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Abstract. A number of studies have shown that tellurides are optimal semiconductor materials
for use in thermoelectrics and in the fabrication of memory devices. In this study, antimony telluride,
a widely used tellurium compound, was synthesized via electrochemical deposition from a citric acid-
based electrolyte. Antimony telluride co-deposition was performed electrochemically, yielding thin
films. The kinetics and formation mechanism of thin and nanostructured antimony telluride layers
were studied using an IVIUMSTAT Electrochemical Interface potentiostat. The polarization pattern
was analyzed, and it was established that the process occurs under concentration polarization
conditions. The polarization pattern was examined using linear and cyclic polarization curves.
Electrolytic solutions of varying concentrations were used, and it was found that homogeneous films
with a stoichiometric composition and a smooth surface are formed from a solution with a 1:1
component ratio. The effect of electrolyte temperature on the reduction process was also studied. It
was shown that as the electrolyte temperature increases, the reduction rate increases and films with
different surface morphologies are formed. The most effective films were obtained at a temperature
of 350 K. At higher temperatures, deterioration in adhesion and the formation of films with uneven
surfaces are observed. The composition of the films obtained at the selected optimal electrolyte
concentration was confirmed by X-ray phase analysis. It was found that the atomic ratio of elements
in the composition of the obtained films is close to stoichiometric and corresponds to the compound
SbaTes. Images of the film surface structure were obtained using a scanning electron microscope
(SEM), confirming the nanostructured nature of the particles forming the film.
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Annomayus. Tlo pesynpraraMm psiia UCCIIEAOBAaHUH YCTAHOBJICHO, YTO TEJLTYPHIIbI SIBIISIOTCS
ONTUMAJIBHBIMU  TIOJIYIIPOBOJAHUKOBBIMM ~ MaTe€pHajaMH Ui HCIOJIIb30BaHHS B KaueCTBE
TEPMOIJIEKTPUUECKUX MATEpUaAIOB U TPU H3TOTOBJICHHHM YCTPOWCTB NaMATH. B mpeacraBieHHON
paboTe CHHTE3 TeN JypHla CypbMbI- OJHOTO M3 IIMPOKO NPUMEHSEMBIX COCIAWHEHHH TeJuTypa
OCYIIECTBIEH METOJOM 3JICKTPOXMMUYCCKOTO OCAXKICHUS U3 DJICKTPOJIUTA HAa OCHOBE JIMMOHHOM
KHUCIOTHI. [Ipoliecc COBMECTHOTO OCaXIEHUS TEUTypH/Ia CypPbMbI IIPOBOAMIICS SIIEKTPOXUMHUECKUM
METOJIOM, B pe3yibTare ObUTM MOJY4YEeHbl TOHKWE IUIEHKH. KuHeTHKa M MexaHu3M 00pa3oBaHUs
TOHKHX M HAaHOCTPYKTYPUPOBAaHHBIX CIIOEB TEJUTYpPHJIa CYpPbMbI HCCIICJOBAHBI C WCIIOJIb30BAaHHEM
noteHimoctata IVIUMSTAT Electrochemical Interface. M3yden xapakrep mnonspuzanuu u
YCTaHOBJICHO, YTO MPOILECC MPOTEKAET B YCIOBHUAX KOHIICHTPALIMOHHOM MOJSpU3AaLUU. XapakTep
MOJISIPU3ALUHI aHATM3UPOBAJICS C TIOMOUIBIO IMHEHHBIX M IUKINYECKUX MOJIIPU3AIIMOHHBIX KPUBBIX.
Vcronb30Baiuch IEKTPOTUTHYECKUE PACTBOPHI Pa3IMYHON KOHIICHTPAIIUU, H YCTaHOBIICHO, YTO U3
pacTBopa C COOTHOIICHHEM KOMIIOHEHTOB 1:1 (opMUpYIOTCS OJHOPOAHBIC IUIEHKH CO
CTEXHOMETPHUYECKAM COCTAaBOM M IJIAJIKOW MOBEPXHOCTHIO. TakKe WCCIIEOBAaHO BIIMSHUE
TEeMIepaTypel AIEKTPOJIMTAa Ha TNpolecc BoccTaHOBIeHHsS. [loka3aHo, 4YTO ¢ yBEIHMYCHHEM
TEMIIepaTypbl JJICKTPOJIUTA CKOPOCTh IMPOIECca BOCCTAHOBICHHS BO3pacTaeT u (OPMHUPYIOTCS
MIEHKH C pa3auyHord Mopdosorueii moBepxHocTtu. Hawmbonee sddekTuBHbIC TUIEHKH ObLIH
nosryuensl pu Temneparype 350 K. [Ipu Gonee BbICOKMX Temrieparypax HaOI0faeTcsl yXy/IleHne
anre3ur W oOpazoBaHME TUIEHOK C HEPOBHOW MOBEpXHOCTHIO. COCTaB IJIEHOK, MONyYEHHBIX HpPU
BBIOPAHHOM ONTHMAIBHON KOHIICHTPALIUHU JICKTPOIUTA, MOATBEPKIEH METOJOM PEeHTIeHO(])a30BOr0
aHayin3a. YCTAHOBIIEHO, YTO aTOMHOE COOTHOIICHHE 3JIEMEHTOB B COCTaBE IMOJIYYEHHBIX IIEHOK
ONM3KO K CTEXHOMETPUYECKOMY M COOTBETCTBYET coequHeHnto SboTes. M300pakeHus CTPYKTYpHI
MOBEPXHOCTH IUIEHOK OBUIM TOJyY€HBI C MOMOIIBI0 CKAaHUPYIOIIETO0 3JIEKTPOHHOTO MHKPOCKOIA
(SEM), uTo moATBEpAMUIIO HAHOCTPYKTYPHBINA XapakTep YacTull, GOPMUPYIOIINX MIEHKY.

Knrouesvie cnosa: SJICKTPOXUMHUYCCKOC BOCCTAHOBJICHUC, OJICKTPOJIUT, MOJApU3alMs,
IMMOJIYIIPOBOJAHHK, TOHKAA IJICHKA.

Keywords: electrochemical reduction, electrolyte, polarization, semiconductor, thin film.

In recent years, global demand for sustainable and environmentally friendly energy sources has
significantly increased. Considerable attention has been directed toward thermoelectric devices
capable of generating electrical energy from municipal waste and biomass sources. The fabrication
of thermoelectric systems based on thin and nanoscale films is of great importance; reducing film
thickness enhances the manipulation of constituent components and improves conversion efficiency.
Compared with conventional thermoelectric materials, thin-film-based devices exhibit reduced
thermal losses and greater flexibility in fabrication [1].

Compared to bulk materials, thin-film structures exhibit more pronounced temperature
gradients under identical thermal conditions, making them particularly attractive for high-efficiency
thermoelectric devices. By reducing film thickness and controlling surface distribution, properties
such as thermal conductivity, the Seebeck coefficient, and electrical conductivity can be effectively
tuned [2].

Sb.Tes is a narrow bandgap semiconductor with potential applications in thermoelectric energy
conversion devices, memory devices, optical data storage media, and as an ohmic contact in
CdS/CdTe thin-film solar cells [1-10].
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Due to its excellent thermoelectric properties at room temperature, various studies have been
conducted on the application of Sb.Tes thin films in thermoelectric devices such as thermal sensors
and micro-coolers [1-5].

It is known from the literature that, depending on the synthesis conditions and method, Sb.Te:s
thin films may exist in different phase states, either crystalline or amorphous. Crystalline phases have
been synthesized by laser epitaxy at room temperature [7], by electrochemical reduction deposition
at room temperature [11], by electrochemical deposition at 100°C [10, 12], and by metal—organic
chemical vapor deposition at 450°C [3].

The amorphous state is obtained at room temperature by evaporation or electrochemical
reduction [5, 12].

The thermoelectric properties of Sb2Tes films, such as the Seebeck coefficient and electrical
resistance, vary depending on their phase state [5].

With a higher Seebeck coefficient than the crystalline state [5], the amorphous state of SboTes
films is considered useful for certain applications, such as thin-film sensor devices. Since amorphous
SboTes films transform into the crystalline phase at high temperatures [6-8], it is advisable to increase
their thermal stability to prevent thin-film crystallization during sensor processing.

GexSbaTes thin films are the most widely used materials for phase-change memory, rewritable
compact discs, and digital versatile discs. Despite their low crystalline resistance and high melting
temperature, they have the drawback of requiring a high reset current [6, 7].

SboTes films have a low melting temperature and a high crystallization rate. However,
amorphous Sb>Tes has poor thermal stability; therefore, to ensure data retention for phase-change
memory applications, it is important to increase its crystallization temperature [6, 7].

For this purpose, the development of new synthesis methods is required. Various studies have
been carried out to increase the crystallization temperature of Sb,Tes films synthesized by different
chemical methods [6-8].

However, little work has been done to improve the thermal stability of Sb,Tes films synthesized
electrochemically in electrolyte media. Although various processing methods are used for the
preparation of Sb2Tes thin films, the electrochemical method is more attractive because it is a fast and
inexpensive process [11, 12].

In this study, a new electrolyte was selected to obtain Sb,Tes thin films by electrochemical
reduction, and the characteristics of the resulting films were investigated.

Methodology and Experimental part

In the present study, the effects of solution concentration and electrolyte temperature on the
synthesis process during the electrochemical synthesis of antimony telluride (Sb>Tes3) as the active
material were investigated. For the electrochemical reduction of antimony ions, a citric acid solution
of antimony oxychloride was used as the electrolyte. First, citric acid (C¢HsO7) crystals were
dissolved in the required amount of distilled water. For the reduction of tellurite ions, a solution of
tellurium dioxide in sodium hydroxide was prepared. The citric acid solution containing antimony
ions and the alkaline solution containing tellurite ions were mixed. Sulfuric acid was added to the
solution to limit the hydrolysis of antimony ions in the alkaline medium. Hydrazine hydrate was
added to accelerate the reduction of tellurite ions. The electrochemical reduction process was carried
out at constant potential and constant current. Solutions of different concentrations were prepared for
the reduction of each ion, and each solution was electrolyzed at different temperatures. During the
reduction process, polarization curves were recorded using a computer-controlled IVIUMSTAT
Electrochemical Interface potentiostat, and the kinetics of reduction depending on concentration and
temperature were studied. The reduction process was carried out on copper and nickel electrodes. A
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silver/silver chloride (Ag/AgCl) electrode was used as the reference electrode. Since citric acid is a
tricarboxylic acid (Cs¢HgO7), the hydrolysis of antimony ions is sufficiently limited. During
electrolysis, the temperature of the electrolyte solution was controlled by a UTU-4 universal
ultrathermostat. The electrolyte solutions were prepared with the composition 0.05 mol/L. SbOCl + 3
mol/L C¢HgO7 + TeO2 + 0.05 mol/L NaOH, and the concentrations of the main components in the
electrolyte were varied.

Results and discussion

During the research, it was found that when two or more different ions are co-precipitated, they
form compounds with different compositions. Depending on the selected conditions, these can be
chemical compounds, solid solutions, or simply a mechanical mixture of the components. It is well
known from the literature that the concentration and temperature of the electrolyte solution
significantly affect the electrochemical co-precipitation of the components. This was one of the points
that drew our attention in our research. During the electrochemical deposition of antimony telluride
thin and homogeneous films, the effect of the concentration and the temperature of the electrolyte
solution was studied.

First, let’s examine the effect of the electrolyte solution concentration on the reduction process.
The reduction of antimony ions was carried out in several electrolyte solutions. To study the kinetics
of the electrochemical processes, linear polarization curves were obtained using a potentiostat with
the Iviumsoft program (Figure 1). From these polarization curves, it is evident that although changing
the concentration does not cause a sharp difference in polarization, there are certain changes in the
structure of the deposited films that correspond to these curves. As shown by the polarization curves,
the concentration intervals of the components were modified in various proportions, and the surface
morphologies of the films corresponding to these curves also differed.
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Figure 1. The effect of component concentrations on the co-deposition process of Sb-Te layers obtained
by potentiodynamic method. Electrolyte (mol/l): 1 - 0.025 SbOCI +0.075 TeO,+3 C¢HsO7+0.05NaOH; 2 -
0.075 SbOCI + 0.05 TeO; + 3 C¢HsO7+0.05NaOH; 3 - 0.075 SbOCI + 0.025 TeO; + 3 CsHsO7 + 0.05 NaOH;
4 - 0.05 SbOCI + 0.05 TeO, + 3 C¢HsO7 + 0.05 NaOH

The films obtained from solutions with lower concentrations of antimony ions and relatively
higher concentrations of tellurite ions were observed to have a non-smooth surface. However, the
films corresponding to the fourth curve shown in the figure were evenly distributed on the surface
and were homogeneous. In these curves, the concentrations of antimony and tellurite ions are equal.
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This can be explained by the fact that the reduction of antimony ions on the surface is not stable.
It is known from the literature that the reduction of tellurite ions proceeds in a stepwise manner, in
two or three stages. This process can be assumed to follow the equations below:

Tet+4+2e=Te+2
Tet+2 + 2e =Te0

This process occurs at a relatively low electrode potential, E° = +0.55 V. Since the reduction
potential of the deposited Te® is E° = +0.42 V, which is slightly lower than the reduction potential of
tellurium, but not significantly different, we can conclude that a co-reduction process is taking place.
After the reduction processes occurring on the electrode surface, the formation of redox pairs,
meaning the oxidation and reduction processes between antimony (Sb) and tellurium (Te), can be
assumed. At the same time, a citric acid solution can be considered an optimal medium for the co-
reduction of antimony and tellurite ions. During co-precipitation, thin and homogeneous films with a
smooth surface morphology were obtained from an electrolyte solution containing 0.05 mol/L SbOCI,
0.05 mol/L TeO, 3 mol/L C¢HgO7, and 0.05 mol/L NaOH.

The surface morphology of the obtained films was studied, and it was found that the distribution
and homogeneity of the films' surfaces varied. The dependence of the quantity ratio of the components
in the electrochemically synthesized antimony telluride thin films on concentration was examined
and is shown in the table. According to the table, the films obtained from a 0.05:0.05 ion concentration
ratio were closer to the stoichiometric composition and met the Sb,Tes stoichiometric formula. To
improve the semiconductor properties of the obtained films, crystallization was required. For this
purpose, the films were crystallized in a quartz furnace under an argon atmosphere.

Table
THE COMPOSITION AND QUALITY OF THE OBTAINED Sb-Te
THIN FILMS DEPENDING ON THE ELECTROCHEMICAL DEPOSITION CONDITIONS
Solution Composition  Film Composition Thermal Film Appearance
(mol/l) (mass %) Treatment, T (K)

SbOCl 0.025, TeO, Sb15.2,Te 84.8 673 Silver-like, non-smooth,
0.075 amorphous
SbOCl 0.075, TeO2 Sb62.26,Te37.74 723 Black, relatively smooth,
0.050 crystalline
SbOCl 0.075, TeO, Sb82.6,Tel7.4 703 Dark black, crystalline, non-
0.025 smooth
SbOCl 0.050, TeO, Sb38.76,Te61.24 293 Gray metallic shine, smooth,
0.050 crystalline

The surface morphology of the films was studied using scanning electron microscopy (SEM),
and it was determined that the films were nanostructured (Figure 2). It was found that the films
obtained with a 0.05:0.05 ion concentration ratio were evenly distributed over the electrode surface.
To improve the films' adhesion, a small amount of gelatin was added to the electrolyte solution.

The effect of the electrolyte solution temperature on the reduction process for obtaining
antimony telluride films was also studied. The effect of temperature was investigated at 0.05:0.05 ion
concentrations of antimony and tellurium. The electrolyte solution temperature was varied within the
range of 298-358 K. To study the kinetics of the reduction process, polarization curves were
constructed (Figure 3).
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Figure 2. SEM image of the layers obtained on the Ni electrode. The composition of the electrolyte is
0.05 mol/L SbOCI + 0.05 mol/L TeO2 + 3 mol/L CsHsO7 + 0.05 mol/L NaOH
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Figure 3. Polarization curves showing the effect of temperature on the co-deposition of Sb-Te layers on
a Ni electrode. Electrolyte (mol/L): 0.05 SbOCI + 0.05 TeO- + 3 C¢HsO7 + 0.05 NaOH. Scan rate = 0.02 V/s.
1-298K,2-308K,3-318K,4-328K,5-338K,6-348K,7-358K
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As shown in the figure, at 298 K, the co-precipitation of Sb-Te films occurs at a potential of -
0.6 V, while at 358 K, it occurs at -0.36 V. This indicates that increasing the temperature promotes the
co-precipitation process, making it easier. The color of the obtained samples changes from silver-gray
to black. Higher quality coatings are obtained in the temperature range of 338-348 K. At temperatures
above 348 K, the quality of the films deteriorates and they begin to peel off the electrode surface.
Experimental results have shown that the films obtained from an electrolyte solution at 348 K are
more stable and homogeneous. The composition and homogeneity of the films were confirmed by X-
ray structural analysis (Figure 4).
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Figure 4. Surface morphology of electrochemically synthesized Sb.Tes thin films: (a) low-magnification
surface morphology, (b) high-resolution surface morphology, and (c¢) X-ray analysis of the elemental
composition of the synthesized Sb.Tes nanoparticles. Electrolyte composition: 0.05 mol/L SbOCI + 0.05 mol/L
TeO: + 3 mol/L CsHsO- + 0.05 mol/L NaOH; electrolyte solution temperature: 348 K

It was concluded that the antimony telluride semiconductor thin films obtained from an
electrolyte containing 0.05 SbOCI, 0.05 TeO, 3 CsHsO7, and 0.05 NaOH at a solution temperature
of 308 K are closer to the stoichiometric composition and consist of nano-sized particles. This
electrolyte solution can be considered the optimal condition for obtaining Sb>Te; nanostructures.
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Annomayus. ViccnenoBaHbl SOBUTHIE PACTCHHS, IPOU3PACTAIOIINE B COJIEHBIX SKOCHCTEMAX
¢moper HaxubiBaHCKOH ABTOHOMHOM PecmyOnuku. YCTaHOBICHO, YTO PACTEHHS, IIPOU3PACTAIOIINE
Ha 3aCONEHHBIX TIOYBaX, OTHOCATCA K Kcepoduram. KcepoduTHble pacTeHHs MPHCIOCOOICHBI K
3aCyIUIMBBIM YCJIOBHSM M XOPOIIO NEPEHOCIT IOYBCHHYIO M arMocdepHyro 3acyxy. Pacrenus,
BXOJSIIIIE B PA3JIMYHBIC TPYMIBI, HE SBISIOTCS OMHOTUIHBIMH M HE XapaKTEPH3YIOTCS OOIIUMHU
AHATOMHYECKUMH, MOPQOJIOTHUYECKUMH U (U3HUOJOTHUECKUMH ocobeHHocTsiMH.  CoracHo
MPOBEIEHHBIM UCCIIEIOBAHUSAM, B COJOHYAKOBBIX MECTOOOHUTAHUIX PAacIpOCTPaHEHbl TaKUE BUJBI,
Kak Ephedra aurantiaca Takht. et Pachom., Rheum ribes L., Ferula oopoda (Boiss. & Buhse) Boiss.
u Anabasis aphylla L. SInoBuTble pacTeHHs, HE TOENAIOTCS XUBOTHBIMH M HE HCIOJIB3YIOTCS
YeJIOBEKOM M OHHU OBICTpEe aganTUPYIOTCS K HEONaronpHsTHBIM KIMMaTHYECKUM YCIOBHSM TI0
CPaBHEHMIO C TOJIE3HBIMHM pacTeHussMU. OOpa3ys OONbIIOe KOJTUYECTBO CEMSIH, OHM 3aXBaThIBAIOT
HOBble TeppuTopuu. DopMupoBaHHe (GOHA PACTUTENBHOCTH Ha 3aCOJEHHBIX MOYBAX (3apociu
KOJIFOUMX PACTEHHA, TIOJBIHH, KPAIMBBI, OCOKH W TPOCTHHKA) CTHUMYJHPYET PA3BUTHE STOBHTHIX
BUJIOB. DJTO, B CBOIO OdYepenb, OOYyCIOBIMBAET HEOOXOJMMOCTH IMPOBENCHUS MEPONPHUSTHHA T10
YIYYIIECHUIO U BOCCTAaHOBJIEHUIO JTYTOB.

Abstract. This article examines poisonous plants growing in the saline ecosystems of the
Nakhchivan Autonomous Republic. It has been established that plants growing in saline soils are
xerophytes. Xerophytic plants are adapted to arid conditions and tolerate soil and atmospheric drought
well. Plants belonging to different groups are not uniform and do not share common anatomical,
morphological, or physiological characteristics. According to the research, species such as Ephedra
aurantiaca Takht. et Pachom., Rheum ribes L., Ferula oppositefolia (Boiss. & Buhse) Boiss., and
Anabasis aphylla L. are common in the saline areas of the autonomous republic. In saline areas,
poisonous plants — which are not eaten by animals or used by humans — adapt to unfavorable
climatic conditions more quickly than beneficial plants. Furthermore, by producing large numbers of
seeds, they can colonize new territories. The development of harmful vegetation on saline soils
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(thorny thickets, wormwood, nettles, sedges, and reeds) stimulates the growth of poisonous species.
This, in turn, necessitates measures to improve and restore meadows.

Kniouesvie cnoea: 3aconenue, ropa Jlysnar, yimydlleHHWEe JyroB, CYKLECCHs, JAerpaaanus,
Anabasis aphylla L., Rheum ribes L.

Keywords: salinization, Mount Duzdag, meadow improvement, succession, degradation,
Anabasis aphylla L., Rheum ribes L.

ConoHueBarble MOYBBI MPEUMYLIECTBEHHO PACIpPOCTPAHEHBI HA PABHUHHON TEPPUTOPHU
HaxusiBanckoit MP. Onu BcTpeyaroTcs Ha 10ro-Boctoke bombioit PaBHUHBI M B HUKHEM TEUEHUU
pexu HaxupiBanuail. OCHOBHBIM (hakTOPOM MX (POPMUPOBAHHUS SABIISIETCS PETYISAPHOE BIUSHUE COJIe-
[JIMHUCTBIX OTIOXXKeHUW ropel [ly3gar Ha paHHyro Tepputopuro. CoJIOHIEBAThIE MOYBBI
oOHapyxuBaroTcs Ha paBHuHaxX Canapaka, [llax0Oy3a, Kenrepnu, bonbmoit Papaunst u Opay6ana. B
HEKOTOPBIX paillOHaX COJIOHIIEBATOCTh BO3HUKAET BCJICACTBUE HENMPABHIBHON XO3AMCTBEHHOU
JESTeTBbHOCTH YeJIOBEKa M OJM3KOTO 3aJIeraHusi TPYHTOBBIX BOJ, Torna Kak Ha bombmioii PaBHune
o0pa3oBaHME COJIOHIIEBATHIX IOYB OOYCIOBIEHO HAHOCHBIMU OTJIOKEHUSMH, CMBIBAEMBIMU C
ckioHoB Jly3nara armocdepHbiME ocankaMu. COIOHIIEBATOCTh MOYB MPUBOIUT K UX BBHIBEIACHHIO U3
X034icTBEHHOro obopora. IloaToMy A BOCCTaHOBIIEHHS WX HPOXYKTUBHOCTH U IOJIy4EHHUS
BBICOKMX U CTAaOWJIBHBIX YpOXaeB HEOOXOAMMO TIPOBEIEHUE KOMIUIEKCA MEJINOPATUBHBIX
MeponpusaTHii. Pactenus, mpouspacraroniye Ha TaKuX TEPPUTOPULX, OTHOCATCS K Kcepodpurtam. K.
A. TumupszeB ycTaHOBWII MIPUUKHBI (DOPMUPOBAHUS 3aCyXOyCTOMYMBOCTH pacTeHuil. OH oTMeuan,
910 JH000H (haKTOp, BBHI3BIBAIOIIMK (OPMUPOBAHHME 3ALIMTHOW aJanTalliH, Yalle BCEro CBA3aH C
YCIIOBUSIMU CYIIECTBOBaHUs oOpraHusMa. OpraHus3M aJanTUpyeTcsi K BpEIHBIM BO3ACHCTBUSIM
OKpY>Karolllel cpesibl uyepe3 H3MEHYMBOCTb, YTO OOecleuMBaeT €ro BbDKHMBaHUE. Tak, 3acyxa
CHOCOOCTBYET Pa3BUTHIO PsiJia aanTallui, KOTOPhIE 3aIIUIIAIOT PACTEHUE OT MaryOHOTO BO3AEHCTBHUS
nepunuTa BoAbl. B 3TOM OTHOIIEHHWH pacTeHUs, OTHOCSIIMECS K KcepoduTaM, 3HAUYUTEIBHO
pa3anyarTcs MeX1y COOOM.

HexHonuctBeHHble KcepodUThl 00IaJal0T MOIIHONW KOPHEBOW CHCTEMOM, MO3BOJSIONIEH
WCIONIb30BaTh BIIAry, HAXOJSIIYIOCS B TIIYOOKHUX CIIOSIX MOYBBI. Y TOHKOJMCTBEHHBIX KCEPO(PUTOB,
TaKMX KaK MOJbIHb, IOBEPXHOCTh JUCTHEB MOKPHITA OEJIBIMU BOJIOCKAMH, KOTOPbIE OTPAXKAIOT YaCTh
COJTHEUYHBIX JIydel. Takxke y Takux pacTeHUN HaAOII0OMAEeTCs] BHICOKOE OCMOTHYECKOE JaBJICHHUE, YTO
mo3BoJisgeT UM 3(h(HEKTUBHO UCIIONB30BaTh MOYBEHHYIO BIIATY, YACPKUBAEMYIO ¢ 00ibIIO0M cunoil. K
HEXHOJUCTBEHHBIM KcepoduTtam otHocsTea Ephedra aurantiaca Takht. et Pachom. u Ferula oopoda
(Boiss. & Buhse) Boiss.

Crnenyrouias rpyrmmna kcepopuToB — TBEPAOIUCTBEHHbIE pacTeHUs. K HUM OTHOCSTCS 37aKu U
KyCTapHUKH, OOUTAIOIINE B MyCTHIHHBIX U 3aCYNUIMBBIX pailoHax. TUMHYHBIM MPEICTaBUTEIEM ITON
rpynimsl sBisercs Stipa (ojieHbsi TpaBa). HIKHsISL MOBEPXHOCTh €€ JIMCThEB MOKPHITA KyTHKYJIOM,
[I0TOMY MCIAPEHHUE BOABI OCYILIECTBIAECTCS NPEUMYIIECTBEHHO C BEPXHEU CTOpOHBI aucta. IIpu
3HAYUTEIBHOM CHUXEHHUM COJIEpPKaHUS BOJBI JINCThSI CKPYUHMBAIOTCSA, a UCHapsieMasi IOBEPXHOCTh U
YCThUIIA OCTAIOTCS BHYTPHU JIMCTOBOM TpPyOKM, UTO CHMXKAET MpOIEcC TpaHcHupauuu. Peskoe
YMEHBIIIEHUE BOJHOIO COAEPKAHUS HE BIMACT Ha IKU3HEHAECATEIBHOCTh TBEPIOJIMCTBEHHBIX
kcepouroB. K TBEpIOMUCTBEHHBIM KcepouTaM TakKe OTHOCUTCS OECTUCTHBIA KyCTapHUK
Anabasis aphylla L.

B xauecTBe MaTepuaa ucciie10BaHus HCIIOIb30BAIUCH IOBUTHIE PACTEHUS, IPOU3PACTAFOIINE
B COJIOHUAKOBBIX dKocucTeMax (ropsl HaxusiBanckoit MP. ccnenoBanuch (hakTopbl, BIUSIONINE HA
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JTUHAMUKY Pa3BUTHUS SIOBUTHIX BUJIOB, 0COOCHHO BHUMAaHHE YIESI0CH BO3ICHCTBHUIO 3aCOJICHHOCTH
MOYB HA PacTEHUS.

[Ipu M3y4eHHH COJIOHIIEBATHIX MOYB U POJIM PACTEHUH B (PUTOCOOOIIECTBAX HCIIOIH30BAIUCH
myOnukanuu psijga aBTopos [ 1, 2, 6-26].

Onpenenenue BUIOB, POJIOB, CEKIUA M TOJCEMEHCTB B CHCTEMAaTHYECKHUX TAKCOHAX
MIPOBOJIMIIOCH B COOTBETCTBHHM C MEXIyHApOIHBIM KOJEKCOM OOTaHWYECKOW HOMEHKJIATYPhI M IO
nanubeiM C. K. Yepenanosa [4].

Hcnonb3oBansl Takke Pnopa Azepbaiikana u Koncnekr ¢ropst KaBkasa, ¢peHonornyeckue
HaOJIIO/IEHUS TIPOBOAMIIMCH C HcTonb3oBanueM metonuk E. M. Jlapenko u U. H. belinemana [3, 5,
23].

Pezynomamur uccneoosanus

Ha ocHoBaHMM NPOBEAEHHBIX UCCIECIOBAHUN U JUTEPATYPHBIX JAHHBIX YCTAHOBIIEHO, YTO B
COJIOHYAKOBbIX pailoHax HaxubiBaHCKOM ABTOHOMHOHM PecnyOmuku pacnpocTpaHeHbl Clelyrolue
Bunel: Ephedra aurantiaca Takht. et Pachom., Rheum ribes L., Ferula oopoda (Boiss. & Buhse)
Boiss. u Anabasis aphylla L. Ix 6103K0JIOTHYECKHAE XapaKTEPUCTUKH ObLTH U3YUYCHBI, M TOJTYYEHBI
CIIeyIOIIMEe pe3ylbTaThl. B CcOMOHYAKOBBIX pallOHAaX ABTOHOMHOM pecmyOaMKd ObUIM H3y4YEeHbI
apeayibl 1 OMOJIOTHYECKHE 0OCOOEHHOCTH TaKMX BUIOB, Kak Ephedra aurantiaca Takht. et Pachom.,
Rheum ribes L. Ferula oopoda (Boiss. & Buhse) Boiss. u Anabasis aphylla L. a Taxxe BIusHUE
HKOJIOTUYECKUX (aKTOpOB Ha MX pa3BuTHe. Ha cOMOHYAKOBBIX MOYBax (OH M3 COPHBIX U BPEIHBIX
pacTeHuil (KyCTapHUKU C KOJIOUKAaMH, MOJIBIHHBIE 3apOCIIH, KpallMBHbIE YYaCTKH, TPOCTHUKOBBIE U
OCOKOBbIE COOOIIECTBA) CTUMYJIMPYET pAa3BUTHE SAJOBUTBIX BHJOB. SIIOBUTBIE pacTeHUs,
HETPUTOHBIE JIJTsI KOPMIICHUS )KUBOTHBIX M HETPUTOHBIE JIJISl HCIIOJIb30BAHUS YEJIOBEKOM, ObICTpEe
alanTHPYIOTCS K HEONarompusSTHHIM KIMMAaTHYECKUM YCIOBHSM M, JaBas OOJBIIOE KOJINYECTBO
CeMsiH, 3aHHMMAlOT HOBbIE MecTa OOHWTaHHs, YTO MOXKET CIIOCOOCTBOBaTh IPEIOTBPAILECHHIO
MIPOILIECCOB 3aCOJICHUSI.

B mocnennee Bpemsi CTPOMTENBCTBO HMCKYCCTBEHHBIX BOAOEMOB, KaHAJIOB W ApPBIKOB IS
OpOUICHHUS MIPUBOAUT K TMOBBIIICHUIO YPOBHS TPYHTOBBIX BOJ B HEKOTOPHIX paiioHax. Bcmemcteue
3TOTO0 BO3PACTaeT CKJIOHHOCTh TEPPUTOPUH K 3aCOJCHMIO U 3a00Ja4MBAHUIO, YTO CTUMYIUPYET
pa3BUTHE SOBUTHIX pACTEHUI. DTH TaHHBIE MOTYT OBITh HCIIOIb30BAHBI IPU MEIMOPAIIMH MACTOMII
Y BOCCTAHOBJICHUH JIYTOB HA COJIOHYAKOBBIX 3EMIISIX.

Ephedra aurantiaca Takht. et Pachom., Rheum ribes L. u Ferula oopoda (Boiss. & Buhse)
Boiss. Bxmodensl B KpacHyto kaury HaxusiBanckoit AP, mosToMy nx oxpaHa siBJIsieTCsl HEOOX0IMMON

B xone wuccnenoBaHMii YCTaHOBJIEHO, 4YTO B COJIOHYAKOBBIX pailoHax HaxubiBaHCKON
ABtoHOMHOH Pecny0Omnuku pacnpocTpaHeHsl siIOoBUTHIE pacTeHus: Ephedra aurantiaca Takht. et
Pachom. (pozoBas adenpa), Rheum ribes L. (u€pnbiit peBens), Ferula oopoda (Boiss. & Buhse)
Boiss. (siiueBuanas 30HTHYHAsA) U Anabasis aphylla L. (nucTonaaHblil KyCTapHUK).

CewmetictBo Ephedraceae Dumort. (3¢ deapoBsie) BKiIrOUaeT Juilb oauH pox — Ephedra L.
OTOT poA NpeACTaBlIeH KcepopuTaMu U MOITyKCepopUTaMu, MPOU3PACTAIOMIMMU B apUIHBIX 30HAX
Cesepnoii u IOxHON Amepuku, EBpaznn, B MyCTBIHAX, MOJTYMYCTBIHAX, CTEIAX, PEAKOJIECHBIX H
CKaJIbHBIX COOOIIECTBAaX, HAa MECYaHbIX W KAMEHHUCTHIX ydacTKax. [0 HEKOTOpBIM TaHHBIM, PO
BKJTIO4aeT 3545 BuaoB. BHyTpH pona BeIAEnsIOT ABe cekuuu: Ephedra L. n Monospermae Pachom.
B 3akaBka3be BcTpedaroTcs 5 uiu 6 BUJIOB U3 3TOM cexuuu. Bussl pona Ephedra pacipocTpaHeHbl B
peruonax CpenuzeMHOMOPbs, A3uu, 3anagHoi yactu CeBepHON AMEPHKH U 3aCyNUIMBBIX pailoHax
HOxHolt Amepuku. OOBIYHO 3TO CHIILHOPA3BETBIEHHBIE KYCTApHUKH BBICOTOM 6—8 M, XOTS OHH
MOTYT MpHHUMAaTh JpeBecHblid Bui. Hampumep, Ephedra triandra, npouspactaromas B HOxHoi
AMepuke, mpencTaBiseT coboi HeOombinoe aepeBo. Ha usywaemoii teppuropumn pon Ephedra
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MPEACTABIICH JBYMs BHJIAMH: BBICOKMU WJIM KaMeHHUCTBIA 3denpa — Ephedra procera Fisch. et
C.A.Mey. u pososas 3dpenpa — Ephedra aurantiaca Takht. et Pachom. [25].

PoszoBast adenpa (Ephedra aurantiaca Takht. et Pachom.) Bkmouena B KpacHyro KHUTY
HaxupiBauckoii AP co crarycom Lower Risk — LR [a — Conservation Dependent — CD] [24]. Ona
BCTpeuaeTcsi Ha CKaJbHBIX YydacTkax Kenrepnuuckoro paiiona (KapaOarmap), paiiona babex
(Bepxuwmii bysros), paiiona J[xyneda (I'tonsctan), pariona Opay6an (mepeBHs buner), Ha ropax
Hysznar, Japamam, Dmadu-Kexd u B 1ecHoM MaccuBe Xan-xaji, a TaKKe Ha CyXUX KaMEHHCTHIX,
MPEUMYIIECTBEHHO M3BECTKOBBIX M IMOPOHN JIECHBIX MPUOOOYMHHBIX y4YacTKax, MO OJUHOYKE WU
HeOonpmMu rpymmnamu [1, 2, 6-9, 13-22].

[Tnoasl aTOro Buaa copepxar ButamuH E, ankamounsl a3penpus u ncepnod3peaput, nu3-3a 4ero
00J1a/1a10T TOPbKUM BKycoM. [Ipu Bo31eHCTBIM MOPO3a TIIO/IbI CTAHOBATCS CIAJIKUMH M CheT0OHBIMH.
YV HEKOTOPBIX BUJIOB U3 MOJIO/BIX TOOETOB MOTYy4atoT 3eapuH.

Polygonaceae Juss. - CemeiictBo Polygonaceae Bkimrouaer 12 BHIIOB, IpHHAIICKAIIMX K 3
ponam. M3 30 BumoB poma peBeHb (Rheum L.), pacnpoctpaneHHbIX Ha bankanax, B EBporme,
HenTpanpHoil A3umn, Kurae n I'mmanasx, 2 Buga Bcrpeuatorcs Ha KaBkase u B AszepOaiimxaHe:
Rheum ribes L. - UepHusiii peBenb u R. turkestanicum Janisch. (R. rupestre Litw.) - PeBenn
Typxkmenucrasa.

PeBenb — 3TO KpymHOCTEOETbHOE PACTEHHE C KPYMHBIMU JIUCTHAMHU, HCIOJIb3yeMOE B
MeauuuHe. LlBerer B mMae-utoHe. Ero nucThsi 10OBOJBHO KPYIIHBIE, OBaJbHBIE, C MEJIKO3yOUaThIMU
KpasiMu, TIOBEPXHOCTH IIEpOX0BaTasi U TBepaas. BepxHue n1cThs 10BOJIBHO MEJIKHE, a CTE0EIb OUEHb
KOpPOTKHUi. PeBEeHb — MHOTOJIETHEE paCTEHHE BBICOTON 1-2 M C OYEHb CHIIBHOW KOPHEBOM CUCTEMOM;
OH HE LBETET B MepBble 3-4 roga M OTAAET BCIO CBOK CUIYy KOpHAM. L[BeTkn peBeHsT UMeEroT
IapOBUIHYIO (HOpMY Ha BEPXYIIKE CTEONIS U COCTOSAT M3 OECUMCIEHHOTO MHOXKECTBA LBETKOB. KX
L[BET MOXKET OBITh MHOIZA JKEJITOBAThIM, MHOIJA TEMHO-3€JIE€HBbIM, @ MHOIZA KPAaCHbIM. [JaBHBIN
KOpPEHb OY€Hb KPYITHBIA U COCTOUT U3 OOKOBBIX KOPHEW M KIIyOHEH, pa3pacTaromuxcs BOKPYT HETo.
On oOmagaeT XxapakTepHBIM 3amaxoM U BKycoM. KOpHH HCIONB3YIOTCS B MPOU3BOJCTBE JIEKAPCTB.
OHu conepkaT AyOWIIbHbIE BellecTBa. TOKCHYHBIE BEIECTBA TAK)XKE CHUHTE3UPYIOTCS B JIMCTHAX
peBeHs. Ero nucThs conepikaT IIABENEBYIO KHUCIOTY, OOJalalollyl0 CMEPTEIbHBIM U €IKUM
NEHUCTBUEM, KOTOpasi BCTpEYAeTCsl BO MHOTHUX pacTeHusiX. JleranbHas /1032 4YMCTOM IIaBEJIEeBOU
KHUCJIOTHI OTpeJiesieHa Kak 375 MI Ha KWJIOTPaMM Macchl Tena, Wi 25 T JJi 4eJ0BeKa BeCoM 65 KI.
XOTsI KOJIMYECTBO KUCJIOTHI B JIMCThSAX BapbUpPYyETCs, €ro MOXHO cuuTarh paBHbIM 0,5%. OgHako
JIUCThS TAK)KE€ CUHTE3UPYIOT AyOWJIbHBIE BEIIECTBA B JIONOJHEHHE K Il1aBeseBoi kuciore. KopHu n
ctebenb 60oraThl aHTpaXMHOHAMHU, TAKUMH KaK YMOAWH U peuH. PeBeHb HCIONB3yeTCs B MEAUIIMHE C
JPEBHUX BPEMEH.

Rheum ribes L. — yeppocMOpoIMHOBBIN peBeHb BKiItoueH B KpacHyto kHury HaxdsiBaHckoi
ABroHoMHON PecnyOnuku co cratycom «bnuskuili k yrpose ucueznoBeHus» (bYYVY), mockonbky
IIPOU3PACTAET NOOJUHOYKE Ha OTPAaHMUEHHBIX TEPPUTOPHUSIX [24].

B Asepbaiimkane BcTpeuaeTcs TOJbKO Ha TeppuTopur HaxubiBaHCKOW ABTOHOMHOMN
PecriyOnuku. [lupoko pacmpocTpaHeH Ha paBHUHAX, B HIDKHHX U CPEIHUX TOPHBIX Tosicax. B
HaxusiBanckoit ABroHoMHO# PecmyOnuke BcTpeuaercss B paiionax Bemmpar, Jlysnar, Jdapumar u
Texenukaar. MHOTONIETHEE pacTeHue, focturaromiee BEIcOTh 50-100 cm. Ctebens TyCcToM, TIIIOTHBIH,
O€3JIMCTHBINI, C KypYaBbIMU BETBSIMH, C’)KaThIMU U C IIEPOXOBATO-KOPOTKUMHU O0pomaBkamu. JIMCThs
CEpALIEBUAHO-TIPOJOJITOBATHIE, IIUpPE, YeM JUIMHHEE, ¢ MEJIKMMHU IIMMaMH IO KpasMm, 5 TycTo
YKUJIKOBAHHBIC, BJIOJIb KWJIOK U C HIDKHEH CTOPOHBI UMEIOTCS MEJKUE IIHITBI, BEPXHSS U HUKHSS
CTOpOoHBI OopomaByarbie, auameTpoM 50 cMm. Crebenb BIBOE€ KOpOYE JUCTOBOW TIJIACTUHKH H
kopotkuil. Conperue chepuueckoe. L[BeTkoB 5-12, pacnonoxeHbl Ha IIBETOHOXKKE JUIMHOW 6-7 MM.
[Inoaer o 17 MM anuHoW U 14 MM IIMPUHOM, SHULEBUIIHBIE, CYXKAIOIIHUECS KBEPXY, OCHOBAHME
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IyOOKO  CepIAueBUIHOE,  KPAaCHOBATO-KPBUIUCTBHIE,  MPOJOJITOBATO-SIMIIEBUIIHBIE,  OpEIIEK
KOpUYHEBbIUA. L[BeTeT B MIOHE W IUIONOHOCHUT. Pa3zMHOXkaeTcsi ceMeHamH. SIBieTcs NULIEBBIM,
JICKAapCTBEHHBIM M BaKIMHHBIM pacteHueM. Kcepome3oput. IlpuHaminexur K HUpPaHCKOMY
reorpaduueckomy tumy. Kynsrusupyercs B «Koutekuuu peakux pacteHuin» boranumueckoro cana
HaxusiBanckoro ¢ummana Macrturyra 6uopecypco HAH.

Ha Kagxkase npouspacraet 6 BuoB poaa Ferula L., a B A3epOaiipkane, BKIOYas TEPPUTOPUIO
HaxupiBanckoii ABToHOMHOU Pecmyomuku, — 4. Bug Ferula oopoda (Boiss. & Buhse) Boiss.
3aneceH B KpacHyro kaury HaxubiBanckoit ABTOHOMHOM PecryOnuku kak BU, COCTOSTHUE KOTOPOTO
B IpUPOAE JOCTUINIO KPUTUYECKOM TOYKM M KOTOPOMY TIpPO3UT BBIMHUPAHHE CO CTaTyCoOM
«Haxonsmuiics mox yrpo3oit ucuesnoBenus» — KP C2a(Il) [24].

B AsepGaifjpkane OH MPOU3pACTaeT JIMIIb HAa OYEHb HEOOJBIIOW TEPPUTOPHHM HA FOKHOM
ckioHe Jly3nmara, eTMHCTBEHHOM MECTOOOMTaHHMM Ha TeppuTopun HaxubiBaHCKON ABTOHOMHOMN
PecniyOnuku. OmnucaHue OCHOBAaHO Ha Marepuaiax, coOpaHHbIXx B Jly3gare Ha TeppuUTOpUU
HaxupiBanckoii ABToHOMHOU PecryOnuku. DTO MHOTOJIeTHEE TPaBSHUCTOE PACTEHUE C TOJBIM U
YTOJNILEHHBIM KOpPHEM, JOCTHUTralollee BBICOTHI OnHOro Merpa. Crebenb NpsIMON, KpPENKH,
MWIAHIPHYECKON ¢Gopmbl, nuamerpoMm 1,5 cMm. OCHOBaHHE TOKPHITO BOJOKHUCTOW OOOJIOUKOM,
COCTOSIIIIE W3 OTMEPIIUX CTApPBIX JHCThEB. JIMCThS BOKpYr cTeONs [UIMHHBIC, KPYIHBIE,
HIUPOKOPOMOOBHIHBIE 1O (OpMe, ¢ MEPBUUHBIMU CETMEHTaMH, UMEIOIMUMHU 3-4 PEIKONEepPUCThIX
CErMEeHTa, JJIMHOU 2-5 cM u mupuHon 1,5-2 cM. LlenTpanbHblil 30HTUK cuasgumii, ¢ 13-22 nyyamu, a
OOKOBbIE 30HTHKH OOBIYHO JBa U Ha JUIMHHBIX Yepemkax (Pucynok 1).

Pucynoxk 1. Ferula oopoda (Boiss. & Buhse) Boiss. u Rheum ribes L.

Ero 3onTukoBujHBIE couBeTHs cocTosT w3 10-15 mperkos. Jlemectku mmwHOM a0 1,5 MM,
OJIeTHO->KENThIE, AITUNTHICCKUE, 320CTPEHHBIE, C KOHYUKOM, 3arHYTHIM BHYTPb. [ 11101161 [IHHOHN 10
10 MM, SITUNITHYECKUE, TITIOCKUE, C KpasMU B BUJE 3aHABECKH, IMMPUHON 1 MM. PeOpa HUTEeBUTIHEIE,
KaHaJIbl OJTMHOYHBIE W y3Kue. l[BeTeT B Mae-HIoHE, TUIOABI CO3PEBAIOT B HMIOHE-HMIONE. JTOT palioH
HAaXOJUTCS TOJI CHJIbHBIM aHTPOTIOT€HHBIM BO3JEHCTBUEM, 3/I€Ch PACIIOIOKEHA TeJlenepeIaronias
cTaHmus. B 3TOT pailoH cOpachIBarOTCS OTXO/bI, CO3/1aBasi KPUTHUECKYIO SKOJIOTHUECKYIO CUTYAIUIO.
DTO pacTeHHE MCIIONB3YETCs Ml MTPOU3BOACTBA d(DUPHBIX Macell U SBISETCS JAEKOPATUBHBIM. DTO
kcepout. OTHOCHTCS K HUpaHCKOMYy Teorpaduueckomy Tuiy. Cre0elnb pacTeHUs CONEPKUT
NyOuTbHBIE BEIIECTBA, CMOITY, KpaxMmaJl, aJIKaJIOW/Ibl, CAITOHUHBI U JIETy4YHue Macja. JTO pacTeHHE,

sBisonieecs 3¢ HeKTUBHBIM aPpoIu3HaKoM, MOJIE3HO JUIs JISYeHHUS MOJIOBBIX KJIeTok [1, 2, 69, 13—
22].
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[IBeTkn pactenuii cemerictBa Chenopodiaceae Vent. o6oerosnbie Wil OJHOMONBIC, IBYIOMHBIC
WIN OJHOAOMHBIE, aKTUHOMOP(HBIE WU 3UroMOp(HBIe, MATUYWICHHbIE, a UHOTNA U 1-3-4leHHbIe.
CouBertune mpocToe, CO CBOOOTHBIMU WIIM CPOCHIMMUCS TUCThAMU. ThrunHOK 1-5. [lecTuku cocrost
u3 2-5 nuctoukoB 1miona. [lmoa moxox Ha Arofy, HEPaCKPHIBAIOIIUKCA. DTO OMHOJETHHE WIH
MHOTOJICTHHE TPaBSIHUCTBIC PACTEHUS WJIM KyCTapHUKH, OOBIYHO OOJBIIMHCTBO U3 HUX HMEIOT
MSICHCTBIE COYHBIC JIUCThs, a WHOTAA U OesnuctHbie. CemeiicTBo HacuuThiBaeT 100 pomoB u 1600
BUJIOB, paclpocTpaHeHHbIX B mupe. Ha tepputopun HaxubiBanckoit MP nacuutsiBaercst 30 ponos u
76 BunoB [25].

Pucynok 2. Uuctoe ¢popmupoBanne Anabasis aphylla L. B xo/ie re000TaHNYECKUX HCCIEIOBAaHUN Ha
yuactke béroknys

TUnUYHBIMY MPEJCTABUTEIISIMU CEKITUU SBISAIOTCS 3 BUAa pona Anabasis L.: Anabasis aphylla
L., A. eugeniae 1ljin. u A. brachiata Fisch. u K.A.Meii. obBmnii Kap. 1 Kup. III. Bce Tpu Buaa
cogepxar ankanouas! (PucyHox 2).

Amnabasuna ruapoxiopun (Anabasinum ruapoxiopuayMm) u amubasun (Gamibasinum) —
aJIKAJIOWJTHBIE TIpeTaparkl, MoJydeHHbIe U3 pactenust Anabasis aphylla L., Anabasis eugeniae 1ljin.
u Anabasis brachiata Fisch. & C.A. Mey. ex Kar. & Kir. Buapl BkitodeHsl B KpacHyto KHHTY
HaxupiBanckoii ABTOHOMHOU PecmyOnuku u3-3a UX MaJOuMCICHHOCTH [24].

brazooaprocmu. BeIpaxkaro o6maromapHocts npodeccopy lamruny 'anO6apoBy 3a oka3aHHYIO
MOMOIIIb.

Qunancuposanue: Ucciea0BaHne (pUHAHCUPYETCS U MOJIEp)KUBaeTCs MPoeKToM «I epOapHbIii
¢bon Ouonoruueckoro (axynasrera HaxubIBaHCKOTo rocy1apcTBEHHOI'O YHUBEPCUTETA»
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Annomayus. lpeacraBieHbl 1aHHbIE PE3yabTaTOB XMMUYECKOTO aHanu3a Vitex agnus-castus
L., MHTpOIyIMPOBAaHHOIO Ha AIIIEpOHE. DTO OJMH U3 PEIKUX M OXPAaHAEMBIX BHJIOB PACTEHUH B
AzepOarimxane. MeTooM Ta30KUIKOCTHOM Xpomarorpaduu ObLT MCCIEAOBaH COCTaB A(UPHOTO
Macna JucteeB Vitex agnus-castus. CopepxkaHue 5>(QHUPHOTO Macia B JIMCThIX MPYTHSKA
obbikHOBeHHOTO cocrtaBuio 0,45%. Unentudunuposano 6onee 22 KOMIIOHEHTOB, IIABHBIMHM M3
KOTOPBIX SIBISIFOTCS O-TIUHEHHI (6,1%), B-nunens! (13,1%) u 1,8-ttuneon (28,31%). V. agnus-castus
L. conepxuT cnexkTp NepBUYHBIX METa0OJIUTOB, BKJItOYasl O€JIKH, JUIH/IbI, MUHEPAJIbl, YIJIEBOJAbI U
MIPOU3BOAHBIE 3TUX COEJUHEHHH. DTO pacTreHue obOnanaeT (papMakoIOrHYeCKUMH CBOHCTBaMH.
O¢upHoe Macio pacTeHUs UMEET aHTUMHMKPOOHOE, MPOTUBOTPUOKOBOE, MPOTHBOBOCHAIUTENHHOE
JIeiCTBUE, a TAK)KE BBICOKYIO aHTHOAKTepHalbHYI0 aKTUBHOCTb. PacTeHne 06a1aeT Takke HIMPOKUM
MOTEHLIMAJIOM JJIsl UCIIOIb30BaHUs B JIAaHAIA()THOM JU3aiHe.

Abstract. The article presents the results of a chemical analysis of Vitex agnus-castus L.,
introduced in Apsheron. This is one of the rare and protected plant species in Azerbaijan. The
composition of the essential oil of Vitex agnus-castus leaves was studied using gas-liquid
chromatography. The essential oil content in the leaves of Vitex agnus-castus was 0.45%. More than
22 components were identified, the main ones being a-pinene (6.1%), B-pinene (13.1%), and 1,8-
cineole (28.31%). V. agnus-castus L. contains a range of primary metabolites, including proteins,
lipids, minerals, carbohydrates, and derivatives of these compounds. This plant possesses
pharmacological properties. The essential oil of the plant has antimicrobial, antifungal, and anti-
inflammatory effects, as well as high antibacterial activity. The plant also has significant potential for
use in landscape design.
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Knrouesvle cnosa: BUTEKC CBSIICHHBIA, JHUCThs, Xpomartorpadus, 3(GUpHOE MAacIo,
KOMIIOHEHTHBIN COCTaB, 1,8-1nHeoN, B-TMHEH, O-THHEH.

Keywords: Vitex agnus-castus L, leaves, chromatography, essential oil, component
composition, 1,8-cineole, B-pinene, a-pinene.

AzepbaiipkaH 1O TPUPOAHO-KIMMATHYECKHM YCIOBHSM CXOJEH CO MHOTHMH PETHOHAMH
Cpenn3eMHOMOPbS — OCHOBHBIMH MHPOBBIMH IIEHTPaMU IPOU3pAacTaHUs >(PUPOMACTUYHBIX U
JIEKapCTBEHHBIX paCTCHUU. Buabl apoMaTnyeCcKUX pacTEHUN SABISAIOTCS HCTOYHUKOM BaXKHBIX IPYIII
OMOJIOTMYECKH aKTHUBHBIX BEIIECTB, TAKUX KaK 3(UPHBIE Macia ¢ BBICOKMM COAEP>KaHUEM OCHOBHBIX
KomIioHeHToB [10].

D¢upHble Macaa UCIOIB3YIOTCS BO MHOTHUX OTPACISIX MPOMBIIIJICHHOCTH, B (papMaKOJIOTHH,
napdromepun, kocMeronoruu. [1o mepe nzyueHust CBOMCTB 3(UPHBIX Macell 001aCTh UX IPUMEHEHHUS
Bce OOJIbIIE pacIIupsieTcs U COpoc Ha 3(UpHBIE Maciia U apoOMaTHYECKHUe BEIeCTBa U3 rojia B Ioj
Bo3pacraer. Ocoboe MecTo 3aHMMAeT OTHO M3 TaKUX A(PHUPOMACIUYHBIX PACTEHUH — MPYTHSK
oObIkHOBEeHHBIN (Vitex agnus-castus L.). Takke M3BECTEH KaK BUTEKC OOBIKHOBCHHBIH, MPYTHSK
OOBIKHOBEHHBIIl, aBpaaMOBO JI€pEBO, IIEJIOMYAPEHHMK M MoOHameckuid mnepen. [IpyTHsx
0OBIKHOBEHHBII — HebobIIoe fepeBle win KyctapHuk (PucyHnok 1). B kynerype uzsecren ¢ 1570
roza. Pacrenue ponom u3 3amagHoit Asuun u FOro-3anagnoit EBpomnsl, Berpeuaercs Ha KaBkaze u B
Kpeimy, B Cpenneii Azuu u B Cpelu3eMHOMOPBE; 3TO PEIUKTOBBIN BUJ, YKa3bIBaIOLIUN Ha APEBHUE
¢dnopuctuueckue cBssu [3, 4].

Pucynox 1. LBeTs! u tutoast V. agnus-castus

[IpyTHSIK OOBIKHOBEHHBI HW3BECTEH KaK MCTOYHUK 3(PUPHOrO Mmacjia MPOMBIIUIEHHOTO
3HaueHus [ 1, 2].

HasBanue pacTeHusi, BUTEKC, MPOUCXOAUT OT JIATUHCKOTO Vieo (BUTh, BSA3aTh), TaK Kak JIOJITOe
BpeMs CTeOJIM PaCTEHUS UCIIOIH30BAIHCH B TUICTCHUH KOP3UH [2].

Butekc CBsIIEHHBIN SBIsSETCS HEHHBIM MPSHO-ApOMAaTHYECKUM pacTeHneM. JIMCThs, TIoAbl U
CEeMEHa MCIOB3YIOTCS KaK MPHU MPUTOTOBICHUU PA3IUYHBIX PHIOHBIX U MSCHBIX BTOPBIX M MEPBBIX
OMION, TMOJYKOMUEHBIX KOJOAC M PBHIOHBIX KOHCEPBOB, MPUYEM €€ BKYC XOPOIIO COYETAeTCs CO
MHOTHUMH JIPYTUMH TPSTHBIMU PAaCTEHUSMU KYyXH HEKOTOpBIX cTpaH CpeanseMHOMOpbs U bikHero
Bocroka. B apabckux crpaHax CyleHble JIMCThsS BUTEKca JOOABISAIOT B Yail B KaUeCTBE MPUITPABBI U
cneruu [29].
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Butekc cBAeHHBIN JIeKapCTBEHHOE U 3(UPOMACINYHOE PACTEHUE, €ro IJIOAbl HAallOMUHAIOT
neper; ¥ UMEIOT MoA00HBIH nepedHoMy Bkyc [11]. DdupHoe macio Vitex agnus-castus L. mmpoko
MPUMEHSAETCSI B  MEIUIIMHE, OKa3blBas IPOTHBOBOCHAIMTENIBHOE, MPOTHUBOINAPA3UTAPHOE,
KAPOTIOHIIKAIOIIEe, TMOTOTOHHOE, MPOTUBOAUAPEHHOE, MPOTUBOPEBMATHYECKOE, OOJICYTOJNSIOINICEe
neicTeue U B KocMmerosnoruu [26]. Ero MOXXHO HMCHOIB30BaTh B Kaue€CTBE MHCEKTULUAHOTO H
OakrepuruaHoro mpenapara [18-20]. JleueOnslii ekt npenaparoB V. agnus-castus CBsA3aH C
NPUCYTCTBUEM B cocTaBe 3(UpHOr0 Macia AyOwnbHBIX BeuiecTB [4, 5]. Bce wactu pactenus
comepxar upuAouabl (ayKyOuH, arHo3un), (raBoHOWAB! (KAaCTHIIMH, W30BUTEKCUH, OPUCHTHH,
M300pUEHTHH), aJIKaJIOU]Ibl, JyOUIIbHbIE BEIIECTBA, BUTAMUHBI, MUKPOAJIEMEHTHI U 3(pupHOE Maciio
[12-14]. Lens HacTOsMIEH pabOThI 3aKII0YAIaCh B BBIABICHUH KAa4E€CTBEHHOTO W KOJUYECTBEHHOTO
cocraBa 3(UPHOTO Macya, BBIIEISIEMOTO U3 CBEXKHX JIUCTbEB V. agnus-castus L. pou3pacTaromero B
Amniiepose.

Mamepuanvt u Memoowl ucciedo8anus

Uccnenosanus npooauin B 2023 1. B 1aboparopuu d3puUpoMaciuvyHble pACTCHUH WHCTUTYTA
6otanuku Mapaakana (AniepoHCKoro paiioHa). s nmomydenus 3(pUpHOTro Macia HCIOIb30BaIUCh
TUCThsl pacTenust Vitex agnus-castus L., BBIpalleHHOTO B OSKCIEPUMEHTAIBHON CEKIHH
O0oTaHWYecKoro cana. PacteHus HaXOIWINCh B CpPeIHEH TCHEpaTWBHOW CTajuu OHTOreHe3a (3 rox
XKU3HU), B (a3e IBETCHHs, B HIONEC Mecsre. DPUPHOE MAacCiOo IMONIyYald W3 H3MENbY,HHOTO
CBEXXECOOPaHHOTO PACTUTEIHLHOTO MaTepuaia MeTofoM ruapoauctuiuianun Knesenmkepa [7, 21].

Cy1iecTByOIIMe TEXHOJIOTUU TepepadoTKH 3(PUPOMACIUYHOTO CHIPBS MPEAYCMaTPUBAIOT €T0
MOATrOTOBKY. JlJisl 3TOr0 MCIOJIB3YIOT pa3Hble METOJbl: U3MEIUEHUE, TOABINBAHNE, BBHICYLIINBAHUE,
dbepMeHTanuo, 00pabOTKy yIbTpa3ByKoM, WH(PPAKPACHBIMH JydaMd. B HamMX WCCIICIOBaHUIX
MOJITOTOBKA CBEXKEYOPAHHOTO CBHIPBS 3aKJII0Yanach B W3MeJIpdeHHH ero Ha orpe3ku 0,5-3,0 miMm B
BOJIHOI cpele Ha J1abOpaToOpHOM ycCTpoiicTBe, Tuma «OneHaep». KoHTponem ciyXuio chipbe,
M3MEJIBIEHHOE Ha 0Tpe3Ku 1-3 cM. [IponomKuTensHOCTh Ipolecca riAPOIUCTHILUISIMHN YCTaHOBJIEHA
HKCIEPUMEHTAJIbHO HAa OCHOBAaHMM W3Yy4€HHs AMHAMHUKHU M3MEHEHHs BbIXoAa 3(UPHOro macia BO
BpeMeHH He MeHee 10 4 10 mpekpalieHus BblAeIeHUs 3pUpHOro Macia. J{is aHann3a UCIoIb30BaIn
pacTBOpbI 3(hUPHOro Macia NpyTHAK 0ObIKHOBeHHOTO B rekcane (1,0-3,0 mac.%). MaccoByto 105110
OCHOBHBIX KOMIIOHEHTOB 3(QUpPHOrO Macjia ONpeAessuiM razoxpoMarorpauyeckuM MeETOAOM Ha
xpomatorpade «Xpomarek-Kpucrama 2000 My ¢ ucnons3oBaHueM OUMoiIsipHON kosoHkH. Kononka
kamwuisipHas CR—5ms, jummHa — 30 M, BHyTpeHHuil nuamerp — 0,25 mm. ®aza — 5% denunn 95%
nonmucwieHwIeHCuIokca, Ttommuaa Toiéakn  — 0,25 wmxM.  Temmeparypa Tepmocrtara
nporpammupoBaiack oT 50°C no 230°C co ckopoctbio 4°C/MuH. ['a3-HOCUTEND — TEIHI, CKOPOCTH
noroka 1 wmu/muH. Temmeparypa aperektopa — 250°C, rtemmeparypa wucnaputens — 240°C.
OnexrponHas nonusanus — 70 eV. Jluanazon ckanupoBanusi 20—450. [nurensHocth ckana — 0,2.
O6bem npobs! 3¢upHoro macia — 0,2 M. J{s pacuera MacCoBOM 10U KOMIIOHEHTOB PUMEHSITU
METOJl HOpMAalU3aliK, a WACHTU(HUKAIMIO KOMIIOHEHTOB JUIsl pacueTa OOOOIIEHHBIX HMHIEKCOB
ynepxxuBanus (GI) ucmonpzoBanu H ankansl C7His — Ci6H3a [4, 24].

Jlnst maeHTUUKAINK TaK)Ke UCITOJIb30BAIMCH TaHHBIC OnOMMoTeknu Macc-ciektpo Wiley 275
(275 TBIC. Macc-CIEKTPOB) U aTjiaca MacC-CIIEKTPOB M IMHEWHBIX MHJEKCOB ylepKuBaHus [5, 8].

WNuaexcsl yaepKUBaHUs MONTyYald MyTeM JOorapuMUYECKOW WHTEPIONAUN TPUBEISHHBIX
BpEMEH YIEP)KUBAHUS C MCIIOJI30BAHUEM aHAJIMTUYECKOTO CTaHJapTa CMECH PENEepHBIX H-aJIKaHOB
[17].

[Ipy TDOTHOM COBHAJEHHMM MAacCC-CHEKTPOB M JIMHEWHBIX MHICKCOB  YJAEpKUBAHUS
UaAeHTH(UKAIHS CYUTAIach OKOHYATeNbHOH [16, 18].
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Pezynomamot u obcyscoenue

Ddupnoe macno Vitex agnus-castus L. npencrasiser co00il JKUIKOCTh CBETIIO-KEITOTO I[BETa
C TMPUATHBIM CBOCOOpa3HbIM 3amaxoM. XHUMHUeCKUW coctaB Vitex agnus-castus EM u
XpoMarorpamma npezacraniensl B Tabnuie 1 u na Pucynke 2 [28].

Boixon mMacna cocrasisin 1,3% (00. / Mac.) B pacueTe Ha CBeXYI0 Maccy. B o0pasmax, B3sSThIX
U3 JHMCTbEB, HPUPHOE Macio HuMeeT Ooliee BBICOKOE COAECpKAHUE KHCIOPOICOAEPKAIINX
MOHOTEPIICHOBBIX COCIUHEHH U 0O0Jee HU3KOe COJACpPKAaHHE CECKBUTEPIICHOMIOB. Bcero
UACHTH(QUIIMPOBAHO 25 KOMIIOHEHTOB, W3 HHUX B KoimuyecTBax, npepbimamomux 0,2% u
coctapisiromux 80,6% OT 1eabHOro mMacia — 22 KOMIIOHEHTOB. AHalii3 KOMIOHEHTHOIO COCTaBa
3¢uUpHOrO Macia, IOKa3al YTO OCHOBHBIMU €ro KOMIIOHEHTaMHU SBISIIOTCS TEPIEHOBbBIE
VIJIEBOAOPOABL:  O-IIUHEH, [-NWHEH, MOHOUMUKINYCCKAE MOHOTEPIICHBI,  OWIMKIMYECKHE
MOHOTEPIICHBI, MOHOTEPIICHOBBIC CITUPTHI, MOHOTEPIICHOBEIC KETOHBI U OKCUJ — 1,8-IIMHEOII.

Tabnuua 1
OCHOBHbBIE KOMITOHEHTBI D9®MPHOI'O MACIJIA V. agnus-castus L.
Bpemsa yoeporcusanus Komnonenmut Maccosas oons, %
8.694 o-iuHeH (o-Pinene) 6,1
9.35 smumoHeH (Limonene) 2,4
10.46 1,8-rmureon (1,8-Cineole) 28.3
14.16 muHanoon (Linaloole) 2,8
9.46 B-munen (B-Pinene) 13,1
9.031 cabinen (Sabinen) 0,14
9.71 3-kapeH (3-Carene) 1,8
10.27 a-tepruHeH (o —Terpinen) 2,6
11.10 y-TeprnuHeH (y-Terpinene) 0,5
12.50 numoneH (Limonen) 5,80
12.94 teprHOIEH (Terpinolene) 0,3
15.15 teprmHeH 4-om(Terpinen4-ol) 1,04
14.61 kapuodusuien (Cariofillene) 0,2
15.32 uutponeston (Citronellol) 2,95
15.68 H,H-qumetnn aneramua(N,N-dimethyl acetamid 3,84
16.21 ectparozne (Estragole) 2,82
16.29 kampen (Kamfen) 4,95
17.15 kampop (Kamphor) 0,4
17.25 murponeiie oytupare(Citronelly butyrate) 0,14
19.96 murponeiie turnare (Citronellyl tiglate) 0,3
20.80 repanwmi turiare(Geranyl tiglate) 5,4

KomOunamus Ounukiandeckue 1 MoHoTepneHoBble criupthl (34,81%) nMena caMblil BHICOKUI
MPOLIEHT CPeAH IPYTHX COCTABISIOUINX, IPU 3TOM 15 KOMIIOHEHTOB HAaXOIWJINCh B KOHIICHTPAIIUU
oonee 1%. OcHoBHBIMU KOoMIOHeHTamu ObuTH: 1,8-mmHEONn (28,3%), B-munen (13,1%), o-nuHEeH
(6,1%), mumoneH (5,8%), repanun Turnare (5,1%) kamden (5,0) u repnuaeH 4-oi (4,04%).

B DM, mnomydeHHBIX U3 JHCThEB BOCTOKa A3sepOailikaHa, 3a KOTOPBIMH CIEAYIOT
OKCUTEHUpOBaHHBbIE MOHoOTeprneHsl (1,8-muHeon, o-muHeH, [-muHEeH, caOWHeH, JUMOHEH U Y-
TEPIHUHEH ),CECKBUTEPIICHOBBIE YIIIEBOAOPOAbI (Kapro(hUIUIeH), MOHOTEPIICHONBI (TepHIUHEH 4-0I),
TPUTEPIIEHBI U AuTepIieHbl. COCTaB OCHOBHBIX KOMITOHEHTOB 3()HPHOTO Maciia BUTEKCA CBSIIICHHOTO
W3 KOJUICKIMM WHCTUTYTa COOTBETCTBYET MEKIYHAPOIHBIM CTaHaapTaMm. KolmdecTBeHHBIC
XapaKTEPUCTUKH HCCIEAYEeMOro Maclia MPAKTUYECKH IO BCEM KOMIIOHEHTaM YKIAIbIBAIOTCS B
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WHTEpBaJI TpeOyeMbIX KOHIeHTpaluii. HeGompime koneOaHusi B CTOPOHY MEHBIINX KOHIICHTpAIHA
OTMEYEHBI A1 uuTpoHeuu Oytupare u xapuodmuieHe. Ee conepkanue cocrasiser 0,1 mac.% .
Heckonpko Bblll€ B MCCIEA0BaHHBIX oOpa3uax koHueHTpauus 1,8-uuneona (28,3 mac.%). AHanus
MOJTYYCHHBIX PE3YyNIbTaTOB MOKA3bIBACT, YTO Ha JIOJII0 MOHOTEPIIEHOB puxoauTes 15 mac. %, mpudem
MOJIOBUHY U3 HUX Inpenacrasiser B-nuHeH (~13,1 mac.%).
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Pucynok 2. Xpomarorpamma adupHoro macna V. agnus-castus L. Ha xononke SR-5

OTIMUUTENEHON 0COOCHHOCTHIO MCCIIEAYyEeMOro d(pUPHOTO Macia SIBIseTCS Mpeolianaroliee
CoJZIepIKaHKe KUCIOPOACOAEPKAIUX MOHOTEPIIEHOB (0osiee 65 mac.%) 1o CpaBHEHUIO C OCTAITBHBIMU
KJIaCCaMU OpTraHUYecKUX coennHeHuid. Cpeau MOHOTEpIEHOMAOB B HaMOOJbIIEM KOJIMYECTBE
npucyTcTBYIOT 1,8-1tnneon (~28.3 mac.%), numoneH (~ 5,8 mac.%) u tepnuneH 4-oi (~ 4,04 mac.%).
CecKBUTEPIIEHOBbIE YITIEBOJOPO/bI M UX MPOU3BOIHBIE COCTABISAIOT B UCCIIEOBaHHOM Maciie ~ 0,1
Mac.%. Cpean HUX B HEOOJbIIEM KoiludecTBe oTMmedeH kapuoduieH (~ 0,2 mac.%). [Ipu stom
OCHOBHOHM BKJaJl B YBEJIMYEHHE JOJIM MOHOTEPIIEHOUJOB BHOCUT 0 M B-muHeH. Ero koiauuecTBO
nosbImaercs ot 6,1 10 13,1 mac.%. OTMeueHo NOBBIILIEHHOE CoIepKaHNe T'epaHmI TUIIaTe oOpa3nax
u3 muctheB (~ 5,4 mac.%). Ha xpomarorpamme 3¢pupHOro Macia M3 JIUCTEB, COOpaHHBIX B (aze
L[BETE€HUS, OTMEUEHO CYIIIECTBEHHOE YMEHbIIIEHNE KOJIMYECTBAa CAOMHEH U LIUTPOHEIIN OyTupare (~
7 pa3) U OTCYTCTBHE MHKa, XapaKTEepU3YyIOIIEro IUTpoHeIIH Turiate. Habmrogaercs Takoke najaeHue
KOHLIEHTPAIM1 MOHOTEPIIEHOUIOB ¢ ~ 67 110 ~ 60 Mac.%. Cpean coennHeHM 3TOro Kiiacca Hanbosee
PE3KO U3MEHSIETCsl co/iep KaHue JIMHaoona (yBenuuuBaercs B ~ 1,5 pasza) u kamdeH(yBenuunBaercs
B ~5 pa3). [Ipu sTOoM 3ameTHO BoO3pacTaer 10yig ceckBuTeprneHoB (~ B 2,0 paza) U ux
KHUCJIOPOJICOAEPIKALINX MPOU3BOAHBIX (~ B 2,4 pa3a). KauecTBeHHBIN M KOMTUYECTBEHHBIN COCTaBBI
3(pHUPHOTO Macia M3y4eHbl y BHUTEKCa CBAIIEHHOTO, Mpou3pacratomiero B Hurepuu, AmazoHuwu,
Wranuu, Typuuu, bpasuwnuu, Mapokko, FOxubiii Oeper Kpbima u B ap. crpanax. OCHOBHBIE
npousBoautenu — Typrwust, Utanus u bpaswmus [6, 8, 9, 15, 22-24].

ImaBHBIME KOMIIOHEHTaMH 3(pupHOTO Macna V. agnus-castus n3 Hurepuu spnstorcs B-nuHeH
(20,0%), Bupunudmopon (9,8%), o-nuaen (9,1%), muzomumen (8,4%), 1,8-mmreon (6,7%), PB-
dapueseH (5,4%), repnunen-4- on (4,2%), a-teprnuneon (4,1%),cis-ocimene (8,4%) u B-dennanapen
(4,1%). B roxHoit Urtamum s¢dupHOE Macio SKCTPAarupoBald W3 JHCTbEB U CaMblii BBICOKUI
koMIoHeHT — 1,8-niuneon (35,2%), cabunen (23,6%), a-nuneH (7,6%). B AmMazonke — B-papHesen
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(5,2%), 1,8 uuneon (33,5%) u cabunen (18,5%); B bpazunun — 1,8- nuneon (23,8%), B-dhapuesen
(14,6%), xapuodmminen (12,5%), cabunen (11,4%), a- Tepnununanerar (7,7%) (Tabmuma 2).
Conepkanue 3pupHOro Macia B JIHCThIX BUTeKca konebiercs ot 0,02% mo 1,3% [13, 25]. Ilpu
npouspactanuu B 1mpenenax Cpeau3eMHOMOPCKOIO pPEruoHa JTOT TOKa3aTelib B PACTEHUSIX
konebnercs ot 0,2% 1o 0,8%; 3a mpenenamu ecrectBeHHoro apeaina (bpasunus, Hurepus) taxoke
noctarodHo BbIcOK — 0,3% u 0,8% coorBercTBeHHO. Conep;kaHEe OCHOBHOIO KOMMOHeHTa 1,8-
[MHEOJIa TAKXKE KOoJIeOIeTcs B IUPOKUX mpeenax — oT 6,7% 1o 50,9%.

Tabnuna 2
COCTAB D®UPHOI'O MACJIA JIUCTBEB V. agnus-castus L.
N3 PASHBIX MECT ITPOU3PACTAHUSA
Mecmo npouspacmanus Maccosas donvs 3¢huproeo macia Ha Maccosas oona 1,8- yuneona,%
abcaonromuo cyxot sec, %
ITakucran [25] 0.02 50.9
Typuns [8] 0.20 24.3
bpazunus [9] 0.3 33.5
Mapoxkko [15] 0.35 8.7
HOxwnsrit 6eper Kprima [2] 0.79+0.1 21.8
Upan [29] 1.3 13.3
Hurepust [6] 0.8 6.7
5 5 Tabmura 3
KAUYECTBEHHbBIW 1 KOJIMMECTBEHHbBIM COCTAB D®HMPHOI'O MACJIA
JIMCTBEB V. agnus-castus L., maccoBast mons %

Komnonenm Hueepus Typyua Kpwvim bpazunus HUpan I[laxucman Mapoxkxo Hmanus
O-TIHHEH 9,1 26,9 4,78 8,9 19,4 9,0 9,76 4,0
caOWHEeH 1,2 22,7 6,8 18,5 6,89 10,8 14,57 -
B-niuHeH 20,0 1,3 - - - - - -
1,8-rHE 0N 6,7 14,20 19,1 33,5 - 50,9 19,61 15,6
BUpHUIOGIOpa 9,8 - 15,9 - - - - -

B —bapHesen 5,4 8,5 15,8 5,2 - - - 8,0
IIUCOCUMECH 8,4 - - - - - - -
TpaHcKapuouIieH - 9,13 14,3 - - - - -
O-TepIUHUI-aLeTaT - - - 6,4 - - - -
OMIHMKIIOTepMapKEeH - 2.4 13,7 3,2 - 2.4 - -
B-kapuoduieH 1,1 8,9 12,8 2,8 8,5 6,5 9,5 8,9
B-kapuoduieH - 0,6 - 0,8 - - 5,0 0,5
OKCHJI

Crnenyer OTMETHTH JTOBOJIBHO BBICOKOE conepkanue (28,3%) B cocraBe s(upHOro macia
MoHouukinundeckuit repne 1,8-mmuneon — CioHi1sO comepkuTcst kak miiaBHasi cocTaBHas 4acTh (B
koHUeHTpauu 10 80%) B 3pUpHBIX Maciax U3 JIMCTHEB 3BKAJUNTA IAPUKOBOTO, U3 BCEX yacTei
MapbuHA KOPHS, W3 IBETOYHBIX KOP3MH W JIMCTHEB MOJBIHM LUTBAapHOW, W3 PYyTHl Naxydel, B
PO3MapruHOBOM MacJe, B mandeiHoM Macie 100bIBaeMOM U3 1andest MyCKaTHOTO U B MSITHOM Maciie
u3 MAThl mnepeyHod (10 6%). LluHeon mnNpuUMEHSIOT B METUIMHE KaK aHTUCENTHYECKOe U
OTXapKHUBAOILIEE CPEJICTBO, a TaKkKe KaK KOMIIOHEHT MCKYCCTBEHHBIX 3(UpHBIX Macen. U3
MOHOTEPIEHOBBIX YIIIEBOAOPOAOB o-NMHEH U P-muHeH — Cio Hig I1aBHBIM KOMIOHEHT 3(UpPHOTO
Macla, BCTPEUAIOLIUICS B psAe XBOWHBIX JIEPEBHEB (COCHA, SBKAJMUIIT), pO3MapUHE U 3(PHUPHBIX
Macnax. OOnanaer ApeBECHO-3€MJITHUCTBIM apoMaToM, C SICHBIMH KEAPOBBIMH M COCHOBBIMU
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oTTeHKaMu. MimMeeT mMpokuii ciekTp papMaKoIOrn4eckoi aKTUBHOCTH: YIyUIlAeT MaMsATh, 00Ia1aeT
aHTHOAaKTEepHaIbHBIMU CBOWCTBAMM, aHTUOKCUAAHTHOMN, IPOTUBOOITYX0JIEBOH, TPOTHUBOCYAOPOKHOH,
IIPOTUBOSI3BEHHON U aHTUrUnepTeH3uBHoM [13].

HccnenoBanus (X0Ts IpONOPLUN KOMIIOHEHTOB pa3HbI€) MOKA3aJId, YTO KOMIIOHEHThI UMEIOT
CXOJIHO€ pacrpeieieHre. JTo OKa3bIBaeT, 4To (PUPHbIE Macia He CUIIbHO MEHSIOTCS 1aXKe B Pa3HbIX
reorpauueckux peruoHax. B 1esom Ha cocTaB 1eTy4rX KOMIIOHEHTOB 3(UPOMACIMYHBIX PACTCHUH
3HAUUTENIbHOE BIMSHHUE OKa3bIBAIOT UX TEHETUYECKOE, reorpauueckoe MPOUCXOXKACHUE U yCIOBHUS
npouspactanus [16, 17].

3axnwouenue

Ha ocHOBaHMM NPOBEJEHHBIX HCCIIEAOBAaHUN YCTAHOBJIEH KOMIIOHEHTHBIM cocTaB 3(UpPHOro
macna Vitex agnus-castus L. w3 xomnekuum uHCTUTyTa OoTanmku MHO AsepOaiimxana.
CpaBHUTENIBHBII aHAINU3 MOJYYEHHBIX PE3yJAbTaTOB M JOCTYIHOW JIMTEPATYphl MOKa3bIBAET, YTO B
BUTEKCA CBSILEHHOI'O €CTh HECKOJbKO XMMHUYECKMX KOMIIOHEHTOB 3(QUpHBIX Maceln: 1,8-uuHeodn,
NUHEHbI U TepreHsbl. [lokazaHo, 4TO ITTaBHBIMM KOMIIOHEHTAaMH HMCCIIEI0BAaHHOIO Macia SBISIOTCS,
1,8-1tuHeon, o- B MMHEH, TMHAT00J, TEPIUHEH 4-0J1, KaM(pEeH U TepaHus TUIJIATE.

bnazooapnocms.  ABTOpPBI  BBIpAXKAOT  OJaroJapHOCTh  COTPYAHHKAM  J1aOOpaTOpHH
MIPOMBIIIIEHHO BaKHBIX pacTeHuid HCTUTyTa O0TaHUKYU 32 IOMOIIb B TPOBECHUH HCCIIEIOBAHUS.
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Abstract. The present study is devoted to the investigation of morphological characteristics of
pollen grains of several fruit plants belonging to the family Rosaceae. Plants of this family bloom in
early spring and represent an important source of nectar and pollen for honey bees, thereby playing a
significant role in apiculture and in the development of bee colonies. At the same time, pollen is one
of the main factors influencing the chemical composition and quality indicators of bee products. The
aim of the study was to investigate the palynomorphological characteristics of pollen grains of several
fruit plants belonging to the Rosaceae family distributed in the flora of the Nakhchivan Autonomous
Republic, to evaluate their taxonomic significance, and to expand existing scientific knowledge. The
research material consisted of pollen obtained from cultivated plants grown in the region. Four species
that bloom in early spring and are intensively visited by bees were selected: Amygdalus communis,
Cerasus vulgaris, Malus orientalis, and Persica vulgaris. Pollen samples were collected during the
mass flowering period in the morning at the stage of newly opened flowers. Morphological analyses
were carried out using light microscopy. Samples were observed under a Bresser light microscope at
forty-times ocular magnification and documented at a resolution of 2048 by 1536 pixels. The results
showed that pollen grains of all studied species were monad-type, radially symmetrical, isopolar, and
tricolporate. Differences in pollen morphology among species were also identified. Cerasus species
were characterized by sharply triangular pollen shape, wider colpi, and clearly expressed striate
ornamentation. Malus orientalis pollen grains showed a more rounded contour, relatively narrow
colpi, and weak ornamentation. Amygdalus communis pollen exhibited triangular contour and dense
ornamentation. Persica vulgaris pollen demonstrated radial arrangement of apertures, colpi extending
toward the poles, and a densely wrinkled exine surface. Thus, the obtained results demonstrate that
morphological characteristics of pollen grains play an important role in species differentiation and
taxonomic evaluation.

Aunnomayusn. Hacrosimiee uccieoBaHHE TOCBAIIEHO H3YYEHHIO  MOPQOIOTHYECKUX
XapaKTEePUCTHUK MBUIBIEBBIX 3€PEH HECKOJIBKUX TUIOJOBBIX pacTeHH ceMelicTBa Rosaceae. Pactenus
3TOTO CEMEICTBA IIBETYT paHHEN BECHOM U SIBJISIOTCS Ba)KHBIM UCTOYHUKOM HEKTapa U MBbUIBIbI [
MEZOHOCHBIX ITYEJl, UTpasi TEM CaMbIM 3HAYUTEIBHYIO POJIb B ITUEIOBOJICTBE U PA3BUTHUHU ITUEIHHBIX
cemeid. IIpu 5TOM IbUIBLIA ABISETCS OJHUM U3 OCHOBHBIX (DAaKTOPOB, BIMSAIONIMX HA XMMUYECKHUH
COCTaB U IOKAa3aTeJIM KayecTBa MPOAYKTOB MUENOBOACTBa. Llenbio uccienoBanus ObUIO M3yueHHE
MaTUHOMOP(OIOTUYECKUX XapaKTEPUCTUK TMbUIBIEBBIX 3€PEH HECKOJIbKUX IUIOIOBBIX PAacTeHUN
cemeiictBa Rosaceae, pacnpoctpaHeHHbIX Bo ¢uope HaxubiBanckoit ABToHOMHOH PecmyOnuky,
OLIEHKa HX TAKCOHOMHYECKOIO 3HAUEHUs U PpACIIMPEHHUE CYIIECTBYIOIIMX HAyYHbIX 3HAaHUU.
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Marepuan WCCIIEIOBaHHS COCTOSUT W3 TBUIBIBI, TOJXYYEHHOW C KYyJIBTYPHBIX PACTCHHIA,
MPOU3PACTAIONIMX B pPErHoHe. bbUTM BBIOpaHBI YeThIpe BHJA, IBETYIIME paHHEW BECHOH U
WHTEHCUBHO TOcemaembie muenamu: Amygdalus communis, Cerasus vulgaris, Malus orientalis n
Persica vulgaris. O6pa3upl NbUIBLIBI COOUPAIM YyTPOM B MEPUOJ MACCOBOTO I[BETCHHUS, HA CTAIHH
TOJIBKO YTO PACIyCTHBIIUXCS IIBETKOB. MOP(OIOTHYESCKUI aHAIN3 TPOBOAMIN C UCIIOIb30BaHHEM
CBETOBOM MHUKpockomuu. OOpas3ipl HAOMIONANM IO CBETOBBIM MHKpOCKoroM bpeccepa mpu
COpPOKAKpAaTHOM YBEJIIMUECHUU OKYJIpa U JOKYMEHTHPOBaJIu ¢ pazpemienrem 2048 x 1536 nukcenei.
Pesynbrarhl mokasaiu, 4TO TBUIBLIEBBIE 3€pPHA BCEX W3YyUEHHBIX BUJIOB OBLIM MOHAJIHOTO THIIA,
paluaNibHO-CHMMETPUYHBIMU, H30TIOSIPHBIMU U TpexOopo3quaThiMu. Takxke OBUTM BBISIBICHBI
paznuursi B MOP(OJIOTHUU TBUIBIBI MEXTy BuaaMu. Bunel pona Cerasus XxapakTepu30BaIUCh PE3KO
TPEyroJabHON (HOpMOH MBUIBIBI, 0OJee MUPOKUMH OOPO3AKAMU U YETKO BBIPAKEHHOW IOJI0CATON
opHameHnTanuei. [TeibrieBbie 3epua Malus orientalis nmeny 6oiiee OKPYIJIBbINA KOHTYP, OTHOCUTEIHHO
y3kue 0opo3nku U cnabyro opHameHrtanuto. [Ibubnia Amygdalus communis ¥Mena TpeyrojabHbIH
KOHTYp W IUIOTHYIO oOpHameHtanuto. [lputbnia Persica vulgaris memMoHcTpupoBaia paaualibHOE
pacIioioKeHne anepryp, OOpO3IKH, MPOCTHUPAIOMIMECS K MOJICaM, M IUIOTHO MOPIIMHHUCTYIO
MOBEPXHOCTh OSK3MHBL. [loydeHHBIE pe3ylbTaThl JEMOHCTPUPYIOT, YTO MOP(HOIOTHYECKHe
XapaKTePUCTUKHA TBUIBLIEBBIX 3€PEH WIPAIOT BAXHYIO poJib B JUGQPEpeHIManud BHIOB U
TaKCOHOMHUYECKOH OIICHKE.

Keywords: Rosaceae, pollen, bee pollen, palynomorphology, apiculture.
Kniouesvie crnosa: Rosaceae, mbuibla, MUSTUHAS MBUIbIA, TATMHOMOP(OIIOTHS, TTUEITIOBOICTBO.

The family Rosaceae includes more than three thousand species belonging to approximately
one hundred genera. In the flora of the Nakhchivan Autonomous Republic, one hundred fifty-three
species belonging to thirty genera of this family have been recorded. The Rosaceae family plays a
significant role in the formation of the rich and diverse vegetation cover of the autonomous republic.
This family includes trees, shrubs, and herbaceous plants, among which both wild and cultivated fruit
plants are of considerable importance. The majority of fruit plants belong to the genera Malus, Pyrus,
Prunus, Cerasus, Armeniaca, and Amygdalus, which occupy an important place in human nutrition
and are consumed fresh, dried, or processed. Plants belonging to the Rosaceae family are of particular
importance for apiculture. Many species bloom in early spring and provide rich nectar and pollen
sources for honey bees. Therefore, Rosaceae plants play an important role in the development of bee
colonies, especially in supplying food reserves during the spring period. In addition, flower pollen
plays an important role in the formation of the chemical composition and quality characteristics of
bee products. Pollen-producing plants serve as a source of proteins, amino acids, vitamins, minerals,
and phenolic compounds for honey bees. The diversity and quantity of pollen present in bee products
depend on the composition and abundance of plants forming the forage base. To determine the
botanical origin of bee products, the characteristics of pollen grains from different regions must be
known, since pollen grains possess species-specific features. Furthermore, studying the biochemical
composition of plant pollen allows prediction of the chemical composition, nutritional value, and
pharmacological significance of bee products. Scientific studies on the morphological structure of
pollen grains of flowering plants serving as food sources for bees in the Nakhchivan Autonomous
Republic are limited [6, 10, 11, 13, 14].

The aim of this research was to evaluate the taxonomic significance of palynomorphological
characteristics of pollen-producing plants belonging to the Rosaceae family in the flora of the
Nakhchivan Autonomous Republic and to expand existing knowledge in this field.
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Materials and Methods

The material for the study consisted of pollen grains of cultivated fruit plants belonging to the
Rosaceae family grown in the Nakhchivan Autonomous Republic. Four species that bloom in early
spring and are frequently visited by honey bees were selected: Amygdalus communis, Cerasus
austera, Malus orientalis, and Persica vulgaris. Pollen samples were collected during the mass
flowering period in the morning when flowers had just opened.

The morphological structure of pollen grains was studied using light microscopy. Standard
methods described by Gunnar Erdtman for pollen morphology studies were applied. The samples
were processed using the acetolysis method according to standard palynological procedures.
Microscopic preparations were made using glycerin alcohol solution and fuchsin stain.

Morphological observations were carried out using a light microscope. Pollen grains were
examined under forty-times ocular magnification, and images were recorded at a resolution of 2048
by 1536 pixels. Terminology used for morphological descriptions followed the palynological
terminology proposed by Kupriyanova and Alyoshina.

Results and Discussion

Pollen morphology was studied using modern palynological approaches. The study of pollen
grains allows determination of both geographical and botanical origin of bee products and enables
evaluation of their quality. Due to increasing global population and changes in dietary patterns,
protein deficiency is predicted in the future. Therefore, increasing the use of high-quality protein-rich
foods is recommended. Among such foods, bee pollen occupies a special place. Bee pollen is a
valuable food product consisting of flower pollen rich in proteins and amino acids.

The pollen grains of all studied plant species were examined in polar view. According to
morphological structure, pollen grains were spherical or subprolate, tricolporate, and characterized
by reticulate exine ornamentation. These features correspond to general pollen characteristics of the
Rosaceae family. In all studied plant species, pollen grains were examined in polar view. According
to their morphological structure, the pollen grains are spherical or subprolate, tricolporate, and the
exine exhibits a reticulate ornamentation (Figures 1-4). These morphological characteristics were
consistent with the general pollen features of the Rosaceae family. Specific species belonging to the
genus Rosa are radially symmetrical, isopolar monads. The pollen grains are tricolpate, rarely
tetracolpate. The apertures are well-developed, spherical or elliptical, and are usually located in the
central part of the colpus. The exine surface is predominantly striate, and very rarely sparsely striate.
(3,4, 18].

Persica vulgaris Mill., belonging to the genus Persica Mill. of the Rosaceae family, is one of
the most valuable fruit plants widely cultivated in the autonomous republic. Its flowering period
occurs in March-April [16].

As a plant that provides both nectar and pollen, it is of great importance for the nutrition of bees
in early spring. The botanical origin and quality of bee products are primarily determined by flower
pollen. The micromorphological characteristics of the flower pollen of Persica vulgaris Mill. were
studied using light microscopy. The flower pollen grains of the species Persica vulgaris Mill. are
monad-type and have a tricolporate structure in polar view. In polar view, the apertures are radially
arranged, extending toward the poles and gradually narrowing at the ends. The pores are slightly
protruding, blunt-shaped, and the inner membrane (intine) is clearly observable. A densely wrinkled
(scabrate-reticulate) ornamentation was observed on the exine surface. The morphological
characteristics of flower pollen of the species Persica vulgaris Mill. cultivated near Belarus were
studied by I. N. Golubkova. It was observed that the pollen grains have a triangular shape, a striate
exine, and the apertural striations extend toward the center and narrow [8].
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Figure 1. Persica vulgaris Mill. flower pollen

In the Nakhchivan Autonomous Republic, three species of the genus Amygdalus L. of the
family Rosaceae Adans. are found (two of which are cultivated). Among these, Amygdalus
communis L. is a species widely cultivated by the local population and holds significant importance
for the food industry [16]. Almond kernels are widely used in the food industry due to their high
protein content and richness in amino acids [17]. Additionally, almond pollen is distinguished by its
high content of proteins, lipids, phenolic compounds, vitamins, and minerals. In a study conducted
by Huseynova A. et al., the total flavonoid content in the pollen of almond (Amygdalus communis L.)
was determined using spectrophotometric methods to be 10.29+1.16% [9]. Furthermore, the early
spring flowering of the almond plant and its active pollination by honeybees indicate that almond
pollen is one of the first food sources for bees during the spring season [2].

Figure 2. Amygdalus communis L.

The flower pollen grains of the species Amygdalus communis L. are monad-type and
predominantly isopolar in structure. The pollen grains have a tricolporate shape in polar view. The
apertures consist of three colpi extending toward the poles, radially arranged, and observed to be not
very deep toward the center. The pores located in the center of the colpi appear larger in size, and the
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intine membrane is clearly distinguishable. Based on light microscope observations, a relatively
densely striate ornamentation is observed on the exine surface.

In the Nakhchivan Autonomous Republic, the species Malus orientalis Uglitzk., belonging to
the genus Malus Mill. of the family Rosaceae Adans., is found from mid-mountain zones to high
mountain areas, on mountain slopes and foothills. Depending on the altitude, it flowers in April-May
[1, 15]. Malus orientalis Uglitzk. is a nectar- and pollen-producing plant. The pollen grains of the
species Malus orientalis Uglitzk. are monad-type and isopolar in structure. In polar view, the pollen
grains belong to the tricolporate type. The colpi are oriented extending toward the poles. It is observed
that pores are located in the central part of each colpus, although it can be noted that they are not very
wide. The exine wall is clearly visible, and based on light microscope observations, it is determined
that the surface has a weakly striate ornamentation (Figure 3).

Figure 3. Malus orientalis Uglitzk.

In a study conducted by Dyakova I. N., the pollen morphology of several species belonging to
the genus Malus was investigated. Based on the results, it was determined that all pollen grains in the
studied species had a tricolporate structure, which is characteristic of the genus Malus. The colpus is
deep but ends at the poles, and the poles are rounded. The exine is striate [5].

In the flora of the Nakhchivan Autonomous Republic, two species of the genus Cerasus Mill.
— C. vulgaris and C. austera — are cultivated under cultural conditions [1]. C. vulgaris is a valuable
fruit tree and is observed to be widely distributed across all districts of the autonomous republic. The
flowering period of the plant occurs in March—April or April-May depending on the altitude zone.
Its fruit has a sour-sweet taste and is rich in organic acids, vitamins, sugars, anthocyanins,
polyphenolic acids, and macro- and microelements [16]. Since its flowers are abundant in pollen and
nectar, it holds special importance for beekeeping enterprises [7].

The pollen grains of Cerasus vulgaris L. are monad-type and isopolar in structure. In polar
view, the pollen grains have a triangular outline and belong to the tricolpate type. The apertures
consist of three colpi, radially arranged, extending toward the poles and narrowing at their ends. The
colpus ends are generally acute in shape. The exine wall is clearly distinguishable. Based on light
microscope observations, the exine surface is characterized by striate ornamentation.

Momeni and colleagues studied the pollen morphology of different genotypes of sour cherry
(Prunus cerasus). Based on the results of the study, it was determined that all pollen grains are
isopolar, radially symmetrical, and have a tricolpate structure. Certain differences in the length and
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width dimensions of pollen grains were recorded among different genotypes. The colpi are
symmetrical, extending toward the poles and narrowing. The colpus ends are generally acute and their
length constitutes approximately 87.6% of the polar axis (RCLP). The colpus membrane differs from
the exine surface and is covered with irregularly shaped granules. Examination of the pollen exine
revealed striate ornamentation forms with varying numbers of ridges [12]. The observations
conducted indicate that the morphological characteristics of the studied Prunus cerasus pollen are
largely consistent with the results obtained by Momeni and colleagues.

Figure 4. Cerasus vulgaris L.

Pollen types allow for the identification of plant sources used by bees during the production of
honey and other beekeeping products. The significance of these studies lies in the fact that they enable
the detection of medicinally important and allergenic plant pollen present in the composition of honey
and bee pollen, which can affect its quality. In several developed countries, determining the botanical
origin of pollen in honey is one of the mandatory requirements included in state standards.

Conclusions

Pollen grains are classified and analyzed using modern palynological methods. However, in our
study, we only examined the structure of pollen grains and their exine surface pattern using light
microscopy (LM). In the results, we analyzed the similarities and differences in pollen morphology
for each species. In these four species, pollen grains are monad-type, radially symmetrical, isopolar,
with tricolporate apertures, and have a triangular outline in polar view. As a result of the palynological
studies conducted, certain differences in pollen morphology were identified among the
species. Cerasus vulgaris pollen has a more sharply triangular shape, distinguished by protruding
polar areas and a broader structure of the colpi; striate ornamentation is clearly observed on the exine
surface. Malus orientalis pollen, on the other hand, is characterized by a more rounded-triangular
shape, smooth contours, relatively narrow colpi, and faint ornamentation. In Amygdalus
communis pollen, the triangular contour is clearly visible, the colpi are weakly triangular, and the
exine surface is characterized by relatively dense ornamentation. Persica vulgaris pollen is triangular
in shape, with apertures radially arranged in polar view. The colpi extend toward the poles and
gradually narrow at the ends. The pores are slightly protruding and blunt-shaped. Densely wrinkled
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(scabrate-reticulate) ornamentation is observed on the exine surface. In future studies, our aim is to
examine pollen structures using Scanning Electron Microscopy (SEM).
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TAKCOHOMMYECKHWH COCTAB Y UCHOJb30BAHUE POJA Satureja L.,
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ABTOHOMHOM PECITYBJINKE
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Abstract. This article provides information on the taxonomic spectrum and uses of the species
included in the genus Savory (Satureja L.) of the family Lamiaceae (Lamiaceae Martinov, nom.
cons.), common in the flora of the Nakhchivan Autonomous Republic. As a result of the studies, it
was established that there are two species of this genus in the flora of the Nakhchivan Autonomous
Republic. According to literary data and our studies, species belonging to this genus are used in the
spicy-aromatic and medicinal spheres.

Aunomayus. TIpUBOASTCS CBENEHUS O TAaKCOHOMHYECKOM CIIEKTpE W HalpaBIICHHUSIX
MCIOJIb30BaHMs BUJIOB pojia yabep (Satureja L.) cemeiicTBa sicHoTKoBbIX (Lamiaceae Martinov, nom,
cons.), pacrnpocTpaHeHHBIX BO (rope HaxubiBanckoii ABroHOMHOH PecnyOnmuku. B pesynbrare
IIPOBEJICHHBIX UCCIIEIOBAHNUN YCTaHOBIIEHO, UTO BO (iiope HaxubiBaHckoit ABToHOMHOM PecnyOnuku
BCTpevaroTcsi 2 Buaa 3Toro pona. CormacHO JUTEpPaTypHBIM JaHHBIM M HAIINM HCCICIOBAHHSIM,
BUJIbI, OTHOCSINUECS K 3TOMY POAY, MCHOJIB3YIOTCS B MPSIHO-apOMaTHYECKOM M JIEKapCTBEHHOU

cdepax.
Keywords: Satureja L., genus, spicespecies.
Knroueswvie cnosa: Satureja L., pon, NIpsSHOCTS.

The flora of Nakhchivan is very rich and diverse, which is due to the varied climatic and
geographical conditions. The flora of Nakhchivan includes many species, both endemic and common
to the flora of Azerbaijan as a whole. One of the widespread families in the flora of the Nakhchivan
Autonomous Republic is the Dalamazid. The distribution of the Dalamazid family occupies an
important place in the flora of this region. In semi-arid areas and mountainous regions, these plants
effectively use water resources. The warm summers and cold winters of Nakhchivan determine the
life cycle of these plants. Plants belonging to this family are common in various ecosystems of
Nakhchivan's nature, increasing the richness of the local flora. At the same time, these plants play an
important role in the local economy, especially as agricultural and medicinal plants. Dalamazid also
remains one of the main elements of Nakhchivan's nature, maintaining ecological balance. The family
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is represented by 31 genera and 135 species. In Azerbaijan, there are 6 species of the genus, and in
the Nakhchivan Autonomous Republic, there are 2 species.

