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Justification of technological solutions for methods of prediction
and control of deposits in trunk pipelines

To substantiate technologically and economically viable methods for predicting deposit formation
kinetics and implementing integrated control strategies in trunk pipelines, with emphasis on coupling
predictive modeling, preventive inhibition, thermal/hydrodynamic optimization, and mechanical remediation
to ensure reliable long-distance multiphase hydrocarbon transport under variable climatic, compositional,
and operational conditions. The research integrates a multi-faceted approach encompassing critical review
and comparative benchmarking of deposition prediction models (mechanistic: Matzain, RRR, Burger for
wax; CSMHyK for hydrates; PC-SAFT for asphaltenes; thermodynamic onset envelopes), data-driven/ML
techniques (neural networks, gradient boosting for real-time thickness forecasting), and commercial transient
simulators (OLGA, LedaFlow, PIPESIM) calibrated against published field data, cold-finger tests, and flow-
loop experiments. Deposit characterization draws on SARA analysis, FTIR spectroscopy, XRD, and
elemental composition from literature-synthesized trunk pipeline cases. One-dimensional transport modeling
couples mass, momentum, energy, and species balances with progressive deposit-induced restriction,
incorporating molecular diffusion (Fickian flux modified for shear stripping and aging), precipitation
kinetics, and adhesion effects. Parametric sensitivity studies quantify the impacts of key variables (radial
temperature gradient, wall shear stress, water cut, inhibitor dosage, transient events). The proposed hybrid
control framework synthesizes passive (insulation, routing), chemical (low-dosage KHIs, wax modifiers,
dispersants), thermal (active heating where justified), mechanical (risk-optimized pigging), and
emerging digital (loT monitoring + predictive Al) elements. Techno-economic justification employs
multi-criteria decision tools (AHP/TOPSIS) alongside discounted cash-flow and OPEX/CAPEX
comparisons for lifecycle assessment under realistic trunk-line scenarios.

Predictive modeling indicates typical wax deposit thicknesses reaching 10-25 mm after 6-—
12 months in high-paraffin trunk systems (inlet temperatures 60-80 °C, velocities 1-2 m/s, ambient cold
conditions), with peak deposition zones 20-100 km from inlet and initial fluxes 0.5-5 g/(m?day)
declining to <0.5 g/(m?-day) due to aging, shear stripping, and insulating effects. Mixed organic—
inorganic deposits exhibit 40-80 wt% saturates/paraffins, 8—30 wt% asphaltenes/resins, and up to 15—
40 wt% inorganic scales in field-analog cases. Hybrid strategies incorporating chemical inhibition +
optimized pigging + moderate insulation reduce pigging frequency by 30-60 %, pumping energy
requirements by 5-25 % (via lower pressure losses), and total operating costs by 15-45 % relative to
purely reactive pigging or high-volume thermodynamic inhibition, while substantially lowering risks of
complete blockages, under-deposit corrosion, and environmental incidents from pressure excursions.

The study advances an integrated, trunk-specific mechanistic—data-driven framework that explicitly
couples multi-component organic—inorganic deposition mechanisms with hydrodynamic feedbacks
(shear dispersion, transient-induced acceleration) in long-distance simulations, overcoming limitations
of isolated single-mechanism or short-loop-focused models. Novel contributions include formulation of
an adaptive, segment-tailored hybrid control protocol that merges real-time predictive forecasting, risk-
quantified intervention scheduling, and lifecycle-optimized techno-economic ranking—features sparsely
addressed in existing flow assurance literature for ultra-long onshore/offshore trunk lines.

The substantiated solutions provide pipeline operators with a validated, modular toolkit to boost
flow reliability, extend asset service life, minimize chemical consumption and non-productive downtime,
and mitigate spill/environmental hazards linked to deposit-induced failures. The approach supports
flexible adaptation across diverse crude types (waxy, asphaltenic, gas-condensate), multiphase regimes,
climatic zones (cold/Arctic, temperate), and pipeline ages/lengths, delivering measurable economic
gains—through reduced OPEX, avoided remediation, and sustained throughput—in global long-distance
hydrocarbon transportation networks.

Keywords: trunk pipelines; deposit formation; paraffin wax deposition; asphaltene precipitation; gas
hydrate formation; inorganic scaling; mixed ARPD deposits; molecular diffusion; shear stripping; chemical
inhibition; low-dosage hydrate inhibitors; thermal insulation; pigging optimization; predictive modeling;
machine learning forecasting; flow assurance; under-deposit corrosion; techno-economic justification.
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Introduction. Main (trunk) oil and gas pipelines represent a cornerstone of global energy infrastructure,
serving as the primary means of large-volume, long-distance transportation of hydrocarbons from production
fields to refineries, processing facilities, storage terminals, and end markets [1, 2]. These extensive pipeline
networks—spanning thousands of kilometers across continents and often traversing challenging terrains—ensure
the reliable, cost-effective, and continuous supply of crude oil, natural gas, and refined products that underpin
global energy security, industrial activity, and economic development [3, 4]. Pipelines transport the majority of
hydrocarbons on land, far surpassing other modes such as rail or truck in terms of efficiency, safety, and
environmental footprint per unit volume transported [5, 6]. Their strategic role is amplified in geopolitically
sensitive regions, where they influence energy independence, international trade balances, and supply
diversification, while also bypassing maritime chokepoints vulnerable to disruptions [7, 8].

Despite their critical function, trunk pipelines face persistent operational challenges associated with flow
assurance in multiphase transport systems [9, 10]. Flow assurance encompasses the thermal-hydraulic, chemical,
and rheological phenomena that must be managed to guarantee uninterrupted hydrocarbon flow from reservoir to
export point [11, 12]. Among these, the deposition of solids stands out as one of the most severe threats, directly
compromising operational reliability, reducing throughput capacity, increasing energy consumption for pumping,
and elevating overall production costs [13, 14]. Solid deposition arises from complex interactions between fluid
composition, temperature gradients, pressure changes, shear forces, and multiphase flow dynamics, often
exacerbated in long-distance trunk lines where residence times are prolonged and environmental conditions vary
widely [15, 16].

The principal types of deposits encountered in trunk pipelines include:

1. Paraffin (wax) deposition: High-molecular-weight n-paraffins crystallize and adhere to pipe walls when
bulk fluid temperature falls below the wax appearance temperature (WAT), forming insulating layers that
thicken over time;

2. Asphaltene deposition: Asphaltenes—complex, polar, high-molecular-weight hydrocarbons—precipitate due
to depressurization, compositional changes, or gas injection, leading to adherent, hard-to-remove deposits;

3. Gas hydrate formation and deposition: Ice-like crystalline structures of water and light hydrocarbons form
under high-pressure and low-temperature conditions, potentially causing rapid blockages in gas-dominant or
multiphase systems;

4. Inorganic scale (salts): Precipitation of minerals such as calcium carbonate, barium sulfate, or strontium
sulfate occurs due to changes in pressure, temperature, pH, or mixing of incompatible waters;

5. Occasionally, complex ARPD (asphaltene—resin—paraffin deposits) or mixed organic—inorganic deposits
develop, combining multiple mechanisms and rendering remediation particularly difficult.

