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ASSESSING THE COMPLEXITY OF PRODUCTION TRAJECTORIES AND INTERNAL
INTEGRATION OF VALUE CHAINS IN THE ECONOMY OF KAZAKHSTAN

This paper proposes a Stochastic Downstream Production Complexity Framework, based on representing the
economy as an absorbing Markov chain. Within the proposed approach, the output of each industry is considered as
a source of probabilistic downstream trajectories culminating in domestic final demand or exports. To assess the
characteristics of production chains, a system of indicators was developed, including the expected downstream depth
(EDD), the branching entropy of trajectories (H), the integrated index of downstream trajectory complexity (DTC),
the production transformation score (PTS), and the export leakage index (ELI). The methodology was tested using
data from a symmetric input-output table for the Republic of Kazakhstan for 2023. The results showed that the
chemical industry, metallurgy, and oil refining are characterized by the greatest complexity of downstream
trajectories. At the same time, these industries exhibit an increased risk of export leakage, indicating significant
untapped potential for deepening domestic processing chains. In contrast, oil and natural gas production are
characterized by low complexity downstream trajectories and high levels of export leakage, consistent with a model
of commodity export specialization. The research's novelty lies in the development of a probabilistic approach to
analyzing production systems that combines tools from inter-industry analysis, absorbing Markov chains, and
information entropy. The practical significance of the results lies in the possibility of identifying industries with the
greatest potential for deepening processing and increasing domestic added value.

Keywords: input-output analysis; value chains; downstream trajectories; production complexity; Markov
chains; entropy; industrial policy; Kazakhstan.

Kinm ce30ep: «xipic-uivieblcy manoaysl; KYHObLIbIK Mizbexmepi, dcemKizy mizoei 60UbIHULA OHIM A2bIHbIHbIH
mpaexkmopusnapwl, eHOIpic Kypoeniniei; Mapkos mizbexmepi; sumponus, onepkacinmik cascam,; Kazaxcman.

Knrouegvie cnosa: ananuz «3ampamovi-6lnyck», Yenouku CO30aHUs CMOUMOCMU; MPACKMOPUU OBUICEHUS
NPOOYKYuu No yenouke NOCMABOK, CHOACHOCMb npou3eoocmea; yenu Mapkosa; SHMponus, RPOMbIUIEHHAA
noaumuxa,; Kazaxcman.

JEL classification: O14, L23

Introduction. In the context of intensifying international competition, it is becoming increasingly
important not only for countries to participate in the production and export of goods, but also to retain
subsequent stages of value added creation within the domestic economy. Numerous studies show that long-
term economic growth is determined not so much by the volume of output or exports, but rather by the
structure of production links and the nature of economic participation in value chains [1-2]. This problem
is especially relevant for resource-dependent economies, where a significant part of the products is exported
at the early stages of processing. In such conditions, economic growth may be accompanied by limited
development of domestic production chains, and a significant part of the potential value added is generated
outside the country. In the literature, this phenomenon is often considered in the context of resource
dependence and limited structural transformation of the economy [3-4].

Traditionally, assessing countries' participation in value chains is based on an analysis of export
structures, inter-industry linkages, and the position of industries within production chains. However, simply
exporting products does not allow us to determine how fully the potential for their further processing within
the national economy has been realized. Exporting products that have already undergone a significant
number of production stages is fundamentally different from exporting intermediate goods at early stages
of processing. Therefore, to understand the mechanisms of added value formation, it is necessary to
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consider not only the position of industries within the production system but also the nature of subsequent
product processing trajectories.

Despite significant progress in studying value chains, existing methods primarily focus on measuring
the strength of inter-industry linkages, the position of industries relative to final demand, or the length of
production processes [5-6]. However, significantly less attention has been paid to analyzing the complexity
of subsequent production trajectories and the risk of their premature termination due to the export of
intermediate products. This raises the research question: which industries have the greatest capacity to form
complex production trajectories within the economy, and in which industries does the premature
termination of potential value chains occur?

To answer this question, this article proposes the Stochastic Downstream Production Complexity
Framework (SDPCF), a methodology based on representing the economy as an absorbing Markov chain.
The proposed approach allows assessing the depth of downstream production, the diversity of possible
downstream processing routes, and the risk of export leakage of potential production effects.

