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I. L. Seifullina, E. E. Martsinko, E. V. Afanasenko
Odessa Mechnikov National University, Department of General Chemistry and Polymers,
Dvoryanskaya St., 2, Odessa, 65082, Ukraine

DESIGN AND SYNTHESIS OF NEW HOMO- AND
HETEROMETAL COORDINATION COMPOUNDS OF
GERMANIUM(V) FOR PREPARATION OF LOW TOXIC DRUGS
WITH A WIDE THERAPEUTIC ACTION

Coordination compounds of essential microelement germanium(IV) with metals (Mg, Na, K,
Ca, Cu, etc.) and organic ligands — biocatalysts, antidotes at intoxications and regulators of
mineral metabolism in living organism (nicotinic, citric, tartaric, 1-hydroxyethylidendiphos-
phonic acids, nicotinamide) are synthesized for the first time on the Department of General
Chemistry and Polymers of Odessa Mechnikov National University. The favorable activity of
the synthesized compounds on cardiovascular and chronic respiratory diseases, senile pneu-
monia, neuropsychiatric and metabolic disorders, ischemic heart diseases, etc. is described.
Thus, the influence of 1-hydroxyethylidendiphosphonatogermanate (medgerm) on CNS, its
anxiolytic activity and absence of both hypnotic and myorelaxant effects has been shown.
Cardioprotector properties of magnesium hydroxyethylidendiphosphonategermanate as a po-
tential effective and safe drug with the high antihypertensive and antiarrhythmic activity have
been found out. The interferoninductive and immunostimulatory activity of germanium(IV)
compounds with 1-hydroxyethylidendiphosphonic, nicotinic acids, nicotinamide, pyracetam
has been studied. Injection of these drugs (concentration 100-125 pg/ml) causes the 100 %
delay of cytopathic action of vesicular stomatitis virus in the cell cultures that demonstrates
the ability of compounds to increase essentially cells stability.

The perspectives of germanium coordination compounds as interferon inductors and as im-
mune pharmaceuticals for prevention the disbalance of the immune system are reviewed.
Key words: germanium, coordination compounds, bioligands, biological activity, therapeutic
action

1. INTRODUCTION

The progress in coordination chemistry opens wide prospects for the directed
synthesis of biologically active compounds and for the creation of new effective drugs
based on coordination compounds of biogenic elements with biologically active ligands.
The reason is high biological activity of metal-ion and ligand, which is shown mostly in
conditions, maximally close to their state in biological systems of the body. It is known,
that combination of biological effects of biogenic elements and physiologically active
ligands as part of coordination compounds usually leads to decreasing of toxicity and
increasing of metal-ion biological activity comparatively to metal inorganic salts.

According to their functional role in the organism, metallic biocomplexes can be
classified as transport agents, accumulators, inert molecule activators and biocatalysts.

Introduction of exogenous complexes can lead to destruction of endogenous functions,
to their complexation with the formation of polynuclear compounds and complexes with
different ligands, and also leads to independent functioning of biocomplexes with natural
origin. The efficiency of the exogenous complexes’ activity in this case is determined
by the existence of their drug form, synergy of the initial components’ effect and by
possibility of demonstration of new biological activity.

6 DOI: http://dx.doi.org/10.18524/2304-0947.2015.4(56).56689
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The mechanism of coordination compounds’ interaction with multicomponent
biological systems is highly complicated, but despite the complexity of equilibrium in
biological systems, it has been found that introduction of complexes allows to regulate
concentration of metal cations in different parts of the organism, to bring them back to
needed organic form, to transport drugs into disease focus areas, to remote the toxic
influence of cations and several other compounds.

Bioindicators of coordination compounds depend on their chemical and physical
properties: the nature of metal complexing agent (valence state, electronic configuration
etc.); the nature of ligand and the nature of it’s donor functional groups, which take part
in the chelation; type of the complex, it’s geometrical cis-trans-configuration; kinetic and
thermodynamic stability; the own biological activity of metal-ions and ligands, which
are used in synthesis, and factors of their synergy and antagonist effect.

It is known that introduction of biometals into the organism as coordination
compounds (exogenous complexes) in a form most close to naturally occurred in the
biological systems can result in implementation of these compounds functions inherent to
biocoordination compounds of natural origin (endogenous complexes). Such exogenous
complexes of metals are always less toxic than their inorganic and organic compounds.
It is found that introduction of coordination compounds of biometals effectively allows
to regulate their concentration in organs in necessary form for organism, to transport
medication to the disease sites, to remove the toxic action of cations of metals and other
materials.

Originally germanium attracted the interest of researchers due to its presence in
herbs, ginseng, garlic, aloes which are widely used in Tibet medicine. In 1950-th doctor
K. Asai (Japan) found out germanium in living organisms and then set that the organic
compounds of germanium containing germanium-carbon bond positively influence on
the human organism, provide the transfer of oxygen in tissues of organism, promote
immunity, show antitumor activity. On his theory compounds of germanium in human
blood behave like hemoglobin, participate in the process of transfer of oxygen in tissues
of organism, warning the development of oxygen insufficiency (hypoxias) at tissue level.

As a result of experiments it has been shown that germanium not only prevents the
development of bloody hypoxia (caused by diminishing of amount of hemoglobin and
developing at loss of blood, poisoning with carbon oxide, at radiation damages) but also
promotes induction of gamma-interferon (which has anti-virus and antitumor activity),
immune modulating and radioprotective functions of the lymphatic system [1].

In last few decades, it has been found that various germanium compounds have so wide
range of beneficent influence on living organisms together with low toxicity, that it is now
possible to characterize Germanium as biomicroelement. Several germanium behavior
observations in wildlife can be interpreted as a result of “germanium insufficiency”.

Biological researches of germaniumorganic compounds are being done in Institute
of Germanium Studies and Germanium Clinic (Japan), Latvian Institute of Organic
Synthesis, State Research Institute for Chemistry and Technology of Organoelement
Compounds (Russia). A number of compounds, which have antitumor activity and
beneficial effect on cardiovascular and chronic respiratory diseases, senile pneumonia,
neuropsychiatric and metabolic disorders, some forms of allergy, kidney’s, liver’s,
digestive disorders, hypertension and cataracts have been synthesized.

It is suggested, that the variety of biological properties of the compounds is caused
either by their specific features, or by the germanium interferon-inductive and immune-
stimulating activity.
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Expected mechanism of biological activity of given compounds is associated with
atomic electronic structure of germanium. There are 32 electrons in germanium atom,
four of which are on the outermost electron shell. When the positively charged ion (or
polar molecule) approaches to a such atom, one of the outer electrons tears off. As a
result, positively charged ion is formed. Then any free electron around is seeking to
fill this loss and at the same time germanium is seeking to regain it’s shell. The similar
process takes place in living organisms. Germanium atom reacts with charged ions and
lowers their electric potential. Perhaps, antitumor activity of germanium compounds
is based on this fact: decrease of electric potential in the walls of cancer tumor leads
to loss of their activity. Demonstration of analgesic effect is associated with ability of
activated germanium atom to bind free electrons. The painful feeling is transmitted
from a sick organ to the brain by nerve cells along the special electronic circuit while
germanium compounds interrupt movement of electrons. The mechanism of germanium
radioprotective action is also associated with it’s unique ability to trap electrons and other
negatively charged particles. It has been established, that germaniumorganic compounds
glue to blood cells and effectively neutralize approaching negatively charged particles
and electrons, protecting thereby blood cells from injury.

However as far as more comprehensive researches of bioactive additives containing
an organic germanium were carried out, it has been discovered that they show nefro-,
neyro- and pulmonary toxicity. FDA drew conclusion, that it is related to the insufficient
purity of samples due to trace amouns of initial reagents [2].

Concerning to this, there was an idea to use coordination compounds of germanium
with bioactive organic ligands — natural metabolites of human organism for preparation
of medicines. Such compounds have substantial advantages comparing to an organic
germanium: they have low toxicity, they are water-soluble and form, they can be selected
from water solutions, that provides absence of toxic admixtures in a product for a special
purpose. It is possible to use one or two bioligands as starting materials, to introduce
the second biometal and to get mixed ligand or homo- and heterometal coordination
compounds of germanium(IV).

2. PRINCIPLES OF SYNTHESIS OF LOW-TOXICITY GERMANIUM
(IV) COMPOUNDS

The most perspective way of preparation of medicines containing a biometal is a
synthesis of its coordination compounds with bioactive ligands. It is expected that in
most cases high pharmacological activity of both metal and ligand is shown up exactly
in complex compounds because living organism obviously interacts polymetal and
polyligand system in which metals are presented mainly as coordination compounds.

On opinion of many scientists a germanium is a vitally necessary (essencial) microel-
ement. The norm of its consumption in an organic form is no less than a 0,5 mg per a day,
meantime human gets hundreds times less with food products. The deficit of germanium
in organism results as the state of hypoxia (insufficiency to oxygen) and functioning of
all organs and systems is violated because of this state. The results of germanium deficit
are the following: syndrome of chronic fatigue, decline of physical and mental capac-
ity, hypovitaminosis, chronic and frequent morbidity, significant risk of development of
ischemic heart strokes, osteoporosis, viral diseases and proliferative processes. Unique
method to fill germanium deficit in an organism is its additional reception as bioadditive
or medication.

8
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The successful synthesis of germanium coordination compounds having physiological
activity is a part of systematical researches of Department of General Chemistry and
Polymers of Odessa Mechnikov National University on complexation of germanium
with O, P, N-containing polyhydric organic acids and other organic ligands, which are
drugs themselves (table).

Table
The list of organic ligands
Citric acid (H,Citr) OH o
0 |
>C—CH2—C—CH2—C/<
HO é OH
HO™ S0
Tartaric acid (H,Tart) OH o)
S —(IIH—CH—C\
HO OH OH
Xylaric acid (H Xylar) 0 0
N 4
C—CH—CH—CH—C\
HO OH OH OH OH
[-Hydroxyethylidenediphos- O on
phonic acid (H,Hedph) h:l /
H;C
N ol
“ _oH
K
& “on
Nicotinic acid (Nic) c P
| N \OH
>
N
Nicotinamide (Nad) 0
C
| NN,
P
N
Piracetam (Pam) 9)

IiéN—CHZ—(":—NH2
o)

The selection of ligands is based on their specific properties (the ability to act as a
biocatalyst, to permeate through the cell membranes, to undergo metabolizm, to dissolve
in lipids, etc.), there why these compounds are widely used in medicine as antidotes at
intoxications with radioactive metals, as regulators of mineral metabolism, as bactericidal
and antiviral drugs, etc.

For example, 1-hydroxyethylidenediphosphonic acid (H,Hedph), which is considered
as an analogue of inorganic pyrophosphates — products of transformations in living
organisms, has the highest biological activity in the group of phosphonic chelating
agents. But, unlike the inorganic pyrophosphates, H Hedph forms strong bonds P-C-P in
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the molecule and doesn’t undergo notable enzymatic and acidic hydrolysis, that causes
high efficiency of H,Hedph as a drug. Therefor this chelating agent relates to a class of
moderately toxic substances and doesn't have sensitizing and cumulative properties.

Citric acid is the direct participant of a cycle of threecarbonic acids — process which
consists of successive reactions with participation of specific enzymes providing oxidi-
zation of basic intermediate products of breaking up of nutritives in a living organism.
Chosen as secondary ligands, nicotinic acid and nicotinamide are natural metabolites, vi-
tamins and the second metals in mixed metal complexes (Na, Mg, Ca and other) are also
biometals. They normalize the flow of the broken metabolic processes by participating in
biochemical processes like enzymes and coferments. Nicotinamide is an effective thera-
peutic agent widely used in clinical practice for the treatment of saccharine diabetes,
heart, nervous and psychical diseases and also illnesses of organs of digestion, different
sorts of poisonings and radial defeats.

Because of complexing properties of mentioned polybasic acids, hydrolysis of
germanium has been suppressed, conversion germanium from the molecular to ionized
form — stable complex anions, has been done.

The strategy of different variants of the directed synthesis of certain types of high-
pure coordination compounds of germanium(IV) has been defined taking into consider-
ation economic advantage and ecological safety. The set of conditions of their synthesis:
solvent, pH, temperature and concentration, molar ratio of reactive components has been
investigated.

The methods of preparation of essentially new homo- and heterometal-containing
mixedligand, supramolecular coordination compounds of germanium with the above
mentioned accessible, cheap, widely applied in medicine organic molecules and biomet-
als have been developed. These methods are described in detail in papers [3-14].

Complexes have been characterized with the set of physical and chemical methods:
element analysis, IR-spectroscopy, thermogravimetry, X-ray powder diffraction, X-ray
crystal structure analysis, etc. [3-14].

The composition and structure of coordination sphere of compounds (molecular lev-
el of organization) and intramolecular structure of supramolecular associates (nano- or
mezolevel of organization) has been defined, and also the relation between composition,
chemical structure of complex and its biological activity has been found out.

3. THE BIOLOGICAL ACTIVITY

The tests on biological activity (antihypoxic, anti-virus, immune stimulating, car-
diotropic, antioxidant, neyrotropic, antialcohol, anticaries, antiinflamating) and toxicity,
applied on animals for a number of new coordination compounds of germanium(IV) in
many cases have shown hypotoxicity and higher efficiency, compared to analogues used
in medical practice.

The screening of a wide range of synthesized germanium coordination compounds
has revealed the different types of biological activity and has been made together with
specialists from the department of common and clinical pharmacology in Odessa na-
tional medical university (Doctor of Medical Science V. 1. Kresyun, Doctor of Medical
Science V. V. Godowan, Candidates of Medical Science E.F. Shemonayeva, Candidates of
Medical Science. Vidavskaya G.G., Candidates of Medical Science. O. L. Tymchishin),
the department of pharmacology in Lugansk state medical university (Doctor of Medical
Science V.D. Lukyanchuk, N. V. Rysukhina, O. D. Nemyatykh), Institute of a microbi-
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ology and virology of the National Academy of Sciences of Ukraine, Kiev (Doctor of
Biological Science L.D. Varbanets, Doctor of Biological Science L.Ya. Spivak, N. M.
Zholobak). Results of the studies of biological activity in details are described in papers
[15-27]. Some of them are presented:

1. Acute and chronic experiments have proved the safety of 1-hydroxyethylidendi-
phosphonategermanate  derivatives with  nicotinic acid, nicotinamide and
Mg:  (NicH) [Ge(u-OH)(u-Hedph)]; (1), ~ (NadH) [Ge(u-OH)(u-Hedph)], (2,
[Mg(H,0),],H,[Ge(u-OH)(u-Hedph)], (3). Main hepatic and cardiovasotropic effects of
these compounds have been studied in vivo and in vitro at different models of patho-
logical conditions. Well as the peculiarities of their distribution and elimination from
an animal organism have been established with the help of first elaborated methods of
the pharmacokinetic parameters extra-camera analysis. The obtained results substanti-
ate an expediency of practical usage of these biologically active substances (BAS) as
safe and potentially high-effective membrane-protecting agents, in complex treatment of
the heart and the liver. Magnesium-hydroxyethylidendiphosphonategermanate is recom-
mended for clinical tests as a cardioprotector with high antihypertensive and antiarrhyth-
mic activities, and nicogerm — as a potential effective and safe hepatoprotector [15, 16].

2. The properties of new biologically active germanium compounds on the basis
of germanium 1-hydroxyethylidendiphosphonate with nicotinic acid, nicotinamide and
magnesium 1-3, their influence on intact animals behaviour and electrophysiological
processes as well as on neuropathological syndromes have been tested. All three biologi-
cally active compounds have been shown to reduce motor activity, decrease muscular
tone and possess anticonvulsive activity. Isobolographic analysis of germanium 1-hy-
droxyethylidendiphosphonate with nicotinamide has revealed its selective potential of
valproic acid, carbamazepine, dyphenylhydantoin, topiramate, gabapentin, lamotrigine
and levitiracetam to anticonvulsive effect. The conclusion is that new compounds have
neuropharmacological activity, that has been shown in both behavioral and electrophysi-
ological animal reactions, change conditions of epileptic and parkinsonian experimental
models as change of cortex neurons reactivity in hippocampal slices. It causes expedi-
ency of their further thorough-studying as perspective anticonvulsive agents [17, 18].

3. Coordination compound [Mg(H,0),],H,[Ge(u-OH)(pu-Hedph)], (3) have been
proved EPR-spectrometrically to have a protective effect on the components of micro-
somal oxidation (cytochrome R-450 and Mo’'-containing paramagnetic centers) and
components of mitochondrial electron transport chain (iron-sulfur proteins and long-
living semiquinone radicals) in hepatocytes of rats in crush-syndrome model [19, 20].

4. Influence of coordination compound of germanium with nicotinic acid
[GeCl,(Nic),]Cl, (4) on the activity of enzymes in energetic metabolism of blood se-
rum of rats with closed space hypoxia has been investigated. It has been shown that
in conditions of modelled pathology the activity of lactate dehydrogenase, glutamate
dehydrogenase, glucose-6-phosphate dehydrogenase decreases and activity of creatine
kinase increases. It has been proved that preventive injection of germanium complex
with nicotinic acid stabilizes the activity of creatine kinase, glucose-6-phosphate de-
hydrogenase and also increases the activity of lactate dehydrogenase and glutamate
dehydrogenase [21].

5. Hepatoprotective properties of a new-synthesized class of biologically active
substances — coordination compounds of germanium and such bioligands as nicotinic
acid and nicotinamide [GeCl,(Nic),]ClL, (4), [GeCl,(Nad),|Cl, (5) have been studied. All
the above-mentioned compounds have small toxicity. The hepatoprotective effect on
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toxic hepatitis has been realized by means of decrease of the lipid peroxidation, activity
of antiradical protection and normalization of the main structural components of bio-
membranes. Obtained results have allowed recommending these complexes as mem-
brane protectors in clinical investigations.

6. Coordination compounds of germanium with nicotinamide 5 have been studied
in conditions of toxic hepatitis caused by antituberculous drugs. The protective activity
of the investigated compounds is due to its ability to prevent the formation of spread
membrane pathology by means of significant decrease of free radical generation inten-
sity and accumulation and effective regulation of oxidant-antioxidant homeostasis in the
organism of rats with drug-induced hepatitis [22].

7. Series of experiments have allowed comparing estimated hepatoprotective
activity of a new complex 1-3 and other BAS of this class such as 1-hydroxyethy-
lydendiphosphonic acid, germanium and magnesium, nicotinic acid, nicotinamide.
The researches carried out on a model of galactosamine hepatitis of rat have shown
that [Mg(H,0),],H,[Ge(u-OH)(u-Hedph)], (3) has the sufficient hepatoprotective
action [23].

8. Interferonogenic activity of the coordination compounds of germanium with
1-hydroxyethylidenediphosphonic acid, nicotinic acid, nicotinamide, pyracetam
(NicH)[Ge(u-OH)(u-Hedph)], (1), (NadH) [Ge(u-OH)(u-Hedph)], (2), (PamH), [Ge(p-
OH)(u-Hedph)], (6) has been studied. During the study of the interferonogenic activity
synthesized compounds have been shown to cause the production of interferon by cells
of sucking-pigs interweaved testicles and to be effective interferon inductors. During the
introduction of these preparations (concentrations 100-25 pg/ml), the 100 % delay of
cytopathic action of vesicular stomatitis virus in the cell cultures has been observed, that
proves the ability of the synthesized compounds to increase essentially cell resistance
towards virus action [24].

9.  The new biologically active compound — copper- hydroxyethylidendiphospho-
natogermanate (medgerm) Cu,[Ge (u-OH),(u-O),(u-Oedph) ]-40H,0O (7) its toxicity
and pharmacological activity as well as the main mechanisms of action is studied in [25].
For the first time the medgerm’s safety has been established. For the first time it has been
found that medgerm has dose-dependent influence on CNS, anxiolytic activity, absence
of both hypnotic and myorelaxant effects together with analgesic and anti-inflammatory
effects, and increasing of hepatic detoxicative function. Its antagonism to amphetamine
and synergic activity with 5-oxytryptophan has been revealed firstly that certify the com-
pound influence on monoaminergic central neurotransmission. Its hepatoprotective ef-
fect has been revealed firstly in case of prophylactic administration (i.p., 0.4 mg/kg)
and it is 1.5-2.0 times higher than reference compound essentiale in conditions of acute
galactoseamine-induced hepatitis. The mentioned effect has been realized in activation
of antioxidant system, inhibition of lipids peroxidation, and decreasing of serum and
hepatic cholesterol level. The obtained data has proved reasonability of medgerm ap-
plication as the potential highly effective and safe medical hepatoprotective agent [25].

10. It has been established that the maximum effect of cerebral protectors in the
conditions of a traumatic brain injury is shown by germanium complex with tartaric and
nicotinic acid (HNic),[Ge,(u-Tart),(OH),] 4H,0 (8) [26].

1. Introduction of potassium bis(citrato)germanate K,[Ge(HCitr),]-4H,0 (9) with
medical purposes in the sharp total brain ischemia models has been characterized with
maximum antiischemic activity, which has been shown up in a high survival of animals,
an inhibition of the process of free-radical oxidation, a normalization of an imbalance
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in the adenylic nucleotides system and the mostly favorable flow of the cerebrovascular
insufficiency symptoms, that has been confirmed with the patent of Ukraine [27].

Accordingly to the results of the preliminary researches, a number of coordination
compounds of germanium with bioligands show the high biological activity, that has
been explained by sinergizm of pharmacological action of germanium, ligands and other
metals. Their use is associated with their activity as inductors of interferon — perspective
immune pharmacologic medicines for treatment of the immune system disorders.

In accordance with the foregoing, coordination compounds of germanium with
bioligands are perspective for design of new effective medications with a wide therapeutic
action.

That is the reason why continuation of complementary chemical, physical and
biological researches in the area of germanium coordination compounds, which can
help to find new perspective bioactive complexes, to reveal regularities and to identify
factors, that affect the pharmacological properties, is so actual.

It is particularly important to pay attention to the following issues:

— studying the mechanisms of action of complexes on various processes in the

organism, their modeling and forecasting;

— detection of biochemical rates and biochemical reactions, which are responsible

for therapeutic effect of medicines based on studied coordination compounds;

— continuation the pharmacokinetic studies.

To solve these tasks successfully, common efforts of chemists, biochemists,
pharmacologists, biologists and mathematicians are needed.

Authors express the great gratitude to all colleagues, who took part in carrying out
joint chemical and microbiological researches of the considered germanium coordination
compounds.
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L. L. Ceiidyyaina, O. E. Mapunuko, E. B. Adanacenko
Opnechkuil HallioOHANBHUE yHIBepcuTeT iMeHi [.I. MeunukoBa, kadenpa 3araabHoOT Xi-Mii Ta
noJimMepiB, Byi. J[BopsiHcbka, 2, M. Oneca, 65082, Ykpaina

MOAEJIOBAHHS TA CUHTE3 HOBUX I'OMO- TA
IFETEPOMETAJIIYMHUX KOOPAUHALINHUX CIIOJYK
IF'EPMAHIIO(V) JIA CTBOPEHHA HU3bKOTOKCUYHUX
NPEIAPATIB HIMPOKOI TEPAIIEBTUYHOI A1l

B omrsa10Bii cTaTTI pO3IIAHYTI BIIEpIe CHHTE30BaHi Ha Kadepi 3araabHoi XiMil Ta morimMepis
OHY im. L.I. MeunnkoBa romMo- i rerepoMeTalliqHi KOOpAWHALIKHI crionyku repmaniro(lV) 3
OlomirangaMu (HIKOTHHOBA, JIMMOHHA, BUHHA, |-TigpokcieTmmiaeHandochoHoBa KUCIOTH,
HIKOTIHAMI/1) — IPUPOJHUMH METa0OJIITAMH OpraHi3My JIFOAWHH, HIUPOKO 3aCTOCOBYBAaHUMHU
y MeauiuHi. OXapakTepr30BaHO BIUIUB cHoiyk repmanio(IV) Ha nporec »KUTTEiSUIbHOCTI
TBapyH i JIIOAWHM, BCTAHOBJICHA iX AHTUTINOKCHYHA, IMYHOCTHMYJIIOIOYA, KapJiOTpOIIHA,
AQHTHOKCHJAHTHA, HEHPOTPOIIHA, IPOTH3aNallbHa Ta iH. aKTUBHICTE. [loka3aHi mepcreKTHBH
MOAAJIBIIOTO CHHTE3Y Ta BUBYCHHS KOOPAMHAIIMHUX CIIoNyK repManiro(IV) 3 6iomoriuHo ax-
THUBHHUMH JIiraHIaMH.

Kirouosi ciioBa: repmaiii, KOOpIUHAIINHI CIIOMYKH, Oioiranau, 0ioJoriyHa akTHBHICTb,
TepaneBTUYHA JTis

N. N. Ceiippyumna, E. 3. Mapuunko, J. B. Apanacenko
Onecckuii HaMOHANBHEIH YHUBEPCHUTET, Kadeapa oOIel XHMHHN U ITOJNMEPOB
yi. JIBopsiackas 2, Onecca, 65082, Ykpauna

MOJIEJIMPOBAHUE U CUHTE3 HOBBIX TOMO- 1
TETEPOMETAJITMYECKUX KOOPIUHAIMOHHBIX
COEJUHEHMI TEPMAHUSI(IV) JJ151 CO3AAHUS
HU3KOTOKCUYHBIX MTPEIIAPATOB IIMPOKOTO
TEPAIIEBTUYECKOI'O JIEMICTBUSI

B 0030pHOI1 cTaThe pacCMOTPEHBI BIIEPBBIC CHHTE3UPOBaHHBIC HA Kadenpe odmiel XumMmnn u
nomumepoB OHY umenu .M. MednnkoBa ToMo- B T€TEpOMETANINYECKIE KOOPINHALIMOH-
Hble coenuHeHus repManui(lV) ¢ OnonurangaMu (HUKOTUHOBAsI, JIMMOHHASA, BUHHAS, 1-TH-
}lpOKCVISTHJ‘II/I}IGH}II/I(bOCd)OHOBaﬂ KHUCJIOThI, HUIKOTUHAMHUJ1) — €CTECTBEHHBIMU MeTaboIUTaMuU
OpraHu3Ma 4ejloBeKa, IIUPOKO IPUMEHSAEMbIMU B MeauuuHe. OXapaKTepU30BaHO BIMSHUE
coenmHenn# repManusi(IV) Ha mpoIiecCH! JKU3HEASSATEIIHOCTH JKUBOTHBIX 1 YeNIOBEKa, yCTa-
HOBJICHA MX AHTHTHIIOKCHYECKas, MUMMYHOCTHMYIHPYIOUIAsi, KapJHOTPOINHAs, aHTHOKCH-
JTaHTHAs, HEHPOTPOITHAsI, TPOTHBOBOCTIANUTENbHAS U AP. aKTUBHOCTH. [loka3aHbI mepcrex-
TUBBI JaTbHEUIIEr0 CUHTE3a U U3Y4YEeHUs] KOOPAMHAIIMOHHBIX coenuHeHuil repmanusi(lV) c
6I/IOJ'IOFI/I‘-I€CKI/I AKTHUBHBIMU JIMTAaHAAMH.

KioueBble ciioBa: repMaHuii, KOOpJHMHAIIMOHHBIE COCAMHCHUS, OMOIUTaHIbI, OHOIOTHYC-
CKasl aKTUBHOCTb, TEPAIIEBTUUECKOE JICHCTBHE
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JIOMUHECHEHTHOE OINPEJAEJIEHUE OBIIEI'O
COILEPKAHUA N'OPBKUX BELHLIECTB B XMEJIE

W3ydens! moMuHeceHTHBIe cBoiicTBa kKomiutekcoB Th(III) ¢ ropskumu BemecTBamMu XMeIs.
HccnenoBana 3aBUCHMOCTb HHTEHCHBHOCTH JIFOMHHECIIEHIINH KOMIIJIEKCOB OT KOHIIEHTPaLUH
TepOusl, KUCIOTHOCTH Cpe/ibl. YCTAaHOBJIEHO, YTO B KOMIUICKCE OCYIIECTBISICTCS d(p(eKTuB-
HbII NEPEHOC SHEPruu BO30YKACHUS OT JIMTAHAOB K MOHY JIAHTAHWIA, YTO 00yC/IaBInBaCT
MHTCHCUBHYIO JIIOMUHECLCHLIUIO [TOCIeAHEr0. 3yueHo BIMsHUEe pacTBOpUTEICH Ha UHTCH-
CHBHOCTb JIIOMMHECHEHIIMN KOMITIEeKCOB. [loka3aHa BO3ZMOKHOCTB MPSMOTO JIFOMUHECIIEHT-
HOTO OIIPEENICHHUs O0IIEro CoiepKaHusl TOPHKUX BEIIECTB XMENs B €r0 PKCTPAaKTax Mo CeH-
cuOnIM3npoBaHHoH JroMuHectueHunu nona Tb(III).

KiroueBble €J10Ba: TOpbKHE BEIECTBAa XMeJIs, CEHCHOMIM3UPOBAHHAS JIIOMHHECLCHLIUS
nona Tb(III)

XMenp — 0orarelii MCTOYHHMK COCTUHEHHH MONM()EHOIBHONH TNPHUPOIBI, OTHOCS-
MAXCS K TaKUM KiaccaM, Kak ()IaBOHTIIMKO3UIBI, TPCHUIOBAHHBIC (DIIABOHOWIBI U
MIPOU3BOHBIE JUTUAPOKCUKOPUYHOM KUCIOTHL. briarogaps yemy OH sIBIISI€TCSI OCHOBHBIM
Y HE3aMEHHUMBIM CBHIPHEM TPU MPOM3BOACTBE MMHBA, HAXOIUT MPUMEHEHHE B TIEKAPHOM
MIPOU3BOJICTBE, B (hapMaIleBTHIECCKOM MTPOMBINIIICHHOCTH, B HAPOTHOW M HAYYHOH MeIH-
IIUHE, U TPU POU3BOJICTBE ONOJIOTHYECKH aKTUBHBIX 100aBoK [1].

Topeun xMesst OTHOCSTCS K MOJIHIENITHAAM aluiI(pIOPOITIIOIMHOBOTO THIIA, ABJISIOT-
Csl CMECBIO KHCJIBIX M CMOJIMCTBIX BemecTB. COracHO MEX/TyHapOIHOW HOMEHKIIAType
UX Ha3bIBAIOT «OONIMMH CMOJIAaMI», a TaKXKe OOMMMH TOpPHKHMH BemlecTBaMH. B co-
OTBETCTBHUH ¢ Kiaccuukanueil [5] ropbkue BemecTBa XMelsl 00beAHHIIOT XMEICBbIC
CMOJIBl M TOPbKUE XMEJIEBbIE KUCIOTBl. DTO O~ U [-KUCIIOTBI; O- U -MSTKHE CMOJIBI —
MIPOLYKTHI OKUCIICHUS O- U B-KHUCJIOT; Y- ¥ O-TBEP/bIE CMOJBI, KOTOPBIE SBISIOTCS MPO-
OYKTaMH OKHCJICHHSI MSTKHX CMOJ. TBepaple cMOJBl — (pakmuu OOIIUX CMOJ, HE
PacTBOPUMBIX B TTapa(pHOBEIX YIIICBOIOPOAAX, TeKCAaHe, IETPOIICHTHOM d(hrpe ¢ HI3KOH
TeMIepaTypoil kumneHus. Markue cMoibl — (pakuuyd OOLIUX CMOJI, PACTBOPUMBIX B
napaMHOBBIX YIJIEBOIOPOAAX, TEKCaHe, METPOICHHOM d(upe ¢ HU3KON TeMIepaTypoi
KuneHus [2].

T'opbkue BelecTBa ABJSIOTCS HanOosIee HEHHBIMU U XapaKTepPHbIMI KOMIIOHEHTaMH
XMeJlsl B IMBOBAPEHHOM MPOU3BOACTBEe. OHU MPUAAIOT MUBY TOPHKOBATHINA BKYC, YIyd-
IIAI0T €ro CTaOWIBHOCTh M TIOBBIMIAIOT (OJlaroaps CBOMM AHTHUCENTHYECKUM CBOIA-
CTBaM) OHMOJIOTMYECKYI0 CTOWKOCTh TuBa [3]. VX comepikaHue 3aBUCHT OT YCIIOBHIA,
MECTa BBIPAIIMBAHUS H SBISICTCS COPTOBON OCOOCHHOCTHIO XMels. B 3aBucHMoOCTH OT
CEJIEKIIMOHHOTO COpTa COJIepKaHUe 0-TOPBKUX KUCIOT MOXKeT kosebarbes oT 30 —42 %,
B-ropbkux kuciaoT — 46 — 58 % u oxono 12 % TBepABIX cMOJ (OT OOIIETO COAEPIKAHUS
TOPBKUX BEIIECTB). KoamuecTBeHHOE CofepsKaHUe CYMMBI TOPHKUX KHCIIOT OTpeess-
IOT HEBOAHBIM TUTpOBaHHEM 3KcTpakra xmens 0.01 M pacTBopoM ruapoxkcuja Kajius
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B npucytcTBum Qerondraienna [4]. Obmee copepkaHue TOPbKUAX BEIIECTB B XMeEJe
OTPENENISIOT KOHIYKTOMEeTpudeckuM MetogoM [5]. Croco® OCHOBaH Ha WM3MEPEHUU
ANIEKTPOIIPOBOAHOCTH IKCTPAKTA TOPHKHUX BEIIECTB B IPOILECCE €ro KOHIYKTOMETPH-
YEeCKOr0 TUTPOBAHUSI PACTBOPOM CBHHIIA YKCYCHOKHUCIIOTO B TitunepuHe. K HemocTaTtkam
METOa CIEAyeT OTHECTH CIOKHOCTBH IPOBEACHHS MPOOOOATOTOBKH, HEOOXOIMMOCTh
UCIIOJIb30BaHUSI MHOTUX PAaCTBOPHUTENEH — METAHOJA, TUITHIOBOrO d(hUpa, METUIICH-
XJIOPH[IA, ITAHOJNA U TUMETUICYIB(POKCHIA, — B TOM YHCIIC M TOKCHYHBIX, a TAKKE HE00-
XOJIMIMOCTb TIPOBEICHUSI HEBOJHOTO TUTPOBAHUSL.

MerozrKa OmpeeieH st 0-rOPbKUX KUCIIOT B XMeJIe OlMcaHa HaMu panee [6].

B Hacrosmieit paboTe mpeacTaBIeHBI Pe3yNbTaThl HCCICIOBAHUS MO pa3paboTke Me-
TOAWKH JTIOMHUHECLIEHTHOTO OIIpeAeeHuUs Tophkux BemecTs (I'B) B xmene ¢ nucnons3o-
BaHUEM CEHCUOMIM3UPOBAHHOM MromMuHecteHun nona Th(I1I).

MATEPHAJIBI U METOJAbI NCCIEJOBAHUSA

Xaopunasl Eu(Ill) u Tb(III) roroBuau pacTBOPEHHEM HX BBICOKOUHCTBIX OKCHIOB
(99.998%) B xsopuctoBOogOpOAHOH Kkuciore (1:1) ¢ mocnemyomuM yaaleHUEM ee
n30bITKa ymapuBaHueM. KOHIEHTpalMio yCTaHABIMBAJIN KOMIUIEKCOHOMETPHUYECKHM
TUTpOBaHHEM. TOYHBIC HABECKH PACTBOPSUIM B OMAMCTHILIMPOBAHHOHM Boje. PacTBop
1,10-heHaHTpOMTMHA TOTOBMJIM PACTBOPEHHUEM TOYHOW HABECKH (10 YETBEPTOTO 3HA-
Ka TI0CJIe 3alsTol) BellecTBa B OMIUCTUINIMPOBAHHON BOJIE C TOJKHUCICHUEM COJISTHOM
kuciotot 10 pH 5. PacTBOpsI IpyruxX JOHOPHO-aKTHUBHBIX BEIIECTB TOTOBUIIM PACTBO-
peHHEM HMX TOYHBIX HAaBECOK B 3TaHoie (2,2’-munupuamia, TpudeHmndhochuHoKCcHIa
(TODO), Tpuoktminpockunokeuaa (TODO), B-umkionexcrpuHa). [opbkue Berie-
CTBA DKCTPArupoOBaIM M3 MOJIOTOrO (paHiry3ckoro xmens (1 r) cormacHo MeTomuke [5]
5TroBbIM 3dupom (30 min) B musuHape o6bemom 100 em?. IununIp 3aKkpbIBaIn Ipood-
KOii, 3(UPHBIA 3KCTpakT HacTauBanu | yac, B30anThiBas 3-4 pa3a U OCTABISUIM HA 2
yaca JI0 IOJTHOT0 OCBEeTIAeHUs 3(QUPHOH BBITXKKHU. 115 aHanu3a oTOMpay OCBETIICHHYIO
3¢upHY0 BRITDKKY. [lepen aHamM30M 3KCTpakT pazoasisuiu B 20 pa3 3TaHOIOM.

B kauecTBe craHmapra HCIOIB30BAIM CyMMY T'OPBKHX BEIIECTB, IMOMYYCHHYIO U3
XMeJlsl contacHo Meroauke [5]. Jnst nomydenus pacrsopa I'B ¢ TouHO U3BECTHON KOH-
neHTpanuei oréupanu 20 M1 3pUPHOTO IKCTPAKTA, YAATSUIN STHIOBBINA 2up Mpu KOM-
HaTHOW TeMIepaType, 0CaJ0K BBICYIITUBAIHN BAKYyMHOMN CYIIKOH /10 TOCTOSIHHOM MaccChl,
B3BEIIMBAIN OCAJIOK, KOIMYECTBEHHO MEPEHOCHIIN BEIICNICHHYI0 cymMmmy ['B B MepHyto
K00y Ha 25 M1

Criexktpsl mromuHecneHu woHoB Eu(Ill) m Tb(IIl) peructpupoBasin B obiacTu
560-650 u 450-650 uM ¢ momonipio criekrpomeTpa Cary Eclipse Varian (ABctpanus)
C JBOWHBIM MCTOYHHKOM CBeTa (KCeHOHOBas jammna 150-W CIUIOIIHOrO CIeKTpa U UM-
MyJbCHAs JlaMna). 3Ha4YeHHUs YHEPTUU TPUILIETHBIX YPOBHEH FOPbKUX BEILECTB OMpPE-
eJISLIU perucTpanueil cnekTpoB GochopeceHIny UX KOMIIEKCoB ¢ uTTpueM npu 77 K.
Jis u3ydeHuss KWHETUKH 3aTyXaHUs JTIOMHHECLEHIIMH IPUMEHSUIN ocuuiuiorpaduyec-
KyIO perucTpanuio. JIIOMHHECHECHIINIO BO30YKIAIH MPH 3TOM HMITYJIECHBIM a30THBIM
JIa3epoM C JJIMHON BOJHBI u3inydeHus: 337 uM. CrnekTpbl MOMIONMIEHUSI paCTBOPOB pe-
ructpupoBanu Ha crekrpodoromerpe UV-2401 PC Shimadzu (Smonwust). 3HadeHus
pH pactBopoB m3mepsuin ¢ momomisio pH-merpa OP-211/1 Radelkis (Benrpus) co
CTEKJLTHHBIM dJIeKTpoaoM. Heobxonanmele 3nadenus pH co3maBanu B pacTBOpeE ¢ IIOMO-
IIBI0 YPOTPOIIHHA.
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PE3VYJIBTATHBI HCCJIIEJOBAHUA

CormacHO JUTEPaTYpPHBIM JAaHHBIM [2] TOPBKHE BEIIECTBA XMEJsl 00yCIOBICHBI Ha-
JIMYHEM B OCHOBHOM 0- U B-TOPBKHUX KHUCIOT. 0-] OpbKHE KUCIOTHI IPEICTABISIIOT COOO0M
CMeCh IPOU3BOJHBIX, [NTABHOW COCTABHON YACTBIO KOTOPBIX SIBIIsIETCA TyMynoH (R = —
CH, - CH(CH,),):

H3C\ O (0]
C =—CH— CH, I
C—R
H3C/
OH
CH;,
OH CHy —CH =]
CH;

OctanbHble aHAJIOTH (KOTYMYJIOH, aATYMYJIOH, MOCTTYMYJIOH) MMCIOT B OOKOBOI
nenu paznuuabie 3amecturenu (R) [7].

B-I'opbKKe KHCIOTBI — CMECh MPOWU3BOJIHBIX, INIABHOW COCTABHOM YaCThEO KOTOPBIX
spysercs mynynon (R = — CH, — CH(CH,),):

(0]
H;C 0
C —CH— CH, |
C—R
H3C/ OH
3
H;C

OcranbHbIe aHANOTH (KONYIYJIOH, aIYIYIIOH, MOCTIYITYIOH) UMEIOT B OOKOBOM
nenu pasnuyHble 3amecturend (R) [7].

o- U B-Msrkue cMOIbl OTIMYAIOTCS Pa3TUYHBIMU 3aMECTUTENSIMU B TIOJIOKEHUH 4
1 5 (A 1 B) B IUKIIOTIECHTAaHTPUOHOBOM SIJIp€ ¥ IMEIOT 0011iee Ha3BaHUE PE3YTIOHHI [7]:

TR

Il
C

A

B™ Yon o

0- U [-TOppKHE KHUCIOTHI COAEp)KaT IUKAPOOHWIBHBIA (parMeHT W IMOZOOHO
B-nrkeToHAaM, OUYEBHIIHO, MIPOSIBIISIOT B PACTBOPAX KETO-CHOIBHYIO TAYTOMETPUIO H MO-
T'yT 00pa30BbIBATH C MOHAMU JBYX- U TPEX3apsAIHBIX KATHOHOB MPOYHbIE KOMIUIEKCHBIC
COEMHEHHs. JTa IpyIa JIUTaH 0B BbI3bIBAET ONPE/ICTICHHBIN HHTEpeC Oarogaps HaIu-
YHUIO B UX CTPYKTYpE MOABUIKHON TT-JIEKTPOHHON CUCTEMBI, CONPSKEHHOM ¢ XeJIaTHBIM
IIUKJIOM, YTO MOXKET OJaronpHsTCTBOBATH IMOSBICHUIO CCHCUOMIN3UPOBAHHON JFOMH-
HECICHIMH JIAHTAHKUI0B. BO3MOXHOCTE KOOpAMHAIMY HoHA Eu™ ¢ B-mukapOoHUIBHON
rpyHNIHUPOBKOM HUKIONEHTAHTPUOHOBOTO s1pa IIOKa3aHa paHee B [8].
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Toppkue BemectBa (I'B) mmeror B ynbTpaduoneToBoil 001acTH CIEKTpa TOJIOCHI
nomiomeHus ¢ Makcumymamu 244,2 um u 270 HM, uTo 0OyciaBauBaeT 3(h(eKTUBHOE
TIOTJIONICHUE CBETOBOW IHEPTHM JUTaHIaMu (puc. 1). DHeprusi TPUILUIETHOTO YpPOBHS
nuraunoB (20500 cm'), HalimeHHas u3 crekTpa GpochopecleHINy, paBHA WK BBIIIE
SHepruu Bo30yxaeHHbIX ypoBHel nonos Eu(IIl) (17300 cm™') m Tb(III) (20500 cm™),
YTO AETaeT BO3MOKHBIM AP (PEKTUBHOE MOMTIOIICHHE U TTOCIIETY IO IIEPEHOC YHEPTHH
BO30YX/ICHUSI OT JIMTAH0B HA PE30HAHCHBIC YPOBHU 3TUX MOHOB. B mpucyrctBuu I'B
yKa3aHHBIC HOHBI MIPOSIBISIIOT MHTCHCUBHYIO JIIOMHHECIICHITHIO.

