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Abstract—This paper presents a study of changes in the structure and properties in thickness of rolled 
sheets up to 100 mm of low-alloyed shipbuilding steel with a yield point not less than 420 MPa. The frac-
ture surface of samples after impact bending tests at low temperatures was investigated. It was found that 
the combination of the parameters of lath morphology bainite (fraction, areas average size and length) 
and the size of structural elements at given tolerance angles of 5 and 15° (indicating the presence or ab-
sence of a developed subgrain structure of deformation origin) determine the level of impact work at low 
temperatures testing. 

Keywords: thermomechanical treatment, sheet metal, structure in thickness, structural heterogenei-
ty, lath bainite, quasi-polygonal ferrite, mechanical properties, low temperature of tests.  
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EFFECT OF NATURAL AND ARTIFICIAL AGEING ON STEEL MECHANICAL PROPERTIES  
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Abstract—The operating conditions of welded structures of shipbuilding steels, including operation at 
northern latitudes, determine high requirements for their quality. Materials used for such structures should 
guarantee stable mechanical properties, good processability during hull fabrication and serviceability at 
subzero temperatures. Strain aging is due to the thermodynamic non-equilibrium of steel structure in its 
initial state and gradual transition to the equilibrium state provided the diffusion mobility of interstitial at-
oms is sufficient. In unfavorable conditions, this can lead to the degradation of properties during pro-
cessing (cold straightening, bending, welding), operation or long-term storage. The paper studies the 
probability of natural and artificial ageing processes in steels of different chemical compositions due to 
bulk diffusion and carbon dislocation core diffusion (dislocation pipe diffusion). The effect of strain ageing 
on mechanical properties and the CTOD parameter value has been examined. 

Keywords: low-alloy steel, alloyed steel, thermomechanical controlled processing, quenching, tem-
pering, natural and artificial ageing, ferrite-bainite structure, ferrite-pearlite structure, mechanical proper-
ties, fracture toughness 
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CHANGES IN THE STRUCTURAL AND TEXTURAL STATE  
OF TITANIUM ALLOY VT41 AFTER HOT UPSETTING AND ANNEALING 
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Abstract—A study of the structure of titanium alloy VT41 (Ti–Al–Si–Zr–Sn– β-stabilizers) was carried out 
on a sample subjected to hot upsetting in the (α+β)-region – conditions simulating the stamping of a disk 
of a gas turbine engine (GTE). The features of the formation of the textural state of primary and second-
ary globular grains, as well as the kinetics of their dissolution with an increase in the annealing tempera-
ture, have been determined. As a result of heat treatment at 995°C, the homogeneity of the alloy structure 
significantly increases comparing to the deformed state, which is associated with the recrystallization of 
lamellar and small-globular grains and the retention of primary globular grains of the α-phase. The se-
quence of structural changes has been established during the annealing within the temperature range 
from 950 to 1040°C. 
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Abstract—This article discusses the results of corrosion tests and microstructural studies of forgings 
from various titanium alloys modified with ruthenium, of systems Ti–Al–Zr + 0.15% Ru, Ti–Al–V–Mo + 
0.15% Ru, Ti–Al–V–Cr–Fe–Mo + 0.15% Ru and similar systems of basic compositions. On the basis of 
the performed complex of studies, the influence of the amount of the β-phase on the local content of ru-
thenium and, as a consequence, on the effect of cathodic protection in general was analyzed. 

Keywords: modified titanium alloys, ruthenium, forgings, corrosion resistance 
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Abstract—This article investigates the change in the phase composition and structural state during the 
thermal cycle of welding a high-alloyed titanium alloy. It is shown that structural-phase transformations in 
the welded joint occurring under the influence of the thermal and deformation cycle of welding lead to the 
formation of metastable phases, and its subsequent decomposition can lead to ductility losses. To bring 
the metal of the welded joint to an equilibrium state, stabilizing annealing is required. 
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Abstract—This article presents the results of comprehensive innovative research carried out over the 
past 15 years at the Nanocenter of the NRC “Kurchatov Institute” – CRISM “Prometey” in the following 
areas: the creation of coatings based on quasicrystals of the Al-Cu-Fe system, laser synthesis technolo-
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gies, systems electromagnetic protection of technical equipment and biological objects, structural ceram-
ics and composite materials, technologies for surface modification and magnetron sputtering, obtaining 
powders by melt spraying, hydrogen and alternative energy. 
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Abstract—In recent years, the unique physical and mechanical properties of high-entropy alloys (HEAs) 
have been the subject of increased attention of researchers. The study of the thermodynamic characteris-
tics of such materials may be of interest for formulating the principles of the formation of structures with 
the required functional characteristics. Since the processes of structure and phase formation, as well as 
the diffusion mobility of atoms, the mechanism for the formation of mechanical properties and thermal 
stability differ significantly from similar processes in traditional alloys, HEAs are singled out into a special 
group of materials. 

