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Abstract. The role of cluster formations in increasing the competitiveness of products and acceler-
ating the innovative development of the agrarian economy of Kazakhstan is revealed. Theoretical
and practical principles, prerequisites and methodological approaches to the creation of agro-in-
dustrial clusters are defined, their distinctive features are revealed. Purpose - economic interests
of clustering in agro-industrial complex in the context of regions of the republic are considered.
The selection of objects in 17 regions with the highest economic indicators of financial and eco-
nomic activity was carried out. Methods —k-means - for preliminary reduction of data dimensionality
by means of factor analysis; rapid cluster analysis - in order to combine economic entities into
cluster components on the basis of similar characteristics. Results - primary data were collected,
correlation matrix was constructed and the presence of generalized factors was assessed to reduce
the dimensionality of the studied attributes. Multivariate statistical study of agricultural products
production by regions for 2023 was carried out. The variant with 5 clusters, the order and map of
location of 17 administrative-territorial units of regional significance were adopted, the dendrogram
of intergroup linking of regions was developed. Conclusions - cluster analysis allows to distribute
the totality of objects (regions) of the Republic of Kazakhstan into five cluster formations,
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connecting in them the enterprises having similar structure and production specialization. The
identified groups can be used for rating assessment of agro-industrial cluster that promotes effec-
tive integration of resources and knowledge. It has been established that the application of the
cluster approach contributes to increasing productivity and sustainability of the agricultural sector,
ensuring long-term development and competitive advantages.

Axnpatna. Knactepnik KypbinbiMgapablH OHiMHIH Oacekere KabineTTiniriH apTTbipyaafbl XoHe
KasakcTaHHbIH arpaprnbl 3KOHOMMKacbiHbIH WHHOBaUMANbLIK AaMyblH XegengeTtyaeri peni
awbinNabl. ArpoeHepKacinTik Knactepnepai KYpyAblH TEOPUAIbIK XKaHe NpaKTUKanbIK kKaFrupartrapbl,
anfbllWlapTrapbl MeH oaicHamanblK Tacingepi amkbiHOanAbl, onapablH epekwe 6enrinepi
aHblKTangbl. Makcambl - pecnybnuka eHipnepi OeniHiciHge arpoeHepkacinTik KeweHAeri
KnacTteprieyaiH 3KOHOMUKanbIK Myaaenepi kKapanabl. Kapxbl-llapyauwbinbIK KbI3METiHiH HEFYpPIbIM
)KOFapbl 3KOHOMMKanbIK KepceTKilwTepi 6ap 17 o6nbicTa 06beKTinepai TaHAay Xysere acbipbingbl.
9dicmep — k-opTawa - hakTopnbIK Tangay kemeriMmeH AepeKkTepAiH MeswepiH anAblH ana KbiCKapTy
YLWiH; XblngamMm Knactepnik tangay - yKcac cunatramanap HerisiHge wapyauwbinbIK Xyprisywi
cybobekTinepai kKnactepnik KOMMOHeHTTepre OipikTipy MakcaTbiHOa Xy3ere acblipbliagbl.
Hamuxenep - Gactankbl AOepeKkTep XWHaKTanAbl, KOPpPenAuMAnbliK MaTpuua Kypbingbl XoHe
3epTTeneTiH 6enrinepAid, enwemaepiH TOMeHAETY YLWiH XannbllaHFaH daktopnapabliH 60nybiHa
b6ara 6epinai. 2023 XbiNbl 6Hipnep 60MbIHWA aybis1 WapyawbifibiFbl OHIMAEPiHIH eHAipiciHe Ken
enilweMAi cTaTUCTUKanbIK 3epTTey Xyprisingi. 5 knactepMeH HycKa, o6nbICTbIK MaHbI3bl 6ap 17
aKiMWwinik-ayMakTblK OGipnikTi opHanacTbipy TapTibi MeH KapTacbl KabbingaHabl, obnbicTapabl
TonapanbiK 6annaHbICTbIpy AeHAporpaMMach! a3ipneHai. KopbimbiHObLIap - KNacTepnik Tangay
KasakctaH Pecny6nukacbl o6bekTinepiHiH (eHipnepiHiH) XXUbIHTbIFbIH OflapFa yKcac KypbibIMbl
MeH ©eHAipicTik MamaHAaaHybl 6ap kacinopbliHAapAbl OipikTipe oTbipbIn, 6ec knacTepnik
KypbinbiMaap 6onbiHwa 6enyre MyMkiHAik Oepepi. BeniHreH TonTap pecypcrtap MeH GiniMHiH
THiMAi MHTerpauusicbiHa biKNan eTeTiH arpoeHepKacinTiK KnacTepai pPenTUHITIK Garanay yLiH
nanpganaHbinybl MyMKiH. Knactepnik Tocingi kongaHy y3ak mep3iMai gamy meH 6acekenecTik
apThiKWbINbIKTapAbl KaMTamMacbi3 eTe OTbIpbiN, arpapnblK CeKTopAblH eHimainiri meH
OPHLIKTLIIbIFbIH APTThIPYFa biKnasn eTeTiHi 6enrineHai.