A
1,0

0,8
0,6
0,4

0,2

0,0 T T T T T T 1
250 300 350 400

JlMHA BOJHBI, HM

Puc. 1. Cnextp moronieHust cyMMbl TOpbKHX BemiecTs (/ =1 cm)

HanOonee wHTeHCHMBHAsT IOMUHEcCHeHIUs HaOmromaercst st wona Tb(III).
Pezonancueiii ypoBens nona Tb(II) pacnomoxeH Oke K TPUILIETHOMY YPOBHIO JIH-
TaHJIOB, TIOATOMY B MpOIECCe Nepeaayd SHEPTUH BO30YKICHUS OT JIMTAHIIOB K HOHY
JIAHTAHUJA CHUKAETCS CTENeHb Oe3bl3NyuareibHbIX norepb. B coyyae Eu(lll) unten-
CHBHOCTB JIFOMUHECIICHIINY 3HAYUTENBHO citabee. BeposiTHO, B 3TOM CiTydae MpOHCXOIHUT
nepejiada SHEPrUK Bo30Yy K ieHUs Ha sHepreTuueckuit yposens Eu(Ill) °D, (19000 cm™) ¢
nocleny el 0e3bI3TydaTelIbHON Ie3aKTUBAIMEH JI0 TEPBOTO BO30YKJICHHOTO COCTOS-
nus *D (17300 ¢cM™), 4TO NPUBOIUT K 3HAYUTENBHBIM MOTEPAM SHEPTHH BO30YKICHUS.

CriexTp B030YKICHUS JTIOMUHECIICHINH (pHC. 2) pacTBOpPa KOMIUIEKCOB XapaKTepH-
3UPYETCS HATMYHEM IMUPOKOH mostockl B obmactu 250-300 HM ¢ MakcumMyMoM 275 HM.

B cmekrpe MOMUHECHEHIIMM BOJHO-3TAaHOJNBHBIX PACTBOPOB KOMILIEKCOB HOHA
Tb(III) Haubosiee MHTEHCUBHOW SIBISIETCSA MOJOCA, COOTBETCTBYIOLIAsl €0 CBEPXUYB-
cTBuTenbHOMY Tiepexony (CUIT) —°D, —'F, (A=545 HM), 3HAYMTENIBHO c1abee 110 HHTEH-
CHUBHOCTH MOJIOCHI ¢ MakcuMyMamu npu 490, 586 u 620 um (nepexosisl ¢ ypoBHs D, Ha
noxyposuu 'F, ’F, n ’F, cooTBeTCTBEHHO) (pHC. 3).

Veenuuenue I Tb(III) B mpucyTCTBUM rOPHKUX BEWIECTB HA HECKOJIBKO TMOPSIKOB
BEJIMIHHBI SIBJISCTCS] KOCBECHHBIM TIOATBEP)KICHUEM 00pa30BaHMsI KOMILICKCHBIX COCITH-
Hernit. [loaTBepKIeHIEM KOMIUIEKCOOOPa30BaHUS SIBISICTCS. M TOT (DAKT, YTO B IIPUCYT-
CTBMHU TOPHKUX BEILECTB BpeMsI >KU3HHU BO30yxaeHHOro coctosiHus nona Tb(III) 3Ha-
YUTENBHO BO3pacTaet (T = 880 ps) M0 CPABHEHHIO CO BPEMEHEM JKU3HH aKBa-MOHA
tepous (T =420 ps).

MITLL.
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O6pa3oBaHne KOMIUIEKCOB MOATBEPKICHO TAKKE C MCTIOIB30BAHUEM CIEKTPa IOT0-
uienus nona Nd(III), ero ceepxuysctBUTENBHOTO Nepexoia (CUIT) I, — **G, 2 5n (A=
575 um). B npucyTcTBUM ToppKUX BeliecTB nHTeHcHuBHOCTH CUIT Bo3pacraet, 4to Mo-
KET CIIY’KUTh ITOATBEPKACHIEM KOMILTekcooOpazoBanus B cucteme I'B-Nd(I1I).

Komriekcoobpaszosanue nona Tb(IIl) ¢ I'B Habnromaercs B MIMPOKOM HHTEpBaje
sHayenuit pH 3.0 — 9.0, ¢ makcumymom momuHectieHnmu mipu pH 5.8 — 6.1, kotopoe
yCTaHaBIHMBaJIKM C OMOIIbI0 yporpornuna. [Ipu pH < 3.0 crenens 0Opa3oBaHUs KOMII-
JIeKca, OYEBUAHO, PE3KO CHMXkaAeTCs, a mpu pH > 9.0, BeposTHO, IPOUCXOIUT pa3pyliie-
HHUE KOMIUICKCOB ¢ 00pa30BaHUEM THIPOKCHIOB JIAHTAHU/IA.

MHTEeHCUBHOCTD JTIIOMMHECLEHIIMM KOMIUIEKCOB 3aBUCHUT OT IPHUPOIbI pacTBOpUTE-
neit (puc. 4). MexaHu3M BIHSHUS PACTBOPHUTENS HA CIEKTPaJbHO-TIOMUHECLEHTHbIE
XapaKTEPUCTUKN KOMIUICKCA OUYEHB CJIOXKEH. PacTBOpHUTENb BIUSCT HA XMMHU3M PEAKILIUH,
YCTOHYHMBOCTb KOMIUIEKCA, KMCIOTHO-OCHOBHOE PaBHOBECHE JIMT'AHJIOB, I1€peCOibBaTa-
[IUI0 HOHA METaJUIa M €T0 KOMIUIEKCHBIX (hopM B pacTBope [9]. MOKHO MPEAIIOI0KUTb,
4TO B JAHHOM CJly4ae yBenu4eHue [ 1MoHa NaHTaHu/1a B IPUCYTCTBUM PACTBOPUTENCH
CBSI3aHO C BBITECHEHHEM MOJICKYJ BOJBI M3 BHEIIHCH, a 3aTeM M M3 BHYTPEHHEH KOOp-
JMHAITMOHHONW c(epbl KOMIUIEKCa, YTO YMEHBIIAET MPOLECCH JC3aKTUBAINN YHEPTHH
B030Yx)eHus [10].

160

OTH. €1

ImoM.’

1 2 3 4 5 6

PactBoputenu

Puc. 4. Bnusiaue pactBoputeneii Ha I nona Tb(IIl) B koMIuIekce ¢ TOPHKHUMH BEIIECTBAMH:

1 — meTanon; 2 — 9Tanon; 3 — m3onponanoi; 4 — aneroHuTpwi; S— JIMCO; 6 — Boga
(C,,= 1-10"* Mmonb/I)

Kax Buano u3 puc. 4, naubonbmas I Tb naGmonaercs B M30IIPONAHOIE, OHAKO
JUTSL pa3pabOTKH METOIUKH OIPENeNICHHs ObUT BBIOpaH Ooyiee TOCTYIHBIN M JCIICBbIi
PacTBOPHTENb 9TaHOM, B KoTopoMm I Heckonbko Huke. I Tb(III) 3aBucHT OT KOMTHIe-
CTBa dTaHOJA B pacTBope (puc. 5). ONTHMaIbHOE KOIUIECTBO dTaHoNa cocTaBisieT 60%.

L. Tb(Ill) B pactBOpe onTUManbHa 1pu conepxanud MoHoB Tb(IIl) — 1-10* Momw/n
(Tadm. 1).
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Puc. 5. 3aBucumocts I mona Tb(II) B kommiiekce ¢ TOpbKUMH BEILIECTBAMHU

oM

ot conepxkanus otanona (C,, = 1-10* mons/m)

YcTaHOBIIEHO, YTO TIOBEPXHOCTHO-aKTUBHBIC BEIIECTBA (LETUITPUMETUIAMMOHHMA
XJIOPU/I, TETHITTUPUIAUHAHN XIOPU, AoAenmicyibdar HaTpus, TpuToH X-100, TBHH-80),
a TakXke JIOHOpHO-akTuBHBIC BemiectBa (1,10-penantponun, 2,2'"-aumupuamwi, TODO,
TODO, B-uuknogekeTpuH) B KoHenTpamusx 1-10“4— 1-10~ Mob/i1 He BAMSAIOT HA WH-
TEHCUBHOCTH JIIOMUHECIICHIIMU KOMILJIEKCOB, JIN0O YMEHBILAIOT €€.

Tabmnuua 1

3apucumocts I unona Th(III) B kommniiexce
¢ rOpLKHMH BemecTBaMu oT KoHueHTpauuu Tbh(III)

C iy MOTB/T L., oTH. ex.
1-10° 20
3-10° 77
5-10° 100
1-10+* 112
3-10 )
5-10 62

[Tpu onTUMAaTBHBIX YCIOBUAX KOMILIEKCOOOpazoBaHus |

Tb(IIl) nocTuraer mMak-

JIIOM.

cuMyMa yepes 2-3 MUHYTHI II0CJI€ CJIIMBAaHUS PACTBOPOB U OCTAETCs IOCTOSIHHOM B Te-
yeHue 3-x yacoB. MHTeHcuBHOCTD momMuHecueHnu Th(III) B komIuiekce ¢ ropbKUMH
KHCJIOTaMH MPOIOPLIMOHANIBHA COJEPKAHNIO TOPHKUX BEIIECTB B PaCTBOpPE B MHTEPBa-
ne xounentpamuid 0,1-50 Mxr/mi. [Ipenen oOHapykeHHUS TOPHKUX BEIIECTB COCTABIISIET

0,03 MKr/m.

JlocTarouHO HIMPOKUNA UHTEpBaAl JUHEWHOW 3aBUCUMOCTHU ImM OT KOHLIEHTpAaLUu
TOPBKHX BEIIECTB MO3BOJIAET MCIIOIB30BaTh METO/I T00aBOK.
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OmnpeneneHne 00IIero CoAepKaHnsI TOPFKUX BEIICCTB MIPOBOIAMIH B 00pasiax XMest
rpaHyIHpPOBaHHOTO. B Tpu mpobupku momemaior mo 0.2 M1 pa30aBICHHOTO aHATU3H-
PYEMOro SKCTpakTa XMeJisl, B JIB€ U3 HUX N00aBISIOT CTaHAAPTHBIM pacTBOP FOPbKUX
BEIECTB B TAKOM KOJIMYECTBE, 4T0ObI | mpoObI BeIpocna B 2 u 3-4 pa3a COOTBETCTBEH-
HO. 3areM Bo Bce Tpu pobupku mobasisitor o 0.1 mMi1 pactBopa xsopuaa Tepoust 1-102
Moib/1, 0.2 Mt pactBopa yporporuaa 40%-ro, 3 MJI 3TaHONA U JUCTHUINPOBAHHYIO
Bony 10 5 mi. MHTeHcuBHOCTD momuHecueHuu noHa Tb (I1T) usmepsitor npu A = 545
M (A, . = 365 um). [lapannenbHo roToBAT pacTBOP KOHTPOJILHON MPOOKI, KOTOpas Co-
JCP>)KUT BCE KOMITOHEHTHI, KPOME TOPHKHX BEIICCTB.

ConeprkaHue TOPHKHIX BEIIECTB PACCYUTHIBAIOT IO (POpMYIIE:

I
Cx = m . Cl,MI'fMJ]a
rae Cx — KOHICHTpAaus rOPbKUX BEIICCTB B XMCIJIC; C1 — KOHICHTpalus CTaHAapTHOTO
pacTBOpa ropbKux BEIIECTB, MF/MH; Ix — MHTCHCHUBHOCTDL JIIOMUHECHCHIIUN aHAJIU3UPY-
€MOTI'0 OKCTpPAKTa XMEJIA, Ix+u06. — MHTCHCUBHOCTDL JIIOMUHCCIICHIINU SKCTPAKTa XMCJIA C
Z[O6aBKOI>i CTaHJAapTHOI'O paCcTBOPA rOPbKUX BCIICCTB.
CouepmaHHe TOPBKUX BCHICCTB B XMECJIC B IPOUCHTAaX paCCYUTBIBAIOT 110 Q)opMyne:

€103V, ¥,-100
X = A, %,

V-a

rje C — KOHIIEHTpaIys TOPhKUX BEIIECTB B Ipo0e, HaliJIeHHAs: METOZIOM J00aBOK, MI/MIT;
V|, — KOHe4HbIH 00bEM IPOOBI, B KOTOPOM ITPOBOJIUIIM OTIPEENEHHUE, MIT; V  — 00bEM Mep-
HOU KOJIOBI, B KOTOPOM PAaCTBOPSIIH SKCTPAKT TOPHKHUX BEHIECTB, MIT; V — 00BEM MPOOHL,
B3ATOM JUIS OTIpeIeIeH s, MJI; a — Macca HaBeCKH XMeJIsl, U3 KOTOPOTO SKCTParupoBaId
ropbKHe BeliecTsa, I; 107 — koadpunueHT nepepacyera mMr B I.

PesynpraTs! onpeneneHus TOPbKHAX BEIIECTB B XMENIC METOIOM JT00aBOK MTPHUBEICHBI
B Tabmume. [IpoBepky NpaBIIIBHOCTH TPOBOIIIM IMYTEM CpPaBHEHUS PE3YJbTaTOB,
MOJTyYEeHHBIX TPEJIOKSHHBIM HaMH JIIOMHHECHEHTHBIM METOJOM H YK€ HM3BECTHBIM
CTaHJAPTHBIM KOHAYKTOMCTPUYCCKHUM METOI0M, KOTOpLIfI MPUMCHSCTCA JI1 OLCHKU
KauecTBa XMeJsL. BoCTIpOn3BOIMMOCTE OTIpeIeNICHHs TPOBEPEHA ITyTEM CTaTHCTHUYECCKOM
00pabOTKH PE3yIbTaTOB OMPEICICHUS.

Tabnuma 2
Pe3yabTarsl onpeneieHus 0011ero coaep:kaHus ropbKHX BeeCTB
B xmejie (n =5, P=0,95)
Ne Haiineno, % S Haiineno, % S
. Oopasen xmeJst NpeaIaraeMbIM r KOHAYKTOMETPHYECKUM r
o6pasua MeTOoI0M % METOI0M %
Xwmenb
1 rpaHyIMpOBAaHHbIH 15,87 £ 0,80 5,0 15,2 £0,68 4.5
(Dpants)
Xwmenb
2 IpaHyIMPOBaHHBIN 7,9 +£0,49 6,1 8,1 +0,47 5,8
(Fepmanms)
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BbBIBO/IbI

N3yueHbl JFOMHHECIIEHTHBIE CBOMCTBAa KoMILIekcoB HOHOB Tb(IIl) ¢ roppkumu Be-

mectBaMu xMmens. [lokazaHa BO3MOXXHOCTH TPSMOTO JIIOMHHECIIEHTHOTO OTIPE/IeIICHHUS
o0IIero comep kaHus TOPHKUX BEIIESCTB B XMEJIE 110 CCHCHOMIN3NPOBAHHON JTFOMUHEC-
ueHuu nona Th(II)
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JIOMIHECHEHTHE BU3HAYEHHS 3ATAJIBHOI'O BMICTY
I''PKUX PEYOBHH Y XMEJII

BuBueni mominecuenTHi BiaactuBocTi komiiekciB Tb(II) 3 ripkumu pedyoBHHAMH XMEITIO.
JloCHiDKEeHO 3aJIeXKHICTh IHTEHCHBHOCTI JIFOMIHECHCHINT KOMIUICKCIB BiJl KOHIICHTpAIil
TepOi0, KHCIOTHOCTI Cepe/oBHIa. BCTAaHOBICHO, 1[0 B KOMIUIEKCI 3/iHCHIOETHCS edek-
THUBHUH TepeHoC eHeprii 30y/pKeHHs Bij JIraHaiB 0 iOHy JaHTaHiAy, 10 OOYMOBIIOE
IHTEHCUBHY JFOMIHECIEHIIII0 OCTAaHHHOTO. BUBYEHO BIUIMB PO3YMHHMKIB Ha IHTEHCHUBHICThH
mroMiHecreHnii komruiekciB. Iloka3aHa MOXIJIMBICTH HPSIMOTO JIIOMIHECIICHTHOTO BH3HA-
YEHHs 3arajbHOIO BMICTY TiPKHX PEYOBHH XMEJIO B HOro €KCTpakTax o ceHCcHOinizoBaHii
mominecnennii iona Tb (IIT).

KurouoBi ciioBa: ripki peuoBHHM XMeII0, ceHcuOLTiz0BaHa moMiHectenis iona Tb (I11)
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LUMINESCENT DETERMINATION OF TOTAL BITTER
SUBSTANCES CONTENT IN HOPS

The possibility of determination of total bitter substances content in hops by sensitized Tb(III)
ions luminescence is studied. The ligands under study contain a dicarbonyl fragment and,
obviously, similar to B-diketones form complexes with ions of lanthanides. The spectroscopic
characteristics of hop bitter substances are studied. The study shows that aqueous-ethanol
solutions of these ligands have an intensive absorption band in UV region of spectrum, energy
of'their triplet level is close to energy of the excited level of Tb(III) ion that makes transmission
of excitation energy to the Tb(III) ion possible. It is established, that in the presence of hop
bitter substances lifetime of the excited state of an ion of Tb (III) considerably increases
in comparison with lifetime of terbium aqua ion that can confirm formation of complexes.
The dependence of luminescence intensity of complexes on concentration of terbium, acidity,
type of solvent is investigated. Optimal luminescence intensity of Tb(II) ion is found in
neutral mediums at pH 5.8-6.1 and considerably increases in the presence of alcohols —
ethanol and isopropanol. The surface-active substances (cetyltrimethylammonium chloride,
cetylpyridinium chloride, sodium dodecyl sulfate, triton X-100, tween-80), and donor-active
agents (1,10-phenanthroline, 2,2 ‘-dipyridyl, triphenylphosphine oxide, trioctylphosphine
oxide , B-cyclodextrin) don’t influence intensity of the luminescence of complexes or reduce
it. The detection limit of bitter substances in extracts of hop makes 0,01 mkg/ml.

Keywords: hop bitter substances, sensitized luminescence of Tb(III) ion.
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PE3YJIBTATBI THIPOXUMHWYECKOTO MOHUTOPUHTA
KYSIJIBHALIKOT'O IMMAHA B IEPUOJ]

ET'O 3AIIOJIHEHUSI BOJIOI OJECCKOTO 3AJTMBA
(AEKABPB 2014 I.- MAPT 2015 T

Magna et veritas, et praevalebit.
Hem nuueeo npesviuie ucmumbsl, u OHa BOCMOPIICECMEYEN.

B pamkax ruapOXUMHYECKOTO MOHUTOpPHHTA KysUTBHUIIKOTO JIMMaHa B HA4YalbHBIH ITEPHOL
ero 3arnosHeHns Bomoit Onecckoro 3amuBa (nekadps 2014 .- mait 2015 1) mpoBeaeH XUMuUe-
CKUil aHaJM3 P00 MOPCKOH BOJIBI, PaIibl M MEIIOU/IOB JINMaHa Ha COACPKAHUS Psijia IPHOPH-
TETHBIX DKOTOKCUKAHTOB: HOHOB TOKCUYHBIX 3JIEMEHTOB, IOJUIUKINYCCKUX apOMaTUYCCKUX
YIIICBOIOPOAOB, HEKOTOPBIX MECTHIUIOB. [loka3aHo, 4TO cofepkaHus MPAKTUIECKN BCEX HEe-
OpPraHU4Y€CKUX U OPraHuvYCCKux 3arp$(3H1/ITe.nef/'1 B pare Kyﬂ)’leI/IL[KOl"O JIMMaHa BBIIIC, YEM B
MOPCKO# BOJIE, TIOITOMY €€ IOCTYIUICHUE B JIMMaH HE TPUBOIUT K YBEIMUYCHUIO B HEM KOH-
LEHTPALUH OCHOBHBIX KOTOKCHKAHTOB. YCTaHOBIICHO, YTO C HAIOJHEHHEM MOPCKOM BOION
KysutbHHIIKOTO JTMMaHa BEPOSTHOCTH 00pa30BaHUs B pare TPYIHOPACTBOPUMOTO Cyibdara
KaJbLus (TUIICA) Pe3KO yMeHbIIaeTcsl. Pes3ynbTaTsl NpOBEICHHBIX UCCIICIOBAHUN TOATBEPXK-
JTAFOT TIPEABAPUTEIBHBIN BBIBOJ, CICTAHHBII Ha OCHOBAHWHU MOJICIBHBIX JSKCIIEPHMEHTOB B
2013 roxay, 06 skonoruveckoil 6e30macHOCTH (B XMMUYECKOM IIIaHE) HAIOIHEHHS JIMMaHa
MOPCKOM BOJIOM.

KiioueBble ci1oBa: KyﬂHLHI/IHKI/Iﬁ JIMMaH, BOJia LIepHoro MOps4, paria, neJIouAbl, HEOPraHnu4ic-
CKHUE U OPraHu4€CKHUEC TOKCUKAHTLI, I'MIIC.

HexonTponupyemoe ucronb30BaHue NUTAOMUX KysUIbHUK peK Uid UppUralu,
Jo0bIYa TIeCKa Ha €ro CKJIOHAX, a TakKe HeONarompusTHbIE KIMMaTHYECKUE yCIOBHS
B MOCJICAHUE TOAbI IMPUBEIN K KaTaCTpO(bI/ILIeCKOMy BBICBIXaHUIO JIMMaHa, I'po3daleMy
MPEBPATUTh YHUKAJBHBIN JIeUeOHBI BOJOEM B CONISIHYHO MyCThIHIO. [Ipobnema crniace-
HUsl KysUTbHUIIKOTO JTMMaHa MIHPOKO O0OCY)KAajaach B HAYYHBIX KPYrax M MHTCHCUBHO
JUCKyTupoBanack B MHTepHET-cooOmecTBe. Kak oaMH U3 camMblX OBICTPBIX, JCHIEBBIX
U HKOJIOTHYECKH O€30MacHBIX METOJOB CITACCHUs ObUT BEIOpAaH BapHAaHT, MPELyCMaTpH-
Baromnii HanonmHeHue KysupHuka Bomamu YepHoro mopsi. [IpoTHBHUKH 3TOTO TIPOEK-
Ta MPUBOAAT HEAOCTATOYHO ApryMEHTHUPOBAHHbBIE IOBOJABI U MOJHOCTHbIO UTHOPHUPY-
0T TOT (l)aKT, 4TO B IPOMLIJIOM BEKE JJIsI BOCCTAHOBJICHUSA YPOBHS U COJICHOCTH BO/bI
KysutbHunikuit iuman nBaxnasl (B 1906 m 1926 rr.) HamomHsICS MOPCKOH BOIOH 110
CIICIMATILHO TPOPBITOMY KaHaly 0e3 KaKuX-ITMOO HeraTHBHBIX mociencteuid [1].
Bricka3piBanuch omaceHus, YTO B pe3ysbTare MOCTYIUIEHUS B JIMMAaH MOPCKOH BOJBI
HpOHSOﬁI{CT IIOBBIIICHHUEC KOHIleHTpaHI/Iﬁ HCOPraHM4YCCKUX U OPraHnvdCCKUX TOKCUKaH-
TOB B pare ¥ neinoujax (Irps3sx) JUMaHa, a TaKkKe peann3yeTcs BO3MOKHOCTh 00pa3o-
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BaHUSI MallOpaCTBOPUMOTO Cyib(daTa Kanbius (rumca). 91o ObUTH TOBOABI M3 paspsia
«Argumentum ad ignorantiumy» (IOBOIBI, paCCUNTaHHBIC Ha HEOCBEIOMIICHHOCTBH CO-
Oece/IHMKA), KOTOPhIC MPUBOJIUIM K HeJlenbiM BbiBoaM (ad absurdum). TloBomom st
TaKMX OMACCHUHN CIYXMJIO MPEIINON0KEHUE O TOM, 4TO YepHOe MOpe CyIIeCTBEHHO 00-
JIe€ aHTPOIIOI'€HHO HArpy>KEHHbII BOJOEM IO CpaBHEHUIO ¢ KyanbHULIKMM JIMMaHOM,
[IOCKOJIBKY B HAayYHO-TEXHMYECKOH JHMTEpaType NPaKTHYEeCKH OTCYTCTBOBAJIM JAaHHBIE
0 Collep)KaHMIX B pare U MejlouJax JUMaHa KCeHOOMOTHKOB OPraHUYeCKOW MPHUPOIbI
[2]. CnpaBeanuBocTU paay Hallo OTMETUTh CUCTEMAaTUUECKUE UCCIIEJOBAHUS COTPYIHU-
KOB DU3HUKO-XNMMHUYECKOTO MHCTUTYTA 3alIUThI OKpYy’Karomen cpeasl u uenoseka MOH
VYkpaunsl 1 HAH Ykpaunsl, HaripaBieHHbIE HA ONPEAeICHIE HEKOTOPBIX «TSDKENbIX Me-
Ta;uioB» B 00bekTax KysmpHuikoro numana [3-7].

Bropoe omacenne XUMHYECKOTO XapakTepa (0 TUIICOBaHWH JIMMaHa MPH MOCTYTLIe-
HUH B HETO MOPCKOI BOJIBI) ITPOCTO MPOTHBOPEUHT a3aM TCOPUH HOHHBIX PABHOBECHH M
00pa3oBaHusI TPYAHOPACTBOPHMBIX COCTIHCHHH.

B 2013 roay corpyauuku YkpHUUW MeauunHcKol peaOuiiuTauuy 1 KypopTOJIOTHH,
WuctutyTa Mopckoit 6nonorunt HAH Ykpanus! n @U3NKO-XUMUIECKOTO HHCTUTYTA M.
A.B.borarckoro HAH YkpauHpl BBITIOTHHIIN UCCIICIOBAHUS 110, COOTBETCTBEHHO, Oab-
HEOJIOTUIECKOMY, THAPOOHOIOTUIECKOMY U XHMUYECKOMY 000CHOBAHHUIO OE30MacCHOC-
TH HaroJHeHusi oOMerneBlero KysaapHUIIKOTO TMMaHa MOPCKO# Bomoi. B pesynbrare
MPOBE/ICHHBIX MOJEIBHBIX SKCIIEPUMEHTOB BIIEPBbIC Obla YCTaHOBJICHA OOJbINas 3a-
IPA3HEHHOCTb IPUOPUTETHBIMU TOKCHUKAHTAMHU PaIlbl JINMaHa 10 CPAaBHEHUIO C MOPCKOH
Bonoi. KpoMe Toro, pacdeTHBIMH M MOJCIBHBIME YKCIICPUMEHTaMU OBUIO OJHO3HAYHO
MOKa3aHo, YTO MPH CMEIIMBAHUH parlbl JINMaHa ¢ MOPCKOM BOAOH BEPOSITHOCTH 00pa3o-
BaHMS THIICa pe3ko yMeHbmaercs [2]. [IpumepHO Takue ke MPOrHO3HbBIE OIICHKU ObUIN
MOJTy4YeHBl W ApyruMu crienuanuctamu [8-9]. CymiecTBeHHO, YTO IMpeaBapUTEIbHBIC
3aKITIOUCHHST THAPOOHOIIOTOB U OANBEHEONIOTOB KOHCTATHPOBAIH OTCYTCTBHE OTpPHIIA-
TEJILHOTO BIMSHUS MOPCKOH BOJbI HA THAPOOUOHTHI JIMMaHa U JieueOHbIe CBOHCTBA €ro
rpszeii. Ha ocHOBaHMM TONyYCHHBIX PE3YJIbTATOB OBUI CICNaH KOMIUICKCHBIH BBIBOA
00 dKOJIOTHYECKOW 0e30IMacCHOCTH HanoHeHHs KysuTbHUIKOTO JInMaHa Bojol YepHoro
MOpA.

B nexabpe 2014 1. Obl1 BBeJIeH B CTPOW TpyOOIPOBOJ, IO KOTOPOMY MOpCKasi BojAa
HayaJia MoCTynarb B TuMaH. [lmaHupyeTcsi B TedeHHue Tpex JIeT (B XOJIOAHBIC TICPUOIBI
rojia Ipu TeMIepaType MOpPCcKoi Boabel MeHee 8°C, Korma OMOJOrHYeCKUe MPOIECChl B
MOpE CBEJICHbI K MUHIMYMY) 3aKa4aTh B JIMMaH J10 45 MJIH. M® MOPCKO# BOJIbI U MOJIHSITh
ypoBenb KysnpHuka Ha 1,2 M. [uaponoru noacuuTanu, 4to K Hadany ampens 2015 r B
KysislbHUK 3aKadaid IPUMEPHO 6 MITH. M? MOPCKOW BOJIBI CO Cpe/iHeH MHHepau3anuei
13 r/m. Jloxmu, CHET, OA3eMHBIC PECHOBOIHBIC HCTOYHUKH B 3TOM TOAY MPHUBHECIIN
B JMMaH nopsaka 4 MiH. M® Bojibl. B utore ypoBeHb BOAbI B KysIbHHIIKOM JTHMaHe
nofHsuics B cpeaHeM Ha 30 cM, a oOuiuii 3amac BoAbl OPUEHTHPOBOYHO COCTABIISIET HA
cerofHs 25 MITH.M>.

[Tnan pabot mo MOHUTOPUHTY KysUTEHUIIKOTO TMMaHa B IIEPHUO]T €T0 HAIIOJTHEHHUS MOP-
cKol BojioM (HaumHas ¢ jekadps 2014 1.), coctaBneHHbIH OIECCKUM TOCYIapCTBEHHBIM
9KOJIOTMYECKUM YHUBEPCUTETOM, IIpeAycMaTpuBall BeimoiHeHue B 2015 rogy ruapodu-
3WYECKUX, THAPOIOTUIECKUAX M THAPOXUMHUUECKUX M3MEPEHHH, THIPOONOTOTHIECKIX,
MHUKPOOHOIOTHIECKUX U OaTbHEOTIOTMIEeCKHUX HCCIIeIOBaHUi. B paMkax aToro rraHa co-
tpynaukamu XU um. A.B.borarckoro HAH YkpauHsl ¢ mpuBiIedeHIEM COBPEMEHHON
M3MepUTeNIbHO anmnaparypsl ¥ cneruanuctoB YkpHLIOM u YkpHUU menuuunsl TpaH-
CIIOPTa, MPOBECHBI ONPENEIeHUs IPUOPUTETHBIX IKOTOKCUKAHTOB (MOHOB TOKCHYHBIX
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3JIEMEHTOB, MOJHAPCHOB HE()TIHOTO MPOMCXOKICHHUS, HanOOJICe PacipOCTPAHEHHBIX
MECTUIMIOB) B TPOOaX MOPCKOU BOJIBI, PaIlbl U TEeI0K10B KysUTbHHUIIKOTO JTMMaHa.

Ilens MaHHOM CTAaThM COCTOSIA B OOOOIIEHHWM W CHCTEMATH3AIMH IOJTYyYCHHBIX
OKCIIEPUMEHTAIBHBIX JJaHHBIX, TOATBEPKICHUH (MK OTIPOBEPIKEHIH ) [TPEABAPUTEIBHBIX
3aKIIOUCHHI 0 XUMHUYECKOM 0€301macHOCTH HanojHeHus: KysuIbHUIIKOTO JTMMaHa BOIOM
OpeccKoro 3ajuBa.

OKCHEPUMEHTAJIBHASA YACTb

[TpoOb1 00BEKTOB MOHUTOPUHTA O0TOOpaHbl 22.12.2014r (Nel), 28.01.2015r (Ne2),
27.02.2015r (Ne3), 23.03.2015r (Ned) u 26.05.20151 (NeS5) corpynaukamu MHCTHTYTa
ouonorun mopst HAH Vkpaunusr (Al — BOIM3U TpyOBI, M0 KOTOPOH MOpCKasi BOjAA TO-
cTymnasa B JuMaH, A2 — janee ot TpyObl, A3 — B TOUKe, HauboJee yIaleHHOU OT TpyObI).

Ha ocHOBaHMHM yCTaHOBIEHHBIX CONEPIKAHUI HEKOTOPBIX «TSDKEIBIX METAIUIOBY, ITO-
JMApEHOB, XJIOPUPOBAHHBIX MECTULUAOB U MOJIUXJIOPUPOBAHHBIX OM(EHUIIOB B BOAE U
JIOHHBIX OTIOXKeHUsAX OJeccKoro 3ajauBa, pamne u nenounax KysuibHUIIKOTO JMMaHa KOH-
cTaTupoBaHa O0OJbIIAs 3arpsi3HEHHOCTh MPUOPUTETHBIMH TOKCUKAHTAMU parbl JTUMaHa
M0 CPaBHEHHIO ¢ MOPCKOW BOMOH [2]. 3aech sIBHO mposBseTcs o0Inas TeHACHIUS, CO-
[JIACHO KOTOPOM, 4eM 00Jiee MEJIKOBOJHBIM M 3aKPBITHIM SIBISETCS BOJOEM, TEM OOJIb-
e B HEM HAaKaIUIMBAeTCs BPEIHBIX BelIecTB. Hampumep, cyMMapHbIE KOHIICHTpAIUU
MOJUIMKIINYECKIX apOMAaTHUECKUX YIIIEBOIOPOAOB (TIOJIMAPEHOB) B BOJie A30BCKOTO
MOpSI CYIIECTBEHHO BBIIIE, YeM YepHOTo, U MePUOANIECKU MPEBHIMIAI0T KPUTHICCKUN
YpPOBEHB, TP KOTOPOM IPOSIBISIOTCS] HETaTUBHBIC 2(P()EKTH — OT HApYIICHHS MOBE/ICH-
YECKHUX U (PH3HOIOT0-OMOXUMHICCKUX (DYHKIIUMH JO MOSBICHUS 3JI0KAYeCTBEHHBIX HO-
BOOOPAa30BaHM y B3POCIIBIX PbIO U 0cOOEHHO JMYHHOK [10].

3HadeHus MpeIenbHo nomycTuMbIx KoHteHTparwi (I1K) onpenenseMbIx KoMIo-
HEHTOB B Pa3JIMYHBIX 00BEKTaX OKPY)KAIOLICH CPelbl B3SATHl U3 HOPMATHBHON JOKY-
MEHTaIH, 0030pOB U CIIPaBOYHUKOB Nocneanux jet [11-15]. [Tonpo6HOCTH MeTOTUK
aHaJIM3a MOPCKOW BOJIbI, parbl M MEJOUI0B JIMMaHa NPeCTaBICHbI B Hallleil paHHEH
cratbe [2].

«Taoncenvie Mmemannvl) 6 MOPCKOIl 600e u pane TUMana

OnpeneneHre HoHOB MeTasoB-tokcukanToB (Hg, Pb, Cr, Fe, Zn, As, Cu, Cd) npoBo-
JIAITA METOJIOM aTOMHOM abcopOruu (ipruoop AAS-800 “Varian™) ¢ 21eKTpOTEpPMUIECKOM
atomm3anmedd B rpaduroBoii meun GTA-100. ITlockonbKy mpsiMOe OIpeecHue
AJIEMEHTHOTO COCTaBa aTOMHO-a0COPOIMOHHBIM METOAOM B YKa3aHHBIX OOBEKTax He-
BO3MOXKHO (M3-32 HU3KUX KOHIICHTpAIMH ONpPENeSIeMBIX JJIEMCEHTOB, a TAaKKe H3-32
BBICOKOTO COJIEBOTO (DOHA, MEIIAOIIETO aHATN3Y), H3MEPEHHS COJCPIKAaHMIA AIEMECHTOB
OCYLIECTBJISUIA B COOTBETCTBUH ¢ [16].

Mertoauka npenycMaTpuBaeT CTAIUI0 SKCTPAKIMH YeTHIPEXXIOPUCTHIM YIIEPOIOM
OTIPEICTSIEMBIX JJIEMEHTOB B (hOpME TUITHUIAUTHOKAPOAMATHBIX KOMILJICKCOB C MOCTIE-
JYIOIIEH pesKcTpakiueil B BOAHYIO (asy, 4TO yCTpaHsieT BIUSHHE COJIEBOW MAaTpPHIIbI,
obecrieynBaeT CTOKPAaTHOE KOHIICHTPHPOBAHWE AaHAIUTOB W TIO3BOJIACT TPOBOAMTH
OTIpeNielICHne METOJIOM T'paJyHpOBOYHOrO Trpaduka, a He METoAoM no0aBok. Kpome
TOT'0, KOHIIEHTPUPOBAHUE OIIPCACIACMBIX 3JIECMCHTOB IMOBBIMIACT YYBCTBUTCIBHOCTD U
HaJEKHOCTh U3MEPEHUI.

PesynmeraTel mpuBeieHs B Ta0MI. 1.
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W3 5TuxX HaHHBIX CIEmyeT, YTO B MOPCKOW BOJE W pame JuMaHa CONEp)KaHUs HO-
HOB TOKCHYHBIX 3JIEMEHTOB HE INpeBblatoT 3HaueHus ux [1JIK (m1s Mopcko#t BOjbI).
[TomyueHHBIE pe3yNIbTaThl YKa3bIBAIOT HA 00Jiee BHICOKHE KOHIICHTPAIIUU MPAKTHYECKH
BCEX «TSDKEJIBIX) METAJIOB B parie JUMaHa Mo CpaBHEHHIO ¢ BO/10i Oiecckoro 3aj1mnBa, a
TaK)Ke Ha yMEHbILIEHHE X COAECPIKaHUH B parie 1o Mepe ee pa30aBiIeHUs MOPCKOH BOJIOM.

Ilonuapenvt 6 mopckoit 6ode u pane 1UMana

[oaunuknuyeckue apoMaTHuecKue yriaeBoopoasl (nonuapensl, IIAY) onpenensiu
XpOMAaT0-Macc-CIeKTPOMETpHUYECKH Ha pudope Agilent7890A/5975C [17].

B HacTtosimee BpeMst B O0BEKTaX OKPYKaIOIICH cpenbl HACHTH(PHIUPOBAHO Ooiee
nByxcoT [TAY. N3 aux TexHHYecKUM KOMUTETOM MEXIyHapoaHOW OpraHU3aIluu 10
crannapruzamun (MCO TK/147) B kadecTBe IPUOPUTETHBIX OINpe/iesieHbl 16 (Tadm. 2).

3aHCKITIOYCHUEM «TSDKEIBIX» ToJnapeHoB ((peHanTpeHa, GiyopanTeHa, OeH3(a)aHTpa-
[IEHA, XPU3eHAa) He(TIHOTO MPOUCXOKICHHS conepkanus [TAY (CynepIKOTOKCHKaHTOB)
B Boge YepHoro mops u pane KysnbHunkoro numana He npessimaror ux [IJIK. Ora
KOHCTaTalusl OTHOCUTCSI M K OeH3(a)mupeHy (B Poccun ceromHst 3TO €IMHCTBEHHBIN
HOPMHUpPYEMBIi moauapeH). Kak u B ciaydae «TsKenbIX METalIoBy, COAEPKaHUS TPAKTH-
YEeCKH BCEX CYMEPIKOTOKCUKAHTOB BBIIIE B pare, 4eM B MOPCKoil Boje. B monoxuTesns-
HOM IJIaHE HEOOXOAUMO OTMETUTh YMEHBILICHUE KOHIIEHTPAIU OJINapeHoB B parie Mno
Mepe ee pa30aBIeHUs 3aIyCKaeMO MOPCKOW BOIO.

HeoOxoauMo y4uThIBaTh, YTO COJEpXKAHUE YIVIEBOIOPOJOB B IIOBEPXHOCTHOM
cioe (MOrpaHUYHOM 30HE Boma — arMocdepa), TonmuHod 200-300 MKM, 3HAYHUTEINTb-
HO TIPEBBIMIACT MX KOHICHTPAIMH B ITOBEPXHOCTHBIX BOMaX. DTO OOYCIOBIEHO Kak
CTPYKTYPHBIMH OCOOCHHOCTSIMH MOJICKYI BOJBI, TAK M MaJOH pacCTBOPUMOCTBIO B BOJIE
ruIpo(HOOHBIX YIIIEBOIOPOJIOB.

Henp3st cOpachIBaTh CO CUCTOB M pellaKCAlMOHHBIC MPOIECCHI, KOTOPBIC MPOXOASAT
B ATOM CJIo€ OBICTpee, YeM B MOBEPXHOCTHBIX BoAax. CKOPOCTh Pa3floKEHHsI OpraHu-
YECKUX COCTMHEHHUH 371eCh BBINIE, YeM B TouIIe BoAbl. CBOOOAHBIN JOCTYH KHCIOPO-
Ja, YIsTpauoIeTOBOTO OOMydeHMs, TOCTOSHHBIN MPUTOK OHMOTEHHBIX 3JEMEHTOB,
B3BELICHHBIX ¥ PACTBOPEHHBIX BEILIECTB, OOJIbIIAst YUCICHHOCTD U pa3HooOpasue Oakre-
pHii co3paeT HKoIoruueckuil (oH, Handosee OIATONPUSITHBIN Il OKUCIICHHUS OpraHu-
YEeCKUX COCAMHEHUH. YIIIEBOIOPOAbl aHTPOIOI€HHOTO IPOUCXOKACHUS B MOPCKOil Bozie
paspylIalTcs MUKPOOPraHU3MaMU C MaKCHUMaJbHOH CKOPOCTBIO MMEHHO B MOBEpX-
HOCTHOM MHUKpOCJIO€. 37eCh e HauboJiee MHTEHCUBHO IPOUCXOJUT U UX UCIIapeHHUE.

