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Executive Summary

The pilot project on Digital Track Modelling (DTM) for the Zhanaozen—Bastau
section of the Kazakhstan—Turkmenistan—Iran (KTI) corridor confirms that the
deployment of a fit-for-purpose digital track model is technically feasible and economically
justified under ECO conditions. The Interim Report of the Study was reviewed by
ECO Member States, with feedback received from the Turkmen and Iranian sides.
The Turkmen side confirmed the use of a Russian technical solution, while the
Iranian side indicated that an outdated Austrian solution is currently in operation
and does not fully meet modern digitalisation requirements. In this context, Iranian
Railways expressed interest in a more comprehensive follow-up Study with an expanded
scope, which would require an indicative budget on the order of USD 350-500 thousand,
potentially with the support of international organisations, development funds and

international financial institutions.
The quantitative assessment demonstrates:

« a positive Net Present Value (NPV) across all scenarios considered;
e a payback period of approximately 2—-3 years in the Base Case scenario;
« Internal Rates of Return (IRR) broadly consistent with international benchmarks

for digital railway and asset management projects.

The pilot confirms that relatively modest investments in digital track modelling
can deliver substantial economic and operational benefits. Digital modelling is understood
in this Study as an integrated system combining physical measurement infrastructure
(hardware) and analytical and decision-support software, supported by appropriate
governance and data management arrangements. Such an integrated approach enables
significant savings in track maintenance, reduces service disruptions, and supports

safer and more reliable operations along strategic regional corridors.

With regard to the hardware component, international experience indicates that
modern inspection and diagnostic solutions with competitive total cost of ownership
are particularly effective in corridors characterised by heterogeneous track conditions.
Solutions widely deployed in large railway systems, including those originating from
the PRC, can reduce failure rates and warranty risks for rolling stock and infrastructure
assets. This creates favourable conditions for engaging international financing sources,
including banks that support export-oriented railway technologies and seek to mitigate

operational and lifecycle risks.

The software component of DTM is addressed in the report through a transparent

and auditable mathematical framework linking track geometry, dynamic forces,
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risk zones and maintenance decisions to economic outcomes. The detailed DTM
calculations presented in the Study demonstrate that the approach avoids reliance
on opaque or “black-box” solutions and provides a robust basis for engineering and

investment decision-making.

The Study also demonstrates the bankability of the proposed approach. ECO
Member States already allocate national budget resources for railway construction,
rehabilitation and maintenance on an individual basis. By providing a quantified and
credible mechanism for cost savings and efficiency gains, DTM creates incentives
for coordination and opens the possibility of structuring a syndicated financing
facility to support corridor-level digitalisation. Such financing could be mobilised
on concessional terms through international development banks and funds, including
those aligned with export financing frameworks. The proposed implementation model
envisages the development of a minimum viable product (MVP) at corridor level,
followed by the establishment of national operators in each participating country,
with data processing on national servers to ensure data sovereignty, risk mitigation
and reliable debt servicing. At the same time, the approach aligns with standard
grant eligibility criteria, including environmental protection, sustainable development,

human capital development and public budget efficiency.
This report provides:

 a concise justification of DTM as an enabling tool for ECO railways;

o a reference architecture and minimum technical specification for a Digital
Track Model aligned with international good practice and ECO needs;

 an implementation roadmap for the Zhanaozen—Bastau pilot (8 weeks), including
governance, milestones and deliverables;

e an economic model linking geometric quality, dynamic forces and maintenance
costs;

« an assessment of international experience (SBB, USA/EU, RZD/KTZ, PRC)
and its applicability to ECO corridors;

o recommendations on scaling up the approach across ECO Member States,
including options for engaging international financial institutions (IFIs) and

technology partners.

The Zhanaozen—Bastau pilot is proposed as a demonstration case for:

« integrating engineering-grade geometry data, condition data (PU-32) and operational

information in a single digital model;

o demonstrating transparent, auditable and data-driven maintenance and investment

decisions;
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o supporting the development of an ECO-level standard for digital track modelling

and subsequent corridor-wide deployment.
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1. Introduction

1.1 Context

This report has been prepared in accordance with the approved Terms of Reference
and is structured to ensure clarity, transparency, and compliance with internationally

accepted reporting practices.

The Terms of Reference comprise five principal items. The present report provides
a detailed analysis and substantiation of the first four items of the Terms of Reference.
The fifth item is delivered in the form of presentation materials, which are provided
as a standalone presentation and serve to complement the report by offering a concise

and visual summary of the key findings, assumptions, and conclusions.

Such a separation between the analytical report and the presentation materials
is consistent with international best practices for technical and feasibility studies,
ensuring both methodological rigor and effective communication of results to decision-

makers.

ECO Member States are investing heavily in rail infrastructure to support regional
connectivity, trade facilitation and diversification of transit routes. At the same time,

fiscal space is constrained, and infrastructure managers are expected to:

« reduce lifecycle costs;
« improve safety and reliability;

o integrate with digital trade and transport systems.

Digital Track Modelling (DTM) is a practical, technically mature instrument to
achieve these goals. Unlike purely conceptual “digital twin” narratives, the proposed

DTM approach focuses on:

o accurate representation of track geometry and associated assets;
« systematic linkage to diagnostics and maintenance history;

« transparent economic evaluation of maintenance strategies.

1.2 Basis of the Assignment

The assignment is based on:

e Contract between ECO Secretariat and the Contractor dated 30 October 2025;
o Terms of Reference: Study on Digital Modelling for ECO Railways (2025);
o decisions and recommendations of relevant ECO bodies (RPC, TTCC, PMG).

The DTM pilot on Zhanaozen—Bastau is designed as a low-cost, high-demonstration
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value project to illustrate the benefits of data-driven maintenance and planning in

a realistic operational context.

1.3 Object of Analysis

The primary object is the Zhanaozen—Bastau section (operational length approx. 35
km), part of the KTI transport corridor. For modelling and scalability, the 35 km
perimeter is considered in line with the ToR requirement (geographic perimeter up

to 35 km).

1.4 Source Materials

Key inputs include:

o KTZ datasets: geometry, PU-32 forms, lists of engineering structures, technical
parameters;
o ECO Secretariat documentation and ToR;

 international references and technical papers on digital track modelling.

The terrain analysis demonstrates that the KTI railway corridor predominantly
crosses flat and mildly undulating areas. This represents a significant competitive
advantage compared to alternative ECO corridors that pass through mountainous

and foothill regions.

2. Relevance and Strategic Rationale

2.1 Macroeconomic Perspective

Average railway construction costs of 2-10 million USD per km, combined with rising
maintenance expenditures, highlight the importance of optimising both CAPEX and
OPEX. For ECO Member States:

o large sections of the network are in harsh climatic and geotechnical environments;
« freight flows are volatile and sensitive to corridor performance;

e budgetary constraints limit the scope for full reconstruction.
A systematic, digital approach to track condition and geometry enables:

» targeted interventions instead of blanket repairs;
 prioritisation of sections with the highest economic and safety impact;

o better justification of funding and financing to governments and IFIs.
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2.2 Alignment with ECO and Global Agendas

The DTM initiative is consistent with:

o ECO Vision 2025 and subsequent regional connectivity strategies;

o the SDGs, in particular SDG 9 (Industry, Innovation and Infrastructure) and
SDG 13 (Climate Action);

o UNESCAP and UNECE recommendations on digitalization of transport corridors
and data harmonisation;

o UN/CEFACT standards for electronic data exchange supporting multimodal

transport.

The strategic assessment of the Digital Track Modelling (DTM) initiative also
applied a SWOT framework to identify key strengths, weaknesses, opportunities
and threats associated with both the pilot implementation and the potential scale-

up across ECO railway corridors. The results of this analysis are summarised in
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Appendix A (Compliance with ToR Requirements and KPIs).

3. Objectives and Scope of Work

3.1 Overall Objective

To demonstrate, through a practical pilot, that Digital Track Modelling:

e is technically achievable with realistic data and tools available in ECO railways;
 yields measurable economic benefits in terms of reduced lifecycle costs;
e can be codified into a scalable ECO-wide standard.

3.2 Specific Tasks

1. Review international experience (SBB, USA/EU, RZD/KTZ, PRC and others)
in digital track and asset modelling.

2. Define and document assumptions and constraints relevant to ECO networks.

3. Develop an 8-week pilot implementation plan for the Zhanaozen—Bastau section.

4. Design the DTM architecture, including data model, interfaces and V&V
framework.

5. Construct an economic model linking geometric quality, dynamic loads and
maintenance costs.

6. Propose governance, risk management, KPI and reporting arrangements.

7. Provide recommendations for scaling up along key ECO corridors.

The objectives of the Study and the pilot implementation were formulated and
assessed in accordance with the SMART criteria (Specific, Measurable, Achievable,
Relevant and Time-bound), ensuring clarity of scope, verifiability of results and

compliance with the Terms of Reference. Further details are provided in Appendix A.

4. Methodology

4.1 Analytical Approach

The study combines:

o desk review of international standards, guidelines and case studies;

o analysis of KTZ track data (geometry, PU-32, structures) for the pilot section;
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« simplified but robust modelling of curvature-related loads and maintenance
costs;
o scenario analysis for CAPEX/OPEX and risk-adjusted returns;

o qualitative assessment of institutional and technical readiness.

4.2 Data and Quality Control

Data sources are screened for:

o completeness and coverage for the pilot section;
» consistency between geometry, structures and PU-32 assessments;

o plausibility of key parameters (radius, cant, speeds, axle loads).
The proposed DTM framework embeds:

o ETL processes with validation rules;
e reproducible calculations for decision support;

e clear separation between raw data, processed indicators and recommendations.

5. Review of the Interim Report by ECO Member
States

The Interim Report of the Study on the development of the KTT railway corridor was
submitted for review to the interested member states of the Economic Cooperation
Organization (ECO).

Based on the official responses received:

o the Turkmen side informed that a Russian technical solution is currently used
for railway infrastructure planning and management;

e the Iranian side indicated that an outdated Austrian solution is still in use,
which does not fully meet modern requirements for digitalization, interoperability,

and capacity development.

In addition, Iranian Railways expressed interest in a more comprehensive and
in-depth Study similar to the present one, but with an expanded scope of work.
Implementation of such a Study would require an increase in the budget to approximately
.. thousand USD, potentially through the involvement and support of international

organizations, development funds, and financial institutions.
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6. International Experience with Digital Track Modelling

6.1 Comparative Overview

Jurisdiction Key Elements Observed Impact

Switzerland Integrated BIM/DTM, unified 10-20% lifecycle savings;

(SBB) asset register, continuous improved planning; decreased
geometry control track possession times

USA/EU Amtrak/FRA TGMS (Track Reduced speed restrictions; more
Geometry Measurement System) targeted tamping and renewals;
and EN  13848-compliant deferred CAPEX
inspection cars using LiDAR,

IMU, RTK-GNSS; automated
defect classification and
predictive analytics.

RZD/KTZ Standards for 1520 mm gauge; Risk-based maintenance; better
linkage of curvature, cant and correlation between geometry and
wear models deterioration

PRC CRCC high-speed inspection Higher utilisation (up to 20%

(e.g. CIT450,
of 450 km/h inspection speeds)

trains capable

with integrated track geometry
(LiDAR/IMU),

diagnostics, and

catenary,
signalling
Al-based abnormality detection;
real-time digital twin updates
via deep learning models for

predictive maintenance.

increase in throughput); reduced
delays (by 30-50% via predictive
interventions); maintenance
shortened by  40%;

lifecycle costs lowered by 15-25%

outages

through targeted repairs.

6.2 Key Lessons for ECO

o Start with a focused scope: track geometry and condition, not a full digital

twin of all assets.

e Use open, documented data structures to avoid vendor lock-in.

o Ensure that outputs are understandable to track engineers and finance departments.

o Treat DTM as an ongoing process, not a one-off survey.
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« USA/EU lesson: TGMS allows fully automated defect detection with sub-
centimetre accuracy, enabling predictive maintenance without human inspection.

o PRC lesson: High-speed inspection trains like CIT450 integrate multi-system
diagnostics with Al for real-time anomaly detection, achieving significant efficiency
gains; however, their high CAPEX and focus on 350+ km/h networks make
them suitable mainly as a reference for scalable, modular solutions in ECO

conditions.

7. Assumptions and Constraints

ID Description Type Comment
Al Timely access to KTZ/ECO data in Assumption SLA (Service Level
machine-readable formats Agreement) with
defined response

times, focal points

A2 Geospatial accuracy of core datasets < Assumption RTK/LiDAR
1 cm supported
A3 Compatibility with existing 1520 mm Assumption No conflicts expected
standards and norms
A4 Discount rate 10% Assumption Consistent with ECO
practices
A5 Traffic variation within +15% of Assumption Outside range triggers
baseline update
C1 Pilot budget ceiling 10,000 USD Constraint ToR requirement
C2 Implementation within 8 weeks Constraint ToR requirement
C3 Geographic perimeter up to 35 km Constraint Pilot  scope  (fully
applied)
C4 MVP-level integration (APIs or file- Constraint No full IT overhaul
based)
Ch Change control through Steering Constraint Governance discipline

Group and CRs
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8. Implementation Plan for the Pilot (8 Weeks)

The implementation plan and deliverables of the Study are fully aligned with the
Key Performance Indicators (KPIs) defined in the Terms of Reference. These KPIs
are understood as the successful delivery of specified outputs rather than technical
metrics and include: an international overview, technical requirements, an economic
model, a final technical assignment, and a presentation. A formal mapping of all KPIs

to the corresponding deliverables and report sections is provided in Appendix A.

Weeks Activities Gate / Acceptance
1-2 Stakeholder mobilisation; data access agreements; Gate 1: data
ETL prototype; initial geometry and PU-32 availability and
analysis quality confirmed
34 Definition of DTM data model; architecture and Gate 2:  technical
interface design; selection of tools and formats design approved by
Steering Group
5-6 Economic model calibration; KPI validation; V&V  Gate 3:
plan; draft results for pilot section methodological
package endorsed
7-8 Consolidated  pilot  results; final report; Gate 4: final

recommendations; ToR for Phase 2 (scale-up)

deliverables accepted

prepared in line with ECO requirements

9. Economic Model: CAPEX, OPEX, NPV and
IRR

The economic assessment of the Digital Track Modelling (DTM) pilot is based on a
clear separation between capital expenditure (CAPEX) and operational expenditure
(OPEX). This distinction ensures transparency of cost assumptions and provides
a robust basis for the calculation of standard investment performance indicators,
including Net Present Value (NPV), Internal Rate of Return (IRR) and payback
period. CAPEX and OPEX are applied as economic input parameters rather than
Key Performance Indicators (KPIs), in line with the evaluation criteria set out in

the Terms of Reference and summarised in Appendix A.
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9.1 Cost Structure
Category CAPEX (USD) OPEX (USD/year)
Survey equipment / sensors 2,500 300
Software / licences / cloud 1,200 200
Data processing / analytics 3,000 400
Training / capacity building 1,000 100
Monitoring / support 0 600
Total 7.700 1,600
9.2 Scenarios (5-year Horizon, 10% Discount Rate)
_ CAPEX OPEX/year Net Payback NPV (5y)
Scenario
Benefit /year
(USD) (USD/year) (USD/year) (years) (USD)
Conservative 7,700 1,600 2,400 3.2 1,400
Base Case 7,700 1,600 3,400 2.3 5,200
Optimistic 7.700 1,600 5,400 1.4 12,800
9.3 10-year Performance
' Net Payback NPV (Base NPV (10y)
Scenario '
Benefit /year Horizon)
(USD) (years) (USD) (USD)
Conservative 2,400 3.21 1,397.89 7,046.96
Base Case 3,400 2.26 9,188.68 13,191.53
Optimistic 5,400 1.43 12,770.25 95,480.66

Indicative IRR:

o 22-25% (Conservative),
 36-40% (Base Case),
« above 60% (Optimistic).



Final Technical Report

15

9.4 Illustrative Plots
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10. DTM Architecture and Technical Requirements

The technical architecture and requirements defined in this section constitute one of
the core deliverables of the Study in accordance with the Terms of Reference. They
support the achievement of the expected outcomes and accepted criteria, including
technical feasibility, scalability, and compliance with international good practice, as

further documented in Appendix A.

10.1 Logical Architecture

Data layer: geometry, diagnostics, structures, operations, environment.
ETL & Quality: ingestion pipelines, validation rules, error logs.
Modelling: curvature x, cant h, transition curves, risk zones.
Analytics: cost models, NPV /IRR/ROI, scenario simulations.
Interfaces: API/file exchange with KTZ and ECO systems; reporting.
Security & CM: RBAC, encryption, version control, audit trail.

S Ok W

10.2 Data Protection and Access Control

Pilot data:

o stored in encrypted containers or secure servers;

« accessible only to authorised project staff under RBAC (Role-Based Access
Control);

o retained for 12 months after pilot completion, then archived or deleted based
on ECO decision;

o transferred only via secure channels, with access logs maintained.

10.3 Key Non-Functional Requirements

» geometric accuracy at or better than 1 cm for key parameters;
o ETL cycle not exceeding 2 hours for the pilot perimeter;

« system availability of at least 99% for core functions;

« support for widely used formats (CSV, XLSX, JSON);

o full traceability and versioning of datasets and outputs.

10.4 V&V Metrics
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Metric Threshold Description

RMSE(k) <0.0lm™! Agreement between independent
measurements

Ah <5 mm Difference between theoretical

and measured cant
IoU (risk zones) > 0.6 Overlap of risk zones vs. PU-32

assessments

11. Governance, Risks and Change Management

11.1 Steering Group

The Steering Group includes:

o ECO Secretariat representatives;
o designated authorities from Kazakhstan, Iran and Turkmenistan (as applicable);

o the Contractor and invited technical experts.

11.2 Risk Register

ID Risk Likelihood Impact Level Mitigation

R1 Delayed data 3/5 4/5 High Binding SLAsS;
provision

early

requests

R2 Format 3/5 3/5 Medium ETL converters;
incompatibility

templates

R3 Funding constraints 2/5 4/5 Med-High  Phased roll-out;

IFI

co-

financing

R4 Skills shortage 3/5 3/5 Medium Training; partnership

with

universities
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R5 Measurement errors 3/5 3/5 Medium Calibration; RTK

standards

12. Pilot Section Characteristics

Zhanaozen~Bastau Section: Terrain Characteristics and Longitudinal Profile

Zhahaozenﬁf\h" )
KAZAKHSTAN

Caspia Sea

Major Railway Line
axxp KTl Railway Corridor

300
200
150

Elevetiom (m)

PR s £ o s R o G R B T A e 2 B 2 e
Zhanaozen Bastau
0 150 200 350

Distance (km)

. 5: Zhozen—Bastau Section: Terrain Characteristics and Longitudinal Profile

12.1 Technical Parameters

Operating length: 35 km.
Track structure: R-65 rails, concrete sleepers, crushed stone ballast.
Year of commissioning: 2012.

Nominal speeds: passenger 80-100 km /h; freight 70 km /h (with existing restrictions).

12.2 Engineering Structures (Excerpt)

Km+Pk Type Span / opening

180 1+94 Pedestrian bridge 13.0 4+ 15.0
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182 0400 Circular RC culvert 1x1.0
185 3+56 Circular RC culvert 1x1.0
189 5+52 Circular RC culvert 1x1.5
192 6425 Rectangular RC culvert 1x2.0
195 2413 Circular RC culvert 1x1.5
195 7+32 Circular RC culvert 1x1.0
198 6490 Circular RC culvert 1x1.0

13. Theoretical Framework: Geometry and Cost
Relationship for the Zhanaozen—Bastau Pilot

Section

This section formalises the relationship between track geometric accuracy (primarily
curvature) and track maintenance costs. This relationship is used as the core of the
economic model for the Digital Track Model (DTM) pilot on the Zhanaozen—Bastau

section.
The modelling objectives are:

» to demonstrate that maintaining higher geometric accuracy (on the order of
1 em) through a DTM leads to measurable reductions in routine maintenance
costs and an extension of track life;

e to link DTM accuracy requirements to economic effects over the time horizons
applied in the ECO pilot (5 and 10 years).

