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Abstract. The article analyzes the impact of agglomeration processes on the development of Russia's fuel and energy
complex. It emphasizes that large urban agglomerations are becoming key centers of scientific, intellectual, and financial
capital, contributing to the implementation of high-tech solutions, improving energy efficiency, and digitalizing energy
infrastructure. Special attention is given to the issues of cybersecurity of critical fuel and energy facilities, as well as the
challenges associated with uneven territorial development, infrastructure overload, and depopulation of remote regions.
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PeuenseHT: Toponues Bacunuin BnagnmMmposuny - KaHOnOaT TEXHUYECKUX HayK, OOLEHT.
OIrbOyY BO «PIAY-MCXA um. KA. Tumunpssesa»

Russia's fuel and energy complex remains the foundation of the national economy,
ensuring the functioning of productive forces, generating a significant share of export earnings
and determining the country's geopolitical position. Under the conditions of sanctions
pressure, global energy transition and technological competition, the fuel and energy complex
faces the need not only to maintain current production volumes, but also to radically modernize
its production and management processes through the introduction of advanced information
and cyber technologies.

In recent years, the trend of spatial concentration of the population and economic
activity has intensified in Russia. The unification of neighboring settlements into
agglomerations - territorial formations with close industrial, infrastructural, socio-economic
and labor ties - creates new conditions for the development of the fuel and energy sector. The
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key features of such zones are compactness, 1.5-hour accessibility, high population density,
integrity of labor and real estate markets, as well as multicomponent and dynamic
development [1].

Agglomerations act as powerful innovation hubs where scientific, educational and
industrial resources are concentrated. This is where infrastructure is most effectively
developed, logistics costs are reduced, production processes are optimized and resource
efficiency is increased. Thanks to the "pendulum" migration and concentration of qualified
personnel, agglomerations are becoming attractive for energy companies seeking to
implement digital solutions and automate the processes of extraction, processing and
transportation of energy resources.

Russia has one of the largest reserves of fossil fuels in the world. According to Rosnedra
and the Ministry of Energy at the end of 2024, the structure of proven reserves in oil equivalent
is as follows: coal — 68.2%, natural gas - 27.1%, oil - 7.4% [2]. The country ranks first in the
world in terms of natural gas and coal reserves. In addition, Russia is among the top five in
terms of uranium reserves: according to the IAEA estimates (2024) - 503 thousand tons,
according to the State Balance Sheet of the Russian Federation - 331 thousand tons. These
resources make it possible to develop both traditional and nuclear energy, including within the
framework of a low-carbon strategy [3].

Unconventional energy resources are of particular importance. Russia has the world's
largest reserves of hard-to-recover oil (Bazhenovskaya and Domanik formations) and
significant resources of shale gas [4]. However, their development is impossible without the
use of high-tech solutions such as horizontal drilling, multi-stage hydraulic fracturing, as well
as digital platforms for modeling geological processes in real time.

Figures 1-5 illustrate the territorial distribution of the main fuel and energy sector
infrastructure facilities: from traditional oil and gas production (Fig. 1, 2) to projects for the
development of unconventional resources (Fig. 3), the location of thermal power plants (Fig. 4)
and the development of renewable energy (Fig. 5).

WWW.CYBERNAUKA.RU KUBEPHAYKA, Ne1/2025
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Russia * Fossil fuels * Conventional oil
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Figure 1. The main infrastructure facilities of the fossil fuel sector in Russia: conventional oil

Russia * Fossil fuels * Conventional natural gas
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Figure 2. The main infrastructure facilities of the fossil fuel sector in Russia: natural gas
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Russia » Fossil fuels * Unconventional

Largest shale oil (tight light)
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Most of Russia’s shale resources are located in the Bazhenov formation
Largest shale gas fields

{West Siberia).

@

Murmansk
Major coal bed
| extraction
s / fields: )
1 Taldinskoye J Bazhenov shale formation i
Gazpron) SL. Petersburg. I‘L
2 Vorkuts, = im]
Verkutaugol Ltd. I -|[
Moscow o (oL B Krasnoyarsk
o A e
d |J- =)
Associated Petroleum Gas Irkutsk
g e R B e 5 9
7
""""""""" H -] 40 Major heavy oil extraction fields:
" .14 = 7 a0 :2 . 1 Yareg (Timan-Pechara), Lukoil Vladivostok
% 2 Usinsk (Timan-Pechora), Lukoil
Lt El 3 Alshalchinskoye (Volga-Ural), Tatneft
2 g
5
o
. - - 10
@ Major natural gas hydrate occurrences:
1 Messoyakha (West Siberia) 5 South Kara Sea Shelf
R 1 Rt ) 2 Lake Baikal (South Siberia) 6 Kerch seep area (Black Sea)
APG production 88 APG flare: 3 Seaof Ckholsk 7 Sorokin Through (Black Sea)
4 Barents Sea 8 East Siberian continental slope

(Bazhenov formatian)

y) | | Largestailshale (kerogen)
- fields
Anadyr
_ Yakutsk
2,
Unconventional reserves by fuels, Billion tonnes of oil
equivalent (%)
[ Shale oil (tight light) 9.83 (15.9)
Shale gas 7.26 (1.8}

Ol sands and Heavy ol 4.05 (5.6)
W Oil shale (kerogen) 37.00 (80.0)
M Coal mine methane ufilization
potential 1.47 (2.4)
Associated petroleum gas 2.07 (3.3)

Total: 61.68 (100)

Figure 3. Main infrastructure facilities of the fossil fuel sector in Russia: unconventional

Gross electricity generation 2023, TWh [%):
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Russia » Electricity * Thermal and Coal
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Figure 4. Main infrastructure facilities of the fossil fuel sector in Russia:

WWW.CYBERNAUKA.RU

thermal power plants

KMBEPHAYKA, N21/2025



https://creativecommons.org/licenses/by/4.0/deed.ru|

HOO «MpodeccrmoHanbHaa Hayka» ucnosbyet Creative Commons Attribution (CC BY 4.0): aMueH3uto Ha ony6aMKoOBaHHbIe MaTepuanbl -
https://creativecommons.org/licenses/by/4.0/deed.ru|

10

Russia * Renewable energy * Hydro, Wind, Bioenergy, Solar
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Figure 5. The main infrastructure facilities of the fossil fuel sector in Russia: renewable energy
sources

Increasing energy efficiency is becoming a critical task of the modern fuel and energy
complex. In 2024, the energy intensity of Russia's GDP decreased by 3.2% compared to 2023,
which brings the country closer to the goal of reducing by 11.1% by 2030 (relative to the level
of 2019) [5]. This progress is achieved through the modernization of equipment, the
introduction of intelligent control systems (Smart Grid), digital counterparts of industrial
facilities and distributed generation.

Special attention is being paid to information and cyber technologies today.
Digitalization of the fuel and energy sector includes not only process automation, but also the
creation of secure, resilient control systems. Given that energy infrastructure is one of the
objects of critical information infrastructure, cybersecurity issues come to the fore. Russian
energy companies are actively developing their own cyber threat monitoring centers,
implementing intrusion detection systems (IDS/IPS), and using artificial intelligence-based
solutions to analyze anomalies in equipment and networks [6].

Innovation clusters are being created in large agglomerations such as Moscow, St.
Petersburg, Novosibirsk, Yekaterinburg and Kazan, where energy engineers, IT specialists,
scientists and engineers work together. It develops domestic software systems for well
management, robotic complexes for pipeline diagnostics, as well as platforms for predicting
emergency situations using machine learning. Digital independence in these areas is becoming
not just a technological, but a strategic national security objective.
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However, agglomeration development is also fraught with serious challenges.
Population growth leads to an overload of transport and energy networks, a decrease in the
quality of public and social services, an increase in emissions and an increase in social tension.
The problem of fragmented governance is particularly acute: inter-municipal bodies often do
not have real powers and resources to coordinate infrastructure development [4]. In addition,
agglomerations "suck out" the population from small towns and villages, which leads to their
gradual extinction, especially in Siberia and the Far East.

The State responds to these challenges through national projects "Housing and Urban
environment", "Digital Economy" and "Ecology", as well as through the development of a legal
framework in the field of spatial planning. Nevertheless, there is a growing need to adopt a
federal law on agglomerations that would establish common principles for managing, financing
and coordinating the development of these territories.

Thus, the future of the Russian fuel and energy complex is determined not so much by
production volumes as by the ability to integrate science, high technologies and principles of
sustainable development. Agglomerations, despite the associated risks, are becoming the
engines of this transformation. Success will depend on how effectively technological
breakthroughs in the energy sector can be combined with social and territorial justice, ensuring
not only energy security, but also the quality of life in all corners of the country.
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The application of artificial intelligence in 3D modeling and additive technologies.
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Annomayua. B cobpemennoi unoycmpuu 3D ousatina u 3D modesupoBanusn HabAI00aemcsa cmpeMumensnasn
UHMeepayUs Heiipocemeii - Mo MexXHOA02UA 10360Asem c030a6amb pasAutHbie IAeMEHINbI, UCTOAb3YA UCKYCCIBeH b
unmeanexm (VIW). Heiipocemu moeym obpabamvibams 004vuioe koauuecmbo OanHblx, a makxe aoanmupoBamsca x
USMEHAIOUWUMCA Yca06uam 6 peasvom Bpemenu. Dmo no36045em 3HAUUNEALHO NOBbICUTD I¢hhexmuBHOCTIbL U HAOKHOCHID
pabomul ocoberro 6 obaacmu mpéxmeprozo modeaupobanus u addumubnsix mexnosoeui (3D-neuamu). lannaa paboma
paccmampubaem  xaouebvie Hanpabrenua npumenenus VW, ux Bauanue Ha d¢ppexmubrocmv npoexmupobanua u
nepcnexmuBol pasbumus.

