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Cold spraying technology is a method to obtain coating
by the high-speed collision of particles with the substrate
through supersonic (300—1200 m/s) propulsion gas. The
deposition process is mainly mechanical bonding, which has
attracted more and more attention in engineering applica-
tions. The critical component of a cold spraying system is
the nozzle. The performance of the nozzle directly affects the
quality of the material surface coating. Therefore, the discus-
sion of the nozzle is of great significance. At present, there
are many examples of cold spraying single-channel nozzles in
engineering, but there are few reports about multi-channel
cold spraying nozzles. This paper explores and studies the
multi-channel cold spraying nozzle, designs a special three
internal channel nozzle, and adopts a 90° angle in the diver-
gent section of the nozzle. When spraying in a small area, the
nozzle with angle has apparent advantages for spraying more
areas. The powder injection pressure, particle size, recovery
coefficient, and internal channel position are analyzed, which
affect the particle trajectory. Combined with these factors,
the multi-channel nozzle is optimized and improved to
solve the problem of particle collision with the inner wall of
the nozzle. Finally, the technological parameters of alumi-
num, titanium, copper, nickel, magnesium, and zinc powders
are preliminarily studied using the multi-channel nozzle. The
results show that the multi-channel nozzle meets the cri-
tical velocity requirements of copper, magnesium, and zinc
powder spraying in the homogeneous (powder and matrix
are the same material) and aluminum powder spraying in
the case of heterogeneous (powder and matrix are different
materials), the multi-channel nozzle has a sound engineering
application prospect and provides a specific reference for
relevant technicians.

Keywords: cold spraying technology, multi-channel noz-
zle, particle trajectory, particle collision, critical velocity.
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The analysis of aircraft design methods reported here
has revealed that building a competitive aircraft necessitates
devising a scientifically based concept of integrated aircraft
design employing CAD/CAM/CAE/PLM software suites.

A generalized concept of integrated design and three-di-
mensional computer modeling of aircraft involving the CAD/
CAM/CAE/PLM systems has been developed. Based on the
proposed concept, the principles of integrated design of air-
craft were devised. The features of designing the training and
training-combat aircraft, transport-category aircraft, light
civilian aircraft have been described.

A method for determining the take-off weight, design
parameters, and formation of the general appearance of air-



craft has been improved. The method is intended to form the
appearance of the aircraft at the stages of preliminary design,
the purpose of which is reduced to determining the permis-
sible version of the aircraft project. The project must meet
the predefined requirements and restrictions in the selected
aircraft scheme and the assigned set of parameters that char-
acterize its airframe and power plant.

A method of parametric modeling of aircraft has been im-
proved, which includes the stages of creating a master geome-
try of the aircraft and a model of space distribution. Parametric
models of master geometry and models of space distribution,
training and training-combat aircraft, transport-category air-
craft, light civilian aircraft have been constructed.

Methods of integrated design of aircraft main units have
been devised and theoretically substantiated. Parametric
models of master geometry of the wing for a training aircraft,
the wings, appendage, and fuselage of a light civilian aircraft
were built, taking into consideration the design features of
aircraft units of various categories.

Keywords: integrated aircraft design, master geometry,
concept, three-dimensional parametric modeling, takeoff mass.
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This paper reports a study into the possibility of applying
a simplified approach, recommended by standards for con-
ventional steel beams, to determine the heating temperature
under the conditions of a fire in relation to steel I-beams
with a corrugated wall. The research is predetermined by the
limitation of methods that make it possible to determine the
heating temperature of this type of beam in a fire using engi-
neering methods with a small amount of calculations.

Technical data on steel beams with cladding have been
considered for calculation, the features of heat impact of fire
on them have been analyzed, a calculation procedure has
been devised, the estimation schemes have been built, and
the calculations have been performed. Data on the tempera-
ture distribution in the cross-sections of beams with and
without cladding were obtained by using a simplified method
recommended by standards and the refined method based on
a finite-element method.

Mathematical models have been constructed for calcu-
lations that describe the effect of a standard temperature
regime of fire on the distribution of temperature in each mi-
nute in the cross-sections of steel beams with and without
cladding. The models have been described on the basis of
the differential equation of thermal conductivity, boundary
conditions of the third kind, which take into consideration
convective and radiant heat transfer.

It was established that the mineral wool cladding of
the beam with a corrugated wall is a reliable fire protection
agent. The heating temperature of the beam does not reach
a critical value of 500 °C in 60 minutes, which provides the
class of this beam with the most stringent requirements for
its fire resistance in accordance with the classification in line
with the acting norms in Ukraine.

The simplified method, recommended by the current
standards of the European Union and Ukraine, could be
effectively used to analyze the fire resistance of these beams
and is the basis of the procedure for the estimated assessment
of the fire resistance of these structures.

Keywords: steel beam with corrugated wall, standard
temperature regime, temperature distributions.
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When considering the creation of pumps with improved
anti-cavitation characteristics, the results of an in-depth analy-
sis of the problem of pumping viscous liquids at high tempera-
tures are presented. On the example of the technological pro-
cess of evaporation of sugar syrup on a film evaporator of the
latest type, the problem of the occurrence of cavitation when
pumping viscous liquids at high temperatures was revealed.

After analyzing the existing machines used for the spe-
cified operating conditions, critical design and operating
parameters were identified that affect the appearance of ca-
vitation. Namely, the appearance of cavitation is influenced
by the reduced diameter of the impeller inlet, the diameter
of the impeller inlet, the number of blades, the width of the
blades and the rotor speed.

To study the level of influence of these parameters,
a method of physical modeling was chosen, an experimental
stand was designed and manufactured. Studies have been
carried out on the operation of the pump with and without
a reducer. The work with a two- and three-blade inducer is
analyzed, the work with an open and closed impeller, with
one and two-level blade system is investigated.

As a result of the analysis of experimental data, the opti-
mal design of the hydraulic part with a three-blade reducer
and a semi-open impeller with a two-level blade system was
chosen. In turn, this made it possible to reduce the compres-
sion of the flow at the inlet to the impeller without loss of
energy efficiency; the angles of inclination of the inducer and
impeller blades were synchronized.

