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PE3IOME

B nmaHHO#W cTaThe pPacCMOTPEHBI ODIIEKTPOHHBIE CHUCTEMBI YIpABICHUS JABHUTAaTENeM Ha
aBTOMOOHMJIE M CpEICTBA KOHTPOJS HX TEXHUYECKOTO COCTOSHHSA, COCTOSHUSA. IIpeayioskeHsb
JUAarHOCTHYCCKHE MapaMeTphl, OLICHHBAIOLINE TEXHUYECKOE COCTOSHHUE OJIICKTPOHHBIX CHCTEM
yIIpaBJIEHUs ABUTATENeM C 000CHOBAaHUEM MX HOPMAaTHBHBIX 3HAYCHUIA.

DJEeKTPOHHBIE CHCTEMBI YNPABJICHUS JBUTATElIeM M KOHTPOJb MX TEXHWYECKOTO COCTOSHUS
UTPalOT PEHIAONIyI0 POJIb B COBPEMEHHOW aBTOMOOMJIBHOW NpPOMBIIIIEHHOCTH. JlaHHas Tema
OXBATBHIBACT OCHOBHBIC ACMIEKTHI AIEKTPOHHBIX CHCTEM YIPABICHHS JBUTAaTENIEM, BKIOUYask IIPHHIIHIIBI
UX pabOThl, OCHOBHBIE KOMIIOHEHTHl M (YHKIIMOHAIbHBIE BO3MOXKHOCTH. PaccmarpuBaroTcsi Takke
CpEe/CTBa KOHTPOJS TEXHHYECKOTO COCTOSHHS SJICKTPOHHBIX CHCTEM, BKIIOYAs IMATHOCTHYECKHE
npuOOpBI, TPOrpaMMHOE 00ECIIEYeHNE M METO/IbI aHAIHM3a TAHHBIX. Tarke aHAJIM3UPYIOTCS CPE/ICTBA
MOHUTOPHUHTA TEXHUYECKOTO COCTOSHHS JBUTATEls, BKIOYAsl NATUYUKH, AUATHOCTHUECKUE CKAHEPHI,
nporpaMMHoe  oOecriedeHHe W METOAbl  OOHapyKeHHsl HeHWclpaBHOCTEH. B aHHoTamum
MOJUYEPKUBACTCSI BAXKHOCTh STHX TEXHOJOTUH A oOecrieueHus d(QQEKTUBHON pabOTHI IBUTATENS,
TIOBBINICHHUS OE€30MAaCHOCTH M SKOHOMHYHOCTH aBTOTPAHCIIOPTHBIX CPEACTB, a TAaKXKE UX BIUSHUS Ha
9KOJIOTHYECKYI0 YCTOHYHMBOCTh TPAHCIIOPTHOTO cekTopa. Pabora Ham 3TO# TEMOW MO3BOJUT Jy4Ile
TIOHSTH COBPEMEHHBIE TPeOOBAaHUSI K CUCTEMaM YIPaBJICHUS U KOHTPOJISI aBTOMOOWMIIEH, a TakkKe HX
BKJIaJl B pa3BUTHE aBTOMOOMJIBHBIX TEXHOJIOTHH B IIEJIOM.
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MAGNETIC CARBON MATERIALS AS SORBENTS FOR WATER PURIFICATION FROM
PETROLEUM PRODUCTS

ANNOTATION
The development of effective sorbents for water purification is crucial to reduce environmental
pollution with petroleum products. A method for obtaining a complex adsorbent with magnetic
properties for the elimination of oil spills from the water surface using a controlled magnetic field is
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proposed. In this study, methods for the synthesis of magnetite-carbon composites by co-deposition
and the synthesis of magnetite-carbon composites by mechanical grinding in a ball mill were
proposed. Magnetic carbon sorbents were synthesized using activated carbon and magnetic
nanoparticles by co-deposition, after which physicochemical characteristics were obtained using
methods such as infrared spectroscopy and X-ray fluorescence analysis. The adsorption capacity is
estimated under conditions of competitive adsorption of water and oil on the surface of magnetite, coal
and their composite. The results show that magneto-carbon materials have good adsorption efficiency,
rapid separation from water due to their magnetic properties and excellent reusability, which makes
them promising candidates for water purification. These results suggest that magneto-carbon sorbents
can play a significant role in environmental remediation efforts by providing an effective solution for
the treatment of water contaminated with petroleum products.