Material and methodology of the study
Studies were conducted in various areas of the Nakhchivan Autonomous Republic between
2024 and 2025. The study area spanned the territory from the lowlands to the upper mountain belt of
the region. Species of the genus Satureja L. were used as material. The most recent taxonomic
changes for species belonging to the genus Satureja L. were verified using World Flora Online
(https://www.worldfloraonline.org).

Duscussion and results of the study
In the Nakhchivan Autonomous Republic, the genus Senecio is one of the important plant
groups included in the rich flora of the region. In Azerbaijan, there are 6 species of this genus, and in
the flora of the Nakhchivan Autonomous Republic, there are 2 species. The systematic composition,
ecological groups, range class, altitudinal zonation, and flowering and fruiting phases of the species
included in the genus are given in the table below (Table).

Table
TAXONOMIC COMPOSITION OF SPECIES OF THE GENUS Satureja L.
Species name Environmental  Altitude zone Areal class Flowering and
groups fruiting phase
Satureja hortensis L. Xerophyte Middle Asia Minor VI, VIII-IX, X
Satureja macrantha C.A.Mey. mountain belt  Northern Iran VI, VII-VIIL, IX

When analyzing the ecological groups of species specific to the genus, it was found that both
belong to the ecological group of xerophytes. Based on the collected literature data and our own field
studies, it has been established that the species of the genus belong to different areas, which allows
us to determine their migration routes to this territory. Based on zonal and regional principles, it has
been established that the species included in the genus are grouped into two areas. As noted in the
table, the areas of Asia Minor and Northern Iran are represented by one species each.

Satureja L. (Satureja hydrangea). Plants with one or more entire leaves on short stems. Calyx
bell-shaped, with 10-13 veins, two-lipped or correctly 5-toothed. The upper lip of the corolla is
hollow and straight; the lower is three-lobed and folded. The lower stamens are shorter than the upper
ones. Six species of the genus are common in Azerbaijan, and two species are found in the
Nakhchivan Autonomous Republic.

Satureja hortensis L. It is found on rocky-stony, clayey slopes and slopes of the middle
mountain belt. An annual plant used as a spice and medicine. It is mainly added to dishes, has
antioxidant, antimicrobial and other useful properties.

Satureja macrantha C. A. Mey. It is found on rocky-stony, clayey slopes and slopes of the
middle mountain belt. It is widely used as a plant with various beneficial properties. It has a positive
effect on the digestive system, especially due to its antiseptic and expectorant properties.

Numerous species of the Cyperaceae family are widespread in the mountainous and semi-arid
regions of Nakhchivan. These plants are usually found on plateaus, meadows, pastures, forest edges
and even on mountain slopes.

The Nakhchivan Autonomous Republic, which is mentioned as the study region, is a favorable
region for xerophytic plants in terms of climatic and geographical conditions. The xerophytic
ecological group of plants includes drought-resistant plants that are adapted to dry climates. They use
water efficiently due to a number of adaptations. The role of xerophytes in ecosystems is very
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important because they protect the soil, provide food and shelter for animals, and maintain the
sustainability of the natural environment. Due to their ecological and economic importance,
xerophytes bring significant benefits to both nature and humans [6, 7].

Regardless of the region under study, herbaceous plants in all areas closely interact with species
of a number of families and form various groups [9, 11].

Xerophytic herbaceous plants of Nakhchivan are a branch associated with the cultivation of
low-water and drought-resistant plants, taking into account the arid climate and soil conditions of the
region. Xerophytic plants grow in accordance with the local flora of the semi-desert and steppe zones
of Nakhchivan and can be used both in agriculture and livestock breeding. Xerophytic herbaceous
plants have great potential for local agriculture and farming, ensuring the efficient use of soil and
water resources [1, 2, 8, 10].

Along with herbaceous plants, forest and shrub plants are widespread, forming a variety of
complex ecosystems. These ecosystems play a key role in maintaining the ecological balance,
providing significant support to the local flora and fauna. Thus, in the formed phytocenoses, the
dominant species are plants of the families Fabaceae, Malvaceae, Rosaceae and many others [3-5].

Thus, the above does not fully reflect the features of the use of species of the genus Satureja L.
We consider it appropriate to comprehensively study all the features of the genus under study in our
further research.

Conclusion

1. During the conducted research it was established that in the flora of the Nakhchivan
Autonomous Republic there are 2 species of the genus Satureja L. It was established that both species
of the genus are medicinal and spicy-aromatically valuable plants.

2. During the analysis of ecological groups of species included in the genus it was established
that both species of the genus are xerophytes.

3. According to the analysis of ranges, 1 species of the genus is found in Northern Iran, and 1
in Central Asia.
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identifying the studied species
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Abstract. The article investigates the bioecological features of early-spring vegetation species
belonging to the Asteraceae Dumort. family distributed within the territory of the Nakhchivan
Autonomous Republic. The research was conducted in 2025-2026 using the route-expedition
method, covering different landscapes and altitudinal belts of the region. Based on field observations
and the analysis of scientific literature, it was determined that the early-spring flora of the Asteraceae
family in Nakhchivan AR includes 28 species belonging to 16 genera. The results showed that these
species are mainly distributed in foothill, lower-mountain, and middle-mountain zones, and partly in
semi-desert landscapes. According to life-form classification, the majority of the species are
therophytes and hemicryptophytes. These plants develop rapidly during the early spring period when
soil moisture is relatively high, complete flowering and seed formation within a short vegetation
period, and thus adapt to the arid summer conditions of the region. The research made it possible to
determine the bioecological characteristics of early-spring representatives of the Asteraceae family
in the flora of the Nakhchivan Autonomous Republic and to evaluate their distribution and ecological
role. The obtained results are of scientific importance for a deeper understanding of the floristic
composition of the region and for the conservation of its vegetation cover.

Annomayusn. ViccnenoBaHbl OMOSKOJIOTHYSCKHE OCOOCHHOCTH BHUIOB ceMmelicTBa Asteraceae
Dumort., xapakTepu3yonmxcsi paHHEBECEHHEN BereTalueld U paclipoCTPaHEHHBIX Ha TEPPUTOPUH
HaxubiBanckoit ABToHOMHOW Pecnyonmuku. WcecnenoBanuss npoBoaunuck B 2025-2026 rr.
MapHIpyTHO-IKCIEAUITMOHHBIM METOJIOM, OXBaTHIBAIOIIMM pa3IMYHbIe JaHAMA(THl U BBICOTHBIC
nosica peruoHa. B pesynbTare MOJEBBIX HAOMIOACHUN WM aHAIM3a JHUTEPATYPHBIX HCTOYHUKOB
yCTaHOBJEeHO, 4TO BO ¢uope HaxuniBanckoit AP paHHeBeceHHHME BHIBI ceMmeiicTBa Asteraceae
MpeJICTaBICHBI 28 BUAaMU, OTHOCAIUMUCS K 16 ponam. MccnenoBanust mokas3aiu, 4TO JaHHBIE BUbI
MPEUMYIIECTBEHHO PACIIPOCTPAHEHBI B MPEATOPHBIX, HWYKHETOPHBIX M CPEIHETOPHBIX Tosicax, a
YaCTUYHO TaK)Ke B MOJYMyCTHIHHBIX JaHAmadTax. [1o xu3HeHHBIM (hopMaM OOJIBITMHCTBO U3 HUX
OTHOCSTCS K TepoduTaM M reMukpuntoduram. Bumasl xapakTepusyroTcs OBICTPHIM Pa3BUTHEM B
PAaHHEBECEHHHUI TMepuoj, KOIrJa BIAXHOCTh MOYBBl OTHOCUTEIBHO BBICOKAs, W 3a KOPOTKHUMI
BETETAIMOHHBIN TIEPHOJ] yCTEBAIOT 3allBECTH W CHOPMHUPOBATH CEMEHA, UTO SIBISCTCS BaKHOU
ajanTalyedl K 3aCylIUIMBBIM YCIIOBHSM JIETHETO ce30Ha. [IpoBenéHHbIE McciienoBaHus MO3BOJIMIIN
OTIpEeACTUTh OUOIKONOTUYECKHE OCOOEHHOCTH pPAHHEBECEHHHMX TpEACTaBHTENEH ceMelcTBa
Asteraceae Bo (prope HaxusiBarckoii AP, a Takke OIIEHUTh UX pACIPOCTPAHEHUE U SKOJIOTHUECKYIO
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ponb. IlomyueHHble pe3ynbTaThl MMEIOT HaydyHOE 3HayeHHE [UIsi Oosiee TIIyOOKOro H3y4eHHUs
(bIOPUCTHYECKOTO COCTaBa PErMOHA U COXPAaHEHUS €r0 PaCTUTEIILHOTO TTOKPOBA.

Keywords: Asteraceae, early spring plants, bioecological features, genus, species.

Kniouesvie cnosa: Asteraceae, paHHEBECEHHHE PAaCTCHUs, OMOIKOJIIOTUIECKAE OCOOCHHOCTH,
po, BUJIL.

The territory of the Nakhchivan Autonomous Republic is considered one of the important
phytogeographical regions of Azerbaijan due to its rich biodiversity and unique floristic composition.
The region's complex relief, the presence of different altitudinal belts, its sharply continental climate,
and the diversity of soil cover create favorable conditions for the development of plants belonging to
various ecological groups. Despite the arid climate, the flora of Nakhchivan is represented by relict,
endemic, and widely distributed species, making the region's vegetation cover of particular scientific
interest. In this regard, the systematic study of individual plant families occurring in the area is one
of the main directions of floristic research.

One of the most important families in the flora of Nakhchivan, distinguished by its species
diversity and ecological plasticity, is the Asteraceaec Dumort. family. Representatives of this family
play a significant role in the formation of natural phytocoenoses and the protection and restoration of
soil cover; they are also important as food, forage, medicinal, melliferous, and ornamental plants.
Species belonging to the Asteraceae family are mainly distributed in semi-desert, foothill, and
mountainous zones and are characterized by their ability to adapt to various ecological conditions.

The early spring vegetation species of this family are particularly noteworthy. These plants
efficiently utilize short-term humid conditions and moderate temperatures, completing their
vegetative cycle rapidly and thus avoiding the adverse effects of the dry summer season. The
bioecological characteristics of early spring species — such as life forms, phenological development
stages, distribution areas, and phytocoenotic roles — make it possible to determine their functional
significance within the ecosystems of the region.

The main objective of the present study is to investigate the bioecological characteristics of
early spring plants of the Asteraceae family distributed in the territory of the Nakhchivan Autonomous
Republic, as well as to determine their distribution areas, life forms, and roles within phytocoenoses.
The research carried out in this direction contributes to a deeper understanding of the regional flora
and serves as a scientific basis for the development of measures aimed at the conservation of
vegetation cover.

Materials and research methods

The research was conducted between 2025 and 2026 in various regions of the Nakhchivan
Autonomous Republic. The research material comprised samples collected from natural populations
of early spring vegetation genera belonging to the Asteraceae family distributed within the region.
During field studies, the route-expedition method was employed, covering various altitudinal belts,
including foothill, mountainous, and semi-desert landscapes. Species distribution areas, frequency of
occurrence, and phytocoenotic positions were recorded through field observations.

During the study period, phenological observations were carried out for selected species, and
their vegetation stages (germination, flowering, fruiting, etc.) were comparatively studied in relation
to early spring aspects. The collected herbarium specimens were dried under laboratory conditions
and prepared according to standard techniques. Following systematic identification, the specimens
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were deposited in the relevant herbarium collection. For each species, biomorphological traits, life
forms, ecological groups, and geographical distribution types were determined.

Classical floristic sources such as “Flora of the Caucasus”, “Flora of Azerbaijan”, “Plant World
of Azerbaijan” by A. M. Asgarov, and several works on the systematics of higher plants were used
for the identification and nomenclatural verification of early spring species of the Asteraceae family
[1-3;5; 8-11; 13; 15-17].

The latest nomenclatural and taxonomic updates were verified according to the World Flora
Online database (https://about.worldfloraonline.org/).

Discussion and conclusions of the study

As a result of the research conducted, the species composition, distribution characteristics, and
ecological position of early spring vegetation genera belonging to the Asteraceae family distributed
within the territory of the Nakhchivan Autonomous Republic have been determined. It has been
established that these genera are mainly distributed in the foothill, lower, and middle mountain belts,
and partly in semi-desert landscapes. Early spring species are characterized by a short vegetation
period and rapid ontogenetic development, enabling them to make maximum use of the humid
conditions of the spring season. In this respect, early spring plants of this family are of considerable
ecological importance [4, 6, 7, 12, 14].

Based on an analysis of literature and field research, 28 species across 16 genera of early spring
Asteraceae distributed within the Nakhchivan Autonomous Republic were investigated. We have
compiled the taxonomic spectrum of these species.

Fam: Asteraceae Dumort.
Genus: 1. Filago L.
1(1) Filago pyramidata L.
Genus: 2. Anthemis L.

2(1) Anthemis haussknechtii Boiss. & Reut.

Genus: 3. Tripleurospermum (Chamaemelum Mill.)

3(1) Tripleurospermum parviflorum (Willd.) Pobed.

Genus: 4. Xeranthemum L.
4(1) Xeranthemum cylindraceum Sm.
Genus: 5. Carduus L.

5(1) Carduus pycnocephalus. subsp. Albidus M. Bieb. (C. albidus)

5(2) Carduus pycnocephalus. subsp. cinereus M. Bieb. (C. cinereus)

5(3) Carduus nervosus K. Koch.

5(4) Carduus onopordioides Fisch. ex M.Bieb.

Genus: 6. Amberboa (Pers.) Less.

6(1) Amberboa nana (Boiss.) Iljin. — Yatiq amberboa

Genus: 7. Heteracia Pisch. et Mey.
7(1) Heteracia szovitsii Fisch. et C.A.Mey. — Sovis heterasiyasi
Genus: 8. Garhadiolus Jaub. et Spach.
8(1) Garhadiolus hedypnois Jaub. & Spach.
8(2) Garhadiolus papposus Boiss & Buhse
Genus: 9. Picris L.
9(1) Picris pauciflora Willd. — Azgigok kokravari
Genus: 10. Tragopogon L.
10(1) Tragopogon coelesyriacus Boiss.
10(2) Tragopogon graminifolius DC.
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10(3) Tragopogon sosnowskyi Kuth.
Genus: 11. Scorzonera L.
11(1) Scorzonera cana (C.A.Mey.) O. Hoffm.
11(2) Scorzonera laciniata L.
11(3) Scorzonera lanata M. Bieb.
11(4) Scorzonera leptophylla (DC.) Krasch. et Lipsch
Genus: 12. Taraxacum Wigg.
12(1) Taraxacum officinale Wigg.
12(2) Taraxacum praticola Dahlst.
Genus: 13. Sonchus L.
13(1) Sonchus asper (L.) Hill.
13(2) Sonchus oleraceus L.
Genus: 14. Lactuca L.
14(1) Lactuca undulata Ledeb.
Genus: 15. Crepis L.
15(1) Crepis pulchra L.
15(2) Crepis sancta (L.) Bornm.
Genus: 16. Tussilago L.
16(1) Tussilago farfara L.

The early spring species of the Asteraceae family distributed within the territory of the
Nakhchivan Autonomous Republic are characterized by certain common morphological, ecological,
and biological features.

The majority of the species belonging to this family are annual and perennial herbaceous plants.
In terms of life forms, therophytes (annuals) and hemicryptophytes (perennial plants with renewal
buds located near the soil surface) predominate. The root system is usually taprooted or possesses
well-developed lateral roots, which allows these plants to absorb water from deeper soil layers under
arid climatic conditions.

A characteristic morphological feature of the Asteraceae is the capitulum (flower head) type of
inflorescence, which demonstrates a high degree of specialization in terms of pollination. The flowers
are mainly entomophilous (insect-pollinated) and attract insects by means of brightly colored ligulate
or tubular florets. The fruit is of the achene type and is often provided with a pappus (hair-like
structures), which ensures anemochorous (wind-mediated) dispersal.

From an ecological perspective, representatives of this family are mainly xerophytic and
mesoxerophytic. They are widely distributed in semi-desert, foothill, and mountainous zones,
primarily in open sunny habitats, and sometimes in areas affected by anthropogenic influence. Early
spring species develop rapidly at the beginning of the vegetation period — when soil moisture is
relatively high — quickly enter the generative phase, and complete their life cycle after producing
seeds. This feature represents a key adaptation to short-term favorable climatic conditions.

From a phytocoenotic point of view, species of the Asteraceae participate in various plant
communities, including semi-desert, meadow, mountain-steppe, and sparse shrub phytocoenoses, and
in some cases occupy dominant or subdominant positions. At the same time, several species possess
medicinal, forage, and ornamental value.

Thus, the early spring representatives of the Asteraceae family recorded in the territory of the
Nakhchivan Autonomous Republic share similar bioecological adaptation mechanisms, while each
species is distinguished by its own specific morphological and ecological characteristics. The
bioecological features of each of these species are presented separately below [19, 21, 24, 25].
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Filago L. — Annual plants, densely woolly-pubescent; capitula small, involucre imbricate; outer
bracts herbaceous and externally pubescent, inner florets female. Receptacle cylindrical or flat; outer
slender tubular female florets arranged in several rows and located in the axils of the involucral bracts;
inner florets few, tubular, bisexual and 4-5-lobed. The genus is represented by 3 species in Azerbaijan,
all of which occur in the Nakhchivan Autonomous Republic.

Filago pyramidata L. — An annual herbaceous plant 5-25 cm in height. Stem erect or branched
from the base, densely covered with woolly hairs. Leaves alternate, small, oblong-lanceolate and
densely pubescent. Capitula very small, forming dense clusters at the apices of stems and branches.
Florets tubular, pale yellowish; fruit a small achene. Distributed in plains and the lower mountain belt
in dry habitats. Xerophyte. Chorological type: European. Medicinal and ornamental plant. F1. IV-V;
Fr. V-VL

Anthemis L. — Annual or perennial plants with pinnately dissected leaves. Capitula many-
flowered. Ray florets arranged in a single row, ligulate, white or yellow; disc florets bisexual, tubular
and 5-toothed. Involucre imbricate and multi-seriate. The genus includes 14 species in Azerbaijan, 8
of which occur in the Nakhchivan Autonomous Republic.

Anthemis haussknechtii Boiss. & Reut. — An annual or biennial herb 1540 cm high. Stem erect,
branched in the upper part and sparsely pubescent. Leaves alternate, 2—3-pinnately dissected, with
small linear segments. Capitula solitary; ray florets white and ligulate, disc florets yellow, tubular and
bisexual. Fruit a small achene. Distributed in the lower mountain belt on dry stony slopes. Xerophyte.
Chorological type: Irano-Turanian. Ornamental plant. F1. IV-VI; Fr. VIL.

Tripleurospermum (Chamaemelum Mill.) — Annual or perennial herbaceous plants. Stems
usually erect, branched, sparsely pubescent or glabrous. Leaves alternate, 2—3-pinnately deeply
dissected with small linear segments. Capitula solitary or arranged in sparse inflorescences, many-
flowered. Ray florets ligulate, usually white and female; disc florets tubular, yellow and bisexual.
Involucral bracts imbricate, several-seriate and elongated. Fruit an achene, usually ribbed and without
pappus.

Tripleurospermum parviflorum (Willd.) Pobed. — An annual herbaceous plant about 1040 cm
high. Stem erect, branched in the upper part and sparsely pubescent. Leaves alternate, deeply
dissected into small linear segments. Capitulum small; ray florets white and ligulate, disc florets
yellow and tubular. Fruit an elongated achene. Distributed up to the middle mountain belt in dry
clayey, stony, gravelly and rocky habitats, in winter pastures, wormwood semi-deserts, frequently on
saline soils, as a weed in fields, along crop margins, vineyards and ruderal places. Recorded from
Julfa, Gulustan, Daridagh, Nakhchivan, Babek and Boyukduz. Xeromesophyte. Chorological type:
European. Medicinal and melliferous plant. F1. IV-V; Fr. V-VL.

Xeranthemum L. — Annual plants with a campanulate involucre, multiseriate; involucral bracts
dry and membranous. Outer bracts whitish, inner ones coloured and longer. Ray florets few and
sterile; the others tubular and bisexual. The genus includes 4 species in Azerbaijan, 3 of which occur
in the Nakhchivan Autonomous Republic.

Xeranthemum cylindraceum Sm. — An annual plant 5-50 cm high. Leaves lanceolate or linear.
Outer involucral bracts ovate, obtuse and pubescent in the middle; inner bracts lanceolate with pinkish
upper parts. Distributed up to the middle mountain belt on dry grassy slopes, in shrublands, gardens
and screes. Recorded from Badamli, Shada, Kolani, Garabaghlar, Buzgov and Chalkhangala.
Xerophyte. Chorological type: Mediterranean. Ornamental plant. F1. IV; Fr. V-VII (Figure 1).

Carduus L. (thistles) — Annual, biennial, and sometimes perennial spiny herbaceous plants.
Flowers tubular, bisexual, pink, reddish or white. The involucre is imbricate; outer bracts spiny, inner
ones spineless and coloured. Corolla tube short, limb 5-lobed. The genus includes 15 species in
Azerbaijan, of which 5 species occur in the Nakhchivan Autonomous Republic.
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Figure 1. Xeranthemum cylindraceum

Carduus pycnocephalus subsp. albidus M. Bieb. (C. albidus) — A spiny annual or biennial herb
30-80 cm in height. Stem erect, branched, sparsely pubescent and covered with spiny wing-like
extensions. Leaves alternate, deeply pinnately dissected with spiny margins. Capitula located at the
ends of stems and branches; florets tubular, pink or pale violet. Fruit an elongated achene with pappus.
Distributed up to the middle mountain belt in shrublands, on gravel beds of rivers, clayey slopes, as
a weed in cultivated fields and in screes. Recorded around Ordubad. Mesophyte. Chorological type:
Mediterranean. Medicinal and melliferous plant. F1. IV-V; Fr. V-VL.

Carduus pycnocephalus subsp. cinereus M. Bieb. (C. cinereus) — A biennial spiny herb 40—100
cm tall. Stem erect, robust, branched and covered with spiny wing-like projections. Leaves large,
alternate, deeply divided with sharply spiny margins. Capitula situated at the tips of stems and
branches; florets tubular, purple or pink. Fruit a small achene with a pappus at the apex. Distributed
in weedy habitats of the lower and middle mountain belts. Endemic. Mesophyte. Chorological type:
Irano-Turanian. Medicinal and melliferous plant. F1. IV-V; Fr. V-VI.

Carduus nervosus K. Koch — Plant up to 80 cm high; stem spiny-winged up to the capitulum.
Leaves deeply pinnately divided nearly to the midrib, with 2—3 lobes and fine spiny segments. Upper
leaves more deeply divided, with longer spines, sessile and decurrent forming wing-like extensions.
Outer involucral bracts clearly veined and spiny; inner ones reddish at the apex; florets pink.
Distributed in gardens and vineyards as a weed in the lower and middle mountain belts. Mesophyte.
Chorological type: European. Medicinal and melliferous plant. F1. IV-V; Fr. V-VI.

Carduus onopordioides Fisch. ex M. Bieb. — Stem spiny-winged; leaves pinnately divided or
pinnately lobed, ovate with 2—4 lobes, bearing numerous spiny segments. Lower leaves with flattened
petioles, stem leaves sessile. Involucre weakly cobwebby-pubescent; outer bracts spiny, inner ones
sharp and reddish. Distributed up to the middle mountain belt on dry clayey, gravelly and stony slopes,
rocky screes and gravel beds of rivers. Xerophyte. Chorological type: Caucasian. Medicinal and
melliferous plant. Fl. IV-V; Fr. V-VL

Amberboa (Pers.) Less. — Annual or perennial herbaceous plants. The stem is usually erect or
branched from the lower part. Leaves are arranged alternately, entire or slightly dissected, oblong or
lanceolate. Capitula are solitary, many-flowered inflorescences. Florets are mainly tubular, pink,
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purple, or pale in color. Involucral bracts are arranged in several rows and imbricate. The receptacle
is usually naked. The fruit is an achene, often provided with a pappus, adapted for wind dispersal.
Representatives of this genus mainly occur on dry slopes, in semi-deserts, and in open sunny habitats.
The genus is represented by 8 species in Azerbaijan, 6 of which occur in the Nakhchivan Autonomous
Republic.

Amberboa nana (Boiss.) Iljin — An annual herbaceous plant 10-30 cm high. The stem is
branched from the base and often spreading close to the ground. Leaves alternate, oblong-lanceolate
with entire or slightly serrate margins. Capitula located at the tips of stems and branches; florets
tubular, pink or purple. The fruit is a small achene with pappus. Distributed up to the middle mountain
belt on clayey and gravelly slopes, in wormwood semi-deserts, on saline soils, and rarely as a weed
in disturbed habitats. Recorded from Nehrem—Dorasham and Jugha (present-day Gulustan).
Xerophyte. Chorological type: Eastern Mediterranean—Irano-Turanian. Fl. IV-V; Fr. V-VL

Heteracia Fisch. & C.A. Mey. — Annual or perennial herbaceous plants. Stems usually erect or
slightly branched. Leaves alternate, entire or slightly dissected. Capitula solitary, many-flowered.
Florets mainly tubular, pink, purple, or pale in color. Involucral bracts arranged in several rows,
imbricate. Fruit an achene, usually with a pappus. Species of this genus mainly grow in arid and semi-
desert habitats, well adapted to sunny environments. The genus is represented by one species in
Azerbaijan, which also occurs in the Nakhchivan Autonomous Republic.

Heteracia szovitsii Fisch. & C.A. Mey. — An annual herbaceous plant 10-30 cm tall. The stem
is branched from the base and spreading close to the ground. Leaves alternate, oblong-lanceolate with
entire margins. Capitula located at the ends of stems and branches; florets tubular, pinkish-purple.
Fruit a small achene with pappus. Distributed up to the lower mountain belt in dry, stony and sandy
habitats, sometimes on saline soils. The species was first described from the territory of the
Nakhchivan Autonomous Republic (around Nakhchivan). Xerophyte. Chorological type:
Mediterranean—Irano-Turanian. F1. IV; Fr. V.

Garhadiolus Jaub. & Spach — Annual plants with ligulate florets. Capitula many-flowered;
involucre two-seriate, outer bracts small, inner ones linear and enclosing the lower part of the achenes
at maturity. The genus is represented by 3 species in Azerbaijan, all of which occur in the Nakhchivan
Autonomous Republic.

Garhadiolus hedypnois Jaub. & Spach — Basal leaves obovate-oblong, crenate-dentate or
pinnately divided; stem leaves similar, 1-3 in number, sometimes elliptic, sessile and crenate-dentate.
Involucre two-seriate, outer bracts small, inner linear, enclosing the lower part of the marginal
achenes at maturity. Flowers yellow. Distributed from the plains to the lower mountain belt on dry
slopes, grassy places, river gravels, and as a weed in gardens and cultivated fields. Xerophyte.
Chorological type: Irano-Turanian. Medicinal and forage plant. Fl. IV; Fr. VI (Figure 2).

Garhadiolus papposus Boiss. & Buhse — An annual herb 15-45 cm high. Stem erect, branched
in the upper part and sparsely pubescent. Leaves alternate, pinnately divided with small linear
segments. Capitula located at the stem apex, solitary or in sparse groups; florets tubular, yellow and
bisexual. Involucral bracts imbricate, several-seriate and slightly spiny. Fruit a small achene provided
with a pappus, adapted to wind dispersal. Distributed in dry habitats of the plains. Collected from the
vicinity of Nakhchivan. Xerophyte. Chorological type: Irano-Turanian. Forage plant. FI. IV; Fr. VI
[20-23].

Picris L. — Biennial or perennial herbaceous plants. Capitula many-flowered; involucre
imbricate, with the outer bracts short and the inner ones longer, arranged in 1-2 series. Receptacle
flat and pitted. Florets ligulate, 5-lobed, yellow. Achenes with 10-30 ribs, the apex beaked and
provided with a pappus. The genus is represented by 3 species in Azerbaijan and 2 species in the
Nakhchivan Autonomous Republic.
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Picris pauciflora Willd. — A biennial or perennial herb 20—60 cm high. Stem erect, branched
and sparsely pubescent. Leaves alternate, finely pinnately dissected with entire margins. Capitula
many-flowered, located singly or in sparse groups at the ends of stems and branches; florets tubular
and ligulate, yellow, 5-lobed. Involucral bracts imbricate; outer ones short, inner ones long, arranged
in 1-2 rows. Receptacle flat and pitted. Fruit an achene, 10-30-ribbed, with a beaked apex and
provided with a pappus. Distributed in plains and foothill regions. Xerophyte. Chorological type:
Mediterranean. Melliferous plant. FL. IV; Fr. VL.

Figure 2. Garhadiolus hedypnois

Tragopogon L. — Biennial or perennial plants with large, many-flowered capitula. All florets
ligulate, bisexual, yellow or reddish. Involucre single-seriate; receptacle naked. Marginal achenes
unequal and provided with a pappus. Some representatives are used as wild vegetables. The genus
includes 20 species in Azerbaijan, 12 species of which occur in the Nakhchivan Autonomous
Republic.

Tragopogon coelesyriacus Boiss. — A biennial or perennial herb 30-80 cm tall. Stem erect,
branched from the base, sparsely pubescent or glabrous. Leaves alternate, long, narrow-linear and
entire. Capitula large and many-flowered, solitary or in sparse groups at the top of the stem. Florets
ligulate, yellow, bisexual; marginal florets shorter. Involucral bracts in a single series and slender.
Receptacle naked. Fruit an achene covered with pappus, adapted to wind dispersal. Distributed up to
the middle mountain belt on dry slopes. Xerophyte. Chorological type: Irano-Turanian. Medicinal
and forage plant. FIL. IV; Fr. VIL

Tragopogon graminifolius DC. — A biennial or perennial herb 40-90 cm high. Stem erect,
branched, sparsely pubescent or glabrous. Leaves alternate, narrow-linear, long and rigid. Capitula
large and many-flowered, located at the ends of stems and branches. Florets yellow or reddish, ligulate
and bisexual. Involucral bracts single-seriate and imbricate. Receptacle naked and flat. Fruit an
achene with pappus, adapted for wind dispersal. Distributed in meadows, shrublands and gardens in
the middle, upper and subalpine mountain belts. Recorded from Batabat and Bichenek Pass.
Mesophyte. Chorological type: Irano-Turanian. Edible and forage plant. F1. IV; Fr. VI.
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Tragopogon sosnowskyi Kuth. — A perennial plant 30—50 cm tall, bluish-green in color. Stem
branched and striate. Lower leaves narrow and elongated; upper leaves gradually shorter. Involucral
bracts 5-8, lanceolate. Florets reddish-purple. Distributed up to the middle mountain belt on dry
gravelly slopes. Xerophyte. Chorological type: Caucasian. Forage plant. F1. IV; Fr. VIL.

Scorzonera L. — Biennial or perennial plants. Capitula many-flowered; florets ligulate and
bisexual. Involucre imbricate with membranous-margined bracts. Receptacle naked. The genus
includes 19 species in Azerbaijan, 12 of which occur in the Nakhchivan Autonomous Republic.

Scorzonera cana (C.A. Mey.) O. Hoffm. — Stem 5-20 cm high, weakly covered with soft hairs.
Basal leaves numerous, pinnately divided. Terminal segment long and usually broader; stem leaves
similar but sessile. Capitulum cylindrical with a long peduncle. Involucre greyish, woolly or glabrous.
Ligulate florets greyish-yellow with slightly reddish outer margins. Pappus dirty white. Distributed
up to the middle mountain belt on clayey and stony slopes, in weedy places, along roadsides and in
fields. Xerophyte. Chorological type: Irano-Turanian. Forage plant. F1. III; Fr. VII.

Scorzonera laciniata L. — A plant 10-50 cm high with slender striate stems. Leaves bluish-
green; basal and stem leaves pinnately or bipinnately divided with widely spaced linear-lanceolate
segments; terminal segment larger and acute. Uppermost leaves sessile and linear. Involucral bracts
pubescent. Ligulate florets greyish-yellow with slightly reddish margins. Pappus yellowish.
Distributed from plains to the subalpine belt on clayey and stony slopes, gravel riverbeds, valleys,
field margins, along canals, gardens and screes. Xerophyte. Chorological type: Irano-Turanian.
Medicinal and forage plant. Fl1. I'V; Fr. VII.

Scorzonera lanata M. Bieb. — A perennial herb 20—60 cm high. Stem erect, usually simple or
slightly branched, densely covered with woolly hairs. Leaves alternate, oblong-lanceolate or linear,
with entire margins and a slightly pubescent surface. Capitula large and many-flowered, located at
the apex of the stem. Florets ligulate, yellow and bisexual. Involucral bracts several-seriate, elongated
and pubescent. Fruit an elongated achene with a pappus, adapted to wind dispersal. Distributed in
plains and the lower mountain belt on dry stony and gravelly slopes, screes and shrublands.
Xerophyte. Chorological type: Irano-Turanian. Ornamental and forage plant. Fl1. IV; Fr. VL.

Scorzonera leptophylla (DC.) Krasch. & Lipsch. — Root collar covered with the sheaths of basal
leaves; stem felt-like pubescent, about 25 cm high. Leaves numerous, broadly linear, upper part
slightly curved, bluish-green with wavy margins. Involucral bracts with membranous margins.
Ligulate florets yellow, outer ones reddish; pappus smoky-colored. Distributed in the lower and
middle mountain belts (up to 2700 m) on dry clayey and gravelly slopes, screes and among shrubs.
Xerophyte. Chorological type: Irano-Turanian. Fl. IV; Fr. VL.

Taraxacum Wigg. — Perennial plants with many-flowered capitula. All florets ligulate, bisexual.
Involucral bracts arranged in several imbricate rows. Receptacle flat and naked. Achenes cylindrical,
with a simple pappus. The genus includes 13 species in Azerbaijan, 8 species of which occur in the
Nakhchivan Autonomous Republic.

Taraxacum officinale Wigg. — A perennial herb 10—40 cm tall. Stem strongly shortened, leaves
arranged in a basal rosette. Leaves oblong, deeply pinnately divided with toothed margins. Peduncle
leafless, hollow, bearing a large capitulum at the apex. Capitulum many-flowered; all florets yellow,
ligulate and bisexual. Fruit a cylindrical achene with a simple pappus at the apex. Distributed from
the lower mountain belt to the alpine belt in cultivated fields, steppes, meadows, weedy places, grassy
slopes, gardens and orchards. Mesophyte. Chorological type: Palaearctic. Fl. IV; Fr. VI. (Figure 3).

Taraxacum praticola Dahlst. — A perennial herb 10-30 cm tall. Leaves collected in a basal
rosette, oblong and variously dissected. Peduncle leafless, erect, bearing a capitulum at the apex.
Capitulum many-flowered; florets yellow, ligulate and bisexual. Fruit an elongated cylindrical achene
provided with a simple pappus. Distributed up to the middle mountain belt in meadows, shrublands,
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grassy and stony slopes, field margins, gardens and riverbanks. Mesophyte. Chorological type:
Eurasian. Medicinal and edible plant. FI. III; Fr. VL.

Figure 3. Taraxacum officinale

Sonchus L. — Annual or perennial plants. Capitula many-flowered; involucre imbricate;
receptacle naked. Achenes oval, without a beak; pappus composed of white hairs. The genus includes
5 species in Azerbaijan, all of which occur in the Nakhchivan Autonomous Republic.

Sonchus asper (L.) Hill. — Plant 10-70 cm tall with corymbosely branched stems. Leaves
glabrous, entire or pinnately lobed with backward-directed segments. Basal and lower leaves
petiolate; upper leaves sessile, clasping the stem and auriculate at the base. Capitulum ovoid-
cylindrical; florets yellow. Distributed up to the middle mountain belt in cultivated fields, steppes,
gardens, vineyards and forest clearings. Mesophyte. Chorological type: Eurasian. Medicinal and
forage plant. F1. IV; Fr. IX.

Sonchus oleraceus L. — Plant 10—60 cm tall. Leaves oblong, pinnately divided or lyrate; basal
leaves with winged petioles; stem leaves sessile, with acute auricles clasping the stem. Ligulate florets
pale yellow. Distributed in the middle and upper mountain belts in gardens, ploughed fields, along
irrigation canals and on stony or gravelly places. Recorded from Bichenek Pass. Mesophyte.
Chorological type: Eurasian. Medicinal and forage plant. F1. IV; Fr. VIIL

Lactuca L. — Annual, biennial or perennial plants. Capitula few-flowered; involucre imbricate;
all florets ligulate. Achenes longitudinally ribbed; pappus white. The genus includes 7 species in
Azerbaijan, 7 species of which occur in the Nakhchivan Autonomous Republic.

Lactuca undulata Ledeb. — Plant 25-50 cm tall, covered with white curly hairs. Basal leaves
oblong-obovate, coarsely dentate or lyrately divided, petiolate; lower leaves pinnately divided; upper
leaves sessile, with acute segments and semi-clasping auriculate bases. Involucral bracts yellowish-
green, margins white, apex dull brown or spotted. Florets blue or white. Distributed up to the middle
mountain belt on clayey, stony and gravelly slopes, sometimes also in cultivated fields. Xerophyte.
Chorological type: Mediterranean. Forage plant. F1. IV; Fr. VI.

Crepis L. — Capitula with yellow or reddish ligulate florets. Involucre cylindrical or
campanulate; outer bracts arranged in a single series, long or imbricate. Receptacle naked or fringed
with hairs. Achenes with 10-30 ribs, pappus white. The genus includes 6 species in Azerbaijan, 5
species of which occur in the Nakhchivan Autonomous Republic.
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Crepis pulchra L. — Plant 40—80 cm tall. Basal leaves oblong-spatulate, petiolate, dentate and
lyrate; stem leaves sessile, clasping the stem, oblong-lanceolate or linear, obtuse at the base with
auricles, arrow-shaped at the base and hairy on both sides. Involucre cylindrical or campanulate; outer
bracts in a single series and long. Receptacle naked. Ligulate florets yellow. Achenes 10-30-ribbed
with white pappus. Distributed in plains and the lower mountain belt in forests, shrublands, meadows,
roadsides, riverbeds, canal banks, grassy slopes, gardens, steppes and weedy places. Chorological
type: European. Ornamental and melliferous plant. FI. I'V; Fr. VII.

Crepis palaestina Bornm. — An annual or biennial herb 20—60 cm tall. Stem erect, branched and
sparsely pubescent. Basal leaves arranged in a rosette, oblong or lyrately divided, petiolate. Stem
leaves sessile, oblong-lanceolate or linear, slightly clasping the stem at the base. Capitula located at
the ends of stems and branches. Involucre cylindrical or campanulate; outer bracts in a single row and
short, inner ones elongated. Receptacle naked. Ligulate florets yellow. Fruit an achene with 10-30
ribs, provided with a white pappus. Distributed up to the subalpine belt in dry clayey, stony and sandy-
clayey places, on rocks, in cultivated fields and forest areas. Xerophyte. F1. IV; Fr. VIL

Tussilago L. — Perennial herbaceous plants. The stem develops in early spring and consists of
flowering shoots usually simple and covered with scale-like leaves. Leaves large, long-petiolate,
cordate or rounded, developing after flowering and forming a basal rosette. Capitula solitary, many-
flowered. Florets mainly yellow; marginal florets ligulate, while the central ones are tubular. The fruit
is an elongated achene with a white pappus, which facilitates wind dispersal. Representatives of the
genus mainly grow in moist soils, along rivers and irrigation canals, in ravines and on humid slopes.

Tussilago farfara L. — A perennial herb 10-30 cm tall. In early spring, flowering stems develop
before the leaves. Peduncles covered with scale-like leaves and bearing a single capitulum at the apex.
Leaves large, cordate or rounded; the lower surface densely covered with white tomentose hairs, the
upper surface green. Capitulum many-flowered, consisting of yellow ligulate and tubular florets. Fruit
a small achene provided with a white pappus. Distributed in plains and the subalpine mountain belt
(2400-2600 m) in meadows, along river and canal banks, and in ravines. Recorded from Batabat,
Bichenek, Gazanchi, Arafsa, Leketag and Boyahmad. Hygrophyte. Medicinal plant. Chorological
type: Palaearctic. FI. [I-1V; Fr. V-VI (Figure 4).

Figure 4. Tussilago farfara
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Thus, as a result of the conducted studies, the bioecological characteristics of early spring
vegetation species of the family Asteraceae distributed in the territory of the Nakhchivan Autonomous
Republic were determined. The obtained results contribute significantly to a deeper understanding of
the bioecological features of the regional flora and to the development of scientific foundations for
the conservation and rational use of the vegetation cover of the Nakhchivan Autonomous Republic.

Results

As a result of the conducted studies, the systematic composition of early spring vegetation
plants of the family Asteraceae in the flora of the Nakhchivan Autonomous Republic was
investigated. It was determined that early spring species belonging to this family are represented in
the regional flora by 28 species from 16 genera.

The majority of the studied species are mainly distributed in plains, foothill areas and the middle
mountain belt, being adapted to dry and semi-desert landscape conditions. According to life forms,
most of them belong to therophytes and hemicryptophytes.
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YYACTHUE BUJOB CEMEMCTBA Brassicaceae Burnett BBECEHHUX ®UTOILEHO3AX
HU3MEHHO#M 30HbI HAXUBIBAHCKOM ABTOHOMHOM PECITIYBJIUKHA
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Abstract. The spring flora of the lowland part of the Nakhchivan Autonomous Republic was
studied. The role of representatives of the family Brassicaceae Burnett in the spring flora was
determined. The phytocenosis, including representatives of the family Brassicaceae Burnett, consists
of 15 perennial species (41.66%), 13 annual species (36.11%), 3 biennial species (8.33%), one species
that is either annual or biennial (2.77%), and among the woody representatives, one species (2.77%)
is a tree and 3 species (8.33%) are shrubs. By ecological group, 17 species (47.22%) are mesophytes,
12 species (33.33%) are xerophytes, 3 species (8.33%) are xeromesophytes, 2 species (5.55%) are
mesoxerophytes, 1 species (2.77%) is a hydromesophyte, and 1 species (2.77%) is a hydrophyte.
Perennials predominate by life form, and mesophytes predominate by ecological group. The plants
that form the phytocenosis mainly belong to the family Asteraceae Bercht. & J.Presl (12 species -
33%). The coordinates of the site where the phytocenosis with representatives of the family
Brassicaceae Burnett is located in the lowland zone of the Autonomous Republic were identified
using GPS: 39°4'49.73952" N, 45°33'56.19276" E, 956 m above sea level. Other significant
representatives of the spring flora of the lowland part of the Autonomous Republic are also present
here.

Aunomayusn. PaccmarpuBaercs BeceHHss (uopa Hu3MEHHOM wactu HaxubiBanckoi
aBTOHOMHOH PecnyOnuku. OnpezneneHa ponb mpeacTaButeneil cemeicTBa Brassicaceae Burnett. B
BeceHHel (rope. DuToreHO3, BKIIOUAIONINI TpeAcTaBuTeNeil cemeiictBa Brassicaceae Burnett.,
coctout u3 15 mHoroneTHux BUAOB (41,66%), 13 onnonernux BuaoB (36,11%), 3 AByneTHUX BUIOB
(8,33%), omHOTO BHIA, SIBISIFOLIErOCS JIMOO OMHOJETHUM, JUOO AByneTHuUM (2,77%), a cpenu
JpeBECHBIX TpeacTaButeneit onun Buf (2,77%) — nepeBo, u 3 Buaa (8,33%) — kycrapuuku. Ilo
sKosorndeckum rpymmnam 17 sunos (47,22%) — mezodursl, 12 Bunos (33,33%) — kcepodutsl, 3
Buga (8,33%) — kcepomeszodutsl, 2 Buna (5,55%) — wmesokcepodurtsl, 1 Bua (2,77%) —
ruapomeszodurt, u 1 Bug (2,77%) — ruapodurt. Io xxu3HeHHBIM popMaM peodaiaroT MHOTOJIETHHE
pacTeHus, a Mo SKOJIOTMYeCKUM rpynnam — Me3ohutel. Pactenus, oOpasyromue (UTOLEHO3, B
OCHOBHOM TIPHHAJJIEKAT K cemeiicTBy Asteraceae Bercht. & J.Presl (12 BugoB — 33%). Koopaunarsr
y4yacTKa, IJIe pacIojiokeH (UTOILEHO3 ¢ NpeACTaBUTENsIMH ceMmeilicTBa Brassicaceae Burnett. B
HU3MEHHOU 30He ABTOHOMHOW PecmyOnuku, Takke onpezaenensl ¢ momonisio GPS: 39°4'49.73952"
c.r., 45°33'56.19276" B.n., 956 M Haxg ypoBHEM Mops. 3[€Ch TaKkKe MPEACTaBICHbl 3HAYMMBbIC
NPEJCTaBUTENIN PACTEeHUN BeCeHHEN (iopbl HU3MEHHOH yacTu ABTOHOMHOM PecryOnuku.

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 72




broanemens nayxu u npakmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

Keywords: Brassicaceae Burnett., phytocoenosis, family, genus, species, plant.
Kouesvie cnosa: Brassicaceae Burnett., puTOoCeHO03, CEMEICTBO, POJI, BU, PACTCHUE.

Spring is the season in which nature awakens, vegetation develops most actively, and
biodiversity increases. Each region has its own unique climatic conditions, soil types, and ecosystem
characteristics. Consequently, spring flora differs from region to region. Spring flora is ecologically
and biologically significant. Plants that undergo their phenophases in spring serve as a primary food
source for insects, help prevent soil erosion, improve air quality, and play an important role in
maintaining ecological balance.

Materials and methods
The subject of this research is the representatives of the Brassicaceae Burnett family. The study
area encompasses the spring flora of the lowland zone of the Nakhchivan Autonomous Republic. The
species names within the phytocoenoses featuring members of the Brassicaceae family in the spring
flora of this area were clarified using identification keys and online sources [1-4, 7, 9-11].
Life forms were determined through long-term observations, while ecological groups were
identified based on the environments in which they are distributed.

Results and discussion

Among the plants belonging to the spring flora, representatives of the Brassicaceae Burnett.
family also actively participate. Considering that the species representing this family are mainly
annuals in terms of life form, they hold a significant position in the spring flora [8, 10, 11]. In the
spring flora of the lowland zone of the region, representatives of the Brassicaceae Burnett. family are
mostly from the genera Alyssum L., Capsella Medik., Chorispora R. Br. ex DC., Erysimum L., Sinapis
L., and Lepidium L. These include species such as Alyssum turkestanicum Regel & Schmalh. (syn. 4.
desertorum Stapf), Capsella bursa-pastoris (L.) Medik., Chorispora tenella (Pall.) DC., Erysimum
repandum L., Sinapis arvensis L., and Lepidium campestre (L.) R.Br. (Figure 1-3)

Figure 1. Chorispora tenella (Pall.) DC.
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Figure 3. Sinapis arvensis L.

Table
SPECIES COMPOSITION OF THE LOWLAND ZONE
Familia Genus Species Life form Ecogroup
Aceraceae Juss. Acer L. Acer negundo L. Tree Mesophyte
Sambucaceae Batsch  Sambucus L. Sambucus ebulus L. Shrub Mesophyte
ex Borkh.
Tamaricaceae Link.  Tamarix L. Tamarix ramosissima Ledeb. Shrub Xerophyte
Tamaricaceae Link.  Tamarix L. Tamarix Meyeri Boiss. Shrub Xerophyte
Hyacinthaceae Muscari Mill.  Muscari caucasicum (Criseb.) Perennial ~ Mesophyte
Batsch Baker.
Poaceae Barnhart Avena L. Avena fatua L. Annual Mesophyte
Aegilops L. Aegilops tauschii Coss. Annual or  Mesophyte
biennial
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Familia Genus Species Life form Ecogroup
Lythraceae J.St.-Hil.  Lythrum L. Lythrum hyssopifolia L. Annual Hydromesophyte
Boraginaceae Juss.  Echium L. Echium vulgare L. Biennial Mesophyte
Boraginaceae Juss.  Nonea Medik  Nonea pulla (L.) DC. Perennial Mesophyte

Buglossoides  Buglossoides arvensis (L.) Annual Mesophyte
Moench Johnst.
Caryophyllaceae Arenaria L. Arenaria serpyllifolia L. Annual Xerophyte
Juss.
Euphorbiaceae Juss.  Euphorbia L.  Euphorbia helioscopia L. Annual Mesophyte.
Asteraceae Bercht. Cirsium Hill  Cirsium vulgare (Savi) Ten. Biennial Xerophyte
& J.Presl Bellis L. Bellis perennis L. Perennial ~ Mesophyte
Artemisia L. Artemisia absinthium L. Perennial Mesoxerophyte
Senecio L. Senecio vernalis Waldst. & Kit.  Annual Xeromesophyte
Senecio racemosus (Bieb.) DC. Perennial ~ Mesophyte
Senecio Lipskyi Lomak. Perennial ~ Xerophyte
Bidens L. Bidens, tripartita L. Annual Hydrophyte
Matricaria L. Matricaria recutita L. Annual Mesophyte
Anthemis L. Anthemis cretica L. Perennial ~ Mesoxerophyte
Cirsium Hill ~ Cisrium arvense (L.) Scop. Perennial ~ Mesophyte
Ambrosia L. Ambrosia confertiflora DC. Perennial ~ Xerophyte
Taraxacum Taraxacum officinale Wigg. Perennial ~ Mesophyte
Wigg.
Apiaceae Lindl. Daucus L. Daucus carota L. Biennial Mesophyte
Pseudorlaya  Pseudorlaya pumila (L.) Grande  Annual Xerophyte
Maire (syn. Daucus pumilus (L.)
Hoffm. & Link)
Geraniaceae Juss. Erodium Erodium cicutarium (L.) L’Her.  Annual Xeromesophyte
L’Her.
Convolvulaceae Convolvulus ~ Convolvulus arvensis L. Perennial ~ Xerophyte
Juss. L.
Amaryllidaceae Allium L. Allium schoenoprasum L. Perennial ~ Xerophyte
J.St.-Hil.
Fabaceae Lindl. Medicago L.  Medicago littoralis Lois. Annual Xerophyte
Tylosema Tylosema esculentum (Burch.) Perennial ~ Xerophyte
(Schweinf) A.Schreib.
Torre &
Hillc.
Hedysarum Hedysarum caucasicum Bieb. Perennial ~ Mesophyte
L.
Papaveraceae Juss.  Papaver L. Papaver rhoeas L. Annual Xeromesophyte
Polygonaceae Juss.  Rumex L. Rumex crispus L. Perennial Mesophyte
Zygophyllaceae Tribulus L. Tribulus terrestris L. Annual Xerophyte
R.Br.

Other plant species are also present in the phytocoenosis in which these species occur.
Information about this phytocoenosis and its species composition is provided in the Table below [3,

5,6].

Conclusion

In the spring flora of the lowland zone of the region, the phytocoenosis involving
representatives of the Brassicaceae Burnett. family consists of 15 perennial species (41.66%), 13

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0)

75




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

annual species (36.11%), 3 biennial species (8.33%), one species that is either annual or biennial
(2.77%), and among the woody representatives, one species (2.77%) is a tree, and 3 species (8.33%)
are shrubs. According to ecological groups, 17 species (47.22%) are mesophytes, 12 species (33.33%)
are xerophytes, 3 species (8.33%) are xeromesophytes, 2 species (5.55%) are mesoxerophytes, 1
species (2.77%) is a hydromesophyte, and 1 species (2.77%) is a hydrophyte. In terms of life forms,
perennials dominate, while in terms of ecological groups, mesophytes are predominant. The plants
forming the phytocoenosis are mostly from the Asteraceae Bercht. & J.Presl family (12 species —
33%). The coordinates of the area where the phytocoenosis involving representatives of the
Brassicaceae Burnett. family is located in the lowland zone of the Autonomous Republic have also
been determined using GPS: 39°4'49.73952" N, 45°33'56.19276" E, 956 m a.s.l. Here are also
significant representatives among the plants forming the phytocoenosis in the spring flora of the
lowland zone of the Autonomous Republic.
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Aunomayus.  AHaNIU3UpPyeTCd COBPEMEHHOE COCTOSIHUE U PECYpPCHBIH  MOTEHIUAN
CTpaTernyeCcKy BaXKHOT'O JIEKAPCTBEHHOTO pacTeHust (propsl Keipreiscrana — Macrotomia euchroma
(Royle ex Benth.) Paulsen. AktyanbHOCTH HCCIEIOBaHUS OOYCIOBJIIEHA PACTYIIMM CIIPOCOM Ha
MHUpPOBOM (hpapMalleBTUYECKOM pPbIHKE Ha aJKAaHOWJ LIMKOHWH, M3BJIEKaeMbI U3 KOpPHEH JaHHOTO
pacTeHus, a TaKke HEOOXOAMMOCTBIO OXpaHbl €ro JUKOPACTyIIMX mNomytsiuuid. MccnemoBaHus
npoBoaminch B 2024-2025 rr. Ha xpebrax Yatkan u depraHa ¢ ucnonb3oBanueM metonos B.H.
CyxkaueBa u A.®. 'ammepMana. AHaIIU3 TTOKa3all, YTO 3a MOCIEAHUE JECATH JIET MO BO3JEHCTBUEM
aHTPOIIOTEHHOTO (pakTopa M HEKOHTPOJIUPYEMOro cOopa OMOIOTMYECKHE 3amachl pacTEeHUs
cokparmiice Ha 25-30%. ComiacHO pe3yapTaraM peCypCHOW OLEHKH, CpelHsAs IUIOTHOCTh
oMy SMK cocTaBisieT 4,15 sxk3emiuisipa Ha 1 M2, a cpefHsis cyxas Macca OHOro KopHs — 18,25
rpamma. Omnpoc noATBepAuII, 4To 65% pecrnoHIeHTOB HUCHOJB3YIOT JaHHOE PAaCTeHHE B KayeCTBE
BBICOKOA((EKTUBHOIO aHTHCENITHUECKOTO CPE/ICTBA MPU JICUEHUHU KOXKHBIX 3a00JI€BaHUM, THOMHBIX
paH U o0xoroB.B crarbe HaydyHO OOOCHOBaHa HKOHOMHYECKas LIEHHOCTb Buaa M. euchroma B
KOHTEKCTE JAeQUIMTAa MIMKOHMHA Ha MEXIyHapogHoM pbiHKe. [lo pesynmpraram ucciemnoBaHus
MpeyiaraeTcsi BBEJEHUE TOCYJapCTBEHHOT0 MOHHUTOPMHIA JHMKOPACTYLIMX apeajioB, BKJIIOYEHHE
pactenus B [ocynapcTBeHHYI0 (hapMakornero 1 pa3paboTKa TEXHOJIOTHI KYJIBTYPHOTO BO3ENbIBAHUS
Ha IUTaHTausIX. JlanHble Mephbl HalpaBJIeHbl Ha 00ecredeHne OMOoI0rnYecKoil 6e30MacHOCTH CTPaHbI
Y TIOBBIIIIEHHE €€ SKCIIOPTHOTO MOTEHIIHANA.

Abstract. This study analyzes the current state and resource potential of Macrotomia euchroma
(Royle ex Benth.) Paulsen, a strategically important medicinal plant in the flora of Kyrgyzstan. The
relevance of the study is driven by the increasing global pharmaceutical demand for shikonin, a
compound extracted from its roots, and the urgent need to protect its wild populations. Field research
was conducted between 2024 and 2025 in the Chatkal and Fergana ranges using the methodologies
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of V. N. Sukachev and A. F. Gammerman. The analysis reveals that biological stocks of the species
have decreased by 25-30% over the last decade due to anthropogenic pressure and uncontrolled
harvesting. Resource assessment data show an average population density of 4.15 plants per 1 m?,
with an average dry root weight of 18.25 grams. An ethnobotanical survey indicated that 65% of
respondents consider this plant a highly effective antiseptic for treating skin diseases, purulent
wounds, and burns. The article provides a scientific justification for the economic value of M.
euchroma in light of the global shikonin shortage. The study concludes by recommending the
implementation of state monitoring for wild habitats, the inclusion of the species in the State
Pharmacopoeia, and the development of cultivation technologies for plantation farming. These steps
are aimed at ensuring the country’s biosafety and enhancing its export potential.

Knrouesvie cnosa: Macrotomia euchroma, dnopa Keiprei3crana, MMKOHWH, OMOIOTHYECKHAMA
3amac, ATHOOOTAHMKA, PECYPCHBIH MOHUTOPUHI, YaTkanbckuii XpeOeT, aHTPOIOTreHHBIH (akTop,
JIEKapCTBEHHBIE PACTEHHUS.

Keywords: Macrotomia euchroma, flora of Kyrgyzstan, shikonin, biological stock,
ethnobotany, resource monitoring, Chatkal range, anthropogenic factor, medicinal plants.

I'opuble pernonsl KeIprei3cTana UMEIOT MUPOBOE 3HaueHHUe Oarogapsi CBOEMY YHUKAIbHOMY
ounopaznooOpasuro. Diopa cTpanbl HacuuThIBaeT 6osiee 4000 BUIOB BBICIIMX PACTECHUH, U3 KOTOPBIX
cepiie 800 BHUJOB OTHOCSTCS K KaTeropuu IOJNE3HBIX. B Hacrosiiee BpeMs B MHPOBOM
3JIpaBOOXPAaHEHUH HAOJIIOAEeTCsl YCTOMUMBBIA POCT CIpOca Ha HATYPajbHOE, 3KOJIOIMUYECKH YUCTOE
pactuTenbHOe Chipbe. Mcropust u3ydeHus pacturenbHOro mupa KelpreisctaHa BecbMa OOIIMpPHA.
@OyHIaMeHTaIbHBIM TPy 1oM siBisieTcs 1 1-tomuoe u3nanue «Pnopa Kupruzckoit CCP» (1950-1965),
B KOTOPOM IIPEICTaBICHBI TOPOOHBIE MOP(HOJIOTHUECKUE XapaKTEPUCTHKH pacTeHui [5].

ITozxe WM. B. BeixoaueB mnpoBen JAeTalbHble MCCIEJOBAHUSA CTPYKTYpbl NacTOMIIHON
pPacTUTENBHOCTH [2].

B coBpemennbix uccnenoBanusix I'. A. JlazpkoBeiM 1 A. T. YOykeeBoii (2015) 6bu1 pazpaboTtan
«Kamactp duopst Keipreizcranay, oTpakaromnii akTyalbHYI0 KilacCupuKaiuio BUIoB [4].

Ocob6oro BHUMaHU 3acayxkuBatoT padoTsl b. A. [llannsikoa u O.B. MoHOBO, OCBsIIEHHBIE
M3YYEHHUI0 XUMHUYECKOT0 COCTaBa U (hapMaleBTHUECKOW 3HAYMMOCTH JIEKapCTBEHHBIX pacTeHuit [7].

Ha mexayHapogHOM YpoOBHE MpeicTaBUTeNu poja Macrotomia (Hanpumep, Macrotomia
euchroma (Royle ex Benth.) Paulsen) aktuBHO uccnenytorcsa yuensiMu Kutas u Vpana Onaronaps
UX aHTUOKCUAAHTHBIM U IPOTUBOBOCIIAJIUTENIBHBIM CBOMCTBaM [§].

OnHako JaHHble 00 OCOOEHHOCTSX MOMYJSALUH, NPOU3PACTAIONUX Ha TEPPUTOPUU
Keipreizcrana, octaroTcss HEIOCTATOYHO NOJHBIMH. PacTymuil copoc Ha pacTUTENIBHOE ChIPhE
CO3/1a€T 3HAYUTENIbHYI0 aHTPONOIE€HHYI0 Harpy3Ky Ha JIUKYIO NpUpoAy. MHoOrue IeHHbE BUbI,
BKJIIOYasl MIMPOKO MCHOJb3yeMOe B HApOJHON MeauuuHe Macrotomia euchroma, HaXOAATCS IO
yIpo30il pe3KOro COKpaleHus MPUPOTHBIX 3a11acoB, He Oyay4d MPU ATOM MOJTHOCTBIO U3YYEHHBIMU
C HAay4yHOU TOUKHM 3peHus. VMccnenoBanns NOATBEPKAAIOT YCUJIEHUE aHTPOIIOTEHHOTO BO3AEHCTBUA
Ha PECYPCHBIN MOTEHIIMAJ JIEKapCTBEHHBIX pacTeHuid depranckoro xpeodra [1].

BemecTBo MIMKOHUH, MOJydaeMo€e U3 KOPHEH TaHHOTO pacTeHMsl, SBISETCS CTpaTernyecKuM
CBIPBEM ISl OHKOJIOTUYECKOH, 1€pMATOJIOTMYECKON U KOCMETUUYECKOM oTpaciei [S].

Mamepuanvi u memoowl
UccnenoBatenbckue padoThl poBoAWinCh B iepuo 2024—2025 1. B MecTax €CTeCTBEHHOTO
Mpou3pacTaHusl MPUPOJHBIX MONYJSIMUHA B IOXKHBIX peruoHax Keipreizctana. Bupgosas
MIPUHAIJICKHOCTh PACTEHH ObLJIa YTOUHEHA C MIOMOIIBI0 COOTBETCTBYIOIIMX OIpeaenuTenei [4, 5].
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PecypcHbie mokazarenu aHAIM3UPOBAIMCH METOI0M MPoOHBIX Tiomanok B. H. Cykauesa [6]
u o Meroauke A. @. 'ammepman [3].

Pesyrnomameut

Cornacno knaccudukanuu M. B. Beixosmesa, 1aHHbIN BHI BCTpeYaeTCs MPEUMYIIIECTBEHHO Ha
KaMEHHUCTBIX CKJIOHAX CyOabIIUHCKOTO U aTbIIUICKOT0 MOSICOB, a TAK)Ke Ha KPUOMUIIBHBIX JTyrax [2].

Pecypcuble pacueTsl, mpoBeleHHBIE METOAOM MpoOHbIX Miomanok B. H. CykaueBa [6],
YCTAaHOBWJIM, YTO CPEIHSIS IUIOTHOCTh MPOU3PACTAHMS PACTEHUS COCTABIIACT 3-5 HK3EMIUISIPOB Ha
1m2. CornacHO JAaHHBIM, TIONTy4eHHBIM 1o MeToauke A. @. ['aMMepMaH, cpeHHil CyXoi Bec KOpHS
OJIHOTO pacTeHus coctaBisier 15-25 r [3].

OpHako aHanM3 JUHAMHKU TIOCTCIHETO JECATHIICTHS I[IOKa3al COKpalleHHE OOInX
Omosormdeckux 3amacoB Ha 25-30% BciencTBHE aHTPOMIOTEHHOTO BO3AeHCTBU [7].

HccnenoBanus mpoaeMOHCTPUPOBAIN, YTO pECypcHble MoKaszareinu Buna M. euchroma
BapbUPYIOTCS B 3aBUCUMOCTH OT Teorpaduyeckoro pacrojOXKEHUs U BBICOTHBIX TOSCOB
uccnenyembix paiionoB (Tabmuma 1).

Tabauna 1
OCHOBHBIE PECYPCJ—H)IE ITIOKA3ATEJIN Mgcrotomia euchroma
B YCJIOBUAX BBICOKOI'OPUN IXKAJTAJI-ABAJICKOU OBJIACTU (2024-2025 1T.)

Xpeomol Paiionwt /[icanan- Buvicoma nao Cpeonee Cpeonuii gec
Abaockas oba. YyposHem mops, M Koauuecmeo 5xk3/1 M>  00no20 KopHsl, 2
YaTtxkanbCcKkui YaTtkanbckui 2800-3600 4.5+0.3 19.5+2.0
YaTtxkanbCcKkui AKCBIMCKIH 2500-3500 3.840.4 17.0+1.5
Cpennee - 2500-3600 4.15 18.25

Kak BugHo wn3 Tabmunsr 1, HauOosee BBICOKAs IJIOTHOCTh IPOM3PACTaHUS BUIA
3ahuKcHpoBaHa B BBICOKOTOPHBIX 30HaX YaTKajabCKOro paioHa, I/ie CpeqHUN MoKa3aTelb COCTaBIII
4,15 5x3/1 M%. B To e BpeMs I0Ka3aTeld CpeHEro Beca KopHs B AKchliickoM paifone (18,25 r)
OKa3aJINCh HECKOJbKO HMIXKE IO CpaBHEHUIO ¢ YarkanbCkuMm pailoHOM. JlaHHBIE paznnuus
00YyCJIOBJIEHbl MHUKPOKIMMATUYECKMMU YCIOBUSIMH U CIEHU(HUKOW TOYBEHHOIO COCTaBa
UCCIIEyEMbIX TEPPUTOPHUH.

B pesynbraTe 3THOOOTAHMYECKHMX ONPOCOB M aHAM3a OIbITA MECTHOTO HAaCEJIEHUs ObLIO
YCTaHOBJIEHO, YTO KOPEHb MAaKPOTOMUU KpacsLIei U3ApeBIIe UCII0JIb3YETCs B KAUECTBE «IIPUPOTHOTO
a"TucenTuka». Ha rore Keipreiscrana (B uacTHOCTH, B Jxkanan-Abanackoi 061acTu, a TakKe B TOPHO-
necHbIx MaccuBax Pepranckoro n Yarkaabckoro xpe0ToB) MakpoTOMusi Kpacsiuasi, U3BecTHas
CpeAM MECTHOTO HaceleHUs Moj Ha3BaHUAMU ApHeOus kpacsmas, “boéouy wen”, “boéouy »HIUK”
K “KsI3b11 TaMbIp”, HAXOAUT MIMPOKOE IPUMEHEHHUE B HAPOJHOW MEAUIIMHE.

Hapoanbie nenutenn ¥ MECTHBIE JKUTENM HCHOJIB3YIOT JAHHOE PACTEHHE MO HECKOJIbKUM
HanpasJIeHUsAM. TpagulMOHHBIM METOJ MPUTOTOBJIEHUS JIEKAPCTBEHHOTO CPEICTBA 3aKIJIIOYAETCS B
BBICYLIIMBAaHUM M H3MEJIBYEHUM KOPHS C MOCIEAYIOIMM CMEIINBAHUEM C JKUBOTHBIM KHUPOM
(OGapaHbMM WM KO3bUM) JUIsl TOJMydyeHUs Ma3u. JlaHHBIM mpemnapar JAEMOHCTPUPYET BBICOKYIO
3¢ (HEeKTUBHOCTh NpPU JIEYEHHUH THOWHBIX paH, XPOHHUYECKHUX 3K3eM M TEPMHUYECKHX O>KOTOB
Pa3IMYHOMN CTENEHU TSHKECTH.

Ha ocHoBe 5THOOOTAaHMYECKMX ONPOCOB, NpOBeNEHHBIX Ha tore Keipreizcrana, Obun
CUCTEMAaTHU3UpPOBaHbl METO/bl 3arOTOBKM U TEpaleBTUYECKUE HampaBiIeHUs NpuMeHeHus M.
euchroma. JlaHHble CBUAETENBCTBYIOT O TOM, 4YTO KOPEHb pPAacT€HUS HCIOJIb3YyeTCs
IIPEUMYLIECTBEHHO B BUJE MAaCI/ISHbIX J3KCTPAaKTOB, BOJHBIX HAaCTOEB M IOPOILKOB JJIs TEparnuu
pasnuuHbIX natonoruit (Tabnuua 2).
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. Tabmuma 2
JIEKAPCTBEHHBIE ®OPMBI MAKPO]:OMI/H/I KPACAIIEU
U [MIPUMEHEHHME B HAPOAHOUW MEJIUIIMHE

Jlexapcmeennas Cnocob npucomosenenus Obnacmo npumenenus / Tepanesmuueckuii
dopma aghghexm
Macnsinas Ma3pb  CMermBaHue TOPOIITKA KOPHS C JleueHue 00OroB, THOMHBIX PaH, ICPMATHTOB U
YKHBOTHBIM KHPOM JK3EM.
Boanwiit HacToit  HacTanBaHue n3Menb4eHHBIX AHTHCETITHYIECKOE CPEICTBO,
KOpHEH B ropsiueii BoJie MIPOTUBOBOCIIAIUTEIBHOE JICHCTBHE.
IMopomok N3menbueHre BBICYIIEHHOTO KOpHS ~ HapyXHoe mpuMeHeHHe JJ11 OCTAHOBKU

KPOBOTEUYCHHH U Je3UH(EKITHH.

PesynbpTaTel ompoca Mokaszaiay, 4TO MOAABIAIONIEE OOJBUIMHCTBO PECHOHAEHTOB (65%)
MOATBEPHKIAIOT BBICOKYIO A(D()EKTHBHOCTH MPUMEHEHHSI MAaKpOTOMHUHU KpaCAIICH, MPU OXKOrax H
pPa3IMYHBIX KOXXHBIX 3abosieBaHusx. CTOJIb BBICOKMH IOKa3areib, OTpaKeHHBIM B Tabmwmie 3,
00yCIIOBJICH HaJIMYMEM B XMMHUYECKOM COCTaBE PACTEHHUs IIMKOHMHA — BEIIECTBa, 00J1a/Ial0IIEero
BBIPKCHHBIMU aHTHCENITUYECKUMU M PEreHEepPaTUBHBIMU CBOWCTBaMU. BTOpoe MecTo B CTpyKType
MPUMEHEHHUS 3aHUMAIOT 3a00JIEBaHMS JKENyA0YHO-KUIeyHoro Tpakra (15%), 4To moarBepKaaeT
TepaneBTUYECKHUI MOTEHIIMAJI PACTEHUS TIPH JICUEHUH BHYTPEHHUX MaTOJOTHH.

Tabmmna 3
OLIEHKA TEPAITEBTUYECKON DOPEKTUBHOCTU MAKPOTOMUU KPACSIILIEN
11O PE3VJIbTATAM OITPOCA PECIIOHJIEHTOB

Kamezopusa 3abonesanuii Hons OcHosHas npudyuHa npUMeHeHUs
pecnondenmos, % (mepanesmuyecxkui d¢pghexm)

OXO0ry 1 NOpaxeHust KOxXHU 65 Bricokas ckopocTh pereHepalud 1 MUHUMU3ALMS
pYOLIOBBIX TKaHel (3cTeTnueckuit hdeKT)

3abonesanus XKKT 15 [MpoTHBOBOCTIANTUTEBPHOE W aHTHOAKTEpUATBEHOE
IelCcTBUE

IIpoctynHble 3aboneBaHus u 10 OtxapkuBatoniee 1 00IIeyKpEIUISIOIee CBONCTBA

Kallenb

Otutsl 1 3yOHAs O0JIb 7 MecTHbIH aHaIBre3UpyIONIHi (00€300IMBAIOIITHI)
s ekt

IIpouue nenu (KOCMETONIOTHS 1 3 Hcnonp3oBaHue B  KavyeCcTBE  HATYPaJbHOTO

ap.) KpacuTeNs ¥ JUIsl YKPETJICHHs BOJIOC

Hayunoe o0ocHOBaHHME 3THOOOTaHUYECKUX CBOMCTB. {7151 yriyOaeHusl HaydHOTO MTOHUMaHUs
CBOWCTB, OTMEUEHHBIX PECIIOHJICHTaMHU, HE0OXOAUMO OOpaTUTbCS K MHUPOBOMY ONBITY. AHalM3
naHHbIX wuccnenoBatenedt u3 Kutass, Wpana m WHauM mnokas3piBaeT, 4yTO KOpHEBas cCHCTEMa
Macrotomia euchroma 4pe3Bbr4aitHo Oorata OMOJOTUYECKU aKTUBHBIMU BEIIECTBAMU, B YACTHOCTH
mkoHUHOM  (Ci16H160s), oTHocammumucs Kk rpynne HaQTOXMHOHOB, W €ro 3(QUpHBIMU
MPOU3BOIHBIMU (ALETHIIINKOHUH, U30BAJICPUIIIIMIKOHNH ).

Pe3ynbTaThl Hccae10BaHUs OATBEPHKIAIOT, YTO OMBIT UCIIOJIB30BAaHUS MAKPOTOMUU MECTHBIM
HacesieHneM tora KeIprei3crana onupaercs Ha riyOoKHe TpaJulluy HapoJHOM MeAUIMHBI. ToT dakT,
910 65% PECIOHEHTOB CUUTAIOT 3TO pacTeHue Haubosee F3PPEeKTUBHBIM CPEICTBOM IPH JI€UEHUU
THOMHBIX paH U OXOTrOB, HE SBJIAETCS CIy4YallHBIM. DTOT I10Ka3aTelb MOJHOCTbIO KOPPEIUPYET C
MHUPOBBIMHU JJAHHBIMH O BBICOKOH KOHIICHTPALUU HAQTOXMHOHOB M MX YHUKAJIBHBIX PEreHePaTUBHBIX
CBOMCTBAx.

Coxkpaiienne 61oJI0rH4ecKkux 3amnacoB Macrotomia euchroma B Kblprel3cTaHe COOTBETCTBYET
rio0anbHBIM TeHASHIUAM. B Takux crpanax, kak Kurait, Unaus u Upan, qukue nomynsinun u3-3a
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Ype3MEepHO IKCIUTyaTalllH yke BHECEHbI B «KpacHble KHUTH, UTO CO3/1a€T OCTPbIil JeUIUT CHIPbS
Ha MHUPOBOM PBIHKE.

Y cTaHOBIIEHO, UTO KOHLIEHTPAaLKs IIUKOHUHA B 00pa3Lax, IPOU3pacTatolUX B BHICOKOTOPHBIX
9KOJIOTMUECKH YMCTHIX YCIOBHMSX KbIprel3cTaHa, 3HAUMTENBHO BBIIIE M KAauye€CTBEHHEE, YEM Yy
00pa31oB, BeIpalleHHbIX in vitro. C 5KOHOMUYECKON TOYKHU 3peHus, Macrotomia euchroma — 3T0
HE MPOCTO OWOJIOTUYECKUH pecypc, a JIOpOrocTOsIIee XUMHUYECKOE ChIphe, CTOUMOCTh 1 T
OYMILEHHOTO 9KCTPAaKTa KOTOPOTO HA MEXAYHAPOJIHBIX OMp)Kax IOCTHTaeT COTEH A0JapoB. ToT
(axT, 4TO MOCPETHUKH 3aKyHAIOT CYyXOi KOpPEHb y MECTHOTO HACEJIEHUS 110 OTHOCUTEIBHO HU3KUM
ueHam (50-100 3a kr), B TO BpeMs Kak 3a pyOexoM J100aBOYHAsi CTOMMOCTh BO3PACTaeT B JECATKU
pa3, 10Ka3bIBaeT HEOOXOAMMOCTh CO3/IaHUS IUKIIOB ITyOOKOU nepepaboTKy BHYTPU CTPAHBL.

buonorndeckoit 0COOEHHOCTRIO PAacTEHUs SIBISICTCS KpaiiHe MemneHHas pereHepanus (5—10
neT). becKOHTPOBHBIN cOOp B AUKOM MPUPOJIE CO3/IAET YIPO3Y MOTHOTO UCUC3HOBEHUS TOIYJISIIHIA.
Texymuii 3KCIOPT AEUIEBOTO ChIPbS SKOHOMHUYECKU Hed((EKTUBEH U HAHOCUT HEBOCIIOIHHUMBIN
BpEJl SKOCUCTEME.

VYuurbiBas BbllLIEyKa3aHHbIE (DAKTOPbl, B LEISIX COXpaHEHUd nomysiuuit Macrotomia
euchroma v IOBBIIIEHHUS UX SKOHOMHYECKOH (P (PEKTUBHOCTH, CINTAEM HEOOXOAMMBIM ITPOBEICHUE
roCy/IapCTBEHHOIO MOHHUTOPHHIa IMUKOPACTYIUX apealioB, OCBOEHHE TEXHOJOTUW KyJIbTYPHOTO
BO3JICJIBIBAHUSI PACTEHUS! B TUIAHTAIMOHHBIX YCIIOBUSIX M €ro BKIIOYEHHE B [0oCyJapCTBEHHYIO
(hapMakornero B Ka4ecTBE CTPATETUIECKOTO CHIPHSI.

3axnouenue

Cokpaienue OWONOTHYECKUX 3amacoB Buga Macrotomia euchroma no 30% BciencTBue
AQHTPOIIOTEHHOTO BO3CHCTBUSA, HAPSAY C €r0 BBHICOKUMHU PET€HEPATUBHBIMU ITHOOOTAHUYECKUMU
CBOWMCTBAMH U CTPATETUUYECKON 3KOHOMHUYECKON 3HAYMMOCTBIO BEUIECTBA IIMKOHUH B €T0 COCTABE,
o0ycnaBIMBaeT HeOOXOIMMOCTh MOCTAHOBKU JAHHOTO PACTEHHS Ha TOCYIapCTBEHHBI MOHUTOPHUHT,
o0OecriedyeHrss €ro OXpaHbl M Pa3pabOTKM TEXHOJOTUW TMJIAHTAIIMOHHOTO BBIPAIIMBAHUS IS
MOBBIIICHUST OKCIIOPTHOTO TOTEHIMaIa CTpaHbl. B 1emsx coxpadHeHuss U d(PPeKTUBHOTO
WCIIOJIH30BaHUSI OMOJOTHYECKUX PECYPCOB CTPaHBbl HEOOXOIUMO YCUIIUTh KOHTPOJIb 32 DKCIIOPTOM
M. euchroma mnyrtem ero BkItoueHUs B [ocymapcTBeHHyIo (apmakomero, cO3/1aTh MyHKTHI
MIOCTOSIHHOTO PECYpCHOTO MOHHUTOpPUHTa B AuaiickoM u YaTKalbCKOM pPETHOHAaX, a TaKkxKe
pa3paboTath U BHEAPHUTH B (hepMEpPCKHUE XO35HUCTBA TEXHOJOTUH BBIpAIIMBAHUS HA MCKYCCTBEHHBIX
TJTAHTAIUSX /111 BOCCTAHOBJICHUSI €CTECTBEHHBIX MOIYJISIUH.

Cnucox numepamypul.

1. AiimapoB A. H. DTHOOOTaHHKA ¥ PECYPCHBIN MOTEHIMAN TUKOPACTYIIUX JIEKAPCTBEHHBIX
pactenuit @epranckoro xpedta // Hayka u manoBanmonnsie Texnonorun. 2023. T. 1. No26. C. 88-
94.

2. Boixoaues U. B. BeprukanbHas nosicHocth pactutenbHocTd Kuprusuum (Tsup-Llans u
Aumnait). ®@pynse: U3a-8o AH Kupr. CCP, 1956. 191 c.

3. I'ammepman A. ®. Meronuka ONpenesneHus 3amacoB JICKAPCTBEHHBIX pacTeHUU. M.:
Mennmnaa, 1976. 80 c.

4. JIazpkoB I'. A., V. 6ykeeBa A. T. Kamactp ¢uopsl Keipreizcrana: Cocyauctbie pacTeHHs.
bumkek: On-Apai, 2015. 126 c.

5. Hukutnna E. B. ®nopa Kuprusckon CCP. T. 1-11. ®@pynze: Unum, 1950-1965.

6. CykaueB B. H. MeTonb1 n3ydeHust pactutenbHOro mokposa. M.: Hayka, 1972. 256 c.

7. HannsikoB b. A., MonoBa O.B. Pecypcbl U COBpeMEHHOE COCTOSIHUE JIEKAPCTBEHHBIX
pacrenuii Keipreiscrana // Uzsectust HAH KP. 2021. Ne3. C. 45-52.

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 82




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

8. Kazybekov U., Kurmanbekova G., Torniik F. Review of Arnebia euchroma as a Potential
Medicinal Plant Based on Phytochemistry and Pharmacological Activity / Yuzuncu Y1l University
Journal of  Agricultural Sciences. 2024. V. 34. Nel. P. 176-191.
https://doi.org/10.29133/yyutbd.1306035

References:

1. Ajdarov, A. N. (2023). Etnobotanika i resursnyj potentsial dikorastushchikh lekarstvennykh
rastenij Ferganskogo khrebta. Nauka i innovatsionnye tekhnologii, 1(26), 88-94. (in Russian).

2. Vykhodtsev, I. V. (1956). Vertikal'naya poyasnost' rastitel'nosti Kirgizii (Tyan’-Shan’ i Alaj).
Frunze. (in Russian).

3. Gammerman, A. F. (1976). Metodika opredeleniya zapasov lekarstvennykh rastenij.
Moscow. (in Russian).

4. Laz'kov, G. A., & Ubukeeva, A. T. (2015). Kadastr flory Kyrgyzstana: Sosudistye rasteniya.
Bishkek. (in Russian).

5. Nikitina, E. V. (1950-1965). Flora Kirgizskoj SSR. V. 1-11. Frunze. (in Russian).

6. Sukachev, V. N. (1972). Metody izucheniya rastitel'nogo pokrova. Moscow. (in Russian).

7. Shalpykov, B. A., & Ionova, O. V. (2021). Resursy i sovremennoe sostoyanie lekarstvennykh
rastenij Kyrgyzstana. Izvestiya NAN KR, (3), 45-52. (in Russian).

8. Kazybekov, U., Kurmanbekova, G., & Torntik, F. (2024). Review of Arnebia euchroma as a
Potential Medicinal Plant Based on Phytochemistry and Pharmacological Activity. Yuzuncu Yil
University Journal of Agricultural Sciences, 34(1), 176-191.
https://doi.org/10.29133/yyutbd.1306035

Ilocmynuna 6 pedaxyuio Ipunsama k nybauxayuu

27.02.2026 2. 07.03.2026 2.

Ccolika 0ns yumupo8anusi:
Hononosa I. M., Omyposa K. O., Bypkanos H. P. PecypcHblii moTeniian u 3THo00TaHHYECKOE
3HaueHue Macrotomia euchroma Bo gnope Kvipreizcrana // bronnerens Hayku u mpaktuku. 2026. T.

12. Ne5. C. 78-83. https://doi.org/10.33619/2414-2948/126/08

Cite as (APA):
Dolonova, G., Omurova, K., & Burkanov, N. (2026). Resource Potential and Ethnobotanical

Significance of Macrotomia euchroma in the Flora of Kyrgyzstan. Bulletin of Science and Practice,
12(5), 78-83. (in Russian). https://doi.org/10.33619/2414-2948/126/08

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 83




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

VIK 581.9: 502.4(479.24) https://doi.org/10.33619/2414-2948/126/09
AGRIS F70

®JIOPA U PACTUTEJIBHOCTD OPJIYBAJICKOIO TOCYJAPCTBEHHOI'O
HPUPOIHOIO 3AKASHUKA HAXYBIBAHCKOI ABTOHOMHOM PECIIYBJINKH
(ABEPBAMIUKAH)

©Abbacoe H. K., ORCID: 0000-0002-2255-0826, SPIN-x00. 9916-5743, Scopus ID: 57210698688,
Kauo. buon.nayxk, Haxuvieanckuii 2ocyoapcmeenmsiii yHugepcumemn,
2. Haxuwiean, Azepbaiiodican, namiq-araz@mail.ru
©Canmanosa P. K., ORCID: 0000-0002-3809-6269, xarno. buon.nayx, Haxuvieanckuii
2ocyoapcmeenHulil yrusepcumem, 2. Haxuvigan, Azepoaiioscan, raifasalmanova@mail.ru
Obaxwanuesea A. X., ORCID: 0009-0001-9658-5589, Haxuwvigancxuii
2ocyoapcmeenHulil yHusepcumem, 2. Haxuviean, Aszepoaiiodcan
©Canaesa 3. K., ORCID: 0009-0003-1885-5058, Uncmumym Buopecypcos, Haxuvleanckuii
2ocyoapcmeentulil ynusepcumem, 2. Haxuvigan, Azepoaiioxcan, zulfiyyasalayeva@ndu.edu.az
©Aébo6acnu C. H., ORCID: 0009-0002-7238-0885, Haxuvieanckuii 20cyoapcmeenHblii
yHusepcumem, 2. Haxuvigan, Azepoaiioxncan, smiabbasliS@gmail.com
©Kynues C. III., Munucmepcmeo sxono2uu u npupooHulx pecypcos Haxuvisanckoti Aemonommoti
Pecnybnuxu, e. Haxuviean, Azepbatioscan, samirq262@gmail.com
©Mameoorcapapos @. A., ORCID: 0009-0007-2258-386, HaxuvieaHckuil 20Cy0apcmeenHblil
yHusepcumem, 2. Haxuvigan, Azepoaiioxcan, ferid.memmedceferov@icloud.com

FLORA AND VEGETATION OF THE ORDUBAD STATE NATURE RESERVE
OF THE NAKHCHIVAN AUTONOMOUS REPUBLIC (AZERBAIJAN)

©Abbasov N., ORCID: 0000-0002-2255-0826, SPIN-code: 9916-5743, Scopus ID: 57210698688,
Ph.D., Nakhchivan State University, Nakhchivan, Azerbaijan, namiq-araz@mail.ru
©Salmanova R., ORCID: 0000-0002-3809-6269 Ph.D., Doctor of Philosophy in Biology,
Nakhchivan State University, Nakhchivan, Azerbaijan, raifasalmanova@mail.ru
©Bakhshaliyeva A., ORCID: 0009-0001-9658-5589, Nakhchivan State University,
Nakhchivan, Azerbaijan, arzukerimli85@gmail.com
©Salayeva Z. ORCID: 0009-0003-1885-5058, Institute of Bioresources, Nakhchivan State,
Nakhchivan, Azerbaijan, zulfiyyasalayeva@ndu.edu.az
©Abbasli S., ORCID: 0009-0002-7238-0885, Nakhchivan State University,
Nakhchivan, Azerbaijan, Smiabbasli5@gmail.com
©Guliyev S., Ministry of Ecology and Natural Resources of the Nakhchivan
Autonomous Republic, Nakhchivan, Azerbaijan, samirg262@gmail.com
©Mammadjafarov F., ORCID: 0009-0007-2258-386, Nakhchivan State University,
Nakhchivan, Azerbaijan, ferid.memmedceferov@icloud.com

Annomayus. PaccmaTtpuBaroTcst Guiopa U pacTUTENBHOCTh, a TAKXKe PEeIKUe U HAXOISLIUeCs
MOJ1 YIPO30i NCYE3HOBEHMSI BUJIbI PACTEHU, IPOM3pacTaolie Ha TEPPUTOPUH TOCYJAPCTBEHHOTO
IPUPOJHOTO 3aKka3HuKa «Opay6amy. 3aka3HUK ObUT co3aH B 1969 rony ¢ nenbio oxpaHsl MydiaoHa
u 0e30apoBOro Ko37a, OJHAKO €ro TEPPUTOPHUS OTIMYAETCS TAKKE BBICOKMM (DIOPHUCTUYECKUM
pazHooOpazueM. B xoze nccnenoBanuit Ha Tepputopuu 3akazHuka «Opayoan» BeisiBiaeHO 600 BUI0B
BbICIINX pacTeHud. [IpoaHanu3upoBaHbl OCHOBHBIE THIBI PACTUTEIBHOCTH, HKOJIOIMYECKHE
0COOEHHOCTH MECTOOOMTAaHUM M (aKTOPHI aHTPOIIOTEHHOTO BO3AEUCTBU. [IpenokeHbl Mephl 1Mo
YCUJICHHUIO OXpaHbl peAKHX BUIOB pacTeHHi. Co3laHue 3aka3HMKa M rocylapcTBEeHHas 3a0oTa o
KOMIUIEKCHOW OXpaHe MPUPOJIbl CIIOCOOCTBOBAIN YBEIMUEHUIO YUCIEHHOCTH paHee HaXOAUBIIUXCS
Mol Yrpo30o WCUe3HOBEHUs BHAOB (MydioHa U 0€30apoBOr0 KO037a), a TaKXKe CO3JaIH
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ONMaronpusTHbIE YCIOBUS Uil MHUTpali W OOUTAaHUS HOBBIX BHJOB U3 OJIM3JIEkKAIIUX
reorpauyecKkux peruoHoB. Ha TeppuTopun OXpaHsAIOTCs Kak peAKue BUIbl MECTHOU (JIOpHI, TaK U
OJVH W3 PEAKUX M HAXOIAIIMXCS IMOJl YIpO30H MCUYE3HOBEHUS IpEICTaBUTENeH MHUPOBOH (hayHbI
Pantera pardus caucasica-neonapa kaBka3ckuil (B pamkax nmpoekta WWF). B anmunancTpaTHBHOM
OTHOIICHUH 3aKa3HUK B CYIIECTBYIOIIUX TPAHUIIAX PACIIOIOKEH Ha TeppUTOpUH J[KyIb(hUHCKOrO U
Opny6aackoro paiioHa HaxdpiBaHCKOW ABTOHOMHOU pecmyOiauku. B HacTosiee Bpems IIIOIIAIb
3aKa3HuKa coctasisieT 27869 ra.

Abstract. Examines the flora and vegetation, as well as rare and endangered plant species,
growing within the Ordubad State Nature Reserve. The reserve was established in 1969 to protect the
mouflon and the bezoar goat; however, its territory is also characterized by high floristic diversity.
Research conducted in the Ordubad Reserve identified 600 species of higher plants. The main
vegetation types, ecological characteristics of habitats, and factors of anthropogenic impact are
analyzed, and measures to enhance the protection of rare plant species are proposed. The
establishment of the reserve and the state’s commitment to comprehensive nature conservation have
contributed to an increase in the populations of species that were previously endangered (mouflon
and bezoar goat) and have also created favorable conditions for the migration and dispersal of new
species from nearby geographical regions. The reserve protects both rare species of local flora and
one of the world’s endangered representatives of fauna - Panthera pardus saxicolor (the Caucasian
leopard) - within the framework of a World Wildlife Fund (WWF) project. Administratively, within
its current boundaries, the reserve is located in the Julfa and Ordubad districts of the Nakhchivan
Autonomous Republic. At present, the total area of the reserve is 27,869 hectares.

Knoueswvie cnosa: peaxue pacteHus, Onopaznooopasue (Gaopsl, d3pemMepHas pacTUTSILHOCTD,
TUTICOHOCHBIE TIOYBBI, OXpaHa MPHUPObI, 3aka3HuK Opayban

Keywords: Rare plants, flora biodiversity, ephemeral vegetation, gypsum-bearing soils, nature
conservation, Ordubad nature reserve.

B xone npoBen€HHBIX HCClIeAOBaHUIN Ha TeppUTOpUH 3aka3Huka «Opay6an» BeisiBiaeHo 600
BUJIOB BBICIIMX COCYJIMCTBIX pacTeHHH, W3 KOTOpbIX 82 BuJa BKIIOYEHbI B «KpacHyro KHUTY»
HaxusiBanckoit ApronomHo# PecnyOnuku, a 16 BunoB — B HOBoe u3nanue (2023 r.) «KpacHoit
KHUTH» A3epbaiikanckoit PecniyOnuku [14-16].

C nenbio oxpanbl MyQuioHa 1 6€30apoBOro Ko3i1a Ha TeppuTopun HaxubiBaHCKOM ABTOHOMHOM
PecniyOnuku B 1969 r B ropHbIx u npenropHsix yactax Jxynsdunckoro u Opaybanckoro paiioHoB
o1 co3man OpayOaiackuii TOCYAapCTBEHHBIM TMPUPOIHBIN 3aKa3HUK IUiomanpio 40 TeiC. Ta.
Co3naHue 3aKa3HUKa U TOCYAapCTBEHHAs 3a00Ta 0 KOMIUIEKCHOM OXpaHe IpUpPOIbl CIOCOOCTBOBAIIN
YBEITUYEHUIO YUCIEHHOCTH BUOB, paHee HAXOJUBIINUXCS O] YTPO30i ncue3HOBeHUs (My(iioHa U
6€30apoBOro K03J1a), a TAaKXkKe CO3/ali OJaroNpUsATHBIE YCIOBUS Ul MUTPAIlMA U OOUTaHHUS HOBBIX
BUJIOB U3 Onm3iiexamux reorpadpudeckux pernoHoB. Ha Teppuropuu 3aka3HHKa OXpaHSAIOTCA Kak
peaKue BUIbl MECTHOM (IIOPHI, TaK U OJMH U3 PEIKUX U HaXOJAUINXCS MO/ YIp030il HCUE3HOBEHUS
npecTaBuTeNeld MupoBoit payusl — Panthera pardus saxicolor (neonapa KaBKa3CcKHii) — B paMKax
npoekta WWEF [5].

B agMuHUCTpaTHBHOM OTHOILIEHUM 3aKa3HMK B CYLIECTBYIOLIMX TPaHMIIAX PACIOJIOKEH Ha
tepputopun Ixynspunckoro u Opayodaackoro paitonoB HaxubiBanckoit ABToHOMHOM PecnyGnuku.
B Hacrosiiee BpeMs iomaab 3akasHuka coctasisieT 27 869 ra.

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 85




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

I"opHBIii ¥ TpearopHBIN penbed TEPPUTOPUU 3aKa3HUKA OKA3hIBAET CYIIECTBEHHOE BIMSIHUE HA
pa3sHooOpa3ue ero KJIMMaTH4YEeCKUX YCJIOBUH, a Takke Ha OOraTcTBO pacTUTEIbHOIO M KUBOTHOTO
Mupa. Ha Teppuropun 3aka3HMKa pacipOCTPaHEHBI Oy CTBIHHBIE, CYXOCTEIIHbIE, TOPHOCTEIIHBIC
(puranougHbie), JECHbIE M KYCTApPHUKOBBIE JKOCHUCTEMBbl. B CMENmIaHHBIX HACAKICHUAX
IIPOU3PACTAIOT I0JIOHS, TpyIIIa, UBA U IpyTHe JPEBECHBIC IOPO/Ibl, a TAKXKe KyCTapHUKU — OapOapuc,
IIMIIOBHUK, OOSPBIIIHUK W JAp. TeppuTopus 3aka3HHMKa IpocTupaercss oT ropsl Hexpempar no
JOJINHBI peku [ mirssHuan

Mamepuan u memooonoaus

DIOPUCTUYECKHE UCCIICIOBAHUS HA 3TOW TEPPUTOPUM TPOBOIMINCH B pazHbie rojabl (2017-
2025) Bceero Ha teppuTopuu 3aka3Huka BbIsiBICHO 600 BUIOB BBICIIUX COCYJUCTBIX PACTECHUH, MO
qyucy BUJOB 3T0 — 19% ot Beeit ¢uioper HaxubiBanckoit ABToHOMHO# Pecryonuku. Ha repputopun
TaK)Xe 3aperucTpupoBaHo 14 peakux BUJOB PACTEHUH, PEKOMEHIIOBAHHBIX Ji BKJIIOYCHHS B
oynymee uznanue «KpacHoii kuuru» pernona. OObeKTOM HCCIEAOBAHUS SBISUIMCH PACTUTEIbHbBIE
pecypcbl 3akazHuka «Opay0any». IloneBbie nccnenoBaHus NPOBOANUINCH B CIEAYIOLUIUX TOUKAX:

1) Hapeiaar (N 39.05743; E 45.66895, h —1496 m; N 39.05016; E 45.66876, h — 1519 m);

2) Hexpempar (N 38.984891; E 45.547300, h — 1043 m);

3) N'mnanuaii (N 39.03549; E 45.843648, h— 1152 m).

OcHOBY uCCIIEJOBaHMM COCTaBWIU: repOapHble Marepualibl, cOOpaHHbIE B XOJE IOJIEBBIX
UCCIIeIOBaHMM, (IIOPUCTHYECKHUE, (PUTOLIEHOJIOTHYECKUE TaHHBIE, MaTepHalIbl repoapHoro GoHa, a
TaK)Ke JUTepaTypHble HCTOYHHUKH. [loneBble HcclenoBaHUS MPOBOIWINCH C HCIOIb30BAHHEM
OOMENPUHATHIX (PIOPUCTHUESCKUX U reo00TaHUYECKUX MeTo10B [10-12, 17].

ObcyorcoeHue noayueHHbX pe3yibmanmos

Ha teppuropun 3aka3Huka BbisiBIeHO 600 BUIOB BBICIIMX COCYJUCTBIX PACTEHU, U3 KOTOPBIX
112 BUI0B ABIIAIOTCS pEAKUMM JUIs1 3TOM Teppuropun. 13 Hux 82 BuaoB BHeceH B «KpacHyr0 KHUTY»
HaxusiBanckoit ABToHoMHOM PecnyOnuku ¢ pa3HBIMU CTaTyCamH.

PactutenbHOCTh TamMmaza (Ha THUICOHOCHBIX IOYBax) Ha TeppuTopuu HaxubiBaHCKOM
ABToHOMHO# PecriyOnuku Obina onucana b. 3. I'ynucamsuiy, JI. b. Maxaranze u JI. W. [lpununko.
OTOT THUIl PaCTUTEIBHOCTU PACIPOCTPAaHEH MSATHAMHU HAa TMIICOHOCHBIX MOYBaxX B NPEATOPHOM M
HUKHETOPHOM Tosicax M c(OPMHUPOBAH MpHU MpeodsiajlaHuK MYyCTBIHHBIX BHJI0B. OH OTIMYaeTcs
CBOEOOPA3HBIM COCTAaBOM U CTPYKTYpoil. OCHOBY pacTUTEILHOCTH COCTABIISIOT MEJIKHE COJITHKOBBIE
KyCTapHHMKH U (pUraHOMIHbIe pacTeHHs. K OCHOBHBIM TOMHHAHTaM U 3JU(PHUKATOPaM OTHOCSATCS:
consinka cepast — Salsola cana C. Koch, consaka msicuctas — Salsola crassa Bieb., consnka
Bounounas — Salsola tomentosa (Moq.) Spach, ncedemrtoc xentoronoBwiii — Psephellus
xanthocephalus (DC.) Boiss. & Buhse, ana6aszuc Esrenun — Anabasis eugeniae 1ljin, nonasiHb
MmeTtenbyuatas — Artemisia scoparia Waldst. et Kit., neontuna manas — Leontice minor Boiss. u zip.
JlaHHBI THUIl PACTUTEIBHOCTH PACHpPOCTPaHEH y MOAHOXWS Apnapiugar, B paioHax Jlysnar,
Hepemam, Jlapupar u Yanxankana. OH TpeAcTaBlIeH MHOTOYUCIEHHBIMH — (hOpMaIUsIMH,
accouuanusMu U MHUKporpynmnupoBkamu. [logoOGHbIe cooOmiecTBa MIMPOKO PACIPOCTPAHEHBI
MIPEeUMYyIIECTBEHHO B A po-A3uaTcKuX (IOPUCTUIECKUX 00IaCTSIX.

D¢emepHo-ranuanTHas (PaCTUTEIbHOCTh IIBETHBIX MOYB) SIBISAETCS OJHUM U3 XapaKTEPHBIX
(UTOLIEHO30B  pacTUTENbHOTO ToKpoBa HaxubiBaHckoil ~ ABTOoHOMHOH  PecnyGmuku. B
reo0OTaHNYECKON JHUTEepaType CBEIEHUs O HeW KpailHe orpaHMYeHbl. DTOT TUIl PACTUTEIHHOCTH
pacnpocTpaHE€H Ha MU3BECTKOBBIX MOYBAX C KPACHOM, 3€NEHOM, KENTOM, CHHEN U MHOW OKPACKOM.
[TonoOHBIE LBETHBIE MOYBHI YacCTO BcTpeuaroTcst Ha Teppuropusix Camapaxckoro, Ilapypckoro,
Kenrepnuuckoro, Ilax6y3ckoro, babekckoro, [Dxynbpunckoro u Opaybanckoro paiioHOB.
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Hawnbonee WHTEHCMBHO OHM pacHpOCTpaHeHbl B okpecTHOCTAX Keiwumarsun, Jlysmar, dapunar,
Hexamxupnar, Capeitenie 1 Hoxynnar (JbxyashuHCKU paiion).