Units and assumptions: v is velocity (m/s), R is curve radius (m), integration
is along track length s. For simplified estimates, the section is treated as having
quasi-constant speed and homogeneous conditions; for mixed traffic, representative

trains with traffic-based weights are used.

The key idea is that excess maintenance cost is proportional to the excess curvature
of the trajectory (k = 1/R). If the allowable geometric error in curvature increases
from 1 ¢m to 2 cm, annual costs increase by roughly a factor of two; from 1 cm to
5 cm — by about a factor of five. This provides a strong economic motivation to

reduce geometry errors to < 1 ¢m using the DTM.
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13.1 Relationship Between Loads, Curvature and Maintenance
Costs

Consider:

o A — the volume of work required to maintain the track in standard condition
on the section;

o A* — the integral “work” of rolling stock on the track (load depending on
mass, speed and alignment geometry);

e (4 — the total cost of track maintenance;

o L — the length of the section (for the Zhanaozen—Bastau pilot L ~ 35 km;
the model is scalable to the wider ECO network).

Assume:

A=k A", (1)

i.e. the volume of maintenance and renewal work is proportional to the integral

dynamic load.

Costs are proportional to this volume:
Ca = koA = kok1 A™. (2)
The work of forces along the track is represented as:
L
CA = /{1/{214* = klkg/ F(S) dS, (3)
0

where F'(s) is the resultant dynamic force of vehicle-track interaction and s is the

coordinate along the track. For simplicity, we set k1ks = 1 (normalising the scale).

Using the expression for centripetal acceleration:

1)2

"= Ry W

where v is speed and R(s) is the curve radius at position s. Then:

L L2
C :/ mads:/ m—— ds, 5
4 0 0 R(s) )

where m is the equivalent train mass (in kg).

Within the ECO/KTZ pilot, m and v are determined by operational requirements

(optimisation of these parameters is a separate task). The main controllable parameter
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for our purpose is geometry, in particular curvature 1/R(s) and its deviations from

the design alignment.

Hence, the criterion for minimising maintenance costs can be expressed as:

to minimise the integral excess curvature relative to the design alignment,

while ensuring the required accuracy of its implementation.

13.2 Model of the Impact of Curvature Error on Additional
Costs

Consider two variants of curvature along the section:

where R(s) is the design radius and R.(s) is the radius with surveying, construction

and deformation errors.

Then:
L 2 )
Cy= / m—— ds, 6
0 R(s)
L v?
Ca. :/ m——— ds. 7
T TR g
The increase in costs due to geometric deviations is:
A, =C C 2/L( L ! ) d (8)
e =04 —Ca=mv YA §-
o \L(s) R(s)

After transformation:

Ao = mu” / (7Y m® ®)

Since in KTZ and ECO practice evaluation is often carried out by track segments

(pickets), we can write in discrete form:

A —vai/P B -1 icls (10)
o i=1 0 Re,i Rz ’

where P is the length of a segment, and R;, IR, ; are the corresponding values on the

i-th segment.

By the Lagrange mean value theorem, for each segment there exists a point 6;
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such that:

2=y (ga(&)) - 1) m / el (1)

i=1
Under the hypothesis of statistically uniform perturbations (supported by PU-32

data for the Zhanaozen—Bastau pilot), this can be reduced to:

A, = ( ]i((?) - 1) Cp = ksCla, (12)
where
by = 204 (13)
> R.(0)

is interpreted as the relative increase in costs due to excess curvature.

Thus, within the adopted assumptions:

a percentage increase in curvature (equivalently, deterioration in geometric
accuracy) leads to a comparable percentage increase in track maintenance

costs.

13.3 Evaluation via Mid-Chord Offset and Choice of Target
Accuracy for the DTM

For practical calibration, we use the classical relationship between the mid-chord

offset € on a chord of length L and the curve radius R.:

L? ¢
R.=—+4 -~ —, 14
85+2 8¢ (14)

neglecting the small term /2.

Let the target D'TM accuracy for rail position be defined by:
o=0.01m (1cm),
and a degraded variant by:

e1=0.02m (2 cm).

Then:
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Substituting:
0.02
ks=———-1=1
> 001 ’
which means that moving from 1 cm to 2 cm error approximately doubles the

“excess” component of maintenance costs (all else being equal).

Similarly, when moving from 1 ¢cm to 5 cm:

0.05

ks = —— —
7 0.01 ’

which corresponds to an increase of additional costs by roughly a factor of five
(considering the base component C4), or necessitates speed reductions and loss of

transit potential.

13.4 Interpretation for the ECO Pilot Project

For the Zhanaozen—Bastau pilot the following indicative conclusions apply:

o If annual costs of developing and maintaining a DTM with 1 c¢cm accuracy
are on the order of ~ 1% of current track maintenance expenditures for the
section, then reducing the error (e.g. from 2 cm to 1 cm) already yields savings
comparable to tens of percent of the “excess” cost component.

« Even under conservative adjustments (e.g. reducing assumed effects by 50%),
total maintenance cost reductions in the range of about 15-20% appear realistic
and consistent with international evidence (10-20% lifecycle savings from
DTM/BIM and predictive maintenance).

« Additional benefits include:

— fewer and shorter track possessions for maintenance;

— reduced rolling stock wear due to more stable geometry;

— justified increases in permissible speeds on certain sections without full
reconstruction;

— improved reliability, predictability and competitiveness of the K'TT corridor
and the ECO rail network as a whole.

In summary, the mathematical model embedded in the pilot provides a formal
economic justification: investing in a high-accuracy Digital Track Model (on the
order of 1 cm) at a reasonable share of CAPEX/OPEX results in lower maintenance
costs, extended asset life and improved corridor performance, fully aligned with ECO

objectives for efficient and sustainable transport corridors.



Final Technical Report 24

14. Extended Analysis of Curvature, Cant and Transition

Curves

14.1 Curvature Analysis

Curvature peaks correlate with:

o higher PU-32 scores (worse condition);
 increased tamping and lining demands;

« potential local speed limitations.

14.2 Cant Analysis

For 1520 mm gauge:
2
h ~12.09 - VE (mm),

with cant excess/deficiency considered for mixed traffic.

14.3 Transition Curves

Clothoids or polynomial transitions ensure:

« controlled rate of change of lateral acceleration;
o compliance with comfort and safety criteria;

e reduced dynamic impact and maintenance needs.
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15. Illustrative Charts (pgfplots)
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. 6: Schematic relationship between curvature and relative maintenance costs.

jan) T T T T T T
7 |
=
g
3
=
v 05| a
S}
%
(@]
«?
—
O_‘ 0 | | | | | |
0 5 10 15 20 25 30 35
Kilometre of section
. 7: Schematic profile of PU-32 track condition score.
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. 8 Curvature and relative maintenance cost with an illustrative problem zone.
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. 9: Schematic correlation between curvature and PU-32 track condition scores.
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. 10: Tllustrative comparison of equivalent annual costs for technology options.

16. Comparative Options for Phase 2 Implementation

The successful completion of the Zhanaozen—Bastau pilot (35 km perimeter) creates

a platform for a larger-scale Phase 2 deployment of Digital Track Modelling (DTM)

solutions on priority ECO corridors. For Phase 2, two indicative technology and
delivery configurations are considered:

e Option A: GE + Infotrans configuration — a partnership model based

on an established global supplier of diagnostic and digital railway systems

(GE/Wabtec-type portfolio) combined with a regional systems integrator such

as Infotrans or an equivalent ECO-based partner.
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e Option B: CRRC + local solution — a configuration based on Chinese
inspection and DTM technologies (e.g. CRRC inspection vehicles and subsystems),

integrated with software and services delivered by local ECO-region providers.

Both options are technically feasible for ECO railways and can deliver the accuracy
levels required by the DTM concept. The choice should be driven by: (i) life-cycle
economics rather than upfront CAPEX only; (ii) verifiable accuracy and reliability;
(iii) integration, data ownership and cybersecurity safeguards; and (iv) localisation
of skills and support within ECO Member States.

16.1 Key Evaluation Criteria

For Phase 2, the following criteria are proposed:

1. Measurement accuracy and reliability: achievable tolerances for geometry
(alignment, level, gauge), repeatability, stability of calibration, and availability
of verification and validation (V&V) protocols aligned with EN 13848 and
relevant 1520 mm standards.

2. Total cost of ownership (TCO): combined CAPEX/OPEX over 8-10
years, including hardware, software licences, cloud/on-premise infrastructure,
calibration, maintenance, training and upgrades.

3. Integration and interoperability: openness of interfaces (APIs), availability
of documented data models, ease of integrating with KTZ/ECO systems and
national asset management platforms.

4. Localisation and capacity building: extent to which implementation builds
sustainable in-region expertise (ECO railways, universities, engineering firms),
reducing dependence on single foreign vendors.

5. Governance, risk and supply-chain resilience: diversification of suppliers,
robustness against export controls/sanctions, cybersecurity posture, and contractual

clarity on data ownership.

16.2 Option A: GE + Infotrans Configuration

This configuration assumes the use of a mature Western-origin diagnostic and analytics
platform, delivered jointly with an ECO-region integrator.
Key characteristics:

o Accuracy: modern laser/IMU-based systems typically achieve sub-millimetre
to millimetre-level resolution on key parameters and are designed to comply

with EN 13848-type standards and established acceptance regimes used by
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European and North American railways.

e System maturity: long operational track record on mixed-traffic corridors;
proven toolsets for trend analysis, alarm thresholds, defect classification and
integration into enterprise asset management.

e Indicative cost profile:

— higher upfront licence and integration fees;

— predictable support and upgrade cycles;

— potential for framework agreements covering multiple ECO railways and
reducing unit costs at scale.

o Integration: strong support for documented APIs and export of raw and
processed data; alignment with the open, vendor-neutral DTM architecture
proposed in this report.

« Risks: exposure to currency fluctuations and export control regimes; need for
clear arrangements to ensure hosting of data in ECO jurisdictions and transfer

of knowledge to local staff.

Option A is well-suited where the priority is: (i) maximum transparency of algorithms
and interfaces, (ii) strong alignment with European/IFI expectations on safety
and cybersecurity, and (iii) a benchmark “reference” implementation for ECO-wide

standardisation.

16.3 Option B: CRRC + Local Solution

This configuration leverages Chinese-origin inspection technologies and rolling stock,

combined with local software and analytics capabilities in ECO countries.
Key characteristics:

e Accuracy: CRRC-type inspection systems, as applied on high-speed and
heavy-haul networks in Asia, also provide high precision for geometry, gauge,
profile and defects; they are suitable for intensive monitoring and predictive
maintenance frameworks subject to ECO-side validation.

e Indicative cost profile:

— in many cases, competitive or lower unit CAPEX for sensor packages and
on-track equipment, especially where supplied as part of a wider rolling
stock or signalling programme;

— potential to reduce costs through local manufacturing or assembly;

— OPEX strongly influenced by localisation of maintenance and availability
of local service partners.

o Localisation potential: strong scope to structure projects so that ECO-
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based universities, design institutes and I'T companies co-develop DTM analytics

layers, dashboards and integration components.

» Integration and data policy: effective use within the ECO DTM framework

requires:

— full access to raw measurement streams and documentation;

— contractual guarantees on data ownership by infrastructure managers;

— avoidance of closed, proprietary formats that limit interoperability.

« Risks: potential heterogeneity between delivered subsystems, dependence on

specific vendors or protocols if integration is not carefully standardised, and the

need to verify compliance with ECO cybersecurity and privacy requirements.

Option B is attractive where: (i) cost efficiency and rapid deployment on long

corridors are critical, and (ii) there is a clear strategy to invest in local engineering

capacity and to align data formats and APIs with ECO standards from the outset.

16.4 Indicative Comparative Matrix

16.5 Indicative Comparative Matrix

Criterion Option A: GE + Infotrans Option B: CRRC + Local
Solution

Measurement Proven mm-level accuracy; High accuracy demonstrated on

accuracy mature QA/V&V  processes; Chinese high-speed and heavy-

strong EN 13848 alignment

haul lines; verification required

for specific ECO use cases

Indicative  10-year Higher CAPEX/licences; stable
TCO support  costs; favourable
at  multi-country  scale if
harmonised procurement is

used

Potentially  lower CAPEX;
OPEX depends on local service
ecosystem; favourable where

local partners are strong

Integration and Typically strong API support;
openness easier mapping to open ECO
DTM schema; lower risk of data

lock-in with clear contracts

Requires careful negotiation
on data formats/API access;
feasible but more variation

across implementations
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Criterion Option A: GE + Infotrans Option B: CRRC + Local

Solution

Localisation of skills Relies on structured training High  potential  for  co-
and regional integrator; development with local firms
good if embedded in binding and  universities;  supports
training/transfer programmes  technology transfer if formally

mandated

Supply-chain  and Exposure to  transatlantic Exposure to  PRC-centred
geopolitical risk regulatory environment; supply chains; resilient
predictable but subject to hardware supply but ECO
export, control considerations  must align data/security

policies

Suitability for ECO Strong  candidate  for a Strong candidate for cost-

Phase 2 “reference” ECO DTM effective scale-up, particularly
platform  and  IFI-financed with robust local integration
programmes emphasising and open-data commitments

transparency and standards

16.6 Recommended Approach for ECO

For Phase 2 it is recommended that ECO and participating railways:

« adopt a technology-neutral, standards-based ToR, allowing both configurations
(and other qualified suppliers) to compete under common technical and economic
criteria;

e require all bidders to:

1. provide full access to raw and processed geometry data;
2. document APIs and data structures compatible with the ECO DTM
model;
3. commit to on-site training and joint V&V exercises with ECO railways.
 evaluate proposals on NPV/IRR over 8-10 years, not only on initial
equipment price, with explicit scoring for localisation, cybersecurity and long-
term support;

« consider a dual-pilot strategy in which: one corridor adopts an Option A-

type configuration and another an Option B-type configuration, both mapped

to the same ECO DTM standard, to benchmark performance, costs and institutional
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fit under real ECO conditions.

This preserves competition, reduces single-vendor dependency and ensures that
whichever combination of suppliers is selected for Phase 2 will operate fully within
the ECO Digital Track Modelling Standard developed on the basis of the Zhanaozen—
Bastau pilot.

17. Implementation Modality and Payment Schedule

Client institutions: Ministry of Transport of Kazakhstan, relevant authorities of Iran

and Turkmenistan, in coordination with the ECO Secretariat.
A Steering Group oversees:

 validation of the work plan;
o review of interim deliverables;

« acceptance of final outputs and recommendations.

Milestone Share of Contract Price

Gate 1 (Data and 20%

Plan)

Gate 2 (Design 30%
Approved)

Gate 3 (Model and 30%
KPIs)

Gate 4 (Final Report) 20%

18. Contractor Requirements

o Demonstrated experience in digital modelling or data-driven asset management
for transport infrastructure (preferably railways).
« Ability to work with ECO Secretariat and multiple national stakeholders.

« Capacity to deliver transparent, documented and replicable analytical tools.
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19. Expert Assessment of the Pilot Section and

Key Recommendations

The Zhanaozen—Bastau pilot section (operational length 35 km; pilot perimeter 35
km) has been assessed using the proposed Digital Track Model (DTM) framework.

The expert assessment confirms:

1. Existing alignment and geometry constrain safe and economic freight speed
increases without targeted corrections.

2. The effective 50 km/h restriction on critical subsections may reduce potential
throughput by approximately 20-25% relative to an optimised geometry scenario.

3. DTM enables identification of locations for minor alignment and cant improvements
with measurable performance gains, supports risk-based maintenance and links
geometry to costs.

4. Under conservative assumptions, the pilot DTM yields positive NPV, short
payback (about 1.5-3 years) and IRR at or above IFI benchmarks.

5. The concept is scalable along ECO corridors and consistent with ongoing
digitalisation initiatives.

Key recommendations:

adopt the Zhanaozen—Bastau pilot as a reference case for an ECO Digital
Track Modelling Standard;

e implement phased scale-up on priority ECO corridors;

« engage qualified technology partners under open, non-exclusive arrangements,
ensuring data ownership remains with ECO Member States and infrastructure
managers;

o use DTM-based evidence to prepare financing proposals for AIIB, IsDB, ADB,
EDB and others.

19.0.1. Institutional and Governance Preconditions

While the technical feasibility and economic rationale of the Digital Track Model
(DTM) have been demonstrated through the Zhanaozen—Bastau pilot, the assessment
indicates that the full realisation of its benefits depends on coordinated institutional
and governance arrangements among participating countries.

In particular, further progress requires the harmonisation of methodologies for the

investigation and resolution of operational and conflict situations, alignment of track

condition assessment approaches, and consistency in data standards, interpretation
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and decision-making procedures. Without such alignment, digital solutions risk

remaining fragmented and limited to isolated national applications.

Addressing these preconditions would enable a gradual transition from individual
digital initiatives towards a jointly managed and interoperable Digital Railway
Corridor. This transition implies the development and adoption of common regulatory
and normative frameworks at the ECO level, providing a predictable and transparent

basis for cross-border coordination and long-term investment planning.

From a governance perspective, the establishment of a permanent standing coordination

committee is considered a practical and effective mechanism to support this process.
Such a body would be mandated to coordinate the development, approval and
periodic updating of shared technical, methodological and digital standards, thereby
ensuring continuity, institutional memory and a stable foundation for corridor-wide
digitalisation initiatives.

During the discussion of the Interim and pilot results, the Iranian side specifically
emphasised the importance of extending the scope of digital assessment beyond track
geometry alone. In particular, attention was drawn to the condition of turnouts and
switches, as well as to a broader set of infrastructure and operational parameters

that were not fully covered within the present Study.

These additional parameters, while outside the original scope, have now been
articulated and recognised as relevant areas for further development. The present
work is therefore seen as a catalyst that can provide further momentum for subsequent,
more comprehensive assessments, building upon the methodological, technical and

institutional foundations established through the current pilot.

A. Compliance with ToR Requirements and KPIs

This Appendix demonstrates full compliance of the present Study with the approved
Terms of Reference (ToR), including the application of SWOT and SMART frameworks,
the use of CAPEX and OPEX in economic evaluation, and the delivery of all required
Key Performance Indicators (KPIs).

A.1 Application of SWOT Analysis

A SWOT analysis was applied to structure the strategic assessment of the DTM pilot
and its potential scale-up across ECO corridors, identifying strengths, weaknesses,

opportunities and threats relevant to technical, economic and institutional dimensions.
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12: SWOT Analysis of the Digital Track Modelling (DTM) Pilot

Strengths Weaknesses

Proven technical feasibility of DTM on | Limited scope of the pilot (focus on

a live pilot section; geometry-related parameters);

Quantified economic benefits (positive | Dependence on availability and quality

NPV, acceptable IRR); of input data;

Transparent and auditable | Initial  institutional fragmentation

mathematical methodology:; across countries.

Compatibility ~ with  international

railway practices.

Opportunities Threats

Scale-up across ECO railway corridors; | Divergent national regulations and

Access to concessional financing and |standards;

grants; Delays in  data  sharing and

Development of a common ECO digital | coordination;

standard; Risk of vendor lock-in without clear

Capacity building and localisation of | governance;

expertise. Uneven pace of digital adoption among
countries.

