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Welding and joining of brass CuZn30-aluminum AA1100 were ob-
tained using micro two-stage refilled friction stir spot welding (mTS-
RFSSW), which was carried out to eliminate the holes formed by the
micro friction stir spot welding (mFSSW) process. The mTS-RFSSW
process begins with the mFSSW welding process using tools with
a pin inner diameter of 2.69 mm, pin outer diameter 1.811 mm and
shoulder diameter of 4.954 mm, followed by a second stage process
called mTS-RFSSW, which is a hole closing process using a tool with
a pinless tool with shoulder diameter 4.954 mm. This study aimed to
determine the effect of the second stage of dwell time on the mechani-
cal properties produced in the mTS-RFSSW welding technique using
brass CuZn30 and aluminum AA1100 with a thickness of 0.42 mm. In
this study, the variable parameter is the second stage dwell time which
varies from 3's, 4 s, 5's, and 6 s, respectively. An optical microscope
that aims to observe the macrostructure shows that an upward hook
is formed in each joining process. Based on the scanning electron mi-
crograph, the resulting formation of different intermetallic compounds
(IMC) with varying thicknesses occurs in every variation of dwell
time. The high dwell time indicates discontinued IMC, which affects
the tensile force. The IMC formed at the interface of brass CuZn30
and aluminum AA1100 is dominated by more than 30 % Cu. The
highest hardness value is found in the stir zone because the formation
of intermetallic compounds influences refined grains. The highest
maximum shear force and cross tensile force was obtained 371.35 N
and 54.88 N, respectively, in the dwell time of 3 s. The result of fracture
properties after the lap shear test shows the presence of small dimples
with microcracks that indicate brittle failure.

Keywords: Friction Stir Spot Welding, mTS-RFSSW, Brass
CuZn30, AA1100, dwell time.
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This paper reports the analysis of studies on the use of secondary
copper for the production of articles based on it, namely the contact
wire for electric transport.

The effect of the drawing step on the macro- and microstructure
and physical and mechanical properties of the copper wire was stud-
ied. The optimal draw pitch for continuous copper casting is 8.2 mm.
At a temperature of the melt (casting) of 1200 °C and a draw step of
8.2 mm, the average crystallization rate is ~300 °C/s. This provides
sufficient time for crystallization, and with such parameters, the heat
transfer from the metal receiver does not have a noticeable effect on
the structure. At the same time, it was established that Mg is a modi-
fier for liquid Cu while all other elements do not have such an effect
and form solid solutions with copper.

It is shown that the increase in the concentration of silver from
0.082 at% to 0.092 at% led to an increase in specific electrical resis-
tance by 0.582 %. As for other elements, namely, iron, the change in
its amount from 0.002 at% to 0.005 at% increased the specific resis-
tance of copper by 1.733 %. The change in nickel concentration from
0.024 at% to 0.036 at% and tin from 0.0010 at% to 0.0035 at% led to
its growth by 2.927 % and 1.269 %, respectively.

Keywords: copper contact wire, electrical resistance of continu-
ously cast copper blanks, copper modification.
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Confirming the authenticity of historical cold weapons and deter-
mining their age is an urgent problem in practical examination. One of
the promising directions for its solution is the experimental study of the
process of elimination of impurity ions from iron, which occurs through-
out the long history of life.

This paper describes a model that explains the sequence of elimina-
tion of impurity ions from near-surface parts of the metal. Deformation
indicators of the crystal lattice of iron were calculated and sorted in
order of decreasing ionic radius of the impurity chemical element. A
diagram of the deformation effect of impurity chemical elements on the
volume-centered crystal lattice of iron was constructed. Tons that are
larger in diameter are more actively eliminated from the surface layers
of the metal, while ions that are smaller are removed to a lesser extent.

With the help of the authors’ methodology, a study of the chemical
composition of the surface of collection samples of iron cold weapons of
the 20th, 19th and 18t centuries was carried out. It has been established
that a metal alloy made in the recent past —up to 100 years —is character-
ized by a very active release of impurity chemical elements on the surface
when it is heated. Iron weapons made up to 200 years ago have a signifi-
cantly lower ability to release chemical impurities because most of the lat-
ter have already been eliminated. At the same time, samples of cold weap-
ons of this age already have microdefects in the form of cleavage cracks
and caverns, so their surface contains a significant number of compounds
of eliminated chemical elements that have accumulated during the long
history of their use. Older cold weapons, made 300 years ago or earlier,
have impurity ions that are smaller than ferric ions, particularly silicon.

