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The object of research is the development of applying
a consistency to a vertical surface using an automated device.
One of the most problematic places is the poor quality of
work at height and the danger associated with the life of
workers. Currently, there is only a manual and semi-mech-
anized method of applying the mixture to a vertical surface.
When applying plaster to a vertical surface inside a building,
some countries use a plastering robot. In this case, the work
is done with high quality and is serviced by two workers.
Therefore, when studying this issue, the authors decided to
develop a device with which it is possible to perform work on
applying to a vertical surface from the outside of the building
with high quality.

In the course of the study, technological maps were
used, on the basis of which estimates were developed, which
showed that the introduction of new technologies makes it
possible to obtain up to 20 % cost savings on works, equip-
ment and mechanisms. An economic effect was obtained from
the developed technology. This is due to the fact that the
proposed technology makes it possible to reduce the cost of
work using the developed equipment, since the equipment
serves 3 workers, namely 1 operator and 2 workers servicing
this equipment. The proposed equipment has a number of fea-
tures that make it possible to additionally mix the mixture at
the outlet, edit the supply of the mixture, apply the required
thickness evenly, in particular, control the quality of work.
This makes it possible to choose the inclination angle, the
thickness of the mixture and obtain indicators of the strength
of the mixture and the number of losses. Compared to similar
known methods, the mixture is fed automatically, which pro-

vides advantages such as quality control, safety precautions
and reduces the risk of loss of life.

Keywords: mixture application equipment, vertical sur-
face, nozzle angle, layer thickness, safety precautions.
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The object of research is the processes of interaction of
the cutters of the working body of the chain trench excavator
on the basis of the semi-blocked critical depth mode of soil
cutting. One of the most problematic places is that the known
analytical and experimental models of interaction of multi-
scraper chain trench excavators with soil do not determine
the parameters and modes of their operation based on critical
depth cutting of soils. Therefore, the design of work equip-
ment for given conditions on the basis of such dependencies
does not provide the minimum energy consumption and
maximum productivity of the work process.

The research used the method of analytical calculation
of parameters of installation of soil-developing elements
and determination of energy performance of multi-scraper
chain working body of trench excavator on the basis of semi-
blocked critical-depth soil cutting regime.

The proposed calculation method allows to determine the
parameters of installation of the working body and placement
of soil development elements and to quantify the energy perfor-
mance of multi-scraper chain working body of the trench exca-
vator based on semi-blocked critical depth of soil cutting mode.

The obtained method of calculation, in contrast to existing
empirical estimates, allows developing options for improving
the parameters of multi-scraper chain working body. As a sub-
stantiation of this conclusion the conceptual variant of tech-
nical realization of the working equipment is offered, namely,
allows to prove expediency of the choice of the semi-blocked

scheme of arrangement of cutters of critical deep cutting of
soil of a working body of a trench multi-scraper excavator.
The conducted energy analysis showed that it is more
expedient to use a multi-scraper chain working body of
a trench excavator on the basis of a semi-blocked critical-depth
regime of soil cutting. For example, for soil semi-solid clay
with blocked cutting, cutting angle o.=20-30°, cutter width
b=0.02 m the energy intensity of the working process varies
within E=191-233 k] /m3; for semi-blocked cutting under the
same conditions — E=187-191 k] /m3, which is 2-18 % less.
Keywords: excavator, chain-scraper working body, critical
deep cutting of soils, cutting force, energy consumption.
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The object of the research is the algorithm for determin-
ing the finding of the most probable, mean value, dispersion

and coefficient of failure loading variation of a stochasti-
cally defective plate under conditions of comprehensive
tensile-compression. The material of the plate is considered as
a continuous medium in which evenly distributed defects
such as rectilinear cracks that do not interact with each other.
It is isotropic and has the same crack resistance. Let’s believe
that the plate consists of primary elements, each of which can
be weakened by one defect.

To predict the strength and failure conditions of plates
made of such material, it is natural to use, on the one hand,
the results of the theory of limit equilibrium of individual
determined defects and their development, and on the other
hand, probabilistic-statistical methods that take into account
the randomness of defects. This comprehensive approach
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makes it possible to calculate the statistical characteristics
of strength and fracture based on data on the structure of
the material defect and its resistance to the emergence and
development of cracks.

The main content of this paper is the algorithm for calcu-
lating and research the strength statistical characteristics of
stochastically defective plate structural elements taking into
account some deterministic features of their brittle fracture.
Based on the deterministic failure criterion, which takes into
account the initial direction of crack propagation, the ratio
is obtained to find the most probable, mean value, dispersion
and coefficient of variation of failure loading. The depen-
dences of the specified strength statistical characteristics
on the type of applied loading, the number of defects (body
size) and structural inhomogeneity of the material, as well as
the effect of taking into account the initial direction of crack
propagation are investigated.

The obtained results allow to more adequately assessing
the reliability of structural materials under conditions of com-
plex stress state, taking into account the stochastic of their
structure. This is due to the fact that the use of the approach
to determine the limit applied stresses, which takes into ac-
count the initial direction of the crack propagation, improves
the algorithm for finding strength statistical characteristics.

Keywords: plate, isotropic material, rectilinear crack,
distribution density, failure loading, strength statistical cha-
racteristics.
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The object of research is the processes that affect the
mechanical characteristics of steels after the treatment
of melts with silicon-free complex master alloys accord-
ing to existing technologies. One of the most problematic
places is the negative effect of silicon on the weldability
of low-alloy steel, sharply increasing the heterogeneity of
welds in sulfur and phosphorus and increasing their sus-
ceptibility to hot cracks. The cyclic strength of welded
joints decreases markedly with an increase in the silicon
concentration of steel. Also in this case, there is a threat
of the formation of silicon monoxide, which significantly

increases the fragility of the finished steel products. Also,
steels processed with alloys containing silicon are prone to
decarburization, the formation of surface defects during hot
working and graphite formation, which reduces their endu-
rance limit.

