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RESEARCH ON PRODUCTS DERIVED FROM NATURAL LATEX CONCENTRATE

Abstract

The object of study in this article is natural rubber latex concentrate. The methodological basis of the
work is the applied scientific methods, methods of processing the raw material - natural rubber latex
concentrate, technological processes during neutralization. In the course of the work, a complex of the latest
advanced physicochemical analyzes was used: multi-purpose scanning microscope, chemical-analytical
methods. This article also studies the main stages of the production of medical gloves, in particular, latex
medical gloves. It is noted that the special location of the production of gloves is recommended, that is, the
production of medical gloves is mainly located in countries where rubber trees grow. Since the transportation
of 100% natural latex juice is a costly and complex process, it is considered advantageous to locate production
facilities using this raw material in countries where rubber trees grow (Malaysia, China, Thailand, Sri Lanka,
Indonesia). The main advantages of medical gloves made from latex concentrate over latex seals are given.
The features of inspection products and the following advantages of nitrile examination gloves are given. The
types and characteristics of medical gloves, the features of use and the fact that they can be divided into several
groups depending on the type of gloves are given. In addition, the classification of medical gloves is given.

Keywords: latex concentrate, medical gloves, nitrile, vinyl gloves.

Introduction. Natural latex is the sap extracted from the rubber tree. The rubber tree is mainly
grown in Southeast Asian countries (Vietnam, Thailand). The technology of using latex was first
introduced in 1926. Materials with latex are highly elastic, flexible and elastic. There are many
differences between natural latex and synthetic latex. Synthetic latex was first widely used by the
United States during World War II. Styrene-butadiene rubber is an artificial synthetic latex used in
mattresses and pillows. Such synthetic latex is produced from waste petroleum products and other
chemicals. There is also a difference between 100% natural latex and ordinary natural latex. Ordinary
natural latex is a mixed latex. Its composition consists of 15% NRL, 85% SBR or 40% NRL and 60%
SBR. Such ordinary natural latex is 2 times cheaper than 100% natural latex. 100% natural latex is
exported from Southeast Asian countries [1]. A special tool is used to cut the trunk of each rubber tree
and place it on a line. This, in turn, allows you to extract rubber juice (latex) from the rubber tree
every day. It is possible to collect latex from rubber trees 180 days a year, the rest of the days are
considered rainy season and very hot days. On these days, rubber tree juice (latex) is not collected.
Rubber trees are tapped for 4 hours. Then the process of extracting the juice is stopped. The latex sap
from the tree naturally thickens and the latex sap stops flowing. The size of the cut made in the bark
of the tree is 90 cm. In one day, 450-650 trees are cut. 1 ton of latex juice is extracted from 1 hectare.
2/3 of the latex juice extracted from the bark of the tree is water. Therefore, since it is very thick, it is
necessary to process the obtained latex juice. Latex processing methods. If the latex sap extracted
from the tree is left in the latex collection container for a long time, it will inevitably thicken and
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harden. Therefore, the latex sap must be poured out before it begins to coagulate (thicken). Freshly
collected latex sap is transported in special anti-coagulation containers or airtight containers. Special
ammonization screens are installed inside these containers. The ammonization process (saturation
with ammonia) keeps the latex sap in a colloidal (liquid) state. As a result of the ammonization
process, the latex sap can remain liquid for a long time. If the latex sap thickens and hardens
(coagulates), there is no way to return it to a liquid state. Such hardened rubber is processed into
technical rubber, and low-grade rubber mats and low-grade rubber mats are obtained [2].

These products were one of the first. They are used in traditional medicine. Since progress does
not stand still, models with an optimal set of properties have appeared. Latex: pros and cons. The
main advantages of latex gloves: Elasticity; high level of sensitivity; quick "adaptation" to the shape
of the hand; reliable grip of the tool. These advantages make latex gloves the most popular for medical
operations and other procedures.

However, recently there is a drawback that requires replacing this type of product with
alternative options - this is an allergy to rubber proteins that are part of latex. Moreover, allergies can
occur not only in the doctor, but also in the patient.

Diagnostic products are products designed to protect medical personnel themselves, as well as
patients, from the spread of infection or during procedures that require a certain level of sterility.

Features of examination products. The requirements provide for different materials from which
gloves are made. The most commonly used materials are vinyl, latex or nitrile. The shape of such
gloves is not oriented to the right and left hand [3]. For ease of wearing, a special absorbent coating
(corn flour) is applied to the inside of the products. Such gloves are called powdered. However, if
there is a risk of allergies to this product or the requirements require avoiding contact with small
particles, then powder-free products are used. Features of latex, nitrile and vinyl products: good
strength characteristics; flexibility and excellent fit to the hand; wear-resistant qualities in dynamics.

Vinyl medical gloves are an alternative for those who suffer from latex allergies. The polyvinyl
chloride from which they are made provides versatility and practicality in all areas. Nitrile
examination gloves have the following advantages:* ability to work with aggressive environments;
high resistance to punctures and tears; with a minimum thickness, they provide a higher level of
protection than latex products; increased tactile sensitivity.

Sometimes it is difficult to make the right choice among the many models offered in pharmacies
and specialty stores. This work will help to navigate and select the right medical gloves for various
purposes [4].

Types and characteristics. Medical gloves are used to perform various surgical interventions, as
well as for medical or cosmetic procedures that require sterility.

Depending on the features of use and the type of gloves, several groups can be distinguished:
non-sterile (have an anatomical shape, but are not sterile); non-roller (used for any purpose,
depending on the need, they can be sterile or non-sterile); nitrile and neoprene (anatomically shaped,
very durable, fits snugly to the hand); with long cuffs (extended cuffs for the convenience of wearing
work clothes); three-layer (has the most reliable degree of protection); with aloe vera (treated with a
special composition inside that does not adversely affect the skin of the hands).

Classification of medical gloves. Medical gloves are divided into two groups: products used for
surgical interventions and all other manipulations, for invasive and therapeutic procedures [4].
Surgical gloves have the following properties: Sterile processing; Shape that matches the curves of
the hand (the direction of the thumb is against the palm); division into right and left hands; high level
of strength; presence of a long cuff; presence of standard or specialized properties depending on the
specifics of the surgical direction.

Latex gloves: characterized by a high degree of elasticity and strength; should not be used if
the doctor or patient has an allergic reaction to latex; should not be used for contact with aggressive
chemicals. Another criterion for classifying medical gloves is the quality of the internal processing.
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The products are powdered (or non-powdered), special polymer coatings are used. The outer surface
is also divided into types: smooth, textured and micro-textured. Cuffs are made with a cut edge or are
rolled into a bundle [5].

Materials and Methods

Promising sources of production of diagnostic medical gloves

Diagnostic (examination) glove sizes. Certification according to MEST. Currently, the main
standard regulating the quality of medical gloves remains MEST EN388-2019 “:Two-way hand
protection. Gloves for protection against mechanical influences” [3]. It clearly indicates what
properties these types of products should have.

The size classification is based on the dimensions of the widest part of the hand and corresponds
to the following gradation:

XS - corresponds to sizes 4-5,

S - small, corresponding to sizes 67,

M - medium, corresponding to sizes 7-8,

L - large, corresponding to Russian GOST size 8.

XL - the largest, corresponding to size 9.

Diagnostic gloves do not have a specific division into left and right hands, but differ in size,
which varies depending on the circumference of the hand (determined by the fifth
metacarpophalangeal joint). The average length of the products is 24 centimeters. It is very important
to consider the size of the gloves: if the products are not selected correctly, this may interfere with the
accurate and free movement of the specialist's hands. The main sizes of diagnostic gloves are given
in Table 1.

Table 1 - Basic dimensions of diagnostic gloves
Dimensions XL L M S XS
mm >250 220-250 190-220 170-190 <170

In dition, very small sizes are produced - XXS and very large - XXL, but they are much less
common and used. The technical requirements for diagnostic (examination) gloves, storage and
transportation conditions are regulated by the MEST, according to which the guaranteed shelf life is
one year from the date of manufacture. The material from which diagnostic (examination) gloves are
made and the conditions of their use (duration and type of procedure, work with aggressive media)
are the most important factors affecting their barrier function. Therefore, gloves should be selected
based on the characteristics of different types of gloves and the specifics of the activity for which they
are used [4,5]. There are many characteristics by which these products can be classified.

Based on the material:

» Latex;

* Nitrile;

* Neoprene;

* Polyethylene;

* Vinyl, etc.

Purpose:

* Diagnostic (examination).

* Surgical - anatomical shape and a long cuff that provides high-quality grip on the wrist.

* Special purpose — high strength, orthopedic, obstetric, ophthalmic, etc.

Shape:

* universal shape (same shape for right and left hands).

« anatomical shape (different shape for right and left hands).

Surface:
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* Smooth

* Textured (for easy grip of small medical instruments).

Application:

* single use;

* multiple use.

Sterility:

* sterile gloves;

* non-sterile gloves.

By ease of wearing:

» powdered surface;

* chlorinated surface;

* polymer coating.

Cuff:

» cuff with roller;

» cuff without roller (prevents wrist strain during prolonged manipulations).

Diagnostic gloves are considered non-sterile powder-free nitrile textured gloves. Latex
processing methods. Dispersions of the ingredients included in latex mixtures are prepared in ball
mills, vibratory mills and other devices, and latex mixtures are prepared in stainless steel or enameled
mixers (mixers). The order of adding ingredients is very important when preparing mixtures.
Typically, the ingredients are added to the latex in the following order: first stabilizers, then filler
dispersions, then emulsifiers, vulcanizing agents with accelerators and activators, and thickeners. To
ensure the stability of the properties of latex mixtures, they are subjected to maturation, and mixtures
for the production of thin-walled products and threads are subjected to vacuum treatment to eliminate
small air bubbles. The mass of the introduced ingredients is determined on the basis of dry rubber in
the latex. Table 2 shows the composition of the mixture for the production of medical gloves based
on 90% natural latex.

Results and discussions

Medical latex gloves are produced by dipping. dipping, followed by drying, coating the fabric,
ion deposition, gelatinization, etc.

Dipping [4,5]. Dipping and applying coatings to the fabric can be repeated several times. The
method is effective only for obtaining thin-walled products and coatings with a thickness of not more
than 0.2 mm, while the number of dips does not exceed 2-3.

Table 2 - Composition of the mixture for the production of medical gloves based on 90% natural latex

Composition of the The Composition Composition

mixture concentration  of |on dry matter | when calculating
latex % basis,% rubber and
dispersion, %

Natural latex 60 100,0 166,5

Sulfur 50 1,0 2,0

Zinc oxide 33 1,0 3,0

Zinc 50 1,0 2,0
diethyldithiocarbamate

Chalk 50 10,0 20,0

Antioxidant 33 1,0 3,0

Dyes 25 2,0 8,0

The production of dipped products is based on regular dipping (dipping) in a ready-made latex
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mixture, the configuration and dimensions of which correspond to the product being manufactured.
The process is carried out on special machines - automatic machines with strictly controlled operating
conditions. The main stages of obtaining products by the strapping method are: cleaning (washing)
and conditioning of the molds, dipping, drying, edge strengthening (crown rolling), drying the latex
film on the mold, vulcanization, demoulding of products. For the production of products by dipping,
mixtures based on natural centrifuged latex are mainly used, as well as Vultex.

Study of the chemical composition of natural rubber latex concentrate by physicochemical
methods.

Identification of the mineral composition of the latex concentrate was carried out by IR
spectroscopy. IR spectra were carried out on a UR-20 device in the frequency range of 400-4000 cm-
1. (Figure 1). The samples were prepared by compaction of KVr. In the IR spectra of the latex
concentrate, absorption lines of antisymmetric valence and deformation motions of the CO2 ion are
observed. The reduction of the correct tetrahedral symmetry of the CO2 ion to CO?2 is observed at the
peak at 3035.96 cm-1, which indicates the C-H valence motions of aromatic, heteroaromatic, small
cycles, halogenated alkyl groups. And at a frequency of 1666.50 cm-1, it indicates the compounds of
the methylene group.
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Figure 1 - IR spectra of natural latex concentrate
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Mo. Peak Intensity Inf;)nr;.ity Base (H) Base (L) Area Corr. Area
1 511,14 | 95,248 5,370 514,55 507,28 0,043 0,057
= 532,35 | 55,425 3,558 540,07 528,57 0,181 0,102
3 C4571 | 94,426 2672 561,29 543,83 0,317 0,089
4 582,50 | 93,389 1,735 586,36 578,64 0,157 0,030
3 548,08 | 98,802 1,213 555,80 532,65 0,254 0,058
5 698,23 | 95,764 0,957 709,80 678,84 0,519 0,084
7 742,59 | 94,021 0,540 745, 45 725,23 0,498 0,037
2 833,25 | 84,851 10,186 867,97 779,24 3,672 1,702
9 1006,84 | 91,862 0,447 1012,563 950,81 1,750 0,047
10 10239,63 | 90,552 1,082 1051,20 1022,27 1,165 0,074
11 10&82,07 | 89,518 0,235 1083,55 1053,13 1,335 0,031
12 | 1128,43 | 51,851 1,045 1138,00 1118,71 0,684 0,051
13 | 1308,67 | 94,774 1,265 1340,53 1250,38 1,016 0,138
14 | 137525 | 86,439 2,070 1388,75 1363,67 0,985 0,359
15 | 1448,61 | 88,252 10,581 1450,97 1400,32 3,120 1,838
16 | 1666,50 | 85,185 0,912 1676, 14 1653,00 0,444 0,047
17 | 171472 | 96,214 0,222 1718,58 1707,00 0,189 0,008
18 | 272542 ar.143 0,752 2735,99 2704,20 0,341 0,043
19 | 285078 | 20,310 2,956 Z870,08 2781,35 2,216 0,298
20 | z910.58 | 89,168 1,367 2920,23 2889,37 1,377 0,099
21 | 2558,80 | 88,152 3,578 3014,74 254337 Z 157 0,325
22 | 3035,96 | 67,117 0,582 3064,25 3028,24 0,345 0,042

Figure 2 - IR spectra of natural latex concentrate
.
Conclusions

The current state of medical glove production, as well as the main stages of the production of
medical gloves, in particular latex medical gloves, were studied. Perspective sources of diagnostic
medical glove production and a description of medical gloves and their types were given.
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TABUT'U JIATEKC KOHHEHTPATBIHAH AJIBIHI'AH OHIMJAEPAI 3BEPTTEY

Tyiiin

Aranran Makajgaga TaOWFM KaydyKThl JIATEKC KOHIEHTPATHI 3€PTTEY HBICAHBI OONBINT TaOBLIAIbI.
JKyMBICTBIH 9MIiCTEMEIIIK HETi31H KOJJIAHBUIBIN XKaTKaH FHUIBIMH dICTeMesIep, OHIIPIC IHKI3aThl — TaOUFH
Kay4yKThI JIJaTeKC KOHLIEHTPATBIH OHJICY 9/1icTepi, OeliTapanTay Ke3iHAeri TEXHONOTHSUIBIK YpAiCTep Kypai bl
JKyMBICTBI OpbIHIAY OapbICHIH/IA KeTIEH i COHFBI XKETUIIPIITeH PU3NKa-XUMHUSUTBIK TajAayliap: KO MaKCaTThI
pacTpiabl MHKPOCKOTN, XWMUs-aHAIMTHKAJBIK OJIiCTep KOJNAHBUIABL. byn Makama COHBIMEH Kartap
MEMIIMHAJIBIK KOJFaNTap/AblH, aTall aWTKaHJa JIATCKCTI MEIUIMHAJBIK KOJFanTapbsl OHIIPY OHIIPICTiH
Heri3ri carputapel 3epTTenreH.  KonranmrTapislH ©HAIPICIHIH apHalbl OpHANACybl, SFHH HETi3iHEeH
MEAWIMHAJIBIK KOJFANTap OHIpici KaydyK aFralITapblH ©CipETiH eNAep/Ie OpPHATACTHIPYFa YCHIHBUIATHIHABIFBI
kentipiired. OWtkeHi 100% TaOwFu JIaTeKC IIBIPBIHBIH TAacMaliady IIBIFBIHBI KO, KYpIeNdi Ipolec
OOJFaH/IBIKTaH, OCHI IIMKI3aTTHI KOJIJaHATHIH OHAIPIC OPBIHAAPHI Kay4dyK aFalibl ecipieTid ennepae (Manasus,
Kerrait, Taitnann, pu-Jlanka, ManoHe3ns) opHalacKaHABIFEI THIMIII OONBIN ecemreieni exeH. Jlarexc
KOHIICHTPAThIHAH ~QJIBIHFAaH MEIUIMHAIBIK KOJFAaNTapIblH JIATEKCTIK THIFBI3IAFBIITAPABIH  HETi3ri
apTHIKIIBUIBIKTAPBl ~ KeNTipiireH. Tekcepy OHIMICPIHIH epeKIIeNKTepl KoHEe HHUTPWILI TeKcepy
KOJIFAIITApBIHBIH ~KeJIeCi apTHIKIIBUIBIKTAphl aWThUFaH. MeIUIUHANBIK KOJNFANTapAblH TYpJiepi MeH
cUIaTTaManapbl, KOJJaHy epeKIICTIKTepl *KoHe KOoJFanTapiblH TypiHe OaiiaHbICThl OipHENIEe TONTapIbl
Oemyre OonaTHIHABIFEI alThIFaH. COHBIMEH Karap, MEIUIHMHANBIK KOJFANTapIblH KJIACCH()UKAIUSICHI
KEINTipUITeH.

KinTTik ce3aep: 1aTekc KOHIIEHTPATHI, METUITUHAIBIK KOJIFANTap, HUTPUJI, BUHWI KOJIFamTap.

JI. Aiiko3oBa, I1l. /I:xxoagacoBa, b. Tacran6exoB, A. Ucmana
K.T.H., IOLIeHT, laura.aykozova@mail.ru, FOKY um. M. Aya3oga, llIeimkenT, Kazaxcran
K.X.H., To1ieHT, shola.dzodas.53@mail.ru, FOKY um. M.Aya3o0Ba, llIsivkenT, Kazaxcran
CTapIui npemnojiaBareib, bekbolat tm@mail.ru, FOKY uM. M. Aya3osa, [lIeimkent, Kazaxcran
cryneHt 4 kypca, akbota.ismail.04@mail.ru, FOKY um. M.Aya308a, [lIsivkenT, Ka3axcran

HNCCIEJOBAHUE ITPOAYKTOB, IIOJTYYEHHBIX U3 KOHIEHTPATA
HATYPAJIBHOI'O JIATEKCA

AHHOTAIUSA

B nmanHO# cTarbe 00BEKTOM HCCIIEIOBAHUSA SABISETCS KOHIIEHTPAT HATypaJbHOTO KaydyKOBOTO JIaTeKca.
MeTtonnyeckoit OCHOBOM pabOThI SBISIOTCS MPUMEHSEMBIE HAydHBIE METONbI, METOABl 00PabOTKHU CHIPHS —
KOHIIEHTpaTa HaTypaJbHOIO Kay4dyKOBOI'O JIaTEKCa, TEXHOJIOIMUYECKHE IMPOLECCH HEeWTpanu3auuu. B xome
paboThI HCIIOIB30BANICS KOMIUIEKC HOBEHIINX COBPEMEHHBIX (PM3UKO-XMMHUYECKUX aHAJIM30B: MHOTOLENIEBOM
CKaHUPYIOMHNA MHKPOCKOII, XUMHUKO-aHAJTMTHYECKHE METOIBI. B cTaThe TakKe M3y4aroTCsi OCHOBHBIE JTAllbl
MIPOM3BO/ICTBA MEANIIMHCKUX TIEPYATOK, B YACTHOCTH, JIATEKCHBIX METULMHCKUX Mepuarok. OTMevaeTcs, yTo
pEeKOMeHAyeTcss 0co00e MECTO MPOU3BOACTBA MEPUATOK, TO €CTh HMPOM3BOICTBO MEAWIMHCKHUX IEpUaTOK
MIPENMYIIECTBEHHO B CTPaHaX, IJe MPOM3PacTarOT Kay4dyKoBble aepeBbhs. [lockonbky Tpancmoptuposka 100%
HATypaJbHOTO JIATEKCHOTO COKa SIBISETCS JOPOTOCTOSIIMM M CIOXKHBIM MPOLECCOM, LEeNeco00pa3Ho
pa3Memars MpPOU3BOJICTBEHHBIE MOIIHOCTH, HCIOIB3YIOIIME 3TO ChIphE, B CTpaHax, € MPOU3PACTAOT
KayuyKoBble JiepeBbsi (Manaiisus, Kuraii, Taumana, Llpu-Jlanka, Wunonesus). IlpuBeneHsl ocHOBHBIE
MPENMYIIECTBa MEIWIIMHCKUX TIepYaToK M3 JIATEKCHOTO KOHIIEHTpaTa IO CPaBHEHUIO C JIATEKCHBIMU
YIJIOTHUTENSAIMU. [IpuBeeHBl OCOOCHHOCTH KOHTPOJNBHOW MNPOAYKIMM M CICOYIOUIHe MpEeuMYIIecTBa
HUTPWIOBBIX CMOTPOBBIX Iepyarok. [IpuBeaeHBl THNBI M XapaKTCPUCTUKA MEIUIMHCKUX TEPYaTOK,
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O0COOCHHOCTH WX MPUMEHEHHUS, a TAKXKE TOT (haKT, YTO B 3aBHCUMOCTH OT THIIA TIEPUYATOK UX MOXKHO Pa3CIuTh
Ha HecKosbKo rpynm. Kpome Toro, mpeacraBieHa KraccuUKaIus METUITTHCKIX TIePYaToOK.

KuaioueBble ciioBa: JaTEKCHBIA KOHIIGHTpAT, MEIUIIMHCKHUE IEpUaTKy, HUTPUIOBBIC, BHUHUJIOBBIC
MepYaTKH.
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NCCIEJOBAHUE ITPOLHECCA TIEPEPABOTKHU OTPABOTAHHBIX IMTUEBBIX
NCTOYHHUKOB TOKA HA IEJIEBBIE ITPOAYKTbI

AHHOTAUA

B pabore paccMOTpeHbI METOIbI O00paOOTKH JIMTHUH-HOHHBIX AKKyMYJISATOPOB M HCIOJIb30BAHHBIX
WCTOYHHUKOB JIMTHUS JUIS JIMTHEBBIX coenuHeHmid. [IpuBeneHa kiaccudukanys MCTOYHUKOB MEPBUYHOTO H
BTOPUYHOTO JINTHEBOTO TOKA, OMUCAHBI X KOHCTPYKTUBHBIE 0COOEHHOCTH, XHMUYECKUN COCTAB AIIEKTPOIHBIX
MaTepHaJioB U OCHOBHBIC ONACHBIE KOMIIOHEHTHI. BB MpoaHaIM3UpOBaHbI OCHOBHBIC 3Talbl 00pabOTKH ¢
AKIICHTOM Ha CEJICKTHBHOE M3BJICUCHUE JIUTUA U conmyTcTBYrOImUX MeTaiuioB (Co, Ni, Mn, Cu, Al), Bkirouas
MEXaHUYIECKYIO TIOATOTOBKY, TUPOMETaJLUTyprUIeCKIe 1 THAPOMETaLTypriudeckrne Metoasl. Oco0oe BHUMaHME
OBUIO yHEeNeHO COBPEMEHHBIM WCCIIEAOBAHUSAM, 3allaTeHTOBAHHBIM TEXHOJOTHSM H KOMOWHUPOBaHHBIM
cxemMaM TiepepabOTKHM, a TaKKe TEHICHIHUSAM pa3BUTUS HU3KOTEMIICPATYPHBIX M DKOJIOTHYCCKHU
OpPHUEHTHPOBAHHBIX MPOIIECCOB. PacCMOTPEHBI IKOMIOTHIECKUE U IKOHOMHUYECKHIE ACTIEKTHI PEIUKINHATA, B TOM
Yiclie CHM)KCHHWE HEraTUBHOTO BO3ICHCTBUSA Ha OKPYXAIONIIYIO CpEIy, 3aTpaThl 3HEPTUW U TEPCIICKTHBEI
MPOMBILIUICHHOTO BHEJPEHUS MEepepadOTKU JIMTUEBBIX MCTOYHMKOB TOKa. [IpHBeNEHBI pe3ysabTaThl
KCCJICIOBAHUH MOTYyUYCHHMSI XJIOPUIHOM COM M KapOOHATa JIMTUS U3 UCTOYHUKOB TOKA, CIIOJIb30BAHHBIX ITyTEM
Pa3MOKEHUS CONSHON KHUCIOTH. OmpeneneHsbl ONTUMANBHBIE MapaMeTphl Iporiecca MOMyYeHHs XJIOpHIa U
KapOoHaTa JIMTHS, TEMIIeparypa mpolecca, BpeMs OOpa0OTKM M KOHIICHTpAIMsl COJISHOW KHCJIOTBI.
[Nonmy4enHuslit mpoayKT KapOoHaTa JIMTHs cooTBeTCTBYeT TpeboBanusm ['OCT.

KiroueBble cioBa: nUTU-HOHHBIE Oarapen, Oaraped, THAPOMETAJUIYpPIHs, HUPOMETAJUTYpPIHs,
BTOPUYHBIE PECYPCHI, XJIOPU TUTH, KapOOHAT JIUTHSI.

BBenenue

B nocnennue necarunaeTust HAOMIOAAETCS CTPEMUTENBHBIA POCT MPOU3BOJICTBA U MOTPEOICHUS
JIUTHH-UOHHEBIX HCTOYHHUKOB TOKa, 4YTO 06yCJ'IOBJ'ICHO Pa3sBUTUEM HOpTaTI/IBHOI\/JI OJICKTPOHUKH
ANEKTPOTPAHCIIOPTA U CUCTEM HAKOIUICHHS SHEPTUU.

3axopoHEHNE UM HEKOHTPOIHPYEMOE CKIaJUPOBaHUE OTPAOOTAHHBIX TUTUEBBIX UCTOYHHKOB
TOKa CBS3aHO C CEpPbE3HBIMH 3KOJIOTMYECKUMHM PUCKAMH. AKKYMYISTOPBI COAEP’KAT TOKCUYHBIE
OJICKTPOJIMTBI, OPraHUYCCKUC PACTBOPHUTCIU, U COCAUMHCHHA TSKCIIBIX MCTAJJIOB, KOTOPBIC IIPU
pa3pyluieHr: Kopiyca CocOOHBI MUTPUPOBATh B TIOYBY M TPYHTOBBIE BOJIBI, BBI3BIBAS 3arpS3HEHHE
OKpY>Karollen Cpebl.

Ilenpto JaHHOW CTaThbM SBISIETCS AaHAM3 COBPEMEHHBIX TOAXOAOB K TmepepaboTke
0TpabOTaHHBIX JIUTUI-MOHHBIX aKKyMYJISITOPOB C IMOJTYYEHHEM JTUTHEBBIX COJIEH.

B crarbe KkpaTko paccMaTpuBarOTCS ~ MEXaHUYECKHE, NUPOMETAJUTyprUuecKue |
THAPOMETAJLTYPIrUiC€CKUE MCTOIbI nepepa60TKH, a TaKXeE KOM6I/IHI/IpOBaHHBIe TEXHOJIOTUYCCKUC
cxemMbl. Oco0oe BHUMaHUE YAENSAETCS THUIPOMETALTYPrHUECKHM TIpolleccaM, Kak Haubomee
MNEPCIECKTUBHBIM C TOYKH 3PCHHUA CCIICKTUBHOCTU M3BJICUCHHUA MCTAJIOB, 3HepF03(i)(i)eKTI/IBHOCTI/I )51
CHUKEHUS HKOJIOTUYECKON Harpy3KH.

JIuTHEBBIE HCTOYHUKU TOKA MNpEaACTaBIIAOT cobom SJICKTPOXUMHUYCCKHUE CUCTEMBI, B KOTOPBIX
JUTUN WU COEIMHEHUS JINTUSI UCTIOIB3YIOTCS B KAU€CTBE aKTUBHOTO KOMIIOHEHTA. VICTOUHHUKHN TOKa
MOJIyYWJIM IIUPOKOE PACHpOCTPAHEHHWE B IMOPTAaTUBHOM 3JEKTPOHMKE, SHEPreTHKE, MEIULIMHE U
ANEKTPOTPAHCIIOPTE.
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OTtpaboTaHHbIE HICTOYHUK TOKA COCTOHMT M3 CIOKHBIX COCTUHEHUN TUTHH—OKCH] MapraHua u
JTUTUR—CYIb(POOKCH] XJIOP, a TAKXKE OPraHUYECKHUE OJMMEPHO-IUTUEBBIE U HEOPraHUUYECKUH JINTHH
docdarabIx coneii [1].

Hanuyue Takux KOMIOHEHTOB OPraHUYECKHUE JIEKTPOJIMTHI, COJIM JUTHA, & TAKkKe TAKEIbIE
METaJUIbl, TaKUe KaK KOOAJIbT M HUKENb TPeOyeT CTPOroro coOmoneHus Mep 0e30macHOCTH HpU
oOpalieHnu ¢ 0Tpad0TaHHBIMU JIMTHEBBIMU HCTOYHUKAMH TOKAa M 000CHOBBIBAET HEOOXOIMMOCTh UX
CTeMATU3UPOBAHHON TIepepabOTKH.

B nuteparype BBIIENAIOT TPU OCHOBHBIX IIOAXO/A: MEXAaHHUYECKYHO IIOATOTOBKY,
MUPOMETAILTYPTUYECKUE METONIBI U THAPOMETAILTY PTUYECKHE MTPOLECCHI.

OTH MeTozbl He TPeOyHT XMMHYECKOro BO3JEHCTBHS M 00€CIeUMBAIOT IpeJBapUTENILHOE
KOHLEHTPUPOBAHMUE TOJE3HBIX (paKkmuid, CHUXKAasg OO0ObEMBI mepepadaTbiBAEMOro Marepuaia Ha
CIeIYIOLUX CTaaAusX [2].

CymiecTByeT MHPOMETAILTYPrUYE€CKHE METO/BI - TEPMUYECKHE TIepepabOTKH, OCHOBaHHBIC Ha
HarpeBe M3MeNbIEHHOM «4EPHON MacChl» J0 BBICOKHUX TEMIIEpaTyp AJIs IUIABJIECHUS U MOJY4YECHHUs
MeTaJUTMYECKUX CT1aBoB. OTHAKO JUTUH B ATUX MPOIIECCAX, KAK MPABUIIO, TIEPEXOIUT B CHITUKATHBIN
1uIaKk U TpeOyeT AONOJIHUTENbHOM 00paboTku. HenocTtaTkoMm sBsSETCS BBICOKHE YHEPreTHUECKHe
3arparbl U3-3a HEOOXOAMMOCTH HArpeBa J0 OOJBIINX TEMIIEpaTyp; MOTEPH JTUTHS B IIJIAKOBOH ¢ase;
BbIOpockl CO:2 1 ApYyruX 3arps3HuTeneil 6e3 NpUMEHEHUs J0pOTruX CUCTEM OYMCTKU T'a30B M HU3Kas
CEJIEKTUBHOCTH 110 OTHOIICHHUIO K IIEHHBIM MTEPEXOHBIM METaJIaM.

Haubonee pacripocTpaHeHHbIH cioco0 nepepadoTKH JIUTHHCOAEPKALUX OTXOJ0B -KUCIIOTHOE
U TIETIOYHOE BBINIENAauuBaHue. [J1laBHAs CTamusi THAPOMETAJUTYPIHH — 3TO BBILICTAYMBAHUE, TIPU
KOTOPOM aKTHBHBIE MaTepHajbl PacTBOPSIOTCS B BOJHBIX pacTBOpax KUCIOT wiM menoudeit. [locie
IIEJIOYHOTO BBIIEIAYMBAHUSA, OTXOAOB IOIYYalOT TMIPOKCHJ, XJOPHUI, U KapOOHAT JIUTUS Kak
EJIEBOH MPOAYKT IS aKKyMYJISITOPHOH MPOMBIIITICHHOCTH.

B ozaHoit u3 paboT npeioxkeHa MoieNb MPOrHOCTUYECKOTO YIIPABICHHS IIPOLIECCOM Pa3psIIKH,
MO3BOJISFOIIAsT TIOJIEPKUBATh O€30MacHbIe TEeMIIepaTypHbIe YCIOBUS TPU MOATOTOBKE Oaraped K
nanpHeuei nepepadorke[3].

BaxHol TeHIeHIMEH pa3BUTHS SBISETCS BHEAPEHUE HHU3KOTEMIIEPATYPHBIX MPOIECCOB H
MNPUHIUIOB «3€JIEHOW» XUMHMM, KOTOpbIE HAIPaBIEHbl Ha CHIDKEHHE HSHEPreTHYecKHX 3arpar,
YMEHBIICHNE UCTIOIb30BaHMsI arpeCCUBHBIX KUCIIOT W Tepexoa Ha Oosee Oe30macHble peareHThl U
pactBoputenu. Cpey TakuX peleHni — MpUMeHeHHe TTyOOKHX IBTEKTHUYECKUX PACTBOPUTENEH ¢
BBICOKOH CEIIEKTUBHOCTBHIO, YTO TTO3BOJISIET 3HAYUTEIHHO MOBBICHTH A(P(GEKTHBHOCTh W3BJICUCHUS
LIEHHBIX AJIEMEHTOB MPU CHIKEHUH HKOJIOTHYECKHUX BO3JeHCTBUI [4].

C >KOHOMHYECKOW TOYKHM 3peHusi mnepepaboTka Oarapeil Takke MOXKET ObITh BBITOJHOM:
BoccTaHoBieHHEe 80—95 % LeHHBIX KOMIOHEHTOB CO3/1aT BTOPHUHBIE ChIPbEBbIE MOTOKU, KOTOpBIE
CTIOCOOHBI 3aMECTUTh YaCTh UMIIOPTUPYEMBIX MaTe€pHUajoB B MPOU3BOICTBE HOBBIX aKKyMYJISITOPOB.
B psne crpaH cymecTBYlOT >kECTKHME TpeOoBaHUs MO cOOpy, pa3felbHOMY HAKOIUIEHHIO W
YTUIN3alUA aKKyMYJSITOPHBIX OTXOZOB: Hampumep, B EBponeiickom coro3e aeiicTByer Battery
Regulation, ycranaBnuBaromuii oOs3aTenbHbIE 1eMM 1O 3((EKTUBHOCTH NepepadOTKu U
BOCCTAHOBJICHHIO MaTe€pHalioB, a TaKXe TpaBWiIa MO y4E€Ty W MapKUpOBKe Oartapeil B Iermouke
MOCTaBOK [5].

B Poccun u Kazaxcrane HopMaTHBHBIE aKThl B OCHOBHOM OPHEHTHPOBAHBI Ha OOIINE TIpaBUIIa
o0palleHus C OACHBIMU OTXOJJAMU U aKKYMYJISITOpAaMH KaK BUJIOM OTXOZOB, BKJII0Yast TPeOOBAaHUS O
pa3/ienbHOM HAKOIUICHWH, Tepeaade CrelralTn3npOBAaHHBIM OPTaHU3aNNsIM M COONIOICHUH TTPABHIT
XpaHEeHH.

METOJIUKA IMTPOBEJEHUS UCCJIEJIOBAHUI
HccnenoBanre ObUIM MPOBEACHBI C KMCIOIB30BAHUEM COBPEMEHHBIX MPUOOPOB (HU3HKO-
XMMHUYECKOT0 aHaiu3a Macc-criekrpomerp, POM u P®A. DkcnepuMeHTbl IpPOBEIEHBI Ha
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nabopaTopHOM  SKCIIEPUMEHTAILHOW  YCTAaHOBKE. YCTaHOBKAa COCTOMT M3  CHEIHAIBHOTO
COTPEBAIOILIETO TEPMOCTATa U XOJIOMUIbHHKA, SJICKTPOMEIIAIKH, 8 TAK)KEe KOHTAKTHOTO TepMOMETpa
u perynsaropa [6-7].

PE3YJBbTATBI UCCJIEJOBAHUA
B uccnenoBaHusaX MCHONB30BaIM OTPAaOOTaHHbIE MCTOYHUKM TOKA M IIOJYYEHHBIH M3 HEro
JIUTUEBbIC INIACTUHKU. [IACTMHKM 4aCTUYHO OKHUCIICHHBIE IOBEPXHOCTH PACTBOPSIIM B COJSHON

kucnore mpu Temmeparype 30°C B Teuenwe 20-25 wMuHYT. ONBITHI NPOBEIEHBI HA
SKCIEPUMEHTAIbHON yCTaHOBKeE (puc.l)

OKcriepuMeHTalIbHas yCTaHOBKa

(pucynok 1) cocToMT U3 CHEIUATBHOTO

COTPEBAIOILEIO PEAKTOpa ¢ MEINAJIKOW U
KOHTaKTHOTO TE€PMOMETp, a TaKXe CHaOXKeHa
00paTHBIM XOJIOAWIBHUKOM u
aBTOMAaTU3UPOBAHHOIO IIyJIbTa yIpaBleHusd. B
peaKkTop  3arpy’karoT  COJsfHAas ~ KHUCIIOTa
3a/laHHOM KOHLEHTPALUN U CIOJa XK€ TIOCTYNaeT
WU3MEIBYCHHBI  OTpa0OTaHHBIA  JIMTHEBBIC
IUIACTHUHKHU. B peakrope mpoucxomut 3a cyer
B3aitmozeiicteue HCI u CTpyXKU JMTHEBBIX
Oarapeiiek 1 00pa3yroTCs XJIOPU JIUTHSL.

Pucynok 1- DkcnepuMeHTaabHas yCTaHOBKA

[loyuenHble pe3yabTaThl HCCIEI0BaHMs IPUBEACHBI HIDKE (Tabnuua 1).
Tabnuna 1- Pe3ynbTarsl pa3inoskeHust JUTHEBBIX MIIACTUHOK C COJISTHON KUCIOTBI

Ne Macca HCI Macca Bpemst Macca CrerneHb
OIIBITOB (25%), 06pasua,r | pacTBOPEHHs,MUH pactBopa 06p?,30BaHHﬂ
LiCL, . LiCI, %
Temneparypa 30°C
! 20 1.0 20 20,98 98,9
2 20 1,0 25 20,99 99,6

W3 tabnuiel 1 BUIHO, YTO B3aUMOJICHCTBUS COMSTHON KUCIOTHI OTXOJA - CMECH JINTUH U OKCHU]L
JUTHS JOCTUTAETCs IPH MPOAOKUTETLHOCTH riporiecca 20-25 munyT u Temmneparype 30°C. Crenens
oOpasoBaHus XJIOpuaa JUTHS cocTaBisieT 98,9-99,6%. Tabmuiie 2 mpuUBENEHBI COCTaB PacTBOpa
XJIOpUJIA JTUTHSL.

Tabmuma 2 - CoctaB pacTBOpa XJI0pUaa JTUTHS

Ne HanmenoBanue Conep:kaHue BELIEeCTB, I/ [Ipumeuanue

1 LiCI 327,37 PactBop MyTHBII
2 NaCl 0,24 KHJIKOCTD

4 CaCl, 0,02

5 MnClI, 0,001

6 FeClL, 0,004

W3 nannbix Tabnun 2 BuaHO, yto Kpome cou LiCl pactBop cogepxut npumecu NaCl, CaCly,
MnCl,, FeCl,. Ha pucynke 2 nokaszan audpakTorpaMmma mory4eHHOT0 KOHLIEHTpaTa XJI0pHIa JTUTHSL.
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Pucynok 2- PeHTrenorpamma noixy4eHHOIO ocajika

Ha pentrenorpamme ocajka (pucyHOK 2) HaOmomaeTcs coeuHeHue xjaopuaa autus (2,97,
2,57, 1,82A°) u xnmopun Hatpwuii (2,83, 1,88, 1,52A°).
PactBop xJopun nutusi 00pabaThIBalOT KaJbIIMHUPOBAHHON COMOM Tmpu Temmeparype 95-
100°C. IIpu 5ToM npoTekaeT peakuus ¢ oopazosanueM LixCO3 1 NaClp.p.

[Ipuuem B ocamok BhemamaeT kpucramisl Li>COs; pactBopumocTs kotoporo mpu 100°C
cocrasiseT 0,71%. C noBellieHUEM TeMIieparypbl pacTBOpuMocTh LioCO3 cHukaeTcs.

Brmasmmii 6enplii ocaiok kapOoHAT AUTHS (PUIBTPYIOT W 0OCaJOK MPOMBIBAIOT TOpsUeit
Bonoit s ynanenust pactBopumsbix npumecu NaCl, CaCl;, MnCl, FeCl,. B tabnuue 3 npuBeneHsl
XUMHAYECKUI COCTaB (PMIIBTpaTa M CyXOro Ocajka KapOoHaTa JUTHS MOCIE CYIIKH IPU TeMIIepaType
110-120°C. Tony4eH cyxoii TOpOLIOK KapOoHaTa IMTHs B KonuuecTse 284,21 1.

Tabmuua 3-Xumuueckui cocTaB (pUIBTpaTa U CyXOro ocajika kapOoHaTa JUTHS

Ne | HaumenoBanue Cocras, %

po6 Li>COs; | Na,O CaO CI Fe;0s | SO+ | H.o. | H0
1 | Cyxoit mponykr | 99,9 0,02 0,004 0,006 0,008 | - - 0,62
2 | ®uibrpar 0,01 52,21 0,10 0,03 0,01 - - 47,64

[Tony4eHHbli kKapOOHAT TUTHUS IO COCTAaBY COOTBETCTBYET TpeboBaHusM TY 6-09-3728-83
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U3 pucyska 3 BuAHO, 4To HHTeHcHBHOCTH 740,67, 860,52, 117272, 141575 cmt
cootBercTByeT cBsa3u Li-CO3%. AHanu3 MONTyYeHHOro KapOOHATA JIMNTHA TIOKA3BIBAIOT COEPIKAHHE
(Macc, %): Li2C03-99,9; Na20-0,02; Ca0-0,004; Fe203-0,008; CI-0,006; SO4%orc., H.0.-otc., H20-
0,62 m mpoaykt kapOOHAT JIMTHUS BBICOKOW YHCTOTBHI COOTBETCTBYET TpeOoBaHWAM  «JIuTwid
yIJIEKHCTBIN - KapOonat utus» TY 6-09-3728-83.

3akiroueHue

Takum o00pa3oMm, COBpEeMEHHBbIE UCCIEIOBaHUA W TEXHOJOTMYECKHE pPa3paboTKU IO
nepepadoTKe JUTHH-MOHHBIX HMCTOYHMKOB TOKAa HANpABICHBl HA CO3JJaHUE YCTOWYMBBIX,
HSKOHOMHUYECKH I(PPEKTUBHBIX M IKOJIOTMYECKH OE30MacHBIX TEXHOJOTHMYECKHUX CXEM, CIIOCOOHBIX
00eCreYnTh 3aMKHYTHII LIMKJI MaTepuajoB MEXIY MPOU3BOJICTBOM M BTOPHUYHON MEpepadOTKOM.
Ilepepabotka Li-ion aKKyMyJIsTOPOB HpEACTaBIseT CcOOOW HE TOJBKO HSKOJIOTHYECKYIO
HEOOXOIMMOCTh, HO W JKOHOMHYECKH 3HAYMMBIA CEKTOp, TPEOYIOIUN pa3BUTHS TEXHOJIOTHH,
MHBECTHLIMN U COBEPLICHCTBOBAHUS IPABOBOW CPEIbl AJIS peaju3alMy MOTEHIMajla 3aMKHYTOIO
nuKiIa marepuaioB. llepepaboTka Xiopuaa JIMTHS TOMYy4YEHHBIE W3 OTPaOOTaHHBIX Oaraperex
HCTOYHHMKA TOKAa C KapOOHATOM HAaTpus MO3BOJIAET MOJYYUTh KapOOHAT JIUTUS BBICOKOW YHMCTOTHI
cogepxkanrem Li»CO3-99,9%. BMecre ¢ TeM ycreniHas peanu3amus TEXHOJIOTHA NepepaboTKu B
IPOMBIIIJIEHHOM  MacuTabe TpeOyeT COBEpLICHCTBOBAHMS  HOPMAaTHBHO-NIPaBOBOM  0a3bl,
obecriedeHrs 0€30mMacHOrO OOpamieHusi C OMACHBIMHM KOMITIOHEHTAMH M JalbHEWIIEero HaydHO-
TEXHUYECKOrO Pa3BUTHUS MPOLIECCOB.
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MAWJTAJAHBLIFAH JATHI TOK KO3JEPTH MAKCATTBI OHIMJEPTE KAVITA
OHJIEY NPOLECIH 3EPTTEY

Tyiiin

JKyMbIcTa TUTUH-UOHIBI aKKYMYJISITOPJIap MEH JIMTHIJII KOCYFa apHaJIFaH OarapesiHbIH Naii1aaaHbUIFaH
JIUTHHA KO3/epiH OHIey djicTepl Kapaiasl. bacrankel jkoHE KaliTajgama JIMTHIIIIK TOK KO3JEpiHiH JKIKTEyl
KENTIPIUITeH, Oap IbIH KYPhUIBIMABIK €PEKIICTIKTEPi, 3EKTPOATHI MATepHATIAPABIH XUMISUTBIK KYPaMBbI )KOHE
HETri3ri KayinTi KOMIIOHCHTTEpI CUNAarTajfaH. MeXaHUKalbIK JaibIHABIKTI, MHPOMETaUTyPrHsUIBIK JKOHE
THAPOMETAILTYPTUSIIBIK, 9MIICTEpIi KOca anFaHja, JuTuil MeH inecne metangapasl (Co, Ni, Mn, Cu, Al)
CEJIEKTHBTI ayFa €KIiH jXacall OTBHIPHIN, OHJEYMIH Heri3ri ke3eHaepi TammaHmel. Kaszipri 3aMaHFbI
3epITeyiepre, MareHTTENeH TEXHOJIOTHsIapFa XoHE KalWTa OHJCYNiH KYpaMIaCThIPbUIFaH CXeMallapbiHa,
COHJIali-aKk TOMEH TEMIIEPaTypaJIbIK JKOHE SKOJIOTHSIIBIK OaFjapiaHfaH MPOLECTEPiH JaMy YpIicTepiHe
epeKIlie Hazap ayaapbul/bl. PEIUKIMHITIH SKOJOTHSIIBIK JKOHE SKOHOMMKAJBIK ACMEKTiIepi, OHBIH ilIiHIe
KOpIIIaFaH OpTara KarbIMCBI3 dCep/li TOMEH/ICTY, SHEPTUs HIBIFBIHIAPHI )KOHE JIUTHITIK TOK KO3JepiH KaliTa
OHJICY/i OHEPKACINTIK eHri3y MepcleKTHBaiapbl Kapaiabl. Ty3 KbIIIKBUIBIH BIABIPATY KOJBIMEH
naijajaHblIFAaH TOK KO3ACPIHEH XJOPHJA Ty3bl MEH JIMTHH KapOOHATBhIH ajy[bl 3€PTTEY HOTIKENEpPl
kentipinred. Jlutuik xjopumi MeH KapOOHATBIH ajy NpOIECiHIH OHTAWIbl TapaMeTpiepi, IMpolecc
TEMIIePATyPAChl, OHJICY YAKbIThI XOHE TY3 KbIIIKbUIBIHBIH KOHIIEHTPAIUACH alKbIHIANbI. AJIBIHFAH JTUTHH
kapOoHarbsl eHiMi MEMct TamanTapbiHa coiikec Keei.

KinTTik ce3nep: TUTHI-HOHITBI AKKYMYJIATOPIAp, Oarapesiap, THAPOMETAILTYPIus, TUPOMETAIITY PrHs,
KaiiTajama pecypcrap, JUTUN XJIOPHUIi, JIUTHH KapOOHATHI.
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INVESTIGATION OF THE PROCESS OF RECYCLING SPENT LITHIUM CURRENT
SOURCES INTO TARGET PRODUCTS

Abstract

The paper discusses methods for processing spent lithium sources of lithium-ion batteries and batteries
into a lithium compound. Primary and secondary lithium current sources are classified, their design features,
chemical composition of electrode materials and main hazardous components are described. The key stages of
processing were analyzed, including mechanical preparation, pyrometallurgical and hydrometallurgical
methods, with an emphasis on the selective extraction of lithium and related metals (Co, Ni, Mn, Cu, Al).
Particular attention is paid to modern research, patented technologies and combined processing schemes, as
well as trends in the development of low-temperature and environmentally oriented processes. Ecological and
economic aspects of recycling are considered, including reduction of negative impact on environment, energy
consumption and prospects of industrial introduction of lithium current sources processing. The results of the
study of obtaining a salt of lithium chloride and carbonate from spent current sources by decomposition of
hydrochloric acid are given. Optimum parameters of the process for producing lithium chloride and carbonate,
process temperature, treatment time and hydrochloric acid concentration are determined. The resulting product
lithium carbonate meets the requirements of GOST.KimtodeBbie cioBa: NUTHI-WOHHBIE aKKyMYISTOPHI,
Oarapeiiek, THIPOMETAILTYPrusl, IMPOMETAJLTYPIUsl, BTOPUYHBIC PECYPChI, XJIOPUJI JIUTHUS. KapOOHAT JIUTHSL.

Keywords: lithium-ion batteries, batteries, hydrometallurgy, pyrometallurgy, secondary resources,
lithium chloride. lithium carbonate.
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AKJAJI ’KOHE APBIC TEPMAJIIbI CYJIAPBIH KEHNEHAI XUMHUAJIBIK TAJLIAY

Tyiiin

Makanana YCHIHBUIFAH MaTepuangap AKnaia jkoHe AphIC enAiMeKeHIEpACH MIBIKKAH TepMallabl
MUHEpaJIIbl CyJAapAblH KeIIeHII XUMUSIIBIK Talaady HOTHKeNepi. 3epTTey HOTHXECIHJE alblHFaH TEepMalabl
MUHEPAIABI CyIarbl HETi3T1 XUMHUSIIBIK JIEMEHTTEPAIH MacCalblK YJECIiH aHBIKTAy YIIH 3JeMEHTTIK JKOHE
MOHJIBIK TaNJay KOJIAHBULIBL. ATalFaH TepMallIbl MUHEPAIIbEI Cyltapaa 0acklM 2JIeMEHTTEp KaTapblH OTTeTT,
KOMIPTEK JKOHE KaJIbLIMH Oap eKeHi aHbIKTaaabl. IOHABIK Karapaap OOHbIHIIA KapOOHATTHI KOCBUIBICTAp MEH
epireH MHUHepauIsl TY3IapAblH aiTapiplkTail MemmiepiH kepceremi. COHBIMEH Karap, OyJl TepMalibl
CymapnblH anaM (DM3HONIOTHSACHIHA OCEpiH JKOHE eMIIK KACHeTTepiH aHBIKTAHTBIH MakKpo- JKOHE
mukpoanementrep (Na, Mg, Si, S, Cl, K xone Fe) anpikranisl. Aknana ;koHe ApbICTepMaNIbl Cy KO3IepiHiH
XMMUSUTBIK KYpamblHa CaNbICTBIPMAJBI Tajjiay >KYPri3iigi. Apbic enliMeKeHiHeHaJ bIHFaH TepMalbl Cyaa
HaTpWH, MarHui XoHE KYKIPTTIiH JKOFapbl MeJIIepi cUmarTaica, an AkKgana elfiMeKeHHEH aJblHFaH cyna
KPEMHHUH MEH KalbLUIIiH )KOFaphl MeJIIIepi Oap exeHi kepceTuiai. FeUTbIMU 3epTTey HOTHXKETepiHe cyilieHe
OTBIPBIII, aTallFaH TePMaJIbl Cylap bl KOJIAaHy MYMKIHIIKTepi peTiHae 0aIbHEOI0r s, MEJUIIMHA JKOHE CIia-
eMzIeyae/li KopceTyre OOomabl.

Kinrrik ce3mep: Axnana, TepMaibl Cy, XUMUSUIBIK KYpPaMbl, 3JCMCHTTIK TaJjiay, HOHJBIK Kypam,
MUHEPAIIBI cyap.

Kipicne

TepMusnblKk MUHepanapl cyiaap MeIuIMHaaa, OalbHEONOTHsIa KOHE CHa-eMJiey[e KeHIHEeH
KOJIIaHBIIATBIH MaHBI3bl TAOUFH pecypc Oombin TaObutaabl. OnapablH eMIIK KaCHEeTTepl MaKpo-
AKOHE MUKPOAJIEMEHTTEP/I1, COHJIail-aK epireH ra3aap MeH MUHepasIbl TY31apbl KAMTUTBIH KYpaeli
XUMMSUIBIK KypaMbIHa OaiinaHbICThI [1].

Kazakcranga Tepmanabl OyiakTap Kell, 6ipak oJap/IbIH XUMHSUIBIK KypaMbl Hallap 3epTTesreH.
Cy TeMmepaTypacblHbIH JKOFApPBUIBIFBIMEH JKOHE MHMHEpalIbl KYpPaMbIHBIH MOJABIFBIMEH
CHUIAaTTaJaThIH AKJlaa )koHe ApbIC OYJIaKTaphbl epeKIle KbI3bIFYIIbUIBIK TYAbIPaIbL.

byn 3eprreynin Makcarbl - Akfana MeH ApBbIC TepMasibl CYIAapbIHbIH 3JIEMEHTTIK KYpaMblH
KEIIEH/ 1 Taj/1ay sKOHE OJIap/IbIH OMOJOTHIIBIK JKOHE eMJIIK KYH/IbUIBIFbIH Oaranay [2].

Martepunangap MeH daicTep

TeopusjbIK 06J1imM

FblbIMU-KYMBICTBIH MaKcaTbl- AKIan >KoHE ApbIC TepMajjibl CylapblHAa KeIIeHIl
XUMHUSJIBIK JKOHE THUIPOTCOXMMUSIIBIK 3€PTTEY JKYPri3y apKbUIbl ONapIblH (HU3UKa-XUMHSIIBIK
KACHETTEPiH, MUHEPAJABIK KYPaMbIH, THAPOXUMHUSUIBIK €pEeKIIEeTIKTepIH KoHe TaOUFH KaJbIITacy
KaFIaiIapblH aHbIKTAy OOJIBII TaObUIA bl 3epTTey OapbIChIH/IA TEPMaJIbl CYIapIblH KYpaMbIHIAaFbl
HET13T1 MaKpo- KOHE MUKPORJIEMEHTTEP/A1H MeOJIIepi, MUHEpaIAaHy JACHIei1, KbIIIKbIIIBIK-CUITUIIK
opracel (pH), Temneparypachl, JEKTPOTKI3TIIITII XKOHE >KaJIbl XUMHSUIBIK KYpaMbl KaH-KaKThl
KapacTbIpbliaibl. COHBIMEH KaTap FhUIBIMU KYMBICTa TEPMAaJIbI CyJIap/IblH KYPaMbIHIAFbl KLU,
MarHui, HaTpui, Kanuil, TUApoKapOOHAT, cyabdar, XJIOpUJ CUSKTHl HETI3r1 MOHJApABIH Tapaiy
€pEeKILETIKTEPl aHBIKTAIbIN, OJApAbIH TEONOTUSUIBIK JKOHE TUAPOreosoTUsUIBIK (hakTopaapMeH
OaiimaHbIchl 3epTTenesi. TepManasl cymapAblH KaJbIITaCyblHA 3CEP €TETiH TaOUFHU MPOLECTEp, Kep
acThbl CyJIapbIHBIH KO3FAJIBICHI, TAy KBIHBICTAPBIMEH JPEKETTECY1 )KOHE TEMIIEPATYPAJIBIK PEXHUMI /1€
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FBUIBIMHM TYPFBIJIAH TaJlaHa/bl. 3epTTEYAiH MaHbI3Ibl OarbITTapbIHBIH Oipi — AKman xoHe ApsbIC
TepMaJl/ibl CyJapbIHBIH €MIIK KacueTTepin Oaramay. OcbiFaH OaiIaHBICTBI OJNAP/BIH KYPaMbIHIAFbI
OMONIOTHSUTBIK OeJICeH/1I KOMIIOHEHTTEP/IiH aJaM ar3achlHa acepi, OaTbHEOTOTUSAIBIK MaHbBI3bI )KOHE
MeIUIIMHA CaJaChIHJA KOJIaHBUTY MYMKIHAIKTEpi KapacTelpbuiaabl. COHBIMEH Karap TepMalbl
Cylapbl aybll IIAPyallbUIBIFBIHIA, OHEPKACINTE KOHE TYPMBICTHIK MaKcarTa THIMJI MaiiaanaHy
YKOJIIapbIHA FRUIBIME Oara Oepiieni.

3eprTeyliH o3eKTijJiri TepManapl cygap TaOWFU MHHEPAIIbl PECYpCTApAbIH MAaHbBI3IbI
TYpJiepiHiH Oipi OoNbIl TaOBUIAZBI KOHE ONAPIBIH KypaMbl MEH KacCHETTEpiH 3epTTey Kaszipri
TUIPOTEOJIOTHS, TEOXUMHUS KOHE SKOJIOTHS FhUIBIMIAPHI YIIIH €peKIle MaHbI3fa he. AKAal jKoHe
Apsic Tepmansl cynapsl OHTYCTIK Kazakcran aiiMarblHAaFbl IEPCHIEKTHBAIBI CY KO3Aepl peTiHae
caHalajpl, ajaiia oNaplblH TOJBIK XMUMHSUIBIK KypaMbl MEH THIAPOTCOXUMUSIIBIK E€pPEKIIeTIKTepl
KETKUTIKTI IeHren e 3eprTenMereH. Kasipri yakpITTa TaOUFU CyJaapAblH canachklH Oaranay, oJapIbIH
MUHEPAJIBbIK KYpPaMblH aHBIKTAy >KOHE a/iaM JeHCayJbIFbIHA 9CEepIH 3epTTey Mocesesepi ©3eKTi
OONBITT  OTHIp. ©Ocipece TepMabl CyJIaplIblH eMJIIK KacHeTTepi MEH OaIbHEeOIOTHUSIIBIK
MYMKIHJIKTEPiH FBUIBIMU TYPFBIJIAH HET13/Iey MEIUIIMHA KOHE CAyBIKTBIPY callajaphl YILIIH MaHbI3/IbI
OarpITTapABIH Oipi OOBIT TAOBUIAIBL.

Ocpiran OaiinmaHbicTel AKHall KoHE ApBIC TepMalbl CYJapbIHBIH XUMHSUIBIK KYpPaMbIH
KEIICH/I1 3epTTeY OJIap/IbIH MPAKTUKAIBIK KOJIIAHBUTY asiChIH KeHEHTyre MyMKiHaik 6epeni. CoHbIMEeH
Karap >Kep acThl CYTapbIHBIH aHTPOIOTCHIIK 9CEepre YIIbIpaybl, KITUMATTHIK ©3repicTep KoHe TaOuFu
pecypcrapabsl KapKbIHABI A aiany jKaFIaiiblHa Cy carachlH TYPAKThl OaKbUIay KQKETTUTIT] apThII
Kenesi. by repmainipl cynapibIH SKOJOTHSUIBIK JKaFIaiibIH Oarasay bl 5KOHE OJap/IbIH KYPaMbIHIaFbl
BIKTUMAJI 3USH]IBI DIIEMEHTTEP/1 aHBIKTAy/Ibl ©3€KT1 €Te/l. AKAal KoHE APBIC TEpPMaIbl CyIapbIHBIH
TEOXUMHUSIIBIK EpEKIIENIKTepIH 3epTTey aWMaKThlH T'MAPOTeOJOTHSIIBIK KYPBUIBIMBIH TEPEHIPEK
TYCIHYTe, ep acThl CYIapBbIHbIH KaJbINTACy 3aHIBUIBIKTAPbIH aHBIKTAyFa JKOHE Cy pecypcTapbiH
THIMII OackapyFa FeUIBIMU Heri3 0osa anazsl. Ockl cedenTepre 0alIaHbICThI XKYPTi3UIETIH 3epTTEy
KYMBICBI TEOPHSUIIBIK Ta, MPAKTUKAIBIK Ta TYPFBIIAH KOFaphl ©3eKTiUTIKKe ue [3].

3eprTey onicreMesiepi CKaHepyeyIIl DSJIEKTPOHABI MHUKPO Tajjay CHSKTHl 3aMaHayd
AQHAIUTUKAIBIK OMICTEp OWONOTHSUIBIK YATUIEPAETT JJIEMEHTTEp KOHIEHTPALMSICHIH >KOFaphl
JONIIKIIEH aHbIKTayFa MYMKIHIIK Oepeni. byn omic Taburu MarepuanaapAblH KYpbUIBIMBI MEH
KYpaMblIH 3epTTey YIIiH KeHIHEeH KOJIJaHbIIa bl

Ta:xxpubetik 6e1im

3eprrey M.Oyes3oB arbiHaarsl OKYHiH MBAC3 3eprxanacbina xyprizingi. Ckanepieynn
19JIEKTPOH, 1Bl MUKpOTaIIay yiiH JKeTicall oHIpiHEH aJIbIHFaH TOIBIPAK YJITICl Al JaTaHbIIIbL.

Tannay omicHamMacbiHa MBIHANAP KIP/i:

Ynri naiipiaay;

CriexTpiik Tanaay xKyprizy;

XUMHUSITBIK 3JIEMEHTTEP/IIH CIIEKTPJIEPIH TIPKEY;

DeMEeHTTEp/1iH MacCalbIK YJIECTEPiH aHBIKTAY.

ApbIc xoHe AKJasia reoJOKalMsIChIHAH YJIT1 aJIbIHABI, OJapJbIH HOTHXKeENEepl JIeMEHTTepIH
MaccalbIK yiectepi (%) peTinae OepinreH.

Tannmay kesinnme kemneci snemeHTTep aHbIKTanawl: keMmiptek (C), orreri (O), Hatpmii (Na),
Maranii (Mg), amomunuii (Al), kpemuuit (Si), pocdop (P), xykipt (S), xkammii (K), kansiuit (Ca),
teMip (Fe) xone tutasn (Ti).
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Hoatunxenep MeH oJiapabl Tajiiay

7Kaanbl 3J1IeMeHTTIiK KypaMbl

3epTTey HBICAaHAAPHI €Ki TAOUFU KO3/I€H aJIbIHFaH TepMaJIbl Cy Yiriiepi 00abL:

o AKjana TepMaibl OyJIarsl

o ApbIC TepMalI bl OyJIarbl

3eprrey M. OyesoBa arteiHmarel OKYHiH MBAC3 3eprxanackiHaa XKyprizinai. 3eprrey

omicTeMeci CKaHepIIeyIi AEKTPOH Il MUKPOCKOIITA TaJIaH/Ibl.

XUMHSITBIK KYPaMIbl aHBIKTAY YII1H 3€PTTEIITeH YITUIEPAET] HET13I1 3JIEMEHTTEP/IIH MaCCaJIbIK

YJIECIH aHBIKTayFa MYMKIHJIK O€peTiH 3JIEMEHTTIK Taiay dJici KonnaHbuiasl. HoTrmxkecinme keneci
XUMUSIIBIK JJIEMEHTTEP aHBIKTaJIJIb:

o C — kemipreri

e O — orreri

o Na — Harpuii

e Mg — Maruuit

e Al — amromuHUi
e Si— KpeMHHUH

e S — KyKipT

e Cl —xnop

o K — kanuit

e Ca — KampLui

e Fe — temip
Tangay HoTHXKenepi aMeMEeHTTEpIiH Maccaibl KyJectepi (%) peTinae KepceTiireH.

3epTTey HITHKEEPi
AKAAJ TepMaJibl CybIHbIH XUMHUSIJIBIK KYpPaMbl
AnblHFaH ManiMeTTep l-kecTene KenTipuireH, AKAall CybIHbIH HET13r1 KOMIIOHEHTTEp1 OTTerl,

KOMIPTEK JKOHE KaJbIMil 0OMbIN TaObIIaab! [4].

1-kecTe — AK/Iasia CYBIHBIH JIEMEHTTIK KYpaMbl

Ne JjIeMeHT Ma3smynsl (%)
1 C 19.37
2 (0) 48.46
3 Na 1.03
4 Mg 5.20
5 Al 0,80
6 Si 5.40
7 S 0,43
8 Cl 0,49
9 K 0,44
10 Ca 17.07
11 Fe 1.32

Tannay HoTHKENepi KepceTKeHIel, eH YikeH yiecrtep orreri (48,46%) xoHe KeMipTek

(19,37%). bysikap GoHATTBI KOCBIIBICTAp MEH €pITeH MUHEPAIIap IbIH 0ap eKeHIH KOpCeTe .

Kanpuuiinin sxorapel Memiepi (17,07%) xanbuuii kapOoHaTTapsl MEH OMKapOOHATTAPBIHBIH

0ap eKeHiH KepceTyl MyMKIH.

Kpemuuii (5,40%) noHekep TIHIHIH Ty3UIyiHAE >KOHE OpPraHM3MJIEri MeTabOoIMKaIbIK

MPOIIECTEP/IC POJT ATKAPATHIH MAHBI3bI OMOJIOTHSIIBIK OSICEH I SJIEMEHT.
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ApBbIC TePMAJIIbI CYBIHBIH XUMHSJIBIK KYPaMbl
APpBIC CYBIHBIH JIEMEHTTIK Tajaay HOTHKeJepl 2-KecTeie KeATipiireH.

2-kecTe — ApBIC CYBIHBIH IEMEHTTIK KYpaMbl

Ne DJIeMeHT Masmynbl (%)
1 C 19.18
2 0 46.88
3 Na 4.49
4 Mg 6.62
5 Si 1.50
6 S 3.26
7 Cl 1.28
8 K 0,23
9 Ca 15.64
10 Fe 0,93

Kepcerinren Tanmgay HoTHXeci OOMBIHIIA APBIC CYBIHBIH KYpaMbIHAa OTTEr1 MEH KeMipTeri
MeJTiIepi OachbIM.

Byst Apbic TepMaipl MEHEPAIIIbl CYBIHBIH €PEKIIeePEKIIeNIr - Ma3MYHBIHBIHAPTYBI:

e HaTpuit (4,49%)

o Maruauii (6,62%)

* KYKipT (3,26%)

Na, Mg >xoHe S »KOFapbl MeJllepl TepMalJbl CYyAbIH KOIN(YHKUUIB OHOXUMUSIIBIK

OENCeHAUNINH KaJbIITaCThIPaAbl: Cy-Ty30allaHCBIH pEeTTeyJeH aMKbIIIK ocepre JeiiH

(cenatuBTi, KaOBIHYFa KapChl )KOHE JIepMaToNIOrHsUIbIK ). byt cynbdar nen HaTpuil Ty31apbIHbIH

OO0JIybIH KepCceTeIl.

AKIaJ1a JK9He APBIC TePMaJibl CYJIapbIHAAFbI HOHAAPAbI AHBIKTAY
DNeMEeHTTIK TajjayFa CoMKec, TepMasibl Cylapjaa CyIbIH MUHEpaJbl KYpPaMblH KYpaWTbIH

HET13T1 KaTHOHJap MEH aHUOHAp 3.4-KeCTe/le KeJITIPIITEH.

3-kecte — TepManapl MUHEpAJIIbI CyaFbl HEri3r1 KaTnoHaap [5].

Katnon MyMKiHO0IaTBIH BuogorusiabIKMaHbI3bI
cyaarsl (popmajiapbl
Na* HaTpuil Cy-Ty3 OaJlaHChIH peTTenal
Mg** MarHum depMeHTATHUBTI peaklUsIapFa KaTbIca Ibl
Ca** KQJIBLIMH Cy#ekTiHIHIH TY311y1
K* KaJui XKyiike xoHe OyJIIIBIKET OeJICeHAUTITIH peTTei i
Fe?" / Fe3* TEeMip reMOIrJIOONH CHHTE31HE KAThICA bl
Al ATIOMUHUHA I3aix Memnmepae 6omaabl
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4-xecte- Heri3ri annonaap[6]

CYJIapBIHBIH CHUIIATTaMAaChl
= Mg—Ca—-HCOs Tunti cy tyseni

AHHMOH | MyMKiH annonbl CunarramaJiap buosiornsiyibIKk MaHbI3bI
00/1aTBIH
dopmanap

HCOs™ | I'mapokap- | CynbIH CUITLIITIH aHBIKTAH BT = Kan Oydeprik xyiieciHe KaTbicaabl
OoHarTap = Ty1s1 KOHE KEp acThI (pH ~7.4)

= Jleneneri CO2 TachIMalIJaHybIH
KaMTaMachI3 eTeli

= Cy skoxyienepinae pH
TYPaKTBUIBIFBIH CaKTal bl

* Cy ecimikTepinaeri (OTOCUHTES
YITTHMaHBI3/IbI

SO+ | cymbar l'uncrin, aHTUAPHUTTIH epyiHeH
XKoHe cyabuaTepAiH
TOTBIFybIHAH Maiia 6oaabl.
= XXoraps! KOHIIEHTpaIHAAA
oJiap imI Kypri3eTiH acep
TYABIPYBI MYMKIH.

* Na—SO4 HemeceCa—SO4 cy
TYpJEpiHiH TY3l1yiHEe
KaTbICaIbI.

* [€OXMMUSIIBIK TOTBIFY
MPOLECTEPiHIH UHIAUKATOPHI.

Cynbdar HOHBI OMIPITIK MaHBI3/IBI
KOCBUIBICTAPBbIH CUHTE31 YIIIiH
KaXeT.

* OnamMHH KbIIIKbUITAPbIHBIH
(uMcTenH, METUOHUH) KYpaMbIHa
Kipe/i.

* AKybI3ap MeH epMEHTTEPIIH
CUHTE31HE KaThICAIbI.

* Cynb(arThl TOTBIKCHI3IaHIBIPATHIH
OakTepusuap (KyKipTTiH
OMOTCOXMMUSUITBIK ITHKITI)
nangagaHaabl.

= JKorapbl KOHIIEHTpanusia imex
MHUKPO(IIOpACchIH adcep €Tyl MYMKIH.

Cl XJIOpUJT OTe Ko3FaIMalbl )KOHE TYPAKThI

AQHHOH.

= Tenis, Ty3 >KoHE *KacaHIbI

Ke3/iep MeH 0aiaHbICTHI.

= JKorapbl MoHJIEp JTaCTaHYIBIH
eMec MUHepaIaHyIbl
KepceTe/l.

= Na—Clrtumri cynsl Ty3ei.

JleHneneri HET13T1 JIEKTPOIUTTEP/IIH
0ipi. * OCMOCTBIK KbICBIM MEH CY
OaNlaHCBIH CaKTayFa KaTbICaJbl.

= AcKa3aH/1a Ty3 KbIIIKbUIBIHBIH
(HC1) ty3imyi yIIiH Kaxer.

= Xyiike UMIyIbCTapBIHBIH OepiTyi
YIIIH MaHBI3/IbI.

= XKacymanapablH HOHBIK OalaHCHIH
peTTen /L.

SiO2/ | Kpemnbain | Kpemuuiiniy epireH Typiepin
H>Si0s5 | KBICKBICHI ournipeni.

» CHiIMKaT MUHEpaIIapbIHBIH
YTUTyilHEH maiiia 6oJaibl.

* BuonorusuieIk mporecrep
YIIIiH MaHBI3bI (MBICAIBI,
OCIMJIIKTEp, TUATOM/IAP).

* TepMUSIIBIK JKOHE JKEPACTHI
CyJapbIHa TOH.

Tipexmri, 6ipak MaHBI3IbI

OMOJIOTHSUTBIK POJT aTKAPAIbL.