KaroueBvie cro08a: adoumubrvie mexrosoeuu, mpexmepHoe modeaupobarue, uckyccmbennoii unmentekm, 3D
mexHoaoeuu, 3D newamo

Abstract. In the modern 3D design and modelling industry, there is a rapid integration of neural networks — this
technology allows for the creation of various elements using artificial intelligence (Al). Neural networks can process vast
amounts of data and adapt to changing conditions in real time. This significantly enhances the efficiency and reliability of
work, particularly in the fields of three-dimensional modelling and additive technologies (3D printing). This paper examines
the key areas of Al application, their impact on design efficiency, and future development prospects.

Keywords: additive technologies, three-dimensional modelling, artificial intelligence, 3D technologies, 3D printing.

PeuenseHT: Toponues Bacunuin BnagnmMmposny - KaHOOaT TEXHUYECKUX HayK, OOLEHT.
OIreQy BO «PFAY-MCXA nm. KA. Tummnpsisesa»

CerogHst HEMPOCETU SABMSAKOTCA Ba)KHOM 4acTbio Hawen >XnsHu. CoBpeMeHHbii I
NPOYHO BOLIEN B NMOBCEOHEBHOCTb, OXBaTblBask MHOXXECTBO Cep - OT 34PpaBOOXPaHEHMS U
6aHKOBCKOro fena [0 pasBfiedYeHnin, BUPTyaslbHOM peanbHOCTU U aBToMaTtmusauuu
NPON3BOACTBEHHbIX MpoueccoB. Ocob0 akTyanbHON ocTaeTca 3agada d(PdPEeKTUBHOro
npumMmeHeHns nx B 3D-mogennpoBaHum U apgauTuUBHbIX TexHonoruax (puc.1). Knaccuyeckune
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noaxonpbl K 3TUM npoLeccam 4acTo CTasIKUBaKOTCA C OrpaHNYeHUs MU, CHKasa obLyo otgady
OT MPOU3BOACTBEHHbLIX JMHWIA. B pgaHHOM cTaTbe pas3bepéTcs, Kak WCMonb3oBaHue
HenpoceTen MOXeT NomMoYb pesonounn 3D-mogenvpoBaHua 1 agauTUBHBIX TEXHOOMNNA,
YTOObI LOBUTBLCA MaKCUMasIbHON NPOU3BOAUTENBHOCTI B NPON3BOACTBEHHbIX Npoueccax [1].

PucyHok 1. 3DBenchy, ctaHgapTHasa TectoBas mogesnb ana 3D-nevatw.

Henpocetn npenctaensaioT coboM KOMMbOTEPHbIE CUCTEMBbI, BOOXHOBJIEHHbIE
npuHUMNamMm opraHmnsauun n paboTbl 4enoBe4veckoro mosra. OHM crnocobHbl 0by4aTbCs,
pacnosHaBaTb NaTTepHbl N3 AaHHbIX U reHepupoBaTb OOOCHOBAHHbIE BbiIBOAbI [2].

HelpoceTn knaccuuumpyoT No Tunam 3agad, ¢ KOTopbiMU OHY paboTaloT:

o MHorocnomHble nepuentpoHbl (MLP), wnu nepuenTtpoHbl, obpabaTbiBaloT
YNCNOBbIE AAHHbIE;

o CsépTtouHble ceTn (CNN) bnonbayoTca onsa aHanmsa Bu3yasbHbIX U300paXxeHuni;

o PekyppeHTHble ceTn (RNN) cobupatoT n obpabatbiBaloT MHOpMaLUnio, KoTopas
MEHSETCA C TEYEHNEM BPEMEHM;

o leHepaTmeHble mogenu (GAN) co30at0T KOHTEHT — TEKCThbl, U306paXKeHus.

V3 npemgbigywmx  TUNOB  3agady  cnegyet  copMupoBaTb  NpeumyllecTsa
NCKYCCTBEHHOIO UHTENNEKTa B gn3anHe n 3D mogenmpoBaHni:

o O(PPEKTUBHOCTL N CKOPOCTb. VICKYCCTBEHHBLIN WHTENNEKT Oep€T Ha cebs
TPYOOEMKME 3afaydn, KoHBepTaumio ¢opmartoB, TEeCTUPOBaHWE BapuaHTOB U MacCOBYIO
reHepaumio ansTepHaTUBHbBIX PELUEHWIA.

o [MoBbllWeHe KpeaTUBHOCTU. [n3alHepbl U WHXXEHepbl MOAY4alT MOLLHbIN
Katanusatop ngen. NN aHanusnpyeT MUNINOHbI BOSMOXXHbIX KOH(Urypauum n npegnaraet
pPAL, HEOXXUAAHHbBIX, HO TEXHUYECKN peann3yemblX peLleH.

o Cuctembl N cobupatoT n obpabatbiBaloT MHMOPMaLMO B peasibHOM BPEMEHMU:
OT peakuuun nosib3oBatesien O METPUK BOBIEYEHHOCTU M NPOU3BOANTENBHOCTU. Ha ocHoBe
9TUX OaHHbIX aBTOMATUYECKN KOPPEKTUPYOTCA NapaMeTpbl KOHTEHTA UM NPOQYKTA.
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o JocTynHocTb. Tenepb He HY>KHO ObITb akcrnepToM B 3D-mopenuposaHun, CAIP
(Cuctembl ABTOMaTU3NPOBaHHOIO NpoekTnpoBaHns) nnn rpaduyecknx pepaktTopax, Ytobbl
cospfasaTtb NPogecCcroHanbHbIN KOHTEHT. [locTaTo4HO onucaTb NAeto TEKCTOM U 3arpy3nTb
ackuns - N cpenaet octanbHoe [3].

3D-npuHTEpPbI CO3[al0T (Pr3nyeckne obbekTbl U3 LMGPOBLIX Moaenen, hopMnpys nx
C/ION 3a CNoI, U NCMOJBb3YIOT pasHble TEXHOOMMN B 3aBUCUMOCTN OT 3agadqn: FDM nnasut
N1acTUKOBYIO HUTb (Hanpumep, PLA nnn ABS) n nogxoguT o NpoTOTUNUPOBAHUSA U NPOCTbIX
petanein; SLA wucnonb3dyeT ynbTpadUoNEeTOBbIN Nasep O OTBEPXOEHUS >KUOKON
hboTONONMMEPHOIN CMOJIbI, 0BecneyvnBas BbICOKYHO AeTanm3aunio 1 rnagkme NoBepXHOCTH, YTO
aenaet eé€ ngeanbHON ONs BENPHbIX U3OENUA, CTOMATONOrMn 1 TOYHbIX Mogenen; DLP -
6nnskum aHanor SLA, HO ¢ uMpPOBLIM NPOEKTOPOM, KOTOPLIN 3acBeYMBaeT LEeNbIin CNnon 3a
pas, 4YTO YyCKOpSET neyaTtb M NOAXOAUT LI MacCOBOro NPOU3BOACTBA MESNIKUX 3/1EMEHTOB;
SLS n SLM paboTaioT ¢ NOpoLLIKOBbIMA MaTepuanammn - nasep crekaet HelsnoH (SLS) nnu
nnaeut Metann (SLM), obecneymBasi BbICOKYK) MPOYHOCTb 6e3 onop, 4YTO aKTUBHO
NPVUMEHSAETCA B a3POKOCMMNYECKOWN, aBTOMOBUIBHON 1N MEOULMHCKON NPOMbILLIIEHHOCTH (PUC.
2) [4].

3D NEMATb

NOAMMEPU3ALMA HarotoBneHue
IKCTPY3INA maTepuana CMObI NopowkoBsan runcosas neyats fnecyaHbix Meyats MeTannamu
neyarb dopm
FOM SLA SLS Material Jetting Binder DMLS
DLP DOD Jetting SLM

EBM

PucyHok 2. Cxema TexHonornin 3D nevatun

K cerogHsilLLHEMY OHIO MOXXHO BbIOENNTb 5 OCHOBHbLIX 3a4ady, AN PEeLeHns KOTOpPbIX
MOIyT NCNONb30BaTbCA HEMPOCETN.

. Knaccugpukaumsa. [Ona  pacnosHaBaHWs vy, 3SMOUMKA, TUMOB OOBLEKTOB:
Hanpumep, KBaapaToB, KPYroB, TPEYroflbHUKOB. DTO TakXXe BbIOOP KOHKPETHOro obbekta ns
NPEANOXXEHHOrO MHOXKECTBA, TO eCTb A1 pacrno3HaBaHna ob6pas3oB: HaNpuUMep, BblaeneHne
KBagpaTa cpean TPeyrofibHUKOB, YTO MOXXET MCMNONb30BaTbCA 15 aHann3a n3obpakeHui u
onpepeneHna aedexkToB B NpoaykTax. ITO MNO3BONSET aHanM3npoBaTb OaHHble O paboTe
obopypoBaHnA 1 NpeackasbiBaTb BO3MOXXHbIE MOSIOMKM.
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o Perpeccus. NMporHosnpysi HeNpepbIBHOE YMCOBOE 3HAYEHNe (Hanpumep, LeHbl
nnn - TemnepaTypbl), MOXET WCMONAb30BaTb aJropuTMbl MalIMHHOIO OBy4eHus Ans
onTMU3aUMn MNPou3BOACTBEHHBIX MPOLIECCOB W YyNpasBieHna pecypcamu. [Ona 3apad,
Tpebyowmx nonyyYeHns B pesynbrate 06paboTKu KOHKPETHOro Yucna, Kak pacnpeneneHus
pecypcoB, NnaHNpoBaHns NPON3BOACTBA.

o [MpOrHO3MpoBaHUA BPEMEHHbIX pPsaoB. [Ona cocTaBneHusi [ONAroCpPOYHbIX
NMPOrHO30B Ha OCHOBE [ANHAMUYECKOro BPEMEHHOrO psiga 3HayveHun. MoxkeT ObITb
NCNOJIb30BaH A1 KOHTPOJSIS Ka4yecTBa NpoayKumMn Ha pasHblx aTanax npou3BoacTea.

o l[eHepaumsa. [Ons aBTOMATM3MPOBAHHONO CO3AaHUA KOHTEHTa WM ero
TpaHchopmauun. MoXXeT NoMoYb B aBToOMatn3aumm NpoN3BOACTBEHHbIX MPOLECCOB, TakuxX
KaK MapKnpoBKa, COpPTUPOBKa, cbopkKa.

