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MATHEMATICAL MODELING OF THE DEVELOPMENT OF RATIONAL CHARGE
CHARGES WHEN STRENGTHENING SCREWS OF PRESSURE MECHANISMS

MATEMATHUYHE MOJIEJIOBAHHSA PO3POBKHU PAHIOHAJIBHUX HIUXT
IPU SMIIHHEHHI 'BUHTIB HATUCKHUX MEXAHI3MIB

This research analyzes technological approaches to increasing the wear resistance and opera-
tional durability of machine-building components by surface hardening. The paper considers the pe-
culiarities of hardening the threaded elements of the pressing unit of a 600/1500%2500 cold defor-
mation mill made of 40X steel. The hardening process was implemented using functionally active
composite charges under non-stationary temperature conditions. The main structural elements of such
pressing mechanisms are a steel screw interacting with a bronze nut, which is fixed in the transverse
assembly of the frame. The screw is rotated by a separate drive unit. To ensure high accuracy of the
roll gap adjustment and stable operation of the mill, this screw pair must be characterized by in-
creased strength, rigidity and durability. The surface hardening of the screw of the cold rolling mill's
pressure mechanism was carried out using the developed functional-active charge based on chromium
alloyed with titanium. During the research, thermodynamic modeling was performed, which made it
possible to establish the phase composition of the gas and condensed phases. Using mathematical
modeling methods, regression equations were constructed that reflect the influence of the main alloy-
ing elements on the wear resistance parameters under sliding friction conditions.

Keywords: modeling, regression equation, rolling, durability, charge, pressing mechanism,
coating, wear resistance, microhardness.

Y 0anomy docriosicenni npoananizoeano mexnono2iuni nioxoou 00 NiOSUWEHHSL 3HOCOCMITIKOC-
mi ma eKcnayamayiiHoi 008208I4HOCMI eleMeHmMi8 MAuUHOOYOIGHUX 8V3/I68 ULIAXOM NOBEPXHEB020 3Mi-
yHenns. Pozensamymo ocobnusocmi 3smiyHeHHs pisbO08UX eNeMEeHMIE HAMUCKHO20 8Y31d NPOKAMHO20
cmana xonoonozo degopmysanns 600/1500%2500, suzomosnenozco 3i cmani mapku 40X. Ipoyec 3miy-
HeHMHsI Peani308aHO i3 3ACMOCY8AHHAM (DYHKYIOHATHO-AKMUBHUX KOMNOZUYIIHUX WUXN HPU HeCmayio-
HapHux memnepamypHux ymos. OCHOBHUMU eleMeHmamu KOHCMPYKYIi MaKux HamuCKHUX Mexaniamie €
cmaneuil 26UHM, WO 83AEMOOIE 3 OPOH308010 2AlIKOI0, SIKA (DIKCYEMBCA Y NONEPEUHOMY 8Y31T CTMAHUHUL.
Obepmanns 26uHmMa 6i06YBACMbCSL 3a VONOMO20I0 OKPEMO20 NPUBOOH020 RpUcmpoio. /s 3abe3neyentis
BUCOKOI MOYHOCI Pe2YO8AHHS MINHCBANKOBO20 3A30py MdA CMAOIIbHOI pobOmuU CMAaHd, Ys 28UHNMO8A
napa nOBUHHA XAPAKMeEPU3y8amucs Ni0GUWEHUMU NOKAZHUKAMU MIYHOCHI, HCOPCMKOCII Ma 00820814~
Hocmi. Ilogepxuege sMiyHeHHs 28UHMA HAMUCKHO20 MEXAHI3MY CIAHY X0100H020 NPOKAMYEAHHS, Npo-
BOOUNIUCDH 3 3ACHOBYEAHHIM PO3POONEHOUX QYHKYIOHATLHO-AKMUGHT WUXTNU HA OCHOBI XPOMY J1e208AHUX
MUumanom. Y npoyeci 00CIio#CeHHs GUKOHAHO MePMOOUHAMIYHE MOOETIOBAHHS, WO 010 3MO2Y 6CMa-
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Hosumu azosutl Ckiad 2az080i ma KOHOEHCO8aHOI (has. 3a 00noM0o2010 MAMeMamui4Hux Memooié Mo-
OentogarnHus 6y10 NobYO0BAHO DIBHAHHA pecpeCiliHOi 3a1edHCHOCHI, AKI 8i000paAXCarOmMb NIUE OCHOBHUX
Jle2yIouUx eleMeHmi6 Ha napamempu 3HOCOCMItIKOCMI 8 YM08AX mepms Koe3auHa. Pezynsmamu oocii-
OHCEHHST He MITbKU NIOMBEPOACYIOMb eeKMUBHICHb 3ACMOCYEAHMNS 3A3HAYEHUX HOKPUMMIB, ane U Ma-
1OMb WUPOKI NPAKMUYHI MA HAYKOGI 3HAUEHHS, BKII0UAIOYU NOKPAWEHHS 8UPOOHUNUX Npoyecie ma nio-
BUUYEHHS KOHKYPEHMOCHPOMONCHOCHI NIONPUEMCING MEMATYPRIlIHOT 2aY3i.