= JleHe epTiHiHIH, CYHEKTEepAiH KoHe

TEpiHIH TY3UTyiHE KaThICa lbl

= Kostaren cunresin

BIHTAJTAHIBIPAJTBI

= Cy sKoXYHenepinae ruaroMaap

(KaOBbIK KYPBUIBICHI) YIL1H KaXKET

= OCIMJIIKTEP/IiH CTpECCKe
TO3IMJIUIITIH apTThIPYbl MYMKIH
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4-KeCTEHIH KaIFachl

COs*>~ | xapOonarrap | JKorapsl pH (cinrini opta) MuHepanaany ®oHe KYPbUIbIMIIBIK
Ke3iHJIe Cy/a Ke3/Iece/i. (GYHKIHSI MEH OQiiJIaHBICTHI.
* CO2—H20 xyiieciHin = Keiibip opranusmuaepae
KapOOHATTHIK Tene-TeHairiMen | cyiekrininin (CaCOs) Ty3inyine
OaliIaHbBICTHI KaThICAIbI.
* [mapoxapboHarTap MeH = MosmrocKanap MeH MapsKaHaapabIH
CaJIBICTBIPFaHa CUPEK KaOBIKIIAIAPBIHBIH KYPBUIBICHI YIIIiH
Ke3aeceni MaHBI3IbI.
= JKorapsel cuITUII CynapFa ToH » Cynarbl KapOOHAT-KaIbIUH TeTe-
TEHJITIH PeTTeH .
» Kopiarad opTaHbIH CUITUIITIHE
acep eTeli.

MuHepaJjabl cyabIH TYPi

OneMeHTTeplH KypaMblHAa CYHEHE OTBIPBIN, aTajfaH CyJapAblH T'HIPOXUMMSUIBIK TYpIH
Ooimkayra 0oJaIbl.

AKJaJia TepMaJabl Cybl

KypambIHgars! Keneci aIeMeHTTEPAIH KOFapbUIaybIMEH CHITaTTaIa/Ibl:

e Ca

e Si

. Mg

¥ CBIHBUIATBIH CY TYPl:THAPOKAPOOHAT-KAJbIUI-MAarHUil KpeMHUIL1i TepMasabl cy. byn
CYABIH Heri3ri epexkmenikrepi:

. HCOs™ (runpokxapOoHaTTap) — KbIIKBUI-CUITUTIK TeMe-TeHAIKTIpETTeH 1

. Ca?" (kanpluii) — cyiiek IeH TiCyIIiHMaHbI3IbI

. Mg?* (Maramii) — pepMEeHTTIK >K9HE XKYHKe )KyleciHe acepeTel

. Si02 (kpeMHMIA KbIIIKBUIBI) — TEpi, A, JOHEKep TiHJep YIUiH Maiaasl
I'uapoxuMUsIJIBIK MaFBIHACKHI 0O bIHIIIA:

. XKepactel KbIHBICTApbIMEH (KapOOHAaTTapMeH) Y3aK opeKeTTecy HOTHUXKECIHJIe
KaJIBIIITaca IbI

. OJIeTTE JKOFAPFbI HEMece OPTa aFbICKA TOH

. Cy OnonorusijbIK 6esiceHii, eM/I1K-CaybIKThIPY KACHUETI )KOFaphl

ApbIc TepMAaJIAbI Cybl KYPaMbl KeJleCl AIEMEHTTEPAIH KOFapbl Ma3MYHbI M€ HEPEKILEJICHEI1:
e Na
° Mg
e Ca
S
« Cl
¥ ChIHBUIATBIH APBIC CY TYPi:cyJab(aT-XJ10puai,KaabIHii-HATPUII-MATrHUI TepMAaJIAbI CybI
by Tun MuHepann3anusacel KOFapbeIpak, “KaTThIpak’ CyFa aTaJlbl.
Heri3ri komnoxnenTrepi:
SO+*" (cynbdarrap) — ac KOpbITyFa acep eTelll, Keiae 1nKyprisrim acep Oepeni
CI" (xnopuarep) — Cy TY3IbUIBIFBIH apTTHIPAIbI
Na* (HaTpwii) — cy-Ty3aaMacyblHa dcepeTei
o (Ca*, Mg*" — KaTTBUIBIK Oepei
I'napoXuMusIIBIK MaFbIHACHI:
Tepen kabarTapman Hemece OyJaHy TPOIECIHEH KaJIbITacaabl
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o Ko0OiHe TOMeHTi arbicKa (MbICAJIbI, APBIC 03€Hi alilMaFbI)TOH
e Cy MHHepaJiIaHFaH, Keii/le TEXHUKAJIBIK HEMece HIEKTeyI1 eMIIK MaKcaTTa KOJ1aHbLUIa bl

Hormxenepai Tajakbuiay

CanpICThIpMalbl Tallfay 3€pTTENTEeH Cyjap apachlHAarbl Oenrimi Oip albIpMalIbUIBIKTAPIbI
kepcereni [7].

AxJai cysl Keneci OenrijiepMeH CUIaTTalabl:

e KPEMHHI MOJIIIEpPi KOFapbl

e KaJIbLIUI MeJIIepi KOFaphl

o CastpICTBIpMAITBI TYPJIE TOMEH HATPUH MUHEPAIIaHybl

ApbIC cybI KeTieci OenriiepMeH epeKIIeIeHe]:

e KaJIBIM, HATPHI MEH MarHUi KOHLIEHTPALUS CHIHBIH JKOFapbLIaybl

o KyKkipTTiH alTapisIK Tail Memepi

o XJIOpUITEP/IiH KOFaphl ICHIeH1

Kanpumii MeH MarHuiiiiH >Korapbl MeJIepi MeTabolm3Mre >KoHE CYHEKIeH cayibIFbIHAa OH
acepe Tyi MyMKiH. Harpuii ar3aHbIH Cy MeH Ty3 OallaHCHIH PETTeyre KOMEK TeCe/i.

Kpemunii TepiHiH, NIAIITHIH XXOHE JOHEKEP TIHACPIiH KYHiHe mal bl dcepeTe.

KykiprTiH G0iybl TepMasabl CyAblH KaOBIHYFa KapChl JKOHE aHTHUCENTHUKAIBIK KaCHETTEpPiH
KOepCceTyl MYMKIH.

KopbIThbIHABI

3epTTey HoTIXKeciHAe AKAana *oHe ApbIC TepMal[bl CyJIapbIHBIH XUMUSIIBIK KypaMbIHA
KelIeH 11 Tanjaay xyprizinal. Tangay HOTHKECIHIe aHBIKTAJIFaHbI:

1. 3eprrenreH cyaapablH HET13r1 KOMIIOHEHTTEP1 - OTTET1, KOMIPTEK JKOHE KaJIbITHIA.

2. Aknana cysl KypaMbIHAa KPEMHUN MEH KaJlbIUNAIIH KOFaphl MOJIIEPI MEH CHUIATTaIa bl

3. Apbic CybIHIA KaTIBIMH, HATPHA, MAaTHUH KOHE KYKiPT MOJIIIEpi KOFapHI.

4. Exi TepMmanasl CyablH a OWONOTUSAIBIK JKOHE eMIIK KYHIBUIBIFBIHAH aKTaWThIH MaHBI3/IbI
MakKpo- ’KoHE MUKPO3JIEMEHTTEp Oap.

5. Aknana OOMBIHIIIA MUHEpPANABI CYAbIH TYpl TUAPOKapOOHAT-KANbIIMH-MarHui KPeMHUUT]
TepMalbl Cy, all ApbIc OOMBIHIIA CyIb(aT-XIOPUATI, KaIbIUI-HATPUH-MarHUIUII TEpMaJIIBI CY.

AJIBIHFaH HOTHIKENIEp OChI KO3/epHAi OlaH opi 3epTTey *KOHE OJapAbl OambHEONOTHsS MEH
KypOPTTBIK Tepanusiaa KojilaHy MyYMKIHJIITIH KOpceTe/ll.
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KOMILJIEKCHBIA XUMHWYECKHWI AHAJIN3 TEPMAJIBHBIX BOJ AKJTAJIA U APBIC

AHHOTaU U

[IpencraBneHHbIe B CTaThe MAaTEPHUAIIBI SBISIOTCS PE3yJIbTaTaMU KOMILJIEKCHOTO XUMHYECKOTO aHaIn3a
TepMaIbHBIX MUHEPAJIbHBIX BOJ MecHOCTH AKnana u Apbic. C MOMOIIBIO 3JIEMEHTHOIO U HOHHOTO aHaIu3a
OBLJIO OTIPENEeNICHO MAacCOBOE COJMEPIKAHNE OCHOBHBIX XMMHYECKHUX IJIEMEHTOB B IMOJYYCHHBIX B PE3yIIbTaTe
HCCIIEIOBAaHUS TepMaIbHBIX MUHEPAIbHBIX BOAX. YCTAHOBIEHO, YTO JOMUHUPYIOLIUMHU 3JI€MEHTAMU B 3TUX
TepMaJIbHBIX MHUHEPAJIBHBIX BOJAX SIBISIFOTCS KUCIOPOJ, yriepon W Kanbluil. OHHBIM psif MOKa3bIBaeT
3HAYUTENIPHOE KOJUYIECTBO KapOOHATHBIX COSAMHECHHMN M PaCTBOPEHHBIX MUHEPAIBHBIX coieil. Kpome Toro,
ObUIM HMICHTU(QHUIMPOBaHbI Makpo- U MmukpodnemenTtsl (Na, Mg, Si, S, Cl, K u Fe), onpenensroiiue
BO3JICHCTBAE 3TUX TEPMAIIBHBIX BOJA Ha (DM3UOJIOTHIO YeIOBEeKa M WX IeneOHbie cBoiicTBa. I[lpoBenen
CPaBHUTEJIbHBIN aHAJIN3 XUMUYECKOTO COCTaBa MCTOYHMKOB TEPMaIbHbIX BoA Aknana u Apeic. [TokazaHo, 4to
TepMajbHas BO/a M3 MECHOCTH APBIC IMEET BBICOKOE COIEp)KaHIe HATPUS, MarHUS B CEPBI, B TO BPEMS Kak
BO/Ia U3 MECHOCTH AKJana UMEET BBICOKOE COJAECp>KaHWE KpeMHHMs U Kajbuus. Ha ocHOBaHUU pe3ynasTaTtoB
HayYHBIX HCCJIC/IOBAaHUNA MOXKHO YKa3aTh Ha OaJIbHEOJOTHIO, MENUIMHY W JIeYeOHBIE MPOIENyphl KaKk Ha
BO3MOXXHOCTH MCIIOJIb30BAaHUA 3TUX TEPMAIbHBIX BOJI.
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KiioueBbie ciioBa: AKHaJ’Ia, TCPMAJIbHBIC BOJBI, XUMHUYCCKHUI COCTaB, 3JICMECHTHBIN aHaJIns, HOHHBIN
COCTaB, MUHCPAJIBHBIC BOJBbI.
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*Doctor of Technical Sciences, Professor, zhbakhov@mail.ru, S. Seifullin Kazakh Agrotechnical Research
University, Astana, Kazakhstan

COMPLEX CHEMICAL ANALYSIS OF AKGAL AND ARYS THERMAL WATERS

Abstract

The materials presented in this article are the results of a comprehensive chemical analysis of thermal
mineral waters from the Akdala and Arys areas. Elemental and ionic analysis were used to determine the mass
content of the main chemical elements in the thermal mineral waters obtained during the study. The dominant
elements in these thermal mineral waters were found to be oxygen, carbon, and calcium. The ionic series
revealed a significant amount of carbonate compounds and dissolved mineral salts. Furthermore, macro- and
microelements (Na, Mg, Si, S, Cl, K, and Fe) were identified, which determine the effects of these thermal
waters on human physiology and their healing properties. A comparative analysis of the chemical composition
of the Akdala and Arys thermal water sources was conducted. It was shown that thermal water from the Arys
area has a high content of sodium, magnesium, and sulfur, while water from the Akdala area has a high content
of silicon and calcium. Based on the results of scientific research, balneology, medicine and therapeutic
procedures can be pointed out as possibilities for using these thermal waters.

Keywords: Akdala, thermal water, chemical composition, elemental analysis, ionic composition,
mineral waters.
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®OTOXUMUSLIBIK BEJICEHIIPY APKbLIbI MOJTUATUJIEH BETIHE MbIC
KABBIKIIIACBIH TYH/BIPY

Tyiiin

Kazipri Tanga TexHMKa MEH TEXHOJIOTHSHBIH Oipkarap MaHbBI3Abl canajapblHaa IOoIuMep
MarepuaiapAbpl MeTalnu3alusiay ypaici KeH KoiaadbicTa. [lomuMep MarepuaimapblH MeTalu3alusiay —
MeTaT KaOBIKIIaMeH KanTalfaH TONMUMEPIiH KeHOip KEeMIIUTIKTEepiH >KOWBIN, XaHAa Kem(yHKIIHOHAIIBI
MaTepuan CHHTe3/1ey OOIBIT Ta0bIIaabl. OHEPKACINTIK MacIITA0TaFbl IOJTMMEPIIEP/Ii MEeTANH3ANNAIAY YPIic
CaJIBICTBIPMANIBI  TYPJE JKaKbIHAA, ODIEKTPOIUIACTHKTEPAl KOJJaHy YIIiH apHailbl JXKacalfaH TMOJIHMED
MaTepHuaNapblH IIbIFApFaHHAH KeiliH urepine 6acraznsl. [lommMepnep MeH oapabliH KOMITO3UTTEP1 JKEHUIIT1,
KYHBl JKOHE TEXHOJOTHSUIBIK ApPTHIKIIBUIBIKTAPBIHBIH apKachblHAa a’pOFaphlll, aBTOMOOWIb, MEIHINHA,
AIIEKTPOH/IBI KOHE CIIOPT callaapbIHIaFbl KYPBUIBIMIAPABI xKo0anay yIiliH KeHiHeH KonJaHbuiaabl. Jlereamen,
MOJMMEPIIi MaTepualaapablH OCTiHAE S9JCTTE OJapblH OepiKTiri MeH (YHKIHMOHAJABIFBIH MIEKTEHTIH iMIKi
KEeMIILUTIKTep 00Ja/Ibl, MBICAIIBI, TO3YFa TO3IIM/LIITI TOMEH, KBUTY MEH AJIEKTP OTKI3TIIITIr TOMEH, aire3usChl
TOMEH, OMONIOTHSUTBIK OSJICEH TUTITT TOMEH, MaFbUIBICTHIPFBIMITHIFEI TOMEH JKOHE (POTOXUMHSIIBIK TOIIMILTIT
ToMeH. [lonmuMmepni MeTangaHablpy - O KEMIIUTIKTEpAI MOoIuMep OeTTepiHIe MeTall KanTaMaHbI
KaJIBINTACTHIPy APKBLIBI KOATHIH YKaHA [IEHIiM OOJIBINT TaObLIA/IBL.

byn makananma monmumep MarepuaibIHBIH OeTiHe MeTalll HaHOOOMIICKTEPiHIH TYHIBIPY VIIH MBIC
TOMIIACKI BIIEMEHTTEPl KOCHUIBICTAPBIHBIH OPTYPIIi KOHIICHTPALUSIIBI ePITIHIEPiHIH JKYKa CIHIPIMALTIK
KabarraphiH anyaarsl QOTOXUMHANBIK YpaicTepain ocepi 3eprreni. CuCl, epiTingici cinipinin, KyH cayneci
(OTOHIAPHIHBIH CEPIHEH MONUMED OETIHAE MBIC METAIBIHBIH AUCTIEPCTI GOIIIIEKTEP] TYHATHIHB KOPCETLITEH.
Ochl Ke3/1e apThIK KUBIHIBIKTAP MEH THIMCI3IIK TYBIHAATATBIH  XUMUSUIBIK TOTBHIKCHI3IaHIBIPFBIIITAPIb]
Kosgany Kakerriniri xoibutansl. CuCl, epiTiHaiiepiMeH 6HIENreH IOJIUMEPIIEP MaTepuaiapaa KyH coyseci
(oTonmaphl 9CEPIHEH COMKECIHILIE MBIC )oHE KYMIC HaHOOJIeM/ Oomekrepi Ty3ineai. MyHaail ypaicrep
MOJIMMEP  MOJICKYJIANapbIHBIH ~ KaThICybIMEH Ky3zere  acajsl, MaHBI3/IBICHI XUMUSUTBIK
TOTBIKCHI3IAH IBIPFBIIITAPABl KOJIJAHYABIH KaXeTTiri koK. COHBIMEH Karap, MbIC XJIOpHII acKOpOWH
KBIIIKBUTBIHBIH KOCBIMIIIA (POTOXMMHUSIIBIK PEAKIMSHBIH JKY3€re acybl apKbUIbI 2JIEMEHTTIK MbIC OOJIIIeKTepiH
CHHTe37IeyTe OOoNaThIHbI aHBIKTaN kL. KYH coyneci poToHAaphIHBIH dcepiMeH 0eTTi POTOXMMUSIIBIK OeJiceHTipy
OJIICIH KOJIIaHy apKbUIBI TIOJIMMEpIIep/Ii MEeTaIaH IBIPY/IBIH MAaHBI3/IbI TYCTAPhI HAKTHI OSpiIreH.

Kinrrik ce3mep: GoTOXuMUs, MBIC, MTOJUATHIICH, OCJICEHAIPY, METAIAAH/IBIPY, KAOBIKIIA, MBICTaY,
3JIEKTP OTKI3TIIITIK

Kipicne

[Tomumep HeriziHAETT Marepuaigap COHFBl OHXKBUIABIKTA KEHIHEH JaMbIIbl. OJIEMIIK
SKOHOMUKAHBIH OAPIIBIK JAEPIIIK cajanapbl - KYPbUIbIC, KOJIIK, OHIPIC, Tay-KeH OHEPKICiO1 )KoHE O1TiM
- OCBI MaTepuaNIap/bl MaiganaHaabl )KOHE ONapAaH aWTapibIKTal maiga Kkepei. OleMae FbUIBIM
MEH TEXHUKAHBIH KapKbIHABl JaMyBIHBIH OIpKarap ajFbIIapTTaphlHBIH Oipi MarepuaiTaHy
FBUIBIMBIHBIH, TTPOTPECCUBTI CHUIIAT aNybIHJA €KEeHIHJE eIKaHAall KYMOH oK. Ochl MaTepuaiTaHy
FBUIBIMBIHBIH JIepeKTepiHe cylieHep 0osicak MoJUMep HapbIFbIHBIH ©31HA1K KyHbI 1 Tpriinon AKII
noytapeiHaH acaabl. «Materials Today» FbUTBIME KYpHAJIBIHBIH cCapanTaMaiblK MOIIMETTepi
OOMBIHILIA TOJIMMEPIIEP/IEH acalfaH KOMIIO3UTTIK MaTepHajfap COHFbl OHXKbUIIBIKTAFbl Y3MIK
MaTepuanaapabiy oHAbIFpiHA eHreH. (J. Wood, 2008). ¥3ak xbinaap 00iibl KOMIIO3UTTIK TOTUMED
MaTepuaiiap CHHTE3IHIH J>KeTUIAIPUTyl KOFaMHBIH JaMyblHA OH OCEp €TiN, Ka3ipri 3aMaHayH
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MaTepualTaHy FhUIBIMBIHBIH KapKBIHIBI OPKCH]ICYIHE FHUTBIMH-TEXHOIOTHSUIBIK TYPFBIIA OHTAMIIBI
BIKIIAJI €TTI.

[TomuMmeprnepiiH METAUTU3ANUACE], OeTTI MoAMQUKAIMSUIAYAbIH Oip Typi, HOTUMEpIiH
KOJIEM/IIK KAaCHETTePiH FaHa eMeC, COHBIMEH Karap METaJIbIH OCTTIK KaCUETTEPiH JIe KAXET €TeTiH
KOJIJaHy  cajajJapblHIa ©Te MaHb3Abl.  Auaiiga, OTTIK  DHEpPTUsHBIH  alTapibIKTai
allbIpMalIbUTBIFbIHA OalIaHBICTHI METAIJBIH MOJTUMEPMEH OepiK aAre3usicbiHa KOJ )KEeTKI3y 6Te KUbIH
exeni Oenrini. ['a3 dazaceinan (PVD) dusHuKaIbIK TYHIBIPY TPOIECTepi OTUMEPICPIIH Ykl eMec
MeTaJIaHABIPYy MPOIECTEPIH JKY3ere achlpyFa MYMKIHJIIK O€pEeTiH OHEPKICINTIK MOHTE He OO0JIajIbl.
[Monumepnepaiy PVD Mertanganasipysl OHIAFaH >KbUigap OOMBI 3epTTENTEHIMEH, METAIAAHIBIPY
MIPOLIECIH MYKUST TYCIHY KHUBIH, OMTKEH1 0JI METalIbIH (pa3asbIK MOJMMEPMEH dpPEKETTECYiHE acep
eTeni, OyJ1 KYIITI aare3usiFa oKeJe/Ii.

JlerenmeH, MeTangaHabipyMeH OaiinmanbicTel PVD  eHzmey HOTHXKeCiHAE METalablH
MOJIMMEPMEH ©3apa OPEKETTEeCYiH TEepPeH TYCIHYy METaNJaHABIPhUIFAH IMOJIMMEPIIepre KOWBUIATHIH
TajanTap eCKeH CaiibIH MaHbI3Fa ue 00yna. AlaM aF3aChIH/IaFbl MOJIMMEPIIl UMILUIAHTAHTTAp CUSKTHI
aybIp JKYMBIC YKaFJaibIH/Ia )KYKTEMEH] KoTepeTiH OemexTep OyFaH HaKThl MbIcasl 0oJia anajsl, aj
MOJIUMEPITl TOCEMIKKE HET13/IeJITeH UKeM/I1 DJIEKTPOHUKA TaFbl Oip MbIcal Ooa anabl.

[Tomumepriep e31epiHiH epeKIle KaCHeTTepi MEH SKOHOMHUKAIBIK (haKTopiiapblHa OailIaHbICTHI
KeHIHEeH KOoNIaHbUIAbl. OnapAplH KepeMmeT (U3HKANBIK KOHE MEXaHUKAIBIK CHIIaTTaMalapblHa
KapamacTaH (MbICalibl, OCpIKTIK TEH CaJIMaKThIH apaKaTbIHACKHI, YHKENIC OHIMIUIIri, KOppO3MsFa
TO3IMIUTIK, MOJIIPIIK koHE T.0.) omapIblH KYHbl MEH OHJEYHAeri apTHIKIIBLUIBIKTapblHAH Oacka,
nosuMepiiep Oenrini Oip karmaiiapia TO3yFa TO3IMAUIITT TOMEH, KbUTy MEH JJIEKTP ©TKI3TIiIITiri
Hamap, ajre3usichl oJICi3 JKOHE T. 0. CHSAKTBI KONTETeH KEMIIUTIKTEPI KOpceTelli. OMOIOTHSIIBIK
OenceHIlIiK, TOMEH IIaFbUIBICY JKOHE KYH cayieciHe ce3imTanablK (H.F. Brinson xone 1.6., 2008).
KyH coyneciHiH ce3iMTanbIFbl - ycak-Tylek Oonbin kepiHeTiH macene - AKII tapuxbiHaarel eH
ayKbIMJIBI aBTOKOIIIK HIOTYNapbIHbIH OipiHe (8,8 MUIUIMOH aBTOMOOMIIB) 9KemNdl, ce0ebi Kayimnci3mik
OenairiH  mIemeTiH  TylimMenep  KYH — COYJECIHIH ~ 9CEepiHEH  bIABIPAMTBIH  IJIACTHUK
akpunonutpuiOyraauenctuponnad  (ABC) xacanran (J.M. Henshaw xone T1.6., 1999).
[TonmumepnepaiH OMOMHEPTTUNIr TEHI3AErT MyHal-ra3 >kKOHE >KeJl KOHJIBIPFbLIApbl, COHJaN-aK
KeMeJlep CHSKTBI JKacaH/Ibl TEHI3 KYPBUIBIMAAPBIHBIH Onoaptypainirine okeneai (D.M. Yebra xone
1.0., 2004). Tex AKII ockepu-TeHi3 KymITepi Kb CallblH ©3 KEMeJepiH paKOBUHAJIAp/aH,
ycTpullaiapAaH »oHe Oacka OpraHu3MJIep[eH Ta3a ycTayFa ImaMaMeH | Muwuiuapn aoiap
wymcaiael (P, Vietti, 2009). KomnosuTTepiH 37€KTp OTKITIIITIII TOMEH OOJFaHIbIKTaH,
VIIaKTapAblH (Qro3esKaaphl Hali3aFail COFybIHA Ocall, OYJI JKbII CaiibIH aBUallMs JKacayllbliap MEH
naianaHymbUIapra 2 Muumap nojap ayeiprnansik Tycipenl (W. Golding, 2005). Exi maoceneni
Jie LIely YIIiH opTypii MemiMIep 931piaeH/ll, MbICaJIbl, YIBTPAKYJITiH KOHE JJaCTaHyAaH KOpFalThIH
Oostynap, Haif3araiilaH KOPFAUTBIH ChIM TOP >KoHE MeTaul (oisra, Oipak kebiHece Oy menrmaep
yakpITIIa, KbIMOaT Hemece YyakbITThl KakeT eremi (Y.K. Kumar, 2018). Xanmer anranpa,
MOJIMMEPJIEPIIH  KONTEreH apTHIKIIBUIBIKTApsl 0ap, Oipak oyapAblH  KeMIIUTIKTEepl Oyl
MaTepuaapAblH OaH d9pi TapalyblHa YIIKEH KeAepri OONBIN TaOblIaabl.

[Tonmumepnik marepuangapasl Metannanasipy (IIM) — kxendyHKuHOHaNAbl KaObIKIIAHBIH
KBI3METIH aTKapaThlH METAIKYpaMIbl KaOBIKIIAHBI MOIMMEP OETiHE TYHABIPY apKbUTBl KAl TATYIIbI
MaTepuaiiblH OipKaTap KeMIIUTIKTEPIH dKOKAbIH OWTaNIbI IIemIiMi OOJIbIN TaOblIaabl. O3 Ke3eriHae
0eTki MeTall1 KaOBIKIIa TOJTUMEpre Mai1aabl KacueTTep Oepirl, OHBIH KOJIAaHBLTY asgChIH KeHEUTE/Il.
Atan aWTKaHma, OEpIKTIK, JEKTP OTKI3TIMTIK, KOPFAHBIIITHIK CHUAKTHI MAaHBI3IBI Opi1 TMali1ajbl
KacueTTepi apTajabl. XUMHUSIIBIK KOHE MEXaHUKAJBIK, JJIEKTPIIK KAaCHEeTTepAl Koca aifaHjaa,
MeTalIaHbIPbIIFaH TOJIMMEpJIEPAIH JKaHa MYMKIHAIKTepl OpTYpJi cajajapiarbl (MbICajbl,
aBTOMOOWJIb, aBHAIIMSI, adPOFAPHIII, KEMe Kacay, JHepreTHKa, HIEKTPOHHKA, KallTaMaHbIH KapTalobl,
CIIOPT, AU3alH KOHE 1ha3) HHHOBAIMSIIAP/IEI MAOBITTAHIBIP/IBI )KOHE KYHJICTIKTI OMIpre apHaJFaH
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KOITEreH YCaK Tayapiapibl o3ipieai. by 3arTapiplH KONIIUIiri, MbICAlIbl, OKBIPMAaH YCTEIIHACTI
KBUITBIP KaJlaM.

Manp3ael Macesne - Oenriii Oip jkarmaiia moauMepii Marepuaniapiabl aly[blH €H JKaKChl
OMICIH TaHJAy >KOHE OHBIH THIMAUIrIH Herizaey. [lomumepm marepuanmapasl (ITM) enaipyaiH eH
MEPCIEKTHBAIIBI dMicTepiHiH Oipi-ra3 ¢aszacbiHan ¢usukanslk TyHIsIpy (PVD) (M.O. Mavukkandy
xoHe T.0., 2020), smektpoace3/xumusuiblk Kantama (Y. Shacham-Diamand sxome T.6., 2015),
TepMusUTBIK OypKy axictepi (E. Petrovicova sxane 1.6., 2002) xoHe noauMep—MeTanabl TiKeJIel Kocy
omictepi (P. Kah >xone 1.6., 2014). OpOip omicke TOH TEXHOJOTHSIIBIK apTHIKIIBUIBIKTAP MEH
KEMIIUTIKTEp MeTaul KAaOBIKIIAMEH KaMTaMachl3 €TUIreH (YHKIMOHAIIBIK MYMKIHIIKTEPIIH
ayKbIMbIH aHbIKTaiabl (B. Fotovvati sxone 1.6., 2019). Op Typii MakcarTap YUIiH KOJIAWIIbI 9iCTED
aHBIKTAIFAaH JKOHE TOJNMMEpl  MarepuangapAbl  (QYHKIMOHAIABIK ~ MYMKIHIIKTEpT  MeEH
MEPCIEKTUBAIBIK KOJAAaHy ayKbIMbl cumartairaH. Ochl 9MICTEpIiH HETI3rl acleKTUIepiH TYCiHY
FAIBIMIAp MEH HHKCHEpIIepre MOJMMEpIICPACH/KOMIIO3UTTEPICH JKacallFaH  KYPBUIBIMIBIK
MaTepuaiapably Au3aiiHbl MeH OEpIKTIriH OHTallIaHIbIpyFa keMekreceni. KopbIThIHabIIAN Kee,
013 momMMeEpJIl MarepHalIapAbl OJApIbIH OSTTepi apachbIHIAFbl XHMESUIBIK KOHE MEXaHHUKAIIBIK
aAre3usiHbl KOJIJJaHa OTBIPBIN, METall KabaThlH MoJMMepii OelliKKe KOCy HpoIeci peTiHe
aHbIKTaiiMbI3. OCBI MIOMYABIH COHBIHAA MOJMMEPII METaJJaHABIPy SMICTEPiH KOJIJaHa OTBIPHII
MOJIMMEpIIEP MEH MOJMMEPITi KOMIIO3UTTEP/IIH OJJaH dpi 1aMy MepCHEKTUBATAPHI KEATIPLITeH.

Marepunanaap ’dHe Herisri auicrep

3eprTey Toxipubenepin Kyprisy yuliH ak TycTi, 6anky Temmepatypachl 130°C, THIFBI3IBIFBI
960 Kr/M°, KaIBIHIBIFEI 2 MM, ITHJI 273-83 mapkainbl MOJMATUIICHHEH JaWbIHAAIFaH TaKTallagap
KoJ1aHbUIabL. [loaMaTHIIeH TaKTalanapblHbIH O€Ti alIbIMEeH MEXaHUKAIIBIK OHJCY/IeH OTKi311i, Oip
enmemre kentipinai. ComaH keiliH HaTpuil ¢ocdarel MeH HaTpuil KapOOHAThl KOCHAChIMEH
MaMChI3/1aHIBIPBUIBIN, YT OETIHIH epITIH/IHI CIHIpY KaOUIETiH apTThIpaThlH KeA1p-OyAbIp €Ty YIIiH
oman opi 60-65°C temmeparypama KoCr207 — 6,5%; H2SOas - 93,5% kocmacel epiTiHaiciMeH
XUMMSAIBIK 0HeyAeH oTKi3inai (Cambypr 10.]1., 2006). 3eprTey Toxkipubenepi FUIBIME 3€PTTEYJIED
3epTXaHachlH/a JKy3ere achlpblUlibl. KanTamymibl yiri OeTiHae HEri3ri ypHiCTi )Ky3ere achlpyra
KaXeTTi KYH CAyJieci aFbIHBIHBIH THIFBI3ABIFBIH SM 206-Solar Mapkanbl KyH coyJeci arbIHBIHBIH
TBHIFBI3IBIFBIH OIIIIETINI AeTeKTop kemeri apkpuisl 1000-1100 B1/M? exeni anpikranmst (Melnikov V.,
2011). Tommunen Takramanap OeTiHe (GOTOXMMHUSIIBIK peakipsuiap xkyprisy 6apsickmaa CUCI; (100r/m)
TY3BIHBIH  epiTiHginepi KONJaHbUIABL. KOCBIMIIA TOTBIKCBHI3JIAHIBIPFBIII PETIHAE AaCKOPOMH
KBIIKBUTBL (40r/7) epitinaici Komaanbuiael. OnaH opi MONMATUIICH YATiIHI XUMHUSAJBIK MBICTayFa
Ki0epini. Keifinri MpicTay Kejleci Kypamaarsl epiTiniae sxysere aceipsuias (r/m): 12 CuSOs-5H20,
25 Tpunon b, NaOH — pH 12-re neitin, HCOH — 25 mx (38%), pH = 12,5, Temneparypa 18-25°C.

[Tonumep Takramanap O€TiHAE ajbIHFAH METaUl KypaMIbl KaObIKIIATapAblH 3JEMEHTTIK
KYpaMbl MEH KypbUIbIMBIHA Tajjay xacay OapbichiHAa JSM-6490-LV  mapkaibl pacTpiibl
ANEKTPOHABI MHUKPOCKON KOHABIPFBICHI koHe D8 Advance (Bruker) wmapkansl audpakromerpi
KOJITaHBLI/IBI.

HoaTmxkesep xdHe TaIKbLIAY

DOTOXUMHUAIBIK OeICeHAIpy apKbUIbI MBIC HAHOOOINIIEKTepiH CUHTe37ey. bip BaieHTTI MbIC
XJIOpUJIIHEH JKapThliail eTKi3ri KadaTThH Ty3UTyl CuClz-HiH MOMMATUIIEHMEH SpEeKeTTeCY1 apKbUIbI Ky3€ere
acaJpl.

2CuCly + H,0 + R,CHO — 2CuCl + 2HCI + R,COOH 1)

Opnan opi OipBaJEHTTI MBIC XJIOPH EKIHIIUTK apTbUIail OTKI3rill OOJFaHIBIKTaH KYH COyJeci
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(OTOHIAPBIHBIH SCePiHEH METAI/IBIK MBICKA JCHIH TOTHIKCHI3IaHybIHA KaOleTiHe SKemei:
CuCl+ e —» Cu+Cl, Ey=0,137B 2

Ocbinan keitin CuCl sxoHe ¢y MOJeKyIachl FaHa JIEKTPOH/IBIK IOHOP PETIHIE KBI3MET arkapa aliajpl.
Erep pH 7-1eH TeMeH jkaraaiiia Cy MoJIeKyJ1aJlapbIHBIH TOTHIFYBIH KapacThIpaThiH 0oJicak 0,8 B-taH sxorapbl
MOTEHIMANIBI KakeT erefi, comaH Keifin CuCl morekynamapsl 37eKTpOHIApAbIH TaHIAYy bl JTOHOPIIaphI
OoJIaIbL

CuCl + CI- > CuCl,, E,=0,538B 3)

2 xoHe 3 peakupsuiapbiHbH KUBHTHIK JKK -0,401B TeH. KyH coyreci apKpUTbl albIHFaH KOCAIKBI
SHEPIUs MPOIECTE OCHI KOPCETKIIITEH aCaThIH HAKTHI KEPHEYMEH KaMTamachi3 eteri. COHbIH HOTHXKECIHIIC
KE3eKT1 (POTOXUMHUSIIBIK PEAKIIHS JKY3€Te acabl.

h
2CuCl > Cu + CuCl, 4)

Conbiven karap, CuCly Oerki KaOBIK KypraraH Ke3lle, KPHUCTAIAHAIbl >KOHE OJICCHAUTIITIH
KOFaNTa/Ibl, Oyl 4-peakiusHbIH JKYPYIHE BIKMAl eTeTiH KochiMiia (akrop Oonbm Tabbuiansl. KeiGip
oneoduerrepae (DEVIS, M. xone 1.6.,1999) ackopOHH KBIIKBUIIBI )KYHCHIH TOTBIFY—TOTBIKCHI3JIaHY
noteHmansl pH MoHi 0-geH 7-re aeiiH ketepiireH xarmainga -0,329 B-tan -0,057 B-ka aeitin
apTaTBIHBI Ka3bUTFaH. bacThICkl Oy JKYHEHIH AJIEKTPOXUMUSUIBIK TYPFhIIa HHEPTTI €KEH/Ir jKoHE
OoFaH "DIEKTPOJ KaTalu3aTopiapbiH'Kocy KakeT ekeHairi aran etinmi. [lembmHaa na,
skcnepumentrep CuCly - 100 r/n, A-(OH)2-40 r/nm epitiHiciHe cajbIHFaH >KOHE KapaHFbIIa
KEMTIPUIreH YJITiJle XUMUSIIBIK TYPJIEHY/IiH 1371epl TabbuIMaraHblH kepceTTi. CoHaaii-ak, KyH coyeci
OCepiHEH KEeNTIPUITeH KANTalyIlbl YATUIEp AUCTIEPCTI METaT OOJIIEKTEpiHEe YKCac OTe KyKa Kapa
KaObIKIIaMeH >kaObIHnanraH. Ereppe keil0Oip jkekenereH aiiMakrap moiauMepiii maibamMeH KyH
COyJIeCiHEH OKIIayJiaHCa, OJ1 alfMaKTap el e3repicke yibpamMaisl. IFHu, HOTOXUMUSIIBIK IPOIIECC
Kysere acmaiiipl. Anaiiia, TOTBIKCHI3aHy YPIICIH >KbUIJaMJaTy YIIIH acKOPOWH KbILKbUIBIMEH
enJienin, CuCl epitinaici MetanblKk Cu-Ka aybICybl )KY3€re achlpbliIa/bl.

e
A— (OH), - A— OOH (5)
Amn, Her13r1 POTOXUMHUSIIBIK PEaKIMSIHBIH KAl MEXaHU3MIH Keneciield epHeKTeyre 00iaabl:

CuClL+ A — (OH), > Cu + HCl + A — OHH (6)
Xorapbla KeNTIpUIreH NpoIecTepAeH KeiiH yIriiep IUCTUIIIEHTeH CYMEH Kyy OapbIChIHAA
A-(OH), mern A-OOH xybuiein keteni ae, yiri Oeringe Cu OenmexTepiHiH KaObIKIIa peTiHe
cakTaimyblHa ocep ereni. [lommdaThieH Takrama OeTiHe aJbIHFaH JJIEMEHTTIK MBIC KAOBIKIIACHIH
OJIaH 9pi aKTHUBATOP PETIHJIE KOJIaHyFa YChIHYFa 00Jabl.
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A, %

0 10 20 30 40 50 60t
CuCl; koHneHTpanuscel, /1 1-50; 2-100; 3-150; 4-200.

Cyper 1 - CuCl; epitiHfici CIHIpUITeH MOMUATHIIEH YATUIEPiHIH KYH coyneci (poToHaaphl
OCepiHCH
Kapar JOpeKeciHe KOHIICHTPALUSHBIH dcepi

[TonmuaTHIeH TakTalara MbIC XJIOPHJII €PITIHAICIMEH OHJICITEHHEH KEHIH ONTHUMAalbAl AT
anpiran 40-60 munyt, 25-40°C TemmepaTypa apachIHAAarbl KyH COyJeci ocepiHeH KaparobIHBIH
MHUHHMMAJIJTBI )KOHE MaKCHMaJIJIbl JICHIeHiHIH KOpCeTKIimTepi 1-kecTene KenTipiii.

Kecre 1 — CuClz TOTBIKCBI3aHy MpOILECIHACTI KYyH coyleci (OTOHIAphl aFbIHBIHBIH
THIFBI3JIBIFBI
T 10 20 30 40 50 60 70 80 90
t
20°C 865 910 955 1000 1072 1155 1166 1178 1192

25°C 910 954 1001 1045 1105 1172 1183 1196 1208
30°C 960 1006 1049 1096 1144 1187 1196 1210 1224
35°C 1024 1069 1113 1148 1178 1196 1206 1218 1235

OntuManpai Temneparypa MEH YaKbITThl HETI3re albll, OipHelle peT jKy3ere achlpbliIFaH
3epTTey TAKIpUOENEepiHEH allblHFaH CaHABIK KepceTKimTep 1-kectene Oepuin, coil JAepeKTep
Herizinge CuCly TOTBIKCHI3AHYbIHA KYH cayieci (OTOHIApbl 9CEpiHiH e3repy AUHAMUKACHl 2-
CypeTTe KenTipil.
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Cypert 2 - Mpic (II) xa0puaiHiH TOTBIKCHI3aHy MPOLECIHACTI KYH Coyleci
(OTOHIAPBIHBIH ©3Tepic JMHAMHUKACHI

Temenne 3-cyperre OeTiHIe MbIC KypamJibl KaObIKIIACKl 0ap MOJMATUICHHIH 3JIEMEHTTIK
KYpaMblI 2-CHEKTPAET1 KOPCETKIIII KeITIPUIIi.

LT ) T T T

1 2 3 4 5 6 7 8 9 10 1
NonHaa wkana 3627 umn. Kypcop: 0.000 k3B

r 100mm 1 daexTpormoe mobpaxenne 1

Cyper 3 — Mbic xnopuaiMeH poTolenceHaipyIeH Kelinri
noJuATUIEH yariciHig COM KeckiHi, CHEKTpl MEH 3JIEMEHTTIK

Kypambl

Kentipinren COM keckiHzepae MeTaul OeJIIEKTepIHIH TY3UIT€HI aHBIK KOpIHIN Typ.
KalObIKIaHbIH JIEMEHTTIK KypaMbl OeTKi KabaTTaFbl XJIOp MOJIIIEPIHEH MBICTBIH MeJIIepi eadyip
kel ekeHiH ponenaen Typ. CoHbIMeH Karap, OlpHelle CHEKTpJIepAl CajbICThIPFaHIa MBIC
OeuexTepl KEeTKUTIKTI Aopekeae Ty3uireHi Oaiikanapl. | ¢cM KalIBIKTHIKTAa KaNTalyIlbl YIITiHIH
oetinaeri KaobIKIanbIH keneprici 0,36x10-5 Q-cm TeH 60161 (R.Abzhalov xone 1.0., 2022).
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Cyper 4 — OpTypii eHIey caTbUIapbIHAH KSHIHT1 TIOJUATHIICH YATUICPiHIH
Keckinjepi benrinenynep: a) 6acTankpl MOJIUATUIICH YIT1; b) GOTOXUMHUSIBIK
OeJiceHIipyIeH KeHiHT1 YITi; C) XMMHUSUTBIK MBICTayIaH KSWIHT1 YIITi

Mpbic MeTaNbIHAH TYpaThlH KaOBIKIIAHBIH KYPBUIBIMBIH 3epJeiey OapbhIChIHIA OapiIbiK
XKarjgaiina auaMerpi OlpHelle OHAAaraH HAaHOMETPACH JKY3[ereH HaHOMETpre AeHiHri cdepaisl
OeJIIIIeK TYpiHJIe TY3UICTIHIITIHE KO3 HKETKI3UIII.

$2.521 ym 26927 45,985

80.0

200

600

400
100

200

00 0.0

Cypert 5 - ®OTOXUMUSUTBIK MBICTAY YPAICIHIH JKEKeIereH Ke3eHICPACH KSHiHT1 TIOJTMMeEp
O€eTiHIH KYPBUIBIMBI jK9HE MOP(OJIOTUSCHIH KOPCETETIH YIII OJIIeM/Il KeCKiHepi
benrinenyi: a) 6acTankpl MOJMATUIIEH YIIT1; b) POTOXUMUSIIBIK OSIICEHIPYACH KEHIHT1 YIIT1;
) (OTOXMMHUSAIIBIK MBICTayIaH KeHiHT1 YJITi.

KaHBIK k6K PEeHKTEH KbI3bUI TYCKE ACHIHT1 IPAMEHT CO3bLTY TePEHiri MEH OMIKTITiHIH TYCTIK
ITKAJIAChl PETIH/IE KapacThIPbUIAIbl. ATalFaH ImKana OCTTiH Keaip-OyIbIpIJIbIK ISHIeliH capanTayra
MYMKIHIIUTIK TyFbI3a/ibl.

[TonmaTriieHn GeTiHEe MBIC KAaOBIKIIACBIHBIH TY31Myl 6-cyperteri X-ray audpakTorpaMmasa
yiri 6eTiHiH peHTreHo(a3albIK Talay HOTHKECIMEH Ji¢ HaKThUIaHBII Typ. MyHIa 6acTanksl YT
MOJIMMEP/TIIH Kypamaac AJIEMEHTTEPIHIH IIbIHIAPbIHAH 06JIeK, MBIC METaJBIHBIH IIBIHIAPHI alKbIH

KOPIHII TYP.
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Cyper 6 — [Tonustunen 6erinaeri Cu KaOBIKIIACKIHBIH X-ray TudpaKkTorpaMmmachl

KopbITbIHABI

Kyn cayneci poronmapst CuCl, epiTinaiciMeH bUIFaIaHFaH TOJIMITHUIICH MaTEpUAIIbIHA oCep
eTKeH/le, O0acTamnKplla XJIOPUITIH MOJIUMEPMEH OPEKETTECYiHEe Opail MOHOBAJIEHTTI MBIC XJIOPHII
Ty3uteni. Bysn MbIc KOCBUIBICH ©3 KE3€TiHAe eKIHIIUTIK KapThulail ©TKI3rim 00k TadbsuIansr. Ot
KOCBUIBIC OJaH 9pl KYH coyleci (OTOHOAPBIHBIH JCEPIHEH DIEMEHTTIK MBIC TY3UIyiHIH
(OTOXUMUSIIBIK PEAKIUSCHI )KY3€ere aca/bl, ajl 3JEKTPOHAaPMEH 00C OPBIHAAPABI KAMTAMAChI3 €Ty
YIIiH TIOJMATUJICH YJIT1T acKOpOWH KBIIKBUIBIHBIH EPITIHAICIMEH KochbiMIa eHaenemi. Ocbl

hv
MIPOLIECTEP/IIH HOTIKECIHAE YIT1 OeTiHAe MBICTHIH AuctepcTi OemmekTepi 6ap kadsikma (CuCly —

CucCl h—>v Cu) maiina 6omanpl. byn KaObIKIIa XMUMHSIIBIK MBICTAy YPAICIHIE MBIC KaTalu3aTOPbI
peTiH/AE KOJJaHBUIbIN, HOTHXKECIH/IE XUMHUSIIBIK MBICTAY YPIIClI apKbLIbl AJIEKTPOTKITIII MBIC
KaITaMachl aJIbIH/Ibl. AJIBIHFaH KaOBIKIIIaFa 3JIEMEHTTIK KOHE KOMITIOHEHTTIK TanJay, KYpbUIbIMbIHA
Taj/aay jKacaiblll, T19UEKT]I HOTHXKeNepl KeNTIpUIlL.
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OCAXJEHUE MEJHOM IJIEHKA HA INOBEPXHOCTH INOJINDTUJIEHA
OOTOXUMHNYECKOU AKTUBALIUEN

AHHOTAIINA

B Hacrosmee BpeMsi B psAle BaKHBIX OTpAciedl TEXHUKH W TEXHOJIOTHU INMHUPOKO HCHOJB3YETCS
TEHICHIMS METAJUTH3aLUH IIOJIMMEPHBIX MaTepHaIoB. MeTauTi3anus HOJINMEPHBIX MaTEPHaJIOB - TO CHHTE3
HOBOI'0 MHOTO()YHKIIMOHAJILHOTO MaTepHalla, yCTPAHSIONIUN HEKOTOPhIC HEIOCTATKU MOJIMMEPA, TIOKPBITOrO
MeTaJUIn4ecKoil 00010ukoii. [Ipolecc MeTannu3anuy MOBEPXHOCTH KPYMTHOMACIITAOHBIX MPOMBIILICHHBIX
MOJMMEPHBIX MaTEepHANIOB Hayald OBICTPO pPa3BHBATBCS II0CJIE IPOM3BOJICTBA MOJIMMEPHBIX H3/EIHH,
pa3pa60TaHHbe AJId NIUPOKOro MNPUMCEHCHHUA B JJICKTPOILUIACTHKE. HOHI/IMCpHBIC MaTepuajibl B IICJIOM
00J1aJal0T BBICOKOH MEXaHHMYECKOW MPOYHOCTHIO M JIETKO 00pabaThIBalOTCsS B pacTBOpax JIjsi 00paboTKH,
npuaBas MOBEPXHOCTH BBICOKHE aITe3MOHHBIC CBOMCTBA C METATMYECKUM IOKPHITHEM. XUMHUYECKas
MeTaJUTH3alHs OOBIYHBIX TTOJIMMEPOB MOJKET IIMPOKO HCIIOIB30BATHCS JUIS MPOU3BOJCTBA 3arOTOBOK IS
MMOJIy4CHHS CBETOBBIX (l)I/UIBpOB, ﬂaJIBHeﬁmHX TaJbBaAHUYCCKUX HOKpLITHﬁ, KaTaJm3aTopoB U Ap.

B a10i1 crarbe u3ydeHO BiMsHHE (HOTOXMMUYECKUX MPOLECCOB NPH CHHTE3€ TOHKUX COPOIIMOHHBIX
CIIOEB HA IOBEPXHOCTH TOKPBHITUS IyTEM BOCCTAaHOBJECHUS PAaCTBOPOB TaJIOTEHHIOB MEIU C PA3IHMYHOM
KOHIIEHTPAIIMEH JIJIsl OCAXKICHUS] HAHOYACTHIl METaJlIa Ha TIOBEPXHOCTD MOJMMEPHOTro Marepuana. [TokaszaHo,
yro pactBop CuCl, moriomaercss u moj aeicTBreM (HOTOHOB COTHEYHOTO CBETA OCAXKIAIOTCS JUCIICPCHBIC
YaCTHIBl METaJUIa MEIM Ha MOBEPXHOCTH TOJIMMEpa. B 3TOT MOMEHT OoTnajiaeT HeOOXOIMMOCTh IPUMEHEHUS
XAMHUYECKHX BOCCTAHOBHUTEJCH, BBI3BIBAIOIIUX H3JMIIHHE TPYIHOCTH W HedddekTruBHOCTH. [lommmepsl,
oOpabotannbie pactBopamu CuCl, B Marepuanax mox AeUCTBUEM (POTOHOB COJTHEYHOIO CBETa 00Pa3yrOTCs
HaHOpa3MEepHBIC YAaCTHIBI MEAU M cepedpa cCOOTBETCTBEHHO. [Ipm ocymiecTBIEHHH TaKUX IMPOIECCOB HET
HEOOXOIMMOCTH HCIIOIb30BaTh CHENUAbHbIE XHMHYECKHE BOCCTAHOBUTENH, KOTOPHIE IPOHMCXOIAT B
MPUCYTCTBHUU MOJICKYJI IMOJIMMEpPA U TaJIOr€Hu1a MCIu. O}:[HaKO 6LIJ'IO 06Hapy>i<eH0, YTO HAHOYACTUIIbI MEaU
CHHTE3HMPYIOTCS B pe3yjbrare NpOBeleHHs (OTOXMMHYECKOW peakiuu ¢ JJ00aBICHUEM acKOPOMHOBOM
KUCJIOTBI JUTS YBEJINYEHHSI CKOPOCTH BOCCTAHOBJICHHS XJIOpUAa MEIH. B 11e110M, 4eTKO TIOKa3aHbl Pe3ysbTaThl
MEeTaJLTH3aIlUH TOJTMMEPHOTO MaTrepralia MeToI0M (OTOXMMHUYESCKOM aKTHBAIIMHU TTOKPBIBAEMO#T ITOBEPXHOCTH,
BOCCTaHOBHTEJIHHBIM JICHCTBHEM (DOTOHOB COJTHEYHOTO CBETA.

KiaroueBble ciioBa: GOTOXUMHS, M, MOJUITHIICH, aKTHUBALIMs, METAJUIM3ALINS, IJICHKA, MEIHEHUE,
3JIEKTPOTIPOBOJHOCTH
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DEPOSITION OF A COPPER FILM ON THE SURFACE OF POLYETHYLENE BY
PHOTOCHEMICAL ACTIVATION

Abstract

Currently, the trend of polymer metallization is widely used in a number of important fields of
engineering and technology. Polymer metallization is the synthesis of a new multifunctional material that
addresses certain drawbacks of a polymer coated with a metal layer. The trend of polymer metallization on
an industrial scale has only recently emerged, following the development of polimer materials specifically
designed for use in electroplastics. Polimer materials offer a unique combination of mechanical strength and
ease of processing in etching solutions, resulting in high adhesion strength with a metal coating. Chemical
metallization of conventional polymers is actively used for the production of light filters, catalysts, blanks
for further electroplating, etc.

In this article, the influence of photochemical processes in obtaining thin sorption layers of solutions
of copper sub-group elements with different concentrations for the deposition of metal nanoparticles on the
surface of a polymer material is studied. It is shown that the CuCl, solution is absorbed and, under the
influence of sunlight photons, dispersed copper metal particles are deposited on the polymer surface. At this
point, there is no need to use chemical reducing agents, which can be difficult and ineffective. Polymers
treated with CuCl, solutions in materials produce nanosized copper and silver particles, respectively, when
exposed to sunlight photons. These processes occur in the presence of polymer molecules, eliminating the
need for chemical reductants. In general, due to the additional reduction of copper halide by ascorbic acid, a
photochemical reaction occurs, which has been found to further synthesize simple copper nanoparticles.

Keywords: photochemistry, copper, polyethylene, activation, metallization, films, coppering,
electrical conductivity
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A.C. CuapukoB*
I.X.H., mpodeccop, ¢punnan Poccuiickoro rocynapctBeHHoro yauBepcurera Hedtu v raza (HUY) nm. .M.
I'yoxuna B ropone Tamkent, Tamkent, Pecybnmka Y30eknctan
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CHUHTE3 1 HCCIEJOBAHUE COPBIIMOHHBIX XAPAKTEPUCTUK A30T- "
CEPOCOIEPKAIIUX ITOIMMEPHbBIX KPAYH-O®UPOB

AHHOTAIINA

W3yuyensl copOLMOHHBIE CBOMCTBA CHHTE3UPOBAHHBIX MOJIMKPAyH-3()MPOB IO OTHOLICHHIO K MOHAM
LIETOYHBIX U MEPEXOIHBIX MeTauioB. [Ioka3zaHo, 4TO JUisl MOJIMMEPOB Ha OCHOBE AWa3a-quTHa-18-kpayH-6 u
nuasa-terparua-18-kpayn-6 xapakrepHa HamOoibinas copOuus wmoHoB Hg?® m Pb*', uro o6GwsacHseTcs
(haKTOpPOM IreOMETPUIECKOr0 COOTBETCTBHS Pa3MEPOB MOINAI(PHUPHOTO KOJIbLa M JuaMeTpa KatuoHa. [lomumep
¢ MOHOa3a-AuTHa-12-kpayH-4 oOpa3yeT yCTOWUYMBBHIA KOMIUICKC ¢ KaTHOHOM Ag'. YCTaHOBICHO, YTO Ha
YCTONYMBOCTh KOMIUIEKCA BIHAIOT MpHUpoOJa KaTHOHA W aHHOHA, pa3Mep IMOJIOCTH MaKpOIMKIA, CPYKTypa
nojvMepa W Tpupona pactBoputens. M3yueHne QU3MKO-XUMHUYECKHX XapaKTEPUCTHK TOTYYEHHBIX
MOJIMMEPOB TOKAa3aJI0, YTO OHHU SIBISIOTCS YCTOWYMBBIMHM K BO3ICHCTBHIO Pa3lWYHBIX arpeCCHUBHBIX CpEI.
I[aHHLIe COCIUHCHUA MOTYT OBITh MPpEAJIOKCHBI B KAQUECTBE BBICOKOCCICKTHUBHBIX COp6CHTOB B
THJIPOMETAILTYPTHH IJ1s1 COPOLIMU U pa3aelieHHs HOHOB NIEPEXOAHBIX METAILIOB.

KiroueBble cjioBa: BEICOKOMOJIEKYIISIPHBIE COSMHEHHS, MAKPOLIUKIMYECKUE MOTHAIPUPHIL, a3a-3(HUPHL,
THAKpayH->(UPHL, TOIUMEPHBIE KpayH-3QHPBI, COPOIIMOHHAS €MKOCTh, CTaTUYeCKasi OOMEHHast EMKOCTb

Beenenue

Llenpt0o  J@aHHOTO  MCCIENOBAHUS  SABISUIOCH  M3Y4YEHHE COpPOLIMOHHBIX CBOWCTB U
3aKOHOMEpPHOCTEH  KOMILJIEKCOOOpa30BaHUS ~ MMMOOWJIM30BaHHBIX  a3a-THAKpayH-3(UPHBIX
COEIMHEHU ¢ MOHAMU MEePEeXOJHBIX MeTayIoB. Hanbosee BaXkKHBIM CBOMCTBOM MOJIMMEPHBIX KpayH-
COEIMHEHUH ABJISIETCS MX CITOCOOHOCTH 00Pa30BbIBAaTh YCTOMUMBBIE KOMIUIEKCHI. O/IHAKO, HE YJIEIIEHO
JOCTaTOYHOTO BHHUMAaHHMS OCOOEHHOCTSIM KOMIUIEKCOOOpa3yIoLIMX a30T-H  CepycolepKaiiux
MMOJIMMEPHBIX MAKPOUHUKIIOB, IPEUMYIIECTBA KOTOPBIX B KAYCCTBC COp6eHTOB HECOMHCHHBI.

B cBs3u ¢ 3TUM KOMILIEKCOOOpa3ylolye CBOMCTBa MMMOOMIN30BAaHHBIX MOJIMa3a-THAKPAYH-
3¢UpOB C HMOHAMHU NEPEXOIHBIX METAUIOB HCCIEIOBAIM aTOMHO-3JICOPOIMOHHBIM METO/IOM.
O0pa3oBaHue KOMIUIEKCOB B MAKPOLMKIMYECKUX JIUTAHAaX 00yCIOBJIEHO 3JI€KTPOCTaTUUECKUM HOH-
JAUITIOJIBbHBIM B331/IMOI[€fICTBI/IGM KaTHUOHOB C OTPULATCIBHO 3apsS’KCHHBIMHW OOHOPHBIMU aTOMaMu
a30Ta M Cepbl, PacloyIOKEHHBIMU YIIOPAJOYEHHO B KpayH-3()MPHOM KOJIbLIE.

Hamu mnonpoOHO wuccienoBaHa YCTOMYMBOCTH —OOpasyrOLIErocs METaNIOKOMILIEKCa B
3aBUCHUMOCTH OT CTPYKTypbl M OTHOCHUTEIBHOM BEIMYMHBI AUAMETpa IOJIOCTH MaKpOLUUKIA U
IaMeTpa KaTHOHA, MPUPOBI PACTBOPUTENS U aHMOHA. Peakius KOMILJIEKCOOOpa30BaHUs KaTHOHA
Me™ ¢ nonmMMepHbIME KpayH-3>pUpaMi B pacTBOPHUTENIE S TIPOUCXOIUT MO ypaBHEHUIO (1):

(M7)s + (L) + (X)s & (MLX)p, (1

rae uHAeKchl P 1 S yKa3bIBalOT Ha TO, YTO YACTHIIA HAXOIUTCS B PACTBOPE COJIM WIIM HA TOBEPXHOCTH
HOJIMMEpa COOTBETCTBEHHO. [1py 5ToM aHnoH X COJM BXOAMT B COCTaB HOHHOM mapsl (M LX), uim
K€ HaXOIUTCA B IBOMHOM DIIEKTPUYECKOM CIIO€, KOMIIEHCHPYS 3apsi KoMIuiekca Me ™ ¢ mosmkpayH-
spupom [1]. Koncranra paBHOBecus k 3TOro mpoiiecca OMHMCHIBAETCS OOBIYHBIM YPaBHEHHEM
aacopOriuu (2):
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_ dw (ML
B IwdL [M][L]

2)

rae Jmr, Jm, JL — k03 pHunmreHTs aKTUBHOCTH KOMIUIEKCA, KATHOHA U peareHTa COOTBETCTBEHHO.

JIns BBIACHEHUS BIMSHUS CTENEHUM CTPYKTYPHOIO COOTBETCTBUSI KAaTHOH-MAKpPOLMKI Ha
CEJIEKTUBHOCTh TOJIMMEPHBIX KpayH-2(hDUPOB OMPEAEISITH UX COPOLIMOHHBIE EMKOCTH B BOAHOM cpezie U
METUJIOBOIO CIMPTA.

MarepuaJjibl 1 METOABI
JKCNepUMEHTAJILHAS YaCTh
CHUHTE3 A3A-U TUAKPAYH-D®UPOB 110 METOAY KEJIJIOT'A
B aByxmuTpoBoil Tpexropioi koibe, CHaOKEHHON MEIIANKOW, JByMS CHHXPOHHO
KallalolMMU KaleJabHbIMA BOPOHKaMM, CHUCTEMOM JUIsl BBOJA MHEPTHOIO Ta3a U OOpaTHBIM
XOJIOUIBHUKOM, cycrienaupoBanu 1,43 r (4,4 mmons) kapbonara ne3ust B 500 mi cyxoro IM®DA.
[Tomyuyennyto cmech HarpeBaiu 10 S0°C U npu SHEPTHUHOM MEPEMEIINBAHUN MEJICHHO (~12 1)
n00aBIISIT U3 KarelIbHBIX BOpOHOK pacTtBop 0,376 1 (4 mmoib) 1,2-3tanautroin B 100 M JIMDA
u pactBop 0,924 r (4 mmonb) 6uc (2-6pomatrii)amuna B100 mu JIM®A. PactBop ymapusaiiu
JI0CyXa B BaKyyMe€, OCTaTOK MHOTOKPaTHO SKCTParupoBajd XJOPUCTHIM METUIEHOM, HKCTPAaKT
ynapuBaiu jgocyxa. Beixon 1,10-muaza-4,7,13,16-terpatua-18-kpayn-6 (JATT18K6) 45%, c
Temreparypoil riasienus 90-92°.
Touno Tak e ObuIK Noy4YeHs! U Apyrue 15 u 18 uneHHble noaruTHaa3aMaKpOUUKINYECKUE
MOHOMEpBHI.
CHUHTE3 A30T- U CEPOCOJAEPXKAIIUX ITOJIMMEPHBIX KPAYH-2®UPOB
[TonumepHble a30T- U cepocofepk aliue NOIUKpayH-3¢upsl moayyanu B cpeae MDA
MIPUBUBKOM KpayH-COECAMHEHUH K XJIOPMETHJIMPOBAHHOMY MOJUCTHPOIY, cmurtoMmy n-JIBb (2
Mmacc. %), conepxarue xjiopa 7,6-8,5 mMmoinb Ha 1 r moaumepa. s modydeHUs: NOJIMMEPOB C
BBIXOJIOM, OIpENEIeHHON HaOyXaeMOCThI0 M COPOLIMOHHOM E€MKOCTBIO B TPEXTOpIIyI0 KOJOy,
CHAO)KEHHYIO OOPaTHBIM XOJOAMIBHUKOM, MEXaHUYECKOI MeIIajaKoi, TepMOMETPOM, MOMELIaIn
XJIOPMETUIIMPOBaHHbBIN conoaumep ctupoia u JIBb B Bune xenteix rpanyin 4,0 r (18,4 mmons Cl),
a taxke JIM®A 20-25 mi. [Tocne HabyxaHus noiauMepa B TeueHHe CyTok qobasnsum 1,10 auasa-
4,7,13,16-terparua-18-kpayn-6 4,84 kpayn-apupa (22,08 mmons KD3). Ilpu uHTEeHCHBHOM
IIEpEMEIINBAaHNH B T€UeHHE 4-5 4acoB peakLMOHHYI0 cMmech HarpeBanu npu 95°C. Ilocne uero,
MIPEKPATUB NEpEMEIINBAaHIE CMECh OCTABJISIIU P KOMHATHOM TeMrieparype B TeueHue 10 gacos.
[Iponykr peakuuu OTQUIBTPOBHIBAIM, (UIBTPAT MPOMBIBAIM B JHOKCAaHE U B
JUCTUJUTMPOBAHHOW BOJI€ C MOCIEAYIOMIEH CYIIKOM TOTOBOrO MpoaykTa. Beixonm cocraBiser
46,51% ot Teoperuueckoro. [1o anHanornyHoil MeTouKe NPOBOIMIN HUMMOOMIIN3AIIUI0 MOHOA3a-
4,10-nutna-12-xkpayn-4 (MAJIT12K4); 1,10-nuaza-4,7-gutna-18-xpayn-6 (JAJAT18K6); 1,10-
nuaza-4,7,13-tpurna-18-kpayn-6 (JATT18KO6).
OIIPEJEJIEHUE COPEIIMOHHON EMKOCTH IOJJUMEPA
Kommuiekcoobpasyrolyie cBoiicTBa MOIMMEPHBIX KpayH-3(UPOB U3ydald M0 OTHOLICHUIO K
MOHAM ILEJIOYHBIX U MEPEXOJHBIX METAIJIOB U3 PACTBOPOB COOTBETCTBYIOLINX «X.4.» HUTPATHBIX
U TaJOuIHBIX cojedl. B kauecTBe pacTBOpuTENEH MCIONIB30BAIN JUCTHUILIMPOBAHHYIO BOZNY,
METHJIOBBIII M STWJIOBBIM CIUPTHI, AllETOHUTPUI, a TaKXK€ CMECh BOJIbl C AalleTOHUTPUIIOM
pa3UYHBIX COCTaBOB. Bece 00pasiibl MOIMMEPHBIX KpayH-3(UpPOB Nepes KaKa0i cepueil onbIToB
BBICYIIMBAJIA B BaKyyM-CYIIUIHHOM IIKaQy 710 MOCTOSTHHON Macchl.
JUis ompeneneHus: COPOIMOHHON €MKOCTH MOJHMKpayH-3UpOB B K00y DpieHmeiiepa
noMemaian HaBecky nojumepa 0,2 T B3BeHmeHHYI0 ¢ TOUHOCThIO 10 0,0002 1, 3aTeéM BHOCHIJIN
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100 M pacTBOpa CONHM COOTBETCTBYIOWIErOo MeTauia ¢ KoHueHTtpaumueit 0,2 r/m. Ilocme
HENPEpPBIBHOTO IIEPEMEIIMBAHUA B TeueHHe 24 YacoB OTOMpanu aJMKBOTHYIO 4YacTb H
OTIPEIEIISIIA OCTATOUYHYIO KOHIICHTPALWIO HOHOB MeTayuioB. [l onpeneneHus KOHICHTPpauu
KaTHOHOB IIEIOYHBIX METAJUIOB HMPUMEHSUIM METOJ IUIaMeHHOH (oTomerpuu. CopOIHOHHYIO
€MKOCTB MTOJIMMEpa Onpeelsiiu [2] mo cieayromeit popmye:

V.(C,-C
COEZM,

g

(87)

rie Co, — HayanbHas KOHIEHTPALHs HOHOB METAJLIa B PaCTBOPE, MMOJIL/CM’;
CK — KOHEYHasi KOHLIEHTPAIMS HOHOB METaJlIa B PACTBOPE, MMOJIL/CM>;
V — 06mmit 06beM pacTBOpa, CM°;
g — Macca HaBeCKH, T;
COE — cop061moHHas eMKOCTb MOJIMKPAyH-3(QHPOB, MMOJIB/T.

Pesyabrarsl n 00cy:xaenne

Huknnyeckue mnosivaza-TuakpayH 3(Qupbl UMEIOT OOJIbLIEE CPOACTBO K MOHAM TSDKENBIX U
NEPEeXOHBIX METAJJIOB, YEM K MOHAM IIEJIOYHBIX U IIET0YHO3eMEIbHbIX MeTaioB. OHU 00pa3yroT
YCTOMYMBBIE KOMIIEKCHI C MOHAMHU TSKEJIBIX U MEPEXOIHbIX METAJUIOB, IOTOMY YTO aTOM CEphI KaK
JOHOp sBJsieTcss Oojee MATKMM OCHOBaHMEM, d4eM aroM Kkuciopona. CTpoeHMe U COCTaB
CHUHTE3MPOBAaHHBIX UMMOOMIN30BaHHBIX MTOJIMMEPOB MOATBEPXkACHbI JaHHbIMU MK-cniekTpockonuu
Y DJIEMEHTHOTO aHajm3a (Tadmuma 1).

B MK-crieKTpe CHHTE3MPOBAHHBIX THAA3aMAKPOLMKIIOB HMEIOTCS 4acTOThI (cM '), XapakTepHble
s kpayH 3¢upsbix rpynm: 1130, C-O-C amudartuueckoro psaa u gymier noinoc 3330-3430,
cootBeTcTBytolue A N-H cBsa3u. 3aech Takxke oOHapy>KEHbI 4aCTOTHI J1JIsl BaJICHTHBIX KOJeOaHUi
cBs3u C-S-C B obnactu 660-680. MK-criekTpbl HCXOAHBIX, TPOMEXYTOUHBIX U KOHEUHBIX MTPOITYKTOB
cauuManu Ha cnekrpomerpe UR-20 B TonkoMm cnoe Ha crekie u3 NaCl wnn KBr, B Tabnetkax ¢ KBr
(200 mr KBr u 2 Mr BemiecTsa).

Tabnuua 1 — DnemMeHTHBINH cocTaB U JaHHbIE nontomeHuss MK-cnekTpockonuu CHHTE3UpOBaHHBIX
MTOJIMMEPHBIX KpayH-2QHpOB

] ] UK-cniexTp, cM™,
[Tonukpayn bpytTo C,% |H,% | N,% | O,% | S, %
aup dopmyra

C-O-C | C-N-C | C-S-C
MAJIT12K4 | C17H2sNOS: 64,1 | 83 | 39 | 42 | 19,5 1040 1120 685
HAZIT18K6 | Co1H34N202S2 | 6,3 86 | 62 | 81 | 16,8 1090 1140 680

JHATTI15KS C19H30N2S3 60,2 | 8,1 7,0 - 24,8 1100 1130 670
JATTI18K6 C21H34N2S4 56,7 | 7,2 | 59 - 30,2 | 1010 1125 675

JlanHbIE O COPOITMOHHOM €MKOCTH WMMOOMIN30BAHHBIX IOJIMAa3a-THAKpayH-I(HUPOB MOHOA3a-
4,10-qutna-12-kpayn-4 (MAIT12K4), 1,10-auaza 4,7-autna-18-kpayn-6 (JAAT18K6), 1,10aua3a-
4,7,13-tpu-tna-15-kpayn-5 (JATT15KS), 1,10-nuaza-4,7,13,16-terpa-tua-18-kpayn-6
(JJATT18K6) mpencrasneHsl B Tabnumax 2, 3.
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Tabmuma 2 — CopOIuOHHBIE XapaKTEPUCTUKA MMMOOMIM30BAHHBIX TOJIHMA3a-THAKpayH-3()UPOB B
BOJIE

CopO1moHHast eMKOCTh, MI/T
Iomaxpayn-sgup na Karuonsl / B BoiHO# cpene
OCHOBE
Na+ K+ Ag+ Hg2+ Pb2+
MAJIT12K4 28,68 24,73 246,28 475,4 491,95
JAJIT18K6 32,15 60,19 222,25 429.,8 445,53
JATT15K5 41,78 44,53 190,16 370,9 382,74
JATT18K6 32,44 76,44 210,14 404,5 421,52

W3 naHHBIX TaOMUIbI BUTHO, YTO COPOIIMOHHASI EMKOCTh CYIIIECTBEHHO 3aBUCHUT OT CTPOCHUS U
pasMepa MakpoOLHMKIa, MPUPOJLI KaTHMOHA, a TaK)Ke YuciIa aroMOB CEphl B KpayH-Kosblle. B
OpPraHMYECKHUX PACTBOPHUTENSAX COPOIIMOHHAS €eMKOCTh TOJIMMEPOB BhIIIIE, 4eM B Bozie. [lo-Buanmomy,
PacTBOPUTEIIb UTPAET CYIIECTBEHHYIO POJIb B IPOIIECCaX J1€COJIbBATAIUN KATHOHOB JIMTaH/a, a TAKKe
coJbBaTallMi 00Pa30BaBIIETOCS KOMILIEKCA.