The aim of the study is to develop and test a methodology for assessing the complexity of downstream
trajectories and the structural incompleteness of production chains based on input-output data. The
empirical validation of the methodology was conducted using data from a symmetric input-output table for
the Republic of Kazakhstan for 2023. The scientific novelty of the study lies in the development of a
probabilistic approach to the analysis of production systems that combines the tools of inter-industry
analysis, Markov processes, and information entropy to assess the complexity of downstream trajectories
and the risk of their premature termination.

Literature review. The informational basis for analyzing production relationships is the input-output
table, first proposed by V. Leontief [7]. His approach allows us to view the economy as a system of
interdependent industries linked by flows of intermediate products. Subsequently, the tools of inter-industry
analysis were significantly expanded and systematized in the works of Miller and Blair [8], including
production multipliers, forward and backward linkages, and various indicators of the structural impact of
industries on the economy.

Despite its widespread use, classical input-output analysis primarily focuses on measuring the strength
of inter-industry interactions. High multiplier values indicate the presence of significant production
relationships, but do not allow us to determine how an industry's output is used in further production
processes or the diversity of possible downstream processing options.

The next stage in the development of the literature was the emergence of upstream and downstream
indicators. Upstreamness reflects the average distance of an industry from final demand and allows one to
determine its position in the production system. Subsequently, Miller and Temurshoev proposed a
distinction between output upstream and input downstream, allowing for a more complete account of the
role of industries in the structure of production flows. These indicators significantly expanded the
possibilities for analyzing production chains; however, they primarily characterize the average position of
an industry relative to final demand, leaving open the question of the diversity of possible further uses of
its products and the complexity of subsequent production continuations.

A related area of research concerns measuring the length of production chains. Dietzenbacher and
Romero proposed the Average Propagation Length indicator, which allows for estimating the average
number of steps in the propagation of production effects between industries. Unlike traditional multipliers,
this indicator takes into account not only the presence of inter-industry links but also the distance between
industries within the production structure.

Wang et al. [9] made a significant contribution to global value chain research by developing a system
of indicators for the length of production and the international distribution of value creation stages. Similar
issues are addressed in the works of Koopman et al. and Baldwin and Lopez-Gonzalez [10]. These studies
demonstrate that not only a country's participation in global value chains but also its ability to retain deeper
stages of processing within the national economy is an important development factor. However, existing
indicators of production chain length primarily characterize the depth of product flow and do not take into
account the diversity of possible further production continuations. Another area of research is the analysis
of the complexity of economic systems. Hidalgo and Hausmann [11] demonstrated that the structure of a
country's production capabilities is associated with its long-term economic development. This concept was
further developed through studies of product space and related diversification opportunities.

In parallel, network approaches to economic analysis have developed. For example, studies by
Acemoglu et al. [12] and Carvalho [13] demonstrated that the structure of production networks has a
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significant impact on the propagation of shocks and macroeconomic dynamics. Interest in applying
information theory and entropy methods to the analysis of economic systems has also grown in recent years.

Of particular interest are studies examining inter-industry systems as stochastic networks and Markov
processes [14]. These studies demonstrate the potential of probabilistic representations of production
systems; however, they are primarily focused on analyzing the structure of the economy as a whole and are
rarely used to study the subsequent production trajectories of individual industries.

Thus, existing approaches allow us to assess the strength of inter-industry linkages, the position of
industries in the production system, the length of production chains, and the overall complexity of the
economy. However, the literature is virtually lacking tools that simultaneously account for the depth of
downstream production, the branching of possible production continuations, and the risk of premature
termination of trajectories due to the export of intermediate products. Therefore, in this study, we propose
an approach combining tools from inter-industry analysis, absorbing Markov chains, and information
entropy to address this gap in the literature.

Main part. The proposed Stochastic Downstream Production Complexity Framework methodology
is based on conceptualizing the economy as a system of probabilistic production trajectories. Unlike
traditional inter-industry analysis, which focuses primarily on the strength of inter-industry linkages, this
study focuses on the possible subsequent uses of products after their production.

