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ABSTRACT

Purpose. To substantiate the advantages of using a multi-level externally insulated complex of magneto-thermal
dewaxing which is located in the oil well and improves production of the formation fluid with high content of asphal-
tene, resin, and wax deposits (ARWD) by heating and magnetization at certain intervals.

Methods. Experiments proved that the use of a magnetothermal dewaxing device enables (during round-the-clock
operation of the well) to double the time between overhauls of the oil wells equipped with sucker-rod pumping units.

Findings. The paper provides an analytical model for calculating the power consumption parameters of the deve-
loped multi-level magnetothermal dewaxing complex and the level of the magnetic moment of the formation fluid
flow elements in the tubing string pulling unit equipped with this complex. The design of the magnetothermal de-
waxing device, as the main constructive link of the multi-level complex of magnetothermal dewaxing, and the mate-
rial for the manufacture of external insulating casings of such complex elements are described. The design of a multi-
level complex of magnetothermal dewaxing and its elements integrated into the tubing string pulling unit and
equipped with external insulating casings, is presented. The analytical model for calculating operational parameters
of multilevel dewaxing complex equipped with insulating casings is substantiated.

Originality. The developed designs of magnetothermal dewaxing devices will allow to use them together with the
operation of deep-pumping equipment and in the case of a flowing oil well.

Practical implications. Introduction of a multi-level magnetothermal dewaxing complex on the basis of magneto-
thermal activators makes it possible to reduce the shortage of such equipment on the markets of oil and gas pro-
ducing countries.
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1. INTRODUCTION

The formation of asphaltene, resin, and wax deposits
(ARWD) in producing wells is prone to emergency situa-
tions, mainly because of sucker rod and polished rod
breakage, which repeatedly reduces their overhaul period
(OP) and production volumes.

Extraction of liquid hydrocarbons is often compli-
cated by the presence of asphaltene or resin and wax
deposits in them, which causes formation of deposits
inside the tubing string (Chow et al., 2000; Gaurina-
Medimurec & Novak Mavar, 2017). Over time, these
deposits — hydrocarbons methane from C;¢Hz4 to CesHi3o,
silica gel resins, asphalt-resinous compounds, hydrates,
and others — worsen, and, in some cases, make it impos-
sible to extract liquid products, since they gradually obtu-
rate the passage section of the tubing string.

Insufficient presence of complexes for the prevention
of ARWD on oil and gas equipment market, and the ten-
dency to implement combined technological complexes,
which are made on the basis of magneto-electrical devices
(thermal-magnetic dewaxing units), and also the design of
a multi-level complex for deposits prevention should
allow placement of thermal-magnetic dewaxing complex-
es in the zone with a higher level of such deposits.

Crude oil is a complex chemical composition of com-
ponents which, depending on the structure and the external
environment, may be in different states of aggregation.
Temperature reduction causes a change in the physical state
of the components, leading to the formation of paraffin
crystallization centers and their growth (Klassen, 1982).

The intensity of the ARWD formation depends on the
predominance of one or more factors that can vary in
time and depth, so the number and nature of the deposits

© 2019. Yu. Vynnykov, A. Manhura, O. Zimin, A. Matviienko. Published by the Dnipro University of Technology on behalf of Mining of Mineral Deposits.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

34




Yu. Vynnykov, A. Manhura, O. Zimin, A. Matviienko. (2019). Mining of Mineral Deposits, 13(2), 34-40

are not constant (Suzuki, Kodera, Matsunaga, & Kurobe,
1993; Mikhlin & Zhupiev, 1997).

Wax is most intensively deposited on the inner surface
of tubing strings. The thickness of deposits gradually in-
creases from the place where they began to form at the
depth of 500 — 900 m and reaches a maximum at the depth
of 50 — 200 m from the mouth of the well, then decreases
to the thickness of 1 —2 mm in the mouth area (Fig. 1)
(Kharchenko, Manhura, Manhura, & Lartseva, 2017).
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Figure 1. Deposition of ARWD at different well depths

Various means are used to prevent deposits on the
walls of the equipment: they include thermal, chemical,
physical means and their combination. Special equip-
ment, magnetic devices, chemical solvents, heaters, etc.
are also used.