A.2 Application of SMART Criteria

The formulation of the Study objectives and the scope of the pilot implementation
was guided by the SMART framework (Specific, Measurable, Achievable, Relevant
and Time-bound), as explicitly required by the Terms of Reference. The application
of SMART criteria ensured that the Study avoided abstract or declarative targets

and instead focused on verifiable, operational and economically meaningful outcomes.

Specific. The objectives of the Study were defined with a clear and unambiguous
focus on the Zhanaozen—Bastau pilot section of the KT corridor, with a geographically
limited perimeter of approximately 35 km, in full compliance with the ToR. The
scope explicitly covered digital track modelling of geometry and condition, economic
evaluation of maintenance effects, and preparation of a technically sound basis for
potential scale-up. No unrelated assets or speculative digital functions were included,

ensuring a well-defined and controllable scope.

Measurable. The Study objectives were translated into measurable outputs
and indicators, including quantified economic metrics (NPV, IRR, payback period),
defined accuracy thresholds for geometric parameters, and clearly identifiable deliverables

(reports, technical specifications, economic calculations and presentation materials).



Final Technical Report 35

This measurability allows independent verification of results and supports transparent

review by ECO bodies, national authorities and potential financing institutions.

Achievable. All objectives were formulated with due consideration of existing
institutional, technical and budgetary constraints. The pilot relies on data types,
measurement technologies and analytical methods that are already available or
realistically deployable within ECO railways. The implementation plan and cost
assumptions were deliberately conservative, ensuring that the objectives could be

achieved within the agreed budget ceiling and the 8-week pilot timeframe.

Relevant. The objectives of the Study are directly aligned with ECO strategic
priorities, including regional connectivity, optimisation of infrastructure lifecycle
costs, improved safety and reliability of railway operations, and support for sustainable
transport corridors. From an economic perspective, the focus on CAPEX and OPEX
optimisation, bankability and evidence-based decision-making ensures high relevance

for governments, infrastructure managers and international financial institutions.

Time-bound. All activities and deliverables were structured within a clearly
defined and contractually fixed implementation period. The pilot roadmap specifies
concrete milestones, acceptance gates and final outputs to be delivered within eight
weeks. This time-bound structure supports effective project control, timely decision-

making by the ECO Secretariat, and readiness for follow-on phases.
The detailed assessment of the Study objectives against each SMART criterion

is summarised in Table 13.

13: Assessment of Study Objectives against SMART Criteria

Criterion Application in the Study

Specific Demonstration of Digital Track Modelling on the defined
Zhanaozen—Bastau pilot section of the KTI corridor, with
clearly defined scope and outputs.

Measurable | Quantified economic indicators (NPV, IRR, payback period),
geometric quality metrics, and clearly defined deliverables as
per the Terms of Reference.

Achievable Implementation using existing measurement technologies,
data sources and institutional arrangements within the agreed
timeframe and budget.

Relevant Direct contribution to ECO objectives on railway
efficiency, safety, cost reduction, sustainability and corridor
competitiveness.

Time-bound |All activities and deliverables completed within the
contractual implementation period, including the 8-week pilot
roadmap.
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The table confirms that all KPIs defined in the Terms of Reference have been fully
delivered. The International Overview, Technical Requirements, Economic Model
and Final Technical Assignment are incorporated as dedicated sections of the Final

Report, while the Presentation is provided as a separate file for convenience.

A.3 Economic Assessment: CAPEX and OPEX

The economic model explicitly distinguishes between CAPEX and OPEX as core
inputs for the evaluation of investment performance. These parameters underpin the

calculation of NPV, IRR and payback period presented in Section 9.

A.4 Key Performance Indicators (KPIs) Compliance

14: Compliance with Key Performance Indicators (KPIs) Defined in the ToR

ToR KPI Deliverable as per |Status Reference in Final Report
ToR
International Overview | Analytical report Completed  |Sections 6-7 (International
Experience and
Benchmarking)
Technical requirements| Technical Completed  |Section 10 (DTM Architecture
developed requirements and Technical Requirements)
document
Economic model | Economic calculation | Completed | Section 9 (Economic Model:
completed CAPEX, OPEX, NPV and
IRR)
Final technical | Technical assignment | Completed Section 19 (Expert Assessment
assignment prepared |for next phase and Key Recommendations),
including Phase 2 scope
Presentation developed | Presentation file Completed Appendix: Presentation
(provided as a separate file)

The table confirms that all KPIs defined in the Terms of Reference have been fully
delivered. The International Overview, Technical Requirements, Economic Model
and Final Technical Assignment are incorporated as dedicated sections of the Final

Report, while the Presentation is provided as a separate file for convenience.

B. References

« ECO Secretariat (2025). Digital Modelling for ECO Railways — Contract
documentation.

« ECO (2025). ToR — Study on Digital Modelling for ECO Railways.

o KTZ: Annexes 2-11, PU-32 track condition statements (October 2025).
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Reference in Final

Report

International Analytical report Completed |Sections 6-7 (International

Overview Experience and
Benchmarking)

Technical Technical Completed |Section 10 (DTM

requirements requirements Architecture and Technical

developed document Requirements)

Economic model | Economic calculation |Completed |Section 9 (Economic Model:

completed CAPEX, OPEX, NPV and
IRR)

Final technical | Technical assignment | Completed |Section 19 (Expert

assignment prepared |for next phase Assessment and Key
Recommendations),
including Phase 2 scope

Presentation Presentation file Completed | Appendix: Presentation

developed (provided as a separate file)

o llyasheva G.I., Durmagambetov A.A. (2025). Economic model for Digital Track

Modelling.

C. Register of Source Materials

File Version
Annex No. 9,10,11.xIsx 2025-11-05
Reply to Request (19).docx 2025-11-05

Annex No. 7 List of Level Crossings Zhanaozen— 2025-11-05

Bastau.xls
Contract

Section.docx

Digital Railway Modelling,

KTT 2025-11-05

Annex No. 3 Technical Characteristics Zhanaozen— 2025-11-05

Bastau.docx

ToR - Study on Railway Digital Modelling.docx

[lyasheva-Valikh.pdf

Annex No. 8.docx

2025-11-05
2025-11-05
2025-11-05

Annex No. 6 List of Engineering Structures.docx 2025-11-05

Report (25).pdf

2025-11-05

Annex 2 PU-32 Track Condition Statements.pdf 2025-11-05
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D. Glossary

Term Definition

ECO Economic Cooperation Organization

RPC Regional Planning Council of ECO

TTCC Transit Transport Coordination Council of ECO
CPR Council of Permanent Representatives to ECO
PMG Project Management Group of ECO
UN/CEFACT UN Centre for Trade Facilitation and Electronic Business
UNESCAP / UNECE UN Regional Commissions (Asia-Pacific / Europe)
SMGS Agreement on International Goods Transport by Rail
DTM Digital Track Model

PU-32 Track condition statement form

K Curvature, k = 1/R

R Curve radius

h Cant of outer rail

CAPEX/OPEX Capital / operating expenditure

NPV/ROI/IRR Investment performance indicators

KPI Key performance indicator

ETL Extract—Transform-Load

LiDAR/GPS High-precision survey instruments

RTK/IMU

BIM Building Information Modelling

V&V Verification and Validation

CM Configuration Management

IoU/RMSE Overlap / error metrics

KTZ/RAI/TDY Railways of Kazakhstan, Iran, Turkmenistan

AIIB/IsDB/ADB/EDBInternational financial institutions

CR

Steering Group
SLA

RBAC

Change Request

Project governance body
Service Level Agreement
Role-Based Access Control
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1. Purpose of the Presentation

Present results of the Digital Track Modelling (DTM) pilot on the Zhanaozen—Bastau
section (35 km).
Demonstrate technical and economic feasibility for ECO railways.
According to the ToR recommendations (Future Phases section), introduce two Phase 2
options:

Option 1: General Electric (GE) + Infotrans.

Option 2: CRRC Corporation Limited + Local Manufacturer.

Provide justification for scaling up to ECO corridors.

Tehran, 2025

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau



2. Context and Strategic Relevance

Rising investment in railway infrastructure and the need to reduce lifecycle costs.
Strategic importance of the Kazakhstan—Turkmenistan—Iran (KTI) corridor.
Fiscal constraints require targeted, data-driven interventions.

DTM provides:

integration of geometry, condition (PU-32) and operations data;
transparent, auditable maintenance decisions for regulators and IFls.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



3. Pilot Section: Zhanaozen—Bastau

Operating length: 35 km.

Track structure: R-65 rails, concrete sleepers, crushed-stone ballast.
Commissioned: 2012.

Nominal speeds: 80-100 km/h (passenger), 70 km/h (freight).
The pilot demonstrates:

feasibility of 1 cm accuracy at modest cost;
replicability of DTM for ECO corridors.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



4. Methodological Approach

Analysis of KTZ data (geometry, PU-32, structures, technical parameters).
DTM construction:

unified track axis and coordinate system;
linkage of geometry, defects and maintenance history.

Mathematical model relating:
curvature k = 1/R,
dynamic forces,
excess maintenance costs from geometry errors.

Economic evaluation (5 and 10 years, 10% discount rate).

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



5. International Experience

Switzerland (SBB): integrated BIM/DTM — 10-20% lifecycle savings.

USA/EU: TGMS and EN 13848 standards — predictive analytics, fewer speed restrictions.
RZD/KTZ: curvature-wear models for risk-based maintenance.

China (PRC): CRCC high-speed inspection trains + Al digital twins.

Lessons for ECO:

start with geometry + condition data;
use open data standards, avoid vendor lock-in;
outputs must be clear for both engineers and financial planners.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



6. Pilot Outcomes

DTM identifies:

curvature peaks and risk zones,

correlation with PU-32 scores,

priority locations for alignment correction and cant adjustment.
Maintaining geometry accuracy < 1 cm reduces:

maintenance frequency and cost,

rolling-stock wear,

risk of speed restrictions.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



7. Economic Model (million USD)

Pilot CAPEX ~ 0.008 million USD — demonstration scale.

OPEX ~ 0.002 million USD / year.

Maintenance cost reduction: 15-20%.

Positive NPV and short payback (< 3 years).

DTM investment fully aligned with ECO efficiency and safety targets.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



8. Rationale for Phase 2

According to the ToR recommendations (Future Phases section):
scale-up DTM to 300+ km corridors;
integrate with asset management and train operations systems;
evaluate technology options by total cost of ownership (TCO).
Requirements:
open architecture, documented APlIs;
1520 mm compatibility;
localization and capacity building.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



9. Option 1 — GE + Infotrans

General Electric (GE) + Infotrans — international benchmark solution.
Strengths:
mature analytics and platforms;
proven deployments on corridors worldwide;
robust support and cybersecurity.
Indicative parameters (Phase 2, 300 km, million USD):
CAPEX: 8.0;
OPEX: 1.4 / year;
NPV (5 years): 10-14;
IRR: 22-35%.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



10. Option 2 — CRRC + Local Manufacturer

CRRC Corporation Limited 4+ Local Manufacturer — localized implementation.
Advantages:

potential for local assembly and technology transfer;
tailored for ECO and 1520 mm standards;
lower initial investment.

CAPEX reduced by 50% compared to GE + Infotrans.
Indicative parameters (Phase 2, million USD):

CAPEX: 4.0;

OPEX: 1.2 / year;

NPV (5 years): 9-13;

IRR: 24-40%.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



11. Comparative Summary

Indicator GE + Infotrans CRRC + Local Manu-
facturer

CAPEX (million USD) 8.0 4.0

OPEX (million USD / year) 1.4 1.2

NPV (5 years, million USD)  10-14 9-13

IRR 22-35% 24-40%

DTM accuracy proven high precision high with integration
support

Architecture openness high depends on contract

Localization potential limited strong

All values in million USD, as per ToR (Future Phases section).

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



12. Interpretation

GE + Infotrans:
higher up-front costs;
minimal technical risk;
strong vendor support.
CRRC + Local Manufacturer:

CAPEX 50% lower with comparable functionality;
supports local industry and skills;
requires clear data ownership and interface clauses.

Both options achieve positive NPV and IFl-grade IRR.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



13. Recommendations

Institutionalize DTM as a core tool for rail asset management in ECO.
For Phase 2:
run competitive selection based on:

data ownership rights;
open APls and formats;
localization potential.

consider hybrid model: international vendor + local integrator.

Use results to prepare financing proposals for AlIB, IsDB, ADB, EDB, etc.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



14. ToR Compliance and Key Findings

Pilot fully complies with ToR:
35 km coverage;
8-week timeline;
budget and deliverables met;
Phase 2 options prepared.

Comparison added:

CAPEX for CRRC + Local reduced by 50%;
all values in million USD;
aligns with ToR (Future Phases section).

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



Transit Challenges

Cross-border nature of the economic corridor
Divergent standards and operational procedures among participants

Absence of a unified mechanism for rapid coordination

Impact: cargo delays, increased transit risks, reduced corridor competitiveness

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



Key Sources of Conflict

Maintenance of turnouts and switches
Condition and assessment of railway track infrastructure
Differences in investigation procedures for derailments and incidents

Cargo delays and lack of unified dispute resolution mechanisms

Result: unpredictable transit times

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



Proposed Management Solution

Proposal: Establishment of a Permanent Transit Committee

Coordinating and advisory body

Participation of all corridor countries and operators
Harmonization of operational and maintenance standards
Rapid resolution of transit-related conflicts

Reduction of overall transit time

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



Status of the Proposal

Not directly within the scope of the current project

Does not require immediate institutional decisions

However: may be of critical importance for project scalability and long-term corridor
sustainability

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



15. Next Steps

ECO endorsement of Zhanaozen—Bastau pilot results.
Approval of selection criteria for Phase 2.
Preparatory actions:

technical specifications,
financial model,
vendor consultations.

DTM as foundation for a unified ECO digital track standard.

Thank you for your attention.

Aset A. Durmagambetov (Secretariat of the Economic C DTM ECO: Zhanaozen—Bastau Tehran, 2025



Zhanaozen~Bastau Section: Terrain Characteristics and Longitudinal Profile

CekpetapuaTt OpraHu3alyuy 5KOHOMHUYECKOT 0O
corpyoHuuyecTtBa (0O39C)

IHudpoBoe MmoageTHpOBaHHE IIYTH
OJIsI CTPOUTEJILCTBA U IKCIUTyaTalluUH
JKeJie3HbIX mopor 03JC:
ITHIOTHBIN YYAaCTOK
2KaHao3eH-bacray (Pecny0i1uka
Ka3axcTran)

[TogrotoBneno ajsi Cekperapuata Opranusaliuu
S9KOHOMMYEeCKOro corpygHudectBa (0O39C), Terepasn, 2025

[ToorotoBieHo B cooTBeTCTBUU ¢ KOHTpakTOM OT 30
oKTs10ps 2025 roga u TexaumueckuM 3aganuem (T3).

Hcnionuurenb: AceT A. [lypmaram0eToB

e

Elevetiom (m)

HacTosmu# oTuéT moaroroBieH s Cekpertapuata O3C u
COOTBETCTBYIOIINX HAllMOHAIbHLIX KOHTPAreHTOB. BEICKa3aHHBIE MHEHU S
npuHapAjexaT VCIOMHUTENIO U He 0093aTe/IbHO 0TpaXaioT opUIlInaIbHYIO

no3unuio Cexkperapuata O9C unu rocymapcTs-4neHoB O3C.

Distance (km)
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KpaTrkun o630p

[TuIOTHBEIM TPOEKT H0o LHUPPOBOMY MomenupoBauuio nyTtu (LIMII) ons
yuyacTka 2KaHao3eH-bacrtay kopunopa Kasaxcran-TypkMeHuctan-HMpaHn
(KTH) nogTBepzKOaeT, 4YTO pa3BepPThIBaHKE TOAXOOSAIIEN IIUPPOBOU MO-
Oeld NyTH TEeXHUYECKU OCYILIeCTBUMO UM SKOHOMMYECKM OIpaBOaHO B
ycnoBusix O3C. [IpoMexKyTOYHBIN OTYET MccrenoBaHus ObIJT pacCMOT-
peH rocymapcTBaMu-yieHaMmu O3C, ¢ mojly4yeHueM OT3BIBOB OT TYpPK-
MEHCKOU U UPaHCKOU CTOPOH. TypKMeHCKasi CTOPOHa ITOATBepauia uc-
[I0JIb30BaHVE POCCHUMCKOTO0 TEXHUYECKOTO PEIIeHUs, B TO BPeMs KakK
WpaHCKas CTOPOHAa yKa3ajia, YTO B HaCTOosllee BpeMs 3KCILIyaTUPYyeTCA
yCTapeBlllee aBCTPUMCKOE pPeIlleHne, KOTOPOe He MOJTHOCTBHIO COOTBET-
CTBYEeT COBpEMEHHHLIM TpeboBaHUIM I poBu3aIuu. B 5ToM KOHTEKCTE
HWpaHcKue XKeJjie3Hble TOPOTU BhIpA3UIIM MHTEpec K 60jiee BCECTOPOH-
HeMYy IocienyoineMy HMccieqoBaHUIO C paCIIuPEHHBIM 0XBaTOM, KOTO-
poe notpedyeT OPpUEeHTUPOBOUYHOT 0 OoaxKeTa B pasmepe 350-500 TrIC.
mosut. CIIA, BO3MOXKHO, C IIOAAEPXKKOU MEeXXAYHaPOOHBIX OpraHu3aliui,
(OoHOOB pa3BUTHUS U MEXKOYHAPOOHBIX (MHAHCOBLIX NHCTUTYTOB.

KonuyecTBeHHas OlleHKa NEMOHCTPUPYET:

* IIOJIOXKUTEJIPHYIO YUCTYIO IPUBEOEHHYI0 cTOUMOCTE (UIIC) BO Bcex
pPacCMOTPEHHEBIX CLIEeHAapUIX;

* IIepUO[ OKYIIaeMOCTHU IIPUMEPHO 2-3 rofia B clieHapuu 6a30BOTO
ciy4asi;

* BHYTPEHHHE HOPMHI goxogHoctu (BHII), B 11eJIoM COOTBETCTBYIO-
e MeXAyHapOOHBIM 3TajIoOHaM IJIs HM(POBHIX KeJIe3HOI0POXK-
HBIX IPOEKTOB U IPOEKTOB yIIPaBJIEHUS aKTUBaMU.

[TuoT moATBEepPKaaeT, YTO OTHOCUTEJIbHO CKPOMHBEIE MHBECTHUIINH B
nudpoBOe MOAEeIMPOBaHNE IYTH MOTYT IPUHECTHU CyILIEeCTBEHHEIE 9KO-
HOMUYECKHEe U OllepalliOHHbIe IpeuMyllecTBa. [{ludppoBoe Mmomenupo-
BaHUeEe B 3TOM MccriemoBaHHWM MMOHMMAETCS KaK MHTETrpUpOBaHHAs CHU-
cTeMa, codeTarollasi THPPaCTPYKTypy pu3ndeCKuX n3MepeHunu (amma-
paTHOe obOecrnedyeHUe) U aHAJIMTUUYECKOe ITporpaMMHOe obecriedyeHue
OIS TIOAOEPKKU IIPUHSATUS PEUIeHuH, oaaepxKuBaeMasi COOTBETCTBY-
IOIMUMUA MeXaHH3MaMU YIIPaBIeHUS U YIIPaBI€HUS OaHHBIMH. TaKou
WHTETPUPOBAHHBIN ITOAXO[ ITO3BOJISIET HOOUTHCS 3HAUUTEIbHON 3KOHO-
MUY Ha 00CNTyKHUBaAHUU IIyTH, COKPATUTh IIEPEPHIBHI B OOCTYKUBAHUUN U
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moagmepXuBaTh Oojee Oe30ImacHbIe U HaoEXKHbIe Onepallui BOOJIb CTPa-
TEeTHYEeCKUX PEeruoHaJIbHEIX KOPUOOPOB.

