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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. 
 

В статье рассмотрены закономерности измене-
ния шероховатости напыленного минералокерамиче-
ского слоя на шейках валов ротора газовой турбины в 
зависимости от режимов шлифования и зернистости 
круга из кубического нитрида бора. Шероховатость 
поверхности при шлифовании напыленного керами-
ческого слоя, состоящего из чистого  Al2О3 находится 
в пределах Ra = 0,63…0,32, для  модифицированного 
TiС и С шероховатость поверхности практически не 
меняется, а модифицированного WC повышается на 
один разряд.  

Ключевые слова: минералокерамический 
слой, шлифование, износ, шероховатость, круг из 
кубического нитрида бора.  
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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  

 
В статье проанализированы факторы, оказы-

вающие существенное влияние на качество заполне-
ния сот при заливке в кокилях роторов электродвига-
телей тягового привода и решена задача оптимизации 
технологических режимов заливки. Применение дан-
ных режимов в практике заливки роторов позволяет 
свести к минимуму вероятность образования внут-
ренней пористости, обеспечивая этим самым лучшие 
тяговые характеристики. 

Ключевые слова: электродвигатель, тяговый 
привод, ротор, заливка 
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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 

 
 
 
В статье описан пример применения ком-

плексного подхода к проектированию оснастки для 
изготовления ответственных сложнопрофильных 
литых деталей: моделей, стержневых ящиков коки-
лей. Показано, что применение методов оптимизации 
припусков на основе построения и анализа размер-
ных цепей для проектирования рабочей полости ко-
киля в сочетании с технологией быстрого прототипи-
рования обеспечивают возможность получения вы-
сококачественных ответственных литых деталей. 
Приведены результаты экспериментальых исследо-
ваний термостойкости кокилей с вставками из псев-
досплава Fe-Cu. 

Ключевые слова: энергетичские машиностро-
ение, прототипирование, кокиль, размерная цепь 
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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 

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. 

 
Представлены результаты исследований про-

цесса импульсно-дуговой сварки плавящимся элек-
тродом конструкционных сталей, включая примене-
ние порошковых проволок. Показано, что примене-
ние импульсных технологий позволяет значительно 
уменьшить разбрызгивание металла. Установлено, 
что использование источников питания с регулируе-
мой формой импульсов сварочного тока повышает 
эффективность процессов сварки и наплавки порош-
ковыми проволоками, включая самозащитные. 

Ключевые слова: сварка, дуга, разбрызгива-
ние, сталь, импульс, регулирование. 
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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. 

Ключові  слова: mathematical model, control, 
power engineering, alloy, reliability 

В статье описаны результаты исследований, 
посвященных математическому моделированию в 
задачах поиска оптимального по конечному состоя-
нию управления процессами получения сплавов для 
ответственных деталей энергетического машино-
строения. Предложено математическое описание 
объекта управления и показано, какие из параметров 
математической модели подлежат оценке для реали-
зации известных методов поиска оптимального 
управления в линейно-квадратичной задаче и задаче 
поиска оптимального по конечному состоянию 
управления. Приведен алгоритм оценивания пара-
метров математической модели исследуемого про-
цесса в условиях двухуровневой неопределённости. 

Ключевые слова: математическая модель, 
управление, энергетическое машиностроение, 
сплав, надёжность 

 
Referenсes 
1. Dempster, A. P. (1967). Upper and Lower 

Probabilities Induced by a Multivalued Mapping. Ann. of 
Math. Statistics, 38, 325–339. 

2. Shafer, G. A. (1976). Mathematical Theory of 
Evidence. Princeton: Princeton University Press, 297. 

3. Pawlak, Z. (1981). Rough relations. IPI PAN, 
№ 435, 10. 

4. Diligenskij, N. V., Dymova, L. G., Sevast'ja-
nov, P. V. (2004). Nechetkoe modelirovanie i mnogok-
riterial'naja optimizacija proizvodstvennyh sistem v us-
lovijah neopredelennosti: tehnologija, jekonomika, jeko-
logija. M.: Mashinostroenie, 1, 397. 

5. Bodjanova, S. (1997). Approximation of fuzzy 
concepts in decision making. Fuzzy Sets and Systems, 
85, 23–29. 

6. Narin'jani, A. S. (1986). Nedoopredelennost' v 
sisteme predstavlenija i obrabotki znanij. Izv. AN SSSR. 
Tehnicheskaja kibernetika, 5, 8–11. 

7. Narin'jani, A. S. (1980). Nedoopredelennye 
mnozhestva - novyj tip dannyh dlja predstavlenija znanij. 
Preprint VC SO AN SSSR.: Novosibirsk, № 232.  

8. Narin'jani, A. S., Ivanov, D. A., Sedreev, S. V., 
Frolov, S. A. (1997). Nedoopredelennoe kalendarnoe 
planirovanie: novye vozmozhnosti. Informacionnye 
tehnologii, 1, 34–37. 