However, all known methods of ARWD control are
limited by the conditions of specific fields (Pisareva,
Kamenchuk, Andreeva, & Unger, 2005). For example,
the biotechnological method is limited by high reservoir
pressures and gas factors, increased content of hydrogen
sulfide in oil and temperatures above 40 — 50°C, thus it is
recommended for wells operated by sucker-rod pumps.

For many deposits in Ukraine, high temperature of
petroleum saturation with wax is observed, with tempera-
ture reaching 48 — 50°C. The melting temperature of wax
deposited in wells from oil fields of Ukraine, is also high.

By industrial observations, it was established that
ARWD in mining wells of Ukraine decrease with the
growth of the wells’ flow rate and the low water content in
oil (Kharchenko, Manhura, Manhura, & Lartseva, 2017).

It is known that there are two stages of ARWD for-
mation and growth (Tung et al., 2001). The first stage is
the nucleation of crystallization centers and the growth of
wax crystals directly on oil contacting surface. The sec-
ond stage is associated with deposition of larger crystals
on wax-covered surface.

Practice shows that the main objects, in which the
formation of ARWD is observed, are well pumps, tubing
strings, and reservoirs of headers (Zhang, Wang, Li, &
Zhang, 2013).

2. ANALYSIS OF CURRENT STUDIES

Mention should be made of works devoted to the
analysis and study of wax formation factors and methods
of their prevention (Zhang, Wang, Li, & Zhang, 2013).
This research resulted in the development and application
of various ways of ARWD removal and designing of
special equipment for their use.
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We assume that the most promising means of ARWD
removal among the existing ones are magnetic devices.
They do not change the chemical composition of the
formation fluid, are not harmful to the environment, in
most cases are installed at an arbitrary interval of tubing
string pulling unit and are efficient.

To use magnetic devices, it is necessary to ensure the
following conditions: gas factor (20 —300 m*/m?), the
presence of the micro-impurities in the form of iron fer-
romagnetic particles in the wells, the content of asphal-
tene and resins not less than the content of wax in oil, etc.

In order to optimize the prevention of ARWD and in-
crease the efficiency of borehole complexes use, scientists
from Poltava National Technical Yuri Kondratyuk Univer-
sity have created a multi-level system for heating tubing
string pulling unit (Fig. 2) made on the basis of tubular heat-
ers. (Kharchenko, Manhura, Manhura, & Lartseva, 2017).
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Figure 2. Multi-level system for heating tubing string pulling
unit as a part of sucker-rod pumping unit made on
the basis of tubular heaters: 1— layer; 2 — perfora-
tion zone; 3 — universal gas-sand anchor; 4 —the
pump; 5, 12 —deep tube heaters; 6— sucker rod
string; 7 — cable; 8 —tube strap; 9 — stem dipping;
10 —wellhead equipment; 11 — assembly unit;
13 — conventional pumping unit

The design and functioning principle of such complex
are characterized by the following features:

— it is placed along the length of the ARWD occur-
rence interval;

— it has an electrical supply, which allows operating
in constant and periodic modes;

—it is installed permanently as a part of tubing string
pulling unit (tube electric heaters and cable are installed by
analogy with the installation of electro-centrifugal pumps);

— it is characterized by a similar principle of operation
(direct heating by electric heating devices), which makes
it possible to simplify the design and reduce the cost;

— it has a multilevel arrangement of heaters up to 3
(3-6—-9-12), in accordance with the number of cable
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cores unified with the cable installation of electro-
centrifugal pumps (3 veins), which allows to uniformly
heat formation fluid over the interval of deposits;

— it is used both as a part of a flow lift of the oil and
gas well, and in combination with pumping methods of
oil production;

— it has the highest degree of unification for the exis-
ting equipment.