Key words: magnetite, magnetite-carbon composite, activated porous coal, sorbents,
adsorption.

Introduction. Oil spills, whether caused by natural disasters, human activities, or industrial
accidents, pose significant threats to water resources and ecosystems. This environmental hazard has
prompted extensive efforts within the scientific community to develop effective strategies for pollution
control and oil spill response [1,2]. When oil spills occur, they form a thin layer on the water surface,
which can lead to devastating consequences for marine life [3]. Moreover, the remediation of oil spills
is a costly endeavor, and many conventional cleanup methods struggle to completely remove oil from
water. Techniques such as boom barriers, skimmers, sorbents, dispersants, in-situ incineration,
bioremediation, and magnetic nanocomposites are employed for oil-water separation. Recent
advancements in this field emphasize factors like surface wettability (hydrophobicity), as well as the
porosity and roughness of filtration and absorption materials. These surface-modified materials are
crafted into various forms such as meshes, textiles, foams, sponges, films, and membranes [4,5].
Traditionally, materials like polypropylene, hydrazine hydrate, and graphene oxide have been used in
oil spill cleanup efforts. However, these synthetic substances are expensive, environmentally harmful,
and slow to biodegrade. There is now a growing interest in natural alternatives, such as sea sponges
treated with vegetable waxes, which offer potential solutions to these drawbacks. Furthermore, the
integration of hydrophobic surfaces with magnetic components has gained attention for its ability to
efficiently extract oil from water post-separation. The ongoing research and innovation in oil-water
separation technologies reflect a commitment to mitigating the impacts of oil spills and safeguarding
aquatic environments. By advancing both the materials and methodologies involved, scientists aim to
enhance the effectiveness and sustainability of oil spill response measures, ultimately minimizing
environmental harm and promoting ecosystem recovery. [6].

In general, various physical, chemical and biological methods, such as adsorption, absorption,
membrane filtration, electroflotation, flocculation and coagulation, as well as biological purification,
are used for the purification of petroleum, and in some cases a combination of these two methods has
also been studied [7]. The proposed strategies to combat oil pollutants are fermentation with
microorganisms, the use of physical and mechanical collectors (e.g. skimmers, bons, pumps with
natural and synthetic sorbents, mechanical separators, etc.) and chemical dispersants (e.g. detergents,
etc.). In general, therefore, the removal of petroleum by physical methods, such as boom barriers,
skimmers, absorbent materials, is more environmentally friendly and economical than chemical
dispersants. While the use of the chemical dispersant is the fastest, there are some parameters that
could be considered a universal solution due to the cost, complexity and the need to perform additional
process operations, such as film removal or on-site incineration. In situ burning of oil floating on the
water surface is a quick method used in some places to deal with oil spills, but it affects the ecosystem
by leaving sedimentary rocks [8]. Other possible methods, such as washing with hot and high-
pressure water (spraying water with enough force to pulverize the oil in the form of tiny particles),
chemical stabilization of the oil with elastomers (gelatinization or solidification of the oil on the
surface of the water and stopping its spread), manual recovery (using labor to collect the oil from the
surface of the water, the water goes through various physical processes) and natural regeneration have
their advantages and disadvantages, and therefore its application is limited in particularly affected
areas. Of all the technologies presented, adsorption (or absorption) (collectively called sorption) using
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solid materials is the easiest and cheapest process to remove contaminants from petroleum [9]. In
recent years, the sorption process has become increasingly interesting for the extraction of petroleum
from water resources due to its essential characteristics compared to other traditional methods, namely
the recovery or reuse of sorbents, ease of operation, the absence of secondary pollution, the formation
of sludge, the absence of production of harmful products in the system [10].

