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Environment and human health are closely related. Heavy metals are priority pollutants, as they
are highly toxic to living organisms in relatively low concentrations. The World Health Organizati-
on considers them to be the most dangerous xenobiotics for human health. The paper reviews rese-
arch on the toxic effects of heavy metals on biochemical processes in the human body and the clini-
cal analysis of diseases caused by them. The author has presented the various mechanisms of heavy
metal toxicity at the molecular level and shown the role of oxidative stress in the pathogenesis of di-
seases of the cardiovascular, nervous and respiratory systems, associated with the action of heavy
metals, on a sufficiently large material. The analysis of literature data demonstrates the significant
role and necessity of further study of biochemical mechanisms of the development of pathological
processes under chronic exposure to various toxic heavy metals in order to develop effective met-
hods of chronic diseases treatment.
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Environmental pollution by toxic heavy
metals is increasing worldwide and poses a gro-
wing threat to both the environment and human
health. Intensive development of industry and
chemicalization of agriculture led to accumula-
tion of toxic for human organism chemical
compounds in biosphere in large quantities. To-
day, due to the increasing anthropogenic load
on the environment, the contamination of soil,
water and wastewater with heavy metals is a
worldwide problem (Temmas, 2013; Argos et
al., 2010; Ogundiran et al., 2008). Dangerous
levels of heavy metal pollution are observed in
many industrialized areas of the world. (I'opa,
2007; Nyckaes u np., 2014; Temmas, 2013;
Cheng, 2003).

Ecology and human health are closely inter-
connected. Heavy metals are priority pollutants, as
they are highly toxic to living organisms in relati-
vely low concentrations. Heavy metal ions do not
disappear from the biological cycle from an ecoto-
xicological point of view, their toxicity does not
decrease, but rather increases with increasing con-
centration. They possess high cumulative ability,
therefore their danger lies in the possible long-term
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consequences (PeiOkun u ap., 2014; Ynaxosud u
ap., 2010; ®pymun, 2002; Batariova et al., 2006;
Cheng, 2003).

It was found out that metals and their com-
pounds accumulate in soil relatively quickly,
are persistent and are removed from it very
slowly (Mynpsrii, 2008). A lot of research is de-
voted to the study of heavy metals in soil. Sources
of heavy metals entering the soil are examined in
detail, and the content of a number of metals is
analyzed. It is shown that the main anthropogenic
sources of metals are various fuel installations,
ferrous and non-ferrous metallurgy enterprises,
mining enterprises, cement plants, chemical en-
terprises, galvanic industries and transport. The
sources of heavy metals in soil are considered in
detail and the content of a number of metals is
analyzed. The heavy metals accumulated in soil
and water undergo biomagnification in the food
chain and then bioaccumulate in living organisms
(dyckaeB u ap., 2014; Chiocchetti et al., 2017,
Ogundiran et al., 2008; Rai et al., 2003).

According to scientific studies, the special pla-
ce of metals among the priority chemicals polluting
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the biosphere is due to the following reasons (batsau
u ap., 2009; dpymun, 2002):

» The rate of extraction of metals from the
Earth's crust by humans is higher than the geological
rate of their extraction (Table 1).

+ Unlike organic pollutants undergoing de-
composition processes, metals are capable of
redistribution between the individual compo-
nents of the geographic envelope.

Table 1. Recovery rate of metals from the Earth's crust
(tons / year)

«Geological | extraction rate b
Element speedf Vg Humans Vh Y| v Vo
Iron 2,5-107 3,2-108 12,8
Copper 3,8-105 45-106 11,8
Zinc 3,7-105 3,9-106 10,5
Lead 1,810 2,3-106 12,7
Manganese 44105 1,6 -106 36
Tin 1,5-103 1,7-105 113
Molybdenum 1,3-104 57104 4.4
Mercury 30-103 7,0 103 2,3
Silver 5,0 - 103 7,0-103 14

Metals are relatively easy to accumulate in
the soil, but are difficult and slow to remove from
it. Half-removal period of zinc is up to 500 years,
cadmium - up to 1100 years, copper - up to 1500
years, lead - up to several thousand years.

» Metals are well accumulated by human
organs and tissues, warm-blooded animals and
aquatic animals.

+ Metals, especially heavy metals, are
highly toxic for various biological objects.