B oTHOIIEHUM annmapaTHOM KOMIIOHEHTHI MEeXAYHAPOOHBIN OIIBLIT I10-
Ka3bIBaeT, YTO COBPEMEHHbIE NHCIEKIIMOHHbIE U THUarHOCTUYECKHUE pe-
IIEHUsI C KOHKYPEHTOCIIOCOOHOM 00IIell CTOMMOCTBHIO BIIafleHUSI OCO-
6eHHO 3¢ GHEKTHUBHBI B KOPUOPAX, XapaKTePUIYIOUINXCS HEOTHOPOTHEI-
MU YCJIOBUSMU IIyTU. PellleHns1, IMPOKO pa3BEPHYTHIE B KPYIIHLIX XKe-
JIE3HOOOPOXKHBIX CUCTEMAaX, BKJIro4Yas Te, 4To npoucxonat us KHP, mo-
I'yT CHU3UTh 4aCTOTY OTKa30B U rapaHTUMHBIE PUCKU AJIS IIOOBUIKHOTO
cocTaBa U MHPPACTPYKTYPHBIX aKTUBOB. ITO CO3TAET OIaronpUsiTHLIE
YCIJIOBUS OJISI IPUBJIEUEHUST MEXAYHAPOOHBIX NCTOUYHUKOB (PMHAHCHUPO-
BaHMS, BKJIIoYasi 0aHKH, IOAIePKUBAOIINE SKCIIOPTHO-OPUEHTHPOBAHHEIE
JKeJIe3HOOOPOXKHEIE TEXHOJIOTUHU U CTPEMSIINUECS CHU3UTh OIlepPaluOH-
Hble PUCKU U PUCKU XKU3HEHHOI'O IIUKJIA.

[TporpamMmHuasi KomnoHeHTa LIMII paccMaTpuBaeTcs B OTYETE yepes3
IPO3PayHYI0 U IPOBEPAEMYI0 MaTeMaTU4YECKYIO CTPYKTYPY, CBA3bIBa-
IOIIYI0 TeOMETPHUI0 IyTU, QUHAMUYECKHe CUJIBl, 30HBl pPUCKa U pelle-
HHUS 0 OOCNyKMBAaHUIO C S3KOHOMHYECKUMHU pe3ynbTaTaMu. IToapoo-
HBle pacdeTsl LIMII, nipencraBneHnHbie B KcciiegoBaHuM, TEMOHCTPU-
PYIOT, 4TO ITOOXom u3beraeT 3aBUCUMOCTH OT HEIIPO3PAaYHBIX UJIN «YEP-
HBIX SIIUKOB» PELIeHUU U IIPefoCTaB/isieT IIPOYHYI0 OCHOBY [OJis UHXKe-
HEPHBIX M UHBECTUILIMOHHBIX PEIIEeHUN.

HccnegoBaHUe TaKXKe OEMOHCTPUPYET 0aHKOBCKYIO ITPUBJIEKATEIIh-
HOCTB IIpefJiaraeMoro nopxoga. 'ocymapcrtsa-uneHsl O9C yxKe BbIfe-
JISIOT HallMOHa/IbHBIEe OI0OKEeTHhIE CPeACTBA Ha CTPOUTENILCTBO, PEKOH-
CTPYKIIUIO U OOCJIy>KMBaHNE JKEeJIe3HBIX JOPOTr B MHONUBUOYAIbHOM IIO-
psanke. [IpemocTaBmsisi KOnMu4YecTBeHHBIN U credible MexaHM3M 3KOHO-
MUY 3aTpaT M HoBhIIeHUs 3pdekTuBHOCTH, [IMII CO3mMa€T CTUMYJIBLI
OJIsI KOOPAWHAIINYU ¥ OTKPHIBA€T BO3MOXKHOCTDL CTPYKTYPUPOBAHUS CUH-
OUITMPOBAHHOTO (UHAHCUPOBAHUS OJISI MOONEPKKU ITUPPOBU3AIUU Ha
ypoBHe Kopumopa. Takoe ¢puHaHCUPOBaHUE MOXKET OLITH MOOUIIN30Ba-
HO Ha JIbIOTHHIX YCIIOBUSIX Yepe3 MeXOyHapomoHble OaHKU Pa3BUTHUS U
(oHOBI, BKIIOYas Te, YTO CBA3aHBI C paMKaMM 9KCIIOPTHOTO (pMHAHCHU-
poBaHus. [IpenaraemMass Momenb peajlu3alluy IIpegycMaTpuBaeT pas-
pPaboTKy MUHUMAJILHO X)KU3HeCcIocoOHoro nmpoaykra (M2KIT) Ha ypoBHE
KOpPUOOPa, 3a KOTOPBIM CJielyeT Co3[aHKue HalliOHaIbHBLIX OIIepPaTOpPOB
B KaxK[OM y4aCTBYIOIlel cTpaHe, C 00pabOTKOM JaHHBIX Ha HAllMOHAIIb-
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HBIX CepBEpax Ojisd obecrevyeHus CyBEPEHHUTETa NaHHBIX, CHUXKEHUA PUC-

KOB U HaJIE’KHOTO 00OCIyKMBaHUS fojra. B To xKe BpeMs IIOAXO0J COOT-

BETCTBYET CTaHIOAPTHEIM KPUTEPUAM T‘paHTOBOI;I IIprueMIIieMOCTH, BKIIIO-

yasi OXpaHy OKPYzKalollel cpennl, yCTOMYHNBOE PAa3BUTHE, PA3BUTHE Ye-

JIOBEYEeCKOro KanuTtasa u 3pPeKTUBHOCTh 00IeCTBEHHOr 0 OoXKeTa.

HacTosmuii OTYET MPEeaoCTaBIsaAET:

KpaTkoe obocHoBanue LIMII KakK MHCTPYMEHTA OJIs XKeJIe3HBIX [0-
por O3C;

CIIPABOYHYIO apXUTEKTYPY U MUHUMAIbHYIO TEXHUYECKYIO CIIEeIH-
dukanuio gnsa LludpoBoit Mogenu MyTH, COOTBETCTBYIOIIYIO MeEXK-
OYyHapPOOHOU XOpOoIlled IIpakKTuke U Hyxpagam O3C;

OOPOKHYIO KapTy pean3aluiu Ojis MUJIOTHOT O y4yacTKa 2KaHao3eH-
Bacray (8 Hegenb), BKIt04as yIlipaBjieHUe, 3Tallbl U Pe3yIbTaThl;
9KOHOMHYECKYIO0 MO €eJlb, CBA3bIBAIOIIYI0 KaYeCTBO TeOMETPHUH, OU-
HaMHWYeCKHe CUJIBl ¥ 3aTpaThl Ha 00CITyKHUBaHUE;

OLIeHKY MeKayHapoaHoro omnbiTa (SBB, CIIIA/EC, PX]II/KT2XK, KHP)
1 ero IIpuMeHNMOCTH K KopumopaMm O3C;

peKoMeHaluy 110 MacIITabupPOBaHUIO ITOAX0Aa II0 TOCyJapCTBaM-
yneHaM OOC, BK/Io4Yasi BapuaHThl IPUBJIEUEHUS MEKIYHAPOIHBIX
(uHaHCOBBIX UHCTUTYTOB (M®PU) 1 TEXHOIOTUYECKUX ITaPTHEPOB.

[TunoTHBIY yUyacTOK 2KaHao3eH-bacTay nnpeajiaraeTcs B Ka4eCcTBe Jie-

MOHCTPAIIMOHHOTI'O CJIy4dasd OJId:

MHTerpaluy NHXKEeHEePHBIX TaHHBIX T€eOMEeTPUU, TaHHBIX O COCTOS-
Huu (I1Y-32) u onepauroHHON MHPOPMAILUU B €UHYIO IU(MPOBYIO

MO Eeb;

OEeMOHCTPAIIMM IIPO3PadyHbIX, IPOBEPSIEMEIX U JaHHBIX-OPUEHTUPOBAaHHBIX
pelieHu mo 00CTyKUBAHNIO ¥ UHBECTUIIUSIM;

roaaepKKu pa3pabotku ctaHmapTa O9C nns 1ubppoBOro MOOeIu-
POBaHUA IIyTHU U IIOCJIEOYIOMIETO Pa3BePTHIBAHUS Ha YPOBHE KOPHU-

oopa.
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1. BBeoenue

1.1 KoHTeKcCT

HacTosmuii OTYET MOATOTOBJIEH B COOTBETCTBUM C YTBEPXKOEHHBIM Tex-
HUYECKUM 3aflaHieM U CTPYKTYPHPOBAH OJid oOecredeHUsl SICHOCTH,
ITPO3PavYHOCTH U COOTBETCTBUS MEXKAYHAPOOHO IMIPUHSATHIM IPaKTUKaM
OTYETHOCTH.

TexHU4YeCKOe 3afaHre COCTOUT U3 ST OCHOBHBIX NYHKTOB. HacTos-
IIUYM OTYET IIPEeoCTaBIsIeT MOAPOOHBIN aHaTU3 1 000CHOBAHUE TEPBBIX
YeTHIPEX IIYHKTOB TeXHUUYECKOTO 3aJaHus. [IaThM MyHKT IIpegocTaB-
nsieTcss B GopMe IIPe3eHTallMOHHBIX MaTepPHUaioB, KOTOPhIE IIPEed0CTaB-
JIeHBl KaK CaMOCTOsITeJIbHasI Mpe3eHTallds U CIyXKaT OONOJIHEHUuEM K
OTYETY, Ipeniaras KpaTKui ¥ BU3yaJIbHBIM 0030P K/II0UEBHIX BHIBOMIOB,
IPEOnooXKEeHNN U 3aK/II0OYEeHNH.

Takoe pa3mesieHHe MeXOy aHaJIUTUYECKUM OTYETOM U Ipe3eHTallu-
OHHBLIMHU MaTepuajlaMU COOTBETCTBYET MeXAyHapOAHBIM TyUYIIINM IIpaK-
THUKaM [Jigd Texuudeckux u feasibility uccnemoBanuii, obecriednBasi Kak
METOO0JIOTUYECKYIO CTPOTOCTh, TaK M 3Pp(HEKTUBHYI0O KOMMYHUKAIIUIO
pPe3yNnbTaTOB [JIS JINI], IPUHUMAIOIINX PelIeHn .

['ocypmapctBa-uneHsl OOC MHBECTUPYIOT 3HAUUTEJIbHBIE CPECTBaA B
KeJe3HOOOPOXKHYI0 HHPPACTPYKTYPY O/ MOOAEePKKHN peruoHaabHOU
CBSI3HOCTH, YIIPOIIIEHUS TOPTOBJIN 1 AUBEPCUPUKAIINY TPAH3UTHBIX MapIII-
pyTOB. B TO Xe BpeMs (pucCKaabHOE IPOCTPAHCTBO OTPAHUYEHO, U Me-
HeaXKephl THPPAaCTPYKTYPHI 02KUIAIOT:

* CHUXKEHUS 3aTpaT XKU3HEHHOTO ITUKJIa;
* ymy4IrneHuss 6e30MaCHOCTY U HaIEXKHOCTH;
* WHTerpalnuu ¢ HuGpPoOBEIMU CUCTEMaMU TOPTOBJIM M TPAHCIIOPTA.

LIndpoBoe momenupoBanue nyTu (LIMII) — 9TO TpaKTUYECKUMU, TEX-
HUYECKU 3PeJIbld MHCTPYMEHT OIS OOCTUXKEHUS 9TUX Lieleu. B oTnu-
4Yyre OT YMCTO KOHIENTYyallbHbIX HAapPaTHUBOB «IM(POBLIX OJIM3HEIIOB>,
npennaraemeri mogxon LIMIT ¢pokycupyeTcs Ha:

* TOYHOM ITPEACTaBI€HUY IT'€OMETPUH ITyTH U CBI3aHHBIX aKTUBOB;

* CUCTEeMaTUYECKOM CBSI3U C MHUArHOCTHKON U UCTOPUEN OOCITyKu-
BaHUSI;

* IIPO3pavyHON SKOHOMMYECKOU OlIeHKE CTpaTerui 00CITyKUBaHUS.
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1.2 OcHoOBaHHe 3aJaHHUS

3amaHue OCHOBAHO Ha:

* KonTtpakTe Mmexnay Cekpetapuatom OI9C u HUcnonuurenem ot 30
oKTs20pst 2025 roma;

» TexHMYECKOM 3afaHuu: McciengoBaHue 1Mo udpoBoMy MOAEINPO-
BaHUIO [JI XKeJjie3HbIX gopor O9C (2025);

* pellleHUusX 1 peKoOMeHOalusax CooTBeTCTBYomuxX opranoB O3C (PIIC,
CKTT, I'TIY).

[MTunot LIMII Ha 2KaHao3eH-bacTay pa3paboTaH KakK ITPOEKT C HU3-
KMMU 3aTpaTaMu U BLICOKOU OEMOHCTPALMOHHOW ILIEHHOCTBIO OIS WII-
JIIOCTPAIINY MPEUMYIIIECTB TaHHBIX-OPUEHTUPOBAHHOI'0 0O0CITYKHUBAHU S
U IIJIaHWPOBaHUS B pPeajlMCTUYHOM OIlepaljuOHHOM KOHTEKCTE.

1.3 O0BexT aHaIu3a

OcHoBHOM 00BeKT — y4acToK 2KaHao3eH-BacTay (onepalnuoHHas OjIu-
Ha OK. 35 KM), 94aCTh TpaHCIIOPTHOTO Kopupmopa KTH. [Ing Mmomenupo-
BaHUS U MACIITaOUPyeMOCTU mepuMeTp 35 KM pacCMaTPUBAETCS B CO-
OTBeTCTBUHU C TpeboBaHueM T3 (reorpadudeckuil mepuMeTp go 35 KM).

1.4 HcxopgHble MaTepHalibl

KntoueBrie BXOOHBIE JaHHbBIE BKJIIOYAlOT:

* HaGopsl pauubx KT2K: reometpus, ¢opmsel [1Y-32, crivcKy WHXKeE-
HEPHLIX COOPYXKEHUY, TEXHUYEeCKUe TapaMeTphl;

* JlokymeHTauusa Cekperapuata O9C u T3;

* MeX[OyHapOOHBIE CCHIIKM M TEXHUYECKHE CTaTbU II0 UDPOBOMY
MOJOEIUPOBAHUIO Iy TH.

AHanu3 MeCTHOCTH ITIOKA3bIBAET, UTO JKeJIE3HOAOPOXKHEIN Kopumop KTHU
MIPEUMYIIIECTBEHHO IIPOXOOUT II0 POBHBLIM U CJIeTKa BOJIHMCTBHIM paimio-
HaM. JTO IIPeACTaBIsgeT 3HaYUTEIbHOE KOHKYPEHTHOE ITPEUMYIIIEeCTBO
110 CPAaBHEHUIO C albTePHATUBHEIMU KopugopamMu OIC, IpoxXogsiuMu
Yyepes rOpHbIe U IIPEATrOPHbIE PETHUOHHI.
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2. AKTyaJIbHOCTH H CTpaTeruieckKoe 000CHO-
BaHHEe

2.1 MaKpOSKOHOMH‘IeCKaﬂ IIepCiIiIeKTHUBaA

CpenHue 3aTpaThl Ha CTPOUTEJILCTBO XKeJIe3HBIX Jopor 2-10 MIH goi.
CIITIA 3a KM, B COYETaHUM C PACTYIIMMHU pacxomaMu Ha oOCIy:KuBaHUe,
MOOYEPKUBAIOT BaXXKHOCTL onTuMu3lanuu Kak KAII3, tak u OII3. s
rocygapct-4yieHoB O39C:

* OOJIBIIIIIE Y49aCTKH CETH HAXOOATCSA B CYPOBBIX KIIMMATHYECKUX U
reOTeXHN4YeCKHuX YCIJIOBUAX;
¢ T'PY30BHI€ IIOTOKH BOJIQTHUJIBHEI M1 YYBCTBUTEJIBHEI K IIPDOM3BOOU-
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TEJIbHOCTU KOPUZ0PAa;
OI0[I>KeTHBIE OTPAaHUYEeHUs OrPAaHUYUBAIOT BO3MOXKHOCTHU ITOJTHOMN
PEKOHCTPYKIIUH.

CucrteMaTHU4YeCKUH, I.[H(l)pOBOfI II0OX0O K COCTOAHUIO ITYTHU U T€OMET-

PUU TTO3BOJISET:

1ieJieBble BMelllaTeIbCTBa BMECTO CIIJIOIIHBIX PEMOHTOB;
ITPUOPUTHUIAINIO YHACTKOB C HAUBBICIIUM 9KOHOMHUYECKUM U Oe3-
OIIaCHBIM BO3[EMCTBUEM;

nydiiiee 000CHOBaHME PUHaAHCUPOBaAaHUS U (UHAHCUPOBAHUS IIpa-
BUTEJIbCTBaM U MOHU.

2.2 CoorBercrBHe nmosectkaMm 03C u ri1odaji1bHBIM

HWuunuaTtusa LIMII cooTBeTCTBYyET:

Bupgenuio O9C 2025 u nmocnenyonuM CTpaTeruaM peruoHaabHOU
CBSI3HOCTH;

LIYP, B wactHoctu LIYP 9 (IIpOMBIIINIEHHOCTb, MHHOBAIIUN U UH-
¢pacTpykrypa) u LIYP 13 (Boprba c u3MeHeHHEM KJIMMaTa);
pekoMmeHpmanuamM ICKATO OOH u ESK OOH no mudpoBusanuu
TPAHCIIOPTHBIX KOPUAOPOB M rapMOHHU3AlNM JaHHBIX;
craugaptam OOH/LIE®AKT pnJis 97ieKTPOHHOTO 0OMeHa HaHHBIMHU,
MOAOEePKUBAIOIINMU MYJIbTUMOOAIbHBIN TPAHCIIOPT.

CrpaTterudeckas olileHKa "HUIIHATUBH LI poBOro MogenupoBaHUs IIy-
tu (LIMII) Takke npuMeHsna paMKy SWOT gns ugeHTuduKamuu K-
YeBBbIX CUIbHBIX CTOPOH, cabocTeil, BOBMOXKHOCTEN U yIpo3, CBsS3aH-

HBIX KaK C IIUJIOTHOM peanu3aliiei, TaK U C IMOTeHIMaIbHBIM MacIlTa-
OupoBaHUEM I10 KOpUAopaM xkKeje3HbIX mopor OIC. Pe3ynbTaThl 3TOTO
aHanu3a cymMmupoBaHHI B [Ipunoxenuu A (CooTBeTCTBUE TPeOOBaHUSIM
T3 u KII9).

3.

ITenn n1 00BEM padoT

3.1 OOmas meiab

[TpomeMOHCTPUPOBATh Yepe3 IMIPaKTUYeCKU MUoT, 4To Lludposoe mo-

OeMpoBaHue MyTU:
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* TeXHUYECKHU JOCTUXKUMO C peajibHbBIMU JaHHBIMU U UHCTPYMEHTa-
MU, OOCTYIIHBIMHU B XKeJie3HbIX goporax O3C;

* IPUHOCUT U3MEPUMEIE SKOHOMUYECKUE IIPEUMYIlleCTBa B TEPMHU-
HaX CHHUXKEHHBIX 3aTpaT XKU3HEHHOT 0 IIUKIIa;

* MOXKEeT OBITH KOOU(PUIIUPOBAHO B MacIliTabupyemsbiii ctangapt O3C.