In the research it was possible to prove that the use of
silicon-free complex ligatures (SFCL) in smelting made
it possible to obtain an increase (2—3times) in the entire
complex of mechanical and operational properties, especially
ductility, impact strength at normal and negative test tem-
peratures (cold resistance) , fatigue strength. In some cases,
the level of properties of cast metal reaches the deformed
version of its manufacture, for example, rolled products and
even metal obtained by electroslag remelting. Processing
of the melt of various BKL steels when tapping from the
furnace into a pouring ladle instead of aluminum master al-
loys, silicocalcium and ferrocerium (according to the current
technology) provided the required level and high stability of
the mechanical properties of 20GML steel. Also, thanks to
the use of BCL, it was possible to reduce the consumption of
ligatures and deoxidizers by 4.2 kg per ton of liquid metal and
increase the yield of rejection of casting defects by 6-10 %.
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It has been established in the work that BCL treatment leads
to stabilization of the chemical composition, refinement of
the grain structure of steels, as well as an increase in its dis-
persion and the level of mechanical characteristics.

Keywords: silicon-free complex ligatures, chemical com-
position, mechanical characteristics, alloyed steels.
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The object of the research is partial discharges arising in

a sample of the insulation pressboard. In most modern high-
voltage direct current transmission schemes based on volt-
age-source converters six-pulse or twelve-pulse converters
are used. The signal waveform on the direct current voltage
side of a high-voltage direct current transmission is not pure
direct current voltage and it has alternating current com-
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ponent. Since the partial discharge activity under distorted
voltage is much different than that under pure direct current
voltage, voltage ripples and voltage harmonics are the subject
of various studies.

This article examines the effect of vacuum drying the
insulation pressboard on partial discharge characteristics
at direct voltage ripples. The insulation pressboard was
dried in a vacuum chamber with a residual pressure of
1 mm Hg.

Among all the characteristics of a partial discharge, the
main focus has been on the apparent charge of a partial dis-
charge. The greater is the apparent charge value, the stron-
ger is the destructive effect on high-voltage insulation. It
was shown that drying the insulation in a vacuum chamber
has the greatest effect on reducing the apparent charge of
a partial discharge at direct current voltage than at alternat-
ing current voltage. After drying the insulation in a vacuum
chamber, the amplitude of the partial discharge pulses was
decreased by 99.3 % at direct current voltage in compari-
son with the moistened sample. After vacuum drying, at
DC voltage, rare and very low magnitude partial discharges
were recorded.

The conducted research contributes to the development
of methods for partial discharge detection under non-stan-
dard voltage conditions.

Keywords: partial discharge, ripple voltage, insulation
pressboard, vacuum drying.
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The object of research is the process of operation of
marine diesel engines using biodiesel fuel. The subject of

research is the process of experimental determination of the
optimal concentration of biodiesel fuel in a mixture with fuel
of petroleum origin. At the same time, a simultaneous maxi-
mum increase in environmental and minimum decrease in
the economic parameters of the operation of a marine diesel
engine should be ensured.

The studies were carried out on Hyundai Heavy In-
dustries 5H17,/28 marine diesel engines. Three such diesel
engines were part of the power plant of a specialized marine
ship with deadweight of 9600 tons. The study was aimed
at determining the concentration of biofuel in a mixture
with diesel fuel, which provides the best environmental
performance of a diesel engine. The fuel supply circuit to the
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first diesel did not change and the diesel was operated on
RMB30 fuel. Two other diesel engines were operated on a fuel
mixture — RMB30 fuel and B99.9 FAME biofuel. The content
of biofuel in the mixture varied in the range of 5-20 %. The
main quantities measured during the experiment were the
concentration of nitrogen oxides and the volumetric con-
tent of carbon monoxide in the exhaust gases, as well as the
specific effective fuel consumption. By switching groups of
consumers, the operation of diesel engines was carried out
at the same load, the support of which was required dur-
ing the experiment. The load on diesel engines during the
experiments varied in the range of 55-85 % of the nominal
value. The operation of diesel engines in each of the studied
modes was carried out for at least 1.5—2 hours, during which
the main parameters were measured and the obtained values
were averaged.

It has been established that the use of biofuel increases
the environmental friendliness of the marine diesel engine:

— by 7.6-26.61 % (depending on the diesel loading and
the content of biofuel in the fuel mixture), the emission of
nitrogen oxides with exhaust gases is reduced,;

— by 3.8-23.6 % (depending on diesel loading and biofuel
content in the fuel mixture) reduces the emission of carbon
oxides with exhaust gases.

It has been also determined that when using biofuel, there
is an increase in the specific effective fuel consumption by
0.5-8.65 %, which reduces the efficiency of a diesel engine.

The optimal composition of the fuel mixture containing
biofuel is proposed to be determined experimentally for each
diesel load, taking into account its environmental and eco-
nomic indicators.

Keywords: marine diesel, fuel of biological origin, fuel mix-
ture, emission of nitrogen oxides, emission of carbon oxides.
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REDUCED ENERGY LOSSES DURING TRANSPORTATION
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The object of research is the process of drilling fluid
transportation by Platform Supply Vessels. The subject of
research is the energy losses when pumping drilling fluid from
a platform supply vessel to an oil platform. The research was
carried out on a vessel with deadweight of 3840 tons. It has
been experimentally established that for a drilling fluid with
an initial density of 1272 kg/m?® for transportation within
6—48 hours, the following changes in rheological characte-
ristics occur:

— alayer with a density of 1235-962 kg/m? is formed on
the surface of the cargo tank;

— alayer with a density of 1283-1422 kg/m?is formed in
the bottom part of the tank;

— sedimentation resistance decreases by 3.89-47.82 %.

A variant of modernization of the drilling fluid
transportation system by installing additional circula-
tion pumps providing forced circulation of the drilling
fluid between cargo tanks is proposed. Additional cir-
culation of the drilling fluid with an initial density of
1272 kg/m? for transportation within 6-48 hours ensures
that the rheological characteristics are maintained in the
following range:

— density on the surface of the cargo tank 1270-1232 kg/m?;

— density in the bottom of the tank 1288—1338 kg/m?;

— decrease in sedimentation resistance 1.42—7.92 %.

