EXPERIMENTAL STUDY OF THE FORMATION
OF SURFACE ROUGHNESS OF THE SPRAYED
CERAMIC LAYER ON THE NECKS OF THE
ROTOR SHAFTS OF GAS TURBINE

p- 3-6

Vladimir Lebedev, Tatyana Chumachenko

The applied sprayed coatings are absolutely new
materials, which differ from the initial components by
their formation history, bond nature, etc. In general me-
chanical engineering standards, there are no recommen-
dations on selection of grinding modes of sprayed ce-
ramic coatings. Therefore, at the design of grinding op-
erations of the sprayed layers it is necessary to carry out
the selection of the grinding wheel and processing modes
on the basis of the conditions of the maximum productiv-
ity, economic efficiency and assurance of the required
surface quality.

Therefore, the studies, aimed at technological pro-
vision of quality and productiveness of grinding of the
necks of rotor shafts of gas turbine, sprayed with wear-
and heat-resistant mineral-ceramic coating are topical for
mechanical engineering.

In the literature, referring to ceramics processing,
there are no data on the processing of the sprayed min-
eral-ceramic layer. The ceramics were processed by
wheels only on metal and organic bonds.

According to technical requirements, the necks of
the shaft of gas turbine must have low values of surface
roughness Ra = 0,63...0,32. This class of roughness at
abrasive grinding is reached as a result of additional fin-
ishing operations. Therefore, the possibilities of grinding
by cubic boron nitride wheels can be applied to the full
extent.

The study of regularities of the surface roughness
from processing factors allows to manage the process so
that steadily maintain the required roughness value.

Keywords: mineral-ceramic layer, grinding, wear,
roughness, cubic boron nitride wheel.

B cTatpe paccMOTpeHBI 3aKOHOMEPHOCTH M3MEHE-
HUS IIEPOXOBATOCTH HAIBUIEHHOTO MUHEpaJlOKepaMuye-
CKOTO CJIOS Ha IIeHKaxX BaJIOB POTOPA Ia30BO TypOUHEI B
3aBUCHUMOCTU OT PCKHUMOB H_IJ'II/I(l)OBaHI/IH 1 3CpHUCTOCTHU
Kpyra u3 KybOuueckoro Hurpuga 6opa. lllepoxoBarocts
HOBEPXHOCTH NPHU HIIH()OBAHUM HAIMBUIEHHOTO KEpaMH-
YeCKOro CJI0s, cocTosAImero u3 yuctoro Al,O; HaxomauTcs
B npenenax Ra = 0,63...0,32, it MoauUIIMPOBAHHOTO
TiC u C mepoxoBaTOCTh TOBEPXHOCTH MPAKTHYCCKU HE
MeHsieTes, a MonudunupoBanHoro WC moBbIIIaeTcst Ha
OIIMH pa3ps.

KioueBble  cjioBa:  MUHEpaIOKEpaMUYECKUI
cioif, uutMdoBaHUe, U3HOC, IIEPOXOBATOCTh, KPYr U3
KyOmueckoro HUTpHaa oopa.
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IMPROVEMENT OF TECHNICAL PROCESSES
FOR PRODUCING CAST ROTOR PARTS TO

INCREASE PERFORMANCE
CHARACTERISTICS OF TRACTION ELECRIC
DRIVE
p. 7-12

Oleg Akimov, Olga Chibichik, Anna Redkina

The factors, which have a significant impact on
the honeycombs filling quality at casting in chill moulds
of rotors of electric motors of traction drive, are ana-
lyzed, and the optimization problem of technical regimes
of casting is solved. Among the main technological fac-
tors, on which the traction characteristics depend, the
metal temperature before casting, duration of casting in
chill moulds, vibration time are singled out. Based on the
mathematical modeling and further optimization it was
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found that the optimum casting time is 32 s, and the chill
mould vibration time is 6 min. The application of these
modes in practice of rotor casting allows to minimize the
probability of internal porosity formation, thus providing
the best traction characteristics.

Keywords: electromotor, traction drive, traction
characteristics, rotor, casting

B craree mpoananuzupoBaHbl (HAaKTOPBI, OKa3bl-
BAIOIME CYLIECTBEHHOE BJIMSHUE HAa Ka4eCTBO 3allOJIHE-
HUS COT MPHU 3aJIUBKE B KOKUJISIX POTOPOB NEKTPOBHUIra-
TeJel TSAroBOro MPUBOJIA U PElIeHa 3a7ada ONTUMU3alUN
TEXHOJIOTUYECKUX PEXUMOB 3anuBKu. [IpuMeHeHue nan-
HBIX PEKHMOB B IPAKTHUKE 3AJMBKH POTOPOB IO3BOJISIET
CBECTH K MHHUMYMY BEPOSITHOCTH OOpa3oBaHMS BHYT-
PEHHEH IMOPUCTOCTH, 00ECTIeYrBasi STUM CaMbIM JIyHIIIHe
TATOBBIC XAPAKTEPUCTUKHU.

KnroueBble cjioBa: 3J1€KTPOJBUTaTENb, TSATOBBIN
MPUBOJ, POTOP, 3aJIUBKA
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CHILL MOULD DESIGN FOR MANUFACTURE
OF VITAL FIGURINE CAST PARTS OF POWER
ENGINEERING

p. 12-18

Borys Taran, Vladimir Malakhov, Cyril Molodov

For rapid development of manufacturing technol-
ogy of vital figurine cast parts, the use of the modern
method of rapid prototyping, allowing to build-up ready
models from photopolymer resin on the pre-designed 3D-
model using laser sintering plants, is of practical interest.
The example of application of an integrated approach to
the equipment design for manufacturing of figurine cast
parts of power engineering is described in the paper. The
chill mould design also involves the solution of the prob-
lems, related to the selection of the chill mould material
since its thermal stability depends on the problem solu-
tion correctness. Recommendations on the selection of
the mould material and results of experimental studies of
thermal stability of moulds with inserts from Fe-Cu
pseudo-alloy are given in the paper. The admissible tem-
perature range for the use of Fe-Cu pseudo-alloy as in-
serts is justified.