[TouBBI UMEIOT PHIXITYIO, 3€PHUCTO-KOMKOBATYIO, IJIOTHYIO WJIM CTOJIOYATYIO CTPYKTYpPY U IO
CBOWIM CBOWCTBaM NPHUOIIIKAIOTCS K COJIOHIIEBATBIM IMOoYBaM. KpacHbie W KENThIE THIICOHOCHBIE
MOYBHI OTJIMYAIOTCA BBICOKHUM COJIEp)KAaHUEM TJIMHBI, KapOOHATOB, COCTMHEHUI jKeJie3a U OKCHJIOB
MapraHia. B Takux ycnoBHsX Xopomio pa3BuBarOTcs 3demepbl, ddeMepouabl U HEKOTOPbIe
consiHKoBbIe pactenus. Lllupoko pacnpoctpanensl Petrosimonia brachiata Bunge, Seidlitzia florida
(Bieb.) Bunge, Halanthium rarifolium C. Koch, Salsola crassa Bieb., popmupyromniue cBoeoOpa3Hbie
(bUTOIIEHO3HI.

Cpenu a(hemepHBIX 371aKOB IUPOKO MpecTaBiieHbl: Festuca valesiaca Schleich. ex Gaudin, Poa
bulbosa L., Boissiera squarrosa Nevski, Aegilops biuncialis Vis., A. triuncialis L., A. cylindrica Host,
Eremopyrum orientale Spach., E. triticcum Nevski, E. bonaepartis Nevski, Anisantha tectorum
Nevski, Bromus danthoniae Trin. u ap.

B ¢uronenosax aheMepHO-TaTMaHTHON PACTUTENBHOCTH CPEAH OJHOIOIBHBIX U ABYJOIBHBIX
ademMepoB BcTpedarTcs: Scabiosa rotata Bieb., Anagallis arvensis L., Koelpinia linearis Pall.,
Amberboa moschata (L.) DC., Sideritis montana L., Ziziphora tenuior L., Romeria refracta,
Asphodeline prolifera (Bieb.) Kunth, Ranunculus testiculatus Crantz, Erophila verna (L.) Bess. u ap.
BecHoil mociie nmepBbIX 10Xkl OHM HHTEHCHBHO Pa3BUBAIOTCS U IOCTUTalOT MakcuMyma B mae. K
KOHITy Masi- HadaJly WIOHS IOJTHOCTBHIO BBICBIXAIOT. X CMEHSIOT pa3pekeHHO MPOU3PACTAIOIIHEC
MHorosieTHue Kcepodutel: Carthamus oxyacanthus Bieb., Cousinia purpurea C.A. Mey.,
Aphanopleura trachysperma Boiss., Stizolophus balsamita Cass. Cpeau s3deMepouHbIX reoUuToB
BcTpeuatorcs: Gagea reticulata (Pall.) Schult., Scorzonera papposa DC., Geranium tuberosum L.,
Leontice minor Boiss., Ixiolirion tataricum (Pall.) Herb., Caccinia macranthera (Banks et Soland.)
Brand. m w™HoOrme npyrue. DdemepHo-ralMaHTHAS PACTHTEIBHOCTh OTHOCHUTCS K 3UMHUM
nactoumam. E€ kopMoBasi IIEHHOCTh BBICOKA TOJBKO B JI0XK/IJTMBBIC BECEHHUE U OCEHHHE MECSIIHI [ 1,
2,4,5].

PaHbIie Ha TeppHUTOPHUU 3aKa3HUKA MEPHI 10 OXPaHE PACTEHUH KaK OCHOBHOTO KOMITOHEHTA
OWOoIIeHO3a MPAKTUIECCKH HE MPOBOIMINCH. HampoTHB, TEppUTOPUS HHTEHCUBHO HCIOJH30BaJIach
JUIS BbIMIaca W CEHOKOIIEHHUsS, MPU 1TOM pEAKUE BHJBI PACTEHHUN OCTaBajlCh 0€3 JOJKHOTO
BHUMaHUsA. B 3ToM koHTeKkcTe co3panue Opay0aackoro rocyJapCTBEHHOTO MPUPOJIHOTO 3aKa3HUKA
uMeeT oco0oe 3HAUYCHHUE I COXPAHCHUS PEIKUX BUIOB BO (iope HaxupiBaHa.

Peoxue oxpansiemsie 6uovi ghnopvr Opoybaocko2o 20cy0apcmeeHH020 NPUPOOHO20 3aKASHUKA.

1. Acantholimon araxanum Bunge

2. Acanthophyllum versicolor Fisch. & C.A. Mey.

3. Acer ibericum Bieb.

4. Adiantum capillus-veneris L.

5. Alhagi persarum Boiss.

6. Alkanna orientalis

7. Alkekengi officinarum Moench

8. Allium akaka S.G.Gmel.

9. Allium atrovioleaceum Boiss.

10. Anabasis brachiata Fisch. & C. A. Mey. ex Kar.& Kir.

11. Anabasis brachiata Fisch. & C. A. Mey. ex Kar.& Kir.

12. Anabasis eugeniae 1ljin

13. Anabasis eugeniae 1ljin

14. Argyrolobium trigonelloides Jaub. & Spach

15. Asparagus persicus Baker
16. Asphodeline prolifera Kunth
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. Asphodeline prolifera Kunth

. Astragalus beckerianus Trautv.

. Astragalus candolleanus Boiss.

. Astragalus echinops Aucher ex Boiss.

. Astragalus fabaceus M .Bieb.

. Astragalus karjaginii Boriss.

. Astragalus mollis M. Bieb.

. Astragalus prilipkoanus Grossh.

. Astragalus prilipkoanus Grossh.

. Astragalus szovitsii Fisch. & C.A. Mey.
. Atraphaxis angustifolia Jaub.& Spach.
Bellevalia montana (K. Koch) Boiss.
Betula pendula Roth

. Biebersteinia multifida DC

Calligonum equisetiforme Boiss.
Campanula propingua

Centaurea pseudoscabiosa Boiss. & Buhse.
Colutea cilicica Boiss. & Balansa
Colutea komarovii Takth.

Cousinia macroptera C.A. Mey. ex DC.
Cynanchum acutum L.

Daphne transcaucasica Pobed.

. Draba polytricha Led

. Dracocephalum multicaule Montbr. & Aucher ex Benth.
. Epipactis veratrifolia Boiss. & Hohen.

. Eremurus spectabilis M.Bieb.

. Euphorbia azerbajdzhanica Bordz.

. Euphorbia grossheimii Prokh.

Ferula persica Willd.

Ferula szowitsiana DC.

Ficus carica L.

Fritillaria gibbosa Boiss.

Glaucium elegans Fisch. & C.A.Mey.

Gypsophila pulvinaria Rech. fil.
Hedysarum atropatanum Bunge ex Boiss.
Helichrysum pallasii (Spreng.) Ledeb.
Hippophae rhamnoides L.

Hyoscyamus reticulatus L. toklif
Hypericum lydium Boiss.

Iridodictyum reticulatum (M.Bieb.) Rodion.
Iris caucasica Hoftm.

Iris grossheimii Woronow

Iris lycotis Woronow

Iris lycotis Woronow

Iris musulmanica Fomin

Iris paradoxa Steven

Ixoliron tataricum (Pall.) Herb.

. Juniperus communis L.

. Juniperus excelsa subsp. polycarpos (K. Koch) Takht.
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68. Juniperus foetidissima Willd.

69. Lagochilus cabulicus Benth.

70. Leontice minor Boiss.

71. Nectaroscordum tripedale (Trautv.) Grossh.

72. Neotorularia contortuplicata (Stephan ex Willd.) Hedge & J.Leonard

73. Onobrychis cornuta (L.) Desv.

74. Ophrys apifera Huds.

75. Orchis simia Lam.

76. Paronychia kurdica Boiss

77. Pistacia mutica Fisch. & C.A. Mey.

78. Platanus orientalis L.

79. Populus euphratica Olivier

80. Prangos acaulis (DC.) Bornm

81. Prunus microcarpa C.A.Mey.

82. Punica granatum L.

83. Pyrus medvedevii Rubtzov

84. Pyrus salicifolia Pall.

85. Quercus araxina (Trautv.) Grossh.

86. Reaumuria persica Boiss.

87. Rheum ribes L.

88. Rhus coriaria L.

89. Rosa azerbaijanica Novopokr.

90. Rosa nisami Sosn.

91. Rosa rapinii

92. Satureja hortensis L.

93. Satureja macrantha L.

94. Scilla caucasica Miscz.

95. Scilla mischtschenkoana Grossh.

96. Scrophularia atropatana Grossh.

97. Scrophularia haematantha Boiss. & Heldr.

98. Scutellaria darriensis Grossh.

99. Scutellaria grossheimiana Juz.

100. Secale vavilovii Grossh.

101. Stachys lavandulifolia Vahl

102. Stipa karjaginii Mussajev & Sadychov

103. Tanacetum kotschyi (Boiss.) Grierson

104. Thymus kotschyanus Boiss. & Hohen.

105. Tragopogon pterocarpus DC.

106. Tulipa biflora Pall..

107. Tulipa florenskyi Woronow

108. Tulipa julia K.Koch

109. Verbascum paniculatum tok

110. Vincetoxicum funebre Boiss. & Kotschy tok

111. Vincetoxicum fuscatum (Hornem.) Endl.

112. Ziziphora tenuior L.

113. Zuvanda meyeri (Boiss.) Askerova

114. Zygophyllum atriplicoides Fisch. & C.A.Mey.

B HacTosmiee Bpemst 11 OXpaHbl pACTEHU ONTPEACIICHBI CIEAYIONME OCHOBHBIEC HAITPABIICHHUS:
3aKOHOJIAaTeIbHAS OXpaHa PACTEHMM; OXpaHa B 3allOBEJHUKAX U 3aKa3HMKAX; BBIPALIMBAHUE PEAKUX
Y UCYE3AI0NINX BUJOB B OOTAHMUYECKUX CaJlaX C MOCIEAYIONMEH PEUHTPOIYKITUEH; CO3TaHue TeHHBIX
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0aHKOB; pa3paboTKa METOJOB PAa3MHOXKEHHUS PENKHX BHUIOB KYJIbTYpPOW TKaHEH; peryjJupoBaHuE
cOopa 1 peanuzaluy peIKUX pacTeHUil; u3ganue HoBoi «KpacHOW KHUTH» peruoHa.

Ha Ttepputopun 3akasHumka «Opay0am» UMeEOTCs BCe HEOOXOAWMBbIE Hay4HbIE U
PUPOJOOXPAHHBIE TPEANOCHUIKH JJIsi  00ECHeUeHUs] 3aKOHOJNATENbHOW OXpaHbl pENKHX U
ycuesarmux BUIOB pacteHuil. M3 3022 BumoB duopel perrona 600 BHUIOB MpOW3pACTAIOT HA
TEPPUTOPUHN 3aKa3HUKA, U3 KOTOpbIX 114 OTHOCATCS K penkuM BUAaM. BONBIIMHCTBO M3 HUX
HAXOJUTCS TOJ| YIpO30H MCUE3HOBEHMS BCJEICTBHE NMPSMOTO WJIM KOCBEHHOTO aHTPOIIOTEHHOTO
Bo3eiicTBUsl. KpoMe TOro, 4actb BHJIOB HUCHBITHIBACT HETATHBHOE BIUSHUE HEOIArOnmpHUSTHBIX
KJIIMMaTHYECKUX YCJIOBUN U MOYBEHHBIX (DAKTOPOB, UTO CYIIECTBEHHO 3aTPYAHIET BOCCTAHOBJICHHE
UX €CTEeCTBEHHBIX Momyssiiuid. [1ocKoIbKY TOpHBIE CUCTEMBI Ha TEPPUTOPUU 3aKa3HUKA SBIISIOTCA
T€OJIOTUYECKH OTHOCHTEIBHO MOJOABIMH, JIECHas pPaCTUTEIBHOCTh 31€Ch pa3BUTa Ciado.
3HaynTeNbHAS YACTh PEAKHX pACTEHUIl 3aKa3HHWKA TIPEICTaBIIsET COOOW IIEHHBIE KOPMOBBIE,
JICKOpAaTUBHbIE U JICKAPCTBEHHBIC BHUJABI. DTH PAaCTEHHUS BXOISAT B palMoH 0€30apoBOT0 KO3Jia,
MyQJIOHA U APYTUX TPABOSTHBIX KUBOTHBIX, 3aHUMAsi BAXKHOE MECTO B TPOPUUECKOU CTPYKType
ouorenHo3a [1-5].

3axnouenue

@dnopa 3aka3HUKa, cQOpMHpOBaBIIasCI B YCIOBUSAX KOHTHMHEHTAJIBHOIO KJIMMATa,
XapaKkTepU3yeTcsi HU3KOPOCIOCThI0O M CPaBHUTEIBHO HEBBICOKUM, HO CBOEOOpa3HBIM BHIOBBIM
pa3zHooOpa3uem, 4To 00yCIOBICHO JOMUHUPOBAHUEM KCEPODUTHBIX pacTeHUH. 82 BHIa 3aHECCHBI B
«KpacHyto kHUTY» pernona, a 16 BugoB BKiItOUeHbI B HOBoe uznganue (2023 r.) «KpacHolt KHUTH»
Azepb6aiimkanckoit Pecniyonuku. Kpome Toro, 16 BHIOB ¢ pa3iIUYHBIMH MHPUPOTOOXPAHHBIMH
crarycamu: Actparan MArkuii (Astragalus mollis), BepOmoxbsa Komrouka nepcunckas (Alhagi
persarum), TyHnenusi aparaukas (Gundelia aragatsi), ny0 apaxcunckuii (Quercus araxina),
ny3bipHUK Kunukuiickuit (Colutea cilicica), kaunm nogymikoBunnbii (Gypsophila pulvinaria),
3MEeroJIOBHUK MHOToCcTe0eNnbHbIN (Dracocephalum multicaule), kopoBsik MeTenbuatbiit (Verbascum
paniculatum), xoneeyHuk azepOaipkanckuil (Hedysarum atropatanum), STPHILIHUK OOE€3bSHUIMA
(Orchis simia), yabep KpyIHOUBETKOBBIN (Satureja macrantha), yabep canoBbiit (Satureja hortensis),
BaCWIEK JIOKHO-CKaOmo30BbIil (Centaurea pseudoscabiosa), nactoBeHb octpwiii (Cynanchum
acutum), nacToBeHb mnorpeOanbublii (Vincetoxicum funebre), Oenena ceruatas (Hyoscyamus
reticulatus). B nensx coxpanenusi 6MopazHooOpasus JaHHON TEPPUTOPHH PEKOMEHAYETCS YCUIIUTh
MIPUPOJIO0XPAHHBIC MEPHI, HATIPABJIIEHHBIC HA OXPaHy PEIKUX U UCUE3AIOIINX BHIOB PACTEHUH.
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MMPOCTPAHCTBEHHOE PACIIPEJIEJIEHUE 3EJEHBIX HACAXKJIEHA
I'OPOJA BAKY (HA IIPUMEPE “SEA BREEZE” U IIPUMOPCKOI'O BYJIbBAPA)
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SPATIAL DISTRIBUTION OF URBAN GREEN SPACES IN THE CITY OF BAKU
(A CASE STUDY OF “SEA BREEZE” AND THE SEASIDE BOULEVARD)
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Baku, Azerbaijan, inaza76@gmail.com
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Annomayus. PaccMaTrpuBaroTCs OCOOCHHOCTH NMPOCTPAHCTBEHHOT'O PACHpENeNeHHs 3eIEHBIX
HaCaXACHUH Topona baky B yCIOBUSX WMHTCHCHUBHOW ypOaHW3alMM Ha TpUMEpe NpUOpPEKHBIX
pEeKpeallMoHHbIX TeppuTopuii — Komiuiekca “Sea Breeze” u I[Ipumopckoro OynbBapa. 3enéHbie
HACa)KJICHUS aHAJIM3UPYIOTCS, KaK KJIIOUEBOM KOMIIOHEHT FOPOJICKON 3KOCHCTEMBI, BBIOIHSOIINN
Ba)XXHbIE HSKOJIOTUYECKHUE, CAHUTAPHO-TMTHEHUYECKHE U COLMAJIbHO-PEKpEallMOHHbIE (DYHKIUH.
Ocoboe BHUMaHHE YJENACTCS PO PACTUTEIHHOCTH B (JOPMHUPOBAHUU MUKPOKIMMATA, CHUYKEHUHU
AQHTPOIIOICHHOW HArpy3ku M HOJIEPKAHUM SKOJIOIMYECKOW YCTOWYMBOCTH T'OPOACKOM CpEIBbI.
MeTo0510rn4eckoif OCHOBOM MCCIIEI0BaHMSI MOCITYKIJI KOMIUIEKCHBIM 3K0JI0Tr0o-reorpadguyeckuii u
Ja"madTHO-ypOOIKOIOTHUECKUH MOIX01 C MpuMeHeHueM reonHdopmarmonssix cucreM (I'MC). B
paboTe MCHOJB30BAaHBl METOJbl  MPOCTPAHCTBEHHOIO  aHalu3a, KapTrorpadupoBaHHs H
CPaBHUTEJIBHOTO aHaJIW3a, IMO3BOJMBIIME OLEHUTH IUIOLIa/b, CTPYKTYPY M IPOCTPAHCTBEHHYIO
KOH(Urypaluio 3el1EHbIX HACaXJAEHUH HCCleayeMbIX TeppUTOpuil. B pesynbpTare nccnenoBaHus
YCTaHOBJICHO, 4TO 3eJ1EHbIe HacaxaeHus “Sea Breeze” u Ilpumopckoro OynpBapa pa3ianyaroTcs Mo
XapakTepy O3€JeHEHMs, (PYHKIMOHAIbHOM Harpy3ke W IpPOCTPAHCTBEHHON OpraHu3alMH.
[Tpumopckuit OynpBap xapakrepu3yercs 00iee BbICOKOM 3KOJIOTHYECKON 3HAUMMOCTbIO, CBSA3HOCTBIO
3€NEHBIX 30H U MHTETpalled B DKOJIOTMUYECKUN KapKac ropoja, TOTAAa KaK O3€JIEHEHHE KOMILIEKCa
“Sea Breeze” HOCHUT NPEUMYIIECTBEHHO JIE€KOPAaTUBHO-PEKPEALIMOHHBIN M (pparMeHTHpPOBaHHBIN
xapaktep. BblsBIeHO Takke mnpeoOiasaHue HMHTPOMYLMPOBAHHBIX BHMJIOB PpAcTEHHUH, dYTO
00yCJIOBJIEHO TPUPOAHO-KIMMATUYECKUMU YCIOBUSMHU AMIIEPOHCKOT0 MOIYOCTPOBA U ClielU(PUKON
ropoAckoro oseneHeHus. [lomyuyeHHble pe3yibTaThl NOJUYEPKUBAIOT HEOOXOAMMOCTh Y4éTa
MPUHIUIOB (POPMUPOBAHMS SKOJOIMUYECKOIO KapKaca M IMPOCTPAHCTBEHHOM CBSI3HOCTH 3€IEHBIX
HAaCaXJACHUH TpH JalbHEHIIeM pa3BUTUU MpUOpexHBIX Tepputopuit baky. Marepuans
UCCIIEIOBaHUsI MOTYT OBITh HCIIOJIB30BAHBI IPU TEPPUTOPUATBHOM IUIAHHUPOBAHUH, pa3zpaboTke
MIPOrpaMM yCTOHYHMBOIO Pa3BUTHUS TOPOJa U ONTUMU3AINH CUCTEMBI TOPOJICKOTO O3€JIEHEHUSI.

Abstract. The article examines the spatial distribution of urban green spaces in Baku under
conditions of intensive urbanization, using the coastal recreational areas of the «Sea Breeze» complex
and the Seaside Boulevard as case studies. Green spaces are considered an important part of the urban
ecosystem, performing ecological, sanitary-hygienic, and social-recreational functions. Particular
attention is given to the role of vegetation in shaping the microclimate, reducing anthropogenic
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pressure, and supporting environmental sustainability in the urban environment. The methodological
basis of the research is an ecological-geographical and landscape-urban ecological approach using
Geographic Information Systems (GIS). The study applies spatial analysis, mapping, and comparative
analysis to evaluate the area, structure, and spatial configuration of green spaces within the studied
territories. The results show that the green spaces of «Sea Breeze» and the Seaside Boulevard differ
in landscaping characteristics, functional use, and spatial organization. The Seaside Boulevard has
greater ecological importance, stronger connectivity between green areas, and better integration into
the ecological framework of the city. In contrast, the landscaping of the «Sea Breeze» complex is
mainly decorative and recreational and is characterized by a more fragmented spatial structure. The
study also shows the predominance of introduced plant species, which is influenced by the natural
and climatic conditions of the Absheron Peninsula and the specifics of urban landscaping. The results
highlight the importance of ecological framework principles and spatial connectivity of green spaces
for the further development of Baku’s coastal territories, their application in territorial planning,
sustainable urban development, improvement of urban green infrastructure.

Knioueguie cnosa: ypo03KOIOTHs, IPOCTPAHCTBEHHBIM aHATIN3, YKOJIOTNYECKUil Kapkac, baky.
Keywords: urban ecology, spatial analysis, ecological framework, Baku.

PacturensHOCTh siBAsieTCs (PyHIaMEHTAIbHBIM KOMIIOHEHTOM TOPOJICKOM 3KOCUCTEMBI M
UTpaeT KIKYEeBYIO poiib B (pOpMHpOBaHUM OJArONPUATHON M KOJOTHYECKH YCTOWYMBOM Cpebl
MpPOXUBaHUS. B yclIOBHSX WHTEHCHUBHOW YypOaHM3alMMU 3€NE€HbIE HACAKICHHS BBIMOIHSIIOT
MHOTO(QYHKITMOHATBbHBIC JKOCHCTEMHBIC YCIyTH, BKIIOYAas pETyJIHpPOBAHUE MHUKPOKIUMATA,
yIIyYIIEHHE Ta30BOr0 cocTtaBa aTmochepsl, OOorameHue BO3AyXa KHCIOPOJIOM, IOTJIONICHHE
YTJIEKHUCIIOTO Ta3a, MbUIM U TOKCUYHBIX COCIMHEHUN, CHUKEHUE YPOBHS IIyMOBOTO 3arps3HEHUs, a
Takke (POPMUPOBAHHE ICTETUYECKOTO U PEKPEAlMOHHOTO MOTEHIMala TOPOACKON TEppPUTOPHUHU.
HccnepoBanusiMu yCTaHOBIICHO, UTO HA 03€JICHEHHBIX TEPPUTOPUSIX TEMIIEpaTypa BO3yXa B JICTHHUM
nepuo/ B cperHeM Ha 2—3°C HuxKe, a B 3MMHUN TIEpUOJ1 — BBILIE 110 CPABHEHUIO C HE03€JIEHEHHBIMU
y4acTKaMH, YTO CIIOCOOCTBYET CHIXKEHHUIO BBIPAXKEHHOCTH 3(PeKTa rOpoICKOTO TEIIIOBOTO OCTPOBA.

JlpeBecHO-KyCTapHUKOBasl PACTHUTENHLHOCTh CIOCOOHA TMOTJOMIATh 3HAUYUTENbHBIE OO0BEMBI
aTMOC(EPHBIX 3arps3HUTENICH, BKIIOYas YTIEKUCIIBIN Ta3, OKCU/IBI a30Ta U CEPHUCTHIC COSAMHEHUS,
3anepxkuBath 10 20-30% mnbum u g0 20-40% 0051€3HETBOPHBIX MUKpPOOPTaHU3MOB, a TaKXKe
CYIIIECTBEHHO CHIKaTh ypPOBEHb IIYMOBOTO BO3JCHCTBHS. YKazaHHblEe (YHKIUH TPHUOOpPETAIOT
0co0yI0 3HaYMMOCTh M TopoAa baky, XxapakTepusyroIerocs BbICOKON MIOTHOCTBHIO 3aCTPOMKH,
WHTEHCUBHOM TPAHCIIOPTHOW HArpy3KOW U 3HAUYUTEIIbHBIM TEXHOT€HHBIM BO3JICICTBUEM, CBA3aHHBIM
C pa3BUTHEM HE(PTSIHOW MPOMBIIUICHHOCTH. B 3THUX YCIOBUSX pallMOHAIBHOE MPOCTPAHCTBEHHOE
pacmpesienieHne 3eNEHbIX HAaCAKICHUN CTAaHOBHUTCS OJHUM M3 KIIIOUEBHIX (DaKTOPOB oOecreueHus
IKOJIOTMYECKO 0€30MacHOCTH M KauecTBa >KM3HHU HaceleHUs. B cTpykType ropojackoi 3en€Hoii
UHOPACTPYKTYPHI BBIICIAIOTCS MApKH, Cabl, CKBEPHI, OYJIbBaphl, BHYTPUKBAPTAIbHBIE TTOCATIKH,
MPUOPEKHBIE PEKPEAITMOHHBIC 30HBI M JJIEMEHTHl BEPTHUKAJIBHOTO O3€JieHeHUs. B psyie KpymHbIX
TOPOJIOB BAXKHYIO POJIb HTPAET TaK HA3bIBAEMOE «3€JIEHOE KOJIBI0Y, MPEJCTABICHHOE IPUTOPOTHBIMHI
JIieCaMH ¥ TIPUPOTHBIMU TEPPUTOPHUSIMHE, BHIMTOTHIIOIIMMHU 3alIUTHBIE U OydepHble QyHkmu. OqHIM
U3 KIFOYEBBIX MHIUKATOPOB 3KOJOTUYECKOTO OJIArONoIydHsi TOPOJCKOM Cpelibl SBISETCS IUIOMAIh
3eJIEHBIX HAaCAXAEHUN B pacuéTe Ha oHOro xutens. [lo cocrosgnuto Ha 1997 r naHHbI OKa3aTenb
COCTAaBJIAJI: B Hbm-ﬁopxe — 6,7 m?*/uen., B [lapmwxe — 3,6 m?/uen., B Jlongone — 8,0 m?*/uern., B Bene
— 6,7 m?*/uen., B Pume — 6,4 m*/uen., B Tokno — 1,1 m?*/gen., B baky — 8,3 m*/gen. (Pucynok 1)

[1].
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Pucynok 1. luramMrka 06ecriedeHHOCTH 3eIEHBIME HACAKICHISIMA

K 2017 romy B psae MeramnoiucoB HaOmoAanach pa3HOHANpaBICHHas JUHAMHKa
00€CIIeUeHHOCTH HACENICHHS 3e/ISHBIMH HacaxeHUuaAMH: B Hpro-Mopke 1mokasaTeis yBeTHUHICS 10
16—18 m*/uen., B [lapmwke — no 5-6 m?/uen., B Jlongone — no 7-9 m?/gen., B Bene — m0 90100
M*/uen., B Pume — no 150—-170 m?*/gen., B Tokuno — mo 5—7 m?*/uen., B baky — no 10—12 m?*/4en. Otu
JaHHBIE CBUACTENBCTBYIOT O CYIIECTBEHHBIX pAa3JIMYMAX B CTPATErHAX PA3BUTHUS 3eNEHOU
UHPPACTPYKTYPHl M TOAYEPKUBAIOT HEOOXOAWMOCTh KOMIUIEKCHOH OIIEHKH HPOCTPAHCTBEHHOTO
pacnpenenenus 3en€HbiX 30H B baky. ['opon baky u AmnmepoHCKuil MojryocTpoB XapakTepU3yroTCs
3aCyIUIMBBIM KJIMMAaTOM, BBICOKOH 3aCOJIEHHOCTBIO MTOYB U YAaCTHIMHU BETPaMH, 4TO 00YCIOBIMBAET
OTpPaHUYEHHOE paclpoCTpaHEHHEe a0OPUTreHHOM JPEeBECHO-KYCTapHUKOBOM pacTUTEIbHOCTH.
[IpuponHas pacTuTenbHOCTh pervoHa Ha 92,9% mnpencraBieHa OCEHHE-3UMHHUMU M BECEHHUMU
sdemepaMy, TOrJAa KakK J0Ji1 KyCTapHUKOBBIX (opM coctaBiser okosno 7,1% Bcelr ¢ropsl
oJIyocTpoBa [5].

B cucreme ropoackoro o03e€Jl€HEHHs B CBS3M C OTUMHM YCIOBHSAMM Ipeo0ajaroT
WHTPOIyIUPOBaHHBIE BU/IBI pacTeHU. COOTHONIEHNE HHTPOAYIIUPOBAHHBIX U aOOPUTEHHBIX BUIOB
B 3en€HbIX HacaxaeHusx baky cocrtaBnser npubmuszurensHo 95% k 5%, 4YTO OKa3bIBaeT
CYLIECTBEHHOE BJMSIHHME Ha YCTOMYMBOCTH TOPOACKMX (DUTOLIEHO30B M HUX CIIOCOOHOCTh K
camoperyisauuu. CocTosiHMEe MHOTOJIETHUX PACTEHUH B TOPOJACKOM cpejie BO MHOTOM OIpeieNseTcs
YpOBHEM 3arpsi3HEHHs] MOYB, BO3AyXa M BOJHBIX pecypcoB. B Baky OCHOBHBIMH HCTOYHHKAMHU
AHTPOIIOTEHHON HAarpy3Kd SBISIOTCS He(TSHAs MPOMBIIUICHHOCTh, TPAHCIIOPT, a TaKKe
NPOMBIIIJICHHBIE U OBITOBBIE OTXOJbl. Ac(anbToBble M OETOHHBIE TMOKPBITUS HapYIIAIOT
€CTECTBEHHBII BO3yX0- U BOJIOOOMEH B MOYBE, OTPAaHUYMBAsI MOCTYIJICHHE KUCIOpOJa U BJIaru K
KOPDHEBBIM CHCTEMaM pacTeHHWH, 4YTO TMPHBOAMT K YTHETCHHWIO pPOCTAa H  COKPANICHHUIO
MIPOJIOJKUTEIIEHOCTH KU3HEHHOTO KA [3].

Okonornyeckas 3(()EKTUBHOCTh 3€IEHBIX HACAXKAECHUHM OIpenenseTcss He TOJIbKO HX
IUIOIIAbI0, HO U MOPOJHBIM COCTAaBOM. Y CTaHOBJIEHO, 4TO | ra 3el€HBIX HacCaKACHUN crocoOeH
3anepxkuBath oT 10 10 40 T neun B roa. Hanbonee ycroiunBbiMU U 3P (GEKTUBHBIMU B YCIOBHSIX
ATIIIEPOHCKOTO TOJIyOCTPOBA SIBJISTFOTCS COCHA dJibaapckast (Pinus eldarica Medw.), macnuna (Olea
europaea L.), ny6 xamennsiit (Quercus ilex L.), a Takxke BUABI MOXIKEBENLHUKOB (Juniperus spp.).
ITo nannbiM I1. BonkoBa, 3a BereTallMOHHBIN NEPUOJ MPOJOKUTEILHOCTHIO OKOJIO MATH MECALEB
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OJTHO JIepeBo ay0Oa B Bo3pacte 25 net nornomiaet 10 28 kr COz, muna — 16 kr, cocHa — 10 xr, enpb
— 6 KT, TOT/Ia, KaK TOMOJIb CIIOCOOEH aKKyMYJIUpPOBaTh 10 44 KI YIVIEKHCIIOTO ra3a. 3HauuTeIbHas
4acTb TOPOJCKOM pacTUTEIbHOCTU IIOABEPracTCs YHUUYTOKEHHUIO B IIPOLIECCE CTPOUTENILCTBA,
MPOKJIAIKA TPAHCIIOPTHOW HH(PACTPYKTYphl M PEKPEAMOHHOrO AaBlieHHs. B 3aBUCHMMOCTH OT
CTETNIEHH  AHTPONOTE€HHOTO  BO3ICMCTBHSI  BBIACHSIOTCA  pa3lIMyHble CTaguU  JTUTPECCUU
PacTUTENBLHOCTH — OT €J1a00 HApPYIIEHHBIX 10 CUJILHO YTHETEHHBIX COOOIECTB.

Cornacno knaccudukamuu I'. H. Cumkuna [4], B mpomecce ypOaHW3aluu TPUPOIHBIC
HKOCHUCTEMBI MPOXOAAT CTaJUU JeCTaOMIN3AIMH, MOIU(DUKAIIUNH, TpaHCHOPMAIIMHA U TECTPYKIIHH,
COIMPOBOXAAIOIINECS YTPAaTOM CBsI3el MeXAy KOMIIOHEHTaMH JKOCHCTEMbl U CHHKEHHEM e&
JKOJIOrMYecKux (yHKIM. B ycnoBusx BbeICOKON ypOaHM3almu 0co0oe 3HaueHUE MNpuodpeTaeTt
(dbopMHpOBaHKE SKOJIOTUYECKOTO KapKaca ropoja, NpeACTaBiIsIomero co0oi MeJ0CTHYI0 CUCTEMY
MPUPOJHBIX U AHTPOIIOTEHHO NPeoOpa30BaHHBIX SKOCHCTEM, CIIOCOOHBIX K CaMOIoepKaHuio. B
CTPYKTYp€ 3KOJIOTHYECKOT0 KapKaca BBIICIAIOTCS Aapa 3eJIEHBIX 30H, SKOJIOTHUYECKUE KOPUIOPHI U
oydepnusie teppuropuu. Cormacuo [O. Opymy [2], nmns ycToiduymBoro (yHKUMOHHPOBAHUS
MIPOMBIIIJICHHO-TOPOJICKUX CUCTEM HEOOXO MBI IPOTYKTUBHBIE IKOCUCTEMBI U 3alIUTHBIC 3€JIEHBIC
30HBI, CTAOUIU3UPYIOLIKE Cpeay OOUTAaHUS YETIOBEKA.

Hcrtopuyeckne naHHBIE CBUAETENBCTBYIOT, 4TO B 1890-¢ roapl obmias miomangs 3elE€HBIX
HacaxaeHud baky coctaBisuia okono 3,02 ra. K 2025 r B ycnoBusIX paclIMpeHUsi TOPOJCKOU
TEPPUTOPUHU U pealIn3alluy IPOrpaMM O3€JIEHEHUS JIaHHBIM MOKa3aTeNlb YBEJIUYWICS IPUMEPHO 110
14 000 ra. ITo nanubmv I'TIO «O0BeauHeHNE 3en€HOTO X03siicTBa ropoaa baky», Ha 00cinyKuBaHuu
OpraHm3aiuu HaxomuTtcs okojio 2606 ra 3enéHbix HacaxaeHuil. CoOTHOIIEHUE 3eNEHBIX 30H U
3aCTPOCHHBIX TEPPUTOPHUIl B Topoze cocTaBisieT npudauszurenbHo 30% k 70%, uTo ykas3biBaeT Ha
BBICOKYIO CTEIEHb aHTPOIOIeHHOM TpaHcopmauuu TOpoAcKoil cpenbl. OcoOblii  UMHTEpec
MIPEJICTABIISIIOT MPUOpPEXKHBbIE peKpealMoHHble TeppuTopuu. [lnomanbs 3en€HpIX HacaxAeHUN
koMIuiekca “Sea Breeze” cocraBisier okono 120 ra. OsesnieHeHuE AAaHHOM TEPPUTOPHUM HOCUT
IIPEUMYIIECTBEHHO UCKYCCTBEHHBIN XapakTep U OPUEHTHPOBAHO Ha JEKOPATUBHO-PEKPEALMOHHBIE
GyHKIMM, TpU  OTOM  MPOCTPAHCTBEHHAas  CTPYKTypa  3€lI€HBIX  30H  OTJIMYAeTCs
(GbparMeHTUPOBaHHOCTHIO. J|0 Hauasa akTUBHOI'O OCBOEHHUS TEPPUTOPUU KoMILIekcoM “Sea Breeze”
npubpexHas 30Ha XapaKTepHU30Balach ciaaboil ecTeCTBEHHOM pacTUTENbHOCTHIO, TUIMMYHOM IS
3aCyIUIMBBIX JIaHAMA(PTOB ATMIIEPOHCKOIO MOIyOCTpOBa. 3Aech mpeoliajganu TranopuTHbIE U
Kcepo(UTHBIE pacTeHus, Takue, Kak Tamariscus P. Mill., Artemisia vulgaris L. u CONTHKOBBIEC BUJIBI
(Salsola spp.), a BumOBOE pazHoobpasue He npeBbimano 10—15 BumoB. B pesynpraTe MacmTaOHbIX
pabot no nanamadTHOMY 6J1aroycTpoiCTBY CTPYKTYpa pacCTUTENLHOCTH CYIIECTBEHHO H3MEHUIIACh.
Ha Ttepputopun KoMIuleKca OBUIM  BBICA)KE€HBl MHOTOYMCIEHHbIE HMHTPOAYLMPOBAHHBIE
JIEKOpaTUBHbIE pacTeHus, BKitouas Pinus eldarica Medw., Agave vilmoriniana A. Berger, Phoenix
dactylifera L., Pittosporum tenuifolium Tom Thumb. B Hacrosiee Bpemsi 4MCiiO BUIOB PACTCHUI
yBenumwiIoch npuMmepHo 10 100, 4TO CBUAETENBCTBYET O 3HAYUTEIBHOM aHTPOIOTE€HHOM
npeoOpa3oBaHUU PACTUTEIBHOTO MOKPOBA TEPPUTOPHH.

[Tnomans 3enéubix HacaxaeHudt [Ipumopckoro OynbBapa cocraBisger okoino 130 ra.
Hctopuueckn GopmupoBaHue 3eN€HbIX HacaxJeHuil lIpumMopckoro OyibpBapa Hadajaoch B KOHILE
XIX — nauane XX Beka. Ha panHux sTanax o3eneHeHUs Mpeodiaany TakKue BUIbI 1EPEBhEB, KaK
Platanus orientalis L., Populus alba L., Robinia pseudoacacia L., v Pinus eldarica Medw. B
MOCJeyIOIUe JeCATUIETUSI aCCOPTUMEHT pacTeHHi ObUI 3HAUMTENBHO paciiupeH. B Hactosiee
BpeMsi Ha TeppuTOpuu OyibpBapa NPEJCTABIECHbI PAa3HOOOpPa3HbIE APEBECHO-KYCTaPHUKOBBIE
HaCaXJCHUs, CPer KOTOPBIX NOMUHUPYIOT Platanus orientalis L., Olea europaea L., Cupressus
sempervirens L., Pinus eldarica L., a Taxoke pa3IuuHble 1€KOPAaTUBHbIE KYCTAPHUKHU U IIBETOYHBIE
KOMITO3UINH, Takue Kak, Agave americana L., Kroenleinia grusonii (Hildm.) Lode, Opuntia ficus-

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 96




broniemens nayku u npakmuku / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

indica (L.) Mill. (Tabnuua). bnaromapst atomy I[Ipumopckuii OynpBap mpeacTaBiseT cO00M OIHY U3
Han0oJiee YCTONYMBBIX M SKOJIOTUYCCKH 3HAYMMBIX 3€JIEHBIX 30H TOPO/Ia.

Tabmuma
OCHOBHBIE BUJ1bl PACTEHUI ITPUBPEXXHBIX 3EJIEHBIX TEPPUTOPHM BAKY
Teppumopust Jlepegvs Kycmaprnuxu u oexopamuenvle pacmenus
Sea Breeze Pinus eldarica Medw., Olea europaea L.,  Agave vilmoriniana A. Berger, Phoenix
Platanus orientalis L. dactylifera L., Pittosporum tenuifolium Tom
Thumb.
IIpumopckuit  Quercus ilex L., Olea europaea L., Agave americana L., Kroenleinia grusonii
OynbBap Populus alba L., Pinus eldarica L., (Hildm.) Lode, Opuntia ficus-indica (L.)Mill.

Platanus orientalis L.

Sea Breeze e

Pucynox 2. CnoyraukoBele cHUMKH “‘Sea Breeze” wu Ilpumopckoro OymbBapa, 2026 T
(https://earth.google.com/web/search/Baku/)

CpaBHHTENBHBI aHAN3 TIOKAa3bIBAET, YTO IPH COIOCTABHMBIX TUIOMAASX O3€JICHEHUS
[Ipumopckuit  OynmpBap  oOnamaeTr Oonee  BBICOKOW — DKOJOTUYECKOW  3HAYMMOCTBIO W
MIPOCTPAHCTBEHHOM CBSI3HOCTHIO, TOT/Ia KaK KOMILIEKC “Sea Breeze” BHIMOIHIET MPEUMYIIIECTBEHHO
JIOKAJIbHBIE JIEKOPAaTUBHO-peKpearnonnbie Gpynkmuu. [IpocTpaHncTBeHHOE pacmpesenieHue 3eIEHbIX

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 97




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

HacaxJeHu ropoma baky oTpaxkaer oOmme TEHACHIIMH YpOaHHW3allMd ¥ aHTPOIOTCHHOM
TpaHnchopMaIuy NpUpoIHBIX dKocucTeM (PrucyHnok 2).

Hcnonb30BaHre reOnH(POPMAIIMOHHBIX CUCTEM U TPUHIIUTIOB (DOPMHUPOBAHHS YKOJIOTHUECKOTO
Kapkaca SBJISIETCSI HEOOXOJIMMBIM YCJIOBHEM ONTHUMH3ALUUA CUCTEMBI TOPOACKOTO O3CJICHEHUS U
o0ecrniedeHrs yCTOMUMBOTO pa3BUTUs ropoja. HecMoTps Ha pacuinpeHue miomaaei o3eneHeHus B
OTIENBHBIX palioHaxX TIOpoJa, BKIIOYAs Ppa3BUTHE HOBBIX PEKPEAUMOHHBIX TEPPUTOPHM U
O7aroycTpoicTBO MPHOPEKHBIX 30H, MOKa3aTeidb OOECHeUYCHHOCTH 3€JIEHBIMH HACAKACHUSMHU B
pacuére Ha OJHOIO >KUTENS] MOYKET U3MEHSThCSI HEOJHO3HA4YHO. POCT 4MCIEHHOCTH HAceIeHMs,
AKTUBHOE CTPOUTEIBCTBO M YBEIMYEHHE IUIOTHOCTU TOPOJCKOM 3aCTPOMKH  OKAa3bIBAIOT
CYILIECTBEHHOE BJIMSHME Ha JaHHBIA MoKa3aTelb. Takum oOpa3om, mpH AajibHEHIIEM pPa3BUTUU
ropoAcKoi cpeabl baky HeoOX0AMMO y4MTHIBaTh OajaHC MEXIy ypOaHU3aluued U COXpaHCHHEM
3en€Hoil MHQPACTPYKTYpPHI, oOOecrednBas YBEIWYCHHE IUIOMIATU DSKOJIOTHUYECKH YCTOWYMBBIX
3€JIEHBIX TEPPUTOPUI B paCU€Te HA OJHOTO JKUTEJIS.
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COMPARATIVE ANALYSIS OF SOIL HYDROTHERMAL PARAMETERS
IN NATURAL ECOSYSTEMS AS INFLUENCED BY VEGETATION COVER DENSITY
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CPABHEHME I'MIPOTEPMUYECKHX ITOKA3ATEJIEM IIOYB
ECTECTBEHHBIX IEHO30B B 3ABUCUMOCTH
OT INMIOTHOCTHU PACTUTEJIBHOT'O IIOKPOBA
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Abstract. This study systematically investigates the formation of hydrothermal potential in
natural cenosis of mountain brown-gray soils on the southeastern slopes of the Lesser Caucasus,
considering vegetation cover density. The aim is to identify patterns of temperature and moisture
reserve variations under different vegetation densities and to reveal structural characteristics of
hydrothermal potential. Comparative analysis at the cenosis level demonstrated a functional
relationship between vegetation cover density and hydrothermal parameters. The results indicate that
vegetation density is a key regulatory factor in the formation of hydrothermal potential, providing
important insights for assessing water—thermal resources and predicting ecological processes in
mountain ecosystems.

Annomayusn. V3ydeHbl 0COOCHHOCTH (POPMHUPOBAHUS THAPOTEPMHYECKOTO TOTEHIMAIa B
€CTECTBEHHBIX IIEHO3aX TOPHBIX CePO-KOPUYHEBHIX IMOYB IOT0-BOCTOYHOTrO ckiioHa Masioro Kaskasa
C Y4ETOM IUIOTHOCTH PACTUTENBHOTO NOKpoBa. Llens uccienoBanus — onpeneanTb 3aKOHOMEPHOCTH
M3MEHEHHUS TeMIIepaTyPHBIX U BIXKHOCTHBIX 3aMIaCOB MPU PA3IUYHON TIIOTHOCTH PACTUTEIHLHOCTU
Y BBISIBUTH CTPYKTYPHBIE OCOOSHHOCTH THIPOTEPMUUYECKOTO MOTeHIMANa. CpaBHUTEIBHBIA aHAIIN3
MoKasareje Ha YpPOBHE IICHO3a BBISBHI (DYHKIIMOHAIBHYIO 3aBUCHMOCTH MEXIY IIOTHOCTHEO
pPaCTUTENHHOTO MOKPOBA U THIPOTEPMHUUECKUMHU MapaMeTpamu. Pe3ynbTaTel J€MOHCTPUPYIOT, YTO
IJIOTHOCTh PACTUTENBLHOCTU SIBISETCS KIIOUEBBIM (AKTOPOM, PEryIUupyIOUM (OpMHUpPOBAHHE
THAPOTEPMHUYECKOTO TOTEHI[MANa, YTO BAaXKHO JUISI OIICHKHM BOJHO-TEPMHUYECKHX PECypCOB H
MTPOTHO3MPOBAHUS KOJIOTUIECKHUX MTPOIIECCOB B TOPHBIX IKOCHCTEMAX.

Keywords: Lesser Caucasus, mountain gray-brown soils, hydrothermal potential, natural
cenosis, vegetation cover.

Knrouesvie cnosa: Manpiii KaBka3, roOpHbIE CEpO-KOPHUYHEBBIE IOYBBI, T'MIPOTEPMHYECKHAN
MIOTEHLIMAJ, €CTECTBEHHBIN 1IEH03, PACTUTENIBHBII IOKPOB.
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The complexity of Azerbaijan's physical and geographical structure and climatic variations,
particularly on the southeastern slopes of the Lesser Caucasus, creates conditions for the formation
of unique relationships between soil, vegetation, and hydrothermal conditions. In this region,
vegetation distribution depends on the interaction of relief, climate, and soil factors and is
characterized by the richness of Azerbaijan's flora [1, 2].

Hydrothermal conditions—temperature and moisture reserves — are considered the primary
ecological factors determining the density and structure of plant cover, as soil and air temperature,
along with soil moisture, directly influence photosynthesis, root systems, and plant physiology [3].

Various ecological studies have shown that high hydrothermal potential promotes the
development of forests and dense meadow communities, while low temperatures and humidity
stimulate the proliferation of rarer xerophytic species. The hydrothermal regime, along with soil
moisture supply and thermal balance, directly influences the dynamics of soil processes such as
humus formation, mineralization, leaching, and sorption [4-7].

During periods of high humidity, the processes of decomposition and transformation of organic
matter in the soil profile are activated, while during dry periods, stable forms of humus are formed.
In areas with low annual precipitation and high evaporation, such as the Agdere region, the influence
of these factors on the soil is particularly pronounced [8].

Mountain gray-brown soils, common on the southeastern slopes of the Lesser Caucasus, are
among the primary soil types characteristic of the region's natural and geographical conditions. They
form in the middle mountain zone and the transition zone between semi-desert-steppe and mountain
meadow vegetation. Their morphological and physicochemical properties—including humus content,
mineral composition, and moisture capacity—are shaped by the combined influence of topography,
climate, and hydrothermal conditions, directly affecting the density and structure of the vegetation
cover [9, 10].

The decisive role of temperature and humidity in the formation of soil factors is recognized as
one of the fundamental tenets of classical soil theory. V.V. Dokuchaev characterized soil as "a natural-
historical body formed as a result of the interaction of climate, living organisms, relief, parent rock,
and time," emphasizing the special role of heat and moisture among these factors [11].

K. D. Glinka and his followers demonstrated that the physical properties of soil, especially
density and moisture capacity, are closely linked to climate, heat, and water balance [12].

In this context, the density of meadow vegetation in mountain gray-brown soils acts as a natural
indicator of hydrothermal potential. Due to the variability of soil water and heat balance, seasonal
precipitation patterns, and high temperature ranges, the density of herbaceous plants in meadow
communities is considered an indicator of hydrothermal conditions. Changes in soil moisture and heat
regimes directly influence plant biomass formation and canopy density, which is one of the main
criteria for assessing hydrothermal potential [13].

The aim of this study is to identify the characteristics of hydrothermal potential in natural
meadow communities developing on mountain gray-brown soils on the southeastern slope of the
Lesser Caucasus, based on vegetation density. This approach allows for the scientific substantiation
of soil-vegetation-climate interactions at the regional level and has implications for landscape
ecological research.

Research object and method
The study area is located on the southeastern slope of the Lesser Caucasus, near the village of
Talysh in the Aghdere district of the Republic of Azerbaijan. The coordinates of the study area are
40°21'55" N and 46°55'08" E, with an elevation of approximately 246 meters above sea level, situated
within a flat area.
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The Aghdere district is part of the Karabakh economic region, which encompasses the
southeastern slope of the Lesser Caucasus and is characterized by unique natural and climatic
conditions (Figure).

Figure. General view of the study area

The Agdere district is characterized by a moderately warm climate with dry winters and belongs
to the semi-desert dry-steppe climate zone. The average annual air temperature and precipitation are
13.9°C and 363 mm, respectively. The total moisture coefficient (Ku) varies between 0.3 and 0.5, and
the total solar radiation is 124—128 kcal/cm? [14].

The soils of the experimental site are mountainous gray-brown and have a heavy clay texture.
Particle size distribution correlates directly with soil density. Studies have shown that soil density
ranges from 1.21 to 1.38 g/cm?. Density is lower in the upper horizons but increases steadily along
the profile (Table 1).

Table 1
DENSITY INDICATORS OF MOUNTAIN GRAY-BROWN SOILS
UNDER NATURAL CENOSES

Soil type Horizon, cm Soil density, g/em? Average density by profile, g/cm?®
0-5 1.21
. 5-10 1.25

Mountain 10-15 1.28 1,29
gray-brown

15-20 1.34
20-25 1.38

The results of numerous replicated studies show that the average bulk density of the soil is 1.29
g/cm?. The research methodology is based on the determination and comparative analysis of the
hydrothermal potential (HTP) of soil environments located under natural cenoses. HTP was
determined according to the methodology proposed by N.R. Suleimanov. The distribution of soil
temperature and moisture by depth was studied in the field, and hydrothermal potential calculations
were performed in triplicate. To assess the hydrothermal potential parameters formed under the
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influence of specific abiotic factors in existing climatic conditions, N.R. Suleimanov's hydrothermal
potential index was used. According to this method, under the influence of external climatic factors,
the potential soil temperature and its degree of moisture are combined into a hydrothermal potential
parameter, which allows for the determination of boundary conditions and the characterization of the
hydrothermal state of the soil environment [15, 16].

Soil temperature and moisture were measured directly in the field using a modern,
multifunctional, mobile EC-350 device (made in the USA), which operates on the "soil moment"
principle. The soil reaction was recorded using a KCB-300 device. For this purpose, an experiment
was conducted in a natural landscape on the southeastern slope of the Lesser Caucasus, in a flat area
with mountainous gray-brown soils.

Interpretation of research results

The influence of the thermal and moisture regimes of soil on its physical state has been
systematically studied in Russian soil science since the early 20th century. A.A. Rode, analyzing the
formation of the soil water regime, demonstrated that the degree of soil moisture directly influences
the density, air regime, and biological activity of the soil [17, 18].

This approach provides an important theoretical basis for explaining the relationship between
the density of vegetation in meadow soils and hydrothermal conditions. N. A. Kachinsky, in his
studies of soil physical mechanics, assessed soil density as an integral indicator of soil structure and
its hydrothermal state. These concepts were further developed in studies of physical processes in soil,
where the balance of heat and moisture plays a key role in assessing the functional state of ecosystems
[19].

These theoretical views form the scientific basis for assessing the hydrothermal potential in
meadow communities on mountain gray-brown soils based on the density of the grass cover (Table
2).

Table 2

SOIL HYDROTHERMAL POTENTIAL INDICATORS DETERMINED
BY VEGETATION DENSITY IN NATURAL ECOSYSTEMS

Section Depth, sm Soil T, °C Soil moisture, % Water content, mm HTP, snr K

K-1 5 34.50 2,00 1,21 42 0,04
(sparse 10 32.70 2,30 1,44 47 0,04
vegetation) 15 31.50 20,10 12,86 405 0,4
20 30.50 55,30 37,05 1130 1,2

25 28.70 80,20 55,34 1588 1,9

0-25 cm 31.58 31.98 21.58 642 0.7

K-2 5 33,40 14,10 8,53 285 0,3
(dense 10 30,90 46,40 29,00 896 0,9
vegetation) 15 28,60 79,60 50,94 1457 1,8
20 27,40 86,50 57,96 1588 2,1

25 26,40 78,20 53,96 1424 2,0

0-25 cm 29,34 60,96 40,08 1130 1,4

K-3 5 34,40 1,80 1,09 37 0,03
(without 10 34,60 3,20 2,00 69 0,1
vegetation) 15 34,40 28.50 18,24 627 0,5
20 33,30 51,50 34,51 1149 1,0

25 32,10 72,50 50,03 1606 1,6

0-25 cm 33,76 31,50 21,17 698 0.6
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Research in the natural ecosystems of a piedmont plain demonstrates that vegetation density is
a key factor in shaping the hydrothermal potential of the soil. Soil temperature, moisture, water
storage, and hydrothermal parameters (HTP — hydrothermal potential, Kst — structural coefficient of
hydrothermal potential) were determined for profiles K-1 (sparse vegetation), K-2 (dense vegetation),
and K-3 (no vegetation). Observations indicate that dense vegetation reduces surface temperatures
and ensures their stability, while promoting a more uniform moisture distribution within the soil
profile. As a result, profiles with dense vegetation are characterized by higher values of hydrothermal
potential and its structural coefficient, while areas with sparse and bare vegetation demonstrate
relatively low values. These results confirm that vegetation density serves as a natural indicator of
hydrothermal potential and plays a key role in assessing the interactions between soil, vegetation, and
climate. In profile K-1, surface moisture is minimal (6.9%) but increases rapidly with depth, reaching
81.96% at 25 cm, which is explained by a partial reduction in evaporation due to the grass cover. In
profile K-2, surface moisture is low (4.3%) but increases rapidly starting from 10 cm, reaching 88%
at a depth of 25 cm, demonstrating increased soil moisture retention under dense vegetation. In profile
K-3, surface moisture is higher (17.4%), but at a depth of 15-25 cm, it reaches a level comparable to
other plots — around 88%.

Surface temperatures are highest in K-1 (37.6°C) and decrease to 27.3°C with depth. In K-2,
temperatures peak at 10 cm (34.7°C) and then decrease due to the microclimatic effect of dense
vegetation. In K-3, temperatures are relatively stable and lower, with the surface warming to 30.3°C
due to direct radiative energy transfer to the soil. These indicators are important for efficient soil use
and the planning of agricultural activities.

In dense vegetation, the hydrothermal potential (HTP) ranges from 78 to 1590 snr; in sparse
vegetation, it ranges from 150 to 1453 snr; and in bare areas, it ranges from 306 to 1630 snr. The
average HTP values were 1111, 1273, and 1211 snr, respectively.

In natural ecosystems, HTP values are characterized by constant fluctuations, which are
explained by the self-regulating capacity and structural stability of the soil. In sparse and bare areas,
HTP decreases sharply, leading to weakened water retention in the soil profile, increased evaporation,
and, consequently, more rapid changes in the soil environment.

A comparative analysis of hydrothermal potential values based on vegetation in natural
ecosystems shows that the hydrothermal potential of the soil environment is primarily sensitive to
vegetation density.

Conclusions

1. In the natural cenoses of mountain gray-brown soils in the Agdere region, the hydrothermal
potential of the soil environment was determined by taking into account the density of vegetation
cover and soil horizons, and a comparative analysis was conducted.

2. Hydrothermal potential (HTP) values varied from 78 to 1590 snr with dense vegetation, from
150 to 1453 snr with sparse vegetation, and from 306 to 1630 snr in bare areas. The weighted average
HTP values were 1111, 1273, and 1211 snr, respectively.

3. Vegetation cover plays an important role in maintaining the stability of the soil microclimate.
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COBPEMEHHOE COCTOSAHUME ITPOLHECCOB 3ACOJIEHUS ITOYB HA PABHUHHbIX
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THE CURRENT STATE OF SOIL SALINIZATION PROCESSES IN PLAIN AREAS
OF THE NAKHCHIVAN AUTONOMOUS REPUBLIC

©Guluzade A., ORCID: 0009-0007-5641-7373, ResearcherID: OEQ-4641-2025, Institute of
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Annomayus. ONyCTBIHMBAaHUE SIBJISETCS ONHOM M3 KpyHHEHIIMX [o0aibHBIX MpolieM
coBpemeHHocTH. Ha Tepputopun HaxubsiBanckoit ABTOHOMHOI PecmyOnuku omycThIHUBaHME
NPUBOJUT K JErpajallid IOYB M PACTUTEIIBHOIO IOKPOBA, CHWXEHUIO WM IOJHOM yTpare
OMOJIOTMYECKON M SKOHOMUYECKON MPOAYKTUBHOCTH 3eMelb. VccrnenoBaHusi MOKa3bIBAIOT, UYTO B
pEruoHe U BO MHOT'MX 30HaX MHUpa MPOLECC apUAN3aLMHU C KaK/IbIM IHEM YCUIIMBAETCS, B PE3yJIbTaTe
Yero IUIONAAu IyCThbIHb W TMOJYMYCThIHb NPOJOJIKAKOT pacliupsaThes. B Hacrosimee Bpems
BEISIBJICHHE TIPOIECCa OMYCTHIHUBAHKS B aBTOHOMHOH pecITyOnKe U peanu3alus Mep 1mo 6oproe ¢
HUM CTaJM KpailHe aKkTyanbHOW mpoOnemoii. s 3Toro HEOOXOIMMO H3yueHUE MOYB C HUZKUM
YPOBHEM ILTOIOPOAUS.

Abstract. Desertification is one of the most significant global problems of the modern era and,
within the territory of the Nakhchivan Autonomous Republic, it leads to the degradation of soils and
vegetation cover, as well as to the reduction or complete loss of the biological and economic
productivity of lands. All of this poses a threat not only to the autonomous republic but to humanity
as a whole. Research shows that both in the region and in many parts of the world, the process of
aridization is steadily intensifying, resulting in the further expansion of desert and semi-desert areas.
Today, identifying the desertification process in the autonomous republic and implementing effective
countermeasures have become highly urgent issues. For this purpose, it is essential to study soils with
low fertility.

Knrouesvle cnosa: nousa, onycTbIHUBaHUE, 3aCOJICHHE, TUIO0OPOANE, apUIU3aIUs
Keywords: soil, desertification, salinization, fertility, aridization

CnoxHocTh penbeda M pe3k0 KOHTHHEHTAIBbHBIN KIUMAaT TEPPUTOPHH, a TAKXKE apHIHBIN
naHamadTHRIA KoMmIuleke HaxubiBaHCKOM ABTOHOMHON PecmyOnuku, BIUsSHUE PACTHTEIHHOTO H
YKUBOTHOTO MHpA, OKa3ajl BCECTOPOHHEE BO3JEHCTBHE Ha (HOPMHPOBAHHE MOYBEHHOTO MOKPOBA.
HNMeHHO 3Ta CIIO)KHOCTh 00YCIOBHIIA TOCTOSSHHOE BHUMAHUE K U3YUYEHUIO TEPPUTOPUNA aBTOHOMHOM
pecnyOlUKH CO CTOpOHBI psina y4eHbiX. [louBeHHBI MOKpoB HaxdbiBaHCKONW ABTOHOMHOM
PecryOnuku n3yuancst Takumu rccnenoBarensmu, kak C. A. 3axapos, B. P. Bono6yes, I. A. Anues,
3. M. Canaes, I'. [lI. Mamenos, A. K. 3eitnanos, C. A. 'agkueB, KOTOpbIE UCCIIEIOBAIN TUIIBI TIOYB,
yCIoBHS UX (OPMUPOBAHUS U IPUPOIHBIE OCOOCHHOCTH OTNEIbHBIX TI04B [1-7]. HecMoTps Ha 370,
MIPOLIECCHI 3aCOJICHHUS MTOYB HA JAHHON TEPPUTOPUU U3YUEHBI HEJIOCTATOYHO.
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[TepBbie cBeeHN O TaHHBIX TTOYBaX Ha Tepputopuu HaxusiBanckoir ABTOHOMHO#M PecmyOmuku
owuu npenctasieHsl K. /1. Imuakoit u C. C. HectpyesiM. OHu yka3bsiBaiu, 4To B [Ipuapasckoii 30He
pacrpocTpaHeHbl TUIIMYHBIE MYCTHIHHBIE M HodynycTeiHHble Janmmadtel. K. JI. [muHka Takke
oTMeya Hanuuue B [Ipuapa3ckux mycThIHSAX cepo-OyphIX, 3aCOJIEHHBIX M COJOHIIEBATO-ITIMHUCTHIX
no4B. J[aHHas TOUKA 3pEeHUs aBTOPOB B MOCJIEAYIOLINE T0/ibl HE ObliIa IPUHATA PSIIOM CIIELIUATHCTOB.
Opnnaxo B 1999 roay npu uccienoBanuu JanamadToB ABTOHOMHOM PecryOnuku Ha OCHOBE aHaln3a
ux xomnoneHtoB C. 10. babae, a B 2004 rony b. A. bymaros u H. C. ba6aGeiinu, cchuiasch Ha
KO3((UIIMEHT KOHTUHEHTANBHOCTH JaHamadTa W BUAOBOW COCTaB PACTUTEIBHOTO TOKPOBA,
noaTrBepawiun no3unuto K. JI. I'muukwu [2, 3].

3aconéHHbIe MOYBBl MOAPA3EIAIOTCS Ha JBE IPYMIbI: COJOHYaKU M CoJoHIBL. Hekoropsle
y4€HbIE OTHOCWJIM MX K OAHOW IpyIIe U CMELIMBAIM 3TH NMOHATUS. HecMoTps Ha 3HaUMTENBHOE
pasButue nouBoseeHus B Poccuu B Hawane 1920-x ronos, B Tot nepuon . I'. Bunenckuii pazaenun
3aCOJNEHHbIE TIOYBBI Ha JBa THUIA: CTPYKTYPHbIE COJOHIBI (WIM COOCTBEHHO COJIOHLBI) U
OeCCTPYKTYPHBIE CONOHIIBL, THOO0 conmoHvaku [1].

B HaxubiBanckass AP cosoHLeBaThle MOYBBI OTHOCSTCS K HaWMEHee IUIOJOPOJHBIM U
CUMTAIOTCS MAJO MPUTOJHBIMU JIJISl CEIbCKOIO XO3SMUCTBA. DTU 3€MJIM MOTYT OBbITh MCIOJIb30BAHbI
TOJIBKO TOCJ€ MPOMBIBKU U Menuopanuu. I1o 3Toil npuunHe npoBeeHne ucciae10BaTebCcKuX paboT
B 3TOM pEruOHE IpejacTaBisercs LeraecooOpasHbiM. HaxubiBanckas ABTOHOMHas PecryOnuka
SBJISICTCS THIIMYHO TOPHOM CTPAHOW, OTIMYAIOIIEHCS OCOOBIM Teorpa@uuecKuM IIOJIOKECHUEM WU
KJIMMaTHYECKUMHU ycaoBUsIMU. [Ipo1iecc onmycThIHUBaHUS 3/1€Ch ONPENEISAETCS KaK IPUPOAHBIMU, TaK
Y aHTPOIIOT€HHBIMH (PAKTOpaMH, U BOIPOC O TOM, KaKOW M3 HUX MpeoOIaaeT, 10 CUX IOp OCTaeTcs
CIIOPHBIM JUIs pAja y4yeHbIX. Kak M3BECTHO, TEppUTOpUS aBTOHOMHOW pECIyOIMKH OrpaHHuYeHa C
CEBEpa U CEBEPO-BOCTOKA ropamu 3aHre3yp u Jlapansres, a ¢ rora — UpaHCKUM IJIATO, IPH 3TOM OHa
yoajeHa OT BOJAHBIX 0OaccelHOB, 4YTO c€O034aéT OCOObIe penbeHO-KIMMATHUECKUE YCIOBUS.
PaBHUHHBIE y4acTKH BJIOJb PEeKH Apa3 3aHMMaIOT OOIIMPHYIO YacTh peibeda peruoHa, COCTABIASL
32,9 % ero tepputopun. PaBHUHBI ipocTupatotes ot Canapaka 1o paiiona Opay0ana. Mx nensar Ha
OT/AENIbHbIE PAaBHUHHBIE YYacCTKM Takue OTBeTBIeHHsS Jlapanas3ckoro W 3aHTe3ypcKOro TOPHBIX
XpeOTOB, KOTOpBIE TAHYTCS B MEpUIMaHAIBHOM HanpasieHuH, Bkitoyas Cangapakckoil, [llapypckoid,
béroknro3ckoit, HaxusiBanckolt, Aitxunckoit, Opay0anckoil u aApyriue paBHUHBI.

Ha ¢opmupoBaHne COBpEMEHHOTO IOYBEHHO-PACTUTEIBHOIO MOKpOBa HApsAy C PsioM
(akTOpOB CYIIECTBEHHOE BIUSHUE OKAa3bIBAIOT KJIMMAT U coyiHeuHas paguanus. CKIOHOBbIE
paBHUHBI Broib peku Apa3 B HaxubiBaHckoii ABroHOMHOHN PecnyOmuke — Canapaxckas,
Hlapypckas, HaxubiBanckasi, béroxmrosckas, Simkunckas u OpayOaackas — HPUBJIEKAIOT
BHUMaHHE OOJBIIUM KOJIWYECTBOM COJIHEYHOTO CBETa M TEMJIOBOM >Hepruu. I'00Boe KOINYECTBO
COJIHEYHBIX 4acoB B pecmyomuke koneonercs ot 1900 mo 2800 yacoB. B yacTHOCTH, HA CKIIOHOBBIX
paBHMHAX BI0Jb Apa3a oHo cocTanisieT 25002800 vacoB, B cpeHeropHbIX paiionax — 22002500
4acoB, a B BBICOKOTOpHBIX paiioHax — 1900-2200 yacoB. Uccnenosanus O. M. Iuxnurckoro (1968)
IIOKa3bIBAIOT, YTO CPEJHEE MHOTOJETHEE KOJIMYECTBO COJIHEYHBIX YaCOB HAa CKJIOHOBBIX PABHMHAX
BI0JIb Apaza cocrasisier 2700-2800 yacos B rox [4].

XOTsI KIIMMaT peruoHa U3yqascs psJioM YUEHBIX, CBSI3b MEXKY KIMMAaTHY€CKUMU YCIOBUIMHU U
MpolLeccaMy OITyCTHIHMBAHUS 3[€Ch 10 CUX TOp He HuccienoBaiach. [0 MHEHHIO HEKOTOPBIX
uccieioBaresield, yBelIMUYeHHE anb0elno TOBEpPXHOCTH, MAacCOBOE€ YHHUTOXKEHHE JIECOB U
PacTUTEIBHOIO MOKPOBA MPUBOIAT K HAPYLIEHUIO CTPYKTYphl IOYBEHHOIO NOKpoBa. Ilockonbky
OIyCTHIHMBAaHUE HOCHUT JIOKAJIbHBIN XapakTep, ero (OopMUPOBAaHUE CBS3BIBAIOT C H3MEHEHUSIMU
MUKpPOKIMMATHYECKUX YCIOBUH. BMecTe ¢ TeM CKOPOCTh U CTENEHb OMYyCTHIHUBAHUS ONPEAEIAeTCS
PSAI0M IPUPOAHBIX (PAKTOPOB, BKIIIOUAsI THAPOIOTHYECKHE, ONOJIOTHUeCKUe U TeoMOp(hoIorHIecKre
ycioBus [5].
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ConoHuYak W COJOHIBI (OPMHPYIOTCS Ha apUIHBIX paBHUHAX Apa3CKO HU3MEHHOCTH
aBTOHOMHOM PecmyOnuKku B yCIOBUSAX BBICOKOHM TeMIEpaTyphl U OJIM3KOTO 3aJIeTaHus TPYHTOBBIX BOJ
(Pucynox).

Pucynok. [1oBepXHOCTb 3aCOJIEHHBIX MIOYB

[ToBEpXHOCTH 3TUX COJIOHIIOB IOKPBITA COJIEBBIM HajieToM. [IouBbI, coaeprkaliye KoIuuecTBO
COJIEH, MPENATCTBYIOIIEE HOPMAJIbHOMY Pa3BUTHIO PACTEHUMH, CUMTAIOTCS 3aCOJEHHBIMU. B Takmx
MoYBax MpUCyTCcTBYIOT HOHBI Na, Ca, Mg, a Takske conu, Takue kak NaCl, Na2SO4, Na2COs, NaHCOs,
MgCl., MgS0s, Mg(HCOs)2, CaCl., CaSOs, Ca(HCOs):. [TomoOHBIE TEpPUTOPUU OXBATHIBAIOT
paiionbl Bokpyr Jly3aara, a Takxe oOLIMpHbIE y4acTkH, BkItodas Canapakckyro, BEérokatosckyro,
JUkynbpuHckyto u SiokuHckyto. IIpoBenéHHble HCClieOBaHMs IOKa3bIBAIOT, YTO B IOYBAaX
npeobnanarot nonsl Ca, Mg u Na [6].

Ha paBHUHHBIX W TpPEArOpPHBIX TEPPUTOPUSAX 3ACOJIEHHE TI0YB YCKOPSIET IPOLIECCHI
onycThlHUBaHuUA. B paifonax [ly3nara u ero okpectHocteil, Ha Cenapakckoil paBHMHE, BOCTOUHOM
yactu bérokaro3a, a Takxke Ha paBHUHAX JDKynb(bl u SAHmKel GOpMUPYIOTCS TOYBBI U COJIOHIIBI
pa3IMYHON CTENEHM 3acOJEHMS IIOJ BIMSHHMEM JIETKOPACTBOPUMBIX COJIEBBIX COCIUHEHU,
COZIEpIKaIMXCs B MAaTEpUHCKHUX MOpojax, (GOpMUPYIOMIMX MOYBY. YCTAHOBJIEHO, YTO COAEP)KaHUE
cojeil B ATUX mouBax cocTaBiger 3-7% u Oonee. bin3koe 3aneraHue MIMHUCTBIX U IVIMHSHO-
CYIVIMHHUCTBIX MIOPOJ] Ha IOBEPXHOCTH B paiioHe Jly3aara v mpuserarwuux TeppUTOpUi cnocooCcTByeT
YCKOPEHHMIO TIPOLIECCOB OIyCThIHMBaHMA. Ha ydacTkax ¢ BBICOKOW KPYTM3HOH CKIIOHOB
MHTEHCU(UKALMSL SPO3HOHHBIX MPOLIECCOB MPUBOJIUT K MOJTHOMY OOHaXEHHUIO COJIEHBIX IIMHUCTBIX
nopon (PucyHox).

Awmepuxanckuil yuenslid K. [Iperan kinaccuduuupyer onycThIHHBaHUE Ha YEThIpE TPYIIHI B
3aBHUCHUMOCTH OT U3MEHEHUS PaCTUTEIIBHOTO ITIOKPOBA, PO3UHU II0YB U CTEIIEHU 3aCOJICHUS.

1. CnaGoe onycThIHUBaHME — HE3HAYUTEJIbHOE HAPYyIIEHUE PACTUTEIBHOIO MOKPOBA U IOYB.
Bripakaetcs cHmxeHHEM TU100poaus MeHee yeM Ha 10%.

2. Cpenusis cTeneHb OMYCTHIHMBAHMS — CO3JAIOTCS HEONAronpUsATHbIE YCIOBHS AJIsl BblIaca
CKOTa, pa3BUBAETCs 3PO3Hsl I10YB, II0A0pOoANE cHIkaeTcsa Ha 10—-50%.

3. Bbicokas creneHb OIyCTHIHMBAaHUS (CHUJIBHOE OMYCTHIHMBAaHHE) — KOPMOBBIE PACTEHHUs
3aMEHSIOTCS MAJIOLEHHBIMU TpaBaMU U KYCTApHUKOM, 3pO3Us pa3pyllaeT IUIOAOPOAHBIN CIoi
MOYBBI, IJIOJOpOAME CHIDKaeTcs Oonee vyem Ha 50%. Ha »oToit cragmm BOCCTaHOBIICHHE
JEeTPaJUPOBAHHON TEPPUTOPUU TMPOUCXOAUT MEIUIEHHO M TpeOyeT 3HAYMTENbHBIX KalUTaJIbHbBIX
BIIO’KEHUM.

4. OueHb BBICOKasl CTENEHb OMYCTHIHWBAaHUSA (OYEHb CHJIBHOE) — BOCCTAHOBJIEHHE MOYBBI
HEBO3MOXKHO.
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[lo pe3ynbraTam HCClI€AOBaHUN YCTAaHOBJIEHO, YTO OYaru OIMYCTHIHUBAHUS Ha TEPPUTOPUU
HaxubiBanckoii ABTOHOMHOU PecryOnuky MOXHO CUMTaTh CPEAHUMH U BBICOKUMHU (CHIJIBHBIMHM).
3mech 3acolCHHE TPEXJIE BCEro0 CBSI3aHO C YPOBHEM TPYHTOBBIX BOI, OCOOCHHOCTSIMU
MuHepanuzauuu U ¢opmamu penbeda. M3 30 Thic. Ta moceBHBIX momanei okono 10 ThIC. Ta
MOJIBEPraloTCs BBICOKOW CTETIEHU 3acoieHus, a 15 ThIc. ra — c1a0oil U cpeHel CTeneHsIM 3aCOIeHHUS.
3aconeHre B OCHOBHOM (OpMHUPOBAJIOCh Ha HCTOPHUYECKH OpOLIAeMbIX 3eMIIIX Apas3ckoi
HU3MEHHOCTH [7].

Ha dhopmupoBanue 3acoieHHBIX TOYB OOJIBIIOE MPSMOE BIUSHIE OKa3bIBAIOT MaccuBbl Jly3aar,
Hampny3, Teze-ly3nar, Haxpem u Bamuamar. Ha 3TUX TeppuUTOpHUSX TMOYBEHHBIA CIIOM,
00pa30BaBIIMICSA Ha COJIEHBIX 3PO3HOHHBIX MaTepuaiax, JOCTaBICHHBIX C MPEArOPHBIX PaBHUH U
MEXTOPHBIX BIAJWH, OTIAMYACTCS HU3KOU ycTOWYMBOCTHIO. [locienoBarenbHas 00paboTKa IIIyroM U
OpOILEHUE B TEUEHHUE HECKOJIBKMX JIET MPUBOIUT K MHTEHCUBHOMY 3acoyieHuI0. B komIuiekcax co
cl1abbIM OIYCTHIHUBAHUEM pa3pylLIeHHE IOBEPXHOCTHOrO MoOKpoBa coctaBusier 20-25%; ouu
XapaKkTEepU3YIOTCs CIOCOOHOCTBIO K OBICTPOMY U JIETKOMY BOCCTAHOBJICHHMIO. B KoMIuiekcax co
CpeIlHE! CTETEeHBIO OMyCTHIHUBAHUS pa3pyllieHre MOBEPXHOCTHOTO MOKpoBa cocTaisieT 25-50%, a
B CUJIbHO OITYCTBIHUBIIUXCSA KOoMIUIeKcax — 110 80% [5].

Jlisa mpenotrBpaiieHus npoOneMbl OMYCTHIHMBAHUS HA HAIMOHAILHOM M MHUPOBOM YpPOBHE
pa3paboTaHO MHOXKECTBO MEpONpUATUNA. BpIOOp ¥ MpUMEHEHNE 3TUX MEPOTIPUATHIH JIsi KOHKPETHOM
TEPPUTOPUH B 3HAUUTEIHHON CTETIEHU 3aBUCHT OT (PU3HUKO-Treorpaduueckux 0coOEHHOCTEH paiioHa,
TUTIA U CTETICHU OIYCTHIHUBAHMUS.

Bv1600wb1

Mepomnpusitust o 00ppOe ¢ 3aCOJICHHEM JACATCS Ha HECKOJNBKO TPYIIL: arpOTEXHUYECKHE,
MEJINOPATUBHBIC, TUAPOTEXHUIECKIE U OPraHU3AIIMOHHO-OKOJIOTHYECKHUE:

1. ArporexHHYEeCKHEe MEpONpUATHUS: TIOCEB 3acyXO- MU 3aCOJOYCTOMYMBBIX pPACTEHHIH,
IPUMEHEHHE CeBO0OOpPOTa, TIyOOKasl BCIMAIIKAa U Pa3phIXJIEHUE MOYBBI, BHECEHHE OPraHUYECKUX
ynoOpeHuii (HaBo3a, KOMIIOCTA).

2. MenuopatuBHbIE MEPOTIPUSATHS: IPOMBIBKA [TOYBHI (COJIEy/IajeHHE), TUIICOBaHHE (OCOOEHHO
Ha HaTpUHCOAEPIKAIIUX COJIOHIIOBBIX IT0YBAX), YCTPOUCTBO APEHAKHBIX CUCTEM.

3. T'maporexHuueckue MEpPONPUATHs: TNPaBWIBHOE PETYIMPOBaHUE pEXHUMa OpOILICHHUS,
MIOHWKEHNE YPOBHS TPYHTOBBIX BOJI.

4. OpraHu3alMOHHO-DKOJIOTHYECKAE MEPOTPHUSNTHS: KOHTPOJIbh HCIOJIH30BAaHUS BOABI Ha
OpOLIaeMBIX 3EMJISIX, JIECOPa3BEeCHHE M CO3JaHUE 3alUTHBIX 3€JEeHbIX I0JO0C, IMPOBEACHUE
MOHUTOPHHTA Ha TEPPUTOPHSIX, CKIIOHHBIX K 3aCOJIEHUIO.
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IMPACT OF ENVIRONMENTAL POLLUTION ON FISH
IN THE ARATS RESERVOIR

©Karimova Sh., Nakhchivan State University,
Nakhchivan, Azerbaijan, universitet26781(@gmail.com

BJIMSTHUE 3ATPI3HEHUS OKPYXKAIOIIEN CPEJIbI
HA PbIb APAIIKOI'O BOJOXPAHUJINIIIA

O©Kapumoea I11., Haxuvieanckuii 20cy0apcmeenHblll YHUgepcument,
2. Haxuwviean, Azepbatioscan, universitet26781(@gmail.com

Abstract. The study was conducted on fish. As a result, it was determined that, depending on
the time and type of pollution, similar pathologies, including edema, exudates, and hemorrhages, are
observed in various fish species. The reaction to toxicant exposure manifests as various anomalies
and pathologies (nephrocalcitosis, and structural anomalies in the gills, fins, internal skeleton, and
skull). A decrease in the fish population of the Araz reservoir living in zones of strong technogenic
impact, a reduction in spawning potential, or even complete displacement from their habitats was
observed. For the first time, methods for the rational management of fish resources have been
developed for the region's reservoirs. The organization of fish weight monitoring, assessment of the
impact of economic activities on aquatic ecosystems, compilation of an ecological forecast, and
development opportunities and prospects for fisheries have been identified.

Annomayus. ViccnenoBaHue NPOBOAMIOCH Ha pbiOax. B pesynbrare uccrienoBaHus ObLIO
YCTaHOBJIEHO, YTO B 3aBUCUMOCTHU OT BPEMEHU U THIA 3arPSA3HEHUS B OPTaHU3Me Pa3INYHbIX BHIOB
peIO HAOMIOMAIOTCS CXOMHBIE WM OOIME IMATOJIOTUM, MPOSBISIONIMECS OTEKaMH, DKCCylaTaMUu U
KPOBOMBJIUSIHUSIMA. Peakiinss Ha BO3CHCTBHE TOKCHKAHTOB TPOSBISICTCS B BHJIC BO3HUKHOBEHUS
Pa3IMYHBIX aHOMANIUN U MaToJoTuil (HePOKaIbIIUTO3, AHOMAIIUU B CTPYKTYpe ka0p, MIIaBHUKOB U
BHYTPEHHETO CKeleTa, uepemna). HaOmiomaercs CHU)XEHHE YHCICHHOCTH pPbHIOBI B Apalkom
BOJIOXPAHMJTUIIIE, OOMTAOIICH B 30HE CHIIBHOTO TEXHOT€HHOTO BO3ICHCTBHS, CHIDKEHIE HEPECTOBOTO
MOTEHIIMAa WM JIaXKe MOJHOE BBITECHEHHME M3 MeCT oOuTaHus. BriepBbie pa3paboTaHbl METOMBI
paIMOHATFHOTO YMpPaBIeHHs PHIOHBIMH pecypcaMu Jis BOAOXpaHHIUI perroHa. OmpeneneHsl
OpraHu3alyisi MOHUTOPUHTA Beca PbIObI, OLIEHKAa BO3ICUCTBUS XO3SIHCTBEHHON NEATENBHOCTH Ha
BOJIHBIC OKOCHCTEMBI, COCTaBIICHHE JKOJOTHYCCKOTO TIPOTHO3a, a TaKXKe BO3MOXKHOCTH U
TIEPCIICKTHBHI PA3BUTHUS PHIOOIOBCTRA.

Keywords: Lake, ecosystem, fish, mineral substances, anthropogenic factor.

Knioueswvie cnosa: 03epo, skocuctema, pbida, MUHEPaJIbl, aHTPOTIOTCHHBINA (HaKTop.

Fish species inhabiting the natural and artificial lakes of the Nakhchivan Autonomous Republic
are an important food source for the local population. According to fishermen, both the abundance
and diversity of fish in these reservoirs have decreased in recent years. The Nakhchivan Autonomous

Republic possesses a much richer diversity of fish fauna than other regions of Azerbaijan.
Undoubtedly, protecting this wealth is as critical as identifying the species. As this is the first study

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 111




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

of its kind conducted in Azerbaijan, it is necessary to include recommendations regarding the factors
affecting the fish fauna of the region's reservoirs and the measures required for their protection [1-3].

Material and methods

Materials were collected from the water basins of the region, in the most characteristic biotopes
during the spring, summer, and autumn seasons of the years 2018-2022. Commonly accepted
research methods in ichthyology were used in the collection and analysis of ichthyological materials
(3,4, 8-10, 12].

After the existing samples were collected, they were transported to the Laboratory of the
Faculty of Biology at Nakhchivan State University, and scientific research was conducted on those
samples. The samples brought to the laboratory were fixed in jars and special containers in a 4%
formaldehyde solution. After the samples were identified at the species level, 10-15 individuals of
each species and subspecies were taken, and their morphometric and meristic features were studied
in the laboratory. Individuals of each species were photographed, and body color and patterns were
determined from fresh samples. Relevant literature was used to identify the fish species [1].

Results and their discussion

Some species of economic importance to the local population in the study area (including
Acipenser stellatus kurensis, Rutilus (rutilus) caspicus, Ctenopharyngodon idella, Aspius aspius
taeniatus, Luciobarbus capito, L. lacerta cyri, Blicca bjoerkna transcaucasica, Abramis brama
orientalis, Cyprinus carpio, Hypophthalmichthys molitrix, Carassius auratus gibelio, Capoeta
sevangi, Silurus glanis, and Sander lucioperca, as well as Red Book species) are considered
endangered based on their frequency of occurrence and the number of fish caught during the study
period. Although some species hold no economic value for the local population, they are still regarded
as biological resources.

It has been observed that certain taxa, which contribute to species diversity and serve as vital
links in the ecosystem's food chain, are facing similar threats. Environmental pollution factors —
including the gradual decline in aquatic ecosystem quality, significant changes in fish biomass,
species diversity, density, and distribution, and the altered oxygenation of algal food resources — are
weakening the food chain. Population growth and technological development have exacerbated
environmental pollution; without intervention, the rich diversity of fish fauna in the region will be
seriously affected. Pollution resulting from the production and consumption activities of individuals
and companies has a detrimental impact, particularly on fish spawning and fertilization. Such studies
are of great importance, as fish act as bioindicators of water pollution and represent a critical link in
the transfer of toxic elements into the human body [11].

Currently, the diagnosis of toxicosis and the prognosis of its outcome allow for a comprehensive
assessment of the condition of fish, accounting for the severity of the pathological process, including
the state of the germinal system and its reproductive capacity.

It should also be noted that fish are a primary food source for humans; therefore, assessments
of their condition must comply with veterinary and sanitary expertise requirements. Concepts
regarding the stability of hydrobionts — the ability of organisms to resist the effects of pollutants in
a reservoir—are not yet fully established. Recent studies have shown that many aquatic organisms
survive in areas of economic activity, maintaining relatively high population sizes.

In this context, survival implies not only individual longevity but also the continuation of
generations. It has been proven that pathologies of the gonads indicate significant impairment under
the influence of pollutants. Furthermore, pathologies of female gonads are most diverse and prevalent
in spawning grounds. The loss of females leads to a decrease in the total population size without
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necessarily affecting qualitative characteristics; conversely, the loss of some males may not affect
population numbers but can alter the quality of the offspring, potentially aiding adaptation to new
conditions and driving species evolution.

A sharp decrease in water levels in the reservoirs of the autonomous republic, alongside
ecological changes in local fish species (such as shifts in age composition dynamics, absolute and
relative productivity, sexual maturity, and spawning timing), has led to the drying out of spawning
grounds and the death of developing eggs. In the initial stages of reservoir formation, a large volume
of flooded trees and grasses created anoxic zones. Throughout the research period, fish with
developmental anomalies (e.g., shortened snouts, deformed spines) were frequently observed in the
reservoir.

On the other hand, the decrease in water level in the reservoir during the fish breeding season
often leads to a further reduction in the already limited breeding grounds of phytophilic fish; it has
been observed that the gonads of fish that cannot spawn undergo a resorption process, ultimately
disrupting the natural recovery process of fish stocks in the reservoir. There are several approaches
to assessing the effects of toxicants on fish. We used the expert assessment method to identify
ecological crisis zones in areas polluted by heavy industry.

The description of clinical and pathoanatomical signs of fish intoxication was carried out within
the first hour after the fish were caught. During the external examination of the fish, attention was
paid to the intensity of coloration (the state of pigment cells—melanophores), the integrity of the fin
lines and rays, and the general composition of mucus on the surface of the fish. Hyperemia, the
condition of the scale cover, the presence of subcutaneous hemorrhages or ulcers, changes in body
covers, deformation of the oral cavity, anus, and skull bones, and scoliosis were observed. Examining
the eyes, attention was paid to their size, the presence of mucus, and the condition of the iris and
cornea.

During the study, we used a simplified diagnostic scheme of up to 3 points and the application
of the index of unfavorable state of the fish organism proposed by Yu. S. Reshetnikov and others.
This method is not considered 100% accurate, but it can help in the development of a research
program. The method is simple and can be widely used in ordinary ichthyological studies of
ecosystems under any type of anthropogenic influence. According to the method, it is possible to
quickly analyze the general state of fish in a large area and identify zones of ecological crisis and
ecological danger. The method of expert assessment of the state of fish populations based on
morphological anomalies in the affected area was used.

The study is based on the field method of visual assessment of changes in morphological
parameters of fish used in ichthyological studies. All changes (anomalies) in the external morphology
of fish occur due to the presence of heavy metal deposits in the muscles, liver, and skeleton.

The respiratory (gills) and digestive (liver) systems are the main "gates" into the fish's body and
the places where pollutants accumulate. All these organs were examined as thoroughly as possible.
First of all, the external appearance of the fish was checked — changes in the skin, various
deformations of the bone skeleton (skull, fins), and deviations from the norm (number of rays on the
fins, etc.). Muscle turgor, curvature, and shortening of the body size of the fish were observed.

After the fish were dissected, all internal organs were sequentially examined: stomach, liver,
intestines, kidneys, bladder, spleen, heart, and gonads. At the same time, attention was paid to the
color, size, and shape of all organs. The condition of the spine was determined by curvature of the
spinal column, fusion of the vertebrae, or other anomalies.
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Annomayus. Dxonorudeckas cutyanus B barkeHckoit o6mactu Keipreizcrana B 2026 rogy
ocTaeTcsl OfIHOM M3 Hambosee CIOXKHBIX B LIeHTpallbHOA3MaTCKOM pernoHe. ITo 00YCIOBIEHO
MHOTOJIETHEH  JIESATENIbHOCThIO  TOPHONOOBIBAIOIIMX M  METaJUIyprU4eCKUX  IMPEenNpHUsITHH,
OCTaBUBLIMX IOC]Ie ce0s MaciuTabHOEe TeXHOreHHoe Hacieaue. llenu uccnenoBaHus: MPOBECTU
aHaJU3 MpoOIeM 3arps3HEeHUs TSHKENIBIMUA MeTaJlIaMU ITPOMBIIIIJIEHHBIX 30H pernoHa. Marepuainsl 1
METOJIbl MCCIEOBAHUA: OOBEKTOM HCCIEOBAHUS SBISUIMCH MPOMBIIICHHbIE 30HBI baTkeHckoro
pernona Keipreizckoit PecnyOnmuku, XapakTepusylOUIHecs HaJMYueM TOpHOJ0OBIBAIOIIMX,
nepepadaThIBaOIIMX U BCIOMOTATENbHBIX MPOMBIIUIEHHBIX Npeanpusatuii. Oco0oe BHHUMaHUE
YAETSUIOCh ~ TEPPUTOPHSIM,  PACIOJIOKEHHBIM  BOIM3M  XBOCTOXPAHWIMI,  PYAHUKOB,
METaJUTypPrU4eCKUX OOBEKTOB, a TaK)KE 30HAM C BBICOKOW aHTPONOTEeHHON Harpy3koi. Pe3ynbrarsl
pacuéToB MOKAa3bIBAIOT, YTO MOYBHI IPOMBILIUIEHHBIX 30H BaTKeHCKOro pernoHa xapakTeph3yrTcs
MHOTOKOMIIOHEHTHBIM 3arpsi3HEHUEM, MpPU 3TOM KaAMHM M CBHUHEI SIBISIOTCS NPUOPUTETHBIMU
3arps3HUATENIAMU M (DOPMHUPYIOT OCHOBHOW 3KOJIOTMYECKMH PUCK. B mepcnexTuBe st CHUKEHHUS
HKOJIOTUYECKOM HAarpy3kd M MHUHUMH3AIMKA PUCKOB JUIS 30pPOBbS HACENIEHUs 11eJecoo0pa3Ho
BHEJPEHUE KOMIUIEKCA IPUPOAOOXPAHHBIX MEPONPUITHM, HAIpPaBICHHBIX HA PEKYJIBTUBALIUIO
3arpsiI3HEHHBIX TEPPUTOPHUM, MOAEPHU3ALUIO MPOMBIIIJICHHBIX OOBEKTOB, CHUKEHHE BBIOPOCOB U
COpOCOB 3arps3HSIOIIMX BEIIECTB, a TAaKKE IMOBBIIMIEHUE HKOJIOTHYECKOM OCBEIOMIIEHHOCTH
HACEJICHHUS.

Abstract. Research relevance: the environmental situation in the Batken Oblast of Kyrgyzstan

in 2026 remains one of the most challenging in the Central Asian region. This is due to the long-term
activities of mining and metallurgical enterprises, which have left behind a large-scale technogenic

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 116



mailto:tamaraaitieva65@gmail.com
mailto:aidakalykberdieva77@gmail.com
mailto:barna.kg0867@gmail.com
mailto:tamaraaitieva65@gmail.com
mailto:aidakalykberdieva77@gmail.com
mailto:barna.kg0867@gmail.com

broniemens nayku u npakmuku / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

legacy. Objectives of the study: to analyze the problems of heavy metal pollution in the industrial
zones of the region. The objects of the study were industrial zones of the Batken region of the Kyrgyz
Republic, characterized by the presence of mining, processing, and auxiliary industrial enterprises.
Particular attention was paid to areas located near tailings storage facilities, mines, metallurgical sites,
as well as zones with a high anthropogenic load. The calculation results show that the soils of the
industrial zones of the Batken region are characterized by multicomponent pollution, with cadmium
and lead being the priority pollutants and forming the main environmental risk. Conclusions: in the
long term, in order to reduce the environmental burden and minimize risks to public health, it is
advisable to implement a complex of environmental protection measures aimed at the reclamation of
contaminated areas, modernization of industrial facilities, and the reduction of pollutant emissions.

Kniouegvie cnosa: 3konorudeckast OLEHKA, baTkeHCKHI peruoH, MmpoOiemsl 3arpsi3HEHUs,
TSDKEJIbIE METaJlIbl, HCTOUYHUKH 3arpsi3HEHHUS.

Keywords: environmental assessment, Batken region, pollution problems, heavy metals,
sources of pollution.

OCHOBHBIMU LIEHTPAMH IKOJIOTHYECKOTO HAIPSKEHUS B bBaTKeHCKOM pernoHe sBIsI0TCS ropoaa
Kanamkaii, AlinapkeH u noceinok CoBeTckuil. [71aBHBIMH MCTOYHMKAMH 3arpsi3HEHUS SIBISIOTCS
XBOCTOXpAHHWJIMIA M OTBaJbl, OOBEKTHl ObIBIIEro KamamkalicKoro CypbMSHOTO KOMOHWHATa W
XalapkaHckoro pryTHoro komounara (PucyHnok 1 u 2).

Pucynoxk 1. XBocToxpanunuiie cypsMsHOT0 kKomOruHara Kagamkaiickoro paiiona

XBOCTOXpaHUJIUIIIE — 3TO KOMIUIEKC CIEIHATBHBIX COOPYKCHHH U 000pyIOBaHUN, KOTOpPHIE
MpeAHA3HAYEHBI JUIsI XPAHEHUS WIIM 3aXOPOHEHUs pauOaKTUBHBIX, TOKCUUHBIX U JIPYTUX OTXOAOB
ropHonepepadbaTeIBaroOIel MPOMBIIUIEHHOCTH [1].

AlinapkeHckuii (XalmapkeHCKui) pTyTHBIN 3aBoj (XP3) pacnosokeHHbBIN B roposie AWgapkeH
Kanmamkatickoro paiiona batkeHcko# 00acTv, OCTAaeTCs OMHUM M3 KPYIMHEHIITUX MPOU3BOAUTENICH
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nepBUYHON pTyTH B Mupe. [IpousBoacTBa pPTYTH NpUBENO K HACIEACTBEHHOMY 3arpsi3HEHUIO
OKpYyXarole cpenbl. XailJapKeHCKUI PTYTHBIN 3aBOJT OXBaThIBaeT okouo 1417 ra [2].

Hecmotpst Ha cHM)KEHHE MOIIHOCTEW MO CPABHEHHUIO C COBETCKUM IMEPUOJIOM, TMPEANPUATUS
MIPOJOJIKAIOT OKA3bIBaTh HAIPY3KY Ha IKOcHCcTeMY. Bo3ayiiHbIe U BOAHBIE TOTOKU PA3HOCST YaCTHUIIbI
METAJUIOB Ha COMpeeibHble TeppuTOpun Y30ekuctaHa u Tamkukuctana. HccmemoBaHus
(bUKCHPYIOT NPEBBILIEHUE MPeIebHO TonycTuMbIX KoHIeHTparuil ([T1K) no cienyromum Tsaxxensm
MeTajiaM:

Pmymo (Hg). OcHOBHOW 3arps3HHTENh B paiioHe AiinapkeHa. PTyTh oOmamaeT BBICOKOMA
CHOCOOHOCTHIO K OMOaKKyMYJISILIMA U MUTPAIMH B MMUILIEBIX HEMIX.

Cypvma (Sh). Konuenrpupyercs B paiione Kagamxkas. CypbMa u e€ coeMHEHUsS] TOKCHYHBI,
[OpaXKaroT CEPAECYHO-COCYIUCTYIO U HEPBHYIO CUCTEMBI.

Mbvuuwvsax (As). Yacto comyTcTByeT 100BIYE CYpbMbI M PTYTH, SIBISIETCS CHUJIBHBIM
KaHLIEPOT€HOM.

Csuney (Pb) u Kaomuii (Cd). Conepixarcsi B 0TX0o/1aX o0oraiieHus py/l, HeTaTUBHO BIHSIOT HA
PENPONYKTUBHYIO (DYHKIIMIO H COCTOSTHUE KOCTHBIX TKAHEH HACETICHMUS.

MexaHu3Mbl pacpOCTPaHEHUsI B IKOCHCTEMaX. 3arpsi3HeHHe B BaTKEHCKOM pernoHe MMeeT
KOMITJIEKCHBIA Xapaktep. Tsokenble MeTanibl HAKarIMBalOTCA B BEPXHUX TOPH3OHTAX IMOYB, YTO
JlelaeT HEBO3MOXHBIM 0€30MacHOe BEACHUE CENbCKOTO XO3siiicTBa BOMM3M mpom3oH. Ocolyro
omacHoCTh Tpenacrasiser 3arpszHenne pek lllaxumapnan u Cox. BwiMbIBaHHE METaIOB W3
XBOCTOXPAHHJIUII] BO BPEMsI TTABOJKOB KM CEJICH BEJIET K MOMAJaHUI0 TOKCHHOB B UPPUTAIIMOHHBIC
kaHauibl. [To nanneiM B. B. EpmakoBa (1991), koHneHTpanuu pryTH B nouBax AiiapkeHa kojae0anuch
ot 0,110 mo 24,050 mr/xr, B otBanax ot 29,380 mo 297,750 mr/kr, a no nanaeiM b. M. J[>xenOaeBa, ot
0,042 mo 34,837 mr/kr cyxoro BemiecTna [3].

Pucynok 2. XBocToXpaHWIMIIE PTYTYHOro komOuHara cenna Cyp B AiiapkeHe

DKoJIoTUYeCcKasi OMACHOCTh BO3IAEMCTBHUSI TEXHOTEHHBIX MMHEPAJbHBIX OOBEKTOB Ha
OKpPYXKaIOIlyI0 Cpely YCWIMBAETCS, €CIM OTXOHIbl CKJIaJUPYIOTCd B MecTax WX J00bYU U
nepepaboTKH, KaK 3TO KIMEET MECTO B TIOAABIISAIONIEM OONBIINHCTBE TOPHOIPOMBIIITIEHHBIX PAailOHOB
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Keipreizcrana (Ak-Tro3, Kagamxkait, Kan, Maiinyy-Cyy, Mun-Kym, Opnoska, Cymcap, Tepek-Caii,
Xarinapkan, Yaysaii). [leqo B TOM, 4TO B 3TOM CJlIy4ae MPOUCXOIUT IMOCTYIUICHHE TEXHOTEHHBIX
BBIOPOCOB U3 IJIOXO COJAEPKAIIMXCS XPAaHWIUIL OTXOAOB B JIaHAMA(THI, C(OPMHUPOBABLIMECS B
Opeosiax paccesHusl pyAHBIX MECTOPOXKIEHHH, B KOTOPBIX BOABI, MOYBBI M pacTeHus, U 0e3 Toro
oOorameHHbIE TSKEIBIMU U PEAKUMH METaJlJIaMH, OBICTPO TOCTUTAIOT KPUTUYECKUX MPEIEIIOB IS
HOPMaJIbHOM KU3HEEATEILHOCTH YelIOBeKa U OMOTHI Tanamadra [4].

[IputeHne CyxuX XBOCTOXPAHWJIMIL B 3acCylLUIMBBI MEPUOJ CIOCOOCTBYET BJbIXaHHUIO
MEJIKOIUCIIEPCHBIX YaCTHII, COAEPHKAIINUX METAILIbI, MECTHBIMU KUTEIISIMU.