Similar results were established for drilling fluid with an
initial density of 1323 kg/m? and 1188 kg/m?.

To reduce energy losses, the process of unloading the
fluid onto the oil platform is proposed to be performed at
the completion of the technological process of unloading the
vessel. At the same time, due to a decrease in draft and an
increase in the height of the freeboard of the vessel, the static
component of the pressure and hydraulic losses of the cargo
pump decrease.

A set of studies for drilling fluids with different initial
density (1272 kg/m3, 1188 kg/m3, 1323 kg/m®) confirmed
that when using additional X-shaped drilling fluid cir-
culation:

—relative performance of cargo pumps increases from
37-57 % to 88—96 %;

— the time of pumping the drilling fluid from the vessel
to the oil platform is reduced from 7.1-8.5 to 3.3—3.8 hours.

The presented results confirm the expediency of using
additional X-shaped circulation of the drilling fluid to reduce
energy losses during transportation by Platform Supply
Vessels.

Keywords: Platform Supply Vessel, transportation system,
drilling fluid density, sedimentation stability, energy losses.
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PO3POBKA TEXHONOrII HAHECEHHA CYMIWII HA BEPTHKANIbHY NOBEPXHH  cropinku 6-10

Tanyunco B. 0., Meneitmox 0. 1, lerposckuit A. @, Yeapos [I. H., Yeapoea A. C.

OO6’eKTOM [OCTIKEHHST € TEXHOJIOTIS HAHECEHHST Ha BEPTUKAJIBHY IMOBEPXHIO CYMIIi 3a OTIOMOTOI0 aBTOMATH30BAHOTO TIPUCTPOIO.
OxnuM 3 HalGLIBIT TIPOGIEMHUX MICIb € HesKiCHe BUKOHAHHs POOIT Ha BUCOTI, Ta Hebe3MeKa, sika MoB’g3aHa 3 KUTTEAIAIBHICTIO POOIT-
nnkis. Ha maunii gac icHye e pydnnii Ta HamiBMeXaHi30BaHMIT CIIOCIO HAHECEHHS CyMillli Ha BePTHKAJIbHY MOBEPXHIO. [Ipn HaneceHHi
MITYKaTYyPKU HA BEPTUKAIbHY OBEPXHIO BCepeAnHi OyiBIi esiKi KpaiHu BIKOPHCTOBYIOTH poOOTa-IITyKaTypa. Y oMY BUTIAIKY Po6OTa
BUKOHYETHCSI IKICHO Ta 00CIYroBYIOThCS JABOMaA pobiTHUKaMU. TOMY TIPU BUBYEHI AAHOTO MUTAHHS aBTOpaMH OyJIO NMPUHHATO PillleHHS
PO3POBHUTH MPHICTPIil, 32 TOTOMOTOIO SIKOTO MOKJIMBO BUKOHYBATH POGOTH 3 HAHECEHHSI Ha BEPTUKATIBHY MOBEPXHIO i3 30BHINIHBOI CTOPOHU
Oy iBJIi SKICHO.

B xozi pocaiukertst BHKOPUCTOBYBAJIMCS TEXHOJIOTIUHI KAPTH, Ha OCHOBI SIKUX OYJIM pO3po06JIeH] KOIITOPHCH, SIKi MOKA3aJIH, 110 BIIPO-
BaJKEHHsT HOBHX TEXHOJIOTIiT 103BoJIsiE oTpuMaTu 110 20 % eKoHoMil BUTpar Ha po6oTH, 06aajHaH s Ta MexaHi3Mu. OTPUMAHO €KOHOMIYHITIA
edekT Binx pospobienoi Texuosorii. Ile MoB'sI3aHO 3 THM, 10 3aNPOMOHOBAHA TEXHOJIOTISI O3BOJISE 3HUZUTH BapTIiCTh POOIT 3a 0MOMOTO0
pospobiieHoro obJaHaHHs, Tak K obnagHaHHss 00cayroBye 3 pobiTHIKa, a came 1 oreparop Ta 2 pobiTHUKa, sSIKi 06CIyroBYIOTh 1ie 00Ja/-
HaHHsL. 3alpoIoHoBaHe 00Ja/HAHHSI M€ Psiji 0COOIMBOCTEIH, 10 J03BOJISIE IOJIATKOBO [EePeMilllyBaTH CyMilll Ha BUXO/, pelaryBaTu nojady
CyMiliTi, HAHOCUTH PIBHOMIPHO HEOOXIHY TOBIMIHY, 30KpeMa, KOHTPOIOBATH SIKICTh POOOTH. 3aBIsIKU 1[bOMY 3a0€3MeUy€eThCsI MOKINBICTD
migibpaTy KyT HaXujIy, TOBIUHY CyMilll, Ta OTPUMATH TIOKa3HUKU MIITHOCTI CyMillri Ta KiJbKOCTi BTpaT. Y MOPIBHAHHI 3 aHAJIOTIYHUMU BiJ10-
MUMH CIIOCO0AMU CYMIlIl IIOAAETHCSA ABTOMATU30BAHO, 11e 3a0e311euy€ Taki nepeBart, Ik KOHTPOJIb SIKOCTI, TeXHIKY Ge3MeKH Ta 3HIKYE PU3UK
JIOJICBKUX KEPTB.

Kmo4oBi cnoBa: 001aiHaHHS /U1 HAHECEHHS CYMIlll, BepTHKAIbHA OBEPXHsI, KYT HAXIJIy COILIA, TOBIIMHA IIIAPY, TEXHiKa Oe3IeKN.

DOIL: 10.15587/2706-5448.2022.257305
AHANITHYHE BU3HAYEHHA EHEPTOEMHOCTI KPHTHYHOTTIMEHHHOr'0 PI3AHHA I'PYHTIB BATATOCKPEEKOBUMH
TPAHIUEWHWMU EKCKABATOPAMH  cropinku 11-16

Kpageus C. B, Popciox C. 1.

