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During the exploitation of equipment and piping systems of sulfuric acid, shale, metallurgical, mining, energy and other
industries, the metal of a number of structures directly contacts with sulfur-containing agents at high temperatures. This
results in intense corrosion, loosening and saturation of the surface layer of metal with sulfur (elementalor in the form of
various compounds, including sulfides, iron, oxides) with a concentration of up to 0.6%. Repair welding of such metal at its
partial replacement is connected with the big labor costs caused by necessity of mechanical removal of a surface layer, as
without this operation in weld metal by standard electrodes hot cracks, pores and notfusion are formed.
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ITix gac excryaranii 06JagHaHHS Ta TPYOHHUX CHCTEM CipuaHOi KUCIIOTH CIIaHIEBOi, METAIypTiiHOI, TipHUYO], €HepreTH-
4HO{ ¥ IHIINX raixy3ell IPOMHCIOBOCTI MeTall Py KOHCTPYKIiH Ge3rnocepeJHbO0 KOHTAKTY€ i3 CIPKOBMICHUMH areHTaMH
IIPU BHCOKHUX TemIieparypax. Lle mpu3BoauTh 10 iHTEHCUBHOT KOPO3ii, pO3IMyIIyBaHHS Ta HACHYECHHS [TOBEPXHEBOTO IMIapy
MeTaly CipKoio (€JIEMEHTa y BUTTISIII PI3HUX CHONYK, Y TOMY 4HCIHi cynb(]ifiB, 3aii3a, OKCHAIB) 3 KOHIEHTpatlieo 10 0,6%.
PeMOHT He 3BaproBaHHs TAKOTO METally IIpH HOTO YacTKOBIH 3aMiHi MOB'AI3aHE 3 BEIMKUMHU BUTPATaMH Mpalli, 3yMOBICHUMH
HEOOXiIHICTIO MEXaHIYHOTO BUAJICHHS IIOBEPXHEBOI'0 IIapy, OCKINbKU 0e3 i€l onepaii 3BaproBaHHs CTaHAAPTHUMH eJle-
KTPOAaMH B METaJl YTBOPIOIOTHCS Tapsdi TPIIMHM, HOPU i HeposIuiaBieHHs. JlOCHimKeHo Ta po3poOIeHo MpOrpecuBHi
3BapIOBAJIbHI €IEKTPOAN Ha OCHOBI HOBHUX METATYPrifHUX Ta TEXHOJIOTTYHHUX MPHUHIMIIIB 3a0€311e4eHHs BUCOKOT CTIHKOCTI
3BapIOBAJIbHUX Ta MOHTAXHUX 3'€HAHb IIPOTH YTBOPEHHS rapsuux TPILIUH y MeTalli 3BapHOro mBa. Po3pobieHi iHHOBa-
uiitai enexkrpoau Mapkn ANM-1 103BOJISIOTH 3BaplOBaTH METaleBl KOHCTPYKIIT 3 HU3bKOBYTJIELICBUX CTaleil 3 TOBEpXHe-
BUM HACHYEHHSIM CIPKOIO 32 HassBHOCTI HaKMILy, ipKi Ta IHIINX JOMINIOK. BoHM BUPI3HSIOTHCS BUCOKOIO CTIHKICTIO 10 YTBO-
PEHHSI rapsiYuX TPIlKH, CBUIIIB i op y mBi. Enexrpoan Oyin ycninmHo BunpoOyBaHi Ha 6araTbox IiIIPHEMCTBAX, OB’ s13a-
HUX 3 IepepoOKOI0 CIpKOBMICHHUX MaTepiaiiB (pyau, claHili, HaQTONMPOAYKTH, IpUpoaHuii Ta3 Tomo). [Ipu nposenenHi
HAyYKOBHX JIOCHIJXKEHb OYyI0 BUKOPHCTaHO BHCOKOTOYHE CydacHe OONaJHaHHS, 30KPEMa, I BUBUCHHS 3BapIOBAIBHUXI
TEXHOJIOT1YHHX BJIACTUBOCTEH, 3aIydeHa iHpopmaniiiHo-anamiTnaaa cuctema moaeni AHII-2; aBroMaTu4yHuMi 3BaprOBaib-
HUH amapaT 31 ITYYHUMH €JIeKTPOJaMH; Cy4acHi 1HBEPTOPHI BUOPAMIIAYI BUPOOHHMLTBA |HCTUTYTY €JIEKTPHYHOIO 3Ba-
proBanus HAHY imeni E.O. Ilatona, a Takox A7 OI[IHKY SIKOCTI 3BapHUX LIBiB BUKOPHCTOBYBAB aHAIi3aTOPH-KOHTPOJIEPH
BJIacCHOT KOHCTpYKIil. Bukopucranus enekrpoais ANM-1 103BoJIs€ 3HAYHO MiABUIIUTH €()EKTUBHICTH PEMOHTHHX POOIT 3a
PaxyHOK yCYHEHHs TPYIOMICTKUX OIlepaniif BUIyBKH HOBITPSHO {yTH Ta I10JJaJIbIIOT0 OYUILEHHS KpaiB MOHTaXKHOTO 3’ €JI-
HaHH MITi()yBAIFHOI0 MalIMHOIO.