3.2 KOHKpeTHBIE 3aJdadu

1. O630p MmexkayHaponHoro oneitTa (SBB, CIIIA/EC, P2KI/KT2XK, KHP
U OpyTHue) B UU(PPOBOM MOIETNPOBAHUYU IIyTU U aKTUBOB.

2. OnpenerneHne M JOKYMEHTHPOBaHNE NPENIOJIOXKEHUN U OTrpaHu-

4YeHUU, peleBaHTHEIX a1 ceTer OIC.
3. PazpaboTKa mniaHa peanu3aliiy NIUJI0Ta Ha 8 Helenb OJid y4acTKa
Kanao3zeHn-bacray.

4. [Nu3arH apxuTeKTypsl LIMII, BKIo4as Momenb JaHHBIX, HHTepPdeu-
chel 1 paMKy [1&B.

5. TlocTpoeHUe 3KOHOMHUYECKOM MOIeJIN, CBSI3bIBAIOIel KaUueCTBO Ireo-
MEeTpPUU, TUHAMHUYECKHe Harpy3KHU M 3aTPaThl Ha 00CIy>KHUBaHUE.

6. [IpennoxkeHue ynpaBieHUs, ypaBjaeHus puckamu, KIIO u oTtuer-
HBIX MEXaHHU3MOB.

7. TlpemocTaBiieHue peKOMEHIAIlNM 110 MacIITaOMPOBAHUIO IO KJTIO-

4yeBbIM KopugopaMm O3C.

Llenu MccneqoBaHus 1 IMTUJIOTHOM peanu3aliuu 0b1u chopMyIUpPOBa-
HBI 1 OIIeHEHHI B COOTBeTCTBUU C KputepusmMu SMART (Specific, Measurable,
Achievable, Relevant and Time-bound), obecrneuuBast sICHOCTbL 00OBLEMA,
IIPOBEPSIEMOCTD PE3YIBTATOB ¥ COOTBETCTBHE TEXHNYECKOMY 3aJaHuIO.
Bonee nogpoOHasa nHbopMalus IIpegocTaBieHa B [IpunoxkeHuu A.

4. MeTO0Omojiorusi

4.1 AHaAJIUTUYECKHH MOIXOI

HccnemoBaHue codeTaeT:

* 0030p MeXOyHAPOOHBIX CTAHOAPTOB, PYKOBOMCTB U KEMCOB;
» aHanu3 gaHHbIX IyTH KT2XK (reometpus, [1Y-32, coopyxKeHus) ais
MMAJIOTHOT'O y4acCTKa;
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* YIOPOIIEHHOE, HO IPOYHOE MOJOeINpPOBaHue HarPy30K, CBI3aHHBIX
C KPUBU3HOM, U 3aTpaT Ha 00CIyKMNBaHUE;

» a”anu3 cueHapues Oy KAII3/OI13 1 CKOPPEKTUPOBAHHEIX 10 PUC-
Ky DOXOLOB;

* KQYeCTBEHHYIO OLIEHKY WHCTUTYLMOHAIbHOM U TEXHUYECKOU IO-
TOBHOCTH.

4.2 JlaHHBIE€ U KOHTPOJIb Ka4yeCTBa

W cTOYHUKM HaHHBIX ITPOBEPSIOTCS Ha:

* IIOJIHOTY ¥ OXBaT [AJIS MUJIOTHOTO Y4acTKa;

* TIOCJIEIOBATEJILHOCTH MEKy TeOMETPUEM, COOPYKEHUSIMHU U OII€H-
Kamu [1Y-32;

* IIPaBOOIIONOOHOCTH K/II0UEBHIX TapaMeTPOB (paguyc, BO3BHIIIIEHNE,
CKOPOCTH, Harpy3KHU Ha OCb).

[Ipegnaraemas pamka LIMII BcTpauBaer:

* nporecch ETL ¢ nmpaBuimaMu Balugalluu;

* BOCIIPOM3BOOMMEIE PACYETHI IS IMMOONEPKKH PeIIeHUH;

* YETKOEe pa3dejieHre MeXOy CBIPBIMH JaHHBIMU, 00paboTaHHBIMU
MHOUKATOPAMM 1 PEKOMEHIAIlusIMHU.

5. O030p IPOMEKYTOYHOT O OTUYETA rocydapcTBaMH-
yneHaMmu 03C

[TpoMexkyTO4YHBIN OTUYET MccmemoBaHus 10 Pa3BUTHIO XKeJIe3HOOOPOXK-
Horo kopupmopa KTH Obvln mpeacTaBlieH Ha pacCMOTPEHUE 3auHTepe-
COBaHHBIM rocygapcTtBaM-ujieHaM OpraHu3aluud 3KOHOMUYECKOIO CO-
TpygHudectBa (0O3C).

Ha ocHoBe IIOJIYYEeHHBIX O(bI/II_[I/IaHBHI)IX OTBETOB:

* TYpKMEHCKasli CTOpPOHa cooO0IliiIa, YTO B HACTOsSIlee BpeMs MC-
II0JIb3YEeTCS POCCUUCKOE TEXHUYECKOe pellleHue OJis MJIaHupOoBa-
HHUS U YIPaBJIEHUS XKeJIe3HOOOPOKHOU HHPPaCTPYKTYyPOU;

* WpaHCKas CTOPOHA yKa3ajia, YTO BCE eI€ UCII0JIb3yeTCS yCTapeB-
Illee aBCTPUUCKOE pellleHre, KOTOPOe He MMOJTHOCThI0O COOTBETCTBY-
€T COBpEMEHHLIM TpeOoBaHUSAM M (POBU3aLINU, UHTepoIiepabesis-
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HOCTH M PA3BUTHUIA IIOTEHIIKAJIA.

Kpowme Toro, UpaHcKue xKeje3Hble JOPOTH BEIPA3uId UHTEPEC K 00-
Jiee BCECTOPOHHEMY U yriiyOn€éHHOMY MiccnemoBaHMIO, aHAJIOTUYHOMY
HaCTOSIIeEMY, HO C paCIIUPEeHHBIM 00bEMOM paboT. Peanusaims TaKoro
HccnepoBanus norpedyeTt yBenudeHus Oroaxeta npuMepHo go 1000-
1200 TeIC. moy. CIIIA, BO3MOXKHO, 4epe3 BOBJIEUEHUE U IIOANEPKKY
MeXOyHapOOHBIX OpraHu3anuii, GOHOOB Pa3BUTUSA U (PUHAHCOBBIX MH-
CTUTYTOB.

6. MeXaOyHAapoOOHBIM ONBLIT MH(PPOBOro MO-

AdJ€THPOBaAHHUS IIYTH

6.1 CpaBHHTEJIBHBLIH 0030p

IOpI/ICJII/IKIIIfIH KinoueBbie 371eMEeHThI

HaoOn1omaeMmoe BIUsSIHHUE

[[IBeuapus HHTEerpupoBaHHbIM OKOHOMUS XKU3HEHHOT 0

(SBB) BIM/IIMII, yHU(pumpo- nukina 10-20%; ymaydiieH-
BaHHEIM peecTp aKTWBOB, HOe IIJIaHWPOBaHUE; COKpa-
HeIIPEePEIBHBIU KOHTPOJIb IIleHWe BPEMEHU BJlaJeHUus
reoMeTpuu IIyTEM

CIIA/EC Amtrak/FRA TGMS (Cu- CokpalleHue OrpaHUYeHUU
CcTeMa H3MepeHHs TeOMeT- CKOpPOCTH; Oojiee IeJieBOe
puu IyTH) U UHCHEKIU- TaMIOHUpPOBaHUE M OOHOB-
OHHEIE BaroHbl, COOTBET- JIeHUS; OTCPOoYeHHBIU KATI3
creyromiue EN 13848, uc-
none3ywomume LiDAR, IMU,
RTK-GNSS; aBTOMaTU3U-
poBaHHasA Kiaccudukaimsa
nedeKTOB ¥ IpEeOuKTHUBHASA
aHaJIUTHUKa.

PXKII/KT2K CranpmapTsl st konen 1520 OO6cnyXuBaHMe Ha OCHOBEe

MM; CBSI3b MOJ€eJied KPUBHU3-
HBI, BO3BBIIIIEHUS ¥ U3HOCA

PHUCKOB; Jydliasi KOppPess-
U MeXOy reoMeTpuem u
yXyOIIeHueM
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KHP

BBICOKOCKOPOCTHBIE HH-
CIIeKITHOHHBbIE moe3aa
CRCC (manpumep, CIT450,
CIIoCOOHBIE K HWHCIIEKIUU
Ha ckopoctu 450 KM/4) C
WHTErPUPOBaHHOU TeoMeT-
puenn nytu (LiDAR/IMU),
KOHTAaKTHOH CeTblO0, CUTHa-
nu3alen, TMarHOCTUKOU U

Bomee BhICOKasi yTHUIH3a-
musgd (mo 20% yBenu4yeHUS
IIPOIIYCKHOM CIOCOOHOCTH);
COKpallleHue 3afepxkKekK (Ha
30-50% 4yepe3 INOpenuk-
TUBHBIE BMeIIIATEJILCTBA);
COKpallleHre IIPOCTOEB Ha
ob6cnyxuBanue Ha 40%;
CHUXKEHMHEe 3aTpaT IKHu3-

oOHapyKeHMeM aHOMaJiui HEeHHOTo HuKJa Ha 15-25%

Ha ocHoBe WH; wMopmenu dyepes [jejieBble PEMOHTHL.
peanibHOTO BpEMEHU [OJisd
NPEOUKTUBHOTO  OOCIIyKU-
BaHUS C WUCIOJIb30BaHUEM
riybokoro oOydYeHus [OJis
I1eJIEBLIX PEMOHTOB.

6.2 KiaroueBsbie ypoku mjiast O9C

Haunute ¢ (GpOKyCUPOBAHHOTO O0BbEMA: T€OMETPUS U COCTOSTHUE
IIyTH, He TTOJTHBINM LHU(PPOBOM GIIM3HEI] BCEX aKTHUBOB.

Hcnionnb3yiTe OTKPHITHE, IOKYMEHTUPOBAHHEIE CTPYKTYPBI JaHHBIX
it u30ekaHus MPUBSA3KU K IIOCTABIIUKY.

Y6emutech, 4TO BHIXOOHI MOHSATHH MHXKEHepaM NyTHU U PUHAHCO-
BBIM OTA€EJIaM.

PaccmaTtpusariTe LIMII Kak ongoing Impoiiecc, He Pa30BYyI0 ChHEM-
KY.

VYpox CHIA/EC: TGMS no3BoIsieT IOJTHOCTHIO aBTOMaTU3UPOBaH-
Hoe OOHapyxkeHUe nedheKTOB C CyOCaHTUMETPOBOM TOUHOCTHIO, 00€ecC-
reynBas NpeguKTUBHOE 00CTyKMBaHUe 6e3 4eJIoBe4eCKOM NHCIIeK-
LIVH.

¥Ypox KHP: BEICOKOCKOPOCTHBIE MHCIIEKIIMOHHEIE [10€3[1a, TAaKue
Kak CIT450, uHTerpupyoT MyJIbTUCUCTEMHYIO IUarHoCTUKy ¢ MU
711 oOHapyKeHUs aHoMaJiui B peajlbHOM BpeM€eHHU, [OCTUTrasi 3Ha-
YUTENbHBIX MIPUPOCTOB 3(PPEKTUBHOCTHU; OOHAKO UX BHICOKUU KA-
[13 u dokyc Ha ceTtax 350+ KM/4 menarOT UX NOOXOOSAIIUMU B OC-
HOBHOM KaK 9TaJIOH IJIsI MacIITaOUPyeMbIX, MOOYIbHBIX PEIIeHUN
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B ycinoBusx O3C.

7. IIpennoIozKeHUusi ¥ OrPaHUYECHHU ST

ID OmnucaHue Tun KomMmeHTapuu
Al CBoeBpeMeHHHBIU Aoctyn K gaH- [IpegnonoxeHuSLA (Cornamenue
HbIM KT2K/O39C B MalImHOYUTae- 00 ypOBHE CepPBU-
MBIX (popMaTax ca) C OIpenesiéH-
HBEIMM CPOKaMHM OT-
Be€Ta, KOHTAKTHBHI-
MU JTULIAMU
A2 ['eonnpocTpaHCTBEeHHasA TOYHOCTh [IpenmonoxeHuélognepxkka
OCHOBHBIX HAOOPOB maHHBIX < 1 RTK/LiDAR
cM
A3 CoBMeCcTUMOCTL C cCymiecTBYIO- [IpeanonoxkeHu&OH(IMKTEH He
IIMMH CTaHOapTaMU ¥ HOpMaMU 0XKUOAITCA
1520 mm
A4 CraBka guckoHTupoBaHusa 10%  IIpenmnonoxKeHuE€OoOTBETCTBYET
npaktukaMm O3C
Ab Bapuamus tpaduka B npemenax IlpenmnonoxeHuBHe nuamnal3oHa 3a-
+15% oT 6a30BoOTO IycKaeT OOHOBJIe-
HUE
C1 [Toronok Omomxkerta nuinora 10 Orpanuyenume TpeboBanue T3
000 momn. CIIA
C2 Peanu3zanus B Teyenue 8 Hemenb OrpanudyeHue TpeboBanue T3
C3 I'eorpaduueckust nmepumetrp mo OrpaHuuyenue OOBEM IUI0Ta
35 KM (ITOTHOCTBIO TpPHU-
MEHEH)
C4 NuTterpanus ypoBHs MXKII (API Orpanumyenme be3 momHoOU mepe-
UJIK Ha OCHOBEe (palijioB) cTpouiku UT
C5 KonTtpons wu3MeHeHuu depe3 OrpaHudyeHue [lucUUIIIINHA

['pynny ynpasinenus u 3U

yIpaBlieHUs
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8. IlnaH peamu3anuu nuiaora (8 Hemennb)

ITnan peanuszauuu u PEe3yJIbTAaTEI HccnegoBaHus IMOJTHOCTBIO COOTBET-

CcTBYIOT KntoueBbIM mmoka3aTensaM addekTuBHoctu (KIIJ), onpenenéx-
HBEIM B TexHu4YeckKoM 3apaHuu. ITu KIIO moHMMaloTCs KaK yCHelIHas

OJOCTaBKa YKa3aHHHBIX BEIXOIOB, a HE TEXHUYECKHUX METPHUK, N BKIIIOYa-

I0T: MeXOYHapPOOHBIM 0030p, TeEXHUUECKUe TpeOoBaHHUS, 3KOHOMUUE-

CKYIO0 MOfIeJib, OKOHYATEJIbHOEe TEXHUYECKOE 3alaHNe U MPe3eHTaIHIO.
dopmanrvHOe comocTtaBieHue Bcex KIID ¢ COOTBETCTBYIOMUMY PE3YIIb-

TaTaMU ¥ pa3fejiaMH OTYETa NPemocTaBileHo B [IpunoxeHuu A.

Hepenu  [lesaTenbHOCTU Bopora / [Ipuemka
1-2 Mob6unusaiusi 3auHTEPECOBaHHBIX CTO- Bopora 1: mop-
POH; COrjlallleHus O OOCTyle K JaHHBIM; TBepXKOeHa moo-
nporotun ETL; HayanbHBIM aHaIuU3 IeO- CTYIIHOCTh U Kaue-
meTpuu u I1Y-32 CTBO OAHHBIX
3-4 Onpepenenve momenu maHHbIXx LIMII; ou- Bopora 2: TexHU-
3aliH apXUTEKTYPhl U UHTEP(}ECcoB; BLIOOP YeCKUu Ou3auH
WMHCTPYMEHTOB U (h)OpMaTOB ogobpen I['pymnmoi
yIIpaBJIeHUs
5-6 KanmnOpoBKa 3KOHOMHUYECKOM MOJesu; Ba- Bopora 3: MeTofo-
nupauus KII9; nnaH [1&B; yepHOBBIE pe- JIOTMYECKHUU MaKeT
3yIbTATHI OJI IUJIOTHOTO y4yacTKa omoOpeH
7-8 KoHconmuaupoBaHHBIE pe3yabTaThl IHUJI0- BopoTa 4: OKOHYa-

Ta; OKOHYATENIbHBIL OTYET; PEKOMeHa-
nuu; T3 gnsa ®a3sl 2 (MacmIiTabupoBaHUe)
IIOATOTOBJIIEHO B COOTBETCTBUM C TPeOOBa-
HusMu O9C

TEJIbHbIE PEe3yJib-
TaThl IPUHSATH

9. 9xoHoMHuuUecKkasi Mmogeiab: KAII3, OII3, YIIC
u BHII

DKOHOMHUYECKas olleHKa nmusoTa Lupposoro mogenupoBanus nytu (LIMII)

OCHOBaHa Ha YETKOM pa3nesieHnn MeXKOy KallUTAaJIBHBIMH PaCXOodaMM

(KATII3) u onepanuonHbiMu pacxomamu (OI13). 3to pasnuuue obecrie-
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4yyBaeT IPO3PavyHOCTh IIPEAIOJIOXKEHUNU O 3aTpaTax U IIpegoCcTaBisieT
ITPOYHYIO OCHOBY MJIS pacyéTa CTaHOapTHBIX MMOKa3aTeneu apdekTus-
HOCTU MHBECTULINH, BKIII0Yas YHUCTyI0 MpUBeOeHHYI0 cTouMOCTh (HIIC),
BryTpenH010 HOpMY goxogHoctu (BH]I) u mepuop okynaemoctu. KAIT3
u OIl3 npuMeHsSI0TCA KaK 9KOHOMHWYECKNE BXOOHbIE [TapaMeTphl, a He
Kak KmioueBrie nmokasaTtenu apdektuBHocTU (KII9), B COOTBETCTBUU C
KPUTEPUSIMHU OLIEHKU, U3JIOKEHHBIMU B T€XHUYECKOM 3aJaHUU U CyM-
MUPOBAaHHBIMU B [Ipunoxenuu A.

9.1 CrpyKTypa 3arpart

Kateropus KATI3 (momn. CIITA) OII3 (moi
ObopynmoBaHue ChEMKY / HAaTUYUKU 2 500 3
[IporpamMHoOe obecrnieyeHue / MUIleH3UU / 00JIaKO 1200 2
OO6paboTKa maHHBIX / aHATUTHUKA 3000 4
OOyueHue / pa3BUTHE MTOTEHIIMANA 1 000 1
MOHUTOPUHT / mOOOEePXKKa 0 C
HUToro 7 700 1

9.2 CueHapuu (5-JIeTHHH rOpH30HT, CTaBKa JHCKOH-
THpoBaHus1 10%)

. KATI3 OIT3/ron Yucrtas OkxkynaemocTb UIIC (5
Cuenapuu

BRITO[a/T O[] 71eT)

(mos. (momt. (mom. (;1eT) (most.

CIIIA) CIIIA/ronm) CIIIA/rom) CIIIA)

KoucepsatuBabii 7 700 1 600 2 400 3.2 1400

BazoBuiii  city- 7 700 1 600 3400 2.3 5200

yau
OnTUMUCTUYHBIN 7 700 1 600 5400 1.4 12 800

9.3 IIpou3sBoauTe/IBLHOCTH 3a 10 et
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Yuctasa OKynaeMoCTb qrIC qrIIC (10

Cuenapui BBITOZa/TOf (ba3oBhI JIeT)
TOPU30HT)

(momn. CIIIA) (1eT) (momm. (momm.

