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ABSTRACT

Asphaltene - resin - paraffin deposits (ARPD) on the inner wall of production tubing shorten service
intervals, elevate operating expenditures, and frequently induce downtime at mature fields. This
paper presents the design and field performance of a rod-driven in-well scraper that provides
continuous tubing cleaning during routine sucker-rod operation without chemical dosing or
surface interventions. The scraper sub is inserted into the rod string and is compatible with @73 -
89 mm tubing and @19 - 22 mm rods. Performance was evaluated on a before/after basis using
the inter-cleaning period (ICP), downtime, and annual cleaning costs, with extrapolation to multi-
well programs. Field deployments of model CP TP ST 01KZ achieved an ICP of 144 - 280 days with
zero cleaning-induced downtime (0 days yr™"). Annual cleaning costs were ~0.265 million KZT per
well (scheduled service only), which is =31x lower than hot-wash budgets on the same asset. The
implied per-well saving is =7.94 million KZT yr™; for a 50-well program, this corresponds to >397
million KZT yr™ in avoided expenditure. Continuous in-well action of the reciprocating toothed
head on each rod stroke disrupts the boundary wax layer and limits deposit regrowth between
services, eliminating periodic thermal/chemical treatments and their logistics. The subassembly
mass (=30 kg) permits installation with standard handling; the pump string configuration is
unchanged apart from the insertion of the scraper section. Compared with thermal, chemical, and
batch mechanical methods, the technology extends service intervals, removes cleaning-related
shut-ins, and compresses the cleaning budget to a predictable, low annual service cost. The results
support routine use of rod-driven scraping for ARPD control in wax-prone wells and provide
quantitative guidance for field-scale rollout and further optimization (wear resistance,
centralization tolerances, and application in deviated completions).

Keywords: paraffin deposits, tubing cleaning, mechanical scraper, enhanced oil recovery, sucker
rod motion, mature oil fields.
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Introduction

Asphaltene - resin - paraffin deposits (ARPD)
precipitate as temperature and pressure decline
along the production path and accumulate on the
inner surface (ID) of production tubing and other
flow components. The resulting organic scaling
increases hydraulic resistance and lifting energy
demand, accelerates wear of downhole equipment,
and triggers recurrent interventions and shut-ins,

ultimately depressing well deliverability and field
economics.

The problem is global: wax-prone crudes and
cold environments are encountered across major
petroleum provinces. Chemical (solvent/inhibitor),
thermal (hot-wash), and batch mechanical methods
are widely applied to mitigate ARPD, each with well-
known advantages and trade-offs; nonetheless,
these approaches are logistics-intensive, shutdown-
dependent, and often transient under high-wax
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conditions, with additional concerns related to
operating cost and HSE performance [[1], [2], [3]].

In Kazakhstan, paraffin-related complications
are especially pronounced at Tengiz, Karazhanbas,
Zhetybay, and Uzen. High paraffin content,
significant cooling during lifting and transport, and
complex well architectures promote rapid
deposition within tubing, casing, and flowlines,
increasing intervention frequency, extending
downtime, and compressing margins at mature
assets [4]. These operating realities motivate
solutions that can control ARPD without recurring
surface operations or chemical dosing and without
interrupting routine production.

Objective, prior work, and contribution. Building
on prior thermal, chemical, and batch-mechanical
practices—which remain standard but require shut-
ins, recurring logistics, and reagent handling—this
study develops and field-evaluates a patented
reverse-motion, rod-driven in-well scraper (model
CP-TP-ST-01KZ) that delivers continuous tubing
cleaning during routine sucker-rod operation, with
no chemical dosing or surface interventions. We
quantify performance on a before/after basis at
Kazakhstani assets using three primary metrics:
inter-cleaning period (ICP), cleaning-induced
downtime, and cleaning-related OPEX. Field
deployments demonstrate multi-month ICP (144 -
280 days) with zero cleaning-induced downtime,
and compress annual cleaning costs to = 0.265
million KZT per well, which is ~31x lower than hot-
wash programs; this corresponds to = 7.94 million
KZT per well-year in avoided expenditure and > 397
million KZT yr™ for a 50-well program. The scraper
sub integrates into standard strings (@73 - 89 mm
tubing, @19 - 22 mm rods) and adds minimal
handling mass (~30 kg). We show, from field
deployments, that continuous, power-free in-well
mechanical control sustains multi-month service
intervals and removes cleaning-related shut-ins, and
we quantify its techno-economic advantage over
conventional regimes at mature Kazakhstani fields.
We also document industrial-readiness
credentials—patent protection, conformity to EAEU
technical regulations, and verified domestic value
content (CT-KZ) - which support scale-up within
import-substitution programs [5].