9. Zadeh, L. A. (1965). Fuzzy Sets. Information 
and Control, 8, 338–353. 

10. Raskin, L. G., Seraja, O. V. (2008). Nechet-
kaja matematika: monogr. Har'kov: Parus, 352. 

11. Afanas'ev, V. N., Kolmanovskij, V. B., Nosov, 
V. R. (1989). Matematicheskaja teorija konstruirovanija 
sistem upravlenija. M.: Vyssh. Shk, 447. 

12. Li, Je. B., Markus, L. (1972). Osnovy teorii 
optimal'nogo upravlenija. M.: Nauka. 

13. Ikramov, H. B. (1984). Chislennoe reshenie 
matrichnyh uravnenij. M.: Nauka. 

14. Voevodin, V. V. (1977). Vychislitel'nye os-
novy linejnoj algebry. M.: Nauka. 

15. Kachanov, P. A. (2000). Optimal'noe upravle-
nie sostojaniem dinamicheskih sistem v uslovijah neo-
predelennosti. H.: HGPU, 209. 

16. Seraja, O. V., Domin, D. A. (2009). Oceni-
vanie parametrov uravnenija regressii v uslovijah maloj 
vyborki. Eastern-European journal of enterprise tech-
nologies, 6/4(42), 14–19. 

17. Raskin, L. G., Domin, D. A. (2010). Iskusst-
vennaja ortogonalizacija passivnogo jeksperimenta v 
uslovijah maloj vyborki nechetkih dannyh. Іnformacіjno-
kerujuchі sistemi na zalіznichnomu transportі, 1(80), 20–
23. 

18. Seraja, O. V., Domin, D. A. (2010). Ocenka 
predstavitel'nosti usechennyh ortogonal'nyh podplanov 
plana polnogo faktornogo jeksperimenta. Sistemnі 
doslіdzhennja ta іnformacіjnі tehnologії, 3, 84–88. 

19. Domin, D. A., Katkova, T. I. (2010). Metod 
obrabotki maloj vyborki nechetkih rezul'tatov ortogonal-
izovannogo passivnogo jeksperimenta. Vіsnik Іnzhen-



ABSTRACTS and REFERENСES 

ISSN 0131–2928. Проблемы машиностроения, 2013, Т. 16, № 5                             69

 

ernoї Akademії. Kiev: Іnzhenerna Akademіja Ukraїni, 2, 
234–237. 

20. Seraya, O. V., Domin, D. A. (2012). Linear 
regression analysis of a small sample of fuzzy input data. 
Journal of Automation and Information Sciences, 44 (7), 
34–48. 

21. Domin, D. A. (2013). Primenenie iskusstven-
noj ortogonalizacii v poiske optimal'nogo upravlenija 
tehnologicheskimi processami v uslovijah neopredelen-
nosti. Eastern-European journal of enterprise technolo-
gies,  
5/9 (65), 45–53. 
 
 
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.  

Ключові слова: інерціальна навігаційна сис-
тема, автоматична система курування, алгоритмічна 
компенсація, гіроскоп, акселерометр 

 
В статье представлены результаты моделиро-

вания совместной работы системы управления лета-
тельным аппаратом и инерциальной навигационной 
системы. Для повышения точности управления ис-
пользован метод алгоритмической компенсации 
ошибок измерений инерциальных датчиков. Пара-
метры математических моделей ошибок датчиков 
получены в процессе их калибровки. Показано, что 
разработанные методики калибровки инерциальных 
датчиков средней точности позволяют повысить ка-
чество инерциального измерительного блока до на-
вигационного. 

Ключевые слова: инерциальная навигацион-
ная система, автоматическая система управления, 
алгоритмическая компенсация, гироскоп, акселеро-
метр. 
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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, gas-
analytical complex. 
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Рассмотрены вопросы повышения быстродей-
ствия газоаналитического измерительного комплек-
са. Разработана математическая модель времени про-
хождения газовой пробы по блокам и узлам газовой 
схемы. Определены элементы схемы, снижающие 
быстродействие. Даны рекомендации по оптимиза-
ции схемы построения газоаналитического комплек-
са. При экспериментальных исследованиях оказа-
лось, что теоретический расчетное время транспорт-
ного запаздывания, всегда на 15-20 процентов мень-
ше действительного реального времени запаздыва-
ния. 

Ключевые слова: быстродействие, транс-
портное запаздывание, газоаналитический комплекс. 
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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. 

 
Разработана микропроцессорная система 

управления электроконтактной наплавкой двумя ро-
ликовыми электродами, применение которой позво-
ляет корректировать основные параметры процесса в 
реальном времени с целью повышения эффективно-
сти наплавки и обеспечения оптимальных сварочно-
технологических характеристик и качества наплав-
ляемого на рабочую поверхность детали износостой-
кого слоя. 