The system for the ARWD removal has a lot of
advantages, however, its energy consumption (up to
90 kWh) and significant heat losses through the walls of
tubing and casing are pushing for further scientific and
engineering work to improve the multi-level systems of
deposits removal.

It is topical to combine operational and constructional
advantages of the most promising methods for ARWD
removal and introduce them into the multi-level complex
which will have a greater degree of unification and sim-
plicity in design.

3. RESEARCH METHODOLOGY

The development and research of the operation effi-
ciency of the multilevel ARWD prevention complex
made on the basis of magneto-electrical devices (ther-
mal-magnetic dewaxing devices), permanently attached
to tubing string pulling unit, will allow the constant or
periodic selection of products with their immediate use.
It will be possible to use complexes for reduction of
ARWD levels on the equipment walls pumped by pipe-
lines, and they will have a greater level of compliance
with existing equipment and higher efficiency of labor.

To improve the production of formation fluid with a
high ARWD content, the design, composition and princi-
ples for determining a multilevel thermal-magnetic
dewaxing complex by heating the magnetization on cer-
tain intervals are justified. The design of the tube ther-
mal-magnetic dewaxing device is shown in Figure 3.

The body of the tube heater (Fig. 3) comprises a tube,
fitted with threaded shanks on both sides for couplings §
with the tubing string and its parts.

The heating element 5 is a current conductor of high
resistance made of nichromic wire placed in sand or
magnesium oxide (an electrical insulating conductor),
which are placed in a refractory housing enclosed along
the longitudinal axis of a tube heater body. The heating
element 5 is fixed to the body of the tube / with washer 2.
On the body of the tube, there are plug holes 3, to hold
the cable and pull it out. The plug holes contain a drain
for the heating element 5, and are connected with each
other by the electric cable 4, the wires located in the
heat-insulating hood. For the safety of the heating ele-
ment 5 from the negative effect of the external factors,
the outer cover 6 is placed between the heating element 5
and the insulating casing 7, which minimizes heat losses
from the work of the tube heater.

In the tube thermal-magnetic dewaxing device, a
magnetic dewaxer (Fig. 3), which consists of housing 9
equipped with threaded shanks on both sides for connec-
tion with tube couplings 8, is joined to tubing string. On
the outer surface of housing 9, the magnetic block 7/ is
placed. Between them, permanent magnets /0 are laid.
They are clamped with a lid /2.
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Figure 3. Tube thermal-magnetic dewaxing device: 1— body;
2 —washer; 3 —plug hole; 4 — cabel; 5— heating
element; 6 — outer cover; 7—insulating jacket;
8 — tubing coupling; 9 — housing of magnetic
dewaxing unit; 10 — permanent magnet; 11 — body
of magnetic block; 12 — lid

The device is installed as a part of tubing string pul-
ling unit in the interval where ARWD are observed.

On the outer surface of the tubing string, a cable 4 is
placed to feed the heating element 5 and connect to the
heater through the plug hole 3.

The fluid containing oil, water and compounds, having
a vertical direction of the tubing, enters the inner part of
the tube thermal-magnetic dewaxing devices (Das, 2008).

During the movement of the inner part of the tubular
heater, there is an increase in the fluid temperature to the
parameters at which activation of the motions of mole-
cules and dilution occurs. After that, the product falls
into the inner part of the magnetic dewaxing devices,
where it is demagnetized. After heating in the tubular
heater and the motion of the inner cavity of the magnetic
dewaxing device, a phenomenon of ferritization is ob-
served in the fluid — the creation of ferromagnetic centers
of internal crystallization, which are determined by a
certain magnitude of the magnetic moment and will be-
come the basis (Zhang, Wang, Wang, & Zhang. 2015).

When the fluid passes through tubing string pulling
unit, a decrease in the temperature and the magnetic mo-
ment obtained by it in the thermal-magnetic dewaxing
devices is observed. In order to restore the parameters to
the pulling unit, several intervals are included, magnetic-
thermal dewaxing devices being placed in the beginning.
This placement principle allows lifting of the formation
fluid in stable ARWD prevention regimes, with the mag-
nitude of the magnetic moment and the level of ferritiza-
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tion of the elements contained in the optimum range to
minimize ARWD (Kyrychenko, Samusia, Kyrychenko,
& Goman, 2012; Wang & Wang, 2014).