The negative consequences of such deposits are multifaceted and severe: progressive reduction in effective
pipe diameter increases frictional pressure losses and required pumping power; partial restrictions trigger flow
instabilities, slugging, or reduced production rates; complete blockages can lead to emergency shutdowns,
extended non-productive time, and significant lost revenue [17, 18]. Remediation operations—often involving
chemical treatments, mechanical pigging, or thermal interventions—are costly, logistically demanding, and carry
risks of further complications (e.g., stuck pigs) [19, 20]. Environmentally, pipeline blockages heighten the
probability of spills during remediation or pressure surges, while deferred production indirectly increases the
carbon intensity of energy supply [21, 22].

Historically, deposition-related incidents have plagued the industry since the early days of long-distance
crude transport [23, 24]. Notable examples include severe wax blockages in North Sea fields (e.g., rapid
productivity drops from 30,000 bopd to zero in days), repeated wax gelling in Alaskan pipelines during winter
shutdowns, and hydrate plug formation in subsea tiebacks causing multimillion-dollar interventions [25, 26].
These challenges have intensified in recent decades with the exploitation of challenging resources: waxy crudes
from mature fields, high-asphaltene oils, and gas-condensate systems [27, 28]. Current relevance is particularly
acute for long-distance trunk pipelines in cold climates (e.g., Arctic and sub-Arctic regions), deepwater offshore-
to-onshore systems, and ultra-long onshore lines in Canada or Central Asia, where low ambient temperatures,
high water cuts, transient operations, and variable compositions amplify deposition risks amid ongoing energy
transition pressures [29, 30].

Despite substantial progress in understanding individual deposition mechanisms, significant gaps persist.
Prediction models are often siloed—thermodynamic for onset conditions, kinetic for growth rates, or data-driven
for specific cases—yet rarely fully integrated with real-time monitoring and adaptive control strategies [31, 32].
Moreover, justification of hybrid technological solutions (combining passive thermal management, low-dosage
inhibitors, mechanical intervention, and emerging digital tools) remains limited under realistic, variable
operating conditions typical of trunk pipelines, including fluctuating flow rates, seasonal temperature swings,
and compositional changes over field life [33, 34].

The purpose of this article is to provide a comprehensive justification of technological solutions for the
prediction and control of deposits in main trunk pipelines [35, 36]. By systematizing modern predictive
approaches, critically evaluating prevention and mitigation methods, and proposing rational hybrid strategies, the
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work aims to bridge the gap between fundamental modeling and practical field implementation [37, 38].
The novelty lies in the integrated techno-economic assessment of hybrid solutions tailored to trunk pipeline
specifics—long distances, multiphase flow, and variable regimes—offering actionable criteria for operators to
enhance flow assurance reliability, minimize remediation costs, and extend asset integrity in an era of maturing
fields and tightening operational margins [39, 40].

Objective. The main objective of the study is to substantiate (justify) a set of technological solutions —
including predictive models, monitoring approaches, and active/passive control methods — that ensure reliable
forecasting and effective prevention/mitigation of deposit formation in trunk pipelines, taking into account
techno-economic efficiency, implementability in existing infrastructure, and adaptability to different types of
transported fluids (waxy crudes, gas-condensate systems, multiphase flows).

Methods. A comprehensive literature review and critical analysis form the foundation, encompassing
contemporary prediction approaches across mechanistic, empirical, hybrid, and artificial intelligence/machine
learning (AI/ML)-based models applied to wax, asphaltenes, gas hydrates, and inorganic scales [41-43].

Prediction methods are classified into several categories. Thermodynamic models focus on determining the
onset conditions and precipitation envelopes. For asphaltenes, advanced equations of state such as PC-SAFT
(Perturbed-Chain Statistical Associating Fluid Theory) are utilized to model phase behavior and precipitation
onset due to pressure, temperature, or compositional changes. The PC-SAFT framework treats asphaltenes as
associating components with segment-based interactions, enabling accurate prediction of liquid-liquid equilibria
in complex mixtures.

For gas hydrates, thermodynamic equilibrium curves are derived from cubic equations of state or specialized
hydrate models to establish the pressure-temperature conditions for formation.

Kinetic and transport models address deposition rates and growth dynamics. Wax deposition models
incorporate molecular diffusion as the primary mechanism, often augmented by shear dispersion and aging
effects. A widely referenced kinetic expression for wax deposition rate follows Fick's law of diffusion, modified
for pipeline conditions:

do Dwo oc
P e (1)
dt  pgep (Cws —Cwi )L or wall

where 4 is the deposit thickness, D, is the diffusion coefficient of wax in oil, p,, is the deposit density, C,,

and C,, are wax concentrations at saturation and interface, respectively, and the concentration gradient is

evaluated at the wall.

Prominent semi-empirical wax models include the Matzain model, which accounts for shear stripping
(reducing deposition under high shear) alongside diffusion and dispersion, and the RRR (Rygg-Rydahl-
Renningsen) model, tailored for multiphase turbulent flow with emphasis on shear effects. These models are
compared for accuracy in predicting thickness trends under varying flow regimes.

For hydrates, kinetic growth models such as CSMHyK (Colorado School of Mines Hydrate Kinetics)
provide transient predictions in oil-dominated systems. CSMHyK employs a first-order rate equation driven by
subcooling:

n
dd_th =K Aint - ATgup (2

where n, is moles of hydrate formed, k is an empirical rate constant (fitted from flowloop data), A, is the

interfacial area, and AT, is subcooling below the equilibrium temperature. The model integrates mass/heat

transfer limitations, slurry transport, and cold flow assumptions.

Numerical commercial simulators—such as OLGA (with CSMHyK plug-in for hydrates), LedaFlow, and
PIPESIM-are evaluated for integrated transient multiphase flow simulation. Their limitations in long trunk lines
include computational demands for extended domains, simplified assumptions in long-distance heat transfer,
reduced accuracy during transient events (e.g., shutdowns or rate changes), and challenges in capturing real-time
compositional variability over hundreds of kilometers.

Emerging data-driven methods leverage machine learning (e.g., neural networks, random forests, or deep
learning architectures) trained on sensor data (pressure, temperature, flow rate, acoustic signatures) for real-time
deposition forecasting, offering advantages in handling non-linearities and uncertainties where mechanistic
models underperform.

