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Abstract. Cold-formed steel (CFS) sections have become a common choice in
modern construction because they offer considerable strength while remaining
lightweight and straightforward to install. When openings are cut into the web
to accommodate building services, however, the way these members carry
shear can change substantially. In this work, the behaviour of channel sections
containing such openings is examined in detail. A series of nonlinear Finite-
Element (FE) simulations was created, each including the influence of initial
geometric imperfections, and the numerical responses were compared with
available test data to ensure they reflected physical behaviour. After validation,
the models were used to study how different variables, including the shape of
the opening, its size, and the slenderness of the web, affect shear resistance. The
numerical results indicate a sharp drop in capacity when the openings become
large or when the web is relatively thin, with the most severe cases showing
reductions approaching 90% for opening size and roughly one-third for web
slenderness.
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Introduction

Cold-formed steel (CFS) has become an integral material in modern construction, used not
only in secondary framing but increasingly as a primary structural component. It appears in
systems such as sheathed wall panels [1-3] and various forms of moment-resisting assemblies [4-
10]. Its growing use is driven by several practical advantages: a favourable strength-to-weight
ratio, relatively low fabrication and handling cost, and the ability to transport and assemble
components with minimal effort. Unlike hot-rolled steel, CFS sections are shaped without the
application of heat, allowing thin steel sheets to be formed into a wide range of profiles and giving
designers considerable geometric flexibility [11-16].

As higher-strength steels have become more readily available and construction methods have
evolved, the overall demand for CFS has steadily increased, particularly in low- to mid-rise
structures. Commonly adopted profiles include channels, Z-sections, and hat-shaped members. In
routine building practice, openings are frequently cut into the webs of these members to
accommodate electrical conduits, plumbing runs, and HVAC services. Although necessary, these
penetrations disturb the original stress field and can reduce both the shear resistance and the
stability of the member, influencing the form and progression of buckling [17]. The Direct Strength
Method (DSM), introduced by Schafer [18], provides an alternative to the classical Effective Width
Method [19] for predicting the strength of CFS elements. DSM relies on elastic buckling analyses,
often undertaken using tools such as CUFSM [20], to estimate capacity and is incorporated into the
AISI S100-16 design standard [21]. Early work on the influence of web openings on shear
behaviour was conducted by Shan et al. [22], who identified the need for reduction factors due to
shortcomings in existing AISI provisions.

Subsequent work by Eiler et al. [23] extended these ideas to cases involving non-uniform
shear, producing revised coefficients that were later adopted into the S100-16 specification.
Keerthan and Mahendran [24] carried out experimental testing on lipped channel beams with
circular openings and complemented their work with ABAQUS-based finite-element studies [25],
concluding that current design methods tend to over-predict capacity. Pham and Hancock [26],
through a series of 24 physical tests, also observed substantial reductions in shear strength, in
some cases approaching 74%.

Despite the increasing use of CFS in structural systems, the specific behaviour of members
containing web openings remains insufficiently explored. The available design guidance,
particularly within AISI S100 [21], appears unconservative for perforated members, and Eurocode
provisions currently offer no explicit rules addressing shear in such elements. Although Pham and
Hancock [26] proposed strength equations, their formulation was based on a relatively limited set
of specimens. This highlights the need for a broader and more systematic investigation into how
opening geometry and section characteristics influence shear capacity across a wider parameter
range.

The present study aims to fill this gap. Detailed finite-element models were created in ABAQUS
CAE 2017 [25], incorporating both material nonlinearity and geometric imperfections, and were
calibrated against the experimental results reported by Pham and Hancock [26]. After validation,
these models were used to conduct a comprehensive parametric study exploring the effects of
opening size and shape, as well as web slenderness, on shear response and associated failure
modes. Insights from this analysis were then used to propose and evaluate a design expression for
estimating the shear strength of perforated CFS members.
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The methodology

To investigate the shear behaviour of CFS members with web openings, validated FE models
were developed in ABAQUS CAE 2017 [25], incorporating material and geometric nonlinearities.
These models were calibrated using the experimental data by Pham and Hancock [26].

The experimental setup comprised 24 back-to-back lipped channel specimens tested at the
University of Sydney [26], including 19 with square web openings (40-120 mm) and 5 control
specimens (Fig. 1). Each beam had a 450 mm span with a 200 mm shear span and was tested under
three-point bending. Section dimensions were 202 x 18 x 77 mm, with thicknesses of 1.5, 1.9, and
2.4 mm. Openings were waterjet cut, and flange distortion was mitigated using bolted angle straps,
while shear was induced via bolted T-plates [26].

Figure 1. Experimental arrangement used for testing CFS channel sections containing web
openings.

A bilinear stress-strain model was adopted with an elastic modulus of 194 GPa, a strain-
hardening slope of E/100, and v = 0.3. Yield and ultimate strengths were f; o, = 486 MPa and

fu = 578 MPa, respectively [26]. Supporting plates were modelled as elastic with E = 210 GPa.

€ oa
Figure 2. Modelling of the tested CFS back-to-back channel member in FE ABAQUS [17]

Loading and support conditions mirrored the physical setup. Web bolts were modelled using
“Beam” elements [25] with a 12 mm circular section (Fig. 2). Load was applied at mid-span to a
virtual bolt group. Supports were simulated using coupled reference points with “Connector” and
“Coupling” constraints [25] to represent rollers and transfer loads.

The FE models were built using the S3R formulation from the ABAQUS element library [25],
which is a three-node triangular shell element with reduced integration. This option was selected
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because it captures the behaviour of thin steel plates effectively, including the small amount of
transverse shear that remains significant in moderately thick regions of the section. As the plates
become thinner, this shear component diminishes naturally. Several trial meshes were tested to
balance run time with solution accuracy, and a uniform element size of roughly 6 mm was
ultimately adopted, as it provided stable results without unnecessary computational cost.

The role of initial out-of-plane imperfections in thin-walled cold-formed members is well
established, as they can influence both the onset of buckling and the peak load a member can
sustain [27-37]. To reflect this behaviour, all models were assigned an imperfection amplitude of
0.15 t, where t denotes the plate thickness. The shape of each imperfection pattern was obtained
by first carrying out an eigenvalue buckling analysis in ABAQUS to extract the corresponding mode
shape. This mode shape was then scaled to the prescribed magnitude and superimposed on the
base geometry before running the nonlinear analyses.

The FE models were verified using a nonlinear post-buckling analysis based on the RIKS arc-
length method [25], demonstrating strong correlation with both the experimental load-
displacement responses (see Fig. 3). The average discrepancies observed were approximately 3%
for peak shear resistance and 5% for initial stiffness. Specimens either without web openings or
with relatively small ones (e.g., S19-040) exhibited abrupt shear buckling following the peak load.
In contrast, those with larger openings (e.g., S19-120) experienced early onset of local buckling
and displayed more gradual, ductile behaviour beyond the peak load.

400

—&— 519-120 (Test)
EL I —— $19-120 (FE)
519-80 (Test)
519-080 (FE)
—— 519-040 (Test)
----- $19-040 (FE)
—=— 519-000 (Test)
----- $19-000 (FE)

300 +
250 A
200 4

V (kN)

150 A

100 A

50 A

U (mm)

Figure 3. Shear-displacement (V-U) from FE models and tests [26]

For members without openings (S19-000) or with small openings (S19-040), the load-
displacement response was nearly linear up to a distinct peak, followed by a sharp drop due to
shear buckling. In contrast, members with larger openings (S19-080 and S19-120) showed early
signs of yielding or local buckling near the openings, resulting in a less linear response. Their peak
load was reached with a plateau, followed by a more gradual and ductile unloading phase.

To examine how web perforations affect the shear response of CFS members, an extensive
parametric programme was carried out using 136 FE simulations. The model set was arranged to
explore the main geometric factors thought to influence behaviour: the size of the opening, its
shape, and the slenderness of the web. Both square and circular perforations were included so that
differences in buckling patterns and load-deformation characteristics could be captured. For the
circular openings, an equivalent square dimension was calculated using the relationship d; =
0.825Dy, following the approach outlined by Pham and Hancock [26], where D, denotes the hole
diameter. Of the total simulations, 80 represented sections with square openings, and the
remaining 56 used circular ones, with all specimens analysed under shear-critical conditions.
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The opening dimensions used in the study ranged from no perforation at all to a maximum size
of 160 mm, increasing in increments of 10 mm to capture a broad set of practical configurations.
For clarity in interpreting the results, the ratio d, /h, with h = 202mm representing the clear web
depth, was used to classify the openings into three groups: small (dj,/h < 0.2), medium (0.2 <
dp/h < 0.5), and large (d,/h > 0.5). Variations in web slenderness were introduced by adjusting
the plate thickness while keeping the web height unchanged, producing h/t values corresponding
to five commercially available thicknesses: 1.2, 1.5, 1.9, 2.4, and 3.0 mm. Selecting these sizes
allowed the study to bridge gaps left in earlier research. This parametric arrangement provided
the basis for assessing how shifts in geometry and thickness influence ductility, stiffness, and shear
strength, ultimately supplying the information needed to develop a practical design approach for
perforated CFS webs.

Findings/Discussion

Figure 4 illustrates how the normalised shear capacity V;, /V,, changes as the opening ratio d;, /h
increases for beams with various web slenderness values h/t. In this context, V;,denotes the peak
shear resistance of the perforated member, while V; represents the corresponding value for a
member without openings. The quantity V,, /V,;, commonly described as the shear reduction factor
q,, offers a straightforward way to adjust the solid-web design predictions for use with perforated
sections. The discussion that follows examines how both opening size and web slenderness shape
the overall shear response, including the behaviour beyond the peak load.

1.2

—a—h/t=67 (S)
-—e--h/t=67(C)
—=—h/t=84(S)
—-e--h/t=84(C)
—a—h/t=106(5)
--@--h/t=106(C)
—s—h/t=135(S)
--#--h/t=135(C)
h/t=168(S)
h/t=168(C)

0 Ol.l Oj2 0j3 OI.4 OI.S 0j6 OI.7
d,/h
Figure 4. Variation of normalised shear capacity (V},/V,) with web opening ratio (d;,/h) for
CFS beams of differing web slenderness (h/t), comparing specimens with square (S) and circular
(C) openings [17]

As shown in Fig. 4, increasing the size of the web opening leads to a clear downward trend in
shear capacity for all considered values of web slenderness, with the curve developing a
characteristic double-curvature form. When the openings are small (dj,/h < 0.2), the reduction in
strength remains modest, generally less than about 20%. In the mid-range (0.2 < d,,/h < 0.5), the
loss of capacity becomes more progressive and follows an almost linear pattern. Once the opening
extends beyond roughly half of the web depth, the reduction becomes substantial, and the ultimate
strength may fall by as much as 80%. This highlights the need for caution when large penetrations
are introduced, as they can severely undermine the section’s ability to resist shear. Fig. 5 illustrates
the corresponding buckling shapes and Von Mises stress fields from the FE models for beams with
circular openings of different sizes. For the smallest openings, the behaviour is governed by
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diagonal shear buckling accompanied by the formation of a tension field (Fig. 5a). With larger
holes, however, yielding and localised buckling develop at the edges of the perforations (Figs. 5b
and 5c¢), mirroring the pronounced drop in shear resistance observed in the numerical results.

(@) dp/h=0.2 (b) d,/h = 0.39 (c)dp/h =0.59

Figure 5.Buckling shapes and Von Mises stress distributions obtained from FE models of CFS
beams with various circular opening sizes [17]

Figure 6 shows that the normalised shear capacity V;,/V, declines as the web becomes less
slender—that s, as the h/t ratio decreases. The magnitude of this reduction depends strongly on the
opening ratio dj, /h, with the influence becoming much more pronounced when the openings are of
medium or large size. For members with small perforations, reducing the slenderness from 135 to
67 results in only a modest drop of roughly 12% in V,,/V,. When larger openings are present, the
same change in slenderness can reduce shear strength by as much as 20%. The post-peak Von Mises
stress distributions in Fig. 6 illustrate this behaviour for different combinations of slenderness and
opening size. Beams with higher slenderness, meaning relatively thin webs, develop noticeable
tension field action (TFA), which enhances their ability to carry shear. Thicker webs, represented by
lower h/t ratios, tend not to form a well-defined tension field and instead show earlier yielding,
which explains the overall reduction in performance.

(c) h/t = 168, dj/h = 0.35 (d) h/t = 168, dy/h = 0.69

Figure 6. Buckling modes and Von Mises stress contours for CFS beams featuring various
combinations of web slenderness and opening dimensions [17]
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Conclusion

This study examined how CFS members behave in shear when their webs contain openings
and the implications for design. Nonlinear FE models that included both material yielding and
initial imperfections were created and checked against available test results. After validation, the
models were used in a broad parametric investigation to assess how factors such as stiffness,
strength, and failure patterns influence shear response. From these outcomes, a practical strength
expression for perforated sections was developed and compared with predictions from current
design provisions, including AISI S100-16. The investigation confirmed that increasing the size of
web openings consistently led to reduced shear capacity, independent of opening shape. For small
openings (dy/h < 0.2), strength reductions remained modest, not exceeding 20%. However, as the
opening size increased (0.2 < d,/h < 0.5), the strength declined more linearly. Openings
exceeding half the web depth (d,/h = 0.5) resulted in up to 80% loss of shear strength.
Additionally, reducing the web slenderness (h/t) further diminished the shear capacity,
particularly in members with medium to large openings. Sections with higher slenderness
benefited from TFA, enhancing their resistance, while thicker webs (lower slenderness) primarily
yielded without significant TFA contribution.
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IloBeAeHHUE CTAIbHBIX 3JIEMEHTOB X0JIOJAHOM IITAMIOBKHA C OTBEPCTUSIMU B
nepeMbluKax NpU U3ru6e npu cABUre
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AnHoTanma. [Ipoduau u3z xonogHoruytoul ctanu (CFS) cTasnum mMUpPoOKO NPUMEHATHCS B
COBPEMEHHOM CTPOUTEJbCTBE, NOCKOJIbKY 06€eCneduBaloT BbICOKYIO IPOYHOCTh IPY MaJIoM Bece
M IpOCTOTe MOHTaxa. OlHAKO MPU BbINIOJITHEHUU OTBEPCTUH B CTEHKe NpoduJis /1 pa3MelleHUs
WH)XeHepHbIX KOMMYHHUKAaL UM XapaKTep BOCHPUATHUSA CABUTOBbIX YCUJIUN MOXKET CyLleCTBEHHO
M3MeHUTbCA. B fjaHHON paboTe moApo6HO HccaefyeTcs NOBeJleHUe LIBeJJIepHbIX Npoduiel ¢
TaKMMHM OTBepCTUSAMM. Bblia pa3paboTaHa cepusi HeJIMHEWHBIX KOHe4YHO-3jeMeHTHbIX (FE)
Mojiesiel, B KOTOPbIX VYUTBIBAJMCb HayajlbHble TeOMeTpHUYeCKMe HeCOBepUIEeHCTBa, a
NoJlydeHHble YUCJeHHble pe3y/bTaTbhl CPAaBHUBAIUCh C JOCTYIHBIMH 3KCIIEPUMEHTaJbHbIMU
JIAaHHBIMHU [J11 NOATBepKJAeHUsA Ux (Uu3nMyeckod aoctoBepHOCTHU. [locie Banuaanuu Mogzesu
MCI0JIb30BAJIMCh JIJIS1 aHa/IU3a BJMSAHUSA pa3/IMYHbIX [IapaMeTpoB, BK/IYasi ¢opMy OTBepCTHS,
ero pasMep U riOKOCTb CTEHKH, Ha C/IBUTOBYIO HECYIIYIO CIOCOOHOCTDb. YMcC/IeHHble pe3yJbTaThbl
NOKa3bIBAlOT pe3Koe CHUXKeHHUe Hecylleld COCOOHOCTH NpPHU YBeJUYEHUN pPa3MepPOB OTBEPCTUH
WJIY TIPY NTOBBIIIEHHOM T'MOKOCTH CTeHKU. B Hanbo/1ee He6/1aronpUsTHBIX C1y4asx HabJ104a10Ch
cHKeHUe 10 90% u3-3a pazMepa OTBEPCTHS U MPUMEPHO HA OJHY TPeTb — M3-3a 'MOKOCTH
CTEHKHU.

KiiroueBsble €/10Ba: X0JI0JHOTHYTas CTaJlb; NOTePs yCTOMYUBOCTU IIPU C/IBUTE; OTBEPCTHE B
CTeHKe; KOHEeYHO-3JIeEMeHTHOe MO/leJINPOBaHuUe; LIBeJJIepHbIA NPOQUIIb.

Jasapp Iayasn
Hledh¢pund ynueepcumemi, lllegppund, ¥asvi6pumarus

Kao6bipFa oMbIKTaphl 6ap CybIKTaH HiJIreH 60/1aT 3JIEMEHTTEPIiHiH, )KaHIIy-
TypakKchI3JbIK (shear buckling) miHe3-Ky/1KbI

AnaaTtna. CybikTall uisnres 6osat (CFS) npodunbaepi Kasipri KypblibIC cajacblH/la KeHiHeH
KOJIJaHbl/1a/ibl, cebebi oJiap »KeHiJ api opHaTyFfa oHal 60Jia Typa, alTapJiblKTal OepiKTiKKe He.
Anaiija MHXXeHepJliKk KOMMYHUKaLUsAap/ibl 6TKi3y ylUIiH NpopuIb/iH KabblpFacblHA OWBIKTap
»Kaca/ifaH/la, OHbIH, >KaHILIYy-Cpe3 KYIUTepiH KabblLijay KabineTi efayip e3repyi MyMkiH. by
»KYMbICTa MYH/Iall OMbIKTapbl 6ap apHasbIK (channel) npodunbaepaid MiHe3-KyJIKbl )KaH-KaKTbl
3epTTes/i. ANbIH ajla reOMeTpUSAJIBIK KeMILiJiKTepi eckepisireH 6ipkKaTap CbI3bIKTBIK eMecC
akpipsibl aseMeHTTep (FE) Mogenbaepi KypbuLibll, oJ1apJblH HITHXKeJepi Kojaja 6ap
3KCIIEPUMEHTTIK JIepeKTePMEH CasbICThIPbUIbIN, QU3UKANAbIK LIbIHAWUBIIBIFBI TeKcepiafi.
BanupauusajaH KeilliH MojesibJiep OWBIKTBIH, MilliHi, eJilieMi *koHe KaObIpFa >KiHillIKeJiriHiH
(slenderness) xaHumyfra Kapcbl OepiKTikke ocepiH 3epTTey YVIUiH KoJAaHbuibl. CaHABIK
HOTWXKeJlep OMBIKTBIH, YJKeH 60Jiybl HeMece KaObIpFaHbIH, TbIM JKiHilllke 60Jybl OepiKTiKKe
auTapJbIKTaul ocep eTeTiHIH KepceTeli. EH KoJlaMCbhI3 KaFAaujapZa OWBIK eJlleMiHe
6aisiaHbICTbl 6epikTik mamameH 90%-ra geliH, an KabbIpFa >KiHillKeJsiriHe OGalJIaHBICTBI
IIaMaMeH YIITeH 6ip 6eJiiriHe JjeliiH TOMeH/IeTeH.

TyHiHAi ce3gep: cyblKTall MJITEH 60J1AT; )KaHILY TYPaKChI3/bIFbl; KAObIPFa OMbIFbI; aKbIPJIbI
3JIeMEHTTEpP MOoJeJZieyi; apHa/bIK KUMa.
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ABTOMOOW/IbAiH WIAPJIbI TIPEriKHiH, )KYMbICbIHbIH, IPO6IeMaiapbl MEH
memimaepi

A. K.Kymasiues! “ , E.T. Kammopal ~ *, A.E.Toi1bi6aeB?

1/L.H. I'ymusee amuiHdarsl Eypa3zus yammouik yHueepcumemi KeAK, Acmana, KazakcmaH
2ALT Akademusicol, Aamameoi, KazakcmaH

E mail: 1yespenbet kalshora@mail.ru, kushaliyev dk@enu.kz, a.toilybaev@alt.edu.kz

Anparna. Makasazia mapJibl TipeK akayJ/bIFbIHbIH, Oesrijiepi kepceTiireH.
ABTOK®6JIIKTiH Kypyi Ke3iHAe OyJ1 3/ileMeHT >oJ1 OeTiHiH Ke3-KeJreH acepiH
KeTepeJi, AFHU Nana/IaHy KaFlaubIH/Ia 0J1 YJIKEH ’KYKTeMeJiepre ylblpal/bl.
ABTOpJsiap Kepi-alHa/IMaJibl KO3Fa/IbICKA apHaJIFAaH MHHOBALUSAJIBIK KOHJEY
>)KUHafbl apKbLibl LIApJIbl TIPEKTiH KbI3MeT eTy Mep3iMiH apTThIpy/Abl
yCblHaAbl. bBys  KyMbICTa TypaKTaHAbIPY, TO3yJblH pEXHUMi MeH
6ipKeJIKiJriHiH HOTHUXKeci KepceTiyireH. bisikTiH HeMece ChIPTKbl CAKHWHAHbIH
Kepi-allHaJMaJibl KO3Fa/bIChl Ke3iH/le cepimmnesii TeCeMHiH Oypasybl apKblbl
KOJI JKeTKi3isieli, CoMKecCiHlIe cepinmesi TOCEMHIiH IIIKI HeMece CbIPTKbI
beTiHAe Texey manja 6osaabl Ja (xpanoBUK 3ddekTici), cepinneHi opay
6aFbITbIHA OAWIAHBICTHI TEK Oip 6AFbITTA MKOYPJIi TYpAe 6ypblia/ibl. JKyMbic
O6apbICblH/IA YHKeJIeTiH aHacy OeTTepi e3repinm OTbIpajbl, OyJ OJIapJblH
TO3ybIHbIH, TeMeHJeyiHe acep eTeni. Ocbl mWapTTap CcakKTaay YIIiH, OCBI
apTTap OpPbIHAAJYbl MYMKIH allHaJMaJ/ibl KO3Fa/IbICKAa apHaJIFaH CbIpFaHay
MOUBIHTIpEKTepiHiH, Ju3alHbl YCbIHBLIABL OCbl MaKcaTTa MOMBIHTIpeK
O6ypaHAaJibl HUIMHAPJIK cepinne (apajblK 3J1€eMeHT) TYPiHAEri *KblXKbIMaJIbl
TeCEMMEH »KabOAbIKTaJFfaH, OJ TepOesMesi pexumje TeK 6ip OaFbITKa
MaKOypJli TypZle aWHasaJbl >KoHE OcCbhLIallla TO3YAbIH OipKeJKiairin
KaMTaMachI3 eTe/i.

Ty¥in ce3aep: ABTOKeJIiK acmackl, IIapJbl Tipek, YHKeJic, cepimne,
KOMIIO3UTTI MaTepuaajap
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ABTOMOOGUJIB/IiH APJIbI TipeTiKHIH )KYMbICbIHBIH IPo6JieMasiapbl MEH HIeNTiMAepi

Kipicne

[llapsbl Tipek — aBTOK6JIiK acnacblHbIH, HETi3ri KOMIOHEHTTEPiHiH 6ipi 60/bIN TabbLIAABI.
AtanraH OeJiliek OipHellle OH XbLIABIKTAap OYpbIH »KacaJfaHblHA KapaMacTaH, 0J1 Kell e3repicci3
KaJbl >K9He OYriHri KyHre JeWiH aBTOMOOWJIBAIH acna XyHeciHJe, KamoTTbl OeKiTeTiH
MeXaHH3M/le, TeHeCTipy pblyarblH/ia )XoHe peJiiiKk MexaHU3M CUAKTbI 6acKa a KOMIIOHEHTTepze
KOJIJaHbL/IbIN KeJleAi. beJilek HerisiHeH aybICTbIpMaJibl-TYThIHbIIATbIH O0JIFaHbIHA KApaMacTaH,
OJ1 caJIMaFhbl )KaFbIHAH aybIp KoHe OHJEN KalTa naiAajaHy/ibl LIEKTEUTiH OeKiTiJeTiH WapHUpJIi
KOCBL/IbICTapFa TaMallla 6as1ama 601/bl.

[lapsabl Tipek - 2KeTeKlli [JOHFaJAKTblH, CTYNULLACBIH KO3faJMaJjbl pblyarTapMeH
6alIaHBICTBIPATbIH aBTOMOOWJ/Ib acClacblHbIH 3jeMeHTi. OHbIH Herisri GyHKIUACbl — TiK OCb
O60MbIMEH KO3Fa/IMal, JieHreJeKTep/iH KeJeprici3 alHa/lyblH KamMTaMmachl3 eTy. KebiHece, 6i3
O6acKapbLIaTbIH JA6HreJeKTEpP Typasibl alTaMbl3, IFHU LIAPJbl TipeK OapJibIK XKep/e ajAblHFbI
YKeTEKTI aBTOK®eJIIKTep acnacblH/Ja KoJiaHbliaabl. [llapybl TipekTi naijjanaHy JeHreJaeKTepAiH
TiK Ka3bIKTbIKTa KO3Fa/IyblH OOJIJblpMayfa >KoHe KeJIJleHEH alHa/lyblH CaKTayFa MYMKiHAik
6ep/i.

TipekTiH eH KeH TapajifaH TyYpi - JAeHresjekke 6ip IapJbl TipeKTiH OpPHATbLAYbI, SFHHU
6apJibIFbl eKi Tipek 6osaApbl. [lereHMeH, Kelbip aBTOMOOUIbEP/E, dcipece »0J1 TaJFaMalTbIH
KeJIiKTep/ie, 9p AeHTre/IeKTe »KOFapFbl KoHe TOMEHTI TipeKTep naijajlaHblaaabl.

Kei16ip aBTOK6iKTEp TEK a/1/IbIHFbI FAHA eMeC, COHbIMEH KaTap apTKbl TAYeJICi3 acrajapMeH,
COHBIH, illliH/le KenpblyarThl aclaMeH a0/blKTaFaH. bipak MyHAal HYCKa/lap CUpeK Ke3Jecesi.
AliTa KeTy Kepek, Kypic OeJiiriHzeri mapJibl TipeKTepJiH Ke0erwi JUarHOCTUKaHbIH, >K9He
YKOH/IEY/iH KYHbIH KUbIH/ATaAbl, COMKECIHIEe Y3aK Mep3iM/i nanjasaHyAbl KaMTaMachI3 eTeqj,
CEHIMJiJMIKTI apTThIpa/ibl )koHe CbIHY bIKTUMaJIJIbIFbIH a3aTa/ibl. [llapJibl TipeKTiH Kypblabichl 1
CypeTTe KepCeTireH.

Tipek

TozaHKan

Wap

1-cypert. lllapJibl TipeKTiH KypblIbIChI
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KeHingerinreHn TypJAe, Tipek Kopmyc illliHJe KUMBLJI >XacaWTblH cepasblK caycak Jen
Kapayfa 6oJsiagbl. Erep OepijsireH cypeTTi TOJBIFbIpAK, TaJAaWTbIH 00JICaK, OipHelle MaHbI3/bl
3JIEMEHTTEP/Ii aXKbIpaTyFa 60J1afbl:

- caycakKThlIH 6ip yubiHAa chepasblK 6e1iri 6ap *kaHe KeJseci yilIbIH/|a pe3bba caJibIHFaH;

- LMJMHAD Tapi3/i 63eK caHblIayhl xKoHe OeKiTnesepi 6ap MeTaJslJ1 KOPIYC;

- TipeKTiH TeMeHri OeJiiriHJle moJsKMMepJeH »acajfaH 3aBajibl0BKa 6ap, oJ1 1akibaHbl
OpHBbIHA KbIChIN YCTAWU/bI.

- TO3aHKall — KYPbUJIFbIHbIH KOPIYCBIH 0J1JaFbl KipZleH KOpFayFa apHaJIFaH ThIFbI3JaFbILI
cepriMzai pe3eHKe 3JIeMeHT.

O 6acrafbl HYCKACblH/a LIapJbl TipeK MJIaCTHHAHBI cepinme Tapi3/i 6ackll TypaTbIH KoHe
yHeMi MaWaayZbl KaxeT eTeTiH. Kazipri yuiri asgekanWza »KeHUIJeTireH, ©UTKeHI OHbIH
KypaMblH/la aJfallKbl IJIACTUKTEH, KeWiHipeK To3yFa Te3iMJI HeWJIOHHAH »KacaJiFaH
asbTepHaThBa Oap. KemnTereH aBTOKeJIIK dyecKOWJapbl VUIIH TeXHUKa/bIK KbI3MeT
KOPCETIJIMENUTIH TipeKTepAi KeHiHeH KOJIJJaHy »KaTaZbl. ABTOK6JIIKTIH ecKi MoJesibJepiHje
IIAPUKTI TipeK TeK aybICTbIPbLIATbIH 3J€MEeHT €eMeC: OJ YXWHajJMaJsbl XoHe Mal KYHJbl
KaMmTaMmacbi3 eTTi. Kasipri yakpiTTa pblyar mneH TipekTepfi O6ipikTipyre Tbipbicazbl. By
KOMIIOHEHTTEP/iH WbIFbIHAAPbIH apTThIpa/ibl, 6MTKEHI OY3blIFaH >KafAanaa Oykin GipikkeH
6eJIeKTi aybICThIpY Kepek. MyHJal meliMHiH apThIKIWIbIIbIKTApblHA AU3alH/AbI XKeHIILEeTy
’K9He caJIMaKThl a3alTy Kipeai, eTKeHi Oy/1 MPUHLMIN apKbLIbl OipliaMa aybIpJblK OGepeTiH
6ekiTy 6GoJITTapblHAH apbliyFa 6oJazbl. llapsabl TipekTiH akayablk 6esrinepi. XKypy kesiHje
YKOJIZJaFbl 9p0ip COKKBI OChbl 3JIEMEHTKE TYCETiHI aHBIK, IFHU 0J1 YJIKEH KYKTeMeJiepre Kesirezi.
CoHABIKTAaH LIApJbl TipeKTepAi aybICTBIPYZbIH KapamalbiM 060Jiybl Herisri mapT 60Jbll
TabbL1abl. By 66JilIeKTiH 6y3bly cebenTepiHe MbIHAJIAP KaTabl:

TosaHkanTbhlH, 3akKbIMAaHybl. OCbl MaHbI3/lbl 3JIEMEHTTIH KbIPTbLIYbIHbIH cebebiHeH
abpa3uBTI MaTepuaaap TYPiHZEri KyM MeH 9pTypJii »K0Jl KOKbICTaphbl XbIpbIKKa KaJlall Tyce
b6acTalThIHbIH OaiiKayfa 6oJsiazbl. To3aHKaN pe3eHKe/leH XKacalFaH/bIKTaH, oJlap TOMeH HeMece
KepiciHlle )KoFapbl TEMIlepaTypaja To3yFa 6eiiM Kesezi;

Koscei3apik, OKiHillKe Kapad, 6ys1 ¢akTop 6i3AiH esiMizge aca MaHbI3/bl, COHABIKTAH
TipeKkTepJi FaHa eMec, Kell »KafJalja 6acka »Kypy OesiiriHiH JeTa/bAapblH OipHelle ece Ui
aybICTBIPY KEepeK;

Maiinay enpipici. YiiKkeJic OpbIH aJlaThIH Kep/ie Mailjlay eTe MaHbI3/ibl, 6UTKeHi OyJI TIpEKTIH,
Te3 To3yblHA ceben 60s1a/bl. XKesiHy. COHbIMEH KaTap, »KYMbIC Ke3iH/e YHKeTiCTiH HOTHXKeCiH/e
BTYyJIKa MEeH LIApJibl caycak »KeJsiHei, Oy naiijla 60JiFaH CaHblIay/blH Y/IFAalOblHA XXoHE HIapJibl
CayCaKThIH Ys/JlaH LIBIFBIN KeTyiHe ajblll KeJsieJi. AKAyJbIKThIH, aJfallKbl OeJsrijsiepi keseci
»KaFAaiapa naija 6oJazbl:

Acniajan wbIKKaH wy. KeusikTiH anJblHFbl O6JliriHEH IWBIKKAH JbIObICTAp »KOJIAAFbl
kefeprisiepai HeMece 30 KM/caF KOFapbl KbLIAAMABIKTA KeJie KaTKaH Ke3/leTi MYHKbIpJIapbl
eHcepy Ke3iHJle TapaJjybl MYMKiH. 9/leTTe OyJ LIy IIapJibl caycaK acTbIHJAFbl BKJA/bIIIThIH,
TOJIBIK, TO3ybIHAH HEMeCe MalJlay/iblH, KeTicleyllilirineH 60/1ybl MYMKIiH;

JleHresekTiH makkKaaysl. Erep sitodT naizga 6osica, Tepoedic, sFHU MalKaay 6aiKaaaabl, 6y
eTe KayillTi, BUTKeHI JJOHTeJIEKTIH KUFallTaybl Ke3iH/e JJOHFaJIaKTbIH 63 OCIHEH LIBIFbIN KETY
Kayni 6ap;

[lluHanapabiH 6ipKesiki eMmec To3ybl. bys nporiec AeHresekTepai TeHecTipy Oy3blLIFaH Ke3/ie
naiizja 6osazbl. ATasiFaH GaKTOp aclaHblH 6acKa MaceJiesiepiH Jie allKbIH/aybl MYMKiH, Oipak, 0J1
naijja 60JiFaH Ke3/ie TeKCcepyai ap bl TipeKTepAieH OacTaFaH KeH;
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ABTOMOGUJIb/IH 1IapJibl TiperiKHiH »KYMbICbIHbIH, Ip06JieMaJlapbl MeH LielliM/epi

Texey kesiHae KeJiikTiH 0Oip KaKka Kapal TapTybl. JKofapblaa aWTbUIFaHZAAM, >XafFjai
aclnaHbIH 9PTYpJIi MaceJieJiepiH KepceTyi MYMKIH;

CoiKbIpJiay (IIKKbLI). [leHresiek 6YphIIFaH Ke3/ie naija 601ybl MYMKIiH.

Bip KbI3bIFb], KbICTA LIApJibl TipeKTiH IIybl — OyJ MaWAbIH 9/ KbI3bII yJIrepMereHjirineH
TYbIHAAUTBIH KYOblIbIC. Erep, 6ipiiaMa yakbITTaH KeHiH L1y TOKTaMaca, akayJIbIKTbIH 6ap eKeHiH
kepceTezi [1].

CoHbIMEH KaTap, l1apJibl TipeKTiH Heri3ri 6eJilieri peTiHze Tipek KypaMblH apHaiibl Epsilon
1 peHTreHoQJIyOpeCeHTTi aHa/JIU3aTOPbIH/A 3epPTTeY Kyprisiagi. lllapabl TipeKTiH cypeTi MeH
Tas1lay HOTHUXKeCI, aHbIKTaMachl TOMeH/ie KopCeTiIreH.

IneMeHTTepaiH KoHUueHTpaumacs (%)
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1-guarpamma. lllapJsbl TipeKTiH Tangay HOTHXKeCI
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1-kecte. lapsbl TipeKTiH Ta/iay HOTHUXKeCiHe aHbIKTaMa

Ne JJIeMeHT KoHueHTpauusa Tycingipme
1 Al (AntoMUHUIA) 0.350 KypaMbiHza a3 MeJiepje
aJIIOMUHUU bap
2 Si (KpemHuit) 0.299 BoJsiaT KypaMblH/1a KpEMHU U
6ap
3 P (®ocdop) 0.124 Ken emec, 6ipak 60s1aT
caracblHa dcep eTyi MyMKiH
4 S (KykipT) 0.007 OTe a3, 6yJ1 KaKChI (KYKipT
MOPTTBIK Ty blpa/ibl)
5 Cl (Xnop) 0.044 Berpe 3jsieMeHT, KOppoO3Usifa
acep eTyi MyMKiH
6 Ca (Kanbyui) 0.075 MeTaJs1 Ta3apTy npoueciHeH
KaJlybl MYMKIH
7 Cr (Xpom) 1.091 BoJsiaTThl TOTTaH KOpFayfa
acep eTeni
8 Mn (Mapranen) 0.617 BosaTThiH 6epiKTiriH
apTThIpajbl
9 Fe (Tewmip) 96.638
Heri3ri azieMeHT
10 Ni (Hukesb) 0.012 A3 Mesiep/ie, 6epiKTikke
yJ1ec Kocajbl
11 Cu (MbIc) 0.028 Kopposusra Kapcel acep
6epeni
12 As (MblIbSIK) 0.002
KoJaiicel3 KocIia, eTe a3
13 Sr(CTpoHuui) 0.000 Kok HeMece i3/1ik
MeJilep/e
14 Mo (Mosn6/eH) 0.190 KaTtTbl, 6epik 60s1aT yILiH
MaHBbI3 /bl
15 Sn (Kasaiibl) 0.011 OTe a3
16 Eu (Eyponuit) 0.470 Epekiiie sasieMeHT, 9eTTe
6oJ1aTTa Ke3jecnen/ji — MyMKiH
KaTeJlik HeMece apHaubl
JeripJsey
17 Yb (UTTepbuii) 0.030 OTe cUpeK 3/IeMeHT, apHalbl
JieripJiey 6eJrici
18 Re (Penuii) 0.002 ’Korapel TeMnepaTtypara
TO3iIM/IJIIKKe acep eTe/li
19 Os (Ocmuin) 0.001 OTe cUpeK 3JIEMEHT, i3/iK
MeJiiep/e
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ABTOMOOGUJIB/IiH APJIbI TipeTiKHIH )KYMbICbIHBIH IPo6JieMasiapbl MEH HIeNTiMAepi

9JlicHaMa

Korapeiga alThLIFAH aKayJap/bl eCKepe OThIpbII, 6i3 3 cypeTTe KepCeTiireH alhHaJIMaJlbl
KO3FaJIbIC YKaCaUTbIH MHHOBALMAJBIK KOHJey KUHAFbIH yCblHaMbI3. MyHzaarb:: 1 - OiniK, 2 -
CBIPTKbI CAaKWHa XdHe 3 — eKi 6eJilliek apacblHa OypaHAa/bl cepinne TypiH/Je OpHaJacThIpbLIFaH
ciMpasnbji TeceM-cepinne. Cnupanb/bl TOCEM KbI/DKbIMaJIbl, KOHYCTBIK, KOHYCTBIH OyphIlbI 10-
TaH 50-Ka JeHiH, aj, cepinnesi cbIMHbIH JuaMmeTpi d 6in1ikTiH guameTpi MeH D + 2d TeceMiHiH
CaHbLJIAYbIHBIH, JAWaMeTpi apacblHJAFrbl aJLIAKTBIKTBIH >KapTbhiCcbilHA TeH. COHBIMEH KaTap,
TYPaKThl «XpanoBUK 3p(PeKTiCiH» KaMTaMachl3 eTy VIiH CepilnmneHiH eKi yIbl Jja KepiireH, aa
CiMpaJib-CcepillleHiH, ilKi XaHe CbIPTKbI 0eTTepi Jie Kepisly apKbljibl OpHAThLIAAKI 2, 3, 4].
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3-cypeT. UHHOBALUSJIBIK XOH/IEY *KUHAFbI

[laiijanany cunaTTramMajapblH »KaKcapTy VIUIH cepmiMZi apaJsblK 3JIeMeHT peTiHze
O6ypaHjaJsibl LUWIMHAPJIIK cepinne TypiHZAeri »XbLDKbIMaJbl TOCeEMJli MOWBIHTIpEKKe eHri3y
YCBIHBLIA/bI, 6YJI KbICY KYLUiH PK apKbLibl peTTey apKblJbl X)Ky3ere acblpblia/ibl. COHbIMEH KaTap,
YKYMbIC OeTTepiH/leTi TOTBhIFy NMPOLECTEPiH LIEKTey K9He MUKPOIJIACTUKAJIBIK JePpopMalUsHbI
6oJ1AbIpMay YIIiH apHaibl ThIFbI3aFbIIITAp Kacalaibl.

PexxuMzi TypaKTaH/bIpy >KoHe TO3y/blH OipKeJIKiJiriH KaMTaMachI3 eTy YlIiH cepinmnesi
TeceM (BKJIaJbllll) OiMIKTiH HeMece CbIPTKbl CAKMHAHbIH, Kepi-alHaMaJbl KO3FasbIChl Ke3iHe
O6ypasy Ke3iH/e ilki HeMece ChIPTKbI OeTTep/ie Texesy naiaa 6osaabl. by cepinmesi TeceMHiH,
«XpanoBUK 3¢ deKTici» apKacbiH/la Oypasly 6arbITbiHA 6aillJIaHBICThI TEK Oip 6aFbITTa MaKOypJi
OoypbliyblHa 9Kesiefji. COHbIMEH KaTap, >KyMbIC OeTTepiH/ieri »KaHacy CbI3bIFbl YHEMI e3repin
OTbIPa/ibl, OyJ 6eTTep/liH TO3YbIH a3alTabl.

ThHIFBI3AFbILITHI pETTEY YIIiH, MbICAJIBbI, )KOH/leY Ke3iH/e TO3y/bl KaJIlIbIHA KeJTipy YyLIiH,
Tipek IaibasiapbiHblH, 6ipi MeH cepinmesii TeceMHiH eki ylIbl apacblHAAFbl KaXKeTTiJliKKe
6alIaHBICThI peTTey Laibasapbl OPHATBLIYbl MYMKIiH.

Bi3ziH aliHa/IMa/Ibl KO3Fa/IbIC MOMBIHTIperiMi3/ie ciupasbAbl cepinme 60JiblN Tabblia/bl.
OHBIH KeJiJleHeH, KUMachl JIeHTeJeK, aplibl, TIKOYpPhIIITHI HeMece 6acka a miuliHje 60J1ybl
MYMKiH. MbIca/ibl, mapasJesb KeCiJireH cerMeHTTepi 6ap 1eHbep Jie KoJJaHblIybl MYMKiH. Byt
9pTYpJii miliHgep MONBIHTIPEKTIH XYKTeMe KeTepy KabiseTiH koHe yiKkesic K03pPUIIMEeHTIH
©3repTy YILUiH KaXKeT.

Makcumangbl KYKTeMe CbIMbIM/IbLIBIFbl IIApUIbl HEMecCe TIiKOYPBILITHI KWMachl 6ap
cepinmesii JallHEpMeH KaMTaMachbl3 eTijice, aj AeHreJeK KUMachl 6ap JiahHep MHUHUMAaJAbI
yikenic koadpouuueHTiH kepcetei. CoHpali-aK, cepinmesi JiallHep *aHJapblHaH (LIeTiHEH)
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KbICBIJIFAH Ke3/le ChIPTKbI KoHe illKi AuaMeTpJiepiH OipliamMa e3repTeTiHiH ecKepy KaKeT.
CoHABIKTAH eKeyi Jie y/Fasaibl, 6yJ1 )KyMbIC kaHacy (yiKesy) 6eTTepiHiH e3repyiHe akesefi.

BKJlaAplIIThl KbICY OHBIH, »KYMbIC 6eTTepi TO3FaH Ke3/Jile MOWBIHTIPEKTI peTTey yIlIiH
YCbIHBbLIa/Z L. Byl 1apa MOMBIHTIPEKTIH, »KyMbIC 6€TTepiHiH AYpbIC OTBIPYbIH KAMTaMachl3 eTyre
OaFrbITTaJIFaH.
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4-cypet. BA3 aBTOKeUJIITiHIH KOJIZaHBICTAaFbl TONCANbI TYUIHZAEPAI KaHa
KOHCTPYKLMAJIAPMEH aybICTbIpy MYMKIHAIKTEep1

KaHa gusaiiHAaFbl MOMBIHTIpEKTEPAi KOJJaHY MblcalZapbl aBTOMOOUJ/Ib arperaTTapblHbIH,
Keloip Tylinaepinge TeMeHie KeaTipiireH. Kenteren BA3 Moziesib/iepiHiH anbIHFbI acnajiapbl
eKi TeJeCKONHUAJIbIK aMOPTHU3aTOPMEH JOHE KeJIleHeH OpHaTbLIFaH CTabuaM3aTOpMeH
»KaOAbIKTa/JIFaH, TUII - TYTKaJbl. Bys Kyille akblpaTblIaTblH, K6JJeHEH OpPHATbLJIFaH >XoHE
TayeJici3 TyHiH 60JibIN TabbLIaAbl. ABTOK6JIKTI 6acKapy/ibl XXeHiJJleTy YlliH 6ypay IKBOPHSChI
pe3eHKe CaKkMHa/lapMeH KOpFaJIfaH, KipleH KOpFayllubl eKi MOUBIHTIpEKIIeH dHe OCbTIK KYLITI
apHalbl ThIFbI3JAFbILINEH a0bLJIFAH IIAPUKTI MOWBIHTIpEKTepMeH KabbLiJaHajbl. Pysabjik
KYAbIPBIKIIA MeH Tipeyilll apacblH/jaFbl OChTIK CaHbLIay peTTey Liaibackl apKbLibl Ty3eTiaesi.
[[lait6aHbl OpHATKaHHAH KeliHri anmakThIK 0,2 MM-AieH acniaysbl TUic. LIkBopeHb WITUPT apKbLibl
PYJbJIK XYAbIpbIKLIaFa O6eKiTisiefi, 6y/1 6eKiTy IKBOPEHbHIH *KOFapFbl KaFbIH/AAFbl XKapThLIal
1meHOepJii JIbICKa apKblbl Ky3ere acblpbliaJibl. ABTOK6JIIKTI naijasaHy Ke3diHje TepbesMesti
peXuM/Jie KYMbIC iCTEHTIH IIKBOpEeHb Oip KaFblHaH TO3a/bl, OYJ KaJbIITaH ThIC OMBIH MEH
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ABTOMOOGUJIB/IiH APJIbI TipeTiKHIH )KYMbICbIHBIH IPo6JieMasiapbl MEH HIeNTiMAepi

6ackKapy/aFbl TYpaKcbi3AbIKKa akesefi. HyckaysibikKa colikec, oMbIHAbI 90°C-Ka OYpy apKpblLibl
»KOIOFa 00J1a/ibl KoHe COJI apKblbl OYpPbIH KYMBIC icTeMereH 6GeTTep/i »KYKTeyre MyMKiHZIK
6epeni. O ywiH IIKBOpeHbJe eKiHIII »KapThbllad LieHOep 6ap. bys mwapanap mKBopeHb MeH
aclaHbIH >KaJilbl PeCypChIH Y3apTajbl, 6ipaKk MOWBIHTIPEKTIH, Heri3ri KeMIIiJiriH TOJIbIFbIMEH
»Kos1 aJiMalbl.

[l[IlkBopeHb MOUBIHTiIpeKTepiHEH 6acKa, ToOIcCaJbl MOWBIHTIpEKTepJi pe3eHKe MeTasll
BTyJIKasapAblH HeMece BA3 aBTOMOOW/bAEpPiHIH, aJAbIHFbI €Ki pbluarThbl achajapblHAAFbI
CallJIeHTOJI0KTap/iblH OPHBIHA /1a KOJ1JaHyFa 00/1a/ibl. 5 kaHe 6 cypeTTep/e aTaJfaH O0eJIleK eH
e3re Jie TYWiHJeceTiH TopalnTap/blH IalAaJaHblIybl MYMKIH ayKbIMbl KOPCETI/ITeH.

5-cypeT. BA3 aBTOKeJIITiHIH a/IbIHFbI €Ki TYTKaJIbl acllachbl
1 - kesjeHeH, oJ1aK (monepeyrHa); 2 — pbluarThlH TOMEHTI 0oci; 3 - TeMeHTri pblyar; 4 -
cepilneHiH TOMEHTI TipeK YallKachl; 5 — TOMeHTi WapJibl Tipek; 6 — Kpicy 6ydepi; 7 - LuaIuHAp
Tapi3Ai cepinmne; 8 - KaiiTapmaJsibl 6ydep; 9 — ailHanIMasbl XKyAbIpbIKIa; 10 - foHFanak; 11 -
JKOFapPFhI WapJibl TipeK; 12 - )KoFap¥Fbl pblyar; 13 - pel4yarThlH, )KOFapFbI OCi

i T
6-cypeT. lllapsibl Tipek (a) *koHe OHbIH, CepinmneJsii BKAaAbIIIThI aliAaaHa OThIPbII
YKaHFBIPTY 9ici (6). 1 - MJIaCTUKAJBIK TOceM; 2 — TipeKTiH Kopmychl; 3 - cepinmnesi cakuHa; 4 -
KYJIBINITAy CAaKMHAChl; 5 — pe3eHKe TO3aHKAIl; 6 — KEHEUTY BTYJIKAChI; 7 — TIpEKTiH, caycaFrbl
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KopbITbIHABI

VHHOBaLMAIBIK XXOH/ey )KUHAFbIHbIH KeJleCiZiel apThIKIIbIIbIKTaphbl 0ap:

- wap TiperiHiH OepiKTiri OHBbIH KOHCTPYKLMACHIHJAA >X9HE >KaHa NPUHLUITED MeH
addekTinepai kacay TEXHOJIOTHUSCHIH KOJAHY apKbl/Ibl apTa/ibl;

- maljasaHyjarbl CeHIMJIIK NeH Kayinci3aik apTaabl, 6MTKeHi CaKuHaJIbl CaHblJIayMeH
KOpILUaJ/IFaH cepiniesii BKJaJblll CbIHFAH KaFAan/1a )KYMbIC peXXUMi e3repe/j, 6ipak, apJibl Tipek
YKYMBICBIH KaJIFacTblpa b6epeni;

- cepinmnesi BKJIaABIIITHI MaXKOYpJien alHaNAbIPY apKblJbl TO3YAbIH 6ipKeJKiJIiri apTazpbl.

- «Mal aijiay pe3bbachl» acepiHe 6alJIaHbICTbl Mal/IblH Tapaybl }KaKcapa/bl.

- CaHbLIAY/ bl KO0 K9He CepIiM/i KepHey /i eHri3y apKbljbl KOCBLIBICTBIH UKeM/i/Iiri apTabl.

- ’Kacasybl 2KeHiJI, KypacThbIpy »KoHe aybICTbIPY OHAH.

Kanne! anran/a, 6i3 aliHaIMaJibl peKUM/I€e )KYMBbIC iCTEHUTIH CepUAJBIK YHKeJlic 6elIeKTepiH
OCbl IPUHLUIIKE aJIMAaCThIpaMbI3.

ABTOpJIapAbIH, KOCKaH YJIeCi.

Kymanues /JI.K.: - JKyMBbICTBIH Ty:XbIpbIMZIaMacbl MEH KYPBLJIBIMBIH 93ipJieyre, COHAaM-aK
TEeOPUSAJIBIK JepeKTep/i KUHAYFa KoHe Ta/ljayFa esieyJli yJec.

Kanmopa E.T.:- JkcnepuMeHTTIiK AepeKTep/i TaiAayFa xKoHe TYCiH/ipyre, COHZlal-aK 3epTTey
dJiicTeMeciH a3sipJsieyre eseyJi yaec. MaKaslaHbIH Ma3MYHbIH CbIHU TaJ1Ziay, OHBIH, illliH/e Heri3ri
uzesaaapAbl TOJABIKTBIPY )KoHE HaKThLIay.

TounbibaeB A.E.- KOpbITbIHbLIAp MEH KOPBITBIH/BLIAP/Abl TYKbIPBIMAAYAbl KOCa aJFaH/ia,
»Kapusijiay YIUiH MaKaJlaHbIH TYNKIJIKTI HYCKacbIH OeKiTy.
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A. K. Kymasme™, E.T. Kanmopa 1, A.E.Toiisibi6aeB?

1 HAO Espa3uiickull HayuoHaIbHblii yHugepcumem umenu JI. H. l'ymuiéea, Acmana, Kazaxcmah
2ALT University, Aamamet, Kazaxcmah

IIpo6sieMbl U penieHUsa pa6oThl LIAPOBOM OMOPbI ABTOMOOHUJIA

AHHOTanua. B craTbe mNpuBejeHbl NPU3HAKUM HEUCIPABHOCTH 11apoBod omnopsl. [lpu
JIBUDKEHUM aBTOMOOMWJISI 3TOT 3JIEMEHT BOCIPUHHUMaeT Jilo60oe BO3/eHCTBUE JOPOXKHOTO
HOKPBITUSA, TO €CTb B YCJOBUAX 3KCIJIyaTalUU OH MOJABepraeTcs 60JbIIMM Harpyskam. ABTOpbI
npejjiaraloT yBeJUYUTb CPOK CJAYKObl IIApPOBOM OHOpPbl € MOMOIbI0 HWHHOBAIMOHHOIO
PEMOHTHOTO KOMILJIEKTA /JJIs BO3BpPaTHO-BpallaTeJbHOI'0 JBW)XeHUs. B paboTe mnokasaHbI
pe3y/IbTaThbl CTAOUIM3aLMHY, peXKUMa U PABHOMEPHOCTH U3HOca. [Ipy BO3BpaTHO-BpallaTebHOM
JIBUDKEHUM Basla UJIM HApPY:KHOTO KOJIbL]A 3TO JOCTUrAETCs 3a CYET CKPyYUBAHUSA MPYKUHHON
BKJIaZIbI111a, COOTBETCTBEHHO HA BHYTPEHHEN UJIM BHEIHEN TOBEPXHOCTU NPY>KUHHOM BKJIaAbIIIa
BO3HUKaeT TopMoxkeHUe (3¢ dekT XpanoBuKa), U OHA NPUHYAHUTETbHO NOBOPAYUBAETCS TOJBKO
B OJIHOM HallpaBJIEeHUWH B 3aBUCUMOCTH OT HallpaBJleHUsI HABUBKH NPYKUHBI. B mpoiecce paGoThI
KOHTaKTHbIE IOBEPXHOCTU TPEHUS U3MEHSIOTCS, YTO CIIOCOOCTBYET CHUXKEHHUIO0 UX M3HOoca. [l
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COGJIIOZIEHUSI 3TUX YCJIOBUHM TMpeJJioKeHa KOHCTPYKIUsS TMOJIIMIHHUKOB CKOJIBXXEHUS JJIs
BpalllaTeJIbHOTO JBUXKEHUS], IPU KOTOPOH JAaHHbIE YCJIOBUSI MOTYT ObITh peasn3oBaHbl. C 3TOU
IeJbl0 TMOJAIIUIHUK OCHAIIEH TOABWXXHBIM TPYXHHHBIM BKJIQJbIIIIEM B BHJIE BUHTOBOU
UJIMHAPUYECKON NPY>KUHbI (IPOMEXYTOYHOT0 3/IEMEHTA), KOTOpasi B K0JiebaTeJbHOM peXUME
INPUHYAUTEJIbHO BpallaeTcs TOJbKO B OJHOM HalpaBJeHUUM U TeM CaMbIM 06ecrneyrBaeT
PaBHOMEPHOCTb U3HOCA.

Kinio4yeBble cioBa: ABTOMOOWJIbHAs NOJABECKA, lLIapoBasi ONOpa, TPEHUE, MNPYKUHHBIN
BKJIaZIbI11l, KOMIIO3UTHbIE MaTepUasIbl

D.K.Kushaliyev*!, Y.T.Kalshora 1, A.E.Toilibayev?

1L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2ALT University, Almaty, Kazakhstan

Problems and Solutions in the Operation of a Car Ball Joint

Abstract. The article presents the signs of ball joint malfunction. During vehicle operation, this
component absorbs any impact from the road surface, meaning that under operating conditions it
is subjected to heavy loads. The authors propose extending the service life of the ball joint by using
an innovative repair kit designed for reciprocating rotational motion. The study shows the results
of stabilization, wear mode, and wear uniformity. In reciprocating rotational motion of the shaft or
outer ring, this is achieved by twisting the spring insert. Accordingly, braking occurs on the inner
or outer surface of the spring insert (ratchet effect), and it is forced to rotate only in one direction
depending on the winding direction of the spring. During operation, the frictional contact surfaces
change, which helps reduce their wear. To meet these conditions, a design of sliding bearings for
rotational motion has been proposed, in which these requirements can be implemented. For this
purpose, the bearing is equipped with a movable spring insert in the form of a helical cylindrical
spring (an intermediate element), which in oscillatory mode is forced to rotate only in one
direction, thereby ensuring uniform wear.

Keywords: Automobile suspension, ball joint, friction, spring insert, composite materials
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Study of the structure of hydration products of cement stone with
hyperplasticizer and silica microfillers

I. Abdraimov!™ , K. Musa! *“ , Yu. Pukharenkoz ' ,
M. Sailygarayeva3*

1 Mukhtar Auezov South Kazakhstan University, Shymkent, Kazakhstan,

2 Saint Petersburg State University of Architecture and Civil Engineering, Saint Petersburg,
Russian Federation,

3 Kazakh National Research Technical University, Almaty, Kazakhstan,

E mail: abdraimov_ilyas@mail.ru, tsmm@spbgasu.ru,mariya_23365@mail.ru

Abstract. In this paper, the combined effect of active silica fillers of technogenic
and natural origin and polycarboxylate superplasticizer on the structure of the
cement matrix was investigated in order to increase its microporosity. It was
found that the dispersion of filler particles, the amorphization of the structure
and components, are due to the effect of chemical energy on the molecular and
surface crystallization structure of binder particles. Studies on the combined
introduction of silica and plasticizer in the composition of mortar mixtures
make it possible to increase the content of the pozzolanic additive to 15% of the
binder weight, which helps to reduce cement consumption, while
simultaneously optimizing the microstructure of the cement stone and further
obtaining concrete with high construction and technical characteristics. As part
of the study, a detailed microstructural study of the cement stone was carried
out to analyze the hydration products in the presence of polycarboxylate
plasticizers and active silica fillers. The obtained results show that the
introduction of 10-15% of plasticizer and silica filler into the mortar mixture
leads to a decrease in the content of portlandite in the cement system, a
decrease in the size of its crystals, filling of the intergranular space, as well as
compaction and strengthening of the structure of the cement stone. Thus, the
proposed approach ensures the effective use of pozzolanic additives, increasing
the operational properties of concrete and reducing the consumption of
expensive cement.

Keywords: hyperplasticizer, silica microfillers, hydration products, cement
stone, cement structure.
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Introduction

Increasing the durability and improving the operational reliability of cement stone are among
the priority areas of modern research in the field of materials science. These goals can be achieved
by reducing the microporosity of the structure to minimize water filtration through cavitation
channels. In this regard, an active search for effective materials continues, including polymer
compositions with high resistance to aggressive environmental influences. However, the use of the
proposed polymer compositions is often associated with the use of expensive chemical
components, which limits their widespread implementation in the construction industry [1]. One
of the most accessible and promising areas for regulating the construction and technical properties
of concrete, as well as reducing material and energy costs, is the introduction of various additives
into their composition, which are often considered in the scientific literature as modifiers of the
structure and properties of cement systems. The optimal dosage of such additives is determined
by their minimum amount, ensuring the achievement of the required regulatory indicators [2] and
technological or technical efficiency without deterioration or with an acceptable decrease in other
quality characteristics of concrete or mortars. Depending on their origin and functional purpose,
additives are divided into chemical and mineral.

Chemical additives, including organic and inorganic compounds, are introduced into cement
systems (concretes and mortars) in relatively small quantities (usually within 0.02-2% of the
cement mass). However, despite the low concentration, they have a significant effect on the
hydration processes of clinker minerals and the structure formation of cement stone. The use of
such additives allows for targeted modification of the properties of hardened mortars and
concretes, ensuring their compliance with specified operational requirements [3].

Mineral additives are dispersed inorganic materials of natural, technogenic, or artificial origin,
which are introduced into concrete and mortar mixtures in quantities from 5 to 20% or more.
Using them allows cement consumption and aggregate consumption to be reduced, and the
production of high-density concrete to be produced with minimal binder consumption. In addition,
mineral additives increase the resistance of concrete to external influences and serve as an
effective means of recycling industrial waste, such as ash and slag from thermal power plants, ash
and slag from the combustion of solid municipal waste, blast furnace granulated slag and other
industrial by-products [4].

It should be noted that complex modifying additives containing various organic and mineral
components not only provide wide controllability of the rheological and technological properties
of mortar and concrete mixtures, but also help to optimize the microstructure of cement stone.
This, in turn, makes it possible to obtain concrete with improved construction and technical
characteristics, including strength, durability and resistance to external influences. [5].

Studies devoted to the combined effect of amorphous silica and superplasticizer in the
composition of powder concrete [6] are of particular interest. These concretes are characterized
by high compressive strength (up to 150 MPa), as well as increased crack resistance and water
resistance. According to P.A. Rebinder, the presence of surface-active substances (SAS) contributes
to an increase in the filler activity. The dispersion of its particles, amorphization of the structure
and components are due to the influence of chemical energy on the molecular and surface
crystallization structure of the binder particles. The introduction of SAS into the system prevents
the aggregation of highly dispersed microfiller particles, protecting the structure from the
aggressive effects of the external environment and helping to maintain the activity of the material
during storage. [7].
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The purpose of this study was to investigate the microporous structure in the cement-filler
system and the effect of active silica fillers of technogenic and natural origin on the structure of the
cement matrix. As part of the work, an analysis of the influence and mutual action of a complex
modifier in various percentage ratios in filled cement systems was carried out. The calculated
content of the mineral component of the solution mixture was determined with the identification
of factors contributing to the formation of a densely packed structure of the material and,
accordingly, an increase in its performance characteristics. It has been established that the
increase in the density of cement composites at the optimal level of filling with mineral
components is due to a number of factors. These include the orienting effect of filler particles on
cement hydration products in the presence of polycarboxylate chains and the formation of cluster
structures, the use of materials with a similar crystal-chemical structure, the formation of
additional chemical bonds when introducing pozzolanic additives, and a reduction in the porosity
of the material [8].

Table 1. Chemical composition of portland cement (according to LLP Shymkentcement [9])

Chemical composition, wt.%

Cement
Manufacturer
brand Naz0 | SO3 MgO Fe203 | CaO Al203 SiO2

CEM 1 Shymkentcement

425N LLP 0.57 0.65 0.92 4.05 64.79 | 5.11 23.91

Portland cement grade CEM I 42.5N, which meets the established requirements [9], was used
as a hydraulic binder. Cement was produced by Shymkentcement LLP, located at the following
address: Shymkent, St. Koikeldi Batyr St., 22. The characteristics of the cement used and the results
of experimental tests of its properties are shown in Tables 1-2.

Table 2. Mineral composition of Portland cement clinker (according to LLP Shymkentcement

[10]
Mineral content in clinker, %
Cement brand
C4AF C3A C2S C3S
CEM142.5N 10.56 6.86 11.69 60.99

Analysis of the obtained test results showed that the studied cement complies with the
requirements of [10]. Natural sand mined in the Akdala quarry, located at the following address:
Asar-2 microdistrict, Syrym Batyr Street, 175/2, was used as fine aggregate for the mortar part.
The properties of the sand were tested using the methods described in [11]. The results of the fine
aggregate tests are presented in Table 3, and the chemical composition is presented in Table 4.
Interms of clay and dust impurity content, granulometric composition and radiatio n-hygienic
assessment, this sandmeets the established requirements [11]. Mixing water meets the
requirements of [12]. The water does not contain sulfates over 2700 mg/] (in terms of SO4), all
salts over 5000 mg/], oil sludge and scale, organic matter content less than 12 mg/l, pH 7.7 and no
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color
Table 3. Sand test results (according to Akdala quarry [11])

Sand characteristics
Specific
True Bulk effective Content of
Manufacturer . Fineness . activity of clay and
density, density,
kg/m? modulus kg/m? natgral . dust.
radionuclides, | particles, %
Bq/kg
Quarry 2610 2.45 1470 71.3 1.7
"Akdala"

The products of NEOCHIM LLP, located at the address: Shymkent, Enbekshinsky district, block
264, building, were used as a superplasticizer. In terms of its consumer properties, the additive
"NEOCHIM" meets the requirements [13].

Table 4. Chemical composition of sand (according to LLP Joint Venture "Southern Mining and
Chemical Company" [11])

Manuf Main oxides, %
anufacturer Si0z | Al03 | Fe203 | CaO | MgO | SOs | K20 | Naz0 | p.pp.
Limited Liability
Partnership "Joint
Venture "Southern 709 | 16.37 | 2.68 |2.49 |0.69 |0.01 |3.29 |2.77 |1.09
Mining and Chemical
Company"

The additive "NEOCHIM" is a plasticizing and water-reducing additive based on a mixture of
polyoxylene derivatives of polycarboxylic acids, surfactants. The standardized physical and
chemical indicators are presented in Table 5.

Table 5. Physicochemical properties of the additive (according to NEOCHIM LLP [13])

Name of the indicators Hyperplasticizer "NEOCHIM"

Appearance homogeneous aqueous solution
PP of light brown color

Density at 20°C, g/cm3, not less than 1.05 1.05

Hydrogen ion activity index (pH), not less than 4.2 4.2

Mass fraction of chlorine ions, %, not more than 0.1 0.1

It is used for the production of self-compacting commercial concretes that harden under
normal conditions or with the use of electric heating. Dust waste (MKU-95) produced by LLP "Tau
Ken Temir", registered at the address: Karaganda, Oktyabrsky district, accounting quarter 018,
Building 133, was used as a reaction-chemical pozzolanic additive.
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This dust from electrostatic precipitators of ferrosilicon production has particle sizes of 5-50
microns. Under the influence of high temperature, silica microparticles are transformed into glassy
amorphous dust. The qualitative characteristics of microsilica MKU-95 are presented in Table 6.

Table 6. Qualitative characteristics of microsilica grade MKU-95 (according to LLP "Tau Ken
Temir"[14])

Name of indicators Quahtatlv.e .
characteristics
Mass fraction of silicon dioxide, %, not less than (Si02) 95.06
Mass fraction of phosphorus oxide (P20s), %, not more than, 0.12
% .
Mass fraction of magnesium oxide (Mg0), %, not more than 0.6
Mass fraction of aluminum oxide (Al203), %, not more than 0.17
Mass fraction of iron oxide (Fe203), %, not more than 0.19
Mass fraction of sulfuric anhydride (SO3), %, not more than 0.41
Mass fraction of calcium oxide (Ca0), %, not more than 0.41
Mass fraction of free alkalis (Na20, K20), %, not more than 1.71
Mass fraction of water, %, not more than 0.29

In terms of its properties, microsilica "MKU-95" meets the requirements of [14].
Opoka containing silica particles from the Taskalinskoye deposit was studied as the second
active filler. The opoka from this deposit has the following chemical composition (Table 7).

Table 7. Chemical composition of opoka from the Taskalinskoye deposit (according to
Taskalinskoye deposit [15])
Components SiO2 Al203 Fe203 Ca0 MgO SOs3

Opoka 87.02 10.58 3.84 4.73 2.45 1.90

Amorphous-siliceous opoka is composed in the overwhelming majority of amorphous silica,
provided in the form of globules and spicules of sea sponges, radiolarians, shells, etc. The
characteristics of opoka, which opoka must meet as an additive-filler, are indicated in Table 8.

Table 8. Characteristics of the flask (according to the Taskalinskoye deposit [15])

Indicator Indicator Value
Minimum Maximum Average
Specific weight, N/m3 22.27-103 24.13-103 23.15-103
Density (in a piece), kg/m3 1050 1665 1240
Water absorption, % 15.34 41.00 25.00
Compressive strength, MPa, in
the state:
Dry 6.239 14.09 9.49
Water-saturated 449 11.47 6.61
Frost resistance 25 37 31
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In terms of its properties, the Opoka of the "Tascalinskoye deposit" meets the requirements of
[15]. The Opoka selected for testing was subjected to preliminary grinding until a specific surface
of 1700-1850 cm?2/g was achieved in a laboratory ball mill BS-BALLMILL-I with a rotation range
of up to 200 rpm.

The methodology

A series of tests were conducted using Professor Okamura's method to determine the cone
spread with an initial water to binder ratio of 0.4 and 1% superplasticizer from the amount of
binder with different dosages of mineral additives. The ratio was obtained experimentally by
determining the cone spread of cement paste with different Water/MDS ratios. The dependence of
the cone spread and the Water/MDS ratio is expressed through the ratio of the "final" spread area
to the "initial" area, called the "relative" spread area. (Figure 1).

100
70

——]

60

final area initial area

Figure 1. Truncated cone for determining the spread of cement paste (Okamura H., Ozava K.
Mix design for self-compacting concrete // Concrete Library of the JSCE. 1995. Ne 2. P. 107-120)

The task was to obtain a mixture of water, binder, and superplasticizer, which during testing
would show a flow cone of 244-246 mm, the flow time through the funnel of 9-11 seconds [16].

Table 9. Effect of the amount of microsilica additive MKU on the rheology of cement-sand
mixture

Main Cement, | Quantity  of | Quantity of | Quantity of | Flow Flow
composition | kg microsilica microsilica superplastici | (mm) time, sec
* from cement | from cement | zer, kg

mass, % mass, kg
Sand-900 kg, 600 0 0 6 265 7
Water-0.4 570 5 30 6 261 8
from cement 540 10 60 6 253 9
510 15 90 6 245 10
480 20 120 6 237 12
420 30 180 6 231 14

*All data are given based on the number of components per 1 m3 of concrete or mortar

mixture
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Microstructure study:

To analyze the microstructure of the material, studies were carried out on grinding samples
aged for 28 days. The study was carried out using a ZEISS Axio Vert.A1 microscope (Germany)
using the reflectivity microphotography method at a magnification of x500. In addition, X-ray
phase analysis (XRD) was used to study the phase composition of the cement stone hydration
products and assess the content of minerals. The analysis was carried out on a D2 PHASER powder
X-ray diffractometer from Bruker, made in the USA. The analysis was decoded using DIFFRAC.EVA
software, which provides tools for rapid analysis of one-dimensional and two-dimensional
diffraction data. It supports all Bruker detectors and X-ray scanning types. EVA functionality covers
a wide analytical spectrum from data processing, basic scan evaluation and presentation, detailed
peak analysis, phase identification and quantitative analysis to crystallinity and crystallite size
determination [17].

Table 10. Effect of the amount of flask additive on the rheology of cement-sand mixture

Main Cement, Quantity of Quantity of | Quantity of | Flow (mm) Flow
composi kg opoka from opoka from | superplastici time, sec

tion* cement mass, cement zer, kg

% mass, kg
Sand- 600 0 0 6 265 7
900 kg, 570 5 30 6 246 9
Water- 540 10 60 6 232 12
0.4 from 510 15 90 6 227 14
cement 480 20 120 6 213 17
420 30 180 6 205 20

*All data are given based on the number of components per 1 m3 of concrete or mortar

mixture

Table 11. Compressive strength indices of mortar samples with microsilica MKU and opok O
at the ages of 1 day and 28 days

Cem Quantity | Quantity MKU- MKU- 0-1 0-28 Without Without
of filling, | of filling, lday 28 day | days | additive-1 | additive-28
ent
% kg days

600 0 - - - - - 11.2 37.7
570 5 30 - - 11.5 38.1 - -
540 10 60 - - - - - -
510 15 90 12.8 40.7 - - - -

Generalized data on the rheological properties of the solution using different quantities of two
silica fillers are given in Tables 9-10.

From the tables reflecting the rheological characteristics of the obtained solutions, it is evident
that the best effect is achieved by replacing 15% of the cement with microsilica.

Then, from the mortar mixtures that showed the required values of cone spread and flow
through the funnel, samples were formed, which were tested for compressive strength according

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 41
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl

ISSN:2616-7263. eISSN: 2663-1261



I. Abdraimov, K. Musa, Yu. Pukharenko, M. Sailygarayeva

to [18] after 1 day and 28 days. The results of the compressive strength tests of mortar samples
with microsilica, opokal and metakaolin at the ages of 1 day and 28 days are presented in Table 11.

The strength characteristics of the mortar samples show that the best effect is achieved by
replacing part of the cement with 15% microsilica, which is consistent with the studies of Kaprielov
S.S. and Sheinfeld A.V., where the recommended consumption of microsilica is 15-20% of the mass
of the binder per 1 m?® of concrete [19].

Findings/Discussion
As a result of studying the microstructure of the samples using a ZEISS Axio Vert.Al electron
microscope using the reflection method, the following data were obtained.

Figure 2 shows an image of the fracture microstructure of a control sample made of pure
cement.

\ o 0
Figure 2. Microstructure of the fracture of a control sample made of pure cement

Figure 2 shows that the structure of cement stone is not monolithic and has a block structure.
It is represented by weakly crystallized layers of highly basic metastable hydrosilicate particles
(CaO SiO; H,0) with molar ratios CaO/SiO, > 1.5 (C,SH>).

Figure 3. Microstructure of a fracture of a cement stone sample containing Opoku from the
“Tascalinskoye deposit.”

These new formations, which have increased basicity, are prone to coagulation; water
molecules retained by adsorption processes are located inside their structure. Evaporation of both
adsorbed water and water located in the crystal lattice is accompanied by shrinkage of the system,
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which corresponds to the data presented in [20]. Figure 3 shows that the hydraulic activity of the
opal-chalcedony gaize causes chemical interactions of the amorphous silica included in its
composition with the hydroxide components formed during cement hydration as a result of
hydrolysis of 3Ca0 SiO; according to the equation:

2(3Ca0 Si0,) + 6H,0 — 3Ca0 2Si0, 3H,0 + 3Ca(OH)s,.

Figure 4. Microstructure of a fracture of a cement stone sample containing microsilica MKU-
95

As a result, low-basic calcium hydrosilicates of the C-S-H (B) type, hydroaluminates
3Ca0*Al203*6H20 and calcium hydroferrites CaO*Fe203 *nH20 are formed. The new formations
have the appearance of thin fibers, plates and petals of irregular shape [21].

Figure 4 shows that cement stone with the addition of microsilica MKU-95 has a pronounced
homogeneous structure in comparison with cement stone without additives. The reaction of the
hydration products of clinker minerals and active microsilica is a compound of Ca(OH), with active
Si0,, resulting in the formation of a structure composition with the densest packing of crystals,
forming elements of low-basic calcium hydrosilicates of the CSH (B) type, for example
(Cas(0OH),Sig016°4H,0 (Ca0/Si0O, < 1.5)), which is confirmed by the theoretical provisions set out
in [22].

Sample ID: kontr, Sawple name: kontr, Temp: 23.0°C
Date: 01/23/21 07:28 Step : 0.020° Integration Time: 1.000 sec Vert. Scale Unit: [CPS]
Range: 4,000 - 70.000° Step Scan Rate: 1.200 [*/min] Morz. Scale Unit: [deg]

Figure 5. Control sample without mineral additive
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Next, to assess the influence of mineral additives on the phase composition of cement stone
hydration products, the X-ray phase analysis (XPA) method was used using a D2ZPHASER powder
X-ray diffractometer from Bruker, manufactured in the USA (Fig. 5-7).

ampLe i1, le name: 1, Temp: 25.0°C
Date: 01/22/21 23:04 Step : 0,020° Integration Tine: 1,000 sec Vert. scale Unit: [¢BS)
Range: 4.000 - 70.000° Step Scan Rate: 1.200 [*/nin] Horz. Scale Unit: [deg)

600.)

Figure 6. Sample with replacement of part of the cement with microsilica MKU

Using the DIFFRAC.EVA software, an analysis of the obtained diffraction patterns was
performed, which confirmed the formation of low-basic hydrosilicates present in the studied
samples, as shown in Tables 12-13.

Sample ID: 5, Sample name: 5, Temp: 25.0°C
Date: 01/23/21 04:40 Step : 0.020° Integration Time: 1,000 sec Vert. Scale Unit: [CPS]
Range: 4.000 - 70.000% Step Scan Rate: 1.200 [*fmin] Horz. Scale Unit: [deg]

<

600

Figure 7. Sample with replacement of part of the cement of the Opoka of the “Tascalinskoye

deposit”
Table 12. Phase composition of cement stone at the age of 28 days of normal hardening
Composition Cement stone Phase composition of cement stone, %
No C3S C2S Ca(OH)2 Degree of
hydration

1 Control 19.6 8.8 21.6 75

2 PC+MKU 14.7 7.4 16.8 82

3 PC+0 14.2 7.2 16.3 78
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Analysis of the phase composition showed that partial replacement of cement with microsilica
(composition 2) promotes the intensification of hydration processes and the binding of the
resulting Ca (OH), hydroxide with microsilica. As a result, a decrease in the content of minerals
C3S and C,S is observed compared to composition 1, with this degree of hydration increasing from
70% to 82%. When replacing part of the cement, the flask (composition 3) occupies an
intermediate position between the control composition 1 and composition 2 in terms of the degree
of hydration and phase composition of new formations. This also indicates a reduced content of
minerals C3S and C,S, which leads to compaction of the structure of the cement stone and an
increase in its strength [23].

Analysis of the diffraction pattern shows the general theory outlined in [24] and [25] that a
significant amount of highly stable low-base hydrosilicates and hydroaluminates are formed when
using active mineral additives. A special feature is that in the control sample No. 1, containing only
cement, the formation of only three low-base hydrosilicates was recorded, whereas in the samples
with active mineral additives (No. 2 and 3) their number increased to 5-6 (Table 13).

Table 13. Content of calcium hydrosilicates in the studied samples of modified cement stone
at the age of 28 days of normal hardening

Sample Conventional Calcium hydrosilicates
designation
Control 1 Tobermorite CazH3011Si3

Klinotobermorite CasHg021Si¢
Katoite Al,CasH12012Si3
PC+MK 2 Gergeyite CasH2K2025S6
Katoite Al;CazH12012Si3
Tobermorite CazH3011Si3
Klinotobermorite CasHg021Si¢
Killalaite CazHe011Si3
Phoshagite CasH2011Si3

PC+0 3 Katoite Al,CazH12012Si3
Calcium hydroferrite 4CaOFe;03n+3H,0
Lumontite Al4Ca;H150533Sis
Klinotobermorite CasHg021Sis
Rosenhanite CazH,10Sis

This indicates an intensification of hydration processes in the cement stone, as well as a more
active crystallization of the colloidal system in the active components SiO, and Al,03-2SiO0.

Conclusion

Based on the results of the tests, the following conclusions can be made:

1) The mixture with partial replacement of cement with opal-chalcedony opoka is the least
homogeneous structure, which contains both calcium hydrosilicates and hydroaluminates and
hydroferrites, which is confirmed by the data of differential thermal analysis (DTA) and
microstructural studies. The revealed heterogeneity can negatively affect the operational
reliability of concrete and lead to a decrease in its strength characteristics due to the uneven
distribution of hydration products and a possible increase in local zones of increased porosity.
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2) The mixture with microsilica demonstrated a more homogeneous microstructure, and low-
basic hydrosilicates of the CSH(B) type are widely represented here. This effect is due to the
complex influence of the microfilling of the system, which leads to optimization of the grain
composition and a decrease in the defectiveness of the structure, as well as high pozzolanic activity
of microsilica. It binds calcium hydroxide, Ca (OH),, and increases the degree of hydration of
cement minerals, which contributes to the formation of a denser and stronger structure of cement
stone. 3) The introduction of active mineral fillers leads to an increase in the number of fine
particles in the cement paste, which contributes to the formation of a denser microcapillary
structure of cement stone and a significant decrease in the volume of micropores, reducing its
permeability. During the hydration process, capillary pores are gradually filled with new
formations, which allows for an increase in the volume of gel pores while simultaneously reducing
the total pore space and average pore diameter. As a result, the viscosity of the concrete mixture
increases, which has a beneficial effect on its workability. In addition, the use of active mineral
additives helps to increase the compressive strength of concrete, reduce the number and size of
large portlandite crystals at phase boundaries, and moderately reduce the total porosity, which
can ultimately improve the performance characteristics of concrete.
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1 Myxmap dye306 ambiHdarsl O4ymycmik Kazaxcmah ynueepcumemi, llleimkenm, Kazakcmau
2Cankm-IlemepGypz memaekemmik cay/1em-Kypbulasic yHugepcumemi, Cankm-IlemepGype, Peceii
dedepayuscovi
3Ka3ak yammulK azpapvik 3epmmey yHugepcumemi, Aamamel, Kazakcman

I'mnepniacTupuKaTOpMeH XK9He KpeMHe3eM/[iKk MUKPOTOJ/IThIPFbIIITAPMEH LIEMEHT
TaCbIHbIH, T'HApPAaTaLMA 6HiMAepiHiH KYPblJIBIMbIH 3€pPTTEyY

Angartna. Bysi KyMbICTa TEXHOTEHJIK >KoHe Tabufd TeKTi OeJsiceHJli KpeMHe3eM/iK
TOJTBIPFBIIITAPABIH,  K9He  MOJUKApOOKCUIATThl  CyNnepHjacTUPUKATOPAbIH  LEeMEeHT
MaTpHUILACBIHbIH KYPbLJIbIMbIHA OHbIH MUKPOKEYEeKTI/IriH apTThlpy MaKcaTbIH/a bipJiecKkeH acepi
3epTTenpi. ToOATBIPFBI O6JILIEKTEePAiH [AUCIEePCUSCh], KYpbLIbIMbBI MEH KOMIIOHEHTTEpiHiH
amop¢u3anuackl O0alJIaHbICTBIPYLIBI MaTepuas OeJilleKTepiHiH MoJIeKyJia/bIK oHe OeTTiK
KPUCTa/IZJaHy KypblJIbIMbIHA XUMUSJIBIK 3HEPTUAHbBIH 9CepiHeH 60/1aTbIHbI aHbIKTaAAbl. EpiTiHai
KOCHaJIapblHbIH, KypaMblHA KpPeMHMW [JUOKCUJI MeH IIacTuPUKaTopAbl OipikTipin eHrisy
O0MbIHIIA 3epTTeyJiep MYLL0/1aH/AbIK KOCIIaHbIH KYpaMbIH 6alJIaHbICTBIPFbILI MaccacblHbIH 15%
JlelliH apTThIpyFa MYMKiH/iK 6epe/ii, Oy/1 IleMeHT LIbIFbIHbIH a3alTyFa KeMeKTece/i, COHbIMEH
O6ipre 1UeMeHT TacCblHbIH, MHUKPOKYPBUIBIMbIH OHTaWJIaH/JbIPY/Abl 9He KeHiHHEeH >XOFaphl
KYPbLJIBbIC >K9He TeXHHUKaJ/IblK CUNaTTaMajsapbl 6ap 6eTOH/Jbl OHAIpYJi KaMTaMachli3 eTeji.
3epTTey afCblHAA NOJUKApPOOKCUIATTBHI MJacTUPUKATOpJAap MeH OesiceH[i KpeMHe3eMJiK
TOJITBIPFBIIITAP/AbIH, KAaThICYybIMEH FUpaTaluda eHiMAepiH Tanjay MakKcaTblH/Aa LJeMeHT TacCblH
erKeu-TerKenai MHUKPOKYPBUIBIMABIK 3€epTTey KYprisinzi. AJbIHFaH HOTHXKeJiep epiTiHAi
KOCNacbIHbIH, KypaMmbiHa 10-15% nuiacTuduKaTOp MeH KpeMHe3eM/i TOJTBIPFBIIITBl €Hri3y
LeMeHT »>KyHecCiHZeri NOPTJaHAUAT MeJIlepiHiH, TeMeH/JeyiHe, OHbIH KpUCTaIJapbIHbIH
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Study of the structure of hydration products of cement stone with hyperplasticizer and silica
microfillers

MeJIlIepiHiy a3arblHa, TYUipLIiKapaiblK KeHICTIKTIH TOJTBIPbIIYbIHA, COHBIMEH KaTap LeMeHT
TaCblHbIH, KYpPBLIBIMBIH HBIFbI3/layFa »OHe HBbIFAWTyFa oKeJeTiHIH Kepcetegi. OcplLiania,
YCbIHBUJIFAaH TACL1 NYyLOJAHABIK KoclajapAbl THIMZI NaijasaHyAbl, O€TOHHBbIH, NaijajaHy
KacueTTepiH XkKaKcapTy/bl 2Ko9He KbIMOAT IeMeHTTi TYThIHY/ibl a3alTyAbl KAMTAaMacChbI3 eTeJ|.

Ty#iH ce3aep: runepniacTuduKaTop, KpeMHe3eMiK MUKPOTOJITBIPFBIITAD, FUApaTalusa
eHiM/iepi, leMeHT TacChl, LiIeMeHT KYpPbLJIbIMBbL.

U.A6apaumoB?, K.Mycal, 10.Ilyxapenko?, M.Caiisibirapaesa3”

1 [0scHo-KazaxcmaHckull yHugepcumem umenu M. 0. Ayazoea, Illvimkenm, Kazaxcmah
2Cankm-IlemepGypacKuil 2cocydapcmeeHHblil apXxumeKmypHo-cmpoume.ibHbulii yHugepcumem, CaHkm-
Ilemep6ype, Poccuiickaa Pedepayus
3Kazaxckuii HayuoHaasHsill AzpapHbiii Hccaedosameasckuii yHugepcumem, Aamamel, Kazaxcmah

H3y4yeHHe CTPYKTYPbI NPOAYKTOB rHAPATALMHU IEMEHTHOTO KAMHS C
TUIEPIUIacCTUPUKATOPOM M KPEMHE3eMUCThIMH MUKPOHANOJTHUTE/ISIMU

AHHOoTanMa. B jgaHHOM paboTe HCCIeLOBAaHO COBMECTHOe BJMSHHME aKTHUBHBIX
KPEeMHe3EéMUCThIX HAINOJIHUTEe/Jed TEeXHOMeHHOr0 M IpPUPOJHOr0 IPOUCXOXKAEHUA U
NOJIMKApOOKCUJIATHOTO CyllepIlacTUPUKATOpPa Ha CTPYKTYPY LieMEHTHOU MaTpHULbl C LeJblo
NOBBILIEHUSA e€é MUKPOIIOPUCTOCTH. Y CTAaHOBJIEHO, YTO AYCIIEPrUPOBAHUE YaCTUL, HAIIOJHUTEJIS,
amMmopdu3anusa CTPYKTYpbl U KOMIIOHEHTOB 00YCJIOBJIEHb]I BO3/IECTBUEM XUMUYECKOW 3HEPTUU
Ha MOJIEKYJIIPHYI0O U NOBEPXHOCTHYH KPHUCTA/JIM3alMOHHYI0 CTPYKTYpPY 4YacTHL, BSKYLIEro
MaTepuasa. McciefoBaHUs O COBMECTHOMY BBeJleHUIO KpeMHe3éMa U IacTUduKaTopa B
COCTaBe PAaCTBOPHBIX CMeCel MO3BOJIAIT YBEJHWYUTh COJepkKaHUe MyLL0JaHOBOW A006aBKU [0
15% oT Macchbl BSKYILEro, YTO CIOCOOCTBYeT CHMXKEHHIO pacxo/a LieMeHTa, OJHOBPEMEHHO
obecrneyrBasi ONTUMU3ALUI0 MUKPOCTPYKTYPbl LIEMEHTHOIO KaMHS U JajibHelllee MoJiyyeHre
OETOHOB C BBICOKMMH CTPOUTEJBHBIMHU M TEXHUYECKMMM XapaKTepUCTUKaMHU. B pamkax
UCCJIeIOBAaHUA ObLIO NMPOBEJEHO JeTaJlbHOe MUKPOCTPYKTYPHOe HCC/AeJj0BaHUEe L,eMEeHTHOIO
KaMHfl C LeJIbl0 aHa/u3a NPOAYKTOB THJpaTallud B NPUCYTCTBUM IOJHUKApOOKCUJIATHBIX
NJIaCTUPUKATOPOB U AKTHUBHBIX KpPEeMHE3eMHUCTBIX HamoJiHuTesel. [loslydeHHble pe3ysbTaThbl
nokKa3bIBalT, YTo BBeJeHUe 10-15% nuacTudukaTopa U KpeMHE3EMUCTOr0 HaloOJIHHUTeJS B
COCTaB pacTBOPHOM CMeCH NPUBOJUT K CHMKEHHUIO COJep>KaHHA MOPTJIaHAUTA B LieMEHTHOM
CUCTEMEe, YMEHbIIEHHUI0 Pa3MepPOB ero KpUCTA/IJIOB, 3alI0JIHEHUI0 MEeX3€PHOBOI'0 IPOCTPAHCTBA,
a TakXke K YIJIOTHEHUI0O U YNPOYHEHUIO CTPYKTYpbl LleMEHTHOro KaMHfA. TakuM o6pasom,
npeJJIoKeHHbIN 0AX0/, obecrieyrBaeT 3QpPeKTUBHOE UCII0JIb30BaHUe MYLI0JaHOBBIX 100aBOK,
NOBbIIIAS 3IKCIJIyaTallMOHHble CBOMCTBAa O€TOHAa M CHWXas NOTpebseHHe J0POrOoCTOSIIErO
[leMeHTa.

Kiro4yeBble c0Ba rumnepniacTUGUKaTop, KpeMHe3eMHble MHUKPOBOJIHBI, TNPOAYKTHI
ru/ipaTaliuy, LeMEHTHbIM KaMeHb, LleMeHTHas CTPYKTypa.
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Kipicme.

OJJIEMHIH, Ke3 KeJITeH JiepJliK eJIiHiH 3KOHOMUKACBhIH/A ayblJl lapyallblIbIFbl OpacaH 30p peJ
aTkapagbl, a1 Kasakcran (Hemece KP) 6yziaH Thic eMec, 6MTKeHi arpoeHepKacinTik KelieH (ABK)
a3bIK-TYJIiK Kayinci3ziridiy Heri3ri ke3i »koHe MaHbI3/1bl 3KCIIOPTTHIK CEKTOP OO0JIbIN TaObLIA/bI.
JlerenMeH, CcOHFbl KbuIAapbel KasakctaH PecnyGyMKacblHBIH, arpoeHepKacil  KelleHi
6oceKeJIeCTIKTIH, Kyllelwi, eHAipic TUIMANITIH apTTBIPY XKoHe eHiMAi 6esyAl OHTaWJaHJbIPY
KaXXeTTiJiri cusaKTbl 6ipKaTap MiHAeTTepre Tan 6ouabl [1, 2, 3]. CoHabiKkTaH KasaKcTaHHBIH,
arpoeHepKaCil KellleHiH/leTi MapKeTHHT [1eH XXapHaMaHbIH LU PJIbIK 9/[iCTepPiH MaTeMaTUKAaJIbIK,
’KoHe KHOepHeTHKaJIbIK dJicTep/i KoJiJaHa OTBIPBIN 3epTTeYy/AiH 63eKTiairi 6ipkaTtap Herisri
dakTopJsiapFa 6al/aHbICThl. ATan aWTKaHAQ, kahaHJaHy >KoHEe 3KOHOMHUKAaHbI LUPPJIaHIAbIPY
KarzaublHga KasakcTaH aybll  LIapyallblIbIFBl  9JicTepl MeH NpOoLeCTepiH KaHFBIPTY
Ka)KeTTiJliriHe Tan 601611 OThIP. A1 MalIMHaAbIK OKbITY (ML) :xaHe NSGA-II, NSGA-III cusaKThl ken
KpUTepyaaJbl OHTAWIaHJBIPYJAbIH 3BOJIIOLUAJIBIK €eCeNTey aJropuTMJepi CHUAKTbl KaHa
TeXHOJIOTUSIapAbl NaiJja/laHy MapKeTUHITIK MpouecTepAi 6ackapybl »KakcapTyFa, Oacekere
Kabi/eTTi/IKTI  apTThIpyFa JKoHe arpoeHEepPKaCiNTiK KelleHJe pecypcTapAabl  6esyai
OHTaW/JIaHJbIpyFa Oipered MyMKiHJiKTep Oepeai. bisaiH oibiMbI3iia, KasakcTaHHBIH,
arpoeHepKacin KelleHiHJeri MapKeTUHI NeH >XapHaMaHbl LUQpPIAaHABIPY TYTbIHYLIbLIapMeEH
@3apa iC-KMMbLIJbl aKCcapThlll KaHa KOWMal, HapbIKTBIK YypAicTepAi Jajipek O6osnkayzbl
KaMTaMachI3 eTe/li, Calblll KeJIreH/e, TayapJjap MeH KbI3MeTTep/liH, canacblH apTThIpabl [1, 4].
AybLI mapyallblbIFbl MAapKeTUHTIHErT HUPPJBIK aicTepai 3epTTey KasaKcTaHHbBIH TYpPaKThbI
YKoHe Oacekere KabiseTTi arpapJiblK CEKTOPBIH KaJbIITACThIPY YIUiH 63€KTI el ecenTenMis, 6y
Te3 e3repeTiH HAPBIKTBIK LIbIH/BIK KaFJalblH/A 6Te MaHbI3/bl.

LndpblKk MapKeTUHT 66J1iMiH/le arpOMapKEeTUHT arpOOHEPKACINTIK CEKTOPAaFbl XKeKeJleTeH
KOCIOpbIHAAp [JeHreHiHJe e, MeMJIEKETTIK MaKpOJeHreWje e HapbIKTBhIK NpOLecTepAi
peTTeNTIH KoHe TaJjJay »acalTblH ayblJ LapyallblJbIFbl HapbIFbIHAAFbl KbI3METTI 6acKapy
KyHeci. Bipkatap 3eprTTeyuwisepfiy [5, 6] nikipiHlle, arpoMapKeTUHI HapbIKTbIH JpTypJii
KaTbICYLIbLJIApbl apacblHAA e3apa TUIMAI ajJMacy MeXaHU3M/JlepiH YCbIHY¥a, COHBIMEH KaTap
TYTBIHYILUbLJIAPAbIH KaXKeTTLIIKTepiH aHbIKTAyFa »oHe oJlapJbl KaHaraTTaHABIPY KO0JapblH
i3fleyre araan acayra KabisneTTi. Herisinze arpoMapKeTHHT ayblJ HlapyallblAbIFbl HAPbIFbIH
TajJjay/ibl, OHbIH /JUHAaMHUKaCblH O0JDKay/bl, 6HIMIe CYpaHbICTbl KaJbIITACTBIPY/Jbl JHE
OJIap/AblH TapajyblH bIHTAJAHABLIPYAbI, CaWbIIl KeJIleHJe, aybll lapyallblIbIFbl ©HIMJEPiH
eH/IipyTe, 6TKi3yre koHe HApbIKTA >KbI/KbITYFa KATbICThI HeTi3/le/IreH lienimMep KabbligayFra
MYMKiHJIK 06epyAi KaMTHJbl, COHJAaW-aK arpoeHepkacinTik keweHjgeri (6ysaH opi
ArpoeHepKacinTik KelleHJeri) HapBIKTBIK KaFJal/ibl O6afasay >koHe 060J/Kay MYMKIHAIKTepiH
6epefii. 3aMaHayy aybl/ LlapyallbLIbIFbl KOCIMOPBIHAAPHI, 9/eTTe, 63iH-631 peTTeMeii [7, 8],
COHZBIKTAH OJIap peCypCTapMeH »KoHe akKlapaTTapMeH aJIMachlll, CbIPTKbl MapKeTHHITIK
opTaMeH yHeMi apeKkeTTecin oTbipaZbl. OJ1apAbIH }XyMbIC iCTeyi MeH eMip Cypyl CbIPTKbI OPTaHbIH,
acepiHe 6alJaHBICTBI, ajl aybLILIAPyallblIbIK KoCIHOPBIHAAPbI 63 KbI3METiH CaKTay YILUiH
MapKeTHHITIK OpTaHblH, e3repicTepiHe 6ip Me3risijle €3 MYMKiH/iKTepi lIeriHae acep eTe
OThIpbIN, 6eliM/ienyi Kepek. Aybl 1IapyallblIbIFbl MAapKETHUHTiIHIH TEOPUsChl MeH MPaKTUKAChI
[1, 2] coHFBI XKbLIAAPBI KAPKbIH/bI JAMbII KeJie/li, 0y eH ajl/ibIMEH aybli lapyallblIbIFbl )KoHE
a3bIK-TYJ/IiIK HapbIFbIH/IaFbl 69CEKeJIeCTIKTIH KyllewiMeH, coH/Jlali-aK, KaszakcTan Pecny6inkachl
XaJIKbIHBIH, 6CyIMeH 9He eMip Cypy JeHreHiHiH »aKcapybIMeH, 9pTypJii cajajap yUIiH aybla
HIapyallblJIBIFLl IIUKI3aThIHBIH, MAaHbI3AbIJILIFBIHbIH apTYhl, FbIJIBIM ME€H OHJIPICTIK KYLITEepAiH,
JlaMybIMeH 6aiyaHbIcThbl. KazakcTaHZaFbl aybll LIapyallblIbIFbl K9CIMOPbIHAAPbIHbIH, KYMbIC
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ArpoeHepKacCiNTiK KellleH/leTi }kapHaMaJlbIK, 610/PKETTi MallIMHAJIBIK, OKBITY aJICOPUTMI HeriziHzae
6eJy/li OHTalJIaHABIPY

icreyiniy, ~ Kasipri  Toxipubeci  eHAipicTi  YHBIMAACTBIPYAbIH  TUiMJijdiri,  eHiMHIiH
TYTbIHYLIbLJIAP/bIH KYTYyJepiHe COMKECTIri, COHJal-aK KacinopblHAA 6HIM/i 66Jy MEH 6TKi3yAiH
cayaTThl K9He »KaKCbl YHJIECTIpIJIreH XXyHeci ayblJl lapyallbl/IbIFbl TAyapblH 6HIPYIUi MEH OHBIH,
KbI3MeTKepJiepiHiH Kap>KblJbIK KaFAalblHa TiKeJel acep eTeTiHiH pacTan/bl [4].