Jpyroii reoxuMu9ecKuii bapbep, rie MPOUCXOJANT PE3KOE U3MEHEHHE KOHIICHTPAIH
1 COCTaBa yIIeBOAOPOIOB, — 00JaCTh CMELIEHHUS BOJ pa3IMyHON IUIOTHOCTH. CorllacHO
npenctapineHusiM Jlucuipiaa [18] ata obnacTe (MapruHaIbHBIN (QHUIBTP) COCTOUT U3
TPEX OCHOBHBIX YaCTEH: IPaBUTALIMOHHOTO, (PU3UKO-XMMHUYECKOTO U OMOJIOTHIECKOTO.
B rpaBuTanuoHHOM 30HE U3-3a NOANPYKUHUBAHUSI MOPCKOH BOAbI KOHLIEHTPUPOBAHHOM
paroii MpOUCXOIUT OCAXKICHUE NIECYaHO-0JICBPUTOBLIX (ppaxmuit. OHa XapakTepusyercs
BBICOKOM MYTHOCTBIO BOJ] M HAPYIIEHHBIM (DOTOCHHTE30M. B (pH3HKO-XUMHUECKOH 30HE
MIPOUCXOAUT 3aXBaT KOJUIOUIOB U PACTBOPEHHBIX COEAMHEHUN ((roKymsus U Koary-
nsimus). [locne ocaskaeHust pasinyHBIX COCAUHEHUH BOAA MPOCBETIACTCS, Pa3BUBACT-
csl (PUTOIIAHKTOH U BO3HUKAET CIEAyIoIas — Ouonorudeckasl 30Ha (aCCUMMIISILUS U
TpaHC(pOpMAIHs PaCTBOPEHHBIX BemecTB). [1o HEKOTOPBIM JaHHBIM, B 00JIACTH MaprH-
HAJIBHOTO (PHIIBTpa MOXKET ocaxkaarhest Oomee 80 % anudarnaeckux yriaeBOIOPOIOB.
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Ilecmuyuowt 6 MOpcKoli 00e u pane TUMAHA

XITOpHpOBaHHbIE TIECTHIIN/IBI OTPEAEIAIN METOJOM T'a30)KUAKOCTHOW XpoMarorpa-
¢un (mpubop Mega-2 HRGC 8560 «Fisons Inst.») ¢ 3IeKTpOHHO-3aXBaTHBIM JETEKTO-
pom. PesynbraTsl mprBeneHs! B Taom. 3.

M3 mpencTaBieHHBIX TaHHBIX HEOOXOANMO OTMETHTS mpeBbimenue [1/1K Tonbko s
JMH/IaHa, KOHIIEHTPAIUs KOTOPOTO B pare CHIKaeTcs ¢ pa30aBiIeHrneM MOPCKOil BOTOM.
[loBblmIeHHBIE COMEPIKAaHKS B Palle JIMMaHa HEKOTOPBIX MOJIMAPEHOB, JMH/aHA (Hanbo-
Jiee MIPOKO MPHUMEHSIEMOTO B CEITLCKOM XO035HCTBE MECTUITNIA) MOYKHO 00BsIC HUTh 3Ha-
YUTETHHON aHTPOMIOT€HHON HArpy3Koi Ha akBaTopuio KysmpHHIKOTO TMMaHa.

B Xoye MOATOTOBKY CTAaThU K NEeYaTH OBUIN ITOTyYEHBI IOTIOIHUTEIILHbIE Pe3YIbTaThI
[0 ONPENENICHUI0 MEPEUUCICHHBIX BBIIIE TOKCHKAHTOB B Mpo0ax parbl, 0TOOPaHHBIX
26.05.2015 roga mocie OKOHYAHUS MPOIEAYPHl HATIOJHEHUS TUMaHa MOPCKOM BOJION B
2015 1. m ycraHoBneHus UG Py3HOTO paBHOBECHS (Tad. 4).

Tabmnuna 3
Pe3yabTarhl onpe/eneHus NecTUIHAOB B MOPCKOii Boje H pane
Kysnbaunkoro mumana B I-om kBapraue 2015 .

Haiiieno B Mopckoii Bojie .
A p e, Haiineno B pane 1mmana, Hr/a

- HI/J
5 TIIK
= d 28.01.
5 HI/J 92.12. 2015 57.02.123.03122.12. 28.01.2015 27.02.2015 23.03.2015
= 2014 2015|2015{2014
Ne 1| Ne 2 Al | A2 | A1 | A2 | A3 | A1 | A2 | A3
o-I' X 0,1 |<0,1{<0,1|<0,1}0,21 0,1 |<0,1{0,12|<0,1{<0,1|<0,1|{09|0,5]0,4

I'xs |100]| 0,1 {<0,1|<0,1{<0,1|0,5| 0,1 |{0,12{<0,1|<0,1{<0,1(=<0,1| 0,7 | 0,4 | 0,6

B-I'Xur <0,1 {<0,1 |<0,1|<0,1| 0,3 |<0,1{<0,1|<0,1{<0,1{<0,1{<0,1| 0,8 | 0,2 | 0,3

Jwapan | 0.2 | 0,4 |<0,1|<0,1{<0,1|0,1(05]02]0,5|<0,1|04]|04]02]|0,1]0,2

T'enrrax-

110p 09102102102 |=<0,1|211]04|08]|06]|02]|<01|13]15]0,1

Anpppun| 10 | 0,1 | 0,2 | 0,1 |<0,1{<0,1]| 0,9 | 0,3 | 0,3 |<0,1|=<0,1|=<0,1{=<0,1|<0,1|<0,1

JIE 0,1101102(09(02|04(09|1,2]12]25|11]08]|1,1]0,5

I 0,1(03]01(19(103(01{02(03/|09]49(09]09]|13]0,2

JAT | 25 (0,1 |<0,1{<0,1| 1,1 {0,2] 0,01 |02]0,1]06|35]|12]07]17]03
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CpaBHHBasi 3TH Pe3yJIbTaThl C JAHHBIMH TaON. 1-3, MOXXHO 3aMETHTh TCHICHIIUIO
K «YCPCIHCHHUIO» PE3yJIBTaToOB, MOJYYCHHBIX B Pa3HBIX TOukax otOopa mpob (A1-A3).
Takoe BbIpaBHUBAaHUE MOXKET OBITH CIJIEJACTBHEM NEPEMEIIUBAHUS MTOCTYIUBIICH MOP-
CKOM BOJIBI C paroi JTUMaHa, 4YTO MPUBOAMUT K CTAOMIU3AIMK KOHIEHTPAIMA 110 BCEMY
00beMy BOjIOEMA.

IIpuopumemmnuvie mokcuKanmol 8 HELOUOAX

C HO3PIIII/II>1 BO3MOXXHOTI'O 3an$I3HCHI/I$[ MU HAKOIIJICHHUSA TOKCHUYHBIX BCIIICCTB HpI/I
KOHTaKT€ ¢ MOPCKOW BOJIOHM METIOWIbI SIBJISIOTCS O0Jiee KOHCEPBAaTHBHON CHCTEMOM 10
CPaBHEHHIO ¢ parnoi. J[jist oOHapyKEHUS JOCTOBEPHBIX M3MCHCHUI KOHIICHTPALUH TOK-
CUKaHTOB B JICUCOHBIX TPS3SX HYXKHbBI JUIUTCIbHBIC U CHCTEMAaTHUYCCKUE HAOIIONICHUS.
y‘lI/ITLIBaSI, qTO B neqe6H0M TIJIaHE IICJIOUAbI KyﬂHLHI/IHKOFO JINMAHa ABJISKOTCSA HaI/I60-
Jiee 3HAYMMbIM KOMITOHEHTOM, MPEJICTABIISCTCS BAXKHBIM OIICHUTH XOTS ObI 0OIIYIO Kap-
THUHY WX 3arPS3HCHUS OCHOBHBIMH TOKCHKAHTaMHU.

TIpu ananuse nenouaoB ux npeasapurenbHo BbicymuBanu [11, 17]. Conepxanus
MOHOB TOKCHYHBIX DIIEMEHTOB ONPEACISIA aTOMHO-a0COPOIIMOHHBIM METOIOM TI0-
cie ux okcrpakuuu 6M HNO, B TeueHne IByX HENENb NPU KOMHATHOW TEMIIEPATYpE.
PesynbraThl aHamu3a npuBeICHBI B TA0M. 5

Kak cnemyer u3 maHHBIX Tabn. 5, 32 UCKIIIOYEHHEM HEKOTOPBIX IMOJIMAPEHOB, CO-
,Z[ep)KaHI/IC OCHOBHBIX TOKCHUKAHTOB B IICJIOUIaX KyHJ'II)HI/IL[KOFO JIMMAaHa HEC npeBmmaeT
HopM TIJIK myist MOHHBIX OTIOKEHWU M yAOBIETBOPUTEIHHO COIJIACYETCSl C JAHHBIMHU
JIpyrux aBTopos [3, 9].

H3menenue cooepircanus coneil u evinadenue zunca
XapaxTep M3MEHEHMsS COJICHOCTH parbl U coiepkanus B Heil nonos Ca** u SO>
MOYKHO MPOCICIUTh M0 pe3yinbraraM aHanu3a npod ot 23.03.2015 r (taba. 6). Bo Bcex
TOYKax oTOOpa mpod HaOMAaeTcs CylIeCTBEHHOE OMpPECHEHUE pambl (MPUMEpPHO Ha
25 %). HaubonbIee cHIKeHHE COICHOCTH (10 223 1/11) MPOMU30MLIO B TOUKE MOCTYILIE-
HUSI MOPCKO# BOzbI B inMaH (mpoba Al). ITo mepe ynajeHus ot TpyObl COJICHOCTh BO3-
pacraer B pe3ysbTaTe HEOCTATOUHOTO IePEMEIINBAHNUS MOCTYAONIICH MOPCKOM BOIBI
U paribl JUMaHa.
Tabmnuna 6
PeSy.]'ll)TaTbl ornpeaeieHus COJICHOCTH U TPOU3BEICHUA AKTUBHBIX KOHHeHTpaHI/lﬁ
nonos Ca** u SO, B pane Kysibnuukoro jiumana (mpodsi ot 23.03.2015)

aot- Coute- Honpl Ca* Honwr SO >
IIpo6a HOCTb, HOCTb, A A
v o/ C. Moan/n KTHBHOCTB, |~ o KTHBHOCTD,
’ MOJTB/JT > MOJTB/JT

Pana 1,185 360 0,04 0,01000 0,098 0,01135
JI0 pa30aBICHUS
Pama A3 1,143 274 0,026 0,00825 0,079 0,00908
Pama A2 1,141 261 0,031 0,00799 0,075 0,00862
Pama Al 1,122 223 0,032 0,00670 0,065 0,00753
Mopckas Bona 1,007 18 0,006 0,00165 0,015 0,00172
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B pesynbrare pazbasienus pansl KysiiibHUKa MOPCKOM BOJIOH B TOYKaX 0TOOpa mpod
CYIIECTBCHHO MOHU3MJIACH KOHIICHTPAIIMH BCEX HOHOB, B TOM YHCJIE KBS U CYJIb-
(bata (Tabn. 6), 4TO MPUBENIO K 3HAYUTEIHHOMY CHM)KEHHUIO UX aKTMBHOCTH M OOIIEH
WOHHOM CWIIbI pacTBOpa. 3BecTHO, 4TO 171l 00pa30BaHUS M BHIMACHHS B 0CAJOK THIICA
Heo0X01MMO, 4TOObI HOHHOE MpousBeneHue aktusHocTei (MIT) [Ca**] u [SO,*] 6Gbu10
CONOCTaBMMO MM OonbIle npousseneHus pactsopumoctu (ITP) CaSO,.

0,0025

0,002

0,0015

ar1Ip
BUIT

0,001

0,0005

Jlo 3aKkaunBaHus TIpo6a 3 TTpo6a 2 TIpo6a 1
MOPCKO# BOJIbI

Puc. Conocrapnenue nonnoro npoussenenus [Ca**][SO,*] (UIT)
¢ mpoussesienreM pacteopumoct CaSO, (I1P) B mpoGax u Hepa3OaBIeHHOM parie.

Ha pucyHke npuBeIeHO CpaBHEHHE 3THX JABYX BenuunH. Ecnu 11 Hepaz0aBieH-
HOH parrbl 3TH 3HAYECHUS MPAKTHUCCKU COBITANAIOT (BBICOKAsl BEPOSITHOCTH BBHINA/ICHHUS
THIICa), TO IO Mepe pa30aBIeHUs panbl MOPCKOM BOAOH pasHUIIA MEX Ly HUMU yBEJIUUU-
BaeTcs (B OCHOBHOM 3a cueT pe3koro Bo3pactanus [IP). [To mepe mocTymieHust HOBbIX
MOPUIXH MOPCKOHM BOJBI 3Ta pasHMIA OyAET YBEIMYMBATHCS, KaK 3TO M IPEACKA3aHO
MOJIEIILHBIMH JKCIIEPUMEHTAMHU [2].

Taxum 00pa3om, Ha OCHOBaHUH IOITYYEHHBIX PE3yJIbTaTOB MOXKHO KOHCTaTHPOBATh,
YTO IOCTYIJIEHUE MOPCKOM BOAbl B KyAnbHMLIKMI JTUMaH HE IIPUBOAUT K €r0 3arpss-
HEHMIO, YBEJIMUYEHUIO B HEM KOHLEHTpAlLUH OCHOBHBIX JKOTOKCUKAHTOB, UCK/IIOYAeT
BbINAJI€HUE OCa/IKa I'UIICa.
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PE3YJILTATH T'JIPOXIMIYHOT'O MOHITOPUHTY
KYSUIbHUIBKOTO JIMMAHY B MEPIOJ HOTO 3ATIOBHEHHSI
BOJIOIO OJIECHKOI 3ATOKH

(TPYIEHb 2014 P.- BEPE3EHb 2015 P.)

VY pamkax TiApoXiMi4HOTO MOHITOPHHTY KysSNbHUIBKOrO JTMMaHy B IOYaTKOBHUIl Iepion
fioro 3amoBHeHHsA Boporo Opeckkoi 3artoku (rpyneHb 2014 p — tpasens 2015 p.) mpo-
BEJICHUI XIMIYHMH aHaJi3 IPoO MOPCHKOI BOAM, PONH Ta IENOiAIB JIMMaHy Ha BMICT PsIy
MPIOPUTETHUX €KOTOKCHKAHTIB: 10HIB TOKCHYHMX EJIEMEHTIB, HOJIIAKIITHAX apOMaTHIHHX
BYIVIEBOJHIB, AESKNX mMecTHuiB. [loka3aHo, mo BMICT MPAKTHYHO BCIX HEOPTAHIYHUX Ta
OpTaHiuHUX 3a0pynHIOBaviB y pori KysIbHUIBKOTO JMMaHy BHINE, HIK Y MOPCBHKiil BOi,
TOMY 11 HaAXO[KEHHA B IUMaH HE PHBOIUTH 10 301IbLICHHS B HHOMY KOHLICHTPALlill OCHOB-
HHUX €KOTOKCHKAHTIB. BCTaHOBIEHO, 110 3 HAJXO/PKEHHSIM MOPCHKOT BoaM B KysibHHUIIBKHI
JIIMaH BipOTiHICTh YTBOPEHHS Y POIli BAKKOPO3UHHHOTO CYJIb(aTy Kambilito (Tincy) pi3ko
3MEHIIy€eThCs. Pe3yIbTaTy IpoBeIeHNX JOCIIKEHb i ITBEPAKYIOTh ITOTIepe/HIll BUCHOBOK,
3po0JICHHIT Ha OCHOBI MOJICITBHUX JIOCIIIB, TIPO EKOJIOTIUHY Oe3reKy (B XIMiYHOMY ITJIaHi)
HaMOBHEHHS TMMaHy MOPCHKOIO BOTOIO.

KurouoBi ciioBa: KysuibHunpkuii muman, Boga UepHoro Mopsi, pora, Iejoiu, Heopratiuti ta
OpraHiuHi TOKCHKAHTH, TiIIC,
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THE RESULTS OF KUYALNIC ESTUARY HYDROCHEMICAL
MONITORING DURING ITS FILLING WITH ODESSA GALF WATER
(DECEMBER 2014 - MARCH 2015)

As part of hydrochemical monitoring of Kuyalnic estuary in the initial period of its filling
by the Odessa Bay water (December 2014 — May 2015) chemical analysis of samples of sea
water, brine, and estuary peloids on the content of a number of basic toxicants: toxic element
ions, aromatic polycyclic hydrocarbons, certain pesticides was carrid out . It is shown that
contents of practically all inorganic and organic contaminants in Kuyalnic estuary brine are
higher than in sea water, so its flowing into the estuary does not lead to an increasing of the
basic toxicants content. It was found that with filling of Kuyainic estuary by sea water the
probability of precipitation of the hard soluble calcium sulfate (gypsum) is sharply reduced.
The results obtained confirm the preliminary conclusions (based on the model experiments)
about the ecological safety (chemical terms) of the estuary filling by sea water.

Keywords: Kuyalnik estuary, Black Sea water, brine, peloids, inorganic and organic toxi-
cants, gypsum
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TEPMIYHA CTIMKICTHh TETPAAJIKIJIAMOHIMHUX COJIEMN
HA®TAJIIMIAY

MeTomoM TepMOrpaBiMETPUYHOIO aHali3y BCTAHOBIICHO, IO TETPAAJIKiIAMOHINHHI COJi
HadTanimixy 30epiraroTs CBOIO XiMiUHY iHAMBIAyansHicTh 10 135-140 °C, a mpu moganbIo-
My HarpiBaHHi NIEPETBOPIOIOTHCS B BiAMOBITHI HAQTATIMIIN, TPETHHHI aMiHH 1 AJIKCHH.

KurouoBi ciioBa: HadTaneBuil aHTiAPpHI, HAQTATIMIJI, TETpaaIKiIaMOHIHA CilTb HadTaTiMiTy,
TEpMOTpaBIMETPUYHHUI aHAIi3.

OpnHi€0 3 BaXXJIMBUX 1 NEPCIIEKTUBHUX TPYI JIOMIHO(OPIB, SKi 3HANUIIIN 3aCTOCY-
BaHHS B PI3HUX 00JacTAX HAYKH 1 TEXHIKH, € TIOXiTHI HadTaneBoi kucioTH. 30Kpema,
noxiaHi HaTaraeBoro aHrigpuay i HadramimMiay 3 eneKTpPOHOZOHOPHUMHU 3aMiCHUKaMU
B IOJIOXKEHHI 4 HaTaIiHOBOrO IUKIY BUKOPUCTOBYIOTHCS IPU CTBOPEHHI OAPBHUKIB,
ONTHYHHX BIAOLTIOBAYIB MPUPOTHUX 1 CHHTETHYHHUX MaTepiajiB, IEHHUX (IyOpeCeHT-
HHUX IIMEHTIB, KOMIO3UIIH U1 1e(eKTOCKOMii TBepa0i MOBEPXHi, (IyopeclieHTHUX
MITYHKIB Ta 30HAIB [1-4]. KpiM TOTrO, 3aBISKH BUCOKIH ITUTOTOKCHYHIN aKTUBHOCTI 110
BiJJHOLIEHHIO JI0 KJIITHH Pi3HUX IyXJIMH 1 BIpycCiB, psaj 3-3aMilieHux Hadramiminy 3ama-
TEHTOBAHi sIK cyOCTaHIIi] MPOTUPAKOBUX 1 aHTHBIPYCHHUX Ipenaparis [5, 6].

Panime namu OyB po3poOnenuit Meton cuHTely N-ankimHadraniMimiB, SKUH HOMS-
raB B aJKUTyBaHHI TeTpaaJKiTaMOHIHHUX coneil HadTaniminy. Byno nmokaszano, mo gaHi
coli € epeKTUBHUMU JJOHOPaMH Ha(TaTiIMIiTHOTO sJIpa B OPraHIYHUX PO3YMHHUKAX 1 J10-
3BOJISIFOTH MTPOBOJMTH CHHTE3 N-alKiTHAPTAIIMIIIB B M IKHX yMOBaxX 0€3 MpOTiKaHHS
MoOIYHUX peaxiriit [7].

Mertoto maHoi poboTH € 3’SICyBaHHS TEMIICPaTypHOTO iHTEPBAIy, B MEXKax SKOTO
TeTpaajKiIaMOHiMHI com Hadramimigy (Ila-y) 30epiratoTb CBOIO CTPYKTYpY, a TaKOX
NUISAXIB X TepMIYHOTO po3kiany. s indopmarrist Oysie KOPHCHOFO /ISl TIOAATIBIIIOTO BH-
KOPUCTAHHS TETPaAIKIIAMOHIMHUX coJlel HadTaTiMiTy sIK BUX1JIHUX CITOJYK B CHHTE31
mroMiHO(OpiB HaTANIMIHOTO psIAY.

MATEPIAJIA I METOAN AOCJIIXKEHHS

JudepenniansHo-TepMiYHAN aHai3 mpoBoAMIN Ha jaepuBarorpadi tumy OJ1-103
¢dipmu MOM B mOBITpsiHOMY cepeloBuINi B iHTepBasi Temmeparyp 20-500 °C npu
IIBHUJIKOCTI HArpiBy 3.5 Tpaji'XB™', €TaJOH — npoxkapenuii a-AlO,, Turi — niarusa (tia-
MeTp — 9 MM, BHCOTA — 5 MM).

OTpuMaHHs TeTPaoKTUIAMOHiiiHuX coieli Hadraximinis (ITa-i). 1.5-10° monb
BiZIMTOBIAHOTO TOHKOMOAPiOHEHOTO HadTamiMigy 3minryBanu 3 50 M1 5 %-HOTO BOAHOTO
pozunty NaOH i 3 po3unsom 1.0 10 Mob Hoaumy TeTpaoKTHiIaMoHio B 50 M1 GeH30-
ny. Peakuiliny cymil eHepriiHO nepeMillyBaiy [Ipyu KIMHATHIN TeMiepaTypi Ha IpoTs3i
2 TOAWH, BIJAIIMIN OPTaHIYHUN IIap, MPOMIIN HOTO BOXOIO A0 HEHTpaabHOI peakii,
CYIIMIN Cylb(haroM Hatpito. [Ticis BIATOHKH PO3YMHHNKA OTPHMAJIK BiIIOBIIHUH MPO-
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JYKT 3 BUXOJIOM 3a TeTpaayiKiaMmoHiiioaumaoM 94-99 %. BoxHuii map mijaKuCIoBaIu
COJISTHOIO KHCJIOTOXO 1 pereHepyBaiii HadTaaiMij, 1110 He IpopearyBas.

OTpuMaHHs TeTpareKCWJ- M TeTpadyTWIaMOHiHUX coJell HadTadiMinis
(ITu-y). 1.5-10 MoJIb BiAMIOBIAHOTO TOHKOMOAPIOHEHOTO HadTamiMi Ly 3MintyBamu 3 50
mit 5 %-noro pozunny NaOH i 3 posurnom 1.0-10° monb #oauay Terparekcuii- adbo
TeTpabyTriamMoHito B 50 M1 OeH301y. PeakIliiiHy cymiln eHepriitHo epeMilnyBaiy mpu
KIMHATHI¥ Temneparypi Ha NpoTs3i 2 TOIWH, QITbTpyBaIH, BN OPraHIYHUHN 1Iap.
[oBTopmim 06poOKy opranidHOi (ha3u BOTXHO-ITY)KHUM PO3UMHOM HA(TaTIMITY Ti€i K
KOHLIEHTPALlli B aHAJIOTTYHUX YMOBaX 2 pa3u MpH CUHTE31 TETPareKCUIaMOHIMHUX COJei
(ITi-p) 1 5 pasiB npu cuHTe31 TeTpadyTHIamMoHiiHUX coneit (Ilc-y). [loganbury 0OpoOKy
OPraHiYHOTO 1 BOAHOTO MIAPiB BEIH, SIK ONMKMCAHO BUIle. BUX0oMM MPOMyKTiB 3a TeTpaa-
KIJTaMOHIHHOIUIOM cTaHOBUIN 95-98 %.

Meton TemmepaTypHux 3ynuHok. HaBaxky 100 Mr teTpaankinaMmoHii HadTtai-
Miqy BUTpuMyBaju 10 XB B MONepeaHbO HArpiTi 10 Temmeparypu, IO BiAIOBijgana
MaKCHMaJIbHIM IIBUJIKOCTI BTPATH MAacH BiAMOBITHOI CIIOJYKM 3TiAHO J€pUBATOrpami,
MacisHid OaHi. 3aJHUIIOK MicIs HArpiBaHHS KPHCTANI3yBajH 3 €TaHOIY, B PE3yJbTari
YOro OTPUMAITH XpoMaTorpadiqao yucTuii Hadramimia 3 T.ur. 295-299 °C.

PE3VJbTATH TA iX OBTOBOPEHHS

TerpaankizaMmoHiitHi coni HadTamiMixy Oyau HaMH OlepXKaHi IUIIXOM OOMiHY aHi-
OHIB 1 eKCTpaKIIil HiTHOBOI COJIi B OpraHiuny (hazy 3 Buxonamu 93-98 %:

Cxema 1

O O
=@, ~
it R NI RN
O PhH /5% Boxn. NaOH Q

0
Z Yai Z Yla-y

Y=H: Z=H (Ia), 2-Br (I6), 3-NO, (I), 4-CI (Ir), 4-Br (In), 4-NO, (Ie), 4-moponino-(Ix),
4-ninepununo-(I3); Y=CI: Z=4-CI (Im); Y=Br: Z=4-Br (Ii); R=#-C .H : Y=H: Z=H (Ila), 2-Br
(I10), 3-NO, (IIs), 4-CI (Ilr), 4-Br (IIn), 4-NO, (Ile), 4-mopdoiino- (1lxk), 4-ninepumuno-(1I3),
Y=Cl: Z=4-Cl (Ilm), Y=Br: Z=4-Br (Ili); R=#-CH ,: Y=H: Z=H (Ilx), 2-Br (ILx), 3-NO, (IIm),
4-Cl (IIn), 4-Br (Ie), 4-NO, (IIm), Y=CI: Z=4-CI (Ilp); R=r-C H,: Y=H: Z=H (Il¢), 4-CI (IIT),
Y=Cl: Z=4-CI (Ily).

3 MeTo10 3’ACyBaHHS TEMIIEPATYPHOTO IHTEPBAILY, B MEKaxX SKOTO TeTpaaJKiIaMOHii-
Hi coni Hadranimigy (Ila-y) 30epiratoTh CBOIO CTPYKTYPY, @ TAKOXK HMOBIPHUX IUIAXIB iX
TEPMIYHOTO pO3KJIaay, OyB MPOBEACHNUI TEPMOTPABIMETPHYHHI aHAJI3 BCIX CHHTE30Ba-
HuX coneil. Ha puc. 1 B AKoCTi MpHKIIaay HaBeICHA AepUBATOTpaMMa sl TeTpaldyTHiIa-
MoHii HapTamimigy (I1c).

Pesynbratu TepMorpaBiMeTpUYHOrO AOCIIAKEHHS IOKa3ylOTh, 110 TETpaaKizaMo-
Hilt Hadranimiau (Ila-y) € Tepmiuno cridikumu 10 110-140 °C. Ha nepuBarorpamax Bcix
peuoBuH npu 110-140 °C crioctepiratoThCst eHAOTEPMIUHI MiKH, HE TTOB’3aHi 31 BTPATOI0
Macu. MakCHMyMH TTIKiB Bi/IMTOBIIat0Th TEMIIEpaTypaM TUIABJICHHS CHHTE30BaHUX COJICH
HadTamminy. [Tepria Brpara macu crioctepiraetbes npu 140-230 °C i cynmpoBOIKYETh-
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csl eHJIOTEPMIUHUM TTiKoM 3 MakcumyMmoM 170-200 °C na [ITA; npyra (moBHa BTpara
Mmacu) — nipu 240-300 °C, 1it BianoBiiae eK30TepMIUHUH ITiK 3 MakcuMymoM 260-270 °C.

m, Mr

20

80
700
601
50
i

30

JITT
IITA
L /
13s% 2100
1 " 1 N 1
0 100 200 300 400 500
t,°C

Puc. 1 [lani TepMorpaBiMeTpHYHOTO aHali3y TeTpadyTminamoHiitHadTamiminy (Ilc).

Tabmuns 1

Jani nudepeHniajIbHOT0 TEPMIYHOIO0 AHAJII3Y JeAKNX

TeTpaajKiaMoHiliHUX coJiell HadTadiMiniB

InTepBas TeMmeparyp

Temmn. maxkc.

Brpara macu, %

Cnoayxa eHA0TepMiyHOro npouecy, °C II.IBI/IZ[KOCIi 3a Tl O6paxoBano”
po3kiaany, °C P
IIa 145-210 190 40 70
116 130-230 200 28 63
1Is 130-225 200 34 66
IIr 150-220 190 31 67
[ 155-215 190 29 63
Ile 140-230 195 35 66
1In 140-210 175 32 64
1bx 160-215 190 32 62
1Ix 135-235 200 67 64
IIn 135-245 200 62 61
IIp 140-230 195 57 58
IIc 160-235 210 60 55
It 155-240 205 54 51
110% 150-230 205 50 48

* BTpaTa Macu 3a NpUuIyneHHsAM, 1o BI/II[iJ'ISIGTLCH MOJICKYJ1a aJIKCHY i TPETUHHOTO aMiHy.
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Bun nepuBatorpam coneit Hadramiminy (11 a-y) 3anexuth BiJ TOBKXHUHHA BYTJICBOIHE-
BOTO pajiKalia TeTPaaIKiIaMOHIMHOTO KaTioHa. i TeTpalyTHII- 1 TeTpareKCuiIaMOHi-
HUX COJICH JaHi TepPMOrPaBIMETPUIHOTO aHAII3Y CIIBIAAIOTh 3 IPUITYyCTUMHUM MEXaHi3-
MOM iX po3uierieHHs 1o [opmany (cxema 2), ToAl K B BUIAJIKY TETPAOKTHIAMOHIHHIX
COJICH CITOCTEPITalOThCS 3HAYHI BIAXWICHHS, OB’ s13aH1, HAa HAIIy JYMKY, 3 YTBOPCHHSM
IIPY PO3KJIal BUCOKOKUIUITIOTO TPUOKTHIIAMIHY.

Cxema 2

O O
< =)
NH + (CH,,,)N + H,C=CH— (CH,)5CH;

N (CiHop )N ————=
O

6}
Il a-y

n=4,6,8

Jts oka3y 3anmpOrNOHOBAaHWX IUISXIB PO3KIAAY TETpaaluKiIaMOHIMHHMX coJied Ha-
¢dramiMiny OyB BUKOPHCTAHUH METOJ] TEMIIEpaTypHUX 3yNUHOK. HaBakku TeTpalyTuii-
(Ilc) Ta TerparekcunamonitHadraniminy (IIk) Oynu Burpumani 10 XB mpu Temmepary-
pi, sIKa BiAMOBiasia MaKCUMaNIbHIM MIBUAKOCTI po3kiany crnoiayku mo JTT (210 °C Ta
200 °C ms crionyk Ilc Ta Ik Bigmosiawo). [Ticns kpucTanizaiii 3 eTaHOIy 3pa3KiB Micis
HarpiBaHHs OyB BUAUICHUIA XpoMaTorpadiqHo YUCTHH HadTamimi.

TakuM 9YMHOM, METOZIOM TEPMOTPABIMETPHYHOTO aHAI3Y BCTAHOBJICHO, IO TETpaall-
KiJTaMOHIH HadTanimMian 30epiraloTh CBOIO XIMIYHY IHAMBITyaslbHIcTH 10 135-140 °C,
a TIpY TIOJIAIBLIIIOMY HaTpiBaHHI MEPETBOPIOIOTHCS B BIJIMOBIIHI HAPTAIIMIIN, TPETUHHI
aMIiHU 1 aJKeHH.

JITEPATYPA

1. Kpacosuyxuii b.M., Agpanacuaou JI.M. Mono- n 6udyopodopsl. — XapbkoB: VIHCTUTYT MOHOKPHCTAJIIOB,
2002. — C.370-376.

2. Jiang G., Wang S., Yuan W. Highly Fluorescent Contrast for Rewritable Optical Storage Based on Photochromic
Bisthienylethene-Bridged Naphthalimide Dimer / Chem. Mater. — 2006. — Vol. 18, No 2. — P. 235-237. http://
dx.doi.org/10.1021/cm052251i

3. Domaille D.W., Que E.L., Chang C.J. Synthetic fluorescent sensors for studying the cell biology of metals //
Nature Chemical Biology. — 2008. — No 4. — P. 168-175. http://dx.doi.org/10.1038/nchembio0808-507

4. Middleton R.W., Parrick J. Preparation of 1,8-Naphthalimides as Candidate Fluorescent Probes of Hypoxic
Cells //J. Heterocycl. Chem. — 1985. - Vol. 22, No 6. — P. 1567-1572. http://dx.doi.org/10.1002/jhet.5570220620

5. Camacho M.A., Torres A.L, Gill M.E. Qualitative and Quantitative Determination of Two New Antitumor
Agents from 1,8-Naphthalimides in Tablets // Arzneim. — Forsch./Drug Res. — 1994. — Vol. 44, No 5. — P. 659-
662.

6. Tan S., Yin H., Chen Z. Oxo-heterocyclic fused naphthalimides as antitumor agents: Synthesis and biologi-
cal evaluation / European Journal of Medicinal Chemistry. — 2013. — V.62, No4. — P. 130-138. http://dx.doi.
org/10.1016/j.ejmech.2012.12.039

7.  Anuxun B.@., @eovro H.®. TerpaankniaMoHHIHbIE COTM HAYTUMHA, €TO TAJIOTeH- 1 HUTPOIPOU3BOIHBIX //
Kyps. npuri. xumuu. —2006. — T.79, Ne 3. — C. 419-423. http://dx.doi.org/10.1134/s1070427206030153

Crarrts Haninma o penakuii 03.09.15

45



H. @. ®eovro, B. D. Anikin, B. B. Bedyma

46

H. ®. ®ennko, B. ®. Anukun, B. B. Benyra
Opecckuii HaMOHANBHEIN yHUBepcuTeT nMenu .M. Meunukosa
ya. JIBopsiHckas, 2, 65026, Onecca; e-mail: fedko@onu.edu.ua

TEPMHUYECKAS YCTOﬁEIHBOCTL .
TETPAAJIKNJIAMMOHHNUHBIX COJIEU HAOTAJINMU A

MeTonoM TepMOTPaBUMETPUUECKOTO aHAJM3a yCTAHOBICHO, YTO TETpaaKUIAMMOHHHHBIC
coii HaTaNMMKAA COXPAHSIOT CBOIO XMMHUYECKYI0O MHIMBUAYaNbHOCT g0 135-140 °C, a
MIpH JalTbHEHIIIEM HarpeBaHUH MTPEBPAIAIOTCS B COOTBETCTBYIOIINE HAPTATMMHUIBI, TPETHU-
HBIE€ AMUHBI U aJIKEHBI.

KiroueBsble ciioBa: HaTaneBblii aHTUAPH], HAaBTATUMUJL, TETPAATKUIAMMOHHUIHHAS COJIb Ha-
(branuMuIa, TepMOrpaBUMETPHYECKHIl aHAITH3.

N. F. Fed’ko, V. F. Anikin, V. V. Veduta
1. I. Mechnikov Odessa National University, Department of Organic Chemistry,
Dvoryanskaya St. 2., Odessa, 65026, Ukraine

THERMAL STABILITY OF 1,8-NAPHTHALIMIDE
TETRAALKYLAMMONIUM SALTS

The synthesis of tetraalkylammonium 1,8-naphthalimides was performed in benzene-5%
NaOH aqueous solution at room temperature by anion exchange and subsequent extraction of
the desired salts into the organic phase with yields of 93-98 %.

It is determined by thermogravimetric analysis that tetraalkylammonium salts of 1,8-naph-
thalimides are thermally stable to 110-140 °C. Endothermic peaks without mass loss are ob-
served on the thermogravimetric curves of all synthesized salts at a range of 110-140 °C that
correspond to the melting points of the salts. The first mass loss is observed at 140-230 °C
and is accompanied by endothermic peak at 170-200 °C on DTA curve; complete mass loss is
observed at 240-300 °C and corresponds to exothermic peak at 260-270 °C.

The thermogravimetric curve form of a naphthalimide salt depends on the length of hydro-
carbon radical of a tetraalkylammonium cation. Thermal analysis data for tetrabutyl- and tet-
rahexylammonium salts conform to predicted mechanism of Hoffmann elimination that lead
to corresponding naphthalimide, tertiary amine and alkene as reaction products. Significant
deviations are only detected in the case of tetraoctylammonium salts, that can be explained
with formation of high boiling trioctylamine during elimination.

Key words: naphthalic anhydride, naphthalimide, tetraalkylammonium salt of naphthalimide,
thermogravimetric analysis.
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KOJUIOWTHO-XUMHUYECKHUE 3AKOHOMEPHOCTH
OYUCTKHU BOIbI OT XPOMA(VI) ®JIOTAIHUEHN C
HOCUTEJIEM

OKCTIepIMEHTAIBHO HCCIISIOBAHbI JUCIEPCHBIA COCTaB M AMEKTPOKHHETHIECKHE SBICHUS B
TeTepOreHHOMN cucTeMe, 00pa3yIoIeHcs B MPOLECcCce OYUCTKH BOJBI OT HOHOB LIECTHBAJICHT-
HOTO Xpoma MeTofoM ¢uotaruu ¢ HocuteneM. C momomeio Teopun JIOO ycranoneHo,
410 3(PEeKTHBHOCTD (UIOTALIMOHHON OYMCTKH ONpEEIIsieTCsl OAIAHCOM CHII MOJIEKYIISIPHOTO
MIPUTSHKEHNST U SIEKTPOCTATHIECKOTO OTTANIKUBAHUS MEXIy YaCTHUIAMH AUCIICPCHON (ha3bl
uccnenyemoii cuctemsl. [TokasaHo, 4To METOOM (IOTALMK ¢ HOCHTEIEM BOLY MOJKHO TIpaK-
THYECKH TIOTHOCTBIO OYHMCTUTE OT OkcoaHHoHOB CrO,>, mpeaBapHTeIbHO OCATHB UX CBEPX-
SKBUBAJIEHTHBIM KONM4YeCcTBOM Xopua 6apus (1,25momb BaCl /mons K CrO,) u ucronb3ys B
KadecTBE HOCUTENS TOHKOAMCIIEPTUPOBAaHHBIN mapaduH, IpH pacxoae nmocienaero 6,31 /v
BaCrO,.

KuroueBbie ciioBa: XpoM, (uoTarys ¢ HOCHTENEM, KOIJIOUHO-XUMUYECKHE CBOWCTBA, JHC-
nepcHas cucrema, reopust 1JIDOO

XpomocoaepiKanie COCAMHEHHS COACPKATCs B CTOYHBIX BOJAX TaJbBAaHHYEC-
KUX MPOU3BOJCTB, MPEINPUATHA XHUMHUYECKOM, METAJUIypru4ecKoil M MalluHOCTPO-
UTETBHOW oTpaciedl mpombIinieHHOCTH [1]. Bombimme o0BbeMBI BBICOKO- M HH3KO
KOHIICHTPUPOBAHHBIX IPOMBIBHBIX BOJ, COACPKAIIUX XPOMaT U OUXpOMaT Kajws, oopa-
3yIOTCS IPH TyOJICHUH KOXK, B TEKCTHIILHOM TPOMBIIUICHHOCTH, B TEXHOJIOTHIECKUX ITPO-
reccax m3rotoBieHus crmuek. Bee coequnaenus Cr (V1) 0OTHOCSTCS K BRICOKOTOKCHIHBIM
BemecTBaM [2]. Ha TOpoACKHX OYHCTHBIX COOPYKEHUSX OHH IPEISTCTBYIOT JKU3HEC-
STENIFHOCTH MHUKPOOPIaHU3MOB M TMOITOMY 3aTPYAHSIOT MPOLECCHl OHOXUMHUYCCKOM
OYHUCTKHU CTOYHBIX BOJ.

upora cmexTpa MCIOIB30BAaHHUSA M OONBIIOC Pa3HOOOpa3ne XMMHUYECKUX COCIH-
HeHnH, Kotopsle XxapakrepHbl st Cr(VI), HCKITI09aloT BO3MOXXHOCTE pa3padOTKH YHH-
(UIMPOBAHHOW TEXHOJIOTUYECKON CXEMbI BOIOOYUCTKHU, TaK KaK KOHKPETHBIC CTOYHBIC
BOJIBI TPEOYIOT MHMBHIYaTbHOTO MOJX0/a K PEHIeHHI0 TipolieMsbl. JloctatodHo Xopo-
1110 M3yYCHBI U HAIIIH PEaTH3aIUI0 B IPAKTHKE OYUCTKH TEXHOTCHHBIX CTOYHBIX BOJ OT
HOHOB TSDKEJIBIX METAJUIOB METOIBI OCAKICHHUS, HOHHOTO 00MEHa, 00paTHOro ocMoca,
JNIEKTPOKOATYIISIIINH, HIICKTPOAHNATN3a, HOHHOU (IIOTAIINH.

Oco0oro BHUMaHHUs 3aCiTy’)KMBaeT MOHHAs (DroTamus, MpUronHas U BBIACTICHHS
HeOompmux KomuuecTB (20-100 mr/aM®) HOHOB TSDKEIBIX METAUIOB M3 OOJBIIHX
00beMoB ctouHbIX BoA [3]. CyTh MeTOa COCTOUT B TOM, YTO B PacTBOP, COIEpIKAIIUN
IpeHA3HAYCHHBIC JUIs M3BJICUCHUS MOHBI (KOJUTUTEH/IbI) BBOAAT COOMPATENh — MOHO-
TeHHOE MOBEPXHOCTHO-akTHBHOE BemiecTBO (ITAB). 3arem uepes pacTBop 6apboTHpyIOT
BO31yX. I1y3bIppKH, TOAHUMASCH B TONIIE PACTBOPA, aJCOPOMPYIOT Ha CBOCH MOBEPX-
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Konnouono-xumuueckue sakonomeprocmu ouucmku 600ut om Cr (V1) pnomayueii ¢ nocumenem

HOCTH cyOnar [3] — MaopacTBOpUMBI TPOyKT B3aumoneicTust [IAB ¢ xoymurenmom
U YHOCSIT €0 Ha IIOBEPXHOCTh PacTBOPa B HEYCTOWYMBYIO TeHyY. [leHa paspymaercs u
o0pa3syeT MeHKY, COACpIKaIIUil B COCTaBe CyOiaTa U3BICKACMblil KOMIOHCHT B KOHIICH-
TPUPOBAHHOM BUJIE .

OCHOBHOH HpPUHINI HMOHHON (HIOTAIMM COCTOMT B TOM, YTO B KauecTBe coOu-
parensi MOKHO HCHOJIb30Barhk Juinb Te [TAB, koTopble 00pa3yroT C KOJTUTCHIOM
MaJiopacTBOpHMEIe coenuHenust. Crenys atomy npuammy, JI.J{. CKpbuieB ¢ coTpyaHu-
Kam¥ [4] ouucTKy BOABI OT coennHennit xpoma( V) mpoBoauiv B Tpu CTaIuu:

1) Boccranosnenue Cr(VI) no Cr(I1l);

2) ocaxxnenue Cr(I1l) B popme rumpokcuia myTeM MojieIaduBaHus pacTBOPa;

3) Beienenune Cr(OH), n3 pacteopa oranuei ¢ nomorupto annonnoro I[TAB.