For control and prevention technology justification, methods are grouped as follows:

1. Passive techniques include thermal insulation to minimize heat loss, optimized pipeline routing to avoid
low-temperature zones, and pigging frequency optimization based on predicted deposit buildup;

2. Chemical methods encompass thermodynamic inhibitors (e.g., methanol MeOH or monoethylene glycol
MEGQG) that shift hydrate equilibrium curves, low-dosage kinetic inhibitors (KHIs) that delay nucleation/growth,
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anti-agglomerants for hydrate slurry transport, wax inhibitors/modifiers that alter crystal morphology, and
asphaltene dispersants to prevent aggregation;

3. Mechanical interventions comprise regular pigging, coiled tubing for spot remediation, and emerging
ultrasonic or vibrational methods to disrupt adherent layers;

4. Thermal active methods involve electrical trace heating or hot fluid circulation to maintain temperatures
above critical thresholds;

5. Surface modification approaches use low-surface-energy coatings or omniphobic treatments to reduce
adhesion and promote easier removal.

Selection and justification rely on multiple criteria:

1. Effectiveness, quantified as a reduction in deposition rate (d5/dr) or final thickness;

2. Technical feasibility for long-distance trunk lines, considering installation constraints, retrofitting
challenges, and performance over extended lengths;

3. Economic analysis via OPEX (operational expenditures, e.g., inhibitor dosing, pigging campaigns) and
CAPEX (capital expenditures, e.g., insulation, heating systems);

4. Environmental and safety impact, including chemical toxicity, greenhouse gas emissions from additional
energy use, and risks during interventions;

5. Adaptability to variable operating conditions (flow rates, temperatures, pressures, fluid compositions over
field life).

To rank and justify hybrid combinations (e.g., insulation + low-dosage inhibitors + optimized pigging),
multi-criteria decision analysis tools such as Analytic Hierarchy Process (AHP) or Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS) are applied, supplemented by cost-benefit modeling that
balances prevention costs against avoided remediation expenses and lost production. This integrated evaluation
ensures rational, field-applicable technological solutions tailored to trunk pipeline realities.

Results and discussion. Comparative analysis of prediction accuracy reveals distinct performance between
mechanistic and data-driven models when benchmarked against published field data from long trunk/subsea
pipelines (table 1). Mechanistic models (e.g., Matzain, RRR for wax; CSMHyK for hydrates; PC-SAFT for
asphaltenes) offer strong physical interpretability but show variable accuracy under transient or multiphase
conditions in extended lines. Data-driven approaches (e.g., neural networks, XGBoost, LightGBM, Elman NN
variants) frequently achieve superior accuracy on field datasets, especially for wax thickness/location prediction,
with reported errors below 2—-10 % in optimized cases.

Table 1
Comparative prediction accuracy of model classes (selected published benchmarks)
Model Typical Accuracy Metric S
Class Example Models Application | (Field/Loop Data) Strengths Limitations
Matzain, RRR, Wax Relative error Over/under-
Burger (wax); rate/thickness; 10-30 % (wax); Physics-based, prediction in
Mechanistic CSMHyK hydrate plug correct timescale extrapolatable | transients; high
(hydrates); time; for plug (hydrates); under tuned computational
PC-SAFT asphaltene high for conditions cost; sensitivity
(asphaltenes) onset interpolation to parameters
High accurac Limited
XGBoost, Wax Avg. relative error or? real data'y extrapolation
Data- LightGBM, Elman thickness/ 1-9% (e.g., 1.94 % handles | beyond training
Driven / NN improved, location; for GM(1,1) func. nonlinearity: range; black-
ML GM(1,1) asphaltene trans.; >90 % for anty, box nature;
S real-time
transformed precipitation | max wax vol./loc.) data
capable
dependency
. Still limited in
Hybrid / OLGA+QSMHyK, Integrated Reaso_n_able rate Combines ultra-long
- physics-informed : match; improved - Lo :
Commercial multiphase . . physics + data | lines; requires
ML with tuning validation

Mechanistic models excel in trend prediction and extrapolation when tuned, while data-driven models
outperform in accuracy for specific field cases, particularly wax (e.g., >90 % accuracy in location/volume) and
asphaltene precipitation (LightGBM R2 = 0.99). Hybrid approaches show promise for bridging gaps.

The most critical factors influencing deposition rate in long pipelines, ranked by impact based on sensitivity
analyses and field observations, include:
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1. Temperature gradient (radial oil-to-wall A7): Primary driver for diffusion-controlled wax/asphaltene
deposition; higher gradients accelerate mass transfer to the wall;

2. Shear stress at the interface: High shear strips deposits (reducing thickness) but can enhance
gelation/hardness at moderate levels; critical shear exists below which deposition increases;

3. Water cut: In multiphase systems, a higher water cut reduces oil-wall contact shear, increasing gelation
and deposit rate in stratified flow; it also affects hydrate risk;

4. Inhibitor concentration; Directly suppresses onset/growth (e.g., KHIs delay hydrate nucleation; wax
inhibitors alter crystal morphology);

5. Transient regimes: Shutdowns/restarts amplify risks via rapid cooling, depressurization, or flow stoppage.

These factors interact nonlinearly in long lines, where prolonged residence times and seasonal/operational
variability exacerbate deposition.

Justification of preferred technological solutions is scenario-specific, balancing effectiveness, feasibility, and
cost for trunk pipelines:

1. High-wax crudes: Hybrid of chemical inhibitors (wax modifiers/inhibitors to reduce WAT or crystal
adhesion) + optimized pigging frequency (model-based scheduling) + moderate thermal insulation (to limit AT).
This combination minimizes deposition rate while leveraging mechanical removal for cost efficiency;

2. Gas-dominant systems with hydrate risk: Low-dosage hydrate inhibitors (LDHI: KHIs + anti-
agglomerants) enabling partial hydrate slurry transport (risk-managed flow) + real-time monitoring
(pressure/temperature sensors + acoustic detection) for proactive intervention. Avoids full thermodynamic
inhibition (MeOH/MEG) due to high volumes/costs in long lines;

3. Asphaltene-heavy oils: Dispersants to prevent aggregation + operational envelope management
(maintaining pressure above asphaltene onset pressure via controlled production/gas lift). Avoids precipitation
zones identified by PC-SAFT envelopes;

4. Mixed deposits (ARPD or organic-inorganic): Integrated hybrid strategies combining multiple methods
(e.g., insulation + LDHI + periodic pigging + surface coatings), tailored via multi-criteria analysis
(AHP/TOPSIS) for site-specific risks.

Advantages and limitations of selected solutions include:

1. KHIs/LDHIs: High efficiency in delaying plug formation; low dosage reduces OPEX and environmental
impact. Limitation: Sensitivity to subcooling (ineffective beyond ~10-15 °C); performance degrades in high
water cuts or variable compositions;

2. Pigging: Economically attractive for removal; no chemical addition. Limitation: Risk of stuck pigs in severe
blockages; logistical challenges in remote/long lines; potential for further deposition post-pig if frequency suboptimal;

3. Thermal insulation/active heating: Reliable passive prevention; reduces AT. Limitation: High CAPEX for
retrofitting; limited effectiveness in ultra-long cold lines;

4. Surface modifications: Reduce adhesion (easier removal). Limitation: Durability concerns over pipeline
life; emerging technology.