The article presents a brief overview of the results of obtaining a high-entropy alloy by the combined 
method. At the first stage, a precursor layer was deposited by сold gas dynamic spraying (CGDS), and at 
the second stage, it was subjected to high-energy action using a laser. An alloy of the Al-Cr-Ni-Co-Fe 
type has been studied. By varying the ratio of the components, it was possible to obtain an almost 
equimolar composition for this system. A prediction of properties and structure is made based on the 
phase composition of the system. 

Keywords: high-entropy alloy, precursor layer, CGDS, diode laser, precursor layer, equimolar com-
position, thermodynamic characteristics 

ACKNOWLEDGEMENTS 

Experimental studies were performed on the equipment of the Center for Collective Use “Composi-
tion, Structure and Properties of Structural and Functional Materials” of the NRC “Kurchatov Institute” – 
CRISM “Prometey”. 

DOI: 10.22349/1994-6716-2021-107-3-109-117 

REFERENCES 

1. Ang, A.S.M., Berndt, C.C., A Review of Testing Methods for Thermal Spray Coatings, Int. Mater. 
Rev., 2014, No 59 (4). 

2. Davis, J.R., Handbook of Thermal Spray Technology, 1st ed., ASM International, Materials Park, 
2004. 

3. Renner, M., Thermal Spray Coating Applications in the Chemical Process Industries. MTI Publi-
cation No. 42. Von R.P. Krepski. The Materials Technology Institute of the Chemical Industry Inc., 1993, 
St Louis, USA, Materials and Corrosion, 1995, No 46 (11). 

4. Cantor, B., Chang, I.T.H., Knight, P., Vincent, A.J.B., Microstructural Development in Equiatomic 
Multicomponent Alloys, Mater. Sci. Eng. A, 2004, V. 375–377, pp. 213–218. 

5. Yeh, J.-W., Chen, S.-K., Lin, S.-J., Gan, J.-Y., Chin, T.-S., Shun, T.-T., Tsau, C.-H., Chang, S.-Y., 
Nanostructured High-Entropy Alloys with Multiple Principal Elements: Novel Alloy Design Concepts and 
Outcomes, Adv. Eng. Mater., 2004, No 6 (5). 

6. Chuang, M.H., Tsai, M.H., Wang, W.R., Lin, S.J., Yeh, J.W., Microstructure and Wear Behavior of 
AlxCo1.5CrFeNi1.5Tiy High-Entropy Alloys, Acta Mater., 2011, No 59 (16). 

http://www.crism-prometey.ru/
mailto:mail@crism.ru


 

© 2021  
   NRC “Kurchatov Institute” – CRISM “Prometey”  

   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 

 

7. Butler, T.M., Phase Stability and Oxidation Behavior of Al-Ni-Co-Cr-Fe Based High-Entropy Al-
loys: Ph.D. Thesis, The University of Alabama, 2016. 

8. Haas, S., Mosbacher, M., Senkov, O.N., Feuerbacher, M., Freudenberger, J., Gezgin, S., Vцlkl, 
R., Glatzel, U., Entropy Determination of Single-Phase High Entropy Alloys with Different Crystal Struc-
tures Over a Wide Temperature Range, Entropy, 2018, No 20 (9). 

9. Pogrebnjak, A.D., Bagdasaryan, A.A., Yakushchenko, I.V., Beresnev, V.M., The Structure and Prop-
erties of High-Entropy Alloys and Nitride Coatings Based on Them, Russ, Chem. Rev., 2014, No 83 (11). 

10. Papyrin, A., Kosarev, V., Klinkov, S., Alkhimov, A., Fomin, V.M., Cold Spray Technology,  
Elsevier Ltd, 2007. https://doi.org/10.1016/B978-0-08-045155-8.X5000-5. 