Hanpumep, HENPOCETN NPUMEHSAIOTCA ONA NpenckasaHus LeH, puanyecknx saBeHni,
obbéMa noTpebneHns n pgpyrmux nokasatenen. Mo cytn, paxe paboty astonunota Tesla
MO>XHO OTHECTU K MPOoLEeCCy NMPOrHO3npoBaHNs BPEMEHHbIX PSAOB.

o Knactepusaumsa. [Ona  u3ydeHuss U COPTUPOBKM  Bonblloro  ob6béma
Hepas3MeYeHHbIX AaHHbIX B YCNOBUSAX, KOrga HEU3BECTHO KOIMYECTBO KacCOB Ha BbIXOAE, TO
eCTb 0N 06beanHeHN AaHHbIX NOo Npu3Hakam. Hanpumep, knactepusaums npuMeHseTcs ons
BbISIBJIEHNS K1ACCOB KapPTMHOK U CEerMeHTauumn KiIMeHTOB.

o feHepauns. [Ona aBTOMatM3MPOBAHHOIO CO3[4aHUS KOHTEHTa WM ero
TpaHcopmauun. [leHepauussi C MOMOLLbIO HEeNpoceTen nNPUMEHSeTCa ONs  Cco3faHus
YHUKanNbHbIX TEKCTOB, ayanodansion, BUAEO, packpaluBaHnsa YEPHO-6enbix PUNbLMOB 1 faxe
N3MEHeHNs oKpy>XatoLen cpeabl Ha oTo [5].

Henpocetn, Gnarogapa CBOUM YHUKaSIbHbIM BO3MOXXHOCTAM aHanmu3a [[aHHbIX W
onTUMM3aumn NPOLIECCoB, npegnaraloT MHOXXECTBO NPEUMYLLECTB, KOTOpbIE 1 MOryT CTaTb
MOLLHBbIM MHCTPYMEHTOM 151 NOBbILWEHNS 3hPEKTUBHOCTN, aBTOMaTnsaummn npoveccos 3D-
MOAENNPOBAHNA N aAANTUBHBIX TEXHONOMN, Y4UTbIBas UX aKTyanbHOCTb.

AponTBHbIE  TexHonormm — OOOOLEeHHOe Ha3BaHWe TEeXHOJNOMMn, KOoTopble
NpPencTaBNAlT OCHOBY KOMMEKCA MPUHLMMNUANbHO HOBbIX MPON3BOLCTBEHHbLIX MNPOLECCOB,
npegnonararLwmx MeTof, co3aaHns TpexmMepHbiX 06beKToB (3D nevatb) No AaHHbIM LMPOBON
CAD-mopgenn nytém nocnonHoro pobaBneHns marepuana (0T aHruinckoro cnosa add —
«0006aBnAaTb»). BocTpeboBaHHOCTL WMHHOBAUMOHHbIX TexHonorun B 3D mMopenuposaHun
3aKNioYaeTcss B CTPEMUTENIbHOM pPasBUTUN TEXHOMOMMA MPomn3BoacTBa, rae Tpebyetcs
HarnsagHas OeMOHCTPaUUsa YMEHbLLEHHbIX KONWUIA geTanen, MeXaHn3MoB, NPOTe30B U T.M. [6].

Cawm npouecc 3D nevatn BkaovaeT B cebs HeCKonNbko atanos. CHa4vana ungposas 3D
Mofenb pasbrBaeTcs Ha CNon, KOTopble 3aTeM NpeobpasytoTcs B G-Kopf, MOHATHLIA NPUHTEPY.
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LHanee npuHTEp HaynHaeT co3paBaTb OOBLEKT CfOM 3a CNOEM, UCMOMb3YSA 3asiIoKEHHbIN
MaTepuan gnsa neyartu.

[Ona ycnewHon peanusaumn MCMNOb30BaHUS HeMpoceTel HeobXoauMo Yy4YuUTbiBaTb
cneunduKy KOHKPETHOrO MPUMEHEHUS, a TakXXe AOCTYNHOCTb OAHHbIX O UX OBy4eHus.
Ceityac Bce 6onblUe KoMNaHnin HaYmHatoT ncnonb3oBaTtb IV ansa co3pgaHna 3D mopenei.

Tak, komnaHusa Meshy cosgana pykoBogCcTBO AN HaunHatowmx rno 3D mogennposaHmio
Ha 6ase W, roe pna reHepaumn 3D-mopenen MCMNoONb3YKOTCA TEKCTOBbIE OMUCAHUA W
ns3obpaxeHna. lnatdopma no3eBonseT ObICTPO co34aBaTb MOTOBble K MCMONb30BAHWUIO
Modenu pgnsa  wurp, Bu3yanmsaumm W OOMOSIHEHHOW peanibHOCTW, C aBTOMaTU4eCKOWn
onTumMm3aumen noanroHanbHom cetku n UV-pasBEPTKON. STO 3HAUUTENBHO COKpaLLaeT BpemMs
paspaboTku — Hanpumep, co3gaHne MOAENN, KOTOpoe paHbLle 3aHUMAasNO HECKOSIbKO AHEN,
Tenepb MOXHO BbINOAHUTL 3a 10-15 MuHyT [7].

®yHkumsa Al Builder B Microsoft Power Platform no3sonsieT co3gasaTh 1 UCMNOb30BaTh
mogenu WM pna ontummsauum cBoux OU3HEC-MPOLIECCOB. BK/KYas asBToMaTU3auuio
06paboTKN JOKYMEHTOB, MPOrHO3NPOBaHME cnpoca N aHanu3 aaHHblxX. Xots Al Builder noka
He nopaepXuBaer npamMyro reHepauuto 3D-mopenen, OH MOXET UWHTErpupoBaTbCA C
BHewHUMKn cuctemamm CAIMNP n MN-nnatgopmamn Yepes API.

Boeing ncnonbsoBana texHonorun Autodesk npu co3gaHum aneMeHToB camonérta 787
Dreamliner - ¢ nomMoLbio reHepaTuBHOro gusanHa n 3D-ne4vatn Obliv NSrOTOBMAEHbI NErkne
TUTAHOBbIE AeTaIN. DTW PeLUeHUs MO3BOAWAN CHU3UTb Maccy KOHCTpyKuun Ha 20%, 41O
npuBesio K OSKOHOMUW TOM/MBA W COKPALEHUIO 3KCrsyaTauMoHHbIX pacxopos  [8].
[eHepaTuBHLIN gu3aH aHanusnpoBan U3NYecKne Harpysku, TeMnepaTypHble PEXUMbl U
TpeboBaHUs K NPOYHOCTU, Npegnaras ontTumMmasbHble (POPMbl, KOTOPbIE HEBO3MOXHO 6b1S10 Obl
npuaymaTb BPYYHYtO. [Mocne (prmHanbHOM NPOBEPKU MHXXEeHepaMy MOAENN OTrnpasnsinuCh B
NPOM3BOACTBO METOAOM afAMTUBHOW MedaTu, YTO TakXKe COKPaTUiO KOAMYECTBO 3TarnoB
cOopKwu.

Passutne Henpocetem B 3D MopgenupoBaHuM W gusaiHa OTKPbIBAeT HOBble
BO3MOXXHOCTW ANA TEXHONOrnm nponssopctea. CosgaHne mogenu gnsa nedatm CTaHOBUTCS
OOCTYMNHee, a crnegosaTeNibHO, U felleBfie 3a CYET MOBbILWEHNS TOBAPOB, NPOU3BEOEHHbIX
nogobHbIM obpasom: ¢ ucnonb3osaHnem UA. CnegyeT noHMMaTtb, YTO HEMPOCETb CAYXWUT
NMOMOLLHMKOM AN151 YeNOBEKa, YCUMBAIOLMM ero noTeHyman.
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OOy BO «PIAY-MCXA um. KA. Tummnpssesa»

Modern trends in the development of the IT industry are directly related to the need for
enterprises to adapt to the changing conditions of the digital environment. Technological
innovations such as artificial intelligence and blockchain are becoming critical factors for
ensuring business competitiveness and efficiency. Therefore, research on the impact of these
technologies on various aspects of enterprises' activities and the development of strategies
for their integration into the practice of business entities are becoming particularly relevant.
According to a number of researchers, it is artificial intelligence and cloud technologies that
determine the vector of development of the modern digital economy [1]. Their implementation
allows companies to adapt to rapidly changing market conditions and remain competitive [2].

Artificial intelligence (Al) is the ability of a computer to process huge amounts of
information and find patterns in them. Al works by mimicking human thinking. The learning
process allows Al to analyze, generate ideas, and predict events. With the help of Al,
enterprises in different fields of activity can solve different tasks: write texts, create
illustrations, process customer requests, etc. These technologies can help automate routine
activities in any company.
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In today's business environment, various artificial intelligence approaches are widely
used, such as machine learning, deep learning, evolutionary modeling, natural language
processing, and neural networks. Previously, Al tools were primarily accessible only to large
companies with sufficient resources for their development and implementation.