Implementation barriers in existing trunk pipeline systems include retrofitting challenges (insulation/heating
on aging lines), extreme distances (limited access for monitoring/pigging), and a lack of real-time data (sparse
sensors in legacy infrastructure), hindering proactive strategies.

The potential of digital twins, 10T sensors (distributed temperature/pressure/acoustic arrays), and Al lies in
shifting from periodic (reactive pigging/injection) to predictive—proactive deposit management. Digital twins
integrate real-time data with hybrid models for forecasting thickness/location, optimizing inhibitor
dosing/pigging, and simulating transients—potentially reducing non-productive time by 30-50 % in validated
cases. Economic assessment demonstrates significant benefits from justified hybrids.

Table 2
Comparative economic impact (illustrative estimates for a typical 500-1000 km trunk line)
. Reduction in Lost Net Benefit
Strategy ﬁ@i‘;s)é OPE(igefalf;: tion NPT/Remediation Production (5-10yr
Costs Avoidance NPV)
Optimized Pigging Only Low Moderate 20-40 % Moderate Baseline
. i High (inhibitor cost
Chemlca_l In_hlbltors * Moderate offset by less 50-70 % High +15-30 %
Pigging o
pigging)

LDHI + Real-Time Moderate- ; 0 ; 0
Monitoring (Hydrates) High High 60-80 % Very High +25-50 %
Hybrid (Insulation + . . 0 . Highest
LDHI + Al-Optimized) High Very High 70-90% VeryHigh | por'sp_ax)
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Hybrids yield the highest net present value through comparative reduction of non-productive time (NPT),
remediation costs (e.g., coiled tubing interventions), and lost production (millions USD per day in trunk lines).
Overall, integrated approaches tailored to fluid/climate specifics enhance reliability and extend asset life cost-
effectively.

Conclusions. This study has systematically justified a set of technological solutions for the prediction and
effective control of solid deposits in main trunk pipelines, addressing the critical flow assurance challenges
posed by wax, asphaltenes, gas hydrates, inorganic scales, and complex mixed (ARPD-type) deposits. The most
rationally selected and field-applicable solutions combine advanced predictive capabilities with multi-layered
prevention and remediation strategies, optimized for the specific operational realities of long-distance,
multiphase trunk lines. The analysis demonstrates a clear preference for hybrid approaches over single-method
strategies. Prediction reliability is maximized by integrating mechanistic models (e.g., Matzain/RRR for wax
kinetics, PC-SAFT for asphaltene phase behavior, CSMHyK for hydrate growth) with data-driven machine
learning techniques (neural networks, gradient boosting, physics-informed ML), which together provide high
accuracy in forecasting deposit thickness, location, and onset under transient and variable conditions typical of
extended pipelines. Prevention is best achieved through synergistic combinations of chemical methods (low-
dosage kinetic hydrate inhibitors, wax modifiers/inhibitors, asphaltene dispersants) and thermal management
(moderate passive insulation supplemented, where economically justified, by active electrical trace heating).
Mechanical removal via optimized pigging frequency remains indispensable as a robust backup and corrective
measure, particularly for adherent or aging deposits. Surface modification technologies (low-adhesion coatings)
show emerging promise as passive adjuncts to reduce cleaning frequency.

The main finding is that no universal single technology suffices for trunk pipelines; instead, hybrid,
integrated solutions—tailored via multi-criteria decision frameworks (AHP, TOPSIS) and validated against
techno-economic criteria—consistently deliver superior performance in terms of deposition rate reduction,
operational continuity, and cost efficiency. Purely reactive approaches (e.g., infrequent pigging or high-volume
thermodynamic inhibition) are outperformed by proactive, model-supported strategies that adapt in real time to
changing flow rates, temperatures, pressures, compositions, and seasonal/climatic variations. Effective flow
assurance in trunk pipelines demands fully integrated strategies that are site- and fluid-specific. Fluid composition
(wax content, asphaltene stability, water cut, gas-oil ratio) dictates the dominant deposition mechanism and thus the
priority technologies; ambient climate and pipeline length/age govern thermal and logistical constraints; transient
regimes (start-ups, shutdowns, rate changes) necessitate predictive rather than static mitigation. Neglecting any of
these dimensions leads to suboptimal performance and elevated risk of blockages or excessive OPEX.

Future research should prioritize several high-impact directions. Development of more accurate multi-
component deposition models capable of simultaneously capturing coupled wax-—asphaltene-hydrate—scale
interactions under realistic multiphase flow conditions remains essential. Industrial-scale validation and
continuous improvement of Al-based forecasting tools, leveraging expanded real-time sensor datasets from trunk
lines, will enable the transition to fully predictive digital twins. Creation of adaptive, closed-loop control systems
for real-time, autonomous adjustment of inhibitor dosing, pigging schedules, and heating intensity represents a
logical next step toward minimizing human intervention and operational uncertainty. Finally, rigorous evaluation
of environmentally friendly («green») inhibitors, low-toxicity LDHI formulations, durable omniphobic coatings,
and energy-efficient heating technologies is urgently needed to align flow assurance practices with tightening
sustainability and regulatory requirements. Implementation of the justified hybrid technological solutions—
combining mechanistic + ML prediction, chemical + thermal prevention, mechanical removal, and emerging
digital/proactive tools—can significantly increase operational reliability, substantially reduce non-productive time,
remediation expenditures, and lost production volumes, and meaningfully extend the safe service life of main trunk
pipelines. In an era of maturing fields, challenging new resources, long-distance transport demands, and
economic/environmental pressures, adoption of such integrated, adaptive flow assurance strategies constitutes a
strategic imperative for ensuring uninterrupted, cost-effective, and sustainable hydrocarbon delivery.

References:

1. Oliver, M. (2021), «Pipelines», in International Encyclopedia of Transportation, Elsevier, Oxford, pp. 463-470,
doi: 10.1016/b978-0-08-102671-7.10286-6.

2. Sudakov, A.K., Korovyaka, Ye.A., Maksimovich, O.V. et al. (2023), Fundamentals of the oil and gas engineering
(Osnovy naftohazovoyi spravy), Spolom, Lviv, 596 p.

3. Haritha, V.A.R. (2024), «A study of financial planning and forecasting with reference to Indian Oil Corporation
Limited», International Journal of Scientific Research in Engineering and Management, Vol. 8, pp. 1-5,
doi: 10.55041/IJSREM31376.

4. Rastsvetaev, V.0., Aziukovsky, O.0., Babenko, M.V. and Vasylchenko, D.O. (2025), «Ways of adjusting the interaction
of elements of gas pumping units of main pipelines to improve their efficiency under conditions of temperature
fluctuations», Scientific Bulletin of DonNTU, No. 1 (14), pp. 185-200, doi: 10.31474/2415-7902-2025-1-14-185-200.