Knrouoei cnosa: modentosanms, pieHAHHS pecpecii, NpoKamkd, 008208iUHICMb, WUXMA, MeXa-
HI3M NPECYBAHH, NOKPUMMSL, 3HOCOCMIUKICMb, MIKPOmMeEepOicmb.

Problem’s Formulation

Research focuses on the systematic identification of key technological and structural factors
that influence the operational longevity of mechanical systems employed in metallurgical production
environments. A central technical issue is the limited durability of machine components and structural
elements subjected to the intensive mechanical and thermomechanical loading regimes characteristic
of cold rolling processes, where surface degradation due to friction and elevated contact stresses is
particularly severe. To mitigate such degradation phenomena, advanced surface engineering tech-
nigques—particularly functional protective coatings and diffusion-based surface alloying—are increas-
ingly utilized to enhance the tribological behavior of working surfaces and significantly improve their
resistance to wear. Notwithstanding the notable advancements achieved in the development and im-
plementation of such coatings, unresolved questions persist regarding the identification of dominant
parameters influencing their protective efficacy. This includes the need for further clarification of the
relationships between coating composition, structural evolution, and resulting mechanical performance
under varying operational regimes.

Of particular importance is the examination of the influence of technological parameters—
namely, thermal conditions, applied pressures, deformation rates, and compositional variability of al-
loying systems—on the microstructural features and functional characteristics of the protective layers.
Research main objective is to perform a detailed analysis of the interaction between processing condi-
tions and material response, with the aim of optimizing surface treatment strategies for enhanced per-
formance and extended service life of critical components in metallurgical machinery.

Analysis of recent research and publications

A review of current research in the domain of functional protective coatings and surface alloy-
ing technologies, aimed at enhancing the operational longevity of mechanical systems in steelmaking,
reveals a range of leading trends and technological advancements. In recent years, numerous investi-
gations have focused on optimizing the composition and microstructure of protective layers to im-
prove their adhesion strength, hardness, and resistance to various forms of wear. Among the most
promising directions is the application of alloying elements such as chromium, silicon, and titanium,
which substantially enhance the operational characteristics of coatings, particularly their resistance to
both abrasive and adhesive wear—making them suitable for use under severe service conditions typi-
cal of metallurgical equipment.

Significant attention has been devoted to the analysis of tribological wear mechanisms, ena-
bling a more in-depth understanding of the factors influencing the durability of surface coatings. The
molecular-mechanical theory of friction plays a key role in interpreting the physicochemical nature of
interfacial processes during contact interaction, as well as in identifying strategies to mitigate wear. A
valuable outcome of such research is the determination of optimal technological parameters—
temperature, applied pressure, and material feed rate—that contribute to the formation of coatings with
superior functional properties. These insights are instrumental in increasing the efficiency of coating
technologies and improving the quality of industrial products.

Formulation of the study purpose

The purpose of this research is to develop and improve methods of surface hardening of ma-
chine and mechanism parts to increase the reliability and durability of metallurgical equipment. In par-
ticular, the research is aimed at studying the processes of strengthening the screw of the pressure
mechanism of the cold rolling mill 600/1500%2500, made of 40X steel, using functionally active
charges under non-stationary temperature conditions.
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Presenting main material

Improving the operational reliability and service life of machine and mechanism parts in the
industrial engineering industry for the needs of metallurgy is a priority area of scientific and
technological development. In particular, the problem of strengthening the elements of the pressure
mechanism of cold rolling mills, such as rolling mill 2500, is relevant. To ensure efficient operation
under significant mechanical and thermal loads, it is necessary to improve the physical and mechanical
properties of the surface layers of these elements by forming wear-resistant coatings with high
hardness and minimal thermokinetic impact. One of the effective ways to achieve these goals is to use
functionally active blends that not only reduce energy consumption but also achieve increased surface
hardening efficiency.