LenecooOpa3HOCTh MPUBEIEHHON TEXHOJIOTHYSCKON CXeMbI 00YCIIOBJICHA TEM, YTO
ocajku, obpasyromuecs npu BzaumozeiicTeuu okcoanuonos Cr(VI) (CrO,>, Cr,0.>)
C KaTHOHHBIMH COOMPATEISIMH UMEIOT OTHOCHUTEIBHO BBICOKYIO PaCTBOPHMOCTB, B TO
BpeMsl Kak (IOTallMOHHOE BBIAEICHHE XpoMa B (hopMe THIPOKCHAA, ISl KOTOPOTro Xa-
pakTepHa o4eHb Hu3Kas pactsopumocthb (ITPCr(OH), = 1-107°) mo3BonseT yMEHbIIMTS
pacxoi cobuparens U yBEJIWYUTh CTEIICHb M3BJICYCHHUS XpOMa. DTOT CIOCO0 OYUCTKH
CTOYHBIX Boj OT coenuHeHuid Cr(VI), HempocToii /I MPAKTUIECKOTO PEIICHUS, ONPaB-
JaH XOPOIIUMH TMOKA3aTeIIMA OYUCTKH BOABI M TE€M, YTO OTHOCHTEIBHO IOPOTOH H
9KOJIOTHYECKHU OMACHBIA KaTHOHHBINA COOMPATEINh YNACTCsl 3aMCHUTh MCHEE TOKCHIHBIM
u 6oJiee TOCTYITHBIM — aHHOHHBIM.

Panee [5] O6bu1 onucan croco0 ¢roranuonHol ourcTku Bojbl oT Cr(VI), B koTopom
BMecto ctanuu BocctaHorieHus Cr(VI) no Cr(IIl) B ounmaemyro Boay 100aBIsuM oca-
IUTENb — XJIOPHI Oapus, 00pa3ylomuii ¢ OKCOaHHOHAMH XpOMa TPYAHOPACTBOPHMEIH
xpomar 6apust (IPBaCrO, = 2,4-107"), a ana ruapodpobusanuu BaCrO, Bmecto ITAB
UCIIONIb30BAJIM BBICOKOIUCIIEPCHBIN mapaduH (HocuTenb). B pabore [6] mpuBemeHsI
CBe/IeHUSI 00 OYMCTKE CTOYHBIX BOJ OT MOHOB IIECTHBAJIEHTHOTO XpOMa IyTeM HC-
MOJIb30BaHUSI KOMOMHUPOBAHHOM CXEMbI, BKIIIOYAIOIIEH pPeareHTHOE OCaXKJICHHE XPO-
ma B popme Cr(OH), u mocnemyromero (GpoTanMOHHOTO BBIIENEHHS OCaaKa C MOMO-
IIbI0 aHUOHHBIX coOmpareneit — cradbmwim3upoBanHbIX Tpu pH 12 0,5%-HBIX BOTHBIX
pactBopoB ankmwikapbokcmitaros Harpust: CH3(CH2)8COONa, CH3(CH2)10COONa u
CH3(CH2)12COONa.

Lenpto nmaHHOW pabOTHI SIBUJIOCH HM3YYEHHE KOJUIOMTHO-XMUMHUYECKUX 3aKOHO-
MepHOCTe o4ucTkH BoAbl OT coenuHenunid Cr(VI) metomom ¢uotanmm ¢ HocHTEneM
(BBICOKOTUCTICPCHBIM MapaUHOM) U aHAIN3 SKCIICPUMEHTAIBHBIX JTAHHBIX C TTO3UIAN
teopun JIJIDO.

OBBEKTbBI HCCIEJOBAHHNS U METOAUKHN SKCIIEPUMEHTOB

OObeKTaMH HCCIICAOBAHHS CIYKWIN CBEKEIPHUIOTOBICHHbIC HA JMCTHLIMPOBAH-
Holt Boje pactBopsl xpomara kamus (K CrO,), comepxarue 5-10% momns/am® Cr(VI).
Bbi00Op yKka3aHHON KOHIIEHTpALK pabovuX pacTBOPOB ObLT OOYCIIOBJIEH TEM, YTO B
MPOU3BOJICTBEHHBIX CTOYHBIX BOJAX 00buHO comepskurcs 20+30 mr/am® ((3,8-5,8) 10+
monb/im’) Cr(VI). Konnentpauus pactsopa ocamutens — BaCl,, npurotosineHHoro Ha
JMCTHIIMPOBAHHOM Bojie, paBHast 1,25-102 Moss/iM?, 1103B0JIs1Ia HCITOIB30BATh HEOOIIb-
[IMe ero 0OBEMBbI TS MOMYYSHUS] HEOOXOANMON KOHIIEHTpau HoHOB Ba?! B pabouem
pacTtBope u u30erarb, TeM CaMbIM, 3aMETHOTO pa30aBICHUs MOCIISTHETO.
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B KkauecTBe HOCHTENS WCIONB30BAIM TOMOTCHH3WPOBAHHBIA TapapuH st
nabopaTopHBIX meneill YUepkacckoro 3aBoja XUMpeakTHBOB. [lucneprupoBanue napadu-
Ha (1 r) ocymectBusiin B Harpetoit 1o 60-70 °C auctuimpoBanHoi Boae (99 cm’) ¢
IIOMOLLbIO yibTpa3BykoBoro aucnepraropa ¥Y3AH-2T npu yacrore crpuxropa 44 xl'w.

MHuKpoCKOTTHIeCKIil aHATIN3 CYCIICH3NH MTapagHa IIPOBOAMIN C TIOMOIIBI0 OMHOKY-
nsipHoro Mukpockorna BUOJIAM AY-26Y4.2 (JIOMO), caabxkenHoTO Kamepoii [opsiesa.
AHanu3 nokasail, YTo 4YacTULbI NapaduHa UMEIOT cheprudecKyto GopMy CpeHero paau-
yca 1,510 cm. Cpennuii paauyc my3bIpbKOB BO31yXa, ONpeaeieHHbIi Gororpaduyec-
K{ 110 METOAMKE, OnrucanHou B padore [7], cocrasmsn 3,0-1072 cm. HauBepositHeiimime
paIuychl YaCTHII CyCIICH3HMI KOJUTUTeH 1A (XpoMata Oapus) u cy0iara (arperartoB 4acTHIL
napaduHa 1 XxpoMara Oapusi), onpeneNeHHbIe CeIMMEHTALMOHHBIM aHAJIU30M C TIOMO-
11610 BecoB DUrypoBckoro, ObUIN paBHBI, COOTBETCTBEHHO, 3-10* cM 1 1:107 cm.

DneKTpokuHeTHYecKui () MOTEHIMAN YacTHIl KOJUIMTEHJa, HOCHTENS U cyOnara
U3MEPSUTH METOIOM MHKpodekTpodopesa [§] B ymprpaduisTpaTax COOTBETCTBYIO-
IMX cycneH3uil. 3HaueHus C-ToTeHIMajia MMy3bIPbKOB BO3AyXa B YIbTpauiIbTpaTax
KOJIJIOUIHBIX PACTBOPOB CYOJIaTOB H3MEPSUIIM METOIOM BpANIAIONIEToCs LUINHAPA,
pa3paboranHbiM Mak-Tarrapom [9], Ha ycTaHOBKE, CKOHCTPYHPOBAaHHOM 10 JIOCTATOUHO
noJpoOHOMY onucanuro B padote [10]. Pacuer 3HaueHuit C-moTeHIIMaa MPOBOIMIIHN 110
ypaBHeHwuto [enbMmronbia — CMoiryxoBckoro [8]:

A A (1)
e E
IIe M — BA3KOCTb JIMCIIEPCHOHHON CPEbL; U, — CKOPOCTb JIBWXKEHHMs 4YacTUIl NPU
anexTpoopese; € — AUAICKTPHUECKAs IPOHUIIAEMOCTh BOABI, E — rpagueHT moTeHm-
ama, MB.

Jis ompenencHust yAenbHOH 31€KTPONPOBOJHOCTH UCCICIYEMbIX CYCHEH3HMH HC-
M0JIb30BAJIM PEOXOP/AHBI MOCT NepeMeHHOro Ttoka P38 u sueliky C MIaTUHOBBIMU
AIEKTPOAAMH .

B Tabn.1 mpuBeneHBl HEKOTOPHIC KOJUIOMIHO-XHMHUYECKHE XapaKTEPHUCTUKHU (IIo-
TAI[MOHHOM CHCTEMBbI, 00pa3ylolleiics ocie BBEACHUSI B pabouuil pacTBOp 3a4aHHOTO
xonuyectsa ocaautens (BaCl). Bennuuny «, pasHyro oOparHoii Tomuuue auddysnon
4acTH JBOMHOTO anekTpudeckoro cios (JI9C), paccunThiBaiy ¢ y4eTOM HOHHOMW CHIIBI
PacTBOPOB 10 YPaBHECHUIO:

)

T7IC e — 3apsi] ANIEKTPOHA; k — moctosiHHas bonbiMana; 7 — aOcomoTHas TeMIeparypa;
1, — YUCJI0 MOHOB i-T0 COpTa B 1 cM’ IMCTIEPCHOHHOM CpeJibl; Z, — BaJICHTHOCTb i-I'0 HOHA.

CyMmMapHyI0 SHepruro Bizaumojeictus (U) Mexay yacTuuamu (IoTaluOHHOM
CHCTEMBI PACCUMTHIBAJIM MO YpaBHEHUIO [6]:

Uu=u-+U, 3)

rae Um 151 l]l — OHEPIrus MEXKMOJICKYJIAPHOTO NPUTSKCHNA U HOHHO-3JICKTPOCTATUIECKOTO
OTTAJIKMBAHHUA YaCTHII, COOTBECTCTBCHHO.
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Konnouono-xumuueckue zaxonomeprocmu ouucmru 600vt om Cr (VI) promayueii ¢ nocumenem

Tabmmma 1
Hexoropble K0J1JI0MIHO-XHMUYECKHE XaPAKTEPHUCTUKH (PJIOTALHOHHOI CHCTEMbI
N KOHI;::CT{,MM k10, C-norenuman yacruu, MB
/| vons/moas 2I’(zCrO A owr’! KOJIMTeHJa | HOCHTedsi | cyGiara ny3bIpbKa
1 0,25 1,22 -28,4 13,2 -3,5 -20,0
2 0,50 1,17 -29,5 11,5 -3,2 -22,2
3 0,75 111 -31,0 8,5 -2,9 -25,0
4 1,00 1,05 -2,0 5,0 -2,7 -26,0
5 1,25 1,60 22,2 -4,6 10,0 -25,0
6 1,50 1,72 25,8 -4,8 11,5 -22,0
7 1,75 1,83 26,8 -5,1 12,0 -17,0
8 2,00 1,94 28,5 -5,6 13,3 -14,5

DHepruio MeXMOJICKYIIPHOTO TPUTSHKSHIUS MKy YaCTHIIAMH HOCHTEIIS U cyOara,
o0ycnoBJIeHHYIO neiicTBueM cmi BaH-nep-Baansca — JlongoHa mpu UX OpTOKHHETHIEC-
KO KOAryIsiliuy, pacCUMTHIBAIIM 110 ypaBHeHuto [11]:

A (4)
- 2
" 12-H
a TIPH OPTOKHMHETHYCCKOHN TeTePOKOATYISIINN Ha3BaHHBIX YAaCTHII C ITy3BIPEKAMH BO3LIY-
Xa — 10 YPaBHEHHUIO:
A 1T
u,=-——=2 -+ | ®)
12-H-(r, +1,)
roe A Z u A" — CJIOKHBIE KOHCTAHThI ['aMakepa st Cllydast B3auMOICHCTBHUS YACTHII T1a-
paduna B Boze (1,5%1073 apr [12]) u B uccienyemotii durorarmonsoii cucreme (1,3x10°13
opr [13]), r, ¥ r, — pajnyc JacTHIBI U ITy3bIPbKa BO3/yXa, cooTBercTBeHHO; H — pac-
CTOSTHHE MEX]Ty YaCTUIIAMH.
DHEPruio HOHHO-3JIEKTPOCTATUYECKOTO OTTanKuBanus (U ) MeX/y 4acTUL[aMU T1apa-
(vHa 1 yacTUIIAMHK CyOJiaTa PacCUMTHIBAIM MO ypaBHEHHIO [11]:

2

Uiz%xfn[H—exp(—K-H] > (6)

a MEXJY W3BJICKAEMBIMH YAaCTHLAMH U ITy3BIPbKAMH BO3[yXa — MO MPUOIHKEHHOMY
ypaBHeHuto dropcrenay [12]:

2 2
u =2 L@ o), 23’* O tn [1+exp (=x- H] +in[l-exp(=2-x-H) +» (7
4'(r++ri') ¢7++¢)i‘ [l_exp(_KH]

TAC € — AUDJICKTpUYICCKasa MPOHUIAEMOCTDb }II/ICHepCI/IOHHOﬁ Cpeanl; (po — IIOTCHIIHAJ I10-
BEPXHOCTH; ¢, ¥ ¢ — noTeHmansl 1uddysnoi wactu JI5C (COOTBETCTBYIOMHUE IPaHHIIE
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azcopOronHoro u auddy3Horo croéB) B3auMoaecTByoMMX yacTuil, H — paccrosiane
MEKIY YaCTUIAMHU.

Cornacuo Edpemosy [11], B ciyuae cnabo 3apsokeHHbIX yacTull (¢, < 25 MB) MoxHO
C HEOOJIBIION MOTPEIHOCTHIO BEMYUHY () IPUPABHUBATH K (-IIOTEHIMATY YaCTHIL.

OrnoTanmoHHy0 00paboTKy pacTBOPOB MPOBOAMIN Ha ITHEBMATHYCCKOH YCTaHOBKE,
OCHOBHOH 4aCTBIO KOTOPOH SIBISIIACH CTEKILTHHAS KOJIOHKA BBICOTOH 80 MM M THaMETPOM
25 mMM. JITHOM KOJIOHKH ¥ OJJHOBPEMEHHO JUCIICPraToOpOM BO3/IyXa CIIY)KHJIA CTCKIITHHAS
nopucras miuactunka (¢unsrp Lora Ned). Pacxon Bo3myxa, KOTOPBIH KOHTPOJIUPOBAIN
C ITOMOIIBIO PEOMETPA, BO BCEX OIBITAX MOJIACPIKUBAJICS paBHBIM 5,5% 102 cm3xem?x¢l,
Cyb0nar, coduparonuiics B mporecce (UIoTaiy Ha TOBEPXHOCTH PAcTBOPA, YAAJSITH Me-
XaHU4YecKu. PacTBophI mocie (roTanuu aHaau3upoBaiu Ha conepxanue B HUX Cr(VI)
no cranaapTHoil meromuke [14]. Cremens dmotammonnoro ussneuenus (o) Cr (VI)
PacCUNTHIBAIIH 110 yPABHEHUIO:

a =% =C 100 %, (3)
CO
rae C n C — xonuentpamuu Cr(VI) B pactBope 110 1 nocnie (Grotamuu, COOTBETCTBEHHO.

3nauenne pH wmccnmemyembIx pacTBOpOB ObUTO ONMU3KO K HelTpampHOMY (6,75).
Jns u3mepenus pH pactBopos ucnomns3oBanu pH-metp tuna pH-121 co cTexisHHBIM
HIEKTPOTOM.

OMBITH IO ONPENEICHUIO ONTUMAJIBHBIX PACXOI0OB OCATUTEIS U HOCUTENS MIPOBO-
aund cnefyrommm odpasom. K 25 mu pabodero pacrsopa K,CrO,, nmpu noctosHHOM
HEepEeMEIINBAaHUU C MIOMOIbI0 MArHUTHON MEIIANKH, MEIJICHHO 10 KarjsiM J00aBIIsiin
3aganHoe KonudecTBo ocanutens (BaCl). TlomydeHHbIH mpu 5TOM KOJUIOMIHBIA pa-
ctBop xpomara 6apus (BaCrO,) 3amiBanyu B KOJOHKY JUIsl (JIOTAllMH, YCTaHABIMBAIN
HEOOXOAMMBIH pacxo]] BO3AyXa U JOOaBILIIH 3aaHHOE KOJIIMYECTBO CYCIIEH3UH HOCUTE-
151 (mapaduHa). 3aTeM OCyIIECTBISUIN (PIOTALHUIO B TeUCHHE 15 MUH.

[TnoTHOCTH YacTHUII CyOIaTa PACCUUTHIBAIM MO YPABHEHHIO:

. _ m +m, )
V. (mip)+(mip)’

/‘ iiéa.

e chﬁ — o0beM vacTul| cyorara; M, M,, M, — MaCcChl, COOTBETCTBEHHO, cyOnara, HO-
CUTENS ¥ KOJUIMTEH1A; p, M . — IIIOTHOCTb, COOTBETCTBEHHO, HocuTes (0,897 r/em’) u
KoyutureHza (xpomara Oapusi, pasuas 4,500 r/cm?).

PE3YJBTATHI HCCJEJOBAHUN N X AHAJIN3

[IpoBeneHHbIe Hccaeq0BaHUS MOKa3anu (puc. 1), 4to mpu 100aBIEHUU BCe BO3pac-
TAIOIMUX KOJIMIECTB HOCHTEIS K KOJUIOUAHOMY PAacTBOPY KOJUINTCHIA CTEICHb (IoTa-
rmonHoro BeiesieHus: Cr(VI) (kpuBas 1) yBeTU4nBaeTCs M IPOXOIUT YEPe3 MAKCUMYM,
COOTBETCTBYIOIIMI ONTHMAIEHOMY pacxoy napapuna — 6,3 r/r BaCrO,.

Bocxonsmuit yuactok kpuBoi 1 Ha puc. 1 MOXHO OOBSICHUTH TEM, YTO YBEIHUCHHE
YHCiIa YaCTHI[ HOCUTENS, TIPUXOIIIEeCs] Ha MOCTOSHHOE YUCIIO YaCTUI] KOJUTUTEHIA B
cHcTeMe, TIPHBOIUT K CHIYKEHHIO TUIOTHOCTH YacTHIl cyOnmara (KpuBas 2), TEM CaMbIM
TMOBLIIIAsA «IJIABYy4Y€CTh» U, CIICA0BATCIIBHO, (l)HOTaI_[I/IOHHyIO AKTUBHOCTD IIOCIICIHUX.
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Konnouono-xumuueckue sakonomeprocmu ouucmku 600ut om Cr (V1) pnomayueii ¢ nocumenem

o, % A p.riev®
100 I
20 1,07
- 1,05
60 ~1,03
0 1,01
- 0,99
20 1 *| 0,97
0 0,95

3 4 5 6 7

Pacxop HocuTens, r/r BaCrOa

Puc. 1. 3aBucumocTs crenenu (o) (GroTannoHHOTO W3BICUSHUS XpOMaTa
Oapust (1) u moTHOCTH (p) YacTHil cybnara (2) oT pacxoja HOCHUTEIS.

[Ipu pacxome HOCHTEINS BBIIE ONTHMAIBHOTO, cTeneHb u3BnedeHus Cr(VI) HesHa-
YUTENIBHO yMeHbInaercs. HabmogaemMyro 3aBHCHMOCTD MOKHO OOBSICHUTB C TOUKH 3pe-
HUS U3BECTHHIX nonoxkenuit Teopun JJJIPO. ComocraBieHne KOUTONIHO-XUMHUIECKUX
XapaKTepUCTUK (UIOTAIMOHHOW cucTeMBI (Tabu. 1) 1 BHa KPUBBIX CyMMapHbIX SHEPT Uil
B3aUMOJICHCTBHUS MEXK/Y YACTUIIAMH €€ AUCTICPCHOM (pa3bl U ITy3bIphKaMH BO3IyXa (pHC.
2 1 3) c KpUBOH CTENCHH M3BJICUCHUS Xpomata Oapust (puc. 1, kpuas 1), mo3BosseT cie-
JIaTh CIEAYIONIHe BRIBOABL. Bit KpUBBIX Ha pHC. 3 yKa3bIBaeT Ha TO, YTO MEXKY COMIIKaA-
IOIIMMUCS YaCTUIIAMHU JUCIEPCHOM (a3pl (IIOTAIIMOHHONW CHCTEMBI IIPEUMYIIECTBCHHO
JEHCTBYIOT CHJIBI MEXMOJISKYJISPHOTO NpHuTshKeHus. OOpasyromuecs npu 3ToM Oosee
KPYITHBIC YaCTHUIIHI B TIporiecce (roTarin d(pGeKTUBHEE 3aKPEIUITIOTCS HA TOBEPXHOCTH

IMy3bIPHKOB BO31yXa U, CJICA0OBATCIIbHO, HA IIOBEPXHOCTHU paCTBOpA.

kT ULT
o
10 4 100 200 300 HA 4
104 20 -
=304 10 -
=50 4 0.
=70 -10 -
-90 4 .20 -
110 30
130 -40
1500
a o

Puc. 2. CymmapHnas sHeprus B3aUMOICHCTBUS MEX/y YacTuliamMu: cybnara (a) u mapaduna (0).

Howmep kpuBoii COOTBETCTBYET HOMEPY CTPOKH B TaoImI. 1,
coziepKalel NCXOTHbIEe JaHHBIE ISl PAacueTOB
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OTcroma ciemyer, 9To MpU ONTUMAIBHOM PacXofe HOCHTEIS IS 9acTHIl cyOrara
W YaCTHIl HOCHUTEJS BO3HUKAKOT OJAronpHsTHBIC YCIOBHUS JIJISl 3aKPEIJICHUS UX Ha T0-
BEpPXHOCTHU paszziena (a3 pacTBop — ras. Hebonplioe CHMKEHHE CTENICHH H3BJICYCHUS
xpoma(VI) mpu yBenmuUeHNN pacxoia HOCUTENS U (PUKCUPOBAaHHOM BPEMCHH (hIIOTAINN
(puc. 2) 00bsicHSIETCSl KOHKYPEHITUEH MEX/Ty YaCTHLIAMH HOCHUTEJIS U Cy0iaTa 3a HOBEpX-
HOCTb BCIUIBIBAIOIIUX ITy3BIPHKOB BO3yXa.

Bsaumoneiicteue yactun kosmrenaa (BaCrO,) u cobuparens (mapaduna), conpo-
BOXJIAroIeecsl 00pa3oBaHUEM Cy0OiIaTa, MOXKET MPOTEKaTh Kak B 00beMe pacTBOpa, Tak
U Ha MOBEPXHOCTH IMY3bIPHKOB BO3/IyXa. B mocnenneM cirydae B3anMOICHCTBHIIO YaCTHII
KOJUTTCHIAa ¥ HOCHUTENSI PEAIICCTBYET aacopOmnms ruapodopOHBIX YacTuI] mapadu-
Ha Ha MMOBEPXHOCTH My3bIphKOB. Kak BHIHO U3 Ta0d. 1, 3aKpETUICHUIO TTOJIOKHUTEIBEHO
3apsDKCHHBIX 9acTHUIl Mapa(uHa Ha ITy3BIPHKaX CHOCOOCTBYET OTPHIATEIHHBINA 3apsin
my3bIppKoB. [Ipn 9TOM, B3amMOICHCTBIE MEXKIy YaCTHIIAMHU TapaduHa ¥ My3bIphKaMn
BO3J/IyXa IMPOTEKAET B OTCYTCTBUH dHEPTETUIECKOTO Oaphepa OTTAIKUBAHUS WITH ITPH HE-
Oonpmoii ero BenuuuHe — 2-15 kT (puc. 30).

B cityuae oOpa3oBanus cybnara B 00beMe pacTBOpa, €ro YaCTHIIBI OCAKAAOTCS Ha
My3bIPbKaX BO3yXa TAKXKE B YCIOBHUSAX OTCYTCTBHUS SHEPreTUYECKOTO Oapbepa OTTaJIKH-
BaHUs WK NIpU HeOonbion ero Bennunne — 5-10 kT (puc. 3a). Hanpumep, cymmapnas
SHEPrusl B3aUMOACUCTBUS MEXIY YacTULAMM CyOnaTa U My3bIpbKaMH MPH ONTHMaJlb-
HOM pacxoze HocuTens (puc. 4a, kpusas 4) paBHa Hynm0. IIpu 3TOM, OHHOMMEHHBIE 110
3HaKy, HO pa3HBbIC 110 BEJHMYMHE 3apsiIbl YaCTHUIl CyOiara u My3bIppKoB (Tabm. 1) He mpe-
ISITCTBYIOT UX B3aHMMOJCHCTBHIO. DTO OOBSCHSETCS TEM, YTO MPH ITOCTOSIHHOM ITOTCH-
[IFaJie TIOBEPXHOCTH TaKUX YAaCTHII IPH MX COMMKCHUH Ha ONPEISICHHOM PaCCTOSHHUN
OTTAJIKWBaHNE MEXITy YaCTHIIAMH CMEHSCTCS HEOTpaHHICHHBIM NpUTDKeHUEM [15].

UkT UkT
15
51 10
| 4
15 0 50
5
35 10
-1% 4
-55 .20
a 9]

Puc. 3. CymmapHast S3Heprusi B3aUMOJICHCTBHS MEXY Iy3bIPHKOM BO3/lyXa U YaCTHICH:
cyoOnara (a); mapaduna (0).
Howmep kpuBoii COOTBETCTBYET HOMEPY CTPOKH B TaOI. 1,
coJieprKallel MCXOIHbIE TaHHBIC IS PacueToB

M3BeCTHO TakKe, YTO KOHLEHTPALUS 3IEKTPOIUTA, IPU KOTOPOU AHEPreTudecKuit
MaKCUMYM B3aUMOJICHCTBUS MEXIy YacTUllaMH HaxonuTcs Ha ocu adciuce (U=0), saB-
JSIeTCSl KPUTHUYECKOM — BBI3BIBAIOIICH OBICTPYIO KOATYJISIIUIO JUCIIEPCHOW CHCTEMBI.
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Konnouono-xumuueckue sakonomeprocmu ouucmku 600ut om Cr (V1) pnomayueii ¢ nocumenem

ITpyn 5ToM NOJKHO BBINOIHATECA ycnoue: k-H = 2, rie H — xpuTnueckoe paccrosnue
MeXIy actunamu. /s uccinexyeMoid (proTalmOHHON CHCTEMBI:

kH_=1,05-10° cm x 1,89-10 cm = 1,99.

IMony4yeHHbIE JaHHBIE MOTYT CIYXHTb TOATBEPXKICHHEM TOrO, YTO MPH
SKBUBAJICHTHBIX KOJIMYECTBAX OKCOAHWOHOB XpOMa U OCAIUTENSI U ONTUMAJIBHOM pac-
XOJIC HOCHUTEJISI KaXKJ0€ CTOMIKHOBEHHE YaCTHUI] CY0JIaTa ¢ Mmy3bIpbKaMu OyIeT PHBOIUTD
K TeTepOKOAryJISLHH.

Cremyer OTMETHTB, YTO [0 MEPE YBEIUUCHHS KOHIECHTPAUHN OCaIUTEIsl, IPOUCXO-
JSIT CyleCTBEHHbIe n3MeHeHus B crpykrype JDC mucnepcHoii ¢da3sl (oTarroHHOM
cuctemsl. I[Tocne JOCTHMKCHHUA KOJIMYCCTB OCAJUTEIIS BBIIIEC DKBUBAJICHTHBIX, ITIOTCHIIM-
anonpenenstomue anuonsl CrO,> 3amemaroTcs Ha crnenuduuecku aacopoupyromuecs
KaTHOHbI Ba®', U, KaKk CleICTBUE, TPaHy bl MUIIEIUT U3MEHSIT OTPHUILIATENIBHbIN 3HAK 3a-
psina Ha monoxuTenbHbIi. Takue namenenus B J]OC munert xpomara Gapusi, MOATBEPK-
OAar0TCsa SKCTICPUMEHTAJIBHO ONPEACIICHHBIMH BCIIMYUHAMU C—HOTGHHI/IaHa HYaCTHIL KOJI-
nurenaa (tadm. 1). Takum oOpazom, aucriepcHas da3a KOJUIOUWIHBIX paCTBOPOB XpoMara
Oapusi MOKET OBITh [TPEICTABICHA CIACAYOIMMHI MHUICIUIIPHBIME (OPMYTaMH:

a) 710 TOCTHXKEHHUSI TOUYKU SKBUBAJIICHTHOCTH

{m[BaCrO,] nCrO,*-2(n-x)K*} > 2xK"; (10)
0) B TOYKE IKBUBAJICHTHOCTH
{m[BaCrO,]'nCrO,>-2nK"}*% (1)

B) [PH CBEPXIKBHUBAJIECHTHBIX KOJMYECTBAX CIENUDUIECKH aCOPOUPYIOIIUXCS HO-
HOB Ba?
{(m + n)[BaCrO,]-nBa*"-2(n-x)Cl }**-2xClI . (12)

C yBenuueHHEM KOHIIEHTpalUMu Xjopuaa 6apus B cucteme, B cTpykrype JIC yac-
THI] HOCUTEIS TaKKe MPOUCXOJAT M3MEHEHHsI, COIPOBOMKIAIOIINECS N3MECHEHHEM HX
3apsiaa (tabm.1). CBsizaHO 3TO, MO-BUAMMOMY, ¢ TeM, uTo B aud¢dy3noit wactu J[OC
IHCTIEPCHOM (ha3bl CHCTEMBI MIPU YBEIUUCHHN KOHLIEHTPALIUU OCATUTEINSI, TIPOUCXOTUT
nepepacrnpeeneHne HOHOB, BBIMIOTHABIIUX POJIb IPOTUBOMHOB B MUIIEILIE XpoMara Oa-
pust. Takue n3menenus B cTpykrype J19C nucnepcHoit (a3el GIoTamoOHHON CHCTEMBI
00€eCTIeUNBAIOT YCIOBHS JISI B3aMMHOHN KOATYIISIIIH YaCTHI] HOCUTENS U KOJUTUTEH/IA BO
BCEM HCCIICIOBAHHOM MHTEPBaje KOHIICHTPAIMI OCaIUTEIs.

OnbITHI 110 ONPEIEIEHUIO ONTUMAIBHOTO PACX0/a OCAIUTENsI IPOBOAUIH MPHU MOCTO-
SIHHOM (ONTHMAJIEHOM) PACXO/i¢ HOCHTEINS. YCTaHOBJICHO, UYTO MPAKTUIECKHU TTOJTHOE U3~
BIICUCHHE XpoMara Oapusi HaOmronaetcs (puc. 4, Kpusasi 1) mpu KOHIICHTPAIMK XJIOPHIa
Oapwusi, paHoi 1,25 Moib Ha Mo ocaxkaaemoro xpoma(VI). [lyHkrupHas kpuas 2 Ha
puc. 4 orpaxaer pesysbrarsl pacyera (o senuunne [IPBaCrO,) npouentHoro conep-
xanus BaCrO, B ocajike, KOTOPbIH 00pasyeTcs Mocyie 100aBIeHUs TOPLUMH OCATUTENIS.

CorocTapieHne HadaJIbHBIX BOCXOISIINX YIAaCTKOB KPHBBIX U3BJICUCHHS U OCaXK/Ie-
HUs xpomara 0apus (puc. 4) MOKa3bIBAET, YTO MTPU MAJIBIX PACXO/IaX 0CAIUTENs 3HAYUTEIb-
Hasl YacTh OCAXKJICHHBIX OKCOAHNOHOB XpOMa He M3BJIEKaeTCsl (DIoTarell ¢ HOCUTENEM.
DT0 00BSCHACTCS TEM, YTO B3aUMOACHCTBUE MEXK/IY YaCTULIAMU CcyOIiaTa U My3bIpbKaMu
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BO3/IyXa MMPOTEKACT, BEPOATHEE BCEro, B 0CcTaTOYHO TryookoM (-(40-50) kT) nanpaem
MOTCHIUATEHOM MUHEMYMe (puc. 3a). [loaToMy Mex Ty Imy3bIphKOM U YaCTHICH COXpa-
HSETCS TUICHKA JIUCTICPCUOHHOM CpeJIbl, KOTOpas CIIOCOOCTBYET ACHCTBUIO CHII OTPhIBA
YACTUI], BOSHUKAIOIINX TPU BCIUIBIBAHUU My3bIphKa. ABTOPHI [ 16] 0TMEUAIOT, 4TO TaKkue
CHWJIBI IPOTTOPIIMOHANBHBI 00BEMY YaCTHIL U JIJIsl CPAaBHEHHS YKa3bIBAIOT — YACTHUIIBI Pa3-
mepoM 100 MkM ucrbIThIBatoT B 10° pa3 Gosbliiee nx AeHCTBHE, Y€M YaCTHIIBI Pa3MEPOM
1 mMkM. TToaTomMy YacTHIbl CyOnaTa, MEXIy KOTOPBIMU JCHCTBYIOT CHJIBI MPHUTSKCHHUS
(puc. 2a), HaxomsACh BOIM3M Iy3bIpbKa B JANIbHEH MOTCHIIMAILHOW SIME, MOTYT YKPYII-
HSTBCSL K OTPBIBATHCS OT €T0 MIOBEPXHOCTH.

o,%
100 - — ——— e —
80 - 4
60 | 4
40 “2 A
20 A
0 &
0 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00

Pacxop, ocagutens, monb/monb K 2Cr04

Puc. 4. 3aBucumocTs crernenu (o) GIOTaIMOHHOTO W3BJICUCHHS XpoMara Oapus
(1) u mpoLIEHTHOTO copepKaHMs €ro B ocake (2) OT pacxoa 0CaauTels

OTMeTHM TaKXe, ITO MPH MAJIBIX PACXO/IaX OCATUTENS B CHCTEME HMEETCS H30BITOK
YaCTHULl HOCUTENSI HE CBA3AaHHBIX C KoumureHjaom. Ilostomy npu ¢uortanuu oHu Oy-
YT U3BICKATHCS B MEPBYIO OYEPE/b. 3aKPEIJICHUIO Ha MOBEPXHOCTH Iy3bIPHKOB, KaK
pa3po3HEHHBIX (pHc. 20, KpuBbIe 1, 2), TaK M CKOAryJTMPOBaHHBIX (pHUC. 20, KpUBbIC 3 —4)
YJaCTHIl HOCUTEIIS, CIOCOOCTBYIOT KyJOHOBCKHE CHJIBI B3aMMOACHCTBUS MEXy MPOTH-
BOTIOJIOXKHO 3apsKEHHBIMH YacTUIiamMu (Taom. 1).

B skcTpemanbHON TOuKe KPUBOH CTENeHU nu3BiedeHus (puc. 4, kpusas 1) Habmona-
€TCsl MPaKTHUYECKU TIONHBIN Mepexo/i okcoaHnoHoB xpoma(VI) B cybmar, u3BiekaeMbIid
(norauueit. CnenuanbHO MOCTABICHHBIMH OIBITAMHU YCTAHOBJICHO, YTO B YJIBTpauiib-
TpaTax KOJOIHBIX PACTBOPOB XpoMmara Oapwsi, MOJYUCHHBIX IPH CBEPXIKBUBAICHTHBIX
KOHIICHTpAIHSX XJIOpHUaa Oapusi, OKCOaHHOHBI XpoMa He 00HapyKuBaroTcsi. BoaMokHoO,
pu U30BITKE OCAIUTENS U Tiepesapsiike TpaHyll Kojurenaa B 1uddysnyto yacts JJ2C
MHULEJIJT BOBJIEKAIOTCSI OKCOAHHOHBI XpOMa PaBHOBECHOI'O PacTBOpPa, KOTOPHIE 3a CUET
crenupUUecKoil ancopOIuU 3aKperuIsioTcs B aJCOpPOLHOHHOM cloe vacTul. Takue
MHULEIUIbL, KOaryaupys ¢ yacTuuamu Hocutens [17], 3akperuiaiores Ha IPOTUBOIOI0XK-
HO 3apsDKCHHBIX My3bIphKaX M, BBIHECCHHBIC Ha IOBEPXHOCTH PAacTBOpPa, 00Pa3yIoT, yxKe
3a CUeT TOMOKOAryyIsiiuy (puc. 2, Kpusas 5), IIOTHBIM KOAT'yJIIOM, KOTOPBIH yaep:KUBa-
€TCsl Ha IOBEPXHOCTH.

JanbHeiiee yBennyeHne KOHIEHTPALUK OCAAUTENs] TPUBOIUT K POCTY BETUUHUHBI
(-morennmana (tabm. 1) gactuil cybnara W, Kak ClIeJCTBHE, BO3SHUKHOBEHHUIO Oapbhepa
MOHHO-3MeKTpocTaTmdeckoro ortankuBanus (10 — 20 kT) Mexay cOMmKaromumMucs Jac-
Tunamu (puc. 2a, kpussie 7, 8). [Ipudem, mpu mapHOM B3aMMOJCHCTBUN YaCcTHUI] CyOIaTa
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B TaKMX YCJIOBHAX, MEXKIy HUMH COXpaHSICTCS MpOcCioiika Boasl. Ha 3To yka3wiBaroT
UMCIOIIeCs Ha KPUBBIX B3aHMMOJCHCTBHS YacTUI] JOBOJIBHO miyOokue (6oiee 100 kT)
MOTCHIMATBHBIE MUHUMYMBL. Ilpn 3TOM, Ha TOBEpXHOCTH pacTBOpa OOpa3OBBHIBAICA
BH3yaJbHO HAOIIOMACMBIN PBHIXJIBIN KOATYIIIOM, KOTOPBIA pa3pymIaics BCILTBIBAIOIIAMHE
My3bIPbKaMM U YBJIEKaNCs (B pe3yabTaTe MepeMelInBaHus) B 00beM 00padaTeiBacMOTo
pactBopa.

B 3akiroueHUM OTMETHM, YTO:

1) ucrnons3oBaHUE B KAU€CTBE HOCUTENS CYCICHIUPOBAHHOTO NMapapuHa MO3BOISET
JOCTHYB MPAKTUIECKU MOTHOTO (hIOTAIIMOHHOTO M3BJICUCHHUS U3 BOABI HOHOB XpoMa( V1),
OCaXICHHBIX XJIOPUIOM OapHs;

2) 3¢ GeKTHBHOCTS HOHHON (DIOTAIMH ¢ HOCUTEIEM 3aBUCHT KaK OT yCJIOBHUI TeTe-
pokaryasinuu B 00beMe 00padaTbIBaeéMOro pacTBoOpa, TAK M KOATYISAIMH YaCcTHUIl HA €Tro
MTOBEPXHOCTH;

3) OCHOBHBIE 3aKOHOMEPHOCTH HOHHOH (pIIOTAIINH C HOCHTEIEM XOPOIIIO OIIFICHIBAIOTCS
teopueit [JJIDO, KoTopyro MOXKHO UCIIOIB30BaTh IS BEIOOpA PAIOHAIBHBIX MMapame-
TPOB (rnoTaruy, M3ydas KONJIOUAHO-XMMHUECKUE XaPAKTEPUCTUKU (DIOTALMOHHBIX
CHCTEM.

JUTEPATYPA

1. Hauoenko B.B., ['vbanos JI.H. OuncTKa N yTHIN3ALMS IPOMCTOKOB rajbBaHUYECKOro Npou3BoacTBa. — Hosro-
poxa: JAEKOM, 1999. — 368 c.

2. Ipywxo A.M. BpenHsle HeOpraHUUeCKUe COSIUHEHHS B IPOMBIIIICHHBIX CTOUHBIX Boax: CrpaBounuk. — JL.:
Xumust, 1979. — 161 c.

3. Tomvman A.M. Vounas ¢norauus. M.: Henpa, 1982. — 144 c.

4. Crkpoires JLJ., Ckpoinesa T.JI., Konmvikosa I'' H. GaoTanioHHasi 0O4MCTKA CTOYHBIX BOJ I'aJIbBAHUYECKHUX TIPO-
H3BOJCTB OT XpoMa // XUMHs U TeXHOIOTust BOAbL. -1997. — T.19, Ne5. — C.516-523.

5. A.c. 1758007 ot 1 mast 1992, C 02 F 1/24. Crioco6 ¢orannonHoro Beiaesierust noHoB xpoma (VI). Ckpbuies
JIL.J., Koctuk B.B., Babuner; C.K., benpauniit M.I. B.1.Ne 32 ot 1992.

6. Osepanckas B. B., Poibankuna . C., @ununenxo H. JI.,. Meosedesa B. A. ViccnenoBaHue NpoLeccoB OYUCTKI
XPOMCO/IEPIKAIINX TaTbBAHNUECKHX CTOKOB KOMOMHAIME peareHTHOTO U (pIOTalHOHHOTO METO10B // BecTHHK
JATTY. M. —2011.-T.11, Ne 8 (59). Bem.2. — C. 1385-1389.

7. Jepsaeun B.B. Teopust ycTOHUMBOCTH KOJUIOMJIOB M TOHKUX IUIeHOK. M.: Hayka, 1986. — 206 c.

8. Crkpwunes JIJ., Ilypuu A.H., Ocockoé B.K., Muxanvuenxo IO.B. BivsiHue KoHUeHTpamu pactBopoB [TAB na
Ppa3Mepsl My3BIPHKOB ra3a, FeHEPUPYEMBIX B HUX € IOMOIIBIO IOPUCTHIX IePeroponok // XKypH. MpUKI. XUMUAH —
1977. = T.30, Ne6. — C. 1410 — 1412.

9. Jlabopamopnvle paboThl U 3a1aun 1o KoyutouaHou xumuu /Ilox pexn. 10.I. ®ponosa, A.C. I'poackoro. — M.:
Xumust, 1986. — 216 c.

10. Mc Taggart H.A. The electrification at liquit — gas surfaces / Phil. Mag. 1914.- V. 27, Ne6.- P.297-314.

11. Cichos C. Messung electrokinetischer potentiale an luft blaseneine metode fur flotation // Neue Bautechni —
1971.- V. 4, Ne12.- P. 941 — 946.

12. Eppemos U.D. Ilepuoanueckue Komwionansie crpykrypsl. JI.: Xumust, Jlennnrp. otx.,1971. — 192 c.

13. 3oumae I, lImpenee K. Koarynsiys u ycTOHYMBOCTB qucniepcHbIX cucteMm. JI.: Xumust, Jlenunrp. ota.,1973. —
152 c.

14. Srivastava S.N., Haydon D.A. Estimate of the Hamaker constant for paraffinic hydrocarbons in aqueous suspen-
sions// Trans. Faraday Soc. 1964. — V.60, Ne6. — P. 971 — 978.

15. Vuuguyuposannvie meronsr ananusa oz / Ilox pen. F0.1O. Jlypse. — M.: Xumust, 1973 — 376 c.

16. [epsieun b.B. IloBepxuoctusie cuisl / b.B. lepsirun, H.B. Uypaes, B.M. Mymep. — M. : Hayka, 1985. — 398 c.