Ocbl 3epTTey KOHTEKCTiHJe ayblIllapyallblIblK MapKeTUHIIHJe Kell KpUuTepuaslJbl
oHTahaaHAbIpy yuiH NSGA-III 3BosonyaiblK aJlropuTMiH NaWjaJaHy KapacTeIpbLiafbl. By
Tocis1 6i3re apTypJsi ¢akTopsapbl TEHECTipyre >oHe OeJrici3Aik >KafFAaublHAA LIeliM
Kabbl1JjayFa OallJlaHbICThI MaceJsiesiepAi TUIM/I Hielyre MYMKiHAIK 6epeni, 6y KasakcTaHHBIH,
ayblJ lIAapyallblIbIFbl OM3HEC] YIIiH eTe MaHbI3/bl €KEeHi CO3Ci3.

BypbIHFBI 3epTTeyIepAl Taaaay.

Kasipri Taga MapKeTUHITIK CTpaTerusjap/bl, OHbIH, illliH/e arpO6HEePKICINTIK KelleH yUIiH
OHTaWJIaH/JbIPY MaceJsiesiepi 3epTTeyllijiepZiH aWTapJblKTal HasapblH ayJapAbl, Oy
0oceKeJsIeCTIKTIH, KylIeli >XoHe MeHeKMEHT JKyWheJsiepiHiH camacbl MeH OeHiMmjenyiHe
TaJlanTapAblH 6cyi »KaFJaiblH/la MapKeTUHITI 6acKapy TUIMJUIITIH apTTbIpy KaKeTTiJiriMmeH
6aiaHbICThI. FpIIBIMY 9/1€ebueTTepAe OChl canajiaFbl 3epTTeY/AiH OipHellle Heri3ri 6aFbITTapbIH
6esiin  kepcetyre 6osiagbl. Herisri 6GafbITTap/blH, 6ipi MapKeTHHITIK cTpaTervsjapzbl
OHTaWJIaH/bIPY/IbIH MaTeMaTHUKAaJbIK 9/liCTepiH KOJIJaHyMeH 6aiaHbICThI [5, 6, 7, 8]. MbIcaibl,
[lepmykoB H.B. xeHe Kapuapgyp O.C. (2019) [5] 6esarici3aik »kafFpalblHAa MaTeMaTHKAJbIK,
TAC/IAEPAiH, MPAaKTUKAJIBIK KOJIJJAaHbLIYbIH KOPCETETIH OI0/PKETTIK pecypc lIeKTeyJIepiH eckepe
OTBIPBINl, MApKeTUHITIK CTpaTervsjaplbl OHTAWJaHABIPYZbIH MaTeMaTHUKaJbIK YJrilepiH
YCbIHA/Ibl. 3epTTey/liH, TaFbl 6ip MaHbI3/bl GAFbIThl - IKOHOMHUKAJBIK >XOHE MaTeMaTHUKaJbIK
Mo/JieJibiepre HeTri3/ie/iTeH JepeKTep/ii Taajay *KoHe Oosnkay ajiicTepiH makaasaHy. COHbIMEH,
bavnoBa 10.10. (2015) [4] arpoeHepKacin KellleHiHAeri HAPbIKTBIK TeHJEeHIUsIap/bl 60/mKay
JOJIAITIH KaKcapTy YLIH 3KOHOMUKAJIBIK »KoHe MaTeMaTUKaJIblK MOJeJibJAey dJicTepiH
KOJIJaHyAbl 3epTTelAi, Oy/1 HeFypJibIM Heri3jejareH 06ackapy LWewiMJepiH Ka6bligayra
MYMKIiHAiK 6epe/i.

MapKeTHHITIK CTpaTerusijiap/ibl TapaTy apHajapbIMeH OipiKTipyre epekiie KeHia 6esiHesi.
Mpicasnbl, 3epTTey aBTOpJiaphl [10] nepcoHanibl Tasjay *koHe 6HiIM/i TapaTy apHajiapblH 6arajay
Heris3iHZle MapKeTUHITI 6ackKapy cTpaTerdsijlapblH TaHJAAy MoJesbJepiH YCbIH/AbI, Oy
aBTOpJIApAbIH MNiKipiHIIe, MApDKETUHITIK CTpAaTEerusHbIH, KOl KOMIIOHEHTTI CUIIaThbIH K9HE OHBbIH,
K9CIMOPBbIHHBIH, Kap:KbLIbIK HOTHXKeJepiHe acepiH eckepyre MyMKiHJiK Oepefi. AfrHHU, MoHI
OOMBbIHIIA KONl KpUTEePUIJII Macesie KOUbLIyAa.

ArpoMapkKeTHUHTiH/le 1LIellliM KabbLiAayAbl KoJJay VIIiH 3aMaHayd MallhHa/bIK OKBITY
TeXHOJIOTUSJIapbIH KOJIJ@aHY /i blH 63€KTuIiriH atan eTkeH xeH. Qiu J. (2021) [12] »kone Hung-Yi T.
(2024) [11] cuAKTbl 3epTTeyJep aybll LIapyallbLIbIFbl KaCIMOPBIHAAPBIH 6acKapy/a
WMHTeJJIEKTYaJI[ bl XKylhesepi KoJILaHy MepCleKTUBaJapblH allaThIH YJIKEH JepeKTepAi Taazay
HeTi3iHJAe MapKeTUHITIK CTpaTeruslapAbl 9d3ipJiey yUIIH HEUpPOHJBIK JKejijep MeH
OHTAWJIAHJbIPY aJICOPUTMJEpPiH NaujaJaHyAbl KepceTefi. Asaija Kasipri yakpITTa
arpoOeHEPKICINTIK KelleHAeri MapKeTUHITIK CTpaTerusjapibl OHTaWJIaHAbIpy MiHAETTepi YIIiH
apHaibl NSGA-III KoajaHy 60MbIHIIA ayKbIM/Ibl 3€pTTeEYJiep XKYPrisijiMereHiH aTan 6TKEH K6H.
NSGA-III anropuTMi KasanblK arjiomMepauusiiapAarbl KaaablKTapbl 6ackapy (Qu L. et al., 2019)
[13] >xkeHe cayia cTpaTerusjiapblHa HeTi3/ie/IreH Kell areHTTiK XKyHeJsiep/ie TancblpMaaapzbl 661y
(Yang M. et al.,, 2025) [14] cusakTbI 6acKa KoJilaHb6aap/Aa e3iHiH TUiIMALIIriH KepceTKeHiMeH [14],
OHBI K0JIJIlaHy 6eJIriji 6ip KOHTEKCTe MdIeHU 3epTTeyaepAi *kacaruabl. bi3ziH 3epTTeyimizge
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TOJITBIPY OPbIH/bl 60JIATHIH FHIJIBIMU OJIKbLIBIKTAP.

BypbiHFBl 3epTTeysiepAi TanjayAbl KOPBITBIHABLIAW  OTBIPBIN, aybLILIAPyallbLIbIK,
MapKeTHUHIIH Kell KpUTepuasJbl OHTAWIAHABIPYAA SBOJKOLUUSAJIBIK aJrOPUTMAEP MeH
MalllMHAJIbIK OKbITYFa Heri3JeJreH oJicTepiH KoOJLaHy, CTpPaTerud/blK XKOCHIapJayLblH,
TUIMAIJITIH K9He Te3 e3repeTiH HapblK KafFAaljapblHa 6OediMAesyiH aWTapJblKTau
apTThipaTbiHbl €63Ci3. COH/JbIKTaH OyJ 3epTTey arpapJiblK CEKTOp/JaFbl KoCiMOpbIHJAAp YIIiH
OHTaWJ/Ibl MapKETUHITIK CTpaTerrusaaap/bl *koHe *KapHaMaHbl TYKbIPbIM/AY YLIIH 3BOJIOLUAIBIK
Mojesibjey oaicTtepiH, atan aWTKaHga NSGA-III-gi omaH opi a3ipseyre >xoHe KoJiJlaHyFa
OaFbITTaJIFaH.

3epTTeyAiH MaKcaTbl MEH MiHAETTepI.

KasaKcTaHHBIH, arpoeHepKacin KellleHiHeri MapKeTHHITIK cTpaTeruaaap/bl
oHTah1aHAbIpyAblH NSGA-III anropuTMi HerisiHzZe Kell KpUTepHUasAbl OHTAWUJIAHABIPY SAICIH
93ipJsiey. 3epTTey MaKcaTbIHA XKeTYy VIIiH KeJieCi MiHZeTTep el iIzi:

-ArpoeHepKacCinTiK KellleHJeri MapKeTUHITIK Or/pkeTTi 6eJiy Npob6seMacblHbIH, MaKCaTThI
byHKIMA/Iapbl MeH LIeKTeyaepiH GpopMaainsanusiaay.

-ArpoeHepKaCiNTIK MapKeTHUHITIH epeKIleJIiKTepiH eCKepe OThIpbII, MaceseHi memy yuid NSGA-
[l anropuTMiH 6eltimzey.

-Tunepkenem (HV), nuBepcudurkanus xaHe Tapasy 6ipkeskiiiri (Spacing) MeTpuKachl apKbl/bl
epiTiHZiiep/iiH canacblH OafajlayMeH ecenTey 3KCIepUMeHTiH Kypridy. CoHJai-aK asblHFaH
[lTapeTo-oHTal/bl IIeWiMAEepAi Tajajay, OHbIH illiHJAe O0MKeTTepAi >XbI/DKbITY apHaJaphbl
60MbIHIIA 66J1y )KoHE KpUTEPUNJIep apacblHAaFbl bIMblpaFa KeJy.

9JlicHaMa

KaszakcTaHHBIH AyBUIIAPBIMBIIBIK, — CaJachbIHAAFbI arpOeHepKaCINTIK KellleHiHiH
MapKeTUHITIK CTpaTerusicbl MeH >KapHaMaJlblK OIO/KETTI KONl KpUTepHUaAbl OHTANJaHAbIPY
6apbIChbIH/Ia KapaCThIPbLIATbIH KPUTEPUMIEp i peciMeHikK.

1. ’KapHaMaJsiblK HayKaHHbIH THiM/:[iJIiri( fl)—eHiM,U,i OTKI3y KeJIeMiHiH, yJFaiobl (MbIcaJbl,
ayblIIIapyallblIbIK K9CIHOPHBIHBIH TaObICBIHBIH HEMECe KipiCiHiH apTyhI).

2. MapKeTHHT K9He >KapHaMa IJJbIFbIH,ILapr(fz)—H(apHaMaJlbIK HayKaH/JapFfa >KoHe ayblJl

IIapyallblIbIFbI 6HIMEPiH KbLIKbITYFA }KYMCaJIFaH »KaJIMbl MIbIFbIH/AP.
3. MakcaTTbl aygUTOPUSHbI KaMTy Aeureﬁi(fs)—mapHaManbm HayKaH apKblJIbl KETKEH

MaKCaTThl ayJUTOPHUSHbBIH, YJIECI.
4. YXapHaMaJsblK CTpaTerusiHblH TypaKTbIJIbIFbI(f4)—¥3aK yaKbIT Ke3eHiHJeri acepiH

TYPAKTbLIbIFbI (MbICAJIbI, MAyChIM/IbIK, aYbITKY/Iap/IbIH, TOMEH/eYi).
5. CaTty apHasapbIMeH HHTerpauHH(f5)—MapKeTuHr KyuiTepi MeH TapaTy apHaJapbl

apachbIH/AaFbl YUIECTipy JeHreli (Mblcasibl, OHJIAMH miaTdopMaiap HeMece ayblJ lapyallblIbIFbI
K9CiMopbIHAAPBIHBIH, CEPIKTEC XKeJlijiepi apKbl/Ibl TANChIPbICTAP CAHBIHBIH, aPTYhI).
KpuTepuilnep/iiH 9pKalCbICbIH MaKCAaTThIK QYHKIMS TypiHze Tajan, GopMasaan Kepeuik.
CopaHn KeliH [2, 3,5, 6,9, 11] 3epTTeysiepre cyiieHe OTbIpbIIN, 6i3 ocbl popMaja MaKCATThIK,
byHKIMsIap/ bl XKa3a alaMbl3.

AP
f, == x100%, (1)
R
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AP —ayblIiapyallbl/IblK, K9CIIOPHBIHBIH ©HIMiHe »XapHaMaJIblK HayKaH XyprisreHHeH
KeMWiHTi nalJlaHbIH apTYhbl.

R —2xapHaMaJIblK HayKaHHbIH KaJIIbl WbIFbIHAAPDI.

fAIFHU, MOH COFYPJIBIM KOFaphl 6011a,qb1( fl) , COFYpJIbIM >KapHaMa THiMJiipeK 60/1a/ibl.

Kpm‘epnﬁ( f, ) ’KapHaMaJIblK KbI3MeTKe apHaJ/IFaH »KaJlbl O KeTTi KepceTefi. OHBbI

KeJieciiel opHaTyFfa 60J1abl:
N
f,=>C, (2)
i=1

C, —i-wi apHagarsl (MHTepHeT, BAK *oHe T.6.) »kapHaMaJIbIK LIBIFBIHAAD;

N —>KapHaMaJiblK apHaJlap/iblH CaHBbL.
OHTal/1IaHABIPY OCbl KPUTEPUHi a3aUTYIbl KAMTU/bL.
KpHTepHﬁ( fs)mapHaMaanK HAayKaH »KeTKeH MaKCaTThbl ayIUTOPUSHBIH albI3bIH

KepceTezi, AFHHU.
f,= Aean x100%, (3)

otal

A..., — AyAUTOPUSIFA KETTI,
A\otal —KaJIlIbl MAaKCATTbl AyAUTOPHA.

KpHTepHﬁ( f, ) yaKbIT O0MbIHINA )KapHAMa 9CePiHiH TYPaKThIJIbIFbIH KOpceTe/i, AFHU.

o(R(1)
f,=1-——=, (4)
" u(R(Y)
R (t) — 6eJiriii 6ip yakbITTa caTy/blH, 6CYi,

O — 6eJrisi 6ip Ke3eHeri cCaTblJIBIMHbBIH, CTaHAApPTThl aybITKYHI,
AL —CaTy/blH OpTalla eCcy KapKbIHbI.

Kpn’repnﬁ( f5) MapKeTHHT K9He CaTy d9peKeTTepiH YHIecTipyAi cunaTTan/ibl, AFHU.

S i+ S
f5 — online offline xlOO%, (5)
total
Stotal — TAaIlICbIPBbICTAPAbIH XaJIIIbl CAHbI,
S . — OHJIalH apHaJap a bIJIbI TAIICBIPbICTAP CAaHBbI,
online
S . —JKeJIiJieH ThIC apHaJap a blJIbI TAIICBIPbICTAP CAaHBbI.
offline

Kputepuiifii 6apblHIla apTThIpy MapKeTUHI IMeH CaTy/blH OHTai/Jbl WHTerpalyscbiH
6inaipeni. CoHabIKTaH 6i3 KeJjieci MaKcaTTap/bl KAHaFaTTaH/bIPATbIH bIMbIpaFa KeJy LIelliMiH

TabybIMbI3 Kepek: GapblIHIIA apTTpry(fl, f;, 1, fs)maHe aBaI‘/'ITy( fz). Bysn 3epTTeyne ecenTiy
MaTeMaTHUKaJbIK TY>KbIPbIMbI TEK YII MAKCATThl QYHKIMAHbBI — TUIM/IJIIKTI 6apbIHILA apTThIPYAbI
KaMTbmbl( fl), ayAUTOPUSHBIH, KOJDKETIM/iIIriH apTTpry( f3))K9He LIBIFBIHAAP/bI asaﬁTy( fz),

COH/Iali-aK 9pOip apHaFa eH TOMEeHTI )KapHaFa »KaHe »KaJINbl )KapHaMa 61/ >KeTiHe eKi IeKTey.
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HaTmxesiep MeH TaJIKbLIAy.
3epTTey OapbICbIHAA aJIbIHFAaH HOTHXKeJlep KeNKpUTepHaibl OHTANJIaH/blpy NPUHLUMIITEPiHE

covikec IlapeTo OHTaW/bl IIelliMJe MaKCaTThIK cl)yHKuHHnap(fl),(fz),(f3)oHTa171naH,qupy

O0aFbITTapblH TeHECTipy YIuiH e3repTiazai. Python koablHAAQ THIMAINIK NEeH KaMTy MUHYC
6euriciven kepceriren. (F[i,0] = —np.sum(x*self channels|:,0])), 6y pymoo KypbLIBIMBIHBIH

CTaHJAPTThI ToKipubeciHe GalJIaHBICTBI 60J1/1bl, MyH/Aa OapJ/ibIK, MaceJsesep dJeNKi OOMbIHIIA
asalTy MaceJiesiepi peTiHJe TYKbIpbIMAanaabl. HoTuxesnepai anranHaH KeliH (front = —res.F)

ZAypbIC TYCIHAIpY YIUiH M3aHJepAiH MHBEPCUACHl OpbIH anajbl. LIbIFbIHAAp OH OOJBIN KaJjazbl,
OUTKeHI oJiap/ibl a3alTy MaceJieHiH 6acTankKbl TYXKbIpbIMbIHA CaWKec Keseai. Ocbliaaiiiia,
rpadUKTep/eri Tepic KYH MaHAepi 6acTanKbl OH MaH/AEP/li KepceTeTiH BU3yauu3alnus apTedakTi
60J1b11 Tabbl1aAbl. Bys1 HOTUXKEIEp KecTeciHeri lepeKTepAi TangayMeH Je pactanazsl, VS Code
KOHCOJIIHJle MOJie/Ib/ley HOTHKeJIepiHiH LWBIFbICBIH KOpPCeTETIH 2-CypeTTi KapaHbl3 (MbIcasbl, -
1,46 wbirbiHAap 1,46 wapTThl 6ipJiKkTepAiH HAKTbl WIBbIFbIHAAPbIHA coWiKec Keseni). llemim
Kabbl1/jay MpoLeciH/e aJlblHFaH MIEeLiMHIH caacblH 6afasay MaHbI3/bl 00JI/1bl, aTal aUTKAH/3,
KeJieci HaTWXKeJiep aibiHAbL ['unepkesiem (HV = 0,876) »xoHe apTapanTaHAblpy (OpTypJijik =
0,561) kepceTkKiliTepi MaKcaTTbl KepceTKilITepAeH achlll TyceTiH [lapeTo QpPOHTBHIHBIH, XKaKChl
camacblH KepceTe/i. ApasblK KepceTKilliHiH 6ipmaMa acbin KeTyi (0,579 makcaTtka Kapcel <0,5)
mewimMaepai 6esayaiH opralia 6ipkeJsiKi eMecTiriH KepceTefi, 6y Kaillllbl KpUTepuiaepi 6ap
MaceJieJlepre TOH. 2-CypeTTeri €eH, XakKCbl 5 HIelliM KpUTepUMJIep apacblHAAFbl bIMbIPaHbI
KepceTesi, SFHU TUIMAINIKTIH MakcuManzabl MaHzepi (1.32) xoHe KamTy (1.17) TeopusbIK
KYTYyJiepre ColKec »KOFaphl WIbIFbIHAApMeH (~1.46) KoJ1 )KeTKi3zinesi.

ONTMANLHIWE CTDATRTIAM N0 YPORMID SoaNETS

M |

o6

3

04

0o I I'I

1-cypeT. 3epTTey HaTHUXKeJiepi

Can/iblK apHasap/iblH, (eH *akchol mewimze 15%) xxoHe okurasap/ by, (5-1wi wemimMae 56,7%)
6acbIM peJii oslap/ibIH OFapbl TUIM/i/IriHe )XoHe 6acTalKbl AepeKTep/e KaMThlJIyblHA CoMKec
keseni. Hotwxkenepaiy IlapeTo OHTal/bLIBbIFbIHBIH, KaFUaTTapblHA COMKECTIrI MbIHAJIapMeH
pacranagel: 1) 2D rpaduringeri THIMAINIK/KAaMTy >KoHe WIbIFbIHJAD apacblHAAFbI
a"HTuKoppesnsauus (1-cypeTTe coJs akKTa); 2) Mmapajjiesb KOOpJAUHATaJapAarbl K6l GaFbITThI
TeHgeHuusaap (1l-cypetrreri rpadukrep); 3) mekrteyaepai cakray (6apsblk 6omxetrtep 20,1,
coma <1,5). Hopmananran kKypamgac ynauiap (-0,930-gan -0,970-xke peiliH) cajJMakThIK,
dakTopaapabl (Tuimginik ywid 0,6, kKamTy yuiH 0,4) 9He aWbINTaIyllbl UIBIFbIHAAD
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K03 PUIIMEHTIH eCKepe OTBIPHIN, LIEMiMAepAi AYPbIC Adpexesei/i. ANbIHFaH HITHXKeJaep/i
Tangal oTbipbill, NSGA-III aaropuTMiH KoJsifaHy MapKeTUHITIK TajlanTapfa »kayan OepeTiH,
acipece ayblJl lIApyallbLIbIFbl  KOCIMOpPbIHZApPbl  yUIiH 6acklM eMmec IIelliMAepAiH
penpe3eHTaTUBTI XXUBIHTBIFbIH ajJlyFa MYMKIH/IK Oep/i Jemn alTa ajaMbl3. ¥CbIHBUIBII OThIPFaH
Y/T1 TancblpMaHbIH, K6l KPUTEPUMJIIK CUNIATBIH eCKepe OThIPHIN, arPOOHEPKICINTIK KelleH/eri
»KapHaMaJiblK 610/>KeTTi 66J1y 60ibIHIIA 6acKapy HielliMAepiH Kabbli/jay yiliH Heri3 60J1a ana/ibl.
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=== QUALITY METRICS === M
lume: ©.876 (target >0.7)
(target <0.5)

0000 o

== TOP-5 SOLUTIONS ===

Coverage
L)

Solution #1 (score: -0.930):
Budgets: [0.596 0.1 ©.29 ©.1 0.412]
Efficiency: 2 | Coverage: 1.17 | Costs: -1.46 ®
Budget allocation (%): .
Channel 1: o
Channel
Channel 3:
Channel 4:
Channel 5: 27.5% s

Solution #2 (score: -8.934): 05 0.6 0.7 0.8 0.9
Budgets: [0.51 0.1 0.339 0.115 0.402] Efficiency

2cypert. VS Code KoHCOJiH/IET 3€pTTEY HOTHXKEJIEPIH LIbIFAPY

Keitinri 3epTTeysiepfie 6i3 asblHFaH HaTWxkesaepAi 6anamanbl NSGA-II anropuTminiy,
KYMBICBIMEH, COHJIAaW-aK >KacaH/[bl HEUPOHABIK JKeJijiep CHSIKTbl MalIMHAJBIK OKBITY
dJlicTepiMeH CaJIbICTBIPY/IbI XKOCMapJian OThIPMBbI3.

KOpBITBIHABIL.

NSGA-III anropuTMi arpoeHepKacCiNTiK KelleHHiIH MapKeTHUHITIK OO/PKeTiH Ken
KpUTepHUa/bl OHTANUJIaHABIPY MaCeJIeCiH LIely/ie »MOoFapbl TUIMAIIIK KepCeTKeHI aHbIKTaJl/bl,
os1 MeTpukaMmeH pactanagel (HV = 0,876, Diversity = 0,561). KubepHeTHuKalblK MOJeNbJey
O6apbICbIH/AA KapacTbIPbLIbII OTBIPFAH KeJjieCi KpUTepUMJiep apacblHAA bIMbIpara KeJy
OesrizieHAi: »kapHamMa TUIMAiJIIriH 6apbiHma aptteipy (1,32) xeHe kKamty (1,17) »xannbl
[lapeToHbIH, OHTAWJBLIBIK NPUHIUIIIHE COWKeC KeJeTiH >XOFapbl WIbIFbIHAapMeH (~1,46) KoJ
*eTkisineni. Ludpblk apHasiap MeH OKUFaiap OHTANJIbI LIelliM/iep/e eH YJIKeH MaH/1i KepceTTi
(colikeciHIle aybll LIAapyallblIAbIFbl K9CIMOpPbIHAAPBIHBIH, 6HIM/IEpiH *XapHaMaJjiayfa apHaJ/IFaH
610/ keTTiH 39,8% >xoHe 56,7%), Oy oslapAbIH 6acTanKbl JepeKTepaeri *KoFapbl THIMiIIriHe
corikec keseni. 'padukrepperi Tepic KyH MaHAepi pymoo-Aa HHBEPTTEJNreH MaKCaTThl
byHKIMANAP/AbIH, BU3YyaIW3alUUsACBIHBIH apTedakTi O60J/bIN Tabblaajbl KO9HE HITHXKeJepAiH
MaFbIHAJIbl HHTEPNPEeTALMsAChIH OypMaslaMalThIHbI KepceTiireH. MakasiaZia YChbIHbIJIFAH MOJIeJb
arpoeHEepKaCINTIK KelleHJeri 6ackapy liewliMaepiH KoJijay YUIiH NaijajaHbliybl MYMKIiH
eKeHJiri kepcetiniai xoHe oaaH api 3eptreysnep NSGA-III-ubl 6anama afictepmen (NSGA-I],
HEeNUPOH/BIK >KeJlijiep) calbICThIPYFa 6aFbITTANYbI KEPEK.
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ABTOpJIApABIH KOCKAH YJIeci.
o6ingaeBa K.T., YckenbaeBa P.K.- >XyMBICTBIH TYKbIpbIM/laMacblHA HeMece [AW3alHbIHA
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OnTuMH3anua pacnpejesieHUs peKjaaMHoro 6104:xeta B AIIK Ha ocHOBe ajJiroputmMa
MallWMHHOTO 00Yy4Y€eHHU .

AHHOTaLMA. Llesbto UCCJIel0OBaHUA ABJIAETCA MCII0JIb30BaHUe ajJiropyuTMa
MHOTOKpuTepHaJbHON onTUMU3alud NSGA-III Ha ocHOBe MalIMHHOTO O0Oy4YeHUs [Jis1 pelleHUsI
3a/la4 MapKeTHMHra U pekJlaMbl B arponpoMbliiieHHOM Komiuiekce (AlIlIK). B ycinoBusx
NOBBILIEHHUS] KOHKYPEHTOCIOCOOHOCTH U LU(pPOBU3alLUM 3KOHOMUKHU Pecny6svku Kasaxcran
aKTyaJIbHOCTb paboThl 00ycJ0BJeHAa HEOOXOJAMMOCTbI0 ONTUMU3ALMU pacnpejeseHus
MapKEeTHHTOBBIX OIO/P)KETOB MPEANPUATHN C Yy4eTOM TaKHUX KpUTepUeB, KaK 3PpPeKTUBHOCTb
peKJaMHbIX KaMIAaHUM, OXBaT LieJIeBOW ayAUTOPUM U CHMXKEHUe 3arpaT. MertozoJsiorus,
ucroJsib3yeMasi B paboTe, npejnoJsaraet ¢popMaausanuio 1eseBblx QYHKIUNA, OTpaHUYEHUN U
ucnosb3doBaHue NSGA-III pna noucka IlapeTo-onTUMaZbHBIX pelleHUW. Pe3ysibTaThl,
MOJIyYeHHbIE B X0/le KUOEPHETHUYECKOTO MOJeJIMPOBAHUS, KaK MPABUJIO, CBUAETEJbCTBYIOT O
BbICOKOM KadeCcTBe pelieHUH (runepo6beMHOM), KOMIPOMUCCE MEXAY KPUTEPUSIMHU U
JIOMUHUPYIOILEeX po/iv IUPPOBBIX KaHaJIOB (yBeanvyeHue 6roxeTta 10 15%). [lonyyeHHble B X0/€
VCCIeJOBAaHMA JJaHHbIe TOATBEPKAAIOT NOTEHLMAJIBbHYI0 BO3MOXXHOCTb UCI0J1b30BaHUA NSGA-III
JUI 3a/la4 IJIAHUPOBAHUA MapKeTHHra B arpoNpOMBILIJIEHHOM KOMILJIEKCE U MOTYT CJIYXKUTb
OCHOBOU /Il MIPUHATUSA yIpaBJIeHYECKUX pelleHUW Ha arpolpOMBIIIJIEHHBIX NpeANpUATHUSAX.
Pe3ysibTaThl HMcCC/e0BaHUs MOATBEPXKAAOT, YTO aaropuTm NSGA-III o6sajjaeT 3HAUUTENbHBIM
NOTEeHLMAaJIOM /Il COBEpPIIEHCTBOBAHUA IMPOLLECCOB MApPKETUHIOBOTO I[IJIAHUPOBAaHUA B
arponpoMbIIIJIEHHOM KOMIJIEKCE W TOJJEPKKUM MNPUHATUS YNpaBJIeHYECKHUX pelleHUuH
npeanpusATUsAMU. JlaHHBIA MoAX0J T03BoJsseT 3PQPEeKTUBHO HCIOJb30BAaTh Pecypchbl
arponpoMblIIJIEHHOT0 KOMILJIEKCA U TOBBICUTh KOHKYPEHTOCIIOCOOHOCTD Ha PbIHKE.

KiioueBble c/10Ba: arponpoMblIJIEHHBIA KOMIIJIEKC, MHOTOKPUTEPHUA/JIbHAsA ONTUMU3ALUS,
NSGA-III, mapkeTunrossie ctpateruu, GpoHT [lapeTo, uudposusanus.
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Optimization of advertising budget allocation in the agro-industrial complex based on
a machine learning algorithm.

Abstract. The study is aimed at using the NSGA-III algorithm for multi-criteria optimization
based on machine learning to solve marketing and advertising problems in the agro-industrial
complex (AIC). In the context of increasing competitiveness and digitalization of the economy of
the Republic of Kazakhstan, the relevance of the work is due to the need to optimize the
distribution of marketing budgets of enterprises, taking into account such criteria as the
effectiveness of advertising campaigns, coverage of the target audience and cost reduction. The
methodology used in the work involves formalization of objective functions, constraints and the
use of NSGA-III to find Pareto-optimal solutions. The results obtained during cybernetic modeling
usually indicate high quality of solutions (hyper-volumetric), a compromise between the criteria
and the dominant role of digital channels (up to 15% increase in the budget). The data obtained
during the study confirm the potential use of NSGA-III for marketing planning tasks in the agro-
industrial complex and can serve as a basis for making management decisions at agro-industrial
enterprises. The results of the study prove that the NSGA-III algorithm has significant potential in
improving marketing planning processes in the agro-industrial complex and supporting
management decisions of enterprises. This approach allows for efficient use of resources in the
agribusiness sector and increased competitiveness in the market.

Keywords: agro-industrial complex, multi-criteria optimization, NSGA-III, marketing
strategies, Pareto front, digitalization.
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HHTEepMoOAaibabl TAChIMAJIAAY: MOHi MEH MaHbI3bl
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Anpgatrna. byn  FeuibiMM wony  Makasiaga  KasakcTaHzarbl  aybla
lIapyallblJIbIFbl ©HIMJEPIH UHTEpPMOJa/bJbl TacCbIMasJayAblH MoHI MeH
MaHbI3bl TanAaHabl. 3epTTey KasakcTaHZarbl acThIK X9He 6acKa arpapJblk
eHIMJZlepAi »KeTKi3yZe OipHelle KeJiik TypJiepiH (TeMip»o0J, aBTOMOOWJIb,
TeHi3) yWJecTipin naijasaHy ToxipubeciHe mofbipsaaHaAbl. KazakcTaHHBIH
arpapJiblK, JIOTUCTUKACBIHAAFbl WHTEpPMOJAJIbJAbl TacbIMasay/ZblH, Kasipri
axyaJibl, Heri3ri epekxiiesiikTepi MeH npo6JeMasapbl aHBIKTAJbII, OJIApAbI
Hmieurye xaJblKapasblK ToXipubeHiH OpHbl cuUNaTTajlajbl. 3epTTey
HOTHIKECIHJle MHTEepMOJa/ibJbl >KyWesepZi AaMbITy aybll LIapyallblIbIFbI
eHIM/JIepiH TacbIMa/JayAblH TUIMAUINIH apTTHIPBIN, IIIKI 9HE CBHIPTKbI
HapbIKTapFa >XKeTKi3yAl »XeHligeTeTiHi KepceTiseni. Makasaza TakbIpbll
6olbIHIIA KeMiHJe 5 Scopus AepeKKopbl MaKaJsiajlapblHa HAaKThI CiJiTeMesiep
6epiireH, coHbIMeH KaTap Kasakcranjarel arpapJblK eHiMAepAi TacbiMasjay
JlepekTepi Heri3iHJe eKi KecTe MeH eKi AuarpaMma YCbIHbLIFaH. 3epTTey
HOTHUXKeJIepl OTaHABIK arpapJblK CeKTOPAbIH, JIOTUCTUKAJBIK dJieyeTiH
KETIIAIPY *KoHe HUHTepMOJasibJbl TacblMal HWHQPPaKYpbLJIbIMBbIH /JaMbITy
60MbIHIIIA KOPBITBIH/bLIAP MEH YChIHBICTAP YChIHA/bI.

TyiiH ce3aep: uUHTepMOJa/bAbl TacbiMajajay; JIOTUCTUKA;  aybll
HIapyalblIbIFbl ©HIMAEpPi; KeJik MHPpaKypblIbiMbl; KazakcTaH; arpapJiblk
3KCIOPT; MyJIbTUMOJAJIb/IbI KOJIIK; TacbIMasay TUIM/IJIIri
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Kipicne

Byrinri »kahangaHy poyipiHAe YK TacbIMaJ/IblHbIH, THIMJUIIrI MEH KbLJIJaMJbIFbI
3KOHOMMKAHBIH, KOINTereH cajajapblHblH, JaMyblHa Tikesen oacep eteni. UHTepMoganb/bl
TacbIMaJsliay - )KYKTepAi 6ip 6yTiH TackiMasay GipJiriMeH (KOHTelHep, TipkeMe) GipHelle TypJi
KeJliK TypJiepiMeH TackIMa/iay YpAici, MyH/Jla KeJIiKTi aybICTbIpFaH/la XXYKTi KalTa THey TaJai
eTinmenai [1]. Bys yFbIM JIOTUCTHKAAA TacbIMalAayAblH 0ipi3Ainirin apTTeIpyFa koHe ap TypJi
KeJIiK TypJepiHiH apThIKWbLIBIKTAPbIH YHJECTipe mNaWjajaHyfa MYMKiHAIK Oepe/i.
WUHTepMopanbpbl (Kelae MyJAbTUMOJa/bJAbl Jel Te aTajlajbl) TacbIMajZay apKbLabl KaJIlbl
TacbIMaJl IIbIFbIHAAPbI aBTOKOJIIKIIEH TEK Oip 631 TackiMaJsi/jayFa KapaFaH/Ja TeMeH 00JIybl THIC,
COHJa FaHa OJ TapTbiMAbl 6OosiMakK [1]. UHTepMoganbAbl »XyWesep YK KO3FaJbIChIHbIH,
TUIMJIJIITIH KeTepiln, TacbiMaJl YaKbIThIH KbICKAPThII, LIBIFBIHAAP/AbI a3aUTYFa CENTIriH TUTi3e/].

KaszakcTaH - aymak KeJieMi KaFbIHaH 9JieM/I€eTi eH, ipi esniiepaiy 6ipi opi TeHi3re Tikesel 1bIFa
aJIMalTbhlH (KOHTUHEHTTIK) MemJiekeT. MyHJal reorpadus/blK axyaJ CbIpTKbl cayja
TacblMa/iiapbiHa 6ipa3 KUBIHABIK TYFbI3a/bl: )KYKTEP/i lleTesJ HapbIKTapblHA LIbIFApPy YIIiH
Keplijiec eJJiep/iiH NOpTTapbl MeH K6JIiK >KeJiJiepiH naljasaHyfa Typa KeJseji, 6yJ TacbiMalsl
KAlbIKTBIFbIH y3apThill, KYHbIH apTThipaZbl [2]. Mbicanbl, OpTanblK A3us KajJacblHAaH >XYK
KoHTelHepiH IlllaHxali mopThiHa >xeTkKi3y KyHbl Eyponagarel ([losbma Hemece TypkusiiaH)
TeHi30€eH KeTKi3yre KaparaHja 5 ece KbIMOAT eKkeH/iri atan eTiireH [2]. OcblFaH KapaMacTaH,
KasakctanHblH, Eypa3sns KypJ/bIFbIHBIH, KIiHZITIHJAEe OpHa/lacybl OHBbl TPAH3UTTIK >KoHe
JIOTUCTUKAJIBbIK Xab peTiHJe JaMbITyFa 30p MYMKiHAik 6epegi. En 6acubuibirel Eypona mMeH
A3UsSIHBI, COJTYCTIK NeH OHTYCTiKTi 6al/laHbICTBIPATbIH KOJIiK [AaJi3/lepiH AaMbITyFa >KoHe
oJlap/ibl TOJIBIKKAH/bl JIOTUCTUKAJIBIK KYilere alHaJblpyFa 6aca Hazap ayjapbin oTbip [3].
Tayencizgik xpuigapeiHAa KasakcraHzZa MbIHAAFaH LIAKbIPBIM JKaHa TeMIpXKOJ KoHe
aBTOMOOUJIb K0JIJJaphl CaJIbIHBII, TPAHCKYPJIBIKTBIK 6aFbITTap (Mbicasibl, baTbic Eypona - baTbic
KbiTal gan1i3i) KasblntacTsl [2].

Aybl1 mapyamblibiFbl - Ka3akcTaH 3KOHOMMKACBIHBIH MaHbI3/[bl CEKTOPBI XKoHE eJIJiH,
acThIK, YH 3KCIOPThI OOMBIHINA 9JieM/leTi OpHbI alTapJibIKTal. Anaifia, arpapJiblK eHIM/epAiH
TUIM/1 HapbIKTap¥a )KeTyiH/le TacbIMaJl IIbIFbIHAAPbI aUTAPJIBIKTANW POJIb aTKapabl. 3epTTeyJiep
KepceTKeH/Jel, KaszakcTaH/ia aybli lIapyallblIbIFbl 6HIM/IePiHiH HapbIKTBIK, 6afacbiHbIH 40%-
bIHA JleHiHri yJsieci TacbIMasjayFa )KyMcajaTblH WLIFbIHAAP 60/1ybl MYMKIiH [3]. Bys1 kepceTkiul
ayblJl LlapyallblIbIFbl KeTKi3y Ti30eriHje JIOTMCTUKaHbIH, KAaHIIAJIbIKTbl KbIMOATKa TYCETiHIH
)KoHe Here OHbl OHTAWJAHAbIPY KAXKETTIriH  aHfapTajbl. ¥Y3aK  KallbIKTBIKTAp,
MHPPaKypbLIbIMHBIH, *KETKIJIKCI3Iiri )koHe KeJliK TypJiepiHiH THUiMAl 6aiaHbICIIaybl — OCBIHbIH,
69api depMepsiep MeH 3KCNOPTTAyLIbLIAp YUIiH KOChbIMIIA KeJeprisiep TyfFbi3azbl [4]. Mbicabl,
aJbIC KAUIBIKTBbIKKA TacbiMasijayzaa KasakcraHpa TeMip:koJsiFa 6ajiaMa KoK Jeyre 60J1ajibl,
ajanza memipicoa NAapKiHi4 mo3ysl, “map dcepaepoid” 60/1ysl, dHcoFapbl mapugmep aHe T.0.
npob6sieManap ui auTbliazbl [4]. Cosl CUAKTHI, )K0J1 MHPPAKYpPbLIbIMbIHBIH, KeHbip eHipiepae
HallapJIbIFbl MEH Wapyaaapobly 63 KeJiK Kypa/adapblHblH MAanuwbl/abiFbl aCTBIKThl eTiHXaWJaH
aJieBaTOpFa  JeMiH  KeTki3yZiH  e3iH  KublHAaTaAbl [4]. MyHpail  TyuTkingepai
nielyzie UHTEPpMOJaJibibl TacbIMaJAay TACUIAepiH eHrizy MaHbI3[bl OpPbIH aJIMaK — AFHY,
TacbiMaJl Ti30eriHiH op OYbIHbIH/IA €H TUIM/I KeJliK TYpiH MaiAaaHy KoHe oJlap/blH, YilJeciMi
9peKeTTeCyiH KaMTaMachI3 eTy.

Byn Makanaza HWHTepMOAaJb/Jbl TacbIMaJIAAyAblH, TEOPHUAJBIK Heri3zepi MeH OHBIH,
apTBIKWbLIBIKTAapbl KapacTbeipbliaAbl. KasakcTaH kaffaWblHJAFbl aybll LIapyallblIbIFbI
OHiMJlepi JIOTUCTUKACBIHBIH, Ka3ipri CTaTUCTUKaJBIK JepeKTepi TaILaHbIll, TeMipX0J-KO0JI,
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TeMipXKoJI-TeHi3 KOMOUHaLUsJIApbIHbIH peJi 6aranaHa/bl. CoHbiMeH 6ipre, AKIL, Eypomna *kaHe
e3re esiep ToXipubeciHJeri aybla IapyallblIbIFbl )KYKTEePiH MyJbTHMOJAa/b/Abl TacbIMaljay
MbIcasZapbl KeaTipinin, Kasakcranfa KosaJaHyFa 60J1aThlH TycTapbl 6asHalaAbl. 3epTTeYAiH,
MaKCaThbl, HbICAaHbl MEH M9HI, TUIIOTE3aChl TOMEH/I€ HAKThIPAK OasH/jaIFaH.

Kasakctan Pecny6/sivkacblHarbl aybll ILIapyallblIbIFbl 6HIMJEpiH ilIKi K9He CbIPTKbI
HapbIKTapFa KeTKi3y OapbIChbIHAAFbl UHTEPMOAAJb/bl TacbIMajjjay yAepici 3epTTey HbICAaHbI
6os1bINl TaObLIAAbl. ACTBIK, YH, MailJibl JaKbliJap CeKiaji Herisri arpapJiblK eHiMJepAi
TacbIMaJiiay Ke3iH/ie KoJ1JaHbLJIaThIH 9P TYpJii KeJlik TypJiepi (TeMip»koJi, aBTOK6JIiK, TeHi3/e3eH
KeMeJsiepi, T.06.) K9He oJIap/blH TOFbICBIHAAFbl HWHQpPaKypblIbIM (3JieBaTopJiap, HOPTTap,
JIOTUCTUKAJIBIK XabTap) 0Cbl HbICAaHHBIH KypaM/ac 0eJ1iri peTiHae KapacTbIpbLIajbl.

3epTTey MoHi-aybll IIAapyallblIbIFbl 6HIMAepiH UWHTepMOJa/ibJbl TacCbIMa/Jay/AblH,
TUIM/IJIIT], epeKieikTepi MeH OHbIH 3KOHOMUKAJIbIK MaHbI3bIH TaaAay. SIFHY, OipHellle KeJik
TYPiH BIKNAJJacTblpa NaWJajaHy ayblil LIapyallbLIbIFbl JOTMCTHUKACBIHBIH LIBIFbIHAAPBIHA,
KbLIJAM/bIFbIHA, TeorpadusicblHa K9He >KaJlbl 0dcekere KabineTTisiriHe acepiH 3epTTey.
Conpaii-ak, noH 1eHOepiHae KasakcTaHjarbl HWHTEPMOJAJb/Jbl TacbiMajjay Ti3beriH
YUBIMJIACTBIPYAbIH (MBbICAJbl, ACMbIKMbl WAPYAWbLALIKMAH — 3/1€8AMOPFA — NOPMKA — weme
HAPbLIFbIHA XHCemKI3y KOJIJapblHbIH) HAKThl MaceJiejiepi MeH OJlapJbl JKeTiIJAIpy >KoJJaphbl
KapacThbIpbLIa/ibl.

Makasa  MakcaTbl- <KMHTEpMOJaJbJibl  TacbIMasljlay»  YFbIMBIHBIH, ~ Ka3aKCTaHHBIH,
arpoeHepKacill KellleHl JIOTUCTUKACBIHAAFBI MOHIH allbIll KOpCeTy aHe OHbIH arpapJiblk
eHiIMJIepAi TUIM/Ii )KeTKi3y/leri MaHbI3bIH FbIJILIMU TYPFbIJa HeTi3Aey. ATan auTKaH/a, Kasakcran
KaFalblHAA aybll IllapyallblJbIFbl 6HIMJepiH OipHelle KeJlik TypiMeH TacbhIMaJAay/AblH
apTHIKUIbLIBIKTAapbl MEH Ke3/leCeTiH KeJleprijiepiH aHbIKTall, CaJlaHblH, 69ceKkere KabisieTTiJirin
apTThIpy YIUiH HHTepMOJasbJAbl TICUIAepAl KoJaJaHy OOWbIHLIA YCBIHBICTAp a3ipJiey. Byu
MaKcaTKa »xeTy yuwiH KasakcTaHzarbl Kasipri JepekTepAi Tajjal, XaJblKapasblK O03bIK
TIXKipUbeMeH casbICThIpa OTBIPHIIN, UHTEPMOJAJIb/ibl TaCbIMaJ/blH, 3KOHOMUKAJIbIK, TUIMAJIITiH
Oafasiay Ke3jesei.

KolibliFaH MaKcaTKa CoMKec KeJiecCi 3epTTey MiHAeTTepi auKbIH/aJ1/bl:

1. UHTepMoganbbl TacbIMaay/blH TEOPUSJIBbIK Heri3fepiH 3epjeJiey: FblJIbIMU
9/lebueTKe ILOJIy acall, MHTepMOJaJb/bl TacbiMa/Jiay TYCiHITiH, OHbl YHBIMAACTBIPY
NPUHLUIITEPIH >K9HEe apTBHIKWbLUIBIKTAPbIH CHUNATTAY; MYJbTUMOJAJbBAbLI  KoHE
MHTEPMO/aJib/ibl TaCbIMaJl YFbIM/IapbIHBIH epeKlIeNiKTepiH aHbIKTay [1].

2. KasakcTaHzafrbl aybll lIapyallblJIbIFbl 6HIM/IEP] TaCbIMaJIbIHbIH Ka3ipri »kafialblH
TaJ1ay: acThIK KoHe 6acKa /la eHiM/epAi illIKi HapbIKTa XoHe 3KCIOPTKa TachiMaaAay/a
naiiasaHblIaThIH HETi3Ti KeJliK TypJ/iepiHiH (TeMip:KoJ1, aBT0XO0J1, TE€Hi3) yJeciH, TacbiMaJ
KeJieM/lepiH CTaTUCTUKAJIBIK JepeKTep HerisiHze KepceTy; TacbIMaJl
MHOPaAKYPBLIBbIMbIHBIH, (aCThIK TEpMUHAIJAPBI, HOPTTAp) Kal-KyHiH 6asgHAaYy.

3. UHTepMopanbbl  TacbIMajJayZAblH  arpapJblK CeKTOp YWIiH  MaHbI3bIH
HeTi3/iey: TacbiMaJl LIBIFbIHJAPBIHBIH OHIMHIH 63iH/liKk KYHbIHA d9CcepiH Tajajamn, GipHelle
KeJIiK TYPiH yHJiecTipe naija/laHy/iblH TUIMAIJITIH CAH/bIK *XoHE calaJiblK KepCeTKillTep
apKbLIbI fIdieKTey (MbICaJbl, TEMIPXKO0JI TaCbIMAJIbIHBIH, Y/I€CiH YIFAUTy apKblJbl TaCbIMaJl
LIBIFBIHBIH TOMEH/IeTy MYMKIiHziri) [3].

4. KaszakcTaHaarbl WHTEepPMOJaJab/bl TacbIMaJIJibIH, Heri3ri MaceJieJiepiH
aHbIKTay: Ka3ipri keszeri kegeprijsepgi Tangay (MHPpaKypbUIBIMABIK LIEKTeyJIep,
TEXHOJIOTUSJIBIK YHJIeciMci3aik, TapudTik casicaT, T.0.) )XKoHe HAKTbl MbIcajJiap KeaTipy
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(>kekeJiereH XKbL1JapAaFrbl TaCbIMaJl KepCeTKilITepiHe 101y, TacbIMaaay/a TybIHAau ThIH
TYUTKigep) [4].

5. asbIKapasblK, TIXKipubeHi LI0JIY: aybLI HIapyamblabIFbl eHIMJiepiH
MHTepMOJab/bl TacbiMasay 6obiHIa et eagepgeri (AKLL, Eypona, Pecei, T.6.) 03bIK
TociiaepAl Kapactelpy - Mblcaibl, AKII-Ta acTbIK 3KCIOPTBIHAA TEMIpPKO0J MeH ©3€eH
G6ap)kaslapblHbIH, YiseciMi Kasal KoJgaHbuiaTbiHbl [5].  Eypomnasa Te3 O6y3bliaaThiH
eHiMZepAl »KeTKi3yZe TeHi3 kKoablH NanfananHy (Short Sea Shipping) apkpblibl
MHTEPMO/1aJIb/ibl XKeJliJIepAi JaMbITy TaxKipubeci [6]. comapabiH KasakcTaH ylliH nananbl
TYCTAapbIH aHBIKTAY.

6. IIlpaKkTHUKaJbIK YCBIHBICTAP YCbIHY: 3epTTey HoTHKeJsiepl Herisinge KasakcraHpaa
ayblJ IIapyallblIbIFbl 6HIMJEpPiH WHTEepMOJa/bJbl TAaCbIMa/IZAy >KYHMeCiH XKeTingipy
OOMBIHILIA YCBIHBICTApP 93ipsiey (JIOTUCTHUKAJBIK XabTap Kypy, TapUPTIiK bIHTaJaHAbIPY,
XaJIbIKapaJblK KeJliK J19/1i3/jepiHe uHTerpaunus, T.6.).

7. bactankpl 3epTTey TIMIOTe3achbl: UHTEPMOJA/bAbl TacbIMa/jay LuieliMAepiH
eHrisy KazaKCcTaHHbIH arpapJiblK, 6HIMJepiH ilIKi *koHe CbIPTKbl HapbIKTapFa »KeTKIi3y/iH,
TUIMAIJIITIH  aUTapJIbIKTal apTThIpaZbl, TacbIMaJfa >KYMCAJATblH UWIBIFbIHAAD/bI
TOMEeH/IeTe/li )KoHe IKCIOPTThIK, reorpadusHbl KeHelTeai. AFHu, erep KasakcTaH e3iHiH
KeJIiIK MUHQPaKYPbIIBIMBbIH JAaMbIThIIN, TEMIpPXKO0JI, aBTOXO0JI Ko9He TeHi3 TacbIMaJJapblH
6ipTyTac »kyle peTiHJe yiecTipce, OHAA aybll LlapyallblIbIFbl 6HIMIEPiH TacbIMaaiay
KbLJIJAaMAbIFbl MEH CEHIMZiJiri apThil, eHIMHIH 63cekere KabOiJeTTijliri Kyuenezai aen
6osxkaHysAa. Mpblcasipl, acTBIKTbl TeK ABTOKGJIIKIIEH TacbIMaslfayZaH repi, ajajblMeH
TeMipKOJIMEH Heri3ri 6aFbITTa, KEMiH KbICKA KAIbIKThIKTA aBTOKOJIIKIIEH KeTKi3y (SFHU
MyJIbTUMOZAJ/Ib/ibl TACIJ) ap3aHbIPaK, XoHe KeJsieM/li MapTUAdap/bl XKblLIJAM XXKOHeJTyre
MYMKiHJIIK OepeAi gereH TYXbIpbIM TeKkcepiseni. Conjaii-ak runores3afa CoHKec,
MHTEepPMOJalbJbl TacbiMas Ti3beriH Kypy imki HapblKTa Ja (eHipJjiep apacblHAAFbI
arpoeHiM KO3FaJbIChl), CBIPTKbI cayAaZa fa (3KCIOPTTHIK MaplIpyTTap) TUIMAI, ajanja
OHBI iCKe acblpy YILIiH THiCTi ”HYPaAKYPbIJIbIM MEH YHUBIM/BIK, LIapaap KaxerT.

J9JlicHaMma

3epTTey ojicTeMeci peTiHJe KOMIJIEKCTI oAebUeTKe II0JY, CajajblK CTaTUCTUKAJBIK,
JlepeKkTepAl Tajjay KoHe CaJbICThIpMaJibl Tajjay TaciaZepi KOJAAaHbLIABL AJJbIMeH
MHTEPMO/IaJibJbl TacbIMaJiJlay TaKbIPbIObIHAAFbl FBUIBIMU KapusJaHbIMJAp (COHBIH iuliHAe
Scopus 6a3acblHAa WHJEKCTeJreH KeMiHJe 5 Makasa) MYKuaT 3eptresji. Onapably imiHzae
»KaJIllbl TeopHUsJbIK eHOekTep ne [1], KasakcraH »koHe yKcac esjiepre KaTbICTbl apHaMbl
3epTTeyJiep Je 6ap [7]. TeopHsabIK 110y UHTEPMOAAJbAbI TaChIMa/bIH, YFBIM/IBIK anlapaTbl
MeH OFaH acep eTyuli paKTopJiap/bl TYCIHyre KEMEKTECTI.

Coman keitin Kasakcran Pecny6JsiMKacblHbIH, pecMU opraHzapbl (YJATTBIK CTaTUCTHKA
610pockl, Aybla LIapyallbliblFbl MUHUCTPJIr, «KasakcTan TeMip xoubl» YK, T.6.) *KapusiiaraH
JlepeKkTep »KoHe OyKapasblK akKnapaT KypajiJapblHJaFbl MaJliMeTTep Heri3iHJe COHFbI
KbUIZApAaFbl arpapJjblK 6HIM eH/Jipici, 3KCIOpTbl >K9He TacbiMaJjibl OOWBIHIIA CaH/bIK
KOpCETKIIITEepP KUHa/M/bl. ATall auTKAH/Aa, aCThbIK OHJIpiCi MeH 3KCIOPThIHbIH, JWHAMHUKAChIH
KepCeTeTiH KecTe MeH JuarpaMmma JaublHAanabl (Mbicajibl, 2022 XblIbl — KOFapbl 6HIM MeH
akcropT, 2021 xoHe 2023 x)b1Aapbl - TeMeHJey 6aiikanaabl) [8]. KykTepai TacbiManzayza
TEeMIpPXKOJIZbIH, YJieCi, aBTOKeJIIKIIeH TacCbIMaJJayAblH LIeKTeyJepi CUAKTbl KepCeTKilTep
TaJAaHAbl. 3epTTey OapbIChIHAA CaJbICThIPMaJIbl Ta/lzay 9/ici KoJAaHbLIbIN, Ka3zaKCcTaHHBIH,
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»KaFZalbl XaJblKapasblK TaXipubeMeH cajbicTbipbLibl. Mbicanbl, AKII-TaFbl acThIK *KeTKi3y
KyHleciHe TeMIipKoJ MeH Cy KeJlriHiH yiieciMmi (e3eH 6apxajapbl apKblibl Mekcuka
IIbIFAaHaFblHA TacbIMajZiay) KeH KoJJaHblIaTbiHbl eckepinin Kasakcran ymin Kacnuii Tenisi
apKbLJIbI TacbIMaJiay YKcac peJi aTKapa ajlaTbIHbl TaJKbl1aH/bl. CoHZak-aK Eypona OaFbIHbIH,
eJilepiH/ie Te3 Oy3bLIAThIH aybll IIapyallbLIbIFbl OHIMJIEpiH MHTEpMOAaJbJbl TacbIMajijay
(KbICKA TeHi3 MaplIpyThl + TeMip:koJ1) TaxKiprubeci KapacThIpblaAbI [5;6].

Kecrenik xoHe rpaduka/blK Tanjay aJicTepi HOTHXKesep/i KepHeKi TypJAe KepceTy YIUiH
nanJasaHblLIibl. 3epTTey 6apbICbIH/a aJIbIHFAH JAepeKTep Heri3iHge 2 KecTe (acThIK 6H/Jipici MeH
3KCIOPT JUHAMUKAChI, MHTEPMO/JAJb/ibl TaCbIMaJIIbIH TUIM/iNIriHe KaTbICThI caJbICTbIpMasiap)
KoHe 2 auarpaMMa (eHAipic-akcrnopT rpaduri, 3KCIOPTTHIK GaFbITTap KYpPbLJIbIMbI) KYPbLI/BbL.
ByJ1 BU3yasiibl MaTepuanjgap TYWiHAi ypAicTepAi akKblHayFa KOMEKTeCe/|.

BapJsiblk maiiiaiaHblIFaH JiepeKke3/iepre ciitemMesiep 6epifi, OHbIH illiHAe keMiHe Geceyi
- Scopus 6a3acbiH/ia TipKeJreH peleH3WsAJaHaThIH XXypHaJl MaKaJsaJapbl. Meicasbl, Kazakhstan-
JlaFbl KeJIiK [19J1i3[iepiH JaMbITy >KOHE OHbIH, alMMaKTbIK 3KOHOMMKaFra bIKMaJsbl xabl 2020
KbLIFBI Sustainability »xypHasbiHAaFbI MaKasia (Scopus-UHJeKCTereH) nanjajaHbli/ibl, COHAM-
aK, KasakcraHzia aybli 1apyallblIblFbl 6HIMEPiIH TacbIMaay WbIFBIHAAPHI Typasbl MaJjliMeT
6epetiH 2023 xbL1Fbl MDPI 6acblibIMBIHAAFbI 3€pTTEy HOTHXKeJepi keaTipiagi [3;7].

3epTTey lIeHOepiHAe aJsIbIHFAH MaJIiMeTTepAi Tajjay HOTHXKesepi Keseci 6GesiMae
YCBIHBLIA/IbI.

HaTuxesiep MeH TaJIKbL1ay

WHTepMopanbabl TacbiMaaZidy - JIOTUCTUKAaHbIH, 3aMaHayd TpeHJi, oJ Oip KyKTi 6ip
TacbIMaJsiay OipJiri apkblibl (MbICcajibl, CTAHAAPTTbl KOHTeHHepJsep) OipHelle TypJii KeJiik
KypasllapblMeH JKeTKi3yre MyMKiHAIK 6epeni. HWHTepMopanbabl KyWesepAe ©HIMAIIIK
KepCeTKilITepiH KyHesi TypZe eJilliey - CTpaTerusi/iblK IlelliM KabbliZay MeH pecypcTapzbl
OHTaW/bl OeJy yuliH Heri3ri Kypasa [9]. MyHgail Taciife XYKTiH ©3iH ap KeJlikke KaiTa THel
OTbIpMaMibl, OY/J YaKbIT YHeM/[ei/li >XoHe 6HIMHiH 3aKbIMJaHy ToyeKeJiH a3adTazabl [1].
MHTepMoAaib/bl XKyHeHiH 3KOHOMHUKAJIbIK TUIM/I/Iiri OHbIH 9p 66JIiri 66JieK }XyMbIC icTeTeHHEeH
YKOFapbl OOJIybl THIC: 9p KeJiiK Typi e3iHe TUiMAiI 6eJiKTi opbIHAAWAbIL. MacesieH, aBTOKeJiK
VMKeM/iJIIriMeH »KaKbIH Kepre Te3 KeTKi3yZi KaMTbICa, TEMIPXKOJI YJIKeH KeJieM/i XYKTi a/bICKa
ap3aH TacCH/bl, aJl TeHi3 KeMeJlepi XaJblKapaJblK TacbiMaJiay/a eH ToeMeH Tapud ycbiHaibl. Erep
oCbl OybIHZAP AYpbIC YIITACCA, »KaJIbl TacbIMas KYHbI TEK YK KeJiriMeH Tacyra KaparaHza
TeMeH 00J1abl.

HUHTepMoaanbbl TacbIMaJlayAbl TUIM A1 XKYprisy YILIiH 6ipHelie TaJiar
6ap: nHPPaKYpbIILIMHBIH, YiaeciMAiiri (6ip kesikTeH ekiHIiciHe YK 6ipJiiri oHall aybicaTbIH
TepMHUHAJIZAP), )KoclapJjay MeH 6acKapy/blH OipTYTaCTbIFbI (TacbiMas[ay/iblH, 6apJiblK, Ke3eHiH
KaJlaFaJalThIH JIOTUCTHUKAJIbIK yHhJecTipylii) xoHe KYKbIKTBIK/TapuPTik »KaFJakJIbIH,
KOJIAaW/bLIbIFbL.  JlypbIiC YUBIMAACTBIPbIIFAH >KaFAauja HWHTEPMOJAJbJAbl JIOTUCTHUKA XKYKTI
YKEeTKI3y YaKbITbIH KbICKApPThII, TacbIMaJAay/JblH CEHIMJUIIrIH apTThIpaZbl, COHJAU-aK ipi
KeJsieM/li MapTUsIapAbl TUIM/II KeHeJITyre MYMKIiHAIK 6epeni. Xa/blKapaiblK TaxKipubee aybli
IapyallblJIbIFbI OHIM/IepiHiH, VHTEpMOaJb/bl TacbIMaJlbl KEHiHEH
naiananbuiaabl. AKII MbicasibiHAa, e1/jiH acThIK 6esieyiH/eri gepMasiap ayKbIM/bl 6HAipireH
aCTBHIKThI aJIZIbIMEH TeMip>K0Jl HeMece 63eH OaprkajlapbIMeH MOPTTAPFa XKeTKi3il, o1aH api TeHi3
keMmesiepiMeH skcropTTakabl. AKUI-TbIH 6aTbiC XoHe OpTaJblK IITATTaApPbIHAA >XWHAJIFaH
o6uganabiy 31%-p1 Muccucunu e3eHi apKbLibl OapkasapMeH MeKcHMKa UIbIFaHaFbIHAAFbI
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nopTTapfa TacbIMas[aHa/ibl eKeH — OyJl UHTepMOJasb/bl TaCbIMaJ/IblH (63€H KeEMecCi + MYXUT
KeMeci) alKblH MbIcasibl. OCbIHJAW TacCiJl 6ip »XaFbIHAaH TEMip>K0Jl MeH aBTOKOJIIKTI 60caThll,
ap3aH Cy »KOJIbIH IajaJIaHbIII OTBIP, eKIHILI )KaFbIHAH, )KYK ipi TeHi3 KeMeJiepiHe TiKeJel THeJIil,
3KCIIOPTKA 2KeHesTineAl. Eyponaza na ayblil LapyallbUIbIFBl ©HIMAEpPIH MyJbTUMOAAJbAbI
YKETKIi3y JKOJIFAa KOWbUIFaH: Mblcaibl, MHcnanusapaHn YablOpuTaHusFa KeMicTep MeH
KOKOHICTep KbICKA TEHi3 KaTblHAchl ([apoM) + TeMIip»KoJ + >XYK KeJliri KoOMOMHaLUsACbIMEH
YKeTKi3ileTiH »xobasap 6ap. Bys Kyk TacbIMaJjblHbIH KOpLIafraH oOpTaFa 9CepiH as3auThll,
MarucTpasb XO0JAapAaFbl KeJliK »KyYKTeMeciH TeMeHJeTei. Kepuii Peceiifie e COHFBI XKbl1aphl
acTbIK 3JKCIOPTHIH/JA 63€H JKoHe TeHi3 NOpTTAapblH MNalJajJaHy ocill, acTblK THeJTeH
KOHTeHHepJlik noubi3gap Kublp lbiFbic mOpTTapblHA AeWiH KETKi3ain, oJaH api TeHi3beH
KbiTaii MeH OHTyCTiK-1lbIFbIC A3UsIFa XXOHEJTiJIE 6acTaFaHbl OeJriji — 6y JjJa MHTEPMO/1aJib/ibl
TacbIMaJl TYpi.

CoHbIMEH, UHTEpPMOJa/b/bl TacbIMaJAay YJTICiHIH MaHi — TacbiMaJjjay Ti3beriH 6ipTyTac
NpoLec peTiHJe KapacThIpblIl, 9p Ke3eHre €H OHTaWJIbl KeJliK TYpiH Ko/AaHy. bysian yihaectipy
HOTMIKECIHJle TacbIMaJsl >KbUIJAM/bIFbl apTaTbIHbIH, IIBIFbIHAAP KbICKAPAaTbIHbIH KeIlTereH
esi/lepAiH Toxipubeci kepcetin oThip [1]. KazakcTaH yiuiH 6y/jaH WbIFATbIH KOPBITBIH/bI: ACTHIK,
YH, Mal eHiMJepi cekingi ipi keseMAl »KyKTepAi a/bIC HapbIKTapFa »KeTKi3y MiHJAeTi TypFaH/a,
KOJIKTiH 9p TYpiHiH apThIKWbLIBIFbIH Nai/jajJaHaTblH UHTerpalusJaHFaH TacbIMaJj >XyHeciH
KYPY KakeT. MyHBI icKe acbIpy/ibIH 9JIEyeTi MeH KeJleprijiepiH Tanjay yuiH eHzji KazakcTaHHBIH
63 XKaF/laliblHa Ha3ap ayJapaublK,

KasakcTaHHbIH, arpapJiblK JIOTUCTUKACbIHBIH, Kas3ipri axyasbl (eHZipic 9He 3KCIOPT
JIMHAMUKachl )

KasakcTaH acTbIK eH/ipici 60MbIHIIA d/eM/l€e KeTeKIli OH eJsI/liH, KaTapblHa Kipe/i *koHe YH
3KCIIOPTBIHAH TYpPaKThl TypZe aJJblHFbl OpbIHAApPAbl HeseHell. EjnJiH KJIMMaTTBIK
»KaFalJapblHa 6al/IaHbICThI aCThIK, ©HIM/IIJIIT XKbIJIJAH XKbLIFa aUTapJIbIKTal aybITKYbl MYMKIH,
OyJs1 3 Ke3eriHJe 3KCHNOPT KeJieMiHe Tikesed acep eteni. 1-kectene KasakcTaHZarbl COHFBI
OHXbLJIABIKTaFbl KeMOip *KblIJapAaFbl acThIK 6HJIPICi )XKoHe 3KCIOPT KeJieMJepi KepceTiireH.
An 1-rpadukTe eHAipic IEH 3KCNOPTTHIH AUHAMUKACHI CaJIbICTIpMaJibl TYp/ie OelHeeHTeH.

1-kecte. KazakcTaHAaFbl acThIK 6H/lipici XKoHe 3KCIOPT KeJsieMepi (TaHgaMaJibl Kbl1ap)

Kbt (MapKeTUHITIK ACTBIK 6H/ipici, MJIH JKcnopT (acThIK, +
XKbLJ) T YH, MJIH T)
2011/12 (pekOpATHIK) 26,9 15,0

2017/18 22,0 (6arasay) 9,87

2022/23 22,0 10,7

2023/24 17,1 7,7

2024/25 (6omxay) 26,7 12,0

Eckepmne: 2011/12 mapkemuHe xcolabl — 2011 dHcolarol ez2iH ycaHe 2011 kwipkyliek — 2012
mambwi3 apanwvirbiHoarsl skcnopm; 2024/25 - 2024 xcolarsl e2iH sxcaHe Keseci 12 atidarbl KymizemiH
akcnopm. IKkcnopm KesiemiHe acmblK 6a1aMAcbIHOaFbl YH 0a Kipeoi.

Bysn nepektep KasakcTaH acTbIK LIapyallblIbIFbIHbIH, OHIM/IIIr KyOblIMasibl EKEeHIiH KoHe
MHPpaKypbLIBIMHBIH, COJI e3repictepre isnecy KaxeTTiriH kepceTtefi. 2011 »kblibl aya pailbl
KOJIalJibl 60JIbIM, /1 TAPUXbIHAAFHI €H, YJIKEeH 6HIM — [1aMaMeH 27 MJIH TOHHA acThIK >KMHaJIFaH.
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Cous1 xblyibl YKiMeT 15 MJIH TOHHA acThIK 3KCHOPTTAy MaKCaTblH KOWFaH eni. Anaiza MyHAau
PEKOPATHIK KeJieMJep/i caKTall, HapblKKa LIbIFapy UHPPaKypblJIbIMFA YJIKEeH caJIMak, TyCcipAi -
BaroHJap TaNUIbLIBIFBI, MOPT MYMKiHAIKTepiHiH wmekTeyainiri 6adkanabl. 2017-2018
bLIJAPbI OH/Jipic opTalla AeHreie (maMmamMmeH 20-22 MJIH T) 60J1bIM, 3KCIIOPT KbliblHA 8-10 MJIH
TOHHaHbI Kypajzbl. 2021 Xblbl KYPFaKWIbLIbIK CajJapblHaH 6HIiM 16,3 MJIH TOHHafa JeliH
TeMeHJell, OHbIH caafgapbl 2021/22 3kcnopT MaycbIMbIHAAQ ce3infi (wmamMmamMeH 7 MJH T
JneHreninge). An 2022 Kblibl KoJIal/ibl KaFjall KailTa opHam, 22 MJIH T acTbIK >XUHaJAJbl [8].
2022/23 ™MapkKeTHUHITIK Kblibl KaszakcTaH acTbIK MeH YHAbl KocKaHja 10,7 MJIH TOHHA
3KCIOPTTaI, COHFBI KblIJapAaFbl peKOPATHI )KaHApTThl. 2023 KbLJIbI €TiH TafFbl Aa a3aubin, 17,1
MJIH T 60J11b1, coliKeciHIie 2023 /24 MaycbhbIMbIH/Ia 3KCIIOPT IIaMaMeH 7,7 MJIH T-Fa TyCill KaJbl.
2024 xbLibl eiMi3 KaliTaJlaH peKOPATBHIK 6HIM anjbl — 26,7 MJIH TOHHA acThIK *KUHa//bI, OYJI
COHFBI OH XbUIJAFbI €H )KOFapbl KOpCeTKIll. YKIMeT OCbl 6HIMHIH 3KCIOPTTHIK, dJieyeTiH 12 MJH
TOHHa Jien 6aFajan oThIp (OHBIH ilinAe 7-7,5 MiH T 6uaan, 1,3-1,4 MaH T apna, 0,3 MJIH T XKyrepi
»koHe 1 MJIH T MailJibl JakpLiaaap) [8].

Ka3aKCTaH acTblK 6HAIPY *KIHE 3KCNOPT Kenemi
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1-cypem. Kaszakcmandarsl acmbulk 6HIIpY HcaHe IKcnopm QUHAMUKACHL: peKopOmblK H#bladap
MeH Kyadelpayaap (depekke3: Kazakcman ALIM, ¥ammoulk cmamucmuka 6w0pocbl depekmepi
Hezi3iHde)

1-cypeTTeH 6GaWKasfaHJal, eHAiIpic KeJsieMi Kbligap OOWbIHIIA aWUTapJbIKTAW KYObLIbIIM
OTbIpCa /ja, 9KCIOPT MeJIIepi caJbICThIpMaJibl TYPAE OH/ipiCTEH TOMEH AeHrel/ie TYpaKTaHa/ bl
(ki TyThiIHY MeH Kopabl ecenTereHze). Opra ecenneH KasakcTaH bl callblH ©HJAipreH
acThIKTbIH, 1aMaMeH 40-45% skcnopTKa LublFapyFfa KabiseTTi ekeHi kepiHefi (Mbicasnbl, 18-20
MJIH T 6H/jipe OTbIpbII, 8-9 MJIH T caTy). ACTbIK 3KCIIOPTbIH/AAFbI HETI3ri y/aecTi 6u/iali MeH o/laH
eHAipiireH yH Kypauabl. Kazakcran focTypJi Typ/Zie oaJ/eMJieri eH ipi YH 3KCHOpTTayllbl
MeMJIeKeTTep/iH 6ipi 60sibin Kesji. IkcrnopT reorpadusicel 60MbiHIIA Ka3akcTaH acThIK MeH
YH/JBI eH, aJi/IbIMeH KeJieCci HapbIKTapfa »KeTKi3in kenreH: OpTasiblK A3usa enfepi (636ekcTaH,
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ToxikcraH, TypikmeHcTaH, Kpiprbi3cTan), AyraHctaH, UpaH, conpaii-ak Peceil apkbuibl Kapa
TeHi3 NOpTTapblHa WIbIFbI, 0/aH 9pi KaBka3 xkoHe XKepopTa TeHi3i engepine, KbiTall 2koHe Kelbip
Xbl1Zapel Eypona HapbIKTapblHa LIAFblH NapTUs/ap »KeHeuTiaenl. COHFbl peKOPATHIK 6HIM
OapbICbIH/AA YKIMeT J9CTypJli HapblKTapMEH KaTap aJbIC lIeTejre e OesiCeHAIpeK LIbIFY
CTpaTeruscblH auTThbl — MbIcasibl, KpiTal, ContycTik Appuka xxaHe Eypona enjiepiHe sKCIOPTTHI
YJIFANUTY XKocCHaphl KapusaaaH/bl. 2024 blIFbl MOJI aCTBIKThI CaTy YUIiH KaHa 6aFbITTap peTiHje
Utanus, JlatBus, Ucnanus cekingi Eypona enpepi, congai-ak Eruner, Amkup topisai Appuka
HapbIKTaphbl aTaazbl. bys xkaHa HapblKTap KaszakcTaHHaH reorpadusaablK ajblCTa OpHaIacKaH,
oJ1Iap/bl UTE€PY YLIiH K6JIiK IOTUCTUKAChI KYpAesipek (aybla lapyallbLIbIFbI XKYTi 6ipHellle eJi/ieH
TPaH3UTIIEH OTYyi THicC). [8].

Ocn1 opaitza, KazakcTaHHbIH Kasipri TackiMan MHQPaKYpbIIbIMBIHBIH, MYMKIHZIKTEpi MeH
9JICI3 TyCTapblH aTam eTy Kepek. TeMipxos KeJsiici— Ka3aKCTaHABIK YK TacbIMaJIbIHBIH,
«KaHKacbl». Enjeri »kykTep aWHaJ/IbIMbIHBIH 52,2%-bIH TeMip>KoJ1 KeJliri KaMTaMachl3 eTejl,
acipece ayblp *KoHe a/bIC KALIbIKTBIKKA TacbIMaJjijay/ia OHbIH yJeci 6acbiM. 2025 KbLIJbIH,
aJIFallKbl TOKCaHbIH/Ia TEMip>KOJIMEH TaChLJIFaH acThIK KeJsieMi 3,6 MJIH TOHHaHbI Kypar, 6ip Kbl
OoypbiHFbIAAH 49%-Fa apTKaHbl TipKesaAi — Oy COHFbl OeC XKblIAaFbl PEKOP/ATHIK KOpCETKill.
OHBIH, 2,8 MJIH TOHHAChI 3KCMIOPTKA XKOHEJTIJIreH, 6y ObLITBIPFbIAAH 52% apThIK [2]. AFHH, eHIM
Ken OO0JIFaH >KbLIbl TeMipXKOJIJbIH, >XYK KeTepyi aWTapJIbIKTal 6cil, 3KCHOPTTbIH Heri3ri
aybIpTHaJbIFbIH KeTepe/i. Mbicasbl, 2025 blIFbl HAypbI3/a TeK Oip aiiaa 914 MbIH TOHHA acThIK,
3KCIOPTTaJFaHbIHbIH 463 MbIH TOHHacbl OpTasnblK A3us esfepiHe keHeaTinAi (Oys 6aFbITTa
©TKeH XKbUIFblJaH 48% kemn)- MyHBbIH 09pi TeMip»oJ apKblibl icke acTbl. ABTOMOOWJIb
KeJliri kebiHe aybla iwiHAeri, eHip imiHgeri TacbiMangayaa nanjajaHblaaibl: eric aalKabblHaH
»KaKblH MaH/JaFbl 3JIeBaTOpPFa HEMece TeMipKOJ1 CTaHLMSACbIHA JeUiH eTKi3y; COHZlal-aK Kepuli
MeMJIeEKETTEPMEH lileKapa MaHbIHAAFbI cayZaaa (Mbicasibl, KbipFbi3cTaHFa yH, PeceiiMeH 1iekTec
allMakTapfa eHiM Tacy) KoJiJaHbliajbl. JlereHMeH, aBTOTAacbiMaJ KAIIbIKThIK 6CKEeH CalbIH
KbIMOATKa Tyce[ii K9He K0J MHQPaKYpbhLJIbIMbI MeH 1lIeKapa 6TKeJJlepiHiH eTKi3dy KabisneTiHe
Toyes/ii. TeHi3 xoHe e3eH keJiri KasakcraHa Tikesied CbIpTKbI TacbIMajiay/a a3 yJec ajaajbl,
Tek Kacnuid TeHi3i apKplibl O3epbailkaH 6aFbIThiHAA koHe Peceiiiy, Exin-Kama e3eH xyieci
apKbLIbl MaFbIH KeseM/e icke acaabl. 2022 xblibl Kacnui TeHizingeri KypblK nopThiHAA KaHa
acThIK TEPMHHAaJIbl iCKe KOCBLJIAbI, OYJI XKblJIbIHA 1IaMaMeH 1 MJIH TOHHa¥fa JiefiH acThIK apoM
apKpLIbl O3epbaii>kaH MeH apbl Kapai ['pysus-Typkusra xibepyre MyMkiHAik 6epeni. byran
feiin Kacnuiizieri AKTay MopThIH/JA [Jla acThIK TEPMHUHaJbI )KYMbIC icTereH (KyaTbl ~1,5 MJH
T/XbL1), 6ipaK OHbIH MYMKiHAIri wekteysai 6osiaTbiH. KypbIKTaFbl 3KaHa TepMHHal
KasakctanHbiH TpaHckacnuil xanblKapasblK, keJsiik faJjidiHe (TXK/, «Opta pfasi3») KocblLiy
aJieyeTiH apTThIpazbl [8].

KopeiTa ailTKaHZa, KasakcTaHHbIH arpapJiblK JIOTUCTHUKAChl COHFBI KbLIJAapbl 6HJAIpIC
KesieMiHe Oelimjesny yuiiH 6GapblHIIA Kyll canyAa. PeKopAThIK 6HiMJiep >KbLibl KOChIMIIA
TacbIMaJsl KyaThIH KYMbUIZbIPY, «Tap *KepJep/i» KeHeUTy Tanabbl TyblHAAWAbI. Mblicasbl, 2024
KbUIJIbIH, OHIMIH 3KCIOpPTTay VIUiH YKIMeT TeMipKoJl TapudTepiHe KeHiNJiK eHrizyai (eHimai
aJIbIC HapbIKTapfa IIbIFApPy YIIiH), a3bIK-TYJiK KOPIOPALMSCHl apKblibl 2 MJH TOHHA aCThIK,
CaThIN aJiblll, HAPBIKTbl TYpPaKTaH/AbIPYJAbl, BarOH NapKiH THUIMAI maWJanaHyjbl KOJIFa ajlJbl.
JlocTypJli OopTa/bIKAa3UsJIbIK HapbIKTAp 7-8 MJIH TOHHaJlaH apTbIK acTbIKTbl KaObLijal
aJIMaUTBIHBI 6e/risi 60aFaHAbIKTaH, KaiFaH eHiMAi KbiTal, UpaH, KaBka3 apkblibl Tasay LIbiFbic
nedH Appukara wbiFapy MiHzeTi Typ. Bys MiHAeTTi opblHAAy Ken KafJala UHTEPMOAAJb/bl
TacbIMaJl Ti36eKTepiH YUbIMAACTBIPYFa TikeJieH Tayes/ii — AFHH, aCThIKTbl MbIHJaFaH MIAKbIPbIM
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KAlIbIKThIKKA THUIMJi KeTKi3y YUIiH TeMip»oJi+TeHi3 KOMOWHaUuusJapblH KoJjgaHy. TeHi3-
TeMipKO0Jl MHTepMOJAJbJbl TAaCbIMa/IAy KyHesepi yJKeH KeJeMJeri >XyKTepZl ap3aH opi
3KOJIOTHSJIBIK KayilcCi3 )KeTKi3y MyMKiHAiriH 6epegi [10].

MHTepMoaanb/ bl TacbiMasiblH Ka3akcTaH yiliH MaHbI3bI )KoHE 6aChIM OaFbITTAPbI

Korapelgarbl fepeKkTep MeH ypZicTep MHTepMoZa/ibAbl Taciiafiy KasakcTaH arpapJiblk
CeKTOpbl VIIiH MWIewymi MaHbI3bIH KepceTexi. EH asjbiMeH, TacbiMaJ WbIFbIHAAPBIH
TeMeH/leTy MaceJieCiH aTan eTcek. KasaKcTaH iliHze eHAipiireH aybll lapyallbLIbIFbl OHIMepi
eJiiiH, Herisri erinwiyik eHipsepiHeH (CoaTtyctik Kasakcrad, AKkMoJsa, KoctaHail o6JibicTaphl)
TYTbIHYLIbLJIAPFA >KOHE 3KCIOPTTHIK LIeKapasapfa JeHiH y3ak »xoJj xkypeai. Ken xarpanpa
TacbIMaJl KAUIBIKTBIFbl MbIHJaFaH IaKblpbIMMeEH eJiiieHe . Ocbl 20J1/ja )KYK TYpiHe 6alIaHbICThI
9P KeJliK TYPiHiH 3KOHOMHUKAJIBbIK THIM/iJIIri apTypJi: aBToKeJikneH 1000 kM-re 6ujal Tacy eTe
KbIMOAT, a1 TeMipKOJIMEH COJI KalllbIKThIKKA HEFYPJIbIM ap3aH, 6ipak TEMip:KoJ ayblIAaFbl eric
JlanacblHa Oapa anaMaungbl. Cos cebenTi TeMip»KoJl TacbiMaJibl MeH aBTOMOOWJIb TacbIMaJiblH
JypbIC yHJecTipy - IWIKI J0OrucTukaHblH KiaTi. 2Kofapbiga anTbuiraH 40%-Fa  JeuiHri
JIOTUCTUKAJIBIK LIbIFbIHAAP (6HIM 6aFacblH/aFbl) AeHTeliH TeMeHJeTy YIIiH acTbIKThl Herisri
MarucTpasjib 60MbIMEH TEMipyKOJIFa THeN »Kibepin, ¢epMa GacblHAAFbl 6GacTanKbl y4yacke MeH
COHFbI JleCTUHALMAAAFbl TapaTy ydyacKeJsiepiHJe FaHa aBTOKOJIIKTI NawjaJjiaHy THUIMZI eKeHi
MaJjiMaenreH [3]. By - kiaccukanblK MHTEPMOAAJIb/bl CXeMa.

KasakcTaHHbIH 3KCIOPTTHIK OaFbITTapblH Kapacak, 6acTel HapblK - OpranblK A3usra
(636ekctaHn, TaxikcTaH, TypikMmeHcTaH, KpIpFbI3cTaH, AyFaHCTaH) XeTKi3y HeriziHeH TeMipKoJ1
YKOHe aBTOKeJIiKk KOMOMHALUsChIMEH >XypeZi. Mpicasbl, 6306eKk HapblFblHA OUJaNblH 0acbIM
GeJsiri TemipKoJs1 KypamasiapbiMeH 6apajibl, aJl YH aBTOK6OJIIKTEpMEH Je TacbIiMasJaHajbl. 2-
cypetrte 2024 /25 MapKeTHHITIK *blJIblHa OOJKaHFAaH acTbIK 3KCHOPTbIH akMaKTap OOMbIHILIA
6eJ1y KepceTiJiTeH — MyH/ia A9CTyp i OpTasiblK A3us HapbIFbIHBIH, YJECi IaMaMeH YIITEH Oip, al
»kaHa asibic HapbIKTapAblH, (Tasy LeiFbic, Appurka, Eypona) fga apkaiiceicel maMamen 17%-aaH
6osiMaK JereH yMmiT 6ap. EckepeTiH »alT - O306eKCTaH »XeKe KaTeropus peTiHje 6esiHin
KepceTijireH, ce6e6i os KasakcTaH acTbIK 3KCHOPTBIHBIH €eH ipi 6ip HapbIFbl (>KeKesiereH
KbLJIJIaphl KaJmbl 3KCOOPTThIH, ~30%-b1). 2024/25 x. 60o/nKkaMia 9pKailchl 2 MJH TOHHaJaH
Eypona, A¢ppuka, Tasay llbireic xoHe O36ekcTaHFa TUecuIi Jen xocnapJsaHfaH [8]. KpiTaiira
mamaMeH 1 MJIH T, KasiiFaH OpTa/iblK A3usi MeH AyFaHCTaHFa ~3 MJIH T 6aFbITTalybl MyMKIiH Jien
6aranaHajbl (2-cyperTeri yJsec). by akcnopT OGaFbITTapblHbIH, SPTYPJIiJiri MHTEpMOAa/ibbl
TacblMaJl MapUIpyTTapblHbIH Jla CaH a/lyaHAbIFbIH Tasan eTeAi. Mpbicanbl, Appuka HeMece
Eypomnafa acThIK KeTKi3y YILIiH TeHi3 KaTbIHaCbl MiHJETTI.

KasakcTtaH acTbifbl HeMece YHBbI aazbiMeH Kapa TeHisre Hemece banTelK TeHi3iHe
JlefiH TeMip>KoJIMEeH, COJJaH COH TeHi30eH KeMeMeH »KeTKisisieli. baaThlK 6aFbIThIHAA 6HIM/I
Peceil TeMip>o/ibl apKplibl JlaTBusi/J/IUTBa NopTTapblHA Tacy KaxeT (OyJ »kalFacbiMJa Kasip
reocasicu arjall KypgeJsi). AnbTepHaTuBTici - TpaHckacnuii MapupyTtbl: KasakcTtaH-
O3epbailkaH TeMip:koJi-pepH Kelici apKplibl acThIK baky HeMece rpy3uH NOpTTapblHa XeTil, api
Kapai Kapa TeHizbeH Typkus HeMece XKepopTa TeHi3i apkblibl Adpprkara 1iblFa ajgafbl. by
)KepJe KYpJblK (TeMip:koJsi) + TeHi3 MHTepMoJa/bAbl TachiMajbl OpbIH ajajbl. 2022-2023
XKbLIAApbI 6y «OpTa 9.1i3» apKbLibl KazakctanHaH 100 MbIHAaFaH TOHHA acThIK, KibepiareHi
Tipkenzi, anaijia kesemi Peceil 6arbiThiHaH a3gay 60Jabl. JerenMeH, 2024 KbLIFbl PEKOPATHIK,
©HIM OCBhI JI9J1i3Te CypaHbICTbl apTThipAbl — KbiTal, Typkus >koHe O3epbaiikaH KOMIAHHUsIJIapbl
KasakcTaH acTbIFbIH TPAH3UTTEyre KbI3bIFYIIBLIBIK TaHbITYAa. YKiMeT KypblK NOPTBIHJAFbI
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’)KaHAa TepMHUHAJJbIH, KyaTblH TOJIbIK MalJaJaHbIl, KbJIbIHA 2 MJIH TOHHaFa JleliH acThIK
NapoMMeEH TacbhIMasAay/ibl Ke3zem oTbIp [8].

2024/25 3. 60a#aHFAH ACMBbIK 3KCIOpMbIH alimaKkmap
b6olibiHWa 6eny

m O36eKcTaH

= OpTanbiK A3una

KbITam

Tasay WeifbiC

= Adpuka

= Eypona

2-cypem. 2024/25 . 60AHCAHFAH ACMbIK IKCNOpMbIH atimakmap 6olibiHwa 6eay (MKaanwt 12
MJH M 3KCNOpM NOMeHYyua/biHblY yaecmepi) B36ekcmaH dHcaHe 6acka Opmanvik A3usi 6aFbimbl
dacmypai HapblK (wamamen 50%), an Appuka, Tasy Llvirvic, Eypona cekindi anvic HapvikmapFa da
JHCANNBIHBIH HCAPMBICLIHA HCYbIFbI 6AFbIMMAy0da.

KbiTail ©6afFbIThl - 3Keke epekule Takblpbll. KbiTall ayieMHiH eH ipi acThIK
MMIOPTTAyLIblIapPbIHbIH, 0ipi, anaiaa Kasakcran 6uaaiibiHa KaTaH GUTOCAHUTAPJIBIK TaJanTap
KOAAITBIH 9He cayJZa KeJsiciMzepi wekTteysni 6o0s1aTbiH. COHFbI KbLIJApbl €Ki ey apacblHZa
KeJsiciMmaep HaTHXeciHZe 6esrini 6ip Mesmepae KasakcraH acTbeiFbl KbiTalifa akcnmopTTasa
6actazabl (HerisiHeH 6ujal, apma KeHe MaiJibl JakKplLigap). Bys akcnopT TeMip»KoJ1 apKblbl
KOHTelHepJiepMeH y3ere acajibl. 2025 *)bl1/iblH 6acbiHa KbiTalifa 500 MbIH TOHHA KypaMaXkeM
(Man a3bIFbl) 3KCHOOPTTA/FaHbl xabapsiaaHAbl - Oy aJAbIHFbl KbUIJAH 5,5 ece ke
fFHU, KOHTEeHHepJIiIK UHTepMoJasb/bl TacbiMas (KbiTalifa 6apaThblH NMOWBI3ZApP KypaMbIH/A)
ayblJl lIApyallbLIbIFbI XKYKTepi YlIiH Jie naijananbeuiyga. KoHTellHepre They — MHTEPMO/AAJb/Ibl
»Kylere TabufaTblHAH cal, 6MTKEHI KOHTelHepJiep/i Ke3 KeJIleH KeJliKKe aybICTblpa Oepyre
6os1azbl. KasakcTaHHbIH «/lOCTBIKY K9He «AJTbIHKeOJ» lLieKapa 6eKeTTepiHJe KypFak MNopTTap
6ap, Oy/1 KOHTEMHEpPMEH TacbIMaJl TUIMALIITIH apTThIpaabl. KbiTaliFa aBTOK6JIIKIIEH Tacy Ja 6ap,
6ipaK keJsieMi a3 »kdHe OJ1 Ja LieKapaJa TeMip»KoJifa KapafaHja 6asy. COHAbIKTaH 6oJjaliaKTa
Kasakctan-KpiTall apacblHAaFbl acTbIK, CayAacbl TeK TeMipKOJIJbIK-UHTepMOJasb/bl YITije
(koHTelHepMeH xkeTki3in, KpiTail imwiHgeri TapaTy keJiiciHe Kocy) ecefii fen kyTineni. ’Kasmsi,
KasakcTaH acTbIK 3KCIIOPTHIH/A TEMIPKOJI + TeHi3 )KoHe TeMip»K0J1 aBTOK6eJIiK KOMOHUHAIHMA/Iapbl
HeTi3ri WHTepMoAasbbl Yari 6o0sbin OTblp. bysn yirinepaid MaHbI3bIH MblHA ¢akTopJap
Al KbIHaN bl
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1. YnkeH kesieMAi THiIMJiI TacbiMaszay: 6ip »KoJuFbl keHeATiiiM 50-60 BaroHAbIK
noMbI3 (4-5 MbIH ToOHHA) 9He KeMere TeHi3/le 20-30 MbIH TOHHA TUeJyi MyMKiH. MyH/ai
KeJieM/li TeK aBTOKeJIIKIeH KeTKi3y MyMKiH eMec. KoHTelHepJliK TacbiMaJsl apKblibl /1a
)KUHAKTay Kepek. /leMek, TeMip»0J1 MeH TeHi3/i KipIKTipy 3KCIOPTTBIK NapTUAIAp/bl
»KMHaKTaI, TUIM/I TacbIMaJiiay¥Fa »OoJI allia/ibl.

2. TpaH3uTTIK ToyeaAinikTi asanTy: Kacnui apkbuibl LbIFy Peced TpaH3WTiHe
6aJsiaMa, OYJ1 CAaHKLUSJIBIK )K9HE reocasicy Tayekesagepai Temengeteni. Con cusaktol, MpaH
apKblLbl «ConTycTik-OHTYCTIiK» Aa1i3iHe KOCbLIY (TeMip:oJ+TeHi3, [lapchl LibIFaHaFbIHA)
KasakcTtaH actbiblH OHTYCTiIK A3usa MeH Taay llbiFpicKa mwblFapybl MYMKiH. 2022 KbIJbI
Wpanra skcnopT »kaHfaHbin, 250 MbIH TOHHA apna >XeHeJTiAi- Oysa OGaFbITTarbl
WHTepMoAaibbl MYMKIiHJIKTI (KazakcTtan-TypikMeHcTaH TeMip»koJibl + UpaH nopTTaphl)
KepceTe/l.

JloructukanblK,  Ti30eKTi TOJIBIKTBIpY: Enperi Ky3/ZereH LIaFbIH depmepiik
lIapyalblIBIKTapAaH acThIK XKUHAI, LIeTeJIre )XeTKIi3y — KeIl CaTblbl Ipouecc. UHTepMoaanbabl
TACIJ1 OCBI IPOLIECTIH, dp CaTbIChIH OipikTipei. Mbicasbl, Ka3ip acTbIKTbI pepMep/ieH CaThII ajblll,
3JieBaTOp/JaA KMHAKTAaIl, TeMip>K0OJIMEH NMOPTKA »KeTKi3il, IKCNOPTKa LIbIFApYMeH alHaJbICaThIH
MaMaH/JaH/AbIPbIJIFaH ONlepaTOpJiap KaJbIITACKIN aThIP. «ACTBIK, TpaHC» CUAKTbI KOMIIAHUSJIAP
BaroHJap/Zibl KaMTaMachbl3 €eTil, TacbIMaJ[bl YWbIMAACTbIpaZbl. boJamakra JIOTUCTUKAJBIK,
xabTap (MyJIbTUMOAJIb/Jibl OPTaJBbIKTap) KYpy »KOocClapJaHy/Zla — OH/Ja KYKTepAi KeJik TypJiepi
apacblH/ia TUIM/Ii aybICTBIPBIN THEETiH 601a4bI.

MHTepMoaanb/ bl TacbiMaJll TEK aCThIKKA FaHa eMec, 6acKa /ia arpapJiblK XYKTepre MaHbI3/bl.
Mbicanbl, €T >K9He KOKOHIiC ©HiMJepiH CybITbIFAH KYWJe »KeTKi3y VUIiH CcyblK Ti30ek
JIOTUCTUKAChl KEpeK, OHJa aBTOMOOWJb 1K9He dye KeJiriH TeMip»K0JI-TOHA3bITKbILI
KOHTelMHepJiepMeH VIUTAacTbIpy KapacTeipbliyfa. Kasipri kesze OyHBIH KeJsieMi a3, 6ipak
6oJiallaKTa ayblJ lIapyallblIbIFbIHbIH 9pTapanTaHyblHa 6aiiJIaHbICThl 6CYi MYMKIH.