In the financial sector, Al is used for credit risk analysis, market trend forecasting, and
fraud detection [2]. In healthcare, intelligent algorithms are applied to medical image analysis
and clinical decision support [3]. In retail, Al contributes to offer personalization and supply
chain optimization.

Now let's talk about the application of economics and artificial intelligence, more
specifically, the connection and the consequences.

1. Al and the Labour Market:

The International Monetary Fund's report, “Gen-Al: Artificial Intelligence and the Future
of Work,” evaluates the worldwide implications of Al on employment, both at national and
regional levels. It highlights Al's capacity to transform the global economy, especially within
the labor market.

Approximately 40 percent of jobs worldwide are susceptible to Al advancements, with
developed nations facing both heightened risks and greater opportunities compared to
emerging and developing economies. The concentration of cognitive-task-oriented roles in
advanced economies places around 60 percent of their workforce at risk. Furthermore, the
report anticipates that Al will have a significant impact on income and wealth disparities,
predicting that its integration will boost overall income through enhanced productivity.

2. Al and Economic Forecasting:

Economists have historically faced challenges in making accurate economic forecasts,
but Al systems, which exhibit advanced capabilities in learning, reasoning, and problem-
solving, present a viable solution. The use of Al in predictive analysis may address existing
obstacles in economic forecasting, allowing economists to deliver more accurate predictions
and evaluate their implications for the economy.

3. Al in the Financial Industry:

In the financial sector, practices such as algorithmic trading, black-box trading, and
automated trading have gained prominence. These approaches utilize Al to analyze market
trends and investment tactics. Al's influence in the financial markets extends to making
informed decisions based on market fluctuations, central bank interest rate strategies, and
forecasting systemic risks, thereby playing a crucial role in preventing crises such as subprime
and financial collapses.
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4. Al to Prevent Loan Default:

Al plays a key role in the prevention of loan defaults by analyzing vast amounts of data
on defaulters from various banks. Its implementation in the financial sector enhances crisis
prevention and improves risk management.

5. Al for Economic Research:

Economic research involves the study of economic behavior and the analysis of data
on economic activities. Al has revolutionized this field by enabling researchers to quickly
process large amounts of data and provide accurate predictions and policy recommendations
efficiently.

The synergy of artificial intelligence (Al) and cloud technologies is a powerful
combination that opens up new horizons for business, science and everyday life. Here are a
few key aspects of this synergy. Cloud technologies provide access to powerful computing
resources and data warehouses, which allows the development and implementation of Al
solutions without having to invest in expensive equipment. This is especially important for
small and medium-sized enterprises that can use cloud platforms to launch their Al projects.

Although artificial intelligence holds significant promise, it is not free from biases that
reflect those found in human cognition. These biases in Al arise from the data, information,
and techniques employed in its processing and analysis. While it is feasible to manage these
biases, achieving total elimination is a complex task. Al is applied across various sectors, and
research into its economic applications is still in the early phases. Ideally, the societal effects
of Al should be more advantageous than harmful. By aligning research agendas with sound
policy decisions, we can promote inclusive and sustainable economic development.

Despite the obvious advantages, digital transformation is accompanied by a number of
risks, including threats to information security, data leaks, and a shortage of qualified IT
specialists [4]. Additional attention needs to be paid to ethical issues of using Al, such as the
transparency of algorithms and responsibility for automated solutions [3].

How the problem is solved (examples):

e Government programs to support the IT industry and education.
e An increase in budget places at universities in IT specialties.
Active corporate training and staff retraining.

The focus is on import substitution, which requires even more specialists.
According to expert assessments, over the next 5-10 years, the key directions of IT
development will include generative artificial intelligence, hybrid cloud architectures, and
intelligent digital platforms [5]. These technologies will contribute to the formation of new
business models and the acceleration of economic digital transformation. The process of
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digitalization of services improves their security, availability and functionality, and a complex
configuration is formed between the traditional properties of products and services and the
new “digital” ones. This confirms the relevance of studying the essence of services and the
characteristics of ongoing changes in order to identify trends and problems of digitalization
and form institutional conditions for the development of this area, taking into account the
influence of the digital transformation of the economy

Artificial intelligence and cloud technologies are the primary drivers of modern business
development. Their comprehensive implementation enables companies to improve efficiency,
flexibility, and resilience to external challenges. At the same time, successful digital
transformation requires a strategic approach, investment in human capital, and adherence to
information security and ethical principles [1]. Artificial intelligence and cloud technologies
have become essential tools for modern business development and digital transformation.

Today, more and more companies rely on these technologies in their daily operations,
which significantly changes traditional approaches to management, production, and service
delivery. As a result, organizations are able to respond more quickly to market changes,
improve overall efficiency, and make decisions based on data rather than intuition. The
analysis conducted in this study shows that the combined use of artificial intelligence and
cloud solutions helps businesses not only automate routine tasks but also improve strategic
planning, risk management, and customer interaction.

The joint use of artificial intelligence and cloud platforms plays a particularly important
role in the emergence of new business models. Cloud technologies provide flexible and
scalable computing resources, as well as convenient access to large volumes of data. At the
same time, artificial intelligence makes it possible to analyze this data, build forecasts, and
automate complex processes. As a result, advanced digital solutions are becoming available
not only to large corporations but also to small and medium-sized enterprises. This contributes
to stronger competition and faster technological development across various sectors of the
economy.

At the same time, it is important to emphasize that digital transformation is not limited
to the implementation of new technologies alone. Successful adoption of artificial intelligence
and cloud services requires a thoughtful and comprehensive approach. Companies must take
into account not only technical issues, but also organizational, human resource, legal, and
ethical factors. Investments in employee training, skill development, and digital competencies
are becoming just as important as investments in IT infrastructure. Without qualified specialists
and a supportive corporate culture, even the most advanced technologies may fail to deliver
the expected results.
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Special attention should also be paid to issues of information security, data protection,
and the responsible use of artificial intelligence. As businesses increasingly depend on cloud
services and intelligent systems, the risks of data breaches, algorithmic errors, and non-
transparent automated decisions also increase. Therefore, companies need to prioritize
cybersecurity measures, comply with legal requirements, and develop clear ethical guidelines
for the use of Al. This is essential for maintaining trust among customers, partners, and society
as a whole.

In conclusion, artificial intelligence and cloud technologies should be viewed not merely
as automation tools, but as strategic resources that determine the long-term sustainability and
competitiveness of businesses in the digital economy. Organizations that are able to
successfully combine technological innovation with effective management, workforce
development, and ethical responsibility will be better prepared to face future challenges and
fully benefit from digital transformation in the years ahead.
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Annomayua. B cmamve paccmompens: 603MoKHOCTIU NPUMEHEHUA Memo008 tcKyccmbenHoeo uHme1eKma 045
noBviuienua A exmubHoCmU MexHoA0UUeCKUX NPoyeccob 8 1ear10403H0-0yMaxHom npousboocmbe. Onucans: n100x00bl k
nocmpoeHut0 npeouKmubHsx mooesel Ha 0a3e OAHHBLX C NPOMBIUACHHBIX 0amuLKkob, Biatouas oyeHky kavecmba kapmona,
npoeHosupobarue usHoca 0bopydoBanus u onmumusayulo pacxoda 3Hepeopecypcol. Iloxasamo, umo ucnosv3oBarue
A0KAAbHBIX Bbiuucaenuti (edge computing) u aeexobecnvix ML-modeseii nosbossem peasusobams VHU-anarumuxy 0es
3ameHblL cyujecmbyrowett abmomamuxu.

KatoueBoie caoBa: uckyccmbennvil  umnmetexm, yeAa0403H0-0ymaxnoe npousbodocmbo, npeduxmubnas
anasumuxa, edge computing, OBEH, SCADA+, npedukmubroe obcayxubarue.

Abstract. The article considers the possibilities of using artificial intelligence methods to increase the efficiency of
technological processes in pulp and paper production. Approaches to building predictive models based on data from industrial
sensors are described, including assessing the quality of cardboard, predicting equipment wear and tear and optimizing energy
consumption. It is shown that the use of local computing (edge computing) and lightweight ML models allows you to
implement Al analytics without replacing existing automation.

Keywords: artificial intelligence, pulp and paper production, predictive analytics, edge computing, OWEN,
SCADA+, predictive maintenance.
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CoBpeMeHHble TEHOEHUUN LMppOoBU3aLmMn NPOMbILLIIEHHOCTU BCE Yalle BKJOYalT B
cebs He TONMbKO aBTOMaTU3auuio, HO U VHTENNEeKTyanu3aumo NpoueccoB — nepexoq oT
PEeaKTUBHOIO yrnpasfieHUs1 K NPeANKTUBHOMY. B Lenntono3Ho-6yMa)KHON MPOMBbILLIEHHOCTH,
rAe KayecTBO MPOAYKUUN  OnpefensieTcsi COBOKYMHOCTbIO COTEH MapameTpoB: OT
Temnepatypbl B BapoO4YHOM KOTMEe [0 HaTSXKEeHUA MOMoTHA Ha KanaHgpe, noTeHuuman
NCKYCCTBEHHOIO UWHTe/lekTa O0cobeHHO BbiCOK. OpHako BHepgpeHue VIM-pelueHuni
CTaNKNBaETCA C OOBEKTUBHLIMU OrPaHNYEHNAMU: BbICOKAS MHEPLUUNOHHOCTb TEXHOOMMYECKNX
LernoYek, XXECTkne TpeboBaHMSA K HAOEXHOCTU, a TakXKe HeoOXoaMMOCTb MHTerpauum c
ycTapeBLUen aBTOMATUKON, YacTo 3aKcnnyaTupyemon 6onee 15-20 net. B Takmx ycrnoBusix
Hanbonee MepcrneKTVBHbIM OKasblBaeTCs He obnadvHbln VIV, a nokasnbHbI, BCTpanBaeMbli
WHTENNEKT — ajropuTMbl, BbIMOSIHAEMbIE HEMOCPEACTBEHHO Ha YyposHe [UIK wnm
BCTpanBaemMoro UcrnosiHuTens, 6e3 3aBUCMMOCTN OT BHELLHNX CEPBEPOB.

