DOL: 10.15587/1729-4061.2021.238634

COMPARING FEATURES IN METALLURGICAL
INTERACTION WHEN APPLYING DIFFERENT
TECHNIQUES OF ARC AND PLASMA SURFACING OF
STEEL WIRE ON TITANIUM (p. 6-17)

Volodymyr Korzhyk

E. O. Paton Electric Welding Institute of the National Academy
of Sciences of Ukraine, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0001-9106-8593

Vladyslav Khaskin

Guangdong Welding Institute (E. O. Paton Chinese-Ukrainian
Institute of Welding), Tian He, Guangzhou, China

ORCID: https://orcid.org/0000-0003-3072-6761

Andrii Grynyuk

E. O. Paton Electric Welding Institute of the National Academy
of Sciences of Ukraine, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0002-6088-7980

Oleg Ganushchak

Guangdong Welding Institute (E. O. Paton Chinese-Ukrainian
Institute of Welding), Tian He, Guangzhou, China

ORCID: https://orcid.org/0000-0003-4392-6682

Sviatoslav Peleshenko

National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0001-6828-2110

Oksana Konoreva

E. O. Paton Electric Welding Institute of the National Academy
of Sciences of Ukraine, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0002-1597-6968

Oleksii Demianov

E. O. Paton Electric Welding Institute of the National Academy
of Sciences of Ukraine, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0001-7184-3839

Volodymyr Shcheretskiy

Physico-Technological Institute of Metals and Alloys

of the National Academy of Science of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-8561-4444

Nataliia Fialko

Institute of Engineering Thermophysics of the National Academy
of Sciences of Ukraine, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0003-0116-7673

This paper reports a study into the regularities of interphase
interaction, features in the formation of intermetallic phases (IMPs),
and defects when surfacing steel on titanium in four ways: P-MAG,
CMT, plasma surfacing by an indirect arc with conductive wire,
and PAW. A general tendency has been established in the IMP oc-
currence when surfacing steel on titanium by all the considered
methods. It was determined that the plasma surfacing technique in-
volving an indirect arc with conductive wire is less critical as regards
the IMP formation. That makes it possible to obtain an intermetallic
layer of the minimum thickness (25...54 pm) in combination with the
best quality in the formation of surfaced metal beads. Further mini-
mization of the size of this layer is complicated by a critical decrease
in the heat input into the metal, which gives rise to the capability of
the surfaced metal to be collected in separate droplets. The formation

of TiFey, TiFe, and the a-Fe phase enriched with titanium in differ-
ent percentage compositions has been observed in the transition zone
of steel surfacing on titanium under different techniques and modes
of surfacing. The study has shown the possibility of formation, in ad-
dition to the phases of TiFe, and TiFe, the TisFe phase at low heat
input. The technique of plasma surfacing by an indirect arc with con-
ductive wire minimizes the thermal effect on the base metal. When it
is used at the border of the transition of the layer of steel surfaced on
titanium, the phase composition and structure of the layers in some
cases approach the composition and structure of the transition zone
of the original bimetallic sheet “titanium-steel” manufactured by
rolling. A layer up to 5 um thick is formed from the B phase with an
iron concentration of 44.65 % by weight and an intermetallic layer
up to 0.2...0.4 pm thick, close in composition to the TiFe phase. The
next step in minimizing the IMP formation might involve the intro-
duction of a barrier layer between titanium and steel.

Keywords: steel, titanium, intermetallic phases, formation of
beads, fusion zone.
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This paper wants to know the effect of bending radius on the
distribution of hardness, grain distribution and microstructure on
the surface area of tensile stress and compressive stress after bend-
ing, quenching and tempering. Material testing helps determine and
analyze material quality. The research was conducted on the bending
of Hot Rolled Plate Steel material with a radius of 50 mm, 55 mm,
60 mm, 65 mm and 70 mm with a measurement distance of 1 mm,
2 mm and 3 mm, the highest value was obtained at a radius of 55 mm
with a measurement distance of 1 mm. After getting the quench-
temper treatment with a holding time of 30 minutes, the value of
498 HV was obtained at a radius of 70 mm with a measurement dis-
tance of 2 mm. Hardness test was performed using the austenite tem-
perature of 900 °C, microstructure test results obtained finer grains in
the compression area 7=2.173 pm and in the tensile area 7=2.34 um.
This observation aims to determine the microstructure of the material
undergoing a heat treatment process at a temperature of 900 °C with
a holding time of 30 minutes using water cooling media. The results of
the observation of the microstructure of the test specimens before the
quench-temper process showed that the structure of ferrite was more
abundant than perlite, but after the quench-tempering process the

results showed that there was more perlite than ferrite due to the pres-
ence of austenite. The treatment on the transformation of the Ar3 line
causes the hardness to change the shape of the martensite microstruc-
ture into steel while the thickness of the carburizing layer increases
with the increase in the carbonization temperature on the surface of
the quenched specimen, resulting in the formation of martensite and
residual austenite causing the coating to become hard.

Keywords: martensite, ferrite, pearlite, bending, quenching,
tempering, microstructure.
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Austenitic stainless steel is the most commonly used material in
the production of orthopedic prostheses. In this study, AIST 430 SS
(0.12 wt. % C; 1 wt. % Si; 1 wt. % Mn; 18 wt. % Cr; 0.04 wt. % P and
0.03 wt. % S) will be modified by creating austenite and removing
its ferromagnetic properties via the high-temperature gas nitriding
process. Cold rolling with various percentage reduction (30, 50, and
70 %) was followed by gas nitriding at a temperature of 1200 °C with

holding times of 5, 7, and 9 hours, then quenching in water was carried
out on as-annealed AIST 430 SS. The formation of the austenite phase
was examined by XRD (x-ray diffraction). The microstructure and
element dispersion were observed using SEM-EDS (scanning electron
microscope-energy dispersive spectrometry), whereas the mechanical
properties after gas nitriding and water quenching were determined by
Vickers microhardness testing. At all stages of the gas nitriding pro-
cess, the FCC iron indicated the austenite phase was visible on the al-
loy’s surface, although the ferrite phase is still present. The intensity of
austenite formation is produced by cold rolling 70 % reduction with a
5-hour gas nitriding time. Furthermore, the nitrogen layer was formed
with a maximum thickness layer of approximately 3.14 um after a 50 %
reduction in cold rolling and 9 hours of gas nitriding process followed
by water quenching. The hardness reached 600 HVN in this condition.
This is due to the distribution of carbon that is concentrated on the
surface. As the percent reduction in the cold rolling process increases,
the strength of AISI 430 SS after gas nitriding can increase, causing
an increase in the number of dislocations. The highest tensile strength
and hardness of AISI 430 SS of 669 MPa and 271.83 HVN were ob-
tained with a reduction of 70 %.