AHHoOTaumA. PackpbiTa ponb KnacTepHbIX (p)opMMpOBaHUM B NOBbILLEHUN KOHKYPEHTOCMOCOGHOCTHU
npoAyKuMU U YCKOPeHUN MHHOBaLWOHHOIoO pa3BUTUSA arpapHon akoHoMuku KasaxcrtaHa. Onpepe-
INeHbl TeopeTUYECKNe U NpakTuyeckue NPUHLUUNLI, NPeANOoCbISIKM U MeToAoNornyeckue noaxoabl K
CO3aHMI0 arponpoMbILLIIEHHbIX KITAaCTEPOB, BbisIBIIeHbl UX OTNIUYUTENbHbIE NPU3HakKku. Ljens - pac-
CMOTpeHblI 3KOHOMUYEeCKUe MHTepechl Kractepu3auum B arponpoMbIlLISIeHHOM KOMMeKce B pas-
pe3e pernoHoB pecny6nuku. OcyllecTBreH BbIGOp 06LeKkToB B 17 o6nactax, umerowux Hambonee
BbICOKME 3KOHOMMYECKue nokasatenu (UMHAHCOBO-XO3AWCTBEHHOW AesATenbHocTU. Memoob! -
k-cpeaHux - ans npeaBapuUTENbHOIO COKpPAaLLEHUS Pa3MepPHOCTU AaHHbIX C NOMOLbIO haKTOPHOro
aHanu3a; 6bICTPOro KnacTepHOro aHanusa — B Liensx o6bLeaAnHeHUA XO03NCTBYOLUX CYOBHLEKTOB B
KNnacTepHbleé KOMMNOHEHTbl Ha OCHOBE CXOAHbIX XapaKTepUCTUK. Pesysibmamsbi - coObpaHbl NepBUY-
Hble AaHHble, NOCTPOEHa KOppensLuMoOHHaA MaTpuLua 1 AaHa oLeHKa Hannuus 0606w eHHbIX akTo-
POB ANA CHMXEHUA pa3MepHOCTU uccrnepyemMbix npusHakos. [lpoBeaeHO MHOroMepHOe CTaTUCTU-
Yyeckoe nccrnegoBaHMe NPOU3BOACTBA CeNlbCKOXO3ANCTBEHHbIX NPOAYKTOB NO permoHam 3a 2023r.
MpuHATBLI BapuaHT ¢ 5-10 KnacTtepaMmu, NOPSAOK U KapTa pa3melieHns 17 agMUHUCTPaTUBHO-TEPPU-
TopuarnbHbIX eAUHUL, 06N1acTHOro 3Ha4YeHus1, paspaboTaHa geHaporpaMmma MeXrpynnoBoro cBsa3bl-
BaHMA obnacTten. BbieoOdhbl - KNacTepHbIN aHanu3 No3BonisieT pacnpeaenuTb COBOKYNMHOCTbL 06bek-
ToB (pervoHoB) Pecny6nuku KaszaxctaH no nATHU KnactepHbIM (pOpMUPOBaAHUAM, COeAUHAS B HUX
npeanpuaTUA, UMeloLLMe CXOXYH CTPYKTYpy U NMPOU3BOACTBEHHYIO cneuunanusauuio. BoigeneH-
Hbl€ rpynnbl MOTYT UCNONb30BaTbCA ANA PENTUHIOBOM OLIEHKU arpornpoMbILLNIEHHOro Kracrepa,
cnocobcTByloWEero 3¢pPeKTMBHON MHTErpauum pecypcoB U 3HaHUNA. YCTaHOBJEHO, YTO NPUMEHe-
HUe KIacTepHOro noaxoAa cnoco6CcTByeT yBeNIMYEeHUIo NPON3BOAUTENBHOCTM U YCTONYMBOCTH ar-
papHoOro cektopa, obecne4ynBas 4OJITOCPOYHOE Pa3BMTUE U KOHKYPEHTHbIE NpenmMyLlecTBa.

Key words: agro-industrial complex, cluster formations, rating assessment, production specializa-
tion, financial and economic performance indicators, long-term development, competitive ad-
vantages.