Tabnuua 3 — CopOUHOHHBIE XapaKTePUCTHUKU MMMOOMIM30BAHHBIX I0JIMa3a-THAaKpayH-2QHPOB B
METaHOJIe

CopO1moHHast eMKOCTh, MI/T
Homaipayn-sup na Karnonsl / B MeTaHoIe
OCHOBE
Na+ K+ Ag+ HngL Pb2+
MAJIT12K4 44,82 42,16 265,68 492 509,22
JAT18K6 48,25 79,28 241,92 448 463,68
JATT15K5 56,14 62,18 209,52 388 401,58
JATT18K6 50,92 92,16 228,96 424 438,84

B nammx wuccnenoBaHUSIX HAOMIONAETCS COOTBETCTBHE MEXIYy COPOIMOHHONW E€MKOCTBIO U
CONIEp’)KaHMEM Cepbl B Makpolukie. Tak, MakCUMajlbHOE 3HAY€HHE COPOIMOHHON €MKOCTH
nposiBisiercs B ciyuae nonos Hg?" u Pb?" ¢ copbenTamu, conepkamumu GyHKIHMOHAILHbIE TPYTIIbI
JAJIT18K6 u 06pasyer yCTONUMBBIA KOMIUIEKC ¢ KaTHOHOM Ag'. OHa BO3pacTaerT ¢ yBeJIUYEHHEM
nuamertpa anroHna (J°, SCN°, COO", nmukpatsl) [3-4].

3ABUCUMOCTHh COPBIIMOHHOM EMKOCTH IIOJIMA3BA-U THUAKPAYH-
9®UPOB OT PH CPEbI

KommiekcooOpasyromiasi crnocoOHOCTh CHHTE3MPOBAHHBIX HAMH a3a-THAKpayH-2(UpOB B
3HAYUTETFHOW CTETEeHW 3aBUCUT OT KOJMYECTBa aTOMOB CEphl, YYaCTBYIOIIUX B 00pa30BaHUU
Makporukia. C  yBEeIMYEHHEM KOJWYECTBA AaTrOMOB CEphl B MAaKpOIMKIIE YBEIMYHWBACTCS
OKCTPAKIIMOHHAS €MKOCTh MO OTHOIICHHWIO K MOHAM MEPEeXOJHBIX METAJIOB, TAKHX Kak cepedpo,
pPTYTh, CBHHEI. MaKkCUMaIbHBIE CEIIEKTHBHO-COPOIIMOHHBIC XapaKTEPUCTUKU TPH HW3BJICUCHUU W3
pacTBOpoOB nepexoaHbIx MeTamuioB Habmonaercs y JJAJIT18K6, JATT15KS, JJATT18K6.

MeTamioKOMIUIEKCHl  TTOJIMa3a-THAKpayH-29QUPOB B KHUCIBIX CpeAax TMPaKTUYeCKH He
obpa3yrores (pucyHok 1).
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Puc. 1. 3aBucuMocTh COPOLIMOHHON €EMKOCTH I0JIna3za-TuakpayH-3¢upos ot pH cpeasr: 1 —
MAJIT12K4; 2 — JAAT18K6; 3 — HATT15KS; 4 — JATT18K6

Pe3kuit ckauok Habmromaercs npu pH pactBopa Bbimie 7. CrnemoBaTenbHO, B IIETOYHBIX
CUCTEMax JIMHEWHas MaKpOMOJEKYla HMMEET BBITIHYTYI0 KOH(Urypanuio, 4ro oOycJaBJIMBaET
noctynHoctb NH-C-C-NH ¢parmeHToB 1151 KaTHOHOB. B mpoTuBHOM ciiydae, oOpa3yeMble CBSI3U
OH....NH craruBaioT noiavMepHyro L€llb B JOBOJBbHO CKaThlii KiyOok. IIpum 3ToM cBOOOAHBIE
MIPOTOHBI MAKCHUMAJIBHO 3aIOJIHSIOT MOJIOCTh KOPOHOBUJIHBIX HUKIOB. OUEBUIHO, JAHHBIE SIBICHUS
CIOCOOCTBYIOT HOTEpE MAaKpPOLMKIAMH CIIOCOOHOCTH 0Opa30BhIBaTh KOMIUIEKCH.. Ha ocHOBaHUM
BBIIIEU3II0KEHHOTO MOXHO C/IeJIaTh BBIBOABI O TOM, yTO pH pacTBopa npenonpenensieT BO3SMOKHOCTh
MoJinasza-THaKpayH-3pupoB K pereHepanuu. OTO B CBOIO O4yepeab JaeT BO3MOXKHOCTh HX
MHOTOKPATHOTO UCMONB30BaHUS 0€3 OIIyTUMBIX MOTEPh IKCTPAKIIMOHHON €MKOCTH.

B To e Bpemst 3 ()EeKTUBHOCTD KOMIIEKCOOOPA30BAHUS OMPEAETACTCS TAKUMHU BHEITHHUMH
napameTrpamu kak pH cpeasl, Temneparypoi, Ipupoaoi pacCTBOPUTENS U aHUOHA.

[Ipun npaBuiabHOM MOAOOpE BCEX MEPEUUCICHHBIX YCIOBUH BO3MOXKHO JOCTHIKEHHE Kak
BBICOKHX COPOIIMOHHBIX XapaKTEPUCTUK IMOJHa3a-u TUAKpayH-2GUPOB, TaK U MAaKCUMaIbHO
3(PeKTUBHBIX 3HAYEHHH COPOIMOHHO-AECOPOIMOHHOTO Oananca. PaBHOBECHBIN XapakrTep
MPOIECCOB 00pa30BaHUS METANTIOKOMIUIEKCOB MAaKpPOTE€TEPOIMKIOB MPUBOIUT K JIOTHYECKOMY
BBIBOAY O pEryJUpPYEMOCTH HE TOJBKO CEJIEKTUBHOIO KOMIUIEKCOOOpa3oBaHUSA, HO H
yopaBisieMocTH jaecopOuuu. MmMMoOMNIM30BaHHBIE a3a-U THAKpayH-d(QHUpHBIE MOIHUMEPHI
MPUBJIEKAIOT BHUMAaHWE MCCIENOBATEIel B CBSI3M C I[IHPOKUMU BO3MOXHOCTSIMHU UX
MPAKTUYECKOTO  HWCIOJb30BaHWS B  KadecTBe  JI(P(EKTHUBHBIX  BBICOKOCTIEIIU(PUUHBIX
KOMILJIEKCO0Opa3oBaTeneii.

BoiBoabI

B nmanHOl crathe OBUTM TIPUBEIACHBI PE3YJIBTAaThl HCCIEAOBAHHUS TIO CHHTE3y HOBBIX
KOMITJIEKCOOOPa3yIoIMX IOJIMa3a-THakpayH-3pUpoB W BO3MOXXHOCTH WX HCIOIB30BaHUS B
pa3IMUYHBIX OONACTAX HAyKW M TEXHUKH. Hamu TpemioxeHbl YIOOHBIE W TMPOCTHIE CIIOCOOBI
MONTyYeHUsl PA3IMYHBIX a3a-THaKpayH-2UpOB M TOIUMEpPOB Ha uX oOcHOBe. [lokazaHo, 4TO
BEPOSITHOCTh O0Opa30BaHUS IHMKIMYECKUX a3aTHaKpayH-2(UPOB 3aBUCUT TOJIBKO OT YCJIOBHM
mpoBeJeHusT mpolecca. Ha peakimoHHYI0 CIOCOOHOCTh COEMMHEHUN CONEpIKAIIUX BTOPUYHBIE
aMUHBI OKa3bIBAET BIUSHHUE pa3MeEP MAKpPOLHUKIIA U B3aUHMHOE PACIOJII0KEHUE B HEM T'€TEPOATOMOB.
YCTaHOBIIEHO, YTO YCTOMYMBOCTh KOMIUIEKCOB 3aBUCUT OT IPUPOJIbI KATHOHOB U AHUOHOB, Pa3MEPOB
MOJIOCTH KpayH-COEAMHEHUM, CTPYKTYPbI OJMMEPOB U IPUPOILI PACTBOPUTEINECH.
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Takum 006pazom, B pe3ysbTare MPOBEICHHBIX HCCIEA0BAHUHI pa3paboTaHbl JOCTYITHBIE METOBI
NOJy4YeHUs NOJIMMEPHBIX IOJIMa3za- M I0Jua3a-TUaKpayH-3(pUpPOB, YCTAHOBIEHbI MEXaHU3MBbl HX
0o0pa3oBaHMs, BBIABICHBI OCOOCHHOCTH HX KOMIUIEKCOOOpPA30BaHUS C MOHAMHU TEPEXOAHBIX
MeTaiuioB. HaliieHbl nepcrnekTUBHbIE 00IAaCTH UX MPAKTUYECKOTO MPUMEHEHUs. YCTaHOBIEHO, YTO
ONHMCAaHHBbIE HMMMOOWIM30BaHHBIE a3a- M a3aTHaKkpayH-d(HUpHBIE TOJIUMEPHl MOTYT OBITh
HCIIOJIb30BaHbl B COPOLIMOHHON TEXHOJIOTUH.
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KYPAMBIHJIA A30T KOHE KYKIPT BAP IIOJIUMEPJI TOXK DO@UPJIEPIHIH
COPBIUAJIBIK CUITIATTAMAJIAPBIH CUHTE3JEY KOHE 3EPTTEY

Tyiiin

CuHTe3fienTeH TMONMUKpayH d(UPIEpiHiH CUITUTIK JXKoHE OTHelli MeTall HOHAAapblHAa KaThICTHI
COpOIMSITBIK KacueTTepi 3eprrenmi. J[uaza-murna-18-toxk-6 >xoHe nuasa-terparua-18-Tox-6 HerisiHeri
nonumepiep Hg' sxone Pb?" MOHIapBIHBIH €H KOFaphl COPOIMICHIH KOPCETETIHI KopeeTiti, Oy momusdpup
CaKMHACHIHBIH OJIIleMi MEH KaTHOH IHaMeTpi apachlHOAFbl TC€OMETPHSUIBIK COMKECTIKIICH TYCIHIIpUTIei.
Monoa3a-nutna-12-tox-4  Gap mnonmumep Ag" KarHOHBIMEH TYpakThl KeleH Tys3emi. KemieHHiH
TYpPaKTBUIBIFIHA KATHOH MEH aHWOHHBIH TaOWFaThl, MAKPOLUKI KYBICBIHBIH OJIIIEMi, TIOTUMEP KYPBUIBIMBI
JKOHE EepITKIMTIH TaOWFaThl ocep eTEeTiHI AaHBIKTaJIAbl. AIBIHFaH IMONUMEPIEpIiH (U3NKA-XUMHUASIBIK
CUNaTTaMaNapblH 3epTTey ONAapAbIH OpTYPJII arpeccHBTi opTrajapra Te3IiMIi eKeHIH KepcerTTi. byn
KOCBUIBICTAP/Ibl THAPOMETAUTYPTUsiia OTIel MEeTaul HOHIAPBIH COpOLMsiay JKoHe Oeiy YIIiH KOFapbl
CEJIEKTHBTI COPOCHTTEP pETiHE YChIHYFa OOJa bl

Kinrrik ce3mep: JKorapbl MOJEKyNanblK KOCBUIBICTAp, MAKPOIUKIAI MOMUdpUpiep, aza 3¢upiepi,
THaKpayH »SQupiepi, momuMmepii Tk 3dupnepi, COPOUUIBIK CBHIABIMABUIBIK, CTAaTHKAJbIK anlbIpbac
CBHIABIMIBLTBIFBI

A.S. Sidikov*
Doctor of Chemical Sciences, Professor, sidikov_a@mail.ru, Gubkin Branch of the Russian State University
of Oil and Gas in Tashkent, Tashkent, Republic of Uzbekistan

SYNTHESIS AND INVESTIGATION OF SORPTION CHARACTERISTICS OF
NITROGEN- AND SULFUR-CONTAINING POLYMER CROWN ESTERS

Abstract

The sorption properties of synthesized polycrown ethers with respect to alkali and transition metal ions
were studied. Polymers based on diaza-dithia-18-crown-6 and diaza-tetrathia-18-crown-6 were shown to
exhibit the highest sorption of Hg?>" and Pb®" ions, which is explained by the geometric correspondence
between the polyether ring size and the cation diameter. The polymer with monoaza-dithia-12-crown-4 forms
a stable complex with the Ag* cation. It was established that the stability of the complex is affected by the
nature of the cation and anion, the size of the macrocycle cavity, the polymer structure, and the nature of the
solvent. A study of the physicochemical characteristics of the obtained polymers showed that they are resistant
to various aggressive environments. These compounds can be proposed as highly selective sorbents in
hydrometallurgy for the sorption and separation of transition metal ions.

Keywords: high molecular weight compounds, macrocyclic polyesters, aza esters, thiacrown esters,
polymer crown esters, sorption capacity, static exchange capacity
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MATHEMATICAL MODELING OF DEVELOPED COMPOSITE POLYMER
STABILIZERS

Abstract

This paper examines current mathematical modeling methods used for the development and
optimization of composite polymer stabilizers. A review of key challenges related to the stability of polymer
materials is provided, along with a discussion of modern computational approaches, including molecular
dynamics, finite element analysis, thermodynamic modeling, and machine learning. The necessity of an
interdisciplinary approach integrating chemistry, materials science, and computational technologies is
justified. Perspectives on the further development of modeling methods to enhance the efficiency and stability
of polymer stabilizers are presented.

Keywords: mathematical modeling, polymer stabilizers, molecular dynamics, machine learning,
thermodynamic modeling.

Introduction. Mathematical modeling of drilling fluids is an effective method of scientific
analysis and forecasting that allows their behavior to be studied and described in complex thermobaric
conditions and under the influence of mineralized formation waters. The use of mathematical models
makes it possible to calculate rheological and filtration parameters in advance, which contributes to
a more informed selection of the fluid composition and reduces the amount of costly experimental
research. Modeling is especially relevant in the development and application of new polymer
stabilizers, as it allows for the evaluation of their effectiveness, the determination of optimal
concentrations and conditions of use, and the identification of the limits of reagent performance in
real drilling conditions. Thus, mathematical modeling serves not only as a tool for optimizing
technological processes and improving the safety of drilling operations, but also as a theoretical basis
for improving the chemical and technological systems of drilling fluids based on modified polymers
[1-3].

The development of industries such as oil and gas, water treatment, and biomedicine requires
the improvement of polymer materials with high stability and operational reliability. Composite
polymer stabilizers help extend equipment lifespan, enhance process efficiency, and minimize
environmental risks. One of the key methods for their development is mathematical modeling, which
enables accurate prediction of material properties and optimization of their composition.

The aim of this study is to analyze modern approaches to mathematical modeling of polymer
stabilizers and discuss their potential applications in predicting the thermal, chemical, and mechanical
stability of materials.

Materials and methods. Regression analysis was performed to assess the relationship
between the parameters under study. For this purpose, a design matrix was compiled, which made it
possible to systematically analyze the influence of individual factors and their interactions. An
important statistical indicator of this analysis is the coefficient of determination (R?), which reflects
the proportion of variance explained by the model and, therefore, the adequacy of the regression
equation obtained. The methods and research presented were carried out as part of the Bolashak
program at Constructor University.

Results and discussion. Mathematical processing of the experimental data consisted in
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constructing the answer in the form of z = f(x1, x2, x3). The investigated parameter z was the changes
in physico-chemical properties during the copolymerization of acrylonitrile and vinylsulfonic acids,
their hydrolysis and further modification [4-6].

Analyzing the data obtained during hydrolysis and modification of the copolymer using
gossypol resin and fatty acids, graphs were constructed for comparison with trend dependence, and a
regression ratio was determined for each factor. (Fig. 1, 2).
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Fig. 1- Diagram for the eigenvalue factor n
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Fig. 2 — Diagram for acid number factor

Analysis was carried out according to the copolymerization data of acrylonitrile and
vinylsulfonic acid (Fig. 3).
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Fig. 3 — Acrylonitrile and vinylsulfonic acid copolymerization details

Regression analysis was performed according to the copolymerization data of acrylonitrile
and vinylsulfonic acid (Table 1).

Table 1 — Regression analysis according to the copolymerization data of acrylonitrile and
vinylsulfonic acid

all al2 al3
all 1
al2 0,9956703 1 1
al3 0,7829549 0,758626294

The design matrix is a statistical analysis tool that allows determining the degree of
dependency between variables, evaluating their interrelationships, and using the obtained data for
forecasting or decision-making. Each cell in the table shows the dependency between two specific
variables.

The design matrix helps identify how changes in one variable can affect another, and based
on this, make predictions, optimize processes, and make informed decisions.

The calculated coefficients of the design matrix indicate the strength of the relationship between
the factors. The larger the absolute value of the coefficients, the closer the corresponding factor is to
the result. The analysis of the matrix consists of two stages:

1. [If there are elements in the first column of the calculated design matrix where |r*Y| < 0.5,

the factors that meet this condition are removed from the model.

2. When considering the correlation of the calculated coefficients of the factors in the design
matrix, it is necessary to assess their independence from each other. This is a required
condition for regression analysis.

According to our calculations, the values of all parameters are at an adequate level, as shown
in Table 2.
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Table 2 — Regression Statistics

Multiple R 0,758626294
R-squared 0,575513853
Adjusted R-squared 0,36327078
Standard Error 34,76366004
Observations 4

Another important indicator is R-squared, also known as the coefficient of determination. It
represents the proportion of the variance in the response variable that can be explained by the
predictor variable.

The value of R-squared can range from 0 to 1. A value of 0 indicates that the response variable
cannot be explained at all by the predictor variable. A value of 1 indicates that the response variable
can be fully explained without error by the predictor variable.

One of the important indicators is the value located at the intersection of the "Y-intercept" row
and the "coefficients" column. Here, the value of the "Y-intercept" is crucial. According to the
calculations, this value is 151.43 (Table 3).

Table 3 — Coefficients

Coefficients
Y-intercept 151,4289433
Variable X1 2,157608561

Additionally, the value at the intersection of the "Variable X1" row and the "Coefficients"
column shows the level of dependency between Y and X. The coefficient of 2.158, obtained from the
calculations, is considered a very high indicator of effect.

The calculations were performed using the "least squares method." The least squares method
is a statistical procedure used to predict the behavior of dependent variables accurately. The essence
of the least squares method is to find the closest approximation to reality among all linear functions.
This can be done by searching for the function with the smallest deviation, or more precisely, by
finding the minimal sum of squared deviations of the Y values from the regression equation obtained
during the process.

The regression equation is written as follows:

Y=2.158x+151,429 (1)

MatLab is a popular tool used for working with matrix data, virtualization, and mathematics.
The MATLAB language is high-level and is used for modeling mechanical and chemical-
technological processes. It includes an application package as well as an integrated development
environment (IDE). MATLAB allows for efficient numerical computation, data visualization, and
algorithm development, making it widely used in various fields such as engineering, science, and
€conomics.
The regression equation results were obtained by solving through the values of the factors
using programming code in the MatLab programming environment.
MatLab provides commands and functions for creating three-dimensional graphs. The values
of elements in a numerical array are considered as points on a plane defined by the X and Y
coordinates, with the Z coordinates representing the height above the plane. These functions and
commands perform operations like connecting points in a cross-section (using the plot3 function) and
creating mesh surfaces (using the mesh and surf functions). The surface drawn with the mesh function
is a mesh surface, where its cells have a background color, and their boundaries can have a color
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defined by the EdgeColor property of the surface graphical object.

To graphically display the results of the regression equation, we use the functions of the
MatLab programming environment. Using the mesh function, the following type of plot was obtained
(Figures 4, 5, 6).
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Fig. 4 — Results of the regression equation using the surf function
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Fig. 5 — Results of the regression equation with the coordinates of the given point
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Fig. 6 — Visualization of the calculation results with step reduction

The residual values in the calculations are very small and satisfy all given conditions. We
determine the standard errors, i.e., we calculate the deviations of the observed values from the
regression line. These calculated values also satisfy the conditions [7-9].

During the data analysis, we calculate the following parameters:

df — degrees of freedom of the regression, which is equal to the number of regression
coefficients.

2 2
S S
( 1/n1+ 2/712)2

== 7
CYn 2/ =D+C% /)2 /(n-1)

df

2)

SS; — the sum of the squared residuals is calculated using the following formula:
S5 = ?=1 Z?=1(Xij - }?l)z = ?=1(ni - 1)5i2 =(n, - 1)512 +-+(n; — 1)Si2 3)

MS, — the mean squared residuals (also known as the mean squared error, MSE) are calculated
using the following formulas:

MS, =2 4

a—1

SS5;

a—-1

MS, = )

The F-statistic is calculated as the ratio of the Mean Square of the regression
(MS_regression) to the Mean Square of the residuals (MS_residual). This statistic shows how well
the regression model fits the data compared to a model without independent variables. Essentially, it
tests whether the regression model is generally useful.
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The formula for the F-statistic is:
_ M5

T Ms

(6)
The calculation results are as follows (Table 4):

Table 4 — Calculation Results

df SS MS F F
Regression 1 3276,075882 | 3276,975882 | 2.71157897 | 0,241373706
Residual 2 2417,024118 | 1208,512059
Total 3 5694

Each individual coefficient is interpreted as the average increase in the response variable for
each unit increase of the corresponding predictor variable, assuming all other predictor variables
remain constant. The accuracy of the regression analysis is checked according to Student's criteria.

Student's t-test is used to determine the statistical significance of the differences between means.
To calculate this criterion, the mean value of the parameter from the first group is subtracted from the
mean value of the parameter from the second group, and the result is divided by the sum of the squared
errors. The latter is necessary to scale the t-criterion to the required measure.

Conditions for using the t-statistic:

— The data must be numerical,

— The data should follow a normal distribution;

— The Student's t-test can only be used to test the hypothesis of the difference between the means
of two groups (if we are comparing multiple groups, then in most cases, we use analysis of
variance (ANOVA));

— The variances of the two samples we are comparing should be approximately equal.

The data in the t-statistics column of the table represent the values of Student's t-test and are
calculated using the following formula:

t=—+—= (7
2 2
st +s_2
ng np
Table 5 — Regression Analysis
Coefficients Standard Error t- statistic p-Value
Y Intercept 151,4289433 34,76131416 4,356249095 | 0,048865385
Variable X1 2,157608561 1,310272205 1,646687271 | 0,241373706

The calculated values of the t-criterion in the table are analyzed. For each group, the number of
given pre-studied factors is taken into account. The value of the degrees of freedom f is determined
using the following formula:

f=+ny) -2 8)

After all the calculations, we concluded that the t-criterion's required significance level is
appropriate. The calculated t-statistic is sufficiently large, exceeding the critical value. This allows us
to conclude that the observed differences are statistically significant (significance level p<0.05) [10-
12].
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Conclusion. Mathematical modeling is a powerful tool for developing new polymer stabilizers,
allowing their properties to be predicted and their composition to be optimized without the need for
extensive experimental testing. Modern computational approaches, such as molecular dynamics,
finite element analysis, and machine learning, open up new opportunities for creating materials with
improved characteristics. Further development of hybrid models and interdisciplinary approaches
will significantly increase the efficiency of polymer composition design. The calculated values of the
t-criterion were analyzed, and after all calculations, we concluded that the required level of
significance of the t-criterion meets the requirements. Statistics show how well the regression model
fits the data compared to a model without independent variables.
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I3IPIEHI'EH KOMITIO3UTTIK HOJIUMEPII TYPAKTAH/ABIPFBIIITAP/IbI
MATEMATHUKAJIBIK MOJAEJIBAEY

Tyiiin

By KympICTa KOMIO3UTTIK MOJUMEPIi TYPaKTaHABIPFBIIITAPABI XKacay >KOHE OHTAWIaHABIPY YILUiH
KOJNJIAaHBIJIATBIH ~ MaTeMaTWKalblK  MOMENBIACYAIH  Ka3ipri  omictepi  KapacTelppurraH.  [lommmepii
MarepuaiapAblH TYPaKThUIBIFBIHA KaThICTBl HETI3rl Macenenepre IOy, COHBIMEH KaTap MOJEKYJaJbIK
JMHAMUKA, aKbIPIIbl 2JIEMEHTTEP/II Ta1ay, TEePMOIUHAMUKAIIBIK MOJEIBACY KOHE MAIIMHAIIBIK OKBITYIIBI KOCa
anfaHja, 3aMaHayd €cenTey TOCUIIEepiH TalKbUldy KapacThIPbUIFaH. XUMHS, MaTepHalTaHy >KOHE ecenTey
TEXHOJOTHSJIAPHIH  OIpIKTIpeTiH  MOHApaiblK  TOCULAIH  KaxeTTiumri  HerizgenreH.  [lomumepri
TYpPaKTaHIBIPFBIIITAPIBIH, THIMIUIIN MEH TYPaKTBUIBIFBIH apTTBHIPY YLIIH MOJENbACY SIICTEepiH olaH opi
JaMBbITy NIE€PCIEKTUBANAPbI YCHIHBUIFaH.

Kinrrik ce3mep: MareMaTHKaJIBIK MOJACIBICY, IOJUMEPIl TYPAKTAaHABIPFBIITAD, MOJCKYIAIbIK
JUHAMUKA, MAIIMHAJIBIK OKBITY, TEPMOJUHAMUKAIIBIK MOJEIb/EY.
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MATEMATUYECKOE MOJAEJINPOBAHUE PAZPABOTAHHBIX KOMITIO3UTHbBIX
MNOJINMMEPHbBIX CTABUJIN3ATOPOB

AHHOTanUusA

B nanHOll crarhe paccMarpuBarOTCSl COBPEMEHHBIE METO[bl MaTreMaTH4ecKoro MOJIEIHPOBaHUS,
HCTIOJIb3yeMBbI€ 171 pa3pabOTKU M ONTHMHU3ALMH KOMIIO3UTHBIX MOJMMEPHBIX cTaduau3aropos. Jlaercs 0630p
KIIIOUEBBIX MpPOOJIEM, CBA3aHHBIX CO CTAaOMJIBHOCTBHIO MOJMMEPHBIX MAaTE€pPHajioB, a TaKKe O0OCYXKAAIOTCS
COBpEMEHHBIE BBIYMCIUTENbHBIE TOAXOMbI, BKJOYAs MOJEKYJISPHYIO JAMHAMHUKY, KOHEUHO-3JIEMEHTHBIN
aHaln3, TEPMOAMHAMHYECKOE MOJCIIMPOBAaHWE M MamuHHOEe oOydeHue. OOOCHOBaHa HEOOXOOUMOCTD
MEXIUCLUIUIMHAPHOTO MOAX0Aa, OOBEAMHSIOMIET0 XHMHUIO, MaTepPHAJIOBEICHHE U  BBIUYUCIUTEIbHbBIE
TexHonoruu. llpeacTraBneHsl TEPCIEKTUBHI JANBHEHIIET0 pa3BUTHS METOAOB MOJACITHPOBAHMUS IS
MOBBIIEHHS 3((EKTUBHOCTH ¥ CTAOMIBHOCTH MOJMMEPHBIX CTa0MIIM3aTOPOB.

KiroueBble cjioBa: MareMaTHYecKoe MOJCIMPOBAHHUE, TOJMMEPHBIC CTAOMIM3aTOPbI, MOJEKYIspHas
JMHAMUKA, MAIMHHOE 00yYeHHUE, TEPMOAMHAMUYECKOE MOJICIIUPOBAHHE.
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KOIIMI'TI TYUMEIIETEH (TANACETUM VULGARE L.) I'YJIJIEPIHIH
DPAPMAKOTI'HOCTHUKAJIBIK 3EPTTEVYI

Tyiiin

Kazipri yakpITTa  KemTereH cO3bUIMAJbl aypylapiabl eMaeyle OOpiUTiK ecCiMIiK MIMKi3aThIHAaH
MaliBIHAaNFaH TpemnapaTrap KeHiHeH KoimaHeuiaapl. lllenTik mpemaparrap JKOFapbhl  THIMILUTIKTI,
CANIBICTBIPMANbl  KayilCI3OIKTI »OHE KEH TepameBTiK chekTpai Oipikrtipeai. byn ypaic 3amanayn
(hapMalleBTUKAJIBIK FHUIBIMHBIH JIJaMybIMEH Tikeliel OaitnaHbICThl. 11IMKi3aTThl cTaHAapTTAY OCIMIIK TEKTEC
TpermapaTTapablH THIMIUITT MEH Kayilci3miriH >KOFapel JIeHreWre KeTepii. AJaiia KenTereH IopiTiK
OCIMIIIKTEp  XUMHIBIK KypaMbl, (apMakOJOTHSUIBIK KAaCHETTepl JKOHE CTaHAApTTAIYBl TYPFBICHIHAH
JKETKITIKCI3 3epTTenreH. by Tanan Tonpikrai komimri tyiiMenierer (Tanacetum vulgare L.) rynaepine sxoHe
oNapiaH JaibIHAaIFaH MpernapaTTapra KaThICThI, Ka3ipri yakeITTa 0ayblp MEH OT KaObl aypyJIapblH KEIIeH Il
eM/IeyZie XOJEKWHETHUKAIBIK Kypald peTiHAe KeHiHeH KoimaHbuianpl. [IIWKi3aTThiH T aWmarbim acepi
(naBoHOMATApFa, TEIBMUHTTEPIE Kapchl OCJICEHIIIrT MIMKI3aTTaFbl TyHoHFa Oall >(up MaibIiHA Tikeleh
0aityIaHBICTBI. 3ePTTEYIIH MaKCaThl — TYMMEIICTEH TYJIIepiHe (hapMaKOTHOCTHKAIBIK 3€PTTEY KYPTi3y.

Kinrrik ce3nep: co3pumMansl aypynap, hapMakoJOTHsIBIK KacueTi, komiMri TyiimemereH (Tanacetum
vulgare L.), mukizar, ¢pmaBoHOUATAD, TYHOH, SUP MalBbI.

Kipicne

Tyiimemeren TybichiHbIH Tanacetum L. Kasakcranna 15 Typi, Typkicran obnsiceiHaa 4 Typi
ke3aeceni [1]. OciMaik bUTFANABI Kepiepae, MANFbIHAAp MEH OyTanap apachlHAa, KOJIapIbIH
KHETIH/Ie, eTiCTIK Xepiepie, MaObIHABIKTap/a, ©3€H KaralapblHAa, TYPFbIH YiJIep/iH MaHbIH/A,
nananbl aiMakTapnaa ecedi (1-cyper) [2]. 3eprrey Hbicanbl periHzne TypkictaH oOnbickl TeneOu
aynanbl Kackacy aybuibl Tay ajijibl jKa3bIKTapblHAaH MaMblp ailbIHJA TYJAEY Ke3eHIHJAE >KMHAJIFaH
KOIIMI1 TyHMelleTeH ryiaepi anbiHabl. Jlopumik ecimzaik mmkizatel +25-35° C temneparypanaa
TaOUFU KEMTIpy KaFdalbIHAa KeATIpUIII.

1-cyper-Konimri tyiimemeren (Tanacetum vulgare L.) [2].

Kanimri tyitmemeren (Tanacetum vulgare L.) — goctyp:i MenuiHa a, ToMeonaTHsia KeHiHeH
KOJIAHBIIATBIH, OWOJOTUSUIBIK  O€JCEHAl KOCBUIBICTApIbIH KEH CIEKTpiHe OaiyIaHBICThI
reJIbMUHTTEPre Kapchl, ©T aiilalfiThlH JKOHE CHAa3MOJMTUK pETIHAE MEIUIUHAIBIK ToXipubene
KCHIHEH KOJIITAHBUIAThIH IopLTiK ociMAaik. [3] TyliMeneTen Ty iHiH I9pUTIK IIMKI3aThIH CTaHIapTTay
¢draBoHOMATApFa HET13/1eNreH, ce06ebi OMOMOTHUIBIK OesiceH 1l 3aTTap TOOBI IMKI3aTTa AaHbIKTAJIFaH.
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OPTYPIi AUCTHIUISILNSA SICTEPIMEH aJIbIHFaH TYHMeIeTeH 3(pup MailiapbIHBIH HHCEKTHLIUATIK dcepi
Oailikanran. TyHMeImIETeHHEH KON MeJepAe IeKTUH OeJIiHIN alblHFaH, OJ 3epTXaHAJIbIK
TBHIIIKAHIAPIbIH TAMAaKTaHy MiHE3-KYJIKbIHA acep ereni [4,5,6].

3eprTey KyMbICTapbl OapbichiHaa Tanacetum vulgare L gopisik eciMaiK IIMKi3aThIHBIH ©31
eKeH[IITl, MaKpOCKOMHUSACH >KOHE MHUKPOCKOMUsACH aHbIKTanael. 3eprrey KCPO MemnekeTTik
(dapmaxomnesiceiHbIH X1 OachUTbIMBIHIA OEpiITeH oicTeMernep OOWMBbIHINIA KYPri3iagl. AHATOMO-
MOP(OJIOTHSIIBIK 3epTTEY HEri3iHAe TYHMEeIeTeH MKKI3aTbIHBIH HOPMAaTUBTIK KY)KaT TaJlanTapblHa
COHKeC KEJIETIHI aHBIKTAIEL.

MarepuaJizap MeH djictep

Ta:xkipubeJtik 66J1im

Komimri TyliMemeTeH — KOIDKbULABIK menTi eciMaik, ouikTiri 30 - 150 cm.

TambIpbl KOJJACHEH, Y3bIH, arallTaH >acallFaH, CBHIPFBIMAIIbI, OyTaKTajfaH, Kerl OyHipii.
CabakTapbl XKaJFbl3 HeMmece Oipimama Kell, TIK TYpaThlH, OWIIATThl, OYTaKThI, COJ TYKTI HeMece
JKaJlaHAII, KOTl KaIbIPaKThI, JJIETTE TEK >KOFAPFBI JKarblHIA TapMaKTairaH. JKambIpakTapbl CHpEK
TYKTI (IepJaiK »ajlaHal), KbICKa KapanaibiM, Keiie eki OeMiKTI KbUIFa ayblCca/ibl, KONTEreH HYKTeNi
oe3nepi Oap. TaMbIp kambIpakTaphbl T€3 OJIETiH, Y3BIHABIFB 20 cM-re neitin xoHe eHi 8-10 cm-re
NeiiH, eA9yip Y3bIH, TYOIHAE KeHEeHTIIreH cabakThl. OnapabIH MillliHI Y3bIH HEMECe Y3bIH-KYMBIPTKA
TOpI3al TUIACTHHANAP, KIHIMIKE KaHATTHI OUTIKKE NEHiH - KaHATTHI-OOJIIHIeH HeMece KaHATThI-
KECUIreH, KaHATThI-KAJIAKThl, CAPEK KaHATTHI-OOJIIHTeH CErMEHTTEpi 0ap; COHFBI TUIIKTEpI HeMece
KaJIaKTapbl JKYMBIPTKA TOPI3Ji CHI3BIKTBI-TAHIICTTI, 9ETTe €HI 5 MM, IIETi TICTI HeMece TyTac,
VIIBIHAA KbICKa OTKIpIi; >KOFApFbl JKaFblHJAa Kapa-)KacbUl, TOMEHI1 KaFblHIa HYKTeJepi Oap.
JKapTteinaii map Topizi Iy cedberrepi, )KorapblaH ASPiIiK Kalmnak , fuaMeTpi 5-8 MM jkoHE OUIKTIT1
4-6 MM, canbl 10-70, eTe KanbIH, KYp/Ieii, KaJKaHIlla T'yJIre >KHHAJIFaH; KallTaMaHbIH KarblpaKTaphbl
TYKTI, JEpIiK jKaJaHalll, [IeTi allblKk HeMece KOHBIP OYJIBIPIIbI, KIHIIIKE KUEKTI (KUEKTIH HKOFaPFbI
KarbIH/Ia KEHEUTUIreH OOJybl MYMKIH), CBHIPTBI JKYMBIPTKA TOPI3[1-TaHLETTI, 111 Y3bIH JIAHIETTI.
BapnbIk ryngepi TYTIK TOpi3ai, capbl HeMece KbI3FBUIT capbl TYcTi. JKemicTepi - y3bIH TYKbIMAAD,
KbICKa YCaK TICTI IIeTi Oap HeMmece 1IeTi )KOK. OpaMbl Kol KaTapiibl, )KaObIHKBIILL, KapThlIai mapJisl,
JKarbIpaKkTapbl JKachll, ETI KypFak mimiHal. ['ynaepi ycak, QypbIc, capbl, TYTIK Topi3i, ceOeTke
KuHaraH. XKeMici - y3pIHIBIFHI 1,5-3 MM y3bIH O0€C KbIPJIbI TYKBIM, JIOHTENEK, CYP, IETI KbICKa, YCaK
ticti. Hlinne-rampi3na, minge-KpipkyiekTe rynaeiai. XKemictepi Tambi3ia — KbIpKYHEKTe, TaMbl3 -
KazaHja micesi. OCiMIiKTiIH o31He ToH (kamdop) uici 6ap.[7].

Maxkpockonusicel. Kankanima Topi3ai Iyl MIOFBIpIaphl, oJapaslH O6JIIKTepl HEMece KeKe Tyl
cebertepi O6ap. ['ynm ceberrepi KapThliail map Topi3al, KeJaAeHeH KeCiHAICIHIH eHl 7-10 MM - 12 MM
apanbirbigga. Cederre 200-250-re neitin capbl ycak, TYTIKTI I'yiep 0ap, oyap skajiaH, Col IIbIFBIHKBI
Ty TYFBIPBIHIA OpHAJIackaH. Opama ambIpaKiiaiapsl 4-5 KatapMeH KaOBbIPIIaKThI OpHAJIACcKaH, ,
cypiiay-Kacbuijay TycTi,taHueT Topi3ai. llleTki ryanepi aHanbIKThI, 3-TiCTi; OpTaHFBIIAPBI — 5 TICTI,
KOC JKBIHBICTBI. ATaJIBIFBI 5, OJIApBIH K101 KoFapbira ockeH. Uici eTkip, ©31He TOH, JoMi aisl [4].

3epTTeyre MHKpoOIpenaparrtap keneci ojaic OoifblHINIA AalbIHAANABL. JOpUTiK O©CIMAIKTIH
IIMKI3aT O6JiKTepl KOHYCThl KojOara CajbIHbIN, HAaTPUN TUIPOKCUIl €pITIHIICIMEH 2-3 MUHYT
KaitHaTeUIABl (1-cypeT) Tycci3meHyaeH KeiliH MMKi3aT CyMEH KYBUIBIN, 3aTTHIK IIBIHBIFA KOMBII
[JIMIEPUH epITIHIICIHEH OipHelle TaMIbl TaMbI3a/bl, MpenapaTTaiThlH MHEMEH Ka3bIIl,KaObIHIBIK
IIBIHBIMEH Ka0aJIbl )KOHE ayaHbI KO0 YIIH KbI3IBIPaabl. MUKPOCKOIIIEH MpemaparThl OeT KaFbIHAH
3eprreial. ['yaiHIH KeCiHIIepiH 3epTTeyre )KoOHe MUKPOCYpPETTEeMEHI KacayFa CaHJbIK KaMepalibl
«Optika B-800 Series» kommanbuigsl (yikeurinren 7x1,5x4,5; 7x1,5x8; 7x1,5x40). I'ynnepre
MUKPOCKOIUSIIBIK 3€PTTEY JKYPTi3reHjae KyJITe MEH TOCTaFaHIIaHBIH 1IIKI JKOHE CBIPTKBI
KAKTapbIHBIH DJIHJEPMHUCI, Ty TabaHbl MEH TYJ >KallbIpaKIIaTapbIHBIH JKacyllalapbl, SpTYpii
TYKTEPAIH, KaJblIMd OKcallaThl KPHUCTAINAPBIHBIH, dS(up-Maiasl Oe3aepaiH JKOHE T.C.C.
JMArHOCTUKAIBIK MOH1 0ap. MaHBI3 bl AMATHOCTHKAIIBIK OenTi To3aH Ooubin Ta0buaasl. [1].
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1-cyper - Koximri Tylimemieren (Tanacetum vulgare L.) rynineH naiibloaanrad MUKponpenapar

2-cyper - canabIK kamepaibl «Optika B-800 Series» MukpockonTa KoAimMri TyiMeleTeH
(Tanacetum vulgare L.) TyiHIH KeCIHAUIEPIH 3epTTEY

HoTu:kenep koHe TaJKbLIAY

['yniHe MUKPOCKOMUSUIBIK Tajnjay HOTHXKeci. TocTaraHIa >KamblpaKTapbIHBIH KIPHIIl TOpPi3/i
CO3BUIBIHKBI, KaOBIPFAchl TY3y JMHepMa Kacymanapsl 0ap. KyareHiH TepTOYpHIITH dmuaepMa
Kacylanapbl, IOHreleK MilliHAl KaJdblUi OKcajaThl opHanackaH (2-cyper). KynTeHiH merinae
Y3bIH CO3BUTBIHKBI KAOBIPFAChl MPEKTENTeH dMHIepMa JKacylIajgapel opHanackaH. KynreHiH eTki3rim
HIOKTapbIHBIH aiHalachlHIa TOPT HeMece KeMOYpBIITHI 3MuAepMa Kacylanapsl 0ap, snuaepma
KacymanapblHia KipIinn Topi3/i KajJaHFaH KaJbIUH oKcanaTelH kepaik (3- cyper). Kynrenin OeTki
KabaTblHJa OpHAJlAaCKaH KeJjjieHeH OejiHreH JoMaliaKk OBalbJbl 3pup Mailibl Oe3nep, KYJITEHIH
KHEKTEPiHJIe OpHAIACKaH CO3BUIBIHKBI, Y3bIH, KaObIpFaapbl UPEKTENITeH JMHIepMa Kacylaaapbl

Oap.(4- cyper).
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2-cyper-1, 2 - TocraraHIa KanbIpaKTapbIHBIH KIPHIII TOPi3/1 CO3bUIBIHKBL, , KAOBIPFACHI TY3Y
smuaepMa kacymanapsr; 3 - KynTeHiH TepTOYpHIITH SIHIepMa JKacylIaiapsl, 4 - TeHreneK
MIIINHI KaJIbIUHA OKCaIaTh.

2

3-cyper- 1- Kynreniy snuaepma sxkacymanapbiHia OpHAJACKaH TIKTOPTOYPBIIITHI MIIiHAI KaTbIUN
okcanartsl; 2 - KynTtenin 6ec anujiepma kacyiiajgapblMeH KOpIlIajafaH aHOMAIlUTT] yCThUIIA.

1 2

4-cypert - 1- Kynrenin 0eTki KabaTblHa OpHAJACKaH KOJIJeHEH OOJIIHTeH ToMaIaK OBaJIbIbl AU
Maimel 0e3nep; 2 - KyaTeHiH KuekTepinge opHasackaH CO3bUTBIHKBI, Y3bIH, KAOBIPFaIaphl
HPEKTEINTeH dUAepMa JKacyIanapsl.

KopsbIThIHABI

Komimri tyitmemeren (Tanacetum vulgare L.) rynaepine MEKpPOCKOTHSUTBIK TaIAAy KYPri3Uil.
[uKi3aTThlH TYMHYCKAJNBIFBIH aHBIKTAy YIIIH AHATOMMSJIBIK JKOHE JMArHOCTHKAJBIK Oenrijepi
AHBIKTAIABI. OCIMIIKTIH OapiblK OesikTepiHae Oip)Kacymaibl TYKTEp MEH Kalmak TaJIIbIKTap
keszfeceni. ['yaiHae KylnTeHiH KemOypHIITHI KOHE TOpPTOYPHIITH 3MUAEpPMa sKacylanapbl Oap.
Kynreniy 5 snuaepMa xkacymanapbIMEH KOpIIAJIFaH aHOMALUTTI YCThUIA,KaJIbIIMNA OKCAJIaThl TEK
TOPTOYPHIITHl KPUCTAIUT TYPIHAC Ke3/lecedi. YHTaKTalFaH IIUKI3aTThlH aHATOMUSUIBIK OenriciHae
a¢up Maiibl KybICTapbl KepiHenmi. Idup Maiiasl 6e3aepiHiH ¢GopMachl OBalIbAbI, JOHTEICK, €Kire
OeniHreH. MUKpOCKONUSUIBIK 3epTTeyaepAin HaTwkenepi Tanacetum vulgare L rynnepiHiH Herisri
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JMAarHOCTUKANBIK Oelriepid amanabl. ¥ ChIHBUIFAH (hapMaKOrHOCTHKAJBIK CHUIIATTaManap Heri3iHjae
komimri TyimemrereH (Tanacetum vulgare L.) mukizareiHad utonpenaparTap aixy TEXHOJIOTHSICHIH
KapacThIpy YChIHBUIABI.
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PAPMAKOIHOCTHYECKOE HCCJIEJOBAHUE IBETKOB ITMKMbI
OBBIKHOBEHHOMU (TANACETUM VULGARE L)

AHHOTAUA

B mnacrosmiee Bpemsi mpu JI€UEHHMM MHOTHMX XPOHHMYECKHX 3a00JIE€BaHMH IIHUPOKO HCIOJIB3YIOTCS
npenaparbl, USTOTOBJICHHBIC U3 JICKAPCTBCHHOI'O PACTUTCILHOTO ChIPbHA. TpaBHHLIC mnpernaparsl COYCTAOT B
cebe BBICOKYIO 3(PPEeKTHBHOCTh, OTHOCHTEIHHYIO O€30MacHOCTh M IIUPOKHIA TEPaIeBTHYECKUI CIEKTP.
JlaHHBIH TTpoIIecC HAPSAMYIO CBS3aH C pa3BUTHEM COBPEMEHHOH (apMarieBTHIecKoi Hayku. CTaHIapTH3anus
CBIPbS TMOBBICHIIA YPPEKTUBHOCTH U 0E30MACHOCTh MPEMapaToB PacCTUTENLHOTO MPOUCXOXKACHHU Ha Oojee
BBICOKHH ypoBeHb. OJIHAKO MHOTHE JIeKapCTBEHHbIE PACTEHUS HEJOCTATOYHO M3YYEHBI C TOUKH 3PEHHUS UX
XMMUYECKOTr0 COCTaBa, (PapMaKOIOTMYECKUX CBOMCTB M CTAaHAAPTU3ALMH. JTO TPeOOBAaHHE IOTHOCTHIO
OTHOCHUTCS K IIBeTaM OOBIKHOBEHHBIX MkMBI (Tanacetum vulgare L.) u mpemapatam M3 HUX, KOTOpBIE B
HaCTosIee BPEMS IIUPOKO HCHOJIB3YIOTCS B KAa4eCTBE XOJEKMHETHUECKOTO CPEACTBA MPU KOMILICKCHOM
JiedyeHn! 3a00JIeBaHUHN [I€YEHH U KEITYHOTrO My3bIps. JKemueronHoe AeiCTBUE ChIPbst IPOTUB (PIAaBOHOUAOB,
TeJIbMUHTOB HAIPSAMYIO CBSI3aHO ¢ 3(HUPHBIM MacioM, OoraTsiM TYHOHOM B cbipbe. Llenp nccrnepoBanus -
npoBeneHne (apMaKOrHOCTHIECKOTO UCCIIEAOBAHUS TTHIKMBI.

KaioueBble cioBa: XpoHWuYeckwe 3abojeBaHMs, (apMakOJOrHYECKHe CBOMCTBA, IIKMa
oObikHOBeHHAas (Tanacetum vulgare L.), cbipbe, (yiaBOHOUIBI, TYHOH, 3QUPHOE MACIIO.
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PHARMACOGNOSTIC STUDY OF COMMON TANSY FLOWERS (TANACETUM
VULGARE L)

Abstract

In the treatment of many modern chronic diseases, drugs made from medicinal plant materials are widely
used. Currently, herbal preparations generally combine high efficacy, relative safety and a wide therapeutic
spectrum. This process is directly related to the development of modern pharmaceutical science. Strict
standardization of raw materials has raised the effectiveness and safety of herbal preparations to a higher level.
However, many medicinal plants are not well understood in terms of their chemical composition,
pharmacological properties and standardization. This requirement applies entirely to the flowers of common
tansy (Tanacetum vulgare L.) and preparations thereof, which are now widely used as a cholekinetic agent in
the complex treatment of liver and gallbladder diseases. The choleretic effect of raw materials is directly related
to activity against specific flavonoids, helminths, with essential oil rich in thujone in raw materials. The
purpose of the study is to conduct a pharmacognostic study of tansy flowers.

Keywords: chronic diseases, pharmacological properties, common tansy (Tanacetum vulgare L.), raw
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materials, flavonoids, thujone, essential oil.
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KSIMI'T TYUMEIIETEH (TANACETUM VULGARE) I'YJITHEH BUOJIOT USUIBIK
BEJICEHAI 3ATTAPAbI AHBIKTAY

Tyiiin

Byn makanama nopimik eciMaik Oojblll TaObLIaThiH komiMmri TyimemeteH (Tanacetum vulgare)
ryjijepinaeri OMONOTUSUIBIK OeJiceHi 3aTTapibl aHBIKTay KapacThIPBUIIBI. 3epTTey OaphbIChIHAA OCIMIIK
IIUKI3aThIHAH KYpFaK ChFBHAB anbiHb, WK cnextpi ShimadzulRPrestige-21 FTIR cmexrpomerpin
naiinanansin aHelkTanael. Komimri tyiimemerenniy (Tanacetum vulgare) KypamblHAarbl HETi3ri OenceHmi
3arTap — TepHeHouATap (TyioH, kamdopa) xoHe (uaBoHOMATAP (IFOTEOJUH, KBEPUETHH XKOHE OJIapIIbIH
mKo3uATepl) O6ap. bynm mepekrep TylWMemieTeH TYNIH (apMarleBTUKAJBIK JKOHE MEIWIIMHAIBIK MaKcarTa
KOJIJITaHy MYMKIHIITIH qanenaeiai. Jopinik eciMaik muKi3aTeiHaa GIaBOHOUATAP MMOMCaXapuaTepMeH, dup
MaiinapbIlMEH, CaloHWHAEPMEH, Kesneceni. (DNaBOHOMIATHI TIMKO3ZUATEP KYPAMBIHIAFbl  OpPraHUKAIBIK
KBIIIKBIIIAP, TEPIICHIEpP, AHTHOKCHAAHTTHIK KacueTiH OepeTiH (eHommpl KocwUibicTapra Oail. Komimri
TYHMeEIIeTeH KYpaMbIHIaFbl 3GUp Malibl KYPBICY/IbI, KYCY/bI JKOHE JKaThIpJaH KaH KeTyai Tyabipansl. ['ymaepi
TeIIbMHHTTEPre KapChl, BICTBIKTHI TYCIpeIi, KambIpakTapsl 1,8-IIMHOI XeMOTHITiHIH MaliIapbIH IIBIFapab, all
TYJIIOFBIpIApel KamM(opa HEMEeCe MUPTEHOJ MakjapblH OMOCHUHTE3ACHl. 3epTTeymiH MaKcaThl KOMiMTi
tyiimemeteH (Tanacetum vulgare) rynnepiaaeri OMOTOTHSITHIK OSICEH Il 3aTTap bl AHBIKTAY.

Kinrrik ce3mep: komiMri TyiMenieTeH, OMOIOTHSIIBIK OSJICeH Il 3aTTap, Kyprak chirbiHbl, UK crekrtp,
TeprieHouaATap, GIaBOHOUATAD, TYHOH.

Kipicne

Kazipri yakpITTa CHHTETHUKANBIK IOpPi-TOpPMEKTEPIiH OHEPKICINTIK OHAIPICIHIH >KOFaphl
JEHTeiiHe KapamacTaH, TaOWFU TEKTEC JI9PI-IOPMEKTEepre CYpPaHbIC KOFaphl JIEHTeiIe.

OciMJIIK TeKTeC Ipenaparrap, SA€TTe, ar3ara KeH CIIEKTpIIl ocep eTelll, TO3IMIUTIKKE he )KoHe
TEparneBTIK Jl03a71apAa YhITThUIBIFEI a3 [1].

Tuimaimiri >xorapbl AOPLUTIK 3aTTap/bl jkacay Ke3i OOJNbIN TaObUIaThIH JOPITiK OCIMAIKTEPIiH
0ipi - komimri TyrimeniereH (Tanacetum vulgare L.). By Actparynninep (Asteraceae) TyKbIMIachbIHA
KaTaThIH KOIDKBUIIBIK MIONTI ociMaik. J[opimik eCiMIIK MIUKI3aThl PETiHE TYWMEIIETeHHIH TYIIepiH
nanbeHIaiabl. TONBIK TYJCHY caThIChIHAA KuHaimFaH T. vulgare eciMIiKTepiHIH aya OeJiKTepiHe
onerre 0,1-nen 0,5% -ra nmeiiin >¢up maitel Oomaael [2, 3, 4]. OciMaikTiH Tyl cebeTTepine
(hb1aBOHOUITHI KOCBUTBICTAP (JIFOTEONIMH, allUTeHHH, aKalleTHH, KBEPIETHH, [IMHAPO3HT), OWUIIUKIIII
MOHOTEpIEeHOUATap Kipemdi: B-TyHoH, o-TyHoH, kaMm¢popa, OOpHEON, MUHEH, (PeHON KBIIKbUIIApHI,
uimik  3arrap Oap. [5,6] bapnblk skanblpakTbl Maiiapaarbl 1,8-imHEeon Memiepi TyJAepaiH
MaiiJlapblHa KaparaHja ke 6omaasl [7].

TyliMerieTeH npenaparTapbl Mapa3suTKe Kapchl, ©T aliIalThIH, CIIa3MOJIUTHKAIIBIK acepi Oap.
Omap To0erTi, acka3aH IUBIPBIHBIHBIH KBIIIKBUIABIFBIH apTTHIPaAbl, TaMaKThIH CIHIPUIYy1H
kKakcapTajbl, OaKTepHUIMATI ocep eTeal. OT aiigay Kypaiaapsl peTiHae TYWMEIIeTeH mpenaparTapbl
XOJICIIUCTUTTEP/IC, XOJAHTUTTEP]IC, SHTEPOKOIUTTEPC KOITaHbLIA B [8].

MarepuaJjizap MeH dicrep
Ta:xxipubeJtik 66J1im
3eprrey HbIcaHbl petiHae Typkictan o6mbickl Tenebu aynansl Kackacy aybuibl Tay aiibl
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’Ka3bIKTapbIHAH MaMbIp allbIH/A T'YJICY Ke3eHIHAe )KUHAIFaH KOIIMI1 TyHMeIIeTeH ryiepi
anbIHabl. J{opimik ecimaik mukizatel +25-35° C Temneparypana TaOUFu KENTIPY JKaFaabIHIa
xuHakTanael. Komimri tyiimemieren (Tanacetum vulgare) rymmiHeH KypFak SKCTPaKT ally KeJeci
caTbUIapAaH TYpPaJbl:

1) mumKi3ar neH SKCTpareHTTi JaibiHaay

2) CBIFBIH]IBI Ty

3) CBHIFBIH/BIHBI TA3apTy

4) xoubLITY (OyJIaHIBIPY)

5) crangaprray.

1. ©ciMik MUKi3aThl MEH SKCTPAreHTT1 TaibIH/IaY.

OciMIIIK MMKI3aThIH JaiibIHIay OHBI YHTAKTay MEH eneyneH typazsl (1-cyper). Komimri
tyiimeniereH (Tanacetum vulgare) ryniHiH HIMKI3aThIH 5-8 MM YHTaKTalMbI3. DKCTpPAareHT peTiHAe
40 % stun cnupti 1:5 KarpiHacTa anbiHaEL. Kentipy BakyyMm-KenTiprim mkadTapaa eTKizijeni e,
aJIbIHFaH Macca 9pi Kapal mapiibl TuipMeHIep/ie YHTAKTalaIbl.

I-cyper — Komimri Tylimemeren (Tanacetum vulgare) rysiHiH YHTaKTalFaH MUKI3aThI

CoHBIMEH PKCTPareHTTiH TUICTI MOJIIIepi MbIHA (HOPMYIIAMEH €CenTeNeIi:
X =V +PK
MyH1aFbI1: X - OKCTpareHTTIH MOJIIEepi, M,
V - TyHABIPMaHbIH MeJIIepi, MJT;
P - mmki3aTThIH calIMarkl, T
K - criupr ciHipy ko3¢ duiuenri.

2. ChIFBIH/BIHBI ATy O6JIIIEKT] Maliepalys TICUTIMEH KYPri3uiil.

IuKi3aTThI CHIFBIHAAY YIIIH CYJBI-CIIUPTTI peMariepalus TOCLIi KOIIaHbUIIbL. .

3. CoIFbIHABIHBI TA3aPTY 2 KE3€HI€ XKYPTi3UIIL:

1. MykusT apanacteipsin, 5-6 kyHre +8°C TemnepaTypalaH TOMEH €MEC JKaraana TYHAbIPII
KOS

2. @unbTpreHei.

3. Koitbuity ceiFbinabiabel 50-60°C Temmneparypana, 600-700 mm.chiH. OaraHacblHa JeWiH
CYMBIITBUIFAH JKaFJaiiia BaKyyM acThIHAA KAKETT1 KOIOJIBIKKA JEH1H KYPTi3UIIl.

5. Kenripy BakyyMm-kentiprimrepae mkadrapaa 50-60 0C temmeparypana >Kypri3ijii.
KenTipisiireH ChIFbIHIBIHBI Opi Kapall YHTAKTaJ bl

6. Crannaprray.

1.OpraHosienTuKagblK KOPCEeTKIITEPl,CaHbIK KypaMbl OOMBIHIIA aybIp METaJAapAbl, KypFaK
KaJ/IBIKTBI,COHIAl-aK KeMTipy Ke3lHJeri MaccaHblH >KOranybl aHbIKTananel.Kyprak -5% -man
acraipl [9]

OciMJIIK MMKI3aTbIHAH KYpFaK sKcTpakT anbiHbil, UK cnexrpi ShimadzulRPrestige-21 FTIR
CHEKTPOMETPIH MalJalaHbll aHBIKTAJNABL. ©OJIC JKYTaTblH 3aTThIH MOJIEKYyJachlHa KIpeTiH
SAPONIApIBIH TepOeiC KO3FaJbICBIMEH AaHBIKTAJNATBIH JKYTY JKOJAFbIH AHBIKTAyFa HETri3/IeNreH.
Wudpaxeis ciekrpodortomerpiepai 4000 ey -nen 650 cm ! neitinTi afimakTa criekTprepi xasy
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YIIiH KOJIaHaMbI3 (2-Cyper).
CrexTp Tycipy YIIIiH ChIHAMaHbI JaHbIHIAY TOCLII:
1-2 Mr cyOcTannmsiHbI 90/1eH Maiinananran xoHe kentipiuired 300-400 mr kanuii 6GpomMuIiMeH

yHTakTaiael xoHe mamameHn 800 MIla Bakyymua npecreliai. XKyTy KepceTKIiTepiH aHbIKTaliMBbI3
[10].

1

|II|'IIIII'III |III|I'IIiIII|II |I'I'|I I|III|'II'|III|III|III|I'I|III|III:II'I|II'|I'III'II|II'|IIIIIIIIII'|'II|II'III'I|'II|IIIIIIII|III|I
614 1 1 1 4 1 0 R I R R L s
I

2-cypet — ChIFbIHABI KYpaMbIH/IaFbl OMOJIOTHSUIIBIK OEJICEH 1 3aTTapAblH MH(PPAKBI3bLIT CIIEKTP1

HoaTuxkesiep MeH TaJIKbLIay
653 cm™! — Gec MyIIen apoMaTThl CyTeK aTOMbI
991 cm'- conFbl eopMaLUAIBIK aybITKY METUIEH TOObI

1035 cm!'-Bipinmiinik cnupt To6biHbIH -C-O GaiiaHbICBIHBIH BAIEHTTIK TepOerici

1049, 1259 cm™ - THIFBI3 OpHANAcybl KypaMbIH/Ia OPTaHUKAIBIK KBINIKBLIAAP, TepHEHIep 6ap
eKeHIH allKbIHJANThIH TAOUFH SKCTPAKT

1373 cm!-meTun To6BIHBIN AedopMalUSIIBIK TepOerici

1502, 1556, 1600 cm'- ¢naBonomaTsr kemen. Komimri tyiimemeren (Tanacetum vulgare)
ryJiHeri GIaBOHOUATAP/IBIH apoOMaTThl (O€H301) CaKMHATAPhI )KOHE OHBIH alHaJIAChIH/IaFbI )KOFAPHI
KApKBIHBUIBIK TYHMEIIEeTeHHIH aHTHOKCUAAHTTHIK KacHeTiH OepeTiH (eHomIbl KoChlIbIcTapFa Oai
eKeHIH KepceTel.

1712 - 1737 cm™! - apanbIrbInIaFsl KUK TyHOH MeH KaM(pOpaHbIH KypaMbIHIaFbl (KapOOHI)
TOOBIHBIH CO3bLTYy TepOemicTepi koaimri TyiimemereH (Tanacetum vulgare) ymriH eH MaHBI3IBI
MUArHOCTUKAJIBIK OENrl

2854 cM™!' - KAaHBIKKAH METHIIEH TOOBIHBIH BAJICHTTIK Tepoeici

2924 cm! - MeTHII TOGBIHBIH BaNEHTTIK Tepbenici

3062 em! - apoMatThl caknHaHbIH C-H TOOBIHBIH BaJICHTTIK TepOemici
3101 cm! - kanbiknaran C-H TOOBIHBIH BaleHTTIK TepOenici
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3323 cm! - ruapokcu ToOBIHBIH GaifTaHbICKaH BAEHTTIK Tepberici. hraBoHOMATAp MeH
noymdeHonaapaarel (THIPOKCHIT) TONTHIH Oap ekeHiH aikbiHaiab! [11,12] (3-cyper)

Kopp.

Horanap, Ik KapkbiHabinbifs KapKbIHABINbIK Herls (H) Heris (L) Obnkic Kopp. O6neic
1 553,57 81,621 6,089 S67.07 $18.85 3,111 185
2 S599.86 75,495 S,1S6 611,43 S76.72 3,701 S87
3 630.72 75,144 1,207 634,58 619,15 1,749 049
- 653,87 72,530 0,320 655,80 634 .58 2,814 0S1
S 702.09 73.528 0,777 748,38 696,30 6,426 133
= 775.38 78,152 0,608 790.81 769,60 2,214 039
7 800.46 77.684 381 802.39 792.74 0,998 003
& 815.89 76,871 487 844,82 806.25 3,992 072
9 866,04 79,657 713 891,11 846,75 4,150 197

10 956.69 73,983 870 962,48 896,90 6.91S

. 064
962 1001.06 964 .41 S.850

11 991.41 | 66,158 364
12 103S5.77 | 62.256 619 1029.63 1002.98 7.056 175
13 1049.28 | 62,052 630 1095.57 1029.62 10.525 425
14 1201.65 | 78,342 099 1203.58 1192.01 1.213 002
1S 1259,.52 | 75.739 0s6e 1303.88 121323 9,992 071
16 1311,59 | 81,116 095 1317.38 1307.74 0.874 002
17 1338,60 | 80,569 092 1340,53 1319,21 1,947 004
18 1373.32 | 78,458 135S 1411.89 1340.53 6,848 s62
19 1444.68 | 83,762 221 1448.54 1438,90 0,738

20 1502.55 | 90.778 1732 1S04.48 1498.69 0,232 000
21 1S14.12 | 89.283 801 1527.62 1508.33 0,823 073

22 1556.55. | 90,127
23 1600.92 | 83,860

608 1560.41 154112 0.773
303 1602.85 1560.41 2,620

Kl I 5 5 5 5 5 g 5 5 5 o el 5 5 5 5 5 5 o o e 5 g e 5 5 o i 5 5 B B 54 B B
‘ °
0
~N

o|o/o|o/olo/0/o|0|0lo|0o|0|0|u|o||0/0|-/0/0|+ 0|o|w|o|o|slo| 4 0|n 0|/ 4 0
W
~N
»

24 1712.79 | 86,729 91S 1724.36 168S5.79 2.18s 227
25 1732.08 | 87.876 220 17324.01 1726.29 0.425 003
26 1737.86 | 87.797 331 1751.326 1735.93 0.856 027
27 2854.6S | 88,299 2864.29 2810.28 2.184 090
28 2873.94 | 88.638 259 2879.72 2866.22 0.700 009
29 2924.09 | 84.546 s38 2945.30 2883.58 3.828 496
30 2956.87 | 87.479 998 3001.24 2947.23 2.554 073
31 3062.96 | 90,712 160 3066.82 3049.46 0.715 oos
32 3101.54 | 89.361 09S 3103.46 3074.53 1.348 oos
33 3113.,11 | 88,770 | 0.145S 3115,04 3103.46 0,584 007
34 3130.47 | 88.047 11S 3132.40 3116,97 0.82S oos
35 3174.83 | 86.108 140 3176.76 3132.40 2.662 01sS
36 3190.26 | 85.419 0932 3192.19 3176.76 1.026 002
37 3205.69 | 84.710 178 3207.62 3194.12 0.946 0.00S!
38 3248.13 | 83.350 163 3251.98 3209.5S 3.208 0.020
39 3259.70 | 82.090 272 3262.56 3251.98 0.921 0.007
40 3278.99 | 82.846 071 3280.92 3271.27 0.784 0.002
21 3290.56 | 82.533 3s7 3294.42 3282.84 0.956 0.013
42 3313.71 | 82.561 159 331563 3205.99 0.796 0.004
43 3323.35 | 82.531 128 3327.21 3317.56 0.801 0.008S

44 3415.93 | 84.578 232 3437.15 3412.08 1,772 0.025

3-cyper- ShimadzulRPrestige-21 FTIR ciekrpomeTpinzeri Tepoemic KuiTikTepi

KopbIThbIHABI

Konmimri tyiimemeren (Tanacetum vulgare) ymin Oyn MK-cnexTp MoHIepi eTe MaHBI3IbI
Nudpaxeisn ciekrpodoTtomerpiepai 4000 cm™' —aen 650 cM ! feifinri aitMakTa crieKTpiepai xasy
yIIiH KosigaHaMbl3. KypaMmbIHarel Herisri Oesncenal 3arTap- 6ec MyIleni apoMarThl CyTEeK aTOMBI,
Bipiamminik cnupt ToObHBIH -C-O GaiiaHBICHIHBIH BAJICHTTIK TEPOEIiCl, OpraHUKAIBIK KBIITKBLIIAP,
TeprieHaep 6ap ekeHiH alKbIHAAWTBIH TAOUFU HKCTPAKT, METUII TOOBIHBIH Je(pOopMaIMsUIIBIK TepOertici,
¢dmaBorountel kemeH. Komimri Tyiimemeren (Tanacetum vulgare) ryminzeri (rmaBoHOMATApPIBIH
apoMaTThl (O€H30JI) CaKMHaJdaphl JKOHE OHBIH aiHaJachbIHIAFbl JKOFaphl  KapKBIHABUIBIK
TYWMEIIETEHHIH AaHTUOKCHUJAHTTHIK KAacHeTiH OepeTiH (EeHONAbl KOChUIBICTApFa Oall eKeHiH
kepcereni. TylloH MeH KaM(OpaHbIH KypaMbIHAaFbl (KapOOHWI) TOOBIHBIH CO3BUTY TepOernicTepi
komimri Tyiimemered (Tanacetum vulgare) ynriH eH MaHBI3IbI AUATHOCTUKAIBIK OENTl. KaHBIKKaH
METHJICH TOOBIHBIH BaJIeHTTIK TepOemici, MeTWI TOOBIHBIH BaJeHTTIK TepOenici, apoMarThl
cakuHaHbIH C-H TOOBIHBIH BaJIeHTTIK TepOenici, Kanbiknarad C-H TOOBIHBIH BaJeHTTIK TepOeici,
THIPOKCHUIT TOOBIHBIH OalJlaHBICKAH BaJEHTTIK TepOenici. (1aBoOHOMATAp MEH MOMH(EHONIapIaFhl
(rumpokcwIT) TONTHIH Oap ekeHiH aWkeiHmanael. AnbiaFaH WK-cmexktp MomiMerTepi Komimri
tyiimeniereHHiH (Tanacetum vulgare)  3TajlOHABIK KOPCETKILITEPre TONBIK Coiikec keneni. by
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VITiHIH camaibl €KeHIH XOHE KypaMbIHIa OWOJOTHSUIBIK OCJNCEeHII 3aTTapblH (OpraHUKAJIBIK
KBIIIKBLIIAp, TepICHACp, (IaBOHOUATAP, TYHOH MeH KaMQopaHbIH, MOMHGEHONIAP) MKETKUIIKTI
Medepe 0ap ekeHiH pacTaibl.
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ONPEAEJEHUE BUOJIOTUYECKU AKTUBHBIX BEIIIECTB U3 IBETKA IIWKMbI
OBLIKHOBEHHOM (TANACETUM VULGARE)

AHHOTAUA

B a710i1 cTathe paccMaTpuBaiIOCh ONpeAeieHne OMOIOTUYECKH aKTUBHBIX BEIIECTB B IIBETAX MIDKMBI
obwikHOBeHHOU (Tanacetum vulgare), sBisiroIIeiics TeKapcTBEHHBIM pacTeHHEM. B Xoje uccienoBanus u3
PACTUTENLHOTO ChIPbs OBIT TOMYyYEH CYXOW B3KCTpakT W oOHapyxkeH WMK-criekTp ¢ wucnonbp3oBaHHEM
cnekrpomerpa ShimadzulRPrestige-21 FTIR. B coctas nmxmbl 00bikHOBeHHOH (Tanacetum vulgare) BXonsT
OCHOBHEBIE aKTHBHBIC BEIIECTBA - TEPIIEHOU/IBI (TYiHOH, Kamdopa) u (rraBOHOUIBI (JIFOTEONH, KBEPIETHH U HX
[JIMKO3H[BI). OTH JaHHBIE CBUJIETENBCTBYIOT O BO3MOXKHOCTM HCHOJIB30BAHUSl LIBETKA-NMKMBI B
(dapMareBTHYECKUX H MEIWIMHCKUX [eNsIX. B JIeKapCTBEHHOM pAaCTUTEIBHOM ChIpbe (DIIaBOHOMIBI
BCTPEYAIOTCS C TMoNMcaxapuaamu, 3QUPHBIMUA MacllaMH, carioHWHaMu. OpraHudecKre KUCIIOTHI, TEPIICHBI,
copepkamiuecs: B (UIABOHOMIOHBIX IIIMKO3WAAX, OOrarsl (EHONBHBIMH COCAMHEHHSMH, JArOIIHMMHU
AHTHOKCUAAHTHBIE CBOMcTBa. DUpHOE Macio, coaepKauieecs B MMKMbl OOBIKHOBEHHOM, BBI3BIBAET CHIMb,
PBOTY U KpPOBOTEUEHHUE M3 MaTKH. [|BETKM aHTHTeTbMUHTHEIE, KapOIIOHMKAOIIUE, JTHCThS BBIJEISIOT YKUPHI
1,8-IMHOIFHOTO XEMOTHINA, a COLBETUS OMOCHMHTE3UPYIOT KHUPBI KaM(popbsl WM MHUpTeHo’da. lLlenbio
UCCIICIOBAHUSl  SIBJISIETCS  BBISBJICHHE  OHOJOTMYECKM AaKTUBHBIX  BEIIECTB B  LBETaxX IHKMEI
oObikHOBeHHOM( Tanacetum vulgare).