It is assumed that the output of each industry can follow several alternative trajectories: used by other
industries as an intermediate resource, exported, or supplied to final demand. Consequently, the production
system can be interpreted as a network of sequential product transitions between processing stages.

To formalize this process, the framework of absorbing Markov chains is used. Within this model,
economic sectors are considered intermediate states of the system, while domestic final demand and exports
act as absorption states. This approach allows us to analyze not only the sector's position in the production
structure but also the depth, branching, and direction of further propagation of production effects.

The initial data for the study are symmetric input-output tables.

Let:

Z=[Zjj] — intermediate consumption matrix;

FDi — domestic final demand for the output of sector i;

Ei — export of the output of sector i.

The total utilization of the sector's output is defined as:

n
Ti=ZZij+FDi+Ei (1)
j=1
Based on this value, the probabilities of product transfer between industries are calculated:

qij =7 2

The probabilities of the transition of products to final demand and export are defined respectively as:

FD;
TiFD = T, 3
E;
Ti,E = FL (4)
The probabilities obtained from a transition matrix:
P=[QR;01] (®)

where:
Q — matrix of transitions between production sectors;
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R — matrix of transitions to absorption states;
| — identity matrix.

When using input-output tables, the problem of confusing production transformation processes with
distribution circulation arises.

Activities such as trade, transportation and warehousing, financial services, real estate, public
administration, and other service industries play an important role in the economy, but they do not create
new stages of material processing. Including them in the calculation of production paths artificially
lengthens the chains due to service cycles.

To eliminate this effect, the study uses production-filtered transition matrix.

The following sectors are considered as generators of downstream trajectories: agriculture; forestry;
fisheries; extractive industries; manufacturing industries.

Construction, energy, trade, transportation, financial services, real estate transactions, public
administration, and other services remain as actual consumers of products, but do not participate in the
generation of subsequent production stages. Thus, a material transformation matrix is formed, reflecting
only those transitions associated with further changes in the physical characteristics of products.

To assess the depth of production trajectories, the fundamental matrix of an absorbing Markov chain
is used:

N=(U-Q)* (6)

The Expected Downstream Depth (EDD) indicator is calculated on its basis:

n
j=1

This indicator reflects the expected number of production steps an industry's output undergoes before
reaching absorption (final demand or export). High EDD values indicate high levels of product integration
into subsequent production processes.

Shannon's information entropy [15] is used to estimate the diversity of possible downstream
processing directions. The Local Downstream Branching Entropy indicator is calculated for each industry:

H; :Zbij log; b;; (8)
j

where gij characterizes the probability of the transition of products from industry i to industry j.

High entropy values indicate the presence of a large number of alternative downstream processing
paths and a more even distribution of production flows between them. Low values are typical of industries
with a limited set of downstream processes.

The depth of product flow and the diversity of production processes reflect various aspects of
production chain complexity. To combine these, the Downstream Trajectory Complexity (DTC) metric is
calculated:

DTC; = H; x In(EDD; + 1) 9)

Using a logarithmic function smooths out the impact of extremely long chains and ensures
comparability of results across industries.

High DTC values are typical for industries whose products undergo numerous processing stages and
are used in a wide range of subsequent production processes.

To separate actual production processing from service circulation, the Production Transformation
Score (PTS) is calculated. This metric is defined as the ratio of the production trajectory depth calculated
on the filtered transition matrix to the trajectory depth on the full matrix:
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PTS; = —L (10)
i

where:
. EDDLP”’d — EDD value on the production-filtered matrix;

o EDD{ — EDD value on the full transition matrix.

High PTS values indicate that the observed chain depth is primarily due to production processing
rather than service cycles.

To assess the risk of premature termination of production paths due to the export of intermediate
products, the intermediate output orientation coefficient is calculated:

Z;‘l=1 Zij

10; = = 2=tY
b Xl zi + FD;

(11)

The higher the value of this indicator, the greater the proportion of the industry's output is used in
further production processes rather than being sent directly to final consumption.
The Export Leakage Index (ELI) is calculated based on this ratio:

E; 1
ELl = (F) 10 1 EDD, 1 D) (12)

High ELI values are typical for industries whose products are highly intermediate in nature but are
exported before undergoing potential domestic processing stages.

