTIB 3
ypaxyBaHHSIM EKOJIOTTYHOCTI TIOTOKOBOTO BHPOOHHIITBA Ta
JIOCTYITHOI BapTOCTI 03JJ00JIOBAIHUX MaTepiaiiB HIUPOKOTO
BKUTKY. BH3HAaUeHO INEpCEKTUBHICTH  3aCTOCYBAaHHS
TEXHOJIOTIi OJHOPA30BOT0 BUIIANY, IO JO3BOJIUTH 3MCHIIIUTH
BUTPATH TaJIMBHO-CHEPIETHYHHX PECYpPCIB Ha OIMHHMIIO
BUPOOY, CKOPOTUTH 3arajlbHHii 4Yac BHUIATy BHpPOOIB,
edeKTHBHIllle BUKOPHCTOBYBAaTH BHPOOHMYI IUiaT)opmMu B
TEXHOJIOTIYHOMY LMKJII Ta 30UIBIIMTH  IOTYXHICTh
BUPOOHMIITBA 32 JIOIOMOTOI0 HAsBHUX  BHUPOOHMYMX
pecypciB. Bu3HaueHO BiAMIHHOCTI CKiIaaiB  (pur Ta
0cOOMMBOCTEH 3MIHM iX TEXHOJNOTIYHHMX BIIACTHUBOCTEH
(ImaBKocTi,  B'I3KOCTI,  TIOBEPXHEBOTO  HATATY  Ta
3MOYYBaJIGHOI  3[aTHOCTI) U1  OJEpKaHHS SIKICHAX
CKJIOMIOKPHTTIB 32 TEXHOJIOTIEI0 OIHOPA30BOTO  BHITAIY.
BceranoBireHo  ocoOimmBOCTI  3MIHM BSI3KOCTI I
BHCOKOKAJIBLIIEBUX  ITMHKAIOMOCIUIIKATHAX ~ (PUT  TIpH
TepMiyHid  00poOIi. BusHaueHo, 10 3a0e3reyeHHs
kpucramisargitnoi B’smxocri 7 = 10%®° TMa:c B obmacri
Temrieparyp 3apoakoytBopeHHst 1050-1150 °C  ans
JIOCHITHUX (DPHUT CBITYMTH MPO IHTCHCHBHE (POpPMYBaHHS Ta
picT KpuctamuHMX (a3, MO € BU3HAYWIGHUM JUII
3a0e3medeHHs  IX IUI@BKOCTI Yy 0ONacTi Temmeparyp
11001200 °C. 3acrocyBaHHS po3poOIeHMX ¢QpUT Yy
TEXHOJIOTIi OTHOPAa30BOrO BHIIATY JO3BOJUTH CYTTEBO

-} J
—

» Mo M0 M@ 40 WO w0 ™ om0 wWe e
Eeperuters 0TI

Puc 4. IlnaBKicHi XapaKTEePUCTHKH JOCITITHIX
¢bput : a — dpura «A»; 6 — ppura «b»

TIIBUIINTH  KOHKYPEHTO3JATHICTh KEePaMIiYHOI IUIUTKA Ta
CIIPUATH CTaduTi3alii pHHKY B yYMOBax CTajloOro PO3BUTKY
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K.B. IIEBYEHKO, A.b. T'PHIOPOB

