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most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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CLUSTER ANALYSIS FOR DATABASES
TYPOLOGIZATION CHARACTERISTICS

Abstract. The article deals with basic concepts of cluster analysis and data clustering. The authors give brief
information on the history of cluster analysis and its first applications. The article gives the classification of methods
by the way of data processing and analysis in cluster analysis. The detailed description of the popular, non-
hierarchical K-means algorithm is given. When developing databases, their structure should provide for the division
of products into clusters based on various characteristics. It is necessary to consider the division into clusters based
on other characteristics, such as allergenicity (whether the product contains an allergic component or not) or
carbohydrate content (important for diabetics). The content of protein, potassium and phosphates should be taken
into account when developing diets for those suffering from kidney diseases. The presence of specific amino acids -
for metabolic diseases, etc. In this way, food composition data and product clustering across different categories
allow nutritionists to create interchangeable lists of meals with portion sizes, or lists of permitted and prohibited food
products in terms of various diseases. The authors give the clustering of the database fragment of chemical
composition of food products on the example of cottage cheese products and confectionary by one of the signs — the
content of carbohydrates — in the R software environment by k-means. Food clusters based on carbohydrate content
are very important in shaping the diet for diabetics. A visual gradation of products into clusters is demonstrated in the
form of a dendrogram showing the degree of proximity of individual clusters. The resulting dendrogram contains
5 clusters. Cluster 4 includes the largest number of products (170 items) with an average carbohydrate content of
1.8 g with a variation range from 0 to 7.1 g. Food products and dishes that fall into this cluster are the least dangerous
for people with diabetes. Cluster 5 includes only 8 products with a distribution of carbohydrates within the cluster
from 62.60 to 80.40 g. This category of food should be excluded when preparing a diet for people with diabetes.

Keywords: cluster, proximity measure, clustering methods, k-means, dendrogram, characteristic.

Introduction. Clustering means combining objects into groups (clusters) based on the similarity of
features for objects in the same group and differences between the groups. Most clustering algorithms do
not rely on traditional statistical assumptions; they can be used in conditions where there is almost no
information about data distribution laws. Thus, the task of cluster analysis is to divide the initial set of
objects into groups that are similar and close to each other. These groups are called clusters or taxons. In
addition to the term "clustering", there are a number of terms with similar meanings, such as automatic
classification, numerical taxonomy, botryology, and community detection. It is believed that the term
"cluster analysis" was first used in the work of the American psychologist Robert C. Tryon from the
University of Berkeley [1].

The first works on clustering in the 30-40s of the last century can be attributed to the field of
anthropology - Driver and Kroeber [2], psychology - Joseph Zubin [3], Robert Tryon [1] and to the clas-
sification of traits in personality psychology [4]. However, the publication of the book Sokal R. R., and
Sneath P. H. A. "Principles of Numerical Taxonomy” [5] in 1963 served as an impetus for the develop-
ment of various methods of cluster analysis. To date, a large number of different clustering algorithms and
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their modifications have been developed. For the first time, the monograph of Hartigan J.A. [6] provides
an overview of classical (first) methods and algorithms in clustering.

The results obtained by cluster analysis methods are applied in various fields. For example, in the
field of medicine, clustering of diseases and symptoms of diseases leads to classifications used to select
treatment methods. To create an adequate diet, it is necessary to process large amounts of data related to
the chemical composition of food products and dishes. Information such as rules should be stored in
databases. The database structure should be divided into clusters, such as "Porridge", "Soups", "Vege-
tables", etc. Clusters are necessary for the subsequent distribution of food products and dishes included in
the diet to separate meals according to time. Along with this, it is necessary to take into account the
division into clusters based on various characteristics, such as allergenicity (whether the product contains
an allergic component or not), etc. Food clusters can be based on, for example, carbohydrate content for
diabetics, or protein, potassium and phosphates for kidney disease sufferers, or specific amino acids for
metabolic diseases, and so on. Thus, product composition data and product clustering across different
categories allow nutritionists to create interchangeable lists of meals with portion sizes, or lists of per-
mitted and prohibited food products in terms of various diseases.