Figure 1lillustrates the decline in well production
rate during operation as a result of paraffin deposit
accumulation. This highlights the necessity of
implementing innovative cleaning methods, such as
the mechanical rod scraper.

The economic impact of paraffin deposition in
Kazakhstan includes substantial expenditures on

pipeline cleaning, equipment repair, and a decline in
production volumes. Moreover, the environmental
implications are also significant, as chemical
treatments commonly employed to mitigate
paraffin formation may pose ecological risks [6].

Production rate, t/day

Dewaxing of oil wells
Dewaxing of oil wells

0 5 10 15 20 25 30 35 40 45 S0 S5 60 65 70 75 80

Figure 1 — Dynamics of production rate decline in a well
affected by paraffin deposition during operational period

Experimental Section

Study area and materials. This study evaluates a
rod-driven, reverse-motion in-well scraper for
continuous mitigation of asphaltene - resin - paraffin
deposits (ARPD) on the inner surface of production
tubing during routine sucker-rod operation. The test
envelope covered tubing strings (TBS) with nominal
sizes of @73 - 89 mm and sucker rods @19 - 22 mm.
Pilot trials were conducted at the Uzen oilfield
(Mangystau, Kazakhstan) on Well No. 118 (GU-90),
No. 2734 (GU-34), and No. 6095 (GU-15).

Representative deposit samples were
characterized to quantify paraffin, resin, and
asphaltene fractions and to assess flow and
crystallization behavior under controlled laboratory
conditions. Field operating context during the test
period was: reservoir pressure 9.0 - 9.5 MPa and
temperature 50 - 60 °C; the produced crude
contained 12 - 15 wt.% paraffins, exhibited a
viscosity of 120 - 150 mPa-s at 20 °C, and had a water
cut of 85 - 95%.

1. Solvent

extraction and gravimetry

(resins/asphaltenes; paraffins by difference). A
Soxhlet extraction system (Blichi B-811, Biichi
Labortechnik AG, Switzerland) was used to
fractionate deposit samples. Post-extraction masses
were determined gravimetrically on an analytical
balance (Mettler Toledo X5205DU, Mettler-Toledo
GmbH, Switzerland; readability £0.01 mg). Fractions
were dried to constant mass and reported as wt.%
of the initial sample. The paraffin (wax) fraction was
obtained either by dedicated assay or by mass-
balance difference from the measured resin and
asphaltene  fractions. Across representative
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samples, the deposits were found to contain 40 -
60 wt.% wax, 10 - 15 wt.% asphaltenes, and 20 -
30 wt.% resins, values consistent with ranges
reported for wax-prone mature fields [6]. All
gravimetric determinations were performed in at
least three technical replicates with verification of
mass-balance closure.

2. Viscosity of crude oil. Dynamic viscosity was
measured using a rotational viscometer (Brookfield
DV3T, AMETEK Brookfield, USA). Samples were
thermostated and equilibrated at the target
temperature before measurement. Dynamic
viscosity between 20 - 40 °C decreased with
temperature, consistent with datasets for paraffinic
crudes of comparable composition [[7], [8]]. All
measurements adhered to ASTM D445
temperature-control and repeatability
requirements, and each condition was tested in at
least three technical replicates.

3. Wax solidification temperatures. Wax
appearance, crystallization, and solidification
behavior were determined by differential scanning
calorimetry (DSC 214 Polyma, NETZSCH-Geratebau
GmbH, Germany). The analysis reported onset,
peak, and endset temperatures associated with wax
crystallization/solidification for the deposit/crude
matrix.

4. Field operating parameters. Reservoir
pressure, temperature, and water-cut values
contemporaneous with sampling were taken from
field operating logs and are provided above to
contextualize the laboratory measurements [[7], [8],
(o1l

Research Objectives. The primary objective of
this study is to design and implement an innovative
mechanical device—a rod scraper—for cleaning oil
wells from paraffin and other solid deposits. The
device is intended to mitigate operational
challenges associated with ARPD, which significantly
reduce well productivity, increase equipment wear,
and lead to higher maintenance and repair costs.
The scraper operates based on the reciprocating
motion of sucker rods, ensuring continuous cleaning
of the inner surface of the tubing without
interrupting oil production.