More than 40 metals of D.l. Mendeleev's perio-
dic table of elements with atomic mass of more than
50 atomic units are considered to be heavy metals
(Kymerko, 2004; JIpicerko u ap., 2015; @pymus,
2002). In terms of their toxicity, prevalence and abi-
lity to accumulate in food chains, 10 elements are
recognized as priority pollutants of the biosphere
and are subject to priority control. These are Pb, Cu,
Zn, Ni, Cd, Co, Sb, Sn, Bi, Hg. The maximum per-
missible concentrations of trace elements in the hu-
man body are established (Table 3).

The amplitude of the content of an element in
different organisms may significantly exceed the
specified concentrations. The concentration factor
has a determining character for evaluation of the
physiological action of the element. It is known

that each element has an inherent safe exposure
range that supports optimal tissue concentrations
and functions. Each element has its own toxic ran-
ge when its safe exposure is exceeded (batsH u
ap., 2009; Kynenko, 2004; Jlpicenko u ap., 2015;
®pymun, 2002). To assess the degree of hazard of
heavy metals in toxicological chemistry, according
the Mertz rule all metals are divided into three gro-
ups (the smaller the range, the “more dangerous™):
(I) As, Be, Cd, Hg, Pb, Tl, Zn; (1) B, Co, Cr, Cu,
Mo, Ni, Sh, Sc; (I11) Ba, Mn, Sr, V, W.

It is generally recognized that the most dan-
gerous elements for humans, and indeed for
warm-blooded animals, are cadmium, mercury
and lead (O6epmuc u ap., 2008; Ilonuna, 2012;
VYnaxosu4 u np., 2010; Opymun, 2002; Bjermo et
al., 2013; Martinez et al., 2011). A chemical ele-
ment is considered vital if, in its absence or inade-
guate intake into the body, normal vital activity is
disrupted, development stops. As a result of ex-
posure to toxic elements, intoxication syndrome
develops in the body. Each element has its own
operating concentration range, which allows vital
functions to be performed. If there is a deficiency
or excess of an element, the work of the enzymes
that are dependent on them suffers first. Homeos-
tasis of metals and ligands is disturbed, pathologi-
cal changes develop.

Heavy metals are considered by the World He-
alth Organization as the most dangerous to human
health xenobiotics. Daily prolonged exposure to
contaminated food and water leads to the accumula-
tion of metals in the human body and the develop-
ment of various severe diseases (Jomova et al.,
2011; Kyrre et al., 2017; Martinez et al., 2011; Yo-
ung-Seoub et al., 2014). Heavy metal pollution more
often is recognized as dramatic in many countries of
the developing world. There are a significant num-
ber of large-scale studies in various countries to de-
termine the content of heavy metals in the environ-
ment and biological fluids and human tissues to as-
sess toxicity (Batariova et al., 2006; Bibi et al.,
2015; Bjermo et al., 2013; Cheng, 2003; Forte et al.,
2011).

It has been shown that the main sources of
exposure to heavy metals are food, water and
airborne particulates, including smoke (Yauwm-
6ames u nap., 2012; Hyun-Jun et al., 2017; Kyrre
et al., 2017; Rahmani et al., 2018).
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Table 2. Toxic effects of heavy metals and the diseases caused by them