Kirouosi ciioBa: kopo3is, rapsdi TPilIWHY, TOPH, IIJIaM, IIOB.

128 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (53) 2019.




Introduction

Ukraine is one of the most technologically advanced
countries in the world, which has its own oil and gas,
oil refining, metallurgical industry, developed enter-
prises for energy production and energy supply. A pre-
requisite for the successful functioning of these major
industries is the constant creation and updating of suit-
able pipe and electrode materials, as well as welding
and assembly technologies, which provides these in-
dustries with competitiveness in the world market and
satisfies internal needs, which in turn provides energy
independence of Ukraine.

Review of the research sources and publications

During the operation of technological equipment and
metal structures in chemical-aggressive environments,
the metal directly contacts with sulfur-containing
agents at high temperatures. This leads to intense cor-
rosion, loosening and saturation of the surface layer of
metal with sulfur (elemental or in the form of various
compounds, including iron sulphides, oxides) with a
concentration of up to 0.6% [1 — 8].

Repair by welding such metal structures in their par-
tial replacement is associated with large labor costs,
which are caused by the need for mechanical removal
of the surface layer, because without such operations in
the weld metal, standard welding electrodes produce
hot cracks and other unacceptable defects [4 — 8].

Therefore, the existing traditional electrode materials
and technologies of their use already significantly limit
the advanced design and technical and technological
opinion regarding the repair of equipment and pipeline
networks of long-term exploitation in corrosive-aggres-
sive environments, so to further improve them with a
new need characteristics of the required properties [2 —
8].

Definition of unsolved aspects of the problem

Research and development of progressive welding
electrodes on the basis of new metallurgical and tech-
nological principles of ensuring high resistance of
welding and assembly joints against the formation of
hot cracks in the weld metal.

Problem statement

The basic scientific idea is that the reason for the de-
struction of welding joints of oil and gas pipelines and
other metal structures of long-term operation, whose
surface layer of metal is saturated with sulfur (up to 0.1
—0.6%), is the low resistance of weld metal in the for-
mation of hot cracks in the process of cracking cracks
are formed in the process of repair welding, which
makes it impossible to exploite the repaired metal struc-
tures further, as this can lead to further destruction.
Therefore, the idea of providing high fracture tough-
ness during repair welding of long—life metal struc-
tures, the surface layer of which is saturated with sulfur,
is used in the electrode coating instead of ferroalloys,
in particular ferromanganese, manganese metal.

Research methodology

In conducting systematic and complex scientific re-
searches, high-precision modern equipment was used,
in particular, for the study of welding and technological
properties, the information—analytical system of the
ANP-2 model was involved [7]; automatic welding ma-
chine with artificial electrodes; modern inverter rectifi-
ers manufactured by the Institute of Electric Welding
of NASU named after E.O. Paton, as well as to assess
the quality of welds, used analyzers-controllers of their
own design. For experiments, electrodes with variable
manganese content of metal in the coating (from 0
to 30%) were prepared — the rest of the coating compo-
sition is as follows (in%): ilmenite — 50; muscovite
mica — 8; quartz sand — 10; cellulose — 2. Supplemented
the coating composition to 100%, introducing iron
powder from 0 to 30%. The binder was 25% sodium
liquid glass, density 1.55 g/cm?, with module 2.76.

Basic material and results

The doping of weld metal with manganese was car-
ried out not through the electrode wire, but through the
electrode coating, which provided less burnout in the
welding process and stable doping and modification of
the weld metal structure. This has provided resistance
to hot cracking, since manganese metal is able to more
effectively bind sulfur into a chemical-resistant com-
pound that is insoluble in molten metal and removes it
into the slag.