The experience gained made it possible to design and
manufacture an industrial sample of a cantilever pump with
an inducer and a semi-open impeller. Thus, allowing to solve
the problem of pumping thick syrup on a film evaporating
unit of the Teofipol sugar plant (Khmelnytskyi region,
Ukraine), with a cavitation reserve of 1.5 m.

Keywords: cantilever pump, centrifugal impeller, redu-
cer, cavitation reserve, film evaporator.
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Vitamin-grass flour is the main component of mixed fo-
dders intended for all types of livestock and poultry. Earlier
and currently, the vitamin-grass flour has been prepared from
legumes by a high-temperature drying technique. However,
existing techniques have high operating costs and require
very expensive technical tools.

To reduce the specific operating costs and the price of
equipment in the production of VGF, a technique has been
proposed that involves the main drying of grass to a moisture
content of 30—-35 % on a swath while the post-drying of grass
is performed in a small-sized channel under the haystack
without air heating. Next, the dried mass is pre-crushed. At
the same time, the delicate leaf part of the hay, while falling
between the side walls of hammers and counter-hammers, is
ground and finely crushed, and the stems are processed into
large fractions. From pre-crushed hay, the leaf part is separat-
ed and fed into the crusher to produce flour.

In this case, the main machine that determines the perfor-
mance of the line is the separator of the leaf part of the grass.

The results of the theoretical research have established the
speed and acceleration of hay movement on the surface of the
sieve. These values determine the productivity of separation
of the leaf part from pre-crushed hay and the reliability of the
selected structural and technological scheme of the separator.
The production tests have confirmed the reliability and eco-
nomic efficiency of the proposed technique. Comparing the
proposed technique for obtaining vitamin-grass flour by ex-
isting high-temperature methods has shown that the carotene
content in flour was 1.6 times higher while the specific operat-
ing costs and equipment price were 6—7 times lower.

Keywords: vitamin-grass flour, high-temperature drying
of grass, separator of hay leaves, sieve speed, sieve acceleration.
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This paper reports the assessment of the influence of
dynamic motion parameters on the formation and disappea-
rance at the cylindrical surface of the chamber of the rotating
drum of the near-wall layer of non-loose granular fill.

Based on the results of experimental visualization of the
flow, the effect of solidity on the behavior of granular fill was
revealed. The hydrodynamic effect of fill quasi-liquefaction
under the action of solidity has been established, which in-
volves the occurrence of a connecting interaction between
adjacent layers and the surface of the chamber. Conversion
of shear circulation flow to homogeneous dense clustered
stream with slipping and rolling without relative movement
of particles was detected.

The hydrodynamic characteristics of circulation flow
transition to the near-wall layer mode during rotation acce-
leration have been defined. Such a transition is implemented
by smoothly increasing the thickness of the layer when the
rest of the fill is circulated at the bottom of the chamber.

The effect of the rheological hysteresis of the movement
of the rotating chamber fill, caused by quasi-liquefaction of
non-loose granular environment, has been established. The
effect implies exceeding the speed limit oz in the formation
of a near-wall layer, at rotation acceleration, above the boun-



dary o, of the layer disappearance when the rotation slows
down. The manifestation of hysteresis mainly increases with
an increase in Reynolds number. The intensity of increased
hysteresis manifestation increases with a decrease in the de-
gree of filling the chamber. The value of the Froud number for
the oy and oy boundaries increases with the increase in Re.
It has been established that at the relative particle size of
the dispersed fill yg=(0.065-1.04)-10~% and Re=30-500,
Fr=1-2.9, for the m; boundary, and Fr=0.5-1.4, for the oy
boundary. The Fr value for the @y limit was found to exceed
this value for the wy boundary by 1.6-2.1 times.

The established effects make it possible to substantiate
the rational parameters for the grinding process in drum-
roll mills.

Keywords: drum-roll mill, non-loose granular fill, forma-
tion of a wall layer, rheological hysteresis.
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Al alloys have long been of interest to the aerospace com-
munity, due to their modest specific strength, ease of manu-
facture, and low cost. In recent years, with the rapid deve-
lopment of weaponry, 7XXX ultra-high strength aluminum
alloys used increasingly in military fields. Chemical analy-
sis of the AA7001 is supported out at The Company State
for Engineering, Rehabilitation and Inspection (SIER)
in Iraq. Strengthening the surface (shot penning) is bene-
ficial to delay crack nucleation and extend life. The
test samples (tensile and fatigue) are subject to the SP
process by using ball steel with the parameters (Pres-
sure=12 bars, Speed=40 mm/min, Distance=150 mm,
Shot size=2.25 mm, Coverage=100 %). The ultrasonic
impact treatment (UIP) machine is used for enhancing
the surface properties. For the Deep Cryogenic Treat-
ment (DCT), the samples have been placed in the cooling
chamber. A standard tensile test specimen is prepared in
a round section with the dimensions chosen according to
ASTM (A370-11). Tensile and fatigue of rotating bend-
ing with R=—1 have been conducting, after the effect of
deep cryogenic treatment (DCT), combined shot peening
(SP+DCT), and ultrasonic impact peening (UIP+DCT) of
AA7001 have been examining. The maximum improvement
percent in ultimate tensile strength (UTS) due to (DCT),
(SP+DCT), and (UIP+DCT) were about 3%, 8.27 %,
and 6.25 %, respectively. The rise in the yield stress due to
(DCT), (SP+DCT), and (UIP+DCT) were 9.5 %, 14.6 %,
and 13.14 %, respectively. The ductility reduced by con-
stituents of 8.57 %, 12.5 %, and 11.42 % sequentially. The
improvement in fatigue strength in a high cycle regime is
16 % for (SP+DCT) due to combined effects, it is an 8 %
increase in the endurance limit on fatigue behavior due to
inducing compressive residual stress (CRS).