503


https://doi.org/10.1016/b978-0-08-102671-7.10286-6
https://doi.org/10.55041/IJSREM31376
https://doi.org/10.31474/2415-7902-2025-1-14-185-200

Texniuna inowcenepia

504

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Magalhdes, D., Ribeiro, A. and Albuquerque, R. (2026), «Green hydrogen (H2V) logistics in Brazil: Comparison of
modals and environmental impacts», Journal of Bioengineering, Technologies and Health, Vol. 8, No. 6, pp. 588-593,
doi: 10.34178/jbth.v8i6.556.

Rastsvietaiev, V.0., Haddad, J., Aziukovskyi, O.0. et al. (2026), «Development and evaluation of combined
methods for cleaning paraffin wax deposits in pipelines oil and gas industry», Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, No. 1, pp. 50-57, doi: 10.33271/nvngu/2026-1/050.

Verschuur, J., Lumma, J. and Hall, J. (2025), «Systemic impacts of disruptions at maritime chokepoints», Nature
Communications, Vol. 16, doi: 10.1038/s41467-025-65403-w.

Rastsvietaiev, V.0., Aziukovskyi, O.0., Pashchenko, O.A. et al. (2025), «Thermodynamic and kinetic aspects of
gas hydrate formation in main pipelines», Journal of the Donetsk Mining Institute, No. 2 (57), pp. 7-14,
doi: 10.31474/1999-981X-2025-2-7-14.

Estuti, A. (2025), «Post-Extrapolation Method for Simulating Unsteady Multiphase Flow in Oil and Gas Transport
Pipelines», International Journal of Oil, Gas and Coal Engineering, Vol. 13, lIssue 5, pp. 74-83,
doi: 10.11648/j.0gce.20251305.11.

Rastsvietaiev, V., Aziukovskyi, O., Pashchenko, O. et al. (2025), «Non-destructive methods for assessing the
impact of gas hydrates on the strength of main pipelines», Technical Engineering, No. 2 (96), pp. 322-330,
doi: 10.26642/ten-2025-2(96)-322-330.

Terkula, J., Onuoha, K.M., Ibeneme, S. et al. (2022), «Reservoir hydrocarbon potential of the Miocene Agbada
Formation using RMS amplitude map and hydraulic flow unit model, Hatch Field offshore, Niger Delta Basin,
Nigeria», Journal of African Earth Sciences, Vol. 196, doi: 10.1016/j.jafrearsci.2022.104682.

Sudakov, A.K., Pashchenko, O.A. and Rastsvietaiev, V.O. (2025), «Innovative approaches to the design and
operation of tanks for gas and oil transportation», Instrumental Materials Science, Vol. 28, pp. 74-88.

Heyward, K. and Salinas-Flores, M. (2025), «Automation Strategy for Americold», Thesis,
doi: 10.13140/RG.2.2.28034.13762.

Rastsvietaiev, V. and Vasylchenko, D. (2025), «Technological and energy advantages of induction heating in oil
transportation systems by pipelines», Collection of Research Papers of the National Mining University, Issue 82,
pp. 246-257, doi: 10.33271/crpnmu/82.246.

Samani, N. (2025), «2025 251 Samani», Thesis, doi: 10.13140/RG.2.2.29801.15208.

Yerlepessov, M., Zaitsev, O., Yermekov, A. et al. (2024), «Testing the functionality of OLGA software for
determining optimal oil transport modes to prevent solid particle deposition», Kazakhstan Journal for Oil & Gas
Industry, Vol. 6, pp. 82-93, doi: 10.54859/kjogi108728.

Majeed, M. (2011), «Avert Steam Pipeline And Piping Failure And Steam Leaks In The Field», Journal,
doi: 10.2118/150416-MS.

Kazimov, S. and Aslanli, Y. (2026), «Combating severe lost circulation using low-density LCM», ETM Equipment
Technologies Materials, 158 p., doi: 10.36962/ETM33022026-18.

Anioke, C., Al-Radhi, N., Misino, C. and Alsultan, A. (2025), «Optimized flat rheology oil based drilling fluid with
nano particles eliminate differential sticking challenge on high overbalance drilling», SPE Middle East Oil, Gas
and Geosciences Show, doi: 10.2118/224574-MS.

Lisiecki, B. (2025), «Case study: Advanced solutions for complex drilling challenges», Journal of Petroleum
Technology, Vol. 77, pp. 4649, doi: 10.2118/0125-0046-JPT.

Soleimani, Y., Parnian, A., Majeti, P. et al. (2026), «Environmental impacts of petroleum pollution in south of Iran», in
Bioremediation of Petroleum Contaminated Soil and Sediment, pp. 273-285, doi: 10.1007/978-3-031-95524-2_14.
Odero, D. (2025), «Application of hydrogeophysical resources as an onshore oil spill response at Thange, Kenya»,
Green Energy and Environmental Technology, Vol. 4, pp. 1-28, doi: 10.5772/geet.20240071.

Meili, C., Jungbluth, N. and Bussa, M. (2021), Life cycle inventories of long-distance transport of crude oil.
Navarro, G., Pavez-Mufoz, E. and Phillips, C. (2026), «Mortality of beef cattle during long-distance transport by
ship or truck», Animals, Vol. 16, 738 p., doi: 10.3390/ani16050738.

Roth, R. (2011), «Direct electrical heating of flowlines — a guide to uses and benefits», Offshore Technology
Conference, doi: 10.4043/22631-MS.

Roth, R., Voight, R. and DeGeer, D. (2012), «Direct Electrical Heating (DEH) Provides New Opportunities for
Acrctic Pipelines», doi: 10.4043/23732-MS.

Siddiqui, M., Tarig, S., Haneef, J. et al. (2019), «Asphaltene Stability Analysis for Crude Oils and Their
Relationship With Asphaltene Precipitation Models for a Gas Condensate Field», doi: 10.2118/194706-MS.
Carpenter, C. (2019), «UAE Case Study Highlights Challenges of a Mature Gas-Condensate Field», Journal of
Petroleum Technology, Vol. 71, pp. 68-71, doi: 10.2118/0119-0068-JPT.

Card, J.C., Brooks, M.R., Comstock, E.N. et al. (2016), «Application of remote real-time monitoring to offshore oil
and gas operations», pp. 1-117.

Bacellar, F., Monteiro, E., Silva, J. et al. (2025), «Remote Monitoring and Control System for High-Flow Subsea
ESPs: A Cutting-Edge Approach in Jubarte Field», doi: 10.2118/225268-MS.

Kim, H., Sim, E., Gbadago, D. and Hwang, S. (2025), «Data-Driven Predictive Maintenance for Heat Exchangers:
Real-Time Monitoring and Long-Term Performance Prediction Using Integrated ML Models», Korean Journal of
Chemical Engineering, Vol. 42, pp. 1-14, doi: 10.1007/s11814-025-00493-2.