Keywords: power engineering, prototyping, chill
mould, dimension chain

B cratee ommcaH npuMep NPUMEHEHUS KOM-
MJIEKCHOTO TOJX0Ja K MPOEKTUPOBAHUIO OCHACTKU JIJIS
HU3IrOTOBJICHUA OTBCTCTBCHHBIX CJ'[O)KHOHpO(bI/IJ'IbHI)IX
JIUTBIX JAETale: MOJENIeH, CTEPKHEBBIX SIIMKOB KOKHU-
neit. [lokazaHo, 4TO MPUMEHEHNE METOJOB ONTUMU3ALIUU
MPUITYCKOB Ha OCHOBE MOCTPOEHUS W aHAIHU3a pa3Mep-
HBIX TeTIeH IS MPOCKTUPOBAHHS pabovell MOJIOCTH KO-
KIS B COYCTAHUH C TEXHOJIOTHEH OBICTPOTO IPOTOTHITH-
pPOBaHHUS 00ECIEUYNBAIOT BO3MOXKHOCTH TIOJYYCHHUS BBI-
COKOKAYECTBEHHBIX OTBETCTBCHHBLIX JIMTHIX JCTalIeH.
IIpuBenensl pe3ynbTaTbl SKCIEPUMEHTAIBBIX HCCIEHO-
BaHUN TEPMOCTOMKOCTH KOKWJIEH C BCTaBKAMM U3 IICEB-
nocmasa Fe-Cu.

KutioueBble cji0Ba: SHEPTeTUUCKUE MAITUHOCTPO-
€Hue, MPOTOTUIHPOBAHUE, KOKHIIIb, pa3MepHas Ieb
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APPLICATION OF PULSE TECHNOLOGIES IN
THE WELDING OF STRUCTURAL STEELS

p. 18-21

Anatoly Zhernosiekov, Volodymyr Sydorets, Vitaliy
Prykhodko

The results of studies of technological capabili-
ties of the process of pulse-arc welding of structural
steels, including the use of flux-cored wires, are given in

ABSTRACTS and REFERENCES

the paper. The raised level of metal losses on waste and
sputter leads not only to the welding wire over-
expenditure, but also to the welding torch nozzle chok-
ing, gas protection deterioration, sputters pickup on the
work piece. Application of pulse arc welding technolo-
gies allows the effective solution of a number of techno-
logical problems.

The studies on welding of pipe steel X60 were
conducted. The proposed combined approach can have
prospects in the welding of pipelines of large diameter
and thickness, where the root weld is made without a
magnetic blow by contact welding, and all subsequent
layers are made by the pulse arc welding. For welding of
the "hot" pass, following the root, the mixture of shield-
ing gases of argon and carbon dioxide with the addition
of helium can be used. The experimental studies at the
pulse arc welding and surfacing of various flux-cored
wires, including self-shielding wires, were conducted.
The use of power supplies with the adjustable pulse
shape of welding current allows to improve the effi-
ciency of welding and surfacing with flux-cored wires.

Keywords: welding, arc, sputter, steel, pulse, con-
trol.

[IpencraBneHsl pe3ynbTaThl HUCCIEIOBAaHUM IIPO-
1[ecca MMITYJIbCHO-IYTOBOM CBapKH IUIABAIIMMCS 3JIEK-
TPOJIOM KOHCTPYKLIMOHHBIX CTajI€il, BKJIIOYas IPUMEHE-
HHUE TMOPOLIKOBBIX NMPOoBOJIOK. [loka3zaHo, 4TO MpHMEHe-
HUE HMMITYyJIbCHBIX TEXHOJIOTUI MO3BOJIAET 3HAUYUTEIIBHO
YMEHBIIUTE pa3OpbI3TUBAaHUE MeTaia. Y CTaHOBJICHO,
YTO UCMOJb30BaHUE MCTOYHHMKOB IUTAHUS C PEryIHpye-
MoH (popMOI MMITyTBCOB CBapOYHOTO TOKA IMOBBIIIAET
3¢ $EKTUBHOCTD POLIECCOB CBApKM M HAIUIABKU ITOPOII-
KOBBIMH IIPOBOJIOKAMH, BKIIIOYasl CAMO3AIUTHBIE.