WHTepMoaaibbl TacbIMal/bl JaMbITYAAFbl KeJeprijiep *KaHe oJ1ap/bl KO0 KO0J14apbl

KazakcraHza uWHTepMoJa/ibAbl TacbIMajZayZbl >KOJFa KOl OipkaTap KypbLIBIM/BIK,
kefeprisiepre Tipesnezi. CosapabiH 6ipi — MHQPaAKYpPbIIBIMHBIH IIeKTeyJiepi. Ocipece acThIK
JIOTUCTUKACBIH/IA 3J1eBaTOpJIapAblH, TepPMUHa/IJap/AblH, TalllblJIbIFb] )KdHEe KO0JJja OapbIHbIH,
TeXHUKAJIbIK >KaFJailbl Macesie GoJsbinl Kesefi [4]. KentereHn aneBaTopsap KeHec asyipiHze
CaJIbIHFaH, }KaHFbIPTY /bl KQXKET eTe/i, 0J1apAblH TeMipKO0JIFa, IOPTTAPFA KOJDKETIMALIIT 9pKeJIKi.
Kekeneren enipsepge (Mbicanbl, baTteic KazakcTtaHaa) acThlK caKTalTbIH 9He ipi mapTus
KaJIbIITACThIPAaThIH XabTap a3, COHABIKTAH OJ1 KaKTbIH, AJUKAaHJApbl 6HIMIH aJbIC COJTYCTIiKTer]
3JieBaTOpJIapFa TacyFa MaxOyp. Bys1 apThIK TacbiMas wbIFbIHbL. COHABIKTAH 6HIpJIK JleHrei/e
apHalbl MapKeTHUHITIK MHQPaKypbLIbIM - KeJIiJIiK, TOPANThIK >X9He NOPTTHIK 3JieBaTopJjap
»KyHeciH JaMbITy — eHiM/i OYKiJ »KeTKi3y Ti36eriHiH TUiMAIIriH aHbIKTal bl [4]. Bysn 6aFbiTTa
2010-xpL1apbl KabblI@aHFaH OipHellle 6aF/ap/aMa 60J1bl, ajaifja TOJIbIK, iCKe acThbl Ael auTy
KHbIH.

EkiH1ifieH, BaroH napki MeH TacbIMaJl a0 /IbIKTapbIHbIH TO3ybl Ipo6JieMachl 6ap. TeMipxkou
napKiHZeri acThIK TacbIFbILI BaroHJap/AblH OpTalla achl yJKeH, *KMHaKbl (hopper) Baronzap
MeH KOHTeWHep IiaTdopMasiapbl caHbl HiekTeysi. JKyK BaroHJapbl TaNUIbLAbIFbI Ui OpPbIH
asia/ibl, acipece eriH HayKaHbl Ke3eHiH/Je «IUK» )XykTeMe/Jie [4]. MeMuekeTTik «KasakcTan TeMip
)KOJIbI» KOMIIAHUSICBI MeH JKeKe MeHILIiK omepaTtopJjap Oy TYHUTKiAAi wemy yuiH
MHBECTULUSJIADbIH  KO0eUTyJle, [JereHMeH KaKeTTiJMIKTIi ToJsblK eTeMeWai. [yijeH
HyfMaHoBanapablH (T.6. 3epTTeyulijiepfiH) aTan ©TKEHiIHJeH, YK BaroHJapblHbIH MapK
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>)KaHApyblH Te3/JeTy, 3aMaHayd JOrucTtukaiblK [T »xylesep eHrisy TacbiMaJ THUIMZIIIITIH
apTTBhIPY/AbIH, aJFbIIIAPTHI (MbICaJibl, BaroH aWHaJbIMbIH 0aKbliay, THeEY-TYCipyZi >KbLIiJaM
yinectipy) [4].

YwiHwizgeH, TapudTiK Xk0He HOPMATHUBTIK Kezepriyep 6ap. Temipxosa Tapudrepi kKeije
YKOFapbl OOJIBII, ilIKI HAPBIK [1I€H 3KCIIOPTTHIH, 0aWIaHbICBIH dJICipeTe/i Aen caHanabl. Mblicabl,
ayblJ LlapyallblIbIFbl OHAIpYLIiIepiHe TeMipkoJ Tapudinje )KeHiIAiK 60aMaFaH XKaffanaapaa
oJ1ap aJIbIC ayZaHJAapFa eHIM xibepyre KpI3bIKNal Kasybl MYMKiH. Ka3ipri ke3ze acThIK NleH yH
JKCIOpPTbIHA (KEHIAIKTI TapudTep KapacTbIpblIFaH (TPaH3UTTIK Tapudke KapaFaHza
alTap/bIKTal TeMeH, OyJs1 Oesrini 6ip meHreije kemekrtecefi. bipak Macesne Tapudre FaHa
eMec, lIeKapailaH eTy NpoIeCTEePiHiH KypAeisiri — Ky»KaT paciMjey, pyKcaTTap ajy, 6axk cajbIfbl
Macesiesiepi MHTepMoJasbJAbl Ti30eKTiH KiZipiciH Tyfbi3agbpl. OCblHBI ILIelly YIOiH Kepuii
eJilepMEeH THICTI KeJsiciMaep MeH <«Kacbll JdJi3Aep» kacay KaxeT. Mpicanbl, 2023 Kblibl
Kasakctan mMeH KpiTall apacbiH/Zia aybl LIapyallblIbIFbl 6HIMJEpPIHIH cayJacblH KeHinJeTyre
OaFpITTa/IFaH XaTTaMaJlapFa KoJl KOUbLI/bI, OyJ1 LieKapaJaFbl KAPAaHTUH/IK TEKCePY /i Te3eTyre
BIKIIaJ eTe/i el KyTiaye.

TepTiHLIieH, MEHePKMEeHT JKoHe YWJsecTipy Maceseci. VHTepMozanbAbl TacbIMaijay
TabbICTbl 6O0JIybl yUIiH OYKiJ Ti36ek Oip opTajblKTaH HeMece e3apa TbIFbI3 YHJeCTipiin
6ackapbLiybl kepek. Kasip Kasakcranga ap 6ybiH (1apya - JalblHAaylbl — TacbiMaaAayuibl —
9KCIOPTTayllibl) KebiHe KeKe apeKeT eTeAi. JIOTUCTUKANBIK KbI3METTEP HapbIFbl JaMblll KeJjie
»KaTca Jja, arpapJiblK, CEKTOp/a aJi Je ycakK lapyallblIbIKTapAblH KooNepalusfa KabiseTcisairi
6alikasagbl bys TaceiMasay WIBIFbIHAAPBIH YAFAUTabl: 9p pepMep 63 6HIMIiH KeKe LIbIFapca,
BaroH TOJIMaill Ka/lybl HeMece »o0JiJa y3ijic 6o0sybl MyMkiH. llemimi - KoonepaTUBTep MeH
arpoxXoJIAUHITEP HerisiHae eHiIMJI Oipirin caTyfa WibIFapy, SFHU NapPTHUsJApPAbl ipiJeHAipy.
KasakcTtaHza acTbhlK TpedpepJsiepi 6y GYHKUUAHBI ilmliHapa aTKapajbl, 6ipak >XeprilikTi
»KepJiepZile JIOTUCTHUKAJBIK Koollepaluusi TeTiKTepiH (Mblcasbl, KaybIMJACTBIKTAp apKblJbl)
JlaMbITy¥Fa aJieyeT b6ap.

XanblKapasablK Taxipube KepceTKeHJeW, MHTepPMOJaJb/ibl TacbIMaJ/iblH 3KOHOMMKAJIbIK
KalTapbIMbl XKOFaphl 60J1ybI YILIIH K6JIiK [9/1i31 9KOHOMUKAJIBIK, [19J1i3Te allHaJIybl TUIC. AFHY, XKYK
JlaJ1i3flepiHiH OOUBIHAA JIOTUCTUKAJBIK KbISMETTep, 6HJey-CaKTay KoCinopbIHJAphl /JaMblIl,
KOChIMILIA KYH Ti30eri KasbIllTacKaHJAa faHa TOJIbIK THIMJJIikke KoJi KeTeAi. KazakcTaHHBIH
KeJIIK casgcaTbl Ja /91 OCbIHbI Ke3zeufi: Mbicanbl, bateic Eypona - bateic KpiTanl gasi3iH
CaJ/IFaH/ia, OHbIH OOWBIHJA 6HEPKICINTiK aliMakTap, KoWMaJap, CEPBUCTIK OpTasbIKTap ally
»kocnapJianfaH [3]. Con cusakThl, «Hypuibl ko0/1» 6aFfap/iaMachkl asiCblH/a KypblJIFaH KypFakK MopT
(Kopfactarpl «KTZE - Xoproc» aHe AKTay NMOPTbIHAAFbl apHalbl 3KOHOMUKAJIBIK aliMak) —
MHTEepMOJabJbl UHPPAKYPBIIBIMHBIH 3JieMeHTTepi. UHTepMoAanb/Abl )KyHeHiH TUiMJilirine
OHHaH acTaM QaKTop acep eTe/li: UHPPAKYPbIIbIM calackl, XKocnapJjay, HOpMaTUBTIK COMKECTIK,
TapuPTiK UKeM/iJIIK )KoHe TEXHOJIOTUsAJIbIK MHTerpayus [11].

WHTepMopanb/bl TacbIMaJ/bl JlaMBITy 6obIHIIA YCBIHBICTap:
Korapela auThIFaH KeJepriiepai a3auTy »xoHe KasakKCTaHHBIH arpapJiblK JIOTUCTUKACBIH
KeTUIAIpy YIIiH TOeMeH/erifen mapaJjap yCbIHbLIaAbL:

1. JloructukanblK xabTap »kKeJiciH Kypy: ACTbIK 6HJipici LIOFbIpJIaHFaH eHipJepJe
3aMaHayH| 3J1eBaTopJiap MeH MyJIbTUMO/aJIb/ibl TEpMUHAJIAAP caly KaxeT. Oyiap »0J1, TeMipKoJl
KaTblHACbIMEH bIHFAMJIbI TYHicyi xoHe KbL1JJaM THey-TYCipy *ab/ibIKTapbIMeH KaMThLJIYybl THIC.
Mpsicasbl, ContycTik Kazakcran - AKkMoJsia — KoctaHalt yii6ypbiiiblH/Ia XadblKapasblK JeHrenaeri
acThIK, Xxabbl (TYKbIM TasaJjiay, KeNTipy, caKTay, BarOHFa/KOHTelHepre THey KbI3MeTTepiMeH)
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YUBIM/IaCThIPbLICA, pepMepJiep OHIMIH COJ Kepre XKeTKi3im, api Kapal TpeliepJiep TeMipKoJIMeH
3KcnopTKa xeHeatep efi. byn AKII-tarel esn imiHzAeri TepMuHanAAapAblH KbI3METiHE YKcac
MO/JeJIb.

2. Kacnuii )xoHe OHTYCTiK 6aFbITTap/bl aMbITy: AKTay koHe KypbIK NOPTTapbIHbIH aCThIK,
eHJley MYMKIH/JIKTEpPiH KeHEeWTiN, TypakTbl (UAepJiK KeMeJiep HeMece NapoM >KeJiJiepiH
cybcuausiay KapacTbhlpbliybl KepeK. TpaHCKacnuid GaFbIThbIHbIH TapThIMABLIBIFBIH apTThIPY
YlIiH TapuQTIK XKeHiNAIKTep MeH «bip Tepe3e» KaFUJaTblH €Hri3y KaxeT (93epbaitkaH, ['py3us
TapantapeiMeH Keuicin). Conpgan-ak HWpan apkpabl [lapchkl 1IbiFaHaFblHA UIBIFY  YIOIiH
TypikMeHcTaH-HpaH TeMip>KoJbIHAA KEHIIAETIITeH oTy KeJiciMzepi xKoHe UpaHAbIK benzep-
A66ac, Yabaxap mopTTapblMeH apinTecTik opHaTy Kepek. bys 6arbiT Kasakcranra YHpAicTaH,
[IoKicTaH ChIH/BI ipi HApPBIKTap¥Fa »KO0JI alllybl MyMKIH.

3. KouTeliHepaeHAipyAi bIHTaJaHABIPY: ACTBIK I1€H 6acKa Aja 6yhbIM/1ap/ibl KOHTEHEPMEH
TacbIMaaAayZbl KoJJay MaHbI3/bl. KOHTelHep ik TacbIMa/l/iblH, apThIKIWbLIBIFbl — OJapAbl Ke3
KeJITEH KOJIiKKe apThlll, YCaK NapTUsiJIapMeH Jie KeTKi3yre 6o0/1aabl. KazipaiH e3iH/e KbITalJbIK
CNPC komnanusicel KazakcTaH 6ujaiiblH KOHTeliHepMeH KpbiTalifa TacbiMajjay/bl GacTafaH.
OcplHBI KeHEeWTy VIUiH BaroH-mjaaT@opMasap CcaHbIH KO0euTy, YK KeHeJTyllijepre
KOHTeNHEePJIiK )XeHeITIIMIe XXeHiJIZliK 6epy 11apaJapbl KaXKeT.

4. lludpnanapipy xoHe OacKapyZbl KeTiagipy: UHTepMoganbAbl JIOTUCTUKAHbl THIMAI
)KYpPrisy VIIIH YK aFblHbIH HaKTbl YaKbIT pexXiMiHAe 6akKbliay, BaroHjap MeH KeJliK
KYpPaslZJapblHbIH, KO3FaJIbICbIH YHJIECTIpPY, lIeKapaZaH 6Ty Ky>KaTTapblH aJ/blH aJla 3JIEKTPOH/ bl
pacimzaey cudakTol IT wmewmiMmaep edrizy kepek. «KTZ Express» cekuiZi JIOTUCTUKAJIBIK
omnepaTtopJap 63 miaaTdopMasapblH arpoeHjipyilisiepre 6eiimMmzen, osapfra TacbkiMaa GPoOHAAY,
KaJZlarajay KbI3METTepPiH KOJKeTiMAi eTyi THIC.
WHTepMopanbpbl TacbiMal cajacblHJa CeHcopJap, MO3ULUsAAy TEeXHOJIOTHsJapbl MeH BeO-
miatdopMasap CUSAKTbl LUUPPJBbIK LIelliMAep YK KO3FaJbICblH HAKTbl YaKbIT peXUMiHe
KaJlarajlayFa »KoHe KOJIIKTep apacblHJafbl ©3apa 9pPEeKeTTECTIKTI OHTaWJaHAbIpyFa MYMKIiHAIK
6epeni [11].

5. XasblKapasiblK bIHTBIMAKTAcThIK: Ka3akcTaH XasjblKapasblK KeJlik yHbIMJapbIMeH
(TRACECA, OS]JD, T.6.) 6esceHAi >XyMbIC icTeln, KeIDKAKTbl KeJsiciMAep apKblLibl TacbkIMaJl
pacimZiepiH oHaisaTy Kepek. Mbicaibl, AYHUEXKY3/IiK O0aHKTiH «JlorucTuka THiMAIIr
MH/JEKCiH/le» KepCEeTKIIITep/i >KOFapblIaTy YIIiH Keplli ejiepMeH LieKapa HHPPaKypblIbIMbIH
»KaKcapTy, OipblHFall TananTap Kaobuigay naiganbl. CoHpan-aK 1eTesjiKk MHBECTULIUS TapTy
apKbLIbI KaHa JIOTUCTUKAJBIK Kob6asapAbl icke acklpy (Mbicasbl, KbiTaiiibiH «bip 6easey — 6ip
O0J1» OacTtaMachl ascblHAa KasakcTaH apKblibl 6TeTiH MyJbTHUMOJAJbJbl MapLIpyTTap/bl
Kap KbLJIaH/bIPY) MYMKIH/ZITIH naliAa/laHy Kepek.

XKorapeiga atanfaH wapasapAbl iCKe acblpy MHTEPMOJAJbJbl TAacbIMaJl TMIIOTE3aChIHbIH
JYPBICTBIFBIH iC XKY3iHZEe Aosesjieyre kKeMeKTece/i — AFHU, UHTerpalysaJaHFaH KeJliK Xyueci
arpapJiblK, CEKTOP/bIH SKCIIOPTTBIK dJIEYeTiH apTThIPAThIHbIH KepceTe/.

KopbITbIHABI

KasakcTaHza nHTepMOAa/ibbl TacbIMalAay >XYHeCiH AaMbITy - aybll lapyallblIbIFbI
OHIM/JIepiH illKi XoHe ChIPTKbl HapbIKTapFa TUIMJi »KeTKi3y/liH welymi GakTopblHA alHa/bII
oTblp.  JKyprisiireH  3epTTey  OyJ  Te3UCTI O6ipHellle  KbIpblHaH  JdJiesel/i.
BipiHIi/iIeH, TeopUAIbIK, TYPFbIAH HHTEPMO/IAJIb/ibl TaCbIMaJ/IJiblH MOHIi KYKTi 6ipHelle KeJsik
TYPiHIH eH THUIMJi KacHeTTepiH yWJecTipe OTBIPbIN TacbIMajjayJa €KeHi aHbIKTalJbl. byJ
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acipece aymMaKTaphl KeH, OH/Jipic IeH TYTbIHY HYKTeJIepi aJibIC OpHaJiacKaH KasakcTaH yuiiH eTe
©3€eKTi.

EKiHWIiIeH, CTaTUCTUKAJBIK, JepeKkTepai Tangay KazakcTaHHBIH acThIK 6HJipici e3repmerti
OoJIFaHbIMEH, TacbiMajJl MWHQPAKYPbUIbIMBIHBIH, IIeKTeyjepi 6ap ekeHiH kepceTTi. COHFbI
KbLIApAAFbl aCcThIK 3KCHOPTHI 7-10 MJIH TOHHA LIaMacblHJA «KbICBLIBIIY» KaJzAbl, OyJ imkKi
JIOTUCTUKAJIBIK, «Tap KepJiepiiH» acepi Aeyre 6osafbl. 1-kecTene kepceTiireHaen, Kasakcran
2011 »xblabl 27 MJH T aCThIK, 6HJIpCe A€, 3KCnopT 15 MJIH ToOHHaAaH acnajbl. An 2022 KbIJIFbI
»KOFapbl 6HIM (22 MJH T) Ke3iHge skcnopT 10,7 MJH T-Fa KeTil, peKkopj, KaHapTThl. [JleMek,
OHJipic ecce Ae, OHblI OTKI3y THICTI TacbIMaJl XyueciHe Tayesai. TeMip>KoiablH TacbIMaazay
MYMKIiHZAIri 6eJrisi 6ip LIeKKe HWe, COHAbIKTAaH 6ajlaMa 6aFbITTap MeH Taciigep (TeHi3 »K0Jbl,
KOHTEeMHEePJIiK TachbiMaJl) icKe KOChLIYbI KaXKeT eKeHi alKbIH/1aJ1/Ibl.

YwiHwigeH, UHTepMOJaab/bl TacbIMaJIJbIH, 3KOHOMHKAJBbIK TUIM/IJIIirT HAKThI
MbIca/ilapMeH Heri3genzi. KazakcraH »xaffaiiblH/ja TacblMaJl UIbIFbIHJAPbl 6HIM 6aFacbiHbIH, 30-
40%-p1Ha >KeTeTiHAIri aHbIKTaAAbl, OyJ TYNOKiJIIKTI OGaFaHbl KbIMOATTAThIN, O6acekere
KabineTTinikTi TemeHaeTeni. UHTepMoganbAbl TACi/1 — >KYKTiH Herisri 06eJiiriH TeMip»KoJMeH,
KaJIFaHbIH aBTOK6JIIKIIEH HEMece TeHi30eH Tacy — OCbIHJAl LbIFbIHAAP/Abl KEMITYTre MyMKIiH/[iK
6epetiHi 6esrini 6osaabl. AKII xeHe Eypomna ToxipubeciHeH yiipeHe oTbipbln, KaszakcTaH e3
acTbIfblH Kacniuii TeHi3i apKpliibl 3KCIIOPTTAy, 63€H-KeMe KaTbIHACBIH JaMbITy apKblJbl TaCbIMaJl
TUIMIITIH apTThIpa aJlaTbIHbI TAJKbLIAH/bI.

TepTiHIIigeH, UHTepMOJaJbbl TacCbIMaJlibl JaMBITY YLLIiH meuiayi Kepek
MaceJsieslep auKbIHAAAAbl: UHPPAKYPbLIBIM/BI KaHAPTY (3J1eBaTopJiap, NOPTTap), BaroH NapkiH
KebelTy, uudp/bIK JOTMCTUKA, KOplli esJiepMeH bIHTbIMAKTACThIK. bys Macesenepgi wemy
60MbIHIIIA HAKTbI YChIHbICTAP 6epinji (JIOTUCTUKABIK XabTap Kypy, Tapud KeHiaAikTepi, T.0.).
Erep ocwel mapasiap opbiHZaJsica, Ka3akKCTaHHbIH, KeJIIK [9J1i3[iepi TOJNBbIKKAH/AbI JIOTUCTUKAJBIK
»)K9He IKOHOMMKAJIBIK J9J1i3/jepre aiHasblIl, OHIpJIiK JaMbITyFa MyJIbTUIIJIMKAaTUBTI 9cep eTeTiHi
KyTisiieai [3].

3epTTey HOTWXKeCiHJe 6acTanKbl KOWBLIFAH THUIOTe3a pacTaj/bl: HHTEPMOJATb/bI
TacbiMaJijay WelliMaepiH eHrizy KasakKCTaHHBIH arpapJiblK eHIMJepiH KeTKi3y THUIMJIIIriH
IIbIHBbIHJAA JKakcapTaZbl. Mpbicanbl, 2025 KbLIJblH 0OacblHAA TeMipXOJ apKblIbl aCThIK
TacbIMasbIHbIH, 49%-Fa ecyi (peKopATbIK eHiMre opail) >koHe OHbIH, 6acblM 6eJiiri sKcnopTKa
O6aFbITTa/Jybl — UHTEPMOJaJbJbl XYHeHiH (TeMip»oJ + TeHi3/aBTO) cypaHbICKa He eKeHiH
Jasenpensi. OpranbiK A3Us HapbIFbIHA aCThIK [1€H YH KeTKi3yAe TeMipaKoJI »KeJIicl Ienry1i poJib
aTKapca, *kaHa HapbIKTapfa IIbIFy[a TeHi3 OaFbITTApPbIH Mrepy MaHbI3/lbl 60JbIN Typ. Bya
e3repicTepAiH 6apJiblFbl MHTErpalMsaJaHFaH TacblMaJl )KYHeCiH KypyMeH TiKeJiell 6al1aHbICThI.

KopeiTa aWTKaHga, KazakcraH yuwiH HWHTepMOJasbAbl TacbIMaNJay - ./102UCMUKA/IbIK
muimoinikKe K0/ j#emki3zydiH JdcaHe HcahaHdblK a3blK-my ik HapbiFbIHOaFbl 6acekede anda 601y0blH
kenizi. Enpaiy kesiik MHQpaKypbLIbIMbIHA COHFbI XKblJI/Iapbl CaJIbIHFAH ipi MUHBecTULMANAD (KaHa
TeMipIKoJ1 XKeJtijiepi, aBT0KoJ1 19.J1i3/1epi, MOPT KellleHAepi) 63 keMiciH 6epyi yuiiH osap/bl e3apa
6alIaHBICTHIPBIN NalJasaHy KaxeT. UHTepMoJanbbl Kyile - [9J1 COJl OalJIaHbICTBIPY/IbIH,
TeTiri. by TeTiKTi AypbIc KYMBIC icTeTy Ka3aKCTaHHBIH aCThIK 3KCIIOPTHI K6JIeMiH opTa Mep3iMAi
6os1amiakTa 15 MJIH TOHHA >XKOHE O/IaH »KOFaphbl JeHreire KOTepyre aJjieyeTi 6ap Jen TYKbIpbIM
»Kacayra OoJsiazipl. Opi OyJ/1 TeK CaH/ABIK 6CiM eMec, camajblK TYpPFblAa JAa THIMJI TacbIMas
KYPbIJIBIMBIH KaJBIITACThIPYy 6oJiMaK. HMHTepMoaanbAbl KyHesepAiH TYpPaKTbLIbIFBI MeH
6eliMenriluTiriH apTThIPY KYK KeTKi3yJiH y3ijicci3fiiriH KaMTaMachl3 eTy YLIiH MaHbI3/bl
6oJiblN TabbLIaAbI [13].
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Anpafbl yakpITTa XKYPri3ijieTiH casicaT neH 6M3Hec 1IeliMepi 0Cbl 3epTTeY YChIHBICTAPbIH
eckepce, KazakcraH Eypa3susajarel 6acTbl arpapJ/iblK XabKa >kxoHe KeJliK-JIOTMCTUKaJIbIK TopabblHa
allHa/ly MakcaTblHAa Oip KajaM JKakblHAaWAbl. bBys aybul mapyallblIbIFbl  ©HIMJEpPiH
VHTEepMOJaJb/bl TacbIMa/ijay FaHaA eMeC, KaJlllbl eJiMi3/jiH KeJIiK-JJOTUCTUKA CaJaCbIHbIH,
TYpPaKThl JAaMYbIHA CENTIriH TUTri3epi ce3cis.

ABTOpJ/IapABIH, KOCKaH YJIeCi.

KambicbaeBa A.T - MaTepuasiap/ibl )KUHay, aJbIHFaH JlepeKTepAl Tal[ay >KoHe TYCIHAIpY,
>)KYMBICTBIH, HETi3ri MakKcaTbl MeH MiHJAEeTTepiH aHbIKTAy X9HE TYXbIPbIMJAY, KOJKa30aHbIH,
»K0OaJIbIK, HYCKACBIH Kacay, AepeKTep/i )KUHay, Mo/JieJibJley, 6o/Kay )KoHe MaKaJia »Kasy.

J1.3.bex:xkaHOB- JlepeKTep i )KuHay, Tal[ay, MOTiH »Ka3y.
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Ka3zaxckuii HayuoHa1bHbIL UcciedosamenbcKull mexHu4Yeckull yHugepcumem
um. K.H.Camnaeesa, Aimamusl, Kazaxcmax

HUHTepMoOAa/ibHBIE IEPEBO3KU: CYIHOCTb U 3HAYEeHHUe

AHHOTanmAa. B jaHHON HayyHOUW 00630pPHON CTaThe aHAJIMU3UPYETCs CYLHOCTb W 3HAYEHUEe
MHTEPMO/IaJIbHBIX IePEBO30K CeJIbCKOX031MCTBEHHOW NpoAyKMU B Kasaxcrane. UcciienoBanue
OyZeT cocpefjOTOYEHO Ha NMpPAaKTUKe KOMOWHHPOBAHHOI'O HMCIOJIb30BaHWUSl HECKOJIbKUX BUJIOB
TpaHCIopTa (3KeJe3HOL0POXKHOI0, aBTOMOOUJIbHOI'0, MOPCKOT0) B NMOCTAaBKax 3epHa U JApPyrou
arpapHo# npoaykuuu B KasaxcraHe. BoisiBsieTcsl cCOBpeMeHHOE COCTOSIHME WHTEPMOJAJIbHBIX
nepeBO30K B arpapHod Jioructuke KaszaxcTaHa, OCHOBHble OCOGEHHOCTH UM MpPOO6JIEMBI,
ONKChIBAETCS MECTO MEXKYHAPOAHOTO OMbITA B UX pellieHUU. B pe3y/ibTaTe UccieJoBaHUSA ObLI0
II0Ka3aHO, YTO pa3BUTHe MWHTEPMOJAJNbHBIX CHACTeM MOBbIIAeT 3PPEeKTUBHOCTD
TPAHCMOPTUPOBKU CEJbCKOX03SWCTBEHHOW MNPOJAYKIMHU U obJierdaeT ee J[JOCTaBKy Ha
BHYTPEHHHUU U BHELIHUN PbIHKU. B cTaTbe JlaHbl KOHKPETHBIE CCBIJIKU He MeHee YeM Ha 5 cTaTel
6a3bl JaHHBIX SCOPUS 110 TeME, a TAKXKe IIpe/ICTaBJIEHbI /iBe TaOIMLbI U IBE JUarpaMMbl HAa OCHOBe
JIAaHHBIX TPAaHCIOPTUPOBKHK arpapHou mpoaykuuud B KasaxctaHe. Pe3ysibTaThbl HcC/ieJOBaHUSA
Jlal0T BbIBOJbI U pEKOMEeHJaldu I0 COBEpLIeHCTBOBAHUIO JIOTUCTHYECKOTO NOTeHIraja
OTEUYEeCTBEHHOT'0 arpapHoro CeKTopa W pPa3BUTHI0 UHPPACTPYKTYypbl HHTEPMO/IAJbHbBIX

1lepeBO30K.
KiroyeBble cji0Ba: HMHTepMoOJasibHble IEePeBO3KH, JIOTMCTUKA, CeJbCKOX03AHMCTBEHHas
NpPOAYKI S, TPaHCNOPTHAsA MHPPACTPYKTYPa, Kazaxcrasn; arpapHbId 3KCIIOPT,

MYJIbTUMO/IQJIbHBINA TPaHCNOPT, 3G PEKTUBHOCTD MEPEBO30K.

A.Kamysbaeva, D. Bekzhanov

Satbayev University, Almaty, Kazakhstan
Intermodal transportation: essence and significance

Abstract. This scientific review article analyzes the essence and significance of intermodal

transportation of agricultural products in Kazakhstan. The study will focus on the practice of
combined use of several modes of transport (rail, road, sea) in the supply of grain and other
agricultural products in Kazakhstan. The article identifies the current state of intermodal
transportation in agricultural logistics in Kazakhstan, the main features and problems, and
describes the place of international experience in their solution. As a result of the study, it was
shown that the development of intermodal systems increases the efficiency of transportation of
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agricultural products and facilitates their delivery to domestic and foreign markets. The article
provides specific links to at least 5 Scopus database articles on the topic, as well as two tables and
two diagrams based on agricultural transportation data in Kazakhstan. The results of the study
provide conclusions and recommendations for improving the logistics potential of the domestic
agricultural sector and developing the infrastructure of intermodal transportation.

Keywords: intermodal transportation; logistics; agricultural products; transport
infrastructure; Kazakhstan; agricultural exports; multimodal transport; transportation efficiency

References

1. ResearchGate - Gylym zertteu zhane zhariyalanymdar platformasi. — [Electronic resource].
- Welcome: https://www.researchgate.net (timid kuni: 05/13/2025).

2. The Astana Times. Kazakhstan's Agricultural Industry Shows Positive Growth Despite
Pandemic // The Astana Times, 02/10/2021. - [Electronic resource]. - Welcome:
https://astanatimes.com (Date: 05/13/2025).

3. MDPI. Sustainability Journal - Ashyk gylym journaldar bazasy (Scopus). - [Electronic
resource]. - Welcome: https://www.mdpi.com (timid kuni: 05/13/2025).

4. Revista Espacios - Logistics zhane economics salasyndagi halykaralyk gylym magazine
(Scopus). - [Electronic resource]. - Welcome to: https://www.revistaespacios.com (Timmy kuni:
05/13/2025).

5. U.S. Wheat Associates. U.S. Wheat Export Logistics. - [Electronic resource]. - Welcome to:
https://www.uswheat.org (Timid kuni: 05/13/2025).

6. Colab.ws Multimodal Transport and Food Logistics in Europe. - [Electronic resource]. -
Welcome to: https://www.colab.ws (timid kuni: 05/13/2025).

7. Business Perspectives - Economics, kol zhane logistics boyynsha gylym journaldar bazasy

(Scopus). - [Electronic resource]. - Welcome: https://www.businessperspectives.org (date:
05/13/2025).
8. Qazinform - Kazakhstan zhanyktar agency. - [Electronic resource]. - Welcome:

https://www.inform.kz (timid kuni: 05/13/2025).

9. Hou, Y., Chen, X. Performance measurement in intermodal freight transport systems:
literature review and research agenda // Research in Transportation Business & Management. -
2022. - Vol. 43. - Article ID: 100736. - DOI: https://doi.org/10.1016/j.rtbm.2022.100736
(Scopus).

10. Salimova, M., Chen, Q. Factors influencing intermodal transport efficiency and
sustainability // Cogent Sustainability. - 2022. - Vol. 4(1). - Article ID: 2050789. - DOLI:
https://doi.org/10.1080/23311916.2022.2050789(Scopus).

11. Salimova, M., Chen, Q. Factors influencing intermodal transport efficiency and
sustainability // Cogent Sustainability. - 2022. - Vol. 4(1). - Article ID: 2050789. - DOLI:
https://doi.org/10.1080/23311916.2022.2050789(Scopus).

12. Gnap,]., Camaj, J., Novak, F. Digitalization and Automation in Intermodal Freight Transport
// Logistics. - 2022. - Vol. 2(1). - P. 23-34. - DOI: https://doi.org/10.3390/logistics2010003
(Scopus).

13. Yang, L., Xu, C. Evaluating the sustainability and resilience of an intermodal freight
transport network // Transportation Research Part E: Logistics and Transportation Review. -
2024.-Vol. 181. - Article ID: 103312. - DOI: https://doi.org/10.1016/j.tre.2024.103312 (Scopus).

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 81
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



A.T.KamnbicbaeBa, /|.3. bek:xkaHOB

CBeaeHus 06 aBTOpax:

KambicbaeBa AikaH TanraToBHa - aBTOp /AJis1 KOPPECHOHJAEHIUM, JOKTOpaHT Kasaxckoro
HALMOHAJIBHOTO HCC/Ie0BaTeNbCKOro TexHu4YeckKoro yHuepcuTera MM. K.M. CarmaeBa, yui.
CarmaeBa, 22, 050013, AnxmaTthl, KazaxcTaH.

BexxxaHoB /JluHap 3apKyMOBHY - CEHbOp-JIeKTOp, K.T.H. KocTaHalCKMM HHXeHepHO-
9KOHOMHYECKUU yHUBepcUuTeT uMeHHu M. Jlynatosa

KambicbaeBa AiixkaH TasraTtoBHa - xaT-xabap aBTopbl, K.M. CoTb6aeB aTbiHgaFrbl Ka3ak y/ITThIK
3epTTey TeXHUKaJblK YHUBEPCUTETIHIH JoKTopaHThl, CoTbaeB kemieci, 22, 050013, AnmaThbl,
KaszakcraH.

Bex:xxaHoB /[luHap 3apKyMOBHY-CEHbOP-JEKTOpP, T. ¥. K. M. /[lysaTtoB aTeiHZarbl KocTaHan
MHKeHEPJIiK-9KOHOMUKAJIbIK, yHUBEPCHUTETI

Kamysbaeva Aizhan- Corresponding author, PhD student, Satbayev University, 22 Satpaev str.,
050013, Almaty, Kazakhstan (Kamysbayeva.A@stud.satbayev.university)

Bekzhanov Dinar -senior lecturer, candidate of technical sciences, Kostanay Engineering and
economic university named after M. Dulatov

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY NC) license (https://creativecommons.org/licenses/by-nc/4.0/).

82 Ne4(153)/ 2025 JLH. I'ymunes ameiHdarsl Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI
TexXHUKA/IbIK FblAbIMOAP HCaHE MEXHO102USAAP CEPUSIChI
ISSN: 2616-7263. eISSN: 2663-1261



JLH. I'ymunee amuindarwl Eypasus yimmeuik ynusepcumeminiy XAGAPILBICHL
ISSN: 2616-7263. eISSN: 2663-1261
TEXHUKAJIBIK FbUUIBIMJAP }KOHE TEXHOJIOTUAJIAP CEPUACHI /
TECHNICAL SCIENCES AND TECHNOLOGY SERIES/
CEPUA TEXHUYECKHUE HAYKH U TEXHOJIOTUH

XFTAP 55.13.99 https://doi.org/10.32523/2616-7263-2025-153-4-83-95
FeuieiMu MaKasia

HuauHApiik 6esmeKkTi 3d 6achin MIbIFApPy YUIiH a3 UHBECTULUAMEH
WAAM 1uiatrdopMachkiH naingasaHy MYMKIH/IrH 3epTTey

K.E Kyausapoek!* , E.3.Hyrman12" , A.K. Mycragal?
M.K. CarpiHTain2" , U.M. llocebaeB!

1K.H. Cam6aee ambiHdaFsl Kazak yammulk 3epmmey mexXxHUKaAbIK yHU8epcumemi,
Aamamel K., Kazakcmau
2TOO“RnD Center”, Aamamui, KazaxcmaH

E mail: kudiyarbek.k@gmail.com, e.nugman@satbayev.university,
a.mustafa@satbayev.university, skmuchagali-2009@mail.ru, nomad.i.m.13@mail.ru

Appgarna. Wire Arc Additive Manufacturing (WAAM) - ©Oyn JofanbIk
JloHeKepJiey  IpoleCiHe  Heri3feareH MeTaJsl  aAJUTUBTI  eHZipic
TEXHOJIOTUSACHI, OJ1 CbIM/JbI 3JIEKTPOATHI OAJKbITY apKblibl KabaTTan MeTasll
OesilleKTepAi KaJbIITACTbIpyFa MYMKIiHZIK Oepefi. 3aMaHayd 3epTTeY/iH
6acpIM OeJsiiri poboTTasFaH [J9HeKepJey >KyHeciH mnaiganaHajbl. bByn
3epTTey/ile a3 MHBECTULMUSJIbI KoHe KapamnaWblM KOHQUrypaunus HerisiHje
KypactbipbiFaH WAAM kyHeciH KOJJAHbIN, LUWJUHAPJIK 6eJilieKTep/i
»KacayAblH MYMKiHZAIrI 3epTTenai. Kypblirbl peTiHZe aliHaJIMasbl YCTeJl MeH
TiK OaFbITTaFbl Z-0Cb KO3FajJbIC MOJYJIMEH YiJeciMi apKblibl y3ere
aceipbibl. Kyt mnpoueci GMAW (Gas Metal Arc Welding) opicimen
»kacasbIHAbL. CbIMJbI 3JIEKTPO/, PeTiHAEe HapbIKTa KUl Ke3geceTiH ER70S-6 a3
keMipTeKkTi 6osiaT KoJsgaHbl1blKoHe 100% aproH KOpfFaHbIIl Ta3blH
naiijjajaHy apKblibl KYprisizifji. bacbuiblll WbIKKAH LUJIUHAPJIK OeJiiek
Keciin, aXkapJiay-KblJITbIpaTyAaH KeuiH MUKpPOCKOII apKbIJIbI
MUKPOKYPBUIBIMABIK Tajljay XKYpridisigl. MUKpOKYpPBUIBIMAA A9HAEP YCaK,
M30TpoNThl popMajia TapasifaH, ajl KabaTapasblK lieKapajap/a akay/jap MeH
TOTBIFY i371epi OalkkaiMagbl. Bysn KbliyablH OipKesiki OeJliHTeHIH >KoHe
KOpFaHbILI OPTAaHbIH AYPbIC TaHJAAJFAaHbIH KOpCeTTi. AJIbIHFAaH HOTHXeJiep
KapanaibiM WAAM :kyWeciH KoJiJaHa OTBIPbII, »KOFapbl canajibl MeTaJll
KOMITOHEHTTePiH acayfa 60JIaTbIHbIH XK9He OYJ 9/IiCTiH LIaFbIH 6HAiIpicTep
MeH 3epTXaHaJsiap YIIiH Ko/DKeTiM/i 1eliM 60J1a alaTbIHbIH J9J1e e Ii.
Tyuin ce3gep: WAAM TexHOJIOTHSCHI, KEMIPTEKTI 60J1aT, IoHEKepJIey
napaMeTpJiepi, TUJIUHAPJIK 66J1111eK, MUKPOKYPbLJIbIM
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Kipicne

Wire Arc Additive Manufacturing (WAAM) - cbIMAbl 6a/JIKbIThIN, KabaTTam MeTaslal
OyMbIMJApbIH KacayFa Heri3jesreH aJAuTUBTI TexHosorus[1]. By ajic yHTakKa Herizjenrex
Selective Laser Melting (SLM) nHemece Electron Beam Melting (EBM) cusakrel kypgaeJi
TeXHOJIOTUSIJIapFa KapafaHJa ap3aHblpak [2,3], eHimziniri xofapbei[4].WAAM pgofasbl
JloHEeKepJiey TeXHOJIOTUsIChbIHA HeTi3/le/ireH >XoHe OHJIpICTIK MaclTabTarbl OeJilleKTep/i
»Kacayfa MYMKiH/iK 6epeni [5,6].

Anaiiga WAAM-Fa KaTbICTbl Kasipri 3epTTeyJ/iep/iiH 6acbiM 066J1iri Kyp/eJi >koHe KbIMbOAT
po6OTTaHABIPBLIFAH XyHesep/i Naijananyra Herizgeared [3]. Kypaeni nmiwinai 6esmexktepni
»Kacay YIIiH KeIll OCTi po6O0TTapcChi3, YII OCTi KylesJepMeH Jie KYMbIC icTeyre 6oJsaabi[7].
[ununapaik GesmekTi JaWblHAAy YIIIH TeK allHa/JMaJbl YCTeJ MeH €Ki OCb KeTKiJiKTi[8].
MyHpall KapanailblM KOHQUIypalus apKblibl 6HAIpIC LIBIFBIHBIH €/19yip TeMeH/ieTe OThIPbII,
KabaT camachl »XaFblHaH 0acekere KaOiJieTTi HOTHXKere KoOJI KeTki3yre 6osagbl. KapanaibiM
koHurypanuss WAAM TeXHOJIOTUSACHIH a3 UIbIFbIHMEH LIaFbIH XK9HEe OpTa 6H/ipic OpbIHAApbIHA,
FBUJIBIMU 3epTXaHajlapFa X9He >XOeHJey yJyacKesjiepiHe eHri3y e3eKTi api MaHbI3[bl OOJIbIN
TabbL1aAbI[9].

OcbhiHZal KapanailbiM KOHQUTYpaLUsJIbIK KyHeMeH aJiblHFaH KabaTTap/AblH canacblH >KaH-
KaKTbl  Oafajiay yIIiH MUKpPOKYPBUIBIMJBIK ~ 3epTTey epeklle MaHbI3fa  ue[10].
MUKpOKYpbUIBIMABIK, TalAay KabaTapa/blK 0alJlaHbICTBIH, CalacblH, JAJHHIH 6cy O6aFbITbIH,
KeyeKTepAiH Ty3ijJyiH koHe 06acKa JAa bIKTUMaJ akayJap/blH 0ap >KOFbIH Kepceteni [11].
CoHzbIKTaH Oy KyMmbicTa KapamahbiM WAAM koHQUrypauusicbIMeH LUJIWHAPJIK YJriniep
»KacCaJIbIHbII, 0JIapAbIH, MUKPOKYPBLJIbIMBI 3epTTesell. by o3 Ke3erinae TUIMAIIITI )KOFaphl api
ap3aH eHAipicTiK welimMaepai Herizeyre MyMKiHAIK 6epe/i.

JdjicHaMa

KabatTapgabl Kyt yuwid pguamerpi 0.8 mm ER70S-6 Mapkanbl [gaHeKepJsey CbhIMbl
naijananbiabl. 1- kecrege AWS A5.18 cTaHAapThl OOMbIHIIA ChIMBIHBIH XUMUSJIBIK KypaMbl
KOpCeTiJITeH.

1-kecte. ER70S-6 cbIMbIHBIH XMMUSJIBIK, KypaMbl (MaccasblK yJeci, %)[12
JdJjieMeHT C Mn Si P S Ni Cr Mo Fe

Kypambl 0.06- |1.40- |0.8- 0.025 |0.035 |0.15 0.15 0.15 Kau.
0.15 1.85 1.15

Byn 3epTTeyne kosaganbiraH WAAM xyleci KapamallbIM opi yHeM/[li KoHQUrypanusra
Herizgenzi. Xyile allHasMasibl yCTesa >X9He TiK OaFbITTaFbl Z-0Cb KO3FaJbIC MOJYJiMeH
»KababpIKTasFaH. XKeTek peTiHAe KaJaMAbIK KO3FaJTKbIII KoJAaHbLIbl (1 cypeT). AliHa/JMaJlbl
ycTesire cyocTpaT 6ekiTinai, cyoctpat quaMmeTpi @140 MM KoHe KaJIbIHABIFbI 12 MM 60J1aThIH a3
KeMipTeKTi 60oJs1aT JadbIHAaMa KOJIIAaHbLI/bl. Z-0Ci 60MbIMEH OTThIK OPHATBLIAbL. Kyto nporieci
GMAW (Magnetta MIG-220S ) annmapatbiMeH xyprisingi. Kopraubi ras petinge 100% apron
KOJIJAHbL/IZIbI. APTOH UHEPTTi ra3 OOJIFAH/bIKTAH, OJ J0FA alMaFblH/Aa TOTBIFY/bl a3aWThlIIl,
6aJIKy TYpPaKTbLIBbIFbIH apTThIPa/ibl )KoHE KeyeK CaHbIH a3anlTazpbl[13]. Ocipece a3 keMipTeKTi
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MYMKIHJITiH 3epTTey

6oJsiaTTap/bl 6acy Ke3diHze 6ys1 MaHbI3bl[14].

Herisri [goHekepJsiey mnapaMmeTpJsiepi 2-kKecTede KepceriireH. Kabatr mneH wmymek
apaKalllbIKTbIFbl 7 MM-Te TeH 6o0Jabl. KylibuiFaH UUJIUHAPJAIK Kabbipra 10 KabaTTaH Typ/bl.
Ka6aT KajJbIHAbIFbI 5 MM, GUIiKTiri 3 MM, KyHblIFaH IUIMHADP AuaMeTpi @115 MM, HUIHUHAD
6uikTiri 30 mm (2-cyper).

Ommeik

Atinanma yemeni

1-cypet. OHaipy yuiH naiganansirad GMAW-WAAM nuiatdopmacsl
Ynri 6esiMe TeMnepaTypacblH/ia ayaZia CybITbLIJbI.

2-kecre. /lonekepJiey napametpJepi (GMAW-MIG nporeci)

IlapameTp MoHi Bipuiri
JloFaJibIK TOK 119 A
JloFasibIK KepHey 18.3 B
ChIMZIbI 6€PY KbIIJAM/bIFbI 6.7 M/MUH
KabaT Ky1o Kbl/1JaM/IbIFbl 360 MM /MUH
Cy6cTpaTThblH aliHaJY KbLIIaM/IbIFbI 1 aillH/MUH
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MUKpOCTPYKTypasbIK 3epTTey KYPTri3y YIIiH y/ari QUAWH/APJIK KabblpFaJaH Tik G6aFbITTa
CEKTOp TYpPiHAEe Kecijin anbiHAbI (3-cypeT). 3epTTey YJrici UMJAMHAPAIH TeMeHri OeJiirineH
YKOFapFbl KafblHA JeWiHri KabaTTap/bl KaMTbIJbl, OyJl TEPMUSAJBIK d9Cep MeH KYpPbIJIbIM/BIK,
e3repicTep/iH OUIKTIK O0MBIHIIA TapaayblH OaKpLIayFa MyMKiHAIK 6epAi. MUKpOCTPYKTypaJbIK
deprrey WAAM  opiciMeH  padblHAQ/NFaH  LUWJIMHADPJIK — OesilleKTepJeH  aJIbIHFaH
MeTa/1IorpadUAIbIK LU TepAe )Kyprisiajgi.

T L T g e

; 9 10 11 12 13 14 15 16 17 18 19 20 21 22

- ACCIAIO v’
i\ 5 6 7 8 9 10111213 14
i i f Ll

2-cypeT. bachln WIbIKKAaH UJINH/PJIiK KOMIIOHEHT: a) YCTiHEH KapaFaHAaFbl KepiHic b)
aJiibIHaH KaparaHJaFrbl KepiHic

Yarinep angbiMeH MeXaHUKAJbIK 9/JliclleH TiK KUMaja Kecijin, keilin Buehler EcoMet
aBTOMATTaH/bIPbUIFAH a)apJay-KbITbIpaTy yHeciHJe CTaHJapTTbl MeTalJIorpadusbIK,
JIalbIHIbIK, POTOKOJbIHA colikec eHAenAi (ASTM E3-11)[15]. AnabsiMeH aptypJi rputti SiC
KarasaapbiMeH, P320-1200 6ipiszisikneH a>kapJiaHblll, KEHMiH ajiMa3 nactajapbl KeMeriMmeH 9 um
— 3 um — 1 pm-re *)bITbIpaTblI/bl. JKbLIThipaThiiFaH 6eTTep HCl epiTiHAiciHge XUMUSIBIK
eHJeyAeH oTTi, 6ya1 peppuT-nepauT ¢aszanapbiH, KabaTapasblK lieKapaaapAbl alKbIH Kepyre
MYMKIiHAiK 6epni.

Unnunuap

Ynrinep

3-cypeT. 3epTTeyre AaublH YJTi
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3eptTey Leica DMi8 wuHBepTTesreH onTHUKaJblK MHUKpockomnbiHZa 50-1000x yiakelTy
ayKbIMbIH/ZA KYPri3isijai. KypblibIM/bl *Kallbl CUNIATTAY YILIH 9p KabaT alMaFblHAH KeJIJleHEH
»K9He TiK 6aFbITTa LKMPTepP anbliHAbL 50 YIKEeHTYy - MaKkpoakayJap/bl aHbIKTay yuiiH, 100x-
200x yIKeUTy - A9H 6aFbIThl MEH IllleKapaJiapbiH 6aFasay yuriH, 500x-1000x yJKeHTy — mepJuT
neH ¢eppuTTiH MOpPQOJIOTUSCHIH >K9HEe MHUKPO ¢asajblK KaTbIHACTbl aHbIKTay VIUiH
KOJIZ@HbLIAbl. AHa/Ju3 GapbICbIHAA J9H TY3iJy 6GaFbIThl, KabaTTap apacblHJafbl IlleKapaJap,
dazanbIK KypblIbiM (peppHUT-NIepsnT), BIKTUMAJ aKayJaap 3epTTe].

HoaTtmxesiep MeH TaJIKbl1ay

50x ynkedTy (4-cypeT) Ke3iH/e 3epTTe/reH YJrifie MakpoakayJjap MeH TOJbIK OaJKbiMay
ailMakTapbl 6alKa/iMajbl. Bys1 KabaTapasiblK MeTa/IyprusiiblK OallJIaHbICTbIH, TOJIBIK >K9HE
camnavsibl >Ky3ere acKaHbIH JaJenjeiii. KabaTTapablH apacblHAaFbl lleKapasiap BU3yas/ibl TYpAe
aXbIpaThIJIFAHbIMEH, KYPbLIbIM Y3/IiKCi3 XoHe 6ipTeKTi 60/FaHbl 6alKal/bl.

100x-200x ynkelTy (5-cypeT) ayKbIMbIH/A KYPTi3isireH 6akpliay 6apbICblHAA JOHJEPAIH
HeKapaJjapbl HaKTbl KepiHai. [loHgep 6ip-6ipiMeH ThIFbI3 OpHa/JACKaH, YCaK 9pi KONOYPbIIIThI
nimidre wue. /IoH Ty3isy O6GaFbIThbl Heri3iHEH H30TPONThl, AFHU KabaT OMIKTIri 6oMbIHIIA
OafbITTajJMaraH, OyJl  KbLIy  eHri3yJiH  OipKaJbINThl >oHe  aWHaiMaibl WAAM
KOH(QUTrypanysacbIMeH *aKCbl 6acKapblJIFaHbIH KopceTe/,.

500x-1000x ynkeuTy (6-cypeT) AeHreiinjie GeppuT NeH NepaUTTiH pa3aiblK KypblIbIMbI
alKbIHZanAbl. PeppUT MaTpULACbIH/A YCAK NEPJIUT apaJ/iliajaphl allblpaHAbl TYPAE TapaJFaH.
[lepauTTiH MeJuiepi a3, Gipak »KeTKiJikTi TypAe Oailkasagbl. Eki ¢asaHbIH apacblHAAFbI
nieKapaJjiap aHbIK >X9He KOHTpacThblibl. Pazanap apacblHAa Y3AiKCi3 eTy GallKasMail/ibl, SFHU
KPUCTa/JjaHy MeH CaJIKbIH/IAy PeXKUMI XKaKChl OaKblJIaHFaH.

XKanne! anFaHza, aJblHFAH KYPbIJIbIM GipKeJiKi, ThIFbI3 )K9HE aKayChl3, /[9HAep apachIHAAFbI
lieKapaJiap alKpblH, ajJl GpeppUT-NiepUT paszasblK apaKaTblHAChl TOMEH KOMIpPTEKTi 60J1aTKa ToH
Tene-TeH KypbuUibiMJbl kepceTeni. byn WAAM mnpoueciHiH TypakTbl OpbIHJAJFaHbIH >K9He
eH/leJITeH akMaKTap/Ja KYPbLIbIM/IbIK OY3bLIbICTAPAbIH 60JIMaFaHbIH pacTal/bl.

Bellamkonda »xaHe apinTectepiniy (2021) [16] 3eptTeyinge WAAM apKblibl ajblHFaH
KOMIpTeKTi 60J1aT KOMIIOHEHTTEPiHAe KabaTTap apacbiH/[aFbl 6aFbITTAJNIFAH J[9H 6CYi OaMKaJIbII,
TOMEeHIi KabaTTap/a >XbLIy XUHAKTaJlyblHAH AJHJAEPAIH ecyi TipkejreH 6oJiaTblH. A 6i3fiH
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»KaFJaija op KabaT allMaFrbIH/AA A9H/EpP YCaK dpi U30TPONTHI MillliHJEe TapaJsiFaH, 6y/1 alHa/JIMaJlbl
ycTesl KOHQUTYpaUMsICBIHBIH TEPMHUSJIbIK JKYKTEMeHI TeH 0esyAi KaMTaMacbhl3 eTKeHiH
KepceTe/l.

ConbiMeH Kartap, T. Ron xoaHe T.6. (2019) [4] 3epTTeynepinge WAAM oajiciMeH asblHFaH
TeMeH KeMipTeKTi 60J1aT KYpPbIJIbLIMbIH/IA TOTBIFY *KoHe KipMe dazasapiblH 601y bIKTUMabIFbI
kepceTiynreH. An 6i3 kosnganrad 100% apron atMmocdepacel 6y pakTopaapAbl TUIMAI TypAe
Oachlll, 6Ty MeH TOTBbIFy eHiIMJepiHiH Mmaiaa 60JybIH 60AbIpMabl. Bys 6i37iH »kaFgaijaFbl
KOpFaHbILI ra3/iblH, TUIM/i TaHAAJFaHbIH J2J1e/enai

5-cypeT.MukpokypbibiM: a)100x yakeiTy b)200x yakendTy

ANbIHFaH HATHKeJIep OHEPKICINTIK pobOTTap MEH >KOFapbl KJACThl KyaTThl J2HEKepJiey
ke3/epiMeH [4,16] xypri3isireH 3epTTeyjiepMeH 6aceKkesiece aJlaTbiH JleHrekae 60ab1. Kasmbl,
aJIbIHFaH MUKPOCTPYKTYpaJIblK HOTHXKeJsiep 6acKa 3epTTeysJepMeH CaJbICTbIpFaHJa »KOFaphl
camaJibl K9He OipKeJsiKi KYpbIJIBIMHBIH, KaJbINTAaCKAHBIH JaJeaelai. BypblHFbI 9/1e6ueTTepAe
KeJsTipisireH keibip WAAM KyMbIcTapbiH/Aa KabaTapasblK akayJap MeH AdHJAepAiH ecyi Kbl1y
>KMHaKTaJlyblHA >K9He Oipkesiki eMec 3Heprusi eHridyre 6alJyaHbICTbl 6GalkKasca[l7,18], 6ya
)KYMbICTA MYHJAW KyObLIbICTAp TipKeJreH KOK. DBy o3 Ke3eriHje KoJilaHbLIFaH
KOHQUTypalUsAHbIH TUIMJiIIriH KepceTei.

XKannel, 6y 3epTTey pecypcTapbl LIEKTeyJli opTaja - WIaFblH 6HJIpiC OpBIHAAPBIH/A,
3epTTey UHCTUTYTTapbIH/A KoHe 6iiM 6epy MeKeMesiepiH/ie KOJJaHyFa 00JaTbIH MOAYJIb/IiK
WAAM :xyiesnepiH AaMbITy/blH ©3eKTiJIiriH kepcete/i. 2KoFapbl UHBECTULIMA MEH UHXKeHepJIiK
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KYpZeJislikke 6aiaHbICTBbI OyFaH JeiiH KosnkeTiMci3 6osraH WAAM TexXHOJIOTUSCHIH KeHiHeH
eHTi3yTe »K0J1 allabl.

6-cypeT.MukpokypbibiM: a)500x yakeiTy b)1000x yikeuTy

KoOpBITBIHABI

Ochbl yakpITKa aeuinri WAAM 3epTTeyJiep/iiH, 6acbIiM 6eJiri Kyp/iei *koHe Kol UHBECTUIUS
KaQXXET eTeTiH KbIMOAT pob0oTTap KOJIAaHbLI/bl. ByJ 3epTTeyAe a3 UHBECTUIUSIMEH, KapanabiM
WAAM koHUrypaluUsChIH KOJAaHbIN, 3d LUAUHAPJIK 6eJsileKkTepAi 6acy TUIMAiIIr] 3epTTei.
OcblHZall KapamailblM KOHQUIypauusiblK MYMKIHZIMIH 6afajay ylliH MUKPOKYPBLIBIMABIK,
3epTTey MaHbI3/ibl. AlHA/IMaJIbl YCTEJ M€eH TiK GaFbITTaFbl Z-0Cb KO3FaJbIC MOJyJIiIMEH yhieciMi
apKpLIbl canaJjibl HUJAUHAPJIK 66J11eK aablHAbl. CbiIHaMaHbl MUKPOKYPBLIBIMBIH 3epTTeyze: 50x
YJIKeNTyle KYpbUIbIMbI Y3/iKCi3 *KoHe OipKeski ekeHi OallKasJbl XKoHe MaKpoakayJ/iap, TOJbIK
6aJsiKbIMay aliMaKTapbl 6alKajiMa/ibl, Oy/J1 MeTa/JIypPrusiblK 6alaHbICTbIH calacblH KOPCETTI.
100x-200x yakeuTyae AoHAEPAIH YCaK, KONIOYPHIIITHI 9Pi U30TPONThI TapasFaHbl aHbIKTAJ/bI,
OyJ1 Kby OipKesKi O6JIiHTeHiH >K9He KOpFaHbILI ras/blH THIMJI TaHJAJFaHbIH KepceTTi. A
500x-1000x vyukedTyAe ¢eppydT MaTpULACbIHJAFbl MEPJUT apasliuajapbl aHbIK KepiHim,
dazasnblK KYpbIJIbIMHBIH, KOHTPACTbLIbI 9pi TypaKThl eKeHi 6akKasbl. HoTmxeciHae meTasa
OesiliekTepAi afJAUTHUBTI JJicneH a3 IIbIFBIHMEH 3KacayFa O00JIaTbIHbIH »K9He TaH/AaJIFaH
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KOHUrypanusaHblH, TuiMAiairi ganengenai. byn WAAM TexHOJIOTUSICBIH LIaFbIH OHJipicC
OpBIHZAAPBIH/A, OKY K9He 3epTTey MeKeMeJsiepiHJe KoJJaHyFa MYMKiHAik Oepeni. CoHbIMeH
KaTap, OyJ1 )KyMbIC a/iiaFbl 3epTTeyJiepre Heri3 60osabl. WAAM TEXHOJIOTHUSCBIH KOJKETIM1
€Till, OHbl OH/IPICTIK KaCIOPbIHAAPFa €HTri3yTe 0J1 allajbl.
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H3y4yeHHe BO3MOXXHOCTH UCNOJIb30BaHUs I1laTrpopmbl WAAM ans 3D-neyatu
LUWINHAPUYECKON JeTaJu C MUHUMAaJIbHbIMUA UHBECTULUSIMH

AnHoTanua. Wire Arc Additive Manufacturing (WAAM) - 3To TexHOJIOrUS aJAJAUTUBHOIO
NpPOU3BOJCTBA MeTaJ//IOB, OCHOBAaHHAasi Ha IMpolecce AyroBOM CBapKH, KOTOpas MO3BOJIET
dbopMHpoBaTh MeTaJlJIMYeCKUe JeTalu CJ0SIMU IyTeM IJIaBJeHUsl NPOBOJIOYHOrO 3JeKTpoa. B
N0/ aBJISAI0IIEM OOJIBIIMHCTBE COBPEMEHHbIX UCCJEJ0BaHUM HCNOJb3yeTCs POOOTU3UPOBAHHASA
cucteMa CBapkd. B 3ToM wWcciaefoBaHWM Obla HM3yyeHa BO3MOXXHOCTb M3rOTOBJIEHUS
UJIMHJPUYECKUX JeTalled ¢ Ucnojb3oBaHueM cucteMbl WAAM, nocTpoeHHOU Ha OCHOBE HU3KO-
MHBECTULIMOHHOW Y NMpPOCTON KoHUTrypanyu. B kayecTBe yCcTpocTBa peaiM30BaHO COUYETAHUE
IIOBOPOTHOTO CTOJIa M BEPTUKaJbHOrO Z-0CeBOro MoAy/as [JBuxkeHud. [lpomecc auThsa
npousBoauicsa MmetonaoM GMAW (Gas Metal Arc Welding). B kauecTBe npoBOZHOTrO 3JIEKTPOAA
MCIO0JIb30Ba/sach paclnpocTpaHeHHass Huskoyraepogucras craiab ER70S-6.M 100% apron
NPOBOJUJICA C UCIOJIb30BAaHMEM 3alUTHOIO rasa. BrIpe3aHa LUWJIMHJApUYECKas AeTalb, MOCJIe
M POBKU-TIOJIUPOBKK MPOBeJleH MUKPOCTPYKTYPHbIM aHaIW3 10J, MHUKPOCKONoM. B
MUKPOCTPYKTYpe 3epHa pacnpezejieHbl B MeJKOM H30TPONHOM (OpMe, a Ha MEXCJIOWHBbIX
rpaHyIax He HabJ/oAanoch AedeKTOB U CJe[0B OKUCIeHUs. JTO I0KasaJlo paBHOMEpPHOe
pacnpejesieHde TelJa W NPaBUJbHBIM BbIOOP 3aIUTHOW cpejbl. [losiydeHHblEe pe3yJbTaThl
JIOKa3blBalOT, 4YTO C TMOMOLIbIO THpocTo cucteMbl WAAM MOXHO cO3/JaBaThb
BbICOKOKAQ4YeCTBEHHbIE METAIJINYEeCKHE KOMITIOHEHThI U UTO 3TOT METO/, MOXKET ObITh JOCTYIHBIM
pellleHUeM /11 HEGOJIbIIMX IPOU3BO/JCTB U J1JabopaTOPHUM.

KioueBble ciaoBa: TexHosorua WAAM, yriepogucras cTajlb, NapaMeTpbl CBapKH,
UJIHMHAPUYECKas JeTalb, MUKPOCTPYKTypa
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Exploring the possibility of using the WAAM platform for 3D printing of cylindrical
parts with minimal investment

Abstract. Wire Arc Additive Manufacturing (WAAM) is an additive manufacturing technology
for metals based on the arc welding process, which allows metal parts to be formed in layers by
melting a wire electrode. The vast majority of modern studies use a robotic welding system. This
study investigated the possibility of manufacturing cylindrical parts using a WAAM system based
on a low-investment and simple configuration. The device implemented a combination of a rotary
table and a vertical Z-axis motion module. The casting process was performed using the GMAW
(Gas Metal Arc Welding) method. Common low-carbon steel ER70S-6 was used as the wire
electrode, and 100% argon was used as the shielding gas. A cylindrical part was cut out, and after
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grinding and polishing, a microstructural analysis was performed under a microscope. In the
microstructure, the grains are distributed in a fine isotropic form, and no defects or traces of
oxidation were observed at the interlayer boundaries. This showed uniform heat distribution and
the correct choice of protective environment. The results obtained prove that high-quality metal
components can be created using a simple WAAM system and that this method can be an affordable
solution for small-scale production and laboratories.

Keywords: WAAM technology, carbon steel, welding parameters, cylindrical part,
microstructure
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Abstract. With the rapid expansion of urban areas, roadside green
infrastructure has become a critical element of sustainable urban planning.
While green areas along highways and streets occupy a relatively small share of
the urban carbon sink, they provide disproportionate ecological and social
benefits, including improved air quality, carbon sequestration, effective
stormwater management, heat island mitigation, and support for biodiversity.
This study employs a qualitative comparative case study approach, drawing on
literature and policy analysis from Kyoto (Japan), Hangzhou (China), and
Riyadh (Saudi Arabia), to evaluate how differing climatic and urban contexts
shape the design, performance, and challenges of roadside vegetation. The
findings highlight that canopy type, planting methodology, and policy
frameworks have a strong influence on the effectiveness of RGI, particularly in
regulating temperature, controlling pollution, and supporting ecological
connectivity. However, the study also identifies common challenges across
contexts, such as spatial constraints, high maintenance demands, and
vulnerability to climate extremes. Addressing these issues requires integrated
strategies that combine ecological design, long-term governance, and context-
specific policies. The paper concludes by emphasizing that effective roadside
greening can enhance urban resilience, provided it is supported by informed
planning and sustained management.
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Green areas on highways and streets: a comprehensive study of the benefits and challenges of
implementing vegetation on roadways

Introduction

Even the most diminutive natural elements may effectuate substantial transformation in the
urban milieu. Trees serve as the city's “lungs” and reservoirs of “carbon stock”, while landscaping
approaches often reflect cultural significance, emotions, and symbolism. In addition to aesthetics,
these aspects impact human psychology and bring movement and energy to otherwise boring
urban landscapes [1]. The built environment is primarily influenced by transportation
infrastructure, which has enduring impacts on mobility systems as well as the broader
environmental, economic, and social framework [2, 3]. Highways are vital to national development
initiatives, serving as crucial infrastructure that addresses social needs and supports economic
progress.

Cities distinguished by their “green” character are increasingly imperiled by the deterioration
of natural components, especially street trees. Landscapes are influenced by several human
factors, including land use, urban design configurations (e.g., roadway layouts), vandalism, and
stewardship [4]. Intense traffic volumes exacerbate the deterioration of roadside vegetation [5].
Consequently, roadside air quality has become a significant public health issue. In Europe,
vehicular traffic was responsible for around 60% of particle number emissions in 2010, with
concentrations in heavily trafficked urban areas reaching as high as 90% [6]. Vulnerable
establishments, including educational institutions, healthcare facilities, and the residential regions
situated within 150 meters of main thoroughfares, face heightened danger.

Urban habitats impose particularly severe circumstances on trees, characterized by thermal
stress, suboptimal soils, drainage complications, and spatial constraints. Inadequate planting
tactics may result in resource wastage and tree death. Meticulous consideration of species
selection, planting timing, and ecological conditions is essential for ensuring survival [7].

Empirical research substantiates the ecological significance of roadside plantings. In Nagpur,
India, avenue plantings and institutional landscapes featured a diverse array of trees, with
roadside plants yielding the most biomass due to their larger tree diameters [6]. Mediterranean
Cypress barriers in Istanbul lowered nanoparticle concentrations by as much as 37%, yielding
direct health advantages for pedestrians [6]. These examples demonstrate that well-designed
roadside vegetation promotes air quality, reduces surface temperatures, enhances thermal
comfort for walkers, and reduces carbon footprints.

Nevertheless, obstacles persist. Restricted tree-pit dimensions, inadequate drainage, and soil
compaction often impede sustained growth [8]. Although several studies emphasize the comfort
of car occupants, surveys indicate that drivers usually underestimate the benefit of roadside
plantings, despite their extensive ecological and public health importance [9]. This contradiction
underscores the need for comprehensive strategies that integrate transportation, health, and
environmental concerns.

Sustainable road-building approaches are increasingly being used. Green roads constructed
using carbon-neutral or recycled materials can help reduce emissions, absorb excess heat, and
decrease dependence on natural resources [10]. These strategies correspond with international
climate objectives and provide an opportunity to integrate roadside green infrastructure (RGI)
with sustainable engineering methodologies.

Conceptual background

Principles of RGI. RG] encompasses the integration of vegetation and ecological design into
transport corridors to deliver multiple benefits, including pollution reduction, temperature

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 97
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



Quratulain Saifullah, Muhammad Faisal Rehman, L.A. Zhaksylykova, A.M. Saurbayeva, K.K. Arynov

regulation, and biodiversity enhancement. Vegetation can act as both a filter and a barrier,
capturing fine particles on its leaves and thereby reducing human exposure. However, dense
vegetation may also restrict airflow, potentially leading to localized pollutant buildup [11].

Airborne particulate matter (PM) and ultrafine particles (UFPs), primarily emitted by vehicles,
pose a significant health hazard [12]. Roadside trees can reduce exposure for pedestrians, cyclists,
and residents, though the effectiveness varies by canopy structure, density, and species-specific
tolerance to air pollution [13, 14]. Highway vegetation acts as a porous medium, influencing
airflow, pollutant dispersion, and deposition [15, 16]. In this way, roadside trees are not merely
ornamental - they serve as living infrastructure, providing measurable ecological services [17].

Considerations for the selection of species. Species selection is a cornerstone of successful RGI.
Criteria include growth rate, drought and pollution tolerance, canopy density, and lifespan [7].
Tree girth and canopy architecture are also critical: dense, broad canopies improve shading and
particulate capture but may trap pollutants in narrow street canyons [12]. Optimal species,
therefore, balance pollution removal capacity with site-specific spatial and climatic constraints
[1,18].

Biodiversity considerations extend beyond trees to include associated insects, birds, and
pollinators, which rely on roadside vegetation as habitat and movement corridors [19]. Tree
selection should therefore favor species that support diverse ecological interactions, enhancing
urban biodiversity resilience. However, trade-offs exist: long-lived species grow slowly, while fast-
growing trees often have short lifespans [20]. Proactive planning must therefore combine
functional, ecological, and aesthetic criteria in species choice.

Components of RGI. The efficacy of RGI is contingent upon both biological and structural
elements. Essential elements include tree-pit dimensions, drainage conditions, pruning intensity,
adjacent land use, sidewalk width, and the existence of bicycle paths or tree guards [4]. The urban
environment influences the interaction of these components with pollution loads and human use.

Sustainable engineering approaches complement RGI by enhancing vegetation. Green roads
built using recycled or carbon-neutral materials, such as fly ash, slag, rice husk ash, synthetic
rubber, or plastic, decrease greenhouse gas emissions and improve road durability [10]. This
integration converts roadways from carbon-intensive to environmentally beneficial
infrastructure.

The nascent idea of green corridors - transport pathways aimed at enhancing fuel economy,
minimizing CO, emissions, and fostering biodiversity - demonstrates the intersection of ecological
design and transportation planning [21]. International instances, such as Denmark and Vatican
City attaining carbon neutrality, illustrate how RGI and green roads may aid in accomplishing
global sustainability objectives.

The methodology

This study employs a qualitative, comparative case study methodology, complemented by a
critical literature review, to investigate the components, performance, and challenges of roadside
green infrastructure (RGI) in urban environments. Three cities - Kyoto, Japan; Hangzhou, China;
and Riyadh, Saudi Arabia were selected based on their contrasting climate zones, urbanization
patterns, and distinctive green infrastructure practices. The research proceeded in three stages:

1) Document analysis - a review of peer-reviewed publications, policy reports, and case
studies (2014-2023) with an emphasis on urban ecology, environmental engineering, and
landscape planning.
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2)  Comparative analysis - evaluation of key RGI parameters, including: tree species
selection and canopy types, planting methodologies, temperature control, air pollution mitigation,

and biodiversity value.

1-Table. Comparative overview of RGI practices in Kyoto, Han

Indicator Kyoto, Japan Hangzhou, China

gzhou, and Riyadh.
Riyadh, Saudi Arabia

climate, with a
pronounced urban
heat island effect

climate,
hot and humid
summer

Urban context Dense, historic Rapidly Low-density,
city; compact urbanizing car-dependent
urban form megacity; metropolis

mix of old/new
districts
Climate zone Moderately humid | Humid subtropical | Arid climate,

extremely high summer
temperatures

Dominant canopy type

Mixed deciduous-
evergreen (e.g.,
Zelkova, Ginkgo,

Broadleaf
deciduous and
evergreen mix

Drought-tolerant
evergreen species
(e.g., Date palm, Acacia,

grates;emphasis
on aesthetic

integration with
parkways and

Camphor trees) (e.g., Platanus, Conocarpus)
Cinnamomum,
Osmanthus)
Planting methodology Narrow tree pits Large avenue Spaced plantings along
with stone plantations; wide boulevards;

irrigation-supported
roadside plantations

methods

barriers near
traffic corridors;
emphasis on
particulate capture

with layered
vegetation;
integration of
water bodies for

alignment with waterways
streets
Pollution control Vegetation Green corridors Limited direct air

filtration; emphasis on
dust suppression and
shading

cooling
Temperature regulation | Shading + Combined shading | Shade provision
evapotranspiration | + water cooling primary; high
reduce the surface | effects in summer | evapotranspiration
heat island limited by aridity

Biodiversity value

Supports
pollinators and
native urban fauna

High tree diversity
enhances bird and
insect populations

Limited diversity;
mostly monocultures
adapted to arid soils

Unique challenges

Space constraints
in historic
districts; root

High urban
growth pressures;
risk of

Extreme heat, scarce
water, soil salinity; high
cost of irrigation
maintenance
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confinement in monoculture
narrow pits disease outbreaks
Tree survival rate factors | Soil compaction, Competition for Dependence on artificial
limited pit volume | space with irrigation; vulnerability
infrastructure; to drought and water
intensive scarcity
maintenance
needed
Policy/management Strong emphasis Integration of Strategic greening in
focus on cultural “eco-civilization” | line with Vision 2030
landscape policies into urban | sustainability goals
preservation greening

3) Performance indicators - identification of measurable outcomes, such as: decline in the
temperature of the air and the surface; Pollutant absorption efficacy (e.g., PM2.5, NOx); Spatial
configurations and tree survival rates (e.g., the design of tree pits, the presence of grates); The
influence of land use patterns on the sustainability of vegetation.

This comparative paradigm aims to provide context-specific insights on optimizing RGI to
mitigate environmental stresses while improving urban resilience and livability.

Comparative case studies

Kyoto city, Japan

In Kyoto, Japan, a study highlights the relationship between local land use planning and the
growth of street trees, which are considered essential ecological assets. These trees provide
ecological connectivity, alleviate heat island effects, and support wildlife. Effective street tree
planting involves careful design, selection of appropriate species, and measures to protect them
from pedestrian damage. Local planners have enhanced tree conditions through detailed attention
to planting strategies, reflecting the complex factors influencing urban success in developed
regions [6].

Hangzhou city, Zhejiang province, China

Roadside trees are vital to urban forests, enhancing the environment by cooling and
humidifying air during summer through solar radiation management. However, quantifying their
impact on air temperatures is challenging due to their complex 3D structures and varying planting
types. Research in China indicated that umbrella canopy designs yield the best cooling effects,
while columnar shapes provide the least benefit. Canopy cover reduces the amount of solar energy
reaching road surfaces, thereby helping to lower air temperatures. The cooling and humidification
effects are closely linked to canopy shape, with species featuring pileate, spherical, or high
pyramidal canopies recommended for plantings along highways. Two-sided plantings are also
advocated for metropolitan areas [22].

Riyadh'’s green highway

The thoughtful landscape strategy for highways in Saudi Arabia enhances not only aesthetics
but also functionality, fostering increased tree cover and biodiversity, and creating urban
ecological corridors. This design approach reflects the understanding of the past, rooted in the
Elemental Heritage of Saudi Arabia, which influences the city's evolution through culture, ecology,
history, architecture, and topography. By integrating these factors, the design preserves historical
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and cultural elements while ensuring development, emphasizing a balance of the core elements:
Fire, Earth, Water, and Wind. To highlight the similarities and differences across the three contexts,
Table 1 presents a comparative overview of RGI practices, linking canopy types, planting
methods,
and key challenges in Kyoto, Hangzhou, and Riyadh.
Challenges and future direction
Despite proven benefits, roadside plantations remain highly vulnerable in rapidly urbanizing
regions. In Asia, mature trees are frequently removed to accommodate road widening, metro
corridors, or subterranean infrastructure such as gas lines and sewage systems [3,7]. These
pressures result in fragmented planting strips, reduced soil volumes, and higher mortality rates.
Future directions for RGI must address three interlinked challenges:
o Spatial constraints - ensuring adequate soil, drainage, and continuous
planting strips rather than isolated pits;
o Biodiversity protection - integrating ecological restoration and corridor
planning into roadside design [19];
o Governance and perception - overcoming the undervaluation of vegetation by
motorists and ensuring long-term stewardship.

Findings/Discussion

Structural and biological factors influencing RGI performance. Efficient RGI depends on the
harmonious integration of biological and structural elements. In the three case studies, several
crucial elements were consistently recognized as vital for success: (i) the choice of pollution-
resistant and rapidly growing species, (ii) regular maintenance practices including pruning and
canopy management, and (iii) adequately sized and continuous tree pits to facilitate healthy root
growth [1, 20]. Complementary infrastructure components - such as bike lanes, flowerbeds, and
expansive sidewalks - are similarly significant in mitigating soil compaction and protecting root
zones from trampling [23]. These approaches, when combined, promote resilient canopies,
enhance pollution collection efficiency, and promote ecological stability in densely populated
urban environments.

Climatic and ecological advantages. Unique meteorological and urban characteristics
influenced the environmental benefits of RGI in each location.

- Kyoto, Japan: Low-canopied, terrestrial trees improved ecological connectedness and
alleviated the urban heat island phenomenon. Meticulous species selection yielded elevated
survival rates, especially in settings of space limitation [6].

- In Hangzhou, China, umbrella-shaped canopies lowered surface air temperatures by as
much as 2.5 °C relative to asphalt, while dual-sided roadside plants enhanced shade and soil
moisture retention [22].

- Riyadh, Kingdom of Saudi Arabia: In the dry environment, green roadway designs created
ventilation corridors that enhanced microclimatic comfort. These techniques amalgamate
ecological design with cultural legacy, underscoring the synergy between contemporary
infrastructure and old environmental wisdom.

Comprehensive research indicates that canopy shape has a significant impact on air pollution
deposition, ventilation, and temperature regulation. Porous vegetation may promote the
dispersion of pollution, but thick foliage can entrap delicate particulate matter in urban street
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canyons, exacerbating near-road air quality. This highlights the importance of tailoring canopy
design to individual sites. Socio-ecological issues. Notwithstanding their advantages, RGI
initiatives encounter considerable limitations.

The fast urban growth in Asian megacities often results in the elimination of older trees,
creating fragmented and narrow planting strips with reduced ecological efficacy [23]. Recently
planted roadside trees have experienced elevated death rates due to vandalism, inadequate care,
grazing pressures, and persistent exposure to automobile pollution [20]. In India, roadside
plantings face significant biotic stressors, including encroachment, overcrowding, and fires, which
compromise their long-term viability despite extensive planting initiatives [20].

The urban form also presents issues. Elevated roadway canyons impede ventilation and entrap
pollutants, exacerbating exposure levels for pedestrians [23]. Although barriers, such as fences or
plant belts, help mitigate traffic-related air pollution (TRAP), they may also raise societal concerns
over accessibility, aesthetics, and fire hazards [26, 32]. Moreover, conflicts between root systems
and urban infrastructure (e.g., sidewalks, drainage systems) hinder the long-term viability of RGI
projects [20].

Innovative practices and future directions. Emerging strategies demonstrate how RGI can
evolve beyond conventional street tree planting. Incorporating recycled materials, including fly
ash, plastics, and steel slag, into pavement construction improves road durability while lowering
CO, emissions [24]. Similarly, Low Impact Development (LID) practices, such as rainwater
harvesting for irrigation in Taichung (Taiwan), integrate water-sensitive design into
transportation infrastructure [27]. Bioengineering techniques, including slope stabilization with
native vegetation, further enhance erosion control and reduce landslide risks [28, 29]. At the global
level, advanced climate mitigation approaches, including direct air capture and peatland
restoration, underscore the importance of integrating urban RGI with broader negative-emission
strategies [24]. While resource-intensive, these technologies complement the immediate benefits
of strategically placed vegetation, which captures pollutants most effectively when located near
emission sources [30]. Policy implications for urban planners. The comparative evidence from
Kyoto, Hangzhou, and Riyadh suggests several actionable insights:

- Structural design is decisive: Canopy shape, pit size, and planting layout influence
pollutant control more strongly than species choice alone [11, 23].

- Context-specific approaches are essential: Cooling should be prioritized in humid regions
(Hangzhou), ventilation in the arid areas (Riyadh), and ecological connectivity in dense historic
districts (Kyoto) [6, 22].

- Socio-ecological resilience must be built in: Without adequate maintenance, protection
from vandalism, and adaptation to local biotic pressures, even well-designed RGI projects suffer
high mortality [20].

- Circular economy and eco-design add value: Recycled construction materials, water-
sensitive designs, and ecosystem-based engineering practices improve both sustainability and
cost-effectiveness [24, 27].

In sum, RGI has demonstrated strong potential to mitigate air pollution, reduce thermal stress,
and enhance urban biodiversity. Yet, its long-term effectiveness depends on balancing ecological,
structural, and socio-economic factors while adopting context-sensitive planning frameworks that
align with both local and global sustainability goals.
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Conclusion

This comparative analysis of RGI in Kyoto, Hangzhou, and Riyadh highlights the commonalities
and unique challenges of implementing urban vegetation policies in diverse climatic and cultural
contexts. Kyoto exemplifies the significance of ecological connectedness in densely populated
urban environments, Hangzhou showcases the cooling capabilities of umbrella-shaped canopies,
and Riyadh highlights the need for ventilation corridors in desert regions.

The results validate that structural elements - such as canopy type, planting arrangement, and
tree pit design - are crucial for reducing pollution and managing thermal conditions. Nonetheless,
these advantages are often compromised by socio-ecological obstacles, such as insufficient
maintenance, biotic stressors, and urban encroachment. Innovative strategies, such as the use of
recycled materials, water-sensitive design, and bioengineering methods, offer promising avenues
for enhancing resilience and sustainability.

The policy implications are evident: urban areas must implement context-specific, multi-
faceted solutions that emphasize structural design, guarantee long-term maintenance, and
integrate circular economy concepts. Consequently, roadside green infrastructure may transition
from a decorative element to an essential aspect of climate-responsive and socially resilient urban
development.
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Kyparyaaiin Caudysia 1, Myxammazg ®eiican Pexman! ,
JI.A. XKakcbuibikoBaZ, A.M. Cayp6aeBa?’, K.K. ApbIHOB?

1HHo1ceHepus JcaHe mexXHo.102usl yHuUsepcumemi, Jlaxop, Ilakicman
2 JI.H. T'ymusaee amuindarsl Eypazus yammuik yHugepcumemi, Acmaxa, Kazaxcmax

ABTOMarucTpa/jibaep MeH KelleJiepAeri »Kacbl/1 allMaKTap: »K0J1 60¥bIHA 6cCiMAIKTep
OTBIPFBI3Y/bIH, AP THIKIIbLIBIKTAPbl MEH KUBIHABIKTAPbIHA »KaH-KaKThI IIOJIY
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Anpgarna. KananblK aymMaKTapAblH KapKblHJbl KeHeliMeH 6ipre »o0J1 60MbIHAAFbI KaChLI
MHQPaAKYpBLJIbIM OPHBIKTHI KaJja KocClapJ/iay/ZblH MaHbI3/lbl 3JIeMeHTiHe alHanyaa. /JlereHMeH,
aBTOMarucTpajbZiap MeH Kellesjep OOHBIHAAFbl Kacbll alMaKTap KaJaJjblK KeMipTek
CiHipriuiHiH cajblCThIpMasbl TYp/e LaFbIH YJeCiH ajaTbIH 60Jica /13, 0J1ap 3KOJOTHUSJIBIK, XKoHe
9JIeyMeTTIK TYpFblaH aWTapJ/blKTal naija akesefi. OnapZblH KaTapblHJA ayaHbIH calacblH
YKaKCcapTy, KOMipKbIIKbIIAbI CiHipy, Hecep CyJapblH THIMAI 6acKapy, «KalaJblK Kby apajbl»
dCcepiH TOMEH/JEeTY oHe OMOalyaHTYpJIIKTI Koagay 6ap. bya 3eprreyne Kuoto (PKanonus),
Xanwxoy (KpiTai) xkoHe Ip-Pusig (Cayg Apabusicel) KaJsiaJlapblHAAFbl 9/1e0UeTTep MEH CasiCaTThIK,
TajJJjlayFa HeTri3JleJiTeH canaJjblK CaJbICTbIpMaJibl KeUC-CTaAu JAICI KOJIJAAHBLIBII, 3PTYpJi
KJIMMaTTBhIK J>KoHe ypOaHUCTIK IKaFAaWaapAblH Ko0J OOWBIHJAFbl KerasJaH/bIPY/blH
»KoOaJlaHyblHa, TUIMAiMIriHe xoHe KUbIHJABbIKTapblHA KaJlall acep eTeTiHi O6aFrajsaHajbl. 3epTTey
HOTWXKeJlepl  TaXAIH Typi, OTBIPFbI3y odJicTepi »KoHe casAcU IIeHOepJsiep Kachla
MHQPpaKypBLJIIBIMHBIH TUIMJAIJITiIHE, 9cipece TeMnepaTypaHbl peTTey, JJaCTaHy/bl OaKblIay KoHe
9KOJIOTUSIJIBIK, 0alIaHbICTBLIBIKTBI KAMTaMachl3 eTyre auTapJ/blKTal bIKNaJl eTeTiHiH KepCeTTi.
CoHbIMeH KaTap, 0apJ/iblK KOHTEKCTep VIIiH OpTaK MaceJejiep aHBbIKTalAbl: KeHICTIKTiH,
IIEeKTEeYJIJIIr, 2KOFapbl KYTiM LIBIFbIHAAPHI )KOHE KJIUMATThIK TOTEHIIE KaFAaujapra 0CalJblK,
By Macesiesiepi mienny yiiiH 3K0JIOTUSJIBIK, )KOOasiay, y3aK Mep3iM/ii 6acKkapy koHe KOHTEKCTKe
COMKeC casicaTThl YWJIECTIpeTiH KelleHZi cTpaTerusap KaxeT. KOpbITbIHJbLIAU KeJjie, TUIMAI
»KOJ1 O0WBbI KerajJaH/Jblpy KajajJapAblH TYPaKTbUIbIFbIH apTThipa aJjafbl, erep oJ cayaTTbl
YKOcCHapJiay »KaHe yHeJii 6acKkapyMeH KaMTaMachI3 eTiJice.

TyHiH ce3aep: KajaiblK 6eciMAIKTep, Jaja arallTapbl, >XOJ KHUEriH KerajaJaHAbIpY,
KeMipTeKTi CiHipy, KaJa/JblK aFalITapzbl 6ackapy.

Kypartynaaiin Caudyial, Myxammag Peiican Pexmanl,
JI.A. JKakcbuibikoBa2, A.M. Cayp6aeBaz’, K.K. ApbiHOB?

1YHueepcumem UHCeHepuu u mexHo.iozuil, /laxop, llakucma
2Egpa3ulickuli HQOYuUoHaAbHbIU yHUgepcumem um. JL.H. T'ymuneea, Acmana, KazaxcmaHn

3es1éHble 30HBI BA0JIb ABTOMArucTpaJsiei 1 yjaul: KOMIJIEKCHbIN B3TJIAA HA
NperMylIecTBa M BbI30Bbl BHEAPEHUS PACTUTE/TbHOCTH B JOPOKHYI0 HHPPaACTPYKTYpy

AHHoTanuA. C ObICTPBIM pacIIMpeHHEM T'OpPOJCKUX TEPPUTOPUN NPUAO0POXKHAs 3esieHast
MHPPACTPYKTypa  CTAaHOBUTCS  BaKHEMIIMM  3JIeMEHTOM  YCTOMYMBOTO  TOPOJCKOrO
nJIaHUpoBaHUs. HecMOTps Ha TO YTO 3eJieHble 30HbI BJJ0JIb aBTOMAarucTpasei 1 yaul 3aHUMaroT
OTHOCUTEJIbHO HeGOJIbLIYIO JJOJII0 TOPOJCKOr0o YrjepoJHOro MOrJIOTUTENsl, OHU 00ecrneyruBaroT
HecopasMepHO GO0JIbIIME IKOJOTUYECKHE U COLMaJIbHble MPEUMYLIeCTBa, BKIKOYasl yaydlleHne
KauecTBa BO3/yxa, CEKBECTpaLUI0 yriepo/a, 3¢deKTHBHOE ynpaBjeHUe JUBHEBBIMU BOJAMHY,
cHWKeHHUe 3P PeKTa ropo/iCKOTo TENJIOBOTO OCTPOBA U MOAAEPKKY 6Mopa3Hoobpasusi. B faHHOM
MCC/IeJJOBaHUHM UCIOJIb3yeTCsl KaueCTBEHHbIM CPaBHUTEIbHbINA METO/i KeHC-CTaAu, OCHOBAaHHbIM
Ha aHaJIu3e JIMTepaTypbl U NOJUTUYECKUX cTpaTeru B Kuoto (Anonus), Xanwkoy (Kurait) u 3p-
Pusane (CaynoBckass ApaBus), AJs OLEHKH TOro, KakK pasJ/iMuHble KJWMaTHYeCKHe U
ypOaHHUCTHYECKHME KOHTEKCTbl BJIUSIIOT Ha MpPOeKTUpOBaHHUe, 3QPEeKTUBHOCTb M MHPOOJIEMbI
IPU/I0POXKHON PaCTUTENbHOCTH. Pe3ysibTaThl IOKA3bIBAIOT, YTO TUI KPOHBI, METO/Ibl TOCA/IKU U
NOJIMTUYECKHE PaMKHU OKa3blBAlOT 3HAUYUTEJbHOE BJMSAHUE Ha 3PQPEeKTUBHOCTb 3eJIeHOU
MHPPACTPYKTYpbl, OCOGEHHO B pEryJHpOBaHHUMU TeMIlepaTypbl, KOHTpOJIe 3arpsi3HEHUs WU
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noJJlepKKe 3KOJOTMYEeCKOM CBsI3aHHOCTU. OJHAKO HCCAelOBaHUE TaKXe BbISBUJIO 0OIUe
npo6JsieMbl [AJis BCEX KOHTEKCTOB, TaKhe KaK NPOCTPAHCTBEHHble OTrpaHHWYeHHUs, BbICOKasi
NOTPEOHOCTDb B yXO/I€ U YI3BUMOCTb K KJIMMAaTHYECKUM 3KCTpeEMyMaM. PellieHre 3THX BOIPOCOB
TpebyeT WHTErPUPOBAHHBIX CTPATErHM, COYETAIIIMX 3KOJOTUYECKUH JU3aiH, AOJTOCPOYHOE
yIpaBJeHHe U KOHTEKCTHO-CIeluPUIEeCKy0 MOJUTHUKY. B 3ak/oyeHre NMOJYepKUBAETCS, YTO
3pdeKTUBHOE 03esleHEHUE JOPOXKHBIX TEPPUTOPUNA MOXKET MOBBICUTb YCTOMYMBOCTb TOPOJIOB
IPU YCJOBUHU €r0 MO/IEPKKH 'PAaMOTHBIM IJTAHUPOBAHUEM U MTOCTOSTHHBIM YIIPaBJIEeHUEM.

KiueBbie c/10Ba: ropo/ickasi paCTUTENbHOCTb, YJIWYHbIE [EpeEBbs, O3eJleHEHUE BJ0Jib
JlOpOr, yTJepo/iHbIN 6a/laHC, yIIpaBJeHUE TOPOACKUMHU IePEBbSIMMU.
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AHHOTanMA. B cTaTbe paccMaTprBaeTCs CPAaBHUTE/bHbIA aHAIU3 YEJbHOTO
JaBJeHUs Ha CTeHKy UWJIHHJApA, CO03J4aBaeMoro  TpPaAULMOHHBIM
KOMIIPECCUOHHBIM IOPIIHEBBIM KOJIBLIOM U a/IbTEPHATUBHOW KOHCTPYKLMEH,
cocTosilled M3 AByX noJykoJsiel. OCHOBHOe BHHMMaHUe yJeJeHO
TeopeTUYeCKUM acrnekTaM (pOpPMUPOBAHUS WU pacnpejesleHUss KOHTAaKTHOTO
JaBJIEHUS MeX/y MOPLIHEBBIM KOJIbLIOM U 3epKasioM LuauHzpa. [lpuBeseHsbl
MaTeMaTU4YeCKHe MOJIeJIM, OMNHChIBAIOIME HANpsKEHHO-AedOopMUPOBAHHOE
COCTOSIHME KOJIbLIAa INpPU YCTAaHOBKE B UIWIUHJP, a TaKXe IMpeasIokKeH
YIOPOILEHHBIA MOAXOJ K pacyéTy JaBjeHUs [l KOHCTPYKUHUH U3 [BYX
noJiykoJsiel, 6e3 y4yéra ynpyrocTd maTtepuasa. PacyéTbl mokasasnu, 4yTo AJid
1[eJIbHOTO KOJIbl]a XapaKTepHa HEpaBHOMepPHas 3M0pa JlaBJIEHUS C TUKOBbIMHU
3HAYEHHUSMH, YTO MOXKET COCOOGCTBOBATh YCKOPEHHOMY HM3HOCY 3JIEMEHTOB
LUJIMHAPO-TIOPIIHEBOM TIpymnnbl. Takxe INpuUBeAeHbl pPeKOMeHJAlUu [0
BbIOOPY MaTepHasiOB U reoOMeTPUYECKHUX MTapaMeTpPOB KoJiell, MO3BOJISIOIUX
NOBBICUTb F€PMETHUYHOCTb KaMepbl CTOPAHUS U pecypc ABUraTesiss. ABTOPHI
NOJAYEPKUBAIOT, YTO NPUMEHEHHWE KOHCTPYKLMUU U3 [ABYX IOJIYKOJIEL], MOXET
CTaTh MEPCIEeKTUBHBIM HallpaBJieHHWEM B MOJepPHU3ALUU NTOPUIHEBBIX KOJIEL]
JIBUTaTejied BHYTPEHHEro CropaHusl, 0COOEHHO B YCJAOBUSAX MOBBIIIEHHBIX
TeMIlepaTyp U Harpy3ok. [IpeacTaBieHHble MaTepHasbl MOTYT OBITH MOJIE3HbI
WHXXeHepaM, HcClefoBaTesisiM M pa3paboTyMKaM NPU NPOEKTUPOBAHUU M
aHaJsin3se ageMmeHToB IIIT.

KiiroueBble cj10Ba: /[BUraTe/ib BHYTPEHHEro CropaHuvs, KOMIPeCCUOHHbIE
NOpIIHeBbIe KOJIbLA, I0JYKOJIbLA, SMI0Pa AaBJEHUs, YA eJbHOE IaBJIEHUeE.
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BBeaeHue

KoMnpeccrnoHHble MOpLIHEBbIE KOJbLA SBJAAKTCA OJAHUM H3 KI/KOYEBbIX 3JIEMEHTOB
[IMJIMH/JPO-NIOPIIHEBOM Tpynnbl JBUTaTes]ss BHyTpeHHero cropanus (/IBC). Hx 3agaua
3aKJII0YAETCs He TOJIbKO B 00eCleYeHUH repMeTUUHOCTH KaMepbl CTOPaHUs], HO U B BbINOJIHEHUHU
psi/ia JOMOJHUATENbHBIX, He MeHee 3HAaYUMbIX QYHKLUH: peryJMpoBaHUe pacxo/ia Mac/a, yuacTue
B TemJ000MeHe MeX/ly MOPIIHEM WU CTEHKOW LUJIMWH/PA, a TaKKe CTabU/IM3alUsl MOJI0KEHUS
NOPUIHSA IPU ero ABUXKeHNUU. IQPeKTUBHOCTD BbINIOJIHEHUS BCEX 3TUX PYHKI UM B 3HAUUTEJIbHON
CTeNleHU OolpeJesseTcsl BeJUYUHOW M XapaKTepoM paclpejie/leHUs yAeJbHOTO [aBJeHHd, C
KOTOpPbIM TNOPLIHEBbIE KOJIbl][Aa MPWXUMAIOTCA K 3epkady nuaubazapa [1]. [IpaBusibHOe
dbopMuUpoBaHUe JaBieHUs obecredyMBaeT MUHMMaJbHble YTEUKU Ia30B, CTAOUIBHOCTb PabOThI
JIBUTATeJIS U yBeJIMYEeHUe eTro pecypca.