Menuko-3K0JIOTHUECKUE  MCCIIEJOBAaHUS IOKA3bIBAIOT  KOPPEISLUIO MEXKIYy YPOBHEM
3arpsi3HEHUs U pocToM crenuduueckux 3adoneBaHuil y HaceneHnus: barkenckoi obnactu. Boicokuit
YPOBEHb IATOJIOTUH ABIXaTENbHBIX IMyTe. POCT SHAOKPHHHBIX HAapyIIeHMH W crenupuyeckux
KOXKHBIX 3a0oneBaHuii. Ha tekymmii momeHT (2026 I) dKOJOrHMYecKasl OllEHKa pernoHa Tpedyer
BHEJIPEHHUS HOBBIX MOAXOAOB TaKUX KaK PEKYJIBTHUBALMIO XBOCTOXPAHMIUI, TIYOOKYIO HU30JISIHI0
OTXOZOB JI IPEIOTBPAILCHHUS] UX NOMNaJaHUs B TPYHTOBbIE BOAbl. [IpoekThl, moaaep:KuBaeMblie
MEXIyHapOIHbIMU JIOHOPaMH, IMPOJODKAIOT pean3aliio, HO MX TEMIbl 4acTO HEJOCTATOYHBI.
MOHUTOPUHT B pealbHOM BpEMEHU TpeOyeT BHEIPEHMsI aBTOMAaTHU3UPOBAHHBIX CHUCTEM KOHTPOJIS
Ka4eCTBa BOJAbI U BO3/1yXa B CAHUTAPHO-3ALIUTHBIX 30HAaX. JKCIIEPUMEHTAIbHbIE METOJIbI OYUCTKU
[IOYB C HCIOJb30BAHUEM CHEIUAIbHBIX PACTEHUU, AKKYMYJIUPYIOIIUX METAJJIbl, MOKa3bIBAIOT
nokanbHble ycrexu B Kagamskalickom paiione. [IpoOiema 3arpsi3HEHUst TSOKEIbIMU METaJUIAMU
TpeOyeT HE TOJIbKO JIOKAJIbHBIX TEXHUYECKUX PEUICHUM, HO W JIOJrOCPOYHON CTpaTeruu Io
JETOKCUKAIIUU TEPPUTOPHI U TpaHCHOpPMAIlMU SKOHOMUKH PETHOHA B CTOPOHY 00Jiee SKOJOTUYHBIX
MPOU3BOACTB. be3 pagukanbHBIX Mep MO peabUIUTAIlMK XBOCTOXPAHUJIMIL PUCK SKOJIOTUYECKON
KaTacTpo(bl pETHOHATBHOTO MacIITaba 0CTAeTCsl CTAOMIBHO BBICOKHM.

Mamepuan u memoOosi ucciedo8anus

Paiion wnccnenoBaHMsl OTIMYAETCSA CIIOKHBIMHM NPUPOIHO-KIMMATHYECKUMU  YCIOBHSAMH,
TOpHBIM  penbedoM, celicMMUecKOll aKTUBHOCTbIO UM OTPaHMYEHHBIMH  BO3MOXKHOCTSIMU
€CTECTBEHHOIO0 CaMOOYMILEHHUSI IKOCHUCTEM, UYTO YCHIIMBAET HKOJIOTMYECKHE PHUCKU 3arps3HEHHS
TSOKEJIBIMU METaJJIaMH.

Ot0op mpo0® OCYIIECTBISUICS B COOTBETCTBUU C JIEHCTBYIOIIMMH TOCYJapCTBEHHBIMHU U
MexayHaponsabivu ctanaaptamu (I'OCT, [SO). I1po6s! oTOMpanych B HECKOJIBKUX TOYKaX Ha pa3HOM
yIAJIEHUH OT MCTOYHMKOB 3arps3HEHMS C yUETOM PO3bl BETPOB M TMIAPOJIOTMYECKUX yCaoBHM. Jlis
MOBBIIIEHUS] PENPE3eHTATUBHOCTH MPUMEHSJICS MeToA cMemaHHbIX npod. IloarotoBka mpo6
BKJIIOYAJa CyILIKY, U3MenbueHne, MuHepanu3zanuto kuciaoramu (HNOs, HCI, HF) B nmaboparopHbix
ycnoBusix. KoHTponb KauecTBa aHayiu3a obecrneunBaics UCIOIb30BaHUEM CTaHIApTHBIX 00pasloB,
XOJIOCTBIX MPOO ¥ OBTOPHBIX U3MEPEHUH.

Craructuueckass  o0paboTka  JaHHBIX  NPOBOJWJIACH C  IPUMEHEHHEM  METO/I0B
KOPPEJSILIMOHHOTO, (haKTOPHOT'O U KJIACTEPHOTO aHaJIM3a C UCIOIb30BAaHUEM ITPOrPAMMHBIX MAKETOB
Excel, Statistica u SPSS.

Pesynomamot u obcyscoenue
OneHka ypoBHS 3arpsA3HEHMs M DKOJIOTMYECKHX PHUCKOB. [l KOMIUIEKCHOM OLIEHKH
3arps3HEHUs] TNPUMEHSJINCh CIEAyIoNMe Tokazarenu: kodduuueHnt koHueHTpamuu (Kc);
MHTErpalbHbI UHAEKC 3arpsA3HEeHUs MouB (Zc); uHAeKkc reoakkymynsiuuu (Igeo); moTeHIManbHbIN
9KOJIOTHYECKUI PUCK.
[Tonmy4yeHHbIe 3HaYEHHUS CPAaBHUBAIUCH C MPEETbHO TOMyCTUMbIMU KoHIeHTpauusamu (ITJIK) n
(OHOBBIMU 3HAYECHUSMH, NPUHATBIMUA s pernoHa llentpanpHoit Asumn. C Lenbl0 OLEHKU
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OMOJIOTUYECKOTO BO3JEHCTBUS TKEIBIX METAJIOB HCIIOJIB30BAINCE: (PUTOTOKCHKOJIOTHUECKUE
TeCTHI (IIpopacTaHue CeMsiH, pOCT KOPHE); aHATTN3 HAKOIUICHHSI METAJJIOB B PACTUTEIBHBIX TKAHSX;
pacueT koadduimenta ouonorndeckoro HakoruieHus: (KbH). D10 mo3Bonmio onpenenuTs CTerneHb
MUTPAIUN TSOKEIBIX METAIOB MO TPOMUUYECKUM IETSIM W TMOTEHIIMAIBHYIO YTPO3y UISl 37I0POBBS
HaceneHus. Hipke mpuBen¢H mpumep pacu€ra WHACKCOB 3arps3HEHUST Ha OCHOBE XapaKTEPHBIX
(TunU4HBIX 111 BaTKEHCKOro pernoHa) MaHHBIX, HCIOJB3yEMbIX B HAyYHBIX IyOIHKAIUSIX 10
paiioHaM TOpHOMOOBIYM W XBOCTOXpaHWIHII. I[louBeHHBIE TPOOBI OBUTH OTOOpPaHBI BOIW3H
MPOMBIIIUICHHON 30HBI paiioHa XBOcCTOXpaHWIUIIA. ONpeaensiuch KOHIEHTPAIUU TSKETBIX
MeTaiuioB B cioe 0—20 cm. [Ipumep pacu€ra nHAEKCOB 3arpsi3sHeHUs1 baTkeHCKOTO perrnoHa MpuBeIcH
B TaGnune.

Tabnuna
PACUET MHJEKCOB 3AT'PA3HEHU S BATKEHCKOI'O PETMIOHA
Memannwi QDaxmuueckas KoHyenmpayus, me/ke Ponosas KoHYeHmpayus, me/ke TIK, me/xe
Pb 65 20 32
Cd 1,8 0,3 1,0
Cu 55 20 55
Zn 140 50 100
Pacuém xoappuyuenma xonyenmpayuu (Kc) nposoounu no gpopmyne:
Kc=CiCpKc=CpCi (1)

Caunen: Kc=6520=3,25Kc=2065=3,25

Kammmuit: Ke=1,80,3=6,0Kc=0,31,8=6,0

Menp: Kc=5520=2,75Kc=2055=2,75

Huak: Kc=14050=2,8Kc=50140=2,8

HauOonpmmmii BKkax B 3arpsi3HEHHE BHOCUT KaJIMUH, YTO TUITUYHO JUIi TOPHOPYIHBIX PaiioHOB
batkenckoii obnactu. Zc<16Zc<16 — nomyCTUMbIH ypOBEHb 3arpsi3HEHHUs, OJHAKO MPHUCYTCTBYET
nokanbHOe npesbiieHue no Cd u Pb.

Wunekc reoakkymynsnuu (Igeo) Ha npumepe kagmusl.

Igeo=log2(Cil,5-Cd)Igeo=log2(1,5-ChpCi)lgeo=log2(1,81,5-0,3)=log2(4)=2Igeo=log2(1,5-0,3
1,8)=log2(4)=2

Igeo=2Igeo=2 ymepenno 3arpsi3H€HHas cpena. [lOTEHIMANBHBIA DKOJIOTHYECKUM PUCK
paccuuTal 1o Gopmyse:

Eri=Tri-KciEri=Tri-Kci 2)

Koaddummentst Tokcunanoctu: Cd =30, Pb=5,Cu=5,Zn=1

Kanmuit: Er=30-6,0=180Er=30-6,0=180

Ceunen: Er=5-3,25=16,25Er=5-3,25=16,25

Mens: Er=5-2,75=13,75Er=5-2,75=13,75

Huuk:Er=1-2,8=2,8Er=1-2,8=2,8PERI=180+16,25+13,75+2,8=212,8PERI=180+16,25+13,75
+2,8=212,8

Onenka pucka TokcnyHoctu 150<PERI <300150<PERI <300 ymepeHHBI! 5KOJIOTHYECKUI
PHUCK, OCHOBHO# BKJ1a/l 00YCJIOBJIEH KaJIMUEM.

Koagpgpuyuenm 6uonocuueckozco naxonnenus 01s Zn.
Konyenmpayus Zn 6 pacmenusx cocmasnsiem 70 me/xe.
Ksn=70140=0,5KBEH=14070=0,5 umo yxa3zviéaem na cpeoniord cnocoobHoCms pacmumenbHOCmu K
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HAKONJIEHUIO YUHKA.

B pesynbprare AMUTENBHOM 3KCITyaTalMM MECTOPOXKIEHUN PTYTH U CYpPbMbl HAKONMJIOCH
00JbIIOE KOJMYECTBO TBEPABIX OTXOJOB B BHJIE€ OTBAJIbHBIX IOPOJA, IUIAKOB, OTapKoOB,
JIaMOOOPa3HBIX XBOCTOB oboraiieHue U ¢GuoTanuu. IDTU OTXOMAbI COAEPKAT COTHU ThICAY TOHH
COCIMHEHUI PTYTH W CYpPbMBbI, MBIIIbSK, (DIFOOPUTHI, COCAUHEHHUI TSHKEIBIX METAIUIOB U JPYTUE
TOKCUYHBIE 2JIEMEHTHI.

YCTaHOBJEHO, YTO, B XBOCTOXpAaHWIMIIAX XalJapKaHCKOrO PTYTHOTO KOMOWHAaTa CpeaHee
cofiepaHue PTyTH U APYTUX 3ieMeHTOB cocTapisieT: As — 0,23%; Hg — 0.0046%, Sb — 0.36%. B
orapkax cpeiHee Coiep)KaHue ITUX deMeHTOB cocTtaBisieT: As — 0,061%; Hg — 0.0017%, Sb —
0.106%. Conepsxanue B orBasiax coctanisieT: 0,047%; 0,01%; 0,63% [5].

B cene Dmime, rie B ka4ecTBE MOJMBHOM BOJIBI UCIIOJIB3YIOT IAXTHYIO Boay U3 pyaHuka XPK,
ObLTM OTOOpaHBI MPOOBI CBEXEH KapTomKku. Pe3ynbrarhl aHanu3oB mokazanu npesbimeHue TTJK
pryTH B 2-2,5 paza. Heo6xonumMo Takke y4ecTb, 4To MpoObl OTOMPAIH B CEpEeIUHE BETeTallMOHHOTO
nepuona. Pesynbrarel aHanmmsza mpo® W3 POTHUKOB BOKPYT OTBAJIOB XalJAapKaHCKOTO PTYTHOTO
koMmOuHara nokasanu npesbiienue [1JIK prytu B Boge B 400 pas [6].

Bovisoo

B pe3ynbrare KOMIICKCHON YKOJIOTHYECKON OLIEHKH YCTaHOBIIECHO, YTO IPOMBIIIUICHHBIC 30HBI
baTkeHCKOro pernoHa moaBepraroTcs 3HAYUTEILHOMY aHTPOIIOTCHHOMY BO3/ICHCTBHIO, CBSI3AHHOMY
NPEUMYIIECTBEHHO C  TOPHOAOOBIBAMOIICH W mepepadaThiBalOIeld  MPOMBINUICHHOCTHIO,
IKCIUTyaTallued XBOCTOXPAHWIHI W HEAOCTATOYHO S((EKTUBHBIMU CUCTEMAMH 3KOJIOTHYECKOU
Oe3omacHocTr. Crnenuduka TPUPOTHO-KIMMATHUSCKUX YCIOBUH peruoHa (TOpHBIA penbed,
3aCylUIMBOCTb, cja0as CaMOOYMIIAIOIIAs CIIOCOOHOCTh DKOCHCTEM) CIIOCOOCTBYET aKKyMYJISIIUU
TSOKEIIBIX METAJJIOB B KOMIIOHEHTAX OKPYKAFOIIEH CPEIIbI.
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Annomayus. PaccmaTpuBaeTcsi KOMIIEKCHOE BO3IECHCTBUE CMOra Ha COCTOSIHHE 370POBbS
HaceneHus Keiproizckoit Peciy6onuku, ¢ ocoObIM akiieHToM Ha ropoa bukek. [Ipoananu3upoBaHbl
OCHOBHBIE 3KOJIOTHYECKHE (DAaKTOPbI, CIIOCOOCTBYIOIIME KPUTUYECKOMY YPOBHIO 3arps3HEHUs
BO3/lyXa MEJKOAMUCIIEPCHBIMU YacThlaMu PM2.5, BKiItodasi OTOIIEHUE YAaCTHOTO CEKTOPA TBEPIBIM
TOIJIMBOM, TPAHCIIOPTHBIE BHIOPOCH! U crienuuyeckue Mereopojorudyeckue yciaous. Ha ocHoBe
aKTyaJbHBIX CTaTHUCTUYECKUX JAHHBIX BBIBICHA NpsMas KOPPEISALUs MeEXIy KaueCTBOM
aTMOC(EpHOTO0 BO3JyXa M POCTOM PECHHUPATOPHBIX, CEPACUHO-COCYIUCTBIX M aJUIEPTUYECKHX
3abosneBanuil. B pabore mpeanokeHbl NPUOPUTETHBIE HAMpaBIICHHs pEIICHUs MpOoOJIeMbl: OT
MacmITabHOW razu@ukKalMu U TMOBBILIEHUS IHEProdPQPEKTUBHOCTH KUIbS 10 pedhOpMUPOBAHUS
TPAHCIOPTHOM CUCTEMBI U YXKECTOUEHUS SKOJOTUYECKOro KOHTpoJs. [lonydeHHble 1aHHbIE MOTYT
CIy’)KUTh OCHOBOH JUIs pPa3pabOTKH PEKOMEHJAIMi MO COBEPIIEHCTBOBAHHUIO SKOJOIMUYECKON
MOJINTUKHU.

Abstract. This study examines the complex impact of smog on the health of the population in
the Kyrgyz Republic, with a special focus on Bishkek. The primary environmental factors
contributing to critical levels of PM2.5 fine particle pollution—including solid fuel heating in the
private sector, transport emissions, and specific meteorological conditions—were analyzed. Based on
current statistical data, a direct correlation was found between air quality and the increase in
respiratory, cardiovascular, and allergic diseases. The study proposes priority areas for addressing the
problem, ranging from large-scale gasification and improved housing energy efficiency to transport
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system reform and stricter environmental controls. These findings can serve as a basis for developing
recommendations to improve environmental policy.

Knioueswvie crnosa: cMmor, 3arpsi3HEeHHE BO3/lyXa, aTMOC(EpHBIE MOJUTIOTAHTHI, 3200J1€BaEMOCTb
OpPraHoOB JBIXaHUS, YKOJIOTHUECKIUI MOHUTOPHHL.

Keywords: smog, air pollution, atmospheric pollutants, respiratory morbidity, environmental
monitoring.

VYpOanusupoBanuble Tepputopun Keipreizcrana, B ocobeHHOCTH I. buiikek, B mocienHee
JECSATUIICTHE CTOJIKHYJIMCh C YCTOWYMBOM TEHICHLMEH K YXyAIICHHIO KadecTBAa arMoC(epHOro
Bo3ayxa. ComIacHO JaHHBIM MOHUTOPUHIOBBIX ar€HTCTB, KOHLIEHTpaLMsI B3BELIEHHBIX yacTull PM2.5
B OTONMUTENbHBIA MEPUOJ MHOTOKPAaTHO IIPEBBIIIAET NPENEIbHO JOIYCTUMBIE YPOBHH,
pexoMeHaoBaHHbIe ~ BcemupHoit  opranmzanueit  3apaBooxpaHeHus  (BO3).  BrisBiennas
PEryJIsipHOCTh JIaHHOTO SIBJICHMSI IO3BOJSET KJIACCU(PUUUPOBAaThL CMOI HE KaK CTOXaCTHUYECKHUM
CE30HHBIM MHUHJICHT, a KaK I[EPMAHEHTHBIA HKOJIOTMYECKUH JETEPMUHAHT, OKa3bIBAIOLIUMI
MPOJOHTHPOBAHHOE TMATOT€HHOE BO3JICHCTBHME Ha TMOKa3aTelnd OOLIECTBEHHOTO 3/I0POBBS
(https://clc.li/dGigg). B paMkax naHHOI mapagurMsel 11e1ecoo0pa3HO PacCMOTPETh XapaKTePUCTHKU
Ipolecca B CIEAYIOIINX aCIIEeKTax:

1. Dtuonoruss U MCTOYHMKU (OPMHUPOBAHUS CMOra B TOpPOJACKHUX ariomepanusix. Cmor B
ropogax KeIprei3crana UMeeT MOIu3THOIOTHYECKYIO IpUupoy. OCHOBHBIM JIpaliBEpOM 3arpsi3HEHUS
BBICTYIIAeT CKUTAaHHUE HU3KOCOPTHOTO OPraHMYECKOro TOIUIMBa (Oyporo yris) B 4aCTHOM CEKTOpe U
CHCTEME [IEHTPAIN30BAaHHOTO TETNIOCHAOKEHHS. [|0TTOTHUTEIHBIME (PaKTOPAMU SIBIISTIOTCS BRICOKAsI
HACBILIEHHOCTh aBTOTPAHCIOPTHBIMHU CPEACTBAMM C YCTapEBLIMMH 3KOJIOTMYECKUMU CTaHJapTaMu
(EBpo-2 u HUXe), HECAaHKIIMOHHUPOBAHHOE C)KUTaHUE OBITOBBIX OTXO/OB, & TAKXKE ApPXUTEKTYypHO-
IUTAHUPOBOYHBIE OCOOEHHOCTH 3aCTPOMKHM, HapylIalolde a’pallMOHHbIM pPEXHM TOPOACKHX
KOTJIOBUH. ATMOC(EpHblE HHBEPCUM, XapaKTepHbIE JJIs XOJIOAHOIO MepUofa roja, MpensTCTBYIOT
BEPTUKAJIbHOMY PACCEUBAHUIO NTpUMeECel, POPMHUPYS yCTONUMBBIN «CMOTOBBIN KyTOI».

2. Menuko-nemMorpaguueckue IMOCHEACTBUS XPOHMUYECKOTO BO3IEHCTBHA. XPpOHHUYECKas
HKCIO3UIMS adPOINOJUIIOTAHTAMH (B3BELICHHBIMU BEILIECTBAMU, JUOKCHJIOM CEPBI, OKCHIaMHU a30Ta,
OeH3(a)MUPEHOM) HWHIYIUPYET CHUCTEMHBIE MaTOPU3MOIOTHYCCKHE W3MEHEHHS B OpraHu3Me
YesloBeKa:

- Peciuparophas naronorus. B cTpykType nepBuuHOi 3a001€BaeMOCTH JETCKOTO HACEIeHUs
OOJIe3HM  OpPraHoB  JbIXaHUS  YCTOMUMBO  3aHUMAIOT  JIOMHUHHUpYIOIIEE  IOJIOKEHHUE.
MopdodyHkiroHanbHbIE OCOOCHHOCTH PECMUPATOPHOTO TpakTa JeTeid OoOyCIOBIMBAIOT HX
MOBBIIICHHYIO YYBCTBUTENIBHOCTh K PM2.5, 4TO KIIMHMYECKH BBIPAXKAETCSI B POCTE YUCIA CITyYaeB
OpOHXHMANBHON aCTMBI, PELUAUBUPYIOLIETO OPOHXMTA M AJUIEPTUUYECKOTO PUHHUTA. 3a MOCIEIHUMN
OTYETHBIA TepHoNx 3a(pUKCUPOBAH KpaTHBIM pOCT 3a00JIEBAEMOCTH AIEPrHUECKUM PHUHHUTOM,
ITHOJIOTUYECKH CBSI3aHHBIN C MIOJUIIOTAHTAMHU, BBICTYAOIIMMHU B POJIM FalITEHOB.

- DKcTparylibMOHaNbHbIE AP ¢ekThl. YacTuilbl Majgoro 1uaMeTpa criocoOHbI MPOHUKATh Yepe3
aJbBEOJIO-KaNWUISIPHBIA Oaphep B CHCTEMHBIM KPOBOTOK, MHUIIMHPYS OKCHUAATUBHBIN cTpecc U
CHCTEMHOE€ BOCIAJEHUE. DTO TMOBBIMIACT PUCKHU KapJHOBACKYIAPHBIX COOBITHH (apTepuasibHas
TUIIEPTEH3Us, UllleMuYecKast 00Je3Hb cep/ilia), a TAK)KE OKA3bIBAET HETATUBHOE BIMSHUE HA TEUYCHHE
OepeMeHHOCTHU U (peTalbHOE pa3BUTHE.

- CmeptHOCcTh. CornacHO oreHKam mobanbHoro Opemenu Oonesneir (GBD), Bo3nelicTBue
PM2.5 siBrisieTcsi 3HaUMMBbIM (DaKTOPOM PUCKa MTPEKAEBPEMEHHOM cMepTHOCTH B LleHTpanibHOM A3Hu.
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OKOHOMUYECKUM SKBHBAJEHT O3THX IOTEPh OLICHWBAETCS B IMPOLIEHTHBIX JOJSAX OT BaJOBOIO
BHYTPEHHETO MPOJYKTA, YTO CBUJETEILCTBYET O MAKPOIKOHOMUYECKOH 3HAUMMOCTH MPOOIEMBI.

3. Tpancdopmarusi ColUanbHOW HArpy3Kd Ha CHCTEMY 3IPaBOOXPAHEHHS. DKOJIOTUYECCKU
OOyCIIOBIIEHHBI pOCT 3a00JIEBa€MOCTH CO3J1aeT HW30BITOUYHYIO HArpy3Ky Ha aMmOyJaTopHO-
MOJMKJIMHUYECKOE U CTAllMOHAPHOE 3BEHbs. YBeIUYEeHUE 00palaeMOCTH M0 IOBOLY XPOHUYECKUX
OoJie3HEl, aCCOLIMUPOBAHHBIX C KAU€CTBOM BO3/yXa, IPOUCXOIUT B YCIOBUSAX KaJpOBOro AeHUIMTa
MEIUIUHCKUX PAaOOTHUKOB. DTO MPHUBOIUT K CHUKEHHUIO JOCTYHHOCTH M KauecTBa IMEPBHUYHOU
MEINKO-CAaHUTAPHON TOMOIIM, POCTY «CKPBITOI» 3a007€BaeMOCTH M TO3AHEH JAUAarHOCTHKE.
HaGmromaercs koppersiivs MeXIy YPOBHEM 3arpsi3HEHHs cpeibl OOMTaHUS M COLUAIbHBIM
HEpaBEHCTBOM: YSI3BUMBbIE T'PYIIbl HaceleHUs (OepeMeHHble, NeTH, MOXKWIIbIE), IPOKUBAIOIINE B
HanOonee 3arps3HEHHBIX pallOHAX W HE HMEIOIIME JOCTyNa K CPeACTBaM WHIMBHYaJTbHON
npopMIakTUKH  (OYUCTUTENHM  BO3JIyXa), HCIBITHIBAIOT  HENPONOPLUUOHATIBHO  BBICOKYIO
aHTPOIIOTE€HHYIO HAarpy3Ky.

4. Ilpobnembl  HayuyHO-MeTOnMYeckoro  obecneueHus. Kputuueckum  ¢akropowm,
MPEIATCTBYIOMNM pa3padoTke 3(p(PEeKTUBHBIX Mep pearupoBaHUs, SBISIETCS JETPagaldsi CHUCTEMBI
TUTHEHUYECKOIO0 HOPMHUPOBAHMA M HAy4yHOro MOHHUTOpHHra. [IpekpaiieHue aesTelIbHOCTH
CIEeLUATU3UPOBAHHBIX HAyYHO-UCCIIEA0BATEIbCKUX HHCTUTYTOB MEIUKO-IKOJIOTHYECKOTr0 Mpoduiis
JUIIWIO  pecnyONuKy  BO3MOXKHOCTH — IIPOBEAEHUS  COOCTBEHHBIX  INPOCHEKTHUBHBIX U
PETPOCHEKTUBHBIX MCCIEJOBAHUN 10 OLIEHKE pUCKa Juisd 310poBbs (1-3). OTCyTCTBHE aKTyaJIbHBIX
JIOKQJIbHBIX KOTOPTHBIX JAHHBIX BBIHYK/Ia€T ONMUPATHCS HAa SKCTPAINIOIMPOBAHHBIE MEXyHApOIHbIE
MOJIeIH, KOTOPbIE HE BCET/a BAJIUAHBI 11 MECTHBIX COLIMAIbHO-3KOHOMHUYECKUX U KIMMAaTHYECKUX
ycloBuii (4).

B coBpemMeHHY0 310Xy CTPEMUTENbHON ypOaHU3aMU U POMBIIIJIEHHOTO POCTa 3arpsi3HEHUE
aTMOC(EepHOTO BO3AyXa MPEBPATHIIOCh B MHOTOTPAaHHYIO TIIOOATBHYIO MPOOJIEMY, BBIXOISIIYIO 32
PaMKH DKOJIOTMYECKUX U MEIULMHCKUX IpaHull. OMHUM U3 CaMbIX ONACHBIX BUAOB 3arpsi3HEHUS Ha
3eMHOM IJIaHeTe SBJISIETCS 3arps3HEHUE aTMOC(EPHOrO BO3/1yXa BCIEACTBUE aKTUBHOIO PAa3BUTHUS
IIPOMBIIIIEHHOCTH, POU3BOJICTBA CTPOUTENBHBIX MaTepUaOB, BHIOPOCH OT KOTOPHIX B BUE MbUIH,
Ca)kM, 30JIbl, BHIOPOCOB CEpBhI, a30Ta, BHIXJIOMHBIX Ia30B U MHOTUX JIPYTHMX XUMHUYECKHX COCTAaBOB
HAHOCST HENONPABUMBIN BPEJ] )KU3HU U JESATEIIBHOCTH HACEICHUS.

[IpoBeneH MOHMTOPUHI COCTOSIHMSI BO3IYIIHOW cpenbl C IMpUMEHEHHEM OOpTOBBIX
M3MEPUTENBbHBIX KOMIUIEKCOB 31eKTpoMoOuis. OOmenpuHaT UHAEKe kauecTBa Bo3ayxa (AQI), kak
MTOKa3aTellb MIKaJIbI JIJIsl HECKOJIBKUX BUOB 3arpsiI3HEHUI B MIPeIeIbHO AOMYCTUMbIX KOHIIEHTPAIUIX
(ITIK). Habmronenue mposoamiock 23 HosiOps 2025 roma mo Tpacce B ctopony Kapa-bantsl ot
bumkeka B JHEBHOE BpeMs. AHaIM3aTOp, YCTAHOBJIIEHHBIH B 3JIEKTpOMOOMIE, MOKa3bIBall
3arpsi3HEHUE BO3Myxa mo mkaine — 159. JlaHHbiil mokaszarenb yBenuuuBaics a0 170 u Bbwimie B
3aBUCHUMOCTH OT OJM30CTH aBTOMOOMWJIEH € T'yCTHIMHM BBIXJIONHBIMHM Ta3aMH, MPEICTaBISIOIINMU
IBIMOBYIO 3aBecy [1, 8].

Kaptuna pe3ko n3mMeHunach B BedepHee Bpems oT 18 gacoB, HaunHas ¢ MOCKOBCKOTO paiioHa
1o ropozaa buikek. [Tokazatens 3arpsa3HEHHOCTH OBLIT TOBOJIHO BBICOK, TOXOAMI 10 999 u3mepenuii
(Tabmuma).

W3 ananu3za Tabnuisl cienyer HECKOIBKO KITFOUEBBIX BHIBOJIOB O KaueCTBE BO3/AyXa B buikeke
BEYEPOM YKAa3aHHOIO JHS. YPOBEHb 3arpsi3HEHUS BO3yXa CHJIBHO MEHSETCS B 3aBUCUMOCTH OT
paifoHa U Jaxke OT MUHYThI K MUHYyTe. CaMblil TPsI3HBINA BO3yX 3a()MKCUPOBAH Ha BBIE3/IE U3 rOposa
(Hauano MockoBckoro paitona, Boenno-AntonoBka, HoBonasnoska) B nepuon ¢ 18:25 no 19:00. B
TUX TOYKaxX 3a(QUKCHUPOBaHbl MUKOBBIE 3HAUEHUS €AWHHULl (BEposTHO, MHAEkC PM2.5), dro
COOTBETCTBYET YPOBHIO «Upe3BbIUaliHO OIIACHOTO» 3arps3HEHUS.
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Tabnuma
ITOKA3ATEJIN 3ATPA3BHEHHOCTU ATMOC®EPHOI'O BO3/1YXA B r. BUIIIKEK

Hacenennviii nynkm 3aepsszuennocmo 6 3aepsznennocmo 6 Bpems usmepenus
8030yxe asmomooue
Hauano MockoBckoro paiiona 999, 546, 318, 219, 159 105, 66, 65, 61, 81 18.25-18.41
ABTOPBIHOK 172, 164,172, 81,91, 83 18.41-18.45
ManoBoHOE 108 27 18.46
Boenno-AHTOHOBKA. 93, 522, 540, 814, 470 85 18.50
Hosomnasnoska 999 13 18.53
JIeBa Tomcroro 558 117 19.26
Toncroro-Hekpacora 343 51 19.29
MuxkpopaiioHsl 159 28 20.00

HabGmronenre npy noMoIu 31eKTPOHUKH [TO3BOJISIET CCNIATh BBIBOJL, YTO 3arpsi3HEHHUE BO3IyXa
HaOMr0aeTcs o Tpacce BOJb MPOMBIIUIEHHBIX OOBEKTOB, YACTHBIX JIOMOB, OTAINIMBAIOIINX YITIEM
neun i oOorpeBa. 3arpsi3HEHHOCTb B aBTOMOOWJIE TPOSABISAETCS NPU OTKPBITUM OKOH
AIIEKTPOMOOHIIS.

B Mukpopaiionax bunikeka MeHblle KOX(QQUIMEHT 3arps3HeHHs, TaK Kak OTOIJICHHUE
LEHTPAJIBHOE, CPABHUTEIBHO MAJIO YAaCTHBIX JIOMOB, @ €CJIM OHH €CTh, TO OTOILIEHUE Ta30BOE, TAKKE
B CIIAJIBHBIX PallOHAX HET KPYIHBIX TPEANPHUITAN, KOTOPbIE MOTJIM OBITh ICTOYHHKAMHU aTMOC(EPHBIX
3arps3HEHUH. 3arps3HeHHOCTh HaOmomaercs W BOmM3uM TOL| ropoma, KOTOpBIA HMCIONB3YeT ISt
OTOIUIEHHUS TOpOJa KAMEHHBIN yroib, YTO BUJIHO U3-3a KOIIOTH, OCEJarollell Ha Onu3iexKaliue 10Ma.
JlaHHbIe TPOOIEMBI 3aTparuBalOT MHOTHE IOCYyAapCcTBa, IO3TOMY ITOBCEMECTHO Havyajach O0pr0Oa 3a
3€JICHYI0 SKOHOMHUKY — CTalld NPUHUMATHCS yKas3bl, oOecneymBaromue OOpb0y €O CMOTOM.
3arpsi3HeHue BO3yXa caMbIM TECHBIM 00pa3oM CBSI3aHO CO 3/I0pPOBbEM JIHOJIEH — YBEJIMYUBAETCS
KOJIMYECTBO OOJBHBIX aCTMOM, CEepAEYHO-COCYIUCTHIMU 3a00JE€BaHUSIMH, OHKOJOTMUYECKUMH,
IICUXOJIOTUYECKUMH paccTporcTBaMu [6].

ConunanbHO-3K0JI0THYECKHE (DAKTOPhl UTPAIOT KIIIOYEBYIO POJb B (DOPMUPOBAHUU 370POBbS
HaCeJIeHHUsI, UTO TIOATBEP:KIaeTcs psAaoM HayuHbIx uccnenosanuii JI. I. Tutapenko, b. b. Axaes u np.,
paccMaTpUBalOT SKOJOTMUYECKHM OPHUEHTHUPOBAHHBIM 00pa3 ’KM3HM HE MPOCTO KaK JIMYHBIH BHIOOD
YeJI0BEKa, a KaK HEOOXOIUMBIH 3JIEMEHT BBICOKOTO KayeCcTBa XKHU3HHU M 3aJI0T YCTOWYMBOTO Pa3BUTHUS
Bcero oomectna [2, 4].

AHanu3 aKTyaJbHBIX JIaHHBIX MO3BOJISIET BBIJIEIUTHh HECKOJIBKO OCHOBHBIX I'pyHn (haKTOpOB,
OKa3bIBAIOIIMX Hambosee cyliecTBeHHOe BiusHUe. Haubonee ocTpo B mocneaHue Toabl CTOUT
npobieMa 3arpsi3HeHUs] BO3yxa, 0COOEHHO B cTonMLe pecnyonuku. MccnenoBanue, mpoBeieHHOE
M0l PyKOBOJICTBOM MUHHUCTpa 31paBooxpaHeHus J. K. UeueiibaeBa BBISBUIIO NIPSIMYIO U CHIIBHYIO
KOPPENSLIMOHHYIO CBSI3b MEXKIY KOHIIEHTpauued menkonucnepcHbix dactuil (PM2.5) u ypoBHem
3a0051eBa€MOCTH OPraHOB JIbIXaHus [6, 7].

CornacHO MOJTY4YEeHHBIM JaHHBIM, KOA(QOUIMEHT Koppensuun focturaer+0,91, 4ro ykaspiBaer
Ha MPAKTUYECKHU JINHEHHYIO 3aBUCUMOCTB: POCT 3arpsA3HEHMsSI BO3yXa BEJET K IPONOPLIUOHAIIEHOMY
POCTY UHKCiIa PECIUPATOPHBIX 3a00IEBaHUM.

Hccnenosanue nmokasano, 4To CpeAHErO0BbIE KOHLIEHTpauuu PM2.5 B burikeke cocTaBisitor
30-38 mkr/m?, yto B 1,2-1,5 pa3a mpeBbllIaeT HAMOHAJIbHBIC MPEIETbHO JOMYCTUMBIE HOPMBI.
[TukoBble 3HA4YeHUS U, KaK CIEACTBUE, HAWOOJbIIEE YHUCIO CIy4yaeB AacTMbl, XPOHHYECKOU
OOCTPYKTUBHOI 0OJI€3HU JIETKUX M MHEBMOHHUM PETUCTPUPYIOTCA B 3UMHHM MEPUOJ, YTO CBSI3aHO C
C)KMUTaHUEM TOIUIMBA I OTOIUIEHUS U paboToi TpaHCcHopTa.
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Oco0yto TpeBOTYy BbI3bIBACT BIMSHHUE 3arps3HEHHONO BO3JyXa Ha YA3BHMBIE TIPYIIIbI
Hacenenusa. B uccnenoBanun IOHUCE®, ony6mukoBanHoM B 2023 1oy, MOAYEPKHBACTCS, UYTO
IIOCJIEJICTBUS JIbIXaHUS 3arps3HEHHBIM BO3JyXOM CKa3bIBalOTCS Ha 3/10pPOBbE JIETEH C MEPBBIX THEN
KHU3HH, a caM (DaKTOp 3arpsi3HEHUS SBISAETCS KPYMHEHIINM PUCKOM MPEXIEBPEMEHHONW CMEPTH B
cTpase (4).

Cpenu pa3nnyHbIX (OpM 3arpsi3HEHHsI CMOI, 00pa3yloLuiics B pe3ynbTare CKUTaHUs YT,
MIPOMBIIIJICHHBIX BEIOPOCOB U CXKUTAaHHSI OTXOJOB, MPEJCTABISAET COO0H MOCTOSHHYIO «HEBUIMMYIO
yrpo3y» Jil TOpPOACKOrO HacelleHus. B 3TOM KOHTeKcTe TpaJuLMOHHAs MEIUIMHCKAas MOJEIb
BMEILIATEIbCTBA OKAa3bIBAETCA HEJOCTATOYHOW, MOCKOJIBbKY OHA YacTO HE YYUTBIBAET INIyOOKOe
qyBCTBO, UCIIBITHIBAEMOE ITOCTPAAABIIUMHU JFOIbMHU.

BosgeiicTBue 1piMa HE OTrpaHMYMBACTCS COMATUYECKUMH 3a00JC€BAHUSMHU, OH BBISBISIET
CIIOKHBIC TICUXOJIOTHYECKUE W3MEHEHHs, TpeOyomme MEeKIUCIUIUIMHAPHOTO aHanu3a. JlpIM
JEUCTBYET KaK «HEBHJUMas yrpo3ay», CO3/aBasi CUTYalLHI0 SK3UCTEHIMAIbHON HEONPEIEIeHHOCTH.
HecnocoOHOCTh ~ KOHTPONMPOBAaTH OCHOBHOM  OMOJIOIMYECKHIl  IMpolecC-/bIXaHWEe-BbI3bIBAET
pa3BuTHE TIIyOOKOro 4yBcTBa OecnoMoImHOCTH. O’KUJaHME «CE30Ha CMOra» BbI3bIBAET
NpOGUIAKTUYECKYI0 TPEBOTY, KOTOpas KIMHUYECKH MPOSBISETCS B BHIE HapyIICHUH CHa,
MOBBIIIEHHONW  Pa3IpaXXUTEIbHOCTH U XPOHUYECKOTO CTpecca, CHIKAIOIIEro aJalTUBHBIN
noreHnuan. Crnemyer OTMETUTh, YTO MocieqHue rofsl B Kelpreisctane ocoboe BHUMaHUE yAEICHO
CTaHOBJICHUIO TOCYIAapCTBEHHOM 5SKOJIOIMYECKOW HAIMOHAJIBHOW IIOJIMTUKA OCHOBBIBAsICh Ha
NPUHIUIAX 3€JICHOTO Pa3BUTHA. DKOJIIOTHYECKas monuThka KeIpreiscrana TpaHchopMupyeTcs B
KOHKPETHYIO0 CTpaTeTHI0 «4YUCTOro Heba», TIae ymiepoaHas HEeUTpaJbHOCTh CTAHOBUTCS
MHCTPYMEHTOM JIMKBUAALMY 3arpsi3HeHHs Bo3ayxa. OCHOBHbBIC HAIIPABICHUS Yepe3 MpU3My O0pbObI
CO CMOI'OM:

- OTka3 OT YrojipHOIO OTOIUIEHHS: IEPEXo[ K YIIEPOIHON HEUTpPaIbHOCTU O3HAYaeT
MIOATAIHBIM 3alpeT Ha CKUTaHME HU3KOKAJIOPUWHOTO YIVII U OTXOJOB B YACTHOM CEKTOPE BOKPYT
bumikeka. 9To BK/IIOYaeT MacIITaOHYIO Ta3u(UKAIUIO KUIMACCUBOB M MEPEBOJI MyHHMIIUIAIBHBIX
KOTEJIbHBIX Ha ra3 U 3JEKTPUUYECTBO.

- TpancnoptHast pehopMa: BMECTO AU3EIBHBIX MUKPOABTOOYCOB BHEAPSAETCS OOIIECTBEHHBIN
TPaAHCIIOPT Ha ras3e u 3j1eKTpuuecTBe. Takxke pazpadaThIBalOTCs MEXaHU3MbI KOHTPOJIS 32 HATUYHEM
KaTaJln3aTopoB U CTUMYJIUPOBAHUE TIEpeXo/ia Ha AIEKTPOMOOMIIH JUTsl CHIDKEHUS BIOpocoB PM2.5.

- MonepHuszanust sHepreruueckoil 0a3bl. Jloctmxkenue nenedt 2050 roma mnpeamnonaraeTt
CHIDKEHHE 3aBHCHMOCTH OT YIOJIbHOM reHepaluu. JTO BKIIIOYaeT Kak moaepHuzauuto TOLl, Tak u
pasButre BUD, uTo HampsmMylo yMeHbIIaeT 00beM BPEIHBIX BHIOPOCOB B aTMOC(epy ropoJIoB.

- NuBectnuuu B «YucTelii Bo3nyx». HannoHanbHas MOJIMTHKA MOJKperieHa (UHAHCOBO:
npusiedeHo okoino $60 miaH ot Bcemumproro Oanka m KOICA crenuanbHO Ha TPOEKTHI IO
YIYUILIEHUIO KaYeCTBa BO3/lyXa U MOHUTOpPUHTA 3arpsi3HeHus 1o 2028 rona.

- DKO-TpafoCTpOUTENbCTBO: [IpMHIMIBI 3€JI€HOr0 pa3BUTHS BKJIKOYAIOT BOCCTAHOBJIEHHE
«pO3bl BETPOB» YEPE3 KOHTPOJIb 3a XaOTUYHOM 3aCTPOMKOM M CO3/IaHUE «3EJIEHOTO I05ICa» BOKPYT
CTOJIMIBI JITIS1 JTy4YIIed UPKYISIUU Bo3ayxa [3].

HecMoTps Ha 3Tu rocyaapcTBEeHHbIE WHUIMATHUBBI, IPOOIEMa OCTAaeTCs OCTPON: B 3UMHHUE
nepuoanl 2025 rona bumkek mpogospkan momnanars B TOI MUPOBBIX aHTHPEWTHHIOB IO KA4E€CTBY
Bozayxa (AQI gocruran onmacueix 200+ equHUI]), YTO MOATBEPKAAET HEOOXOTUMOCTh Mepexoa K
OoJiee paJivKaJIbHBIM MepaM B paMKax crpareruu-2050.

B 3akiroyeHMH Hallero MCCIeNOBaHMS CIEAYeT OTMETUTh, YTO XPOHHUYECKOE BO3/EHCTBHE
cmora B ropogax Keiprei3crana mpenctaBiseT co00i MHOTO(QAKTOPHYIO yrpo3y HallMOHAJIbHOMN
O6e3omacHOCTH B cdepe OXpaHbl 310pOBbs. B CBI3M C 3THM, NPaBUTENBCTBO TOTOBUT PAJ
MEpONPUATHIA, HANIPaBIECHHBIX Ha 00pHOY co cMoroMm [5].
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[IporpaMmma roCymapCTBEHHOM JKOJOTHYECKOW TOMUTUKU KeIprei3cTtana (pakTHYeCcKu
MpeBpalaeTcss B JOJTOCPOYHYIO JOPOXKHYIO KapTy IO JIMKBUAALMKA CMOTa, TJA€ JOCTHXKEHUE
YIJIEPOIHOW HEUTPAIIBHOCTH — 3TO HE TOJIBKO KIIMMAaTHYECKast 11eJ1b, HO M CIIOCO0 BEPHYTh «YHCTOE
HeOo» roponaM. Ha tekymem stame (2026 roma) peanu3aiiusi STOW MOJIUTHKHA CHOKYCHpPOBaHA Ha
CJIEIYIOIINX KITFOUEBBIX MEpax:

- 3amper Ha rps3HOE TOIUIMBO. BBeleH oQUIMANbHBIN 3ampeT Ha BBO3 M HCIIOIB30BaHUE
HU3KOKaJIOPUHHOTO pacceinmuoro yris (¢ppaxmuu 0-13 mm) B bumikeke u Uyiickoit obnactu.

- Tpancnopthas nexap6onuzanus. [IpoBenena 3ameHa mapka AU3eIbHBIX MUKPOABTOOYCOB Ha
o6onee yem 1000 HOBBIX ra3oBbiX aBToOycoB. K koHily 2024 rtoma B croyimie Yyxe OBLIO
3apeructTpupoBaHo cBbire 3500 35eKTpoMoOuIIei.

MexaynapoaHoe puHancupoBanue: J{ist 00pbObI ¢ 3arpsi3HEHUEM BO3yXa U KIIMMATHYeCKUMU
HU3MEHEHUSIMU MOOHMIN30BaHO 0KoyIo $60 MitH nHBecTHIHIA (0T BceMupHOro 6aHka u mapTHEpPOB).

- lasudukanus u sHeprospdexruBHOCT,. OCHOBHOI ymop cleigaH Ha MepeBOJl YaCTHOTO
CEKTOpa ¢ yIiis Ha ra3 M TeIJIOBbIE HACOCHI, a Takke Ha cyOcuaupoBaHue HEProd(h(HEeKTHBHOTO
YTEIJIEHUs JJOMOB.

- Ycunenue koHTpods. 3a 2025 rox 3a MpeBBILIEHHE HOPM BBHIOPOCOB aBTOTPAHCIIOPTOM U
XO3AUCTBYIOIIMMU CyObEeKTaMH BhIMKMCAHO MTpadoB Ha 001Iyro cymmy 6onee 13,5 mitH coMOB.

- Ozenenenue. B pamkax ¢popMupoBaHUs «IIPUPOJHO-IKOIOTHUECKOT0 Kapkaca» ropoaa B 2025
rofty OBUIO BBICR)KEHO PEKOPIHOE KOJIIMYECTBO JIepeBbeB — 18 755 caxeHIes.

Takum 00pa3om, rocygapcTBeHHasi IKoIoruueckas nouutuka KelprelscraHa npeBpamiaercs B
JOJTOCPOUHYIO JOPOXKHYIO KapTy M0 JHMKBUAAIMM CMOTa, TIJe MJOCTHXKEHHE YIJIEpOTHOM
HEUTPATLHOCTH - 3TO HE TOJILKO KIIMMAaTH4YeCKas 11eJ1b, HO ¥ CIOCO0 BEPHYTh «YHCTOE HEOO» ropoiam
nyTeM OOpbOBI C BHYTPEHHEH MUTrpanveil (XaoTHYHOTO CKOIUIEHUS HACEJIEeHHs B ropomax 0e3
MIPOMKCKH), U CTPOUTENLCTBA JKUJIBIX JOMOB B LIEHTPE rOpooB 0e3 cobmroaeHus nHPpacTpyKTypsl
IpajgoCTPOCHHSI.
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Annomayus. Pa3BUTHE TeHEpaTUBHBIX MOENeH, OCHOBAaHHBIX Ha METOAaX IIIyOOKOro
o0y4eHus1, TAKMX KaK TeHepaTHBHO-cocTs3arenbHble ceth (Generative Adversarial Networks, GAN)
u 1 Qy3MOHHBIE MOJENH, MPUBEIO K BO3MOKHOCTH CO3/IaHUSI CHHTETHYECKHX H300paKeHHH
Ype3BbIYAfHO BBICOKOTO YPOBHS PEATMCTUYHOCTH. J[aHHOE O0OCTOATENBCTBO CO3JAET CEephe3HbIE
TPYZHOCTH B 00JIaCTHU BBISBIEHUS MTOJAEIBHOIO MYJIBTUMEMHHOTO KOHTEHTA, 0COOEHHO B YCIOBUSX,
KOrJja MOJOOHBIE MHCTPYMEHTBI CTAHOBATCS JOCTYIHBIMHM IIMPOKOMY KpYTy IOJIb30Barenei, He
00JIaIaloNNX CIeNUATN3UPOBAHHBIMU 3HAHUSMU. B HacTOsIIeM WCCIeIOBaHUU TIPEICTaBIICH
CpaBHUTEIBHBIN aHa M3 OSCIUIATHBIX MHCTPYMEHTOB ISl TEHEpAIlMi U OOHAPYKEHUS TTOAICIBHBIX
n300pakeHU, a TakKe TMpeaaokKeH THUOPUIHBI MEeToJ, HaNpaBIECHHBIH Ha IOBBIIICHHUE
3Q(QEeKTUBHOCTH WX BbIABIEHUSA. B mnpakThyeckodl wyactu paboOThl ObUIM HCIOIB30BaHbl U
COIOCTaBJICHbI JECSITh HHCTPYMEHTOB Il TeHEpaluu MOIeTbHBIX u300paxenuit (FaceApp,
FaceSwapper.ai, DALL-E 3, Gemini u ap.) U AecsTh HHCTPYMEHTOB JJIsi MX OOHapyXeHUS
(Illuminarty, Syntheticeye, monenu HuggingFace). [IpoBeneHa nx oneHka 1o rmoxasaresisiM TOUYHOCTH
(ot 42,14% no 81,13%), ckopoctu paboThl U ynoOCTBa HUCIONB30BaHUsA. Ha OCHOBE BBISBIEHHBIX
OTpaHUYEHUI MPEJIOKEH U peaTn30BaH KOMOMHUPOBAHHBIN TOAX0 K 00OHAPYKEHHUIO TIOAEIBHBIX
1300pakeHH, OCHOBAaHHBIN Ha MHTerpanuu ananu3a meraganHbix (EXIF), ananusa ypoBHs omnook
cxarusi (Error Level Analysis, ELA) u 6a30Boii Mogenu riyOOKoW CBEpTOYHON HEWPOHHOH ceTu
(Convolutional Neural Network, CNN), o0y4eHHOI Ha pacIIMpEeHHOM Ha0Ope TaHHBIX, COJIEpKAILEM
7180 uzo0pakenuit. [IpennoxeHHbIN MOAX0A O3BOIMI AOCTUYL TOUHOCTH OOHAPYKEHUS HA YPOBHE
79%. TlomydeHHBIE pe3ylbTaThl CBHJETEIBCTBYIOT O HEOOXOAMMOCTH  CTaHIApPTH3AINU
MHCTPYMEHTOB OOHApy>KeHMs MOAJEIBHOIO KOHTEHTA U PEryJsipHOTO0 OOHOBIIEHHUS UCIIOJIB3yEMbIX
MoZIeNiell ¢ Lenbl0 TMPOTHUBOACUCTBUS  OBICTPO  PA3BUBAIOIIMMCS  CpEJICTBAM T'€HEpaluu
CUHTETHYECKUX N300paKCHUM.

Abstract. The rapid development of generative models based on deep learning, such as

Generative Adversarial Networks (GANs) and diffusion models, has enabled the creation of highly
realistic synthetic images. This development poses significant challenges for the field of forgery
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detection, particularly in situations where such tools are easily accessible to non-expert users. This
study presents a comparative analysis of freely available tools for generating and detecting fake
images and proposes a hybrid approach aimed at improving detection effectiveness. In the
experimental section, ten tools for fake image generation (including FaceApp, FaceSwapper.ai,
DALL-E 3, Gemini, etc.) and ten tools for fake image detection (including Illuminarty, Syntheticeye,
and models available on Hugging Face) were utilized and comparatively evaluated. The tools were
assessed in terms of detection accuracy (ranging from 42.14% to 81.13%), processing speed, and
usability. Based on the identified limitations, a combined approach for fake image detection was
proposed and implemented. The method integrates metadata analysis (EXIF), Error Level Analysis
(ELA), and a baseline Convolutional Neural Network (CNN) trained on an extended dataset
containing 7,180 images. The proposed approach achieved a detection accuracy of 79%. The results
highlight the necessity of standardizing fake-detection tools and regularly updating detection models
in order to effectively counter the rapidly evolving capabilities of synthetic image generation
technologies.

Knrouesvie cnosa: tirybokoe oOydeHue, TiTyOOKHE MOIACIIKH, MCKYCCTBEHHBIM HHTEILICKT,
MaHHUITYJISIHS, OOHAPYKEHUE MOICIBHBIX N300PaKCHHIA.

Keywords: deep learning, deepfake, artificial intelligence, manipulation, fake images detection.

3a mocieaHHE JEecATh JET pa3BUTUE T'€HEPaTHBHBIX MOJeNel, OCHOBaHHBIX Ha METoJax
DIyOOKoro oOy4yeHMs, JOCTHUIVIO 4YPE3BbIYAiHO BBICOKOTO YpPOBHSA, II03BOJIAS  CO3]aBaTh
BBICOKOPEATMCTUYHBIN KOHTEHT B PA3JIMYHBIX MOJAIBHOCTAX, TAKUX KaK TEKCT, H300paKeHUs, ayTuo
u Buzeo [1].

Monenu tuna GAN Ha NpOTSHKEHUU JJUTEIHHOIO BPEMEHH 3aHMMaJM BEIyIIME MO3UIUU B
JaHHOM oO0NacTM M IIMPOKO TPUMEHSUIUCh M 3aJad CUHTe3a H300pakeHWH, a Takke
peoOpa3oBaHus TEKCTOBBIX OMMCAHUN B U300paxeHus [2-4].

BriociecTBruY MOSIBUITNCH M APYTHE MOITHBIE TIOAXO/IBI, B 4aCTHOCTH UG PY3MOHHBIE MOIETIH,
KOTOpBI€ 3HAYMTEIBHO PACIIUPUIN BOZMOKHOCTH F'€HEPATUBHBIX CUCTEM [5-6].

B Hacrosee BpeMsi HHCTpYMEHTBI JJIsl CO3/1aHUs MOJAETBHOI0 MYJIBTUMEIUIHOTO KOHTEHTa
CTaHOBSTCS Bce OoJiee IOCTYMHBIMH M TPOCTBIMH B HCIOJNB30BaHMH. B pesymbrare maxe
MOJIB30BaTeNIM, HE OONAJaloNIfe  CIEeNUAIM3UPOBAHHBIMH  3HAHUSIMH, MOTYT  CO3]aBaTh
BBICOKOPEAJTMCTUYHO MAaHUIYJIMPOBAHHbBIE N300payKeHMsI JIMLI, UCIIOIb3Ysl KaK TOTOBbIE MOOMIIbHBIE
npunoxenusi, Hanpumep FakeApp wnm Reface [7], Tak M crenuanu3upoBaHHOE MPOrpaMMHOE
obecnieuenue, Takoe kak DeepFacelLab u FaceSwap [8].

BricTpoe pacmpocTpaHeHne TOZOOHOTO KOHTEHTa, OCOOCHHO Ha Iuiar(opmax COIMaTbHBIX
CeTel, CYIIECTBEHHO YCIOXKHSET 33/1a4y YCTaHOBJIEHHUs ero JocTtoBepHOCTH [9]. HecMoTps Ha TO, 4uTO
B HacTosIlee BpeMsi pa3paboTaHO 3HAYUTEIBHOE KOJIMUYECTBO METOJ0B OOHAPYKEHHUS TOAIEIBHOTO
KOHTEHTA, TMOCTOSHHO BO3PACTAIONUIUI YPOBEHb PEATUCTUYHOCTH U CIOXKHOCTh CHHTE3UPYEMBIX
MaTepHajoB, a TakXe Takuhe (aKTOphl, KaKk IIyM, CTETICHb CXaTUs M HM3MEHEHHE pa3MepoB
M300paKeHH, 3HAUNTEIBHO 3aTPYAHSIOT CIOCOOHOCTh MojieNiel oOHapyKeHHs K 0000IIEeHUIO TpU
CTOJIKHOBEHHMH C paHee HEM3BECTHBIMHU TUIIAMU aTaK U PEaJbHBIMH YCIOBHAMHU dKcITyatanuu [10].

Llenpt0 HACTOSAIEro MCCIENOBAHUS SIBISETCS TECTHPOBAHUE OECIUIATHBIX HMHCTPYMEHTOB
TeHepaluu M OOHApYKEHUS TOAJEIBHOTO MYJIBTHMEIUIHOTO KOHTEHTa, a TaKXke pa3padoTka
3¢ (HEKTUBHOTO KOMOMHUPOBAHHOTO MOAX0/A K PEIICHHUIO JAaHHOU 3a/1a4H.

Bo BTopoMm pasnene paboThl paccMaTpUBAIOTCS OCHOBHBIE ITOHATHUS M TEXHOJIOTUH, CBS3aHHBIE
C CO3/1aHUEM U OOHAPYKEHUEM IOJIETbHOTO MYJIBTUMEIMHHOTO KOHTEHTA.
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B npakTuueckoit 4acTu MCCIeq0BaHUs IEMOHCTPUPYETCSl, KAKMM 00pa3oM C UCIOJIb30BaHUEM
OecIUIaTHBIX M YOOOHBIX JJIs [0JIb30BATENIl HMHCTPYMEHTOB MOXHO OTHOCHUTEIBHO JIETKO
OCYLIECTBJIATh Pa3IMUHbIE MAHUIYJISILIUM C U300paXKEHUSIMU, @ TAK)KE T€HEPUPOBATh PEAINCTUUHBIE
M300paKeHHsI Pa3TMUHBIX TEMATHK U TUTIOB HA OCHOBE TEKCTOBBIX onucanuii. Kpome Toro, yuutsiBas
CTPEMHUTEIbHOE  DPA3BUTHE  HHCTPYMEHTOB  TI€HEpalud  BU3YaJlbHOTO  KOHTEHTAa,  ObUIU
[IPOaHAIU3UPOBAHbI U IPOTECTUPOBAHBI CYIIECTBYIOLINE PELICHNUS JUIsl BBISABICHUS OAJCIIBHBIX WIN
MOAM(HUIMPOBAHHBIX M300pakeHWH. B pesynbrare NMpoOBENEHHOrO HCCIEIOBAHUS OCYIIECTBICHO
CPAaBHUTEIHHOE OILCHUBAHUE YKa3aHHBIX HHCTPYMEHTOB, a TakXKe MpPEJIOKEeHbI Haubosee
3(QQEeKTUBHbIE U MPOCThIE B UCIOJIb30BAHUHU CEPBHUCHI U pEIICHUs, TPeOyIOIIKe OT IMOJIb30BaTEIs
JUIIBb 0a30BBIX TEXHUYECKUX 3HAHUH.

OcnosHovle nonsamus

[Iupokoe pacnpocTpaHEHHME HMHCTPYMEHTOB Ui TIEHEpauud IOJACIBHOIO KOHTEHTA W
OZHOBPEMEHHOE YCIOXHEHUE IIPOLIECCOB €ro OOHapy)KEHHsl CO3[al0T Cepbe3Hble YIpo3bl B
pa3nuyHbIX cdepax, BKIIOYAS JESITEIHHOCTh MPABOOXPAHUTEILHBIX OPraHoOB, pabOTy CpEACTB
MaccoBOW MH(POPMAIMH ¥ CUCTEMbI HAITHOHAJIbHOW 0€30macHOCTH. B yacTHOCTH, MaHUITYTUpOBaHKE
BUJICO- U ayAuodaillaMi IPUBOJUT K TOMY, YTO HOAJIENIbHBIE MaTepUalbl CTAHOBSTCS MPAKTHUECKU
HEOTJIMYMMBIMU OT IOJUIMHHBIX, YTO MOAPBIBACT JIOBEpUE K ILU(PPOBBIM IUIATGOpMaM U CO3AeT
3HAUUTENIbHBIC PUCKH JIJIsl OOIECTBEHHON 0€30MaCHOCTH U MOJIUTUIECKON CTaOMITBHOCTH.

Y4uThIBasi CTpEMHUTEIbHBIC H3MEHEHHS B JAHHOM 00IacTH, pa3paboTKa CreIHaTu3npOBaHHbBIX
UHCTPYMEHTOB JI BBISABJICHHS IMONICIBHOTO MYJIBTUMEIUIMHOIO KOHTEHTA, a TaKXKe NPOBEICHUE
JaNbHEHIINX HAy4YHbIX HCCIICOBAaHUM INPHOOpPETA0T KPUTHUYECKH BAXKHOE 3HAYEHUE IS
obecriedeHns: OCTOBEpHOCTH WHpopManuu M Oe3omacHocTH B ImdpoBoi cpexe. I[lonsTHE
«mogenbHbINy (fake) ncnonp3yercs st 0603HaueHHsT TU(PPOBOTO KOHTEHTA, KOTOPBIA CO3/1aeTCsI
wii Moauduuupyercs C Lenp0o oOMaHa WM BBEIEHHUS B 3a0MyXKJAEHHE U MOXKET BKIIOYATh
pas3NuYHbIC BUJIbI MYIBTUMEANMHBIX TaHHBIX, TAKUE KaK U300pakeHus, Bueo u ayauo [11].

NcTtoku MynsTuMenuitHol ganbcudukauy BocxoaaT kK XIX Beky, Korja Hadaau IpUMEHSAThCS
MeToAbl MaHUIynupoBanus dotorpadusamu. B XX Beke mogoOHbIe MPaKTUKU MOTYYMIA HIMPOKOE
pacrpocTpaHeHue B KuHemarorpade u MmeyaTHbIX CpeAcTBax MaccoBoil uHpopmaruu. B HacTosmiee
BpeMs JaHHas o0JacTh INpeTepresia 3HAYMTENbHYI TpaHcopMaiuio Onarofapsi pa3BUTHIO
IIPOrpaMMHOTO 00ecreueHus, KOMIbIOTEPHON IpauKU U TEXHOJIOTMIM MCKYCCTBEHHOTO UHTEIIEKTa
[12].

Oco6eHHO BaXXKHYIO POJIb B 3TOM IPOIIECCE CHITPAIO PA3BUTHE METO/I0B INTyOOKOTo 00y4eHUs U
TeHEepaTUBHBIX Mojeinel, npexae Bcero GAN, KoTopele MO3BOIMIM aBTOMaTHU3UPOBATh IIPOLIECC
CO3/IaHMS TOJJICIBHOTO KOHTEHTA, ClIeJIaB ero 0ojee OBICTPhIM U peanucTudabiM [ 11, 13].

B ommumne oT TpaAMIIMOHHBIX METOAOB PYYHOIO PEAAKTHPOBAHMS, IPU KOTOPHIX HEPEAKO
BO3HUKAJIM 3aMETHBIE BH3YyaJbHbIE HECOOTBETCTBHUS, COBPEMEHHBIE IIOJXO/bl, OCHOBaHHBIE Ha
nTyO00KOM 00y4EeHUH, CYIIECTBEHHO CHM)KAIOT BEPOSITHOCTH OOHAPYKEHUS NOT00HBIX apTe(aKToB [6-
7].

[Ipennoxennas B 2014 romy apxurtekrypa GAN OCHOBaHa Ha COCTA3aTEIBHOM IIPOLECCE
OoOy4YeHHUs] MeXJy Te€HEpaTUBHOM W JUCKPUMUHATOPHONM HEWPOHHBIMH CETSMH, YTO TMO3BOJSET
CO3/1aBaTh MOJJIEIbLHBIA KOHTEHT BBICOKOTO KauecTBa [14-15].

B Tabnuue 1 npencrasnena kinaccudukanus pa3nndabix TUIIOB Mojeneil GAN U MX OCHOBHbIE
XapaKTEPUCTUKH.
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Tabmuma 1

KITACCUOUKALNA U OCOBEHHOCTU PA3JIMUYHBIX TUIIOB GAN

Tunwvi Kpamxkoe onucanue Ilpumenenue Ocobennocmu
GAN

cGAN Pacmmpenue GAN c nomomnipto  KoHTponb ITo3BossieT reHepupoBaTh JaHHBIE

[16-18] JIOTIOJIHUTENBHBIX YCIOBHBIX TEHEPUPOBAHUS JUISL OTIPEJICIIEHHBIX KIIACCOB,
BXOZIOB BKJIFOUA€eT B ce0sl TaKue MOBBINIAS] TOUHOCTh U KOHTPOJIb
3JIEMEHTHI, KaK KJI1acChl METOK, HaJl IPOLIECCOM ICHEPUPOBAHUSL.
TEKCTOBbIE WJIN BU3YyaJIbHBIE
napameTpsbl.

DCGAN B apxutexType reaepatopa u Coznanmne OH oTiinyaeTcst 60s1ee CTaOMIHLHBIM

[19-22] JACKPUMHUHATOPA BMECTO M300paKeHUN 00y4YeHHEM U MTPOCTOU CTPYKTYPOU
MIOJIHOCTBHIO CBS3aHHBIX CIOEB MIPUIOKEHUS IS CO3JIaHUs
UCIIONB3YIOTCS CBEPTOYHbIE PEATMCTUYHBIX JaHHBIX.
HEUPOHHBIE CETH.

WGAN PazpaboraHn Ha ocHOBe Co3pmanue PemraeT npobieMbl HeCTaOHIBLHOTO

[18, 23- paccrosiHust Baccepreiitna H300paKCHUN U 00y4eHHUs U 00ecIIeYrBacT

25] (Earth Mover’s Distance), BHJIEO JMYYNIYIO0 CXOANMOCTb Oarogaps
KOTOpOE TMOBBIIIAET MOTHUBAIIUIO W3MEHEHUSIM B (DYHKIIHHU TTOTEPb.
K 00yUeHHIO.

CycleGA  Jlns mpeobpa3zoBaHus Coznanue [To3BOMNSAET BBHIMTOIHATE

N[15,17, wu30o0paxkeHUN MEXTY M300paKeHUH, mpeoOpazoBaHus, TaKHe KaK

18, 26- Pa3NUYHBIMH OONACTSIMU BHJIEO U 3BYKa U3MEHEHUE CTWIS WU

30] 00y4aroTCs JIBE MOJICITH nmpeoOpa3zoBaHue rojoca, 0e3
reHepaTopa U ABE€ MOACIH HEOO0XOIMMOCTH UCTIONB30BAHUS
JUCKpPUMHUHATOpA. MapHBIX HAOOPOB JAHHBIX.

StarGAN  [Ipencrasiser co0oit Mozeb, [IpeobpaszoBanue Jy1st BEIOJTHEHHS TTPe0Opa3OBaHMIA

[14, 26] CIOCOOHYTO BBITIOITHATH M300paKeHu ! WCTIONB3YETCS OIMH TeHEePaTop,
npeoOpa3oBaHue N300PAKEHUH 9TO 00eCIeYnBaET MOBBILIEHHYIO
MEXy HECKOJIBKUMH TOMEHAMH 3¢ (HEeKTUBHOCTD.
(MyIBTHIOMEHHAS
Tpa"copmanms).

StyleGA  Apxwurekrypa, ®doropeanuctuunble  [IpenocTaBisgeTr NOIb30BATEIIO

N[4,31- mnpenHazHadeHHas A n300paKeHus TIOJIHBIA KOHTPOJIb HaJl CTPYKTYpOH

33] TeHepaIi H300paKeHUN C n300pakeHus, o0ecTieynBas
WCTIOJIb30BaHUEM CTUIICH TeHEPALUIO YETKUX U
(1eKOHBOITIOLIUY U CKPBITHIX BBICOKO/IETATH3UPOBAHHBIX
MIpeICTaBICHUH) BU3YaJIbHBIX JaHHBIX..

StyleGA  SBnsercs Coznanue Y coBepIIeHCTBOBaHHAS

N2 [4] YCOBEpIIIEHCTBOBAaHHOHN BepCcUell  M300paKeHUH U apXUTeKTypa ycTpauseT dpdext
StyleGAN, B koTOpO# BUJIEO «IEPEKPECTHBIX TEKCTYP», Aeiast
yCTpaHEHbI BU3yalbHbIE reHepUpyeMble JaHHbIE Ooree
apTedaxThl. (hoTopeaTCTUUHBIMU.

Pix2PixH BbicokokayecTBeHHAs MO/ICITb IIpeobpazoBanmne CocpenoTodeH Ha CHHTE3e

D [34,35] nns npeoOpa3oBaHus N300 paKCHHIA BBICOKOKAYECTBEHHBIX OOBEKTOB U
n300paKeHNH, BKIIIOYAOLIast paboTaeT ¢ COOTBETCTBYIOLINMMHU
CHHTE3 PEaJIMCTHYHBIX 00yyaromuMH JaHHBIMU.
00BEKTOB.

BigGAN  ApxutekTtypa, Coznanne [To3BonsieT paborath ¢ 6osee

[27, 33] OPHEHTHPOBAaHHAs HA BHICOKYIO  M300pakKeHUi KpYITHBIMH HaOOpaMy JaHHBIX U
CTETIeHb JeTaTN3aIlul 1 MOJKET OJJHOBPEMEHHO COAEPIKATh
[IBETOBOT'O OajlaHca Mpu HECKOJIbKO KJIaCCOB OOBEKTOB.
CO3JIaHUH M300paKEHHH.

PGGAN DTO MOJIeNb, B KOTOPOM Co3nmanue [TocTenenHo Bo3pacraroias

[19, 36] paspernieHne NOCTETIeHHO N300 paKCHHIA CJIO’)KHOCTh TIOMOTaeT
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Tunwv Kpamxkoe onucanue Ilpumenenue Ocobennocmu
GAN
YBEIMUMBAETCS B IPOLiEcce NPEIOTBPATUTh IPOOJIEMBI Ha
o0OydeHusl. paHHUX JTanax oOy4eHus u
YIYYIIUTh KOHEYHBIN pe3yIbTaT.
StackGA  [IByX»TamHslii mporecc Coznanue Ucnonp3yercs puist co3ganus
N [30,37] co3aanus U300pakeHUs: Ha M300paKeHUN M300pakeHUN Ha OCHOBE
TIEPBOM JTarle CO3/1aeTCs TEKCTOBBIX OMTUCAHUN
4epHOBOW HAOPOCOK, HA BTOPOM Y TIOBBIIIIAET YPOBEHbB JCTANH3AINN
sTane 100aBIAIOTCs ETANH. Ha K&KJIOM dTare.
MelGAN  Ha ocnose o0yuyennoii mogenu  Co3naHue 3ByKa IIpocras apxurexTypa, HE
[38] TeHepUPYET BEICOKOYACTOTHEIE cozeprkariast CJIOXKHBIX (PyHKITHI
U peaIuCTUYHbIEC 3BYKOBEIC MOTEPH, YTO YCKOPSIET PEUEBYIO U
JTAHHBIC. 3BYKOBYIO T€HEPAIIHIO.
HiFi- BricokokadecTBeHHBII CHHTE3 CuHTE3 MY3BIKH U OnTUMH3UPYET OBICTPYIO
GAN [39] 3Byka, OpHEHTUPOBAHHBII Ha peun MPOU3BOAUTEIBHOCTb, MTOBBIIIAS
PCATUCTUYHOCTDb U CKOPOCTh. PCATMCTUYHOCTL U IPUMCHUMOCTD
B TIPWJIOKEHHSIX PEabHOTO
BpPEMEHH.
SAGAN  [yist mOBBIIICHAUS Coznanne My3sikn,  Pa3pabotan mis 00paboTKH
[40] COTJIACOBAaHHOCTH MEXKIY H300paKCHUN U JIAaHHBIX C JUTUTCIBHBIMU

Pa3NUYHBIMU YaCTSIMU HAOOPOB
JAHHBIX PUMEHSIETCS
MEXaHU3M CaMOKOHTPOJIS.

3ByKa

MOBTOPEHUSAMH, HAIIPUMED,
CJIOKHBIX MY3bIKaJIbHBIX
KOMIIO3UIIUM.

B PE3YIbTATC IOTHUX TCXHOJIOTHMYCCKUX ZIOCTI/I)KGHI/Iﬁ TCXHOJIOT U «FJ’IY60KI/IX IoAACIIOK»

(deepfake) ¢ 2017 roma Hayasia CTPEMUTENBHO PACIIPOCTPAHATHCS U OKa3aja 3HAUUTENbHOE BIUSHUE
BO MHOTMX 00JIaCcTsIX — OT MHIyCTPUU pa3BieyeHH 10 kubepode3onacHoctu [9, 41].

[Tocne 2017 roga MeToAbl U MHCTPYMEHTHI co3/1aHus U oOHapyxeHus deepfake taxke Hauamu
OBICTPO pa3BUBATbCA, Y€MYy CHOcOOCTBOBal oOuIMil mporpecc B obmactu TexHosorui. [lporecc
3aMEHbI JIMII MTO3BOJIMJI 3HAYUTEIBHO YIPOCTUTh CO3/1aHUE BBICOKOKAYECTBEHHBIX M300paKeHUH U
BHJIEOMATEPHUAIIOB, UTO, B CBOIO OUEPE/Ib, YCIOKHUIIO BBISIBJICHHUE CIIEI0OB MaHUITYJISALMM [42].

B Tabnune 2 mpencraBieHa KiacCU(PHUKALUs TUIOB U (YHKIMOHAIBHBIX OCOOEHHOCTEHN

deepfake xonTenra.

Ta0muua 2

KJIACCUDUKALMA TUIOB Y ®YHKI DEEPFAKE KOHTEHTA [43]

Tunwt deepfake Knaccuppurayus ¢pynxyuii
Deepfake W3MeHeHue BHEITHETO BUJIA JIMIIA U Tela, MOU(UKAIUS YepT JIMIIA, 3aMeHa JIUIa
n300paKeHUH OJTHOTO YEJIOBEKA JIMIIOM JPYTOro M/Mi KOMOWHUPOBAHHE DTHX JIEMEHTOB.

Deepfake Buneo

3ameHa Jin1a 4CJIOBCKaA, IMPUCYTCTBYIOIECTO B BUACOMATCPHUAJIC, JTULIOM APYTOro

YCJIOBCKA, a TAKXKE INIEPECHOC BU3YAJIBHOT'O ITOBEACHHA OJJHOTO YCJIIOBEKA HA JIMIIO U

TEJIO JIPYTOTrO.

Deepfake 3Bykn  M3meHeHUe WM UMHUTALHUS TOJIOCOBBIX XapaKTEPUCTHUK, a TAK)KE CUHTE3 Peur
L[EJIEBOTO JILIA HA OCHOBE BHOBb CO3/[JaHHBIX TEKCTOBBIX BXOJHBIX JaHHBIX.

Deepfake 3Bykn  M3meHeHue qBUKEHUIA T'YO U apTUKYJISIIUA TOBOPSIIETO YeJIOBEKa C CHHXPOHH3AIUEH

1 BUJIEO C UCXOHBIM KOHTEHTOM ]ISl 00€CTIeYeHNS JTUTICHHXPOHN3AIINH, YTO MTO3BOJISET

IMPUBECTU PCUYCBLIC BLICKA3BIBAHWA B BUACOMATCPUAJIC B COOTBCTCTBUC C LICJICBBIM

S3BIKOM HJIN TCKCTOM.

[TapamienbHOo € 3TUMH JOCTHKEHHMSIMHM TOSBWINCH Takue MNpuioxeHus, kak FakeApp u

DeepFaceLab, 6naronapst uemy texHonorus deepfake crama qocTymHOM A IUPOKOH ayTUTOpUN
II0JIB30BATEIEN M IOJIyunsa BO3MOXHOCTh IPUMEHEHHS B 3JI0HAMEPEHHBIX ILensax. [laHHble
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MIPUIIOKEHUS UCTIOJB3YIOT aBTOKOAUPOBIIHKH (autoencoders) 1 GAN a1 BEIIOJHEHUSI OTIEPAIIAA 10
3amene Juil [8, 15].

B Tabnuue 3 npeacrtaBieHbl IPOrpaMMHBIE CPEACTBA U NMPHIOKEHUS, HUCIIOJIb3YEMBbIE IS
co3manus deepfake-kontenra. Deepfake-maTepuansl, co3MaHHbIE ¢ UCHOIB30BAHUEM TEXHOJOTHH
UCKYCCTBEHHOT'O HWHTEJIEKTa, MOTYT OBICTPO pAaCHpOCTPAHITHCS Yepe3 COLUalbHbIE CETH U
JOCTUTaTh MUJUIMOHOB TOJIb30BaTeNell. DTO CO3JAaeT Cephe3HYI0 YIrpo3y B BUJE PaCHpOCTPaHEHUs
(beiikoBBIX HOBOCTEH, Ae3uH(pOpMaui U MomeHHnYecTBa. [Ipu 3TOM 00beKkTaMH MOAOOHBIX aTak

MOTYT CTAHOBUTBHCS HE TOJIbKO U3BECTHBIC TMYHOCTHU U MOJIUTUKH, HO U OOBIYHBIE TpaxkaaHe [44].

Tabnuma 3
UHCTPYMEHTHGI U ITIPUJIOXKEHU S, UCITOJIB3YEMBIE B CO3JAHUU DEEPFAKE [45]

HUncempymenmuol

Tunwv Xapaxmepucmuxa

Kitaccuueckne HHCTpYMEHTBI CO3AaHUS HOAACIIOK

Adobe Premiere

Kommepueckoe neckTornHoe
IporpaMMHOe 00ecTIeUeHIe

PenaktupoBanue 3Byka U BU€0, H3MEHEHHE Kajpa
BUJICO C IOMOIIBIO HCKYCCTBEHHOI'O MHTEJIICKTA

Corel VideoStudio KommMepdeckoe meckromHoe

3amaTeHTOBaHHAS TEXHOJOTHUS HCKYCCTBEHHOI'O

MporpaMMHOE O0ecTieueHIe WHTEIJIEKTa

CunxpoHmM3anus ryo

Dynalips Kommepueckoe B30 npuiioxenne 3anaTeHTOBaHHAs TEXHOJIOTHS
Crazytalk Kommepueckoe B30 npuitokeHne 3amaTeHTOBaHHAS TEXHOJIOTHS
Wav2Lip IIpunosxeHue ¢ OTKPHITHIM GAN c npenBapuTensHO 00Y4eHHON
HCXOJHBIM KOJIOM JUCKPUMHHALIMOHHOM CeThi0 U (GYHKIUEH NOTepb,
OpPUEHTHPOBAHHOI Ha BU3yaJIbHOE KaueCTRBO.
Manunymsuus aTpuOyTamMu JIuna
FaceApp MoOunpHOE IpUIOKEHHE CNN
Adobe Kommepueckoe necKkTonHoe I'my6okas HeiiponHas cetb (DNN) + OunbTpsl
MporpaMMHOE o0ecreueHne
Rosebud Kommepueckoe B30 npuiiokeHre 3amaTreHTOBaHHAS TEXHOJIOTHS HCKYCCTBEHHOTO
WHTEJUIEKTa
N3menenne auna
ZAO MobuibHOE TPUIIOKEHHE 3anaTeHTOBaHHASI TEXHOJOT U
RPEACE MoOuiibHOE IPUIIOKEHNE 3anaTeHTOBAaHHAS TEXHOJOTHUS
Reflect Mo06uibHOE TPUIIOKEHHE 3anaTeHTOBaHHASI TEXHOJIOT U
Impressions MoOuiibHOE IPUIIOKEHNE 3anaTeHTOBaHHAas! TEXHOJIOT U
FakeApp JleckTonHoe MpuiIokeHue GAN
FaceSwap [TpunoxkeHue ¢ OTKPHITHIM JIBe mapbl KOAXPOBIINKOB-IEKOJUPOBIINKOB
HUCXOIHBIM KOJIOM (c obuMMM mapameTpammu)
Dréker [IpunoxkeHne ¢ OTKPHITHIM ®ynkuua norepu DSSIM 17151 peKOHCTPYKIMH JIHULIA.
MCXOIHBIM KOJIOM [Ipunoxxenue Ha ocHOBe OnOMoTeKn Keras.
DeepFaceLab IIpunoskeHne ¢ OTKPBITBIM IIpenocrasiser pa3nuuHbIE METOBI PACIIO3HABAHUS
HCXOIHBIM KOJOM s, Takue kak dlib, MTCNN, S3FD u . 1.
Pacmmpsier paznuunsie Mmogenu Faceswap, Takue Kak
Ho64, H128, LIAEF128, SAEuT. 1.
FaceSwapGAN  IlpuioxeHue ¢ OTKPBITEIM ABTOMaTHYECKUI KOJUPOBIIHK UCIIOJIB3YET JIBE

HCXOOHBIM KOAOM

(hyHKITUH TTIOTEPh: POTHBOIIOJIOKHBIE IOTEPH U
BOCIIPUHUMAEMBIE ITIOTEPHU.

DeepFake-tf

IIpunoxeHue ¢ OTKPBITHIM
UCXOIHBIM KOJIOM

Amnanornuen DFaker, omHako myist peanu3aniu
MpUJIOKEHUs ucnosib3yercs TensorFlow.

Faceswapweb

Kommepueckoe B30 npunoxernne GAN
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OXXUBIISIHUE AL

Face2Face [Tpuno>keHue ¢ OTKPHITHIM [IpumensietT TpexMepHyI0 MOP(OIOTUIESCKYIO MOJIENb
MCXOJTHBIM KOZIOM muna (3DMM) B codeTaHNM ¢ METOJaMU MallTHHHOTO
o0ydeHusl.
Dynamixyz Kommepueckoe neckTonHoe MeTo/1p1 MAIIMHHOTO 00YYeHUS
IporpaMMHOe 00ecTIeueHIe
FacelT3 IIpunoxeHre ¢ OTKPHITHIM GAN

HCXOOHBIM KOAOM

Cosnmanue auma

Generated Photos Kommepueckoe B30 npuioxenne StyleGAN

CuHTe3 3ByKa

Overdub Kommepueckoe B30 mpuinokeHre 3anmaTeHTOBaHHAS TEXHOJIOTHS HCKYCCTBEHHOTO
WHTEJUICKTa
Respeccher Kommepueckoe B30 nputoskenue CoderaeT TpaaullMOHHbIE alTOPUTMBI ITU(PPOBOMA

00pabOTKH CUTHAJIOB C 3al1aTEHTOBAaHHBIMU METOIAAMH
rIIy0OKOTO TeHEPATUBHOTO MOICTHPOBAHHUS

SV2TTS [TpunoskeHue ¢ OTKPHITHIM O6006mmennas ckBosHas (end-to-end) LSTM ¢
HCXOHBIM KOJIOM GbyHKIHEH oTeph.

ResembleAl Kommepueckoe B30 npuitoskeHne 3amaTeHTOBaHHAS TEXHOJIOTHS HCKYCCTBEHHOTO
HHTCJIJICKTa

Volcery Kommepueckoe B30 npuitoxkeHne 3amaTeHTOBaHHAS TEXHOJIOTHS HCKYCCTBEHHOTO
WHTEJUIEKTA U TIyOOKOT0 00YUYCHHUS

VoiceApp MoOubHOE PUIIOKESHUE 3amareHTOBaHHAs TEXHOJIOTHsI UCKYCCTBEHHOTO
MHTEIUIeKTa

Mamepuan u memoowl ucciedosanus

Hacrosimiee uccnenoBaHue HampaBlI€HO Ha OIpeneleHue creneHu  3(PQeKTHuBHOCTH
CYIIECTBYIOIIUX MHCTPYMEHTOB OOHApy>KE€HHs TOIJENbHBIX H300paXXeHUH, CO3JaHHBIX C
UCIIOJIb30BAaHUEM TEXHOJIOTUH MCKYCCTBEHHOIO MHTEUIeKTa. B HacTosiiee BpeMsl IIMPOKO
pacnpoCTpaHsSIOTCSl TaKWe TEXHOJOIMM, Kak 3ameHa Jjuna (face swapping), TeHepauus
(boTopealuCTUUHBIX HW300paXEHWH Ha OCHOBE TEKCTOBBIX ONHCAaHUM, a Tawke UudpoBas
pectaBpanys U yiyduieHue crapbix ¢ororpaduit. OqHaKo JaHHbIE TEXHOJOTMUYECKUE JTOCTHKEHHUS
OJTHOBPEMEHHO MOBBIIIAIOT PUCK CO3JaHMSI U PACIpPOCTPAHEHUS MOIAJEIBHOTO MYJIbTUMEIUNHOTO
KOHTEHTa. B cBsI3u ¢ 3TUM pa3paboTka HaIeXKHBIX U IPPEKTUBHBIX METOZI0B OOHAPYKEHUS (PEHKOBBIX
M300paXeHHI CTAHOBUTCS aKTyaJIbHON M HEOOXOIMMOM 3a/1auei.

Co30anue, obuapyscenue u ananuz usobpadcenuti. B pamkax JaHHOTO HCCIEIOBAHUSA
MOJ/IeNIbHbIE M300paKeHUs ObUIM CI€HEPHPOBAaHbI C MCIOJIb30BAaHUEM DPA3JIMYHBIX UHCTPYMEHTOB,
IIOCJIE YETO MOJTyUYEeHHbIE MaTepuaibl ObUIM IPOAHATN3UPOBAHbI C IPUMEHEHUEM OTKPBITBIX CPE/ICTB
oOHapy»XeHHusl MOJJIETOK B pPaMKax IOATAIHOTO HCCIIeA0oBaTelIbckoro mporecca. OOmas cxema
pEeaNn30BaHHOIO METOJOJIOTHYECKOTO TIOAX0AA NpeicTaBlIeHa Ha Pucynke 1.

B crarbe nmpouecc coznanus U oOHapyKeHUs MOAJIENbHBIX N300paKeHU paccMaTpuBaeTcs B
paMKax JABYXAITalTHOW SKCIIEpUMEHTAIIbHOW MeTomoyiorni. Ha mepBom d3tame ObUIM CO3aHBI
NoJ/IebHbIE M300paKeHUs C HCIOJIb30BAHUEM JAECATH PA3IHUYHBIX WHCTPYMEHTOB C OTKPBITHIM
MCXO/IHBIM KOZIOM, BBIOPAHHBIX C YUETOM HX JOCTYIHOCTH M CIIOCOOHOCTH BBINOJHATH PazINuHbIE
THUIIbI BU3yaJIbHBIX MaHUMYJIALUNA. B Xozie nanHOro sTana, BKIOYAONIEro TpU OCHOBHBIE KaTErOpun
— TeHepaluio U 3aMeHy JIHI, co3/laHue (OTOpeamnCTUYHBIX M300paXKeHH Ha OCHOBE TEKCTOBBIX
OINMCAHUH, a TaKXKe peJaKTUPOBaHUE N300paxeHnii — ObUT cPOPMUPOBAH HAOOP JaHHBIX, COCTOSIIIUN
u3 130 nzo0pa>keHui, 4TO MO3BOJIMUIIO OOECTIEUUTh Pa3HOOOpa3ne UCCIeyeMOro KOHTEHTA.
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Ha BTOpoM »9Tame creHepupoBaHHBIE W300paKeHHsS OBLIM  MPOAHAIM3HPOBAHBI  C
WCIIOJIB30BAaHUEM JICCATH IIMPOKO TPUMEHSIEMBIX HHCTPYMEHTOB OOHApy)KEHHUS MOJIEIBHBIX
M300paKEeHUI C OTKPBITHIM HCXOAHBIM KOIOM. B mpomecce anamu3a OBUTM OLIGHEHBI TaKHe
napaMeTphl, KaKk TOYHOCTh KIacCHU(DHUKAIIMN WHCTPYMEHTOB, X MPOW3BOIUTEILHOCTh U yIOOCTBO
WCIIOJIB30BaHMs, OTPAaHUYCHUS JTOCTYIA, a TAK)KE TEXHUYCCKHE M alTOPUTMHUYECKUE OCOOCHHOCTH
NPUMEHSEMBIX pelieHui. braromgaps mpoBeIeHHOMY KOMIUIEKCHOMY CpPaBHHUTEIBHOMY aHaJIH3y
MPENOoNaraeTcsi BBIIBUTh I(PPEKTUBHOCTh CYLISCTBYIOIIMX METONOB OOHApyKEHHs, a TaKxke
OTIPENeNINTh CHJIbHBIE M CJabble CTOPOHBI HCIOJIb3YEMBIX HHCTPYMEHTOB B 3aBUCHMOCTH OT
MPUMEHSIEMBIX TEXHOJIOTUH TeHepaluu u300paxxeHnid. OXHUIAeTCs, YTO MOJYYCHHBIC Pe3yJIbTaThl
OyayT ciocoOCTBOBaTh pa3paboTke Oosiee HaECKHBIX M AP(HEKTUBHBIX MOAXOI0B K OOHAPYKEHHUIO
MOJI/IeTBHBIX N300PaKECHUH.

[ Co3paHue n300paxkeHHil J

v v v

113 Tekcra Penaxtuposanue
I;IiM;]l::HHe ﬁ: B H300pajkeHne H300paKe Rl
TpyM 4 — HHCTpYMEHTa 3 — nHCTYMeHTa
v
Cosnanmne 130 OOHapyxeHHe
H300pakeHNil TIO/LIRIIOK
€ Ka)XJJ0ro HHCTpyMEHTA ¢ 10 THCTpYMEHTaMHI
h 4
CpaBHeHIe
1 aHa/m3

Pucynok 1. Cxema peanu3anny METOAOJIOIMYECKOTO MOAX0/1a

[To pe3ynpTraTamMm JaHHOTO WCCIIEAOBAHUS MPEIIOIaracTcs MPOBECTH CPAaBHUTEIBHBIN aHAIN3
YPOBHS O0OHAPYKMBAEMOCTH N300paKeHUI, CO3TaHHBIX Pa3IMYHBIMU METO/IaMu TeHeparui. Kpome
TOr0, CTABUTCS 3ajaya BbBIIBUTH BUABI MOJIEIOK, KOTOPHIE XapaKTEpPHU3YIOTCS IOBBIICHHON
YCTOMUUBOCTBIO K OOHApPYXEHHIO, a TaKXKe OIpPedesIuTh HHCTPYMEHTHI, JIEMOHCTPUPYIOLINE
HauOoJbIIyI0 S(PPEKTUBHOCTh TPU BBISBICHUH TOJ00HOTO KOHTeHTa. llpenmomaraercs, d4To
MOJTyYeHHBIE pE3yJbTaThl BHECYT BKJIAJ B pPa3pabOTKy OoJjiee TOYHBIX M HAJEKHBIX CHCTEM
aBTOMAaTHYECKOI0 OOHAPYXXEHMs MOJIETbHBIX H300paXeHUid U OyayT UMETh OpPHEHTHUpYIOIlee
3Ha4YeHUe IS JAIbHEHIINX HayYHBIX UCCIIe0BAaHUM B JaHHOM 00aacTu.

JIst i3MeHeHus JIUI] UCTIONh30Banuch HHCTpyMeHThl FaceApp, FaceSwapper.ai u Photo Lab.
['eneparust n300paKeHUH HAa OCHOBE TEKCTOBBIX OMHCAHWUN OCYIIECTBISUIACH C HCIOJIB30BAHHEM
m1aTGopM UCKYyCCTBEHHOTO MHTeIekTa, Takux kak ChatGPT (DALL-E 3), Gemini, Leonardo Al u
Fusionbrain-Kandinsky. [lnsi BoccTaHOBI€HHMsS W LBETH3AlMM 4epHO-0enblx ¢ororpaduit
NPUMEHSUIUCH TakKe TiaTtdopmbl kKak Remini, RestoreFoto u ColorizePro.

Br1OpaHHbIe HHCTPYMEHTBI OXBATHIBAIOT OCHOBHBIE METO bl MOAN(DUKAINY N300pasKEHHA, UTO
MO3BOJISIET OIEHUTh BO3MOXXHOCTH ¥ OTPaHWYEHHS COBPEMEHHBIX TEXHOJOTHHA CO3aHUs
CHHTETHYECKOT0 BU3YaJIbHOTO KOHTEHTA.
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Ha BTOpOoM 53Tame mpakTHYECKOW YacTH WCCICIOBAHUsS ITPOBEICHA IMIMPHUYECKAs OIICHKA
3P GEKTUBHOCTH JECATH UHCTPYMEHTOB OTKPBITOTO JAOCTYIIA, IPEAHA3HAYCHHBIX I OOHAPYKCHUS
NOJICTBHBIX M300pakeHuil. Cpeau uccieayeMbIX pemieHuid — math BeO-mmatdopm: Illuminarty,
Rufakeapp, Aidetectcontent, Syntheticeye (Aletheia), Aiimagedetector, a Takke TATh MojeNel
miatpopmel  HuggingFace  (Gourieff/Al-image-detector,  Parth-2703/Al-Image-Detection-2,
datxy/Al-Image-Detector, Sleepyriizi/Al-Fake-detector u FaceOnLive/Deepfake-Detector [36-43].

Bamupmanmst mpoBogwiiack ¢ ucnosib3oBanueM S50  peanpHBIX u300pakeHud w130
MOJU(UIMPOBAHHBIX WM CTEHEPUPOBAHHBIX M300paKEHHI, MOIYYEHHBIX C IMOMOLIbI0 Hamboee
W3BECTHBIX HMHCTPYMEHTOB CO3JIaHMS MOICIIbHBIX H300paKeHUH.

Pe3ynomamui u 06cyscoenue

[TonmyyeHHble pe3yNnbTaThl MOKA3bIBAIOT HAJMYME CYIIECTBEHHBIX pa3IMYMi B TOYHOCTHU
OOHapyKEHHsI MEXKIY MPOTECTUPOBAHHBIME crcTeMamu. COTJIacHO pe3ysibTaTaM aHaju3a, CPeIHUIN
MOKa3areib YCHEIIHOCTH OOHapyxXeHHs Bappupyercs B auamazone ot 42,14% (Illuminarty) no
81,13% (Syntheticeye). Takoil MMPOKWI AWAMAa30H, CBHICTEILCTBYET 00 OTCYTCTBHUHU CIUHBIX
CTaHJApTOB B O0JIACTH OOHApY)KEHHUS TOMJENbHBIX H300paKEHUH, a TaKKe O 3HAYUTEIBHBIX
pa3IMYMsIX B CTEIICHH 3PEJIOCTH MPUMEHSIEMBIX aJITOPUTMHUECKUX MTOIXO/I0B.

Cpenmu  TMpPOTECTHPOBAHHBIX ~ MHCTPYMEHTOB  HAWMBBICIIME  IIOKA3aTed  TOYHOCTHU
npoxemonctpupoBaiu Syntheticeye (Aletheia) (81,13%), FaceOnLive/Deepfake-Detector (76,42%)
u Sleepyriizi/Al-Fake-Detector (71,16%). Cpennue nmoka3atein oOHAPYKESHHSI TSI UCITOJIb3YEMbIX
WHCTPYMEHTOB TpenctaBicHbl B Tabmune 4. OTHOCHUTENHLHO BbICOKash 3(PPEKTHBHOCTh JaHHBIX
pelieHuii 00BSICHIETCS] UCTIONB30BAHUEM COBPEMEHHBIX apXUTEKTYpP TIIyOOKOro OOydYeHUs, TaKHX
kak CNN, EfficientNet u Swin-V2, a Takkxe Tem, 4T0O pe3yJIbTaThl aHAM3a (OPMUPYIOTCS B OoJiee
UHTEpIpeTHpyeMoi (popMe. ITH 0COOEHHOCTH J€J1at0T YKA3aHHbIE HHCTPYMEHTHI IEPCIIEKTUBHBIMU
pelleHusMU A1 TpUMEHEHUs B 3aJayax HU(POBON KPUMHHATUCTHKU U HKCIEPTHOTO aHAlN3a
BU3YaJIbHOTO KOHTEHTA.

. Taomuua 4
CPEJHNM KOSODPUILIMEHT OBHAPYXXEHW A
Tenepayus B o~ % 5 § ggo KRN

& 8 ¥ 53 ¥ 3% IF ¥y It Eiy

S S 3 SR ) 2 I8 Eg8 B9 S

s £ ¢ S OB §8~3f 5¥ Sug

S & ¥ ¥ 5% <7 I® 8¢ 3%

S < f a3 § Sf 8 é‘) £ 28 < Q
FaceApp 11,03 41,17 44,1 80,5 4438 348 374 69,2 19,51 293
FaceSwapper.ai 18,25 45,47 44,65 83,36 49,11 33 39,7 69,95 50,33 94
Photo Lab 26,29 42,54 5793 9534 52,63 50,57 62,87 51,77 91,6 46,7
ChatGPT (DALL-E3) 65,77 54,38 30,8 92,7 50,05 404 32,8 53,8 979 99
Gemini 84,26 52,97 67,7 68,16 3196 52,77 524 60,5 74,69 958
Leonardo Al 97,44 553 73,9 92,75 43,65 579 563 61,6 100 99
Fusionbrain-Kandinsky 94,6 53,18 54,6 89,11 48,54 54,3 68,2 39,3 99,94 99
Remini 11,55 44,63 49,6 52,25 556 50,2 62,6 69,5 0,1 69,6
RestoreFoto 5 45,81 49,2 5564 5536 543 61,5 71,6 10 79,4
ColorizePro 7,18 34,04 493 52,68 6137 579 614 834 045 524
HUTOTIO: 42,14 47,05 52,18 81,13 49,61 4851 53,42 71,16 54,45 76,42
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B xone uccienoBaHus TakkKe NPUBIEKIO Ha ceOd BHUMAaHUE CIIO0XKHOCTb OOHapyX eHHUs
KOHTEHTAa, CO3JAaHHOTO C MHCIIOJb30BAaHMEM COBPEMEHHBIX U UHIMPOKO pPACHpPOCTPaHEHHbIX
MHCTPYMEHTOB T€HEpaluuu H300paxeHuid. M300paxkeHus, CreHepupOBaHHbIE TAKUMHU CHCTEMaMU,
kak DALL-E 3, Gemini, Leonardo Al u Kandinsky, B psine ciy4aeB 10CTUTarOT BBICOKOTO YPOBHS
(GOTOPeIMCTUYHOCTH, MPU KOTOPOM HUX TPYAHO OTIMYMTH OT IOJUIMHHBIX H300paxeHuil. B
YaCTHOCTH, M300pakeHusl, co3/laHHble ¢ nomoupio Leonardo Al, Obutn kiaccuUUIMpPOBaHbI Kak
nojaenbHble aumb B 42,14% ciydaeB cucremoi Illuminarty m B 55,3% ciydaeB cucremoit
Rufakeapp. B 10 xe Bpems Te xe m3o0pakeHust ObLu OoOHapykeHbl cucteMoil Syntheticeye c
TOYHOCTBIO 92,75%. JlaHHbIii pe3ynpTaT yKa3bIBaeT Ha TO, YTO UCIOJIb30BaHUE O0Jiee MPOJBUHYTHIX
apXUTEKTyp UIPaeT KIIOYEBYIO POJIb B BBISBICHUU IOAJCIBHOIO KOHTEHTA C BBICOKMM YPOBHEM
PEAIMCTUYHOCTH.

CpaBHUTENBHBIN aHAJIH3 TaKXK€ BBISBUJI 3HAYUTENBHBIC PA3IHUUs MEXy HHCTPYMEHTaMHU HE
TOJIBKO I10 II0Ka3aTeN0 TOYHOCTH, HO M 110 TaKUM IIapaMeTpaMm, Kak BpeMsi o0paboTKH, y100CTBO
10JIb30BaTEILCKOr0 HHTEp(delica, THTEPIPETUPYEMOCTh PE3YJIbTATOB, @ TAKXKE MOIEPIKKA SI3bIKOB U
dopmaroB. C Touku 3peHust BpeMeHu 00paboTku Hanbosaee ObICTPHIMA HHCTPYMEHTAMHU OKa3aJIUCh
[Muminarty (mpumepno 4 cex) u Rufakeapp (mpumepHo 10 cex), ogHako JaHHOE MPEUMYIIECTBO
COIIPOBO’KAAETCS] OTHOCUTEIBHO HU3KOM TOUHOCTBIO OOHAPYKEHHUS.

B npoTHBOIOI0KHOCTE ATOMY PELIEHHUs, UCTIONb3YIOLIE 00Jiee CI0XKHbIE MOEIH, TAaKUe KaK
datxy u Sleepyriizi, xots u TpeOyIOT 10 90 CeKyH/ Ha OJUH aHAIU3, JEMOHCTPHPYIOT CYIIICCTBCHHO
0oJiee BBICOKYIO TOYHOCTh OOHAPYKECHUSI.