KunroueBsbie ciioBa: cBapka, Ayra, pa3opbI3ruBa-
HHE, CTallb, UMITYJIbC, PETYIHPOBAHHE.
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MATHEMATICAL MODELING IN PROBLEM OF
SEARCHING OPTIMAL CONTROL OF ALLOYS
OBTAINING FOR MACHINE PARTS UNDER
UNCERTAINTY CONDITIONS

p. 22-32

Dmitry Demin

The results of the research on mathematical mod-
eling in the problems of searching the optimal final state
control of alloys obtaining processes for vital parts of
power engineering are described in the paper. The math-
ematical description of the control object is proposed. It
was shown, which parameters of the mathematical model
are subject to estimation for the implementation of the
known methods of searching the optimal control in a
linear-quadratic problem and the problem of searching
the optimal final state control. The proposed procedure of
estimating the structure and parameters of mathematical
models, describing the alloys obtaining processes for
parts of power engineering in electric furnaces allows to
avoid the main difficulties, related to the presence of
multilevel uncertainty and complexity of mathematical
description of melting control. Implementation of this
procedure, based on obtaining the analytical description
of interrelation between output and fuzzy input variables
in the form of regression equation and further use of this
description in the structural circuit of the control system
allows to obtain a stable chemical composition and mi-
crostructure of the alloy, determining its high mechanical
properties. The proposed algorithm for estimating the
parameters of the mathematical model of the studied pro-
cess in the conditions of two-level uncertainty can be
applied in solving the problems of technical implementa-
tion of alloys obtaining control systems in APCS (Auto-
matic Process Control System) as it allows real-time cal-
culation of those parameters, which are not subject to
direct control during the manufacturing process.

Knrwuosi ciaoBa: mathematical model, control,
power engineering, alloy, reliability

B craree omnmcaHbl pe3ynbTaTbl HCCIEAOBAaHUH,
MTOCBSIIIEHHBIX MaTEMaTHYeCKOMY MOJICIIMPOBAHUIO B
3a/jayax MOMCKa ONTHUMAJIBHOIO 10 KOHEYHOMY COCTOS-
HHUIO yNpaBJICHUS MPOIlecCaMi MOJIYYEeHUs CIUIaBOB IS
OTBETCTBCHHBIX neTaneﬁ OHECPreTUYCCKOro MalirmHoO-
cTpoeHus. IlpemioxkeHo MareMaTH4ecKoe ONHCaHHE
00beKTa yNnpaBJeHUs U MOKa3aHO, KaKue U3 MapaMeTpoB
MaTeMaTU4eCKOil MOAeny MOoAeKaT OLEHKe JUIsl peau-
3alldM  W3BECTHBIX METOJOB IMOWCKA ONTHMAIBHOTO
VIpaBJICHUS B JHHEHHO-KBaJAPATHYHOHN 3a7ade W 3a/1ade
IOWCKa ONTHUMAIBFHOTO TI0 KOHEYHOMY COCTOSHHIO
yrnpaBieHus. [IpuBeneH anropuT™M OILEHWBAHUS Mapa-
METPOB MaTeMaTHYECKOH MOJENH HCCIEAYeMOro Ipo-
11ecca B YCIOBHUAX JBYXYPOBHEBOM HEONPEAEIEHHOCTH.

KiaioueBble ci1oBa: MaTeMaTHdecKas MOJIEIb,
YOpPABJIEHUE,  OHEPreTUYECKOE  MAIIMHOCTPOECHUE,
CIjIaB, HaJIEKHOCTh
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RESEARCH OF POSSIBILITY OF FLIGHT
CONTROL USING DATA OF INERTIAL LOW
ACCURACY SENSORS
p. 32-35
Natalia Khatsko

The results of modeling of joint operation of the
aircraft control system and inertial navigation system are
given in the paper. For the control accuracy improve-
ment, the method of algorithmic compensation of meas-
urement errors of inertial sensors was used. Parameters
of the mathematical models of sensor errors were ob-
tained in the calibration process. It is shown that the de-
veloped calibration techniques of inertial average-
accuracy sensors allow to improve the quality of inertial
measurement unit to the navigation. The data, obtained in
this study indicate that the use of pre-calibration and sub-
sequent algorithmic measurement compensation in most
cases allows the system in periods of the lack of reliable
satellite information to lead the aircraft to the specified
point with rather high accuracy.

KirouoBi cioBa: iHepiiiasibHa HaBiraiiiiHa cuic-
TeMa, aBTOMAaTH4YHA CHUCTeMa KypyBaHHs, allOpUTMiuHA
KOMIIEHCAIIisl, TIPOCKOI, aKCEJIEPOMETP

B crathe mpencrtaBiieHBl pe3yibTaThl MOAEIHPO-
BaHMS COBMECTHOW PabOTHI CHCTEMBI YIpaBJICHUS JIeTa-
TENIBHBIM aNlapaToM M HWHEpPLHMAIbHONH HaBUTAILIMOHHOW
cUCTeMBl. J[1s1 MOBBIMIEHUS] TOYHOCTH YINPABICHUS HC-
MOJIb30BAaH METOJ AITOPUTMUYECKOHW  KOMIICHCAINH
OmMOOK HM3MEPEHHH HHEPLIUAIbHBIX IaT4uKoB. llapa-
METpPBl MaTeMaTHYeCKHX MOJeJeld OImMOOK JaTIYMKOB
MOJTydYeHbl B Ipolecce ux KanmuOpoBku. IlokazaHo, uTo
pa3paboTaHHBIE METOAWKH KaIMOPOBKM WHEPIMAIBHBIX
JATIMKOB CPEAHEH TOYHOCTH ITO3BOJIAIOT MOBBICUTBH Ka-
YeCTBO MHEPLHAJIBHOTO WU3MEPHUTENILHOrO OJoKa 1O Ha-
BUTAI[MOHHOTO.