CIIIA) CIIIA)

KoHcepBaTUBHEIU 2400 3.21 1 397.89 7 046.96

bazoBwii city- 3400 2.26 5188.68 13 191.53
yau

ONTUMHUCTUYHBIN 5400 1.43 12 770.25 25 480.66

OpuentupoBouHas BH]I:

» 22-25% (KoHCepBaTUBHLIN),
* 36-40% (ba3oBeIl CciIy4dan),
e BrIIIe 60% (ONTUMHUCTHUYHBLIN).

9.4 UnnocTpaTHBHBIE rpad@HuKH

(mom. CIIIA)

-10%

YMYIIATUBHBIN NEHEZXKHBIN IIOTOK

K

Puc. 2: KyMmynsiTUBHBIN JeHEXKHBIN IIOTOK, ClleHapuii 6a30BOT0 CIIy4asi.
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Puc. 4: YIIC 3a 10 neT 1o ciieHapusM.

10. Apxurekrypa IIMII u TexHau4yeckKue Tpe-
OOBaHUA

TexHUYeCKast apxXUTEeKTypa U TpeboBaHUs, OIIpenesIEHHbBIE B 9TOM pPa3-
mesie, COCTaBJISTIOT OOUH M3 OCHOBHBIX Pe3yabTaToB MccnenoBaHus B CO-
OTBeTCTBUM C TexHuYecKuM 3agaHueM. OHU ITOONePKUBAIOT MOCTHUXKE-
HUEe OXKUIaeMbIX UCXOOOB U IMMPUHSATHIX KPUTEPUEB, BKITIOYAS TEXHUUE-
CKYIO OCYIII€CTBUMOCTD, MaCIITaOMPyeMOCTb ¥ COOTBETCTBUE MEXKIyHa-
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POOHOU XOPOoIller IpakKTUKe, KakK fajiee DOKyYMEeHTHUPOBaHO B [Ipunoxe-
HUuHU A.

10.1 JloruuyecKasi apxXUuTeKTypa

1. Cj1oM maHHBIX: TEOMETPHUSI, JUATHOCTHKA, COOPYXKEHHs, oIlepa-
LIMM, OKpYy2Karolllasi cpena.

2. ETL & KauecTBO: KOHBelieprl ingestion, nmpaBusa Bajlupalluiy,
KypHaJbl OIIUOOK.

3. MogenupoBaHHe: KPUBU3HA ~, BO3BHILIEHUE ), I€PEXOTHbIE KPU-
BBEIE€, 30HEI PUCKaA.

4. Aranutuka: mogenu 3atpat, YIIC/BHII/OOX, cuMynganuu ClieHa-
pHUEB.

5. AuTepdencowl: API/ooMmeH datinamu ¢ cuctemamu KT2K u O3C;
OTYETHOCTD.

6. be3onacHocTth: RBAC, mmdpoBaHue, ayquT; JaHHbBIE Ha HAIHUO-
HaJIbHBIX CepBepax.

10.2 TexHudeckHe TpeOOBaHHUSA

KommoHeHT TpeboBaHUs

Ianubsie TreoMeT- TouHOCTb < 1 MM; opMmaThel: CSV/Geo]JSON; mons:
puun PK, z,y,2, k, h

IInarHoCcTHKa ®opwmel [TY-32 B CTPYKTypuUpOBaHHOM (popmarTe; 1mo-
7s: jedekKT, CTeneHb, faTa, pEMOHT

ETL ABTOMaTHU3UpPOBaHHAsA 00paboTKa; Bajlugalus: moj-
HOTa, guara3oH, [I0CJIef0BaTEeIbHOCTD

Mogenb MaTteMaTuudeckas: F' = mv’k; 30HBI PHCKA IO IIOPO-
ram

AHanuTtuka Pacuer YIIC/BH]I; clieHapuu: KOHCEpPBaTHUB-
HEBI}/0a30BBIN/ONITUMHUCTUYHBIN

HNuTepdeiice REST API; ayreatudukamnus: OAuth/JWT

XpaHeHUue JlokanbHOE/00IauHOe; pPe3epBHOE KOIIMPOBaHHUE:

eXXeJHEeBHOe; BOCCTaHOBJIeHUE: <4 4acoB
I[1&B [InaHbl TeCTUPOBAHUSA: €OUHUYHLIE, UHTETPalliOH-
Hble; MmeTpuku: IoU/RMSE nnsa reomeTpuu
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Ynpasnerue CM nnsa Bepcuy; CR gisa uamenenuy; SLA s nop-
OEePXKKU

10.3 Ilnanx II&B

» IIpoBepKa: COOTBETCTBUE CIEUPUKAIIUIM (TOYHOCTD, IOKPHITHE).

* Banupmanusi: 10JI€3HOCTH [OJ1s ITI0JIb30BaTeIel (MHXKEeHEePHl, MeHe-
OKEPHI).

* Metpuku: RMSE pn5is1 reoMeTpun; TOYHOCTh paC4€TOB 3aTpar.

11. CpaBHHUTe/IbHBbIE€ BaPUAHTHI /IS peaiu-
3anuu Pa3sel 2

Ycneinnoe 3aBepuiernue nusnora 2KaHao3eH-bacray (mepumeTp 35 KM)
co3maéT muatdopmy O 6ojiee KPpymHOMACIITaOHOTO pa3BePTHIBAHUS
®a3zmer 2 pemernunt Lludpposoro mogenupoBanus nytu (LIMII) Ha npuo-
puteTHbIX Kopugopax O3C. [I1a ®a3sl 2 paccMaTpUBAIOTCS OBa OPUEH-
TUPOBOYHBIX TEXHOJIOTUUYECKUX U IOCTABOUYHBIX KOH(MUTypPaAIIUU:

* BapuanTt A: GE + Infotrans xondurypamuss — mMopesb IapT-
HEPCTBa Ha OCHOBE YCTAHOBJIEHHOTO I'J100aJIbHOT'0 IOCTaBIIMKa OU-
arHOCTHUYECKUX U IMUQPPOBBIX KEIE3HOOOPOKHBIX CUCTEM (IOPT-
¢ens Tunna GE/Wabtec) B coueTaHUU C peTUOHATbHBIM CUCTEMHBIM
MHTErpaTopoM TakuM Kak Infotrans unu sKBUBaJIEeHTHBIN ITAPTHED
Ha 6a3e OOC.

* BapuanTt B: CRRC + n0KajbHOE pellieHMe — KOHPUTrypauus
Ha OCHOBE KUTAUCKUX MHCHEKUUOHHEIX U LIMII TexHonoruu (Ha-
IIpUMep, UHCIIEKIIUOHHbBIEe TPAHCIIOPTHBIE CPeOCcTBa U IIOLCUCTE-
Mbl CRRC), uHTErpupoBaHHasi C IPpOrpaMMHBEIM oOecriedyeHueM U
yCIIyraMu, IpenoCTaBIseMbBIMU JIOKAJIbHBIMU [IOCTAaBIIUKaMU B Pe-
ruoHe O32C.

O6a BapuaHTa TEXHUYECKHU OCYIIeCTBUMEI OJIs 2KeJie3HbIX gopor O9C
1 MOTYT 00€CIIeYUTh YPOBHU TOYHOCTHU, TpeOyeMbie KoHIemnnen [TMII.
Br160p monmkeH ObITh 00YCIIOBJIEH: (i) 3KOHOMUKOM XKMU3HEHHOT O ITUKIIA,
a He ToNbKO HadanbHBEIM KATI3; (ii) mpoBepsieMol TOYHOCTBHIO U HageXK-
HOCTBIO; (iii) MHTerpamue, BjlageHueM JaHHLEIMH 1 MepaMu Kubepoes-
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ommacHoOCTH; U (iv) ToKanm3anuel HaBbIKOB U MOAOEPKKY B TOCyJapCTBax-
yreHax O2C.

11.1 KinroueBble KPUTEPHUHU OII€HKHU

s ®a3el 2 mpeparaloTcs Cleayloliue KPpUTEePUu:

1. TOYHOCTH M HAJAEXKHOCTh U3MEPEHHH: NOCTUKUMEIE NOIIYCKHU
OJisI TeOMeTpPUU (BhIpaBHUBaHME, YPOBEHbD, KOJIEs), IOBTOPSIEMOCTD,
CTabOUIILHOCTD KaJIMOPOBKY 1 JOCTYIIHOCTh IPOTOKOJIOB IPOBEPKH
u Banupanuu ([1&B), coorBeTcTBytomux EN 13848 u peneBaHT-
HBIM cTaHgapTaM 1520 mMm.

2. Obmasi croumocTh BiaageHusi (OCII): komOuHUpPoBaHHBIN KA-
[13/0I13 3a 8-10 neT, BKIOYas anmapaTHoe obecrieueHue, JTUIEeH-
3um Ha [10, 0651auHyI0/T0KaIbHYI0 UHPPACTPYKTYPY, KATUOPOBKY,
oOcryXuBaHue, o0ydyeHre U OOHOBIIEHUS.

3. AHTerpamnusi M HHTeponepade/IbHOCTb: OTKPLITOCTb UHTEPhEU

coB (API), gocTynmHOCTh HOKYMEHTHPOBAHHLIX MOAENIEN OaHHBIX,
JIErKoCcTh MHTerpamuu ¢ cucreMamu KT2K/O3C u HallMOHAIbHEI-
MU mnaTdopMaMu YIIpaBIeHUS aKTHBaMHU.

4. JIokamu3anyusi 1 pa3BUTHE IOTEHIIHAJIa: CTEIIeHb, B KOTOPOU
peanu3alnus CTPOUT YCTOUYMBEIM ONBIT B PETHOHE (KeJIe3HbIe [0-
poru O9C, yHUBEPCUTETH], UHXKEHEPHbIe (PUPMEI), CHHUXKasd 3aBU-
CHMOCTB OT €QUHCTBEHHBIX NHOCTPAHHBIX ITOCTABIIHUKOB.

5. YrnpaBjieHHe, PUCK H YCTOHYHBOCTD IIEMIOYKH IIOCTABOK: [TH-
Bepcu@UKalunsa IIOCTABIIUKOB, YCTOMYUBOCTh K 9KCIIOPTHHIM KOH-
TPOJISIM/CAaHKIUSAM, TTO3UIHS KuOepOe30IacHOCTH U KOHTPAKTHas
SICHOCTbB 10 BJIaJJ€HUIO JaHHBIMMU.

11.2 BapmuaHT A: GE + Infotrans xondurypamus

9Ta KOH(UTypauus IpeanojaraeT UCIOJIb30BaHUE 3PEJIOW UarHOCTHU-
YeCKOHU U aHAJIMTUYEeCKOU I1aT(HOPMEI 3alIaJHOTO IIPOUCXOXKAEHHUS, T10-
CTaBJISEMOM COBMECTHO C MHTerpaTopom peruoHa O3C.

KntouyeBble XapaKTEPUCTUKU:

* TOYHOCTB: COBpeMEHHEIE CUCTEMEI Ha OCHOBe J1adepa/IMU o6bIy-
HO JOCTUTAIOT CyOMMJIIMMETPOBOIO IO MUJIJIMMETPOBOIO pa3pe-
IIIEHUS I10 KJIIOYEBBLIM ITapaMeTpaM M IIpefHa3Ha4dYeHHBl OJIsi COOT-
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BeTCcTBUA cTaHmapTaM turia EN 13848 u ycTaHOBJIEHHBIM pPeXU-
MaM IPUEMKHU, UCIT0JIb3yEeMBIM €BPOIIEMCKUMU U CeBepoaMepuKaH-
CKMMHU KeJIe3HbIMU JOPOraMu.

* 3pe1oCcTh CHCTEMBbI: OOJITMH ONEePAIlMOHHLIM OMNBIT Ha KOPUIO-
pax cMeIllaHHOTO TpadrKa; MpoBepeHHbIe HAOOPHl UHCTPYMEHTOB
OJIsl aHallW3a TEeHIEeHIINM, IIOPOTroB TPEBOTH, KilacCuUKaIINM [e-
(bekTOB U MHTErpalyu B yIpaBlieHUe aKTUBaMU IIPEOIPUSITHUA.

* OpHEHTHPOBOYHBIH MPOGUIHL 3aTpPaT:

- Oojiee BHICOKHE HadaJlbHBIE JIUIIEH3UM U COOPHI 3a MHTErpa-
OHI0;

- mpeacKa3lyeMble IIUKIIBI TOOOEePKKYU U OOHOBIIEHUH;

- IDOTEHIMAa OJid paMOYHBIX COTJIallleHUX, OXBaThIBAIOIIUX HECKOJIb-
KO XkKene3HbiX gopor OOC U CHUXKAIIIUX yAelIbHbIe 3aTpaThl
B Maciitabe.

* UHTEerpauus: CujbHas IIoOOepzKKa JOKYMeHTUpoBaHHBEIX APl u
9KCIIOPTa CHIPHIX U 00pabOTaHHBIX JaHHBIX; COOTBETCTBUE OTKPHI-
TOMY, HEUTpAJIbLHOMY K IOCTaBIIUKY apxutekType LIMII, npenro-
JKEHHOU B 3TOM OTYETE.

* PuUCKM: TOOBEPKEHHOCTb KOJI€eOAHUSIM BalIIOTH M peXHUMaM 3KC-
IIOPTHOTO KOHTPOJIST; HEOOXOAMMOCTh YETKUX JOTOBOPEHHOCTEM ISt
obecreuyeHUs XOCTUHTA JaHHBIX B Iopucaukuusax O9C u nnepegayu
3HAHUU JIOKaJIbHOMY II€pCOHay.

BapuaHT A XOpOIIO ITOOXOOUT TaM, TIe IPUOPHUTET: (i) MaKCUMasibHas
IMPO3PAaYHOCTD aJITOPUTMOB U UHTEP(dENCOoB, (ii) CuUIbHOE COOTBETCTBUE
oxupganusaM EC/MO®U mo 6e3omacHocTu U Kubepodbe3zonacHocTH, u (iii)
STaJIOHHAs «CIIPpaBOYHAas» peau3alius Ojisd cTaHgapTus3anuu mo O9C.

11.3 Bapuant B: CRRC + JloKa/ibHOE pelleHue

OTa KOH(pUTrypalumsa UCIOIb3yeT UHCIIEKIIMOHHbIE TEXHOJIOTUU U ITOABUXK-
HOM COCTaB KUTAWCKOTO MPOUCXOKIOEHUS, B COUETAaHUH C JIOKAJIbHBIMU
BO3MOXKHOCTAMHU [10 u aHanuTuKA B cTpaHax O3C.

KnroueBrle XapaKTEPUCTUKHU:

* Tounocts: Cuctemnl nncnekiuuu tuna CRRC, npumeHseMbie Ha
BBEICOKOCKOPOCTHBIX U TSIKEJIBIX T'PY30BHIX CETSIX B A3MHU, TaKkKe
o0ecreynBalOT BLICOKYIO TOYHOCTH [JII T€OMETPHUU, KOJieu, IIPo-
bunga u gepekToB; OHU MOOXOOAT OJIsI UHTEHCUBHOTO MOHUTOPUH-
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ra ¥ paMOK IIPEeIUKTUBHOTO OOCHIyKMBaAHUS IIPU BalUOallUU CO
ctopoHbl O3C.

* OpHEeHTHPOBOYHBIM NPOodH/IL 3aTPaT:

- BO MHOTHX CIy4asiX KOHKYPEHTHBIN uju 001ee HU3KUH yIelb-
Heli KATI3 mns makeToB JAaTYMKOB M OOOPyHOBaHUS Ha ITy-
TH, 0COOEHHO KOT[la IIOCTaBJIsIeTCS KaK YacTh 00Jiee IIUPOKOH
MIPOTrPaMMEI IIOIBUKHOTO COCTaBa UJIM CUTHAIN3AIINY;

- IOTEHIIMAJl CHUKEHU S 3aTpaT Yepe3 JI0OKaJIbHOEe IPOHU3BOOCTBO
unu cOOpPKY;

- OII3 cunbHO BAUSET HA JIOKAJIU3AIIUI0 OOCITYyKHUBAHUS U [O-
CTYIIHOCTbH JIOKaJIbHBIX IaPTHEPOB 110 CEPBUCY.

* [Torenmuasn JOKaIU3aIlUU: CUIIbHBEIN O0BEM [JIsI CTPYKTYPHUPO-
BaHUS ITPOEKTOB TaK, YTOOBl YHUBEPCUTETHI, IPOEKTHHIE HHCTUTY-
Thl 1 UT-KoMmaHuM Ha 6a3e O3C coBMeCTHO pa3padaThIBaau CIOU
a"Hanutuku LIMII, mamobopabl 1 KOMIIOHEHTHI MHTETPalliu.

* UHTerpanusi 1 MOJIMTHKA JaHHBIX: 3¢(HEeKTUBHOE HUCIIOIb30Ba-
Hue B paMkax O9C LIMII tpebyeT:

- IOJIHOTO OOCTYyIIa K CHIPHIM IIOTOKaM U3MEPEHUU U JOKyMEH-
TaIluU;

- KOHTPaAKTHBIX TapaHTUU BJIafeHUS OAHHLIMU MeHeOXKepaMu
HMH(PPaCTPYKTYPHI;

- u3bexkaHus 3aKPHITHIX, proprietary dopmMaToB, orpaHuYUBalO-
IIUX UHTEePOoIepabeTbHOCTh.

* Pucku: noteHnuanbHasi HEOOHOPOOHOCTb MeEXKOYy IIOCTaBIsIE€MBI-
MU IIOACHUCTEMAaMU, 3aBUCUMOCTDb OT KOHKPETHBIX IOCTABITUKOB WU
ITPOTOKOJIOB, €CJIM MHTEerpalus He TIIaTeJIbHO CTaHOapTU3UpPOBa-
Ha, 1 He0OXOOMMOCTDb IPOBEPKU COOTBETCTBUS TpeboBaHUusIM OI3C
110 KubepOe30IIaCHOCTH M KOHMDUOEHITUAIbHOCTH.

BapuanTt B npuBnekarteneH tam, rae: (i) appeKTUBHOCTL 3aTpaT U
OBICTPOE pa3BepThIBaHME Ha IJIMHHBIX KOPUAOpPax KPUTUYHHI, U (ii) eCcThb
YETKas CTpaTerus MHBECTUIIUHU B JIOKAJIbHBIM NHKEHEPHBIN MOTEeHITNAlI
U BeIpaBHUBaHUS (popmaToB maHHBIX U API co ctangmaptamu O3C c ca-
MOTO Hauaja.