OCOBJUBOCTI OTPUMAHHS BEH3WHOBOI ®PAKIIII TEPMIYHUAM MIPOJII30M
MOJIIOJE®IHOBOI CUPOBUHU

B cTarTi po3risiHyTO OCOOJIMBOCTI MPOBEAEHHS MPOLECY TEPMIYHOTO IMipoJi3y BTOPUHHOI IOJIIMEPHOI CHMPOBHHH, CIIPSIMOBAHOTO Ha OTPUMAaHHS
O6eH3HHOBOI (pakuii — 6a3u Ul OTPUMAHHS CyMINIeBOro a00 CHHTETHYHOT'O aBTOMOOUIBEHOr0 OeH3uHy. CIIpaloynch Ha CBITOBHMH JOCBIJ epepoOKu
oJIiMEpiB, JIs1 IOCHiIKeHHs Oylio 0OpaHo momionediny, npeacrapieHi nonieruieHoM Bucokoi ryctunu (HDLP) ta noninporninen (PP). Tepmiunnit
niponi3 npoBoawiu npu armochepnomy trcky (0,10-0,12 MIla) Ha naGopaTopHiil yCTaHOBLI PEAKTOPHOrO THUIY 3 MOAAJBLIMM BUAAICHHSIM
6ensuHOBOI pakuii (30-210 °C) i3 pigkux npoxykris mipoinisy 3a merogom ASTM D 86. BceraHoBieHO, 0 TeMIepaTypHUH iHTepBall, B SIKOMY
HeoOXiTHO MPOBOAUTH Mipoi3 nojionedinoBoi cuposuny, ckiaaae gt HDLP — 400-430°C (MakcumanbHuil Buxin 6en3uHoBoi ¢pakuii npu 420°C);
st PP - 350-370 °C (MakcumansHuil Buxin 6en3nnoBoi ¢pakuii npu 365 °C). Kepyroun TpuBaIiCTh TEPMIYHOTO IMIPOJIi3y MOKHA 30UIBIINTHA BUXIZ
OeH3uHOBOI (pakuii y cepexHpoMy Ha 15-17 %, mo HeoOXiZHO BpaxoBYBaTH IIPU IIPOMUCIOBOMY BIIPOBa/DKEHHI Ta NMOJAIBLIIN eKCILTyaTariii
YCTaHOBOK MIPOJTi3y HOJIIMEPHOI CHPOBHHH. 301IbIICHHS TEMIIEpaTypy KiHIs KUMiHHs 6eH3uHoBoi Gpakiii 3 150 °C xo 210 °C no3Bossie 3011bIIHTH
i Buxix Ha 9 % (mns HDLP) i ma 12 % (ana PP). Ane BiamoBimHO crocTepiraeThes i 30iIbIICHHS BMICTy y Hill onediniB (Ha 13-14 %), mo €
MO3UTUBHUM MOMEHTOM 3 TOYKH 30pY CTIHKOCTI 10 JeToHauii 6eH3MHOBOI (pakiii i HEraTUBHUM — 3 OTJIATY Ha HU3BKY il XIMiUHYy CTaOUIBHICTB.
IIpoBeneHi mOCTiDKEHHS MOKa3auy, 10 BTOPUHHY MOJi0NediHOBY CHPOBHHY HEOOXITHO PO3IVIAAATH SIK aJbTEPHATUBHY N0 KJIACHYHOI CHPOBHHH
(HadTH Ta ra30BOro KOHJEHCATY), a MPOIEC MiPOi3y SK OCHOBHUII TEXHOJOTIYHUM MPOIeC OTpUMaHHs OEH3MHOBOI (pakiii — 6a3u U1 OTpUMAaHHS
TOBapHOTO aBTOMOOLNBHOrO GeH3uHy. IlepcIeKTHBHUMHU MicCIIMH peani3amii maHoi TeXHOJIOTii € sk BUPOOHWYI MaiifaHuukH HadTomepepoOHHX
3aBOJIIB, TaK 1 MalJlaHYMKH, PO3TAIIOBaHI y Oe3mocepeHbol OJIM3BKOCTI 0 MiCI[b HAKONWUYCHHS CHPOBHHH — IOPTIB, MICBKMX CMITT€3BAJIHLI,
CHeljaabHUX MOJIIrOHIB.
Ku1io4oBi c;10Ba: BTOpHHHA CHPOBHHA, MOJTioNediHy, mipoi3, OeH3UHOBA (paKiis, onediHu, TeMIepaTypa, THCK, TPUBATICTh IPOLECY