TyniHAi ce3pmep: arpoeHepKacinTik KelleH, KnacTepslik KypbinbiMaap, PeWTUHITIK OGaranay,
eHAipicTiH MamaHAaHybl, KapXbl-lWapyawbinbIK KbI3MeTiHiH KepceTKiwTepi, y3aK Mep3imai aamy,
6acekenecTiK apTbIKWbIbLIKTaPp.
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Introduction

The foremost task in developing the re-
gional agro-industrial complex of the Republic
of Kazakhstan (AIC RK) is to ensure competi-
tiveness for all economic entities as well as for
the regions overall. Concurrently, it is essential
to employ methods and mechanisms to en-
hance competitiveness. Among such methods
is the cluster approach, which entails the con-
centration, integration, and mobilization of re-
sources for the innovative development of both
territories and industries.

Enhancing production efficiency within the
agro-industrial complex under market condi-
tions necessitates the utilization of various fac-
tors, including organizational, economic, natu-
ral, and labor factors. Priority is accorded to or-
ganizational and economic factors, which en-
compass cooperative-integration relations.
The sustainable operation of the economic
landscape in the agricultural sector demands
the development of suitable approaches for the
establishment and functioning of integrated
management forms.

Consequently, the cooperation and inte-
gration of business entities, along with the cre-
ation of cluster structures aimed at consolida-
ting the production capacities of diverse busi-
ness entities, stabilizing economic activity
amidst market uncertainty, and augmenting
production volumes and sales of high-quality
products, is becoming increasingly pertinent.
When business entities are organized into clus-
ters, the production structure becomes opti-
mized, resources are concentrated in priority
areas, production and technological processes
are modernized, and non-production costs are
minimized. In the context of contemporary Ka-
zakhstan, with its 17 regions, an agro-industrial
cluster can be defined as a territorial amalga-
mation of organizations interconnected by pro-
duction and marketing activities, aimed at en-
hancing the competitiveness of products and
stimulating investment activity.

The territory of Kazakhstan consists of 5
regions: Northern, consisting of four regions:
Kostanay, North Kazakhstan, Pavlodar and Ak-
mola; Eastern, consisting of two regions (East
Kazakhstan and from 2022- Abay); Western, it
includes four regions: Aktobe, West Kazakh-
stan, Mangistau and Atyrau; The Central re-
gion comprises Karaganda and Ulytau (since
2022), while the Southern region encompasses

Zhambyl, Turkestan, Kyzylorda, Almaty, and
Zhetysu (since 2022). Within the framework of
this interaction, the establishment of an internal
regional food market at reduced costs be-
comes feasible. This approach is essential to
enhancing the investment attractiveness of ag-
ricultural production within the agro-industrial
complex of the Republic of Kazakhstan.

Literature Review

Reveals that the current condition of Ka-
zakhstan's agro-industrial complex fails to
meet the demands of sustainable innovative
development, both in terms of advancing its
technical and technological foundation and en-
hancing the competitiveness of its products.
Consequently, there is a need for a novel per-
spective on the future of agro-industrial produc-
tion and its significance within the national
economy. This necessity is intrinsically linked
to the development of a scientific and method-
ological framework for clustering the agro-in-
dustrial complex of the Republic of Kazakhstan
(Abdraimova D., Daribaeva E.) [1]. The con-
ceptualization of the agro-industrial complex's
cluster organization as a systemic issue is be-
ing addressed for the first time. In economic lit-
erature, clusters are predominantly depicted as
a collective of economic entities that demon-
strate a pronounced interest in cooperation and
integration while retaining their economic legal
independence (Cacura N.Yu.; Galikeev R.N;
Zaharenko, E.) [2, 3, 4].

The organizational and economic mecha-
nism for cluster operation can be defined as a
framework for selecting and implementing a
comprehensive set of organizational and eco-
nomic strategies and techniques aimed at re-
gulating and stimulating economic activities.
This mechanism encompasses the interplay
between these two sets of methods-organiza-
tional and economic-as well as the cooperative
system established among various cluster par-
ticipants. It also involves the realization of mu-
tual interests in optimizing production and
sales processes and achieving other object-
tives, such as enhanced competitiveness and
sustained revenue (Gordon I.R., McCann P.;
Sampson D., Cely-Santos M., Gemmill-Herren
B. et al.) [5, 6]. There is significant interest in
the cluster systems of leading global nations,
including the USA, ltaly, the UK, France, Ger-
many, Southeast Asia, China, Singapore, and
Japan (Porter, M. E; Fedorova M., Romanova
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A., Panov S. et al.; Dobrovolska O., Knut S.,
Lastovchenko P. et al.) [7, 8, 9].

