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The results of experimental studies of the molybdenum impurity influence on corrosion and mechanical properties of carbon
steel (Grade 20) joint welds are presented in the article. In particular, it has been found that the highest and stable values of
the impact strength and resistance properties of cracks (K, and §), as well as the resistance to sulfide corrosion cracking of
the metal of tubular steel joints, are achieved at a concentration of molybdenum in it from 0,2 to 0,4%, which is realized by
putting a molybdenum powder in the electrode coating in the amount of 0,5-1,0%. On the basis of the obtained results an op-
timal chemical composition of the weld metal was determined which is characterized by a fine-grained structure with a small
amount of non-metallic impurities of globular shape. Optimal content of the doping micro-additive - molybdenum should be
selected, based on both the influence of molybdenum on the size of structural components, but, most importantly, on its ef-
fect on the corrosion and mechanical properties of metal joint weld.
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BnuiuB moJ1i61eHy Ha KOpo3iiiHO-MeXaHiYHI BJaCcTUBOCTI
3BapIOBAJILHUX 3’€IHAHb BYIJIEeLIEBOI CTAJI

Maxkapenko B.JI.', Bunuukos FO.JI.%, Manrypa A.M.**

1-2-3 ITonraBchkuil HALOHANBHEI TexHI4HHI yHiBepenTeT imeni FOpis KonnpaTioka
* Anpeca s muctyBanHs E-mail: mangura2000@gmail.com

HaBeneHo pe3ynbTaTu €KCIEpUMEHTaIbHUX AOCIHII/UKEHb BIUIMBY MOJiOICHOBOT JOMIIIKM Ha KOPO3ifHO-MEXaHi4HI BIacTH-
BOCTi HAIJIABIIEHOTO METally 3BapIOBalbHUX 3 €JHaHb BYIJeleBoi craixi Mapku 20. BeraHoBneHo, 1110 HaiOiIbII BHCOKI i
CTabibHI 3HAUCHHS yIapHOI B SI3KOCTI i XapaKTepHCTHK cripoTuBy po3BuTKy TpimmH (K. i d.), a TakoXK CTIHKOCTI MpoTH Cy-
16(iTHOTO KOPO3iifHOTO PO3TPiCKyBaHHS MeTaja IIBa TPYOHUX CTaiell MOCATAIOTHCS NPH KOHIEHTPaLil MOJiOJeHY B HBOMY
Big 0,2 mo 0,4%, sika peamizyeTbcsi BBOJOM B E€IEKTPOAHE IMOKPUTTS MONIOIEHOBOro IMOpOIKy B KimbkocTi 0.5-1.0%.
Ha 6a3i orpuMaHuX pe3ysbTaTiB BU3HAYEHO ONTHMAIbHUM XIMIYHMH CKJIaJ HAIUIABJICHOTO MeTalla, SIKHH XapaKTepHU3yeThCs
JpiOHO3EPHHICTOIO CTPYKTYPOIO 3 HE3HAYHOIO KUIBKICTIO HEMETAJIEeBUX BKpaIieHb roOymspHoi ¢opmu. Takui XimigHmH 1
CTPYKTYPHHI CKJIall 3BapiOBAIbHOTO IIBAa PEali3ye€Thcsi ONTHMAIbHAM BMICTOM 1 CHIBBiAHOIICHHSAM (epociuiaBiB
(FeMn, FeSi i FeTi) B enextpoaHoMy MOKpUTTi. ONTUMAaNBHUI BMICT JIETYIOU0i MiKpogoOaBku — MOJIiG/IeHy citifi BUOMpATH,
BHUXOJI1YM OZHOYACHO HE JIMIIE 3 BIUIMBY MOJIIOICHY Ha PO3MIp CTPYKTYPHHX CKJIaJ0BHX, ajie, FOJIOBHE, 3 11 BIULIMBY Ha KOPO-
3iiHO-MEXaHIuHi BIACTHBOCTI MeTana 3BapioBajbHOrO IBa. [TOKpalleHHs MEeXaHIYHHUX BIACTHBOCTEH, 30KpeMa, yaapHOI
B’SI3KOCTI 1 mapaMeTpiB B s3KOCTI pyilHyBaHHsI MeTalia IIBa, JErOBAHOTO MOJIIOCHOM, MOXKHA HOSICHUTH HOTO CIPUSTINBUM
BIUTUBOM Ha CTPYKTYPHY Ta XiMi4HY HEOJHOPIIHICTH HAIUIABJICHOrO MeTasa. s OIiHIOBaHHS CTYIEHIO IEOTO BIUIMBY CTO-
COBHO €JIEKTPOIIB 3 OCHOBHUM IOKPUTTSIM, IPOBEJCHO MOCTIDKCHHS CyYaCHHMH METOJaMH MeTanorpadidHoro axamisy.
INopiBHSHHS JaHUX CTPYKTYPHOTO Ta MIKPOPEHTTCHOCHEKTPAIBHOTO aHAIII3Y H03BOJISIE Mepea0aunTH, 0 MOKPAIEHHS IIac-
THUYHHX BJIACTHBOCTEH MeTaia IIBa IPH JIETYBaHHI MONIOAEHOM 3B’S3aHO 3 THM, IO MOJIOAEH 3Mimiae obmacTs y — o -
HEePeTBOPEHHs BOIK OLIbII HU3bKUX TEMIIEPATYp, CHPHAIOYN TUM CaMHUM YTBOPEHHIO JOCTAaTHBHO AMCIEPCHOI Ta OAHOPIAHOT
CTPYKTYPH HIDKHBOTO OCHHITY 3 MiHIMAJIBHOIO HIMPUHOIO JOCBTEKTONHAHOT (PEePUTHOT OTOPOUKH.