K.V. SHEVCHENKO, A.B. GRIGOROV

FEATURES OF RECEIVING THE GASOLINE FRACTION BY THERMAL PYROLYSIS OF
POLYOLEFIN RAW MATERIALS

The article examines the peculiarities of the process of thermal pyrolysis of secondary polymer raw materials, aimed at obtaining a gasoline fraction -
the basis for obtaining mixed or synthetic automobile gasoline. Based on the global experience of polymer processing, polyolefins represented by
high-density polyethylene (HDLP) and polypropylene (PP) were chosen for the study. Thermal pyrolysis was carried out at atmospheric pressure
(0.10-0.12 MPa) on a reactor-type laboratory installation with subsequent removal of the gasoline fraction (30-210 °C) from liquid pyrolysis products
according to the ASTM D 86 method. It has been established that the temperature interval in which pyrolysis of polyolefin raw materials must be
carried out is for HDLP - 400-430 °C (the maximum output of the gasoline fraction at 420 °C); for PP - 350-370 °C (maximum yield of gasoline
fraction at 365 °C). By controlling the duration of thermal pyrolysis, it is possible to increase the yield of the gasoline fraction by an average of 15-
17%, which must be taken into account during the industrial implementation and further operation of pyrolysis plants for polymer raw materials.
Increasing the temperature of the end of boiling of the gasoline fraction from 150 °C to 210 °C allows to increase its output by 9% (for HDLP) and by
12% (for PP). But at the same time, there is also an increase in the content of olefins in it (by 13-14%), which is a positive point from the point of
view of resistance to detonation of the gasoline fraction, and a negative point - in view of its low chemical stability. The conducted studies showed
that secondary polyolefin raw materials should be considered as an alternative to classic raw materials (oil and gas condensate), and the pyrolysis
process as the main technological process for obtaining the gasoline fraction - the basis for obtaining commercial automobile gasoline. Prospective
places for the implementation of this technology are both production sites of oil refineries and sites located in close proximity to places of
accumulation of raw materials - ports, city landfills, special landfills.
Key words: secondary raw materials, polyolefins, pyrolysis, gasoline fraction, olefins, temperature, pressure, process duration

Beryn.  ToBaphuit  aBTOMOOUIbHMET — OeH3MH IToctanoBka mpoOaemu. OmHUM 3 OCHOBHHX
BIJTHOCUTbCS 11O OCHOBHOTO NPOAYKTY, SKHM Ha 3aBAaHb HadTONEpepoOHOI MPOMHCIOBOCTI YKpaiHH €
CHOTOJHIIIHIM JeHb BUPOOJIATHCS 3 BYIJICBOAHEBOI  30UIbIIEHHS OOCATIB  BHUPOOHMITBA aBTOMOOLIEHOTO

cupoBuHu (Hadtm abo ra30BOro KOHJEHCATy) Ta  OEH3WHY, SKICTh SIKOTO 33J0BOJIbHSIE BHUMOTH JII0YOTO

KOPHCTYETbCS ~ 3HAYHUM  IONUTOM  HAa  PHUHKY  CTaHAApTy CKOJIOriyHOi Oe3leKH, 30KpeMa 3a BMIiCTOM
HaQTONIPOAYKTIB  YKpaiHm.  3MeHImIEHHS  0OCATiB  CipKH BMICT SKOi HE TIOBHHEH IepeBHIIyBaTH S5 ppm [1].
BHPOOHHIITBA ABTOMOOLTHHAX OCH3MHIB, sKke BupimeHHS mpOTro 3aBOaHHSA BKIIOYAE Yy cede sSK MUIIX
CriocTepiraeTbcsi B YKpaiHI OCTaHHIM 4YacoM, IIpU  YJOCKOHAJIEHHS ICHYIOUMX TEXHOJIOTiH nepepoOKu HadTH
MOCTIHHOMY  PO3IIMPEHHI  aBTOMOOITBPHOTO  TapKy, Ta Ta30BOr0 KOHIEHcaTy (HAmpUKiIal, PO3BUHEHHS

MIPHU3BEINIO 10 HEOOXIMHOCTI IMIOPTYBAaHHS IHOTO TajBa
i3 kpain €Bpormeiickkoro Coro3y, 110 HEraTUBHO
NO3HAYMIIOCh HA E€HEePreTHYHiN He3aJe)KHOCTI YKpaiHu i
ii oOopoHozmarHocTi. Tomy HaykoBi poOoTH, sKi
IOB’513aHi 3 PO3POOKOI0 1 MPOMHCIIOBUM BIIPOBADKEHHSIM
CY4YacHHMX EHEproe()eKTHBHHMX TEXHOJIOTiH BHPOOHHUIITBA
aBTOMOOUTHHOTO OCH3MHY B YKpaiHi, Ha CHOTOIHIIITHIH
JICHb, BIIPI3HAIOTHCS CBOEIO aKTYAIBHICTIO.

