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Abstract. Corrosion of metal canning containers is one of the obstacles in spreading its application for packing of
food. Particularly aggressive to the metal container is fruit canned medium, containing organic acids.The basic material for the
production of metal canning container is white tinplate. The main advantage of white tinplate is the tin compounds are harm-
less to human organism. For this reason, a white badge is used widely, usually used for production of canning containers,
packaging beverages. Despite the fact that recently often used containers made of aluminum badge (foil), the basic material for
manufacturing metal canning containers is steel white tinplate.

Now applied for coating paints and varnishes do not provide anti-corrosion protection of inner surface of metal con-
tainers during storage. Preserving of canned fruit quality in metal containers is largely defined corrosion resistance of the con-
tainers. This is due to the fact that the metal transition to canned fruit in due courses of corrosion processes is lowering the nu-
tritional value and deterioration taste of the product, and while allocation of hydrogen is accompanied by swelling and destruc-
tion of metal containers. We have investigated a number of anti-corrosion coatings based on Fe-Cr and Fe-Sn-Ti of their be-
havior in aggressive mediums canned fruit. For the purpose of modeling such mediums the solutions of most widespread or-
ganic acids were used. The research allowed conclude, that in surface solid solutions Fe-Sn-Ti increase the corrosion resistance
of carbon steel in aqueous solutions of malic, citric and tartaric acids. This implies that the surface solid solutions’ formation
can significantly improve corrosion resistance in aggressive canning mediums.
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Amnotanisi. Kopo3sist MeTaneBoi KOHCEpPBHOI TapH € OJIHI€IO 3 MEPEIIKO]] Y MOMIUPEHHI 11 3aCTOCYBaHHSI JUIsl aKyBaHHs
Xap4yoBUX NMPOAYKTiB. OcOOIMBO arpeCMBHUMHM J0 METaJIeBOI KOHCEPBHOI TapH € cepelioBuIla GPPYKTOBUX KOHCEPBIB, 1110 Mic-
TATH OpraHivyHi KuciaoTu. [lonpu Te, 1110 OCTAHHIM YaCOM 4aCTO BUKOPUCTOBYETHCS Tapa 3 ajaroMiHieBoi Omsixu ((oibru), ocHo-
BHUM MaTepiajioM I BUTOTOBJICHHS METaJICBOi KOHCEPBHOI TapH € cTajieBa Oina OJsixa.

Hamu mocnimxeHo pan aHTHKOPO3iiHUX MOKpUTTIB Ha ocHOBI Fe-Cr ta Fe-Sn-Ti mono iXHROI MOBEOIHKH B arpecuB-
HHX Ccepe/IOBUIIaX (PPyKTOBHX KOHCEPBIB. I3 METOI0 MOJIETIIOBAHHS TAKUX CEPENOBHUIL BUKOPHCTOBYBAINCS PO3YMHI HAHOLIBII
HOIIUPEHUX OPIaHIYHKUX KHUCJIOT. [IpoBeneHi JociiPKeHHS JO3BOIMIH NIPUITH 10 BHCHOBKY, IO IIOBEPXHEBI TBEPl PO3UHHH
Fe-Sn-Ti minBuniyoTs KOpo3iiiHy CTIHKICTh BYIJICEBOI CTali y BOJHHMX PO3YMHAX SIOJMYYHOI, JIMMOHHOI Ta BUHHOI KHCIIOT.
3BijJCH BUILTHBAE, 110 (OPMYBaHHS HOBEPXHEBUX TBEPAMX PO3UHMHIB 103BOJISIE ICTOTHO IiABHIIUTH KOPO3iiHY CTiMKiCTh OIIsIXH
B arpeCHBHUX KOHCEPBHHX CEPEIOBHILAX.

KurouoBi ciioBa: MeTaneBa KOHCEpBHA Tapa, arpeCHBHI CEpPEIOBHIIA, OPIaHiuHi KHCIOTH, KOPO3isi, aHTUKOPO3iitHi Ho-
KPHUTTSL.
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Introduction. Formulation of the problem tion of electrolytic lamination patches, for which re-

) ) ) ) quires 2-3 times less tin.