Konro4oBi c10Ba: 3BaproBaHHS, KOPO3is, TPIIIMHOCTIHKICTD, MIITHICTb, CYIb(iaN, BOJCHB.
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Introduction

The highest and most stable values of impact
strength and crack resistance, as well as resistance to
sulfide corrosion cracking of weld metal joint of pipe
steels are achieved by adding molybdenum powder to
the electrode coating. On the basis of this approach, an
optimal chemical composition of the weld metal,
which is characterized by a fine-grained structure with
a small number of non-metallic globular form impuri-
ties, was determined.

Review of research sources and publications

The analysis of literature data [1, 2, 5, 7, 9, 10]
showed that high and stable values of the impact
strength of metal joint s on carbon and low-alloy
steels are to a large extent provided by deoxidation
and doping of the metal joint with manganese, silicon
and molybdenum. As follows from works [1, 2, 9,
10], thus the content of silicon and manganese in the
weld metal should be in the following limits: from
0,10 to 0,60% Si and from 0,60 to 1,50% Mn.

In order to determine the optimal content of the mo-
lybdenum powder in the coating, ensuring the re-
quired concentration of molybdenum in the metal
joint and high impact strength of the joint s at tem-
peratures up to -30 °C, additional research was re-
quired on the steel pipe of the steel grade 20, which is
most widely used in industrial production in condi-
tions of sign-changing temperatures, pressures and
loads.

Definition of unsolved aspects of the problem.

It is known [1 — 4, 8, 12 — 14] that the choice of pipe
and welding materials for pipelines of TES industrial
plants is carried out in accordance with the Rules and
Standards of Ukraine's boiler control. Reliability of
pipelines largely depends on the corrosion and me-
chanical properties of steel pipe and welding materi-
als, but existing scientific and technical and techno-
logical developments concerning the increase of op-

6_- . ", ?_-'.l.'_-."

erational reliability and durability of pipelines (P) re-
veal contradictions and uncertainty both as among re-
searchers so among operators, lack of a clear idea of
the factors that cause the failure and destruction of the
P, as well as scientifically substantiated practical rec-
ommendations regarding the optimal choice of weld-
ing materials, the technology of welded tubular steels,
which are exploited under conditions of chemical ag-
gressive media under variable temperature-baric re-
gimes of industrial production [3 — 5, 10].

Problem statement

In connection with this, there was a need to find
ways to increase the operational reliability of pipelines
by ensuring high corrosion and mechanical properties
of joint welds, which will serve as the basis for the
development of technological and operational meas-
ures to improve the safe resource of pipelines, in par-
ticular oil and gas.