NpOLIECY TIAPOOYHIIEHHS MPOAYKTIB), TaK 1 LUIAX, IO
MOB’A3aHUIl 3 MOIIYKOM aJbT€PHATUBHOI CHPOBUHH 3
MiHIMaJILHUM BMICTOM Cipku. Ha choromHi Apyruit nuisx
Uil YKpaiHM € OiIbIl NPOCTUM Ta peaji3yeTbes 3a
paxyHOK 3ally4eHHs IO TEXHOJOTIYHOIO IPOIECcy
BUPOOHMIITBA BTOPUHHOI MOJIMEPHOI CHPOBHHH. 3amacu
i€l CHPOBUHH CKJIAHAIOTh MUTBHOHU TOH [2-4], a oTxe,
JIO3BOJISIIOTH 11 PO3IJSLIATU SK TEPCIEKTHBHY CUPOBHHY,
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3maTHy  3a0e3nednTH
aBTOMOOUTHHOTO OCH3HHY.

AHaJi3 ocraHHix qkepes. Ha cporomni, 3 ymcina
BTOPHUHHOT MOJIMEPHOI CHPOBHHHU, SIKY MOKHA 3aJIy4aTH
JI0 BHPOOHMIITBA aBTOMOOUIBHOTO OE€H3HMHY, OUIBILICTH
aBTOpiB [5-9] BuAUIAIOTE mOJi0NEe(IHOBY CHUPOBHHY,
to0T0 momietwiien (HDLP) ta nominpominen (PP), siki
EePepoOIITIOTE METOAOM TEPMIYHOTO 200 KAaTaTiTUIHOTO
miponizy.  SIK CHpPOBMHA 1i IIOJIIMEPH MarOTh Pl
CYTTEBHX TMepeBar rmepen HAPTOK 1  Tra30BUM
KOH/IGHCATOM, SKi MOJITAIOTh B BIACYTHOCTI B iX CKJIami
CIPKOBMICHHX CHOJYK, BIICYTHICTP TOKCHYHOI il
(ocobmmBO KONM #ae MOBa IPO OMHOPA3OBHM IOCYH,
NaKyBaJlbHI MaTepiaii Tomo) Ta reorpadis Micup IX
HaKONWYeHHs] (CTIpOIIeHa JIOTiCTUKA) Ha TepUTOpii
VYkpaiHu.

BukopucroByroun NPUHLIUIH MPOEKTYBaHHS
BUPOOHHUUTB HadTonepepodHoi nmpomuciosocti [10, 117,
CliA  3a3HAYMTH, WIO0 YCTAHOBKM 3 BHPOOHHUIITBA
aBTOMOOUTBHOTO OCH3MHY 3 BTOPMHHOI IIOJIIMEpPHOT
CHPOBHHHM HEOOXiJHO pO3TAIIOBYBATH Ha BHPOOHHUYMX
MalTaHIuKax HadTOmepepOOHNX 3aBOJIB,
BUKOPHCTOBYIOUH iCHYIOUYy iH(pacTpykTypy, abo Ha
MaiaHuuKax y Oe3mocepenHpoi OMU3BKOCTI 10 MICIb
HaKOTTMYCHHSI CHPOBHHH  —  TIOPTIB, MiCBKHX
CMITTE3BAJIMILL, CIIEI[IaJbHUX IOJIITOHIB.

MeTtor podOTH €: JOCITIKCHHS OCOOJIMBOCTEH
OTpUMaHHsI OEH3WMHOBOI (pakiii TEePMIYHUM MipOJI30M
noiosie)iHOBOT CHPOBUHH, sIKi B MailOyTHbOMY OyIyTh
BpaxoBaHi NpH IPOMHUCIOBOMY BIIPOBa/DKEHHI JaHOI
TEXHOJIOTIT Ha MiJIpHeEMCTBaX HadTorepepoOHOi ramysi
VYkpainu.