KnioyeBoe npeuMyLLecTBO Takoro rnoaxopda — COBMECTMMOCTb C CYLLECTBYIOLLEN
NHppacTpykTypon. bonbwumHcTBo npegnpuaTuin LIBI y>xe ncnonb3ytoT MoaybHble CUCTEMBI
BBOAa-BbiBOAA (Hanpumep, OBEH MK110/MV110), gatynku pasneHus (Danfoss MBS 3000),
Temnepatypsbl (Pt100) n HaTsxxeHnsa (OBEH MNMOH-500), a Takxxe SCADA-cucTemsbl (B TOM Yucne
SCADA+). 9T KOMMOHEHTbI MrEHEPUPYIOT MOTOKN OAHHbIX, AOCTATO4YHblE OIS NMOCTPOEHUS
NPOCTbIX, HO 3(PPEKTMBHBIX MOoAeNe MalIMHHOIO 0By4YeHns. BaxkHo, 4To ana 6onblUMHCTBA
3afay — TakKnx Kak OLeHKa LLepOoXoBaToCTu MO AaBfEHNO B KanaHgpe 1in NporHo3npoBaHue
HapyLeHns nogayn Maccbl — He TpebylTcs HepoceT C MWIIMOHaMn MnapamMeTpos;
AOCTaTOYHO NIMHENHBIX PErpeccunt, AepeBbEB PELLEHNA NN METOA0B BAvXKanWwmnx cocenemn
(k-NN), peannayemMmbix Ha MUKPOKOHTPOJIIEPAX WAN BCTPaAMBAEMbIX WCMONHUTENSAX C
OrpaHNYEeHHbIMU Pecypcamu.

OpHon n3 Hanbonee BocTpeboOBaHHbIX 3afa4 ABMSETCH OLEHKa NevYaTHO-TEXHNYECKMX
CBOWCTB KapToHa B peasibHOM BpemMeHun. CornacHo TexXHONOrmyecknm TpeboBaHUAM,
rNagKoCTb MOBEPXHOCTU U LUEPOXOBATOCTb SABAATCA K/OYEBLIMU nNapamMeTpaMu Ans
hnekconevaTn. NMNpsaAMoe n3amepeHne aTux BeNNYMH BO3MOXHO TOJbKO B labopaTopumn nnn Ha
otbpnanH-cTeHAax, YTO CO3OAET 3aAEPXKKY B HECKOSbKO 4acoB. B To e Bpems, Kak
nokKasblBaeT MPakTuka, 3T CBOWCTBA KOPPEPYIOT C TEXHONOMMYECKUMM napamMeTpamu:
OaBfieHNeM Ha KanaHgpe, TeMnepaTypoil CYLIKU, CKOPOCTbIO MOMIOTHA U BAQXXHOCTLIO. Ha
OCHOBE 3TOW KOPPENSALUMMN MOXHO NMOCTPOUTb PErPECCUMOHHYIO MOAENb BUAA:

Y=ay+a,P+a,T +azv+a,w

roe Y — nporHosnpyemMas rnagkocTsb (C), P — naBneHue kanadgpa (kH), T—TemnepaTtypa
cywkn (°C), v — CKOpOCTb MOAOTHa (M/MUH), W — BRaxXHOCTb (%). KoadpuumeHTbl q;
onpegensatTca NO UCTOPUYECKUM AaHHbIM, COBpaHHbIM 3a rnepuog ctabunbHon paboThbl.
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O6y4eHre mogenn BO3MOXHO, Kak Ha MK (c nocnepgyowmm skcnoptom B popmate PMML
nnm ONNX), Tak n HenocpenctBeHHO B cpepne SCADA+ 4yepe3d BCTpPOeHHbIM Python-
nHTepnpeTartop (npu Hann4n SP-DEV-1 n mogyna SP-RTM-50 ¢ nogaep>XKon CKpunToB.).

Opyras sBaxkHas obnactb NMPUMEHeHUs — NPOrHO3npPOBaHNe OTKa3oB 06OpyAOBaHMS.
Hanpumep, Hacocsl, nogarowme 6yMa>kHyt0 Maccy, NogBEP XXEHbI KaBUTauum nNpu CHUXKEHUN
YpOBHS B 6ake nnam 3acopeHnn punibTpoB. DTO NPOSABASETCA B XapaKTEePHbIX U3MEHEHUAX:
pocT Bubpauuun (M3MepsieTca akcenepomeTpamn), kKonebaHus OaBfEHUS, CHUWXEHne
NPou3BOANTENBHOCTU. Ha ocHOBEe 3TUX NPU3HAKOB MOXXHO MOCTPOUTb OUMHApPHbIN
KnaccuukaTop (Hanprumep, MeTof, ONopHbIX BeKTopoB — SVM), npeaynpexxaaroLmn o pucke
kaBuTaumm 3a 5-10 MnHyT Ao aBapuun. BaxkHo, 4TO Takas Mopesnb He TpebyeT Buageokamep
NN JOPOroCTOAMX AATYNKOB — TOSbKO Y)KEe YCTaHOBJIEHHbIE aHanoroBble N ANCKPETHbIE
curHanbl.

TpeTbsa rpynna 3agad - onTumMusauus sHepronoTpebneHus. BymarogenartesnbHble
MawWWHbl NOTPEeONAIT 3HauYnTeNIbHble O6BEMBI Napa 1 ANEKTPo3aHeprun, Npudém go 15 %
SHeprun pacxopyetcss HeadEKTUBHO — U3-3a HEONTUMASIbHbIX PEXUMOB CYLWIKW WU
N36bITOYHOrO AasneHus B kanaHgpe. C nomobto M MOXKHO NOCTPOUTb MOAESb, KOTopas no
TEKYLWEMY KayecTBy MOMOTHA W 3anfiaHUpPOBaHHOMY COPTYy noabupaeT MUHUMAsbHO
OONYCTUMbIE 3HA4YeHUs OaBfieHUs, Temnepatypbl U CKOpoCcTW, obecnevyunBatome
COOTBETCTBME crneundukaumn. Takon noaxod CHWXKaeT yAenbHbl pacxopn aHeprun 6es
ywepba onsa kayecTtsa.

Ona  CHWXeHWs BbIMUCINTENBbHON Harpys3kyu MPUMEHSIOTCA MeToAbl CXatus Wu
KBaHTOBaHNA Mopenen. Hanpumep, p[epeBo peweHnin rnybuHon 8 p[Ona nporHosa
pacTuckneaHusa 3aHnmaeT meHee 10 Kb namaTtu n BeinonHseTcs 3a 3-5 Mc Ha npoueccope
ARM Cortex-M7, BcTpoeHHOM B SP-RTM-50. Heipocetn cBOOATCA K TPEXCAOWHbLIM
nepuentpoHam ¢ 16-32 HelpoHamMn Ha CKPbITOM Cfloe — 3TOro AOCTAaTOYHO [O/151 BbICOKOMN
TOYHOCTU NP OLEHKE BAAXXHOCTM MO TeMnepaType N CKOPOCTU CYLLKMN.

Ctpyktypa WNWN-cuctembl B LBIT cTtpoutca no npuHumny «edge-first»: paHHble C
OaTYNKOB — JIOKaJIbHbIN NpeaBapuTesibHbIN aHanus (hunbTpaums, HopManmsauus, geTekums
aHomanunn) — ML-BbIBOO, — KOpPPEKTUpylLwee BO3OENCTBME (M3BMEHEHME YCTaBOK) —
apxumenpoBaHne B SCADA. Tonbko arpernpoBaHHble METPUKN (OLWNOKN, TpeHapbl, COObITUS)
nepeparTCa Ha BEpPXHUA YPOBEHb [ AOJSIFOCPOYHOro aHanmnsa. Takas apxuTtektypa
MUHUMU3NPYET Harpy3Ky Ha CeTb U UCKJITKOYAET PUCKU, CBA3AHHbIE C MNOTEPEN CBA3N.

[Mpn 3TOM JaHHble He MOCTYMalT «Kak eCTb» — OHU MPOXOAAT MHOrOCTyrneH4aTylo
0bpaboTKy. Ha nepBoM aTane npousBoanTcsa (punbTpaums wyma: CKONb3sllee cpefHee C
OKHOM 5-10 cekyHA nogaBnsieT KpaTKOBPEMEHHbIE BUOpaunn 1 31eKTPOMarHUTHbIE MOMEXMN.

WWW.CYBERNAUKA.RU KUBEPHAYKA, Ne1/2025


https://creativecommons.org/licenses/by/4.0/deed.ru|

HOO «MpodeccrmoHanbHaa Hayka» ucnosbyet Creative Commons Attribution (CC BY 4.0): aMueH3uto Ha ony6aMKoOBaHHbIe MaTepuanbl -
https://creativecommons.org/licenses/by/4.0/deed.ru|

27

Ha BTOpOM 3Tane — HopManusauusi: Kaxablili napameTp npusogntcsa K gunanasony [0; 1] no

dhopmyne:
X = Xmin

Xuopm =
Xmax — Xmin

rAE Xmin N Xmax — NPEAENbl, 3aAaHHble TEXHONOMOM A8 AaHHOro copTa. Ha TpeTbem
aTane (popMUPYIOTCA UHXXEHEPHbIE NPU3HaKN: HanpuMep, He NPOCTO TemnepaTypa B 30He 2
CYLLKW, @ Pa3HOCTb TemnepaTyp Mexay 3oHamMmu 1 1 2, uim CKOpoCTb U3MEHEHNSI AaBEHNS B
Kanangpe (nepsas nponssogHas). VIMeHHo Takne npusHaky NoBbILWAaoT TOYHOCTb MOAENEN Ha
20-30 % no cpaBHEHNIO C «CbIPbIMU» OAHHBIMU.