The results of the research are important for the identification and
authentication of historical iron cold weapons.

Keywords: historical cold weapons, chemical composition, im-
purity ions, X-ray fluorescence analysis, identification, examination,
authenticity.
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The work is devoted to the study of the effect of an electric ex-
plosion on the selectivity of the destruction of quartz raw materials.
The object of the study is quartz ore of the Nadyrbay deposit of the
Republic of Kazakhstan. An electrohydroimpulse plant for crushing
and grinding quartz raw materials has been developed and assembled.
Using the electrohydroimpulse method, the granulometric composi-
tion of quartz can be adjusted. This makes it possible to adjust the
magnitude of the voltage in the discharge channel and time. In this
technology, quartz ore processing was carried out with an increase in
the discharge voltage of the storage from 14 kV to 25 kV, the length of
the interelectrode distance from 8 to 12, the capacitance of the capaci-
tor 0.5 pF, 0.75 pF and the processing time of 5 min. Using the electro-
hydroimpulse method, quartz ore particles with an initial fraction of 5
mm, 10 mm and 1 mm were crushed to 0.8. The results of the grinding
of quartz raw materials with the influence of an underwater electric
explosion in a liquid medium allowed us to determine the degree of
grinding of the material.

The obtained results can be used in the course of studying the char-
acteristics of crushing and grinding of ores. In the food industry, quartz
sand within 0.25-0.5 millimeters can be used as a filler to create filters
for water purification, as well as products from oil, industrial effluents,
ete. Particles ranging in size from 0.5 to 1 millimeter can be used for
rough processing of metal, stone and glass.

The structural and quantitative analysis of powdered quartzite
samples was made using a scanning electron microscope and the stoichi-
ometry of the elements was calculated.

Keywords: quartz ore, crushing, electric explosion, discharge chan-
nel, capacitor, stoichiometry, energy spectrum.
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The object of research is the process of improving the tribological
characteristics of friction joints, in particular anti-wear and anti-burr
properties.

There is a practice of using serpentines, so-called “friction geomodi-
fiers” (FGM), as special repair and restoration additives. Their use leads
to a decrease in the coefficient of friction and temperatures in the con-
tact zone; an increase in the mass of parts is observed, which indicates
the restoration of worn surfaces. The mechanism of formation of new
structures is still unclear. There are hypotheses that severe friction con-
ditions initiate micrometallurgical processes at the atomic-crystalline
level, as a result of which modified layers with unique tribological char-
acteristics are formed on the surfaces.

A comparative analysis of the main indicators of serpentines of the
Dashukivka deposit in terms of chemical composition and structure
showed their correspondence to widely known analogs but they were
never used in such a capacity.

According to the results of the tests, the additives have shown their
effectiveness as geomodifiers of friction. Addition of 4 % serpentine to
the lubricating composition based on I-20 A oil reduced the wear rate
by 2-3 times, the friction moment by 15 %, compared to I-20 A without
additives.

An increase in surface microhardness was observed, from 6 GPa for
the basic variant to 10 GPa, for the variant with FGM additives.

It has been established that the use is most effective for heavily
loaded friction pairs (ship fittings, hatch closures, etc.) as it increases the
clamping load (from 600 to 1400 N for a pair of steel 45/ShKh15); with
increasing load, the coefficient of friction and the rate of wear decrease.

The results confirm the need to expand research into this area to
solve the complex problem of increasing the reliability of tribojunctions.