Keywords: AA7001, deep cryogenic treatment, ultraso-
nic impact, shot peening, tensile and fatigue properties.
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Ironing is a part of the group of metal forming processes,
the process of reducing the thickness of the wall of a cup-
shaped product. External load required to process metal
forming, can cause residual stress. Residual stress can be
beneficial or detrimental depending on the function of the
product, the magnitude, and direction of the residual stress.
Residual stress can act as an additional load on a given load.
Residual stress can affect product quality, namely: dimensio-
nal accuracy, surface roughness, and mechanical properties.
The speed of the ironing process is strongly influenced by
the mechanical properties of the cup material, Thickness
Reduction Ratio (TRR), and press tool design. The ironing
process has a limited TRR value and if it is exceeded it results
in product damage. Various studies on ironing were carried
out to obtain an optimal process. In this research, stress
analysis was carried out using the ANSYS software modeling
simulation to obtain the occurring residual stress during the
ironing process. The analysis was carried out by varying the
TRR from 20 % to 30 %, the die angle from 25° to 30°, and
the coefficient of friction from 0.05 to 0.15. Furthermore,
processing and analysis of the stress analysis data are carried
out to obtain the most dominant variables affecting the re-
sidual stress and the variable value that produces the lowest
residual stress. Stress analysis was carried out on AA1100
aluminum cups with an outer diameter of 37 mm, a height
of 20 mm, and a wall thickness of 2 mm. The results show
that TRR and coefficient of friction are the most dominant

variables affecting residual stress, while die angle has no
significant effect. The lowest residual stress occurs at TRR
30 % and coefficient of friction 0.15.

Keywords: thickness reduction ratio, die angle, coeffi-
cient of friction, residual stress.
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JOCJIIKEHHA KOHCTPYKIII I TEXHOJIOTTYHUX TAPAMETPIB BATATOKAHAJIbHOT ®OPCYHKH XOJIOTHOTO
HAIIMJIIOBAHH? (c. 6-14)

Wenjie Hu, Kun Tan, C. €. Mapkosuy, Tingting Cao

Texmo0rist X0/I0{HOTO HATIMJTIOBAHHS — 11€ METOJL OTPUMAHHS TIOKPUTTS TIJISIXOM BHCOKOTITBH/IKICHOTO 3ITKHEHHS YaCTHHOK 3 ITiIKTAIKOTO
B HajazByKoBoMy (300—1200 m/c) pymiiinomy rasi. ITpoiec ocamkenns saBisie co000 B OCHOBHOMY MeXaHiuHe MOEAHAHHS, sKe MPpUBabJIioe
Bce Gisblite yBarn B iHKEHEPHUX A0aTKax. HallBaKIMBIIMM KOMIIOHEHTOM CHCTEMHU XOJIOJHOTO HATUJIIOBAHHS € COTLIO. IIPOyKTHUBHICTD
opcyrku GesmocepenHbO BIUIMBAE HA SIKICTh TIOKPUTTS OBEPXHi MaTepiany. Tomy 06roBOpeHHs HACAIKH Ma€ BeJInKe 3HAYeHHs. B panumii
Yac B TEXHIIl icHye Ge3Jiy MPUKJIaAiB OHOKAHATLHUX (DOPCYHOK JUUIsE XOJIOAHOTO HAIIMJICHHS, ajle MaJIO TIOBIIOMJIEHb ITPO HAaraTOKAHATbHUX
opcyHKkax 17T X0JI0IHOTO PO3MIUIeHHsT. B mamiil crarTi moc/ipKkyeThest 6araTokananbaa GopCeyHKa TSI XOTOAHOTO HAMTIJIEHHST, TPOEKTYETh-
s crelia/ibHa TPhOXKaHaJIbHA (DOPCYHKA 3 BHYTPIMIHIMU KaHAIAMK 1 BUKOPUCTOBYETHCS KyT 90° y yacTuHi (popCyHKH, 110 POUIMPIOETHCS.
TIpy HAMUTIOBAaHHI HA HEBEJMKIH MIToImi KyToBa (hOPCYHKA Ma€ OYEeBHU/IHI TTepeBari /ISl HATIMTIOBAHHS O1/IbINO] TIT0MT. AHATI3YIOTBCST THCK
YIIOPCKYBAHHS TIOPOIIKY, PO3MIpP YacTOK, KOe(MillieHT BUIYUEHH i TTOJT0KEHHsT BHYTPINTHBOrO KaHay, sIKi BIUTHBAIOTh HA TPAEKTOPIIO PyXY
YACTUHOK. Y HOEAHAHHI 3 MK (hakTopaMyl GaraToKaHaJbHe COIUIO ONTUMI30BaHO Ta BAOCKOHAJIEHO /Ul BUPIUIEHHsT TPOOIEMH 3iTKHEHHS
YJACTHHOK 3 BHYTPIIIHBOIO CTiHKOIO comia. Hapemrri, 3a 1omoMoroio 6araToKaHaJIbHOTO COTJIA TOMEPETHBO TOCTIKYIOTHCS TEXHOTOTIUHI
napaMeTpu MOPOLIKIB aJIOMiHiI0, TUTAHY, MiJii, HiKeJIl0, MarHilo i HUHKY. Pe3ybraTit I0Ka3yIoTh, 1110 baraTokaHaJbHe COILIO BiJIIIOBiziae BU-
MOTaM JI0 KPUTUYHOI MIBUIKOCTI HATIMJIIOBAHHS TIOPOIIKY MiJli, MAarHiio i IMHKY IIPH TOMOT€HHOMY (TTOPOIIOK i MATPHUIIS 3 OTHOTO MaTepiamy)
i HAITWJIIOBAHHS aJIOMIHIEBOTO TIOPOIIKY B pas3i HeoAHOPiAHOro (MOPOIIOK i MaTpHild pisHi). Matepianun), GararokaHajibHa (GOpPCyHKa Mae
TIEPCIIEKTUBY HA/IIHOTO 1HKEHEPHOTO 3aCTOCYBAHHS 1 CJIY’KUTh KOHKPETHHUM /IOBI/IKOBUM MaTepiaJoM /IS Bi/IIOBITHIX TeXHIYHNX (DaxiBIiB.

Ki040Bi c10Ba: TEXHOJIOTISI XOJIOHOTO HATIMTIOBAHHSI, 6araTOKaHAIBHE COTIIIO, TPAEKTOPISI YACTHHOK, 3ITKHEHHS YaCTHHOK, KPUTHYHA
LIBU/IKICTD.
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PO3POBKA KOHIIENIIIi IHTETPOBAHOTO ITPOEKTYBAHHS I MOJETIOBAHHA JIITAKIB (c. 15-23)

O. I.. IpeGenikos, A. M. Tymennuii, O. 3. [Iseiipin, O. O. Co6oes, JI. 10. ByiiBanx

[IpoBe/ienuii aHasi3 METOIIB MPOEKTYBAHHS JITAKIB MMOKa3aB, 110 JIsi CTBOPEHHST KOHKYPEHTOCITPOMOKHUX JIITaKiB HEOOXIHO PO3poOUTH
HAYKOBO OOTPYHTOBAHY KOHIIEIII10 iHTErPOBAHOTO POEKTYBAHH JITaKiB 3a mornomoroio koM orepanx cucrem CAD/CAM/CAE/PLM.