OG6’ €KTOM JIOCTIIKEHHS € MPOIECH B3a€MO/IT PidiliB pobouOro OpraHy JIaHI[IOTOBOT'O TPaHIIEITHOTO eKCKaBaTOPY Ha OCHOBI HariBOJIOKOBA-
HOTO KPUTHYHOTJIHOMHHOTO PEKUMY pisatist IpyHTiB. OHIUM 3 Hal GBI TPOOJIEMHIX MICI[b € Te, TII0 BiIOMI aHAJII THIHO-EKCIIEPUMEHTAIbHI
MoIeJTi B3aEMO/Iii 6araTocKpeOKOBUX JIAHITIOTOBHX TPAHIIIEIHIX €KCKABATOPIB 3 IPYHTOM He BUSHAYAIOTH TIAPAMETPH Ta PEXKUMU IX POGOTH Ha
OCHOBI KPUTHYHOTIIMOUHHOTO pizanist IpyHTiB. ToMy MpoeKTyBaHHs pPo60YOTO 06IaHAHHS IJIsI 33/lAHUX YMOB Ha OCHOBI TAKHX 3aJI€KHOCTEH
He 3abe3edye MiHIMATBHY €HEPTOEMHICTD I MAKCHMAIbHY MPOAYKTUBHICTH POGOYOTO MPOTIECY.

B xozi 10oc/i/pKeH ST BUKOPHCTOBYBAJIMCS METO/I aHAJITHYHOTO PO3PAXYHKY ITapAMETPiB BCTAHOBJIEHHS IPYHTOPO3POOHUX €JIEMEHTIB Ta
BU3HAYEHHsT €HEPTETHIHIX TTOKA3HUKIB po6OTH 6araTocKpeGKOBOTO JAHITIOTOBOTO POGOYOTO OpPraHy TPAHIMIEHHOTO eKCKaBaTopa Ha OCHOBI
6JIOKOBAHOTO Ta HaIiBOJIOKOBAHOTO KPUTUYHOTIMOUHHOTO PEKIMY Pi3aHHSI IPYHTIB.

3anpornoHoBaHa METOMKA PO3PAXYHKY J03BOJISIE BUZHAYMTH MTAPAMETPH BCTAHOBJICHHST POOOYOTO OpraHa Ta PO3MIIIEHHST IPYHTPOPO3-
POOHUX eJIEMEHTIB Ta KiJIbKICHO OIIHUTH eHEPreTHYHI MOKa3HIKN poboTH 6araTockpeGKOBOTo JIAHIIIOTOBOTO POOOYOTO OPraHy TPaHIIeHOro
€KCKaBaTOPa Ha OCHOBI OJIOKOBAHOTO Ta HAIBOJOKOBAHOTO KPUTHYHOTIMOMHHOTO PEKUMY Pi3aHHS IPYHTIB.

OrpuMana METOANKA PO3PAXyHKY, Ha BIIMIHY Bi/l iCHYIOUNX eMITIPIYHIX OT[iHOK, 103BOJISIE PO3POOIISATH BapiaHTH YIOCKOHAIEHHS TTapa-
MeTpiB 6araTocKkpeGKOBOro JIAHIIOIOBOTO POOOUOTro opraHy. SIK 0OrpyHTYBaHHsI IbOTO BUCHOBKY, 3aIIPOIIOHOBAHO KOHIIETITYaIbHUII BapiaHT
TexHIuHOI peasizanii pobouoro obaajHAHHI, a caMe, J03BOJISIE JIOBECTH JIOMITbHICTh BUOOPY HaIiBOJOKOBAHOI CXEMU PO3CTAHOBKH Pi3IliB
KPUTHYHOTIMOUHHOTO PisaHHsI IPYHTY PoOOUOro OpraHy TPaHIIEHHOro 6aratocKpeGKOBOTO eKCKaBaTOPA.

[TpoBe/ieHUIT eHEePreTHYHUI aHali3 MOKa3aBs, MO GBIl JOIITBHO BUKOPUCTOBYBATH (GaraToCKpeOKOBUIl JTAHIIOTOBUH POOOUMI OpraH
TPAHIIIEITHOTO eKCKaBaTopa Ha OCHOBI HAIMBOJIOKOBAHOTO KPUTHYHOTJIMOGHHHOTO PEKIMY pi3aHHs IPYHTIB. Tak, HAPUKIAL, I TPYHTY Ha-
HiBTBEp/A [JIMHA 1P GI0KOBaHOMY pisatHi, KyTi pisantst 0,=20-30°, umpuni pisist b=0,02 M eHeproeMuicTs po6OYOro HpoLecy 3MiHIOETHCS
B Meskax E=191-233 Kﬂ}K/MS; IS HaTiBOJIOKOBAHOTO PisaHHst 3a THX ke yMoB — E=187-191 KII)K/M3, o Ha 2—18 % memie.

Kmouosi cnosa: ekcKkaBaTop, JaHIIOTOBO-CKPEOKOBUI POOOUYMIT OpraH, KpUTHYHOTIMOUHHE Pi3aHHs TPYHTIB, CUJIa Pi3aHHsI, EHEPIrOEMHICTD.

MECHANICS

DOI: 10.15587/2706-5448.2022.256569 .
PO3POBKA CTATHCTHYHUX XAPAKTEPHCTHK MILHOCTI MATEPIAJIB, AKA BPAXOBYE OCOB/IMBOCTI IX
KPHXKOI'0 PYMHYBAHHA cropinku 17-23

KeiT P L

OG’eKTOM JIOCTI/KEHHSI € aJTOPUTM BU3HAYEHHS 3HAXO/KEHHsT HaliMOBIPHINIOTO, cepesiHboro 3HadYeHHs aucrepcii Ta koedimienTta
Bapianii pyiiHiBHOrO HaBaHTaKEHHsI CTOXACTHYHO JIehEKTHOI IJIACTUHM 32 YMOB yCeOIUHOTrO PO3TATY-CTHCKY. MaTepia 1miacTuHu po3rJisi-
JIAEMO SIK CYITIJIbHE CEPENOBUIIE, B IKOMY PIBHOMIPHO PO3TOALTEHT AeeKTH THITY MPSMOJIHIHHIX TPIIUH, SIKi He B3AEMOIIOTH MK 00010,
Bin € i3oTponium i Ma€ 0J{HAKOBY TPIlIMHOCTINKICTh. BBaxkaeMo, 1110 MIaCTUHA CKIAAETHCS 3 MEPBUHHUX €JIEMEHTIB, KOKEH 3 SIKUX MOJKe
Gy nocaabiaenuii oHuM AeeKToM.