It is seen that the increase in the content of manganese
in the coating greatly reduces the concentration of sul-
fur in the weld metal, in particular more than
10 — 20 times, and dramatically decreases the corrosion
rate, regardless of the service life of structural steel on
average 2 — 4 times.

Given the large volume of experimental material that
characterizes the often uncertainty and contradiction of
information regarding the effect of sulfur and
manganese on the corrosion behavior of steels obtained
by traditional methods, we have for the first time used
an alternative method of experimental results analysis
based on the use of artificial neural networks (SNM).
The use of SNM allows to create qualitatively new
hardware and software, which significantly extend the
classes of tasks to be solved and increase the efficiency
of analysis and forecasting [7].

Using a neural network simulation method, we ob-
tained a predictive model of weld behavior performed
on grade 3 low carbon steel in corrosive environment.

The results of experimental studies of the effect of
metal manganese on the corrosion rate and the sulfur
content of the weld metal are presented in Fig. 1 - 2.

Fig. 2 shows the simultaneous joint effect of the sul-
fur content in the weld metal and the manganese metal
in the electrode coating on the corrosion rate of the
samples. At the same time, it can be argued that the
content of manganese in the coating in the range of
23 — 25% significantly reduces the tendency of weld
metal to corrosion. This made it possible to optimize
the content of manganese metal, which is introduced
into the coating in the form of powder, limiting it to a
range of 22 — 25%.
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For example, for steel with a lifetime of 20 years, the
initial sulfur content in the surface layer of metal (up to
1 mm) was about 0.52%, then the introduction of 20 —
25% in the coating of manganese metal allowed to re-
duce the sulfur content in the weld metal to 0.03 —
0.045% that is, 12.6 — 17.3 times.

Using the neural network method of analysis of the
obtained experimental results, a spatial model of simul-
taneous influence of the sulfur content in the surface
layers of the metal of equipment (decomposers) and
manganese metal in the electrode coating was con-
structed with different terms of exploitation in an ag-
gressive environment (Fig. 2).
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The influence of manganese metal on the resistance
of weld metal against the formation of hot cracks.
The tendency of electrodes to form hot cracks was
quantitatively evaluated according to the method of
MVTU named after M.V. Bauman after on the
LTP-1-6M installation [8]. The criterion of the re-
sistance of the weld metal to the formation of hot cracks
during welding was the indicator A (mm/min),
which characterizes the minimum value of the rate of
deformation at which the formation of hot cracks can
be seen. Welding was performed on alternating current
in modes: I,,=180A, Uy =22 - 24V, V,, = 14m/h.
The results of the studies are shown in Fig. 3 — 5.

b)

Vo g/m-year

- .
. . 4 S~
v
. .
1 3. Hot < | Jip—
cracks . s
2- No cracks .

n « 2 X My ol %

Figure 1 — Effect of manganese in the electrode coating on the sulfur content of the weld metal (a)
and on the corrosion rate of the weld joints (b) of the low carbon steel hull grade VSt3sp
decomposers lasted for a long time. Designation (b):

o — steel has been used for 18 years (in the surface layer up to 1 mm deep, sulfur content was ~0.45%);
® — 14 years respectively ([S] = 0.32%); m — 8 years respectively ([S] = 0.25%)
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Figure 2 — Neural network analysis of corrosion rate of weld metal samples
in corrosive—aggressive model environment NACE with different content of manganese metal
in the electrode coating and concentration dissolved in sulfur metal (a)
and predicted by SNM of stability in hot welds made on low carbon steel Vst3sp
with different content in the surface layers of sulfur by electrodes ANM-1
with different content of manganese metal in the coating:
1 — areas of high resistance to hot cracks; 2 — area of variable stability; 3 — area of low stability;
4 —is an area of very low resistance; 5 — is an area of unstable stability
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Figure 3 — Effect of the manganese content of metal (a) in the electrode coating
and sulfur in the weld metal (b) on the resistance against
the formation of hot cracks in the welds
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Figure 4 — Three-dimensional model of
resistance to hot crack formation in welds,
depending on the content of manganese metal
in the electrode coating and the concentration
of dissolved sulfur in the surface layers of metal
long-term operation in corrosive environment

Analysis of the data shows that the introduction into
the electrode coating of manganese metal in the amount
of 20 — 30% significantly increases (4 — 5 times) re-
sistance to the formation of hot cracks. In the opposite
way, the content in the deposited metal of sulfur influ-
ences the formation of hot cracks. Thus, when the sul-
fur content of 0.042% or more sharply reduces the re-
sistance of the metal against the formation of hot
cracks.