Metal Acute Chronic Toxic Concentration
,,’\: ?g;ii&t\g,r,n (;E';;?r‘]ea Diabetes, hypopigmentation/ 24-h urine:
Arsenic encephalopathy, M O’DS hyperkeratosis, cancer: lung, bladder, >50 pg/L urine, or
LoQTS, painful neuropathy skin, encephalopathy 100 pg/g creatinine
Bismuth E:g%lsggllure; acute tubular Diffuse myoclonic encephalopathy No clear reference standard
Cadmium Pneumonitis (oxide fumes) Proteinuria, lung cancer, osteomalacia Erggmlrjlga andfor 15 pg/ g
. Gl hemorrhage, hemolysis, acute |Pulmonary fibrosis, lung cancer
Chromium renal failure (Cr* ingestion) (inhalation) No clear reference standard
. s Normal excretion:
Cobalt ?;Zrig;nlge;tsh(dﬂated) Pneumoconiosis (inhaled); goiter 0.1-1.2 pg/L (serum)
yopathy 0.1-2.2 pg/L (urine)
Blue vomitus, Gl irritation/ Vineyard sprayer’s lung (inhaled); S
Copper hemorrhage, hemolysis, MODS  |Wilson disease (hepatic and basal é\lsormj\zl 4e Ec(rsggg)
(ingested); MFF (inhaled) ganglia degeneration) He
Vomiting, Gl hemorrhage, -
Iron cardiac depression, metabolic Hepatic cirrhosis ge?,%tg-ﬂis;omo /ﬁf/dL
acidosis . ng
Nausea, vomiting, . - Pediatric: symptoms or [Pb] >45
Lead encephalopathy (headache, E:i(;]epr)]f;alﬁfoat%,‘ anf%?tl_aar%becngi Idro w/dL (blood); Adult: symptoms or
seizures, ataxia, obtundation) pain, nephropathy, P P [Pb] >70 p/dL
. Parkinson-like syndrome,
Manganese MFF (inhaled) respiratory, neuropsychiatric No clear reference standard
Elemental (inhaled): fever, Nausea, metallic taste, gingivo- Background exposure "normal”
Mercur vomiting, diarrhea, ALI; stomatitis, tremor, neurasthenia, limits:
y Inorganic salts (ingestion): nephrotic syndrome; hypersensitivity 10 pg/L (whole blood); 20 pg/L
caustic gastroenteritis (Pink disease) (24-h urine)
Dermatitis; nickel carbonyl: Occupational (inhaled): pulmonary Eg(ceSfﬂvgzb?gggiure:
Nickel myocarditis, ALI, fibrosis, reduced sperm count, gev%fr;e oisoning:
encephalopathy nasopharyngeal tumors >500 “g /L (8-h %lrin ¢)
Seleni Caustic burns, pneumonitis, Brittle hair and nails, red skin, Mild toxicity: [Se] >1 mg/L
elenmum hypotension paresthesia, hemiplegia (serum); Serious: >2 mg/L
Very high doses: hemo_rrhage, . . . . | Asymptomatic workers have
S e ™ N TS v (g of 1 . era
necrosis and 2.6 pg/L (spot urine)
Early: Vomiting, diarrhea, T . .
Thallium painful neuropathy, coma, Eiﬁszg}dr:ggfaﬁ I?(F:)imri{ t'\él r?lis lines, Toxic: >3 ug/L (blood)
autonomic instability, MODS gic symp
MFF (oxide fumes); vomiting, - . - - Normal range:
zZinc diarrhea, abdominal pain dcspeﬁrgﬁgﬁ'e;;gé,am::’ neurologic 0.6-1.1 mg/L (plasma)
(ingestion) 9 ' P 10-14 mg/L (red cells)

MODS- multi-organ dysfunction syndrome; MFF- metal fume fever; Gl-gastrointestinal; LoQTS-long QT syndrome and a rare
inborn heart condition; ALI-acute lung injury.

The most dangerous non-degradable elements,
toxic even in trace amounts, according to the FAO/
WHO Food Codex Commission (Codex Alimenta-
rius), are Hg, Cd, Pb, Sn, V, Mo, As, Co
(www.fao.org/fao-who-codexalimentarius).

Health problems due to environmental pollu-
tion by heavy metals are becoming a serious prob-
lem today in the world and are widely studied.
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Heavy metals entering the human body violate the
regulation of many physiological functions, bioc-
hemical and morphological disorders are identifi-
ed (Jomova et al., 2011; Young-Seoub et al.,
2014). They disrupt metabolic processes (Planc-
hart et al., 2018) have a toxic effect on many
systems of the human body, including the nervous
(Jomova et al., 2010), immune (banabexoBa u ap.,
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2015; Tasleem et al., 2015) and cardiovascular
systems (Prozialeck et al., 2008), kidneys (Reyes
et.al., 2013) and other.

Table 3. Maximum permissible concentrations of trace
elements in the human body.

Element Blood (mkg/ml) |Urine (mkg/ml)

Mn (Manganese) 0,06 0,07
Ag (silver) 0,1 0,06
As (arsenic) 0,2 0,004
Va (barium) 0,08 0,8
Cd (cadmium) 0,005 0,04
Bi (bismuth) 0,03 0,02
Cr (chrome) 0,004 0,02
Cu (copper) 0,9 0,1
Pb (lead) 0,25 0,08
TI (Thallium) 0,01 0,002
Zn (zinc) 1,2 1,2

The physiological and biochemical effect of
heavy metals on the human body is different and
depends on the nature of the metal, the type of
compound in which it exists in the natural envi-
ronment, as well as its concentration. Not all he-
avy metals are equally dangerous to human he-
alth. According to a classification that takes into
account the physiological role, chemical elements
are divided into (Kymenko, 2004; O6epauc u mp.,
2008):

» essential: Fe, I, Cu, Zn, Co, Cr, I, Mo, Se, Mn;
» conditionally essential: As, B, Br, F, Li, Ni, Si;
« toxic: Al, Cd, Pb, Hg, Be, Ba, Bi, TI;

* potentially toxic: Ag, Au, In, Ge, Rb, Ti, Te,

U, W, Sn, Zr.