Basic material and results

As experimental, the electrodes with the main type
of coverage of the brand ANO-26, were used.
In the process of manufacturing the electrodes in the
charge, a microfertilizer of molybdenum was put in
the form of powder in quantity (in %): 1,0 (P1);
2,5 (P2); 3,0 (P3); 4,0 (P4). Welding was carried out
by electrodes of 4 mm diameter from the rectifier
VDU-504 in the modes: Uy = 23 — 24V; I, =180 A
(DC, reverse polarity). Before welding, the electrodes
were calcined in a thermo-oven at a temperature of
4000C for 1 hour. In the weld metal, the molybdenum
content varied from 0 to 0,60%. The chemical compo-
siton of the weld metal was (in %):
0,071 — 0,075 C; 1,08 — 1,20 Mn; 0,32 — 0,40 Si;
0,016 — 0,023 S; 0,020 — 0,024 P.

Initially, using a standard method [2, 5], the critical
tensile stresses of the samples cut from the welds in
the longitudinal direction were determined. Test re-
sults are presented in Fig. 1.
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Figure 1 — Dependence of the critical tensile stress
on molybdenum concentration in the weld joint. joint 20
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It is seen that the limiting values of molybdenum
content in the deposited metal are in the range of
0,20 — 0,40% for steel 20. The value of o corre-
sponds to the critical value of the tensile stresses,
where the origin and growth of the crack occurs up to
destruction. As the research has shown, doping of a
metal with molybdenum allows to improve also other
widely used in fracture mechanics the viscosity char-
acteristics of weld metal, in particular, parameters of
the critical stress intensity (Kjs, MPa-ml/z) and the
critical crack opening (8, mm), which characterize
the resistance of the metal joint s to the opening of
the crack [6].

For the manufacture of samples, the steel joint s
were heated by 20 electrodes of diameter 4 mm (vari-
ants P1 — P4) at constant current (I, = 180 A, Uy=
23-24 V) from the power source — VDU-504. A notch
on the welded specimens was applied along the joint.
Electrodes ANO-26 were used as experimental elec-
trodes, in the coating of which instead of iron powder,
molybdenum was used in the amount of 0; 1,0; 2,0
and 4.0%. The fatigue cracks in the specimens were
grown by means of a hydropulsator CDM-10
(Germany) at a load frequency of 10 — 15 Hz and a
coefficient of asymmetry of the cycle R = 0,1 — 0,2.

Tests to determine the parameters of the viscosity of
destruction were carried out at the installation of
UME-10 according to the standard method [2, 6, 9].

Results of measurements are given in fig. 2.

It can be seen that the metal of welded joints, which
is doped with molybdenum (0.2-0.4%), has higher
coefficients of K;; and d; over the whole range of
temperatures than the main metal (steel 20), that is, it
is characterized by a higher fracture failure.
The highest values of the critical magnitude of the
stress intensity factor K and the coefficient of crack
opening d; are obtained for welds with a molybdenum
concentration of 0,2 — 0,3%.

The improvement of mechanical properties, in par-
ticular, the impact strength and viscosity parameters
of the metal joint doped with molybdenum, can be
explained by its beneficial effect on the structural and
chemical heterogeneity of the deposited metal. In or-
der to assess the degree of this effect with respect to
the electrode with the main coating, additional re-
search was carried out using modern methods of the
metallographic analysis.
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Figure 2 — Dependence of crack resistance coefficients K;;(a) and o,(b)
on the concentration of molybdenum in the welding joint.
Temperature (in °C): 1 — (-30); 2 — (-20); 3 — (-10); 4 — (+20). Steel 20

The metal single-layer welds made by test
electrodes with varying molybdenum content in the
coating (electrodes with indexes P1, P2, P3 and P4)
were studied. The chemical composition of the
welded metal is given in the text above. Welded on a
direct current at the return polarity from the straight-
ener model VDU-504 in the mode: I 180 A,
Ug=23-24 V.

The structure of the metal joint was studied on a
scattering electron microscope of the model
"JSM-35CF" (firm "Jelol", Japan). The results of
studies have shown that the structure of the metal
joint of new electrodes is characterized by the follow-
ing features. Non-equilibrium grains of upper bainite
(diameters of 200 — 600 um and length 0,5 — 1,6 mm)

are surrounded by polycrystalline hypoeutectoid fer-
rite plain in the width of 15 — 25 pum, which does not
retain the secretion phase of the introduction, but with
non-metallic inclusions and perlite colonies along its
borders. In the body of grains there are plates of car-
bides (mainly iron carbides) in the thickness of 10-15
microns, small perlite colonies and non-metallic in-
clusions, usually spherical shapes with a diameter of
0,5-2,5 microns.