In addition to the property of absorbing oils, absorbent materials must also have the ability to
evenly distribute and retain oils in their structure and pores. In addition, for better separation of oil and
water, the absorbent materials should have some other important criteria, such as adsorption of a
significant amount of oil per unit mass, hydrophobicity by nature and low absorption capacity with
respect to water, the bulk density should be low, and they should stay in the water for a long time. it
takes a long time, and the oil absorption rate should be high enough. On the other hand, the ability of
the absorbent material to absorb oil depends on the properties of oil, such as concentration,
temperature, specific gravity and the type of oils [11]. Sorption technology also belongs to the
category of physical processes that can also be used in skimmers. The best function of the sorbent is to
transfer the liquid (oil) to a semi-solid physical state for easy absorption, followed by efficient
desorption and extraction of the oils. In general, the sorption process is environmentally friendly due
to its inertia and zero generation of toxic substances, which opens the possibility of using a variety of
low-cost materials that can be used as a sorbent in pure or modified form according to requirements.
To obtain a better absorption material, the processes of oil absorption and its extraction in the
sorption-desorption cycle must be more efficient, which is directly related to the possibility of reusing
the materials in subsequent successive cycles. Therefore, many well-known materials, such as zeolites,
organoglins, polymers, natural fibers, biomass, wastes and carbon-based products, have been
presented as sorbents for the separation of petroleum and water [12,13,14]. Of the sorbents studied,
carbon materials are the most versatile materials used to combat oil pollution, and their effectiveness
depends on properties such as active surface area, Size and stability, with a significant focus on cost
[15].

The use of sorption methods makes it possible to remove oil pollution of a wide range of nature
to almost any residual concentration, regardless of their chemical stability. And giving magnetic
properties to adsorbents will allow the use of physical methods for eliminating oil spills using
magnetic traps. Thus, the development of an adsorbent with high sorption and magnetic properties,
which would ensure its effective penetration into the layer of petroleum products and rapid removal
from the water surface using a controlled magnetic field, is an urgent scientific and practical task [16].

Magnetic sorbents can be easily and quickly assembled using external magnetic fields, which
greatly simplifies the process of pretreatment of samples without filtration and centrifugation. This is
very valuable for large size samples. In addition, the ability to recycle and reuse sorbents makes them
environmentally friendly and inexpensive materials. In addition, magnetic sorbents based on modern
and highly efficient nanostructured sorbents have additional outstanding characteristics compared to
others: they have a significantly higher surface area to volume ratio and higher extraction capacity,
faster extraction dynamics and higher extraction efficiency [17].

Materials and methods. Synthesis of magnetite. The Elmore deposition method was used to
produce magnetite particles [18]. In the molar ratio of solutions of iron salts FeCl- 6H,0 and
Fe50,-7H,0 1: 2, under mild conditions (at room temperature and normal pressure), an aqueous
solution of ammonium (8.3%) is added, the resulting suspension is mixed at room temperature for
30 minutes, filtered and washed with distilled water 2-3 times, rinsing at 100-and dried in the oven at
130 ° C. The resulting suspension of magnetite has a black color, which after drying turns into a dark
brown powder, the main reaction is:

2FeCl, + FeSO, + 8NH,0H => Fe,0,+ 6NH,Cl+ (NH,),50,+ 10H,0
1)

Synthesis of magnetite-carbon composites by co-precipitation method. An effective method for
obtaining magnetic sorbents is the introduction of magnetite into the carbon structure. The
convenience of using coal particles depends on their porosity, which allows them to immobilize or
synthesize magnetite particles. Magnetite-carbon composite is boiled according to the EImore method

268



ISSN 2305-9397. FbiibiM )caHe b6intim. 2024. N° 3-2 (76)

in a soft state in distilled water, in the presence of 0.1 M aqueous Na@H solution at a temperature of
T =298 K and within pH = 8-9.5 for an hour. This ensures that the iron ions are well sorbed on the
surface of the coal and that their pores open well. Then solutions of Fe50, - 7H,0 with a solution
of FeCl- 6H,0 are precipitated in a ratio of 2:1 in ammonia water at pH = 9.5-11.0 and T = 298 K
and washed several times with distilled water and dried in an oven at 100-130 ° C, resulting in matte
black magnetite carbon composites [19].