Consequently, the indicator reflects the risk of losing potential added value due to the premature
withdrawal of products from the domestic production system.

To interpret the results, an industry typology based on a joint analysis of the DTC, PTS, and ELI
indicators is used.

Based on this, the following industry groups are identified:

1. Mature Production Hubs — high DTC, high PTS, and low ELI;

2. Branching but Leaky Sectors — high DTC and high ELI;

3. Raw Export Sectors — low DTC and high ELI;

4. Final-Demand Sectors — low DTC and low ELI;

5. Circulation-Dependent Sectors — high overall depth with low PTS.

This typology allows us not only to identify the most complex production hubs in the economy but
also to identify industries where potential value chains are prematurely interrupted.

Using our proposed approach, we analyzed the input-output tables of the Republic of Kazakhstan for
2023, revealing significant differences between industries in their ability to shape downstream production
trajectories. To eliminate the influence of distribution and service cycles, calculations were performed using
a material transformation matrix, in which trade, transportation, finance, real estate, public administration,
and other service industries were considered end-use sectors and were not involved in generating new
downstream trajectories.

Calculating the DTC index allowed us to identify industries with the highest potential for building
vertical production chains. Table 1 presents the leading industries based on the DTC index.
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Table -1
Leading industries by the Downstream Trajectory Complexity Index

Industry DTC ELI

Chemical industry 1,657 0,175
Other mining 1,272 0,286
Forestry and logging 1,269 0,013
Coke production 1,082 0,014
Metallurgy 1,008 0,338
Textile industry 0,922 0,029
Metal ore mining 0,921 0,227
Agriculture 0,775 0,055
Rubber and plastic products manufacturing 0,718 0,101
Petroleum product manufacturing 0,609 0,353

*calculated by the authors

The highest DTC value is observed in the chemical industry, as chemical products are involved in a
wide range of subsequent production processes and are used as intermediate inputs for many industries. In
fact, the chemical industry is a key hub for value chains, supporting the further development of
petrochemicals, plastics, construction materials, and end-use products.

Relatively high DTC values are also characteristic of metallurgy, coke production, and mining
products. This indicates the significant role of these industries in providing the material base for subsequent
production processes. Forestry and logging also have relatively high DTC values; their products are used
in a wide range of applications, but their share of gross economic output is low.

Overall, the results confirm that the most complex downstream trajectories are formed around
industries producing intermediate products capable of being repeatedly recycled and recycled. To assess
the risk of premature product withdrawal from the national production system, the Export Leakage Index
(ELI) was calculated, reflecting the combination of an industry's export orientation, the intermediate nature
of its products, and the limited depth of its domestic production trajectories. Table 2 presents the leading
industries according to this index.

Table — 2
Leading industries by the Export Leakage Index
Industry ELI DTC
Oil and natural gas production 1,387 0,088
Petroleum product manufacturing 0,353 0,609
Metallurgy 0,338 1,008
Coal mining 0,305 0,432
Other mining 0,286 1,272
Metal ore mining 0,227 0,921
Wood processing 0,175 0,565
Chemical industry 0,175 1,657

*calculated by the authors

The highest ELI values are found in oil and natural gas production, due to the export of a significant
portion of production before potentially undergoing processing within the national economy. As a result, a
significant share of potential added value is generated outside the country.

High ELI values are also observed in metallurgy, oil refining, and several extractive industries.
However, unlike the oil and gas sector, these industries are also characterized by relatively high complexity
of downstream trajectories. This means they possess significant potential for the formation of domestic
value chains, which is only partially realized.

The results obtained suggest the existence of not only a problem with raw materials exports, but also
a problem with incomplete production chains in certain sectors of the manufacturing industry.

At the same time, industries that combine highly complex downstream trajectories and significant
levels of export leakage are of interest. Such industries possess a well-developed system of production
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linkages, but some of the potential benefits from further processing are transferred outside the national
economy (Table 3).

Table -3
""Branching but Leaky"" Industries
Industry DTC ELI
Chemical industry 1,657 0,175
Metallurgy 1,008 0,338
Petroleum products production 0,609 0,353

*calculated by the authors

The industries listed in the table occupy a special position in the structure of Kazakhstan's economy.
Unlike primary extraction industries, they already have established downstream links and are capable of
generating complex production trajectories. At the same time, a significant portion of their output is
exported before the full domestic processing cycle is completed.