The above data are processed by mathematical mod-
eling methods, the results of which are shown in a
three-dimensional model (Fig. 4). Obviously, in spatial
form, areas of high and low resistance to the formation
of hot cracks during welding are visible.

Figure 5 presents a profile of a welded joint made by
ilmenite electrodes of the ANM-1 brand. It is seen that
the weld seam is cleared of sulfur and her content does
not exceed 0.04 — 0.05%, that is, the reduction of sulfur

| S
Figure 5 — Profile of welding joint made
by ANM-1 electrode on low carbon steel

with different sulfur content
in the surface layer

content occurs more than 10 times, which allows guar-
anteed to increase the resistance of the weld metal
against the formation of hot cracks in the process of
welding contaminated with sulfur metal.

The influence of the content of manganese metal in
the coating on the separation of the slag crust from the
surface of the deposited metal. The results of measure-
ments of the index of separability of the slag crust from
the surface of single-layer welds are shown in Fig. 6.

From the data shown in Fig. 6 it can be seen that the
lightest separability of the slag from the surface of the
weld metal is characterized by electrodes which place
in their composition metal manganese in the range of
20 —30%.

Thus, the obtained results were taken into account in
the development of new electrode coatings in order to
improve welding and technological properties.
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Figure 6 — Effect of metallic manganese
content in the electrode coating on the index of sep-
arability of slag crust from the surface of welds

The results of quantitative assessment of the tendency
of welds against the formation of hot cracks for differ-
ent brands of electrodes are shown in Table 1.

Table 1 — Results of quantitative assessment
of the tendency of welds against the formation
of hot cracks for different brands
of electrodes are shown

Electrode The main metal, | A, mm/min
Brand thickness, mm
ANM-1 9.82
UONI-1355 VSt3sp, 16 4.30
ANO-11 4.64
critical value of the indicator A — 3 — 3.5 mm/min

Considering that the critical value of indicator A for
structural steels is 3 — 35 mm/min, high resistance to
the formation of hot cracks in the joints made by new
electrodes (ANM-1) is noteworthy.

Table 2 shows the characteristics of the stability of
the combustion of an electric arc AC and the transfer of
molten metal across the electrode gap. Indicators B,
and t, were determined using the ANP-1 model meas-
urement and information system «Non-stationary Pro-
cess Analyzer».

Table 2 shows that the ANM-1 electrodes are charac-
terized by high arc burning stability and small-drop
transfer of electrode metal. In particular, the stability
index of the developed electrodes is almost 3 times
higher than the ANO-11 electrodes intended for AC
welding.

The results of measurements of the stability of the
combustion of the arc (V,, Om™'ss™") and the duration
of short circuits (tkz, ms). Electrodes with a diameter
of 4 mm.

Experimental and industrial testing. The chemical
composition of the weld metal (ANM-1) is typical of
electrodes of the E46 type, but differs in the lower con-
tent of harmful impurities (in%): C — 0.08;
Mn-0.8-1.2;Si—0.15-0.20; S <0.025; P <0.025.

The values of the impact toughness of the weld metal
made by the ANM-1 electrodes on VSt3sp steel are
given in Table 3.

Table 2 — Stability index of the developed electrode

180A 110A

Electrode Brand B.Om s ' | 1o ms
ANM-1 3124 9.6
Ferex 126.1 16.7
Schwarz 3K 120.4 17.7
0OK48.23 143.4 17.5
UONI-13/55 76.4 16.6
ANO-4 321.2 9.9

Table 3 — The values of the impact toughness
of the weld metal made by the ANM-1
electrodes on VSt3sp steel

Electrode | Brand and
Brand thickness of | +20 -20 —40
the steel,
mm
ANM-1 VSt3sp,16 100 - | 70— 43 —
113 83 56

Analysis of the data in Table 3 shows that the ANM—
1 electrodes provide the toughness of the weld metal of
low carbon steels, which meets the requirements for the
type of electrodes E46 according to GOST 9457-75.