Ona nnnocTtpauumn pasMeLleHnsa N3SMepUTesbHbIX YCTPONCTB Ha BymarogenartenbHomn
MawwnHe Ha PucyHke 1 npepcTtaBneHa cxema, NnokasbiBarowas TUMOBble TEXHONOrMYecKne
30HbI: (hbopmMoBaHne, 06e3BOXNBaHNE, CYLLKa, KanaHapuposaHnue N HamoTka. Kaxkaasi 3oHa
XapakTepusyeTcsi HabopoM MapamMeTpoB, BAVAIOWMX Ha Ka4eCTBO MOMOTHA — BIAXXHOCTb,
HaTshKeHne, Temnepartypa, AaBfieHue, LepoxoBaToCTb. [aTymKn, YyCTaHOBMEHHbIE B 3TUX
30Hax, obecneymBalOT MOTOK [AaHHbIX, OOCTATOYHbIN Ana noctpoeHus WA-mopenen 6e3
YCTaHOBKM JOMNOSIHUTESNIbHLIX CEHCOPOB. Hanpumep, B 30He (pOpMOBaHNS JAaTYUKN BIa>XKHOCTU
NO3BOSIAIOT NPOrHO3UPOBaThb MJIOTHOCTb MOJSIOTHA; B 30HE CYLUKN — ONTUMU3NPOBAaTb PacXof
napa; B 30He KanaHOpupoBaHUS — KOHTPOAMPOBATb [NagKOCTb MOBEPXHOCTU [ANs
nocnegyowen neyatn. Takasa CTPyKTypa No3BONsSeT peasn3oBaTb NPEOUKTUBHYIO aHaNUTUKY
6e3 3aMeHbl CyLecTByloLWero obopyaoBaHnsa — AOCTAaTOYHO MHTErpypoBaTh AaHHble C YXKe
YCTaHOBJIEHHbIX JATYMKOB B JIOKANbHbIN BbIYUCNTENbHbLIN Y3en.

DopMUpoBaHWe NonoTHa Cywka
C NOMOLUBK) NPECCOBAHMA OGessoxuBatie Ha HarpeTbIX UMNUHAPaX

Mexy CeTkami C MOMOLLI0 G MOMOLbIO

" 0TCACHIBAHWA NPECCOBAHNS MpogonsHas peaka,
(Y4aCTOK C BEpPXHE & KanasgpuposaHue
W HIDKHEH CeTKaMM) Ha CeTKax Ha BOWMOKe HAMOTKA

Mopaya marepuana macca 1M2 nonotHa 40-50 r/im?

LNA pacnpeaeneHus LWKPYHA nonoTHa 9m

BONOKHUCTON CYCNEH3NM CKOpOCTh 28 mic
NpPOWM3BOACTBEHHAA MOWHoCTe 190000 t/rog
Macca pynoHa Bymarn 60T

PI/IC)’HOK 1. Cxema 6ymaro,u,enaTean017| MaLlnHbl C YKa3aHneM TEXHOJI0OMM4HYEeCKNX 30H 1
TOYeK N3MEepPEHNA
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AP PeKTUBHOCTL pasnnyHbiX VIM-nogxoaoB 3aBUCUT OT Tuna 3agadm U OOCTYMHbIX
OaHHbIX. B Tabnuue 1 npuBegeHo cpaBHEHWE MEeTOOOB MO KPUTEPUAM MNPUMEHMMOCTU B
ycnosusax LIBIM.

Tabnuua 1
CpaBHeHne MeToAoB MaLUMHHOIO 00y4YeHus ana 3agad Lenono3HOo-0yMaXKHOro
npon3BoacTea
MeTon TpebyeMblii 06bEM BbluncnutenbHas TunuuHas sapava
OaHHbIX CNOXXHOCTb
NnHenHas Huskunin OueHKa rmagKkocTu No AaBneHnto
perpeccus (=100 3anucen) OteHb HaKas KanaHgpa
Depeso N
peows | soben ecaubuan Soare o
(CART) -
K-NN Bbicokuit 5 CpenHss MporHo3 BNa>xHOCTA MO
(=2000 sanucein) TemnepaTtype N CKOpoCcTu
SVM CpepHuin
(WHEMHbIiA) (=500 3anvceil) Huskas O6Hapy>xeHune KasuTaumm Hacoca
Hevpocers QueHb BbICOKNI KomnnekcHas oueHKa KayecTsa
(MLP, Bbicokas H
(=10 000) KapToHa
2 cnos)

Ba>kHbIM peLueHnemM sBnsieTcs BblIOOp Mexay nokanbHbiMK (edge) n obnadHbiMu (cloud)
BbluncneHnamMn. Edge-nopgxop npepgnonaraeT pasMeLlleHne Mopenn HenoCpeAcTBEHHO B
wkady ynpasneHnsa — Ha BcTpansaemoM ucnonHutene unu MJIK. Cloud-nogxopn — nepepady
OaHHbIX Ha cepBep 1 06paboTKy B LeHTpann3osaHHoM cucteme. Oba BapuaHTa UMerT CBOU
npenmMyLLecTBa 1 orpaHN4eHnNs, KoTopble npueeneHsl B Tabnvue 2.

Tabnuua 2
CpasHeHue edge 1 cloud nogxonos K BHeapeHuto N1 B NPpOMbILLIIEHHOCTN

KpuTtepui Edge-Bbluncnexus Cloud-Bbluncnenus
3afep>XKa NpUHATUA peLleHns 5-50 mc 300-2000 mc
3aBNCMOCTb OT CETU HeT (paboTaeT aBTOHOMHO) Ha (Tpe6yT::aJC1)Ta6M”beM

O61béM nepefaBaeMbiX AaHHbIX

Tonbko cobbITns 1 arperarbl

Bce «cbipble» curHanel (F6/4ac)

TpeboBaHus K 060pyLOBaHNIO

BcTpavsBaembii ncnonHUTens

CepBep/knactep, o6nayHbIN

(SP-RTM-50) aKKayHT
Bblcokasi (oaHHble He NoKNaarT
BesonacHocTb gaHHbIX MpeanpusiTYe) TpebyeT WwndposaHus n aygnta

LleHTpannsoBaHHbIN JOCTYN KO
BCEM JINHMAM
Bbicokas (DevOps, KOHTENHEPSI,
API)

MacLtabrnpyemocTb OpavH y3en Ha y4acToK

Hu3kasn (06HoBNEHNE Yepes

CnoXxHocTb 06CnyXmBaHns SCADA)

OKoHOMUYecKui achbdeKT oT BHegpeHna V-aHanuTnkn cknagplBaeTcs N3 HECKONbKUX
KOMMOHEHTOB, TakMX KakK CHWXeHne Opaka, yBeMYeHne MEeXPEMOHTHOro rnepuoaa,
9KOHOMUSA 3HepropecypcoB. [axe npocTtad Mopgenb, CHuKawwaa pgonto 6paka Ha 1 %,

WWW.CYBERNAUKA.RU KUBEPHAYKA, Ne1/2025


https://creativecommons.org/licenses/by/4.0/deed.ru|

HOO «MpodeccrmoHanbHaa Hayka» ucnosbyet Creative Commons Attribution (CC BY 4.0): aMueH3uto Ha ony6aMKoOBaHHbIe MaTepuanbl -
https://creativecommons.org/licenses/by/4.0/deed.ru|

29

oKynaeTcsa 3a 4-6 mecsaues npu rogosoM Beinycke 20 000 T kapToHa. lNepexop K Gonee
CNOXHbIM MOAENsAM onpasAaH TOSIbKO MPU Hann4yMm YCTOMYMBOrO MOTOKa pPa3MeyveHHbIX
OaHHbIX 1 YéTkoro ROI.

VICKYCCTBEHHbIN NHTENNEKT B LEIO03HO-0YMaXKHON MPOMBILLIEHHOCTN — 3TO He
«bonblWne p[aHHble» U «rnybokue HenpoceTu», a payuoHanbHOE WCMONb30BaHME YXXe
nmMetroencs nHpopmMaumm onsa noBblWEeHNs cTabuibHOCTU U NPeAcKasyemMoCcTy NpoLecCcoB.
JloKanbHble, nerkoBecHble MOAEenu, WHTErpupoBaHHble B CYLLECTBYIOLLYIO aBTOMaTUKY,
NO3BONAT OOCTUYL OWyTUMOro addekta 6e3 KanuTasbHbIX BAOXKEHUA — YTO OCOBEHHO
Ba>XHO B YCNOBUAX OrpaHNYeHHbIX pecypcoB. byayuiee 3a rubpngHbiMyu apxXutekTypamu, rae
YesioBeK 3a0aéT uenu, aBToMmatuka obecrneynmBaeT ucnonHeHne, a NI — obpatHyto cBsA3b U
aganTauuio.
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Y[IK 658.8

KoHoBasnosa B.K., HeuaeBa B.B. HoBble TexHONorum B puteunne:
ucnosb3oBaHne 6onblunx aaHHbiXx 1 N gna ynydweHust cepBuca

New technologies in retail: using big data and Al to improve service

KonoBanosa Bepa KoHCTaHTUMHOBHA,

acCcuUCTeHT kadeapbl MEHEO)KMEHTA 1 NpaBsa,

CaHkT-leTepbyprckuin rocygapCTBEHHbIN YHUBEPCUTET NPOMbILLIIEHHBIX TEXHOMNOMMIA 1 An3anHa.
Bbiclwias WwKona TeXHONorn 1 SHepPreTukn