UccnenoBaHue yie/IbHOTO AaBJIEHMS MOPIIHEBBIX KOJIEL SABJISeTCSA BaXKHOW 3a/jla4el KaK pU
IPOEKTUPOBAaHUU HOBBIX JBUraTesel, TaKk W NpPU COBEPLIEHCTBOBAHUU CYLIECTBYIOLIUX
KOHCTPYKIMU. Ha coBpeMeHHOM 3Tamne pa3BUTHS JBUraTeJeCTPOeHHUs BCE OoJiblliee BHUMaHUE
yAessieTcsl BONPOCaM [MOBBILIEHUSI 3KOHOMMUYHOCTH, 3KOJOTUYHOCTH U JOJIFOBEYHOCTHU
arperaToB, 4YTO HamNpsIMyl CBfI3aHO C 3(QQPEeKTUBHOCTbIO pabOThl NOPIIHEBBLIX KOJIEL.
TpaguoHHbIE KOMIIPECCUOHHbIE KOJIbIla OCTAIOTCS HauboJiee pacnpoCTPaHEHHBIM TUIIOM
YIUIOTHEHUH, npuMeHseMblx B /IBC, ofHako HuX KOHCTPYKLHUSl HUMeeT psJi OrpaHHYeHUH.
Haub6oJiblire cJI0’)KHOCTU CBSI3aHbI C TEM, YTO IaBJI€HUE 110 OKPY>KHOCTHU KOJIblia pacrpejensieTcs
HepaBHOMEPHO, YTO MOXEeT NPUBOJUTD K JIOKaJIbHbIM 30HaM MOBBILIEHHOTO U3HOCA, CHUXKEHUIO
repMeTHYHOCTH U NMOSIBJIEHUIO [JONIOJHUTE/IbHBIX IOTEPh HA TPEHUE.

YaenbHOe [aBjieHHWE HAa CTEHKY LUJWHJApPA ONpejesseTcs ABYMS OCHOBHbIMU (aKTOpaMU:
COOCTBEHHBIMU YNPYTUMU CUJIAMU KOJIbL]A U JaBJIEHUMEM Tra30B, NPOHUKAKIIUX 3a KOJBIO.
baszoBoe npuxkaTue co3JaéTcs 3a CYET ynpyrod gedopManyu KoJjblia OIPU €ro YCTaHOBKE B
KaHaBKY NOPILHA Y MOCJAEAYIOLIEM CKATHUH B LUJIMH/peE. JTa BEJIMYMHA CPABHUTEJbHO HEBEJIMKA
— ot 0,05 o 0,2 MIla, B 3aBUCHMOCTHU OT THIIA ABUTraATeIsl, KOHCTPYKLUHU KOJIbIIA U €r0 pa3MepoB
[2]. [Ipu 3TOM B paboTe ABUraTe/is pelIally0 POJib UTPAET JlaBJieHHe Ia30B, NOCTYMANIUX B
3aMKOBYIO 1eJIb U 3a K0JibL0. OHO MOXKeT MHOTOKPATHO YBEeJIMUMBATh OOLIYI0 CUJIy IPUKATHUS U
CYyLeCTBEHHO BJIMSIET Ha XapaKTep pacnpejesieHus Harpy3KH.

HepaBHOMepHOCTb pacnpenesieHUs YAEJbHOTO [AaBJIEHUS SIBJASETCS OJHOM M3 OCHOBHBIX
npo6JieM TpaAULIMOHHBIX NOPLUIHEBBIX KoJiel. HanpuMep, npu KamnieBUAHOU WU TPyLIeBULHOU
3MI0pe JAaBJieHUs 3HaueHUus MoryT u3MmeHATbcsa oT 0,45 go 2,85 MIla, 4To NpPUBOJUT K
3HAYMTEJbHbIM Harpy3kaM Ha ONpe/ieIEHHbIX y4acTKax MOBEPXHOCTH UUAUHJApa [3]. 3Tu
JIOKaJIbHble IMKOBble 3HAaYEHUS YCKOPSIT U3HOC LUJIUH/POB U KoJiell, yMeHblawT pecypc LIIT
W YXyJLIAT yCa0BUs GOPMHUPOBAHUS CMA304YHOU MJIEHKHU. B yC/0BUSX BBICOKHMX 000pPOTOB U
NOBBILIEHHbIX TeMIepaTyp TaKHe sBJeHHS MOTYT NPUBECTU K yBEJHUYEHHUIO pacxoja Macia,
CHUKEHUIO0 KOMIIPECCHUU Y MOSIBJIEHUIO 3aJUPOB.

AHanv3 cylecTBY0OIEed HAy4YHOM JIMTEPATYpbl MOATBEPXK/AAET BBICOKYI aKTYaJIbHOCTb
npo6sembl. B pabore [4] ucciaenoBaHO BJIMSIHWME TeOMETPHUM KOJIblla Ha pacnpefesieHue
JlaBjieHusl. ABTOPbI AE€MOHCTPUPYIOT, UTO TPAJUIMOHHbIE KOHCTPYKIUM HEWU3OEXKHO CO3/AI0T
30HbI JIOKQJIbHOTO NepeHaNpsDKeHUs], YTO NPUBOJUT K YCKOPEHHOMY M3HOCY LMJUHAPOB. B
ucciefoBaHuu [5] mpejJiokeHa asibTepHAaTHUBHAs KOHCTPYKIMS TMOPLIHEBOTO KOJIBLA,
BbINIOJIHEHHASI U3 JIByX HE3aBHCHUMbIX MOJyKoJiell. TakoW MoJAxoJ, M03BOJIsIET JOOUThCs GoJiee
pPaBHOMEPHOTrO pachnpejiejieHUs1 [AaBJeHUs1 U CHWXKAeT CUJIly TPEHMs, 4YTO MOJIOKUTENbHO
cka3biBaeTcda Ha KII/] v pecypce gBurarens.
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CpaBHUTEJILHBIN aHAJIU3 pacnpe/iesieHUs IaBJeHHs] KOMIPEeCCUOHHBIX MOPIITHEBBIX KOJIEI B IIUJIUHAPE
JBC

B fapyrom wuccienoBaHuM [6] paccMaTpuBaeTCs BJAMSHHUE MaTepUasioB M INMOKPBITUM Ha
M3HOCOCTOMKOCTb KoJjiell. Bbplio moka3aHO, YTO HOBble KOMIIO3ULMOHHble MaTepualbl U
MHOTOCJIOMHbIE MOKPBITUS CHOCOOHBI 3HAYUTEJBHO YJIYYLIWTb TENJIOOTBOJ, YCTOMYMBOCTb K
M3HOCY U CTAOMJIbHOCTb IIPY BBICOKUX TeMIepaTypax. [Ipu aToM ocoboe BHMMaHHUe yJessdeTcs
BOIIPOCY B3aUMMOJIEMCTBUA KOJIbLA C LMJUHJAPOM B YCJIOBHUAX IlepeMEeHHBbIX HarpysoK, Korja
TpaJULMOHHbIE KOJIblia 10/ BEP>KEeHBI IOBLILIEHHBIM JepOopMaLUsM.

Pa6ora [7] mnocBdleHa 4YHCJIEHHOMY MOJE/JMPOBAHUI0 KOHTAKTHBIX HaNpsKEHUH U
JlaBJIEHU Mex/y MOPLIHEBBIM KOJIBLIOM W LMJUHAPOM. MoJieslMpoBaHMe MeTOZ0M KOHEUYHBIX
3JIeMEHTOB I03BOJISIET BBIABUTb NUKOBble 30Hbl HAarpy3KH U OLEHUTb BJMSHHE pPa3/IMYHbIX
$aKTOPOB: OBAJIBHOCTHU LMJIUH/APA, TePMUYECKUX JedOopMalMi, CKOPOCTH MOPLIHSA, TOJILMUHEI
CMa304HOM MJIEHKU. Pe3ysibTaThl NOKAa3bIBAIOT, YTO TPaJAULIMOHHbIE KOJIbLlAa CKJIOHHBI K PE3KHUM
CKauKaM JlaBJIeHUs B 30He 3aMKa, YTO 0COOEHHO 3aMeTHO Ha BBICOKUX 060pOTax.

TakuM o6pasoM, yJesbHOe [aBJeHWE KOMIIPECCMOHHOrO MOPIIHEBOrO KOJIbLA fBJAETCHA
OJIHUM U3 KJIIOUYEBbIX IapaMeTpoB, onpefensriiux 3PEPeKTUBHOCTb, [J0JTOBEYHOCTb U
HaJE&XHOCTb paboThl gBuratesd. ONTHUMHU3aLUs 3TOr0 MapaMeTpa TpebyeT KOMIIJIEKCHOIO
NOAX0/a, BKJ/IOYAIOLIET0 COBEpPLIEHCTBOBAaHWE KOHCTPYKLWH, MWCHOJIb30BaHHWE HOBBIX
MaTepuasioB, MOJeJIMPOBaHHUE HAarpPy30K U BHeJpeHUEe NHHOBALMOHHBIX TEXHOJIOTUI OKPBITHUSA
IOBEPXHOCTH.

Ocobblii HMHTepec B MOCJeAHHUE TOJbl BbI3bIBAOT KOHCTPYKIMU MOPLIHEBBIX KOJIEL,
cocTodllMe W3 JBYX IMOJIyKoJiel. bislarojaps OTCYTCTBHIO 30HBI 3aMKa B TpPaJULMOHHOM
NOHMMAaHUU U CHWXKEHUI0O BHYTPEHHUX HaNps)KeHUW TaKhe KOHCTPYKLMU TO3BOJSAIOT
obecrneyuTh 60Jiee paBHOMEpPHOE pacnpejiesieHue [aBJeHUs U YMEHbIIUTb 30HbI JIOKAJbHOIO
M3HOCA. JTO OCOGEeHHO BaXKHO Jad coBpeMeHHbIX /JIBC, pa6oTarouyMx npHU BBICOKHUX
TeMIIepaTYpPHbIX U MeXaHUYeCKUX Harpyskax, I/ie TpaJULHOHHble MOpPIIHEBble KOJbLia MOTYT
ObITh HEOCTATOYHO 3P PEKTUBHBI.

Ucxonsa v3 3TOro, Ljesib JAHHOW CTaTbU COCTOMT B MPOBEJEHUH CPAaBHUTEJbHOI'O aHa/IM3a
YAeJbHOTO JJaBJIeHUs, CO34aBaeMOro TPaJUIMOHHbBIM OPIIHEBBIM KOJIBLIOM U KOHCTPYKLMEN U3
JIByX ToJiykoJiel. B xoze paboTbl paccMaTpUBAlOTCA TeOopeTHYeCKHe OCHOBBI GOPMUPOBAHHUA
JlaBJIeHud, TIPUBOJAATCA JAaHHble YHUCJIEHHbIX PAcyE€TOB, aHAJM3a pacnpezielIeHUs] Harpysku U
06Cy/1al0TCcsl pe3yJsbTaThl MoJiesiMpoBaHUsA. KpoMe Toro, yzesieHo BHHUMaHUe BO3MOXXHbIM
IpeuMyllecTBaM aJbTePHAaTUBHOW KOHCTPYKLMHU B 4YAaCTU NOBBIIIEHHWA pecypca LUJIUHJIPO-
MNOPIIHEBOM IPYIIbl U ONTUMHU3AL MU PabOTHI ABUTATEIS.

MeToao010rua

TeopeTryeckrie OCHOBBI [laBJIEHUS HA CTEHKY LIMJIMH/Pa TPAJAULMOHHOTO KOMIPECCUOHHOTO
MOPIIHEBOTO KOJIbIIA

JlaBjieHre KOMIIPECCMOHHOI'0 MOPIIHEBOTO KOJIbIlAa Ha CTEHKY IUJIUHApPA GOopMHUpYyeTCcs B
OCHOBHOM 3a CYET ynpyrux gepopMalui KoJiblja, BOSHUKAIOLUX IPU €TI0 yCTaHOBKE B LIUJIUH/P.
B cB060JHOM COCTOSIHUU KOJIbLIO UM€EET BHELIHUU AaMeTp 60Jiblile, YeM BHYTPEHHUN AUaMeTp
nuanHApa. [lpy ycTaHOBKe KOJIbLIO MNPUHYJAUTENBbHO CKUMaeTCsd A0 pasMepa LUJIUHAPA,
BCJIECTBUE 4Yero B MaTepuasie BO3HUKAKT HANpPSPKEHHUs, a CaMO KOJIbLIO CTPEMUTCSA
BOCCTAHOBUTbD NepBOHAYAIbHYI0 GOPMY, CO3/1aBasl pajiMuajibHOe JlaBJieHHe Ha CTEHKY UJIUH/IPA.
ITOT mpoLecc ONUCbIBAeTCs 3aKOHOM ['yKa, 4TO MO3BOJIIET NIPUMEHATD KJIaCCUYECKUE MEeTO/Ibl
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pacuéTa ynpyrux ajsieMeHToB. OCHOBHOe YpaBHeHHUeE /Il BbIUUC/IEHUs paiMaJbHOrO JaBaeHus P
KOJIbI}a Ha LIMJIMH/P Npe/iCTaB/IeHo BblpaxkeHueM [8]:

JlanHas ¢popMyJia NOKa3bIBaET, UTO JaBJeHHe NPSIMO NPONOPLMOHATBHO MOAYJII0 yIPYTOCTH
M TOJILIMHE KoJbLa. TakuM 06pa3oM, MaTepHaJibl ¢ 60Jiee BBICOKUMU 3HaYeHUsAMH E, Takue, Kak
JIETUPOBaHHbIe CTaJ/IU UM BBICOKOIIPOYHbIE YyT'YHbI, 06eClIeYrnBalOT 60Jiee BbICOKOe paZjalbHOe
JlaBJIeHHe NIPU 0JMHAKOBOU BeJIM4MHe JedopManui 6.

_Et-d
T D2 (1)

-MO/yJIb YIIPYIOCTY MaTepuaJsia KOJbLa;
-TOJIIIMHA KOJIbLI3;
-BeJIMYMHA 3a30pa MeXJy CBOOOJHBIM COCTOSIHMEM KOJibLla H €ero
YCTAaHOBJIEHHBIM COCTOSIHUEM;

D -puameTp UUJAMHApA.

B yue6Huke A.U. Komunna u B.I1. lemugoBa [3] yaenseTcs 3Ha4YUTe/IbHOE BHUMaHUE PACYETY
Cpe[HEero yJeJbHOTrO JAaBJIEHUS NOPIIHEBBIX KoJiell. OHO fBJseTCS BaXHEUIIWM NMapaMeTpoM,
onpezesAIMM repMeTUYHOCTb KaMephl cropaHusda. CpefiHee yzie/ibHOe JaBJeHHWe 3aBUCUT He
TOJIbKO OT YINPYTHUX CBOWCTB KOJIbLd, HO U OT €ro reOMeTPHH, B YACTHOCTH, OT COOTHOLIEHUS
BBICOTHI ¥ TOJILIUHBI KOJIbL|A, @ TAKXKe OT BeJINYMHbI HA4YaJIbHOTO 3aMKa.

OcHoBHas ¢popMyJia /il pacyeTa CpeJHero y/eJIbHOTO laBJeHuUs pPcp NPpHUBEJeHa B BUJIE:

P

rie:

S

At
(D/t)(D/t- 1)° (2)

P,=0,152E

rae: Ao - pa3HOCTb MeXJY BeJUYMHAMU 3a30pOB 3aMKa KOJIbL[a B CBOGOJAHOM U
paboyeM COCTOSHUSAX, M.

JlonycTuMoe cpe/iHee paZijiajibHOe JlaBJeHue [4]:
e I KOMIIpeCCUOHHBIX KoJier, — 0,1-0,37 Mlla;
e MacJocbeMHbIX KoJsel, - 0,2-0,4 MIla.
JTH 3HAYeHUs IMOJIy4YeHbl K3 ONbITA 3KCIJIyaTalUMW [ABUraTesied pas/IMYHbIX TUIIOB U
YUYUTBIBAlOT KOMIIPOMUCC MEXY U3HOCOM, ITOTEPSIMU Ha TPEHUE U Ka4yeCTBOM YIIJIOTHEHUS.
Jnopa JjaBieHus N0 OKPYKHOCTHY LUJIHUH/PA
B peanbHBIX [JBUraTesisdx JAaBJeHHE 10 OKPYKHOCTH He fBJSETCId pPaBHOMEPHBIM.
HepaBHOMepHOCTB 00ycJiOBJIeHA PSI/IOM PaKTOPOB:
- CMellleHHEe 3aMKa;
- nebopmanus KoJiblia B KAaHABKE;
- HenoJiHasl [UJIMHAPUYHOCTb CTEHOK;
- TeNJIOBblEe PaCIIMpPEHUS;
- BJIMSIHUE JJaBJIEHUS ra30B.
i1 6eH3UHOBBIX U JAU3€JIbHbIX JBUraTesjell NPUHUMAIOTCA pas3/iniHble POPMbI SMIOPHI
JlaBJIeHHs TOPLIHEBOT0 KOJIbLla HA CTEHKY LUJIMH/APA, YTO 00yCA0BIEHO Pa3/JIMYUSIMHU B pabo4yux
YCAOBUSAX WM TPeOOBAHUAX K YIJIOTHEHMI0. [l MOCTpoeHHs TpadUKOB, WIIOCTPUPYIOLIUX

pacnpejesieHle JaBJIEHUS () (8 MIla) mopuiHeBOro KoJiblla Ha CTEeHKY IWJIHHJApPAa B
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Al
3aBHUCUMOCTH OT yrJia nosopoTa i (ot 0° 10 180°), ucno/1b3yroTca JaHHbIe K03 PUIUeHTOB Mr W)
[l OEH3MHOBBIX U AU3eJIbHBIX ABUraTesel. /laBjieHue B KaX/J0W TOYKe pacCUMTBhIBAaeTCHd Kak

Npou3Be/ieHre CpeAiHero AaBjeHus Po Ha cooTBeTCcTBYOIUEI K03 duiueHT M (‘1”}:
P(W)= Pe H(W) (3)

JnIopbl AaBJAEHUS UMeOT GOpPMY, HAIOMHUHAIOLIYIO TPYLIEBU/IHYIO UK KallJIEBU/IHYIO JIMHUH,
C XapaKTepHbIMM MHKAMH HArpy3kd. ITH ¢OpMbl XOPOLIO COTJIACYIOTCA C JaHHBIMU
9KCIIEPUMEHTA/bHBIX MCCJI€EJL0BAaHUM, KOTOpbIE MOKA3bIBAIOT, YTO MaKCHUMaJibHble Harpy3Kd
IPUXOASATCS Ha 30HbI, pacnoJioXKeHHble NpuMepHOo Ha 40-50° oT BepTUKa/JIbHOM OCH.

Ha u3obpakeHuH mnpezacTaBeHbl rpaduKy, WIIIOCTPUPYIOLIME paclpeseeHue JaBJeHUs

p(y) (B MIla) mopiiHEBOro KoJiblia Ha CTEHKY LIMJIMH/APA B 3aBUCUMOCTH OT yTIJa MOBOpOTa (puc
1a) [4]. 'paduku Moka3bIBalOT U3MEHEHUe laBJIeHUS 10 OKPYKHOCTH LIUJINH/pa, HauuHasd ¢ 0° 1o
180°.

[paduku JeMOHCTPUPYIOT, KaK JlaBJieHHEe H3MEHSeTCs MO0 OKPYXHOCTH LMJIUHAPA, YTO
BaXKHO /1JIs1 aHA/IM3a repMEeTUYHOCTH U M3HOCA MOPIIHEBBIX KoJiell. DopMa KpUBBIX MOXKET OBITh
rpyLIeBUAHON UK KallJIeBUAHOM, YTO XapaKTepPHO JJIsl paclpe/iesieHUs1 AaBJIeHus B IOPLUIHEBBIX
KOJIbLIaX.

Ucnosb3yss npuBeféHHbIe Bbille GOpMyJibl U TaOJMIBI 3HAYEHUM AaBJeHUS KOJIbLA,
MOXKHO MPOBECTH FTAPMOHHUYECKU U aHa/IU3 QYHKIUHU p(w) [10]. list 3TOro Mbl IPUMEHUJIU METO/
Pynre [11]. 3TOT MeTo/ MO3BOJISIET PA3JI0KUTh MepUoAnYecKyl0 QYHKIMIO B paa Pypbe, 4TO
M0JIe3HO /IJIs1 aHaJIM3a TApMOHUK U BbISIBJIEHHUS] 0COOEHHOCTEH pacnpe/iesieHusl JJaBJieHusl.

HUcnosb3ys BblYKcAeHHble KO3pdUuiueHTsl, psajg Pypbe as W) MoxHo 3anucaTs B BU/E:
JIU3eJIbHbIN IBUTATEb

U (w)=1.16- 0,23cos(y)+0,46sn(w}0,12cos(2w) 0,32sn(2y)- 0,57 cos(Bw)+0,09snBy,

OEeH3UHOBBIN ABUTATE/b
U, (@)=1.18-0,12cos(w)+0,23sn(yw)+0,08cos(2w)- 0,15sn(2w)- 0,10cosBw)+0,05sn(3y)

3TU K03)PUIIMEHTHI MTO3BOJIAKT alllPOKCUMUPOBATh QYHKLHIO s W)y aHaJIM3UpOBaTh eé
rapMOHUYECKHEe CBOMCTBA. JTHU BbIpa)KeHHUS MO3BOJIAIOT CTPOUTDH 3MIOPHI JJaBJIeHUA C BbICOKOM
TOYHOCTBI0 M MCIHOJIb30BaTh HUX B MOJeJSIX U3HOCA, pacyére 3QPeKTUBHOW MOLIHOCTH M
IPOrHO3MPOBAaHUMU pecypca. [apMOHUYEeCKUI aHa/JIM3 OCOOEHHO BaXKeH, TaK KaK OH IO03BOJIeT
OLlEHUTb He TOJIbKO CpeJlHMe 3Ha4yeHWUs [JaBJEeHUS, HO U HHTEHCUBHOCTb KOJIeOAaHUH,
BbI3bIBAIOUUX IMHAMUYECKUe Harpy3Kuy Ha ajiemeHTsl LIIT.

TeopeTuyeckue OCHOBBI JaBJeHUS KOMIIPECCMOHHOTO MNOPIIHEBOIO KOJIbIIA HA CTEHKY
UJIMH/pA IPU KOHCTPYKLIMU U3 IBYX MOJIYKOJIel}

AnbTepHaTHBHAasA KOHCTPYKLMSA MMOPLUIHEBOr0 KOJIbIlA — JIBA HE3aBUCUMBIX MOJIYKOJbLIAa —
M103BOJIIET U3MEHUTD XapaKTep B3aUMOJEHUCTBUA C IIUJIUHAPOM. B 0T/IMYKe OT LeJIbHOTO KOJIbL,
KOTOpOe MMeeT 3aMKOBYIO leJlb U HepaBHOMEpPHOe paclpejie/leHHe YIPYrUX HalpsKeHUH,
NOJIYKOJIbIla 006J1aZlaloT BbICOKOM HE3aBUCMMOCTBIO W JIONYCKAalOT 060Jiee paBHOMEPHOeE
pacnpeziesieHre Harpysok. /lns pacdyeTa yZe/bHOrO JiaBJIeHUs JBYX NOJIyKOJel, Ha LUJUHJP
JiBUraTesisi BHyTpeHHero cropanus ([BC) [12], ecau Ha KaxJo0e MOJIyKOJIbLO AelcTBYyeT cuia F,
He06X0JMMO YYUTBIBATH IJIOLA/Ib KOHTAKTA MeX/y M0JYKOJIbLAMH U [IUJIUHPOM.
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Ecnu aBa moJsiykoJiblia NPUKKUMAKTCA K LUJIUHAPY C IOMOILbIO JONOJHUTENbHOU CUJIbL F, U
Mbl HEe YYHUTbIBAaeM YIPYyroCTb MaTepuaJsia, TO pacieT yAeJbHOTr0 JlaBJieHUs OyAeT OCHOBbIBATbHCS
Ha CyMMapHOM CuJie, JeMCTBYIOLEed Ha KOHTAKTHYIO IJIOIaAb. B 3TOM ciyvae, eciiv Ha Kaxzoe
MOJIYKOJIBLIO JIEMCTBYET cuia F, To ob1as cuja, npxuMaroias 06a noaykoJblia K UJIUHADY,
oyaet 2F.
YaenbHoe fjaBjieHue p onpejenseTcs no GopmyJie:

_F_ 2F
P=s 7Dt (6)

rae: t - TOJILMHA KOJIBLA;
D - puameTp LUJIUHADA.
F - cuna, gedcTByo1as Ha KaxKoe noaykosbno (B kH).

/lBa MoJ1yKoJ/IbLia IPUKMMAIOTCSA K CTEHKE [IMJINH/pa C IOMOLIbIO CUJIbI F, ¥ Ipe/ioJiaraeTcs,
YTO JaBJieHUe paclipesesisieTcsl paBHOMEPHO MO BCeld KOHTAKTHOM MOBEPXHOCTH, TO 3MIOpa
JlaBJieHUs] Ha CTeHKy LWJIMHJpa Oy/leT paBHOMEPHOH. JTO O3HAa4aeT, UYTO JAaBJieHUe p OyneT
O/ZIMHAKOBBbIM IO BCEH IJIOIIAJM KOHTAKTa MOJyKoOJel ¢ UUIAUHAPOM. TakuM o6pa3oM, anwopa
JlaBJIeHUs Ha CTEHKY JUJIMH/pa OyZileT paBHOMEPHOM, KaK [N0Ka3aHOo Ha pUcyHKe 16.

Ba)kHOM 0COGEHHOCTbIO 3TOM KOHCTPYKIMHU SIBJISETCA TO, UYTO IPU PABHOMEPHOM MPUKATUHU
MOJIYKOJIbIIa JAIT NMPaKTUYECKU HUJeaJbHYI0 PAaBHOMEPHYIO 3MIOPY JaBJIeHHS MO BCeH JAJIMHe
KOHTaKTa. B TakoM cyiyyae OTCYyTCTBYHOT KOHLEHTpAalMM HaNpsDKeHWM, XapaKTepHble [Jisd
TpaJULIMOHHBIX KOJIel], 0COOEHHO B pallOHe 3aMKa.

PaBHOMepHOCTB JjaBjieHUSI IPUBOJUT K CJIeAYIOLUM IPEUMYLIeCTBaM:

— CHU>KEHMeE JIOKA/IbHbIX IEPETrPy30K;

- YMeHbllleHHe U3HOCa 3epKaJia LUJIMHAPA;

- CHU>KEHMe TeIJIOBbIX fiepopMaluii;

- yJIy4dllleHHe YCI0BHUUM CMa3blBaHUS;

- CTabUJIBHOCTb XapaKTEPUCTHUK NP BbICOKUX TEMIlepaTypax.

KpoMe Toro, oTcyTCTBHE 3aMKOBOU 1[eJIM YCTPaHSET XapaKTepHY0 NpobJyeMy — NpOpbIB
ra3oB 4epes 30HY 3aMKa. JTO NOBblIaeT 3PpQPeKTUBHOCTb YMJIOTHEHUS U CIOCOOGCTBYET
yBEJIMUEHUIO 0011el KOMIIPECCUU JIBUTATEIS.

JlonosiHUTe /IbHBIE aCMIeKThI pacyéTa

15 ABYX MoJiyKoJiel, caelyeT YYUTbIBaTh:

— BO3MOXXHO€ MUKPOCKOJIbKEHHE MeX/y MOJTYKOJblIaMy;

- BJIMsIHHE POPMbI KAHABKHU MOPIIHS;

— PaBHOMEPHOCTb pacnpe/ie/ieHUs1 CMa3Ku;

- TeMIepaTypHble Jedpopmauuu npu Harpese g0 250-300 °C;

- paboTy B yC/IOBUSIX IEPEMEHHOTO /1aBJIEHUS I'a30B.

HecMmoTpa Ha ynpouwEéHHy0 MoJesb, IPOBeAEHHbIe PACYETHI U JaHHbIE JIUTEePATYPHbIX
UCcCae/JOBaHUM NMOATBEPXKJAOT, YTO KOHCTPYKIMS U3 IMOJIyKoJiel, o6eclieuuBaeT 3HAYUTENbHO
6oJsiee paBHOMEPHOe pacnpejie/ieHUe [AaBJeHUs MO CTeHKe LUJIMHJAPA, YeM TpaJULMOHHbIE
KOJIbLIA.
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Pe3ysbTaThl M O6CYyKAeHUe

Pe3ysibTaTbl NpPOBEAEHHOIO0 TEOPETUYECKOrOo aHajJuW3a IoKasajM, 4YTO JaBJIeHHe,
bopmMupyeMoe TpaJULIMOHHBIM MOPLUIHEBBIM KOJIbIIOM Ha CTEHKY LIUJIMH/IPA, HAMPSIMYIO CBSI3aHO
C ero ynpyrumMy CBOMCTBaMHU U reoMeTpHYeCKMMHU mnapaMmerpaMu. CorsiacHo 3akoHy ['yka, npu
C)KaTUHM KOJIbLla BO3SHUKAIOT BHYTPEHHUE HANPSDKEeHUs!, KOTOpble U 06eclieynBalOT pajualbHoe
npyKaTHe KOJbLla K CTeHKe LuauHApa. Ha pucyHke la mpejcraBieHa THUIMYHAsA 3M0pa
JlaBJieHUsl AJ11 TPaJAULMOHHOI0 KOJIblLA, IeMOHCTPUPYIOLAs BbIpaXKEHHYI0 HEepaBHOMEPHOCTb
pacnpejiesieHUs] HAarpy3Kd IO OKPYKHOCTH LWJIMHApa. HaubGosibluue 3Ha4YeHUs /JAaBJIeHUS
HabJII0JJal0TCS B 30He, IPOTHUBOIOJIOKHOM 3aMKy KOJIbLIa, @ MUHUMaJIbHble — B pallOHe CaMoro
3aMka. Takasg ¢opma KpHBOM NPUBOAUT K JIOKAJbHBIM 30HAaM [OBBILIEHHOTO M3HOCA U
yBEJIMYUBAET BEPOSTHOCTD MIPOPbIBA ra30B.

B oT/sim4ue oT 3TOro, aHa/JW3 KOHCTPYKL MU M3 ABYX IOJIYKOJIel T0Ka3aJl, YTo JaBjeHHe Ha
CTEHKY LIMJIMH/APA pacnpejeiseTcs NpaKTUYeCK paBHOMEPHO 0 BCeM IJIowaAu KoHTakTa. Ha
pucyHke 16 mpejcTaB/ieHa 3MIOpa JAaBJEHUsS JJs AAHHOW KOHCTPYKLHUH, MOJTBEpPXKJAroLas
OTCYTCTBHE BbIP)KEHHbIX IMKOB U IPOBAJIOB HArpyskd. PaBHOMepHOCTb pacnpejiesieHus
SIBJIIETCSI 3HAYUTEJbHBIM NPEUMYIIECTBOM, TaK KaK CHUXKAeT BEPOSTHOCTb BO3HUKHOBEHHUS
JIOKQJIbHBIX Neperpy3o0K, yMeHbIlaeT TPeHHe U CIOCOOCTBYeT NPOJJIEHUI0 pecypca LUINHAPO-
nopwHeBod rpynnel. [losyyeHHble pe3yJbTaThl MO3BOJIAKT CcHOpMyIMpOBaTbH  Psf
peKoOMeHJallMid MO0 ONTUMH3ALMM KOHCTPYKIMU MOPIIHEBBIX KoJsel. B dyacTHocTH, [ud
NOBBIIIEHNUS] TePMETUYHOCTU U CHUXKEHUS U3HOCA Ljes1ec006pa3HO MCIO0/b30BaTh MaTepHralbl C
BbICOKMM MojyJieM ynpyroctd E, yTo obecneurBaeT 60Jiee cTabUIbHOE pafualbHOE JlaBJeHHe
IpU pa3JIMYHbIX peXHUMax paboTbl JABUraTessd. BaXHbIM (GaKTOpOM Takke SBJSETCS
ONTHUMMU3ALMSA [eOMeTPUYECKUX NapaMeTPOB KOJiblla — TOJILIMHBI t, BBICOTHI U JuameTpa D. Ux
KOPPEKTHBIH M0A60p Mo3BoJisieT cGOPMUPOBATH GJIATONPUATHYIO 3MIOPY AABJEHUS U CHU3UTD
aMIJIUTYy KOJle6aHUM Harpy3KH.

KpoMe Toro, npu npoeKTUPOBAaHUM HOBBIX KOHCTPYKLHUN HEOOXOJAMMO YYUThIBAaTh GOpMY
SMIOPbI JIaBJIEHUS, XapaKTEPHYI /[AJis1 KOHKPETHOTO THUIA JBUraTessi — GEH3WHOBOIO WJIHU
Jli3e/JbHOr0. AHa/Iu3 paclpejie/ieHUsl JaBjeHUs J0JDKEH NPOBOJAUTBHCA C MCIOJIb30BaHUEM
rapMOHUYECKOT0 aHaJ/IU3a, UYTO 03BOJISIeT 60Jiee TOYHO OLeHUTD BJIHUSHME Pa3JIMUYHbIX PaKTOpPOB
Ha HaMpsH>KEHHO-AePOPMHUPOBAHHOE COCTOSIHHME KoJiblla. TakuM 06pa3oM, MpUMeEHEHHEe [ABYX
MOJIyKOJIel, WM ONTHMU3UPOBAaHHOM (GOpPMbI TPAJAULMOHHOIO KOJIbLIa MOXET CYyLeCTBEHHO
YAYYIIATD SKCITyaTal[MOHHbIE T0KA3aTeJ U IBUTATEJIS.

[lonyyeHHble pe3yJbTaThbl UCCAEL0BAaHUA 00/1a/Jal0T BICOKOW NMPaKTUYECKOW 3HAYMMOCTbIO
M MOTYT ObITb MCIOJIb30BaHbl B Pa3/IMYHbIX HaNpaBJEHUSIX PAa3BUTHUS U COBEPLIEHCTBOBAHUSA
JBUraTesectpoenus. [Ipex/ie Bcero OoHM NpeACTaBJISAIOT [EHHOCTD /IS TPOEKTHPOBAHMUS HOBBIX
MoJiesiel MOPIIHEBBIX KoJel, r/ie TpebyeTcss yYUTbIBATh peasibHble JJaHHblEe O paclpesie/eHUU
JlaBJIeHHS], er0 HEPAaBHOMEPHOCTU W BJIMSHHUU KOHCTPYKTUBHBIX 0COOeHHOcTel. Bsiaropmaps
aHa/IM3y 3IIOpbl JaBJeHUs MOXHO pa3pabaThiBaThb KOJIbLIa C ONTHMU3UPOBAHHOU ¢dopMoii
npoduss, yJaAydlIeHHOW YIOPYrocTbl0 M CHUXKEHHbIM KO03QQPUIIMEHTOM TpeHus. Takue
yCOBEpPLIEHCTBOBAaHHbIE KOHCTPYKIUU MOTYT 06eCiedrTh 60Jiee CTaOUIbHYI0 PaboTy JBUTraATEJIS,
yMeHbILIeHHEe Pacxo/ia MacJia v MOoBbIIIeHKe 0611ero pecypca IUJIUHAPO-NOPIIHEBON I'PYIIIBIL.

KpoMe Toro, mosiyueHHble JJaHHble MOTYT HPHUMEHSATbCS /[Jsl AUArHOCTUKU U OIE€HKHU
COCTOSIHMS TIOPIIHEBBIX KoJsiel] B paboTaroumux JBuratensax. CpaBHeHHE QAKTHYECKUX
XapaKTepUCTUK C TeOpeTHYEeCKUMU WJM pPaCieTHbIMU MOJe/JIsIMU TO03BOJISIET BBISABAATH
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aHOMaJIMHU B paclipejieJiIeHUHU JlaBJeHus, YKa3blBalolllye Ha U3HOC KOJIbLIa, AiepopMal U0 KaHaBKH
NOJIOCTU MOPUIHS WM HapylIeHUs Mpolecca CMa3blBaHUA. JTO BaXXHO KaK AJisi CEPBUCHOTO
00CIY>KUBaHMUS, TaK U JIJis1 pa3paboTKXA METOAMK MPOTrHO3UPOBAHUS pecypca ABUraTessl.

p. MMNa b, MMa p.MMa 04 MMa

o

a) TpaJiMLIMOHHOE KOMIIPECCHUOHHOE 6) KOHCTPYKLMHU U3 JIBYX MOJIYKOJIEL]
HOPIIHEBOE KOJIbIO
PucyHok 1. ntopa aByieHUs KOMIIPECCUOHHOI0 KOJIblla Ha 3epKaJio LUJIUH/pa

He MeHee 3HaYMMOM SIBJIsIeTCS BO3MOKHOCTb UCIIOJIb30BAaHHUS pe3yJIbTaTOB UCCIeJ0BaHUS
npu pa3pabOTKe YCOBEPIIEHCTBOBAHHbIX METOJMK pacyéTa /JaBJeHUs [Jisl JABUraTesiew,
paboTarUMX B PA3JMYHBIX KJIMMATHYECKUX M 3KCIIYaTAallMOHHBIX YCJAOBHUSAX. YUYUTbIBas
BJIMSIHUE TeMIlIepaTyPhl, CKOPOCTH MOPILHS, laBJIeHUsI Ta30B U COCTaBa CMa304YHbIX MaTEPUAJIOB,
MOXKHO C03/]JaBaTh TOYHbIE MO/IEJIH, TO3BOJISIIOLIHE MTOBLICUTH 3P GEKTUBHOCTD NPOEKTUPOBAHHUS
Y MCHbITAaHHUH HOBBIX U3/lEJINH.

s yriy6J1IeHHOro MOHMMaHHWS MPOLECCOB, MPOUCXOASLUX B 30HE KOHTAKTa «KOJbI0—
UJIUHAP», 1[eJ1eC000pa3Ho MPOBOJUThL JONMOJHUTEbHbIE HcCaefoBaHus. K HUM OTHOCATCS
3KClepUMeHTa/libHble HWCCAe[0BaHUs, MOJATBEPXK/AalOllMe KOPPEKTHOCTb TeOpeTHYEeCKUX
NOCTPOEHUH U YUCJAEHHBbIX MO/JieJIel, a TAKXKE aHA/IU3 BJIUSAHUSA TeMIepaTypbl U CBOWCTB CMa3KH,
MOCKOJIbKY TepMUUecKue AedpopMaliu U TOJLUMHA CMAa304YHOMW MJIEHKU CyIeCTBEHHO BJIUSAIOT Ha
anwopy JAaByeHUsa. Kpome Toro, BaKHO y4YMTBbIBATb [IOJITOBEYHOCTb MOPIIHEBBLIX KoJel, MpHU
Pa3JIMYHBIX PEXXUMaX paboThl, YTO O3BOJISIET ONPEIEJUTh peabHble PeCYPChl KOHCTPYKIUH.

PaBHOMepHas 3mnopa JaBJieHUs], XapaKTepHas [Jisl KOHCTPYKILUMU U3 [IBYX OJIyKOJIell, UTpaeT
Ba)KHYI0 POJIb B CHU)KEHHM JIOKAJIbHbIX NEPerpy30K, YMeHbLIEeHUHW TPEHUs U CTabWUIM3al U
TEMNJIOBbIX MPOILECCOB. ITO 06EeCMeYMBaET 3HAUUTEbHOE YJIydllleHHe J0JITOBEYHOCTU 3JIEMEHTOB
UJIMHAPO-MOPLIHEBON TpyNIibl, NOBBILIEHHWE pecypca JABUraTesisi U yBeJU4YeHHe ero obuei
3pPEKTUBHOCTH, YTO SABJSETCSA 0COOEHHO aKTYaJIbHbIM /IJIS1 COBpeMEHHbIX CUJIOBBIX arperaTos,
paboTarUMX MPH MOBBIIIEHHBIX HATPY3KaX U TeMIlepaTypax.

3ak/1royeHue

[IpoBeAéHHBIN TeOpeTUYECKUN aHA/IM3 TOKa3aJl, YTO IPUMeHEeHUE KOHCTPYKIIUU
KOMIIPECCMOHHOTr0 MOPIIHEBOTO KOJIbLIA, BBINOJHEHHOTO B BU/JE /JBYX IOJIyKoJiel, o6jajaeT
CYLLeCTBEHHbIMM MNPEUMYIECTBAMHA IO CPAaBHEHUIO C TPAAUIMOHHBIM L€JIbHbIM KOJIBIOM.
OCHOBHBIM OTJIMYUEM SIBJISIETCS 3BHAYUTEJbHO 60Jiee paBHOMEPHOE pacipe/iesieHue JaBjaeHus 1o
CTeHKe IUJIMH/IPA, YTO ObLJIO YCTAaHOBJIEHO HA OCHOBE aHaJIM3a 3MI0P AaBJEeHUS U IO TBEPXKIEHO
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pacyéTHbIMU MojesiMU. OTCYTCTBUE BblpaXK€HHbIX 30H MMKOBBIX HArPy30K MO3BOJISIET CHU3UTD
BEPOATHOCTb JIOKAJbHOTO IeperpeBa, YMEHbUIUTb MeXaHHYeCKHe HalpshikeHUd U
NpeAO0TBPATUTh YCKOPEHHBIM U3HOC IJUJIMH/PO-NOPLIHEBOX IPYIIIbL.

PaBHOMepHasA »asmwpa [JAaBjeHHS CHOCOOCTBYeT VYJy4YUIEHHWIO YCJIOBUW TpPEHUA U
bopMHpOBaHUA CMa304YHOW IJIEHKH, UYTO IMOJIOKUTEJbHO BJIUSET Ha TEIJIOBOM PEeXHUM H
YCTOUYMBOCTD pabOTHhI IBUTaATeJIsl B pa3/IMYHbBIX YCA0BUSAX IKCIIyaTalMu. biiarogaps CHUXKeHU10
JIOKaJIbHBIX Ieperpy3oKk NpUMeHeHUe KOHCTPYKIMHU U3 [BYX IOJIYKOJIel, MOXKEeT 00eCle4YuTh
yBeJIMYEeHUE pecypca IBUTaTeis, YMEHbILIEHUE IOTepb HA MEXaHUYECKOe TPEHUE U NOBBILIEHUE
0011lel TepMETHUYHOCTU KaMephbl CropaHUsl. ITO 0COOEHHO Ba)KHO JJisi COBPEMEHHbIX CUJI0BBIX
YCTaHOBOK, pab0TalIIMX IPU BbICOKUX TeMIlIEpaTypaX, JaBJeHUAX U 4YaCTOTax BpallleHUs.

[lonyyeHHble pe3yJbTaTbl 00JIaZJal0T MNPAKTUYECKOW 3HAYMUMOCTbIO M MOTYT OBITh
MCIIOJIb30BaHbl NpPHW NPOEKTHUPOBAHUM HOBBIX THUIOB MOPILIHEBBIX KOJIEL, ONTHUMHU3ALUU
CYLIEeCTBYWOIIMX KOHCTPYKLUUHW K pa3paboTKe MeTOJUK aHa/lW3a KOHTAKTHBIX [aBJIEHHUM.
BHespeHHe AaHHBIX pEKOMeHJalUil MO3BOJUT MOBBICUTH 3PPEKTUBHOCTb, IKOHOMHUYHOCTb U
HaZ&XHOCTb IBUraTesled BHYTPEHHEr0 CrOpaHusl.
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A.K. Kaykapogr™!, B.Y. )KamaH6aeB?, Y.IlI. KokaenZ, H.C. CayxaHoBl, 3.A. Berumky./ioBa3

1K.?2Ky6aHoe amblHdarsl Akme6e oHipaik yHugsepcumemi, Kazakcman Pecny6aukacsl, Akmeée K.
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ITeH )XaHy KO3Fa/ITKbILIUIBIHBIH, IUJIMHAPIHAEri KOMIPeCcCUA/IBIK NOPIMIEeHAIK
CaKHWHAJIapPbIHbIH, KbICbIMBIHBIH, TAPaJIybIH CaJbICThIPMaJibl TAJA4AY

Anparna. Makasiajia ilITeH KaHATbIH KO3FaJTKbIIITBIH LUJUHAD KaObIpFacblHa TYCETiH
MEHIWIKTI  KbICBIMHBIH,  J3CTYpJii KOMIIPpECCHUAJIbIK IOPILIEHbJIK CaKMHAa KoHe  eKi
Y)KapThICAKUHAJA@H TYpaThlH 0ajlaMa KOHCTPYKIUS apKbLIbl KaJbIITACYblH CaJbICThIPMaJibl
Taj/ay YCbIHbUIFAH. 3epTTey/iH Heri3ri 6aFblThbl — MOPLIEHBAIK CaKMHA MEH LUJIUHAD
KaObIpFacbl apacbhlHJaFbl »KAaHACYy KbICBIMbIHBIH, KaJbIITaCy »9He Tapaly TeOopUSJIbIK
acnekTiziepiH Tangay. luavHzpre opHaTy Ke3iHJeri caKWHaHBIH, KepHeyJi-fedopMalusbIK,
KYWIH CHNAQTTAaUTBIH MaTeMaTUKaJblK MOJeJbJep KeJTipiJireH, COHJau-aK MaTepuall
cepmiMZiNiriH ecenke ajMad €Ki KapTbICAKWHAHBbIH, KbICBIMBIH e€CeNTeyre apHaJFaH
KeHIJIeTIJITeH TocCil yYCbIHBUIFAH. EcenTeysiep HOTHMXKeCiHZe TyTac CakKydHaZa KbICbIM
3MIOpPAChIHbIH, OipKeJsiki eMecTiri, AFHU KeMbip alMakTapJa NHUKOBOe MIHAepP/iH 60Jybl
AHBIKTA/IAbI, OYJ IUJIMHAP-TOpLIeHb TOOBI 3JIEMEHTTEepPiHiH KblJJaM TO3yblHA bIKOAJ eTyi
MYMKiH. AJl eki »KapTblCaKWUHa/bl KOHCTPYKLMS VIUIH KbICBIM OipKeJiKi Tapasbll, LUJIUHAD
KabObIpFacblHA TYPaKThl KYKTeMe TycipeTiHi Gaikanzabl. Bys e3 ke3eriHje »KeprijikTi apThIK
KYLWITepAi, Y#Kesic mHeH XbLIyJablK JedopManusHbl azauTaabl. Pypbe KaTapbl O60UMbIHIIA
anmnpoKCcUMalus KoHe rpadUKablK TIyeNAiKTep MOJeJbJiH, HAKTbl MaijasaHy
)KaFJlalJapbIMeH JKakCbl yuJeceTiHiH kKepceTeZi. CoHJaW-aK, »KaHy KaMepacbIHbIH
repMeTHKaJIbIFbIH apTThIPbIN, KO3FaJTKBILITHIH KbI3MeT eTy Mep3iMiH y3apTyFa MyMKIiHAIK
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OepeTiH caKMHaJap/blH, MaTepuabl MEH TeOMeTPUSJIbIK MapaMeTpJiepiH TaHAAayFa KaTbICThI
YChIHbICTAp 6OepinredH. EKi »kapTbicaKMHaJlaH TYpaTblH KOHCTPYKUMsHbl KoJjgaHy [DKK
NOpUIEHb/IK CAaKUHAMAPbIH XKEeTINipY/liH, NepCleKTUBABIK 0aFbIThl PETiH/IE KAapacThIPbLIa/bl.
Makasiagarbl MaTepuasjap UWHXKeHepJsepre, 3epTreywijsiepre xoHe UIII' asneMeHTTepiH
»KobaJsiaylliblIapFa nangasabl 60J1a ajajbl.

TyuiH ce3aep: ilITeH >KaHATbIH KO3FaJITKbII, KOMIPECCUSJBIK MOPIIEHBAIK CaKUHaJap,
»KapThl CaKMHaJIap, KbICbIM 3MI0PAChl, MEHIUIKTI KbIChIM.
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Comparative analysis of pressure distribution of compression piston rings in an internal
combustion engine cylinder

Abstract. The article presents a comparative analysis of the specific pressure exerted on the
cylinder wall by a traditional compression piston ring and an alternative design consisting of two
half-rings. The study focuses on the theoretical aspects of the formation and distribution of contact
pressure between the piston ring and the cylinder wall. Mathematical models describing the
stress-strain state of the ring when installed in the cylinder are provided, along with a simplified
approach to calculating pressure for the two half-ring design without considering material
elasticity. The calculations revealed that the traditional solid ring produces a non-uniform
pressure diagram with peak values, which may contribute to accelerated wear of cylinder-piston
group (CPG) components. In contrast, the pressure distribution generated by the two half-ring
configuration is uniform, ensuring consistent load on the cylinder wall and reducing localized
overloads, friction, and thermal deformations. The graphical dependencies and Fourier series
approximations confirm the model’s agreement with real-world operating conditions. The paper
also offers recommendations for selecting ring materials and geometric parameters to improve
combustion chamber sealing and extend engine life. The authors emphasize that the
implementation of a two half-ring configuration represents a promising direction for the
modernization of piston rings in internal combustion engines, particularly under conditions of
increased temperature and mechanical stress. The findings of this study may be of interest to
engineers, researchers, and developers involved in the design and analysis of CPG components.

Keywords: internal combustion engine, compression piston rings, half-rings, pressure
diagram, specific pressure.
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Abstract. In the context of worsening environmental problems, modern
architecture is turning to the search for new models of interaction with nature.
Ecological agroarchitecture, combining sustainable design, agrotechnology and
the philosophy of nature-oriented thinking, is becoming one of the relevant
areas. The purpose of this study is to consider the architectural space of the
agroecological type as a semiotic system capable of translating the values of
sustainability, memory and cultural identity. The work focuses on objects
where the principles of bioesthetics, environmental ethics and symbolic
expression intersect, such as energy - intensive buildings, memorial complexes
and biomorphic pavilions. The methodology is based on an interdisciplinary
approach combining architectural semiotics, environmental design and cultural
and philosophical analysis. The results show that architectural forms of
agroarchitecture have symbolic potential: they visualize natural processes and
convey the ideas of cyclicity, rebirth and belonging.

The research contributes to the development of the concept of architectural
space as a meaningful system and can be applied in the design of objects
integrated into the ecological and cultural context.
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Semiotics of space in ecological agroarchitecture

Introduction

In recent years, environmental issues have been increasingly included in the architectural
agenda, forming a new design paradigm focused on human harmony with the environment.
Against this background, a special trend is being formed - ecological agroarchitecture, which arose
at the intersection of sustainable design, agricultural technologies and the philosophy of nature-
based thinking. Architecture in this context is considered not only as a physical shell, but also as
an expressive means capable of conveying meanings, images, cultural archetypes and values [1, 2].
Itis in this field that the application of the semiotic approach is actualized, which makes it possible
to explore architectural space as a system of signs and symbols through which the ideas of memory,
interaction with the living and environmental ethics are transmitted.

Despite the growing interest in sustainable construction in Kazakhstan, systemic research
combining agroecological architecture and semiotics is still in its infancy. Today, there is a shortage
of scientific papers that reveal how architectural forms can perform not only a utilitarian, but also
a semantic function - to become carriers of the cultural code and ecological consciousness. This
fact underlines the relevance of further research in this area.

The study aims to identify how agroecological architecture is able to perform communicative
and symbolic functions, becoming a space of expression of cultural and natural values.

The object is architectural objects of agroecological purpose (including memorial complexes,
biomorphic structures and energy - intensive buildings), the subject is the mechanisms and forms
of semiotic content manifestation in their spatial organization.

The hypothesis is that the agroarchitectural space can be considered as a complex sign system
capable of forming a conscious attitude towards nature, memory and sustainability in humans.

Research objectives include:

- systematization of theoretical approaches to architectural semiotics and agroecodesign;

- analysis of existing examples of spaces integrating semiotic and ecological principles;

- development of methodological foundations for identifying iconic structures in architecture;

- drawing conclusions about the symbolic potential of agroecological facilities.

The methodology

The methodologyis based on interdisciplinary synthesis - a set of methods is used, including:

- architectural and semiotic analysis;

- bioesthetic interpretation of shapes and images;

- methods of sustainable design and cultural coding.

Both theoretical sources and empirical material are used - projects of modern agroecological
complexes. Methods of comparative analysis, meaningful interpretation, as well as visual and
graphical analysis tools using specialized software are used.

The research material covers both international and Kazakhstani examples of agroecological
architecture, presented in various degrees of maturity — from conceptual models to realized
objects. Quantitative parameters reflect the scale, structure, and principles of space organization,
while qualitative parameters reflect the level of symbolic expressiveness and integration with the
natural environment. The present study is not limited to analyzing existing examples, but offers
the author's concept of the semiotic code of agroarchitecture, in which architectural forms are
considered as carriers of symbolic meanings associated with the cycles of nature and cultural
identity. The main hypothesis is that semiotic forms can enhance the ecological perception of the
environment, forming an emotional and ethical attitude of a person to nature through architecture.
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Findings/Discussion

1. Theoretical foundations of semiotics of architecture and nature

Semiotics, as the science of signs, studies how cultural elements convey information.
Architecture is one of the most ancient and stable sign systems in which the physical form carries
cultural, emotional, and ideological meanings. Space becomes a communication platform that
transmits messages through form, material, composition, color, scale, and position in the
landscape.

The semiotics of architectural space suggests that each element can be considered as a sign.:

e The column can symbolize strength and stability,

« glass facade - openness and transparency,

» A vibrant green facade - interaction with nature and caring for the environment.

When it comes to ecological architecture, the semiotic field becomes more complicated:
architectural forms become mediators between nature and culture. Space begins to speak the
language of biological processes - growth, photosynthesis, regeneration, symbiosis. These
biological and ecological processes become cultural codes, turning into new forms of expression of
architectural memory and meaning.

2. Space as a semiotic system in agroarchitecture

Ecological agroarchitecture is a design direction based on the principles of permaculture,
symbiotic integration of agricultural systems, the use of natural and recycled materials, renewable
energy sources, as well as passive energy conservation technologies. Within the framework of this
approach, architecture ceases to be just a living space or a functional structure - it becomes an
integral part of ecological processes, capable of self-renewal, interaction with the environment and
sustainable existence.

Spatial composition in agroarchitecture is being filled with a new meaning [3]:

1. Roofs are turning into productive green surfaces — urban farms and gardens;

2. Facades acquire the function of "living walls" that filter the air and improve the
microclimate;

3. Courtyards and open spaces become ecosystems that support biodiversity.

Each element acquires a symbolic dimension.:

1. The earth is a metaphor for roots, continuity and sustainability;

2. Water is associated with life, purification, and the continuous passage of time.;

3. Plants symbolize growth, transformation, and the cyclical nature of existence.

In this context, the architectural space loses its neutrality and becomes an expressive mediator
of meanings. It begins to "speak" - visually, symbolically and ecologically, forming a new sign
system where each element carries a message of care, memory and unity with nature.

Thus, in agroarchitecture, semiotic forms act not only as metaphorical, but also as functional
structures. For example, biomorphic pavilions not only symbolize organic life but also serve as
microclimatic systems that regulate humidity and temperature. This allows us to talk about a bio-
semiotic synthesis, where the sign and function coincide: the environmental efficiency of an object
becomes its symbol. The research suggests a classification of such forms: Bioiconic shapes -
visually refer to natural structures (leaf, spiral, root), ecosymbolic forms express the principles of
cyclicity, regeneration, and closed circuit, memorial forms create a connection between nature,
memory and the cultural code of the territory.

3. Memorial forms in agroarchitecture: Meaning, innovation and symbolism
The Flora Robotica Project
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The Flora Robotica project is a biohybrid system that combines living plants and distributed
robots to create architectural objects and spaces. The project aims to develop living architectural
systems with functions of self-healing and self-organization. Robots and plants work together to
form organic structures that adapt to the needs of their inhabitants.

Figure 1,2. Images of robots caring for plants and fruits
(https://www.bayer.com/en/agriculture/article/smart-farming-revolution)

Energy-efficient buildings as an architecture of ecological memory

The Broom building in Finland

The Broom building in Joensuu, built in 2004 for the Finnish Forest Research Institute, is an
example of energy-intensive architecture. Wood was chosen as the main material for the
construction, which emphasizes the concept of sustainable development and the recycling of

materials. The building has received several awards for innovative use of wood and energy
conservation.

Figure 3. The Broom building
(https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Metla2009.jpg)

CopenHill Plant in Denmark

CopenHill in Copenhagen is a waste-to-energy plant that combines environmental and
community functions. There is a ski slope on the roof of the factory, and a climbing wall adorns the
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facade. The building is equipped with a green roof, contributing to the creation of an urban
ecosystem and improving air quality.

e .8 ' &

Figr 4. CopenHill pl‘a-n
(https://www.architonic.com/es/story/solarlux-the-winners-of-the-design-educates-
awards-will-be-honoured-at-architecture-in-foyer-/20218549)

Memorial pavilions and gardens: Spaces of silence and memory

Ryazan VDNH in Russia

Ryazan VDNKH is an exhibition complex built in 1955 to showcase the achievements of the
national economy. The complex includes 22 pavilions in the late Stalinist Empire style, spread over
an area of 9.6 hectares. In 2021, the ensemble received the status of an architectural monument
and was taken under state protection.

— |
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Figure 5. Ryazan VDNKh

(https://fondvnimanie.ru/news/81 /vlasti-sdelali-pervyy-shag-k-spaseniyu-ryazanskoy-
vdnh)
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The City of Migratory Birds project in Kazakhstan

The City of Migratory Birds project is being implemented in Kostanay, aimed at creating public
spaces symbolically associated with various bird species. Each square or park represents a
particular bird and includes elements reflecting its characteristics. The project promotes
environmental education and the formation of a green framework of the city.

Figure 6. View of the iiy of Kostanay
(https://designer.kz/2024 /11 /kostanay-is-a-city-of-migratory-
birds/?ysclid=m9q3hwc8h364140952)

4. Conceptual and design proposals

Based on the analysis, the author has developed a conceptual model of “Eco-SemioSpace”,
suggesting that an architectural space can be considered as a system of signs, where each element
carries a certain meaning.:

1. The material symbolizes origin and resourcefulness (for example, clay = locality,
wood = life, metal = adaptability);

2. The form expresses a person's attitude to nature (open forms - trust, closed forms -
protection);

3. The landscape becomes a text of memory, where plants and water play the role of
symbols of time and purification.

The application of this model can become a methodological basis for the design of
agroecological complexes in Kazakhstan, especially in areas of restoration of degraded landscapes.
This conceptual approach has been tested through the author’s visualization of a memorial park
(Fig. 7), demonstrating how form, material and landscape can embody symbolic meanings in real
design practice.
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Based on the above examples, several areas of innovative architectural solutions can be
identified:

1. Potemkin Memorial Agropark - integration of steel and natural elements to create a space
of reflection and connection with nature [4].

2. Biohybrid pavilion "Flora Robotica" - the use of living plants and robots to form adaptive
and self-organizing spaces.

3. Energy - efficient Broom building - the use of wooden structures and sustainable
technologies to reduce energy consumption and environmental impact.

4. CopenHill plant with public functions - transformation of an industrial facility into a center
of public life with ecological and recreational areas.

5. Memorial Complex of Ryazan VDNH - preservation and restoration of the historical
exhibition complex as a monument of architecture and culture.

6. The ecological project "City of Migratory Birds" is the creation of thematic public spaces
dedicated to various bird species in order to raise environmental awareness and improve the
urban environment.

Figure 7. Conceptual sketch of an eco-semiotic memorial park in Kazakhstan. The
composition reflects the principles of Eco-SemioSpace, where landscape forms, materials, and
ornaments embody ideas of nature’s cyclicity, memory, and sustainability, created using a neural
network: https://www.artguru.ai/ru/

The image shows a small memorial complex made in the spirit of ecological agroarchitecture
using Kazakh ornamental semiotics. The space is organized in the form of a master plan, where the
shapes of the landscape, paths, ponds and green spaces refer to the traditional symbols of Kazakh
culture. The central element is a pyramid-shaped monument with an ornament symbolizing the
spiritual connection of generations. Nearby there are areas with vegetation, decorated in the form
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of stylized ornaments and waves, which emphasizes the idea of the unity of nature, memory and
cultural identity [5].

5. Future Perspectives and Educational Potential of Agroarchitecture

The methodology proposed by the author for interpreting architecture as a semiotic system
can be used in the design of educational and memorial agroecological spaces in Kazakhstan. For
example, on academic campuses, landscaping elements and water bodies can carry symbolic
meanings of national culture, forming an emotional connection between students and nature.

One of the underexplored aspects of ecological agroarchitecture is its potential in educational
and research environments. Agroarchitectural spaces, with their capacity to demonstrate natural
processes, energy efficiency, and ecological harmony, can become platforms for immersive
learning [6]. Schools, universities, and research centers designed on agroecological principles can
serve as interactive laboratories, where students and the public learn about sustainability through
direct experience.

Figure 8. Schematic conceptual image of the authof, created using a neural network:
https://www.artguru.ai/ru/

Such educational agrocomplexes may include:
1. Greenhouses powered by solar energy
2. Hydroponic and aquaponic systems
3. Wind energy stations
4. Thematic green learning zones with symbolic design elements

The design of these campuses can incorporate semiotic elements that reflect the values of
environmental consciousness, responsibility, and innovation.

A vivid example is the “Earthship Academy” (USA), a self-sufficient educational facility where
students build and study autonomous buildings made from natural and recycled materials. It
introduces sustainable living practices and embeds symbolic meanings of autonomy, renewal, and
cyclical balance between humanity and the planet [7].
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Moreover, agroarchitecture can significantly influence urban planning, suggesting new hybrid
formats of living that merge functionality, memory, and symbolic ecological expression. Future
urban eco-districts may feature vertical gardens, rooftop agriculture, and culturally coded public
spaces rooted in local traditions. Through architectural semiotics, such developments could
communicate ideas of harmony, balance, and collective care for the Earth [8].

Semiotics of Space in Ecological Agroarchitecture

Natural Landscape (as a Sign System)

Architectural Forms (Eco-symbolism)

Eco-Technology Elements (Green Codes)

Agro-functional Zones (Semantic Fields)

Social Interaction Spaces (Spatial Narrative)

Cultural and Local Identity (Contextual Signs)

0 2 4 6 8
Semiotic Significance Level

Figure 8. Semiotics of Space in Ecological Agroarchitecture

6. Additional Case Analysis: Earthship Biotecture

Earthship Biotecture, founded by architect Michael Reynolds, represents one of the most
symbolic and sustainable directions in global ecological architecture. Built from used tires, glass
bottles, and other recycled materials, Earthships are off-the-grid structures.

Symbolic Meanings

« sustainability
* memory

« unity

« identity

Built Forms

« green roofs
« facades
* memorial spaces

/I\

Natural Processes \(')/
« soil AT

L t SIS
. ::Janﬁgr;ht @ e

Figure 9. Symbolic Layers in Ecological Agroarchitecture, created by the author
They use:

1. Passive solar heating and cooling
2. Rainwater harvesting
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Greywater recycling
Indoor food production
From a semiotic point of view:
Glass bottle walls = transparency, illumination
Reused tires = resilience, transformation
. Earth-rammed walls = rootedness and protection

These materlals symbolically transform waste into life, turning discarded objects into
powerful messages of rebirth, self-sufficiency, and ecological reconciliation. Earthships are not
only sustainable but also philosophical statements about how architecture can embody a different
way of thinking about human-nature relationships.

PN W

Conclusion

In the context of growing global environmental concerns and the search for meaningful
architectural responses, the semiotic study of space in ecological agroarchitecture reveals itself as
both timely and deeply relevant. This paper demonstrates that agroarchitecture is not merely a
convergence of sustainable technologies and rural design elements, but a new cultural and
communicative phenomenon - a language of space where natural processes, symbols, and
architectural forms interact in a unified ecological narrative.

Agroecological architecture goes beyond the utilitarian or technical. It is capable of conveying
memory, identity, and environmental ethics through expressive spatial structures. Each element
of design - whether a green roof functioning as an urban farm, a vertical garden filtering air, or a
memorial pavilion rooted in cultural symbolism - contributes to a broader dialogue between
human beings, nature, and history.

The semiotic approach proves essential in uncovering these hidden layers of meaning.
Architecture becomes not only the background for life processes, but an active participant in
shaping values and behaviors. Through its forms, materials, and spatial logic, it communicates
ideas of regeneration, responsibility, and continuity. By encoding natural metaphors - such as
growth (plants), stability (soil), flow (water), and cyclicity (seasons) - agroarchitecture fosters a
more intuitive and emotional connection between humans and their environment.

The examples explored - from the Flora Robotica biohybrid systems to the Broom Building,
CopenHill, and Kazakhstani initiatives like the City of Migratory Birds - show that architecture can
become a living symbol, evolving with its users and surroundings. These projects exemplify how
spatial forms can embody memorial potential, energy awareness, cultural heritage, and ecological
interdependence simultaneously.

Moreover, the inclusion of local semiotic codes, such as Kazakh ornamental motifs, reveals the
potential for architecture to maintain a dialogue between the past and the future, between
tradition and innovation. Such a fusion offers a powerful model for architectural thinking in the
Anthropocene - one that respects both cultural specificity and global sustainability imperatives.

The research has revealed that architectural elements within agroecological design acquire
symbolic depth:

1. Greenroofs are no longer mere technical solutions, but metaphors of growth, harmony, and
coexistence.

2. Memorial spaces cease to be static commemorations and become living ecosystems of

memory, where the past is reinterpreted through nature’s processes - cyclicality,

regeneration, and transformation.
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3. Reused materials (as seen in Earthship Biotecture) not only reduce waste but symbolize

rebirth, autonomy, and resilience.

From a semiotic standpoint, agroarchitecture functions as a language of sustainability,
transmitting ideas such as the unity of nature and culture, the interconnectedness of people and
place, and the redefinition of memory through ecological expression.

Furthermore, the incorporation of Kazakh ornamental semiotics in ecological design (as
shown in the “City of Migratory Birds” project) demonstrates the potential of agroarchitecture to
preserve national identity while promoting a green future. This synergy between tradition and
innovation becomes a model for culturally sensitive ecological development.

In methodological terms, the interdisciplinary approach adopted in this work - blending
semiotics, environmental design, bioesthetics, and philosophical interpretation - proves effective
in analyzing architecture not just as a structure, but as a carrier of meaning, a space of memory,
and a medium of transformation.

Thus, the author's concept of the semiotic code of agroarchitecture allows us to consider
ecological forms not only as technical solutions, but also as carriers of meanings capable of
influencing human consciousness. The contribution of the research is to develop a model of the
relationship between semiotics and environmental design, which opens up new perspectives for
creating an architecture that combines ecology, culture and the philosophy of sustainability.

SYMBOLIC SPACE SEMIOTIC FUNCTIONS
* green roofs — growth, « unity of nature and culture
harmony — . people and place
* memorial spaces* « memory redefined
ecosystems of memory ecologically
REGIONAL IDENTITY INTERDISCIPLINARY
- ANALYSIS
* ornamental semiotics @ ;
in design . semlotucs )
« environmental design
* bioesthetics
REGIONAL CONCEPTUAL
IDENTITY DIRECTIONS
« ornamental semiotics « educational campuses
in design * memorial objects
* public spaces

Figure 10. Semiotics of ecological agroarchitecture, created by the author

Research Significance and Contribution

This study contributes to the scientific discourse in several meaningful ways:

1. It systematizes the semiotic functions of agroecological architecture, offering a framework
for analyzing space through layers of natural, constructed, and cultural meaning.

2. Itidentifies case studies (such as CopenHill, Broom, Flora Robotica, and Earthships) that

exemplify the living interaction between ecological performance and symbolic resonance.

3. It proposes new conceptual directions for the design of educational, memorial, and public

spaces grounded in sustainability and semiotic clarity.

Implications for Practice and Future Research. The practical implications are far-reaching:
architects, urban planners, and educators can use the principles outlined in this research to create
spaces that are not only environmentally efficient, but also emotionally and culturally expressive.

134 Ne4(153)/ 2025 JLH. I'ymunes ameiHdarsl Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI
TexXHUKA/IbIK FblAbIMOAP HCaHE MEXHO102USAAP CEPUSIChI
ISSN: 2616-7263. eISSN: 2663-1261



Semiotics of space in ecological agroarchitecture

Agroarchitecture, when understood semiotically, becomes a bridge between generations, between
technology and nature, between memory and innovation.

Future research may deepen this direction by exploring regional semiotic codes in ecological
design, developing interactive educational campuses based on agroecological principles, and
studying user perception of symbolic space in green environments.

Agroecological architecture, when approached through the lens of semiotics, becomes a
multilayered language - a system where every space speaks, every form remembers, and every
material resonates. It invites us to rethink the built environment not as a neutral container, but as
a living mediator of values, stories, and responsibilities. This paradigm opens new pathways for
design - where architecture becomes a tool for education, emotional resonance, and planetary
care. The future of architecture lies not only in innovation, but in meaning - and agroarchitecture
stands at the forefront of this meaningful future.
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N.N. Ocranenko 1, H.III. CeutoBa 1, /I.T. llocenoBa 1, A.M. Ecen6aeB2*

1MescdyHapodHasa o6pazosamebHas kopnopayus (Ka3lr'ACA), Aamamel, Kazaxcman
2Kazaxckull azpomexHuyeckuil ucciedosamensckuil ynusepcumem um.C.Celighpyaiuna, Acmana,
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CeMHOTHKA MNpoCcTpaHCTBA B 3KO0JIOTH4YeCKOoM dATpOapXHUTEKTYype

AHHOTanMA. B yc/10BUAX 060CTpeHUA IKOJOTUUYECKUX NTPO6JIeM COBpeMeHHas apXUTEKTypa
obpalaeTcs K NOMCKY HOBBIX MOJieJiell B3auMoJleMCcTBUSA ¢ Npuposoi. OJHUM U3 aKTyaJIbHbIX
HalnpaBJIeHUHW CTAaHOBUTCA 3KOJIOTMYeCKass arpoapxuTeKTypa, codeTawolias YCTOWYHUBOe
IpPOEKTUPOBAaHUE, arpOTeXHOJOTUM U (QUJI0COPHUI0 NPUPOLOOPHUEHTHPOBAHHOTO MBIIIJIEHHUS.
lleib  JaHHOrO  HMCCAENOBAaHUA -  PAacCMOTPETb  APXUTEKTYpHOe  IPOCTPAHCTBO
arpo3Ko0JIOTM4eCKOro TUIAa KaK CEMUOTHYECKYIO CUCTEMY, CIIOCOOHYI0 TPAHCJAUPOBATh LIEHHOCTH
YCTOMYUBOCTH, MaMATU U KyJbTYPHOH HUAEHTUYHOCTHU. PaboTa akueHTUpyeT BHUMaHHE Ha
00beKTax, B KOTOPBIX IepeceKalTC MNPUHLUIBI OMO3CTETUKH, IKOJOTHUYECKOU I3THUKU U
CUMBOJIMYECKON BbIPA3WTEJbHOCTU — TAaKUX KaK JHePromnacCMBHble 3JjaHUf, MeMOpHaJbHble
KOMIIJIEKCbI M 6MOMOpHBIe NaBUJIbOHbL. MeTOA0JIOTHS OCHOBaHAa Ha MEXJUCLUIJIMHAPHOM
noaxozie, 00beAUHAWILEM apPXUTEKTYPHYIO CEMUOTHKY, 3KOJIOTMYEeCKOe NpPOeKTUpPOBaHUE U
KyJIbTypHO-OUI0COPCKUN aHaiu3. Pe3ysbTaTbl MOKAa3bIBAKOT, YTO aApXUTEKTypHble (OpPMbI
arpoapxuTeKTypbl 06/1aJal0T CAHMBOJIMYECKUM MOTEHIIMAJIOM: OHU BU3YaJIM3UPYIOT IPUPOJHbIE
IpOLEeCcChl U epeslaloT Uer HUKJINYHOCTH, BO3POXK/AEHUSA U CONPUYACTHOCTH.

UccnenoBaHnue BHOCUT BKJIQJ, B pa3BUTHeE KOHLENLMHA apXUTEKTYPHOI'O0 MPOCTPAHCTBA KaK
CMBICIOHOCHOM CHCTEMbl M MOXET ObITb NPUMEHEHO NpPHU IPOEKTUPOBAHUU OO'BEKTOB,
MHTErPUPOBAHHbBIX B 3KOJIOTUYECKUH U KYJIbTYPHBIA KOHTEKCT.

KiroueBble cjJ0Ba: CeMHUOTHKA, arpoapxuTeKTypa, apXWTeKTypa, CUMBOJIU3M,
9KOJIOTUYHOCTD, Ky/IbTypHas NaMATb, 6M03CTETHKA

HU.U. Ocranenko 1, H.III. CeutoBal, /I.T'. llocenoBa 1, A.M. Ecen6aeB*2

IXaavikapaaslk 6inim 6epy kopnopayuscet (KazbCKA), Aamamul, Kazakcmau
2C.Celighynrnun am. Kazakx azpomexHuka.ivlk 3epmmey yHueepcumemi, Acmana, Kazakcmat

JKOJIOrMAJIBIK, arpOapXUTEKTYpPaAaFbl KeHiCTIiKTiH, CEMUOTHUKACHI
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AnpaTtna. JKoJIOTUSJIBIK Npo6JieManap/iblH LIWeJieHicyi KaFAaWblHAA Kasipri 3amMaHFbl
coyJieT TabWUFaTIeH e3apa dpeKeTTeCyAiH »aHa MoJeJsbJepiH i3feyre 6eT Oypajbl. ©3eKTi
O6aFbITTapAbIH Oipi TypaKTbl AW3aliH, ArpOTEXHOJIOTHSA >KOHe TabWfaTKa OaFbITTaJiFaH ouJay
dbunocodPuacplH OGipiKTIpeTiH 3KOJOTUAJIBIK arpoapxuTeKTypa O0oJsibll TabbLIazAbl. bBya
3epTTeyAiH MaKCaTbl-arpO3KOJIOTUSAJIBIK TUIITErl apXUTEKTYpPaJIbIK KEHICTIKTI TYPaKThIJIBIK, eCcTe
CaKTay >XoHe MdJleHU OipereiJiik KyH/JbUIbIKTApbIH ayJapyFa KabijeTTi ceMMOTHUKAJBIK, KyHe
peTinfe KapacTblpy. JKyMbIC 3Heprus NnacCMBTI FUMapaTTap, MEMOPHUANJBIK KelleHJep KoHe
6uoMOpdTHl MaBUJIbOHAAP CHUAKTbl OHWO3ICTETUKA, JKOJIOTHSJIBIK 3THKAa 9HE CHUMBOJIJBIK,
IKCIPECCUBTIJIIK MNPUHLMITEP]I KUBUIBICATBIH HbICAHAApFA Hasap ayZapajbl. 9JicTeMe
ApXUTEKTypaJblK CEMUOTHKAHbl, 3KOJOTUAJIBIK [AU3aWHJbl XK9HE M3JeHU-QUI0COPUAIIBIK,
TalJayAbl OipiKTipeTiH NMoHapaJblK Taciire HerizzenreH. HaTuxesep arpoapXUTEKTypaHbIH,
apxXUTEKTypaJblK, popMasapblHbIH CUMBOJIJBIK, dJIeyeTKe e eKeHJIriH KkepceTe/i: o/1ap TabUFu
npouectep/i OelHesell oHe LUKJJAIK, KaUTa TYbLIYy >KoHe KaTbICy HUJesJapblH KeTKi3eni.
3epTTey MaFbIHAJBIK )XYWe PEeTiH/Ee apXUTEKTYPaJIbIK KEHICTIK TY>KbIPbIM/JaMacCbIHbIH, JlaMybIHA
BIKIIAJl €Te/li )KkoHEe OHbl IKOJIOTHUSAJIBIK >XOHE M3JIeHU KOHTEKCTKe OipikTipiireH ob6bekTisiepai
»KobaJsiayaa KoJiiaHyFa 60J1a/bl.

Ty#iH ce3aep: ceMUOTHKA, arpoCayJieT, CAyJeT, CAMBOJIU3M, IKOJOTUAIBIK Ta3a, MaJleHU
»KaJibl, 6M0O3CTEeTHKA
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FeuibiMu MaKasia

OpMaH epTTepiH 6aKbljiayAa YIIKBIIICHI3 YIIY allllapaTTapbIHbIH,
AepeKkTepiH eHAey ywiH Python 6araap/siamasiapbiH naigajaaHy

X.Moaaamypar “ , A.KaamanoBa* " , A. bazapoek “ , C.K.ATaHoB * ,
H. blpbickesnai

JLH.I'ymusiee amsuiHdarsl Eypa3zusa yammulk yHugepcumemi, Acmana, Kazakcmau

E mail: moldamurat@yandex.kz , dinara_kalmanova@mail.ru,
asyl.bazarbek.92@mail.ru, atanov5@mail.ru, n.yryskeldi@mail.ru

AnaaTna. Taburu KayincisaikTiH 3aMaHayu CbIH-KaTepJiepi opMaH epTTepi
CUAKTBl Kayil-KaTepJiepre jejesJ 9peKeT eTy VIIIH HWHXEeHepJIK XoHe
aKnapaTTbIK, TexHoJIoTHsilapAbl OipikTipyai Tasan eteni. IlepcrnekTruBasibl
O6aFbITTapAblH Oipi-ylIKpIIICEI3 Yy annapaTTapblH (YYA) reoaknapaTThbK
kyresiepMmen ([AXK) xoHe JepekTephi eHAipyre apHaJjifaH 6afjapJiaMalsibIK
»KacaKkTaMaMeH 6ipre KosjaHy. Bys »KyMbicTa opMaH epTTepiHiH TapaJyblH
6aKbliay *aHe 6osnKay yiliH Python TisniH/e icke acbipbliFad 6aFAapaMalblK,
meuriMai  Kypy 2Kobacbl KapacTbIpbLiaZbl. ©Op TypJli CeHCcOpJiapMeH
»KabJbIKTa/lFaH yll JApoH (MyJbTHUCIEKTpJli Kamepa, »blL1y Tyciprim, RGB
KaMepachl) 3apsjATay VaKbITbIH eCKepe OThIpbIIN, Y3/iKci3 6akbliay/ibl
KaMTaMachbI3 eTeTiH KecTe OOMbIHILIA XYMbIC icTefi. XKyHeHiH YCbIHBLIFaH
apXUTEKTypacbl OHbI dPTYpJii reorpadus/bIK KaFjaljap MeH MiHJeTTepre
berimzeyre MyMKiHZiK Oepefi. HoTmxkenep rpadukTep, KbLly KapTajaphbl
KOHe KecTesiep TYpiHJe YCBbIHbLIFAH, OyJ »KyHeHi omepartopJjiap MeH
Tas1Jjayllblaap yUliH bIHFauabl eTeai. JKymbic « UHKeHepHs :KoHe TEXHOJIOTUSI»
O6aFbIThl IIeHOepiHAe ©3eKTi 60JbII TabbLIaJbl O9HE 3KOJIOTHSAJBIK,
KayincisZik MiHZeTTepi YILIiH aKIapaTThIK XoHe UHXKeHepJliK WwelliMAepai
CUHTE3iH KepceTe/.

Ty#HiH ce3aep: NUI0TCHI3 ylIy alilapaTTapbl, OpMaH 6pPTTEPi3 ,X, MOHUTOPUHT,
reoaknapaTTbhlK JKyHesep, MyJbTUCHEKTPJIK TYCipiliM, TeNnJa0BU30D,
NUJIOTCHI3 TEXHOJIOTHUAIAP.

Tycti 16.07.2025. XKengenmi 14.11.2025. Makyagasas: 24.11.2025. Onsaiie Kosnketimai 30.12.2025

* xaT-xabap YLIiH aBTOp
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Kipicne

OpMaH epTTepi KblJ CalblH 3KOJOTUAFA, IKOHOMHUKAFa KoHe aJlaM eMipiHe alTapJbIKTau
3UsH KesTipeni. KiMMaTTbIH e3repyi, TeMnepaTypaHblH, )KOFAapbLIaybl KoHe y3aKKa CO3bLIFaH
KYpPFaKWIbLIBIK OpTTiH KebeliHe bIKNaa eTeni, acipece a3 MesrisiHae. COHJABIKTaH 6pT
OlIAKTapblH epTe aHbIKTayFa >X9He OJapJblH TapaJiyblH OaKbliayFa KabiseTTi MHKeHepJiiK
memimMJepre KaxeTTilik apThin Keseai [1-2].

WHxeHepJik 6akKpLiay kyWesepi [UPPJIbIK TEXHOJOTUSAJIADMEH, COHBIH, illliH/e YIIKbILIChI3
ylly anmnapaTTapbiMeH (YIIKbBIIICHI3 Yy anmnapaTTapbl), CCHCOPMEH, CIYTHUKTIK JAepeKTepMeH
»K9HeE YJIKEH JlepeKTepAi Taaaay KypajapblMeH Kebipek nHTerpanusaanyja [3-5]. by xyitenep
HaKTbl YaKbIT PEXXUMiH/le OpMaH aJIKallTapblH 6aKbllay/blH aBTOMaTTaH/bIPbLIFaH LIeliM/epiH
»Kacayfa MYMKIHJIK 6epefi.

Python TiniH >9He OHBIH BU3ya/JM3alUAJbIK >KOHE AHAJMTHKAJbIK KiTanxaHajlapbliH
nanjasaHy MKeMJi KyHeHi KypyFa MyMKiHAiK Gepefi, oHJa o9pOip ajieMeHT — TYycCipiJliMHeH
aHaJIMTUKaFa JleliH — HaKTbl TalcblpMaJsapfa GeiliMmzenefi. Bys TypfFblja YIIKBILICHI3 Yy
anmapaTTapbl KOJI KeTiMJi eMec aWMaKTapJa JAepeKTep/i >XUHayFa KabiieTTi MoOUIbAI
CEHCOPJIbIK MJIaTdopMaiapFa aiiHaaab! [6-8].

Bys »xxymbic YYA JlepeKTepiMeH »KyMbIC iCTEWTIH XKoHe KapTajap MeH rpadukrep TypiHZe
HaTHXKeJiep OepeTiH GarpapJsiaManblk [AXK KyleciHiH NPOTOTHUIIH a3ipseyre xoaHe KepceTyre
6arpiTTasFaH [9-10]. Herisri MiHAeT-HaKTbl YaKbIT peXHUMiHJe epT KayliH Oafasay >KoHe
MUHUMaJIJbl SHEPTUS WBIFbIHAAPbIMEH THIM/I 6aKbliay MapLIpyTTapbIH XKOCMapJay.

3epTTey ayMarbl XKoHe JiepeKTep

TyxbIpbIMIaMaHbl CbIHAY YIIiH Yl cekTopFa 6esiHreH 3000 rekTap mwWapTThl OpMaH aJKaobl
TaHJAaJIAbl. Op CEKTOP KOOPAUHATAJBIK, lIeKapaaapAbl, 6CIMAIK THIFbI3bIFbIH K9HE KJIUMATThIK
napaMetpJiepai anzapl. llinge adblHBIH aya-pailblHa 6ailslaHbICThl (TeMiepaTypa 26-32°C,
bUIFANbIIBIK 30-45%, >xes1 4 M/c AeliH) epT KayniHiH UHAEKCI aHbIKTaJI/bl.

CoHbIMEH KaTap, OpMaHHBbIH TYKbIM/JBIK KypaMbl eCcKepisiji: A ceKTOpbIHJa Kaparau, B
ceKTopbIH/A Lbipuia, C CEKTOPbIH/A KaNblpPaKThbl aFallTap (KalblH, eMeH) 6acbiM 601761 (CypeT
1). OTBIpFBI3Y THIFBI3AbIFLI Aa 9p rektapfra 800-gen 1200 arawka feitin e3repai. bys gepekrep
»KaHy UH/JIEKCi MeH KbLIy )KUHAKTaJIyblH ecenTeyre acep eTTi, 6y/1 epT OllaKTapblH 60/1Kay YUIiH
©Te MaHbI3/Ibl.

Kapafai

A0.0%
{1200 ra)

HanoipakTel (Kanmy, eMmeH)

LsipLua

1-cypeT. OpMaHHbBIH TYKbIM/IbIK KYpPaMbl >KoHe ayZlaHbl 60MbIHIIIA TApaTybl
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bakpliay yLUiH KOJIJAHbICTaFbl KOMMeEPLUUAJIBIK KOJI )KeTiM/ i MoJie/ibiepAiH cullaTTaMasaphbl
6ipael, 6ipak HaKTbl eHJipyllisiepAi KepceTneWTiH ym wapTThl ApoH Typi (D1, D2, D3)
KoJ1AaHbL1Abl. CUllaTTaMasaphbl:

- BipiHwi gpoH (ken cnekTpJii kaMepa): casiMafbl 1.6 Kr, yilly KallbIKTbIFbl 7 KM-Te J€eHiH,
6aTapesiHbIH KbI3MeT eTy Mep3iMi 40-45 muH, ymy 6uikTiri 120 M, esaemi: 35x35x18 cm, 6aTapes
ChIMBIMABLIBIFLL: 6200-6800 MA-c (6s LiPo, 22.2 V).

- ExiHii gpoH (TensoBr30p): caamarhbl 1,5 Kr, Auana3oHbl 6 KM-Tre AeliH, ouikTiri 100 M, yuiy
y3aKThIFbl 40 muH, esmemi: 30x30x15 cM, 6aTapes cbiibIMAbLIBIFBL: 5500-6200 MA-c (6s LiPo,
22.2V).

- Ywinwi gpoH (RGB kamepacs! 4K): canimarsbl 1.4 Kr, Aruana3oHbl 5 KM-Te JIediH, Yy yaKbIThb
35-40 muH, 6uikTiri 80 M, eseMi: 28x28x14 cM, 6aTapes cbliibIMAbLIBIFBL: 4800-5500 MA * ¢ (4s
LiPo, 14.8 V Hemece 6s LiPo, 22.2V).

Bys 3epTTeyae cekTopsiap 60MbIHIIA ToyeKeJ KapTajlapbl MeH YaKbITThHIK TpapuKTepAi Kypy
YIIiH MeTeOopOoJIOTUSAJIBIK >K9HEe OpMaH/bIK I[apaMeTpJiepre Heri3je/areH eHiajeTiireH
UMHTerpaazbl epT ToyeKeJs UHJEKCiHIH popMyJsiacel KoaAaHbLIAbL, Oy a4ic KaHafanblk epT aya
paiibl ungekci (FWI), HectepoB uH/€EKCi koHe OpMaH NMPOMETPUSCBIHBIH, YITTBIK, HYCKAyJlaphbl
CUSKTbl OpT KayinTiiiriH Oafajay/blH >Ka/lbl KabblLIJaHFAH 9/jicTepiHe CyileHe OTbIPhIN
93ipJieHTeH.

Op6ip HYKTe MeH KYH YLIiH TayeKeJJiH >Ka/llblJIaHFaH UHJAEKCI MblHa ¢opMyJ/ia 60MbIHIIA
ecenTesi:

R = aTuorm + B(1 — Hyorm) + YWaorm + 6 Dnorm (1)

MyH/ia:

R - uHTerpananl Toyekes uHaekci (0-1 guana3oHbiHAA);

Thorm - KQJIBIIITHI aya TeMIlepaTypachl;

Hnorm - Ka/IbINThI CaylbICThIpMasibl bLIFaI/bIIbIK;

Whorm - KaJIbIITHI 3KeJ XKblJ1JaM/|bIFbI;

Dnorm - CYpeKAiHHiH ThIFbI3AbIFbl (HOpMaslaHFaH MaHi);

o,B3,v,6 - pakTOopaapAbiH caiMak koadbunueHTTEpi (Kainbl = 1)

Bi3fiH ecenTey yuliH caaMak k03¢ puLMeHTTepi TOMeH/e cunaTTaafaH (kecte 1)

1-Kecre. Canmak k03 dunpeHTTEpI
[TapameTp BeJrisziey Canmak
Aya TeMniepaTtypachl o 0.4
AyaHbIH, blIFaJ1/blJIbIFbI
(kepi mponopuMoHa/bl) B
Kengiy, KblagaMabIFbI Y 0.2
6

0.3

OTprFbI3y TbhIFbI3/]bIFbI

. 0.1
(opMaH KyKTeMeci)

Op6ip napameTp 0-1 Arana3oHbIHAA ChI3bIKTHIK, [IIKaAa O0WbIHIIA KaJIbINKA KeJATipiiii:
X—Xomi
X — min 2
norm Xmax_Xmin ( )
MyH/1a X - 9p6ip napameTp 0-1 Auana3oHbIH/A ChI3bIKTHIK LIKaaa 60HbIHIIA KaJlbINKa

KeJITipiaail.
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Xmin,Xmax - YJITI 60MBIHIIA MUHHUMaJI/Ibl 2K9HE MaKCUMaJlibl MAH/ep (MbIcaJibl, all HeMece
alMak OOWBIHIIA).

OpmaH ankabbl WAPTThl TYpAe YII CeKTopFa O06eJiiH/i »KoHe 9p CEeKTOpFa afall
»)KaMbLJIFBICBIHBIH, TYpi MeH OTBIPFbI3y ThIFbI3/IbIFbIHA OalJIaHbICTBl cUMATTaMa Oepinfi. A
CEKTOPBbIHZA KbUIKAH >KalbIpaKThl, epeceK aramirap 0OacblM, Oy/J aWMaKTaFbl OTBIPFbI3Y
TBIFbI3/IbIFbI CAJIbICThIPMaJibl IKaJsia 6okbiHIIA 0.8-re TeH Jen KabblijaHabl. B cekTopbl apanac
TYpAeri OpMaHMeH CUNIaTTala/bl, AFHU »KallbIPaKThI )KkoHe KbIJIKAH »KalblpaKThl aFallTap opTalla
TBIFBI3/IBIKTA 6Ce/ji; OyJ1 CEKTOp YILUiH OTBIPFbI3Y ThIFbI3AbIFbI 0.6 AeHreriHge Genrinenfi. An C
CEKTOpbI CUPEK OpHaJIaCKaH, »Kac arallTapJaH TypaJbl »KoHe OHbIH, ThIFbI3/|bIFbI LIAPTTHI TYpJe
0.4 nen 6aranan/bl. By kepceTKilTep epT KayniH 6aranay GpopMyJiacblHbIH KypaMblHa eHTi3iin,
KaJINbl TOYeKeJ 1 UHJeKCiHe YJIeCiH KOCTHI.

2025 x)bl1ABIH WiJe allblHA apHAJIFaH ecenTeyJiep YIIiH TeMIepaTypa, aya blLJIFaJ/iblIbIFbl
MeH >eJ >KbUIJAMJbIFbl CHUAKTbl MeTeOpPOJIOTHUAJIBbIK KOpCeTKIlITepAiH IIapTThl MaHJAepi
naijasaHblLabl. ATan alTKaH/a, 5 wingene aya remnepatypackl 26°C, 15 mingene — 33°C xoHe
25 wingene — 27°C peHreuinge 6oJiabl. Bys KepceTKiliTep asJbIHFbI KblJIJAp/blH OpTalla
MasiMeTTepiHe (Mbicanbl, NOAA xoHe Copernicus ke3zepi) cyilleHe OTBIpbIN ajblHFaH. Aya
BLIFA/IJbLIbIFbI coliKeciHIle 45%, 28% >xaHe 42% 6os/bl, Oy MapaMeTp UHAEKC ecebiHfie Kepi
NpONOPLMSAMEH ecKepine/i, AFHU BUIFAI/JbLIBIK HEFYPJBIM TOMeEH 00Jica, 6pT Kayli COFypJibIM
»KoFapbl. XKeJs ’KblIJaM/bIFb] 1a aWTapJbIKTal peJ aTKapazpl: 5 winaene — 3.1 m/c, 15 wingene
— 5.4 mM/cxoHe 25 wingene — 3.0 M/c 60J1bII TipKeIi.

9JlicHaMa

KayincisaikTi KaMTaMachI3 eTy K9He COKTBIFbICY bIKTUMaJIAbIFbIH 00JIIbIpMay YILiH 0apJIbIK,
YUI YVIIKBIIICKI3 YIIIy anfapaTTapbl Oe/rijieHreH MapupyTThIK 6aKbljay CEKTOpJapbiHa O6JIiH/A].
Opb6ip ApoH e3iHe TafallblHAa/FaH allMakK — A, B Hemece C meriHze >xoHe Gesrini 6ip yumy
OMiKTIiriHZe Katal apekeT eTefi. Oyiap/blH 9pKaNCbICbl OepiireH TpaeKTOpUs OOWbIHIIA 63
CEKTOPBIHBIH VIIYbIH Jepbec opblHAAWbl. bBuUikTikTepAi ecenke ajny KUbLIbICTAp/bl
60/14bIpMaii/ibl 2kdHEe MapLIPYTTapAbl OHTaWaHAbIPAJbI.

Mpeicanbl, 1 dopmyna 6olbiHIIA A ceKTOpbI yuliH 15 wisie KyHi ecenTesreH epT KaymniHiH
MHTerpaniblK uHjekci R MaHi 0,814-ke TeH 6oJAbl. By »KoFapbl Toyekes JleHreliH KepceTe/i
»K9He 0J1 )XoFaphl TeMnepaTtypa (33 °C), TeMeH aya bLIFanAbLIbIFbI (28%) *koHe opTalla KOFaphbl
Kesal KbLIJaMbIFbl (5,4 M/C) CUSIKTBI KOJIAaWCbI3 MeTeOXXaF[alap/iblH, COHJal-aK arall
OTBIPFbI3Y ThIFbI3ALIFbIHBIH, (0,8) xk0Fapbl 60J1yblHA 6GAUIAHBICThI KAJbIITACThI.

MapupyTTap MeH KecTe 6aTapesiHbIH, LIEKTeyJIepiH eCKepe OThIPbIN XKacaJ/iFaH (YLy YaKbIThbl
~45 MuHnyT, 3apsaaray ~60 MUHYT). Opbip bakbliay kyHiHiH 6ackiHaa caraT 10: 00-ae 6apJibIK, yiil
JIPOH TOJIBIK KaMTy YIIiH Oip yakbITTa icke KocbLliazbl. bipiHmi nukajeH keiin 6ip ApoH
3apsATayFa aybicaJibl, aj KaJFaH eKeyi 6aKblIayAbl XKaJFAcTbIpa/bl. Opi KapaH, JpoHJap cxeMa
OoMbIHIIIA aybICaAbl: eKeyi yiiyzaa, 6ipeyi KaiiTa 3apsarayna, carat 20.00-re jgediH y3jikcis
KaMTy/Jbl KaMTaMacbl3 eTeAi. MapuipyTrap MeH KecTe OaTapesiHblH LIEKTeyJiepiH ecKepe
OTBIPBIN acasfaH (yuy yakbITbl ~45 MUHYT, 3apsjTay ~60 MmuHyT). KyH calibiH carat 10.00 —
nieH 20.00-re feliiH eki yIIKBILICKI3 Yy, 6ipeyi 3apsATa. YaKbITThI LUKJAIK 66J1y OYKiJl ayMaKThbl
TYPaKThl KAMTY/Ibl KAMTaMachbI3 eTTi.

MuTepakTuBTI KapTa Folium kemeriMeH >ky3ere acblpblia/ibl KoHe TayeKeJl akMaKTapblH
KepceTe/i (TycTi KoATay: »acblJli — TeOMeH, KbI3FbUIT capbl — Opraiua, Kpi3blsi — KoFaphl).
JlepeKkTep ap ceKTOp OOMBbIHIIIA KEeCTe/le ) KUHAKTaJIFaH: ToyeKeJl JieHreli, 6aKbliay yaKbIThl, YIIIY
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CaHbl XK9HEe CEeHCop Typi.