From an industrial policy perspective, these industries are of particular interest for stimulating the
deepening of production chains and the creation of additional added value within the country.

Based on the ratio of the DTC and ELI indices, several industry types can be identified, characterizing
their roles in the national production system (Table 4).

This typology shows that the structural incompleteness of Kazakhstan's economy manifests itself not
only in the dominance of raw materials exports but also in the existence of a number of industries with
untapped potential for developing domestic value chains. The most promising areas for further development
are the chemical industry, metallurgy, and oil refining, where expanding domestic processing could provide
the greatest increase in national added value.

Table — 4
Typology of industries based on SDPCF results
Industry Type Characteristic Examples
Mature Production Hubs High DTC, Low ELI Textile industry, rubber and plastics
manufacturing
Branching but Leaky Sectors High DTC, High ELI Chemical industry, metallurgy, oil
refining
Raw Export Sectors Low DTC, High ELI Oil and gas production, coal mining
Final-Demand Sectors Low DTC, Low ELI Most service industries
Circulation-Dependent Sectors High overall depth with a low | Trade, transportation, financial
share of production | services
transformation

*calculated by the authors

Production system studies traditionally use indicators of inter-industry linkages, production
multipliers, and the position of industries in value chains. In particular, upstream and downstream indicators
allow us to assess the relative position of an industry vis-a-vis final consumption and other stages of the
production. However, these indicators primarily characterize the average position of an industry in the
production system and do not allow us to assess the diversity and complexity of subsequent product uses.

Our proposed methodology assumes that industries can differ not only in their position in the
production chain but also in the number and diversity of potential extensions of the production process. In
this regard, the developed approach is conceptually close to production chain studies based on Average
Propagation Length indicators, which take into account not only the strength of inter-industry linkages but
also the distance of production effects within the economy. At the same time, the method shifts the emphasis
from the analysis of the spread of shocks to the analysis of potential trajectories for further processing of
products.

The results show that the chemical, metallurgy, and oil refining industries have the greatest complexity
in downstream trajectories. These industries share the common characteristic of producing intermediate
products used in a wide range of subsequent production processes. Thus, these industries serve as
transformation nodes through which a significant number of potential production trajectories pass.

77



Ka3zak 5K0HOMHKA, Kap:KbI jKIHE XaJIbIKapaJibiK cayna yHusepceutTerinin JKAPLIBICHI, 2026 — Ne3 (64)

A group of industries identified as branching but leaky sectors deserve special attention. This group
includes the chemical industry, metallurgy, and oil refining. Unlike primary extraction industries, these
activities are already embedded in relatively complex production chains, but a significant portion of their
output is exported before undergoing any subsequent processing stages within the country. This result is
particularly interesting from the perspective of global value chain theory. According to Wang et al., the
characteristics of production chains are determined not only by the industry's position in the production
structure but also by the length of the production processes through which value is created. The results
indicate that for Kazakhstan, the problem lies not only in raw material specialization per se, but also in the
premature termination of production trajectories in industries that already possess significant potential for
further processing.

In this context, the ELI indicator allows for a new interpretation of the problem of commodity
dependence. Traditionally, an economy's reliance on raw materials is viewed through a high share of
extractive industry exports. However, the study's results show that the mere fact of exporting does not
necessarily indicate an economy's structural weakness. A more significant question is at what stage of the
production chain the export of products occurs. Exports of products that have already undergone a
significant number of processing stages differ fundamentally from exports of intermediate goods at early
stages of processing. Consequently, the structural incompleteness of production chains is a more complex
phenomenon than simple dependence on commaodity exports.

A comparison between the oil and gas sectors and oil refining is particularly revealing. While oil and
gas production is characterized by extremely high levels of export leakage and low complexity of
downstream trajectories, oil refining exhibits both a relatively high level of DTC and a high ELI. This
suggests that further development of petrochemical production and the production of higher-value products
could yield a significantly greater impact on the national economy than simply increasing raw material
production. Similar conclusions can be drawn regarding the metallurgy sector. Despite a well-developed
system of production linkages, a significant portion of metallurgical products are exported as semi-finished
and intermediate materials. Accordingly, the expansion of metalworking, mechanical engineering, and
other industries that use metallurgical products as intermediate inputs could further deepen domestic value
chains.