Jl1s1 mporHO3yBaHHSA MIIIHOCTI Ta YMOB PYHHYBaHHS IJACTUH 3 TaKOTO MaTepialxy MPUPOAHBO BUKOPHUCTOBYBATH, 3 OJHOI CTOPOHH,
pes3yJibTaTy Teopii PO rpaHINYHY PIBHOBAry OKPEMHUX JIeTEPMiHOBAHUX je(DeKTiB i IX PO3BUTOK, a 3 iHIIOI CTOPOHU — IIMOBIpHICHO-CTATHC-
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THUYHI METO/IM, SIKi I03BOJISIOTh BPAXyBaTH BJIACTUBICTh BUNAAKOBOCTI JiedeKTiB. Taknit KOMIIEKCHUIT MiJIXi/l Ja€ MOKJINBICTh PO3PAXYHKY
CTAaTUCTHYHUX XapaKTePUCTUK MIIIHOCTI Ta PyHHYBaNHA, BUXO/SYN 3 JaHUX PO CTPYKTYPY JAedeKTHOCTI MaTepiany Ta HOro omopy 3apo-
JUKEHHS Ta PO3BUTKY TPIlI[UH.

OCHOBHUM 3MiCTOM JIaHOi POOOTH € aJTOPUTM PO3PAXYHKY Ta MOCJI/UKCHHS CTATUCTUYHUX XaPaKTEPUCTHK MII[HOCTI CTOXaCTHYHO
neEKTHUX TIaCTHHYATHX €JIEeMEHTIB KOHCTPYKIil 3 BpaxyBaHHAM [IeAKUX JIeTepMiHICTHYHUX OCOOJMBOCTEH iX KPUXKOrO pyiiHy-
BaHHd. Ha ocHOBI /ieTepMiHICTHYHOTO KPUTEpilo PyHHYBaHH:, KU BPaXOBYy€ NOYATKOBUI HAIPSIMOK IOMIMPEHHS TPIllUMHU, OTPUMAHO
CITIBBiIHOIIEHHST /IS 3HAXO/[KEHHS HAliMOBIPHIIIOTO, CepeIHbOTO 3HAUEHHS AHcIiepcii Ta xoedirienTa Bapiallii pyifHiBHOTO HaBaHTa-
skeHHs. JloC/IiisKeHO 3a/1e)KHOCTI BKa3aHUX CTAaTUCTUYHMX XapaKTePUCTUK MIIHOCTI BiJf BUAY IPUKJIAJECHOTO HAaBAaHTAXKEHHS, KiIbKOCTI
nedekTiB (po3MipiB Tija) Ta CTPYKTYPHOI HEOTHOPIZHOCTI MaTepialdy, a TaKOK BIJINB BPaxXyBaHHS IMOYATKOBOTO HAMPSIMKY ITOMIN-
PEeHHST TPIlUH.

Otrpumani pe3ysibraTi 03BOJISIOTH a/IeKBATHIIIIE IIPOBECTU OIIHKY HA/IITHOCTI KOHCTPYKIIHHIX MaTepiaiiB 32 yMOB CKJIQ/[HOTO HAIpy-
JKEHOTO CTaHy 3 BpaXyBaHHSM CTOXaCTHYHOCTI iX cTpyKTypH. lle moB’s3amno0 3 THM, 1110 BUKOPUCTAHHS TAXOAY /IS BU3HAYEHHS IPAaHNYHUX
NPUKJIA/IEHUX HAIPY’KEHb, SIKHiT BDAXOBYE MOYATKOBUII HAIIPSMOK ITOIIMPEHHS TPIINHY, IIOKPAILY€E aJITOPUTM 3HAXO/PKEHHSI CTATUCTUYHUX
XapaKTEePUCTUK MII[HOCTI.

Kmo4ogi cnoBa: niacTiHa, i30TPOIHUI MaTepiasl, IPSAMOJIiHIITHA TPIIMHA, HIIJIBHICTD PO3IIO/ILNY, PyIHIBHE HABaHTA’KEHH, CTaTUCTUYHI
XapaKTEePUCTUKN MillHOCTI.

METALLURGICAL TECHNOLOGY

DOI: 10.15587/2706-5448.2022.256751 .
PO3KHCNEHHA TA MOAUPIKYBAHHA CTANEX 31 3HHMEHKM BMICTOM KPEMHIN  cropinku 24-27

OG6’'e€KTOM JIOCTIIZKEHHSI € TIPOIIECH, M0 BILIMBAIOTH Ha MEXaHiYHi XapaKTePUCTUKK CTajel micist 0OpoOKH Po3IiaBiB Ge3KpeMHieBUMM
KOMILJIEKCHUMH JITaTypaMu 3a iCHYIOUUMU TexHOAoTistMi. OHUM 3 HAlOLIbI MPOOIEMHUX MICIh € HETaTUBHUI BIUIMB KPEMHIIO Ha 3Ba-
PIOBaHiCTh HU3BKOJETOBAHOI CTaI, IO Pi3KO 301IbIITyE HEOAHOPIAHICTh 3BAPHUX MIBIB 1O cipii Ta ¢hocdopy, Ta MABKIILYE IX CXUIBHICTD 10
rapstumx Tpimmi. [lukiyHa MilHICTh 3BapHUX CHOJIYK TP 301IbHICHHT KOHIIEHTPAIi KPEMHII0 cTasli HOMITHO 3HUKY€ETbCs. TakokK B JaHOMY
BUIIQJIKY BUILINBAE 3arp03a YTBOPCHHS MOHOKCHIY KPEMHIIO, 10 3HAUHO IIJBHUIILYE KPUXKICTh TOTOBOI cTaseBoi mpoaykii. Takox craui,
1o 06POBITIOIOTHCS JITaTypamMu, sIKi MiCTATh KPEeMHIii, CXUIIbHI 10 00e3yTIepoKyBaHH s, YTBOPEHHs MOBEPXHEBUX AeeKTiB Ipu rapsadiil 06-
pobiti Ta rpadiTOyTBOPEHHS, 1110 3HUIKYE X IPAHKINIO BUTPUBAJIOCTI.