Keywords: AIST 430 SS, austenite, high-temperature gas nitrid-
ing, cold rolling, nitrogen layer.
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This paper reports a study into the peculiarities of the structur-
al-phase composition of the alloy obtained by using anthropogenic
waste from the production of high-alloy steels involving reduction
melting. That is necessary for determining the technological param-
eters that could help decrease the loss of alloying elements in the
process of obtaining and using a doped alloy. This study has shown
that at an O:C ratio in the charge of 1.84, the alloy consisted mainly
of the solid solution of carbon and alloying elements in a-Fe. The
manifestation of FesC C carbide with alloying elements as substi-
tution atoms was of relatively weak intensity. At the O:C ratios in
the charge of 1.42 and 1.17, there was an increase in the intensity



of the Fe3C carbide manifestation. At the same time, the emergence
of the carbide compounds W,C-Mo,C and WC was identified.
Several phases with different content of alloying elements were
present in the microstructure images. Cr content in the examined
areas changed in the range of 0.64-33.86 % by weight; W content
reached 41.58 % by weight; Mo —19.53 % by weight; V — 18.55 % by
weight; Co — 3.95 % by weight. The carbon content was in the range
of 0.28-2.43 % by weight. Analysis of the study results reveals that
the most favorable ratio of O:C in the charge was 1.42. At the same
time, the phase composition was dominated by a solid solution of
the alloying elements and carbon in a-Fe. The share of the residual
carbon concentrated in the carbide component was in the range of
0.52-2.11 % by weight, thereby ensuring the required reduction
capability of the alloy when used. The study reported here has made
it possible to identify new technological aspects of obtaining an alloy
by utilizing anthropogenic waste, and whose indicators provide for
the possibility of replacing part of standard ferroalloys when smelt-
ing steels without strict restrictions on carbon content.

Keywords: oxide anthropogenic waste, alloy steel scale, reduc-
tion melting, X-ray phase studies.
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Electrodialysis, especially reverse, is a promising method of
water desalination, concentration of solutions, extraction of valuable
components from waste and rinse water, and power generation. The
main problem is the search for low-cost universal anode-cathode
materials. The work aims to determine the possibility of using the
VNZh90 superalloy (5 % Ni, 5 % Fe, 90 % W) and the electroplated
Ni-W alloy as a universal cathode-anode material for reverse elec-
trodialysis. The crystal structure of the Ni-W alloy was studied by
X-ray diffraction analysis; the morphology was studied by scanning
electron microscopy. The anodic behavior of both alloys was studied
by voltammetry in 6 % HCl in a saturated NaCl solution.

The high passivity of the VNZh90 superalloy was revealed. On
the repeated anodic curve, the current density of the passivation
plateau decreased 2.8 times and was 37 mA/dm? This indicates
that the use of the VNZh90 superalloy is promising as a universal
cathode-anode material of a reverse electrodialyzer.

The phenomenon of significant passivation for the Ni-W alloy was
also revealed. The primary curve of the alloy showed two dissolution
peaks and a well-defined passivation plateau. Probably, the first peak
corresponded to a more active phase with a low W content. This was
confirmed by the absence of the first peak on the repeated anodic
curve and the identity of the passivation plateaus of the primary and
repeated curves. The passivation current density was 209 mA/dm?.
These data also indicate the possibility and prospects of using the
electroplated Ni-W alloy as a universal cathode-anode material of a
reverse electrodialyzer after optimizing the composition and deposi-
tion method of the alloy, as well as reducing the wear rate.

Keywords: reverse electrodialysis, universal electrode, superal-
loy, passivation, anodic behavior, tungsten, nickel.
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Aluminum is expected to remain the core material for many criti-
cal applications such as aircraft and automobiles. This is due to the
high resistance to different environmental conditions, desired and
manageable mechanical properties, as well as high fatigue resistance.
Aluminum nanocomposites such as AA6061/Al,O3 can be made in
many ways using a liquid metallurgy method. The main challenges
for this method in the production of nanocomposites are the dif-
ficulties of achieving a uniform distribution of reinforcing materials
and possible chemical reactions between the reinforcing material

and the matrix. For structural applications exclusive to aerospace
sectors. The growing cost-effective nanocomposites mass production
technology with essential operational and geometric flexibility is a
big challenge all the time. Each method of preparing AA6061/Al,O3
nanocomposites can provide different mechanical properties. In the
present study, nine nanocomposites were prepared at three stirring
temperatures (800, 850, and 900 °C) with the level of Al,O3 addition
of 0, 5,7,and 9 wt %. The results of tensile, hardness and fatigue tests
revealed that the composite including 9 wt % AlyO3 with 850 °C stir-
ring temperatures has the best properties. It was also revealed that
the 850 °C stirring temperature (ST) with 9 wt % Al,O3 composite
provide an increase in tensile strength, VHN and reduction in duc-
tility by 20 %, 16 % and 36.8 % respectively, compared to zero-nano.
Also, the fatigue life at the 90 MPa stress level increased by 17.4 %
in comparison with 9 wt % nanocomposite at 800 °C (ST). Uniform
distributions were observed for all nine microstructure compositions.