The application of functionally active charge compositions under non-isothermal conditions
represents an advanced approach for the formation of protective coatings, utilizing powder mixtures
capable of initiating highly exothermic interactions within the condensed phase. During the reaction,
spontaneous combustion occurs and the combustion front propagates, accompanied by the generation
of high temperatures (up to 4000 °C) [1—2]. The essence of the technology is the realization of exo-
thermic reactions in the frontal combustion mode, which results in the formation of functional materi-
als with valuable properties. This approach is fundamentally different from traditional methods of
powder metallurgy, where synthesis occurs by prolonged sintering of inert compounds [3].

The advantages of obtaining protective coatings using functionally active charges under non-
stationary temperature conditions include the formation of highly reactive thermal and chemical zones
that contribute to the intensification of chemical transformations, the use of internal chemical energy
of the exothermic reaction instead of external heat sources, the use of simple technological equipment,
and the possibility of rapid multilayer heating of large volumes of reagents. This makes the use of
functionally active charges effective in areas where economic or resource constraints are critical. To-
day, these processes are successfully used to produce refractory compounds, boride and carbide mate-
rials, superhard alloys, refractory building elements, oxide raw materials, single crystals, phosphors,
and even high-temperature superconductors. Most of these materials are already produced on an indus-
trial level with high technical and economic efficiency [4,5].

Most rolling mills are equipped with screw pressure mechanisms. The main structural
elements of such mechanisms are a bronze nut placed in the bed cross member and a steel screw
screwed into the nut using a separate mechanism.

Such a screw pair must have sufficient strength and rigidity to ensure the required reliability
and accuracy of adjusting the gap between the rolls. In particular, flat-rolled steel mills are designed to
allow for the possibility of changing the gap during the rolling process (if there is metal in the rolls).
Such pressing mechanisms must have sufficient rigidity and drive power, and in addition, ensure the
required accuracy of roll installation.

For crimping mills, the peculiarity of the pressing mechanisms is the need to ensure a high
speed of movement of the upper roll because the gap changes after each pass. In addition, such mills
are characterized by a significant movement of the rolls in the process of changing the gap.

For long products mills, the change in gap during the rolling process is unacceptable, so the
mechanism may not be as powerful. However, for long products mills, it is necessary to ensure a con-
stant rolling level. For this reason, such stands are equipped not only with upper but also with lower
pressure mechanisms. The speed of roll movement during gap adjustment in long products mills is not
essential because it is insignificant and occurs periodically (several times per shift). For flat-rolling
mills, low-speed pressing mechanisms are used. The 2500 cold rolling mill uses a mechanism with a
total gear ratio of 1122. The kinematic diagram of this mechanism, which consists of two worm gears
for each screw, is shown in Fig. 1. Depending on the required speed of the screw (or, more precisely,
the rolls) and the amount of movement, a stop or trapezoidal thread is used.

For existing rolling mills, in most cases, a verification calculation of the screw and nut, which
have certain dimensions (Fig. 1), is performed [6,7]. Such a calculation is reduced to determining the
stresses in the elements of the pressing mechanism from the action of working loads, and comparing
the calculated values with the permissible.
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Fig. 1. Kinematic diagram of the pressure mechanism of the cold rolling mill 600/1500x2500

Tension in a pressure screw is defined as the ratio of the force acting on the screw to its cross-

sectional area, using the formula:

4-F)

med]

where F;, — force acting on the screw, H; €, — minimum screw diameter, mm.

The screws of the pressure mechanisms are made of structural steel grades, such as 40X,
40XH. The safety margin for pressure screws is at least 5. Therefore, the permissible stresses for
screws are [g].g = 120 <+ 150H/MM?Z. For mills with increased requirements for stand stiffness,
for example, to ensure increased rolling accuracy, the allowable stresses are
[6].. = 60+ BOH/MM?,

For the nut of a clamping mechanism, the most stressed elements are the thread and the bear-
ing surface (in the bed cross member) [8,9]. The stress in the nut thread is calculated as the ratio of the
force transmitted from the screw to the area of the thread turns

Fl
% S, n
where 5, — contact area of the nut and screw by one thread turn, mm?; 2 — number of thread turns.
The contact area for one thread turn is