The main material for the production of metal cans is 2 The so-called white tinplate is a sheet steel, coated on
white badge, that is, a black badge, covered on both  poth sides with a thin protective layer of tin. Its main
sides with a thin, protective layer of tin. Corrosion of  advantage is the harmlessness of tin compounds for
metal cans is one of the obstacles to its application t0  hyman organism. For this reason, the white plate is
the packaging of food products, in particular of vegeta-  yjidely used for the manufacture of cans, packaging of
ble origin ones, since the latter often contain free or-  peverages. 99.9 % pure tin is safe because the lead
ganic’ acids, which causes Fhe mentioned process. content in it usually does not reach 0.1 % and is actual-
Despite the fact that aluminum foil packaging is often 1y 0.05 %.

used recently, the main material for the manufacture of  Along with the electrolytic lamination plate, new mate-
metal cans is a steel white plaque for hot lamination  rjals for the production of cans are being introduced re-
and electrolytic disintegration. Acute shortage of tin  cently. Among them, the most important is the chromi-
has led to a reduction in the world production of white  ym plated, which is a steel base with an electrolytic

hot-dip tinning and a significant increase in the produc-  coating of chromium with the superfine intermediate
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layer of Fe-Cr solid solution. To increase the corrosion
resistance of the tinplate, surface solid solutions can be
used.

The currently used coating serial enamel EP-5147 and
lacquer PL-559 do not provide effective protection
against corrosion of the inner surface of metal contain-
ers during long storage of various canned fruits and
vegetables, especially compotes of dark-colored fruits.
Even when, after a certain storage time, the paint coat-
ing has unchanged appearance, hydrogen bombing
cans with cherry and plum compotes are in place. This
defect can be eliminated by applying compositional
electrochemical coatings. In developing such coatings
of the inner surface of metal containers and setting the
terms for preserving preserves, it is necessary before
all to take into account the corrosive aggressiveness of
the canning mediums, which plays a decisive role in
the running products, such as fruit juices, beverages,
compotes, etc.

Analysis of Literature

Familiarization with literary sources showed that, de-
spite the existence of a number of fundamental works
on the corrosion of domestic and foreign authors
(G.V. Akimov, N.D. Tomashov, Ya.N. Kolotyrkin,
Yu.N. Mikhaylovsky, V.S. Grzhivo, V. Ande,
G. Bataler, D. Dickinson, H. Uhlig, etc.), which are re-
lated to the investigation of the process of metal cans”
corrosion with fruit canned food, is relatively small. In
addition, they contain some controversial data that do
not allow the quantification of medium corrosive ag-
gressiveness, what is necessary for the proper selection
of protective coatings [1].

In works by E.A.Boytsova, E.A. Andriushchenko,
T.N. Ulyanova [2] authors examined the titrated acidity
in the calculation of malic acid, pH of juice, and the
general corrosion losses of the unfrozen white tinplate
ENK-III — the main container material for fruit canned
food. The rate of corrosion and corrosion losses are
high enough. The paper considers the use of anti-
corrosion coatings. The change in the corrosion speed
when giving pectin was studied  by.
M.S. Stechyshyn [3]. The formation of composite elec-
trolytic coatings on a nickel base was studied to in-
crease the corrosion resistance of steel. Coverage is
subject to different requirements. The general require-
ments that all coverings must meet are their strong grip
with the base. Coatings should have a maximally uni-
form thickness at different sites, because thickness is
the most important characteristic of the coating, be-
cause it determines the protective action time of the
coating. Nickel-based coatings are much lower than
those covered by the coatings developed by us.

In works of G.I. Robsman, A.N. Gorenkova,
T.F. Platonova, N.S. Tovstokora [4,5] a new method
for assessing the continuity of paint and varnish coat-
ings by measuring the magnitude of corrosion current,
which appears in a thermostatically controlled cell, was
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developed: the inhibitory ability of phytic acid to cor-
rosion aggressiveness of canned fruits and vegetables
was studied.

L.E. Rosenblatt studied the corrosive aggressiveness of
canned food for various types of packaging materi-
als [6]. It was found that there is an elevated transition
of iron to the syrup and the hydrogen content in the gas
phase due to the absence of a continuous coating of
enamel EP-5147 on the interior surface of tinplate
cans. In aggressive canning mediums, corrosion pro-
cesses are accelerated due to the shift of electrical po-
tential to more positive meanings, and these processes
may cause the release of hydrogen white tinplate to be
replaced with aluminum packaging, but the latter has a
drawback — a high cost compared to the white tinplate.
In works Yu.A. Huslienko [7] the study of the structure
and properties of composite electrochemical coatings
nickel — chromium diboride is presented. The feasibility
of using different compounds containing boron to obtain
critis has no doubt: these substances have a significant
reduction potential. Coatings formed with the use of bo-
rohydride compounds contain boron in their composi-
tion, and this fact opens the prospects for the creation of
alloys and with new properties.