KiroueBble ciioBa: nkmbl 00bikHOBeHHOH (Tanacetum vulgare), Gnonornyecky akTHBHBIE BEIIECTBA,
cyxoit akctpakt, UK criektp, TeprieHon b1, G1aBOHOUIBI, TYHOH.
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DETERMINATION OF BIOLOGICALLY ACTIVE SUBSTANCES FROM OF COMMON
TANSY FLOWERS (TANACETUM VULGARE)

Abstract

This article examined the definition of biologically active substances in the colors of common tansy
(Tanacetum vulgare), which is a medicinal plant. During the study, a dry extract was obtained from plant raw
materials and the IR spectrum was detected using a ShimadzulRPrestige-21 FTIR spectrometer. The
composition of common tansy (Tanacetum vulgare) includes the main active substances - terpenoids (tuyon,
camphor) and flavonoids (luteolin, quercetin and their glycosides). These data suggest the possibility of using
the tansy flower for pharmaceutical and medical purposes. In medicinal plant raw materials, flavonoids are
found with polysaccharides, essential oils, saponins. Organic acids, terpenes contained in flavonoid glycosides,
are rich in phenolic compounds that give antioxidant properties. The essential oil found in common tansy
causes rashes, vomiting and bleeding from the uterus. The flowers are anthelmintic, antipyretic, the leaves
secrete fats of the 1.8-cynol chemotype, and the inflorescences biosynthesize camphor or myrtenol fats. The
purpose of the study is to identify biologically active substances in the colors of common tansy (Tanacetum
vulgare).

Key words: common tansy (Tanacetum vulgare), biologically active substances, dry extract, IR
spectrum, terpenoids, flavonoids, thujone.
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CKAHEPJEYHI 3JIEKTPOHJAbI MUKPOCKOIMAIBIK TAJTIAY HOTH/KEJIEPTHE
HET'T3JIEJITEH KAJTAKAU (URTICA URENS) OCIMAIT'THIH 3JIEMEHTTIK
KYPAMBIH KEINEH/I 3BEPTTEY

Tyiiin

Bbyn makamaga kydmiprim kamakaii eCIMIITIHIH JJIEMEHTTIK KypamMbl OOWBIHINA 3KCHEPUMEHTTIK
3epTXaHAJBIK JEPEKTEPre HEeTi3/IereH OCIMIIIK YITICIHIH KeIISH I 2JIEMEHTTIK TaJiaybl YChIHbUIFaH, Tannay
XMMUSUIBIK 3JIEMEHTTEPIiH MaccajbIK YJIECTEPiH aHBIKTAY YILIIH CKaHEePJIEYIIi 31eKTPOHIbI MUKPOCKOIHUSIIBIK
Tanmayasl KongaHy apkeutbl xyprisinmi. C, O, Na, Mg, Al, Si, P, S, K, Ca, Fe xone Ti cuskTsl Herisri
OMOTCHJIIK JKOHE MHUHEPAIIbl JICMEHTTEPIH KypaMbl MEH MeJIIIEepi aHbIKTaAbl. HoTrkenepi OoibIHIIA
orreridid (52%-ra aeitin), kanpuuinig (34,8%-ra neitin) xone kanuiimin (15,38%-Fa aeiiiH) Memiepiik
JeHreil, OyJ1 MaTepualIbIH KOFapbl MUHEpAIIaHYbIH KepceTeni. byl 3epTTey >KyMBICBIHIA CEeTi3 CIIeKTP/AiH
CaJIBICTBIPMAJIbl TAAYbl KYPTi3iiai, MEMEHTTEPAIH TapalybIHbIH HETi3rl 3aHAbUIBIKTaphl )KOHE OJIapIbIH
OCIMIIIK MaTepHaJIbIHBIH KYPBUIBIMBIHIAFEI BIKTUMAaJl OHOJIOTHSUIBIK POJIi aHBIKTAIABL. 3epTTEy HOTHXKEIEPIiH
OCIMIIIKTIH OMOXVMMSUTBIK KYPAMBIH Oaranayra, OHBIH (hapMaKOJOTHSUIBIK QJIEYEeTiH aHBIKTayFa JKOHE jKaHa
MIOIITIK MPerapaTTapabl 93ipiey YIniH maiaananyra 0omambl.

KinTrik ce3nep: aneMeHTTIK Taygay, 6CiMAIK MaTepuangapbl, MUKPO3JIEMEHTTEP, MAKpO3JIEMEHTTED,
KaJIbIMH, KaJid, MarHU{, XUMUSUIBIK KYPaMbl, OMOTEHIIK 3JIEMEHTTED.

Kipicne

XKabaiipl kyiaiprim Kajmakaid ©CIMAIKTEPIHIH XUMMSUIBIK KYPaMbIH 3€pTTey Kazipri J9puIiK
npemnapaTTapAsl JaiibiHAayqa OHOXUMHS MeH (apMaKOTHO3USHBIH MaHBI3[bl Ccanachl OOJBII
TaObUTANIbl. OCIMIIKTEP/IIH MHHEPAJIbl JKOHE DJJIEMEHTTIK KYpaMbl OJIAPABIH OMOJOTHSIIBIK
OenceHauIIriHe, apMaKOJIOTUSIIBIK KACHETTEPIHE )KOHE TaFaM/IbIK KYHIBUIBIFbIHA AU TapIIBIKTAM ocep
ereni.

OCIMAIKTEP TOMBIPAKTAH MAKPO- KOHE MUKPOIIIEMEHTTEP/IIH KEH ayKbIMBIH KIUHAKTAl anaibl.
byn onemenTTep 3ar anmacy mpouecTepiHe, (epMEeHTaTHBTI >KYHelepAlH TY3UIylHe 3>KoHe
OMOJIOTHSUTBIK OeliceHal 3aTTapiAblH OuocuHTe3iHe Karbicanbl [1]. COHIBIKTaH OCIMIIKTEep/IiH
AJIEMEHTTIK KYPaMbIH 3€pTTey OJapbIH (PapMaKoIOTHSUIBIK KYHIBUIBIFBIH Oarajiay1aFrbl MaHbI3bI
KazaM OOJIBII TaObUIadbI.

Marepunangap MeH daicTep

Teopusiibik 06s1iM

FbLIbIMH-KYMBICTBIH MAaKCAThI — KYHAIprinn Kanakaid eciMIiriHig (urtica urens) 31eMeHTTIK
Kypambl OObIHIIIA 3epTXaHaJIbIK MATIMETTEPIe HET13€NTeH 6CIM/IIK YITICIHIH 3JIEMEHTTIK KYpaMbIH
KEIICH/II Taljay JKOHE MaKpo- JKOHE MHUKPOAJIEMEHTTEPIIH Tapally epeKIIeNiKTepiH aHbIKTay [2].
Caiipam aygnanbiHAa eceTiH KanakaiiabiH (Urtica urens) OMOXMMMSUIBIK Kypambl MEH JSpLIIK
KAaCHUETTEpiH SKCIEPUMEHTTIK TYpJe pacray *oHe HaKThlIay. By TypiH XUMHSIIBIK Kypambl MEH
(hapMaKoJIOTUSIIBIK OEJICEHIUTIT FHUIBIMU 9/1€0MEeTTEepie TEOPHUSIIBIK TYPFbIIaH CHUIIAaTTaIFaHbIMEH,
OMOJIOTHSUTBIK OeJICeH Al 3aTTapAblH MeJIepi KIMMATTBIK KaFaaiiaapra, TONbIpaK (akropiapbeiHa
»KOHE aliMaKThIH KOpIlaFaH OpTa CHIaTTaMalapbiHa OaiaaHbICThl 03repyi MyMmKiH [3]. COHABIKTaH
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3epTTey HEri3ri (PUTOKOMIIOHEHTTEPAl - (hIABOHOUATAPABI, TOPYMEHIEPIi, MUHEpAIIAPIbl KOHE
OpTaHUKAJIBIK KBIIIKBIIIAP/IBI - iC )KY31H/IE aHBIKTayFa XKOHE CaHJIbIK OarajiayFa, COH/Iaii-aK OJIap.IbIH
KEPTUTIKTI ©CIMAIKTEp MOMYJISAIUSACHIHBIH aHTHOKCHUIAHTTHIK, KAObIHYFa KapcChl jKOHE MHUKPOOKa
Kapchl KacHeTTepiMeH OalIaHbICHIH OarajayFa OarbITTaIFaH.

3eprreynin e3ekrijdiri kamakaiaesiH (Urtica urens) OHMONOTHSUIBIK OJICEHII 3aTTap/IbIH
JKOFaphl MOJIIIEPIMEH JKOHE €MJIK OCEpiHIH KEeH CHEKTPIMEH TaHbIMaJ KYHIBI JOPUIIK ©CIMIIK
exeHairigae. JlereHMeH, OHBIH XUMHSIIBIK KypamMbl MEH (hapMaKOJOTHSUIIBIK KacHETTepi Typalbl
JEPEKTep HETI3IHEH TEOPHSUIBIK JEPEeKKe3lep MEH 0acka TaOWFU-KIMMATTBIK aiMakTapia
XKYPri3uireH 3eprreyiiepre Herizaenrex [4]. OciMaikTepaiH OMOXUMUSUIBIK PO KOpIIaFraH opTa
KaFIaniIapelHa, TOMBIPAK KYpPaMbIHA, KYH PaIUalMsAChIHA, BUIFAIIBUIBIKKA KOHE aHTPOIOTCHIIK
KYKTeMere OalJlaHbICTBl alTapibIKTall e3repeni, Oyl acipece epeKie TOMBIPaK-KIMMAaTTHIK
KarjaaniaapMeH cunarranatein CaiipaM ayaHbl YIIIiH ©3€KTi.

XKeprinikri Kanmakaid TOMYJSIIUSICHIH TPAKTHKAIBIK 3epTTey (EHOJIBIK KOCBUIBICTAP/IBIH,
(b1aBOHOUATAPABIH, ISpYMEHACPIiH, MUHEpAIIapAbIH KoHE O6acKa /a OelceHal KOMIIOHEHTTepIiH
KYpaMblH aHBIKTayFa, COHJIal-aK OJapJbIH OCIMIIKTIH aHTHOKCUIAHTTHIK, KaObIHYFa KApChl JKOHE
MHUKpOOKa Kapchl KacueTTepiHe ocepiH Oaranmayra MYMKIHIIK Oepeni. AnbiaFan Hotmxkenep Urtica
urens JIOPUTIK OJNIEyeTiH FHUIBIMH TYPFBIIAH pacray, OHBI IION MEIWIIMHACKIHAA, TOCTYPIIi
MEIUIIMHAA, (PapMalleBTUKAJIBIK MperapaTTap/ia >KoHe KOJDKETIM/II KEPriliKTI 6CIMIIK MaTepHaIIbl
peTiHIe KOJMIaHy bl HEeTi3/ey YIIiH MaHb3/1b1. OChlIaiina, 3epTTeYIiH FRUIBIMU, MEAUIIMHAIIBIK KOHE
afMaKTHIK MaHbI3bI Oap [5].

3epTTey 9micTemesiepi CKaHepiCyIIl JJEKTPOHIBI MHKPOTANIAY CHSKTHI 3aMaHAyH
AQHAJTMTHKAIIBIK OMiCTEp OWOJOTHSUIBIK YJTLIEpAEri AJIEMEHTTEp KOHICHTPAIUSICHIH KOFaphl
JONIIKIICH aHbIKTayFa MYMKiHAIK Oepeni. byn omic Taburum matepuanuapiblH KYpPbUIBIMBI MEH
KYPaMbIH 3€pTTeY YIIiH KCHIHEeH KOJAaHbLaab! [6].

Taxkipubestik 661im

3eprrey M.Oye3oB atbiHaarsl OKYHiH MBAC3 3eprxanaceinia xyprizunai. Ckanepueyuri
AJIEKTPOH/IBI MUKPOTAJJIAY YIIIH ©CIMIIK MaTepUaIBIHBIH YJTICI Al aTaHbIIIbL.

Tangay omicHamMacbIHa MBIHANAP KIP/i:

YTl JaibIHaAY;

CIEKTPIIIK Tajlay KYprizy;

XUMUSITBIK DJIEMEHTTEP/IIH CIIEKTPIIEPIH TIPKEY;

ANIEMEHTTEP/IIH MACCAIbIK YJIECTePiH aHBIKTAY.

Kyiiniprim kanmakaiiasin (Urtica urens) eki Typil reojiokanusigaH OapiibiFbl 4  emmemi
(>kambIpakTapsbl, TOMBIPAFbI, TAMBIPHI JKOHE ca0arbl) albIH/BI, OJIAPABIH HOTHXKENEpl AIeMEHTTePIiH
MaccanslK yiecrepi (%) perinae 6epiyirex.

Tanngay xesinme keneci snemeHtTep aHbIKTanabl: kemiprek (C), orreri (O), Harpuit (Na),
marauit (Mg), amomunuii (Al), kpemuuit (Si), pocdop (P), xykipt (S), xanmuii (K), kansuuit (Ca),
temip (Fe) sxone turan (Ti)

Hotnxkenep MeH oJiapabl Tajiaay

7Kajmbl 2J1eMEeHTTIK Kypambl

Hotwxenepni Tanaay Herisinjae yirizie OTTeri, Kalbluil ;koHe KaJiiil 6achIM €KeHiH KepceTe/Ii.
By MuHepanael Ty3Aap MEH OpPraHWKAJBIK KOCBUIBICTAP/ABIH KOI MOJIIEPiH KAMTHUTBIH OCIMIIK
TiH/EpIHE TOH.

OCIMIIIKTET1 2JIEMEHTTEP/IIH MaKCUMAJIIBI MOHIEPI:
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Maxkcumaiaasl (%) memepi

Ca
13%
Si
11%
K
11%

BEOEBCamK®ESiNCa

OTTeriHiH KOFapsl MOJIIEpi OPraHUKAJIBIK KOCBUIBICTAPIBIH; KOMipcysiap, OpPTraHHKAIIbIK
KBIIIKBLIIAP JK9HE (DEHONIBIK KOCBUIBICTAPAbIH OOTYBIMEH OaliIaHBICTHIPAIbL.

1-kecte- MakposneMeHTTepAiH PU3UOIOTUSIIBIK KOHE OUOJIOTHSIIBIK Peti

OneMeHT  |MaHBI3BI MEH MUHEPAIIaHYbI ATKapaThlH (QyHKIUAIAPBI
Kanpuuit  (Kanpuuit eCiMIIKTepAeT] eHpKacyIa KaObIpFaapblH HBIFATAIbI
(Ca) MaHBI3JIbI  JJIEMEHTTEPIIH  Oipi.MeTa0OJIMKAIBIK MPOIEC-TEPre KaThICA b

Ownebiy yarigeri mommepi 34,81%-ra|hepMeHTaTUBTI O€ICeH-TUTIKTI PeTTeH i
KeTTi, Oyl TIHAepAiH KoFapbl|KanbIuiiaiH >KoFapbl MeJIepi MHUHEpasJibl
MUHEPAIAAHYBIH KOPCETE]. Ty31apra 0aill ©CIMIIKTEpPre TOH

Kanuit (K) (Kanmii  ecimaikTepaeri  HEri3rijcy alMacyblHa KaThICYbl

KacyllallIIiK ~ KaTHOH  OosbinjhepMeHTTi Oescenaipyi

TaObLIa bl OHbIH YarigeripoTOCUHTE3 1 peTTeyi

KOHLICHTPaLUSAChI 15,38%-ra|

KETe].
Marnui Marunui 4,81%-ra neiinribyn sneMeHT XJI0poGMIIT MOJEKYIAChIHbIH
(Mg) KOHIIEHTpauusaa 0oapl. OpTalbIK aTOMbI OOJIBIN TaObLIAAbl KOHE

(bOTOCPIHTC?»I[e MaHBI3JIbI POJI aTKapalbl.

2-kecTe-MUKPOIIIEMEHTTEP i H CHTIATTaMaChl

DeMeHT MaHbI3bI MEH MUHEPAJIIaHY bl ATKapatblH (QYHKIUSIIAPbI
Tewmip (Fe) Temip 2,72%-ra peiiiH MeIIEpAC|(THIHBIC ATy poIecTepi
Ke3JIeceIi. XJIOpOo(HILT CUHTE3]

TOTBHIFY-TOTHIKCBI3JJAaHY PEaKIUsIIaphl.
Kpemuuii (Si) [Kpemuuii  memmepi  14,72%-ralKpemHuii ~ ©CIMIIKTEpAIH  KOJAWCHI3
KeTell, Oyl ecIMIIK TiHAepiHIe[KopIIaraH opra JKarJaiiapblHa
KPEMHHI KOCBUTBICTAPBIHBIH|TO3IMIUIITTH apTTHIPAIbI.

YKUHAITYBIH KOPCETYl MYMKIH.
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2-KEeCTEHIH KaJIFachl
Dochop (P) Docdop 5,02%-ra peiiin memmepaeATd - Anenosun tpudocdarsl (HOHBI),

Ooazpl KOHE KaCyIIANbIK YHEPrus|AIeHO3HH Tpudocdarsl, Tipi
anmMacybIHIa MaHBI3/IbI pesjopranu3MIep JKacyllalapblHIa SHEPTHs
aTKapazusbl. aJIMaCyblHJla MaHBI3AbI POJI aTKapaTbIH

HYKJIe03u ] TprudochaThl.
-HYKJICUH KBIIIKBUIIAPHI
-pochonunuarep

Tanmay HITHKeIepiH CAJBICTBIPY

Ceri3 creKTp/Ii ©3apa CaBICTBIPY apKBUIBI KEKE AIEMEHTTEP/IIH KYPaMbIHIAFbl alTapIIbIKTal
©3TeprilTIKTI Oaiikayra O0mabl.

EH TypakTsI 251€MEHTTED:

OTTEer1

Kb

KpEMHUU

3-kecte - BipikTipiJireH cunarramaiapbl

OneMeHT OciMaikreri GyHKIHs AJam YIIiH MarbIHACKI DapMaKOJIOTUAJIBIK OpPEKET

OpraHuKajbIK 3aTTapAbIH Heri3i

0] p K PABIH ’MeTtabonu3m, sHEepTUS AnTMacy bl KOJI1ay
TBIHBIC ATy
Kacyma kaObIprazapbl . aObIHyFa KapChl

Ca YIta Kabpp Pl Cyilextep, OYIIIBIKETTEp, KaH K yra Kapebl,
CHTHaJIap reMOCTaTHKAJIBIK

. . . . Perenepanus, TaMbIpiaap/sl
Si TiHaepAlH KYPbUIbIMbL Kosnares, Tepi Kopfayp s, pIapa

Kanakaiigarer O, Ca xoHe Si KOCBIHABICBIOOMBIHIIA TYKBIPbIMIaMA:
-OCIMIIKTIH KYPBUIBIMIBIK TYPAKTBUTBIFBIH KATBITITACTBIPATBI
-KapKbIHIbI META00IM3M/II KaMTaMachl3 eTe/i
-KaOBbIHYFa KapChl )KOHE PETCHEPATHUBTI KACUETTEPIH KaKcapTaabl

Bbyn kanakaii1bIH KYHIbI KOMIIOHEHTIHE alfHaAIa IbI:

-CyHeK XoHe JoHEeKep TIHJepiHe apHaJlFaH IIeMTIK Mpenaparrap

-T€MOCTaTUKAIIBIK areHTTEP

-)KaJIIBl KYIICUTY JKOHE METa0OIMKAIIBIK KEIICH IEP
Bapuanusinapas! kenecineit Tycinaipyre 6oabl:

-YAT1 KYPBUIBIMBIHBIH T€T€POTeHILITIT1

-TIHEPAIH MUHEPAIABl KYPaMbIHBIH ailbIpMAIIbLTBIKTAPhI

-Kacymanaparsl 3JIeMEHTTEPiH Tapaly epekinenikrepi [7].

KopbITbIHABI

3epTXaHajbIK 3epTTEY ACPEKTEpiHE CYHEHEe OTHIPHIN, KajlaKail ©CIMIIK YJITICIHIH KeIIeHI
AJIEMEHTTIK TaJlJaybl KYpPri3iiai.

Heri3ri anemeHTTEpMIH OTTET1, KATBINI )KOHE KAIH €KEH1 aHBIKTaJIbI.

Kanpuuiinig eH sxorapel Mmemmiepi 34,81%-ra xetenmi, Oyi1 3epTTENTreH YITIHIH >KOFaphl
MUHEpaJIAaHybIH KOPCETE/I1.

bipkaTap OMOIOTHSIIBIK MaHBI3/1bI 3JIEMEHTTEP/AIH O00Iysl aHbIKTaNa6l: Mg, P, Si, Fe.

Kasakait Makpo- >koHe MUKPORJIEMEHTTEPIIH KYH/IBI K031 00161 Tabbu1a161. Maruaui, gpocdop,
KpEeMHUH jK0HEe TeMIp/IiH KOCHIHIBICHIHIA!

- MeTaOOIMKAJIBIK TTPOIIECTEePAl KYIIeHTe i
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- TEMOII0A31 BIHTAIAH BIPA/IBI

- JIOHEKep TiHIH HbIFAUTaIbI

- OpraHu3MHIH OelliMaeny KaOieTiH apTThIpa bl

Bys1 oHBIH 161 METUIIMHACHIHIA KeHIHEH KOJIIAHBUTYBIH TYCIHIIPE/Ii:

AHTHAHEMHUS

YKaJIbl TOHUK

KaObIHYyFa KapChl (UTOKOMIIOHEHT

AJIBIHFaH HOTHXKENEp OCIMIIKTEpAiH OHOXMMHSUIBIK KYpaMbIH Oaraiay YIIIH 3JIEMEHTTIK
TaJIayAbl KOJAaHy MYMKIH/AITIH pacTaipl.

3epTTey AEpEeKTEepiH MIONTIK IpemaparTtapAbl o3ipiey/e >KOHE OCIMIIK MaTepuaapbIHbIH
(hapMaKoJIOTHSIIBIK JICYeTiH Oaranayja nmaigananyra 0onaibl.

AJIFbIC

ABTOpnap KoJpKa3z0aaarel OapiIbIK aKmapar YIIiH, COHBIH INIHJE IUIarHaTThIH OOJIMAaybI,
JOMeKCo3I1H AIIIT KOHE dKaCaHIbl MHTEIJICKT KacaraH KaiFaH (akTiiepaiH 00IMaysl YIIiH xKayarl
oepei.

gjeoduerrep Tizimi

1. Komomwmen H. 3., TanuepeBa U. I'. Pox kxpanuBa (urtica 1.): Malon3y4eHHbIH poJl ¢ OOJIBITUM
noTteHuuaioM (0030p) //Xumus pactuTenbHOro ceipbsi. — 2025. — Ne. 2. — C. 28-46.
2. Kacymosa A. A., AnekniepoB A. 1O. [lepcrieKTHBBI UCTIONB30BAHUS KPAIMBBI IPH pa3paboTKe
(GyHKIIMOHATBHBIX MPOAYKTOB nutanus //Bectnuk Hayku. — 2026. — T. 1. — Ne. 2 (95). — C. 1030-
1048.
3. Bemnukuna WM. A. KauecTBeHHas OIleHKa HCIOJIb30BAaHUS KpamnWBbl, LIaBeNs M JIOMyXa B
nepepadaThIBAIONINX MPOM3BOACTBAX //MIHTEIIEeKTyalbHBIA TMOTEHIIMAT MOJIOABIX YUYEHBIX Kak
npatisep passutus AIIK. — 2022. — C. 273-276..
4. Cadaposa @. A. buonornueckue ocodennoctu cemeiictpa Urticaceae Juss.—(KpanuBHbIE) U €T0
pous B Mmenunuae //U3Bectust [TTY. Memununa, hapmanus. — 2023. — Ne, 3. — C. 30-34.
5. Benreposckuii A.1., Slxkumosa T.B., HacanoBa O.H. BiusiHue 5KCTpakToOB KpanuBbl U JIOITyXa B
COYETaHUH C PA3TUYHBIMU PEKUMAMHU MIUTAHUS HA TUCIHATUASMHUIO TIPY MOJIEIH CaXapHOTo nuadera
//Bomipocsl tutanus 2015, 84, 6, 69-75.
6. Bemukas T.B., Koxxanoa K.K., Xerepoa C.K., [Iperepr O. Omnpenenenne KaueCTBEHHOTO
cocraBa kpanuBbl nByaoMHO# (Urtica dioica L.) metomom TCX // MexayHapoIHbI Hay4dHO-
uccienoBarenbckuid xypHasr. — 2016. — Ne 1 (43). — DOI: 10.18454/IRJ.2016.43.015. (ABTOpHI
u3 KasHMYVY um. C.JI. Achenauspona, Anmarsr).
7. Huxonaea H. A. IlepcnexkTuBa MCHOJB30BaHUSl IPENapaToB KpamuBbl B >KMBOTHOBOJICTBE
//ycTOMYnBOE pa3BUTHE CENLCKUX TEPPUTOPHUI U arpapHOro MPOU3BOICTBA HA COBPEMEHHOM JTarie.
—2022. - C. 465-471.

References
1. Kolomies N. E., Tansereva I. G. Rod krapiva (urtica 1.): maloizuchennyi rod s bdlsim
potensialom (obzor) //Himia rastitelnogo syrd. — 2025. — No. 2. — S. 28-46.
2. Kasumova A. A., Alekperov A. Iu. Perspektivy ispdlzovania krapivy pri razrabotke
funksionélnyh produktov pitania //Vestnik nauki. — 2026. — T. 1. — Ne. 2 (95). — S. 1030-1048.
3. Velichkina 1. A. Kachestvennaia osenka ispdlzovania krapivy, saveld i lopuha v
pererabatyvaiusih proizvodstvah //Intelektuilnyi potensial molodyh uchenyh kak draiver razvitia
APK. —2022. - S. 273-276..
4. Safarova F. A. Biologicheskie osobenosti semeistva Urticaceae Juss.—(krapivnye) i ego rol v
medisine //Izvestia GGTU. Medisina, farmasia. — 2023. — Ne. 3. — S. 30-34.

72



Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Ne2 (34) 2026

5. Vengerovski A.l, lakimova T.V., Nasanova O.N. Vlianie ekstraktov krapivy i lopuha v
sochetanii s razlichnymi rejimami pitania na dislipidemiu pri modeli saharnogo diabeta //\Voprosy
pitania 2015, 84, 6, 69-75.

6. Velikaia T.V., Kojanova K.K., Jeterova S.K., Dregert O. Opredelenie kachestvennogo sostava
krapivy dvudomnoi (Urtica dioica L.) metodom TSH // Mejdunarodnyi nauchno-issledovatelski
jurnal. — 2016. — Ne 1 (43). — DOI: 10.18454/1RJ.2016.43.015. (Avtory iz KazNMU im. S.D.
Asfendiarova, Almaty).

7. Nikolaeva N. A. Perspektiva ispol'zovaniya preparatov krapivy v zhivotnovodstve //ustojchivoe
razvitie sel'skih territorij i agrarnogo proizvodstva na sovremennom etape. — 2022. — S. 465-471.

A.A. YTtebaes*, JI.. Aiiko3oBa, K.C. Hazapaceim, U.X. UpucmeroB
*K.T.H., JOUEHT, u.aseke.63@mail.ru, FOKY um. M. Aya3osa, llIsiMkenT, Kazaxcran
K.T.H., mpodeccop, laura.aykozova@mail.ru, FOKY um. M. Aya33oBa, [lIeiMkenT, Kazaxcran
mperoaaBaresb, nazarkassym.kamila@mail.ru, FOKY um. M. Aya3oBa, lllemmkent, Kazaxcran
CTYJeHT, ihtierirismetov@gmail.ru, FOKY um. M. Aya3osa, llIsvkenT, Kazaxcran

KOMIVIEKCHOE UCCJIEAOBAHUE 3JIEMEHTHOI'O COCTABA PACTEHUSI
KPAIIUBBI (URTICA URENS) HA OCHOBE PE3YJIbTATOB, CKAHUPYIOLIEI'O
IJIEKTPOHHO-MUKPOCKOIIMYECKOI'O AHAJIM3A

AHHOTAUA

B nanrHO# cTaThe MpeacTaBlieH KOMITIEKCHBIN 3JIeMEHTHBIA aHaTN3 00pasiia pacTeHHsI, OCHOBAaHHBII Ha
OKCIICPUMCHTAJIbHBIX Ha60paTOpHLIX JaHHBIX IO 3JICMCHTHOMY COCTaBYy KpallMBbI I[By[IOMHOﬁ. Ananuz
MIPOBOJIMJIICS. C WCIOJB30BAaHUEM CKAHHUPYIOUIEH SJIEKTPOHHON MHKPOCKOIWW IS OIMpPENENeHNsS MacCOBBIX
JONIell XMMHYECKUX D3JIEMEHTOB. BBUIM OIpeneneHbl COCTaB M KOJWYECTBO OCHOBHBIX OWOTEHHBIX U
MUHEPAJIBHBIX 3IeMeHTOB, TakuxX kak C, O, Na, Mg, Al, Si, P, S, K, Ca, Fe u Ti.Pe3ynbTarThl mokaspBaroT
BBICOKOE cojiepkaHue kucimopoaa (o 52%), kameuus (10 34,8%) u xamus (no 15,38%), 9To yKaspiBaeT Ha
BBICOKYIO MUHEpAIIM3aIliIo MaTepraia. B qaHHO# nccienoBaTebckoi paboTe ObLI IPOBEACH CPAaBHUTEINHHBIN
aHAJIM3 BOCBMHU CIICKTPOB, BBIABJICHLBI OCHOBHBLIC 3aKOHOMCPHOCTHU pPaCHpCACICHUA OJJIEMCHTOB U HX
BO3MOJKHasl OMOJIOTHYECKasl POJIb B CTPYKTYpPE paCTUTENBLHOTO MaTeprana. Pe3ynbraThl HCCIIEIOBaHUS MOTYT
OBITh  WCTOJB30BAHBI IS OIECHKH OWOXMMHYECKOTO COCTaBa PACTEHHs, ONpEIEIICHUS  ero
(hapMaKoJIOTHYECKOTO MOTEHIINANA U Pa3paOd0TKX HOBBIX PACTUTENFHBIX JIGKAPCTBEHHBIX CPEJICTB.

KaioueBble cjioBa: DSIEMEHTHBI  aHaNHW3, PACTUTENBHBIE MaTepHalbl, MHKPOAJIEMEHTEHI,
MaKpO3JIEMEHTHI, KaJIbI1iA, KaJIHii, MAarHUH, XAMHUYECKUH COCTaB, OMOTEHHBIE JIEMEHTEI.
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COMPREHENSIVE STUDY OF THE ELEMENTAL COMPOSITION OF THE NETTLE
PLANT (URTICA URENS) BASED ON THE RESULTS OF SCANNING ELECTRON
MICROSCOPIC ANALYSIS

Abstract
This article presents a comprehensive elemental analysis of a plant sample based on experimental
laboratory data on the elemental composition of dioecious nettle. The analysis was performed using scanning
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electron microscopy to determine the mass fractions of chemical elements. The composition and quantity of
the main biogenic and mineral elements were determined, such as C, O, Na, Mg, Al, Si, P, S, K, Ca, Fe u Ti.
The results show high oxygen (up to 52%), calcium (up to 34.8%), and potassium (up to 15.38%) contents,
indicating the material's high mineralization. This research study conducted a comparative analysis of eight
spectra, identifying the key patterns of element distribution and their possible biological role in the structure
of the plant material. The results can be used to assess the plant's biochemical composition, determine its
pharmacological potential, and develop new herbal remedies.

Keywords: elemental analysis, plant materials, microelements, macroelements, calcium, potassium,
magnesium, chemical composition, biogenic elements.
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NH®OPMATHUKA, IT-TEXHOJIOT'UAJIAP
NHO®OPMATHUKA, IT-TEXHOJIOTI'MU
COMPUTER SCIENCE, INFORMATION TECHNOLOGIES

O0X 004.912 https://doi.org/10.54251/2616-6429.2026.02.n10

C.B. AtaxkonoBa*
[MenarorukansIk FeuIbIMAAp OoiibiHIa PhD, "AknapatTeik TexHonorusap" kadeapacsiHbIH TOLEHTI,
AHamxaH MeMITeKeTTIK TeXHUKAIBIK MHCTHTYTHI, AHMKaH, ©O30€KCTaH
*Koppecnonaent aBTopsl: saida_atajonova@astiedu.uz

3AMAHAYH WEB TEXHOJIOT'MSLTAP HET'T3IHAE KAVIIICI3 7KOHE SEO-
OHTAUWJIAHABIPBIJIFAH BIJIIM BEPY IIVIAT®OPMACBIH 93IPJIEY

Tyiiin

Byn 3eprrey kyMbichiHIa 0i3 3aMaHayd BeO-TEXHOJOTHSUIAPABI NaiaiaHbIl, ©3IMi3fiH aBTOPJIBIK
oHJiaiiH Oimim Oepy mmiardopmambI3apl xobanagplk, Herisri makcar ocbl IUIaT(hOpMaHbl TEXHHUKAIBIK
TYPFBIZIAH KaJlail icke acklpyFa OonmaThIHBIH Herizaey. Kasip mudpisik Tpancdopmanus kesinmge 6imiM oepy
xKyieci e3repim xatblp. COHIOBIKTaH 013 YKOFaphl KBUIAM/BIKIICH )KYMBIC ICTEUTIH, KOI Tai/lalaHyIIbFa
Oipaell KbI3MET KepceTe alaThiH, 9pi Kayimcis LMS (okpITyabl Oackapy KyieciH) Kypy Macelenepin
KapacTeIpabIK. [Iporpammansik Heri3 perinae Python Ttimi men Django ¢pelimBopki Tanmanmsl. Moaynbaik
aApXUTEKTYpaHbl YCTaHABIK. by opOemikTi Oeek >kacam, keiin Oipiktipyre MyMmkiaik Oepai. [Tmardhopmana
naiananymeUIapplH YII JCHIeHiH (OKiMILIiIep, aBTopiap, OKyIIbliap) 6ackapy alropuTMIEpPiH d31piediK.
CoHBIMEH KaTap, OKy MaTepuaiJapblH HEepapXWsUIbIK KYPBUIBIMMEH SIFHH KypcTap, Tapayiap, cabakrap
TYpiHIE YHBIMIACTRIPY MoJeliH kacaablk. dOponTenn Oenmimin Next.js ¢peiimMBopkiHiH kemerimeHn, SSR
(Server Side Rendering) TexHOJIOTMSCHIH NalAadaHbIl iCKEe acbIpAbIK. bysl WHTEpQENCTIH >KOFapsl
JKBIIAM/IBIFBIH KaMTaMachl3 eTTi, xoHe SEO-HbI ma skakcaptThl. Kayincizgik yirin JWT xarramachkl MeH
Django-HbIH ©3iH/1iK KOpFaHbIC MEXaHU3M/IEPiH Oipre KosmaHabIK. HoTmkecinae 6i3 kemreH 1i 6arqapiaMaibik
memiM anablk. O MHKIIO3WBTI OKY OpPTAachlH KypyFa, KalIBIKTaH OKHTBIH CTYJICHTTEPIIH OPEKETiH
CTaTHCTUKAJIBIK TaJI/IayFa, )KOHE OJIAPJbIH OKY OaFbITBIH aBTOMATTHI Typje Oedimieyre MyMKiHJIK Oepeni.
[TpakTHKaIBIK MaHBI3bI MbIHAA: Oi3/IH YJITiMIi3i HAKTHI OiTiM Oepy MekeMesepiHae AepOec OKBITY xKykeci
peTiHae opHaTyFa OoJabl.

Kinrrik ce3mep: Oinim Oepy miardopmacel, LMS, BeO-Texnonorusiap, Django, Python, Moaynsaik
apXUTEKTYypa, IEPEKTEP MOAEIbIEPI.

Kipicne

Kasipri ke3zne 6isim 6epy xyieci HUQPIBIK TYpAE ©3repil *KaTblp, COHIABIKTAH OKY HpPOLECiH
Oackapyra >KaHa OJICTep MEH >KOFapbl ©HIMJII TEXHOJOTusap Kepek OoybIlm Typ. AKIaparThIK
TEXHOJIOTHSJIAp T€3 IaMbIIl KeJel, OChlFaH OailaHbICThI OLTIM amylIbUIAp/AbIH Kail skepae Typcea Ja
MHTEPAKTUBTI Marepuaijgapra KOJ >KeTKI3e ajaThblH HKeMJl, MacmrTalOTanaTblH dpl CEHIM/II
atgopmanap eTe MaHbI3Ibl OOJIIBL.

bi3nin 3eprreyiMi3niH 0acThl MaKcaTbl — 3aMaHayd BEO-TEXHOJIOTHsIIAp MEH MpOrpaMMallbIK
apXUTEKTypa MPUHIMIITEPIHE CYHEHETIH aBTOPJIBIK OHJIAMH OKBITY IUIaT(opMachiH ko0aiar, OHbI
TEXHUKAJIBIK TYPFBIIAH KaJlall )Ky3ere achbIpaThIHbIMBI3IbEI TYyCiHAIpY [1].

Ocsl 3epTTey ascbiHaa 013 jkacaraH margopma OipHelle HOpceHi OipiKTipedi: MyabTUMena
KOHTEHT1, aBTOMATTHI TECTUIEY JKYHenepi xoHe OKY yAepiciH Tannayra apHairad LMS aHamuTHKaIbIK
Kypasaapsl. bapieirsl O6ip KemeHai mporpaMMasibIK HIHIiM IIiHe.

barmapnamaneik Herizre 613 Python Timi men Django dpeitmBopkin anasik. Django-HbIH
MOZYJIBJIK KYPBUIBIMBIHBIH apKAChlHA >KOOAMbI3bIH AapXUTEKTYpachlH >KeKe (QyHKIMOHAJIIbI
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onokrapra 6enmik (Django apps aen atanassr). Bysr TOCT KOATH OKY/IbI JKEHUIACTIN KaHa KOMMAaNTbI,
COHBIMEH KaTap >KYHeHIH Oejiek OeJIIKTepiH, MbICAJIbl MaijalaHylbIap 0a3acklH HEMece Kypc
Ma3MYHBIH, 63 aJIJIblHa MaclITaTTayra MyMKIHZIIK Oepeni [2].

Kyiie apxutektypacbiHaa 013 ACpeKTepli OHISHTIH >KOHE MINIIMISHTIH apHaibl utils
MOJYJIbJACPIH KOJIAHABIK, OYJI KOATHI OJaH Opi OHTalIaHAbIpyFa KemekTecTi. IlmardopmaHbiH
JIOTUKAJIBIK MOJIEIII MalIaiaHymbUIapAblH YII JeHTeiiHe (oKIMIITiIep, aBTopiap, OKyIIbLIap) KoHE
OKy OarapiiaMaiapbIHBIH UKEMJII KYPBUTBIMBIHA HeTi3/1ereH. TeXHUKAIBIK TYPFBIIAH alcak, 0i3aiH
iatopmMa KypcTapisl cajajlap MEH Kareropusuiap OOWBIHINA >KyHeseydi, COHBIMEH Karap op
CTYIACHTTIH YJIrepiMiH OaKbUIAHTBIH CTAaTUCTUKANIBIK MOJIEIbIEP KYPYAbl MYMKIH €TEe/i.

Makasazia 613 YChIHBIN OTBIPFaH MOJIEIb WHKIIFO3UBTI OKY OPTAChIH jKacayFa, KallbIKTaH O11iM
aJIaTBIHAAP MEH KociOM MaMaHAap/AblH OUTIKTUIITIH KeTepyre apHalFaH 3aMaHayH TEXHOJIOTHSIIBIK
KypaJs peTiHje cumnarTanausl [3].

MarepuaJigap MeH djicTep

bi3 Oyn 3eprrey KyMBICBIHAA OHJAWH OuTiM miardopMacelH jxobajay YIIIH MOIYJIbIIK
TocUIAepAl kKoHe oOObekTire OarFpITTalFaH >k00anay MNPUHIUOTEPIH HETI3re aiAblK. SIFHH,
nporpaMMaiblK — KamMTaMachl3 eTyni  Oenek-Oenek  Onmokrapra Oejim  jkacayFa  TBIPBICTBHIK.
[Tnardopmanbiy 6apiblK QYyHKIUSIIAPBIH ICKE aChIPY YIIIH 013 ©HIM/lI BeO-TeXHOIOTHsUIapAbIH TYTac
0ip KemeHIH Mai1aJan/IbIK.

Texnonoeusnvlx cmex dacone ducyuenix opma. Ilnardopmambi3abiH cepBepiik xarbiH Python
TUTIHZIC YKa3/IbIK, all HAaKThIpaK aiiTcak, Django 4.x ¢peiiMBopkiH KongaHaelK. Hemikren Django?
Ce0ebi oHBIH KayiNCi3OiK XaTTamalapblHa CEHIMII, JKOHE JIepekTep 0a3achIMEH KYMBIC iCTeyre
apHanran ORM (oObekTimi-pensauusiiblK OeifHeney) xkyiieci ete Ttuimui. Temenneri l-kectene
m1aT(OpMaHbIH TEXHUKAJIBIK CUIIATTaMachlH KYPalThIH HET13T1 KOMIIOHEHTTED KyieneHreH [4].

Kecrte 1 — I1nardhopmansl 931paeyaiH TEXHUKAIBIK CUTIATTaMacChl

KommoneHT Konnanbuiran O YHKIIMOHAIIBIK MAKCAThI
TEXHOJIOTHSI
barnapnamaneig Python 3.10+ busHec-morukanel  KOHE  JIEpEKTEpAl  OHJCY
opra QITOPUTMIEPIH ICKE achIpy
Be0-dpeiimBopk Django Framework | Moaynpaik apxutekTypansl xoHe MTV yariciH
KaMTaMachI3 eTy
Jepekrepai PostgreSQL / SQLite | PensuusnbIk 1epekTep KYpPbUIBIMBIH CaKTay MOHE
backapy TpaH3aKIMsIapAb! 0acKkapy
Wnrepdeiicti HTMLS, CSS3, | [NaiigananymbuIbIK BHU3YyaJIU3alys MEH
xKobasay JavaScript MHTEPAKTUBTLUIIKTI KYpY
Hyckanapapl Git Konteik 0a3zanbl Oackapy >KoHE pPEMO3UTOPUNIIH
OakpLIay TYTaCTBIFbIH CaKTay

Kectene kepceTiireH CTeK OHIMIUTIK IMEH KayilcCi3ik TajanrtapbiHa cail. Python 3.10+
HYCKachl apKbUIbl JIepeKTep TUNTepiH KaTaH Oakplaayra (typing) >KOHE aACHMHXPOH/BI
Oarmapnamanayra Oomaael. An Django-HbIH «batteries-included» karugarel — SFHM JTalibIH
menrimaep Ko — >K00aHbIH HET131H Te3 canyra koHe SQL-uabekus, XSS cuskTol malysliaapaaH
aBTOMATTHI TYpJie KOPFaHyFa KOMEKTECTI.

[Tnardopma apxurekrypacst MTV (Model-Template-View) ynricine HerizaenreH. byn ynrine
JIepeKTep JIOTUKAchl, HHTep(hEeHC oHe eHJeylll anropurmiaep Oip-OipiHe Toyenci3 aamuabl. 1-
CypeTTe OChl KOMIIOHEHTTEP/IiH ©3apa OpeKeTi KOPCETUITeH.

Kytiie nepbec dpyHKIMOHANIBI MO IbAEpACH — Django KonpanbanapbIHaH (apps) — TYpaibl.
MyHait KypbUTBIM KOATHIH KalTallaHybIH a3aiiTaabl )KOHE dK00aHbI MaciiTa0TayFra bIHFaiibl. Herisri
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MOyYJBJIEp: MaiiiananymblIapasl 0ackapy, OKy KOHTEHTIH Xyleney jkaHe Oaraay alroputMaepi. Op
MOJYJIBJIIH IIIIHE KMl KOJJAHBUIATHIH OIepalusiapbl OHTaWJIaHIABIPY YIIH utils Momynbaepi
SHT131ITeH — oJlap KOMEKIi (DyHKIUSIapAbIH KUBIHTHIFHI [5].

Hepexrep monenbaepi. [lmardopma nepexrep 6a3ackl 611iM O6epy mpoleciHaeri cyObeKTiiep
MEH OOBEKTUIep apachlHIAFbl OaliaHBICTAPIbl KaMTaMachl3 e€Tyre apHairaH. KypcrapabliH
KYPBUIBIMBI KaTeropusuiap, Oemimaep MeH cabakrtap apacbiHgarbl ForeignKey (CBIPTKBI KifT)
OaiiaHbICTapbl APKBUIBI YABIMIACTBIPBUIABL. 2-KeCTele ACPEKTep MOIEIIHIH Heri3ri HbICaHAApHI
KeJTIpiirex.

Kecre 2 — [InargopmaHbIH HET13T1 AepeKkTep MojieIbAepl MeH arprulOyTTapsl

Hreican ataybl Heri3ri arpubytrapsl Moenn i MaKcarsl

User Model username, role, | [Taiinananymibt pesnepin JKOHE
authentication data ayTeHTH(HUKAIMSHBI OacKapy

Course Model | title, category, author id, | KypcTbiH MeTa-epeKTepiH KoHe KOIDKETIMALTIK
price type JICHTeHiH aHBIKTAY

Lesson Model content, video url, | OKky = MaTepuanblHBIH  Ma3MyHBIH  JKOHE
order index PETTUIITIH caKTay

Assignment task type, score_weight, | biniMai Tekcepyre apHanFaH TarcChlpMaliapbl

Model lesson id WHTETpaIsuIay

3epTTey KYprizy OapbIChlHAA OKYLIBUIAP/ABIH OKY OarbIThIH aBTOMATThl TypJe OacKapaTblH
QITOPUTMEP OiJan TadbuIIbL. By anropuTmep KOHTEHTTI TaHIayJaH O0acTarl, OHbI MEHTepYy, COCBIH
Oaramay keseHjaepiH ne KamTuuael. Jlepexrepain OyninOeyi ymiH Django-HbBIH — Komimri
TPaH3aKIMUIBIK TETIKTEpI MEH JepeKTepli AYpPhICTBIKKA TEeKcepy Toclaepl NaiJanaHblIibl.
[TnardopmaHbIH CEHIM/II )KYMBIC ICTEHTIHIHE KO3 KETKI3y MaKCaThIH/Ia Op MOJYJIb JKEKe-KeKe O1pIIik
TectineyneH (unit testing) eTki3inai. bapibik ochkl ofic-Tocinaep Oipirim, naiiblH OarnapiaaMabIK
KEIIIEHHIH TEXHUKAJIBIK KaFbIHAH OepiK OOTybIHA )KOHE Mai1alaHyIIbIFa bIHFAUIIBI O0JTybIHA JKaFJai
xKacauael [6].

Hotnxenep koHe TAIKbLIAY

Ocwr 3eprreynin coHbiHAa Python (Django) sxone React (Next.js) TexXHOJOTHsIIaApbIH
naiiianaxepln, eHIMALIIT )KOFapbl OHJIAWH O11iM M1aT(OopMachIHBIH XKYMBIC ICTEHTIH YJTICI )Kacal bl
Bbyn kylieHIH apXWMTEKTypachlHbIH E€pEKIIENrl — OHbIH MHUKPO-MOAYJIbAIK KYpPBUIBIMBI. OHBIH
apKachlHJa MaTt¢opMaHbl eKci3 MaciTadTayra 0omaibl, opi Aepekrep OyaiHOen .

Kyreneri Herisri OMoOK TaWgaTaHyMIBUIAPABIH KOIJIEHTEMII HepapXusaCchiH OacKapyra
apHanfad. Pensik Mozpenb TepT HEri3ri ACHreWIeH Typaibl: XYHemiK okiMmiijep, Ourim Oepy
yibIMIapsl (MEKTENTep, YHUBEpIEp T.0), aBTOpiap ’K9HE OKyIIbUIap. Op pell YUIIH JepeKTep KOphI
JIeHreiHae 3 pyKcarTapbl MeEH UIeKTeylep JKUbIHTbIFBI OekiTiireH. Temenme 3-kecrene
nalanaHymbUIapsIH KaH1ail aTpuOyTTaphl 0ap eKeHi KoHe oyap Kyheae Kanaal (QyHKIusapsl
aTKapa aJaTbhIHbl KepceTiireH [7].
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Kecte 3 — [laligananynisuiap MOJEIiHIH CUITATTaMachl MEH POJIIIK QYHKIUSIAPHI

[Taiimananyurst Hepexrep mozeniniy epictepi | JKyitenik GyHKIUIAPhl MEH KYKBIKTAPhI

pedi

AJIMUHHCTpATOp | username, is_superuser, | JKyiieni ToiblKk Oackapy, Jepekrepii
is_staff ayUTTey

bimim Oepy | organization name, Oky OarmapimamMayiapblH  YHBIMIACTHIPY,

OpTachl license id, address aBTOpIIAPAbI OCKITY

Kypc aBTopb1 specialty, bio, rating, author id | Koutent Kypy, OeiiHemopicTep MeEH

TECTTEPli KYKTEY

binim amymisr student id, enrolled courses, | Kypcrapas MEHTEDY, WHTEPaKTUBTI

progress TanChIpMaIap/ibl OPBIHAAY

1-cypeTTeH kepiHil TypraHaai, 01311 raTdopmana apXuTeKTypa yIl JeHIrelre Heri3IenreH.
MyHnaii KYpbUIBIMHBIH THIMAUTIT Heme? O gepekTepii cakTay, OHICY KOHE IMaiJaaHyIIbIFa YCHIHY
Ke3eHepiH Oip-OipiHeH Oesek ycrayra MYMKIHAIK Oepeni. SIFHU, op K€3€H €3 ajjblHa JTaMUJIbL.
[aitnananymer HTTP cypanbic xibeprenae, onsl Django-ubiH O6arbirTay *kyieci (URL Dispatcher)
KaObuIaiapl. CofaH KeiiH cypaHbICc THICTI KepiHicTepre (Views) Oapslrn, coil xepae eHaeneai. A
nepekrep 0azaceiHa He kepek? OnbiMeH Oaimanpic Django ORM apkbuiel skacanaapl. Ochuiaiiina
KYHEHIH KayliIci3iri caKTanabl, ®oHe JepeKTepAiH OyliHOeyl KaMTaMachl3 eTiIe/].

® @ Web Browser (%)
USER LAYER = (BEB-BPAY3EP) i

(nAﬁWAHymbl HEHFEW) STNT TEACHER ADM
A (CTYQEHT) (M¥FANIM) @ (S4IMLLI)
HTTP/HTTPS
(CYPAHBICTAP)
R R I T T T T R T S T B B e L S Ly R S o T e e e S S R ¢ 1
' APPLICATION/SERVER LAYER (APPLICATION/SERVER AEHIEMI - Django) H EXTERNAL SERVICES
e ¥ - & TOOLS
i VIEWS TEMPLATES i (CbIPTKbI KbISMETTEP
! (KBPIHICTEP - BusHec-norvka) »| (WUABNOHPAP - Untepderic) | ! MEH K¥PAIAP)
1 < | ——————————
| [ Course Management ] [ HTMUCSSIJS ] i Celery & Redis
: B (AcuHXpoHab!
N |
|| weBseRvER > _ URL | | UserAuhencation | MODELS ! TENCHPMEDED)
| ERES [ pewoe e MR
! ( ) [ Assignment Processing ] PR User Model )| i (Trans%gm?ers NLP)
| Django| [ Course Model | Bl =
| 1 5
i ; ; [ NLP Engine ] ORM ( Lesson Model ) i = Git
! Gunicorn/Nginx | ] J [ AssignmontModol | i ( ggﬁ:l:;s})m
e U OO W o ; Yme—— SN )
lf__________________________________________ A Ry S Y 3
! Ee——— £
| DATA LAYER DATABASE MANAGEMENT SYSTEM |
| (QEPEKTEP QEHIEWI) ] Sl il B
! PostgreSQL / SQLite (EEIE b AEREEE), |
|

Cypert 1 — Onnaiin 611iM 6epy mIaTOpMachIHBIH KOTIICHT €I apXUTEKTYPaIBIK CXEMaCh

[Tnarpopmansin  «platform backend» nen aramarein  cepBepiik  karbl REST API
apXUTEeKTypacblHa KypbUIFaH. «Accounts» xxoHe «Main» moxynbiepi 6ip-6ipimen JWT (JSON Web
Token) apkpuibl ceiineceni. byn nporokon maiganaHymibl ceCCUATIApbIHBIH KAYINCI3AIrin Oipiama
aptTeipansl. OKy MarepuanIapblHBIH KYPBUIBIMBI HEPAPXHUSUTBIK TPUHITUIIICH JKacallFaH: SFHH, €H
YJIKEH1 KaTeropHsi, OHbIH II1HAE Kypc, OJlaH KeiiH 0e1iM, eH COHbIHa cabak. by KypbulbIM iepekTep
KopeiHaa ForeignKey OaiinmaHbicTapbl apKbUIBl PETTENTEH, COHIBIKTAH JKBUIIAM >KYMBIC 1CTEHII.
Temenne 4-kecrene 0Ky KypCTapbIHBIH JIOTHKAJIBIK KYPBUIBIMBIH TYCIHIIPETIH HETi3T1 HbICAHJapAbl
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KepceTin KoUK [8].

Kecre 4 — OKy KOHTEHTIHIH JIOTHKQJIBIK KOHE TEXHUKAIBIK KYPBUIBIMBI

KommnioneHT TexHUKaIbIK aTpUOyTTapHI OpbIHIAIaTBIH ONIepaIsIap
araysl
Course Model | name, course type, poster, price | Kypctbix MeTa-JepPEeKTEePiH
BU3yaJTU3aIMsIIAY

Chapter Model | course id, index, chapter name | OKy >KOCIapbIH JIOTHKAJIBIK OJOKTapra 06y
Lesson Model | chapter id, lesson_type, duration | TeopHsUTBIK dKoHE IPAKTUKAIBIK MaTSPUAIIIBI
YCBIHY

Quiz Model lesson _id, test type, pass _score | bumiM  amymbiHBIH ~ OUTIMIH ~ aBTOMATTHI
Oaranay

@®ponren xarbH 013 Next.js hpeliMBOpKI apKbUIBI )KacablK, HAKThIpak aiitcam, SSR (Server
Side Rendering) TexHonorusicelH Konnauablk. by onic miuardgopmamezasiy SEO kepceTkimrepin
KAKCapTTHI, )KoHE OerTep Te3ipek kykrene Oacranpl — mamamen 30-40 maibI3ra >KbUIIaMaaIbl.
ConbiMeH KaTap, Redux TeXHOJOrMSCHIH NaijalaHbIN, MaianaHylIbIHBIH OKY OarbIThl MEH
YJIrepiMiH HaKThI yakbITTa (real-time) cuHxpoHan oTbipamsI3 [9].

Enni 2-cyperke KapacaHbl3, MblHA MUKPO-MOIYJIBJIK KYPBUIbIM OKYIIBIHBIH 9p 1C-OpEKeTiH
MBICaJbl, cabak amThl Ma, TECT TAICHIPABI Ma OJPiH COM coTTe OaKbUIAN, TipKEN, CTAaTHCTUKAIBIK
MoAyJbre konjnaiapl. Ochl JKUHAJIFaH MAIIMETTEp/IH HETi31HJe op OKYIIbIFa apHaJIFaH JKEKe OKY
TPAEKTOPHSCHI ©3/IT1HEH TY3EJiIl, PETTEIII OTHIPAIBL.

API LLinto3 xaHe BuaHec-florvka xaHe Mporpecti Tangay
BACTAY 4
& Crypent Spexeri AyTeHTndmkauus [Lepexrepai OHaey XaHe Bomkay
l | API Wnto3 ) | Busnec-Noruka |
(Next.jsIlJWT) (Django Backend)
CypaHbic P —
Cabakrol kepy/ | (Request)| | JWT .| UserCourse AsToMaTThl
Tecr Tancbipy i Banupauusnay ~|Mopenbin xaHapty i baranay
l : e e NN
i v ) I
" [ ] Keke
BACTAY — : | Pykcarrapas | J " UserLesson —>| TpaexTopusHb!
' C!
T : TeKcepy 0fAenbiH XaHapry | Kansintactoipy
Mporpecri Wy _: 4 \ 4 \4
TeKcepy :
Kawrey ¥CbiHbICTapAb! Oky KOHTEHTiH
(Redis) ecentey ¥CbIHy
| S —
/'Y \ _f_ ) A
NEPEKTEP K&3[EPI
=) D
q |
L] =2

SQL Database NoSQL Database XypHanpap
(PostgreSQL) (MongoDB) (Logs)

Cyper 2 — [lalifananyibIHBIH OKY TPA€KTOPHUSCHIH KAJBITACTHIPY KOHE JIEPEKTEPAl OHICY
ANrOpUTMI

3epTTeyaiH HOTHXKENepiH €o3 eTKeHe, O13iH MOAETbAIH WHKIIO3UBTUIIN MEH HKEMJILUTIri
KOFapbl €KEeH1 aHBIKTaJAbl. SIFHH, OJ 9pTYpJil MYMKIHIIKTEpl Oap OKyLIblIapra naa, SpTypii
KaKETTUTIKTepre Je oHail OeriiMaeneni. becinmn kectene 6i3 calbICTHIpMaibl TAAAy KACAJBIK COJ
kectene Next.js SSR TeXHOTOTUSICBIHBIH THIMIUTITT HAKTHI KOPIHIIT TY].
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Ecki omic Client-Side Rendering (CSR) GoiibiHia OetTep y3arblpak Kykreneni. An 0i3aiH
MOJIeJTb/IC KOHTEHTTIH aJFallKbl PET allbUly yaKbIThl aiiTapibIKTail KeICKapasl. byil, mIbIH MoHiH e,
naigananymsl Toxipubecin (skHu UX) sxakcapTynblH eH Oactel cebebi. backamma aliTkanna, ajam
CaWTTHI AllIKAH/A «HETe COHIIIA Kiipill TYp» JIel Ha3alaHy/IbIH KaKeTi JKOK.

Kecre 5 — ¥cwHpUuFaH miatdhopMa MEH JOCTYPJl KYHENepAiH TEXHUKAIBIK KOPCETKIIITEepiH
CaJIBICTBIPY

Kepcertkim araybl HocTypai xylienep O3ipiieHreH miathopma Tuimainik esrepici
(LMS) (Django + Next.js)

berrig oprama 2.8—-3.5cek 1.2 -1.8 cex 45-50% >xpL1gamaay

KYKTEIy YaKbIThI

Render Typi CSR (Client Side SSR (Server Side SEO >xone

Rendering) Rendering) KBUIIAMIBIK

apTHIKIIBLIBIFBI

Hepekrepmi MownoinutTi cypanbictap | Micro-modular / REST | ITnardopmanars

eHJIeY diCi API JKYHEIIK KYKTEMEHIH
a3a10bl

Ceccus Crangapttsl Cookies JWT (JSON Web Token) | Kayincizaik

Kayirnci3iri JICHTeHiHIH apTyBbI

Bip yakpITTars [exeymni (Oprama XKorapst Tezimaimik neHreii

nal1aJaHymbuIap | IeHrei) (MacmraOTanaTbiH) YKOFapPBI

ConbiMeH KaTap, 6-KecTese maiiiaJaHyIIbIHbIH POrpeciH OaKplIay alrOpPUTMIHIH KYMBICHIH
CUTIATTAWTBIH KECTENIK MOAeNlb d3ipieHai. byn aepekrep Oa3achiHAarbl aKmaparThiH ©OHJETY
JIOTUKACHIH KOPCETE/II.

Kecte 6 — [TalijalaHyIIBIHBIH OKY TPASKTOPHUSCHIH 6ACKapy MOAYJIbAEPiHIH CUIIATTAMACHI

Monyns ataysl bakputanateH Jlepexkopaarsl ANTOpUTMIIK MaKcaThl
KOPCETKIII HBICaH

Course Tracker | KypcTtbiH xaursbl | UserCourse OKy JKOCHapbIHBIH  OpPBIHAATY
nporpeci naibI3bIH ecenTey

Activity Log Conrbl  Oencennuiik | UserLesson Y3uiren KepeH OKY/IbI
YaKBbIThI KaJIFACTHIPY/Ibl KAMTaMaChI3 €Ty

Assessment Tect HoTHKETEPI Quiz Model Keneci pnenreiire ety pykcaTblH

Module ABTOMATTHI AHBIKTAY

Feedback Loop | Karemen >xymbic utils modules WNurtepaktuBri  Kepi  OaifiaHbIc

opHary

Hoactypai LMS xylienepiMeH calbICThIpcak, 013/11H KYpFaH apXUTEKTypambl3 BUI€0-KOHTEHTTI
(Vimeo, YouTube API) >xoHe MHTEpakTHBTI TeCTTepAl OIpIKTipyAe oyaeKaia eHIMAIPEK IIbIKTHI.
bokennreri UserCourse sxone UserLesson aereH Monenbaep apKbUIbI OKYIIBIHBIH 9pOip aabIMBIH
CTaTUCTHUKaFa CaJiblll, OFAaH apHalbl )KEKe OKY TPACKTOPHSCHIH acai amaMbl3. bi3 cerHakTap sxacar
KOPIIK: Xyiie 6ip Me3eTrTe OGipHelIe MbIH MaiijallaHyIIbIHBIH CYPaHBICBIH JepeKTep KOPhIHA apThIK
KYK TyCipMel-aK eHJIeH anaibl eKeH.

bizgin nnardpopma OimiMm Oepy canmachlHAAFbl MUQPPIABIK HWHHOBAIMSUIAPFA KOMBLIATHIH
TaJjanTapra TOJBIK Jkayan 6epeni. MoaynbaiK KYpbUIbIM MEH 3aMaHayH TEXHOJOTUsUIBIK cTek (Django
+ Next.js) apkacblHIa KellelekTe OyFaH jXacaHAbl WHTEIUICKT DJIEMEHTTEpiH e KOCHIM, OiliM
camachlH OflaH CaibIH JKakcapTyFa 6onass [10].
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KopsIThIHABI

Ocbl 3epTTey JKYMBICHI asChiHAA 013 3aMaHayl BEO-TEXHOJIOTUSIAP/Ibl KOJIAHBII, aBTOPIIbIK
OHJIAMH OKBITY TUIAT(GOPMACBIHBIH KYMBIC ICTEUTIH YATICIH jk00anar, jkacarn mblFapablK. JKyprizren
KYMBICTapbIMbI3 O€H HOTHXKEJepiMi3re CyleHe OThIPHIN, MbIHAAAN TYXKbIPbIMIApFa KEJIIK:

bipinminen, Python tini men Django ¢peliMBOpKiHE HEri3/1eNreH MOIY/IbIIK apXUTEKTYpa —
OuTiM TUIaTGopMaIapbIHBIH, CEHIM/II, Kayilci3 opi macimTaOTanaThlH OONMYbIH KaMTaMmachl3 €TETIH
THIMJI Kypad eKeHi nonmenneHai. ApXHUTEKTypana IepeKTepli eHAey aiaropurMaepi MeH utils
MOZYJIbJIEpiHIH OOyl KOATHI peTTell, MIaT(OpMaHbIH KbIIIaMAbIFbIH aPTTHIPbL.

Exinmminen, mnaijanaHymsiapAblH KeIJIeHrei uepapXxusachiHa (9Kimim, yiibIM, aBTOp,
OKYIIIbl) KYPBUIFaH POJIJIIK MOJCIb OKY IPOIECiH OacKapyabl MKeMIi opi bIHFaiIbl eTTi. Jlepekrep
KOpbIHJaFbl OainanbicTap MeH JWT apKbUTbl )KYpeTiH ayTeHTH(DUKALUS Tai1ananyiibl IepeKTePiHiH
OymiHOeyiHe Je, KYIUSIbUIBIFbIHA 12 KeMAIK Oepe/i.

YuriamniaeH, Next.js TeXHOJIOTHSCBIMEH KacayiFaH MHTep(eic OKy MaTepuaiapblH KOPCETY
MEH UHTEPAKTUBTI TarlCbIpMaJlap bl OPbIHIAY/bIH KbUIIaM/IbIFbIH aliTapIbIKTal apTThIP/Ibl. OCBIHBIH
apKachlHJa KalIBIKTAaH OKUTHIH aJaMJap YIIiH KOJDKETIMII opl KaMTYIIBl OKYy OPTAacChlH KypyFa
OoJ1aabl.

bi3miH 3epTTeyaiH MPaKTHKAIBIK MOHI OYJI m1aTr)OpMaHbl HAKTHI OKY OPBIHAAPBIH/IA, OUTIKTLTIK
KOTepy OpTajJbIKTapblH/Ia, TIOTI JKEKe aBTOPAbIH KypCTapblH YHBIMIACThIpFaHJa JAa JalblH
TEXHOJIOTHSUIBIK IICHIIM pEeTiHJIe Nainananyra Oomaasl. AJgarel yakeITTa 013 OYI1 )KYHEHi yKacaH Ibl
MHTEJUIEKT Her131H/1er1 aJalTUBTI OKBITY aITOPUTMAEPIMEH TOJBIKTBIPCAK, OH/Ia OKYIIBUIAP/IbIH KEKe
TPAEKTOPUSCHI TOJIBIK aBTOMATThI TYPAE KypajnaTbiH Oomnaasl [11].
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PA3PABOTKA BE3OIIACHOM U SEO-OIITUMU3NPOBAHHOM OBPA3OBATEJIHLHOMN
IJIAT®OPMbBI HA OCHOBE COBPEMEHHBIX BEB-TEXHOJIOT I

AHHOTAUA

B 3TOM HccnenoBaHMN MBI CIPOEKTUPOBAIM CBOIO COOCTBEHHYIO aBTOPCKYIO OHJIaWH-IIardopMy IUis
00y4eHUsI, UCTIONIB3Ysl COBPEMEHHBIE BEO-TeXHOJIOruU. [aBHas 3amaya — OOBACHHUTH, KAK TEXHUYECKU ITY
mwiatopMy MOXKHO peann3oBarhb. Ceifuac, Bo BpeMsi LU(POBOH TpaHCPOpMAlMM, CUCTeMa 00pa30BaHUs
cIbHO MeHseTcsl. [103ToMy MBI paccMOTperH BOIPOCH! CO3aHMsI OBICTPOH, MacmTabupyeMoil u 6e3omacHoit
LMS (cuctemsr ynpapnenust o0ydenrneM). B kauectBe mporpaMMHoi ocHOBBI BeIOpanu Python 1 Django. Mbt
MPUACPKUBAIHACH MOTYJILHOH apXUTEKTYpBl — 3TO MO3BOJIHIIO pa3padarhiBaTh OTACIbHbBIC YaCTH OTACIBHO, a
noroM cobpares ux BoeauHo. Ha mmardopme crnenmanu ympasieHue Uisi TpEX YpOBHEH MOJIb30BaTelieil:
aJIMUHHCTPATOPBI, aBTOPbI M YYEHUKHU. Takke Mbl CO3aIl MOJENb, I1e yuyeOHbIe MaTepuallbl OpraHU30BaHbI
HepapXxuYecKy — TO €CTh KypChl, BHYTPU HUX pa3/elibl, a BHYTPH pa3nienoB — ypoku. OpoHTeH caenany Ha
Next.js ¢ ucnons3oBanneM SSR (Server Side Rendering). braromapst sTomy mnTepderic padoraer OvICTpO,
IUTIOC YIYYIIAIAch BHAUMOCTD 1t mouckoBbix cucteM (SEQO). lns 6e3omacHocTH MBI Bictionb3oBamd JWT
IIPOTOKOJI BMECTEC CO BCTPOCHHBIMU 3AIIUTHBIMU MEXaHU3MaMH Django. B wutore IMOJIY4YUJIOCh KOMIIJICKCHOC
nporpaMMHoe perieHre. OHO MO3BOJSET CO3[aTh MHKIIO3UBHYIO y4eOHYIO Cpely, coOMparh CTaTUCTUKY O
JNEUCTBUSIX CTYIEHTOB, KOTOpBIE ydarcs IMCTAHLMOHHO, M ABTOMAaTHYECKH IOACTPAauUBaTh UX YUIEOHBIN
MapuipyT. HpaKTqucxax I10JIb3a B TOM, UTO HAIlly MOJCJIb MOXHO BHCAPATE B pC€AJIbHBIX y‘I€6HbIX 3aBCACHUAX
KaK CaMOCTOSITENIbHYIO CUCTEMY I OOyUYeHHUSL.

KuroueBble ci10Ba: o6pasoBaresbHas miarhopma, LMS, Be6-rexnonorun, Django, Python, moxysbHas
apXHUTEKTypa, MOAEH JaHHBIX, Next.js.

S.B. Atazhonova
PhD in Pedagogical Sciences, Associate Professor of the Department of Information Technology,
saida_atajonova@astiedu.uz , Andijan State Technical Institute, Andijan, Uzbekistan

DEVELOPMENT OF A SECURE AND SEO-OPTIMIZED EDUCATIONAL
PLATFORM BASED ON MODERN WEB TECHNOLOGIES

Abstract

In this research, we designed our own custom online learning platform using modern web technologies.
Our main goal was to figure out and explain how to technically build such a platform. Right now, with all the
digital transformation going on, the education system is changing fast. So we looked into creating an LMS
(learning management system) that's fast, can handle many users at once, and is also secure. We chose Python
and Django as the programming base. We went with a modular architecture — that way, we could build each
part separately and then put them together later. On the platform, we developed algorithms to manage three
levels of users: admins, authors, and students. We also built a model that organizes learning materials in a
hierarchy — like courses, then chapters, then individual lessons. For the frontend, we used Next.js with SSR
(Server Side Rendering). This made the interface really fast, and it also improved SEO. For security, we
combined the JWT protocol with Django's own built-in protection mechanisms. In the end, we got a full
software solution. It helps create an inclusive learning environment, track and analyze what remote students
are doing, and automatically adjust their learning paths. The practical value is this: our model can be deployed
in real educational institutions as a standalone teaching system.

Keywords: learning platform, LMS, web technologies, Django, Python, modular architecture, data
models, Next.js.
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WHTEJUIEKTYAJIBHASI CACTEMA JUATHOCTHUKHU COCTOSIHUAS BOPTOBOM
BBIYNCJIMTEJIBHOM CUCTEMBI

AHHOTAIINA

B crarbe paccmarpuBaeTcs 3aqada TUarHOCTHKH COCTOSIHUSI OOPTOBOM BBIYHCIUTENILHON CHCTEMBI B
YCIIOBHAX W3MEHSIOIUXCSI HAarpy30K M HEOIPEAEICHHOCTH BXONHBIX HaHHBIX C LEJbI0 IOBBILICHUS
JOCTOBEPHOCTH NPUHMMAaeMbIX pemeHuil. s e€ pemeHus npeasiokeHa WHTEIUIEKTyalbHas CHCTEMa,
OCHOBaHHAasA Ha HCIOJIb30BAHHMU MNPOAYKIMOHHBIX IIpaBWJI U 3JICMCHTOB HEYETKOM JIOTHKHU. BI)II[CHGHI)I
MUArHOCTHYECKHE TapaMeTphl, BKIFOYAMOMNe KOd(DOUIMEHT 3arpy3Kd, BpeMms o0paboTku HH(GOpMAIIWH,
MOTPEIIHOCTD ¥ HAIWYKE OMKNOOK, Ha OCHOBE KOTOPBIX chopMupoBaHa 0a3a 3HAHUI U pealn30BaH MEXaHU3M
JJOIT'MYC€CKOI'0 BbIBOJAA AJIsA KJ'IaCCI/I(bI/IKaHI/II/I PEKHUMOB (l)yHKHI/IOHI/IpOBaHI/Iﬂ. HoBusna Imoaxoaa 3aK/JIr4acTcsa B
COYCTAaHUHN MPOAYKIHMOHHBIX ITPAaBUJI U HEYeTKOU HHTCpHpETAllU MapaMETPOB, YTO IMO3BOJACT YUHUTHLIBATH
pa3sMbITble TPaHMLBl MEXIY COCTOSIHMAMH CHcTeMbl. PaspaboTaHa mporpaMMHas —peaju3anus,
o0ecrieunBaroIasi BBOI [AHHBIX, BBHINOJHEHUWE aHAIW3a W BHU3YaJU3alMI0 PE3yNbTaToB. Pe3ynbrarsl
MOJICTTUPOBAHUS [TOKA3aJI KOPPEKTHOCTh PabOTHl AITOPUTMA, YCTOMYMBOCTD JUATHOCTHUYECKUX pPEIICHUN U
CHMIKCHUE BEPOSITHOCTH JIOKHBIX NIEPEXOI0B MEXKY COCTOSTHHAMHU.