MPOMHUCIIOBE  BUPOOHHUIITBO

BukJax 0CHOBHOT0 MaTepiaJjty

IlepmuM  KpokOM Ha IUIAXYy PO3pOOKHM  Ta
MOAANBIIOTO IIPOMHUCIOBOTO BIPOBAIKEHHA TEXHOJOTIT
BUPOOHMIITBA  aBTOMOOUTIPHOTO  OCH3MHY  IIISXOM
TepepoOKH BTOPUHHOT TOJIMEPHOI CHPOBHHH METOIOM
TEPMIYHOTO  MipoJi3y ~ BHUCTYNAOTh  J1aboparopHi
JIOCITIZDKEHHSI, TPOBE/ICHI 3a TIPOrPaMoro, 1110 CKIaJaeThCs
3 HACTYITHUX OCHOBHHUX eTaHiB:

1) IIpoBeneHHsT TEPMIYHOTO MipOJI3y MOJETUICHY
(HDLP) rta mnominponineny (PP) mpu armocdepHOMYy
tucky (0,10-0,12 MIla) Ha mabopaTopHiii ycTaHOBII
peakTopHoro Tumy (IuB. puc. 1).

2) Po3pmineHHA pIigKUX TPOAYKTIB TMipomizy 3a
metogoM ASTM D 86. Otpumanns 6eH3MHOBOT (pakiii —
LIBOBMH TNPOAYKT JUIi BHUPOOHMLTBA CHHTETHYHOTO

OcH3UHY.
3) Busnauurtu BILIUB TPHUBAJIOCTI Ta
TEeMIIEpaTypHOTO  iHTEpBaly  MIpONi3y  HOJIMEpPHOI

CHPOBUHHM Ha BHXIiJ IIMPOKOI OeH3UHOBOI (pakuii 3
Mexamu BukunanHs 30-210 °C.

4) BcraHOBNEHHS B3a€EMO3B’SI3KYy MDK BHXOJIOM
OeH3uHOBOi  (pakuii, BMICTOM Yy Hiii onediHiB i
TEMIIePaTypOIO KiHIIS KAIIHHS Qpakiii (te ., °C).

Puc. 1. JlabopaTopHa yCTaHOBKA 3 epepoOOKH
noJlieTnieHy:

1 — aBrOTpaHchopmarop, 2- mivka, 3 — KBaploBa TpyoOKa,
4 — tepmomertp, 5 — nedermarop,
6 — XOJOAWIBHUK, 7 — IITATHB, 8 — MpUIIMa4 KOHICHCATY;
9 —mijcraBka

PoGora 1i€i ycTaHOBKM moOJsira€e B HACTYIHOMY: Y
peakTop INepioJuyHol Iil, IKMil CKIagaeTbest 3 TpyoOUaToi
enexTporiedi (2) Ta KBapuoBoi TpyOkH (3) momimiaeTbes
200 r TmompioHeHoi cHUpOBHHH (TIONIETHIIEH Ta
MOJIMPOIIINICH), SKa HAarpiBaeThCsa JO TEMICpaTypH
miponi3y (B 3amexHocTi Bix cupoBuHH 10 380-420 °C).
[IBuaKicTP HarpiBy KOHTPOIIOETHCS JIAOOPATOPHIM
aBrorpanchopmaropom (1). Ilpum mipomi3i momimepHOI
CHPOBHHH YTBOPIOIOTBCS MApH Ta Tas3u, SIKi HPOXOIATh
Kpi3b nedutermarop (5), Tepmomerp (4) Ta XOJIOAMIBHHUK
(6). Ilapm, 1O CKOHACHCYBaJIMCS, HAIXOAATh IO
npuiiMauy konjeHcary (8), a ra3u miponizy BUXOISTH Y
NPUMYCOBY BEHTWIALIHY cucteMy. Citij| 3ayBaKUTH, 110
npu  31iHCHEHHI J1abopaTopHOro MipoJIi3y MoJiMepHOT
CHUPOBHHH, BOJA, IO TOJAETHCS JO XOJOAWIBHHUKY (6)
NOBUHHA MaTH Temrepatypy He meHme Hix 70 °C. Ile
3yMOBJICHO JOCHTH BHCOKOIO TEMIIEPaTypOIO 3aCTUTaHHS

MPOAYKTIB TMipoNi3y, IO 3IaTHI TPH OXOJOIKEHi
MEePEXOJUTH B TBEPAUIL CTaH.
PesymbraTi  mOCHiMKEHHS BUXOAY OEH3MHOBOI

¢dpakmii (x, 1) Bim Temmeparypu (t, °C) mipomi3y
npenacraBueHo Ha puc. 2. IlpencraBneHi pe3ynbTaTH
CBiUaTh MPO Te, IO TeMIIepaTypa B PeaKkTopi, OCOOIUBO
B 30HI MIpOJI3y, CYTTEBO BIUIMBAE HA BHXIA PIiIKUX
MPOAYKTIB, 30kpeMa 6en3unoBoi ¢pakiii (30-210 °C).