According to the authors of (Franco S.,
Murciego A., Salado J.P. etal.; Chen Tzu-Chia,
Subrahmanyam S., Singh Krishanveer et al.)
[10, 11], clusters function as "growth points" for
both regional and national economies,
representing key areas for innovation within the
agro-industrial sector and driving increases in
the production volumes of domestic goods.
The development of a mechanism for
establishing agro-industrial clusters along the
"raw material production — processing — sales"
continuum is crucial for enhancing agricultural
competitiveness, expanding the market
presence of domestic agricultural products,
and bolstering national food security (De Pro-
pris L., Driffield N.) [12].

Currently, IBM SPSS Statistics 20 is the
most powerful and widely used statistical
software globally for data analysis (Voronin
G.L.) [13]. The process of applying cluster
analysis typically involves several key steps:
selecting a sample of objects for clustering and
defining a set of variables that will be used to
evaluate these objects (Kudryavceva T.YU.,
Skhvediani A. E., Rodionova M.A. et al.) [14].

Materials and methods

In the literature, cluster analysis is frequ-
ently referred to by several synonyms, inclu-
ding automatic classification, taxonomic analy-
sis, and pattern analysis (without prior training).

Although cluster analysis was first intro-
duced by Tryon in 1939, it gained widespread
use considerably later compared to other mul-
tivariate techniques, such as factor analysis.
Only after the publication of the book “Begin-
nings of Numerical Taxonomy” by biologists R.
Socal and P. Snit in 1963, the first studies
using this method began to appear. However,
so far, only isolated cases of successful appli-
cation of cluster analysis are known in econom-
ics, despite its exceptional simplicity (Davletov,
I.I.; Kirillova S.V., Simonov K.V., Kirillov K.A.)
[15, 16].

Today, cluster analysis is employed in va-
rious fields, including archaeology, medicine,
psychology, chemistry, biology, public admini-
stration, philology, anthropology, marketing,
sociology, geology, and others. However, the
widespread application of cluster analysis has
led to the proliferation of numerous incompa-
tible terms, methods, and approaches, compli-
cating the unambiguous use and consistent in-
terpretation of this technique.

To explore the economic benefits of clus-
tering activities within agro-industrial com-
plexes across various regions of the Republic
of Kazakhstan, a selection of entities with the

highest economic performance indicators was
undertaken. This process employed advanced
statistical analysis tools, specifically the SPSS
Statistics program and its cluster analysis mo-
dule. This approach facilitated the segmenta-
tion of the entire dataset into a limited number
of homogeneous groups or classes, thereby re-
ducing the dimensionality of the variables un-
der investigation and enabling clearer interpre-
tation of the complex multidimensional data.

Results

It is well-established that factor analysis or
cluster analysis are the most effective tech-
niques for delineating the approximate range of
primary factors and evaluating the presence of
generalized factors using a correlation matrix
(Abdraimova D., Daribaeva E.; Cacura N.Yu.;
Galikeev R.N.; Zaharenko E.) [1-4]. Using these
methods, it is possible to transform correlated
sets of primary factors into a number of gene-
ralized factors that determine the process un-
der study without significant loss of original in-
formation. An important feature of these trans-
formations is that the new generalized factors
are not correlated with each other, and their
number is much less than the number of origi-
nal factors.

Let a system of variables x1, x2, ..., xn be
given. The values of variables or features xi,
X2, ..., Xn are known for each of the m objects.
Let us present the received initial information in
the form of a matrix xij of dimension n x m.
Each column consists of the values of one in-
dicator for each of the m objects of study. Var-
iables x; have their own dimension. In order to
move to dimensionless variables, it is conven-
ient to normalize the initial indicators. Let us
carry out normalization according to formula

(1):
Zij:(xij _71)/01 1)

Xij— the initial value of the j indicator (variable)

- X; .
for the i object; ~ /— average value of the j in-

. . ag: .
dicator (variable); ~/— standard deviation of
the j characteristic (indicator). We consider a
correlation matrix R of dimension m x m

1
ij :szij ’Zik

The factor analysis procedure is the trans-
formation of a correlation matrix R of order m
xm into a factor matrix L of order S x m, where
S < m. The elements of the matrix show the
close relationship between each of the m indi-
cators and S factors. The main mathematical
assumption of factor analysis is expressed as
the formula (2):
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Z,=el,F *e,
- )
where fie_ loading of the j indicator on the p
factor; F"i’— the value of the p factor for the i

object; £ _ independent observation residu-
als.
The unknown parameters to be estimated

/, . . .
are the /P-factor loadings. Residual devia-

tions & not of significant interest, since they
reflect specific variances inherent in individual

- . .
indicators. Knowing ¢ * we can calculate €j us-
ing the formula (3):

5
e=1-e/,
- 3)

The squared factor loading represents the
proportion of the variance of the j indicator ex-
plained by factor p. To calculate factor load-
ings, the simplest method is the centroid
method. Factor analysis enables the reduction
of a large number of initial variables to a more
manageable set of "factors" that represent the
underlying relationships among groups of
these variables. The process of factor analysis
involves four key stages: computation of the
correlation matrix for all variables included in
the analysis; extraction of factors to identify the
underlying dimensions; rotation of factors to
achieve a more interpretable and simplified
factor structure; Interpretation of factors to un-
derstand their implications and relationships.