17. Jepseun b.B., /lyxun C.C., Pyres H.H. Mukpodnorauus: Bonoouncrka, odoramenue. — M.: Xumus, 1986. —
112 c.

18. Iamenm 2228797 C2 RU. MIIK 7 B03D1/02, C02F1/24, C02F3/34. Crioco6 duioranun HOHOB KaJMus M3
pas36aBrieHHBIX BOAHBIX pacTBOpoB ¢ HocuTeneM / K.H TpyGemkoii, B.A Yautypus, [1.M Conoxenkun, B.I1
Hebepa, A.1. 3yoymuc (GR), K.A. Matuc (GR). — Ne 2000107580/03. 3assi. 29.03.2000. Omy6:. 20.05.2004.

Crarts Haniinwa o penakuii 23.07.15

57



B. B. Kocmuxk, B. @. Casonosa, Ba. B. Kocmux, B. B. Menuyx

58

B. B. Kocrik, B. ®. Ca3onoBa, Bi. B. Kocrtik, B. B. Menuyk
Onecbkuil fepskaBHUN €KOJIOTTYHUI yHIBEPCUTET,

kadeapa xiMil HaBKOJIMIIHLOTO CEPEIOBUILA,

ByIl. JIbBiBCHKa, 15,01¢ca, 65016, YkpaiHa.

Opnechkuil HallioHANBHUH yHIBepcuTeT iMeHi [.I. MeunukoRa,
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KOJIOIJHO-XIMIUHI 3AKOHOMIPHOCTI OYMCTKHU BOAU
BLJ XPOMY(VI) ®JIOTALIEIO 3 HOCIEM

Pe3iome

ExcriepuMeHTanbHO JOCTI/DKEHI JUCHEPCHHH CKJIaa Ta €JIeKTPOKIHETHYHI SBHINA B
TeTepPOTeHHIH CHUCTeMi, sIKa YTBOPIOETHCS B IIPOIIECi OYMCTKU BOJIH BiJl HOHIB IIECTHBAJICHT-
HOTO XpoMy MeTofoM ¢uoTanii 3 HocieM. 3a momomoroio Teopii 1JIPO BcTaHOBICHO, 11O
e(eKTHBHICTh (IOTALIIHOI OYMCTKH BHU3HAYAETHCS OATAHCOM CHIJI MOJIEKYJISIPHOTO IPHTS-
TaHHS Ta €JIeKTPOCTaTHYHOTO BINIITOBXYBAaHHS MK YaCTMHKAMH AWCIEpCHOI (a3m cucre-
MH, sIKa JOCIiKyeThest. [lokazaHo, mo MetogoM (uroramnii 3 HOCieEM BOIy MOXKHA IPAaKTHU-
HO ITOBHICTIO OYMCTHUTH BiJ okcoaHioHiB CrO 42', CIOYATKy OCAJMBIIN 1X HA/ICKBIBAJICHTHOIO
KinbKicTIo xopuy Oapito (1,25moms BaCl,/mone K,CrO,) Ta BUKOPHCTOBYIOYHM y SKOCTI
HOCisl TOHKO JIUCTIeproBanuii mapadin npu Butpari toro 6,31 r/r BaCrO,.

Korouosi ciroBa: xpom, ¢uioTarist ¢ HocieM, KOJOIJHO-XIMIUHI BIaCTHBOCTI, JUCIEPCHA CHU-
crema, teopist 1JIOO
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COLLOIDAL-AND-CHEMICAL CONSISTENCIES OF
FLOTATION-WITH-CARRIER WATER CLEANING FROM
CHROME VI IONS

Size-consist and electrokinetic effects in heterogenic system generated by flotation-with-car-
rier water cleaning from Cr (V1) ions experimentally researched. Based on fundamental prin-
ciples of DLVO Theory ascertained that effectiveness of flotation cleaning is determining by
molecular attraction (U, ) and clectrostatic repulsion (U)) forces balance between dispersion
phase particles of test system. Approved that water can be definitely (98%) purified from Cr
(VI) oxoanions (CrO,*) by flotation-with-carrier, which are previously precipitated with over
equivalent amount of barium chloride (1.25 mole BaCl,/ 1 mole K,CrO,) using as carrier a
fine-dispersed paraffin (paraffin consumption is 6.31g/ 1 g BaCrO,). Determined that belaying
of positive paraffin particles onto bubbles simplified by their negative charge. Total interac-
tion energy (U = U+ U,) between sublat particles (paraffin and barium chloride particle
aggregate) and air bubbles'is equal to zero upon optimal carrier consumption conditions. This
points to the predominance of intermolecular attraction forces between converging particles of
dispersion phase, which leads to their enlargement and as a consequence to more solid belay-
ing onto air-bubbles surface and treated solution surface. Considering that electrolyte concen-
tration with interaction energy hump between spherical particles is on the X-line (U = 0) and
is critical, in other words causes quick disperse system coagulation; and the condition &-H, = 2
must be met (where H_ is critical distance between particles). Computation of H_ value were
performed for test flotation system: K -H_ = 1,05-10° cm™ x 1,89-10 cm = 1,99. Obtained
result can lend evidence that in conditions of equal amounts of precipitator and chrome oxo
anions, and optimal carrier consumption, each sublat particles collision with bubbles will lead
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to heterocoagulation. Under precipitator consumption less than 1 mole BaCl,/ 1 mole K,CrO,
Cr(VI) recovery ratio is not exceed 40%. In that case sublat and air bubbles interaction car-
ries in sufficiently deep (-(40-50) kT) distal potential minimum. In such conditions remains
the film of dispersion medium between bubble and particle, which promotes the detachment
action forces of sublat particles from floating bubbles surface. Moreover in case of low pre-
cipitator consumption there is some excess amount of carrier particles which are not linked
with extracted ion. In accordance with mentioned carrier particles will be extracted primarily.
Under highest than optimal precipitator consumption the {-potential of sublat particles rais-
ing is observed, and as consequence the ion-electrostatic barrier of repulsion (U=10-20 kT)
between them is observed. There is water layer between sublat particles remains in such con-
ditions. This is showed by deep (over 100 kT) potential minimums on the curves. As a result
on the solution surface there is crumbly coagulum visually observed, which is destroyed by
floating bubbles and carried into treated solution volume due to air agitation.

Keywords: chrome, flotation-with-carrier, colloidal-and-chemical properties of disperse
systems, DLVO Theory
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THYMOL ESTER OF GAMMA-AMINOBUTYRIC ACID:
SYNTHESIS AND ANTICONVULSANT ACTIVITY

Abstract

Thymol ester of gamma-aminobutyric acid (GABA) — 2-isopropyl-5-methylphenyl
4-aminobutyrate hydrochloride — was synthesized via Steglich esterification and characterized
by 'H NMR, IR and mass spectral studies. The anticonvulsant activity of obtained compound
was estimated over a wide range of doses 5-80 mg/kg by determining the minimum effective
doses of pentylenetetrazole inducing clonic-tonic convulsions and tonic extension. Present
findings indicate that thymol ester of GABA is not a classical prodrug and possesses its own
pharmacological activity. Prolonged antiseizure action of thymol derivative (20 mg/kg) was
revealed at 24 hours after oral administration. Furthermore, orally co-administered gidazepam
(1 mg/kg) and thymol ester of GABA (20 mg/kg) produce synergistic effect in seizures
prevention.

Key words: thymol, gamma-aminobutyric acid, ester, anticonvulsant activity.

1. INTRODUCTION

v-Aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the central
nervous system and is widely used in the medicine and pharmacy. GABA neurotransmis-
sion alteration causes many neurological and psychiatric disorders such as epilepsy, ce-
rebral ischemia etc. which require appropriate correction. GABA and other biologically
active substances can be used as therapeutic agents. Currently there are many natural
products of vegetable origin which affect the function of ionotropic GABA receptors;
the main chemical classes of natural products presented in flavonoids, terpenoids, phe-
nols, alcohols, and polyacetylene [1]. Thymol is a natural substance in the composition
of the essential oil of thyme and a positive allosteric modulator of the GABA, receptors
[2]. At higher concentrations, thymol has a direct action on GABA, receptors similar to
that of the anesthetic propofol and other phenols [3]. Thymol induces a concentration-
dependent increase in flunitrazepam binding in primary cultures of cortical neurons. The
increase of GABA function and the blocking of voltage-gated sodium channels by thy-
mol are resulted in sedative, anaesthetic and anti-epileptic pharmacological properties of
this compound [4].

Thus, the aim of present work is synthesis of thymol-GABA ester as potential alloste-
ric modulator GABA, receptor, as well as studying its anticonvulsant activity by using
model experiments.

2. RESULTS AND DISCUSSION

2.1. Synthesis
Synthesis of thymol ester was carried out via Steglich esterification with N,N’-
dicyclohexylcarbodiimide (DCC) and 4-dimethylaminopyridine (DMAP) as a catalyst

60 DOI: http://dx.doi.org/10.18524/2304-0947.2015.4(56).56695
© M. V. Nesterkina, I. A. Kravchenko, 2015



Thymol ester of gamma-aminobutyric acid: synthesis and anticonvulsant activity

in dichloromethane (DCM). The condensation of 1.0 equivalent of thymol with 1.05
equivalent of Boc-protected GABA in the presence of DCC (1.1 equiv) and DMAP
(catalytic amount) in dry DCM gave desired ester as yellow oily liquid (Scheme). The
tert-butyloxycarbonyl (Boc) group was removed with 1 M HCI in glacial acetic acid
accordmg to the procedure [5].

CH

3
(0]
MNH —Boc )J\/\/NH2 - HC1
(o)

H,c” “CH,

Scheme. Synthesis of thymol-GABA ester. Reagents and conditions: (i) Boc-GABA, DMAP, CH,Cl,,
rt, 10 min; DCC, 0°C, 30 min; rt, 10 h; (ii) HCI, CH,COOH.

Synthesized thymol ester was fully characterized by 'H NMR, IR and FAB-mass
spectrometry. The FAB-MS spectrum of obtained compound displays the protonated
molecular ion peak [M+H]" at m/z 236. The IR spectrum of thymol ester exhibits
absorption bands of N-H bond at 3430 cm™, C=0 ester group at 1723 cm’', aromatic
C-H at 3330 cm™! and alkyl C—H in the range 2929-2851 cm™'. The '"H NMR spectrum
reveals one singlet at 0 2.21 ppm (3H), one doublet at 6 1.06 ppm (J = 6.77 Hz, 6H), and
one multiplet at 0 2.79-2.86 ppm (1H) assigned to the protons of methyl and isopropyl
groups. The aromatic ring protons appear as two doublets at J 7.18 ppm (J = 7.03 Hz)
and 6.99 ppm (J = 7.28 Hz) as well as one singlet at 6 6.80 ppm (1H each). The remaining
signals of amino acid ester are observed at 0 1.74, 1.87—1.92, 2.29 ppm for protons of
y-CH,, B-CH, and a-CH, groups, respectively (2H each).

2.2. Pharmacology

Chemical seizure models are widely used in the preclinical evaluation of drugs’
anticonvulsant properties [6]. Bearing in mind the fact that thymol is a positive allosteric
modulator of GABA, receptors [2] the convulsive behavior of experimental animals
was induced by convulsant pentylenetetrazole (PTZ) which is GABA receptor agonist.
Thymol ester of gamma-aminobutyric acid was screened for its anticonvulsant potential
trough PTZ test that represents a valid model for human generalized myoclonic seizures
[7].

Recently anticonvulsant and antiepileptogenic potential of thymol has been studied in
different experimental models over a wide range of doses 5-100 mg/kg [8]. Based on these
data, thymol ester in similar doses 5-80 mg/kg body weight was administered to mice
orally in Tween 80/water emulsion, and Tween 80/water emulsion was used as a vehicle
control. At the first stage of pharmacological researches dose-response relationship for
thymol ester was established at 6 hours after a single oral administration (fig. 1). As seen,
synthesized compound demonstrates dose dependent anticonvulsant action over a range
of doses 5-20 mg/kg that is expressed as increasing of PTZ dose required for onset of
clonic-tonic seizures (DCTC) and tonic extension (DTE) in experimental animals. Dose
of 30 mg/kg caused anticonvulsant effect with DCTC and DTE values 203% and 205%,
respectively, compared to vehicle treated control group. We should point out that 30 mg/
kg is the ceiling dose since further increasing of ester dose up to 80 mg/kg body weight
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has not affected the antiseizure potency in experimental animals: DCTC and DTE values
remain constant (there is no statistically significant difference).

Taking into account these results, it has been proposed that thymol-GABA ester is not
a classical prodrug and possesses its own pharmacological activity. In order to validate
this assumption obtained ester at the dose of 20 mg/kg was examined at short time period
— 1 h after oral administration that enables to prevent ester hydrolysis (table). At this time
point DCTC and DTE values were found to be 263% and 256%, respectively, indicating
2.5 times protection against PTZ-induced seizures compared to control; therefore, our
findings support the conclusion that thymol-GABA ester is active before it undergoes an
enzymatic transformation in vivo to release parent terpene and amino acid.

250
E
g I I
S 200 —
[=]
£
<
S 150 —a—DCTC values for ester
=
% ——DTE values for ester
g0 0 3333 3
E ——DCTC and DTE of
g control group
= 50 -
=
&=
z
0 1 | 1 1 | |
5 10 20 30 40 80

Dose,mg kg

Fig. 1. Dose-response relationship of thymol-GABA ester at 6 h after oral administration. Values are
given as mean + SEM for groups of five mice in each.

Considering the possible prolonged action of obtained ester, anticonvulsant evaluation
was carried out at several additional time points — 3, 6 and 24 hours after single oral
administration (20 mg/kg). This enables the pharmacokinetics of synthesized compound
to be expressed as a function of time. According to our data thymol ester significantly and
time dependently inhibited the onset of convulsions throughout the whole time period.
As shown in Table ester treatment 24 h prior to PTZ intravenous administration produced
antiseizure activity with DCTC and DTE values 181% and 183%, accordingly; thus,
our experimental data provide strong evidence that synthesized compound possesses
prolonged anticonvulsant action due to partial ester bond hydrolysis.

A large fraction of anticonvulsants is based on the attempt to boost inhibitory
synaptic transmission in order to restore the balance between inhibition and excitation
in epileptic tissue. Today, there are at least three different targets of anticonvulsant drugs
at the synaptic level, all centered on the main inhibitory transmitter — GABA [9]. One
of the most powerful anticonvulsants — benzodiazepines (BDZ), being GABA receptor
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modulators, potentiate the effect of GABA by binding to the benzodiazepine site on

GABA, receptor complex [10].
Table

Anticonvulsant action of thymol-GABA ester at dose of 20 mg/kg (time-response relationship)

MED of pentylenetetrazole, % of control

Time, h 1 3 6 24 Control
DCTC 263+10.3 213+10.0 191+3.3 181+5.0 100+6.0
DTE 256+11.5 214+6.7 208+8.8 183+15.0 100+4.7

Values are given as mean + SEM for groups of five mice in each.

Since the GABA, receptor is recognized as an important target for anticonvulsant
drugs and due to both benzodiazepines and thymol are modulators of this receptor, in the
present work we have also investigated co-administration effect of gidazepam (GDZ)
and thymol-GABA ester. Gidazepam (1 mg/kg), thymol ester of GABA (20 mg/kg) and
their mixture were administered orally at 3 h before PTZ intravenous injection.

400
350 aDCTC
< I .- ODTE
S 300
%E 250 - F
£ = = -
—_ A L = L
‘E‘E 200
Se 150 |
=)
a 100 —F
= 50
0
Control GDY7. GNY7. with ester Fster

Fig. 2. Anticonvulsant activity of gidazepam (GDZ), thymol-GABA ester and their mixture.
Values are given as mean + SEM for groups of five mice in each.

As illustrated in fig. 2, both gidazepam and thymol ester of GABA reveals antiseizure
effect in 3 h after oral administration with DCTC and DTE values: 250 and 215%
for gidazepam; 214 and 185% for synthesized ester. Co-administration of GDZ and
thymol-GABA ester was shown to increase anticonvulsant activity compared with each
compound alone with DCTC and DTE values: 339 and 330%. These data demonstrate
that orally co-administered gidazepam and thymol ester of GABA produce synergistic
effect in seizures prevention suggesting that our compound as well as thymol is not
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acting via the benzodiazepine site; these results are in agreement with those obtained by
electrophysiological investigation [2].

3. EXPERIMENTAL SECTION

3.1. Synthesis

Structure of obtained compound was established by 'H NMR spectroscopy on a
Bruker AVANCE DRX 500 (500 MHz) using DMSO-d, as a solvent and TMS as an
internal standard. FAB mass spectrum was obtained on a VG 70-70EQ mass spectrometer
equipped with Xe ion gun (8 kV); the sample was mixed with m-nitrobenzyl-alcohol
matrix. IR spectrum was measured with a Perkin-Elmer FT-IR Spectrometer Frontier
using KBr pellets. The purity and identity of the compound were monitored by TLC on
Merck-made (TLC Silica gel 60 F,,,) plates.

Synthesis of 2-isopropyl-5-methylphenyl 4-aminobutyrate hydrochloride

To a stirred solution of thymol (0.5 g, 3.2 mmol) in CH,CL, (20 mL) at the room
temperature Boc-protected GABA (0.662 g, 3.26 mmol) and 4-dimethylaminopyridine
(DMAP) (0.097 g, 0.794 mmol) were added. Reaction mass was cooled to 0°C, stirred
for 10 min, and N,N’-dicyclohexylcarbodiimide (DCC) was added dropwise (0.727 g,
3.53 mmol). Stirring was continued for 30 min, then the flask was gradually warmed to
the room temperature and the stirring continued for additional 10 h. Reaction completion
was monitored by TLC. Reaction mixture was filtered, the filtrate was diluted to 100 mL
and washed with 1 M aqueous HCI, 10% aqueous NaHCO,, and water. Deprotection of
the N-Boc group was carried out using HCI/CH,COOH according to the procedure [5].

Yield: 80%. White solid. IR v_ (cm™): 3430, 3330, 2929-2851, 1723, 1577, 1244. 'H
NMR (DMSO-d,, 500 MHz, 6, ppm): 7.18 (d, J = 7.03 Hz, 1H, Ar-H), 6.99 (d, J =7.28
Hz, 1H, Ar-H), 6.80 (s, 1H, Ar-H), 2.79-2.86 (m, 1H, CH), 2.29 (t, 2H, 0-CH,), 2.21 (s,
3H, CH,), 1.87-1.92 (m, 2H, B-CH,), 1.74 (t, 2H, y-CH,), 1.06 (d, /= 6.77 Hz, 6H, CH,).
MS (FAB) m/z: 236 [M+H]".

3.2. Pharmacology

Anticonvulsant activity of synthesized compound was studied using outbred male
white mice (18-22 g) as experimental animals. They were kept under 12-hour light re-
gime and in a standard animal facility with free access to water and food, in compli-
ance with the European Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Specific Purposes (Strasbourg, 1986) and the principles of the
National Ukrainian Bioethics Congress (Kyiv, 2003). All the animals were purchased
from Odessa National Medical University, Ukraine. The animal ethics committee of the
Odessa National University (Ukraine) approved the study.

The anticonvulsant activity of tested compound was evaluated by pentylenetetrazole
model (PTZ), which includes the determining of pentylenetetrazole minimum effective
doses (MED) inducing clonic-tonic convulsions (CTC) and tonic extension (TE) in test
animals upon intravenous infusion of 1% aqueous solution into a tail vein. Doses of
pentylenetetrazole for inducing clonic-tonic convulsions (DCTC) and tonic extension
(DTE) were calculated relative to control. The anticonvulsant effect of compounds
was estimated at certain time points (1, 3, 6 and 24 hours) from the increase of
pentylenetetrazole MED compared with a control group.
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4. Conclusion
Thymol ester of gamma-aminobutyric acid (GABA) — 2-isopropyl-5-methylphenyl

4-aminobutyrate hydrochloride — was synthesized in good yield, characterized by
different spectral studies and its anticonvulsant potency was assessed against PTZ-
induced seizures. Dose-response relationship was revealed for obtained compound over
a range of doses 5-20 mg/kg. Synthesized thymol derivative orally administered at dose
of 20 mg/kg exhibits time-dependent anticonvulsive protection; its activity is maintained
for 24 hours that is an evidence of prolonged action. Moreover, co-administration of
aforementioned ester and GABA receptor modulator — gidazepam leads to synergistic
effect in seizures prevention.

9.
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TUMOJIOBUI ECTEP FAMMA-AMIHOMAC.I[HHOi KHUCJIOTH
CHUHTE3 TA BUBYEHHS ITPOTUCYIOMHOI AKTUBHOCTI

CHHTE30BaHO eCTep HAa OCHOBI THMONy Ta ramma-aminomacisHol kuciotu (FTAMK) —
2-i3ompornin-5-metundenin 4-amiHOOyTHpAT TiIPOXJIOPUI; HOro OyIOBY IMiATBEPIKEHO
meromamu [U-, '"H SIMP criexrpockorii Ta Mac-criekrpomerpii. IIpoTucyaoMHa aKTHBHICTD
OTPUMAHOI CIIOJIYKH BHBYEHA in vivo B iHTepBaii 103 5-80 MI/KI HUISIXOM BH3HAYEHHS
MiHIMaJIBHUX €(EKTHBHUX /103 NMEHTHICHTETPA30ITy, [0 BUKIHKAIOTH KIOHIKO-TOHIYHI CY/I0-
MM Ta TOHIYHY eKkcTeHs3ito. [IpecraBneni qani CBit4arh, 110 CHHTE30BaHUI THMOJIOBHH ecTep
T'AMK He BiTHOCHTBCS 10 KIACHYHUX IPOJIKIB Ta AEMOHCTPYE BIAacHY (apMaKOIOTIdHY
aKTUBHICTh. BusiBIIEHO, 1110 OTpUMaHe MoxifaHe B 1031 20 MI/KT IPOSIBIISIE TPOJIOHTOBAHY MTPO-
TUCYIOMHY [Iif0; TIPH CyMiCHOMY BBEJICHHI 3 TiJia3enaMoM B 7031 | MI/KT CIOCTEpiraeThes
eeKT CHHEepri3My.

Knrouogi cnosa: Tmon, raMMa-aMiHOMACIIsSIHA KUCJIOTA, €CTEP, IPOTHCYIOMHA aKTHBHICTb.
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TUMOJIOBBINA Y®UP TAMMA-AMUHOMACJISTHOMN

KHUCJIOThI: CHHTE3 U U3YUYEHUE MPOTUBOCY/IOPOKHOM

AKTUBHOCTHU

CHHTE3MpOBAaH CIOXKHBIM 3(pUP HAa OCHOBE THMONA M TaMMa-aMHHOMACISHON KHCIIOTHI
(TAMK) — 2-u3onponmi-5-metuindeni 4-aMHHOOYTHPAT THAPOXJIOPH; €r0 CTPOSHHE IO~
tBeprkaeHo meronamu UK-, 'H SIMP crniekrpockonuu u Macc-criekrpoMeTpuu. [IpoTuBocyio-
pOXKHAsT aKTUBHOCTH ITOJTyYCHHOTO COSIMHEHHUS U3ydeHa in vivo B UHTepBaje 103 5-80 Mr/kr
IyTEM OIPEe/IENICHUs] MUHUMAIbHBIX 3 ()EKTUBHBIX 103 TMEHTUIEHTETPA3071a, BHI3bIBAIOIIETO
KJIOHHKO-TOHHYECKUE CyIOpPOTU U TOHHYECKYIO SKCTeH3uIo. [IpeacTaBieHHbIe JaHHbIe CBU-
JETeNbCTBYIOT O TOM, YTO CHHTE3UPOBaHHBIA TUMONOBBI 2pup TAMK He siBisiercst Kiac-
CHYECKUM IIPOJICKapCTBOM U 00JagaeT COOCTBEHHOH (hapMaKOJIOTMYECKOH aKTUBHOCTBIO.
OOGHapyKEHO, 4TO MONYyYSHHOE IPOM3BOAHOE B 03¢ 20 MI/KI IPOSIBISIET IPOIOHT HPOBAHHOE
MIPOTHBOCYIOPOKHOE JICHCTBHE; IIPH COBMECTHOM BBEJICHUM C THJa3ernaMoM B 103¢ 1 MI/kr
HaOIr0aeTCs NposBiIeHue dPQeKTa cuHepruzma.

Knrouesvie cnosa: THMOJI, raMMa-aMHHOMacCJIsTHasA KMCJI0Ta, CIIO>KHBIN S(I)I/Ip, IPOTUBOCY0-
PpOXKKHAsA aKTUBHOCTD.



Thymol ester of gamma-aminobutyric acid: synthesis and anticonvulsant activity
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ONPEJAEJEHUE IUHKA, KAJIMUSI, CBUHIIA U ME/IN
B OBPA3IIAX KO®E METOAOM UHBEPCUOHHOU
BOJBTAMIIEPOMETPUH

CopneprkaHue TSOKEIbIX METAJIOB ONpeJeIeHO B Koe METOI0M MHBEPCHOHHOW BOJIBTAMIIC-
pomerpun. [IpoGononroroBka 06pa3noB BBITOIHEHA OKUCIUTEILHON MUHEpaIU3anue kope
B HUTPATHOM KHUCIIOTE B NMPUCYTCTBUHU NEpPOKcHaa Bopopoaa. IlokazaHo, 4to MeTon MHBEp-
CHOHHOI BOJIBTAMIIETIPOMETPUU MOXET OBITh YCIICITHO IPUMEHEH IS ONIPEACIICHHS [IMHKA,
KaJMUsl, CBUHIIA 1 MEU IIPU UX COBMECTHOM IPUCYTCTBHM B 00pa3Lax kode. YcTaHOBICHO,
YTO COJCPIKaHUE CBUHIA U KaJMUsI HE IPEBBIIIAIOT JOIIyCTUMbIC HOPMBL.

KuroueBbie ¢10Ba: TsHKENIbIC METAILIBI (IIMHK, KaIMU, CBUHEII, ME/Ib), Ko()e, HHBEPCHOHHAS
BOJIBTAMIIEPOMETPUSL.

Be3onacHOCTh TPOAYKTOB NHTAHHS U MPOIOBOIBCTBEHHOTO CBIPhS OTHOCAT K
OCHOBHBIM TOKa3aTeJIsIM, KOTOPBIC OMPENEIIIOT 3I0POBbE HACEICHUS YKPAHHBI U CO-
XPaHHOCTH ero reHo(oHaa. Okono 70% Bcex 3arps3HUTEINCH MOAAal0T B OPTaHU3M Ue-
JIOBEKa C MPOAYKTAMH MUTaHUS. Pe3ynbraTsl KOHTPOMIS KauecTBa MPOIYKTOB HMHTAHFS
CBUJICTEIBCTBYIOT O BEICOKOM YPOBHE 3arpsi3HCHUS MPOLYKTOB TOKCUYHBIMH XUMHYEC-
KUMH COCIHUHCHUSIMU, 6I/IOJIOFI/I‘ICCKI/IMI/I aréHTaMm 1 MUKPOOPIraHU3MaMU. B OEJIOM I10
VYkpaune ot 1,5 10 10% 1po6 mpoayKTOB MUTAHUS COACPIKAT TSHKEIBIC METAIIIBI, U3 HUX
ot 2,5 1o 5% B xoH1eHTparmsx, npesbimatonmx [JIK [1].

B nacrosiee Bpemst kode SBISIETCS OJHAM U3 CAMBIX PACIPOCTPAHCHHBIX TOHH3H-
PYIOIIMX HAIUTKOB. B MpoMBINUIEHHBIX MaciuTabax KyJIsTHBUpYeTcs 3 Buaa Kode (U3
50 uW3BeCTHBIX): apaBuiickuii (arabica), nmubepuiickuii (liberica) u podOycra (robusta).
Caesxee Ko(eifHOE 36pHO COMEPIKUT OKOIIO ABYX THICSY BEIIECTB, (POPMUPYIOIIIX BIIHSI-
HHE Kode Ha 30pOoBbe uesoBeka. YacTs kode, IMIIOPTUPYEMOTO ISl JOMAIIHETO ITOTPe-
OJIeHUS U KOMMEPUYECKHX LIeNIeH, SBISETCS 36PHOBBIM, OHO COZIEPXKHT B ce0e MPOTEHHBL,
KapOOTHIpaThl, BATAMUHEI 1 MUHEPAJIbHEIC BemecTBa. OHAKO, COAEpKAHNE XUMHIEC-
KHX BEIIECTB B KO(e 3aBUCUT OT BHAA KOde, OKPYKAfoUIeH Cpelbl, B KOTOPOH OH Ipo-
U3PACTACT, a TAKKE OT CTEIICHU BIIAXKHOCTHU U 00XKapKu Kode.

B Vkpauny kode moctymnaert 6osee ueM u3 10 cTpal Mupa, mpruveM He TOIBKO U3 CTPaH,
BhIparmBatonux kope (Munonesus, bpazuiust), HO ¥ U3 cTpaH NepepadaThIBAIONIINX €TO
(CIIA, Utamus, Asctpus, ['epmanus u ap.). B mocnennee Bpemsi, B CBSI3U C POCTOM
PBIHKA TOTPEOUTENEH, YUCIO IMIIOPTEPOB CYIIECTBEHHO YBEIHYIIOCh. [loaToMy mpen-
CTaBJSIET MHTEPEC OICHKA KauecTBa Ko(e, MOCTABIIEMOro B TOPIOBYIO CETh YKPaUHbI.

HccnenoBanus ¢ MpUMEHEHHEM DPa3IMYHBIX AHATHTHUYCCKUX METONOB, TAKUX Kak
TUTAMEHHAsI aTOMHO-a0COPOIMOHHAS CIIEKTPOMETPHSI, SMUCCHOHHASI CIICKTPOMETPHS C
UHIIYKTUBHO CBSI3aHHOM IIa3MOI ¥ HEUTPOHHO-aKTHBAIIMOHHBIN aHAIN3, IPEIyCMaTPH-
BarOT OIPCACICHUC HCKOTOPbIX MUHEPAJIbHBIX BEIICCTB (MaKpO—, MUKPOKOMIIOHCHTOB U
TOKCHYHBIX METAJIIOB) B 3€JICHOM (CBIPOM) M 00KapeHHOM Ko(e, COOpaHHOM B Pa3HbBIX
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yacTsx cBeTa [2]. OqHako BBIMICTIEPEUUCICHHBIE METOBI OTIIMYAIOTCS CIIOKHBIM U JI0-
POTOCTOSIIIIAM aNIapaTypHbIM 0(GOPMIICHHEM, U BCICICTBHE 3TOTO — BBICOKOH CTOU-
MOCTBIO MPOBOAMMOTO C UX MOMOIIIbIO aHanm3a [3-5].

DJIEKTPOXUMHUYECKUE METO/IbI aHATHN3a XapAKTEPU3YIOTCS BBICOKOM YYBCTBUTEIILHOC-
TBIO U CEJICKTUBHOCTHIO, OBICTPOTON OTKIIMKA HAa W3MCHEHHE COCTAaBA aHAJIM3HPYEMOTO
00BEKTa, JIETKOCTHIO aBTOMATH3AIMH ¥ BO3MOXXHOCTBIO JIUCTAHIIOHHOTO YIPABICHHS,
U HakoHEl, He TPeOylOT JOPOroCTOAIIEr0 aHaJUTUYECKOrO OOOPYIOBAHUS U OTCYT-
CTBHEM CIICIIUANILHBIX TPEOOBaHUI K €ro MOHTaXy M ycTaHoBke [6]. [ToaTromy meton
MHBEPCHOHHOW BOJIETAMICPOMETPHH, MTO3BOJIIOMINI ONPEACTATh IUHK, ME/Ib, KaJIMHIHA
U CBUHEI B OMHOH IpoOe IPH MX COBMECTHOM IMPUCYTCTBUH, NPEICTABISICTCS Oojee
MEPCIIEKTUBHBIM JJISl aHAJIM3a TOBAPOB HAPOAHOTO MOTPEOICHUS.

CBHHEeI M KaJMHId CYUTAIOTCS OCHOBHBIMU TOKCUKAHTAMH, TaK KaK OHU OTJINYAIOTCS
BBICOKOW TOKCUYHOCTBIO M TEMIIAMHU HAKOTUICHHSI B OKpYXKatomieil cpene. B rurnene nu-
TaHHS YEeJIOBEKA KaJMHUI CUMTACTCS OIHHM M3 CAMBIX OMACHBIX TOKCHKAHTOB BHEITHCH
cpeabl. [leproa momyBbIBeneHUs KaaMus coctasisier 17-33 roga, mosToMy BO3MOXKHO
XPOHHYECKOE OTPABIICHUE ITUM dIIeMEHTOM. CHMITTOMBI OTPABJICHUS — TIOPAYKEHHE T10-
YCK W HEPBHOM CHCTEMBI C ITOCIICIYIONIIM BOSHUKHOBEHHEM OCTPBIX KOCTHBIX OOJICH,
WHOTJIA HApYIICHUEM (yHKIUH Jierkux [1, 7, 8].

B opranusme yenoBeka CBUHEI] HApyIIaeT CUHTE3 TeMOII00MHA, HYKJIEHHOBBIX KHC-
JIOT ¥ TOPMOHOB. CBUHEII MOPakaeT KPOBETBOPHYIO, HEPBHYIO U MOYEUHYIO CUCTEMBI.
[Ipn HaKoIUIEHMM B OpraHW3ME CBHHIIA PAa3BHUBACTCS MAaJOKPOBHE, 0OmIast ClIaboCTb,
MIPOMCXOAMT IEPEPOIKICHUC TKAHEH ITEUCHH U ITOYCK.

Menpb U IMHK OTHOCATCS K SCCEHIMAJIbHBIM 3JIEMEHTaM, T.€. dJIEMEHTaM, KOTOpbIe
UTParOT 0cO000 BaXKHYIO POIb B TpoOIleccax KHU3HEASATSILHOCTH opraHu3Ma. B opra-
Hu3Me yenoBeka HoHbI Meau (I1) ygacTByIOT B OKHCIUTENEHO-BOCCTAHOBUTEIBHBIX MTPO-
[eccax, 1 HeXBaTKa WX 3aTPYyIHSCT JICUeHHE U MPO(UIaKTHKY BocmaneHuid. M30BITOK
e MEIH MPUBOAUT K MOPAKEHHUIO HKETYIOYHO-KUIIEUHOTO TPAaKTa, aHEMHHU, TeNaTuTy
U JpyruM 3a0ojieBaHusM. L[MHK mpuHHMaeT y4yacTue B peakuusx olmiero ooMeHa, B
OCTEOTEHE3¢ CaXxapo-WHCYIMHOBOTO OOMEHA, CHHTE3¢ OCIIKOB M HYKICHHOBBIX KHCIIOT,
HEOOXOIMM JUTsi HOPMAaJTBHOTO (DYHKIIHOHHPOBAHHS ITOJOBOW CHUCTEMBI. J{JIs1 BRICOKUX
KOHLIGHTPALUi LIMHKA YCTAHOBJIEHO F€HOTOKCHUYECcKoe JeiicTBue [§].

Lenp qaHHOM PabOTHI — METOJIOM HHBEPCUOHHOH BOJILTAMIIEPOMETPUH YCTAHOBUTD
COZIEpKaHNE TAKUX TOKETBIX METANIOB, KaK IIMHK, KaAMHH, CBUHEIl M MEIb B MapKax
ko(e, HanboJIee pacIpPOCTPAHCHHBIX B TOPTOBBIX CETAX YKPaUHEI.

AIIMTAPATYPA U METO/IbI UCCJIEJOBAHUSA

OO6pa3siiel Kode oABepraaiuch MPoOOMOITOTOBKE MYyTEM «MOKPOT0» O30JICHHSI C TIe-
JBIO PA3NOKEHHSI OPTaHUIECKON COCTaBIIIONICH MAaTPHIBI M TIEPEBO/IA OMPEHCISIEMBIX
9JIEMEHTOB B PacTBOP B AIIEKTPOXUMHUYECKH aKTUBHBIX (hopmax. J{jst 5TOro MCIosb30-
BaiM mporpamMmmupoBanHyto nedb [IJII1 — Lab. Kode B 3epHax mpeaBapuTenbHO ObLT
u3MebueH B kKoemonke. HaBecky kode Maccoi 1 T cmemmBa ¢ 2,5 MJI KOHIICHTPHPO-
BaHHOI HUTPATHOW KHCIIOTHI B KBAPIICBOM CTaKaHE, 3aTEM HArpeBajH 10 TEMIICPATYPhI
150 °C o mpekpaliieHus ra3oBblACICHNS U yIapuBaiu 10 1/3 nepBoHayaibHOTo oobema.
3arem qo0aBisiu 2,0 MII KOHIICHTPUPOBAHHOM HUTPATHOM KUCIOTHI U 1,0 M1 30 %-Horo
pacTBopa MepoKCHAa BOJIOPO/Ia U BhITapUBaiu Jocyxa B TedeHue 60-70 MuH mipu Tem-
neparype 150-350 °C. IIpoOy ozomsimu npu Temneparype 450°C B Teuenue 30 muH.
Onepanuio 100aBIEHUSI HUTPATHON KHUCIIOTHI, MEPOKCUAA BOJOPOAA, BBIIAPUBAHUS U
030JICHHS MTOBTOPSIUIM TPH pas3a 0 MOIYUCHUSI OTHOPOAHON 3016l OEIIOT0, KEATOTO WIIN
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ceporo 1BeTa. 30y pacTBOPsUIA B | MIJI KOHIIEHTPUPOBAHHON MYpaBbUHOW KHCIOTHI U
paszbaBisu ouaucTIILIATOM 10 10 MiT. B KBapueByIo aIeKTPOXUMHUYECKYIO SUCHKY H0-
Gapmsi 10 M1 AMCTWIIMPOBaHHOM Bozbl, 0,2 MJ KOHUEHTPUPOBAHHON MypaBbUHON
KHCJIOTHI ¥ aJIMKBOTY P00kl 00beMoM 0,5 M [9].

ConeprkaHHE TSDKEITBIX METAJUIOB OTPENSIISUIA Ha aHAIN3aTOPE BOJIBTAMIIEPOMETPH-
yeckom TA-Lab (HIIIT «Tompanamut), P®) B TpeXaaeKTPOIHON AIEKTPOXUMHUUECKOM
saueiike. B kauecTBe MHAMKATOPHOTO AIIEKTPO/IA UCIIONb30BAIN aMaIbraMHbIN SIEKTPO/.
B xadecTBe »JE€KTpoma CPaBHEHUS M BCIOMOTATEIBHOTO AJICKTPOAA HCIOJIB30BAIIH
XJIOpCEPEOPSIHBIN AIEKTPO]I.

AHanmu3 mpoBOAWIN Ha (POHOBOM AIIEKTPOIHTE, comeprkarieM 200 MK KOHIIEHTPUPO-
BaHHOW MypaBbUHON KHCIIOTHI (X.4.), IPHU CIEAYIOLIUX YCIOBHIX: — MIEKTPOXUMHYECKas
OYMCTKA MHJMKATOPHOIO 3j1ekTpoja npu noreruuane +0,050 B B reuenue 20 c, npex-
BapUTEIbHOE KOHIICHTPHPOBAHHE HA TIOBEPXHOCTH MHIUKATOPHOTO AIEKTPOAA MIPH II0-
tennuane -1,500 B B Teuenue 30 ¢, ycnokoeHnue pactBopa npu noreHimane -1,300 B B
TEUYEHHUE 5 ¢, aHOJHOE OKUCJICHHE MeTallla MPH JIMHEHHON pa3BepTKe MOTEHIHala CO
ckopoctsio 80 MB/c.

[TpoOy kaxmoro obOpasna kode aHAIM3UPOBAIM B TpPEX MapajlICIbHBIX OIBITaX.
OmnperneneHne MeTauioB MPOBOIUIN METOIOM J0OABOK C UCIIOIH30BAHHEM CTAHIAPTHBIX
pacTBOpOB, conepkaiux mo 1 Mr/i uiau 10 MI/i Kaka0ro U3 onpeensieMblX METaloB,
KOTOpbIE OBLTM MPUTOTOBIICHBI HA OCHOBE TOCYIAPCTBEHHBIX CTaHIAPTHBIX 00Pa3IloB
(I'CO) n ouauctriuisaTa. PacueT KOHIIEHTPAITUH METAJIJIOB BBIMOJHSUIH C IOMOIIBIO CIIe-
[IUATM3UPOBAHHON KOMIIbIOTEpHOH nporpaMmbl TA-Lab (Bepcus 3.6.10).

PE3VYJIBTATBI UCCJIEJJOBAHUSI

B xauecTBe 00BEKTOB HCCIIC/IOBaHMS OBUIM BBHIOpaHBI Mapku kode Bupa Apabuka
(xode monoteiit K1 u K2, xode B 3epHax u3 sxckpemenToB Kopi Luwak K3, kode B 3ep-
Hax 3enenblil K4, kode pacrBopumslii K5 u K6) u xodeiinbie Hanutku (K7-K9).

B kavecTBe npuMepa Ha pHCYHKE [TPEACTABICHBI THITHYHBIC BOJIBTAMIICPHBIC KPUBBIC
tdona (1), mpoOsI Kode 6e3 mo6aBku (2) u ¢ 100aBKOH (3) CTaHIAPTHOTO PAcTBOpA aHa-
JTU3UPYEMOTO METaa.

15
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K4- 3enensrit kode «a» n xode K7 -3 B 1 «6»
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W3 pucyHKa BUIHO, YTO HA BOJIBTAMIIEPHON KPHUBOM pacTBOpa (poHa B MHTEPBAJIC 110~
teHuainoB ot -1200 mB o +100 MB orcyTcTBYIOT TMKM TOKa OoKucieHus (Kpusas 1).
DTO CBUETEIBCTBYET O YUCTOTE (POHOBOTO HIEKTPOIUTA, @ UMEHHO 00 OTCYTCTBHH B HEM
[UHKA, KJMUsI, CBUHIIA M MEJIU, TIOCKOJIbKY B YCJIIOBHSIX PETHCTPAIMU BOJIBTAMIICPHOM
KPHBOIl BOBMOXHO aHOJHOE PAaCTBOPCHHE paHEee CKOHIICHTPUPOBAHHBIX HAa WHIUKATOP-
HOM 3JIEKTPOJIC TONBKO 3TUX MeTaIIoB. Ha BonsramMmepHoi KpuBoii mpob xkode (kpuBas
2) UMeI0TCA YeThIpe MakCUMyMa Toka — npH noreHnuanax -900, -550, -320 u -50 mMB,
KOTOPBIC COOTBETCTBYIOT IPOILIECCAM AHOAHOTO OKHMCIICHUS IIMHKA, KaMHUs, CBUHIA U
MEIN COOTBETCTBEHHO. [Ipy BBeneHMM 100aBKM CTAHIAPTHBIX PAaCTBOPOB IMHKA, Kal-
MU, CBHHIIA H M MAKCUMYMBI TOKa OKHCJICHHSI BO3PACTAIOT MPOIIOPIIHOHAIBEHO YBe-
JIUYCHHUIO KOHLIEHTPALUHU ITUX METAIOB (KpuBas 3). AHAJOTMYHBIC BOJBTAMIICPHBIC
KPHBBIC 3aPETHCTPUPOBAHBI IS IPYTUX HCCIEAYEMBIX 00pa3noB kode.