Po3pobuiero ysarasbHeHy KOHIEHIHIO IHTErPOBAHOTO TIPOEKTYBAHHS 1 TPUBUMIPHOTO KOMIT TOTEPHOTO MOJIETIOBAHHST JITAKIB 32 JI0TIOMOTOIO CHC-
tem CAD/CAM/CAE/PLM. Ha ocHOBI 3a1ipolIOHOBaHOI KOHIIEIILii Gy po3pobIieHi MPUHIUIIN iHTerpOBaHOTO TIPOEKTYBaHH JiTakiB. Onucano
0COGIMBOCTI TIPOEKTYBAHHS HABYATHLHO-TPEHYBAJIBHUX | HABYAIBHO-O0IOBUX JITAKIB, JITAKIB TPAHCTIOPTHOI KATETOPii, JIETKNX IIMBLIbHIX JITAKIB.

Brockonaneno MeTos BU3HAUeHHS 3JITHOI Bard, IIPOEKTHUX TTapaMeTpiB Ta (hOpMyBaHHS 3aralbHOTO BUIJISLY JiTakiB. MeTos mpusHave-
HUil /Uit GOpMyBaHHS BUIJIS/LY JliTaKa HA eTarax MolepeiHbOro IPOEKTYBAHHS, META SIKOTO 3BO/INTHCS /10 BU3HAUCHHS JIOIYCTUMOTO BapiaHTa
npoexty Jitaka. [IpOEKT MOBUHEH 3a/I0BOJIBHATH 3aIaHUM BUMOTaM i 0OMEKEHHSIM TPy BUOPaHiil cxemi Jlitaka i 3aaHoMy HaboOpi apameTpis,
1110 XapaKTepU3yIoThb HOTO0 IJIAHEP i CHJIOBY YCTAHOBKY.

BrockonasieHo MeToj1 TapaMeTPUYHOTO MO/IETIOBAHHS JIITAaKiB, SKMI MiCTUTh eTary CTBOPEHHS MaiicTep-reoMeTpii JriTaka i Mojiesii po3mo-
niry ipoctopy. CTBOpPEHO apaMeTpuyHi Mojiesi MaiicTep-reoMeTpii i MOJIeTi PO3IIOILLY IPOCTOPY, HABYAABHO-TPEHYBAIbHIUX 1 HABYAIHHO-00-
OBUX JITAKiB, JIiTaKiB TPAHCHIOPTHOI KaTeropii, Ierkux MUBIIbHUX JITaKiB.

P03p06J1erio Ta TEOPETHYHO OOTPYHTOBAHO METOAH IHTETPOBAHOTO MPOEKTYBAHIS OCHOBHIX arperatis Jitaki. CTBOpeHi mapaMeTpIdHi
MoJiesIi MaiicTep-TeoMeTpil KprJla HaBYaIbHO-TPEHYBAJILHOTIO JIiTaKa, KPUJIa, ONIePeHHs Ta (DI03EJISIKY JIETKOTO IIUBILIBHOTO JIITaKa 3 ypaxyBaH-
HSIM 0COGJIMBOCT] KOHCTPYKILT arperaris JiTakiB pi3HUX KaTeropiii.

KimouoBi ciioBa: iHTerpoBaHe POEKTYBAHHS JIITAKIB, MallCTeP-TEOMETPIst, KOHIIETII[isl, TPUBUMIPHE TapaMeTPIYHE MOJIEJIOBAHHSI, 3JTiTHA MaCa.
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TEIJIOBU BIJIMB MOKEKI HA CTAJIEBY BAJIKY 3 TO®POBAHOIO CTIHKOIO 13 BOTHE3AXUCHUM
MIHEPAJIOBATHUM OBJIMITIOBAHHAM (c. 24-32)

B. C. Hexopa, C. O. Ciagueii, T. M. Illnans, O. B. Hekopa, JI. 1. JIaBpineuko, C. B. ITo3neen

VY mpezcraBieniit po6oTi TPOBEAEHO MOCTIIKEHHST MOKINBOCTI 3aCTOCOBYBAHHS CITPOIIEHOTO M/IXO/Y, PEKOMEHIOBAHOTO CTAHIaPTaMU
JUIST 3BUYAITHIX CTaeBUX OAJIOK, /7Sl BU3HAUECHHS TEMIIEPATyPU HATPiBaHHS B YMOBaX TOKEKI y TIPUKJIAIEHH] 10 CTaeBUX GaloK JBOTaB-
PoBOTO TIepepisy i3 rodpoBanoio crinkoio. [TpoBeeH s TAKUX TOCTIZKEHb 3yMOBJIeHe 00MEKEHICTIO METO/IIB, 110 JI03BOJISIOTh BU3HAYATH
TeMIepaTypy HarpiBy JaHOTO THITY GAJOK B YMOBAX MOKEKI 3 BUKOPUCTAHHIM 1HKEHEPHUX METO/IIB 13 HEBEIUKIM 0OCSITOM PO3PAaXyHKIB.

JIJist PO3paxyHKy PO3IJISHYTO TEXHIUHI AaHi cTaleBUX 60K 3 00IUIIOBAHHSIM, IPOAHATI30BAHO OCOOIMBOCTI TEIJIOBOTO BILIMBY MOKEIKI
Ha HIX, PO3PO0JIEHO METOMNKY PO3PAXyHKY, MOOYIOBaHI PO3PaXyHKOBI CXeMH, TIpoBe/eHi obuncaeHnst. OTpUMAHO JaHi PO PO3MOLN TeMIle-
parypu y 1epepizax 6ajiok 3 00JIMIIOBAHHAM Ta 6€3 HbOTO 32 J0IIOMOTOI0 CIPOIIEHOTO METO/LY, PEKOMEHIOBAHOTO CTAHAAPTAMH, | yTOUHEHOTO
METO/Iy Ha OCHOBI METO/ly CKIHUEHNX eJIeMEeHTIB.