B xo1i mocipKeHHs 10BeAeHo, 0 BUKOPUCTAHHST TPU BUTLIAaBI GeskpemuieBnx komiiekcHux Jjiraryp (BKJT) go3Bosnio orpumarn
nigsuienss (B 2—3 pasu) BChOro KOMIUIEKCY MEXaHIUHKX Ta eKCIIyaTalliiHuX BJacTUBOCTEI, 0COOMUBO MJIACTUYHOCTI, YAapHOI B'A3KOCTI
[P 3BUYAIiHIIl Ta HETaTUBHIN TeMIlepaTypax BUIPOOYBaHb (XOJIOZOCTIHKOCTI), BTOMHOI MiI[HOCTI. ¥ Psiii BUMA/KIB PiBEHDb BIACTHBOCTEN
JIUTOTO METAJLy J0csTae e(hOPMOBAHOTO BapiaHTy HOTO BUTOTOBJIEHHS, HAIIPUKJIA/L, IIPOKATY Ta HABiTh METaLy, OTPUMAHOTO €JIEeKTPOIILIA-
koBuM neperiasom. O6pobka posmiasy pisaux craseil BKJI npu BUmycKy 3 1meui B pO3JIUBHUIL KiBII 3aMiCTh alOMIHIEBUX JIiratyp, CuIi-
KOKAJIBIIIIO Ta (heporepiio (3a YMHHOIO TEXHOJIOTIEI0) 3abe3ieunsia HeoOXiAHUI PiBeHb Ta BUCOKY CTabiIbHICTh MEXaHIYHUX BJIACTHBOCTEH
cram 20IMJI. Takox 3aBasku Bukopucranuio bKJI Baasocs 3HM3UTH BUTPATH JIiraTyp Ta PO3KUCIIOBAYIB HA 4,2 KT HA TOHHY PiIKOTO
Merasty, 301IbITUTH BUXiJ, 3HU3UTH Opak 3a JuBapHumu jaedekramu #a 6—10 %. B poGori Beranosieno, mo o6podxa BKJI npussoants
1o crabimizaltii XiMiuHOTO CKJIajy, TOAPIGHEHHS 3¢PHOBOI CTPYKTYPHU CTajell, a TaKOK 10 MiZABUIIEHH il ANCTIEPCHOCTI Ta PIBHA MeXaHid-
HUX XapaKTepUCTHUK.

Kmouosi crosa: Ge3kpeMHIEBI KOMIIJIEKCHI JIiraTypH, XIMIYHWIA CKJIaJl, MEXaHIYHi XapaKTePUCTHKH, JIETOBaHi cTaJi.

ELECTRICAL ENGINEERING AND INDUSTRIAL ELECTRONICS

DOI: 10.15587/2706-5448.2022.256564 -
BIUTMB BAKYYMHOI'0 CYWUIHHA I30/ALIKHOT0 KAPTOHY HA XAPAKTEPHCTHKH YACTKOBHX PO3PANIB
B YMOBAX NMYNBCANII HANMMPYTH  cropinku 28-33

Tpouenxo E. 0., Neperarko 10. B, Mpouenxo 0. P, Mandar Madhukar Dixit

OG6’€KTOM JIOCTIKEHHST € YACTKOBI PO3PSI/IH, 1110 BUHUKAIOTH Y 3Pa3Ky i30JSIIIHHOTO KapToHy. Y OIIBIIOCTI CyJacHUX CXeM BHCOKO-
BOJIBTHUX Iepe/iad MOCTIiHOTO CTPYMY Ha OCHOBI MePeTBOPIOBAYiB HAMPYTH BUKOPHCTOBYIOTHCS MIECTHIMITY IbCHI a00 ABaHAIIATUIMITY IbCHI
nepersoproBadi. Dopma curHasy Ha CTOPOHI MOCTIHHOTO CTPYMY Y BUCOKOBOJIBTHIl mepeaaui MOCTIHHOrO CTPyMy He MPEACTABIISIE COOO0
YHUCTY MOCTIHHY HATIPYTY, & Ma€ 3MiHHY KOMITOHEHTY. OCKITbKI aKTUBHICTh YACTKOBUX PO3PS/IiB IIPU CIIOTBOPEHi HATIPY3i CUIIBHO Bi/Ipi3HsI-
€TbC BiJl TAaKOI IPU MOCTIMHIN HANPY3i, MyJIbcallii HAalPyryu Ta TaDMOHIKU HAIIPYTH € IIPEIMETOM PiI3HOMAHITHUX JIOCJIi/IZKEHb.

V it po6oTi A0CTIKYETHCST BIIMB BAKYYMHOTO CYITIHHS 130JISII[IHHOTO KAPTOHY Ha XapaKTePUCTUKH YACTKOBUX PO3PSI/IIB [P TTYJIbCAILi
MOCTiiiHOT HATPYTH. [30/IATiTHIIT KADTOH MPOUTIOB CYIiHHSA Y BAKYYMHill KaMepi P 3aJIUITKOBOMY THCKY 1 MM PT. CT.

Cepest ycix XapakTepUCTHK YacTKOBOIO PO3Psifly OCHOBHY yBary OyJIo NPHLIEHO YSBHOMY 3apsily YacTKOBOTO po3psiiy. dum Oisbiie
BEJIMUMHA YSIBHOTO 3apsi/ly, TUM CUJIBHINTII PYHHIBHUI BIJINB HA BICOKOBOJBTHY i30Js11ii0. [lokasano, mo cynrinms i30s1ii y BakyyMHii
KaMmepi Ma€ HaiiGI b BIUIMB Ha 3HIKEHHS! YSIBHOTO 3apsily YaCTKOBOTO PO3PSILY TIPU HAPY3i MOCTIHHOTO CTPyMY, HisK [IPH HATIPY3i 3MiH-
Horo ctpymy. Ilicas cyminns isomnanii y BakyyMHiil KaMepi aMIITy/ia iMITyJIbCiB 4acTKOBOTO pO3psiLy 3MeHmmaach Ha 99,3 % npu Hanpysi
MOCTIHOrO CTPYMY HOPIBHSAHO i3 3BOJIOKEHUM 3paskoM. ITic/ist BaKyyMHOIO CyIIiHHS, IIPU HATIPY3i HocTiiiHoro ctpymy, Oy/u sadikcosani
JINIIIE PIZIKICHI YaCTKOBI PO3PSAN /IysKe MAJIOl BEJIUIITHI.