UDC 621.793.7:621.762.5:669.017.165 

APPLICATION OF COLD GAS DYNAMIC SPRAYING AS AN ADDITIVE TECHNOLOGY  
FOR PRODUCING MATERIALS BASED ON NICKEL ALUMINIDE AND TITANIUM ALUMINIDE 

D.A. GERASHCHENKOV, Cand Sc. (Eng) 

NRC “Kurchatov Institute” – CRISM “Prometey”, 49 Shpalernaya St, 191015, St Petersburg,  
Russian Federation. E-mail: mail@crism.ru 

Received August 3, 2021 
Revised September 6, 2021 
Accepted September 8, 2021 

Abstract—Metal additive manufacturing is widely studied for its unique advantages over traditional 
manufacturing processes. It is used to form complex components of Ti, Fe or Ni alloys. However, for non-
ferrous alloys – aluminum, magnesium, copper – additive technologies are not used due to rapid melting 
during laser, electron beam and/or arc treatment. Cold spraying is widely used as an effective technology 
for applying high quality coatings in the mass production of metal and alloy products and/or metal matrix 
composite coatings. In addition, cold spraying is a serious and effective tool for the additive manufactur-
ing of metals, and research in this area is currently becoming intense. During heat treatment of materials 
obtained by cold spraying, new chemical compounds are formed – both intermetallic compounds and 
hardening ceramic inclusions that increase the microhardness. However, as a result of a change in the 
structure during chemical transformations, a change in the geometry of the product and the formation of 
pores can be observed. 

Keywords: additive technology, cold gas-dynamic spraying, intermetallic compounds, microhard-
ness, X-ray phase analysis 
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Abstract—The subject of the study were rubbers based on partially and fully hydrogenated nitrile-
butadiene rubbers (HNBR) Therban АТ 5065 VP and Therban АТ 5005 VP, taken individually and in the 
ratios 80:20, 70:30, 60:40, 50:50 accordingly. The purpose of the work was to study the functional proper-
ties of rubbers based on HNBR of various degrees of unsaturation using modern methods of analysis. 
The degree of dispersion of the filler and the thermodynamic compatibility of polymer components in rub-
bers based on Therban АТ 5065 VP and Therban АТ 5005 VP mixtures are appreciated. Glass transition 
and decomposition temperatures, elastic modulus and mechanical loss tangent of HNBR-based and their 
combined compositions were identified. The microrelief of the surface of rubber samples based on HNBR, 
taken in different ratios, was investigated.  

Keywords: hydrogenated butadiene-nitrile rubbers, polymer mixtures, microscopy, differential scan-
ning calorimetry, dynamic mechanical analysis 
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Abstract—This article presents the results of a study of the hydrophilic properties of VMPS-10 84x4 
glass filaments and SYT-49S 12K carbon tows. It has been found that the contact angle of glass and car-
bon fibers, which decreases after ion-plasma treatment, returns to its original values within 8 days. The 
capillarity values of both types of fibers increase irreversibly, but for carbon fibers, we observe a more 
significant change in this parameter. In the course of studying the microstructure of the surface of filler 
fibers before and after processing, it was found that all samples were uniformly covered with a film of an 
active lubricant with a microdispersed structure; however, for glass fibers, the size of the sizing particles 
increased during processing, and for carbon fibers, it decreased. In addition, thermophysical studies of 
the used reinforcing fillers were carried out, and it was found that during the ion-plasma modification, the 
erosion of the sizing film occurred. 

Keywords: ion-plasma treatment, ion-plasma treatment in vacuum, atmospheric ion-plasma treat-
ment, contact angle, capillarity, surface microstructure 
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Abstract—This article presents the results of the development and implementation of special ice-
resistant anodes on nuclear icebreakers and offshore structures, capable of ensuring long-term effective 
cathodic corrosion protection systems under shock and abrasive effects of Arctic ice. The results of in-

http://www.crism-prometey.ru/
mailto:mail@crism.ru


 

© 2021  
   NRC “Kurchatov Institute” – CRISM “Prometey”  

   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 

 

spections of the hull and hull elements of the cathodic protection of the nuclear icebreaker “50 Let 
Pobedy” and the offshore ice-resistant platform “Prirazlomnaya” after their long-term operation are shown. 
Cathodic protection of the atomic icebreaker “Leader” has been described. 

