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ABSTRACT

The use of structures made of titanium and its alloys, which have improved corrosion, physical and mechanical
properties, are in demand in many industries. In this regard, the processes of modifying the surface of metals
are of interest. One of the modern and promising methods of metal surface treatment is plasma electrolytic
oxidation. Currently, there is a problem of widespread use of this process when DC modes are used in the
implementation of the process. This is due to the large consumption of electricity. The purpose of this work
is to study the morphological and corrosion properties of oxide coatings obtained in the pulsed anode-
cathode mode on titanium alloys VT1-0 and VT5 in various electrolyte solutions. Modification of the surface
of titanium alloys was carried out at the duration of the anode current pulse of 250 + 25 microseconds, the
duration of the cathode current pulse of 5 + 0.5 ms, the repetition frequency of the anode and cathode pulses
of 50 £ 0.5 Hz. Alkaline solutions served as electrolytes. Oxide coatings obtained in various electrolytes are
characterized by different porosity and coating thickness. Coatings with a finely porous structure, with an
average pore diameter from 0.09 microns to 0.4 microns, and larger pore sizes of 0.6 — 0.7 microns were
obtained. The porosity of the coatings ranges from 6.12% to 12.2%. According to the data of energy dispersion
analysis, it was found that the structure of oxide coatings includes both components of the processed metal
and components of the electrolyte solution. The main components, in this case, are oxygen and processed
metal, as well as other elements such as boron, phosphorus, aluminium, fluorine, sodium, silicon and others.
Corrosion tests according to GOST 9.308-85 under the influence of neutral salt mist at a temperature of (35
+ 2) °C with 1500 hours in the Ascott CC 450 chamber, it was shown that there was no corrosion damage to
the coatings.

Keywords: oxide coating, electrolyte, plasma-electrolytic oxidation, corrosion tests, coating morphology,
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Introduction

Titanium and its alloys are widely used in many
sectors of the manufacturing economy. However, to
create promising and modernize existing products, it
is necessary to give them a set of properties, such as
a combination of corrosion resistance and good
physical and mechanical properties. By introducing
alloying additives, the properties of titanium alloys
are improved [[1], [2]]. Aluminum, vanadium,

molybdenum, silicon, chromium, zirconium and
others can be used as alloying additives. The
introduction of alloying additives during titanium
smelting positively affects its corrosion resistance
and other properties [2]. However, this leads to an
increase in the cost of the product and the weight of
the structure.

Currently, classical materials science is giving
way to methods of modifying the properties of
materials, such as surface treatment, since the
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surface characteristics determine the level of
product properties [[3], [4]]. In addition, surface
modification is more attractive compared to other
methods of changing the characteristics of materials
and products.

Currently, plasma electrolytic oxidation (PEO) is
one of the promising methods for modifying the
surface of titanium [[5], [6], [7]]. This method allows
you to change the surface condition of valve metals
significantly, which makes it possible to replace
traditional materials with inexpensive and non-
scarce materials. At the same time, there is a
significant improvement in the operational
properties of products [[8], [9], [10]].

A distinctive feature of the PEO method is the
participation in the modification process of surface
micro-discharges, which have a significant and
specific effect on the phase and structural properties
of the coating [11]. The obtained oxide coatings by
the PEO method in electrolyte solutions have high
adhesion to the substrate, wear resistance, and heat
resistance [[12], [13]].

The implementation of the PEO process can be
carried out in various modes using stationary and
slowly changing energy influences. In these modes,
the application of the method is not widely used due
to the large consumption of electricity. Recently,
PEO modes based on fast-flowing (pulsed) energy
effects have been used [14]. With a small value of
the duration of the anode current pulse of the order
of 250 microseconds, coatings characterized by low
roughness are formed [15]. The use of these modes
does not require a large consumption of electricity,
and can contribute to a wider application of the PEO
method in production.

It is known that the properties of oxide coatings
are influenced by the composition of electrolyte
solutions [16]. In view of this, it is relevant to study
the corrosion resistance and morphology of coatings
obtained in various electrolytes. This makes it
possible to purposefully form functional coatings
with certain properties.

This work aims to study the properties of
complex oxide coatings, consisting of two or more
elements obtained in the pulsed anode-cathode
mode of PEO in various electrolyte solutions.