KiroueBsble cjioBa: 60pTOBasi BHIYUCIUTENLHASl CUCTEMA, JHATHOCTHKA COCTOSHHSI, HHTEIUICKTYaIbHAs
cucTeMa, 0aza 3HaAHWM, MPOAYKIMOHHBIE MpaBWiIa, HEYETKas JIOTHKA, JIOTMYECKUH BBIBOJ, MPOrpaMMHas
peanusanysi, aHaJIu3 MapaMeTpoB, YCTOWYMBOCTb CUCTEMBI.

Beenenue

CoBpemenHble OopToBble BblUMcHUTENbHbIE cucTeMbl (BBC) sBisioTCS  KIIOUEBBIMU
SIIEMEHTAMU YIIPABIIEHUS CIOKHBIMH TEXHHUUYECKHUMH OOBEKTaMU M (PyHKIIMOHHMPYIOT B YCIOBHSX
M3MEHSIONINUXCST HArpy30K, OTPAaHWYEHHBIX BBIYUCIHUTEIBHBIX PECYpPCOB M HEOINPEIACICHHOCTH
BXOAHBIX JaHHBIX [1]. B 3TuX ycinoBuAX BO3pacTaeT 3HAUUMOCTh 3a/1a4 CBOEBPEMEHHOW H
JIOCTOBEPHOM JIMATHOCTUKH COCTOSIHMSI CHUCTEMBI. |paJUIIMOHHBIE METOABl JMArHOCTHKH,
OCHOBaHHBbIE HAa (PUKCHPOBAHHBIX MOPOTOBBIX 3HAUEHUSX MapaMeTpoB, 007alal0T OTPaHUYECHHOM
THOKOCTHIO Y HE MO3BOJISIIOT B TIOJTHOM MEPE YUYUTHIBATh NIEPEXOAHBIC PEKUMBI (YHKITMOHUPOBAHMUSL.
B pesynbrare 3T0 MOXKET MPUBOAUTH K CHUKEHHUIO TOYHOCTH OLIEHKH COCTOSIHUS CUCTEMBI, 0COOEHHO
MIPU HAJIMYUHW HETIOTHOW MJIM MCKaKeHHOW MHpopMannu. B kadecTBe aqbTepHATUBBI IPUMEHSIOTCS
WHTEJUJIEKTyaJbHble METOJbl, OCHOBAHHBIE HA WCIOIB30BAaHUM 0a3bl 3HAHUH M MEXaHU3MOB
JIOTUYECKOTO BBbIBOJA. DKCIEPTHBIE CUCTEMBI MO3BOJISAIOT (POPMATU30BaTh 3HAHUS CHELMATUCTOB B
BH/I€ IPOAYKIIMOHHBIX MPABIII M 00€CTIEUNBAIOT HHTEPIIPETUPYEMOCTh TPUHUMAEMBIX PEIICHUH, YTO
MMeeT TPUHIMINAIBLHOE 3HAUYCHHWE JUIsl NTUarHOCTHYecKkuXx 3anad [2, 3]. JlanmbHeiimee pa3ButHe
JTAHHOTO HaMpaBJICHHsI CBSI3aHO C TPUMEHEHUEM HEUeTKOW JIOTUKHU, 00eCIIeunBaroleil BOZMOKHOCTh
00pabOTKH HEOIPENENeHHBIX U JIMHTBUCTUYECKH OMUCHIBAEMBIX JaHHBIX [4 - 6]. Mcnons3oBanue
(GYHKIMH TPUHAUICKHOCTH TIO3BOJSET OTKA3aThCs OT JKECTKUX TPAHUIl MEXKAY COCTOSHUSIMH M
nepetu Kk Oosee THOKOW OlLIEHKE MOBENEHHSI CHUCTEMbI, YTO OCOOEHHO Ba)XKHO IS OOBEKTOB C
HEMPEPBIBHO HM3MEHSIOIMMHUCS mapaMeTpaMu. COBPEMEHHbIE WHTEIUIEKTYaJbHbIE CHCTEMBI
JTUArHOCTHKUA BCE dYallle CTPOATCS HAa OCHOBE COYETaHUs MPOMYKIIMOHHBIX TPABUJI W METO/IOB
HedyeTkoro BbiBozja [7, 8]. Takoi moaxoa MO3BOJSET MOBBICUTH YCTOWYMBOCTb NMPUHUMAEMBIX
pelIeHuid MpU BapbUPOBAHUU BXOJIHBIX MapaMeTpPOB M YUYHUTHIBATh HEOMPEIECICHHOCTh MCXOAHBIX
naHHbIX. BMmecte ¢ TeMm, HECMOTpsI Ha HaJIMYKMe 3HAYMTENIbHOTO YHUCJa UCCIEIOBAaHUWA B JaHHOU
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00J1aCcTH, 33/1a41 MOCTPOCHHS] KOMIAKTHBIX M UHTEPIPETUPYEMBIX MOJIENIEeH, OPUEHTHPOBAHHBIX HA
aHamu3 (YHKUMOHMPOBAaHUS OOPTOBBIX BBIYMCIUTEIbHBIX CHUCTEM, OCTAIOTCS HEIOCTATOYHO
npopaboTaHHbIMH. B wacTHocTH, TpeOyercss pa3paboTKa MOIXOAOB, COYETAIOUIMX MPOCTOTY
peayinzalum, HaIAJHOCTh U BO3MOXKHOCTb paclIMpeHus 0a3bl 3HaHU.

Ha ocHOBaHMHM BBIIIEU3IOKEHHOTO B CTarb€ paccMaTrpuBaeTcs 3ajada pa3paboTKu
UHTEJUIEKTYaIbHOH CHUCTEMbl JAMAarHOCTHKU COCTOSIHUS OOPTOBOM BBIYMCIMTENBHOW CHCTEMBbI Ha
OCHOBE MPOAYKIIMOHHBIX IPABHJI M 3JIEMEHTOB HEUYETKOM JIOTMKU C IOCIEAYIOIIEH OLIEHKOW €€
3¢ HEeKTUBHOCTH.

MarepuaJibl 1 METOABI

Teopemuyeckuii ananu3. bopToBas BBIUUCIUTENbHAs CHCTEMa pAcCMaTpUBAaeTCs Kak
JMHAMUYecKas cucTreMa, (PYHKIMOHMPOBAHHE KOTOPOW OMpPEIENseTCS COBOKYIMHOCTBHIO BXOIHBIX
JAHHBIX, BHYyTPEHHETO COCTOSIHUS U YIIPABISAIOIINX Bo3ieHCTBUNA. O000IEHHASI MOAETh MOXKET OBbITh
MIpeJICTaBIEHA B BUJIE 3aBUCHMOCTH:

Y (1) = F(X(1),2(1),0), (1
rae X (t) — COBOKYNHOCTh BXOJHBIX JaHHBIX, IOCTYHAIOIIUX OT JaTYUKOB;
Z (t) — Tekyl1lee BHyTPEHHEE COCTOSIHUE CUCTEMBI;

6 -mapaMeTpbl, XapaKTepU3yIoIe 0COOCHHOCTH €€ (PyHKIIMOHUPOBAHUS;
Y (t) — dopMupyemble YIPaBISAIOMINE BO3ICHCTBUS.

JJis aHanu3a COCTOSIHUS CUCTEMBI BbIJIETICHBI KIIIOUEBbIE TMarHOCTUYECKHE mapaMeTpsl [1]:

1) ko3 unreHT 3arpy3Ku BBIYUCIUTENBHOM cructeMbl U; 2) Bpems 00paboTku MHPOpMAITIH
Tyrocs 3) BENMYMHA BBIYMCIMTENLHONW MOrpemHoctd  A; 4) Hanuuue ommboOK U cOoeB B pabore
OTIEIBHBIX MOJYJIEH.

BriOpanHble MMoKa3zaTesd MO3BOJSIOT CYAUTh KaK O OBICTPONEHCTBUU CUCTEMBI, TaK M O €&
YCTOMYMBOCTH K BHEITHMM W BHYTPEHHUM BO3IEHCTBHSAM. Ha OCHOBE yKa3aHHBIX IapamMeTpoB
chopmupoBaHa 6a3a 3HaHWI B BUJE MPOAYKIIMOHHBIX MpaBUil [2, 3], ONUCHIBAIOIIUX Pa3TUYHBIC
peXUMbI QYHKIIMOHUPOBAHUS CUCTEMBI (Tabnmuua 1).

Tabnuma 1 - baza npoayKIIMOHHBIX MPaBHII

Ne | Yenosue (ECJIN) 3axmouenue (TO) CocrostHue

1 |U<0.7UA<0.05U Ty < cucrema paboTaeT KOppeKTHO HopmansHoe
100 mc

2 10.7<U < 0.85M Tpyppe < 120 mc JIOIycTUMas 3arpy3ka PaGouee

3 |U>0.85UTy, > 120 Mc neperpy3ka CUCTEMBI [TeperpyxenHnoe

4 | U>09UTyoc > 150 Mc KpUTHYECKAs NIeperpysKa Kpurnueckoe

5 |A>01 BBICOKAs ITOTPELITHOCTh HecrabunbHoe

6 |A>0.051MA<0.1 yYMEpEHHas MOTPEIIHOCTh Honyctumoe

7 | Tproc > 150mc 3aziepkKa 00paboTKH 3amemieHHOe

8 | ommOKM nepeaayn JaHHBIX HapyleHue oOMeHa Cooit

9 | oTKa3 BBIYMCIUTEIBHOTO MOAYIS cucreMa He (PYHKIIMOHUPYET OTka3

10 | U > 0.8 U ommlbku nepenauu neperpyska ¢ omuoKaMu Kpurnueckoe
JTAHHBIX

11 | U < 0.6 U Tproc > 130Mmc HeaekTuBHOE Hcnonb3oBanue | Headdexruruoe

pecypcoB
12 | A > 0.08 U omnbxu HecTaOmiIbHas paboTa HecTabunbHoe
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[Ipu ananmu3e (QYHKIUMOHUPOBAHUS OOPTOBOM BBIYUCIUTENBHOW CHUCTEMBI 3HAYCHUS
[apaMeTPOB U3MEHSIOTCS B IIMPOKUX IIPeesax U He BCEraa MOI'yT ObITh OJIHO3HAYHO OTHECEHBI K
«HOPMAaJIbHBIM» WJIN «KPUTUYECKUMY, BCIIEICTBUE YETO IPAaHULIBI MEXKITY COCTOSIHUSIMU OKa3bIBAIOTCS
pasmbIThIMU. [l omMcaHus MOJOOHBIX CHUTyallud IapaMeTpbl HHTEPHPETUPYIOTCS B BUAE
JMHTBUCTHYECKUX TEPEMEHHBIX («HHU3KHUID, «CPEIHUI», «BBICOKHUIN), UTO MO3BOJISET Oosiee THOKO
OLIEHUBATh COCTOSIHME cucTeMbl (Tabnuua 2). To ecTh NpUMEHEHHE 3JEMEHTOB HEYETKOW JIOTUKU
obecrednBaeT yu€T HEONPEASIIEHHOCTH BXOAHBIX TaHHBIX [4 — 6].

Tabnuua 2 - JIMHrBUCTHYECKHE IEPEMEHHBIE TMarHOCTUYECKUX ApaMETPOB

[TapameTp O06o3HavYeHNE JIMHrBUCTHYECKHE 3HAUCHUS
Koaddumment 3arpysku U HHU3KUH, CPEIHUM, BBICOKHUI
Bpewmst 06paboTku Toroc MaJioe, I0IyCTUMOE, OOJIBIIOe
[TorpemHocTs A Masnasi, CpeHss, BRICOKast
Omumbku - OTCYTCTBYIOT, IPUCYTCTBYIOT

AJNTOpUTM HMHTEIJIEKTYaJIbHOIO aHAIM3a COCTOSIHHMSI OOPTOBOW BBIYMCIUTENIBHON CHCTEMBI
OPUEHTUPOBAH Ha MOCJEI0BATENbHYI0 00paOOTKy IMAarHOCTUYECKUX IapaMeTPOB C MOCIEIYHOIUM
(dbopMHpOBaHUEM 3aKIIOYCHHS O TEKylmeM pexkume e€ (yHKunoHupoBaHus. llpencraBieHHas
IPONYKIMOHHAas 0a3a 3HAaHWH HAa OCHOBE HEYETKUX 3HAYEHUI MO3BOJISIET YCTAHOBUTh COOTBETCTBUE
MEX/1y 3HaUCHUSIMU [TapaMETPOB U COCTOSIHUEM CHCTEMBI.

Okcnepumenmanvuas yacme. JlJis NPOBEPKU IPEUIOKEHHOIO Mojaxoaa Oblia pa3paboTaHa
MO/JIeNIb MHTEJJIEKTYaIbHON CUCTEMBI TMarHOCTUKH M OCYIIECTBIIEHA €€ IIPOrpaMMHasl peaanu3alusl.
IIporpaMMHas MOzENs peanu30BaHa IO MOAYJIBHOMY INPHHLMILY M BKJIHOUYACT B3aMMOCBA3aHHbBIE
(YHKIMOHAIbHbIE KOMIOHEHTHI (PUCYHOK 1).

86



Onymycmik Kasaxcman 2einvim Kapuwvicol - Becmuux nayku FOocnozo Kasaxcmana - South Kazakhstan Science Herald

Ne2 (34) 2026
Mgyl BEBHS CTpyKTypa nporpaMMHON Moaenu
AaHHbIX

| m BBsog MCXOAHBIX
napameTpos

m [poBepka KOPPEKTHOCTH
AaHHbIX

MHTenneKTyaanaﬂ
_ANarHocTnyeckaa cmcrema

% Mopaynb 06paboTku
il vudopmaumm

r Mogaynb
“'&O BU3yanusauum

L3 Moaynb m Otobpaxerue
|

® [loaroToBka u npuseaexHve

AOaHHbIX K HY)XHOMY BUAOY pe3ynbTaToB aHanusa

Nnorn4yeckoro eBbiBoga

® Bbiumcnenue m [paduyeckoe
AONONHUTENbHbIX ] KnaCCMq)VIKaLlMﬂ COCTOAHUA npeacrasneHne AaHHbIX
XapakTepucTuk (npun CUCTEMBI

HeobxoauMocTY) m AKTUBU3aLMA NPOAYKLMOHHbIX
npaeun

Pucynok 1 - CtpykTypa nporpaMMHON MOJIETIN AUArHOCTUPYEMON CUCTEMBI

BBox HCXOOHBIX J@HHBIX IpeIyCMaTpUBaeT 3aJlaHue JAUArHOCTMYECKUX I1apaMeTpoB -
ko3 durrieHTa 3arpy3Ku, BpeMeHH 00paOOTKH, MOTPEITHOCTH M HAIMYHUS OMIUOOK - C KOHTPOJIEM
KOPPEKTHOCTH BBOAMMBIX 3HaueHuH. [IpenBaputenpHas oOpaOoTka HampapiieHa Ha IMpPHUBEICHHE
JaHHBIX K TpeOyeMoMy BHIy W, HpU HEOOXOOUMOCTH, BBIYHCICHHE JIOMOJHHUTEIBHBIX
xapakTepucTuk. OCHOBY CHUCTEMbI COCTaBJIseT OJOK JIOTMYECKOTO BbIBOJA, B KOTOPOM Ha OCHOBE
MPONYKIIMOHHBIX MPaBHII (POPMHUPYETCS AUATHOCTHUECKOE 3aKitoueHue. OToOpakeHne pe3yabTaToB
OCYILECTBIIETCS C MCIIONb30BaHUWEM Trpaduueckoro wuHTepdelica, 00ecrednBaroero BBOJ
nmapaMeTpoB, 3allyCK aHalIW3a W BHU3YAIM3alWIO TIONYYEHHBIX [aHHBIX, BKIIOYas (QyHKIMA
MPUHAIIEKHOCTH.

Peanmmsanus mporpamMmmHoro obecrieueHus BHIONHEHA Ha si3bike Python ¢ mcmonp3oBaHueM
oubnmuorexkn Tkinter ans cozmanus rpagudeckoro uHTepdeiica, a Takke Matplotlib s
BU3yalu3aiy GyHKIMH npruHaaiexxHocTu. [IporpaMMa peann3zoBana B BUE OKOHHOTO MPHITOKESHHUS
¢ rpadpuyeckuM uHTepdelicoMm mnonb3oBarens (PUCYHOK 2), BKIIOYAIONIET0 BKIJIAAKH JUIs BBOJA
JIAHHBIX, BHITIOJTHEHUS aHAJIM3a U OTOOPAXESHHUS PE3yIbTaTOB.
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# VHTennexTyansHaR CHCTEMS AMATHOCTMKY COCTORHMA BBC = o x

{.g AUEZOV

IOKHO-KA3AXCTAHCKHII VHUBEPCUTET
umenn M. AYVI30BA

HHTen IEKTYAJBHAA CHCTEMA JHATHOCTHKH COCTOAHHA
l_)()[]IUBDﬁ BLIMHC/IHTEILHOH CHCTEMBbI

JIRATHOCTHEA Hpasnaa Cepexennn ob asTopax

Beoa napamerpon T'paduk ana U Tpaduk ans A

Kosqmnment 3arpysen U (0-1): 0.60 I'padpnarn pyrxunii npAHEAIICKHOCTH

DYHKUMA NPUHAANEXHOCTH KO3thhULIMeHTa 3arpy3kn U

Bpemsa obpaborkn Tproe (mc): 920

Horpemnocts A: 0.03

™ Hanedse omuGok B paboTe CHCTEMEI = ~
—— Hu3KHR

Cpenmui

PeayabTaT IHArHOCTHKH .
A —— BulCOKWA

HopmanesHOe cocTogHAE

EVERLE]
0.0
OuHCTHTE
0.0 0.2 0.4 0.6 0.8 10
Ipumep KOo3phuumMenT 3arpy3ku U

Crenens npuHaanexHocTh p(U)

Pucynok 2 - Unrepdeiic mporpaMMHON peann3alui UHTEIUICKTYaTbHONH CUCTEMBI IMarHOCTUKH
COCTOSIHUSI OOPTOBOI BHIYUCIUTENLHON CUCTEMBI

OcHoBHas Bknanka «JlMarHocTuka» mpeJHa3HauY€Ha I 3aJaHus IapaMETPOB CHCTEMBI
(koapdunmenTa 3arpy3ku, BpeMeHU 00paOOTKH, MOTPEIIHOCTH W HAJM4YUS OMMOOK) M 3arycka
IpoLelypbl aHalu3a. YIpPaBiICHHE OCYLIECTBISETCS C IOMOIIBIO KHOIOK, OOeCIeYMBarOIUX
BBITIOJTHEHHE IMarHOCTUKH, COPOC JaHHBIX, 3arPy3Ky TECTOBBIX 3HAUEHUI U NMOCTpOeHuE rpaduxkoB
(byHKLIMH MPUHAIIIEKHOCTH. Pe3ynbrarsl 0ToOpakaroTcst B TEKCTOBOM (hopMe ¢ yKazaHHEM TEKYILEro
COCTOSIHUSI CUCTEMBI (HOpMaJIbHOE, pabouee, eperpyKeHHOe UM KPUTUIECKOE) U COIIPOBOXKIAIOTCS
BU3yaJIbHON HHAMKaLMel. JlononHuTensHo peann3oBaHa rpadudeckas HHTEpIpeTanus napaMmeTpos,
MTO3BOJIAOIIAs OLIEHUTh UX NMPUHAJIEKHOCTh K JMHTBUCTUYECKUM 3HaueHusM. Bxianka «IIpaBuna»
colep’)KUT Oa3y 3HaHUM, a Bkiaaka «CBeleHus 00 aBTOpax» - MHGOpMaIMIO O pa3paboTymKax
CHCTEMBI.

B pamkax DOCTpO€HHS DSKCIIEpUMEHTA MCIIOJIB30BAHBI I1APAaMETPBI, € 3aJaHHBIMU
JMarna3oHaMy COIIaCHO TUMUYHBIM XapaKTEPUCTUKAM BBIYMCIUTEIbHBIX CUCTEM:

e U:o0r0.1 101.0;

®  Tyroc: 01 50 0 200 mc;

e A:010.01 100.1;

e omuoku: 0 - OTCYTCTBYIOT, 1 - MPUCYTCTBYIOT.

JlJis TIOBBIILIEHUS! HAIVISIIHOCTH M BOCIIPOM3BOJUMOCTHU SKCIIEPUMEHTa ObLTU CHOPMUPOBAHBI
KOHKpETHbIE HaOOPbI BXO/IHBIX JIaHHBIX, IPEACTaBIECHHbIE B Ta0OmuIe 3.

B xoze skcnieprMeHTa paccMaTpUBAINCh OCHOBHBIE PEKUMBI (PYHKIIMOHHUPOBAHUS CHCTEMBI:
HOpPMaJIbHBIN, palOouMii, NeperpyKeHHbI, HECTAOWJIBHBIN W KPUTHYECKUH, OTIMYAIOIIMecs
3HAaYEHUSIMH KO3(PPHUIIMEHTA 3arpy3KH, BpeMEHU 00pabOTKH, MOTPEIIHOCTH U HaJTMYKUEM OLINOOK.
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Tabnuua 3 - VicxonHble 1aHHbIE ISl SKCIEPUMEHTA

Ne U Tyroc (MC) A Omunbxu Pesynbrar cuctemsl
1 0.30 70 0.02 0 HopmanbHoe
2 0.45 90 0.03 0 Hopmanbaoe
3 0.60 110 0.04 0 Pabouee
4 0.75 130 0.05 0 IleperpykeHHOE
5 0.85 150 0.06 0 IleperpykeHHOE
6 0.55 120 0.08 0 HecrabunbHoe
7 0.70 140 0.09 1 Kpurnueckoe
8 0.90 180 0.10 1 Kpurnueckoe

AHaiu3 pe3ynbTaToB MOJEJIMPOBAHMS I0Ka3ald, 4To pa3paboTaHHas CHUCTEMa aJIeKBAaTHO
pearupyer Ha M3MEHEHHE BXOAHBIX MapaMeTpoB M (OPMHUPYET ITUATHOCTUYECKOE 3aKIIOYCHHE B
COOTBETCTBUM C 3a7aHHOW 0azoil 3Hanuii. [Ipu yBenuuenun koddduuuenta 3arpy3ku U BpeMeHH
00pabOTKM TMPOUCXOAUT MEPEX0J]] CUCTEMBI OT HOPMAJIBHOTO pEeXuUMa K paboueMy W Janee K
NEPErpyKEHHOMY COCTOSIHUIO. IIOBBIIIEHHE MOIPEIIHOCTH CONPOBOXKAACTCS HACHTUUKALMEN
HECTaOMIIBHOTO PEKMMa, TOTAA KaK MOSIBIICHHE OIIMOOK MPUBOIUT K PACTIO3HABAHHIO KPUTHUECKOTO
cocTosiHus. Bo Bcex McciaeloBaHHBIX ClieHapUsax padoTa alropurMa COOTBETCTBOBAJIA OXMJIAEMOMN
joruke (YHKIIMOHUPOBAaHUS. YCTAHOBJIEHO, YTO HauOOJbllee BIUSHUE HA MTOI JUArHOCTUKU
OKa3bIBAOT KOA(QGHUIMEHT 3arpy3Ku U BpeMsi 00paboTKu HH(pOpMALIKH, B TO BPeMs KaK IOTPEIIHOCTb
B OOJIBIICH CTETIEHN OTPaXKaeT YCTOWYMBOCTh (PYHKITHOHUPOBAHUS CHCTEMBI.

Pe3yabTarhl M X 00cyXKIeHHe

Pesynbrarel MopenMpoBaHUS TOKa3ald, YTO pa3paboTaHHAas WHTEIUICKTyalbHas CHUCTEMa
o0ecrieyrBaeT KOPPEKTHOE OIpeesIeHue COCTOSHUS OOpPTOBOM BBIYMCIHUTENBHOM CHUCTEMBI MpPHU
Pa3IMYHBIX COYETAHUSAX AMArHOCTMUECKHX MapaMmeTpoB. B Xoze skcrepuMeHTa aHaJIM3UPOBAINCH
PEKUMBI, OTAMUaromMecs Kod(hGUIMEHTOM 3arpy3kd, BpeMeHeM oOpaloTKH HH(OpMAIHH,
BEJIMYMHON BBIYMCIUTEIBHON MOrPENIHOCTH M HaJW4MeM OLIMOOK Iepenadd AaHHbIX. McxomHbie
JIaHHBIE U COOTBETCTBYIOIINE pe3yIbTaThl IMarHOCTUKH MIPUBEACHBI B Tabnuie 3.

AHanu3 SKCIEPUMEHTAIbHBIX JAHHBIX MOKA3aJl, YTO MPU HU3KUX 3HAYCHUSIX KOAPPUIEHTa
3arpy3kd M BpeMeHM o00paboTku cucteMa (YHKIMOHMpPYET B YyCToMuumBOM pexume. s
skcnepuMeHTOoB Nel m No2 nuarHoCTHYECKUH MOAYJb OIpPENENSl COCTOSHME KaK HOPMAaJIbHOE,
MOCKOJIBKY KO3 pUIMEHT 3arpy3ku He npesbian 0.45, a Bpems 00paboTku octaBanock MeHee 100
Mc. [Ipu 3TOM BBIUMCIUTENBHAS MOIPEIIHOCTh HAXOAMUJIACh B MpeaesiaX JOMyCTUMBIX 3HAUYCHHH, a
OIMOKH Tepeaayu TaHHBIX OTCYTCTBOBAJIU. [1010OHBIN peKUM COOTBETCTBYET CTAOMIIBHOW padoTe
BBIUMCIIUTENILHOW CUCTEMBI IPU AOIYCTUMOM Harpyske [7].

[Ipu yBennuenuun ko3 duimeHTa 3arpy3ku U BpeMeHru o0paboTku HaOIoqanoch u3MeHEeHHe
pexuMa (QyHKIIMOHUPOBaHUSA cuUcTeMbl. B skcnepumente Ne3 cocrosiHue ObUIO OMpPEAENCHO Kak
pabouee, YTO COOTBETCTBYET JOMYCTUMOMY YpPOBHIO 3arpy3kd BBIYHCIUTEIBHBIX PECYPCOB.
JlanbHENIINI pOCT mapaMeTpOB MPUBOAWII K IIEPEXOYy CUCTEMBI B IIEpErpyKEHHOE cocTosiHuE. Tak,
B okcriepuMeHTax Ne4 u NeS mpu koapdunmente 3arpysku 0.75-0.85 u Bpemenu oobpadotku 130-150
MC JIMarHOCTHYECKas cucreMa (pUKCHpOBaja NMPHU3HAKU Meperpy3ku. B 3Tux pexumax Bo3pacTaer
BEpPOSITHOCTh 3aJiep’keK 00paboTku mHbOpMaruu U cHKaeTcss d()PEeKTUBHOCTDh pacrpeneeHus
BBIYMCIIUTENIBHBIX pecypcosB [7, 8].

CpaBHeHHE NPEIIOKEHHOTO MOAX0Ja C TPAJUIMOHHBIM TMOPOTOBBIM METOJOM I10Ka3alio
pasnuure B Xapakrepe (OpMHUPOBAaHHUS AMArHOCTHYECKUX peuieHuil (tabnuua 4). B moporosbix
CHUCTEMax M3MEHEHHE COCTOSIHHS MPOMCXOIUT CKaYKOOOpa3HO MPH JOCTHKEHUU (PUKCHUPOBAHHBIX
3HaueHUi napameTpoB. Vcnonp30BaHNe 371eMEHTOB HEUETKOM JIOTUKH MO3BOJISIET Peain30BaTh Oosee
IUTaBHBIM IEepexo MeXAy pekuMamMH (yHKIHOHHPOBAaHHUS. JTO OCOOEHHO 3aMETHO NpH aHalu3e
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ko3 duIreHTa 3arpy3Kl CHCTEMBI, IPEICTABICHHOIO Ha pUCYHKe 3. B o0macTu rpaHHYHBIX
3HAYEHUI M3MEHEHHME JIUArHOCTUYECKOTO COCTOSHUS MPOUCXOIUT IMOCIEIOBATENbHO, 0€3 Pe3KUX
MEPEXOA0B MEXKIY PEKUMAMH.

CpaBHEHME nooxonoe AWMarHOCTUKK

1.0 1 —— nMoporosslit MeTOq
MpennoeHHblin noaxoa (NnasHbIA)

0.8 |

o
o
1

o
.
1

Mepexon cocToAHNA

0.2 A

0.0

0.0 0.2 0.4 0.6 0.8 1.0
KoathpnuumeHT 3arpyskmn U

Pucynok 3 - CpaBHEeHHE IOPOTOBOI0 U NPEJI0KEHHOTO IMOAXOI0B
10 KO PUITUEHTY 3arpy3KH CUCTEMBI

Tabnuna 4 - CpaBHeHHE METO/IOB TUATHOCTHKU

Kpurepuit [ToporoBblii METOZ [IpennoxeHHbIN MOAX0/
Y4eT HeoNpeaeIeHHOCTH OTCYTCTBYET YYUTBIBAECTCS
['mOKOCTh MPUHSTHSI pelICHUN HU3Kast BBICOKast
UyBCTBUTEIBHOCTh K U3MEHEHUSIM pe3kasi(ckaukooOpa3Hasi) IIJIaBHAs
TOYHOCTBH AMArHOCTUKU 3aBUCUT OT ITIOPOrOB cTaOuibHas
Bo03MOXHOCTB paciiupeHus OrpaHUYEeHHAas BBICOKAsI
HNHTepnpeTupyeMoCTh BBICOKAs BBICOKAs

JIOTIONHUTENbHBIN aHanu3 ObUT BBIMOJNHEH JJIs OLEHKH BIUSHHUS BBIYMCIUTEIHLHON
MOTPEIIHOCTH Ha pe3yNbTaT JUarHOCTHKU. YCTAHOBIIEHO, YTO yBEJIMYEHHE 3HAU€HUs A OKa3bIBaeT
CYIIECTBEHHOE BIMSHUE Ha YCTOMYMBOCTh (DYHKIIMOHUPOBAHUS cucTeMbl. B skcniepumente Ne6 npu
3HaueHun morpemrHocTH 0.08 cucTema ompenenuia COCTOSHHUE KaK HECTAOWIBHOE Jaxe NpH
OTCYTCTBUHM OIIMOOK IMepeAaayd IaHHBIX. DTO CBHJIETENBCTBYET O TOM, YTO BBIUYUCIUTENbHAs
MOTPEIIHOCTh MOXET paccMaTpHUBaThCid KaK IOKa3areidb KayecTBa OOpaOOTKM HHpOpMalUHU U
YCTOWYMBOCTHU PabOThI OTAETBHBIX BBIYMCIUTEIBHBIX MOYJIeH [7]. 3aBUCMMOCTH JMArHOCTUYECKOTO
pelIeHrs OT U3MEHEHUS BRIYMCIUTEIbHON MOTPEIIHOCTH MPEICTaBIeHa Ha PUCYHKE 4.

Haunbonee HeOmaronpusiTHele pPEeXUMbI HAOMIOJAIUCh MPU COBMECTHOM YBEIMUYCHHUU
ko3 uUIMeHTa 3arpy3kd, BpeMEHH OO0pabOTKM W HaIWYuW OMMUOOK Tepenadd JaHHbIX. B
skcriepuMenTax Ne7 u Ne§ cucrema kiaccuuiupoBalia COCTOSHUE Kak KpUTHYecKoe. B maHHBIX
YCIIOBUSX TPOUCXOTUT OJJHOBPEMEHHOE YXY/IIEHNE HECKOJIIBKUX TMarHOCTUYECKUX TapaMeTPOB, YTO
MIPUBOJUT K CHMXKEHUIO YCTOWYUBOCTH (DYHKIIMOHUPOBAHUS BEIUMCIUTEIBHOM CPeJIbl U MOBBIILIEHUIO
BEPOSATHOCTH OTKAa30B OTAEJIBbHBIX Moayiel [8]. IlomyueHHble pe3yapTaThl OKa3bIBAlOT, YTO HAJTUYNE
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OIIHUOOK CYIIECTBEHHO YCHUIMBAET BIUSHUE OCTAIBHBIX TAPAMETPOB U YCKOPSET NEPEX0] CUCTEMBI B
ABAPUMHBIN PEXKUM.

BanaHue norpelwHoCcTU Ha pe3ynibTaT AUarHOCTUKN

1.0 1 —— TMoporosbii MeTOA

Mpeano)eHHbln noaxoa (NnasHbIA)

0.8 A

0.6 1

0.4

Mepexoa COCTOAHUSA

0.2 A1

0.0 1

0.02 0.04 0.06 0.08 0.10
MorpewHocTb A

PucyHok 4 - BiinsiHre BbIUNCIUTEIBHON TOTPEIIHOCTH A Ha pe3yJbTaT JUarHOCTUKU

[IpoBeneHHbI aHaIM3 MOKa3ad, YTO NPUMEHEHHE MPOAYKIMOHHBIX IpPaBUJ COBMECTHO C
JIEMEHTAaMH HEYETKOM JIOTMKHM II03BOJIAET YUMTHIBATh HEOINPEAEIECHHOCTh BXOJHBIX NaHHBIX U
OCOOEHHOCTH TEPEXOAHBIX PEKUMOB pabOTHl CUCTEMBbl. B OTIMYMe OT MOPOTOBBIX METO/IOB
JMarHOCTUYECKOe pelieHue GopMupyercs 6ojee yCTOMUMBO MPH M3MEHEHUH MapaMeTpoB BOIM3U
IpaHUYHBIX 3HaueHui. lcnonb3oBaHnue O0a3bl 3HaHUM 00OECIEYMBAET HHTEPIPETHPYEMOCTh
PE3yNIbTaTOB AUArHOCTHKHU U BO3MOKHOCTb JIaJIbHEHIIIETO pacIMPEeHHs CUCTEMBI 3a CUET 100aBICHHS
HOBBIX MPABUJI U TUATHOCTUYECKUX MTPU3HAKOB.

3akirouenue

B mnacrosieit pabore pa3paboTaHa WHTEIEKTyajbHas CHUCTEMa JAMATHOCTUKH COCTOSIHHS
O0pTOBOI BBIYMCIMTENBHOM CUCTEMbI, OCHOBAaHHAsl Ha MCIIOJIb30BAHUU NMPOAYKLMOHHBIX MPaBUWI U
3JIEMEHTOB He4eTKOM Joruku. [IpennoskeHHblil moaxo ] mo3BoisieT (hopMaan30BaTh IPOLECC aHATTN3a
U YCTaHOBUTH CBSI3b MEXJy IMarHOCTUYECKUMHU NTapaMeTPaMH U COCTOSTHUSIMU CHCTEMBI.

Boigenenue kimroueBbIX mapaMeTpoB (koddduumeHta 3arpy3kd, BpeMeHM 00paboTKH,
MOTPEUIHOCTH ¥ HAJIMYMS OIIMOOK) MOCITY>KUI0 OCHOBOM /7151 TIOCTPOEHUS MTPOLETYPhl IUATHOCTHKH.
[IpencraBienue 3HaHUM B BUAE TPOAYKLHOHHBIX TPABUII IO3BOJIMIIO OMUCAThH XapaKTePHbIE PEXKUMbI
(YHKLIMOHUPOBAHUS U 33/1aTh COOTBETCTBHUE MEXKIY 3HAUCHUSIMU TTapaMeTPOB U IUarHOCTHUECKUMU
cocTostHUsIMU. Vcrionb30BaHNE HEYETKOM JIOTUKHM 00ecredrBaeT Mepexos oT KECTKOTO pa3ziesieHus
COCTOSIHMH K OoJsiee riOKoi MHTEepIIpeTalluy Pe3yJIbTaToOB, YTO OCOOEHHO Ba)KHO MPH aHAIN3E CUCTEM
C HENpephIBHO H3MEHSIONIMMHUCS TMapamMeTpaMmu. Peanu3oBaHHBIM — anroput™M  (GopMHpYeET
JMAarHOCTHUYECKOE 3aKJIIOYeHHEe TIPU HEBBICOKMX BBIUMCIUTENbHBIX 3arpartax. [Iporpammuas
peanuzanus NOATBEP)KIAET MPUMEHUMOCTh Pa3pabOTaHHOTO pelleHus U oOecrednBaeT ynoOHoe
B3aMMOJICHCTBHE  TIOJIB30BATENsl C  CHCTEMOW. Pe3ynprarbl  MOZEIMPOBAHUS  MOKa3aJIH
COITIaCOBAHHOCTh NPUHUMAEMBIX PELIEHUI NPU W3MEHEHUHU BXOIHBIX MApAMETPOB. YCTAHOBIEHO,
YTO ONpEAeNsAolIee BIUSHIE OKa3bIBaOT KOA(GGUIMEHT 3arpy3Kd U BpeMs 00pabOTKH, TOT/AA Kak
MOTPEUIHOCTh M HAJTMYKE OUIMOOK OTPaXKalOT MEpeXo/ CUCTEMbl B HECTAOMIIbHBIE U KPUTHUECKUE
cocTosiHus. CpaBHEHHE C TOPOTOBBIMU METOJJAMH BBISIBUJIO O0JIee YCTOIHUNBOE OBEJCHUE CUCTEMBI,
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0Cc00eHHO BOJIM3M IPaHUYHBIX 3HAYEHUH, YTO MMO3BOJISIET MOBBICUTH JOCTOBEPHOCTD JUATHOCTHKH H
CHM3UTb BEPOSTHOCTb JIOXKHBIX IIEPEXO0B MEKAY COCTOSHUSIMH.

PazpaboranHoe pemieHHe MOXKET OBITh HCIOJNB30BAHO IPH CO3JAHUM WHTEIUIEKTYaJIbHBIX
CHCTEM MOHUTOPUHIA U TUATHOCTUKH CIIOKHBIX TEXHUYECKHX OOBEKTOB.
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BOPTTHIK ECENTEY )KYHUECIHIH KAFJAVBIH AUAT' HOCTHKAJIAYFA
APHAJIT'AH HHTEJVIEKT YAJIAbI ’)KYHUE

Tyiiin

Makanana e3repmelti )KyYKTeMesep KoHe Kipic IepeKTepiHiH Oenrici3airi skaraibiHaa O0PTTHIK ECENTEY
JKYHECIHIH KYHIH TUarHOCTUKAaJay MOCeIIeCi KapacThIPhLIA b, OHBIH MAaKCAThl — KAOBUIIAHATHIH MICITIMICPIIH
CeHIMINTiH apTTeipy. Ocbl MIHIETTI WIemy VIIiH MNPONYKIMSIIBIK €peXkelep MEH aHblK eMec JIOTHKa
SNIEMEHTTEPiH MaiilalaHyFa HeTi3/1eNITeH MHTEeJUICKTYaJI/Ibl XKYiie YChIHBIIFaH. [[HarHOCTHKAIIBIK ITapaMeTpiep
peTiHae xykreMe Kod(hQUIMEHTI, aKnapaTThl eHIEY YaKbITHI, KaTeliK IIaMachl KOHE aKaylapIblH OOIyBI
AHBIKTAJIBII, COJNAp HeTi3iHae OuniMaep 0azackl KYpbUIBIM, KYHEHIH )KYMBIC PeXKUMAEPIH JKIKTeyTe apHAIFaH
JOTUKAJIBIK KOPBITBIHIBI IIBIFApY MEXaHW3Mi JKY3ere achIpbUIFaH. YCBHIHBUIFAH TOCUIMIH IKAHAJBIFBI —
MIPOAYKIHMSIIBIK epekeiep MeH MmapaMeTpiepAiH aHbIK eMeC WHTEepPIPETalUsICHH YilecTipyinae, Oy xyie
KYHJepi apachlHAarbl HaKThl €MeC IIeKapaiapiabl ecKepyre MYMKIiHAIK Oepemi. JlepekTepai eHridy, Taimay
KYPrizy JKOHE HOTWXKENEpIl BU3yalM3alusulay[bl KaMTaMmachl3 €TETiH OarmapiaMalblK JKYy3ere acbipy
azipreHAi. Mojenbaey HoTKeNepl alNrOpUTMHIH TYPBIC KYMBIC iCTEHTIHIH, AUATHOCTHKAIBIK MISITIMACPIIH
TYPaKTBUIBIFBIH KOHE KYHe Kyiiepi apachlHAarbl JKalFaH aybICyJap BIKTUMAIIBIFBIHBIH TOMEHICTCHIH
KOPCETTI.

KinrTik ce3aep: OOpTTHIK ecenTey Xyieci, Kyl AUarHOCTHUKAChl, MHTEIUICKTYaIAbl JKyite, OlrimMmep
0a3achl, TPOAYKIMSIIBIK €pexkesiep, aHbIK eMeC JIOTHUKA, JOTHKAJbIK KOPBITBIHABI, OarnapiaMaiblK Ky3ere
aceIpy, mapaMeTpIIepAi Tajay, )Kylie TYPaKThUIBIFHI.
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INTELLIGENT SYSTEM FOR DIAGNOSTICS OF THE STATE OF AN ONBOARD
COMPUTING SYSTEM

Abstract

The paper addresses the problem of diagnosing the state of an onboard computing system under
conditions of varying loads and uncertainty in input data, with the aim of improving the reliability of decision-
making. To solve this problem, an intelligent system based on production rules and elements of fuzzy logic is
proposed. Diagnostic parameters are identified, including the load factor, information processing time, error
magnitude, and the presence of faults. Based on these parameters, a knowledge base is formed and an inference
mechanism is implemented to classify operating modes. The novelty of the proposed approach lies in the
combination of production rules with fuzzy interpretation of parameters, which allows taking into account the
blurred boundaries between system states. A software implementation has been developed that provides data
input, analysis, and visualization of results. The simulation results demonstrate the correctness of the
algorithm, the stability of diagnostic decisions, and a reduction in the probability of false transitions between
system states.

Keywords: onboard computing system, state diagnostics, intelligent system, knowledge base,

production rules, fuzzy logic, inference mechanism, software implementation, parameter analysis, system
stability.

93


mailto:medet.shamshi51@mail.ru
mailto:dadyiba@mail.ru

Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Ne2 (34) 2026

VYJIK 10.23.256 https://doi.org/10.54251/2616-6429.2026.02.n12

S.S. Beknazarova*, K.K. Beknazarova
Dsc, professor, Tashkent University of Information Technologies named after Muhammad Al- Khwarizmi,
Tashkent, Uzbekistan
Researcher, Tashkent University of Information Technologies named after Muhammad Al- Khwarizmi,
Tashkent, Uzbekistan
*Corresponding author: saida.beknazarova@gmail.com

PROCEDURAL TEXTURE SYNTHESIS IN 3D RECONSTRUCTION

Abstract

The article explores the advantages of procedural texture synthesis in 3D reconstruction of
historical objects and creating high-quality textures in virtual environments. The main focus is on
methods for creating unique and realistic textures using fractal and space curves, such as the Cantor
set, Gilbert and Gosper curves. The core contribution of the work lies in the systematic application
of fractal geometry and space-filling curves to texture generation. The methodology rigorously
examines three fundamental mathematical constructs: the Cantor set for creating discontinuous and
dust-like patterns, the Gilbert curve for locality-preserving 2D space traversal, and the Gosper curve
for generating hexagonal and snowflake-like tiling structures. By parameterizing these curves and
integrating them with fractal noise functions, the authors propose a hybrid algorithmic pipeline that
synthesizes textures at runtime, allowing for infinite variation and seamless detail across different
levels of zoom (detail-invariant synthesis).

Keywords:
procedural texture synthesis, Cantor set, Gilbert curve, Gosper curve, fractal technologies, 3D
reconstruction, virtual environment, computer graphics

Introduction

In recent years, the increasing demand for digitizing historical objects and bringing them to life
in virtual environments has brought computer graphics and visualization technologies to a new level.
In particular, procedural texture synthesis, which automatically creates textures for surfaces based on
mathematical rules, is helping to make 3D models of historical objects more realistic and creative. In
this process, classic fractal structures and curves help to create realistic details[1].

There are two main methods for creating textures in the field of computer graphics: hand-made
image textures and procedural textures based on mathematical rules. The first method is labor-
intensive and often limited to repeating patterns. Procedural texture synthesis, on the other hand,
allows for the automatic creation of complex patterns based on mathematical algorithms [2].

Elements of fractal geometry, including the Cantor set, Gilbert curve, and Gosper curve, are
widely used to generate complex patterns that resemble natural structures. These curves, due to their
self-repeating nature, create visual structures close to natural forms. Therefore, they are an effective
tool for texture synthesis|3,4].

Also, fractal-based procedural textures can be generated in real time. This expands the
possibilities of their use in 3D graphics, game engines, virtual museums and VR systems. In addition,
during the reconstruction of historical objects, real texture data is often not enough. Using fractal
algorithms, it is possible to artificially restore non-existent or damaged surfaces. As a result,
procedural texture synthesis is becoming an important tool for preserving historical heritage,
conducting scientific research and creating educational virtual environments [5].

3D reconstruction of historical objects is widely used in many fields, including archaeology,
cultural heritage conservation, education and virtual tours. Traditional hand-created textures are time-
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consuming and resource-intensive, and are limited to repetitive patterns. Therefore, procedural
texture synthesis using mathematical structures such as Cantor sets, Gilbert and Gosper curves
effectively creates high-quality, parametric, and visually complex patterns [6].

Today, digital reconstruction of historical objects is widely used in the fields of archaeology,
cultural heritage preservation, and tourism. High-quality visual images are required for the creation
of virtual museums, 3D tours, and digital archives. In this process, textures are one of the main
elements that provide a realistic view of the object [7].

Traditional texture creation methods often require large image files and create the problem of
repetitive patterns. Procedural texture synthesis, on the other hand, reduces memory consumption and
provides flexible parametric control because it is based on mathematical formulas [8].

Using fractal structures, it is possible to create complex textures with a natural appearance.
Fractal structures such as the Cantor set allow for surface segmentation, while Gosper and Gilbert
curves allow for the generation of complex patterns. The methods also work effectively in real-time
graphics systems. This allows them to be used in game engines, VR systems, and scientific
visualization. Procedural textures also allow for the modeling of various historical materials - stone,
brick, marble, or ancient wall patterns - by changing parameters. As a result, fractal-based texture
synthesis is of significant scientific and practical importance in 3D reconstruction of historical objects
[9,10].

This research aims to solve the following problems: identify texture generation methods based
on fractal structures (Cantor set); increase visual subtlety and complexity using Gilbert and Gosper
curves; evaluate the effectiveness of applying procedural textures to historical objects undergoing 3D
reconstruction[1-3].

Literature review

In the field of computer graphics, much research has been done on procedural texture synthesis.
Ebert et al. (2003) presented the theoretical foundations of procedural texture creation in their famous
work “Texturing and Modeling: A Procedural Approach”. The authors showed methods for creating
complex visual patterns using fractal algorithms, noise functions, and mathematical models. This
work is considered one of the fundamental sources in the field of procedural texture synthesis[1].

Lagae et al. (2010) studied the application of procedural textures in real-time graphics systems.
Their research showed that high performance can be achieved using graphics processing units
(GPUs). This work laid the foundation for the widespread use of procedural textures in real-time
rendering and game engines [2,3].

Akenine-Moller, Haines, and Hoffman (2019) analyzed the role and importance of texture
synthesis in modern real-time rendering technologies. The authors have shown the role of fractal
structures, space-filling curves, and shader technologies in graphics systems. These studies serve as
an important theoretical basis for the development of texture generation algorithms based on fractal
curves [4,5].

Methodology

The research methodology was developed by combining fractal geometry, procedural texture
synthesis, and computer graphics algorithms. At the first stage, the mathematical properties of the
Cantor set, Gilbert, and Gosper curves were studied and their application in texture generation was
analyzed. The Cantor set was used as an iterative fractal algorithm to segment surfaces and create the
basic structure of the texture structure. In this method, the initial line or the central part of the surface
is divided according to certain rules, and new fractal segments are generated in each iteration. As a
result, complex, self-repeating fractal patterns appear on the surface. This mathematical model acts
as the main skeleton for the texture structure. In the second stage, the space-filling curves Gilbert and
Gosper curves were used. These curves have the property of continuously covering two-dimensional
space, allowing for a smooth and orderly arrangement of texture elements. Using the Gilbert curve
algorithm, pixel coordinates were generated sequentially, covering the entire surface. The Gosper
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curve was used to create complex fractal patterns and give a natural look to the texture layers. These
algorithms were modeled based on the L-system and iteration rules. The resulting curves were used
as a coordinate map when generating texture elements. In the third stage, the developed fractal
algorithms were implemented in a graphics programming environment. Shader technologies were
used to make the texture generation process work in real time, in particular, procedural textures were
created using GLSL fragment shaders. During the testing process, the created textures were applied
to various 3D models - walls of historical buildings, stone surfaces and architectural elements. The
results were evaluated in terms of visual quality, level of complexity and computational efficiency.
The results showed that fractal-based procedural textures require less memory than traditional bitmap
textures and provide a high level of flexibility.

Many well-known fractals are considered close to the Cantor set, so the fractal properties of the
Cantor set are of great importance. The construction of the Cantor set begins with the removal of the
middle part from the unit cut, while the ends of the cut are not included. That is, the cut [0,1] is the
initial set, and the first step is to delete the open interval (1/3, 2/3). In the next and all subsequent
steps, the middle part is removed from all cuts (excluding the ends) of the current step. In this order,
we obtain the Cantor set with a sequence size d = 0.9542 [11,12].

The Cantor set of size d = 1. It is possible to construct a Cantor set of size d=1 by moving from
a straight line to a plane. The next example belongs to Magdi Muhammad. The initial set consists of
a single square and we assume that the vertices are (0,0), (1,0), (1,1) and (0,1). At each step we
generate squares that are four times smaller than the previous square. The limit set of this construction

is a self-similar set with N = 4 and a similarity coefficient of r = i. Its size
log(4)

~ log(4)
As can be seen from the constructions, the resulting set is a Kantor set, compact, perfect, and
completely continuous.
a?—x2 a?—y?

wola,x,y) = N5 2 0. (1)
d=1 Based on the condition of the dimensional Kontor set, that is, we construct an iterative process,
and as a result we obtain the following [6-8].

a 3a a
wn(a'xly) = Wnp-—1 (er _T'y_z> Vo

a a 3a a 3a a
VO Wn-1 (Z,X _Z’y _T) VO Wnp—1 (Z!x +T;y +Z> VO

a a 3a
Vo Wn—1 (Z'x + 77 + T) Vo (x(a® —x?) = 0 Ag (a® —y*) 2 0) V,
Vo (y(a? —y2) =07y (a®? —x2) > 0), n=1,23,.. (2)
Gilbert curve w,- empty set.
@, we get the following as:
(wo(x,y) = (=1 —x%) 2 0). 3)
Now, to control the order of Gilbert curves, we need the following formulas: [7]:
{ mo = 0 4
m, =2m,_1 + a. )

Here m,, - n- size of the ordered Gilbert line (a- unit of measure).

filx,y) = ((J’ =0) Ao (x —mp_1) Ng (M1 +a — x)) = 0;
(lower connecting line)

fo(x,y) = ((x —Mp_1 =0)Ag (¥ —Mp_1) Ag (My_1 + a _y)) = 0;
(left connecting line)

f3:(x,y) = (()’ —2mpy_1—a=0)Ag (x —my_1) Ag (My_y +a — x)) = 0.
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(top connecting line).
Based on the recursive algorithm, we get: w,(x,y) = wnp_1(x,¥) Vo f1(x,¥) Vo Wp_1(My_1 —
Y, X —My_1 —a) Vo
Vo f206,¥) Vo wn_1(x,y —mp_1 — @) Vg f3(x,¥) Vo
Vo wp 1 (y —mp_y—a,x—my_y—a),n=123,... (5
The Gosper curve is relatively similar to the Serpin curve, except that the angles of the Gosper

2 2
curve are tilted relative to the axes OX and OY: w4 (a, x,y) = (aT — (x - %) ) Ao (a%; —y*) = 0.
(6)

Here a11- a sufficiently small number (the thickness of the line).
Now we calculate the value of the angle of deviation in the axis system relative to the fixed

coordinate system and apply the translation and rotation formulas here. ¢ = arctan (g) ) Apy =

a _ V3
V7’ Amy = Qgy Pl
Xy = x cos(@) + ysin(@); yiy, = —xsin(@) + y cos(@) + amy.
(7)

Now, using recursion, we get: w,(a, x,y) = a)n_l(aky,xky, Yy — am,,) Vo
3aky 21 . (2m
Vo s (@ay (1 = =5 ) 05 () + vy sin ().

3a 21 21 a
- (xky — %) sin (?) + Yiy COS (?)) Vo Wn_1 (aky,xky — %,yky) Vo
Agy 2n . 2m
Vo Wnp_q1(Qky, (Xgy — T) cos (— ?) + Yy Sin (— ?>,
Ary\ 2n 2m
— (xky — T) sin (— ?> + Yy COS (— ?>) Vo a)n_l(aky, Xky» Yy T amv) Vo
Vo wn—l(aky'xky — Qgy, Yky + amv) Vo
50y 2m . 2m
Vo Wn_q1(aky, (xky — T) cos (— ?> + Yy Sin (— ?>,
— (xky — Sazky) sin (— z?n) + Yky cOS (— 2?ﬂ))n =234, .. (8)
Fractals consisting of circles. Currently, there are several methods for constructing fractal
equations: the method of L-systems, the method of iterative function systems, etc. The design
environment of the R-function algebra logic method, which is different from them, makes it possible
to construct fractal equations. Then, based on these equations, a visual representation of fractals can
be constructed. So, below, the construction of fractal equations consisting of circles based on the RFM
method of V.L. Rvachev is considered. The equation of the outer circle is defined as follows: wyy =
woo(R,x,y) = (R* —x* —y* 2 0),
The equation of a circle bounded by a circle takes the following form: w, = wgy Ay (2% + y? —
(R—a)* 2 0),
here a- thickness of the circle (thickness of the circle 2a), R- radius of the outer circle, a = 27”;

k - number of inner loops after each iteration k=2,3,4,...
. . . R
Here, using iteration, we get: w,(R,x,y) = wo(R,x,yV) Vo Wn_1 (;, X, y) Vo

R 2R 2R

Vo Wp_q (g,x — ?cos(O) /)y~ sin (0)) Vo
R 2R 2R

Vo Wnp_1 (g,x — ?cos(a),y — ?sin (a)) Vo
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R

2R 2R
Vo Wp_q (g,x - ?cos(Za),y — 5 sin (2a)> Vo ... Vo

Vo Wn_q (gx — %cos((k - Da),y — %sin ((k - l)a)) >0;n=123..09

Now let's look at the case of k=6. In this case, we get exclusive ring fractals.

It can be shown that if the inner circles do not collide with each other at k<6, the inner circles
collide at k=6, and the inner circles intersect at k>6. Now let's consider the case where there are two
circles inside a large circle. These circles are intersected. In turn, two more circles are formed in the
inner circles, etc. We construct the equation of the same fractal [9]. In this case, the equation of the
fractal in step 1 takes the following form w(R,x,y) = (R? —x? —y%2 >0) Ay (x2 + y? —
(R—a)>=0). (10)

Trivial intersecting circle fractals. After applying the iteration procedure, we obtain the
following w{ (R, x,y) = wo(R, x,y) Vo wg (g, Xy — g) Vo Wo (g,x,y + g) >0,

R R R R
(‘)Z(R:xry) = a)o(R,x,y) Vo Wy (Elxﬂy_g) Vo W (E;x:y-l_E) =0,

wn(R,x,y) = wo(R,x,y) Vo Wp—1 (g,x,y — g) Vo Wpoq (%,x,y + S) >0;n=123
(11)

Now we consider the case where the inner circles intersect and decrease. For this purpose, we
introduce a decreasing coefficient A. We determine the equation of the intersecting circles as in the
first problem wy(R,x,y) = (RZ2—x2 —y2 = 0) Ag (x? +y?> — (R — a)? = 0),

21
a=-—;

k
k - number of inner loops after each iteration k=2,3,4,...

[ - the coefficient of reduction of the inner circles after each iteration, /=2,3,4,...
R - the radius of the outer circle.
Using the iteration procedure, we can obtain the following [6].

R
wn(fo'y) = wO(R'x'y) Vo Wp—q (-,X,y)

l
Vo Wp_1q <§, X — gcos 0),y — wsin (0)) Vo
Vo Wnoq <§x — wcos (a),y — (l_fl)Rsin (a)) Vo

R (I- DR (I-DR
Vo Wp_1 X cos Ca),y — ——sin (2a) ) Vg ...V

R x— LR o (k—Da),y —

(I-1R
VO (l)n_l (T ) X

l

sin (k — 1)) = 0;n = 1,23, ..(12)

Let's look at constructing a tree equation from circles. The ends of the interval (x1,y1) va (x2,)2)
be points. Given points (x1,y1) and (x2, )») construct the equation of a straight line passing freely
through [10].

[, Y1, %2, ¥2,%,y) = (<% (x, — x1)> cos (arctan (yz _ yl)) +

X2 =X
+(y, — y1) sin(arctan (u)))Z — ((x — %) cos (arctan (}’2 — )ﬁ)) +
X2 T X2 X1
—y0)si Y2~ Y1)\ _ Ly, - ( (3’2—3’1>>
+(y — y1) sin (arctan (xz — x1)) (2 (x2 — x1) cos | arctan P +

98



Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Ne2 (34) 2026

+(@; — y1) sin ((arctan (iz :3:))2 > 0)) Ao (a% —
- (—(x — x;) sin (arctan (Z : ii))) + (y — y1) cos (arctan (z 2 : i’ i))z > 0)

here a - height of the gap (height of the gap 2a).
a

If k if it is even, thengp, = 0, else @, = >
n=1 we have the following equation :a = 27”

w1 (x,y) = £(0,0,Rcos(¢p, + 0), Rsin(¢p, + 0),x,y) V,
Vo £(0,0, Rcos(py + @), Rsin(gpy + @), x,y) Vy
Vo £(0,0, Rcos(py + 2a), Rsin(@, + 2a),x,y) Vo ... Vg
Vo £(0,0,Rcos(pg + (k — Da),Rsin(py + (k — Da),x,y)
n=23,4...da
21

k 1 1
o= k=~ == ghon (-
R, — n- radius of the circular boundaries in iteration (R;=R).
if k is even, thenk, = [g], aks holda k, = [%] - 1.
[x] - x the whole number.
Using the iteration procedure, we get: wyyq (%, y) = f(Ry—1 cos(@o + @), Ry, sin(@, + a),
+ ki« + ki«
R, cos(<p0 +a +%>,Rnsin ((po +a +%>,x,y) Vo
Vo f(Rp-1cos(@g + @), R,y sin(@g + a),
+ (k1 + Da + (k1 + Da
Rncos<<po+0c+((pO (kl ) )>,Rnsin<<po+a+((po (kl ) )>, ,Y) Vo
Vo f(Rp-1cos(@g + @), Ry_q sin(gg + a),
+ (k1 + 2)a + (k1 + 2)a
Rncos<<p0+a'+((p0 (kl ) )>,Rnsin<<p0+a+((p0 (kl ) )>,x,y)v0 ..V
Vo f(Rp-1cos(@g + @), Ry_y sin(@g + a),

+ (k + (k
Rncos<<p0+a+M),Rnsin<¢o+a+M>,x,y)

Wnyx2 (X, y) = f(Rn—l COS(Q”O + 2“) ) Rn—l Sin(goo + 205);

+ ki« + k«a
Rncos<<p0 +2a+%>,Rnsin<% +2a+((poTl)>,x,y) Vo

(o + (ks + 1)6!))

Vo f(R,—1 cos(@y + 2a) ,R,,_; sin(@, + 2a), R, cos <g00 + 2a + .

+ (ki + Da
Rnsin<<p0+2a+((p0 (kl ) )>,x,y)vO

Vo f(Rp—1cos(@o + 2a), R,,_; sin(p, + 2a), R, cos ((po + 20 +

+ (ky + 2)a
Rnsin<<po+2a+((p0 (kl ))>,x,y)vo ..Vy

(@0 + (k1 + 2)a)>
. .

Vo f(Ry—1 cos(@y + 2a),R,,_; sin(¢@y + 2a) , R, cos (goo + 2a + @) R,sin ((po + 2a +

(po+k,a)
T) ' X y) (13)
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1<i<k™! for we have the following:
Wnyi(%,¥) = f(Ry_q cos(@g + ia) , Rp_q sin(pg + i),
+ ki + kia
R,, cos ((po +ia +%>,Rnsin <<p0 + ia +%),x,y) Vo

(@o + (k1 + 1)a)>

Vo f(Rp—q1 cos(pq + i), R,_q sin(gq + ia), R, cos ((po +ia+ .

+ (ki + 1
Rnsin<<p0+ia+((p0 (kl ))>,x,y)vo

(@0 + (k1 + 2)a)>
. :

Vo f(Ry—1cos(@y + ia),R,_4 sin(@y + i), R, cos ((po +ia+

+ (ky + 2)a
Rnsin<g00+ioc+(g00 (kl ))>,x,y)vo . Vo

(@ + kya)
— % )

Vo f(Ry—1 cos(@y + i), R,_ sin(g, + ia), R, cos <g00 +ia+

(po + kya) %,9)
k XY

wn(%,y) = wp_1(X,¥) Vo Wnx1(X,¥) Vo 0nx2(x,¥) Vg ...
Vo wnxi(x' y) Vo ... Vo Wyypn-1 (x' y)- (]4)
In the previous formulas k=2, 3, 4, 5, ....
Pythagorean tree. Pythagoras, proving his theorem, constructed a figure in which squares were
placed on the sides of right triangles. If this process is continued, a Pythagorean tree is formed. Using
quadratic equations, we construct the equation of the tree, that is

wo(a,x,y) = ((a2 —x2Z= 0N ((BP=(y—a)2=0) Vo (B2 = (y +a)? = 0))) Vo
Vo (@2 = y2 2 0) A (% = (x — @) 2 0) Vo (b? = (x + @)% 2 0))) = 0

Here wy(a, x,y) - side 2a and a square whose thickness is 2b.
Using the recursion procedure, we obtain the following [6]: w,(a, x,y) =

wo(a, x,y) Vo wy—1(acos(a), (x + a — av2 cos(a) sin G — a)) cos(a) +
+ (y —a — aV2 cos(a) cos (% - a)) sin(a) , — (x + a — av2 cos(a) sin (% - a)) sin(a) +
+ (y — a — a2 cos(a) cos (% - a)) cos(a)) Vo w,_q1(asin(a),
— (x —a — aV2sin(a) sin (% — a)) sin(a) + (y —a —aV2sin(a) cos (% — a)) cos(a),

(x —a — av2sin(a) sin (E - a)) cos(a) + (y —a — av2sin(a) cos G - a)) sin(a))
(15)

R,sin ((po +ia +

here a - The angle of the tree branch when it turns to the left
0<a< g takes a value in the interval, the angle of rotation when turning to the right g —ais

equal to

Results and discussion

The Cantor set is a classical fractal, which is generated through an iterative segmentation
process. The initial segment [0,1] is taken and the middle third of it is removed at each iteration:

Co=101] Cpyq = %Cn U g + gCn, bunda C,, — n- Cantor set in iteration; Number of segments

per iteration 2.
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log (2)
10g (3)
surface; create a pattern structure; and generate texture layers.

A Gilbert curve is a space-filling curve that covers a continuous 2D space. The coordinate
recursive representation is: G(n) = G(n — 1) U {R * G(n — 1),.,, + ¥}. This curve has the following
properties: it covers all pixels, preserves local proximity, and optimizes the pixel order during texture
generation. Therefore, the Gilbert curve is used to determine the sequence of texture pixel generation.

The Gosper curve is generated by a fractal L-system. Initial rules: A, B. Production rules:
A—A-B—B+A++AA+B-

Fractal pattern D = ~ 0.6309. In texture synthesis, the Cantor set is used to: segment a

B—+A-BB—B—-A++A+B,
"+" — 60° turn left;
"-"— 60° turn right.

As the iteration increases, the curve becomes more complex. In texture synthesis, the Gosper
curve is used to create: a complex fractal pattern; a natural look; and multi-layered textures.

The extension of fractal lines to a 2D texture is done as follows.If the coordinates of the curve
are: P = (x;,¥;), If so, the texture value is: T (x,y) = f(x,y) + aF(x,y), in this f(x,y) — basic
texture, F(x,y) — fractal pattern; a — intensity parameter. In 3D space: T (x,y,z) = f(x,y,z) +
BF (x,y,z), This allows you to generate material textures such as stone, wood, and marble.

A fractal texture consists of several layers.: T = T; + w,T, + w373, in this T;- basic texture,
T,- fractal pattern, T5- noise.

Texture generation works based on the following algorithm: determining the texture size;
generating a fractal curve; calculating the curve coordinates; calculating the texture value for each

coordinate; generating pixel color; layering the texture; creating the final texture image, Figure 1.
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Figure 1. Texture generation results

The results of the study showed that fractal-based textures provide a high level of complexity
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and naturalness. The Cantor set was effective in segmenting surfaces and creating the structural basis
of patterns. Complex patterns were generated on surfaces using Gilbert and Gosper curves. Since
these curves have a space-filling property, the texture elements are arranged smoothly and
continuously. Procedural textures were found to reduce memory consumption and provide flexible
control through parameters.

Conclusion

According to the results of the study, procedural texture synthesis based on the Cantor set and
Gilbert and Gosper curves is an effective tool for 3D reconstruction of historical objects. The
possibilities of using procedural texture synthesis methods based on the Cantor set and Gilbert and
Gosper curves in 3D reconstruction of historical objects were studied. The results of the study showed
that it is possible to create complex, non-repeating and realistic-looking textures on surfaces using
fractal geometry elements. The Cantor set played an important role in forming the fractal
segmentation of the texture structure, and the Gilbert and Gosper curves allowed generating patterns
that cover surfaces continuously. The methodology developed during the study demonstrated the
effectiveness of procedural texture synthesis. It was found that textures created based on fractal
algorithms are much more economical in terms of memory consumption than traditional image
textures. In addition, the possibility of parametric control made it easier to model the surfaces of
various historical materials. This allows for a more accurate and aesthetically perfect depiction of
historical objects in a virtual environment.

The results of the study showed that procedural texture synthesis works effectively even in real-
time graphics systems. It was found that it is possible to dynamically generate textures using shader
technologies. This expands the prospects for using this method in virtual reality, augmented reality,
and interactive visualization systems. This approach allows for the automatic restoration of damaged
or lost texture parts of historical objects. At the same time, it is also possible to significantly optimize
the process of processing large volumes of 3D cultural heritage data. In addition, the integration of
textures created based on fractal algorithms with various graphics engines (Unity, Unreal Engine) is
also a promising direction. This will expand the possibilities of creating high-quality visual models
in virtual museums, educational platforms, and digital cultural heritage projects. As a result,
procedural texture synthesis can become one of the important technological tools for the digital
preservation of historical objects and their presentation to the general public.
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3D KAMTA KYPYIAFBI TEKCTYPAJIAPIBIH ITPOLEIYPAJIBIK CHHTE3I

Tyiiin

Makanana Ttapuxu HbicaHmapAsl 3D KaifTa KypyZna >KOHE BUPTyaJIbl OpTajga >KOFaphl Caralibl
TEKCTypaJlappl Kacayla MpoLeoypablK TEKCTYpaHbl CHHTE3AEYHiH apTHIKLIIBUIBIKTAPBl KapacThIPbLIAIbI.
KanTop xubHTHIFB, [10epT sx0He [0cnep KUCHIKTaphl CUSKTHI (DPaKTANIBIK KOHE KEeHICTIKTIK KUCHIKTapAbl
KOJIJaHa OTBIPBIN, Oiperei j>KOHE IIBIHAWBI TEKCTypalapAbl KYpYy OiCTepiHe Hazap aymapbiiansl. by
JKYMBICTBIH HETI3ri yJieci TeKcTypalapisl »Kacay YINH (pakTaliIslK TEOMETPHUSHBI JKOHE KEHICTIKTI
TONTHIPATHIH KUCBIKTAP/IBI KYHET Type KOMAaHy OONBIN TaObUIAIbl. OMICTEME YIII HETi3T1 MaTeMaTHKAIIBIK
KYPBUTBIMABI MYKHAT 3€PTTEHIi: Y3iK-Y31K KoHE IIaH TOpi3/i YATLIepi xacayra apHanFaH KaHTop KUHAFbI,
JIOKQJIM3ALUSHBI CaKTail OTBIPBIIN, €Ki OJIIEMJII KCHICTIKTE KO3FaJlyFa apHaliFaH [ MIbOepT KUCBIFBI JKOHE
aNTHIOYPHIILITH KYPBUIBIMAAP MEH Kap YIIKbIHBIHA YKCAC KYPBIIBIMAAPBI XKacayFa apHaiaFaH [ ocriep KUCBIFbIL.
By xuceikTapapl mapamerpiey skoHe omapnasl Qpakrtanaplk Ly dyHkumsuiapeiMeH OipiKTipy apKbLIbI
aBTOPJIAP KYMBIC YaKbITBIHAA TEKCTypallapbl CHHTE3IEHTIH THOPUATI aITOPUTMIIIK KYOBIP/IbI YCBIHATBI, OYIT
opTypii MacmTalOTay ACHreWIepiHje NIeKCi3 OpTYPINLTiK IeH MIiHCI3 OemmIeKkTep/li KaMTaMachl3 eTeli
(OemmexTepre Toyeci3 CUHTES).

Kinrrik ce3aep: TexkcTypaHblH NpOLENypajblK CHHTE31, KAHTOP JKUBIHTBIFBI, |MIbOEPT KHUCBHIFBL,
T'ocniep KuchIFsl, GpakTangpK TexHonorus, 3D Kaiita Kypy, BUPTyasisl OpTa, KOMIIBIOTEPIIK rpaduka

C.C. bekna3zapoBa*, K.K. beknazaposa
*1.7.H., mpodeccop, saida.beknazarova@gmail.com, TamkeHTCKU YHUBEPCUTET
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MPOLEAYPHBIA CUHTE3 TEKCTYP B 3D-PEKOHCTPYKIIUH

AHHOTAHUA

B crartbe paccMaTpHuBarOTCs IPEMMYIIIECTBA MPOIEAYPHOTO CHHTE3a TEKCTYp TpH 3D-pekoHCTpy KUK
HUCTOPUYECKHX OOBEKTOB U CO3JIAHUH BHICOKOKAYECTBEHHBIX TEKCTYp B BUPTYAIbHBIX cpeaax. OCHOBHOE
BHUMAaHHUE yJEeNseTcs METOJaM CO3[aHUSl YHUKAJIbHBIX M PEATHCTHYHBIX TEKCTYP C HCIIOJIb30BaHUEM
(pakTanbHBIX U MPOCTPAHCTBEHHBIX KPUBBIX, TaKUX Kak Habop Kanropa, kpussie ['minbepra u [ocnepa.
OcHOBHOU BKJIaJl 3TOM paboThI 3aKIIIOYAETCSl B CUCTEMATHIECKOM NPUMEHEHNH (DpaKTaIbHON reoMeTpun
W KPHBBIX, 3aIOJHSIONINX [TPOCTPAHCTBO, ISl CO3J[aHUs TEKCTYp. B MeTo10110THH TIATETHHO U3YYatoTCs
Tpu (yHIaMEHTalIbHbIE MaTeMaTHYecKre KOHCTpyKIuu: Habop Kanropa s cozmaHus NpepbIBUCTBHIX U
MBUICBHIHBIX Y30poB, KpuBas [wnpOepra Juis TmepeMelnieHus] Mo JIBYMEPHOMY IPOCTPAHCTBY C
COXpaHEHUEM JIOKaIbHOCTU U KpuBas l'ocriepa Al cO34aHUS LIECTUYTOJbHBIX CTPYKTYP U CTPYKTYP,
MOXO0XHX Ha CHEXKUHKH. [lapaMeTpu3ys 3TH KpUBBIE U MHTETPUPYSI UX ¢ PyHKIMAMHU (PPaKTaIbHOTO IIyMa,
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ABTOPBI IPEJIATA0T TUOPUIHBIN aNrOPUTMUYCCKUN KOHBEHEDP, KOTOPBIM CHHTE3UPYET TEKCTYPHI BO BpEMs
BEITIONTHEHHA, oOecmednBas OECKOHEYHOE pa3HooOpasue W Oe3ympedHylo AeTaln3aliio Ha pa3HBIX
YPOBHSX MacIITaOUpOBaHUs (CHHTE3, HE 3aBUCAIINN OT JeTajeil).

