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Annotation. This article examines the main wear mechanisms of rod pumping units (RPUs), which
are widely used in the oil production industry, and proposes effective technological solutions to reduce this
wear. The aim of the study is to analyze the abrasive, adhesive, and dynamic types of wear occurring in the
plunger—cylinder pair, the rod string, and guiding components during operation, and to justify engineering
approaches for reducing their intensity. The methodology included tribological studies, materials science
analysis, vibration diagnostics, and laboratory tests. The results show that applying coatings such as TiN,
CrN, and DLC on the plunger surface significantly increases its wear resistance, while introducing a plasma-
hardened coating on the inner surface of the cylinder reduces abrasive wear. Additionally, installing a spring
damper on the rod string decreases dynamic loads and extends the overall service life of the equipment. The
proposed technological and structural improvements make it possible to increase the service life of RPU
components by 15-25%. The findings contribute to enhancing the reliability of mechanized lifting systems in
oil field operations.
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Introduction. Rod pumping units (RPUs) are among the most widely used mechanized
lifting systems in the oil industry. Despite their relatively simple design, the requirements for long-
term and reliable operation in deep and complex geological conditions continue to increase. In
recent years, as field depths have grown, reservoir pressure has declined, and the abrasive impact of
the environment has intensified, the wear of RPU components has significantly increased. These
issues lead to sucker rod fatigue, plunger—cylinder pair failure caused by friction, rapid wear of
guiding elements, and an overall reduction in system reliability. Therefore, the relevance of this
study is considerably high. To enhance the efficiency and reliability of oil production, it is essential
to extend the operational life of RPUs, optimize maintenance intervals, and reduce production costs
[1].

The design of rod pumping units consists of several key elements: a plunger—cylinder pair, a
sucker rod string, guide couplings, a lubrication system, and electromechanical lifting devices.
Each component directly affects the operational reliability of the system. The plunger—cylinder pair
experiences the main frictional forces and is prone to abrasive and adhesive wear. The sucker rod
string 1s subjected to dynamic loads, vibrational impacts, and axial deviations, making it sensitive
to mechanical fatigue. Guide couplings ensure system alignment and stability while maintaining
proper friction control. In addition, the stability, thickness, and quality of lubrication significantly
influence wear rate. All these factors require comprehensive study because improving only one
component cannot ensure the reliability of the entire system [2-3].

Recent research in the oil industry indicates that nearly 60% of RPU failures are associated
with wear and friction processes. This statistic leads to increased repair or replacement costs,
reduced production rates, and decreased operational reliability. Therefore, studying effective
methods to reduce the wear of RPU components is a scientifically and practically important task.

The object of this research is the rod pumping unit widely used in oil production, while the
subject of the study includes the wear processes in the plunger—cylinder pair, sucker rod string, and
guiding elements, as well as technological and structural methods for reducing this wear. The main
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objective is to scientifically analyze the primary wear mechanisms observed in RPU components
and propose effective engineering and technological solutions aimed at reducing wear intensity [4].
Within this scope, the tasks include identifying abrasive, adhesive, corrosive, and erosive wear
types; evaluating dynamic and static loads affecting the plunger—cylinder pair and rod string;
conducting tribological and material science studies; determining the effectiveness of new wear-
resistant materials and coatings; and justifying ways to reduce friction and dynamic forces through
structural improvements.

During the study, tribological tests were conducted to determine the friction coefficient,
wear rate, and strength of the materials; vibrational diagnostics were used to assess the dynamic
forces and oscillations affecting the sucker rod string; and material analysis provided insights into
metal composition, hardness, surface structure, and microstructure. Additionally, the effectiveness
of various protective coatings applied to the plunger and cylinder surfaces was demonstrated
through experimental tests and engineering calculations.

The scientific novelty of the study lies in the proposal to use an integrated approach
combining coating technologies, structural modifications that reduce dynamic loads, and
optimization of frictional conditions to minimize wear in RPU components. This approach
significantly increases equipment service life, extends maintenance intervals, and reduces
production costs [5]. The practical relevance of the topic is highlighted by the enhanced reliability
of mechanized lifting systems at oil fields. According to the study results, equipment life increases
by 15-25%, maintenance intervals are extended, service efficiency improves, overall operational
costs decrease, and production reliability increases.