From the data in Fig. 3 it follows that in the metal
of the joint weld, the micro-additive - molybdenum
causes a decrease in the length of columnar dendrites
(0), and at the same time their width is reduced (h).
It is noteworthy that with an increase in the concen-
tration of molybdenum in the metal up to 0,4%,
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the length of dendrites decreases by about 1,5 — 2,5
times, and their width to 1,5-2 times. So, when the
length and width of the dendrites of the metal joints,
which do not contain molybdenum, is 4,7 — 5,6 mm
and 3,7 — 3.9 um respectively, then, when doping
with a micro-additive — molybdenum in volume
0,25% of columnar dendrites have the following pa-
rameters: £ =3 — 3,7 mm and h =25 — 3 pym. In addi-
tion, it is evident that the change of these quantities is
already subtracted when doping a joint weld with mo-
lybdenum in the amount of 0,1 — 0,2%. For these val-
ues, the microstructural parameters have the follow-
ing values £ =3,5 — 4,1 mm and h=28 — 32 pum.
It should be noted that at the same time, the micro-
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hardness of molybdenum positively affects the frag-
mentation of equilibrium dendrites — the parameter d
(see Fig. 3). It is seen that with increasing content of
molybdenum in weld metal, such as 0,1 to 0,25%
dendrites diameter decreases from 30 — 36 to 18 — 22
pum, that is, the value of dendrites diameter is reduced
by an average 1,5 — 2,0 times. It should be noted that
the optimal content of the doping micro-additive -
molybdenum should be selected, based on both the
influence of molybdenum on the size of structural
components, but, most importantly, on its effect on
the corrosion and mechanical properties of metal joint
weld.
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Figure 3 — Influence of microadditives of molybdenum
on the length of dendrites (f) and size in a welding joint.
Denomination: h — width of stained dendrites; d — the diameter of equilibrium dendrites

Comparison of the data of structural and micro-ray
spectral analysis allows predicting that the
improvement of the plastic properties of the metal
joint in molybdenum doping is associated with the fact
that the molybdenum displaces the region of y-a-
transformation towards lower temperatures, thereby
contributing to the formation of a sufficiently
dispersed and homogeneous structure lower bainite
with a minimum width of a dovetectoid ferrite flange.
Such a structure, as it is known [7, 9, 10], contributes
to the high mechanical properties of the metal joint ,
in particular its impact strength.

Data of fractographic analysis of samples tested on
impact bend (in the range of temperatures + 20 ... — 30
°C), showed that metal breakage of the joint doped
with molybdenum, are viscous parts of the dimple
type. In this case, the fraction of the viscous
component in breaking these samples is not less than
90%, while in samples without molybdenum, does not
exceed 40 — 50%.

At the same time, welds, which are doped with 0,2%
molybdenum, collapse along the plane of the chip of
the lower bainite packets. The above changes in the
nature of the destruction of the joint as the
molybdenum concentration increases from 0,2 to
0,4%, apparently, are the cause of the observed growth
in its impact strength.

The increase of impact strength due to the doping of
the joint with molybdenum is due not only to the

fragmentation of the structure of the metal joint , but
also to the effect of molybdenum on the dislocation
structure of the ferrite matrix and bainite packets [5].
Molybdenum, which is part of the bainite packets,
reduces their hardness, thereby contributing to plastic
deformation [7].

Considering the fact that metal pipes, for example,
chemical and agrarian production, in particular
evaporators, steam boilers, steam lines, etc., for a long
time have been in contact with a chemically
aggressive medium containing sulfur, which causes
sulfide corrosion, including its specific type - sulfide
cracking of welded joints, then samples were tested
for sulfide cracking according to the standard NACE
TM-01-77 [11]. As a model medium served a
saturated hydrogen sulfide solution containing 5%
NaCl and 0,5% acetic acid. In this case, the content of
H2S was 50 g/ liter. The initial pH value was 3,8, the
final value was 4.1. The ambient temperature is 220C,
the basic test time is 680 hours.