The purpose of this research is to analyze existing groups of algorithms for classifying food products,
ingredients, dishes and diets, and to conduct cluster analysis on the example of cottage cheese products
and confectionery.

Organization and research methods. The initial information for clustering is the observation
matrix:

X11 X122 - Xip
X=|X12 X2 - X2n
Xm1i Xm2 - Xmn

each of its line represents the values of n attributes of one of the Mclusterization objects. The clustering
task is to break objects from X into several subsets (clusters), where the objects are more similar to each
other than to objects from other clusters. In metric space, the "similarity" is usually defined in terms of a
distance. The distance can be calculated either between the source objects (lines of the X matrix), or
between these objects to the cluster prototype. Usually, prototype coordinates are not known in advance —
they are found simultaneously with data breaking into clusters.

Clustenng Methods
4 |
Methods of Data Processing Methods of Data Analysis
Hierarchical Methods Non-Hierarchical Methods Clear
- HCM (Hard C-mean)
—{ A ive Method Tterative Method goam
golomerative s terative 5 - Self-organizing
] ] Kohonen maps
- CURE (Clustenng Using - k-means i
REpresentatives) - RAM (Partitioning Around
-ROCK Medoids)
- Chameleon - CLOPE (Clustenng with
- sLOPE) Unclear
- Largeltem
I - Fuzzy C-mens
algonithm
—> Divisive Methods —
- BIRCH (Balanced Iterative
Reducing and Clustenng
using Hierarchies)
- MST (Algonthm based on

Minimum Spanning Trees)

Figure 1 — Classification of methods by the method of data processing and analysis in cluster analysis
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Data of the observation matrix must be normalized, i.e., reduced to dimensionless values. If the
variables are not normalized, they will not affect the distance equally (i.e. if we measure vitamins in milli-
grams and micrograms, and protein, fat, and carbohydrates - in grams, then protein, fat, and carbohydrates
will not be able to affect anything at all).

There are many clustering methods that can be classified as follows: 1) by the method of data
processing [7-14]; 2) by the method of data analysis [15-16]; 3) by the number of applications of cluste-
ring algorithms [17-22]; 4) by the possibility of expanding the scope of processed data [23-24]; 5) by the
time of clustering [25-26]. A more detailed classification of methods by the method of data processing and
analysis in cluster analysis is shown in (figure 1).

All clustering methods work with data as vectors in a multidimensional space. Each vector is
determined by the values of several directions, while the directions themselves are the characteristics we
know (the content of protein, fat, amino acids, vitamins, etc. in the product). Characteristics can be both
quantitative and qualitative, and the art of a data mining specialist is to correctly select and normalize
these characteristics, and then choose the appropriate measure of distances. Only then clustering
algorithms shall be applied.

Results and discussion. The criterion for determining the similarity and difference of clusters is
the distance between points on the scattering diagram. There are several ways to determine the measure
of distance between clusters, called the proximity measure: 1) Mahalanobis distance (general view);
2) ordinary Euclidean distance; 3) "weighted" Fuclidean distance; 4) Hemming distance; 5) Chebyshev
distance; 6) power distance; 7) percent disagreement. Depending on the research purpose, one or another
formula is chosen to determine the measure of proximity. The authors have analyzed the most used
algorithms. One of the most popular non-hierarchical algorithms is the K-means algorithm. It was
invented in the 1950s by the mathematician Hugo Steingauz [27] almost simultaneously with Stuart Lloyd
[28]. It became particularly popular after McQueen's work [29].

The k-means algorithm is popular due to its ease of implementation and speed [9-10]. Its main
drawback is its convergence to the local minimum and dependence of the result on the initial distribution.
You also need to know the estimated number of k clusters in advance. The main idea of the k-means
algorithm is that the center of mass for each cluster obtained in the previous step is recalculated at each
iteration, then vectors are divided into clusters again taking into account the closest of the new centers by
the chosen metric. The algorithm ends when there is no change in the intra-cluster distance at some
iteration. This happens in a finite number of iterations, since the number of possible breakings of a finite
set is finite, and at each step the total square deviation decreases, thus, looping is impossible.