Pandas mnaigasaHy akmapaTTbl yakbiTiia cjaoTTapfa (15 MwuHyT) 6ipikTipyre >xoHe
JIPOHAAp/AbIH OeJICeHAIINH KepceTeTiH Kby AuarpaMMa/apblH KypyFa MyMKiHAIK 6epji.
Matplotlib anmapaTThIK *XyKTeMeHIiH, CbI3bIKTBIK ITPa@UKTEPIiH XX9He yaKbIT ToyeKeJl Tepe3esiepiH

KYPY YLUiH KOJIJaHbLIaAbI.
KecTeHiH Tapa/iybl TOMeH/eri 2-KecTe/ie KeJTipiireH:

2- Kecre. /lpoHap/iblH yaKbIT 9pi LMK/ OOMbIHINIA YIIYbI

YakpIT Besncenai gpongap (yuy kesinze) 3apAaTasblll XKaTKaH
ApPOH
10:00-10:45 D1,D2,D3 -
11:00-11:45 D1,D2 D3
12:00-12:45 D1, D3 D2
13:00-13:45 D2,D3 D1
14:00-14:45 D1,D2 D3
15:00-15:45 D1,D3 D2
16:00-16:45 D2,D3 D1
17:00-17:45 D1,D2 D3
18:00-18:45 D1, D3 D2
19:00-19:45 D2,D3 D1

OpT KaymniHiH KeHiCTIKTiK e3repriluTirin 6afasay yuiiH wiajezeri aya-paiiblHa Heri3/e/reH
OpMaH epTTepiHiH KayliH KepceTeTiH HWHTEPAKTHUBTI KblJy KapTachl CaJblHAbl (2-CypeTTi
KapaHpbi3). Toyekes JeHreii aya TeMmmepaTypachl, bLIFAJIJbLIbIK *K9HE eJJiH Kbl1JaM/bIFbI
dakKTopIapblH eCKepe OThIPbII, IAPTThI TYPAE eCenTe /.

’Q

2-cypet. ToyeKeJsZiiH KblJ1y KapTaCbIHbIH CUIIATTaMachl
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KepHekisiKTiH TyC WKasacbl rpajUueHT NPUHLUII OOMbIHIIA KaObLIJAaHA/bl: >KacCbLIJaH
(TemeH TayekeJ) KbI3blIFa JeliH (PKoFapbl TayekeJs). Bys ApoHaapabl nmakgasaHy apKblibl
6acbIMbIKTbl OaKblIayAbl KaXKET eTeTiH ayMaKTblH, bIKTHUMaJs KayilTi ydackeJsiepiH aHbIK
aHbIKTayfa MyMKiH/Aik 6epzi. Kby kapTacel MapuIpyTTap/bl »KeJieJl }KocrapJjayfa KeMeKTecei
»KOHE epPTTiH >KOFapbl bIKTUMAJIIbIFb] 6ap y4ackesepAi 6akblaayAblH, TUIMAIIITIH apTThIpabl.

Jlana epTTepi KayniHiH KeHiCTiKTiK TapasyblH MoZeJib/ey ascbiHza Folium kiTanxaHacbl MeH
HeatMap muiarvHiH KoJijJaHa OTBIPbIIl MHTEPAKTHUBTI »KblJIy KapTachl cajblHAbL. KapTa winge
aMblHAaFbl aya TeMIlepaTypachblH, bUIFAJABLIBIKTbI K9HE >XeJl KYIIiH KaMTUTBIH IApTThl
KiimMaTThIK napaMeTpJiepre Heri3zesreH epT KaylniH Kepcetezi. KapTaHblH 9p cerMeHTI OChI
napameTpJiep/iH *XUbIHTBIK MOHiHEe 6aW/IaHbICTbl OOSIJIFAH: KaCblJ1 TYC-KAyiNTiH TOMEH JAeHreui
(cankblH aya - pailbl, KOFapbl bUIFAIJbLIBIK, »KE€HiJ >KeJ), KbI3FbIIT Capbl-OpTallla TayeKeJl
JleHreli (opTalia }KoFapbl TeMIIEpAaTypa, TOMEH bLIFAJIAbLIBIK), KbI3bLI TYC-6PTTIiH XXOFaphl KayTi
(>koFapbl TeEMIIepaTypa, TOMEH bLJIFANAbUIbIK, KATThI XKeJl).

3-cyper. 5 wisngere apHasfaH

OpT Kaymi yII MeTeOpOJIOTHSAJBIK NapaMeTpAiH  >KUBIHTBIFBIMEH aHbIKTa/Jbl-aya
TeMIepaTypachl, CaJbICTbIPMaJibl bIJIFAJABLIBIK XoHe KeJIZiH, *Kbl1JaMAbIFbl. OCcbl MaJliMeTTep
Heri3iH/le KaJbIIIKa KeJTipiJiTeH epT Kayli MHJEKCI Kypbl1/bl, OHJA 9p HYKTe 0-zeH 1-re feuiHri
Kasia 6o#bIHIIA 6aFananzbl. UHJekci 0.8-4eH )oFapbl alMaKTap eTe KayinTi (KbI3blJI TYCIIEH),
0.6 — 0.8 apacbinga — Oprawma (KbI3fbliT capbl) kaHe 0.4-TeH TeMeH-Kayinci3 (>kacbLi) gen
6enrizienai. MyHjail 6esiy TaOWFU ToyeKeJAep/AiH HaKThbl ClLieHapUMHJIEpiH KepceTeli >XoHe
YIIKBIIICBHI3 Yy allapaTTapbIMeH 6aKbLIay/blH 0acbIM/AbIKTapPbIH aHbIKTayFa Heri3 60/1a/bl.

[lapTThl Toyekes koapoduuuentrepi 0.3-teH 0.95-ke feliin 6aKblaay/ bl OYKiJ ayMaFblH/A
6ipkesiki 66Js1iHreH KeTi Heri3ri HykTe KapTafa Tycipingi. Bys xxarpaiiap/blH reTeporeH/ijlirin
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KOpCETYTre >XoHe OpTTi OakKplLiay KoHe epTe aHbIKTay Ke3iHJe 6acbIMABIKTbI KaXKET eTeTiH
y4ackeJiep/ii Ke306eH aHbIKTayfa MYMKIiH/JIK Oep/i.

4-cypert. 15 winpere apHanraH
ToyekengiH Kby KapTacblH Kypy yuiH 2025 kpuUijblH 1IiijeciHe ToH aya
TeMIlepaTypacblHbIH, BUIFAIABUIBIKTBIH >XoHe >XeJJiH >KbLJIJaM/bIFbIHBIH OpTalla MaHJepi
naugajaaHbLIbL.

5-cyper. 25 wingere apHajaFaH

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 145
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



X.Moagamypart, [l.KaimanoBa, A. bazap6ek, C.K.AtaHos, H. blpsickengi

Mogenb ToyJ/iKTIK AMHAMUKAHbl ecKepMei/ii, 6ipak ail 60ibl 6PT KayMiHiH *Ka/JNblJIaHFaH
TapaJyblH KepceTei.

OpT KaymiH yakbITIa TaJAayAblH alKbIHAbLIbIFbI MaKcaTbiHAa 2025 KbU1JbIH 1IiaJeciHe
TOH YLI KYH TaHZaJAbl: 6actanysl (5 winge), epT KayinTijiri wsige! (15 winge) xaHe 6esnceHfi
Ke3eHHiH asgKTaaybl (25 winge). bys HykTesnep (cypet 3-5) 6ip ail imiHAe ToyeKeJAiH 63repyiHiH,
dJeTTeri AUHAMUKAChIH KepceTe/i. 2025 KblIABIH 1iJe albIHaFbl 6ip 6aKbliay HYKTeCiHJe
OpMaH epTTepi Kaymi WHAEKCiHIH e3repy JAuHaMuKacbl. KepceTkimtep KianMaTThIK
napameTpJiep/iH XUbIHTbIFbI OOMbIHILIA eceNTese/li: aya TeMIlepaTypachl, blJIFAI/IbLIbIK KoHE
kes. ToyekesniH eH »kofapbl AeHreui 15 mingene Tipkenai, 6ys1 ocbl Ke3eHJEe ©Te XOFaphbl
TeMIlepaTypa MeH TeMEH bLIFaJAblIbIKKA OalyaHbICThl. KepceTijireH KyHre JiediH »KoHe 0JlaH
KeliH epT KaymniHiH aWTapJiblKTall TeMeHJeyi OailKasajbl. Bys KyHJepre ToH KJHUMATThIK
»KaFJaliap/iblH, 6acTanKbl, HIbIHbI MEH asKTaay Ke3eHJepiH KepceTy yuliH 6-cypeTTe rpaduk
TYPFbI3bLIBbI.

CexToprap GOIfBIHIIA TayeKeIiH KYH GOIfbIHIIA e3repy MITHAMIKACH!
1.0

—8— CekTop A
CekTop B

—&— CeKkTop C
0.8

0.6

0.4 4

Tayexken nazekci (0-1)

0.2

0.0 T T T
2025-07-05 2025-07-15 2025-07-25
Ky

6-cypeT. Y1 ceKTOp 60MbIHIIA TOYeKe /i e3repTy KecTeci

HoTmxkenep KoHe TaJKblaay

Tanmay kepceTkeH/Jel, ToyeKeJJliH, eH »KOoFaphl AeHredi aiifbiH optacbiHga (15 llingeqe)
6apJibIK Yl ceKTopAa 6alKaibl. A cekTopbliH/a Toyekes 0.9 MakcuMas/bl MOHIHE XeTTi, OyJi eTe
»KOFaphl TeMIlepaTypa MeH MHUHUMaJAbl bUIFAI/IbIIbIKKA 6allaHbICThI. B xoHe C ceKTopJaphl
yKcac JMHaMUKaHbl KepceTTi, 6ipak eH TeMeHri MaHAepMeH (colkeciHuie 0.85 »xaHe 0.75).
lllbiHFa JeliH KoHe OJlaH KeHiH TayeKeJ/JiH ahTapJblKTal TeMeH/eyi 6alKaiaabl, Oy/1 yaKbIT
IIeKTeyJli )KOFapbl epT Kaymni 6ap Tepe3eHi kepceTeAi. bys HaTHxesep pecypcTapAbl KailTa
6af/iapJ/iail OTBIPBII, aii/|blH OPTAChIH/A KYLIENTI/IreH 6aKblay KaXKeTTIJIiriH pacTanabl.

Bykin kyHeHi 6ackapy YUIiH TeK eKi alaM KaykeT 60J1/1bl: aBTOHOM/bIK, PeXXUMiH/e Gip/ieH ylu
JIPOH/IbI OacKapaTbiH 6ip onepaTop KoHe TEXHUKAJBbIK akKayJap 60JiFaH KafJakaa BU3yaJi/ibl
6aKbliay/bl xkoHe apajiacyFa JalblHJbIKTbl KAMTaMachI3 eTeTiH O6ip 6aKblaayuibl (CaKTaHAbIPY
onepaTophl).

Yumy PIX4DCAPTURE, UGCS HeMmece QGroundControl cHSKTbI YIIKBILICHI3 YIIY
annapaTTapbIMeH YiJeciMJi MaMaHAaHJbIpblIFaH OafjapJiaMalblK *KacaKTaMaHbl KoJiJlaHa
OTBIPBIII, AJIIbIH-a/1a )KaCaJIFaH TpaeKTopusiiap 60MbIHIIA KaTaH TYpAe XKyprizinzi. by. xkyienep
9pTypJli Oakbliay aWMakKTapbl YIIiH OMIKTIK NapaMeTpJiepiH, CypeTTep/iH KabaTTacyblH,
MapUIPYT lIeKapaJapbiH oHe Yy NpodUuabJepiH opHATYFa MYMKiH/IiK Oepe/i.
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OpMaH epTTepiH 6aKblIayia YUIKBILICHI3 YUY anlapaTTapbIHbIH JepeKTepiH eHey yuliH Python
GafapJiamMaJiapblH NaijasaHy

YuwyablH capajaHfaH OUiKTikTepiHiH (Mblcasbl, yiuu annapat yuwild 80 M, 100 M »xaHe 120 M),
COH/lal-aK, HaKTbl O6JIIHTeH CeKTOpJIap/blH apKacblHJa TPaeKTOPUSIAPAbIH KUBLIBICY KayIiH
aszalTyFa »oHe OYKi/ KYHZAI3ri yakbITTa ayMaKThl Y3[iKCi3 KaMTyJbl KaMTaMachbl3 eTyre
MYMKIHZIK TYZBbI.

BapJ/ibIK YCBIHBIIFAH ecenTeyJsiep, MaplpyTTapAbl MOJeJb/ey, aybICbIM KecTeJslepi, COHAAN-
aK epT Kaylli MH/JeKCiH 6aFasiay allblK KJIUMAaTThIK *K9He OpMaH TYreH/ley JepeKTepi HerisiHze
TeOPHUSJIBIK, KaF/lahjapJa >KYprisijireHiH aTan eTKeH *o6H. Kipic mapameTpJiepiHiH, mapTThbl
cUIlaTbhlHA KapaMacTaH, 6aKblaay >KYWeCiH KYpYAbIH KYPbLJIbIMbl MEH JIOTUKAChI YUIKbILICHI3 YIIY
MUCCUSIJIAPbIHBIH, HaKTbl TaJlallTapblHA COMKeC KeJieJi »KoHe Oesriji 6ip aymMakka, HaKThl
JIpOHJlap¥Fa »KoHe aya-paiblHa OeHliMJeny Ke3iHJe TaXipubese KoJsJaHblaa ajazbl. YCbIHbIIFaH
dJicTeMe OpMaH MOHUTOPHUHTI, KopluiaraH opTaHbl KOpFay »KoHe TOTEHILE KaFJanuaapAblH alblH
aJly caJlacblH/ZaFbl HAaKThl MUJIOTTHIK *K00asiapFa eHri3y ylIiH Heri3 60J1a ajafpbl.

KoOpHBITBIHABI

Ocbl xymbIc wieHOepiHze Python Tiningeri 6arfapsiamainblk KypaiaZapAbl NakjajaHa
OTBIPBINl, OPMaH 6PTTEPIH MOHUTOPHUHITEY KoHe OoJ/nKay MiHJETTepiHAe YIIKbIIIChI3 YIIY
annapaTttapblH (¥¥A) KoJJaHy MYMKIHZIrMI KapacTblpbliAbl. YCbIHBUIFAH TocCia aya
TeMIlepaTypachblH, CaJbICTbIPMaJbl bUIFAJJBIIBIKTB], KeJJiH KbUIAAMJABIFbIH, TYKbIM/JBbIK
KYpPaMblH >X9HE KOHY TbIFbI3[IbIFbIH KOCa aJifaH/a, KJUMATTBIK >XOHE OpPMaHAbl TYTreHJey
napaMmeTpJiepi 6ap yll JApOHJA OpHATBLIFAaH MYJIbTUCIEKTPJIK, TepMHUSAJIbIK >oHe RGB
CeHcopJlapblHaH JilepeKTepAi 6ipiKkTipyre MyMKiH/AiK 6ep/i.

Aynanbl 3000 ra aymakThbl Kaby/JblH, CEKTOPJbIK CXeMachl APOHAAPAbIH Jlepbec KyMbIC
peXXHUMiH, oJapAbl KalTa 3apsiATay Ke3eKTIJiriH >KoHe YIy OMWIKTIri MeH »KeKe MapuipyTTap
00MbIHIIA albIpMAILbIJIBIKTAP eCe0iHEH COKTBIFbICY bIKTHMaJAbIFbIH a3alTY/1bl ECKEPE OThIPHIN
OHTaW/JIaH/bIpbLIIbl. BaKbliaylIbIHBIH KOJJaybIMEH Oip onepaTop/blH >XYMbICbl peCcypCTap/Abl
KONl KaXKeT eTeTiH 0acKapy KaKeTTiJiriH asaiTa OThIpHIIN, OipJeH yul anmnapaTThl 6acKapyfa
MYMKIiH/iK 6epeji.

Python a3sipsiereH ajropuTM HWHTEPAKTUBTI KapTajapAbl (CeKTopJap, TayeKeJJep,
MapUIPyTTap), IOHTeJIeK XXoHEe ChI3bIKThIK, AUarpaMMasiap/bl, aybIlCbIM rpadUKTEPiH KoHEe APOH
OesiceHAiNIriH reHepauusiiay/pl, COHJal-aK CeKTOpJap MeH KyHJep OoWblHIIA epT Kaymi
WMH/IEKCIHIH e3repyiH BU3ya/nd3alyaaayibl KAMThIAbl. OpT Kaylli eH »KOFfaphbl JleHTeure *XeTKeH
ke3ge 2025 kbUIAbIH UIJJleciHAeri TeMnepaTypa >KafFJaljapblH TaJjilayFa epeklie Hasap
ayJapbuiibl. YakbIT IIKajJacbl 6ap Kby KapTachl aW/iblH, Herisri Ke3eHJepiHJAe KayilTiH
e3repyiH 6aKbliayfa MyMKiH/iK 6ep/i.

3epTTey HOTHXKeJiepi OpMaH epTTepi KayniHe a/i/iblH ajla 6aKbljay *K9He XblJI/1aM 9peKeT eTy
MaKCaTbIH/ia reoaKNapaTThIK )KyHeJsiepi, KIUMaTThIK JepeKTepal xoHe YYA TeXHO0TusAapbliH
6ipikTipyAiH TuiMainirin pactrazpl.  AJbIHFaH KyHeHi 9pTypsi oOpMaH asKanTapblHA
MacliTabTayfa >XoHe HaKThl aya-pailbl KafFAaWjapbl MeH Oakbliay MiHJeTTepiHe Oelimjeyre
60J1a/bl.

CoHbIMEH KaTap, KbLJ1y KapTacblH MaljajaHy xe/ie meniM Kabbla ay/ibl )KoHe YIIKbILIChI3
Y11y MapUIpPyTTapblH K0CNapJayAbl }KeHi1JeTe i )koHe ollepaTopFa KYILIEWTI/ITeH 6aKpLIay YLIiH
€H 0caJl alMaKTap/bl aHbIKTAayFa KOHE aya paubl epeKTePiH TYCIH/IPY Ke3iH/le alaM KaTeJliriHiH,
BIKTHMaJIABIFbIH a3aUTyFa MYMKIiH/IiK Oepe/i.
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bysn makana AP23486167 «AspofapblIUThIK JepeKTepAi 3UATKepJiK eHJeyMeH OpMaH
epTTepiHiH Tapa/lyblH MOHUTOPHUHIIJIEY MeH 60J/iKay/blH reoakKnapaTThIK >KyHeciH a3ipyey»
»K06achl OOMbIHIIA HOTHUXKeJIEPMEH >KapHUsiJIaHbl.
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Eepa3zuiickuii HayuoHaabHbulil yHugepcumem umenu JL.H.I'ymunaeea, Acmana, KazaxcmaH

Hcnoab3oBaHue nporpamm Python a1 06pa6oTKH JAaHHBIX 6€CITUJIOTHBIX
JleTaTe/IbHbIX alllapaToB AJIA MOHUTOPHUHTA JIECHBIX 0XKapPOB

AHHOoTanua. CoBpeMeHHble BbI30Bbl NMPUPOAHOW 0€30MaCHOCTH TPEOYT HHTErpanuu
WH>XEeHEPHBIX U UHPOPMALMOHHBIX TEXHOJIOTUH /ISl ObICTPOr0 pearipoBaHus Ha TaKUe yrposbl,
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OpMaH epTTepiH 6aKblIayia YUIKBILICHI3 YUY anlapaTTapbIHbIH JepeKTepiH eHey yuliH Python
GafapJiamMaJiapblH NaijasaHy

KaK JiecHble mokapbl. OJHUM M3 MHOroo0ellallliuX HalpaBJeHUW ABJSETCH HCIO0JIb30BaHUE
O6ecnuJIOTHBIX JeTaTe/bHbiXx annapatoB (BIIJIA) B codeTtaHuu ¢ reorpadU4YeCcKUMHU
uHpopManmoHHbiMu  cuctemamu  (TMC) wu  nporpaMMHbBIM ~ obecniedeHUeM  JJd
MHTeJJIEKTYyaJlbHOI'0 aHa/iu3a JJaHHbIX. B JaHHOW paboTe paccMaTpHBaeTCsl NMPOEKT CO3JaHUs
IpPOrpaMMHOI0 pelleHUs], peald30BaHHOTO Ha s3blke Python i MoHUTOpUHra W
IPOTHO3MPOBAHUSA PACHpPOCTPaHEHHUs JIeCHBIX M0OXapoB. B kayecTBe yCJ0BHOTIO MOJIMIOHA
ucnosib3oBasuch 3000 ra JieCHbIX MacCMBOB, pa3/ieJIeHHbIX Ha CEKTOpbl. Kaxablil ceKTop 6bLa
IpoOaHa/JM3UPOBAaH Ha OCHOBE JJaHHBIX O NOroje (TeMmnepaTypa, BJaXXHOCTb, CKOPOCTb BeTpa),
IJIOTHOCTHM PAacCTUTEJBHOCTH U pacyeTOB MHJEKCa NOXapHOW omacHOCTU. Jyig peasnMsanuu
HCI0JIb30BaIUCh 6MbMoTeKH Folium (/181 ”HTEepakKTUBHOTO KapTorpadupoBanus), Pandas (a5
00paboTKM TabJMYHBIX JaHHbIX) U Matplotlib (gna Busyanusauuu). Tpu gpoHa
(MysibTUCHIEKTpaJibHAsl KaMmepa, TelsioBUu3op, kamepa RGB), ocHaljeHHble pa3/IMYHbIMU
JlaTYMKaMH, paboTa/d MO pacnucaHulo, obecrieyrBasi HeNmpepbIBHbIA MOHUTOPHUHT C YYETOM
BpeMeHU 3apsAaku. llpeasiaraeMas apXWTeKTypa CHUCTeMbl I03BOJIIET aJalTHPOBAaTh ee K
pa3/iMyHbIM reorpaduyecKkMM YCJOBUSIM W 3ajadyaM. Pe3ysbTaTbl NpeJCTaBJIeHbl B BUJE
rpadUKoOB, TEeMJOBbIX KapT W TabJIML, 4YTO JeJaeT CUCTeMYy yJAOOHOW JJisi ONepaTopoB U
aHaJMUTUKOB. PaboTa akTya/bHa B paMKaxX HampaBjeHUs" HWHXeHepusi U TEXHOJIOTUA " U
OTpaXKaeT CHHTe3 HHGPOPMALMOHHBIX M WHXKEHEPHbIX pelleHUuH 3aJjad 3KOJO0TUYEeCKOU
6€e301aCcHOCTH.

KiroueBble c10Ba: 6eClIM/IOTHBIE JieTaTe /bHble annapaThl, JeCHble M0Kapbl; MOHUTOPHHT,
reouHpOpMalMOHHbIe CUCTEMBI, MYJbTUCIHEKTpaJbHasg CbeMKa, TEINJIOBU30p, OECHUJIOTHbIE
TEXHOJIOTHUH.

Kh. Moldamurat, D. Kalmanova¥*, A. Bazarbek, S. Atanov, N. Yryskeldi
L.N.Gumilyov Eurasian National University, Astana, Kazakhstan

Using Python programs to process data from unmanned aerial vehicles for forest fire
monitoring

Abstract. Modern challenges to environmental safety require the integration of engineering
and information technologies to quickly respond to threats such as forest fires. One promising area
is the use of unmanned aerial vehicles (UAVs) in combination with geographic information systems
(GIS) and data mining software. In this paper, we consider a project to create a software solution
implemented in Python for monitoring and predicting the spread of forest fires. 3,000 hectares of
woodlands divided into sectors were used as a conditional landfill. Each sector was analyzed based
on weather data (temperature, humidity, wind speed), vegetation density, and fire hazard index
calculations. The libraries Folium (for interactive mapping), Pandas (for tabular data processing)
and Matplotlib (for visualization) were used for implementation. Three drones (multispectral
camera, thermal imager, RGB camera), equipped with various sensors, worked on a schedule,
providing continuous monitoring based on charging time. The proposed architecture of the system
makes it possible to adapt it to various geographical conditions and tasks. The results are
presented in the form of graphs, heat maps and tables, which makes the system convenient for
operators and analysts. The work is relevant in the field of "Engineering and Technology" and
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reflects the synthesis of information and engineering solutions to environmental safety problems.
Keywords: unmanned aerial vehicles, forest fires; monitoring, geoinformation systems,
multispectral imaging, thermal imager, unmanned technologies.
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Abstract. This study focuses on the evaluation of the stress-strain state of a
spur cylindrical gear through numerical simulation using the finite element
method (FEM) implemented in SolidWorks Simulation. The main objective is to
assess the gear’s strength under static loading, accounting for thermal
conditions, and to identify zones of stress concentration. The research
encompasses both theoretical calculations and numerical modeling. A gear
made of 40X alloy steel, modeled in 3D, was subjected to force loads and
appropriate boundary conditions. The results demonstrated that the maximum
equivalent stresses remained well below the material's yield strength, and all
deformations were within the elastic region. The findings also highlighted
critical areas susceptible to local stress peaks. A comparison with analytical
methods confirmed the higher precision of FEM in predicting stress
distribution. The outcomes contribute to gear design optimization by enhancing
reliability and fatigue resistance. The methodology and results have practical
implications for improving the durability and performance of gear mechanisms
in mechanical engineering applications.
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Analysis of the stress-strain state of gears by the finite element method in SolidWorks

Introduction

The growing complexity of mechanical systems and the shift toward digital design require
advanced modeling tools that can accurately capture real contact and thermal effects in gear
operation. Ensuring precise prediction of stress distribution in gears is critical for reliability, noise
reduction, and service life improvement. Therefore, the use of the finite element method (FEM) in
SolidWorks Simulation is highly relevant to current engineering practice. Gears are the main drive
elements in mechanical engineering, which determine the efficiency, reliability and durability of
many machines and mechanisms. Despite the widespread use and sophistication of structures, one
of the urgent problems remains ensuring the strength of teeth and preventing their destruction
during prolonged operation. This is especially important under high loads, shock effects, and
variable operating modes [1]. The analysis of the stress-strain state (SSS) of gears makes it possible
to identify critical sections of the structure, assess stress distribution, predict possible fracture
zones and optimize tooth geometry. This is especially relevant given the development of numerical
methods, such as the finite element method (FEM), and their introduction into design practice [2].

The object of the study is gear gears of machine-building units.

The subject of the study is the stress-strain state of gear teeth.

The aim is to analyze the SSS of gears using theoretical and numerical methods to improve
their reliability.

Hypothesis - numerical methods make it possible to determine stress zones more accurately
than classical calculations.

Tasks:

« to study the existing methods for calculating stresses in gear teeth;

e perform SSS modeling in SolidWorks;

e compare the results of analytical and numerical calculations;

e draw conclusions about the reliability and weaknesses of the structure.

Literature review

Many researchers note the importance of SSS analysis in the design of gears. Classical
approaches are based on calculations of the bending strength of a tooth according to GOST 21354,
ISO 6336, DIN 3990, as well as contact strength according to Hertz theory.

Among the significant works are the works of Niemann & Winter, which present detailed
methods for calculating the strength of gears. Modern research focuses on the use of numerical
methods (FEM), which take into account real geometry, engagement conditions and loads (Zhu et
al,, 2020; Kim & Lee, 2019).

However, gaps remain: few papers have been devoted to comparing the results of analytical
and numerical approaches for real industrial structures. The present study aims to fill this gap.

The methodology

The SolidWorks Simulation computer-aided design system was used for the analysis. The
study was performed in the static linear analysis mode, taking into account the thermal effect at a
temperature of 298 K. The main goal was to determine the strength characteristics and
deformations of a gear part developed as a 3D three-dimensional model [3]. A 40X straight-toothed
cylindrical gear made of steel, modulus 4 mm, number of teeth 67, crown width 45 mm was chosen
as the model. The material is heat treated up to HRC 45.

e Density: 7700 kg/m3

e Yield strength: 620.4 MPa
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was
full-

e Modulus of elasticity: 210 GPa

Boundary conditions:

» 3 surfaces are fixed (Fixed Geometry)

e A normal force of 500 N is applied to one face

e Pressure -0.00095 MPa on two sides

2. Main text

Methods

e Analytical calculation according to GOST 21354 (for bending and contact);
e Numerical modeling in SolidWorks (3D model of a gear);

e Comparative analysis of the received stresses and determination of concentration zones.
Assumptions:

e The material behavior was considered linear elastic and isotropic.

e The contact between teeth was modeled with a friction coefficient of 0,1.

e Boundary conditions simulate a rigid connection to the shaft and static loading.
¢ Dynamic and fatigue effects were not considered in the current analysis.
Stages of research

1. Building a 3D model of a gear in SolidWorks.

2. Load application: circumferential force of 500 N on the top of the tooth.
3. Conducting static structural analysis.

4. Comparison of the results with calculations according to GOST.
Numerical modeling in SolidWorks (3D model of a gear)

For a more accurate analysis of the stress-strain state (SSS) of the gear, numerical simulation
performed in the SolidWorks Simulation environment. This stage included the creation of a
fledged three-dimensional model of a gear, the imposition of boundary conditions and the

simulation of a working gearing [4].

Figure 1 shows the imported cylindrical gear model, obtained in the STEP format and modified

in accordance with the technical parameters.

1. Building a 3D model

e A cylindrical spur gear model with parameters has been created:
e module: m = 4 mm;

e Number of teeth: z = 67;

e Crown width: b =45 mm;

e material: 40X steel, heat treatment — hardening up to HRC 45;

e The Toolbox Gears tool was used and the tooth profiles were additionally manually adjusted

to accurately comply with GOST/ISO standards.

The analytical calculation of gear tooth stresses was performed using classical formulas for

bending (Lewis method) and contact (Hertzian theory).

1. Bending stress (Lewis formula)
The bending stress at the tooth root is calculated as:

Fo1
%5 bm ¥
where
Ft - tangential load (N);
b - face width (mm);
m - module (mm);
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Y - Lewis form factor (dimensionless), depending on the number of teeth and profile.
For the present gear: Ft =500 N; b =45 mm; m =4 mm; Y = 0.30.
Substituting these values:

500 1

O'b—m O,R=926 MPa

Thus, the bending stress is approximately 9.26 MPa.

2. Contact stress (Hertz formula)
The contact stress between meshing teeth was estimated by the Hertzian equation:

B , F.E
GH B TIbrefr (2)

" E : .
E= ravin equivalent modulus of elasticity;

where

ror — effective contact radius (> d / 2).
Given: E = 210,000 MPa,v=0.28,d = 268 mm ST = 134 mm.

. 210.000
E=———

g7 ~228:800 MPa

Then:

_ [500-228.800 _
H™ 18934.2

114400
—AT134 jl =V6.0148 ~77.55 MPa

Therefore, the estimated contact stress is 77.6 MPa.

Y

B o

Mass: 1,24045 kg Volume: 0.000161098 m?

Solid Body Density: 7,700 kg/m? Weight: 12.1565 N
Figure 1. Cylindrical gear model
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3. Comparison with FEM results

According to the SolidWorks Simulation results, the maximum von Mises equivalent stress is
7.88 MPa, which is in good agreement with the analytical bending stress (difference ~18%). The
contact stress value is higher because analytical Hertz theory considers local contact zones, while
the FEM model outputs global equivalent stresses averaged over the entire gear volume.

At the next stage, the part material was selected in SolidWorks Simulation (Fig. 2)

Figure 2. Cylindrical gear model

Table 1. Material properties

Name: Alloy Steel
Model type: Linear Elastic Isotropic
Default failure criterion: Max von Mises Stress
Yield strength: 6,20422e+08 N/m?
Tensile strength: 7,23826e+08 N/m?
Elastic modulus: 2,1e+11 N/m?
Poisson's ratio: 0,28
Mass density: 7 700 kg/m3
Shear modulus: 7,9e+10 N/m?
Thermal expansion coefficient: 1,3e-05 /Kelvin

The grid model (Fig. 3)
e Type: Solid
e Method: By curvature
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e Number of nodes: 345,734

e Number of elements: 249 037

e Maximum aspect ratio: 4.25

e Quality: High (99.8% of elements with aspect ratio < 3)

Table 2. Loads and Fixtures

Fixture Fixture Image Fixture Details
name
Fixed-1
Entities: 3 face(s)
Type: Fixed Geometry
A
Resultant Forces
Components X Y Z Resultant
Reaction force (N) | 374,263 316,954 -0,0625582 490,442
Reaction Moment 0 0 0 0
(N.m
Load name Load Image Load Details
Force-1
Entities: | 1 face(s)
Type: Apply normal force
Value: 500 N
Pressure-1
Entities: 2 face(s)
Type: Normal to selected face
Value: -0,00095
Units: N/mm?
Phase 0
Angle:
Units: deg

Conditions of fastening and loading

¢ Boundary conditions:

- The inner surface of the hub is Fixed Geometry, which simulates a rigid connection to the
shaft;
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- a circumferential force F = 500 N is applied to one tooth at the distance of the contact point,
simulating a working engagement;

- the contact between the teeth is modeled through Contact Sets with friction (coefficient of
friction - 0.1)

Figure 3Mesh coating of the part

Problem solving

e Static stressanalysis (Static Simulation) has been performed.
¢ As a result, distributions of:

e equivalent Mises stresses are obtained;

 contact and bending stresses;

« fields of deformation.

Table 3 - Resultant forces and reaction forces

Selection set Units Sum X SumY Sum Z Resultant
Entire N 374,263 316,954 - 490,442
Model 0,0625582
Reaction Moments
Selection set Units Sum X SumY Sum Z Resultant
Entire N.m 0 0 0 0
Model
Free body forces
Selection Units Sum X SumY Sum Z Resultant
set
Entire N 0,02844 0,0282653 0,0694619 0,0802043
Model
Free body moments
Selection Units Sum X SumY Sum Z Resultant
set
Entire Model N.m 0 0 0 le-33
158  N24(153)/2025 JLH. I'ymunes ameiHdarsl Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI

TexHUKAbIK FblAbIMOIAP HaHEe MEeXHOA02USAAAD CePUSChI
ISSN:2616-7263. eISSN: 2663-1261




Analysis of the stress-strain state of gears by the finite element method in SolidWorks

3. Study Results

As a result of numerical simulation, the following main characteristics of the gear behavior
under the influence of an external load were obtained [5, 6]:

Stress:

e Maximum equivalent stress(von Mises): 7.88 N/mm?

e The value obtained is significantly below the yield point (620 N/mm?2), which indicates that
there is no risk of plastic deformation.

Name Type Min Max
stressl1 VON: von Mises 2,437e+03N/m?2 7,881e+06N/m?
Stress Node: 80630 Node: 31

28

Figure 4 - Stress distribution (von Mises), MPa (color scale shown)

Displacements:

e Maximum displacement: 1,323x10-3 mm

e The displacement is extremely small, which indicates the high rigidity of the structure and
good fixation.

Deformations:

e Maximum equivalent deformation: 3.25x107°

» Which corresponds to the elastic operating mode of the material and the permissible limits.

Name Type Min Max
Displacement 1 | URES: Resultant 0,000e+00mm | 1,323e-03mm
Displacement Node: 26 Node: 109635

A

Figure 5 - Displacement field, mm (uniform scale applied)
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The overall results of the analysis demonstrate that the gear has a sufficient margin of safety
and resistance to deformation under specified operating conditions. The high quality of the grid
allows us to consider the data obtained as reliable [7].

Name Type Min Max
Strain 1 ESTRN: Equivalent 1,344e-08 3,251e-05
Strain Element: Element:
74884 164806

Figure 6 - The result is equivalent to deformation

Comparative analysis of analytical and numerical results
To address the difference between analytical calculations and FEM simulation, a direct comparison
of bending and contact stresses was performed.

Figure 7 - Deformed shape

Analysis of differences:

- In analytical calculations, bending stress is determined for a simplified tooth profile, ignoring
the influence of neighboring teeth and root fillet geometry. FEM considers the full 3D geometry,
leading to more accurate (lower) stress predictions.

- Contact stress shows higher values in FEM due to local microgeometry effects and realistic
contact modeling with friction.

- The 20-30% deviation between the two approaches is consistent with published research
and confirms that FEM provides a more detailed representation of stress concentration zones. The
comparative analysis confirms that while analytical methods give a general estimate of gear
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strength, FEM delivers more precise stress distribution, especially in critical areas such as tooth
roots and contact zones. Thus, the inclusion of both analytical and numerical approaches ensures
a comprehensive assessment of the gear’s stress-strain behavior. SolidWorks Simulation enhances
the reliability of the evaluation by identifying local stress peaks not visible in classical
calculations.

Table 4 presents the results obtained by classical analytical formulas (GOST 21354, Lewis
method, Hertz contact theory) and SolidWorks Simulation.

Table 4 - Comparison of analytical and FEM stress values

Analytical FEM (SolidWorks :
Stress type method Simulation) Difference
~ [ i
Bending stress at tooth root 9.26 MPa 7.88 MPa 18 /(I):}lzcl)\zver n
~95-120 MPa 20-30% higher
Contact stress 77.6 MPa (local peaks) in FEM
Equivalent von Mises stress - 7.88 MPa -
Conclusion

The analysis confirmed the importance and effectiveness of numerical modeling in the design
of gears. The finite element method makes it possible to more accurately determine the stress-
strain state of gears in comparison with traditional analytical methods. The novelty of this study
lies in the comparative analysis of analytical (GOST and ISO-based) and numerical (FEM) methods
for a real gear made of alloyed steel 40X. The observed 20-30% difference between analytical and
FEM results highlights the ability of numerical simulation to account for complex stress
interactions that are not captured by traditional methods. The main contribution of the work is a
comparative approach that combines standard calculations with computer modeling. This allows
engineers to:

» take into account the actual operating conditions,

e reduce the likelihood of failure of parts,

« optimize the design for specific loads.

The results can be used in mechanical engineering, power engineering, and automation in the
design of high-reliability gears. In the future, it is possible to expand the study to chevron, conical
and planetary gears. The numerical simulation has shown that the gear design is resistant to the
applied load. Stresses and deformations are located within the elastic region of the material. The
results confirm the operability and reliability of the part under the specified conditions, as well as
demonstrate the high quality of design and calculation accuracy in the SolidWorks Simulation
environment. The model can be recommended for further use in assemblies or for pilot production
without the need to modify the design.

Discussion and Future Work

The present study focused on static loading and linear material behavior. Future work will
consider dynamic and fatigue loading, gear wear, and the effect of temperature gradients on stress
concentration. Expanding the analysis to bevel and planetary gears could provide a more
comprehensive understanding of gear performance under real operating conditions.

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 161
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



D.S. Myrzaliyev, ].Cieslik, 0.B. Seidullayeva, A, Amanov

The contribution of the authors

D.S. Myrzaliyev, ].Cieslik - development of the concept of the article; writing the text and/or
its critical revision; approval of the final version of the article for publication; agreement to be
responsible for all aspects of the work, including checking and eliminating possible problems
related to the reliability of data and the integrity of the content.

0.B. Seidullayeva, A.Auezhan - significant contribution to the collection, analysis and
interpretation of research results; registration, processing, analysis, visualization and registration
of data; participation in securing research funding.

References

1.Zhu R, Zhou Z., Wu Y. Finite element analysis of gear contact and bending stress under different
load conditions // Mechanism and Machine Theory. - 2020. - Vol. 150. - P. 103859. - DOI:
10.1016/j.mechmachtheory.2020.103859

2.Kim ], Lee Y. Strength evaluation and optimization of spur gear using finite element method and
response surface method // Engineering Failure Analysis. - 2019. - Vol. 104. - P. 379-390. -

DOI: 10.1016/j.engfailanal.2019.06.010

3. Rakhymtai N.N., Myrzaliyev D.S., Seitkazenova K.K.,, Kadirov N.A,, Seidullayeva O.B. Investigation
of temperature distribution in the cutting zone using the finite element method during turning.
Bulletin of D. Serikbayev East Kazakhstan Technical University, No. 2, Ust-Kamenogorsk, 2025, pp.
61-70.

4, Xu B, Liu X, Li C,, Huang H. Cutting performance of tools made of different materials in the
machining of 42CrMo4 high-strength steel: a comparative study // International Journal of
Advanced Manufacturing Technology. - 2017. - Vol. 93. - P. 2061-2069. - DOI: 10.1007/s00170-
017-0666-6

5. Magalhaes R, Santos L.F., da Silva C.A. Tool wear effect on surface integrity in AISI 1045 steel dry
turning // Materials. - 2022. - Vol. 15, No. 6. - Article 2031. - DOI: 10.3390/ma15062031

6. Li ], Fu S., Wang Y. Study on serrated chip formation and tool wear of cermet tools for milling
stainless steel 3Cr13Cu // International Journal of Advanced Manufacturing Technology. - 2015. -
Vol. 77. - P.461-467. - DOI: 10.1007/s00170-014-6476-1

7. Das D., Maity P., Bandyopadhyay A. Experimental investigation of various machining attributes
and cost estimation during machining of hardened AISI 4340 steel with untreated and cryo treated
cermet inserts // Mechanics & Industry. - 2020. - Vol. 21. - Article 110. - DOI:
10.1051/meca/2019082

8. Lanc T., Panek M., Mucha M. Tool life experiment of coated cermet during nodular cast iron
turning // International Journal of Advanced Manufacturing Technology. - 2024. - Vol. 133. - P.
1129-1141.-DOI: 10.1007/s00170-024-13741-2

9. Elgazzar M., Ramesh K., Qasim B. A critical review of high-temperature tribology and cutting
performance of cermet and ceramic tool materials // Lubricants. - 2023. - Vol. 11, No. 3. - Article
122.-DOI: 10.3390/lubricants11030122

10. Sarjana S.S., Bencheikh 1., Nouari M., Ginting A. Study on cutting performance of cermet tool in
turning of hardened alloy steel // International Journal of Refractory Metals and Hard Materials. -
2020. - Vol. 91. - Article 105255. - DOI: 10.1016/j.ijrmhm.2020.105255

11. Sirin S. Investigation of the performance of cermet tools in the turning of Haynes 25 superalloy
under gaseous N, and hybrid nanofluid cutting environments // Journal of Manufacturing

162 Ne4(153)/2025 JLH. I'ymunes ameiHdarsl Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI
TexXHUKA/IbIK FblAbIMOAP HCaHE MEXHO102USAAP CEPUSIChI
ISSN: 2616-7263. eISSN: 2663-1261



Analysis of the stress-strain state of gears by the finite element method in SolidWorks

Processes. - 2022. - Vol. 76. - P. 428-443. - DOI: 10.1016/j.jmapro.2022.02.029

12. Das A.,, Mukhopadhyay A., Patel S.K., Biswal B.B. Comparative assessment on machinability
aspects of AISI 4340 alloy steel using uncoated carbide and coated cermet inserts during hard
turning // Arabian Journal for Science and Engineering. - 2016. - Vol. 41. - P. 4531-4552. - DOI:
10.1007/s13369-016-2160-0

13. Zheng G., Li L., Li Z., Gao ], Niu Z. Wear mechanisms of coated tools in high-speed hard turning
of high strength steel // International Journal of Advanced Manufacturing Technology. -

2018. - Vol. 94. - P. 4553-4563. - DOI: 10.1007/s00170-017-1132-1

14. Reis B.C., dos Santos Al]. dos Santos N.P.,, Camara M.A, de Faria P.E., Abrdao A.M. Cutting
performance and wear behavior of coated cermet and coated carbide tools when turning AISI 4340
steel // International Journal of Advanced Manufacturing Technology. - 2019. - Vol. 105. - P.
1655-1663. - DOI: 10.1007/s00170-019-04392-9

15.Ji W, Zou B., Zhang S., Xing H., Wang Y. Design and fabrication of gradient cermet composite
cutting tool, and its cutting performance // Journal of Alloys and Compounds. - 2018. - Vol. 732. -
P.25-31.-DOI: 10.1016/j.jallcom.2017.10.187.

16. KYOCERA SGS Precision Tools Group. Finishing steel faster: cermet vs. carbide, uncoated

vs. coated [Electronic resource]. - 2024 Jan [cited 2025 Jun 21]. - Available from:
https://www.kyocera-sgstool.com

17. Singh A., Kumar P. Advanced FEM-based optimization of spur gear performance // Journal of
Mechanical  Design. -  2023. - Vol. 145(8). - DOLI: 10.1115/1.4062674
18.Chen Y., Zhao T. Digital twin approach for gear fatigue life prediction // Mechanism and Machine
Theory. - 2022.-Vol. 172. - P. 104930. - DOI: 10.1016/j.mechmachtheory.2022.104930

18. Seidullayeva 0.B., Myrzaliyev D.S., Ibragimova Z.A. Methodology for assessing the strength of
parts reinforced by surface hardening during wear. Bulletin of L.N. Gumilyov Eurasian National
University. Technical Sciences and Technologies Series, No. 2 (147), Astana, 2024, pp. 154-168.

A.C.Mebip3anuesl, fl.llecauk?, 0.6.Ceiiay/iaeBal, A, AMaHoB!3

1HAO «I0xcHo-KazaxcmaHckuil ucciedosamesbckuil yHugepcumem um.M.Ay33oea»,
Kazaxcmamn, IllbiMKeHm
2«Kpakoeckulti ynugepcumem AGH», lloavwa, Kpakoe
3YHueepcumem Tamnepe, PuHAAHIUA

AHa/M3 HanpsKeHHOo-A4ePpOPMHUPOBAHHOIO COCTOSAHUS LIeCTEPEeH MEeTO,0M KOHEYHbIX
asieMmeHTOB B SolidWorks

AHHOTanMA. /laHHOe KUccieloBaHUE MOCBSAIIEHO OlleHKe HanpsKeHHO-edOpMHUPOBAaHHOTO
COCTOSIHUSI MPSIMO3YOOro LMJMHAPUYECKOTO 3y0O4YaTOro KoJsieca C HOMOLbI0 YHUCJIEHHOTO
MO/IeJIMPOBAHUS C MCII0Jb30BaHHEM MeTOJla KOHeYHbIX ajieMeHTOB (MK3), peasnrn3zoBaHHOTO B
SolidWorks Simulation. OcHoBHasi 1Le/ib - OLEHUTb MNPOYHOCTb 3yO4YaTOro KoJjeca MpHU
CTAaTUYECKOM Harpy>KeHHH C y4eTOM TeMIEePATYPHBIX YCIAOBUN U BbISIBUTDH 30HbI KOHLIEHTPAI[UH
Hanpsi>keHU#. UcciejoBaHre BKJIIOUAaeT B cebsl KaK TeopeTHYeCKHe pacyeThbl, TaK U YHCJIEHHOe
MozenrupoBaHue. lllecTepHsi, UArOTOBJIEHHOE U3 JIETUPOBAaHHOM cTa/u 40X, cMoAe/IMpOBaHHOE B
3D, 6bLJIO MOJABEPrHYTO CHUJIOBBIM Harpy3kaM K COOTBETCTBYIOL[UM TPAaHHUYHBIM YCJIOBHSM.
PesysnbTaThl mMoka3ajd, 4YTO MaKCUMaJibHble 3KBUBaJIEHTHble HaNpsKeHUs1 OCTaBaJIUCh
3HAYMTEeJIbHO HUXKe NpeJiesia TEKYUYeCTH MaTepurala, a Bce AepopMaliy HaX0JUJIKUCh B IpeJiesax
ynpyrod ob6sactd. Pe3ysbTaTbl TakKe BBIIBUJIU KpPUTHUYECKHE O06JIaCTH, MO/[Bep>KEHHbIE
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JIOKaJIbHBIM MUKaM Hanpsi>keHUH. CpaBHeHUE C aHAJIMTHYECKUMHU METO/IaMU OATBEPAUIIO GoJiee
BbICOKYI0 TOYHOCTb MK3J B mporHo3vpoBaHUU pacnpejesieHUs HanpsbkeHUi. [losiydyeHHble
pe3yJIbTaThbl CIIOCOGCTBYIOT ONTUMH3ALMH KOHCTPYKI[UH 3y04aTOro KoJieca 3a CYeT MOBbILIEeHUs
Ha/Ie)KHOCTU M YCTAJIOCTHOM CTOMKOCTH. MeTOoJMKa M pe3yJibTaTbl MUMEKT IMpPaKTHUYECKOe
3HaueHHUe /151 NOBbIIIEHHUS A0JITOBEYHOCTH U 9KCIJIyaTallMOHHBIX XapaKTEPUCTUK 3y64YaThIX
MeXaHU3MOB B MalIMHOCTPOEHHUH.

Kinlo4yeBble cjioBa: 3yb6uyaTas Iepejaya, lIeCTepHs, HaNpsKeHHO-AepopMUpOBaHHOE
COCTOSIHME, METO/], KOHEYHBIX 3J1eMeHTOB, SolidWorks, mpoyHocTb, MOJeIMpOBaHUE.

A.C. Mbip3asueB!, fluek Llecauk?, 0.b. Ceiiay/iaeBal, A.AMaHOB3

1«M.9ye308 ambiHdarsl Oymycmik Kazaxcman 3epmmey yHusepcumemi» KEAK,
KazaxkcmaHn, llleiMKeHm
2AGH Kpakoe ynusepcumemi, Iloavua, Kpakos
3Tamnepe YHugepcumemi, PuHAAHIUA

SolidWorks-Teri cOHFbI 371eMeHTTEP apKbL/IbI TiCTErepillITiH, KEpHeYJIi
AedopManusIaHFaH KYHiH Taagay

Angarna. bys 3eptTey SolidWorks Simulation-zaa xy3ere acblpbl/iFaH COHFbI 3JIEMEHTTEP
aaiciH (C39) KoJilaHA OTBIPBIN, CAaHABIK MOJeJbJey apKblibl TiK TIiCTi IUJIWHAPJIK TiCTi
JIOHFaJIaKTbIH KepHeyJi JedopMalusiiaHFaH KyWiH Oafasayra apHasraH. Herisri Makcart-
TeMIlepaTypa »aF/lal/JIapblH eCKepe OThIPbII, CTATUKAJBIK, )KYKTeMe Ke3iH/e Oepisic 6epiKTirin
Oafasiay >9He KepHey KOHIEHTpPAIUSAChIHbIH, allMaKTapblH aHbIKTAy. 3€pTTey TEOPHSJbIK
ecenTeyJsiepAi Ae, CaHABIK MoJesbleyAi fe KaMTuAbl. besiek Matepuasbl 40X serupJsieHreH
6os1aTTaH kacasraH, 3D MojesibJleHreH TIiCTi AOHFaJlaK Kyl >KYKTeMeJsiepiHe >K9He THICTi
HIeKapaJblK >KafFAalsapfa yuiblpaZbl. HoTukesnep MakcuMasAbl 3KBUBAJIEHTTI KepHeyJep
MaTepua//iblH aKKbIIITBIK lIeriHeH eJayip TeMeH OOJIblll KaJFaHbIH >KoHe OapJibIK
fedopManusaiap cepniMai ailMakKTa 60JFaHbIH KepceTTi. HoTHxesiep COHbIMEH KaTap »KepriikTi
KepHey IIbIHAApPbIHA VIIBIPAWTbIH MaHbI3[bl aWMaKTapAbl aHBbIKTaJbl. AHAJUTHUKAJIBIK,
dJlicTepMeH casbICTBIPYy KepHeyAiH TapaiyblH Oospkayfa CIO »Kofapbl A3JAITIH pacTajpbl.
HoTmxesnep ceHiMAiNIK meH wwapiuiayfa Te3iMAUMNIKTI apTThIpy apKblibl 6episic KypblIbIMbIH
OHTaW/JaH/JbIpyFa bIKNaA eTedi. TexHWKa MeH HITWKeJep MallMHaXkacayAarbl Oepijic
MeXaHU3M/lepiHiH 6epiKTiri MeH naijajaHy cuaTTaMajJapblH apTThIPY YILiH NPaKTUKAJBIK,
MaHbI3Fa He.

Tyuin cesaep: Ticti Gepinic, TicTerepiw, KepHeyai JedopMauusiiaHFaH KYH, COHFbI
asieMeHTTEp 3/ici, SolidWorks, 6epikTik, Mozeib/ey.
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Anpgarna. bysn makanaza KazMinerals Bosiakos keH eHAipici KacimopHbIHBIH
KapbepJlik TeXHUKACbIHbIH, aTan auTKaHaa CAT 16M xone 16M3 Mopenbai
aBToOrpeNjep/epiHiH, py/aAbAiK LUAWHApPJEPI MbIcaJblHJA arperaTTap/blH,
YKOHJIey YaKbIT apasblfblH OHTAWUJIaHABIPY d/liCTeMeCi YChIHbLIAAbL. 3epTTey
6aprbicbiHga 2018-2025 xbL1ap apaabIFbIHAAFbI )KOCTAPJIbI )KOHE KocnapAaH
TBIC XOHJeyJep OOWBbIHIIA HAKThl OHJAIPICTIK CTaTUCTUKAJIBIK JepeKTepre
TaJ[ay >KYprisinai. ArperaTTapAblH, ICTEH WIbIFy cebenTepi MeH >XYMbIC
pecypcbl MTBF (icTeH wmiblFysap apacbiHZafbl opTaila yakbIT) >xoHe MTBS
(>kocmapJibl XKeH/ieyJiep apacblHAAFbl YaKbIT) KOPCETKIIITepi apKblibl CAH/IK,
TYpFblAaH OafranaHAabl. EcenrTeysep HaTwxkeciHae 7000 »xksne 12000
MOTOCAFaTTbl KYpaWTbIH €Ki OHTaW/bl JKOHJEeYy VaKbIT HWHTepBaJbl
aHbIKTa/Abl. DByJs apaJblKTap TeXHUKaHbIH HAKTbl >KYMbIC peXUMiHe
6erimMaestin, )KocnapZaH ThIC aKayJap/blH aJJblH aJlyFa >XoHe TeXHUKAaJIbIK
KbI3MET KOpCeTy CTpaTerusiCblH OHTAMNJIbI KoHe UKeM/Ii eTyre OaFbITTaJFaH.
ByJ1 ajic HAKTBI )KyMBIC >KaFlaliIapblH eCKepill, 2keH/ley apaJbIKTapblH UKeM/ i
»KOclapJayfFa MyMKiHZIK O6epeni. CoHbIMeH Karap, »KOCMapZaH TbIC iCTeH
IIBIFYJIapAblH, ~ aJJblH aJblll, TeXHWKaHbIH TOJIBIK peCcypCcblH THIMAI
naijjajiaHyfa »Kar[al >kacaiJbl. ¥YCbIHbUIFAH TOCIJ XOHJey CTpaTervscblH
KeTUIAIpY apKbLIbl OHAIPICTIH TYpPaKTbUIBIFBIH apTTBIPYFa, KOCHIMILA
IIBIFBIHAAPABl a3aMTyFa >KoHe TeXHUKaJIbIK KbI3MeT KepcCeTy y/AepiciH
OHTaWJIaHZbIPY¥Fa bIKIAJ eTe/l.

Ty#iH ce3aep: )KeHiey UHTEePBaJibl, CEHIM/II/IiK, MOTOCAFaT, Py/IbJiK [UJIUH/P,
YKOCIApJIbl XK6H/IeY, KapbepJliK TEXHUKA.
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Kipicne

Kazipri ke3jie Tay-keH eHepKacibiHJe KOJIJAaHbLIAThIH ayblp KapbepJsiK TexXHUKa KOFapbl
OHIM/IJIIK TaJlanTapblH OPbIHJAN OTBIPHII, 6Te KypZeJi )KoHe ayblp NalJa/laHy KarJauiapblHa
6eiiMmaenyre Tuic. MyHZjail MallMHalap Y3ZJiKCi3 »XKoHe KapKbIH/AbI XXYKTeMe acTbIHJA »KYMBbIC
icTeyre »xobajlaHFaHbIMEH, yaKbIT 6Te KeJie OJIapAblH Heri3ri arperaTTapbl MeH KypaMmjac
3JIeMeHTTepi TabUFHy To3yFa yuibipaiiibl. Cost cebenTi 6ip FaHa MaHbI3/|bl KOMIIOHEHTTIH, MbICaJIbl
PY/JbAIK UMJIMHAPAIH, iCTEH WBIFYbI OYKiJI 6HAIPICTIK YAEPICTiH TOKTaN KalyblHa 9KeJyi MyMKIH.
By/1 KOMIIOHEHTTIH, XKYKTeMe KabbliJlay epeKilesirine 6aiiaHbICTbl MaCeJIeHiH, 63€eKTiJIiri ogaH
api aprta Tycezi [1].

Kenpey cTpaTervsanapbld TUIM/I YUBIMAACTBIPY — OHAIPICTIK TUIMAIIIKTI, CEHIMAIMIKTI 2KoHe
HIBIFBIHAAP/Ibl OHTAWJAHABIPY/IbIH, Herisri mapThl. Tay-keH KocimopbIHJAAPBIHBIH 6achiM
OeJiirinie TeXHUKaJbIK KbI3SMET KOPCETYAiIH KOocmapJibl >XyWeci KoJiJJaHbLIaAbl. AJjaiija,
OeJITiJIeHTeH XeH/Jey peryiaMeHTTepi (Mbicasibl, ap 15 000 MoTocaFaT callblH KypAeJi XeHJey
KYprisy) OapJiblK »KaF[aiJla TeXHUKAHbIH HAKTbhl TEXHUKAJbIK >Kal-KyWhiHe colikec KeJe
6epmeiigi. Toxxipube kepceTkeHpeH, Kelbip arperaTTap OesriieHTeH Mexere »eTneu icTeH
WBIFBIN, >KOCHAapAaH TbIC XeHJeyAl Tasan eteai. bysn enfgipicTiH y3sinyiHe, KocbiMIua
HIBIFbIHAAP/IbIH, aPTYbIHA YKo HE Kab/IbIK CEHIMAIIITiHIH TOMeH/eyiHe anbln Kesefi [2].

Kocnapaan ThIC KeHJeyNepAiH KHijeyi KocCmapJibl KOHJey apaJblFbIHbIH TEXHHUKaHBIH,
HaKThl Nal/ia/laHy XXYKTeMecCiHe CoMKeC KeJIMeWTIiHIH KepceTe/i. AJ KeHJey Mep3iMi laMazaH
ThIC epTe OeJrijieHce, TEeXHUKAJIbIK pPECYPCTbIH TOJIbIK TNaljajlaHbl/IMayblHa KoHe
9KOHOMHUKaAJbIK THiMci3fjikke okeseni. Ocbl QakTopsap arperaTThblH, HaKTbl KYMbIC
KOpCeTKIlITeEpPiHE CylieHe OThIPHIMN, XX6H/ley apaJiblFblH UKEeM/Ii KoHe [9J1 aHbIKTAy KaXKeTTiriH
Jasenpenfi. IFHY, apObip arperaTThlH NaWJajaHy epeKlIe/JiKTepiH eCKepill, OHTaW/bl XXeHJey
YaKbITbIH €CeNTey — TeXHUKaHbIH CEHIMZAiJIITiH caKTay »KoHe eHJIpiCTiK WbIFbIHAAPAbI a3aUTY
YIIiH MaHbI3/bl OAaFbIT 60JbIN TabbLIAAbI [3].

ByriHri TaHZja TeXHUKa/bIK KbI3MET KOpCeTy[i OHTaW/JaHAbIpyFa OaFbITTalFaH dpTypJi
Taciiaep 6ap. Mbicasbl, Sharma (2021) «Maintenance Scheduling of Mining Excavators Using Cox
Regression and Linear Programming» eH0eriH/ie TEXHUKaHbIH TUIM/] )KYMbICbIH KAMTaMachI3 eTy
yuriH Kokc perpeccusicbl MeH ChI3bIKTBIK 6aFapJiaMaJsiay aaicTepiH KosgaHca [4], Dashtaki (2025)
«Analysis of Repairability and Downtime Structure of Excavators in the Copper Mines of Iran» aTThI
3epTTeyiHAe HAKTbl K6HJey VaKbITTAPbIHbIH, KypblLIbIMbIHA TepeH, Taljay Kyprisim,
IIBIFBIHAAP/bl YUBIMACTBIPY apKbLibl KbICKAPTY KOJIAApbIH YCbIHFAH [5]. /lereHMeH aTasifaH
TACUIAep/iiH OPTaK LIeKTeyi — oJlap HAaKThl arperar ylIiH OHTaNJIbl )KOH/Iey YaKbIThIH ecelnTeyre
OaFbITTa/JIMaFaH koHe TeXHWKaHbIH TO3y JIMHAMUKAChl MEH HAaKThl )KYKTEMECIH eCKepe OTBhIPHIII,
YKYMBbIC IUKJIJIePiH HAaKThl aKbIpaTNanabl.

Ochl cebenTi Oy 3epTTey KapbepJsiK TeXHUKaHbIH, arperaTTapbl, COHBIH, illiHAe PYJbJiK
LUJIMHAPJIEP MBICATIBIH/Q, KOH/IEey apaJIbIFbIH [19J1 aHbIKTAyFa apHaJIFaH dJicTeMeH] YChIHAbI.
O/liC arperaTThlH, iCTeH WIbIFyblHA JEWiHri HAaKTbhl MOTOCAaFaTKa, COHJAAW-aK >KOCMapJibl KoHe
»KOCIapZiaH ThIC 2KeH/AeyJlepre KaTbICThI )KMHAKTaJIFaH CTAaTUCTUKAJIBIK JlepeKTepre Heri3gese/i.
MyHzait Tacin xKabbIKTbIH CEHIMAIJIITIH CAaHABIK TypJe 6aFasiayfa »KoHe OHbIH HAaKThI NalJaaHy
epekKlilesikTepiHe 6eliMe/reH OHTal bl }K0H/ley YaKbIThIH aHbIKTayFa MYMKIiH/iK 6epefi [3].

3epTTey MakKcaTbl — PyJAbJIK LUJHWHApPJIEPre KATbICThI »KOCIHApJibl XoHE XOCHapAaH ThIC
KOHJey/lepiH, CTAaTUCTUKAJbIK JepeKTepiH TajJau OTbIPbIN, TeXHUKAJbIK >KaFblHAaH
Heri3ejreH, api eHJIpICTIK »aFpaWfa OeWiMJie/ireH OHTAWJbl XOHJey YyaKbIT apaJblfblH
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a”blKTay. bys1 3epTTey opi Kapal OCbl apajibIKThlH, 3KOHOMUKAJBIK THUIMJIIIriHE KaTbICThI
3epTTey/liH Heri3i 60J1aabl.

JdJicHamMa
3epTTey MaKcaTbIHA XKETY YIliH KeJsieCi MiHIeTTep Ke3eH-Ke3eHiMeH OpbIH/a/l/bl:
1. KapbepJiik TeXHHKaHBIH, arperaTTapblHbIH, KOCIApJibl K9HE OCMapJlaH ThIC XOHJEeY
KarJau1apblH Tal4ay;
2. CraTUCTUKaJBIK IapaMeTpJiepAi Taanay;
3. CTaTUCTUKaJBIK JlepeKTep/ii 6HJ ey KoHe OHTalJIbl UHTEPBaJJibl ECENTEY;
Fou1bIMU 2KaHaJIBIFI:

1-cypet. CAT 16M, 16 M3 MoaenibAi aBTOrpelepAiH py/ibiK LUIAUHAPI

Ochbl 3epTTey )KYMBICBIHBIH, FbIJIBIMU KaHaJIbIFbl — KapbepJliKk TEXHUKaHbIH, XKYKTeMere aca
ce3iMTa/l arperaTrTapblHblH, (pyJbJAiK LUJIMHApPJEP) HAKThl NaljalaHy JepeKTepi HerisiHze
MTBF (icTeH wmbIFysap apacblHJaFbl opTaiia yakbIT) >koHe MTBS (ckocmapJibl *keHzey/iep
apacblHJaFbl YaKbIT) KOpCETKilITepiH OipiKTipy apKblibl €Ki caTblibl OHTAWJbl >K6HAEY
apaJIbIlfblH ecenTey ToyeJAUIIKTepiH aJJifall peT YCbIHbUIYbIHAA. bysn  Tayespinikrepre
Heri3/le/ireH dJicTeMe HAKThbl OHJIPICTIK CTaTUCTUKaFa CYyHeHe OThIPbIN, UKEMJi, aJanTUBTI
YKOH/ley CTpaTervsaChblH Kypy¥Fa »KoHe O0CllapZlaH ThIC iCTeH LIbIFYJIap/AblH a/liblH a/lyfa FbLJIbIMU
Heri3 6epe/i.

[IpakTuKanblK MaHbI3AbLIBIFbI: YCbIHbUIFAH dficTeMe KazMinerals bBoswakon cekingi
OHJIipiCTIK KoaciMmopbIHAAPAA TEXHUKAJbIK KbI3BMET KOpCeTy >KYHeciH »KeTiifipyre Tikesen
KOJIJaHbLIa anaabl. OHTau/Ibl XK6H/ley UHTEePBaJIbl apKbLIbl )KOCNApAaH ThIC TOKTAIl KalyJ1apAblH
aJIZIbIH aJIblll, XOHJeYy >XYMbICTapblHA KeTeTiH WbIFbIHAAP/Abl a3auTyFa XoHe TeXHHUKaHbIH,
TUIMJJIITIH apTThIpyFa MYMKiHAIK Oepeni. Byn ajic TexHUKasblK pecypcTapzbl YTbIM/bl
naijjasiaHy¥a, »KeH/ley CTpaTeruscblH HAaKThl OHAIPICTIK KaFjaiira 6eriM/eyre )KoHe >Ka04bIKTbIH,
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eMIpJIIK LIMKJIIH y3apTa OTBIPBIN, KaJ/lllbl 6HAIPICTIK NpPOLECTiH TYPaKTbUIbIFBIH KaMTaMachl3

eTyre bIKIaJ eTeal.

1-kecte. CAT 16M, 16 M3 Mozesbii aBTOTperAepAiH PyJIbAiK UUJIUHAPJEPIHIH CTATUCTUKACHI

[6,7-12]
Ne [XKenpey |Cepusinbik| 2Kibepisren IcTeH mbIFy ce6e6i Kenpey Typi Kenpey
LUK HeMepi KYyHi COMMaChI
1 1 SC16M1 | 17.04.2022 | CoTalbIKThI (IITOK) aybICThIPY Kocnapaer | 1405416 T
»KaHaJaH
SC16M2 | 15.03.2025 Kocnapaer | 1101095T
SC16M3 | 09.08.2024 | JlalbIHAQ/IFaH COTALIBIKTHI (IITOK) XKocmapaer | 1528078 T
aybICTBIPY
4 1 SC16M4 | 02.01.2019 | [ladibIHAQ/FaH COTALIBIKIIEH (LITOK) Kocnapaer | 903434 T
aybICTBIPY
5 2 SC16M4 | 29.01.2021 | CoraumbIK(LITOK) 60ibIMEH Kocnapman | 700706 T
TBIFbI3JIaFbIII aPKbLJIbI aFbII KETY. TBIC
JalibIHja/IFaH COTAIlbIKThI (IUTOK)
»K9HE 'MJIb3aHbl aybICThIPY
6 w SC16M4 | 26.12.2021 | Typreutanzpipy ([losunponupoBanue) | Kocmapaax
6epriwiHiH (JaTYUK) aKaybl TBIC
7 4 SC16M4 | 29.10.2022 | CotauwsIK (IITOK) 60HbIMEH XKocmappan | 1254831T
TBIFbI3/IaFbIII aPKbLJIbI aFbII KETY. ThIC
JaiibIHjaIFaH COTAIlbIKThI (IUTOK)
aybICTBIPY
8 5 SC16M4 | 16.08.2023 | CoramrblK (TOK) micneriniy (mopmens) | XKocmapgad | 1353813 T
y3inyi. laiibiHAa/IFaH COTAIBIKThI TBIC
(1rTok) aybICTBIPY
9 SC16M5 | 09.08.2018 Kocnapsibl
10 SC16M5 | 09.07.2021 | /[ladbIHJaJ/IFaH COTAIIBIKTHI (IITOK) Kocmapser | 973523 T
aybICThIpY
11 3 SC16M5 | 16.08.2023 | [ladibIHJa/IFaH COTAIIBIKTHI (IITOK), Kocmapser | 1971953 T
I'UJb3aHbl, NiCNeKTi (MOpILeHb) KoHe
KaKMaKThl (KpbILIKa) aybICTBIPY
12 1 SC16M6 | 02.01.2019 | /ladbIHAQIFAH COTALIBIKTHI (IITOK) Kocnapaer | 903434 T
aybICTBIPY
13 2 SC16M6 | 24.01.2024 | CorawblK (iToK) micreridiy (mopuens) | XKocmapaan | 1437849 T
y3inyi. laiiblHA@/IFaH COTALIBIKThI ThIC
(1rToK) aybICTBIPY
14 3 SC16M6 | 05.02.2025 | UuauHApAiH 3JEeKTp CbiMAAP Kocmappan | 915816 T
IIOFBICBIH/A aKay 6ap. JlalbiHja/IFaH ThIC
COTAIBIKTHI (IITOK) aybICTHIPY
15 1 SC16M7 | 09.08.2018 Kocnapsbl
16 2 SC16M7 | 09.07.2021 | /ladbIHAQIFaH COTAIIBIKTHI (IITOK) Kocnapaer | 876 072 T
aybICTBIPY
17 3 SC16M7 | 21.03.2023 | UuauHAPAIH COTAIIBIFbIHBIH, (IITOK) Kocnappan | 1617796 T
CbIHYBL. JlalibIHJa/IFaH COTALIBIKThI ThIC
(rTok), rusIb3aHbl, HmicnekTi (MmopiieHs)
»K9He KaKNaKThI (KpbILIKa) aybICThIPY
18 4 SC16M7 | 09.08.2024 | Typreutanzeipy ([losunuonupoBanue) | XKocmapaan | 1604 274 T
OeprimiHiH (JaTYUK) aKaybL ThIC
170 Ne4(153)/ 2025 JLH. l'ymunee amviHdarwl Eypaszus yammuix ynusepcumeminiy XABAPIIBICHI.

TexHUKQ/IbIK FblAbIMOAP HCaHE MEXHO102USIAP CePUSIChI
ISSN: 2616-7263. eISSN: 2663-1261



KapbepJiik TeXHUKaHBIH arperaTTapbIHbIH }K6H/ey UHTepBaJl yaKbIT apaJlblFbIH OHTaWJIaHAbIpY d/liciH

KYpy
JlalibIHJ@/IFaH COTAIIBIKTHI (LITOK)
aybICTBIPY
19 1 SC16M8 | 21.06.2019 Kocnapabr | 453608 T
20 2 SC16M8 | 16.10.2020 | CorauwsIK (1ITOK) 60HBIMEH Kocnmapman | 934371T
TBIFbI3JJAFbILI APKbLIbI aFbII KETY. ThIC
JalibIHja/IFaH COTAllbIKThI (IUTOK)
aybICTBIPY
21 3 SC16M8 | 19.07.2024 | Typreuianasipy ([losunuonupoBanue) | XKocmapgan | 1667029 T
6epriwiHiH (JaTYUK) aKaybl. TBIC
JalbIHja/IFaH COTAIlbIKThI (IUTOK)
aybICTBIpY
22 1 SC16M1 | 21.06.2019 XKocnapaer | 805155T
2
23 2 SC16M1 | 17.04.2022 XKocmapaer | 838197 T
2
24 3 SC16M1 | 09.08.2024 | JlalbIHAQ/IFaH COTALIBIKTHI (IITOK) XKocmapaer | 1458557 T
2 AybICTBIPY
25 1 SC16M9 | 15.08.2020 | CorauwsIK (IITOK) 60HBIMEH Kocnappan | 831234 T
TBIFbI3JAFbIII aPKbLIbI aFbII KETY. ThIC
JaiibIHja/IFaH COTAIlbIKThI (IUTOK)
aybICTBIPY
26 2 SC16M9 | 28.12.2023 | /ladbIHAQ/IFaH COTALIBIKTHI (IITOK) Kocnapnaer | 1366396 T
aybICTBIPY
27 1 SC16M1 | 15.08.2020 | CorauwsIK (IITOK) 60HBIMEH Kocmappan | 852043 T
0 TBIFbI3/IaFbIII aPKbLJIbI aFbII KeTY. ThIC
JladibIHja/IFaH COTAIIBIKTHI (IITOK)
aybICThIpY
28 w SC16M1 | 05.02.2022 | Coraniblk (IITOK) 60HBIMEH Kocnapman
0 TBIFbI3/IaFbIII aPKbLIbI aFbIN KETY ThIC
29 3 SC16M1 | 20.02.2024 | CorambIKneH (IITOK) KOChLJIATbIH Kocmapman | 1552890 T
0 caycakThIH, (maJsien) y3inyi, HoTmwkeciH e ThIC
KyJ/laKlIacblHa (IpoyIIMHA) 3aKbIM
KeJsreH. /lalibIHAQ/IFaH COTAIIBIKTbI
(1rToK) aybICTBIPY
30 1 SC16M1 | 22.01.2022 XKocmapaer | 913057 T
3
31 1 SC16M1 | 22.01.2022 | /ladbIHAQIFaH COTALIBIKTHI (IITOK) Kocmapaer | 1277530T
1 aybICTBIPY
32 2 SC16M1 | 12.05.2023 | CorambiKieH (IITOK) KOCLIATBIH Kocmappan | 1330300T
1 caycakThIH, (maJjien) y3inyi, HoTmkeciH/ e ThIC
KyJ/IaKUIacblHa (IpOyIIMHA) 3aKbIM
KeJsreH. /lallbIHA@/IFaH COTAIIBIKTbI
(1rTOK) aybICTHIPY
’Kocnapaas Thic )K6H/EY )KYMbICTApbIHA XKyMCaJIFaH xaJmbl comma | 16 052951 T
YKocnapJibl 2keHiey KYMbICTapbIHA XKYMCAJIFaH XKaJnbl coMmMa | 15674409 T
?KocnappaaH ThIc )XeH/iey XKYMbICTapbIHA >KyMcaJaTbIH opTaila comMa | 1234 842 T
2KocnapJibl xeH/iey )KyMbICTapbIHA KyMcaaaTbIH opTaiia coMmMa | 1119601 T
EckepTy: epeKkTep Heri3iHAe KypacTbIpbLIFaH [6, 7-12]
1. XKocnapgaH ThIc arperaTTap/blH, XX6H/eyJepiHe XXoHe iCTeH LIbIFYy ceOenTepiHe Tanzaay.
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3epTTey KYMBICBIHBIH, MaKCaTblHAa COMKeC, KapbepJliK TeXHUKAHBIH KYMbICBIH TaJl/ay KoHe
arperaTTap/blH, iCTeH LIbIFYy 3aHAbLIBIKTAPbIH aHbIKTay YiuiH CAT 16M xoeHe 16M3 yuricingeri
aBToOrpeiepsepAis py/abAiK [UIUHAPJIEePi KapacTblpblazsl (1-cyperT).

Ocpbl py/IBJIK HUIMHAPJIEPAIH XKYPri3ireH )KeH /ey »KYMbICTapbIHA KATbICTbI CTaTUCTUKAJIBIK
MaJliMeTTep )KUHaKTa bl (kecTe 1) [7-12].
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2-cypeT. SC16M9 pynbJik IUIUHAPIHIH COTAMIBIK (IITOK) 60HWBIHAFbI XpOMAAJIFaH
KabaTTbIH MeXaHUKaJIbIK 3aKbIM/IaHYbI KepiHici [6]

3epTTey MaKcaTTaphl YIIiH alllbIK UHTEPHET-JepeKKoe34epiHeH a/blHFaH KOChIMIlIA aKnapaT
najananpui/bl. by aknapaT pysbJik QUAWHAPJAEPAI )KeH/J ey Ke3iH/ie KOJ1AaHblIaThIH KOCalKbl
OeJilIeKTepP/liH 1IaMaMeH asiblHFaH KYHbIH KaMTHAbl. barara KaTbicTbl MaJiiMeTTep Caterpillar
TeXHUKACblHA apHa/IFaH KOCaJKbl OeJilleKTepAi »KeTKi3yllisiep/iH KeNuliJiKKe KOoJiKeTiMAi
KOMMEePUHUSJIbIK YCbIHBICTAPbl MEH KaTaJIorTaphbl HerisiHae KuHaabl. Kocankbl 6eJilleKTepiH
lIaMaj/laHFaH KyYHbIH aHBbIKTAy Ke3iHJe NaiJa/laHblIFAaH HWHTepHeT-AepeKKe3AepAiH Ti3iMi
«[lariraiaHbLIFaH 9/1ebueTTep» 66JiMiHAE KeNTIpi/IreH KoHe alllbIK 6aFa aKnapaTbIH YChIHATbIH
pecMHu KdHe TayeJICi3 AUCTPUOBbIOTOPJIap/blH CalTTapblHa CiiTeMesepii KaMTUAbI [7-12].

BapJiblK MaJiiMeTTep KoCiMOpPbIHHBIH, illIKi KOMMePIUSJbIK aKlapaTblH KapUsaMal, TeK
3epTTey KdHe eCeNTiK MaKcaTTapFa LWIbIFbIH KYPblJIBIMbI MEH OJIap/blH, apaKaTbIHACBIH GaFaJiay
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YIIiH FaHa naijanaHbL1/ibl. PyabJik nUAMHAPAEPA] KOH/ey OOMbIHIIA XUBIHTBIK akKmnapart 1-
KecTejie GepiireH.

Korapblia KesITipiJITeH KecTezie arperaTTapra »KYyprisi/ireH keH/jey »KYMbICTAPbIHbIH, CAHBI,
oJIapZblH iCTeH HIBIFY ceGenTepi koHe KaJllblHA KeJTipyre »KyMcaJifaH IIbIFbIHJAP >KOHiHJer1
MaJsiMeTTep OepinreH. COHbIMEH KaTap, KecTe/e >XKOCHapJibl (TeXHUKAJbIK KbI3MET KepceTy
KecTeCiHe COMKeC) >XoHe »KOcCmapZiaH ThIC (KeHeTTeH TybIHJaFaH aKayJbIKTap caJjJiapblHaH)
YKOHEeYJEePAiH TypJiepi, COHAal-aK arperaTTapAblH iCTEH LIbIFy cebenTepi KopCeTiJireH.

KecTtegeri nepekTtep Herisinge py/bJiK UMJIUHAD arperaTTapblHa KaTbhICThI »KOCNApAaH ThIC
YKOHJIeY »KaFJjailJlapbl MEH OJ1ap/iblH, HeTi3ri akay cebenTepiHe 6alJIaHbICThI KaH->KaKThl TaJ1ay
KYprisiazi.

2-kecte. SC16M9 pyabJlik UUJIWHAPIHIH KEOHJAEY >XYMbICbIHA KaXKET OO0JIFaH KOCaJIKbl
GeJiLIeKTep Ti3iMmi [6, 7-12]

Besiek Beuiliek aTaybl Canbl Baracel (TeHre) ComMachl (TeHre)

HeMipi

2675257 OpbiH a"bIKTay gaTyudri (JaTauk 1 297088,92 297088,92
MO3UIMOHEepa)

2606117 IllapukTi caycak (IllapoBoii maserr) 1 74891,71 74891,71

3076273 ['uaponuaMHApre apHajFaH 1 52521,10 52521,10

TBIFbI3JIaFbILITAP KUHAFbI (KoMIiekT
YIJIOTHEHUH TH/IPOIMJINHAPA)

2761816 KopraHbIC KaJKaHbl (3aLUTHBIN KOXYX) 1 16102,83 16102,83

2493505 MotiibiHTipeK cakuHachl (060iiMa 1 14733,78 14733,78
MOJIIHUITHHKA )

8B1002 ComblIH (raiika) 1 10733,09 10733,09

4418164 TeIFBI3AAFBINT KanITaMa (IbLIbHUK) 1 6169,45 6169,45

2673865 JanibiHaIFaH coTambiK (U3roToB/IeHHBINA 1 205598,79 205598,79
IITOK)

EckepTy: fiepekTep Heri3iH/e KypacThIpbLIFaH [6, 7-12]

1-xarpan. CoTalblK (IITOK) O0MBIMEH ThIFbI3JAFbIll apKbLJIbI aFblll KeTy. CepusaIbIK HOMIpi
SC16M9 pynbaik LUAWHAPI KeHAeyre Kesin TycTi. ZKeHJey KyprisisireH coTTeri arperaTrThblH
»KaJIlbl )KYMbIC yakKbITbl 12112 MoTocaraTThl Kypagbl. bysl »kocmapaaH ThIC OpbIHAAJFAaH
aJIFAlIKbI )KOH/Zey LIUKJIi 00J1bI.

Arpinl KeTyZiH Heri3ri ce6ebi - coTalblK (IITOK) OOWBIHAAFbI XpOMJaJiFaH KabaTThIH
MeXaHUKaJbIK 3aKbIM/aHybl. HaKThIpaK alTKaH/a, XpOM »KaObIHbIHbIH, CbI3aTTaphl ThIFbI3JaFbILI
3JieMeHTTep/i (YIJIOTHUTEJb) 3aKbIMZall, HOTHUXKECIH/le KOFapbl KbICbIM/AAFbl T'H/paBJIUKaIbIK
CYMBIKTBIKTBIH, aFblll KeTyiHe aJiblll KejareH (2-cypet) [6]. CogaH KeMiH pyJbJiK UUJIUHAP/IIH,
YKOH/IeY »KYMbICbIHA KaXKeT O0JIFaH KOCaJIKpl OeJillieKTepre Taajay *Kyprisiiai.

OsapablH aTaybl, 6aFrachl XKoHe KaXKeTTi caHJapbl 2-KecTeJle KepceTiireH [6]. 2-kecTefe
KeJITIpiITeH MaJliMeTTepre CyilleHe OThIPhIN, KeJieCi KOPbITbIH/bI acayFa 060Jiafibl: KOHJeyre
naiijjajiaHblIFaH GeJsilleKTep/iH, illiHje eH KbIMOATTapbl OPbIH aHBIKTAY AATYWTi MeH apHaubl
JlablHJanfaH coTawblK, (Tok) 60osabl. Cogan coH SC16M9 pynbaik LMAWHAPIHE KATbICTHI
YKOH/IeY »KYMBbICTAPbIHbIH, TOJIBIK TAPUXbl KAPACTHIPbLI/bI, 0J1 3-CYpPETTE KOPCETIJITeH.
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3-cypeTTeri guarpaMMara CoWKec, aTajlFaH arperar eKi »KeH/iey IMKJblHaH 6TKeH. EKiHuIi
YKOH/ley »KYMBICHI KOCNapJibl TYPJAE XKYPri3iJireHiMeH, OHbIH KaJlllbIHA KeJTipy KyHbl (keHJeyre
»KyMcCaJIFaH WbIFbIH) GipiHILI, 2K0CIapJjaH ThIC XKOH/ey *KYMbICbIHA KapaFaH/ia XKOoFapbl 60JIFaH.

SC16M9 pynbaik THIHHAPL
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3-cypet. SC16M9 pysibJiK LUIMHAPIHIH )KOH/EYy TapUXbIHbIH, JUarpaMMachl

EckepTy: epeKTep Heri3iHAe KypacTbIpblIFaH [6]
2-xarjai. CoTamblK (IITOK) GOMBIMEH ThIFbI3AAFBIN apPKblLIbl aFblll KeTy. CepUusiblK HeMipi
SC16M4 pysbJik [UJIUH/PI )KeH/ieyTe KeJin TycTi (4-cypeT).

.

4-cypetT. SC16M4 pysnbAik HUAVMH/APIHIH XKOHeyTe KeJlill TYCKeH/eri KepiHici
EckepTy: iepeKTep Heri3iHAe KypacTbIpbLIFaH [6]
Bysn aliblpMallbLIBIKTBIH, cebebiH TyciHy yuiH 1-kecTele KeJdTipiJireH pyJbJik
UUJIMHAPJIEPAIH CTaTUCTUKACBIHAAFbl 26-HOMIpJi »KOJIFa Ha3ap ayZapy Kepek. ATajsfaH kKoJija
«iCcTeH LIBIFY cebebi» baraHbIH/A KaHJal OeJilliek aybICKaHbl KepceTiireH. Taniay HaTHXeCiHe
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KapbepJiik TeXHHKaHbIH arperaTTapblHbIH XK6H/ley HHTepBaJl YaKbIT apaJIbIFbIH OHTANIaHAbIPY 9iCiH
KYpy

Oesirisii 60J1FaH/AM, eKiHIlI KOCHapJibl )KOH/AEeY LUK/AbIHAA Aa AaWblHAaNFaH COTAIIbIK, (LITOK)
aybICTBIPbIIFaH. byJ1 )KaF/an KeH/iley KYHbIHBIH apTyblHAa auTap/blKTal acep eTKeH. COHbIMeH
KaTap, OipiHLIi XoHe eKiHLIi KeH/Aey apasbIFbIHAAFb] VI KbLI illiHAE UHPAALUS AeHreli MeH
KOCaJIKbl OeJillleKTepre 6alJIaHbICTbl GaFaHbIH, 6CYi e ecenke ajblH/bl. OCbIFAaH GalJIaHbICThI
IIbIFbIH KOJIEMiHIH, y/IFalobl 00 bEKTHUBTI )K9He OPbIH/bI 060JIbIN TaObLIA/AbI [6].

KeHpey )yprisisireH coTTeri arperaTThbIH, KaJIbl )KyMbIC YaKbIThI 24 418 MoTOCaraTThl Kypasbl.
By »kocnap/iaH ThIC OpbIHAAIFaH GipiHILI }KeH/ley LIMKJIi 60JIFaHbIMEH, »KaJIN bl )K6H/1ey PeTTiJiri
6oibIHIIA eKiHLIi, ce6ebi oFaH JeliH OipiHILI >KocmapJibl XKOHJleY KYprisiireH. AFblll KeTY/iH
6acTbl cebebi — coTalbIK 60MBIHAAFBI XPOM >KaObIHBIHbIH, MeXaHUKaJIbIK 3aKbIM/IaHYHI (5-cypeT)

[6].

m ! ﬂ. Mﬁ T

H/

5-cypeT. SC16M4 pysibjik HUIMHAPIHIH cOTallbIK, (IUTOK) O0UBIHAAFbI XpOM/Ia/IFaH
KabaTThIH MeXaHHUKaJIbIK 3aKbIM/IaHYbI KepiHici

EckepTy: iepeKTep Heri3iHzAe KypacTbIpbLIFaH [6]

XpoM KabaTbIHJaFbl CbI3aTTap ThIFbI3AAFBIIITHIH, TO3YblHA >X9HE >KbIPThLIyblHA ceben
60J1bI11, HOTUXKECIH/ e )KOFapbl KbICbIM/IAaFbl TH/IPaBJAMKaJbIK CYHbIKTBIKTBIH CbIPTKA aFbIll KEeTYi
OpbIH anfaH. bys xkarpai 6ipinmi SC16M9 yaricinzeri arperatTta Ke3/iecKeH aKayMeH TOJIBIK,
coMiKec KeJsielli, AFHM KaWTaJlaHaTblH KYPbLIbIMJbIK Macesie 6ap eKeHiH KepceTe/i. ATajFaH
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KaFZiail OoUbIHIIA JAa PY/AbJAIK LWJIMHAPAIH KOHJey >KYMbICbIHA KaXKeT OOJIFaH KOCaJKbI
OeuilieKTepre Taaay xKyprisingi. Kocankpl 6esiiekTepaiH aTaybl, 6aFachl )koHe KQKETTi caHbl 3-

KecTe/ie KeJTipijireH [6].

3-KecTeJie KeJITipiireH MaJliMeTTepre CyileHe OThIPbII, KeJsleci xKafF/jai/ibl 6aliKayFa 60J1a/bl:
YKOHJeyre Mailja/laHblIFaH OeJillleKTep/iH iliHAe eH KbIMOGaTTaphl
COTallbIK (IITOK) MeH rujab3a 6osfaH. SC16M9 pyabAik IUAMHApPiIHE KaTbICTbl 1-aFjaija
KOJIJaHbLJIFaH OeJilleKTepMeH casbIcTbipFaHga (2-mi kecte), SC16M4 LMIMHAPIH XeHAeye

OeJillIEKTEP CaHbI OipiiaMa a3 60JIFaH.

3-kecte. SC16M4 pyabAik LUJAWMHAPIHIH KEHAEY >XYMbICbIHA KaxKeT OOJIFaH KOCaJIKbl

GeJiLieKTep Ti3iMmi [6, 7-12]

apHaWbl JaublHAAJFaH

Besek BeJsek aTaysbl CaHbl Baracel Comacsl

HOMipi (TeHre) (TeHre)

2493505 MoiibiHTipek cakuHachkl (060HMa 1 14733,78 14733,78
HOAIIMIHUKA)

4418164 ThIFbI3JJaFbII KanTaMa (MbIBHUK) 1 6169,45 6169,45

2673865 JlalibIHAAIFaH COTAIIBIK, 1 205598,79 205598,79
(M3roToB/IeHHBIH IITOK)

2673864 JlalibIHAA/IFaH TMJIb3a 1 277569,58 277569,58
(u3roToBJIEHHAsI THJIb3a)

EckepTy: AepekTep Heri3iH/le KypacTblpblIFaH [6, 7-12]

SC16M4 pyabaik UUJIWHAPIHIH e »KeHJ ey )KYMbICTapbIHbIH, TOJIBIK TAPHUXbl KAPACTbIPbLI/bI,

0J1 6-CypeTTe KepceTijreH [6].
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6-cypeT. SC16M4 pysibJiiK LHMIMH/PIHIH XX6H/ley TApUXbIHbIH, JUarpaMMachl
EckepTy: fiepeKTep Heri3iHAe KypacTbIPbLIFaH [6]
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KapbepJiik TeXHUKaHBIH arperaTTapbIHbIH }K6H/ey UHTepBaJl yaKbIT apaJlblFbIH OHTaWJIaHAbIpY d/liciH
KYpy

Korapbigarbl 6-cypeTTeri juarpaMMara CoWKec, 3epTTeJIill OThIpFAH arperar »aJInbl 6ec
KOH/Jley LMKJbIHAH OTKeH. BipiHIi »kocmapJ/ibl KeHJeyleH KeliH KbICKAa YaKbIT apaJiblFbIHAA
KaTapblHaH OipHelle »KOcnapZaH ThIC >KOHJEY >XYMbICTapbl OpbIH a/lfaH. bysa »keHzeynepiy
apacbeiHAafFbl KyMbIC yakbIThl 2000 »xaHe 5000 MoTocaraT uiaMacbiHZ@ 60JiFaH. ATajiFaH
YKaFJlai/iblH cebenTepiH aHbIKTAy MakKcaTbIHJA 1-KecTeJe KeJTipuIreH py/abAiK LUJUHApPJED
CTaTUCTUKACBIHBIH, 4 NeH 8-HeMipJi xoJ1japblHa TaazAay Kyprisiigi. bipinmi xkxeHaeyre keareH
Ke3/Jleri MoTocaraT mMeJiepi 21876 6osFaH, 6y UMJIUHAPAIH GipiHII HUK/IIK KYMbICTbI TOJIBIK,
opi coTTi asdkraraHblH Oinjipeni. ExiHuii >xeHzaeyniH ce6ebi - coTamblK (IITOK) GOMbIMEH
TBIFbI3/IAFbIll APKbLIbl THPABJMKAJbIK CYWBIKTBIKTBIH, aFblll KeTyi. bysa »kafrpmall coTallbIk
6eTiHiH KaHJal Aa 6ip chIpTKbl PpaKTOpPJIAPAbIH dCepPiHEH 3aKbIM/JaNybIHAH TyblHAAaFaH. COHbIH
CaJJapblHAaH ThIFbI3JAFbIL 3JIEMEHTTEP >KbIPThLIbIN, TWJb3a ilIiHAErl »OFapbl KbICbIM/AFbl
CYUBIKTBIK ChIPTKA aFyFa MaXKOyp 60JIFaH.

Anaiifa 6yJ >kepJie Hazap ayAapaTbhlH MaHbI3/Jbl Macesie, 3-kecTeqie kepceTisiren SC16M4
[IMJIMH/IPiHe >KYPri3iJireH »KeH/iey »KyMbICTapblHA KaXKeT OeJilleKTep Ti3iMiHiH caJbICTbIpMaJibl
TypZie a3ablFbl. Bys kepceTkiul 1-xafpangarel SC16M9 nuavmHApiMeH caibiCTbhlpFaHja (2-1mi
KecTe) auTapJibIKTal all bIpMalllbIbIKTbI 6alKaTa/bl )KoHE CTAaHAAPTThI JleTl eCenTeseTiH 6apJibIK,
OeJiILIeKTEP/iH aybICThIPbIJIMaFaHbIH KepceTe/i. OChbl TOJIBIK aybICThIPbIMay GaKTOpPbI KeliHri 3-
1Ii »KOCMapAaH ThIC XKOHJIeyTe bl Kesiji. [JlereHMeH, OyJ1 KeH/Iey »KaFaibl KemiJAiK asgcbiHAa
O0JIFAaH/BIKTAH, XOHJeyre KeTKeH OapJiblK LIbIFbIH KOHJeylli KOMIaHHUS ecebiHeH eTeJireH.
CoraH KapamacTaH, 5876 MoTocaFaTTaH KeWiH 4-1i >Koclap/aH TbhIC }K6H/JeYy KYMbICbl KaiTa
OpbIH aJiFaH. by »kaFai/ibiH, ce6ebi — aJAbIHFbI )KOH/iey/le CTaHAAPTThI O6JIIeKTePAiH TOJbIK
aybICTBIPBLIMAYhI. 4-111i X6H/ley LUKJbIHAA OyJl OJKbUIBIKTAp €CKepisimn, 6apJ/blK CTaHAAPTThI
OeJIlIeKTEpP TOJIBIK K6JieM/e aybICThIpbLIALL. Ananza, 2837 MOTOCaFaT )KyMbIC iCTeTeHHEH KeliH
arperar TaFbl /a »KOCHIapZiaH ThIC XXOHJey/li KaKeT eTTi. ByJ1 »koJ/1bl KaTe nai/jasaHy cajfapblHaH
COTAIUBIK [TOpLIEeHi apThIK )KYKTeMere YIIbIpall, OHbIH, y3iJIyiHe a/blIl KeJreH [6].

KyprisinreHn Tanaay HoTHKeJiepi 60HbIHILIA 1-KecTeleH KeJieci )KaFJanabl 6alKayra 60J1a4bl:

’KOCMapAaH ThIC JKOHJeyJiep CaHbl >KOCHapJibl >KeHJeyJlepMeH IlaMajac O0oJibll, Keubip
»KaFJlanuyap/a oJapZiaH acbll Tycezi. ATan alTKaH/Aa, )KoclnapZaH ThIC XKeHJieyJiep caHbl — 15, an
»KocnapJibl )XeHjeysep caHbl — 17. Kap»XblLIbIK WBIFBIH TYPFBICBIHAH a/IFAaH/a, XKOCMapAaH ThIC
»KeHJey/iepre KeTKeH WbIFbIH — 16 052 951 TeHre, an xocnapJibl x)keHzaeynepre - 15 674 409 teHre
6osaradH. Byn kafFfall KocCiMOpbIH YIIIH KOCBIMINA KAap>KbLIBIK, aybIPTHAJbIK TYFbI3aTbIHbIH
KepceTei [6].
CoHbIMEH arperaTTap/iblH, iCTeH IIbIFy cebOenTepi HerisiHeH coTalbIK (IUTOK) OOWBIMEH
TBHIFbI3AFbI APKbLIbl TH/pPaBJAUKAIBIK CYWBIKTBIKTBIH afblll KeTyi, TYpFblIaHAbIPY Oepriuii
(maTyMK MO3MLIMOHEpA) aKaybl, COHAAW-aK MeXaHUKaJbIK y3iJly MeH CbIHY »XafjanjapbIMeH
6aiJIaHbICTHI [6].

ConbiMeH KaTap, SC16M10 xxaHe SC16M4 cusaKTbI Kelbip pyabJiK UUJIUHApPJEp OipHellle peT
KeHJeyaeH oTKeH. JKyprisiiren tanzgay 6apbICblHAA CTaHAAPTThI TYpZe aybICTBIPbLIYbI THIC
OeJlIeKTEP/iH Kel KaF[aiiap/a TOJbIK aybICThIPbLIMAaUThIHbI aHBIKTANAbI. ByJl >kalT on1ap/iblH,
KU1 ICTeH IIBbIFYbIHA >XOHE [JUArHOCTUKAJbIK LIapa/lapAblH camachbl >XEeTKIJIKCI3 eKeHiH
aitirakTai/ibl [6]. OcblFaH opaW, XkeKeJieTeH arperaTTapAblH KalTaJlaHaTbhIH OY3bLIYbI »K0CHAPJIbl
KOHJIeY/iH OeKITIITeH KecTeCiMeH »KYprisislyi Mep3iMiHeH OypblH 60JIaThIH TO3yAaH KOpFaul
aJIMaUThIHbIH, COH/lal-aK OelliMJiesiMereH (aJalTUBTI) TACI/IAIH 60Maybl iCTEH LIBIFY COTTEPIH
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aJJibIH asna 6oJpKayFa MYMKIiH/ZiK 6epMeNTiHIH KepceTe/|.