Experimental part

Samples from titanium alloys VT1-0 and VT5
were subjected to surface treatment by plasma
electrolytic oxidation. The samples had a rectangular
shape with a thickness of 3 mm and a size of 20 x 40
mm and 15 x 40 mm. The samples were ground

before the PEO process to remove irregularities and
scratches. Further, the surfaces of the samples were
degreased using ethyl alcohol. Drying was carried
out at room temperature. The scheme of the
installation for obtaining oxide coatings by the PEO
method is shown in Figure 1.

4 t

Figure 1 - Installation diagram: 1 - power supply, 2 -
electrochemical bath with water cooling jacket, 3 -
auxiliary electrode (cathode), 4 - coated sample (anode),
5 - water, 6 —air

The research facility consisted of a bath with a
cooling system. Stainless steel was used as the
cathode. The processed samples served as the
anode. A switching power supply "Corundum MQ",
not mass-produced, was used to obtain oxide
coatings. The power supply generates positive and
negative voltage pulses of trapezoidal shape. The
PEO processing of titanium samples took place
under the following conditions: the duration of the
anode current pulse is 250 £ 25 microseconds; the
duration of the cathode current pulse is 5 £ 0.5 ms;
the interval between the anode and cathode current
pulses is 250 + 25 microseconds; the frequency of
the anode and cathode pulses is 50 + 0.5 Hz, the
voltage is within 360-365 V. The current density was
in the range of 109 - 115 A/dm?, and this parameter
depends on the composition of the electrolyte and
the metal alloy. Processing time 600 sec. The
electrolyte temperature was maintained within 20
°C — 25 °C. To obtain coatings, electrolytes were
used, the compositions of which are presented in
Table 1.

Electrolyte solutions were prepared from
chemical substances of the chemically pure grade,
analytical grade. Electrolytes were prepared in
distilled water. The thickness of the oxide coatings
was measured using a NOVOTEST TP-1 thickness
gauge with an NF-2 sensor with a digital indicator
indication. When measuring the thickness of oxide
coatings, 7 measurements were carried out on both
sides of the sample. Next, the arithmetic mean of
the coating thickness was calculated.

— 6
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Table 1 - Compositions of electrolytes

No. electrolyte Name of the component Concentration, g/l

1 Sodium silicate (metasilicate) 9 aqueous 100
NaOH 8
Aluminum oxide (1.1-1.5 microns) powder 20

2 Sodium phosphoric acid 3- substituted, 12 aqueous 70
Aluminium hydroxide (0.6 um) 20

3 Sodium phosphoric acid, two-substituted, 12 aqueous 40
Sodium tetraborate 10 aqueous 30
Boric acid 22
Ammonium fluoride (NH4F) 10
Aluminium oxide 20

Micrographs and energy dispersion analysis of
oxide coatings on titanium alloys were obtained
using a Hitachi TM3030 scanning electron
microscope in SEI mode at an accelerating voltage of
15 kV with an Oxford Instruments energy dispersion
analysis prefix.

When calculating porosity, the number of pores
per surface unit, and evaluating their shapes, the
planimetry method was used by processing
micrographs of the surface of oxide coatings [17]. In
this case, porosity was determined as the ratio of the

sum of the pore areas Fto the total area of the

observation site F,,,: 1] = &100%.
total

The corrosion resistance of samples with oxide
coatings was carried out under the influence of
neutral salt mist at a temperature of (35 + 2) °C for
1000 hours in the Ascott CC 450 chamber according
to GOST 9.308-85. In the Ascott CC 450 chamber, the
distance between the test samples was 20 mm; the
distance from the chamber walls was at least 100
mm, and from the day of the chamber — at least 200
mm. The tests were carried out at a (35 + 2) °C.
According to GOST 9.308-85, a sodium chloride
solution was continuously sprayed in the chamber
(concentration 50 + 5 g / dm3, pH of the solution 6.5
— 7.2). Spraying of salt mist was carried out so that
the condensate volume during the chamber's
operation for 24 hours was maintained within 1.2 -
1.5 cm3/hour. The state of the oxide coatings was
monitored visually through 2, 24, 96, 294, 460, 720,
1000 and 1500 hours of testing. During the control
of coatings, samples were removed from the
chamber, washed with tap water, dried.

The appearance was assessed for the presence
of corrosion damage by the following signs:
discolouration, pitting corrosion, peeling of the
coating, etc.

Results and discussion

As a result of the PEO process, dense oxide
layers are formed on the surface of titanium alloys
VT1-0 and VTS5, the thickness data given in Table 2.
The thickness of the oxide coatings is uniform over
the entire surface of the samples.