Among heavy metals, some are essential for
the vital functions of man and other living orga-
nisms. They are referred to as essential nutrients
and are called trace elements (O6epnuc u np.,
2008)). They participate in the biochemical proces-
ses of the human body and are necessary for its
normal functioning. Such metals include iron, zinc,
molybdenum, copper, etc. However, in large quan-
tities, these metals and their compounds are toxic
and can have harmful effects on the body. It should
be remembered that each trace element has its own
working range of concentrations, which allows it to
perform vital functions. Deficiency or excess of an
element leads at first to disturbance the activity of
the enzymes in which they are included. The ho-
meostasis of metals and biological molecules is
disrupted, pathological changes develop.

Other heavy metals are not used by the body,
are highly toxic and can accumulate in tissues,
leading to poisoning or even death (batsa u mp.,
2009; yckaes np., 2014; JIsicenko u ap., 2015;
O6epmuc u ap., 2008). These metals are called
toxic and belong to the class of xenobiotics, that is
alien to living organisms and are considered
systemic toxicants. The toxicity of “metallic poi-
sons” is explained by their binding to the relevant
functional groups of protein and other vital com-
pounds in the body. As a result, the normal functi-
ons of the relevant cells and tissues in the body
are disrupted. Clinical symptoms vary depending
on the metal, its dose and whether the exposure
was acute or chronic (Table 2).

Although toxicity resulting from exposure to
significant amounts of toxic metals usually affects
many organ systems, the severity of the health con-
sequences depends on the type of chemical structu-
re and element shape, the route and duration of ex-
posure, and, to a greater extent, depends on the in-
dividual's susceptibility (batsa u ap., 2009;
IMonuna, 2012). For example, barium sulfate is ge-
nerally non-toxic, however barium is rapidly absor-
bed and cause deep, potentially fatal hypokalemia.
Mercury is relatively inert in the gastrointestinal
tract and is also poorly absorbed through intact
skin, but inhalation or injection of mercury can be
disastrous.

Age also influences toxicity. For example,
younger children are more susceptible to heavy
metals, and even short-lived effects can affect the
child's development processes (Blaurock-Busch et
al., 2011; Molina-Villalba et al., 2015). Experi-
mental studies have shown that blood concentrati-
ons of Pb, As, Cd and Mn in animals varied signi-
ficantly between young and older age groups. All
components except Mn were higher in older age
groups (TyxBarmmu u jap., 2017).

Chronic poisoning due heavy metal of lead
acetate and potassium dichromate in experimental
animals disrupts carbohydrate and fat metabolism,
as well as changes in protein metabolism and the
enzyme system in animals, especially older ones, in
which recovery processes are less pronounced
(bamabekona u ap., 2015; TyxsaTmmH u np., 2017).
It was found that the course of aseptic inflammation
under conditions of preliminary poisoning of rats
with heavy metal compounds without treatment is
aggravated by a tendency to the chronization of the
process (Tyxsatmud u ap., 2017).
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Heavy metals are characterized by high per-
meability and the ability to be absorbed into the
blood and after spread to organs, tissues and sett-
ling in them. The liver and kidneys, which filtering
out toxins and removing them, take the main blow.
If these organs suffer greatly, their functions were
violated - from this moment the removal of metal
compounds from the body is impossible. As a re-
sult, intoxication does not decrease, and toxins wit-
hout interference affect the nervous, cardiovascular
and respiratory systems.

The cardiovascular system, also the kidneys,
is one of the first to be exposed to the toxic effects
of xenobiotics. There is an increase in cardiovas-
cular and renal pathology in the population in eco-
logically unfavorable areas. In addition, as a result
of detailed studies conducted over the past deca-
de, it has been revealed that heavy metals play a
role in the emergence and development of such
widespread diseases as hypertension, diabetes
mellitus, and a number of neurological and onco-
logical diseases (Jomova et al., 2010; Sharma et
al., 2006; Waisberg et al., 2003).