KuroueBble ci1oBa: poreAypHBI CHHTE3 TEKCTYpP, MHOKecTBO KanTopa, kpuBas [ ms6epra, kpuBast
lNocnepa, ¢ppakransaBIe TEXHOTOTHH, 3D-pexoHCTpyKINS, BUPTyadbHas cpeia, KOMIbIOTepHas rpaduka
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COMPARATIVE ANALYSIS OF SOFTWARE AND HARDWARE PLATFORMS FOR
DIGITAL TWINS AND SIMULATION SYSTEMS IN ROBOTICS EDUCATION

Abstract

This article presents a comparative analysis of the architectural and technical characteristics of software
and hardware platforms for digital twins and simulation systems used in robotics education. In this study, a
three-layer robotic information system architecture was modeled, consisting of a hardware layer
(microcontrollers, sensors, and actuators), a communication layer (MQTT, WebSockets, and OPC UA
protocols), and a virtual simulation layer (Webots, Gazebo, Unity 3D, NVIDIA Isaac Sim, Tinkercad, and
Wokwi). Technical evaluation metrics included data synchronization latency, physics engine fidelity,
Hardware-in-the-Loop (HIL) support, computational resource requirements, and telemetry data acquisition
capabilities. The results demonstrate that professional simulators provide high-accuracy physical modeling but
possess limited hardware integration and telemetry analytics capabilities. In contrast, digital twin platforms
based on Unity 3D and NVIDIA Isaac Sim support bidirectional real-time synchronization, IoT integration,
and interaction with SQL/NoSQL databases, making them effective architectural solutions for robotic
information systems.

Keywords: Digital Twin, robotics, simulation systems, MQTT, Unity 3D, NVIDIA Isaac Sim, Gazebo,
Webots, l0T, information systems.

Introduction

The global economy and manufacturing sectors are currently undergoing a paradigm shift
toward the Fourth Industrial Revolution, widely recognized as Industry 4.0. This technological
transition demands highly qualified engineering personnel capable of developing, managing, and
maintaining automated systems, the Industrial Internet of Things (IIoT), and complex robotic
architectures. In this technological landscape, technical and vocational education training (TVET)
institutions, including colleges, play a critical role as the primary suppliers of technical professionals
who must be both adaptable to rapidly evolving market demands and equipped with rigorous practical
competencies [1].

However, a significant challenge arises as instruction in contemporary robotics typically
necessitates advanced, capital-intensive hardware, such as industrial manipulators, multi-sensor
stations, and high-precision actuators. Maintaining up-to-date physical laboratory equipment in
educational institutions introduces severe financial and logistical constraints. A viable mitigation
strategy for these constraints involves the strategic digital transformation of the educational
infrastructure. Specifically, virtual simulation systems and digital twin technologies offer a
sophisticated, cost-effective solution while simultaneously enhancing students' cognitive engagement
and hands-on comprehension [2].

From an information technology perspective, digital twins extend substantially beyond basic
three-dimensional graphics. They constitute integrated, cyber-physical software and hardware
infrastructures capable of bidirectional, real-time data exchange with a physical counterpart, thereby
accurately mirroring its mathematical models and empirical behavioral characteristics. To foster
students' professional aptitude in software engineering, embedded circuit design, and system
integration, it is crucial to deploy digital platforms that closely simulate authentic industrial
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production environments and provide direct interactive feedback loops [3].

Currently, both the commercial software market and the educational sector offer a wide
spectrum of options, ranging from professional engineering simulators such as the Robot Operating
System (ROS), MATLAB/Simulink, and Cyberbotics Webots, to streamlined, cloud-based web
emulation tools like Autodesk Tinkercad and Wokwi. Nevertheless, these platforms exhibit significant
disparities regarding their underlying software architectures, computational resource requirements,
Hardware-in-the-Loop (HIL) integration capacities, and their capability to capture a student’s "digital
footprint" for rigorous learning analytics [4].

Consequently, prior to designing an optimized, high-performance information system tailored
for educational robotics, it is necessary to systematically classify the architectural features of existing
software and hardware platforms and perform a comprehensive technical comparative analysis. This
investigation addresses both a relevant scientific challenge and a practical pedagogical necessity. The
primary objective of this research is to identify and analyze the structural and architectural
characteristics of contemporary simulation systems and digital twin platforms deployed in robotics
education. By conducting a systematic evaluation of their technical specifications, this study aims to
justify the optimal information technology solutions capable of facilitating the automated monitoring
and quantitative evaluation of students' cognitive and learning activities [5].

Materials and methods

To investigate the software and hardware platforms underpinning digital twins and simulation
tools in educational robotics, a methodological approach based on system analysis, structural
decomposition, and multilayer architectural design was deployed. Establishing an optimized
information structure during the integration of a robotic complex into an educational framework
constitutes a critical requirement, particularly regarding data flow management and the execution of
a closed-loop feedback mechanism.

To systematically evaluate the technical and operational functionality of existing platforms, the
comprehensive educational robotics framework was modeled as a three-tier architecture. This
structural approach provides a rigorous technical foundation to describe and analyze the interactions
of users with both virtual and physical environments throughout the learning workflow [6].

The foundational tier is designated as the hardware (physical) layer, which encompasses the
physical assets utilized within laboratory environments. The hardware components selected for
evaluation represent the computational and mechanical infrastructure standard in contemporary
technical colleges. Regarding the microcontroller and onboard computing segment, the analysis
incorporated Arduino architectures (Uno and Mega), STM32 microprocessors, ESP32 modules
characterized by integrated Wi-Fi and Bluetooth capabilities, and Raspberry Pi 4 single-board
computers configured for advanced robotic control sequences. Mechanical actuation was represented
by servomotors, stepper motors, and standard DC motors, integrated via L298N and PCA9685 driver
circuits. The sensory apparatus comprised ultrasonic distance sensors, infrared modules, MPU6050
gyroscopes, and digital optical cameras.

The intermediate tier comprises the data link and IoT layer, which functions as the primary
operational backbone of the integrated infrastructure. This layer facilitates real-time, bidirectional
data transfer between the physical hardware components and the corresponding virtual models,
serving as a critical prerequisite for architectural stability. Various communication interfaces and
protocols were systematically assessed within this framework. Wired data transmission was
established via bridge interfaces including USB-UART, 12C, and SPI to facilitate direct
communication with the simulation environment. For wireless telemetry, the primary emphasis was
placed on lightweight Internet of Things (IoT) protocols. The MQTT protocol was evaluated due to
its minimal network overhead, while WebSockets were examined for high-frequency data
synchronization with browser-based cloud applications. Additionally, the industrial interoperability
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standard OPC UA was integrated into the comparative analysis to simulate authentic manufacturing
environments [7].

The definitive tier is defined as the virtual (simulation) layer, which constitutes the software
environment responsible for executing the mathematical formulations, computing kinematic and
dynamic profiles, and rendering three-dimensional graphical assets. For the comparative
investigation, a heterogeneous selection of contemporary software platforms was analyzed. Within
the domain of professional and open-source simulators, the study evaluated Cyberbotics Webots and
the Gazebo ecosystem operated in conjunction with the Robot Operating System (ROS), both
utilizing high-precision physics engines such as ODE and Bullet. Within the framework of digital
twin development environments, investigations were directed toward Unity 3D, utilized as a versatile
engine for synthesizing kinematics and virtual laboratory interfaces, and NVIDIA Isaac Sim, an
industrial-grade deployment platform utilizing the PhysX engine alongside photorealistic ray-tracing
graphics. Furthermore, cloud-based web emulators, specifically Autodesk Tinkercad and Wokwi,
were incorporated to evaluate the execution of microcontroller source code and simplified circuit
layouts within standard web browser interfaces. The structural variations distinguishing professional
simulators, digital twin environments, and cloud-based emulators are graphically delineated in the
user interfaces presented in Figure 1.

Professional Simulator (Webots / Gazebo + ROS) B Digital Twin Interface (Unity 3D / Isaac Sim)

Serial Monitor
o
1
]
1
]
1

igitalRead(2);
tin(val);

Send

Figure 1 — Graphical user interfaces of the analyzed robotic simulation and emulation platforms

Evaluation Metrics

To evaluate the selected platforms from an information systems perspective, a structured
framework comprising specific technical criteria and IT metrics was established. This systematic
approach ensures a consistent, side-by-side comparative analysis of the software and hardware
environments.

The primary evaluative metric was data synchronization latency. This parameter quantifies the
temporal delay, measured in milliseconds, between the mechanical execution of the physical robotic
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asset and the corresponding state update within the virtual representation. Minimizing this latency is
critical, as even marginal propagation delays can compromise the user's cognitive immersion and
operational precision.

A secondary critical determinant was Hardware-in-the-Loop (HIL) operational support. This
capability defines the capacity of a given simulation platform to ingest control signals directly from
a physical microcontroller and seamlessly integrate them into the virtual kinematics model. The
presence of robust HIL support is vital for validating the structural convergence of physical and digital
environments [8].

Furthermore, physics engine fidelity was evaluated to determine the computational accuracy
with which the simulation models gravitational forces, kinetic friction, rotational inertia, and spatial
collisions. While low-fidelity engines provide purely visual approximations, higher-fidelity
alternatives execute precise mathematical calculations of non-linear physical forces, which is an
essential prerequisite for rigorous robotics training.

Finally, systematic attention was directed toward telemetry and learning analytics capabilities.
This metric assesses the capacity of the platform architecture to automatically log granular user
interactions into structured SQL or NoSQL databases. The telemetry acquisition matrix targets
variables such as algorithmic compiler errors, simulation execution frequencies, and task completion
durations. This dataset functions as a quantitative instrument to analyze and measure student
cognitive engagement and learning behavioral patterns [9].

Results and discussion

A comprehensive architectural analysis was executed to evaluate the technical performance,
communication protocols, and data acquisition infrastructure of the designated software and hardware
platforms. The analytical framework was governed by a central investigative question: the extent to
which these virtualized environments optimize engineering cognition and foster proactive learning
behaviors within technical education demographics.

To facilitate a systematic evaluation of the analytical data, the investigated platforms were
classified into three distinct categories (Figure 2).

Classification of Virtual Environments
for Educational Robotics

! ! !

o N s N ' R
PROFESSIONAL DIGITAL TWIN DESIGN CLOUD-BASED
SIMULATORS SYSTEMS EMULATORS
(Webots, Gazebo / ROS) (Unity 3D, NVIDIA Isaac Sim) (Tinkercad, Wokwi)

. & J . J

I l l

K. o~ D

+ High-fidelity 3D simulation
« Realistic physics and sensors
+ ROS integration

+ Advanced robotics research
and development

+ Photorealistic visualization
+ Real-world system modeling
» loT / MQTT connectivity

» Monitoring and optimization
of real systems
A

+ Web-based simulation
+ Easytouse
+ No installation required

« |deal for basic electronics
and coding

L Smart Manufacturing

-

e | & £
Best For: Best For: Best For:
@ University, Research, Industry, loT, v Students, Beginners,
Advanced Projects

Online Learning

Figure 2 — Classification framework of virtual environments for educational robotics based on
professional simulators, digital twin design systems, and cloud-based emulators
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As a result of the study, the considered software programs were evaluated based on several
technical criteria and metrics. The evaluation was conducted by groups. The summarized results of
the performed structural and functional analysis are presented in Table 1.

Table 1 — Comparative analysis of technical characteristics of robotic simulation systems and digital

twin platforms
Technical Criteria and Professional Digital Twin Platforms Cloud Emulators
IT Metrics Simulators (Webots, (Unity 3D, NVIDIA (Tinkercad,
Gazebo) Isaac Sim) Wokwi)

System  Architecture | Local (Desktop | Hybrid Cloud (IoT /| Cloud SaaS (Web-

Type Application) Client-Server) based)

Data Synchronization | Limited (Internal | Bidirectional Real-time | None (Autonomous

Mode (Data Sync) software API only) (MQTT,  WebSockets, | virtual  execution
OPCUA) only)

Physics Engine | High (ODE, Bullet) Maximum Industrial | Basic (Logical /

Accuracy Grade (PhysX, RTX | Ideal physics only)
Ray-Tracing)

Hardware Integration | Medium (Requires | Very  High  (Direct | Low (Connection

(HIL Support) specific drivers and | connection  with  a | of virtual

ROS gateways) physical microcontroller) | components only)

Hardware Medium (CPU, basic | High (GPU, RTX Ray- | Minimal (Web

Requirements RAM) Tracing support | browser only)
required)

Student "Digital | Low (Via local log | Very High (Automated | Low (Task

Footprint" Collection | files) log transfer to SQL | verification level

(Telemetry & databases) only)

Analytics)

The comprehensive analysis demonstrates that each category of simulation platforms possesses
distinct institutional advantages and technical limitations within the contemporary educational
ecosystem. Professional simulators, such as Webots and the Gazebo/ROS ecosystem, exhibit high
fidelity and precision in computing the complex kinematics and dynamics of physical robotic
systems. Despite these mathematical advantages, their underlying software architecture demands an
advanced proficiency in the Linux (Ubuntu) operating system, deep competence in C++ or Python
programming, and the ability to manipulate intricate system configuration files. For college students
navigating the introductory phases of robotic engineering, this structural complexity establishes an
excessively high entry barrier. Consequently, such a steep learning curve frequently induces technical
frustration and anxiety, culminating in a measurable decline in cognitive engagement and student
proactive participation. Furthermore, these professional environments lack integrated telemetry and
built-in learning analytics tools, rendering the remote monitoring of student progression and
pedagogical intervention highly problematic [10].

In contrast, cloud-based emulators, specifically Tinkercad and Wokwi, offer a highly accessible
alternative characterized by low computational overhead and direct browser-based execution. These
platforms serve as efficient instructional tools for the rapid acquisition of foundational concepts in
electronic circuitry and microcontroller programming. However, their primary pedagogical utility is
severely constrained by the absence of a realistic physics engine. Within these virtual environments,
students are unable to simulate or experience critical physical variables such as structural mass,
kinetic friction, rotational inertia, or stochastic environmental disruptions, including surface
roughness and real-world traction variations. The omission of these dynamics poses a significant
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barrier to the cultivation of practical competencies aligned with actual industrial-grade engineering
standards.

The paradigm that aligns most rigorously with the strategic mandates of Industry 4.0 centers on
the deployment of Digital Twins developed via Unity 3D or the NVIDIA Isaac Sim platform. These
sophisticated frameworks offer profound architectural and hardware-software advantages that bridge
the gap between virtual experimentation and physical deployment. A primary mechanism of this
architecture is real-time telemetry, driven by robust communication protocols such as MQTT or
WebSockets. This framework enables the establishment of a continuous, bidirectional communication
loop between a physical robotic manipulator situated in a laboratory and its corresponding high-
fidelity virtual 3D model. When a student modifies the underlying control algorithms, the virtual
representation and the physical hardware execute synchronized movements. This immediate causal
loop generates a powerful gamification effect, thereby substantially multiplying intrinsic student
motivation and operational engagement [11].

Furthermore, the implementation of Hardware-in-the-Loop (HIL) simulation technology
optimizes both fiscal efficiency and safety protocol compliance. Through HIL configurations,
students interface physical microcontrollers, such as Arduino or ESP32 architectures, directly with
the workstation to deploy operational source code, while visualizing the resultant kinetic behavior
through a highly precise, simulated 3D model. This methodological approach effectively eliminates
the operational risks associated with mechanical collisions and structural damage to high-cost
laboratory instrumentation. Finally, these digital twin architectures facilitate advanced learning
analytics for the continuous monitoring of cognitive engagement. At the core information system
layer, every specific user interaction — ranging from simulation execution frequencies and the density
of logical errors in the compiled code to granular task completion timelines—is automatically
recorded as log data within structured databases such as SQLite or PostgreSQL, enabling objective,
quantitative evaluations of the learning process.

Conclusion

The comparative investigation into the hardware and software infrastructure of educational
robotics highlights a critical architectural divergence between advanced professional simulation
environments and entry-level emulation tools. Specialized high-fidelity platforms, specifically
Gazebo and Webots, present an overly complex operational overhead, creating an unsustainable entry
barrier for undergraduate students during introductory engineering courses. On the contrary,
ubiquitous cloud-based environments such as Tinkercad fail to replicate the complex kinematics and
multi-body physics intrinsic to industrial-grade robotic applications. This functional disparity
validates the necessity of developing hybrid technological frameworks that merge the rigorous
mathematical precision of professional simulation software with the accessible, browser-based
deployment models of modern cloud systems.

The analytical outcomes confirm that Digital Twins engineered via Unity 3D or the NVIDIA
Isaac Sim architecture yield superior technical and pedagogical outcomes. By establishing a fully
synchronized ecosystem structured as a Physical Robot <-> [oT Gateway <-> Virtual Model pipeline,
these configurations serve as highly effective mechanisms for expanding cognitive immersion and
student autonomy. The integration of an instantaneous, bidirectional telemetry loop eliminates
instructional latency, thereby transforming conventional laboratory exercises into highly interactive
engineering workflows.

Consequently, subsequent research initiatives will be dedicated to the structural synthesis and
system modeling of an optimized digital twin framework engineered for automated technical
curricula. The projected architecture is designed to unify a hardware microcontroller topology, an
optimized MQTT broker node, and a proprietary Unity 3D visualization canvas. Subsequent
empirical investigations will focus on integrating this deployed infrastructure into active university
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laboratory operations to establish a quantitative, statistically validated assessment of its long-term
operational and instructional utility.
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POBOTOTEXHUKAHBI OKbITYJIA KOJITAHBIUITBIH U®PJIBIK EI'T3IEP MEH
CUMYJIALUSAIIBIK )KYUAEJEPIIH BAT JAPTAMAJIBIK-AIIIIAPATTBIK,
HHIIAT®OPMAJIAPBIH CAJIBICTBIPMAJIBI TAJIJAY

Tyiiin

Makasana OiniM Oepy poOOTOTEXHHMKACHIHAA KOJIAHBUIATBIH HUQPIILIK €ri3aep MEH CHMYJISIHMSIIBIK
KyWenepaiy OarmapiaMalbIK-alnapaTThlK IDIaT(GopManapblHBIH —apXUTEKTYPAlIbIK JKOHE TEXHUKAJBIK
CPEKILETIKTepiHe KYHeTl CaNbICTRIpMalbl Tajjiay Kacaabl. 3epTTey OapbhIChIHAA POOOTOTEXHUKAIBIK
KEIICHISPAIH YII IEHTCHII aKmapaTThIK KYPBUIBIMBI MoJenbacH . OHBIH KYpaMbIHA alIapaTThIK ICHreH

111



Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Ne2 (34) 2026

(MUKpPOKOHTpOJLIEpIIEP, CEHCOpIap KOHE aTKapyIIbl MEXaHU3MIEp), KOMMyHHKaMsIbIK aeHreid (MQTT,
WebSockets, OPC UA xarramanapsl) >xoHe BUPTYyaJabl CHMYISIIHASIIBIK neHren (Webots, Gazebo, Unity 3D,
NVIDIA Isaac Sim, Tinkercad, Wokwi) enrizingi. [lmardopmanapasr Oaramay MakcaTblHIA IEpeKTepAi
CHHXPOHJIAY Kifipici, Gpu3HKaIbIK Monenbaey nonairi, Hardware-in-the-Loop (HIL) TexHonoOrusichiH Koniay
MYMKIHJITI, €cCemnTey pecypcTapblHa KOWBUIATBIH TaJlalTap JKOHE TEIEMETPUSIIBIK MAIIMEeTTep MeEH
CTYINEHTTEpHIH «IUPPIBIK 13iH» XUHAY (PyHKUMIapel CHAKTHI KemeHai [T-metpukamap KOMAaHBUIIHL
3epTTey HOTHKENEepi KOpceTKeHAeH, KociOn cuMynsTopiaap (U3MKAIBIK MPOLECTEPi KOFaphl ASJIIKIICH
MOJIeJIbACTEHIMEH, OJIapAbIH annapaTThlK WHTETPALHs KOHE TEIEMETPHUSUIBIK TalAay Kypajlaapbl MIEKTeYJIi.
Ax Unity 3D sxone NVIDIA Isaac Sim Herizinaeri mudpisk eriznep miaTdopMaiapbl HAKTHl YaKbITTaFbl
eKiKaKkTbl cuHXpoHaaynbl, loT-unterpanususl xoHe SQL/NoSQL nepextep KopnapbiMeH OaillaHBICTHI
TONBIK ~KaMTaMacbl3 ETETIHIIKTeH, pPOOOTOTEXHUKANBIK AaKHapaTThlK JKyielaep YIOiH eH THIMAIl
APXUTEKTYPAIIBIK MIEITIM PETiHAE alKbIHIAIIbI.

Kinrrik ce3aep: nudpibik eri3, poOOTOTEXHUKA, CUMYISIUSUIBIK Kyiienep, MQTT, Unity 3D, NVIDIA
Isaac Sim, Gazebo, Webots, loT, akmapaTTbIK xkyienep.
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CPABHHTEJII)I!LIFI AHAJIA3 ITPOI'PAMMHO-AIIIIAPATHBIX IIVIAT®OPM
HUPPOBBIX IBOMHUKOB U CUMVYJIAIMOHHBIX CUCTEM B OBYYEHUU
POBOTOTEXHHUKH

AHHOTanUusA

B crarbe mpencrtaBineH CpaBHHUTENIBHBIH aHAIN3 apXUTEKTYPHBIX M TEXHHMYECKHX XapaKTEPHUCTHK
MIPOTPaMMHO-AIMIAPATHRIX M1aTGOPM IHU(POBEIX JBOWHUKOB M CUMYISIHOHHBIX CHCTEM, NPUMEHSEMBIX B
oOpazoBarelibHOH pOoOOTOTEXHUKE. B Xome wWcciemoBaHusi CMOAETHPOBaHA TPEXYpPOBHEBAs apXUTEKTypa
POOOTOTEXHUYECKOH MHPOPMAIIMOHHOM CUCTEMBI, BKJIIOUAIOIIAs allllapaTHBIA yPOBEHb (MUKPOKOHTPOIIIEPHI,
CEHCOPBI M MCIIOJHUTENbHbIE MEXaHU3Mbl), KOMMYHUKAIIMOHHBIN ypoBeHb (mpotokonsl MQTT, WebSockets,
OPC UA) u ypoBenb BupTyaibHO# cumymsnun (Webots, Gazebo, Unity 3D, NVIDIA Isaac Sim, Tinkercad,
Wokwi). [Iis KOMIUIEKCHOW OIICHKH IUIaT(OPM HCIIOJIb30BAIMCh Takue IT-MeTpuku, Kak 3ajiepiKka
CHUHXPOHHM3ALUK JaHHBIX, TOYHOCTb (PU3MUYECKOTO JBMXKKA, mojjepxka TexHosorun Hardware-in-the-Loop
(HIL), TpeboBaHus K BEIYHCIUTENLHBIM pECypcaM, a Tak’kKe BO3MOXKHOCTH cOOpa TeIEMETPHH U «IIUPPOBOTO
ciena» oOyuaromuxcs. [lodydeHHbIe pe3yibTaThl JEMOHCTPHPYIOT, YTO MPOQECCHOHANBHBIE CUMYISTOPHI
00ecreunBalOT BBICOKYIO TOYHOCTh (PM3MUECKOTO MOJIETHPOBAHUS, OAHAKO O00JaJaloT OrpaHMYCHHBIM
(YHKIMOHAJIOM ISl anapaTHON MHTETrpaluy U TeJeMeTpUIecKol aHaIuTUKU. B cBotO ouepens, miaTthopMel
mudpoBbix nBoiHUKOB Ha 0Oaze Unity 3D m NVIDIA Isaac Sim mnojmepuBarT JIBYCTOPOHHIOK
CHUHXPOHHU3AIIMIO B peajibHOM BpeMeHH, loT-unTerpanuto u B3aumoseiicteue ¢ 6azamu ganabix SQL/NoSQL,
4ro JenaeT ux HauOonee S(PEKTHBHBIM apPXUTEKTYPHBIM pEIICHHEM Uil POOOTOTEXHUYECKHX
WH(OPMAIIOHHBIX CHCTEM.

KaroueBrblie cjioBa: udppoBoil JBOWHHUK, pOOOTOTEXHUKA, cUMYJnoHHbIe cucteMbl, MQTT, Unity
3D, NVIDIA Isaac Sim, Gazebo, Webots, [oT, nuapopManimoHHbIE CHCTEMBI.
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KY’KATTAMAHbBI BACKAPYJIATBl AKITAPATTBIK TEXHOJIOT'UAJIAP:
IJIEKTPOH/BIK KYKAT AUHAJIBIMbBIH EHI'T3Y IIH TUIMALJIITI'TH BATAJIAY

Tyiiin

Makanana yibIMaapaa sIeKTPOHIBIK Ky)KaT alfHaIBIMBIHBIH aKnaparThik kyihenepin (QKXK) enrizynig
SKOHOMHKAIBIK THIMIINITIH Oaranay KapacTeippuiaabl. DKJK eHri3ymiH KyKaT alfHaNBIMBIH KeIeNIeTyTe,
Kara3z KyKaTTapra IIBIFBIHIApABI a3alTyFa, KYKaTTapabl i34€y MEH KelliCy YakKbIThIH KBICKapTYyFa,
OPBIHAAYIIBUIBIK TOPTINTI apTTHIpyFa >KOHE OW3HEC-TIpolecTeplli OHTAWNaHIBIpyFa oCcepiH eumeyre
MYMKIHIIK O€peTiH CaHIBIK J>KOHE CcalaiblK KOPCETKIITep KapacThpbuiafpl. Tikenmed emmmey MeH
capanTaMaiblK Oaranaygpl KOca alFaHfa, >KYMbIC YaKbITBl MEH pecypcTapibl YHEMIEyAl ecenTey YLIiH
JepeKTepi KuHay daicTepi yeriHbuFaH. DKJK-HbI KOJIIaHBICTaFbl aKNapaTThIK KYHeIepMeH HHTEeTpalusiiay
JKOHE KbI3METKepJepAl Kamry TaimmaHazapl. JKymeicta DKM eHrizy TuiMzainirid Oaranay OacKapyIIbUIBIK
memiMaep KaObUIIay[slH, OfaH opi HUGPIAHIBIPYIbl >KOCTApIayldblH J>KOHE YHBIMHBIH OHIMILIITiIH
apTTBIPYNbIH, COHAAl-aK aKHaparThlK TEXHOJOTHSUIApIbl  €HTi3y  JKOOalapblHBIH  SKOHOMHKAIBIK
OPBIHABUTBIFBIH pacTayAblH HET13T1 KypaJbl OOJIBI Ta0BUIATHIHBI KOPCETIITEH.

KinTrik ce3mep: 2JIeKTPOH/IBIK KY)KaT aifHAIBIMBI, aKIapaTThIK jKyWelnep, SKOHOMUKAIBIK THIMIUTIK,
xobasapiel backapy.

Kipicne. AknapaTThIK *ylenep/i eHrizy k00anapbIHbIH THIMAUIITIH Oarajay Ka3ipri 3aMaHFbl
OackapyablH axplpamac ToxipuOeciHe alHamyla KOHE JIEKTPOHIBIK KyKaT aiHanbiMbl (DKIK)
YKYHMENIepIH €HTI3y JIe epeKIIeNiK 00BN TaObIIManIbl. OpOip x00a, cailblll KeNTeHAe, COTTIIIKIICH
HEMeCe COTCI3JIKIEH asKTajlaabl >KOHE KIJAIpic KargailblHIa MEHEDKepsep KOJ JKETKI3LIreH
HOTIKeJIep/ll Oaranayra »OHE EHII3YJll JKaJIFACThIPY/JbIH OPBIHIBUIBIFBIH aHBIKTAyFa THIPHICAIBL.
DNeKTPOHBIK KY)KaT aifHaIBIMBI JKyHenepi OYTiHIe eH CypaHbICKa he aT-)o0amapIbiH 0ipl OOk
TaObUIafbl, OWTKEHI oJap KyXKaTTapAbl OHICYAl >KeIeNaeTyre, Kara3 TachIMaJJarbllITapFa
UIBIFBIHIAP/Bl a3aiiTyFa, KeIIpyre *oHE JKETKi3yre, KyXKarTapibl 13/1ey MEH KeJICy YaKbIThIH
KBICKapTyFa, COHJIaif-aK OpBIHAYIIBUIBIK TOPTINTI apTTHIPyFa MYMKIHIIK Oepeni [1].

OKX eHrizyaiH THIMIUIIT )KYHEHIH KYMBICBIHBIH CallaCbIMEH FaHa €MeC, COHbIMEH O1pre OHbI
KOCIMOPBIHHBIH ~ KOJIJIAHBICTaFbl  OM3HEC-TIPOLIECTEpIMEH HMHTErpalysuiay JeHreidiMeH, >KyHeHi
naiiiamaHaThIH KBI3METKEPIIEPAl KAMTYMEH jKOHE YaKBIT ITEH PeCypCTapblH IIBIFBIHIAPBIHBIH HAKTHI
TOMEH/IeyiMeH aHbIKTana Ibl. Ko )KeTKI3UIreH HoTxKenepi Oaranay YIIiH CaHIbIK KOPCeTKIIITep i
7€ eCKepy KaKeT — JKYMBIC YaKbITBIHBIH a3afobl, KY)KaT alHAJIBIMBIH KEIEeNIETY, KYHICNIKTi
oTepalusUIapAbIH KOJIEMiH a3aiTy *KoHe canajiblKk — YHBIMHBIH MIMUJDKIH apTTBIPY, dKYMBICTBI PETKE
KEJTipy, TYTHIHYIIBIIApFa KbI3MET KOPCETY/I1 JKaKCcapTy.

Ocbl MakanaHblH MaKcaThl JJIEKTPOHIBIK KY)KaT aWHalbIMBl JKYHeJepiH eHri3yaiH
SKOHOMMKAJIIBIK THUIMIUIIH Oaranay ojiCTepiH Tanjnay, THIMAUIIKTIH HET13T1 KepCeTKIITepiH
aHBIKTAYy JKOHE JEPEeKTepAl JKUHAY >KOHE EHTI3y HOTHKeNepiH Oaranay OOMbBIHINIA YCHIHBIMIApAbI
KQJIBIITACTRIPY OOJBIN TaObUIAIBI. 3€PTTEY SICTEpl PETiHAe 9/1e0n AEPEeKKe3AepIl Tanaay, KyKat
alfHaJIBIMBl TypaJibl CTATHCTUKAIBIK MOIIMETTEpAl JKMHAY, COHAAl-aK KbI3METKepJIEepHAiH HaKThI
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KYMBIC JKarJaiylapbl MEH YWBIMHBIH €pEKILICIIKTePiH eCKepyre MYMKIHIK OepeTiH capanTaMalbIK
Oaranay KoJIIaHbLTa B! [2].

byn 3eprreyain Hotmwkenepi DKXK eHrizy i sxocnapiiarn oThIPFaH KOCITOPBIHAAD YIIiH, COHJIak-
aK 2JEKTPOHJBIK KY)KaT aifHAJIBIMbI XKYHENEpiH 93ipJIeyMeH KoHE CYHeMeNaeyMeH aiHaIbICaThbIH
AT-xkoMITaHusUIap YIIiH Taiganel 6071yl MYMKIH, ©MTKEHI oJiap KOOAHBIH THIMIILIITIH 0OBEKTHUBTI
Oaranmayra >KoHE YHBIMHBIH HaKThl KaXETTUTIKTepiHEe OaillaHBICTBI €HTi3y NPOIECIH TY3eTyre
MYMKIHAIK Oepeni.

Matepuanaap MeH dicTep. DIEKTPOHABIK KyKaT aitHaimbiMbl xyienepin (OKXK) enrizyain
THIMJAUTITIH OaFajay »XYHEHI TOJBIKKAHIIbI CHTI3TEHHEH »OHE OHBbI KOCIMOPBIHHBIH KYHIEIKTI
’KYMBICBIHA OIpiKTIpreHHeH KeiiH FaHa xypriziayi Tuic. Erep icke acblpy askraimaca HEMece CITCi3
00J1ca, SKOHOMHKAJIBIK 9CEp dJIETTE a3 HeMece MyJiieM Oonmaiiasl [3].

Icke achIpy camachlH Tanjay YIIiH OipHEIIe Heri3ri KOpCeTKIITep KOJMaaHblIa bl bipiHiiieH,
KyHene KacanFaH 3JEKTPOHJBIK KyXaTTap CaHbIHBIH Kara3 TIpKEY KapTOYKaJlapbIHbIH CaHbIHA
KarbiHachkl. KemieHnmi eHri3y KesiHae OapiiblKk Kipic KyXKarTtap d3JEeKTPOHIBIK (opMaTKa
aybICTBIPBLIA/IBI, aJl IIBIFBIC KY)KaTTap Tikesel xyiese xacanansl. Erep 6yi kepcerkim 100% - nan
a3 Oosica, OYI Ky)KaT aifHAJIBIMBIHBIH TOJIBIK KaMThUIMaraHbIH KepceTeli. ChIPTKBI KY)KaT aifHaIbIMBI
KapKbIHJIBI KoMIaHusiapaa o oaerre 200% — Fa, ai imKi KyKaT aifHaIbIMbI 0achIM YibIMIapaa
1000% - ra neitin xereni.

ExinmniieH, KpI3METKepiiep[iH KaMTblUlybl Oarananaznpl: OKXK HakThl naiiiananyuisiiapsl
CaHBIHBIH KYXKaT aiHaJbIMbIHA KAThICAThIH OacKapymIellap MEH WH)XEHEPIiK-TeXHUKAIBIK
KbI3METKEpJIepAIH JKallbl caHblHAa KaTblHAackl 100% - Fa >kakplHAAybl THIC. YIIIHII KOPCETKII
MIEKTPOHABIK LUPPIBIK KoiTaHOAMEH KON  KoWbUIFaH KyxkarTapablH  LlbiFbic  Tipkey
KapTOYKaJapblHBIH CaHbIHA KaThICTBI yiecl Oomneim TaObuiagsl. 100% - maH JKOFapbl MOH
Ky)KaTTapZblH Oip 0eiri TONbIFBIMEH 3JEKTPOHIBI TYPJE KaJIbIl, OacChIIl IIbIFAapy KOHE CKaHepiey
KKETTUIITIH a3aiTaThIHBIH KOPCETE/I].

Conpnait — ak, DKXK-HbI KoCINOPBIHHBIH KOJIJJAHBICTAFbl aKMapaTTHIK KYHelepiMeH-MbICalIbI,
OlpbIHFall aHBIKTAMAJIBIKTAPMEH, IIApTTapMEH HEMece OTIHIMJIEPMEH >KYMBIC >KyHenepiMeH
MHTETpalusiay JA9pekeci MaHbI3Abl KpUTepui Ooibin TaObuiaabl. Bynm KepceTkill eHri3yaiH
TOJBIKTBIFBIH FaHA €MEC, COHBIMEH O1pre KOJIIAaHBUIATHIH JKYHEHIH KJIACBIH Jla KOpPCEeTedl, OUTKEeH1
OapibIK mmemimMzaep 0acka sxyiienepMmen oHail OipiktipuiMeiai [4].

OKK eHrizy/iH oacepiH Tikesiel SKOHOMUMKAIBIK (IIBIFBIHAAPBI a3aiTy HEMece KIpiCT1 YIIFaiTy,
&KYHe MEeH €HTi3y IIBIFBIHAAPBIH LIETepreH/ie) KoHe KaHaMa — TIKeJlIel acep aylyFa ocep eTeTiH
canaljblK KepceTKilTep peTinae Oaranayra 0omaapl. CaHABIK KOPCETKIIITEpre KyKaTTap/bl 13eyre
KOHE COMKECTeHJIpyre KeTeTiH YakKbITThl a3alTy apKbUIbl JKYMBIC YaKbITBIHBIH KBICKApYHl,
KYHJIEJIIKT1 ONepanusiapAblH KeJeMiH a3aiiTy, HHTEJUIEKTYalIbl )KOHE THIM/I1 Macesenep/l menryre
yakbIT Oeisty Kipeli. backa caHIbIK KepceTKilTep-Kara3 OeH IIbIFIH MaTepUalJapbIHbIH CaHBIH
a3alTy, KyXKaT aifHAJIBIMBIH JKOHE OapJIbIK OaiIaHBICTBl OM3HEC-TIPOIIECTEP/II KEACIIETY .

DNEeKTPOHIBIK KyKaT aifHanbiMbl xkyhenepin (DKJXK) enrizynin Tuimaunirin Oaranay yIIiH
CaHJBIK >KOHE CalaJIbIK KOpCETKIITep MaijanaHbuiafbl. ATanfaH KpUTEpUNUIIEPIIH KOIMUIUIIriH
KapanaiibiM ¢opMynagapMeH ecenteyre O0onaabl. Maocenen, mbicanbl, JK)K eHrizinreHHeH keliH
KbI3METKepJIepiH Ky’KaTTap bl KeJiCy yaKbIThIH YHEMEY (hopMyIia OOMBIHINIA aHBIKTATYbl MYMKIH:

T = (to - t1)*k,
MyHaFbl T - KbI3METKEpJIEpAIH S3JEKTPOHIBIK KY’KaT ailHaJbIMbl KYHecl €Hri31IreHHeH KeWiH
KYy)KaTTapbl KeJiCy yaKbIThIH YHEM/IEY; to XKoHE t1 — KBI3METKEP/IiH JIEKTPOHIBIK KY)KaT aifHaIbIMBI
JKYHeECl eHTI3UITeHTe JEWIH >KOHE CHTI3LITCHHEH KEWiH THICIHIIE KyXKaTKa KOJI JKHHAyFa >KOHE
KeJIicyre )KyMCalThIH yaKbIThl; K-aiiblHa KeNiCUIeTiH KyKaTTap CaHbl.

3eprTey OapbIChIHIA CAHIBIK JKOHE CalalIbIK TayJlay SICTEPiHIH JKUBIHTHIFbIHA HET13IEITeH
ANEKTPOHABIK KY)KaT alHaIbIMBI KYHEIepiH CHTI3YAIH THUIMAUIrH OaranayJaplH KEIIeHII TOCuIi
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KOJIJAaHBUIABL. 3epTTEYAIH aKMapaTThIK 0a3achl peTiHAe FhUIBIMH JKapHsUlaHbIMAAp, AKHapaTThIK
Kyhenepai 6ackapy *KeHIHJIErl MaTepuaniap, KyKaT aifHaJIbIMbIH aBTOMATTaHJIbIPy CaJlaChIHIAFb
3epTTEyJIepiH HOTHXKEJepl, COHAal-aK KyKaTTapabl OacKapyIblH OSJIEKTPOHABIK KYHelepiH
naianaHaThlH YUBIMAAPBbIH CTATUCTUKAIIBIK IEPEKTEPl MalJanaHbUIIbL.

Tanmay ymin DOKX eHriziirenre [eiiH >KOHE OJaH KeHiH KOCIMOPBIH KbI3METIHIH
KOPCETKIITEPIH CaTBICTHIPYFa MYMKIH/IIK O€pETiH CalbICTHIPMAIIBI 9/1iC KOJIIaHbUIIbl. Ky>kaTTap sl
OHJICY YaKbITBIHBIH KOPCETKIIITEepiHe, KeJICy >KbUIIaM/IbIFbIHA, OHJCITCH KY)KaTTapblH CaHbIHA,
Kara3 KyXXaT alHaJbIMBIHBIH KeJIEeMiHE >KOHE KbI3METKEpJep.iH >KyHeHl MaiijanaHyra KaTbiCy
NeHreiiine 6aca Ha3zap ayJapbuUIIbL.

OOBEKTUBTI ACPEKTEP/l ally YIIIH KOCITOPBIHHBIH IMIKI €CenTepiH Tikeleld Oakplaay >KOHE
Tangay ozicrepi Kosnganbuiasl. CoHmal-aK, )KYHEeHIH BIHFAWIBUIBIFBIHA, OOMIMIIENep apachlHAarbl
e3apa OpEKEeTTeCy CallachlHbIH ©3TepyiHe >KOHE eHTI3UIreH MIemiMaepre KbI3METKepiIepaiy
KaHaraTTaHy JACHreliHe OalIaHbICThI CyOBEKTHBTI (haKTOpiapIbl €CKepyre MyMKiHAIK OepeTiH
capanTamManblK Oaranmay oici KONJAHBUIABL. AJIBIHFAH HOTIDKENEp DIEKTPOHIBIK KyKat
AfHAJIBIMBIHBIH KOCIITOPBIHHBIH OM3HEC-TIPOIECTEPiHIH THIMALIITIHE 9Cep €Ty AOPEKECiH aHBIKTay
YIIIH )KYHeTeH i piTin, KeHIHHEeH aHaTUTHKAJIBIK JKaJIIbUIayFa YIIbIPaIb.

Hotmxenep MeH TajkblLiay. JKyprisimren Tangay KykKaT alHAJIBIMBIHBIH 3JIEKTPOHIBIK
JKYHMEJIepIH €HTI3y KOCIMOPBIHHBIH 1IIKI OM3HEC-TIPOIECTEPIH YHUBIMIACTBHIPYFa aTapiIbIKTal ocep
eTEeTIHAITIH KepceTTi. AJIBIHFaH HOTHXKENep KYXKATTapAsl ©HACY MXOHE KeICy YaKbITHIHBIH
KbICKapFaHbIH, Kara3 »>KETKI3TIIITEp CAHBIHBIH a3aiiFaHblH, COHJAAl-aK KbI3METKEpIEp MEH
OeJTiMIIIeNIep apachIHIaFbl ©3apa i1C-KMMBUIIBIH KEACIIITIHIH apTKAaHBIH KOPCETE/I.

TuiMaiikTi  Tangay OJEKTPOHABI KYKaT aWHaJIbIMBl KOCIMOPBIHHBIH — KOJJIAHBICTAFBI
aKmaparThblK pecypcTapbIMEH HHTErpallMsjIaHFaH >KOHE KYKaTTapAbl OHJICYNIH KemNTereH
MIPOLIECTEPIH KAMTHUTBIH KYHEHI KEHIeH]Il €HT13y apKbUIbl YIKEH HOTHXKEre KOJI JKeTKI3UIETIHIITH
KepceTTi. MyHpaall >karjaiiapia KYHIENIKTI ONEpalusuiapibl OpbIHAayFa KyMcalaTblH €HOeK
IIBIFBIHIAPBIHBIH  aTapibIKTall TOMEHCYi, KalTaJaHAaThIH OpPEKETTEp CaHBIHBIH a3alobl JKOHE
MIHJETTEePAIH OPBIHAATYBIH OAKbIIAY IbIH AIIBIKTHIFBIHBIH apTYhI OaiiKanabl.

AJBIHFaH HOTHIKENEP 1CKE achIPY/IbIH THIMIUTITT OaFIapiaMalibIK )KacaKTaMaHbIH TEXHUKAIBIK
cUIaTTamajapblHa FaHa €MeC, COHbIMEH KaTap KbI3METKEpJIep/iH NaibIHABIK JIeHreiine, Ou3Hec-
MPOIIECTEP/IIH OeHiMIeTy JopexeciHe KoHE CHTI3LITeH JKYHEeH1 KoJyijay camachiHa OaisIaHBICTHI
YUBIMIACTBIPYIIBIIBIK (hakTOpiapra OalIaHBICTBI €KEHiH pacTaiibl. ToJBIFBIpaK Tajaay YIIiH
TUIMJIUTIKTIH HET13T1 KOPCETKIITEP1 KOHE oap bl Oaranay 9icTepl KapacThIPbLIAIbI.

CanaJnblK KepCceTKIITep KOMITaHUSHBIH UIMU/DKIH KaKCAPTYAbl, KIIMEHTTEPre KbI3MET KOpCceTy
carachlH apTThIPY/Ibl, )KYMBIC YPAICTEPIH PETKE KEATIPYyl KepceTeal. AKIapaTThIK )KyHenepal eHri3y
KeOiHece camalibl acepiiepMeH Oipre *KypeTiHiHE KapamacTaH, CaHJbIK KOPCETKIITEp YJIKEH ocep
KaJIIbIpabl. byt skarmaiiga ocep/i qomipex Oaranay YIliH MaHbI3Abl CallaiblK HOTHXKEIIEP/Il CaH IbIK
HOTIKesepre aiHanasipyFa 6omasl (cyper 1).
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Kbizmerkepnepai ianeyre xexe
WeiFbiaapasl KuicKapty OKBITYFA KETETIH WhIFbMaa-
PAB! KBICKAPTY
Tabbic Kenemix Keuinpixtep, xexingeriires Kbiamerkepnep aycuimasins-
aprTbipy WwapTTap any Mykinairi FbIH asaity
KNUeHTTep cakbiH Kerkisywinepninkypsteri, KniameTkepnepain
xobedry cenHimi ANANABIFBIK APTTHIPY

ﬁ

ﬁ

ﬁ

3amaHayn yitbiM MMUAXIH KansinTacTeipy

Cyper 1 - DneKTpoHIBIK KY>KaT aifHAJIBIMBI JKYHECIH €HT13y TUIMALIIr KOpCeTKIITEPiHIH
e3apa OaillaHbICHI

Anaiina, 6acTamnksl JEpPEeKTEP/Ii )KUHAY TPUBHAIBIbI €MeC MIiHAET OOJIbIN TaObLIaIbl, OUTKEHI
KYWEHI SHTI3TeHIe JeiiH omnepanusiiapIsH OPbIHIATY YaKbIThl MCH KYXKAT alHAIBIMBIHBIH KOJIeMi
Typajbl CTATUCTHKA KM XYypriziimeren. MyHai xaraiinapaa Tikenei eJiey MeH capanTaMalibIK
OaranmayJplH KOMOMHAIMACHIH KOJIJAHYy YCHIHBUIAABL. Tikesei esmieylep eHri3UIreH XyHeaeH
QJIBIHFaH JIEPEeKTeP/l TajaaayAbl (IePCOHANIBIH )KYKTEMEC], KacalFaH Ky XaTTapAblH CaHbl, Mep3iMi
OTKEH TarChlpMajap *oHE T.0. Typajbl ecemnTep), KEeKe OIlepaunusiapra >KYMCAIFaH YaKbITTHI
aHBIKTAy YIIIH CEKyHIOMEpl Maigananyibl, COHai-aKk OyXranTepiik AepeKTep OONBIHIIA IBIFbIH
MaTepUasIapblH €CENKe alyAbl KAMTYbl MYMKIH [5].

Bbapnblk kepceTkiTep Tikenei enmeHOeHal, COHABIKTaH capanTaMaiblK Oaranay oici eH
ceHiM/I1 60mbin cananaabl. OHBI KOCIMOPBIHA KOJIaHFaH Ke3/1€ *KYWEH1 eHT13TeHre JIeHiH e, O/1aH
KeliH Jie MpOoLEeCTepaAiH TiKelell KaThlCylblIapbl HeMece MaiaagaHyIibuiapbl OOIbIN TaObUIATHIH
capammbuiap TaHjaanaasl. CapamnmbuiapFa KOWBUIATBIH HETI3T1 TalanTap KOCIMOPBIHIAAFBI KYMBIC
OTLJI1 KEMIHJIE €Ki XKbIJ KoHE KYHEMEH KYMBbIC ToKipuOeci KeMiHJe eKi-yIl ail GoJbIN TaObliIa bl
Caparnuisl ©31HIH (DYHKIITMOHAJIIBIK CajachlH/la FaHA €MeC, KaJIbl KOCIMOPBIHHBIH KYMBICHIHIA J1a
KY3bIpeTTiTiKKe ue 0oiybl kepek. KebiHece MyHaall capamnibliap sKOFapbl JieHreiaeri oacusliap,
OexiM OacTBIKTaphl HEMece OJlaplblH OpbIHOAacapiapbl, COHAANW-aK IC JKYpri3yuiiep MeH
XaTHIbUIAP/Ibl KOCA ajFaH/1a, KeNTereH Ky)KaTTap eTeTiH Heri3ri KbI3MeTKepiiep 6omasl [6].

CapanubuiapiblH cayajlHaMachl cayajlHama HeMece cyXxO0aT TYypiHIE XXYpri3iayl MYMKIiH.
AJNBIHFAaH MOJIMETTep MaTeMaTHKaJbIK CTAaTUCTHKA QJICTEPIH KOJJaHa OTBHIPBIN ©HIENel, COAaH
KeHiH >KO0aHBIH HHTETpalabl Oarackl KanmbnTacagpl. Capamnmisiap KOJIIAHATHIH OaranayIblH
OipHerie Tocinaepi 6ap:

1. Tikeneii cannpIk Oaranay (cyobekTuBTI). Capariibsl 00bEeKTIepre CaHIbIK MOHAEPpl Oenriii
Oip mKkana OOWBIHIIA TaFaWbIHIAWIBI, MBICANBL, KENICIMIIAPTTAPIbl KENICYy KaHIIATBIKTHI
KeJleNJIeTeHIH HeMece KY KaTTap/Ibl 13716y YaKbIThl KaHIIAIBIKTHI KbICKapFaHbIH Oaramaiiapl. HakTe
caHJIbIK Oarajay, MbIcalibl, "KyKaTTapbl Kelicy Mep3imi eki ece KbICKap/bl", capamiibl opJaibiM
Kepcere Oepmeiini, Oipak HMHTErpajibl KOPCETKIIITI ecenTey YIIiH OlpHelie MamaHAapablH
OaranapbIHbIH ColiKec KellyiHe o Oepiieni.

2. Peiituar KyHeci (MakcarThliH OackiMAbIKTapbl). Capammibl oOBeKTUIepAi TaHIAIFaH
CaJIBICTBIPY KpUTEpUIAJIEp]l HET131HAe MaHbI3IbUIBIK J9peXKeci OONBIHIIIA OpHAIACTHIPAbl, MBICATIHI,
OM3HEC-TIPOIIeCTEP/Il aBTOMATTAHIBIPYABIH OACBIMIIBIFBl OOWBIHIIA. OJICTIH apTHIKIIBUIBIFBI-1CKE
aCBIPYBIH KapanailbIMIbUTBIFbI, KEMIIUTIT1-KONTEreH 00BEKTIeP i YIUBIMAACTHIPY IBIH KYPACTiIITi.
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3. "MymMkin/MyMKiH emec" KaruaaThl OolibiHIna Oaranay. Capariisl e3repicTepIiH KUBIHTHIK
OaracbIH KajeImTacThipa oThIpbI, DKXK eHri3iireHHeH KeliH MyMKIH HEMece MYMKIH OOJIMaNThIH
KaFaalIapabpl atan eTell.

4, bamapelk xyie (KyTynepre coikecTik). Capallllibl €HTi3y carachiH, KYHEHIH XYMBICHIH,
KOHCYJIbTaHTTAP/IbIH KBI3METIH KoHE )K00aHBIH 0acKa Aa KOPCETKITepiH OayuiMeH Oarasaii ibl.

JKobGanbiH coTTI OOJYBIHBIH HETI3T1 MIApPTTapbIHBIH Olpi-MakcaTrTapJbl JIYPHIC KOIO.
Capanramansik Oaranay omicin DKXK eHri3ymi kocnapnay Ke3eHiHIe Je KoJJaHyra Oonaabl, Oy
KY)KaT alHalbIMBbIHBIH KHUBIHIBIKTApbl MEH MpOOJIEMANIbIK IMPOLECTEpPiH aHBIKTayFa MYMKIHJIK
Oepeni. byn makcarrapapl HaKThUIAyIbl KaMTaMmachl3 €TEAl JKOHE OJap/bl OJIIEYyre MYMKIHIIK
Oepeni. Mplicanbl, "Kara3 KyKaT alHAJIBIMBIH KbICKApTy' MakcaThl KaHAal KyKaTTap OachII
IIBIFAPYABl  TOKTATaTBIHBIH (KBI3METTIK jka30amap, KemiciM-mapT jxobaiapsl koHe T.0.), Kai
OeniMaepe KoHe KaHAal Kesieme O0IaThIHbIH HAKThIJIaybl KEPEK.

Makcatrap/pl HakThUIay €HTI3yJeH KEHiHT1 ocepAl IANipeK eJeyre MYMKIHIIK Oeperi.
"Kyxar aifHaJIBIMBIH KeAeNIeTy" MaKcaThl MIEHOCPIHAE IIAPTThI KEIICYyAiH OopTaiia Mep3iMiH €Ki
anTajgaH €Ki KYHTre JeWiH KbICKapTy CHSKTHI MaHBI3ZbI MPOLECTEPAl alKbpIHAAay KaxeT. byn yney
MalbI3bIH €CENTEyTre MyMKIHIIK Oepei.

Erep xommanusima yiKeH KyKaT aiHalIbIMbl Oap KalIbIKTarel KeHcenep Oosca, "Karas
KY)KaTTapblH KEHCEeNIep apachlHAa JKbUDKBITY IIBIFBIHIAPBIH a3alTy''MakcaTblH KOWFaH >KeH.
EHrizinreHHeH KeliH KyXaTTap[pl JXETKi3y VIIH KypbepiiK KbI3METTEp MEH KOJIIKKE JIereH
KaKETTUIIK KaHIIAIBIKTBI TOMEHACTCHIH OaranayFra 00abl.

Ocpuraiinia, caHAbIK 9IICTEPIiH, TIKEJIEH eIIeyiep MEH capanTamalblK Oaraay blH yiiecimMi
AJICKTPOHJIBIK KY)KAaT alHaJIbIMbl JKYHENEpiH EHTI3yIiH THIMIUITT Typajibl KEHmIeHAl HICSHBI
KaJIbIITACTBIpYFa, NpoOjeMaiblK aiMaKTap/ibl aHBIKTAayFa >XOHE KOCIIOPBIHHBIH MaKcaTTapblHA
CcoliKec eHri3y MpoLeciH Ty3eTyre MyMKiHAIK 6epeni [7].

ONEeKTPOHABIK KY)XKaT aiHaibIMbl JKYHECIH EHII3yIiH MaHbI3Abl HOTHXKeJNepiHiH Oipi —
aKMapaTThIH CaKTaly KAyilCI3IITIH apTTHIPY >KOHE KYXKATTapJblH JKOFaly TOYCKEIIH TOMEHIETY
6o TaObU1aABL. JI9CTYpIll KaFa3 Ky)KaT aifHaJIBIMbIHJIA KYXKaTTap/blH KOFalybl, OyliHyl Hemece
IYpBIC CaKTalIMaybl XUl Ke3zecell. DIeKTPOHIBIK Kyle OyJl Macemnenepal OpTalbIKTaHIbIPbIIFaH
CakTay, Pe3epBTIK KelIipy *oHe KOJ KeTKi3yl Oakpuiay Kypaaaapbl apKbulbl azaiitaabl. COHbIMEH
Karap, xKyuene opOip OpeKeTTi TipKey MYMKIHMAIN KYKaTTapMeH >KYMBIC ICTEYAIH AaIlbIKTHIFbIH
KaMTaMachl3 eTe/ll XKoHe KayanKepIIUIiK JeHIeHiH apTThIpabl.

JXKyprizureH 3epTTey HOTHXKEIEpl IEKTPOHABIK KY’KaT ailHaJIbIMBbl KYHEJEpIH €HTI3y YHWbIM
KbI3METKEpJIEPiHIH IUQPIbIK CayaTTbUIBIFBIHBIH apTyblHA Ja OH dcep ETETIHIINH KepCeTTi.
Kpi3meTkepnepiiH ~ akmaparThlK — KYHEJIepMEH TYpPaKThl IKYMBIC ICT€yl OJNapIblH JKaHa
TEXHOJIOTHSIIap bl UTepY JIEHTeHiH KoTepil, 1IIKi KOMMYHUKaIHMsIapAblH CalachklH kakcapTazsl. by
03 Ke3€TiH/e KOCIMOPBIHHBIH JKambl HUQPIBIK TpaHCHOpMAaLIUICHIHA BIKIAJ €Te/ll KoHe Ooalakra
6acka J1a MHHOBAIMSUIBIK HISTIiMAEP/Ii €Hri3yre TalbIHABIK ACHIeHiH KaIbIITaCThIPAIbI.

CoHbIMEH Karap, EHII3UITeH XKyWenep OacKapylIbUIBIK IIEmIMIepl KaObuigay camachblH
KakcapTyFa MYMKIHAIK Oepeni. bacmibUIbIK Ky)KaTTapAblH OpBIHAATY MapTedeci, Mep3iMi ©TKEeH
TarnceIpManap, KbI3METKEpIIEp/IiH JKYKTeMeci >KOHE KY)KaT ailHaJIBIMBIHBIH JHHAMUKACHI TYpPajbl
KeJleNl aHAIMTUKAJIBIK aKmapar anaabl. MyHaail MadiMeTTep YiHbIM KbI3METIH THIM/I JKOCTIapiiayFa,
pecypcTapabsl OHTAUIIBI 00ITyTe KOHE MPOOIeMaITBIK MPOIIECTEP Il YaKbIThIH 1A aHBIKTayFa MYMKIH/TIK
Oepeni. HoTmxeciHae KOCIMOPBIHHBIH OaCKapyIIbUIBIK THIMALIINT MeH Oacekere KaOiaeTTimiri
apTaspl.

KopsbiThinabl. JKoOGaHbIH COTTUNIrH 0aFaay KoCIMOpPhIHIAA 3JEKTPOHJBIK KY)KaT aifHaIbIMBbl
KYHECIH JaMbITy MEepCHEeKTUBACHIH aHbIKTAy YIIIH A€ KaXeT, acipece erep »ko0a MUIOTTHIK CHUMAaTTa
OonbIl, KEHIHHEH XOJIMHITIH Oacka OeniMinenepiHe HEMece EHIIJIeC KOCIMOpbIHAapbIHA
TapaThUIaThIH OoJica. THIMILTIKTI OaFranay Ke3iHe TOyeJCi3 capanibliapIbl HeMece YITIHIII Tapar
yiBIMAApBIH TapTy Oaranay HOTHXKEJIEPiHIH OOBEKTUBTUIII MEH CEHIMAUIITIH apTThIpaasl. MyHaai
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TOCLT KOCBHIMIIIA MIBIFBIHAAP/IBI TaJlall €TKeHIMEH, €HTI3y camachlH /i1 Oaranayra jkoHe OoJamakra
KYHEH1 KeTUIipy OaFbITTapblH aHBIKTayFa MYMKIHIIK Oepesi. COHbIMEH Karap, ©3 ©HIMICPiHIH
carmacelHa epekiie MoOH OeperiH 3amanayu IT-xommaHusiap €Hri3y HOTIDKENEpiH Oakpuiay MeH
TaJaayIbIH 1K1 9J{iCTeMEJIEPIH KaIbIITaCThIPAIbI.

DNEeKTPOHIBIK KY)XKAaT aifHaJIBIMBI KYHECIH EHTI3yIiH TUIMIUIriH Oaramay omictepi opOip
KOCIMOPBIHHBIH €pEKIICIIKTepIHe, OHBIH KbI3MET cajachlHa, YUBIMABIK KYPBUIBIMBIHA KOHE KYKaT
allHAIBIMBIHBIH ~ KeJIeMiHe OalimaHplcThl OediMaenyi Tuic. Anaiiga IKypri3uireH 3eprrey
KOPCETKEHICH, CaHJIbIK KOPCETKIIITEPAl, TIKeJIeH eJmeysepl kKoHe capanTaMallblK Oaramayibl
KEUIeH I NailaiaHy eHTi3yiH HAaKThl HOTHKEJepiH aHbIKTayFa MYMKIHIIK Oepeni. MyHmai Tocin
KYHEHIH SYKOHOMUKAIIBIK 9CEpiH FaHa eMeC, COHbIMEH KaTap YHBIMIACTHIPYLIBLIBIK JKOHE CaalbIK
HOTIDKENIEPiH Oaranayra skar/1ail KacaiIbl.

DNEeKTPOHIBIK Ky)KaT aiHajabIMbl JKyWerepl Ka3ipri akmaparThlK KOFaMm JKarJdaiblHaa
KOCIMOPBIHAAPABIH THIMALIITIH apTTHIPYABIH MaHBI3IBI KypalblHa aifHaism oThIp. JKypriziareHn
Tajjay HOTIXKECIHAEC MYHIAl >Kyienep KyKaTTapAbl KeTiCy yaKbIThIH KbICKApTyFa, Kara3 KyXaT
aifHaJIBIMBIHA KETETiH WIBIFBIHIAPIBl a3aliTyFa, OPBIHAAYIIBUIBIK TOPTINTI KYIIEHTyre >KoHE
OeJiMIIIeNIep apachIHIaFbl ©3apa 1C-KUMBUT CallachlH YKaKcapTyFa MYMKIHJIIK OepeTiHI aHBIKTAJI/IbI.
CoHbIMEH KaTap, KYKaTTapJAblH OPBIHAATYBIH Oakpuiay IEHreil apTein, Oackapy IICHIMIEpiH
KaObLI/Iay KEACIIIT )KOFapblIaiIbl.

DNEeKTPOHIBIK JKYWenepHai eHTi3yAiH Tarbl Oip MaHBI3Ibl aPTHIKIIBUIBIFBI — AaKIapaTThiH
KayiMci3airi MeH cakTaldyblH KamTamachl3 eTy. Kykarrapabl OpTanbIKTaHABIPbUIFAaH TYPJE CakKTay,
PE3EPBTIK KOUIpy JKOHE KOJ JKETKi3y KYKBIKTapbIH IIEKTEY KYMHS aKMapaTThIH JKOFaly Hemece
pYKcaTchI3 Maiijananblly KayIiH ToMeHaeTeal. by ocipece yikeH KeneMeri KyKaTTapMeH KYMBbIC
ICTeTIH yitbiMaap yiiH MaHb3Abl. COHBIMEH KaTap, SJIEKTPOHABIK XKYyHelaep YMbIM ilIiHae TOPTII
IIEH JKayanKepIIIiK MOJCHUETIH KaJIbIITaCThIPYFa bIKIAJ €TeIl.

3epTTey OapbIChIH/IA SJIEKTPOHBIK KY>KaT aifHaJIBIMbI )KYHECiH €HI13y1iH TaObICThI OOITYBI TEK
TEXHUKAJBIK KypajJapra FaHa €MeC, COHBIMEH KaTap KbI3METKepJIepHAiH MaWbIHIBIK JeHreiiHe,
YUBIMHBIH ~©3repicTepre OeHiMALTiriHe >KoHe OacKapylIbUIBIK KOJJayFa TOyenAl eKeHIIr
aHbIKTAIBL. KpI3MeTKepIIepi OKBITY, JKaHa mporiecTepre OeliMIey xKoHe )KyHeMeH TYPaKThl )KYMBIC
ICTeY KOCIMOPBHIHHBIH HUGPIBIK MOJCHHETIH KalbIMTAacThIpaAbl. byn Oonamakra Oacka ga
aKIapaTTbIK TEXHOJIOTHUSIIAP/Ibl €HTI3yTe Heri3 00abl.

MaxcaTtTappl JYPIC KOO KOHE KYTUIETIH HOTIKENEP Il HaKThl aHBIKTAY €HI13y THUIMIUTITIH
OaranayablH MaHbI3Jbl MAPTH 0ok TaObuIaAbl. Erep yiibiM anjplH aja HaKThl KOPCETKILITEPIl
Oenriyniece, MbIcalbl KYKaTTapAbl Kelicy Mep3iMiH KbICKapTy, Kara3 IIBIFBIHAAPBIH a3aiTy HeMece
TaIrChlpMaNapAblH OpPbIHAANYBIH JKEIENIeTy, OHJa EHrI3yJeH KEeWIHI1 HOTHXKeNIepal eJey
aHarypieIM 1o Oomanel. Byn 3 Kke3eriHie KOCIMOpPbIH OacHIbUIBIFBIHA EHTI3y/IH HAaKThI
SKOHOMMUKAJIBIK KOHE YHBIMAACTHIPYIIBUIBIK SCEPIH KOpPYre MYMKIH/IK Oepe/ii.

KopsiTa aliTKaHga, dMEKTPOHABIK KY)KaT aifHAIbIMBI KYWEJIEpiH €HTri3y KOCIMOPBIHIAPIBIH
TUIMIUTITIH apTTBIPYIBIH, pecypcTapAbl YHEMJIEYAIH >KoHe Oackapy camachlH >KaKcapTy/bIH
MaHp3ABl  (akTOopel  Oombim  TaObUIambl.  MyHpalt  okyilienep  yYHBIMAApABIH — LUQPIBIK
TpaHc(hOpMaIHSICBIHA HETi3 KaIBIITACTHIPHIT, OJIApbIH 3aMaHAy! HAPBIK JKaFIalbIHIaFel OCeKere
KaOuteTTulirie - Kymeireni. JKyMBICTBIH HOTIKENEpl KyKaT aifHaJbIMBIH aBTOMATTaHIBIPY
»)o0anmapslH Kocmapiay, eHri3y xoHe Oaranay Ke3iHJe TOKIpUOEeTiK Heri3 peTiHAe Mmai1aJaHbUTybI
MYMKIiH, COHai-aK aKMapaTThIK )KYHeIepaiH THIMAUIITIH 3epTTeyre OarpITTalIFaH OoJallaK FhUTBIMA
MKYMBICTAp YIIIH 9/1icTeMeNiK 6a3a KbI3METIH aTKapa ajiajbl.

AJIFBIC

ABTOpnap Koka30amarbl OapiblK aKmapaT YIIiH, COHBIH IMIHAE IUIarHaTThiH OOMMAayhl,
JTOMEKCO3TIH TQJIIIT1 )KOHE jKacaH /Ibl HHTEIUIEKT jKacaraH XaiFaH (akTuiepAiH 00imMaybl YIIiH jKayart
oepei.
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NHP®OPMALIMNOHHBIE TEXHOJIOI'M B YIIPABJIEHUA
JTOKYMEHTAIMEN: OLIEHKA Y®®EKTUBHOCTHU BHEJPEHUS DJEKTPOHHOI'O
JOKYMEHTOOBOPOTA

AHHOTaU U

B crarbe paccMarpuBaeTCs OICHKa SKOHOMUYECKOH 3()(EKTUBHOCTH BHEAPEHHUS WH(OPMAIHOHHBIX
CUCTEM DJICKTPOHHOTO JMoKyMeHTooOopota (C3Jl) B opraHu3zamusax. PaccMarpuBaroTCsi KOJIMYECTBEHHBIC U
Ka4eCTBEHHBIC ITOKA3aTelIr, IIO3BOJIIONIMEG U3MEpPUTh BiusHue BHeapeHus COJl Ha yckopeHue
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JIOKYMEHTOO0OpOTa, CHIDKCHHE 3arpar Ha OyMaxKHble JIOKYMCHTBI, COKpAIllCHHEC BPEMCHHM IIOMCKA U
COIVIACOBAaHUS JIOKYMEHTOB, TIOBBIIICHUE WCIIOTHUTEILCKON JUCIMIUIMHBI W ONTHMHU3AIUI0 OW3HEcC-
nporieccoB. [IpeioxkeHbl MeTOIbI cOOpa JaHHBIX JUIS pacyeTa SKOHOMHH pabo4yero BpeMEHU U PeCcypcoB,
BKJIFOYAsI MPSIMBIC U3MEPEHUS U KCIIEPTHBIC OLIEHKU. AHanu3upyrotcs uarerpanus COJ] ¢ cymecTByommMu
WH(GOPMAIIMOHHBIMIA CHCTEMaMH W OXBaT COTPYIHHUKOB. B pabore mokazaHo, 4TO OmeHKa 3(p¢PEeKTHBHOCTH
BHenpenuss COJ]  sBnsieTcss KIFOYEBBIM HMHCTPYMEHTOM JUISL TNPHHATHS  YIPABICHYECKUX PEHICHUH,
IJIAHUPOBAHUS AalbHEHIIEH I pPOBU3AIMY U TIOBBIIICHUS TIPOU3BOAUTEILHOCTH OPTaHU3AIINH, & TAKKE IS
MTOJITBEPIKACHUS SKOHOMUYECKOH 11e7IecO00pa3HOCTH MPOSKTOB BHEAPEHUS MH(POPMAIITMOHHBIX TEXHOJIOT A,

KiroueBble cjioBa: DIEKTPOHHBIN AOKYMEHTOOOOPOT, HH(OPMALMOHHBIE CUCTEMBI, SKOHOMHUYECKAs
3¢ PEKTUBHOCTD, YIPaBICHHE IPOCKTaMU
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INFORMATION TECHNOLOGIES IN DOCUMENT MANAGEMENT:
EVALUATION OF THE EFFECTIVENESS OF THE INTRODUCTION OF ELECTRONIC
DOCUMENT MANAGEMENT

Abstract

The article considers the assessment of the economic efficiency of the introduction of electronic
document management information systems (EDMS) in organizations. Quantitative and qualitative indicators
are considered to measure the impact of the introduction of EDMS on speeding up document flow, reducing
the cost of paper documents, reducing the time required to search and approve documents, increasing executive
discipline and optimizing business processes. Methods of data collection for calculating savings in working
time and resources, including direct measurements and expert assessments, are proposed. The integration of
EDMS with existing information systems and the coverage of employees are analyzed. The paper shows that
the assessment of the effectiveness of the implementation of EDMS is a key tool for making managerial
decisions, planning further digitalization and increasing the productivity of the organization, as well as to
confirm the economic feasibility of information technology implementation projects.