4-xkecte. PysbAik nuaMHApPJIepre X)KYPri3iireH »ocnapJibl )XoHe KocCnapAaH ThIC XKeHJey/ep
60MbIHIIA CTATUCTUKAJBIK aKnapar [6]

Ne )Keﬁ,q(?y 7KonpeyaeH keHiri ToJIbIK MOTOCaFaThI CepI/IﬂJIb.IK Kengey Typi
LU KJI MOTOCAFaThI HeMepi

1 1 9766 9766 SCi16M1 2KocnapJibl

2 1 19614 19614 SC16M2 KocnapJibt

3 1 17110 17110 SC16M3 KocnapJibt

4 1 21876 21876 SC16M4 Kocnapsel

5 2 2542 24418 SC16M4 ’KocnapaaH Teic

6 3 2313 26731 SC16M4 KocnapaaH TbIC

7 4 5876 32607 SC16M4 KocnapaaH Thic

8 5 2837 35444 SC16M4 ’KocnapaaH Teic

9 1 17626 17626 SC16M5 Kocnapiel
10 2 13430 31056 SC16M5 Kocnapsel
11 3 19069 50125 SC16M5 Kocnapsel
12 1 21876 21876 SC16M6 Kocnapsel
13 2 8639 30515 SC16M6 ’KocnapaaH TeIC
14 3 3713 34228 SC16M6 ’KocnapaaH TeIc
15 1 17626 17626 SC16M7 Kocmapser
16 2 13430 31056 SC16M7 Kocmapser
17 3 13873 44929 SC16M7 KocnapaaH Teic
18 4 6650 51579 SC16M7 Kocnmapaau Thic
19 1 17693 17693 SC16M8 Kocmapser
20 2 6289 23982 SC16M8 KocnapaaH Teic
21 3 15182 39164 SC16M8 KocnapaaH Teic
25 1 12112 12112 SC16M9 KocnapaaH Thic
26 2 13423 25535 SC16M9 *Kocnapuibr
27 1 12112 12112 SC16M10 ZKocnapaaH Thic
28 2 3360 15472 SC16M10 KocnapaaH Thic
29 3 3632 19104 SC16M10 KocnapaaH Thic
31 1 16909 16909 SC16M11 KocnapJibl
32 2 7754 24663 SC16M11 ’KocnapaaH Thic
22 1 17693 17693 SC16M12 ’KocnapJibl
23 2 16055 33748 SC16M12 *Kocnapuibr
24 3 9356 43104 SC16M12 KocnapJibl
30 1 16909 16909 SC16M13 KocnapJibl

Eckepry: nepekrep HeriziHIe KypacThIpbuIFaH [6]

KopbIThIH/bLIal KeJle, )K0CTapJibl 2KeH/ley CTPaTeruscbiH KalTa Kapay KaxeT. Ce6ebi, HaKTbl
naijjasiaHy »KafJailapblH eCKEpPMEUTIH TypaKThl (pUKcalMsaIaHFaH) XKeH/ley YaKbIT MHTEepPBaJbl
K9CIMOpbIHFA aWTapJ/IbIKTall KapKbUIbIK IIBIFBIHAADP, TEXHUKAHBIH, y3aK TYPBII Kajlybl >XoHE
KbIMOAT KOCMApAaH ThIC XKOH/eYJIepre aJbll KeJy/e.
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2. Herisri mapaMmeTpJiep 60MbIHIIA CTATUCTUKAJBIK aKapaTThl Ta/1ay.

ArperaTTap/iblH, KeHJey apajblfblH OHTAWIaHAbBIPY ofiCiH Kypy YVIIiH KoJja 6ap
CTAaTUCTUKAJBIK MaJliMeTTep TaJAaHAbl. ATaln auTKaH/A COHFbI XK6H/leyleH KeUiH OpbIHA/IFaH
MOTOCAFaTTap CaHbl MEH arperaTTap/blH »KUbIHTBIK )KYMbIC yaKbITbIHA KATbICTbI CTATUCTUKAJIBIK,
JlepeKTep XUHa/I/Jbl. ATa/lFaH MaJIIMeTTep KOHJEYZiH OHTaWJbl yaKbITbIH aHbIKTayFa Heri3
60J1aThIH HeTi3ri aKnapar ke3i 60J1bl Tabbl1abl. (4-KecTe) [6].

4-kectene KeaTipiireH paepekrtepre cyheHcek, SC16M-5 »xoHe SC16M-12 pynabaik
UUJIMHApPJIEpI €H JKOFapbl CeHIMAIIK KepceTKeH arperarrap KaTapblHa »KaTajbl. bya
LUMJIMH/PJIEP TeK »KOCHapJibl )X6H/eYAeH 6TKEH oHe 0JIap/blH *XYMbIC 6apbIChIH/A KOCNapAaH
TBIC aKayJIbIKTap TipKeJMereH [6].

ArperarTap 60ibIHIIA GapJsbIFbl 15 kocnapZiaH ThIC K6HJEY *KaFJaillbl aHbIKTaJFaH. By
KeHzeyepAiH Tipkeay yakbITbl 2313-TeH 15 182 MoTocaFaTKa AeliHri apasiblKTa OpbIH aJiFaH.
SC16M-4, SC16M-8 xoHe SC16M-10 pyabAik LUAMHAPJEP] KOcCapZaH TbIC aKayJapFa XUl
ylIblpaFaH arperaTTap peTiHJe 6eJiHin oTbIp. Bys »kafpai osapApblH icTeH LIbIFY cebenTepiH
TepeHipeK 3epTTey KaKeTTIrlH, COHJau-aK KOJJAaHBbICTaFbl KOCNApPJibl KOHJEY CTPATerusiCblH
KalTa Kapay/ibl Tajan eTe/i.

Ocel gepexkTep HerisiHfe 7-cypeTTe py/abJiK LMJIWHAPJEPJiH KeHJAey TypJepi 6oibIHIIA
MOTOCaFaTTapMeH 66J1iHy JuarpaMMachl KepceTijireH [6].
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7-cypeT. PynbAik UUJIUHAPJIEP/IiH KeH/Aey TypJiepi 60kbIHIIA 66J1iHYi
EckepTy: iepeKTep Heri3iHAe KypacTbIPbLIFaH [6]

YcbiHbLIFaH rpadvKKe COMKEC XKOoCNap/aH ThIC XKeH/Jeylep/iH KebiHece aJFallKbl >KOCIapJibl
KOHJley[leH KeWiH OpbIH aJaTblHbIH KepceTin oTblp. COHbIMEH KaTap, TeK 0ocChnapJibl
YKOHJleyJlepMeH FaHa IleKTeJIreH arperarrap Aa Kesfeceai. Asaija Oy arperarTtap, 9/leTTe,
OeJriJieHreH LIEeKTi MOTOcaFaT MeJiliepiHeH acnaraH. Mbicanbl, SC16M-12 pyabjik UUIAHJAPI
opra ecenneH 14 368 MoTocaraT »KYMBIC iCTell, >KOCHapJaH TbIC >XOHJey KaKeTTiJlirine
yuiblpaMaraH. Kepicinie, SC16M-4 nuavHApi asfallKel xKocnapJbl xxeHjeyre 21 876 motocarat
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»KYMbIC iCTereHHEH KeliH FaHa »ibepinreH. Bys oHbIH GesrizieHreH mekTi geHreiaex (15 000
MOTOCaFaT) e/layip apThIK XYKTeMeMeH KyMbIC icTereHiH kepcete/i. COHbIH, caj/japblHaH, 6yJ
arperar KauTa-KaWTa »KocClapZaH ThIC >KeH/ieyTre TYCill OTbIpFaH [6].

CoHbIMEH KaTap, KeHbip »KocmapJibl >KeH/ley apaJjblKTapblHbIH, Jla OHTaiJbl O0JMaybl
BIKTHMMaJl. ApaJiblK ThIM Y3aK 0O0JIFaH »aF/Jai/ia — )Kocrnap/aH ThIC iCTEH WIbIFY Kayli apTazpbl, al
ThIM KbICKA OOJIFaH XKaFAal/ia — KbI3MeT KepceTyre KeTEeTiH IIbIFbIHJAP OPbIHCHI3 KeOenei.

Ocbunaiiiua, pyabJiK LUJIMHAP arperaTTapblHbIH, MOTOCAFAaTTapbl MEH >KUBIHTBIK >KYMbIC
yaKbITbIHA HeTi3/leJITeH CTaTUCTUKAJBIK Taazay, KOJAAHBICTAaFbl XXOH/ ey KyHecCiHe Ty3eTyJiep
eHTi3y/liH KaXXeTTuIIriH faJienfierzi. ArperaTTap/ZblH >KOCHapAaH ThIC X6H/ ey WIbIFbIHAAPbIH
a3aMTybIH KAMTaMachl3 €Ty YIUiH, )XeH/iey apaJbIKTapbIHbIH, HeTi3ri napaMeTpJiepiHe KOCbIMIIA
CTAaTUCTUKAJBIK 6HJEeY KYpridy KaxeT. bys1 3 Ke3eriHZie OHTaWJIbl K6H/Iey YaKbITbIH HAKThI
alKbpIHJayFa MYMKiHZik 6epeai [13].

3. CTaTUCTUKAJBIK JiepeKTep/Ai eHey ajicTeMeci.

OHTal/Ibl KOHJEY YaKbITbIH aHBbIKTAy YLIIH arperarTtap/blH, ICTE€H WIbIFybIHA JeWiHri
MOTOCAFaTTap MeH OJIapZblH >KaJIbl XXYMbIC YaKbIThbl OOMWBIHINIA KWHAJFAH CTAaTUCTUKAJbIK
JlepeKkTepre TaJilay »KYprizy KaxeT. TeXHUKaHbIH CeHIMJiJiK JAeHreliH caH/JbIK TYpFblJa
6arajiayra MyMKiH/JiKk 6epeTiH MyHJall Tajjay — XeH/ley apajblKTapblH J3J1 XKOCHapJay >KoHe
»KOCTMap/aH ThIC iCTeH LIbIFY/Iap/AbIH aJAbIH a1y YIIiH aca MaHbI3/bl [14].

Ochbl 6aFbITTaFbl 6aFaiay KypaslJapbIHbIH, illliH/e eH KeH TapaJiFaH api A/ ToyeNiTiKTep/iH,
6ipi petinge MTBF (Mean Time Between Failures) :xoHe MTBS (Mean Time Between Services)
KOpCeTKILITepi KeHiHeH KoJ1ZjaHbl1a/bl. Bys KepceTKillTep TeEXHUKAHbIH CEHIMA T MeH KbI3MeT
KepceTy TUIMJiJIIriH KellleH i 6aFasayFa MyMKIiHAIK 6epeJii »KoHe TeXHUKaJIbIK KbI3MET KepceTy
CTpaTerusiCblH OHTaWJIaHAbIPY/IbIH HETi3i 60JibIN Tabbl1aAbl [15].

MTBF (Mean Time Between Failures) - arperaTTbiH HeMece >XaOAbIKTBIH €Ki aKay/blH
apacblHZaFbl OpTalla >KYMbIC iCTey yaKbIThl. bysl KepceTKill TeXHUKa CEeHIMZAIJIIriHIH, CaHAbIK
eJIlIEMI peTiHJe KOJAaHbLIaAbl KoHe abOJbIKTbIH KaHIIAJBbIKTbI Y3aK YaKbIT iCTEH LIbIKOAN
’KYMBIC icTed asiaThIHBIH Oafasayra MyMKiHJAiKk G6epexni. MTBF kepceTkinii MbiHa ¢dopmysia
apKpbLibl ecentesiefi [16]:

MTBF = £7, (1)

MyHza: T - arperaTThlH aKayfa JeliHri >)KyMbIC YaKbIThI;
n - »)Kocnap/iaH ThIC aKayJiap CaHbl.

MTBF >xofapbl 60J1FaH CalbIH ab/IbIKTbIH, CEHIM/iJIrI Ae KoFapbl 60J1a/bl. Bys1 kKepceTkill
»KOCIapAaH ThIC iICTEH IIBIFyJIapAbl 60/Kay, }KeH/ey CTpaTerusiJlapblH OHTalJIaHbIpy, COHJAMN-aK,
»KaObIKThI aJIIbIH ajla aybICThIPY KAXKETTIriH OaFasay MaKcaTblH/a KeHiHeH KoJaHbLiabl [16].

MTBS (Mean Time Between Services) — 6yJ1 TeEXHUKaJbIK KbI3MeT KepceTyJiep (3kocnapJibl
YKOHJleyJiep) apacblHJaFbl OpTalla XKYMbIC icTey yakbITbl. OJ1 KOCHapJ/bl TEXHUKAJBIK, KbI3MET
KOpCeTY apa/ibIKTapbIHbIH, TUIM/JiJIIriH 6aFranayfa apHaaraH. MTBS anbiKkTay popmyachl
KeJsiecigeu [17]:

_ZIs
MTBS = <, (2)

180  Ne4(153)/ 2025 JLH. l'ymunee amviHdarwl Eypaszus yammuix ynusepcumeminiy XABAPIIBICHI.
TexXHUKAIbIK FblAbIMOAp HCaHE MEXHOA02UsLIAD CepUsIChl
ISSN: 2616-7263. eISSN: 2663-1261



KapbepJiik TeXHUKaHBIH arperaTTapbIHbIH }K6H/ey UHTepBaJl yaKbIT apaJlblFbIH OHTaWJIaHAbIpY d/liciH
KYpy

MYH/ia: S — arperaTThbIH, »O0CIapJibl )KOHJeyTe JeUIHT1 2KYMBbIC YaKbIThl;
N - ’KOCIapJIbl XK6H/Iey CaHbI.

Bys1 kepceTKill »XeH/iey apa/bIKTapbIHbIH, ThIM Y3aK HEMece ThIM KbICKa 00J1ybIH OaFasiayFa
MYMKIHJiK 6epeji:
- erep MTBS TeMeH 60Jica — apThIK KbI3MeT KOPCETY OPbIH aJlblll, LIBIFbIH apTa/ibl;
- erep MTBS TbIM x0Faphbl 60Jica — 6yJ1 )Kocnap/laH ThIC aKay/iapFa ajiblll KeJlyi MyMKiH.

MTBS - TexHMKaHBIH, »KOCHapJibl KYTiM »XYHeCiHiH THUIMAJIIriH CUNATTAaWTbIH MaHbI3/bl
kepceTKim. OHbl MTBF-nneH canbICcThIpy apKblIbl KbI3MeT KOPCETY KYWeCiHiH KeTKIJIIKTLIIri
HeMece KeTiiMereH TycTapbl allKpiHZanaAbl [18]. Meicanbl, erep MTBF > MTBS 6oJica, 6ya
YKOCHapJibl KeHJAeyJepAiH KeTKIJIKTI JeHrernae OpbIHAAJbIN KaTKAaHbIH KepceTeJi. An erep
MTBF < MTBS 6oJica, TeXHHMKaHbIH »OCHapJ/ibl KyTiMiHe KapaMacTaH iCTeH UIbIFy >Xuijen
KeTKeHiH, IFHU K0CMapJibl )XeHJeyep/liH TUIMAIIITIH apTThIpY KaxeTTiriH 6inzipeni [19]. Bisaix
KaFJjai/1a xkocrnapAaH ThIC XKeH/ley/ep/iH CaHbl apThIIl, 0J1apFa *KYMcaJaThbIH IIbIFbIHAAP Kebelin
oTblp. COHABIKTAH OHTAMJIbI XKOHJley apasbiFbl peTiHfe eH anabiMeH MTBF moaHiH KapacTeipy
MaHbI3/ibl. ByJ1 TEXHUKA iCTeH IbIKKAHFa JIeHiHTi HAaKThl OpTallla yakbIThbIiHA Heri3esneni [20].

Anaiipa xxanrei3 MTBF MoHiHe cyleHy »eTKiJikci3, ce6ebi 0J1 3KOHOMUKAIBIK TUIMAITIKTI
eckepMmeiiii [21]. Con cebenti MTBF nen MTBS MaHnfepiHiH opTaiia apudMeTHKaIbIK MoHIH
eceqnTell, OHbl YChIHbIJIATBIH OHTAMNJIbI )KOH/IeY apaJ/lbIFbl peTiH/e KapacThIpy YCbIHbII/bI:

Tope = MTBF;-MTBS (3)

Ocbl UHTepBaJl yaKbIThl HETi3iHAe 9KOHOMUKAIBIK ecenTeysep Kyprisiain, onap ¢akrinik
IIBIFBIHAAPMEH CaJbICTBIPBLIABI KoHEe HaKThl TUIMJIIK JeHreui OarasaHfbl. HoTmkeciHze
YCBIHBUIFaH 9/iicTeMe KoJiia 6ap CTaTUCTUKAJIBIK aKlapaTThbl 6HJeyre, arperaTTapAblH OHTaN/IbI
»KOH/ley apaJIbIfbIH aHbIKTAyFa »K9He OHbIH, 3KOHOMUKAJIBIK TYPFbIJAaH TUIMAIIITIH faJienjeyre
MYMKIiHZAIK 6ep/i.

HaTuKesiep MeH TaJIKbl/1ay

CraTucTUKaIbIK JepeKTepAi eHey HoTxKesepi. 2KoFapblZja KeTipiJiireH aicteMe 60UbIHILIA
CTaTUCTUKAJBIK aKlNapaTThl 6HJey HITHUXKeslepi YCbIHbLIbl. CTaTUCTUKAJBIK JepeKTep/i eHaey
yuiin CAT 16M aBTorpeuaepJiepiHiy, pyJbAiK LUJIHAHAPJEPre KYPrisijireH »KocrnapJibl >KoHe
’Kocrmap/iaH TbIC JKeHJeyJep OOWbIHIIA >XHWHAJFaH JepekTep (4-KecTe) mnauaJaHbLIbI.
EcenTeynep »KofapblZja cunaTTaafaH ajicteMezeri (1)-(3) dopmynanapra corikec xKyprisiaji.

EH anabiMeH, arperaTTblH OHTaWJIbl >XYMbIC YaKbIT apasiblfbl (1) dopmysa 6GoHbIHIIA
ecernTesii:

S 106884 moTocaraT
Topear. = % T E—— 7125,6 =~ 7000 MmoTOCaFrar.

Anbiaran 7125,6 moTocaraT MaHi 7000 MoTOCaraTKa JlefiH XybIKTalAbl. ByJ )KybIKTayAbIH
cebebi - eHJIipicTe TEXHUKAJIBIK KbI3MET KepceTy/iH aFbiMAarbl TypJaepi (TKK) 250 nemece 500
MOTOCAFaTThIK apaJibIKTapMeH KyprisisnyiHe 6aianbicThl. Ocbl cebenti 7000 MoTOCaraT MaHi
KOJIJAHBICTaFbl TEXHUKAJIbIK KbI3SMET KOpCeTy perJlaMeHTTepiHe CoUKeCTeHJipiireH OGipiHuIi
OHTAaMJIbI }KYMBIC YaKbIT apaJbIfbl peTiH/e KaObl1JaH/bl.
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Keseci KafaM - eKiHIIIi OHTaM/IbI })KYMbIC YaKbIThIH aHbIKTAy. OJ1 Y1IiH anjbiMeH (2) dopmyna
6oubiHIIa MTBS kepceTkili ecentenzi:

»S 279461
MTBS = — = ——— = 16438 moTOCarar.
m 17

Apbl Kapaii (3) dopMynaHbl aijanaHbl, eKiHII OHTaN/IbI )KYMBIC yaKbIThl eCEeNTei:

MTBF + MTBS 7000 + 16438
Topt.z. = 2 = 2

= 11719 = 12000 moTOCaraT

11719 wmotocarat MaHi 12000 MoTocaraTKa JeHiH >KybIKTaJlAbl. bys gaa »xofapblja
kesaTipinreHn ce6ennen - TKK nHTepBanjjapblHa ColKeCcTeH/ipy KaXeTTijliriMmeH TyciHAipinesi.
Hotumxecinge, 12000 moTocaraT eHJIPICTIK KOJIJaHyFa bIHFAWJbl XOHE perjJlaMeHTTepMeH
yihsieciMai ekiHIi OHTaMIbI 2)KYMBbIC YaKbIT apasiblK peTiHfAe KaObliAaH/bl.

YChIHBUIFAH dJicTeMe Heri3iHJe »XYpri3iJireH ecenTteysep HOTUXeECiHAe XOHJAey YaKbIT
apaJiblKTapblH OHTAWJAHJbIPY MaKCaTblHAA €Ki TypJi OHTaWJbl >XYMbIC YaKbIT apaJbIFbl
ecenTesin mwbiFapeigbpl. Osap: 7000 xeHe 12000 moTocaraT. Ocbl 3epTTeyne YCbIHbUIFAH
dJlicTeMeHiH TaHAaybl GipKaTap OOBEKTHBTI KoHe MpPaKTHUKAJbIK cebenTepre Heriszenni. Ex
aJIAbIMEH, OYJI TACI/I HAKTbI OHAIPICTIK CTaTUCTHUKAJBIK JlepeKTepre cyileHe OThIPbII, KapbepJaik
TeXHUKaHbIH, CEHIM/IJIITiH CaHABIK TYPFblJla 6aFajiayFa »KoHe arperaTTap/blH *KOH/iey apaJibIF bIH
Jl9J1 aHbIKTayFa MYMKiHAiK 6epeai. YChIHBLIBIN OThIPFaH 9/iicTeMe TeXHUKAHbIH, YKOCMAPJIbl )KoHe
KoclmapZaH ThIC XKOHJeyJIep apaJbIFbIHAAFb]l »KYMbIC YaKbITBIH €CKepill, eKi Heri3ri ceHiMAiIiK
kepceTkimin - MTBF (icTreH wmbIFysap apacbiHJaFbl opTalla yakbIT) »xoHe MTBS (>kocmapJibl
YKOHJeyJlep apacblHJAaFbl OpTalla YaKbIT) KOJIJJaHyFa Heri3fieqireH. ATalifaH KepCeTKillTep
YKOHJley apasiblfblH OafasiayZla TeXHUKaHblH HAKThl NalJjaJlaHy epeKIlesiKTepiH eckepyre
MYMKIiHAIK Oepefii, OyJ 63 Ke3eriHZe >KOCHapJibl >XeHJAeyJep/iH THUIMAIJNIriH apTThIpkI,
YKOCMapAaH ThIC iCTeH LIBIFy/Jap/blH KUIITiH azanuTyra biKnaa eteni. ConbiMeH Katap, MTBF
koHe MTBS MoHfepiHiH opTama apudMeTHKabIK IIaMacbl PeTiHAEe YCbIHBLIFAH OHTAaMNJIbl
xeuaey untepsalbl (T,,) HAKThbl OHJIPICTIK XKafjanIapFa 6erdimMaenreH, MKeM/i emim 60J1bI1
TabbLIaAbI.

ATanfaH ajjicTeMeHiH epekKllesiri - oJ1 6acKa Tacisepaeriel xxeH/iey apajibIFbIH y3apTy
eMec, KepicCiHlle, KbICKAPTY apKbLIbl KaJIllbl TEXHUKAJIBIK KoHE 3KOHOMUKAJbIK THUIMAIIIKTI
apTThIpyFa O6arbITTa/lFaH. bys peTTe arperartap/iblH HaKThl TO3Y cebenTepi MeH KalTa/laHaTbIH
aKay/JbIKTap JAWHAaMHUKachbl ecelKe aJjblHaJbl. Mblcasibl, 3epTTey OapbICbIHAA CTaHAAPTThI
OeJilIeKTEP/iH, TOJIBIK aybICTBIPbLIMAybl CajJapblHaH OipHelle peTTIK KocmapfaH ThIC
YKOHJleyJlep TipKeJreHi aHBIKTaJAbl, OYJ KOCHapJbl >X6HJey KeCTeCiH KaWhTa Kapay/blH
KaXKeTTJIIrH KepceTTi.

Ocblnaiiia, ajicTeMe arperaTThiH, CEHIM/iJIK MapaMeTpJiepiH, HaKThl NalJalaHy peXUMiH
’)KOHe WIbIFbIH KYPbUJIBIMBIH €CKepe OTBIPBIIN, X6HJey CTpaTerusicblH TeK ¢QopMasib/bl
persiaMeHTTepre emMec, HaKTbl OHJIPICTIK HOTUXKeJiepre Heri3jey KaXKeTTIriH JgaJesfenfi.
CoHbIMEH KaTap, OHbIH 9M0e06anThIFbl 9PTYPJii TEXHUKAJIBIK arperaTTapfa 6eiiMzesie anysl, 6y
TOCIIAl OHAIPICTIK kKOoCnapJiay oHe IIBbIFbIHAAPAbLI OHTaWUJaHAbIPYAa KelleHl CTpaTerusJiblK
Kypa/l peTiHJle KoJilaHyFa MyMKiHZiK Oepeni. ’KaHa ojicTeMeHiH €eHri3isyi KaCiMOPBIHHBIH,
KOClapZaH TbhIC TOKTall KaJy KayliH TeMeH/eTill, TeXHUKaHbIH MaWJajaHy CeHiMAIIIriH
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apTThIPYFa )KoHe TeXHUKAJIbIK KbI3MET KOepCeTy »KYHeCiHIH THIMAUIIrIH XKoFapbllaTyFa CenTiriH
TUTi3eni.

KOpBITBIHABI

3epTTey 6apbIiCblHAA KOWBLIFAH 6acThl MaKCcaT - KapbepJliKk TeXHUKaHbIH, PYJIbJAiK
UUJIMHAPJIEPIH >XKOHJEY/iH TeXHUKa/blK TYPFbIAAH OHTAWJbl YaKbIT apaJiblFblH aHbIKTAy
TOJIBIFBIMEH OpBbIHAANAbl. BysJl MakKcaTKa HaKTbl OHZAIPICTIK JAepeKTepAi eHJey, CeHiMAiaiK
KOpCETKIIITepiH ecenTey »KoHe aJblHFAaH HOTUXeJiepAl OHJIpICTIK perslaMeHTTepMeH
COMKeCTEeH/ipy apKblIbl KOJI YKEeTKI31IA].

JKyMbICTBIH MiHZETTEpiHe colikec OipiHIIiZEeH, )Kocnap/iaH ThIC }K6H/AeyJiep MeH iCTEeH LIBbIFY
cebentepi TanpaHabl. Byn kesenge CAT 16M xoeHe 16M3 aBTOrpeiiepJiepiHiH pyabAik
LMJIMH/pJIepiHe XYPTi3iareH xeHjeysnep TypaJibl MaJliMETTeP XKUHAJIbII, iCTEH IIbIFy cebenTepi
Tasgadabl. Haktel eki arperat - SC16M9 xoHe SC16M4 MblicasiblH/JQ, COTAlLIbIK, (LITOK)
O0MBbIHJAFbI XPOM/IAJIFAaH KaOaTThIH 3aKbIM/AHYbI, ThIFbI3aF bIIIThIH KbIPThLIYbI, OPIIEHb MEH
TWJb3aHblH, TO3Ybl, JAaTYUK aKaybl CHUSKTbl KaWTaJaHAaTblH TEXHUKAJbIK aKay/ap TipKeJfi.
CoHbIMEH KaTap, >XeHJley KYHbIHa acep eTeTiH KocaJKbl OeJieKkTep Ti3iMi MeH 6aFachl
AHBIKTAJIbIN, O6JIIIEKTEP TOJIbIK aybICThIPbLIMaFaH >KaF[alja KaWTajamn iCTeH WIbIFy Kayli
apTaTblHbl JAdJeNfeH/i. ArperaTTap/blH >KWi ICTeH MIbIFybIHA >KOCHapJibl KOHJEYAiH
OeliMiesIMereH UHTepPBaJibl, AUATHOCTUKAHbIH, ETKIJIKCi3/1iri *koHe KOoCalKbl OeJilleKTep/IiH,
TOJIBIK, aybICTBIPbIIMAybl cebel 60JIaThbIHbl aHbIKTa/Abl. YKocmapZaH ThIC XXeH/ ey epAiH CaHbI
MeH KYHbI »KOCHapJibl >KeH/leyJiepMeH CaJbICThIPApJIbIK JeHreie, OyJ CTpaTerusiHbl KaWTa
KapayZbIH KaXXeTTIJIIrH KepCceTTi.

EkiHmi MiHZeT OOWBbIHING, CTaTUCTUKAJBIK NapaMeTpJsep TangaHzbl. ’KeHJey apablFblH
OHTaWJaHJbIPYy MaKCaTbIHJA >KOHJeyJeH KeHiHrl »KoHe TOJIbIK MOTocaFaTTap TypaJbl
MaJIiMeTTep XUHaKTaAAbl (4-kecTe). SC16M4, SC16M8 xoHe SC16M10 mMoaenb/epi kocnapaaH
ThIC K6HJeyTe Ui yubiparaH, aja SC16M5 »xaHe SC16M12 Tek »kocnapJibl XK6HAEYAEH 6TKeH
arperaTrTap peTiHze aHbIKTa/lAbl. ZKocnapaaH ThIC XKeHAeylepAiH OpbIH aly Auana3onbl 2313-
TeH 15 182 MoTocaraTKa ZieliH 6osiFaH. CoHZIal-aK, Ka»KeTCi3 y3apThLJIFaH XK0CNapJibl apaablKTap
(MbIcanibl, SC16M4 - 21 876 MoTOcCaraT) »ocnap/aH ThIC >KeHAeyJep/iiH TybIHJayblHa ceber
6osraHbl OaWKangbl. CTaTUCTUKaIBIK TajaAay KOJIJAHbICTaFbl perjiaMeHTTep IUIEeKTEH ThIC
YKa/INbLJIaHFaHbIH KOPCeTTi. ArperaTTapAblH HaKThI XKaF/laliblHa Kapal 6eliMesMereH xKeHiey
apaJIbIKTapbl TEXHUKAHBIH, KUI iCTEH LIBbIFYbIHA K9He WIBLIFbIHAAPABIH apTyblHA a/blll KeJITeH.
OcbLiana, )KeHiey YaKbIThIH HAKTbl MOTOCaFaTTap OOMbIHIIA PeTTey KKEeTTIIIri TybIHAa bl

YwiHmi MiHAeTKe COKeC CTaTUCTUKAJBIK AepeKTepAi OHJey )KoHe OHTal/bl UHTEPBaAaphl
ecenTeniHAi. Ocbl Ke3eHJle XKOH/IeyTe JeliHTi MoTocaFaTTap MeH aKayJ/lap CaHbIH eCKepe OThIpPBIII,
ceHimMaisik KepceTkimTepi — MTBF xoHe MTBS ecenrtesin wmwbiFapbuiabl. MoHAepAl eHAipicTik
TKK pernamenTTepine (250/500 m/c) corikecteHaipiigi. Ocbl MHTEpBaiAap KoJijla 6ap HAKThI
CTaTUCTUKaAFa XoHe CEeHIMJIIK TanjgayFa Herizgesin aabiHFaH. 7000 xxaHe 12000 MmoTocarat -
PYJbJIK HUANHAPJEPAIH €Ki TEXHUKAJIBIK XK9He 3KOHOMUKAJIBIK, >KaFbIHAH HeTi3/ieJiIreH OHTalIbl
’KOHJley apaJ/ibIFbl peTiHJe aHbIKTa/AJbl. Bysn MaHAep kabAblK CeHIMAINIriH apTThIPyFa,
»KOCIap/ZiaH ThIC aKayJap/bl a3alTyFa XKoHe XKOH/jey LIbIFbIHAAPbIH OHTauJaH/bIpyFa MyYMKIH/IK
6epe/i.

MTBF xxone MTBS kepceTKiliTepiHiH KeMeriMeH arperaTTapZblH, iCTeH LIbIFY apaJblfbl MEH
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YKOH/IeY KUIJIT ecenTeJin, TeEXHUKAJIbIK KbI3MET KOpPCETYy KeCTeCiH UKeM/i TypJe KauTa KypyFfa
Heri3 6oJsibl. YChIHBUIFAH TACiJ >KaOAbIK CEHIMJJIIriH »KofapbLiaTa OTBIPHIN, 6HAIPICTIK
JKOCIapiaH aybITKY/Z bl TOMEHAETYTe )XoHe TeXHUKaJIbIK KbI3MeT KepCeTy YAepiCiH HeFypJIbIM 9.1
»KocnapJiayFa MYMKiHZK 6epefi.

Ocblnaiiia, K6HJey apajblKTapblH FbUIBIMH HeTi3/le KoHe HAKThl MaJIiMeTTepre CyHheHe
OTBIPBIN eceNnTey TEeXHUKAaHbIH eHJIPICTIK TUIMALIIrT MeH CeHIMAINIriH apTThipyFa MYMKIHAIK
6epeni. AnaFbl Ke3eHJe OCbl apajblKTap/blH, CeHIMAiMiK-3KOHOMUKAJbIK TUIMALIIrIH 6aFanay
apKbLIbI €H YHEeM/] lelliMAi TagAay *K0oClapJaHyaa.

ABTOpJIapABIH, KOCKAH YJIeci

Kazbipos A.C. — 3epTTey MaKcaThbl MeH MiHJeTTePIH, FbIJIIMU KaHaJIbIFbl MeH IPAKTUKaJbIK
MaHbI3/bLJIBIFbIH alKbIHAA/ bI.

KykemeBa A.B. - cTaTUCTUKaJBIK JIepeKTepAi eHAey dAicTeMeciH a3ipJsefi, 94ebu Tanaay
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A.C.Kaapipos, A.b.Kykemega, M.C./lapioxkaH *, E.C.bakbiTOB, A.7’K.KapcakoBa

HAO «KapazanduHckuii mexHu4yeckuii yHugepcumem umeHu A6sLikaca Cazunosa», Kapazauda, Kazaxcmax

q’OpMHpOBaHI/Ie METOAUKH OIITUMHU3ALUN HHTEPBAJIOB PEMOHTA arperaToB KapbepHOﬁ
TEXHUKH

AHHOTauMa. B [aHHOW cTaTbe IMpeJCcTaBJeHA MeTOJHWKa ONTHUMHU3alUd HHTEepPBaJIOB
TEXHUYECKOTO 00C/Y>KMBAHHUS arperaToB KapbepHOU TEXHUKHU HA MPUMepPE PyJIEBbIX IUJIUH/IPOB
aBTorpeiiiepoB Mogenert CAT 16M u 16M3, 3kcmayaTUpPyeMbIXx Ha TOPHOAO0OBIBAOIEM
npeanpusatud KazMinerals Bosmakos. B xoze uccienoBanus NpoBeJéH aHaAINU3 PaKTHUUYECKUX
MPOU3BO/ICTBEHHBIX CTATUCTUYECKUX JJaHHbIX 32 2018-2025 ro/ibl 10 MJ1aHOBBIM 1 BHEINJIAHOBbIM
peMoHTaM. [IpUUrHbBI 0TKA30B M 3KCIJIyaTallMOHHbIE PeCypChl arperaToB ObLIM KOJIUYECTBEHHO
OLleHeHbI C HUCMoJb30BaHUeM mNokasaTeseil MTBF (cpesHee BpeMs Mex/Jy oTkazamu) u MTBS
(BpeMsi Mexay IJIaHOBbIMH peMoHTaMu). [lo pesynbTaTam pacyéToB oOImpejesieHbl /[iBa
ONTUMa/IbHbIX MHTepBajia TexXHUYeckoro ob6cayxkuBaHusgs — 7000 u 12000 MoToyacos.
YKa3zaHHble UHTEePBaJIbl aJJallTUPOBAHbI K peaJibHbIM YCJIOBUSAM 3KCIJIyaTallMY, HapaBJeHbl Ha
npefoTBpallleHue BHEIJIAHOBBIX OTKAa30B U NO3BOJIAIOT CHAeJaTh CTPATErMI0 TEXHUYECKOTO
o6caykuBaHus 6oJiee THOKOM U 3¢pPeKTUBHON. PazpaboTaHHas MeTOAMKA AAET BO3MOXHOCTh
YUYUTBIBATh peajibHble MPOU3BOJACTBEHHbIE YCA0BUSA, 3OPEKTUBHO MJIAHUPOBATH TEXHUYECKOE
o6CIy>KMBaHMEe W CHWXXATb PHUCKU TMPOCTOeB o6opyAoBaHus. [lpezJiaraeMbld  MOJXO0[
CIIOCOOCTBYET  TMOBBILIEHHWIO HAJEXXHOCTH  MPOU3BOJICTBEHHOI'O0  MPOIECCa, CHUXKEHUIO
JIOTIOJTHUTEJIbHBIX 3aTPaT U COBEPIIEHCTBOBAHUIO CUCTEMBI TEXHUYECKOT'0 00C/IyKMBaHHUS.

KiloueBble cji0Ba: MHTepBaJ pPEMOHTA, HAaJEXHOCTb, MOTOYaC, pYy/JeBOM LHUJIUHJP,
IJIAHOBBIM PEMOHT, KapbepHas TeXHUKa.

A.S. Kadyrov, A.B. Kukesheva, M.S.Daribzhan*, E.S.Bakyttov, A.Zh.Karsakova

NJSC "Abylkas Saginov Karaganda Technical University", Karaganda, Kazakhstan

Development of a Methodology for Optimizing Repair Intervals of Open-Pit Mining
Equipment Units

Abstract. This article proposes a methodology for optimizing the maintenance intervals of
mining equipment components, using the example of steering cylinders in CAT 16M and 16M3
motor graders operated by KazMinerals Bozshakol mining enterprise. The study is based on the
analysis of actual production statistics from 2018 to 2025, including both scheduled and
unscheduled repairs. Causes of failures and component operational resources were quantitatively
assessed using MTBF (Mean Time Between Failures) and MTBS (Mean Time Between Services)
indicators. The calculations identified two optimal maintenance intervals — 7000 and 12000
engine hours. These intervals are tailored to actual operating conditions and are aimed at
preventing unexpected failures while making maintenance strategies more flexible and effective.
The method allows for adaptive scheduling of maintenance activities, based on real-world
operational data, and ensures more efficient utilization of equipment resources. Moreover, the
proposed approach improves the reliability of production processes, reduces unnecessary
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expenses, and optimizes the overall maintenance workflow.
Keywords: maintenance interval, reliability, engine hours, steering cylinder, scheduled
repair, mining equipment.
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AHHoOTauMa. /laHHas CTaTbsl MOCBslleHA 0630py CYIECTBYIOLUX MaJbIX
pPa3rOHHBIX OJIOKOB, B TOM YMCJ€e M MEPCIEKTUBHbIX PA3TOHHBIX OJIOKOB,
HaXO/AUIMXCS Ha 3Tane pa3paboTKU UJIW UCIIbITAaHUN, aKTUBHO IPUMEHSIEMbIX
B 33/laYax BbIBeJleHUsI MaJIbIX KOCMUUECKUX allllapaToOB Ha IieJieBble OPOUTHI,
aKTyaJIbHOCTb KOTOPbIX B IOCJeAHee BpeMsl pacTeT Ha (oHe TeHJeHLUH
MHUHHUATIOPU3ALUHA KOCMUYECKUX allIapaTOB U, COOTBETCTBEHHO, YMeHbIlIEeHUS
Macchl TOJIE3HBIX Harpy3ok. B paboTe paccMaTpuBalOTCS OCHOBHbIE
KJaccuUKaAllMOHHbIE MPU3HAKKM PA3TOHHbIX OJIOKOB, BKJIOYas MaccCy, THUI
JIBUTATEJbHOW YCTAaHOBKHM, KOHCTPYKTHUBHO-KOMIIOHOBOYHbIE CXeMbl. B
YAaCTHOCTH, paCCMaTPUBAIOTCS MPEUMYIEeCTBA U HEJOCTATKU YKa3aHHBIX CXEM
C TOYKMU 3peHUsT KOMIIOHOBOYHOM THMOKOCTH, MacChl KOHCTPYKIUH,
TEXHOJIOTUYHOCTH, MPOCTOThI COOPKH M IKCIJIYaTAllMOHHOW HaJIeXXHOCTH.
llesibl0 HACTOSALIEr0 MCCIE0BaHUs SIBJsIETCS BbIOOP U 0OOCHOBaHHE CXEMbI
peasu3ali MaJIor0 pPA3rOHHOTO 6JI0Ka, COYEeTAaWIlero ONTHMaJibHbIe
TeXHUYECKHEe XapaKTEPUCTHUKH, BbICOKYIO HAJ€XXHOCTb, 3KOHOMHYECKYIO
3pdEeKTUBHOCTh U IKOJOTHYECKYI0 6€30MacHOCTh. B KayecTBe KJIIOUEBOTO
3JleMEeHTa HayyHOW HOBU3HBI I[pejJjlaraeTcs MNpUMeHeHHe MeTo/a
MHOTOKPUTEPHUAJIbHOTO aHa/U3a JAJIs1 OIeHKHW Pa3/IMYHbIX CXEM peasn3aluu
MaJIbIX PA3TOHHBIX OJIOKOB. /laHHBIA MeTO/, MO3BoJisseT GOpMaJU30BaATh U
cbaslaHCUPOBaTh MPOTHBOPEYHBbIe HWHXKEHEPHble KPUTEPUM, BKJKOYAs
MacCOBY0 3pdEeKTUBHOCTD, yAeJbHbIH HMIYJIbC, BO3MO>XHOCTb
MHOTOKPATHOT'0 BKJIIOYEHHUS], TEXHOJIOTUYECKYIO 3PesIOCTh T. [I.

Kio4yeBble c/10Ba: Masiblid pa3roHHbIN 6J10K, paKeTa-HOCUTEJb, [T0JIe3Has
HarpyskKa, MaJibld KOCMUYeCKUH annaparT
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CpaBHI/ITEJIbeIfI dHaJIN3 CXEM peaJIM3alMH MaJIbIX pA3rOHHBIX 0JIOKOB

BBegeHue

PasroHHbill 6JI0K - 3TO KOMIOHEHT PaKeTbI-HOCHUTeJSl, 060py/l0BaHUe, NpeJHa3HAYEHHOe
JJIsl TPAHCIOOPTUPOBKU I0JIE3HOM HArpy3Kd C OMOPHOM OpOUTHI Ha LieJIeBYI0 OpPOHUTY, Ha
TpaekToOpulo oTJieTa K JlyHe WM Ha MeXIJIaHETHYI TpaekToputo. OH pacmnoJsiaraeTcsi Haj
nocjeHeld CTYNeHbI paKeTbl WM HENOCPEeACTBEHHO IMO0J MOoJIe3HOW Harpy3koil. Takue
YCTPOMCTBA 0OBIYHO MPOEKTUPYIOTCS AJis1 pab0ThI B KOCMOCE, UX MO>KHO MHOTOKPATHO BKJ/IIOYaTh
Y BBIKJIIOYATh, YTO MO3BOJISIET BBINOJHATH MaHEBPhI B KOCMOCE [IJIsl BbIX0/la Ha ONpe/ie/IeHHbIe
op6uTsl [1].

Ta6suna 1. Tunbl pa3aroHHbIX 6JI0KOB IO Macce

Tun Pb Macca, kr Macca [I[puMeHeHUe [IpruMepsl
BbIBOAMMOM
MoJIe3HOMU
Harpy3KH, Kr
Taxenble Cepime 10000 | Cepre 3000 Kpynuele cnytHukwu | [locnegnas
CBsI3U WM | CTylleHb Saturn
Hab6Jro4eHus 3eMJy, | V, BTOpas
MeXIlJIaHETHbIE CTyNeHb PaKeThl
MHCCHUH, Delta IV, BTOpas
MUJIOTUPYyEeMble CTyNeHb
MHCCHH, paKeThI-
pa3BepTbIBaHUE HOCHUTeJIS
KpPYIIHOU Falcon Heavy u
rpyNMnyupoOBKHU Jp.
CIyTHUKOB B paMKax
OZIHOTO 3aMyCKa U T. Ji.
CpenHue Or 3000 po | o 3000 CryTHUKH cBa3u | [locnegnsas
10000 cpefHero pa3Mepa | CTyneHb PH
WU Ha6JurogeHus | Atlas V Centaur,
3eMJiy, ®perat, PSLV
MeXIlJIaHETHbIE PS4 -
MHCCHH, JloCTaBKa | mocJjeaHss
rpy30B Ha | CTylleHb
MexayHapogHyo vHaunckon PH
Kocmuueckyto Polar  Satellite
Ctranuuio (MKC) u T. | Launch Vehicle
A. u Jp.
Jlerkue Jlo 3000 Jlo 1500 Mauiblie CIyTHUKH, Photon, ION
CubeSat U | Satellite Carrier,
HAHOCNYTHUKHY, Elytra, Sherpa,
JleMOHCTpauus SpaceVan u gp.
TEXHOJIOTUH U
3KCIepUMEeHThI B
KOCMOCE U T. /.
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PasroHHble 6JI0KM OCHallleHbl COOCTBEHHBIMU JABUraTeJbHbIMU YCTAaHOBKAMH, CUCTEMaMU
yIpaBJeHUs YW HaBUralyH, CUCTeMaMH TepMOperyJMpOBaHUs, CUCTeMaMH 3HeprocHabKeHus,
CUCTEeMaMHM CBSI3U U llepeJjlayy JaHHbIX, CACTEMaMHU OpUeHTalMU U cTabunusanuu. Ux fBuratenu
MOTYT paboTaTh Ha pa3/IMYHBbIX BUJAX TOIIMBA, BKJOYasd XKUJKHUe (HampuMep, KEpOCHUH U
KUJKUU KUCI0PO/), TBep/ble TOIJIMBA U TMOpU/IHbIe cUucTeMBbl. [JToMMMO THIIA MCIIOJIB3YEMOTO
TOIJIMBA, pPa3rOHHble OJIOKU TaKXe KJacCUQUIUPYIOTCA MO Macce, O TUIY JABUTaTeJbHOMN
YCTaHOBKH, 10 KOHCTPYKTUBHO-KOMIIOHOBOYHOH cXeMe [2] U T. A,

Knaccudukanusa pasaroHHbIX 6JI0KOB 10 Macce MpeJcTaBiieHa B TabJ1. 1. PasroHHbie 6J10kU 1o
Macce JieJIATCA Ha TsKeJible, CpeiHUE U Jierkue [3-8].

CoBpeMeHHble TEHJEHIIMM MHUHUATIOPU3ALUU CIOYTHUKOBBIX TEXHOJOTMU IpPUBEJIU K
CTPEMUTEJNBHOMY POCTY YHCJa MajblX KocMuyeckux anmapatoB (CubeSat, HaHOCHyTHUKHY,
MUKPOCIYTHUKH), MCHOJb3yeMbIX B 3aJladaX JUCTAaHLLMOHHOTO 30HJAUPOBAHUA 3eMJY,
TeJIeKOMMYHUKal UM, HAYYHbIX UCCIeJ0BAaHUH U JeMOHCTPALMU TeXHOJIOTUW. BO3HUKIINH cipoc
Ha IIyCKOBbIE yCIYTH, alalTUPOBaHHbIE K MaJIOMy JUalla30HY Macc, He MOXeT ObITh 3G PEKTUBHO
YA,0BJETBOPEH C WCIOJIb30BaHUEM TSKEJIBIX UJIM CPEeJHUX PAa3TOHHBIX OJIOKOB, TaK KaK 3alMyCK
Manblx KA B KadecTBe OCHOBHOM II0JIe3HOM HArpy3KM Ha TaKUX HOCHUTeNIAX ABJIAETCH
9KOHOMUYECKU U 3HEepreTUYeCKH HellesiecooOpa3HbIM [9]. AnbTepHAaTUBHBIM BapUaHT B BUJE
NOMYTHBIX 3allyCKOB OTPaHUYMBaeT onepaTopoB Masbix KA B BbiOOpe OopOUTHI U BpeMeHHbIX
napaMeTpoOB MUCCUH, YTO MOXKET HEFAaTUBHO NOBAUATb HA 3QPEeKTUBHOCTb GQYHKIMOHHMPOBAHUSA
cnyTHUKA [10]. B ranHoM cBsA3u Jierkue Pb obecneyrBatoT 60J1ee TMOKUN U JOCTYIIHBIN C1OCOO
JflocTaBkd Masblx KA, mo3Bosisii TOYHO BBIBOAUTb UX Ha liesJieBble OPOUTHI B ONTHUMAaJbHBIE
BpeMeHHble OKHa, CIIOCOOCTBYS MOBbIIIEHUI0 3PEKTUBHOCTU MUCCUU U YCTOMYHMBOMY POCTY
CEKTOpa MaJsbIX CNYTHUKOB [11].

PaspaboTka M npumeHeHue Jjerkux PB He TOJIbKO OTBedyalT HACYLHbIM TpeOOBaHUAM
pPbIHKA, HO M CHOCOOCTBYIOT JeMOKpaTH3aLMUM JOCTylla B KOCMOC [/l HOBBIX YYaCTHUKOB —
YHUBEPCUTETOB, CTAPTAIOB U Pa3BUBAIOIIMXCSA CTPaH. JTU HOCHUTEJIH NO3BOJISIOT peaju30BbIBaTh
peryJisipHble 3allyCKHU C KOPOTKHMMH CPOKaMHU NOATOTOBKH M BBICOKOM a/JallTUBHOCTBIO K 3a/la4aM
KOHKpeTHOW Muccuu [12]. Kpome Toro, BHeapeHUe MaJibiX Pb U coBeplieHCTBOBaHHE CUCTEM
NpPEeM3UOHHOI0 BbIBEJIEHUSI PACIIUPSAIOT UX BO3MOXXHOCTHU N0 gocTaBke [IH Ha pasHoobOpa3Hble
OpOUTHI, BKJIOYAsA COJHEYHO-CHHXPOHHble W 3JIMNTU4YecKue. TakuM o6pasoM, serkue Pb
CTAaHOBSITCSI HEOTbEMJIEMbIM KOMIIOHEHTOM COBPEMEHHOW KOCMUYECKOW HMHQPPACTPYKTYpbl U
Ba)KHbIM MHCTPYMEHTOM B 06ecrieyeHUH YCTOMYHUBOI'0 pOCTa KOCMHUYECKOW SKOHOMUKH [13].

[lo Tuny [ABUraTeJbHOM yCcTaHOBKM PB  ObIBAalOT €  3/1IeKTPOPEaKTHMBHbBIMY,
TBEP/JOTOMJIMBHBIMUA U XUJKOCTHBIMU paKeTHbIMM JiBUTraTesisiMU. Huxke mpezcrtaByieH 0630p
CylecTBylIUX Maablx PB mo kaxaomy Ttuny /JIY, B TOM 4ucjle U NepCcrneKTUBHbIX PB,
HaXOJAUIMXCS Ha 3Tale pa3pabOTKU WM UCHbITaHUU. Llesnblo 0630pa sABAsieTCA NpoOBeJleHUe
CPaBHUTEJIbHOTO aHa/iM3a KJHYeBbIX KJAaCCUPUKALMOHHBIX MPU3HAKOB MasblXx PB mo Takum
napaMeTpamM, Kak TdAra, passuBaemas /lY, macca BeiBoguMou [1H, Tun ucnosb3yemMoro Ton/ansa,
cnoco6 mojayu TomaMBa B kKaMmepy cropaHus Y (ansa PB ¢ KUJAKOCTHBIMU pakeTHbIMHU
JiBUraTensiMu) W T. A. [ NpoBeJeHUs [AaHHOTO MHCCJAe[0BaHUS CJelyeT pacCMOTpPeThb
IpeuMylllecTBa U HEeAOCTaTKU Kaxkzgoro Ttuna /JIY, HU3y4uTb OCHOBHble TeXHUYECKUE
XapaKTePUCTUKU Majibix PB, UX KOHCTPYKTHBHO-KOMIIOHOBOYHbBIE CXEMbI, a TaKXXe NPUMEHUTh
MeTO/, MHOTOKPHUTEPHUAJIbHOI0 aHa/IM3a AJIS YUCJAeHHOU OLleHKH Pa3/IMYHbIX CXeM peaau3aluu
Manbix PB. Ha ocHoBe jaHHOro aHajiusa BbIOpaTb M 00OOCHOBaTb ONTUMAJIbHYIO CXEMY
peanuszanuu Masoro PB, B ToM uyuciae u tun JY, cnocobHOM MaKCUMaJsIbHO Y/OBJIETBOPUTH
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pacTyuiue TpeboBaHUs pblHKA MasbiXx KA mo sHepreTudyeckod U mMaccoBod 3pPeKTUBHOCTH, a
TaKXe 110 ONepalMOHHON TMOKOCTH B MUCCHUAX 10 pa3BepPThIBAHNUIO CIYTHUKOBBIX 'PYNIIUPOBOK.

HoBusHa wuccieoBaHUS 3ak/loyaeTcs B QopManau3alMu Ipoliecca BbIOOpa CXeMbl
peanusanuu Majaoro Pb c moMouibi0 MHOrOKpUTEPUAIbHOIO aHa/IU3a, YTO M03BOJISAET MOJYYUTh
06'beKTUBHbIM Hay4YHbIA pe3yJbTaT, BBIXOAALIMK 32 pPaMKHU TPAJULMOHHOIO TEXHUYECKOro
o630pa.

MeToa0/10TUA

HacTtosiee uccaeoBaHe 0OCHOBAaHO Ha CUCTEMHOM NOAXO0/Je U BKJIIOYaeT B cebs KOMILJIEKC
OOlleHayYHbIX U CHelMa/ibHbIX MeTOJOB [Jifl JOCTHXKEHUS NOCTaBJIeHHOU uenu. OcHOBOM
MeTO/I0JIOTUYEeCKOr0 anmnapara fBJseTCs CPaBHUTEJbHbIM aHa/lu3, KOTOPbIM NPUMEHSJICA OJIs
CONOCTABJIEHUS TEeXHHUYEeCKUX, OIKCIJIYyaTAallMOHHbBIX M 3KOHOMHUYECKHUX XapaKTepHUCTHK
CYLeCTBYIOIIMX U NepPCIIeKTUBHbBIX MaJIbIX Pa3roHHbIX 610k0B (MPB).

WUccienoBaTebCKMU BONPOC 3aKJ/0YAETCA B ONpeJie/IeHUH ONTHMaJbHOU KOHCTPYKTHUBHO-
KOMIIOHOBOYHOM U TEXHOJIOTUYECKOM CXeMbl peaju3alii MaJoro pa3roHHOro 6/10Ka, KoTopas
6bI HAWJIYYLIUM 00pa30M OTBeYaJsia COBpeMeHHbIM TPpeOOBaHUAM pbIHKA N0 BbIBEJEHUIO MaJsIbIX
KOCMHYeCKHUX allnapaTos.

BeigBuraemas rumnoresa COCTOUT B TOM, UTO IPUMEHEHHE MeTOJa MHOTOKPUTEPUATIBHOTO
aHasu3a no3BoJisseT GpopMaM30BaTh U 00bEKTHBU3MPOBAThH NMPOLECC BbIOOpA ONTUMaJIbHOU
cxeMbl MPB, c6a/1aHcMpoBaB NPOTUBOpPEUYUBbIE KPUTEPHUH, TaKHe, KaK MaccoBasi 3pPeKTUBHOCTD,
yAeJbHBbIA UMIYJIbC, CTOUMOCTb, Ha/|€?KHOCTb U TEXHOJIOTUYeCKas 3pesIoCTb.

JTamnbl UCCJIeJOBAHUSI:

1. AHanu3 U cucTeMaTu3alvs JaHHbIX: NpPOBeJeH COOp U aHalu3 OTKPBIThIX JAaHHbBIX
(HayuyHble TMNyOJHMKALMK, TexXHUYecKas JOKyMeHTallus, MaTepuhasibl KOHpepeHIUi) 1o
CyLIeCTBYWOIIMM U pa3pabaTbiBaeMbiM MPB. Knaccudpukauus MPB no Tuny gBuraTesibHOM
YCTaHOBKH, Macce, KOHCTPYKTUBHO-KOMIIOHOBOYHOM CXeMe.

2. CpaBHMTeJIbHBIA aHaJIU3: BBINOJIHEHO CONOCTaBJIEHUWE NPEUMMYLIeCTB U HeJOCTaTKOB
pa3J/IMYHbIX TUNIOB JiBUraTebHbIX ycTaHOBOK (3P, PATT, XKP/|, [P/]) 1 KOHCTPYKTHUBHBIX CXEM.

3. MHorokpuTepuaJbHbIM aHa/IW3: i1 GopMain3aluyd BbIOOpa ONTUMAJbHOU CXeMBbI ObLI
NprvMeHeH MeTo/, aHaiu3a uepapxui (MAU). B kadyecTBe K/IOYEBbIX KPUTEPUEB OLLEHKU ObLJIU
BbIOpaHbl: MaccoBasi 3pdekTUBHOCTD (0THOLeHUe Macchl [TH k cTrapToBoit macce PB), yaenbHbId
MMIIYJIbC, BO3MOKHOCTb MHOTOKPATHOT'O BKJIIOYEHHUS, TEXHOJIOTUY€eCKas 3pesIoCTb, CTOUMOCTb U
6e3omnacHOCTb. KaxkjoMy KpUTepUIo ObIJIM IPUCBOEHBI BeCOBbIE KO3QPUIMEHTHI, ONlpe/ie/IeHHbIe
Ha OCHOBe 3KCIEPTHBIX OLIEHOK M aHaJiu3a TpebOBaHUM PhIHKA.

4. O6ocHOBaHMe BbIOOpA: Ha OCHOBE Pe3y/JbTAaTOB MHOIOKPUTEPUAJIBbHOTO aHa/av3a ObLI
cAeslaH BbIBOJ, 00 ONTUMaJbHOM cxeMe peasusauuu MPB v gaHbl pekoMeHJAlUMU 1O ee
IPOEKTUPOBAHMUIO.

MPB Ha 3/1eKTpopeaKTUBHBIX JBUTATEIAX

JnekTpopeakTUBHbIe ABUraTteu (3P/]) npeacrasasatoT co6oi Tun /IY, KoTopble UCMOJIb3YIOT
3JIEKTPUYECKYI0 3HEPrul0 /s yCKOpeHUs paboyero Tesa, Co3/4aBasi TAry. XapaKTepHOM
ocobeHHOCTbI0 P/l siByIsIeTCA CIOCOOGHOCTh 06ecneYyruBaTh OYeHb BBICOKUHM YA€JbHbIM UMIYJIbC,
YTO O3Ha4aeT BbICOKYI 3(QPEeKTUBHOCTb MCII0JIb30BaHUS paboyero Tesna AJs1 JOCTHUKEHUS
M3MeHeHud cKopocTU. OfHaKo, Kak npaBuo, P/l reHepUPYIOT OTHOCUTENBHO HU3KYIO TATY, YTO
IPUBOAUT K HEOOXOJUMOCTHU JAJIMUTEJBHOTO BpeMeHHU paboThl /sl BbINOJHEHUS 3HAYUTEJbHbBIX
OpOUTAJIbHBIX MaHEBPOB.
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Cpenu MPB, ucnosbsywumux JPJl, cTouT BbleauTh Vigoride - KocMUYecKUH OyKcup,
pa3paboTaHHbIM KoMaHMeld Momentus Space [14] u npeJHa3Ha4YeHHbIX /1 TPAHCIIOPTUPOBKHU
U BbIBeJIeHUsl MaJIblX CIYTHUKOB Ha pa3/inyHble OpouThl. OHOU U3 K/IOYEeBbIX 0COOEHHOCTEN
Vigoride siBisieTCA MCIIOJIb30BaHWE MUKPOBOJIHOBOTO 3JIEKTPOTEpMUYeCcKOro JBuraTens (M3T),
KOTOpBbIM B KadyecTBe paboyero Tesa UCHOJb3YeT BOAY. JTa TEXHOJIOTHS NO3BOJISET LOCTUYb
BbICOKON 3Q(EKTUBHOCTH NPHU HUCHOJIb30BAHUM HETOKCUYHOTO U OTHOCUTEJBHO HEJOpPOroro
paboyero TeJia.

CnytHukoBas niiatdpopma ION Satellite Carrier, pazpaboTaHHass UTaJIbIHCKOW KOMITaHUEHN D-
Orbit [15], Take MOXeT ObITh OTHECEHA K CUCTEMAM, UCIOJIb3YIOIIUM 3JIEKTPUUYECKYIO TATY AJIs
MaHeBpUpoOBaHUsA Ha opoute. ION mnpexacraBisseT co60M CHYTHUKOBBIM OYyKCHUP, CIOCOOHBIN
epeBO3UTb U MOC/Ae0BaTeJbHO BBIBOJAUTH Ha pas/MyHble OPOUTHI MHOXECTBO CIyTHUKOB
¢dopmaTta CubeSat U MUKPOCTYTHHUKOB.

SpaceVan ot ¢paHuy3sckoi kommnaHuu Exotrail [16] npexacraBsasieT co60d Masbli
op6UTaNbHBIN 6yKcup ¢ IP/], npe/iHa3HAaYeHHbIN /11 JOCTAaBKU MasibiX KA Ha 1je/ieBble OpOUTHI.
B kauyecTBe uMcTOYHMKaA nuTaHus AJs IPJl SpaceVan ucnosib3yeT coJiHEYHble NMaHeJNU 00Ien
MoiHocTbio 800 BT. OH pa3paboTaH [Jisl MOBBIIIEHUS THOKOCTH U 3PPEeKTUBHOCTU BbIBOJA
MaJIblX CIIyTHUKOB, OCOOEHHO B YCJOBMUAX PaCTyllero Cnpoca Ha TOYHOE U CBOEBpPEMEHHOe
pa3menieHue I1H.

Tabsuna 2. TexHuyeckue xapaktepuctuku MPb Ha 3P/]

[TapameTp Vigoride ION Satellite SpaceVan
Carrier

Macca I[IH, kr 750 160 200

Tara 1Y, H - - 0,028

AV,M/c 2000 - 500

Tun TonsiuBa Bojsa KceHoH/#of KceHoH

MPBbB Ha pakeTHbIX ABUTaTeAAX TBEPAOTO TOIJIMBA

PakeTHble paBuratenu TBepgoro tomiauBa (PATT) npeacTtaBiasioT cO60M THUN paKeTHBIX
JIBUraTesied, B KOTOPbIX B KadyeCcTBe TOIJIMBA U OKMUCJMUTEJS UCIOJb3YeTCd TBepJas CMecCh,
HasblBaeMas TBepbIM TomauBOoM. PATT oT/MyaroTCsa NMPOCTOTOM KOHCTPYKLMUH U CHOCOOHBI
pa3BUBAaTh 0OY€Hb BBICOKYIO TATY, YTO JleJIaeT UX [0JIe3HbIMU JIJis BbIBeJIeHU paKeT C 3eMJIU U
JUISl pa3roHHbIX cTyneHed. OJHAKO OJAHUM U3 CylleCTBeHHbIX HegoctaTkoB PATT saBaserca
HEBO3MO>HOCTb UX MHOTOKPAaTHOI'0 BKJIIOUEHUS U BBIKJIOYEHHUS, a TAKXKE PeTyJIUPOBaHUA TATU.

Cpenu MPB, pa6boraromux Ha PATT, cTouT paccMoTpeTh MOAYJb oJie3HOW Harpy3ku PAM-D
(Payload Assist Module-Delta) [17], pa3paboTanHbiii koMmnanueir McDonnell Douglas, koTopbiit
IIMPOKO UCIO0JIb30BaJICS B KaueCcTBe BepXHel cTyneHU Ha pakeTax Delta u B cocTaBe moJsie3Hoi
Harpy3sku Space Shuttle. PAM-D npeaHa3HayvaJsics A1 BbIBeJJleHHUS] CHYTHUKOB C HU3KOW OMOPHOM
OpOUTHI, JAOCTUraeMON paKeTON-HOCUTEJNeM WM IIATTJOM, Ha 0oJiee BBICOKHE OpPOUTHI, B
YAaCTHOCTH, Ha Fe0CTallMOHAPHYIO TEPEXOJHYI0 OPOUTY.

Takke CTOUT YNOMSHYTb POCCHUMCKYI NepcrneKTUBHYI0 pa3pabotky Thor [18]. PB Thor
BbINOJIHEH 110 OPUTMHAJIbHOM CXeMe B BUJIe TOpa € LUJIMH/PHUYeCKOM YacTho. [abapuThl U Macca
Thor HacTo/bKO Masibl, YTO MO3BOJISIOT HMCIOJIb30BaThb €ro CO BCEMU CYyLIECTBYWOIIUMHU U
pa3pabaTbeiBaeMbiMU PH. Pe3ysibTaThl pacueToB nokasbiBaloT, 4To Thor cnocobeH obecneyuThb
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MEeXOpOHUTAJIbHYI0 TPAHCIOPTUPOBKY MHUKPO- U HAHOCIYTHHUKOB C M3MEHEHHEM BbICOTHI [0
HECKOJIbKUX ThICY KUJIOMETPOB, YTO M03BOJISeT BbIOpATh NpaKTUYeCKU JII06yto opouty MKA.

Tab6sauua 3. Texunueckue xapaktepuctuku MPE Ha PATT

[lapameTp PAM-D Thor
Cyxas Macca, Kr 232 16
Macca ITH, kr 1250 -
Tara 1Y, H 67 160 -
Tun TonyxBa HTPB -

MPbB ¢ KUAKOCTHBIMU paKeTHbIMU JBUrATENAMU

XupkoctHble pakeTHble asuratenu (PKP/l) Mcrmosb3yloT XKUJKOe TOIJIMBO U KUAKUHA
OKHUCJIUTEJIb, KOTOPBIE NNOAAIOTCA B KAMepy CrOpaHus, I'Zie IPOUCXOAUT UX XMMHUYeCKas peakusa
C BblJleJIeHMEeM 3Hepruu M obpasoBaHueM TATWM. OJHUM K3 KJwO4YeBbIX npeumyiects KP/]
ABJIAETCA BO3MOXXHOCTb PeryJIMPOBaHUsA TATCM MU MHOIOKPATHOTO BKJ/IXOYEHUA JBUraTesisd, YTO
obecnieyrBaeT OOJIbLIYI0 THOKOCTb NPU BbINOJHEHUU KOCMUUYecKUX MUccuil. Kpome Toro, KP/]
00BIYHO 00/1a1a10T 60JIee BBICOKUM y/ZieJIbHbIM UMITyJIbCOM 10 cpaBHeHMUIo ¢ P/ITT.

= -

PucyHoxk 1. Pa3r0HHbﬁ 6s10k Photon ot Rocket Lab

[To cpaBHenuto ¢ PATT, XKP/l umeroT 60siee C/10KHYI0 KOHCTPYKIIMIO, UTO MOXET BJIMSATH Ha
MX Ha/IeX)KHOCTb M CTOMMOCTB IPOU3BOACTBA. Ha/iM4yne cucTeM NoJadyy TOIJIMBA U OKUC/IUTEJIS, a
TakKe Heo0XO0JAMMOCTb obecriedeHUusT TepMeTHYHOCTU TOIUVIMBHBIX 0aKOB YCJIOXHAOT
pa3paboTKy U skcryaTanuwo KP/.

Kocmuueckass mnsatdopma Photon, paspaboranHas kommaHued RocketLab [19],
npejcrasJisieT co6ou npumep MPE c 2KP/l. Photon pa3pa6oTaH Ha 6a3e TpeTbell CTylleHU paKeThbI-

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N24(153)/ 2025 195
TexHUKANbIK FblAbIMOIAP HCIHE MEXHOA02US1AP CePUsIChI
ISSN: 2616-7263. elSSN: 2663-1261



M. K. CynietimeHoB, M. K.Omap6aes, T. K.2Kakenosa, /I.C. Hazaprasuesa

HOCUTeJIsI CBepxJierkoro kjacca Electron v npeacrtaBssieT co60il MOJHOLEHHYIO COYTHUKOBYIO
J1aTPOpMy, OCHAILlEHHYI0 CUCTeMaMU 3HEpProCHa0XeH!s, OpUeHTal M, CBSI3U U IBUTaTeJbHOU
yCTaHOBKOH (puc. 1). 3To nmo3BossieT Photon He Tosbko BeiBoAUTS [1H Ha 3a/ilaHHY10 OpOUTY, HO U
BBINOJIHATh pa3JiIMuHble OpOHTa/lbHbIE MaHEBPH, a TaKXkKe noAJepkuBaTh padboTy I[IH B TeyeHne
JUIUTEJIbHOTO BpEMEHH.

Photon cnoco6en goctaBaaTte [TH macco#t 0 170 Kr Ha pa3/inuHble OPOUTHI, BK/I0Yasd HU3KYIO
OKOJIO3EMHYI0, COJIHEYHO-CUHXPOHHYI0, BbICOKO3/IJIMITUYECKHUE, Fe0CTAllMOHAPHYI0 OpOUTHI, a
TaKXe BBINOJIHATD NepeJsieTol K JlyHe U nuianeTaM (B Mmogudukanuu Explorer). Ero BosmoxHocTu
BKJIIOYAIOT TOYHOE pa3Be/leHue CIIyTHUKOB 10 pa3HbIM OpOUTaM B paMKax KJ1aCTePHBIX 3allyCKOB,
NOAJlePKKY IKCIEPUMEHTOB Ha OOPTY M JleMOHCTpauuio TexHoJsiorud. Photon 6b1L1 ycnemHo
npuMeHeH B MUccuax CAPSTONE k Jlyne u EscaPADE k Mapcy.

MPE Elytra, paspa6ateiBaeMblii KoMnaHuei Firefly Aerospace [20], Takxxe ucnosbsyet XKP/,
obecrnedynBamIMi BO3MOXXHOCTb MHOTOKPAaTHOI'O BKJIIDOYEHHUS U PeryJMpOBaHUs TATH, a TaKxkKe
CIIOCOOGHOCTD BbINOJHATH OpOUTa/IbHbIE MaHEBPHI U JJINTEJbHOE BpeMsl HAX0JUThCS Ha OpOUTe.
Elytra npeacrtaB/isieT co60l BEpXHIOI0 CTyNeHb paKeTbl-HOCUTEJIS jierkoro kjaacca Firefly Alpha,
npe/iHa3Ha4YeHHYO /J151 BbINOJIHEH U Pa3JIMYHbIX 3a/1a4 Ha opbUTe, BKIto4as pa3MeleHue [1H, ee
TPaHCIIOPTHUPOBKY U 06CIy>KUBaHUE.

HekoTopsie XKP/l ucnosib3yoT KpuoreHHble KOMIIOHEHTHI TOIJIMBA U OKUC/INTEIS, TAKUE, KaK
KUJAKUKA BOJOPOJ, U KUJAKUH KUCJAOPOJ, KOTOpble TPeOYHT XpaHEHUs MPU O4YeHb HU3KHUX
TeMIepaTypax M MOrYT wucnapaTtbcad co BpeMmeHeM. /[lpyrue P/l MoryT wucnosb3oBaTh
BbICOKOTOKCHYHbIe KOMIIOHEHTHI, UTO CO3JaeT JONOJHUTe/bHblE TPEOOBAaHUS K 6€30MacHOCTH
IpY UX NPOU3BOJCTBE U SKCITyaTaLUU.

MPB c rubpuHbIMH paKeTHbIMHU JIBUTATEJSIMU

['n6pusnble pakeTHole gBuratenu (['P/]) - Tun gBurartesiedl, B KOTOPbIX OJUH KOMIOHEHT
TOIJIMBA HAXOJUTCS B TBEP/IOM COCTOSIHUY, a APYToM — B :KUAKOM. [Ipu paboTe Takoro ABUraTe s
KUJKUU OKUCJAUTENb (0OBIYHO XUJKUK KHUCI0POJ) BIPBLICKMBAETCS B KaMepy CropaHus, rje
IPOUCXOJUT ero B3aMMO/IEMCTBUE C TOBEPXHOCTBIO TBEPAOT0 roproyero [21].

[P/l obsajaloT psAAOM TeOopeTHYEeCKUX MPEUMYILECTB, MpexJe BCEro 3TO YNPOIleHHas
cucTeMa NMOJa4vMd TOIJIMBA, B KOTOPOM IMoJava TpebyeTcs TOJIbKO [iJil OJHOTO KOMIIOHEHTa
(okucautens) [22], 4YTO NOTEHIMAJbHO YNOPOIIAeT KOHCTPYKIMIO; 6€e30MacHOCTb MpHU
NPOU3BO/ICTBE, TPAHCIIOPTUPOBKE U XpaHEHUM M3-3a pa3/ie/leHHs] KOMIIOHEHTOB TOIJIMBA [23];
BO3MOXXHOCTb MHOTOKPAaTHOTO BKJIDYEHUS] M peryJUpoBaHUS TATHM, B OTJIHWYUE OT
TpaZAuLMOHHBIX PATT, 3KOJIOTUYHOCTb.

BmecTe ¢ TeM, HecMOTpsl Ha TeopeTudyeckue npeumyuiecta, [P/l uMeroT U cyliecTBeHHbIE
OrpaHUYEHHUs, TaKHe, KaK HU3Kas CKOPOCTb IOPEHUs TBEPJOro0 KOMIIOHEHTA, CJOXXHOCTH C
obecrieueHMEM CTAOMJIBHOTO COOTHOUIEHHMSI KOMIIOHEHTOB, HH3Kas JHepreTUYeckas
3G PeKTUBHOCTb, HEZJOCTAaTOUHAsA OTPAOOTAHHOCTb TexHOJI0TUHU [24]. B Teopuu I'P/ obsiagaoT
NOTEHIIMaJIOM JUI1 MHOTOKpPAaTHOTIO 3alyCKa, IOCKOJIbKY TMpOLecC TOpeHUs MOKHO
KOHTPOJIUPOBATh IMOJa4el 3>KUJKOTO OKHUCJUTEJNs. JTUM OHM BBIFOJHO OTJHAYAKOTCH OT
ksnaccuyeckux P/ITT, nepe3sanyck KOTOpPbIX TeXHUYeCKHU c10KeH. [loBTopHOE BocnisiameHeHue ['P/]
MOXET OCYILEeCTBJASATbCA OTHOCUTEJNbHO NPOCTBIMU CpeACcTBaMU (MUPOTEXHHUYECKUMU
BOCIJIAMEHUTEJISIMH, 3JIEKTPUYECKUMHU 3alaJbHbIMKU yCTPOMUCTBAMU WJM KaTaJUTHYECKUMH
3JleMeHTaMH) NMPU BO30OHOBJIEHUM IOJJa4l OKUCIUTEJSI Ha MOBEPXHOCTb TBEPJOr0 rOproyvero
[25]. Haubosiee pacnpoctpaHeHHble TBepable roptoouue (HTPB, mapaduHbl, nmosusTuiieH)
06J1a1a10T JOCTAaTOYHOM TepMUYECKOHN CTAOUJIbHOCTDIO [J1S1 BbIJ|€P>KUBAHUS HECKOJIbKHUX IJMKJIOB
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HarpeBa-oxnaxeHus. K Tomy xe, B otiinuue ot KP/, rae B yc/10BUAX HEBECOMOCTU BO3HUKAIOT
npo6JsieMbl C TapaHTUPOBAHHOM MoJavyell KOMIIOHEHTOB K QpOpCyHKaM, TBep/bld KOMIIOHEHT B
['P/l He noaBepkeH 3TOMY 3pdeKTy [26].

HecmoTpsa Ha TeopeTHyecKue NMpeUMYyLIeCTBa, NPaKTUYeCKas peaju3alnus MHOMOKPATHOTO
3anycka 'P/[ B Pb cTaskuBaeTca ¢ pAZoOM CyLeCTBEHHBIX TEXHUYECKUX NPOoOJieM, TaKUX, KaK
M3MEeHeHUe IeOMeTPUU IOBEePXHOCTH TOPEHMSs, TEelJIOBOE COCTOSAHHWE KOHCTPYKIMH, 3PO3Usd
KPUTHYECKOTO CeYEHMUS COMJIA, CJI0KHOCTh 06ecriedyeHusi CTabrU/IbHOT0 BOCIJIaMEHEeHHUS.

TakuM 06pa3oM, HeCMOTPSA HA 3HAYUTEbHBIE UCCle0BaHUA B obactu ['P/l, no HacToamero
BpEMEHU He CYILIeCTBYeT 3KCIUlyaTupyeMblx Pb ¢ gaHHbIM Tunom /IY, 4TOo moATBepxjaeT
Ha/IM4Me HepelleHHbIX TeXHUYEeCKUX NpobJsieM B obecnie4eHUH UX HaJleX)KHOTO MHOTOKPATHOIO
3alnycka.

Tab6siuna 4. BeIBoibl IO TUNAM JIBUTATE/bHBIX YCTAHOBOK

Tun Y OcHoBHbIE OcHOBHbIE Jlyque BCETO
peuMylecTBa HeJJOCTaTKHU NOJXOAUT JJIsl
3P/ Bricokuii ynenbHbIM | Masas TsAra, | JloarocpoyHou
UMILYJIbC, TOYHOCTb, | Me/|JIEHHbIEe JLOBOJIKH,
3KOHOMHYHOCTb MaHeBpBbI rpynnupoBku KA,
MHOTOUMIIYJIbCHOM
MUCCHUU
PATT [IpocToTa, 6Gosbwas | Her ylpaBJieHusd, | beicTporo  BbIBOJa,
TATa, HAZ|EKHOCTh 0ZJHOPa30BOCThb aBapUUHBIX MUCCHH,
BOEHHBIX CIYTHUKOB
KPP/ YupaBsisieMoCTb, CJIOKHOCTB PasHoo6pasHbIX
MHOTOpPa30BOCTb, KOHCTPYKIMH, OpOHTaTBbHBIX
TOYHOCTb TOKCUYHOCTD MaHeBpOB,
vccie0BaTebCKUX
5 KOMMepYeCKUX
MUCCUH
I'P/ [Ipoctora mnopgayy, | Huskasa ckopocTs | [loTeHIMaIbHO
NOTeHIMa/IbHasA ropeHus, nepCcrneKTUBHbIX
3KOJIOTUYHOCTb, HEeCTabUJIbHOCTb peleHU npu
6€e30MacHOCTb, XapaKTepUCTUKHU yCHelHOon
BO3MO>HOCTb IpU MHOTOKPATHBIX | lopaboTKe
peryJupoBaHus BKJIIOUYEHUSIX, TEXHOJIOTHY; B
TATH HU3Kas TeKyllleM Bujae -
O0TPabOTaHHOCTh OTpaHHYeHHoe
TEXHOJIOTUU npUMeHeHUe

[logavya TonJiMBa B KaMepy CrOpaHUsA OCYILeCTBJASAETCS OJHUM U3 JIBYX CIOCOOOB: HAacOCHas
WJIM BbITEeCHUTe/bHadA. HacocHas cxeMa ucnosib3yeT TypOOHACOCHBIM arperat [/l IOBBILIEHUSA
JlaBJIeHHs1 KOMIIOHEHTOB TOIJIMBA llepe/ nojavyeit B kamepy cropanus. Typ6una THA npuBoguTcs
B JlelICTBMe TOpSYMM ra3oM, BblpabaTblBaeMbIM B ra3oreHeparope WJW NpejKaMepe 3a CYeT
C)KUTAHUSA YaCTU KOMIIOHEHTOB TOIJIMBA (LIMUKJbI C OTKPBITOM CXeMOM, 3aMKHYTOM CXeMOM) UJIH
3a c4yeT TemsoobMeHa C KaMepol cropaHus (6ecnpuBofHoW unukia). [Ipy 3Tol cxeme 6aku C

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 197
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



M. K. CynetimeHoB, M. K.Omap6aes, T. K.2KakeHoBa, /I.C. Hazapranuesa

TOIJINBOM MOTYT ObITb MeHee MPOYHbIMU (U, COOTBETCTBEHHO, 60Jie€e JIETKMMHU ), TOCKOJIbKY UM
He TpebyeTCs BblJlepKMBaTb BbICOKOE JlaBJIeHUe, He00X04MMoe /ISl HENOCpeJCTBEHHOM Moa4yu
TOILJIMBA B KaMepy CrOpaHus; JOCTAaTOYHO AaBJIeHUA [JId IPeJOoTBPAllleHUs KaBUTALMY Ha BXO/Jie
B HACOCHI.

JJIeKTpOHACOCHas CxeMa fBJISeTCS BapUaHTOM HACOCHOM, TZie HacoCbl MPUBOJATCA B
JleiCTBUE 3JIEKTPO/IBUTATENSIMY, TUTAEMbIMU OT aKKYMYJISITOPOB, 2 He TYPOHUHOH, paboTarolen
Ha NpOJyKTax cropaHus [27].

[Tono6Has cxema npuMeHnsietcss B MPb Photon, aBuraTtesibHas ycTaHOBKa KOTOPOTO, BKJIIOYast
Moaudukanuu Curie u Hyper Curie, ucnosib3yeT 3JIeKTPOHACOCHI /i1 MOJAa4Yd KOMIIOHEHTOB
TOIJIMBA [28].

[Ipy BBITECHUTEJIBHON CXeMe NO0JA4YU TOIJIMBA KOMIIOHEHTBb] TOIJIMBA BbIJABJIHWBAIOTCS U3
06aKOB 3a CYET 3HEePruy CXKATOrO rasa, KOTOpbIM MoAaeTcd B HAAAYBOYHBbIA 06beM 6akoB. B
KayeCTBe HaJyBOYHOTIO ra3a 06bIYHO UCNI0JIb3YeTCSl MHEPTHBIM a3, TAKOW, KaK reJIMi UJH asoT,
XpaHsALMica B 6a/JI0HaX BBICOKOTO JjaBjieHus. /laBieHre B 6aKax J0KHO ObITh BbIllIe JJaBJIeHUs
B KaMepe CrOpaHUs, C y4eTOM r'H/ipaBJIMYeCcKUX NOTePb B TPyOONpoBOJax U GOpCyHKaX.

[Ipumepom MPDB c BbITECHUTE/NBHOM CXeMOW NOJA4u TOIJIMBA ABJIAETCA INepCleKTUBHAasA
poccuiickas pa3paboTka BOPUC (6/10k op6UTa/IbHOTO pa3MelleHUs] UCKYCCTBEHHBIX CIYTHUKOB).
BOPUC uMeeT yHUKa/bHYI0 NJAaTGOPMEHHYI KOHOUTypalMio, BKIKYAIOIIYI0 JBUrATEJbHYIO
YCTAaHOBKY C CUCTEMOM yIIpaBJIeHUS U CUCTEMY XPaHeHH TOIJIMBA, U KapKac, ajlallTUPYEMBIH IOJ,
KOHKpPEeTHYI0 MUccHUlo (puc.2).

PucyHnok 2. Kocmuueckuit 6ykcup BOPUC: 1 - 6ak okucauTes; 2 - wap-6asjioH
BbITECHUTEJIbHOU cucTeMbl; 3 - y3es KpenieHus [1H; 4 - pamuas ¢pepma; 5 - 6ak roproyero; 6 —
OTCeYHble KJIallaHbl C 3JIEKTPONPHUBOIOM; 7 — GJIOKH Ia30BbIX pyJien

CorsiacHo npoekTy, cyxas macca BOPUC cocraBasiet 47,7-60,2 kr, a macca I[TH o 150 kr. Tsara
Y cocraBasieT 540 H. BOPUC npesHasHaveH /i/1s1 UCNOJIb30BaHUS B KaUeCTBe TPeTbeN CTYIeHU
CBepXJIETKUX paKeT-HOCHUTeJIed WM KaK IOIMyTHas Harpyska Ha TSXKeJbIX U CBepPXTAXKeJIbIX
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HocuTess1X. OH cnoco6eH BbiBOAUTH [IH Ha op6uThl BbicoTol oT 500 mo 30000 kM, gocTUraTh
JIYHHOW TPaeKTOpPUH, pa3BOAUTh HECKOJIBKO allllapaToB [0 Pa3HbIM OPOUTAM W NOTEHIUAJIbHO
M CII0JIb30BAThCA /ISl CO0pa KOCMHUYeCcKoro mycopa [29].

Ta6siuna 5. CpaBHeHHE CXeM 10/Ia4H TOIMJIMBA

KpuTtepuiu BeITecHUTe/IbHas HacocHas JJIeKTpOHACOCHas
CJ10KHOCTB Huskasa Breicokas CpenHas
KOHCTPYKIIMH
HapgexxHocTtb Bricokasa (MeHbuie | [loTeHuuanbHO HUke u3- | CpefHAA, 3aBUCHAT OT
(TeopeTnueckas) 10/ BMKHBIX 3a CJI0KHOCTH, HO | KadyecTBa
yacTemn) BbICOKas IpU | 3JIEKTPOHUKHU U
HaJjiexanieu CUCTEM
npopaboTKe 3JIEKTPONUTAHHUS
CTouMocCTb Huskas Bricokas CpenHsas
pa3paboTKHu U
POU3BO/ICTBA
YnenbHbIN Huskuii-cpegHu Bbicokui CpeaHHI-BbICOKU I
HUMITYJIbC (orpanuyeHo
JlaBJeHrueM B
Kamepe)
Macca cucteMbl Bbicokas (u3-3a | Huskas (sierkue 6aku) CpenHss (u3-3a
IPOYHBIX U Macchl
TSDKeJIbIX 06aKOB U aKKyMYJISTOPOB v
3amnaca CUJIOBOU
HaJJyBOYHOTO 3JIEKTPOHUKHU )
rasa)
ToyHOCTB OrpanuyeHHas Bricokasa Bricokas
peryJiupoBaHus
TATH
JHepreTruyeckas Huskasa-cpegHsis Bricokas CpenHsas
3QdeKTUBHOCTD
[IpuMeHUMOCTb [IpocTeie v | Beicokoanepreruyeckue | HoBole Masibie Pb u
HeJloporue MHCCUU: I'CO, MIIO, | opbuTaibHbIE
MUCCUH, T/le BaXKHA | TOYHOEe MaHEBPUPOBaHUe, | OyKCUPBI, rae
Ha/Ie)KHOCTh U | pa3Begenue KA TpebyeTcs 6aJiaHC
CTOUMOCTb Macchbl, CTOUMOCTH H
MPOU3BOJUTENbHOCTHU
TexHosioruyeckas Bricokas Bricokas (mupokoe | [loka  HHU3KasA, HO
3pesioCThb (mpoBepeHHbIE NpUMEHEHUE B KPYIHBIX | aKTUBHO pa3BUBAETCS
peleHus) PB)

BeiTecHUTe/IbHAs cXemMa noJa4u TOoIlJINBa OTJIM4YAETCA KOHCprKTHBHOI;’I l'IpOCTOTOfI, 4qTO
BbIpaxKaeTCAd B OTCYTCTBHUH CJIONKHDbIX THA H, KaK CJeaACTBHE, MOBBIIIIEHHOMU TeOpeTquCKOﬁ

HaJlE>KHOCTH,

CHHUXEeHHHN 4YHCJa

NNOTeHHMAaJIbHbIX OTKA30B

U yHOnpoumeHHH

NpOIEeCCOB

IPOEKTUPOBAHHUA M 3SKCIJIyaTallhH. Takue cucreMsl JemeBsjie B MNPOU3BOACTBE W MOTYT
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obecrneuMBaTh MHOTOKpATHbIE BKJIKYEHUS JABUraTe s, YTO JAeJaeT UX NPUBJIEKATENbHbIMU A5
opouTanbHbix MaHéBpoB [30]. OfHaKO HEOOXOJUMOCTb XpaHEHHS TOIJIMBA MOJ BbICOKUM
JlaBJIeHHWeM TpeOyeT MCI0JIb30BaHUA NPOYHBIX U TSKEIBIX GAaKOB, YTO YBeJUYUBAET MaccCy
CUCTEMBI U CHWXKaeT eé 3HepreTUYecKHe BO3MOXKHOCTU. KpoMe Toro, orpaHM4eHHOe JlaBJeHue B
KaMepe CropaHUsl CHWXKaeT YJAeJIbHbIA UMITYJIbC, YTO HETaTUBHO CKa3blBaeTCs Ha TOINJIMBHOM
3pPEKTUBHOCTH.

HacocHble cxeMbl, HaIpOTHUB, NO3BOJISAIOT JOCTUTaTh BbICOKUX aBJIeHUM B KaMepe CropaHu4,
obecneuynBas 3HAYUTEJbHBINA IPUPOCT YA eJIbHOI0 UMIYJIbCA U TATH, IPU 3TOM OAKU MOTYT OBITh
JIETKMMHM, TaK KaK He TpeOylT BbICOKOrO JaBjeHUsA. IJTO JesiaeT HacocHble KP/]
NpeANoYTUTEJbHBIMU  [JI1  BBICOKOHEPreTUYeCKHX  MHUCCHH, TpeOylolUX  TOYHOTO
MaHeBpHpPOBaHMUs, BbIBO/IAa Ha reonepexo/iHble U MeXXIJIaHETHble OPOUTHI, a TaKXKe pa3Be/eHUs
cnyTHUKOB. OJJHAKO TakHWe cXeMbl 3HAYHUTeJbHO cja0xHee: THA paboTaloT B 3KCTpeMaJsbHbIX
YCIOBUAX U TPEOYIOT BBICOKOTOYHOTO M3TrOTOBJIEHUS, UYTO MOBBILIAET CTOUMOCTb U MOKET
CHMXKaTb HaJE&XHOCTb. HecMOTps Ha 3TO, YCIEIWHbIA ONBIT 3KCIJIyaTallUKd CUCTEM, TaKUX, KaK
®perat u Centaur, AeMOHCTpPUPYET [JOCTHMXKEHHE BBICOKOM HaJEXHOCTHM NPU TPaMOTHOM
WH>XEHEpPHOM peasi3alHHu.

Pa3BuBawIUMCcs HanpaBJ/eHUEM SIBJSAIOTCA 3JIEKTPOHACOCHBIE CXeMbl, B KOTOPbIX HACOChI
IPUBOJAATCA B JEWCTBHE 3JieKTpoAaBUraTensiMU. OHU CTpeMATCA 00beJWHUTb NpPeUuMYylecTBa
HAaCOCHOM CXeMbl C OTHOCHUTEJbHBIM YIPOLIeHWEeM KOHCTPYKLMH, CHUXXEHUEM MacChl HU
NOBBILIEHWEM TEXHOJIOTUYHOCTU. OJHAKO MOJ0OHBIE CUCTEMbI CTAJKHUBAIOTCA C MpobJeMaMu
reHepalnyu U XpaHeHH!s JOCTaTOYHOU 3JIEKTPOIHEPIHHY, a TaKXKe NI0Ka 00J1aZjaloT 60Jiee HU3KUM
YPOBHEM TEXHOJIOTHYeCcKOoU 3pesiocTu [31]. B koHeUHOM HUTOre BbIOGOP CXeMbI MOJa4YX TOIJIMBA
omnpefesisieTCsl KOMIIPOMHUCCOM MeX/ly HaZEXHOCTbI0, Maccor, 3G PeKTUBHOCTbIO, CTOUMOCTBIO U
Tpe60BaHUSAMU KOHKPETHOM MUCCHH.

[lo Ttuny TonnuBa P/l penstcaA Ha OJAHOKOMIOHEHTHble U JIBYXKOMIIOHEHTHBIE.
OpnokoMmnoHeHTHble KP/| Mcnonb3yl0OT yHUTApHOE TOIJIMBO, pa3Jlaraplleecss Ha roproyee u
OKMUCJUTEJb TP KOHTAKTE C KaTaJu3aTopoM. [IpuMepbl TaKUX TOIMJIUB — TUAPA3UH U MEPEKUCh
BOJIOpOZa. JTU JBUraTesiM NPOCTbl MO KOHCTPYKLUHU: He TPeOYIT (POPCYHOUYHBIX TOJIOBOK,
CUCTEMBI CMEUIMBAaHUS, CJI0)KHOW CUCTEMBbI 3aXKUTraHus. biarojaps 3ToMy OHM JelleBJie, JIeTUE,
HaJlexkHee UM JIETKO Iepe3anyCKalTCs, YTO 0COOEHHO BaXKHO /JJisl MaJibix PB, BbINMOJHSAOLIMX
cepuIo OpOUTaNIbHBIX MaHEBPOB. [I[pocToTa TakKe CIOCOOCTBYET CHUXKEHUIO 00111el CTOMMOCTH U
NOBbILIAET IKCIJIyaTalMOHHYI0 THOKOCTb.

OfiHaKo rJIaBHbIM OTPaHUYEHMEM OJJHOKOMIIOHEHTHBIX 2KP/l ocTaéTcsa ux HU3KUM yie/IbHbIN
MMIIYJIbC, YTO NPUBOJAUT K YBEJHWUYEHMUIO pacxojia TOIJIMBA U CHWKEHHWIO MacChl IOJIE3HOU
Harpy3ku. Kpome Toro, 60JIbIIMHCTBO TaKUX TOIJIMB JIM6O TOKCUYHBI (Hanmpumep, TMJpasuH),
JINO0 HeCcTaObWJbHbI NpPU [AJUTEJbHOM XpaHEHUH (IepeKuchb BOJAOpPOAA), UTO TpeodyeT
JIONIOJIHUTE/IbHBIX ~Mep 0e30MacHOCTH. B03MOXHOCTb TEPMUUYECKOTO pas3jioKeHUs U
He06X0JUMOCTb OXJIXK/IEeHUSI KaMephl CTOPAaHUS TAKXKe MOTYT YCA0XKHATh KOHCTPYKLUIO. TeM He
MeHee, 6/1aro/lapss KOMIAKTHOCTHA U MPOCTOTE, TaKUe JIBUTATeJNU NMPUMEHSIMCh, HapUMep, B
paHHUX Bepcusx gpuratesis Curie Pb Photon [32].

JIByxkoMnoHeHTHble KP/l Mcnonb3ylOT OTAe/ibHble OAaKU [Ji1 TOPHYEro U OKUCIUTEJS,
obecrieuuBasi 60Jiee BbICOKHE 3HAY€HUS Y/JEJbHOrO MMIYyJbCa U Jy4dllylo 3PeKTUBHOCTb
MCII0JIb30BaHUA ToIJIMBa. Haubosiee pacnipocTpaHeHHble TONJIMBHbBIE Aapbl BKAOYAIOT KEPOCHH
+ XKUJKUW KHUCJA0POJ, TUAPA3UH + TETPAOKCHU/[ a30Ta U XKUAKUU BOAOPOJ, + KUJKUU KHUCJIOPOU.
ITH CUCTEMbI T03BOJIAIOT TOYHEE PETYJIUPOBATh TATY U OAOUPATh COCTAB TOMJIMBA MO/
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KOHKpeTHbIe Tpe6oBaHUsI MUCCUU. [I0BbIIIIEHHOE CTOPAaHUE KOMIIOHEHTOB MO3BOJISIET JOCTUTATh
60JibLIIEN CKOPOCTH UJIM BbIBeZleHUs 60Jiee TSXKeJbIX 10J1Ie3HbIX Harpy30K.

[Ipy 3TOM [BYXKOMIIOHEHTHbIE CUCTEMbl CJIOKHEe: OHU TPeOyIT AYyOJMPYIOIIUX CUCTEM
N0/Ja4M TOIJIMBA, TOYHbIX GOPCYHOUHBIX T'OJIOBOK, CUCTEM 3a)KUIaHHUS U 4aCTO KPHUOTEeHHBIX
YCJIOBUHM XpaHeHUs1. ITO yBeJIMYUBAET MACCy, CTOUMOCTb U CHUKAeT TeEXHOJOTUY€eCKYI0 IPOCTOTY
110 CpaBHeHHUIO € ofJHOKOMNIOHeHTHBIMU KP/l. TeM He MeHee, 60JIIIMHCTBO COBPEMEHHbIX MaJIbIX
PE (Photon c¢ Hyper Curie, Elytra, BOPUC, Bosra, l0aHb43H U [Jp.) HCHOJB3YIOT
JIBYXKOMIIOHEHTHOE TOIJIMBO, NOCKOJIbKY OHO oO6ecrneyuBaeT JIYYLIMA KOMIIPOMMCC MeXAY
IPOU3BOAUTENBHOCTBIO U BO3MOXKHOCTbIO TOYHOT'O OpOUTAIbHOTO MaHEBPUPOBAHMUSL.