With the use of thermal-magnetic dewaxing devices,
the level of electricity consumption is significantly re-
duced, as heaters spread heat throughout the length of the
tubing string in the range of 70 — 85°C. Individual hea-
ting of the formation fluid is also possible in the tube
thermal-magnetic dewaxing device to the temperature of
60 — 70°C to activate the ferritization system and create
centers for the formation of paraffin crystals, which are
applied to the surface by the flow of the fluid. When
dewaxing device is placed along the length of the tubing
column, they perform ferritization function. Heaters of
thermal-magnetic dewaxing devices can be used both in
periodic and continuous modes, while magnetic dewa-
xing devices run constantly.

In order to maintain the required level of temperature
and magnetic moment in the inner cavity of the pump
and compressor pipes in the multi-level complex of
ARWD prevention made on the basis of thermal-
magnetic dewaxing units, it is proposed to use external
insulating covers which are fixed on the outer surface of
the tubing string in the intervals between the levels of
thermal-magnetic dewaxing devices placement on the
principle of fastening the cable of centrifugal immersed
pump installations.

Table 1 shows the coefficients of heat loss through
the parts of the developed multi-level ARWD prevention
complex made on the basis of thermal-magnetic dewa-
xing devices equipped with various types of external
insulating casings.

Table 1. Indicators of the coefficient of thermal losses
through parts of the developed multi-level complex of
ARWD prevention, based on thermal-magnetic
dewaxing devices, equipped with different types of
external insulating casings

Indicator of the heat

Design type loss coefficient, &

Two layers of aluminum foil
1 (0.5 mm) with an asbestos
layer (3.5 mm) between them
Two layers of aluminum foil
(0.5 mm) with a layer of
mineral wool (3.5 mm)
between them
Fiberglass, coated on both
3 sides with aluminum foil —
“Armofol®” up to 1 mm
Metallized sheet of
4 K-SHIELD FIREWRAP”,
4.5 mm

0.85

0.87

0.88

0.90

As the heat-holding ability is high and the thickness
of the layer is minimum, it is proposed to use as a mate-
rial for insulating casing for the developed multi-level
complex of ARWD prevention, made on the basis of
thermal-magnetic dewaxing devices, a heat-reflective
insulating material made on the basis of a glass pane
covered with aluminum foil — Armofol®. This material
can withstand the temperatures up to +200°C and has
high chemical and mechanical resistance. Also, this ma-
terial can detect magnetic and radioactive radiation in the
inner cavity of the pipelines. This will maximally hold
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the magnetic moment of the particles of the formation
fluid from the thermal-magnetic dewaxing devices and
minimize the amount of thermal-magnetic dewaxing
devices in the multi-level ARWD prevention complex
(Zhang, Wang, Li, & Zhang, 2013).

The property that characterizes the operation efficiency
of the developed complex is also the #, — percentage of the
extracted high-viscosity elements from the space of the
well to the surface, which is determined using the formula:

o B
n, =—-2RWD_ 100 %, M
VoS

ARWDY
where:

darwp® — ARWD content at the bottomhole, g/dm?;

Jarwp” — ARWD content at the wellhead, g/dm’.

The value darwn® is determined by selecting the ap-
propriate samples and performing a chromatographic
analysis or using a filtration method. Effective exploita-
tion of the developed multi-level ARWD prevention com-
plex made on the basis of thermal-magnetic dewaxing
devices is assumed while providing the value #, close to
95 — 98% (Suzuki, Kodera, Matsunaga, & Kurobe, 1993).