The toxicity of heavy metals at the molecular
level has three mechanisms. The first mechanism
is determined by the ability of heavy metals to
bind functional groups of biologically important
substances in the body, primarily to block
sulfhydrilic groups of SH-enzymes (Kyrenko,
2004; Forte et al., 2011; Winterbourn et al.,
2008). As a result of the reaction of metal ions
with SH-groups of enzymes, are formed weakly
dissociating and insoluble compounds - mercapti-
des. The formation of mercaptides is accompanied
by damage to proteins, a violation of their functi-
on, which initiates the development of a toxic pro-
cess. Damage to intra-protein bonds leads to their
denaturation, thereby changing their main functi-
ons - transport, structural and enzymatic. In this
case, thiol poisons and their compounds interact
with SH-groups of amino acids that form proteins
with carboxyl groups.

The second mechanism of the toxic effect of
heavy metals is based on the displacement of bio-
genic metals from metal-containing complexes
(Jacobson et al., 2012; Sharma et al., 2011; Tamas
et al., 2014). If the stability of a metal-containing
complex is greater than that of biogenic metals,
the equilibrium shifts to the right and toxic metals
accumulate in the body, which leads to disruption
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of normal body function. This mechanism is due
to the proximity of the geometric dimensions and
charges of ions of biogenic and toxic metals. It
should be noted that strength of chemical bonds of
proteins and other biologically important compo-
nents of blood with ions of any metal is sufficient
for considerable part of time of its stay in orga-
nism metal was in the form of complex with pro-
teins, amino acids and other biologically active
compounds. Therefore, if an excess of metals en-
ters the body, the latter can cause a violation of its
functions, poisoning or death. The degree of such
influence depends not only on the concentration
exceeding a certain level, but also on the nature of
the metal, primarily its complexing ability. Thus,
if the complex-forming ability of the metal-toxi-
cant is large enough, it can displace the biogenic
metal-catalyst from the active center as a result of
competitive interaction or bind with itself the
overwhelming part of biologically active compo-
unds used for the synthesis of this or that vital
enzyme. Heavy metals can cause disruption in
cellular processes by displacing irreplaceable me-
tals from their respective locations. Oxidative
degradation of biological macromolecules has be-
en found to be mainly associated with metal bin-
ding to DNA and nuclear proteins (Peyrosa,
2015; Abilev et al., 2013; Flora et al., 2008;
Ghosh et al., 2012).

The third mechanism is caused by the deve-
lopment of oxidative stress under the influence of
heavy metals (Cuypers et al., 2010; Ercal et al.,
2001; Jacobson et al., 2012; Leonardo et al., 2017;
Sharma et al., 2014). Redox active metals such as
iron, copper and chromium, as active redox
agents, directly enhance redox reactions, while re-
dox inactive metals such as lead and cadmium,
mercury and others deplete the main antioxidants
in cells, especially thiol-containing antioxidants
and enzymes, while cadmium, arsenic and lead
exhibit their toxic effects by binding to sulfhydri-
de protein groups and depleting glutathione (Jo-
mova et al., 2011). Silver nanoparticles have been
shown to induce oxidative stress and chromosome
aberrations (Ghosh et al., 2012).

It is believed that the factor of metal toxicity
and carcinogenicity is the formation of reactive
oxygen species that cause lipid peroxidation,
membrane destruction and damage to proteins,
carbohydrates and DNA.
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It has been established that chronic exposure
to metals leads to protein damage, which contri-
butes to the progression of neurodegenerative di-
seases. A detailed understanding of the oxidative
damage to proteins caused by metal is provided
by Reyes et al (2013) and Tamas et al. (2014) and
others (Ghezzi, 2005; Sharma et al., 2014; Valko
et al., 2006; Winterbourn et al., 2008). Thus, the
analysis of literature data shows the significant ro-
le and necessity of further study of biochemical
mechanisms of pathological processes develop-
ment under chronic exposure of various toxic he-
avy metals in order to develop effective methods
of chronic diseases treatment.
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Agir metallar vo onlarin insan orqanizminds biokimyavi proseslora tasiri
R.I. ibrahimov
Azarbaycan Tibb Universiteti