The results of corrosion-sulfide cracking tests are
given in Fig. 4, from which it is evident that the
content of molybdenum in the volume of 0,2 — 0,4%
has a beneficial effect on the resistance of the metal
against sulfide cracking, and this trend is manifested
in the same way as in investigations on the fracture
resistance of the metal joint (parameters K1s i 3s).
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Figure 4 — The work of breaking welds depending
on the concentration of molybdenum.
NACE environment

Conclusion

It was established that the highest and stable values
of the impact strength (65 — 77 J/em?® at t =-30°C)
and the resistance properties of cracks (K= 65 — 75
MPa-m'? and 8= 0,23 — 0,47 mm at t =-30 °C), as
well as resistance to sulfide corrosion cracking of tu-
bular steels metal joint are achieved at a concentra-
tion of molybdenum in it from 0,2 to 0,4%, which is
realized by introducing into the electrode coating mo-
lybdenum powder in the amount of 0,5 — 1,0%.

The optimum chemical composition of the welded
metal is determined, which ensures the obtaining of
fine-grained structure, containing a small amount of
globular form non-metallic inclusions (in %):
C<0,18 - 0,22; 0,25 — 0,35 Si; 0,8 — 1,0 Mn;
0,2 — 0,4 Ni; S, P<0,025, realized by the optimal
content and ratio of ferroalloys in the electrode coat-
ing: 4-6% FeMn, 6-8% FeSi, §—10% FeTi;
FeTi:FeSi:FeMn=2:15:1.

References

1. Makapenko, B.J., Kopobko, b.O., Bunnukos, 0.JI.
(2018).  Innosayiiini  mamepianu ma  mexHono02ii 8
nagpmoeaszosiu eanysi. Hixua: HIY im. M. Toross.

2. Onumenko, B.O., Bunnukos, 10.JI1., 3onenko, M.JL.,
Miuyrin, C.®., Xapuenko, M.O., Cremnoa, O.B., Ca-
BUK, B.M., Momuanos, I[1.0., Bunaukos, I1.10., ['anomen-
ko, O.M. (2018). Egpexmugni KoHcmpyKmugHO-mexHoI02IuHi
pliwennss  00’ekmie¢  mMpAHCNOpPMY8aHHA — Hagmu i
Hapmonpooykmie y CKIAOHUX [HIICEHEPHO-2e0N02IUHUX YMO-
sax. [lontaBa: ®OII [lycan.

3. Cyxenko, O.I'., JlurBunenko, O.A., Cyxenko, B.1O.
(2010). Haoitinicms i 006208iunicme ycmamky8anusa Xapuo-
sux i nepepoonux supobnuyme. Kuis: HYXT.

4. 1SO 13623:2009(en). (2019). Petroleum and natural gas
industries. — Pipeline transportation systems. Technical
Committee ISO/TC 67.

5. DIN EN 12007-1:2012-10. (2012). Gas infrastructure —
Pipelines for maximum operating pressure up to and includ-
ing 16 bar — P. 1: General functional requirements; German
version EN 12007-1:2012, Germany.

6. Makapenko, B.Jl., Kopobko, b.O., Bunaukos, 10.JI.
(2018). Excnepumenmanvui sunpobyeanus mpyoonpogoois.
Hixwun: HAY im. M. Toroms.

7. Ellenberger, J.P. (2014). Piping and Pipeline Calcula-
tions Manual. Construction, Design Fabrication and Exami-
nation. USA: Oxford: Elsevier.

8. BoBk, O.B. ta in. (2017). Anani3 aBapiit Ha MaricTpanb-
HUX TpyOompoBoaax 3a mepiox 2005 — 2015 pp. Enepeemu-
Ka: ekoHoMiKka, mexnono2ii, exonoeis, 4, 113-118.

9. Bai, Y. (2001). Pipelines and risers. USA: Oxford:
Elsevier.

1. Makarenko, V.D., Korobko, B.O. & Vynnykov, Yu.L.
(2018). Innovative materials and technologies in oil and gas
industry. Nizhyn: Nizhyn Mykola Gogol State University.

2. Onyshchenko, V.O., Vynnykov, Yu.L., Zotsenko, M.L.,
Pichuhin, S.F., Kharchenko, M.O., Stepova, O.V.,
Savyk, V.M., Molchanov, P.O., Vynnykov, P.Iu. &
Hanoshenko, O.M. (2018). Effective structural and techno-
logical solutions of oil and petroleum products transporta-
tion facilities in difficult engineering-geological conditions.
Poltava: IE Pusan.