KiroueBble cioBa: MHeplIManbHas HAaBUTALMOH-
Has CHUCTEMa, aBTOMATMYecKas CHCTeMa YIpaBJICHUs,
QIrOpUTMUYECKass KOMIIEHCALUsl, THPOCKOI, aKCeIepo-
MeTp.
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CALCULATED ANALYTICAL MODEL FOR
DETERMINING THE GAS COMPLEX

p. 36-41

Zoe Bezruk

The problems of improving the performance of
gas-analytical measuring complex are considered. The
mathematical model of the transit time of the gas sample
in the blocks and nodes of the gas circuit was developed.
The circuit elements, reducing the performance were
defined. Recommendations on the optimization of con-
struction circuit of the gas-analytical system were given.
During the experimental studies it was found that the
theoretical calculated time of the transportation lag is
always by 15-20 % less than the actual real time of the
lag. It was found that the movement of real gases in the
gas tubes to the GC is accompanied by the pressure loss
on the corresponding sections of the gas sample transpor-
tation. The largest of all local losses for this system are
the losses in valves, filters, pressure regulators, sweep
and non-sweep elbows. The actual value of the transpor-
tation lag is determined by the formula, given in the pa-
per.

Thus, it is possible to reduce the transportation lag
time of the gas-analytical complex in the following ways:
using the proposed calculation methodology for the theo-
retical calculation of the transport lag time and determin-
ing the circuit element, where the lag is greater, conduct-
ing the experimental studies to identify new stabilization
methods of pressure and expenditure of the gas sample,
optimal selection of the high-speed methods of gas anal-
ysis at the construction of gas-analytical complexes.

Keywords: performance, transport lag,
analytical complex.

gas-
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PaccMoTpeHBI BOITPOCHI MOBBIMIEHUS! OBICTPOJICH-
CTBHS Ta30aHAJIMTHUYECKOTO M3MEPHUTENBHOIO KOMIUIEK-
ca. PazpaboTana mMaremarndeckas MOJIesIb BPEMEHHU IPo-
XOXKJEHHUS Ta30BOH MPOOBI MO OJI0KaM M y3JlaM Ta30BOH
cxembl. OmnpeneneHsl 3JIEMEHTbl CXEMBbl, CHMKAIOIINE
opicTponeiicTBue. [laHBI pekOMEeHJanu{ 1O ONTHUMH3a-
LUM CXEMBI MOCTPOCHHUS T'a30aHAINTHIECKOTO KOMIIIEK-
ca. Ilpu skcnepuMeHTaNBHBIX HCCICIOBAaHUAX OKa3a-
JIOCh, YTO TEOPETHUYECKUIM pacueTHOE BpeMs TpaHCIOPT-
HOTO 3ama3bpIBaHus, Bcerna Ha 15-20 mpoueHTOB MEHb-
1€ JEHCTBUTENBHOIO PEallbHOrO0 BPEMEHHU 3ama3fblBa-
HUSl.

KioueBble ciaoBa: ObicTponelicTBHe, TpaHC-
MIOPTHOE 3ala3/IbIBaHNE, Ta30aHATUTHIECKU KOMILIEKC.
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MICROPROCESSOR CONTROL SYSTEM OF
THE ELECTROONTACT SURFACING WITH
TWO ROLLER ELECTRODES
p. 42-45
Yuliya Chepel, Elena Berezjnaya, Valeriy Kassov
Electrocontact surfacing is a complex electrother-
mal process with the relationship between the parame-
ters, the change nature of which in the real conditions
depends on a number of factors, which during the weld-
ing current pulse change over a wide range. At the elec-
trocontact surfacing with powdered electrodes, the
change in physical properties of materials in the surfac-
ing zone will be especially significant since during the
heating process the compaction, sintering, melting of

charge ingredients of the core takes place that, as a result,
has the impact on the surface layer characteristics on the
whole. Therefore, it is expedient to build the high-speed
system of measurement, registration and control of proc-
ess parameters. The microprocessor control system of the
electrocontact surfacing with two roller electrodes was
developed, the use of which allows to adjust the key
process parameters in real time in order to increase the
surfacing efficiency and ensure optimal surfacing-
technological characteristics and quality of wear-resistant
layer, surfaced on the effective area of the part.

Keywords: electrocontact surfacing with two roll-
er electrodes, microprocessor control system, compres-
sion drive.

Paspaborana  MuKpompoLeccOopHas  cuUCTeMa
YIpaBJICHUS >JIEKTPOKOHTAKTHOM HAIIaBKOW IBYMS PO-
JIMKOBBIMH BJIEKTPOJAMH, IIPUMEHEHHE KOTOPOH I03BO-
JSIET KOPPEKTUPOBaTh OCHOBHBIE MapaMeTphl Ipolecca B
peaNbHOM BpPEMEHH C LIeNbI0 MOBBINICHUS 3] deKTHBHO-
CTH HAIUIaBKU U 00ECICYECHUS] ONTUMAIIbHBIX CBAPOYHO-
TEXHOJIOTUYECKUX XapaKTePUCTHK M KadyecTBa HalljIaB-
J1eMOT0 Ha pabouylo MOBEPXHOCTh AETANIU U3HOCOCTOM-
KOT'O CJIOA.