OTHOCHTENBHO MOJIb30BATENILCKOT0 onbiTa MHCTpYMeHThl AilmageDetector, AiDetectContent,
Sleepyriizi/Al-Fake-Detector u FaceOnLive/Deepfake Detector momyumnu Hambosiee BBICOKHE
OLIEHKW Onarojapsi MPOCTOMY W TOHATHOMY HHTEp(]enCy, MOANEpKKE HECKOJIbKHUX SI3BIKOB M
HarJSITHOMY MTPEJCTABICHHIO Pe3yJIbTaTOB aHan3a. B 1o ske Bpems macTpymenT Parth-2703/Al Fake
Image Detector, HeCMOTpsl Ha BBICOKHE aJlTOPUTMUYECKUE BO3MOXKHOCTH, MOIYy4n 0ojiee HU3KYIO
OLIEHKY M3-3a OTPaHWYEHHOro yno0cTBa M MPOCTOTHI B Hcmosb3oBaHUM. [lonpoOHas oleHka
WHCTPYMEHTOB C TOYKH 3pEHHs MPOU3BOJUTEILHOCTH, TEXHUYECKHX XapaKTEPHCTUK U yH0OCTBa
MIpUMEHEHHUs IpesicTaBieHa B Tabnuue 5.

Tabauma 5
OLEHKA DOPEKTUBHOCTHU, TEXHUUYECKUX XAPAKTEPUCTHUK 5
N YJIOBCTBA UCIIOJIB3OBAHUS CPEJCTB OBHAPYXXEHUM S ITOAAEJIBHBIX U30BPAKEHUU

S S ] 3
g 2 < S S
s X LS NS 3 >: o X 3
S 3 NS g o 'S IS g
§5s § §3% % Rg £5% §§ :
S§ 0§ 235 8 3 SE: S5 3
8§ 538 % &3 258 32 3
~ S S0 SS S S = =~
= Y QR ® S~ SRS \8 3 Q
N Q = = 3 S % Y ¥
Q. S) = s 3 S
3
Hlluminarty.ai (836 npunosicenue)
~4 Ha 4 En - png, jfif, Her BepostHOCTB, UTO sBIISIETCA
jpg, pipig, MTOATTMHHBIM WU CO3JIaHHBIM
jpeg, webp. Hn.
RuFakeApp (830 npunoosicenue)
~10  Her 4 En CNN png, jpg. Her OrnpeneneHre Mo THHHOCTH
Pa3smep no n300paKeHHUS.
10 M6

Aidetectcontent (836 npunooicenue)
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~20 Her 5 En - jpeg, jpg, Ha BeposiTHOCTB, 9TO SBIISIETCS
png. TTOITTUHHBIM HITH CO3JIaHHBIM
Pazmep o NMU, pasmep u paspelieHue,
5 M0 EXIF naunsle.
SyntheticEye (626 npunoscenue)
~15 Ha 4 En CNN png, jpg, [MHa,usB BeposTHOCTB, UTO SIBIISIETCS
jpeg, webp. TIIaTHON  MOMIMHHBIM WM CO3TaHHBIM
Bepcuii WU, ucnonp3oBaHus moaeneit
Oonee GAN u CGAN.
JeTalTbH
el
AllmageDetector (626 npunodicernue)
~10  Her 5 12 - Bce Her BeposTHOCTB, UTO SIBISIETCS
SI3BIK (dhopmartsr NOJUIMHHBIM WJIH CO3JJaHHBIM
OB Nn.
Gourieff (Hugging Face)
~35 Her 4 En ViT png, gif, Her BeposTHOCTB, 4TO sBISIETCA
jfif, jpg, TTOTTUHHBIM WU CO3/TaHHBIM
pipig, jpeg. nu.
Parth-2703 (Hugging Face)
~15  Her 3 En Fine Tuned Bce Her BeposiTHOCTB, UTO SIBISIETCS
(dhopmartsr MOJUIMHHBIM WJIH CO3JJaHHBIM
nn.
Datxy (Hugging Face)
~90  Her 4 En Swin-tiny- Bce Her AHanu3 pe3yinbTaToB,
patch4- (hopmaTsl BEPOSATHOCTD, YTO SBIISETCS
window7- [IOJUTMHHBIM MJIA CO3JaHHBIM
224, ViT HH.
Sleepyriizi (Hugging Face)
~70 Her 5 En Swin-V2, Bce Her BeposTHOCTE, 4TO SIBIISIETCS
SuSy, (dopmartsl TTOITTUHHBIM HITH CO3JJaHHBIM
GLCM nn.
FaceOnlLive (Hugging Face)
~30 Jla 5 En EfficientNet Bce Ja Ananun3 Hannuus U,
(dhopmartsr MaHHITYJISIIAH C JTUIIOM,

HUTOroBas BEPOATHOCTHAA
OILICHKA.

PGSYJ'II)TaTI)I HUCCIICA0OBAaHMA ITOKa3ajid, 4YTO IIPHU aHAJIM3C CbOTOpeaJ'II/ICTI/I‘IHOFO noaACIIbHOI'O

KOHTEHTa, CO3/JIaHHOT0 C HCIIOJIb30BAHMEM TakuxX MpuiiokeHuid, kak FaceApp, FaceSwapper.ai u
PhotoLab, 601b1IMHCTBO OECIIIIATHBIX CPEJCTB OOHAPYKEHUS IEMOHCTPUPYIOT KPUTUYECKH HUZKUN
ypOBeHb TOUHOCTU. KpoMe Toro, pazHble oKa3aTenn 0OHapyKEeHUs OJJHOTO U TOTO e N300paKeHUs
pa3IMYHBIMM MHCTPYMEHTAMU HarJIJHO YKa3bIBa€T HA OTCYTCTBHE METOAOJIOTHYECKUX CTaHAAPTOB
B JJaHHOM 00JacTH.
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Hakowner, ycraHOBII€HO, UTO P aHAIN3€ U300paKEHU, COAepKAILIUX JIUIIb HE3HAUYUTEIbHbBIE
M3MEHEHHUS HalpuMep, PeTyLIb WK HeOOJbIINe MOAU(PHUKALIMN YePT JUIAa TOYHOCTh OOHAPYKEHUS
PE3KO CHMXKAETCS. DTO CBHUJAETEILCTBYET O TOM, 4YTO CYIIECTBYIOIIME peIIeHUs 00JIagaioT
OTPaHMYEHHOW AaJaNTUBHOCTbIO K TOHKUM U pEAIUCTUYHBIM MaHuUnyasauusM. JlanHoe
00CTOSATEIBCTBO MOTYEPKUBACT HEOOXOAUMOCTh Pa3paboTKH 0o0Jjiee YCTOWYUBBIX, 0000IIAEMBIX H
KOHTEKCTHO-YYBCTBUTEIBHBIX MOJX00B K OOHAPY>KEHUIO MOAEIbHBIX N300paKeHUH.

KomOuHupoBaHHbBIN MOIX0A K OOHApYy>KeHHIO mojaienbHbix nzoopaxkenuit (EXIF + ELA +
CNN). B mpenmpiaymmx ab3amax JaHHOTO pasfena ObUIo MPEACTAaBICHO CPaBHUTEIBHOE
UCCIIEIOBaHNe, KacaTeJbHO CO3JaHUsl M  OOHApy)XeHUS TMOMJEIbHBIX H300pakeHUd C
UCIIOJIb30BaHHUEM O€CIJIaTHBIX MHCTPYMEHTOB, B paMKax KOTOPOTro ObUIM OmpeleieHbl Hauboliee
s dexTuBHbIe pemeHus. OJHAKO JaHHOE HCCIICIOBAHHE HE OXBATHIBAET ITyOOKHE TEXHUYECKHE
BOMPOCHI M BHYTPEHHIOIO JIOTUKY AJITOPUTMOB OOHAPY)KEHUS, a TAK)KE HE BKIIOYACT KOMILJICKCHYIO
OLICHKY KauecTBa U300pakeHUI Ha Pa3IMYHbIX YPOBHAX UX 00pPaOOTKH.

B »TOM KOHTEKCTe 1enecooOpa3sHbIM NPEACTABISIETCS NPUMEHEHHE KOMOWHHUPOBAHHOTO
[10/1X0J1a, OCHOBAaHHOI'O0 HAa MCIOJb30BaHUU HECKOJBKMX METOJOB aHaiu3a. Takas HEOOXOAMMOCTh
0cOOEHHO aKTyaJbHAa BBHJIYy BBICOKOW BEPOSTHOCTH BO3HMKHOBEHHS JIOXKHBIX DPE3YJIbTAaTOB,
MOCKOJIbKY HU OJMH M3 CYLIECTBYIOIIUX HWHCTPYMEHTOB OOHApY>KEHUS HE SBIISETCS MOJHOCTHIO
HaJICKHBIM.

B pamkax naHHON paboThl ObUI IPEUIOKEH U MPOTECTUPOBAH KOMOWHUPOBAHHBIM METOJ
OoOHapy>KeHHsI TOACTBHBIX N300pakeHuid. [IpenoKeHHbI 0IX01 OCHOBAH Ha MHTETPAIlUH TPeX
MetonoB: aHanmuza MeTanaHHeix (EXIF), anmamusza ypoBHs ommbok wuzoOpaxkenuss (ELA) u
CBEpTOYHBIX HeHpoHHBIX ceTteld (CNN).

JIaHHBII METOJI TIO3BOJISIET HE TOJIKO OCYIIECTBIISITh IEPBUYHYIO (DHIIBTPALIUIO N300paKeHUI
myTtM BBISIBJICHUS CJIEOB PEIAKTHPOBAHUS HA YpOBHE (hailJIOBBIX METaJAaHHBIX, HO W TPOBOAHTH
Oosiee JeTanbHbIN aHaIU3 MUKCENbHBIX U CTPYKTYPHBIX MCKa)K€HUH, BOZHUKAIOUIMX B pe3yjbTaTe
pasNUYHBIX MaHMMYJALU ¢ u3o0paxkenusmu. Kpome Ttoro, ucnons3oBanue CNN oGecrieunBaer
BO3MO>XHOCTb BBISIBIIEHUS 00Jie€ CIIOKHBIX U TPYJHOOOHAPYKUBAEMbIX HCKAKEHUH B BU3YaJIbHOM
coJiepKaHuu u3o0pakenus [46, 47].

Kaxnplif sTran  mOpeasiokeHHOro  Meroja OblI  peajiu30BaH  C  HCIOJIb30BaHHEM
COOTBETCTBYIOLIMX OMOIMOTEK s13bIKa IporpaMMupoBanus Python [48].

Amnanus Merananabix EXIF. Meranannbsie EXIF npencraBnisioT co6oii BCTpOEHHBIE CTPYKTYPbI
JAHHBIX, KOTOPbIE aBTOMAaTHYECKU (POPMUPYIOTCS HUPPOBBIMU YCTPOHCTBAMU B MOMEHT ChEMKH.
OTH JTaHHBIE COZIEpKaT TaKue MapaMeTpbl, Kak MOJeIb KaMephl, 1aTa U BpeMsl CbeMKH, (POKYCHOE
paccTosiHUe, MapaMeTpbl SKCIO3UIMM, a Takxke HHpopMmanus o0 HCIOJIb3YyeMOM MPOrPaMMHOM
oOecnieueHnu. B konTekcTe mudpoBoil kpuMuHanUCcTUKU MeTanaHHble EXIF sBistoTcst BaKHBIM
HUCTOYHUKOM HUH(POpMalMyM, TO3BOJSIOUMM OINpPEAETUTh, MOJBEPrajioch JH H300pakeHue
pPelaKTUPOBAHUIO MM OBIJIO JIU OHO CO3JaHO MCKYCCTBEHHBIM CIOCOOOM. B "acTHOCTH, HamMuue B
noje Software yka3aHMil Ha NpPOrpaMMBbl pelaKTUPOBaHHs H300pakeHuil (Hampumep, Adobe
Photoshop) 1100 oTcyTcTBHE KIIIOYEBBIX MNApaMETPOB CHEMKH MOMKET CBUAETENbCTBOBATH O
BO3MOKHOH (hanmbcuukanuu n300pakeHus.

B xone uccnenosanus ananu3 EXIF-ganusix Obu1 mpoBeneH Ha BeIOOpKe 13 20 n300pakeHui,
BKutoyas 10 nommHHbIX U 10 nogaensHeX. [loaydeHHble pe3ynbTaThl MOKA3ald, YTO HA OJHO W3
MOAJENbHBIX ~ W300paxkeHWit  He  comepxkano  EXIF-meragaHHbIX, YTO  COOTBETCTBYET
pacnpoCTpaHEHHOW TMpakTUKe, TMpU KOTOPOW OONBIIMHCTBO MPOTrpamMM  PeJaKTUPOBAHUS
ABTOMATHUYECKU YJIaJSIOT MOoA00HYy0 nHbopManuio. BMmecTe ¢ TeM OBLIO YCTaHOBIIEHO, YTO Y ABYX
MOJUTMHHBIX M300paskeHui Taioke oTcyTcTBoBanu EXIF-nanHbie. 9T0 CBHIETENBCTBYET O TOM, UTO
anamu3 EXIF wmoxer >(QQexTHBHO HCIONB30BaThCA B KadyeCTBE IEPBHUYHOIO HMHCTPYMEHTA

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 142




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

GuIbTpaluy, OAHAKO HE SIBJIAETCS OCTATOYHBIM METOJOM JUIsl OKOHYaTeJIbHOW BepHUpuKanuu
HOJUIMHHOCTH U300pakeHusl.

Metox ELA (Error Level Analysis). /lanHbIii MeTOl HallpaBiieH Ha BBISABICHHUE JIOKAJIHHBIX
aHOMaJIMi, BO3HHUKAIOIIMX BCJIEJACTBHE HEOJHOPONHOrO CXaTusi u3o0paxkenus. Ecim B
OIpEJICJIEHHBIX 00JIACTSIX M300pa’keHHs BBIIOJIHSIIOCH pelakTUpOBaHHE (Hampumep, 100aBieHUE
O0BEKTOB, PETyIIb U T.[.), YPOBEHb OHIMOOK B 3THUX OO]ACTAX IOCIE MOBTOPHOTO MPUMEHEHUS
JPEG-cxatust OyJeT oTam4aTbes OT OCTAIBHBIX YYacTKOB. Busyanuzanus 3Tux pasnuuuii 1o3BosieT
JIOKAJIM30BaTh 30HBI BMEIIATEIbCTBA.

B xome pabotel Bce m3oOpakeHus Obun mpeoOpazoanbl B (popmar JPEG m moTOpHO
COXpaHEHbI JUIs MOCIEIYIOIIEro BHIYUCICHUS pa3HULbl. Pe3ynbTaTel okas3anu, 4To U300paxkeHus,
KJ1accu(UIIMPOBAaHHbBIE KaK MOJICIbHBIC, IEMOHCTPUPYIOT BbIpa)KEHHBbIE apTe(akThl B 00JIACTSIX
nuna u (GoHa, TOrAa Kak OOJBIIMHCTBO OPUTHHAIBHBIX M300paXEHUH COXPAHAIOT OJHOPOIHOCTH
ypoBHs omun6ok [49, 50].

JUJ1sl IOBTOPHOI'O COXPAaHEHUs N300pakeHUs U BBIYMCIICHUS pa3HULIbI B JAHHOM HCCIIeI0BaHUN
OBUT MCIIOJIB30BAaH CKPHUIT HA s3bIKe mporpamMupoBaHust Python ¢ 6ubmmorekoii Pillow. IIpumep
pesynbTaTta aHanu3a ELA npencraBieH Ha puCyHKeE 2 JUIsl OJHOTO U3 U300pakKeHU.

--

IToxmHHOE H300paKEeHIEe ELA ananu3

IlopmensHOe M300paxeHue ELA anami3
PucyHnok 2. Pe3ynbratel ananuza merogom ELA

Peanusayua 6azoeou apxumexmyper CNN. B pamkax JaHHOTO HCCII€ZOBaHUS Oblia
peanuzoBana mojesib CNN 111 OMHapHOH KitaccupUKayu n300pakeHuil Ha nouyMHHbIe (“real”) n
noanenbubie (“fake”). Beibop apxurexktypbsl CNN 000oCHOBaH ee JoKa3aHHOW 3(P(HEKTUBHOCTHIO B
3aJjauax KOMITBIOTEPHOTO 3pEHUS, B YACTHOCTH MTPH BBISIBIICHHH PA3JIUMYHBIX BHIOB MAHUTTYJISIIANA HA
M300paKeHUSX.

Jlis TOCTpOeHUsT MOJeNnu Hcnoyb3oBaInch TexHonoruun TensorFlow/Keras, st oneHku
metpuk Scikit-learn, a ns 06paboTku nzobpaxkenuit 6ubnanoreka Pillow, mpu sTom Bcst paborta
npoBoauiuck B cpene Google Colab. M3HauanbHO HCMOIB30BACS JIOKAIBHBIA HAOOp JTaHHBIX,
Brurovaronuii 50 moanmuHHEIX B 130 moanensHbIX n300paxenuid. OTHAKO TaHHBIA 00bEM OKa3ajcs
HE/IOCTaTOYHBIM s A(PQPEeKTUBHOrO oOyuyeHHs HeHpoHHOH ceTu. B cBs3u c 3TuM  ObLI
JONIOJTHUTEIBHO ~ MCIIOJIb30BAaH  OTKPBITBIA ~ Habop  maHHelx ¢ miaargopmel  Kaggle
(https://www.kaggle.com/datasets/sachchitkunichetty/rvf10k), vactp n3zo00paxkenuii koroporo ObLTa
BKJIIOUEHa B HccienoBanue. [locne oObennHEeHUs JaHHBIX UTOTOBBIM HAOOp BBIOOPKH COCTABHII:
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Mo/yIMHHBIE  m300paxkeHus 3550, monpmensHble W300pakenuss 3630, uyrto obecrmeunsio
cOaJlaHCUPOBAHHOE pacIpeiesieHne KJIacCCOB 1 MUHIMHU3UPOBAJIO PUCK CMEIIIEHHUS MOJICTTH B CTOPOHY
noMuHupymomero kinacca. llpocreitmas apxurexktypa CNN, mnpumeHeHHass [uid OHHApHOU
KJIAaCCU(UKALUY TIOJUTHHHBIX U TIOJIJICIIbHBIX U300paKeHUI B TAHHOM UCCIICIOBAHUH, TIPEICTABICHA
Ha Pucynke 3.

v
conv2d (Conv2D) max_pooling2d 2 (MaxPooling2D)
Output shape: (None, 126, 126, 32) Output shape: (None, 14, 14, 128)
h 4 v
- ™ 4 ™
max_pooling?d (MaxPooling?D) flatten (Flatten)
Output shape: (None, 63, 63, 32) Output shape: (None, 25088)
- J ~ S
h 4
IS ™ s ™
conv2d_1 (Conv2D) dense (Dense)
Output shape: (None, 61, 61, 64) Output shape: (None, 128)
o v, A oy
h J 1
- ™ I ™
max_pooling?d 1 (MaxPooling2D) dropout (Dropout)
Output shape: (None, 30, 30, 64) Output shape: (None, 128)
[ / A J
v L J
e N ' ™
conv2d 2 (Conv2D) dense 1 (Dense)
Output shape: (None, 28, 28, 128) Output shape: (None, 1)
- | J L _

Pucynoxk 3. bazoBas apxutektypa CNN, npuMeHeHHas 11 OMHApHOH KiIacCU(PUKALUU TOATUHHBIX U
MOJIETBbHBIX H300paskeHUI

Ilocne cepuu sxcnepumenmos Ovina 8blOPAHA CAEOVIOWAs. APXUMEKMYPA.

Croit Conv2D ¢ 32 ¢unbtpamu pasmepoM (3, 3) u ¢pynkumeit aktuBauuu ReLU: 3ToT cioit
BBITIOJIHSIET CBEPTKY BXOJHOTO H300pakeHHs C 32 pa3nuyHbIMU (UIBTpaMH, W3BJIEKas Takue
MPU3HAKHU, KaK [PAaHULbI, TEKCTYPBI U y30PHI.

Cnoit MaxPooling2D ¢ pa3smepom okHa (2, 2): 3ToT cinoil moxaBeiOOpku (pooling),
IIPUMEHSIEMBIH T0CIIE Ka)KI0OT0 CBEPTOYHOTO CJI0S, YMEHBIIIAET Pa3Mepbl KapT IPU3HAKOB, COXPaHss
IIPY 3TOM Ba)KHbIE MPU3HAKU U CHHIKAsl BBIYUCIUTENBHYIO CII0)KHOCTb.

[ToBTOpPEHME CI0EB CBEPTKU U MOJBBIOOPKH: JaHHAs MOCJIEI0BATEILHOCTD MTOBTOPSETCS €Ile
JBaXKIBI, MPU ATOM KOJIMYECTBO (DPUIBTPOB B CBEPTOYHBIX CIIOSIX yBelnWuuBaercs 10 64 u 128
COOTBETCTBeHHO. Kakgoe mocneayromee CoYeTaHWe CBEPTOUYHOro M pooling-ciios MO3BOJISIET
MO/IEJIN U3BJIeKaTh Oosiee aOCTpaKTHBIE U CIOXKHBIE IPU3HAKH U3 U300parkeHui.

Croii Flatten: mocne nociaenHero ciaos MoaABbIOOPKU BBIMOJIHIETCS ONEpalus BBIIPSIMIIECHUS,
npeodpasyrolas TpeXMEpHBIN TEH30p MPU3HAKOB B OJHOMEPHBIN BEKTOP, IPUTOIHBIN AJIs Hiepeadn
B IIOJIHOCBSI3HBIE CIIOMU.

[TonmHocBsizubie cion (Dense): panee cleayloT Ba IMOJHOCBA3HBIX cios. IlepBwli crioi
conepxuT 128 HeitpoHoB ¢ pyHkiuel aktuBaiuu ReLU u BeimomHseT OoJiee TIy0OoKOe U3BIICUEHNE
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CJIOKHBIX KOMOHWHAIMi mpu3HakoB. J[is ymeHblieHus nepeodyuenus (overfitting) mocne mepBoro
MOJTHOCBSI3HOTO cJiosi puMensieTcst Dropout ¢ koaddurmentom 0,5. Bropoli MOTHOCBSA3HBIN CII0M
COCTOUT M3 OJHOTrO HeipoHa ¢ sigmoid-akTuBanuel, npenckaspiBatomero Hanuuue deepfake na
BXOJIHOM H300paKEHUU.

CurmouHas pyHKIMS aKTUBAIMU Ha BBIXOJE IpeodpasyeT pe3yibTaT B 3HaueHue ot 0 g0 1,
MHTEPIPETHPYEMOE KaK BEPOSTHOCTb MPUHAMICKHOCTH H300paXEHHUS K OJHOMY U3 KIJIacCOB
(MOITMHHOE WJIH TTOAICNIbHOE).

Obyuenue moodenu. [{nsi ONTUMH3AIMHU MMAPAMETPOB HEUPOHHOW CETH OBLI HCIIOIBH30BAH
aJanTUBHBIA CTOXaCTHMYECKUH TpaaueHTHBIM cnyck (Adam). B kadectBe (QyHKIIMH TOTEph
MpUMeHsIack binary crossentropy, 4YTO COOTBETCTBYET 3ajade OWMHApHON KiaccuUKaIH.
B kauecTBe OCHOBHOWM METPUKH OLIEHKM KauyecTBa MOJIEIM HCIOJb30Bajach TOYHOCTh (accuracy),
MOCKOJIbKY 00yYaroImuii Habop TaHHBIX OBbUT COATAHCHPOBAH I10 KJIACCaM.

OO6yueHrue TPOBOIUIOCH C pa3MepoM Oatda 32 Ha mpoTsokeHuu 45 smox. JlanHbie ObuH
paszJesieHbl Ha 00y4arollyio U TeCTOBYIO BbIOOpKH B mipornopuuu 70% / 30% coOTBETCTBEHHO.

B xon1e 00y4deHus 0TCIeKMBAMCH 3HAYECHUSI TOYHOCTH U (DYHKIIMHU MTOTEPh KaK Ha 00ydaromei,
TaK ¥ Ha MPOBEPOYHOM (BaJIMJALIMOHHOI) BhIOOpKE. JIMHAMMKA U3MEHEHHUS! TOYHOCTU B IpoOIiecce
oOyueHus mpecTaBieHa Ha Pucynke 4.

Epoch 38/45

158/158 1325 835ms/step - accuracy: 0.7748 - loss: @.4813 - wval_accuracy: ©.7595 - val_loss: 8.5291
Epoch 31/45
1587158 138s 82Zms/step - accuracy: ©.7724 - loss: @.4781 - wval_accuracy: ©.7474 - wval_loss: 8.5258
Epoch 32/45
1587158 134s 84Tms/step - accuracy: ©.7881 - loss: 9.4528 - wval_accuracy: 8.7516 - wval_loss: @.5328
Epoch 33/45
158/158 131s 824ms/step - accuracy: ©.795%9 - loss: 9.4399 - val_accuracy: 8.7498 - wval_loss: 8.5284
Epoch 34745
158/158 138s 828ms/step - accuracy: ©.7765 - loss: 8.4653 - wval_accuracy: 8.7558 - wal_loss: 8.5158
Epoch 35745
158/158 138s 822ms/step - accuracy: ©.3231 - loss: @.4348 - val_accuracy: ©.7586 - wal_loss: 8.4978
Epoch 36/45
158/158 1295 B18ms/step - accuracy: ©.3232 - loss: @.4293 - val_accuracy: ©.7679 - wal_loss: 8.4991
Epoch 37/45
158/158 137s 878ms/step - accuracy: ©.8832 - loss: @.4250 - val_accuracy: ©8.7651 - wal_loss: @.5888
Epoch 38/45
158/158 1625 9%4ms/step - accuracy: ©.8854 - loss: @.4185 - val_accuracy: ©8.76608 - wal_loss: 8.589%2
Epoch 39/45
158/158 1565 99@ms/step - accuracy: 0.8141 - loss: @.4831 - wval_accuracy: ©.7669 - val_loss: 8.4793
Epoch 48/45
1587158 148s 935ms/step - accuracy: ©.8173 - loss: 9.4833 - val_accuracy: 8.7782 - wval_loss: 8.5146
Epoch 41/45
1587158 138s 875ms/step - accuracy: ©.8179 - loss: 9.4137 - wval_accuracy: 8.7776 - wval_loss: @.4869
Epoch 42/45
1587158 134s 345ms/step - accuracy: ©.8152 - loss: 9.3989 - val_accuracy: ©.7665 - wval_loss: 8.5425
Epoch 43/45
158/158 139s 878ms/step - accuracy: ©.8187 - loss: 9.4864 - wval_accuracy: 8.7668 - wval_loss: 8.4952
Epoch 44745
158/158 134s B46ms/step - accuracy: ©.8227 - loss: 8.3978 - wval_accuracy: 8.7795 - wal_loss: 8.4955
Epoch 45745
158/158 133s 843ms/step - accuracy: ©.8368 - loss: 8.3685 - wval_accuracy: B8.7892 - val_loss: 8.5316

Pucynoxk 4. Jlunamuka n3aMeHeHHUs] TOUHOCTH (accuracy) B mpouecce 00y4ueHus

Mognens TpoJeMOHCTPHUPOBAlia CTAOMIIBHBIN TpoIlecC O0yYeHHUs Ha MPOTHKEHUU 45 SIoX.
HavanpHast ToyHOCTh Ha OOyd4aromiel BbIOOpKe cocTaBisuia okoio 50%, a K KOHIy oOydeHus
nocturina  83%. TouHOCTh Ha BaTWMJAIMOHHOW BBIOOPKE aAHAJOTHYHO YBEIWYWIACh H
crabmwimmsupoBasiack Ha ypoBHe 79%. l3MeHeHHe TOYHOCTH MOJEIM Ha OOydawmed u
BaJIMIAlIMOHHON BBIOOpPKAX BO BPEMEHH MpeacTaBieHo Ha Pucynke 5. C TOuku 3peHUs (YHKIIHH
MoTeph, Kak Ha oOydaroleidl, Tak W Ha BalUAAMOHHOW BBIOOpPKAX HAOMIOJAETCS YCTONYMBOE
CHIDKCHUE 3HAueHUs MOTeph, NMPHU ITOM NPU3HAKOB Tepeobydenus (overfitting) He BBISBICHO.
JuHamuka u3MeHeHHs! PYHKIMH [TOTEpPh B XO€ 30X IpecTaBieHa Ha PucyHke 6.
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To4HocTe 0ByHeHHA U NPOBEPKHU

—— TouHoCTb 06yueHHA
—— TOUHOCTE NPOBEPHK
0.80 1

0.75 1

0.70 -

To4HoOCTb

0.65 1

0.60 -

0.55 1

Snoxa

Pucynok 5. I'paduk n3MeHeHUs] TOUHOCTH

MoTepa o6y4eHMA U NPOBEPKU

0.70 = Morepa ofiyueHua
= [loTepa npoBepKH
0.65 4

0.60 1

0.55 1

MoTtepa

0.50 4

0.45 A

0.40 1

3noxa

Pucynok 6. U3MeHeHus: PyHKIIUN TOTEPh

[Ipu omenke kimaccuduranmoHHON 3PdexkTnBHOCTH MOoAenu s kiacca “fake” 3HaueHus
MeTpuk coctaBmin: precision — 0,81, recall — 0,76, F1-score — 0,78. Jlnst knacca “real” mokazarenun
obuH crenyrommmu: precision — 0,77, recall — 0,81, Fl-score — 0,79. OOG1iast TO4HOCTH (accuracy)
Moenu coctaBuia 79%. KinaccudukanroHHbI OTYET ¢ PEICTaBICHHBIMU METPUKAMHU MTOKa3aH Ha
Pucynke 7.
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precision recall fl-score  support

fake 8.76 8.79 B.77 1289

real a.78 8.74 B.76 1865
accuracy a.77 2154
macro avg a.77 a.77 @.77 2154
weighted avg .77 8.77 8.77 2154

Pucynoxk 7. KnacupukaoHHslid oT4eT

HecMmoTpst Ha OTHOCHUTENBHO MPOCTYIO APXUTEKTYPY MOJICIH, TP OMHAPHOH KIIacCHU(pUKAITUU
MOAJCIBHBIX M PEANbHBIX  W300paXEHWH OBUTM  TIOMY4YeHBI  YIOBIETBOPUTENBbHBIE U
cOaJlaHCUpOBaHHbBIE pe3yJIbTaThl. MoIeNb IPOJEMOHCTPUPOBaAIa COATAaHCUPOBAHHBIC METPHUKHU 10
BCEM KJaccaM M CTa0WIBHYIO CXOAMMOCThb. OTO MOATBEP)KIAaeT MPUMEHHUMOCTh CBEPTOUYHBIX
HEHPOHHBIX CeTeH nake 0e3 MCIOJB30BaHUS IPEABAPUTEIIHBHO OOYYCHHBIX BECOB, HECMOTpS Ha
OTHOCHUTEIILHYIO TIPOCTOTY apXUTEKTYPHI.

Bmecre ¢ teM ucnosibp3oBaHHas apxutekrypa CNN o0nagaer orpaHUYeHHOW CBEPTOYHOMN
rnyounoit. [lpeamonaraercsi, 4YTo [UIsl BBIABIEHUS 0OOJiee CIOXKHBIX CIIy4aeB MOJAEIKU
MIPOU3BOIUTEIIBHOCTh MOJISIIM MOXKET OBITh IOBBINICHA 33 CYET NMPUMEHEHHs Oosee TIIyOOKuX
APXUTEKTYP WIH MOJCIICH, IPeIBAPUTEIHLHO O0YUCHHBIX Ha KPYITHBIX HAOOpax JaHHBIX (HAIPUMeED,
EfficientNet, Xception).

XOTsl UCHONB3YEMBIii B HCCIEIOBAHUU HAa0Op MaHHBIX OBLI paclIMpeH, OH BCE €IIe He
OXBAaTBHIBACT BCE BO3MOJKHBIC BapHAIMH CUHTCTUYCCKU CO3JAHHOTO MYJIBTUMEIMHHOTO KOHTEHTA.
[ToaToMy Ha TOCIHEAYIONMX JTalax IUTAHUPYETCsS IPOBEJCHUE CPAaBHUTEIBHOTO aHaW3a C
MOJIeTIsIMU, 00Y4eHHBIMU Ha OoJiee OOIIMPHBIX U pa3HOOOpa3HbIX HAOOPaX JAaHHBIX.

Tem He MeHee naHHOE HCCIENOBAaHUE MPEACTABIAET COOOW 3HAUMMBIN BKJIAM KaK C TOUKH
3pEHUsT METOJOJIOTHYECKOTO IMOAX0/a, Tak W C TIO3WIUW JIEMOHCTpAIMH TPAKTHISCKON
MPUMEHUMOCTH 0a30BOM MOJENM B HArJSAHOM M JIOCTYMHOW (opme, dYTO COOTBETCTBYET
UCCIIEIOBATENILCKUM U 00pa30BaTeNbHBIM LIETISIM CTaThU.

3axnouenue

[IpoBeneHHOE WUCClIEJOBaHHE BBIIBUIO CYLIECTBEHHbIE paznuuusi B 3(P(HEKTUBHOCTH
OeCIUTaTHBIX WHCTPYMEHTOB, MCHOJB3YEeMbIX JUIsI OOHApyKEHUs MOJAEIbHBIX H300paKEHUH,
CO3/1aBaeMbIX COBPEMEHHBIMU CPEJCTBAMU T'eHepalu (PeHKOBBIX M300paxeHU. Y CTAaHOBJIEHO, YTO
TOYHOCTh OOHApYKECHHUSl HANpPSIMYyIO CBS3aHA C APXUTEKTYpOH NPUMEHSIEMBIX aJrOPUTMOB M HUX
CTIOCOOHOCTBIO a/IaITHPOBATHCS K HOBBIM T'eHepaTHBHBIM MozelsiM. Ocoboe BHIMaHUE TIPUBJIEKAET
TO, 4TOo Takue nomyispHbie cucteMbl, kak DALL-E 3, Gemini, Leonardo Al u Fusionbrain-
Kandinsky, ciocoOHbI reHeprupoBaTh H300paskeHHsl, KOTOPbIE BU3YalIbHO MPAKTUYECKU HEOTITUUUMBI
OT TOJUIeHHBIX. JlaHHAs CUTyaluss CTaBUT IO COMHEHHE HAJIEKHOCTh YCTApEeBIIUX WU
HEI0CTaTOYHO OOYUEHHBIX CHCTEM aBTOMATHUECKOTO OOHAPYKECHHUS MOJICTIOK U TTOKAa3bIBAET, YTO B
YCIIOBHSIX PEaTbHON OJKCIUTyaTallid TaKWe CHUCTEMBI MOTYT JIEMOHCTPHUPOBATh OTPaHUYECHHYIO
3G HEKTUBHOCT. APXUTEKTYPbl KOMIIBIOTEpHOTO 3peHus, Takue kak EfficientNet, Swin-V2 u Vision
Transformer (ViT), npogeMoHcTprupoBaiu Hanbosee BHICOKYIO MPOU3BOAUTEIBHOCTD IPU aHAIH3e
n3o0paxenuit. OgHAKO [Aake HTH MOJENU CTOJKHYJIHCh C TPYIHOCTAMHU TIpu oOpaboTke
M300paKeHMi, MOJBETHYTHIX K MUHIUMAJIHHONH MaHHITYIISIIUHN, YTO TOAYEPKHBAECT HEOOXOAUMOCTh
peryiasipHoro OOHOBJIEHHMS OOydYalolMX JaHHBIX B YCIOBHSX CTPEMHUTEIBHOTO Pa3BUTHUSA
TeHEePAaTUBHBIX TEXHOJIOTUH. B pamkax uccnenoBanust ObLT peiioKeH KOMOMHUPOBAHHBIN MOJIXO,
ocHoBaHHbIN Ha aHanu3e EXIF-meranannbix, ucnoiaszoBanuu meroga ELA u npumenenun 6a3oBoit
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apxutekTypel CNN. JlaHHBI METOJ TOKa3ajl MPAKTUYECKYI0 A(OPEKTUBHOCTh [axe TNpH
OorpaHUYeHHOM 00BbeMme oOyuaromux jJaHHbIX. [lepBuunbie 3tanbl aHamsa (EXIF u ELA) moryr
WCIIOJIb30BAThCS JJII BBHISBJICHHUS SIBHO AHOMAJIbHBIX OOBEKTOB W MPEIBAPUTEIHLHON OIECHKU
JIOCTOBEPHOCTH U300paXKeHHUsI, TOT/Ia KaK MOJYJIb HEUPOHHOU ceTn obOecrieunBaeT Oosiee riayOoKuit
ananu3. Ha ocHoBe Ha0opa JaHHBIX, PACIIUPEHHOTO PEAIbHBIMHU U OACIbHBIMU H300paKEHUAMU,
noJiydeHHbIME ¢ miatgopmbl Kaggle, 6bu1a pa3paboTana u nmpoTecTUpoBaHa MPOCTasi apXUTEKTypa
CNN. Mogenp gocTuria TOYHOCTH 0K0JI0 79%, 4TO cONOCTaBUMO MJIU B PAJAE CIIy4aeB IPEBOCXOIUT
pe3yabTaThl CYLIECTBYIOMIMX OECIJIATHBIX MHCTPYMEHTOB OOHApy)KEHHUs IOAJEIOK. B kauectBe
MIPAKTUYECKOr0 PELICHUs MpeasiaraeTcs MHTerpupoBaHHAs OHJIAMH-cucTeMa, OOBeAUHSIONIAs TPU
Merona ananuza: EXIF, ELA u CNN-monyns. Takod MOAXoa MOXET paclIUpUTh IMOTEHIHAI
MPUMEHEHHS CHCTEMBI B 001aCTAX UPPOBON KPUMUHATMCTHKH, HH(OpMAITMOHHOW 0€30MacHOCTH U
paccienoBaHUN pa3nUYHOTO XapakTtepa. Kpome Toro, B xoje aHaiu3a OBUIM PAaCCMOTPEHBI H
COIOCTABJICHbI PA3JIMYHBIE METOAbl OOHApPYKEHUS MOIJCNbHBIX H300pakeHuil. OmnpeneneHbl
BO3MOXXHbIE HAIlPaBICHUS UX JaIbHEHIIEr0 COBEPUICHCTBOBAHUSA, BKIIOYAs pacIIUpeHHEe U
IUBepCUPUKAIMIO 00ydJaronmx HaOOpOB [AHHBIX, ONTUMH3AIMIO APXUTEKTYPHl MoOJeNei
(KOJTMYIECTBO CII0EB, pa3Mephl (GUIIBTPOB, UCIIOIB30BAHUE PA3TMYHbBIX (DYHKIIMA aKTUBAIUH ), @ TAKKE
MIPUMEHEHHE MPEABAPUTEIBHO 00YUEHHBIX MOJIeNie, YTO 0COOEHHO BayKHO MPU padoTe B YCIOBHSIX
OTPAaHUYEHHBIX BBIYUCIUTENBHBIX pecypcoB. Takum o00pa3oM, pe3yibTaThl HCCIEIOBAHUS
MOATBEPHKIAIOT MMOTCHIIMAT THOPUIHOTO W WHTETPUPOBAHHOTO IMOJXO0/a B MPOIECCE BBISIBICHUS H
oOHapykeHHsI H300paxxeHWH. JlaHHOE HCClieIoBaHHE BHOCHT BKJIAJ B Pa3BUTHE TEXHOJIOTHH
o0ecrniedeHrs JOCTOBEPHOCTH MYJIbTUMEINHHOTO KOHTEHTA U TOJYEPKUBACT BaKHOCTD MMOBBIIICHUS
ypOBHS IIU(GPOBOI TPAMOTHOCTH.

Humeprnem-pecypcwi:
Al Image Detector. https://aiimagedetector.org
ChatGPT (OpenAl). https://chatgpt.com
ColorizePro Photo Restoration. https://colorizepro.ru
DeepFake Detector. https://faceonlive.com/deepfake-detector
Face Swapper. https://faceswapper.ai
FaceApp: Face Editor. https://clc.li/wPcas
Google Gemini. https://gemini.google.com
[lluminarty Al Detector. https://app.illuminarty.ai
Kandinsky Image Generator Platform. https://fusionbrain.ai
Leonardo Al Image Generator. https://leonardo.ai
Maybe’s Al Art Detector. https://clc.li/QOnOT
Photo Lab Photo Editor and Art. https://clc.1i/ZNWRn
Remini Photo Enhancement. https://clc.li/BWndN
RestoreFoto Al Restoration. https://restorefoto.ru
RUFake Image Authentication System. https://www.rufakeapp.com
Synthetic Eye Al Detector. https://syntheticeye.dev
Trusted Al Generated Image Detector. https://clc.liinGHaO
Two Stage Al Fake Detector. https://clc.1i/FgnbG
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Annomayus. B ycIOBHSX YCKOpPEHHOW UM(POBU3AIMH HSKOHOMHKM U  oOIecTa
KOpIIOpaTUBHBIE BeO-CalThI MPETEepIeBalOT (yHIaMEHTAIbHbIE W3MEHEHUs, TpaHC(HOPMUPYSCH U3
CTaTUYHBIX ~ WUHGOPMAIIMOHHBIX  BUTPUH B  HHTEJUIEKTyaJbHbIE  LIEHTPHl  YIpPaBICHUS
B3alMOJICUCTBUEM C KIMEHTaMU. B JaHHOM cTaTbhe HCCIIEQyeTCsl SBOJIIOLMS PO BEO-CalTOB Kak
KJIIOYEBOTO dJieMeHTa IU(POBON CTpaTeruu oOpraHu3anuil. AHAIU3UPYIOTCS COBPEMEHHbIE
TEHJICHLIMY, BKJIOYas HWHTETPAllMI0 TEXHOJIOTMM HCKYCCTBEHHOIO HHTEIUIEKTa, Iepexol K
[IEPCOHAIIM3UPOBAHHOMY KOHTEHTY M H3MECHEHHUE IIOBEIECHYECKUX IIaTTEPHOB II0Jb30BaTEICH B
YCIIOBHSAX POCTA CIIOMCKOB € HYJEBBIM KJIMKOM». Oco00e BHUMaHUE YJeIseTCs BbI30BaM, CBA3aHHBIM
¢ (hparMeHTaMEll MOMCKOBBIX 3aPOCOB U HEOOXOJUMOCTBIO aJaNTallui CAUTOB K HOBBIM peausiM
uuppoBoil cpeasl. B pabore mpeacraBieHbl pe3ynbTaThl aHalW3a CTAaTUCTHUUYECKUX JAHHBIX O
CHWKEHMH OPraHMYecKoro Tpaduka U U3MEHEHUSX B KIMKaOEIbHOCTH MOMCKOBBIX PE3YJIBTATOB, a
TaKXKe MPEUIOKEHbl CTPATErnYecKHe MOAXO/bl K MOBBIMIEHUIO 3(P(EKTUBHOCTH BEO-IPUCYTCTBHS
KOMITaHuil. Jlenaercs BBIBOA O TOM, YTO B COBPEMEHHYIO 3IOXY CAlUT CTAHOBUTCS HE MPOCTO
1M(pPOBBIM AKTHBOM, a JTUHAMUYECKH aJalTHPyeMOil skocucTteMoil, uHterpupoBaHHoi ¢ CRM-
CUCTeMaMH, aHATUTUYECKUMU TUTaTHOpMaMu M UHCTPYMEHTaMH HCKYCCTBEHHOTO WHTEIIEKTA.

Abstract. In the context of the accelerating digitalization of the economy and society, corporate
websites are undergoing fundamental changes, transforming from static informational showcases into
intelligent hubs for managing customer interactions. This article examines the evolution of the role
of websites as a key element of an organization’s digital strategy. It analyzes current trends, including
the integration of artificial intelligence technologies, the shift toward personalized content, and
changes in user behavioral patterns amid the growth of “zero-click searches.” Particular attention is
given to the challenges associated with the fragmentation of search queries and the need for websites
to adapt to the new realities of the digital environment. The paper presents the results of an analysis
of statistical data on the decline in organic traffic and changes in the click-through rates of search
results, and proposes strategic approaches to improving the effectiveness of companies’ web presence.
It concludes that in the modern era, a website is no longer merely a digital asset, but a dynamically
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adaptable ecosystem integrated with CRM systems, analytics platforms, and artificial intelligence
tools.

Knouesvie cnosa: mmdposass TpanchopMmaiusi, BeO-CAalT, HCKYCCTBEHHBIM WHTEIUICKT,
M0JTb30BATENILCKHIA OIBIT, TepcoHaNn3alust koutenTa, SEQ, Mouck ¢ HyJIeBbIM KIMKOM, ITU(PPOBO
MapKETHHT, YIIpaBJICHUE BeO-peCypcamu.

Keywords: digital transformation, website, artificial intelligence, user experience, content
personalization, SEO, zero-click search, digital marketing, web resource management.

3a mocneaHue Ba AecCATUICTUS (PyHKIMOHAIBFHOE Ha3HAUYE€HHE KOPIIOPATUBHBIX BEO-CAlTOB
MpeTepreNio KapauHainbHylo Tpanchopmarmio. Ecom B Hagame 2000-x TomoB HalW4ue caidta
paccMaTpuBaJIOCh KaK KOHKYPEHTHOE IPEUMYIIECTBO U BBIIOJIHSUIO MPEUMYILIECTBEHHO (DYHKIIHIO
«un(ppoBoil BU3UTKM», TO K cepeanHe 2020-X romoB cUTyalus NPUHLUIHAIBHO HM3MEHUIACK.
CornacHo nanHbiM «Onopel Poccum», ceronns kopnopartuBHblii cailT umeror 100% xommnanuit
KpymHoro ousHeca, 93% cpeanero u 89% wmaitoro [1-5].

OTO CBUETENILCTBYET O TOM, YTO BEO-IPUCYTCTBHE CTaI0 0€3yCIOBHBIM CTaHAAPTOM BEIACHUS
O6uzHeca. OnHako mMapajuleJbHO C YHHMBEpcalu3aleld BeO-TeXHOJOrMH BO3HMK IApajioKC:
JOCTYITHOCTh KOHCTPYKTOPOB CalTOB M IIAOJOHHBIX pELIEHUH MpuBeNa K CTaHAapTU3aluu
mudpoBoro maHmmadTa, co3gaB (EHOMEH <«IUKUTAN-CTEIN» — MHOXXECTBA OJHOTHITHBIX,
IPECKa3yeMbIX PECYPCOB, TEPAIOLIUX CHOCOOHOCTh F(PPEKTUBHO KOHBEPTHPOBAThH IMOCETUTENCH B
KJIMEHTOB [1].

B sTux ycinoBusx oco0yro akTyalbHOCTh IPUOOPETAET HCCIIeJOBaHUE HOBBIX posiel U (pyHKImi
BeO-caiiToB B 3moxy IudpoBoi Tpanchopmanuu. Llenpro HacTosIICH CTaThbU SBISICTCS aHAIU3
HBOJIIOIIMM POJIM BEO-CaliTOB KaK MHCTpPyMEHTa LU(POBON CTparerny OpraHu3alvii M BbIIBICHHE
KJIFOYEBBIX HAIIPABJICHUI UX Pa3BUTHUSA B YCIOBHAX TEXHOJIOTHYECKUX M3MeHeHni 20242025 ronos.

Teopernueckoil 0a30i HcciaenoBaHUS TMOCTYXWIA padOThl OTEUECTBEHHBIX U 3apyOeimHBIX
aBTOpPOB B oOnacT 1U(POBOro MapKEeTUHIa U YIpaBleHUs BeO-pecypcamu. B wactHOCTH, OblIN
paccMOTpeHbl KOHLEMIIMM MapKeTHHra B3aMMOJEHCTBUS, IOJUYEPKUBAIOIINE HEOOXOAUMOCTh
repexozia OT TPaH3aKIIMOHHBIX MOZEIIEN K CUCTEMAM aJallTUBHOTO JBYCTOPOHHETO B3aUMOJEHCTBUS
¢ motpebutensimu [4].

OMIMpUYecKyto 0a3zy COCTaBUJIM JIaHHbIE AHAIUTHUYECKUX OTUETOB HCCIEI0BATEIbCKUX
KOMITaHUH, BKJIIOYasi CTATUCTUKY ITOMCKOBBIX CUCTEM U NOBEACHUYECKHE METPUKH TOJIb30BATENEN 3a
2024-2025 ronpl. B pabote ncmons30BaHbl METOJBI CPABHUTEILHOTO aHANM3a, CUCTEMAaTU3allud U
00001IEeHUS SMITUPUUECKUX JaHHBIX, & TAKKE KOHTEHT-aHaIN3 MyOnuKauuil NpoQuIbHbIX U3/IaHUH.

AHanu3 JUTEpaTypHBIX HCTOYHHUKOB IO3BOJISIET BBIJIEIUTH HECKOJBKO IMOCIEI0BaTEIbHBIX
ATAIoB 3BOJIIOLUN KOPIOPATUBHBIX BeO-caiiToB. [lepBriii stan (koHen 1990-x — cepeauna 2000-x)
XapaKTepH30BajcCs JIOMUHUPOBAHMEM CTATUYHBIX CTPAaHUI] C KOHTAKTHOM uHpopMmanuend u
onucanueM yciyr. Bropoit sran (cepeanna 2000-x — cepeauna 2010-x) o3HaMeHOBaJICA pa3BUTHEM
CMS-cuctem u mpeBpamnieHueM CaiToB B MHOTO(YHKIIMOHAJIBHBIE «KOMOAWHBI», 00BEAMHSIONINE
¢byukuu PR-momanok, MHTEpHET-Mara3uHoB M KOPIIOpaTUBHBIX OyioroB. TpeTuii stan (cepenuHa
2010-x — nawyanmo 2020-x) cBsi3aH C paclpOCTpPaHEHHEM KOHCTPYKTOPOB CaWTOB M MIaOJIOHHBIX
peLIeHH, YTO MPUBEJIO K YHU(DUKAIIMH AW3aliHA U CHIDKEHHIO YHUKAJIBHOCTH IIU(PPOBBIX pEeCypcoB
[1].

CoBpemenHbIlt 3Tan, HadaBmuiicas B 2023-2024 romax, XapakTepU3yeTcs IEpexoioM K
KOHIIETILINN «MHTEJUIEKTYaJIbHbIX CalTOBY. Kak OKa3bIBalOT UCCIIEA0BAaHNUs, BHEIPEHUE TEXHOIOTUIA
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MCKYCCTBEHHOTO MHTEJUIEKTa B BeO-pa3pabOTKy MO3BOJSET JOCTHYL pocTa KoHBepcuu a0 20% u
MOBBILIECHUS 3arioMuHaeMocTu 6penaa Ha 70% [1].

OTO AOCTUraeTcs 3a CUeT MEPCOHAIN3ALMU [10JIb30BATENILCKOTO OIbITA B PEAJIbHOM BPEMEHU:
NH-anropuT™Mbl aHAIM3UPYIOT IHQPPOBOM cJlel TMOCETUTENs U JAMHAMHYECKH (OPMHPYIOT
pEJIeBaHTHBIM KOHTEHT, afanTupys uHTepdelc moJ KOHKpETHbIE 3aJauu MoJb30Bareis. BakHbiM
(dbakTopoM, BIMSIONIMM Ha POJb BEO-CaliTOB, CTAaHOBUTCS H3MEHEHHE ITOMCKOBOTO IOBEICHUS
nosp3oBarenieil. ComnacHo nanHbIM 3a 2025 roa, 27,2% nouckoBbix 3anpocos B CIIIA He npuBonsr
K KJIMKaM, T[pUYeM B HOBOCTHOM TIIOMCKE JTOT IIOKa3areilb JocThraer mnouta 69%
(https://clc.li/fKCFq).

Buenpenune Google Al Overviews (0030poB Ha OCHOBE HCKYCCTBEHHOTO MHTEJIICKTA) MPUBEIIO
K CHIDKEHHIO cpemaHero mokaszarens kimukadbensHocTH (CTR) mHa 8,9%, a mis HeOombmImx
TEeMaTU4ecKHX caitoB norepu tpaduka gocturator 70% (https://clc.1i/fKCFq).

JlanHasi TeHAEHLMS, TOMYy4YHBIIAs HA3BaHUE «IOHCK C HYJIEBBIM KJIHKOM», CO3JAeT
SK3UCTEHUUATBHBIA BBI3OB U1l TPAAULIMOHHBIX OM3HEC-MOJeNiel, OCHOBAHHBIX Ha MPHUBICYCHUU
Tpaduka dYepe3 IOMCKOBBIE CHUCTEMBI. [loibp30BaTeNu MOMYyYArOT OTBETHl HEMOCPEACTBEHHO HA
CTpaHHULE pe3yJbTaTOB IOMCKA, YTO CHUXKAET HEOOXOAMMOCThH Iepexofa Ha BeO-calTel. B aTux
YCIOBUSIX CAMTHI PUCKYIOT IPEBPATUTHCS U3 MYHKTOB Ha3HAUEHUS B MPOCTHIE HCTOUHUKU JTAHHBIX
Ui cucteM uckycctBeHHoro untemekta (https://cle.li/fKCFq).

OTBeTOM Ha yKa3aHHbIE BbI30Bbl CTAHOBUTCS TpaHC(opMalus MOAXOA0B K YIIPaBIECHUIO BEO-
pecypcamu. Hccnenoanne T. HampaBckoro mnpemiaraer aganTUBHYK) CTPATETHYECKYI0 MOJIEIb
yhnpaBieHus BeO-caliTaMd, B KOTOpPOM Kito4eBbIMU (pakTopamMu 3(H(HEKTUBHOCTH BBICTYIAIOT
0e30MacHOCTh W (PYHKUIHMOHAIBHOCTb, a OTCYTCTBHE CTPYKTYPHUPOBAaHHOTO YIIpaBIICHUs BeO-
pecypcaMu MPUBOAUT K ONEPAMOHHBIM HEI(PPEKTUBHOCTSIM M CHIDKEHHIO KOHKYPEHTOCTIOCOOHOCTH
[2].

[IpakTrueckas peanusanus JaHHOW MOJEIH NPEATIOIAracT:

-MaTerpanuio caiiToB ¢ kopnopaTuBHbIMH HMH(popMannoHHbIME cucteMamu (CRM, ERP),
MPEBpALIAONIyI0 WX B IEHTpajlbHbIE Y3Jbl HUPPoBOM HHpacTpykTypsl. ComiacHO NMpPOrHO3am
Gartner, k 2030 rogy 6omnee 80% komMmaHui CpeaHEro W KPymHOro Ou3Heca OyayT HCIOJIb30BATh
CalThl UMEHHO B TAKOM KaueCTBE.

-BHenpenne MHTEUIEKTyalbHBIX CHCTEM MAaplIpyTHM3allud M TIEHEpalud KOHTEHTA.
[IpencraBnennas A.B. [lunuykom cuctema Better Page Builder Ha ocHOBe MHOTOS3BIYHOTO
tpancopmepa TOBIAS (TOBIiT) nemoHCTpHpyeT BO3MOKHOCTH aBTOMATMUYECKOTO CO3JaHUSI U
oTOOpa YIyYIIEHHBIX BEpPCHH BEO-CTpaHMIl C YYETOM KaK CEMaHTUYECKOM TOYHOCTH, TaK M
IIPOrHO3MPYEMBIX PEKJIIAMHBIX METPHUK [4].

-dokyc Ha MOJIb30BaTENILCKOM OMBITE U JAOCTYNHOCTH. KimtoueBbIMM (pakTOpamMu BOCHIPHUSATHS
BEO-MOPTAJIOB OCTAIOTCS MPOCTOTA JOCTYIA, yAOOCTBO UCIIOIB30BaHUS U IOCTOBEPHOCTD JAHHBIX [3,
5]

HecMoTpss Ha akTMBHOE pa3BUTHE COLMAIbHBIX CETEH M MECCEHIKEPOB, DKCIIEPTHI
MIPOTHO3UPYIOT COXPaHEHHE KIIIOYEBOIH pPOJM KOPIOPATHBHBIX CAWTOB KaK 3JEMEHTOB LU(POBOH
unentunaHocTH. Kak ormeuaer 0. ['m3arynnmn, ocHOBarens Tiqum, «ele 1ecaTh JIeT Ha3al CauT ObLT
KaHajioM mponax. CerogHss — 3TO MOKa3aTeNb 3peJOCTH KOMIAaHUH, aHAJIOI COBPEMEHHOTo oduca
wiu Bu3uTHOM kaptoukmn» (https://cle.1i/DIsUI).

CoumanbHble CETH, XOTd M OO0ECIEUYMBAIOT HIMPOKHHA OXBaT, CO3Aal0T 3aBUCHUMOCTb OT
aJITOPUTMOB IUIaT(OPM U OTPAHUUMBAIOT KOHTPOJIb HAJl KOHTEHTOM M aHAJIMTUKON. CalT jxe ocTaeTcst
M(POBBIM AKTUBOM, MOJHOCTHIO KOHTPOJIUPYEMBIM KOMITAHHEH, YTO 0COOEHHO BaxxHO sl B2B-
CErMEHTa, JeBeJIONMEeHTa, 00pa30BaHUs M KOHCAJITHHTA, I7Ie JOBEpUe K OpEeHy UTpaeT pelIarollyro
pOIIb.
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[IpoBeneHHbBIN aHaTU3 TO3BOJISIET ClIENATh CIEAYIOUINE BRIBOABI O POJIH BEO-CAMTOB B YCIOBUSIX
nudpoBoit TpaHchopMaILHH:

OBomonusl BeO-CalTOB MpoILIa IMyTh OT CTaTUYHBIX WH(GOPMALMOHHBIX CTpPaHUI] K
MHTEJJIEKTYaJ bHbIM aJalTUBHBIM CUCTEMAaM, HHTETPUPYIOIIUM TEXHOJIOIMH MCKYCCTBEHHOTO
MHTEJUIEKTA JJIs IePCOHAIM3ALUHU [10JIb30BATEIbCKOTO OIbITA.

CoBpeMeHHBIE BBI30BBI, CBI3aHHBIE C POCTOM «IIOMCKOB C HYJIEBBIM KIIMKOM» U (pparMeHTanueit
MOUCKOBBIX 3aIPOCOB, TPEOYIOT MEpecMOoTpa TPAAMIMOHHBIX CTPATETUil MpHUBICUEHHUS Tpaduka u
MEPEOPUCHTALIMM Ha CO3/JaHUE YHHUKAJIBHOTO IICHHOTO KOHTEHTa, BOCTPEOOBAHHOIO Kak
MI0JIB30BATEIISIMH, TAK U CUCTEMaMHU UCKYCCTBEHHOI'O MHTEIIEKTA.

O¢ddexTuBHOE ympaBieHHe BeO-pecypcaMu B COBPEMEHHBIX YCJIOBHSIX TMPEANoiaracT
BHEJIPECHUE AJNAlTUBHBIX CTPATETMYECKUX MOJEIIEH, COYETAIOUX TEXHOJOTMYECKUE WHHOBALWM,
0€30MMacCHOCTh ¥ OPUEHTAIMIO Ha TOJIH30BATEIBCKUH OMBIT [6, 7].

KopriopaTuBHBbIi caliT coOXpaHseT 3HaYCHHE KJIIOYEBOTO 3JeMEHTa HU(PPOBOM HICHTUYHOCTU
OpeHa, BBIMONHSS (YHKIUH PEMyTAlMOHHOTO MO3UIIMOHUPOBAHUSA, KOHBEPCUM M YIPABICHHS
JAaHHBIMU, HEJIOCTYIIHBIE B ITOJIHOM 00BbEME Ha CTOPOHHHUX IIaTPopMax.

[lepcriekTUBBl JaNbHEHIINX MCCIEAOBAaHUI CBS3aHbl C pa3pabOTKONM METOIUK OLIEHKU
3¢ dEeKTUBHOCTH UHTEIUIEKTYAIbHBIX BE0-CHCTEM U U3yUYEHUEM BIUSHUS TeHEpATUBHBIX HEHpOCeTe
Ha TIOBEJICHHE MOJIb30BaTeNel B IuppoBoii cpee.

bnazooapnocmu:  ABTOpBl  BBIp@XAlOT  IIPU3HATENBHOCTh KouleraM 1o  Kadenpe
MHGOPMALMOHHBIX TeXHOJOTUi KbIpreI3ckoro rocyaapcTBEHHOro YHUBepcuTera HMeHu M.
ApalaeBa 3a LIEeHHbIC 3aMEUYaHUsl U PEKOMEHJallUY IPU MOATOTOBKE TAaHHOM CTaThH.
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Annomayus. PaccMaTpuBaroTCs BOIPOCHI IPUMEHEHUS FeOnH()OPMallMOHHBIX TEXHOJIOTUH JUIs
aHaJIN3a KauecTBa MNOKPHITUS MOOMIIBHBIX CETEH ¢ y4eToM penbeda 1 IIoTHOCTH 3acTpoiiku. Ocoboe
BHUMAaHME Y/EJICHO BIUSHUIO reorpaduyeckux (akTopoB Ha paclpoCTpaHEHUE PpaAMOCUTHAIA.
Hcnonp30BaHbl METOABI T€ONPOCTPAHCTBEHHOIO aHAIN3a U MOJENIN PACIIPOCTPAHEHUS PaJUOBOJIH.
Pesynprarel MoneIMpOBaHUS IO3BOJISIIOT BBIIBUTH 30HBI YXYAUIEHHOTO IpU€Ma CHUTHalIa u
OTIpE/IETTUTh HAMIPABJIECHUS ONTUMU3ALMH pa3MelleHNs 0a30BbIX CTAHIIMA MOOUIIBHOM CBSA3H.

Abstract. The article examines the application of geoinformation technologies for analyzing the
quality of mobile network coverage, considering terrain features and building density. Particular
attention is paid to the influence of geographical factors on radio signal propagation. Geospatial
analysis methods and radio wave propagation models were used in the study. The modeling results
make it possible to identify areas with degraded signal reception and determine directions for
optimizing the placement of mobile network base stations.

Kniouesvie cnosa: FCOI/IH(I)OpMaLII/IOHHBIC CUCTCMBEI, MOOUJIbHBIE CCTHU, PAAUOIIOKPBITHC,
HpOCTpaHCTBCHHHﬁ aHaJIn3, paClpoCTPAaHCHUC paIHuOBOJIH, MOACIINPOBAHUC ITOKPLITHUS.

Keywords: GIS, mobile networks, radio coverage, geospatial analysis, terrain, signal
propagation, spatial modeling.

KauecTtBo paboThl MOOMIIBHBIX CE€TE€ll BO MHOTOM OMNPEAENSETCS YPOBHEM PaJUONOKPBITHS
TEPPUTOPHUU U CTAOUIIBHOCTHIO TpUeMa curHaia. B pernonax Keipreiscrana co cioxHbIM peiabedom,
pacrpocTpaHEeHUE PaJMOBOJIH CYIIECTBEHHO 3aBUCHT OT OCOOCHHOCTEH MECTHOCTH U IUIOTHOCTH
TOpOJICKOM 3acTpoiku. [eonH(pOpPMallMOHHBIE CUCTEMBI MTO3BOJISIOT YUUTHIBATh MPOCTPAHCTBEHHBIE
(akTOpHhI U BHIMOIHATH MOJIETTUPOBAHUE PATUONIOKPHITHS [4, 5].
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@akTOpBbl, BIUSIONNE HA KAYECTBO paguonoKpbITHA. K OCHOBHBIM (pakTopam, BIUSIOIINM Ha
pacnpocTpaHeHHe paJAMOCHUTHANA, OTHOCATCS pelbed) MECTHOCTH, IUIOTHOCTh 3aCTPOMKH,
paccrosiHue 10 0a30BOIl CTaHLWHU, YaCTOTHBIM JMANa30H M XapaKTEPUCTHKU AaHTEHH. B ropHbIX
peruoHax BO3MOXHBI 30HBI PATUOTEHH, T/I€ CUTHAJ 3HAUUTENbHO ocnabnsercs [1, 2, 6].

Tabmuma 1
OCHOBHBIE ®AKTOPLI, BJIUAIOIIME HA KAYECTBO PAZITUOIIOKPHITHUA
Daxkmop Onucanue Brusnue
Penmsed mectHOCTH I"opsl, XOJIMBIL, JOTHHBI DKpaHHpOBaHUE CUTHAJA
[In0THOCTE 3aCTPOMKHU Tl'opoackue 3nanus OtpakeHue U 3aTyXaHUE
Paccrostaue no bC VY naneHHocTh abOHEHTa Ocnabnenue curuana
YacToTHBIN AMana3oH Pabouas gacrora cetn N3MeHeHune nalbHOCTH pacpOCTPaHECHUS

MonenupoBanue pacrpoCTpaHeHUs paguocUrHaia. [[ias OIleHKH KauecTBa PaJUONOKPBITHS
MOOWJIBHBIX CETEH MUCIOJIb3YIOTCSI MATEMAaTUUECKUE MOJIEIIH PACIIPOCTPAHEHUS PAJMOBOJIH.

Tabauma 2
OCHOBHBIE [TAPAMETPbI MOJIEJIV PA JMOITOKPBITUS MOBWUJILHOM CETU
Hapamemp Obosnauenue 3nauenue
YacroTa curnaia f 1800-2600 MI'g
MouHocTh nepeaaTynka Pt 43 nbm
Bricora antenusr BC ht 30-50 m
Bricota npueMHuKa hr 1.5-2m
Koaddumnment ycunennss aHTeHHBI Gt 15-18 nb
Tun cpenpt n 34
Tun moxenu — Log-distance / Okumura-Hata

OnHoii u3 HanboJsee pacpocTpaHEHHBIX MOZIETIEH SBIIAETCS TorapupMuyecKast MoAeb HOTEPh
curHana (Log-distance path loss model), koTopas mKUPOKO TNPUMEHSIETCS TIPHU aHAJIU3E
PaZMONOKpPBITHS COTOBBIX cerelt [1-3].

OO1u11e noTepy pacupoCTPaHEHHsI CUTHANA ONPEENIIOTCS BBIPpAKEHUEM:

L(d) = Lo+ 10 n log10(d / do) (1)

rne: L(d) — motepu curnana Ha paccrossuuu d, n1b; Lo — moTepu curhHaza Ha OMOPHOM
paccrosiHuu do, 1b; n — ko3 puLIMeHT 3aTyXaHus cpeibl pacpocTpaHeHus; d — paccTOSHUE MEXTY
NepeAaTInuKoOM U MPUEMHUKOM, M; do — OmopHoe paccTosiHue (00BIYHO 1 M).

VYpoBEeHb MPUHUMAEMOTO CUTHAJA OTPENENSIETCS CIEAYIOIINM BhIPAKECHHEM:

Pr = Pt + Gt + Gr - L(d) (2)

rae: P — MomHocTs npuHuMaemMoro cursania, ibm; Pi— MomHocTs nepenarunka, 1bm; Gy —
K03(PUIIMEHT YCUJIEHWs aHTEeHHBI nepenaruuka, nb; G. — kodDduiueHT ycuieHus aHTEHHBI
npuemHuka, 1b; L(d) — cymmapHbie moTepu curHana npu pacupoCcTpaHEHUH.

Jlnst 6oniee TOYHOTO MOJECIIMPOBAHMSI PATUOTIOKPBITHS B TOPOACKHX M TOPHBIX YCIOBHUSIX TaKXkKe
ucnonb3yercs smnupuueckas moaenb Okumura—Hata. Monenb umeer clieayIonmii BUa:

L=69.55+26.16 logl0(f) — 13.82 log10(h_b) —a(h_m) + (44.9 — 3)
6.55 log10(h_b)) log10(d)
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rae: f— vactora curnana, MI't;; h b — BeicoTa aHTeHHBI 0a30BOM CTaHIMK, M; h m — BeIcOTa
aHTEHHBI MOOMJIBHOTO aboHeHTa, M; d — paccTosHue MeXTy 0a30BOM CTaHIMEH U aDOHEHTOM, KM;
a(h_m) — monpaBoyHbIi KOAPPHUIUEHT I BEICOTHI MOOMIBLHOM CTAHIUH.

JlaHHBIE MOJIETTN HCIIONIB3YIOTCS TIPHU T€OMPOCTPAHCTBEHHOM MOJICTUPOBAHUY PATHOTIOKPHITHS
MOOWJIBHBIX CETEH, ITO3BOJISISI YYUTHIBATh BIMSHUE PACCTOSHHUS, pesibea MECTHOCTH U TTapaMeTPOB
AHTEHH Ha YPOBEHb NMPUHUMAEMOTrO CUTHama. [‘eompocTpaHCTBEHHAss MOJEIb aHAJIN3a MOKPBITHSL.
['eonpocTpaHCTBEHHOE MOJICTHPOBAHKE BBIMOJIHSACTCS C HCIOJIB30BAHUEM T€OMH(POPMAIIMOHHBIX
cucrem, Takux Kak ArcGIS mmn QGIS (Pucynok 1). BXomHpiMu JaHHBIMEU SIBIISIOTCS IH(poBast

MoJIeNb penbeda, KOOpAUMHATHI 6a30BbIX CTAHIIMM U XapaKTepUCTUKH paarocurnana. Ha ocHoBe aTux
JAHHBIX CTPOUTCS KapTa MOKPHITUS MOOMIBHOM ceTH [4].

¥
\ / Lindpposas Mopens penbeda
¥

[laHHble 0 6a30BbIX CTAaHLMAX

L 2

Mogenb pacnpocTpaetbs curiana

L4

% Kapta nokpbitus Mo6unbHoi cetu
{

J

&
@’g MpocTpaHCTBEHHbIE AaHHbIE
&

(((( ))))

Pucynok 1. 'eonnpopmanmonHass MoJIeNIb aHaIM3a MOKPBITHSI MOOMIEHON ceTH

Bnusnue penbeda Ha pacmpocTpaHeHue paaumocursana. Penbed MecTHOCTH oOKasbIBaeT
CYIIECTBEHHOE BIIMSHHE Ha pPACIpOCTpaHEHHE paJUOCUTHAJa. | OpHBIE TPEMSITCTBUS MOTYT
OJ10KHMpOBaTh CUTHAJ, (GOPMUPYS 30HBI PAJUOTEHU. DTO OCOOEHHO XapaKTEPHO JIsi TEPPUTOPUI CO
cllokHOM oporpadueil, Takux kak Keipreizckas Pecnyonuka (PucyHok 2).

basoBas

Mo6unbHbiit
aboHeHT

Pucynok 2. Bnusiaue penbeda Ha pacnpocTpaHeHHE paJAlOCUTHANA
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IIpakTueckoe 3HaueHuWe uccienoBaHud. [IpakTHdeckas 3HAYMMOCTh IIPOBEIACHHOIO
UCCJICJOBAHNS 3aKIIIOYAETC B BO3MOXHOCTU INPUMEHEHMS PE3YJIBTAaTOB I'€OIPOCTPAaHCTBEHHOIO
MOJICTTUPOBAHUS TIPU IUTAHUPOBAHMM M PA3BUTUU TEIEKOMMYHHUKAMOHHOW HH(PACTPYKTYpHI.
Vcnonp30BaHne METOAOB T€OMH(POPMAIIMOHHOTO aHajin3a IMO3BOJIIET Oojiee TOYHO OIICHHBAThH
YPOBEHb PaJMONOKPBITHSI MOOUIIBHBIX CETEH M BBIABIATH YYaCTKH TEPPUTOPUU C HEOCTATOUHBIM
KaueCcTBOM CHUrHajma. Pe3ynbraTsl reolnpoCTPaHCTBEHHOIO  MOJEIUPOBAaHHUA MOTYT  OBITh
WCIIONIL30BaHbI IpH [4, 5]: MIIaHUPOBAHUU Pa3MEIICHUS HOBBIX 0Aa30BbIX CTAHIIMNA MOOWIBHOMN CBSI3H;
ONITUMH3AIMY TTAPAMETPOB CYIIECTBYIOLINX CETEH CBS3M; aHAJIN3E KayecTBa MOOWIBLHOU CBS3H U
BBISIBIICHMM 30H CJ1a0Oro CUrHana; pa3paboTke U MOAEPHHU3ALMU  TEJIEKOMMYHUKAI[MOHHON
MHOPACTPYKTYPBbI; MOBBILIECHNN 3(P()EKTUBHOCTH MCII0IB30BAHUS PAJUOYACTOTHOIO pecypcea.

Jlisi perHOHOB CO CIIOXKHBIM pelbe()OM MECTHOCTH, pernonbl KeIpreickoit PecmyOmmkw,
PUMEHEHHE T€OMH(DOPMAIIMOHHBIX CUCTEM IO3BOJISET CYIIECTBEHHO IMOBBICUTH TOYHOCTH OLIEHKU
panuonokpbITus. Mcnonp3zoBanue HUPpPOBbIX MozeIel pesbeda 1 MPpOoCTPaHCTBEHHOIO aHAIN3a JaeT
BO3MOXKHOCTb YUMTBIBaTh BIUsHHUE reorpaguueckux (pakTopoB Ha paclpoCTpaHEHUE paJiiOCUrHaIa
Y TIPUHUMATh 0oJiee 000CHOBAaHHBIE PEIICHHSI TPH IPOSKTHPOBAHUU MOOUIIBHBIX CeTel [5, 6].

B Xome mnpoBeneHHOro wucciaenoBaHUs ObUIM PAaCCMOTPEHBI BO3MOYKHOCTH IPUMEHEHUS
reoMH(pOPMAIIMOHHBIX TEXHOJIOTUH JUIsl aHalIM3a KauecTBA MOKPBITUS MOOMIIBHBIX CETel C y4eToM
ocobeHHOcTell penbeda M MIOTHOCTH 3acTpoiiku. I[lokazaHo, 4YTO MCIOJIB30BAHUE METOJOB
reONpOCTPAHCTBEHHOIO  MOJICJIMPOBAaHUS  IO3BOJIAET  YUYMTHIBAThb BJIMSIHME HPUPOJHBIX U
AHTPOIIOTEHHBIX  (DaKTOPOB Ha pacrpocTpaHeHHe paauocurHana. [IpoBeneHHBIH —aHATU3
IIPOIEMOHCTPUPOBAJ, YTO B YCJIOBHUSX CIOXKHOTO penbeda (HopMHUPYIOTCA 30HBI OCIaOIEHHOTO
CUTH&JIa U PAJAMOTEHHU, YTO TpeOyeT MPUMEHEHMs JOMOJHUTENbHBIX TEXHUYECKUX PELICHUN s
obecriedeHrs1 CTAOMIBHOTO KadecTBa CBs3M. VIcmonmp3oBaHWE Te€OMH(POPMAIIMOHHBIX CHCTEM
MO3BOJISIET BRISBIISITH TAKKUE 30HBI U pa3padaThiBaTh PEKOMEHAANNH 110 ONTUMAIBHOMY Pa3MEIICHUIO
0a30BbIX CTAHIH.

Takum 00pa3oM, mpUMeHEHHE TeOMH(POPMALMOHHBIX TEXHOJOTUN sABIseTCs 3((EeKTUBHBIM
MHCTPYMEHTOM aHaJIN3a U ONTUMHU3ALMU MOOUIIBHBIX ceTel. [ eonpocTpaHCTBEHHOE MOIETUPOBAaHUE
oOecreuynBaeT 0ojee TOYHYIO OLIEHKY DPaJUONOKPBITHS U CIOCOOCTBYET MOBBIIMICHHIO KayecTBa
MOOMJIBHBIX YCIIYT, 0COOCHHO B PETHOHAX CO CJIOKHBIMU I'eorpapuuecKuMm yCIOBHIMU.

Brenpenne MeToAOB IeONpOCTPAHCTBEHHOIO aHANIM3a IPU IMJIAHUPOBAHMM U ONTHUMH3ALUU
MoOunpHBIX cered B Keipreisckoil  PecrmyOnmke MoeT crnocoOCTBOBaTh — MOBBIIIEHUIO
3((GEeKTUBHOCTH  Pa3BUTUS  TEJIEKOMMYHHMKAllUOHHOW  HMH@pacTpykTypsl.  Mcmonb3oBaHue
reoMH(pOPMAIIMOHHBIX TEXHOJIOTUI TO3BOJISIET YUYUTHIBaTh OCOOEHHOCTH penbeda TeppUTOpUn
CTpaHbI ¥ MOBBIIIATH KAYECTBO MOOMIIHOM CBSA3U, 0COOEHHO B TOPHBIX U TPYAHOIOCTYIHBIX pailoHax.

B ycnoBusix akTUBHOTO pa3BUTHA LU(PPOBOIl SKOHOMUKHU U BHeApeHus TexHonoruit 4G u 5G
MPUMEHEHNUE TeOMH(OPMAIIMOHHBIX CUCTEM CTAHOBUTCS Ba)KHBIM MHCTPYMEHTOM JJIsi MTOBBIILIECHUS
3 PEKTUBHOCTH YTNpPaBIEHHUS TEIEKOMMYHUKAIIMOHHBIMU CETIMH U O0€CIeYeHUs] yCTOMYUBOTO
pa3BuTHs LU poBOi HHPpacTpyKTypsl KbIpreizcrana.
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Annomayusn. OnucaHbl TMPOEKTUPOBAHUE U pa3paboTKa BEO-TIPUIIOKEHUS I OTHena
«AcnupaHTypa U TOKTOpaHTypa» OIICKOT0O TrOCyIapCTBEHHOTO YHUBEPCUTETA, PEaTM30BaHHOIO KaK
JiBa B3aMMOCBSI3aHHBIX BeO-pecypca: MOAYJIb acHUpPaHTypbl W Moayiab PhD-nokropaHTypsl.
@DyHKIMOHANIbHAs OCHOBAa pEIIEHUS — MPEeIOoCTaBlIeHHE CTPYKTYPUPOBAaHHOW HHGPOpPMALUHU I10
HaIpaBJIeHUSM MOATOTOBKU (IIM(PHI U HA3BaHUS CIIELUATBLHOCTENH/TIPOTpaMM), a TakKe OBICTpPHIN
JOCTyll K CIHCKaM oOydaroluxcs W MarepuanaM 1o Kypcam. Ha cTpanune acnupaHTypbl
peannzoBaHa TabIMYHasi HABUT ALK MO YKPYMHEHHBIM TPYIIIIaM CIIEHUAIbHOCTEN C BBIOOPOM Kypca
(1-4) n nepexooM K MOJHBIM CIIUCKAM, YTO COKpAIAaeT YUCII0 ASHCTBHM MMOJIb30BaTENs IPU TTOUCKE
Hy)kHOro pasnena. Jnas PhD-noktopaHTypbl mpencTaBieH NEpedeHb MNporpaMM C YKa3aHHUEM
pykoBoauTels, BbIOOpoM Kypca (1-3) U BO3MOKHOCTBIO TTPOCMOTPA M TONYUYEHUSI Pa3MEIIEHHBIX
JOKyMEHTOB uepe3 ccbulk «IIpocmorpers». Llenb paboTsl — pa3paboraTh JIErKUM, MOHITHBIA U
pacmupsiembiii HHTepdelic 6e3 ncrnoab30BaHus TKENBIX GpeliMBOpKOB Ha Oaze TexHomoruit HTML,
CSS u JavaScript. B xone paGoTsl npuMeHeHbI TPOTOTUIUPOBAHUE CTPYKTYPBI CTPAHUL, MOAYJIbHAS
OpraHM3anusi pa3MeTKM M CTWIeH, ceMaHTHYecKass pa3MeTka, a Takke (QYHKIHMOHAIbHOE U
KpoccOpay3epHOe TECTUPOBAHHE KITIOUEBBIX I10JIb30BATEIbCKUX CIIEHApHUEB (TIOMCK MPOTPAMMBI,
BBIOOp Kypca, Mepexojl K CIIUCKaM U MaTepuanaMm). Pe3ynpratom crana ennHas JOrMKa HaBUTaIUH,
a/JIalTUBHOE OTOOpakeHHE TaONMUIl U CCHUIOK I MOOWJIBHBIX YCTPOMCTB, a Takke KIHMEHTCKas
MpOBEpKa BBOJUMBIX JAHHBIX B (popmax oOpaTHOU cBsizu. IlpakTuyeckas 3HaUMMOCTH COCTOUT B
yHU(UKAIUK TPEJCTaBICHUs JaHHBIX OTJeNa, CHIDKEHHMM BPEMEHH IOHMCKa WH(POpPMAaluM JUis
LIEIIEBOM ayAUTOPUU M CO3JaHUM OCHOBBI JJIS JAJbHEHMILEro pa3BUTHUS CEpBHCcA (paclIMpeHue
MepeyHsl MporpaMM M JIOKyMEHTOB, MOJAKIIOYEHHE aJMUHUCTPATUBHOTO OOHOBJIEHMSI KOHTEHTA U
KYPHAIUPOBAHUSI OOpaIIeHUN).
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Abstract. The article presents the design and development of a web application for the
Postgraduate and Doctoral Studies Department of Osh State University, implemented as two
interconnected web resources: a postgraduate module and a PhD doctoral module. The core
functionality is to provide structured information on training areas (codes and titles of
specialties/programs) and to ensure fast access to student lists and course materials. The postgraduate
page offers tabular navigation by consolidated specialty groups with course selection (1-4) and links
to full lists, reducing the number of user actions required to reach the target section. The PhD doctoral
module contains a program list with the academic supervisor indicated, course selection (1-3), and
the ability to view and download published documents via “View” links. The objective was to build
a lightweight, user-friendly, and scalable interface without heavy frameworks, using HTML, CSS,
and JavaScript. The work applied page-structure prototyping, modular markup and styling, semantic
HTML, and functional as well as cross-browser testing of key user scenarios (program search, course
selection, and navigation to lists and materials). The result is a unified navigation logic, responsive
presentation of tables and links for mobile devices, and client-side validation for feedback forms.
Practical significance includes unified departmental data presentation, reduced time for information
retrieval, and a foundation for further development (expanding programs and documents, adding
administrative content management, and request logging).

Knouesvle cnosa: BeO-npunoxeHne; acnupantypa; gokropantypa; HTML; CSS; JavaScript;
MI0JIb30BATENILCKUI HHTEPQEIiC; afanTuBHAs BepCTKa; MH()OPMAIIMOHHAS CUCTEMa; 00pa30BaTeIIbHBIN
noptait; 1udpoBu3anus 00pa3oBaHMs;, YHUBEPCUTETCKUE BEO-CEPBUCHI.

Keywords: web application; postgraduate studies; doctoral studies; HTML; CSS; JavaScript;
user interface; responsive layout; information system; educational portal; digitalization of education;
university web services.

Hudposas TpancPopmalysi yHUBEpPCUTETOB YCUIIMBAET TPeOOBaHMSI K KaueCTBY BEO-CEPBHUCOB,
yepe3 KOTOpble aOMTypHUEHThI, AaclUpaHThl M JOKTOPAaHThl MOJIYy4yalOT HHGQOpPMaLUI0 U
B3aUMOJCHCTBYIOT C Yy4eOHBIMH TOApa3feieHusAMU. [l CTPYKTYpHBIX MOJpa3eNeHHH,
OTBEUAIOUIMX 3a MOJATOTOBKY KaJpOB BBICIIEH KBaJIM(HUKALUK, OCOOCHHO Ba)KHBI JOCTYIMHOCTh U
aKTyaJbHOCTb CBEJIEHUH O MporpamMmax, Kypcax 1 HOpMaTUBHBIX MaTepHalax, a Takke PO3payHOCTh
MIPEJICTABICHNUs] CIUCKOB OOydYaloIIMXCs M O3TanoB HX arrectauuu. llpaktuka pa3paboTku u
JKCIUTyaTalluu BeO-MHTep(elcoB MOKa3bIBACT, 4YTO HECOIVIACOBaHHAs CTPYKTypa CTPaHUI] U
neperpyKeHHasi HaBUTralus yXy/JIIaoT yI00CTBO MOJIb30BaHUS U MOBBIIIAIOT BEPOSTHOCTH OIIUOOK
IIPU TOMCKE JTAHHBIX, 0COOEHHO MpHU padoTe ¢ MOOMIIBHBIX yCTPOMCTB [1].

OtnenbHON MpoOIeMON ABISETCS OTCYTCTBUE €IUHOW JIOTUKM HaBUTALMU MPH MEPEXONe OT
IIEpeYHs] MPOrpaMM K JaHHBIM IO KOHKPETHOMY Kypcy M K CONYTCTBYIOIIMM MaTepHajlaM.
ITonb30BaTenb BBIHYX/IEH BBINOIHATH IMOBTOPSIOIIMECS IEHCTBHS, NMEPEXOAUTH IO MHOMKECTBY
CCBUIOK M BPYYHYIO YTOUHSATH, II€ pa3MeELICHbl JOKYMEHTHI U CIIMCKU. [[71s oTaena « AcnupanTtypa u
JOKTOpaHTypa» OIICKOro TroCyJapCTBEHHOTO YHMBEpPCHTETa JlaHHAs 3ajada MMEeT NPHKIaTHON
xapakrep: TpeOyeTcst 00ecrnednTh OBICTPhII MOUCK TPOrpaMMBI 10 MK(PY U HA3BaHUIO, BEIOOP Kypca
o0y4eHHus M TNepexoj] K CHUCKaM acIHMPaHTOB/JIOKTOPAHTOB, a TaKXe JOCTYN K JOKYMEHTaM U
Marepuagam 0e3 JTOMOIHUTENbHBIX 00pallleH!i B oApa3ieieHue.

B cBsi3u ¢ 3TUM akTyaJabHOU SBISETCS pa3padOTKa CHEIHAIN3UPOBAHHOTO BEO-MPUIIOKEHNUS,
OpPUEHTUPOBAHHOTO Ha J[Ba B3aUMOCBS3aHHbBIX HalpaBieHus: acnupantypy u PhD-nokropantypy. B
pamMKax IPOEKTa PeaJin30BaHO [BAa MOAYJSA C €IUHBIM MOAXOJOM K IPEACTaBICHUIO NaHHBIX: (1)
MOJYJIb ACIHMPAHTYphl C TAOIUYHOM CTPYKTYpOW MO YKPYHNHEHHBIM TpYIIaM CIEHUAIbHOCTEH,
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mudpaMyd 1 HAaMMEHOBAaHMIMH, a Takke BbIOOpoM kypca (1—4); (2) momyns PhD-mokropanTypsl ¢
MepeyHeM MporpaMm, ykazaHUEM PYKOBOIUTENS, BEIOOpoM Kypcea (1-3) u ccbuikamu Ui TpOoCMOTpa
pa3MenIEHHBIX JOKYMEHTOB. [ CHMCKOB 00YYaOIIUXCsl TIPETyCMOTPEHO OTOOPasKeHHE KITFOUEBBIX
napamMeTpoB (HampaBJeHUE, KypC, CTaTyC M JaThl 3TAllOB JUCCEPTAIIMOHHOTO IpOIlecca), a TaKxkKe
AJIEMEHTBI OBICTPOH MACHTHUKAIKMK 3anucH (B ToM urciie QR-kopx).

Lenbto HacTosIIIEH paOOTHI ABISETCS MPOSKTUPOBAHUE U Pa3pabOTKa BeO-MPUIIOKESHUS 0T/
«Acnupantypa u jaoktopantypa» Oml'Y Ha ocHoBe texnomormit HTML, CSS wu JavaScript,
00eCTeYNBAIONIETO0 CTPYKTYPUPOBAHHOE IPEACTABICHHE MPOTrpaMM, YAOOHYIO HaBHUTAIHIO 10
KypcaM M JIOCTYIl K CHHCKaM OOydYaroIuxcs U JoKyMeHTaM. Vcron3zyemble BeO-TEXHOJIOTUH U UX
(yHKIIMOHATIBLHBIE BO3MOXKHOCTH COOTBETCTBYIOT coBpeMeHHbIM crnernuduramusm HTML, CSS u
ECMAScript. [lyis AOCTHXKEHHS TTOCTABJICHHON LETH PEIIaTucCh CISAYIONINe 3a/laun: pa3padoTka
CTPYKTYpBI CTPAHHII ¥ CLICHAPUEB HABUTALIMH; pEAIN3aLUs TAOIUYHOTO MPEICTABICHUS IPOrpaMM U
AJIEMEHTOB BBIOOpa Kypca; BHEAPEHHWE HHTEPAKTUBHBIX IEPEXOJ0B K CIHCKAM M MarepHaliam;
oOecrieueHre aIalTUBHON BEPCTKU AJI1 MOOUJIBHBIX YCTPONCTB; IpoBeAeHuEe (HYHKIIMOHATIBLHOTO U
KpoccOpay3epHOrO TECTHPOBAHMSA KJIIOYEBBIX CIICHAPHEB HCMONb30BaHMs. lIpakTudeckas
3HAaYMMOCTh pabOThl 3aKJIIOYAETCs B CO3/aHUU pabOTaIOUIEro BeO-cepBHUCA, KOTOPHIA CHUXKAET
TPyZHO3aTpaThl MOJb30BaTeNe Ha MOMCK MH(OpManuu u (HOPMUPYET OCHOBY Ui AalIbHEHIIIETO
pacimpeHuss (QYHKIHOHAIBHOCTH (MOUCK U  (UIbTpalys, aJIMUHUCTPAaTUBHOE OOHOBJICHHE
KOHTEHTA, )KypHAJIUPOBAHUE OOpaIICHHI).

Mamepuan u memoouxa

OOBEKTOM HCCIIeIOBAHNUS SIBIISETCS BEO-IIPUIIOKEHUE OT/eNa «ACIUPAaHTypa U JOKTOPaHTypay
Onickoro rocygapCTBEHHOIO YHHMBEPCUTETAa, PEAJM30BAHHOE B BHJIE JIByX B3aMMOCBS3aHHBIX
moxyneit: «Acmupantypa» u «PhD-nmoxropantypa». IIpemmeroMm uccienoBaHHs BBICTYHAIOT
COCOOBI CTPYKTYPHPOBAHUS U MTPECTABICHUS JAHHBIX O IPOrpaMMax MOATOTOBKU U 00yJaroImuxcs,
a TaK)Ke METOAbI MOCTPOEHUSI HABUTALMHU MO KypcaM M JIOCTyla K MaTepuajiaM B YCIOBHUSX BeO-
uHTepdeiica. Matepuai uccie0BaHus BKIIOYAET: NEPEYHH CIEIMATIbHOCTEH/ IPOrpaMM MOATOTOBKU
(mm¢p ¥ HAMMEHOBAHUE); CBEACHUS O pPyKOBOAUTENSIX porpamm (st monyiist PhD-nokropanTypsr);
naHHple 00 oOyuwaromuxcs (O.M.O., HanpaBneHue/mporpamma, Kypc, CTaTyc); 3TalHble AAThl IO
JMCCEPTALMOHHOMY TpolLeccy (aThl MOCTYIUICHHS, SKCHEPTH3bl, MPEA3allUThl, 3alIUThl — MpU
HaJIW4YMM); CCBUIKM Ha JOKYMEHThbI/MaTepHalibl, NOCTynHble uepe3 peiictBue «lIpocMoTpersy;
AJIEMEHTHI UAeHTUPUKAIMK 3anucy (Bkiodas QR-kon Ha cTpaHule cnrcka 00ydyaronmxcs).

Tabnuna 1
CPABHEHME MOJIYJIEN BEB-ITPUJIOXKEHUS
«ACIIMPAHTYPA» 1 «PHD-JOKTOPAHTYPA»
Ilapamemp cpasnenusa Mooynb «Acnupanmypa» Mooyns «PhD-0oxmopanmypay
Hasnauenue [TyOnukarus nepedns [My6nukarus nepeuns nporpamm PhD,
CHEIHATLHOCTEH U MepPexoy K JIOCTYTI K CITUCKaM JJOKTOPAHTOB U
CIHMCKaM acllUpaHTOB JIOKYMEHTaM
EnuHnna crpykrypsl CrnenMaibHOCTD / HaNpaBJIEHUE [Iporpamma (mmudp + HauMeHoOBaHUE) +
(mdp + HaMMEHOBaHHE) PYKOBOJIHUTED
Kypchr 14 1-3
OcHoBHOI1 nHTEpDEiic Tab6muma: Ne, mudp, Tabmura: Ne, mudp, nporpamma,
CIENHAILHOCTD, BRIOOP Kypca PYKOBOJIUTEINb, BEIOOP Kypca
[HeiicTBust monp3oBarenis  BwiOop Kypca — mepexon K «IIpocMoTpeTs» TOKYMEHTHI + BEIOOD
CIHCKY aCIIUPaHTOB Kypca — HepexoJl K CIIUCKY
JIOKTOPaHTOB
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Ilapamemp cpasuenus Mooynv «Acnupanmypay Mooynv « PhD-0oxmopanmypay
JlokyMeHTBI/MaTepHabl [lepexon k cniuckam (mipu [psamast cebuika «IIpocMoTpeThy 1is
HaJIMYUU MaTepPHaJIOB — depes OTKPBITHSI/TIOTYYeHHUS JOKYMEHTOB
CIIHCOK)
JlaHHbBIE B CIUCKE ®.11.0., Harpasiienue, Kype (1o ®.1.0., HanipaBneHUEe, Kypc, CTaTyc,
oOyJaronmxcs BBEIOpPAaHHOMY KYPCY) stansble natel, QR-kox
HurepaktuBHOCTS (JS) Br16op kypca, mepexon k ciucky — Beibop Kypca, mepexon K CIUcCKYy,

OTKpBITHE JOKYMEHTOB, IIOMCK IO
Tabue (eciu BKIIOUEH)

AnanruBHOCTE (CSS) MacmrrabupoBaHye TaOIUIT 1 MacmrabupoBanue TabIHII,
KHOTIOK BBIOOpaA Kypca «IIpocMOTpeTH», FIIEMEHTOB CITUCKOB H
QR-ko110B
Kputepuu npoBepku KoppekTHOCTh TIepexo10B 1o Koppekrhocth «IIpocMOTpeThy,
KypcCy, OTOOpayKeHHe TaOIIunI] MEPEXO/IOB 10 KypCy, OTOOpaKeHue JaT
n QR

Pazpabotka BeimonHeHa ¢ ucnonb3oBanneM HTML (cemaHTHYeckas CTpPyKTypa CTPaHUI] H
tabmui), CSS (odhopmienue, ceTka, ananTuBHas BepcTka) u JavaScript (MHTEPAaKTHBHOCTB: BEIOOD
Kypca, Mepexojipl, IOUCK Mo Tabiuie, o0paboTKa IMOJIb30BaTENbCKUX JEHCTBHI). Mcnoab3yemble
TEXHOJIOTHH COOTHOCSTCS ¢ akTyanbHbiMU crierupukanuasmu HTML, CSS u ECMAScript.

Jlns oueHku paboToCrnocOOHOCTH MPUMEHEHbl METONbl IPOTOTUIIMPOBaHMS HHTepdeiica,
MOJYJIHOW OpTraHU3allMi KOMITOHEHTOB, (YHKIIMOHAJIBHOTO TECTHPOBAHUS II0JH30BATEIBCKIX
CIICHAapHEB, a TAK)KE KpoccOpay3epHOil MPOBEPKH KOPPEKTHOCTH OTOOpaKEHUs TAOIUI] M SIIEMEHTOB
ynpasiieHus. [1onxon kK NpoeKTHpOBaHUIO UHTepdelica OpUEHTUPOBAH HA MUHUMM3ALIUIO JIeHCTBUN
10JIb30BaTENs U MOBBIIIEHUE Y100CTBa HAaBUTALMH.

OCHOBHBIMH TECTOBBIMH CIICHAPHSIMH BBICTYIIAJIN: BBIOOP MPOrpaMMbl — BBIOOp Kypca —
nepexosi K CIHCKYy OOydaromuxcsi; OTKpBITHE JoKyMeHTa uepe3 «IIpocMoTperb»; mpoBepka
OTOOpaXXKeHUs1 Ha YCTPOMCTBAX C pa3HOW IIMPHUHOM HSKpaHa; NMpOBEpKa CTAOMJIBHOCTU 3arpy3KH
TaOJIMIl U KOPPEKTHOCTH OTOOpasKeHHsI CITy’KEOHBIX AIIEMEHTOB (CU€TUMKOB, QR-K0O/10B).

Tabmuua 2
NCITIOJIb3OBAHHBIE TEXHOJIOI'MU 1 UX POJIb B PEAJIM3ALIMU
Texnonoeusn/memoo Hasnauenue 6 npoexme IIposepsembiii pezyromam
HTML (cemanTuueckas CTpyKTypa CTpaHHIl, TaOJHIL, KoppekTHas cTpykrypa Tabnu,
pa3MeTKa) (hopMHpOBaHNE YHTAEMBIX OJIOKOB OTCYTCTBHE HapyIIEHUH pa3MeTKU
CSS (apantuBHas Odopmiienue, ceTka, YNTAEMOCTb, KoppektHoe oToOpakeHue Ha
BEPCTKA) MOOMJIbHAsI Bepcus pa3HbIX NIMPHHAX KpaHa
JavaScript Br16op kypca, o0pabotka coObiTuii,  Pabota ciieHapuer 0e3 omuooK,
TIePEeX0/Ibl, TOUCK (TIpY HAJTMYHN) KOPPEKTHOCTb JEHCTBUI
10JIb30BATEIIS
[IpoToTunupoBanue [Inan cTpaHull U cueHapUeB Enunas noruka unrepdetica B o6onx
MIEPEX0/I0B MOJIYJISIX
OYHKIMOHAIBHOE IIpoBepka cruieHapues: nporpaMMa —  Bce mepexo/ibl ¥ CChUIKH paboTaroT
TECTUPOBaHHUE KypC — CHHCOK; JOKYMEHTHI KOPPEKTHO
Kpoccbpayzepnas ITpoBepka oToOpakeHus U OtcyTcTBHE KPUTHYECKHUX
TIPOBEPKA nosenenus: Ul pacxoxJeHui B Opaysepax

Pesynomamot u ux oocysxcoenue
B pesynbrare BBIONHEHHOW pabOTHl pean30BaHO U BHEAPEHO BEO-MPUIIOKEHHE OT/eNa
«AcmupaHTypa U JOKTOpaHTypa» OIICKOr0 rocyJapCTBEHHOTO YHHBEPCUTETA, (YHKIIMOHUPYIOIIEe
KaKk J[Ba B3aUMOCBSI3aHHBIX MOAyNs: «Acmupantypa» u «PhD-mgokrtopantypa». O6a momyms
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IIOCTPOEHBl HAa €IMHOM IPUHIMIIE MpEICTaBIeHUs WHPOPMALUU: TaOIMYHOE OTOOpakKeHue
IIporpamMM/HanpaBieHui, BEIOOp Kypca 0Oy4eHHs U Mepexo] K UTOIOBBIM CIIMCKaM O0ydarolIuXcs.
Takoii momxonm oOecmeumst yHH(DHUKAIMIO ITOJb30BATEIbCKUX JCUCTBUNA M CHU3HMI BEPOSITHOCTH
OMOOK MPH MOMCKE HYKHBIX JaHHBIX.

Monynbs «Acnupantypa». PeannzoBana Tabnuma crnenualbHOCTEH C yKa3aHueM mudpa u
HauMeHOBaHUA. [ KaKaoH MO3MLMHU NPEeTyCMOTPEH 3JIEMEHT BbliOopa Kypca (1—4), mocie yero
OCYILIECTBIIICTCS TEpexXoJ] K CIHUCKY acCIUpaHTOB COOTBETCTBYIOWIEro Kypca. HWHTepdeiic
OPHEHTUPOBAaH Ha OBICTPOE MOJYYECHHE CIPABOYHON HH(POPMAIMM M MUHUMH3AIMIO TEPEXOJIOB:
[I0JIb30BaTeNIb B paMKaX OJHOW CTpaHHUIbl BBIOMpAeT HalpaBlIeHHE M Kypc 0e3 HeoOXOIUMOCTH
UCKAaTh IONOJIHUTEIbHBIE MEHIO U pa3zeibl. BusyallbHO MOAYJIb UMEET €IMHBII CTUIIb KOMIIOHEHTOB,
YTO YHPOLIAEeT UACHTU(DHUKAIMIO pa3/iesa U MOBbIIIAeT YUTAEMOCTh JTaHHBIX.

Monyine «PhD-gokropantypay. PeanuzoBano npencrasnenue nporpamm PhD B Buie Tabmuiist
C HojasAMHM: HWM(p NporpaMmbl, Ha3BaHUE, PYKOBOAUTENIb Iporpammbl. Jlis KakAoH 3anucu
npeaycMoTpeHa cebuika «IIpocMoTpeTsy», obecneunBaronias OTKPhITHE U MOJTyYeHHe pa3MELIEHHbBIX
JIOKYMEHTOB. J|OIOJHUTENBHO pealn30BaH 3JIEMEHT BbiOOpa Kypca (1-3) ans nepexona K cruckam
PhD-gokropanTtoB mo BbIOpaHHOW TporpamMMe. TeM caMblM MOAYJIb COYETAeT JBA KIIFOUYEBBIX
CLIEHapHs: JJOCTYIl K JOKyMEHTaM U Iepexo K NEePCOHATM3UPOBAHHBIM CIIMCKaM 00YyYatOIUXCsl.