Keywords: repair and restoration technologies, friction geomodi-
fiers, serpentine, heavily loaded friction pairs.
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BU3HAYEHHS BILIMBY MIKPO-/IBOETAITHOTO TOYKOBOI'O 3BAPIOBAHHA TEPTSM 3
MEPEMIIIYBAHHSAM 3 BAPIAIIIMHUM YACOM BUTPUMYBAHHSA HA PI3HOMIPHI JIATYHb CuZn30-
AJIIOMIHII AA1100 (c. 6-14)

Pathya Rupajati, Ario Sunar Baskoro, Latitia Dhayita Pramudito , Laksita Aji Safitri, Mohammad Azwar Amat, Gandjar Kiswanto

3apioBanns Ta 3'eananns jgaTyni CuZn30-amominiit AA1100 GyJ10 OTpUMaHO 3a IOTIOMOTOI0 MiKPO-IBOETAITHOIO TOYKOBOTO 3BapIOBaH-
Hs Tepram 3 nepemintyBartsaM (mTS-RFSSW), sike 6ys10 BUKOHAHO JUIsE YCYHEHHST OTBOPIB, YTBOPEHKX TIPOI[ECOM TOUKOBOTO 3BaPIOBAHHS 3
Mmikporeptssm (mFSSW). IIportec mTS-RFSSW nounnaerscs 3 nporiecy 3BapioBaniss mEFSSW 3 BUKopHCTaHHSIM iHCTPYMEHTIB i3 BHYTPIllI-
Him giameTpom tmtudTa 2,69 MM, 30BHiMHIM giamerpom mtudTa 1,811 MM i giamerpom rreda 4,954 M, TicIIst YOTO iijie APYTUI eTall poIecy,
sikmit HasuBaeTbest MTS-RFSSW, sikuii € 3akpuTTsiM 0TBOPY 3a JI0MOMOTOI0 iHCTPYMEHTY 3 Oe31ITU(TOBIUM IHCTPYMEHTOM 3 JIIaMETPOM TLjIe-
4a 4,954 mwm. Lle mocuizkeHHsT Masio Ha MeTi BUSHAYUTU BIUIUB JPYTOi CTa/lii BUTPUMKHI HA MEXaHIYHI BJACTHBOCTI, OTPUMAHI 3a JIOTIOMOTOTO
texnouiorii 3BapoBaHisa MTS-RFSSW 3 Bukopucranusam natyni CuZn30 ta amominito AA1100 ToBumaoo0 0,42 MM. Y 11bOMY /IOCJTI/IPKEHH]
3MIHHUM TTaPAMETPOM € Yac BUTPUMKH JPYTOTO eTay, SKUil 3MIHIOEThCs Bizt 3 ¢, 4 ¢, 5 ¢ 1 6 ¢ Bianosigro. ONTHYHUI MIKPOCKOII, IKUI Ma€ Ha
MeTi CIIOCTepiraTi 3a MaKpOCTPYKTYPOIO, IOKA3YeE, 110 B KOXKHOMY IIpolieci 3'€/iHaHHS YTBOPIOEThCS BUCXIZHUIT ra4oK. 3Ti/IHO 31 CKAHYI0UO0I0
€JIEKTPOHHOI0 MiKpo(doTOorpadicio, pe3y abpTyioue yTBOPeHHs pisHux iHnTepMeraniyaux crnoayk (IMC) i3 pi3HOI TOBIIMHOW BiOYBa€ThCS B
KOJKHOMY BapianTi yacy mepeOyBantst. Besukuii yac BUTpUMKH BKasye Ha npunuHents IMC, o BiumBae Ha cuiry posrarysanis. B IMC,
1110 yTBOpIoeThest Ha Mexi satyni CuZn30 ta amowminio AA1100, nepesaxkae nonazn 30 % Cu. HaiiBuie 3HaueHHsT TBEP/OCT] 3HAXOIUTHCS B
30H] HePEMIIITyBaHHsI, TOMY 0 YTBOPEHHSI iHTEPMETATIYHIX CIIOIYK BIIMBAE Ha MOApiOHeHe 3epHO. Bysio oTprMaHo HalBHIYy MAaKCHMATBHY
cuity 3cyBy Ta morepedny cuiy posrsary 371,35 H ta 54,88 H BianosigHo 3a yac BurpuMku 3 ¢. Pesysibratu BIacTUBOCTEN PyHHYBaHHS TTiCIst
BUTIPOOYBAHHS HA 3CYB BHAIYCK MOKA3YIOTh HASIBHICTh HEBEJIMKUX SIMOK 3 MIKPOTPIIIIMHAMH, SIKi BKa3ylOTh Ha KPUXKE PYHHYBaHHSI.