Coatings containing compounds with metal-boron
bonds are characterized by high hardness, high corro-
sion and wear resistance, high melting point [6]. The
borohydride method allows to obtain coatings at rela-
tively low temperatures (about 40 °C). This makes it
possible to apply boron-based coatings with relatively
low energy expenditure. Some warnings are caused by
a relatively insufficient study of the influence of boron
on human organism.

Preserving the quality of canned fruit in a metal con-
tainer is largely determined by the corrosion resistance
of the container itself. This is due to the fact that the
transition of metals in fruit canned foods as a result of
the course of corrosive processes causes a decrease in
nutritional value and a deterioration of the products’
taste properties and the allocation with hydrogen is ac-
companied by bloating and destruction of metal con-
tainers.

The corrosion resistance of metal cans depends on the
corrosion resistance of metal tare materials, the quality
of paint and varnish coatings and the corrosive aggres-
siveness of canned mediums. Due to the specifics of
the technology of tinplate containers manufacture in
the production of lacquered metal containers, in most
cases it is impossible to exclude the formation of pores
and the appearance of mechanical damage to paint and
varnish coatings. In this regard, the corrosion re-
sistance of lacquered metal containers in general is de-
termined by the development of corrosion processes in
pores and micro-clefts of coatings, that is, the corro-
sion resistance of metal tare materials.

Currently, the corrosive aggressiveness of canned me-
diums is usually evaluated by the change of the metal
containers’ state in the process of canned food storage
and the activity of heavy metal transitions from the
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packaging to the product. The gravimetric method for
determining the corrosion resistance of metal tar mate-
rials due to low sensitivity does not always allow a re-
liable and quick study of the corrosion processes’ ki-
netics, especially for materials with high collagen re-
sistance, such as white tinplate and anodized aluminum
tape.

The purpose of the work is to investigate the corrosive
aggressiveness of fruit canned food for the choice of
the most resistant coating in order to protect metal
packaging from corrosion by increasing the stability of
the tinplate in the mentioned mediums.

To achieve this goal, it was necessary to solve the fol-
lowing tasks:

- to study the kinetics of metal containers’ corrosion in
organic acids’ solutions;

- to study the degree of influence of various organic ac-
ids, which are part of fruit canned food, on the kinetics
of metal tar materials’ corrosion;

- to develop composite electrochemical coatings to in-
crease the corrosion resistance of tinplate and to inves-
tigate their corrosion resistance;

Research Materials and Methods

As a research object, the steel of 08KP brand (the ini-
tial base of white tinplate) was taken as well as a white
tinplate of electrolytic tinning of the ENK-III brand.
The so-called white tinplate is a sheet steel, coated on
both sides with a thin protective layer of tin. Its main
advantage is the harmlessness of tin compounds for the
human organism. Along with the white tinplate of elec-
trolytic tinning recently introduced new materials for
the production of cans. Among them, the most im-
portant is the chromium plated steel sheet, which is a
steel base electrolytically coated by chromium with the
finest intermediate layer of Fe-Cr solid solution. For
comparison, samples of plaques were used, one of
which was covered with nickel with a surface density

of 30-300 mg/m*, and another with chromium (5—
50 mg/m?).

A new type of plaque was developed, on the surface of
which an electrolytically alloyed tin with titanium (ti-
tanium content was 0.025 — 0.5 %) with a surface den-
sity of 100 — 2500 mg/m”. The electrodeposition of
composite electrolytic coatings (CEC) was carried out
at the electrolyte constant mixing. Qualitative coatings
with good adhesion can be obtained by electrolysis
mode: I, = 2 A/dm?, £ = 40 — 50 °C, the concentration
of salts was 0.02 — 0.2 mol/dm’ [8,10]. The main cor-
rosion-active components of fruit canned are organic
acids: citric, malic and tartaric. Their concentration can
fluctuate within very wide limits. As a model medium,
basing on the above-mentioned, aqueous solutions of
the most common organic acids that are part of fruit
canned: citric (0.01 %), malic (0.5 %) and tartaric
(0.02 %) were applied.