Ta6sinua 6. CpaBHenue 2KP/l no Tuny Toninea

[ITapameTp OZlHOKOMIIOHEHTHBIN JIBYyXKOMIIOHEHTHBIN

Y e IbHbIA UMNIYJIbC, C 150-230 280-350+

KoHcTpyKIus [IpocTas CyiokHas

HagexHocTb Bricokad CpenHasa (MHOTO

KOMIIOHEHTOB)

CTOUMOCTB Huxe Brlie

Bo3moxxHOCTB Bricokas (HO HU3Kas Av) Breicokas
MHOT'OKPATHOTO BKJIKYEHUS

MaccoBas Huskas Bricokas
3pbEKTUBHOCTD

be3onacHOCTb OTHOCUTENBHO  BbILIE 3aBUCHUT oT

(3aBUCHUT OT TOIJINBA) KOMIIOHEHTOB

Bei6op TomsuBHOW mnapbl AJa AByxkoMnoHeHTHbIx JKP/l ompepensierca TpebyeMbIM
yAeJAbHbIM HWMIIYyJIbCOM, IJIOTHOCTBIO KOMIIOHEHTOB, JOCTYIHOCTBIO, YCJOBUSAMHU XpaHeHMUs,
TOKCUYHOCTBIO U 3KOJIOTHUYECKON 6€30NaCHOCThIO.

Haubosnbmuii yaenbHbid uMnysabc (fo 460 c) obecrneuyuBaeT mapa KUJAKUKA BOJOpOJ +
KUJKAN KUCI0POJ, MPOAYKTHI CTOPAHUS KOTOPOU 3KOJIOTHYHBI (BO/IA), a TATOBOOPYKEHHOCTh
BbIcOKa. O/]HAaKO BOJOPO/, 06J1a/laeT KpailHe HU3KOU MJI0THOCThIO (0K0J10 71 Kr/M3), UTO TpebyeT
rPOMO3/JIKUX U TSKEJIbIX KPUOTEHHBIX 0AKOB, a TaKXXe CJI0KHOM MHQPACTPYKTypbl XpaHEHUS U
3anpaBku npu Temnepatype 20 K (TemmepaTypa kuneHus Boaopojga). Kpome Toro, Bogopon
JIErKO BOCIIJIaMEHSAeTCA U B3pbIBOONACEH. AJIbTEPHATUBHOU AABJIETCH [apa TETPAOKCUJ a30Ta +
HeCUMMMeTpU4HbIN auMeTtuiarujpasul (H/JAMTI), kotopas obecneuuBaeT no0 370 c yaenbHOro
MMILYJIbCA, BBICOKYI0 IJIOTHOCTb W TMIEProJMYHOCTb, YHPOLIAKUIYID 3a)KUraHUe |
obecreuynBaOIly0 MHOTOKpaTHbIe BKIOYeHUA. OHa IIUPOKO NPUMEHSETCS B JBUTATE/ISAX MaJbIX
PB, Bkstouast Photon Bepcuu Hyper Curie u 0anbuwkaH, pa3paboTaHHbli KuTaiickoit akazeMueit
TexHoJioru pakeT-HocuTesied (CALT) [33]. [/1aBHble €€ HEJOCTATKU — BbICOKAsi TOKCUYHOCTD,
KaHI|ePOTEHHOCTb U KOPPO3UOHHAsl aKTUBHOCTb, YTO TPeOyeT CJI0XKHBIX Mep 6e30MacHOCTU U
yBeJINUMBaeT CTOUMOCTb ONlepaLU K.

Haubosiee onTuMasibHOM TONMJIMBHOW Napoy A Masbix PB cuuTaeTcs :KUAKUN KHUCI0POJ +
KepOoCHH, obJiaziaonias pueMaeMbIM y/ieJbHbIM UMIYJIbCcOM (0 360 c), BbICOKOM MJIOTHOCTBIO,
OTHOCHUTEJIbHOM 3KOJIOTUYHOCTBIO U MPOCTOTOM oOpalieHus. KepocuH HeTOKCUYEH, He TpebyeT
KPHUOTEHHOT'0 XpaHEHMUS U MTO3BOJISIET UCII0JIb30BAaTh KOMIIAKTHbIE OaKH, CHUKasi MacCy CUCTEMBI.
JdTa mapa npoBepeHa AeCATUJETHUAMM 3SKCIUIyaTallu{, LIMPOKO NPUMEHSETCA B CPeSHUX U
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Tsokénbix PB [34]. OcHOBHON HeAOCTAaTOK - OTCYTCTBUE TUINEPTOJIMYHOCTH, UTO TpebyeT
IpPUMEHEHUs] CHUCTEM BHEUIHEro 3aKMraHWs, OJJHAKO [JIaHHBbIM acleKT KOMIIEHCHPYeTCs

3peJIOCTbIO TEXHOJIOTHUHU U OTpa6OTaHHOCTbI-O HHXXE€HEPHDbIX peLLIeHI/If/’I.

Ta6sinna 7. CpaBHeHHeE TOMJIMBHBIX Nap [/ ABYXKOMIOHEHTHBIX KP/]

Kpurtepun Kupknn Bopopopn + | Terpaokcup asora + | KepocuH + Xujkuu
KUJKUKA KUCJIOPOJ, HAMI KUCJIOPOJ,
Y ebHbI UMITYJIbC Jlo 460 c Ho370c Jo 360 c
[I1oTHOCTB TOM/IMBA Huskas (260-320 | Boicokas (1185 | Cpegusa (1000
Kr/m3) Kr/m3) Kr/m?3)
Temnepartypa Kpuorennas (20 K KomHaTHas KomHaTHas s
XpaHeHus Jid KHUJIKOTO KepOoCHUHa,
BOJI0pOAa) KpHUOTeHHas i
KUJKOT0 KHUCJI0poJa
(90K)
['MneproJIM4HOCTb Het Ja Het
(camoBoCnJIaMeHeHHUE)
CJ/10KHOCTB Ouyensb BbicoKas | CpenHsaa  (mpoctoe | YMepeHHas
XpaHeHUs1/obpaleHus | (B3pbIBOONACHOCTb, | XpaHEHHE, HO | (TpebyeT
UCNapsieMOCTh) BbICOKHE PUCKH) KPHUOTE€HUKH TOJIBKO
JJ1s YKUJIKOTO
KHCJ10p0o/1a)
JKoJioruyecKas Bricokas (npoaykt - | OyeHb HU3Kad | YMepeHHad
©6e30IacHOCTb BO/1A) (TOKCUYHOCTB,
KaHIepOTEHHOCTb)
[Ipumepsl [Tocneguue ctynenu | Photon (Bepcus | [locneaHsass cTyneHb
NpUMeHeHUs Saturn V, Delta IV Hyper Curie), | Falcon 9, PBb cepuu
H0anbwkaH, Sherpa JIM

Tabsuna 8. TexHuyeckue xapaktepuctuku MPb Ha YKP/]

[lapameTp Photon H0aHbYK3H BOPUC
Cyxag Macca, Kr 40 - 47,7-60,2
Macca ITH, kr 170 1250 150
Tara 1Y, H 120 6500 540
TonivBHada mapa OxHokoMnoHeHTHoe | TeTpaokcuj azota + | Kugkuu Kucaopon +
(Bepcus Curie) HECHUMMeTPUYHBIN 3TUJIOBBIM COUPT
/IByXKOMIIOHEHTHOe, | JUMETHUJITUAPa3uH
TUNepronuvyecKkoe
(Bepcus Hyper
Curie)
Cxema NoJa4yM | JJIeKTPOHACOoCHas - BeiTecHuTE/IbHAsA
TOIJIMBA

MeTO,E[ MHOTOKPpHUTEPHUAJIbHOT'O aHaJIN3a
[LJ’[H KOJIMYeCTBEHHOM OL€éHKH IPHUMEHEH MeTO MHOTOKPUTEPHAJIBHOI'O PAHXHWUPOBAHHUA C
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HOpMaJiu3alMeld KpUTepueB U B3BELIEHHOW CyMMOU. B KauecTBe KpUTepHUEB BbIOpaHbl Macca
TOIJIMBA, 3aTPayMBaeMOIo Ha BbINOJHEHHWE ONpe/e/IeHHOr0 OpOMTa/JbHOIO MaHeBpa, BpeMs
BBINIOJIHEHUS MaHeBPa, CyXas Macca, 3KOJIOTUYHOCTb TOIJIMBA, HAZ|eKHOCTh.

PacyeT TpebyemMoli Macchl TONJIMBA BbINOJIHEH 110 ¢opMy.ie [[H0IKOBCKOrO:

AV
m = (mgy + mpy) (egolﬁL — 1)

rze mo - cyxas Macca; mnd — Mmacca [1H; Iy - yaenbHbii uMnysibc; AV - npupalieHue CKOPOCTH,
Heo6X0JUMOoe /1J151 BbIIIOJIHEHUSI OpPOUTA/IbHOTO MaHeBpa.

BpemMsa TpaHcdepa A9 XMMHUYECKHX WMIYJbCHbBIX MaHEBPOB OLlEHEHO MO ['OMaHOBCKOMY
nepexony, a [iJis 3JIeKTPOPeaKTHUBHbBIX CUCTEM BpeMs alllPOKCUMUPOBAHO Kak t = AV/(Feyn/mcp),
rae Feym — cyMmapHasd tara 1Y, mep - cpefHsAd Macca Pb.

B kauecTBe AeMOHCTpanMu MeTOJa NPOBEAEHbI pacueThl AJis YeTbIpeX pas3/IMYHbIX CXeM
peanusanuu Manabix PB /11 opbUTaZbHOTO MaHeBpa MO BBIBOJAY NOJIE3HOTO Ipy3a C HU3KOU
0K0J103eMHOU 0p6UThI BbicOTOM 200 KM Ha op6UTY BbIicOTOM 600 KM.

Tab6smna 9. Pe3ysibTaThl pacyeTa Macchl TOIJIMBA M BpeMeHH TpaHchepa

MPb Macca AV, m/c Macca Bpewms# Joua
[TH, kr TOIJIUBA, KT | TpaHcdepa TOIJINBA, %

Photon 170 226,7 15,73 46 6,97
MUHYT

BOPHUC 150 227 15,28 46 6,97
MUHYT

SpaceVan 200 500 4,42 5 nHen 1,15

Vigoride 750 2000 5,6 11 gHen 1,1

PesyabTaThl U 06CyKaeHUe

Takum o6paszoM, MPE Ha xumuyeckux asurartensax (PKP/l) nmpu HeGosbuinx AV TpebyroT
nopsifika 15-16 Kr TOMJIKBA, BBINOJIHSAS ObICTPbIE, ONlepaTHBHbIe MaHEBpPHI, Torjga kak MPB Ha
3JIEKTPOPEeaKTUBHBIX JIBUTATEJISIX TPEOYIOT 3HAaYUTEJNbHO MeHbIlle TOIMJIMBA 10 Macce, HO Y HUX
CylLIeCTBEHHO 60Jibliiee BpeMs TpaHcdepa — HU WU JlaxKe HeJleJId TPU HU3KOU CYMMapHOM TsTe,
YTO OrpaHUYMBAET UX IPUMEHEHUE /I MUCCUU C )KECTKUMU TPEOOBAHUSMHU 110 BpEMEHH.

KOHCTPpYKTUBHO-KOMITOHOBOYHBbIe cxeMbl MPB

B serkux PB ucnosib3yeTcss HECKOJIBKO THUIOB KOHCTPYKTHBHO-KOMIOHOBOYHBIX CXEM:
MOHO0JIOUHAs, JBYXOTCe4YHas1, KOHI|eHTpUYecKasi U paJrajbHO-CHMMeTpu4yHas. Kaxasa us Hux
OTpakaeT HWH)XeHepHble MPUOPUTEThl - MacCOrabapuTHY 3)PEeKTUBHOCTb, CTPYKTYPHYIO
»KECTOKOCTb, Oa/IaHC I[eHTPa MaCC, TEXHOJIOTUYHOCTh MPOU3BO/CTBA U T. /. Bb160p onTUMa/IbHOM
KOHCTPYKTUBHO-KOMIIOHOBOYHOM CxeMbl /i1 Majsioro PB sABisgeTcd MHOrokKpuTepualbHOU
3ajlauer, Tpebyolel 6ajlaHCa MeX/Jy MPOU3BOJAUTENbHOCTbIO, CTOUMOCTbIO, HaIE?)KHOCThIO U
TEeXHOJIOTUYHOCTBhIO. JTOT MpOLIECC 0COOEHHO BaxkeH AJs Masblx PB u3-3a ux posu Ha
ObIcTpopacTyilleM pbiHKe Masibix KA, rae k/awoueBbIMU (GaKTOpaMU SBJSKTCI ObICTpoe
pasBepThIBaHHE U 3KOHOMUYEeCKasi 3G PEeKTUBHOCTD.
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MoHoGJioyHass cxeMa MpeAnoJaraeT, YTO pPa3rOHHbIM OJIOK SIBJASIETCA €JUHBIM,
MHTErpUPOBAaHHBIM arperatoM, B KOTOPOM BCE€ OCHOBHble (YHKLIMOHAJ/bHble KOMIIOHEHTHI —
JIBUraTe/IbHasl yCTaHOBKA, TOIJIMBHbIEe OAaKH, CUCTeMa YIIpaBJeHUs1 U 60pTOBOe 060py/0BaHUE —
00 belMHEHBl B OJHOM O00IeM Koplyce WU CTpPyKType. [yl TBEpPAOTOIJIMBHBIX Pa3rOHHbBIX
06JI0OKOB 3TO YacTO fABJIETCS eCTeCTBEHHOU KOMIIOHOBKOM, IOCKOJIbBKY KOpIyC JBUTaTessd
OJJHOBPEMEHHO CJIY>KUT OCHOBHOM HecCyllled KOHCTPYKIMed MW KOHTEHWHepOM [JIs TBEpAOTro
torsiuBa [35]. Tak, HanpuMep, Pb PAM-D (Payload Assist Module-Delta) (puc. 3) siBaseTcs
KJIaCCUYEeCKMM IPHMepPOM TBEPAOTOIJIMBHOTO Pa3rOHHOT0 6/10Ka MOHOGJIOYHOM CXEMBI.

PHcyHOK 3. CTyl‘IeHb PAM-D Bo BpeMH c6opKH

OCHOBHBIMM NPEUMYIECTBAMU MOHOGJIOYHON CXeMbl SIBJASIOTCS NPOCTOTA KOHCTPYKLHUU U
M3roToBJieHUs. OTCYTCTBUE CJ0XHbBIX MEXaHU3MOB pa3/iejieHusl BHyTPU 6J10Ka U MUHUMU3aLUs
MHTepdeCcoB 3HAYUTENbHO CHUXKAIT CI0XKHOCTb IMPOEKTHPOBAHUS, IPOU3BOJCTBA U COOPKHY,
YTO BeJleT K COKpaleHHIo 3aTpaT. OCHOBHOH HeJOCTAaTOK MOHOOJIOKOB 3aK/K04aeTcs B
HEBO3MOXHOCTH BBIKJIIOYEHHUS WJIM IOBTOPHOTO 3aMycKa JBUraTeJis Moc/ie 3aXKUraHUs, a TaKxKe
B OTCYTCTBUM PErYJUPOBAaHUS TATH. JTO 3HAUYUTEJbHO OTrPaHUYMBAET T'HOKOCTh MUCCHUU U
BO3MO>XHOCTH MaHEeBPUPOBaHMUSL.

JIByxoTceyHasl cxeMa NoJpa3yMeBaeT, YTO Pa3rOHHbIM 6JIOK KOHCTPYKTUBHO pasjiesieH Ha
JiB€ OCHOBHbIE CEKLMH, KaXK/Jasi U3 KOTOPbIX MOXET BbINOJHATb OoNpejie/ileHHble QYHKIUUA WU
coiepKaTb pas/IMyHble MOJCUCTEMbl. JTO MOXET ObITb, HalpUMeEp, pasjejieHHe Mexay
TOMJIMBHBIMU 6aKaMU M NPHUGOPHBIM OTCeKOM. [I[puMepoM JByXOTCeYHOU cxeMbl siBisieTcs PB
l0aHbwkaH (puc. 4).
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OCHOBHBIM NpPEUMYyIIECTBOM [JBYXOTCEYHOU CXeMbl fBJSETCA MOJYJbHOCTb, KOTOpas
[I03BOJIAET ONTUMU3MPOBATH KAXKAYI CEKIUI0 [/ ee KOHKPETHbIX YCJAOBUM 3KCIJIyaTalHH.
OfHaKo [ ByXOTCeYHas CxeMa yBeJMYMBAeT NHKEHEPHYIO CJI0KHOCTb M KOJIMYeCTBO JieTaled 1o
CpaBHEHHIO C MOHOGJIOYHOM, UYTO MOXET NPUBECTU K YBEJIMYEHUI0 MacChl U CTOUMOCTH

PucyHoxk 4. Pb l0anbp4xaH

KoHueHTpuyeckasgs  cxeMa  KOMIIOHOBKM  pa3rOHHOTO  0OJioka  XapaKTepusyeTcs
pacnoJiokeHueM OJIHOTO 3JieMeHTa (Hanpumep, TONJIMBHOrO 6aka) BHYTPU JAPYroro, 4acTo
NUJIMHAPUYECKOW WJIW TOpPOUJAJbHONM (GOpMBbL. ITO MO3BOJIIET MaKCUMasJbHO 3alOJHUTH
JIOCTYNIHbI 00'b€M U ONTUMHU3UPOBATh KOMIIOHOBKY. B LleHTpe Takoll KOMIIOHOBKH, KaK U B
c/ydyae C TOpoO-6a/lJIOHAMM, MOXET OCTaBaThCs CBOOOJHBIA 00bEM, KOTOPbIA MOXET ObITh
MCII0JIb30BaH /IJI1 pa3MellleHusl IBUraTeJIbHOM YCTAHOBKU UJIM 60PTOBOro o60opy/ioBaHus [36].
[IpumepoM Pb c koHeHTpHUUeckoit cxemoi siBasieTcss BOPUC (6s10k opbUTa/IbHOTO pa3MelieHUs
HMCKYCCTBEHHbIX CIYTHUKOB), B KOHCTPYKLIMM KOTOPOTO HCHOJIb3YIOTCA chepuyeckue U
TOpOM/iaJ/IbHbIE TOMJIMBHbIE ODAKU.

OCHOBHBIM NpPEUMYIECTBOM KOHLIEHTPHUYECKOW cxeMbl sBJseTcd 3pdeKTUBHOE
MCII0JIb30BaHHE 00'beMa, UTO N03BOJISIET CO3JaBaTh O0Jiee KOMIAKTHbIE pa3rOHHbIe 6J10KU [37].
Jl/11 KpUOTEHHBIX KOMIIOHEHTOB TOIJIMBA TaKasl CXeMa MOXET 00eCleYnTb CHUXKEeHNE TENJIOBOTO
NOTOKA 3a CYeT IKpaHUPOBaHUS BHyTPeHHero 6aka 60J/iee X0J10HbIM BHeITHUM. K HeJjocTaTkaM
KOHLIEHTPUYECKOW CXeMbl OTHOCSITCS CJIOXKHOCTb U3TrOTOBJIEHUS U NMOTEHLMaJbHbIE IPOOJIEMBI,
cBA3aHHble ¢ AuddepeHLHaNbHbIM TENJOBBIM paclIMpPeHUEM pa3/MYHbIX MaTepuasoB MpHU
KpPHUOTEeHHBIX TeMIiepaTypax. KpoMe Toro, Takasgd KOMIOHOBKa MOXeT BbI3bIBaTb BUOpaIWy,
IOCKOJIbKY OMIOPOKHA0IIMecs: 6aKU MOTYT pe30HUPOBATh Ha Pa3/IMYHbIX YACTOTAX.

PajnanbHO-cCUMMeTpUYHasi CXeMa KOMIIOHOBKM IpejloJiaraeT, 4YTO KOMIIOHEHTbI
pasroHHOro 6Ji0Ka pachoJio)KeHbl CUMMETPUYHO BOKDPYT LIEHTPaJbHOW OCH. IJTO YacCTo
JIOCTUTaeTcsl MyTeM pa3MellleHUsl ABUraTeJbHOM YCTAaHOBKU WMJIM OCHOBHOI'O 060pyZ0BaHUSA B
[leHTpe, a TOIUIMBHbIX 6GaKOB WJIM MOJIE3HbIX HArpy3ok - mno nepudepuyd, paBHOMEPHO
pacnpefiesiass MacCcy U Harpysku. Takasi apxXUTeKTypa CIOCOOCTByeT COaslaHCUMPOBAHHOCTHU
annapara [38]. [logo6Hass cxeMa KOMIOHOBKH NMPUMeHsIeTCs B 60JIbIIMHCTBE MaJibix PB, Takux,
kak Sherpa (puc. 5) [39], Elytra, Bosira u gp.

PasuanpHO-cMMMeTpUYHasA KOMIIOHOBKA 06ecreuyruBaeT XOPOLIYI0 CTaOUJIbHOCTb PaboThl U
CIOCOGHOCTh BOCIPUHUMATh 3HAuYMUTeJbHble HArpys3KH, 4TO [JOCTUTraeTc pPaBHOMEpPHBIM
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pacnpeziesleHHeM CHJIOBBIX NOTOKOB W HaNpsSXKeHWU B KOHCTPYKLMU. [l BpalaroluXcs
KOCMMYECKHUX allNapaToB pajyajibHas CAMMETPUSA U/ ea/IbHO NMOAXOAUT, TaK KaK OHA MO3BOJISET
cbaslaHCUpOBaTh JUHAMUKY U YIIPOCTUTb yIpaBJjieHHe opueHTanueil. KpoMe Toro, oHa MoxeT
YIOPOCTUTb UHTErpaliMi0 MHOXeCTBa HEOOJIbIIUX MOJIE3HbIX HAarpy3oK, HanpuMep, Maiblx KA,
pasMellaeMbIX BOKpPYT LleHTpaJbHOM CTPYKTYpbl. HecMoTpsa Ha npeuMylIlecTBa B CTAaOMJIbHOCTH,
paiMajbHO-CUMMETPUYHAasA CXeMa MOXeT HaKJ/aJblBaTb OrPaHUYEeHUs] Ha JBWXKeHUe WU
MaHeBpHUpOBaHHWe, e€CJAd 3JIEMEeHTBhl »KeCTKO 3aKpellJeHbl. Pa3BepTelBaHHMe paJuabHbIX
3JIEMEHTOB, TaKUX, KaK COJIHEYHble NIaHeJIM UJIM aHTEHHBI, CONPSKEHO C PUCKAaMH, TAKUMH, KaK
OTKa3bl pa3BepThIBaHUS UJIU MIOBPEXJAEHUSA OT MUKPOMETEOPUTOB.

PucyHok 5. Pb Sherpa

Takum 06pasoM, KaAas KOHCTPYKTHUBHO-KOMIIOHOBOYHAsl CxeMa 06J1a/laeT YHHKAJbHbIM
HaboOpOM NMpeuMyllecTB U HeJOCTAaTKOB, ONpeJesAlUX ee MPUMEHUMOCTDb /i1 KOHKPETHbIX
MHUCCUH.

3aK/IloyeHue

Ha ocHoBe aHa/siM3a TeXHUYECKHUX XAPAKTEPUCTUK U ISKCIJIYAaTAlMOHHBIX TpebOBaHUM
KU KOCTHbIE paKeTHble JBUraTeJU NPeACTaBJSAITCA HauboJsiee NMpPeANOYTUTE/NbHbIM THUIOM
JIBUTATEJbHOW YCTAaHOBKU [Jis MaJibIXx Pas3sTOHHbIX 06JIOKOB. WX KJl0YeBble MpeUMyIlecTBa
BKJ/IIOYAKOT BBICOKMU yJeJIbHbIA HMIYJbC, BO3MOXXHOCTb MHOTOKPAaTHOTO BKJIKOYEHHS,
peryJiipoBaHue TSITU U LIUPOKUU CIEKTP OpOUTA/IbHBIX MAHEBPOB, YTO KPUTHUYHO JJISI TOUHOTO
BbIBe/IeHUS M0JIE3HOW HArPpy3KH, pa3BEPThIBAHUS CIIYTHUKOBBIX IPYNIHPOBOK U MEXKIIJIaHETHBIX
muccuid. Cpelu BapuMaHTOB MOJAyMu TOIJIMBA BbIOOP MeEXJY BBITECHUTEJbHOW M HACOCHOU
cXeMaMH OmpeJiesiieTcsl 3HEpPreTU4eCKUMU MOTPEOHOCTAMU MMUCCHUM M TPEOOBAHUSMU K
Ha/le>KHOCTU: BbITECHUTEJIbHAS CUCTEMA NIPeANI0OYTHUTE/IbHA IPU IPOCTOTE U HU3KOW CTOMMOCTH,
TOr/la KaK HacoCHasi — NpU HEeO6XOJUMOCTHU BbICOKOM MPOU3BOAUTENbHOCTU. OCOOBIM HHTepec
NpeJCTaBASIT  3JIEKTPO-HACOCHble  CXeMbl,  MpeJJararwliyde  KOMIPOMHUCC  MEXAYy
3pPEKTUBHOCTBIO U CHMXKEHHEM Macchl. il 60/bLUIMHCTBA MPUMEHEHUN ABYXKOMIIOHEHTHbIE
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KP/l aBasdioTcad onTUMasJbHbIMH, oObecrneyrdBasi HEOOXOJUMYK 3HEProdapGeKTUBHOCTb U
TMOKOCTb, 0COOEHHO IMPU HCNOJb30BAaHUM TOIMJIMBHOM Napbl KEPOCHUH + XUJKHUU KHUCJIOPOJ,
coyeTawlIled NPOU3BOAUTEbHOCTb, SKOHOMUYHOCTb U TEXHOJIOTUYECKYI0 3PEJIOCTh.

Bb160p KOHCTPYKTUBHO-KOMIIOHOBOYHOM cxeMbl MaJbIX PB onpezenseTcs HE06X0AMMOCTbIO
OasaHca MexJy MaccoW, rabapuTaMy, THUIIOM TOIJIMBA, TOYHOCTBIO BBbIBEJEHUA U
TEXHOJIOTUYHOCTBIO U3roToBjeHHA. Hanbosibllee pacnpocTpaHeHHe MNOJy4YWJIa pafuabHO-
CUMMeTpHUYHass KOMIIOHOBKa, 6s1arofjaps 3¢(QeKTUBHOMY pasMelLeHHUI0 MO0JIE3HbIX Harpysok,
XOopouleMy pacnpee/eHHI0 MacC M BBICOKOW YCTOMYUBOCTH B 1o1€Te. Takas cxeMa obecrieduBaeT
rMOKOCTb MpPU OpOUTANbHBIX MaHéBpaxXx M AocTtaBKy [IH Ha uHAMBHUAya/bHBIEe OPOUTHI, UTO
OCOOEHHO BaXXHO B KOHTEKCTe pa3BHBamwllerocs pblHKa Majbix KA. [lepcieKTuBBl pa3BUTHA
Masiblx PB cBA3aHBI C MOBBIIEHHUEM CTENIEHU MHOIOPa30BOCTH, UCII0JIb30BaHUEM 3KOJIOTUYHbIX
KOMIIOHEHTOB TOIIJIMBA M BO3paCTaHHWEM YPOBHA aBTOHOMHOCTH, YTO IO3BOJIMT COKPaTHUThb
CTOMMOCTb MUCCHH U OBBICUTH 3QPEKTUBHOCTb KOCMUYECKHUX OTepaLUH.
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«¥aammulK Fapelw 3epmmey.Jiep MeH mexHoa02uaaap opmanvire» AK, Aamamel, Kazakcman
Pecny6aukacwlt

IlaFbIH YAETKIil GJIOKTap/bIH, iCKe achbIpy cXeMaJiapbiH CaJbICTBIPMAJIbl TaJA4ay

Angarna. bys MakaJia KOJIIaHbICTaFbI IAFbIH YAEKTilll 6/10KTap/bl, COHbIH illiHAe 93ipJyey
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HeMece CblHay Ke3eHiH/leri epCneKTUBTI y/leTKilll 6/10KTap/bl 110JyFa apHaJIFaH, laFbIH FapbIll
annapaTTapblH MakcaTTbl OpOWTa/lapfa ULIbIFApy MiHJAeTTepiHAe OeJiceHAl KOJAaHbLIaZABbI,
OJIapAblH ©3€eKTLIIN COHFbl yaKbITTa Fapbllll alnapaTTapblH MUHUATHOpU3aLusdaay ypAicl
adCbIHZA 6CyJe KoHe THUiCiHIle manaJbl )KYKTeMeJiep MaccacblHbIH a3awobl. JKyMbIcTa yaeMei
O6JIOKTap/blH HEri3ri »kikTey OeJrisiepi, COHBIH illiHAe Maccacbl, KO3FaJTKbIIITBIH TYPi,
KYPbLIBIM/bIK OpHaJiaCy CxeMajlapbl KapacTbIpbLiaJbl. ATan aWTKaHAA, Oy/ cXeMaJsap/iblH
apTHIKIWBLIBIKTApPhl MEH KEMIIJIIKTEPI OpHa/lacy UKeM/JIiri, KYpblJIBIMHBIH Maccachl, HIM/i1iri,
KYpacTbIpyZAblH,  KapamaWbIMJAbLIBIFbl  9He  NaljajaHy  CeHIMJJIIri  TypFbICbIHaH
KapacTbIpbliaJbl. OJ1ap/blH, apacblHAA KO3FaJTKbIII AAMBbITATBIH TAapTy, MaKcaTTbl OpOUTara
IIbIFAPbLIAThIH MaWAalbl KYKTeMe Maccachl, OTBIH Oepy 9/ici CUAKTbI Heri3ri mapameTpJiep
O0MbIHIIA CaJbICThIPMaJibl Taljay kacanajibl. CoHal-akK, 6ip *koHe eKi KOMIIOHEHTTi OTBhIH/bI
KOJIJJaHy epeKIllIeJiKTepi, COHAal-aK OTbIH OybIH TaH/ay/1blH YAETKIIl KOHAbIPFbIHbIH THIMALIIT
MeH Kayilciszirine acepi KapacTbipbliaJbl. OCbl 3epTTEYAiH MaKcaTbl OHTANJbl TEXHUKAJBIK,
cunaTTaMasapAbl, KOFapbl CEHIMAUIIKTI, 3KOHOMMKAJIBIK THUIMZIJIIKTI XoHe 3KOJIOTHUAJBIK,
Kayinci31iTKi 6ipikTipeTiH aFbIH yAeMeJi 6JI0KThI icKe acblpy cXxeMachlH TaHJay MeH Heri3zaey
60J1bI1 TaObLIAZAbI. FhIJIBIMY )KaHAIBIKTbIH HETI3Ti 3JIEMEHTI 9pTYpJIi 1IaFbIH yAeMeJli 6J10Kap/iblH,
»Kobaslay TYXKbIpbIMJaMaJlapblH 6afasay YLIiH Kell KpUTepUili Tajajay oAiCiH KoJiJaHybl
yChIHbLIAABL. Bya ozic Macca TuUiMAijiri, HaKTbl HMMIyJibC, GipHellle peT KOCy MYMKIiHAIri,
TEXHOJIOTUSJIBIK, KETiNly »KoHe T. 0. CUAKTbl KapaMa-KaWllbl WHXeHepJliK KpuTepuuiepni
dbopMasibJlay KoHe TEHEeCTipyre MyYMKiH/JiK Oepeai.

TyHiH ce3aep: warblH yAeMeJsii OGJIOK, 3bIMbIpaH-TaCBIFbIN, NalJajabl KYKTeMe, HIaFbIH
FapblILlL annapaTbl

M. K.Suleimenov, M. K.Omarbayeyv, . K. T. Zhakenova*, D. S.Nazargaliyeva
JSC «National center of space research and technology», Almaty, Republic of Kazakhstan

Comparative analysis of the small upper stages implementation schemes

Abstract. This article is devoted to a review of existing small upper stages, including
perspective upper stages under development or testing, actively used in the tasks of launching
small spacecraft into target orbit, the relevance of which has recently been increasing against the
background of the trend of miniaturization of spacecraft and, consequently, the reduction of
payload mass. The paper considers the main classification features of upper stages, including mass,
type of propulsion system, design and layout schemes. In particular, the advantages and
disadvantages of the above schemes are discussed in terms of layout flexibility, design weight,
manufacturability, ease of assembly, and operational reliability. A comparative analysis between
them is given for such key parameters as thrust developed by the propulsion system, the mass of
the payload to be launched to the target orbit, and the method of propellant supply. The
peculiarities of the use of single-component and two-component fuel are also considered, as well
as the influence of fuel pair selection on the efficiency and safety of the upper stage. The purpose
of this study is to select and justify a scheme for the realization of a small upper stage combining
optimal technical characteristics, high reliability, economic efficiency and environmental safety.
The key element of scientific novelty is the application of a multi-criteria analysis method to
evaluate various designs for small upper stages. This method allows formalizing and balancing
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conflicting engineering criteria, including mass efficiency, specific impulse, multiple firing
capability, technological maturity, etc.
Keywords: small upper stage, launch vehicle, payload, small spacecraft.
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®opcupJieHreH u3eb/i KO3FaJTKbIIITap/blH 6HIM/IIITiH Mailay *kyleciHieri Mal kesieMiH
GacKapy/ibl >KaKCapTy apKblJIbl apTThIPY

Kipicne

Kesiik KypasJapblHbIH, amaTCbl3 J>KYMbIC IiCTeyiHe TeXHHUKAaJbIK KbI3MeT KOpCeTy

TaJlallTapblH CaKTay, AFHU MakJay *KyHeciHeri Mal/bl YaKbITbLJIbl aybICTBIPY K9HEe KO3FaJITKbILLI
neH 6acKa Jja TeTIKTep/iH TEXHUKAJIBIK Kal-KyHiH 6aKpbliay apKblJbl KOJI >KeTKi3yre 60Js1aabl.
ABTOMOOW/IBAEPAI MNaljasaHy THUIMAiJNIriHe KOWbLIATBIH TajJanTapAblH, YHEMi apTybl
KO3FaJTKbIIITapAbl GopcupJieyai KaxeT eTeai. by, e3 ke3erinze, KO3FaJATKbIII TETiKTepi MeH
3JIeMeHTTEPiHIH, TEPMHSJbIK KepHeyiH apTTbIpyFa, MOTOP MaMbIHbIH THIMJIIJICIH KypT
TeMeH/JleTyre aKeJsie/i. COHbIH cajJapblHaH, MaWJblH «XKaHbI KEeTyi» KebeMimn, Kocnaaap Te3
eckipesi, yiikeJieTiH OeJ/ilIeKTepAiH TO3yhl XKblIAaM/al, 0Jap/blH 6eTiHAe Kyie naiijja 60/1a/ibl,
OYJ1 KO3FaJITKBILITHIH KbI3MET €Ty Mep3iMiH alTapJibIKTal KbICKAPTa/bl.
ABTOMOGU/Ib KO3FaJTKBIIIBIHBIH, Maijay »KYHeCiHiH AypbIC )KYMBIC icTeyi OHbIH TEXHUKAaJbIK,
»Kal-KyHi MeH KYMbICKA Kabi/leTTi/iriH alTapJ/ibIKTal aHbIKTal/bl )KoHe KbI3MET eTy Mep3iMiHe
Tikesiell acep eteni. PopcUpJieHreH KO3FaJTKbILITAPAbIH, Maljay XyWeCiHiH, TUIMAiJIiri OHbIH,
yHKeJsieTiH 6eTTep apacblHAaFbl YIKeJliC NPOLeCiH KaJbIIKA KeJTipy apKbljbl TO3Y/ibl 6apbIHIIA
asalTy KabineTiHe 6alsaHbicTbl. OCbl TYpFblJia, MaWjay »KyHeciHaeri Mall KeJsieMiH Gackapy
apKblibl (GOpCUpPJIEHTEH KO3FaJTKbIIITAP/bIH KYMbICKA KaOiJeTTiJNiriH apTThIpy MaceJseci
aJIIBIHFbI KaTapFa WbIFa/ibl.
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2022 xbuibl AM. bunugasoB neH A.C. [leHHMCOBTBIH, FbLIBIMU 3€pTTeyJiepiHJe Mauay
»KyHeciHieri Mall KeJieMiH 6acKapy/abl XKeTiJAipy apKblibl GOpCUpJIEHI'eH aBTOMOOUJIb IU3€ebi
KO3FaJITKbIIITAPBIH NaWJAaJaHy TUIMZIIITIH apTThIpy MaceJsiesiepi KapacThlpbliFadH. ABTOpJap
aBTOMOOWJ/Ib KO3FaJITKbIIITAPbIHBIH, XYMbIC CEeHIMJAiIIriH apTThipy KasakcTaH 3KOHOMMKAaChI
YIIiH MaHbI3/bl MiHAETTEP/IH Oipi ekeHiH aTan eTefi. Ko3FaaTKbllITap/blH TO3y, iCTEH LIBIFY
»K9He COFaH 6alJIaHbICThl TEXHUKAHbIH, TOKTAI Kalybl KOCAJIKbI O6JIIeKTeP/iH KO HIbIFbIHbIHA
’)K9HE aBTOKeJIIK TeXHUKAaCblH NaujajJaHyAaFbl KUBIHJABIKTapfra okeJsiefi. Enje Kocankbl
GeJilieKTepAi eHJipyre kaHa aBTOMOOWJIbJEP LIbIFAapyFa O6JIiIHTeH KapaXKaTTblH »KapThICbIHA
JleliH xkyMcasiaZibl. COHbIMEH KaTap, MaKaJaZila aBTOMOOUJIb KO3FaITKbIIITAPbIH Kyp/eJi xKeH/1ey
KYHbIH TOMEHJEeTy »>KoHe oJlapAblH KbI3MeT eTy Mep3iMiH apTThIpy MaceJsesepi
KapacTbIpblJIMaraH.

03 keseribge, P.I0. 3apumnoB xoHe T.6. (2023) aBTOMOOW/IL HerisiHgeri TrUOPUATI
KOH/IbIPFBIHBI 93ipJieyAiH OipKaTap mnpob6JieMasiblK acleKTiJiepiH KapacThIpbll, aBTOMOOUJIb
KO3Fa/ITKbIILbIHBIH Mailay )KyieciHzeri Mail kesieMiH 6ackapy NpoLeciH XKeTinJipy aBTOKeJIIKTi
namjajaHy KayilCi3firiH KaMTaMmachl3 eTyAiH MaHbI3Jlbl aCHeKTiCi eKeHiH aTall ©TKeH.
3epTTeyllisiep/iH, MNiKipiHIIe, KO3FaJATKbIII KapTepiHJeri KaxKeTTi MaWl JeHrediH cakray
OeJllIeKTeP/AiH KaXKeTTi TeMIepaTypasiblK, PeXKUMiH KaMTaMachI3 €Ty, YUKeJlic )KylITapblHAH TO3Y
OHIM/IEpiH LIbIFApy, COHJAN-AK MauJaFbl KOCHajap apKblibl OHTAWJIbl MaWJay XafJanJapblH
»Kacay VIIiH KaxkeT. Asaiijja, MaKajajaa 6y MiHAeTTepAl Lielly/[iH TeXHOJOTUSBIK KOJJapPhbI
KapacTbIpblJIMaFaH.

M. TabaTabaeB *aHe T.6. (2022) 6MoAM3eb/iH aHTUOKCU/JAaHTTAPbIHbIH dCepiHEH AU3E/bIi
KO3FaJITKbIIITAPAbIH )KYMbIC CUIIATTaMaJIapbIHbIH, 63TrepyiHe KaTbICThl 6ipKaTap mpoo6JeMasbIk
acnekTiziepai 6ipsecin  KapacTbipraH. FanbiMzap OWOOTBIHABI MNalJajaHy aBTOMOOWJb
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KO3FaJITKbIIITApPbIH GOpcUpJey/iH aHa, KOCbIMIIA MYMKIHAIKTEpiH allajbl JlereH mikipje.
CoHbIMEH KaTap, aBTOpJiap AW3eJib OTbIHBIH TYTbIHY K6JIeMiH a3alTy »KaJllbl 3KOJIOTUSJIBIK,
»KaF/lalifa OH dcep eTe/i KoHe COHbIMeH b6ipre Maisay »yieciHAeri MOTOp MalbIHbIH KeJieMiH
OHTaWJIbl AieHreijie ycrayFa MYMKiH/ZiK 6epeai fen atan eTesi. [lereHMeH, 6ip OTbIH TypiHeH
eKIHILIiCiHe aybICKaH Ke3Je KO3FaJITKbIIIThIH, KOHCTPYKTUBTIK CXxeMacCblHa ©3repicTep eHriszy
MaceJieJiepi FBIJIIBIMU 3epTTey/e KapacThIpblIMaFaH.

ConbiMeH KaTap, V. Praveena »oaHe T.6. (2023) 6ipJsieckeH FbUIBIMHU 3epTTeyae cadJiop
MalbIMEH KYMBbIC iICTEUTIH K9He CyTeri ra3blMeH O0aubITBIIFAH ilIKi KaHy KO3FaJTKbIIIbIHbIH,
TUIM/JIJIITiH OaFajiay koHe KOopllaFaH OpTaFa IIbIFapaThlH Ka/lJAbIKTap/AblH CUNIAThl MaceseepiH
KapacTblpFaH. 3epTTeyllijiep/iH NiKipiHIlle, KO3FaJTKbII KapTepiHAeri Mall KeJeMiH 6ackapy
KOpllaFaH opTaFa 3USH/bl HIbIFAPbIHABLIAP/AbLI a3alTy VILUiH KaxeT. /lereHMeH, O6yJ MaceJieHi
HIellyiH HaKThl HYCKaJIapbl FbIJIBIMU KYMBICTA KeJITipiJiMereH.

b. XKapaemoB oaHe T.6. (2021) KasakcTaHHbIH MallWHA acay YLIiH MaHbI3/blJIbIFbI
TYPFBICBIHAH €Ki OThIHMEH »KYMbIC iCTEHTIH aBTOMOOUJIb K9HE JIOKOMOTHB KO3FaJTKbIIITAPbIH
bopcupJsiey MacesesepiH KapacTbIpFaH. Ko3FalTKBIIITBIH KYMbICKA KabiseTTiliriH apTThIpy
YlIiH KapTepjeri Maill KkeJieMiH 6acKapy/Zbl >KoHe >KYMBICTbIH OapJblK Ke3eHJepiHje
KO3Fa/ITKBIIITBIH >Kal-KyWiH 6aKblaayAbl AYpPbIC YUBIMAACTBIPY KaXKeT eKeHJIri aTan eTiJreH.
ByJ1 peTTe 3uAHABI WIbIFAPbIH/bLIAP KOJIEMIH a3alTy MaceJiesiepi KapacTblpblJIMaFaH.

2023 xbabl X. Rao xaHe T.6. XKyprisreH FbLIbIMU 3ePTTEY/l€ bICThIK KO3FaJTKbILITA
XKYPTi3iJireH Kypic CbIHaKTapbl Ke3iHJle MOTOp MalblHa rpadeH-aTTamnyJbIAT KOCHaJapblH
€HTi3y apKpLIbl [JU3eJbJi  KO3FaJITKBbIIUTAPJAbIH  3MUCCHUSJIBIK >K9He  BUOpALUAJIBIK
cUIlaTTaMaJslapblHbIH, ©3Tepy MaceJsesiepi KapacTbIpbLIFaH. 3epTTeyulijiep ¢GopCcUpJieHTeH
aBTOMOOWJ/Ib KO3Fa/JTKbIIITApPbIH Nal/jajlaHy Ke3iHJe >KaJllbl OTbIH SHEPTUSCHIHbIH, IIaMaMeH
4%-naH 15%-Fa feliiHi MexaHUKaJIbIK YUKeJIiC KYLITePiH eHyre *KyMcalaTbIHbIH aTal eTeAl. by
baKTi KO3FaJTKBIIIThIH, Maijay KyheciHaeri MOTop Malbl KeJieMiHiH e3repy JUHaMHUKaCbIH
6ackKapy npouecTepiHiH, MaHbI3JbLIbIFBIH KepceTe/li, 6UTKeHI Mal JeHredi OHbIH, KO3FaIMaJbl
OeJslikTepiHiH yHKeJic KylliHiH nmapameTpiHe acep eTeji, OyJ/ KO3FaJTKbIIITbHIH 6HIM/iIiri MmeH
KbI3MET eTy Mep3iMiHe TikeJsied acep eTei. 3epTTeyllisepAiH Hikipi 6yJ xKyMbIcTa 6asgHAa/IFaH
HOTMIKeJIepMEH COMKeC KeJseli, OUTKeHI KO3Fa/ITKbIII KapTepiHJeri Mal TeMIepaTypacblHbIH,
Mal Kyl KeJieMiHe ToyeJs[iJiri 3KCIepMMEeHTTIK J>KOJIMEH aHbIKTaJIFaH, aJ Mau
TeMIlepaTypachlHbIH NapaMeTpi KO3FaJTKbIIITbIH KO3FaJMaJbl 66/iKTEPiHIH YHKesiC KylliMeH
Tikesiel 6allJIaHbICTBI.

O3 ke3serinze, 2021 xbibl M. Mariappan »xoHe T.6. GipJieCKeH FbLIBIMU 3epTTeYiH/e
aBTOMOOWJIb KO3FaJITKbILITAPbIHbIH, MalJay KyHeciHJieri Mail kesieMiH 6acKapy MaceJeJiepiH
HIenly MaKcaTbIH/Ja MUPOJIU3AIK MJIACTUKAJIBIK Mai/ibl 6HJIpY K9HEe OHTaWJaHAbIpY OOUMbIHIIA
npobseMasblK aclekTiJiepZiH KeH KellleHi KapacTbIpbliFaH. ABTOpJiapAblH, TMiKipiHlie,
aBTOMOOUJIb KO3FaJTKbILIBIHbIH, MaWljay »KyHeciHZeri Mall KesieMiH 6GackKapy MpolecTepiH
OHTAWJIAH/bIPY OChbl KO3FaJTKBIIITBIH >XYMbICKA KabieTTisiri MeH KbI3MeT eTy Mep3iMmiHe
TikeJien acep eTeni. bys peTTe, NMPOJIM3 KaTaJnW3aTOPbl PeTiHAEe KOMIp KYyJiH KOCKaHJa Mau
IIBIFBIMbI AU TAPJIBIKTAW apTaAbl, OYJ1 KO3FAJATKBIIIThIH KO3FaJMaJibl 3JIeMeHTTEpPi apachiH/aFbI
YHKeJlic KYIliH TOMeH/IETiN, OHbIH, Mep3iMiHeH OYPBbIH TO3ybIH O0JiibIpMaiibl. FanbiMaapabiy
KO3FaJITKbIIITBIH, Mailjlay »KyWheciHZeri Mal KeJsieMiH Gackapy MNpolecTepiH OHTalJaHAbIPY
TYPFbICBIHAH MiKipi OCbI FBIJIBIMU 3€PTTEYAiH HOTHXKeJiepiHe colikec KeJie/ii, ajl KoMip KyJIiHiH 6y
IpoLecTeri peJsiiHe KaTbICThI NiKipAi NpakTHUKaZa Tekcepy KaxeT. CoHbIMeH KaTtap, R. Sabarish,
M.P. Kumar u R. Rajasekar (2022) oTbIH KoCnlasiapbIHbIH, IU3€JIb/li KO3FaJTKbILITAPAbIH }XYMbICKA
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®opcupJieHreH u3eb/i KO3FaJTKbIIITap/blH 6HIM/IIITiH Mailay *kyleciHieri Mal kesieMiH
GacKapy/ibl >KaKCapTy apKblJIbl apTThIPY

KabiseTTisnirine acepiH 3epTTey 6oMbIHIIA GipJieCKeH FhLJIBIMU KYMbICTApbIH/A CallaJibl OThIHFA
JlereH KaKeTTiJiK »KoHe MalJay »KYHeciHiH >KYMBbICBIH 6ackKapy MaceJiesiepi Au3esib/i
KO3FaJITKbIIITAPAbIH KOFapbl JAeHTel/ieri *KyMbICKA KabiseTTisiriH cakTay KOHTEKCTiHAeri
Heri3ri ¢akTopJsapAblH, 6ipi 60JibIN TabblLIaTbIHBI aTan eTiireH. FanabiMaapablH mikipiHiie,
6aJslaMa OTBIH TYpJIepiH, aTan auTKaH/a, bipKaTap TaFaM/IblK HeMece TaFaM/IbIK eMeC MaiapZaH
eH/ipinreH ouoau3esbai navjajany aBTOMOOU/Ib KO3FaJITKbIIIbIHBIH, 3USH/IbI
IIbIFAPbIHABLIAPBIHBIH TY3iJly KayIliH a3aiTa/ibl, OHbIH KbI3MET €Ty Mep3iMiH y3apTa/bl, COH/Iau-
aK Maijay KyWeciHzeri Mal KeJieMiH 6ackapy TMpoleciH aWTapJblKTal KeHiaJaeTexi.
3epTTeyiuliziepAiH 6yJ KOPbITbIHJAbLIAPbI OCbl 3€PTTEeY/iH HOTHXKeJiepiHe KaHlllbl KeJMeWni,
aslaiiJia oJlapAblH HaKThI AJ1eJePiH aly YUIiH TaKipuoe )Ky3iHJe TeKCepy/i KaKeT eTei.

R. Senthilraja >xeHe T.6. (2016) FBLIBIMU-3EpPTTEY KYMBICBIHJA JW3eJbJi aBTOMOOUJIb
KO3FaJITKbILIbIHBIH, OHIM/I1JIITI 2K9He OHbIH, KaJIIbIKTapbIHbIH KOpLIaFaH opTaFa acepi MmaceJienepi
KapacTbIpbLIFaH. 3epTTeyllisiep ¢QopcUp/ieHreH aBTOMOOWJb JAu3esbli KO3FaJITKbILIBIHbBIH,
cunaTTaMaslapbl, OHbIH HIbIFAPbIHABIIAPBIHBIH, CUNIATTaMasaphbl )K9HEe OTbIHHBIH, TYTaHybl MEeH
»KaHybl Ke3iHJeri )XyMbIC iCTey epeKllesiKTepi apacbiH/a TiKesel e3apa OaiJaHbIC 6ap JereH
KOPBITbIH/bIFA KesreH. FanbiMapablH mikipiHile, aBTOMOOWJ/Ib KO3FaJTKBILIBIH popcupsey
Ke3iHJe Maulyay >KyHecCiHJeri Mau KeJieMiHiH e3repy TeHJeHLMSJapblH, COHJAW-aK OHBIH,
»KYMbICKA KabisieTTiJiriHe acep eTeTiH KOHCTPYKTHUBTIK epeKlleiKTepiH (3kaHy KaMepacbIHbIH,
KeJsieMi, TaKTbLIbIFbl >K9He T.0.) eckepy KaxkeT. ABTopJap/blH, MiKipi ocbl 3epTTeyaiH
HO9THXKeJIepiMeH pacTaiajibl, 6WTKeHI oJlap aBTOMOOWJb [JU3eJbJi KO3FaJTKbIIIBIHbBIH,
KOHCTPYKTHUBTIK epeKIlesiKTepi MeH OHbIH, *KyYMbICKA KabiJleTTisiri apacblHaFbl ToOyeaAAiMiKTIiH
6ap eKeHiH KepceTe/,.

03 keseringe, Q. Xin (2013) e3iHiH FbIIBIMU 3€epPTTEyiHJE KO3FaJTKbIIITHl MaiJayJblH,
KO3Fa/IMaJsibl OeJIiKTepAiH YHKesic KylliHe acep eTy 3aHJAbLIbIKTapblH 3epTTEed OThIPHIII,
KO3FaJITKbIIITAaFbl YHKeJiC KYLIiH a3aWTyFa >XeKeJiereH Killi »KylesepAi: nopiieHb TOPaObIH,
KJalaH »XyHeciH, MOoplLIeHbJiK CaKWHalap/Abl X9He T.0. KaHFbIPTyFa OafFbITTaJfaH OipKaTap
KOHCTPYKTUBTIK LlapajapAbl €Hridy bIKNaj eTeTiHiH aTan eTefl. bys perTe, eHrisiseTiH
©3repicTep OHBIH, }KYMbIC PeXKUMIH 0y30ay yIIiH KO3FaJTKbILITHIH Maijay *KyheciHJeri Mail/JiblH,
OHTAMWJIbl JeHreHiH ycTan TYpyMeH KeJicinyi Tuic. FanbiMaapablH KOPBITBIHAbLIAPHI OChI
)KYMBICTBl OpbIHJAY Ke3iHJle aJIblHFAaH HOTHXKeJlepre CouKeC KeJsieZli, COHAAM-aK OJIapAblH,
JIU3esib/li KO3FaJTKBIIITBHIH, KYMbICKA KabineTTisiriHe acep eTyi TyYpFbICBIHAH MaWay
»KyHeciHzeri Mail kesieMiH e3repTy GOMbIHIIIA KOHCTPYKTHUBTIK LIapajiap/blH, MaHbI3/blIbIFbIH
KepceTe/|.

2018 xpuibl G. Sujesh nmen S. Ramesh 3epTTeymiinep To6bI GipJiecin ka3faH FbLJIbIMU
MaKaJaZia Ju3esib/li KO3FaJTKbIIITAp/Abl MOJENb/EY/liH XXoHe 0JIap/iblH KYMbICbIH 6aCKapy/IblH
6ipkaTap »ka/anbl NPUHLUNTEPI KapacTbIpblIFaH. FanbiMJap KO3FalATKbILITBHIH OipKaTap
napameTpJiepi, atan aWTKaHAa, cbiry gapexeci (CR), conpaili-ak OYpKy caTi GUOJMU3eJbJiK
KOCMaJIJapMeH »KYMbIC iCTEUTIH JU3eJib/li KO3FaJTKbILIThIH MPOLEeCTePi MeH LIbIFapbIH/bLIapbIHA
alTapJiblKTal acep eTeTiHiHe Ha3ap ayJapajbl. ABTOpJiap/blH MikipiHule, $opcupJieHreH
JIU3eJib/li KO3FaJTKBILITBHIH, Maijay KyheciHJeri Mail KesieMiHiH e3repyiH 0ackKapy 3UsH/bI
HIbIFAPbIHABLIAPAbIH CUIIAThIH 6aKblJ1ayAbl KAMTYbI KEPEK, O TKEHI KapTepJeri Mail ieHreii MeH
KO3FaJTKBIIITBIH, >KYMBICBI apacblH/Za, JeMeK, OHbIH KOpllaFaH oOpTafa LbIFapaTbIH
KaJIAbIKTAapbIHbIH, CUMAThl apacblHJa alKbIH ©63apa OaisiaHbIC 6ap. ABTOpJapAbIH MiKipi oChbl
FBIJIBIMU >KYMBICTbIH, HOTHXKeJIepiMeH pacTasiazbl, ce6ebi KO3FalTKbIIIThIH Maiay xKyheciHjeri

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 217
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



A.M. Tabunbaes, K.K. lxxongacosa, AM. bunuszos, A.C. /leHrcoB

Maill AeHreliHiH OHbIH QYHKIMOHA/IbIFbIHbIH 63TepyiMeH TayeJI/IiJIiri aHbIK KepiHe/|.

S.B. Chauhan xaHe T.6. (2020) fFanbiMAap TOOBI 63 XYMbICTApbIHJA OpTalla KyaTThl
dopcupsieHreH aBTOMOOW/Ib JHW3eJb/li KO3FaJTKbILITApblHA apHaJFaH KbI3FaH MaM/IbIH
HIbIFAPbIHABLIAPBIHBIH, CUMNATTaMaJlapblH 3epTTey/iH OipKaTap Npob6JieMasiblK, acneKTiepiH
KapacTbipAbl. OTBIHZAP/Abl KO3FaJTKbILIKA Oepy Ke3iHJe OoJiapAblH TeMIepaTypachliHbIH,
YKOFapbliaybl TeXeTilTepAiH naiaaabl acep Ko3pdUIMeHTIHIH alTap/abIKTal apTyblHa »KoHe
oJIapAblH MEHIIIKTI 3Heprusi TYTbIHYbIHbIH, TOMEHJeyiHe oKeJieli AereH MiKip aWTbLIafbl.
BosamiakTa Kby aJIMacThIPFBILITA KbI3JbIpblIFaH ATpoda MalblH NMaWAasaHy aBTOMOOWUJIb
JIU3eJib/li KO3FaJTKbILITAPhbl YUIiH OThIHHbIH, CeHiMJi >koHe THiMAi 6aslaMackl 6oJa anajbl, 6y
oJIap/blH »KYMbICKA KaOiJEeTTi/NriH apTThIpy NepclneKTHUBaJJapbl TYPFbICbIHAH 6Te€ MaHbI3/bl.
3epTTeyuinepAiH nikipi fayJibl 60JbI0 KepiHeai, ce6ebi OHbl MPAKTUKAJBIK, »KOJIMEH TEKCepYyAi
KaXXeT eTefi.

ConbiMeH Katap, M.T. Boldaji »xone T.6. (2021) FanbiMaap ToObl GipJsecin 6ipKaTap OTbIH
KOCIaJIapbIHbIH, aBTOMOOUJIb AU3esbai KO3FaJITKbIIIbIHAAFbI 5KBUBaAJIEHTTIiJK
k03P dUIIMEeHTIHIH, NMalAa/JaHblIFaH rasjapjafbl OTTeri YJeciHiH, COHAaW-aKk Cy MeH Maw
TeMIlepaTypacblHbIH, ©3Tepy JAWHAMUKacblHA dcepiH 3epTTexi. ABTopJsap OyriHri TaHza
KypaMblH/la TaOUFU Heri3Jeri oTTeri MeJilepi *KOFapbl OThIH/bI, aTal alTKaHAA, 3TaHOJ MeH
6voau3esbAi A9CTYpJi JAu3esbJli OTbIHHBIH, THIM/Ii aJMacTbIPFbILIbI pPETiHAEe KapacTbIpyFa
OosIaThbIHBIH aTan oeTeji. bys aBTOMOOWJIb [Au3esbJi KO3FaJTKbIIITAPbIHbIH, >KYMbICKA
KabisIeTTiJIiriH apTThIPY *koHe oJiapAbl popcupJiey NnepcrneKTUBaJapbl TYPFbICBIHAH MaHbI3/lbl,
cebebi MYHJIal TOCIJI KO3FA/ATKbIIITaFbl Mal IIBIFbIHbIH aUTapJ/IbIKTal a3alThlll, Mall KeJieMiH
b6ackapy mnpoteciH xkeHiagetei. FaabiMaapabiy nikipi eTe faysibl 60Jbin KepiHesi, ceb6ebi OHbI
KOJIIAUTBIH HAKThl MPAKTUKAJbIK HOTHKeJiep aJ1i aJIbIHFaH OK,

O3 ke3zerinje, J. Patel xoHe T.6. (2023) »kasnbl aBTOMOOUJIb 6HEPKACiOiHE KoHe aTaml
aUTKaHJa MOTOpP MaWJapblHa apHaJ/IFaH CYMBIKTBIKTAp/bl 6HJIpy NMpOLeCTepiHiH Ka3ipri »au-
KYHiH 3epTTei. FasibiMgap MoTop MaliblHA KocCMa peTiH/le HAHOCYUbIKThIKTAPAbl MPAaKTHUKAJIbIK,
KOJIIaHY OHBIH, KAaCUeTTepiH KaKcapTaZbl >XoHe KO3FaJTKbIIITBHIH, MaWjay >KyueciHaeri mau
KesieMiH 6ackapy TYpFbICbIHAaH OHTaMJibl HOTHKeJiepre KOJI »KeTKi3yre MYMKiHJiIK Oepepi,
COHbIMEH KaTap aBTOMOOWJb JW3esbJii KO3FaJTKbILITAPbIH ¢opcupsey YIIiH OHTaW/bI
XKaFJlalJiap »Kacauzpl JlereH KOpbIThIH/bIFA KeJsiJi. 3epTTeyllijiep/liH, KOPBITbIH/AbLIAPbI OChI
FBIJIBIMU KYMBICTBIH, HOTU:KeJIepiHe caliKec KeJiefi, cebebi canmasibl Mal KoclajlapblH akanaHy
OHBIH, KACUETTEePiH KaKcapTabl, 6yJ aBTOMOOU/Ib KO3FaJTKbILIBIHBIH, MalJiay *KyheciHaeri Mmai
KeJieMiH OacKapy/blH OHTaWJIbl XaFjailJlapblHa KOJI XKeTKi3yre MyMKiHJiK 6epefi.

Ocpl FBUIBIMU 3epTTeYAiH MaKcaTbl — KO3FaJTKbIIITAaFbl Mall KeJieMiHiH Mal/blH ecKipy
npolecTepiHe )KoHe GopCcHUpJIeHI'eH aBTOMOO Wb AU3€e/b/i KO3FaJTKbIIIbIHbIH TeXHUKaJIbIK XKal-
KYUiHiH e3repyiHe acep eTy 3aH/blJIbIKTapbIH 3€PTTEY.

JdjicHaMa

Tanpmay aficiH Ko/JaHy apKblibl Maiay »KyWheciHAeri Mal AeHreliH 6ackapy ecebiHeH
bopcupsieHreH  Au3esibJii  KO3FaJTKbILITAp/blH  >KYMbICKA  KabOijeTTinirin  apTThipy
nepcreKTUBalapbl TYpFbicbiHaH KasakcTaH Pecny6iKacbiHbIH, aBTOK6OJIIK NAapKiH AAMBITY/IbIH,
arFbIM/JIaFbl Mpo6JieMasiapbl MeH MiHJeTTepi KapacTbipbliJbl. COHbIMEH KaTap, aBTOMOOWJIb
KO3FaJITKbIIITAPBIH KYp/leJi ’KeH/1ey KYHbIHbIH 0J1ap/blH 0acTanKbl KYHbIHA KAThIHACKI YKoHE Oy
KO3FaJITKbIIITAPAbIH, €KiHIIIJIK KbI3MeT eTy Mep3iMiH 6arasiay TypaJibl AepeKTep aJiblH/bI.
CuHTe3 9/IiciH KosiZjaHy GopCcUpJIEHTeH aBTOMOOWJIb KO3FaJITKbIIIbIHbIH, Maliay KyheciHjeri
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Mall KesieMiH ©6ackapy NpoLeciHiH aBTOMOOWJBJAI Kayinci3 mnaijanaHy TYpFbICbIHAH
MaHbI3/IbLJIbIFbIH 6aFajslayFa MYMKIiH/iK 6epai.

Kannblnay afiiciH Ko1jJaHy aBTOMOOUWJIb [iM3e/ib/li KO3FaATKbIIIbIHbIH Maljay »KYWeCiHiH,
GYHKUMOHANABIFBI MEH OJIap/blH OYKiJl KbI3MeT eTy Mep3iMi illliHAeri )XyMbICKa KabiJeTTisiri
apacblHZarbl e3apa 0OalJaHBICTBl TajaZayFa MYMKiHJIK Oepgi. byaaH 6acka, KepceTiireH
daicTepiH yhseciMi kKapTep MeH MaiJiay »yHeciHzeri Mall JleHreliH 6acKkapy apKblbl JU3eab/i
KO3FaJITKbILITAPAbIH KYMBICKA KabiserTijirin apTThIPY MacCeJIeCiH memy/aiy,
nepcreKTUBa/lapblH OafasayFa MyMKiHAik 6epai. CoHpjaii-ak, 6y aaictep <¢opcupJieHreH
aBTOMOOUJIb AU3eJib/ii KO3FaJTKbILITapbIH/AA 9PTYPJli Mall KocnaJapblHbIH TUIM/IJITIH TanayFa
KOJI aUIThI.

ABTOMOOHWJIb KO3FAJITKbILIBIH Naii/la/laHy Ke3iHjAe MOTOp Makbl apaMeTpJiepiHiH e3repy
CUMaTblHA 3KCIEpPUMEHTTIK Oara 6epy yuiH 28 KAMA3 keJiriHe yi bl 60Hbl OGakKbliay
kyprisingi. Byn askcnepumeHT "HOrTpanclaz” JKIIC ABToMo6uJsib KeJiri 6ackapMacbhiHZA
XKYprisingi. AnblHFaH MOTOp Maibl cbiHaMaJjapbl ap6ip 2000 kM XypreHHeH KeHiH Tajjayfa
yIIbIpaAbl. JKCIEPUMEHTTIK MOTOP Malbl CbIHAMachIHbIH KeJsieMi 1,5 nuTpai KypaZbl, 6ap/bIFbl
180 ceiHama TangaHbl Shell Rimula R3 X SAE 15W40 MapkaJsibl MOTOp Maiibl NaiAalaHbLI/b.

Maii celHamMaznapblH Tal[ay Ke3iHJe KeJeci mapaMmeTpJiep aHbIKTaJAbl: KHHEMaTUKaJIbIK
TYTKBIpJABIK (cCT), ambIK TUreabjeri TyraHy Temnepartypackl (°C), sactaHy gedreii (cm™1b),
cintinik canbl (Mr KOH/r mai), 20°C-garbl ThIFbI3ABIK (r/AM%), cyabiy Maccanbk, yaeci (%).
BapsblK KaxkeTTi Tangaysap 2024 xbuiablH 6acbiHa Kapakl Kasakcran Pecny6siMkacbiHAaFbl
KospgaHbicTarbl MEMCT (I'OCT) apicTeMesniepiHe colikec 3epTXaHaZja OpbIHa//bIL.

KyiibliFaH Mail KeJieMiHiH 9cepiH aHBIKTAy YIUiH SKCIIEpUMEHTKe TaHJAaJIiFaH 06apJiblk
KeJlikTep (28 6ipJ/iK) KyHbLJIaTbIH Mai/IbIH OpTalla KeJieMiHe ColKeC APTThI TYp/ie TOPT TONKA
oeJiHAj.

e bipinii Tonka 6ip Kytoaafbl Mal kesieMi 1,5-TeH 3,5 iMTpre JieHiH 60/1FaH KeJlikTep
eHri3iagai.
o ExiHIli TonKa 6yJs napameTp 3,5-TeH 5,5 auTpre AediH 60JFaH KeJiKkTep KipAi.
e YmiHmi Tonta — 5,5-TeH 7,5 auTpre geuiH.
e TepTinwi Tonta — 7,5-TeH 10 auTpre gewiH.
Opo6ip aKCIIepMMEHTTIK TOI 6OMBIHILA KeJieci KepCeTKILITep aHbIKTaJbIII, TipKeJi:
 Bykis pelic 60i1bl TipKeJireH KapTepAeri Mai/iblH opTallla TeMIlepaTypachl.
e OpTallla Mau WIBbIFbIHbI.
o Maliay »kyueciHzeri KbICbIM.

TeMmnepaTypa napaMeTpiH aHbIKTAy YLIiH Mall KeJiIeMiH eJIIIeWTiH LUyl OpHaJacKaH Xepre
TepMOMeTp KOMbLIABL Maliay »KyWheciHZeri Mau KbICBIMBIH 6Jilley YIIIH aclnanTap HaHeJaiHJe
OpHa/JlaCKaH CTaHJApTTbl aBTOMOOWJIb MaHOMeTpi NaljanaHbuIbl. Mal LIBIFBIHBI MaM
IYTIbIHAAFbI €H )KOFAPFHI OeJirire JleliH KyWblJIFaH Mal KeJieMi 60MbIHIIIA aHbIKTAJ/bI.

HaTnxesiep MeH TaJIKblJ1ay

KenTipinreH aicTeMe 60MbIHIIA }KMHAKTAJIFaH KoHEe OH/e/INeH 3KCIEPUMEHTTIK JiepeKTep
MaW/blH, KYH KOpCeTKIIITEpPiHiH »KYMBIC iCTey yaKbITblHA TIyeJJiJIK NnapamMeTpJiepiH ajyfa
MYMKIiHJiK 6epai (1-kecte). ToyenainikrepAid e3aepi 1-4-cypeTTep/ie KeaTipiaireH.

-KecTeJleH KepiHin TypfaHaad, R? ceHiMainik mnapaMeTpiHe KapaFaHja, O6apJiblK
KepCeTKiLITep XKOFapbl ThIFbI3 OalIaHbICIIEH aHAJIMTUKAJIBIK TayeJJIJIIKTepre CoMKec KeJesi.
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Ma¥i1bIH ecKipy KapKbIH/AbIIBIFBI TEK KaHA XKYMbIC iCTey YaKbITbIHA (HeMece HapaboTKaFa) FaHa
eMecC, COHbIMEH KaTap »KaHy/Abl 6Tey YIIiH KYWbIN KOCy >KaF/jailJlapblHa Aia 6ailaHbICThI 60J1a/1bl.

1 - kecte. MoTOp Maiibl Kyii KepceTKiLITEePiHIH }KyMbIC iCTey yaKbITbIHA (HeMece HapaboTKara)
TayeJIAIIK TapaMeTpJepi

KepceTkiumtep a b c d R?

n, cCt 15,01 -0,728 0,0695 -0,0022 0,961
C, mr KOH/r 10,037 -0,616 0,048 -0,0014 0,952
ts, °C 229,8 -5,591 0,69 -0,0254 0,98
Z, cml 52,46 55,6 -3,45 0,173 0,883
p, kr/m3 884,2 -1,505 0,168 -0,007 0,982

*1 - KWUHEeMaTUKaJbIK TYTKbIPJbIK, CCT; C - ciaTinik canbl, Mr KOH/T;
te — alIbIK, TUTEJIbJETI TyTaHy TeMIlepaTypachl, °C; Z - jacTaHy JieHreli, cM1; p — ThIFbI3/IbIK,
Kr/m3.

n, cCm
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1 - cypeT. MoTop MaiibiHBIH )XyMbIc icTey npouecingeri KAMA3-EBPO aBTokesikTepi 60MbIHIIA
cisTiyik caHbl C MeH TYTKBIPJIBIKTBIH, 1] 63repyi

t, °C
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2 - cypeT. MoTop MalibIHbIH, )yMbIC icTey nponecingeri KAMA3-EBPO aBTokesikTepi 60¥ibIHILIA
TYTaHy TEMIepPaTypPaChIHbIH ts 63repyi
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BakpliaysaFbl NMapTUSAHBIH aBTOKeJIIKTepi O6OMbIHIIA MalAbl Kyublll Kocy (Z0JiMB)
JlepeKkTepiH eHJey KyHblIaTblH Mad KeJieMiHiH, TapaJjiyblH (5-cypeT) ajiyFa >XoHe OHbIH
napaMmeTpJiepiH (2-KecTe) aHbIKTayFa MYMKiHJiK O6epi.
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3 - cypeT. MoTop MalbIHbIH, )yMbIC icTey npoieciHgeri KAMA3-EBPO aBTokeJikTepi 60bIHILIA
JIaCTaHy JI9pexeciHiH Z e3repyi

p, Ke/m3

886

884 (R

y.=-0,0071x3 + 0,1679x2 - 1,504

15x + 884,18

882 -

880 -

878

R?=0,9816

D\e

876

T\

874

872

AN
N

870

10

15

|, mbic.km

20

4 - cypeT. MoTop MailbIHbIH )yMbIc icTey npouecingeri KAMA3-EBPO aBTokesikTepi 60ibIHIIA
TBIFBI3ABIKTBIH, P 63repyi
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2 - Kecre. Kylbl1aTbIH Mal KeJieMi TapaJlyblHbIH IapaMeTpJiepi

KepceTkiurep OpTalua MaH Bapuanus koadpdunueHTi
Bip peTTiK KyWbIIl KOCY K6J1eMi, J 3,6 0,292
MeH1IKTi KyUbII KOCY, J1/MBIH KM 1,78 0,289

2-KeCTeJleH KOpiHill TypfaHAaWl, Maibl KyWbll Kocy (Z0JIMB) KeJsieMi MeH Mep3iMAiiiri

YCbIHbJIFaH MoHAEPAEH eKi ece KOfaphl.
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5 - cypeT. XKaHyab! (IIBIFbIHABI) 6TEY YIIiH KYHblJIaTbIH Mal KeJieMiHiH TapaJybl
Maiiapl  KyWbil KOCYy Mep3iMainiriHeH 0acka, KyWbLIFAaH MauJblH KeJsieMi Je

KO3FaJITKbILITHIH CEHIM/i/IriHe acep eTex|.
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6-cypeT. ABTOK®6JIiK KO3FaJTKbIIIbIHbIH KapTepiH/eri Mail TeMnepaTypachlHbIH, (>ka3ja - 1,
KbICTA - 2) KYWbLJIaTbIH Mall KeJieMiHe TayeJAiliri.

JKCIEepUMEHTTIK »K0JIMeH Mai/ibl 6ip peTTik Kyto KeJieMi OipTiHAen apTKaH/Aa, 6erii 6ip

yaKbIT illliHZe CUpeK KyWbLIFaH Ke3Jie Mal TeMIlepaTypacblHblH opTama ecenneH 13-14°C-ka

apTKaHbl aHBIKTa/Abl. ByJ1 KO3Fa/NTKbILI KapTepiHJe Mal KeJieMiHiH a3 60JybIMeH TYCIHAipiiesi,
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OyJl OHBIH b1y OTKI3rimTik Ko3dpouinueHTiHIH TeMeH OoJsiyblHa okeseni. HaTwxkeciHze,
aBTOMOOWJIb KO3FaJITKbIIIBIHBIH TEXHUKAJIBIK YKal-KYyHi KYpT e3repeai (Maiiay xKyheciHaeri Mau
KbIcbIMbI 40-45%-Fa e3repe/ii), COHbIMEH KaTap MaW/JblH ecKipyi KapKbIHJbIpakK 60saabl (75-
80%-ra newin).
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7-cypeT. Y XKbLIABIK MTalasaHy Ke3eHiH/le KO3FaJTKbILIThIH Maliay KyheciHaeri
KbICBIMHBIH, TOMEH/IeYiHiH 6ip peTTiK KyWblIFaH Mall KeJieMiHe ToyesAiiri.
MaiiibIH KyWblIaTbIH KeJieMi a3aiifaH, 6ipak Kyt >KHiJiri )koFapbl 60JIFaH KaFJanaa, MalablH,
»KaJIlbl KeJIeMi KaXKeTTi eH, >KOFap¥Fbl JleHreure »aKblH 60J1a/1bl.
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8-cypeT. KO3Fa/ITKBILITHIH, YIII XKbLJIABIK Nal/jalaHy Ke3eHiH/e Mal/IblH «KaHbII KeTyre»
KEeTeTiH LIbIFbIHbIHBIH, 6ip PeTTiK KyWblJIFAaH Mall KeJieMiHe ToyeJsAiiri.
By, 3 ke3eriHjie, *KblJ1y OTKI3TILITIKTIH KOFAapbl O0JIybIH XK9HEe Mall TeMIlepaTypacbIHbIH,
TeMeH OOJIyblH KaMTaMachl3 eTeZi, Oy/l Mal napaMeTpJiepiHiH e3repy KapKbIH/AbLIbIFbIH
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TOMEH/IETyTe K9He aBTOMOOWJIb KO3FaJTKbILbIHbIH, TEXHUKAJBIK, XKal-KYHiH TypaKTaH/bIpyFa
dKeJIel.

6-9 cypeTTep/ie aBTOMOOUJIb KO3FaJTKbIIIbl MalbIHbIH 9PTYpJii apaMeTpJiepiHiH, O6esrii
6ip yakbIT Me3eTTepiH/le KapTepJeri HaKThl JeHreiHe Toyesnjiniri kepcetinreH. XKorapbiaa
KepceTiiireH Tayeaginikrepai anbikTay KAMA3-EBPO aBTOMOOUWIiIHIH, Maliay »KYyHecCiHiH icTeH
IIBIFYbIHBIH, AJAbIH ajJyFa >XoHe Mal KYlfa KeTeTiH MeHIUIKTI maujaJiaHy IIbIFbIHAAPbIHBIH
KeJIeMiH aHbIKTayFa MYMKIiH/AiK 6epai.
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9-cypeT. MaliblH TYTKbIPJIBIFbI MEH CUITIJIT] TapaMeTpJiepiHiH ToeMeHaey
KapKbIH/AbLIBIFbIHbIH, 6ip peTTiK KYHblJIIFaH Mal KeJieMiHe TayeJ1/iJiri.

3-kecte. Mail Kky#i kepceTkiuTepiHiH Y Maiabl 6ip peTTiK KyHblll Kocy KeJseMiHeH Vj
3KCIOHEeHIMaJIJbl ToyeaAinirinii napameTpJiepi Vo (Y=AebV9)

Maii ky#iHiH KepceTKilii A b R?
Kazparel kKapTepZeri TeMnepartypa, °C 73,574 | 0,0271 0,968
KbicTaFbl KapTepzeri TeMnepaTypa, °C 71,835 | 0,0258 0,953
Kyieneri KbicbIMHBIH ToMeHzeyi, MIla 0,175 0,0722 0,978

Maii TYTKbIPJIbIFbIHbIH, TOMEHAeY KapKbIH/bLIbIFbI, CCT/MBbIH
KM

0,0674 | 0,1558 0,948

CinTinikTiH TeMeH/iey KapKblHAbLIbIFBI, M KOH /T /MbIH KM 0,0523 | 0,1702 0,952

R? — 3KCIEpUMEHTTIK JlepeKTepre apHaJiFaH TPeH/ CbI3bIFbIHbIH, CEHIM/IiJIiK TapamMeTpi.

OcbiraH CcoMKec, MaWJjay KyueciHe Mal Kylofa JleWiHri KO3FaJITKbILITBIH OHTAWJIbI XKYypic
meJiepi 1000 km-zi Kypanibl. MoTOp MalbIHbIH KbI3MeT eTy Mep3iMi iliHge 17-18 peT Mau Kyto
KaeT, 9p KYI0bIH KeJjieMi 1,8-2 UTp 60Jybl THIC.
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10-cypeTTe apTypJii LIBIFBIHJAAD K6JIEMiHIH Mall Kyl KUijliriHe rpapuKaiblK ToyeaAiiri
KOpCeTIJITeH.
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10-cypert. llIbIFbIHAApP K6JIEMiHIH Mal KYIO )KHJIiriHe Tayesiiri.

10-cypeTTe KeJieci KepceTKiliTep GeJriJieHreH:
1. MoTop MalibIH KylOfa KeTeTiH Nai/ja/laHy WbIFbIHAAPbIHbIH KeJIeMi.
2. ABTOMOOW/Ib  AW3eNbJii  KO3FAJATKbILUIbIH JKOHJeyre KeTeTiH MakjasaHy
IIBIFbIHAAPBIHBIH, K6JIEeMI.
3. llaganany npoueciHeri )KUbIHTBIK LI BIFbIHAAPbIH K6J1eMi.

AJIbIHFAaH HOTHXKeJIep €H TOMEHTI KaXKeTTi JleHren/e Kejeci KepceTKilTepAi KaMTaMachl3
eTyre MYMKiH/ik 6epe/ii: KapTepAeri Mall TeMIlepaTypachblH, KO3FAJTKbILITHIH TEXHUKAJIbIK, XKal-
KYHiHIH 63repy KapKbIHJAbLIbIFbIH, COHJAM-aK MaW/blH eCKipy KapKbIHZbUIBIFbIH. ByJ, MoTOp
MalblH KOPCETUITeH IIapTTapJa Kyl Ke3iHJe, aBTOMOOWJIb KO3FaJTKbILUIbIHBIH, €H, >X0Faphbl
pyKcaT eTiJireH KbI3MeT eTy Mep3iMi )KoHe MOTOpP MaWbIHbIH, HOPMAaTUBTIK KapaM/IbLJIbIK Ke3eH]
TOJIbIFbIMEH KaMTaMachl3 eTijlieTiHiH 6iagipei.

Ocbl OHTaWJBl Mall Kyl pexXUMiH KaMTaMacbhl3 €Ty MakcaTblHAA ¢QopcUpJieHreH
aBTOMOOWJIb [AU3eJbJi KO3FaJTKbIIITAPbIHAA KOJIlaHyFa apHa/ifFaH apHalbl Mall JeHreuiH
petTerim >xacanzapl. byn perrterimn 11-cyperTe kepceTiireH. bys petTerim >xeke eHepTabbIC
peTiHze TaHbLIbIM, N2 2641184 naTeHTi 6episireH.

KoHCcTpyKTUBTIK cxeMacbl 11-cypeTTe KepceTiireH OyJ KypblIFbl — aBTOMOOUJIbAI
nakjasaHyllblIapAblH KaJjlaybl 60MbIHILIA FAHA XKYPri3isieTiH, aBTOMOOUIbAIH QYHKIIMOHAIABIK,
TIOHUHTIHIH 3/1eMeHTi 60JIbII Ta0blIaAbl. ¥ChIHBLJIFAaH TEXHOJOTHUAJBIK 3JIEMEHTTIH TIXipHUbesik
yJrijiepi sKcnepuMeHTKe KaTbICKAH [JM3eJibJli KO3FaJTKbIIITAapbl 6ap YII aBTOMOOUJbre
opHaTbliFadH. Kazipri yakeiTta osiap Kasakcran  PecnyGJyuKacblHbIH,  aBTOK6JIK
KaCiMOpbIHAAPbIHBIH, OipiH/e MPaKTHUKAJBIK, XKYPiC CbIHAKTapblHAH OTY/IE.
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11-cypeTTe KeJsieci 6e1iKTep OeJrijieHreH:
Ko03FanTKbIIITBIH Mall KapTepi.

MoTop MalibiHa apHaJ/iFaH pe3epByap (6ak).
PesepByapafbl Mall KeJieMiHiH HHAUKATOPBL.

Bepy kJyanaHsbl.

AyBICTBIPBIN-KOCKBIIIL

Hinrim Mai KyObIpHI.

Ko3ra/nTKpbIlI KapTepiHAeri Mail JieHreriHiH AaTYUri.

N s W e

11-cypeT. ®opcupsieHreH aBTOMOOUJIb iU3e/b/ii KO3FaJTKbILIBIHbIH KapTepiHJeri Mail KeJieMiH
peTTerilTiH )XyMbIC icTey cxeMachl (N2 2641184 pecMu naTeHTKe COUKeC).
Jlepekkes: aBTOp KypacTbIpFaH

ByJi peTTeriluTiH KOHCTPYKTUBTIK »KYMBIC iCTey NPUHLUIII KeJiecijen:

e ABTOMOOHWJIb >KYpri3yllici KO3FaJTKbII KYMbIC iCTeMel TypfaH/a >XoHe aBTOMOOWJIb
KO3FaJIMall TypFaH/a 5-aybICThIPbIN-KOCKbIII apKbLJIbl pETTEY KYHWeCiH KOCa/ibl.

e Maii fieHreHi UyNThIH €H XXOFapFbl OeJiriciHeH TOMeH TYCKeH Ke3/ie, 7-AaTYUK apKblLibl 4-
KJIallaHFa CUrHaJ Xibepisezi. Knanan ambuibln, 2-pe3epByap/iaH MOTOp Maiibl Tikesiel 1-
KO3FaJITKbIII KapTepiHe KYHUblJIa/ibl.

e MoTop Ma#bl ILYNTBIH »KOFApFbl OeJriciHe JeliH KeTepiireH caTTe, 7-AaTYUK 4-
KJalaHHbIH >KabbllyblHA cUTrHan Oepeni. Ocbl Ke3Je KO3FaJITKbILI KapTepiHe Mai
KYHbLIYbl TOKTAWU/bI.

e PesepByapgarpl Mal TaycbUIFaH Ke3Zie, XKypridymi 3-UHAWKATOpJAH pe3epByapfa Mau
KYIO0 KQXXeTTIJIir Typasibl CUTHaJ ajJajbl.

[IpakTrKaza Mal IeHTeliH peTTEeTrITI KOJIJaHy KapTepAeri Mai/iblH HAKThI JleHTeni
HynTarbl OapJiblK OesrijiepfleH TeMeH OOJiFaH KafFjaijla [Au3esbli KO3FaJTKbILITHI
naiijjalaHyAblH ajJblH aJiyFa MYMKiHAik Oepeni. bys anmaTTel oacepsiep HaTHXKecCiHAe
KO3FaJITKBIIITBIH, HWiHAI OiiK NOAIIMIHUKTEPiHIH >KOHEe IUJIWHJAP-NOPIIEHbI TOOBIHbIH,
3aKbIM/]JaHY BbIKTUMAJIABbIFbIH aWTapJbIKTakh TeMeHJeTell. [lpakTukaga Mau JieHrewuiH
peTTerimiTiH OpHbIHA aBTOMO6OUIB/IH ap6ip 1000 kM xypiciHeH KeliH Mal Kyro/bl KoJJaHyFa
6oJ1aibl, OYJ1 peTTe KapTepaeri Mai JieHreui nynTarbl eH *KOFapFbl OeJri/ieH )KoFapbl 60JIMayhI
THIC.

dopcupJieHreH aBTOMOOWJIb AU3e/ib/li KO3FaJTKbIIITAPhl Maiay xKyheciHze
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®opcupJieHreH u3eb/i KO3FaJTKbIIITap/blH 6HIM/IIITiH Mailay *kyleciHieri Mal kesieMiH
GacKapy/ibl >KaKCapTy apKblJIbl apTThIPY

KOJIIaHBLJIAThIH MaWJlapFfa Kocnasap/blH KeJIeMiH YHEMi apTThIpyAbl Tasan eteai. EH angbiMen,
TYTKBIPJIBIKTBI apTThIPAThIH, XKYFBILI KoHe JUCIeprupJieyili KoclnajapAblH KOJAAHbLIY KeJieMi
yarasagbl. CoHFbl eki TuUNTeri Kocmajap HerisiHeH Typ6oKoMIpeccopZa, KO3FaJTKpbIII
UUWJIWHApJepi MeH TMOpLIeHbJepiHAe Ty3iJieTiH KeMipTeKTi IWeriHfgiiepAiy  Ty3iay
KapKbIH/JbLIBIFbIH TOMeHJleTyre apHa/jfaH. KosfaaTkeluTapAbl gopcupJsey Ke3iHJe Mailjay
»KyHeciHzeri Mal kesieMiH 6acKapy NpoLecTepiHiH TUIMAIITIH apTThIpy YUIiH AUCTeprupJeyi
’)KOHE JKYFbIll KOClMaJjap peTiHAe Heri3iHeH CiaTijiri »Kofapbl CyabdoHATTAp, COHAAM-AK,
aJIKWJICAIMIIMIATTap KoJAaHbuiaZbl. bynaH  6acka, ankuWiadeHONSTTap MeH KapOoH
KbIIIKbLIIAPbIHbIH, K9He CyJbQOKBIIMIKbLI TY3JapblHbIH, 0acka Ja TypJepi KeHiHeH
KoJiaHbL1abl [11].

ManblH KyFbIll KOCHajJapbl 9Cep eTyiHe Kapal JUClepCaHTTap MeH JeTepreHTTepre
GeJtiHe/Ii.

JlucniepcaHTTap WJIAMHBIH, (JIalAbIH) TY3iJyiHe, 9pTYpJii TOTBIFY 6HIM/IEPiHiH, )Ka0bICybIHA,
COHJlali-aK, MexaHU3MJep MeH KeKe OeJilleKTep/liH, OeTTepiH/ie albIp HeriHAiepiHiH naiaa
60J1yblHA Keepri KesTipeai. Bys Mall KocnasiapbIHbIH, TYPi peTiH/e HeTi3iHeH CYKIIMHUMUATEDP
MeH MOJISIpJIbIFbl KapaMa-Kapchl TONMTApbl 6ap MmoJuMepJiep KosAaHbLiabl. JucnepcaHTTap/bl
KOJIJaHy JIaCTaHyJlap MeH TOTBIFY 6HiIM/JiepiHiH KOJIJIOUATHI OeJilleKTepiH CycneH3ust KyhiHze
ycTan TypyFa MyMKiHAiK 6epeai [1]. HerisiHeH, ocbl TunTeri KocnasapAblH apKacblHZA
COH/IpIJIreH KO3FaJTKbILIThIH Ta3aJIbIFbl CAKTaJ1a/bl.

JleTepreHTTep aMKbIH KYFbIUI KacUeTTepiMeH epekKlleseHe/i, oJapAbl KOJAAHY apKblJbl
OeJilleKTEp MeH MeXaHU3MJep/iH, 6eTi TOTbIFy ©HiMJepiHeH Kopfaia/Jbl. AHHUOHJbI
JleTEpreHTTep KaTapblHA HeridiHeH Maiga oHall epuTiH aslKujab6eH30JCcybPoHATTAp,
dochoHaTTap K9HE OChbl CUAKTBI 6acKa /Aa KOocCblabIcTap »aTafbl [15]. OsapabiH 6ap/bIFbIHbIH
allKbIH CiNITiNIK KacueTTepi 6ap *KoHe TOTBIFY 6HIM/IepiH 6elTapanTaH/AbIpy NPolecTepiH/ie eTe
THIM/].

ByJ1 FbIIBIMY 3epTTeY 6apbIChbIHAA QOPCUPJIEHTEH aBTOMOOUIIB AM3€e/Ib/ii KO3FaJITKbILIBIHbBIH
)KYMBICKA KabOiZeTTi/liriH cunaTTaTelH OipkaTap mNapaMeTpJiepAiH Mal Kyl KeJieMiHe
TOyeJIIJIIK CUIIaTbIH KOPCETETIH HOTHXKeJIep aJIbIH/bI.

Conjaii-aK, Mailsiay »kyreciHieri Mai keJsieMiH 6acKapy NpoIeciHiH Heri3ri asieMeHTi 60JibIn
TabblIAThIH KO3FAJITKBIIITBIH Mal JleHreliH peTTeriuTiH KOHCTPYKTUBTIK CXeMachl MEH XYMbIC
icTey NpUHLUMUIII YCBIHBLI/BL.

Ocpbumaiiiia, OYJ  KYMBICTBIH HOTHXeJepiH ¢QopcupsieHTeH aBTOMOOWJIb JW3eJb/i
KO3FaJITKbIIITAPbIHBIH KYMbICKA Kabi/eTTiIiriH Maillay »KyleciHJeri Mal KeJjieMiH 6acKapy/bl
YKEeTIAIPY apKblabl apTThIPYAbIH >KaJllbl NPUHLUNTEPIH 3epTTeyre OafFbITTajJfaH OipKaTap
3epTTeyJepAiH HITHXKeJiepiMeH »XoHe KOPBIThIHAbLIAPbIMEH CaJbICTBIPY OJIAPAbIH, FhIJIBIMU
3epTTey/iH bipKaTap Heri3ri napameTpJiepi 60MbIHIIA COUKECTITIH KepceTei.

KoOpbIThIHABI

OchlI FBLIBIMY 3epTTeY/i OpbIHAAY 6apbICbiH/A GOPCUpPJIEHTEH aBTOMOOUIIb

KO3Fa/ITKbIIIBIHBIH, KapTepiHJAeri Mal/lblH KaXKeTTi JAeHreHliH ycTan TypFaH >XaFJanja,
KO3FaJITKbIIL O6JILIeKTepPiHiH, KaKeTTi TeMmepaTypasiblK peXHUMi KaMTaMmachl3 eTileTiHi
aHbIKTa/NAbl. BynaH 6acka, yHKeseTiH OeJillleKTepJieH TO3y 6HIMJIepiHiH UIbIFapbLIybl KoHE
MaWAarbl KoOCHaJlap/lblH >KUBIHTBIFbIH KOJIJJaHY apKblJibl OHTAWJbl MaWjay KaF[auJapsbl
KaMTaMachI3 eTiJie/i.
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dopcupsieHreH aBTOMOOWJIb KO3FaJTKbIIUIbIH MaialaHy OapbICbIHAA aFbIll KeTy oHe
"YKaHbIN KeTy" cajjapblHaH KapTep/eri Mal KeJieMi 6ipTiHAen a3as/bl, COHbIMEH KaTap Mal/AbIH,
ecKipyiHe 6alJIaHBICTBI OHbIH KacueTTepi e3repefi. bys Mailsay xyileciHiH QyHKLIHOHANABIK,
»KaFZlallblH/a KeNTereH NpobJieMasiapFa, Mal TeMIlepaTypacbiHbIH, OipTiHAEN apTyblHA, COH/AM -
aK, KaJbIIITbl MaiJjay peXHUMiHiH Oy3blJIyblHA >K9HE KO3FaJTKbILI O6JIIEeKTEPiHIH, TO3YbIHbIH,
XeJesjeyiHe akesesi.

XKyprisijsireH skcnepUMeHTTIK 3epTTey aBTOMOOWJ/b M3€eJib/li KO3FaJTKbILUIbIHbIH MaWjaay
»KyHeciHe 6ip peTTiK KyWblJIFaH OTbIH K6JIEMi MeH OHBbIH, )KYMbICKA Ka0OJI€TTIJIiriH CUNTaTTaUThIH
O6ipkaTap mapaMeTpJsiep apacblHJaFbl TOYeJJIiKTIH 0ap eKeHiH aHbIK KepceTeAi. MyHjai
napameTpJiepre KeJiecijiep jaTaJbl: >Ka3/Ja >9HE KbICTa KO3FaJTKbIIl KapTepiHJeri Mau
TeMIlepaTypachl; KO3FaJITKbIIITbIH MaWjay *KyHecCiHJeri Mal KbICbIMBIHBIH, TOMEH/ey LaMachl
MeH CUNAaThbl; KO3FAJTKBILTHI NMaWAaJaHy/ bl YII >KbLIbl illiHJe MaWAblH "aHbI KeTyre"
KeTeTiH LIbIFbIHbIHBIH apTYybl; Mal/iblH TYTKbIPJIbIFbI MEH CIJIT/IIr MapaMeTpJiepiHiH TOMeHAeY
KapKbIH/AbLIbIFbL. Bys, Mall JeHreliH 6ackKapy/iblH Heri3ri ajieMeHTi peTiHJe, aBTOMOOUJb
Ju3esibJli  KO3FaJTKbIIIbIHbIH, KapTepiHJaeri Mal JieHTeWiH peTTerimTi NpaKTUKaJbIK,
KOJIIaHY I bIH, OPBIH/bI/IbIFbIH HETi31e .

3epTTey HOTHXKeJIepiH MpPaKTUKaJNbIK KOJJAHY/AblH 3KOHOMMKAJIbIK THIMJIJIITCIHIH,
KOPBITBIH/bI 6aFacblH KaJbIITACTBIPY, iC ’Ky3iHJe 6ap >KoHe KoclnapJyiaHFaH OHTAaWJ/Ibl Mal KYI0
pexxuMaepiHjie [Au3esibi aBTOMOOWJIb KO3FaJTKbIIIbIHbIH MaWjay JKYHMeCiHiH KyMbIC
KabisIeTTiJIiriH caKkTayFfa KeTeTiH LIbIFbIHAP K6JIeMiH CaJbICThIPY/Abl KapacTbipAbl. KyprizisireH
3KCNepuMeHT 6GapbicbiHAA Mauabl ap 2000 KM »Kypic callblH KYH 3KOHOMHUKAJBIK TYPFbIJAaH
TUIMCI3 eKeHJAIri aHbIKTa/l/bl, 6UTKeHi OyJ KafJaiJa MeHIUIiKTI opTalla WIbIFbIHAAD KeJieMi
YChIHBIJIFAH Mal KYI0 KUijlirine Kaparanja 1,48 ece xorapbl 60/1a/bl.

dopcupJieHreH, aBTOMOOHWJIbB/IIK, U3e/b/i KO3FaJTKbIIITAPAbIH KYMbICKA KabiseTTinirin
apTTbBIpy MYMKIHJIKTEepiH i37ley caJlacblHAAarbl OJAH apfbl FbUIBIMU  3epTTeyJIepJiH,
nepcrnekTruBasapbl KaszakcraH Pecny6/MKacbhIHbIH K6JIiK KoCIIOPbIHAAPbIH eJieyJli pecypcKa ue
»)KOHe TeXHUKaJIbIK KbI3MeT KepceTyl CeHIM/I canasibl TeXHUKaMeH KaMTaMachI3 eTy MaceJieJiepiH
HIemy KaXXeTTiJIIriMeH Herisjesne/i.