Keywords: 6061 aluminum alloy, Al,O3 nanoparticles, nanocom-
posites, stirring temperatures, stir casting method, mechanical and
fatigue properties.
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Polymer nanocomposites are widely used in various high-tech
industries. Due to the combination of the elasticity of the matrix
and the strength of the inorganic filler, they have improved func-
tional characteristics compared to unfilled polymers. The article
is devoted to determining the effect of carbon nanotubes (CNT)
on the microstructure and properties of polymeric nanocomposite
materials for 3D printing based on polycarbonate. As a result of
this work, a series of composite materials was manufactured using
a piston extruder. Their microstructure and functional charac-
teristics were investigated using methods of optical microscopy,
thermophysical, electrical and mechanical analysis. It was found
that CNTs form clusters in the polymer matrix, which form a
percolation network at a content of 0.5-0.8 %. This feature of the
structure formation of CNTs provided an abrupt increase in the
functional characteristics of the materials obtained. It is shown
that with an increase in the filler content in the system to 3 %,
the thermal conductivity rapidly increases to 1.22 W/(m-K). A
similar effect is observed for the electrical conductivity, which
increases by seven orders of magnitude from 10712 to 10 S/cm at
3% CNT content in the system, exhibiting percolation behavior.
With the introduction of CNTs, the crystallinity degree of the
polymer matrix decreases by almost 15 %, due to the fact that
the developed surface of the nanotubes creates steric hindrances
for polycarbonate macromolecules. This effect almost negates the
reinforcing effect of nanotubes; therefore, the mechanical tensile
strength with the introduction of 3 % CNTs increases by only 21 %
compared to the unfilled matrix. In terms of their functional char-
acteristics, the obtained materials are promising for the creation of
filaments for 3D printing on their basis.

Keywords: polymer nanocomposites, carbon nanotubes, thermal
conductivity, electrical conductivity, tensile strength, polycarbonate.
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This paper reports a comprehensive laboratory study into the
thermophysical, physical-mechanical characteristics, and tribological
properties of the designed composite materials based on polytetrafluo-
roethylene. In the structures of machines and mechanisms, a signifi-
cant role belongs to the tribological conjugations made from polymeric
and polymer-composite materials. The reliability of machines, in gen-
eral, depends to a large extent on the reliability of movable connec-
tions. Composite materials of nonmetallic origin have a low cost, they
are resistant to most aggressive chemicals and are capable of operating
under conditions without lubrication. It was established that the char-
acteristics and properties of materials must be adapted to the working
conditions of separately considered tribological conjugations.



The mechanisms of thermal destruction have been established,
both in the basic material and the carbon fiber based on it. It was
found that carbon fiber, regardless of its content (quantity) in the
polymer-composite material based on polytetrafluoroethylene, is
mainly oriented perpendicular to the force application plane. It was
found that with an increase in the carbon fiber content from 10 to
40 % by weight, the heat capacity decreases by 16-39 % compared
to the main material. The optimal operating modes for the designed
composite materials have been substantiated on the basis of a pv
factor: under a dry friction mode — up to 4 MPa-m/s; at friction
with lubrication — up to 36.4 MPa-m/s. The dependence has been
established of the friction coefficient on the operating modes of a
composite material based on polytetrafluoroethylene containing
20 % by weight of carbon fiber when lubricated with oil and water.

The results reported here make it possible to synthesize the
physical-mechanical characteristics and tribological properties of
composite materials in accordance with the required modes of tribo-
logical conjugation.

Keywords: polytetrafluoroethylene, polymer-composite mate-
rial, carbon fiber, tribological conjugation, physical-mechanical
characteristics, tribological properties.
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IMOPIBHAIHHS OCOBJUBOCTEI METAJIYPITITHOI B3AEMO/III ITPH 3ACTOCYBAHHI PI3BHUX
CIIOCOBIB JIYTOBOTIO I INTA3BMOBOTI'O HAILJIABJIEHHS CTAJIEBOTO JIPOTY HA TUTAH (c. 6-17)

B. M. Kopxuk, B. I0. Xackin, A. A. I'puniok, O. B. l'anymak, C. I. Ileaemenko, O. B. Konopesa, O. I. [lem’siHoB, B. O. Illlepeupkuii,
H. M. ®dianko

JlocaipKyBauest 3akoHOMIpHOCTI Misk(asHoT B3aeMoii, 0ocobamBocCTi yrBOpeHHs inTepmeranignnx Gas (IM®D) i gedexTis npu Harnmas-
JieHH] crasi Ha TuTaH yotupMma criocobamu: P-MAG, CMT, nia3MoBe HAIUIABJIECHHS HENIPSMOIO AYTOl0 31 CTPYMONPOBIAHIM APOTOM i PAW.
Beranosieno saranbHy Tenzeniiio mossu IM@ npu HariaBieHHi ctaji Ha THTaH yciMa po3IJIsTHYTHUMU MeTogaMu. BusHauero, 1o croci6
J1A3MOBOTO HAIJIABJIEHHS HEIIPSIMOIO JIYTOI0 3i CTPYMOIIPOBIHUM IPOTOM HaiiMeHIT KpuTuanuii 10 yrsopernst IM®. Bin nosBossie otpu-
MyBaTH IHTEPMETATIAHUN IPONIAPOK MiHIMATBHOI TOBIMHN (25...54 MKM) B MOEAHAHHI 3 HAIKPAIIOIO SIKICTIO (DOPMYBAHHS BAJINKIB HAITAB-
sieroro Metany. Ilozanbia MiHiMi3aliss po3Mipy I[bOTO TIPOMIAPKY YCKJIA[HIOETHCS KPUTHYHUM 3HIDKEHHAM TEIUIOBKJIAJIAHHS B MeTall, sIKe
NPHU3BOAUTD 10 3ATHOCTI METAJLY, 0 HAILIABJISAIOTH, 30MPATHCS B OKPeMi Kparuii. Y mepexifiHiil 30Hi HAIaBKu cTaji Ha THTaH 3adiKcOBaHO
yrBopennsi IM® TiFey, TiFe i hasu a-Fe, 36arauenoi Tutanom B PisHOMY NPOIEHTHOMY CKJIA/I /IS PI3HUX CIIOCOGIB 1 PEKUMIB HaTlJIaBJIeH-
Hs1. JIOCIiUKeHHsT TOKa3a/Ii MOKJIMBICTh yTBOpeHHs okpiM das TiFey i TiFe dasu TiyFe npu manomy Temokiaaganti. Croci6 miazmoBoro
HaIJIaBJIEHHS HEMPSIMOIO JYTOIO0 31 CTPYMOIPOBIZIHNAM JIPOTOM /I03BOJISIE MiHIMi3yBaTH TENJIOBUI BIUINB Ha ocHOBHUI MeTas. [Ipwu ftoro 3acto-
CyBaHHI Ha MeKi [IePeXOjly HAILIABJIEHOr0 CTAJIEBOTO MIAPy Ha THTAH (HasoBuUil CKJIa/ i CTPYKTYpA IIapiB B OKPEMUX BHUIIAIKAX HAOIIKAIOTHCS
IO CKJIaJly Ta CTPYKTYPH MEePEXiHOI 30HM BUXIHOTO GIMETaIYHOTO JIMCTA «TUTAH-CTalb» OTPUMAHOTO TPOKATKOK. YTBOPIOETHCS MPOITAPOK
TOBIIMHOIO /10 5 MKM 3 B-dasu 3 KoHI[eHTpaIi€io 3ami3sa 44.65 % Mac. Ta iHTepMeTa T AHII TPOTTapok ToBMKHOIO 10 0.2...0.4 MKM, 6IM3bKIiI
3a ckiagoM 10 dasu TiFe. Hactynuum eranom Minimizaiii yrsoperts IM® moske GyTu BBeIeHHS 6ap’€PHOTO MIAPY MizK TUTAHOM i CTAJLIIO.