To initiate factor analysis, the process be-
gins with three essential preparatory steps. In-
itially, it is necessary to prepare the data file
and then start the IBM SPSS Statistics 20 soft-
ware to open the specified file, which in this in-
stance is RK 2013.sav. Once these prepara-
tions are completed, the data editor window
should appear on the screen, showing both the
menu bar and the loaded file RK 2023.sav. Fol-
lowing this, the next step involves adhering to
the procedural guidelines provided in (Voronin
G.L.) [13]. After completing step 3, the data ed-
itor window should be present on the screen
with a menu bar and the downloaded file RK
2023.sav. Next, follow the instructions. We use
the stated method to analyze agricultural pro-
duction by regions of the Republic of Kazakh-
stan for 2023. The focus of the research was
on 17 regions within the republic involved in the
production of agricultural products.

After checking for multicollinearity, dupli-
cate factors from Xi3 to X1 were excluded from
further analysis. Thus, the following factors

have been selected for further analysis: Xi -
Total sown area, thousand hectares (th.ha.); X
- Wheat area, th.ha.; X3 - Corn area per grain,
th.ha.; X4 - Barley area, th.ha.; Xs - Area of win-
ter rye, th.ha.; Xs - Oat area, th.ha.; X7 - Buck-
wheat area, th.ha.; Xs - Area of pulses, th.ha.;
Xo - Potato area, th.ha.; Xi10 - Sunflower area,
th.ha.; X11 - Vegetable area, th.ha.; X1, - Area
of forage crops, th.ha.; X;7 - Cattle population,
th.cattle; X1s - Number of cows, th.cattle; Xig -
Number of sheep and goats, th.cattle; Xz - Pig
population, th.cattle; X21 - Number of horses,
th.cattle; X2 - Poultry population, th. cattle; X3
- Meat production, thousand tons; Xz4 - Milk pro-
duction, thousand tons; Xzs - Egg production,
millions of units; Xzs - Wool production, tone.

The search for a unique solution is called
the problem of factor rotation, since an unro-
tated factor solution represents insignificant in-
formation. The most commonly used is orthog-
onal rotation by the varimax method. Factor
analysis will be applied to crop production, en-
compassing variables X; through Xi, and to
livestock production, covering variables Xi7
through Xz, as well as to the entire republic.
The outcomes of the factor analysis procedure
will be represented by the factor loadings of the
rotated matrix, as detailed in table 1. Based on
the values of these loadings, interpretations of
the individual summary factors will need to be
made. Table 1 indicates that three factors have
values greater than one. Consequently, from
22 initial variables, only three generalized fac-
tors were selected for analysis, which explain
85.25% of the system variance. The first gen-
eralized factor explains 41.15% of the total var-
iance, the second factor — 32.90% and the third
—11.19%. Table 2 shows the rotated matrix for
the four generalized factors.

Next, we will try to explain the selected
generalized factors. To do this, in each row of
the rotated factor matrix, the factor loading that
has a value exceeding 0.7 is marked in bold
italics.

The factor loadings represent the correla-
tion coefficients between the original variables
and the composite factors. For instance, vari-
able X4 exhibits the highest correlation with
factor F1, with a value of 0.955, while variable
X1 shows the strongest correlation with factor
F2, at 0.942. Typically, each variable’s asso-
ciation with a specific generalized factor, as de-
termined by these correlation coefficients, is
clear and unequivocal. Nonetheless, some va-
riables may not significantly load onto any of
the identified generalized factors. In this analy-
sis, variables X5 and Xs are examples of such
cases. The data presented in table 2 can be
categorized into three generalized factors,
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listed in descending order according to their
correlation coefficients.