Ekologiya va insan saglamlig1 biri-biri ilo six baglidir. Agir metallar otraf miihit ¢irklondiricilori arasinda
canli orqanizmlor {iglin on zararlilordondir, ¢iinki onlar nisbaton asag1 konsentrasiyalarda 6z toksiki tesiri-
ni gostorir. Agir metallar Umumdiinya Sohiyys Toskilati torofinden insan saglamlig1 iiciin on tohliikoli
ksenobiotik kimi gobul edilmisdir. Bu maqals agir metallarin orqanizmds biokimyavi proseslara tasiri va
onlarin yaratdigi xastaliklorin kliniki tohlili lizro aparilan todqigatlarin icmalina hosr olunmusdur. Agir
metallarin toksikliyinin miixtslif molekulyar mexanizmlori toqdim edilmisdir vo kifayat qodor bdyiik ma-
terialda agir metallarin tasiri ilo bagli iirok-damar, sinir vo tonaffiis sistemlari xastaliklarinin patogenezin-
do oksidlagdirici stresin rolu miizakira edilmisdir. Odabiyyat molumatlarinin tohlili gdsterir ki, miixtalif
toksiki agir metallarin xroniki tasiri zamani patoloji proseslorin inkisafinin biokimyavi mexanizmlorinin
Oyranilmasi va galacak arasdirilmalarin zaruriliyi xroniki xastaliklorin effektiv miialica iisullarinin iglonib
hazirlanmas1 maqsadlari iiglin miithiim shomiyyatoe malikdir.

Acar sozlor: Agir metallar, bioakkumulyasiya, toksiklik, biokimyavi pozuntular, kompleksyaratma
qabiliyyati, oksidlasdirici stres
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Tsxkesible METAJLIBI M MX BJINSTHHE HA GHOXHMMUYECKHUeE MPOIECChl B OPraHU3Me YesioBeKa
P.1. UOparumosB
Azepbatiodcanckuii MeOUYUHCKULL yHUgepcumem

DKOJIOTHSI ¥ 3I0POBbE YEIOBEKA TECHO B3aUMOCBSA3aHbI. TsKeIble METAILIBI SIBISIOTCS MPUOPUTECTHBIMU
3arpS3HUTEINSIMU, TTOCKOJIBKY OHHM OY€Hb TOKCHUYHBI JUISl KUBBIX OPraHU3MOB B OTHOCHUTEIBHO HHU3KHUX
KOHIICHTpaIusaX. Tspkenmbie MEeTaIIBl paccMaTpuBatoTes BeemupHoit OpraHuzanueit 3npaBooXpaHCHIS
KaK HawmboJlee OMacHbIC U 30POBBS UellOBeKa KCeHOOMOTWKH. JlaHHas cTaThsi TOCBAILIEHA 0030py
UCCJICJIOBAHUN TI0 TOKCHUYECKOMY BIHUSHHIO TSDKEIBIX METAJVIOB HAa OMOXMMHYECKUE IPOIECCHl B
OpraHM3Me ¥ KIMHHYSCKOMY aHAJIM3Y BBI3BaHHBIX UMHU Oone3Heil. [IpeacTaBineHpl pa3inyHbie MEXaHH3-
MBI TOKCUYHOCTH TSDKEIBIX METAJUIOB Ha MOJIEKYJSIPHOM YPOBHE M, HAa JOCTAaTOYHO OOJBIIOM MaTe-
puaie, moka3aHa pOJIb OKHCIHTEIBLHOI'O CTpecca B MATOTCHE3e 3a00JICBaHUN CEPACYHO-COCYAUCTOM,
HCpBHOfI u I[BIX&TCHLHOP'I CHUCTEM, CBsA3aHHBIX C [IGP'ICTBHCM TSDKENBIX METAIUIOB. AHAIN3 JIMTEPATYPHBIX
JAHHBIX CBUAETEIHCTBYET O 3HAYMTEIHHOU POIIM M HEOOXOAUMOCTH NaTbHEHUIIEro N3ydeHus OMOXUMHU-
YECKUX MEXaHM3MOB Pa3BUTHSI MATOIOTHYECKHIX MPOIIECCOB PU XPOHHMYECKOM BO3JIEHCTBUH PA3IHIHBIX
TOKCHYHBIX TSKEIBIX METAIJIOB C IeNbio pa3paboTku 3PpPEeKTUBHBIX METOMIOB JICUCHUS! XPOHUIECKUX
3a0oyeBaHuUi.

Knroueswvie cnosa: Tsoicenvie memallisl, 6u0aKI(:)/My]l}ll4uﬂ, MOKCUYHOCMYb, buoxumuueckue HapyueHus,
KOMI’UZeKCOO6pa3yIOM4¢Z}Z Cl’lOCO6H06mb, OKUCAUMENbHDILL cmpecc
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