KmouoBi cioBa: Toukose 3BapioBanist TepTsiM, mTS-RFSSW, maryns CuZn30, AA1100, yac BUTPUMKH.
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BU3HAYEHHA BIUINBY TEXHOJIOTTYHUX @AKTOPIB HA CTPYKTYPY TA BJIACTUBOCTI
KOHTAKTHOTO MPOBO/Y 3 BTOPUHHOI MI/I (c. 15-23)

P. B. IlerpoBcekuii, A. M. BepxoBimoxk

BUKOHAHO aHAJTI3 TOCTIIKEHD MIO/I0 BUKOPUCTaHHs BTOPUHHOI MiIi /711 BUPOOHUITBA BUPOGIB Ha 1l OCHOBI, a caMe KOHTAKTHOTO TTPOBOLY
71 €TIeKTPOTPAHCIIOPTY.

JlocitipkeHO BIUIMB KPOKY BUTSIKKH Ha Makpo- i MIKPOCTPYKTYPY Ta (Di3MKO-MeXaHi4Hi BIACTUBOCTI MiJIHOTO 11poBOAY. ONTHMaIbHIM
KPOKOM BUTSKKH TIpH GesriepepsHoMyY JUTTi Mifi € 8,2 mm. TIpu Temmiepatypi posmiaBy (3aimsku) 1200 °C i kporli BUTSKKH 8,2 MM cepejiHst
mBUAKICTH KprcTasizarii ckiagae ~300 °C/c. Ie 3abesneuye gocraTHiil yac s KpucTamisaiiii i Ipy TakuX MapameTpax Iepejgada Tera Bijx
MeTaJIoNpHUiiMaua He 3aB/Ia€ BiIYyTHOTO BIIMBY HA CTPYKTYpY. [Ipn nibomy BetanosiieHo, mo Mg sBiserbest Moaudikatopom s piakoi Cu,
a BC iHIIi eTeMeHTH He TMPOSIBJISTIOTh TaKoi /Iii i yTBOPIOIOTH 3 MiflI0 TBEPi PO3UNHIL.

ITokaszano, o 3pocTanHs KoHienTpaitii cpidaa Big 0,082 % at. uact. 10 0,092 % at. yact. NPUBEJIO A0 MiABUIIEHHSA TUTOMOTO €JIEKTPOOIIO-
py Ha 0,582 %. [loz0 iHmmMx eseMenTiB, a came: 3aii3a, To 3MiHa ioro kisbkocTi Bix 0,002 % at. gact. 10 0,005 % aT. yact. migBUINIA TUTOMAI
omip miai Ha 1,733 %. 3mina kouuenTpaiii Hikeswo Big 0,024 % ar. yacr. 1o 0,036 % at. yact. ta ososa Bix 0,0010 % at. yact. go 0,0035 % ar.
YacT. IpuUBeJIa 10 fioro 3poctanms Ha 2,927 % i 1,269 %, Bignosimmo.

KiouoBi cioBa: MiHuii KOHTAKTHUI IPOBiJ, €JIEKTPUYHUI OMTip 6e31epepBHO JUTHX MiHUX 3ar0TOBOK, MOAMMDIKYBAHHS MiJji.

DOI: 10.15587/1729-4061.2023.283077
BU3HAUYEHHSA OCJIIJIOBHOCTI EJIIMIHAIII JIOMIIIKOBHUX IOHIB 3 IOBEPXHI ICTOPUYHOI
XOJIOIHOI 35POI1 I3 3AJI3A (c. 24-29)

IO. P. Bosk, B. B. Ingytauii, H. B. Mepexko, K. A. Ilipkosiu, B. B. /lumioBa

ITiaTBEpIKEHHS ABTEHTUYHOCT] iICTOPUYHOT XOJIOHOI 30pOi Ta BUSHAUEHHSI 11 BIKY € aKTyaJlbHOIO IIPOOJIEMOI0 B IPAKTUYHII €KCIIePTU3i.
OHIM 3 TIePCTIeKTUBHUX HANPSIMIB 11 BUPIIIEHHS € eKCTIepUMEHTATbHE OCIi/IKEHH TIPollecy esliMiHallii JOMITTKOBUX 10HiB i3 3a7Ti3a, KUt
BiZIOYBaEThCS BIPOAOBIK TPUBAJIOL icTOPIi 106y TYBaHHSI.