11.4 OpueHTHPOBOYHAsI CPABHUTE/IbHAsI MaTpUlla
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Kputepui

BapuasT A: GE + Infotrans

Bapuaut B: CRRC + Jlo-
KaJIbHOE pellleHne

TouHocTh u3Me- [loKa3zaHHasg TOYHOCTb Ha

peHuu

YPOBHE MM; 3pejble IIpPo-
neccel QA/II&B; cumnbHOE
cooTrBeTcTBHEe EN 13848

BricoKasi TOYHOCTB, IIPO-
OeMOHCTPHUPOBaHHAsI Ha
KUTAUCKUX BBICOKOCKO-

POCTHBIX U TSIZKEJIBIX
TPY30BHIX JIMHUSX; TPeOy-
eTcs Bepudpukaumsga Oy

KOHKPETHEIX ciiy4daeB O9C

OpuenTupoBOYHaHoOIEE

OCII 3a 10 mnet

KA-
CTaOUJIL-

BBICOKUM
[13/nuien3uy;
Hble 3aTpaThl Ha NOOIepPK-
KY;
MHOTOCTPAHOBOM MacCHITa-

0JIaronNpUSATHBLIA IIPU

IToTeHnmanpHO OOJIEE HU3-
kun KAII3; OII3 3aBucur
OT JIOKaJIbHOM SKOCHCTEe-
MBI CepBUCa; OJ1aronpusT-
HBIM, TIe CHJIbHBI JIOKAJIb-

0e, eClIu WUCIIOJIb3yeTCsI HbIe MapTHEPHI
rapMOHU3VWpPOBaHHaAs 3a-
KyIKa
Huterpamuss u OOBIYHO cuJbHasi noa- TpeOyeT TIIATeIbHBLIX IIe-
OTKPBITOCTb mepxkka API; merde co- peroBopoB mo ¢opmMaTaM
IIOCTaBJIEeHWE C OTKPBITOM HmaHHBIX/mocTtyny API; ocy-
cxemout LIMIT O3C; Gomnee 1ecTBUMO, HO OOJIbIIlE Ba-
HU3KUM PUCK OJIOKMPOB- pHUAlLMM 110 pPeannu3allnusaM
KM MOAaHHBIX NOPU YETKUX
KOHTpaKTax
Jlokanu3zaums OnupaeTcsi Ha CTPYKTY- BBICOKMU IIOTeHLIWan OJis
HaBbIKOB PHUPOBAaHHOE o0ydyeHHe COBMECTHOU pa3paboTKu C

W PEruoHaJIbHOTO WHTEe-
rpaTopa;
BCTPOEHO

XOPOIIIO,
B o00sg3aTe’b-
oOyue-

ecClin

HbI€ IIPOTrPaMMBbI
HUus/Iepenayu

JIOKaJIbHBEIMUA (upMaMHu U
YHUBEPCUTETaMU; IOOOEP-
XKHWBaeT Mepedady TeXHO-
noruy, ecnu (HopMabHO

MaHOATHUPOBAHO
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Kputepui BapuaHT A: GE + Infotrans Bapuaat B: CRRC + Jlo-
KaJIbHOE pellleHune
Puck wmemnouku IlogBepKeHHOCTh TpaHC- [IogBEepPXKEHHOCTD e-
IIOCTABOK M Teo- aTJIaHTUYEeCKOU pery- modykaM IIOCTaBOK, II€H-
MMOTUTUYECKUN  JIATOPHOM cCpeme; TIIpen- TpUpoBaHHEIM Ha KHP;
CKalyeMo, HO TOOJIeXKHUT yCTOWYHBas IIOoCTaBKa
cooOpaKeHusIM OKCIOPT- allllapaTHOTO obecreye-
HOT'O KOHTPOIS Husi, HO O3C pomnxHa
BEIPOBHSTH TIOJIUTUKU
OaHHBIX/0€30I1aCHOCTHU
I[MTogxomsimects CunbHBIM KaHOugaT O CUJIbHBIM KaHOUOAT O

o ®a3sr 2 O0C

«CIIPAaBOYHOM» IIJIaTdop-
LIMIT O3C wu mpo-
buHaAHCHUPYyEMBIX

MBI
rpaMM,
MOoH,
ITPO3PAavYHOCTh U CTaHOAp-
THI

MMOOYEPKUBAIOIINX

9KOHOMUYECKHU 3PPHEeKTUB-
HOTO MacHITaOupOBaHUSI,
0COOEHHO C ITPOYHOM JIO-
KaJIbHOU UHTeTrpalnueu
U o00si3aTenbCTBAaMU II0

OTKPBITBIM HAaHHBIM

11.5 PexkomeHnayeMbI# nmoaxon ajiss O9C

g ®a3el 2 pekoMeHayeTcs, 4ToOb OOC U y9acTByIOIINE XeJle3HbIe

OOPOTHU:

* IIPHUHSJIN TEXHOJIOTHYeCKH HeHTpPaJIbHOe, OCHOBaHHOE Ha CTaH-
mapTtax T3, mo3Bonsioiiee 060uM KOHPUTYpaLUsAM (U APYTUM KBa-
MM(GUIIMPOBAHHBIM IOCTABIMKaM) KOHKYPUPOBAThH 110 O0IIUM TEX-

HUYECKUM 1 9KOHOMHUYECKUM KPUTEPHUSIM;
* TpeboBau OT BCEX IPETEHOEHTOB:
1. mpepocTaBIeHUs IIOJTHOTO JOCTYNa K CHIPLIM ¥ 00paboTaHHBIM

OAaHHBIM I'€eOMETPHUH;

2. DoKymMeHTHpOBaHusS APl U CTPYKTyp JaHHBIX, COBMECTUMEIX C
mopenbio LIMIT O3C;
3. 00g3aTesbCTB 110 00Y4YEeHUI0 Ha MECTE U COBMECTHBIM yIIpaxK-

HeHusaMm [1&B ¢ xenesueimMu goporamu O3C.

* oueHuBanu npepnoxenus rno YIIC/BH]II 3a 8-10 neT, He TOIBKO

110 HaYaJIbHOHU IIeHe OGOpynOBaHI/IH, C SIBHBIM OaJIJIOM 3a JIOKAJIU-
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3a1uio, Kubep6e30nacCHOCTD U JOJITOCPOYHYIO IOANEPXKKY;

* pPacCcMOTpPeH CTPATEer’uio IBOMHOIO IMHJI0TA, B KOTOPOMH: OOUH
KOPUOOp NpHUHUMaEeT KOHGUTypalliio TUlla BapuaHT A, a gpyrou
— KoHpurypaiuio Tuna BapuanTt B, 06a commocTaBieHHBIE C OOHUM
1 TeM xKe ctangapTom LIMIT O3C, nnst 6eHUYMapKUHTa ITPOU3BOOU-
TEeJIbHOCTH, 3aTpaT ¥ MHCTUTYILMOHAIbHOHU IIOATOHKHN B PealbHBIX
ycnoBusax O3C.

9TO coXpaHseT KOHKYPEHITUIO, CHUXKAaeT 3aBUCUMOCTD OT e IMHCTBEH-
HOT'O IIOCTaBIIIMKA 1 00ecleYnBaeT, YTO KaKasd Okl KOMOMHAIINS ITOCTaB-
IIMKOB HY Oblsia BeIOpaHa AJid ®a3kwl 2, oHa OymeT paboTaTh ITOTHOCTHIO
B paMkax CtaHpmapTa udpoBoro mogenupoBanus nytu O3C, pa3pabo-
TAaHHOTO Ha OCHOBe nusoTa 2KaHao3eH-bacTay.

12. MomgaabHOCTH peaJIn3alluy U rpad kK mia-
TeKeH

KnueHTCKUE yupexkaeHusi: MUHHUCTEPCTBO TpaHciopTa KasaxcTaHa, co-
OTBeTCTBYywOILMe opranbl Mpana u TypkMeHuCcTaHa, B KOOpAUHALIUU C
Cekpetapuatom O3C.

['pynma ynpaBieHUs HaO3UpPaeT:

* BaJMallMIoO IJIaHa PabOTHI;
* 0030p IPOMEXKYTOYHEIX PE3yILTATOB;
* IPHEMKY OKOHYATEJIbHBIX BEIXOIOB M PEKOMEHIAITHH.

Oran Ilosst eHbl KOHTPaKTa

Boporta 1 (Harnreie 20%
¥ IIJIaH)

Bopota 2 ([Ou3zaia 30%
omoOpeH)

Bopota 3 (Mogens 30%
u KII9)

Bopotra 4 (OkoH- 20%
YaTeNbHbIA OTYET)
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13. TpeOoBaHHsI K HCIIOTHUTEIIO

* JleMOHCTPUPOBAHHLIN OIBIT B IIU(PPOBOM MOIEIUPOBAHUY UJIN TaHHBIX-
OPUEHTUPOBAHHOM yIIpaBI€HUM aKTUBaMU 151 TPAHCIIOPTHOM UH-
(ppacTpyKTypH! (3KenaTesIbHO JKeJIe3HBIX JOPOT).

* Croco6HOCTB paboraTth ¢ CekpeTapuaToM OOC 1 MHOXKECTBEHHHI-

MU HaIlMOHA/JIbHBIMU 3aMHTEPECOBAaHHBIMU CTOPOHAMHU.

* BO3MOXKHOCTh JOCTaBKU IIPO3PAaYHBIX, HOKYMEHTHUPOBAHHLIX U BOC-

ITPOU3BOAUMEBIX aHAJIMTUYECKUX UHCTPYMEHTOB.

14. IKcnepTHasi OlleHKa MUJIOTHOIO y4acCT-
Ka M K/JII04YeBble PEKOMEeHIalluH

[TunoTHBIM y4yacTOK 2KaHao3eH-bacTay (onepanvoHHasa OjIMHA 35 KM;
rmepuMeTp nusioTta 35 KM) ObLI OLIEHEH C MCIOJIb30BaHUEM IIpefjiarae-
mou paMku LludpoBou momenu mmytu (LIMIT).

OKCIlepTHas OlLleHKa IIOATBepPXKaaeT:

1. CymiecTByloiasi TpaCCUPOBKa U TeOMETpPHUs OrpaHMYUBaiOT 6e3-
OIlaCHOE M 3KOHOMHUYECKOe YBeJIMUeHre CKOPOCTeN Ipy30B 6e3 1ie-
JIEBBIX KOPPEKTUPOBOK.

2. ObdekTuBHOE orpanndenue 50 KM/4 Ha KPUTUYECKUX MTOOYyYaCT-
KaxX MOJKEeT CHU3UTh IIOTEHIIMAJIbHYI0 IPOIIYCKHYIO CIOCOOHOCTH
npuMepHO Ha 20-25% OTHOCUTEJIbHO ONITUMKU3UPOBAHHOIO ClieHa-
pus reoOMeTpuHu.

3. IMII no3BossieT uaeHTU(OUIIMPOBATh MeCTa I He3HAYNUTEeTbHBIX
YIIy4IIeHUA TPACCUPOBKHU ¥ BO3IBBIIIEHUS C U3MEPUMBIMU IIPUPO-
CTaMM IIPOU3BOAUTENBHOCTH, ITIOANEPKUBAET 00CTyK1BaHUE Ha OC-
HOBE PUCKOB U CBA3LIBAET I'€OMETPUIO C 3aTpaTaMHU.

4. Tlpu KOHCepBaTUBHEIX NpenmnonoxeHuax nunoT LIMIT gaet nomno-
xuTtenbHy0 YIIC, KOPOTKyI0 OKymaeMoCThb (0Kojo 1.5-3 seT) u
BH]I Ha ypoBHe unu BuIllle 3TajIOHOB MOU.

5. Konnenuus macmrabupyeMa no kopugopam O9C u COOTBETCTBY-
eT ongoing mHUIMaTUBaM LUU(PPOBUIALINA.

KnroueBbie peKOMEHOalluu:

* npuHATh NunoT 2KaHao3leH-bacTay Kak CIpaBOYHBIM ClIy4dyau OJisd
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CranpgapTta uuppoBOoro MomeaupoBaHus mytu O9C;

* peanu30BaTh II03TATHOE MacCIITaOMPOBaHUE Ha TPUOPUTETHEIX KO-
punopax O3C;

* IpUBIEKATh KBAIN(MUIIMPOBAHHLIX TEXHOJIOTUYECKUX ITaPTHEPOB
IIOJT OTKPHITHIMU, HEUCKITIOYAIOIIIMMH TOTOBOPEHHOCTSIMHU, oOecrie-
YyHBasi, YTO BlIaJleHHEe MAaHHBIMHU OCTAETCS y TOCyOapCTB-UJIE€HOB
O39C u MeHeOKepoB UHPPaACTPYKTYPHI;

* HMCIOJIb30BaTh JOKa3aTeJbCTBa Ha oCHOBe IIMII Oss moOroTOBKH
npepyoxeHuu puHaHcupoBaHus oy AlIB, IsDB, ADB, EDB u gpy-
TUX.

14.0.1. UHCTUTYUHOHA/IbHBIE H yIpaBJ/IeHYE€CKHE IIpPeanoChijI-
KA

XoTsI TeEXHUYECKasi OCYIIeCTBUMOCTb ¥ 9KOHOMHYECKoe 000CHOBaHUE
[Hudposoit mogenu nytu (LIMII) ObITM ITPOAEMOHCTPUPOBAHLI dYepe3l
nunoT 2XKaHao3eH-BacTay, olleHKa MOKa3bkIBaeT, YTO IIOJIHAS pean3a-
1S €€ MPEUMYIIECTB 3aBUCUT OT CKOOPOWHUPOBAHHBLIX MHCTUTYIINO-
HaJIbHBIX U YIIPaBJIEHYECKUX MEXaHU3MOB Cpeau y4aCTBYIOIIUX CTPaH.

B wacTHOCTH, manbHEUIIUM Tporpecc TpedyeT rapMOHU3AIIUU METO-
OOJIOTHUU 71 pacCiiefOBaHU U Pa3pelleHus OIlePallMOHHEIX U KOH(MIUKT-
HBIX CUTyallui, BbIpaBHUBAHUS ITOOXOO0B K OLIEHKE COCTOSHUS MYTHU U
IIOCJIef0BaTEeIbHOCTU B CTaHOapTax OaHHBIX, MHTEPIIPeTaluu U IIpolie-
Oypax OPUHATHUSA pellleHnl. be3 TaKkoro BeIpaBHUBaHUS IUPPOBEIE Pe-
IIEeHUsI PUCKYIOT OCTaThCs PparMeHTHPOBAHHLIMU U OrPaHUYEHHBLIMU
W30JIUPOBAaHHBIMHU HAlLlMOHAJIbHBIMU IIPUJIOKEHUSIMMU.

PellleHre 3TUX TPEOIIOCHIIOK ITO3BOJIUT ITOCTENEHHBINM IIE€PEXO0[ OT
WHOVNBUOYAIbHBIX U(PPOBLIX MHUIIUATUB K COBMECTHO YyIIPaBIIEMOMY
1 uHTepornepabenbHoMy LudppoBoMy KeJIe3HOIOPOKHOMY KOPUOOPY.
OTOT mepexon Ioapa3yMeBaeT pa3paboTKy U IMPUHSATHE OOMIUX Pery-
JISTOPHBIX ¥ HOPMATUBHLIX PaMOK Ha ypoBHe O3C, obecrieuynBaronux
peAcKa3yeMyio U IPO3pavyHyl0 OCHOBY [Jid TPAHCTPAaHUYHOU KOOPOU-
HaIIUU ¥ JOJITOCPOYHOI0 MHBECTUILIMOHHOTO TIJIaHUPOBAHUS.

C TOYKM 3peHus yIIPaBJIEHUs, CO3[IaHue ITOCTOSHHOTO CTOSIYero Ko-
OPOMHAIIMOHHOT0 KOMUTETA CYUTAETCS MPAKTUYECKUM U 9(PpPeKTUBHBIM
MeXaHU3MOM [IJI5 ITOAAePKKU 9TOTO ITpoiecca. Takoi opraH 6yageT MaH-
OaTUPOBAH KOOPOUHUPOBATH Pa3paboTKy, YTBEPKOEHUE U Iepuoanuyde-
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CKoe OOHOBJIEHHE OOIINX TeXHUYECKUX, MEeTOOOJIOTHYEeCKUX U Imudpo-
BBIX CTAHIAPTOB, TEM CaMEIM oOecIiednBasi HEeIIPePLIBHOCTh, HHCTUTY-
IIMOHAJILHYIO ITIaMSTh U CTAOMIBHYIO OCHOBY [IJIsI HHUIIMATUB ITU(PPOBU-
3alli¥ Ha YPOBHE KOPHUIOPaA.

Bo Bpemsi 0OCyKOEHUS ITPOMEKYTOUHBIX U MUJIOTHBIX PEe3yJIbTaTOB
WpaHCKasi CTOPOHA CIIeIMalIbHO ITOOYEePKHYJIa BaXKHOCTh PaCIIMpPEeHUs
o0BbEMa TP POBOM OLIEHKY 3a MMPEIEeIbl TOJIbKO TeOMEeTPUH Ty TH. B yacT-
HOCTHU, BHUMaHUe Ob1JI0 0OpallleHO Ha COCTOSTHUE CTPEJIOK U IIePEBOIOB,
a TakxXe Ha 0Ooyee MUPOKUM HaOOp MHPPACTPYKTYPHBIX U OIlePaIIUOH-
HBIX ITapaMeTPOB, KOTOPhIE He OBITM ITOJTHOCTHIO OXBAaYEHHI B PaMKax
HacTosiero McciemoBaHUs.

OTU OOIOJTHUTEJIbHBIE TTapaMeTPhl, XOTS U BHE OPUTHHAJIBHOTO 00b-
€Ma, Telepb apTUKYIUPOBAHBI ¥ TPU3HAHKI PEI€BAaHTHLIMU 00TaCTSIMU
OJis gajibHeuIero pa3sutus. Hactosmias paboTa m03TOMy paccMaTpu-
BaeTCs KaK KaTallu3aTop, KOTOPHIM MOXKET NPEeAOoCTaBUTh JalbHENIINNT
UMITYJILC OJI ITOCIenyomux, 601ee BCECTOPOHHUX OIIEHOK, OIMpasiCh
Ha METOHOJIOTUYECKHEe, TEXHUYEeCKHe U UHCTUTYIMOHAJIbHBIE OCHOBEHI,
yCTaHOBJIEHHBIE Yepe3 TeKYIIUU MTUJIOT.

A. CoorBercTBHe TpeboBanusaMm T3 u KIIJ

9To IlpunoxkeHnue JeMOHCTPUPYET IIOJIHOE COOTBETCTBUE HACTOSAIIETO
HccnepoBaHusi yTBEPKAEHHOMY TexHudeckoMy 3amaHuio (T3), BKiIio-
yas npuMeHeHne pamok SWOT u SMART, ucnionb3oBanue KAII3 u OI13
B 9KOHOMMYECKOH OIleHKe U IOCTaBKY BceX TpebyeMbix KimioueBBIX I10-
Kazarenel apdektuBHocTu (KIII).

A.1 TIpumeHeHue aHatu3a SWOT

Ananu3 SWOT OblI IPUMEHEH OJIsI CTPYKTYPHUPOBaHUS CTPaTETUUYECKOU
onieHKU muioTa LIMII u ero moTeHIMAILPHOTO MacCIITaOMPOBaAHUS TI0
kKopumopam O3C, uneHTUPUIIMPYSI CUIIbHBIE CTOPOHHI, C1ab0CTH, BO3-
MOXKHOCTU U yIpPO3bI, pejieBaHTHhHIE TEXHUYECKUM, SKOHOMUYECKUM U
MHCTUTYIIMOHAILHBIM U3MEPEHUSIM.
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Tabnuna 10: Amanus SWOT nunota LludpoBoro MmogenmupoBaHus MyTH
(LIMII)

CuiabHBIE CTOPOHBI

Cinaooctu

Iloka3zaHHas TexXHUWYeCKass OCy-
mectBUMOCTh [IMII Ha KHUBOM
MMUJIOTHOM y4YacCTKe;

KonuyecTBeHHBIE  3SKOHOMHUYE-
CKMe TIIpeuMyllecTBa (IIOI0OXKU-
TenpbHass YIIC, npuemnemas
BH]I);

[Ipo3payHass u I1poBepsaeMas
MaTeMaTu4decKass METOOOJIOTUSI;
CoBMECTHUMOCTh C MeXOyHa-
POOHEIMU JKEJIE3HOLOPOKHBIMU
IIpakKTUKaMMU.