The theoretical contribution of this work expands knowledge in tribology, materials science,
and mechanical engineering, while the practical outcomes can be applied to improve RPU design,
select optimal components, and adapt equipment to field operating conditions. The study
comprehensively addresses issues such as improving the wear resistance of the plunger—cylinder
pair against friction and abrasive impacts, reducing dynamic loads in the sucker rod string,
enhancing the effectiveness of guide couplings and lubrication systems, optimizing material and
coating selection to reduce wear, and implementing structural solutions to improve overall system
reliability. The results provide an important scientific and practical foundation for ensuring long-
term and reliable operation of RPUs and improving oil production efficiency [6].

Materials and Methods. The main object examined in this study is the rod pumping unit
(RPU) used in oil production. Its components include the plunger—cylinder pair, sucker rod string,
guide couplings, lubrication system, and lifting mechanism. Since each of these elements directly
affects the overall reliability of the unit, a comprehensive study of their wear processes forms an
essential part of the research. Carbon and alloy steels were selected as materials for the plunger—
cylinder pair, considering their hardness, strength, resistance to abrasive wear, surface structure,
and responsiveness to heat treatment. The primary materials include carbon steel grade 45 with
hardness HRC 45-50, and alloy steel grade 40XN, known for its high resistance to abrasive and
dynamic loads. To reduce wear on the plunger and cylinder, surface coatings such as TiN, CrN, and
DLC were applied. For the sucker rod string, high-strength steels 35GS and 40X were used, with
hardness levels ranging from HRC 40-50; polyurethane and elastomeric materials were utilized for
manufacturing spring and damping components. Guide couplings were produced from high wear-
resistant alloy steel and modified with graphite additives to reduce friction [6]. The lubrication
system employed industrial mineral oils and composite lubricants containing Teflon additives,
which helped reduce friction in the plunger—cylinder pair and lower dynamic loads.

During the study, the “T-01" tribometer was used to determine the friction coefficient and
wear rate; the “VibraPro 2000 vibrometer measured oscillations affecting the sucker rod string; the
“Olympus BX53” optical microscope analyzed the microstructure of cylinders and plungers; and
the “Rockwell HR-150” hardness tester measured metal hardness. A plasma coating device was
used to apply surface coatings, and experimental tests were performed on standard cylinders and
plungers made from various materials. A detailed description of the materials used in the research
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is provided in Table 1, which includes each component’s material type, hardness, processing
method, and operational characteristics.

Table 1 — RPU Components and Materials Used in the Study

Element Material Hardness Surface Application Feature
(HRC) Treatment
Plunger 45, 40XN 45-50 TiN, CrN, | Resistant to abrasive and
DLC adhesive wear
Cylinder 45, 40XN 4048 DLC, CrN Pairing with the plunger
Sucker rod string 35GS, 40X 40-50 - Resistant to dynamic loads
Guide coupling Alloy steel + | 3845 - Friction reduction and
graphite alignment
Lubrication Mineral oil + - - Reduces friction
composition Teflon
L
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Figures are placed after the corresponding descriptions in the text. For example:
Plunger Cylinder

Figure 1 — Structure and dimensions of the plunger—cylinder pair
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Guide couplings

Figure 2 — Diagram of the sucker rod string and guide couplings
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A complete description of the research object and the materials used has been provided. The
next stage presents the workflow of the study and the methods applied. This section includes a
detailed description of the stages of tribological research, dynamic and vibration measurements,
materials science and microstructural analysis, as well as experimental tests and calculation
methods used. The section “Workflow and Research Methods” covers the activities carried out to
comprehensively identify wear mechanisms in RPU components and evaluate effective methods for
reducing them. The research was divided into several key stages: selection and preparation of
materials, conducting tribological tests, performing dynamic calculations, carrying out vibration
diagnostics, conducting microstructural analysis, experimentally testing structural modifications,
and statistically processing the obtained results [7].

At the initial stage of the work, material preparation was carried out. The plungers,
cylinders, and sucker rod strings used for the study were manufactured in accordance with the
dimensions of standard rod pumping units. The plunger length was 1200 mm with a diameter of 40
mm, while the cylinder had an inner diameter of 40.05 mm and a wall thickness of 12 mm. The rod
string length was taken as 3000 mm with a diameter of 25 mm. The surface hardness of all
materials ranged from HRC 45 to 50. TiN and CrN coatings were applied to the friction surfaces of
the plunger and cylinder using plasma deposition, with a coating thickness of 2—5 pm, which was
sufficient to cover the entire contact area. The physical properties of the materials—density,
hardness, elastic modulus, and adhesive strength—were preliminarily studied [8]. These properties
were determined using standard laboratory methods and corresponding formulas; the collected data
were later used in analytical calculations and tribological evaluations.