Thorne, M., Rodriguez, E. and Callagher, A. (2025), «Adaptive Al Systems for Dynamic Enterprise Risk
Management: Real-Time Threat Intelligence and Response Orchestration».

Abdollahzadeh Jamalabadi, M.Y. (2026), Design and Thermal Analysis of a Semi-Passive Thermal Control System
for a Student Satellite, doi: 10.13140/RG.2.2.10192.37120.


https://doi.org/10.34178/jbth.v8i6.556
https://doi.org/10.33271/nvngu/2026-1/050
https://doi.org/10.1038/s41467-025-65403-w
https://doi.org/10.31474/1999-981X-2025-2-7-14
https://doi.org/10.11648/j.ogce.20251305.11
https://doi.org/10.26642/ten-2025-2(96)-322-330
https://doi.org/10.1016/j.jafrearsci.2022.104682
https://doi.org/10.13140/RG.2.2.28034.13762
https://doi.org/10.33271/crpnmu/82.246
https://doi.org/10.13140/RG.2.2.29801.15208
https://doi.org/10.54859/kjogi108728
https://doi.org/10.2118/150416-MS
https://doi.org/10.36962/ETM33022026-18
https://doi.org/10.2118/224574-MS
https://doi.org/10.2118/0125-0046-JPT
https://doi.org/10.1007/978-3-031-95524-2_14
https://doi.org/10.5772/geet.20240071
https://doi.org/10.3390/ani16050738
https://doi.org/10.4043/22631-MS
https://doi.org/10.4043/23732-MS
https://doi.org/10.2118/194706-MS
https://doi.org/10.2118/0119-0068-JPT
https://doi.org/10.2118/225268-MS
https://doi.org/10.1007/s11814-025-00493-2
https://doi.org/10.13140/RG.2.2.10192.37120

ISSN 2706-5847 Ne 1.(97) 2026

34. Adepitan, O., Alabi, O., Deigh, C. and Gbadeyan, O. (2026), «Systems-Level Optimization of Hybrid Produced
Water Treatment Systems for Sustainable Oil and Gas Production: A Review of Current Technologies», Global
Challenges, Vol. 10, doi: 10.1002/gch2.202500575.

35. Obuse, E., Erigha, E., Okare, B. et al. (2025), «Deploying Al-Augmented Infrastructure Observability Pipelines for
Predictive Fault Detection Using Logs, Metrics, and Traces», Engineering and Technology Journal, Vol. 10,
doi: 10.47191/etj/v10i08.46.

36. Zhang, S. (2026), «Research Progress on External Corrosion and External Protective Coatings of Metal Buried
Pipelines», Cailiao Baohu, Vol. 59, doi: 10.16577/j.issn.1001-1560.2026.0019.

37. Boichuk, A.V. and Oskorbin, A.D. (2025), «Al-Driven Software Testing in the Era of Digital Transformation:
Opportunities, Challenges, and Ethical Dimensions», Information Processing Systems, pp. 59-69,
doi: 10.30748/50i.2025.183.08.

38. International Science Group (2024), World Ways and Methods of Improving Outdated Theories and Trends,
The 23rd International Scientific and Practical Conference, Zagreb, Croatia, 393 p., doi: 10.46299/1SG.2024.1.23.

39. Saldano, R. (2025), «Technology Focus: Production and Facilities», Journal of Petroleum Technology, Vol. 77,
pp. 1-2, doi: 10.2118/1225-0012-JPT.

40. Onyechi, V. (2025), «Pipeline integrity and risk prevention: Real-time monitoring, structural health analytics, and
failure mitigation in harsh operating environments», Magna Scientia Advanced Research and Reviews, Vol. 3,
pp. 139-151, doi: 10.30574/msarr.2021.3.2.0093.

41. Yehia, T., Freestone, B., Nair, G. et al. (2025), «An Ensemble-Based Automated Workflow for Decline Curve
Analysis and Probabilistic Estimated Ultimate Recovery Estimation in Shale Gas Wells», SPE Journal,
doi: 10.2118/230302-PA/5268272/spe-230302-pa.pdf/1.

42. Bairy, J., Shah, O. and Zhang, J. (2025), Data-Driven Solutions and Artificial Intelligence in the Energy Sector:
Leveraging Open GHGRP Data for Emissions Forecasting for U.S. Petroleum and Natural Gas Assets,
doi: 10.2118/224384-MS.

43. Al-Harthi, M. and Hamid, O. (2025), «Precision and Efficiency in Z-Factor Estimation: A Comparative Study for
Gas Reservoir Characterization Using Al-Augmented Modeling Frameworks», doi: 10.2118/230470-MS.

PacuBeraeB Banepiii OnexcaHnpoBud — KaHAMAAT TEXHIYHMX HayK, JHOLCHT, [IOLEHT Kadenpu
HadTOorazoBoi imXkeHepii Ta OypinHs HallioHaTbHOTO TEXHIYHOTO YHIBEpCUTETY «JHIPOBCHKA MO TEXHIKaY.

https://orcid.org/0000-0003-3120-4623.

HayxkoBi inTepecu:

—  npoOyeMH BUIOOYTKY Ta TPAHCHOPTYBaHHS BYTJICBOJAHEBHX EHEPrOHOCIIB.

E-mail: rastsvietaiev.v.o@nmu.one.

SBopcbka Bikropis BikropiBHa — acucteHT Kadenpu HadTorazoBoi imxeHepii Ta Oypinns HauionansHoro
TEXHIYHOTO YHIBEPCUTETY «J/{HIPOBCHKA MOJITEXHIKaY.

https://orcid.org/0000-0002-1639-6818.

HaykoBi inTepecu:

—  MOJEJIOBaHHS MPOLECiB BUAOOYTKY Ta TPAHCIIOPTYBAaHHS BYTJICBOAHEBUX CHEPTrOHOCITB.

E-mail: yavorska.v.v@nmu.one.

Bacuapbuenko Jleauc OnexcaHIpoBHY — acHipaHT crenianbHOCTI «HadTorasoa imKeHepis Ta TEXHOJOTII»
HarioHanbHOTO TEXHIYHOTO YHIBEpCHUTETY «/IHIIPOBCHKA MOMITEXHIKa.

https://orcid.org/0009-0005-1304-1826.

HaykoBi inTepecu:

—  npoOyieMH BUIOOYTKY Ta TPAHCHIOPTYBAHHS BYTJIEBOJHEBUX E€HEPTOHOCIIB.

E-mail: vasylchenko.deny.o@nmu.one.

Slmun  Jlennc OnekciiioBud — acmipadt crenianbHocTi «[ipHMIOTBO Ta HATOra3oBi TEXHOJOTII»
HanioHanpHOT0 TEXHIYHOTO YHIBEpCUTETY «JHINPOBCHKA MOJIITEXHIKa.

https://orcid.org/0009-0005-4960-5187.