The rate of corrosion was investigated by the method
of polarization resistance in the cells after the polariza-
tion currents, as well as by mass losses, established
gravimetrically [9].

The stationary potentials of tin coatings and steel base
were measured on the P-5827 potentiostate (an elec-
trode of comparison — saturated calomel). In the model
mediums, the transition of iron and tin into the solution
was determined by the atomic adsorption spectropho-
tometry method according to the rate of stationary cor-
rosion, the aggressiveness of fruit canned products was
determined, and the corrosion kinetics of container ma-
terials in solutions of organic acids, the components of
canned fruit [10], was studied.

The results of the research and their discussion

Corrosive processes were controlled by the transition
of metals into a solution of aggressive medium. The re-
sults of general corrosion losses (4p, g/m?) and losses
of iron and tin (4pg., g/m2 and 4ps,, g/mz) are given in
tables 1-3.

Table 1. Results of determination of total corrosion losses (4p, g/mz) and weight losses of iron and tin
(dpFe, g/m2 and 4ps,, g/mz) in citric acid solution (® = 0.01% by weight)

Tvpe of coatin General corrosion losses, Corrosion losses of iron Corrosive losses of tin
P £ 4p, g/m’ Apre, g/m’ Apsy, g/m’
Fe-Ni 6.63 0.06 4.50
Fe-Cr 7.19 0.06 6.28
Fe-Sn-Ti 1.94 0.04 4.92

Table 2 — Results of determination of total corrosion losses (4p, g/m”) and weight losses of iron and tin
(4pFe, g/m* and Aps,, g/m”) in a solution of tartaric acid (o = 0.02% by weight)

Type of coating General corrosi(gn losses | Corrosion losseszof iron Apg,, Corrosive 1osse§ of tin
Ap: g/m g/m Apsn’ g/m
Fe-Ni 2.37 0.04 4.50
Fe-Cr 2.50 0.04 4.50
Fe-Sn-Ti 1.70 0.02 218
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Table 3 — Results of determination of total corrosion losses (4p, g/m”) and weight losses of iron and tin tin
(4pFe, g/m* and Aps,, g/m>) in malic acid solution (®» = 0.5% by mass)

Type of coating General corrosig)n losses Corrosion losseszof iron Corrosive losseg of tin
Ap, t/m AP, T/M Apgy, T/M
Fe-Ni 3.35 0.10 6.50
Fe-Cr 345 0.18 6.92
Fe-Sn-Ti 2.42 0.09 6.12

The resulting coatings were tested for corrosion resistance. Data from these studies are presented in Table 4.

Table 4 — Corrosion resistance of steel samples (item 3) with protective coatings in the solution of malic acid
(o = 0.5 % by mass)

Composition of the Deposition current Depositional Corrosion resistance
coating density D;, A/dm’ temperature  C (Group / score)
Fe-Ni 6 50 high /2
Fe-Cr 6 50 increased / 3
Fe-Sn-Ti 6 50 very high /2

Corrosive behavior of the coatings was studied in laboratory conditions. The duration of the research was 3850

hours. Data are presented in Table 5.

Table 5 — Results of laboratory corrosion tests of corrosion-resistant coatings in organic acids’ solutions

Coatin Solution of malic acid (0.5 %) Citric acid solution (0.4 %)

£ 40°C, mm/year 80°C, mm/year 40°C, mm/year 80°C, mm/year
Fe-Ni 0.09 0.1 0.15 0.21
Fe-Cr 0.05 0,075 0.06 0.03
Fe-Sn-Ti 0.000 0.001 0.002 0.001

Steel without
. 0.75 0.927 0.753 1.05
protection

Determination of iron losses by a white plate in
acid solutions, carried out by atomic adsorption spec-
troscopy, shows that the largest corrosion losses were
in samples of Fe-Cr coatings, that is, the corrosion re-
sistance of Fe-Cr coatings was the smallest.

In order to study the effect of organic acids on
metal containers with the proposed protective coatings,
a larger range of concentrations of said acids was used.