Onncano Mojesb, SKa TOSICHIOE TOCTIIOBHICTD eJTiMiHAIl] JOMIIIKOBIX i0HIB 3 IPUIIOBEPXHEBUX YacTHH MeTasy. Po3paxoBano moxas-
HUKH JedopMallii KpUCTATIYHOI IPATKY 3aJ1i3a i BiZICOPTOBAHO iX B MOPSIKY 3MEHIIIEHHsT iI0HHOTO PAJIiyCy AOMIIlTKOBOTO XiMiYHOTO €JIeMEHTY.
ITo6ynoBano Aiarpamy nedopMaIliiiHOTO BILIMBY AOMIIIKOBUX XIMIYHUX €JIEMEHTIB Ha 00’'€MHOIIEHTPOBAaHY KPUCTAIUHY IpaTKy 3aiisa. [oHu,
SIKi € GITIBIIMMU 32 [liaMeTPOM, aKTUBHIIIE eJIIMIHYIOTHCS 3 TIOBEPXHEBUX IAPiB METAITY, & i0HH, SIKi € MEHIITUMH, BUAAISIOTHCST Y MEHIIIi Mipi.

3a JI010MOroI0 aBTOPCHKOT METOAUKN OYJIO IIPOBEAEHO TOC/I/PKEHHs XiMIYHOTO CKIa/Ly MOBEPXHi KOJIEKI[HUX B3iPIIB XOJI0AHOT 36poi
i3 3amiza XX, XIX ta XVIII cromitTs. Beranosieno, mo MeTaseBHil CIijlaB, BATOTOBJIEHUI B HemamekoMy Munysaomy — 10 100 pokis — xa-
PaKTepU3YEThCsI ysKe aKTUBHUM BUIIEHHAM AOMINIKOBHUX XIMIYHUX €JIeMEHTIB Ha TIOBEPXHIO TIPU iioro HarpiBanHi. /[y 3asisHoi 36poi, Bu-
roroBieroi 10 200 pokiB TOMY, IPUTAMAHHI 3HAYHO MEHIIA 3/[aTHICTD /[0 BUAITEHHST JJOMIIIKOBUX XIMIYHUX €JIEMEHTIB, ajike OlIbllIa YacTHHA




ocTaHHiX BKe OyJa enimMiHoBaHOW0. BoaHouac, /it B3ipIiB X0M0HOI 30Ol 1bOTO BiKy BKe MpUTaMaHHI MIKPOAehEKTH y BUMJISAL TPIlUH
KJTIBa)Ky Ta KaBepH, TOMY iX MOBEPXHSI MiCTUTh 3HAYHY KiJTBKICTH CIIOJYK €TiIMIHOBAHUX XiMiUHUX €JIeMEHTIB, SIKi HAKOITIMYNJIICS BIPOIOBIK
TpuBasoi icTopii ix mobyryBauHs. /s Ginbin ctapoi xooaHoi 36poi, Burorossienoi 300 pokis Tomy il Gisiblie, NpUTaMaHHi JOMIIIKOBI 10HH,
PO3MipH SAKUX MEHIII 32 PO3MipH i0HIB TPUBAJIEHTHOTO 3a71i3a, 30KpeMa CHJIIITIi.

PesyuibraTi IOCHIKEHHS € BaKJIMBUMU JUIst TPOBECHHs ieHTh(iKalil Ta BCTAaHOBJIEHHS aBTEHTUYHOCTI iCTOPHYHOI X0JI0AHOI 36poi i3
3asiza.