Table 2 - Data on the thickness of oxide coatings on
titanium alloys

No. Coating thickness | Coating thickness
electrolyte on VT1-0 alloy, on VT5 alloy,
microns microns
1 5.0 7.5
2 15.0 9.5
3 21.0 19.5

Energy dispersion analysis of the coatings
obtained on titanium alloys showed that the main
elements included in their composition are both
components of the processed material (base) and
the electrolyte solution. The composition of the
coating mainly consists of oxygen and processed
metal. Other elements are boron, phosphorus,
aluminium, fluorine, sodium, silicon, etc. (Tables 3,
4).

In the work of researchers [18], the production
of complex PEO coatings is confirmed. The authors
have shown that the composition of the oxide layers
formed on titanium from the calcium phosphate
electrolyte system contains the elements Ti, P, Ca
and O [18].

It is known that the pores in the PEO are formed
at the place of micro-arc combustion [19]. During
the initial period of the plasma electrolytic oxidation
process, when a positive voltage is applied to the
sample, a porous, thin barrier layer forms on the
surface of the processed material according to the
mechanism of electrochemical oxidation. Micro-
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Table 3 - Composition of coatings on VT1-0 alloys

Electrolytes Content of elements, at. %
0 Ti B P F Na Al Si
1 65.42 15.7 - - - 1.62 0.53 13.2
64.74 31.48 - 2.66 - 0.95 0.17 -
3 63.84 27.47 4.75 2.42 0.5 0.42 0.6 -
Table 4 - Composition of coatings on VT5 alloys
Electrolytes Content of elements, at. %
0 Ti B P F Na Al Si
1 60.45 20.26 - - - 1.55 1.02 16.76
64.39 31.42 - 2.21 - 0.76 1.22 -
3 65.84 20.79 5.61 3.22 1.21 1.63 1.70 -

discharges do not occur when a barrier layer is
formed (Figure 2a). Provided that the electrical
strength of the barrier layer is less than the voltage
at the electrode-solution interface, a breakdown
occurs, a spark discharge occurs (Figure 2b), which,
as the coating thickness increases, turns into a
micro-arc (Figure 2c). High temperatures develop on
the arc axis [[20], [21]].

When using the pulse mode, the burning time of
the micro-arc depends on the duration of the anode
pulse of the anode current pulse. As the coating
thickness increases, the size of the micro-discharges
may increase, and their number may decrease. This
leads to the formation of pores of large diameters.

Morphological studies of the surface of the
oxide coating have shown that as a result of PEO
under pulsed anode-cathode mode in electrolyte
No.1, both on the VT1-0 alloy and the VT5 alloy,
many small pores with an average diameter of 0.09
microns on the VT1-0 alloy, and 0.2 microns on the
VTS alloy are formed (Figure 3 a- b; Table 5). The
porosity of the coatings is 6.12% and 6.25%. The
pores mostly have a rounded shape. Almost under
the same conditions of the PEO process for all

-
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electrolyte solutions, a thinner coating is formed in
this electrolyte. This is due to the formation of a
finely porous coating structure. To obtain coatings
with a more significant value of its thickness, it
requires a further increase in voltage from an
external power source.

A finely porous structure also characterizes the
oxide coatings obtained in electrolyte No.2. The
average pore diameter for the VT1-0 alloy is 0.4
microns, and the porosity is 7.7% (Figure 3c; Table
6). On the VT5 alloy, the average pore diameter is
0.2 microns, and the porosity is 7.7%. (Figure 3d;
Table 6). The pores are evenly distributed over the
entire surface of the sample. It should be noted that
the pore sizes in this electrolyte are larger than on
the coating obtained in the first electrolyte, and,
accordingly, the coating thickness is more
significant. Small pores contribute to the reduction
of mechanical stresses in the coating [22].