Top =

L 2

where D, D, — respectively, internal and external diameter of the nut thread, mm.
The number of turns is determined as the quotient of the nut height H, divided by the thread
pitch P
H,
n = —.
P ~
Permissible stresses for bronze nuts are [¢],, o, = 15+ 20H/mm". Compression stress of
the nut material in the area of contact with the support surface of the bed is determined by the formula:
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The bearing surface area is defined as:
T - a
So:lz = E [di - dE]’

where d,, d; — respectively, the diameters of the holes in the cross member of the frame for placing
the nut and passing the pressure screw, mm. The permissible compression stresses for bronze are:
[lacsy =45+ 60H/mm?.

Protective coatings applied to 40X steel are extensively utilized in the machine-building sector
because they enhance the operational reliability of components. Consequently, it is essential to inves-
tigate the wear-resistant characteristics of steel after the application of boride coatings infused with el-
ements such as chromium, silicon, and titanium. The exceptional microhardness of these coatings,
combined with their capacity to hold lubricants on the surface, significantly lowers the wear rate dur-
ing frictional interactions. The primary goal of this study is to identify the ideal operating conditions
for machine parts strengthened through this advanced surface modification technique under fluctuating
temperature conditions, utilizing specially formulated functionally active charges.

For the thermodynamic simulation of chemical reactions involving functionally active charges
under dynamic temperature conditions, the equilibrium composition of the system’s products was de-
termined using the TERRA software. To develop the optimal formulations of powder-based function-
ally active charges that ensure adequate coating thickness and enhanced durability, experimental de-
sign methods were employed, incorporating a full factorial analysis based on a 22 experimental plan.
Thermodynamic modeling of these processes involves a comprehensive thermodynamic analysis of
the system’s equilibrium state. Thermodynamic systems are defined as isolated material regions whose
interaction with the surroundings is limited to the exchange of heat and mechanical energy. The com-
putation of thermodynamic equilibrium for complex systems—encompassing the determination of all
equilibrium parameters, thermodynamic properties, and chemical and phase compositions—is
achieved by minimizing the isobaric-isothermal potential or maximizing the system’s entropy, while
accounting for all potentially equilibrium individual substances [13].

The kinetic patterns of chemical reactions involving functionally active under non-stationary
temperature conditions are influenced by both thermal and diffusion factors. If we assume that during
the heating phase, the suppression of diffusion processes in the gas phase is minimal, and the tempera-
ture change rate is significantly slower compared to the speed of gas-phase chemical reactions, we can
infer that the reaction products reach an equilibrium composition at each temperature. By determining
the equilibrium composition of these products across a range of temperatures, we can effectively map
out the chemical dynamics of the process.
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Fig. 2. The content of condensed products in the reactor of the charge
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The presence of threshold temperatures required for sustaining combustion front propagation
imposes certain technological constraints on the practical use of combustion-based synthesis modes. In
contrast, thermal autoignition offers greater flexibility, as it is not subject to such limitations. The dilu-
tion of the initial reactive powder mixture with inert components up to 85—90 % by mass enables
precise regulation of the maximum temperature, bringing it within a range suitable for technological
processes.

As temperature increases, there is a notable rise in the proportion of reaction products in the
gaseous phase, accompanied by the formation of condensed species. Within the temperature interval
of 400—1600 K, a reduction in the condensed phase fraction is observed due to the volatilization of
carrier substances. Additionally, beginning at approximately 800 K, decomposition reactions are initi-
ated, leading to the emergence of secondary gaseous products and a sharp increase in the total number
of gas-phase molecules.

The resulting gaseous species undergo interactions with metallic components of the powder
system, such as Al, Ti, and Cr, promoting their transition into the gas phase in the form of volatile
compounds like AlJ, AlJ,, AICI, AICl,, CrCly, CrF, CrF,, CrFa4, TiClp, TiCls, TiCls etc. At tempera-
tures exceeding 800 K, the condensed phase content remains relatively constant, suggesting that chem-
ical transformations occur with the formation of condensed products in the 800-1600 K range without
a net increase in molecular quantity. This behavior is characteristic of decomposition, disproportiona-
tion, or exchange reactions with the substrate, which collectively underpin the mechanism of chemical
transport of elements.
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Fig. 3. The content of chromium gaseous compounds in the reactor of the charge

Mathematical planning of experiments was performed to develop optimal charge compositions
The factors of the experiment were selected: (Xi:) — content of alloying elements (chromium),
(X2) — content of titanium, (X3) — content of chromium component. Optimization parameters se-
lected Y1 — wear resistance indicator for the Ti-Cr system (Tabl. 1).