The characteristics of the multi-level complex of
ARWD prevention, based on thermal-magnetic dewaxing
device, include the following:

a) for thermal-magnetic dewaxing device: length —
9.5 m; tubing string standard size for the manufacture of
the casing — 89 mm; external diameter of thermal-
magnetic dewaxing device — 130 mm; feed type — alter-
nating and continuous current 220/380 V; the tempera-
ture of the heating fluid of the reservoir is maximum —
90°C (nominal — 75°C); power at the maximum mode of
formation fluid heating — 15.0 — 18.5 kW.

b) for a multilevel complex of ARWD prevention,
based on thermal-magnetic dewaxing devices: interval of
placement — 1000 m; quantity of thermal-magnetic
dewaxing devices — 3 — 6 — 9 — 12 pieces); type of opera-
tion under voltage — alternating and continuous.

4. RESULTS AND DISCUSSION

Laboratory studies have shown that the rate of wax
formation affects allocation process and behavior of gas
bubbles in the flow of mixture. It is known that gas bub-
bles can float suspended wax particles. When bubbles
contact the tubes surface, wax particles come in contact
with the wall and deposit on it.

In the following, the process of wax deposition in-
creases because of its hydrophobicity. On the wall of the
tube, is formed a layer of wax crystals and bubbles in the
gas. The smaller gas-saturated layer, the greater density it
has. Therefore, denser sediments are formed at the bottom
of the lifting pipes where gas bubbles are small and have
greater strength adhesion to wax crystals and tube walls
(Kharchenko, Manhura, Manhura, & Lartseva 2017).

The intensity of ARWD formation largely depends on
the rate of fluid flow. At low flow rates, the formation of
ARWD is quite slow. With speed increase (at transition
to turbulent flow regime) deposits intensity initially in-
creases. Further increase of liquid-gas mixture speed
(LGM) leads to decrease of ARDW intensity, as the high
rate of fluid flow allows wax to keep the crystals in sus-
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pension state and take them out of the well. Furthermore,
the flow tears a part of deposits from the walls of the
pipes, which explains the decrease of deposits in the
range of 0 — 50 m from the wellhead. At high speeds, the
flow of the mixture cools slower than at lower ones.
Likewise, at low speeds, the formation of ARPD slows
(Pisareva, Kamenchuk, Andreeva, & Unger, 2005).

According to the results of industrial enterprises re-
search, the ARWD appear at intervals of 500 — 900 m (in
some cases, from 1200 m), which is explained by posi-
tive conditions: the temperature of the fluid decreases to
17 —20°C, degassing within this interval, decrease in
pressure, etc. The depth of the deposits layer on the inner
walls of the tubing can reach 30 mm and more — until the
closure of the passage section of the tubing string. At this
interval, there is a need for the use of equipment to pre-
vent this situation or deposition.

The main characteristics of the developed multi-level
complex for ARWD prevention, performed on the basis
of thermal-magnetic dewaxing devices, are as follows:

— power required by the ground substation to supply
the equipment, W;

— power used by the i-th heater as part of the thermal-
magnetic dewaxing device in the process of thermal
preparation of the formation fluid, W;

— magnitude of the magnetic moment in the lift of a
tubing string, A-m?;

— coefficient of thermal-magnetic dewaxing heaters;

— geometric and weight characteristics of elements, as
well as in the whole developed multi-level complex for
prevention of ARPD.

Application of a magnetic device allowed increase in
the average repair time of wells, complicated by the
formation of emulsions and ARWD, on average by
2 times. The introduction of a magnetic device in wells,
complicated by the formation of ARWD, has allowed
doubling the overhaul period during the chemical treat-
ment of wells (Gavriluk & Glazkov, 2001).

The use of thermal-magnetic dewaxing units is aimed
at increasing the overhaul period of wells due to the
action of the directed magnetic field and thermal energy.
The mechanism of thermal-magnetic dewaxing device
action is directed to the change in the viscosity of the
liquid passing through the device (Ivakhnenko, 2006).

The use of thermal-magnetic dewaxing devices can be
effective at the operation of wells with deep-well, centri-
fugal and diaphragm pumps, as well as on oil pipelines.

5. CONCLUSIONS

1. The production and industrial use of a multilevel
magnetothermal dewaxing complex based on magneto-
thermal dewaxing devices provides an opportunity to
improve the effectiveness of APWD preventing during
the extraction of hydrocarbons and their transportation
by pipelines.