Jly1g pO3paxyHKiB CTBOPEHI MareMaTU4Hi MO/, 110 OIUCYIOTh BILIMB CTaHAAPTHOIO TEMIIEPATYPHOIO PEKUMY IOKEKI HA PO3OJLI
TeMIepaTypy y KOKHY XBUJIMHY Y TIepepiszax cTaleBux Oanok 3 oOIUIIoBaHHAM i 6e3 Hboro. Moziesti omucani Ha OCHOBI andepeHIiatbHoro
PIBHSIHHSI TEIIONPOBIAHOCTI, IPAHMYHUX YMOB TPETHOTO POJLY, IO BPAXOBYIOTH KOHBEKTHBHUIT i IPOMEHUCTUI TEIIOOOMIH.



BeraHoBIeno, 1o MiHepasoBaTHe OGJMINOBAHHS GayKi 3 TOGPOBAHOIO CTIHKOI € HAIiifHUM BOTHe3axmcHuM 3acobom. Temmeparypa
HarpiBy Gaaku He gocsrae Kputuuroro suaderns 500 °C 3a 60 xB, 1m0 3abe3neuye Kaac JaHoi OaTKU I CAMUX SKOPCTKUX BUMOT OO i
BOTHECTIKOCTI BiJITOBIZIHO /10 Kiacudikallii 3a YNHHIMI HOPMAMU B YKpaiHi.

CrpotieHuit MeToj1, PEKOMEH/IOBAaHUI YMHHUMHU CTaHapTaMu €Bpocoiody Ta YKpainu, Moxke epeKTHBHO BUKOPUCTOBYBATUCH /LIS aHAII-
3y BOTHECTIHKOCTI laHnX GaioK i € OCHOBOIO METOJMKH TIPOBEACHHSI PO3PAXyHKOBOI OI[IHKHM BOTHECTIIKOCT] []AHNX KOHCTPYKILiii.

Kiouosi ciioBa: crasnesa 6ajka 3 TohpOBaHOO CTIHKOIO, CTAHAAPTHIUIT TEMIIEPATYPHUIT PEKUM, TEMIIEPATYPHI PO3IMOIITIEHHS.
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PO3POBKA HACOCIB 3 IIOKPAIIEHUMU AHTUKABITAIIIIMTHUMHI XAPAKTEPUCTUKAMH (c. 33-40)

O. B. Tarno, M. C. Opuapenko, A. C. Bopo:xxka, M. B. JloGypenko, A. A. Ilanuenko

Y posriisijii mUTaHHS PO CTBOPEHHSI HACOCIB 3 MOKPAIEHUMI aHTHKABITAI[ THIMI XapaKTePUCTUKAMHY [IPE/ICTABJIEH] Pe3yJIbTaTi TOTJIH-
6JIeHOTO aHaIi3y PobJIeMH NepeKadyBaHHsl B'I3KUX PIZIMH [IPU BUCOKii Temmeparypi. Ha npuk/iazi TeXHOMOMYHOTO Mpoliecy BUapiOBaHHs
I[yKPOBOTO CUPOITY HA MJIIBKOBOMY BUIIAPHOMY allapati HOBITHHOTO TUITY OYJI0 BUSIBJIECHO MPOOIeMY BAHUKHEHHSI KaBiTallil 1pu IepekauyBaH-
Hi B'SI3KUX PiZIITH 3 BICOKOIO TEMIEPATYPOIO.

TIpoanasisyBaBuin iCHYOUi MAIIMHE, 110 BUKOPUCTOBYIOTHCS JIUIS 3a3HAYEHUX YMOB POGOTH, OyJIi BUSBJIEH] KPUTUUHI KOHCTPYKTUBHI
i peskuMHI TapamMeTpu, 0 BIUINBAIOTH Ha MOSIBY KaBiTalil. A caMe Ha MOSIBY KaBiTallil BIUIMBAIOT: HABEJEHMUIT TiaMeTp BXOLY B poOOUE KOIECO,
JiaMeTp BXOAY B KOJIECO, YHCIIO JIOMATEl, IMMPUHA JomaTtel i yactota 06epTaHHst POTOpA.

JLJIst TOCITiKEHHS PIBHS BILIMBY 3a3HAYEHHX TapaMeTpiB OyB o6paHuii MeTo hisUuHOTO MOZIEIIOBaHHsT, GYB CIIPOEKTOBAHUI i BUTOTOBJICHMUIT
eKCIIepUMEHTATBHIN cTen . By mpoBesieHi fociKen st pobOTH Hacoca 3 TPEIBKIIOYEHHIM TITHEKOM 1 6e3 mHeka. [IpoanasmizoBano po6oTy
3 JIBOX- 1 TPHJIONATEBIM LIHEKOM, IOCI/IZKEHO POOOTY 3 BIIKPUTHM 1 3aKPUTUM POOOUNM KOJIECOM, 3 OIHO- Ta JIBOPIBHEBOIO JIOTIATEBOIO CUCTEMOIO.

B pesyzsraTi aHamnisy eKkcrepnMeHTATbHIX JAHIX OYI0 060paHO ONTUMAIBHY KOHCTPYKINIO TIPOTOYHOI YACTUHN 3 TPUJIOTMATEBIM IITHEKOM
i HaMiBBIAKPUTIM POGOYMM KOJIECOM 3 JIBOPIBHEBOIO JIOTIATEBOIO CHCTEMOI0. Y CBOIO Yepry Iie J03BOJINIO 3MEHIIUTH CTUCHEHHST IOTOKY Ha
BXO/Ii B K0Jieco 6e3 BTpaTy eHepreTHaHoi eheKTUBHOCTI, KyTH HaXHJIy JIOTIATOK IIHEKa i po604oro koseca Gys10 CHHXPOHI30BAHO.

OTpumanuii 10CBi/l TO3BOJUB CIIPOEKTYBATH i BUTOTOBUTH TIPOMUCIOBHI 3pa30K KOHCOJIBHOTO HAcOCa 3i ITHEKOM i HaMiBBiIKPUTHM
POBGOUUM KOJIECOM, TUM CAMUM JI0O3BOJIMBIIH BUPIIIUTH IPOOJIEMY TIePEKadyBaHHs IyCTOrO CUPOILY Ha IUIiBKOBIN BunapHiii ycranosii Teodi-
MOJIbCHKOTO I[yKPOBOTO 3aBOAy (XMeabHuUIIbKA 00acTh, YKpaina) 3 Kaitaniiinum 3amacom 1,5 M.