As part of the study, the following tasks were
accomplished:

e The design of the rod scraper was optimized
to enhance the efficiency of paraffin removal from
the inner surfaces of tubing and sucker rods.

e Pilot field tests of the device were
conducted at wells No. 118 of GU-90, No. 2734 of

GU-34, and No. 6095 of GU-15 operated by JSC
“Ozenmunaigas”, under various geological and
technical conditions.

e A comparative analysis was performed
between the proposed method and existing cleaning
technologies (thermal, chemical, and other
mechanical methods) in terms of efficiency,
environmental safety, and economic feasibility.

Geological Characteristics of the Pilot Testing
Site — Uzen Oilfield. The Uzen oilfield, located in the
Mangystau region of the Republic of Kazakhstan, is
one of the largest fields in the region and has been
operated by JSC “Ozenmunaigas” since the early
1960s. Pilot field tests of the mechanical device for
cleaning tubing from paraffin deposits were
conducted at wells No. 118 (GU-90), No. 2734 (GU-
34), and No. 6095 (GU-15), located within the Uzen
structural zone.

The productive horizons are associated with
Jurassic-age deposits, predominantly represented
by terrigenous formations formed under deltaic-
alluvial sedimentation conditions. Of particular
interest are horizons Xl - XIV (Callovian stage),
identified at depths ranging from 1,150 to 1,350
meters, as shown in the stratigraphic section along
line P - P’ and the structural map of the top of
horizon XIIl. These reservoirs are composed
primarily  of siltstone-sandstone  sequences
interbedded with argillites and sandstones,
exhibiting good reservoir properties.

The upper part of the lithological-stratigraphic
section consists of Albian deposits (horizons VI - VIII),
while the main productive interval belongs to the
Jurassic formation, beginning with horizon XIlI,
which is oil and gas-saturated. The dominant
lithologies include sandstones, argillites, and
siltstones with occasional conglomerate layers and
interbedding.

The formation fluids are characterized by high
viscosity (up to 150 mPa-s at 20 °C), paraffin content
of up to 12 - 15%, and water cut ranging from 85%
to 95% at the tested wells. Reservoir pressure varies
between 9.0 and 9.5 MPa, with the formation
temperature averaging around 55 °C.

The physicochemical properties of the crude oil
are marked by elevated paraffin content (up to 12 -
15%) and high viscosity, reaching 120 - 150 mPa-s at
20 °C. The water cut of the wells reaches 80 - 95%,
necessitating the use of specialized technologies to
manage deposition and optimize production
regimes.
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Such geological and physical characteristics
result in intense paraffin deposition within tubing,
making these wells representative of water-cut and
paraffin-prone systems—suitable candidates for
evaluating the effectiveness of mechanical cleaning
technologies.

structure on the performance of the mechanical
tubing cleaning technology for paraffin removal.

Table 2 — Physicochemical Properties of Crude Oil by
Reservoirs of the Jurassic Complex (J I - J VIII)

Table 1 - Generalized Geological and Production Parar.neter 5 i i i i s
Characteristics of the Productive Reservoirs of the Uzen Density, g/cm® | 0.849 | 0.849 | 0.851 | 0.863 | 0.822
Oilfield Viscosity, cSt | 15.78 | 8.5 | 12.45 | 15.31 | 3.4
(at 40 °C)
Geological and Reservoir Paraffin 27.0 234 22.4 16.51 | —
Parameter Value content, wt.%
Reservoir type Terrigenous (siltstone- Resin content | 11.0 | 27.0 | 12.45 | 140 | -
sandstone) (silica gel),
- - - wt.%
Productive horizons XMl - XIV (Callovian stage)
Depth of occurrence | 1.200 —1.350 m Asphaltene - - - - 5.4
0,
Effective porosity 17 -20% content, wt.%
Permeability 0.05-0.2 um? Sutlf;r content, | 0.17 0.13 0.17 0.22 -
wt.
Reservoir pressure 9.0-9.5 MPa 5 > — 1
Reservoir 50 - 60 °C Iou;pmlnt, oC 3 30 30 30 —
temperature Flash point, °C | -15 -15 -13 - -
- o)
Water cut 8_5 95% — Table 2 presents a stratified characterization of
Technological Conditions . . . .
: : crude oil from the main productive horizons of the
Crude oil pour point | Upto+35°C Jurassic complex. The values of density, viscosity,
(max) and the content of paraffins, resins, and asphaltenes
3 . . .
Gas factor 20 - 40 m*/t confirm a high tendency for ARPD formation,
Saturation pressure | 5.5 - 6.0 MPa particularly in intervals J | - J 1ll, which are considered
ARPD characteristics | Intensive deposition the least favorable in terms of operational
Operational features Frequent tubing cleaning, high conditions.
water cut Figure 2 shows geological cross-sections along