# To upload and prepare data
# To output data elements

head(prod)
Carbohydrates
Borshch with fresh cabbage and tomato 9.8
Borshchwithsauerkraut 8.8
Navy-style borshch with meat 11.5
Borshch with fresh cabbage, potatoes and meat 5.7
Krasnodar borshch with meat 8.3

# To normalize data

prod <- scale(prod)

# To build a dendrogram

hc<- hclust(dist(prod))

ph<- as.phylo(hc)

groups5 <- cutree(hc, k = 5)

colors = ¢("red", "blue", "green", "brown","magenta")
plot(ph, tip.color = colors[groups5], cex = 0.6)

# To conduct clusterization using the k-means method
kmeans(prod, 5, 1000000)

Figure 2 — Program code listing in the R software environment
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It is a well-known fact that to support a healthy lifestyle and maintain health, it is necessary to
prepare a diet that meets the needs and capabilities of the human body and is balanced in all indicators of
nutritional and biological value. That is, taking into account the human metabolism. For this purpose,
decision support systems are being developed. The information basis of such systems is a database of
products, ingredients, and dishes that are most common and sold in large cities and megacities. The
database structure should provide for the distribution of products into clusters based on various criteria.
Dividing products into clusters will allow excluding "undesirable" products from the diet when creating a
menu. So, for example, for patients with diabetes — this is the quantitative content of carbohydrates in pro-
ducts. The largest amount of carbohydrates is mainly found in dairy and confectionery products [30-31].

The authors have conducted a clustering of the database fragment by one of the signs — carbohydrate
content — on the example of cottage cheese products and confectionary in the R software environment.
The software code fragment is shown in (figure 2).

At the beginning of the study, a dendogram was formed. A dendrogram is a visualization of results of
hierarchical clustering. It allows visually assessing the degree of proximity of individual objects and
clusters, as well as graphically demonstrating the sequence of their association or separation. The number
of dendrogram levels corresponds to the number of steps for merging or dividing clusters.

Figure 3 —Dendrogram: a) general view, b) cluster 1 (green font color)
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The general view of the dendrogram for clustering products based on carbohydrate content is shown
in (figure 3). Color zones (red, blue, green, brown, pink) in the dendogram visually display the division of
products into clusters. Note that in the R environment, numbering goes from the right to the left. As can be
seen from (figure 3), after classification, food products and dishes are grouped into 5 clusters with
different carbohydrate content. The largest number of products included in cluster 4 is of red color.

For the detailed consideration of each formed cluster, one can build one's own dendrogram separately
(to display it on the screen). For example, for cluster 1 (it is highlighted in green on the general dendro-
gram) containing 12 products, the dendrogram looks as follows (figure 4).
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Figure 4 — Dendrogram of cluster 1

Along with the dendrogram, a table is formed with details for each cluster: 1) the number of products
included in this cluster; 2) the average value of carbohydrates for this cluster; 3) the maximum content of
carbohydrates in the product of this cluster; 4) the minimum content of carbohydrates in the product in this
cluster. Thus, as a result of clustering using the k-means algorithm, we have obtained the following
division of products provided in table 1, which can be interpreted by the carbohydrate content as products
with low carbohydrate content (class 4), medium (class 2) and high carbohydrate content (class 5). The
largest number of products (170 items) fell into cluster 4 with an average carbohydrate content of 1.8 g.
with a variation range from 0 to 7.1 g. The smallest number of products (8 items) fell into cluster 5 with an
average carbohydrate content of 70.91 g. with a variation range from 62.60 to 80.40 g.