KnroueBsble c10Ba: 3JeKTPOKOHTAKTHAS HATTaBKA
IOBYMSI POJIMKOBBIMH DJICKTPOJaMH, MUKPOIIPOLIECCOpHAst
CHCTEeMa YIPaBIICHUS, IPUBOJ CIKATHSL.
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10. Chigarev, V.V., Berezjnaya, E.V. (2009). Au-
tomated quality control system of electrocontact surfac-
ing. Welding Engineering in Mechanical Engineering:
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THE CHOICE OF METHODS OF IMPROVING
WEAR RESISTANCE OF VEHICLES
p- 45-50
Viktor Ostapchuk

The study of the destruction of precision friction
pair parts was presented and the selection of methods for
increasing their wear resistance was conducted in the
paper. The method for producing the coatings with the
desired performance properties was proposed. This
method can be implemented practically using the copper
cathode, which contains 50% of molybdenum disulfide,
which is manufactured from the powder mixture by
compression with the subsequent heat treatment. The use
of such cathodes allows to obtain the coating, the main
components of which are copper and molybdenum disul-
fide. At the level of impurities, there is free sulfur, mo-
lybdenum, its oxide and molybdenum nitride in the film
coating. It is noteworthy that the rate of molybdenum
sulfide condensation depends on the substrate tempera-
ture more strongly than the rate of copper condensation.
This allows directionally affect the ratio of the main
components of the film material during its formation.
The principles of formation of multicomponent coatings
for restoring the precision friction pairs, which take into
account the relationship between the technological pa-
rameters of the friction process, their structure, mechani-
cal and performance properties, were developed.

Keywords: plunger and spool-and-sleeve pairs,
cathode, precision pairs, condensation at ion bombard-
ment (CIB), wear.

B pabote npencraBieHsl UCCIEA0BaHUSA pa3pylIe-
HUS JleTajiell MPeLU3MOHHBIX Map TPEeHHsS U IPOBEICH
BBIOOD METOJOB TMOBBIMICHUS WX HM3HOCOCTOHKOCTH.
[pennoxen crocod Mmoay4eHus: MOKPBHITHH C 331laHHBIMU
9KCIUTyaTallMOHHBIMU cBoiicTBamu. [IpakTuuecku peanu-
30BaTh 3TOT CIIOCOO MOXHO HCIOIB3YS KaTOA M3 MEIH,
KOTOpBIH comepxut 50% BKIIOUEHHS AUCyIb(uaa Mo-
TuO/eHa, KOTOPBIM M3rOTOBIIEH INPECCOBAaHHWEM M3 IIO-
POIIKOOM CMECH C IOCIEeRyIomeil TepMHdecKoi oOpa-
60TKOH.

KnroueBble cjI0Ba: TUIyH)XEpHBIE U 30J0THHUKO-
BbIE I1apbl, KaTOJ, MPELE3UOHHbICe] Mapbl, KOHJCHCALNS
npu noHHoM 6ombOapyBanuu (KUB), usHoc.
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INCREASED DURABILITY OF POWER
ENGINEERING PARTS BY METHOD OF
CARBONITRIDING IN THE MACRODISPERSED
MIXTURE
p. 50-55
Kateryna Kostyk
The purpose of the paper was to study the influ-

ence of technological parameters of carbonitriding in
macrodispersed powder on the properties of structural
steel 40X. The problem was solved by finding the opti-
mum temperature and time of treatment. For the estima-
tion of the parameters, typical for the diffusion layers, the
study of the influence of carbonitriding time and tem-
perature on the depth and hardness of the hardened layer
was used. Based on the studies, the optimal temperature
of 40X steel carbonitriding, corresponding to 550°C,
which provides the greatest thickness of the diffusion
layer (0.5 mm) at a high surface hardness (800 MPa) was
selected and justified. The analysis of experimental data
showed that the best ratio of surface hardness and depth
of the carbonitrided layer is achieved by the exposure for
5 hours. The coefficients of nitrogen diffusion in steel for
the proposed saturation method were calculated. The new
method of low-temperature carbonitriding, allowing to
carry out the treatment in the box furnace just in 5 hours
with obtaining of sufficient diffusion layers was pro-
posed. The practical significance of this paper lies in the
fact that the application of the proposed carbonitriding
method allows significant reduction of the thermochemi-
cal treatment duration.

Keywords: carbonitriding, steel, diffusion layer
depth, surface microhardness, diffusion.

HccenoBaHo BIMSIHUE TEXHOJNOTMYECKHX Hapa-
METPOB HHU3KOTEMIIEPATypPHOH HUTPOIIEMEHTAIIUU B Kap-
00- W a3oTOCcOoAEpIKAIEM MaKpOJMCIEPCHOM MOPOIIKE
Ha yNpoYyHEeHHe MoBepxHocTHOro cios ctamu 40X. On-
penesieHo ONTHMAaIbHBIE TeMIIepaTypa U Bpemst 00padoT-
ku. Paccunranel koaddunuentsr nuddysun a3ora B cra-
JM 711 IPEAJIOKEHHOTO METO/1a HACHIIICHNUSI.

KnioueBble cJI0Ba: HHUTPOLEMCHTALVs, CTalb,
rryouHa 1u¢(Gy3HOHHOTO CIIOSl, MHKPOTBEPIOCTH TIO-
BEPXHOCTH, TP Py3us.
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COMPARISON OF PHYSICOCHEMICAL
PROPERTIES OF NITRIDE FILMS PRODUCED
BY VARIOUS REACTIVE SPUTTERING
METHODS

p. 55-58

Natalia Vasilenko, Alex Vasilenko

Improvement of physical, mechanical and chem-
ical properties of thin nitride films depends on the meth-
ods of their deposition and improvement of the structure,
which determines the obtained properties. In the produc-
tion of nitride films, which are promising in solid-state
microelectronics and instrument engineering, various
reactive sputtering methods are widely used. For the so-
lution of these problems, relatively new methods - ion
implantation method (II) and condensation and ion bom-
bardment (CIB) method, carried out on the "Bulat" in-

stallation are quite promising. However, films, obtained
by various methods using the same initial materials, as a
rule, have various characteristics. In this paper, the films
of nitrides on Ti, Ta, W, Mo, Ni, Si (111) and NaCl (100)
substrates were obtained by the above methods, their
physical, electrical and chemical characteristics were
studied. The kinetics and mechanism of build-up of the
obtained film coatings were established, the growth con-
stant was calculated. Due to the study of physicochemi-
cal properties of films, obtained by various methods it is
possible to obtain film coatings with previously predicted
properties.