Tests for sulfide cracking electrodes were per-
formed according to the method of the Interna-
tional Corrosion Association according to NACE
standard TM-01-77 (90) [8]. The basic test time is
680 hours. The results are shown in Table 4, which
shows that the electrodes ANM-1 are characterized
by high resistance to sulfide corrosion cracking on
steel VST3sp in comparison with the best foreign
electrodes in particular known manufacturers of
welding materials — Japan and Sweden.

The impact toughness of the weld KSV (J/cm?) at
temperature, °C.

Table 4 — Electrodes ANM-1 are characterized
by high resistance to sulfide corrosion
cracking on steel VST3sp

Electrode Factory (firm), A, (J/em?)
Brand country Steel 3sp
AHM-1 EEZ named after 6.8
E.O. Paton
OK74.78 ESAB, Sweden 5.2
Nibaz 65 Romania 4.9
461SHV1 Germany 4.4
E-B235 Vamberk, 3.8
Czech Republic
E8016-C1 Kobe Steel, 5.7
Japan

Figure 7 shows the comparative results of the corro-
sion rate measurements of welds of ilmenite electrodes
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grades ANM-1 and ANO-6 made on steel grade BC3sp
with different sulfur content in the surface layers (metal
fragments were cut from decomposers intended for alu-
mina production, with different service life). It is seen
that the weld metal of the new ANM-1 electrodes has a
2 — 4 times lower corrosion rate than the known ilmen-
ite electrodes ANO-6, especially manifested at high
concentrations of sulfur in the surface layers of metal
of equipment of long-term exploitation (more than 15
years).
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Figure 7 — Corrosion rate of welds on steels with
different service life in aggressive media with new
electrodes compared to ilmenite electrodes ANO-6

The new ANM-1 electrodes have been successfully
passed extensive industrial testing at a number of
Ukrainian enterprises and organizations, in particular:
SE «Research Plant of Welding Materials Electric
Welding Institute of NAS Unamed after E.O. Paton»
(Kyiv); PE «PromtruboProvodKomplekt» (Boyarka);
PE «METCON» (Kiev); PE «Engineering Center of
Welding and Surfacing Materials» (Kiev); PC «Center
of Construction and Installation Works and Operations
of Buildings and Structures» of PC «Ukrza» (Mariu-
pol); LLC «Azovmashprom» (Mariupol); JSC «Azov-
zagalmash» (Mariupol); RPE «Naftogazservice» (Gad-
jach, Poltava region) and others.

The ANM-1 electrodes were tested in a laboratory ac-
credited by the State Standard of Ukraine (accreditation
certificate No. 131 0f 29.07.1994). The necessary tech-
nical documentation (technological instructions for
production, specifications, etc.) has been developed for
the ANM-1 electrodes.

More than 100 tons of ANM-1 electrodes were man-
ufactured;  implemented at 15  enterprises;
UAH 250 million was received; economic effect;
245 new jobs were created; 10 License agreements with
enterprises were signed; it is planned to create another
50 new jobs and receive 50 million UAH. economic ef-
fect.

Conclusions

During the exploitation of the equipment and pipeline
systems of sulfuric acid, shale, metallurgical, mining,
energy and other industries, the metal of a number of
structures directly contacts with sulfur-containing
agents at high temperatures. This leads to intense cor-
rosion, loosening and saturation of the surface layer of
metal with sulfur (elemental or in the form of various
compounds, including iron sulphides, ox sulfides) with
a concentration of up to 0.6%. Repair welding of such
metal at its partial replacement is connected with the
big labor costs caused by necessity of mechanical re-
moval of a surface layer, as without this operation in
weld metal by standard electrodes hot cracks, pores and
not fusion are formed. Developed innovative electrodes
of the ANM-1 brand allow to weld metal structures
from low carbon steels with surface saturation with sul-
fur, in the presence of scale and rust and other impuri-
ties. They are highly resistant to the formation of hot
cracks, fistulas and pores in the weld. The electrodes
have been successfully tested extensively by many en-
terprises involved in the processing of sulfur-contain-
ing materials (ores, shales, petroleum products, natural
gas, etc.). The use of ANM-1 electrodes can signifi-
cantly improve the efficiency of repair work by elimi-
nating the time-consuming operations of aft-arc goug-
ing and subsequent cleaning of the edges of the mount-
ing joint with a grinding machine.