Synthesis of magnetite-carbon composites by mechanical grinding in a ball mill. Mechanical
grinding of carbon sorbent together with iron compounds in a ball mill is an effective method for
obtaining powdered magneto-carbon sorbents. In the work, magnetic iron particles
(Fe,t — Fe,05 or Fey0,) are uniformly dispersed on a carbon matrix of activated carbon and
biochar in a ball mill. The diameter of the particles produced by this process depends on the grinding
time. In addition, during grinding, not only the particle size of the sorbent decreases, but also the
uniformity of the adsorbent powder increases significantly. This method allows the inclusion of iron
particles in the sorbent matrix without the addition of any solvents. The ball mill is also a promising
and environmentally preferable method for the production of magneto-carbon sorbents [20].

Infrared spectroscopy. The study of magnetite, activated carbon and particles of a magnetite
composite obtained on the basis of coal was carried out in the wavelength range 440-4000 cm-1,
infrared (IR) Fourier spectrophotoscopy was performed on the Spectrum 65 (PerkinElmer) installation.
In this case, the IR spectra of the samples were subjected to hot treatment in the form of a film with a
thickness of 0.07-0.09 mm (70-90 microns).

X-ray fluorescence analysis method. Quantitative analysis of the chemical composition of
magnetite, activated carbon and magnetite-carbon composites by X-ray fluorescence analysis was
performed on a FOCUS 2m wave spectrometer. The samples were placed in special round cuvettes of
variable depth, which were covered with a polypropylene film on top so that they would not spill. An
X-ray tube with a power of 4 kW was used as a source of exciting radiation. The use of a
polypropylene film made it possible to analyze the composition of elements in the range from Na to U.
The spectra were processed using a special ZSX software package.

Investigation of the sorption properties of magnetite, coal and magnetite-coal composites in
decane and petroleum. Sorption properties in magnetite, coal and magnetite-coal composites (1 +
0.0005 g) in various concentrations of decane and oil with water at room temperature under static
conditions have been studied. To carry out adsorption, a solution of the test substance (10 + 0.1 ml) is
added to the sorbent and left for adsorption for two hours with complete stirring. Then the adsorbate
was isolated with a sorbent and the post-adsorption amounts of adsorbate were determined.

Results and discussion. X-ray fluorescence analysis of magnetite, coal and magnetite-carbon
composite. As a result of the synthesis, complex composites of activated carbon and magnetite were
obtained. X-ray fluorescence analysis reveals elements with an atomic mass of more than 16 g. The
chemical composition of the identified sorbents based on X-ray fluorescence analysis is presented in
table 1.

Table 1 — Chemical composition of activated carbon, magnetite and their composites

Ne Systems Coal Magnetite Magnetite-coal
composition
Elements size, % size, % size, %

1 Iron - 99.81 84.33

2 Chrome - 0.19 0.16

3 Calcium 46.21 - 1.50

4 Manganese 441 - 0.49

5 Potassium 49.38 - -

6 Chlorine - - 11.77

7 Sulfur - - 1.75
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Figure 1 — X-ray fluorescence images of activated carbon, magnetite and magnetite-carbon composite:
a-coal, b-magnetite, c-magnetite-carbon composite.

Table 1 shows that the composition of activated carbon is dominated by the proportion of
potassium and calcium, as well as a small amount of manganese. First of all, the detection of carbon,
oxygen and hydrogen was expected here, but due to the limited capabilities of the method, only
elements with a higher atomic weight are detected. For this reason, only iron is found in the
composition of magnetite without oxygen detection. Accordingly, elements found in the composition
of individual coals and magnetites are found in the composition of the magnetite-carbon composite.
And as for X-ray fluorescence images, each element is characterized by its corresponding peaks, and
their intensity is directly proportional to the mass fraction.

The results of infrared spectroscopic examination of magnetite, coal and magnetite-carbon
composite are shown in Figure 2.
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Figure 2 — IR spectra of magnetite, activated carbon and magnetite-carbon composite:
a-coal, b-magnetite, b-magnetite-carbon composite

In the IR spectrum of activated carbon, O-H, N-H bonds of the compounds contained in it were
found in the oscillation frequency range 3500-4000 cm™*. Between 2000-2500 cm ™t there may be
alkynes and C-H bonds of the aromatic ring, and at an oscillation frequency of 770 cm™?, there may
be Me-C, Me-X bonds. The last peak can be attributed to metal compounds Ca, K, Mn, detected in X-
ray fluorescence analysis.