Table 1. Factors for the Ti-Cr system

Characteristic Factors

Al %, wt. Ti %, wt. Cr %, wt.
Code X1 X2 X3
Basic level 22 17 6
Variation interval 5 5 2
The lower level 17 12 8
The upper level 27 27 4
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The selection of the baseline level and the range of variation is based on the condition that the
introduction of chemically active components (ChC) does not exceed 10 wt.%. This criterion was es-
tablished through an investigation of the changes in characteristic temperatures during the application
of functionally active charges additives under non-isothermal conditions. The optimal quantity of ChC
was determined accordingly. Aluminum oxide (Al.Os) is employed as an inert diluent to ensure a
complete 100 composition of the functionally active charges under non-isothermal conditions.
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Fig. 4. Optimization of wear resistance for the system Cr-Al-Ti

The response surface corresponding to the developed mathematical models is presented in the
form of three-dimensional graphical dependencies (fig. 4). The derived regression equation, which
characterizes the influence of technological parameters and charge composition on the optimization
criteria for physical, mechanical, and performance properties, is expressed as follows: Y = 55,889-
3X1—2,4X7-1,7X5 + 3,8889X42 +5,8889X2% — 3,61 11 X352+ 0,625X1 Xz + 1,625X1 X5 - 0,375X2X3

Conclusions

Method of diffusion saturation of the surface from the solid phase in an active gas environment
wtih using functionally active charge compositions under non-isothermal conditions has proven to be
promising for obtaining high-quality protective coatings. The proposed method enables the formation of
protective coatings characterized by an elevated concentration of alloying components such as chromi-
um, silicon, titanium, and other elements, which leads to enhanced functional properties and improved
surface protection efficiency. Based on the results of the conducted research, it was established that
employing functionally active powder charges under non-isothermal temperature conditions significant-
ly increases the wear resistance of the screw component within the pressure mechanism of a
600/1500%2500 cold rolling mill. This finding demonstrates considerable potential for application in the
metallurgical industry, offering viable approaches to minimize energy expenditures while simultaneous-
ly extending service life. Specialized chromium-based charges alloyed with titanium were developed
and tested. Regression models were derived to quantify the influence of specific alloying additions on
wear resistance during sliding friction processes. Consequently, the obtained results substantiate the
practical viability and scientific value of the applied coating systems, contributing to production effi-
ciency improvements and enhancing the competitive advantage of metallurgical enterprises.

References

[1] Kucherenko, Yu. S. (2022). Suchasni tekhnolohii nanesennia pokryttiv [Modern technologies of
coating deposition]. Visnyk Khmelnytskoho natsionalnoho universytetu, (3(309)), 89-91.



110 Maremaruute mozemoBanns Ne 1(52) 2025

[2]

3]
[4]

[5]

(6]

[7]

(8]

https://doi.org/10.31891/2307-5732-2022-309-3-89-91

Sereda, B. P., Bannykov, L. P., Nesterenko, S. V., Kruhljak, I. V., Haidaienko, O. S., & Sereda,
D. B. (2019). Povrkhneve zmitsnennia materialiv pratsuiuchykh v umovakh kompleksnoho
vplyvu ahresyvnykh rechovyn [Surface strengthening of materials operating under complex
exposure to aggressive substances]: Monohrafiia. Kamianske: Dniprovskyi derzhavnyi
tekhnichnyi universytet.

Savuliak, V. I., & Shenfeld, V. Y. (2016). Naplavlennia vysokovuhletsevykh znosostiikykh
pokryttiv [Surfacing of high-carbon wear-resistant coatings]: Monohrafiia. Vinnytsia: VNTU.
Kamynina, O. K., Vadchenko, S. G., Shchukin, A. S., Kovalev, I. D., & Sytschev, A. E. (2016).
SHS joining in the Ti—C-Si system. International Journal of Self-Propagating High-Temperature
Synthesis, 25(1), 62—65. https://doi.org/10.3103/S1061386216010064

Samokhval, V. M. (2017). Konspekt lektsii z dystsypliny "Konstruktsii tekhnolohichnykh
ahrehativ v protsesakh OMT. Chastyna 4. Obladnannia prokatnykh ta volochylnykh tsekhiv"
[Lecture notes on the discipline "Design of technological aggregates in pressure metal treatment
processes. Part 4. Equipment of rolling and drawing shops"]. Kamianske: DDTU.