2. The projected design of a multi-level magneto-
thermal dewaxing complex made on the basis of ther-
mal-magnetic activators will consume 45— 50% less
power than a similar multi-level heating system of tub-
ing string pulling unit, operating on the principle of
wells direct heating.
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3. Exploitation of the proposed multi-level complex
of magnetothermal dewaxing, based on thermal-magnetic
activators, makes it possible to provide a formation fluid
with such characteristics, that prevent the ARWD even
after the fluid has fallen to the manifold.

4. The projected equipment allows the use of tube
thermal-magnetic dewaxing devices, both in the mode
of the switched heaters, and in the mode of magnetiza-
tion without the thermal preparation of the formation
fluid. The developed complex is operated in periodic
mode if necessary.
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BUKOPUCTAHHSA TEINIOMATHITHUX ITIPUCTPOIB U151 3AIIOBIT AHHSI
ACIIB HA TOBEPXHAX HA®TOIMPOMHUCJIOBOI'O OBJIA/ITHAHHSA

1O. Bunnukos, A. Manrypa, O. 3iMiH, A. MaTBi€HKO

MeTta. OOrpyHTYBaHHSI IIepeBar BUKOPHCTaHHS 0araTOpiBHEBOTO KOMIUIEKCY MarHiTOTEIUIOBOi JAemnapadiHizaii,
SIKMH pO3MilLyeThesl B HaQTOBUIOOYBHIN CBEpAJIOBUHI Ta MOJIMIIYE BUIOOYTOK IIACTOBOTO (IIIOINY 3 BEIMKUM BMiC-
ToM acanbrocmononapadinucTux Binkianens (ACIIB), nuisxom migirpiBaHHs i HaMarHidyBaHHS y BU3HAUEHHX 1HTe-
pBaJax i OCHAIIEHOTO 30BHIIIHIMY 130JFOI0YAMH KOKYXaMH.

Metoauka. AHali3 JOCTIKEHb BIUIMBY 0araTopiBHEBOTO KOMIUIEKCY MAarHITOTEIDIOBOI nenapadiHizalii Ha rorac-
TOBHIA (PITFOIT 3 BUCOKMM BMicTOM ac(aibTeHiB, cMOI 1 mapadiniB. JocmimkeHo 3MiHN (i3UKO-XiMIYHUX BIACTHBOCTEH
Ha()TH NPU 3aCTOCYBaHHI MarHITOTEIUIOBUX JienapadiHi3aTopis, siKi HANpaBiieHi Ha 301IBLICHHS MIKOYHCHOTO (MiXpe-
MOHTHOT0) TIepiofly CBEpUIOBHMH 32 PaxyHOK Jii HAIPaBJIEHOr0 MArHITHOI'O IOJISi Ta TEIJIOBOi eHeprii. MeToAn4HO
OCHOBOIO 3/IIHCHEHHX JIOCII/DKEHb € aHalli3 1 PO3IJIsii BUKOPHCTAHOI JIITepaTypH, a TAKOXK MO3UTHUBHUN BHPOOHUYMI
nocsin yeyrennss ACIB mig yac BuoOyTKy ByriieBoAHIB 3 migsuineHiM BMictom ACIIB i3 BUKOpHUCTaHHAM iHXECHEP-
HOTO aHaJli3y i OLIIHKK OTPHUMaHHUX PE3yJIbTAaTiB.