OrpaHuyeHHBIM OOBEM ITHUJIOTA
(bokyc Ha mapaMeTpax, CBsI3aH-
HBIX C TeOMeTpUue);
3aBUCUMOCTh OT OOCTYIIHOCTU U
Ka4yeCcTBa BXOOHBIX MAHHBIX;
HavyanbHast MHCTUTYIIMOHAJIbHAS
¢parmMeHTaIMsa IO CTPaHaAM.

B0O3MOKHOCTH

VYrpo3sl

MacimTabupoBaHue O KOPHUMOO-
paM xejsne3HbIX gopor O3C;
IocTyn K nbroTHOMY (pUHaHCH-
pOBaHUIO U TPaHTaM;
Pa3zpaboTka o01iero 1nu¢ppoBoro
ctaHgapTa O3C;

Pa3BuTue noTteHIMana 1 JI0Kaiu-
3alusl 9KCIEePTU3HL.

PaznuyHbie HaAIlMOHAJIbHBIE pe-
TYJISIIUA U CTaHOapPTHI;
3aepkKKU B oOMeHe JaHHBIMU U
KOOPOUHAIINU;

PHcK NpuBS3KKM K TMOCTABIIHKY
0e3 4ETKOTO yIIpaBIeHUSs;
HepaBHOMEpPHBIM TEeMII IIPUHSI-
THS TUPPOBU3ALMH CPEIH CTPAH.

A.2 TIpumeHeHue kpurepues SMART

dopmynupoBKa Lenen UccnegoBaHus 1 00bEMa MIUJIOTHOW peannu3alum
Onlyla pykoBopacTBoBaHa paMkoit SMART (Specific, Measurable, Achievable,
Relevant and Time-bound), kak siBHO TpebyeTcss TeXHUYECKUM 3ajaHuU-
eM. [IpumeHenue kputepueB SMART obecrnieunno, uto MccnemoBanue
n3berano abCTpaKTHHIX MIIH OeKIapaTUBHEBIX 1leJiel 1 BMECTO 3TOro ¢o-
KyCHUPOBaJIOCh Ha IIPOBEPSAEMEIX, OTIEPAlJUOHHBIX ¥ 9KOHOMUYECKU 3Ha-
YMMBIX UCXOaxX.

Specific. Llenu HMccnemoBaHus OB OIIPedeeHbl C YETKUM U OfI-
HO3Ha4YHBIM ()OKYCOM Ha NMHUIIOTHOM ydacTKe 2KaHao3eH-Bbacrtay Kopu-
mopa KTH, c reorpaduydeckm orpaHU4YEHHBIM IIEPUMETPOM ITPUMEPHO
35 KM, B mOJTHOM coOTBeTCTBUMU ¢ T3. OOBEM SIBHO OXBaThIBaJI UPPOBOE
MOJeJIMPOBaHKWE T€OMETPUHU U COCTOSTHUS IIYTHU, 9KOHOMUYECKYIO OLIeH-
Ky 3 dHeKTOB 00CTyKMBAHUS 1 IIOATOTOBKY TEXHUYECKU MPOYHOM OCHO-
BBI [JIS MIOTEHIIMAJIbHOTO MaciiTabupoBaHus. Hukakue He CBsI3aHHBIE
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aKTUBBI UJTU CIIEKYISITUBHBIE TU(PPOBbIE QYHKIINY HEe OBLIJIM BKIIOUYEHHI,
obecrieurBasi XOPOIIIO ONIPeNeEHHBIN U KOHTPOJIUPYEMBIN 00BEM.

Measurable. llenu MccnenoBaHus OBIIN ITIepeBeOeHbl B U3MEePUMEIE
BBIXOObI M MHOANKATOPHI, BKII0Yasi KOTUYeCTBEHHbIE 9KOHOMUYECKHUE MET-
puku (UI1C, BH]I, mepuon oKylmaeMOCTH), OIIPeOeIE€HHbIE IOPOTU TOY-
HOCTHU [OJISI TeEOMETPUYECKHUX ITapaMeTPOB U SICHO UAEHTU(DUILIPYyEMbBIE
pe3ynbTaThl (OTYETH, TEXHUUECKUE clielupuKalny, 5KOHOMUYECKUE
pacyYEeTHl U IPe3eHTallMOHHBIE MaTepHaJsbl). 3Ta U3MEPUMOCTD IIO3BO-
JisieT He3aBUCUMYIO BepU(pUKalnio pe3yIbTaTOB U MOAOEePKUBAET IIPO-
3pauHbIl 0630p opranamMu O3C, HallMOHAJTBPHBIMHU BIACTSIMU U IIOTEH-
HaJIbHBIMUA (PUHAHCUPYIOIIUMUA UHCTUTYTaMHU.

Achievable. Bce nienu Ov1tu chOpMyIUPOBaAHEL C Y4ETOM CYIIIECTBY-
IOIIUX MHCTUTYLIMOHAJIbHBIX, TEXHUYECKUX U OI0MKETHBIX OTPaHUYEHUN.
[TunoT onmpaeTcs Ha TUNH JAaHHBIX, TEXHOJIOTUU U3MEPEHUU U aHaIU-
TUYEeCKHEe MeTOObl, KOTOPhIE y2Ke NOCTYITHBI UJIM PeaTuCTUYHO pa3Bep-
ThHIBaeMbI B Kene3HbIX goporax O3C. IlnaH peanu3aliiyd U IPEONoio-
KEeHUs 0 3aTpaTax ObUIM HaMepeHHO KOHCEPBAaTUBHEIMHU, oOeclieunBas
OOCTUXKEHHUE 1IeJied B IIpeieiaX CoTrjlacoOBaHHOTO OI0A2KETHOTO IIOTOJIKA
U 8-HeOenbHOTO CPOKa MUJIoTa.

Relevant. llenu MccnemoBaHus HaAIpPsAMYH COOTBETCTBYIOT CTpaTe-
ruyeckuM npuoputeraM OJC, BKIIOYass peruoHajIbHYI0 CBI3HOCTD, OII-
TUMM3aluIo 3aTpaT XKU3HEHHOI 0 [TUKJ1a UHPPACTPYKTYPHL, YIy4dIlleHue
0e30IIaCHOCTU U HafAEKHOCTH KeJIe3HOJOPOKHBIX OIlepalliii ¥ MOgIepxK-
KY YCTOUYUBHIX TPAHCIIOPTHEIX KOPUAOPOB. C 3KOHOMUYECKOU ITEPCIEK-
TuBH Qokyc Ha ontumusanuu KAII3 u OII3, 6aHKOBCKON NIpPHUBJIEKA-
TEIbHOCTU U NPUHSATUU pelIeHUN Ha OCHOBE AOKa3aTelbCTB obecIie-
YKWBaEeT BLICOKYIO PEJIEBAHTHOCTH [JIS1 IIPaBUTEIbCTB, MEHEOXKEPOB UH-
(ppacTpyKTypsl U MeKAYHAPOOHBIX (DMHAHCOBEIX MHCTUTYTOB.

Time-bound. Bce gesiTenbHOCTH U Pe3yIbTAaThl OBIIN CTPYKTYPUPO-
BaHBI B IIpefesiaXx YETKO ONPeNeI€EHHOr0 U KOHTPAaKTHO (UKCHUPOBaH-
HOT'O IIeprofa peanusaiuu. [JopoxKHas KapTa ITUI0Ta yKa3kiBaeT KOH-
KpEeTHBIe 9Tallbl, BOPOTa MPUEMKHU 1 OKOHYATEJIbHEIE BEIXOIbI, KOTOPHIE
OOJI>KHBEI OBITH OOCTABJIEHBEI B T€YEHHE BOCBMHU HeMeslb. JTa CTPYKTY-
pa C IIPUBSA3KOM KO BpeMeHU moaaepxKuBaeT 3¢ GeKTUBHBIN KOHTPOIIb
ITPOEKTa, CBOeBpeMeHHoe npuHsaTue peiieHuit Cekperapuatom O3C u
TOTOBHOCTD K mocjiegyoomuM ¢asam.
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[TogpoOHast olleHKa liened KMccrmemoBaHUS IO KaXXOOMY KPUTEPHUIO
SMART cymmupoBaHa B TabGnutie 11.

Tab6nuia 11: Ouenka 1eneit MccnemoBauus no kputepusasm SMART

Kpurtepuu [Ipumenenue B UcciaemoBaHuu

Specific HemoucTpamus LubpoBOoro MomenupoBaHUs IIyTHU
Ha ONpefesiEHHOM IIMJIOTHOM ydacTke KaHao3eH-
Bacray kopupmopa KTU, c 4e€TKO omnpeaeeHHBIM
00BEMOM U BBIXOIAMH.

Measurable | KonnyecTBeHHBIE 3KOHOMHWYECKHE HHOWKATOPHI
(HIIC, BH]I, mnepuonm OKymaeMOCTH), METPHUKH
KadyeCTBa TeOMETPUU M UETKO OIIpedesiIEHHbIe
pe3ybTaThHl B COOTBETCTBUM C TeXHWYECKUM 3afja-
HUEM.

Achievable |Peanuzamusa C HCIOIb30BaHUEM CYIIECTBYIOIIUX
TEXHOJIOTUH U3MepPEeHNUN, UCTOYHUKOB MaHHBIX U UH-
CTUTYLIMOHAIbHBIX MEXaHU3MOB B IIpefdesiax Ccoria-
COBaAHHOT'O CpOKa U1 OrofxKeTa.

Relevant [Tpssmou Bknap B e O3C no 3¢pHEeKTUBHOCTH Ke-
JIe3HBIX AOpPOr, 6e30IMacCHOCTH, CHUXKEHHUIO 3aTpar,
YCTOMYHUBOCTU ¥ KOHKYPEHTOCIIOCOOHOCTH KOPHUO-

POB.
Time- Bce meaTenbHOCTH U pe3ysibTaThl 3aBEPILEHE] B IIpe-
bound OejlaX KOHTPaKTHOIO Ilepuofa peajiu3aliiu, BKIIIO-

Yqas 8-H6JI€HLHYIO OJOPOXKHYIO KapPTy ITXJIOTA.

Tabnuila mogrBepxkaaeT, uTo Bce KIID, onpenenénurie B TexHUUe-
CKOM 3afaHWU, OBIM MOJIHOCTHIO AOCTaBJIeHBl. MeXIOyHapOOHBIN 00-
30p, Texuumyeckue TpeOOBaHUS, DKOHOMHUYECKass Momenb 1 OKOHYa-
TeJIbHOE TEXHUYECKOe 3alaHle BKITIOUEHHI KaK ITOCBSIIIEHHBIE PAa3[1eJIbl
OKOHYaTENbHOTO OTYETA, B TO BpeMs Kak [Ipe3eHTalus IpegocTaBie-
Ha KaK OTHOeJIbHBIN (alin Ojisd yooocTBa.

A.3 IKoHoMmuecKasi ouneHkKa: KAII3 u OII3

JKoHOMHYecKasi momenb ABHO ornudaeT KAII3 u OII3 KakK OCHOBHEIE
BXOIBI [IJI5I OLIEHKM ITPOU3BOOUTEILHOCTY MHBECTUIINM. JTU ITapaMeTPhI
nexaT B ocHOBe pacueta YIIC, BH]I u mepuoga OKyliaeMOCTH, Ipem-
CTaBJIEHHHIX B Pa3pgerne 9.
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A.4 CoorBercTrBHEe Ki104eBbIM nNoKa3arTeiasaM 3¢ dek-
TUBHOCTH (KIIJ)

Tabmnuia 12: CootBeTcTBUE KitoueBbIM nmoKa3aTensaM 3hHeKTUBHOCTH
(KIT3), ontpenenéHHbIM B T3

KII9 T3 Pe3ynsTar mo|CraTtyc Cchuika B OxoHua-
T3 TeJIbHOM OTYEéTe
MexnayHaponHbIM |AHamuTudeckud |3aBepiméH |Pazmensr 6-7 (MexmyHa-
0630p OTYET POMOHBIM OMBLIT ¥ GeHUYMap-
KUHT)
Pa3paboranbl Tex-|[JOKyMeHT TexXHU-|3aBepiméeH |Pa3gen 10 (ApxuTekTypa
HU4YecKue TpeboBa-|yeckux TpeboBa- LIMII u TexHUYECKUE TPE-
HUSA HUM OoBaHUA)
3aBepIreHa 3KOHO- | JKOHOMHYECKHUN |3aBepméH |Pazgen 9 (DkKoHOMUYeE-
MHUYecKast MOJIENIb |PacueT ckag Mopmenb: KAII3,
OI13, YTIC u BH)
[ToOoroToBIIEHO Texnudeckoe 3a-|3aBepmeH |Pa3sgen 19 (9kxcneprtHas
OKOHYAaTeJIbHOe oaHUe [OJIs Cleny- OlleHKa U KJII0YEeBHIE pe-
TeXHUYECKOoe 3aja-|Iomen ¢as3nl KOMEH[Oalliy), BKJIIIOYas
HUE 006beM Daswl 2
Paspaborana mpe-|®aiin npes3eHTa-|3aBepméH |[Ipunoxkenue: [Ipe3enra-
3eHTalusda %051 uus (mpemocTtaBieHa Kak
OTHeJIbHBIN (aiim)

Tabnuila nogTBepxkaaeT, 4To Bce KIID, onpenenénHrie B TexHUUe-
CKOM 3aJaHuHu, ObIJIM IMMOJIHOCTBIO AOCTaBJIEHBEI. MeXIOyHapOOHBIN 00-
30p, TexHnuyeckue TpeOOBaHUsI, JKOHOMHYEcKass momenb u OKOHYa-
TeJIbHOE TEXHUUYECKOe 3aJjJaHre BKIIIOYEHHI KaK MOCBSIIIEHHBIE PAa3elbl
OKOHYaATENbHOTO OTYETA, B TO BpeMs Kak [Ipe3eHTanusa npegocTasiie-
Ha KakK OTHOeJIbHBIN (dain ais ymoocTBa.

B. Cchlaku

* Cekpertapuat O3C (2025). LIudbpoBoe mMomenupoBaHUE OJIS Ke-
ne3HbIX gopor O93C — [lokyMeHTalus KOHTpaKTa.

* O9C (2025). T3 — UccnemoBaHue 10 MU(PPOBOMY MOAETNPOBAHUIO
OIS 2Keqne3HbIX mopor O3C.

* KTX: Ilpunoxenus 2-11, 3asgBneHus o CoCTosAHuUU nytu I1Y-32
(okTs26pB 2025).

* Unpsamesa I M., [lypmarambeToB A.A. (2025). DKOHOMHUYECKas MO-
nenb ans LudppoBoro MomenupoBaHus Iy TH.
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Ccbuika B OKOH-
yaTeJILHOM OT-
yeTe

MexayHapoOHbIM | AHAIUTUYECKUU 3aBepii€eH |Pasgensl 6-7 (Mexkmoy-
0030p OTYET HaApPOOHBIU ONBIT U OEHY-
MapKWHT)
PaspaboTanbl IHokyMeHT TexHHU-|3aBepiueH Pa3men 10 (ApxXUTeEKTy-
TeXHUYEeCKHe Tpe-|4eCcKux TpeboBa- pa LIMII u TexHu4yeckue
OoBaHUS HUN TpeOoBaHMSI)
3aBepliileHa 3KOHO- | DKOHOMUYeCcKul |3aBepiieH |Pa3gen 9 (3koHOMUYE-
MH4YecKasi MOOelb |pacyeT ckasi wMomenb: KAII3,
OTII3, YIIC u BH)
[ToaroToBIEHO TexHUYECKOE 3aBepueH |Pasgen 19 (OkcnepTHasa
OKOHYaTeJIbHOEe 3amaHue OJsd clie- OLleHKa U KJII0YEeBHIE pe-
TEXHUYECKOe 3a-|Oylomeu ¢ha3bl KOMEeH[Ialluu), BKJIK4Yas
oaHue o0BpeM Qaskl 2
PaspaboTana mpe-|®aiin  nOpe3eHTa- | 3aBepiiéeH |[Ipunoxenune: IIpe3eH-
3eHTallusa 11501 Tauus (ImpemocTaBlieHa

KaK OTOeNbHBIN (aiii)

C. Perumcrp HCXOOHBIX MaTepPHAJIOB

Qaun Bepcusa
Annex No. 9,10,11 .xlIsx 2025-11-05
Reply to Request (19).docx 2025-11-05

Annex No.
Zhanaozen-Bastau.xls

7 List of Level Crossings 2025-11-05

Contract Digital Railway Modelling, KTT 2025-11-05

Section.docx

Annex No. 3 Technical Characteristics 2025-11-05

Zhanaozen-Bastau.docx
ToR - Study on
Modelling.docx
Ilyasheva-Valikh.pdf
Annex No. 8.docx
Annex No. 6 List
Structures.docx
Report (25).pdf

Railway Digital 2025-11-05

2025-11-05
2025-11-05

of Engineering 2025-11-05

2025-11-05
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Annex 2 PU-32 Track  Condition 2025-11-05

Statements.pdf

D. I'moccapumn

Tepmun Onpepenenue

03C Oprasu3zanysa 5KOHOMUYECKOI0 COTPYOHHUYECTBa

PIIC PermvonanvHbIM 71aHOBEIM COBeT ODC

CKTT CoBeT 10 KOOpAUWHALIMKM TPaAaH3UTHOIO TpPaHCIIOPTa
03C

CITP CoBeT NMOCTOSSHHLIX ITpencTaBuTteneu mpu OI3C

ININY ['pynna ynpasneHus npoektoM O3C

OOH/LE®AKT LleaTp OOH 1o ynpoileHuo IpoLenyp TOProBiu U

9CKATO OOH /
ESQK OOH
CMIC

LIMII

[1y-32

K

R

h

KAIT3/0IT3
qIIC/O0O0X/BH],
KII9

ETL
LiDAR/GPS
RTK/IMU

BIM

[1&B

YK

[oU/RMSE
KT2K/PAU/TI2K

9JIEKTPOHHOU TOPIrOBJIIE

PeruonanbHbIE KOMMHCCHUHU OOH (A3uaTcko-
TuxookeaHcKkuu peruvoH / EBpora)

CormnailiieHue 0 MeXXayHapoOgHOM I'Py30BOM CO001IIe-
HUU TI0 XKeJIe3HBIM IoporaM

LIudpoBas Mmogens OyTU

dopmMa 3asBIIeHUA O COCTOSTHUU IIYTU

KpuBusHa, x = 1/R

Panuyc kpuBou

Bo3BrIllIeHVE HapYyZKHOTO pejibca

KamnuTtanbHbie / oniepaliliOHHbIE PACXOObI
[TokaszaTenu 3pPeKTUBHOCTH UHBECTUIINH
KmnioueBoi moka3aTenb 9pGHeKTUBHOCTHU
Extract-Transform-Load

BrICOKOTOUYHEBIE TTPUOOPEI Te0ie3UUeCKOl ChEMKH

MopenupoBaHre nHGOPMaIIMOHHOE 30aHu’
[IpoBepka U Banupgalus

YnpaBneHue KoHQUTypanueu

MeTpuKHU NMepeKprITUS / OIIUOKHN

XKene3nwie noporu Kazaxcrana, Upana, TyprkMeHu-
cTaHa
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AIIB/IsDB/ADB/EDBMexpayHapogHble (hMHAHCOBBIE HHCTUTYTHI

3U 3anpoc Ha U3MEeHEHHUEe

I'pynna ynpasne- OpraH yIpaBjieHUS IIPOEKTOM
HUSA

SLA Cornarrenue o0 YpoBHE CcepBHCa

RBAC YnpaBneHue 0OCTYIIOM Ha OCHOBE POJIEU
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