Tablel — Clustering results

Cluster Quantity by the Average by the Maximum by the Minimum by the
Product field Carbohydrates field Carbohydrates field Carbohydrates field
5 8 70.91 80.40 62.60
1 12 51.32 58.80 44.00
2 38 22.86 35.40 18.60
3 102 13.20 17.60 7.70
4 170 1.80 7.10 0.00
Grand total 330 11.22 80.40 0.00
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Table 2 Products included in cluster 5

Cluster Quantity by the Average by the Maximum by the Minimum by the
Product field Carbohydrates field | Carbohydrates field | Carbohydrates field

5 8 70.91 80.40 62.60
Marshmallows 1 78.30 78.30 78.30
Jelly shaped marmalade 1 77.70 77.70 77.70
Fruit and berry shaped marmalade 1 76.00 76.00 76.00
Paste 1 80.40 80.40 80.40
Protein-churned cake 1 62.60 62.60 62.60
Pound cake with fruit filling 1 64.20 64.20 64.20
Short pastry with fruit filling 1 62.60 62.60 62.60
Almond cake 1 65.50 65.50 65.50

A user can see more detailed information when each cluster is expanded. Which product subgroups or
products are included in this cluster. Table 2 shows the products included in cluster 5.

Conclusion. The article shows the possibility of using cluster analysis to classify food products,
ingredients, dishes and diets using the example of cottage cheese products and confectionery. There is a
brief information on the history of cluster analysis and its first applications. The article gives the main
terms and definitions, classification of methods and algorithms of cluster analysis. Based on the analysis,
the k-means method was chosen as the implementation method. The advantage of this method is simpli-
city and speed of use as well as visibility when dividing elements (products) into clusters. Clustering of the
database fragment of the chemical composition of products and dishes based on "carbohydrate content" was
performed in the R software environment. The visual gradation of products into clusters in the form of a
dendrogram is demonstrated. The resulting dendrogram contains 5 clusters. Cluster 4 in-cludes the largest
number of products (170 items), with an average carbohydrate content of 1.8 g. with a variation range from 0
to 7.1 g. Food products and dishes that fall into this cluster are the least dangerous for people with diabetes.
Cluster 5 includes only 8 products with a distribution of carbohydrates within the cluster from 62.60 to
80.40 g. This category of food should be excluded when preparing a diet for people with diabetes.
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TAMAK OHIMJIEPIH ’)KOHE TAFAM/JAP/IbI KJIACTEPJIIK TAJIJAY APKbBIJIbI TUIITEY

AnnHoTanus. Makanaia KiacTepilik TaIayAblH HEri3Ti YFeIMIap KoHe KIacTepiey AepeKTepi KapacThIPbUIFaH.
Kuacrepnik Tannaynsly naiga 60ty Tapuxbl, alFallKsl canalapAarkl OHBIH KOJIIaHybl OOMBIHIIA KBICKAIIa MOTiMeT-
Tep Oepingai. Knacrepnik Tannayaa eHzey Tociai OOMBIHIIA diCTEpAl KIKTEY MEH Taijay AEPeKTepi KelTipiireH.
KonpanbicTarbl olicTep MEH JepeKTepl KiacTepiiey anroputmiaepi: 1)eHaey Tociii OOWbIHINIA JepeKTep TajllaH/bl;
2)aepexTep/i Tannay Tocisii OOMbIHINA TaJIaH/abl, 3)KIaCTepIiey aJrOpPUTMICPIH KOJIAaHy CaHbl OOMBIHINA TaIaH/IbI;
4)eHeneTiH AePEKTEPAIH KOJIEMIH KeHEHTy MyMKIHJITIHIIE TalJaH/pl; S)KIacTepiiey YakbIThl OpbIHAAITY OOMBIHIIA
TaNaH/IbI.