Crpanuna cniucka oOyyaromuxcs. {7 BeIOpaHHOM MporpaMMbl U Kypca peajin3oBaHa Tabauna,
coaepKaras IEPCOHAIIBHBIE 51 y4eOHO-OpraHU3aI[MOHHbBIC JTAaHHEIE: ®.1.0.,
HarpasJIeHUe/porpamma, Kypc, craryc (Hanpumep, PhD-mokropaHT), a Takke AaThl, OTpasKaroIIne
3Tarnbl JUCCEPTALIMOHHOIO Mpolecca (MOCTYIUIEHUE, SKCIepTH3a, MpeA3alluTa, 3aliura — IpU
Hanuyuu). JIOMONHUTENBHO HpeaycMOTpeHo oToOpakeHne QR-koma, mpeaHasHa4eHHOTO JUis
ObICTpOll WICHTU(UKAIMHM 3alyucd M YyIOOHOro JocTyna K HH(OpMANMK TPH BHYTPEHHEM
HCIIOJIb30BaHUM (IIPOBEPKA CBE/ICHUH, OllepaThBHAsl CBEPKA JIaHHBIX).

WHTepakTMBHOCT M y100CTBO. B uHTepdeiice peann3oBaHbl 3JI€MEHTHI, MOBBIILIAIOIINE
yn06cTBO paboThl: MOUCK MO Tabnuue (Ui YCKOPEHUs HaXOKJICHHUS HYXKHOHM 3alucH), CYETUYUKU
o011ero KoinuyecTBa 00y4yarouIuXcsl U pacnpeaesieHus o KypcaM, a Takke eAMHO00Opa3Hble KHOTIKU
BbIOOpa Kypca. brmaronmapst aTomMy mosb30Barenb MOMydaeT HE TOJBKO JOCTYIl K CIHCKaM, HO U
OBICTPBI 0030p aKTYaJbHOTO COCTOSTHHS JAaHHBIX (KOJIMYECTBO 3alucedl W HUX pachpeencHue).
IToaxon cOOTBETCTBYET MPUHIIMIIAM NTPOEKTUPOBAHUS YIOOHBIX MOJIb30BATENBLCKUX UHTEP(EHCOB 1
CHIDKAET BEPOSITHOCTH OMIMOOK IIPU BHITIOJTHEHUH TUIOBBIX IEHCTBUM.

[TpoBepka paborocnocoOHOcTH. B X0/m€ (YHKIIMOHATBHOTO TECTUPOBAHMS TMOATBEPXKICHA
KOppEeKTHasl pean3aius 6a30BbIX clieHapues: (1) BIOOp mporpaMMbl/HapaBiIeHus — BBIOOD Kypca
— OTKpBITHE cHUCKa oOywaromuxcsi; (2) OoTkpbITHE AOKyMeHTOB depe3 «lIpocMorpers»; (3)
KOPPEKTHOCTh OTOOpa)K€HUsSI TaONMUIl U 3JEMEHTOB YIPABICHUS HA YCTPONCTBaX C pa3InyHOU
mupuHOM ’Kkpana. KpoccOpaysepHas npoBepka nokaszajia yCTOH4MBOe oToOpakeHue nHTepdeiica u
OTCYTCTBUE KPUTHUYECKUX HAPYLICHUH BEPCTKH, BIUSIONIMX HA UCIOJIb30BAaHUE OCHOBHBIX (DYHKIIUH.

Takum 00pa3oM, MOJIYYEHHBIE pE3YyIbTaThl JAEMOHCTPHUPYIOT, YTO pa3paboTaHHOE BEO-
NPUIIOKEHUE 00ECIIEUMBACT CTPYKTYpUPOBAHHOE NIPEACTABICHUE JAHHBIX OT/eNa, YMEHbIIAEeT BpeMs
noricka MHGOpMAIMK, YIPOUIaeT JAOCTYI K JOKyMEHTaM U (GOpMUPYET OCHOBY AJis JajbHeHIiero
pa3BuTud. B kauecTBe MepCrEeKTUBHBIX HANPABIECHUIN pacCIIMPEHUS] MOXKHO BBIICIUTD: JOOABICHHE
aJIMUHUCTPATUBHOTO MHTEp(deiica /Jisi OOHOBIEHUS KOHTEHTA, BHEAPEHUE (DUIBTPOB U COPTUPOBKU
[0 TMOJIAM, @ TaK)Ke IOAKIIOUEHUE ILEHTPAIM30BAHHOIO XPAHEHHUS AAHHBIX U KyPHAIMPOBAHUSA
JNIEUCTBUM IOJIL30BATEIIEN.
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Bu1600wbi

Pazpa0®oTano 1 BHEApEHO BEO-NIPHIIOKEHUE OT/eNa «ACITUPAaHTYpa U JOKTOPaHTypa» OLICKOro
rOCyJIapCTBEHHOTO yHHMBepcuTeTa Ha ocHoBe TexHonoruit HTML, CSS u JavaScript, Bkitouatoriee
7IBa B3aMMOCBSI3aHHBIX MOAYIISL: «Acnupantypa» u « PhD-nokropantypay.

Peanu3oBaHna equHas J0rUKa MpeCTaBICHUS JaHHBIX U HABUTallMK: TaOJIMYHOE OTOOpaKeHHE
[IporpamMM/HanpaBieHu, BBIOOP Kypca OOydeHHs U Iepexol K CHUCKaM OOyYaroIuXCsi, 4TO
COKpAIlaeT BpeMsi MOMCKa HH(POPMALIMU M YMEHBIIAET YUCIIO MOJIb30BATEILCKUX OIINOOK.

Hnst momynst PhD-nokTopanTypbl peanu3oBaH JOCTYIl K JOKyMEHTaM M MarepuajaMm depes
ccbulku «IIpocMoTpeThy», oGecreunBaoOMil OnepaTUBHOE MOJyYeHHEe HEOOXOAUMBIX (aiioB 6e3
JONOJTHUTENbHBIX OOpaIlleHui B Opa3iesIeHue.

Peanu3oBana cTpaHMIla CHUCKOB OOYyYarOIIUMXCS € OTOOpaKEHHEM KIIOYEBBIX CBEICHUUN
(HampaBJIeHHE/TIPOrpaMMa, Kype, CTaTyc, dTaHbIE JaThl JUCCEPTAIMOHHOTO TpoIiecca), a Takxke QR-
KOZIOB /17151 ObICTPOM MIEHTU(DUKALIUY 3aruceil.

OOecrnieueHo afanTUBHOE OTOOpaXkeHHWE HHTepdeiica W KOppekTHas paboTa OCHOBHBIX
CIIeHapHeB B Xo7¢ (DYHKIIMOHAJIBFHOTO M KPOCCOpay3epHOTO TECTUPOBAHHUS, YTO ITONTBEPKIACT
MPAKTUIECKYIO0 TPUMEHHUMOCTh Pa3padOTaHHOTO PEIICHHS.

CdopmupoBaHa 0CHOBA 15 JaIbHEHIIIEr0 Pa3BUTHS CEpPBHCA: BHEIPEHUE aIMUHUCTPATUBHOTO
OOHOBJIEHHS KOHTEHTa, pacIIMpeHUe MOUCKa M (QWIBTPALUH, MOJKIOUYCHHE LEHTPaIu30BaHHOIO
XPAaHEHMS JAHHBIX U )KYPHAIMPOBAHUS IEHCTBUM I10Ib30BATEIICH.

bnazooapnocmu: Bpipaxkaem OnarogapHoOCTh PYKOBOJACTBY M COTPYAHHMKAM OTJElNa
«AcnupaHTypa U JOKTOpaHTypa» OIICKOTO roCy1lapCTBEHHOI'O YHUBEPCUTETA 32 MPEJOCTaBICHHBIC
HCXOJHbIE JaHHbIE, KOHCYJIBTAL[MKU 10 CTPYKTYpe NpEeACTaBICHUS 00pa30BaTENIbHBIX MPOrpaMM U
COZICUCTBHE MPHU TECTHUPOBAHUH Pa3padOTaHHOTO BeO-mpriioxkeHus. OTaenbHas MPU3HATEIHFHOCTh
BBIPQXKAETCsl CHEIHAMCTaM, YYacTBOBABIIUM B OOCYXACHHHM (PYHKIHOHAIBHBIX TpeOOBaHUN U
M0JIb30BATENILCKUX CLEHAPUEB, YTO MO3BOJIMIO YYECTh pealibHbleé NOTPEOHOCTH OOydarolMXcs U
COTPYZIHUKOB IO/Ipa3fiesieHus Ipy MPOEKTUPOBAHNU UHTep(delica U HaBUTalluu CepBHCA.

Humepnem-pecypcol:

Cucrema craHmaproB 10 UWHpOpPMANMU, OWOIMOTEYHOMY H  HM3IATENbCKOMY  JIETy.
bubnmorpaduueckas cepika. O6mme TpedboBaHus U mpaBuia cocrtasienus. https://cle.li/Wgdiq

HTML Living Standard / WHATWG. https://html.spec.whatwg.org/

ECMA-262. ECMAScript® 2025 language specification. 16th edition, June 2025 / Ecma
International. https://ecma-international.org/publications-and-standards/standards/ecma-262/

ECMAScript® 2024 Language Specification (ECMA-262, 15th edition). https://262.ecma-
international.org/15.0/index.html

CSS Cascading and Inheritance Level 3 / W3C. https://www.w3.org/TR/css-cascade-3/

All CSS specifications / W3C. https://www.w3.org/Style/CSS/specs.en.html

Standard / WHATWG. https://url.spec.whatwg.org/

AcmiupanTtypa Oml'Y: odpurmansHbIi BeO-pecypce otaena. https://asp.oshsu.kg/

PhD-poxtopanTtypa Oml'Y: odpurnmansHelil BeO-pecypce otaena. https://pstgr.oshsu.kg/
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2013.
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Annomayusn. PaccMmarpuBaeTcsi mporiecc pa3paboTku BeO-caiiTa ¢ WCIOIb30BAaHUEM S3bIKA
nporpamMmmupoBanus Python u BeO-¢peiimBopka Django. AKTyanpHOCTH TEeMBI 00YyCIIOBJIEHA
pacTymieil moTpeOHOCThIO B CO3/aHMHM MACHITaA0OMpPyeMBbIX U O€30MacHbIX BEO-NPUIIOKEHHH B
YCIIOBUAX COBPEMEHHOTo phiHKA. Llenbio paboThl ABISETCS aHAIN3 apXUTEKTYPHBIX OCOOEHHOCTEN
Django u nemoHcTpalnus NpakTUYeCKOW peanu3anuu BeO-mpoekTa. B kauecTBe Meronmonoruu
WCCIICIOBAHNUS  WCIIONB3YETCSl aHAIM3 JIMTEPaTypHBIX HCTOYHHKOB U  OKCIEPUMEHTAIbHOE
npoeKTHpoBaHue. B cratbe moapoOHO onMcaHbl KitoueBble KoMnoHeHTh Django: moaenu (Models),
npezncrasienus (Views), mabnonsl (Templates) n mapmpytuzamus (URLs). Ocoboe BHuMaHMe
ynensiercs peanuzaruu CRUD-omneparuii 1 uCIojib30BaHUI0 00bEKTHO-PEISIITUOHHOTO OTOOPaKEHUS
(ORM) nns B3aumopnelicTBus ¢ 6azamu AaHHbIX Ha npumepe PostgreSQL. Pesynbrarom paGoThl
ABJISIETCA CO3J[aHHE IMPOTOTHIA BeO-caiiTa — 3JIEKTPOHHOW JTOCKM OObsBICHMN. B 3akimroueHun
chopMyTupOBaHbI BBIBOJIBI O IPEUMYIIECTBAX MCIONB30BaHus Django 1t BeO-pa3paboTKH U 1aHbl
PEKOMEHIAINY TI0 OTITUMH3AINY TPOU3BOAUTEIIFHOCTH TOTOBBIX PEIICHHIA.

Abstract. Discusses the process of developing a website using the Python programming
language and the Django web framework. The relevance of the topic is due to the growing need for
creating scalable and secure web applications in the modern market. The aim of the work is to analyze
the architectural features of Django and demonstrate the practical implementation of a web project.
The research methodology includes the analysis of literary sources and experimental design. The
article describes in detail the key components of Django: Models, Views, Templates, and URLs.
Special attention is paid to the implementation of CRUD operations and the use of Object-Relational
Mapping (ORM) for interacting with databases using PostgreSQL as an example. The result of the
work is the creation of a prototype website—an online bulletin board. The conclusion formulates
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findings on the advantages of using Django for web development and offers recommendations for
optimizing the performance of finished solutions.

Knouesvie cnosa: Python, Django, BeG-paspabotka, ¢peiimBopk, ORM, 0a3bl NaHHBIX,
PostgreSQL, CRUD, HTML, mabnonu3anus.

Keywords: Python, Django, web development, framework, ORM, databases, PostgreSQL,
CRUD, HTML, templating.

B coBpeMenHOM MHpe BeO-TEXHOIOTUH MPOHUKIIH BO BCE cephbl YETOBEUECKOM ACSITENEHOCTH.
Ot manoro 6u3Heca 10 KpyIHBIX KOPIOpAIMid — BCE CTPEMSATCS UMETh IPEICTaBUTENBCTBO B CETH
uHTepHeT. CrekTp BeO-CaliTOB OTPOMEH: OT MPOCTBIX CTATUYHBIX CTPAHMII-BU3UTOK O CIIOXKHBIX
BBICOKOHArPYKEHHBIX MMOPTAJIOB U MHTEPHET-Mara3uHoB. BbIOOp MpaBUIBLHOIO MHCTPYMEHTA JUIS
pa3paboTKu SABISETCS KPUTUYECKUM (DAKTOpOM, BIMSIONIMM Ha YCIIEX MPOEKTa, €ro CTOMMOCTD,
CKOPOCTb BBIBOJIAa Ha PHIHOK U IPOCTOTY JasibHENIIeH noaaepxxku [3].

SA3bik nporpamMmmupoBanus Python 3apekomengoBa ce0st Kak MOIIHBIN U THOKUI UHCTPYMEHT,
KOTOPBIH Onarozapsi CBOEH MpOCTOTe M YUTAEMOCTH KO/Ia TIO3BOJISIET OBICTPO cO3/aBaTh paboTarolue
MIPOTOTHUIIBI U CIIOKHBIE MPOrpaMMHbIE KOMILIEKChl. OIHUM U3 TaBHBIX NpeumyiiecTB Python B
obrmactu BeOa SIBISICTCSI HAJIMYHME 3pEbIX M aKTUBHO pa3BHBaroUIMXcs ¢ppeiimBopkoB. Cpean HHX
ocoboe mecTo 3aHMMaeT Django — BBICOKOYPOBHEBBINH (PPEHMBOPK, KOTOPBINA CIETYET HPUHIHITY
"Don't Repeat Yourself" (DRY) u npegocrasinser pa3paboTuuKy NpakTUYecKu BCE HEOOXOIMMOE «H3
kopoOkm» (https://bhv.ru/).

[ToHuMaHue apXUTEKTYpPhl M NPUHIHUIIOB padoThl Django HEOOXOIMMO COBPEMEHHOMY BeO-
pa3paboTuuKy st co3nanus YPPEKTUBHBIX U 0€30MaCHBIX PEIICHUN.

Mamepuan u memoouxa

Teopernueckoit 0a30if McciaenoBaHUS MOCITYKUIM HayuHbIE CTaTbU, MOCBSAILEHHBIE BEO-
pa3zpaboTKe, TeXHHUYECKas JIOKyMEHTalus, a TakXke CHelMaJM3UpOBaHHAs JUTepaTypa IO
¢petimBopky Django (https://bhv.ru/) [2, 3, 6].

Jlist JOCTHIKEHMSI TOCTABICHHOM 1eTTM — JIEMOHCTPALMH Ipolecca pa3paboTku Bed-caiita —
ObUT HCIIOJIb30BaH METOJl AKCIEPHUMEHTAIbHOIO MPOEKTUPOBaHUSA. B kauecTBe HHCTpyMEHTapHs
BoicTynmin: s3blKk Python Bepcum 3.11, dpeitmBopk Django 5.1, cuctema ynpasineHus 0azamu
nanubIx PostgreSQL u cpena paspaborku PyCharm.

B xoze paboTbl ObLT CIPOEKTUPOBAH U PeaIM30BaH MPOTOTHUII BeO-caiiTa — JOCKa OOBSBICHUH.
JlaHHbIN BBIOOp OOYCIIOBIEH TE€M, YTO IOJOOHBIN MPOEKT MO3BOJIAET OXBATUTH THUIIOBBIE JIS
OOJBITMHCTBA BEO-TIPHIIOKEHUN 3ada4uu: paboTa C MOJIB30BaTEIsIMHU, CO3/IaHHE, OTOOpaKEHHE U
penaktupoBanue koHTeHTa (CRUD), a Takke B3aumonelicTBue ¢ 0a30ii TaHHBIX.

Pesynomamot u ux obcysicoenue

Pa3pabotka Ha Django Oasupyercss Ha apxutekrypHoMm mnartepHe Model-View-Template
(MVT), xoropslii siBisieTcst Bapuanuei kinaccuyeckoro MVC (Model-View-Controller). Paccmorpum
Ka)JIblii KOMIIOHEHT B KOHTEKCTE pa3pabaTbIBaeMOro npuiioxkeHus «J{ocka oObsBIeHHI.

Mopnenu (Models) — 3T0 eIMHCTBEHHBIH, aBTOPUTETHBIH MCTOUYHUK MH(OpMAIMK O BalIUX
naHHbIX. OHA CONEPKUT BCE MOJSl U MOBEIEHHE JaHHBIX, KOTOphle Bbl XpaHuTe. Django ciemyer
¢unocopun "DRY", mo3Bossisi onpenenuTh MOJETh JaHHBIX B OJHOM MECTE€ W aBTOMATHYECKU
reHepHUpOoBaTh Ha €€ OCHOBE MUTPAIMK JUId 0a3bl JaHHbIX. J{JIs Halero mpoeKkTa ObLIN CO3/aHbI J1BE
ocHoBHbIe Monienu: Category (kareropusi) u Ad (oObsiBIEHUE).
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Mogens Ad cogep KUT moJist AJIs 3ar0JIOBKA, TEKCTa OObSBICHUS, LIEHbI, U300paKeHHUS, a TAKKE
BHEIIHHUE KJIFOYU JJIS CBSI3U C KaTerOpHel U MOJb30BaTeleM.

JIuctunr 1. Ipumep moxeneii ans npunoxkenus "J{ocka oObsBieHmi"

python

from django.db import models

from django.contrib.auth.models import User

class Category(models.Model):
name = models.CharField("Hazsanue kamezopuu', max_length=100)
slug = models.SlugField(unique=True)

def _str__(self):
return self.-name

class Meta:
verbose_name = 'Kamezopus'
verbose name_plural = 'Kamezopuu'

class Ad(models.Model):

title = models.CharField("3aconoeox’, max_length=200)

description = models. TextField('"Onucanue’)

price = models. DecimalField('Llena’, max_digits=10, decimal places=2)

image = models.ImageField("®omo’, upload to='ads/%Y/%m/%d’, blank=True)

category = models.ForeignKey(Category, on_delete=models. CASCADE,
verbose name='Kamezopus')

author = models.ForeignKey(User, on_delete=models. CASCADE, verbose_name='Aeémop’)

created_at = models.DateTimeField(auto now add=True)

updated_at = models.DateTimeField(auto_now=True)

def _str__(self):
return self.title

class Meta:
verbose name = 'Obvasnenue’
verbose name_plural = 'O6vsasenenus’
ordering = ['-created_at']

HcnonwszoBanue ORM Django no3sossier abctparupoarscs oT KoHkpeTHoi CYB/I. B npoekre
ucnonbs3oBanu PostgreSQL, nnst yero B HacTpolkax settings.py HeoOXonuMo OBLIO YyKa3aTb
COOTBETCTBYIOLIMH ABMKOK U ITapaMeTphl NOAKIIOUEHus [5].

ORM mpeobpasyet koz Python B SQL-3ampockl, 4To 3HaUNTENBHO YIIPOIIAET B3aUMO/IEHCTBHE
¢ 6a3oit manubIX. Hanpumep, nis momyuenus nocieqaux 10 oObsIBICHUI B ONIPECIICHHON KaTEeTOPUH
noctarouHo Hanucath Ad.objects.filter(category  slug='some-slug').order by('-created at') [8].

[IpencraBiuennss comepkaT JIOTHKY OOpaOOTKM  IOJB30BaTeNbckoro 3ampoca. OHu
B3aMMOJICHCTBYIOT C MOJAEISMM JJIS IOJYy4YeHHMs MJAHHBIX W TepeJaloT MX B MIAOMOHBI IS
otobpaxenus. Django noaaepxuBaeT kKak (pyHKIIMOHAIBHBIE, TAK M KJIACCOBBIE NpecTaBaeHus. J{is
MMPOEKTa WCIOJIb30BAaHUE KJIIACCOBOTO TmpeacTaBieHus ListView s 0oToOpakeHUs CIHCKa
OOBSIBIICHUI TIO3BOJIMIIO COKPATUTH KOJMYECTBO MIA0JIOHHOTO KOAA.

Jlucmune 2. [Ipeocmasnenue 0na omobpasicenuss Cnucka o0vasieHuil

python

from django.views.generic import ListView
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from .models import Ad

class AdListView(ListView):
model = Ad
template name = 'ads/ad_list.html'
context_object name = 'ads’
paginate by = 10

def get queryset(self):
"""Bozepawaem 00vasieHUs, OMPUIbMPOSAHHblEe NO Kame2opuu, eciu napamemp slug
nepedan ¢ URL."""
queryset = super().get_queryset()
category slug = self.kwargs.get('slug’)
if category slug:
queryset = queryset.filter(category _slug=category slug)

return queryset

[labnonsl B Django orBewaroT 3a mpezcrasieHue AaHHbIX. Onu numyrtcs Ha HTML u

cofiepar crerualibHble Teru mabnonusaropa Django amns BCTaBKU AMHAMUYECKOTO KOHTeHTa [ 1, §].

B mnpoekre mis co3manus uHTepdeiica ucnonb3oBaics Bootstrap 5 mus oOecrieueHus
aJIalITUBHOCTH U COBpeMEHHOro BHemHero Bujaa. lllaGmonel HacneayroTcs oT 0a30BOro
¢aiina base.html, yto mo3Bonser nzbexare nydnupoBanus kona (mpunuun DRY). MapmpyTtuzanus
(URLs) URL-aapecoB Django mo3BoisisieT co3faBaTh YHCThIC, IOHITHBIE ajipeca 0e3 paclIupeHuit
¢aitnoB. Comocrasnenne URL ¢ mpencraBieHUsIMH TIPOUCXOAWT C TOMOIIBIO PETYISPHBIX
BBIPKEHHUI WM CTICIIUATBHBIX KOHBEPTEPOB Iy Tei. st mpriioskeHust ObLIIN OTPEIEIICHBI MAPIIPYTHI
JUIS TIIaBHOM CTPaHMUIIBI, CTPAHHULIBI CO CIIUCKOM OOBSIBIICHUH 110 KAaTETOPUSM U CTPAHUIIBI 1€TATHHOTO
MPOCMOTpa OOBSIBICHHUS.

Jlucmune 3. Ipumep mapwpymusayuu
python

from django.urls import path

from . import views

urlpatterns = [
path(", views.AdListView.as view(), name="home'),
path('category/<slug:slug>/", views.AdListView.as view(), name="category detail’),
path(‘ad/<int:pk>/", views.ad_detail, name='ad_detail’),

]

Jlig  peanu3alM  BO3MOXKHOCTH JOOABIEHMSI M PEAAKTUPOBAHUS OOBSABICHUN ObUIN
ucrnonb30Banbl hopmbl Django, cBsizanabie ¢ Mozaenbio (ModelForm). DTo aBTOMarnyecku co3aaeT
HTML-dopmbl Ha OCHOBE MO/IETTH, TEHEPUPYET MO U o0ecreurnBaeT 0a30BYI0 BaTUAAINIO JaHHBIX.
B couerannu c knaccoBeiMu nipencTaBienusmu Create View u UpdateView mpoliecc co3nanust TaKux
CTpaHMI] 3aHUMAeT MUHUMYM BPEMEHHU U KOJa, YTO SBIIAECTCS OJHUM U3 KIIOYEBBIX MPEUMYIICCTB
Django (https://clc.li/LfmUy).

[Tocne peanuzanmuu 6a3oBoro (QyHKIMOHANa OblIa TIPOBEACHA TIEPBHUYHAS  OIEHKA
MIPOU3BOAUTEILHOCTH C MOMOIIBIO BCTPOCHHBIX MHCTPYMEHTOB Django W CTaHAApTHBIX METPUK,
TaKMX KaK BpeMsl TeHEpallHd CTPAHUIBl U KOJIWYECTBO 3alpOCOB K Oa3ze MaHHBIX. J[ns riaBHOU
CTpaHUIlbI, BRIBOsIICH 10 00BsBICHUH, KOTHYECTBO 3anmpocoB K b/l 6p110 MuanMabHbIM. OTHAKO,
Ha CTpaHMIIE JETaJIbHOIO MPOCMOTpa OOBSABICHUS BO3HUKIA mHpobmema "N+1 3ampoca" mnpu
oToOpakeHWU JAaHHBIX aBTOpa, KOoTopas ObUTa pelleHa C MoMmolsio MeToxaa select related() B
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NPE/ICTaBICHNH, YTO ITO3BOJIMIO OOBbEANHHUTH 3aIIPOCHI M 3HAUUTEIBHO YCKOPUTH 3arPy3Ky CTPaHHUIIBI
(2, 4].

B xoze BbImonHeHUs paboThl OblIa JOCTHTHYTA MOCTABJICHHAS LIENb: pa3paboTaH MPOTOTHII
BeO-caiita «Jlocka oObsBieHuit» Ha 6a3e Python m Django, mpoaHamu3mpoBaHbl KIIIOUEBBIC
apXUTEKTypHbIE KOMIIOHEHTH (peiiMBopka. IlomyueHHble pe3ynbTaThl IO3BOJISIOT —CHENaTh
CIIEITYIOIITIE BBIBOIBI:

Django npenocTapisieT MOIIHBIN U CTPYKTypUPOBaHHbIN OAXO K BeO-pa3paboTKe, KOTOPHIi
Omnaronaps BcrpoenHoit ORM, agMuH-naHeI! U cUcTeMe Aa0IO0HOB MT03BOMIAET COCPEIOTOUUTHCS Ha
OM3HEC-JIOTHKE MPHIIOKEHHS, a HE HA PYTHHHBIX OINEPaIHsX.

Apxurektypa MVT  cmocoOcTByeT — CO37AaHMIO  YHCTOTO,  INOJICPKHBAEMOIO U
MacmTabupyemoro Koja.

[IpaBuiabHOE MCHOIB30BaHUE MHCTPYMEHTOB Django, TakMX Kak KJIacCOBBIE MPEICTABICHUS
u select related, kpuTHUeckn BaKHO Uit OOECIICUCHMS BBICOKOW IMPOHM3BOIUTEIBHOCTH T'OTOBOTO

IIPOAYKTA.

Bri6op Django B xauecTBe OCHOBBI JUI IPOEKTA ONPABAAH Ul CO3AAHUS HIMPOKOro Kiacca
BEO-NPUIOKEHUH — OT CANTOB-BU3UTOK IO CJIOXHBIX KOPIIOPAaTUBHBIX MOPTAJIOB U HHTEPHET-
Mara3uHoB.

JlanpHeiimee pa3BUTHE PaOOTHI MOXKET OBITh HANpPaBICHO Ha J00aBICHUE ACHHXPOHHBIX
KOMITOHEHTOB ¢ ToMoIbio Django Channels myist peanm3anmu peaibHOTO BpeMEHH (HAIpUMED, 4aToB
MEXTy TIOJIH30BaTEIISIMH ), @ TAKXKE Ha MPOBECHHUE OoJiee ITyOOKOTo HArpy304HOTO TECTHPOBAHUSI.
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Annomayus. CtaThsi IOCBSIIEHA aHATTU3Y MPEUMYIIECTB M (D)YHKIIMOHATIBHBIX BO3MOXKHOCTEH
cumyisiTopa eNSP B oAroToBke CHelMaIiCcTOB MO CETEBBIM TEXHOJIOTUsAM. PaccmarpuBaercs pob
BUPTYaJbHOI'O MOJEIUPOBaHUA B (POPMUPOBAHMM IMPAKTUUYECKUX HABBIKOB HACTPOMKH U
aJIMUHUCTPUpPOBaHUs ceTeBod MH(PpacTpykrypsl. [lokasaHo, uro wucnonb3oBanue eNSP
o0ecrevrBaeT pealuCTUYHYIO SMYJISILIUIO CETEBBIX YCTPONCTB, OAIEP)KUBAET KIIIOUEBBIE TPOTOKOJIBI
MapuIpyTU3alUid U KOMMYTalllU, a TaKKe MPEeJIOoCTaBisieT 0e30MacHyo cpery AJis J1abopaToOpHbIX
pabor. Ocoboe BHHMMaHUe ynensercs dpQexTaM MNPUMEHEHUS CHUMYJIATOpa: TOBBILICHUIO
JOCTYITHOCTH JTaOOpaTOpHbIX paboT, CHIKEHHIO 3aTpaT Ha OOOpYJIOBaHHWE U PA3BUTHUIO
npodeccuoHanbHbIX KoMIeTeHIMH. Jlenaercst BbBoj o 3HaunMocTd eNSP kak 3dexTuBHOrO
MHCTPYMEHTa MUHKEHEPHOT0 00pa30BaHUs U MPEABAPUTEIHHOIO TECTUPOBAHUS CETEBBIX PELICHUM.
IIpencraBiaeHHble pe3ylbTaThl IMOATBEPKJIAIOT 11€7I€CO00pa3sHOCTh HMHTErpaluu IiaaropMbl B
o0pa3oBareibHbIe IPOrpaMMbl U €€ IPUMEHUMOCTD JJIs1 MOJEITUPOBAHHUS CIIOKHBIX KOPIOPATUBHBIX
ceTell B yueOHOM U MCCIIEIOBATEIILCKON MTPAKTHUKE BY30B.

Abstract. This article analyzes the advantages and functionality of the eNSP simulator in
training network technology specialists. It examines the role of virtual simulation in developing
practical skills for configuring and administering network infrastructure. It demonstrates that eNSP
provides realistic emulation of network devices, supports key routing and switching protocols, and
offers a secure environment for lab work. Particular attention is paid to the benefits of using the
simulator: increasing the accessibility of laboratory work, reducing equipment costs, and developing
professional competencies. A conclusion is drawn regarding the importance of eNSP as an effective
tool for engineering education and the preliminary testing of network solutions. The results confirm
the feasibility of integrating the platform into educational programs and its applicability for modeling
complex corporate networks in the educational and research practices of universities.
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Knrouesvle cnosa: cereBble TEXHOJIOTHH, CUMYJSLUs, BupTyanusanus, e¢NSP, oOydenwue,
MapHIpyTH3aIHsI, KOMIBIOTEPHBIE CETH, TECTHPOBAHUS.

Keywords: network technologies, simulation, virtualization, eNSP, training, routing, computer
networks, testing.

CoBpemenHble 00pa3oBaTeNbHBIC MPOrpaMMbl B 00JacTH HH(DOPMAIIMOHHBIX TEXHOJIOTUN
TpeOyIOT COYETaHUsI TEOPETHUUECKOM MOTOTOBKH U MPAKTUYECKUX HABBIKOB. OJHAKO UCTIOIB30BaHHE
pEaTbHOTO  CETeBOr0  OOOpYIOBAaHHSI  CBS3aHO C  BBICOKMMH  3aTpaTaMd, CIIOKHOCTBIO
aIMHHUCTPUPOBAHUS U PUCKOM HapyIIeHUs paboToCIIOCOOHOCTH HHPPACTPYKTYpBL. B cBs3M ¢ 3THM
0c00y10 aKTyaIbHOCTh IPHOOPETAIOT IPOTPAMMHBIE CUMYJISITOPHI CETEH.

OnHuM U3 TaKuX UHCTPYMEHTOB siBisieTcs eNSP — nmporpammuas miargopma, paspadbotannas
komranueid Huawei u1s MofenupoBaHHs KOPIIOPAaTUBHBIX CeTel W 00ydeHHs padoTe ¢ CEeTeBBIMU
ycrpoiictBamu. CereBas  CUMYJSLMA  NPEJCTABIseT COOOM  IpoIecc  BOCIPOU3BEICHHUS
(YHKIMOHUPOBAHMS CETEBBIX YCTPOMCTB M MPOTOKOJIOB B BUPTyaJbHOH cpere. OHa MO3BONISET
aHAM3UPOBAaTh TIOBEACHUE CETEH MPH PAa3IMYHBIX KOHQHUTYpaIusX, MOACIMPOBATh HArpy3Kd H
UCCIIeIOBaTh B3aUMOJEHUCTBUE IPOTOKOJIOB 0€3 HEOOXOAMMOCTH pa3BepThIBAHUS (PU3HUECKON
uHOPacTpyKTypbl.  CUMyIATOpbl  00ECIIEUMBAIOT:  BOCHPOU3BOIUMOCTh  3KCIEPHUMEHTOB;
KOHTPOJIUPYEMbIE  yCIIOBHSI ~ TECTHPOBaHHUS;  OE30HAaCHOCTh  IKCIEPUMEHTAIBHON  CpEIbl;
MacmTabupyeMoCTh MOAETeH. DTH CBOMCTBA JIENAIOT UX BAKHBIM WHCTPYMEHTOM B WH)KEHEPHOM
00pa30BaHMH U HAYYHBIX UCCIECIOBAHUSAX.

'{:eNSP VXLAN-DC [ Menur | _ [ & [ x l
ALEAEEBES@bL Y XxABZERREP BB BOE EEER
Routers Port List

T € 4 O LEAFT [COM: 2001]
@ W © GE1/0/0 ¢ SPINE GE 1/0,
= = © GE1/0/1 > SWAT: GE1/0,
D @ U 4 O LEAF2 [COM: 2000)
AR201 © GE1/0/0 ¢ SPINE: GE 1/0,
© s o smzan
R R 4 © RO [COM: 2005
AR201 AR1220

© GEO/0/0 ¢ SPINE: GE 1/0,
4 O SPINE [cOM: 2002]

AR2220 AR2240

R R

© GE1/0/0 «» RO: GE0/0/0
© GE1/0/1 &> LEAF1:GE1/0
© GE1/0/2 > LEAF2 GE1/0,
4 O sRv-A1 \

AR3260 Router © Ethernet 0/0/1 > SWA2 C
“T. 2 O srv-B1
E 3 © Ethernet 0/0/1 ¢ 5WA1:§
NE40E NES5000E 4 O sRrv-B2
—— e © Ethemet0/0/1 ¢ SWA2 ¢
AR201 4 © srv-c1
One CON/AUX interface, © Ethernet0/0/1 ¢ SWAL €
fixed 8FE interfaces, =
one WAN-side uplink 4 O swat [com: 2007]
interface, © GE1/0/0 > LEAF1:GE1/0
one USB interface.
© GE1/0/1 &> SRV-B1: Ethen
© GE1/0/2 > SRV-CI: Fthen
Total: 10 Selected: 0 Getting help and feedback -

Pucynok 1. BusyansHoe IpoeKTHpOBaHHE TOIIOJIOTUU CETH B cUMYJIsTOpe eNSP

eNSP mpenocraBiser BUPTyalbHbIE MOZAEIN MapLIPyTHU3aTOPOB, KOMMYTAaTOpOB U CPEACTB
6e3omacHocTH. [loBeaeHne yCTPONUCTB MPUOIMIKEHO K peadbHbIM CHCTEMaM, BKJIIOUas MOIICPKKY
KOMaHTHOW CTPOKH U KOH(pUTypalimoHHBIX clieHapueB. [Inardopma peannsyeT 0CHOBHBIE IPOTOKOIBI
U MEXaHM3MBI CETEBOTO B3aMMOJACHCTBHUS: cTaTWdecKas W JuHamudeckas mapmpytuszaius (RIP,

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 180




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

OSPF); Buptyanbsubie snokanbHbie ceTd (VLAN); mpoTOKOJIBI KaHAJIBHOTO YPOBHS M MEXaHU3MBI
OTKa30yCTOMYMBOCTH; TpaHCIISIIHUS ceTeBbIX aipecoB (NAT); ynpasnenue nocrymnom (ACL); cmyxOb
aBTomarnueckoi HacTpoiiku (DHCP).

OTO MO3BOJISAET MOAEINPOBATh KaK MPOCThIE, TAK U MHOI'OYPOBHEBBIE KOPIIOPATHBHbBIE CETH.
I'paduueckuii uHTEepdeiic obecrneynBaeT CO3JaHHE TOMOJOTHU CETH IMOCPEACTBOM COCTUHEHUS
BUPTyaJIbHBIX yCTpoicTB. [loab30Barens noydaer HaMIsAqHOE TPECTaBICHUE O CTPYKTYpE CETH U
MOJKET aHAJIM3UPOBATh COCTOSIHUE COEIMHEHUH B peajibHOM BpemeHH (PucyHok 1).

WHCTpYMEHTBl TUarHOCTUKM TO3BOJIAIOT HMCCIEI0BAaTh TAOMHMIIBI MapIIpyTHU3alldH, CTaTycC
uHTEpPecoB, MPOXOXKACHUE MAKETOB W MapaMeTphl CETEBOTO0 B3aUMOJCIHCTBHS. DTO cO3/1aeT
YCIIOBUS JJI U3yYEHHUS MPOLECCOB Mepeayn JaHHBIX U MOUCKA HEUCTIPABHOCTEH.

D¢ (hexkTUBHOCT, NPUMEHEHHS CHUMYISATOpPA ONPENeIsIeTCs METOOUYECKH TI'PaMOTHOU
opranuzanyeil JaboparopHeix 3aHsATHd. [Ipemiaraercs cieayromas CTPYKTypa J1iabopaTopHOM
pab6ortsr: 1. [ToctanoBka nienu u 3aaad. 2. [IpoekrupoBanue Tonosoruu cetu. 3. Kondurypuposanue
ycTpoiicTs. 4. [IpoBepka CBA3HOCTH U aHANIU3 PabOTHI MPOTOKOJIOB. 5. Odopmienue otTuéra

[Ipumep naboparopHoii paboTel Ha TeMy: HacTpolika 0KaJIbHOM CETH U IPOBEpKa CBA3ZHOCTU
B eNSP. Cxema nokanpHOM ceTu npeacrasieHa Ha Pucynke 2.

10.1.1.1 j24 10.1.1.2 f24 10,1.2.3 24 10,1.2.4 j24
PC-P T
pCz PC3

Qa0-24TT
Switch3

Switchz

e
o17p4 L 10121028

2901
RouterQ

Pucynok 2. Cxema JIOKaJIbHOU ceTH

Tomonorus cetu (camas npocrasi) — PC1 -------- R1 -------- PC2

OnuH MapLIpyTHU3aTOp COEANHSET JBA KOMIIBIOTEPA B Pa3HBIX MOACETAX.

ens naGopatopHOW pabOThI - OCBOMTH: CO3AAHHME MPOCTON TOMOJOTMH; HAcTpouky IP-
aJIpecoB; MPOBEPKY CETEBOM CBA3HOCTH. PaboTa BhImoHseTCs B cumyssitope eNSP.

Anpecanus cetu

YcTpoiicTBo Hnurepdeiic IP-anpec Macka
PC1 e0 192.168.1.2 255.255.255.0
R1 G0/0/0 192.168.1.1 255.255.255.0
R1 G0/0/1 192.168.2.1 255.255.255.0
PC2 e0 192.168.2.2 255.255.255.0
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[Inro3 mo ymomuanuio: PC1 — 192.168.1.1; PC2 — 192.168.2.1
X0z BBIIOJTHEHMSL.

ar 1. Co3panue Tonosnorun
Jo6aButh 1 MmapmpyTtuzarop (AR).
Jlo6asuts 2 I1K.
CoenuHUTh:
PC1 — R1 (G0/0/0)
PC2 — R1 (G0/0/1)
3anyCcTUTh YCTPOMCTBA.
[ar 2. Hactpoiika mapuipyTusaropa
Boiitu B CLI mapuipyTusaropa:
system-view

interface GigabitEthernet 0/0/0
ip address 192.168.1.1 255.255.255.0
quit
interface GigabitEthernet 0/0/1
ip address 192.168.2.1 255.255.255.0
quit

[IIar 3. Hactpoiika I1K
Ha PCI:

IP: 192.168.1.2

Mask: 255.255.255.0
Gateway: 192.168.1.1
Ha PC2:

IP: 192.168.2.2

Mask: 255.255.255.0
Gateway: 192.168.2.1

[ar 4. [TpoBepka pabOThI ceTH

C PC1 BBINOTHUTH KOMAHY:

ping 192.168.2.2

Ecnu HacTpoiika BeIMOTHEHA TPABUIILHO — MOsABATCS 0TBETHI (Reply).

[Tomyuennsiit pesynprar: 1. KommbroTrepbl oOMeHuBaroTcss AaHHbIMU. 2. Ping mpoxoaut
ycnemHo. 3. CtyneHT ocBous 0a30ByI0 HacTpoiky IP.

Taxxe, cumynsatop eNSP mpencrasnsier co0oil COBpEMEHHYIO NMPOrpPaMMHYIO IUIardopmy,
00eCreYnBAOIYI0 IIUPOKUE BO3MOXKHOCTH JUISl HAYYHBIX M NMPUKIATHBIX HCCIeqoBaHUI B chepe
TEJIEKOMMYHUKAIIUH M CEeTeBBIX TexHojioruil. Ero wucnomgb3oBaHue ™O3BOJSET MPOBOAUTH
MOJICIUPOBAHHUE CIIOKHBIX CETEBBIX IPOIIECCOB, AHAIU3UPOBATH MPOTOKOIBI MapHIpyTHU3ALHH,
HCCIIEIOBAaTh OTKAa30yCTOMUMBOCTD W ONTUMH3UPOBATH APXUTEKTYPY CETEBOH HH(PACTPYKTYpHI.
Takum o6pa3zom, eNSP sBisercs He TOJNBKO Y4E€OHBIM HHCTPYMEHTOM, HO U IOJHOLIEHHOH
OKCIIEPUMEHTAIILHONW  CPEJIoi, CIOCOOCTBYIOIIEH pa3BUTHIO HAy4YHBIX  HCCICOBAaHUN |
MHHOBAIIMOHHBIX peUIeHUH B 0071acTH HH(OPMAITMOHHO-KOMMYHHUKAIITHOHHBIX TEXHOJIOTUH.
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3axnrouenue

eNSP saBnsercs 3 PeKTUBHBIM HHCTPYMEHTOM ITOATOTOBKH CHELIMAIMCTOB B 00JIACTH CETEBBIX
TEXHOJIOTUH, O00ECHEeUMBAIOIIMM PEAIMCTHYHOE MOJCIUPOBAHHE KOPIIOPATHBHOM  CETEBOU
UHPPACTPYKTYpsl  0e3  HEOOXOIMMOCTH  HCIOJIB30BaHUS  JOPOTOCTOSINEro  (hU3UYECKOTO
obopynoBanus. KiroueBbIMM IpenMyIeCTBaMU IIATGOPMBI SBISIOTCS JOCTYHMHOCTh, I'MOKOCTb,
MaciTabupyeMocTb M 0€30IacHOCTh IPOBEAEHUS J1a00paTOpHBIX paboT. CTYyIEHThI MOJIyYaroT
BO3MOYKHOCTh OTpabaThIBaTh HACTPONKY MapUIpyTHU3alUH, KOMMYTAIlUH, CETEBBIX CEPBHUCOB U
MEXaHU3MOB o0OecrieueHusi 0€30MaCHOCTH B YCIOBHSIX, MAKCUMAIBHO MPUOIMKEHHBIX K peabHOU
npoEeCCUOHATBHON  JEATENIBHOCTH.  OJTO  CIOCOOCTBYeT  (hOPMUPOBAHHIO  YCTOMYMBBIX
po(eCCUOHATIBLHBIX KOMIETEHLUH, Pa3BUTHUI0 CHCTEMHOI'O MBILIUIEHUS M IPAaKTUYECKOTO OIbITa
penieHus cereBbiX 3anad. Mcmonp3zoBanue eNSP B oOpa3zoBaTenbHOM cepe MOBBIMAET KauecTBO
MOJrOTOBKH OYyIyUIMX HHXKEHEPOB, COKpAIlaeT (UHAHCOBBIC 3aTpaTbl Y4YEeOHBIX 3aBEICHHA U
obecrieynBaeT COOTBETCTBHE OOyuYeHHs COBPEMEHHBIM TpeOOBaHUSAM pBIHKA Tpyna B cdepe
MH(POPMALlMOHHO-KOMMYHHUKALIMOHHBIX TeXHOJorui. Takum obpazom, cumyinsatop eNSP sBisercs
BAXXHBIM 3JIEMEHTOM COBPEMEHHOM METOJMKH OOy4Y€HHUs CIELUATMCTOB 0 HH(POPMALMOHHBIM
TEXHOJIOTUSIM.
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HNCITOJBb30BAHUE HCKYCCTBEHHOI'O MHTEJJVIEKTA CHATGPT
B MICROSOFT EXCEL VIS ABTOMATHU3ALIUU U OIITUMU3ALIUU ITPOIECCA
CO3JAHUSA QJIEKTPOHHbBIX TABJIUNIL
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USING CHATGPT AI IN MICROSOFT EXCEL
TO AUTOMATE AND STREAMLINE THE SPREADSHEET CREATION PROCESS

©Kadyrbaeva Zh., ORCID: 0009-0009-6036-0167, Kyrgyz-Uzbek International
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Annomayus. Viccnenyercst BIusiHUE TeXHONOTHH nckyccTBeHHoro uatesmekra (M) ChatGPT
B cpeny Microsoft Excel. Llenp uccinenoBanusi — BBISIBUTH ONTHMAJbHbBIE CPEJICTBA HA OCHOBE
ucnonb3oBanuss MW-MHCTpYyMEHTOB Al aBTOMaru3allMM CO3JaHHs UM 00paOOTKM 3IEKTPOHHBIX
tabmun. Ocoboe BHUMaHME yaenseTcs MpakTudeckomy mnpumeHneHuto mozaenu ChatGPT ans
reHepaiu  GopMys, CTPYKTYpPUpPOBaHMSI JAHHBIX M AaBTOMATU3allMK AHAJIMTUKHU. Pe3ynbraTsl
MoKa3piBatoT, 4ro mnpumeHeHne WU cymectBeHHO ymydmaeT 3((EKTUBHOCTh BBIUMCICHUH,
resepanuio (GopMysl M aHalIM3 JAHHBIX, CIOCOOCTBYs Ooyiee IIyOOKOMY YCBOEHHUIO Marepuasa U
PUOOPETEHUI0 KOMITIETEHTHOCTEH, HEOOXOMMBIX B COBPEMEHHOM 00pa30BaTeIbHOM MpOIIecCe.

Abstract. This study examines the impact of ChatGPT and other artificial intelligence (Al)
technologies on the Microsoft Excel environment. The goal of the study is to identify optimal Al-
based tools for automating the creation and processing of spreadsheets. Particular attention is paid to
the practical application of the ChatGPT model for formula generation, data structuring, and
automated analytics. The results demonstrate that the use of Al significantly improves computational
efficiency, formula generation, and data analysis, promoting deeper learning and the acquisition of
competencies essential in modern education.

Knrouesvie cnosa: Microsoft Excel, ChatGPT, nnpopmanrionHble TEXHOJIOTUH, KOMIIBIOTEPHAS
CUMYJISILIUS], UCKYCCTBEHHBIN MHTEIUIEKT, SJIEKTPOHHbIE TaOIHIIbI.

Keywords: Microsoft Excel, ChatGPT, information technology, computer simulation, artificial
intelligence, spreadsheets.

Hcnons3oBanue MHHOBAIIMOHHBIX I_II/I(prBLIX TEXHOJIOTHUM MO3BOJISIET 3HAYUTEILHO YIy4YIIUTb
Ka4€CTBO H B(i)(i)eKTI/IBHOCTB BBIITOJHACMBIX ITPOLECCOB B PAa3JIMYHBIX KakK 6I)ITOBI)IX, TaK Hu
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npodecCHOHAIBHBIX cdepax >KU3HEAEITEIbHOCTH 4YeloBeKa. Bce naHHBIE, CreHepUpOBaHHBIE
HCKYCCTBEHHBIM HMHTEIUICKTOM, OydyT aBTOMaTHUYECKU COXPAHSATbCS B ApXUBE 3aHATHS, U K HUM
MOXHO OyzeT oOparuthes B Jr000€e Bpems [1].

Microsoft Excel Ha mpoTspKeHHH JecSTUICTUN ocTaeTcst (PyHIaMEeHTaIbHBIM HHCTPYMEHTOM
U1 BBOZA, OOpaOOTKM M 0a30BOr0 CTaTUCTMYECKOIO aHaiau3a JAaHHbIX. OJHAKO COBpPEMEHHbIE
OM3HEC-TIPOIEeCChl TPEOYIOT 00pabOTKH BO3pacTaOMIUX 00beMOB MHGOPMAIIMK C MUHHUMAaJIbHBIMUA
BpeMeHHbIMU 3aTpatamu. Murterpamus WU, B uactHoctn ChatGPT, 3namenyer coOoii
«PEBOJIOIMOHHBIN CKadoK», peBpamas Excel n3 maccMBHOTO MPHUIIOKEHUS B MHTEIJICKTYalIbHOTO
IIOMOII[HUKA, CIOCOOHOTO BBINOJHATh PACIIMPEHHBIH aHaiu3 0€3 CHEeNUaJIbHBIX HABBIKOB
IpOrpaMMHpOBaHus. B 3TOM KOHTEKcTe 3HAYMTENbHOE BHUMAaHME YIEJAETCS KOMIIBIOTEPHOU
CHUMYJISILTIA — METOJY 00yUeHHsI, IIPH KOTOPOM C TIOMOIIBIO CHIEIIMAIBHO pa3padOTaHHbBIX CLIEHApUEB
MOJECTUPYIOTCS CUTyalluu, TpeOyrole MpUMEeHEHUS TPOPEeCCHOHAIBHBIX 3HAHUN M HABBIKOB [2-4].

OnHUM M3 MHCTPYMEHTOB DPEATU3ALMM KOMIIBIOTEPHOW CHUMYJSLMM B IPAKTUKE SBIIAETCS
Microsoft Excel — mnporpamMHoe cpeactBo, oOnajaromee MHUPOKUMH BO3MOXKHOCTSAMU
MOJICIMPOBAHMSI, aHaIM3a W BHU3yaIM3alMU JaHHbIX. OJHAKO COBpPEMEHHbIE TpeOOBaHUS K
aBTOMAaTH3allMd  AHAJUTUYECKUX TIPOLECCOB MOOYXKITAIOT HCCIeNoBaTeled H  IPAKTHKOB
uHTerpuposarb B Excel cpenctBa mckyccTBeHHOro uHTessekra, Takue kak ChatGPT, koropeie
M03BOJISIFOT AaBTOMATU3UPOBATh PyTUHHBIE 33/1a4M, FeHEPUPOBATh (POPMYJIbI U aHATTU3UPOBATH JAHHBIE
Ha OCHOBE €CTECTBEHHOTO sI3bIKa, TMOBBIIAA d3()(HEKTUBHOCTH M  Ka4ecTBO OOy4YeHHUs
(https://cle.li/ptMMU) [5].

KomnbloTepHast cUMySsLMsS ONpeAeseTcs Kak MOJAEIMpPOBaHUE (PParMEHTOB peabHOU
JeUCTBUTENLHOCTU B MH(OPMALIMOHHOHN (hopMme ¢ 11enbl0 00yueHUs UM UCCIIEI0BaHUs TIOBEACHUS
CUCTEMBbl IpU M3MEHEHUM IapaMmeTpoB. Takas CHUMYJALKS [O3BOJSET JIEMOHCTPUPOBATH
a0CTpaKTHBIC TPOLIECCHI, KOTOPHIE CIOKHO M3ydYaTh HANMPSMYIO, a TAaKXKe aHAJTU3UPOBATh CHTYalluu
«4TO, €CIN», TECTUPOBATH TUIIOTE3bl U BU3YaJIM3UPOBATh PE3YIIbTATHI.

OCHOBHBIE TPEUMYLIECTBA KOMIIBIOTEPHOW CUMYISLUM B OOyYe€HUM: BapUaTUBHOCTH
MOBE/ICHUS MOJIENH 3a CYET U3MEHEHHUs MapaMeTpOB; CUCTEMHBIH MOAXOJ K OIEHKE M3y4aeMoro
SIBJICHUS; pa3BUTHE KOJUIEKTUBHON pabOThI U OTBETCTBEHHOCTHU; BO3MOXHOCTb IIPOBEPKHU PA3IUUYHBIX
runore3 6e3 OMacHOCTH Ui MOJIb30BaTeNei.

OnHUM U3 JOCTYNHBIX CPEIACTB peaju3alMd CUMYJSIIMM U MOJENHUPOBaHUS siBiseTcs MS
Excel, xotopslii 6maronaps npoctote uHTEpdeiica, MUPOKoMy HaOOpy QyHKIHNA U BO3MOXKHOCTSAM
rpaduyecKkoro MpeacTaBICHUs JAHHBIX aKTMBHO KCIIOJIB3YETCsl Ha JIaOOpAaTOPHBIX NMpPaKTUKyMax U
TEOPETUYECKUX 3AHATUAX [2].

B mocnenHue roapl MCKYCCTBEHHBIH MHTEIUIEKT Hayajl MHTEIPUPOBATH HEMOCPEACTBEHHO B
cpeny Excel, 4To cyliecTBEHHO pacHIUpsieT €ro aHaJIUTHYECKHE BO3MOXKHOCTU. OJHUM W3 TaKUX
HoBoBBeneHul sBnsercs uaTerpauus ChatGPT u npyrux moneneit I B paboune nponeccst Excel.
C noMomIpl0 BCTPOSHHBIX HaJACTpoeK M uHTerpanuii, tTakux kak ChatGPT Excel, monp3oBarenu
MOTYT Tojiy4arb Al-MOACKa3KH, reHepupoBaTh (POPMyYIbI, aHANIU3UPOBATH JIAHHBIE M CO3/1aBaTh
KOHTEHT HENOCPEACTBEHHO BHYTpPU TaOnuIpl 0e3 HEOOXOAMMOCTH NEpEXOAUTh B CTOPOHHHE
npunoxenus (https://cle.li/QHj V).

Takne nHTErpauy MO3BOJISIOT:

-I'enepupoBare (GoOpMysabl Ha OCHOBE HATypalbHOTO S3bIKa — OIMCAB CJIOBAaMH 3ajauy,
M0JIb30BAaTENb MOJIy4aeT FOTOBYIO (hopMyIly Uil Habop (HopMyIl AJis aHaIu3a TaHHbIX.

-ABromMaru3upoBath aHaiau3 U oT4ETHOCTh — ChatGPT MokeT aBTOMarnyecku CyMMHpOBATh,
KJIacCU(UIUPOBATh U CTPYKTYpPUPOBATh TaHHBIE U3 TaOJIUIIBI.

-YCKOPUTB CO3[JaHHE CIIOXKHBIX TAOIHIl — Ja)Ke MOJIb30BATENM C MUHUMAIbHBIMU 3HAHUSAMU
Excel MoryT co3naBaTh ClI0KHbIE BEIYUCIECHHS ¥ MOZIEIH, ToJarasich Ha Al-accucTeHra.
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Kpome Toro, cymiecTByloT MHTErpamuu, KOTOpble aBTOMaTH3UpPYIOT padoty Mexay Excel u
ChatGPT uepe3 ctoponnue miargopmsl (Hanpumep, Zapier uiaua Appy Pie), 4to mo3BosiseT co3aarh
0e3Ko/10BBIE paboyre MpoIIecChl, aBTOMaTHUecKu oTrpanissa ganHbie u3 Excel B ChatGPT u o6parHo
Ui aHanw3a wim renepanun Tekcta (https://cle.1i/QHjVY).

3amava: B kiacce ygarcs 15 dyenoBek, B KOHIIE Toa ObUIH MPOBEACHBI TECTHI IO 4 TIPEIMETaM:
¢buzuke, MmareMaTHKe, MHGOPMATHKE U PyCCKOMY s3bIKY. [1o pesynbpraTam TecTHpOBaHUS TPOBOIUTCS
oTO0p B (hM3HMKO-MaTeMaTHYecKuil Kiacc. 3a4UCISIOTCA Te, y Koro obmmii 6an He Hiwke 16, a
CyMMapHbIi 0amt no ¢usnke u Maremaruke He Hike 9. CocraBpTe TAONUITYy, IPEIyCMOTPEB B HEl
rpady o 3a4MCICHUH C 3anuChio "ma" wim "HeT" MoJACUUTANTe KOJUYSCTBO YUAIIUXCS, PUHATHIX B
(hu3MKO-MaTeMaTHIECKUA Kitace [6].

Pewenue:

dopmyna «OO0mmwmii 6amm

B saeiiky F2 (u ckonmmpoBath BHU3 110 F16):

=CYMM(B2:E2)

Ota ¢opMmyna cyMMHpPYeT Oaiibl IO YETHIPEM MpeaMeTaM, YTOOBI MONyYUTh OOIMi Oajt
KaXI0TO YYCHHKA.

dopmyna A1 onpeAeeHus 3a4uCICHI

B sueiiky G2 BBenure:

=ECIIM(M(F2>=16; (B2+C2)>=9);"/1a";"Het")

F2>=16 — nposepser, uto o0muii 6amt He Huxe 16.

(B2+C2)>=9 — mpoBepsieT, uTo CyMMapHbIi 6ai1 o GU3KMKe U MaTeMaTHKe HEe HUuxe 9.

Oyukuust 1() oobeaunsier 06a ycnoBusl.

Ecmu 06a Bemonastorcss — Excel BeiBeneT «la», ecimm Het — «He».

[ToncuéT KonmyUecTBa 3a9UCICHHBIX

UYro0Obl MOCYUTATH, CKOJIBKO YIEHUKOB TOTy4min «/la» B rpade 3auncneH, HanmpuMmep B siueiike
G18, ucnons3yiire:

=CUETECIN(G2:G16;"/1a")

®ynknus CUETECJIM cuuTaeT KOMMYECTBO SUEEK MANa30HA, KOTOPHlE COOTBETCTBYIOT
ycloBuio (B n1anHOM ciydae «Jla»). Utorossie hopmynsl pencrasieHa B Tabnuie.

Tabnuma
3aoaua Dopmyna
OO6muii 6amn =CYMM(B2:E2)
3a4ucIeH WIH HET =ECJIM(U(F2>=16; (B2+C2)>=9);"1a";"Het")
KonnuecTBo 3a4nicieHHBIX =CUETECJINU(G2:G16;"1a")

Ocoboe BHUMaHUE:

VYb6enurech, 4To SUEHKU ¢ OangaMu UMEIOT YUCIOBOM (popMaT — 3TO BaXKHO JJIsi KOPPEKTHOM
paboTs! OpMyT U CyMMHPOBaHHUS.

Ecnu notpelyercst mocuuTaTh Mo AOMOJHUTENIBHBIM YCIOBUSAM, MOYKHO HCIIONIB30BaTh OoJiee
ClokHBle BapHaHThl (yHkimi, Takue kak CUETECJIMMH (COUNTIFS) amst HecKombKHX
KPUTEPHUEB OIHOBPEMEHHO.

Pezynomamsr u npakmuueckoe npumenenue. DKCIIEPUMEHTAIbHbBIE TaHHBIE MTOKA3bIBAIOT, YTO
npumenenue ChatGPT u MU-dpynkuii B Excel cHuxaeT Tpymo3arpaTsl Ha co3nanue GopMyll, aHan3
JaHHBIX U 00pabOTKy OONBIIMX MAaccCHBOB HMH(pOpMalMU. DTO MOATBEPKAACTCS MPAKTHYECKUMU
IIPUMEpPaMU: HCIIOJIb30BAHNE TOTOBBIX Al-MHTErpanuii mo3BOJSET aBTOMAaTHU3UPOBAaTh OTUYETHOCTD,
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CO3[aBaTh JMHAMUYECKHE MOJENHU, INPOBOAUTh AaHAJIM3 HAa €CTECTBEHHOM S3bIKE U OBICTPO
alanTUPOBATh TAOIUIIBI 1101 U3MEHSIOIIUECS YCIOBHSL.

B o6pa3oBarenbHOI IPAKTHKE 3TO 03HAYAeT: COKPAICHUE BPEMEHH Ha MOJATOTOBKY 3a/IaHHIA;
MOBBIIIIEHUE BOBICUEHHOCTHU CTYACHTOB; BOZMOKHOCTH OBICTPO aJalTHPOBATh MOJIEIH 110]1 y4eOHbIe

3aJa4H, ooiee FJ'IY6OKO€ IIOHUMAaHME JIOTUKH aHaJIn3a JaHHBIX 1 MOACIIMPOBAHUA.
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Pucynok. Tabmnuia ¢ popmysiamu Ui peiieHuUs 3a1a4u 1 TOCUETOM 3aYUCIICHHBIX

Wuterpanus ChatGPT B Excel conpoBokaercst Kak IperMMyIeCTBaMH, TaK U ONPEAeIEHHBIMU
orpannueHusiMu. Hosele Al-¢pynknum, takue kak Copilot, MO3BOJSAIOT BBOJUTH 3aMPOCHI
HENOCPEACTBEHHO B s4eiku M mnonydarh Al-reHepupoBaHHbBIE pe3ynbTarbl, onHako Microsoft
MPEIYIPEXkTAeT O BOSMOXKHBIX OIPaHHMUEHHSIX TOYHOCTH M TEKYILleM OeTa-cTaTyce TUX CPeACTB. TeM
HE MEHEE, TAKUE MHCTPYMEHTBI YK€ CETOIHS OKa3bIBAIOT CYLIECTBEHHOE BIIMSHUE Ha IIPOLIECCHI
aBTOMAaTH3alMM U MOTYT CTaTh CTAaHAAPTOM IPU 00yUYEHUHU U IPAKTUUECKON paboTe C AIEKTPOHHBIMU
tabmumamu (https://cle.li/QHj V).

3axnouenue

Hcnonb3oBanne ChatGPT u uckyccrBenHoro unHresiekta B Microsoft Excel 3HaunTensHO
pacmmpsieT BO3MOXXHOCTH TPAJAUIMOHHBIX JJeKTpOHHBIX Tabmui. Wuaterpanus ChatGPT wu
aHasiornyHelx MM-unctpymentoB B Microsoft Excel TpanchopmupyeT TpaaulnoHHbINA TaOIUYHBIN
aHaJIU3 B BBICOKOTEXHOJIOTMYHBIM mpouecc. ABTOMaTu3alus pPYTHUHHBIX 3a7ad HE TOJIBKO
ONITUMH3UPYET SKOHOMUYECKHE TTOKA3aTeNIn OpraHu3alnii, HO 1 0CBOOOXK/IaeT YeJI0BEUECKHUIA pecypc
JUISL PEIIEHUs TBOPYECKMX M CTPATETMYECKMX 3a7ad, Jenas IPOJBHUHYTYH aHAJIUTHKY
00IIe0CTYTHBIM HHCTPYMEHTOM.
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Annomayus. Viccnenyrorcss COBpeMEHHBbIE MOAXOIbl K ONTUMHU3AIMM KAaCKaJHBIX TaOIuI
ctuiieit (CSS) B koHTeKCTe responsive-au3aiina Beo-npuioxenuid. Paccmarpuaercs sBosmonust CSS-
MOIXOA0B OT KJIacCHMUecKuxX Menua-3arnpocoB a0 TexHonoruit CSS Grid Layout, Flexbox, CSS
Custom Properties u Container Queries. IlpoBenéH aHamu3 METONOB  IMOBBIIICHUS
npousBoguTeabHOCTH CSS, BKIIIOYAIOMIMX BBIAEICHUE KPUTHYECKUX CTHIIEH, MUHU(HUKAILHUIO,
yIaJIeHHe HEUCIOIb3yeMOro KoJla U aCHHXPOHHYIO 3arpy3Ky ctuiied. [lokazaHo, 4TO KOMILJIEKCHOE
MpuUMeHeHne COBpeMeHHBIX CSS-TeXHOIOTHi MO3BOJISIET COKPATUTE BPEMsI 3arpy3Ku BEO-CTpaHUIl Ha
40-60 % ¥ CyIIECTBEHHO YIY4YIIMTh MOJb30BaTEIbCKUM ONbIT. CHopMynupoBaHbl MPaKTHUECKUE
PEKOMEHalUY TI0 BEIOOPY ONTUMH3AMOHHBIX CTPATEerHii /Ui MPOEKTOB pa3IMyHOro MacuITada.

Abstract. The article examines modern approaches to CSS optimization in responsive web
application design. The evolution from classical media queries to CSS Grid Layout, Flexbox, CSS
Custom Properties, and Container Queries is explored. CSS performance enhancement methods are
analyzed, including Critical CSS extraction, minification, unused code removal, and asynchronous
style loading. It is demonstrated that the comprehensive application of modern CSS technologies can
reduce web page loading time by 40-60% and significantly improve user experience. Practical
recommendations for optimization strategy selection are formulated.

Knrouesvie cnosa: CSS, responsive-nu3aitH, ONTUMHU3AINS TPOU3BOAUTEILHOCTH, aalITHBHAS
BépcTKa, Meaua-3amnpocsl, CSS Grid, Flexbox, Container Queries, Critical CSS, Core Web Vitals.
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CrpeMuTenbHOE pa3BUTHE MOOMIIBHBIX TEXHOJOTHI TpuBeNo K (yHIaMEHTaIbHOMY
MepECMOTPY MPUHITUIIOB IPOCKTHPOBaHUs BeO-npuioxenuit. K nauamy 2025 roma moi1s MOOMIIBHBIX
YCTPOHCTB B I00aJbHOM HHTEepHET-Tpaduke mnpesbicuiaa 60%, a KOJUYECTBO YHHKAJIbHBIX
paspelieHuii SKpaHOB HcUHCisgeTcs Thicsiaamu. Kackamubeie Tabmuubl crmied (CSS) 3aHuUMaroT
[EHTPAIbHOE MECTO B O0ECIIEYeHHWH KOPPEKTHOTO OTOOpaKEHHS M IPOM3BOAMTEIBHOCTH BeO-
MPUJIOKEHUI Ha pa3iUyHbIX ycTpoiicTBax. Konuemnuus responsive-auzaiiHa, chopMynHpOBaHHAS
HNranom Mapkorrom B 2010 romy, mpeamosiaraer co3maHue BeO-MHTEpP(EHCOB, aBTOMATHYECKH
aJaNTUPYIOLIUXCS K XapakTepucTHkaMm ycTpoiictBa. C MOMEHTa €€ MOSBIIEHUS TEXHOJIOTMYECKUI
nanamadt CSS npereprien cyecTBeHHbIe M3MeHeH s : ossBuauch moaynu Grid Layout u Flexbox,
CSS Custom Properties u Container Queries, 0IHaKO pacIIUpEeHHUe BO3ZMOXHOCTEH MPUBENIO U K
YCIIOKHEHUIO KOJIOBBIX 0a3, mpobiieMaM N30bITOUHOCTH CTHIIEH U OIOKUPYIOIIEH 3arpy3KH PECypPCOB.

AKTyanbHOCTh HCCIIEIOBaHHS OOYyCJIOBIEHA TeM, YTO HeonTHMU3upoBaHHBIH CSS-kox
HenocpeacTBeHHo Bimsier Ha MmeTpuku Core Web Vitals — LCP, FCP u CLS, yuuthsiBaeMble
MOMCKOBBIMHM CHUCTEMaMH. YBEJIMYEHHE BPEMEHHM 3arpy3Kd Ha OJHY CEKYHIY MOXET CHUXXAaTh
KOHBEPCHIO Ha 7% W COKpallaTh NOBTOPHBIE noceuieHus Ha 50% [6, 8].

Lenbto HacTtosmied paboThl SABISETCS CUCTEMATU3allUsg M CPAaBHUTEIbHBIM  aHaIU3
COBPEMEHHBIX MOAX0J0B K ontummsanuu CSS B responsive-ansaiine, Bkitodas somonuio CSS-
MOJXOJ0B, ONTUMHU3AIMOHHBIN TOTEHIMAl HOBBIX TEXHOJOTUH M METOMAbl TOBBIIICHUS
MIPOU3BOAUTEILHOCTH JOCTABKU CTUIIEBBIX PECYPCOB.

OcHoBormonararomieil padboToil B 00JIacTu aJanTUBHOTO BeO-IM3aiiHa SIBISETCS MOHOTpadus
“Responsive Web Design” (2011), BnepBble cOpMyIHpOBaBIIas IEIOCTHYIO KOHICIHIO
a/lanTUBHOTO MOJX0/a HAa OCHOBE THOKUX CETOK, THOKUX N300paXkeHUi 1 Meana-3anpocos [1].

[IpakTuyeckoe pa3BUTHE ATUX UEH HAIIO OTpakeHHe B padote “Responsive Web Design with
HTMLS5 and CSS” (2020), nemoncTpupytoieit npumenenue Flexbox u Grid Layout 1uist noctpoenust
a/IalITUBHBIX MAKETOB C aKIIEHTOM Ha NMPOU3BOAUTENbHOCTH. DyHAaMEHTAIbHBIN BKJIa/ B U3yUYEeHUE
npousBogurenbHoctH BHecan C. Caynmepe, CHCTEMAaTU3UMPOBABIIMN TMpaBWia ONTUMH3ALUU
¢bponTenaa B padorax “High Performance Web Sites” (2007) u “Even Faster Web Sites” (2009), a
take QGrigorik I., omucaBmMii Monenb KPUTHUYECKOTO IyTH peHaepuHra B mMoHorpadpuu “High
Performance Browser Networking” (2013), tae CSS-pecypchl UrparoT KIOUYEBYIO pOJib, OJIOKUPYSI
IIOCTPOEHUE JIepeBa peHAepUHTa [2].

Ha pannem stame cymectBoBaHusi BceMupHoii nmayTHHBI BeO-CTPaHUIIbI IPOSKTUPOBAIIUCH C
pacuétom Ha ukcupoBaHHoe pazperieHue skpana — §00x600 unu 1024x768 nukceneit. MakeTbl
CTPOMWJIUCHh Ha a0CONIOTHBIX €IUHHUIAX W TAaOJMYHON pa3MeTKe, 4TO MCKIIYalo aJalnTaluio K
YCTPOHCTBAM C MHBIMH XapakTepucTukamu. [losBieHHe MOOWIBHBIX Opay3epoB OOHAXUIIO
HECOCTOSITENIBHOCTh JIAaHHOTO Tosixoaa [1].

[lepBbIM IIaromM K aJanTUBHOCTU CTAJl0 BBeJEHHE Meaua-3anmpocoB B CSS3, mo3Boistommx
MIPUMEHSITh Pa3jINyYHbIe CTUIIM B 3aBUCUMOCTHU OT XapaKTEPUCTUK YCTPOICTBA:

(@media screen and (max-width: 768px) {

.container { flex-direction: column; padding: 1rem; }
.sidebar { display: none; }

b

Menauna-3anmpochl MO3BOJMIN ONPEAEISITh KOHTPOJIbHBIE TOukH (breakpoints) — moporoBbie
3HAYCHUs MIMPHHBI JKpaHa, MPU KOTOPHIX MakeT MepecTpanBaeTcs. [lapamiensHO MpPOUCXOIMIT
nepexo] OT a0CONIIOTHBIX €IMHHII K OTHOCUTENIBHBIM (IIPOLEHTHI, €m, rem, Vw, vh), 4To MO3BOIMUIIO
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co3/1aBaTh THOKHE CETKH C MPOMOPLHOHAIBHBIM U3MEHEHUEM pa3MepoB 31eMeHTOB. CylllecTBEHHOE
BIUSHUE OKazan moaxon mobile-first, mpu koropom 0a30Bble CTHJIM pa3padaThIBAIOTCS IJIS
MOOMJIBHBIX YCTPOMCTB, a JUIsl KPYTHBIX 3KPaHOB T00ABIAIOTCS Yepe3 Meana-3anpockl ¢ min-width.
OTOT TOAXO0A O00eCleuynBaeT NPUOPUTU3ALMIO KOHTEHTA s MOOWIBHBIX MOJb30BaTeNeH u
ONTUMHU3ALNIO IPOU3BOJUTEIILHOCTH 32 CYET MUHUMAJILHOM HauaIbHOU 3arpy3KH CTUJICH.

HecMoTps Ha TOCTOMHCTBA, KJIACCHYECKUN MOAXOA OOHapyX Wi psii orpaHuyeHuil. Menua-
3aIpoChl OPUEHTUPOBAHBI Ha TI00ATBHBIC XapaKTEPUCTUKU VIEWpOrt, a He Ha pa3Mep KOHKPETHOTO
KOMIIOHEHTA, YTO MPETMSITCTBYET CO3/IaHUIO MIEPEUCIIONb3yeMbIx Moayei. Kackannblit xapakrep CSS
py OOJIBLIOM YHCIIE MEINa-3alPOCOB YCIOKHSIET COITPOBOXKICHHE, a (hparMeHTaIusl yCTPOUCTB (0T
CMapT-4acoB JIO TEJIEBU30POB) JiejaeT GUKCUPOBaHHBIN Habop breakpoints HemocTaTOYHBIM [3].

JlaHHBIE OTpaHUYEHUS MOCIYKWJIA CTHUMYJOM JUIs pa3paboTku HOBBIX CSS-texnonoruii. B
nepuos ¢ 2017 o 2024 ron mosiIBUIICS psifl TEXHOJIOTUM, TPUHIIUITUATILHO U3MEHHUBIIUX MOAXOM K
MOCTPOCHUIO ajanTuBHBIX MakeToB. Momayns CSS Flexible Box Layout (Flexbox, pekomenmamms
W3C 2018) npeqna3zHaueH /st OAHOMEPHOTO pacIipe/IeIeHHsI IPOCTPAHCTBA MEXKIY dJIeMEHTaMu [4].

Flexbox 3ameHnsier menble Tpymmbl NpaBUi, paHee HEOOXOAMMBIX U IICHTPHUPOBAHUS U
BBIPAaBHUBAHMUS, YTO COKpAIIAET pa3Mep CTUIIEBOTO (paiiia u Harpy3Ky Ha mapcep Opaysepa. Momaynb
CSS Grid Layout (pexomenpanus W3C 2017) npenocraBisieT HHCTPYMEHTapHUil JUIsl 1ByMEpPHOU
KoMITOHOBKH. CyIlieCTBEeHHBIM MpenmyliecTBoM Grid sBisieTCs BO3SMOXKHOCTh CO3JJaHUS aJJallTUBHbBIX
ceTok 0e3 Meaua-3anpocoB — MOCpeAcTBOM GyHKImiA repeat(), minmax() U KJIIFOYEBOTrO CJI0Ba auto-
fit:

.product-grid {

display: grid;
grid-template-columns: repeat(auto-fit, minmax(280px, 11r));
gap: 1.5rem;

}

JlaHHasi KOHCTPYKIMSI TOJHOCTBIO YCTpaHSeT HEoOXOAMMOCTh B MeAua-3anpocax s
KOMIIOHEHTA: CTOJIOIBI aBTOMAaTUYECKH JTOOABISIOTCS WM YHAISIOTCS B 3aBUCHMOCTH OT IITUPUHBI
koHTelHepa. [lepexon ¢ knaccuueckux grid-cucrem Ha ocHoBe float Ha CSS Grid Layout no3Bosnsier
COKpaTUTh 00BEM CTUIIEBOTO KoJla MakeTa Ha 40—60%.

Taomuua 1
CPABHUTEJIBHA 1 XAPAKTEPUCTUKA COBPEMEHHBIX CSS-TEXHOJIOTUI
Texnonozus Tun adanmayuu  Coxpawenue  Heobxooumocms medua- Tloooepaicka
obvéma CSS, 3anpocos bpayzepamu
% (2024), %
Flexbox OnnomepHas 20-30 TpebyroTcsa ans makera 99+
CSS Grid Layout JBymepHas 40-60 YacTuyHO yCTpaHsieT 97+
CSS Custom [TapameTrpudaeckas 15-25 YupomarmT 98+
Properties WCIIOJIb30BaHKe
Container Queries KomnonentHas 30-50 3ameHseT A 91+
KOMIIOHEHTOB

CSS Custom Properties (mepemeHHBIE) TO3BOJSIIOT ONMPENEsATh MMEHOBAaHHBIC 3HAYCHMUS,
BBIYHUCIIACMBIC HA OTAIIC BBIMTOJTHCHUA U YUYAaCTBYIOIIMWE B KACKaZ€, YTO ACIACT X MHCTPYMCHTOM JJIsA
CO3/IaHusl AJANTHUBHBIX TU3alH-CHUCTEM C LEHTPAIM30BAaHHBIM YIpPABICHUEM TMapaMeTpaMu depe3
Meauna-3anpocbl. Hambonee 3HaumMbIM HOBOBBeneHHeM craia crnenudukamnus Container Queries
(CSS Containment Level 3, mognepxka Bo Bcex Opaysepax k 2023 romy), pemaromas KI4YeBYIO
npoOieMy KIaCCHYECKHX MeIua-3alpocoB — TNPUBA3KY K viewport. Bmecto 3Toro crumm
KOMITOHEHTA OMPEEINIAIOTCS Pa3MepoM €ro KOHTEHepa, 4TO MO3BOJSET CO3/1aBaTh MO-HACTOAIIEMY
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nepeucnonb3yemblie Momyian. Komanma Netflix ormermia mepexos K BOCXOISIIEMY TOAXOMY K
KOMIIOHEHTHOMY JHW3aiiHy W ycTpaHeHue JavaScript-3aBucumocrteif, a redBus oObenunuma
MOOWIJIBHYIO U JI€CKTOITHYIO KOIOBBIE 0a3bl B €JMHYIO CHCTEMY.

CoBMecTHOE TPUMEHEHUE TEXHOJIOTHI co31aéT cuHeprerndeckuid 3gpdext: mepexon ot float-
cetkn k komOuHanuu CSS Grid, Custom Properties u Container Queries cokpariaer o0bEM Koma
MakeTta Ooiiee 4eM B 2,5 pasa.
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Pucynok 1. CpaBuenue o6béma CSS-koma mpu pa3iuyuHBIX HOAXOAaX K MOCTPOCHHUIO aJalTUBHOIO
MakeTa

Memoowvr onmumuzayuu npouzeooumenvnocmu CSS. bpaysepHass Mojaenb peHIEpUHTa
npeanonaraet, 4to CSS sBisieTcss pecypcom, OIOKUPYIONTUM OTPUCOBKY: TIOKa BCE CTHIIEBBIC (DailiTb
HE 3arpy’KeHbl ¥ He MPOaHaIN3UPOBAHbI, Opay3ep He MPUCTYIUT K MOCTPOCHUIO JepeBa peHAepUHTA.
[Toatomy 00BEM, cTpykTypa U criocod noctaBku CSS HEMOCPeICTBEHHO BIUSAIOT Ha BPEMs MEPBOM
orpucoBku koHTeHTa (FCP) m BocnmpuHUMaeMyro CKOPOCTh 3arpy3kKu. BpIieneHHEe KPUTHUECKHIX
cruneii (Critical CSS) — onun u3 Hanbosee YPPEKTHBHBIX METOIOB: MHHUMAJIBHBIH HA0OP MPaBHII
JUTSL OTPUCOBKM BUJUMOM 4acTu CTpaHullbl BctpanBaeTcss B HTML-10KkyMeHT, a ocTallbHbIE CTUIIH
3arpy»KarTcs aCHHXPOHHO. J[J1s1 aBTOMaTHU3aIMK UCTIONb3YIOTCs HHCTpYMEHTHI critical u Penthouse.
[Tpumenenne Critical CSS coxpamiaer Bpemst FCP na 25-40%. Munudukamus CSS (cssnano, clean-
CsS) — yhaJieHHe MpoOeIoB, KOMMEHTapHEB, COKpaIlleHHe 3HAYeHNH — 00ecIeunBaeT YMEHbBIIICHHE
oonéma Ha 15-25%, a B couertanmu c GZIP/Brotli-cckatuem — no 80-90%. VYnanenue
Heucnonbszyemoro CSS (PurgeCSS, UnCSS) — nHaubonee paaukanbHBIM METOA: Ui MPOEKTOB C
CSS-dpeiiMBopkamMu OH MO3BOJSET COKpaTUTh 00bEM ctuiielt Ha 70-95%. Pa3nenenue crumneit mo
MapmipyTam (route-based CSS splitting) — ¢opMupoBaHue OTIAEIHHOTO CTUJIEBOTO (haiina aJis
KaXXJI0W CTPaHUIIbIl — COKpalllaeT HadalbHY0 3arpy3Ky Ha 50—70% s KpyIHBIX OJJHOCTPAHUYHBIX
npunoxenuil. Ilnarpopma PostCSS ¢ mmarmnamum  Autoprefixer u postcss-preset-env  crana
CTaHJapTOM aBTOMATH3WPOBAHHOW 00pabOTKH CTHIICH. DP(HEKTHBHOCTH ONITUMH3AIIUNA OIICHUBACTCS
yepe3 metpuku Core Web Vitals: Largest Contentful Paint (LCP, neneBoe 3nauenne — meHee 2,5 ¢)
3aBUCUT OT ckopoctu 3arpy3ku CSS; Cumulative Layout Shift (CLS, menee 0,1) cBsizan c
KOPPEKTHOCThIO CTUJIEH M cTabunbHOCTBIO Makera; Interaction to Next Paint (INP) usmepser
OT3BIBYMBOCTH CTPAHUIIBI, HA KOTOPYIO MOTYT BIMATH cllo’kHbIe CSS-aHUMAaIMM 1 4acThlii epecuér
CTHJIEH.
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Tabmmma 2
BJIMAHUWE METOJ10OB OIITUMU3AILIMN CSS HA METPUMKH CORE WEB VITALS
Memoo onmumuzayuu Bnusnue na  Bausnue  Bauauue Crnoorcnocme
LCP na CLS  na INP 8HeOpeHUs.

Critical CSS 5 2 1 Cpennsist
Munuduxanus CSS 3 1 1 Huskas

Ynanenue Hencnonabzyemoro CSS 4 1 2 Cpenusis
Paznenenue no mapupyram 4 2 1 Bricokas
Ilepexon na CSS Grid 2 4 3 Cpennsis
Container Queries 2 4 2 Cpennsist
KomriuiekcHbIl monxon 5 5 4 Bricokas

Jlnisi KOMMYEeCTBEHHOM OIICHKH HCIIOJIb30BaH KOPIOPAaTHBHBIN BeO-caldT (12 cTpanui) Ha
Bootstrap 4 ¢ float-cetkoii. OnTumusupoBanHas Bepcusi ucnonszyer CSS Grid, Flexbox, Custom
Properties, Critical CSS, PurgeCSS u cssnano. 3mepenus Beimonnens Google Lighthouse B pexumve
AMYIIAUN MOOUIBHOTO ycTpoiicTBa (4G).

200 A == [lo ONTUMKU3ALLMN
187

e MNocne onTUMM3aUnK

1754
1501
1254
1004

751

50+

24

2.8 1.1 4.2 1.9 - 3

Pasmep CSS FCP LCP CLS Lighthouse
(KB) (cek) (cek) (x100) (6annbl)

25+

Pucynoxk 2. CpaBHeHHE METPUK MPOU3BOAUTEIHHOCTH 10 U TOCJIE KOMIUIEKCHON onTuMuzanuu CSS

YnaneHune 35 %
Heucnonb3yemoro CSS
MuHndrkauma 18 %
+ CcxKaTune
PaspeneHue 12 %
no MapLipyram
MNepexop Ha o
Grid/Flexbox - 7%

5 10 15 20 25 30 35 40
Bknapn B cokpallleHne BpemMeHu 3arpysku (%)

Pucynox 3. Bxnax otraenbHbIX MeToAoB ontumuiauud CSS B cOKpallleHHME€ BpPEMEHHU 3arpy3Ku
CTpaHUIIbI
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O0wém CSS cokparmics ¢ 187 Kb no 42 Kb (=77,5%), FCP — ¢ 2,8 o 1,1 ¢ (—60,7%), LCP —
c4,2 no 1,9 ¢ (—54,8%), CLS — ¢ 0,24 o 0,03 (—87,5%). bamn Lighthouse Beipoc ¢ 52 g0 91.

HauGonpmmii Bki1aq BHOCHT yaaneHue Heucnoibdyemoro CSS (35%) u Critical CSS (28%).
Munudukanus co cxaruem naér 18%, pasmenenue mo mapmpyram — 12%, mepexon Ha
Grid/Flexbox — 7% [6, 7].

Jlist HeOGonmbIuX poekToB AoctarouHo MuHuukanuu U CSS Grid/Flexbox; mis cpegaux —
nononautenbHo Critical CSS, PurgeCSS u Custom Properties; ans kpynabix SPA pexomenayercs
MOJTHBIA KOMILJIEKC C pa3esieHueM 1mo Mapiipyram u MoHuTopuarom Core Web Vitals.

3axnouenue

B Hacrosmeit pabote MpOBENEH CUCTEMATUYECKUN AaHAllM3 COBPEMEHHBIX TOIXOJOB K
ontummzarmu CSS B responsive-au3zaiine BeO-npriiokeHnid. [loka3ano, 4To 3BOJIONMS OT Meaua-
3anpocoB 0 CSS Grid Layout, Flexbox, Custom Properties u Container Queries mo3BOJsSET
COKpaTuTh 00bEM cTuieBoro koaa Ha 40—60%, a KOMILJIEKCHOE MPUMEHEHHE METOIOB ONITUMU3ALINN
npousBogutenabHocTH (Critical CSS, MunnuKkanms, yaaaeHiHe HEUCTIONb3yeMOTO KO/, pa3AeiieHHe
o Mapuipytam) ooecrneunBaeT ynydmenune Metpuk FCP nHa 60,7%, LCP na 54,8% u CLS Ha 87,5%.
CdhopmynupoBansl nuddepeHIrpoBaHHbIE PEKOMEHIAINH 110 BEIOOPY CTpaTeruii B 3aBUCUMOCTH OT
Macmtaba mnpoekta. IlepcmektuBbl paszBuThsi cBszaHbl co crenudpukanuer CSS  Nesting,
MIO3BOJISIFOIIEH OPTaHU30BHIBATH MTPABHJIA HEPAPXUUECKU O€3 MPEnpoLeccopoB, TUPEKTUBON (@ layer
U1 YTIPaBJICHUs IPUOPUTETOM CTUJIEH M UHTErpalueil HCKyCCTBEHHOIO MHTEJIEKTa B UHCTPYMEHTBI
ONTUMHU3AINA — aBTOMAaTHYECKUM OIpPEACTICHUEM KPUTUYECKUX CTHIIEH U HHTEIUIEKTYaJIbHBIM
pazzeneHueM ¢aillioB Ha OCHOBE aHAM3a MOJB30BATEIHLCKOTO TOBEICHUSI.
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SYSTEM OVERVIEW OF MESSENGERS AND THE ROLE
OF THE MAX MESSENGER IN THE IMPORT SUBSTITUTION PROCESS
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Annomayus.  1lpoBOOUTCS  CUCTEMHBI  0030p COBPEMEHHBIX MECCEHKEPOB  Kak
MHOTO(YHKIHOHAJIBHBIX LIUPPOBBIX IKOCUCTEM, HHTEIPUPYIOIUX KaHAJbI CBA3M, MEJUAKOHTEHT U
IUIaTe)KHbIE MHCTPYMEHTBHI. AHAJIM3UPYIOTCS Kak MexayHaponaHsle miardopmel (WhatsApp,
Telegram, Signal, Threema, WeChat), Tak u oreuectBeHHbIe pazpadotku (VK Meccenmxep, MAX).
PaccmarpuBaroTcs MX KIIIOUYEBBIE TEXHMYECKME M SKOHOMHMYECKHE MapaMmerpbl. OnuchIBacTCs
KJ1accu(UKaus MECCEHIKEPOB 110 OCHOBHBIM KOMIIOHEHTaM: apXUTEKType CeTH, 0€30IacCHOCTH U
MOJeNIM MOHeTH3alMu. Ha oCHOBE IpeIOKEHHBIX KPUTEPUEB MPOBENEH CPABHUTENBHBIN aHAIN3
BeAyIIMX MIart¢opM, BBIIBUBIIMKA pa3nuuus B moaxonax: mMaccosble cepBuchl (Telegram, WeChat)
WCIIONIB3YIOT TPAHCIOPTHOE MIM(pOBaHWE U pEKIIAMHBIE MOJIETH, TOrja Kak HulneBble (Signal,
Threema) Oonbllle OpPUEHTHPOBaHBI Ha MPUBATHOCTh M CKBO3HOE IHdpoBaHue. OTAEIBHO
PacCMOTPEHBl MOJENIM MOHETH3allMU: OT peKJaMbl U NPEMUYM-TIOANUCOK 10 B2B-pemenuii u
HKOCUCTEMHBIX KOMHCCUI. BbIgBieHo, uTo BbIOOp MoOnenu IMU(POBaHUS HANPSMYIO BIHMSIET Ha
JIOBEpUE TIOJb30BaTeNe M BO3MOXKHOCTH IOJMyueHUs npuObun I1wuiargopmoil. B kauectse
MIPAKTUYECKOTO IpHUMepa OTEUECTBEHHOW pa3pabOTKU JE€TajJbHO pPAacCMaTPUBAETCS MECCEHJIKEP
MAX: ero apxutekTypa Ha ocHoBe Signal Protocol, oGs3arenpHOe ckBO3HOE MIM(pPOBaHHE BCEX
YaTOB IO YMOJYAHHUIO, IOJHOE COOTBETCTBHE TPEOOBAaHMSIM POCCHMCKOTO 3aKOHOAATENILCTBA,
XpaHEHME JaHHBbIX Ha cepBepax Ha tepputopuun Poccuiickont denepanuu, a Takke MHTErpanus C
skocucteMoil VK, BKitouasi 00nayHble CEpBUCH U MUHU-TIPUIIOKEHMSI. B 3aKitoueHnn OlleHUBaeTCs
NOTEHLMAJl M aHaIM3UpyeTrcsd poib MecceHkepa MAX B mpouecce HMMIIOPTO3aMEILEHUS:
iatopMa paccMaTpuBaeTCss Kak MpUMep TEXHOJIOTHYECKH HE3aBHCUMOTO PELIeHHs, CIOCOOHOTO
o0ecrnednTh 6€30MacHyI0 KOMMYHHUKALIMIO JUIS TOCYAapCTBEHHBIX U KOPIIOPATUBHBIX MOJIb30BaTelNEH,
OfHaKo ee ycmex OyaeT 3aBUCETh OT MacluTabupoBaHHs (PYHKIMOHAIBHOCTH W MPUBICUEHUS
MacCOBOM ayJUTOPHH.

Abstract. The article provides a systematic review of modern messengers as multifunctional
digital ecosystems integrating communication channels, media content, and payment instruments.
Both international platforms (WhatsApp, Telegram, Signal, Threema, WeChat) and domestic
developments (VK Messenger, MAX) are analyzed, and their key technical and economic parameters
are considered. The text describes the classification of messengers by their main components:
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network architecture, security, and monetization models. Based on the proposed criteria, a
comparative analysis of the leading platforms was carried out, revealing differences in approaches:
mass services (Telegram, WeChat) use transport encryption and advertising models, while niche
services (Signal, Threema) are more focused on privacy and end-to-end encryption. Monetization
models are considered separately, ranging from advertising and premium subscriptions to B2B
solutions and ecosystem commissions. It was revealed that the choice of an encryption model directly
affects user trust and the platform's profit opportunities. The MAX messenger is considered in detail
as a practical example of domestic development: its architecture is based on the Signal Protocol, with
mandatory end-to-end encryption of all chats by default, full compliance with Russian legislation,
data storage on servers in the Russian Federation, and integration with the VK ecosystem, including
cloud services and mini-applications. In conclusion, the potential and role of the MAX messenger in
the import substitution process are analyzed: the platform is presented as an example of a
technologically independent solution capable of providing secure communication for government and
corporate users; however, its success will depend on scaling functionality and attracting a mass
audience.

Knrouesvle cnosa: mecceHmpkep, apXurekrypa, 0€30macHOCTb, MU(PPOBAHUE, CPABHUTEIBHBIH
aHanu3, umroprozameiienue, MAX.

Keywords: messenger, architecture, security, encryption, comparative analysis, import
substitution, MAX.

B coBpemeHHOM ITU(PPOBOM MHpPE, MECCEHKEPBI HAaYalll TPAaHCPOPMUPOBATHCS U3 MPOCTHIX
MHCTPYMEHTOB /i1l 0OOMEHA TEKCTOBBIMU COOOILEHUSMU B LeNIble SKOcHCcTeMbl. OHU 00BEINHSIOT B
ceOe BO3MOXKHOCTH COLMAIBHBIX CeTed, Meaua-rardopM, IUIATeKHBIX CUCTEM U HHCTPYMEHTOB
aBTOMaTH3alMu OusHec-mporeccoB. Celfyac MecceHIKepbl — 3TO HE MPOCTO YAOOHBIN CEpBHC,
a KpUTUYECKU BaXKHAs MHPPACTPYKTypa Ui COL[UANBHOMN, SJKOHOMUYECKON U TOJTUTHYECKOM KU3HH.
JIro6oii MecceHKep Kak MPOIYKT OCHOBBIBAETCS Ha 4YETHIPEX (DyH/IaMEHTAIbHBIX KOMIIOHEHTAaX:
apXUTEKType ceTH, (PyHKIMOHAIBbHOM Habope, cucTeMe Oe30MacHOCTH U MOAEIH MOHETH3alHH.
VIMEHHO OT 3TOro 3aBUCAT KIIIOUEBbIE CBOMCTBa Oyaymied niaar¢opmbl: MPOU3BOAUTENBLHOCTS,
ya00CTBO, YPOBEHb JI0BEPHUSI N10JIb30BATENENH U SKOHOMUYECKAs] YCTOMUUBOCTD.

Cucremarusanus MECCEH)KEPOB MO KIIIOUEBBIM TEXHUYECKUM U OU3HEC-XapaKTepUCTHKaM
MO3BOJISIET MOHATh UX APXUTEKTypHbIE OCOOEHHOCTH, IIENIEBYIO ayJUTOPUI0 M YCTOWYMBOCTH K
pasNUYHBIM BHJIAM peryiaupoBaHusi. Ha ocHOBe 3Toro, MecceH/kepbl KiIacCHQUIMPYIOT IO
OCHOBHBIM THUIIaM.

1. ApxuTekTypa ynpaBJICHHS CETBIO.

LentpanuzoBanubie (WhatsApp, Telegram, VK Meccenmxep, MAX). Bce cepBepsl u
MIPOTOKOJI KOHTPOJIMPYET OJIHA KOMIIaHUS. DTO O0OeCIeYMBaeT MPOCTOTY, BBICOKYIO CKOPOCTb WU
ennHooOpa3ue (PyHKIMOHAA, HO CO3/1aeT EAMHYIO TOUYKY KOHTPOJIS U MOTEHIUAIBHOTO OTKA3a;

®eneparuBHble (Matrix / Element). Mcnonb3yroT OTKpBITHIN TPOTOKOJI, TO3BOJISIOIINN pa3HbIM
OpraHM3alysIM WIN I0JIb30BaTelNIIM 3allyCKaTh CBOM CEepBephl (HOJbI), KOTOPbIE B3aUMOAECHCTBYIOT
MEXy c000i1 IO eMHBIM MpaBUIIaM. JTO MOBBIIIAET YCTOMUYUBOCTD U BBIOOD MpOBaiiepa, YCIOKHSsA
100aIbHYI0 OJIOKMPOBKY;

HenentpanuzoBanubie (P2P) (Briar, Session). Paboraror 0€3 IIEHTpaJIbHBIX CEPBEPOB,
UCIIOJIB3YSI MPSIMOE COEIMHEHUE MEXIY YCTPONCTBaAMH IOJIb30BATENIEeH WM paclpeesieHHbIe CeTH
(HampuMmep, ONIOKYEHH). DTO MakCUMajbHas YCTOHUMBOCTD K IIEH3ype, HO 4acTo B yIIEpO CKOPOCTH
u ynooctsy [1].
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2. Dxocucrema.

HeszaBucumpie (Signal,  Threema). 210 CHEIUATU3UPOBAHHBIE  MPUIIOKEHUS,
c(OoKyCHpOBaHHBIE HAa OE30MACHOCTH M MPUBATHOCTHU. X pa3BUTHE HE CBSA3aHO ¢ 00Jee MIMPOKUMHU
U(GpPOBBIMU CEPBUCAMHU, YTO TIO3BOJIIET KOHLEHTPUPOBATHCS Ha KadyecTBE MHM(pPOBAHUA U
MUHHMAaJIbHOM cOOpe JaHHbBIX, HO OIpaHMYMBAET (YHKLHMOHAJIBHOCTh U YNOOCTBO MHTETPALUU C
IPYTUMH yCIIyTramMu;

Yactb kpymHOI KoMMepueckoi skocucteMbl (WhatsApp/Meta, Google Chat, Viber). SIBnstorces
gacteio [T-kopnopanuu, obecrnieunBas rTyOOKyI0 MHTETPALUIO ¢ €€ cepBUCAMH (EIMHBIA aKKayHT,
00J1aKo, COLCeTh). DJTO MOBBIIIAET YAOOCTBO, HO J€NaeT IOJIUTUKY KOH(PHIECHIHAIBHOCTH U
JOCTYITHOCTb 3aBUCUMBIMH OT PELLICHUH I'OJIOBHOIN KOMITaHUM;

I'ubpunneie mnardopmsr (Telegram). Ilmardopmbl, mpeoOpa3oBaHHBIE W3 HE3aBHCHMOTO
MECCEeH/Kepa B MHOTO(YHKIIMOHAJIBHYIO Cpely ¢ KaHalaMu, 0oTamu M Iuiatexamu. CoderaroT
KOHTPOJIb pa3pabdoT4MKa C PACIIMPEHHBIM (PYyHKIIMOHAJIOM, 4TO CO34aéT IPOTUBOpPEUUE MENKIY
3asBJICHHOI MMPUBATHOCTBIO M KOMMepLuanu3anueil niardopmsl [2].

3. lleneBoe Ha3HAUCHHE.

MaccoBbsie MecceHmkepbl oOmiero HazHaueHust (WhatsApp, Telegram, Viber, Signal).
[Ipenna3HayeHpl A7 TMOBCEAHEBHOIO JIMYHOTO M JEJIOBOrO OOILIEHMsS IIMPOKOrO Kpyra
nojb3oBateneil. SIBISAIOTCA YHUBEPCAJIbHBIM HHCTPYMEHTOM JJIi TEKCTOBOM, TOJOCOBOM U
BUJICOCBSI3U;

Kopnoparusasie Mmeccenmkepsl (Slack, Microsoft Teams, Mattermost). Crierimanu3upoBaHHbIE
1aTOpMbl, OPUEHTUPOBAHHBIE HA OPraHMU3aLMI0 pabouuX MPOLECCOB M MHTErpaluio ¢ Ou3Hec-
MHCTPYMEHTaMH (JIOKYMEHTBI, 3aJJa4M, KaJIeHapH);

CrnenmnanmusupoBanable  MecceHukepsl (Discord). Co3manbl 1151 KOHKPETHBIX CIICHAPHEB
MCTOB30BaHUsl WM coolmiecTB. Yacto 00magaroT y3KOCHEHATU3UPOBAHHBIM (DYHKIIMOHAIOM
(MHTEerpanus ¢ UrpaMu, HU3KHe 3aJepKKH, TpaHcasiuun) [3].