Heuaera Banepus BeHnaMmmHOBHA,

CTYAeHT Kadeapbl 3KOHOMUKM U OpraHM3auuy Npon3BoacTBa,
CaHkT-leTepbyprckuii rocynapcTBEHHbIM YHUBEPCUTET

NPOMBbILLIEHHBIX TEXHOMNOMMIA 1 An3ariHa. Beiclias WwKona TEXHONOorniA U SHEPreTUKn
Konovalova Vera Konstantinovna,

Assistant at the Department of Management and Law,

Saint Petersburg State University of Industrial Technologies and Design,

School of Technology and Energy

Nechaeva Valeria Veniaminovna,

Student of the Department of Economics and Production Organization,

Saint Petersburg State University of Industrial Technologies and Design,

School of Technology and Energy

Annomayua. Cmamwa uccaedyem HeodxXooumocms BHedpenus uckyccmbennoeo unmesrexma (VM) u borvuiux
Oannwix (Big Data) 8 pumeiise 045 coxpaneHus KOHKYpeHmMocnocoOHoCcmu. AHAAUSUPYEMCS poc PoiHKa, NpaKmudeckue
3a0auu (om nepcoHasusayuu 00 ynpabienus sanacamu) u kaouebvie dapvepsl, Brarwuas HU3KYI Yugpobyio spesocms u
depuyum xadpoB. Taxoke paccmampubaiomes nepchnekmubuvie mpends: (MM-accucmenmst, ymHble Maeasumvl) U
hopmyaupyemcs kKomnaekcHblil 00x00 K ycnewiHoil yugppoBoti mpancpopmayuu busreca.

KaroueBoie caoBa: ucxyccmBennviii  unmessexm, Ooavuiue Oannvie (Big Data), pumetia, yugpobas
Mpancopmayus, posHUUHAA MOpeoBAs, NepCOHAAUSAYUS, NPOSHOSHAA AHAAUMUKA, OuHAMUYecKoe yeHoobpasobanie,
ynpabaenue 3anacamu, yugpobas 3pesocms, Oecpuyum kadpob, KommvlomepHoe 3peHue, Oecuiobubiil onvim, MHU-
ACCUCIIEHNTBL.

Abstract. The article examines the necessity of implementing artificial intelligence (Al) and big data in retail to
maintain competitiveness. It analyzes market growth, practical applications (from personalization to inventory management),
and key barriers, including low digital maturity and a skills gap. Prospective trends (Al assistants, smart stores) are also
explored, and a comprehensive approach to successful business digital transformation is outlined.

Keywords: artificial intelligence, big data, retail, digital transformation, personalized marketing, predictive
analytics, dynamic pricing, inventory management, digital maturity, skills gap, computer vision, seamless customer
experience, Al assistants.

PeueHseHT: MapTexa Anekcangp Hukonaesud — KaHanaaT TEXHUHECKNX HAyK, OOLEHT.
OIrBOY BO «PIFAY-MCXA um. KA. Tummnpsisesa»
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B 2025 rogy po3HMYHas TOProeas NepexxusaeT nepuon pagukasnbHblX nepemeH. 13-
3a 3BOMIIOUMN MNPUBbIMEK MNOTPebuTenen, >ECTKON KOHKYpPeHUUn B e-commerce u
HeCcTabusIbHOCTU NOMMCTUYECKNX LIENMOYEK WCKYCCTBEHHBIN WHTENNEKT npeBpallaeTca n3
onumn B obsA3aTeNlbHbIN (akTop ONA YAEpPXaHus nnaoepctBa Ha pbiHKe. TeHaeHUWU
NOATBEPXXAAIOT 9TO: MO OLUEHKaM accounaumm, poccumnckum peiHok Big Data n IV gocTturHer
520 mnppg pybnen k kKoHuy 2025 roga ¢ exerogHbiM npupoctoM B 20%. Takon nogbem
obecneynBaloT rocygapcTBeHHas noanepiKka, Kypc Ha MMrnopTo3aMeLLeHne 1 pacLumpeHme
o6nayHbIX NNaTopM, KOTopble 3aKnaapiBalT PyHAAMEHT A1 LUMPOKOrO pacnpoCcTpaHeHNs
TexHonornn. [onrocpoyHas guHamMmka pocTa MUPOBOIO PblHKA, Kak MokasbiBaeT MNpPOrHos3
(pncyHoK 1), nogTBEPXAAeT YCTONYNMBOCTb N MacLliTabd aToro TpeHaa, KOTopbI POCCUNCKNI
PbIHOK B NOJIHON MEPE NOBTOPSET U AaXKe YCUANBAET 3a CHET BHYTPEHHUX (pakTopos.. [1]
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[ O6was seipyuka (Big Data u M), mnpa. ponnapoe

PucyHok 1. TporHo3s pocTa pbiHka Big Datan VI, ocHoBaHHbIN Ha Bbipy4Ke ¢ 2025 oo 2035
r.r. (B MSIH. 4ONNApOB)

AHann3 nokasblBaeT, YTO PbIHOK HE MPOCTO pPacTeT, a YCKOPSETCH, nepexoas oT
JINHENHOIO POCTa K 3KCMOHEHLUManbHOMY B Neprog, akTUBHOMO BHEAPEHUS.

Mockonbky unpoBu3auna MNO3BONASET YCUINTb KOHKYPEHTHOE MNPENMYLLECTBO,
YKpPennTb CNOCOBHOCTb OnMepaTuBHO pearmpoBaTb Ha BbI3OBbl PblHKA W pPacLUMpUTb
BO3MO>XHOCTM YOOBNETBOPATb OXUAAHUSA NoTpebuTtenen. bBpeHabl, KOTopble NHTErPUPYIOT
NW-pelwweHns, nonyyatoT npeumyLLecTso B 6opbbe 3a knneHTa, onTumMmsaummn onepavun um
NOBbILWEHNN 3P PEKTUBHOCTM BusHeca. Linposble aHaNnMTUYECKME NHCTPYMEHTBI MOMOratoT
peTennepam npuBAekaTb MNOKynaTenen, NoBbllaTb UX NOANbHOCTb, OUeHMBaTb OU3HEC-
nokasaresnu, ONTUMN3NPOBaTb 6n3Hec-NpoLecchl, NPUHUMATL ahPeKTUBHbIE
ynpaBfieHYEeCKNE PELLEHNS M YCMELLHO CONEPHMYaTb Ha pbIHKE. [2]
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OpHOM 13 KNK4YEBBLIX TEXHONOrMN UndpoBon TpaHchopMaumn SBRSETCA pasBuTne U
NPUMEHeHne NCKycCcTBeHHOro uHtennekra (M), kotopbin™ BkOHaeT B cebs cospaHve u
ncnonb3oBaHne BUPTYasibHbIX MOMOLLHMKOB, aHanm3 60fblnx OOBbEMOB AaHHbIX,
pacnosHaBaHWe vl U ronioca, pas3paboTKy poO6OTOTEXHMKM, ONTUMKU3auUmlo OusHec-
NPOLECCOB, WHHOBAUWOHHbIE pPeKNaMHble TEXHONOrMnW, a Takxe npepocTaBieHne
NepCoHaNN3NpPOBaHHbIX PEKOMEHOALMN.

3ameHeHne noTpebutenbCKux Mofenen, pocT e-commerce n HeobXxoanMoCTb
ObICTpON aganTaunn K cnpocy genatT ncnonb3osaHne VI n Big Data (bonblune aaHHble) B
puTeine npakTndeckn obasatenibHbiM. COBPEMEHHbIE TEXHOMOMMY NO3BONAIOT (POPMUPOBaTL
60s1ee TOYHbIE NPOrHO3bl, BbICTPanBaTb NEPCOHAaSIbHbIE KOMMYHUKaUUN U ONTUMN3NPOBAaTb
npoueccbl — OT NIOMMCTUKN OO BblKNagKy TOBapoOB Ha nosnkax. Ecnv paHee aHanutmka
npUMeHsanack NOCT(aKTyM, TO CErogHA OHa UHTErpupoBaHa B €XXefHEBHbIE OnepaunoHHbIe
peLeHns. 3TO NO3BONAET BU3HeECY ObICTpee pearnpoBaTb Ha USMEHEHUS, CHMXKATb N3AEPXKKU
N yny4waTtb KIMEHTCKNIA onbIT. [3]

[MpakTnyeckoe NPUMEHEHNE CUCTEM UCKYCCTBEHHOIO MHTENEKTa N BOAbLUNX AaHHbIX
pacnpoCTpaHAeTCss Ha BeCb UMK OBCNYyXXMBaHUA KMEHTa: OT MepBOoro obpalleHus [o
NOCNENPOAAXKHOro CONPOBOXAEHNA. BblMucnnTenbHble MOAeNN U3y4arT [AencTBUS
nokynatenen, cospatoT tailored-oddepbl, onpenensoT HeobxoanMblil OO6BLEM TOBAPHbIX
OCTaTKOB U NPOrHO3MPYIOT Neprobl MaKCMasibHON 3arpy3Ky TOProBbiX OO bEKTOB.