Ki0uoBi cioBa: KOHCOJIbHMIT HACOC, BIAIEHTPOBE poOoYe KOJleco, IHEK, KaBiTaliiinuii 3amac, M1iBKOBUIT BUTIapHUIA arapar.
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BU3HAYEHHA IIBUIKOCTI TA IPUCKOPEHHS PEIIETA CEITAPATOPA JINCTOBOI YACTUHU TPAB
B TIOPH30OHTAJIbHOMY TA BEPTUKAJIbBHOMY HAIIPAMKAX (c. 41-50)

Tokhtar Abilzhanuly, Seitkazy Kehsuov, Askar Rzaliev, Omirserik Zhortuylov, Gani Zhumatay, Daniyar Abilzhanov, Darkhan
Karmanov, Bauyrzhan Boranbayev

Bitaminuo-Tpas’siie 60POIIHO € OCHOBHUM KOMIIOHEHTOM KOMOGIKOPMIiB, TIPU3HAYCHUX /ISl BCIX BUIB TBapuH i nraxis. Paminie ta Ha
CBOTO/HINIHIT IeHb IPUTOTYBAHHS BiTaMiHHO-TPAB sSTHOr0 GOPOIIHA 3/ HCHIOETHCsT 3 G0GOBUX TPaB i ClOCOO6OM BHCOKOTEMIIEPATYPHOI CYIIKH.
OpHax icHytoui c11ocoOM MaloTh BEJIHKI eKCIUTyaTalliiiHi BUTPAaTU Ta BUMAraloTh TeXHIUHi 3ac001 BUCOKOT BapTOCTI.

JUJist BHVDKEHHS TIMTOMUX €KCIIyaTaliiiHuX BUTPAT i BAPTOCTI 06JaiHaHHs TIPY BUPOOHKIITBI BiTaMiHHO-TPaB’THOTO OOPOIIIHA 3aIPOTIO-
HOBAHO CIIOCi6, 110 TIOJISITAE B TOMY, 1[0 OCHOBHA CYIIKa TpaBu 10 Bosorocti 30—-35 % 3MiHCHIOETHCS HA TIOKOCI, a I0CYIIIKA TPAaBU — Ha MAJIo-
rabapuTHOMY TOJCTOKHOMY KaHaui 6e3 miairpiBy mositpsam. [lani BucylieHa Maca IONepeHbo MoAPiOHIOEThes. TIpn 1bOMY HiKHA JIMCTOBA
YacTUHA CiHa, MOTPAILISIOUN MikK GIYHUME CTIHKAMM MOJIOTKIB i KOHTPMOJIOTKIB, EPETUPAETHCsT Ta APIOHO MOAPIOHIOETHCS, a cTebra — Ha
BesKi (paxiii. 3 monepenHbo MOAPIGHEHOTO CiHA JIMCTOBA YACTHHA CENAPYEThCS Ta MOAAETHCS B APOOAPKY Uit OTpUMaHHs GopornHa. [pu
IIbOMY OCHOBHOIO MAIITMHOIO, SIKa BU3HaYa€ MPOAYKTUBHICTD JiHil, € cerapaTop JUCTOBOI YaCTHHH TPaB.

B pesysbraTi TEOpEeTUUHUX AOCITi/IKEHb BCTAHOBJIEHO IIBU/IKICTD i IIPUCKOPEHHS IIepeMillleHHs ciHa 110 1oBepXHi pemtera. 11i 3HaueHHs
BH3HAYAIOTh NMPOAYKTHBHICTH CeMaparii JNCTOBOI YAaCTHHM 3 IOTEPeAHbO MOAPIOGHEHOTO CiHa Ta JOCTOBIPHICTH 0OpaHOl KOHCTPYKTHBHO-
TEXHOJIOTIYHOI cxeMu cenaparopa. PesysraTt BUPOOGHIYNX BUNIPOOYBaHb BCTAHOBUJIM JOCTOBIPHICTD | eKOHOMIYHY e)eKTUBHICTD 3alpoOIIo-
HOBaHOTO c110co0y. ITOpiBHAHHS 3aIPONIOHOBAHOTO CIOCOOY OTPUMAHHS BiTaMiHHO-TPAB’sSTHOTO GOPOIIHA ICHYIOYNMI BUCOKOTEMIIEPATYPHI-
MU CIIOCOOaMM OKA3aJ10, 1[0 BMIiCT KapoTHHY B Ooporii B 1,6 pasu OiJbliie, a TaKOK MATOMI eKCITyaTalliiiHi BUTpaTH Ta BapTicTh 00JaHaHHs
B 6—7 pasiB HuxKue.

Kimo4oBi cioBa: BitaMiHHO-TpaB’siie G0POIIHO, BHCOKOTEMIIEPATYPHA CYIITKA TPABH, CEapaTop JMCTS CiHa, IBUAKICTD PEIeTa, TPUCKO-
PEHHs peliera.

DOI: 10.15587/1729-4061.2021.240194
BCTAHOBJIEHHA YMOB YTBOPEHH IIPHCTIHKOBOI'O HIAPY 3B’AI3HOT'O 3EPHUCTOI'O 3ABAHTAYKEHH A
OBEPTOBOI'O BAPABAHA (c. 51-61)

I0. B. Haymenko, K. 0. /leiineka, T. B. Muponesko

OuiHeHo BIVIMB ANHAMIYHUX TTapaMeTPiB PyXy Ha YyTBOPEHHs Ta 3HUKHEHHS Ha IMJIHAPUYHINA MoBepxHi Kamepn 06epToBoro GapabaHa
MIPUCTIHKOBOTO MIAPY 3B’SI3HOI0 3¢PHUCTOTO 3aBAHTAKEHHSI.