KiouoBi ciioBa: GimMeTas «crajb-TUTaH», iHTepMeTanigni ¢hasu, GopMyBaHHsT BAIMKIB, 30HA CIIJIABJICHHSI.
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AHAJII3 BIVIMBY OBPOBKHU T'APAYEKATAHOI JINCTOBOI CTAJII METOZJOM T'APTYBAHHA 1
TAPTYBAHH 3 BIAIIYCKOM HA HIABUINEHHA TBEP/JIOCTI I1O BIKKEPCY (c. 18-24)

Achmad Taufik, Pratikto, Agus Suprapto, Achmad As’ad Sonief

Y crarTi BUSHAYAETHCS BIUIUB Pajiiyca BUTMHY Ha PO3IOJLJI TBEPJOCTI, PAHYJIOMETPUYHUI CKJIA/L i MIKDOCTPYKTYPY Ha IO OBEPXHi
PO3TATYBAJILHOTO HAIPYJKEHHS 1 HAIIPYTY CTUCHEHHS ITicJIs BUTHHY 1 TapTyBaHHS 3 BIIyCKOM. TecTyBaHHS MaTepiajy 0IOMara€ BUSHAUUTH
i poaHasidyBaTH HOro sIKicTh. [IpOBOIIIOCS OCTIIZKEHHST BUTHHY MaTepiajy rapsideKaTtaHol JUCTOBOI ctami pagiycoM 50 MM, 55 MM, 60 MM,
65 MM 1 70 MM 3 BiicTaHHIO BUMipoBaHHS 1 MM, 2 MM i 3 MM, HaiiGisbiie 3HaYeHHsT GYJI0 OTPUMAHO TIPU pajiyci 55 MM 3 BiICTAHHIO BUMIPIO-
BanHst 1 Mm. TTicsist 06pOOKHU rapTyBaHHSIM 3 BiIyCKOM 3 acoM BUTprMKHN 30 xBuJiH OyJio orpuMano 3nadents 498 HV npu pasiyci 70 mm 3
BificTaHHIO BUMipIOBaHHs 2 MM BumpobyBanHs Ha TBepAiCTb TPOBOAWIN PU TeMiiepaTypi aycrenity 900 °C, 3a pesysbrataMu BUIPOOYBaHb
MIKpPOCTPYKTYpu Oysin oTpuMani Gibin 1piGHi 3epHa B 06macTi cTucHeHHs 7=2,173 MKM i B 06/1acti postsaryBanHs 7=2,34 MKM. MeTor 1aHOTO
CIIOCTEPEKEHHS € BUBHAYEHHST MIKPOCTPYKTYPH MaTepiasy, 1o MiIaeThes mpoliecy TepMiunoi 06podku mpu temieparypi 900 °C 3 yacom
BuTpuMKu 30 XBUJIMH 3 BUKOPUCTAHHSIM BOJAM B SIKOCTI OXOJIOJUKYIOUOTO cepe/ioBHIla. Pe3ysIbTaT CHOCTEPEKEHHS 32 MiKPOCTPYKTYPOIO
BUNPOOOBYBAHNX 3Pa3KiB 10 TIPOIECY TapTyBaHHsI 3 BiAMYCKOM MTOKa3ajH, MO CTPYKTypa deputy Oyra GiTbIT ZOMIHYI0OU0I0, HiXK TIEPIIT, ate
IicJIs TIpottecy rapTyBaHHA 3 BIIMYCKOM Pe3yJIbTaTy MoKasaJiu, o nepJity 6yso Oijblie, Hisk (heputy, yepes IprcyTHicTb ayctenity. O6pobKka
110 TIEPETBOPEHHIO JIiHiT Ar3 IPU3BOIUTH /10 TOTO, 1[0 TBEP/ICTh 3MiHIOE (HOPMY MIKPOCTPYKTYPU MAPTEHCUTY B CTAJb, B TOI 4ac sIK TOBIIMHA
HaBYTJIENBOBYIOUOTO TTapy 301TbIMY€EThCS 31 301TbITEHHSIM TeMITEPATYPH KapOOHi3allii Ha MOBEPXHi 3arapTOBAHOTO 3pa3Ka, 10 TIPU3BOIUTH /10
YTBOPEHHSI MAPTEHCUTY i 3aIMIIKOBOTO ayCTEHITY, 110 BUKJIMKAE 3aTBEP/LiHHS IOKPUTTSL.

KmouoBi cioBa: MapTeHncut, (peput, mepJiiT, BUTHH, TapTYBaHHs, Bi/IITyCK, MiKPOCTPYKTYPA.
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BII/INB XOJIOAHOI ITIPOKATKH I BUCOKOTEMIIEPATYPHOTO TA3OBOI'O ASOTYBAHHSA HA
YTBOPEHHS AYCTEHITHOI ®A3U B HEIPJKABIIOUIN CTAJII AISI 430 (c. 25-32)

Ika Kartika, Kevin Kurnia, Galih Senopati, Joko Triwardono, Bambang Hermanto, Made Subekti Dwijaya, Fendy Rokhmanto,
Alfirano