KiouoBi cioBa: icropuuna xosioziHa 36post, XiMiYHUIT CKJIa, ZOMITIKOBI 10HH, peHTreHO(IyOpeCcieHTHUI aHai3, ieHTugikais, exc-
NepTH3a, AaBTCHTHYHICTb.
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JOCILKEHHS BIUIUBY NIZIBOJHOTO EJTEKTPUYHOIO BUBYXY HA BUBIPKOBICTh PYITHYBAHHS
KBAPIIOBOi CHPOBUHU (c. 30-37)

Gulden Bulkairova, Bekbolat Nussupbekov, Madina Bolatbekova, Ayanbergen Khassenov, Ulan Nussupbekov, Dana Karabekova

Po6oTta npucBsSYeHa BUBYEHHIO BIUIMBY €JEKTPHYHOTO BUOYXY Ha BUOIPKOBICTH PyIHYBaHHS KBapuoBoi cupoBmHu. O6'€KTOM m0CII-
JUKEHHsI € KBapIioBa pyza poposuiiia Haxupbaii Pectiy6aikn Kazaxcran. s apobieHtst Ta moApiGHEH s KBaplOBOI CHPOBUHU PO3pobeHa
Ta 3i6paHa eJEeKTPOTIIPOIMITYJIbCHA YCTAHOBKA. 3a JOMOMOTOI0 €JIEKTPOTiIPOIMITYIbCHOTO METO/LY MOJKHA PEryJIIOBATH IPAHyJIOMETPHIHIN
ckaman kBapity. Lle 103BOJISIE peTyTOBATH BEIMUNHY HATIPYTH B PO3PSITHOMY KaHAII Ta dac. 3a JAHOI0 TEXHOJIOTIEID TPOBOIIIACS TepepodKa
KBapILOBOI Py 31 30LIbLUICHHSAM HANPYrH PO3psALy Hakonuuysaya 3 14 kB 10 25 kB, 10BK1HN MiKeseKTpoAHOI BigcTani 3 8 10 12, eMHicTiO
kouzgencaropa 0,5 Mk®D, 0,75 MxD i yacom 06poOKU 5 XB. 3 BUKOPUCTAHHSM €JIEKTPOTIAPOIMITYIECHOTO METOAY YACTUHKH KBAPIIOBOI Py/I1 3
moyaTkoBoio (pakiiieio 5 MM, 10 MM Ta 1 MM nozapibuioBasu 10 0,8. Pesysnbratyt nmogpiGHeHHs KBapIlOBOi CHPOBUHMU 3 BIUIMBOM MiBOAHOTO
€JIEKTPUYHOTO Bn6yxy B PI/IKOMY CEPEZIOBUIIII I03BOJIMIN BUBHAUUTHU CTYIIIHb NoAPiGHEHHS Matepiainy.

OtpuMani pesysbrati MOXKYTh OyTH BUKOPUCTaHI TIPH BUBYEHHI 0cOOIMBOCTE APOOICHHS 1 TTOAPIOHEHH ST Py, Y Xap4oBiil TIPOMHUCIIO-
BOCTI KBap1osuii micok poamipom 0,25—0,5 MiziMeTpa MOsKe BUKOPHCTOBYBATHCS B SIKOCTI HAIIOBHIOBAYA JIJIsl CTBOPEHHST (DiILTPIB OUMIIEHHST
BOJIM, & TAKOXK TIPOAYKTIB 3 HaTH, IPOMICIOBHX CTOKIB Tomo. Yactumku posmipoM Bix 0,5 1o 1 MimimMerpa MOKYTh 6yTH BHKOPHCTaHI ISt
rpy6oi 06poOKH MeTasly, KaMeHIo Ta CKJIa.

3a JI0MOMOrOK CKaHyIUOTO €JIEeKTPOHHOTO MIKpPOCKOma OyJIo MPOBEAEHO CTPYKTYPHO-KUJIBKICHUN aHaJIi3 3pas3KiB MOPOMIKOMOAIGHOTO
KBapIUTY Ta PO3PAXOBAHO CTEXiOMETPIiO eJIeMEHTIB.

Ki040Bi cioBa: KBapiosa py/ia, Apo0JIeHHs, eJIeKTPUIHUIL BUOYX, PO3PSIHUIA KaHAI, KOHJIEHCATOP, CTEXIOMETPist, CHEPreTHYHINA CIIEKTP.
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SMINTHEHHA IIOBEPXOHDb TEPTA 3 3ACTOCYBAHHAM TEOMO/IUMPIKATOPIB HA OCHOBI
CEPIIEHTHHIB JAIIYKIBCbKOI'O POAOBHIIA (c. 38-47)

C. K. Boay, B. 1. Aunpees, A. B. HoBoumnpkmit

OG6’€KTOM JIOCIIKEHHS € TIPOTIEC TiABUIIEHHS TPUOOJIOTIYHUX XapaKTePUCTUK (DPUKIIHHIX 3’€IHAHD, 30KPEMa MTPOTUIHONTYBATbHIX Ta
[IPOTU33UPHUX BJIACTHBOCTEH.