From a methodological perspective, the study's results confirm the potential of integrating input-output
analysis, network analysis, and information theory. The use of entropy characteristics to describe the
structure of economic systems has a long history in studies of input-output models. In recent years,
approaches that consider inter-industry systems as stochastic networks and Markov processes have develop.
Our proposed framework advances this line of research by combining the analysis of production
trajectories, Markov transitions, and entropy characteristics within a single methodology.

A number of limitations of the study should also be noted. First, the calculations are based on an
aggregated input-output table, which inevitably obscures differences between individual product groups
within aggregated industries. Second, the results are partially dependent on the chosen procedure for
filtering the industries involved in generating downstream trajectories. Despite the theoretical justification
for this approach, alternative classification options may lead to some changes in the industry rankings.
Third, the Markov model used is a probabilistic approximation of production processes and does not reflect
all the technological features of specific value chains.

Despite these limitations, the study demonstrates that downstream trajectory analysis allows us to
identify aspects of the economy's structural development that remain hidden when using traditional inter-
industry analysis metrics. Specifically, the proposed approach allows us to distinguish between industries
that are the source of complex production trajectories and those that experience premature interruptions of
potential value chains. This opens up new opportunities for analyzing the structural incompleteness of the
economy and developing industrial policy aimed at deepening domestic processing and increasing national
added value.

Conclusions. This study proposes the Stochastic Downstream Production Complexity Framework, a
methodology designed to assess the complexity of downstream product processing trajectories and identify
structural incompleteness in production chains based on input-output tables. Unlike traditional inter-
industry analysis metrics, which focus on measuring the strength of interdependencies or the position of
industries relative to final demand, the proposed approach allows for the analysis of the diversity of possible
downstream product processing routes and the risk of premature interruption of production chains.
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The methodology is based on representing the economy as an absorbing Markov chain, in which
industries are treated as intermediate states, and domestic final demand and exports are considered as
absorption states. This allowed us to develop a system of interconnected indicators, including the depth of
distribution of production trajectories (EDD), the entropy of their branching (H), the integrated index of
downstream trajectory complexity (DTC), the production transformation index (PTS), and the export
leakage index (ELI).

Testing the methodology using data from a symmetric input-output table for the Republic of
Kazakhstan for 2023 revealed that the chemical industry, metallurgy, and oil refining have the greatest
capacity to generate complex production trajectories. At the same time, these industries simultaneously
exhibit a relatively high level of export leakage, indicating significant untapped potential for deepening
domestic value chains.

The analysis also revealed that the economy's structural incompleteness is not limited to a high share
of commodity exports. A significant portion of potential added value may also be lost in manufacturing
sectors that already possess a developed system of production linkages but are focused on exporting
intermediate goods. As a result, branching-but-leaky sectors were identified, characterized by a
combination of highly complex downstream trajectories and a significant risk of export leakage. These
sectors are of particular interest from the perspective of industrial policy aimed at deepening processing
and expanding domestic production chains.

The theoretical contribution of this study lies in its development of existing approaches to analyzing
production systems through the integration of inter-industry analysis, Markov processes, and information
theory. Unlike upstream indicators, production multipliers, and traditional measures of economic
complexity, the proposed methodology allows us to consider a production system as a set of probabilistic
trajectories for the further transformation of products, opening up new possibilities for analyzing the
structural characteristics of the economy.

The practical significance of this study lies in the potential for using the proposed methodology to
identify industries with the greatest potential for deepening processing, as well as to assess the impact of
various industrial policy scenarios. The results obtained can be used in developing industrial development
programs aimed at increasing domestic added value and reducing dependence on the export of intermediate
products.

This research is funded by the Science Committee of the Ministry of Science and Higher Education of
the Republic of Kazakhstan (Grant No. AP23490547 “Atlas of Economic Specialization of the Regions of
Kazakhstan: Conditions of Formation and Mechanisms of Restructuring”).
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Kaiinayos E.B., [IpuTtBoposa T.II., Omap XK.T.