Peaks in the oscillation frequency range of 3500-4000 em ™t in the INFRARED spectrum of
magnetite can correspond to deformation fluctuations of O-H bonds, i.e. this is the proportion of water
in the composition of magnetite. At an oscillation frequency of 1500.770 em ™1, the Fe-O bond is
determined.

In the IR spectrum of the magnetite-coal composite, the oscillation band in the IR spectra of
coal and magnetite is preserved, and this proves that the composite was formed, that is, magnetite
particles penetrated into the structure of coal particles.

Determination of the adsorption of decane on the surface of magnetite, coal and magnetite-
carbon composite. Since the composite adsorbent is used to separate petroleum products from water, it
was necessary to determine the degree of absorption of water and oil from a mixture of water and oil.
Saturated liquid hydrocarbon decane was used as the fat phase. To do this, mixtures of water and oil in
various ratios were taken and their adsorption on the surface of the adsorbents was determined. The
results of adsorption are presented in Table 2. These results showed that 3 sorbents also better separate
decane from water. However, the adsorbent of coal prevailed over other adsorbents and can be
justified by the hydrophobicity of coal.

Table 2 — Adsorption of water and decane on the surface of solid adsorbents under conditions of
competitive adsorption

Adsorption on the surface of magnetite

The mass ratio of water and oil | Mass ratio of water and oil after Percentage of water and oil

before adsorption adsorption after adsorption, %
1 2 3

0.7:9 0,56 : 8,4 80:93
14:8 1,12:7,8 80:97,5
2.8:6 2,38:5,6 85:93
42:4 3,64:3,6 88:90
56:2 504:1,6 90: 80
7:0 6,44:0 92:0

Surface adsorption of coal

The mass ratio of water and oil

Mass ratio of water and oil after

Percentage of water and oil

before adsorption adsorption after adsorption, %
0.7:9 0:86 0:80
14:8 0:7,7 0:96
28:6 1,05:5,7 37,5:95
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1 2 3
42:4 2,31:3,8 55:95
5.6:2 3,64:18 65:90

7:0 5,04:0 72:0

Magnetite-adsorption on the surface of coal

composter

The mass ratio of water and oil

Mass ratio of water and oil after

Percentage of water and oil

before adsorption adsorption after adsorption, %
0.7:9 0,42 :8,6 60 : 96
1.4:8 0,84:6,5 60: 81
2.8:6 1,89:458 68 : 80
42:4 3,01:31 72:78
56:2 420:1,3 75 : 65
7:0 552:0 79:0

Determination of adsorption of magnetite, coal and magnetite-coal composites in oil. In the
following studies, adsorption originating from a mixture of water and oil was studied, and magnetite,
coal, and magnetite-carbon composite were used as an adsorbent (Table 3). In these studies, the
adsorption of oil on the surface of coal also prevails, which means that the nonpolar adsorbate is better
adsorbed on the surface of the nonpolar adsorbent.

Table 3 — Adsorption of water and oil on the surface of solid adsorbents under conditions of

competitive adsorption

Adsorption on the surface of magnetite

The mass ratio of water and oil

Mass ratio of water and oil after

Percentage of water and oil

before adsorption adsorption after adsorption, %
1 2 3

0.7:9 0,56 : 8,8 80:97,7
14:8 1,12:7,8 80:97,5
2.8:6 2,26 : 5,6 80,7:93,3
4.2:4 3,57:35 85:87,5
56:2 497:15 88,75 : 75
7:0 6,44:0 92:0

Surface adsorption of coal

The mass ratio of water and oil

Mass ratio of water and oil after

Percentage of water and oil

before adsorption adsorption after adsorption, %
0.7:9 0:88 0:97,7
14:8 0:6,8 0:975
2.8:6 0,98:5.5 35:91,6
4.2:4 2,17:3,1 51,6:775
56:2 35:09 68,7 : 45
7:0 504:0 72:0