Keywords: nuclear icebreakers, arctic offshore structures, cathodic corrosion protection, ice resistant 
anodes 
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Abstract—This paper presents an experimental study of biocorrosion of D16T and AMg6 aluminum al-
loys. The determining role of reactive oxygen species in aluminum biocorrosion by a consortium of molds 
has been shown. A model is proposed, according to which the initiators of corrosion damage to the metal 
surface are superoxide anion radical and hydrogen peroxide released during the life of micromycetes. It is 
assumed that the initiation and development of biocorrosion occurs, among other things, as a result of the 
process of reductive activation of oxygen and the Fenton decomposition of hydrogen peroxide. A conclu-
sion is made about the mechanism of the occurrence of intergranular and pitting corrosion of aluminum 
alloys interacting with microscopic fungi. 

Keywords: aluminum, D16T, AMg6, biocorrosion, microscopic fungi, reactive oxygen species, su-
peroxide anion radical, hydrogen peroxide, intercrystalline corrosion, pitting corrosion, oxygen reductive 
activation 
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Abstract—The ultimate deformation capacity of stainless high-alloyed austenitic nitrogen-containing steel 
and low-alloyed chromium-nickel-molybdenum steel up to the moment of failure under single and multiple 
blast loading in the air has been investigated. The paper presents data on the change in the mechanical 
properties and structure of these steels as a result of explosive loading to the limit and to the specified 
level of deformation. 
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Abstract—This article shows the possibility of using high-strength nitrogen-containing corrosion-resistant 
steel grade 04Kh20N6G11M2AFB for the construction of critical elements and units of marine equipment 
operating at low temperatures, including the Arctic. The advantages of nitrogen-containing steel over clad 
steel AB2 + 08Kh18N10T always used in shipbuilding and welded steel of F500W category are consid-
ered. According to the assessment of testing of homogeneous nitrogen steel sheets, the level of its physi-
cal and mechanical properties exceeds the analogous parameters of traditional AB2 + 08Kh18N10T 
steels in a wide temperature range, up to –90°C. 
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Abstract—The results of the work of the NRC “Kurchatov Institute” – CRISM “Prometey” on the creation 
of titanium alloys for deep-sea marine equipment, vehicles and submersibles are presented. The paper 
considers development of titanium alloys with a yield strength of more than 1000 MPa. 
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Abstract—On the basis of expert examinations of spent pipes metal operated as coil-pipes at pyrolysis 
furnaces, heat-resistant alloys and technologies for manufacturing standard products from them have 
been developed. The service characteristics of the developed alloy 45Kh32N43SB and its welded joints 
at temperatures of 1100 and 1150°C have been investigated. It is shown that the alloy has structural sta-
bility and the ability to resist high-temperature creep at operating temperatures up to 1150°C. A method 
has been developed for assessing the resource of pipe elements, taking into account the peculiarities of 
its operation, as well as crack-like defects in the pipe material. The reasons for the significant deformation 
and damage of the crossover piping, leading to the premature failure of the coils, have been found. The 
most significant operational factor of damage to the heat exchangers at pyrolysis plants has been identified. 

Keywords: heat resistant alloy, stress rupture strength, centrifugal cast pipes, weld joints, intermetal-
lic compounds. 

DOI: 10.22349/1994-6716-2021-107-3-247-262 

REFERENCES 

1. Oryshchenko, A.S., Konstruktsionnye materialy dlya radiantnykh zmeevikov [Materials of con-
struction for radiant coils], Khimicheskoe i neftegazovoe mashinostroenie, 2007, No 5, pp. 44–47 

2. Vovchenko, N.V., Utkin, Yu.A., Petrov, S.N., Ptashnik., A.V., Popova, I.P., Issledovanie kharak-
teristik zharoprochnosti modelnykh splavov v zavisimosti ot obiemnogo soderzhaniya intermetallidnoy 
fazy (Nb6Ni16Si7) [Study of the characteristics of high-temperature strength of model alloys depending on 
the volumetric content of the intermetallic phase (Nb6Ni16Si7)], Nedelya metallov v Moskve, Moscow: 

VNIIMETMASH, 2017, pp. 305–315.  