OHAIPICTIK TPAEKTOPUSAJIAPABIH KYPAEJILJIIT'TH )KOHE KAZAKCTAH
9KOHOMMKACBIHJAFBI KOCBUIFAH K¥YH TI3BBEKTEPIHIH IIIKI THTEI'PAHUAJIAHYBIH
BATAJIAY

AHgaTna

Byn makanmama 3KOHOMHKAHBI CiHIprimn MapkoB Ti30eri peTiHle KOpCeTyre HETI3[CITCH TOMCHTI aFbIHJIbI
OHJIIpiC MPOLECTEePIHIH KYPICIUIIr YIIiH CTOXAaCTUKAJIBIK KYPBUIBIMABIK MOJEIb YCHIHBUIAABI. ¥CBHIHBUIFAH TOCLI
meHOepine apOip canaHbIH OHIMI IIIKI COHFBI CYPaHBICKa HEMECE 3KCIOPTKA SKEJIETIH BIKTUMAal TOMEHT1 aFbIH/IbI
TpaeKTOpHUsUIApABIH K631 peTiHe KapacThIpblUIabsl. OHIpic TI30eKTEpiHiH CHITaTTaMajIapblH Oarajiay YIIiH KyTUIeTiH
TeMeHri arsiHAb TepeHmik (Expected Downstream Depth), TpaekropustHbIH TapMakTary sHTponusceH (H), ToMenri
arplHIOBI TPAeKTOpWs Kypremimirinig wuHTerpangsl umaHAekcin (Downstream Trajectory Complexity), eHmipicTi
TpaHchopmanmsay ynaibiH (Production Transformation Score) skoHe 3KCHOPTTHIK arbin KeTy mHAEKCiH (Export
Leakage Index) KaMTHTBIH KepceTKimTep >Xyieci o3ipieHmi. Omicreme 2023 sxpurra apHanraH Kaszakcran
PecnyOnmkace! yIIiH CHMMETPHSUITBI «KipiC-IIIBIFBICY KECTECIHIETI HepeKTepdl MmalaamaHbIl chiHaIAbl. HoTmkemep
XUMHS OHEPKoCiOi, METaJUTyprus XOHE MYHail ©HICY TOMCHTI arblHAbI TPAaeKTOPHIAPIBIH €H KYpACILUTriMeH
cUnaTTanaThiHbIH KepceTTi. COHBIMEH Karap, Oyl camanap SKCIOPTTHIK aFblll KeTy KayIiHIH »KOFapblIayblH
KepceTei, Oy OTaHABIK OHJCY TI30CKTEepiH TepeHACTYIIH aiTapibIKTail maigagaHbUIMaraH OJCYCTiH KOPCETE/l.
Kepiciniie, MyHaii MeH TaOUFHU ra3 OHIIPICI Tayap 3KCIIOPTHIHBIH MaMaHIaHy MOJICIIIHE COMKEC KEeJICTiH TOMEHT1 aFbIM
TPaeKTOPHUSIIAPBIHBIH TOMEH KYPAENIIIrIMEH JKoHE SKCHOPTTHIH KOFaphl JIEHIeHIer] aFbll KeTYIMeH CHIATTalla/Ibl.
byn 3epTreyniH FBUIBIMH JKaHAJBIFBl cajlaapaliblK Tajjuay KypallapblH, CiHipeTiH MapkoB Ti30€KTepiH KoHe
aKNaparThIK SHTPOIMSHBI OIpIKTIPETIH OHIIpIC >KyHeNnepiH TanjayFa BIKTUMAIIBIK TOCUINI d3ipieynae KaTbIp.
HoatkenepaiH NpakTHKAIBIK MaHBI3bUIBIFEl OHICY NI TSPEHACTY KOHE OTaHIBIK KOCBUIFaH KYH/BI apTTHIPY YIUiH CH
YJIKeH arneyeTi Oap cananapsl aHBIKTAy MYMKIHIITIHIE XKaThIp.

Kaiinayos E.B., Ilpuroposa T.II., Omap K.T.