Benrini k-opTaina uepapXusuIbIKChI3 aIrOPUTMI TUSHAKTBI cUIaTTaliFad. bapabap TamakTaHy palOHBIH jKacay
Ke3Jle KeJIeMi YJIKEH JIepeKTepli, Kelae KypbUIBIMIBIK eMeC HEMECe 9JICi3 KYPhUIBIMIIBIHBI Nalianany KaxerT. Jlepek-
Tep 0a3achlH jkacay Ke3iHAE OHBIH KYPBUIBIMBIHAAFBI OHIMIEPIi op TYpPJIi CHIaTTaManap OOWBIHIIA KiIacTepiepre
OexyiH KapacTeIpy KakeT. backa Oenrinep OolbiHIIA Kiactepiiepre OOJiHETIHIH ecKepy KaKeT 06y, MBICAIBI, al-
JepreHiri OoipIHIIA (eHIMHIH KYpaMbIH/Ia aJUIEPTHSUTBIK KOMITOHEHT Oap HeMece JKOFBIH) HeMece KeMipCylapIbiH
Oouybl OoiibIHINA (IMA0ETHKTEP YIIIH MaHbI3bI). AKYbI3, KaJHii xoHe (ocdarrapabH 00mybIH OYHpeK aypynapbiHa
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HIANBIKKAH aJaMIap/IblH PalHoHbIH jkolanay Ke3iHIe eckepy KaxeT. MeTaOonMKaJbIK aypysap oHe T.0. YIiH
HAKTBHl aMHH KBIIIKBUIIAPABIH KaThIcysl. OchIIaiiina, eHIMHIH KypaMbl TYpajbl MOJIIMETTEp MEH OpPTYpJIi CaHATTaFbl
OHIMJIEP/IIH KJIaCTepU3alMsAChl THETOJOITapFa MOPLHUs OJIeMJIepiHe Kapai ajJMacThIpbUIATBIH TaraM Ti3iMAEpiH
KaJIBIITACTRIPYFa HEMECE dp TYPJIi aypysiap TYPFBICBIHAH aliFaH/a PYKCaT €TUINCH YKOHE PYKCcaT €TiIMEreH OHIMIeP/Ii
KaJIbINTaCThIPYFa MYMKIHIIK Oepeti.

OniMIep MEH TaramJap XUMHSJIBIK KypaMbIHBIH JiepeKkTep 0a3achbIHAarbl (parMeHT KilacTepH3alusiChl KelTi-
plIreH OHbI IpIMINIKTI ©HIMIEp MEH KOHAMTEPIIK OyHBbIMIapAbIH MBICAJIBIHAH Oip KacueTi OOMbIHIIa—KeMipcyiap-
IbIH 6oyl — R GarmapiaMainsik oprazsa k-oprarma apiciMeH kepyre 6omnansl. Kemipcynap MaHi OoiibIHIIa eHIMIED-
IIiH K1acTepiepi TnabeTHKTep YIIiH TaMaKTaHy PallMOHBIH KAIBIITACTHIPY Ke3iH/e oTe MaHbI3IbL. JKeke KiacTtepiep-
IIiH JKaKbIH OpHAJIACKaH JOPEKeCiH KOPCEeTETIH JeHIpoTpaMMa TYPiHe KYPacTHIPY apKbUIBI OHIMICPIiH KiIacTepiep-
re BU3yaJabl rpajanuscel kepceringi. Kimactepney xecreci maimananynisira opOip KIacTepAl anry Ke3iHOe erKei-
TErKeli aKmapaTThl Kepyre MYMKIH/IIK Oepe/ii: HaKThl Kall KilacTepre KaHIai To eHiMepi HeMece oHIMIep Kipei.

Tyiiin ce3aep: knacTep, )KaKbIHAAY IIapackl, Ki1acTepiey aaicrepi, k-means, aeHaporpamma.
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KJACTEPHBINA AHAJIM3 JIJIS1 TUTTOJIOT U3AIIAU IMMAIEBBIX ITPOYKTOB U BJIIO/]

AnHOTanusi. B cratbe paccMOTpeHBI OCHOBHBIC TOHSATHS KJIACTEPHOTO aHAIM3a W KJIACTEPU3AIMU JIaHHBIX.
JlaHBI KpaTKue CBEJEHHUS 10 MCTOPHM BOSHMKHOBEHHMS KJIACTEPHOTO aHAIM3a, NMEPBBIX 00JACTSAX €ro NMpUMEHEHHUs.
[TpuBenena kmaccupuKayss METOJOB MO COCO0y 00pabOTKU M aHAIM3Y JAaHHBIX B KJIAcTepHOM aHanmse. [Ipoana-
JM3UPOBAHbI CYIIECTBYIOUINE METOBI M aJTOPUTMBI KIACTEPH3aLUK JaHHBIX: 1) 1Mo croco0y o0pabOTKM JaHHBIX;
2) no croco0y aHamM3a JAaHHBIX; 3) M0 KOMUYECTBY MPUMEHEHUH allTOPUTMOB KJIacTEpU3allui; 4) IO BO3ZMOKHOCTH
pacmmpeHust o0bemMa 00pabaThiBaeMbIX JAHHBIX; 5) MO BPEMEHHU BBITIOJTHEHHSI KJIACTEPH3AIHH.