Larger pores are formed in electrolyte No.3
(Figure 3 e - f). The average pore diameter is 0.7
microns on the VT1-0 alloy, 0.6 microns on the VT5
alloy. The porosity of the coatings is 11.3% on the
VT1-0 alloy, and 12.2% on the VTS5 alloy (Table 7).

ad

(B

a — barrier layer formation; b - spark discharge stage; ¢ - micro-arc discharge stage; 1 - metal, 2 — an oxide
layer, 3 - electrolyte solution, 4 - plasma formation

— 6
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Figure 2 - Scheme of the development of plasma formations
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Figure 3 - Micrographs of oxide coatings obtained: a —in electrolyte 1 on VT1-0 alloy; b - in electrolyte 1 on VT5 alloy; c
- in electrolyte 2 on VT1-0 alloy; d - in electrolyte 2 on VTS5 alloy; e - in electrolyte 3 on VT1-0 alloy; f - in electrolyte 3
on VT5 alloy

Calculated data on the porosity of oxide coatings
obtained in various electrolytes on titanium alloys
VT1-0 and VTS5 are given in Tables 5-7.

During corrosion tests, the change in the
condition of the coatings was determined by visual
inspection through 2, 24, 96, 294, 460, 720, 1000
and 1500 hours (Table 8).

Thus, at all stages of the test under the influence
of neutral salt mist at a temperature of 35°C for 1500
hours at a solution concentration of 50 g/I of sodium
chloride, the pH of the solution is 6.5 — 7.2, there is
no corrosion damage on samples with oxide
coatings, no traces of corrosion damage are
observed. Oxide coatings have proven to be
corrosion resistant.

Table 5 - Data on porosity of oxide coatings obtained in electrolyte 1

Alloy Porosity AS, % Number of pores per 1 cm? of coating Average pore diameter, microns
VT1-0 6.12 2.2°107 0.09
VT5 6.25 1.3'107 0.2
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Table 6 - Data on porosity of oxide coatings obtained in electrolyte 2

Alloy Porosity AS, % Number of pores per 1 cm? of coating | Average pore diameter, microns
VT1-0 7.7 1.3'107 0.4
VTS5 7.7 1.6'107 0.2

Table 7 - Data on porosity of oxide coatings obtained in electrolyte 3

Alloy Porosity AS, % Number of pores per 1 cm? of coating | Average pore diameter, microns
VT1-0 11.3 7.0°108 0.7
VT5 12.2 7.8'108 0.6

Table 8 - Results of corrosion tests

Te;tosl;cf;ge, The appearance of the samples treated with PEO Appearance of coatings

0 Initial samples

2 Without changes

24 Without changes

96 Without changes
294 Without changes
460 Without changes
720 Without changes
1000 Without changes
1500 Without changes

Conclusions

The process of obtaining oxide coatings on
titanium alloys VT1-0 and VT5 by plasma electrolytic
oxidation has been studied. Uniform porous oxide
coatings were obtained in the pulsed mode of the
PEO process.

It is shown that the porosity of the coatings
depends on the composition and nature of the
electrolyte. In electrolytes containing sodium silicic
acid, sodium hydroxide, aluminium oxide
(electrolyte No.1), as well as sodium phosphoric acid
and aluminium hydroxide (electrolyte No.2), the
coatings are finely porous. The average pore
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diameter of oxide coatings on titanium alloys in
electrolyte No.1 is 0.09 microns and 0.2 microns,
respectively, at VT1-0 and VT5. In electrolyte No.2,
the average pore diameter of oxide coatings is 0.4
microns (alloy VT1-0) and 0.2 microns (alloy VT5). In
electrolyte No.3, pores of a larger size of 0.6 — 0.7
microns are formed.

The coating composition includes both
components of the processed material and

components of the electrolyte solution. Oxide
coatings are corrosion resistant when tested in
accordance with GOST 9.308-85 under the influence
of neutral salt fog at a temperature of (35 + 2) °C for
1500 hours in an Ascott CC 450 chamber.
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TYWIHAEME
akcapTbinfaH

KOppO3UANbIK,  dU3MKa-MeEXaHUKaNbIK — KacueTTepi  6ap

TUTaH MeH OHbIH

KOpbITNasapbliHaH }KacasifaH KypbliManapapl naiganaHy KentereH cananapaa cypaHbicka ue. OcbiFaH

6aiinaHbICTbl MeTanaapablH, 6eTiH TypaeHAipy npouecTepi Kbi3bIFYWbIAbIK TyAplpaabl. MeTann 6eTiH

OHAEYAIH 3aMaHayu KaHe MNepcnekTUBTI a4icTepiHiH, 6ipi-nnasmanbiK 3NEKTPOAUTTIK TOTbIKTbIPY.