Keywords: electronic document management, information systems, economic efficiency, project
management
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YJKEH JEPEKTEPII O©HAEY APKbL/IBI ATMOC®EPAJIbIK IACTAHY/IbIl HAKTbI
YAKBIT PEXXUMIHAE MOHUTOPUHI'TEY )KXYUECIH KYPY

Tyiiin

Maxkanana ynkeH nepexrepai (Big Data) enney TexHONIOTHsIIapbIH MaligaiaHy apKbLUIbl aTMOC(epaTbiK
ayaHBIH JIaCTAHYBIH HAKThl yaKBIT PEKHUMiHIIE MOHUTOPUHITEY >KoHE OOIDKay KYHECiH Kypy Mocenenepi
KapacTelpputael. JKyieHIH Jepekrepai KHWHAY, TackIMaljiay, CakKTay, OHJCY JKOHE BH3yalM3alusuiay
Ke3eHJIepiHEH TYpaThIH apXUTEKTypachl cunartaiazasl. CeHcopiap apKbUIbI aJIbIHFAH SKOJIOTHSUIBIK IePEKTep/Ii
enneyne Apache Kafka sxone Apache Spark cekinmi Oeninren ecenrtey miardopManapblHbIH THIMILUTIT
tannaHaasl. COHBIMEH KaTap MallMHAIBIK OKBITY aJITOPUTMAEPIH KOJIaHy apKbUTbI aya calachIHBIH 03TepiciH
anneH ana 6omkay mymkianikrepi LSTM, Random Forest, XGBoost, LightGBM xone rudpuari CNN-RNN
MOJICNBJIEPiHIH HOTIDKENepl Heri3inae kepceriieni. JKyMpIcTa SKONOTHSUIBIK MOHHUTOPHHT >KYHENepiHiH
KOpILIaFaH OpTaHbIH JKal-KYHiH OaKbLIayldarbl MaHBI3bl aWKBIHAAJBIIN, arMoc(epasblK JacTaHyAbIH alaM
JIeHCAyIIBIFBIHA 9CEPIH a3alTylarbl pelli KapacTepblIaasl. KazakcTaH skarnaiiblHaa MyH/Iail HHTEIIEKTYalIbl
KYHETIepAl eHTI3YHiH JKOIOTHUSIBIK KayiNCI3MIKTI apTTHIPYOAFbl, AEPEKTEepAl JKeAen Taigayldarbl >KoHE
0acKapyIbUIBIK HMISIIIMICP KaObU1IayIaFbl MPaKTUKAIBIK MaHBI3ABUIBIFBI HET131€IIe 1.

KinTrik ce3aep: yiakeH Jnepekrep, arMocdepalblK JacTaHy, HAKTbl YaKbITTaFbl MOHHUTOPHHI,
MalIMHaJIBIK OKbITY, PM2.5, Apache Spark, Apache Kafka.

Kipicne. ATMocdepanblK ayaHbIH JJaCTaHybl afjaM JeHCAYJIbIFbIHA, SKOXKYHEre XKoHe KIMMaTKa
TiKeJlel ocep eTeTiH Ka3ipri 3aMaHfbl SKOJOTHSUIBIK KAyiNCI3MIKTIH ©3€KTI MacenenepiHiH OipiHe
alfHaJIBIN OTHIP. Ocipece OHEPKACINTIK aiMaKTap MEH METaIoJIUCTEP/Ie aya CalachIHbIH TOMEH/IEY1
9KOJIOTUSUIBIK KayinTep/iH apTybiHa ceben Oonanel. Ayanarel PM2.5, PM10, CO, SO: xone NO:
CEeKLI/I1 3USHABI 3aTTap/IblH KOHLIEHTPALMSCH! THIHBIC ajly *KYyHecl aypysapblHbIH KOOEIO1HE bIKIal
ereni [1]. Kamanelk opramarsl atMocdepalblK JacTaHYJbIH HETI3rl Ke3JepiHe >KbLIY-DICKTP
CTaHLMSIIAPhl, OHEPKACINTIK KACITOPHIHIAP, aBTOKOJIIK aFbIHbI KOHE TYPMBICTBIK KbI3JBIPY JKyHenepi
KaTazpl.

Kazakcran PecniyOnukachIHbIH 1pi KajalapblHa reorpadusiblK OpHalacybl, TEMIIEPATYPaIbIK
WHBEPCUSl JKOHE OHIIPICTIK KBI3METTIH ocepiHeH KbIc MesrumiHae PM2.5 KoOHIeHTpauuscel
JlyHuexy3unk aeHcayiblk cakray yibiMbl (JJJIY) ycbiHFaH miekTeH OlpHeIlle ece achll TYCe.l.
Mpicanbl, AcraHa KanacklHaa Oy kepcerkim JIJIY nHopmanapeiHan 19,8 ecere, an Kaparanmb
KanaceiHaa 20,5 ecere neiiiH acKaH Karjaiiap Tipkenred [2]. MyHaaii )Koraphl JJacTaHy XaJIbIKThIH
JICHCAYJIBIFBIHA ayBIP calljapiap 9K, ThIHBIC ally dKYHeci MEH JKYpeK-KaH TaMbIpbl aypyIapbIHbIH
ecyiHe ceberr 0oJabI.

JlocTypili MOHUTOPHHI J>KyiHesaepl Heri3iHeH MEeMJIEKETTIK CTallMOHapibIK CTaHIMsAJIapFa
HET13/IeJITeH, OJap/blH CaHbl IIEKTEYJ KOHE KeHICTIKTIK KaMTybl TOMEH. byJl OJKbUIBIKTap/Ibl KO0
YIIIH COHFBI JKbUIIApbl OYATTHIK ecenteyiep MeH Big Data texHonorusiapsl KoJlJaHBICKA
eHrizityze. byn memimaep aya camachkl Typaibl I€peKTEp/l KOFaphl aXKbIPATHIMABUIBIKIIEH, HAKTHI
YaKbIT peXXUMIHJIE KUHAYFa jKoHE eHJeyre MyMkinaik Oepeni [3]. Ka3zipri 3amanfbl 3eprTeyiepae
aTMocdepallbIK JIaCTaHyIbl Oaranay/blH OipHEINe TOCUIl YCBHIHBUIFAH: CHYTHHUKTIK JEPEeKTep.l
KOJIJaHy, (pU3HKaAIBIK-XUMHSIIBIK MOJICNIb/CY JKOHE CEHCOPJIBIK JKENiJiepre Heri3ieireH Oakpliay.
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JlereHMEH OCBI TOCUIAEPIH IHIHAE HAKThl yakKbIT pexumingeri monutopunrre Big Data
TEXHOJIOTHSIIAPBIH OIPIKTIPY €H MEePCIIeKTUBAIBI OaFbIT PETIHAC KOPCETUIIN OThIp, oiiTKeHI Big Data
rtatgopMaiapbl YIKeH KeJIeMIET] IepeKTep i KiJipicci3 eHeyre MyMKiHaik Oepeni [4].

Ocpl MakanaHblH MakcaThl - aTMmocepanblK JacTaHyAbl HAaKThl YaKbIT PEKUMIHJE
MOHUTOpPHUHITEY YiIiH Big Data TexHOJOTHsIIapbl MEH MaIIMHAIBIK OKBITY O/IiCTEpiH OipiKTIpeTiH
KYHEHIH KYPBUIBIMABIK MOJIE]II MEH KOMIIOHEHTTEPIH TaJl]ay, OHBIH HEri3rl KabaTTapblH aHBIKTAY
XKoHe Ooipkay JoMIiriH Oaranay OOWMbIHINA YCHIHBIMIAPABI KAJIBINITACTHIPY OOJBIN TaObLIaIbI.

MarepuaJigap MeH daicrep.

YJKeH JepeKTepre Heri3IeireH HAKThl YaKbITTaFbl MOHUTOPHHT JKYHECIHIH apXUTEKTypachl
e3apa OalJaHBICTBI TOPT HETI3T1 KabaTTaH Typajbl: AEpEKTep/l JKHWHAY, TaChbIMajiay, OHICY >KOHE
BU3yanu3ampsiay. Opoip kabar Oenrim 6ip (GyHKIHMOHAIABIK MIHIETTI OPBIHAANIBI JKOHE HKAJIIbI
KYHEHIH Kifipicci3 opi CeHIMI1 AKYMBIC ICTEYIH KaMTamachl3 eTe/ll. 3epTTeyle OChl apXUTEKTYpPaHbl
KYpalTBhIH KOMIIOHEHTTEP MEH TEXHOJIOTHIIAP CANBICTHIPMAIIBI TYPAE TalAaHaIbl.

Lepexmepoi scunay xabamul. byn neHreiine Kana aymMarblHa OPHAIACTHIPBUIFAH CEHCOpIap
PM2.5, PM10, CO, NO2, SOz, O3 cUSKTBI JacTayIllbl 3aTTapblH KOHIIEHTPAIUACHIH, COHIaN-aK
TeMIIepaTypa, bUIFAIBIIBIK XKoHE aTMOC(epabIK KbICHIM CEKLIII METEOPOIOTUSITBIK ITapaMeTpiepai
emmeiini. Conrbl 3eprreynepae ESP8266 NodeMCU, Raspberry Pi xone Arduino cekimmi
MUKPOKOHTpPOJUIEpIIEpre HET13eNITeH ap3aH, Oipak THIMII CEHCOPIBIK KYPBUIFbUIAp jkacanran. Omap
Wi-Fi nemece GSM skemninepi apKbUIbI OJIIICY TEPEKTEPIH OPTAIBIK CepBepre Kidepesi.

Hepexmepoi macvimanoay kabamer. CeHCOplapiaH TYCKEH aFblHIbl AepEKTep/il OHeYy YIIiH
Apache Kafka cexinni Opokepiik turardopma konnanbsuiaael. Kafka sxorapbl eTkizy Ka0ineTi MeH
TOMEH KiJIpICIIeH KaMTaMachl3 eTell )KoHEe CeKyHbIHA MUJUIMOHIaFaH XabapiaMaHbl OHeH anajbl.
Kypeuirbuiap MeH cepBepiep apaceiHgarbl  Oaidmanbic  ymin MQTT npotokonsl  Tuimai
KOJIJIaHbLIabl, OUTKEH1 OJ1 IIEKTEYI1 pecypchl 0ap KypbUIFbLUIap/ia )KYMBIC 1CTE€YTe apHaJIFaH.

Lepexmepoi enoey xabamei. Apache Spark Streaming rutatrgopmacsl Jepekrepai *kajblaa
napajuieNbl OHACyre MYMKIHIIK Oepesi, OV HaKThl YaKbIT PEXKHUMIHIEC Talaay Kacayra KaKeT.
JlepekTepi ajabIH ana eHJIey, IYbUIAaH Ta3alay, HOpMalu3alusiay KoHEe epeKIIeTIKTepl MbIFapy
(feature engineering) ochbl K€3€HJIe Ky3ere achlpbuianbl. beminren dannapik xyie peringe HDFS
HeMece OYITTHIK KoiManap (Amazon S3, Google Cloud Storage) konnanbIaab!.

Tanoay orcone euzyanuzayusnay xabamel. OHACITEH JEPEKTEpP MAIIUHAIBIK OKBITY
MOJIENbIEPIMEH TaNJIaHBIN, HOTHXKeNep BeO-uHTepdeiic koHe MOOMIbII KOCHIMIIANAp apKbLIbI
naigananymeuiapra xetkiziiesni. Grafana, Kibana sxone Apache Zeppelin cuskTsl Kypangap KepHeki
nanenbaepai (dashboard) xacayra mymkinmik Oepeni. byn miemiM KaObUiaaylibl MeMIIEKETTIiK
oprasjiap MEH XaJIbIKKa aya Canachl TypaJibl ©3€KT1 aKMapaTThl KEIACNICTII KETKI3E/I].

ATMocdepanblK JacTaHy JEHreliH OoipKay VIIIH MAalllWHAJBIK OKBITY MEH TEPEH OKBITY
omicTepi KOJJIAHbULIBI. Mogmenpaepai Oaraiiay Ke3lHIE YakKbITTBIK KaTapibl JEPEKTEp
naigananbpUIbin, OoJKay Hoiairi aerepmuHaius kodddumuenti (R?) sxoHe opramna KBaJIpaTThIK
katenmk (MSE) CHAKTBI KepceTKImTep apKbpUIbl enmieHl. Tanmay OapbIChIHIA >KeKe O0a3alibIK
MoJienbep (ChI3BIKTHIK perpeccusi, Random Forest), Tepen okpiTy apxurektypanaps! (LSTM, CNN-
RNN) sxone ancambnpmik amroputmuaep (Gradient Boosting, AdaBoost, XGBoost, LightGBM)
CaIBICTBIPBUIBIN, OJApABIH aya camachl KepCeTKIIITepiH OoipkayJdarbl THIMIUTIN OaraiaH[bl.
JKytieHiH >kanmbl KYpBUTBIMIBIK MOJI€III MEH Ka0aTTapbIHBIH 63apa Oaiinanbichl (1-cyperTte Oepinren).
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1. fepekTep Ke3gepi

CUHTETHKANbIK

OpenAQ API CSV wmnopt reHepaTop

v

2. flepekTeppi uHay waHe eHaey (monitoring mogyni)
[epektepai xuHay AnabiH ana eHgey
(fetch_data) (pecemnnuHr, IQR) AQI ecenrey
e ™
3. fepekTep Kopbl (PostgreSQL)
r s
- . Forecast /
MonitoringStation } Pollutant ‘ { Measurement ForecastModel w
4. Bomxay mogyni (forecasting mogyni)
p \ \ \ \
Benrineppj Random Forest Baranay
KanbinTacTbipy mogeni ARIMA mopeni (MAE, RMSE, R?)
J )
5. KongaHn6ansl geHrei
Django + Django REST Framework — REST API
. v
6. MNaiipananywsl MHTepdeiici (Be6-KocbiMLLa)
Haw6opg / kapta Bomkam rpadwri AQI nHAWKaTOPbI

Cyper 1 - YnkeH JiepeKkTepre Heri3/1elreH HaKThl yaKbITTaFbl aTMOC(epaIblKk MOHUTOPUHT
KYHUECIHIH apXUTEKTypachl

YJKeH JepekTepre HEri3[ielireH HaKThl YaKbITTarbl aTMOC(epalblKk MOHUTOPUHT KYHeCiHIH
apXUTEKTypachl - Oy arMocdepalblK nmapamerpruepli (aya camachl, TeMmIeparypa, bUIFaJbUIBIK,
KBICBIM, JlacTaymisl rasgap, PM2.5/PMI10 xone T.0.) Y3[IKCi3 JKMHAIN, OHJEM, TaJJan XoHE
BU3YyaJTM3aIMsl )KaCaWThIH KypZeli KerKadaTThl xKyHe.

Hotnikesiep MeH TajKbLiay. 3epTTey OAICTEpl PETIHIAE FBHUIBIMH JEPEKKO3IEp/i Tajjaay,
3aMaHayu CEHCOPJIBIK JKOHE ecenTey IiaTdopMaiapblH CalbICTBIPY, COHIAN-aK TYpJl MallMHAIBIK
OKBITY MOJICJIbJICPIHIH HOTHIKEJIEPIH )KUHAKTAN Oaranay KOJAaHbLUIA b,

Bbyn 3eprTeymiH HOTHXKEJEpl OKOJOTHSUIBIK MOHUTOPHHI  KYHenepiH jko0anaymeH
aillHaJIbICAaTbIH MEMJIEKETTIK OpraHjaap, FbUIBIMH MEKeMelep J>KOHE aKHmapaTThlK TEeXHOJOTHUs
KOMITaHUSAJIAphl YILIIH Haigansl 00ybl MYMKIH, ©MTKEHI OJlap KYHEHIH TEeXHHUKAJBIK KYpPBUIBIMBIH
OOBEKTUBTI Oaranayra >KOHE HAKThl KaJlalblK JKarjaiapra OaillaHbICTBI €HTi3y MpOLECciH
Oeifimieyre MyMKIiHAIK Oepei.

XKyprizinren tangay armocdepaiblK JacTaHyasl Ooybkayqa MalllWHAJIbIK OKBITY MEH TepeH
OKBITY O/IICTEpPIHIH XKOFapbl THIMALIIK KOPCETETIHIH alKbIHIa/Abl. OPTYpIl 3epTTeyiepae albIHFaH
HOTWDKENEp MOJENB/IH TaHIATybl, KIpiC JEPEeKTEPIiH camackl MEH OOhKaHATBhIH TapaMeTpiH
cUnarbiHa OalTaHBICTHI JQIIIKTIH €JeyIi TYp/e o3repeTiHiH KopceTe/Ii.

Ramadan xone ©Oacka aBTOpiIapAblH 3€pPTTEYIHIE OHEPKICINTIK OpTaja CEHCOpJapaaH
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xunanran gepexrep LSTM (Long Short-Term Memory), Random Forest »oHe CBI3BIKTBIK perpeccus
MonenpaepiMen eHuenareH. Hormxecinnme LSTM mozpem TemriepaTypa MEH BUIFIIBLUIBIKTHI
6omxayna R* = 99 % monine xerkeH, an PM2.5 6omxambiana Random Forest moneni eH xorapsl
nonaik kepcetkeH (R? = 84 %). by HoTH)Ke METEOpONIOTUSIBIK IMapaMmeTpiep MeH OeJIIeKTIK
JacTaHy YIIIH OpTYpii MoOAenblIepliH KaxkeT OomybiH xoHe loT MeH acaHIbpl HHTEIEKTTI
OIpIKTIPYIiH MPAKTUKAIBIK THIMIUIITIH KOPCETEII.

Alrashidi »xone Oacka aBTOpiap >XYpri3reH 3eprreyne 12 MOHUTOPHHT CTaHIMSCHIHAH
KUHAJIFAaH YaKbITTBIK KaTapibl JEPEKTEepPre Ceri3 TYpJll perpeccusiIblK MalluHAIBIK OKBITY MO
ceiHanraH. Gradient Boosting sxone AdaBoost ancamOnpuik amroputMiepi PM2.5 aya camacel
WHJIEKCIH OOoJpKaya eH TOMEH KBaapaTThIK Katenikke (MSE < 1,5) kox ketkisreH [5]. by HoTnxke
aHCaMOJBIIK MOJENBJCPAIH JKeKe 0a3albIK MOJENBIACPACH Iropi THIMAIPEK €KEeHIH KoHe OipHere
oI1ci3 OoIKayIIbIHBI OIPIKTIPY apKbUIbI TSJIIKTI apTThIpyFa OOJaThIHBIH AN ACHII.

TepeH OKbITYy OarbITHIHA KOHBOIOUUSUTBIK HEHPOH xkeninepi (CNN) MeH peKyppeHTTi HeMpoH
xeninepinin (RNN) rubpuari apxutektypanapsl epekiie opbiH anansl. Utku sxone OackamapbiH
seprreyigae ym en yurid (Yuaicran, Urtamms, T'epmanus) PM2.5 KOHIICHTpAIUsACHIH OOJDKANHTHIH
CNN-RNN rubpuari mozeni »xacanfaH. byl Mopenb KEHICTIKTIK €peKIIeNIKTep MEH YaKbITTBIK
TOYENIUTIKTEep/i Oipre ecKepe OTHIPHII, AICTYPIIi 91ICTEPMEH CAIBICTBIPFaH/Ia JKOFAPBI JIJIIKKE KOJI
xeTkizred [6]. Ocplnaiima ruOpUATI apXUTEKTypanap KypAedi KeHICTIKTIK-YaKbITTBIK JIepeKTepi
OHJICY/IC alPBIKIIA THIM/TI OOJIBIIT TAOBLIA B,

AJMarthl KallackIHbIH JKarnaiibiaa HaiizabaeBa sxoHe OacKanapIbIH 3epTTeyl albIphIKIIa Ha3ap
aynapansl. Aranran xxymbicta STL (Seasonal-Trend Decomposition using Loess) 1eKOMITO3UITUSCHI,
XGBoost xone LightGBM wmozpenbaepiniH aHcaMONbIiK KOMOWHAIMACHL KonjgaHbUFaH. 20-m1aH
acTaM MOHMUTOPUHT CTaHIUSChIHAH alIbIHFAH CaFaTThIK JepeKTep Herizinae moaens PM2.5 ymin R?
= 0,98-neH xorapsl, an CO ymiH R? = 0,83 HoTHKeciH KepceTkeH. byl HOTH)Ke MayChIMBIK JKOHE
TPEHATIK KypaybITap/ sl 06N aay MeH aHCaMOJbAIK adropuTMIepAl OipiKTipy Kypaeli KanajblK
opTajia 0oyKay JONIITIH aUTapIbIKTal apTTHIPATHIHBIH JOIENAEH Il opi 9IICTEME HAKThl YaKbITTAFbI
aya caracblH MOHUTOPHHITEY MEH €CKepTy KYHelepiH/e KOoNAaHyFa KapaM/Ibl Jen OaralaHFaH.

AJBIHFaH HOTHOKEJIEPAl CaIbICThIPY MOJENb THIMALIITIHIH OipHenie (akropra Toyenl eKeHIH
Kkepcereni. bipiHmigeH, OoHKaHATBIH TapaMeTPHAiH CHUMAThl MaHBI3ABL:  METEOPOIOTHSIIBIK
KOepCceTKIimTep (TeMIieparypa, bUIFaIIbUIBIK) TYPAKTHI 3aHBIIBIKTApFa OaFbIHATHIHIBIKTAH KOFAPBI
nonaikneH 6owkanca, PM2.5 cekinai OedmeKTIK JlacTaHy Ke3AepiH KeNTypiulirine OaillaHbICThI
O0omkay KHBIHBIpaK Ooiyianel. EKiHINIEH, aHCaMONBAIK OMICTEP MEH JEKOMITO3UIIUS TICULIEPIH
O1piKTipy 'KE€KEe MOZIETIbIEPMEH CANBICTBIPFaH/1a TYPAKThI TYPJI€ JKOFaphl HOTHXKe Oepei. Y IIHIIIIEH,
KipiC J€pEeKTEep/lH KEHICTIKTIK >KOHE YaKbITTBIK a)KbIPaThIMIBUIBIFBI HEFYPJBIM KOFapbl Ooiica,
00JKaM camachl COFYPIIBIM apTabl.

CoHbIMEH Karap >KYHEeHIH MpaKTUKAJIbIK THIMAUIIT TeK MOJENbIIH AIINIMEH FaHa eMec,
COHJIali-aK JIepeKTepl KUHAY MEH OHJIeY MHPPAKYPBHUIBIMBIHBIH CalmacbIMeH aHbIKTanaabl. Apache
Kafka men Apache Spark Streaming mmatdopManapslH KOJJIAHY YJIKEH KOJEMJIET1 aFbIHIIbI
JepeKTepal Kimipicci3 eHjaeyre MyMKIHIIK OepeTiHMIKTeH, OOoNKay HOTHIKEIEepIH HAKThl YaKbIT
peXKHUMIHJIE allyFa *OHE XaJblKKa Jelled eckepTy jkacayra xon amansl. HDFS men OynaTThiK
KoWMasap Tapuxu AepeKTepi y3aK Mep3iMIi CaKTayabl KAMTaMachl3 €Till, MOJICTIbACPAl KaliTa OKBITY
MEH XKETUIIIPYyTe HeT13 KaIaiIbl.

Tannay notmxkenepi Kazakcran ymiiH atMocdepalsblK ayaHbIH carnachl ©TKip Macese OOoJbII
TaOBUTATHIHBIH pacTaiibl. 202 1 5KBITBI €I1H JKaJIbI IIBIFAPBIHIBICH 2,4 MIUJUTMOH TOHHAHBI KyparaH,
OHBIH Heri3ri Oesiri OpranblKk eHipAeH WbIKKaH. [pi Kananapaarsl aya canacklHbIH JeHreiti /¥
HOpMaJlapblHaH OipHEIIe ece achlll Tyceli. AIIMaThl KaJachIHIIAFbl 3epPTTEyNiep aya JIACTaHYBIHBIH
TBIHBIC iy aypynapbl (r = 0,97) xoHe eNiM-XKITIM KOpPCeTKIIITEPIMEH >XOFapbl KOppemsiusaa
OOJaTHIHBIH JIONIEJICTeH. by nepekrep HWHTEIUICKTyal bl MOHUTOPUHT JKYHEJIEpiH EHTI3YiH
JICHCAYIIBIK CAKTay TYPFBICBIHAH ©3CKTUIIT1H KOpceTe .
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Ocnl xarmaiina Big Data TexHonorusiaapeiHa HETi3JENT€H HAKThl YaKbITTaFbl MOHUTOPHHT
JKYHECIH eHT13y OipKarap apThIKIIBUIBIKTAPbl YChIHA L. BIpiHIIIIeH, MEMJIEKETTIK CTaHITUSIap IbIH
KEHICTIKTIK IIEKTEyJIepiH ap3aH CEHCOopiap JKelici apKbUIbl OTEyre >oHE KaJaHbIH opTypiii
ayJlaHapbiH OipKeki KaMTyFa 0osaapl. EXiHIIACH, MalIMHAIBIK OKBITY MOjieNbaepi 1—24 caraT anra
OoipkaM >kacayFa MYMKIHIIK Oepimn, JacTaHyAbIH IIAPBIKTAy COTTEpPIH QNIbIH ajla aHBIKTAWIbI.
YmriHmIiaeH, meniM Kaobliaay MpoIeci aBTOMATTaHIBIPBLIBIIN, XaJbIKThI €CKEPTY KYHECl KYMBIC
icteir amazapl. TepTiHIIEH, TapUXU AEPEKTEpIl Tajjay HETI3iHAE Y3aK Mep3iMJi 3KOJOTHSIIBIK
casicaTThl KaJbIITACTBIPYFa FHUIBIMM HETr13 KaJlaHa/lbl.

JlerenMeH JKyWeHi eHTri3yzme OipkaTap IIEKTEyJIep MEH Mocellelepil eckepy KaxeT. Ap3aH
CEHCOpJIApIbIH OJIIISY JSJAIT KaauOpsey/i Tajam eTefi, al CEHCOPIIBIK JKEIHIH TYPaKThl KYMBIC
icTeyl YIIIH TEXHUKAIBIK KbI3MET KOPCETy MEH JHEpPrusMeH KaMmTy MOCeJeNIepiH MICHTy Kepek.
CoHbIMEH KaTap JepeKTepiH carackl MEH TOJBIKTBHIFBI MOJAETBACPAIH OOKay AQJAIriHe Tikenen
ocep eTETIHMIKTEH, JAePEKTep/li AJIbIH aja OHJICy MCH BAIHMIAIMIAY MTPOLECTePiHEe epeKIle KOHII
0oy kaxkeT. Ocbl (axTopimapisl KemleHAl TYpAE ecKepy >KYHEeHIH NpaKTUKAIbIK THIMAUIITH
KaMTaMachl3 eTe/i.

KopsbIThiHABI. ATMOC(EpabIK JaCTaHyAbl HAKThI YaKbIT PEKUMIHJIE MOHUTOPUHITEY Ka3ipri
3aMaHFbl SKOJOTHSIIBIK KAyilCI3AIKTI KaMTaMachl3 €TyHiH OacklM OarbITTapbIHBIH Oipi OOJBII
Tabbutanpl. Kanmamap MEH eHEepKociNTiK alWMakTapja aHTPOIOIeHMIK (aKTOpJIapAblH KYIIEol
aTMoc(epaiblK ayaHbIH CallachlH Y3HIKCi3 OaKbpUIay KaXKETTLTITiH apTThIpaibl, Oy ©3 Ke3eriHge
HKOFapbl OHIM/I1 €CENTey JKOHEe JepeKTep/l Tanjay TEXHOIOTUSIIApbIH KOJIaHy bl Tajar eTe/l.

XKyprizireH Tanmay KepCeTKEHICH, YIKEH JepeKTepi oHIey TexHoiorusuiapbiH (Apache
Kafka, Apache Spark, Hadoop Distributed File System — HDFS) cencopnbIk *xenijgepMeH KoHe
MalllMHAJIBIK OKBITY 9/1iCTepIMEH MHTErpanusiay arMocepaiblK apaMeTpiepl )KoFapbl 1J11KIIEH
eJIIIEyTe, OHJICYre >XKOHE TayjayFa MYMKIHIIK Oepemi. Aran aitkanma, Apache Kafka nakThi
YaKBITTaFbl AEPEKTEp aFbIHIApbIH CEHIMJI TYpJe TackiMajjayasl KamTamacel3 erce, Apache Spark
xoHe Flink ocel gepexTepi aFbIHABIK KOHE MAKEeTTIK pexumae enaeyre MyMkinaik oepeni. HDFS
TOPI3/ll TapaThlIFAH CaKTay *KyHesepl YIKeH KeJleM/Ieri TapuxXu JepeKTepl CaKTay/bl XKoHe OlapFa
MacIITa0TanaThlH KOJDKETIMIUTIKTI KAaMTamMachl3 €Tel.

CoHbIMEH KaTap, CEHCOPJBIK KYPBUIFbIIapAbIH keHenTiireH xenici (IoT-based environmental
sensors) arMoc(epaibIKk KOpCETKIIITEP/Il KEHICTIKTIK )KOHE YaKbITTBIK TYPFbIAH XKOFapbl AKULUIIKTE
KHUHayFa MYMKIHZIK Oepeni. byn nepexkrep mammHanslk okpITy anroputmiaepiMer (Random Forest,
Gradient Boosting, LSTM cusikTel MozaenbAep) OHIENI, JIacTaHy JEeHIeliH Oopkay, TpeHATepl
aHBIKTAy JKOHE aHOMAJIMAJIApAbl epTe Ke3eH e JUarHOCTUKaIay MiHJIETTEPiH LIeme.

JXyiieHiH YChIHBUIFaH TOPT KAOATThl apXUTEKTYpachl JEPEKTEP/l )KUHAY, TaChIMaJljay, CaKTay,
OHJIY JKOHE BM3yalM3allUsulay NPOLECTEPiHIH TOJNBIK LMKIIH KaMTUIAbl. MyHIall KypbUIbIM
MOJYJIBJIIK CHUMAaTKa e OOJFaHIbIKTaH, KYWCHIH MacIITa0TaayblH, HKEMIUTITIH )KOHE CEHIMIUTITIH
apTTHIpajbl. OpOip Kabar e3apa yilieciMal AKYMBIC iCTel OTBIPBIN, HAKTHI YaKbIT PEXKUMIHJIE HKOFaPhI
©HIM/JII MOHUTOPHHT KYPri3yre MyMKiHAIK Oepei.

Tannay notmxkenepi LSTM, Random Forest, XGBoost, LightGBM sxane rubpuari CNN-RNN
MOJIENIbJIEPIHIH aya camachl KOPCETKIMITepiH Ooinkayaarbl KOFapbl THIMAUIITIH pacTaiinbl. Ocipece
aHcamOnpaik omictep MeH STL npexkomnosunmsaceiH Oipiktipy (R* > 0,98) kypnenmi Kanmaniblk
opTanapja, OHbIH ilIiHae AJIMaThl CUSIKThI OacCEHHIK JKepliepie THIM/1 HaTHUXe KepceTel [7].

ConbimMeH Oipre Ooymkay ToNIIriHIH OOKaHATBIH MapaMeTp/IiH CHUIIaThIHA, Kipic AepeKTepIiH
camachlHa KOHE MOJENb apXUTEKTypachlHA TOYENJII €KEHIIT1 aWKbIHIAIIbI, OYJI HAKThl KOJJIaHY
KaFaalbIHa ColiKeCc MOEIbl TaHAAy/IbIH MaHbI3AbUIBIFbIH KOPCETE .

Kazakcran xarnmailblHIa MyHAall WHTEIUIEKTyalJbl KYWHelepAl EeHTi3ydilH MpPaKTUKAJBIK
MaHBI3IBUIBIFBI epekiie 30p. Ipi Kanmamapnarsl aya canacbiabig JIJIY HopmanapbiHaH OipHelle ece
acybl JKOHE aya JIACTaHYBIHBIH THIHBIC ally aypyiapbl MEH ©JIM-XKITIM KOPCETKIIITEPIMEH >KOFaphI
koppemsiuacel (r = 0,97) MHTENUIeKTyanapl MOHUTOPHHI >KYHeNepiH JAeHCayJblK CaKTay MEH
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OKOJIOTUSUIBIK CasicaT TYPFBICBIHAH Ke3€K KYTTIPMEWTIH KaXETTUTKKE aiHajIablpaabl. Ap3aH
CeHcopJIIap JKeIiCl MEMJICKETTIK CTAHIMSUTAPABIH KeHICTIKTIK MMEKTEYIEPIH OTEI, MAIIMHAIBIK OKBITY
MOJIETIBEP1 aJIBIH ajla €CKePTY KacayFa jKOHE y3aK Mep3iM/ii AKOJIOTHSUIIBIK HIeHTiMIep KaObuiiayFa
FBUIBIMU HET13 KaJaiibl.

XKyiieHniq TaOBICTBI XKYMBIC ICTeyl TEK TEXHHUKAJBIK KypajjapFa FaHa €Mec, COHJai-aK
CEHCOPJIBIK JKEJIiHI JIYyphIC KanmuOpreyre, AepeKkTepl caraibl OHJAeyTe KoHe O0OohKay HOTHIKEIEepPiH
HIenrivM Kadbuiiay mporecine THIMIII MHTETpanusiayFa Toyenai 0omysinaa. JlepekrepaiH TOIBIKThIFbI
MEH CEHIMIUIITIH KaMTaMachl3 €Ty, MH(PPaKYpbUIBIMIbI TEXHHKAIBIK KOJJAy *OHE MOJEIbISp/Il
KYHeIi Type KaiiTa OKbITY )KYHEeHIH y3aK Mep3iM/i THIMIUIITIHIH Keniii OO0 TaObuIabl.

bonamakra 3eprreynepai cmyTHUKTIK aepekrepai (Sentinel-5P, MODIS), kemik aFbiHbl MEH
OHEPKACIINTIK MIBIFAPbIH/IBIIAP TypaJIbl aKIApaTThl KOCY apKbUIbI KEHEUTY, COH/Iaii-aK TYCIHIIPIIeTIH
acaupl nHTEUIeKT (Explainable Al) omicTepin eHrizy MaHbI3/bl 00JIBIT Ta0bLTA bl TYCIHAIPUICTIH
MoJIeNbaep OOoDKaMIapIblH HETi3/IeMECiH alKbIH/IAI, IIeiM KaObUIAayIIbl OpraHiap/IbsiH Kykere
JIeTeH CEHIMIH apTThIpajbl. MyHJall >KaH-)KaKThl opl FBUIBIMH HETI3JIENreH >Kyile KalalblK aya
caracelH Oackapy YIIiH OOBEKTHBTI HIeHIiMIep KaObUIaayFa KOHE XallblK JICHCAYJBIFBIH CaKTayFa
eJIeyIi yJiec KOcabl.

ANBIHFAH HOTWXKENEp YJKEH JCpPEKTepAl ©HJACYy TEXHOJIOTHSUIAPhIH KOJJAHY apKbLUIBI
arMoc(epanblK JacTaHyAbl HAKThl YaKbIT PEXHUMIHIE MOHHTOPUHITEY >KYHECIH Kypy, Kasipri
HKOJIOTHSIIBIK MOCeIIeNIep i MEeNTyAeTi €H THIMAI UQPIBIK ToCLaep iy 0ipi 00BN TaObIIa b

Conppikran MyHpaaii xyiie loT ceHcoprmapbplHaH, CHYTHUKTIK JIEPEKTEpACH JKOHE
METEOPOJIOTHSUIBIK CTAaHIMSIAPAAH KEJNETiH YJIKEH KOJeMJEri TeTeporeHIll JepeKTepAl Y3IiKCi3
YKUHAII, OJIap/Ibl aFbIHIBIK OHICY TEXHOJOTHSIIAPhI aPKBUIBI TajayFa MYMKIHAIK Oeperti.

Hakrter yakpiTTarbl gepekrepni enaey (mbicanbl, Apache Katka, Apache Flink cuskrs
Kypajjaap HeriziHae) arMocdepabiK KaFJaiIbIH ©3TepiciH OIp/JeH aHBIKTAal, KayllTi JeHTeiiepre
KeJleNl OpeKeT eTyre >Karjail »kacalapl. Al MallMHAJIBIK OKBITY aJTOPUTMAEpP] JacTaHy AEHIeHiH
Ooipkayra, OHBIH Tapaily JMHAMHKACHIH aHBIKTAyFa dOHE BIKTUMAJ DKOJIOTHSUIBIK TIyeKeIepIi
aNJbIH ana 0oJhKayFa MYMKIHIIK Oepei.

XKyiieniH GacTbl apTHIKIIBUIBIFBI - TEK OaKbUIayMeH ILIEKTEIMEW, JepeKTepre Heri3leireH
memiM KaObuimayasl KojdjaayblHAa. Busyanuszamusi Kypajaapbl apKbUIbl albIHFAH —aKapar
naiananybuiapra, KOJOrTapFa K9HE MEMIIEKETTIK OpraH/apFa TYCIHIKTI (hopMaTTa YCHIHBLIBIII,
SKOJIOTUSIIBIK CasicaTThl THIM/II JKOCTIapiiayFa KOMEKTECEe .

CoHbIMEH KaTap aBTOMAaTThl €CKEPTY KyHesepl JacTaHy AeHreill MIeKTeH acKaH JKarjaaiaa nep
Ke3iHae xabap Oepim, agaM JAeHcayIbIFbIHA KOHE KOPIIaFaH OpTaFa KeJeTiH 3UsSH/IbI a3aliTyFa bIKIasl
eTel.

KopbIThIHIBIIAN Kese, YIKeH JEepeKTep MEH HAaKThl yaKbITTaFbl aHAIUTHUKAHBI OiIpIKTIpETiH
aTMocepanablKk MOHUTOPUHT JXKYHeci - OWI TeK TEXHOJOTHUSUIBIK IIEIIIM FaHa €éMeC, COHBIMEH KaTap
KaJlajgapAblH JKOJIOTHSUIBIK KayilCI3AITiH apTThIPAaThIH, ©MIp CamachlH jKaKcapTyFa OarbITTajFaH
MaHBI3BI  Kypal. bomamakta MyHmai oOKydenep JKacaHIbl HMHTEIUIEKTIICH TepeHIPEK
WMHTETPAIUSUIAHbII, TOJIBIK ABTOMATTaHIBIPBUIFaH «aKbUIIbI YKOJOTHSUTBIK OacKapy» JeHreliHe KeTyi
MYMKIH.
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CO3JAHUME CUCTEMbBI MOHUTOPHUHI'A ATMOC®EPHOI'O 3ATPA3HEHUA
B PEAJILHOM BPEMEHH C UCIOJIb30BAHUEM TEXHOJIOT'MA OBPABOTKH
BOJIbIINX JAHHBIX

AHHOTAUA

B crartbe paccMaTpuBarOTCd BOIIPOCBI CO3JaHUA CHUCTCMbl MOHHUTOPHMHIA W IIPOTrHO3MPOBAHUSA
3arpsi3HEHHsT aTMOC(EPHOTO BO3AyXa B PEKHUME PEaTbHOTO BPEMEHH C HCIOIB30BAHUEM TEXHOJIOTHIM
o0pabotku 6onpmmx qaHHbX (Big Data). OnmuckiBaeTcs apXUTEKTypa CHCTEMBI, COCTOSIIIAS U3 ATANOB cOopa,
mepenadu, XpaHeHus, oOpabOTKM ¥ BU3yanM3alMil JaHHBIX. AHammupyercs dS¢hQPEeKTHBHOCTH
pacrnpeeNeHHbIX BBIYUCIUTENBHBIX TIaTgopM, Takux kak Apache Kafka u Apache Spark, npu oO6pabotke
9KOJIOTMYECKUX TaHHBIX, TOJYYEHHBIX C MOMOIIBIO JaTYMKOB. KpoMe TOoro, BO3MOXKHOCTH HPOrHO3HPOBAHUS
M3MEHEeHUH KadyecTBa BO3/lyXa C MOMOIIBIO aJITOPUTMOB MAIlTMHHOTO O0y4YEeHUS IEMOHCTPHPYIOTCS HA OCHOBE
pesyasraroB LSTM, Random Forest, XGBoost, LightGBM u ru6puansix moxeneit CNN-RNN. B pabote
OTIpE/IeNICHO 3HAYCHUE CHCTEM KOJIOTHYECKOTO MOHUTOPHHTA B KOHTPOJIE COCTOSIHUS OKPY>KaIOIIel Cpebl 1
paccMoTpeHa poiib aTMOC(EPHOTO 3arpsi3HEHHS B CHIDKEHHH BO3JICHCTBHS Ha 310POBBE UesioBeKa. B ycrmoBusx
Kazaxcrana 00OCHOBBIBaeTCS NpAKTUYECKas 3HAYMMOCTh BHEIPEHHS TaKUX HHTEIUICKTyaJbHBIX CHCTEM B
MOBBIIIEHUN YKOJIOTMYECKOM 663OH3CHOCTI/I, OIICPAaTHUBHOM aHAJN3C JaHHBIX W IMPUHATHUU YIIPABICHYCCKUX
peuieHui.

KioueBble coBa: OOJbIINe JaHHBIE, 3arps3HEHHE BO3MyXa, MOHHTOPHHT B PEaJbHOM BPEMEHH,
ManinHHoe o0yuenue, PM2.5, Apache Spark, Apache Kafka.
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DEVELOPMENT OF A REAL-TIME ATMOSPHERIC POLLUTION MONITORING
SYSTEM USING BIG DATA PROCESSING TECHNOLOGIES

Abstract

The article discusses the issues of creating a system for monitoring and forecasting atmospheric air
pollution in real time using big data processing technologies (Big Data). The architecture of the system is
described, consisting of the stages of data collection, transmission, storage, processing and visualization. When
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processing environmental data obtained using sensors, the effectiveness of distributed computing platforms
such as Apache Kafka and Apache Spark is analyzed. In addition, the possibilities of predicting changes in air
quality using machine learning algorithms are demonstrated based on the results of hybrid models LSTM,
Random Forest, XGBoost, LightGBM and CNN-RNN. The paper defines the importance of environmental
monitoring systems in controlling the state of the environment and examines the role of atmospheric pollution
in reducing the impact on human health. The practical significance of the introduction of such intelligent
systems in improving environmental safety in Kazakhstan, operational data analysis and management
decision-making is substantiated.

Keywords: Big Data, atmospheric pollution, real-time monitoring, machine learning, PM2.5, Apache
Spark, Apache Kafka.
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PABPABOTKACUCTEMbBI CE'MEHTAIINU PBIHKA C UCITIOJIb3OBAHUEM
BIGDATAJISA HOBBIINEHUSA 9®@PEKTUBHOCTHU ITEPCOHAJIM3UPOBAHHOI'O
MAPKETHUHI'A

AHHoOTANUS

B nanHOM niccnenoBanny 060CcHOBaH BRIOOp cTek TexHomoruit Big Data (Apache Spark, Parquet, Kafka,
MLflow) s obecrniedeHuss MacIITaOUPyeMOCTH U BOCIIpou3BoauMocTh. [peokeHa rudbpuanas iasamoaa-
ApXHUTEKTYpa, NOAJCPKUBAIOIIAs KaK MAKETHYIO, TaK U TIOTOKOBYIO0 00paboTKy coObiThil. Ha cuHTeTHYECKOM
Jaracete, UMUTUPYIOIIEM IOBEICHHE MT0JIb30BaTeNe CTPUMUHIOBOM IJ1aT(hOPMBbI, IPOBEACHBI SKCIIEPUMEHTHI
[0 CErMEHTalMu ¢ ucnonb3oBanueM MeronoB K-Means 1 DBSCAN. IlocTpoeHbl KOMIUIEKCHBIE TPU3HAKU,
BKutovaromue RFM-meTprkuy, noBegeHuecKre U TeMIOpalibHbIe XapakTepucTuku. KauecTBo kitactepuzanuu
OIICHEHO C WCIONbh30BaHMEM METpHK cumydta u Kammucku-Xapabaca. Pesynprarom — sBisieTcs
(YHKIMOHUPYIOUIMHA TPOTOTHI, KOTOPBIA aBTOMAaTH3HPYET JTalbl OT IpHeMa CBIPBIX COOBITHH [0
(hopMUPOBaHUS HHTEPIPETUPYEMBIX CETMEHTOB C PEKOMEHJAIMSIMU TI0 MX HCIOJB30BAaHUIO B
MNEPCOHATIU3UPOBAHHLIX MAPKECTUHI'OBBIX KaMIIAHUAX. HpaKTI/I‘-ICCKaSI 3HAYUMOCTDb pa6OTLI 3aKJII0YacTCA B
JIEMOHCTPAIINH TTOIXO0/1a, TO3BOJISIONIETO CHIU3UTHh CTOMMOCTH KoHTakTa u oBeIcUTh CTR/CVR 3a cuer Gonee
TOYHOI'O TapreTUpOBaHUA.

KawueBsle caoBa: Big Data, cermeHranust pblHKa, [EPCOHAIM3UPOBAHHBIA  MAapKETHHT,
kinacrepuzauusa, RFM-ananus.

Beenenne. L{udposas tpanchopmamusi MapKeTHHTa OOYCIOBWIJIA TIEPEXOJl OT MAacCCOBBIX
KOMMYHHUKAIMH K THIIEPIEPCOHAIN3ALUH, YTO TpeOyeT IITy00KOro MOHUMaHMs MOBEIEHHS KaXKI0Tro
notpedurens. B mpenpiaymeit padore [1] Obu mpoBeaeH 0030p 0COOCHHOCTEH, TEXHOJOTHUH M
BBI30BOB TIpU TIOCTPOCHHWU HHTEJIEKTYaJbHBIX CHCTEM CErMEHTalMM Ha ocHoBe Big Data.
Omnpenenensl KitOUeBble MPoOIeMbl: padoTa ¢ BHICOKOCKOPOCTHBIMM MTOTOKaMHU JaHHBIX (velocity),
obecrnieueHrne KoH(pUIASHIMATLHOCTH (Veracity), MacmTaOupyeMoCTh alropuTMoB (volume) u
HEOOXOAUMOCTh 00paboTKM pasHopoaHou wuHGopmanuu (variety). OaHako paHHEEe Halie
HCCIIeIOBaHKE HE 3aTparuBajio BOIPOCH MPAKTUYECKOMN pean3alim.

AKTyalTbHOCTBh PabOTHI 00yCIIOBIIEHA MTOTPEOHOCTHIO OU3HECA, B TOM YHCIIC MAJIBIX M CPETHUX
NPEINPUATHHA, CTPEMSIIUXCS HUCIOIb30BATh TEXHOJOTHMHM OOJBIIMX JAHHBIX, B THPAKUPYEMBIX U
OSKOHOMHYHBIX apXHTEKTYpHBIX pemieHusx. Llenpro  wWcciaenoBaHus — SBISIETCS  CO3JAaHHE
BOCIIPOU3BOMMOT0 IPOTOTHIIA NMAaTUIaliHA MHTEJIEKTYalIbHOI CerMeHTalluM, OT IprUeMa JJaHHBIX 10
TeHEpallii CETMEHTOB, C OTKPBITHIM KOJOM H YETKOH METOJOJIOTHEH, YTO COCTaBISET HAYYHYIO
HOBM3HY. [IpakTHueckass 3HAUMMOCTh 3aKJIOYAeTCs B CHID)KEHUHM OIEpPAl[MOHHBIX 3aTpar Ha
MapKETHHT 3a CYET aBTOMATHU3alMU CETMEHTAIINU W TOBBIICHUN 3()(PEKTUBHOCTH KaMITaHUI depe3
TOYHOE TapreTMpOBaHUE, YTO B MEpCHeKTUBE BeaeT K pocTy koHBepcuu (CVR) u kinmkabenbHOCTH
(CTR).

ITocTtaHOBKO#H 3a7auu ABIsIETCAPa3pabOTKa ApXUTEKTYPhI M pealn3alus MPOTOTUIIA CUCTEMBI,
KOTOpasi Ha OCHOBE ITOTOKOBBIX M HAKOIUICHHBIX IMOJB30BATEIbCKUX TaHHBIX B MacmiTadax,
XapaKkTepHBIX JJIs1 KpynHOW 1udpooit mnatdopmsl (anamoruuno Netflix, Spotify), aBromaruuecku
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BBIJIEJISIET YCTOMYMBbIE TOBEIEHYECKUE CETMEHTHI /JIs ITOCIIEAYIOIEH TepCOHANIN3AMY KOHTEHTA U
PEKIaMHBIX KOMMYHUKALIUH.

B coBpemenHO# tuTepaType mo HuppoBOMY MAPKETHHTY CErMEHTAIMS pAaCCMaTPUBACTCS KaK
KJIIOYEBOM MexaHu3M rurneprepconanuzanuu. Kotnep, Kapramxaiiss u CetnayaH B KOHIIEHIUU
Marketing 5.0 akueHTHpyIOT niepexon K data-driven MapKeTHHTY, Iie IIEHHOCTh CO3JaeTCs 3a CUET
TOYHOTO TIOHMMaHHS TOTPEOHOCTEM M KOHTEKCTa KJIMEHTa Ha OCHOBe nmaHHbix u MU [2].
Cucremaruueckuii 0030p Gupta U coaBT. (PUKCHUPYET pPOCT MPUMEHEHHs] MALIIMHHOTO OOY4YEeHHS B
MapKeTHHTe (B TOM YHCIIE KIaCTePU3aIUH JJIsi CETMEHTUPOBAHMUSI ), OTHAKO MOTYEPKHUBACT 1e(ULIUT
BOCIIPOM3BOJMMBIX HH)KEHEPHBIX PEIICHUM, CBA3BIBAIOLIUX AJITOPUTMbI C OM3HEC-METPUKAMH U
mpoueccaMy NpUHATUA pemieHuid. Ha ypoBHE MeTONOB MPHUKIAIHBIE MCCIEIOBAaHUS IPEIararoT
paclIipeHus KIacCUYeCKUX MOBEAEHUECKUX MOJIENIel: HanpuMep, Rungruang u coaBT. 10Ka3bIBalOT
pazButue RFM-moaxoma anis ycTOMUMBOM KiacTepu3alMM KJIMEHTOB, a Rodrigues u coaBT.
cucreMatn3upyroT NLP-opreHTHpOBaHHOE CErMEHTUPOBAHUE HA OCHOBE TEKCTOBBIX U COOBITUHHBIX
JaHHBIX. [3]

C MH)XEHEpHO! TOYKU 3pEHUs, UCCIIENOBATENN OTHAEIbHO MOAYEPKUBAIOT POJIb MOTOKOBOM
00pabOTKK M ONEPaTUBHOTO MPUHATHS pemieHuii. Jabbar, Akhtar u Dani paccmarpuBaroT real-time
00paboTKy OONBIIMX JAaHHBIX KAaK OCHOBY «MOMEHTAJIILHOTO» MAapKETHHIa M OTMEYaroT, YTO
3aICpKKH ~ OOpabOTKM  TIOJIb30BATEIIBCKUX  COOBITMM  CHIKAOT 3(QeKT TapreTuHra W
nepcoHanu3zanuu. s MacmrabupyeMoil aHaIUTUKK U ITOCTPOEHMSI paclpe/IeICHHbIX MaNIUIaiiHOB
gacto wucnonb3dyercs Apache Spark; mpaktuueckoe pykoBoacTBO Damji M cOaBT. ONMUCHIBAaET
MOJIXOJIbI K 00pabOTKe OOJBIINX TAaHHBIX M TOCTpoeHUI0 ML-KOHTYpa B pacpeesieHHou cpene [4-
5].

OTtaenpHBIM MIIACT padOT CBSI3aH C BHEIPEHUEM MOJIENICH U YIIPABICHUEM KU3HEHHBIM IIUKJIOM.
Chen u coast. onmceiBatoT MLflow kak miatdopMy, MoanepkKUBaroOIlyl0 BOCHPOU3BOAMMOCTh
(tracking sKcriepMMEHTOB), BEpCHOHHPOBAaHUE apTe(haKTOB U PETUCTPALMIO MOJIENEH, YTO CHUXKAET
PHUCKH pa3pblBa MEX/1y UCCIIE0OBATEIbCKUM KOJIOM U 3KCILTyaTaluel; 3TH MPAaKTUKK 3aKPEIIEHbI U
B odwummanbHoil nokymentauuu MLflow [6-7]. Ins opkectpanmu 3amad (ETL, oOyuenue,
nepeoOyyeHre W IUTAHOBbIE IiepecdeTsl) ImMpoko npumensercs Apache Airflow. Ilpakruxo-
OPHEHTUPOBAHHbBIC UCCIIEIOBAaHMS HA PYCCKOM SI3bIKE TaKXKe MOJUYEPKHBAIOT, YTO OU3HEC-IIEHHOCTh
Big Data B MapKeTHUHI€ AOCTUIAaeTCs TOJIBKO NMPH HATMYMM CKBO3HOM apXUTEKTYphl MHTETpalUU
JAHHBIX, KOHTPOJIS KauecTBa U n3MepeHus dpdexra kammanwii [§].

Takum o006pa3oM, cymiecTByoIue pabOThl JETalbHO PACKPHIBAIOT OTIENIbHBIE aCHEKThI
(MeToJpl CerMeHTalluH, MOTOKOBYIO aHaMUTUKY, MLOps), HO pexe MpeAoCTaBISAIOT IENOCTHBIH,
BOCIPOU3BOJUMBIA MPOTOTUI «OT JAHHBIX JO CETMEHTOB», OPUEHTHPOBAHHBIA Ha MaclITaObl
KpynHOH 1udpoBoii TaTHOPMBI U YUYUTHIBAIOIINN KOH(DUIEHITUAIBHOCTD, HHTEPIPETUPYEMOCTh U
JKCIUTyaTallMOHHbIe orpannueHus [9]. Hayunas HoOBHM3HA HACTOSIICH palbOTHI 3aKIIOYAETCS B
MIPOEKTUPOBAHHUH U peain3aiuu oTKpeIToro end-t0-end mporoTuna nairiaiiHa UHTEIIEKTYalbHOM
CerMEHTAllMU: TMpPUEM TOTOKOBBIX M HAKOIUICHHBIX HaHHBIX, UX CTaHAAPTH3alUs U KOHTPOJb
KauecTBa, 00€3NMYMBaHUE HJICHTU(UKATOPOB HA PaHHHUX I3Tamax, (GpopMupoBaHHE MPU3HAKOB U
aBTOMATUYECKOE BBbIJEJICHHUE YCTOMYMBBIX [OBEJACHYECKUX CErMEHTOB C IOCIeaAyrolei
BU3yaJIM3aluel pe3yiabpTaToB B BeO-unTepdeiice. Takoil popmaT nenaet penieHne THpaXKUpyeMbIM U
MIPUTO/IHBIM IS MPAKTUYECKOTO BHEPEHUS IIPU OTPaHUYCHHBIX PECypcax, COXPaHssl OpUEHTALINIO
Ha MacmTadbl, XapaKTepHbIE [T KPYMHBIX UGPOBLIX MIaTHOpM.

Metoabl wucciaenoBanus. B ocHoBe paOOThl JEKUT KOMOMHAIMS WHXKEHEPHBIX U
AaHAJIMTUYECKMX METOJIOB, HANpAaBJICHHBIX HA CO3/laHHE BOCIPOM3BOAMMOro  MalIuIaiiHa
cerMeHTanuu. [lns uMUTanuM pealbHbIX YCIOBUH MCIONb30BaH CHHTETHUECKUH JaTacer,
TeHEPUPYIOLINI TOBeeHYeCKHe COOBITUS Tojb3oBareneil VoD-matdopmbl. ApXuTeKTypHOU
OCHOBOM BBIOpaHa ruOpuIHas JIMOaa-cxeMa, o0ecreurnBaronas Kak MaKkeTHYI0, TaK U TTOTOKOBYIO
00paboTky naHHbIX. [IpuMeHeHbI MeToAbl NpenoOpabOTKM JaHHBIX, BKJIIOYAs JEAYIUIMKALUIO,
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00paboTKy MPOIYCKOB M BBHIOPOCOB, a TAaKXKe MaclITaOMpOBaHME MPHU3HAKOB. s cermMeHTanuu
CpaBHMBAJIUCh anropuT™Mbl kiaactepusanuu K-Means 1 DBSCAN, kauecTBO KOTOPBIX OLIEHUBAIOCH
C TIOMOIIIBI0 BHYTPEHHUX MeTpHK (crmnydT, Kammacku—Xapabac, J[aBuc—bonaun). Busyanuzanus u
UHTEpIIpeTaIUs CErMEHTOB BBITIOJTHEHBI c HCIIOJIb30BAHUEM BeO-uHTEpdeiica,
B3auMoieiicTBytomiero ¢ 6skenaom depe3 REST APIL. Bce stanbl maiimuiaiiHa OpKeCTpUPOBAHBI C
nomomibio Apache Airflow, a skcnepumentsl 3aduxcupoBanbl B MLflow mist obecrnieuenus
BOCIIPOU3BOJUMOCTH.

Pe3ysabTaThl U 00CyKIeHHE

Hnst 5pGPEeKTUBHOTO XpaHEHHS CTPYKTYPHUPOBAHHBIX W HECTPYKTYPUPOBAHHBIX JAHHBIX
UCIOJIb3YIOTCS pPa3IMYHbIe PElICHUsl, KOTOPbIE OTHOCSTCS K TPETheMY 3Tally U BKIIOYAIOT B ceOs:
NoSQL-6a3s1 manubix (MongoDB, Cassandra, Redis) — mo3BoJSIFOT XpaHUTH OOJBIIHE OOBEMBI
JTaHHBIX B yAOOHOM Qopmare, obecrieunBas BHICOKYIO CKOPOCTb UTEHHS U 3alUCH; PEISILIMOHHBIC
6a3p1 manHbIX (PostgreSQL, MySQL, Microsoft SQL Server) — uCHonb3yroTcs Ui XpaHEHUS
CTPYKTYpPUPOBAHHBIX IaHHBIX, €CJIM CHCTeMa TpeOyeT CTPOTUX CBA3EH Mex 1y TabIuaMu; 006JIauHbIe
xpanmwmma (AWS S3, Google Cloud Storage, Azure Blob Storage) — macmrabupyembie U
0TKa30yCTOMUYMBEIEC pelIeHUs, 00ecreunBaroIIre 6e30MacHoe XpaHeHNe JaHHbBIX U OBICTPBIN T0CTyI
u3 moboit Toukn mmpa; Data Lake m Data Warehouse (Amazon Redshift, Google BigQuery,
Snowflake) — wucmosp3yroTCst A1 XpaHEHUs OOJBIIMX MACCHBOB JaHHBIX, MOATOTOBKH HX K
aHAJMTHKE ¥ MAIIMHHOMY OOy4eHuio. BbiOop XpaHmiMia 3aBUCUT OT THNA JAaHHBIX, TpeOyemoit
CKOPOCTH 00pabOTKH 1 MacIiTadba MpoeKTa.

JUist TpOTOTUIMPOBAHUS UCTIONB3YETCSl CHHTETHUECKUH JaTaceT, KOTOPBIH UMHUTHPYET JIOTH
noBeqieHUs Tosib3oBaTene Ha VoD-mmardgopme (Video on Demand). Takoif BEIOOp MO3BOJISIET
n30exaTh 3THYECKUX U IOPUAMUECKUX PUCKOB, CBA3aHHBIX ¢ 00pabOTKOI MepCOHATbHBIX JaHHBIX, U
OJIHOBPEMEHHO 00ECIeUrBAET MOJIHYI0 BOCIPOU3BOAUMOCTh IKCIIEPUMEHTA: JIF000H UCClieIoBaTEIh
MO’KET MOBTOPHUTH 3aIyCK, HE CTAJIKUBAsACh C OTPAHUYEHUSMHU JJOCTYIA K PEJIEBAHTHBIM JAHHBIM.
BHyTpu Habopa NaHHBIX MOJIECTUPYIOTCS KIFOYEBBIE CYIIHOCTH, XapaKTEpHbIe sl HU(POBBIX
1aT¢opM: IOTOK COOBITHI MOIb30BaTeNel (HapruMep, BOCIIPOU3BEICHHE, 11ay3a, TOUCK, KITUKH 110
OaHHepaM M TMIOKyIKa MOJAMUCKM), TaOiuma TpaH3akuuid ¢ ¢akraMu Iulatexeil, npoduib
M0JIb30BaTENsl, KOTOPbI (popMupyeTcss Ha OCHOBE arperMpoBaHUsl aKTUBHOCTH 33 MCTOPUYECKHUN
MIEPUO/I, a TAKXKE CIIPABOYHHUK KOHTEHTA C METaIaHHBIMU BUI€0 (KAHP, [UIUTEIBHOCTD, TOJl PEJIH3a),
HEOO0XOAMMBIMU JJIs1 HHTEPIIPETAILH TOTPeOUTENbCKUX HHTepecoB [10].

Ha cnenyromem srane peanusyercst npeaoOpaboTka U KOHTPOJIb KaueCcTBa JaHHBIX, IOTOMY
YTO JaXe CHHTETUYECKHE JIOTM JIOJKHBI MMUTHPOBATh PEAMCTHUYHBIE HCKaKEHHSJIaHHBIX, C
KOTOPBIMH CTaJKHBaeTcss Om3Hec. Ha ATOM mrare BBIIONHSETCS ACTYTUIHKAIMS COOBITHH, YTOOBI
yOpaTh MOBTOPHBIE 3aIIUCH M CHU3UTh UCKaKEHUs NP pacuéTe METpUK MoBeAeHus. [IponymeHHble
3Ha4YeHUs1 00pabaTHIBAIOTCS MO TUITY TIPU3HAKOB: KaTETOPUAITLHBIE ITOJIS 3AITOJTHSIOTCS HEHTPaTbHBIM
3Ha4eHHEM Bpojae unknown, a YUCIOBBIE — YCTOWYMBBIMHU OLIEHKAMH, HallpUMep MEIHaHOH (B
MPAaKTHYECKNX KeWcax JTO CHIDKAeT BIMSHUE EIWHUYHBIX aHoManui). [l ¢uHaHCOBBIX
nokaszaTesiel  JONMOJHHUTEIbHO TpUMEHseTcs 00paboTka BBIOPOCOB, IOCKOJBKY — PacXojbl
MOJTb30BaTENIe YacTO MMEIOT TSDKENBIE XBOCTBI, B MPOTOTHUIIE HCITONB3YETCs TOIXOJ Ha OCHOBE
MexkBapTibHoro pasmaxa (IQR), kotopeiii xopomo pabGortaer 0e3 NpeANnoNoXeHuil o
HOPMaJIbHOCTHU PaCIIpe/IeICHHUS.

3areM BBINOJHSAETCA MOCTpoeHue npu3HakoB (feature engineering) st cermenrtanuu. s
KaX/I0TO 00E3JIMYCHHOTO IOJIb30BaTeNs 32 (PMKCUPOBAHHBIN MCTOPHYECKUI MHTEPBAJ (HAIIpuUMep,
90 nHeit) popMHpyeTCst BEKTOP MPU3HAKOB, KOTOPBIN OTpa)xaeT KaK KIaCCUUYECKYI0 MAaPKETHUHIOBYIO
mozaenb RFM, tak m moBenmeHueckne ocoOeHHOCTH ToTpeOneHust koHTeHTa. [lomumo Recency,
Frequency u Monetary, 100aBisi0TCS XapaKTEPUCTUKN CECCHI U B3aMMOJEHCTBHM C TU1aT(OPMON:
CpeIHsisl JIMTENbHOCTh CECCUU, JI0JISI 3aBEPLIEHHBIX MPOCMOTPOB, pa3HOOOpa3ue UHTEPECOB yepe3
YHCII0 YHUKAJIBHBIX )KaHPOB, YaCTOTA UCIOJIH30BAHUS MTOMCKA U IPYTHE MaTTepHbI BOBICYEHHOCTH.
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OTnenpHO YyUHTBHIBAKOTCS BPEMEHHBIE 3aKOHOMEPHOCTH aKTMBHOCTH — HAaIlPUMEpP, CKIOHHOCTH K
IIPOCMOTpaM YTPOM HJIM BEYEPOM U paclpeziesieHne akTUBHOCTU 1O JHSAM Heaenu. YToObl pU3HaKu
OBUIM CONOCTaBUMBI U KOPPEKTHO paboTay B aJirTOpUTMaX KIACTEPU3ALUHI, OHU MACIITA0OHPYIOTCS C
IIOMOIIBIO CTaHaapTHON HopMau3anuu (StandardScaler)[11].

B nporortune cpaBHHMBarOTCsS 1Ba moaxoaa k cermeHrauuu. [lepeiii — K-Means, mupoko
WCIIOIB3YEMBIN TIEHTPOUIHBIM METOJl, KOTOPbI 3(P(EKTUBEH MPH JOCTATOYHO “KOMITAKTHBIX
KJIacTepax M XOpOIIO MacmTabupyercs Ha OOJBIIMX JaHHBIX, HO TpeOyeT 3apaHee 3a/JaTh YHCIIO
kiactepoB k [10]. Bropoit — DBSCAN, MJIOTHOCTHBI METOJ, KOTOPBIA CIOCOOECH HAaxOJIWUTh
KJIaCTephl TMPOU3BOJBHOM (OPMBI M BBIACIATH LIYMOBBIE TOYKH, HE TpeOys SIBHOTO 3a/JaHUs
KOJIMYECTBA KJIACTEPOB, OJHAKO OH YYyBCTBUTEJIECH K HACTPOWKE MapaMeTpoB IUIOTHOCTH (eps U
min_samples) [11]. B kadecTBe MepCHEKTHBHOTO HAMpaBJICHUS PACCMATPUBAETCS NMPUMEHEHHE
aBTOSHKOJIEpa ISl HEIWHEHHOTO CHIDKEHHS Pa3MEpPHOCTH IMepell KilacTepu3alfeil, 4To MOXKET
MIOBBICUTh KAayeCTBO CEIMEHTOB IIPU CJOXKHBIX, HEJIMHEHHBIX 3aBUCUMOCTIX B IOBEIECHUU
M0JIb30BaTENEH.

KauecTBO MOJy4YeHHBIX CErMEHTOB OLEHUBACTCSI C IIOMOLIBI0 BHYTPEHHHX METPUK
KJIACTepU3alliKi, KOTOPHIE TMO3BOJSIOT HU3MEPUTh KOMIIAKTHOCTH W Pa3AENUMOCTb TPy B
npu3HaKoBoM mpoctpanctee [12]. dus atoro npumensitores Silhouette Score, nnnexc Kanuncku—
Xapabaca u uHaekc J[[pBuca—bonanHa, MOCKONBKY OHH JAlOT B3aUMOJOIMONHSIONINE OLEHKU
CTPYKTYpHbI KinactepoB. [Ipu 3Tom noguépkuBaercs, 4To B IPUKIIAJHOM MAapKETUHI€ KJIacTepU3aLs
JIOJKHA MTOATBEPXKAATHCS HE TOIBKO MAaTeMAaTUYECKU, HO ¥ OM3HEC-3(PPEeKTOM, TOATOMY JabHEHIIas
pabota mpearnosaraeT MpoOBEPKY IMOJIE3HOCTH CErMEHTOB uepe3 A/B-3KCHEepUMEHTHI M U3MEpEeHHE
uplift mo CTR unu CVR npu nepcoHanuzanuu npeaioxKeHu s BbIACICHHBIX TPYIIIL.

Tabnuma 1 - O6ocHoBaHuE BIOOpa HHCTPYMEHTAPUS

3amava NuctpymenT O6ocHoBaHue BbIOOpa
SI3BIK Pvthon 3.9+ He-pakto crammapr s DataScience, ©Ooraras
IPOrpPaMMHUPOBAHHUS Y ' sKocHucTeMa OUOIINOTEK.
DTtanoHHble OMONMMOTEKH [JIs aHajdu3a B MaMSITH Ha
OO0paboTka JaHHBIX
(6710K) Pandas, NumPy omHoM y3ume. MHcmone3yrorcs Uil OTIAAKU U
MIPOTOTUITUPOBAHUS JIOTHKH.
Pacnipenenennass BeUMCIUTENbHAS TUIaTGOpMa TS
. ApacheSpark  3.x|06paboTku  Goipmux o00beMOB  JgaHHbIX. MLIib
O6pabotka BigData
(PySpark) MPEIOCTABIISIET MaciTabupyemMblie peann3anuun
QITOPUTMOB MAITUHHOTO OOYYEeHHUS.
Konmonounsrit ¢dopmar Parquet obecrednBaeT
Parquet na  S3-
ahdexTuBHOE CxKaTHe € BBIOOPKY CTONOIOB. S3-
XpaHunuiie COBMECTHUMOM
MPOTOKOJI — CTaHAApPT JUIsl OOJaYHBIX OOBEKTHBIX
(DataLake) XPAHWIHIIE :
(MinIO) xpanunuil. MinlO wucnone3yercss Wi JIOKAJIBHOTO
MIPOTOTUITUPOBAHUS.

. BricokonpousBoauTenbHas pacnpesieieHHas MOTOKOBas
IToToxoBBI .
ineestion ApacheKafka mwiarpopma. Hcnonb3yercss s mpueMa coObITHI B

£ peaTbHOM BPEMEHHU.
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[Mponomxkenue Tabmuibl 1

[To3Bonsier onuchIBaTh, IIAHUPOBATE U MOHUTOPHUTH
OpxkecrtpanusmnaiuiaitioB | Apache Airflow |ciio)kHbIE TTAaHTIIAHBI TaHHBIX B BUJIC HAITPaBICHHBIX
arismyeckux rpagos (DAG).

[Tnardopma i ynpaBieHUs KU3HEHHBIM LUKIOM

Tpexunr ML-
MLflow MalIMHHOTO OOy4YeHUs: JIOTUPOBAaHUE MapaMeTpoB,
AKCIIEPUMEHTOB .
KOZIa, METPHUK U apTe(akToB (Moaemneii).
. ObecnieunBaer BOCIIPOU3BOAUMOCTh Cpensl
Konreitnepuzamus Docker P A peAl

BBIIIOJIHCHUSA, U30JIUPYA BCE 3aBUCUMOCTH.

B pabote mpemioxeHa sMOma-apXUTEeKTypa, KoTopas oObenuHseT maketHyro (batch) u
IIOTOKOBYIO (Sstream) oOpaOoOTKy, 4TOOBl OJHOBPEMEHHO COXPAHATh TOYHOCTh HAa HMCTOPUYECKHX
TAHHBIX U 00ecreunBaTh MPUEMIIEMYIO 33aIePXKKY TIpU 0OHOBIIEHUH cerMeHTOB. Ha Bxoze (ingestion)
COOBITHS U3 UCTOYHUKOB — JIOT'OB IPUJIOKEHUH U TPaH3aKLIMOHHBIX 0a3 — moctynaioT B Apache
Kafka (Tomuk raw-events), 4To IMO3BOJISIET YCTOMYMBO MPHHUMATh MOTOK JAHHBIX W OTACIHTH
UCTOYHUKM OT mocieayromeid oOpaboTku. JIns NakeTHOM 3arpy3Ku MCTOPHMYECKUX JaHHbBIX
WCTIOJNB3YETCs TMPSIMOE pa3MelleHue B OOBEKTHOM XPAaHWJIMIINE, YTOOBI MOXKHO OBUIO OBICTPO
c(OpMHPOBATHPETPOCHIEKTUBY U HE MEPErpyKaTh NOTOKOBBIM KOHTYD.

Xpanwmmuiie oprann3oBano kak Data Lake ¢ pasneneauem 30H JaHHBIX. [I0TOKOBBIE COOBITHS
yepe3 Spark Structured Streaming 3amuceiBatoTcsi B “ropsiuyto” 30Hy (Hampumep, B dopmare
Parquet), a makeTHbIe JaHHBIE TTOCTYIAIOT B ChIpoi cioi. [locine ouncTku u oboramieHus: JaHHbIE
IIePEMEILAIOTCS B MOJITOTOBJICHHBIH ciioi (curated), KOTOPBIA CTAHOBUTCSI OCHOBHOM BUTPUHOM ISt
IIOCTPOEHUsI IpU3HAKOB. Takoe pa3sHECEeHHE CIIOEB IO3BOJISIET YNPAaBIATh Kaue€CTBOM JAHHBIX U
YMEHBILIATh BEPOSITHOCTh TOTO, YTO B MOZCIMPOBAHUE NONAAYT HEBAJIMIHBIE WM HEOAHOPOIHBIE
3aIHCH.