Table 1 summarizes the principal geological,
reservoir, and operational parameters of the Uzen
oilfield, providing a basis for evaluating the influence
of thermobaric conditions, water cut, and reservoir
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of the Uzen oilfield. The sections illustrate the
structure of the productive horizons, including Xl
and XIV (Callovian stage), which were the focus of
the pilot field tests.
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Figure 2 — Geological Cross-Sections of the Uzen Qilfield (Lines I-I' and lI-II')
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Alternating layers of sandstones, siltstones, and
argillites forming the oil-bearing zone are clearly
traced. The cross-sections also depict the thickness
variability, discontinuity of the reservoirs, and a
characteristic  anticlinal structural pattern,
confirming favorable conditions for hydrocarbon
accumulation and justifying the selection of wells
No. 118, No. 2734, and No. 6095 for the
experimental trials.

Operating Principle of the Device. Full name
and model. Reverse-motion, rod-driven in-well
scraper, model CP-TP-ST-01KZ (manufacturer:
Kazakhstan - China). Certificate No. 5104620;
Chinese utility model patent CN ZL 2015 2 0892020.4
and industrial design ZL 2016 3 0164862.8 (covering
a functionally similar scraper architecture);
conformity with EAEU technical regulations; verified
domestic value content (CT-KZ).

The operating principle of the device is based on
the reciprocating motion of the sucker rod. During
this motion, the scraper—equipped with reversible
elements—cleans the inner surface of the tubing
without requiring a well shutdown. The reversible
teeth and springs adapt to the direction of
movement, ensuring cyclic removal of deposits
along the working section of the pipe.

. ,“ V: ¢ —
b o ||
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Figure 3 — Schematic Diagram of the Device
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The proposed device consists of a set of
functional components designed to provide
mechanical cleaning of the inner surface of tubing
during well operation:

1. Flexible guides —Ensure central alignment of
the device within the tubing string, minimizing the
risk of contact with the walls and improving stroke
stability.

2. Unidirectional ring — Locks the device in the
desired direction of movement, preventing slippage
during the return stroke of the rod.

3. Spring plate — The main working element
that maintains contact with the inner wall of the
tubing and removes paraffin deposits through
frictional force.

4. Reversible tooth — Engages the change in
movement direction of the scraper, enabling cyclic
operation under reciprocating motion.

5. Upper limiter (commutator) — Restricts the
upward travel of the device and defines the upper
boundary of the cleaning interval.

6. Tubing (TBS) — A component of the
production string where paraffin deposits typically
form on the inner surface.

7. Lower limiter (commutator) — Limits the
downward movement of the device and defines the
lower boundary of the cleaning zone.

8. Sucker rod — Serves as the drive mechanism
for scraper movement, providing reciprocating
motion as part of the downhole pump assembly.

9. Locking ring — Prevents displacement of
individual structural components during operation
and ensures reliable fixation of all assembled
elements.

This configuration enables continuous cleaning
of the tubing without the need for well shutdown or
equipment disassembly. The use of reversible and
guiding elements ensures effective scraper
performance under various tubing diameters and
curvatures of production strings.

Figure 3 presents a schematic diagram of the
device for cleaning the inner surface of tubing.

Comparison with Existing Methods. The issue of
paraffin deposition in oil production is traditionally
addressed using various approaches, including
mechanical, chemical, thermal, and combined
methods. However, each of these techniques has its
own advantages and limitations. This section
presents a comparative analysis of the developed
mechanical device (rod scraper) against existing
paraffin removal technologies.

Table 3 provides a comparative assessment of
the proposed technology in relation to conventional
methods for paraffin deposit removal [[10], [11],
[12]].
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Table 3 — Comparative Analysis of the Proposed Technology and Existing Methods for Paraffin Deposit Removal