Makana kengi: 01 kapawa 2021

CapanTtamagaH eTri: 07 #enmoKcaH 2021

Kabbinganabl: 31 kaHmap 2022
KOpbITNanapbiHAa

YKYMbICTbIH,  MAKCaTbl-9N1EKTPONUTTEPAiH, dpTypAi
MMMYNbCTi

Kasipri yakbiTTa npoLecTi }y3ere acbipfaHAa TypaKTbl TOK pexxumaepi konaaHbinagbl. byaaH npouecri
KeHiHeH KongaHy npobaemacbl TyblHAAWAbl, ceb6ebi 3neKTp 3Heprusacbl Kem TyTbiHblAaAbl. byn

BT1-0 »oHe BT5 TtuTaH
OKCUA,  KabblHAAPbIHbIH,

epiTiHainepiHaeri

aHOA-KATOL  PEeUMIHAE  anblHFaH

MOPGONOTUANBIK KHE KOPPO3UANLIK KacueTTepiH 3epTrey. TuTaH KopbITNanapbiHbiH,  6HeTiH

moauoukaumanay 250 + 25 MKC TOKTbIH, aHOATbI UMMY/bCIHIH, y3aKTbiFbl, 5 £ 0.5 MC TOKTbIH, KaToATbI

MMNYANbCiHIH y3aKTbifbl, 50 + 0,5 'y aHOATbI KaHE KaTOATbI UMMYNbCTAPAbIH, OTY XKUINiri KesiHae xysere

acbipblngpl. CinTinik epiTiHAiNEp 3NeKTPOANUT KbI3METIH aTKapAbl. OPTYPAi 3NEKTPOAUTTEPAE aNblHFaH
OKCMATI }KabblHAAP SPTYPAI KEYEKTINIKNEH KaHe abblH KanbiHAblFbIMeH cunatranagpl. Kantamanap

opTala Keyek anameTpi 0,09 mMKm-aeH 0,4 MKM-re AeniHri XiHilWwKe KeyeKTi KypblibiMmbiMeH ae, 0,6 —

0,7 MKM YNIKEH KeyeK enwemaepiMeH fe anblHfaH. KantamanapablH, KeyekTiniri 6,12%-aaH 12,2%-fa

AeNiH. DHepreTUKanblK AWCNEPCUANbIK Tangay Aepektepi 6oMbiHWA OKCUATI KabblHAAPAbIH,

KypaMblHa eHAeNeTiH MeTanaplH Kypamaac 6eniktepi ae, 31eKTPOAUT epiTiHAICIHIH KOMNOHEHTTEpI ae
KipeTiHi aHbIKTanabl. Herisri Kypampactapfa oTTeri )XaHe eHAeneTiH MeTans, COHbIMeH Katap 6op,

docdop, antommHuin, GTop, HaTPUIA, KPEMHUIK KaHe T.6. KaTagpl. Ascott CC 450 kamepacbiHaa 1500

cafaT 6oibl (35 £ 2) °C TemnepaTypaga 6eitapan Ty3abl TymaHHbIH acepiHeH FOCT 9,308-85 caikec

JKYPFi3iireH  KOpPO3MANbIK CbiHayNap KabblHAApAa KOPPO3UAAbIK 3aKbIMAAHYNAPAbIH, HOKTbIFbIH
KepceTTi.

TyiH ce3gep: oKcudmi HabbiH, 37eKMpPoOAUM, MAA3MAMbIK-31EKMPOAUMMIK  OKcuomey,
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UccnepoBaHue CBOCTB OKCUAHDbIX MOKPbITUIA Ha CNaBax TUTAHA,
NONIYYEHHbIX N1Ia3MEHHbIM 3/1eKTPOJIMTUYECKUM OKCUANPOBAHMEM

L2 pamasaHoBa .M., 23amanutguuosa M.T., 3 Kosanenko M.B.

1 Kazaxckuii AepomexHudeckuli YHusepcumem umenu C. CeligpynnuHa, Hyp-Cyaman, Kazaxcmar
2 AO «HayuoHanbHbIl yeHmp Kocmuyeckux uccaedosaHuli u mexHonoauli», Anmamel, KasaxcmaH
3 Espasulickuli HayuoHanbHbIl yHusepcumem um. /1.H. lymuneea, Hyp-CynamaH, Kazaxcmat