Ha ocHoBi pesysbraTiB eKcliepuMeHTaTbHOI Bidyamisalii Tewii BUSBIEHO BIUINB 3B’$I3HOCTI HA MOBEIHKY 3€PHUCTOTO 3aBAHTAKEHHSI.
Bceranosieno rigpoannaMivnmii ehekT KBa3i3piyKeHHsT 3aBAHTAKEHHS i/l II€10 3B’I3HOCTI, SKUI MOJIITAE Y BUHUKHEHHI 34YilTHOT B3a€MOIil
MIXK CyCiZIHIMU IITapaMu Ta 3 TOBEPXHEI0 KaMepH. BusaBieHo nepeTBopens 3¢yBHOI UPKYJIAIINHOI Tedii Ha OJHOPIAHUIT MIITBbHNI KIacTepi-
30BaHNiT TIOTIK 31 CIIOB3aHHSIM Ta TIEPEKOYYBAHHSIM (€3 Bi[HOCHOTO PyXy YaCTHHOK.



Bceranosieno rizpogunamMiuni XapakTepUCTUKHU TIePEXOy IUPKYJISAIINHOI Tedii y pekUM MPUCTIHKOBOTO IAapy, Mijl Yac MPUCKOPEHHS
obeprannst. Takuii mepexiji peasizy€eTbest MUIAXOM TIABHOTO 3POCTAHHS TOBIMHU MIAPY TP IIMPKYJISIIT PEIITH 3aBAHTAKEHHS Y HVDKHIN
YaCTHHI KaMepu.

BeranosiieHo eekT peosioriyHoro ricrepesucy pyxy 3aBaHTasKeHHs 00epTOBOI KaMepH, 3yMOBJICHUI KBa3i3PiPKEHHAM 3B’ I3HOTO 3€PHU-
croro cepestosuia. EdekT mossrae y nepesuuieni meuaKicnoi Mexi 0y yTBOPEHHs IIPUCTIHKOBOTO Mapy, IIPH MPUCKOPEHHi obepTaris, Haj
MEXKEI0 g BHUKHEHHsI [apy, P CIIoBiIbHeHHi oGeprants. [IposiB ricTepesucy mepeBakHO MOCUITIOEThCs 31 301IbIIeHHAM uncia Peifrosbica.
[HTeHCHBHICTD TTOCHIIEHHS TIPOSABY TiCTEPe3NCy 3pOCTAE 3i 3MEHIIeHHSM CTYTeHs 3all0BHeHH: KaMepn. 3Hauenns uncia Opyna amsa mesx oy i
0y 3pocTae 3i 36imbmentaM Re. Beranopsiero, mo mpu BiAHOCHOMY PO3Mipi YacTHHOK AMCTIepCHOro 3aBanTaskents g~ (0,065-1,04)-10 ta
Re=30-500, Fr=1-2,9, na mexi g, Ta Fr=0,5-1,4, 1714 Mesxi 0. Bussaeno nepesuutenns suadenns Fr /s Mesxi 0 Hajl TAKUM 3HAYCHH
st Mexi 0y y 1,6—2,1 pasm.

BeranosiieHi edheKTH 03BOISIOTH OOTPYHTYBATH PAIliOHAIBHI TAPAMETPH MPOLECY MOAPiOHeHHS B GapabGaHHO-BaJIKOBUX MJIMHAX.

Kimouogi cioBa: 6apabanHO-BaJIKOBHIT MJIMH, 3B’sI3HE 3¢PHUCTE 3aBAHTAKEHHS, YTBOPEHHS MPUCTIHKOBOTO MIAPY, PEOJIOTTYHIH ricTepesnc.
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PO3POBKA MEXAHIYHUX I BTOMHUX BJIACTUBOCTEM AA7001 TIICJII KOMBIHOBAHOT'O JIPOBECTPYITHOTO
OYMUIIEHHS 3 ITINBOKOIO KPIOTEHHOIO OBPOBKOIO TA VJIBTPA3BYKOBOI YIAPHOT OBPOBKH 3 ITIMBOKOIO
KPIOTEHHOIO OBPOBKOIO (c. 62-69)

Aseel A. Alhamdany, Ali Y. Khenyab, Qusay K. Mohammed, Hussain J. M. Alalkawi

CrutaBu amoMiHiIO /TaBHO CTAHOBJIATD iHTEpec /IS aePOKOCMIYHOI CITIJIBHOTH 4epe3 iXHIO MUTOMY MIIHICTb, TIPOCTOTY BUTOTOBJIEHHS Ta
HU3BKY BapTicTb. B ocranui pok, 31 MIBUAKUM PO3BUTKOM 030poEHHs, HaZIBUCOKOMIIIHI amoMiniesi crasu 7X XX sie1asti yacriiie BAKOPUCTO-
BYIOTBCSI ¥ BilicbKOBUX 1i/istX. Ximiunnii anamiaz AA7001 npoBoanThest 3a miarpumkn JepkaBHoi KoMIIaHii 3 mpoekTyBarHs, peabimitanii Ta iH-
crekii (SIER) B Ipaky. 3minuenns nosepxui (podecTpyMunia 06podKa) 10MoMarae yroBiJIbHIUTH 3apO/ZKEHHsT TPIMH 1 TPOAOBKUTH TEPMiH
cayx6Ou. 3pasku 11t BUIPoOyBaHb (Ha PO3TATYBaHHS Ta BTOMY ) TTAI0THCA TIporecy apobecTpyMuaHoro ountneHHs (J0) 3 BUKOpUCTaHHIM
KyJIbKOBOI crasi 3 mapamerpamu (Trck=12 Gap, mBuakictb=40 mMm/xB, BizcTarb=150 MM, poamip mocTpimy=2,25 MM, oxomrerts =100 %).
Mauiuna 17 yasTpasBykoBoi ynapaoi 06pooku (YYO) BUKOPUCTOBYEThCS /ISt IOKPAIIEHHST BJACTUBOCTE oBepxHi. Jlst rimbokoi kpio-
rernoi 06pobku (TKO) 3pasku momimain B Kamepy, 1o oxonokye. CtanaapTHHil 3pa3ok uisi BUIPOOYBAaHHST Ha PO3TATYBAHHS TOTYETHCS
y KpyIJIoMy miepepisi 3 posmipamu, BuOpanumu Bianosigno 1o ASTM (A370-11). Ilicis BuBYenHs edekty rimbGOKoi KpioreHHOi 06po6-
ku (TKO), kombinosanoro apobdectpymunnoro sminuenns (KO+/IKO) ta yabrpassykosoro yaapaoro sminennst (¥ YO+IKO) AA7001 6y-
JIV TIPOBEJIEH] PO3TATyBaHHs Ta BToMa 06epToBoro Burnmy 3 R=—1. MakcuMaibHUii BiICOTOK MOKpalieHHst Meski MirtocTi Ha pospus (MMP)
3a paxynok ([IKO), (/IO+TKO) ta (YYO+/IKO) cranosus 6ausbko 3 %, 8,27 % ta 6,25 % sianosiaHo. [TiABUIIEHHS MEKI TIMHHOCTI ve-
pe3 (IKO), (1O+I'KO) ta (YYO+AKO) cknano 9,5 %, 14,6 % ta 13,14 % sianosigxo. [lnactiuanicTs mocmioBHo 3HIKYBatacs Ha 8,57 %,
12,5 % ta 11,42 %. TligBuiieHHs MilIHOCTI BTOME B 6araTonukiaoBoMy peskimi cranosuth 16 % aist (10+TKO) uepes koMbiHOBaHUX eheKTiB,
11e 301IbIIeHHS Ha 8 % MeKi BUTPUBAIOCTI /711 BTOMHUX XapaKTEPUCTHK Yepe3 IHAYKYBaHHS 3aInIIKoBoi Hanpyru crucHennst (3HC).