Icnye npakTHKa BUKOPUCTAHHS CEPIEHTHHIB, Tak 3BaHUX «reomoudikatopi Teptsa» (IMT), B sikocTi creniabHuX peMOHTHO-BiJIHOB-
JIOBATBHIX IOMIIITOK. IX BUKOPICTAHHSA MPU3BOIUTE /10 3HIDKEHH KoedillieHTy TepTs i TeMIepaTyp B 30Hi KOHTAaKTY, CIIOCTEPIracThCs 3611
LIEHHsT MacH JieTajlell, 10 CBi/[UiTh [P0 Bi/[HOBJIEHHS 3HOIIYBAHUX IT0BePXOHb. MexaHi3M (hOpMyBaHHS HOBUX CTPYKTYP /JIOCi He3'siICOBaHUIL.
€ rimoTe3, MO BaXKKi YMOBU TePTS iHIIIOIOTh MiKPOMETAJIYPTIUHi ITPOIECH Ha aTOMAapPHO-KPUCTATIYHOMY PiBHI, B pe3yJIbTaTi Ha MOBEPXHIX
YTBOPIOIOTHCS MOAUGbIKOBaHI IAPH 3 YHIKAIBHUME TPUOOJOTIYHUME XapaKTEPHUCTUKAM.

IlopiBHANBHUI aHai3 OCHOBHUX MOKA3HUKIB ceprieHTHHIB /[anryKiBChbKOTO POZOBHINA 3a XIMIYHIM CKJIQJIOM i CTPYKTYPOIO 1TOKa3aB iX
Bi/INOBIIHICTD ITUPOKO Bi[OMUM aHATIOTAM, aJie BOHU HiKOJIU He 3ACTOCOBYBAJINCH B TAKiil SIKOCTI.

3a pesysibratamu BUIPOOYBaHb J00ABKU MOKA3aIU CBOKO e(heKTUBHICTD B AKOCTI TeomMonudikatopis Teprs. [logaBatus 4 % cepreHTHHY
JI0 3MAIIyBaTbHOI KOMIIO3HII Ha 0cHOBi Macya [-20 A 3HM3MIIO MIBU/KICTH 3HOIIYBAHHS B 2—3 Pasi, MOMEHT TepTsI Ha 15 % B TOpiBHsIMHHI 3
1-20 A 6e3 106aBOK.

Cuocrepirasocs nigBuiients nopepxuesoi Mikporsepgocti 3 6 TTla aist 6azosoro Bapianty 10 10 T'Tla auist Bapianty 3 godaskamun TMT.

BeranoBiieHo, 110 BUKOPUCTaHHsT HalG1IbI e(heKTUBHO /ISt BaJKKOHABAaHTasKEHUX Iap TepTs (CyAHOBI anapedi, JIIOKOBI 3aKpUTTS Ta iH.),
TaK sIK MiABUILYE HaBaHTaKeHHs cxorunoBanus (3 600 o 1400 H s mapu crans 45/111X15); 3 poctom HaBaHTaskeHHs KoedirlienT teprs i
MIBU/IKICTD 3HOITYBAHHS 3HIKYIOTHCS.

Pesyssratit miATBEPKYIOTH HEOOXIAHICTD POSUIMPEHHS JOC/IKEHD [[bOTO HANPSMKY JIJIsi BUPILICHHS KOMILIEKCHOI MPOOJeME ITiIBU-
HIEHHS HAITHOCTI TPUGOCTIPSIKEHD.

KmouoBi c10Ba: peMOHTHO-BiTHOBJIIOBAIbHI TEXHOJIOTI1, FeOMOIN(DIKATOPU TEPTSI, CEPIIEHTUH, Ba)KKOHABAHTAXKEHI TAPU TEPTSI.