Magnetite-adsorption on the surface of coal

composter

The mass ratio of water and oil

Mass ratio of water and oil after

Percentage of water and oil

before adsorption adsorption after adsorption, %
0.7:9 0,42 :8,8 60 : 84
14:8 0,7:7,6 50: 95
2.8:6 1,68:5,2 60 : 87
42:4 2,94:29 70:70
56:2 4,13:0,8 74 : 45
7:0 542:0 77:0
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The adsorption values were compared with each other. On the surface of coal, the adsorption of
decane and oil is high, and the adsorption of water is much lower. Adsorption on the surface of
magnetite and composite occurred in the oil-decane-water sequence, and the adsorption values of the 3
substances were close. However, if we compare the adsorption values for 3 adsorbents, then the
adsorption on the surface of coal is high, and on the surface of magnetite is low. The reason is due to
the presence of a hydrophobic component of coal and composite.

Conclusions. The use of magneto-carbon sorbents can provide a sustainable and effective
solution to the problem of water pollution with petroleum products. Sorbents based on activated
carbon have been developed by the method of co-deposition. The elemental composition of the
resulting magnetite-carbon composite was determined by X-ray fluorescence analysis, most of which,
as shown, is Fe.

Functional groups in the composition of a magnetite-carbon composite have been identified by
IR spectroscopy. At an oscillation frequency of 3500-4000 cm ™%, the O-H bond was determined, and
at an oscillation frequency of 1500 and 770 cm™*, the Fe-O bond was determined. These stripes
prove that magnetite is part of the composite.

The competing adsorption of water and oil was investigated on the surface of magnetite, coal
and their composite. On the surface of coal, the adsorption of oil and decane was high, and the
adsorption of water was low. The adsorption of oil and decane on the surface of the magnetite-carbon
composite decreased, but was higher than the adsorption of water. But unlike a conventional sorbent,
synthesized magnetocarbon sorbents can effectively remove oil pollution from water. Their magnetic
properties contribute to easy and rapid separation from water, which increases the practicality of their
use in real conditions. In addition, these materials have excellent regenerative and recyclable
properties, which highlights their economic and environmental benefits.
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TYWUIH

Cynpl TazapTy YLIiH THIMAI COpOEHTTEpAl 93ipiiey KOpLIaraH OpTaHbIH MyHail eHiMuepiMeH
JacTaHybIH a3aiiTy yIIiH eTe MaHbI3abl. Ochl cebenTi GackapbuUIaThIH MArHUT ©PICiH KOJAaHa OTHIPHIIL,
cy OeTiHeH MyHall TerilyiH >KOK YIUIIH MarHHTTIK KacueTTepi Oap Kypnemi ajacopOeHT amy ojici
YCHIHBUTAZBI. Byn 3eprreyne MarHeTUT-KOMIPTEKTI KOMIO3ZUTTEpIl OipJieCKeH TYHABIPY apKbUIbI
CHHTE3JIeY JKOHE MarHeTUT-KOMIPTEKTI KOMIO3UTTEpAi IIap JHipMEHIHIEC MEXaHHKAaJbIK YHTaKTay
apKbUIBI CHHTE3/ICY SJiCTepi YCHIHBUIABL. MarHuTTi-KeMIpTeKTi cOpOCHTTEp OeNCeHIpiareH Kemip
MEH MarHWTTiK HaHOOeNIIeKTep/ i Oipre TYHIBIPY apKbUIBI CHHTE3/eNAl, COAaH KeliH WH(QPAKBI3BLI
CIIEKTPOCKOIINS )KOHE PEHTIeH-(IIyOPECLEHTT] Taiaay CHSAKTBI d/iCTep/i KOJJIaHa OTHIPhIN (u3nKa-
XUMUSUIBIK CUIIATTaMaiap ajblHAbl. MarHeTuT, KeMip KoHE OJiapJbIH KOMITO3UTI OCTIHJIETI Cy MeH
MYHaWJbIH OoCeKeNecTiK aJcopOlMsIChl KaFfalblHAa aaCcopOLMsIIBIK KaOUISTTUIIriH Oarayiay
Kyprizinmai. HoTikenep MarHUTTI-KOMIipTEKTI MaTepralIap/IbIH aIcopOnrs THIMALIIT] )KaKChl eKeHiH,
MAarHMTTIK KacHeTTepiHe OalaHbICTBI CyJaH Te3 OJIHETIHIH JKoHE OJjapbl CyIbl Ta3apTyra
NEePCIEeKTHBAIBI YMITKEp €TeTiH Tamalla KaiTa maiijanaHy MYMKIHJIITIH kepceresi. by HoTmxkenep
MarHUTTI-KOMIPTEKTI COPOCHTTEP MYHAH OHIMIEPIMEH JIaCTaHFaH CyJIbl Ta3apTyIbIH THIMJI MIENIMiH
KaMTaMachl3 €Te OTBIPBII, KOpIIaFraH OpTaHbl KaJllIbIHA KEATIPY *KYMBICTapbIHAa MaHbI3AbI POl aTKapa
aNaThIHBIH KOPCETEI].