Thus, preliminary preparation of materials, assessment of their properties, and application of
surface coatings provided the scientific basis for subsequent tribological, dynamic, and
microstructural studies.

&> | ™

Where:

c — stress (Pa),

F — external force (N),

A — contact area (m?) [1].

Tribological tests were conducted to determine the friction coefficient of the plunger—
cylinder pair, the rate of abrasive wear, and the effectiveness of the lubrication system. These tests
were performed using the “T-01" tribometer under parameters close to actual operating conditions.
The friction speed ranged from 0.5 to 1.5 m/s, while the pressure varied between 10 and 50 MPa.
During the tests, the temperature was maintained between 20 and 80°C. Industrial mineral oil was
used as the lubricant, and in some cases a Teflon additive was introduced to comparatively assess
lubrication efficiency.

Based on the measurements obtained from the tribometer, the friction coefficient p was
calculated using a standard formula, where Fgiciion 1s the friction force and Fnormal is the normal
(support) load. The results obtained using this formula made it possible to compare the friction
properties of the plunger—cylinder pair under different materials and coatings. All collected data
were processed and are presented in Table 2.

Table 2 — Friction Coefficient and Wear Rate of the Plunger—Cylinder Pair

Material Coating Type Friction Coefficient p Wear Rate (mm?*/N-m)
Steel 45 TiN 0,12 0,025

Steel 40XN CrN 0,10 0,018
Steel 45 DLC 0,08 0,015
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Figure 3 — Experimental scheme of the tribological tests

Next, the dynamic forces acting on the sucker rod string were calculated, and their influence
on the operation of the unit was analyzed. The dynamic calculations were carried out using the
equation of motion, which takes into account the effects of spring and damping elements and
describes the relationship between mass, damping coefficient, stiffness coefficient, displacement,
and the time-dependent external force F(t). This equation made it possible to determine the nature
of vibrations in the rod string, the vibration amplitude, and the level of axial deviations. Vibration
measurements were carried out under real operating conditions using the VibraPro 2000 device,
which allowed evaluating how the rod string responds to dynamic loads and assessing the
effectiveness of damping elements [9]. The schematic diagram of the action of dynamic forces is
shown in Figure 4.

Results and Discussion. A materials science and microstructural analysis was performed.
This analysis was necessary to determine the surface condition of the plunger and cylinder, assess
the wear characteristics, and evaluate the effectiveness of the coating layer. Using the Olympus
BX53 optical microscope, the surface layer structure, coating uniformity, cracks in the wear zone,
micro-grooves, and signs of plastic deformation were examined. The influence of lubricants on the
surface layer and the characteristics of micro-damage formed during friction were also analyzed.
The thickness of the wear layer was calculated based on material loss, material density, and the
contact surface area.

The next stage of the research focused on experimental verification of the implemented
design modifications. Several design improvements were introduced to increase the operational
performance of the plunger—cylinder pair and reduce the wear rate. The geometry of the guide
couplings was modified, implementing solutions aimed at lowering the friction coefficient.
Damping elements were installed in the rod string to reduce dynamic loads and decrease vibration
amplitude. To improve the efficiency of the lubrication system, the diameter and arrangement of
lubrication channels were optimized, and the stability of the lubrication film—its thickness and
durability—was analyzed. The obtained experimental results were compared with the previous
design, proving the advantages of the new engineering solutions in improving friction, vibration,
and wear characteristics [10].