AycTeHiTHa HeipsKaBiloya CTajb € HalOLIbII YacTO BAKOPUCTOBYBAHUM MaTepiaioM ITPU BUPOOHUIITBI OPTOIIEIMYHUX TIPOTE3iB. Y JaHOMY
Jocaipkenni Heipxkasitoua cranb AIST 430 (0,12 mac. % C; 1 mac. % Si; 1 mac. % Mn; 18 mac. % Cr; 0,04 mac. % P i 0,03 mac. % S) 6yae mo-
nudikoBaHa MIISIXOM CTBOPEHHS AyCTEHITY 1 YCYHEeHHS Horo (hepoMarHiTHUX BIACTUBOCTEN 3a I0ITOMOTOIO TIPOIECY BUCOKOTEMIIEPATYPHOTO
ra3oBOTO a30TyBaHHs. X0JIOIHA TPOKATKA 3 PisHuM BificoTkoM 06Trcky (30, 50 i 70 %) cympoBoIKyBamacs ra30BUM a30TyBaHHSIM MPH TEMITE-
parypi 1200 °C 3 yacom BUTpUMKH 5, 7 i 9 roinH, HOTIM IPOBOANIOCS rapTyBaHHs y BOJI Ha Binaseniii Hepixasitouiil crani AIST 430. YrBo-
PEHHS ayCTeHITHOI (asu AOCiKYBaJIN METOJIOM PEHTTEHOCTPYKTYPHOTO anasidy. MiKpoCTpyKTYpY i IMCIIEPCiio eJIeMEHTIB CIIOCTEPIrain 3a
nonomoroio CEM-EPC (ckanyiounii eJIeKTpPOHHII MiKPOCKOI-eHEeProAUCIepCiiiHa CIIeKTPOMETPisl ), MEXaHiYHI BIACTUBOCTI IiCJISI ra30BOTO
A30TyBaHHs i rapTyBaHHs y BOJIi BU3HAYAJIU 3a TOTIOMOTOI0 BUNIPOOYBAHHS HA MIKPOTBEpAicTh o Bikkepcy. Ha Beix crazisix mporiecy rasoBoro



azoryBanHs 11K 3asi30 BkasyBasio Ha HAsBHICTb ayCTeHITHOI (ha3n Ha MOBEPXHI CIIJIABY HE3BAXKAIOUN HA HPUCYTHICTH (heputoBoi Baszu. In-
TEHCHBHICTb YTBOPEHHSI AYCTEHITY I0CATAETHCS MIISIXOM 70 %-HOTO 0GTHCKY TIPHU XOJIOAHI TPOKATIN TPH 5-TOANHHOMY Ta30BOMY a30TYBAHHi.
Kpim toro, B pesysisrati 50 %-HOro 06TUCKY [IPH XOJIOHIN IIPOKATIL i 9-TOAMHHOTO IPOIECy ra30BOTO a30TyBAHHS 3 TIOAAIBIINM TapTYBAHHSIM
y Bozi GyB chopMoOBaHUil IIap a30Ty 3 MAKCHMAJIBHOIO TOBHIMHOIWO npubinsto 3,14 Mxm. TBepaictb B 1poMy crani gocsirana 600 HVN. Ile
MOB’I3aHO 3 PO3IOIJIOM BYIJIEIIO, CKOHIIEHTPOBAHOIO Ha MOBEpPXHi. Y Mipy 30iJIbIIeHHs BifcOTKa OOTHCKY B MPOLECI XOJOAHOI IIPOKATKU
MinHicTh Heipskasitouoi ctasi AIST 430 micsist Ta30BOro a30TyBaHHST MOXKeE 301IbIIYBATUCS, BUKIUKAIOYN 301IbIIEHHST KITbKOCTI AUCIOKAIIIN.
Haiigrma MirHicTs Ha po3puB i TBepaicTh Heipxkasioyoi cram AISI 430 669 MIla i 271,83 HVN 6yt orpumati mpu 70%-HoMy 0OTHCKY.
KiiouoBi cioBa: neipxkasioua cranb AISI 430, aycrenit, BUCOKOTEMIIEpaTypHE ra30Be a30TyBaHHsI, XOJO/[HA IPOKATKA, IIap a3o0Ty.
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BUABJIEHHSA OCOBJIMBOCTE CTPYKTYPHO-®A30BUX NEPETBOPEHD ITPU TEPEPOBIII BI/IXO/IIB
BIJIl BHPOBHUIITBA BUCOKOJIETOBAHUX CTAJIEM (c. 33-38)

B. B. Bopucos, T. IO. Cosomko, M. M. fAMmmnHcbkuii, 1. B. JIyk’snenko, B. M. Ilum6an, A. M. Auzapees, B. B. Bparimko, T. O. Biibko,
B. I. Pe6enxo, T. C. Yopna

JloctikeHo 0coOMMBOCTI CTPYKTYPHO-(A30BOT0 CKJAA/y CIUIaBY, OTPUMAHOTO 3 BUKOPUCTAHHIAM TEXHOTEHHUX BiAXOAIB BUPOOHUIITBA
BHCOKOJIETOBAHUX CTaJIel i3 3aCTOCYBaHHSM BiZIHOBIIOBATbHOI 11aBKu. Lle HeoOXiIHO 7Tt BUSHAYECHHST TEXHOJIOTTYHIX TAPAMETPIB, 110 3a6e3-
TeYyIOTh 3MEHIIEHHST BTPAT JIETYIOUNX eJIeMEHTIB B ITPOIleci OTPUMaHHS Ta BUKOPUCTAHHS Jieryiouoro ciiiaBy. [IpoBezeni qocmimkenns cBiz-
4ath, 110 1pu crispigHomenHi O:C B muxTi 1,84 ciiaB ckiazaBes B OCHOBHOMY 3 TBEPIOTO PO3UKMHY BYTJICIIO Ta JIETYIOUUX €JIEMEHTIB B a-Fe.
TIposis kap6imy FesC i3 JIerylounMu eeMeHTaMu B SIKOCTI aTOMIB 3aMillleHHS] MaB BITHOCHO CTa0Ky iHT€HCHBHICTb. [IpH CHiBBIAHONIEHHSIX
O:C B mmmxri 1,42 Ta 1,17 cnocrepiranocs migBuients intencusHocTi posasy kap6iny FezC. Pazom 3 1M, 6ys10 BU3HaYeHO MOABY KapOiaHUX
3'ennanp WoC-MooC tTa WC. Ha 300pakeHHSIX MIKPOCTPYKTYpH OyJIi IPUCYTHI fIeKiabKa (a3 3 Pi3HIM BMICTOM JIETYIOUNX €JIeMeHTIB. Bmict
Cr B focaizKeHnx pigsgHKax aMiHoBascsa B Mexkax 0,64—33,86 % mac., smict W nocsras 41,58 % mac., Mo —19,53 % mac., V — 18,55 % Mac.,
Co —3,95 % mac. Bumict Byruento 6yB B Meskax 0,28—-2,43 % mac. AHaJI3 Pe3ysIbTaTiB IOCIIUKEHb CBIUNTD, 110 HAGIIbII BUMIIHUM CIIiBBi-
nommenusiv O:C B mmxTi 6yso 1,42, Tlpu nbomy y (HazoBoMy CKJIa/i TepeBakaB TBEPAUN PO3UKMH JIEIYIOUNX eJIeMEHTIB Ta ByTJelio B o-Fe.
YacTKa 3aJMIIKOBOTO BYTJIEI[IO, IO 30cepe/KyBaiacs B KapOiaHiil ckianosiii, suaxoaunacs B Mexkax 0,52—2,11 % mac., 3abesnedyioun HeoO-
Xi/IHy BiTHOBHY 3/IaTHICTb CIIJIaBY ITpu BukopucTanHi. [IpoBeseni qocmikenns 103BOMIIN BUSBUTH HOBI TEXHOJIOTIUHI aCIIEKTH OTPUMaHHS
CIIABY 3 BUKOPHCTAHHSIM T€XHOTEHHUX BIIXO/IB, IIOKa3HUKH SIKOTO 3a6e3MeYyioTh MOKJIMBICTD 3aMiHN YaCTHHU CTaHAAPTHUX (hepocIiaBiB
NpyU BUIIABII cTajiell 6e3 JKOPCTKUX 0OMEKEHb 32 BMICTOM BYLJICLIO.