Table 1 — Components of total variance

Compo- Primary eigenvalues Rotated sums of squares loads

nents sum % variances total % sum % variances total %
1 9,053 41,150 41,150 9,053 41,150 41,150
2 7,239 32,905 74,055 7,239 32,905 74,055
3 2,462 11,191 85,246 2,462 11,191 85,246
4 0,957 4,352 89,597
5 0,844 3,838 93,435
6 0,580 2,638 96,074
7 0,282 1,284 97,357
8 0,220 0,998 98,356

Note: compiled by the authors based on statistical processing

Table 2 — Factor loads after rotation (Rotation was carried out in 3 iterations)

Variables Generalized factors Variables Generalized factors
F1 F2 F3 F1 F2 F3
Xa4 0,955 X1 0,942
X23 0,938 X2 0,937
Xis 0,920 Xs 0,933
X1z 0,916 Xs 0,914
Xo 0,884 X20 0,816
Xa1 0,879 X12 0,814
X22 0,861 X4 0,830
X11 0,770 Xos
X26 0,737 X 10 0,859
X9 0,721 X7 0,848
X3 0,720 Xs
Note: compiled by the authors based on statistical processing

Factor F1: milk production Xzs4 (0.955);
meat production Xz3 (0.938); number of cows
Xig (0.920); cattle population Xi7 (0.916); po-
tato sowing area Xg (0.884); number of horses
X21 (0.879); poultry population X2, (0.861); ve-
getable sowing area Xi1 (0.770); wool produc-
tion Xz (0.737); number of sheep and goats
X19 (0.721); area sowing corn for grain Xs
(0.720).

Factor F2: total crop area X: (0.942);
wheat sown area X, (0.937); area sown with
oats Xs (0.933); area sown with grain legumes
Xg (0.914); pig population Xy (0.816); area
sown with forage crops X1z (0.814); barley sow-
ing area X4 (0.810).

Factor F3: sunflower sowing area Xio
(0.859); buckwheat crop area X7 (0.848).

The semantic connection of the above fac-
tors can be meaningfully interpreted as follows.
The interpretation of the factors reveals that the
first factor, F1, is predominantly associated
with livestock and poultry farming, as well as
the cultivation of corn, vegetables, and
potatoes used for animal feed. The second
factor, F2, encompasses indicators related to

grain and feed production. The third factor
pertains to the production of sunflower and
buckwheat. These results from factor analysis
are instrumental in performing cluster analysis,
which aims to categorize an initial set of objects
into groups based on their similarities. This
process, known as clustering, classifies objects
according to their attributes, creating clusters
of similar items.

Many clustering methods use the within-
group sum of squares as the objective function,
aiming to minimize this sum for each cluster.
These methods typically employ the Euclidean
metric and are known as minimum variance
methods. Effective clustering requires grou-
ping objects into homogeneous clusters based
on specific criteria, often involving the distance
between objects. Selecting an appropriate dis-
tance metric is crucial, with the Euclidean met-
ric being widely used due to its alignment with
intuitive proximity notions. This metric can be
significantly influenced by variations in scale
across different axes. When characteristics are
measured in different units, data normalization
is essential. The Euclidean distance between
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two points xxx and yyy represents the shortest
distance between them. The general formula
for the n-dimensional case is given by formula

(4):

d= |3 ey "

Among the various approaches for classi-
fying large collections of objects, hierarchical
methods are particularly noteworthy. Let us
present brief step-by-step calculation algo-
rithms. When conducting cluster analysis, three
preparatory steps are first performed. These
procedures will facilitate the preparation of a
working data file, initiate the IBM SPSS Statis-
tics 20 software, and open the file named RK
2023.sav (Voronin G.L.) [13]. The Dendrogram
option allows you to incorporate information into
your results that is also present in the default
icicle plot, including the relative differences bet-
ween variables or clusters at each step.

Clicking the Method button in the Hierar-
chical Cluster Analysis window opens the Hier-
archical Cluster Analysis: General Dendro-
gram for Crop and Livestock production dialog
box (figure 1). In this window, the key drop-
down lists relevant to our analysis are Method,
Interval, and Standardization. In the Method
list, the most commonly used option is "Inter-
group linkage." This method involves merging
clusters or objects at each step based on the
minimum distance between them. In addition to

Table 3 - Order of agglomeration

Intergroup linkage, the Method drop-down list
includes the following options: intragroup con-
nections; nearest neighbor; distant neighbor;
centroid clustering; median clustering; Ward's
method.

In the Interval drop-down menu, the de-
fault option is "Squared Euclidean distance."
This choice calculates the distance between
objects based on the squared differences of
the corresponding variables of these objects in-
volved in the analysis. The standardization pro-
cedure is chosen from the Standardization
drop-down menu, where the default option is
"No." However, if the variables are measured
on different scales, standardization becomes
necessary. In such cases, "z-scores" is com-
monly selected. For our analysis, which
includes 22 initial variables for 17 regions in the
Republic of Kazakhstan, we will demonstrate
the described method.