OIIEHKA CJIOKHOCTHU TPOU3BOJCTBEHHBIX T}"AEKTOPHPI Y BHYTPEHHEN
NHTET'PUPOBAHHOCTHU HEINMOYEK JTOBABJIEHHOU CTOMMOCTHU B O KOHOMHUKE
KA3AXCTAHA

AHHOTAIMSA

B pabore mpennoxena Croxactudeckas (peiiMBOPK-MOAENb CIIOKHOCTH HHUCXOJSIINX IPONU3BOJCTBEHHBIX
MPOLIECCOB, OCHOBaHHAsl Ha MPEACTABICHWM AKOHOMHKHM B BHIE MOTIJOIIAIONIEH MapKOBCKOW memu. B pamkax
MPE/I0KEHHOTO MOIX0/1a BEIITYyCK KaX/IOW OTPAcii pacCMaTpUBaeTCsl KaK UICTOYHHUK BEPOSITHOCTHBIX HUCXOJISIIIIHX -
TPaeKTOpHUii, 3aBEepIIAIONINXCS BHYTPEHHHUM KOHEYHBIM CIIPOCOM WIIM 3KCHOPTOM. ISl OLEHKHM XapaKTepHCTHK
MPOM3BOJICTBEHHBIX IIETIOYEK pa3paboTaHa cHUCTeMa IIOKas3aTeneil, BKIIOHYAIomias OXKHIAeMyl0 TIIyOHHY
HHUCXosmero-mpoxoxaeHus npoxykunu (Expected Downstream Depth), sHTponHIo pa3BeTBIEHHOCTH TPAacKTOPHH
(H), uHTerpanbHbIil HHACKC CIOKHOCTH HUCXOAAIHX -TpackTopuii (Downstream Trajectory Complexity), mokasareis
npousBoJicTBeHHO# TpaHchopmarmu (Production Transformation Score) m mHumexc skcrnoptHod yreuku (Export
Leakage Index). AmpoGauusi METOTWKH BBINOJHEHa HAa JAHHBIX CHUMMETPUYHOM TaONHIIBI «3aTPAThI-BBITYCK)
Pecniybmukn Kazaxcran 3a 2023 ron. PesymbraTel mMoOKa3aid, 4YTO HauWOOJbIIEH CIOKHOCTBIO HUCXOJSIINX-
TPaeKTOPHUil XapaKTEePU3YIOTCSI XMMUUYECKasl IIPOMBIIIIEHHOCTh, METAJUTyprust U HedTenepepadoTka. OHOBPEMEHHO
JTaHHbIE OTPAaCiId JEMOHCTPUPYIOT IMOBBIIMICHHBI PUCK AKCIOPTHOW YTEYKH, YTO CBHUIETEIHCTBYET O HAIWYHU
3HAYUTEIHLHOTO HEPEaTM30BaHHOTO TIOTEHIMANA YITyOJIeH!s] BHYTPEHHHUX IETIoUeK rnepepadboTku. B ommune ot HUX
J00bua He()TH M IIPUPOIHOTO Ta3a XapaKTepH3yeTcs HU3KON CIIOXKHOCTHIO HUCXOJSIIUX-TPACKTOPHH U BBICOKHM
YPOBHEM 3KCHOPTHOH YTEUKH, YTO COOTBETCTBYET MOJICIIH CHIPHEBOI 3KCIIOPTHOH crienanu3anyuy. HaydHas HoBH3HA
WCCIIEJIOBaHMS 3aKJIOYaeTcsi B pa3pabOTKe BEPOSTHOCTHOTO MOJXOJa K aHalHM3y IPOM3BOJCTBEHHBIX CHCTEM,
00BEANHSIONETO HHCTPYMEHTBI MEKOTPACIIEBOTO aHAIM3a, ITOTJIONIAIONINX MapKOBCKUX HeTeil 1 MHPOPMAaIlMOHHON
sHTpOnHH. [IpakTHyecKkast 3HAUNMOCTh PE3yIbTaTOB CBA3aHA C BOZMOKHOCTBIO BBIABICHHS OTpaciel, 001agaromumx
HanOOJBIINM ITOTCHIINAJIOM yIITyOJICHHUS IepepabOTKH M yBEIMYEHUS BHYTPEHHEH 100aBICHHON CTONMOCTH.
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