[IpoBeeHi JOCTIIKEHHSI CIIPHSIIOTH PO3POOIIi METOIIB BUSIBJIEHHST YaCTKOBHX PO3PSI/IIB B YMOBAX HECTAHAAPTHOI HAMPYTH.

Kmouosi cnoBa: uacTKOBUIT PO3PS, Iy IbCALlisl HAIPYTH, 130 HUIT KADTOH, BAKYYMHE CYIIIHHS.
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OLIHKA EPEXTHBHOCTI BHKOPHCTAHHA BIOMAMMBA M YAC EKCIUTYATALII CYAHOBMX AM3ENMIB cropinku 34-41

Mapei B. B.

OG’eKTOM JIOCHIKEHHS € TIPOIleC eKCIUTyaTallii Cy/[JHOBUX AM3eJIiB I/l Yac BUKOpPUCTaHHS GioausesbHoro mnajusa. IpeameroM poci-
JUKEHHSI € TIPOIEC eKCIIEPUMEHTAIbHOTO BU3HAYEHHS ONTUMAJIBHOI KOHIIEHTPAIll GioA13e1bHOr0 nasBa y cyMiln 3 naauBoM HahTOBOrO
noxopkeHnst. [Ipu ibomy Mae OyTn 3abesnedene ofHOYaCHe MaKCUMaIbHe 301IbIIeHHs eKOJOTIYHIX Ta MiHiMaTbHe 3HMKEHHS eKOHOMIYHIX
napamerpiB poGOTH CYAHOBOTO [IU3EJIS.

JlocmiKeHHsT BAKOHYBaIMCs Ha CyiHoBuX qusensix 5H17/28 Hyundai Heavy Industries. Tpu mopiGHi ansesti BXOAMIN 110 CKJIaJLy eHepre-
TUYHOI YCTAHOBKH CIIEIiali30BaHOr0 MOPCHKOTo cyaHa geaseitom 9600 Torn. Jlocaipkenisa 6yio HApaBIeHo Ha BUSHAYEHHsT KOHIIEHTPAIlii
GionasnuBa B iloro CyMillli 3 IU3eJIbHUM [1aJINBOM, 32 SIKO1 321663116‘iyl()TbC5-1 HalKpallli eKoJIOTIuHI TTOKa3HUKU POOOTH JU3EIs. Kontyp nonaui
TIAJIBa JI0 TIEPIIOTO IN3eJIsT He 3MIHIOBaBCs Ta AU3eJib eKcIryaTyBasces Ha nannsi RMB30. [IBa iHmmx qusess ekcriyaTyBaanuch Ha TaJIUBHIN
cymint — manuBa RMB30 ta 6ionanusa B99.9 FAME. Bumict Gionamisa B cyminii amiHoBascst B intepsaii 5—20 %. OCHOBHUMY BeJIMYUHAMU,
SKI BUMIPIOBAJINCS TIi/1 4aC MPOBEAEHHST eKCTIEPUMEHTY, OyJIM KOHIIEHTPAIist OKCU/IIB a30Ty Ta 00’€MHUIA BMICT OKCH/TY BYTJIEIIO B BUITYCKHUX
ras3ax, a Takox nmuroma eekTuBHa BuTpaTa nanusa. [lisxom nepeMukanHs rpyn ClOKMBAYiB €KCIUIyaTallis [3eJ1iB BUKOHYBAIACs Ha OJl-
HAKOBOMY HaBaHTa)KEeHHI, MiITPUMKA SIKOTO BUMAarajach Iijf 4yac IpoBe/ieHHs ekciiepuMenTy. HaBantaskeHHs Ha Anu3ei Mijl yac IPOBEIEHHS
eKCIIEPUMEHTIB 3MiHIOBaIOCS B iHTepBasti 55—85 % Bit HoMiHambHOTO 3HaYeHHs. Po60Ta AM3€eTiB Ha KOKHOMY 3 TOCHI/UKYBAHIX PEKIMIB ITPO-
BOJIMJIACS He MeHIie 1,5—2 ToinH, IPOTITOM SIKUX BUKOHYBAJIOCh BUMIPIOBAHHS OCHOBHHUX [TAPAMETPIB Ta ycepeHeHHs OTPUMAHNX 3HAYEHD.

BceranosiieHo, 110 BUKOpUCTanHs 6iomayuBa MiIBUIILYE eKOJOTTYHICTh POOOTH CY/THOBOTO JAN3EIST:

— Ha 7,6-26,61 % (3aJexHO BiJ HaBaHTAKEHHs [M3€Js1 Ta BMICTY GiomaynBa y MANUBHINA CYMiIli) 3HIKYETHCS eMicisi OKCHIIB a30Ty
3 BUITYCKHUMM Ta3aMi;

— Ha 3,8-23,6 % (3a7eXHO Bi/l HABaHTaKEHHS AN3eJsI Ta BMICTY OiomainBa y MaJMBHIN CyMiIi) 3HIDKYEThCS €Micis OKCHIIIB BYTJIEITIO
3 BUIIYCKHUMM Ta3aMU.

Taxosx BU3HAUEHO, IO Ti/T 9aC BUKOPUCTAHHS GiomammBa BiftOyBa€eThest 36ibIeH s TUTOMOT ehekTHBHOT BUTpaTH nasusa Ha 0,5-8,65 %,
1110 3HUKYE EKOHOMIUHICTD POOOTH JAU3EJISL.