Ключевые слова: электроконтактная наплавка 
двумя роликовыми электродами, микропроцессорная 
система управления, привод сжатия. 

 
References 
1. Kogaev, V.P., Drozdov Yu.N. (1991). 

Strength and durability of machine parts. M.: High 
School, 319. 

2. Grkunov, D.N., Polcer G.A. (1992). Analysis 
of wear and selective transfer in friction. Effect of Wear-
proofness and Trybotechnology, №1, 9-11. 

3. Robin, F.  (1991). The wear of steels by abra-
sives. Revue de Metallurgie, Volume 8, 47-84. 

4. Gulakov, S.V., Psariova, I.S., Lavrentic, O.O., 
Sherbakov, S.V. (2001). Strengthening of machine parts 
and tools welding working layer of regulated distribution 
properties. Mashinoznavstvo, №5, 45-48. 

5. Chigarev, V.V.,  Malinov, V.L. (2000). 
Choosing of economical alloyed surfacing materials for 
various conditions of shock-abrasion. Automatic Weld-
ing, №5, 58-60. 

6. Kassova, E.V. (2007). Behavior of powdered 
core during the formation of the deposited layer in the 
electric-surfacing. Mater. of Sciences. Seminar "Prob-
lems and Prospects of Handling, Construction and Road 
Machines", Kramatorsk, DSEA, 50-51. 

7. Prohorov, N.N., Latupov, L.A., Prohorov 
A.N. (2002).  Formation of field at maximum tempera-
tures of electric-welding of the tool cutting edge.  Repair, 
Rehabilitation, Modernization, №6, 14-18. 

8. Prohorov, N.N., Voronin, N.N., Latupov, R.A. 
(2003). Phase transformations during strengthening or 
restoring the cutting edge of tillage tool electrocontact 
welding solid layer. Metal Technology, №6, 13-15. 

9. Berezjnaya, E.V. (2009). Development of mi-
crocontroller monitoring system stability of electrocon-
tact surfacing. Electronic Herald of DSEA, №2(5E), 22-
26. 



ABSTRACTS and REFERENСES 

ISSN 0131–2928. Проблемы машиностроения, 2013, Т. 16, № 5                             71

 

10.  Chigarev, V.V., Berezjnaya, E.V. (2009). Au-
tomated quality control system of electrocontact surfac-
ing. Welding Engineering in Mechanical Engineering: 
Prospects for Development: First International Scientific 
and Technical Conference. Kramatorsk, DSEA, 74-75. 
 
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. 

 
В работе представлены исследования разруше-

ния деталей прецизионных пар трения и проведен 
выбор методов повышения их износостойкости. 
Предложен способ получения покрытий с заданными 
эксплуатационными свойствами. Практически реали-
зовать этот способ можно используя катод из меди, 
который содержит 50% включения дисульфида мо-
либдена, который изготовлен прессованием из по-
рошкоои смеси с последующей термической обра-
боткой. 

Ключевые слова: плунжерные и золотнико-
вые пары, катод, прецезионныеі пары, конденсация 
при ионном бомбардувании (КИБ), износ. 
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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. 

 
Исследовано влияние технологических пара-

метров низкотемпературной нитроцементации в кар-
бо- и азотосодержащем макродисперсном порошке 
на упрочнение поверхностного слоя стали 40Х. Оп-
ределено оптимальные температура и время обработ-
ки. Рассчитаны коэффициенты диффузии азота в ста-
ли для предложенного метода насыщения. 

Ключевые слова: нитроцементация, сталь, 
глубина диффузионного слоя, микротвердость по-
верхности, диффузия. 
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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. 

 
Повышение физических, механических и хи-

мических характеристик тонких нитридных пленок 
зависит от методов их осаждения и усовершенство-
вания структуры, которая и определяет получаемые 
свойства. Методом ионной имплантации и конденса-
ции и ионной бомбардировки получены пленки нит-
ридов на подложках Ti, Ta, W, Mo, Ni, Si (111) и NaCl 
(100), изучены их физические, электрические, хими-
ческие характеристики.  

Ключевые слова: ионная имплантация, кон-
денсация и ионная бомбардировка, нитрид, физико-
химические свойства. 
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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. 

Ключевые слова: quality assurance, technologi-
cal process of continuous casting, damageability. 

 
Рассмотрен технологический процесс непре-

рывного литья заготовок. Выявлены зависимости 
повреждаемости заготовки от длительности цикла и 
характера движения заготовки во время преодоления 
сил трения покоя. Представлены технологические 
параметры процесса непрерывного литья регулиров-
ка которых позволяет значительно увеличить качест-
во заготовки. 

Ключевые слова: обеспечение качества, тех-
нологического процесса непрерывного литья, повре-
ждаемость.  
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