PesynpraTs!l onpenencHus conepKaHus IMHKA, KaJMHs, CBUHIA U MEIH MTPUBEACHBI
B Ta0IMLE.

Tabnuna
Coneprxanue NIMHKA, KAIMHs, CBUHIA U MeU B 00pa3uax xkoge
Conep:kaHue MeTaJLJIOB, MI/KT
Ne n/m
Zn S, % Cd S, % Pb S, % Cu S, %
Kode :xapenbiii
1 7,6+0,3 0,3 0,016+0,04 2,5 | 0,35+0,02 | 0,5 1245 0,6
2 8,3+0,5 0,5 0,034+0,007 0,5 | 0,284+0,07 | 1,7 11+3 0,5
3 6,7+0,5 1,4 0,019+0,05 1,8 | 0,29+£0,08 | 1,6 11+3 0,4
Kode 3enenbrit
4 8,4+1,4 0,5 0,014+0,04 2,8 | 0,60+0,17 | 0,5 12+4 0,5

Kode pacTBopumblii

5 (cTukep) 5,3£0,4 | 0,6 0,011+0,04 3.4 | 0,25+0,08 | 2,8 He 00H. -

6 7,2£0,5 | 0,7 HE O0H. - 0,94+0,3 3,2 | 0,33+0,11 | 0,9

Kodgeiinbie Hanutku 3 B 1

7 (ctuxep 1) 1,103 | 2,5 0,011£0,03 3,7 | 0,25+0,07 | 1,8 | 0,87+0,28 | 0,9

8 (ctukep 2) |0,23+£0,07*| 2,8 He 00H. - 0,42+0,12 | 1,6 | 0,28+0,11 | 1.1

9 (ctukep 3) |0,49+0,16*| 2,6 | 0,0036+0,0010 | 5,8 | 0,50+0,15 | 2,3 | 0,67+0,22 | 0,9

TJIK [10] - 0,05 1,0 -

*- HIDKE TIpezena 0OHapyKeHUsI

Kak cnemyer w3 tabmunel B mpobax K6 m K8 kammuii oOHapykeH He ObLI.
MunumanbsHoe coaepskanne kaamus (0,0036 Mr/kr) yctaHoBiaeHo B oOpasie K9, a mak-
cumansHoe (0,034 mr/kr) — B npode K2. Haubonbmee cogeprxanue ceunna (0,94 mr/kr)
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oTMedeHo B mpobe K6, koTopoe enMHCTBEHHOE M3 HUCCIEAYEMBIX 00pasioB OIM3KO K
Hopme. Camoe Hu3Koe coneprkanne ceunma (0,25 mr/kr) xapaktepHo 11t mpoo K5 u K7.

Conepxkanue Meau B uccieayembix oOpasmax kode konednercs ot 0,33 1o
12 mr/xr. JIugupyet no copepxkanuto meau npoda K1 n K4. B o6pasue K5 mens He
oOHapyxeHa. MakcuMallbHOE coJlepKaHue [IMHKa oTMedaeTcs B mpodax K2 u K4, mu-
HumanpHOE — B K8.

OTHOCHUTENBHBIE CTAHIAPTHBIE OTKIOHEHUS (S) ONPEIENEHUs IIMHKA, KaMUs, CBUH-
1a ¥ Meu B Kode He mpeBbImaoT, %: 2,8; 5,8; 3,2 u 1,1 coorBeTcTBeHHO. MIHTEpBabI
OTIPEICTISICMBIX COMCPIKAHUM ITMHKA, KaJMHsI, CBUHIA ¥ MEIU JUISI BCEX MCCIICTYEMBIX
mpo6 nexar B nuana3onax, mr/kr: ot 0,07 no 1,4; ot 0,0010 mo 0,05; ot 0,02 1o 0,3; ot
0,11 10 5 COOTBETCTBCHHO.

[TonmyyeHHbIE TaHHBIE O COIEPIKAHUM TSKEIIBIX METANIOB B Kode, cornacyrrcs co
3HAYEHUSIMU, TIPEJICTABICHHBIMU B JuTeparype [3].

BbIBO/bI

B pesynrprare mccienoBanus ObIIO ONMPEAETICHO COACPKAHUE YETHIPEX TSKEIBIX Me-
TaJUIOB B Ko(e. AHAIM3 Pe3ysIbTaToOB JaHHON PabOTHI ITO3BOJISAET CAENATh CIEAYIONINe
BBIBOJIBL:

1. MeTonoM HHBEPCUOHHON BOJIBTAMIIEPOMETPUH ¢ OTHOCUTENBHOM IIOTPEIIHOCTHIO
He Oonee 5,8 % yCTaHOBIIEHO, YTO BO BCEX M3YUYCHHBIX 00pasliax CoAepkarcs IHHK U
CBHHETI, TPUYEM HaOIIONAeTCs NX ABHOE MpeoliaaHne B 3eJICHOM U YePHOM PacTBOPH-
MOM KO(e, COOTBETCTBEHHO.

2. OTMeueHo, YTO COACpIKAaHME KaJMHUs U CBHHIIA BO BceX oOpasmax Kode He
MIPEBBIIIACT YCTAHOBICHHBIX HOpM. OmHaKo I OOBEKTHBHON OICHKH KadecTBa Kode
PEKOMEHIyEeTCsI HCIIOIb30BaTh OTJAEIBHOE ONPEEICHUE 10 KAKIOMY U3 TOKCHYHBIX Me-
TaJIJIOB, TO €CTh KaJMUIO U CBUHILY.

3. CpenHee KOJIMYECTBO MCCIIEAYEMBIX TSKEIIBIX METANIOB YBEIUUUBACTCS B PAAY:
ko¢eitapie HarmTky (1,61 Mr/kr), Kode pactBopumslid (7,01 MI/kr), kode B 3epHAX U
MoJoThii (19,20 mr/kr), kode 3enensrit (21,07 Mr/kr).
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BU3HAYEHHSA HUHKY, KAAMITO, CBUHIIO TA MIII
B 3PABKAX KABHU

BMicT BayKKHX MeTaJiB BU3HAUYEHO B KaBi METOZOM iHBEpCiitHOI BombTammepomeTpii. [Ipodo-
IiITOTOBKA 3pa3KiB BUKOHAHA OKMCHIOBAJIBHOIO MiHepasli3anicro KaBu B HITPATHIH KUCIIOTI B
MIPUCYTHOCTI MePOKCHIY BOAHIO. [loka3aHo, 10 MeTO] iIHBEpPCIHOT BOIBTaMIIEPOMETPIii MOKe
OyTH YCHIIIHO BUKOPUCTAHWI JUIS BUSHAYCHHS IMHKY, KAJMII0, CBHHIIFO Ta Miji 32 YMOBH
iX CyMIiCHOI IPHCYTHOCTI B 3pa3kax Haror. BcTaHOBIEHO, IO BMICT CBUHIIIO Ta KaJMIlO HE
TIEPEBUIIYE JOYCTHMI HOPMH.

Kirwuosi ciioBa: Baxki Metanu (UUHK, KaaMiid, CBHHEIb, Mijib,), KaBa, IHBEPCIiiHA BOJBT-
aMIIepOMETPIsL.

E. Yu. Kupchik

Chernihiv T.G.Shevchenko National Pedagogical University
Hetmana Polubotka Str.,53, Chernihiv, 14013, Ukraine
E-mail: chnpu@chnpu.edu.ua

DETERMINATION OF ZINC, CADMIUM, LEAD AND COPPER
IN SAMPLES OF COFFEE

The potential pollutants which can get to the body using food products were explored in this
work. The content of heavy metals such as zinc, cadmium, lead and copper are determined in
coffee by inversion voltammetry. Sample preparation of samples was performed by oxidizing
mineralization of paint sample in nitrate acid. It is shown that the method of inversion
voltammetry can be successfully applied for the determination of zinc, cadmium, lead and
copper at their combined presence in coffee. It is established that lead and zinc contain in all
investigated samples, most of them contain cadmium and copper. Based on the analysis of
experimental data discovered that the content of lead and cadmium don’t exceed permissible
limits. It is noted that the average number of heavy metals increases in the order: coffee
drinks- a soluble coffee — coffee beans and Grinded — green coffee. However, for an objective
assessment of hair dyes quality, it is recommended to use a separate identification on each of
heavy metals.

Keywords: heavy metals (zinc, cadmium, lead, copper), coffee, inversion voltammetry.
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BJIUSTHUE OPTAHUYECKHNX PACTBOPUTEJIEN
HA M3BJIEYEHME Al, Ga, In U3 BOJHbIX PACTBOPOB
OPTAHOKPEMHE3EMOM

W3ydeHsl copOIIMOHHBIE CBOMCTBA OPraHOKPEMHE3EMHOI0 COpPOCHTa —IHMMETHIXIIOPCHIIA-
Haspocmwia (AMXCA), nmpeaBapuTenbHO THAPOGUIN3UPOBAHHOTO OPTraHUYECKUMHU MOJISp-
HBIMH PAaCTBOPHTEIISIMU (ITAHOJI, al[eTOH), IT0 OTHOIICHUIO K BOAHBIM PacTBOPaM JIEMEHTOB
anasioroB Al, Ga, In. [lokazaHo, 4TO CENEKTHBHOCTH OpraHn30BaHHON cucTeMbl « IMXCA —
TIOJISIPHBIN OPTaHWYECKUH PAaCTBOPUTEIb» MPU COPOINYU MCCIIETyEeMBbIX ICMEHTOB ONpeie-
JISIeTCS MPUPOJIOI UMIPETHUPOBAHHOTO PACTBOPHUTEIIS, & TAKKE PABNIUUMAMH KMHETHYECKHX
U KHCJIOTHO-OCHOBHBIX IapaMeTPOB KOMIIOHEHTOB TETEPOTeHHON CHCTEMBI B Ipolecce
copouuu.

Ki1roueBble cii0Ba: MONSpHBIC PACTBOPUTENH, COPOLINS, AIOMUHUH, TAIUTHNA, WHIUH, TMe-
TUIIXJIOPCHIIAHAIPOCHIL.

I'mapodoOHBIE OpraHOKpEeMHE3eMBl IMUPOKO IMPHMEHSIIOTCS B KadeCcTBE CIICIH-
(buueckux COpOCHTOB M XpomaTorpaduuyeckux HOCUTENeH B MeTomax TBepaodazHou
akcTpakuuu [1], oOpameHo-(a3oBoil [2] ¥ IKCTpakIMOHHON Xxpomarorpaduu [3].
HOJ’II/I(byHK]_II/IOHaJ'H)HOCTB HX MOBEPXHOCTHU O6CCH€“II/IB36TCH HaJIMYUEM TIPUBUTBIX OP-
TFaHMYECKUX (PparMeHTOB M OCTATOYHBIX CHIIAHOIBHBIX Ipymil (=Si-OH) kpeMHe3eMHo
MAaTpPHIBI, KOTOPBIE MOTYT OBITh IEHTPAMU COPOIIMU KaK OPraHMYECKUX BEUIECTB, TAK
U pa3nuyHbIX POpM HMOHOB MeTasuioB [4]. OgHaKo, MCIONB30BaHUE OPraHOKPEMHE3e-
MOB JIJI1 KOHLCHTPUPOBAHUA U PA3JACIICHUA MUKPOKOJIHUYCCTB DJIEMEHTOB U3 BOJHBIX
pPacTBOPOB BO3MOXKHO TOJBKO MOCJE ITPEIBAPHTEILHOIO HMMIIPETHHPOBAHMS (CMavH-
BaHUS) ruApo(OOHOI MOBEPXHOCTU OPraHUYECKUMH PACTBOPUTENSMHU IMOJSPHOIO Xa-
pakTepa, 00ecredrBaroero ero TuaApoQUIN3alnI0 U CIOCOOHOCTh K pacipeaeIeHHIO
B 00beMe BOmHOH (ha3sl. IIpu 3TOM, Ha MOBEPXHOCTH COPOEHTA MPOUCXOJUT CaMOOP-
TaHU3aIMs «COPOIMOHHOM (ha3bl», KOTOPYIO MOKHO pacCMaTpHBaTh Kak TPEXMEPHYIO,
COCTOSIIYIO U3 «CTAalMOHApHOM (a3bDy (BKIIIOYAOLIEH BHEIIHUI TOHKUI CIIOW OpraHu-
YECKOr0 pacTBOPHUTENS Ha TUAPO(HOOHOI MOBEPXHOCTH COPOEHTA, a TAKIKE OCTATOUHBIC
CHJIAHOJIBHBIC TPYIIBI), U «aJCOPOMPOBAHHOTO PACTBOPEHHOTO BEIIECTBa», KOTOPOE
MOXeET OBbITh JINOO (DUKCHPOBAHHO Ha MOBEPXHOCTHBIX OH-rpymnmax kpeMHe3eMHOM
MaTpHLbL, 1100 cBOOOIHO (D (HYHANPOBATH BHYTPH TOHKOTO CIIOS OPraHUYECKOM MICEeB-
noxunkor Qassl (IIKP), 3akpensieHHON Ha TOBEPXHOCTH OpPraHOKpeMHe3eMa 3a cYeT
ruapo(GOOHOTO B3aMMOICHCTBHSA [5].

B Hacrosiee BpeMsi OZHUM U3 aKTyaIbHBIX BOIIPOCOB TEOPHH COPOIIMH U3 BOJHBIX
pacTBOPOB HOHOB JIErKOruAponu3yeMbix kKarnoHoB (JII'K) runpodoOHbIME opraHoKpeM-
HE3eMaMU SIBJISIETCS] UCCIE0BAHUE POJIN MOAUDUIMPYIOIMIEro (hakTopa 3aKperIeHHBIX
BEIIECTB-THIPOPHUIN3aTOPOB B SBICHISIX IepepactperiesieHnst copdara BHYTPH «Copo-
nuoHHOH (azer». PeymprupyronmM 3dpdexkTom B JaHHOM ciydae MOXKET OBITh 3HAUH-
TEJIbHOE M3MEHEHHE XMMHUYECKOIO CPOJCTBAa BHOBb OPraHM30BAHHOW MOBEPXHOCTH K
OTAENbHBIM HOHHO-MOMNEKYIApHbIM (opmam JITK 3a cuer sddekra nepeconsBaranuu
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U CyILECTBEHHOI'O WM3MEHEHMsI MX PAaBHOBECHBIX COCTOSAHUH. PaHee Hamu Ioka3aHO
[5], uto pacnpenenenue JII'K B rereporeHHOl cucTeMe «IMMETHIXIOPCUIAHAIPOCUIT
(AMXCA) — nossipHblid pacTBOpuTeNnbs — BoAHBIN pacTBop JIIK» ocymiectBugercs mo
JByM cTtaausm. llepBas craaus — 3KCTpaKLMs TEHEPUPYEMbIX HEUTPAIBbHBIX THIPOKCO-
(hopM KaTHOHOB MeTaJIOB B 00beM 3akpericHHoM [[DKd, Bropas — meperoc copbara u3
[DK® k ocraToyHbIM CHIIAHOIBHBIM IpynmnaMm KpemHe3eMHo# noBepxHoctu [IMXCA.
Takum 06pa3oM, OpraHMYECKUN TOISIPHBIA PACTBOPUTENb, C OJHON CTOPOHBI, SBJISET-
csl TUAPODWIN3UPYIONIUM areHTOM, C APYTO CTOPOHBI, €r0 TOHKHUN CIIOH BBICTYIIAeT
B POJH JKUJIKOH MEMOpaHbI, CENICKTUBHO KCTPATrHPYIOMICH M3 BOXHOTO pacTBOpa IpH
omnpeneeHHbIX 3HaueHusIX pH Tombko HeliTpanbHbie ruapokcodopmbl JITK ¢ nanbHeii-
LIMM IEPEHOCOM HX K OCTATOYHBIM CHUJIAHOJIBHBIM I'pyIIiaM KPEMHE3EMHOM MaTPHIIBL.

B cBsi3u ¢ mouckamMu ONTHUMAaJIbHBIX YCJIOBUHM pa3iefieHuss U KOHLEHTPUPOBAHUS
MHKPOKOJIMUYECTB JIEMEHTOB-AHAJIOIOB, IIPU OLEHKE POJM OPraHUYECKUX PacCTBOPU-
Tesell B COPOIMOHHBIX MpoIeccax He0OXOMUMO MTPUHIUMATh BO BHUMAaHHE HX (DHU3UKO-
XUMHYECKHUE CBOMCTBA, KOTOPBIE BIUSIOT Ha AP PEeKTUBHOCTH copO1mu. Mcnonb3oBanue
9TaHOJIA U M30MPOINAHOA B KauecTBe ruapoduiamnzatopos nosepxHocta JIMXCA n3me-
HSIET BEJIMYMHY aJICOPOIIH JIEMEHTOB-aHAIOTOB MOATPYIIIBI aTFOMHHUS [6]. BeposiTHO,
3TO CBS3aHO C M3MEHCHUEM KHCIIOTHO-OCHOBHBIX CBOWCTB HOHHO-MOJIEKYJISIPHBIX (POpM
JITK B 00beme [TDKD opranudeckoro pacTBOpUTeIIs 3a cueT A eKTa nepecoabBaTalum,

C yueToM BBIIIE CKa3aHHOTO, TMPEACTABISETCS WHTEPECHBIM CPABHUTDH BIIUSHUE
9TaHOJIa U AlleTOHA, OTHOCALIMXCS K Pa3JIMUHBIM KJ1accaM pacTBOPUTENEH, HA MEXaHU3M
pacnpenenenust copbara B rereporeHHon cucteme «JIMXCA — monsipHbIii opraHuvec-
KU pacTtBopuTens — BoAHbIA pacTBop JII'K» B mmpokom unTepBane pH Ha npumepe
2JIEMEHTOB-aHAJIOTOB IIOATPYIIIIbI ATIOMUHMSL.

MATEPHUAJIBI U METOJUKA UCCJIEJOBAHUA

Cop6uuio u3ydanu B CTaTUYECKUX yCIOBUsIX U3 BomHbIX 104 + 10°° M pactBopoB
coneit Hurparos Al(III), Ga(lll), In(I1l), rme KaTHOHBI METAIUIOB CYIIECTBYIOT TOJIBKO B
(hopme MoHOsIepHBIX yacTwil [7], mpu pH 1+8, B 3aBHCHMOCTH OT IPUPOJIBI U 00beMa
J00aBIsIEMOr0 OPraHUYECKOro pacTBOpuUTENs-rugpoduinzaropa. B kagectse copbeHTa
ucnomns3oancsa JJMXCA, moBepxHOCTb KOTOporo Ha 99,9% runpodobua, pH Touku Hy-
JIeBOTO 3apsaa —2,5-3,5, ocTaTouHast KOHIICHT AU CHITAaHONBHBIX rpymi — 0,05MMOIB/T,
C KOHCTaHTaMM KucnoTHOH amuccommamuu K (SiOH) = 2,5+0,1-10°% K (SiOH) =
5,840,2-107 [8]. Bribop B kauecTBe pacTBOPHUTENCH-THIPOPHIIHN3ATOPOB ITIOBEPXHOCTH
JAMXCA — sranona (Et) u antetona (Ac) cBs3aH C pa3nmuyusAMH WX (PU3UKO-XUMHYECKUX
XapaKTEPUCTHUK U, B YaCTHOCTH, JoHOpHOTO uncia (DN): Et (19,6); Ac (17,0); H,O (18,0)
[9]. U30oTepmBbl copOImm cTpomiii TIpy 3HaYeHHUIX pH, COOTBETCTBYIOMNX MaKCHMallhb-
HOH copbuuu (pH ), u nocrosuno temneparype 293+1K. Meroauka uccienoBanus
mporecca CopOIMHY 3aKIIIouanach B cieayomemM. Ha ananmutudaeckux Becax B3BELIMBAIN
0,10 r copbeHTa, HABECKH MMOMEINAINA B KOHHYECKUE KOJIOBI BMeCTUMOCThIO 100 cM®
st ruapodrmsanun moBepxHoctd JJMXCA mo0aBisiii pa3auIHbIe 00BEMBI OpTaHu-
yeckux pactBoputeneit — 1,25 mi (5 % 06.); 2,50 ma (10 % 06. ); 6,25 miut (25 % 06.). B
crakaHbl Ha 50 cM® oTOMpay onpeiesieHHble 00bEMBI BOJIHBIX PACTBOPOB HCCIIEyEeMbIX
coneii ¢ 3ananHoi konneHTpanuei Al(II), Ga(Ill), In(IIT). 3nauenus pH BomHBIX pacTBO-
poB uccneayembix JII'K ycranapnupanu nobdasinenuem pactsopos HCl u NaOH (0,1-3,0
MOJIBXJT!); IEPEHOCHIIU B MEPHBIE KOJIOBI HA 25 ¢M® U JIOBOJIMIIN [0 METKH BOJIOH C Mpeji-
BapUTENILHO ycTaHOBIEHHbIM 3HaueHueM pH=+0,05. IlomyueHHblE pacTBOpBI KOJIMYE-
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CTBCHHO MEPCHOCWIIA B KOHUYECKHE KOJIOBI ¢ TUAPOPHIN3NPOBAHHBIM copOeHTOM. [1pn
HEOOXOIMMOCTH, KoppekTupoBanu pH cycnensun OyhepHBIMU pacTBOpaMH M ITOMETIIa-
U JUI COPOLIMH B YCTAHOBKY MEXaHMUECKOTO BCTPSIXUBAHUS C TEPMOCTATOM OTKPBITOTO
tuna Elpan-357 u wacroroii 150 unkmnos x mun'. [IpeaBapuTeIbHBIMU OIBITAMH yCTa-
HOBJICHO, YTO BPEMs OCTIDKCHHS COPOIMOHHOTO PAaBHOBECHS COCTaBIsICT 60 MHHYT
MPY COOTHOIICHUH TBEepaoi W BomHOW (a3 T:B = 1:250, uro oTBeyaeT HAMMEHBIICH
MOTPELIHOCTH dKcriepuMeHTa. [locne ycTaHOBIEeHUS! paBHOBECHS KOHLIEHTPAT OTACIISIIN
OT pacTBOpa U B MOCICTHEM ONPEACIIUIN OCTAaTOUHYIO KOHIICHTPALNIO HOHOB METAJIIIOB
CHEKTPOPOTOMETPUIECKH ¢ HCIob30BaHueM Cd-56: amoMUHHNA — C XpOMaszypoJjioM
S, raimmmii — ¢ KCUJICHOJIOBBIM OPaH)KEBBIM, HHIUHN — ¢ 4-(2-NUpUAnIIa30)-pe30pruHOM
[10] Crenens copbuun (S, %) copbara paccuutbiBamu 1o popmyine: S=(C; — C))-100/
Cp e C, u C — MCXOJIHast M PABHOBECHAs KOHLEHTPALMH HOHOB B PacTBOpe, MOJIB/IL.
BeJmthy cop6um/1 (a, MOJIB/T) BBIYUCIISIIM TIO PA3HOCTH KOHIICHTPAIIUH HMCXOIHOTO
BOJIHOTO PacTBopa copbara u pacTBopa rnocie copouuu no popmyine: a = (C —C )V/m
rae V — 00beM cOpOLIMOHHOTO PacTBOpA, JI; M — Macca COpOeHTa, T.

PE3VJIBTATHI U UX OBCYXKJIEHUE

Pesynbrarsl COpOLOHHOTO U3BIEUEHUS HOHOB B 3aBUCUMOCTH OT KuciotHoctH (pH)
JHUCIEPCHOHHOM cpenbl moBepxHOCThI0 JIMXCA npu BapsHpoBaHHH 00BEMa PaCTBOPH-
TeJs TpeACTaBIeHbl Ha puc. la, 6. HaOmomaembie n3menenus: xona S—pH 3aBucnumoc-
Tel copOIM MOXKHO OOBSACHHUTH C O3UINI B3aMMOCBSA3H KUCIIOTHO-OCHOBHBIX CBOHCTB
copOupyeMbIX (HOPM HIIEMEHTOB [ 7] 1 COCTOSTHHS MOBEPXHOCTH COPOESHTA MPH 3aJaHHBIX
snayenusx pH. Kak 66110 nokasano namu pauee [11], snauennst pH__ copOuuu JIT'K na
JAMXCA mpaxrtndeckn coBmaaaioT ¢ pH Hauana o0pa3oBaHMsS HEHTPATBHBIX THAPOK-
coopM HCCIEAYEMBIX JIEMEHTOB B BOJHOM PAacTBOPE M MOATBEP)KAACT MX ydacTHE B
copbunonHoM nporecce. CieqoBaTenbHO, MOXKHO YTBEpPKIaTh, uTo u3Biedenue Al(I1I),
Ga(IlI), In(IlT) n3 BogHBIX pacTBOpPOB MOBEpXHOCTHI0 JIMXCA 00bsACHSIETCS MpeuMy-
IECTBEHHO MOJICKYJISIPHOW COpOLIMel MX HEUTPaIbHBIX (POPM COITIACHO CXeMe:

=SiOH + M(OH), <> =SiOH....M(OH), «> =SiOM(OH), + H,0,
e M = AP, Ga’*, In’".

Cpasnenue S-pH 3aBucumocteil 1t ataHona (puc. la) u anerona (puc 16) moxa-
3an0, uto pH_  copOuuu MeHsAeTCs NMpH 3aMeHe PaCTBOPUTENS (B Cily4ae 3TaHosa —
pH_ (Al =7, pH (In) =5, pH_ (Ga)=4; nna auerona —pH_(Al)=6,pH (In)=4
pHom(Ga) 3), YTO HECOMHEHHO CBSI3aHO C Pa3IMYUSIMU MX JIOHOPHO- aKuenTOpHHx
CBOICTB I10 OTHOLIEHHUIO K COPOLIMOHHO-aKTUBHOHU (hopMe paccMaTpuBaeMbIX HJIEMEHTOB
B CpaBHEHUU ¢ Bonoit. Tak, 1o0aBku amerona (puc 10), conpBaTupyromas criocoOHOCTh
MOJIEKYJI KOTOPOTO MO OTHOIIEHHIO K HEWTpadbHBIM Tuapokcodopmam Al, Ga, In ¢ yue-
TOM HX KHCJIOTHO-OCHOBHBIX CBOWMCTB IPEBOCXOIHT THIPATHPYIOIIYIO CIIOCOOHOCTH
MOJIEKYIIbI BOJbI, TPUBOAMT K cMmemenuto pH — copOuuu B kuciyro obnacts. s
9TaHoNa HaOmogaeTcss oOpaTHas 3aBUCUMOCTH (pHC. 1a): compBaTalus HEHTpPAIBHBIX
(dopM HCCIeayeMBIX AIEMEHTOB MOJICKYJaMH 3TaHOJA MPOTEKaeT MEHEe aKTHBHO IO
CPaBHEHHMIO C MX THIpaTalueii, B pesynsrare 4ero pH —copOunn cMemeno B menod-
Hyt0 o0nactb. Takum 00pa3om, sl pacTBOPUTEICH-THIPOPITH3ATOPOB, BeamdrnHa DN
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KOTOPBIX MEHbIIE, 4eM Y Boibl, pH  copOuuu HccleyeMbIX 5J€MEHTOB CMELIAETCS B
KHCJIYI0 00JTaCcTh © HA0OOPOT.

0 2 4 6 8 pH

Puc. 1. 3aBucumocts crenenu copounonnoro nzpnedenus Al(111), Ga(Ill), In(III) AMXCA ot pH
cpempl pH pa3HbIX 00beMax: sTaHona (a); auetona (0) (A— 5% 00; —x— 10% 06; —e— 25% 00.).

Kax BumHO U3 puc. 1a,0, npu BappupoBaHUU 00beMa UMIPETHUPOBAHHOTO OpraHu-
YEeCKOTO pacTBOpUTENs popma S-pH 3aBuCHMOCTEH MpakTHIeCKN He MEHSIETCS, CIIeI0Ba-
TENFHO XapakTep copounu Mukpoxommdects Al, Ga, In ocraercst HenaMeHHBIM. OTHAKO,
IPU 5TOM HE3HAUUTENILHO MEHSETCS CTENeHb COPOLMH yKa3aHHBIX dJIeMeHTOB. [y vc-
CIICZIOBAHUSI OTMEUCHHOTO 3()(eKTa, OBUIH MOCTPOCHBI 3aBUCHUMOCTH pAaCIpeeICHHUS
Al, Ga, In Mex 1ty TBEep/I0ii 1 )KHIKOH (hazaMH OT 0ObeMa T0OABISIEMBIX PACTBOPHUTEIICH
npu umIperanpoBannu nosepxuoctu JJMXCA B koopanHarax Ig(S/1-S) = f(V, % 006.)

(puc. 2).

3 -
2,5
=
2 rr s
Yo—
5 1,5 23
w -
— 1 4 — -
0,5 6
0 ) B e S ——
0 10 20
V, % 00.

Puc. 2. Pactipenenenne Al (1, 2); Ga (3, 4); In (5, 6) mexay TBepIoil 1 KuIKOH hazamu
B 3aBUCHUMOCTH OT 00beMa dTaHosa (0) u aretoHa (A ).

W3 puc. 2 BuaHO, uTo JUIs Beex uccaenyeMbix JITK HaOmromaercs ompesencHHAs
TEHIICHIIUS: YBEIWICHUE CONCPIKAHMS alleTOHAa B CHCTEME HECKOJBKO ITOBBIMIACT CTE-
neHb copOuun (kpuBble 2, 4, 6), a yBeJIMYEHHE dTaHOIA — yMEHbIIaeT (kpusble 1, 3,
5). Ilpuyem, B ciydae arieToHa CTEICHb U3BJICUCHUS O0siee OCHOBHON THAPOKCO(OPMBI
Al (xpuBas 2) 3amMeTHO BbIIIIe, 4eM B cirydae Ga u In (kpussie 4, 6). ITaHOT MPOSBISIET
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OoJbliee CPOJCTBO K HEUTpallbHBIM rujipokcopopmam Ga u In (kpuskie 3, 5) o cpas-
Hernto ¢ Al (kpusas 1). Takum o0pazom, yem OOJBIIE Pa3IHYHs KACIOTHO-OCHOBHBIX
CBOICTB U3BJIEKAEMbIX HEUTpaIbHBIX HOHHO-MOJIEKyYIsApHbIX (hopm JII'K u Monexyn op-
raanyeckoro ciosi [DK®, teM akTuBHEe MPOUCXOAUT MAacCCOINEPEHOC copbarta B cliol
KD opranmyeckoro pactBoputes. YuuTbiBas auddepeHInpyronme CBOWCTBA pa-
CTBOpUTEJICH [0 OTHOLIEHHMIO K paccMaTpuUBaeMbIM 3JIEMEHTaM-aHajoraM 3aMeyeHo,
yto Al MmoxkHo otaenuts ot Ga u In B mpucyrctBun 5 % 00. atanona (pH 5,00) (puc
2 —xpussle 1, 3, 5; puc. la — mynktupHas nuaus). [ns pazgenenns Ga u In mydmre nc-
oJIb30Bath aneToH rnpu pH 2,70 (puc 2 — kpussie 2, 4, 6; puc. 10 — MyHKTUPHAS JINHUS).
[oxy4eHHbIC TaHHBIC MOTYT OBITH UCIIOIH30BAHEI IPH Pa3pabOTKEe METOAUK Pa3ICIICHHS
9JIEMEHTOB-aHAJIOTOB NpU BapbupoBaHuK pH cpeasl 1 mpUpobl PaCTBOPUTEIIS.

Juis 000CHOBaHUS MEXaHNU3Ma COPOIUH U MOATBEPKICHHUS aKTUBHOTO Y4acTHs 3a-
KPETUICHHOTO CJIOSl OPTaHWYIEeCKOTO PAaCTBOPHUTENS B MEK(a3HBIX SIBICHUAX B CHCTEME
«JIMXCA — momnsipHbIi OpraHUYeCKUi pacTBOpUTEIh — BOAHBIN pacTBop JIT'Ky» Hamu
MOCTPOEHBI H30TEPMbI COPOLIMU HCCIIENYyEeMbIX JIeMeHTOB (puc. 3). Ha onHoii u3 Hux (puc
3a, xpuBast 1) oTMeUEHBI XapaKTepHbIC YYaCTKH IS MOJTYYSHHBIX KOMOMHUPOBAHHBIX
nzotepm (I, IL, III), Tunmunbie s Beex uccnenyeMbix JITK. AHann3 Takux CI0XKHBIX
M30TEpM COPOLMHU MOATBEPIKAACT, YTO OPTaHWMICCKHHA PACTBOPUTEIH, KaK THIPOQIIII-
3upyloui areHt, ¢popmupyer ToHkui cioi [DK®D, ruapodhoOHO 3aKperieHHbIH 1o
(parMeHTaM TUMCETHIXJIOPCUIIAHA. DTOT CIOW HUIpacT poib KUIKOH MEMOpaHBI, Tak
KaK CEJICKTHBHO MOIIOMAET (IKCTPArupyeT) U3 BOJHOTO pacTBopa mpu pH_— Tonbko
HEHTpabHBIE THAPOKCOPOPMBI YKa3aHHBIX AIeMeHTOB (yuacTok I, puc. 3), KoTopbie
Jajnee 3a cyeT COpOLMHU MEePEeXOAiT Ha OCTATOUHbIC CUIIAHOJIbHBIE TPYIIITbI KPEMHE3EeM-
Hoit Matpuis! (yuactok II n III). Ilpu 3ameHe 3TaHONA HA AllETOH MEHSCTCS KaK eM-
kocTh cnost [DK® (a') mo uccnemyemMpiM dlIeMEHTaM, TaK U MPOTSIKCHHOCTh Hauallb-
Horo yuactka (I) mzorepm (0— Cp‘). B cnyuae ncrionp3oBanus ameroHa eMkocth [DK®
HECKOJIbKO OOJIblIe MO CPAaBHEHHUIO C ATAHOJIOM: B MPUCYTCTBUU 3TaHona a' s Al,
Ga, In — (1,19; 0,42; 0,65) -10 mons/T, a anerona — (3,42; 0,60; 0,67) - 10° mons/T
COOTBETCTBEHHO. DTOT (DaKT XOPOIIO COracyeTcsl ¢ JaHHbIMH S-pH 3aBHcHMOCTEH 1
CPOJICTBOM MOJICKYJT pacTBopuTesiel K HernTpanbHbiM Gopmam JIT'K. Tlo BemmunHam
eMkoctu IDK® nccnenyemMble 3€MEHThI MOKHO PACIIONOKHUTh B CIEAYIOMIMHA psi: In
< Ga < Al, He3aBuCHUMO OT HmpUPOJBI pacTBopuTens. B memom, emxocts IDK® xapak-
TepU3yeTCs] HeOOMBITMMH 3HaYCHUAMHU. OHAKO, H3BECTHO, YTO KUIKUE MEMOpaHbI HE
00a1at0T OOJBIION EMKOCTBIO M BRICOKUMH KO3 duIeHTaMu pacnpenenenus [12]. B
HanieM ciyuae, cinoil [DK® ciyxut nepenocunkom Helrpanbhbix Gopm JIIK u3 Boa-
HOM cpellbl Ha KPEMHE3EMHYI0 MaTpHUIy U OTBEYAEeT, INIAaBHBIM 00pa3oM, 32 CKOPOCTh U
CCIICKTHBHOCTH MaccorepeHoca. TakiuM o0pa3oM, HaCTOAIIAass MOJICIb MacCOIepeHoca
SIBISICTCSI HANOOJIee TIPUBIICKATEIBHOM IPH pa3paboTKe METOMUK Pa3IeICHISI H KOHIICH-
tpupoBanus JII'K ¢ Gnu3kumu GU3NKO-XUMUYECKMMH CBOMCTBaMH, TaK Kak HE TpedyeT
3HAYUTEIIHHBIX 00BEMOB OPraHUYECKUX PAaCTBOPUTENICH B CPABHEHUHU C KJIACCHUYECKOU
JKCTPAKLIHEH.

B o0rreM, MexaHN3M MaccornepeHoca B UCCIICAYEMbIX TETePOTSHHBIX CHCTEMaX MOYXK-
HO TMPEICTaBUTh KaK HEMPEPBIBHBIN IKCTPAKIIMOHHO-COPOIMOHHBINA MpPOIEcC, IIe Ha
CIPUHUMAIOICH» U «OTJAroIIeH» IpaHuIax pasjaeia (a3 TOHKOTO CJI0s OpraHHUYeCcKo-
T'O PacTBOPHUTENS OTHOBPEMEHHO OCYIICCTBISIETCS aKT SKCTPAKIMK U copOunu. B cBoro
ouepenb, JuinHa ydacTka (I) Ha n3oTepmax cBsizaHa ¢ dP(GEKTUBHOCTHIO SKCTPAKIINH,
KOTOpasi COMPOBOXKIAAETCS 3aMEHOM T'HIPaTHON 000I0YKH HEUTPaTbHBIX THAPOKCOKOMII-
JIEKCOB AJIEMEHTOB M YACTUYHO KOOPAWHUPOBAHHOM BO/IbI HA MOJIEKYJIbI OPIraHUYECKOTO
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pactBopuTes. Ha Hanr B3msiI, 4yeM akTHBHEE HJIET COJIbBATAIMsS HEHUTPaJIbHBIX (GOpM
JII'K mosnekynamMu OpraHMY€CKHUX PacTBOPUTENEH, KOTOpas XapaKTepU3yeTcsi KUHETH-
YECKUM TIapaMeTPOM — JIAOMITbHOCTBIO aKBAKOMITIIEKCOB 31IeMeHTOB (V) [13], T.e. ckopoc-
ThI0 OOMEHA JIMTaH/IOB BOJIBI B aKBAKOMILJICKCAX, TEM ObICTpee MPOUCXOAUT HACKIILICHHE
CJIOSl OPTaHUYECKOTO PACTBOPUTEINS M, COOTBETCTBEHHO, TEM MEHBIIEH MPOIOIKUTENb-
HOCTBIO JIOJIKEH XapaKTePH30BaThCs yIACTOK (I) u3oTepM. DTO HAISAHO JEMOHCTPUPY-
€T 3aBUCUMOCTb BEJITHMYUHBI C ot Jorapu(ma CKOPOCTH 0OOMEHa MOJIEKYJ BOJIbI B aKBa-
KOMIUIEKCaX UCCIIEAYEMbIX MEMEHTOB (puc 4). Cnenyer OTMETUTh, YTO NPU U3MEHEHUH
MIPUPOABI PACTBOPUTEIISI HAUOO0JIee 3aMETHBI OTIIMYHSI BETHYUHBI C JUIS QITFOMUHUS, TaK
KaK ero ruIpOKCOKOMILICKCHI HAMMEHEe JTaOUIIbHBI.

[ 5 -
20 1 2
5 .l
< = e
4
gis : Al
g =3 z
210 ) % |
= ¥ - S
5 ) 1k
d 1 1 1 1 ]
0 0 0
0 3 o6 9 12 & 0 1 62 3 4
Cp -1{!6, MOJIE/TT Cp 10, Mo/
a 6 B

Puc. 3. U3orepmsl copounn Al (a), Ga (6), In (6) AMXCA
B pucyTcTBHM: 3Tanona (1) mpu pH 6; anerona (2) mpu pH 5; V =5% 00.

pacTBOpHTENS

HaOmonaemoe oTpumnarensHOe OTKIOHCHHE PaBHOBECHBIX KOHIICHTpauuii copbara
IIPU yYBEIWICHUH HCXOTHOU KOoHTeHTparm (puc 3, yaactok I1I), xapakrepusyemoe Be-
muanHOn AC = C — C ", CBHJICTECIILCTBYET O TOM, YTO TIEPEHOC MOJICKYJ copOara u3
IDK® Ha CHIAHOTbHEIS rpynnm KPEMHE3EMHOH MaTPHUIBl KHHETHYECKH O0JIee BHITONICH
10 CPAaBHEHHIO C MIEPEHOCOM W3 TITyOWMHBI BOIHOTO pacTBopa B TOHKuH cioi [IDKD pa-
cTBOpuTens. [IpryeM, ¥eM MEHBIIEC CPOICTBO MOJIEKYNT copbaTa K CHIAHOIBHBIM TPYII-
TaM, COINIACHO PasIMyMIO KHCIOTHO-OCHOBHBIX CBOMCTB copbara (pK Al 3 =5,00

, Ga’*= 2,90, In**=3,50) u copbenta (pK (SiOH) = 5,60; pK,(SiOH) = 6,24) ApK =
|pK(SlOH) pK,,(M™)|, Tem Gonblue CMEIEeHHe H30TEPMEI cop6u1/m B CTOPOHY IIO-
HIDKCHUST PABHOBECHOM KOHIIEHTpANUH (PHC. 5), TO €CTh IIyOUHA CKauka paBHOBECHBIX
KOHIICHTPAIM KOPPETUPYET C KUCIOTHO-OCHOBHBIMH CBOWMCTBAMH KOMITOHEHTOB TE-
TepOreHHOU cucTeMbl. B cinywae Al 3HaueHuUs AC, HanGObIINE ¥ COCTABISIOT JUIst
sragona U auneroHa — 0,47 u 1,00 - 10° Mons/1 cooTBeTCTBEHHO. McXoas U3 OCHO-
BHOCTH HEHTPAIBHBIX THAPOKCO(GOPM aTIOMUHHS U B COOTBETCTBHHU C IIPEICTABICHH-
SIMH O COPOIIMU KaK O KHCIOTHO-OCHOBHOM IIPOIleCCe, 3aKPEIUICHUE B ATOM CIIydae I10
CHJTAaHOJIBHBIM TPYIIIIaM IIPOXOANT MEHEe aKTHBHO 110 CPABHEHMIO C TAJUTHEM U WH/NEM.
[Tpudem, Tak KaKk CPOACTBO HEHTPAIBHBIX (POPM ANMIOMUHHUS K 3TAHOIy MEHBINE, YeM K
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aIleTOHY, TO U MIEPEHOC ero COPOIIMOHHO-AKTUBHBIX (hOpM Ha rpaHuIe pasaena (a3 opra-
Huueckuit pactoputens — JIMXCA npouncxoaut 0ojiee HHTCHCHBHO B CITydae dTaHONIA,
YTO COOTBETCTBYET MEHBIIEMY 3HAYCHUIO ACp.