3ampoNoHOBAHO ONTUMATBHUIT CKIAT TAMMBHOI CyMIlTi, 10 MICTUTh GiOMaINBO, BUSHAYATH €KCIIEPUMEHTAIBHO LIS KOKHOTO HABAHTa-
SKeHHS JIN3eJIs 3 ypaxXyBaHHAM HOTO eKOJTOTIYHIX Ta eKOHOMIUHIX ITOKAa3HUKIB.

Kmouosi cnosa: cyHOBUIT 1113€1b, IATUBO 610JI0rTYHOTO MOXOKEHHS, TTaJINBHA CyMilll, eMicisl OKCU/IIB a30Ty, €Micisl OKCUIB BYTJIEIIO.
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SHHMEHHA EHEPTETHYHMX BTPAT MIA YAC TPAHCITOPTYBAHHA BYPH/ILHHUX CYCIEH3IH CYAHAMH KINACY
PLATFORM SUPPLY VESSEL cropinxu 42-50

Map'axos JI. M.

OG6’'€KTOM JIOCIIIKEHHS € MPOIEC TPAHCIOPTYBaHHsa OypuiibHol cycrensii cyanamu kiacy Platform Supply Vessels. ITpeamerom poci-
JUKEHHS1 € EHePreTUYHI BTPATH T1i/] Yac repekadyBanust OypusbHoi cycnensii 3 Gopry cyana kiacy Platform Supply Vessels na nadrosunodys-
Hy mratdopmy. JlocipkeHHs BUKOHyBaucs Ha cyani geaseiitom 3840 tonn. EkcriepuMenTanbHo BCTaHOBJIEHO, 110 J17ist OYPUIILHOI Cycrensii
3 MOYATKOBOIO TycTHHOW 1272 Kr/M3 17151 TPaHCTOPTYBAHHS IPOTATOM 648 TOZ1 BiGYBaIOTHCS HACTYTIHI 3MiHU PEOJIOTIYHIX XapaKTePHCTHK:

— Ha IMOBepXHi BaHTaKHOTO TaHKa YTBOPIOEThCS Map i3 TycTHHoio 1235-962 kr/M?;

— y lonHiil yacTUHi TanKa yTBOPIOEThCs Wap i3 ryctunoio 1283-1422 kr/m?;

— celMMEHTAIliiTHa CTiiKiCTh 3HIKYEThCS Ha 3,89—-47,82 %.

3anporoHOBaHO BapiaHT MOJEPHI3AIlli CHCTEME TPaHCIOPTYBaHHs OYPHJIBHOI CYCIeH3ii NMIJIIXOM BCTAHOBJIEHHS JOIATKOBHUX IHPKY-
JISIIAHUX HACOCIB, 110 3a6€311eYyIOTh TPUMYCOBY IUPKYJISI0 OyPUIBHOI CycleH3il Mk BaHTaKHUMU TaHKaMu. J0faTKOBa IUPKYJISIILis
6ypHIIBbHOI CycIensii 3 mouaTkoBoIo TycTHHoIo 1272 Kr/M° 1715 TpaHCIopTyBaHHs TIPOTATOM 648 roj1. 3abe3medye miATpIMAaHHs PeoTOTITHIIX
XapaKTEePUCTUK B HACTYITHOMY Jlialla3oHi:

— TycTUHa Ha MOBepXHi BanTakHoro Tanka 1270—1232 kr/m%;

— TyCTHHA y JOHHil yacTuni Tanka 1288-1338 kr/m%;

— BHWKEHHs ceguMeHTaliitnoi criiikocri 1,42—-7,92 %.

Amasioriumi pesy/sTaTH BCTaHOB/IEHi /1 6ypIILHOI cycrensii 3 mouaTkosoio ryctunoo 1323 kr/v® ta 1188 kr/m°.

JIist 3HUKEHHST €HEPreTHYHUX BTPAT 3alPONIOHOBAHO TIPOIEC BUBAHTAKEHHsT OyPUIIBbHOI cycniensii Ha HadToBUA00YBHY TI1aT(HOPMY BU-
KOHYBATH TIi/l Yac 3aBEPIIEHHS TEXHOIOTITHOTO TPOIIeCy PO3BaHTaKeHHs cyaHa. [Ipi 1boMy 32 paXyHOK 3MEHIIEHHS OCaIKU Ta 301 TbITEHHS
BUCOTH HAJIBOJHOTO GOPTY Cy/IHA 3MEHIIYIOThCSI CTATHYHA CKJIA/[0Ba HAMIOPY T TiPABIiuHI BTPaTH BAHTAKHOTO HACOCA.

Kowmmieke TIpoBeieHnX AoCTiKkeHb A GyPUABHIX CycTiensiit 3 pisHoio ovaTkoBoto Tycturofo (1272 xr/m, 1188 kr/m?, 1323 kr/m?)
MITBEPAMB, TIO /I Yac BUKOPUCTAHHS 0aTKOBOT X-MOAIOGHOT IIMPKY i OypHabHOI CyCrensii:

— BIIHOCHA IPOLYKTUBHICTh BAHTAKHUX HACOCIB 36imburyeThest Bin 37-57 % no 88-96 %;

— Yac BUKadyBaHHst OypUIIbHOI cycriensii 3 6opTy cyana Ha HadToBUA0OYBHY MiathopMy 3HIKYeTbest 3 7,1-8,5 10 3,3—3,8 rouH.

Haseneni pesysbraTil MiATBEP/KYIOTh QOLLIBbHICTD BUKOPUCTAHHS J0AATKOBOI X-noni6HO1 LUPKYJIALL 6yp1/ulbﬂo'1' CycHeHsil 7151 3HU-
JKEHHsI eHEePTeTHYHNX BTPAT T1ijt yac ii TpancnopryBants cyanamu kiacy Platform Supply Vessel.

Kmouosi cnosa: cyiio kiacy Platform Supply Vessel, cucrema Tpancnoprysamus, rycTuia cycrensii 6ypuibHol, ceanMenTaniiina criii-
KICTb, €HepreTHyuHi BTPATH.
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