Kmo4oBi c10Ba: OKCHIHi TEXHOTEHHI Bi[X0/[1, OKQJINHA JIETOBAHUX CTaJel, Bi/IHOBHA MJIABKA, PEHTTEHO(hA30BI TOCIiIKEHHS.

DOI: 10.15587/1729-4061.2021.239015
BU3HAYEHHS MOKJINBOCTI BUKOPUCTAHHS BOJIb®PAM-BMICHUX MATEPIAJIIB B IKOCTI
HU3bKOBAPTICHUX EJEKTPOAIB J1JIXI PEBEPCUBHOTO EJIEKTPOAIAJII3Y (c. 39-46)

B. JI. KoBanenko, B. A. Korox

Enekrpoaiaiis, 0co6JIMBO PeBEPCUBHUIL, € TIEPCIEKTHBHUM METOIOM ONPICHEHHST BOJH, KOHIIEHTPYBAHHsI PO3UKHIB, BUTYYEHHs [[IHHUX
KOMITOHEHTIB 3i CTIYHMX i MPOMUBHIX BOJ, TeHepailii exexTpoereprii. OCHOBHOIO MPOBIEMOIO € MONIYK HU3bKO-BAPTICHUX YHIBEPCATBHUX
AHOJIHO-KATOHUX MaTepiasiB. MeToio po6oTH € BU3HAYEHHS MOKJIMBOCTI 3acTocyBaHHst TBepzoro ciiasy BHYK90 (5 % Ni, 5 % Fe, 90 % W)
i raspBaHiYHO HaHeceHOTOo ciiaBy Ni-W y sKOCTi yHIBepCaJIbHOrO KaTOHO-aHOHOTO MaTepiasy /jisi peBepCUBHOTO eieKTpozianiy. Kpuc-
TaJTiuHy CTPYKTYpy ciiaBy Ni-W BUBUNIN MeTOZOM peHreHo¢as3oBOr0O aHai3y, MOP(MOIOTiio — CKaHYIOUOIO0 eJTeKTPOHHOIO MiKPOCKOIII€IO0.
AHo[IHE TTIOBOJIKeHHsI 060X CIUIABIB BUBYEHO METOIOM BossTamiiepomerpii B 6 % HCl y nacuuenomy posunni NaCl.

Bussneno sucoky macusnicts TBepzoro crmasy BHK90. Ha mosropniit anoaHi# KprBiii MIiBHICTD CTPYMY IIJIONIAIKN TACHBAITii 3HIDKY-
eTbes B 2,8 pasut i cranosuTh 37 MA/amM2. e Bkasye Ha IepCleKTUBHICTb BUKOpUCTaHHs TBepaoro ciapy BHK90 y skocti yHiBepcaibHoro
KaTO/IHO-aHOJTHOTO MaTepialy peBepCUBHOIO eJIeKTPOiali3aTopy.

[l crutaBy Ni-W Tak camMo BUsIBIIEHe SIBUTIIE iCTOTHOI TTaccwBalini. Ha mepBuHHii KPHBIiii CTiJIaBy BUSIBIEHO /[BA KU PO3YIMHEHHS if YiTKO
BHUpakeHy ILJIOIA/KY ITacuBalii. IMoBipHO, nepiuii mik BiAnosigae Gisibie akTUBHIN (asi 3 Husbkum BMictom W. Ile MiATBEPAKYETbCS Bijl-
CYTHICTIO Ha IOBTOPHIl aHO/HII KPUBIIi MEpIIOro IMika Ta TOTOXKHICTIO MJIOMA/I0K MacHBallii TepBUHHOI i HoBTOpHOI KprBUX. IlinBHICTD CTPYMY
nacusaitii cranouth 209 MA/nm% Lli nadi Tak caMo BKasyrOTh Ha MOXKJHMBICTD i TIEPCTIEKTHBHICTh BUKOPUCTAHHS TalbBaHiuHO HAHECEHOTO
criaBy Ni-W y SIKocTi yHIBEPCAJIbHOTO KaTOHO-aHO[HOTO MaTepiajly PeBEPCUBHOTO €JIEKTPOIATU3ATOPY MHC/Is ONTUMIZAIT CKIaLy i criocoby
HAHECEHHS CIUIABY Ta 3HIDKEHHS IIBUKOCT] 3HOIIYBAHHS.