Kimouosi cioBa: AA7001, rimGoka kpioretnta 06poOKa, yIETpasByKoBa fiis, ApodecTpyMuHHa 06poOKa, PO3TSATYBaIbHI Ta BTOMHI BJACTHBOCTI.
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BHU3HAYEHHS BINIUBY KOE®IIIEHTA 3MEHITEHHA TOBIIUHU, KYTA I KOEDINIEHTA TEPTA HA 3AJTUIITHI
HAITPYTU B ITPOLECI BUTAMXKKHN: AHAJII3 3 TOIIOMOTIO KOMIT'IOTEPHOI'O MOJE/JTIOBAHHSI (c. 70-78)

Akhmad Faizin, I Made Londen Batan, Agus Sigit Pramono, Arif Wahjudi

BuTsryBaHHS — Ile YacTHHA TPYTH TIPOIECiB 0OPOOKU METATIB TUCKOM, MPOTIEC 3MEHITEHHSI TOBIIMHN CTIHKYU BUPOOY Y (HOPMI YKL
30BHIIIHE HABAHTAKEHHS, HEOOXIHE 1151 0OPOOKM METAIB THCKOM, MOKE CIIPUYMHUTH 3A/IUIIKOBY HAIPYTY. SAJIUIIKOBA HAIIPYTa MOXKe OyTH
KOPHCHOIO ab0 IIKIITHBOIO B 3a€KHOCTI Bifl (DYHKIIT MPOAYKTY, BETMYNHN Ta HATPSIMKI 3aTUIIIKOBOI HATIPYTH. 3AJMIITKOBA HATIPYTa MOKe
JUATH SIK JI0aTKOBE HaBAHTAXKEHHS /IO 1IbOTO HAaBaHTaKEHHsL. 3aJIMIIKOBA HAIIPyra MOXKE BILIMBATH HA SKICTh IIPOJYKTY, & caMe: TOYHICTh
PO3MipiB, MIOPCTKICTh MTOBEPXHI Ta MeXaHiuHi BiacTHBOCT. Ha MBHU/KICTH Mpoliecy BUTATYBAHHS CUJIBHO BIVTMBAIOTH MEXaHIYHI BJACTHBOCTI
Marepiajry Yaiiki, KoedbillieHT 3MeHIIIeHHsI TOBIIHI Ta KOHCTPYKILis IPecoBoro incTpymenTy. [Ipoitec BUTATYBaHHSI Ma€ 0OOMeKeHe 3HAUEHHS
KoeinieHTa 3MEHIIeHHS TOBIIMHH, TIEPEBUIIIEHHST SIKOTO TIPU3BONTS JI0 HOMIKO/PKEHHS IPOAYKTY. ByJio 1mpoBesieHo pisHi mocipkeH s mpa-
CYBAHHS /IS OTPUMAHHS ONTUMAJILHOTO TIPoIiecy. Y IbOMY JIOCTi/PKeHHI aHasli3 HallpyTy IPOBOUBCS 3 BUKOPUCTAHHSM IIPOrPAaMHOTO MOJIe-
moBanHss ANSY'S /151 BUSHaY€HHS 3a/IMIIKOBOI HAIIPYTH, 110 BUHUKAE B IIPOIECi BUTSIKKN. AHaJIi3 IPOBOMBCA HMIJIIXOM 3MiHM KoedilieHTa
aMentnends Topmman Big 20 % 10 30 %, kyTa MaTpuii Bix 25° 10 30° Ta koedinienTta Teprs Bia 0,05 1o 0,15. Kpim Toro, 06pobka Ta anasri3a
JIAHUX TIPO HAMIPYTH BUKOHYIOTHCS JIJIst OTPUMAHHSI HAUGIIBIIT IOMIHYIOUNX 3MiHHHUX, 110 BILIMBAIOTH HA 3AJIUIITKOBY HATIPYTY, i 3HAYEHHS 3MiH-
HOI, sIKe Jla€ HallMeHIITy 3aJIMIIKOBY HAPYTY. AHAJI3 HAIIPYT MPOBOANBCS Ha amoMminieBux crakanax AA1100 i3 3oBHinHIM giamerpom 37 MM,
BHUCOTOIO 2() MM Ta TOBIIIHOIO CTiHOK 2 MM. Pe3ysraTil ToKa3yIioTh, 10 KoedilienT 3MeHTIeH s TOBITIHY i KoeMiIienT TepTs € TOMiHyI0UnMN
3MIHHMMH, 1110 BIIMBAIOTh HA 3aJUIIKOBY HAIIPYTY, B TOI Yac sIK KyT MaTpUIli BIIMBa€E He icroTHO. HalimenIa 3ayiuniikosa Halpyra BUHUKAE
ripu koedirienti amennrenns Tosmuun 30 % ta koediuienti reprs 0,15.

KmoyoBi cioBa: koedillieHT 3MEHIIIeHHS TOBIIMHY, KYT MaTPUIli, KoeillieHT TepTs, 3aJINIIKOBA HAIIPYTa.