Table 3 presents a summary of cluster
membership, illustrating the sequence of
cluster formation and identifying the optimal
number of clusters. The "Combining into
clusters” columns indicate that initially, objects
4 and 10 were merged, as they exhibited the
greatest similarity and were closely situated.
This merger created cluster number 1, and ob-
ject 10 no longer appears in the subsequent
steps. The process continued with merging ob-
jects 4 and 9, followed by objects 1 and 8, and
so forth. To determine the optimal number of
clusters, the "coefficients" indicator is crucial.

Clustering
Step Cluster 1 cluster 2 Odds
1 4 10 0,961
2 4 2,073
3 1 8 5,861
4 2 6 5,999
5 2 7 9,830
6 2 4 13,999
7 2 5 18,191
8 1 13 19,378
9 2 12 22,972
10 3 11 23,870
11 3 14 42,652
12 1 2 50,557
13 1 3 66,973
Note: compiled by the authors based on statistical processing

In our analysis, a notable increase in dif-
ferences is observed between steps 10 and 11.
Consequently, with 17 objects in the dataset,
the most suitable solution is to use four clus-
ters. Therefore, the optimal number of clusters
is considered to be equal to the difference bet-
ween the number of observations (14) and the

number of steps, after which the coefficient in-
creases abruptly (10). Analysis of the results
with 4 clusters shows that the quality of the ini-
tial data for the Republic of Kazakhstan leaves
much to be desired. Therefore, we will consider
a variant approach to clustering the main pro-
duction indicators in the Republic of Kazakh-
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stan. Let's consider the following clustering op-
tions: 4 clusters, 5 and 6 clusters (table 4).

Table 4 — Regions belonging to clusters

Objects 4 clusters

5 clusters 6 clusters

Akmola

Aktobe

Almaty

Zhetysu region

Atyrau

West Kazakhstan

Zhambyl

Karaganda

Ulytau region

Kostanayskaya

Kyzylorda

Mangystau

Turkestan

Pavlodar

North Kazakhstan

East Kazakhstan

IR INIEININEINININININWWIN(F-

AR IRPINWININIEFEINDINDINININIWW(IN (-

Abay region

DI D[RO ININEFEINNINININAIBRINE

5

Note: compiled by the authors based on statistical processing

Analysis of table 4 shows that the second
and third options are better than the option with
4 clusters. Let's take the option with 5 clusters.
Table 4 shows that the first cluster includes 3
objects (Akmola, Kostanay and North Kazakh-
stan regions), the second cluster includes 9 ob-
jects (Aktobe, Atyrau, West Kazakhstan,

Zhambyl, Karaganda, Ulytau, Kyzylorda, Man-
gistau and Pavlodar regions), in the third,
fourth and fifth clusters - one object each (Al-
maty, Zhetysu, Turkestan, East Kazakhstan
and Abay regions, respectively). The dendro-
gram represents the clustering process in the
form of a tree structure (figure 1).

Conventional distance scale

o s
1

15 20 25
I

Case 4 4
Case 10 10]

Case 9 9
Case 2 2
Case b 5

Case6 |
Case 7 7

Case 12 1

Case 1 1
Case 8 BQ

Case 13 13

Case 3

Case 11 1

Case 14 14

Note: compiled by the author based on hierarchical cluster analysis
Figure 1 — General dendrogram for crop and livestock production

A dendrogram serves a dual purpose: it fa-
cilitates navigation to any specific object at

various clustering levels and provides insight
into the distances between clusters or objects
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at each stage. Distances are displayed on a
scale from 0 to 25, where 0 indicates the small-
est distance at the initial stage, and 25 repre-
sents the largest distance at the final stage. In
a dendrogram, each clustering solution is de-
picted by a vertical line, and the number of in-
tersections between this line and the tree indi-
cates the number of clusters at that stage. For
practical application, we have created a clus-
tering map of the regions of the Republic of Ka-
zakhstan, shown in figure 2, with cluster num-
bers highlighted in red. Clustering, or cluster
analysis, involves partitioning a set of objects
into groups, known as clusters, aiming to make
objects within each cluster as similar as possi-
ble and objects in different clusters as dissimi-
lar as possible.

Discussion

Thus, the cluster analysis achieved two
primary outcomes: first, it allowed for the cate-
gorization of all regions in the Republic of Ka-
zakhstan into five distinct clusters, grouping to-
gether regions with similar production struc-
tures and specializations. Second, it facilitated
the identification of homogeneous groups
within these clusters based on the intensity of
agricultural production.