AHHOTALMUA

Wcnonb3oBaHue KOHCprKLI,VII‘;I U3 TUTaHa U ero cna1aBoB, KOTOPble MMeKT yny4dleHHble KOPPO3NOHHbIe,
¢M3MKO-M€X3HMH€CKM€ CBOWCTBa, BOCTpeﬁOBaHbI BO MHOMMX OTpacnax npoussoacTBea. B cBA3u c atum
npeacrtaBaAeT nHTepec npoueccsbl MO,D,MCI)MLI,MpOBaHMH noBepxHOCTN meTannos. O4HUM U3 COBPEMEHHbIX
n nepcnekTUBHbIX meToa0B 06p360TKM NnoBepPXHOCTU mMmeTannos ABNAeTCA nnasmeHHoe
3/IEKTPONUTUYECKOE OKCUAUpOBaHUe. B HacToAWwee Bpemsa cywiecrtesyeTt npo6nema LWMPOKOro npumeHeHnA

Moctynuna: 01 HoAbps 2021 [AHHOTO npouecca, Korga npy peannsauun NpoLecca MCNob3yroTCA PEXUMbI Ha MOCTOAHHOM TOKe. 9To
PeueHsnpoBaHue: 07 dekabps 2021 CBA3aHO ¢ 6onblMM noTpebneHnem snekTposHepruu. Lienbto gaHHol paboTbl ABAAeTCA UccnenoBaHue
MpuHATa B nevatb: 31 AHeapa 2022 MOPGONOrMYECKMX U KOPPO3UOHHbBIX CBOWCTB OKCUAHBIX NOKPLITUIA, MONYYEHHbIX B UMMNY/IbCHOM aHOAHO-

KaTOAHOM pexume Ha cnnasax TutaHa BT1-0 mu BT5 B pasnnuHbIXx pacTBoOpax 3N1eKTPONMTOB.
MogandpuumposBaHne NOBEPXHOCTU CNAABOB TUTAHa OCYLLECTBAANOCH NPU NPOAOAKUTENLHOCTA aHOAHOMO
MMnynbca Toka 250 = 25 MKc, Npogo/KMTENbHOCTU KAaTOAHOro Mmnynbca Toka 5 = 0.5 mc, yactote
CcnefoBaHUA aHOAHbLIX W KaToAHbIX MmnynbcoB 50 + 0.5 Mu. InekTponuTamu CAYKUAU LLEeNOoYHble
pacTBopbl. OKCMAHbIE NOKPbLITUA, NONYYEHHbIE B PA3NINYHBIX 3/1EKTPOUTAX, XapPaKTEPU3YHOTCA Pas/IUYHOM
NOPUCTOCTBIO U TONLIMHOW MNOKPbITUA. [MOKPbITUA XapaKTepPU3YHOTCA MENKOMOPUCTON CTPYKTYpOW, CO
cpegHUm amametpom nop ot 0,09 mkm ao 0,4 MKM, Tak U ¢ 6onee KpynHbimu pasmepamu nop 0,6 — 0,7
MKM. MopUCTOCTb NOKPbITUIA cocTansAeT oT 6,12% f0 12,2%. Mo gaHHbIM SHEProAMCcnepCMOHHOTo aHaNN3a
6bI710 YCTAaHOBNEHO, YTO B COCTAaB OKCUAHbIX MOKPbITUIA BKIHOYAIOTCA Kak KOMMOHeHTbl 0bpabaTbiBaemoro
MeTanna, Tak U KOMMOHEHTbI pacTBopa 3/1eKTpoanta. OCHOBHbIMW KOMMOHEHTaMM NPWU 3TOM ABAAIOTCA
Kucnopog, n obpabaTbiBaemblii MeTaNA, a TaKKe Apyrue anemeHTbl Kak 6op, docdop, antomuuunii, ¢top,
HaTpui, KpemHuii u gpyrve. KopposmoHHble ucnbiTaHua cornacHo TOCT 9,308-85 nog BosaeicTenem
HEeMTPanbHOro CONAHOro TymaHa npu Temnepatype (35+2) °C B TeyeHune 1500 yacos B Kamepe Ascott CC
450 NoKasanu, YTO KOPPO3MOHHbIX PA3PYLUEHUI NOKPbLITUIA HET.

Kniouesble cnoBa: oKcMAHOE MOKPbITUE, INEKTPOAUT, NAA3MEHHO-3/IEKTPONUTUYECKOE OKCMANPOBAHME,
KOPPO3UOHHbIE UCMbITaHMA, MOPDONOTUA MOKPBITUI, MOPUCTOCTb.
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