3. Oryshchenko, A.S., Blank, E.D., Vodovozov, A.N., Vovchenko, N.V., Elektronno-luchevaya svar-
ka tsentrobezhno-litykh trub iz zharostoykikh zharoprochnykh splavov dlya radiantnykh zmeevikov 
pechey piroliza ustanovok polucheniya etilena i drugikh produktov pererabotki uglevodorodnogo syrya 
[Electron beam welding of centrifugally cast pipes made of heat-resistant alloys for radiant coils of pyroly-
sis furnaces of installations for producing ethylene and other products of processing hydrocarbon raw ma-
terials], Tekhnologii i oborudovanie ELS-2011, St Petersburg: Polytechnic University, 2011, pp. 49–59 

4. Colwell, R.L, Hoffman, J.J., Weld cracking in modified heat resistant casting, a microstructural in-
vestigation, Proceedings of the NACE international annual conference corrosion, 1998. 

5. Alloy Data Sheet KHR45A, Kubota Heat Resistant alloys, Tokyo, 2003. 

6. Schmidt + Clemens Group. Centralloy ET 45 Micro. Material data sheet, Germany: Lindlar, 2009. 

7. Technical Guidance Material 26-02-67-84, Method for calculating the strength of elements of fur-
naces operating under pressure. 

8. API 530 STD, Calculation of Heater-Tube Thickness in Petroleum Refineries, Washington D.C.: 
American Petroleum Institute, 2003. 

9. Oryshchenko, A.S., Utkin, Yu.A., Popova, I.P., Petrov, S.N., Tsemenko, A.V., Issledovanie kha-
rakteristik zharoprochnosti metalla tsentrobezhno-litykh trub, izgotovlennykh iz splava 45Kh32N43SB, i 
ikh svarnykh soedineniy pri temperaturakh do 1150°C. Ch. 1: Zharoprochnost trub pri temperaturakh do 
1100°C [Research of characteristics of heat resistance of metal of centrifugal cast pipes made from 
45Kh32N43SB alloy and their welded connections at temperatures up to 1150°C. Part 1: Study of the 
heat resistance characteristics of metal of centrifugally cast pipes made of 45Kh32N43SB alloy at tem-
peratures up to 1100°C], Voprosy Materialovedeniya, 2020, No 2 (102), pp. 1–13. 

10. Oryshchenko, A.S., Utkin, Yu.A., Petrov, S.N., Ptashnik, A.V., Issledovaniya makrokristallich-
eskogo stroeniya tsentrobezhno-litykh trub i kolichestvenny analiz dispersnykh faz v mezhgranichnom 
prostranstve splavov bazovoy kompozitsii 50Kh32N43 pri rabochikh temperaturakh [Study of the macro-
crystalline structure of centrifugally cast pipes and quantitative analysis of dispersed phases in the inter-
boundary space of alloys of the base composition 50Kh32N43 at operating temperatures], Voprosy Mate-
rialovedeniya, 2014, No 2 (78), pp. 73–84. 

11. Popova, I.P., Issledovanie soprotivleniya razrusheniyu splava bazovoy kompozitsii 
45Kh25N35S2B i razrabotka metodov otsenki rabotosposobnosti reaktsionnykh zmeevikov vysokotem-
peraturnykh ustanovok piroliza [Investigation of the fracture resistance of the alloy of the base composi-

http://www.crism-prometey.ru/


 

© 2021  
   NRC “Kurchatov Institute” – CRISM “Prometey”  

   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 

 

tion 45Kh25N35S2B and the development of methods for assessing the performance of reaction coils of 
high-temperature pyrolysis units]: Abstract of dissertation for the degree of candidate of technical scienc-
es, St Petersburg: CRISM “Prometey”, 2014. 

12. Popova, I.P., Oryshchenko, A.S., Analiz vozmozhnykh prichin prezhdevremennogo vykhoda iz 
stroya reaktsionnykh trub ustanovok piroliza, izgotovlennykh iz splava bazovoy kompozitsii 
45Kh25N35S2B [Analysis of possible causes of premature failure of reaction tubes of pyrolysis units 
made of base alloy 45Kh25N35S2B], Collection of reports of the 9th Russian conference “Metody i pro-
grammnoe obespechenie raschetov na prochnost”, Moscow: NIKIET, 2016, pp. 166–173. 