PE3IOME
Pa3zpaborka 3pPeKTHUBHBIX COPOESHTOB Il OYMCTKH BOJbI MMEET PEIlaroliee 3HAUYCHUE IS
CHW)KCHHUS 3arps3HEHHUsS] OKpysKaromlieil cpeisl Hedrenpoaykramu. 1o 3Toi mpuyYMHE MPeIIOKeH
Croco0 TMONydeHUs] KOMILIEKCHOTO aJcOpOeHTa C MArHUTHBIMH CBOWCTBAMH JUIsl JIMKBHJIAIUH
pa3arBOB HE(TH C MOBEPXHOCTH BOJBI C UCIOJb30BAHUEM YITPABIIIEMOTr0 MarHMUTHOIO 1o, B aTOoM
MCCIICIOBAHUN OBLIM TMPEIJIOKEHBl METOJbl CHHTE3a MAarHETUT-YIJICPOAHBIX KOMITO3UTOB IyTEM
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COBMECTHOTO OCQXJCHUS M CHHTE3a MarHETUT-YIJICPOIHBIX KOMIIO3UTOB IyTEM MEXaHHUYECKOTO
U3MENILYCHUST B IIAPOBOM MeNbHHIC. MAarHUTO-yIIIepOJHbIe COPOSHTHI OBLTM CHHTE3HPOBAaHBI C
UCIIOJIb30BaHUEM aKTHBHPOBAHHOTO YTIISl U MATHUTHBIX HAHOYACTHUI] ITyTEM COBMECTHOTO OCAXKIICHUS,
Mociie 4Yero ObUTH IMOJYYeHbl (DU3MKO-XMMUYCCKUE XapaKTCPUCTUKUA C HCIOJIb30BAHHUEM TaKUX
METO/IOB, KaKk WHQpaKpacHas CIEKTPOCKOMHUS W PEHTreHO(IyopecleHTHbIH aHamu3. [IpoBeneHa
OIIEHKa aJICOPOLIMOHHON CITOCOOHOCTH B YCIOBHSIX KOHKYPEHTHOH ancopOuuu BoAsl M HeTH Ha
MOBEPXHOCTH MarHeTUTa, yIiisl U UX KOMITO3UTa. Pe3ylbTaThl OKa3bIBAlOT, YTO MarHUTOYTJICPOIHbIC
MaTepuanbl O0JIAZal0T XOpolied 3(P(PEeKTUBHOCTHIO aACcOPOIUH, OBICTPHIM OTACICHHEM OT BOJIBI
Omaromaps CBOMM MarHUTHBIM CBOMCTBAM W OTIMYHOM BO3MOXKHOCTHEO ~MHOTOKPATHOTO
WCIIOJIb30BaHHMS, UTO JICTACT UX MEPCICKTUBHBIMU KAHAUIATAMH JJISl OYMCTKU BOJBL. DTH PE3yJIbTaThl
CBUJICTEILCTBYIOT O TOM, YTO MAarHUTOYTJICPOIHBIC COPOCHTHI MOTYT WUTPaTh 3HAYUTEIHHYIO POJIb B
YCHIUSAX TIO BOCCTAaHOBJICHHIO OKpY’Kaloled cperapl, oOecmeunBas >((EKTHBHOE pEUIeHHE st
OYHUCTKH BOJIbI, 3arpsI3HEHHON He(QTEPOIyKTaMH.
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