The largest corrosion losses of metal took place
at the malic acid concentration of 0.5 %. The average
corrosion rate was 0.113 g/(m*h). Solutions with a
concentration interval of 0.1+1 % acquire a brown col-
or. At concentrations from 1.5 to 3 %, the average cor-
rosion rate decreases by an order of magnitude and is
about 0, 01 g/(m*h). Solutions remain clear and color-
less. High rates of corrosion indicate intensive process-
es of complex formation of Fe ions with malic acid in
the range of dilute solutions. Investigation of stationary
potentials of Fe-Cr and Fe-Sn-Ti coatings, the original
ones and after corrosion tests ones, allowed to establish
that in the concentration area below 1 % Fe-Cr coating
has a more electronegative potential than that of the
Fe-Sn-Ti coating. This promotes the transition of iron
to the solution. At the concentration range of the malic
acid solution, more than 1 % the Fe-Sn-Ti coating be-
comes more electronegative than the Fe-Cr coating and
the iron transition into the solution decreases by two
orders of magnitude. Thus, for solutions of malic acid,
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the most corrosive-active is the concentration of about
0.5 %.

Analysis of data on the coatings’ corrosion
speed, obtained for solutions with different levels of
tartaric acid revealed a not monotonous extreme de-
pendence of the corrosion speed on the solutions’ con-
centration. With an increase in the concentration of tar-
taric acid from 0.01 to 0.5 %, the corrosion speed and
corrosion losses are growing; at the concentration of
0.5 %, the rate of corrosion is maximal, and in further,
the corrosion speed growth is slowing down: in the ar-
ea of concentrations of 2 — 4 %, the growth rate of cor-
rosion and corrosion losses remains unchanged. The
analysis of iron content, investigated by atomic adsorp-
tion spectroscopy, confirms this regularity. Investiga-
tion of stationary potential of Fe-Cr coatings and Fe-
Sn-Ti coatings showed that they are also from the con-
centration of tartaric acid in solutions. At concentra-
tions of this acid below 0.5 %, the Fe-Cr coating has a
more negative stationary potential compared to the Fe-
Sn-Ti coating. At the concentration range 0.5 — 0.75 %,
the stationary potentials of both coatings are fairly
close. At higher concentrations of tartaric acid solu-
tions, the Fe-Sn-Ti coating potential becomes more
electronegative than of Fe-Cr coating one and the po-
tential difference becomes positive. This is confirmed
by a significant decrease in the iron concentration in
the tartaric acid solutions. After contact with a solution

Volume 11 Issue 3 /2017



TexHonozisa i 6e3nexka NnpodyKkmie xapuyeaHHA

of tartaric acid in the pores of the Fe-Sn-Ti coating, the
formation of white color corrosion products, having a
crystalline structure, and a shift of the Fe-Sn-Ti poten-
tial to more negative area is observed. Thus, it is clear
from the data obtained that the solutions of tartaric acid
are the most corrosive active ones, having a concentra-
tion from 0.29 to 1 %.

As well, an analysis of the iron content in solutions
of citric acid in the range from 0.1 to 3 %, which was used
to investigate the corrosion of the tin packaging with a pro-
tective coating. In the course of studies it turned out that the
greatest iron transition from the surface of Fe-Sn-Ti coating
to the solution occurs at a concentration of citric acid of
0.25 %. The intensity of the iron transition to the solution
depends on the magnitude of the potentials for Fe-Sn-Ti and
Fe-Cr coatings in various solutions of citric acid. Thus, in di-
lute solutions of the citric acid with concentrations below
0.75 %, the Fe-Cr coating has a slightly negative initial po-
tential compared to the Fe-Sn-Ti coating that is why the dis-
solution of iron through the pores in the tin coating took
place. With a concentration of citric acid over 1 %, the tin
potential becomes more electronegative. In this case, the
solubility of tin is due to the reaction of its oxidation and the
weakening of the iron dissolution process. After contact
with the solution of citric acid in the pores of the Fe-Sn-Ti
coating, corrosion products are formed. The formation of
corrosion products leads to a shift in the potentials of the Fe-
Sn-Ti coating to a more negative area than of the Fe-Cr
coating.

From the data obtained, it follows that solutions
of citric acid at concentrations below 0.75 % are signif-
icantly more corrosive to metal tare materials than so-
lutions with higher concentrations of citric acid. The
corrosion speed of Fe-Cr and Fe-Sn-Ti coatings in the
solutions of the most common organic acids that are
incorporated into fruit canned foods such as malic, tar-
tar and citric, in all cases coincides with the data on the
transition of iron into solutions.