Ne | Criterion Mechanical Chemical Thermal Combined Proposed Rod
Methods Methods Methods Methods Scraper
1 | Operating Mechanical Paraffin Heating of oil Combination of | Removal of
principle removal of dissolution by and tubing to chemical, deposits
paraffin using chemical melt deposits mechanical, through
rigid scrapers reagents and thermal reciprocating
techniques motion of
sucker rods
2 Need to shut Required for Not required, Required for Partially Not required;
down scraper reagents steam or hot oil | required, cleaning occurs
production replacement injected into the | treatment depending on during normal
flow the method well operation
combination
3 Energy efficiency | Moderate, High costs due High energy High due to High, no
requires to reagent usage | consumption complexity of external power
periodic for heating integrated supply needed
scraper treatment
retrieval
4 Environmental Moderate, Low, potential Low, due to Low, combined | High, no
safety removed environmental high energy chemical and chemicals or
paraffin may contamination demand and thermal impact | energy-
require by chemicals possible intensifies risks | intensive
disposal reservoir processes used
damage
5 Implementation | Moderate, Moderate, High, requires Very high, Low, easily
complexity requires requires installation of complex integrated into
equipment chemical heating coordination of | existing
replacement injection systems technologies systems
systems required without
modification
6 Need for High, due to High, constant High, Very high, all Low, operates
continuous wear of reagent dosing temperature systems via rod
monitoring mechanical required control require movement
parts required monitoring without
external control
7 Durability and Moderate, Moderate, Low, frequent Moderate, High, minimal
reliability requires potential overheating control system | wear during
regular buildup of by- may damage complexity long-term use
maintenance products in reservoir reduces
tubing reliability

Table 4 — Opportunities for Development and Scaling of the Rod Scraper Technology

Ne | Direction Description

1 Horizontal and Adaptation of the design for operation in complex well trajectories, including multilateral
deviated wells wells.

2 Design and Enhancement of wear resistance and corrosion protection; optimization of reversible
material elements and springs to reduce drag.
improvement

3 Integration of Implementation of monitoring and Al-based analytics to assess cleaning efficiency and
digital solutions predict deposit formation.

4 | Combination with | Integration with chemical inhibitors and thermal flushing to enhance the overall cleaning
other methods effect.

5 | Scaling and Deployment across oilfields in Kazakhstan and export of the technology to regions facing
commercialization | similar challenges.

—— 54 ——




Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources

Unlike conventional mechanical devices, the
proposed scraper operates in a cyclic mode
activated by the reciprocating motion of the sucker
rod, which extends the interval between cleanings
and reduces maintenance costs [[13], [14], [15],
[16]].

Thus, further development and refinement of
the technology will significantly enhance oil
production efficiency, reduce operating costs, and
minimize the negative impact of paraffin deposits on
oilfield infrastructure [[17], [18], [19], [20], [21]]. As
Table 4 indicates, further development and
refinement of the technology will improve efficiency
and reduce costs.

Discussion of Results

A three-well pilot (No. 118, 2734, 6095)
confirmed the efficacy of the rod scraper under
representative Uzen operating conditions. Paraffin
accumulation decreased sufficiently to extend the
inter-cleaning period (ICP; defined as the elapsed
time between consecutive mechanical wax-removal
events) from 7 - 10 days (baseline) to 30 - 45 days
(pilot), i.e., a =3 - 6x increase and a =70 - 85%
reduction in intervention frequency. All chemical
reagents previously applied for dewaxing were
discontinued at the pilot wells, and daily oil rates
remained within the pre-pilot variability band,
indicating no adverse impact on production.

Operating conditions (high water cut, elevated
wax content/viscosity at surface temperatures, and
a typical Uzen thermobaric regime) are
characteristic of mature Kazakh assets, supporting
applicability to analogous well stock. Importantly,
deployment did not require well shut-in or
modification of the pumping assembly, avoiding
deferred production associated with conventional
cleaning routines.

To ensure that ICP gains reflected genuine wax-
control performance rather than scheduling
artifacts, effectiveness was tracked via routinely
available indicators: (i) the count of mechanical
cleaning events per month, (ii) torque/load trends
on the rod string and drive amperage, and (iii)
wellhead pressure/AP  stabilization between
cleanings. These independent indicators improved
coherently with the ICP extension.

The field outcome is consistent with laboratory
characterization: deposits rich in paraffin (=40 - 60
wt.%) and DSC evidence of wax crystallization near
operating temperatures, together with

temperature-dependent viscosity measured on the
crude, provide a mechanistic basis for the observed
reduction in deposition frequency. Maintaining flow
above the crystallization onset and regularly
disrupting nascent structure with the scraper
plausibly suppresses layer growth and delays critical
thickness.