@OyHKIMOHATBHOCTh  COBPEMEHHBIX  MECCEH/DKEpPOB  Hojpaszaessiercs Ha  0a30BBIN
(oOsi3arenbHBIN)  HA0Op W pacHIMPEHHBIE  BO3MOXKHOCTH,  MpeBpalaloinme HuX B
MHOTo(QyHKIIHOHaJIbHbIE MaT@opmsl (Pucynox) [4].

‘ Bosmooicnocmu MeCC€H03/C€p06 ‘

—

bazoevie Jlonoanumenvhvie
TEKCTOBBIE COOOIIEHYIS,; CKBO3HOE MU(POBaHUE;
TOJIOCOBBIE COOOIIEHUS; CEKPETHBIC YaThl;
ayJIno- ¥ BUJICO3BOHKH; IMyOTMYHBIE KaHATIBI U YaThl;
nepenayva ¢Gaiios; UCTOPHH;
IPYIIOBBIC YaThl; 4aT-00THI;
CITUCOK KOHTAKTOB; IJIATeKU M JCHEKHBIC TIEPEBOJIbI;
YBEIIOMJICHHSI, MPSIMbIE TPAHCIIALINY;
CTaTyC OHJIAMH/TIOCIIEHHIA pa3 B CETH H TII. PEeaKIK, CTUKEPHI U TA.

Pucynok. Bo3aMoskHOCTH MECCEHKEPOB

BoabImMHCTBO MECCEHHKEPOB MOCTPOSHBI HA OCHOBE KIIMEHT-CEPBEPHOM apXHUTEKTYPHI, T
CEpBEp BBICTYNAET B POJIM LEHTPAJIBHOIO MOCPEIHUKA MEXIY Moyb3oBaTesiMu. OH ymnpaBiiseT
MOJKITIOYCHUSMU, MapIIPyTH3UPYET COOOIIeHHUs, 0OecrieunBaeT ayTeHTH(UKAIINIO TI0Ih30BaTeNel 1
CUHXPOHHU3AINIO JAHHBIX MEXIY YCTpOUCTBaMH [5].
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DTO0 co3/1aeT eUHYI0 TOYKY KOHTPOJIS, YTO YIPOIIAeT pa3paboTKy U MaclTabupoBaHUE, IPU
39TOM J€NAaeT CHUCTEMY YI3BUMOM C TOYKH 3pEHHMS OTKAa30yCTOMYMBOCTU U IOJABEPKEHHOU
OnokupoBKaM. JlIs1 peanu3anuu KIMEHT-CEPBEPHOW apXUTEKTYphl HCHONB3YIOTCS pa3iMyHbIC
CETEBbIE IPOTOKOJBI, BBICTyHAIOIIME OCHOBOM  B3aMMOJAEHCTBUS MEXKAY KJIMEHTOM U
cepepoM. [IpoToKoIbI MOAPA3AEAIOT Ha HECKOJIBKO THIIOB: OTKPBITHIE CTaHAAPTHI ISl OOMEHa
coobmenussMu (XMPP); mnporokonsl ans  ¢deaepaTMBHBIX U ACICHTPAIN30BAHHBIX CETEH,
o0ecreYnBaroNe CHHXPOHU3AIHMIO MEX Ty CEpBEpaMH B peajbHOM BpeMeHu (Matrix); IerkoBecHbIe
npoTokonbl i MoounbHbIX u loT-ycrpoiicte (MQTT); TpaHcHmOpTHBIE MPOTOKONBI JJsl BeO-
npunoxenuii (WebSockets, HTTP/2), a Taxxke cepuchl push-yBenomnenuii (Apple APNs, Google
FCM); curnajibHble TPOTOKOJIBI ISl TOJIOCOBOM U BUieocBs3u (SIP); coBpeMeHHbIE ITponpueTapHbie
MIPOTOKOJIBI, OPUEHTHPOBaHHbIE Ha Oe3onacHoCTh (Signal Protocol, MTProto) [6].

Bribop mporokona  HampsAMyl0 ~— BIMS€T HAa  CKOPOCTh  JIOCTAaBKM  COOOIICHUA,
3Heprod(HEeKTUBHOCTh, BO3MOXKHOCTU PACIIMPEHHUS, a TaKXKe apXUTEKTYypy CaMOro CcepBHCa.
OCHOBHBIM KpUTepHEeM BbIOOpa 0a30BOr0 MPOTOKOJA SBISETCS oOOecleunBaeMblii  ypOBEHb
0€30MacHOCTH, YTO MPSMO 3aBUCUT OT Mojaeiu mmdpoBaHus NaHHBIX. Tak, Haubosee HAAEKHON
cunutaeTcs Monenb ckBo3Horo mupposanus (E2EE), mpu KOTOpod COOOIIEHUS OCTaIOTCs
3amu(ppOBaHHBIMM Ha BCEM MYyTH OT OTHOpaBUTENS K Mojdydarento. Takxke, CyIIecTBYeT
aNbTEPHATUBHOE TPAHCIIOPTHOE MIH(PPOBAHHE, 3AMIUILAOIIEE TOIBKO COSTUHEHHE C CEPBEPOM, MPHU
9TOM JIaHHbIE MOT'YT OBbITh IOCTYIIHBI Ha caMoM cepBepe [7].

Hanpumep, Signal Protocol obecneunBaer E2EE mo ymomuanuio (WhatsApp, Signal), a
MTProto B Telegram Tonbko B pexume cekpeTHOro uara. Pa3paboTka u mopnep:kka padoThI
MecceH/pKepa TpeOyeT CyIHIEeCTBEHHBIX MHBECTULIMHA, 4YTO OOYCIaBIMBaeT HEOOXOAMMOCTh
MoHeTtu3anuu. OCHOBHBIMH CITOCOOaMHU M3BIICUEHHS I0XO/1a SBIISIOTCS: peKiaMa (TapreTUupoBaHHAs
pekiamMa B JIEHTaX M KaHajax), IUIaTHbIE MOANKUCKM Ha pacluupeHHble Bo3MOkHOCTH (Telegram
Premium), B2B-moHeTn3anus yepe3 npeaocTabieHue miaTHbix APl u koprnopaTHBHBIX perieHHi
(WhatsApp Business), a Takxke 3KOCHCTEMHasi MOJI€Nlb, MPU KOTOPOH MECCEHKEp CTaHOBUTCS
1aTopMoi 171 TPaH3aKIUH ¢ OTyYeHUueM KoMuccui [8].

HMeHHO BBIOOp MOZIETN MOHETH3AIIMHY BO MHOTOM IIPEOTIPEIETSAET, OCTAHETCS JIU MECCEHIKEP
IPOCTO YAOOHBIM MJIM CTaHET KPYMHOM skocucTteMol. Takum 00Opa3oM, Bce BBIIICONHCAHHBIC
SNIEMEHTHl apXUTEKTYpPbl MECCEH/Kepa JalT MOHMMaHHWE, KakKhe TEXHOJIOTHYecKHe M Ou3Hec-
pelIeHus JIeKaT B OCHOBE BEAYIIMX IUIaTGOpM. DTO MO3BOJISET MPOBECTH CPABHUTENIBHBIN aHAIN3
JUJEPOB PpBIHKA MecceHmkepoB: molanbHbiX (WhatsApp, Telegram, Signal, Threema),
HarmoHansHbIX (VK) u nepcnexktuBHbix (MAX) (Tabnuma).

Amnanu3 Tabnuisl Moka3bIBaeT, YT0 OOIBIIMHCTBO MIaT(HOPM UCHOIb3YIOT LIEHTPATU30BaHHYIO
apxutektypy. Meccenmkepsl 1 noBcenneBHoro oomenus (Telegram, WeChat, VK) B ocHOBHOM
HCIIONB3YIOT TPAHCTIOPTHOE MU(pPOBaHNE, a HUIIIEBbIC, OPUCHTHUPOBAHHBIE HA TPUBATHOCTH (Signal,
WhatsApp, Threema, MAX), nenaror ckBo3Hoe mu(ppoBaHHEe CBOUM 0a30BbIM IMpuUHLUIIOM. Takxe,
¥ MOZIETIM MOHETH3allMU HANpsIMYIO 3aBUCAT OT THUIA IUIAT(GOPMBI: MACCOBBIE CEPBUCHI BHIOUPAIOT
peKIamMy U MOAMMCKH, IKOCUCTEMHBIE — BCTPOEHHBIE IIATEKHU U KOMUCCHM, a HUILIEBBIE N10JIAratoTCsl
Ha €IMHOPa30Bble NOKYNKH WIA TpaHThl. Jl0 HEIaBHEr0 BPEMEHH POCCHHWCKUN PBIHOK
XapaKTEepHU30BAJICS BHICOKOW CTEMEHbIO 3aBUCUMOCTH OT 3apyO€KHBIX TEXHOJIOTUYECKUX PEIICHUM.
JloMMHHUpOBaHNE WHOCTpaHHbIX IuaTrdopMm, Takux kak WhatsApp u Telegram, co3mgaBano pucku
nHpOpMaLMOHHON Oe3omacHocTH. HexenaHue KoMIaHU B MOJHOM Mepe coOmtonarh TpeOoBaHUs
POCCHIICKOTO  3aKOHOJATeNbCTBA, a TaKXKe BHEIIHENOJUTHUYECKas OOCTaHOBKa  CO3Aald
HeoOXOMMOCTh B Pa3pabOTKe OTEUECTBEHHBIX aHAJIOroB. B pesynbrare, TakMM peUICHHEM CTall
Mmeccenkep MAX, pa3paOoTaHHBIN Kak TEXHOJIOTMYECKH He3aBUCHMas M Oe3omacHas rardopma,
MOJTHOCTBIO COOTBETCTBYIOIIAs TPEOOBAHUSIM POCCUIICKOTO 3aKOHO/IATEIbCTBA.
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Tabnuma
CPABHMTEJIBHBIN AHAJIN3 MECCEH/[’)KEPOB
Meccendacep L]enesas moodens Hlugposanue Mooenb monemuzayuu
WhatsApp Maccossiit B2C (API) CksoszHnoe (E2EE) [Mponaxa API ans OuzHeca
(WhatsApp Business)
Telegram Maccossrit B2C TparcmopTHOE [TnaTaas nommucka (Premium),
(Freemium) (CKBO3HOE — TOJIBKO B peKJiama B KaHallaX
«CekpeTHbIX yaTax»)
VK Maccossrit B2C TparcmopTHOE DKxocucTeMHas (peKiama,
(OxocucTeMHas) TpaduK, MIIATEKH)
Signal Humessiii (mpuBatHocts)  CkBozHoe (E2EE) Hexommepueckas (rpaHTBHl,
MIOYKEPTBOBAHUS])
MAX Hwumessiit (mpuBataocts)  CkBo3Hoe (E2EE) YacTh cTpaTeruu 3KOCHCTEMBI
VK
Threema Humesslit (mpuBatnocts)  CkBo3Hoe (E2EE) [TnatHas (pazoBas MOKyTIKa,
KOpIIOpaTHBHBIE JIUIICH3HH)
WeChat Maccossrit (B2C) n TparncnopTHOE DxocucTeMHas (IIATEXKH,
ouzHec (B2B) peKksIaMa, KOMUCCHH C YCIIYT)

MAX paspabarsiBaercs kopropanueii VK kak (rnarmanckoe 6e30macHoe pelieHrue BHYTPU
OTEUYeCTBEHHOM 3kocHucTeMbl. Ero kiroueBas ocobeHHOCTh —ckBO3HOE mmdpoBanue (E2EE) misa
BCEX YaTOB 0 YMOJYAHHMIO Ha OCHOBE MpOTOKoJda Signal, 4To oTiMyaer ero OT OOJBIINHCTBA
wiargopM. MecceHmakep IMOJHOCTBIO COOTBETCTBYeT TpeboBanusMm DexepanbHoro 3akoHa «O
MePCOHAIBHBIX TaHHBIX» 0T 27.07.2006 Nel152 u obGecrieynBaeT XpaHeHHE BCEX JIAHHBIX Ha CepBepax
Ha Tepputopun Poccuiickoii ®enepauuu [9]. [ns OusHeca 1uardgopma mpeasaraer
BepudunmpoBannbie akkayHThl, APl mns wmaTerpanmm ¢ CRM-cucremamu, BeO-uHTEepdeiic s
MOJAECPKKN KIUEHTOB, a TAKKE€ HMHCTPYMEHTBl AJI1 CO3/aHUs 4aT-00TOB M MHMHH-IIPUIIOKEHUI.
bnaronapst unrerpanuu c sxocuctemorr VK (Buaeo, My3bika U Ta.) MECCEHIKEP MO3UIIUOHUPYETCS
Kak OezomacHoe cynepnpuioxenue [10].

Pore MAX B mpouecce MMIOPTO3aMELICHUS 3aKJIFOYACTCS B MPEJIOKEHUN KOMIUJIEKCHOMN
aJIbTEPHATUBBI, KOTOpas COYETAeT TEXHOJOTMYECKYI0 HE3aBUCUMOCTb M MHTETPALUI0 C
HalMoHaJIbHOU 1M(poBOi MHPpacTpykTypoil. B nepcnextuse miargopma MOXKeT cTaTh OCHOBHBIM
MECCEHJKEPOM Il TOCYIapCTBEHHOI'O CEKTOpa, INie MPHUOPUTETOM sBJsieTcs Oe3omacHOCTb. llpu
3TOM, IJIaBHOM MPOOJIEMO 0CTAETCSI KOHKYPEHIUS C YCTOSBIIMMUCS HHOCTPAHHBIMU IJIaTGOpPMaMH,
yIEPKUBAIOIIMMUA OCHOBHYIO MaccoByro ayautopuio. [lostomy, ycnex MAX nHampsmyro Oyaer
3aBHCETh OT CIIOCOOHOCTH 3KocucTeMbl VK 00ecriednTh He TONBKO TEXHOJIOTMUYECKOE COOTBETCTBHUE,
HO U YJIOBJIETBOpPEHHUE MOTPEOHOCTEN MOIb30BaTENEH.

Takum oOpa3oMm, a8 peanu3anuu KOHKYPEHTOCIIOCOOHOTO MecCeHJkepa Tpeldyercs
MHTErpaius KIIYeBbIX KOMIOHEHTOB: MacITaOUpyeMoil apXUTEKTYPhl, 3PPEKTUBHBIX MPOTOKOJIOB,
HaJ&XKHOW CUCTeMBbI MU(PPOBAHUS U YCTOWYUBON Mojenu MoHeTu3arnuu. [[poBeaeHHBINH MO 3TUM
KpUTEPUSM aHAJIN3 BEAYIIMX MECCEH/DKEPOB IOKa3al YETKOE paslelieHHE pBhIHKA: MacCOBbIE
1aTOPMbI YacTO KEPTBYIOT NMPHUBATHOCTHIO, @ HUIIEBbIE — MaciiTaboM. OCHOBBIBAsICh HAa ITHX
BBIBOJIaX, B paMKax OTEYECTBEHHOro pemeHuss Obul paszpabotan wmecceHmkep MAX,
CUHTE3UPYIOLUINIl CKBO3HOE MIM(PpPOBAHHE IO YMOJYAHMIO, TMOJIHOE COOTBETCTBUE POCCUUCKOMY
3aKOHOJATEIBbCTBY M MHTerpauuto ¢ skocuctemoil VK. Takum oOpa3om, ero pa3zpaboTka CIyXKHT
HaIUBIIHBIM ~ [IPUMEPOM  TEXHOJIOTMUECKH CYBEPEHHOIO pEUIEHMsT B paMKax CTpaTeruu
MMITIOPTO3aMEILICHHUS.
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Annomayus. PaccmarpuBaeTcst pa3paboTKa JABYX NPOTOTHUIIOB TNPHIIOKEHUH BHUPTyaJbHOU
NPUMEPOYHON OJEK/bl HA OCHOBE TEXHOJOTMH pacumpeHHON peaidbHOCTH (XR). AKTyasllbHOCTbH
paboTel o0ycnoBieHa ObICTpBIM pocToM pbiHKa AR/VR B MHAayCTpu#u MOABI U HEOOXOIUMOCTHIO
CO3J1aHUs TOCTYITHBIX PEHIEHUH C HU3KUM ITOPOTrOM BX0J1a JIIsl 00pa30BaTEIbHBIX IPOEKTOB U MaJIOTO
Ou3Heca B HMHAYCTpUU Mojbl. Llenbio uccinenoBaHus sBIsSETCS pa3pabOTKa METOIUKU CO3/1aHUS
¢ynkumonansHoro AR- u  VR-mpunoxkeHus, 4YToObl NPOJEMOHCTPUPOBATH BO3MOXKHOCTh
BUPTYyaJIbHOM TPUMEPKU O€3 CIIOKHOTO OOOPYIOBaHMSI U JOPOTOCTOSIIMX CHUCTEM CKAHUPOBAHMUS
tena. B pabote mpoBenaéH 0030p CyIMIECTBYIOIIMX aHAJIOTOB BHPTYaJIbHBIX MpUMepodHBbIX (ASOS
Virtual Try-On, Zalando, Wanna u z1p.), npoaHaJu3upoBaHbl UX IPEUMYIIECTBA U HeAoCTaTku. s
peanuzaiuy BeIOpaH UrpoBoii 1Brxkok Unity ¢ makeroMm AR Foundation. AR-npunoxenue noctpoeHo
Ha OCHOBE 3aKOJIKM-TpeKepa: P HaBEJICHUH KaMmephl cMapT(oHa Ha MapKep MOSBISAETCS OJUH U3
3apaHee IIOATOTOBJIICHHBIX BUPTyalIbHBIX akceccyapoB. [lomp3oBaTenb MOXKET COBepIIaTh
MaHMIYJSIMU C TOMOIIbI0 JKecToB. PaspaboranHoe mo naHHON Mertoauke VR-mpunoxkeHue
COZIEPKUT TPEXMEPHBIN MaHEKEH U BUPTYaJIbHYIO rapAepOOHYI0, TO3BOJISIONIYIO Ha/IeBaTh SJIEMEHTHI
OJIEXk /16l HAKaTUEM KHOIIOK M OCMaTpHUBaTh MOJIENb C Pa3HBIX PAKypCOB. Pe3ynbTaTsl TECTUPOBAHHUS
MOKa3ajl CTa0WIbHYI0 paboTy MPOTOTUIIOB Ha YCTPOMCTBAX CPEIHEr0 YPOBHS, KOPPEKTHOE
oTciexuBanue Mapkepa B AR u ynobHoe B3aumoseiictsue ¢ unrepdeiicom B VR. Pazpaboranusie
NPUIIOKEHUST TIOATBEPXKJAIOT, YTO peHIeHHs Ha 0a3e TOTOBBIX HWHCTPYMEHTOB CIIOCOOHBI
oOecrieurBaTh 0a30BBI  IOJB30BAaTENBCKUN OIBIT BUPTyaJbHOM mpuMepku. B BbiBogax
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MOMUEPKUBAETCS MPAKTHYECKAs IIEHHOCTh JaHHOW METOIMKH JJI CTyACHYECKUX M MaJTOOIOIKETHBIX
MIPOCKTOB, a TAKXE JaHbl PEKOMEHIAIMU IO AAJIbHEHIIEMY Pa3BUTHIO MPOTOTHIIOB B CTOPOHY
YIIYUILIEHUS] CUMYJISIIIUU TKAHEH U MHTErPallii C PealbHbIMH KaTaJloramMu.

Abstract. This paper discusses the development of two prototypes of virtual clothing fitting
applications based on extended reality (XR) technologies. The relevance of the work is due to the
rapid growth of the AR/VR market in the fashion industry and the need to create affordable solutions
with a low entry threshold for educational projects and small businesses. The purpose of the study is
to develop a methodology for creating functional AR and VR applications to demonstrate the
possibility of virtual fitting without complex equipment and expensive body scanning systems. The
paper provides an overview of existing virtual try-on alternatives (ASOS Virtual Try-On, Zalando,
Wanna, etc.) and analyzes their advantages and disadvantages. The Unity game engine with the AR
Foundation package was chosen for implementation. The AR application is based on a marker tracker:
when the smartphone camera is pointed at the marker, one of the pre-prepared virtual accessories
appears. The user can perform manipulations using gestures. The VR application developed using
this method contains a three-dimensional mannequin and a virtual dressing room that allows the user
to put on clothes by pressing buttons and view the model from different angles. The testing results
showed that the prototypes worked stably on mid-range devices, that the marker was correctly tracked
in AR, and that the interface was user-friendly in VR. The developed applications confirm that
solutions based on ready-made tools are capable of providing a basic user experience of virtual fitting.
The conclusions emphasize the practical value of the method for student and low-budget projects,
and provide recommendations for further development of the prototypes to improve fabric simulation
and integration with real catalogs.

Knrouesvie cnosa: NONONHEHHAss peajbHOCTh, BUPTyalbHash pPEAJIbHOCTb, CMELIAHHAs
peanbHOCTh, BUPTyalbHas MPUMEPOUYHas, OAEKIa, akceccyaphl, mudposas moaa, 3D, mudpoas
TpaHcopmanus

Keywords: augmented reality, virtual reality, mixed reality, virtual fitting room, clothing,
accessories, digital fashion, 3D, digital transformation

CoBpeMeHHbIe TUPPOBBIE TEXHOJIOTHH PAa3BUBAIOTCS C BHICOKOW CKOPOCTHIO, UTO MPUBOIUT K
3HAYUTEIILHOMY POCTY aKTyaJIbHOCTH cepbl JononHeHHoi (AR), cmemannoii (MR) u BuptyanbHoit
peansHocTu (VR), KOTOpBIE B COBOKYITHOCTH 0003HAYAIOTCS TEPMHUHOM PACHIMPEHHAs PeaIbHOCTD
(XR). [1o naHHBIM aHATUTUYECKUX OTUETOB, 0OBEM MHUPOBOTO phIHKa XR-TeXHONOTHI TIPEBHIIIAET
JNECATKM MWIUIMApIOB JIOJJIAPOB M MPOJAOJDKAET pACTU  JIBY3HAYHBIMM TEMIIAMU  €XKETOJHO
(https://clc.liiwZdMV). Texnonmorun AR/VR/MR yxe akTUBHO TNPUMEHSIOTCS B PO3HUYHOMN
TOpProBiie, 00pa30BaHMH, METUIIUHE, TPOMBITIUICHHOCTH U au3aiHe [1].

Coueranne XR ¢ aKTUBHBIMU TaKTWJIBHBIMH HHTepdelcaMu — 3TO CIEAYIOUIMHA Inar ot
WJLTIO3UHU TIPUCYTCTBUS K pealbHOMY (PU3MYECKOMY B3aUMOCHCTBHIO C BUPTYaJIbHBIM MUPOM [7].

Wnayctpust Mojbl, JOJATO€ BpeMs CUMTABLIASCS KOHCEPBATUBHON M OPUEHTHUPOBAHHOW Ha
¢u3nyeckoe B3aMMOEHCTBHE C MPOAYKTOM, B MOCIEAHEE IECATHIIETHE MEPEKUBACT IITyOOKYIO
udpoByto Tpancopmaruio [2]. TpaaunuoHHblE OM3HEC-MOJENN, OCHOBAaHHbIE Ha (U3NYECKUX
MIPUMEPOUHBIX, JIOTUCTHKE 3aMacoB U oQaiiH-puTeiiie, 1eMOHCTPUPYIOT CHIDKEHHE 3P PeKTHBHOCTH
B YCIIOBUSIX POCTa AIEKTPOHHON KomMepuuH [3].
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Hudposast TpanchopMmaiuss B AAHHOM KOHTEKCTE IPEAINOJaraeT Mepexoa OT TAKTHIBHBIX
METOIOB NOA00pa OAEK/bl K MHTEIUICKTYalIbHBIM CHCTEMaM aHajn3a IeOMETPHUH Tejla M CBOMCTB
Marepuaios [4].

KitoueBpIM 3BeHOM 3TOM TpaHC(OpMaIK BBICTYIIAET TEXHOJIOTHS BUPTyaIbHOU puMepku. B
HACTOSIIIIEE BpEMsSl BOMPOC HCCIENOBAaH JIOCTATOYHO IHUPOKO: OMYyOJIMKOBAHO 3HAUYUTEIbHOE
KOJIMYECTBO PA0OT, MOCBSIIEHHBIX CO3/aHUI0 BUPTYAIbHBIX NMPUMEPOUYHBIX, MPUMEPKE ONEHKIbI B
peanbHOM BpeMeHM, MHTerpauuu AR B MOOWIbHBIE NPUIIOKEHHUS MOAHOM HMHIYCTPHM, a TaKXKe
UCIONb30BaHu0 VR a1 BU3yanu3aiuu Kouiekui [S].

OnHako OOJNBIIMHCTBO CYIIECTBYIOUIMX pEHICHUH JUOO0 SBISIOTCA KOMMEPYECKUMH
MPOJAYKTaMU KpPYIHBIX KOMIMaHWi (Hampumep, Takux kak Google, IKEA), mub6o Tpebyror
JIOPOTOCTOSIIIIETO CIICIIHATU3UPOBAHHOTO 00OPYIOBAHHMSI U CIIOKHON pa3paboTku [6].

[IpakTuyeckas 3HAYMMOCTh JAaHHOW pPaOOTBHI 3aKIIOYAETCS B pPa3pabOTKe M ONMUCAHUU
npocteitmero AR/VR-nipunoxenust BUPTyaIbHOM MPUMEPOYHOMN, KOTOPOE MOXKET OBITh PEaTM30BaHO
C OrpaHHuYEHHBIMH pecypcamu. [Ipeanmaraemoe perieHue coderaeT MOCTYMHOCTb, HU3KHUH MOpOr
BXO0/1a U MIPaKTUYECKYIO IPUMEHUMOCTb B TEKCTUIILHOM U JIETKOM MPOMBIIIJIEHHOCTH, YTO OCOOEHHO
aKTyaJbHO JUIsl 0Opa30BaTENIbHBIX M MaJIbIX MHHOBAIL[MOHHBIX MPOEKTOB. [ly1sl moHMMaHus Mecra
MpeIaraeMoro MpuiIokeHus: B crekTpe XR-TeXHOJOruil BaKHO YETKO pa3rpaHUYUTH KIIIOYEBBIC
TTOHSTHSL.

Augmented Reality (AR) — momomHeHHast peaibHOCTB: HU(PpPOBOK KOHTEHT (3D-moxmenn
OZICKIbI, TEKCTYPBI TKAaHEH | T.]1.) HAaKJIaIbIBAETCs IOBEPX PealbHOTO MUpa Yepe3 KaMepy cMapTgoHa
WK MaHmera. PeanbHbIil MUp oCTaércsi OCHOBHBIM, IU(POBBIE OOBEKTHI HE B3aUMOJIECHCTBYIOT C
HUM (pU3UYECKH.

Mixed Reality (MR) — cmemaHHas peanbHOCTh: HHQPPOBBIE OOBEKTHI HE TOJBKO
HaKJIaIbIBAIOTCS HA PEAJIbHBII MUP, HO ¥ B3aUMOAECHCTBYIOT C HUM (HaIlpUMep, BUPTyaibHas OJ1eXk/1a
«JIOKUTCS» Ha TEJIO YEJI0BEKA C yUETOM OCBEILEHNUS, CKIa0K U ABM)KEHU).

Virtual Reality (VR) — BupTyasibHas peaqbHOCTh: MOJHOCTHIO HCKyCCTBEHHAs M (poBasi cpena,
KOTOpasi TOJHOCTBIO 3aMEHsieT peanbHbli Mup. Ilonmp3oBaTens NOIHOCTBIO H30JIMPOBAH OT
OKPY>KaIOILIEro IPOCTPAHCTBA.

Extended Reality (XR) — pacmupeHHass peajbHOCTb: OOLIMHA 30HTUYHBI TEpPMUH,
ooveunstonmii AR, MR, VR u Bce nmpomexyTouHbie (OpMBI.

C uenpto Oosiee TIyOOKOTO MOHUMAHHUS CYIIHOCTA W PA3IMYMi TEXHOJOTUM TOTIOJHEHHOM,
CMENIaHHOW W BUPTyaJIbHOU PeabHOCTH ObLIa cocTaBieHa cpaBHUTENbHAs Tabnuia 1. TexHomoruu
AR, MR u VR cpaBHUBaIoOTCA MO CIEAYIOIIMM OCHOBHBIM MapaMeTpaM: OIPEICIICHHE, CTEIECHb
B3aUMOJIEUCTBHS C pEaJIbHBIM MUPOM, YPOBEHb MOTPYKEHHUS MOJIb30BaTENs], TAITMYHbIE YCTPOUCTBA,
chepbl MPUMEHEHHUsI, a TAKKE TPEOOBAHUS K TEXHUUYECKOMY 00€CTIEUeHUIO0 U CTOUMOCTH pa3paboTKH.

Taomuua 1
CPABHUTEJIBHBIE XAPAKTEPUCTUKU TEXHOJIOI'MIA AR, MR U VR
Ilapamemp Jlononnennas Cmewannas peanvocme (MR) Bupmyanvuas
peanvrocmo (AR) peanvrocms (VR)
Onpenenenue HudpoBoii KOHTEHT [udpoBbie 00BEKTHI [Tonuoctei0
MTOBEPX PEANbHOTO B3aMMOJICHCTBYIOT C pEaJlbHBIM  MCKYCCTBEHHAs
MHupa MHPOM b poBas cpeaa
BzaumopeiictBue ¢ Hanoxenue [Nonnouennoe B3aumopeiicteue  IloaHoe oTCyTCTBHE
PpeanbHOCTHIO (pu3uKa M OKKIIO3MS) peaIbHOro MUpa
YpoBeHb Huskwuit/cpennuit Bricokui Bricokuit
MOTPYKEHHS
Bunumenii Mup Peanbnblil + Peanpnbrii + nudpoBeie Tonbko nudpoBoit
UPPOBBIE OOBEKTHI 00BEKTHI (C B3aUMOJECHCTBHEM)  MHUD
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Iapamemp Jlononnennas Cmewannas peanvocmo (MR) Bupmyanvnas
peanviocmo (AR) peanviocmyo (VR)
Tunuunsle CmaptdoHsl, CrneunanusupoBanasie MR- VR-nutemsr (Takue
yCTpoiicTBa miaHmeTsl, AR-oukn  rapHHUTYpHI (HanpuMmep, kak Oculus, HTC,
HoloLens, Magic Leap) Vive)
[Tpumepst BupryansHas [IpoexTrpoBaHuEe UHTEPHEPOB, Urpsl, BUpTyanbHbIC
MIPUMEHEHUS MIpUMEPKA OJICHKIBI, MIPOMBIIIICHHOCTE, TU3aiiH, I0Y-PYMBI,
HaBUTaNusd, OOyd4eHHe  XUPYprus TPEHAKEPHI
TpeboBanus k MuHUMaTBHEIC Bricokue (moporoctosimass MR- Bricokue (MOTITHBIH
000pyI0BaHUIO (kamepa + 3KpaH) TapHUTYpPa) IK +
CIIELUAIU3UPOBAHHBIN
IIEM)

B Hacrosiee BpeMst Ha phIHKE CYIIECTBYET HECKOJIBKO PELICHUM /1711 BUPTYyaJIbHON PUMEPKHU
ONEXK/bl, IPEUMYLIECTBEHHO Ha 0a3€e JONOJHEHHOM peanbHOCTH (AR) M HMCKyCCTBEHHOIrO
unTemekra. Yucro VR-pemieHusi BCTpedaroTcs peke M yalle HCHONB3YIOTCS NIl MMMEPCHUBHBIX
BUPTYAJIbHBIX 1LIOY-PYMOB, a HE JIJIsl IEPCOHAILHOM TPUMEPKHU [2].

Huxe npuBeneHbl Hanbosee akTyalbHblE IPUMEPHI KOMMEPUYECKUX MPUIIOKEHUN U CEpBUCOB
Ha ganHbiid MomeHT (https:/clc.li/mTniD), ux cunbHbIe U cllabble CTOPOHBI, & TAKXKE BO3MOKHOCTH
JUIS 3aMMCTBOBaHUS B paMKax pa3pabOoTKH MmpocTteiiiero cryaenueckoro AR- u VR-npunosxxenust.

ASOS Virtual Try-On (B maptaepctBe ¢ AIUTA, 3amyck 2026 1.) — ruOpuaHoe peluieHne Ha
6a3ze Al. ITomp3oBarens MOXKET 3arpy3uTh cBOE (oTo mim BeIOpaTh oauH u3 20 Al-reHepupoBaHHBIX
aBaTapoB, COOTBETCTBYIONIUX Pa3HbIM THIIaM (PUTYpPBI, POCTY U TOHY Koxku. [lomaepkuBaeT oxono 10
000 ToBapoB. UTO cAenaHO XOpPOIIO M CTOUT B3ATh Ha BOOPYXKEHHE, TaK 3TO — BBICOKas
WHKITIO3UBHOCTh (THOpUAHBIN moaxon «cBoé ¢doro + Al-mozmens»), oueHb ObICTpas reHepanus
pesynbrara (okono 4-7 CeKyHA) W pealucTU4Has Bulyanuzanus. Ho, Kk cokaieHHio, HA MOMEHT
3armycKa JIOCTYIHO TOJIBKO B 10S-NPUIIOKEHUH U TOJIBKO JIJISl YaCTH aCCOPTHUMEHTA.

Zalando Virtual Fitting Room — AR c¢ co3manuem 3D-aBatapa 1o H3MEpEHHSIM Tela
nosb3oBatens. MHTerpuposaHo ¢ Toapamu Levi’s u 1pyrumu Openaamu. B kadecTBe npenmyIiecTs
MOXHO BBIAEIUTH TOUHOE COOTBETCTBHE pa3Mepa M mocaaku Onarogaps 3D-aBarapy, BO3MOXKHOCTb
BpallleHUss MOJIeIM U OIEHKM TOCaJKu ¢ pa3HbIXx ymioB. M3 HemocrarkoB — Tpelyer
MIpeIBapUTEIBLHOTO CO3/1aHUS aBaTapa, He BCer/ia TOYHO MepeaaéT NoBeIeHNE TKaHU B IBUKCHUH.

Fytted — moO6miibHOEe AR-nipuioskeHue, a Takke Opay3epHOe pacIiupeHue, aHaIu3upyeT oosee
50 mapameTpoB Tesa B peaJlbHOM BpeMeHH. [lepcoHanbHble peKOMEHJaluu o pasMepy U CTHIIIO,
yaoOHasi MHTErpanusi ¢ COTHAMU OpEHJIOB MOMOIalOT 3TOMY IPUJIOKEHHUIO OBITH IMOJIE3HBIM IS
10JIb30BaTelNel, HO TOYHOCTh TEXHOJOTUHN 3aBUCUT OT KaueCTBA OCBEILEHUS U TO3bl MOJIb30BATENSA
IIPYU CKAaHUPOBAHUU, YTO €CTh HE KaXJIbIH pa3.

Wanna (unn Wannaby) — 310 AR-mnardopma Ju1st mpuMepKu o1ex/1bl, 00yBH U aKCecCyapoB B
peanpHOM BpeMeHH yepe3 kamepy cmaptdona. Hactosmas AR-naknaaka (T.e. overlay — HamoxkeHue)
Ha )KMBO€ BUJIEO, MOJIZIEPIKKAa Web 1 MOOMIIBHBIX YCTPOICTB, BBICOKOE Kau€CTBO TEKCTYP JI€TaeT 3TO
MPUIIO)KEHUE KaYeCTBEHHBIM U yAOOHBIM B CPaBHEHHUH C aHaioramu. M3 Heno4éToB, KOTOpbIe CTOUT
UCIPAaBUTh — OTPAHUYEHUS B (PU3NYECKOM CHUMYISAILMM TKaHU (T.€. OJEKIa He BCErla «IOKUTCS»
€CTECTBEHHO IPH JIBUKEHUH).

Uucro VR-pemenus (Hampumep, DressX Metaverse Closet mim BUpTyajdbHbIE IIOYy-pPyMbI B
Meta Horizon) mo3BOJISIIOT MOJHOCTBIO MOTPY3UTHCS B IM(PPOBOI MarasuH, HO MPAKTUYECKH HE
MCTOJB3YIOTCS IS IEPCOHATILHON MPUMEPKHU OJIEKAbI Ha CBOE TEJIO — OHU OOJIbIIIE OPUEHTUPOBAHBI
Ha IpocMoTp Kosutekuuii B 3D-npoctpanctse [3].

JIisi HarIsATHOTO CPaBHEHMsI COCTaBJIIeHBI TaOiuia ¢ oOmmel nHdpopMalnmend o cepBUCaX H
CpaBHUTEIbHBIMU XapakTepucTukamu (Tabnuua 2).
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Tabmuma 2
AR-CEPBHUCBI
Cepsuc  Tun  Ilnamghopm OcHosHble OcHosHole Ipeumywecmsa Heoocmamku
a MEXHON02UU pyuryuu
ASOS AR+ i0S I'eneparususl  IIpumepa o Bricokas OrpaHu4eHHOCT
Virtual Al i 1 ¢oro unu Al-  WHKIIO3UBHOCTH, b IIaTHOPM
Try-On (+3arpy3ka aBarapy, CKOPOCTb, (Tombko 10S),
doTto 10.000+ peamu3Mm Al- MaJTBIH
MOJIb30BAaTENsl) TOBAapOB, MoJienel ACCOPTUMEHT
OBICTpBIH
pEeHICPUHT
Zalando AR Web-caiir, 3D- Cosnmanue 3D- Tounoe Heuneannuas
Virtual NPWIOKEHH CKaHUPOBAaHUE aBarapa Mo COOTBETCTBHE CUMYJISILIUS
Fitting e tena, AR- W3MEpPEeHHUsM,  pa3Mepa TKaH! B
Room HaJIOKEeHNE BpaIecHue (6maromapst JIBIKEHUHN
MOJIENN CO3JIaHHIO
WHIUBUAYATLHOT
0 3D-aBarapa)
Fytted AR+ i0S, Al-ananu3 Ilepconanbuel Y aoOHas 3aBUCUMOCTD OT
Al Android, 50+ € HUHTETPaIus ¢ KayecTBa
Opay3epHoe  MapaMeTpOB pEKOMEHIAIM  Mara3uHaMH OCBCIICHUS U
pacuivpeHd  Tena W pasmepa, O3Bl MPU
e npuMepKa Ha CKaHHPOBaHUH
aparap
Wanna AR Web-caiir,  ARKit, BricTperii [Ipocrora Crnabast
(Wanna i0S, ARCore, PEHJICPUHT, UCIIOJIb30BaHKuE,  (Qu3HUYecKas
by) Android KOMITIBIOTEPHO ~ IIpUMepa Ka4yecTBO CUMYJISAIUSA
€ 3peHue OJICHKIIBI U peHIIepuHra TKaHH U
00yBHU CKJIIQJIOK

PaCCMOTpI/IM MCETOAUKY p33p8.6OTKI/I AR—HpI/IHO)KCHI/I}I Ha IpUMEPC aKCECCyapOB IJIsI BOJIOC.

Ha nepBom sTane npoucxonut HacTpoiika npoekra u uMnopt 3D-mojeneil, B HaleM ciryyae
akceccyapoB, B Mamnky Assets co BceMM JaHHbIMHM Ipoekrta. [loaroroBka 6a3zoBoit XR-CTpyKTypbl
COAEPKUT CIEAYIOLINE 1aru:

VYnanenue cranaapTHoi kamepsl Main Camera 13 Ha4aJIbHOM CIICHBI.

JloGaBnenue mabnonoB (mpedadoB) XR Origin (AR) u3 makera XR Interaction Toolkit / AR
Foundation. XR Origin — 310 kOpHEBOI 00BEKT, 3ameHsommii cBsa3ky AR Camera + AR Session
Origin. OH o0beauHSET B cede: UCTOUHUK CecCHil TomoiMHeHHOH peanbHOocTH AR Session Origin,
KOTOPBIA OTBEYAET 3a MO3UIMOHHPOBAHWE BUPTYaJIbHOTO MHpPA OTHOCUTEIBHO PEAIBHOIO;
KOMIIOHEHT Il OTciexuBaHusi onepaunii AR Raycast Manager, kamepy MOJIb30BaTens,
ABTOMAaTHYECKH OTCISKHUBAIONTyto ABrkeHus tenedona Camera Offset m Main Camera.

JloGaBnenue B mepapxuio oTaenbHOro oosekTr AR Session. AR Session — 3T0 cHCTEMHBIH
KOMITOHEHT, YIpaBIstomuii Bceil ceccueit ot muummammzanmun ARKit u 06paboTku 0OHOBIEHMIA
KaJpoB J0 KOHTPOIs ku3HeHHOro 1ukia. bes nero AR Foundation He 3amyctuTcs.

Jlanee wumer »Tam HEMOCPEJICTBEHHOTO CO3JaHUs CIEHbl W cOopku AR-mpumoxeHus.
[lepexmroueHus: Mmoaeneit MPOUCXOAUT IO CIAEAYIOUIEMY aIrOPUTMY:

JHlo6asnenue k o0bekTy XR Origin nmonps3oBarenbckoro ckpunta ARModelSwitcher.

3anoJHEeHNE B UHCIIEKTOPE CKPUIITA CIEIYIOLIUX MOJIEH:

Coznanue mabaonoB mozaeneid. Heobxonumo 3D monenu akceccyapoB 3apaHee OJrOTOBUTh U
CO31aTh I KaXKI0TO OTAEIbHBIN madioH — Prefab.

[ToaroroBka nntepdeiica. Co3nanue KHOMOK MO OTHON Ha KaX/Ibli 0OBEKT.
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Coznanne BupTyanbHas npuMmepku. Ilmanupyercss cneayiomas MocCiIeI0BaTeIbHOCTD
JEUCTBUM: TIPU Ha)KaTUH 1000 KHOMKHW BhI3bIBaeTcs Meron SpawnModel() — crapas monenb
YHHUYTOXKAETCsI — HOBas MOSBIISIETCS KaK JI0YepHUI 0OOBEKT aKTUBHOTO TpeKepa.

Crenyromuii 3Tan paboThl MpegHa3HAYeH JUIS MAHUITYISIUU ¢ MoAensiMu. OH 3aKiIio4aeTcs B
nobaBiieHHe Ha Kaxapld U3 mpedaboB akceccyapoB ckpurnra ManipulateMannequin. HacTtpoiika
CKpHUITa B MHCIEKTOpPE MPOUCXOAMT OJMHAKOBO HJIsi BCeX Mojenei: mapamerp Rotation Speed
3agaercs paBHbli 100, 4ro obecreunBaeT MIaBHOE M KOM(OpPTHOE BpalleHHe; mapamerp s
MUHHMAJBHOTO pasMep npu MacmrabupoBanun Min Scale 3amaercs paBabeiM  0.5; s
MaKCHUMaJIbHOTO pazMepa — Max Scale 3agaercs 2.0.

OuHanbHas uepapxusi CLEHBI MOKa3aHa C MOMOIIBI0 cxeMbl Ha Pucynke 1.

AR Session

XR Origin

AN > Camera Offset

\% Main Camera

Canvas

- > Button (1)

s Text (TMP)
N > Button (2)

\% Text (TMP)
\- > Button (3)

—_— Text (TMP)

pS > Button (4)

—_ Text (TMP)

EventSystem

Pucynok 1. Uepapxus cuensl npoekta AR-npunoxeHus

IlepeiineM Kk paccMOTpeHHMIO TMpolecca pa3paboTku VR-mpuioxkeHus A HPUMEPKH
npeaMeToB ofexanl. [locne mpenBapuTenbHON HACTPOMKHM MPOEKTa W 3arpy3KH BCEX MOJIYJeH
CJIEJTyeT dTall CO3JjaHusl OCHOBHOM CIIEHBI BUPTyajabHON npuMepouHoil. Ha Pucynke 2 npencrasinena
uepapxus CLEHbl poekTa ais VR-npunoxenus.

OcHoBa ansi paboTel ¢ Jr00BIM VR-mmemoMm BkodaeT kamepy Main Camera, koTopas
oTciexuBaeT rojoBy, U kKoHTposuiepsl RightHand Controller, Lefthand Controller — ayis mpaBoii u
JIEBOW PYKH TIOJIB30BATENsI COOTBETCTBEHHO, a 00bekT Camera Offset He0OXoauM 117151 PAaBHIIBHOTO
MO3ULIMOHUPOBAHUS KAMEPHI.
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XR Origin (Player)

I\ ) Camera Offset

\% Main Camera
NS ) RightHand Controller
\ ) LeftHand Controller

Pucynoxk 2. HauanpHas uepapxus cueHsl npoekta VR-npunoxxenus

Hactpoiika JIOKOMOIMM M TEJCMOpPTAIllMKA JUIS TEePEMEIICHUsS OOBEKTOB B BHPTYaJIbHOM
MPOCTPAHCTBE MPOUCXOIUT 10 CICTYIOIIUM ITapaMeTpaM:

Jo6apnenne Ha oObekT Player xommonenT: Locomotion System (mmaBHBIA aucrieTdep
nepemenieHuii); Teleportation Provider (tenenopranus); Character Controller; Character Controller
Driver (cMHXpOHU3aLIUS KaIlCYyJIbl C TOJIOBOK)

JlobaBnenne Ha oObekT Plane, koTopwlii 3amaeT moN UIs BUPTYAIbHOH TrapaepoOHO,
komrtoHeHT: Teleportation Area (Component — XR — Teleportation Area); Mesh Renderer m Mesh
Collider BbICTaBIAIOTCS MapaMeTPhI 10 YMOIYAHHIO.

JloGasnenue mis kotposiepa pyk LeftHand Controller u RightHand Controller komnoHeHT:
XR Ray Interactor; Teleportation Interactor; mms XR Ray Interactor BwICTaBISICTCSI TapaMeTp
Interaction Type: Teleport.

[TonroToBka TIaBHBIX OOBEKTOB B CIIEHE TAaKUX KaK MaHEKEH M OJIekJa MPOUCXOTUT
CIIEIYIOIIUM 00pa3oM:

MMmiopTHpOBaHHBI MaHEKEH — JOJDKCH OBITh pa3MelIéH B IIEHTPE KOMHATHI HA MOJUyMe, a
TaKXke JI0JbKEH ObITh crenaH npedad (Prefab) — mabnon oowekra.

Coznanne npedaboB 0f1exKIbI, KOTOpas OyJeT HaeBaThCsl HA MAHEKEH.

Coznanne «BTOPOro KOMIUIEKTa» U3 pedadoB A AyOTUpoBaHUS 0ObEKTOB U3 MPEIbITYIIEro
MyHKTa. DT KOMHWHM HYXHBI JJIS TPABWIBHOH pabOTBl CKPUIITA MPU BH3YyAIH3AIMH IIpoliecca
HCYE3HOBEHUS OOBEKTOB.

B utore nomyuaeTcsi BCero HECKOIbKO MaOJI0HOB: MAaHEKEH, HECKOJIBKO «Ha/IEeBAEMBIX» U TaKOE
e KOJIMYECTBO «HCUE3AIOIINX» MPEeIMETa OCKIBL.

Coznanue monb30BaTeNIbcKOro nHTEpdeiica MPOUCXOTUT MO TAKUM ITaraM:

Coznanue nByx pexxumos st xosicta World Space Canvas B Bujie nmaHenen.

[To3ummoHnpoBaHUe TaHHBIX TTAHEJICH B CIICHE.

JloGaBieHne Ha Ka)xIyI0 TTaHellb KHOTOK. B HaiieMm ciydyae co37aHo 1o JIBe KHOTIKY Ha TTaHelb,
BCETO YEThIpe KHOMKHU.

Hanecenne Ha KHONKY TOAINHWCH, KOTOpas yKa3blBaeT HAa KOHKPETHYIO ONEXKIY, a TaKxkKe
MJITAHUPOBAHKME KOMITOHEHTA JIJTsI B3aUMOJICUCTBHS JiydoM KoHTposuiepa XR Simple Interactable.

BusyanpHo HacTpoiiky Ul-uacTu mpuiokeHuss MOXKHO MIPEICTaBUTh B BUIE CXeMBI Ha PucyHke
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Pucynox 3. Buzyanuzamus Ul-gactu VR-nipunoskenust

Jliis pa3paboTKU CBSI3U KHOIOK C OMPENENIEHHBIMU COOBITUSMU, HAIpUMep AJis 100aBIeHUS
OZEKbI, — B KAX/I0H KHOMKE HeoOxoauMo HacTpouTth coobitusi OnClick — Player (t.e. XR Origin).

TectupoBaHue IPOUCXOJUT M0 CIEAYIOLIEMY aJITOPUTMY:

[IpoBepka, uTO Tenenoprauus Mo KOMHaTe paboTaeT.

[IpoBepka BupTyanbHO#l mpuMepku. [Ipu HaBeneHUHU JTy4ya HA KHOIKY JOJDKHA TOSBISETCS
MIOJICBETKA, a Ha)KaTHe TPUITEpA BEJIET K TOMY, UYTO OJE€XK/a MCUYE3aEeT CO CTEHJa U MOSIBIAETCS Ha
MaHEKEHe.

[IpoBepka moBTOPHOTO AeicTBUs MyTEM HaxkaTusi. OHO JTOJKHO MIPUBOJIUTH K TOMY, UTO OZ€K/a
CHUMAETCs U BO3BPAIIAETCSA TOYHO HAa CBOE MECTO.

B pamkax pa3pa®oTku ObLIM CO34aHBl [JBa MPOTOTHNA MPUIOKEHUH BHPTyalbHOU
MIPUMEPOYHOM OJICK/IBI: OHO Ha Oa3e AOoMoHeHHOU peanbHOCTH (AR) 1 oHO Ha 6a3e BUPTyaIbHOM
peansHoctu (VR).

AR-npunoxxenue peannzoBaHo ¢ ucnons3oBanueM Unity u AR Foundation. B kauecte
TpeKkepa HCIOJIb30BaIach 3aKOJKa ¢ HYXHbIM n3oOpakenueM (Image Tracker). Ilpu HaBeneHuu
KaMepbl MOOMJIBHOTO YCTPOMCTBA Ha 3aKOJIKY B peajJbHOM BPEMEHHU IMOSBISUICS OJUH BIOPAHHBIN U3
YeThIPEX JOCTYMHBIX BUPTYyalIbHBIX akceccyapoB. [Tomb30BaTens MOr cBOOOIHO B3aUMOJIEHCTBOBATh
¢ 00bEKTOM: TIOBOPAYMBATH €r0 B TPEXMEPHOM NPOCTPAHCTBE; U3MEHATH MacITad (yBeIUYUBaTh WIN
YMEHBILIATh pa3Mep).

[Ipunoxenue crabuibHO paboTaso Ha cMapTPOHAX CpPEeTHEro YpPOBHSA, 00eCTeunBasio
KOPPEKTHOE HaJOXKEHHE OOBEKTa Ha peajibHbI MUP M IJIABHOE OTCJIEKHMBAHHWE MPHU HEOOJBIIMX
JBIDKEHUSIX Kamepbl. VR-mpunoxenue Obuio paspabotano B ToMm ke aBwkke Unity. B crene
pasmeniaercs TpEXMEpPHBIH MaHEKeH, BOKPYT KOTOPOTO pacroJarajach BUpPTyalibHasl rapAepoOHast.
[Tonp30BaTenp C MOMOUIbIO KOHTPOJUIEPOB WM yKazaTens (B 3aBUCUMOCTH OT BBIOpaHHOTO
YCTPOICTBA) MOXKET Ha)KMMaThb Ha KHOINKU TrapJepoOHON M Ha/JeBaTh HAa MaHEKEH pa3jiNyHbIe
aneMeHTbl ofiex bl (PucyHok 4).

O6a mporoTuna JIeMOHCTPUPYIOT pabOTOCHOCOOHOCTh BBhIOpaHHOTO Mojaxoaa: AR-pemienue
MO3BOJIIET OBICTPO M HAIVISAHO TPUMEPATH aKCeccyapbl B peaJibHOM 00cTaHOBKE O3 cOo3/laHus
cnoxHoro 3D-aBarapa monb3oBarensi, a VR-pemenue gaét BO3MOXXHOCTH MOJTHOIIEHHOTO 0030pa
OZIe/Ibl HA MaHEKEHe B MMMEPCHUBHOM cpezie. PazpaboTaHHbIe MPUIIOKEHUS TTOATBEPUIIN, YTO JJaKe
MUHUMAJUCTUYHBIE pealn3allid C OrpaHUYEeHHBIM HaOopoM (yHKIMIA (HECKONbKO Mojenen
akceccyapoB B AR m kHomowyHoe mepekitoueHrne B VR) cmocoOHBI obecrnieunBaTh 0a30BBIMA
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MOJIb30BaTEeNIbCKUI  OMBIT BUPTyaldbHOM mnpuMepku. I[lomyueHHble pe3ynapTaThl MOKAa3bIBAIOT
MEPCIEKTUBHOCTD MCII0JIb30BaHUs MPOCThIX TpekepoB (Image Tracker) u rotoseix Ul-anemenToB asis
00pa3oBaTeIbHBIX U MAJOOIOKETHBIX ITPOEKTOB.

wnana L) nw
yo wnana Tydnu

Pucynok 4. PaboTa BupTyanbpHOMH PpUMEpOYHOI

3axnouenue

B xome wuccnemoBaHusi co3aHa METOAUKA Pa3paOOTKM MPUIOKEHUH BUPTYyalbHOMN
MIPUMEPOYHOIi ofiexbl. AR-perienne Ha OCHOBe Tpekepa, B BIJI€ akceccyapa sl BOJIOC, TO3BOJISIET
B peaJlbHOM BPEMEHHU HAKJIaJbIBaTh M B3aMMOJICHCTBOBATh C BHUPTyaJbHBIMH OOBEKTamMH, a VR-
pelIeHre MPeaoCTaBIsIeT BO3SMOXKHOCTD OJ/IEBaTh MAHEKEH Yepe3 HHTYUTUBHO MOHATHBIA UHTEpdeiic
rapaepoOHoii. [IpakTuueckass 3HaYMMOCTH PAOOTHI 3aKJIIOYAETCS B TOM, 4YTO MPEAJIOKCHHBIC
MPOTOTUIIBI UMEIOT HU3KHUI MOPOT BXOJa JUIsl pa3pabOTKU U MOTYT OBITh JIETKO BOCHPOHU3BEICHBI
CTyACHTaMH HWJIU HEOOJBIIMMHI KOMaHIAaMU 0€3 MCIOJIb30BAHUS JOPOTOCTOALIETO 000PYIOBaHUS U
CIIO)KHBIX CUCTEM CKaHUpoBaHus Tena. PazpaboranHoe AR-npusoxeHue 1eaecoodpa3Ho pa3BUBaTh
B CTOpOHY /100aBi€HHs OOJBLIET0 KOJIMYECTBA MOJENEH, CUMYISALUM IOBEJIEHUs TKaHEH u
MHTETpalyy ¢ peaJlbHbIMU KaTajloraMu MarasuHoB. VR-pelieHne pekoMeH1yeTcs UCII0Ib30BaTh IS
CO3JIJaHHsI BUPTYaJbHBIX LIOY-PYMOB U NMPE3EHTAUMM KOJUICKUW. B pganbHEHIIEM CTOUT MPOBECTH
10JIb30BaTENIbCKOE TECTUPOBAHUE C LIETBIO OLIEHKU yno0cTBa HTEp(delca 1 TOUHOCTH BOCIIPUATHS
oaexabl. PazpaboTaHHas MeTOAMKa OTKPBHIBAET BO3MOXKHOCTH ISl JANbHEHIINX HCCIIEOBaHUNA B
obnmacTu JOCTYNHbIX XR-TEXHOJIOrMH Ui MHAYCTPUU MOABI U MOXKET CIIy’)KUThb OCHOBOHW ISt
co3ziaHus 6osee CI0KHBIX 00pa30BaTEIbHBIX M KOMMEPUYECKUX PEILICHUH.
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Aunnomayus.  1IpoBOIUTCA  TEOPETHMYECKOE HCCIENOBAHHE METOAOB  CBETOLIBETOBOTO
MPOEKTHPOBaHUsA] B KOHTEKCTE LU(POBOM MOBI. AKTYaIbHOCTh TEMBI 00YCIOBIEHA POCTOM PBhIHKA
BUPTYaJIbHOM OJEXKIbl U  OTCYTCTBHEM YHU(UUMPOBAHHBIX CTaHAAPTOB  BU3yaJIH3alUH.
PaccmarpuBaroTcs HHCTPYMEHTBI BUPTYaJIbHOTO OCBELLIEHUS ISl MOJCINPOBAHUS TIOBEJICHUS CBETA
B cpene 3D-rpaduxu, Briaroyas penaepuar (PBR), HDRI-kapTel u mapamerpusanus HCTOYHUKOB.
AHanuzupyroTcst npobiaemMsl (OPMHUPOBAHUS CBETOBBIX M IIBETOBBIX XapaKTEPUCTUK LU(PPOBOrO
KOCTIOMa, UMHUTaluu (akTyp, CO3JaHUS BHUPTyaJdbHBIX MaTEpUajOB U  B3aUMOJEHCTBUS
TPAIUIIMOHHBIX U IU(PPOBBIX METONOB nu3aitHa. Ocoboe BHUMaHUE YAeIeHO TpaHc(opmaIuu poiu
CBeTa OT BHEWIHero (pakropa K BHYTpEeHHEMY CBOWCTBY LudpoBoro oObekra. Llenpio paboTb
ABJISIETCS BBISBICHHE CHENU(DUUECKUX METOJJ0B HACTPOWKH BUPTYaJbHOTO CBETa JUId 0OeCeYeHUs
BU3yaJIbHOM BBIPA3UTEIBHOCTH LU(GPOBOro OObEKTa U COXpaHEHHE WJCHTHYHOCTH oOpa3a Ha
pa3IMyYHBIX yCTpoicTBax BhIBOAA. HayuHas HOBH3HA 3aKIIOYAeTCs B CUCTEMATHU3allUd METO/OB
IIPOEKTUPOBAHUS, TAE€ CBET paccMaTpUBAacTCs KakK IporpaMMHUpyeMblii napamerp. [IpuHiums
JMHAMUYECKOTO OCBEIICHHS M HE3aBUCHUMOCTH OT (PM3MUECKOrO 3TajOHA IO3BOJISIOT CO3/1aBaTh
OpUTHHAJIbHBIE UG POBBIE MaTepraibl. MeToo0rus anpoOupoBaHa Ha IPUMepe KOHIENTYaIbHOTO
npoekTa «CBeToBoi 00pa3y», peannzoBarnHoro B mporpamme CLO 3D. Pa3paGoTaHbl Tpu CBETOBBIX

! CeeTonBeTOBOE NMPOEKTHPOBAHKE: MPOLECC Pa3padOTKU PEIIEHUM MO OCBELIEHHIO U IIBETY O00BLEKTa WM
CPeIIbI C YU4ETOM (PYHKIIMOHAIBHBIX, SCTETUYECKUX U TICUXO0(DHU3HOIOTHUECKUX TPEOOBAHU.
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CLIEHApHUS; TEXHUYECKUI, UMHUIXKEBBIN U CPEAOBOM, KaXKIbI U3 KOTOPBIX PEIIACT KOHKPETHBIC 3a1a41
MMHUDKIU3aliHa. B pesynbrate 000CHOBaHa HEOOXOIUMOCTH pa3paOOTKH CIICHAPHOTO IMOAXOoAa K
OCBECIIICHUIO B BUPTyaIbHOW cpenme. Jloka3aHO, 4TO MPEIIOKECHHAs KiIacCU(UKALUSI METOIOB
CIOCOOCTBET TOBBIICHUIO (P(EKTUBHOCTH IPOIEcCa MPOSKTUPOBAHUS, 00ECIEUNBACT BBICOKUI
YPOBEHb KOHTPOJIS HaJl (OpMHUpPOBAaHHMEM 00pa3a M CHUKACT 3aTpaThl Ha JIOTUCTUKY HH(PPOBBIX
koyieknui. [lomydeHHbIe pe3ysabTaThl MOTYT OBITH MCIIOJIB30BaHBI MPH pa3pabOTKE CTaHIApPTOB
KadecTBa I HU(POBON MOJIBI.

Abstract. This article presents a theoretical study of lighting and color design methods in the
context of digital fashion. The relevance of the topic stems from the growth of the virtual clothing
market and the lack of unified visualization standards. The article examines virtual lighting tools for
modeling light behavior in a 3D graphics environment, including rendering (PBR), HDRI maps, and
source parameterization. The paper analyzes the challenges of defining the lighting and color
characteristics of a digital garment, simulating textures, creating virtual materials, and the interaction
between traditional and digital design methods. Particular attention is paid to the transformation of
light’s role from an external factor to an intrinsic property of a digital object. The aim of this work is
to identify specific methods for configuring virtual light to ensure the visual expressiveness of a
digital object and preserve the image’s identity across various output devices. The scientific novelty
lies in the systematization of design methods where light is treated as a programmable parameter. The
principles of dynamic lighting and independence from a physical reference allow for the creation of
original digital materials. The methodology was tested using the example of the conceptual project
“Light Image,” implemented in the CLO 3D program. Three lighting scenarios have been developed:
technical, image-based, and environmental, each of which addresses specific image design tasks. As
a result, the necessity of developing a scenario-based approach to lighting in virtual

Knrouegvle cnosa: cBeTOLBETOBOM qU3aiiH, IM(PPOBOM KOCTIOM, BUPTYaIbHOE OCBEIICHHUE.
Keywords: lighting design, digital costume, virtual lighting.

CoBpeMeHHass UHIyCTPHsI MOJIbl HAXOIUTCS Ha 3Tane HuppoBoil TpaHChopMaluy, Iie KOCTIOM
nepecraer ObITh HMCKIIOYUTENBbHO (U3MYECKUM OO0beKTOM. Pa3BuTHE TEXHOJIOTUN BHPTyalbHON
IIpUMEpPKH, IU(POBBIX MOKA30B U METaBCEIEeHHBIX” TpebyeT Co3laHus KadecTBeHHBbIX 3D-Moneneit
onex bl [1].

Xy[0KeCTBEHHOE TIPOEKTHpOBaHKue HU(POBOil onexasl cpenctBamu pepakropa CLO 3D
OTKPBIBAET HOBBIE BO3MOXKHOCTH JIsl TU3aHEPOB [5].

KitoueBbIM (pakTOpOM peasucTUUHOCTH U XyJOXKECTBEHHOM BBIPA3UTEIBHOCTH LU(POBOro
KOCTIOMA SIBJISIETCS TPaMOTHOE CBETOIIBETOBOE pEIIeHHUE, OIpeelsioniee BocnpuiaTue (Gpopmsl,
daxTypsl u obpasza. Lludposas Mona* HaxoauTcs Ha CTBIKE MCKYCCTBA, AM3aiiHa M JUIKUTAL
TEXHOJIOTH, IJIe CBET BBICTYIAET CPEICTBOM CO3/IaHUS BU3yaJIbHOrO 00pas3a B BUPTYaJbHOI cpee.
Jlig uHAYCTpUM TaHHAs TeMa SIBJsieTCsl PyHIaMEeHTAIbHOM, TaK KaK pacKpbIBaeT MPUPOY CBETa Kak
MPOrpaMMHUpPYEMOro  TapaMeTpa, BIHAIOIIET0 Ha MOTpeduTensckoe  Bocmpustue. s

2 MerTaBCeNeHHble: BUPTyallbHBIE MHPBI, CYyMIECTBYIOMIME B WHTEpHETE, II€ TOJb30BATENM MOTYT
B3aMMOJIEHCTBOBATE JIPYT C IPYTOM U C HU(PPOBBHIMH OOBEKTAMH Yepe3 aBaTaphl.

3 CLO 3D: IlporpammHoe obecrieyenue s 3D-MOJEIUPOBAHUS OJEXKIIBI, TO3BOJISIOIIEE CO3/aBATh
M pOBbIE BEIKPOWKH, CUMYJIHMPOBATh TKAaHU M BU3YaJIH3UPOBATh KOCTIOMBI B BUPTYAJIbHOM Cpejie.

4 Llnpposas Moxa: obnacTh qu3aiiHa OJeXkIbI, KOTOpas moyaraercs Ha 3D-nmporpaMMHoOe 0OecrieueHUEe MU
WCKYCCTBEHHBIN HHTEIIEKT IS CO3/JaHMsI TUIIEpPEATUCTUYHBIX 3D-CUMyIIAnnil OJ€XK bl
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JMCCEPTAIMOHHOTO UCCIIEOBAaHUS aKTyaJIbHOCTh 00YyCIIOBJIEHA HEOOXOAUMOCThIO KiIacCU(pUKALIUU
METO/IOB POEKTUPOBAHUS, YUUTHIBAIOIINX CIEIU(PHUKY CO3/IaHUS KOCTIOMa B BUPTyalbHOU cpene [9].

[Tpob6nema uccienoBanusi. OCHOBHOE MPOTHBOPEUHE 3AKITIOYACTCS B pa3HUIIE MHCTPYMEHTOB U
poIeccoB (pOPMUPOBAHMS I[BETA U CBETa B PEAJIbHOCTH M B KOMIBIOTEPHOH rpaduke. Brusaue
HOBBIX TEXHOJOTHM Ha GopmMooOpa3zoBaHKe B AU3aiHE 0K MEHSET TPAAULIMOHHBIE TTOAXOAbI K
CBETOAM3AIHY KOCTIOMa [2].

B ¢wusmueckoMm Mupe au3aliHep OrpaHHYEH CBOWCTBAMHM MAaTEpUAIIOB W BHEUIHUMH
UCTOYHUKAMH cBeTa. B mudpoBoii cpene CBET CTAHOBUTCS IMPOTPaAMMHUPYEMBIM HapaMeTpoOM, YTO
OTKPBIBAE€T HOBBIE BO3MOXKHOCTH, HO TpeOyeT MHBIX KoMmreTeHI i [4, 11].

OTcyTcTBHE €AMHBIX METOIMK CBETOI[BETOBOIO IMPOEKTUPOBAaHUS ISl HU(PPOBBIX OOBEKTOB
CO3/Ia€T PaspblB MEKIy TEXHMYECKMMH BO3MOKHOCTAMH DEHIEPHHIA ° M  XYJIO0KECTBEHHBIM
3aMbICIIOM nu3aitHepa. Llenb pabotel. [IpoBecT aHamu3 METOJ0B CBETOI[BETOBOTO IPOSKTUPOBAHUS
B BHUPTYaJbHOW cpeje, BBIABUTH 33Ja4d M OTPAHUYCHHUS MOJCIUPOBAHUA CBeTa JJs LU(POBOro
KOCTIOMa M 00OCHOBaTh METOMBI UX peanu3anuu. B Teopun nuzaiiHa oaeX]bl METOIBI pabOTHI CO
CBETOM U IIBETOM HCTOPUYECKH MACIWIMCh HAa JB€ TIPYyNIbl: METOAbl pabOThl C MaTrepuaioM
(okpammBaHue, BHIOOpP TKaHU) U METOABI paboThl CO Cpefol (OCBElIeHHE MoauyMa, BUTpUHBI). C
MOSIBIIGHUEM IIU(PPOBBIX TEXHOJIOTUH BO3HHUKJIA TPEThsl TpyINIa — METOAbl BUPTYaIbHOTO
MozenupoBaHus [8].

Jns uccnenoBaHUs BaKHA KiacCH(UKAIMS STHX METOAOB [0 TMPHHLIUIY peaH3aliu:
@uzuueckue memoowsl, KOTOpbIE 0A3UPYIOTCS HA pEATbHBIX CBOMCTBAax MaTepraioB. Croma OTHOCATCS
KOJIOpUMETpHUECKHU Moa0op 6 KpacuTenel, UCIONb30BaHUE JTIOMUHECIEHTHBIX HUTEH, pabora c
k03 PUIIEeHTOM OTpakeHUs MOBEpXHOCTU. OrpaHUYEHHEM METO/AA SIBISETCS 3aBHUCHMOCTH OT
BHEIIHEr0 MCTOUYHMKA CBETA U HEBO3MOKHOCTh U3MEHEHMSI CBOICTB TKaHU MOCJE MPOU3BoACTBa. B
KOHTEKCTe IM(pOBOro am3aiiHa ciyxar pedepeHcom;uudpoBeie MeTOnbl, Oazupylommecs Ha
MareMaTn4eckux Mopessx cBera. OCHOBHBbIE MHCTPYMEHTHI: (PM3NYECKH KOPPEKTHBIA PEHIECPUHT
(PBR7), HDRI-kapThi 8, BUpTyalbHble MPOXKEKTOphl’. [IpenMyIIecTBOM SBISETCS BO3MOKHOCTB
JMHAMHYECKOTO M3MEHEHHUsl CBOWMCTBA CBETa B peaJlbHOM BpeMEHHU 0Oe3 3aMeHbl 000pyloBaHMs, a
TaKXe CO3/IaHhe MaTepPHaJIOB, HE CYIIECTBYIOIMUX B Tipupozae (4, 12];

Tu6punnbie Metoms'”: JleMoHCTpanus MU(pPOBOro KOHTEHTAa HAa YCTPOHCTBAX OTOOpaKEHHs
(okpaHax, MoHHTOpax). IloHumaHue 3TOM KiaccupUKaUU HEOOXOOUMO MJIsi CHUCTeMaTHU3aluu
METO/IOB ITPOEKTUPOBAHUS KOCTIOMA C TPUMEHEHHEM U(POBBIX TexHonorui [ 1, 5].

B oTnuune ot TpaauLIMOHHOTO MOAX0AA, B HU(POBOI Cpe/ie mapaMeTphl OCBEIIEHUS 3aJal0TCs
HEMOCPEJCTBEHHO B HAcTpPOMKaxX MaTepualla U CIEHbI, CTAaHOBACh 4acTbio LU(POBOM MonenH.
Mertononorus 6azupyercs Ha UCCIeI0OBaHUAX B 00JacT KommbloTepHO# rpaduku Kazakosoii O. C.
[4], cBeTommu3aiina koctioMa BacunbeBoit T. C. [2], a Takke Ha aHATN3€ COBPEMEHHBIX HU(PPOBBIX
mnargopm (CLO 3D). [Ipunnun ¢usudecku koppektHoro peraepunra (PBR). 3to ocHoBa paboThl

3 PeHIepUHT: MIPOILIECC CO30aHus (PUHATLHOrO M300paKEeHUs WM aHuMaluu u3 3D-Mozenu myTeM pacuera
OCBEIICHUS, TeHEH, TEKCTYP U 3P PEKTOB.

¢ KonmopuMeTpudecKuii moa0op: METO L BEIOOpA U COTTIACOBAHHMS LBETOB C MCIIOJIb30BAHUEM H3MEPHTEIBHBIX
MpUOOPOB M CTAHJIAPTH3UPOBAHHBIX I[BETOBBIX CUCTEMA.

7 PBR (Physically Based Rendering): ¢u3uuecku KOPPEKTHBIA DEHIEPUHT, METOJA MOJEIUPOBAHUS
B3aMMO/ICHCTBUS CBETA C TIOBEPXHOCTHIO HA OCHOBE (PU3NYECKUX 3aKOHOB OTPaKEHUS U TIOTJIONICHUSI.

8 HDRI-kapter (High Dynamic Range Imaging): TeKCTypbl ¢ BBICOKMM JMHAMHYECKUM JIMAIa3oHOM,
WCTIONB3YEMBIE [UIsl CO3JaHuUs PEATMCTUIHOTO OKPYKEHHS M ocBeneHns B 3D-crenax.

° BupTyaibHbIe TIPOKEKTOPHL: UPPOBBIE aAHAIOTH (HU3UIECKUX OCBETUTENBHBIX MPHUOOPOB, HACTPAUBAEMBIE
B 3D-nporpammax 1o napamerpaM WHTEHCHBHOCTH, [IBETA U YIJIa MaACHUS.

10 Tu6pumHbIE METOIBL: TOAXOM, COYETANONIMI PYYHBIE TEXHOJOTHH (ICKHM3, MAKETHPOBAHME, KOJUIAK) M
uudpossie UHCTpYMeHTHI (3D-MoaenupoBanue, rpaduieckuil nu3aity, Busyanusanus B AR/VR).
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co ceeToM B coBpeMeHHbIX 3D-penakropax (CLO 3D, Blender). LIgeT u cBet B 3D-rpaduke nmerot
XyJ0KECTBEHHbIE BO3MOKHOCTH U OCOOCHHOCTH, KOTOPbIe HEOOXOAMMO YUYHUTHIBATh MIPH HACTPOIKE
weiinopos!! [4].

Marepuan onucheiBaeTcsi HAOOPOM KapT (TEKCTYp), ONPEEIAIONINX €ro PeaKifio Ha cBeT: Base
Color !?(6azoBbIit 1BeT mmm ansbeno), Normal'® (Muxpopensed), Roughness'* (mmepoxosarocTs),
Metalness (MeTauMuHOCTh). J{U3aiiHep He «puCyeT» CBET, a HaCTpauBaeT CBOICTBA MOBEPXHOCTH,
KOTOpast B3aMMOJICHCTBYET C BUPTYyaJbHBIMU HCTOYHUKAMH CBETA 10 3aKoHaM (pusukw [5].

OTO MO3BOJNSET JOCTHrarth (POTOPEATMCTUUHOTO pe3yibTara NMPH H3MEHEHUH OCBEUICHUS.
[IpuHIMO HapameTpus3amuu cBeta > . B mudpoBoil cpene KakIblii HCTOYHMK CBETa MMEET
HacTpanBaeMble MapaMeTphl: HHTEHCHBHOCTH (FoMeHsl), Temnepatypa (Kemssun), nser (RGBS,
yroia IajaeHus, 3aryxaHue. [(uzaiiHep mosly4aeT IMOJIHBIA KOHTPOJIb HaJ CBETOBOM CLEHOM, 4YTO
HEBO3MOXKHO B (H3MUECKOW cTynuu 0e3 3aMeHbl 000pyHOBaHHs. OTO IO3BOJSET CO3/aBaTh
OMOIMOTEKU CBETOBBIX MIPECETOB I Pa3HBIX 3a7a4 HU(PPOBOro mokasa [9].

[MpuHumn auHamuyeckoro ocpeieHus. L{udpoBoi KOCTIOM MOXKET pearupoBaTh Ha BHEIIHUE
Tpurrepsl. CBET U IBET MOTYT MEHATHCS B 3aBUCHUMOCTH OT ClieHapus aHuMmanuu. [IpuHimn yxe
NpUMEHSETCS BEAyIIMMH HU(POBBIMH JAOMAaMU MOIBL: OpeHa Auroboros HM3BECTEH KOJIICKIHEH
“Biolumina”, rae uu@poBbie MIaTbs MEHSIOTCA BO BPEMEHU — CBETATCS OMOIIOMUHECHEHTHBIMU
s dexramu, TpaHCHOPMUPYIOT CUIYITHI U TEKCTYPhI B 3aBUCUMOCTU OT JBMIKCHHS aBaTapa. JTO
pealbHBId TpPUMEp JWHAMHYECKOTO OCBEUICHHUs, YMPABISEMOrO KOAOM; XOPBATCKUN LU(PPOBOU
opern Tribute Brend co3nmaer rumeppeaqucTHyHBIE HaApsAAbl ¢ aHUMHPOBAHHBIMU TEKCTYPaMHU;
uugpposoit O6pena The Fabricant akTMBHO JEMOHCTPHPYET CBOM KOJUJIEKIUU B (hopMe IUPOBHIX
MOKa30B, TJI€ OCKJa B3aHMMOJACHUCTBYET C JBH)KEHHUEM, CBETOM U MY3BIKOW B PeallbHOM BPEMEHH,
OpeHIl UCIOJIb3yeT TEXHOJIOTMH JONOJHEHHOW W BHUPTYAJIBHOW pPEAaTbHOCTH JJISl CO3aHUs
MMMEpPCHUBHOTO OIIbITA, BU3yalbHBIE APQEKTHl B UX IOy YaCTO CHHXPOHU3UPOBAHBI C MY3BIKOH U
JBIKEHUSIMH, CO3/1aBasi 3PPEKT «KUBOW» OAEXK/bl, YTO MOJUYEPKUBAET UX KOHIEMIUIO MOJBI Kak
1ugpoBoro uckyccrna; DressX B kosmaGopanusx ¢ IpyruMu OpeHaamMu ucrnonb3yer AR-GuisTpsl ¢
aJIalTHBHBIM OCBEIIICHHUEM, TJI€ IIBET OJIE)K Il MEHSETCSI B 3aBHCUMOCTH OT ()OHA, BPEMEHH CYTOK HITH
My3bIKH. [IpHHIIMTT HE3aBUCHMOCTH OT (M3MYECKOTo 3TajoHa. lIpum co3maHuM OpPUTHHAIBEHOTO
(HaTUBHOIO) IM(PPOBOro KOCTIOMA JM3aiiHEp HEe OrpaHWYeH (U3MKON peanbHbIX TKaHed. MOoXHO
co3J1aTh Marepuai, KOTOPbIi CBETUTCS M3HYTPH, MEHSIET IIBET B 3aBUCUMOCTH OT yIJIa 3pEHUS UJIH
UMeeT aHUMHPOBaHHYIO TeKCTypy. Pa3BuTHe 11BE€Ta B MOZI€ MOKa3bIBAET €0 ONPEAETSIOUIYIO POJib U
BIIMSIHUE Ha HBOJIIOIMIO KOCTIOMA, YTO B IM(PPOBOH cpenie mpuodpeTaeT HOBOE 3HaUeHue [7].

Merton010r1s 37€Ch CTPOUTCS Ha XYJI0KECTBEHHOH 11€71eCO00pa3HOCTH, a HE HAa MMUTALUU
peanbHOCTH. OrpaHUYeHHEM JAaHHOW METO/OJIOTUH SIBISETCS BBIYMCIUTEIbHAS CIOXKHOCTD.
Peanuctuunslii pacuer cBeta TpeOyeT 3HAYUTEIbHBIX PECYPCOB BUACOKAPTHI. [ln3alinep BBIHYXIEH
UCKaTh KOMIIPOMHCC MEXITy (OTOpPEeamTu3MOM U TPOM3BOAUTEIBHOCTBIO. [l  ampoOarmm
MPEUIOKEHHBIX TEOPETUYECKUX TOJIOKEHUH aBTOPOM ObLT pa3paboTaH KOHIENTYalIbHbIM MPOEKT
«CeroBoii 00pa3 1u¢ppoBoro kocTiomMa». OObEKTOM MPOEKTUPOBAHMS BBICTYyIHJIA LU(PpPOBas
onexnaa, cmoaenuponanHas B CLO 3D [12].

"' Meinepsr: mporpammel B 3D-rpaduke, onpenensiomue, Kak MOBEPXHOCTh 0OBEKTa PEATUPYET Ha CBET,
paccuuThiBas UBET, OJIMK, TEHU U JPyrue BU3yaabHble 3(PHEKTHI.

12 Base Color: 6a3oBas kapra usera B PBR-matepuaie, onpenensomas OCHOBHON IBET IIOBEPXHOCTH

3 Normal (kapra HOpmaneil): Tekcrypa B PBR-marepumane, umutupyromas peibed) IOBEPXHOCTH 0e€3
M3MEHEHUS TEOMETPUH MOJIEIH 3a CUET HAIIPABICHUS HOpMaseH

14 Roughness (kapra mepoxoBatocTtu): Tekcrypa B PBR-mMarepuae, onpezensionmas creneHb riajkocTd U
MaTOBOCTH TTOBEPXHOCTH, BIUIONIAs HA MHTEHCUBHOCTD U Pa3MBITOCTh OJIMKOB.

15 TTapameTpu3sanus cBeTa: MpOLECC HACTPONKH YHUCIOBBIX MIAPAMETPOB UCTOYHHMKA CBETA

16 RGB (Red, Green, Blue): agauriBHas HBETOBas MOJIEb
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B pamkax npoekra Obl1a IpUMEHEHA METOIMKA MHOTO CLIEHAPHOT'O CBETOBOTO MOJECIINPOBAHMSL.
bbuto pa3paboTaHO TpHU PA3IMYHBIX CBETOBBIX CLIEHApUs, PEIIAIOLIMX pa3Hble 3aJauydl MMUIDK-
Iu3aifHa: TEeXHUYECKHid creHapuii. PaBHOMepHOe OecTeHEBOE OCBEIICHHME I JEMOHCTPAIUU
KOHCTPYKTHBHBIX 0COOEHHOCTEH Kpos M (paKkTyphl MaTepuaia; UMUKEeBbIH cieHapuii. KontpactHoe
nsetHoe ocpemieHne (RGB-cnexTp) asis co3maHust SMOIMOHAJIBHOINO o0Opa3a W IpPUBJIEYEHUS
BHMMaHUs B mudpoBoi cpeae [11]; cpemoBoit crienapuii. MHTerpanus KocTioMma B BHPTyaJIbHOE
IIPOCTPaHCTBO ¢ ucnoiabzoBanueM HDRI-kapr [6].

Pesynprarel mpoekTa NOATBEP)KAAET, YTO IPEIJIOKEHHBIE METObl IO3BOJSIOT JIOCTHUIATh
BBICOKOM CTENEHH PEATMCTUYHOCTH U YIpaBIIsieMOCTH 0oOpa3a nudpoBoro koctoma [3].

B3aumoneiictBue TpaauMIMOHHBIX M IU(POBBIX METOAOB. B COBpeMEHHOM mpakTHKe
MPOEKTHUPOBAHUS HAOIIOMACTCSA TEHACHINS K CIUSHUIO TPAIUIIMOHHBIX M IU(PPOBBIX METOOB. DTO
B3aMMOJICHCTBUE TPOSIBIISICTCS B HECKOJBKUX acHekTax. Bo-mepBbix, IH(POBBIE METOIBI
UCIOJB3YIOTCSl Ha ATare MPOEKTHOro aHaiu3a. Jlu3aiiHep MOXET NMPOTECTUPOBATh CBETOLIBETOBOE
pelleHre KOCTIOMa B BUPTYaJIbHOM cpezae 10 mommBa ¢usndeckoro oopasua [8]. Oto mo3poisier
MUHUMU3UPOBATh MaTepHallbHblE 3arpaTbl M COKPAaTUTh KOJMYECTBO OMIMOOK Ha JTare
IIpOEKTHpOBaHUs. BMmecTe ¢ TeM, CylecTByeT BEpOSTHOCTh BU3YaJlbHOIO HECOOTBETCTBUS, TO, KaK
[[BETa BBIIIJAT Ha SKpaHe, MOXKET OTIMYaThCs H3-3a OCOOCHHOCTEH yCTpOMCTBa, MOATOMY OYEHb
Ba)XHO HAacTpauBaTh IPAaBUIIbHO. BO-BTOPBIX, TPaJUIMOHHBIE METOIbl BEPU(PHUKALUU OCTAIOTCS
HeoOxonumbIMu. Du3mueckuii TanoH (o0pas3en TKaHU) CIYKHUT TOYKOH MCTHHBI IS KaIUOPOBKU
udpoBoit moaenu [2].

B-Tperpux, anropuTMuzanus IMPOLECCOB INPOEKTUPOBAHMS IO3BOJIAET ABTOMATU3UPOBATh
pyTuHHbIE 3a1a4u. HarpumMep, anroput™sl Ha 0a3e UCKYCCTBEHHOTO MHTEIJIEKTa MOTYT Ipeararb
CBETOBbIE CLIEHAPHMH | JIsl KOJUIEKIIMU HA OCHOBE aHaIM3a TpeH0B. OIHAKO TBOPYECKOE PELIECHHE O
TOM, KaK CBET B3aUMOJICHCTBYET ¢ (hOPMOI KOCTIOMA JJIsi CO3/IaHUS [IEJIEBOTO UMUK, OCTACTCS 32
yenoBekoM. Takum oOpazoM, Haubonee 3¢pekTuBHON sABIgETCS MOMENb CUMONO03a, TAe UPPOBbIE
MHCTPYMEHTBl  pPACIIMPSIOT BO3MOXKHOCTHM  TPaJMLMOHHOIO JW3aiiHa, HO HE 3aMEHSIOT
(dbyHIaMeHTaJIbHbIE 3HAHUS O MPUPOJIE CBeTa U Marepuana. [IpoekTrupoBaHie CBETOI[BETOBOM CPEIbl
U1 IU(PPOBOTO KOCTIOMA CTAJIKMBAETCS C PAJOM clielu(pUYecKux orpannyeHuil. TexHonornueckue
orpanuueHus. PasHooOpasue yCTpOMCTB BbIBOAAa (cMapT(OHBI, MPOeKTopsl, VR-muemsr '8 -
MOHHUTOPBI) IPUBOIUT K TOMY, YTO OJUH U TOT k€ LIU(YPOBOI KOCTIOM MOXKET BBIMISAETH M1O-Pa3HOMY.
3amauell u3aiiHepa sBiseTCd O0ECHEYUTh YCTOMYMBOCTH o0Opa3a K M3MEHEHMSIM Cpeibl
BOCIpOU3Be/IeHUS. (00€CTIeUnTh IBETOBYIO CTAOMIBHOCTh Ha pa3HbIX 3kpaHax) [10].

Icuxouznonornueckue orpaHnueHus. Bocrpusitue cBera B BUPTYalbHOM peaJbHOCTH UMEET
ocobeHHOCTH. M30bITOUHAs SPKOCTh Ha HKPaHE MOXET BbI3bIBATH JAUCKOMGOPT Y MOJIb30BATES.
MeTonpl MPOEKTUPOBAHUS JIOJIKHBl YUHUTBHIBATH SPrOHOMUKY 3pPEHMS, OCOOEHHO MPH UIUTEIHHOM
B3aMMOIEUCTBUU € IUPPOBBIM 00bEKTOM. B oTiMune ot cyiecTByomux padboT, paccMaTpUBaIOLINX
CBET KaK BHEIIHUH (akTop, AAaHHOE MCCIIEOBaHUE IpeagaraeT METOAMKY, IZie CBET SBIISETCS
BHYTPEHHUM CBOMCTBOM IIM(POBOro Marepuaia. ABTOp paciIupseT Kiaccupukauuio, 1o0aBisis
IIPUHLIMII JUHAMHYECKOTO OCBEIIEHUS U TapaMeTPU3aL1H, YTO paHee HEe IPUMEHSIIOCH K KOCTIOMY B
uudpoBoii cpene.

3axnouenue

MeTtoapl CBETOI[BETOBOTO MPOEKTHUPOBAHUS B MOJE DSBONIOLMOHUPYIOT OT pPabOTHl ¢
¢u3nYecKMMHU CBOMCTBAMH TKAaHM K MAaTeMaTHYECKOMY MOJEIMPOBAHUIO CBETOBBIX IOTOKOB B
uugpposoit cpene. Kiaccudpukanus MeToAOB JOHKHA YUWUTHIBaTH TPU YPOBHS: (DU3MUECKHIA,

17 CperoBble cleHapuu: 3apaHee pa3paOOTaHHbIE HAOOPHI HACTPOEK OCBELIEHWs, NpeJHA3HAYEHHBIE IS
pelleHns KOHKPETHBIX 32714 (TEXHUYECKUX, UIMUJKEBBIX, CPETOBBIX).
18 VR-niemsl (Virtual Reality): ycTpoiicTBa [1jist IOrpyKeHHs OJIb30BATENS B BUPTYAIbHYIO PEATBHOCTD.
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uu(ppoBol W THOPUAHBIN, KaXIbII M3 KOTOPHIX MMEET CBOM 3aJlaid U MHCTPYMEHTBI KOHTPOJIA.
(mudpoBeie mHCTpyMeHThl (PBR, HDRI). Metogonorust co3maHusi CBETOIIBETOBBIX pEIICHUN B
ndpoBoi cpene 6a3upyercs Ha MPUHIIUIIAX TApaMETPU3AINN CBETA U TUHAMUYCCKOTO OCBEIICHUS.
B3aumoseiicTBre TpaAWIMOHHBIX M IMQPPOBBIX METOAOB SBISETCS HEOOXOAMMBIM YCIOBHUSIM
KaueCTBEHHOTr0 IpoekTupoBanus. [IpakTuueckas anpobdaiys METOI0B Ha IPUMEPE KOHLIETITYaIbHOTO
npoekTa noarsepauia 3¢p(GHeKTHBHOCT, MHOTO CIIEHapHOTO noaxoia B cpene 3D-monenupoBanus.
JlanbHenIe ucciaeIoBaHusl TOJKHBI OBITh HAMIPABIICHBI HA Pa3pa0OTKy CTaHIAPTOB KayeCTBa JIJIs
1 (poBBIX TKaHEH. MIHTerpamusi CBETOIBETOBBIX TEXHOJIOTUN B METOMBI TPOSKTUPOBAHUS KOCTIOMA
MOBBIIIAET KOHKYPEHTOCIIOCOOHOCTh MPOIYKTA.
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Annomayus. PaccmarpuBaeTcss MOTEHLMA HHTETPAalui HU(GPOBBIX TEXHOJIOTHI U HAPOAHBIX
XyJ0’K€CTBEHHBIX IIPOMBICIIOB Ha MPUMEPE CO3/AaHUs JUDKUTANI-KOJUIEKLIIMY Ha OCHOBE ME3EHCKOU
pocnucH. AKTyaJlbHOCTh HCCIIEJOBaHUS OOYCIIOBI€HAa YCKOPEHHBIM pa3BUTUEM LU(POBBIX
mnatdopM B cepe KynbTypbl, BUPTYyaJIbHBIX OMOTMOTEK, OHJIAMH-apXuBOB, 3D-MonenupoBanus u
METaBCEJICHHbIX, YTO OTKPBIBACT MPUHLUIMAIBLHO HOBbIE BO3MOXKHOCTH Ul HOMYJISpU3aLUN U
COXpaHEHHUsl KYJIBTYPHOIO Hacjeaus. ABTOPOM IPOAHAJIM3UPOBAaHbl OCHOBHBIE HAalpaBlICHUS
udpoBu3au chepsl KyJIbTypbl, HCClIe0BaHa creluduka HuppoBOro KOHTEHTa KaK HHCTPYMEHTA
MIPUBJICYCHUS 1LI€JIEBOM ayauTOpuu, (HOPMUPOBAHUS JIOSIIBHOCTH M HEHABSI3YMBOIO IMPOABMKEHUS
KYJBTYPHBIX PoAyKToB. Oco00e BHUMaHHUE YJEIEHO CEMAaHTUKE ME3EHCKOW POCIUCH — OJIHOTO U3
JPEBHEHIINX PYCCKUX XYIOKECTBEHHBIX IMPOMBICIIOB, Ubsl CIOXKHas ApyCHas CTPYKTypa Yy30pOB,
[[BETOBasl raMMa (caka M KpacHas IMIMHA) U MUQoOJIorHueckue odpasbl (KOHHM, NTHILbI, COISIpPHBIC
3HAKH) OTPAXKAIOT MPEACTABIECHUS O TPEX MUPAX: TOI3EMHOM, 36MHOM U HeOecHOM. B npaktuyeckoit
YacTH CTaTbH MPEACTABIIEH MPOLECC pa3padOTKU HU(POBON KOJUIEKIIMH OJIEXK/IbI C UCIIOJIb30BAHUEM
nporpamMm CLO 3D (BupryanbHas npumepka yiekan), Blender (cozmanue 3D-cpens! ans nokasa) u
Grafis. PaccMOTpeHbI BO3MOKHOCTH BHEAPEHUS FTOTOBOTO MPOIYKTA B 9KOCUCTEMY METABCEIECHHBIX:
OXapaKTEepU30BaHbl UX YPOBHM (KOHTEHT, IJIATPOPMbI, HH(PPACTPyKTypa, SHEHOIEephl), KIHOUEBbIe
texHosorun (OnokueitH, AR/VR, uckyccrBennsiii untemiekr s NPC) u moreHuuman st OpeH-
KOMMYHUKAIlUM M MapKETHUHIOBBIX HcciienoBaHuid. HoBu3HAa paboThl 3aKIIIOYaeTcsi B CHUHTE3€
apXan4yHbIX OpPHAMEHTAJbHBIX TPAJUIMA M COBPEMEHHBIX MeToN0B 3D-Buzyanuzauuu. ABTOp
MIPUXOAMT K BBIBOAY, YTO MOAO0OHAsI MHTErpalsl CIOCOOCTBYET aKTyalln3alli HHTepeca MOJIOAECKHU K
HapOJHO-XY/I0)KECTBEHHbIM  IpOMbICTIaM, (OPMUPOBAHUIO  MPEEMCTBEHHOCTH  KYJIBTYPHBIX
LEHHOCTEH U CO3/JaHHI0 KOMMEPUECKH YCIIEIIHBIX TPOEKTOB B IIM(POBOIL cpere.

Abstract. This article examines the potential for integrating digital technologies and folk arts
and crafts using the example of creating a digital collection based on Mezen painting. The relevance
of the study stems from the accelerated development of digital cultural platforms, virtual libraries,
online archives, 3D modeling, and metaverses, which open up fundamentally new opportunities for
the popularization and preservation of cultural heritage. The author analyzes the main trends in the
digitalization of the cultural sphere and examines the specifics of digital content as a tool for attracting
target audiences, building loyalty, and discreetly promoting cultural products. Particular attention is
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paid to the semantics of Mezen painting — one of the oldest Russian artistic crafts, whose complex,
tiered structure of patterns, the color scheme (soot and red clay) and mythological imagery (horses,
birds, solar symbols) reflect ideas about three worlds: the underworld, the earthly, and the heavenly.
The practical section of the article presents the development of a digital clothing collection using
CLO 3D (virtual pattern fitting), Blender (creation of a 3D environment for the show), and Grafis.
The possibilities of integrating the finished product into the metaverse ecosystem are considered:
their levels (content, platforms, infrastructure, enablers), key technologies (blockchain, AR/VR,
artificial intelligence for NPCs), and the potential for brand communications and marketing research
are characterized. The novelty of the work lies in the synthesis of archaic ornamental traditions and
modern 3D visualization methods. The author concludes that such integration contributes to the
actualization of youth interest in folk art and crafts, the formation of continuity of cultural values, and
the creation of commercially successful projects in the digital environment.

Kntouegvie  cnosa:  HapOIHO-XY/IOXKECTBEHHBIC  IPOMBICIBI,  HApoOJHAs  KyJIbTypa,
nH(GOPMALIMOHHBIE TEXHOJOTMH, KYJIbTypHas cdepa, MeTaBceneHHble, 3D MonmenupoBaHue,
U POBBIC TEXHOIOTUH, HCKYCCTBEHHBIN HHTEIICKT, ME3EHCKUN OPHAMEHT

Keywords: Folk arts and crafts, folk culture, information technology, cultural sphere,
metaverses, 3D modeling, digital technology, artificial intelligence, Mezen ornament

JlyxoBHOE JOCTOSSHME HapoAa sBISETCS OAHUM U3 CMBICJIOB €ro CYLIECTBOBaHMS.
Xyn0)KeCTBEHHbIE IPOMBICIIBI M pEMECIIa 3aHUMAIOT BUTHOE ITOJIOKEHHUE B JIeJI€ COXPAHEHUS JaHHOTO
HacJIeUsl, TIOCKOJIbKY, OHU SIBJISIFOTCS HEOTHEMJIEMOM YacThI0 HAPOAHOM KyJbTYypbl. DTa HapoIHas
KyJbTypa, Oyay4H, 3HaUMMbIM KOMIIOHEHTOM POCCHUMCKOM HallMOHAJIBLHOW CaMOOBITHOCTH, SPKO U
yOenuTeNnbHO JIeMOHCTPUPYET €€ YHHKaJIbHOCTh U CaMOOBITHOCTh. B HacTosimee Bpems
MH(OPMALIMOHHBIE TEXHOJIIOTUH OKa3bIBAIOT CYIIIECTBEHHOE BIMSHUE Ha TPeoOpa3oBaHUe U pa3BUTHE
KyJabTypHOH cdepbl. OHM OTKPBIBAIOT MHHOBALIMOHHBIE NYTHU MJII TBOPYECKOM MAESITEIbHOCTH,
pacnpoCTpaHeHUs M BOCHPUSTHUS TPOU3BEACHUI KyJIbTypbl, a TaKkKe CTUMYJIUPYIOT pOCT
KyJBTYPHOTO TypU3Ma U 00pa3oBaTeIbHbBIX IPOrpPaMM.

Lenp nanHOW paboOThl — aKTyanau3alMs U MOMYJspU3alisl WHTepeca Cpeau MOJOAEKH K
HapOJHO-XY/I0’)KECTBEHHBIM MPOMBICTIAM U KyJIbTypHOMY Hacieauto. [lomynspuzanus KyasTypbl U
Tpaauuuii HaponoB Poccuun. Ilpu paGoTe Haj NaHHBIM HCCIIEIOBAHMEM OBLIM MCIIOJIb30BaHBI
CJIe/IyIOIINE METObI: U3yUEeHHUE U aHAJIN3 MOCIEAHNUX Pa3padoTOK B 001acTH U(PPOBBIX TEXHOIOTUI
MeTOJl HaOJIIOIEHUS U CPaBHEHUS], CUCTEMaTH3aluu U cuHTe3a. i co3qanus u@poBoOi KOJUIEKIIUN
HCIOJIb30BaIOCh KoMIbtoTepHoe 3D u 2D mMoznenupoBaHre COBMECTHO ¢ METOAAMHU TPAJAUIIMOHHOTO
MOJIEIIMPOBAHMSI 1 KOHCTPYUPOBaHUS of1exk1bl. Pa3zpaboTka BUPTyanbHOI0 OKa3a U JUIKUATAI CPEbI
JUIg HEro, ¢ IpUMEHeHueM cpelacts 3D mozpenupoBaHus, CKYJAbITHHIA, aHUMAlUU, CUMYJISILHH,
PeHJIepUHTa, TOCTOOPAOOTKH U MOHTaXa BUJIE0 CO 3BYKOM, UCIIOJIb3YSI METOJI KOMIIO3UTHHTA,  TAKXKe
cozganue 2D u 3D anumanmii. B Poccun HaOmiogaercst 3aMeTHOE YCKOPEHHE pa3BUTHUS LU(POBBIX
watopM, OpUEHTHPOBAHHBIX Ha KyJbTypy. brmaromapst mporpeccy B cdepe uMHGOpMaIMOHHBIX
TEXHOJIOTHM, JOCTym K KYJIBTYpHbIM OorarcTBaM 3HAauMTEIbHO pacimupuics. BupryanbHble
OUOIMOTEKH, OHJIAIH apXUBBI U My3€HHbIE KOJJIEKIIMH OTKPBIBAIOT BO3ZMOXKHOCTb IS O3HAKOMJICHUS
C MCTOpUEN M KyJbTYpOHl pa3HBIX HAapOAOB U 10X, HE MOKHAAs CBOETrO JKUJIMINA. JTO, B CBOIO,
o4epe]lb, COIEHCTBYET MOIYISAPU3ALUN KYJIBTYPHOTO HACIEAMsS U €r0 COXPAHEHUIO AJIS IIOTOMKOB.
HoBrle TexHONOrMH OTKPHIBAIOT HOBBIE BO3MOXKHOCTH JJISi TBOPYECKOH JAEATEIbHOCTH, MO3BOJISA
OTOWUTH OT W30MTHIX M CTaHJIAPTHBIX MOJXOAOB IOCPEICTBOM BHEAPEHMS JONOIHUTEIBHOM U
BHUPTyaJIbHOM peanbHOCTH, 3D TexHonoruii u aBarapos [1, 2].
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Jnia uccnenoBareneii Hu(poBble TEXHOIOTMH OTKPBIBAIOT OIPOMHBIE MTEPCTIEKTUBBI B U3yUYEHUU
KYJBTYPHBIX 00bEKTOB, HAYMHASI OT OLU(PPOBKU M CUCTEMATU3ALIUY IAHHBIX U 3aKaHUMBasi METOIaMU
3D — ckaHupoOBaHUs, MOJEIMPOBAHMS, BU3yaJIM3alll U IUCTAaHIIMOHHOIO aHaJIW3a IIOBEPXHOCTEH.
OpnHako, HapsiAy C O3TUMH BO3MOXKHOCTSMH, BO3HUKA€T JHUCKYCCHSl CpEAM CIELUalINCTOB
OTHOCHUTEIIbHO CcTaTyca HU(POBBIX KOMUN KaK 3aMEHbI WIH JOTIOJIHEHHUS K MOATUHHBIM KYJIbTYPHBIM
LIEHHOCTSM [3].