This section shows that the conducted dynamic, microstructural, and design studies made it
possible to thoroughly understand the key factors affecting the operation of RPU components and
to justify engineering solutions aimed at increasing their reliability.
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Figure 4 — Diagram of the Dynamic Forces Acting on the Rod String

Table 3 — Comparative Characteristics of the New Design and Standard SRP Elements

Element Friction Coefficient Vibration Wear Rate (mm?*/N-m)
Amplitude (mm)
Standard 0,12 2,5 0,025
New Design 0,08 1,6 0,015

Statistical processing of the experimental results was carried out, and the reliability of the
obtained data was evaluated. The research results were analyzed on the basis of statistical
parameters such as mean value, standard deviation, and confidence intervals. This processing
confirmed that changes observed in the wear rate and dynamic characteristics of the equipment
elements were not random, but the result of real design and technological improvements. The
efficiency of the upgraded design was statistically proven, confirming that the proposed solutions
are suitable for industrial application. The research methods and workflow included material
preparation, tribological tests, dynamic calculations and vibration diagnostics, materials science and
microstructural analysis, experimental design modifications, and statistical processing [11]. This
methodological structure ensured the accuracy and practical significance of the study and made it
possible to determine scientifically proven ways to reduce wear of SRP components.

The obtained results were then discussed, and the wear characteristics of SRP elements were
comprehensively evaluated. Tribological tests showed variations in the friction coefficient and wear
rate of the plunger—cylinder pair under different coating conditions. According to the test results,
samples with a TiN coating exhibited a friction coefficient of 0.12, CrN showed 0.10, while the
lowest value was observed in the DLC coating at 0.08. Wear rates also decreased accordingly,
proving that the DLC coating is the most effective protective layer against wear. A reverse
proportional relationship between the friction coefficient and wear rate was identified,
demonstrating that lower friction leads to reduced wear. These results allow for significantly
increasing the service life of plungers and improving lubrication system efficiency.

Dynamic calculations and vibration measurements made it possible to identify the nature of
loads acting on the rod string. The study showed that in the standard design, the maximum
vibration amplitude of the rod string was 2.5 mm, whereas in the new design—with dampers and
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improved guide couplings—this value decreased to 1.6 mm. This indicates a 36% reduction in
vibrational load, which in turn improves the stability of the plunger—cylinder pair and reduces wear.
Vibration measurements fully matched the results of dynamic calculations, confirming the accuracy
of the model [12].

Microstructural analysis revealed structural characteristics of the coatings on the surfaces of
the plunger and cylinder. The TiN layer showed minor surface lines, while microcracks were very
rare in the CrN coating. The DLC layer was found to be the most uniform and stable protective
coating among all samples, minimizing deformation in the wear zone. These microstructural
findings fully corresponded to the tribological results, confirming the effectiveness of the coatings.

The effectiveness of the experimental design modifications was clearly observed. By
changing the geometry of guide couplings, friction was reduced, while damping elements installed
on the rod string reduced dynamic loads. The improved layout and optimized thickness of
lubrication channels ensured stability of the oil film and reduced temperature in the friction zone.
As a result, the friction coefficient decreased from 0.12 to 0.08, the wear rate decreased from 0.025
to 0.015 mm3/N-m, and vibration amplitude was reduced by 36%. These improvements extended
the service life of SRP components, increased maintenance intervals, and enhanced operational
safety.

Statistical analysis showed high reliability of the obtained data. Variations in the friction
coefficient and wear rate were consistently reproduced in repeat tests, confirming the stability of
the proposed solutions. The effectiveness of the upgraded design was statistically verified at p <
0.05, demonstrating its suitability for industrial implementation [13].

In conclusion, the study showed that surface coatings, design improvements, and
consideration of dynamic conditions play a crucial role in reducing wear of SRP components. DLC,
TiN, and CrN coatings increased wear resistance of the plunger—cylinder pair and reduced friction,
while optimization of guide couplings and damping elements reduced vibrational loads and
improved overall stability of the system. The consistency between theoretical and experimental
results confirmed the validity of the research and its full applicability in practice. The obtained
findings make it possible to improve SRP operational efficiency, reduce maintenance costs, and
enhance the overall reliability of oil production.

Table 4 — Comparative Indicators of the New and Standard Designs

Indicator Standard New Design Percentage Difference
Friction coefficient p 0,12 0,08 -33%
Wear rate (mm*/N-m) 0,025 0,015 -40%
Vibration amplitude (mm) 2,5 1,6 -36%

This section provides a full analysis and comparison of the research results supported by
experimental and dynamic data. The analysis demonstrates both practical and scientific
effectiveness of the methods used to reduce wear of SRP elements [14-15].