Keywords: ion implantation, condensation and
ion bombardment, nitride, physicochemical properties.

[NoBrpiieHne (PU3HYECKIX, MEXAaHWICCKUX H XH-
MHYECKUX XaAPAKTEPUCTUK TOHKHUX HUTPUAHBIX IICHOK
3aBHCUT OT METOAOB MX OCAXACHUSI W YCOBEPIIECHCTBO-
BaHUS CTPYKTYPBI, KOTOpas U ONpPEICIsAeT MOaydacMbIe
cBoMcTBa. MeToJ0M MOHHOM MMINIAHTAIlMM M KOHIACHCA-
I[UM 1 UOHHOW OOMOApAUPOBKY MOJIYYCHBI IJICHKH HUT-
punoB Ha oioxkkax Ti, Ta, W, Mo, Ni, Si (111) u NaCl
(100), u3y4eHsl UX (PUIUUCCKUE, ITCKTPUUCCKUE, XUMHU-
YECKHE XapaKTCPUCTUKH.

KiaroueBble cjioBa: MOHHAs HMMIUIAHTALMS, KOH-
JICHCallusl U MOHHas OOoMOapAWpOBKa, HUTPUI, (HUZHUKO-
XHUMHYECKHE CBOMCTBA.
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QUALITY ASSURANCE PROCESS FOR
CONTINUOUS CASTING

p. 59-64

Oleg Khoroshilov, Anna Pavlova

The quality assurance of technological process of
obtaining and the specified quality of continuous cast
billets from copper alloys at performance improving of
continuous casting machine is considered in the paper.
The damageability level was tested by the assessment of
tensile strength of samples of continuous cast billets at
the following operating modes of the continuous casting
machine: billet motion was carried out progressively dur-
ing overcoming the static friction force at various values
of the billet motion frequency, the billet motion was car-
ried out at reverse motion when overcoming the static
friction force at various values of the billet motion fre-
quency. It was found that at joint application of reverse
billet motion in the mold during overcoming the static
friction force and increase in the billet motion frequency
there is a decrease in the billet damageability parameter.
As a result, the technological parameters for the continu-
ous casting process, the adjustment of which allows a
significant increase in the billet quality, are given.

Kaiouessie cioBa: quality assurance, technologi-
cal process of continuous casting, damageability.

PaccMOTpeH TEXHOIOTMUYECKHI TpOoLEcC Hempe-
PBIBHOTO JIMThsSl 3arOTOBOK. DBBIABIEHBI 3aBHCUMOCTH
MOBPEXKIAEMOCTH 3aTOTOBKH OT JUINTENIBHOCTH LHUKJIA H
XapakTepa JBUKEHUS 3aTOTOBKU BO BPEMsI IIPEOIOJIECHHS
ciil TpeHus mokos. IIpencraBieHbl TEXHOJIOTMYECKHE
napaMeTpsl Mpolecca HEMPEPhIBHOTO JUThS PETYIHPOB-
Ka KOTOPBIX MO3BOJISIET 3HAUYUTEIBHO YBEIUYUTh KauecT-
BO 3aTOTOBKHU.

KiroueBble ciioBa: obecriedeHne KadecTBa, TeX-
HOJIOTUYECKOr0 MPOLEcca HEMPEPBIBHOTO JIUThs, MOBpeE-
HKJ1aeMOCTb.
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B xyprane «IIpoGiemMbl MaIIMHOCTPOCHHS» N1€4ATAOTCS:

U cmamau C M3710)KEHUEM HOBBIX HAayUHBIX PE3yIbTaTOB
o0BpeMoM He Ooee 15 MaIIMHONMCHBIX CTPAaHUI, BKIIOYAs WII-
JIOCTpanuy (10 CEMH) U TaOJIHIIBI;

U Kpamxue coodujenus, cosiepxaniie HHPOpMaIHio o
Ba)KHBIX pe3yJIbTaTax MpeIBapUTEIILHBIX UCCIIEI0BaHNUI 00be-
MoM 3—5 crpaHuI] (3TH MaTepHabl BIIOCIEICTBHN MOTYT UC-
M0JTb30BAThCS B TEKCTE TOJTHOM CTAaThN);

o 0030pbl IEYaTHBIX Pa0OT M0 aKTyalbHBIM MPOOIeMaM
HWH)XEHEpHOI MexaHuKu 00beMoM 2025 cTpaHHI] 10 3aKazy
peIaKmum.

K omy6nmkoBaHHIO Takke IPUHUMAIOTCS IJIAaTHBIE PEKJIaMHBIE
COOOIIEHNSI 0 HOBBIX MaTepHaliax, Iproopax | anmaparype.

Bce paboThl 10IKHBI COOTBETCTBOBATDH MEMAMUKE HCYPHANA:
—  DHEPreTHYecKoe MalIMHOCTPOCHUE;

—  a’po- ¥ THAPOMEXaHHKA B YHEPTeTHIECKUX MalINHAX;

—  Temionepenaya B MaIMHOCTPOUTEIBHBIX KOHCTPYKIMSX;
—  JMHaMHKa U IPOYHOCTh MAIlIHH;

—  NpHKJIAJHAS MATEMATHKa,

—  3aj1a4d ONTHMU3ALUH B MAIIHHOCTPOCHUH;

—  HeTpaAWIMOHHAs SHEPreTHKa;

—  BBICOKHE TEXHOJOTHH B MALLIMHOCTPOCHHHY;

—  3KOJIOTMYECKHE acIEKThl B MALIMHOCTPOCHUH;

—  HMHXCHepHas 0MOMEXaHUKa;

—  MarepuajoBeJeHHE B MAIIMHOCTPOCHUH;

— U3 OIbITa OTEYECTBEHHOT'O MAalIMHOCTPOCHHS.