ACp’lOS, MOJIB/JI

Puc. 4. Ca3p mexay BenuunHoit C ' n

Puc. 5. Ca3p mexny BenuuuHoit AC u
3HadeHneM lgv aist akBakomruiekcoB Al, Ga, In P

3nayenueM ApK B npucyrcrBum: stanona (1)
B IPUCYTCTBUH: 3TaHona (1) (v="0,58 — 0,15x; R2 = 0,92); anetona (2)

(y=1,24 +0,57x; R*=0,95); auerona (2) (v = 1,24 — 0,44x; R* = 0,96)
(»=10,69 +0,21x; R*=0,99). ’ T T

Takum oOpazom, anHanm3 uzorepMm copbumu JIIK oprannszoBaHHO# cucTeMOit
«IMXCA — nossipHblii OpraHMYeCKUil pacTBOPUTENbY» M0Ka3ajl, YTO BIMSIHUE PacTBO-
puTens-ruApoPpuIN3aTopa CBA3aHO, KaK C U3MEHEHHEM eMKOCTH COpOeHTa MO OTHOIIIe-
uuto Kk Al, Ga, In, Tak u ¢ mporeccamu IepecoyibBaTallid MOJIEKYIN copbaTa B IPHUIIO-
BEPXHOCTHOM CJIO€ opraHokpeMHe3eMa. M3ouparensHocts [IMXCA 10 OTHOIICHHUIO
K 2JIEeMEHTaM-aHaJIoraM IOATPYMIbl AJTIOMUHUS ONpenesieTcs NPUPOaoil UMITpEerHu-
POBaHHOTO TOJISIPHOTO PAacTBOPHUTENS M, MPEXKIE BCETO, €ro 3JIEKTPOHO-IOHOPHBIMU
CBOMCTBaMH, a TaK)X€ PA3IUYUSIMHU KUCIOTHO-OCHOBHBIX U KHHETUUYECKUX [apaMeTPOB
KOMITOHEHTOB B MCCJIEyEMBIX I'€TEpOreHHbIX CUCTEMax. PacTBOpUTEIIb BBINONHAET KaK
GyHKIHIO THAPOGUIN3ATOPA TIOBEPXHOCTH, TAK U TPAHCIIOPTHYIO (DYHKIIHIO — IIEpeHOCca
copbara K COpOLIMOHHOAKTUBHBIM LIEHTPaM Ha KPEMHE3eMHOW MOBEpXHOCTH. Bee 310
CBUJIETEIILCTBYET HE O CENIEKTUBHOCTHU UCXOAHOTO opraHokpeMmuezema JIMXCA, a o ce-
JIEKTUBHOCTH B 11€JI0M BHOBb OPTaHU30BAHHOM CUCTEMBI «IMMETHIIXJIOPCUIIAHA3POCHI —
TIOJIIPHBIA OPTaHUYECKUN PACTBOPUTEINbY 10 oTHOIIeHHO K JIT'K.
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BIIJIUB OPTAHIYHUX PO3YUHHUKIB HA BUJTYUYEHHSA
Al, Ga, In 3 BOJHUX PO3YUHIB OPTAHOKPEMHE3EMAMM

BuBueni copOmiliHi BIACTUBOCTI OPraHOKPEMHE3EMHOTO COPOEHTY —IMMETHIIXJIOpPCHIIA-
Haepocuty (AMXCA), nonepenHpo Tiapodigi30BaHHOTO OPraHiYHUMHU IMOJISPHUMH PO3-
YUHHUKaMHU (€TaHOJI, alleTOH) IO BiJHONICHHIO JO BOJHHMX PO3YHMHIB €JIEMEHTIB aHAJIOTiB
Al, Ga, In. Iloka3aHo, MO celeKTUBHICTH opraHizoBaHoi cuctemu «JIAMXCA — monspHuit
OpraHiYHUH PO3YMHHUK» NPU cOpOLii TOCTIPKYBaHUX €IEMEHTIB BH3HAYAETHCS IPHPOJIOI0
IMIIPETHOBAHOTO PO3YMHHHUKA, 3 TAKOK BIAMIHHOCTSMH KiHETHYHHX 1 KHCIOTHO-OCHOBHHUX
rapaMeTpiB KOMIIOHEHTIB T'eTepPOreHHOT CHCTEMH B TIpoIieci COpOIii.

KuroumoBi ci1oBa: moJsipHi pO3YMHHUKY, COPOILisi, aTFOMiHIH, raiif, iHaild, TMMETUIXIIOPCH-
JIaHACPOCHIL.
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ORGANIC SOLVENTS EFFECT ON THE Al, Ga, In
EXTRACTION FROM AQUEOUS SOLUTIONS
BY ORGANOSILICAS

The adsorption properties of organosilicas — dimethylchlorsilaneaerosil (DMCSA), previ-
ously hydrophilized by organic molecules of the polar nature (ethanol, acetone) to wards
to aqueous solutions of Al, Ga, In were studied. It is shown that allocation of sorbate in
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10.
11.

12.

13.

the system is implemented in two stages: extracting neutral hydroxoforms of metal ions
from the aqueous phase in the solvating layer of hydrophilizer and then to sur-
face DMCSA. The selectivity of an organized system “ DMCSA — polar organic solvent” in
relation to the elements under study determined by the nature of the impregnated solvent, as
well as differences in kinetic and acid-base parameters of the components of heterogeneous
system in the process of sorption.

Keywords: polar organic solvent, sorption, aluminum, gallium, indium, dimethylchlorosila-
neaerosile.
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MHOT OJIETHSASI AMHAMUKA COAEPKAHUS ®TOPA
B IMTOBEPXHOCTHbBIX BOJAX BACCEUHA KYAJIBHULIKOI'O
JIUMAHA

Ha ocHoBaHMM HaHHBIX HCCIEIOBAaHUMN, TPOBEACHHBIX B pa3Hble ce30Hbl 2005-2013 rr., oue-
HEHa JJMHAMHUKA MEXTOIOBBIX U Ce30HHBIX M3MEHEHHH KOHIEHTpanuy (propa B KysipHHIIKOM
JMMaHe U €r0 OCHOBHBIX BOJIOTOKAX, BBINOJHEH aHAJIM3 IPOCTPAHCTBEHHOTO PACIIPE/EICHUS
(Topa 1o akBaTOpHM JIMMaHa. B pe3ynbrare CTaTHCTHYECKOH MPOBEPKH MHOTOJICTHHX PSIIOB
HAOMIOZICHUI BBISBICHO HApYIIEHHE OJHOPOIHOCTH MX M3MEHEHHMIl B JIMMaHE U BOJOTOKAX.
YcTaHOBIIEHO, UTO TAaKUE U3MEHEHHS CBS3aHbI C BOAHBIM PEXXUMOM U AaHTPOIIOTEHHBIMU (DakK-
TOpaMy. BbIsBIICHBI 3HAUMMbIEC KOPPEIALMOHHBIC CBSI3U MEX1y KOHLIEHTpalusIMu GTopuaos
B Boze U pH cpenbl, BOXOPACTBOPHMBIX (hTOPHUJIOB M OPraHUYECKOTO BEIIECTBA B JOHHBIX
OTJIOXKEHHUSX. YCTAaHOBIICHA TECHAS B3aMMOCBSA3b MEX/y KOHLEHTpaluei F~ u oTHoLeHUsIMU
F/Ca* , F/ Mg* (r = 0,94-0,96). Paccunranbl Ko3(hPUIHECHTBI HOIBUKHOCTH (HTOPUJIOB,
YUYHTBIBAIOLINE CIOCOOHOCTh (DTOPUAOB HAKAILIMBATHCS B JIOHHBIX OTIIOKeHHsX. [TomyueH-
HBIC JaHHBIE CBUJICTEIILCTBYIOT 00 ONPEAENSIONeH POy KUCIOTHOCTH CPeIbl B COPOIMOH-
HOM MMOOMIN3aIMKu PTOpa B CUCTEME BOJA-JIOHHBIE OTIOKCHHS.

Knrouesvie cnosa: dprop, KysnbHUIKMIL TMMaH, BOJOTOKH, BOAHBIH PEKUM, MHOTOJICTHSIS,
MEKTOZIOBasi U Ce30HHAs TMHAMUKA, CTATUCTUUCCKUI aHaIN3, KOPPEIISIUL.

®DTop OTHOCHTCS K UNCITy HanbOoJee pacpOoCTPAaHEHHBIX 3JIEMEHTOB B ITPHUpPOJIE, 00-
Jamaet BEICOKOW peakIMOHHOH CITOCOOHOCTRIO, BCIICCTBUE YETO BCTPEUACTCSI HCKITIOUH-
TEILHO B BUJIE coeinHeHMI [ 1-3]: B OUBE, B OCHOBHOM, B COCTaBE araruta, PIroopura,
AJFOMOCHIJIMKATOB, CHIIMKATOB M JIPYTUX (PTOpCOJAEpKAIUX MUHEPAIOB; B MPUPOIHBIX
BOJax — B BUE (pTop —MoHa F~ 1 KoMIuTeKCHBIX HOHOB. [IpenensHo-10mycTHMBIC KOHIICH-
Tpauuu coequHeHmi Gropa (B mepecdyere Ha (GTOp) B BO3MyXE aTMOC(EPHI COCTABISIOT
0,02 mr/v® 1 0,005 Mr/am® (MakCHMabHO Pa3oBbIC U CPEHECYTOYHBIE, COOTBETCTBCH-
HO); B TTOBEPXHOCTHBIX BOJaX BOJOEMOB XO3SHCTBEHHO-OBITOBOTO HaszHaueHus — 0,7,
1,2 u 1,5 mr/om? (B 3aBUCHMOCTH OT KIIMMAaTHYCCKUX PAHOHOB), PHIOOX03HCTBEHHOTO —
0,05 x domny, Ho He 601ee 0,70 mr/mm®. Heobxomumo oTMeTHTh, 4To (hrop obmamaet
BBICOKOH (PM3MOJIOTMYECKON aKTUBHOCTHIO. HeocTarouHocTs propa B MUTHEBOM BOsIE
(menee 0,5 mMr/mm?) BeI3BIBAET y JIIONCH MOpa)keHUe 3y00B — Kapuec, U30BITOYHOE I10-
cTymieHre (ropa B OpraHM3M IPHBOIUT K Pa3BUTHIO (hmrooposa (TMOsIBICHHE Kparda-
TOW 3Manu), BO3HHKHOBEHUIO OCTEOIIOP03a, PAa3BUTHIO OIYXOJIEH IHIIEeBAPUTEIHHOM
cuctemsl [4-5]. [locneactBus 3arps3HeHust HTOPOM MPOSBISIOTCS TaKKe B MOBPEKIE-
HUM pacTEeHWH, CHIXEHUH ypoxkas [6]. Takum oOpasoM, npu aeduimre comepkaHus
(hTopa B KOMITOHEHTaX MPUPOTHON CPEABI €0 PACCMaTPHUBAIOT KAK MUKPORJIEMEHT, ITPpH
BBICOKHX CONEPIKAHIIX — KaK TOKCHKAHT. Y UUTHIBAs 3TO, a TAKKEe OAIFHEOIOTHICCKYIO
U PEKPEalMOHHYI0 3HAYUMOCTh MPHUPOAHBIX pecypcoB Kysnpauukoro numana (Ko,
aKTyaJbHBIMH SBIISIOTCS UCCIIE0OBAaHUS conepkanus gropa B skocucteme Kir.
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Hecmotpst Ha Gonpioe ducio myOmuKanuii, MOCBAIICHHBIX H3YUCHUIO PacIpoCTpa-
HEHHsT (Topa B KOMIIOHEHTaX IPUPOIHON cpensl Ha Teppuropuu CeBepo-3armaaHoro
[IpudyepHOMOpBSI, B YaCTHOCTH, B IOYBAX M MOA3CMHBIX Bomax [7-12], no cux mop He
OXBa4eH JIeTANbHBIMH HccieqoBanusMu Ki, OambHeonornyeckue pecypcsl (para,
CYIb(HUIHO-UIOBBIC OTIIOKEHHUS) KOTOPOTO IIMPOKO HCIONB3YIOTCS B KypPOPTHOU TTpak-
THKE.

Lenp HacToOsIeH pabOThI COCTOsUIA B 0OOOIICHUN OPUTHHAIBHBIX PE3yJIBTaTOB HC-
CJIeIOBaHUM conepxkaHus (pTopa B Bojax Kil M ero OCHOBHBIX BOJOTOKAaX 3a MEPHON
2005-2013 rr., mpoBeICHUH CPABHUTEIHLHOTO aHAIN3a €r0 MHOTOJIETHUX HM3MEHEHHH,
MUTPALUH B CHCTEME «BOJa-IOHHBIC OTIOKCHSD».

OBBEKTHI U METO/JIbl HCCJEJTOBAHUM

VcxomHpIM MaTepHaIoM IS aHaJIH3a MEKTOIOBOH U C€30HHON M3MEHUYNBOCTH KOH-
LeHTpauuil Gropa MOCIyKUIK pe3yabTaTbl UCCIEJOBaHUM, OTYUYESHHbIE B X0/ KOMII-
JIEKCHOTO MOHHTOPHHTA 10 CETH cTaHIMi HabmoaeHuit (puc. 1) B akBatopuu K u teppu-
TOPHHU BOJOCOOpa — B MecTax cOpoca B IMMaH NOBEPXHOCTHOTO CTOKA M3 ICHCTBYIOIINX
BOJJOTOKOB — BOJOTOKa Ha TEPPUTOPUH caHaTopus «KysiapbHUK», MO KOTOPOMY HICT
cObpoc u3 cucremsbl npynoB Ilepecbinu (MM Tak Ha3biBaeMbIX JIy3aHOBCKUX MPYIOB)
U CTOYHBIX BOJ C Tepputopun Mexay OObe3nHOI noporoi u x.1. cranuueil Oxpecca-
CoptupoBounas, Bogotoka KopcyHroBckoi 6ankn u3 cucteMsl KopCcyHIIOBCKUX Hpy-
noB, pek bompimoit Kysutbnuk, KyOanka u pydbst Ha mpaBoM Oepery JIiMaHa Ha TpaBep3e
c. ABrycroBka (cT. HabroneHui 12).

[TapamnensHo ¢ 0TOOPOM MPOO OCYIIECTBISIUCH MU3MEPEHUsT YPOBHS BOJBI B JIU-
MaHe Ha THIPOJIOTHYECKOM HOCTY (CT.8) M pacxox BOJ BOIOTOKOB, BIAJAIONINX B JIH-
MaH. M3MepeHns: pacxomoB BOIBI IPOBOIMIIN B CTBOPAX, PACIIONIOKEHHBIX Ha YCTHEBBIX
y4acTKaX BOJOTOKOB.

ITpoOsI BOS M JOHHBIX OTAOKCHUI OTOUPATINCE PETYISIPHO B BECEHHE-JIETHE-OCEHHNE
TIEPUOABI MTPAKTHUECKHU €KEMECSIIHO, HO HE peke 1 pasa B CE30H; AMN30AMUICCKH B 3UM-
HUI NEepHOJ.

YuuThiBass MEIKOBOJHOCTh JMMaHa, MPoObl BOA OTOMPAIMCh C OJHOTO FOPU30HTA,
JIOHHBIX OTJIOKEHUH — ¢ TOBEpXHOCTHOTO ciiost (0-15 cM) ¥ JOBOAMINCH IO BO3IYIIHO
CyXOi Macchl IpH KOMHATHOH TeMIlepaType B JTaOOPaTOPHBIX YCIOBHSIX.

HccnenoBanust ypoBHS 3arpsi3HEHUST MMOBEPXHOCTHBIX BOX (PTOPHIAMH TIPOBOIM-
nuch B niepuod 2005-2013 rr. Ananu3 o0pa3LoB BOA M JIOHHBIX OTJIOKEHHH OCYILEeCT-
BJISUICSI 110 CTAHAAPTHBIM METOAMKAM B aTTECTOBAHHOM MCIBITATENBHON J1aboparopuu
«Mounutopuary ®XM30CHUY (Ceua-Bo 06 arrect. NeNe PO-864/2004 ot 29 mapra
2004 1., PO-504/2007 ot 13.04.2007, PO-409 / 2010 ot 12.07.2010 ., PO-409a / 2012
ot 17.05.2012 p.)

Bcero Ha conepixanue ¢ropa Obu10 npoananusupoano 370 odpasios Box, 160 06-
PAas3I0B JOHHBIX OTIOKCHHHN U 6 IPOO TBEPABIX aTMOC(EPHBIX 0CaAKOB (CHEra), 5 Mpobd
TPYHTOBBIX BOJI.

CpennerofoBbie 00beMbl CTOKa (DTOPUA-MOHOB C BOJOTOKAMH PACCUUTHIBAIHMCH
M0 JAHHBIM CPEAHETrOJ0BBIX 00bEMOB MOCTYIUICHUI BOJ M3 BOJOTOKOB M CPEIHETOMI0-
BOM KOHIIEHTpanuu F~ B HUX. AHTPOTOreHHAsl COCTAaBISIONIAsI OMPEACNsIach MyTeM
BBEIYUTAHUS M3 CyMMapHOTO HOHHOTO CTOKa (PTOPHIOB €ro MpHPOXHON COCTABISIONMIEH,
MOJTYYEHHOH YMHOKEHHEM CYMMapHOTO 00beMa CTOKAa BOJl Ha KOHIICHTPALHIO (PTOpPH-
JIOB B HE3arps3HEHHBIX BOIOTOKaX ((POHOBYIO).
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s BBISABIICHUS BO3MOKHBIX KOPPEJISIIMOHHBIX CBSI3CH MEXKIy KOHICHTpAIMSIMH
(¢Topa M APYrux pacTBOPEHHBIX KOMIIOHEHTOB OCHOBHOIO COJICBOTO COCTaBa B IMPO-
0ax MoOBEepXHOCTHBIX BOJ OacceiitHa K (pambr Kit, mpecHbIX U COIOHOBATHIX BOJ PEK,
pPy4beB, MPYJOB) UCIOJIB30BAINCH JIaHHBIC apXHBa AJIEKTPOHHOTro OaHKa, copmupo-
BanHoro B ®XUN30CUY. Koopamnarel craHumii omnpenessuiuch ¢ nomoripio GPS-
HaBuranuu. MccienoBaHusl BKIIOYATH pacyeT CPEAHErOJIOBBIX, CPEAHEMHOTOJIETHUX
(cpenHux apupMETHUECKUX ) 3HAYCHUN U TIOTPEITHOCTEH UX ONPE/ICICHHSI, BU3yaIbHbIN
U CTaTHCTHYECCKHUH aHAIU3 PAIOB CPOYHBIX HaOmoaeHHi. CTaTHUCTHYECKHE PAaCUeThI
BBITIOJIHSTUCH C MCIIOJIb30BAaHHEM BCTPOCHHBIX (YHKIIMH KOMITBIOTECPHOU MPOrpaMMbI
Excel. ®akTopHblii aHATH3 TPOBOAMICS ¢ y4eToM Ko3dduumeHToB koppensiuuu (1) u
nerepmuHaiuy (12) o ITMpCcoHy, onpeaesonX TECHOTY CBI3U MEXLY PE3YJIETaTOM H
(bakTopom B cooTBeTcTBUH cO mkanoi Yeamoka (0,1-0,3 — cnabdas; 0,3-0,5 — ymepeHHas;
0,5-0,7- 3ametHas; 0,7-0,9 — Boicokast; 0,9-0,99 — BecbMa BbICOKas CBSI3b) ¥ JIOJIO JHC-
MEPCUU PE3YJIbTaTa, BBI3BAHHYIO BIMSHUEM BCEX OCTAIBHBIX HE YUTECHHBIX B PEIPECCH-
OHHOU Mojiesii (PaKTOPOB, COOTBETCTBEHHO. UeM Oinxke KOIPPUIUESHT JETCPMUHAIIUN
K CAMHUIIE, TEM MEHBIIC POJb APYTHX (PAKTOPOB U JMHEHHOE YPaBHCHHE PErpeccUn
OIKCHIBACT JTyUIIIe UCXOIHBIC JJAaHHBIC.

MoaenupoBaHHue MPOCTPAHCTBEHHOTO pacipe/esicH s (TOPHIOB 0 aKBATOPHH JIU-
MaHa OCYIIECTBIISUIOCH C TOMOIIbIO COBPEMEHHBIX I'¢OMH()OPMAIMOHHBIX CHUCTEM Ha
OCHOBE pacTpa GTOPHUI0B, HHTEPIIOIMPOBAHHOTO METOJIOM CPEJIHEB3BEIICHHBIX 0 3HA-
YEHHSIM KOHIICHTPAIMH Ha CTAHIIUSAX HAOTFONCHHIA.

PE3VYJIBTATBI U UX OBCYXKIEHUE

OCHOBHOI1 0COOEHHOCTBIO COBPEMEHHOTO COCTOSTHUS KI1, Kak OTMEUeHO HaMH paHee
[13, 14], sBisieTcst ero 6eCCTOYHOCTh U HECTAOMIIBHBIN THIPOIIOTHIESCKHH PEXKUM. DTO
SIBIISICTCS TIOCIIEICTBUEM HE TOJIBKO M3MEHEHHUH KiMMaTa, HO M JAerpaJallid OCHOBHBIX
BOJOTOKOB KT o Bo3zeiicTBUEM HETaTMBHBIX aHTPOIOTEHHBIX (DAKTOPOB — MEpexBat
PEYHOTO CTOKA MPYIaMH, pacrallka MpuOpeKHON 30HEI, pa3paboTka KapsepoB, 3apery-
JIUPOBaHUE PyCell peK U YHUUYTOKEHHE PACTUTENbHOCTH. B HacTosiee BpeMs BOIHBIN
OanaHc JMMaHa GOPMHUPYETCs 3a CUYET aTMOC(EPHBIX 0CAJIKOB, CKIOHOBOTO, PYCIIOBO-
T0, TOJJ3¢MHOTO CTOKOB U (DHJIBTPAIINH BOJIBI YE€PE3 MEPECHINb, IPUUEM JIBA MOCIECAHUX
KOMIIOHEHTa TIPUXOAHON YacTu He aocturatoT 1% ot cymmapnoro nocryruienus [15].
HauwHas ¢ koHIIa MPOIILTOTO BEKa OCHOBHOH 00BEM PyCIOBOTO CTOKA TIOCTYIAET B FOXK-
HYIO U LIGHTPAJIbHYIO YaCTH JIMMaHa, COCTaBJIsisl B cpeiHeM 1o AaHHbIM 3a 2000-2014 rr.
okouo 1,5 miH. M*/roz1. Pexa Bonbmioit KysibHuk, koTopast paHee Oblila OCHOBHBIM 3Be-
HOM PYCJIOBOTO CTOKa B JIMMaH, B MOCJIEIHNE TOABI COBEPIICHHO AETpasupoBaja H C
2007 1. ee IOBEPXHOCTHBINA CTOK HE JOCTUTAET 3e€pKaJia BOJbI JIMMaHa JaXKe B BECEHHEE
nonosonbe [13]. Crok peku Kybanka HaOmrogaercs, Kak MpaBUio, TOJBKO B TIEPHO C
HOsI0ps 1o Mait u coctasisier okono 50 m*/cyTkn. OObeM CTOKa U3 pydbs IMOCTyHaeT
B JIMMaH MPAaKTHYECKU KPYTIIOTOAWYHO U cocTaBisieT okoiao 100 m*/cytku. Konebanus
pPacxozoB BOA U3 BOJOTOKOB B JIMMaH HOCST CE30HHBIN Xapakrep (MaKCUMyM — B 3UMHe-
BECEHHUH Nepuojl, MUHUMYM — B JieTHe-oceHHUi). [lo xpurepusM MuHepaIu3aluu
Boja Ki1 oTHOCHTCS K KJlaccy COJICHBIX BOJ, KATETOPUH YABTPAaraIuHHBIX, JIy3aHOBCKIX
MpyRoB, py4bs, pex Kybanka m bonbmioit KysmpHHK — K KJ1acCy COIOHOBATHIX BOJ, Ka-
TEropun [-Me30TaauHHBIX; KOpcyHIIOBCKOH Oankw — K KIIacCy MPECHBIX, KaTErOpHH
OJIMIOTAIMHHBIX BOA. KHCIOTHOCTh BOTHOI Cpesbl IMMaHa U CTOKOB OCHOBHBIX BOJO-
TOKOB B HCCIEAYEMBIH MEPHOJ U3MEHSUTUCH OT «CJ1ab0 KHUCI0H 0 cnaldo MIEeTouHO;
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BOJTHBIX BBITSDKEK JIOHHBIX OTIIOKeHHH Ki1 — B OCHOBHOM, OT «HEHTpaJBHOM 10 Cl1abo
IIEJIOYHOM M 32 UCKITFOYCHHEM SJIMHUYHBIX CITyJacB ObLIM Ha YPOBHE CPETHEMHOTOJICT-
HUX 3a NIOCIIEIHEE JIECATUIICTHE.

[IpenenbHbie M cpeHUE KOHIEHTpauu GTopumoB B Bojxe Kit u ero OCHOBHBIX BO-
nmorokax 3a nepuon 2005-2013 rr. mpeacrapneHsl B Tabn. 1. PacnpeneneHue KoHIEH-
Tpauuid GropumoB (puc. 2) B MOBEPXHOCTHBIX Bojax OacceriHa Ki HepaBHOMEpHOE M
B 2005-2013 rr. m3menstiock B muTepBane 0,04-2,3 mr/am®. MakcumaibHbIe KOHIEH-
Tpauuu Gpropunos Hadbmroganuck B Kit (10 2,3 Mr/nmM?®) 1 aHTPOMOTEHHBIX BOAOTOKAX —
u3 cucremsl Jly3aHoBckux mpynoB (10 1,45 mr/am®) u pyuss (no 1,15 mr/am?). Menee
3arpsI3HCHHBIMK ObLITM CTOKH M3 peku bonbnioi KysibHuk U KOpcyHIIOBCKUX MPYIOB
(puc.2; 1a6mn.1): nanbonee Boicokue KoHueHTparuu ¢ropumos (0,18-0,21 mr/om’) pe-
THECTPUPOBAIIUCH B MEPHOBI BECEHHETO MONOBOAbS. O HEPABHOMEPHOM 3arps3HCHUN
MMOBEPXHOCTHBIX BOJ B OacceitHe Kit U clI0)kKHOW KOMOMHAITUM aHTPOIIOTCHHBIX (haKTo-
POB CBHICTEIBCTBYFOT 3HAUCHUS KO3 PHIIMECHTOB Bapuaiuu (Taom. 1, 2).

Tabmuna 1
CpeaHeMHOr0JIeTHHE KOHIEHTPAauU (PTOPHIOB B MIOBEPXHOCTHBIX BOAAaX dacceiiHa
KyﬂJIbHPlIIKOI‘O JIMMAHA M CTATHCTHYECKHI aHAJIN3 (l]O AAHHBIM OCPE€AHCHUS
3a mepuon 2005-2013 rr.)

Conep:xanue F-, mr/ = °
am? © S o
S o o E
: $E5 | £ | § | ¢
O0BbeKThI Z, g 2 Hucao £ Mopna E‘ 5 Z = = :as
s g = npo6 5) 2as g & Z
E 2 5 = O E g | A
= E 5 g£° 2 9
= = © S S
= 2
Ryambrni- 1o 04 1930 | 0227 | 173 [0,140| 0,140 | 0,175 | 0,066 | 77,09 20,85
KWU JIMMaH
Pexa boib-
moit Kysuis-
mik (cteop | 0,04 [ 021 | 0,110 | 39 0,11 | 0,04 | 0,052 | 0,023 | 47,27 |-0,88
c. CeBepu-
HOBKA)
geKaKy‘ 0,04 [035/0217| 17 | 025] 004 | 0,119 | 0,095 |54,84|-1,15
aHKa
JIyzanos-
CKHE NPYZAbI
(noTOK 0,05 | 1450277 47 |0210| 0,08 | 0,183 | 0,127 | 66,06 | 8,75
cOpoca Box B
JIIMaH )
Kopcynios-
CKHE IIPYZbl
(noTOK 0,04 030 0,09 | 47 0075| 0,04 | 0,069 | 0,030 | 70,40 | 1,87
cOpoca Box B
JIMMaH)
fg‘f’;) 0,04 | 1,150,183 | 47 [0,130| 0,04 | 0,137 | 0,138 | 73,26 | 11,92
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Puc. 2. Cpennemecsianast TuHaAMUKa U3MEHEHHS KOHIICHTpanuil (hTOPHI-NOHOB
B ieprox 2005-2013 rr. B Kit (a) 1 Bogorokax u3 p. bombmoit Kysuisauk (6);
Kopcynnosckux mpynos (B); Jly3anoBckux npyzoB (T), pydss (1)
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Tabnuna 2
CpenHeroaoBblie KoHueHTpauuu (Mr/am®) gpropunos B Boge KysiibHHLIKOTO JTMMaHa
B 2005-2013 rr. 1 cTaTHCTHYECKHE XapAKTEPUCTHKH

Cpennee Ko3dduuu-
T'ox uccneno- Cpeanne Yuciao Meaua- KBATpATHY. JloBepur. eHT Bapua- Ixenece
BaHUS 3HAYCHHUSI npoo6 Ha oTrnoHenme | MHTEPBAT s, %
2005 0,130 18 0,13 0,036 0,033 27,69 1,35
2006 0,243 29 0,30 0,115 0,048 53,99 -1,29
2007 0,199 27 0,14 0,156 0,113 78,78 10,17
2008 0,668 18 0,15 0,790 0,542 118,26 0,02
*0,189 *14 *0,14 *0,086 *0,455 *45,50 *1,29
2009 0,139 24 0,15 0,024 0,013 17,27 -1,51
2010 0,123 17 0,13 0,037 0,033 30,08 -0,47
2011 0,104 21 0,12 0,036 0,025 34,62 -1,24
2013 0,410 19 0,11 0,440 0,521 107,31 4,97
*0,166 *16 *0,09 *0,132 *0,065 *79,51 -0,50

* CTaTuCTUYECKHE XapaKTePUCTHUKH MOCIIe NCKITIOYEHHST aHOMAJIBHBIX P00, OTMEYEHHBIX IPH
aBapuitHOM cOpoce KaHAIM3AIMOHHBIX BOJ ¢ Toc. KotoBckoro B Mae 2008 T. ¥ IMBHEBBIX CTOKOB C
cenbxo3yroauii B urose 2013 r.

IIpoBeneHHbIN aHAN3 MEKTOIOBEIX PSIIOB HAOMIOACHUIT 32 comepkaHneM (QTOpu-
1noHOB B Bozie Kt (Ta0i1.2) mo3BONINII BBISIBUTH HAPYIIEHHE UX BHYTPUTOJOBON OJTHOPO/I-
HOCTH B HCCJIEAYEMBIH ITepHO/.

CpenHee KBaJparndeckoe OTKIOHEHHWE () HaxomuTcs B rpanumax 0,036-0,79, on-
Hako B 2008 . m 2013 r. BeIMUMHA G MPAKTHYECKU COM3MEPHMA CO CPEIHUM 3HaYe-
HHUEM, YTO YKa3bIBaeT Ha 3HAYUTEIbHYIO aCUMMETPHUIO paclpeaeseHus KOHIICHTPaIUi.
Ha pa30poc BHYTPUTOJOBBIX KOHIIEHTPAIlM YKa3bIBaCT W OTPHIIATENIbHAS BEIMYHHA
akcriecca (tadm.2). Kak BumHO M3 Tabl. 2, B 25 % ciydyaeB dKCIECC CYIIECTBEHHBIN
( | E | > 3), TO €CTh C(OPMUPOBAH TIO]T BIUSHAEM HECITydaiHbIX (akTopoB. Hapymenus
CPEIHHMX KOHLIEHTPAIUi, NX JTUCIIEPCHI COBNAAAIOT ¢ 3a()UKCUPOBAHHBIMU B 3TH TOJIbI
CITy4asiMH aBapHITHOTO CTOKA KaHAIHM3AIMOHHBIX BOJI ¢ TToc. KotoBckoro (maii 2008 1. ) n
AQHTPOIOTEHHOTO CTOKA C TEPPUTOPHHU BOIoCcOOpa MO HEITOCTOSHHBIM BOAOTOKAaM, (PyHK-
[IHOHHUPYIOIIUM B IIEPHOIBI JIUBHEBBIX JOXKICH U TasHUS CHETa MO OajKaM, OBparam,
N0KOMHAM, PHITBHHAM.

JlmHamMuKa TOMOBBIX OOBEMOB CTOKA ICHCTBYIONIMX BOJOTOKOB M HMOHHOTO CTOKA
¢ropunos B Kit ipesicraBiena Ha puc. 3. YcTaHOBIIEHA KOPPEISIIHAA MEKIY 00beMaMu
MIOBEPXHOCTHOTO PYCIOBOTO CTOKA JCHUCTBYIONIMX BOJIOTOKOB U HOHHBIM CTOKOM
¢ropunoB (kodddurnment xoppemsmuu I[Tupcona 1=0,81, 9TO TOBOPUT O CHITBHOU
MOJIOKUTEIBHON CBA3M MEXAy HCCIeNyeMbIMU MEpeMEHHBIMHU MO Iukajie Yemmoka;
ko3 duueHt merepMuHanuu 12 = 0,66 CBHICTEIBCTBYET O TOM, YTO HE3aBHCHMAst
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TIepeMEHHAsT MOJICTN 00BsICHACT 66 % BapHalluy 3aBHCUMOI IEPEMEHHOM, T.€. 3aMeTHa
POJb U APYTHX (PAKTOPOB, CpeAHss omuoka anmpokcumanuu — 20,7 % ).

Kak BuHO M3 TIpECTaBICHHBIX HA PHC. 3 TaHHBIX, B TOCTICIHEE BPEMsI B YCIOBHUIX
MOHIDKCHHOW BOJHOCTH HAMETHMJIACh TEHJCHIHUS K CTaOMIM3alUHM pexuma (TOpua-
HOHOB B BogoToKax Kir.

Tomoroii crok Gropumos ¢ Bomorokamu B Ki1 B UcciieyeMblii Iepruoj] U3MEHSIICS B
npenenax 0,17-1,66 Tonn B ron. CpenHee MHOroneTHee noctyrieHue 0,66 TOHH B TOJ.
WHTeHCHBHBIN CTOK (HTOPHI-UOHOB 3a(MKCHPOBaH B rojbl Oojbineii BogHoCcTH (2005-
2006 rr.).

—
2
N~

[

=
g

T
S}

= 3
£ 8 R2=(18222 e £
z° -
= [ =}
Z 4 £
o - =
2 - \H/ - - 05/
0 . ‘ Ao04aL : 0
2004 2006 2008 2010 2012 2014

+  Q.MTHM/TOT
BriHoc F~,1/rog
—— IommHonataneHas (Q, MIHM/TOT)

— IMommHovmansHad (BeiHOC F~ 1/rog)

Puc. 3. MeXronoBoii TpeH1 B3aUMOCBSI3H 00bEMOB TOBEPXHOCTHOTO PYCIOBOTO CTOKA
BOJIOTOKOB M CTOKa propa.

C cokpartieHreM 00beMOB TIOBEPXHOCTHOTO PYCIOBOrO cToka ¢ 15-12 murH. m* (2003-
2006 rr.) mo 1,5-2 mua. M*(2007-2014 rr.) BBIHOC (PTOPUI-MOHOB € BOJIOTOKAMH CHH3HJI-
cs mpakTryecky B 10 pa3. OgHAKO Takoe CyIIECTBEHHOE COKPAIICHUE CTOKa (PTOPHIIOB C
JEHCTBYIOIIMMH BOZOTOKAMH HE MPHUBEJIO K aHAJIOTHYHOMY M3MEHEHHUIO KOHIICHTpaIuii
¢bropuoB B muMane (puc. 4).

OTCyTCTBHE 3HAUMMBIX KOPPEISIMOHHBIX CBA3eH MEXIY BBIHOCOM (TOPUIOB
C BOIOTOKaMH W ero KoHmeHTpammeidl B Boge K (1= 0,15; 1>=0,02) cBuUmeTeIbCTBY-
€T O HAIMYWHU JIPYTMX HMCTOYHHMKOB 3arpsi3HeHHs. JlaHHBIE TPOCTPAHCTBEHHOTO pa-
cupenenenus (puc.5) ¢ropunoB no aksaropun Ki B 2005-2013 rr. yka3biBaloT Ha
TO, YTO AHTPOIOTCHHBIC (TOPUIHBIC TUAPOXUMHUYCCKHEC AHOMAIUH IMPHYPOUYCHB K
ypOaHU3UPOBAHHBIM TEPPUTOPUSAM. MaKcUMallbHas JIOKAJINW3alusi KOHIEHTpaIuu
(¢bTopuoB HabmOmaeTCs B IEHTpalbHOW wacTu Kil W cBsi3aHa, IIaBHBIM 00pa3oM, ¢
MOCTYIUVIEHUEM TOBEPXHOCTHBIX JIMBHEBBIX CTOKOB C CEJIbXO3YTOIUH U OIHM3JIekKaIuX
HACEJICHHBIX MYHKTOB. [10OBEIICHHBIC KOHIICHTPAIUH (hTOPUAOB B IOXKHOU H CEBEPHOM
OKOHEYHOCTSIX JIMMaHa OMNPEICISIOTCS, KaK PYCIOBBIM CTOKOM W3 aHTPOIOTCHHBIX
BOJIOTOKOB, TaK U a3pPO30JIbHBIM MIEPEHOCOM BBIOPOCOB ABIMOBBIX T'a30B [13].
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Puc. 4. MexXronoBoii TpeH1 B3aUMOCBSI3M 00bEMOB BBIHOCA (hTOPA CO CTOKAMH BOJZOTOKOB
¢ KoHHeHTpanusMu Gpropunos B Kir B mepuon 2005-2013 rr.

ITockonbKy MmokaszaTenab CTOKa XUMHUYECKHX BEIIECTB SBISIETCS KPUTEPUEM HAIPaB-
JICHHOCTH TIPOLIECCOB B3aUMOJICIICTBUS BOABI C KOPOI BBIBETPUBAHUS U 6uochepoii, To
€ro CYIICCTBCHHBIC M3MCHEHHUS 3a JICCSTKH JIET MOTYT CBHJICTEIHCTBOBATH O BIMSHHUN
AQHTPOMOTEHHBIX (PaKTOPOB. OOBIYHO OIIEHKA AHTPOIIOTCHHOHN COCTABILIONICH HOHHOTO
CTOKa MPOU3BOIUTCS METOAOM THAPOXUMHUYECKOrO (JOHA IMyTEM CONOCTABICHHUS BEIH-
YUH CTOKA PACTBOPEHHBIX BEIIECTB 33 PACUETHBIM Mepuoa U (GoHa (10 MHAYCTpPHAIH-
3alUH) C yYETOM IIOTPABKH Ha BOAHOCTH [16]. BBHAY OTCYTCTBUS TakuX JaHHBIX (o-
HOBOTO cofep KaHusI (PTOPHUAOB, HAMH aHTPOIIOTCHHAS! COCTABIIAIONIAs OIMpEACIIach
IMyTEM BBIYUTAHUS U3 CyMMapHOIO CTOKa (PTOPUJIOB €ro MpUPOJHOHM COCTABISIOLICH,
MOTy4YEHHOH YMHOXXEHHEM CYMMAapHOIO CTOKa BOJOTOKOB M3 pek bombiioit KysubHuUK,
Ky0anka, mpynoB Jly3anoBckux u KopcyHIIOBCKUX, pydbst HA (DOHOBYIO KOHIICHTPAIIHIO.
B xadecTBe (hOHOBOW NMPHHUMAETCS] BEPXHSS CTATUCTUIECKA OOOCHOBAHHAS TPAaHHUIIA
BO3MOXKHBIX CPEIHHUX, PacCUMTaHHAs 110 JAAHHBIM pe3yiasTaToB HaOmogeHuid B 2005-
2013 rr. Jlons aHTPONOIEHHBIX MOCTYIUIEHUH (pHc.6) B 0o0IieM cToke (TOPHIOB IO
JAHHBIM HaTypHBIX U3MEpeHHH B mepuof ¢ Hostopst 2005 1. o aBryct 2013 1. konebneTcs
ot 35,7 mo 95,3 %.

I[NpemutoxeHHBIH cr10co0 onpeeIeH s aHTPOIIOTeHHOTO BKJIaa CTOKOB JIOCTaTOYHO
YCIIOBHBII U HE IPETEHIyeT Ha OOJIBIIYIO TOUHOCTb, OJJHAKO AT BO3MOXKHOCTH OLICHUTD
pOJIb TEXHOTCHHOTO CTOKa B ypoBHE 3arps3HeHus Kur ¢ropumamu. M3 mpuBeneHHBIX
JIAaHHBIX (pHC.5,0) BUAHO, YTO JOMHUHHUPYIOIIYIO POJIb B (POPMUPOBAHUH CTOKA (PTOPUIOB
UTPAIOT AHTPOIOTCHHbIE HCTOYHUKU.

Crnenyer OTMETHTh, YTO BaXHYIO POJb B MUIPAIMM (PTOPHIOB MIPAIOT OCHOBHBIE
noHEKI conieBoro coctapa (Na', Ca?", Mg?"). YeenuueHue KoHIIeHTparu Na* crmocoOcTByeT
MUTparu  GTOPUAOB 3a cUeT O0Opa3oBaHUS BOMOPACTBOPHMBIX COCIAWHCHHH, a
KoHIeHTpupoBanue Ca** m Mg?* Hao0OpOT, TONABISCT MUTPAIHIO BCIICICTBHE
oOpa3oBanus cnabopacTBOPUMOro (Ppropuaa KajablMg W OPraHMYECKUX KOMILJIEKCHBIX
coenuHeHNH MarHus. CaMbIM CyIICCTBEHHBIM SIBIISICTCS W3MCHEHHE COOTHOIICHHN
F/Ca*" F/Mg*, omnpenensiomux pacrpeneicaie (Gropa B CHCTEME «BOJA-IOHHBICH
(r=10,94-0,96; 1> = 0,88-0,92).
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Puc. 6. [lons aHTpOIIOTeHHOW COCTABIISIONICH
B 00IIIeM 3arpsi3HEHHN HOHHOTO CTOKa (PTOPHIOB

Pesynbratel aHamu3a ypoBHs colepxkaHusI GTOPUAOB B CHCTEME «BOAA-TOHHBIC OTIIO-
JKCHUS TMOKa3ajM, 4TO HAOMIomaeTcs MOJIOKUTEIbHAs Koppersinus (1= 0,56- cpequsis
TECHOTa CBSI3M IO MO ImKane Yeqmoxa) MexXIy KOHIEHTparwed (pTopHIoB B BOAC H
KOB(b(bHHHeHTOM ITOABIKHOCTH (Kn = CF'B BOJIE F~ B 10HHBIX OTJIOKEHHUSAX

IIpuyeM, MHTEHCHBHOCTh MUTpallM (DTOPUI-MOHOB ONpPENENAETCS BEIMYHMHOM
pH: B crmabokucioif cpeae OTMEYaeTCs CHMKEHHE KOHIICHTpanuu (TOPUIOB B
BOJe, a B craborenouyHoil — yBennuenune. Ha mpormecc BeimenadnBanus GpTopa u3
JOHHBIX OTJIOKCHUH OKa3bIBACT BIUSHHE M PACTBOPCHHOE OPTraHMYECKOE BEIIECTBO.
VYcranoBneHa 3aMeTHas oTpuuarenabHas cBsa3b (I = — 0,061) Mexay comepKaHUSIMH
BOJIOPACTBOPUMBIX (TOPHIOB M OPraHUYECKOTO BEIIECTBA B JIOHHBIX OTJIOKCHHSIX
Kn. Koapournment merepmunanuu (1> = 0,37) CBHIETEILCTBYET O BHICOKOM BKIIAe
KOMILIEKCa APYTHX (PaKTOpPOB, BIUSIOIINX HA OCOOCHHOCTH NOBEACHUS (TOPHIOB B
CHUCTEME BOJIa-IOHHBIC OTJIOKEHHUS (TeMIIepaTypHOTO PEXHUMa, KUCIOTHOCTU CPEIbl,
MUHEpaI3alluku MU XUMHYCCKOTO COCTaBa BO/bI, q)HBHKO-MexaHH‘leCKI/IX CBOMCTB
JIOHHBIX OTJIOXKeHUH u ap. [13].