ABTOpJ/IapABIH, KOCKAH YJIeCi.

AM. TabuHb6aeB - MATIiH a3y XoHe MaKaJIaHbIH PaciM/iesyiHe eJieyJli y/1eciH KOCTbI; 3epTTey
HOTMIKeJIEPiH XXUHAY, TaJlay »KYMbICTAPbIH Xaca/bl;

K.K. /IxongacoBa - MaKa/laHbIH, TYXbIpbIMJJaMacCblHa >XoHe »KapusfJay YIUiH MaKaJaHbIH
COHFBI HYCKAaCbIH OeKiTy/ie eJieyJi yeciH KOCThbI;
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IloBbIlLIEHHE NPOU3BOAUTETbHOCTH POPCUPOBAHHBIX JU3e/bHBIX ABUTATEEH 3a
cyeT yJIy4lleHMsl ypaBJleHUusA 06’b€eMOM Mac/ia B CUCTEMe CMa3KH

AHHOTauMAa. AKTyaJIbHOCTb  JIaHHOM HAy4HO-UCCJIe[J0BAaTeJIbCKOU paboThI
0OOCHOBBIBAETCS HEOOXOJMMOCTbIO IIOMCKa JOINOJHUTEJbHBIX BO3MOXXHOCTEH [/
noBbIlleHUST 3(PQPEKTUBHOCTH  HCMNOJb30BaHUS (QOPCUPOBAHHBIX JIBUTATesied Ha
aBTOMOOUJISIX U CHUKEHUS TEKYUIMX 3aTPaT Ha UX PeMOHT. Lllesib uccae10BaHUSA — OLIEHUTD
0011Me TPUHIMITBI U 3AKOHOMEPHOCTH BJIMSIHUS YPOBHS MacJja B JABUraTeJsie HAa MPOLECCHI
CTapeHMUsl Macja U U3MeHeHHe TEXHUYECKOr0 COCTOSIHUS JIM3eJIbHOTO ABUraTeis. B xone
Hcc/e/loBaHUS Obljla MpoOBeJeHA 3KClepUMeHTaJ/ibHasl OlleHKa XapaKTepa H3MeHeHMs
napaMeTpPoOB MOTOPHOI'O Macjia B Mpollecce 3KCIyaTalluk aBTOMOOUJILHOTO ABUraTess. B
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pe3y/sbTaTe IOJIyYeHbl [aHHble, OTpaXKawllue XapaKTep 3aBUCUMOCTH pPa3/JIMYHbIX
napaMeTpoOB, XapaKTEPU3YIOIIMX paboTOCIOCOOHOCTh GOPCUPOBAHHOTO aBTOMOOUIBHOTO
JIN3eJIbHOTO JBUTaTeJisl, OT BEJUUYMHbI 3alPaBOYHON e€MKOCTU. Takxke OblJ YCTaHOBJIEH
XapakTep 3aBUCMMOCTH o0ObeMa 3aTpaT Ha NOBbILIeHHE pPabOTOCHOCOOHOCTHU
$bopcUpOBaHHOr0 aBTOMOOUJIBHOTO IU3€/JIbHOTO ABUTATeJA OT YacCTOTHI 3allpaBKX MacJjia B
npolecce skcmayaTtanuu. KpoMe Toro, JaHo onvMcaHUe MPUHIMNA PaboThl U NMpeJJIoKeHa
KOHCTPYKTHBHas CXeMa peryJsfTopa YpOBHA Macja B KapTepe ABurarteJs. [losydeHHble
pe3yJbTaThl MOKA3bIBAIOT HEOOXOJAUMOCTb MepecMOTpa MPUHSATON B HACToOsllee BpeMs
NepUOIUYHOCTH 3alpaBKU Macja B KapTep aBTOMOOWJIbBHOTO [W3€JIbHOTO JABUraTelid,
npejycMaTpuBawliei 3anpaBKy Kaxable 2000 kM. B aToM ciyyae yaesibHble 3aTpaThl Ha
3KCIUIyaTalMl0 JIBUraTeJisl BBICOKM W 3KOHOMUYECKM HeBbIroAHbl. [IpakTuyeckas
3HAaYMMOCTb pe3yJIbTAaTOB 3aKJII0YaeTCd B BO3MOXXHOCTH M3MEHEHUs 00beMa Macja B
CUCTEME CMa3KHU [IPU TEXHUYECKOM 0OCIY>KMBAaHUU aBTOTPAHCIOPTHOW TEXHUKH, a TAKXKE B
caydyae HeOOXOAMMOCTH KalWUTaJbHOrO peMOHTA WKW (GOpPCUPOBAaHUS [AU3€JbHbIX
JBUTaTeJIeH,

KinioyeBble c/10Ba: TPAaHCIOPTHDIE IPEANPUATHSA, KAIUTAJbHBIM PEMOHT, TEXHUYECKOE
o6C/ay>KMBaHUe, 3alacHble 4YacTH, KOHCTPYKTHUBHble TMapaMeTpbl, Oe3aBapuiiHas
JKCIJIyaTalnusl.
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Enhancing the performance of forced-induction diesel engines by improving oil volume
management in the lubrication system

Abstract. The relevance of this research is based on the need to find additional ways to
improve the efficiency of using forced-induction engines in vehicles and to reduce the
ongoing costs of their maintenance. The research aims to evaluate the general principles and
patterns of how oil level in the engine affects oil aging and changes in the technical condition
of the diesel engine. The study included an experimental assessment of how motor oil
parameters change during the operation of a car engine. The results provided data that shows
how various parameters, which characterize the performance of a forced-induction
automotive diesel engine, depend on the oil fill capacity. The study also determined how the
cost of improving the performance of a forced-induction automotive diesel engine relates to
the frequency of oil changes during its operation. Furthermore, the paper describes the
operating principle and proposes a design for a regulator of the oil level in the engine
crankcase. The findings indicate a need to reconsider the current practice of changing the oil
in the crankcase of automotive diesel engines every 2000 km. This is because, under this
schedule, the specific operating costs of the engine are high and economically inefficient. The
practical significance of the results lies in the ability to change the oil volume in the
lubrication system during vehicle maintenance, as well as when a major overhaul or forced
induction of diesel engines is required.
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Agaarna. Makasaza 3KCKaBaTOp ILIOMILIIHIH Y3bIH K9He KbICKAa TiCTEpiHiH
KYMBIC TUIMJiJIIriHe acepi KapacThipbliFaH. [laTeHTTIK wewiMaepAi Taazay
koHe SolidWorks Simulation 6afapsiamMmacbiH/ia CaHIbIK MO/IeJb/ley Heri3iH/e
3epTTeAi. 3epTTeYAiH 63eKTiJiri apTypJii TonbIpak, TypJiepiHe 6eHiM/ie/reH
TiC Y3BIHZABIFbIH AYPBIC TaHAAy/blH MaHbI3bLIbIFBIMEH 0Aal/JIaHBICTHI EKEHIH
KepceTTi. 3epTTeyiH MakKcaTbl - Y3bIH »X9HE KbICKA TiCTepAiH OepikTik
cumaTTaMaslapblH, KepHey-JebopMalus KyHiH >KoHe TONbIpaKKa €eHY
KapCbUIBIFBIH CaJbICTBIpMasbl TypAe 6arajay OoJblll TabblL1ajbl. dAicTeMe
peTiHAe Ka3yfa Kapchl Kegepri kyuiH ecenteyai, AKL, Eypona, KbiTal xoHe
Peceii marteHTTepiH Tangayabl, 3D-moaenbaep KypyAbl xoHe SolidWorks
O6afflapjlaMacblH/la CTaTUKa/JbIK MoJesbJeyAi KaMTblAbl. COHbIMEH KaTap,
ecenTey >KYMbICTapbl Kyprisingi. Herisri HoTHKesiep KepceTKeHJ€eH, Y3bIH
TiCTep TBIFbI3 TOMNbIpAaKTapFa e€eHy KabijieTiH apTThIpbIN, MIEMillTe
TYbIHJAUTBIH HIBIHABIK KYKTeMeJiep/Zli azanTazpl, 6ipak oJiapAblH TyOiHJe
KepHeyJiep »KoFfapbl 60s1aabl. KbicKa TicTep KepHey/iH GipKa/bINIThl TapaayblH
KaMTaMachl3 eTe/li )KoHe opTallla HeMece »XYMCAK, TONbIpaKTa y3aK KbI3MeT
eTeni. 3epTTey/liH 63€KTiJiri 3aMaHayu »Kep Ka3y MalllMHajiapbl aMbeb6an
menriMaepi KaKeT eTeTiH aybIClajbl TONbIPAK ThIFbI3JbIFbl KaFAaWbIHAA
»KYMBbIC icTelTiHAiriMeH KymenTisiesi. TicrepaiH y3bIHABIFbIH OHTAWUJIAHABIPY
3Heprusi IIbIFBIHbIH a3alTyFa, OHIMJAUIIKTI apTThIpyFa KoHe KabAbIK
pecypcblH apTThlpyFa MYMKiHZIK Oepefi. CoFaH 6alJaHBICThl YCbIHBICTAp
»KacaJIFaH.

TyHiH ce3aep: 3KCKaBaToOp, lI6Mill, 3KCKaBaTOpP TIiCTepi, )KYKTeMe, Ka3y €eHi,
SolidWorks.

Tycri 02.12.2025. Kennenai 04.12.2025. Maxynnaaaet 05.12.2025. Onnaiin komkerimai 30.12.2025
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K.I'.basiabekoBa, A.b.3abueBa*, A.M. ApnabekoBa, O A6iupaiieB

Kipicne

JKckaBaTop weMimi (cypeT 1) - »kep KYMBICTapbIH OpbIH/AY Ke3iHZeri Heri3ri »KyMbICTbI
aTKapaTblH KypaJl. JKCKaBaTOpPJIapAblH TiCTepi KYMBbIC »KaOAbIKTapbIHbIH, €H KONl »KYKTeJreH
3JieMeHTTepiHiH 6ipi 6oJsibin TabbLiaAbl. Kady mnpoueciHae oJsiap alTapJ/blKTal OailslaHbIC
KbICBIMbIH, WiJly YaKbITbIH, aOpa3vBTi TO3y/[bl X9HE IHUKIJIK JUHAMUKAJIBIK >XYKTeMeJep/i
cesinei. TicTiH KyppUIBIM/BIK NapaMeTpJepi - MaTepualibl, TeOMETPUACH], Y3bIHJBIFbI XoHEe
11a0ybIJI OYPHIIIbI - OHbIH 6epiKTik cMIaTTaMalapbl MEH KbI3MET €Ty Mep3iMiH aHbIKTaNAbI.

[llemiw TicTepiHiH Y3bIH/ABIFbI €peKIe MaHbI3/1bl, U TKEHI 0J1 Kyl KOJILIaHY UbIFbIHA )K9He TiC
ajlanTepiHiH aybICy alMaFblHAAFbl KepHeyJep/iH cUlaTbiHA Tikesed GaisaHbIcThbl. TicTepgin
9PTYpJii TYpJiepiH KeHiHeH KoJJaHyFa KapaMacTaH, TiC Y3bIHAbIKTapbIHbIH 9Cepi Typasbl MaceJie
YKeTKIJIIKTI TepeH 3epTTesMereH [1].

1-cypeT. JKCKBATOp LI6MIIlli

MakanaHblH MakcaTbl - Oy/Jl MaKaJlaHblH MaKCaTbl-9pTYpJi Y3bIHJBIKTaFbl 3KCKaBaTOP
TicTepiHiH KepHeyJsi AebopMalUsiiaHFaH KYWiH 3epTTey >KoHe TIiCTiH Y3bIHJbIFbIHbIH 63repyi
(KpICKa >koHe y3apTbUIFaH AW3alH) KepHeYAiH TapajyblHa, JedopManus MeJillepiHe >KoHe
YKYMBIC )KYKTeMeJIepiHiH, KaJllbl TYPaKTbIJIbIFbIHA KaJlal 9cep eTeTiHIH aHbIKTayFa OaFbITTaJFaH
caJIbICTbIpMaJibl TaaAay XKyprisy [2].

JlocTypsi XKyMbIC OprasHfapblHblH (QYHKLUUOHANABIK IlIeKTeyJepiHe KOCbIMIIA Taajay
KepCeTKeHel, TicTepAiH OGeKiTiJireH y3bIHAbIFbl OHTAMNJIbI €HTi3y OYpPbIIIbIH XoHe e3repMeJi
JlaMy >KafF/JlalblH/la TONbIPaKIeH OalIaHbIC ©3apa dpeKeTTeCYiHiH TYPaKTbLIbIFbIH KAMTaMachl3
eTyre MyMKiHAiK 6epMmeii. HoTuxkeciHzie Kecy KyLITepiHiH alTapJbIKTal aybITKybl 6alKaaaabl,
O0yJ Ka3y MNpPOLECiHIH TYpPaKTbLIbIFbIHbIH, TOMeHJeyiHe >XoHe >XYMbIC LUKJIHIH CcanacblHbIH,
HalllapJiayblHa oKeJsieAi. By acipece TpaeKTOpUsiHbI GOJKay/bl KoHe THJpaBJIUKaAJBIK >KETEK
KYKTeMeCiHIH, TYpPaKTbUIBIFbIH KaXKeT eTeTiH »KOFapbl JaJIAIKTeri olepanyaaapAbl OpbIHAAY
Ke3iHJle eTe MaHbI3/bl.

TonbipakThl 6y3y MexaHUKAChI cajlaCblHAAFbl 3epTTeyJiep KeCY KypasblHbIH F€OMeTPUSJIBIK,
6erimMenyl sKCKaBaLlMSJBIK NpOLECTEPAiH 3HEpPrus TUIMJNIriH apTThIPYAbIH €H THUIMAI
aaicTepiHiH 6ipi ekeHiH pactaiigbl. TicTepAiH y3bIHJbIFbIHBIH 6aCKapblJIaThIH 63repyi OHTaWUIbl
KecCy TEpeH/iriH caKTayFa »K9He Kep acTbl OPTAChIHBIH NAPa3UTTIK AedopMalusaiapblH a3auTyFa
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JKCKaBaTOp WI6MIlliHiH TiCTepiHe TYCETiH KYKTEMEHI 3epTTeY

MYMKiH/iK Oepejii, Oy 63 Ke3eriHJe HaKThl 3HEPrHs ILIbIFbIHbIH a3alTyFfa >XoHe LIeMill
KYPbUIBIMBIH/IaFbl €H, )KOFaphl )KYKTeMeJiep/i a3aiTyra kemeKkTecesi [2].

JdjicHaMa

Kasyra Te3iMzinikTi 6aFasay »ep Ka3dy a0 bIKTapblH K00aJsiay/iblH Heri3ri Ke3eHi 60JblI
Tabbl1a/ibl, OWTKEHI [dJ1 OCbl KOPCETKIll 3KCKAaBAaTOPAbIH KaXKETTi KyaTblH, IIeJIEKTIH
KYPbUIBIMJbIK 3JIEMEHTTEpPiHIH OepIKTIiriH >XoHe TEXHOJIOTUSJIbIK MPOLECTiH THIMZALIIriH
anbIKTanabl. Kapceinacy kywi lllesek TicTepi MeH KecCy »KHeriHiH TONbIpaK MaccacbIMeH e3apa
opeKeTTecyiHeH TYbIHJAi/Ibl XOHE OHbIH, M6JIIEePi TOMbIPAKTbIH, GU3UKaAJIbIK-MEXaHUKAJbIK,
KacueTTepiHe, €Hri3y >XbLIJaM/bIFbIHA, TiCTepAiH MilliHiHe, KeCcy OypbIlIblHA XdHe 6aThIpy
TepeHirine 6ailJIaHbICTHI.

Kanne! anraH/ia Ka3y KeJiepriciH yu1 Herisri kKoMnoHeHTKe 6esyre 6o0s1a/bl [3]:

- Tictepai eHrizy kesinze 6eJilleKTepAiH >Kapbllybl MeH bIFbICYblHA 6alJIaHbICThI
TOIBIPAKTHI KeCy TO3iMAIJIiri.

- llleminnTi TOnbIpaKneH TOJATbIPFaH Ke3/e naka 60J1aThIH LIOMIIITiH OYHip KabbIpFasapbiHa
acep eTeTiH YHKelJIiC.

- O3ipJIeHeTiH MaTepuas/ibl XKeeIeTyre 6alaHbICTbl UHEPIUSJIbIK KeJepri.

EcenTey yluiH TYp/iH *ajnbliaHFaH GopMyJiachkl KoJAaHblaazb! [3]:

F=C-b-h+u G+Fy

MYH/ia:
C-TomNbIPaKThl KeCyre MeHIIIKTi KapCcbibIFbl, H/cM?;

b-kecy *kueTiHiH eHi HeMece TiCTep/AiH »aJlllbl €Hi, CM;

h - TepeHnziri, cM;

U - 1IeJieK KabbIpFasapblHA 9CEP eTEeTiH TOMbIPAKThIH, YiKesic Ko3pUlneHTi;
G - 1eJieKTeri TONbIPAKThIH CaJIMaFbl;

F;, - UHepUUAJIbIK KOMIIOHEHT.

Tomnbipak Typi: ThIFbI3 bLIFAIAbI TONBIPAK, (OpTallla KATThIIBIK).
Kecyre MeHIIiKTi KapcblabIK;: k, = 180 ... 240kH/m? - 200 kH/M? nen Kabbu1aiMbI3.

ToNbIPaKTHIH, MEHLIIKTI canMarbl: ¥ =18kH /M3,
MeTaniblH ToNbIpaKKa Yikeay koadppuuuenTi u = 0,55

TonblpaKThl KECY/iH KYLITIK ecenTeMeci:
Ryesu = kp " A,
Kecy aydanwi:

A=b-h =1,1-0,20 = 0,22m2
Riesu = 200+ 0,22 = 44kH.

Kecy kyuui: 44 kH.
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[llemimm KabbIpFasapblHa YHKeJIiC KYLIiH ecenTey:
TonblpaKThIH LeMIlITeri caJMaFrbl:

G=y'V =18«kH.
Yikeny:

R,=u-G=99H
Yukeny kywi 10 xH.

Kepai TepeHZeTy KoHe KMHAy Ke3iHJeri MHepUUANbIK Kyll. MHepuUAIbIK KOMIIOHEHT
TONbIPAK MAaCCAaCbIHbIH, YeYi:

Fpo=m-a

6achlIl any akMaFbIHaFbl TonbIpak Maccacbl: m=600...800 kr, m=700 Kr ajlamMbI3
Ka3y Kes3iHJie TicTepAiH opTaiia yaeyi: a=1,2M/c?

Fy = 0,7-1,2-10% = 0,84kH.

WUuHepuyanbiK kyu: 0,8-1,0xH.
TosbIK KapChIJIBIK KYIL:

R, = 55kH.
TicTi 120 MM co3cak.
A’=b-h' =1,1-0,14 = 0,154Mm2.
R'yesu = 200- 0,154 = 30,8kH.

_ M =308 006 = 29.99
€T T 1 0T I

Tanpay Solidworks 6araapsiaMmacbiHia COHFBI - 3JeMeHTep aficiMmeH (CI9) aficiMeH Ky3ere
acelpbliafbl. bipaed Kumacekl 6ap, 6ipak y3bIHAbIFbI 9PTYPJi €Ki-yll eJimeM[i Tic MoaeJi
»Kacasbl:

Krbicka Tic - 120 mM;

¥3bIH TiCc - 180 MM.

Eki Mojies1b y1IiH 6ip/iel >KyKTeMe 1apTTaphl 6epiareH:

TicTin ymbiHa KosigaubL1aThid 35-45 KH »xxyMbIc Ky1ili;

OpHaTy aliMaFbIH/la KaTThbl OEKITY;

MaTtepuais-xkorapsl 6epikTiri 6ap 6osaT (0 = 1500 MIla, E = 210 I'lTa).
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JKCKaBaTOp WI6MIlliHiH TiCTepiHe TYCETiH KYKTEMEHI 3epTTeY

Muszec popmynacel 60MbIHIIA MaKCUMaJIAbl 3KBUBAJIEHTTI KepHeyaep/i, aybITKy1ap/bl )KoHe

KepHey LIOFbIPJIaHy allMaKTapblH 6aFasall OTBIPHII, CTaTUKAJBIK, )XYKTeMere Xyprisingi (cypet
2).

HaTtmxesiep MeH TaJIKbl1ay

1. KepHeyziH Tapanysl

¥3bIH Tic - Hiny OypbllITapbIHbIH, TIKTIrl a3, kepHeyZiH 6ipKeJski TapaJjybl. MakcuManzbl
KepHey KbICKa TicneH canbicTbipFaHga 10-15%-fa xofapbliaiifibl, 6y/ YJIKeH UijJly MOMEHTiHe
6ai1aHbICThI. KepHey KOHIleHTpalusCbIHbIH alMaKTaphbl Heri3re »KaKbIH/Ial 1bl.

Kbicka Tic - KaTTbhuibIK >k0Ffapsl, AedopMaliysa a3. MakcuMasgbl KepHeyjaep TeMeH, 6ipak
VIIbIHZAAFbl OalJaHbIC XYKTeMeJiepi ofapbl. JKeprisikTi kepHeyAiH »Ofapbliaybl MYpbIHFa
»KaKbIH XKep/ie naiaa 60sa/ibl.

URES (mm)
3,267e-02
. 2,541e-02
. 2.614e-02
. 2.287e-02
- 1.960e-02
L 1,624e-02
L 1.307e-02

. 9.802e-03

6.535¢-03
3.267¢-03
1,000e-20

2-cyperT. JKyKTeJireH ticrep

2. Winy xxoHe nedopmanus

¥3bIH TicTiH wminici 30-40% - fa apTagbl. Bys Kasy posjiriHiH TeMeHeyiHe akesefi, 6ipak
COKKbI )KyKTeMeJIepiH a3alTy KabiJeTiH apTThIpajbl.

Kpicka Tic a3 pedopmanusanaHaZbl, COHABIKTAH >KYMBIC OpraHbIHBIH TYPaKTbl K9He
60/KaM/ bl 9peKeTiH KaMTaMachl3 eTej|.

[llemilITiH KypbIIIBIMBIH 3epTTey 6apbICbIH/IA KeJleCi MaTeHTTIK LielliM/ep KapacTbIpblIbl:
US 4,238,896; US 4,052,803; EP 2644786 A3; US 10,066,371 B2; RU 2107779 C1; RU 2048255 C1;
CN 105484313 A; EP 2235269 B1; US 3,238,646 A; CN 111411657 B; CN 210946949 U; CN
103603386 B; CN 114482159 A; US 5,692,855 B1; US 5,332,353.

ATasifaH TNaTeHTTepAi Tal[ay HOTHXKeCiHJe 3KCKaBaTop ILIeMillTepi MeH OJIapAblH TicC
KyWeJsiepiH jKeTilJipyre OaFbITTa/JfaH OipHellle penpe3eHTATUBTI WHXXEHEpJIiK IiellimMaep
aHbIKTa/bl. ON1ap/blH, ilIiHAeE:

AyBICTBIPBIIATBIH K9HE KAWUTBIMJbl KeCy 3>KUeKTepi - >XYMbIC OpraHbIHbIH pPeCypCbIH
apTThlpyFa MyMKiHJiK 6epegi (US 4,238,896; US 4,052,803);

Moaysibaik To3yra Te3iMAI cerMeHTTep - KypbLIBIMJbI XYMBIC XaFJaW/apblHa UKeMJl
6erimaeyai kamtamachoi3 etefii (EP 2644786 A3; US 10,066,371 B2);

[lleMim miliHiH aITOPUTMIK OHTAWUIaH/bIPY — TONBIPAKIIEH 63apa apeKeTTecy THIMAIIITIH
apTThIpY/blH nepcrnekTuBasbl 6arbIThl (CN 111411657 B);
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Krbuigam aybicniaznbl KOCbIy MEXaHU3M/IEPI — TEXHUKAJBIK, KbI3MeT KOpCeTYAl xKeAeageTesi
’)KoHe KypasZbl aybICTbIpy yakbITbIH azadWTazbl (CN 210946949 U; US 5,692,855 B1; US
5,332,353);

WHTennekTyanipl 6ackapy yWesepi - HaKTbl YaKbITTafbl >XYMbIC NpoOLeciH 6edimMzaey
MYMKiHZIriH amazbl (CN 114482159 A). XKyprisisireH canbiCTbIpMasbl Tajljiay KepCeTKeHJeH,
TO3yFa TO3IMAUIIK, MOAYJbJAIK KYpbLIbIM >X9He KbI3MeT KOpCEeTYZiH TeXHOJOTUAJIbIIbIFbI
OGaFbITTapbIH/A auTapJibIKTau nporpecc 60JIFaHbIMEH, TOIBIPAKTBIH e3repMeui
cunaTTaMasiapbiHa OeliM/e/eTiH alanTUBTI reOMEeTPHUSAJBIK lIeNIiMAep KeTKIJIKTI JaMbIMaFaH.
ByJl 3KCKaBaTOpAbIH >XYMBIC TUIMAIJIITIH apTThIPY VIUIH TiCTepAiH, reOMeTpUSACBIH O3repTy
KaryJaTblHa HeTi3/leJireH )aHa TaC1epAl KaXKeT eTeTiHIH KepceTe/i.

OcblFaH 6alJIaHbICTBI 3epPTTEY KYMbIChI €Ki TypJi Tic KOHQUIypalUsCblH — KbICKA >KoHe
Y3bIH TiCTepJli — caJbICThIpMaJibl Tajfayfa OaFbITTaNZAbl. Bysn TicTepAiH opKauchIChl
TONBIPAKTBIH,  9PTYpJi  TypJiepiHZe KoHe  Ka3y  pexuMmJepiHze  epeKuleJeHeTiH
apThIKIIbIBIKTApFa He 60Jiybl MYMKiH. [laTeHTTiIK MaTepuanzapAbl Tajjay HITHXKeJepi
IIeMIIITIH »XYMbIC NpPOLECIH OHTAaMJAHAbIPY YIIIH TiC reOMeTPHUACBIH AYPbIC TaHJAAY[bIH,
MaHbI3/|bLJIbIFbIH pacTazbl.

[laliganaHblIFaH NAaTEHTTEP/iH KbICKallla Ma3MyHbl MEH TeXHUKaJ/IbIK, CUMaTTaMasaapbl 1-
KecTezie KeJTipiireH

1-Kecre. [laTeHTTEpAl 3€pTTEY KECTECI

Ne [IaTeHT HEMEDI Heriari memim ApTteIKWbLIBIKTApE! | llekTeysep
US 4,238,896; US | Togdyra Te3imai | Tesimaiik, KuekrTiH,

1_4 4,052,803; EP | xxoHe TYPaKTBUIBIK, minrigi MeH
2644786; US | aybICTBIpbLIATBIH YKYMBICBI
10,066,371 KeCKILI YKUeKTep peTTe/Men i
RU 2107779; RU | KakcapTbliraH Kenin kipy [lemilTiy
2048255; CN TicTep M€EH Xepre

5_7 105484313 6ekiTKilTep 6erimMmaenyine

acep eTneuni,
Korapsl
KYpAeJiJiK
US 3,238,646 Hipingentin Kipic Kegepricid | UlekTey.i
9 NbIIAK, a3auTy KOJIZJaHy
MYMKIHJITI
10 CN 111411657 [lemim mimiHiH | TUIMAITIKTI Kymbic
OHTaWUJIAHbIPY apTThIPY Ke3iH/e
6eKiTisireH
miniH
11,14, | CN210946949U; | Koceuibimgapabl | OpHaty  yakbIThiH | Kasy ypaicine
15 US5692855; KbLJIIAM 63TepTy | KbICKApTY acep eTneni
US5332353
12-13 | CN103603386B; | ) KyMbICThI YpaicTi backapbLiaTbiH
CN114482159A VHTeJJIEKTYya/1/ibl | aBTOMATTaHABIPY HIeMilll 2KOK
b6ackapy
240 Ne4(153)/2025 JLH. l'ymunes amviHdarul Eypaszus yammuix ynugepcumeminiy XABAPIIBICHI.

TexHUKQIbIK FblAbIMOAP HCaHE MEXHO102USap CePUSIChI
ISSN: 2616-7263. eISSN: 2663-1261



JKCKaBaTOp WI6MIlliHiH TiCTepiHe TYCETiH KYKTEMEHI 3epTTeY

KosizaHbicTarbl LIelliMAep LIOMIll 3JieMeHTTepiH »KakcapTajibl, Oipak Ka3y MpoleciHze
YKYMBIC FeOMEeTPUSICBbIH 63repTyre MyMKIiH/IK 6epMeii.

[IaTeHTTIK Ke3zepAi KOCbIMINA CaJbICTbIpMalibl TaJJay KOJIJAHBICTAaFbl KYPBLIbIMABIK,
HmelliMJepZiH, Ken 06eJIiri )XyMbIC OpraHbIHbIH, KeKeJlereH 3JIeMeHTTepiHiH cunaTTamMajapbliH
YKEepriJIiKTI apTThIpyFa OaFbITTa/FaHblH KepceTexi, 6ipak oJs1 Heri3ri mpob6JjieMaHbl — >XYMbIC
npolueciH/ie *KYMbIC TeOMeTpUSCbIH OesiceHJi TypJe e3repTy MYMKIHAIriH Ko3fFaMaljpbl.
CerMeHTTeJITeH X9He aybICThIPbLIAThIH Kecy »KHMeKTepi a0/ bIKTbIH, 0epiKTiriH apTThipca /a3,
aybicnajibl Ka3dy >KafFJalJapblHJa €Hri3y TepeHJiri MeH 1abybla OYpBIIBbIHBIH O6eliMenyiH
KaMTaMachbI3 eTneiii. MoayibJik To3yFa Te3iM/li xKyiesiep Jie Heri3iHeH macCUBTI 6OJIBIN Kaslaabl
KoHe KOHPUTypaLUsAHbI 63repTy YUIiH onepaTop/blH HeMece KbI3MeT KOpCEeTY NepPCOHabIHbIH
KaTbICybIH Tasan eTefi [9].

ANropUTM/IK OHTaMJaHABIPbLIFAH MeMilll KOHCTpyKuusaaapbiH Tangay (CN 111411657B)
HUOPJBIK JU3alHHBIH IepCHeKTHBAChlH pacTaufpl, 6ipak Oy uiemiMmjepie JAe Kypas
reoMeTpusCbl OHJIpiCTeH KeWiH TypakKTbhl 6oJibil Kasazgbl. OcbLiaiiina, MaTeMaTUKaJbIK
OHTaWJIaH/JbIpPy [AU3alHHbIH OacTamnKbl Ke3eHiHe FaHa acep eTeni, 6ipakK HaKTbl yaKbITTaFbl
napaMeTpJiepAiH e3reprimTirin  KamTamacbhis erneii. Mbuiam aybicnajibl  GalaHbIC
MexaHusmaepi (CN210946949U; US5692855 B1; US5332353), TexHOJIOTUSIbLIbIFbIHA
KapaMacTaH, HerisiHeH Ka3y IpolieciH 6eliM/ey eMec, KbI3MET KOpCeTY yaKbIThbIH KbICKApTy
MOCeJIECIH LIelIe/i.

WHTennekTyanibl 6ackapy xkyuesnepi (CN114482159A) epekiie Ha3ap ayZapaTblH )XYKTeMe
napaMeTpJiepiH, TepOesicTep/ii HeMece TONbIPaK, CUNIAaTTaMa/lapblH TalZay KoJAJaHblaa/bl. by
d3ipJsieMesiep CEHCOPJIbIK, TEXHOJIOTUSIJIAp MEH aBTOMAaTThl PeTTey aJropUTMJepiH GipiKTipy
aJieyeTiH KepceTei. Anan/a, KOJJaHbICTaFbl NAaTEHTTepAe 6acKapy Heri3iHeH 3KCKaBaTOP/bIH,
KaJITIbI )KYMBIC peXXUM/IepiHe — KbLILaM/IbIKKA, KyaTKa, )kebe KO3FaJIbICbIHbIH, TPAaeKTOPHUACHIHA
OaFbITTaJFaH YK9He IUOMIIITIH TeOMeTpPUSACBIH aTKapylibl OybIlH peTiHJe ©3repTyai
KapacTblpMam/ibl.

[laTeHTTiK Ta/ay/iblH, HOTHXKeJIepiH KOPbIThIH/BLIAN KeJle, 9JIeM/IiK TaKiprubee OipbIHFan
KyHheze Keseci Herisri pyHKIUAAApAbI 6ipikTipeTiH memiMaep KoK Aen KOPbIThIH/bI YKacayFa
60J1a/Ibl:

1. HakTbel yakKbIT pexHuMiHJe e3repTyre KabOiJieTTi KecKill KypasJblH aJanTHUBTI
reoMeTpUACHI;

2. Tonblpak KacheTTepiH Tasilay Heri3iHJe TiC CerMeHTIiHiH, OpHbIH aBTOMATTaH/AbIPbLIFaH
backapy;

3. KoJspaHbICTarbl 3KCKaBaTOp IIGMILITEPiHIH KOHCTPYKUHUAJAPbIMEH KYPBLIBIMABIK
yhIeciMIiNiK;

4. BipkeJsiKi TO3y bl KAMTaMachI3 Ty *KoHe KeCy KYLITePiH OHTalJIaHAbIPY MYMKIH/IT1.

Ocb1aiia, KbDKbIMa/bl TiC CerMeHTiI 6ap 6acKapblIaTblH IIEMILITIH, AaMybl Tikesjei
aHaJIOrTapbl faHa eMeC, COHbIMEH KaTap CTaTUKaJIbIK KYpbLIbIMJAp MeH HWHTeJJIeKTyaJ /bl
6ackapy KyHeJsiepi apacblHAaFbl MaHbI3/1bl TEXHOJIOTUSJIBIK a/lIaKTBIKTHI )Kaba/ibl. ¥CbIHBLJIFaH
HIenliM KOFapbl FBIJIBIMU K9HE MPAKTUKa/bIK MaHbI3JbJIBIKKA He, 6UTKEHI 0J1 KabJbIKThIH,
TUIMZIJITIH, 3HEPryUs YHEeMJIJIIriH »oHe y3aK Mep3iMAiJiriH apTThipa OTBIPHIIN, XYMBIC
NpOLIEeCiHiH TapaMeTpJiepiH Aepbec peTTel ajlaThlH aJANTUBTI )Kep Ka3y MalllMHa/IapbIHbIH KaHa
OybIHbIHA KOILY/iH aJfbIIIAPTTAPbIH Kacai Abl.

TeIFbI3 Cca3/bl K9He TACThbl TONBbIPAKTAp MEHIUIKTI KAapCbUIBIKTBIH, KOFapbl MaHJepiMeH
CUNaTTaNa/Jibl, COHABIKTAH aJllbl KAPChIJIBIK KylLIli KyM/Jbl HeEMece KyM/ibl Ca3/ibl HerizJgepMeH
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caJIbICThIpFaH/a 2-4 ece apTybl MYMKIH. TicTepiH mabybl OYpHhILIb] 1a alTapJIbIKTal acep eTezi:
OHTabl 25-35° OyphllITa eHri3y Kylli TOMeH/ €N 11 2KoHe MAaCCUBTIH, }KONbLIY THIM/iJITi apTaibl.

MaHpbI3bl epeKllesiiri meMill ToJIFaH CaublH KapChbUIBbIK Kylli apTajbl. bacTankel Ke3eHje
Kecy Kyui 6acbiM 60J/1a/ibl, aJ COHFbl Ke3eHJe TOMbIPAKThIH IlIeMill 6eTiHe yiHKeJsici 6acbiM
6o0s1a/bl. COH/IBIKTAaH UH'bEKIMS OYPBIIIbIH 63repTyre HEMecCe TiCTepP/iH Y3bIHABIFbIH PETTEYTE
MYMKiHJliK 6OepeTiH KOHCTPYKTHMBTI ILIeLliMJEep €H 3>KOFapbl XYKTeMeJsepJi auTapJibIKTau
a3alTa/lbl )koHE MalllMHAHbIH 6HIM/IJIITIH apTThIpabl.

KyprisinireH ecenrteysep KepceTKeHJeH, TapTbUIATbIH TIC CErMeHTIH KOJIaHy Kecy
TepeH/iriH OHTaWJaH/bIPY KOHE YHKeJIiC WbIFbIHAAPbIH a3alTy apKbLibl Ka3yFfa TO3IMAIIIKTIH
MaKcHMasbl KywiH 12-18% TemenzaeTyre MyMKiHZiK 6epefi. By/1 6acKapbliaThbiH IOMILITEP/iH
YKOFapbl THUIMJIJIITIH )X0He OoJIapJblH ayblp TOMNBIPAK >XaFJaWblHJA KYMbIC icTeyeri MaHbI3/1bl
apTBIKWbLIBIKTAPbIH PacTan/Abl.

TicTepaiH y3bIHJbIFbI KaJlall peTTeJIeTiHi 2-111i KecTe/e TOJbIK KOPCETIJIiN 3epTTeJreH.

2-Kecre. TicTepAig opHaiacysl

Karpaiibl Ticrepain OoHTambl | KopbIThIHABI
OpHaJIACybl
Kymcak Hemece 6opnbuigak, | TicTep KbiCKapa/ibl Kasyra TO3iMAiaiK
TOMNbIPAK (Ky™, Kapa TOMEH e/, HIeJIEKTI
TOMBIPAK) TOJITBIPY KbIJI/JaM 1 bIF bl
apTajpbl
KaTTsl HeMmece | TicTep y3apThbliraH Kecy xueriHiH eHy KabiseTi
My3/JaThlJIFaH TOIBIPAK, ca3 apTajpbl, TOIBIPAKTBIH
Oy3bLIYbI 2KaKcapazbl
BannaHbic (kabenbpep, | Tictrep MuHuMangbl TypZe | Kep aCTbIHJAFbI
KyObIpJiap) Typasibl )KYMbIC | IIbIFa/bI 00'beKTiNIepAIH 3aKbIMJAHY
KayIi azada/pbl
Kapbep >KOHe Tay | JlJMUHaMUKaJIbIK peTTey Kyu-xirepai
KbIHbICTApPbI OHTaMJIaHJbIPY KoHeE TiC IeH
YKeTEKTIiH TO3ybIH a3auTy

PeTTesieTiH KypBUIBICTBIH apThIKIIBLIBIKTAPI:

- 9MbebanThIK: 6ip MmeMill apTypJli TONblpaKTapFa apHa/IFaH LIeMillTep/iH 6ipHelle TYpiH
aybICTbIPAbl.

- Ka3y KeJlepriciH a3alTy apKbl/bl 9HEPTHs UIBIFbIHBI MEH OTbIH/ bl a3aUTY.

- TiCTep/liH, KbI3MET €Ty MepP3iMiH y3apTy-0J1ap OHTANJIbl pEXKUM/E KYMbIC iCTeH/Ii.

- )KYMbIC 6apbIChIH/A HAKThI XKaFJaiiapra 6eriMaeny MyMKiHAITI.

KoOpBITBIHABI

Tanpay ©OapbicblH@ 3KCKaBaTOp ULIOMILITEpPiHIH,  JAS9CTYpJi  KOHCTPYKLMSJIapbIHBIH
TONBIPAKTBIH 9pPTYpJli PU3MKa-MexXaHUKAJbIK KacueTTepiHe OeHiMJiesly MyMKIHZIrI IIeKTeyi
eKeHJiri aHbIKTanAbl. bys aMy TUIMAIIITIHIH TOMeH/leyiHe, SHeprUs WbIFbIHAAPbIHbIH apTybIHA
»K9HEe >KYMbBIC KypaJiJapblHbIH, TO3YbIHbIH, apTyblHa aKese/i. ’KblKbIMasbl TiC cerMeHTiI 6ap
6acKapblIaThIH LIOMILI TYXbIPbIMJAMAachl XYMbIC O6apbICbIHJA KECYy >XUEeTiHIH reoMeTpUsChbIH
©3repTy apKblIbl OCbl KEMUIJIIKTEePAiH OipKaTapblH »K010Fa MYMKIiH/IiKk 6epefi.
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TexHuKanbIK HeTri3fgeMe KepceTKeH el, TicTep/liH, KblKbIMaJIbl CETMEHTIHiH, 60J1ybl ThIFbI3
»K9He KabaTThl TONbIpAaKTapMeH XXYMBIC iCTey Ke3iH/ie AeCTPyKTUBTI KabiseTTiH »KoFapbliayblH
KaMTaMachI3 eTe/i, COHbIMeH KaTap »KYMCakK, »KbIHbICTApFa aybICKAaH Ke3Je Kecyre TO3IMIAIIIKTI
TeMeHJeTei. bacKapbliaTblH MexaHU3M TiCTep/iiH, OHTaMJbl OpHaJacyblHa MYMKiHZiK 6epefi,
OyJ1 JaMy/blH A3JIAITIH )KaKcapTa/ibl )KoHE LIOMIIITiH KaXkeTci3 6aFbITTa TepeHJeyiH a3anuTaibl.

['MapaB/IMKa/bIK HEMecCe 3JIeKTPOMEeXaHUKaJIbIK )KeTEeKTi KoJ1JaHy JUu3alH/bl oMbeban eTefi
’KOHEe KOJIJaHbICTaFbl 3KCKaBaTOp MoJeJibJiepiHe OipikTipyre xapamabl etefi. Ecenrtey
HOTHKeJIepi Kep KYMbICTApPbIHbIH, 6HIMAIITIH apTThIPYy KoHE XYMbIC OpTraHAApbIH XeHJey
IILIFbIHAAPbIHBIH, TOMeHJeyl HWHHOBALMUAJIBIK KYpPBUIbIMABLI €HTi3y[iH KbLIJAM eOTeayiH
KaMTaMachl3 eTeTiHAIriH pacTtaifpl. KockiMIla apThIKWBLIBIFEl - XKYKTeMeJsepAiH Oipkeski
TapaJslyblHa 0al/IaHbICThI TiCTEPAIH KbI3MeT eTy Mep3iMiH y3apTa/bl. OcbLiaiina, XKbLIXKbIMaJ bl
Tic cerMeHTi 6ap 6acKapbl1aThIH LIOMIlll )Kacay TeXHUKaJIbIK TYPFbl/IaH OPbIH/AbI, QYHKIIMOHAJ /b
TYPZe Heri3/le/IreH xKoHe YHeM/i. Bys1 An3anH/bI eHTi3y Kep KYMbICTAPbIHbIH, TUIMAIIITIH e9yip
apTThIPYFa, OTBIH WIBIFBIHBIH a3aMTy¥a, TONBIPAKTbl Mrepy YyaKbITbIH KbICKApPTYyFa >KoHe
9KCKaBaTOp »KabJbIKTapblHbIH, 9PTYpJi MNaljajaHy KafjailJlapblHa >KOFapbl 6eliMpesnyiH
KaMTaMachI3 eTyre MyMKiH/ZiK 6epesi.
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Eepaa3zuiickuii HayuoHaabHbIll yHusepcumem um./1.H.I'ymuaesa, Acmana, Kazaxcmat.

HcciesoBaHue Harpy3kKu Ha 3YGI)H KOBIIAd 9KCKaBaATOpAa

AHHOTanma. B crarbe paccMaTpuBaeTCs BJIMSIHUE JJIMHHBIX MU KOPOTKUX 3yObeB KOBIIa
3KCcKaBaTopa Ha 3¢p¢deKTUBHOCTb paboThl. McciemoBaHbl Ha OCHOBe aHa/iM3a NAaTEHTHbIX
pellleHU M U YU CIeHHOTOo MojiesinpoBaHus B SolidWorks Simulation. AkTyasibHOCTb HCC/leJOBaHU S
MO0Ka3aJia, YTO 3TO CBSA3aHO C BaXKHOCTbIO NMPABUJILHOTO BbI6OpA AJUHBI 3y0a, aJlallTUPOBAHHOTO
K pas3JIMYHbIM THUNAM TMO4YBbl. llesbl0 Hccle0BaHUS SBJISETCS CpaBHUTeJbHAas OleHKa
NPOYHOCTHBIX XapaKTEPUCTUK JJUHHBIX M KOPOTKHUX 3yObEB, COCTOSIHHUSI HaNpsHKeHMs -
JlebopMalMy U COMPOTUBJIEHUS TPOHUKHOBEHMIO B TOYBY. MeT0/10J10T s BKJIIOUaJia pacyeT CUJIbI
CONPOTHBJIEHUA KoNaHWo, aHaiu3 nateHToB CIIA, EBponbl, Kutag u Poccuu, co3pganue 3D-
MojJiesiel U cTaTudeckoe MmojenvdpoBaHue B SolidWorks. Kpome Toro, 6buLiM mHpoBeJeHbI
pacueTHble paboThbl. OCHOBHbIE pPe3yJbTaThl OKA3bIBAIOT, YTO AJUHHBIE 3YObl YBEJIUYUBAIOT
CIIOCOOHOCTD NMPOHUKATD B MJIOTHbIE MOYBbI U YMEHbIIAIT MMKOBbIe HArPy3KH, BO3HUKAIOLIHE B
KOBIllE, HO HWMeEWT 00Jiee BBICOKHME HampsiKeHUs1 Ha JHe. KopoTkue 3yO6I1bl 06ecnedynBalOT
pPaBHOMEPHOE pacnpe/ie/ieHue Halps»KeHUs U CAyKaT JloJibllle Ha CpeJHEN UJIU MSATKOU MOYBe.
AKTya/ZIbHOCTb HCC/eJOBAaHUSl YCUJIHWBAETCS TeM, YTO COBpPEMEHHbIE 3eMJIEpOMHbIE MAaIlWHbI
paboTalT B YCJOBUSAX TePEMEHHOM MJIOTHOCTH MOYBbI, TPEOYIOIIUX YHUBEPCAJbHbIX pELIeHUH.
OnTuMusauus  JJIMHbl  3yObeB  NO3BOJIIET  CHU3UTb  JHEPro3aTpaThl, IMOBBICUTH
NPOU3BOAUTEJNbHOCTh U YBEJHUUYUTH peECYypC 060pyAoBaHUSA. B CBSI3M ¢ 3TUM ObUIM CAeslaHbl
pPEKOMEH AL H.

KinloyeBble c/10Ba: 3KCKaBaToOp, KOBII, 3yObsl 3KCKaBaTOpa, Harpy3ka, IMPUHA KOMaHMS,
SolidWorks.

K. G. Balabekova, A. B. Zabieva®, A.M.Arpabekova, 0.Abdirashev

Eurasian National University named after L.N.Gumilov, Astana, Kazakhstan.
Study of the load on the teeth of the excavator bucket

Abstract. The article discusses the influence of the long and short teeth of the excavator bucket
on the efficiency of work. It was studied based on the analysis of patent solutions and numerical
modeling in SolidWorks Simulation. The relevance of the study has shown thatitis associated with
the importance of choosing the right tooth length, adapted to different types of soil. The purpose
of the study is a comparative assessment of the strength characteristics of long and short teeth, the
state of stress - deformation and resistance to penetration into the soil. As a methodology, it
included the calculation of the anti-excavation resistance force, the analysis of patents from the
United States, Europe, China and Russia, the creation of 3D models and static modeling in
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SolidWorks. In addition, the calculation was carried out. The main results showed that long teeth
can increase their ability to penetrate dense soils, reducing the peak loads that arise in the scoop,
but their bottom stresses are higher. Short teeth provide a smooth distribution of tension and last
longer on medium or soft soil. The relevance of the study is reinforced by the fact that modern
earthmoving machines operate in conditions of variable soil density, which requires universal
solutions. Optimizing the length of the teeth allows you to reduce energy consumption, increase
productivity and increase the resource of equipment. In this regard, recommendations have been
made.
Keywords: excavator, bucket, excavator teeth, load, digging width, SolidWorks.
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Anpgarna. byn makanaga 110I'13J1 6os1aTThl eHAey OOMbIHIIA >KYPri3iireH
FBIJIBIMU 3epTTeyJiepre Tangay kacangbl. 110I'13J1 60/1aTbIH MeXaHUKAJIBIK,
eHJIey dJiCTepiH 3epTTey MeH d3ipJieyre apHaJifaH FbUIBIMHA €HOEeKTEpP/iH ic
’KY3iH/ € KOK eKeHi aHbIKTanabl. OHJipicTe 1100'13J1 601aTThHI 6HJEY KEe3iHje
Heri3iHeH wWeTeJJiK 6HAIpyliepAid TiliMaepl KoJsgaHbuiagbl. OcbliFaH
KapaMacTaH, KeCeTiH KypaJ[blH Te3 TO3YblHa, >KapbIKUWAKTaHyblHA >XoHe
CbIHYbIlHa 0aMJIaHBICThI LIaMaJlaH ThIC TYTBIHY MaceJieCi CcakKTaJabl >KoHe
110T'13J1  GosaTTaH  OeJilieKTepAi  6HJAIPY  KYHbIH  apTThIpajbl.
JKCIIEpUMEHTTIK 3epTTeyJIEpAiH, HOTHXKeJiepi UMIYJIbCTI CaJKbIHAATbIJIFaH
TEPMUSIJIbIK YHUKEJICTi »KOHFbLIAY/ bl KOJJAaHy apKblibl [agduag 60/1aThiH
»KaKCbl Kecyre 00JIaTbIHbIH KepceTTi. OHTal/ibl Kecy peXuMJepinae eHaey
Ke3iHJle eHJe/reH 0eTTiH KeZip-0yabIpJbliFbiHa TeK Rz < 10 MKM JiediH KoJ
KeTKizinzi. JlereHMeH, eHJiey Ke3iH/e eHJereH OeTTiH carnacblH KAMTaMachl3
eTyre J>KoHe J>KOHKaJapAbl YycCaKTayFa OaHJIaHbICTblI Macesie 0Oap eKeHi
aHblKTaAbl. Kecy MexaHu3Mi TepMODPUKIUAIBIK YUKETICTi )XoHe AdCTYpJi
Kecyre Heri3JieJired, KWUbIH OHJeJylli MaTepHhaJJapAbl >KOHFbLIAY/bIH
KypaMaJsibl dJliciH  a3ipsiey ycbiHbLIaAbl. Ocbl  3epTrTey KaszakcTaH
Pecny6sivkacel FblibIM »koHe )KoFapbl 6i71iM MUHUCTPJIITiHIH FblIbIM KOMUTETI
TapanblHaH N2 AP26199283 « KublH eHzesieTiH MaTepUanjapAbl eHAeyaiH
apaJiac T9CiJIiH a3ipJiey» rpaHThI asdCbIH/AA KapKblJIaH/bIPbLJI/bI.

TyiiH ce3aep: Ouaenyi KublH MaTepual, laaduabg (11013J1) 60os1aTsl, TO3Y,
CblHY, KaTTBbULIBIK, KeaAip-OyAbIpJbIK, dpe3epJiey/iH, OHTaWJbl peXUMJEDI,
©31H/IK KYHBL.

Tycri 02.12.2025. Xengenni 07.12.2025. Makynganast 09.12.2025. Onnaita komkerimai 30.12.2025

* xaT-xabap YLIiH aBTOp



https://doi.org/10.32523/2616-7263-2025-153-4-247-256
https://orcid.org/0000-0001-9875-8159
https://orcid.org/0000-0003-0209-180X
https://orcid.org/0000-0003-3469-3901
https://orcid.org/0000-0002-7780-0212
https://orcid.org/0000-0001-8242-5800

M.M. Mycaes, K.T. lllepos, I'.b. A6ayranuena, XK. Toaranaii, . TaTTumbek

Kipicne.

Tay-keH, reoJsiorusiblK, 6GapJsay, MyHal-ra3 »oHe OackKa caJjiaJlapAblH TeXHOJOTUSAJIBIK
KabJbIKTapbl 6Te KWbIH NaiJaJaHyLIbLIbIK »KaFAaWblHJAFbl KYMbICTAp/Jbl €CKepe OThIPbII
acasaabl. by xaFzansap :Korapbl TeMIlepaTypa MeH KbICBIM/IbI, CHPEK Ke3/eCeTiH XUMHUSAJIBIK,
3aTTapAblH )KoHe KaTThl abpa3uBTi O66JIlIeKTep/iiH dcepiHeH XaHe T.0. OpbIH anazbl [1].

Ocel  KabAbIKTapAblH OeJilleKTepiH »acay YWIiH MallWMHajlap MeH OHJAIpiCcTiK
KOH/IbIPFbLIAP/AbIH KOKETTI )KYMbIC KabiIeTTi/IiriH KaMTaMachI3 eTeTiH, apHalbl KacueTTepi 6ap,
KUBbIH 6HJeJ/ylll MaTepyualjap KoJaAaHbuiaabl. MyHaad MaTepuanapAblH KaTapblHa bICTBIKKA
Te3iM/Ji KopbITHasap, 6epiKTiri >kofapbl 60J1aTTap MeH KOpbITHalap, KOPpPo3UsFa Te3iM/Ji xaHe
YKOFaphbl JieripJieHreH 60J1aTTap, COHbIMeH KaTap aycTeHUTTIK [aaduabs (110013J1) 6osaThiH
»KaTKpI3yFa 60s1a7bl [2].

110T'13J1 60s1aT »KOFaphl UINTILITIKKE XoHE TO3Y JA9peXeciHe He, KeCy NpOolecCiH/ie KAaTThl
OepiKkTeHyre yuiblpai/ibl, 6epiKTeHreH KabaTTbhlH KaTTbLIbIFbl KYPasJblH KATTbLIbIFbIMEH
CoMKecC KeJsie/i.

110T'13J1 6osiaTTaH TpaKTOpJiapFa apHa/JFaH IIBIHXKBIP TabaHAbl KOJAAp, Ka3Fblll
MallMHaJapAblH, TaXKJepi, apasap, ycaTKbIUTap/blH O6eTTepi, Tay-KeH >KoHe IlaxTa
»KaOIbIKTapbIHbIH CaybIT-CaiMaHAaphl, peJibC KpecTTepi MeH OaFbITTaybIIITAPB], AUIpMeHePAiH
lapJiapbl MeH Tabakuiajapsl, dpTypJi TopJiap, TYHUpeyiluTep MeH TeJIKesep KoHe T.0. ocbLIap
CUAKTBI O6JIIIEeKTep Kacauiajbl.

3aybIT MaMaHAapbiHbIH, anzabiHAa 110013J1 6GosiaTTaH »KacalfaH JadblHAAMaJap/bl
MexXaHUKaJ/IbIK ©OHJey Ke3iHje, KypaJJblH Keckill OeJiriHiH MaTepuajblH TaHAAyMeH
6alyiaHbICTBl OipKaTap KUbIHABIKTAp MNaiija 6osagbl. LIbIHBIKTBIpY/laH KeHiHri 6GacTamkpl
kyinge 6osat 110I'13J1 (Faaduabyg 6osaThl) 6ap aycTeHUTTIK KaTThIbIFbl HB 260-300 xoHe
TYTKbIPJIBIFbI KOFapbl KYPbLIbIMFaA Ue 60J1aAbl. JIMHaMUKAJBIK *KYKTeMeJIep/iH 9CepiHeH, CybIK,
nebopmanusibiH acepiHeH 110T'13J1 6osiatta HB 600 geitin e3zirineH GepikTeHipy naiiaa
60Js1a/1bl 2XK9HE KeCy apKblLJIbl 6HJIEy 6Te KUbIH HeMece MyJiZleM MYMKIH eMec [2].

& A I2¢ ee

acd

a 6. 6. 2) )

1-cypert - 110T'13JI 6os1aTTaH KacajifaH JalblHlaMaHbl 6Hey Ke3iHJe ap TypJi
eH/ipyllisiep/iH TO3FaH TaKTaKaaaphl
a,6,6 - SANDVIK Coromant koMnaHHsChI LIbIFAPFaH MJIaCTUHAJIAP: »KaHa IJIaCTUHA (a) *KoHe
eHey/liH OipiHIlIi eTyiHeH KeHiH (6), TO3FaH mJacTUHaMap (8); 2 - To3FaH miaacTuHasap Korloy
(OnTycTik Kopesi) koMNaHUSCHIHBIH, OHJAipici; 0 - aybICThIPbLIATBIH KON KbIpJibl dpe3ep ik
miiactuHasap ONMU080612-YG613 KopesinibiK koMmnaHusira YG-1

110I'13J1 6osaTThl ©HJEY VILUIH 3aMaHayd eH/JlipicTe HerisiHeH aJjieMJiK eHAipyllijiepAeH
aJIbIHFAaH IUIacTUHaMAp KoJsgaHbwiabl Mbicasibl, SANDVIK Coromant (IlIBenusi), ARNO
(Fepmanus), EWS (T'epmanusi), Garant (lepmanus) xxoHe Dormer (lepmanus). JlereHMeH, KeckKilll
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AyctenuTTik 110r13sa 60os1aTTaH )Kaca/lfaH TETIKTep/i MeXaHUKAJBIK 6HJEY MaceJjiesepi

Kypa/ilap/iblH Te3 TO3ybIHA >K9HE CbIHyblHA OailJIaHbICThlI Mep3iMiHeH OYpbIH TYThIHY MaceJseci
MeXaHUKaJIbIK »KYMbICTbIH 63iH/|iK KYHbIH apTThIpa/bl.

1-cyperre  110T'13J1 6GosnaTTaH »KacajfaH JaWblHJaMaHbl 6HJey Ke3iHJe op TypJi
eHAipyLIiiepiiH Mep3iMiHeH OYpbIH TO3FaH TaKTalllaaapbl kepceTijres [3].

Havibingamanbl 110013J1 6os1aTTaH Ky Ke3iHJe 6eTiHJe KaTThl KabaT naija 60Jajbl, OHbI
MeXaHUKaJIbIK 6HJley eTe KUbIH 6oJibll KeseAi [4]. [laiibiHAaMaHbIH, OeTiHiH KaTTbLJIbIFbIHA
6alIaHBICThI KeCKill KypaJs OipiHIli eTyAeH Ko3 aliblH/a T03a/ibl, COHbIMEH KaTap akKayJap/blH,
60/ybl (LIYHKbIpJAp MEH OMBIKTAp) MJaCTHUHAHbIH, CbIHYbIHA XKOHE TO3ybIHA 9KeJsei (1-cypeTTi
KapaHbI3).

OHAesyi KUbIH MaTepraaapabl, atan aTkanga 110 '13J1 601aTThl MeXaHUKaJbIK 6HAEY/I
»KaKcapTy O0MbIHILA KYPri3iJireH FbIJIBIMU 3epTTeyJiepre Tajajaay )yprisiagi.

Kywmbicta [5] 110I'13J1 6os1aTTaH acaifaH 6eJilleKTeP/i MbIIaKIeH eH/ey YIIiH TeKile 60p
HUTpUJIiHE HeTi3fe/reH MNOJUKPUCTANAbl yAbTpa KaTTbl MaTepuangapmeH (PSTM)
KabbIKTAJIFAH KeCKilITep/li KOJIJaHy >K9He IJIa3MaMeH >KbUIbIThJIATBIH KapOUATI KypasiMeH
eHJey YCbiHbLIaAbl. Kep KbIPTBICBIH KYHOJAH KeWiH JalblHAaMaHbl Kalpay VIIiH pstm
KUOOPHUTIHEH YKaca/IFaH JIeHIeJleK TaKTauaaap YCbIHbLIa/Abl, 0J1apAblH 6epikTiri 60-180 MuH.

Kymbicta [6] 110T'13J1 6GosnaTThl eHAEYAIH 3JIEKTPOKOHTAKTI/II  9Jjici  YCHIHBLI/BL
JJIeKTPOKOHTaKTiNl oxicnen eHgenared 1100'13J1 bBosat yuarisiepiHiH MHUKPOKATTbIIbIFEI
3epTTesai. JJIEKTPOKOHTAKTL/II eHAey/eH KeliH 6eTKi KabaTTblH MHUKPOKATThIIBIFbI
YKOFAPBLIANUTBIHBI AHBIKTANAbI, OyJ 6HJeJreH OeTTiH TO3yFa Te3iMJiJiriH apTThipyFa
KOMeKTecCe/i.

Kymbicta [7] P6MS xofapbl XKblIIaM/IbIKTBI 60J1aTTaH »KacajifaH OypfbuiapMeH lagduaa
60J1aTTaH »KacaJfaH OYpFbl KpecTiHJeri TecikTepAi OypFblIay npoueci 3epTTenfi. ApPTKbI
KaFbIHJAaFbl TO3Y/bIH, CEKIprilUTiH >X9He OCbTIK KYILITIH KeCy YyaKbITblHA 3MIHWPUKAJIBIK
TOyeJZiJiri aHbIKTanbl. APTKbl O€T MeH CeKipriliTe pPyKcaT €TiJIreH TO3YAblH NPaKTHUKAJbIK
MOH/Jepi aHbIKTa/AAbl. HoTWKeciHZe, 3KOHOMHUKa/BIK THIMci3Jikke 6GallaHbICTbl rafduis
60J1aTBIMEH >KYMBIC iCTeY YLIIH )KXOFaphl KbLJIAAM/ABIKTHI 00J1aT KypaJiblH KOJIAAaHY YCbIHbIJIMaM bl
(1.5 MUHYTTBIK *KYMbIC YILIiH 1 KypaJ).

[7,8] conpaii-ak, engipictrepae 110I'13J1 BosiaTThl eHAey Ke3iHAe Kecy pexuMJepi, Kecy
Kypa/IbIHBIH, MapKachl, TeOMeTPUSCHl KoHe T.0. SMIUPHUKA/BIK TYpAEe aHbIKTaJaTbIHbl aTan
eTijie/li, 6yJ eHIMAINIKTI alTapbIKTak ToeMeHAeTe . FblIbIMY )KyMbICTapFa XYPTi3ijiireH Taaaay
110I'13J1 6osaTThlH, MeXaHUKaJbIK KeCy oaJicTepiMeH 6HJeJyi >XeTKiJiKci3 3epTTeJIreHiH,
TeXHUKa >KacaJIMaFaHblH XoHe KeCy peXHUMJepiH TaHJay OOMbIHIIA YCBIHBICTAp KOK €KeHiH
KOpCeTTi.

CoHpai-aK, KbIMOAT KecKill KypasiJapAbl >KOFapbl TYTbIHY Ke3iHJe maujgasany 1100'13J1
60J1aTTaH >KacasifaH GeJilieKTepAi eHAIpYAiH 63iHAiK KYHbIH apTTbIpaAbl. MacCeJieHiH OyJ KyHi
OTAaHAbIK MalllMHA >Kacay KocCiMopbIHAAPbIHbIH Kafgaujapbl yumiH 110I13J1 6osaaTThl
MexaHUKaJbIK 6HJEYAiH pecypc YHEM/EY 9IiCiH Kacay KaXXeTTiJIIriH Tasan eTenl.

OcbifaH 6alJIaHbICTbl UMIYJIbCTIK CaJIKbIHAATBLIFAaH TepMOPPUKLUAIBIK ppe3epiey d/1iciH
KOJIIaHy MYMKIiH/IriH aHbIKTay 60MbIHIIA 3epTTeysaep Kypriziigi [9]. 110T'13J1 6os1aTThl 6HAEY
Ke3iHZle  MMIYJbCTIK  CaJIKbIHAAQTbUIFAH  TEePMOPPUKLIUANBIK  (pe3epsey  NpoueciH
3KCIepUMEeHTTIiK 3epTTey BM-127M MogeJiHiH Tik KOHCOJIb-(pe3ep ik CTaHOTbIH/A XKYPTisinai
[10]. Keneci reomeTpusiyibIK NapamMmeTpJiepre ve 6osiraH 6GoJsiaT 45 MaTepua/ibiHAH KacaJiFaH
apHailbl KOHCTpPYKLHMSIFa He YHKeJsic ¢pe3acblHblH CbIHAK VJrici xkacanabl (26,82 cyperTi
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KapaHpbi3): @250 MM; KbI3JbIpy aiMaFbl L1 = 24 MM; caJKbIHJATy aiMarbl Ly = 8 MM, coliKeciHIe
KazaM L = 32 mMM. Yiikesic ¢pe3achIiHbIH reOMeTPUsCHl HyCKay/lapFa cokec TaHAanAab! [11,12].

JdjicHaMa

UMOynbCTiK CcalKbIHAATbIIFAH TepMOQPUKLUSIBIK pe3epJseyaiH, yirici peTiHze KeH
KaObLIJAUThIH OyHKepAiH "OpoHJbl TaKTaWLIACbIHBIH"' JAaWblHAaMachkl TaHJAaAJbl (CypeTTi
KapaHbi3.2 a). JlaiibiHAamMaHblH, KaTTbuiblFbl HB 260..300 (HRC 27-33). TepMoGpUKLUAIBIK,
bpesepJiey Kecy pexXHMMi 3JIeMEHTTEPIiHiH KeJieci Auana3oHAapbIHAA XKYPTisiagi: nus =500+2000
ailH/MuH; S = 40+600 MM / MuH; t = 1+5 MM. OHJlesireH 6eTTep/iH cana KepCceTKIIITEPiH eJlley
ke3iHge TR100 xxane TKM 459M aBTOMAaTThl KypbLIFblIapPbIHbIH, K6MeriMeH 3aMaHayH eJilley
dJlicTepi KoJAaHBUIABL. 2-CypeTTe eHJe/ireH OeTTiH cala KepCceTKIilITepiH eJlieyre apHaJfaH
JlaiiblH/laMaHblH, YiiKeJlic ppe3acbIHbIH KaHe acnantap/blH GoTocypeTTepi KepceTinreH.

e)

2 - cypeT. OHJesireH OeTTiH cana KepCceTKillITepiH eJillieyre apHaJFaH aclanTap/iblH,
JlaiiblH/1aMaHblIH, YiiKeJlic dpe3acbiHbIH, pOTOCYypeTTepi
a-110T'13J1 6osaTTaH »acaJyiFaH yJrizep; 6, g-yrkesic ¢pe3acsl, >koFapbliaH (a), TOMEHHEH
(6) xepiHic; e2-reoMeTpUsIHbl KOPCETETIH YiKesaic ¢pe3acblHbIH 3CKHU3i; 0J-Keadip-O0yAbIpAbl
eseyre apHaiarad TR100 KypbLIFbICHL; €, ¢ - yAbTpaAblobICTHIK TKM 459M kaTThl esmeriu; Li-
KbI3/|bIpy aliMarbl; L2-aliMak casKplHAATY; l-aliMakK KaZaMbl.

HaTtnxesiep MeH TaJIKbL1ayj1ap

3-cypeTTe HMIYJABCTIK CaJKbIHAATbUIFAH TepMOQPUKLUAIBIK (pe3epsey mnpoLecTepi,
Kelbip eHJeJreH y/rijiep MeH *KOHKaJlap KepCeTiIreH. JKCIIepUMEHTTIiK 3epTTeY/iH HOTHUXesepi
110T'13J1 60naTThI 6HJAEY YLIIH UMNYABCTIK CaJIKbIHAATBUIFAaH TepMOPPUKLUAIBIK dpe3epiey
d/liCiH KoJ1IJaHy MYMKIH/ITiH KepceTTi. /lereHMeH, eH/ie/ireH OeTTiH canacblH KaMTaMachl3 eTyre
»KoHe eH/Jley MPOLeCiH/ie XKOHKa/IapAbl ycaKTayFa 6alIaHbICThbI Macesie 6ap eKeH/iri aHbIKTa/1/bl.
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OHTalJbl Kecy pexxuM/iepiMeH 6Hiey Ke3iH/le oHJe/reH 6eTTiH Kelip-0y/AbIpJibIFbIHA TEK Rz
< 10 MkM aeliH Ko xkeTkizinai. 110I'13J1 60aTThIH 6HAeNyiH o/iaH api 3epTTey AP26199283 -

«OHJley KUbIH MaTepuaaAap/ibl 6HJey/liH apajac 9/iCiH a3ipJjiey» TPaHTTHIK »K00achl asgCbIH/A
»Ky3ere acblpblIa/ibl.

A

3-cypeT-UMny/abCTi caNKbIHAATYMEH TEPMOPUKIUSIBIK Gpe3epsiey NMpolecTepi, Kerbip
©H/IeJITEH YJ/ITiJIep MeH YKOHKaJsiap
a,6 - UMINYJIbCTi CaJIKbIHAATYFa Me TepMOoPPUKLUSIBIK Pppe3epJiey MpolecTepi; 8 - eHJey
npolieci TOKTaFaHHAH KeliH; 2,0 - Kelbip eHaesreH y/rijiepi; e - )KoHKa; 1 - JalbIHjaMaHbl
6ekiTy aiylabyibiMbl; 2 - 110I'13J1 60o1aTTaH »KacajfaH JalbIHAaMa; 3 - )KOHKAHbIH, Naija 60J1y
npolieci; 4 - yiikesiic ¢pesachl; 5 — CybITy CYHBIFbIH Oepyli TYTiK

4-cypeT. ApHaiibl KypaMasibl KypaJiJiblH KYPbLIbIMbIHbIH, Y/TiCi MeH 3CKU3i
a,6 - KypaJ MoJieJii; B,I' - KypaJslJiblH HoGai1apbl
KubIiH eHAey1li MaTepUaaapabl pesepsieyais KypaMasbl 9/1iciH 93ipJiey yChIHbLIAbI,
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OHBIH Kecy MeXxaHU3Mi TepMOPUKLUAJIBIK )KoHe JDCTYPJIi KeCy MexaHU3M/iepiHe HeTi3/ie/reH. 4-
CypeTTe apHaibl OipiKTipiJireH Kypa/JblH KYpbLIBIMbIHBIH, YJ/TiCi MeH 3CKU3i KepceTisreH

KOpBITBIHABI.

Kyprisinren skcnepuMeHTTIK 3epTTey HaTwxKesepi 110I'13J1 6GosiaTThl eHJAey YLIiH
UMIYJBbCTIK CaJKbIHJATyFa He TepMOpPUKLUAIBIK (pe3epsiey dJiCiH KoJJaHy MYMKIiHAIriH
KepceTTi, 6ipak, eHJeJreH OeTTiH camachblH KaMTaMachl3 €Tyre >XoHe 6HJley MpoleciHae
YKOHKaJIap/bl ycaKTayFa 6ai/IaHbICThI MaceJsie 6ap eKeHAIri MaJsiM 60s1bl. OCbl MaceJieHi ey
60MBbIHILIA 9pi Kapall KeJieci 3epTTey *KyMbICTapblH OpPbIH/AY Oe/riseH i:

- apHailbl KypaMma/bl Kypas/JblH TaXipubesik yJriciH gadWblHAay »KoHe KHUbIH OHJeaylli
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eH/Jey O0MbIHINIA TIKipHUOEiK 3epTTey/iep }Kyprisy;
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- KeCy alMaFblHJ|aFbl TeMIlepaTypaHblH, KWbIH 6HJeJylli MaTepuaaAap/bl, aTal akTKaHAa
110T'13J1 60/1aTTHIHBIH 6H/EY CanacblHbIH KOPCETKILITEPiHe 9cep eTy 3aH/bLIbIKTapbIH Oesriey.

YCbIHBLIBIN OTBIPFAaH KUbIH OHAENYyII MaTepuanjapabl, atan auTkauaa 110013J1 6onaTThI
eHJey/iH KypaMaJibl TEXHOJOTUACHIH XKy3€ere acblpy HeFypJibIM KapKbIH/AbI KeCy pexxuMepinze
eHJieyTe, COH/IaM-aK KOJIAAaHbICTaFbl MEeXaHUKaJbIK KeCy d/iicTepiHe KaTbhICTbl 6HIM/IIKTI 2-3 ece
YK9HE KypaJi/iblH TYpPaKTbLIbIFbIH 10 eceieH acTaM apTTbIpyFa MyYMKiH/iK Gepesi.
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IIpo6/ieMbl MeXaHUYECKOM OOPAGOTKM AeTaiedd U3 ayCTeHUTHOM ctaiv 110r13a

AHHOTanMs. B 1aHHOU cTaThe NPOBeJieH aHa/IM3 HayYHbIX UCCJIeJOBAHUMN, BbITIOJIHEHHBIX 10
obpaboTke, crtaau 110T'13JI. Bbwio BbISIBAEHO, 4YTO HAy4YHble PabOThI, NOCBslIEHHbIE
HcceJlOBaHUIO U pa3paboTKe CI0Co60B MeXaHUYeCcKol 06paboTku, ctaau 110I'13J/1 npakTHYecKu
oTcyTCcTBYIOT. Ha nmpousBojcTBe npu ob6pabotrke ctasu 110'13J1 B 0CHOBHOM NpPUMEHSIIOTCS
MJIAaCTHHBI 3apy0eXXHbIX Mpou3BoAguTesied. HecMoTps Ha 3To, npobJsieMa Yype3MepHOTO pacxojia
pexyliero MHCTpPyMeHTa U3-3a ObICTPOro UX M3HOCA, CKOJIAa U MOJIOMKU OCTAeTCs U NMOBBILIAET
ce6ecTOMMOCTb U3roToBJeHUs JeTased u3 craid 110'13J1. [lpu 3TOM BJIMSIHHME PEXUMOB
pe3aHdsi Ha TBepAOCTb 06pPAabOTAaHHOW MOBEPXHOCTH HMMEET MOHOTOHHBIA XapaKTep U C
yBeJIMUEHUEM 3Ha4eHUsl CKOPOCTH MOJAAYM U YacTOThl BpallleHUs IINUHJEeNs HabJ0aeTcs
NOBBIIIEHUWE TBEPAOCTH OOpPAbOTAaHHOW MOBEPXHOCTU. Pe3ysibTaTbl 3KCIEPUMEHTAJbHOTO
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UCC/eJOBaHUSA TOKas3ald BO3MOXHOCTb INPUMEHEHUs Ccrnocoba TepMOPPUKLHUOHHOIO
dpe3epoBaHUs C UMIYJIbCHBIM OXJIaXKJeHueM AJisd 06paboTku ctanu 11013 J1. [Ipu 06paboTke Ha
ONTUMaJIbHBIX peXHWMax pe3aHUusd yAaJloCb JOCTUTHYT LIEPOXOBATOCTb 006paboTaHHOU
MOBEPXHOCTHU TOJIbKO /10 R; < 10 MKM. OjHaKO BBISIBJIEHO, UTO CYLIeCTBYeT Np006JieMa, CBI3aHHast
c obecrneyeHUeM KayecTBa 0OpabOTaHHOW MOBEPXHOCTH U JpOOJIEHMEM CTPYXKKH B Ipoliecce
obpabotku. IlpepsiaraeTcs pa3paboTka KOMOMHMpPOBAHHOro crnocoba ¢pesepoBaHUsA
TPyAHOOOpabaThIBaEMbIX MaTepUaJOB, MeXaHHW3M pe3aHus KOTOpPOro OCHOBaHa Ha
TEPMOPPUKLMOHHOIO U TPAJAULIMOHHOT0 pe3aHus. [laHHOe ucciaej0BaHNe ObLJI0 BbINOJHEHO PU
duHaHcoBOU mnopaepxkke KomuTeTa Hayku MUHUCTEpPCTBA HayKM U BbICLIET0 0O6pa30BaHHUSA
Pecny6siviku KazaxctaH B pamkax rpanta N2 AP26199283 «Pa3paboTka KOMOMHHPOBAHHOTO
crioco6a 06pabOTKU TPYITHOOOPa6AThIBAEMbIX MAaTEPHUAJIOB».

KioueBble cioBa. TpynHooOGpabaTbhiBaeMbld MaTepuas, cTaib lagduibaa, MaIacTHUHBI,
M3HOC, CKOJIbI, TBEPAOCTb, IIEPOXOBATOCTb, ONTHUMaJibHble peEXUMbl ($pe3epoBaHUs,
ce6eCcTOUMOCTb.
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Problems of mechanical processing of parts from austenitic steel 110g13l

Abstract. This article presents an analysis of scientific studies devoted to the machining of
110G13L steel. It was identified that research focused on investigating and developing machining
methods for 110G13L steel is practically absent. In industrial practice, cutting inserts from foreign
manufacturers are predominantly used for machining this steel. Nevertheless, the problem of
excessive cutting tool consumption due to rapid wear, chipping, and breakage remains unresolved
and increases the production cost of components made from 110G13L steel. The results of the
experimental study confirmed the feasibility of applying thermo-friction milling with pulsed
cooling for machining 110G13L steel. When machining under optimal cutting conditions, the
achieved surface roughness reached only Rz < 10 pum. However, it was revealed that there is an
issue related to ensuring the required surface quality and chip breaking during machining. It is
proposed to develop a combined milling method for difficult-to-machine materials, where the
cutting mechanism is based on both thermo-friction and conventional cutting. This research was
funded by the Committee on Science of the Ministry of Science and Higher Education of the
Republic of Kazakhstan under grant Ne AP26199283, “Development of a combined method for
processing hard-to-machine materials”.

Keywords. Hard-to-machine material, Hadfield steel, thermal friction milling, optimal milling
conditions, cost.
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Abstract. This study explores state-of-the-art approaches for processing PDF
documents, with a focus on analyzing poorly structured restaurant menus. The
focus will be on analyzing poorly structured restaurant menus. Successful
automated processing typically requires well-structured documents, meaning
that aesthetic design must often be sacrificed for machine readability. However,
in case of restaurants, the design of the menu is more valuable than its structure,
that is why the menus are harder to process, due to its poor structure. With the
ability to successfully process the poorly structured PDF documents, further
processing of the documents from other spheres of businesses should become
much easier. A comparative analysis is conducted of structural features in
different types of PDF documents, including legislative acts and academic
publications.

The research is aimed to use machine learning methods in order to overcome
the challenges in automation of data extraction, analysis and structuring.
Solution that has been described in the study is developed to overcome the
problems with poorly structured PDF documents.
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Introduction

The significance of the PDF documents processing automation is explained by the fast
development of digitalization in all spheres of life. It should be emphasized that the PDF document
format possesses a specific structural organization whose characteristics are determined by its
functional purpose. In particular, legislative acts have a clear hierarchical structure, with step-by-
step division into chapters, articles and clauses. Academic publications usually follow strictly
regulated structure, which includes required sections such as: abstract, introduction,
methodology, research results and conclusion. Correct recognition and understanding of such
structure is the main base for developing effective automated document analysis algorithms.

Processing PDF versions of restaurant menus is a difficult task, because most of them are
poorly structured and have non-standard data layout. This difference in formatting makes it hard
to analyze them using machine methods and to use the data in digital systems. In this study, a full
method is suggested. It combines modern NLP tools with machine learning algorithms. The
solution includes a step-by-step process for automatic extraction, structuring, and semantic
analysis. This helps to solve the main problems of working with poorly structured PDF files.

The core challenge addressed in this research can be formulated as follows: given a PDF
document containing a restaurant menu with non-standard layout and mixed content types, the
task is to automatically extract and structure the content into machine-readable format while
preserving semantic relationships between menu elements (categories, dish names, descriptions,
and prices).

Literature review. The research on automating the processing of restaurant menus in PDF
format showed that there is a complex set of technical problems, and many of them are closely
connected. To turn unstructured PDF files into machine-readable format, it is important to
understand modern approaches to document processing.

The main challenge is to correctly separate the main content of the document (Body Text) from
the extra parts (Non-Body Text). These extra parts include not only visible graphic elements, but
also different structural components like headings, footnotes, sidebars, tables, metadata, and other
specific formats of information. Most popular tools like pdftotext and PDFBox can’t properly tell
the difference between these parts, which makes them not very effective for this kind of task. [1].

Alternative solutions, such as PDF extractors that use DBSCAN algorithm, show more advanced
approaches to this problem. They allow to separate text blocks more effectively, taking into
account their semantic and structural connections. However, research shows that even such
advanced methods need careful tuning of parameters and can still have problems when working
with documents that have complicated layout. The problems of understanding PDF structure
continue to push development in document processing technologies, especially in specific cases
like menu digitization, where the complexity of layout and variety of content make the task more
difficult.

In order to properly extract and organize document, there is a sequence of methods. First of
all, for breaking text into text blocks, MuPDF is used. MuPDF works effectively with clinical
documents, which have editable text. This approach enables direct extraction while preserving
structural relationships between content elements.

The system uses a DBSCAN-based clustering algorithmto classify templates by analyzing
spatial distribution patterns of text blocks. The system groups content elements that fall within
aspecified boundary radius into clusters which serveas separate directories for storing
distinctdocument templates. Thealgorithm shows exceptional performance in processing
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documents with changing page layouts through its ability to analyze first and subsequent pages
separately [2]. The dual-path architecture enables precise detection of meaningful textual areas
while performing systematic noise elimination.

The Mask-RCNN architecture achieves advanced segmentation through training on PubLayNet
data using Facebook's Detection framework. The system analyzes 1025x1025 pixel document
pages through a multi-stage workflow:

1. Raster image conversion

2. Semantic region prediction

3. Mask generation for five content classes (subtitles, text, images, tables, lists)
4. Confidence-based classification (70-95% threshold)

Text cells receive appropriate labels when the predicted mask covers 280% of their area,
ensuring precise content categorization. This approach has demonstrated superior performance
in handling complex document layouts with mixed content types [5]. The integration of spatial
clustering with deep learning-based segmentation represents a significant advancement in
document analysis technology, particularly for menu extraction applications requiring high layout
awareness.

Optical character recognition represents a sophisticated technological process for converting
graphical text representations into machine-readable format. Modern OCR systems demonstrate
the capability to process diverse data sources, including scanned paper documents, PDF files, and
digital images, converting them into editable and searchable content.

Contemporary recognition systems like ABBYY FineReader are built upon three fundamental
principles of cognitive perception:

e The principle of integrity (document analysis as a unified structure)
e The principle of purposefulness (context-dependent recognition)
e The principle of adaptability (learning capability)

These principles enable the system to simulate human text perception cognitive processes.
The FineReader processing workflow implements a sequence of interconnected operations: from
initial document layout analysis and structural segmentation to complex character recognition
with multi-hypothesis analysis and verification [3].

The alternative Tesseract platform employs an innovative layout analysis approach based on
detecting document structural elements. The algorithm's key features include:

1. Morphological filtering using the Leptonica library
2. Connected component identification

3. Intelligent text element grouping

4. Heuristic analysis of spatial relationships

However, research [4] has revealed several technological limitations of the system. The most
significant challenges occur when processing:

o Graphic-intensive materials (promotional brochures, flyers)
e Documents with complex background patterns

e Handwritten text forms

e Non-standard typographical solutions

Meanwhile, for standard digital documents with clear typography, the system maintains
consistently high accuracy rates. This selective effectiveness highlights the need for further
algorithm improvements, particularly in processing complex-structured documents and
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handwritten content. The current technological landscape underscores the importance of
developing more robust OCR solutions capable of handling the full spectrum of document types
while maintaining high recognition accuracy across diverse formats [5].

The DBSCAN (Density-Based Spatial Clustering of Applications with Noise) algorithm [14] has
proven particularly suitable for document layout analysis due to its ability to identify clusters of
arbitrary shapes without requiring a predefined number of clusters. Unlike k-means clustering,
DBSCAN can effectively handle noise points and outliers, which is essential when processing menu
documents where decorative elements and non-standard text blocks may appear. The algorithm's
parameter flexibility allows adaptation to various document types by adjusting the epsilon
(neighborhood radius) and minimum points thresholds.

The methodology

The study employed a comprehensive methodology for processing PDF documents,
combining advanced text extraction techniques with machine learning approaches. The workflow
consisted of several key components:

Text Extraction and Preprocessing. The PDFPlumber library (v0.11.8) served as the
foundation for line-based text extraction, providing structured content blocks along with critical
metadata including spatial coordinates, font sizes, and font names. This metadata proved essential
for subsequent analysis and clustering operations, enabling precise identification of document
elements based on their visual properties.

Content Clustering. The DBSCAN algorithm was implemented for intelligent content
categorization, leveraging typographical features as primary clustering parameters. Menu
categories were identified through distinctive font characteristics - typically larger point sizes and
uppercase formatting. The algorithm demonstrated particular effectiveness in:

o Grouping related text elements into logical clusters

o Distinguishing between category headings (larger fonts) and item descriptions
(smaller fonts)

e Maintaining structural relationships between content elements

Experimental Validation. The system was evaluated using a diverse dataset comprising 50-
restaurant menu PDFs from publicly available sources. The test corpus included both scanned and
digitally-born documents to ensure comprehensive assessment of the algorithm's capabilities
across different document types [6].

Performance Metrics. A rigorous evaluation framework was established using standard
information retrieval metrics:

1. Precision (Positive Predictive Value): Measures the proportion of correctly
identified relevant items among all retrieved instances
TP

p . . —
recision —TP T FP

2. Recall (Sensitivity):
Quantifies the system's ability to identify all relevant instances in the dataset
TP
TP + FN
3. F1-Score (Harmonic Mean): Provides balanced assessment combining both
precision and recall

Recall =
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Precision X Recall

F,score = 2 X
1 Precision + Recall

Where:
e TP (True Positives): Correctly identified relevant items
o FP (False Positives): Incorrectly identified irrelevant items
e FN (False Negatives): Missed relevant items
e TN (True Negatives): Correctly rejected irrelevant items
This methodological framework enabled systematic evaluation of the system's
performance across various document types and structures, providing robust metrics for assessing
the effectiveness of the proposed approach [8].

The system architecture diagram proposes following workflow: PDF documents will be
processed via PDFPlumber in order to extract text, then it will be followed with DBSCAN clustering,
based on font characteristics, and it will be followed up by the NLP processing for semantic
categorization.

System Architecture: Menu Extraction Pipeline

PDF Input
{Menu)

Figure 1.System architecture diagram

All experiments were conducted using the following setup:

e Operating system: Windows 11
e Python version: 3.10
e Key libraries: pdfplumber 0.11.8, scikit-learn 1.8.0, numpy 2.3.5, pandas 2.3.3
e Hardware: Intel Core I5, 16 GB RAM

Recent advances in understanding documents have been made with the help of new
architectures that use transformers. These architectures can see both words and pictures at the
same time. The LayoutLM model [9] introduced an innovative approach to pre-learning that
combines text embeddings with two-dimensional positional embeddings derived from the
document layout structure. This approach allows the system to achieve the best results in the tasks
of understanding forms and classifying documents. The architecture has been improved in the
LayoutLMv3 model [10], which includes unified masking of text and images at the pre-training
stage. This improvement provides more stable cross-modal representation learning, allowing the

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 261
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



A.S. Mashkanov, Zh.Akhayeva, A.Zakirova

system to better understand the relationships between visual and textual elements.

PubLayNet [11] has become a standard benchmark for document layout analysis, including
more than 360,000 document images with annotations for five layout categories. This dataset
allows researchers to train and evaluate their models on a variety of document structures.
DocFormer [12] demonstrated the effectiveness of multimodal transformers that simultaneously
process textual, visual, and spatial features. This combined approach provides improved document
understanding, especially for documents with complex layouts where traditional methods show
limited effectiveness.

Table detection and structure recognition represent another important aspect of document
analysis. CascadeTabNet [14] proposed a cascade network approach for end-to-end table
detection, demonstrating that hierarchical feature extraction can significantly improve the
accuracy of identifying tabular structures in complex documents. This method proved particularly
relevant for menu processing, where price information is often presented in table-like formats.

Findings/Discussion

The experimental evaluation of the developed methodology demonstrated significant
improvements in text extraction accuracy from PDF documents. The integration of Optical
Character Recognition (OCR) and Natural Language Processing (NLP) technologies yielded the
following key performance indicators:
1. Clustering Accuracy. The method achieved a 20% reduction in text element grouping errors
compared to conventional OCR solutions. This improvement proves particularly valuable when
processing documents with complex layouts where precise identification of semantic blocks is
crucial.
2. Segmentation Quality. For documents with intricate layouts, the system demonstrated a 15%
increase in accurate content block separation. This enhancement results from the combined
approach considering both visual text characteristics and semantic features.

100 Performance Comparison of Menu Extraction Methods

95

90.1%

90

85

Score (%)

82.3%

80

75

70

Tesseract OCR

OCR + DBSCAN OCR + LayoutLM
Method

Figure 2.Performance comparison

The clustering diagram of text blocks obtained using font size and DBSCAN is shown below:
3. Text Block Identification. The implementation of the DBSCAN algorithm significantly improved
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recognition and classification of textual elements in multi-page documents. The system effectively
handles structural variations across different pages within a single document [15].

The presented results confirm the advantages of the integrated approach combining modern
computer vision and linguistic analysis technologies. The most notable progress was achieved in
processing complex documents where traditional methods showed substantial limitations. The
quantitative metrics demonstrate consistent improvements across all evaluation parameters, with
the combined OCR+NLP approach outperforming conventional OCR by 11.2 percentage points in
precision, 12.3 points in recall, and 11.8 points in F1-score. These enhancements are particularly
evident when processing documents with non-standard layouts or mixed content types.
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Figure 3.Clusterization with DBSCAN

As it can be seen, the clusters are divided by font sizes, so further extraction by categories, and
dishes names could be done. The categories average font size is 23.47 pt (n=17 blocks), and for
dish items it is 14.52 pt (n=134 blocks). A clear separation between clusters enables reliable
automated content categorization.

Distribution of Font Sizes in Menu Documents
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Figure 4. Distribution of font sizes in menu documents
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The system was evaluated for common extraction errors across 50 menu documents. Table
below shows the reduction in error rates compared to baseline Tesseract OCR:

Table 1. The reduction in error rates compared to baseline Tesseract OCR:

Error Type Baseline Proposed Method Reduction
Missed categories 15 5 67%
Wrong item 22 8 64%
boundaries
Price extraction 18 6 67%
errors
Description merging 25 10 60%

Conclusion

Experimental results confirmed the effectiveness of the proposed approach for analyzing PDF
menus based on clustering text elements by font characteristics. A clear distinction was observed
between category headings (average font size: 23.47 pt) and dish descriptions (14.52 pt), enabling
accurate automated content categorization. However, identified limitations in processing non-
standard formats and complex layouts highlight the need for further methodological
improvements. Future enhancements include optimizing neural network architecture, expanding
training datasets, and developing adaptive preprocessing algorithms to improve system reliability
across diverse document types. These findings establish a foundation for developing more
universal solutions for automated analysis of both structured and semi-structured PDF documents.
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JLH. T'ymuaée amvindarsl Eypazusanvix Yammeulk YHugepcumemi, Acmana, Kazakcmat

PDF ¢aingapsiHaH Masipiep/i MalIMHAJIBIK OKbITY MEH TaOUFH Ti/IAI eHAey
TIC/1epi apKbl/ibl aBTOMATTHI TYP/e€ LIbIFAPY KOHE KYPbLIbIMAY

Angarna. bysn 3eprreyge PDF KyxaTTapblH aBTOMaTTaHABLIPBUIFAH OHJEY[IH 3aMaHayu
TaciZiepi KapacThlpblia/ibl, 9cipece KypblIbIMbI 9JICi3 MelpaMxaHa Ma3ipJiepiH Tajjayfa b6aca
Hasap ayjapbuiafbl. MoTIHAIK JepekTepAl aBTOMATTAHABIPYAbIH  ©3€KTulIiri apTypJi
cajajapAarbl LUOpPJBIK TpaHchopManua ascblHAA 3epTTesefii. 3aHHaMaJblK aKTijep MeH
FBUIBIMM  KapusiJlaHbIMZAp CUAKTBI  apTypai PDF  KyxaTTapblHbIH  KYpbIIBIM/BIK
epeKuieJaiKTepiHe caJblCTbIpMaJbl Taay XKyprisiieni.
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3epTTey Heri3iHeH aBTOMAaTTaH/JbIPbUIFAH JepeKTepli LWbIFapy, KypbLIbIMJAy KoHe
CEMaHTHUKAJbIK TajJay MaceJsieJiepiH lLlellyre apHaafaH Taburu Tingi engey (NLP)
TEXHOJIOTHUSIJIapbl MEH MallMHAJBIK OKBITY 9/iCTepiH OipiKTipeTiH KellleH i a/jicTeMeliK TaciaAi
a3ipJsieyre GafbITTa/lFaH. ¥ChIHbIIFAH lIelliM MelpaMxaHa Ma3ipJsepiHe TOH KYpbLIbIMBbI 9JICi3
PDF Ky»kaTTapblH eHJey/leri leKTeyJaep/i eHcepyAi MaKcaT eTe/|.

Ty#iH ce3gep: PDF Ky>xaTTapblH eH/ey, MaTiH/i Talaybl aBTOMaTTaHAbIPY, KYPbLJIbIMbI
9JICi3 JepeKTep, MelpaMxaHa Ma3ipJepi, Taburu Tingi eHaey (NLP), mMamuHanbIK OKBITY,
JlepeKTep/i LbIFapy, CEeMaHTUKAJbIK TaJlay, KOFaM/blK TaMaKTaHy caJlacblH [UPPIaHbIPY

A.Ill. MamukaHoB*, ’K.b. AxaeBa, A.b.3akupoBa

Eepa3suiickuii HayuoHaavHbulil YHusepcumem um. /L. H.I'ymunéea, Acmana, Kazaxcmax

ABTOMaTHU3UPOBAHHOE U3BJ/IeYEHUE U CTPYKTypHpoBaHHUe MeHI0 u3 PDF-¢aiiioB c
HCN0JIb30BaHHEM METOA0B MAlIMHHOI'0 06y4YeHUsI U 06PAaGOTKHU €eCTECTBEHHOTO SA3bIKA
(NLP).

AHHOTAaMA. 3JTO  WUCCAeOBaHWE  pacCMaTpUBaeT COBpPeMeHHble  MOJAXOAbl K
aBTOMaTU3UpPOBaHHOU o6paboTke PDF-70KyMeHTOB, ¢ 0COOBIM aKIleHTOM Ha aHa/Ju3 cjaabo
CTPYKTYPUPOBAHHBIX pPECTOPAaHHbIX MeHI0. AKTyaJbHOCTb aBTOMaTHU3alLUUM 00pPabOTKHU
TEeKCTOBBIX [aHHbIX aHAJU3UPYETCd B KOHTEKCTe LUPPOBON TpaHcHopMalyu pasJIUYHbIX
oTpacJieil. [I[poBoAUTCA CpaBHUTE/IbHBIA aHA/IU3 CTPYKTYPHBIX 0COOEHHOCTE!N pa3/IMYHbIX TUIIOB
PDF-10KyMeHTOB, BK/Il0Yasi HOpMaTHBHO-NIPaBOBbIe aKThl U Hay4yHble Nybaukauuu. OCHOBHOe
BHHMaHUe B paboTe yzesseTcs pa3pab0TKe UHTETPUPOBAHHOTO METO/L0JI0TUYECKOT0 OAX0/1a,
COYEeTAWILero TEXHOJOrHU 06paboTKU ecTecTBeHHOro sa3bika (NLP) u MeToabl MalIMHHOIO
00y4yeHHUs AJig pellleHUs 3a,a4 aBTOMAaTUYEeCKOT0 U3BJIeYeHHUS JJaHHBIX, UX CTPYKTYPUPOBaHUS U
ceMaHTHU4YecKoro aHasiu3a. [IpesiyiaraeMmoe pelieHre HanpaBJieHO Ha IPe0/I0JIEHUEe OTPAaHUYEHHUH,
CBSI3aHHBIX C 00pPabOTKOW €Jabo CTPYKTypuUpoBaHHbIX PDF-0KyMeHTOB, xapaKTepHBIX AJs
pecTopaHHBIX MEHIO.

KirouyeBsle caoBa: 06pa6oTtka PDF-goKyMeHTOB, aBTOMaTU3aLUsl TEKCTOBOIO aHaJ/IM3a,
c1abo CTPYKTypUPOBaHHbIE JlaHHbIE, pECTOPAaHHbIE MEHIO, 06pab0TKa eCTECTBEHHOTO fI3bIKa
(NLP), mamuHHOe 00y4yeHHe, U3BJieYeHUe JAaHHbIX, CEMAHTHYECKUN aHa/u3, UdpPOBHU3ALUSs
chepbl 061IECTBEHHOTO MUTAHMUSI.
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