Haubonee noapoOHO onucaH MOMyNIAPHEIN, HEMepapXHIecKuii anroput™ k-cpenaux. [Ipu cocraBienus anek-
BaTHOT'O PAlMOHA MUTAaHHUSA HEOOXOANMO ONEPUPOBATH OOIBIINM OOBEMOM JAHHBIX, HHOT/IA HE CTPYKTYPHPOBAaHHBIM
win crnabocTpykTypupoBaHHbIM. [Ipu paspaboTke 0a3 JaHHBIX, B €€ CTPYKType CIelyeT NpeayCMOTPETh JIelieHHe
MPOJYKTOB Ha KJIACTEPbI MO pa3jIMuHBbIM XapakTepucTukam. Hapsiay ¢ aTUM HEoOX0IMMO ydecTh JielieHne Ha Kiac-
TEphl MO JPYTUM IpU3HAKaM, HalpUMep, aJUIEPIeHHOCTH (COAEPIKUT JIM B CBOEM COCTaBE MPOIYKT aJIEPTUUECKHA
KOMITOHEHT) WJIM COJIep)KaHUM YTIIEBOJOB (BaXkHO Ui nuadbetukoB). Coxmepxanue Oenka, kauus u ¢docdaros cie-
JIyeT y4ecTb IIPU NMPOEKTHPOBAHUH PALMOHOB JUIsl CTPaAalomuX 3a0oneBaHus MU rouek. [IpucyTcTBie KOHKPETHBIX
AMHMHOKHCIIOT — JUIS METaboJIMuecKX 3aboneBanuii u T.1. Takum 0Opa3oM, JaHHBIE O COCTaBE MPOJYKTOB U KiacTe-
pH3anus MPOAYKTOB IO Pa3INYHBIM KaTErOpHsM MO3BOJIIOT JUETOJI0TaM (JOPMHUPOBATh B3aNMO3aMEHSIEMbIE CIICKU
601 ¢ pasMepamMy HOPLUH MIIM CIIHCKH Pa3peIICHHBIX M HEPa3peIIeHHBIX MPOLYKTOB C TOYKH 3PEHUS PA3ITHMUHBIX
3aboJieBaHMH.

[puBeneHa kiacrepusanus (pparMeHTa 0a3pl JaHHBIX XMMHYECKOTO COCTaBa NMPOLYKTOB M ONIOA Ha HpHMepe
TBOPOXHBIX NPOJYKTOB M KOHAWUTEPCKHUX H3JEIUH 10 OJHOMY M3 NPU3HAKOB — COJEp)KaHHE YIJIEBOJOB — B IIPO-
rpaMMHOl cpene R meromom k-cpennux. Kiactepbl mpopyKTOB MO COIEpXKAHHIO YIJIEBOJIOB OYEHb Ba)XKHBI MPHU
(opMHpOBaHMM palMOHa MUTaHMs Al quabeThkoB. [IporeMoOHCTpUpOBaHa BH3yallbHasi rpajalysi MPOLYKTOB Ha
KJIacTepbl B BHZE IOCTPOCHUS JICHIPOTrPaMMBbI, TIOKa3bIBAIOIAs CTENIeHb OJM30CTH OTHENIbHBIX KiacTepoB. Kiacre-
pH3aluK TO3BOJIAET TI0JIB30BATEINIO YBUAETh OoJiee JeTabHYI0 MH()OPMALUIO TIPH PAcKPBITHH KaXKJOro KiacTepa:
KaKue MOJTPYIITbl IPOAYKTOB MIIM NPOJIYKTHI BXOJST B IaHHBIH KIacTep.

Ki1roueBble ci10Ba: xiacrep, Mepa 01M30CTH, METOJIBI KJIACTEpU3alMK, K-means, IeHaporpamMma.
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