References:

Conclusions

1) The kinetics of corrosion processes for Fe-Cr
and Fe-Sn-Ti coatings has been investigated.

2) The solutions of malic acid are most corro-
sively active at concentrations of 0.5 — 1.0 % (maximal
0.75 %).

3) Tartaric acid solutions are most corrosively
active at concentrations of 0.25- 1.0 % (maximal
0.5 %).

4) Citric acid solutions are most corrosively ac-
tive at concentrations of 0.1 - 0.75% (maxima
0.29 %).

5) It has been established that the choice of
coatings for metal containers can be made after corro-
sion aggressiveness.

Since most of the canned fruits and vegetables
are characterized by high acidity, the bulk of these
canned foods are packed in containers, the disad-
vantages of which are fragility and liquefaction in a
neutral medium. In the acidic medium, washing out al-
kali metal ions (sodium, potassium) from the glass as
ions and saturation of any solutions of canned medi-
ums in the form of organic acid salts, which are strong-
ly hydrolyzed, and therefore do not conduce to the
preservation of various canned products.

Samples with surface solid solutions of Fe-Sn-
Ti, like Fe-Cr, had no damage of the coatings’ inviola-
bility; the corrosion speed was 0.001 — 0.002 mm/year.

The conducted studies allowed arrive at the follow-
ing conclusions. Surface solid solutions of Fe-Sn-Ti increase
the corrosion resistance of carbon steel in aqueous solutions
of malic, citric and tartaric acids. It follows that the for-
mation of superficial solid solutions can significantly in-
crease the corrosion resistance of patches in aggressive can-
ning mediums, to increase the term of products’ storage in
metal containers.
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Annotanus. Koppo3ust Metauinueckoil KOHCEPBHOW Taphbl SIBISETCS OJHUM M3 MPENSTCTBUIA B PAacIpOCTpaHEHHUH €e
MIPUMEHEHUS Ul YNAKOBKH IMHUIIEBBIX MPOXYKTOB. OCOOCHHO arpecCHMBHBIMU K METAJUIMYECKOM KOHCEPBHOW Tape SBISIOTCA
cpenbl GPPYyKTOBBIX KOHCEPBOB, COAEPIKAIINE OpraHUYecKHe KUcaoThl. HecMOTpsi Ha TO, 4TO B MOCIEIHEE BPeMs 4acTo HC-
MOJIB3YETCSI Tapa U3 aIFOMUHUEBOH >keCTH ((OJBrH), OCHOBHBIM MaTEPHAIOM JJIsI H3TOTOBJICHHS METAJUTUMUECKON KOHCEPBHOU
Tapbl MOXKET OBITh CTaNbHAs Oelast KeCTh

HccnenoBaH psifi aHTUKOPPO3UOHHBIX MOKPEITHI Ha ocHOBEe Fe-Cr u Fe-Sn-Ti oTHOCHTENBHO WX MOBEACHUS B arpec-
CHUBHBIX cpefiaXx GpyKTOBBIX KOHCEpBOB. C IENbI0 MOACTHPOBAHHS TaKUX CPEJl UCIIONIL30BAIICH PACTBOPHI HAHOOIEeE Paclpo-
CTpaHEHHBIX OpraHMYeCKUX KUCIOT. [IpoBeneHHbIe UCCIeIOBaHUS TTO3BOJIMIIN ClIeaTh BBIBOJ, YTO ITOBEPXHOCTHBIC TBEP/bIC
pactBopbl Fe-Sn-Ti moBBIIatOT KOPPO3UOHHYIO CTOMKOCTD YIIIEPOJUCTOM CTAT B BOJHBIX PACTBOpAx sI0JOYHOM, JIMMOHHOM U
BUHHOH KucioT. OTciona cienyer, 4To GopMUpOBaHKE MOBEPXHOCTHBIX TBEPABIX PACTBOPOB IO3BOJISIET CYLIECTBEHHO ITOBBI-
CUTb KOPPO3UOHHYIO CTOMKOCTB JKECTH B arPECCUBHBIX KOHCEPBHBIX CpEax.

KuroueBble c10Ba: MeTauinueckas KOHCEPBHAS Tapa, arpeCCUBHBIE CPEbl, OPraHWIECKUE KUCIOTHI, KOPPO3Hs, aHTH-
KOPPO3UOHHBIE TTIOKPHITHSL.
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