Hanee paboTaert cioit 00padotku u feature engineering. 1o pacniucanuto (uepe3 Airflow DAG)
3amyckaercst Spark-3aaya, KOTopasi arperupyer CoObITHS U3 OJITOTOBIEHHOTO CJI0SI 3@ BIOpaHHBIN
IIEPHOJ] U BBIYMCISAET BEKTOP NPHU3HAKOB IS KaXJ0ro mnois3oBatend. [lomydeHHbIE Npu3HaKH
coxpanswoTcs B feature store, peann3oBaHHBIM B BHjae Tabiuuil BHyTpu Toro ke Data Lake, uro
yIpOIIAeT BOCHPOM3BOAMMOCT W CHHXKAET CTOMMOCTh XpaHeHus. Ha cienyromem srtane
3aIyCKaeTcsi MOAEIMPOBaHNE: IEPUOINYECKU (HApUMEp, pa3 B HEIEIO WM MECSIl) BBIITOIHSIETCS
knactepuzanus (K-Means/DBSCAN) Haj akTyanbHOM MaTpuLiel IPU3HAKOB, a TUIIEpHIapaMeTpsl U
MeTpUKH KauyecTBa jorupytorcs B MLflow. O6yuennast Mmosienb U conocraBieHue user anon_id —
segment id coxpaHSIOTCS Kak apTe(akTbl, YTOOBI MOXKHO OBIJIO BOCCTAHOBHUTH TOYHYIO BEPCHUIO
CEerMEHTAIlM! U CPaBHUBATh PE3YJIbTAThl MEKIY UTEPALUIMHU.

Ha cnoe cepsunra npenmnonaraercs API-cepsuc (Hanpumep, Ha FastAPI), kotopslii 3arpysxaet
aKTyaJIbHYI0 MOJIEb M MAIIIUHT CETMEHTOB U MPEA0CTaBIISIET HHTEp(EC Il MOTyUYeHHs] CeTMEHTa
MOJIb30BaTENsl MO €ro uiaeHTH(UKaTtopy. Pe3ynbTaTbl CerMEHTAllMU TakKe BBITPYXKAIOTCS B
xpanwiuiie aHanutuku (Hanpumep, ClickHouse) kak atpulytr segment id B mnpoduisax
10JIb30BaTese, YTOObI aHATUTUKHN U MAPKETUHTOBbIE KOMaH 1bl MOTJI CTPOUTH OTYETHI U IPOBEPATH
s dexT nepcoHanuzanuu. OTAEIBHO NPETYCMOTPEH MOHUTOPHHI: OTCIEKHBAIOTCS IOKa3aTesn
KauecTBa JIaHHBIX (MOJIHOTA, AHOMAJIMK), BO3MOXKHBINA Jpeld mpu3HAKOB M NMPUKIAJAHbIE METPUKU,
TaKW€ Kak pa3Mepbl CETMEHTOB M HX AaKTUBHOCTb BO BpPEMEHHM, 4YTO BAXKHO M KOHTPOJA
CTaOUJILHOCTU CEerMEHTAIMH.

Bonpoc 06e3omacHOCTH yuYuTBIBaeTCS Ha paHHMX JTamnax MaiiulaifHa. Yjke Ha ingestion
BBITIOJHSIETCST 00€3IMUMBaHne — HUCXOAHBIN user id mpeoOpasyercs B user anon_id (Hampumep,
MOCPEJICTBOM XELIMPOBAHMA), a IOCTYM K JAaHHBIM HA YPOBHE XPAaHWIIUIIA OTPAHUYMBAETCS POJIIMU
(IAM/ACL). BuyTtpu pemieHus HCHOJNB3YIOTCS OTIEIbHBIC TEXHUYECKHE YUYCTHBIC 3alUCH IS
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OpKecTpaTopa, 00pabOTKM M CEpPBHHTA, YTOOBI MHUHHMH3UPOBATh PUCKH HECAHKIMOHUPOBAHHOTO
J0CTyTa U pa3fAeuTh MOJTHOMOYHUS 110 MPUHIUITY HAUMEHBIIUX MPUBUIICTUH.

JU1 SKCIIepUMEHTaIbHON IPOBEPKU UCIOIb3YETCSl CHHTETUUECKH CTEHEPUPOBAHHBIH JaTaceT,
nmutupyronui noseaeHue 50 000 monp3oBaTeseii U 0koyIo 5 MITH coObITHiA 3a 90 nHel. ['eHepanus
JAHHBIX 3aKJIaJIbIBAET PEATUCTUYHBIE 3aKOHOMEPHOCTH: CECCHOHHOCTb, IPEANIOUTEHUS 110 J)KaHpam U
CBSI3b aKTUBHOCTU C MOHETH3AIMei. DKCIIEPUMEHTHI BHIIOIHSUIUCH B JIOKAJIbHOM OKpY»)eHHH: Spark
B standalone-pexxume (npaiiBep u aa Bopkepa o 4 I'b RAM), Kaftka Bepcun 3.x u Python 3.9, a
taoke OmOimotekn pyspark 3.3.0, pandas u scikit-learn. Ilocne mpenoOpaOOTKu U TOCTPOCHUS
npu3HakoB (12 mpu3HakoB) Obula mpoBeneHa kimactepusauums: mausi K-Means 4mcio Kiactepos
BBIOPAaHO paBHBIM 5 Ha OCHOBE MeTona “NOKTS W MeTpuku cmirydta, a DBSCAN HacTpoeH ¢
napamerpamu eps = 0.5 1 min_samples = 10.

Ha pucynke 1 mpencraBiena riaBHas cTpaHulla uMHTepdelica, Tie MOJIb30BaTElb MOXKET
BBINOJIHUTH CIenyromue onepanuu: 3arpy3uth CSV-daiiin ¢ ucXomHBIMH JaHHBIMH, BBIOpaTh
anroput™ knactepuszanuu (K-Means wiun DBSCAN), HacTpouTh rumneprnapaMmerpbl BHIOPaHHOTO
anropuTtMa (KoJuuecTBo KiactepoB i K-Means wim mapamerpsl eps u min_samples s
DBSCAN), a Tak)xe HHUIIMHPOBATH MPOIIECC CErMEHTAIIMK Ha)XaThueM KHOIKH 3amycka. aTepdeiic
B3auMoJIeicTByeT ¢ O3keHa-cepBucoM depe3 REST API, ormpaBnss 3amauy Ha 0OpaboOTKy B
pacnpeieieHHYO Cpeay.

Deploy

Hactpoiiku

cemmemmnn il UHTennekTyanbHas cucTemMa cermeHTaLum
K-Means v prHKa c3
:

2 10 CucteMa cerMeHTaLum Nonb3osartenei Ha ocHose Big Data gns nepcoHanu3upoBaHHoOro UMGpPoOBOro MapkeTUHra

3arpysute CSV daiin ¢ faHHbLIMKM NONb30BaTENE M 3aNyCTUTE CerMEeHTaLMIO ANs aHanu3a.

3arpy3ka AaHHbIX

3arpyauTe CSV (aiin ¢ AaHHLIMM NONL30BaTENEN

D d drop file here
rag and drop file here Browse files

= VIHCTPYKLMS MO MCMONb30BaHMIO:

Pucynoxk 1 - I'maBHast cTpaHuIia NpoTOTHIIA CUCTEMbI CETMEHTALIMU PhIHKA (3arpy3Ka JaHHBIX
Y IapaMeTpbl CEerMEHTAallUN ).

Jliia obecrnieueHUs] KOPPEKTHON pabOThl CUCTEMBI U MPEIOTBpAIICHUs OIMIMOOK IMPH 3arpys3ke
JAHHBIX, UHTEepdeic BKIIOYaeT pa3aesl TeXHUYecKoi nokyMmeHTanuu. Ha pucynke 2 mpejacraBiieH
OJIOK MHCTPYKITHA, KOTOPBIH COAEPIKUT TpeOOBaHUS K (hopMaTy BXOIHBIX JAHHBIX, BKITFOYAs CITHCOK
o0s13aTeNbHBIX TONed (Hampumep, user id, timestamp, event type, amount), omucaHue THUIIOB
JTaHHBIX U mpuMepsl 3anoiaHeHus: CSV-gdaiina. IToT paszen npeaHa3HadeH A CaMOCTOSATEIbHON
MOJITOTOBKH JJAHHBIX MOJIb30BATEISIMH U YIIPOIIEHUS HHTETPallMU C CUCTEMOH.
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Deploy

" -

. 3arpyauTe CSV dailn ¢ faKHsIMK Nonb30BaTENEH ®
HacTtpovku

cermMeHTauuu Drag and drop file here

Browse files
AnropuTM knactepusagun (2

K-Means ~

=] MHCTPYKLMA NO UCMONB30BAHMIO:

Konuyectso Knactepos @

5 . MNogrotosste CSV daiin ¢ faHHbBIMK NONb30OBaTeNENR
— .

. Maiin fOoMKeH COREPHaTh KONOHKY user_id U YACTIOBLIE MPU3HAKA
2 18
. 3arpysuTe (ain c NOMOLLbI0 KHOMKMK BbILLE
. HacTpoitTe napaMeTpbl cermMeHTaumu B 60K0BON NaHenu

. Haxmute "3anyctuTh cerMeHTauuio”

f< T B U R

. NpoCcMOTPUTE pe3ynsTaTl U BU3Yann3aLum
MpumMep cTpykTypbi CSV:
user_id,age,total_events,total_spent,n_transactions,avg_event_value

user_001,25,150,250.50,5,1.67
user_002,35,80,128.00,3,1.50

Pucynok 2 - brnok MHCTpYKIHit U ipuMep CTPyKTypsl BxonHoro CSV-gaiina B
MOJIb30BATENILCKOM HHTEp(elice MPOTOTHIIA.

Tabnmuma 2 - ApXUTEKTypHBIE KOMITOHCHTBI M JTambl pPa0OThl CHCTEMbl WHTEIUICKTYyaIbHON
CErMEHTALUHU

Oran/KoMrnoHeHT Ha3nauenue B cucreme KiroueBble mponieccsl
[ToroxoBslit mpuem yepes Kafka,
. [Tpuem naHHBIX U3 nakeTHas 3arpyska B S3
C6op nannbix (Ingestion) P g Py ’
BHEITHUX UCTOYHHUKOB o0e3nMuuBaHue
UICHTU(PUKATOPOB
Opranu3zanus 30HUpOBaHUE (ChIPHIE,
Xpanenue (DatalLake) CTPYKTYPHUPOBAaHHOTO OYMILIEHHBIE, TPU3HAKH ), pOopMaT
XpaHWIMILA Parquet, ynpaBnenue noctynom
Ounctka, AeTyINKaLns,
O6paboTka ITonroroBka naHHBIX arperanys, pacdeT MpU3HAKOB
(ETL/FeatureEngineering) JUISL aHAJIA3a (RFM, nosenenyeckue,
TEMIOPaJIbHbIE)
Knacrepuzanus (K-
MonenupoBanue (ML [Toctpoenue n Means/DBSCAN), Banuaarus,
Pipeline) oOyueHue Moesei JIOTUPOBAHUE HKCIIEPUMEHTOB B
MLflow
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[Tponomkenue TabuuIb 2

VYnpasnenue [TnanupoBanue 3a1a4d B Airflow,
Opkectparnus (Orchestration) BBITIOJIHEHUEM MOHUTOPUHT BBITIOJIHEHUS,
MalTIaiHOB 00paboTka omuooK
[Ipenocrasienue REST API (FastAPI), Boirpy3ka
CepuHr (Serving) pe3yabTaToB TSt CErMEHTOB B  AQHAJIUTUYECKHUE
BHEIITHUX CHUCTEM xpanmmima (ClickHouse)
Koutpons paboTsl OTtcnexxruBaHUE METPUK JAHHBIX,
MonwuTtopunr (Monitoring) CHUCTEMBbl M KauecTBa npeiida MIPU3HAKOB,|
JTAHHBIX npousBoauTebHOCTH API

C ToukM 3peHHS pealM3aliy, CHCTeMa pa3padarThiBalach Kak HAa0Op CIa0OCBSI3aHHBIX
MoyJiei, B3auMoieiicTBytomux uepes3 ouepenu nanubix (Katka) u obmee xpanunuie (Data Lake).
OcHOBHOW MaWIUIaiiH peain30BaH B BUJE HampaBlieHHOro arukiandeckoro rpada (DAG) B Apache
Airflow, koTopslii KOOpAUHUpPYET BbIoNHeHHEe Spark-3agay myis oOpaOOTKH JAaHHBIX, 00y4YeHUS
Mojienielt u oOHOBIIeHUsT apTedakToB. i o0ecnieueHrs: BOCIIPOU3BOIUMOCTH BCE ITaIlbl, BKIIOYAs
WHXEHEePUIO MPU3HAKOB U 00yueHue mozenel, norupyrwtcs B MLflow ¢ ¢ukcanuelr napamerpos,
Koja U MeTpuk. BebG-unrepdeiic (onucanHplii Ha pucyHkax 1-2) mpezacrasiisieT coO0i OTIEIbHOE
KIIMEHTCKOE MPHIIOKEHHE, KOTOpoe B3auMoeiicTByeT ¢ Ookenom yepe3 REST API, unkancynupys
CIIO)KHOCTh PAacCIpe/ieJICHHbIX BBIYMCIEHUN M MPEAOCTaBIsIsl IOJb30BATEN0 IPOCTOM crocod
YIPaBJIEHUS MPOLECCOM CETMEHTALNH.

BeiBoabl. B pabore pazpaboraH u anmpoOHpoBaH BOCIPOM3BOJMMBIM MPOTOTHUI HailrmiaiiHa
MHTEJUIEKTyallbHOW CerMEHTAalluM IoJib30BaTene ans mudpoBoi miaardopMmel kimacca VoD,
pean3yomuii MOJHBIA UK — OT T€Hepali CHHTETUYECKHUX JIOTOB JI0 BbIAAUYM CETMEHTOB B BUJIE
apreakTOB M NPUTOAHBIX JUIs JajbHEWIIed mepcoHalM3aluu JaHHBIX. lcmonb3oBaHue
CUHTETHYECKOTO JaTaceTa, HMHUTHUPYIOIIETrOo TIOBEJACHHE JIEeCATKOB ThICSY IOJIb30BaTeNel u
MWIJIHOHBl COOBITMM 32 MCTOPUYECKHUH TEpHOA, TO3BOJIMIO OJHOBPEMEHHO OOECleYHuTh
IOPUANYECKYI0O U 3THYECKYI0 KOPPEKTHOCTh HCCIENOBaHHUS M 3a(pUKCHpPOBATh IHOBTOPSIEMOCTh
pE3yJIbTaTOB MPU OJJMHAKOBBIX HACTPOMKAX OKPYKEHHS U IapamMeTpax MOJEIEH.

[Tokazano, uro komOuHHpoBaHHe RFM-Tipru3HaKoB ¢ MOBEIEHYECKUMHU U TEMIOPAIbHBIMU
XapakTepucTukamMu (opMupyer Oosiee cojepiaTelbHble M HHTEPHPETUPYEMbIE CEIMEHTHI, YeM
WCIOJIb30BaHNUE TOJIBKO TPAH3aKLIMOHHBIX IOKa3areneil. B pamkax mnpoToTuna BBINOIHEHO
cpaBHenue kinactepuzanun K-Means 1 DBSCAN; nogo6paHHble mapamMeTpsl JeMOHCTPUPYIOT, YTO
LEHTPOUIHbIE METOAbl yIOOHBI JJIi MacIITaOMPOBAaHUS U PETYJSPHOrO Mepecyéra CerMeHTOB, a
TUIOTHOCTHBIE — TOJI€3HBI JJIs BBISIBICHUS “IIyMa’ M HETUITUYHOTO MIOBEICHUS, XOTsI TpeOyIoT Ooiee
aKKypaTHOM HacTpoMku. [IpemyiokeHa MeTOOMKAa OLEHKHM KadecTBa CErMEHTAllMH, KOTopas He
orpann4muBaeTcs BHyTpeHHHMMH MeTpukamu (Silhouette, Calinski—Harabasz, Davies—Bouldin), a
dhopMupyeT OCHOBY ISl TIepexoJia K MPUKIAHON BaymMaanuu 4yepe3 omsznec-apdexkr — uplift mo
CTR/CVR B A/B-3KcriepuMEHTax, 4TO OCOOEHHO BaXHO Ui MAapKETHHIOBBIX CHCTEM, TJe
“KpacuBbI€ KJIACTEPBI” HE BCETJa PABHBI KOMMEPYECKON [IEHHOCTH.

O6ocHOBaH BBIOOD JIAMO1a-apXUTEKTYPhl KaK KOMIIPOMHUCCA MEX]Ty TOUHOCTBIO U 33J€PIKKOM:
MOTOKOBBII KOHTYp oOecnednBaeT YCTOWYUBBIM MpUEM COOBITHI M aKTyalu3allio JAaHHBIX, a
MAKeTHBIH — CTaOWJIbHBIA TepecuéT MPHU3HAKOB M CETMEHTOB Ha MCTOPUYECKOH BBIOOpKE.
[Ipumenenne cBszku Katka + SparkStructuredStreaming + Datalake (Parquet m 30oHHMpoOBaHme
naHHblx) + opkectpanus (Airflow) + norupoBanme skcnepumentoB (MLflow) obGecnieunBaer
MacIITabupyeMOCTh, OTKa30yCTOMUMBOCTh U MPO3PAYHOCTh SKCIEPUMEHTOB, a TaKXKe CcOo37aéT
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OCHOBY JUIi TI€PEHOCA pEIICHUs U3 JIOKAJBHOTO OKpPY)KEHHUS B paclpeneléHHBIA Kiactep 0e3
U3MEHEHHS METOJNOJIOTUH. JIONOJHUTENIBHO IOATBEPXKACHA IPAKTHYECKas IPUMEHHMOCTh
MPOTOTHIA Yepe3 MOIb30BATENLCKUN BeO-uHTEp(delic, TO3BOISIOMMUI 3arpy>KaTh JaHHBIC, 33aBaTh
napaMeTpbpl CerMEHTallMd W IOoJy4aTb pe3yibTaTel B (opme, yIOOHOH A aHATUTHYECKOIO
HCIIOJIb30BAHMS.

IlepcnexTuBbl nanbHeIIel pabOTHl CBSI3aHBI C MEPEXOJOM OT CHUHTETMUYECKMX JaHHBIX K
peambHBIM  TOTOKaM MpH  CTPOroM  coOnrogeHuM  TpeOoBaHMK  KOH(PHICHIMATHLHOCTH
(oOe3nmuunBaHKe, KOHTPOJIb JOCTyIa, pErjJaMeHThl 00pabOTKHM), a TakKe C IOCTAHOBKOM H
npoBefeHueM A/B-TecToB i mpoBepkd OusHec-TuroTe3 W u3MmepeHus uplift. OraensHbIME
HalpaBJICHUSAMHU SBISIIOTCA Pa3BUTHE MEXaHW3Ma JIMHAMUYECKOTO OOHOBJIEHHS CErMEHTOB Ha
MIOTOKOBBIX COOBITUAX (B cTopoHy Kappa-nojaxona/oHnaiiH-oOHOBIIEHHI), UCCIEI0OBAaHUE METOIOB
CHIJKEHMsI Pa3MEpPHOCTH (BKJIIOYAsi aBTORHKOJIEPHI) Ul MOBBILICHNS KauecTBa KJIACTEpU3aLUU Ha
BBICOKOPa3MEPHBIX TNPU3HAKOBBIX IPOCTPAHCTBAX W BHEIPEHHWE MOHHUTOpPHHTA Jpeida
IIPU3HAKOB/CETMEHTOB Ul TOJAJCpXKaHUA CTaOWIBHOCTH CerMEeHTaluuu BO BpeMeHu. Pabora
npeacTaBisier coOoi 3akoHdeHHoe I[T-pemenne B obOnactm wHkeHepuu HaHHBIX W MLOps,
J€MOHCTPHPYIOILEe MOAX0 K HOCTPOSCHHUIO MacIITabUpyeMoro, BOCIIPOU3BOAUMOTr0 U O€3011aCHOTr0
nalIuIaifHa 11 UHTEUIEKTYaJIbHOM CerMeHTaluy O0obInX JaHHbIX. [IpeqnoxkeHHast apXxuTekrypa u
TEXHOJIOTUYECKUN CTEK MOTYT ObITh aJaTUPOBAHbI JJIs PEIICHHUs aHAJOTHMYHBIX 3a1ad B APYTUX
MPEIMETHBIX 001aCTSX.
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HEPCOHAJIJAHABIPBIIFAH MAPKETHHI'TIH TUIMALIT'TH APTTBIPY YHIIH BIG
DATA HETT3IHJAE HAPBIKTbI CE'MEHTTEY KYUECIH 93IPJIEY

Tyiiin

By makana mepcoHanuzanmsiIaHFaH MapkeTWHr yiniH Big Data-ra HerizmenreH TYTBHIHYUIBUTAPIBI
CErMEHTTEY JKYHECiHIH KalTajaHaThIH MPOTOTHUIIH )00ajiay MEH iCKe achIpybl yChiHaAbl. JKyiieHi a3ipiey
MocesieJiepiHe alAbIHFBl IOy YMBICBIH JKaJFacThlpa OTBHIPBIN, OYJ 3epTTey TKIpHOETiK HHKEHEpPIIK
acrnekTiiepre Oaca Hazap aymapansl. Big Data crekin (Apache Spark, Kafka, Parquet, MLflow) Tannmay
HETI3JeNIN, NapTHAIBIK JKOHE AarblHIBIK OHJEY[Il KOJJAWTBIH THOPHATI JIIMOJA-COyJIeT YCHIHBUIFaH.
Minesnemenepai nmxenepiey RFM-MeTpukanapbia, MiHe3-KYJIBIKTBIK KOHE YaKBITTBHIK YITUIEpAl KAMTHIBL.
AFBIHJIBIK TUIAT(QOPMA/IAFEl Al IaTaHyIIbl OPEKETiH UMUTAIUAJIANTHIH CHHTETUKAJIBIK ISPEKTEp KUHAFBIHIA
xyprizinren skcriepumentrepae K-Means xone DBSCAN kimactepriey anroputmiaepi CaibICTHIPBUIIH,
HOTHXECiHJIe CHTYdT koHe Kannncku-Xapabac Metprkanapsl OolibiHIIa K-Means TyCiHIipiMIl cerMEeHTTep i
Oepmi. [lporoTum nepexTepai KaObLIIay MEH CaKTay/laH MOJIENIbICY )KOHE CETMEHTTEPII KbI3MET eTyre ACHiHT1
TOJIBIK KOHBeHepni KaMTamachl3 ereli. [IpakTHKajablK MAaHBI3ABUIBIFEl TYTBHIHYIIBIHBI TapTy KYHBIH
tomenaeTyre koHe CTR men CVR-meiH oneyerTi ecyiHe OKeNETiH HbICaHAJIAydbIH IONJIITIH apTThIpyFa
OarpITTaNFac MacmTabupyemi Tocinnai kepceryae. Kaiitananynbl KamMTaMachl3 €Ty YIIiH KOJA ITE€H dAicHama
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DEVELOPMENT OF A BIG DATA-BASED MARKET SEGMENTATION SYSTEM TO
IMPROVE THE EFFECTIVENESS OF PERSONALIZED MARKETING

Abstract

The article presents the design and initial implementation of a reproducible prototype for a Big Data-
driven customer segmentation system aimed at personalized marketing. Building upon a prior review of system
development challenges, this work focuses on the practical engineering aspects. It justifies the selection of the
Big Data stack (Apache Spark, Kafka, Parquet, MLflow) and proposes a hybrid lambda architecture supporting
both batch and stream processing. Feature engineering incorporates RFM metrics, behavioral, and temporal
patterns. Experiments on a synthetic dataset simulating user behavior on a streaming platform compare K-
Means and DBSCAN clustering algorithms, with K-Means yielding more interpretable segments based on
silhouette and Calinski-Harabasz scores. The prototype provides a complete pipeline from data ingestion and
storage to modeling and segment serving. The practical significance lies in demonstrating a scalable approach
to reduce customer acquisition cost and improve targeting precision, leading to potential increases in CTR and
CVR. The code and methodology are fully disclosed to ensure reproducibility.

Keywords: Big Data, market segmentation, personalized marketing, clustering, RFM analysis
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GLOT: MONITORING APPLICATION

Abstract

Standard telematics solutions often lack intuitive accessibility, hindering fleet managers' decision-
making.To address this issue, the GLOT app was developed as an integrated platform for GPS/GLONASS
monitoring and asset connectivity. Innovative data access and management features implemented in the GLOT
system, which is currently protected by a copyright certificate for inclusion in the state register of rights to
objects protected by copyright No. 19746 dated August 13, 2021. This article examines and presents the
technical architecture and functional benefits of the GLOT mobile app, a GPS/GLONASS and IoT monitoring
solution. This study highlights the app's ability to provide highly accurate real-time tracking and advanced data
management for transportation systems. Particular attention is paid to the integrated fuel consumption
monitoring module, which allows users to visualize refueling and potential fuel drains through detailed
graphical reports. The app was developed with cross-platform compatibility (iOS and Android) in mind and
utilizes advanced encryption protocols to ensure data privacy.

Key words: GPS/GLONASS monitoring, IoT, GLOT application, fuel consumption control,
advantages, telematics, data management, real-time tracking.

Inroduction

Transport monitoring systems play a key role in modern logistics and fleet management. They
enable real-time tracking of vehicle location, status, and parameters, optimize routes, and improve
transportation efficiency and safety. Currently, there are numerous similar systems on the market,
each with its own features and characteristics.

Transport monitoring systems are comprehensive solutions that enable remote monitoring and
management of fleets of vehicles, special equipment, and freight and passenger transportation. They
provide continuous tracking of vehicle location, speed, route, and other parameters in real time [1-3].

The key elements of such systems are:

- Onboard navigation and communication devices—special sensors and terminals installed on
vehicles that transmit data about their status and location;

- Server infrastructure—software and computing power required to collect, process, and store
incoming information;

- Management interface—a web platform or mobile app that provides users with access to
monitoring data and fleet management capabilities.

Modern vehicle monitoring systems offer a wide range of functionality, including:

- Vehicle location and route tracking;

- Monitoring speed, fuel consumption, operating time, and idle time;

- Collection and analysis of engine parameters, unit and component performance data;

- Driver performance monitoring (driving style, compliance with work and rest schedules);

- Mobile team management, route optimization, and transportation planning;

- Automatic reporting and data archiving;

- Integration with other corporate information systems.
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Materials and methods

Currently, there are numerous products and software platforms for monitoring offered by
various manufacturers. They enable tracking the location, fuel consumption, cargo status, and driver
behavior of vehicles, special equipment, and stationary objects worldwide [4].

How it works. Equipment: A GPS/GLONASS tracker is installed on the vehicle, to which
additional sensors (fuel, temperature, etc.) are connected. Communication: The tracker transmits
telematics data via a cellular network (GSM/LTE) to the platform servers. Data processing: The
Wialon system analyzes the data and provides it to the dispatcher in the form of convenient graphs,
reports, and notifications.

The main functions of these applications allow connection to devices and interaction with them
over short and long distances [5]:

- displaying telemetry in real time;

- downloading a TMI file (black box data) from the device;

- setting a basic set of parameters for device monitoring;

- time synchronization;

- updating device firmware;

- sending standard and custom commands to the device.

In today's environment, many manufacturers and consumers (car owners) find it convenient
to use modern sensors operating using Bluetooth LE technology. These devices connect to GPS
trackers for wireless telemetry collection. This equipment allows for easy data collection without
unnecessary wires in the cabin or cargo compartment. Advantages of BLE sensors [6]:

- Easy installation: The absence of wires reduces installation time and eliminates the risk of
damage;

- Autonomy: Powered by built-in replaceable batteries, the charge of which, depending on the
model and data transmission frequency, can last from 1 to 5+ years;

- Range: A stable Bluetooth Low Energy signal transmits data to the tracker at a distance of
up to 25-50 meters.

This application allows you to program and adapt universal control scenarios separately for
connected devices, allowing you to expand and subsequently enable features that provide full control
over devices with notifications, as shown in Figure 1.
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Figure 1 — GLOT monitoring system

The GLOT application is built on a microservices architecture, ensuring high fault tolerance,
efficient load handling, and horizontal scalability. The system is designed to process large volumes
of telemetry data and is integrated with hardware such as GPS trackers and wireless sensors [7].

Distinguishing features of the monitoring system:

1. Platform compatibility: Designed for i0S (14.0+) and Android, ensuring broad accessibility
for professional users.

2. Data processing: The internal Apache Kafka infrastructure handles massive data streams
using batch processing (up to 500 messages per batch) and latency in the hundreds of milliseconds,
enabling near-real-time data updates.

The GLOT infrastructure is implemented in accordance with modern architectural practices for
developing high-load and scalable systems. Figure 2 shows the architecture, which includes a
mechanism for hot caching of geohashes in RAM, enabling fast access to addresses. Geofence
indexing for geohash sublevels is also included for high-performance computing of telematics data.

. )
Geocoder
, S
=D ( )
s Message service Geo-cache Notification service REDIS
Base

‘Ha

(—
Address

Figure 2 — High-fault tolerance architecture
3. Security Measures: The implementation includes advanced obfuscation and encryption

techniques (similar to LIAPP protocols) to protect sensitive user credentials and location data from
unauthorized access [8].
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Results and Discussion

A performance analysis of the GLOT system demonstrates excellent data visualization
capabilities. One key result is a multi-level fuel monitoring system that provides users with automated
reports on fuel levels in different tanks. A functional comparison of GLOT's monitoring features is
shown in Table 1.

Table 1 - Functional comparison of GLOT monitoring functions

Function Realization details Advantages for users
Real-time tracking GPS/GLONASS integration Accurate and efficient location
detection
Fuel analysis Fuel filling and draining schedules | Theft prevention and
consumption control
Geozoning Automatic zone entry/exit Improved facility security
notifications
Route management Visualization and analysis of Logistics optimization and cost
optimal routes reduction
Monitoring of various Support for vehicles, people, and | Versatility of system application
objects animals
Report generation Automatic generation of analytical | Simplified analysis and
reports decision-making
Mobile access Smartphone apps System control from anywhere
Notifications and alerts | Customizable event alerts Rapid incident response

Table 1 describes the GLOT system as a “digital dispatcher” that transforms fleet management
from guesswork to precise numbers. Here are a few key aspects that this table details:

1. Combating the “human factor”. Fuel analysis and geofencing functions work together to
prevent improper use of vehicles. The system not only monitors the fuel level in the tank but also
correlates it with the location: if a fuel drain occurs outside an authorized zone or refueling station,
the dispatcher immediately receives an alert.

It works without human intervention according to the following scheme:

Event: For example, a sensor in the tank detects a sharp drop in fuel level, or the car leaves the
permitted area (geofence).

Trigger: The program compares the current data with the “norm”. As soon as a deviation occurs,
the system generates a signal.

Delivery: The dispatcher receives a notification within 1-3 seconds. This could be:

- A pop-up window on the computer monitor in the control center (often accompanied by a
siren).

- A push notification in the mobile app on a smartphone.

- A message in Telegram/WhatsApp (if integration is configured).

- An email.

Why is this important? Without alerts, the dispatcher would have to manually monitor hundreds
of vehicles on a map. With alerts, they can focus on other tasks: the system will automatically notify
them if something goes wrong. What do you mean by “instantly”? Data from the vehicle's tracker is
transmitted via mobile internet (GSM). If the connection is stable, the delay between a fuel drain in
the field and the notification on the owner's phone is less than a second.

2. Flexibility of assets (from trucks to couriers). GLOT is more often associated with trucks;
the asset monitoring section involves the use of not only stationary trackers but also mobile beacons
or smartphones. This allows for tracking employees on foot or valuable cargo moving between
different vehicles.
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3. Analytics instead of raw data. Report generation is the “brain” of the system. Instead of
staring at a map 24/7, the manager receives a concise summary at the end of the day or week:

a) how long the vehicle was parked with the engine running (idling);

b) whether there were any speeding violations (driving quality assessment);

c¢) how much the actual route deviated from the planned one.

4. Efficiency through Mobile-first. The presence of a mobile app transforms the system from
an office tool into a personal assistant. This is critical for small businesses: the owner can monitor the
performance of drivers directly on the road, receiving push notifications about critical events (for
example, pressing a panic button or sensor failure), as shown in Figure 3.
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Figure 3 - Multi-level fuel monitoring system (GLOT app developed)

Figure 3 shows a daily report for a single object in the multi-level fuel monitoring system. It
contains information on engine hours, mileage, and fuel consumption. This section (record) allows
for generating reports in a clear and simple format for further analysis. Pre-defined report templates
are also available, such as “Data Analysis”, “Engine Report”, and “Speeding”. As the name suggests,
these templates provide different reporting areas; the user can create their own template if needed.
The "FLS" field allows selecting the desired sensors for generating a report. The abbreviation “FLS”
stands for fuel level sensor. The duration format can also be changed for more general or detailed
reports. Group reports can be generated, allowing for multi-reporting across multiple objects [9].

Discussion of the version 1.1.3 updates indicates that security and user interface improvements
have resulted in a 5.0 rating in the App Store, demonstrating high user satisfaction with the data
management interface.

Conclusion
The development of the GLOT app represents a significant step in the evolution of mobile
monitoring systems. Offering expanded data access and an authorized management system, the
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system effectively addresses industry needs for transparent fleet operations. Further development will
focus on integrating predictive Al algorithms for maintenance planning, further expanding the app's
capabilities in the Internet of Things (IoT).

GLOT is more than just a “point on the map”, but a tool for minimizing operational costs. The
system's primary focus is on cost transparency (fuel, time, mileage) and rapid response to
emergencies.

The mobile app is recommended and suitable for a wide range of uses, including individual
needs and specialized equipment, including rail transport and critical cargo. For example, the app is
currently popular with quarry equipment and government inspectors in nature reserves. Our app
provides services for ambulances, emergency response vehicles, and firefighting equipment.
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GLOT: BAKBIJIAY KOCBIMIIIACBHI

Tyiiin

CraHmapTThl TeENEeMaTHKAIBIK IIelIiMIep KeOiHece HWHTYHTHBTI KOJDKETIMIUIIKKE He eMec, Oyl
aBTOIAPK MEHEDKEPIIEPiHiH IIeliM KaObulaybiHa Kenepri kentipeni. byn moaceneni menry yurie GLOT
koceiMiiackl GPS/GLONASS MOHHUTOPHHTI jK9HE aKTUBTEpre KOChUTY YIIIH UHTETpalUsUIaHFaH iaTgopma
pertinge xacanabl. GLOT xyiecinae HHHOBALMAJIBIK AEPEKTEPre KO JKEeTKi3y jKoHe OacKapy MyMKiHIIKTepi
eHIri3UIreH, o Kaszipri yakbiTra 2021 sxputrbl 13 Tambizgarsl Ne 19746 aBTOpIBIK KYKBIKIIEH KOpPFasiaThiH
HBICAH/IapFa KYKBIKTApJblH MEMIIEKETTIK Ti3UliMiHE EHTi3y YIIH aBTOPIBIK KYKBIK cepTH(UKaThIMEH
koprairaH. byn makamaga GPS/GLONASS xone [oT monuropunr memrimi Gonbin tabbuiatein GLOT
MOOWJIBZI KOCHIMIIACHIHBIH TEXHHUKAJIBIK apXUTEKTypachl MeH (YHKIMOHAJABIK apTHIKIIBUIBIKTAPHI
KapacTHIPBUTAEI KOHE YCHIHBUIAABI. bYJl 3epTTey KOCBHIMINAHBIH KOJIK KYHeIepi YIIiH KOFaphl JOIMIKTET1
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HaKTHI YaKbIT pSKUMiHIIe OaKbLIayAbl )KoHE KeHEHTIITeH AepeKTepi 6acKkapyabl KaMTaMachl3 €Ty MYMKIHAITH
kepcereni. [laiinananymsiapra erxe-Terkeini rpaduKaiblK ecenTep apKbUIBl KaHapMail KYIOABI KOHE
BIKTUMAJI OTHIH IIBIFBIHBIH €JIeCTeTy MYMKIHIITiH OepeTiH WHTEeTpalusiiaHFaH OTHIH IIBIFBIHBIH OaKplIay
MofyJliHe epekile Hazap aymapbuiansl. KonmanOa miatrdopmaapansik yitnecimaimikri (10S skone Android)
€CKepe OTBIPBII )KacallFaH JKOHE AEPEKTEePIiH KYNHITBUIBIFBIH KAMTaMachl3 €Ty YIIiH KeHeHTireH mudpray
XaTTaMaJapblH Nali1anaHabl.

Kinrrik ce3nep: GPS/GLONASS monutopunri, loT, GLOT konmganOackl, OTHIH MILIFBIHBIH 0aKbLIAY,
apTHIKIIBUTBIKTAp, TEJIEMAaTHKA, IEPEKTep/l OacKapy, HAKTHI yaKbIT PeXXUMIiH/IE OaKpLIay.

b.J1. Hypmaraun6eros, E.M. Aarbinoex*, H.A. Jlocmaunos, ¥Y.b. Aonpamanon
nmxenep, nuroff@list.ru, OO0 «KaspiNet», LlpiMkent, Kazaxcran
*aBTop-paspaboruuk, support@glot.kz, OO0 «KaspiNet», [lIbimkenT, Kazaxcran
mupekTop, nurzhan@kaspinet.info, OO0 «KaspiNet», [lIpimkenT, Kazaxcran
WHXeHep-pa3padoTunk, ulanabdraman@gmail.com, OO0 «KaspiNet», [lIsimkenT, Kazaxcran

GLOT: IPUJIOKEHUE JJIs1 MOHUTOPUHTA

AHHOTAUA

CrannapTHele TeleMaTHYECKHE PEIICHHUs YacTo He 00JIafal0T HHTYUTUBHO MOHSTHBIM JTOCTYIIOM, YTO
3aTpyAHSCT MPUHATHE PEllICHUH MEHEKepaMu aBTonapkoB. {7 peneHust 3Toi mpobiemMbl ObUIO pa3padoTaHo
mpunoxearne GLOT kak uaTerpupoBanHas miardopma mist moautopuara GPS/GLONASS u monkmouenus
aKkTUBOB. VIHHOBaMOHHBIE (PYHKIIMK AOCTYTIAa U yIPABICHUS JaHHBIMH, peann3oBaHabie B cucteme GLOT, B
HaCTofIIee BpeMsl 3alllMIIEHBl CBUICTEIBCTBOM 00 aBTOPCKOM MpaBe Jisi BKIIOUEHHS B TOCYJapCTBEHHBIN
peecTp mpaB Ha OOBEKTHI, OXpaHseMble aBTOPCKUM mpaBoM Ne 19746 ot 13 aBrycra 2021 roma. B mannoit
CTaThe PacCMaTPUBACTCA M NPEACTABISAETCS TEXHUYECKAs apXUTEKTypa U (QyHKIMOHAJIbHbBIE PEUMYILECTBA
moouinbHoro npuioxenus GLOT, pemenus mis monuropunra GPS/GLONASS u IoT. B uccinenosanuu
MOAYEPKHUBAETCS CIIOCOOHOCTh TPHIIOKEHHUs] 00ECleunBaTh BBICOKOTOYHOE OTCIIC)KHBAHHE B PEXHUME
pealbHOTO BPEMEHH M PaCIUPEHHOE yNpaBieHNe JaHHBIMHU IJIs1 TPAHCHOPTHBIX cucTeM. Ocoboe BHUMaHUE
yAENEeHO WHTETPUPOBAHHOMY MOJYJII0 MOHHUTOPHHTA Pacxojia TOIUIMBA, KOTOPHIN IMO3BOJISET MOIH30BATENIM
BU3YyaJIM3UPOBaTh 3alpaBKy W TOTCHIUAIBHBIA pacxoj] TOIUIMBA C TOMOIIBIO TOIPOOHBIX TpadUvIecKux
orueroB. [Ipunoxenue pazpaboraHo ¢ yuerom KpoccrardgopmenHoil comectumoct (iI0S u Android) u
HCTOJIB3YET MePEOBbIe MPOTOKOJIBI IU(PPOBaHUS I oOecreueHHs KOH(UAESHIMATbHOCTH JaHHbIX.

KiroueBbie cioBa: monutopunr GPS/GLONASS, IoT, nmpunoxenne GLOT, xoHTponb pacxoxma
TOIUIMBA, IPEUMYLIECTBA, TEJIEMaTHKa, YIIPaBJICHNUE JaHHBIMHU, OTCIICKUBAHNE B PEaJIbHOM BPEMEHH.
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INPUMEHEHME ANFIS JUI1 UHTEJUIEKTYAJIbHOU KJTACCU®UKAIIAN
KAYECTBA BOJAbI HA OCHOBE 'MIAPOXUMHNYECKUX ITAPAMETPOB

AHHOTAUA

B crarbe paccMarpuBaeTCsi IPUMEHEHUE UEPAPXUUECKOH aJallITUBHON HEUPO-HEUETKOW CUCTEMBI
BeiBozia (H-ANFIS) nnst nHTEMIEKTYanbHOM KIacCU(pHUKAIIUN KaueCcTBa MOBEPXHOCTHBIX BOJ HA OCHOBE
THIPOXUMHUYECKHX Mokazareneid. IlpeanokeHHas Monens o0ecleunBaeT HMHTETPALMIO HECKOJIBKHX
MapaMeTpoB BOJBI, TAKMX KakK cojiep)kKaHue pacTBOpEHHoro kuciopoza, bIIKs, ammonus, MeTamioB u
JIPYTUX BEILIECTB, ¢ YYETOM HUX HEJIMHEHHBIX B3auMOCBs3ed. Mepapxuueckas CTPYyKTypa MO3BOJSET
3HAYUTENBHO COKPAaTUTh YHCIO MPaBWI W MOBBICUTh HHTEPIPETHPYEMOCTb, IO CPaBHEHHUIO C
knaccuyeckumu  ANFIS-monensimu.  Pe3ynbraTel  MOKa3bIBAIOT, 4YTO MOJENb JIEMOHCTPHUPYET
YCTOWYMBOCTD K IIyMY, aJallTABHOCTh K HOBBIM JAHHBIM H MOXKET OBITh HEIIOCPEICTBEHHO MPHUBS3aHa
k Enunolt cucreme wmaccupukanmuu kadectBa Bomasl PecryOmmkm Kaszaxcran. Oto gemaer e€
MIPUMEHNMOM B 3a7ja4aX 5KOJOTMYECKOTO MOHUTOPUHTA, B TOM YHUCIIE B COCTAaBE aBTOMATU3NPOBAHHBIX
cTaHimii HaOmoneHus. Padora nmoareepxaaet noreniman H-ANFIS kak addexruBHOTO HHCTpYyMEHTa
JUTS TOJICP>KKH TIPUHSATHA pEeLlieHUH B yIpaBIeHUN BOIHBIMU peCypcamu.

KutoueBbie cioBa: kauectBo Bonbl, ANFIS, Helipo-Heu€Tkas cuctema, IKOIOTHIeCKUl MOHUTOPHHI,
Knaccn(bHKauHﬂ, HeuETKas JIOTruKa.

BBegenmne. OreHka KayecTBa IOBEPXHOCTHBIX BOJ WIpaeT KIIOYEBYIO pOJIb B
HKOJIOTUYECKOM MOHUTOPHHIE U YIIPABICHUN BOJHBIMU pecypcamu. B Pecniybnuke Kazaxcran
JUIS 3TOM LEIM HCHOJb3yeTCsl HOpMAaTHBHAs IIKajda M3 IIECTH KJIAcCOB, OCHOBaHHas Ha
MIOPOTOBBIX 3HAYEHUAX MMJIPOXUMUYECKUX MoKazaTeneil. HecMoTps Ha mpocToTy peanu3aiui,
TakOW IIOAXOJ HE YYMTBIBAET HENPEPBIBHBIA XapakTep OSKOJOTHYECKHX IPOLECCOB,
HEOIPeIeIEHHOCTh U3MEPEHU M B3aUMOCBA3b MEXAY MapaMeTpaMH, YTO OrpaHMYUBaeT
YCTOMYHMBOCTH OLIEHOK.

JUis mpeofoNeHusl 3TUX HENOCTAaTKOB B IMOCIEIHUE TOAbl AKTUBHO pPa3BUBAIOTCA
HUHTCJUICKTYAJIBHBIC METOABI, B 4YAaCTHOCTHU, MOACJIIM, OCHOBAHHBLIC Ha HEYETKOM JIOTUKE M
MaiuHHOM 00y4yeHuu. Cpeau HUX HaubonpImii naTepec npeacrasiser ANFIS — agantuBHas
HeHpo-HeuéTKas CUCTeMa BbIBO/IA, COYETAIOIIasi MHTEPIPETUPYEMOCTh M 00ydaeMocTh. OaHaKo
knaccudeckass ANFIS orpannuena MacmtabupyeMoCThIO IPU YBEIMYEHUN YHCIIAa BXOJIOB.

B nanHoit pabote mnpeanmaraerca wuepapxudeckas apxurekrypa H-ANFIS nans
KJ1accu(UKauy Bkl O 6 HOPMATHBHBIM KJlaccaM Ha OCHOBE JiecsTu mapamerpos. [loaxon
IMMO3BOJIACT COKpATUTh YHCJIO IIpaBUJl, YYECTh COBOKYITHOC BJIMAHUEC mokasaresei 1 00eCIeYnuTh
HOPMaTHBHYIO COBMECTUMOCTD PE3YJIbTATOB.

Krnaccuueckue MeToapl OIIEHKM KauyecTBa BOZBI Yallle BCETO OCHOBAHBI HA CPaBHEHHUH
KOHLIEHTPAIMH 3arpsA3HSIOUINX BELIECTB C YCTAHOBIEHHBIMH HOPMAaTUBHBIMU 3HaYeHUsMU. B
TaKHUX MOJX0JaX KaueCTBO BOJbI ONPEAEseTCs INO0 MO OTAENbHBIM IOKa3aTessM, T100 yepes
MHTErpaJbHbI uHAEKC. IloporoBele MeToAbl OOBIYHO (UKCHPYIOT HTOTOBBIM KJIAcC IO
Haubosee HeONaronpUsITHOMY MapaMeTpy, TOIAa KaK MHIEKCHbIE METObl CBOAST HECKOIBKO
nmokasateneid kK omHoW 0000ménHON oneHke [1, 2]. [lomoOHble MeTombl ymOOHBI IS
MIPAKTUYECKOT0O MOHUTOPHHIA, MOCKOJIbKY JAlOT MOHATHBIM M (HOpMaIbHO ONpeAeaEHHBbIH
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pe3ynbrar. OJHaKO UX OTpaHUYEHUE COCTOUT B TOM, YTO OHM CJIA00 YUHTHIBAIOT COBMECTHOE
BIMSHUE TIIOKa3aTeled W MOTYyT PE3KO MEHSTh WTOTOBBIM Kjacc Jake MpH HEOOIbIIOM
M3MEHEHUH OJHOTO mapamerpa. Kpome Toro, MHICKCHBIE METO/IBI YaCTO TPEOYIOT IKCIIEPTHOTO
3a/IaHMsI BECOB, & YCPEAHEHUE MOXKET CKPbIBaTh KPUTHUUECKHE IPEBBIIIECHUS MO OTAEIbHBIM
3arps3HUTENSIM [3].

Jli1s Gonee ruOKOM OIEHKU Ka4eCcTBa BOJBI B psiie UCCIIEAOBAHUN IPUMEHSIIUCH METOIBI
HEUYETKOU JIOTMKU. VX MpeMMyIiecTBO 3aKI04YaeTcsl B TOM, YTO OHHM MO3BOJISIIOT OIMHUCHIBATH
Mepexo/ibl MEXAy KiIaccaMd HE KaK pEe3Kue IpaHUlbl, & KAaK ITOCTENEHHOE H3MEHEHUE
COCTOSIHUS BOXHOro o0ObekTa. HeuéTkue cucremsl BEIBOAA, 0COOCHHO MOEIN THla MaMmaaHu,
ucnonb3yroT npasuia [F-THEN u TuHrBUCTHYECKHE TIEPEMEHHBIC, YTO JIeTIAeT UX yIO0OHBIMHU
JUTsL SKCTiepTHOM uHTepnperauuu [4]. Takue MoAenn XOpouio MOAXOIAT JJIsl CIydaeB, KOrja
JaHHBIE CONEPKaT HEOMpPEeNeNEHHOCTh WJIM 3HA4YeHUs TOKas3areleil HaxomasaTcs BOIM3U
HOPMAaTHBHBIX T'paHull. BMecTe ¢ TeM WX Ka4yeCcTBO BO MHOI'OM 3aBHUCUT OT TOTO, HACKOJBKO
KOPPEKTHO JKCTepT 3a1aéT QyHKIUU NPUHAATICKHOCTH U 0a3y npasun [5]. [lpu yBennuenuun
9uclia BXOJHBIX IMApaMEeTPOB BO3HUKAET W JpyTas MmpoliieMa: KOJWYECTBO MPaBUi OBICTPO
PacTéT, YTO YCIOKHIET HACTPOUKY M CHIDKAET MacIuTabupyeMocTh Mozaenu [6].

OaHuM U3 CrmocoOOB MPEOAOICHUS ATUX OTPAHMYCHHUM SIBISIETCS MCIOJIb30BaHUE
ANFIS — anantuBHON HEMPO-HEUETKOM CUCTEMBI BBIBO/IA, IPEUIOKEHHOU Jang [7]. B omiinuune
orT kiaccuuecknx Heu€Tkux cucrteM, ANFIS mMoxker oOydarbcst Ha TaHHBIX ¥ aBTOMAaTHYCCKHU
noaoupaTh napaMeTpsl PyHKIUN MPUHAIICKHOCTH U JIMHEWHBIX CIEACTBUNA. DTO OCOOCHHO
BKHO JUIS 3a/1a4 HKOJIOTMYECKOTO MOHUTOPHUHTA, TJE CBSI3b MEX]y IMOKa3aTelIIMH KaueCcTBa
BOJIbI YacTO SIBJsSIETCS HeNWHeHHOoW. B paboTax, MOCBAMIEHHBIX MOAETUPOBAHUIO KauyecTBa
BonbI, TokazaHo, uto ANFIS moxker naBath Oonee TOYHBIE pE3yabTAaThl MO CPABHEHUIO C
OTJIETHHBIMHU HEUETKUMU WIIM HepoceTeBbIMU MozessiMu 8, 9]. [Ipu aToM Monens coxpaHsieT
HHTEpIpeTUpyeMOoCThb 3a CU€T npaBwi IF-THEN, 4ro omanyaer €€ OT MOIHOCTBIO «UEPHBIX
SITIIUKOBY.

Jlng 3amad ¢ orpaHMYEHHBIM OOBEMOM MaHHBIX Takke BakHO, 4yTo ANFIS moxer
paboTarh Ha CpaBHUTEIBLHO HEOOJBIIMX BHIOOPKAX M COXPAaHATH YCTOMYMBOCTH K 1mymy [10,
11]. B wuccnegoBaHusiX MO MNPOTHO3MPOBAHMIO HMHAEKCA KAa4eCcTBAa BOABI MU OTAEIBHBIX
ruapoxumuueckux napamerpoB ANFIS nokasana cebs kak TMOKHMII MHCTPYMEHT, CLIOCOOHBIN
YUHUTBIBATH HECKOJIBKO B3aUMOCBSI3aHHBIX MOKa3aTeneld oqHoBpemeHHo [10, 11]. B koHTekcTe
HacTose paboThl 0c000€ 3HaUEHUE UMEET BO3MOXKHOCTh 00y4YaTh MOJIENIb HEMIOCPEICTBEHHO
Ha KJlaccaxX KauyecTBa BOJIbl, IPUHATHIX B HOPMATUBHOM cucTeme. Takol moaxos mo3BOJISIET HE
MEPEBOANTH Pe3yibTaT U3 a0CTPAKTHOIO MHJEKCAa B TOCYAAPCTBEHHYIO KAaTEropuio, a cpasy
MOJIy4yaTh UTOTOBBIM KJlacc KauecTBa Bofsl [11, 12].

Takum 00pazoM, epexo] OT KECTKUX MOPOTOBBIX CXEM K HEHPO-HEUETKUM MOCIISIM
MO3BOJIIET OOBEAMHHUTH HECKOJIBKO TpeOOBaHMIA: YU€T HEOMpeAeNEHHOCTH, aNalTaIUio K
JAHHBIM, MHTEPIPETUPYEMOCTh M COOTBETCTBME HOPMATHBHOW Kiaccudukanuu. VIMEeHHO
nostoMy ANFIS u e€ wuepapxuyeckue BapuaHThl MPEACTABISIOT HMHTEpEC IS
ABTOMAaTHU3UPOBAHHBIX CHCTEM YKOJIOTMYECKOTO MOHUTOPHHTA.

Marepuasbl U MeToabl. B HacTosmieil pabore ObuTa peann3oBaHa HepapXUUecKast
ajanTUBHAsg HeWpo-HeuéTkass cuctemMa BbiBoga H-ANFIS, npennasHaueHHas st
KIacCU(UKAIIMK Ka4ecTBa TOBEPXHOCTHBIX BOJA 1O THUIAPOXMMHUYECKHUM IapameTpam.
Hepapxuueckas CTpykTypa BEIOpaHa HE TOJBKO KaK CIIOCO0 MOBBICUTh TOYHOCTh MOJIEIH, HO U
KaK MPaKTUYECKOe pelieHre MpobaemMbl pocTa 4rcia Heu€TKUX mpaBuil. Eciau ucnonp3oBarh
kiaccuueckyto ANFIS ¢ necsTbio BXOAHBIMU HapaMeTpaMH U TPEMsl TepMaMu JJIsl KaXJ10ro
MpHU3HAKA, KOJIUYECTBO MPABUJ CTAHOBHUTCS CIMIIKOM OONBIINM JUIS YIOOHOW HACTPOWKH U
uHTepnperanuu. [losToMy BXOoAHBIE MapamMeTpbl OBLUIM pa3fefieHbl Ha HECKOJIbKO TpYIIIL,
KaXJ1ast 13 KOTOPbIX 00pabaTeiBaeTCs OTAeNbHBIM JIOKaIbHBIM ANFIS-6rokoM.
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B MOICIIb OBLIN BKIIFOUEHBI JCCATH MOKa3aTeeH:

° B3BEIIICHHBIC BEIECTBA,

) HUTPUT-UOHBI,

° Mapraser,

° aMMOHHUM-UOH,

° LUHK,

° onoxumuyeckoe norpednenue kuciopona (bIIKs),

° pacTBOPEHHBIN KUCIOPOI,

) MeJib,

° o01iee colep:kaHue xemesa,

) HUKEJIb.

OTu napaMeTpsl ObUTH CTPYIIHPOBAHBI B UETHIPE JIOKAJIbHBIX ONOKa:

° I'pynma 1 (B3BeIICHHBIC YaCTUIIBI U OPTAHUYECKHUE COCIUHCHIS ): B3BEIICHHBIC
BEIIECTBAa, HUTPUT-UOHBI, MapraHell;

o ['pynma 2 (a3oTrcTOE M OMOTEHHOE 3arpsi3HEHKE): aMMOHUK-UOH, IMHK, BITKSs;

° I'pynna 3 (KUCIOPOMHBIM PEXKUM U MHKPO3ArpsI3HUTENN): PAaCTBOPEHHBIM
KHCIIOPOJl, ME[Ib;

° I'pymima 4 (TspKEnbIe METAILIBI): KENEe30 00IIee, HUKEITb.

Hierarchical ANFIS prototype

Baaex:;:::sﬁffma AMME‘;‘LT"M“ PacTBOPEHHHR KNCNOPOA
MapraHell BKS Mens HUKEnb

Local ANFIS #1 Local ANFIS #2 Local ANFIS #3 Local ANFIS #4
27 rules 27 rules 9 rules 9 rules

—_—

Top ANFIS
81 rules
== final class 1..6

Pucynok 1 — Cxemarndeckoe onucaHue apXUTEKTYPbl CUCTEMbl HEUETKON OLIEHKHU

Kaxnas rpynma moma€rcss na ANFIS-6mox mepBoro ypoBus. JlokanpHble OIOKH
(GopMHPYIOT TNPOMEXYTOUHBIE OLIEHKH, KOTOpbIE 3aTeM IepelaloTcsi Ha BEpXHUH
arperupymomuid 010k. BepXxHuil ypoBeHb OObEIUHSET Pe3yibTaThl JIOKATbHBIX MOJENEH U
¢dbopMupyeT HTOroBoe IpeJCcKa3aHHe Kiacca KadecTBa BoAbl. B Tekymiel peanusanuu
JIOKaJIbHbIE OJIOKM Hcmonb3yloT 27, 27, 9 u 9 mpaBuil COOTBETCTBEHHO, a BEpXHUM OJIOK
conepxut 81 npasuiio. B pe3ynbrare Bcs nepapxudeckasi MoJienb BKirodaeT 153 npasuina. J{ns
cpaBHeHus, Tiockas ANFIS-Monens npu Tex ke JecsATH BXoJax U TpEX TepMax Ha KaxJIbIid
npu3HaK norpedosana Ol 6oee 59 000 mpaBuiI.

OOGyueHue mMojenu MpoOBOAUIOCH Ha Habope u3 4917 nabmronenmii. Kaxxnas 3amuch
COACPKUT 3HAUYEHUs NECATU TUAPOXUMHUYECKUX I0Ka3aTelell M COOTBETCTBYIOLIMI KJilacc
KadecTBa Bojabl 1o mikane ot I mo VI. 3amagya Ovina copmynmpoBaHa Kak perpecCHOHHAs C
MOCIENYIOIUM OKPYIVIEHHEM MpPEJCKa3aHHOTO 3HaueHus A0 Onmxkaiimero kmacca. s
HACTPONKH apaMeTPOB UCIOIb30BAJICS THOPHIHBIN aIrOPpUTM 00yUeHHsl, COUETAIOLINI METO]
HAaMMEHBIINX KBAJIpaToB U TIPAAUEHTHBIN CIycK. Takol IMOAXOH IMO3BOJISIET OJHOBPEMEHHO
HACTpauBaTh MapameTpbl GyHKIUN MPUHAIICKHOCTH U TUHEIHbIE KOA(PGUIIUEHTHI CIEICTBUM.

[IpenmynecTBO BHIOpAaHHON apXUTEKTYPhI 3aKIII0UAETCSA B TOM, YTO OHA JIeJIaeT MOJIEIb
0ojiee KOMMAKTHOM W ymoOHOW miisi aHanm3a. JlokajabHBIE OJOKW TO3BOJISIOT OTIEIBHO
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OLIEHUBATh BKJIAJ Pa3sHBIX TPYII IMOKa3aresiel, a BEpXHUN OJIOK OOBETUHSIET 3TH OLCHKH B
uToroBblii kitacc. binarogaps atomy H-ANFIS coxpaHnsier uHTEpIpeTUpyEMOCTb, HO TIPU 3TOM
ocrtaércst 00yyaeMoi MOJIeNbI0, CIOCOOHOM aaanTHPOBATHCS K TaHHBIM MOHHUTOPUHTA.

Pe3yabTarhl U UX 00cy:xk1eHue. B xone paboThl OblIa MOCTpPOEHA U MPOTECTUPOBAHA
uepapxuueckass ANFIS-monens 1ist MHOTOKIIACCOBOM OIIEHKH KauecTBa MOBEPXHOCTHBIX BO/I.
Mogens BO3BpaIlaeT YMCIOBOE 3HAYEHUE, KOTOPOE 3aTEM COIOCTABIIAETCS C IMIECTUKIACCOBOM
IIKanol KadecTBa BoAbl. OCHOBHOHM aKIEHT ObUI CAENaH Ha TOM, YTOOBI COXPaHHUThH CBS3b
pesyabrata ¢ HOPMATHBHOM KiacCH(pUKAUEl U OJHOBPEMEHHO YMEHBIIUThH CIOXHOCTh
MOJIENHN 110 cpaBHEeHUIO ¢ Kinaccuueckoilr ANFIS.

I'maBHBIM pe3ynpTar CBA3aH C COKpAILLlEHHEM KOJIMYeCTBAa IpaBuwi. B kiaccuueckoit
IJIOCKOM apXHUTEKType IECATb BXOAHBIX IIPU3HAKOB IPHU TPEX TEpPMaX HAa KaXKIBIA BXOJ
npuUBOAAT K uuciy mpaBuwin Oonee 59 000. B mpemnokeHHON HepapXU4YecKOW MOAeTu
WCIIONIB3YETCS TOJNIBKO 153 mpaBuia. DTo JenaeT MOJeNb 3HAYUTEIIbHO 00Jiee KOMITAKTHOH U
yaoOHOM ansi najbpHeumed HacTpodku. [lpu 3ToM AEKOMMIO3HIMS Ha JOKalbHbIE OJIOKH
M103BOJIIET COXPAHUTDH CMBICJIOBYIO MHTEPIPETALIMIO IPOMEKYTOUHBIX PE3YJIBTATOB: OTEIbHbIE
OJIOKM OTpa)xxaroT pa3Hble TPYIIbl THAPOXUMHYECKHX TIOKa3areneil, a BepxXHHHl OJI0K
O0OBEAMHSAET UX B UTOTOBYIO OIICHKY.

DTOT MOAX0/ 00ECIeUrnBaeT BHICOKYIO BEIUMCIUTENbHYIO 23PPEKTUBHOCTh U COXPAHSIET
BO3MOYKHOCTb HMHTEPIIPETALIMU TPOMEKYTOUHBIX PE3YIbTaTOB HA KaXXJIOM YpPOBHE, 4YTO
0COOCHHO BaKHO B YCIIOBHSX MPAKTHUECKOTO SKOJIOTHYECKOI0 MOHUTOPHUHTA.

bnaronapst nepapxuueckoi 1€KOMIIO3ULINHY, KaX/IbIi OJIOK MOJEIH OTBEYAET 3@ OLIEHKY
OTpeIeIEHHOTO aCMeKTa: KUCIOPOAHBIA pPEXUM, OMOTEHHOE 3arps3HEeHHEe, TOKCUYHOCTh U
TSOKENBIE METAJUIBI. DTO TO3BOJISIET MPEACTABUTh PE3YyNbTaT Ki1acCu(UKAIUU HE TOJIBKO B BUJIE
UTOTOBOTO KJIacCa, HO W Yepe3 MOHATHYI0 HHTEPIpETAlMI0 BIUSHUS KaKIOW TIpYMIbI
napameTpoB. Takue cBoiictBa genaror moaenb H-ANFIS coBmecTMMoOil ¢ HOpMaTUBHBIMU
MpoLEAypaMH aHaJIn3a U MPUTOTHOM /1711 BHEAPEHUS B KOHTEKCTE rOCyJapCTBEHHOTO BOAHOTO
KOHTPOJIS.

B omnuume ot crarmueckux moporosbix cxeM, mozaenb H-ANFIS apantupyercs x
SMIIUPHYECKUM JAHHBIM U CHOCOOHA mepeoOydaThCsl MPU U3MEHEHUH COCTaBa IOKa3aTesei,
CE30HOB WJIM HOPMAaTHBHOW 0a3bl. YUUTHIBasg BBICOKYIO CE30HHYIO M IMPOCTPAHCTBEHHYIO
M3MEHYMBOCTb BOJHOW CpeJibl, JaHHAs OCOOEHHOCTh UIPaeT KPUTHUECKU BAXKHYIO POJIb IS
JOJITOCPOYHOTO UCIIOJIb30BAaHUSI MOJIENI B CUCTEMAX aBTOMAaTU3HMPOBAHHOTO MOHUTOPHUHTA.

OOyueHue U BamuAaLus MOJEIH MPOBOIMINCH Ha Habope AaHHBIX U3 4917 3anuceil.
[TomydyeHHbIE METPUKHU Kau€CTBA MOJENIN COCTaBUIIN:

° RMSE (cpennexBaaparudnas omuoka): 0.6022

) MAE (cpenusis abcomntorHast omnoka): 0.3968

° OxpyriénHast TO4HOCTH npejckazanus (rounded accuracy): 64.47%
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Prediction vs target

Hierarchical ANFIS prediction
N w » w o ~

-

FSE target

Pucynok 2 — rpaduk paccesiHus, MOKa3bIBAIOIINI CPAaBHEHUE MEXTY 1IEICBBIMU
3HAYEHUSIMH KJIACCOB KayeCTBA BOABI U MpeacKazaHusMHu moaenu uepapxuueckoro ANFIS

C y4éToM HIECTHKIACCOBOM INIKalbl U BBHICOKON BapuUaTUBHOCTH JIAHHBIX, IAaHHBIH
pe3yaBTaT TOATBEPKAACT BHICOKYI0O OOOCHOBAHHOCTH BBIOOpA MEPAPXUUYCCKOU APXHUTEKTYPHI.
Mopenb TpoIEeMOHCTPUPOBaia CTaOWIBHYI pabOTy HAa TPAHWUYHBIX WM HEOIHO3ZHAYHBIX
3aMHCAX, TJ€ KIACCUYCCKHUE METOABI CKJIOHHBI K CKa4KOOOpa3HOW WM HEKOPPEKTHON
KJIaCCHU(PUKALTUH.

Training curve

w

SmoothLl loss

N

0 50 100 150 200 250 300 350
Epoch

Pucynok 3 — KpuBas o0yueHust Mozienu

B T0 ke Bpems TeKkyIiasi TOYHOCTh MOKa3bIBAET, YTO MOJIENb ell€ TpeOyeT JopaboTKu.
Bo3moxHbIe HanpaBiieHUs yay4IlleHHs! CBA3aHbl C paclIMpeHreM o0yJaroliei BEIOopKu, 6osee
THIATEIbHBIM TOAOOPOM (QYHKUMN NPUHAIJIEKHOCTH, YBEJIMYEHHEM YHCIa TEPMOB s
OT/AEIbHBIX MPU3HAKOB, T00ABICHHEM CE30HHBIX M MPOCTPAHCTBEHHBIX XapaKTEPUCTHK, a
TaK)K€ MCIOJIb30BAHUEM METONOB o0TOOpa mnpu3HakoB. Kpome TOro, mnepcrneKTUBHBIM
HarpaBieHueM MoxeT ObITb KomOunupoBanue H-ANFIS ¢ npyrumu mopenstmMu, KOTOpble
MOIIIM OBl yTOUHSATH WTOrOBOE TpeicKazaHue. TakuMm 00pa3oMm, TeKylllas BEepCHs MOJENH
MOATBEP)KIaeT PabOTOCMOCOOHOCTh MOJXO0AA, HO JIOJDKHA paccMaTpuBaThes Kak TEpBBIN
MIPOTOTHII, TPEOYIOIIHNI JanbHEeNIIel ONTUMU3ALUH.

Takum 06pa3oM, MOZIETTH HE TOJIBKO MOATBEPINIIA CBOIO PAKTHYECKYIO TPUMEHUMOCTD,
HO ¥ 3aJIOKWJIa OCHOBY [UIsl TOCHEAYIOIIUX J3TaroB JOpabOTKM M BHEAPEHHUS B
aBTOMAaTH3MPOBAHHBIE TIATQOPMBI aHAINM3a KaueCTBa BOJIBI.

BoiBoabl. B pabore Oputa peanmszoBaHa u mpoTecTupoBaHa uepapxuueckas ANFIS-
MOJIeNb JUIsl KJIacCH(MKAIMM KavyecTBa MOBEPXHOCTHBIX BOJ. Mojenb HCHONb3yeT AECSTh
THJIPOXUMHUUYECKUX [TapaMeTPOB, pa3ieEHHBIX Ha YEThIpE JOKaIbHbIX O0Ka. Takas cTpykTypa
[I03BOJIMJIA COKpPAaTUTh uucio mpaBwil 10 153, torma kak kinaccuueckas ANFIS npu
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aHAJIOTHYHBIX YCIOBHUIX HoTpedoBana 6b1 6omee 59 000 mpaBui.

VYuuThiBas HaJH4YUe IIECTH KJIACCOB KAadecTBa BOJbl M BBICOKYHO HEOIHOPOIHOCTH
BXOAHBIX JAaHHBIX, IIOJIYYCHHAd TOYHOCTb CUHUTACTCA YHOBHCTBOpI/ITCHLHOf/’I AJid IIEPBOIro
nporotuna. Mojenb KOPPeKTHO pearupoBajia Ha HM3MEHCHHS BO BXOJAHBIX 3HAUCHHUSX,
obecreunBasi yCTOMYMBOCTH BOJIM3H TPAHUI] KJIACCOB, UTO JeNIaeT €€ 0COOCHHO MEPCIIeKTUBHON
JUISl IPUMEHEHUS] B CHCTeMaX MOHHMTOPHHIA, IJIe TOYHOCTh U MHTEPIPETUPYEMOCTh HMEIOT
KPUTHUYECKOE 3HAYCHHE.
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1

I'nAPOXUMMUSAJIBIK IIAPAMETPJIEP HET'IBIHAE CY CAITIACBIH
HUHTEJUIEKTYAJIIbBI )KIKTEY YIIIIH H-ANFIS KOJIIAHY

Tyiiin

byn Makamama TUAPOXMMUSIIBIK KOPCETKIIITEp HeriziHae OeTki cymap camachlH
MHTEJUIEKTYaJIbl XKIKTEy YIIIH HepapXUsiIbIK OeliMaenreH HeWpo-aHbIK emec xyiecin (H-
ANFIS) konpmany cunarranaapl. ¥ ChIHBUIFAH Mojeib epireH orreri, BIIKs, ammonuii, aysip
MeTanaap MeH 0acka 3arTapblH e3apa OailIaHBICBIH €CKepe OTBIPHIN, OipHele mapameTpii
Oipiktipyre MyMKiHAIK Oepermi. MepapXusubIK KYpbUIBIM epeKelep CaHbIH aWTapibIKTail
KBICKapTa/bl KOHE MOJENb/IH TYCIHIKTUIrH apTTeipansl. AnsiHFaH HoTmkenep H-ANFIS
KYHECIHIH eJIIey KareciHe Te3IM[l eKeHiH, jkKaHa Jepekrepre Oeilimiene anaThIHBIH JKOHE
Kazakcran PecryOnukachlHBIH Cy camachlH Oarajay jKyileciHe colKec KeJeTiHIH KOpCeTei.
byn Tocinai 9KOMOTHANIBIK MOHUTOPHHTKE, COHBIH IIIiHJE aBTOMATTaHIBIPHUIFAH OaKbLIay
CTaHIMsUIapbIHA eHTi3yre Ooyaapl. JKYMBICTa YCHIHBUIFAH O/IC Cy pecypcTapbhiH Oackapyna
mienriM KaobUifayra KoJiaay KepceTeTiH THIM/II Kypall peTinae OaraiaHabl.

Kintrik ce3gep: cy canacel, ANFIS, Helipo-aHblK eMec XKyile, SKOJOTHSIIBIK
MOHHTOPUHT, XKIKTEY, aHBIK EMEC JIOTHKA.
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APPLICATION OF H-ANFIS FOR INTELLIGENT CLASSIFICATION OF WATER
QUALITY BASED ON HYDROCHEMICAL PARAMETERS

Abstract

This paper presents the application of a hierarchical adaptive neuro-fuzzy inference
system (H-ANFIS) for intelligent classification of surface water quality based on
hydrochemical indicators. The proposed model integrates multiple water quality parameters
such as dissolved oxygen, BODs, ammonia, heavy metals, and nutrients while capturing their
nonlinear interactions. By structuring the system hierarchically, the number of fuzzy rules is
significantly reduced, improving model interpretability without sacrificing accuracy. The
results demonstrate the model’s robustness to noise, adaptability to changing conditions, and
compliance with the official Water Quality Classification System of the Republic of
Kazakhstan. These features make the H-ANFIS approach suitable for environmental
monitoring tasks, including deployment in automated sensing stations. This study highlights
the practical potential of H-ANFIS as a transparent and data-driven tool for real-time decision
support in water resource management.

Keywords: water quality, ANFIS, neuro-fuzzy system, Environmental Monitoring,
classification, fuzzy logic
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