KmouoBi c1oBa: peBepcuBHUIT €IEKTPOIiai3, YHIBEPCATLHUI eJIeKTPOJL, TBEP/NII CILIAB, IACKUBALLis, AHO/IHE TTOBE/IiHKA, BOJIb(paM, HiKeJb.
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PO3BUTOK MEXAHIYHUX I BTOMHUX BJIACTUBOCTEI1 HAHOKOMIIO3UTIB AA6061/AL,03 IIPU
TEMIIEPATYPI IIEPEMIIIYBAHHS (TIT) (c. 47-52)

Raad Mohammed Abed, Ali Yousuf Khenyab, Alalkawi Hussain Jasim M.
AJTIOMiHii, SIK OYiKY€ETHCS, 3ATMIIATUMETHCS OCHOBHUM MaTepiaioM Jisi 6araThoX BaKJIMBUX c(ep 3aCTOCYBAHHs, TaKMX SIK JITaKW Ta

aBToMOOGii. Ile 06yMOBIEHO BUCOKOIO CTIHKICTIO 70 PI3HUX YMOB HABKOJIMIIHBOTO CEPEAOBUINA, OaKaHUMU I KEPOBAHUMK MeXaHiYHUMU
BJIACTHBOCTSIMH, & TAKOXK BHCOKOIO BTOMHOIO MilHicTIO. AmoMinieBi HanokomIosutH, Taki sik AA6061/AlyO3, MoxkyTh GyTH BHTOTOBJIEHI



GaraTbMa CrocobaMu 3a JOMOMOTOK METOAY PiaKoi MeTanyprii. OCHOBHUMU MPOGIEMAMU IIbOTO METO/Y MPH BUPOOHUIITBI HAHOKOMIIO3UTIB
€ TPY/IHOIIII I0CSATHEHHSI PIBHOMiIPHOTO PO3MOIITY apMyIOYNX MaTepiaiB i MOXKJINBI XIMiUHI peakiIfii Mixk apMyIOYIM MaTepiayioM i MaTpHIleo.
Jlist KOHCTPYKIIIHUX 3aCTOCYBaHb BUKIIOYHO B a6POKOCMIUHIi rasysi. 3pocraoda eKOHOMIYHO eheKTHBHA TEXHOJIOTisE MACOBOTO BUPOOHMU-
[[TBa HAHOKOMIIO3UTIB 3 CYTTEBOIO KCILIYATAIIHOIO Ta TEOMETPUYHOIO THYUKICTIO € BAYKJINBUM 3aBIaHHsIM. KoxkeH 13 croco6iB OTpuMaHHs
nanokoMosutis AA6061,/Al,O3 Moske 3abesriedyBaT pisHi MexaHiuHi BJTaCTUBOCTI. Y IbOMY AOCTIIZKeHHI GyJI0 OTPUMAHO J€B’ITh HAHOKOM-
MO3KTIB P TPHOX TeMIeparypax nepeminrysarts (800, 850 1900 °C) 3 pisnem goxasanust AlyOs 0, 5,7 i 9 mac. %. Pesynsratu BunpoOyBsaHb
Ha PO3TSIT, TBEPAICTD 1 BTOMY TTOKA3aJIH, [0 HAWKPAIMMHI BJIACTHBOCTSIMI BOJIOZIIE KOMITO3HT, 110 MicTuTh 9 Mac. % AlyOs mpu Temmeparypi
nepeminrysanust 850 °C. Takosx 6yJo BusiBieHO, 1m0 Temieparypa tepeminrysanus 850 °C (TII) 3 9 mac. % komnosuty Al,O3 3abesneuye
36ipimennst MirHocTi Ha pospus, VHN i sumkensst mwiactnanocti na 20 %, 16 % i 36,8 % BixnosizHo B mopiBHSHHI 3 HYI50BUM HaHO. Kpim
TOTO, BTOMHA [IOBrOBiuHicTh nipu piBHi Hanpyru 90 MIla sGinbumnacs Ha 17,4 % B nopisusiHHi 3 9 Mac. % nanokommnozurom mpu 800 °C (TII).
PiBHOMIpHMIT PO3IIO/IiJT CIIOCTEPIraBest /It BCIX /IEB’SITH MIKPOCTPYKTYPHUX KOMITO3HUITIi.

Kiouosi cioBa: amominiesuii cras 6061, nanoyactuaku AlyO3z, HAHOKOMITO3UTH, TEMIIEPATYPHU TIePEMIlTyBaHHsI, METOL JIUTTS 3 TIepe-
MilllyBaHHAM, MEXaHiyHi Ta BTOMHi BJIaCTUBOCTI.
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BU3HAYEHHS BILUIMBY BYTJIEIEBUX HAHOTPYBOK HA MIKPOCTPYKTYPY TA ®YHKI[IOHAJIbHI
BJIACTHUBOCTI IIOJIIMEPHUX HAHOKOMITO3UTHIUX MATEPIAJIIB HA OCHOBI HOJIIKAPBOHATY
(c. 53-60)

E. A. JIuceukos, JI. I1. KiumeHnko

TTosiMepHi HAHOKOMITO3UTH MAIOTh IIMPOKE 3aCTOCYBAHHS Y PI3HUX BUCOKOTEXHOJIONTUHUX chepax BUPOOGHUIITBA. 3aBISKH MOEIHAHHIO
€JIACTUYHOCTI MATPHILi Ta MIIHOCTI HEOPTAHIYHOTO HATTOBHIOBAYa BOHU MAIOTh MOJIIIIIEeH] (PYHKI[IOHAIbHI XapaKTEePUCTUKHU TTOPIBHSIHO i3 He-
HamoBHeHUMU TroJiMepamu. CTaTTs MpUCBsiyeHa BUSHAYEHHIO BILIMBY ByrJereBux HaHoTpy6ok (BHT) Ha MiKpOCTPYKTYpY Ta BJIacTHBOCTI
MOJIIMEPHUX HAHOKOMIIO3UTHUX MaTrepiajiB Ha OCHOBI TOJIKapOOHATY. Y Pe3yJbraTi mpoBefeHoi poboTH 6YI0 BUTOTOBJIEHO CEPIl0 KOMIIO-
3UTHHIX MaTepiajiB 3a JOMTOMOTOIO TIOPITHEBOTO eKCTpyZAepa. byso mociikeno iX MiKpoCTPyKTYpY Ta (yHKIIOHATbHI XapaKTePUCTUKU, BU-
KOPUCTOBYIOYHM METO/IH ONTHYHOI MiKPOCKOMii, Ter10(isnyHOT0, eJIeKTPUYHOr0 Ta MeXaHiuHoro aHani3y. Beranosieno, mo BHT dopmytors
y TOJTIMEPHIH MATPUIli KJIacTepu, sIKi yTBOPIOIOTh MepKOJIsALiiiHy citky mpu Bmicti 0,50,8 %. Taka ocobmuBicTh cTpyKTypoyTBOpeHHs: BHT
3abesnednsia cTpuOKononiGHe 3pocTaits (GYHKIIOHATBHUX XapaKTeprCTUK OTpUMaHiX MaTepianis. [Tokasaro, 1o 3i 3611bIIEHHAM BMiCTY
HAMOBHIOBAYA y cucTeMi /10 3 % TeIIonpoBiaHicTh cTpiMko 3poctae o 1,22 Br/(m-K). Anasnoriunuii edekr crioctepira€rbest i st eJIeKTpo-
HpOBiIHOCT], sika 3pocTae Ha cim nopsizikis 3 10712 10 1073 Cwm/cm 1ipu 3 % Bmicti BHT y cucremi, mposisJisioun nepkossiiiiny noseninky. [pu
Beezienni BHT, maiike Ha 15 % 3HUKYETLCS CTYIMIHD KPUCTATIYHOCTI MOJIMEPHOT MATPHIL, 3aB/ISIKH TOMY, 1[0 PO3BUHEHA ITOBEPXHS HAHO-
TPyGOK CTBOPIOE CTEPUYHI MEPENIKOIN /ISl MAKPOMOJIEKY. ToslikapOonary. Takuii eekT Malizke HiBETIOE apMyBalTbHUIT BIUINB HAHOTPYOOK,
TOMY MexaHiuHa MilHicTh Ha po3puB npu BBefenti 3 % BHT 3pocrae sumnie na 21 % y nopiBHsHHI i3 HEHATIOBHEHOIO MaTpPUIEI0. 3 CBOIMU
(GyHKIIOHAIBHUMH XapaKTEPUCTUKAMU OTPUMAaHi MaTepiaji € IMepPCHeKTHBHIUMU /ISl CTBOPEHHS Ha iX 0CHOBI (hisamenTiB st 3D npyky.