[Mpouec yTBOpeHHss OeH3MHOBOI (pakuii npu
miponizi  HDLP iHTeHCHMBHO mpoTikae B iHTepBai
temriepatyp 400-430 °C  (MakcuMaJbHUE  BHXIX
6ensuHoBoi Qpaxuii npu 420 °C, ckmamae 22 r). [pm
mipomizi PP me#t iHTepBanm memo 3MimIyeTscs B 00JIACTh
MEHIIUX TeMmmepaTtyp Ta ckiagae 350-370 °C
(MakcumanbHUE BuUXin 6eHznHOBOI (paknii mpu 365 °C,
ckinamae 24 r). Came IHMX TeMIEpaTypHHX IHTEpBaIiB
HEOOXiTHO JOTPUMYBATHCS TPH peajli3amii TepMidHOTO
MipoMi3y TMONiMEepHOI CHPOBUHH, CIPSIMOBAaHOMY Ha
OTpUMaHHS OCH3UHOBOT (paKirii.
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30UTBIIICHAS TEMIIEpaTypy TIOHAJ BH3HAYEHOTO
iHTepBay Oyae MPHU3BOJUTH 10 NEPEBUTPATH IaJHBa HA
HarpiBaHHS pEakUiiHOi CyMimmn, IO B OCTaTOYHOMY
HiICYMKY,  CIpHUATHME  MiABUIICHHIO  CO0IBapTOCTi
KIiHIICBOTO TIPOIYKTY.

20 -
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e

10 -

"’—10 "’60 "’80 300 370 3—10 360 380 —100 4"’0 —1—10
t.°C

a)

20 -
715 1
10
5

200 220 240 260 280 300 320 3—10 360 380 —100

[

[ =]
I\-J

t.°C

6)

Puc. 2. 3anexuicts Buxomy (X, r) 6eH3nHOBOT (pakiil Bix
temmneparypu (t, °C) miposnizy: a) HDLP, 6) PP

Ha  macrymHomy  erami  mochimkeHp — Oyio
BCTAHOBJICHO 3aJISKHICTH MacoBoro Buxoxmy (X, %)
LUIBOBOTO MPOAYKTY MipoNizy  — IIMPOKOI piakol
nanuBHOI (pakuii Bix TpUBaJOCTi (T, XB.) Mipomizy (IMB.
puc. 3), WO € BaXJIMBUM TEXHOJOTIYHUM MapamMeTpoM
MpOIeCy B SAKOTO 3aJieKaTh TEXHIKO-CKOHOMIiYHI
MTOKAa3HUKHU HOTO e(peKTUBHOCTI.

40 -
35 - 2
30 -
=25 1
W
20
15
10 ; ; ; .
40 60 80 100 120

T, XB.

Puc. 3. 3anexnicts Buxony (X, %) 6eH3uHOBOT (pakii Bix
TpuBaiocri (T, xB) mipouizy: 1 — HDLP, 2- PP

3 orpmMaHOi 3aleXKHOCTI (AMB. pUC. 3) BUXOAMWTH,
IO BapilOIOYM TPUBAIICTH TPOLECY IMIpOi3y MOXKHA
CYTT€BO 30UIbLIMTH BHXiA OeH3nHOBOI ¢paxuii (30-210
°C). Tak, 11c 30UIBLICHHS y CEPEAHBOMY CKiagae 15-17
%. lle moB’si3aHO, HacaMIIepel, 3 MOraHOK KEPOBAHICTIO
npoIecy, y MOPIiBHSIHHI 3 KatamiThaHuM mipomizom. [Tpu
TEPMIYHOMY MIpOJIi3i IIOJIIMEPHOI CHPOBHMHHM PpO3Maj
MOJIIMEPHOTO  JIAHIIOTa MOXe BigOyBaTtucs sIK  3a
JIAHITIOTOBMM MEXaHi3MOM, TaK i BHITaKoBO [12].