Conclusion. During the research, the issue of improving wear resistance of plunger—
cylinder components in sucker-rod pumping (SRP) systems was thoroughly investigated. The study
allowed for several important conclusions [15]. First, the effectiveness of surface coatings was
determined: TiN, CrN, and DLC layers were examined, and among them, the DLC coating
demonstrated the lowest friction coefficient (i = 0.08) and the lowest wear rate (0.015 mm?*/N-m),
significantly increasing the service life of the plunger—cylinder pair. Second, the influence of design
modifications was evaluated: new guide couplings and dampers reduced vibration amplitude by
36% and enhanced plunger stability. Dynamic calculations and experimental measurements showed
full agreement, confirming the effectiveness of the improvements. Third, the economic and
practical significance was demonstrated: use of the new design and effective coatings increased
maintenance intervals, reduced production costs, and improved overall system reliability. Fourth,
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the correctness of the research methodology was proven: tribological tests, microstructural
analyses, and statistical processing confirmed the reliability of the proposed methods.

Thus, the research objective was fully achieved: effective methods for reducing wear of
SRP plunger—cylinder components were identified, and both experimental and theoretical results
demonstrated their practical and scientific effectiveness.
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INTAHI'LII TEPEH COPATITHI KOHABIPFBLITAPJIBIH TO3YbIH ASAUTY TOCLIAEPIH
KETLIAIPY

Tan:xapuxos I1.A., TeXxHHKa FRUTBIMAAPBIHBIH KaHAUAATHL, TIpodeccop
Ep:xanoBa A.T., TexHHKa FEUIBIMIAPBIHBIH MarkuCTpi
ImimobexkoBa @.H., TM07158 -« TexHOIOTHSIIBIK MaIlIMHATAP MeH xabapikTap» bbb-HbIH 1-Kypc
MarvcTpaHThI

Kopkxbim Ama amvinoaswt Kvizeiiopoa ynusepcumemi, Koisvinopoa k., Kazaxkcman

Angarna. byn Makanana MyHail eHAIpY calachlHlla KEHIHEH KOJJIAHBLIATBIH IITAHTLI TEPeH
copantel KoHbpIpreuIapabiH (LLITCK) Herisri To3y MexaHM3MIEPIH aHBIKTAy >KOHE OJIapAbl a3aiTyIbIH
TUIMZI TEXHOJOTHSUIBIK IIEIIIMAEPIH 93ipiey Macesneci KapacThpbulabl. 3epTTEYdiH MaKcaThl - IUTyHXep-
UIMHIP >KYOBI, IITaHra KOJOHHACHI JKOHE OarbITTaylIbl SJIEMEHTTEP/iH JKYMbIC Ke3iHJe Ke3/IeCeTiH
aOpa3uBTIK, aAre3usUTbIK JKOHE JAMHAMHKAIBIK TO3Y TYPJIEPIH Taujarm, oOJapblH KapKbIHbUIBIFBIH
TOMEHAETYIIH WHKEHEPJIIK TocuigepiH Herizaey. OgnicteMe peTiHze TpHOOJIOTHIIBIK —3epTTeyJiep,
MaTepHaiTaHy Tajlaybl, BHOPALMsUIBIK JMATCHOCTHUKA JKOHE 3€PTXAHAJBIK CHIHAKTAD KOJAAHBLIIBL.
Hormwxecinae mnymkep Oerine TiN, CrN skone DLC Topiznmi >xaObIHAApbl KOJJIaHY OHBIH TO3yFa
TO3IMJIIIITIH eoyip apTTHIPATHIHbI, al IWIHHAP iKi KabaThIHA TIA3MaJbIK KAaTaUThUIFAH JKAOBIH EHTI3y
aOpa3uBTIK TO3y/bl a3aiTaThIHBI aHBIKTaNABl. COHBIMEH KaTap LITaHTa KOJOHHACBIHA cepinmeni aemmndep
OpHATYy JUHAMHUKAIBIK JKYKTEMeNepl TOMEHJETIN, KOHJBIPFBIHBIH Kbl PECYPChIH YIIFAHTATHIHBI
JonenyieH . Y ChIHBUIFAaH TEXHOJOTHSUIBIK XoHE KOHCTPYKIMSIIBIK kerinmaipynep LITCK snemeHnTTepiHiH
KbI3MeT erTy Mep3iMiH 15-25%-fa apTThlpyra MyMKiHAIK Oepeni. 3epTrey HoTWXKelepi MyHail
KOCINIIUTIKTEPiHeT MeXaHUKaIaHAbIPbIIFaH KOTepy JKyHelnepiHiH CeHIMIUTITIH apTThIpyFa OarbITTallFaH.