3. Sukhenko, Yu.H., Lytvynenko, O.A. & Sukhenko V.Iu.
(2010). Equipment reliability and durability of food and
processing industries. Kyiv: NUFT.

4.1SO 13623:2009(en). (2019). Petroleum and natural gas
industries. — Pipeline transportation systems. Technical
Committee ISO/TC 67.

5. DIN EN 12007-1:2012-10. (2012). Gas infrastructure —
Pipelines for maximum operating pressure up to and includ-
ing 16 bar — P. 1: General functional requirements; German
version EN 12007-1:2012, Germany.

6. Makarenko, V.D., Korobko, B.O. & Vynnykov, Yu.L.
(2018). Experimental testing of pipelines. Nizhyn: Nizhyn
Mykola Gogol State University.

7. Ellenberger, J.P. (2014). Piping and Pipeline Calcula-
tions Manual. Construction, Design Fabrication and Exami-
nation. USA: Oxford: Elsevier.

8. Vovk, O.V. et. al. (2017). Analysis of accidents at main
pipelines for the period 2005 — 2015 Energy: economics,
technologies, ecology, 4, 113-118.

9. Bai, Y. (2001). Pipelines and risers. USA: Oxford:
Elsevier.

230

Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (52)" 2019.




10. I'pyms, A.B. (2012). Enepzoepexmusnicmo cazompan-
cnopmuux cucmem. IBano-®pankisebk: Jlines-HB.

11. ASME B31.4. (2002). Pipeline Transportation Systems
for Liquid Hydrocarbons and Other Liquids. American Soci-
ety of Mechanical Engineers. New York.

12. Code of Practice for Pipelines — Part 1: Steel Pipelines
on Land, PD 41 8010. (2004). British Standards Institution.

13. Bunnukos, H0.JI., Makapeuko, B./l., Kpaseus, [.A.,
Mumnenxko, 1.C. (2019). JocnimkeHHs IPUIUH 3HIKEHHS Mi-
uuocrti TpybonposoniB TELL. IIpo6remu mepms ma snowen-
na, 1(82), 63-68.

http://jrnl.nau.edu.ua/index.php/PTZ/article/view/13488.

14. Maxkapenko, B./., Yeborap, I.M., Ilerpenko, O.O.,
Horina, A.M. (2019). JocnimkeHHS MeXaHIYHAX BJIACTHBO-
cTeil TpyO OXOJODKYIOUHX CHCTEM JOBIOTPHBAIIOI €KCILTya-
Tanii B MIXPOKOMY iHTEepBai MIHyCOBHX TEMIIEpaTyp B yMO-
BaX OpOXWIBHOTO BHPOOHMITBA. [Ipobiemu mepmsa ma
snowenns, 1(82), 69-77.

http://jrnl.nau.edu.ua/index.php/PTZ/article/view/13489

10. Hrudz, Ya.V. (2012). Energy efficiency of gas trans-
portation systems. Ivano-Frankivsk: Lileia-NV.

11. ASME B31.4. (2002). Pipeline Transportation Systems
for Liquid Hydrocarbons and Other Liquids. American Soci-
ety of Mechanical Engineers. New York.

12. Code of Practice for Pipelines — Part 1. Steel Pipelines
on Land, PD 41 8010. (2004). British Standards Institution.

13. Vynnykov, Yu.L., Makarenko, V.D., Kravets, LA. &
Mynenko, I.S. (2019). Investigation of the reasons for
strength reduction of thermal power plants pipelines. Prob-
lems of Friction and Wear, 1(82), 63-68.

http://jrnl.nau.edu.ua/index.php/PTZ/article/view/13488.

14. Makarenko, V.D., Chebotar, .M., Petrenko, O.0. &
Nohina A.M. (2019). Investigation of mechanical properties
of cooling systems pipes of long-term operation in a wide
range of sub-zero temperatures under conditions of fermen-
tation production. Problems of Friction and Wear, 1(82),
69-77.

http://jrnl.nau.edu.ua/index.php/PTZ/article/view/13489

36ipHuK HayKoBHX Tpats. Cepist: ['anmy3eBe MammHoOy1yBaHHs, OyaiBHunTBo. — 1 (52)' 2019.

231