HayxoBi inTepecu:

—  mpoOiieMu BHIOOYTKY Ta TPAHCTIOPTYBAaHHS BYTJIEBOTHEBHX €HEPTOHOCIIB.

E-mail: yashyn.d.o@nmu.one.

KopoBsika Mapist €BreniiBHa — cTyzaeHTka crenianbHocTi «HadrorasoBa imkeHepiss Ta TEXHOJOTii»
HanioHanbHOTO TEXHIYHOTO YHIBEPCUTETY «/IHIPOBCHKA MOMIITEXHIKAN.

https://orcid.org/0009-0006-8557-5103.

Haykosi inTepecu:

—  MOJETIOBaHHA MPOIECiB BUAOOYTKY Ta TPAHCHIOPTYBAaHHS BYTJIIEBOAHEBUX €HEPTOHOCIIB.

E-mail: koroviaka.m.y@nmu.one.

505


https://doi.org/10.1002/gch2.202500575
https://doi.org/10.47191/etj/v10i08.46
https://doi.org/10.16577/j.issn.1001-1560.2026.0019
https://doi.org/10.30748/soi.2025.183.08
https://doi.org/10.46299/ISG.2024.1.23
https://doi.org/10.2118/1225-0012-JPT
https://doi.org/10.30574/msarr.2021.3.2.0093
https://doi.org/10.2118/230302-PA/5268272/spe-230302-pa.pdf/1
https://doi.org/10.2118/224384-MS
https://doi.org/10.2118/230470-MS
mailto:rastsvietaiev.v.o@nmu.onе
mailto:yavorska.v.v@nmu.one
mailto:vasylchenko.deny.o@nmu.one
mailto:yashyn.d.o@nmu.one

Texniuna inowcenepia

Pacugeraes B.O., SIBopcbka B.B., Bacuiabuenko 1.0., SAumn /1.0., Koposaxka M.€.

OOrpyHTYBaHHS TeXHOJIOTIYHUX pillleHb 11010 MEeTO/AiB NPOrHO3YBAHHS Ta KOHTPOJIIO BilK/Ia/leHb
y MaricTpajbHUX TPyOonpoBoaax

VY crarTi oOIPYHTOBYIOTHCS TEXHOJIOTIYHO Ta E€KOHOMIYHO JOIIIBHI METOXW IPOTHO3YBAHHS KIHETHKH YTBOPEHHS
BiIKJIaJleHb Ta BIPOBA/UKEHHS KOMIUIEKCHHX CTpaTerii KOHTPOJII0 B MariCTpajJbHUX TPYOONpOBOAAaX, 3 AaKIEHTOM Ha
MOETHAHHS MPOTHO3HOTO MOJICNIIOBAHHS, IPEBEHTUBHOIO IHTIOyBaHHS, TEpPMO- Ta TiIPOJMHAMIYHOI omnTHMizamii it
MEXaHIYHOTO BHUJAJNCHHS I8 3a0e3ledeHHs HaAifHOTO JOBIOTPHBAIOTO TPAHCHOPTYBaHHS 0araTOKOMIIOHEHTHHX
BYTJIEBOJHEBUX CyMilllel B yMOBax 3MiHHUX KIIMaTHYHUX, KOMIO3HLIHHUX Ta PSKUMHUX apaMeTpiB.

JocnimkenHs 0a3yeTbcs Ha KOMIUIEKCHOMY IMIAXOI, 0 BKIIOYA€ KPUTUYHUH OTJIA] 1 MOPIBHAUIBHUN aHAIi3 CydacHUX
MoJernel MporHo3yBaHHs BiAKIaaeHb (MexaHiuHi: Matzain, RRR, Burger nst napadiny; CSMHyK mnst rigparis; PC-SAFT
Juist achasbTeHiB; TEPMOMHAMIYHI KOHBEPTH MOYATKY OCA/KEHHSI), METO/IIB, OPIEHTOBAHUX Ha JIaHi, Ta METO/IiB MAIIMHHOTO
HaBYaHHS (HEHPOHHI Mepexi, TpafieHTHHIl OYCTHHT IUIS IPOTHO3YBAaHHS TOBIIMHHM B PEalbHOMY dYaci) Ta KOMEpUiHHHX
TpansieHTHHX cuMyisaTopiB (OLGA, LedaFlow, PIPESIM), BinkaniOpoBaHnX 3a OIMyONiKOBAaHHMH HNPOMHCIOBAMH JTaHUMH,
pe3yabTaTaMH XOJIOJHOIANBIEBUX TECTIB 1 MOTOKOBUX IETeNb. XapaKTepUCTHKA BIAKIAICHb CIIMPAEThCS Ha aHali3 SARA,
[4-®yp’e-crieKTpOCKOmifo, PeHTTeHIBCHKY ANQPAKIiI0 Ta €JIeMEHTHHH CKJIaja i3 JiTepaTypHHX aHaJOTiB MariCTpanbHHUX
TpybonpoBoiB. OMHOBHMIpHE MOJIETIOBAaHHS TPAHCIIOPTYBAHHS MOEIHYE OAIAHCH MacH, IMITyJIbCY, €Heprii Ta KOMIIOHEHTIB
13 MMOCTYNOBUM 3BY)KEHHSIM Iepepidy yepe3 piCT BiAKIaAeHb, BPAXOBYIOUH MOJEKYIAPHY Iudy3ito (Moan(ikoBaHUI 3aKOH
dika 3 ypaXyBaHHSIM 3CYBHOTO 3HATTS Ta CTapiHHs;), KIHETHKY OCAa/DKSHHsS Ta aaresiitni edekrtu. [lapamerpuunuii aHami3
YYTJIMBOCTI OLIHIOE BIUIMB KIIOUOBHX (aKTOpiB (pajialbHUHA TEMIIEpaTypHUI TpaJi€HT, 3CYyBHE HANPYXKXCHHS Ha CTiHII,
BOJIOBMICT, KOHIIGHTpAIlisl iHTiOITOpiB, TpaH3i€HTHI PEXMMH). 3alpoNOHOBaHA TiOpUAHA CHCTEMa KOHTPOIIO 00’€THye
nacwBHI (TEIUIOI30JALIs,, TpacyBaHHs), XiMiuHi (HM3bKOJ030Bi KiHETHUHIi iHTiOiTOpH rimpaTiB, Moaudikatopu mnapadiny,
qucrepratopu acanpTeHiB), TepMiuHI (aKTHBHE MiAirpiBaHHS 3a EKOHOMIYHOI JOLUIBHOCTI), MeXaHiuHi (pH3HKO-
onTuMi3oBaHe miryBaHHs) Ta nudposi (loT-moHiTOpUHT + nporHosHuii 1111) enemenTr. TexHiKO-eKOHOMIUHE OOTPYHTYBaHHS
BHUKOHAHE 3a JOIOMOT'00 0araToKpuTepialbHUX MeToxiB npuitHATT pimeHs (AHP, TOPSIS) Ta nopiBHSIHHS AUCKOHTOBAHHX
rpomoBux noTokiB, OPEX/CAPEX mis >KUTTE€BOTO HUKITY MaricTpanbHUX 00’ €KTIB.