B penakimo HeoOX0IMMO MPEICTABUTH B OTHOM K3EMILISPE
CJIeIYIOLINE MaTEePHAIIBI:

—  PYKOIIKCB;

—  Ha OTACJILHOM JIMCTE: CBEACHHUs 00 aBTOpaX, COZCpIKaIlue
(bamunny, UMEHa, OTYECTBa, HA3BAHHE OPraHU3ALMH, CIIyKeO-
HBlE WM JOMAaIIHMe ajpeca u TeiaedoHsl, e-mail (eciu ecTp) u
yKa3zaHHe, C KaKUM aBTOPOM IIPEIIOYTHTEIbHEE BECTH Hepe-
ITHCKY;

—  HampaBJICHHE OT OpraHW3all{, €CIH MPEICTABISCMbIC
Marepuaibl SBIAIOTCS Pe3yJbTaToM pabOThl, BBINOJIHCHHOW B
9TON OpraHW3alMy; B HAIPABICHUU CIELYeT yKa3aTh Ha3BaHHUE
pyOpuKH XypHaia;

—  3KCIEPTHOE 3aKJIIOYCHUE;

—  JIMLE3UOHHBIH JOrOBOP, TOJMHUCAHHBIA BCEMH COaBTOPaMH
CTaTbH;

—  OJIGKTPOHHBIH  BapuaHT  pykonucu B (opmare
MS-Word’97-2003 momaercss Ha ChEMHOM HOCHTEJE JaHHBIX
WU 3JIEKTPOHHOM MOYTON o anpecy
kostikov@ipmach.kharkov.ua mociie BHeCeHHUsI B HEro HcCHpaB-
JICHUI 3aMEYaHUi PEIeH3EeHTa U PeAaKTopa; MoApOoOHbIE HHCT-
PYKLHMH 110 MOATOTOBKE 3JIEKTPOHHOH BEPCHH PYKOIHMCH, a TaK-
ke 1abnoH ¢aiiia 1 npumep 0hOPMIICHHS ICKTPOHHOTO BapH-
aHTa MOXHO HalTH Ha www.ipmach.kharkov.ua wmm moxyaurs
[0 OJICKTPOHHOW I[OYTe, HAMpaBUB 3alpoc II0  ajapecy
kostikov@ipmach.kharkov.ua u ykazas B Teme mucbma «JME
Infoy.

Marepuanbsl IPHHAMAIOTCS] HA PyCCKOM, YKPaWHCKOM HJIM aHT-
JTHHACKOM S3bIKaX M COOTBETCTBEHHO ITyOJIMKYIOTCS Ha SI3bIKE
OpHTHHAJA.

Bce craThy peneH3upyroTcs. Penakius nposepsieT pyKomicu
crareil Ha cooTBeTcTBHE TpeboBanusimM BAK Ykpaunsl, usno-
JKEHHBIM B noctaHoBiieHnH IIpesunuyma BAK Yikpauns: Ne 7-
05/1 ot 15.01.03 «IIpo migBuieHHs: BUMOT 10 HaxOBUX BUAAHb,
BHeceHux 0 nepenikiB BAK Ykpainm» (bronerens Bumoi
aTecramiiHoi koMicii Ykpainu, Ne 1, 2003 p.)

IIpaBuna odpopmiieHus: pyKkonucu
Pyxomuce nomkaa OBITH OTIEYaTaHa ¢ OAHOW CTOPOHBI OEIoi
Oymaru opmara A4 gepe3 moaTopa HHTEPBAIA C OISIMHU HE
MeHee 25 MM (cBepXy, CHU3Y H cieBa) U 15 MM (cmpasa). Pas-
Mep mpudTa 14 MyHKTOB, peKOMeHyeMas rapauTypa Times
New Roman.
Pykomnuch 10/DKHA BKIIIOYATh CICAYIONIHNE SJIEMEHTBI, KaXIblil
U3 KOTOPBIX HAUYMHACTCS C HOBOW CTPaHUIIBL.

Ilepsas cmpanuya, nonnucaHHas Bcemu aBropamu. Ha
Hel pacnonararot: naAaeke Y K; nanmansl, hamMunmy u yde-
HbIE CTCIICHH aBTOPOB; HA3BaHHE OPTaHU3ALMK; TOPOJ U aJipec
9JIEKTPOHHOH ITOYTHI; Ha3BaHUE CTAThH, KOTOPOE TOJDKHO OBITH
KpaTKUM 1 HH)OPMATUBHEIM, 0e3 COKpameHuil 1 abopeBuaryp;
KITFOUeBbIe cioBa (3-5 ciioB).

Annomayusn (ue 6onee 100 ciI0B) Ha PyCCKOM U yKpa-
MHCKOM $3bIKaX, COZIeprKallast U3JI0KEHHE OCHOBHBIX Pe3yJIbTa-
TOB.