KiiouoBi ciioBa: mosiiMepHi HAHOKOMITO3UTH, BYTJIelleBl HAHOTPYOKH, TEIIONPOBIAHICTD, €JIEKTPOIPOBIIHICTD, MII[HICTh Ha PO3PUB, T10-
JiKapOoHaT.
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BU3HAYEHH? BIIJIMBY HAIIOBHIOBAYA HA BJIACTUBOCTI KOMIIO3UTHUX MATEPIAJIIB HA
OCHOBI IIOJITETPA®TOPETUJIEHY AJA TPUBOCHPAKEHD MEXAHI3MIB I MAIIIUH (c. 61-70)

B. 10. yain, 1. O. Makapenko, O. /1. lepkay, €. C. Mypanos

ITpoBe/ieHi KOMIIJIEKCHI IaO0paTOpHi AOCTIKEHHST TeI0(Mi3MIHNX, (PI3UKO-MEXaHIYHIUX XapaKTePUCTHK i TPHOOJOTTYHIX BAACTHBOCTEH
PO3po6IEHUX KOMIIO3UTHUX MaTepialiB Ha OCHOBI moJiterpadroperraeHy. B KOHCTPYKIiSIX MaIlMH i MeXaHi3MiB 3HaYHe Miclle 3aiiMaioTh
TPUOOCTIPSIKEHHS 3 TOJTIMEPHUX Ta MOJIMEPHO-KOMIIO3UTHUX Matepianis. Came Bif HAAIWHOCTI PyXOMUX 3'€/IHaHb B 3HAYHIIT Mipi 3aJI€)KUTh
HaiiiHicTs MamH B 1iilomy. KoMmosutHi Marepiain HeMeTaseBoOro MOXO/KEHHs MaloTh HEBUCOKY BapTiCTh, CTIHKICTh 710 GiibIIocTi arpe-
CHBHUX XIMIYHMX PEUOBHH, 3[aTHICTH IPAIIOBATH B yMOBaX (€3 3MalllyBaHHs1. BCTaHOBJIEHO, 110 XapaKTEPUCTUKY Ta BJIACTUBOCTI MaTepiaiis
HeoOXiTHO afianTyBaTh 0 YMOB POOGOTH OKPEMO B3SITUX TPHOOCTIPSIKEHB.

BcraHoBIeHO MeXaHi3MM TEPMOJIECTPYKILii, K OCHOBHOTO MaTepiaiy, Tak i ByIVIEIJIACTHKA Ha Horo ocHoBi. BusiBiieno, mo ByrIerese
BOJIOKHO, HE3AJIe)KHO Biji HOoro BMicTy (KiJIbKOCTI), B HOJTIMEPHO-KOMIIO3UTHOMY Marepiasii Ha OCHOBI moJiteTpadTOpeTHeHy, TepeBasKHO
OPIEHTYIOTHCSA TePHEeHANKYISIPHO /10 TJIONMHN TTPUKJIAIAHHs 3yCHIs. Beranosiieno, o 3 pocToM BMICTY BYTJIeIleBOro BosokHa Big 10
110 40 mac. % TeruoeMHicTb 3HIKYEThest Ha 16—39 % y mopiBHsiHHI 3 ocHOBHUM Matepiasom. OGIPYHTOBAHO ONTHMAJIbHI PEKIMU €KCILITY-
aTallii po3pobIeHNX KOMIIO3UTHUX MaTepiaiB 3a (GakKTOPOM pV: y peknMi cyxXoro tepts — a0 4 MIla'm/c; npu TepTi 3i 3MallleHHIM — 10
36,4 MIla'm/c. Bcranosieno 3aiexuictb KoedillieHTy TepTs BiJl PEKIMIB €KCILIyaTallii KOMIO3UTHOTO MaTepialy Ha OCHOBI HoJiTeTpadTo-
peruiieny, mo Mictutb 20 Mac. % BYIVIEIEBOTO BOJIOKHA IIPH 3MAIEHHI 0JIMBOIO i BOJOIO.

OtpuMani pe3yJsTaTi Jal0Th MOKJIUBICTD CHHTE3YBAaTH (Di3UKO-MeXaHiuHi XapaKTepUCTUKK Ta TPUOOTIOTTYHI BJACTHBOCTI KOMIIO3UTHUX
MaTepiajiB BiAIOBIAHO 10 HEOOXITHUX PEKUMIB POOOTH TPUGOCIIPSKEHHSL.

KiouoBi ciioBa: mostiterpagropeTriieH, moJiMepHO-KOMITIO3UTHUI MaTepias, BYTJeleBe BOJOKHO, TPUOOCTIPSKEH S, (hi3UKO-MeXaHidHi
XapaKTePUCTUKH, TPUOOJIOTTYHI BAACTUBOCTI.