Pe3yabTaTu. BcraHoBIEHO, 1110 BUKOPUCTaHHS OaraTopiBHEBOr0 KOMIUIEKCY MarHiTOTEIUIOBOI Aenapadinizamii gae
MOJJIUBICTh MiABUIINTH edeKTUBHICTh 3anobiranHs ACIIB mix yac BunoOyTKy BHCOKOB’si3K0i HaTH Ta i TpaHcnop-
TyBaHHI TpyOonpoBoaamu. BeranosneHo, mo juist 3MeHmeHHs iHTeHcuBHocTi ACIIB TpyOHI MarHiToTemiosi aenapa-
(iHI3aTOPH MOXKJIMBO BUKOPHUCTOBYBATH SIK Y PEKUMI YBIMKHEHHX IiIIrpiBadviB, TaK i B pekUMi HaMarHidyBaHHS 0e€3
TEIUIOBOI MiATOTOBKH INIACTOBOTO (pItoiny. BusiBiieHO, 10 3aCTOCYBaHHS MAarHiTHOTO MPUCTPOIO JO3BOIHIIO 301TBITATH
cepenHii MKPEMOHTHHUH TIepio]] CBepAJIOBHH, YCKIAAHEHUX yTBOpeHHIM eMynkciit i ACIIB, y cepenapoMy B 2 pasu.

HaykoBa HoBM3HA. BusiBieHo, 110 B IIpolieci BCTAHOBJIEHHS Y CBEPJIOBHHY 0araTOpiBHEBOrO KOMIUICKCY MarHito-
TEIUTOBOI Aemapadinizaiii, BAKOHAHOTO Ha OCHOBI MarHITOTEIUIOBHX aKTHBATOPIB, 3MiHIOE ()i3UKO-XIMIUHI BJACTHBOCTI
HadTH, Ki 103BOJIsIIOTH 3anobiratu ACIIB HaBiTh micis noTpamisiHas (uroiny 10 MaHidobIy.

IpakTnyna 3HaYAMicTh. Pe3ynbpraTi BIpoBayKeHHs! 0araTopiBHEBOTO KOMIUIEKCY MarHiToTeIuioBoi aenapadini-
3aIlii, BAKOHAHOT'O Ha OCHOBI MarHITOTCILUIOBUX aKTUBATOPIB, MAIOTh MOXIIUBICTh 3MEHIIUTH Ae(IIUT MOAIOHOTO yCcTa-
TKyBaHHsI Ha pUHKaX Ha()TOra3oBUJ00YBHHUX KpaiH.

Knrouosi cnosa: ACIIB, macnimna o6pobKa, MazHimomennioga akmugayis, 0enapaginizamop, HacOCHO-KOMHIpe-
COpHI mpyoU, i30110104UL KOJICYX

HCHOJIb30BAHUE TEINIOMATHATHUX YCTPOMCTB JJISI IPEAYIPEXIEHUSA
ACHO HA MNOBEPXHOCTAX HEOTEITPOMBIINJIEHHOT'O OBOPYJOBAHUA

10. Bunnukos, A. Manrypa, O. 3umuH, A. MaTBUEHKO

Hean. O6ocHOBaHNE NPEUMYIIECTB HCIIOJIF30BaHMSI MHOTOYPOBHEBOI'O KOMILIEKCa MAarHUTOTEIUIOBOH emapadu-
HU3aIUH, KOTOPBIA pa3MeniaeTcss B He()TeToOBIBAOMICH CKBXIHE U YIIyUIIaeT HOOBYy IUIACTOBOTO (hfomaa ¢ 0Oib-
oM cofepxanneM achanprocmononapapuaucTux otTioxkeHni (ACIIO), myteM mojorpeBa W HaMAarHUYMBAHUSA B
OIIpEZIETICHHBIX HMHTEPBaIaX M OCHAIIEHHOTO BHEITHIMH H30JUPYIOMINMH KOXKyXaMH.