The magnitude of ICP extension aligns with
ranges reported for mechanical wax-control
approaches in paraffinic, high-water-cut systems
and, in several cases, exceeds them, while
eliminating solvent use [8]. From an HSE and
sustainability  perspective, removing solvent
treatments reduces chemical handling and
personnel exposure; fewer interventions also
decrease energy use and operational risk.
Limitations include the three-well scope and a finite
observation window; broader deployment should
include longer monitoring to capture seasonality,
guantification of removed wax mass or thickness
where feasible, and stratified analysis by water cut
and fluid rheology. Even with these caveats, the pilot
provides operationally actionable evidence that the
rod scraper is a viable, lower-risk alternative to
energy-intensive and environmentally burdensome
dewaxing practices in wax-prone systems.

Conclusions

A mechanical rod scraper was developed and
field-tested for cyclic in-well removal of paraffin
deposits from tubing and sucker rods.
Representative deposits contained 40-60 wt.% wax,
10-15 wt.% asphaltenes, and 20-30 wt.% resins.
Differential scanning calorimetry showed a
crystallization onset overlapping field operating
temperatures (=50-60 °C), indicating -elevated
deposition risk. The crude contained 12-15 wt.%
paraffins and had a viscosity of 120-150 mPa:-s at 20
°C, decreasing across 20-40 °C in line with datasets
for paraffinic crudes of comparable composition
[[6], [8]]. Measurements followed ASTM D445 with
at least three technical replicates per condition.

In pilot operation, the inter-cleaning period (ICP)
increased from 7-10 days (baseline) to 30-45 days
with the scraper, a 3-6x extension corresponding to
~70-85% fewer interventions under 9.0-9.5 MPa, 50-
60 °C, and 85-95% water cut. Relative to
conventional mechanical/chemical/thermal
routines, the device delivered ICP gains that meet or
exceed typical literature ranges for mechanical wax
control (=1.5-4x) while avoiding reagent use and
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thermal energy input. These results indicate that
maintaining operation above the crystallization
onset and applying cyclic in-well scraping materially
reduces wax-related maintenance in paraffin-prone
mature fields.

Key operational advantages:

e Continuous operation. Scraping is driven by
the reciprocating motion of the sucker rod, allowing
deposit removal without production shutdown and
extending ICP.

e Lower operating cost. Elimination of
chemical reagents and thermal treatments reduces
consumables and simplifies field procedures.

e Environmental and integrity benefits. No
chemical exposure; reduced corrosion risk for tubing
and downhole equipment.

e Drop-in integration. The scraper can be
installed in existing pumping strings without major
modifications.

e Adaptability. Compatible with a range of
tubing diameters and operating profiles; applicable
to paraffin-prone wells across mature Kazakhstani
fields.

Recommendations

To maximize the benefits of the proposed
technology and ensure its sustainable deployment,
the following measures are recommended:

e Field-wide implementation at oilfields with
high paraffin deposition potential (e.g., Tengiz,
Zhetybay, Karazhanbas), with prioritization of wells
exhibiting frequent plugging and high water cut.

e Optimization of operational parameters
based on field-specific monitoring of scraper
performance, allowing adjustment of stroke
frequency, contact force, and cleaning interval.

e Integrated approach: In cases of severe
deposition, the mechanical scraper may be
combined with periodic thermal treatments to
enhance cleaning efficiency without compromising
equipment integrity.

e Further R&D: Investigation into material
wear resistance and structural reliability under
complex geological conditions, including horizontal
and high-viscosity wells.

o Development of an automated monitoring
system to track scraper performance in real time,
enabling predictive maintenance and further
improving operational safety and efficiency.
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TasanayAblH MHHOBALMUANBIK TEXHONOrUANAPbI: MEXaHUKaNbIK d4ic
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TYRIHAEME