IIporao3He MoaenroBaHHS TOKa3ye, IO B CHCTEMax 3 BHCOKHM BMICTOM mMapadiHy TOBIIMHA BOCKOBHX BiIKIJIAJICHBb
nocsirae 10-25 MM 3a 6-12 wmicsuiB (BxizHa temmeparypa 60—80 °C, mBuakocti 1-2 m/c, X0JOAHI 30BHILIHI YMOBH), 3
NIiKOBUMM 30HAMM OCaJUKeHHs Ha Bincrami 20-100 kM Bim BXOAy Ta IOYaTKoBMMH moTokamu 0,5-5 r/(M?-mo6y), mio
SHIKYIOTBCA 710 < 0,5 r/(M?-100y) uepes cTapiHHs, 3CyBHE 3HATTS Ta i30MALIHHUIN edeKT. 3MillaHi opraHiuyHO-HeopraHiuHi
BifknagaeHHs MicTiaTh 40-80 mac. % HacuueHHX ByriieBoAHiB/mapadiniB, 8—30 mac. % acdhanbreHiB/cMon Ta g0 15—
40 mac. % HeopraHiYHHMX COJIeH 3a aHaJoraMH HNPOMHCIOBHX BUMazKiB. I'iOpuaHi crpaterii (iHriOyBaHHS + ONTHMIi30BaHE
miryBaHHs + IIOMipHa 130JIAIis1) JO3BOJLIFOTH 3HHM3WUTH dacToTy miryBaHHs Ha 30-60 %, eHeprocnoxuBaHHS Ha
nepekadyBaHHA Ha 5-25 % (3aBASKH 3MEHIIEHHIO TiIpaBIiYHUX BTpAT), 3arajibHi €KCIUTyaTaliiHi BUTpaTH Ha 15-45 %
MOPIBHSHO 3 PEaKTHBHUMH IiAXOJaMH, & TaKOXX CYTTE€BO 3MCHIIYIOTh PU3UK IMOBHUX 3aKyIOPOK, MiABIAKIAAHOI KOpO3ii Ta
EKOJIOT1YHHX aBapiil uepe3 mepernagn THCKY.

PobGota posBuBae iHTErpoBaHYy MEXaHICTHYHO-IAHI-OPIEHTOBAHY METOMOJIOTII0, sKa SIBHO BpPaXOBYE B3aEMOIIIO
06araTOKOMIIOHEHTHHX OpraHIYHO-HEOPraHIYHUX MEXaHi3MIiB OCa/DKEHHs Ta TiJpOJMHAMIiuHI 3BOPOTHI 3B’SI3KH (3CyBHA
JHCIepCisi, IPUCKOPEHHS B TPAH3IEHTHUX PEeXHMMax) y MaciiTadax MariCTpajJbHUX TPYOONPOBOIB, JOJAI0UU OOMEXKEHHS
130JIbOBAaHMX OJHOKOMITOHEHTHHX 200 KOPOTKOIeTeNbHNX Moneneld. HoBu3Ha Takox moisirac y GopmyBaHHI aJanTHBHOTO,
CErMEHTHO-OPIEHTOBAHOTO TiOPUIHOTO NPOTOKOJIYy YIPaBIiHHS, L0 CHHTE3YE PEalbHHHl 4ac MPOTHO3YBaHHS, KiJIBKiCHO
OIlIHEHE PH3HK-OPI€HTOBAaHE IUIAHYBAHHS BTPY4YaHb Ta ONTHMI3AIlI0 J>KATTEBOTO LHUKIY 32 TEXHIKO-€KOHOMIYHUMHU
KPHUTEPISIMH — acleKTH, HEeJOCTaTHBO NPENCTABICHI B MOIEpEeAHid JiTeparypi 3 3a0e3ledeHHs MOTOKY Ui HaJJOBIHX
Ha3eMHUX Ta O(IIOPHUX MaricTpajen.

OOrpyHTOBaHI PIlICHHS HAJAIOTh ONEpaTopaM MaricTpajJbHUX TPYOONPOBOIIB HAyKOBO OOIPYHTOBAHHN MOIYIBHHUI
IHCTpyMEHTapii 11l MiABUIICHHS HaAIHHOCTI TPaHCIIOPTYBaHHSI, TOJJOBXEHHS TEPMiHy CITy)KOM akTHBIB, MiHIMi3aLil BUTpAT
Ha XIMIKaTH Ta MPOCTOIB, 3HMKECHHS CKOJOTIYHUX PU3WKIB PO3JHBIB, MOB’S3aHUX 13 BigKIaAcHHAMH. [ligxim m03BOJISIE
THYYKO aJaNTyBaTH TEXHOJIOTil N0 pi3HMX TUMNIB HapTH (BHCOKomapadiHUCTHX, ac(albTEeHOBUX, TI'a30KOHICHCATHUX),
6araTOKOMIIOHCHTHHX PEKXHMMIB, KIIMATHYHHX 30H (XONOIHUI / apKTHYHMIA, TOMIPHUI) Ta BiKy / JOBXHUHH TPYOOMpPOBO/IIB,
3a0e3neyyloun CyTTEBHH eKOHOMIuHMH edekT uepe3 ckopoudeHHs OPEX, yHUKHEHHs aBapiifHUX BHTpar Ta MiATPUMAHHS
MPOEKTHOI MPOAYKTHBHOCTI B IIIOOATBHIX MEPEkax JOBrOTPUBATIOTO TPAHCIIOPTYBAHHS BYTJIEBOIHIB.

Kaiouosi cioBa: MarictpanbHi TpyOOTIpOBO/IN; YTBOPEHHS BiKIaJeHb, apadiHOBi (BOCKOBI) BiAKIAICHHS; OCAIKCHHS
acanpTeHIB; YTBOPEHHS I'a30BUX TiApaTiB; HEOPraHiYHiI BiKIaaeHHS (coboBi); 3Mimani ARPD-BinkiageHHs; MOJIEKyIsIpHA
mudy3is; 3CyBHE B3HATTS; XiMidHE IHriOyBaHHS, HH3bKOJIO30Bi IHTIOITOPH TigpaTiB; TEIUIOBA 130JISMis; ONTHMI3aIlis
MIryBaHHs; TMPOTHO3HE MOJENIOBAHHSI; MPOTHO3YBaHHS MAIIMHHUM HaBYaHHsAM, 3a0e3ledeHHs MOTOKY; IiJBiIKIaaHa
KOPO3isl; TEXHIKO-CKOHOMIYHE OOIPyHTYBaHHS.
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