Orat QOSTANAL

BATYS QAZ. C
Aqtobe

2

AQTOBE

2

QYZYLORDA

o Aqtau 2
MANGYSTAU

2

°
Qyzylorda

Qualitatively homogeneous groups of ob-
jects that make up the population under study,
identified as a result of the cluster analysis, can
be used for rating assessment of clusters;
when studying and analyzing the impact of
main factors on the results of agricultural pro-
duction, etc. The qualitative homogeneity of the
objects of each of the groups (clusters) for a
number of production indicators will allow,
when constructing economic and mathematical
models, to consider not each object separately,
in isolation, but the entire group as a whole.

Based on the results of factor and cluster
analysis, to be applied to the forecasting meth-
odology we have developed, we assume that
the Almaty region as a typical multi-product re-
gion of the republic, occupying one of the first
places in terms of gross output of crop and live-
stock products in monetary terms, and for the
republic as a whole.

The solution to factor and cluster analysis
was obtained using the universal statistical
package SPSSv. 20. For practical application,
we have created a clustering map of the
regions of the Republic of Kazakhstan,
illustrated in figure 2, where the cluster
numbers are highlighted in red.

svévs QAZ.

ouracandy

QARAGANDY

oJezgazgan

JAMBYL
4

°
Tarkistan

Symkento
TURKISTAN

Note: compiled by the author based on data analysis.
Figure 2 — Clustering map of the region of the Republic of Kazakhstan

Conclusion

1. Infactor analysis, from 26 initial factors,
after checking for multicollinearity, 22 factors
were selected for further analysis. Based on
the results of factor analysis, three generalizing
factors were selected, and the variables Xs
(area sowed with winter rye) and X5 (egg pro-
duction) cannot load any of the selected gener-
alizing factors. Three generalizing factors com-
bine 85.25% of the system’s variance, includ-
ing the first generalizing factor — 41.15%; sec-
ond — 32.90%, third — 11.19%. The first

generalizing factor represents, basically. live-
stock and poultry farming; the second general-
izing factor encompasses metrics that describe
grain and feed production; the third generaliz-
ing factor comprises variables related to the
production of sunflower and buckwheat.

2. Fordata including 17 objects (regions),
taking into account the quality of the source
data, variant clustering was adopted. After a
comparative analysis, a decision was made
with five clusters. The first cluster included 3
objects - Akmola, Kostanay and North
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Kazakhstan regions; the second cluster in-
cluded 9 objects - Aktobe, Atyrau, West Ka-
zakhstan, Zhambyl, Karaganda, Ulytau, Ky-
zylorda, Mangistau and Pavlodar regions; in
the third and fifth clusters - for two objects (Al-
maty, Zhetysu and East Kazakhstan, Abay re-
gions, respectively) and the fourth cluster - Tur-
kestan region.

3. It is recommended for practical use to
construct a dendrogram that represents the
clustering process in the form of a tree struc-
ture and a clustering map of regions of the Re-
public of Kazakhstan.

4. Inthe context of contemporary Kazakh-
stan, an agro-industrial cluster can be defined
as a geographic aggregation of organizations
linked through production and marketing activ-
ities, aimed at enhancing product competitive-
ness and stimulating investment. Currently, ag-
ricultural enterprises in Kazakhstan, which are
the primary producers of raw agricultural mate-
rials, experience significantly lower incomes
from these operations compared to processing
and trading entities. Efforts to address this in-
come disparity through the development of
agro-industrial integration have yet to achieve
the desired outcomes.

5. According to the principles of cluster
theory, certain integrated structures - such as
agricultural holdings that neglect the interests
of rural farms providing raw materials, or dis-
trict associations primarily executing top-down
directives - cannot be considered clusters.
Likewise, an agro-industrial complex does not
qualify as a cluster due to inherent pricing dis-
parities, regardless of its geographical extent.
Large-scale dairy, meat, or poultry operations
are similarly unlikely to be clusters, as they of-
ten depend on state support and government
procurement. This reliance may conflict with far-
mers' socio-economic interests, especially amid
an influx of imported agricultural products.

6. The findings from this study identify
several key conditions essential for the for-
mation of a cluster: an evolutionary process of
development and growth; voluntary participa-
tion in creation; balanced income and ex-
penses; legal autonomy; synergistic benefits;
mutual oversight of actions; fostering innova-
tive synergy.

7. The fundamental conditions necessary
for the effective functioning of the agro-indus-
trial complex in the Republic of Kazakhstan are
infrequently encountered and often unmet in
the region. Nonetheless, the shift towards a
cluster-based system within the agro-industrial
complex is imperative. This transition necessi-
tates a preparatory phase that encompasses
both the formulation of theoretical principles for

the cluster mechanism and its practical imple-
mentation. The experiences of the Akmola, Al-
maty, Zhambyl, Kostanay, and North Kazakh-
stan regions underscore the importance of this
preparatory effort.
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