Tipek ce3aep: mTaHriIi TEpeH copar, TO3Y, ITYHXeP-IWINHAP KYObl, TPUOOJIOTHS, KOHIBIPFBIHBIH
CEHIMJILIIT.
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COBEPHIEHCTBOBAHME CIIOCOBOB CHUXKXEHUSA N3HOCA IITAHI'OBBIX I''”TYBUHHO-
HACOCHBIX YCTAHOBOK

Tan:kapukos I1.A., KaHIUIAT TEXHUYECKUX HAYK, Ipodeccop
EpxanoBa A.T., MarucTp TeXHU4ECKUX HAYK
AmmmoexoBa ®.H., MaructpanT 1 xypca OIl 7M07158 - «TexHonornueckrne MamuHbl 1 000PYI0BaHHE)

Kuizviiopourncxuil ynusepcumem umenu Kopxwim Ama, 2. Kvizviiopoa, Kazaxcman

AHHoTamusa. B craTtee paccMaTpuBalOTCS BOMPOCH IOBBIMICHHS JOJTOBEYHOCTH JIIEMEHTOB
rIyOMHHBIX INTaHTOBBIX HAacocHBIX ycTaHOBOK (LLICHY) 3a cueT cHWKeHHs HW3HOCA IUTYH)XEPHO-
MWIAHIPOBHIX y3710B. McciaemoBanne BRITOTHEHO B paMKaX CIIEIHANBHOCTH « TeXHOIOTHYEeCKe MAaIUHBI U
obopymoBanue». OOBEKTOM MCCIEAOBAaHUS SBISIOTCS IUIyHXXepHO-ImmmHApoBeie mapbl LICHY, a
MPEIMETOM - METOZBl YMEHbBIICHUS MX HM3HOca. OCHOBHAs II€Jb pabOTHI - pa3paboTka M 0OOCHOBaHUE
MEPOTIPHUSITUH 10 CHIDKEHHIO U3HOCA M YIYUILICHHIO DKCILTYaTallMOHHBIX XapaKTePUCTUK 000PyI0BaHNUSI.

B mpomecce wuccnenoBaHus TPUMEHSIINCH TPHOOIOTHYECKHE WCIBITAHUS, MUKPOCTPYKTYPHBIH
aHanmM3, AUHAMHYECKHE pacyeThl M BHOpalMOHHBIE U3MepeHHs. B paboTe mpoaHaIu3upOBaHbl pa3iuvHbIC
nokpeitus (TiN, CrN, DLC), BbIsIBIIEHO BIHSHUE KOHCTPYKIIMOHHBIX U3MEHEHUH HA aMIUTUTYy BUOpanuii u
CTOMKOCTh IUIyHXKepa. Pe3ynbTarbl MOKa3bIBAIOT, 4TO HCHonb3oBaHME DLC-mOKphITMI M onTUMHU3aLUs
KOHCTPYKTHBHBIX 3JEMEHTOB MPUBOIUT K CHIDKeHHIO Kod(hdummenta tperus no 0,08 W yMeHbIICHHIO
u3Hoca Ha 40%, a BUOpallMOHHAs Harpy3ka CHmwxkaetcs Ha 36%.

[IpakTHdeckass 3HAYUMOCTh WCCIIEIOBAaHWS 3aKIFOYaeTCS B BO3MOXHOCTH YBETHYEHHUS CpPOKa
CIy kOBl TUTYH)KEPOB, CHIDKEHHS 3aTpaT Ha TEXHHUYECKOe OOCIy)KMBaHWE M TIOBBIMICHUS HA/ICKHOCTH
HAaCOCHBIX YCTaHOBOK. HOHy‘ICHHBIC JaHHBIC MOT'YT 6I)ITI) HCIIOJIb30BaHbl IJId COBCPIICHCTBOBAHUA
KOHCTPYKIHMIA TTyOHMHHBIX IITAHTOBBIX HACOCOB U Pa3pabO0TKH PEKOMEHIAIMI TI0 X SKCILUTyaTaliH.

KuaioueBble cji0Ba: MITAaHTOBBINA TIYOWMHHBIH HACOC; W3HOC; Mapa ITUTYHKEP-IHIHH/DP; TPUOOIOTHS;
HaJIGKHOCTh 000PY/I0BAHHSI.

33