Xapakrep 3anexnocreir st HDLP 1 PP moBwicTiO
IIEHTUYHMH, IO TOSCHIOETHCS OJHAKOBOIO IPHPOIOI0
moyimMepiB  (BigHOCATBCA 10  momionediHiB). [emo
30inpennid Buxix (1-2 %) OeH3uHOBOI (paxuii mpu
miponizi PP 3ymoBieHo XiMmiuHOIO OymOBOIO HOTO
MOJIeKyl — y PP KoxHu#l JOpyruil aToM ByTJIELIO €
TpethHHUM [13] 1 MeHII TepMiuYHO CTIMKMM HiX
MOJIEKYJIU JIiHIHHOT Oy10BH.

Hani 3 pigkux HOpPOAYKTIB MipoNizy BUALISIIHCS
OeH3MHOBI (pakuii 3 pi3HUMU MEXaMH BUKUIAHHS (10
30-150 °C, 30-180 °C, 30-200 °C Ta 30-210 °C), mo
BIANMOBiAJIM ~ 3pa3kaM  TOBApHMX  OEH3WHIB,  SIKi
3yCTpivaroThCs Ha PUHKY HaTONMPOIYKTIB YKpaiHH.

PesynbraTn MOCTIKCHHST 3aJIKHOCTI  BHXOZY
(dpakmiif Big TemmepaTypu iX KiHIS KUMHHA (t., °C),
MIPEJCTaBICHO Ha. puc. 4.

36 -
34 - 3

x, Y
[
(=]

.

20 T T T T T 1

150 160 170 180 190 200 210
texs °C

Puc. 4. 3anexHicts BUXony (X, %) 6eH31MHOBOT (pakuii Biz
KiHis kumiaag (e ,°C): 1 — HDLP, 2- PP

3aj1exHOCTI, IPENICTABICHHI Ha pHC. 4, UTIOCTPYIOTh,
Mo 3i 30UIBLICHHSIM TEMIIEPATypH KIHLS KHITIHHS
6emsuHOBOi (pakmii 3 150 °C go 210 °C BinOyBaeThCs
301IbIICHHS BUXOAY (pakiii: Ha 9 % ams HDLP i Ha 12
% nns PP. Ane npu miaBuIneHHI wiel Temmeparypu
3MEHIIYEThCS ~ TMOBHOTA  BHUMAPOBYBaHHS  MaJMBa,
MOPYIIYETHCSL PO3MOALT HOro Mo LWIHIpax ABHIYHA,
30UIBITY€THCSl HOTO BUTpATa.

Bigomo, mo B PpiIKMX NOPOIYKTax Mipoii3y
MOJIIMEPHOI CHPOBUHH 3aBKAW TPHUCYTHI OIe(iHOBI
BYTJICBOMHI, SIKi, 3 OJHOTO OOKY, MiJBHIIYIOTh CTIHKICTH
o jgeroHarii OeH3mHOBOi (pakmii [14], 3 iHmOro —
moripmytoTs il XiMiuHy crabinpHicTs [15]. PesympraTu
JIOCIHI/pKeHHsT 3anexHocti Bmicty onedini (O, %) Bin
TeMmepaTypu ixX KiHIg KHIMiHHA (tc,, °C), IpeacTaBIeHo
Ha. puc. 5.
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150 160 170 180 190 200 210
tx.x.: CC

Puc. 5. 3anexnicts Bmicty onedinis (O, %) 6eH3nHOBOT
(paxuii Bix KiHI KAMmHEAS (t,,°C): 1 — HDLP, 2- PP

PesynbraTi nocnijpkeHs, NpeicTaBliIeHHI Ha puc. 4
LTIOCTPYIOTh, IO 31 30UIBIICHHSAM TEMIIEpPaTypH KUIIHHS
O6ensuHoBOi ¢pakuii (Ha 60 ©°C) BinOyBaerbcs i
30ipIIeHHs BMicTy y Hil onediniB (13-14 %). 3rigHo 3
tabmumero  [1], Bmict  omediHiB B TOBapHHX
aBTOMOOUIPHIX OCH3MHAX HE MOBHHEH NepeBHITyBaTh 18
%, IO 3yMOBIIOE HEOOXITHICTH iX 3MEHIIeHHS abo
LIIIIXOM  JOJATKOBOi  CEJEKTMBHOI  OYHMCTKH, abo
KOMIAyHAYBaHHAM 3 iHIIMMH KOMITOHEHTaMH (06a30BUMH
(dpakuisiMu, mprucagKamMu TOILO).