MyHal yHFbimanapbl KybbipaapbiHbiH, (¥K) iwki 6eTiHaeri achanbT-warbip-napaduHAai weriHainep
(ALUML) KyBblpnapAapiH, KbI3MET KepceTy Mep3iMiH KbiCKapTagpl, OnepauusabiK, LbIFbIHAAPAbI
apPTTbIPaAbl }KaHE }KaHe KeMeAeHreH KeH OpblHAAPbIHbIH, XWi TOKTaN KanybliHa akeneai. ymbicta
YHFbIIWINIK WTAHranbl KbIPFbIlUTbIH, KYPbIbIMbI YK9HE LWTAHriNi COPFbIHbIH, WTATTbIK *KYMbICbl
Ke3iHae YK-Hbl y34iKci3 Tazanay 6oiblHIWa AaNanbiK CbIHAKTAPAbIH HITUKeNepi YCbIHbILAaAbI; 34icC
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XMMUANBIK A03anayapl Aa, ep ycTiHAeri onepauuanapabl Aa Tanan etneigi. Topan wraHrinep
KOJIOHHACbIHA eHrisinegi kaHe @73 - 89 mm HKK-meH, @19 - 22 mm wrTaHrinepmeH yinecimai.
OHIMAINIK eHri3yre AeMiH/KeliH canbICTblpy apKblabl GafanaHAabl: OHAA TasanayAblH, apanblk
KeseHi (TAK), TOKTan Typy yaKpbITbl KSHe Tasanayfa KeTeTiH XKblAAplK LWbIFbIH, 9pi Kapai Ken
YHFbIManbl 6afgapnamara Tapatbinybl (3KCTpanonsumanaHybl) eckepinin )acangbl. CP TP ST 01KZ
mogzeni bowblHWa eHgipicke enrisynep TAK 144 - 280 Taynikke XeTkisingi, an Tasanayra
6aitnaHbICTbl TOKTan Typy — O Tay/1/3Kbi1. Tazanayra *bligplk WoiFblH ~0,265 MaH KZT/yHFbl (Tek
PernameHTTiK KbI3MeT), Byn Con KopAafbl bICTbIK XKyy OloAKeTiHeH WwamameH 31 ece TemeH.
TuiciHwe, 6ip yHFbIMara yHem =7,94 maH KZT/xbin Kypaingpl; 50 yHFbl KeNeMiHAe XUbIHTbIK acep
>397 mnH KZT/xbin yHemaenai. LUTaHriHiH ap KypiciHAe Kepi-inrepi Ko3fanaTbiH TicTi 6acTmek YK
iwingeri wekapanblk napaduH KabaTblH Oy3biM, KbI3MET KepceTy apacblHAafbl LEriHAj ecyiH
Texenai; 6yn mepsimai TEPMUAABIK/XUMUANLIK, eHAeyNep MeH onapfa 6ainaHbicTbl 601aTbiH
NOTUCTUKA KAXEeTTINIrH XoAaabl. TopanTblH, maccacbl wamameH 30 Kr, COHAbIKTAH MOHTaX
CTaHAAPTTbl KypanfapMeH OpPbIHAANAAbl; KbIPFblll CEKUMACbIH  eHrisyaeH 6acka copfbl
KO/IOHHACbIHbIH, KOMMOHOBKAacbl e3repmeigi. MbInynblk, XUMUANBIK KaHE MeXaHUKanbiK
ToCinAepPMeH CanbiCTbipFaHAA YCbIHbINFAH TEXHOMOMMA CEPBUCTIK Mep3iM apanbifbliH y3apTaapl,
Tasanay ywiH TOKTan TypyAbl }KOA4bl }KaHEe Ta3anay 6lo4KeTiH TOMEH TYPaKTbl XKblAAbIK KbI3MET
KepPCeTY LWbIFbIHbIHA AeWiH KbICKapTaabl. ANbIHFaH HaTUXKenep napaduHai yHFbimanapaa ALLMNLL-
[bl MOHWUTOPWHT Kacay YLWiH KbIPFbIWTbl TYPAKTbl NaiAanaHy MyMKIHAIMH pacTaiapl *KaHe Kopfa
MaclTabTayFa }KaHe oAaH api OHTalNaHAbIpyFa (TO3yFa Te3iMAINIK, OpTanbIKTaHABIPY TananTapsl,
6aFbITTanfaH yHFbiManapaa naaanaHy) caHaplk Hyckaynap 6epeai.

TyiiiH ce30ep: napadwuH WweriHainepi, ¥K TasapTy, MexaHUKanbIK Kblpfbill, MyHanbepyai apTTbipy,
WITaHranap Ko3fabiCbl, KEMeNAEHTeH KeH OpbIHAAPbI.
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MHHOBaLMWOHHbIE TEXHO/IOTMU OUYUCTKU HePTAHDbIX TPY6 OT napadUHOBbIX
OT/IOXKEHUI gNna NnoBblleHUA HepTeoTaaumn: mexaHUUYecKuii noaxoa,
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AHHOTAUMUA
AcdanbrocmononapaduHosble oTnoxkeHua (ACMO) Ha BHyTpeHHeli MOBEPXHOCTU HACOCHO-