References

1. Makapesnko, B.JI., Ue6orap, .M., [lerpenko, O.0., Ho-
rina, A.M. (2019). locnipkeHHS MEXaHIYHUX BJIACTHBOCTEH
TPYO OXOJIOPKYIOUHX CHCTEM JAOBIOTPUBANIO] EKCILTyaTalii B
HMIMPOKOMY iHTEPBaJIi MiHyCOBHUX TEMIIEpaTyp B yMOBax Opo-
JMIIBHOTO BUPOOHMUTBA. [Ipobnemu mepms ma 3HOWIEHHS,
1(82), 69 — 77.

http://dx.doi.org/10.18372/0370-2197.1(82).13489

2. Kharchenko, M., Manhura, A., Manhura, S. &
Lartseva, I. (2017). Analysis of magnetic treat-ment of pro-
duction fluid with high content of asphalt-resin-paraftin de-
posits. Journal Mining of Mineral Deposits, 11-2, 28-33

http://ir.nmu.org.ua/handle/123456789/149572

3. Vynnykov, Yu.L., Makarenko, V.D., Kravets, LA. &
Mynenko, I.S. (2019). Doslidzhennia prychyn znyzhennia
mitsnosti truboprovodiv TETs. Problemy tertia ta znoshen-
nia, 1(82), 63-68.

http://dx.doi.org/10.18372/0370-2197.1(82).13488

1.Makarenko V.D., Chebotar I.M., Petrenko O.0O., & Noh-
ina A.M. (2019) Doslidzhennia mekhanichnykh vlastyvostei
trub okholodzhuiuchykh system dovhotryvaloi ekspluatatsii v
shyrokomu intervali minusovykh temperatur v umovakh bro-
dylnoho vyrob-nytstva Problemy tertia ta znoshennia.,
Nel(82), S. 69 —77.

http://dx.doi.org/10.18372/0370-2197.1(82).13489

2. Kharchenko, M., Manhura, A., Manhura, S. &
Lartseva, 1. (2017). Analysis of magnetic treat-ment of pro-
duction fluid with high content of asphalt-resin-paraffin de-
posits. Journal Mining of Mineral Deposits, 11-2,28-33

http://ir.nmu.org.ua/handle/123456789/149572

3. Vynnykov, Yu.L., Makarenko, V.D., Kravets, L A. &
Mynenko, L.S. (2019). Doslidzhennia prychyn znyzhennia
mitsnosti truboprovodiv TETs. Problemy tertia ta znoshen-
nia, 1(82), 63-68.

http://dx.doi.org/10.18372/0370-2197.1(82).13488

36ipHuKk HaykoBHX mpaub. Cepis: [any3eBe maHoOyayBanHs, OyniBHULTBO. — 2 (53)' 2019. 133




4. Vynnykov, Yu., Manhura, A., Zimin, O. & Matvi-
ienko, A. (2019). Use of thermal-magnetic devices for pre-
vention of asphaltene, resin, wax deposits on oil equipment
surfaces. Journal Mining of Mineral Deposits, 13-2, 34-40

https://doi.org/10.33271/mining13.02.034

5. Onumenko, B.O., Bunnukos, FO.J1., 3ouenko, M.JL., ITi-
gyriH, C.®., Xapuenko, M.O., Crenora, O.B., CaBuk, B.M.,
Monuanos, [1.0., Bunnukos, I1.1O., T'anomenko, O.M.
(2018). Eghexmusni koncmpyKmueHO-mexHon02IuHI piuienHs
00 °€Kmie mpaHcnopmysanus nagmu i HAMonpooyKkmis y
CKAAOHUX THoHCeHepHo-2eonociynux ymosax. Ilontaa: GOII
ITycan.

6. 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.

7. BoBk, O.B. Ta in. (2017). Anani3 aBapiii Ha MaricTpans-
HUX TpyOompoBozaax 3a nepiox 2005-2015 pp. Enepeemuxa:
exoHomika, mexnosnozii, exonozis, 4,113 — 118.

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

4. Vynnykov, Yu., Manhura, A., Zimin, O. & Matvi-
ienko, A. (2019). Use of thermal-magnetic devices for pre-
vention of asphaltene, resin, wax deposits on oil equipment
surfaces. Journal Mining of Mineral Deposits, 13-2, 34-40

https://doi.org/10.33271/mining13.02.034

5. 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 0il and petroleum products transportation
facilities in difficult engineering-geological conditions. Pol-
tava: IE Pusan.

6. 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.

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

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

134 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (53) 2019.