Po3spaxoBani perpecii, 110 OIHUCYIOTh
eKCIIEPUMEHTANILHO OTPUMaHI 3aJIe)KHOCTI (IMB. puc. 3-
5), npencraiieHi B Ta0. 1.

Ta6muus 1 — PiBHSHHS perpecii At OTpUMaHHX 3aJIeKHOCTEH

Perpecii mis R’
OTPUMAaHUX
3aNeKHOCTEN TIpU
p=0,95

x=f(r) x=0165%t+
13,4
PP x=017xt+ 14,4
2. | HDLP | x=ftt..) | x=0003x1.,-
0,9485% 1, +
98,167
PP x=0,0024%t,°
-0,6788% t,, +
70,333
O=f(te,) | O=0,0017%t,,°
-0,3833% t,, +41
PP 0=0,0023%t..°
-0,6159% t,, +
63,583

Ne | TMonimep | DyHKIist

1. HDLP 0,9973

0,9966
0,9835

0,9939

3. HDLP 0,9999

0,9983

PospaxoBani koe(ilientu nerepminanii (R*) Maroth
nocuth BUCOKI 3HadyeHHs (0,9835-0,9999), mio cBiAYUTH
PO aJeKBaTHICTh MPEJCTABICHUX 3aJeXKHOCTEH B
JOCIIKCHOMY JTialla30Hi 3HAYCHb.

BucHoBku

[IpencraBneni  pe3ynbTaTH  E€KCHEPHUMEHTAIBHUX
JOCII/DKeHb  JTO3BOJIMIIM  BU3HAYMTH  TEMIIEpaTypHHUI
iHTepBAT B SAKOMY HEOOXiMHO TPOBOJUTH TipOIIi3
oJionehiHOBOI CHPOBUHHM, CIIPSIMOBAHOTO HA OTPUMAHHS

6ensuHoBOi (pakmii (Mexi Bukmmanas 30-210 °C) —
0a30BOr0 KOMIIOHEHTY B BHPOOHHITBI TOBapHOTO
aBToMoOinpHOTO OeH3mny. [ mipomizy HDLP 1ei
intepBan ckiagae 400-430 °C (MakCUManbHHUA BHXIiJ
6ensuHoBoi dpakuii npu 420 °C); s nipomnizy PP - 350-
370 °C (mMakcuMaJibHHK BHXiJ OeH3MHOBOI (pakuii mpu
365 °C).

TpuBamicte mipodily € THM  TEXHOJOTTYHUM
rapamMeTpoM BapilOIOYM SIKUM MOXKHa 30UTBIINTH BHXIiJ
OensuHOBOI ¢pakuii y cepemabomy Ha 15-17 %, mo
HEoOXiTHO BPaXxOBYBAaTH npu MIPOMHCIIOBOMY
BIPOBA/DKCHHI Ta MOJAJIBIIINA eKCIUTyaTalil yCTaHOBOK
MipOoITi3y HOJTIMEPHOI CHPOBHHH.

30UTpIIICHHS ~ TeMIepaTypu  KiHIA KATIHHS
O6em3uHOBOi (ppakmii 3 150 °C mo 210 °C mo3Bomse
30inbMTH ii BUxig Ha 9 % (ans HDLP) i va 12 % (mis
PP). Ane BosHOYAC criocTepiracThest i 30UIbIICHHS BMICTY
y Hiii onediniB (Ha 13-14 %), 1O € MO3UTHBHUM
MOMEHTOM 3 TOYKH 30py CTiHKOCTI 10 JeToHauil
OeH3MHOBOI (paxiii i HEeraTUBHUM — 3 OTJISILY Ha HU3BKY
i XiMi4HYy CTaOUIBHICTb.
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