OcHo6HOll meKch, B KOTOPOM PEKOMEHIYeTCs Bbie-
JIMTh CJICAYIONIUE DIICMEHTHI:

- BBEJ/ICHHC, OIMCHIBAIONIEE ITOCTAHOBKY MPOOJIEMBI B 00-
IIeM BHUJIE, €€ CBS3b C BaKHBIMU HAyYHBIMU WM MPAKTHIECKH-
MH 3aJJaHUSIMH, aHAJH3 TTOCIEAHUX HCCIIEOBAaHUN U ITyOinKa-
LM, B KOTOPBIX paccMaTpuBaeTcs NaHHas MmpoOiieMa, C BbIIe-
JICHUEM He PEeIIeHHBIX paHee yacTel oouieit mpobiieMsl, popmy-
JIMPOBaHUE LIEJIEH CTaThH;

- OCHOBHYIO 4acCTbh, IIOCJIE/IOBATEIBHO OIMCHIBAIOLIYIO
HPOBEJICHHBIC MCCIIEJOBAHUS C TOJIHBIM OOOCHOBaHHMEM IIOJY-
YEHHBIX Pe3yJIbTaTOB,;

- 00Cy’KIeHHE Pe3yIbTaTOB PabOTHI;

- BEIBOJBI M3 JIAHHOTO HCCIEJOBAHUS W IEPCHEKTHUBEHI
JaNbHEHIINX pa3paboTOK B TOM HaIpaBJICHHH.

Cnucox aumepamypol, 0pOpMIICHHBIH B COOTBETCTBUH
¢ JACTY I'OCT 7.1-2006. Ccpliku Ha IUTEpaTypy Jar0TCs B
KBaJpaTHBIX cKoOKax. CIHCOK JTUTEpaTyphl Ie4aTaeTCs B MO-
psIKE CCBUIOK Ha Hee.

Anenutickuil éapuanm aHHOTALMY ¥ Ha3BaHHS CTAThU C
yKa3aHueM (paMIINHi 1 HHAIIHAIOB aBTOPOB.

@opmyitsl, eciii Ha HUX B JAJIbHEHIIIEM €CTh CCBIIKH B TEKCTE,
HOAJIekAT CKBO3HOI Hymeparmu. [Ipu aTom dopmyna pacrnona-
raeTcsi Ha OT/EJIBHOW CTPOKE, a CIpaBa OT Hee CTAaBUTCS HOMeEp
B Kpymibslx ckoOkax (1). Jlaruackue OykBBI, 00O3Haudaromue
(u3nuecKye BEIMYMHBI, UHIEKCHI M T. Il., HAOMPAIOTCS KypCH-
BOM (32 MCKITIOUCHHEM OOIIETIPHHATHIX 0003HAUCHUH (HyHKIUI
Tuna abs, sin, cos u yucen nmogodus: Re, Nu u T. i.). Bexropa u
MaTpUIbl — XUPHBIM mpHudTOM, 6e3 KypcuBa Ha4epKUBAHUN 1
ckobok. Bekropa o6o3HawaroTcsi CTpOUHBIMU OyKBaMH, MaTpH-
bl — 3arIaBHBIMU. [IpocThie (OpMyIIbI 0 BO3MOXHOCTH HAOU-
paroTCsl NMPOCTBIM TEKCTOM C HCIIOJIB30BAaHUEM CTAaHAAPTHBIX
cpenctBs MS-Word (kypcuBa, BCTaBKa CUMBOJIOB, HaJACTPOYHBIE
U TOJCTPOYHBIX MHJAEKCH M T. I1.). bonee cnoxuble Gpopmyis
TOJDKHBL OBITH HaOpaHBI ¢ TMOMOIIBIO CTaHZApTHOrO Microsoft
Equation 3.x ¢ ucmonp30BaHIEM CTaHAAPTHBIX CTHIEH U pa3Me-
pos. IIpumenenue npyrux pegakropos (Hanpumep MathType), a
TaKOKe BCTaBKa (POPMyYJT KaK PHCYHKOB HE JIOITyCKaeTCs.

Bce Tabuune! ¥ pUCYHKH JOJDKHBI HIMETh Ha3BaHUS U CCBUIKH Ha
HHUX B TeKCTe crartbd. Ecim Tabmun (PpUCYHKOB) B CTaThe IBE
i Gosee, TO OHU HYMEPYIOTCsI IT0CIIe0BaTeNIbHO. Ta0muIb! 1
PHMCYHKH C TOJNHUCAMH IOMEIIAIOTCS HA OTIEIBbHOH CTpOKe
nocie ab3aia, B KOTOPOM NEpBbIi pa3 BCTpedaeTcsi CChUIKA Ha
HUX. B Tabmuiax He MOKHO OBITH IyCTBIX CTPOK, €CIM HET
pe3yJIbTaToOB, CTaBUTCS NpodepK. He mormyckaercs pasnerncHue
TEMaTHYECKHX 3ar0J0BKOB KOCOH depToi. [IpmHUMAIOTCS TONB-
KO 4epHO-0eNble MILTIOCTPAINY, [[BETHBIE — C COTJIACHS pelak-
IL[UH 32 JOTOJHUTENBHYIO IUIATy.

BripaBHHBaHME (OPMYIT M UX HOMEPOB, a TaKKe pas-
JIMYHBIX YacTeil PUCYHKOB U MOJPUCYHOUYHBIX HOANHUCEIl JoImyc-
KaeTcs TOJBKO MpU MoMoiu Talyisiuuu u ab3auneB. Kareropu-
YeCKH 3alpelaeTcsi MCIONb30BaHHEe Ul J3THX Leieil Tabuui,
KaJIpOB, PAMOK, OOTEKaHHs TEKCTOM H T. II.
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