AHanmu3 pe3ylbTaToB HCCIICIOBAHUA CHEXHOTO MOKpoBa Mmodepexbs Ki, mpod
rpyHTOBBIX BOJ B BepxoBbe K u komomue (c. Hosas KoBaneBka) mokazan, 4To
cofiepkanue (TOPHUII-MOHOB B aTMOC(EpHBIX ocajkax kojebanock B uHTepBaie 0,17-
0,21 mr/am?, B rpyHTOBBIX Bogax — 0,13-0,19 mr/am® — 1 Majio OTIMYaIOCh OT CPEAHUX
3HauEHMH JJIsI [PYHTOBBIX BOJ B 30HE yMepeHnHoro kiumara (0,26 mr/am?).

CpenHue 3HaYeHUS COJePKAHUS BOAOPACTBOPUMBIX (PTOPHIOB B IOHHBIX OTI0KEHHUAX
Kn mmensnuce B mpenenax 0,39-4,37 mr/kr (B mepecyere Ha Cyxo€ BEIIECTBO) H
OBUTH COM3MEPHUMEI C COAEP’KaHWEM BOIOPACTBOPUMOTro (TOpa B TPyHTAX TEPPUTOPHU
MexuManbs KysutbHUIIKOTO M XapKudenckoro tumManoB [12].
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BATATOPIYHA TUHAMIKA BMICTY ®TOPY ¥
IMOBEPXHEBUX BOJAAX BACEUHY KYAJIBHULIBKOI'O
JUMAHY

Ha ocHOBI pe3ysbTaTiB JOCHiIKeHb, POBeieHNX y pi3Hi cezonu 2005-2013 pp., ouinena
JIMHAMiKa MDKPIYHHX 1 Ce30HHUX 3MiH KOHIEHTpamii ¢pTopy B KysaapbHUIIBKOMY JIMMaHi Ta
HOro OCHOBHHX BOJIOTOKaX, IIPOBEJCHO KapTyBaHHs PiBHs 3a0pyIHEHHS akBaTopii JMMaHy
¢ropunamu. [Tokazano, Mo MiXpivHi KOMUBAHHS KOHIEHTPALil (GTOPUIIB B TUMaHi, TOIOB-
HUM YMHOM, BU3HAYAIOTHCSI HOTO TiJPOJNOTIYHUM PEKMMOM, HEPEryIbOBAaHOIO I'OCIIOAAPCH-
KOIO JTISUTBHICTIO Ha BOI030ipHIH TEpUTOPii, CTOKOM 3 CUITBCHKOTOCIOIApChKUX yTifas. HaBee-
HO JIaHi 110/10 BUBYCHHS 3aKOHOMIPHOCTEH PO3IO0iTy (TOPH/I-IOHIB y CHCTEMI «BOJIA — JIOHHI
BigKITaam». PO3MISTHYTO OCHOBHI T€H/ICHIIIT 3MiH KOHIICHTpAIiH (TOPY B TMMaHi B 3aJI€KHOCTL
Bijl MiHepasizanii Bou, CoboBoro ckiany, pH cepenosuiia, opranignoi peuoBuan. OTpruMani
JIaHi CBiAYaTh MPO BU3HAYAIBHY POJIb KUCIOTHOCTI CepeaoBHIa B cOpOLiitHOT iMMOOimizarii
(dhropy crucremi Boja-I0HHI BiJIKIIa M.

KorouoBi cioBa: ¢rop, KysubHuIKHI JMMaH, BOZOTOKH, BOIHHMH pexuMm, OararopivHa,
MDXKpidHa, Ce30HHA JMHAMIKA, CTATHCTHYHHUI aHAIi3, KOPEJIALIis.
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LONG-TERM FLUORINE CONTENT DYNAMICS IN THE SURFACE
WATERS OF THE KUYALNIK ESTUARY

This article summarizes the original results of a study of fluorine levels in the water of
Kuyalnik estuary and its watercourses for the period 2005-2013. We estimated dynamics
of annual and seasonal changes of the fluorine concentration in Kuyalnik estuary and main
waterways of income. It is shown that the interannual fluctuations in the concentrations of
fluoride in the estuary is mainly determined by its hydrological regime, of irregular economic
activities on the territory of the catchment area, rainfall run-off from agricultural land. The
distribution of fluoride in the water area of Kuyalnik estuary are presented on maps. We found
a significant correlations between fluoride and pH in water and organic matter in sediments
of the Kuyalnik estuary. A strong correlation was found between the concentration of fluoride
and the F:Ca, F:Mg ratio in waters of the estuary. Obtained data indicate the determining role
of acidity in adsorption immobilization of fluorine.

Keywords: Kuyalnik estuary, watercourses, fluorine, water regime, temporal variations, sta-
tistical analysis, correlation.
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CHUHTE3 3BAMIINEHUX XTHOJIIH-3-KAPBAJIBJAEI'T/IIB

JleranorenyBaHHsI HU3KH 3aMIIIEHUX 2-XJIOPXiHOMIH-3-KapOasibaerijiB Oyio 3aiiCHeHO Hus-
XOM 3aMiHH XJIOpY Ha Hox 3a peakuiero QiHKUIBIITEHHY, 3aXUCTy albAeTiaHol (yHKIIT dyepe3
YTBOPEHHS aleTaieil, BUAaJIeHHsIM Hoxy npu oOpoOIi OCTaHHIX AUTIOHITOM HATPiIO Ta Ha-
CTYIIHUM 3HSTTSM allCTaIbHOIO 3aXHCTY.

Kuro4oBi cj10Ba: XiHOJIH, aJIbCTi, IETAIOTCHYBaHHS, alleTalb, TUTIOHIT

AnbJIeriii XIHOJIHOBOI HU3KH 3aBKIM MPUBEPTAIN yBary sk BUCOKOAKTHBHI IPO-
MIXKHI CHOJYKH JUII OTPHMAaHHS PEUOBHH, SIKI MArOTh Pi3HOMaHITHI (apMakodopHi
BiactuBocTi [1]. He3zamimieHi i3oMepHi XiHOMIH-2- Ta XiHOMIH-4-KapOaibIeriau BUpoo-
JSIOTHCS Y TIPOMUCIIOBUX MaciiTadax, XiHOMIH-6- Ta XiHOMIH-8-KapOaibAeriin 3 BUCO-
KHMH BHXOJIaMH YTBOPIOKOTHCS ITPH OKMCHEHHI BiIIIOBITHIX METHIIXIHOJIIHIB JIIOKCHIOM
ceneny [2]. Lle# MeTom MiAXOAMTH TaKOX JUII OTPUMAHHS XIHOJIH-7- Ta XIHOJIH-5-
KapOaJIbJIeTi/IiB, alie PO3/IUICHHS 7- Ta S-METHIIXIHOJIHIB, K1 OJTHOYaCHO YTBOPIOIOThCS
IIpU BBEJCHHI y peakiiito Ckpayna 3-MeTHIaHUIIHY 1 JOTenep € CKIAIHO0 3a1a4eto [3].

J

X

~
N

I

He3sBaxxarouu Ha UnceIbHI CIIPOOH pO3pOOUTH HAMIMHUHN MperapaTuBHAN METOI OTPH-
MaHHsI XiHOJiH-3-KkapOanpaeriay (1), BiH ¥ 10CI 3aMHIIAETHCS A0BOJ BAXKKOIOCTYITHUM
Ta KOIITOBHUM. Tak, anpaeria (I) oTpuMyBanu TepMiYHUM PO3KIIAJA0M TOZWITIAPAZUITY
X1HOJTiH-3-kapOoHOBOI Kuciotu 3a Mak-®anierom Ta CTiBEHCOHOM [4], OKHCICHHSAM
3-METHIIXIHOJIIHY JTIOKCHJIOM CeJICHY [S5], BIIHOBJIICHHSM 3-1[IaHOXIHOJIHY JABYXJIOPHC-
THUM OJIOBOM [6], aje 3 MaJIMMH Ta 9acTO HEBiATBOPIOBAaHMMH BHXomaMu. Haikparmuii
METOJ OTPUMaHHS XiHOJMiH-3-KapOanbaeriay 3anpornoHyBaB LlMMankoBChKkUil — 1€ Bij-
HOBJICHS 3-111aHOXIHOMIHY BOJHEM Ha Hikell PeHero y METaHOIBHOMY PO3YMHI y MpH-
CYTHOCTI ceMikap0a3iny, mpudomy ceMikap0asin anpaeriny (I) yTBoproeThest 3 Maiike
KUTbKICHUM BUXOIOM [7].

Y 2001 poui 3’sIBUIOCH MOBiAOMIIEHHS PO HOBUH METOJ OTPUMAaHHS XiHOJiH-3-
KapOasbJIeri/iiB 3 BACOKUMH BHXOJIaMH Y M SIKHX YMOBAX IUISIXOM B3a€MO/Ii1 3aMillIEHIX
aHUTIHIB 3 Oic-TeTpadTopOOPaTHOIO CUILITIO «BiHAMIAMHIIO» [§].
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Cunmes 3amiwyeHux Xinonin-3-anb0eziois
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HeMmoxuBicTh OTpUMaHHS HE3aMIIIEHOTO XiHOMiH-3-KapOanbaeriny (I) Ta ckman-
HICTh CHHTE3Yy «BiHAMIJIMHIEBOD» COJIi € 3HAYHUMH HEJOTIKAMH I[LOTO METOLY.

[IpoTe HaOLIBII BiTOMUM Ta IIKABUM METOJIOM OTPUMAaHHS 3aMIIlICHUX XiHOJIH-3-
KapOasbIeri/iiB 3aIMIIAETHCS PEaKIlis MOJBIHHOTO (POPMUTIOBAHHS Ta MUKJII3aIli 3aMi-
LIEeHUX alleTaHUTU/IiB KOMIUIEKCOM BinbcMaiiepa y cepenoBuili xjaopokcuay docdopy,
sika Oyrna BigKpuTa HanpHKiHmi 70-x pokiB MuHYynoro cropiuds Otro Met-Konom [9].

(0]

(0] AM®A, POC], AN

E CH; A N/ ql

R= H, Alk, OAIk, Hal, NO,

Lle#t meron M03BOJSIE BIJHOCHO IMPOCTO Ta 3 BHCOKUMH BHXOJIAMH OTPUMYBATH
2-XJIOPXIHOJMIH-3-KapOabJIeTi/I 3 PI3HOMaHITHUMH 3aMiCHUKaMH y OCH30JIbHOMY KiJlb-
ui. Taki anmpaeriay, sk 3rooM MOKa3aB caM aBTOp, MOXKYTh OYTH TapHUMH BHUXiTHUMH
CIIOJTyKaMU JUIsl OTPUMAHHS 11101 HU3KM MOX1JHUX XiHOMiH-3-kapOanpaeriny [10]. Ane
1 J10Cci HeMae Ha[IHHOTO METO/TY JAeTaIOTeHYBaHHS IIHX CIIONYK.

OTxe MeTOI0 JJaHOT PoOOTH Oylia po3po0Ka 3pyUHOTO Ta HAIHHOTO METOIY JIeralo-
TeHYBaHHS 3aMIIICHUX 2-XJIOPXIHOIiIH-3-KapOasibIeriiB.

(0]

Q |

| R;
R; AN

~
= =
R; N Cl R; N
1-3

4-6
1,4 R=R=H;2,5.R=H,R=CH,; 3,6. R =OCH,, R =H.

VY SIKOCTI BUX1THUX CTHIOJYK MH BUOpaiu 2-XJI0pXiHoMiH-3-kapoansaeria (1), 2-ximop-
7-MeTHITXIHOIH-3-KapOapaeria (2) Ta 2-XJI0p-6-MeTOKCUXIHOMIH-3-KapOanbaerin (3).
i neranorenyBaHHA anpAeriay (3) MU BUPIILNIN BIATBOPUTH METOUKY, IKY BUKOPHC-
TaB I 1i€i cnonyku Met-KoH — criouartky ii anpjaerinna ¢yHkiis Oyna 3axuineHa me-
PETBOPEHHSIM Ha IUKJIIYHUE areranb, 2-Xja0p-3-(1,3-miokconaH)-2-i1-7-MeTHIXiHOMIH
(7), sskuit ipy B3a€MOJIIT 3 IIMHKOM B JIY>)KHOMY €TaHOJII MPOTATOM 5 110 Mpu KiIMHATHIN
TEeMITeparypi JlaBaB JUIIe CIiau 0a)XaHOTO 7-METHIIXIHOMIH-3-KapOambaeriay (5) mpo-
T 35% BracHe y asropa [10]. [Ipu TemmepaTypi KUIIIHHA Li€l CyMilli IPOTAToM 7 TOx
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anpnerin (5) Mu BUAUISIIH 3 BUX0J0M 70 12.5%. B THX ke yMOBax BIIMOBIIHUAN JrMe-
THJTALIETANb — 2-XJIOP-3-IMMETOKCUMETHII-7-METHIIX1HOJIH (8) Bke uepe3 4.5 rox 1aBaB
BKe 26.5% anpueriny (5). Skio peakiiisi mpoBOAMIACH B JIy>)KHOMY METaHOJi 00Hu/IBa
xsopanerani (7,8) naBanu juie ciign anpaeriny (6). LlikaBo, mo xmnopansaeria (3) ta
fioro arerani (7,8) 30BciM He pearyBajiy 3 AUTIOHITOM HATPIit0, SKUI 3a3BUYail BUKOPHC-
TOBYETBCS JIJIS ICTAJIOTCHYBaHHSI 0-XJIOpKeTOHiB [11].

CroniBarounch Ha Kpallli pe3yJbTaTH JerajoreHyBaHHS Y BUIAIKy 2-iHon3amilie-
HUX XiHOJNIH-3-KapOapAeTiiB MU MPOBENH 3aMiHy XJIOpYy Ha Hoj y cnonykax (1-3) 3a
peakuiero DiHkebIITeHHY, ska Oyna onucana Met-Konom st anmbaerinis (1,2) [10].
Peakiiiro mpoBOIWIIN TIPU KUII'ATIHHI pO3UMHY XJiopaibaeriaiB (1-3) B aneToHITpuIi 3
HQJTUIIKOM HONUAY HATPil0 B IPUCYTHOCTI KaTaJiTMYHOI KiJBKOCTI COMSTHOI KHUCIJIOTH.
3 ionanpaerinis (9-11) 3BuuaitHuM YMHOM OyJIM OTPUMAHI BiJINOBITHI AUMETHIIALCTAIT
(12-14).

CH,
| ¢
R, R CH,
13— ) L L 0T _iNasomvH0 |
H
CH,CN R; NP Np HCINa,SO, NG| 2. HCI
9-11 12-14

1,4,9,12.R =R,=H; 2,5, 10, 13.R =H, R,= CH,; 3, 6, 11, 14. R =OCH,, R =H.

O6po0Oka HoganpaeriaiB (9-11) ra ionaneraneit (12-14) unHKOM y JyKHOMY cepe-
OBMIIII TPU3BOJIHJIIA JIO IOBHOTO BUTPAYaHHs BUXIIHUX CIIONYK, aje Y MPOAYKTaxX peakiii
MU HE 3HaWnumM OakaHuX anpjerifiB (4-6). Cnpoba neranorenyBaHHs crionyk (12-14)
JUTIOHITOM HATPil0 y KHUIUSIYIA CyMill BOJM Ta METAHONY Y NMPUCYTHOCTI MIPHIUHY
Takoxk Oyna Oe3pe3ynbTaTHOI0. AJie MPH MPOBEACHHI peakiii y cymill HipuauH-BojA,
1:1 gepe3 2.5 rox anpuerinu (3-6) Oyinu BUAIIEH] 3 HEBEIUKMMU BUXOAAMH, BiAMOBIJI-
HO, 14%, 9% T1a 16%. LlikaBo, 110 TOJIOBHUM NPOIYKTOM Yy PEAKIliSX JerajorcHyBaH-
Ha crionyk (12-14) nuTioHiToM HaTpifo Oy1a MaJoOpO3YMHHA PEUOBMHA. Ii Mac-CIeKTp
MICTHB MOJEKYJIAPHI 10HU 3 m/z, BiAnoBigHo, 344, 372 ta 404, mo Ha Hally AYMKY
MOke OyTH HaCIIiIKOM yTBOPEHHS CTPYKTYPH 3 LIEHTPAIbHUM A10KCaJia3iHAHOBUM ITH-
KkJIoM Ha kmrant 2,3,9,10-3amimenux 6aH,13aH-7,14-niokca-7a,14a-aia3aauoen3o[a,h]
aHTpareH-6, 13-auKapOabaerimiB.

R AN

R,

TakuM 9UHOM, MPOBECHE JOCTIKCHHS MMOKAa3aJI0 MOKIIHBICTh YTBOPEHHS 6,7-3a-
MIIIEHUX XIHOJIH-3-KapOanbAeriliB MpH JEraJOreHyBaHHI BIANOBITHUX 2-HOJ0-3-
JTUMETOKCHMETHIBHUX TIOXIHUX, IPAB/a 3 HEBEIUKUMHU BuXogaMu. ONTUMI3aIlisl I[bOTO
METOy OTPHUMAHHS 3aMIIeHNX XiHOJMIH-3-KapOaibaeriaiB Oy/ie METOI0 HAIMX HACTYII-
HUX JOCIIIKEHD.
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EKCIHEPUMEHTAJIBHA YACTHUHA

Cnextpu [IMP BumiproBanu Ha cnektpomerpi DPX-300 ¢dipmu «Brucker» 3 po-
6ouoro wacrororo 300.13 MI'u, Buyrpimmii crangapt — TMC, posunnnuk CDCIL,.
Mac-cniextpu FAB 3anucani Ha npu6opi VC 7070 EQ. JlecopOiiito i0HIB 31iHCHIOBAIH
Iy4YKOM aTOMiB KCEHOHY 3 eHeprieto 8 kV 3 marpuiii, sika € pO3UnHOM CIOIYKH, sIKa J10-
CIIJUKYEThCA, y 3-HiTpoOen3unoBomy crupti. TIIX 3aificHroBany Ha mariBkax Silufol
UV-254. 2-xnopxinomniH-3-kapoanpaeria (1), 2-xmop-7-MeTHIXiHOMiIH-3-KapOabaeria
(2), 2-x710p-6-METOKCHXIHOIIH-3-KapOaybaerij (3) OTpUMyBaii 32 METOIUKOIO, OTHCA-
HOIO B pobori [10].

2-Uonoxinonin-3-kapoanpaeria (9). Cymim 19.2 T (0.1 monb) 2-x10pxiHOMIH-3-
kapOanbaeriny (1), 40 r (0.267 moib) 6e3BoiHOTO MoKy HATpPito, 250 MIT alleTOHITPH-
ay ta 3.6 mut (0.043 MOJIb) KOHIIEHTPOBAHOT COISTHOT KUCJIOTH KHIT ITHIIH 31 3BOPOTHUM
XONOAWIBHUKOM 5 roji. [ToTiM 3BOPOTHHI XONOMMIFHUK 3aMIHIOBAIM HA CIIAIHUH, IPO-
TsiroM 4 ron Biaransuiy 150 MiT aleTOHITPIITY, 10 3aJIMIIKY JojaBain 250 M1 BOIH, 0XO-
JIOJUKYBAIIM JI0 KIMHATHOI Temniepatypu Ta Helrpanisyann Na,CO, no pH 10-11.0can
BiI(IJIBTPOBYBAJIM, PETEIBHO MPOMHUBAIM BOJOK Ta CyIIMiIM Ha moBiTpi mpu 80 °C.
Kpucranizysanu 3 eranony. Buxin 23.5 v (83%). T 150-152 °C, nir. [10], 150-152 °C.
Mac-criektp, m/z: 283 (M*). ‘

2-ﬁ0ﬂ0-7-MeTHJIXiHOJ1iH-3-Kapﬁa.]'ll>£lel“iIl (10). OtpumyBaH aHAJIOTIYHO CITOYIII
(9) 320.6 r (0.1 Monp) 2-xJ10p-7-MeTHIIXiHOTIH-3-KapOanbaeriny (2), 40 r (0.267 moib)
6e3BogHOrO Hoauay Hatpito, 250 mi aneronitpuiy Ta 3.6 mi (0.043 Mojb) KOHIIEH-
TPOBAHOI CONSAHOI KUCIOTH. Buxin 26.1 1 (91%). T 180-181 °C, mit. [10], 180-181 °C.
Mac-cnekrp, m/z: 297 (M*) '

2-1710/10-6-MeTOKcuxiHOJIiH-3-Kap63J1Lneri;[ (11). OtpumyBaiM aHAJOTIYHO CIIO-
ayui (9) 3 22.2 r (0.1 monp) 2-x50p-6-MeTOKCUXiHOMIH-3-KapOanbaeriny (3), 40 T
(0.267 mob) O6e3BoHOTO HOMUIY HaTpito, 250 mut aneToHiTpuiy Ta 3.6 M (0.043 moub)
KOHIIEHTPOBaHOi CONAHOT kucnotu. Buxin 26.2 1 (86.4%). T 140-142 °C. Mac-cniekTp,
m/z: 313 (M"), TIMP cniektp (8, m. 1.):;, 10.48 ¢ (1H, CHO), 8.55 ¢ (1H, xinomin-4),
7.87 n (1H, xinonin-7), 7.45 nn (1H, xinonin-8), 7.15 n (1H, xinomnin-5); 3.94 ¢ (3H,
CH.).

32-1710110-3-LmMeTOKCI»lMeTM.HXiH0.J1iH (12). Jlo pozumny 11.9 1 (0.042 w™moib)
2-iiooxiHoMiH-3-kapOanpaeriay (9) y 120 Ma abCOMOTHOIO METAaHOTY JOAAaBaIH 6 MIT
24% pozunny HCI B abcomoTHOMy MeTaHoii Ta 18 T 0€3BOIHOTO Cynb(ary HaTpiro.
Cymim nepeminryBajiy IpHu KiMHaTHIH Temneparypi 13 rog, HoTiM HeHTpanizyBau Ipo-
KaJICHMM KapOOHATOM HATPIO J0 JYXKHOT peaKilii, po3unH QisTpyBanu, ocaa Ha GuUIBTPi
MIPOMUBAIIA METaHOIOM (~ 60 MIT) KM TOTIM JomaBaiu 10 Qinsrpary. insrpar yna-
proBajM Ha BOIsHIN OaHi 10 00’ emMy 50 MJI, OXOJIOMKYBaJIH 10 KIMHATHOI TeMIepaTypu
Ta qoaasanu 120 miu kprkanoi Bogu. Ocal, SKkuid BUIaaaB, BiAdiIsTpoByBaiu, IPOMUBa-
JIM BOJIOKO Ta CYIIMJIM Ha TOBITPi /10 TocTiiHOT Macu. KpucranizyBanu 3 rekcany. Buxin
11.21(80.3%). T  64-66 °C. Mac-cnektp, m/z: 329 (M").

3-JlumMeToKCHMeTHI-2-li010-7-MeThixinomin (13). OTpuMyBaau aHaJIOTrivuHO 3
12.5 1 (0.042 monb) 2-iiom0-7-MeTHIIXiHOMIH-3-kapOanbaeriay (10), 120 ma abcontoTHO-
ro Metanoiy ta 6 Mi 24% poszuuny HCI B abcomrornomy metanomi. Buxin 11.8 T (84%).
T  66-68 °C. Mac-cniektp, m/z: 343 (M").

3-JIuMeTOKCHMETH.I-2-ii010-6-MeToKcuXinoain (14). OTpuMyBaan aHAIOTIYHO 3
13.2 1 (0.042 monb) 2-ii0/10-6-MeTOKCUXiHOMIH-3-KapOanbaeriay (11), 120 mm abcomnrot-
Horo MetaHomy T1a 6 M 24% posunny HCI B abGcomotHOMy MeTtaHomi. Buxix 11.6 T
(79%). T 65-66 °C. Mac-cnektp, m/z: 359 (M").
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3arajgbHa MeTOAMKA JerajioreHyBaHHs cnoayk (12-14). Cymimr 0.024 monb nu-
metmanerano (12-14), 24 mn mipununy, 22 v Boau ta 8 T (0.039 moms) 85% nu-
TIOHITY HATPIIO KUIT SITUIM 31 3BOPOTHUM XOJIOAWJIBHUKOM 2.5 Tof. PeakuiiiHy cymimn
0XO0JIOXKyBasH, po36asisuin 200 M1 BOAHM, 0caj, IO BUIAAAB, BiADIIETPOBYBAIH, IPO-
MHUBAQJIXA BOJIOK0, CYIIHIIA Ha MOBITPi Ta ekcTparyBaimu termm (40 °C) 6erzerom (3 x
25 mir). O0’eaHAHI EKCTPAKTH yHaproBaiu nocyxa, noxasaid 30 mi 10% comsHOT Kuc-
noty, nepemimryBanu 30 XB pu KiMHaTHIN Temneparypi, pinsrpoBanu, GinbTpar Heil-
TpajIi3yBalu 0 JTy>KHOI peakilii kapOOHATOM HATpil0 Ta eKCTparyBaian OcHzeHOM (3 X
30 mu). O0’eTHaHI EKCTPAKTH YIIAPIOBAIU J0CyXa, CKCTParyBajld KATUISTYUM TeKCaHOM
(3 x 10 mu1). Ekcrpakr dinsrpyBaiu, 0XonopkyBain 10 S °C, KpUCTaNH, 1110 BUIAIANH,
BiA(IBTPOBYBAJIM Ta CYLIMUIHM HA MOBITPI.

Xinomin-3-kapbanbaeria (4), suxin 0.53 v (14%), T 69 °C, nit. 69-70 °C [7], mac-
cnekTp, m/z: 157 (M"). ‘

7-Metunxinonin-3-kapoanszerin (5), suxia 0.37 r (9%), T 115-116 °C, mit. 119-
120 [10], mac-cniektp, m/z: 171 (M"). '

6-Merokcuxinonin-3-kapoanbaerin (6), suxin 0.72 v (16%), T 102-103 °C, mir.
102 °C [7], mac-cniekTp, m/z: 187 (M™). '
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CHUHTE3 3AMEIEHHBIX XUHOJIMH-3-KAPBAJIBIET1I0OB

JleranorennpoBaHue psiia 3aMEIICHHBIX 2-XJIOPXHHOINH-3-KapOabIeruI0B ObUIO OCYIIEeCT-
BJICHO ITyTE€M 3aMEHBI XJopa Ha ifoq mo peakuun OUHKENbIITEHHA, 3AMIUTHI albJICTHIHO
(GYHKIIMH TOCPENICTBOM 00pa30BaHMs aleTajei, ylaleHueM oaa mpu o0paboTke TUTHOHH-
TOM HATpPUsI U MOCIIEAYIOINM CHATHEM alleTabHOW 3alHThI.

KiroueBble ciioBa: XWHOJIMH, aJIb/ICru/, ACTaJIOr€HUpOBaHuEC, alleTallb, JUTUOHUT

L. G. Kladko, S. V. Vodzinskii, Yu. V. Ishkov,
I. I. Mechnikov Odessa National University,
Research Laboratory for Drug Design (PNIL-5),
Ukraine, Odessa, 65082, Dvorjanskaja Str., 2
E-mail: jvi@eurocom.od.ua_

SYNTHESIS OF SUBSTITUTED QUINOLINE-3-CARBALDEHYDE

Summary: Dehalogenation of a series substituted 2-chloroquinoline-3-carbaldehydes was
investigated. It was found that zinc dust in alkali ethanol practically do not react with 2-chloro-
3-(1,3-dioxolan)-2-yl-7-methylquinolines for a 5 day at ambient temperature. Increase
temperature to boiling point of reaction mixture lead to increase yield 7-methylquinoline-
3-carbaldehyde to 12.5%. This reaction with 2-chloro-3-dimetoxymetyl-7-methylquinoline
give 26.5 above aldehyde. Replacement of ethanol to methanol give only traces of desired
aldehyde. Neither 2-chloro-7-methylquinoline-3-carbaldehyde, nor his acetals do not react
with sodium dithionite. Furthermore for activation of halogen we replaced chloraldehydes
to iodoaldehydes by Finkelstein reaction, then protect aldehyde function by formation of
dimethylacetals and treatment his by sodium dithionite in mixture pyridine-water. Desired
aldehydes was obtained with poor to moderate yields. Increasing yields of this reaction is goal
our further investigations.

Key words: quinoline, aldehyde, dehalogenation, acetal, dithionite
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IHOOPMAILISA JJI51 ABTOPIB

1. ITPO®IAb JKYPHAAY

1.1. «BicHuk OnechKoro HaliOHAJIBHOTO YHIBEpCUTETY. XiMish» 3AIMCHIOE TaKi THIHN ITyOIi-
Kalii:

1) HayKoBi cTarTi,

2) KOpPOTKI MOBITOMJICHHS,

3) marepiany KoHpepeHIii,

4) 6i6miorpadis,

5) peueHsii,

6) mMarepianu 3 iCTOpil HayKH.

1.2. Y neBHOMY KOHKPETHOMY BHITYCKY OJJHH aBTOp Ma€ MPaBO HaJIPyKyBaTH TLIbKU OJJHY CAMO-
CTilfHYy CTaTTIO.

1.3. MoBu BHJaHHS — yKpaTHChKa, pOCiiiChbKa, aHTIIIHChKA.

1.4. o penakuii «BicHuka ...» momgaeTsces:

1. TekcT cTarTi 3 aHOTAILIEI0 — 2 TPUMIPHUKH (PUCYHKH Ta MIATUCH 10 HUX, TaOJHII PO3MIIILy-
BaTH 110 TEKCTY ITiCJIS EPIIOTO MOCHIAHHS Ha HUX)

2. Pe3roMe — 2 npuMipHUKH;

3. Kononruryi;

4. Pexomennauist kadenpu abo HayKoBOi YCTaHOBH JI0 APYKY;

5. BigomocrTi npo aBTopiB;

6. BinpenaroBaHuii 1 y3ro/pKeHHI 3 PEIKOJIETIEI0 TEKCT CTATTI, 3aIMCAaHM Ha TUCKET Y peaaK-
topi Word (xerts 14; Bigcrani Mixk psakamu 1,5 iHTepBaiM; OIS CTOPIHOK: JIiBe, BEPXHE Ta HIDK-
He — He MeHI 20 MM, nipaBe — 10 MM), Ta ABa IPUMIPHHKA «PO3IPYKOBKI 3 Hel.

2. ITITIATOTOBKA CTATTI — OBOB'SI3KOBI CKAAAOBI

OpuriHajibHa CTATTS Ma€ BKJIIOYATH:

2.1. Berym.

2.2. Marepiaiu i METOIH JI0CIiKSHHSI.

2.3. Pesynbraté TOCIiHKSHHSI.

2.4. AHamni3 pe3ynpTaTiB JOCIIHKSHHS (MOXKIIMBE OETHAHHS TPETHOTO 1 YETBEPTOTO PO3IIIIB).
2.5. BucHoBkH (y pa3i HEOOXiTHOCTI).

2.6. AHorarlist (MOBOIO CTAaTTi) Ta pe3toMe (JIBOMa iHIIMMHU MOBaMH).

2.7. KitouoBi cioBa (10 1’TH).

2.8. KononTuryi.

3. OOOPMAEHHS PYKOITUCY. OBCAT.
ITOCAIAOBHICTD PO3TAIITYBAHHSA OBOB'A3KOBUX
CKAAAOBUX CTATTI

3.1. I'parnuHmit oOcsr crarti — 8 cTOpiHOK, 4 pucyHka, 4 Tadmumi, 10 Kepen y Crucky Jiite-
parypu; JHcTa B pelakiiio — 4 CTOpiHKA; onrifiB — 20 CTOPiHOK (OIVISIIOBI CTATTi 3aMOBJISIFOTHCS
penKoIeriero).

3.2. ITocnioBHICT APYKYBaHHS OKPEMHUX CKJIaJOBUX HAyKOBOI CTATTi Ma€ OyTH TaKolo:

1. VJIK — 3miBa.

2. Ininianu Ta npi3zBuie aBTopis (3rigHo 3 nacnoprom) — Hwkue YK 3iBa.

3. Ha3Ba HayKoBOi yCTaHOBH (B TOMY YHCIIi Bifiny, KadepH, e BUKOHAHO JTOCIIKCHHS).

4. TloBHa nomroBa agpeca (3a MbKHapOAHUM cTaHgapTom), E-mail, trenedon ans cniBmpari 3
aBTOpAaMHU Ha OKPEMOMY apKyIi.

5. Ha3zpa crarti. BoHa MOBHHHA TOYHO BiIOMBATH 3MICT JOCHIIKEHHS, Oy TH KOPOTKOIO, MICTUTH
KJIIOUOBI CJIOBA.
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6. AHOTallisl MOBOIO OpUTIHAY APYKYETHCS Mepe]] TOYaTKOM CTaTTi micis inTepsaity 20 MM Bix
JIBOTO TOJIS.

7. Ilix aHoTAIi€I0 APYKYIOTHCS KIFOUOBi (OCHOBHI) ClIoBa (HE OUIBINE 11’ ITH, MOBOIO OpPHTIHATY
CTarTi).

8. Jlami fize TeKCT CTaTTi 1 CIIUCOK JiTepaTypH,

9. Pe3toMe IpyKyeThCS HA OKPEMOMY apKylili Marnepy Ta BKJIIOYA€e: Ha3By CTATTi, MPi3BUINIA Ta
iHiliay aBTOPIB, Ha3By HAyKOBOI yCTaHOBH, ClIOBO «Pe3tome» abo «Summary», TeKCT pe3toMe Ta
KJIFOYOBI CJIOBA.

3.3. Apyruii eK3eMIUIsIp CTaTTi MOBHHEH OyTH MiAMUCaHMA aBTOPOM (200 aBTOpamm).

4. MOBHE O®OPMAEHHS TEKCTYV:
TEPMIHOAOITA, YMOBHI CKOPOYEHH4],
ITOCUAAHH{, TABAWII, CXEMH, PUCYHKU

4.1. ABTOpH HeCcyTh TIOBHY BiJIIOBIAIEHICTH 32 0€3/J0raHHE MOBHE O(OPMIICHHS TEKCTY, 0CO-
ONMBO 3a MPaBIIIBHY YKpPaTHCHKY HAayKOBY TepMiHoorio (ii citif 3BipsATH 3a (haXOBHMHU TEPMiHOJIO-
TIYHAMY CIIOBHHKAMH).

4.2. SIkmo 4acTo MOBTOPIOBAHI y TEKCTI CIIOBOCIIOIYUCHHS aBTOP BBAXKAE 3a MOTPIOHE CKOPOTH-
TH, Taki abpeBiaTypH IpH NEepIIOMY BXXMBAaHHI O0yMOBIIIOIOTH y JAy’KKax.

4.3. TTocunanHs Ha JIiTEpaTypy MOAAIOTHCS y TEKCTI CTATTi, 000B’A3KOBO Y KBaJAPATHUX JIyXKKaX,
apabcekumu nudpamu. Ludpa B qyxkax noznavae Homep npaii y «Crucky jgiteparypmw» (IuB. gaii
«Jliteparypa»).

4.4. Hudposwuii MaTepial, Mo MOXKIHBOCTI, CIIiJ 3BOAUTH y TaOMHIi 1 HE AyOIIOBAaTH y TEKCTI.
Tabmuni moBuHHI OyTH KOMIAKTHUMH, MaTH IIOPSIIKOBUH HOMED; rpadu, KOJTOHKU MaIOTh OyTH TOY-
HO BH3HAQUCHUMH JIOTIUHO 1 rpadidHo.

4.5. PucyHku noBuHHI OyTH NpEJCTaBIICHI B ABOX 1JIEHTUYHUX €K3EMIUIIPAX, BUKOHAHMX Ha
KOMIT toTepi (Ha IUCKeTi — aiiu 3 po3mupenssM tif, pex, jpg, bmp). [lignucu Ha HUX TOBUHHI Oy TH
KOPOTKHMH, 1X CJIJI IO MOXKIIMBOCTI 3aMiHATH IIUPpaMu 9u OyKBaMH, KOTPi PO3MIH(PPOBYIOTHCS B
MiAHICcax 10 HUX; KPUBI HyMepYyIOTbCsl apaOchkumu udpaMu. OJHOTHITHI KPUBI TTOBUHHI OyTH
BHUKOHAHI B OJIHAKOBOMY MaciiTabi Ha OJJHOMY PUCYHKY. PeKOMEH/1y€eThCsl 3aCTOCOBYBATH JICKIIbKa
MaclITaOHUX IIKaJI JUis 00 €THAHHS Pi3HUX KPUBUX B OJIMH PUCYHOK. 300pakeHHSI HA PUCYHKaX
CTPYKTYPHHUX Ta JApyrux (opmyn Hebaxano. Bei inmocTpariii moBuHHI OyTH NPOHYMEpOBaHi B I10-
CJIIZJIOBHOCTI, SIKa BIJIOBIJa€ 3rajlyBaHHIO iX y PYKOIHMCI, Ta HOMEPaMH IIPUB’s3aHi J0 MiApHUCY-
HOYHHUX MIJIKCIB.

[Ipu 00’eqHaHHI IEKITBKOX PUCYHKIB YU (oTorpadiii B OAMH PUCYHOK PEKOMEHIYETh ITO3HA-
YaTH KOXKeH 3 HUX NPOIMCHUMU JiTepamu 3HHU3y. Hanpukian:

Puc. [Tigmuc pucyHky.

4.6. Y po3nini «Pe3ynprati gocimiukeHpy (KO el po3aia He MoeTHaHuH 3 « AHalizaMu pe-
3yIabTaTiB», IUB. 2.4.) HEOOXiTHO BUKIIACTH JIUIIE BHSIBICHI e(eKTH 6e3 KOMEHTapiB — BCi KOMEH-
Tapi Ta MOSCHEHHS IOJAIOTECS B «AHAII31 pe3ynbrariBy. [Ipu BUKIani pe3yibTaTiB Cllifi YHUKATH
MOBTOPEHHS 3MICTy TaOIUIb Ta PUCYHKIB, a 3BEPTAaTH yBary Ha HaiBaXkIuBimI (akTH Ta MEBHI 3a-
KOHOMIPHOCTI, 1110 3 HUX BUIUIUBAIOTh.

4.7. Y po3nini «AHaui3 pe3ysbTariB) He0OXiTHO MOKa3aTH MPUIMHHO-HACIIIKOBI 3B’ SI3KM MK
BCTaHOBJICHUMH €(EKTaMH, TOPIBHATH OTPUMaHy iH(OpMAIIifo 3 JAHUMHU JITepaTypH i HATOJIOCUTH
Ha BUSIBJICHHX HOBHX JaHuX. [Ipm aHami3i ciij mocwWjaTucs Ha LTIOCTPaTHBHUN MaTepiai CTarTi.
Amnai3z Mae 3aKiHIyBaTHCS BiINOBIUIIO HAa TNTaHHS, IIOCTABJICHI y BCTYIII.
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5. AITEPATYPA

Cnmcok JiTeparypu JPYyKyeThCS MOBOIO OpHMIiHally BianoBigHoi mpaui. Bin odopmitroerses
3riziHo 3 TOCToM i MOBHHEH MICTUTH TiIbKM Ha3BH TIpallb, Ha sIKi IIOCHIIA€ThCs aBTop. Ha3zeu npanp
y CIHCKY JIITEpaTypH PO3TALIOBYIOTHCS B OPSAKY 3rajyBaHHs. Ha3Bu npaiib y CIUCKY JiTeparypu
odopmITIoroThes 3a paBmiamu BAKy.
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Inhopmayis ons asmopie

6. AHOTAINIA. PEBIOME. KOAOHTUTYA

AHorarlis (KOpOTKa CTUCIIA XapaKTEePUCTHKA 3MICTY Tpalli) MOJaeThcs YKPaiHCHKOI0 MOBOKO, Mic-
TUTH He Oinbie 50 TOBHO3HAYHMX CITiB 1 Iepenye (OKpeMruM ab3arieM) OCHOBHOMY TEKCTY CTaTTi.

Pesiome (KOPOTKUI BHCHOBOK 3 OCHOBHUMH IIOJIO)KCHHSIMH TIPALli) MONAIOTHCS BOMA MOBaMH
(BHKIIFOYAIOUM MOBY CTarTi), KOXKHE MIiCTHTh He Oiibiie 50 MOBHO3HAUYHMX CIIB i JAPYKYEThCS Ha
OKpEMOMY apKyIili.

KonouTutyn (kopoTkuit 800 CKOpOYEHUI UM BUI03MIHEHHUI 3ar0J0BOK CTATTI JUIsl IPYKYBaHHS
3BepXy Ha KOXKHII CTOPIHII TEKCTY Tparli) MOAA€THCS MOBOIO CTATTI pa3oM 3 MpPIi3BUIIEM Ta iHilia-
JIaMH aBTOpa Ha OKPEMOMY apKyIIIi.

3rigHo noxarky mo nocranoBu [Ipesuaii BAK Vipainu Nel-05/3 Bin 08.07.2009 p. HaykoBuid
KypHai «Bicauk OnechKoro HaliOHAJIBHOTO yHIBepCUTETY. XiMish» BXOAUTH 10 Ileperniky HayKOBUX
(haxoBuX BUaHb YKpaiHU, B IKUX MOXYTb ITyOJIiKyBaTHCSI OCHOBHI Pe3yJIbTaTH AUCEPTALIMHUX PO-
0iT Ha 3100y TTs HAYKOBUX CTYIICHIB JIOKTOpA Ta KaHIM/ATa HayK.

CrarTi npuiiMaroThCs 10 APYKY Iicist HONEePEIHbOr0 peLeH3yBaHHA. Pekoeris Mae npaBo pe-

JlaryBaTé TEKCT CTAaTeH, PUCYHKIB Ta IANMKUCIB IO HHUX, IMOTO/DKYIOUM BiJpeIaroBaHUi BapiaHT 3
Ximisty. Pykonuen crateit, o npuiHATI 10 MyOniKyBaHHs aBTOpaM, He II0BEPTAIOTHCS.
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