UDC 669.71'721:621.791.14:629.5 

CREATION OF LARGE-SCALE THIN-WALLED WELDED PANELS OF HIGH STRENGTH  
FROM ALUMINUM-MAGNESIUM ALLOYS FOR CONSTRUCTION OF HIGH-SPEED VESSELS  

OF A NEW TYPE FOR OPERATION IN THE ARCTIC 

E.A. ALIFIRENKO
1
, N.N. BARAKHTINA

1
, E.V. MALOV

2
 

1
NRC “Kurchatov Institute” – CRISM “Prometey”, 49 Shpalernaya St, 191015 St Petersburg,  

Russian Federation. E-mail: mail@crism.ru 
2 
Rybinskaya verf, 1A Sudostroitelnaya St, Sudoverf, 152978 Rybinsk district, Yaroslavl region, 

Russian Federation  

Received June 29, 2021 
Revised June 30, 2021 
Accepted July 29, 2021 

Abstract—A new high-strength material has been developed – large-scale thin-walled welded panels 
made of aluminum-magnesium alloy 1565ch. Its use, combined with modern achievements in the field of 
strength and aerohydrodynamics, made it possible to create a multifunctional economy skeg-type hover-
craft “Haska 10” with unique operational capabilities. 

Keywords: aluminum-magnesium alloy, large-scale thin-walled welded panels, high-speed hover-
craft 

DOI: 10.22349/1994-6716-2021-107-3-263-273 

REFERENCES 

1. Kryzhevich, G.B., Knoring, S.D., Shaposhnikov, V.M., Perspektivy primeneniya svarnykh al-
yuminievykh konstruktsiy v morskom transporte [Prospects for the application of welded aluminum struc-
tures in marine transport], Sudostroenie, 2005, No 3, pp. 72–75. 

2. Alifirenko, E.A., Shishenin, E.A., Perspektivy snizheniya vesa korpusnykh i nadstroechnykh kon-
struktsiy pri ispolzovanii svarnykh krupnogabaritnykh oblegchennykh paneley, poluchennykh metodom 
svarki treniem s peremeshivaniem [Prospects for reducing the weight of hull and superstructure struc-
tures using welded large-scale lightweight panels obtained by friction stir welding], Trudy Krylovskogo 
gosudarstvennogo nauchnogo tsentra, 2019, Special Issue, No 1, pp. 49–52. 

3. Alifirenko, E.A., Oryshchenko, A.S., Osokin, E.P., Perspektivy primeneniya svarnykh oblegchen-
nykh paneley [Prospects for the use of welded lightweight panels], Morskoy flot, 2016, No 4, pp. 24–26. 

4. Patent RU 156 976: Alifirenko, E.A., Bakshaev, V.A., Vasilev, P.A., Dodon, R.V., Oryshchenko, 
A.S., Osokin, E.P., Pimenov, A.V., Ustanovka svarki treniyem s peremeshivaniyem krupnogabaritnykh 
konstruktsiy [Installation of friction stir welding of large-scale structures], Publ. 20.11.2015. 

5. Patent RU 2 431 692: Drits, A.M., Oryshchenko, A.S., Grigoryan, V.A., Osokin, E.P., Barakhtina, 
N.N., Sosedkov, S.M., Artsruni, A.A., Khromov, A.P., Tsurgozen, L.A., Splav na osnove alyuminiya i izde-
lie, vypolnennoe iz etogo splava [Alloy based on aluminum and a product made of this alloy (alloy 
1565ch)], Publ. 20.10.2011. 

6. Barakhtina, N.N., Drits, A.M., Oryshchenko, A.S., Osokin, E.P., Sosedkov, S.M., Aluminievo-
magnievy splav 1565ch dlya kriogennogo primeneniya [Aluminum-magnesium alloy 1565ch for cryogenic 
applications], Tsvetnye metally, 2012, No 11, pp. 84–89. 

http://www.crism-prometey.ru/
mailto:mail@crism.ru


 

© 2021  
   NRC “Kurchatov Institute” – CRISM “Prometey”  

   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 

 

7. Patent RU 2 677 559: Alifirenko, E.A., Barakhtina, N.N., Borisov, A.V., Kotolaynen, A.V., 
Oryshchenko, A.S., Sposob svarki treniyem s peremeshivaniem alyuminievykh zagotovok peremennoy 
tolshchiny [Friction stir welding method for aluminum billets of variable thickness], Publ. 17.01.2019. 

8. Pravila klassifikatsii i postroyki morskikh sudov. Part 13: Materials, [Rules for the classification 
and construction of sea-going ships], Russian Maritime Register of Shipping, St Petersburg, 2018. 

http://www.crism-prometey.ru/