Hudpouzammio chepsl KyIbTypbl YCIOBHO MOXHO pa3geliUTh Ha MATh OCHOBHBIX
HanpasieHuil (Pucynok 1).

1. Texnoaorin 3D CKaHUPOBAHILA,
MOACANPOBAHIA M BU3VAAM3ALINIL

2. TexuoAormn oLupOBKI I ApXHBHPOBAHILS;
3. Texnoaormm AUCTAHITMOHHOTO 30HAMPOBAHILA
TIOBEPXHOCTH,

\J

| Msyuenie KyABTYPHBIX IIEHHOCTEN

1. Micnmoawaosaxie MCKYCCTBEHHOTO IHTEAAECKTA
AAS CO3AAHIS KYABTYPHEIX Haar;

2, Lindpossie 0bpaser J0KYMEHTOB, KHILI,
TNPeMETOB MCKYCCTBa;

3. Texnoaorun cosaanns 3D roaorpama.

Y

—» CosaaHie KyABTYPHEIX Daar

1. Buptyaassoe nproBiienie X KyABTYPHbIM
TeHHOCTAM (BKATOYA OHAATH-(opMar);
2. TexHOA0IMH AOIOAHEHHOI PeaAbHOCTH

Pacnpocrpanenue n norpebaenne
p| KYABTYPHBIX HEHHOCTE!

| -
- 1 1 HOBBEIE (DOPMEI ITPHOOPETEHIA KVARTVPHOTO
udposusanms 4 Ky ABTypHEDX G2ar s opmsi pioGp yabIyp
B cpepe o
q) p 3. OHAiil:[H-OU)"{L‘HHt' PdIJrlIrl‘{HbIM BitaaM Mc-
KyABTYPHI

KYCCTBA.

1. Mach THHIOBBIE KaMIIaHMH M COLMOAOTHYe-
CKIe OTTPOCH;

2. Onaaitn-npojaskn G1AeTos;

3, Yyer nocerureaeit;

4, Heszagmcimas oOL[eKa KauecTsa OKa3auis

Oprann3aluoHHO-3KOHOMIYECKIe
- acTeKTH AeATeARHOCTH OpTaHM3a-
LMt KYALTYPBL

Y

‘\"E'Jl)/'l‘
NndopmarosHble cucTemsl
AA TOCY AAPCTBEHIOTO yueTa 1. IUC_VAE!PL'I'BUHHDU;I PL‘(_’CI'PI.).[, KaTaAaoru,
P 0BTLEKTOB KYABTYPHI 1 KYABTYPHBIX P PETNCTPHI B cepe KyAbTYPhL.

LIEHHOCTEH

Pucynoxk 1. OcHoBHBIE HanpaBieHus uuppoBuzamy B chepe KyapTypsl [13]

B pesynbrare wuccnenoBaHUs ObUIO BBISIBICHO, YTO HOBBIE TEXHOJOTMH OTKPBIBAIOT
JOTIOJTHUTENBHBIE  MPOCTOPBI  JUISI  TBOPYECTBA, LU(POBBIE TEXHOJIOTMH MPEAOCTABISIOT
KOJIOCCAJTbHBIE BOBMOXHOCTH TSI U3yUCHHS KYJIBTYPHBIX IIEHHOCTEH.

Hccneoosanue yugposozo  konmenma. LuppoBoi KOHTEHT NPpPEACTaBIIEeT COOOM
COBOKYITHOCTb MAaT€pUaliOB, CO3/IaBa€MbIX M PACHPOCTPAHSAEMbIX C IENbIO MPUBJICUEHUS LIEIEBOM
ayIUTOPUH ¥ (OPMHUPOBAHUS JOSUIBHOCTH. V3HAUabHO OH MPUMEHSIICS Il WH(GOPMHPOBAHUS O
Openze u ymyumieHus: ero uMumpka. CrexTp (GopM Takoro KOHTEHTa BeChbMa ITUPOK: OT 3arucedl B
0r10rax M CrenuaIu3upOBAHHBIX OTYETOB /10 BHJICOPOIHKOB, (POTOM300pKEHUN M aHAIUTHYECKUX
crareil. OHAKO KJIIOYEBOE OTIMYHME IIU(PPOBOrO KOHTEHTA 3aKIFOUACTCS B TOM, YTO OH BBIXOAMT 32
PaMKH IPOCTOTO Pa3MEIICHUST TEKCTOBOM HH(POPMAITUH WIIH KOMMEHTapueB. /st TOCTHKEHHS CBOUX
1eJiel KOHTEHT JOJDKEH OBITh HE TOJIFKO WH(GOPMATHBHBIM, HO M YBJIEKATEILHBIM, TIOOYKIAFOIINM K
auanory. BakHeMImuM >JIeMEHTOM sBJsieTcs OO0eCleYeHHWe TOYEK CONPHUKOCHOBEHHS s
B3aMMOJICHCTBUS C KIIMEHTaMHU M cOOpa UX OT3BIBOB HA PA3JIMYHBIX ATalaX BOPOHKH Mpojax [4].

C npyroit CTOpOHBI, IM(POBOH KOHTEHT OTKPBIBACT IIHPOKHE BO3MOXHOCTH ISt
JEMOHCTPAIMX TBOPYECKOTO MOTEHIMAaa U TanaHToB. OH CIIOCOOCTBYET ACHEHTPATH3ALUH JOCTYTIA
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K 00pa3oBaTeIbHBIM pecypcaM U 3HaAHMSM, I103BOJIAA JIIOIIM OCBaUBaTh HOBbIE 00JAacTH, MOIy4aTh
JOCTYIl K BBICOKOKAYE€CTBEHHBIM Y4eOHBIM MaTepuajlaM KU OOMeHuBaTbcsi omnblToM. bosee Toro,
U(ppPOBOK KOHTEHT CIYXKHT KaTalM3aTOPOM HMHHOBALMH M TEXHOJOTMYECKOro Iporpecca B
Pa3NIUYHBIX CEKTOpax AKOHOMHUKH. Pa3BUTHE TaKuX HAMpaBlIEeHU, KaK BUPTyaJlbHAs U JIOTIOTHEHHAS
pealbHOCTh, MHTEPAKTUBHBIC INPWIOKEHUS M CHUCTEMbl MAIIMHHOIO OOYyYEHHUs, CTUMYIUpPYET
MOSIBJIEHHE HOBBIX IPOJYKTOB U yCIYI — OT UTPOBBIX MJIAT(HOPM U MEIULUHCKUX MPHIIOKEHUN 10
OOJTaYHBIX TEXHOJIOTUH W pa3BiIeKaTeNbHBIX cepBUCOB. [loMrMo mpouero, nuppoBbIE TEXHOIOTUU
MO3BOJISIFOT PEAJIN30BBIBATh MPOTPAMMBbl paHHEH POQOpPHEHTAINH, HanpuMep, oOydas Oyaymmx [T
— CHELMAJIMCTOB €Il€ Ha IIKOJIbHOM CKaMbe, YTO IIOMOTraeT y4yallluMCS OCO3HaHHO BBIOMpATh
TanbHEHIINI 00pa3oBaTeNIbHBIA W KapbepHbId MyTh. Brand Analytics oOHapomoBan pe3ysbTaThl
CBOETO ©XETOAHOTO HCCIICAOBAHMS, MOCBAIICHHOIO AaKTUBHBIM IIOJB30BATENsIM  (ABTOpaM)
POCCHICKUX COLMANBHBIX ceTel, mpoBeaeHHoro B oktsiope 2024 r (https://clc.li/uipSp) (Pucynok 2).

CouuanbHble Megua B Poccum Bz

CoobuieHuii coumeaua B Mecsayy ABTOpPOB coumeaua B Mecsily

1,815 mnpp 74,9 MnH

Coob6LieHuii B coLceTsx Mecsl, MnH ABTOPOB B cOLCeTsX B MECSL, MIH

BKonTakTe BKokrakte
OpHOKNacCHMKM® Instagram**
Instagram** Youtube
Youtube OARORaccHukm®
Facebook** Facebook**

X (ex.Twitter) Tiktok

Tiktok X (ex.Twitter)

Pucynok 2. VI3MeHeHHe 4KciIa aKTUBHBIX aBTOPOB M 0ObeMa IMyOIMKYEeMOTo KOHTEHTa B COIIMEnua
Poccum B 2024 r B cpaBaenuu ¢ 2023, 2022 u 2021 rr (https://clc.li/uipSp)

IIpoBeneHHOE UCCIIENOBAaHNE TO3BOJSAET 3aKIKOUUTh, YTO KJIKOUEBBIE JOCTOMHCTBA KOHTEHT-
MapKeTHUHTa 3aKJII0Yal0TCS B €r0 CIOCOOHOCTH YCIEIIHO 3aXBaThIBaTh MHTEPEC 1IEJIEBOM ayAUTOPUH,
cofieicTBOBaTh (POPMHUPOBAHUIO JOBEPUTENBHBIX OTHOIIECHUN U JI€IMKATHO MPEACTABIATh MPOIYKT
WM YCIIYTY PBIHKY [5].

Meszenckas pocnucoy. Me3eHCKUI OpHAMEHT SBJIIETCS OJHUM U3 APEBHEHIINX BUJOB PyCCKOTO
TBOpuecTBa. OH OepeT cBOe Havyallo B IpEBHUE BPEMEHA U TECHO CBSI3aH C UCTOPHEN BOSHUKHOBEHHUS
MEPBBIX CIABSHCKUX IVIEMEH, a €0 PacCBET MPHUILENICA HAa BTOPYIO MOJIOBUHY 19 Beka.

Pezuon npoucxooicoenus. ApxXaHrenbCKyl0 00JacTb MOYKHO CUMTaTh MECTOM 3apOXIECHUS
ME3EHCKOM pPOCIHUCH, TaM BIIEpBbIE CTaJM YKpallaTh MpeIMeTbl ObITa 3TUM 3aMbICIIOBATHIM
opHameHTOM. OpHaMEHT MOJIY4YHJI CBOE€ Ha3BaHME Onaromapsi peke MeseHb, KOTOpas HaXOOUTCS B
YHUKAQJIBHOM IO CBOEH )KMBOMMCHOCTH MECTE MEXKIY Talrod M TYHIPOW, B OKpyxkeHuH CeBepHOU
JBunbl u Ileuoprl. Ha Gepery pexun Mesenb pacrnonaraercs aepeBHst [lanamiense, kotopas Obuia
BIIepBBIe ynoMmsHyTa B 1906 rony kak KyJabTypHBIM LEHTpP AECPEBSIHHOW POCIMCH, O3TOMY 4YacTo
MO’KHO BCTPETHUTH €IIE OAHO Ha3BaHNE — MAJIAIIEIbCKAs.

Me3eHcKkas pOCIUCh SIBIISET CO00M YHUKAJIbHBIN CaMOOBITHBI OpHAMEHT HMPUTATHBAIOIINNA 1
3aBOPa)KUBAIOINN, HECMOTPSI Ha BU3YAJIbHYHI JJAKOHWMYHOCTb. OZHMM M3 NEPBBIX YINOMUHAHUMN
ME3EHCKOM pOCHUCHM MOXXHO cuuTarb 1815 rox, B KOTOpOM MOSIBHWIOCH ONHUCAHUE NPSUIKH,
YKpalIeHHON ME3eHCKMM OPHAMEHTOM, OIHAKO ONMCaHNe N300pa3uTeIbHbIX MOTHBOB ATON POCIIHCH
MO>XHO HaliTH B pyKonucsx 18 Beka.
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Ymo cumsonuzupyrom y3opvl. CyTb CEBEPHBIX PYCCKMX TPagULMHA U MU(POB NMPOHU3BIBAET
ME3E€HCKYIO POCIIUCH, NIPUAABas €l yHUKalIbHbIA Xapakrep. CiiojkHas spycHas CTPyKTypa y30pOB
KOPEHUTCS B IIAMAHCKUX MPEJICTABICHUAX O TPEX MUPAX: MOJ3EMHOM, 36MHOM M HEOECHOM, KaXKIbIi
U3 KOTOPBIX H300MIYeT CHUMBOJUYCCKUMHU OO0pazamu. 3eMIIs, OJUIETBOPSIONIAs ILIOAOPOINE,
0€30I1aCHOCTb U COTBOPEHME YEJIOBEKa M3 MEPBUUYHONW MaTepuu, U300pakaeTcsl yepes KBaJpaThl.
W cTOYHMK KU3HHU, BOAA, CHMBOJIM3UPYETCS U3BUIMCTBIMU JIMHUSAMU U TUArOHAJIBHBIMU LITPUXAMH.
Kopotkue, pazOpocaHHble IITPUXH, HAMOMUHAIOIIME BETEp, HOCHUBIIMICA HaJ MEpPBO3JAaHHOU
MyCTOTOH, 0003HA4YaIOT BO3AYX — (DYHIAMEHTAIbHBIA 3JeMEHT ObITHs. OroHb, Ybs IHUKJINYHAS
IIpUpOJla — POXKICHUE, CYLICCTBOBAHHE, YracaHWE U BO3POXKIECHUE — HAXOIUT OTPaKCHUE B
CIUPAJIAX, 3aKIIOUEHHBIX B OPHAMEHTAJIBHBIC paMKU. [ITHIBI, 4acTo BeTpedaromuecs B HAPOAHOM
TBOPYECTBE KaK BECTHHKHU OJIaroIojyuusi, TAKKe MPUCYTCTBYIOT B Me3€HCKOM pocrnucu. OHu
CBOOOJIHO KpY’KaT B BEPXHUX APYCax, psAAOM C CHMBOJIMUYECKUMH «OKHAMMY, CIIy>KalllUMU KaHaJlaMU
CBs13U ¢ BblcluMMHU cepamu. KoHHble 00pa3bl NEpeKInKaroTcs ¢ NTUYbMMHU MOTUBAMH, OTIINYASAChH
HEECTECTBEHHO BBITAHYTBIMHA, TOHKMMHU HOTaMH, 3aBepliarolumucs onepeHueM. KpacHo-
OpaH)XEBbIE KOHU, BMECTO TOT'0 UTOOBI CIEI0BaTh IPYT 3a IPYroM, PEACTaIOT B AMHAMUYHBIX 103aX
— Ha napi0ax, B BBIpa3uTeNbHOW OOpbOE, pacrojarasich Ha cpeaHeM sipyce. UEpHble Jommaay,
N300paKEHHbIE B HUKHEH YacTH KOMIIO3UIMM, ACCOLMHMPYIOTCS Y HCKYCCTBOBEIOB C MHPOM
MEPTBBIX, YTO MOJKPEIIIAETCS HATMYUEM COSIPHBIX 3HAKOB HA UX OOJIHKE.
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Pucynox 3. IIpumepsr meserckoii pocnucu (https://clc.li/WgY CI)

N3paBHAa MCKYCCTBOM ME3EHCKOM POCIIUCH BIIAJEIN UCKIFOUUTEIBHO MY>KUMHBI, YHACIIEIOBAB
W TiepefaBas M3 YCT B yCTa OCOOCHHOCTH JTOTO JpeBHEro pemecna. s co3maHus y30poB
WCMONb30BajdaCh CMECh CaXW M KpacHOM NIHHBI, KOTOPYK0 HAHOCWJIM Ha TMOBEPXHOCTh
MPEUMYIIIECTBEHHO TMEPOM WJIA 3a0CTPEHHOW JEPEBSHHOM NaJOYKOM, YTO MPUIABAIO JIMHHUSAM
0CO0YI0 CTPOTOCTh M BBIPA3UTEIbHOCTD. [l0cTe 3aBepIieHns poCIUCH U3/eNns 00padaThIBAIH CIIOEM
omupbl — TMOIYIPO3PAYHOTO 30JOTUCTOrO Macia. Me3eHCKas pPOCHUCH SBISETCS OJHUM W3
CTaperIlnX HAPOJHBIX XyI0KECTBEHHBIX peMecen Poccuu, 3aHnMast BaXKHOE MECTO B OT€UECTBEHHOM
kynbType. OHa mMOAYEpPKUBAET 3HAUYCHHWE HAPOAHBIX TIPOMBICIOB, TAE€ KOHIEHTPUPYETCS
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MHOTOBEKOBOI1 OIBIT A3CTETUYECKOTO OCMBICIIEHUSI MUPa, yCTPEMIICHHBIH B Oynyiiee. CoxpaHEeHHbIE
IyOOKHE Xy/I0’KEeCTBEHHBIE TPAAUIIMU Me3eHCKOI pOCIUCH OTPaKatoT YHUKAIBHOCTD KyJIBTYPHOIO

HacJIcauda CTPAaHBbI.

Coz0anue yugpposoii konrekyuu Ha memy me3eHckol pocnucy. B 0CHOBE cO31aHNHU KOJUIEKIIUN
JCKUT CHHTE3 CTAapUHHBIX HAPOJHBIX TPAIUIMA ME3CHCKOW POCIUCH ¥ HWHHOBAIIMOHHBIX
TexHoJoTHi. brarogapsi MCHONB30BaHUIO aBAHTAPAHBIX KOHCTPYKTHBHBIX PEIICHHH, CHIIydTaM U
q)OpMaM MBI ,IIO6I/IJ'II/ICL COBPCMCHHOT'O MPOYTCHUA OJAHOTO M3 CAMBIX apXaWYHBIX XYIOKCCTBCHHBIX
ITPOMBLICJIOB C FJIY60KO CUMBOJIMYHBIM OPHAMCHTOM. HpOGKT BBITIOJIHEH C ITIOMOIIBKO METOAOB 3Dwu
2D mozgenupoBaHus, MPHU UCIONb30BaHUU Takux nmporpamm kak CLO 3D, Blender, Grafis (Pucynoxk

4,5,6).

Pucynox 4. PaspaboTka AMDKHTaN KOJUJIGKIMHM OJEXKAbI Ha OCHOBE
Me3eHcko# pocrrcu (Aprop — JIeikoa H. I'))

HCIIOJIb30BaHUA J3CTCTHUKU

Pucynok 5. Pa3zpaboTka IumKWTa KOJJICKIIMH OJEXIBl HAa OCHOBE
Me3eHCcKol pocrucu (ABTop — JIpikoBa H. I'.)

HCIIOJIB30BaHUA J3CTCTUKHU
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Pucynok 6. Pa3paboTka AMDKHATAN KOJJIEKIMH OAEXKAbl HAa OCHOBE HCIIONB30BAHUSI SCTETUKU
Me3eHCcKo# pocrncu (ABTop — JIprkoBa H.I'.)

Coszoanue 3D mooenei 6 npoepamme CLO 3D. MuorooOpa3ue CHCTEM TpPEXMEPHOTO
M(POBOTO MPOSKTUPOBAHUS CIIENIANIO 3a7ady BeIOOpa mporpammel 3D mMopenupoBaHus 0COOSHHO
aktyanpHOU (https:/clc.li/NZvTi). IlporpammHoe oOecrieueHre BBIOMPAIOT, OCHOBBIBAsSCH Ha
TpeOOBaHUSAX K OpraHu3alMy Ipoliecca IPOEKTUPOBaHUSA M HeoOxomumoM QyHKuHoHane. B
HacTosilee BpeMs Oombloe pacmpocTpaHeHue monyumia mporpamma CLO 3D, kak nHambonee
dbyHKIMOHATRHOE U OromkeTHOE mporpammHoe obecrniedeHne CLO 3D mo3BONIsIET «IIPUMEPHUTHY
peanbHble JIeKala Ha BUPTYyaJbHOTO aBaTapa U OLEHUTh 0COOEHHOCTH KOHCTPYKLIMU €1IE JI0 TOT0, KaK
Bellb Oyzaer otmuTa [6].

TpexmepHbIit MaHEKEH IPOrpaMMBbl ITO3BOJISIET MEHATh Pa3Mephl U IPOEKTUPOBATh OJSKIY KaK
Ha THIIOBYIO, TaK U WHAWBUIAYAIbHYIO (GUTypy. Ero MOXXHO TOBOpaunBarek, MEHATH 1103y, OLIEHUBATH
JMHAMHUYECKOE JIaBJICHHE U PACTSKEHHs] Marepuaja Ha MOBEPXHOCTH aBarapa, aHUMHpPOBATh €ro
JIBYKEHHUSL.

Paszpabomka 3D cpedvt ona ¢unanvnoco nokaza xoanexkyuu. Blender — mnporpammHbIit
MPONYKT, TpeIHa3HAaYeHHbIH Uit co3maHusi 3D-Bu3yanu3alyii: OT CTaTHYHBIX OOBEKTOB [0
peNaKTUPOBAHUS BUACO, pa3pabOoTaHHBIN aHMManMOHHON ctyaueir NeoGeo. OmHONM U3 OCHOBHBIX
ocobenHocreil Blender siBisieTcs To, 4TO OH MMEET OTKPBITBIM HCXOTHBIN KO U XOPOIIIO MOJXOAUT HE
TOJILKO YaCTHBIM JIMIIaM, HO U HEOOJbIIUM CTYAMSM, KOTOpble MOTYT co3/aBarh 3 D-Buaeoponanky,
uMesl B CBOeM apceHase oauH auib Blender. JlaHHBIN NPOAYKT NoAAepKUBAET TaKU€ HHCTPYMEHTHI,
KaK PEHJICPUHT, MOJEIIMPOBaHNEe, aHUMAIIMIO U MIEPEHACTPONKY CO3JJAaHHBIX OOBEKTOB, KOMITO3UHT,
TEKCTYpUPOBAHHE U APYTHE TUIIBI CUMYIISIIUH [7].

ABTOpoM mpoekTa Oblia paspaborana 3D cpena [uis BUPTYyalbHOTO IMOKa3a, OTpakarouias
KOHIIETILIHIO MTPOEKTa

C pa3BUTHEM TEXHOJIOTHIA, MOJHASI WHAYCTPHUS CTAIKUBAETCS C PEBOIONINAEH, KOTOpasi MEHSIET
e€ JIII0 U OTKPBIBAET HOBbIE BO3MOKHOCTH [8].

[TonydyenHnass B xone pabOThl KOJUIEKLHMS OAEKAbI MOXKET CTaTh KOMMEPUYECKH YCHEIIHBIM
MPOEKTOM, pealn3yeMbIM Kak B (uzmyeckoM ¢opmare, ¥ B BHIE TUIKUTAT KOJUIEKIIUU C
MOCIIENYIOIUM BHEIPESHHEM B CHCTEMY METAaBCEIICHHBIX, YTO TII03BOJIUT TOMYIISPH30BaTh M
akTyanusuposaTh MHTepec k uzyuenuto HXII cpeau mononexu [9, 10].

H3yuenue cnocoboe enedpenue npodykma 6 cucmemy memasgcenennuvix. VInest MeTaBceneHHbIX
3apomuiack B 1980-x romax, korma actpoHaBThl NASA Hauanum NOPUMEHSATh BUPTyalbHBIE
MPOCTpPaHCTBa JJIsi OTPAOOTKM pa3IMYHBIX pabouux cleHapueB. TeXHHUeCKH, MeTaBCeleHHas
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NpEACTaBIsieT CcOo00M W30JMPOBAHHYIO IHU(PPOBYIO HSKOCHUCTEMY, B KOTOPOW IOJB30BATEIb
B3aMMOJICHCTBYET TOCPEICTBOM CBoero asarapa. CMBICI A3TOH CHCTEMBI COCTaBISIIOT TpPHU
KOMIIOHEHTA: 1) BUPTyalbHOE IIPOCTPAHCTBO — 3TO YHUKAJIBbHBIM, UMMEPCUBHBII MUP, CO3/IaHHBIN
MPOrpaMMHO M CYIIECTBYIOIIMKA B BOCIPUATHU TIOIH30BATENs; 2) aBarapbl — IMHQPPOBBIC
perpe3eHTalMyd  T0JIb30BaTeNeil; 3) TEXHOJOTHH, TaKWe KakK JIOTOJHEHHAas W BUPTyajbHas
peallbHOCTh, MCKYCCTBEHHBI HMHTEIUICKT W IpOYee, KOTOPHIE C HUCIIOJIB30BAaHHEM CIICIUAIBHOTO
obopynoBanus (B Hacrosimee Bpemsi 3T0 VR-muiembl Wi O4Ykd) OOECHEUMBAIOT TOTPYKECHUE
YeJIoBeKa B 3Ty BUPTyalbHYI0 cpeny (PucyHok 7).

MeTaBceneHHble

Jiopn/ABarapbl
/ \ Cnepcteue
TexHonoruu MNoseaeHne B3avMmHan nogaepka
BocnpuaTne kKayecTsa
KommyHukauma KoopaunHauma c
PeHﬂepMHr ,D'OBepVIe amoBocCrnpuaTmne
Bsaumogericteue WHanBuayanbHas ponb CnHxpoHu3aLua KyneTyp
KomaHpaHas paboTa EquHogywme OWNBOUYHOCTb AaHHbIX
HamepeHHoe norpyxeHue
CUHAPOM OTMEHDI
4

Pucynox 7. KonmenrtyanbHasi MOJIEIb HCCIIEIOBAHIS METABCEICHHBIX [13]

PasaeneHHe MCTABCCJIICHHBIX II0 HUX q)YHKHI/IﬂM 158 XapaKTepI/ICTI/IKaM BCACT K BBIACJICHUIO
pa3nuuHbIX Kareropuid. Kaxknas Takas kareropusi omiM4yaeTcsi cueupuIecKuMi YepTaMu, KOTOpbIe
00eCIeunBaroT MOJIB30BaTENsIM TIIyOOKOE MOTPYKEHHE B BUPTYATbHYIO CPELy.

Ueposvie memascenennvlie. OpUEHTUPOBAHBI B TEPBYI0 OdYepelb Ha WrPOBOM U
pa3BJIEKaTENIbHBINA KOHTEHT. B 3TUX BUPTyalbHBIX MPOCTPAHCTBAX YYACTHUKU MOTYT IOTPY3UTHCS B
(daHTacTHUECKHE MHUPBI, OOIIATHCS MEXAY COOOM, BBIMONHATH 33aJaHUS U U3y4yaTh YHHKAJIbHBIE
nokarmu. Cpeau u3BeCTHBIX MpUMepoB BeIestoTcst Roblox u Second Life. Hecmotps Ha pacTytnyto
MONYJASPHOCTh, TMOJAOOHBIE UTPOBBIE TIATQOPMBI  HEPEAKO KPUTHKYIOT 3a YpPE3MEPHYIO
KOMMCpIII/IaHI/ISaHI/IIO 158 CTI/IMy.]'[I/IpOBaHI/Ie AJIUKTUBHOI'O ITOBECACHUS.

Coyuanvhvie MemagceeHHble TIPU3BAHBI CO3/IaBaTh BUPTYalbHbIC MPOCTPAHCTBA, AKIICHTUPYS
BHHUMaHHE Ha COLIMAJIbHOM B3auMoelcTBUU. OHU PEIOCTABISIOT U(POBYIO CPELy ISl OOIICHHUS,
HOCTpOCHI/IH BSaI/IMOOTHOHIeHI/Iﬁ 1 BECACHUSA OCMBICIICHHBIX 6606}1.

TexHosorust ONOKYEHH, TPEACTABISIONAsS COOOW JEIEeHTPATN30BaHHYI0 0a3y IaHHBIX,
CTPYKTYPHUPOBAaHHYI0 B BHJE TIOCJIEIOBATEILHO CBS3aHHBIX OJOKOB HWH(OpPMAIMH, HUIPaET
3HAYUTETHHYIO POJb B (POPMUPOBAHUU IIUPPOBOTO MpocTpaHCTBa. Ee KiroueBas XxapakTepucTuka —
pacrnpeneneHHOCTh — rapaHTUPYET BRICOKHI YPOBEHB O€301TaCHOCTH M YUCTOTE XPAHUMBIX JaHHBIX.
B cucteme MeTaBceleHHOHN 3TOT MPOIECC CIIYKUT OCHOBOM ISl CO3/1aHUS YHUKAJIBHBIX IIU(PPOBBIX
aKTUBOB, B TOM UHCJI€ KPUITOBATIOT. DTU BUPTYaJIbHBIE BATIOTHI MO3BOJISIFOT COBEPIIIATH TPAH3aKIINH,
BKJIIOYAs MOKYTIKY, Pealn3alii0 U PaclpoCcTpaHEeHUE, BHYTPU BUPTYAIbHBIX MUPOB, CTHMYIUPYS
3KOHOMI/I"IeCKy10 AKTHUBHOCTD.
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Texnonorun pononmHeHHod (AR) w BuptyambHOU peanbHOCTH (VR) OTKpBIBaloT HOBBIE
TOPU30HTHI JJIs1 B3aUMOJACHUCTBUS deloBeka ¢ IuppoBbiMH Mupamu. AR oOoramaer Hare
BOCTIPUSITHE PEAJBHOrO MHUPA, HAKIA/IbIBas HA HEr0 BUPTyalbHbIE OOBEKTHI M MH(POPMAIIMOHHBIC
CJIOH, TOCTYIIHBIE JUIS IIPOCMOTpa Yepe3 cMapT(HOHBI WK CHEIHAIN3UPOBaHHbBIe OUKUA. VR, B CBOIO
o4epenb, MPeAaraeT MoJIHOE NOTPYKEHNE B HCKYCCTBEHHO CO3JaHHYIO CPENy, IOTHOCTBIO 3aMEHSIS
peanbHOE OKPY’KEHUE T0Ib30BATEIIS.

PazpaboTka BHPTyanbHBIX pEaATbHOCTEH TPEACTABIAET COOOH MHOTOTPAHHBIM IpOILECC,
TpeOyromii cnakeHHOH paboThl MHOXecTBa npodeccuonanoB. Cpenn HUX — MPOEKTUPOBUIMKH
HUGPOBBIX Cpel U AapXUTEKTOPbl CHUCTEM, 4Ybsl 3aJaya — IOCTPOEHUE (QyHAaMEeHTa Jis
CyIIECTBOBaHUS METAaBCEJICHHbIX. Bce TexHOOrnueckre KOMIOHEHTbhI, HEOOXOAUMBIE ISl CO3AAHUs
1 GYHKIIMOHUPOBAHUSA ITUX MUPOB, MOKHO KJIACCH(PULIMPOBATH IO YETHIPEM OCHOBHBIM YPOBHSIM:

KOHTEHT M MONb30BATENLCKUN ONMBIT — JAHHBI YpPOBEHb OXBATBHIBACT BCIO HMH(OpMaImio,
IPUIOKEHUST U CaMHM BUPTyalbHble MUpPbl. MH(popMalMOHHOE HaNOJIHEHUE, CO3/1aBaeMoe Kak
crienuanucTamu, Tak u camumu noses3oBarensMu (UGC — user-generated content), 3HauUTENBHO
o0oramaer BOCIIPUATHE METaBCeIeHHOW. [IpriIoxKeHuns ke MPU3BaHbl peniaTh KOHKPETHBIC 3a/1auu:
OT OpraHu3allid COBMECTHBIX MEPOIPHUSATHI U My3bIKAIbHBIX OHJIAHH-IPOCTPAHCTB /10
CHELUAIM3UPOBAHHBIX HMHCTPYMEHTOB [UI YIaJ€HHOM paboThl, NMPOBENEHHUS TPEHUHIOB WU
0aHKOBCKMX onepainuil. BupryanbHble mpocTpaHCTBa K€ MPEICTaBISAIOT COOOH HMHTEPAaKTUBHBIE
cpelbl, Ie 0OJbIIOe KOJIMYECTBO IOJIb30BATENEH MOXKET OJHOBPEMEHHO B3aWMOJIEHCTBOBATH U
MoJIy4aTh pa3HOOOpa3HbIC BIICUATICHUS.

[TnatgopMbl — 3TH 3JIEMEHTBI CIIy’KaT OCHOBOH Bcell skocucteMbl. OHU 00ecrneduBaroOT
yA00CTBO pacpoOCTPaHEHHs U MOMCKA KOHTEHTA, IPUIIOKEHUH U pa3IMYHbIX BUI0B OIbITA, BKIIIOUAs
Opay3epsl 1 MapKeTIuIelchl. K qanHO# KaTeropuu Takke oTHOCATCS 3 D-1umatdopmsl 1utst pa3paObOTKH,
IpeJUlararolue HHCTPYMEHTHI Ul IpoeKTupoBaHus 3D-npunoxeHuid, co3gaHust urp, padboTsl ¢
UTPOBBIMU JIBUYKKAMH, IIPUMEHEHUS UCKYCCTBEHHOTO MHTEIUIEKTA U JPYTUX PECYPCOB Ul KOHTEHT-
MmeiikepoB. MHpacTpykTypa U annaparHoe obecreueHre — 3TOT CJIOHM BKIIOYaeT B ceds 6a30BbIe
oOJ1auHble peleHus], TOTYTPOBOJHUKOBbIE KOMIIOHEHThI U CETEBbIE TEXHOJIOTUH, 00€CIIEUHBAOIINE
(YHKIIMOHUPOBaHUE BUPTyaJIbHBIX MeTaBceleHHbIX. CIo/1a k€ OTHOCATCS U (pU3MUECKUe anmnapaTHbIe
YCTPOMCTBA.

Texnonoruun-odecneuntenu (DHEHOIEpbl) — K 3TOMY YPOBHIO OTHOCSTCS TEXHOJIOTHH,
CBSI3aHHBIE C IPOBEAEHHEM IulaTexen ((popMHpOBaHHE SKOHOMHUKH METABCEJIEHHOM), a Takke C
o0ecrieueHneM O€30MaCHOCTH M HJSHTHU(PHUKAIMHU TOJb30BaTeNeH. OTH KOMIIOHEHTHI HIPAroT
KJTIOUEBYIO POJIb B OAJIEPKAHUN PAOOTOCIIOCOOHOCTH U 3aIlIUTe BUPTYaJIbHBIX MpocTpaHcTB [11].

UckyccrBennbiit uHTewiekt (M) BeicTymaeT KIIOYEBBIM HIIEMEHTOM METaBCEICHHOM,
OTKpbIBasi TOPU3OHTHI JJI1 MEHTAIBHOIO B3aUMOJIEHCTBUS U aBTOMAaTU3HPOBAHHBIX MpoleccoB. OH
CHOCOOEH KaueCTBEHHO IIOBBICUTH YpPOBEHb KOMMYHHUKAIlMU MEXIY JIIOAbMH U IUPPOBHIM
IIPOCTPAHCTBOM, IPOrHO3UPOBATh M MOJCTPanBaTh BUPTYyaJIbHOE OKPY>KEHUE O]l UHAUBUYaIbHbIE
HYK/bl, @ TAK)KE TAPAHTUPOBATh YHUKAJIbHBIN [IEPCOHAIBHBIN OIBIT.

B pamxkax metaBcenenHoit I HaxonuT npuMeHEeHne B IPOTPECCUBHOI pa3paboTKe HEUTPOBBIX
nepcoHaxei (NPC). D10 no3BossieT co3aBaTh HEMOBTOPUMBIX U MHOTOTPAHHBIX JIEHCTBYIOLIUX JIMII
Uis pa3sHooOpasHbix crieHapueB. NPC, sBisisch HEOThEMIIEMOM YacTbi0 BHUPTYalbHBIX MHUPOB,
pearupyroT Ha JEHCTBMs IOJIB30BATENEd M BCTYNAlOT C HUMHU BO B3aumopelcTtue. braronaps
MCIOJIb30BAaHUIO COBPEMEHHBIX METOIMK 00pabOTKHU AaHHBIX W nmoteHIuana MU, stux nepconaxei
MOKHO HWHTETpHUpPOBaTb B TPEXMEPHbIE MPOCTPAHCTBA. ITO OOECHEYMBAET PEATUCTUUHOE
B3alMOJICUCTBUE C MOJb30BATEISIMU M IO3BOJISIET UM BBINOJHATH MHOXECTBO CHELH(PHUECKUX

GbyHKLIMH.
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TpexmepHoe MoOAETUpPOBaHUE — JTO TMpouecc (GopMHpoOBaHUS OOBEMHBIX MOAENei
¢bu3nyeckux OOBEKTOB WJIM IMPOCTPAHCTB. B KOHTEKCTE BHUPTyalbHBIX METABCEICHHBIX, TaHHAs
TEXHOJIOTHSI JIaeT BO3MOXKHOCTH C€O3/1aBarh LU(POBBIE KOMHUU PEATBHOTO MHpA, C KOTOPBIMHU
MOJIb30BaTENIM MOTYT B3aMMOJCHCTBOBATh M MCCIENOBAaTh. JTa (YHKUUS HAXOJUT MPUMEHEHHE B
pa3HoOo0pa3HBIX OONACTIX, BKIIIOYAs pa3pabOTKy BUPTYaJbHBIX IKCIO3HULUN, TPaoCTPOUTETHHOE
IJIAHUPOBaHKE, 00pa30BaTeIbHbIE MPOSKTHl U MHOKECTBO apyrux cuenapues (https://clc.li/fZnTN).

BupryanbHble IpocTpaHCTBa CLIOCOOCTBYIOT YKPETJIEHUIO CBSI3U € BallIEH 1IEI€BOM ayIuTOpUEi
¥ TIO3BOJISIIOT BamleMy OpeHIy BBIICIUTHCS Ha (PoHE KOHKYpeHTOB. lloip3oBaTenu mMoOcCemaroT
METaBCEJICHHbIE C LEJIbI0 J0CYyra M COLHMAIbHOrO B3auMojehcTBUS. OOMIMPHBIN (QyHKIHMOHAT
mwiarGopM OTKpBIBA€T MepeJ HUMH IPOCTPAHCTBO JJII CAMOBBIPDOKEHHUS U TBOPYECTBA.
MeTaBceneHHbBIE CTAHOBITCS CaMOCTOSATENILHON TUIOIIAAKOM /Ui pa3BUTUSI OpeHa U MPUBICUCHHUS
HOBOM ayIUTOpUU. 3/€Ch 3HAYUTEIBHO YIPOINACTCS MPOILECC BOBICUYEHHUS TIOCETHTENEH B
MEPOMPUATHS M HMX YyICpkKaHHs, a TaKKe OTKPBIBAIOTCS BO3MOXKHOCTH JJIi OpPUTHMHAIIBHBIX
Mpe3eHTaIMil MPOIYKTOB U MHTEPAKTUBHOTO B3aUMOJICHCTBUS KIIMEHTOB C HUMU. B MeTaBceneHHbIX
TaKKe MPETOCTABISAETCS BO3SMOKHOCTH cOOpa JaHHBIX U MTPOBEICHUS MAPKETUHTOBBIX HCCIIEIOBAHUIM

[12].

Saxnouenue

[{udpoBas peambHOCTh SBISICTCS PE3YJITATOM WHTETpAIMK BCe Oojiee TIIyOOKHX HU(POBBIX
MPAKTUK, OXBATHIBAIOIIUX KaK WHIWBHUIYaJIbHBIM, TaK M KOJUICKTUBHBIA YPOBHU. B HBIHENIHIOIO
U (POBYIO AMOXY, 03HAMEHOBAHHYIO CTPEMHUTENBHBIM Pa3BUTHEM TEXHOJIOTHI M OTKPBIBAIOIIUMUCS
BO3MOXHOCTSIMH, BO3HUKAIOT HOBBIE BBI30BBI IS T€X, KTO CTPEMHUTCS K MHHOBAIIMOHHBIM (hOpMaM
CaMOBBIPOKEHUS W OKa3aHHUS BIMSHUS Ha ayguTopuio. VIMEHHO CBsI3b MEXIY pa3IH4YHBIMU
HMCTOPUYECKUMU MEPUOJIAMHU U KYJIBTYPHBIMU TPAAUIIUSMUA CTAHOBUTCS KITFOYOM K CAaMOTIO3HAHUIO U
OOpeTeHHI0 HOBOTO MOTeHIHana. IIpeeMCTBEHHOCTh, Kak 3aKOHOMEpHAs CBS3b MEXIY
XyJOKECTBEHHBIMU SIBICHUSAMU TPOIIOT0 M HACTOAIIETO, MPEACTaBIsIeT CO00M OOBEKTUBHOE W
HEU3MEHHOE CBOMCTBO KyJabTypHOTO Hacienus. Kaxkioe HOBOe MOKOJEHWE JIOACH HaciemyeT
OTpeeIeHHbIM HAOOp JAYXOBHBIX W XYIOKECTBEHHBIX IIEHHOCTEH, YTO IO3BOJSET YEIOBEUECTRY,
ONMMUPAsICh HA JOCTUTHYTBHI YPOBEHb KYyJIbTYPHOTO pPa3BUTHS, HENPEPBIBHO JBUTAThCS BIIEpEN,
HCIIONB3Ys B MPOLECCE CBOETO MPOrpecca yCHeXU U JOCTHKEHHS BCEX MPEIIECTBYIOMINX SMOX.

Haponnbie Xymo)keCTBEHHBIE MPOMBICIBI 3aHHUMAIOT OY€Hb BaKHOE M 3HAYUMOE MECTO B
OTE€YECTBEHHOU KyibType. OHU XpaHSAT MHOTOBEKOBOH OMBIT 3CTETHUYECKOTO OCMBICIICHUS MHPA,
HampaBlieHHBIH B Oyayiiee, U OEpeKHO COXPaHSAIOT T[ITyOMHHBIC XYI0XKECTBEHHBbIC TPaJAUIINU,
OTpaXkarolllie YHUKAJbHOCTh KYyJbTYp MHOroHanuoHanbHONH Poccun. Co3manue aupKuTa-
KOJIJIEKIIMH, OCHOBAaHHOM Ha KaHOHAX ME3E€HCKOM pPOCIUCH, TIPU3BAHO BO3POAUTH HHTEPEC MOJIOACIKU
K HapOJIHBIM MPOMBICIIAM 3a CUET OPTraHUYHOTO CIIMSHUS COBPEMEHHBIX TEXHOJIOTHI U CTAPUHHOTO
MacTepcTBa. IHTErpaius Takoro nmpoayKra B METaBCEJICHHbBIE, 0COOCHHO B UTPOBBIC UX CETMEHTHI,
CHOCOOCTBYET MIMPOKOMY PACTIPOCTPAHEHUIO HAPOTHBIX TPAIUIIHIA, YTO UMEET PElIaoliee 3HaYCHUE
s GopMUpOBaHUS OOIIECTBEHHOTO MHEHHS O IIEHHOCTSX, 3HAYMMBIX JUISI UCTOPUU U Pa3BUTHUS
Mo/IpacTaromiero nokoieHus. HoBble TEXHOIOTHH PaCIIMPSIOT TOPU3OHTHI JIsl TBOPUECTBA, TTO3BOJISS
OTONTH OT W3OUTHIX (HOPMATOB, AaKTUBHO HCIOJIB3YSl TAaKHE€ WHCTPYMEHTHI, KaK OTOJHEHHAs W
BHUPTYyaJIbHAsI peajbHOCTh, 3D-TexHONOrnKM U aBatapbl. MeTaBCceNeHHbIE OTKPHIBAIOT BOBMOKHOCTH
JUISL HOBOTO THIA B3aUMOJIEUCTBUS C ayAMTOPHUEN: MO3BOJSAIOT U3YUYUTh €€ MHTEPECHI, MOACIUTHCA
COOCTBEHHBIM BHJICHHWEM, paccKa3aTh O MPOAYKTE U €T0 CO3JATENAX, YTO KPUTHUCCKHU BAXKHO JJIS
MOMYJISIPU3aIMNA HAPOTHBIX TPOMBICIIOB CPEIH MOJIOJICHKH.

B pesynbrare ucciieqoBaHus MOKHO CI€NATh BBIBOJ, UTO MPEUMYIIECTBA KOHTEHT-MapKETUHTa
COCTOSIT B TOM, UTO OH 3(p(PeKTHBHO MPUBJIEKACT BHUMAHUE ayTUTOPHH, IIOMOTAET 3aBOEBaTh JOBEpUE

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 229




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

Y HEHaBA3UMBO MPOABHUTaeT TOBAP WJIM yCIyry Ha phlHKe. Ha 0CHOBE MpOBEIEHHOTO UCCIIEA0BAHNUS
MOXKHO cJieJlaTh BBIBOJ, YTO ME3E€HCKas POCHUCh OJHA U3 Haubojiee apXauyHbIX PYCCKHUX
XYJI0’KECTBEHHBIX MPOMBICIIOB, 3TO Ba)KHAsl YacTh HAILEH KYJIbTYpbI, KOTOPas OTPa)Kae€T BAKHOCTH
HapOJHO — XYJOXECTBEHHBIX IPOMBICIIOB, B KOTOPBIX BOIUIOIICH Ba)XHBIM OMBIT MOKOJEHUU B
MO3HAHUM ACTETUYECKOTO BOCIPUSATHUS MUpa, OOpallleHHBIH B Oyaylee, Iie COXpaHeHbl TIyOoKue
XyIOXKECTBEHHBIC TPAIUIUHU, OTPAKAIOLINE CAaMOOBITHOCTh KYJIBTYp MHOTOHAalIMOHAIBHON Poccumu.
[TomydenHas B Xxoie paOOThI KOJIIEKIUS OJICHK I MOXKET CTaTh KOMMEPUECKH YCIEITHBIM ITPOSKTOM,
peanu3yeMbiM Kak B (u3uueckoM (opMmare, U B BHJIE IUDKUTAN KOJUIEKIHUU C TMOCICAYIOINUM
BHEJPEHUEM B CHUCTEMY METABCEJICHHBIX, YTO IMO3BOJUT IOMYISPU30BaTh MU aKTyaJlU3UPOBATh
untepec k uzyuenuto HXII cpenu monoaexu. M3yyeHsl cnocoObl BHEAPEHHE IPOAYKTA B CUCTEMY
METaBCEJICHHBIX. B pe3ynbraTe M3y4eHHs, ObUIM BBISBICHBI IMIMPOKHE BO3MOXKHOCTH ILIOMIAJIOK
MO3BOJISIIOT ~ TOJIB30BATENISIM  POSIBIIATH CBOKO KPEAaTUBHOCTh. MeTaBCEIICHHbIE CTaHOBSTCA
OTAENIbHBIM KaHAJIOM JJIsl IPOJIBIKEHUSI OpeH/a U MOorCcKa HOBOW ayqUTOpUU. 37€Ch HAMHOTO MPOILE
MIPUIIIANIATE JIFOJIEH Ha MEPONPUATHUS U YIEPKUBATh UX TaM, KPEaTUBHO MOAXOAUTD K MPE3EHTALUSIM
MPOJYKTOB U JIaBaTh KJIMEHTAM HUCIOJIb30BaTh MX. B MeTaBCENIEHHBIX MOXXKHO COOMpaTh JaHHBIC U
MIPOBOJIUTh MAapKETUHTOBBIE HCCieNOBaHMs. B pesynbrare 4Yero ObUIO BBISBICHO, YTO CHHTE3
UCIONB30BaHUsl HOBbIX TexHojoruit u HXII MoxeTr sBIATbCA akTyaldbHBIM At (OPMHUPOBAHUS
oOmiecTBeHHOTO oco3HaHus 3HaunMocTH HXII u MexaHu3MOB MHTErpaluu HaBLIKOB U peMecen B

KyJIBTYPHYIO CPELY.
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Aunomayus.  OnHcaH TNPUHOUMI WM IPEUMYINECTBA  TEXHOJIOTMH  JUHAMHYECKOIO
nepepacupesieieHlss ~ YaCcTOTHOIO  CHekTpa.  PaccMOTpeHbl  OCOOEHHOCTH — MOCTPOEHUS
U UCHOJb30BaHMUsI JUHAMHYECKOTO UIEpUHIAa pPaJMOYacTOTHOIO CHEKTpa I peau3aluu
coBmenieHHbIX cereit SG/LTE ¢ pexxumom DSS B panee BbiaeneHHbIX oneparopam juist cereid LTE
YaCTOTHBIX KaHajlaX, a TAKXKe PacCCMOTPEHbI IEPCIEKTUBBI €€ PUMEHEHHUs B ceTsax 5G.

Abstract. This article describes the principles and advantages of dynamic spectrum sharing
(DSS) technology. It examines the design and implementation of DSS for combining 5G and LTE
networks within frequency channels previously allocated to LTE, and discusses the prospects for its
application in 5G networks.

Knwouesvie cnosa: 5G, LTE, panuoumntepdeiic 5G, nuHamudeckoe mepepacrpeneieHue
CIICKTpa, paﬂHOqaCTOTHBIﬁ CIICKTP, KOJJIM3UH CUTHAJIOB.

Keywords: 5G, LTE, 5G air interface, dynamic spectrum sharing, radio frequency spectrum,
signal collisions.

D¢ pextuBHOoe BHeApeHue SG TpeOyeT pa3BepThIBAaHUE CIOXKHON U JOPOToi HHPPACTPYKTYPHI.
Cetn 4G perruoHOB Bce €I11e UMEIOT MPOOJIeMbI CO CTAOMIBHOCTBIO U CKOPOCTBIO, UTO CYIIIECTBEHHO
OCJIOKHSIET Iepexo/1 Ha OoJiee MPOABUHYTYIO TeXHONOrHI0. TexHonorus 5G, npeacrasistomas coooi
MATOE MOKOJIEHHEe MOOUIIBHBIX CEeTel, MpU3BaHa MU3MEHUTh HU(POBYIO Cpeay 3a cueT odecreueHus
BBICOKMX CKOPOCTEH NEPEJauyl JaHHbIX, MUHUMAJIbHBIX 33JI€PKEK U BO3MOKHOCTH OJJHOBPEMEHHOTO
MOJKITIOYEHUsT OONBIIOr0 4YMcia ycTpoiicTB. HecMoTpss Ha 3HAUMTENBHBIA MOTEHLMAN JIaHHOU
texHonoruu, B Keipreisckoit PecriyOnuke cymectByer psij (akTopoB, CIIOCOOHBIX 3aMEIIUTh WM
3aTpyIHUTH ee BHeApeHue. Takke, MOckonbKy crnennduxanus 5G mpeanosaraeT HCIOIb30BAHNUE
6oJiee BBICOKHMX 4acToT [1], ceTh MMeeT orpaHMueHHBbIN 1uamna3oH. B 3Toii ctarbe paccmarpuBaercs,
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HOBBIE IOJXOJbl K HCIOJIb30BAaHUIO PAAMOYaCTOTHOIO CHEKTpPa, a TaKKe OCHOBHbIE TpeOOBaHUS,
npeabsBIsieMbIe K Oynyiiemy paguounntepdeiicy 5G.

K xmoueBelM TpeboBaHMsIM K paguouHTepdeiicam S5G  oTHOCATCSA:  peau3arys
MHOXXECTBEHHOTO JlocTyna Ha ¢uszndeckoM ypoHe (PHY) co ckopocTsimMu mepemauu AaHHBIX J0
HECKOJIbKMX ['OMT/C; NpHUMEHEHHE HOBBIX YYacTKOB CAaHTUMETPOBOIO U MHUIMMETPOBOTO
JIMAINa30HOB YacTOT; UCIOJIb30BAHUE IIMPOKOIIOJOCHBIX PAIMOKAHAJIOB € MOJIOCOM MPOIYCKAaHUs OT
100 MI'u no 2 I'T'; obecnieueHue cBepXMalblX 3a/1€P>KEK B CETH PAIMOJOCTyIIa, IPU KOTOPBIX BpeMs
noBTopHo# nepeaaun no anroputmy HARQ RTT ne npeBsimiaer 1 Mc; HU3Kas CTOMMOCThH 0a30BbIX
CTaHUUH U AODOHEHTCKUX TEPMHUHAJIOB; OpraHU3alys 10CTyla U MHOTOY3JI0BOW MapLIpyTH3alluu Ha
OCHOBE YHHMBEPCAJIBHOIO paguouHTepdeiica n o0IIero crekTpa 4acToT; MOAAEPKKA «OeCIIOBHON
MobunpHOCTH Mexay uHPpacTpykrypoit 5SG (UDN) u ceramu LTE/2G/3G, obecneunBaronmmu
LIUPOKUE 30HBI TOKPBITHSL.

B OonbummHcTBe coBpeMeHHBIX ceTell 5G MCHONb3yHOTCS NPEUMYLIECTBEHHO CpEAHUE HU
BBICOKHME JIMana30Hbl yacToT. B pe3ynbrare paznuunblie cepBUchl SG KOHKYpUPYIOT MEXay co00H 3a
panmopecypcehl B YCIOBUSX TOPOACKOW 3aCTPOMKH, a TaKKe 32 BOSMOXKHOCTh YCTOWYMBON PaOOTHI
BHYTpPU IIOMEILEHUN O€3 NpUBJIEUYEHUS HU3KOYACTOTHBIX auana3oHoB. B 5G  wucnonb3yrorces
IIPEUMYIIECTBEHHO CPEJHUE U BBICOKHE JMANa30Hbl YacTOT. pa3jinyHble cepBUCHl 5SG, a Takxke 3a
BO3MOXHOCTb YCTOHYMBOM paOOThl BHYTpPHM IIOMEIIEHUH O€3 MNpHUBIIEUEHUS] HHU3KOYACTOTHBIX
nuanazoHoB. B 5G ucnonb3yroTcst TOJIBKO CpeAHUE U BBICOKHME 4acTOThl. B pesynbrare cepBuckl 5SG
KOHKYPHUPYIOT MEXay coOOi 3a paguopecypchl B YCIOBHUSX TOPOJACKON 3aCTPOWKH, a TaKxke 3a
BO3MOXXHOCTb pa00TaTh BHYTPU MOMELIEHUH 0€3 NCIO0Ib30BaHUs HU3KHUX 4acToT [3].
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Pucynok 1. MexaHu3Mbl JIaHUPOBAHUU PaJIMOCETEN OnepaTopaMu MOOMIBEHOM CBs3H [3]

Texnonorus DSS oGecneunBaer coBmectHyto paboty cereit LTE u NR B pamkax onHoit
HEeCyIel 4acTOThl, IPU 3TOM aOOHEHTCKHE yCTPOMCTBA 00EMX TEXHOJIOTHH MOJydaroT JOCTYH KO
BCEll mosoce mpolnyckaHus. PacnpeneneHue  paguopecypcoB  MeXAy — INepelaTdyMKaMu
OCYIIECTBISIETCS B JUHAMHYECKOM PEXHME C YUETOM TEKYyIIMX TpeOoBaHMil 1o TpaduKy Kak BO
BPEMEHHOM, TaK U B YaCTOTHON 001acTAX, YTO JaeT OlepaTopaM BO3MOXKHOCTb TMOKO aJalTHPOBATh
ceTb K Harpyske. JlonmosHuTenbHBIM mnpenmyniecTBoM DSS sBasercs ee peanmsanus myTeMm
OOHOBJIEHHS MPOrPAaMMHOTO oOOecledyeHus CyuecTBytomero obopynoBanus. HecmoTps Ha
BO3pACTaHUE CIIOKHOCTH IIPOLIETYP TUIAHUPOBAHUSI, COBOKYITHOCTb YKA3aHHBIX JJOCTOMHCTB BBITOJTHO
OTJIMYAeT JAHHYIO TEXHOJIOTHIO OT aJIbTePHATUBHBIX pemieHuit (Pucynok 2) [3].

[Tepepacnpenenenne cnexkrpa LTE miig BHeApeHUs: TEXHOJIOTUU PAAUOIOCTYIIA CETEU MSATOrO
nokoseHust (New Radio, 5G NR) B HacTosiee BpeMst He HE SBISIETCS 11€JI€CO00Pa3HOM, TOCKOJIBKY
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B OJIvbKaiIel mepcreKTHBE OCHOBHAS 4acTh Tpaduka MPOIOJDKUT nepenaBarbes mo cetsm LTE. B
CBSI3M C 3THM TEXHOJIOTHSI TMHAMU4ecKoro mepunra crekrpa (DSS) paccMmarpuBaercs kak 0HO U3
HanOoJiee MEepCIeKTUBHBIX HAMpaBICHUH, TaK KaK OHA MO3BOJISIET OCYIIECTBISATH Pa3BEPTHIBAHHE
cereil 5G B yKe HCIONB3yeMbIX YaCTOTHBIX Mojiocax 4G 0e3 u3MEHEHHs CTPYKTYpPbI HECYIIHX U C
MUHHMMAJIbHBIM BIIMSIHUEM Ha HCIOJb3yEMBIE B HacTosiniee BpeMmsi cepBUCHL. TexHosorus DSS
oOecnieunBaet coBmecTHYI0 paboty cereit LTE u NR B pamkax oaHO# HecyIei 4acTOThI, IPH 3TOM
aOOHEHTCKHE YCTpOICTBa 00EMX TEXHOJIOTUH MOIYy4aloT JOCTYIl KO BCEH I0JIOCE MPOIyCKaHUS.
Pacnipenenenue paguopecypcoB MEXIy IepeaaTuuKaMy OCYLIECTBIIIETCS B IMHAMUYECKOM PEKHIME
C YUETOM TeKylIuX TpeboBaHMii Mo TpaduKy Kak BO BpEMEHHOM, TaK U B YACTOTHOW 00JIaCTAX, UTO
JTaeT orepaTopaM BO3MOXXHOCTh T'MOKO aJanTHpOBaTh CeTh K Harpys3ke. JlomoiaHUTenbHBIM
npeumyiiectBoM DSS sBnsiercs ee peanuzanus myTeM OOHOBIICHHS IPOTPaMMHOTO OOECIIeYEeHUs
CYLIECTBYIOIIETr0 00opyaoBanusi. HecMoTpsi Ha Bo3pacTaHue CIIOKHOCTH MPOLEAYp IIaHUPOBAHUS,
MIEPEYUCIICHHbIE PEUMYIIECTBA BBIFOIHO OTIIMYAIOT TexHosoruto DSS ot npyrux [3] (em. puc. 2).

Pasaenchue moxdy LTE n NR MOHSOTER QHHAMHMOCKH § 320MCHMOCTY OT 061omMa NopeaanacMbX AaHHLE

e

Yacrora

LOenamuyecxoe nepepacnpegenedre cnexrpa LTE-NR

Bpems

PucyHok 2. JluHaMuuecKue nepepacipeie]eHNs YaCTOTHOTO CIIEKTPa, 00SCIICUHBAIONIAs COBMECTHYIO
paboty cereit LTE u NR

KoHnenmust TMHAMHYECKOTO COBMECTHOTO HCIIONB30BAHUS PaInodacTOTHOTO crekrpa DSS
6a3upyeTcst Ha MPUMEHEHUHN IT'MOKHUX BO3MOXHOCTEH (pu3ndeckoro ypoBHs paguountepdeiica 5G [1,
2].

B ee ocHOBe JIeXUT MPUHIINII IepeIaun CUTHAIOB 5G ¢ NCMOIB30BaHUEM CBOOOIHBIX PECYpCOB
pagunounntepdeiica LTE B mpeaenax OmXHOrO 4YacTOTHOTO KaHajda. TEXHOJIOTHMH JUHAMHUYECKOTO
nepacnpeneneHuss 4actotHoro crekrpa (Dynamic Spectrum Sharing) cmocoOGHBI 00ecneuuTh
CYIIECTBEHHBIE TPEHMYILECTBA Ul OINEPaTOPOB MOOMIBHOW CBSI3M, TOCKOJBKY IO3BOJISIOT
peann3oBaTh Pa3BepTHIBAHME CETEeH MATOro MOKOJEHUs 0e3 HeoOXOOUMOCTH IepepacrpesieeHus
cnektpa LTE wmm nproOGpeTeHus 1onoJHUTEIbHBIX YaCTOTHBIX pecypcoB 1 SG. [Ipumenenne DSS
MOJKET OBITh OCYIIECTBIEHO MOCPEACTBOM MPOTrPAMMHON MOJIEPHHU3ALMHU CYIIECTBYIOMINX 0a30BbIX
cranuuii. OcHoBHasg wuzaesd koHuenuuu S5G 3akimoyaercs B (OPMHPOBAHUU €IUHON CETH,
NpeIHa3HAYEHHON ISl OAJIEPXKKU PA3IUYHBIX ClIeHAapHUeB 00CITyKUBaHHsI, BKIIIOUAsl PACHIMPEHHYIO
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MOOWJIBHYIO IIMPOKOMOJIOCHYIO CBsi3b (eMBB), MaccoBbie mammaHbie KOMMyHUKau (MMTC) u
CBEPXHAJICKHYIO Iepeaady JaHHbIX ¢ MUHUMabHOU 3aaepxkoit (URLLC) [5, 6].

B cerax LTE pacnpeneneHue KaHallOB OCYIIECTBIISETCS 110 3apaHee 3aJaHHOM CTaTUYECKOU
CXeMeé B 4YacTOTHO-BpeMeHHOW oOmactu. B ommume ot 3T1oro, ¢Qusnueckuii ypoBeHb
paauountepdeiica 5G olnagaer BBICOKOW CTENEHbIO TMOKOCTU NpU (POPMHUPOBAHHH OIOPHBIX
CUTHAJIOB, KaHAaJOB Iepelayd JaHHBIX U yHOpapisiomedl wuHpopmanud. 3TO MO3BOJSAET
peanu30BBIBaTh JTUHAMUYECKHE KOH(MUTYpAIMH PECypCOB, CHUIKAIOIINE BEPOSTHOCTh B3aMMHBIX
MIOMEX U KOJUTH3HUH IIPU OTHOBPEMEHHOU paboTe NBYyX TEXHOJOTHIA B IPEJIENIaX OJJHOU IMTOJIOCHI 4aCTOT.
IIpu 5TOoM HEOOXOIMMO OpraHMU30BaTh IUIAHUPOBAHME YACTOTHO-BPEMEHHBIX PECypCoB IS
MOJIB30BATENIbCKUX JAaHHBIX pamuonHTepdeiica SG BHyTpHu cyOkaapoB cetu LTE Takum obpazom,
4yT00Bl MCKJIIOUHMTH BIUsSHHE curHaioB 5G Ha mepemady uHpopmanuu monbs3oBareneid LTE B
OCHOBHBIX (DU3MYECKHX KaHallaX, BKJIIOYAs CHTHAJIbl CHHXPOHH3AIMH W OMOPHBIC CHUTHAJBI JIJIS
M3MepeHusl mapameTpoB B Hucxosen Jimanu cBsizu (UL). Onopubie curransl cotsl cetr LTE (CRS)
ABISIIOTCA 0CHOBOM koHIenuu DSS, mockonbky CRS umeroT pukcrupoBaHHOE 4aCTOTHO-BPEMEHHOE
3HaYCHHE B pecypcax ceTu pamuomoctyna. I[loatromy wucmonb3oBanue cyoOkanpoB cetu LTE,
3ape3epPBUPOBAHHBIX I YCIYT MHOTOQJPECHONW IIHPOKOBEIIATEIIBHOW OIHOYACTOTHOW CETH
MBSFN, B nensx mepeaayu MaHHBIX ceTH 5SG SBHICA CaMbIM MPOCTBIM CIIOCOOOM BHEAPEHUS
texuosorud DSS B coBmemiennoii cetu SG/LTE. Peanmuzanua DSS B coBmemennoii cetu SG/LTE
BO3MOXKHA TIPU pa3BepThiBaHUU ceTu SG mo HeaBTOHOMHOMY crieHapuio (NSA) c omrment 3X [3],
COIVIAaCHO KOTOPOMY YIIPaBJIEHHUE CEThIO U BCE COEJUHEHMSI B COBMEIICHHON CETU OCYILECTBISIOTCS
non ynpasinenueMm 6azoBoit cetu (EPC) 4G (LTE Core Network). Texnonoruuecku pexxum DSS
npexycMarpuBaeT paboTy coBMemieHHoOM cetu paguomoctyna SG/LTE kak MHoroaapecHoit
LIMPOKOBELIaTeabHON oiHouacToTHOM cett MBSFN, nipu koTopoit yacts pecypcHbix 6510k0B OFDM-
CUTHaJIa MCIob3yeTcs A nepenauu paguodnokos cetu 4G (LTE), a apyras yactb — i nepenadu
paaunobnokoB cetu 5G [1, 2].

Texnonmorust DSS 1o Hacrosiero BpeMeHM He cTaHaapTu3oBaHa [lapTHepckuM HpoekToM
3GPP, a 3annmanupoBanabie B ero Penuse 17 paboTel mo crangaptuzanuu DSS 0xBaThIBaIOT JHIIH
LTE-2300 TDD u LTE-2600 TDD [6]. Iloatomy DSS sBisieTcss BeHIOp0O3aBUCUMBIM PEIICHUEM,
KOTOPO€ HAXOAUTCS y Pa3HbIX MPOU3BOIUTENEH Ha Pa3IMYHBIX 3TalaX TOTOBHOCTH.

[TpousBoauTensiMu 060PYIOBaHMS pacCMaTPUBAETCS peaan3alis TPeX BaApUaHTOB MOCTPOCHUS
texnomorun DSS [2], mokasanneix Ha Pucynke 3. Pexxum DSS, xortopeiii pemaer 3amauy
MPEIOTBPAIICHUST BOBMOXXHBIX KOJTM3UM OMOPHBIX CUTHAIOB 5G ¢ omopHbiMu curHasiamu CRS,
SIBIISIETCS] OJHOM M3 OCHOB OMNIui noctpoenus texnonoruu DSS. Onuus 1 pexuma DSS ocHoBaHa
HAa UCIOJB30BAaHMHM YAaCTOTHO-BPEMEHHBIX OJIOKOB MHOTOQJIPECHONW  MIMPOKOBENIATENHHOM
onHouactotHoi cett MBSFN LTE nns nepenaun nanusix 5G kak ycnayr mupokosemanus eMBMS
(evolvedMultimedia Broadcast Multicast Services) B clieHapiUH «TOYKa-MHOTOTOUKA.

| Bugs! rexnonorun DSS |

— v,

Omnmus 1 DSS ¢ ucnons3oBanuem Ommus 2 DSS ¢ Ommusa 2 DSS ¢
eMBMS-+MBSFN HUCIOJIb30BAHUEM MUHU-CIOTA HMCIOJIb30BAHUEM CUTHAJIOB
paauountepdeiica SG NR GRS u cormacoBanne

CKOPOCTEH Iepenaun
JaHHBIX MMOJKaapax 0e3
MBSFN

Pucynox 3. Bugst DSS
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OO6miast uaess MCIOJb30BaHMS YaCTOTHO-BPEMEHHBIX OJIOKOB OfHOYacTOTHOW ceth MBSFN
COCTOMT B TOM, UYTO B KOHKpETHBIX cyOkaapax BHyTpu kajapa LTE pesepBupytor mocnennue 12
cumBosioB OFDM (1 1 2 cuMBOIIBI UCIIONIB3YIOTCS AJISl IIEpeAad ONOpPHBIX curHanoB cotbl CRS n
JTaHHBIX (PU3UYECKOTO KaHaja yrpasieHus Ha TMHIH «BHU3» — PDCCH), yT00b1 OHM OB CBOOOIHEI
OoT mepeaadyd Jpyrux JaHHbIX. OTH  OFDM-cMMBOJIBI M3HAUaJIbHO MpeIHA3HAYaIUCh IS
HCIIOJIB30BaHUs MO NIMPOKOBEIIATEIbHBIE YCIYTH U «OTKJIIOUEHBD IS MIEPEadr JPYrUuX JAHHBIX.
Jannas upes Obuia mpuMmeneHa B TexHonoruun DSS. Ilpu 3ToM 3ape3epBHUpPOBaHHBIE CHMBOJIBI
UCIIONB3YIOTCS JUISI TIepeladun CUTHAIOB paguonHaTepdeiica SG BmecTo curnanoB eMBMS cetu LTE.
Hcnonb3oBanue cyOkaapoB cern LTE, 3ape3epBHpOBaHHBIX UIs YCIAYr MHOTOAJIPECHOM
IMpoKoBeaTesibHor cetr nepenaun JaHHbix (MBSFN), s nepenaun nanubix cetu 5G sBisercs
caMbIM TPOCTBIM criocoOoM BHeApeHus: TexHonorun DSS B coBmemenHoi cetu SG/LTE. Xots
B 001IeM citydae gu3ndeckuil kanan ynpasienus B uaun «BHU3» (PDCCH) LTE moxeT 3aHuMarh
0T o1HOTO 710 TpeX cuMBOoJIOB OFDM (¢ yueTom 3arpy3ku coThl), iepBblie 1Ba cumBosia OFDM Takoro
cyokanapa cetu MBSFN ucnonb3yrores Ui (u3M4ecKoro KaHajla yrpaBieHus B JUHUM «BHU3» LTE,
a pexxuM DSS nns cetn 5G moxer 3azneiicTBoBaTh TpeTHit cuMBOI. OCHOBHOM HEOCTATOK OMIMHU 1
DSS — 10, uTO, €ciu cyOKaapbl MHOTOAIPECHOM MIMPOKOBEIIATEbHOM 0fHOUYacTOTHOM ceTit MBSFN
HCIIOJB3YIOTCS JUIsl TUHAMMYECKOTO0 YAaCTOTHOI'O HIEPUHIa OYEHb YacTO, 3TOT MPOLECC OTHUMAET
YaCTOTHO-BPEMEHHbIE pecypchl y aboHeHToB cetd LTE, 3HauuTeNnbHO CHMXKAs MPOMYCKHYIO
CIOCOOHOCTH 3TOM ceTH paxuonoctyna. Onmus 2 pexxuma DSS ocHOBaHa Ha MCTIOB30BAHUH «MIHH-
ciora» LTE. IlnanupoBaHue MUHHCIOTOB JOCTYIHO Takxke M B paguounrepdeiice 5G
s npuinoxkeHuit URLLC, koTopsie TpeOyroT Ype3BbIYaiiHO HU3KOM CKBO3HOMU 3aJIEP>KKU U BHICOKOM
HagexxHOoCTH cBsi3u. OFDM-cumBosbl LTE MoryT ObITh pa3MeltieHsl B JIF0OOM MecTe BHYTPH Kajpa
5@G. Takas nepegaya JaHHBIX HA3BIBACTCA «IIE€peadeii B MUHU-CIIOTax» [3].

Pabora munH-cioramu B pexxume DSS mompocTy HCKIIIO4aeT HCIONb30BaHHE CHMBOIIOB,
cogepxkamux LTE CRS, unmanupyer Tonbko cBoOOaHBIE cuMBONBI Ui nepegaun 5G NR.
OCHOBHBIM OrpaHM4e€HHEM NpUMeHeHUs1 Oniuu 2 SBIseTCA TO, YTO y npuiioxkeHuit eMBB cnuiikom
MHOTO PECYpPCOB HAaXOJUTCS 3a MpeieslaMu YIpaBlIeHUs CO CTOpoHBI IutaHupoBiinka 5G NR.
Buenpenne cereit 5G ¢ texnomormeit DSS paccmarpuBaeTcss kak A(PQEKTUBHBIMA CIIOCOO
YIPOLIEHHOTO pa3BepThIBaHMS ceTe paauonoctyna nsToro mnokoneHus (5G) ¢ uensko
MPEAOCTABIICHUS] YCIYT HOBOTO MOKOJIEHHS B YK€ BBIIEIIEHHBIX JUaNa30HaX CIEKTpa olepaTopaMu
cereii LTE JlanHas TexXHOJOrWs TPUMEHSETCS Kak B JUara3oHaXx € YaCTOTHBIM pPa3lIeICHHEM
nymnekca (FDD): 1800 MI'ix (n3), 2100 MI'ty (nl), 2600 MI'ty (n7), Tak u B inana3oHax ¢ BpEMEHHBIM
pazgenenuem (TDD): 2300 MI'11 (n40) [4]. [Tpu ananuze Bo3MoxHOCTH BHeApeHus DSS Heobxonumo
MIPOBOJUTH COMOCTABJIEHUE CIEKTPATIBbHBIX MACOK MU3ITyUYE€HUs M MIMPUHBI YACTOTHBIX KAHAJIOB CETEH
5G u cereii LTE-1800, LTE-2100, LTE-2600, ¢pynkunonupyromumx B pexxume FDD. Kak npasuio,
OTepaTopbl UCIMOJIB3YIOT monockl mupuHoit 5, 10, 15 umm 20 MI'n, uro TpeOyer mnpoBepku
COOTBETCTBHS YCTAaHOBIEHHBIM TpeboBaHusiM crannapra 3GPP npu pabdorte B pexxume DSS.

AHanu3 3HaYEHUN MIMPUHBI YACTOTHBIX KaHaioB, mpumeHseMbix B ceTsix LTE, mo3Bomser
CeNaTh BBIBOJ O TEXHUYECKOW pEaJM3yeMOCTH AMHAMMUYECKOTO COBMECTHOI'O MCIIOIb30BaHUS
cnektpa Mexay cetsMu LTE u 5G B auanazonax 1800, 2100 u 2600 MI'n. ITockoneky mmupuHa
KaHaJIa HaMpsIMYIO OTIpeIeNsieT mapaMeTpsl KitoueBbix cepBrcoB SG (eMBB, uRLLC u mMTC), sto
MOJTBEPKIAET 1€1eco00pa3HOCTh IMpHUMEHEHHs TexHojdoruu DSS B COBMEIEHHBIX CeTIX
pamogoctyma NG-RAN 5G/4G (LTE). Hns texHomormu DSS B jamama3oHax dacToT
1800/2100/2600 MI'tt (FDD) moryT OBITh MCITONB30BaHBI CUTHAJBI C ITUPHUHOM TTOJIOCHI U3ITyYCHHS
nepeaatunkoB AC u bC cereit LTE u 5G, pasnoii 5, 10, 15 u 20 MI'1 [6, 7].

CpaBHenne 0ocHOBHbIX DMC-xapaKkTepUCTHK (MOILIHOCTEHN U3TyUeHHUs, ypOBHEN BHETIOJIOCHBIX
1 TOOOYHBIX U3ITy4YEeHUH U Ap.) 0a30BbIX U AOOHEHTCKUX CTaHIUN 5G, UCTIONB3YIOMUX TEXHOIOTHIO
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DSS, u ODMC xapakrepuctuk 06a3oBbIx U aboHeHTckux crannuii LTE, paGotaromux B Haubosee
OCBOCHHBIX Juarna3oHax MoOwiapHOW cBs3u 1800/2100/2600 MIt (FDD), Ttaxke mnokaszaio
BO3MOKHOCTh HCIOJIB30BAHUS YK€ HMEIOIIUXCS Y OINEpaTOpOB MOOMIBHBIX CETEeH BBIJAHHBIX
Ha ucrnob30Banue yactoT s cereit LTE B uHTEpecax ceteill maToro NoKoixeHus: 6€3 UX MOBTOPHOTO
opopmienus s bC 5G, ucnonp3yromux Texnonoruto DSS [4].

3axniouenue

OBOJIOIMOHHOE pa3BUTUE CETE MOOWIBHON CBSI3U INPUBOAUT K CHMIKEHUIO CII0)KHOCTH
4aCTOTHO-TEPPUTOPHAIBHOTO IIaHUpoBaHus panuocerer 4G n 5G 1 orepaTopoB U IEPEHOC ITOIO
IUIAHUPOBAHMSI Ha BHYTPUCETEBOM YPOBEHb KaK BHYTPUCHUCTEMHYIO (DYHKLHUIO HHQPACTPYKTYpPbI
cereil. Buenpenue ceteit 5G 00yca0BUT HEOOXOIUMOCTh MU3MEHEHHS NMPHHLIUIIOB PETyJINPOBAHUS
UCIOJIb30BAaHUSl  CHEKTpa JJIs  BHEAPEHUS IPEUMYIIECTB COBMECTHOIO  MCIOJb30BaHUS
paarovyacTOTHOTO CIeKTpa oneparopamu cereit 4G u 5SG nmyTeM Bbllauyu pa3pelieHuil oneparopam
Ha COBMECTHOE HCIOJb30BAHUE IOJIOC PAJAMOYAaCTOTHOIO CIEKTpa (CHEKTPaJbHOTO UIEPHHTa),
BO3MOXXHOCTH II€pelayd IpaB Ha HCIHOJb30BaHUE pAAUOYaCTOTHOTO CHEKTpa, IOJyUYEHHBIX
orepaTopamMy Ha MEpPBUYHON OCHOBE, C COIJIACUSl PETYJMPYIOIIEr0 OpraHa U ONpPEAETCHUS] TaKUX
YCIOBUH €ro HCNOIb30BaHMs. [IpuMeHeHHe TEXHOJOrMu AMHAMHUYECKOTO YaCTOTHOIO IIEPUHIA
(DSS) B cersix 5G B ycnoBusx neuImTa 4aCTOTHOTO pecypca MO3BOJIUT YCKOPUTh pa3BepThIBAHUE
TaKuX CETEH B YK€ BBIJICJICHHBIX OllepaToOpaM 4acTOTHBIX KaHanax cetu LTE B nuamaszonax gacror
1800/2100/2600 MI'u. [ns peanmusanuu TexHoiorun DSS nHambonee npusiexarenpra Omus 1,
KOTOpasi OCHOBaHa Ha COBMECTHOM MCII0JIb30BaHUH YaCTOTHO-BPEMEHHBIX OJOKOB MHOT0aJIpeCHON
mupokoBemarensHoi onHoyactotHoi cetu MBSFN LTE nns nepenaun nanasix 5G Kak yciyr
mupokoBenanus eMBMS. XoTs ucnons3oBaHne TMHAMHUYECKOTO TIepepacipeieieHUs] YaCTOTHOTO
cnektpa DSS npenmnonaraer HEKOTOpbIE CI0KHOCTH, OHO OOECIIEUNBAET CEPHE3HBIE MPEUMYIIECTBA
B HCMOJb30BaHUM HMelomierocss crekrpa. OOpaTHas COBMECTUMOCTb C  CYIIECTBYIOUIMMHU
ycrporictBamu LTE rapantupyer, uro noss3oarenu LTE He CTOIKHYTCA ¢ yXyALLIEHHEM KayecTBa
npenocrasnenust yciyr. Cranmaptel 3GPP mponmomkaror pasBuBathes. B Release 16 Oyner
ONTHMHU3UPOBAHO Hcnonb3oBaHue pecypcoB st DSS. Jlnuna NR PDSCH Type B yBenuuutcs ¢ 7
10 9 unu 10 cumBonos, ma6nonsl DMRS npenoTBpaTsaT KOMIM3KMU € CUMBOJIAMH, COJIEpKaIlUMU
LTE-CRS. Ilpunnuns! coriacoBanus ckopocreii LTE-CRS OyayT nmpumMeHHMBI K HECKOJIBKHUM
HecymuM LTE, uTo nmo3Bonut npoBouTh mupokonojocHyto nepenady SG NR ¢ HanoxeHueMm Ha
Hecymue LTE. DTo caemaer mpuHIMN TUHAMUYECKOTO TEPEpACTIPEICTICHUsI YaCTOTHOTO CIIEKTpa
erie 0oJiee MepCreKTUBHBIM.
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Annomayus. PaccmarpuBaeTcsi pa3pabOTKa CHUCTEMbl YMHOW PO3ETKH C JAHCTAHIIMOHHBIM
yIpaBJIcCHUEM C TNPUMEHEHHEM MOOWJIBHBIX YCTPOHMCTB M Ta/pkeToB. Ha ocHOBe aHamm3a
TEXHUYECKHX CHCTEM pPAaCCMOTPEHBI BOIMPOCHI TEXHOJIOTUW, MPUMEHSEMBIX B aBTOMATH3AIMH
npubopa npu oMot Wi-Fi kananoB. BeiOpanbl MUKPOKOHTPOJIIEP U MOAYJIb CBSI3M JIJISL HECYIIeH
KOHCTpYKIMH. Pazpaboranbl cxema yrpasiieHHUs IPHOOPOM H MIPOrPAMMHOE 00ECIICUCHUE.

Abstract. This paper examines the development of a smart plug system with remote control via
mobile devices. Based on an analysis of technical systems, the technologies used to automate the
device using Wi-Fi channels are evaluated. Microcontrollers and communication modules for the
supporting structure are selected, and the device's control circuit and software are developed.

Knrouesvle cnosa: MUKpOKOHTPOJUIED, YIIPABIISAOIIAs PO3ETKA, IPeoOpa3oBaTellb HaPsKEHUS,
MOJTyJIb YacoB.

Keywords: microcontroller, control socket, voltage converter, real-time module.

B tedyenue nocnenqHuX HECKONBKUX JIECATUIICTUN HaOMIOAAIOTCS 3KCIIOHEHIMAIBHBIN pOCT U
TpaHchopmanus B chepe MHPOPMAMOHHO-KOMMYHHUKAIIMOHHBIX TexHoNoruil. Ecian B xoHime XX
BEKa OCHOBHOM 3aj1aueil ObUTo oOecreueHrne MacCoOBOro J0CTyMa K Tele(OHHOH CBA3U U 0a30BBIM
MHTEpHET-cepBUcaM, TO B XX Beke Ha nepBbIi IIJ1aH BBIILUINA BOIIPOCHI YIAJEHHOTO MOHUTOPUHIA U
yopaBiieHUs OObEeKTaMH. AKTYyaJIbHOCTh JAHHOTO KOMIUIEKCa OOYyCIIOBI€HAa CTPEMUTEIbHBIM
pa3sBUTHEM U IIMPOKUM pacnpocTpaHeHueM TexHoioruu HMurepHera Bemeit (IoT), kotopas
npuobpena 0coOyr0 3HaYMMOCTb B MOCHeAHUE Tojbl. KoMIiekc cOCTOMT W3 JIBYX KITIOUEBBIX
KOMITOHEHTOB: MOJU(UILIMPOBAHHOM OBITOBOM PO3ETKHU C (PyHKLIMEN AUCTAHIIMOHHOTO YIIPABJICHUS U
MOOUIIBHOTO MPUJIOKEHHUS, TPEIOCTABIISIFOIIETO MOIb30BATEI0 BOSMOKHOCTh YAAJIEHHO U3MEHSTH €€
cocrosiHue. [1, 2].

Jlnst obecriedeHus CBsI3U MeX/1y KOMIIOHEHTaMH IpUMEHseTCsl OecrpoBoiHas TexHosorus Wi-
Fi, 00ycnoBieHHas €€ 3HaYUTENbHBIM pagrycoM eicTBus. OOMEH NaHHBIMU MEKy POrpaMMHBIMU
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MOJYJISIMH OCYILECTBIISIETCS. MTOCPEIICTBOM COKETOB, 00ECIEUMBAIOIIUX MPSMOE B3aHMMOJEHCTBHE.
PaboTa comepxuT AeranbHOE ONMCAHUE APXUTEKTYPbl U IPUHUUIOB (PYHKIMOHUPOBAHUS BCETO
KOMIIJIEKCA, a TAKXkKe Ka)kJI0r0 €ero COCTaBHOro 31eMeHTa. [Ipu npoexkTupoBaHuy anmnapaTHON 4acTH,
nMeHyeMoll «Po3eTKoi», KIOUEeBBIMU KPUTEPHUSIMH SBISIIMCH [IPOCTOTA KOHCTPYKIMM U BBICOKAs
cTeneHb HaZéKHOCTU. B cBOIO ouepenp, pazpaboTka MOOMIBHOIO NMPHIIOKEHUS OCYIECTBIIAIACH C
y4€TOM TpeOOBaHUM K HHTYUTUBHO NTOHATHOMY UHTepdeiicy u 3ddexkruBHON paboTe IpOrpaMMHOIo
koga. OTHenbHBIM pasfesl NOCBAIIEH MHUKPOKOMIIBIOTEPY, KOTOPBI BBICTYIIAET B KauecTBE
[EHTPAIBHOIO YIPABIAIONIETO d3JeMeHTa cucrteMbl «Poserkay. [lis HamsgHoctH B paborte
IIPEJCTABIEHbI AEKTPUUECKUE CXEMBbl yCTpOHCTBa «Po3eTka» M MILTIOCTPALUU 110JIb30BaATEIbCKOIO
uHTepdeiica MOOMIBHOTO MPUIIOKEHUS.

Peanuzanus KacTOMHOIO pelIeHUs Ui YMHOM pO3€TKH, OOECIIEYMBAIOIIETO BBIIIOJHEHUE
3aJJaHHBIX KOMaHJ, TpeOyeT NpPUOOPETeHUS CIEAYIOIIMX KIIOUEBbIX KOMIIOHEHTOB: a) Wi-Fi
MUKpokoHTposuiepa WeMos D1 mini Ha 6aze moxyist ESP8266; 6) omHOKkaHaILHOTO TBEPAOTEILHOTO
MOJIyJIs pelie; B) OJIoKa MUTAHUS cO CTaOMIIM3aTOPOM HanpsikeHus S5 B; r) yacoB peaabHOro BpeMeHu;
1) Ie4aTHOM IJ1aThl, U3TOTOBJIEHHON U3 (DOIBIMPOBAHHOIO FE€THHAKCA.

Wnterpanust ymaoit Wi-Fi po3erkm B 3kocucTeMy YMHOro J1omMa oOycioBieHa e€
CIOCOOHOCTBIO K AaBTOHOMHOI paboTe, KOTOpas pealus3yercs IOCPEACTBOM BCTPOSHHOIO
koHTposiepa WeMos D1 mini, oTBevaromero 3a Bce onepauuu. 1o cyTu, 3TOT MUKPOKOHTpOJIEP
SBJIIETCS. MHCTPYMEHTOM JUIsl IPOrpaMMHUpPOBAaHUSl U HACTPOMKHM DJIEKTPOHHBIX YCTPOICTB,
MIO3BOJIIOIMM OCYIIECTBIIATh YNPaBICHUE AMCTAaHUMOHHO. AHAIM3 MEpPEJHEro BHJAa YCTPOWCTBA
MO3BOJISIET 3aKIIOUUTh, 4TO MuUKpocxema ESP8266 pacnonoxena Ha nuueBod naHenu. JlanHas
MHUKpOCXEMa OCHAIIeHa ILECTHAAThIO BBIBOJAMH U MHTETPUPOBAHHBIM MojyseM Wi-Fi aHTeHHBI.
Ha 3axHeit ctopone ycrpoiicTBa pacnonoxeHsl: mopt micro USB mis nogkmrouenns, ynn CH340G,
obecnieunBaronii USB-nocnenoBarensuenii uHTEepdeiic m BupryansHsii COM-mopt mis T1K,
peryisTop HampsbKeHMs, KHOIKa cOpoca, KBapleBblil pe3oHatop Ha 12 MI'n u mpenoxpaHuTens.
CH340G or WCH ynpomaer B3aumoneiicrsue ¢ ESP8266, ycTpansis HE0OX0IUMOCTb B OTJEIEHOM
FTDI-anantepe. Baxxno nomuuth, yto WeMos D1 mini paccuntan Ha HanpspKeHUE MUTAHUS HE
Bbie 3,3 B, mosTomMy cieayeT MOposBIATH OCTOPOKHOCTh IpU Mojade nuTaHus. V3HayanpHO
ESP8266 cmyxun BCIOMOTaTe€IbHBIM YHIIOM, IPENOCTABIAS CETEBbIE BO3MOKHOCTH JAPYTUM
KOHTpOJIJIepaM 4epe3 IMocienoBaresbHblii mopT. OnHako, Onaromapst CBOeH JOCTYNMHOCTH U
HEHUCIOJIb3yEeMON BBIUMCIUTEILHOW MOIIHOCTH, OH CTaJl MPUMEHSTHCS U 711 OOLIEro yInpaBlIeHUs
BBOJ/IOM/BBIBOJIOM, YacCTO yCTpaHsisi HEOOXOAMMOCTh B OTJEJILHOM YIPABISIOLIEM Mpolieccope. ITo
npuBeso Kk Tomy, uto Espressif, coznatens uuna, pazpadoran cienyromiee nokoaenue — ESP32. Otu
HOBBIE IIAThl  OCHAIIEHBl  JIByMs  32-OMTHBIMH  HpoOIECCOpaMU M JIOHOJHUTEIbHBIM
3HEpro3((HEeKTUBHBIM COIMIPOLIECCOPOM, YTO 3HAUUTEIBHO PACIIUPSIET UX BOSMOXKHOCTH [3].

OnHokaHanbHOE  TBEPAOTENbHOE  MOIydb  pene.  Penme  mpexacrasnser  co0oit
NIEKTPOMEXAHUYECKOE KOMMYTAIIMOHHOE YCTPOMCTBO, MNpEAHA3HAYEHHOE JJs  YIpaBJICHUS
ANEKTPUYECKUMH LIETISIMU C CYIIECTBEHHO Oosiee BHICOKMMH MapamMeTpaMH HalpsDKeHHs U TOKa,
HEXEIU T, YTO XapaKTEepPHBI JJIS HU3KOBOJBTHBIX IU(PPOBBIX CHUCTEM, TaKUX KaK IIaT(opMbl
Arduino. Ilpu nomadye ympaBisIOIIEro JIOTMYECKOTO HANpSKEHHWS Ha BXOJA pejie MPOUCXOAMT
MEPEKIIOYEHNEe €ro KOHTAaKTOB, YTO IO3BOJISIET 3aMbIKaTh MM pa3MbIKaTh CHJIOBYIO II€Nb B
COOTBETCTBUM C KOH(UTypalueid NoAKIoYeHus. THUMHYHAs KOHCTPYKLHUS pelie BKJIIoYaeT B cels
ANIEKTPOMArHUTHYIO KaTyIIKy, ouH oouuii koHTakt (COM), o1uH HOpMajiabHO 3aMKHYThIH KOHTAKT
(NC) u onun HOpMasibHO pa3oMKHYTHIN KOHTAKT (NO) (Pucynok 1).

[Ipn momauye HNEKTPUUYECKOTO TOKA Ha KaTyLIKy pese, OOIIMi KOHTaKT YCTaHaBJIMBaeT
IEKTPUUECKOE COENMHEHNE C HOPMAJIBHO PA30MKHYTBIM KOHTAakTOM. OJHOKaHAJIBHBIN peleiHbIN
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MOIYyJdb TOCITYKWUJ HHTEephercoM Mexay OOBEKTaMH YNPaBICHUS W MHKPOKOHTPOJUIEPOM.
DrexTpuyecKas cxema MoAKIIYeHHs npuBeeHa Ha Pucynke 2.

B ocHOBe 111000T0 MEKTPOHHOTO YCTPOMCTBA JISKUT 010K muTanus. OH SBISETCS MEPBUIHBIM
HMCTOYHHUKOM SHEPTUHU, 00ECIEUNBAIOIINM CXEMY HEOOXOIMMBIMH ITapaMeTPaMU HATIPSDKEHUS U TOKa
g ee QyHKIUOHUpOBaHUA. [ peanu3anuu OOJbIIMHCTBA MPOEKTOB TpedyeTcst mpeodpa3oBaHue
HaIpsDKEHUS. OT MCXOAHOTO MCTOYHUKA (Hampumep, Oaraped WM CETEeBOro ajamtepa) 1o
(UKCHPOBAHHOTO 3HAYCHUS B 5 BOJIBT. DTy (DYHKITHIO BBIIIOJIHSCT PETYISATOP HANpspKeHUs. Perynsrop
— 9TO AaKTUBHBIH KOMIIOHEHT, KOTOPBIH CTa0WIM3HpPyeT BXOJHOE, 3a4acTyl0 HECTaOWIbHOE,
HamnpsDKEHUE, BbIlaBas Ha BBIXOZAE CTaOWUJIbHBIE 5 BOJIBT, HEOOXOIMMBIE AJisi MUTAHUS cXeMbl. Ero
OCHOBHas 3a/laya — IOJAJIEP’KUBATh 33JJaHHOE BBIXOJHOE HANpsHKEHUE HE3aBHCUMO OT Bapualuil
BXOJHOTO HANpspKEHUs nutanus [4, 5].
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Pucynok 1. Kommiekryroiue: a) nepeanss yactb WeMos D1 mini, 6) 3aauss yacte WeMos D1 mini,
B) OnHOKaHANBHBIN MOAYINB pelie, T) npeoOpa3zoBarens HanpshkeHus (O10k muTaHue), 1) Yackl peaqbHOro
Bpemenu DS1302

Pucynok 2. DnexTpuueckas cxema OJHOKaHATBHOTO MOAYJIS pere

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 242




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne5 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/126

Yace! peanbHOro BpemeHu. Moaynb yacoB peaiabHoro Bpemenu DS1302 ¢ miaroit ESP8266,
MOXKHO HACTpPOUTh C momouipio obonouku Arduino IDE, a 3aremM ucnonp3oBarh €ro, 4TOOBI
oToOpa)kaTh BpEMs Ha IKpaHE WM PETUCTPUPOBATh HEKOTOPHIE 3HAUEHUS JaTYMKa [10 BPEMEHU UIIN
HACTPOWKE pPEKUMBI, AHAJIOTUYHBIE MOMAYJIM HCIOJNB3YIOTCA B KOMIBIOTEpax, TeledoHax,
teneBu3opax u. T. J. OH Bcerma mmeeT akKyMyJsTOpHYIO OaTapero, KoTopas MOXeT paboTarb
JOCTaTOYHO JIOJITO, TOATOMY, JaXe €ciId YCTPONCTBO HE BKIIOYEHO, BpeMs OOHOBIISETCA.
Muxkpocxema DS1302 npeanasHaueHa i peanu3anud (QyHKIHMA XpOHOMETpaXka U 3apsiiKH,
OCHAIlleHa BHYTPEHHUM YaCOBBIM MOIYJIEM C KaJeHIapéM U pacronaraetr 31 GaiiTom craTHdecKoit
namsata. OOMEH JaHHBIMU OCYIIECTBIISIETCS C UCIIOJIB30BAaHUEM YIPOIIEHHOTO MOCIIEI0BATEIHHOIO
unTepdeiica. YcTpoiicTBO 0TOOpaXkaeT TeKylllee BpeMsl — CEKyHIbl, MUHYTBI, 4achl, JeHb HEIENH,
YHCIO0, MECAll M TOA, a Takke oOecrneuymBaeT AOCTYH K maMaATd. [l TOAKIIOYEeHUsS K
MHUKPOKOHTPOJIJIEPY UCHONB3YIOTCs Beero Tpu JmHuu: CS (BeIOOp ycTpoiicTtBa), I/O (uuus oOmena
nanabiMu) U SCLK (cunxpocurnan). Ilepemaya nHpopmManuu nmpoucxXoauT MOPHHUAMHU 10 OJHOMY
Oaiity nmu6o 6mokamu 1o 31 Oaiita. [Ipubop paccunTan Ha MUHUMAJIBHOE YHEPronoTpedieHne — He
6onee 1 MkBT mpu pabore W coxpaHCHHMHM JaHHBIX. MIMeeT 1aBa BBIBOJA NUTAHUS: OCHOBHOW M
pe3epBHBIi [6].

Onexrpuyeckas cxema DS1302 npencrasnena Ha Pucynke 3.
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Pucynok 3. Dnektpuueckas cxema 4acoB peansHoro spemernn DS1302

3axnouenue

PaccmoTtpena cucrema yMHOM pO3€TKU C JUCTAaHIIMOHHBIM yrpasieHueM depe3 Wi-Fi-kaHansl.
[TonpoOHO omucaHbl HEOOXOAMMBIE KOMIUIEKTYIOIIME As peanu3anuu ymHou Wi-Fi poseTku u
paccMOTpeHbl (DYHKIIMOHAJIbHBIE BO3MOXHOCTH TaKHUX pO3ETOK, a TaKXKe MIUPOKUH CHEKTp
JONOJTHUTENIBHBIX OCOOCHHOCTEH. YKa3aHbl 3JEKTPUUYECKHE CXEMbl COCTaBJISIOIIUX 3JIEMEHTOB
o0opynoBaHus, HEOOXOUMbIE ISl CO3/IaHUSI CUCTEMBl «yMHBIH JOM» C yIaJIEHHBIM KOHTPOJEM U
aBTO3AITyCKOM JII00OT0 3JIEKTponpudopa, MOAKIIOYEHHOTO K YMHOM poserke. KpaTko orpakeHa
BBITOIa OT NMPUMEHEHMs TAaKOTO peIIeHHUs, B LEHTPe KOTOpOW — BBICOKHI ypoBeHb KoM(opTa,
JNErKOCTh M YAOOCTBO YIIpaBJICHHMsS YCTPOWCTBAMM dYepe3 cMapToH, a Takxke obecreueHue
0€30MacHOCTH M CTaOuiIbHOM paboThl. BBIOpaHbI MHKPOKOHTPOJJIEPHl M JPYTHE KIIOUYEBbHIE
YCTpPOMCTBA JUIsI CO37aHUsT YMHOW po3eTku. Pa3paborana cxema ympaBJIeHHs TPUOOPOM U
MpOrpaMMHOE OOecreueHue.
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Abstract. Global energy demand is growing exponentially due to increasing population, rapid
urbanization, and industrialization. Fossil fuels, which currently account for approximately 80% of
the primary energy supply, are proving insufficient for a sustainable energy future due to limited
reserves, geopolitical vulnerabilities, and devastating climate impacts. This study comprehensively
examines biomass energy from a systematic and interdisciplinary perspective. The study covers the
structural chemistry of biomass, feedstock classification, pre-treatment stages, thermochemical
(combustion, pyrolysis, gasification, liquefaction) and biochemical (anaerobic digestion,
fermentation, biophotolysis) conversion technologies, and final product applications within an
integrated framework. The main lignocellulosic components—cellulose (35-55%), hemicellulose
(15-35%), and lignin (10-30%)—possess critical feedstock characteristics for different conversion
pathways. Fermentation processes employing specific microorganisms such as Saccharomyces
cerevisiae form the basis of bioethanol production, while anaerobic digestion yields biogas with 55—
75% methane content alongside organic fertilizer. Fast pyrolysis converts biomass to liquid bio-oil
with 60-70% efficiency at 450-550°C with short residence times; steam gasification offers high
calorific value advantages in syngas production. The global bioenergy sector currently holds a 12%
share of renewable energy generation as the largest renewable source and encompasses 3.58 million
jobs. Biomass emerges as a strategic resource that must be placed at the center of energy policies,
providing not only energy security but also reducing greenhouse gas emissions, utilizing agricultural
wastes, and supporting rural development.

Annomayus. [106anpHBIN CIIPOC HA YHEPTUIO HEYKIIOHHO BO3PACTAET B KAXKJIOM MOCIETYIOIIEM
JCCATHWICTAN B CBS3H C YBEIWYCHHEM YHCICHHOCTH HACENCHHS, YCKOPEHHBIMH ITPOIECCaMu
ypOaHU3auy U HHIyCTpUATH3aIK. B HacTosIIee BpeMs HCKOTIaeMble TOTUTNBA, 00eCIIeYHBAOIINE
okoso 80 % TEepBUYHOTO HHEPrOCHAOKEHUS, OKA3BIBAIOTCS HEJOCTATOYHBIMU I OOECIeueHUs
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YCTOHYHMBOTO SHEPreTHUECKOro OyIyIIero BCIEICTBUE OTPAaHMUYEHHOCTH 3a11acoB, T€OMOIUTHYECKOM
YSI3BUMOCTH M Pa3pylIMTEIBHOTO BO3/AeHCcTBUA Ha KiiuMmar. Hacrosmias pabora npencrasisieT cooon
CHCTEMAaTUYEeCKUIH ¥ MEXIUCUUIUIMHAPHBIA aHaIU3 YHEprur OMOMAacChl, 3aHUMAIONIEH YHUKAIbHOE
MOJIOKEHUE CPer BO30OHOBISEMBIX MCTOYHHMKOB SHEpruH. OpUTHHANBHBIA BKJIAJ MCCIECIOBAHUS
3aKJII0YaeTCsl B KOMIUIEKCHOM OIIGHKE, OXBaThIBAIOLIEH MYyTh OT CTPYKTYPHOH XHMHUU OHMOMACCHI,
KJacCU(UKAMU THUIIOB CBIPhS, CTaaWWd NpeaBapuTeiabHOd 00pabOTKH, TEPMOXMMHUYECKHX
(cxuranue, NMUpoONU3, ra3uUKanys, OXKIKEHHE) U OMOXMMHYECKUX (aHa’poOHOe cOpaxxHBaHUE,
dbepmenTanus, 6Mo(OoTOIHM3) METOIOB KOHBEPCHUH JI0 00IaCcTEH KOHEYHOTO MPUMEHEHHSI TTOTYyYaeMbIX
poaykToB. OCHOBHBIE KOMIIOHEHTBHI JHMTHOIEIUTIONO3HON Ouomacchl — metono3a (35-55%),
remunenonosa (15-35%) u nuraun (10-30%)