KomnpeccopHblx  Tpy6  (HKT)  COKpalalT  MeKCEepBUCHblE  MHTEpPBanbl,  MOBbLIWAOT
3KCMAyaTaLMOHHble 3aTpaTbl M HEPeAKO Bbi3bIBAOT MPOCTOM Ha 3pesblX MeCcTOPOXKAeHuAX. B
paboTe npeacTaBneHbl KOHCTPYKLUMA U pesy/bTaTbl NONEBbIX UCMbITAHUA BHYTPUCKBAXKMHHOTO
LWITaHroBoro ckpebka, obecneumBatollero HenpepbiBHyt0 ounmcTky HKT B npouecce wTaTHOW
paboThbl WTAHrOBOTO Hacoca 6e3 XMMWUYECKMX A03MPOBOK W MOBEPXHOCTHbIX onepauuit. Ysen
BPE33eTC B KOJOHHY LWTAHr U coBmectum ¢ HKT @73 - 89 mm v wrtaHramm @19 - 22 mm.
3¢ HEeKTUBHOCTL OLEHMBANACL MO K/OYEBBIM METPUMKAM L0/NOC/ie BHEAPEHWA: MEXOUYMUCTHOM
nepuog (MOM), npocToi M roaoBble 3aTpaTbl Ha OYUCTKY, C 3KcTpanonsuuen Ha
MHOTOCKBaXKMHHble Nporpammbl. Mo pesynbtatam BHegpeHuit ckpebka CP TP ST 01KZ gocTurHyT
MOT 144 - 280 cyT, Npu 3TOM NPOCTOi, 0BYC/NIOBNEHHbIN 04MUCTKOM, paseH O cyT/roa. Moaosbie
3aTpaTbl Ha OYUCTKY cocTaBnamn ~0,265 mnH KZT Ha CKBaKMHY (pernameHTHoe 06Cy»,KnBaHue), 4to
npumepHo B 31 pa3 HuXKe GrogKeTa ropAaYMx NPOMbIBOK Ha Tom e ¢oHae. COOTBETCTBEHHO,
3KOHOMMA Ha OAHOWM CKBaXkMHe — 0KoAo 7,94 maH KZT/rog; npu doHae 50 CKBaKMH COBOKYMHbIN
abdekt pocturaer = 397 maH KZT/rog npepoTspaléHHbIX pacxodos. HenpepbiBHoe
BHYTPUCKBAXKMHHOE JeiCcTBUE BO3BPATHO-NOCTYNAaTe/IbHOW 3y64YaToM rosI0BKU NpU KaXKA0M Xoae
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WTAHIM paspyLllaeT rpaHUYHbIN NapaduHOBBIN CNOM U OrPaHUYMBAET HapacTaHWE OT/IONKEHWI
MeKay 06CaYKUBAHMAMM, YCTPAHAS HEOBXOAMMOCTb NEPUOLNYECKUX TEPMUYECKUX/XUMUYECKUX
BO3LENCTBUIA U CBA3AHHOM C HUMM IOTMCTUKM. Macca y3na nopsaka 30 Kr no3BoseT BbiMNOHATL
MOHTa¥ LUTATHbIMK CPEACTBaMM; KOMMOHOBKA HACOCHOM YCTAaHOBKM HE WM3MEHAETCH, Kpome
BPE3KM CEKLMM CO CKPEOKOM. B CpaBHEHMU C TEMNOBBIMU, XUMUYECKUMM U MaKET-MeXaHNYeCcK1MM
MeTofaMmn TexHonorus obecrneunBaeT 6osnee ANWTE/IbHbIE MEXKCEPBUCHbIE WMHTEPBasbI,
MCKNIIOYAET NPOCTOM, CBA3aHHbIE C OYMCTKOM, U CBOAMUT BIOAKET HA OUMUCTKY K MpescKkasyemoit,
HW3KOW rOLOBOM CTOMMOCTM O6CAYKMBaHWA. [losydeHHble pe3ynbTaTbl MOATBEPXKAAOT
BO3MOMHOCTb PEryifapHOro npumeHeHus ckpebka ans KoHTpons ACMO Ha napaduHUCTbIX
CKBAXXMHAX M NpPeAoCTaBAAOT KONMYECTBEHHbIE OPUEHTUPbI AR MacWTabupoBaHua Ha GOHA U
JanbHeMwen onTMMM3auMmM (M3HOCOCTOMKOCTb, TPebOBaHWA K LEHTPOBKE, NPUMEHEHVE B
HaK/IOHHO-HaNPaBAEeHHbIX CTBO/IAX).

Kniouesoie cnosa: NapadpuHoBbie 0TNOXKEHMSA, ouncTKa HKT, mexaHuuyeckuii ckpebok, ysenndyeHune
HedTeoTAauM, ABUKEHWNE HACOCHDBIX LITAHT, 3pesible MeCTOPOXKAEHMA.
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