MeTtoauka. AHanu3 HCCIeJOBaHUI BIUSHUA MHOTOYPOBHEBOTO KOMIUIEKCA MAarHHTOTENJIOBOM JemapaduHuza-
MM Ha IUIACTOBBIM (DJIIOMI C BBICOKHM COJIEp)KaHHeM ac(aibTeHOB, cMoJ U napaduHOB. VccnenoBaHbl H3MEHEHHS
(U3MKO-XMMUYECKUX CBOMCTB HE(TH MpH NMPUMEHEHHH MAarHUTOTEIUIOBBIX AenapauHU3aTOPOB, KOTOPHIE HAIpaB-
JIEHBl Ha yBEJIMYEHHE MEKOUYUCTHOrO (MEKPEMOHTHOTO) MEepHoa CKBaKUH 3a CYET JEHCTBHUS HANpaBICHHOIO Mar-
HUTHOTI'O IIOJISI U TEIUIOBOM HEPTUHU. METOAUYeCKON OCHOBOM OCYILECTBJICHHBIX UCCIIECIOBAHUM SIBISAETCS aHAIU3 U
PaccCMOTpPEHHUE HCMOJIb30BAHHOM JIMTEPATYphl, a TAKXKE€ IOJIOKHUTENIbHbIA MHPOU3BOJCTBEHHBIA ONBIT YCTPaHEHUS
ACTIO npu 106619€ yriieBOAOPOIOB ¢ MOBBIMIECHHBIM conepkanueM ACIIO ¢ ucnonp30BaHUEM HHKEHEPHOTO aHAIU-
3a U OLEHKH IOJIyYE€HHBIX PE3YJIbTaTOB.

Pe3yabTaThl. YCTaHOBICHO, YTO UCIIOJIB30BaHHE MHOTOYPOBHEBOI'O KOMILIEKCA MAarHUTOTEIUIOBOH JenapaduHuza-
MU TI03BOJISIET MOBBICHTH A GeKTHBHOCTH mpenorBpameHnst ACIIO mpu moObrde BEICOKOBI3KOW He(TH U ee TpaHc-
MTOPTHUPOBKE TIO TPYOOIpOBOgaM. YCTaHOBIEHO, YTO Ui yMeHbmieHns uHTeHcHBHOCTH ACIIO TpyOHBIE MarHuWTO-
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TEIJIOBbIE AenapadpuHU3aTOPbl MOXKHO HCIIOJIb30BAaTh KaK B PEXKMME BKIIIOUEHHBIX IIOJIOTpEBATENei, TaK U B PEKUME
HaMarHUYMBaHUs Oe3 TEIJIOBOW MOJITrOTOBKH IUIACTOBOTO (uitonaa. BeIsiBIeHO, 4TO NPHUMEHEHHE MarHUTHOTO yCTPOW-
CTBa IIO3BOJIMJIO YBEIMYUTh CPEIHHN MEXPEMOHTHBIH MEPHOJ CKBAXHH, OCJIOXHEHHBIX 00pa30BaHHEM SMYJIbCUH U
ACITIO, B cpenHeMm B 2 pa3za.

Hayuynasi HoBu3HA. BbIsIBIIEHO, UTO B Ipoliecce YCTAHOBKU B CKBaXMHY MHOTOYPOBHEBOTO KOMIUIEKC2 MarHHMTO-
TEIUIOBOH JenapadMHN3aNNH, BEINTOJHEHHOTO HA OCHOBE MarHUTOTEIIOBBIX aKTHBATOPOB, MEHSET (PU3NKO-XUMUYECKHE
CBOWCTBa HETH, KOTOPHIE MO3BOILAIOT penoTBpamarb ACIIO gaxe mocie nonananus Gironaa B MAaHA(POIIBI.

IpakTHyeckas 3HAYUMOCTD. Pe3ynpTaTel BHEIPEHNS MHOTOYPOBHEBOI'O KOMILIEKCA MAarHHTOTEIUIOBOW Jemapa-
(uHI3anMY, BBITOJHEHHOTO HA OCHOBE MAarHUTOTEIUIOBBIX aKTHBAaTOPOB, AAIOT BO3MOXKHOCTh YMEHBIIUTH NEQUIINAT
oJJOOHOTO 000PYIOBaHKs Ha PhIHKAX He(Tera30J00bIBAIOLINX CTPAH.

Knroueswvie cnosa: ACIIO, maznumnas o6pabomka, MazHUMOMENio8ds akmusayusl, 0enapagQuuu3amop, HacocHo-
KOMnpeccopHbvle mpyobl, UOTUPVIOUWULE KOHCYX
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