Sereda, B. P. (2009). Obrobka metaliv tyskom [Metal forming]: Navchalnyi posibnyk dlia
studentiv VNZ. Zaporizhzhia: ZDIA. ISBN 978-966-8462-11-5

Danchenko, V. M. (2006). Obrobka metaliv tyskom [Metal forming]: Navchalnyi posibnyk dlia
studentiv vyshchykh navchalnykh zakladiv za napriamkom "Metalurhiia." Dnipro: Porohy. ISBN
996-525-716-1

Sereda, B. P. (2008). Prokatne vyrobnytstvo [Rolling production]: Navchalnyi posibnyk dlia
studentiv VNZ. Zaporizhzhia: ZDIA. ISBN 978-966-7101-96-1

Crnucox BUKOPHMCTAHOI JiTepaTypu

Kyuepenxko ). C. CyuacHi TexHOmOTii HaHeceHHS NOKPUTTIB // BicHHK XMeThHHUIIBKOTO
HanioHaipHOTO yHiBepcutery. 2022. Ne 3 (309). C. 89-91. DOI: https://doi.org/10.31891/2307-
5732-2022-309-3-89-91.

Cepena b. I1., bannikos JI. I1., Hecrepenko C. B., Kpyrmsk 1. B., I'aiinaenko O. C., Cepena . b.
IToBepxHeBe 3MiLlHEHHS MaTepiaiiB, HPALOI0YUX B YMOBaX KOMIUIEKCHOTO BIIMBY arpeCUBHHX
peuoBuH : MoHorpadis. Kam'sHcbke : JIHINpoBChbKHIA JepkaBHUI TexHiuHMIA yHiBepcuteT, 2019.
170 c.

Casynsx B. I, Ilendensn B. M. HaruiapneHHs BHCOKOBYIJIENEBHX 3HOCOCTIHKMX MOKPHTTIB :
monorpadis. Biaauns : BHTY, 2016. 124 c.

Kamynina O. K., Vadchenko S. G., Shchukin A. S., Kovalev I. D., Sytschev A. E. SHS joining in
the Ti—C-Si system // International Journal of Self-Propagating High-Temperature Synthesis. 2016.
Vol. 25, No. 1. P. 62-65. DOI: https://doi.org/10.3103/S1061386216010064.

CamoxBan B. M. Koncnekr nekniii 3 mucuuiuninn "KoOHCTpyKIii TEXHOJNOTIYHUX arperaTiB B
nporiecax OMT. Yacrtuna 4. OOnajHaHHSA MPOKATHUX Ta BOJIOUMJIBHHMX IeXiB" i 3100yBaviB
BHUIIOI OCBITH TmepmIoro (06akalaBpchbKOTro) piBHA cremniadbHOCTI 136 — Meramyprist 3a OCBITHBO-
npodeciiiHoto porpamoro «MeTtamyprisi». Kam’saepke : JATY, 2017. 91 c.

Cepena b. I1. O6pobka metaniB TUCKOM : HaBd. moci0. miist cryn. BH3. 3amopixoks : 3anopizbka
JepkaBHa imkeHepHa akazaemis, 2009. 342 c. ISBN 978-966-8462-11-5.

Hanuenko B. M. OOpoOka MeTayiB THCKOM : HaB4Y. IMOCI0. JUIs CTyJ. BUII. HaBY. 3aKI. 3a
HanpsiMkoM "Mertanypris". JIninpo : IToporu, 2006. 183 ¢. ISBN 996-525-716-1.

Cepena b. Il. IIpokarHe BUpOOHHMITBO : HaB4. moci0. i cryn. BH3. 3amopixoks : Bun-Bo
3amopi3pkoi nepik. imk. akan., 2008. 310 c¢. ISBN 978-966-7101-96-1.

Haoitiwna oo peokonezii 28.02.2025


https://doi.org/10.31891/2307-5732-2022-309-3-89-91
https://doi.org/10.3103/S1061386216010064
https://doi.org/10.31891/2307-5732-2022-309-3-89-91
https://doi.org/10.31891/2307-5732-2022-309-3-89-91
https://doi.org/10.3103/S1061386216010064