B nornctnyeckoMm 6510Ke TEXHONMOMMYECKUN WHCTPYMeHTapui nomoraeTt usberatb
YpEe3MEPHbIX MOCTaBOK, CBOEBPEMEHHO (UKCUMPOBaTb HEXBATKYy MPOOayKuunm un rubko
pacnpenensaTb ToBapbl MeXAy cKnagamn n marasnHamn. B ToproBom 3asne 3To NposiBisieTcs
B UCMNONb30BaHWM aBTOMaTU3NPOBAHHOW KOPPEKTMPOBKM LEH, aHanu3e Hasurauum
noceTuTenen, CUCTeM BUOEOHAONOOEHUA C aHaUTUYECKUMU (YHKUUSMU U KOHTpOne
CTaHOapToB ob6CcnyXusaHus. [4]

AHann3 OrpoMHbIX MacCCUBOB CTPYKTYPUPOBAHHON W  HECTPYKTYPUPOBaHHON
NHpopMaLMM MO3BOJSISIET pellaTb KOMMJIEKCHble Ou3Hec-3adayn, KOoTopble paHblue
TpeboBann 3HaYUTENbHbLIX BPEMEHHbIX 3aTpaT UM BOBCE OCTaBanMCb 6e3 TOYHOro OTBeTa.
PaccmoTpum Kio4eBble 3afa4n, KOTOPbIE PUTEN YCNELLHO peLlaeT C NOMOLLBIO TEXHOOMI
Big Data n .

1. lMnaHupoBaHne 3(PPEeKTUBHBIX MAPKETUHIOBbIX aKLUN.
Ha ocHoBe TOYHOro nopTpeTa NoKynaTensa u aHanmsa UCTOPUYECKMX AaHHbIX O peakumn Ha
npownble KamnaHum cuctembl Big Data nomoratoT cnnaHupoBaTb akuuu, KOTOpble
OEeNCTBUTENBHO 3aUHTEPECYIOT KIIMEHTOB.

2. [MporHosnpoBaHne NpoaaXk Ha pasfnyHble Neprnoasl.
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CoBpeMeHHble aHannTU4ecKne cnctemMol Ha ocHoBe Big Data yuntbiBaloT COTHU (DaKTOPOB: He
TOJIBKO MCTOPUYECKME MPOoJaxKn U CEe30HHOCTb, HO M MakKpO3SKOHOMUYECKME nokasaTtenu,
NPOrHO3 Norofpl, KaneHaapb MeEPONPUATU B PEMMOHE U aKTUBHOCTb B COLManbHbIX Meama.
3. 'PpamoTHOe LeHoobpasoBaHme N ouHaMn4yecKoe LieHoobpasoBaHue.
Big Data paeT BO3MOXHOCTb MNepenT OT CTaTUYHOrO LIeHOOOpas3oBaHUS K MMOKOMY WU
aganTUBHOMY.
4, YnpaBfeHne CKnagcknmMm octatkamu n pabota ¢ HeNMKBugamu.
Big Data-cnctembl, MHTErpupoBaHHble C AaHHbIMW O MPOoAaXkax, NOCTaBKax U ABUKEHUU
TOoBapa B TOProBOM 3ase, MoMOoratoT ONTUMU3NPOBaTbL TOBApPHbIE OCTaTKW.
5. BbisiBNeHne To4eK OTTOKa KJIMEHTOB.
AHanusnpys nosefeHve rnosib3oBaTeniel Ha canTe, B NPUIOXKEHUN WM OaHHble O YeKe B
MarasuHe, cuctembl Big Data nomoratoT onpepenntb, HA KaKOM UMEHHO 3Tare BOPOHKMU
NPOAaXK KOMMNaHMs Yalle BCEero TepseT NoTeHUManbHoro nokynarens. [5]

MccneposaHmne Ha hh.ru BbISBUO, YTO TEXHONOMMYECKUIA NOTEHUMAN NOKa peannayoT
Wb egnHnLbl. CneumannucTbl U3YYnav SaHHbIE 3a NPOLUbIA FOL 1 OMPOCUN PpyKOBOANTENEN
N3 pasnnyHbIX oTpacnen, 4YTobbl OLEHUTb FOTOBHOCTbL OM3Heca K LpoBon TpaHcghopmMauun.
OcHOBHOe BHUMaHVEe ygenunu uudpoBOM 3PEesioCTU KOMMaHUA U YPOBHK LUPPOBLIX
KOMMETEHUNIA MNepcoHana, BKoYaa HaeblkKm paboTbl ¢ reHepatuBHbiM WA, CornacHo
pesynbtatam, Bcero 11% MeHepKepoB nonarawT, YTO WX OTAEeNbl OOCTUrN BbICOKOro
YPOBHS LM(PPOBON 3peNoCTN — KOrga OCHOBHbIE MPOLECCHI Y>XKe MOSIHOCTbIO NePEeCTPOEHbI C
NOMOLLbIO  LUMPOBLIX WUHCTPYMEHTOB. [MpumepHO nonoBuHa (44%) XxapakTepusyet
UMpPOoBN3aLMIO Kak CPedHIo: OHa CBOAUTCA K aBTOMatusaumn oTaesfibHbIX onepaunin 6e3
KOMMJIEKCHbIX U3MEHEHUI.

[pyrasa 4acTb OMpOLUEHHbIX OTMeTWNa oTcTaBaHue: 36% KOMNaHui 3aHMMarTCs
pPasoBbIMY NMPOEKTaMN 1 NepeHnMatoT Yy>xue nogxodpl, a 9% BOOOLLE HE CHUTAIOT HY>KHbIM
BHeOPSATb LMPPOBbIE PELLEHNS.

He wMeHee 3Ha4MMbiM (akTOpOM CTaaM UNPPOBblE HaBblKM  COTPYOHUKOB.
PykoBogutensm 3aganv BONpoOC O FOTOBHOCTM KOMaHZ, K MCMoJSIb30BaHUIO reHepatsHoro UK.
OueHKN NoNyYNINCb OCTOPOXKHBIMU:

. awb 3% oTMeTunn, 4To NX PaboTHMKU CNOCOBHbI caMy NpegnaraTb naen no
nHTerpaumn NN B paboune 3apayn;

. 19% yBepeHbl, YTO COTPYOHUKM XOTS Obl MOHMMaOT 6a3oBble YyHKLUUN
reHepatunsHoro NI,

. 42% ykasanu, 4YTO NepcoHan Crbiwan O TEXHOMIOMMU, HO He NMPUMEHAN ee Ha
npakTnke B BU3Hece;

. 32% npusHanu, 4TO B UX OpraHm3aunsax COTPYAHMKU BOOOLLE He 3HaKOMbl C

reHepaTtnBHbiM V. [6]
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OTN [aHHble HanpsMyro MNEepeKknKarTCa C  KaYeBbiMM Gapbepamn, KOoTopble
coepXuBalroT passutne pbiHka W B Poccun, - geuumt KBanuduumpoBaHHbIX Kaapos,
OCOBEeHHO B 00M1acT MalMHHOINO O0OyYeHUusi, N HeXXenaHue KOHcepBaTUBHOro Ou3Heca
NHBECTNPOBATb B TEXHOSIOMMN N3-3a2 HEMOHUMaHNA UX BO3MOXXHOCTEN [7]. Takum obpasom,
npobnema 3aknoyaeTcs He TOIbKO B OCO3HaHWM HeOOXOAMMOCTM NMepeMeH, HO U B OCTPOWN
HexBaTKe BHYTPEHHUX PECYPCOB A1 X peann3auunu.

[MpeoponeHne onucaHHbIX OapbepoB - Aeuunta KagpoB W KOHcepBatM3ma -
BO3MOXHO Yepe3 BHeOpeHMe HOBbIX TEXHOMOrMMA, KOTOpPblE HE MPOCTO aBTOMaTU3NPYHOT
PYTVHY, @ KOPEeHHbIM 006pa3oM MEeHSIIOT caMy MOfAesflb B3aMOLENCTBUS C MOKynaTesem.
Mpagywme  TpeHObl B puTene  HanpaefieHbl Ha  CO30aHne  aBTOHOMHbIX,
CBEPXMNepPCOHanM3NpPoBaHHbIX 1 6ECLUOBHbBIX NPOLLECCOB. DTN MHHOBAaLMM MOKa3blBaOT, Kak
NN MmoXXeT KoMMeHcnpoBaTb HEXBATKY YellOBEYECKUX PECYPCOB M CO3aAaTb NMPUHUMNNANBHO
HOBbI YPOBEHbL cepBuca.

1. ACCUCTEHTbI MO NOKYMNKaM C UCKYCCTBEHHbIM UHTENNIEKTOM: OT 60TOB K L(POBbLIM
KOHCYJIbTaHTaMm.

TpagnumnoHHble 4aT-60Tbl, pearnpyowme Ha 3anpochkl NO CKPUMTY, YCTynakT MeCcTo
NHTEeNNeKTyaslbHbIM areHTam. 9T cuctembl Ha 6ase N gelcTBYHOT Kak MOJSIHOLEHHbIE
undpoBble COTPYAHUKN nepBor AnHUKM. OHM He NMPOCTO OTBEYalT Ha BOMPOCHI, a BedyT
onanor, rnyboko MOHUMas KOHTEKCT U Uenn nokynaTtens. Takol acCCUCTEHT CcrnocobeH
CaMOCTOATENBHO NoJobpaTb ToBap MO CHOXHbIM KPUTEPUSAM, CPaBHUTbL aHanoru, gatb
JeTanbHYI0 KOHCY/bTauMio MO XapakTepucTukam u ogOopMUTb MOKYMNKYy, COMpoBOXAas
KJIMEHTA Ha BCEM NyTU — OT MEPBOro MHTepeca A0 NOCTNPOLAXKHOro 0b6CnyXnusaHus. 9To
nepeBOaUT MNepcoHanM3aumio C YPOBHS «PeKoOMeHAauun» Ha YPOBEHb «MepCOHaIbHOro
wonnepa» [8].

2. KomnbloTepHOe 3peHMe U©  «yMHble» MarasvHbl:  aBTOMaTU3NPOBaHHbIN
MepYaHOaN3SnHT.

dunsnyeckne MarasuHbl TPaAHCHOPMUPYIOTCA B «yMHble» MPOCTpaHcTBa 6narogaps
NHTEerpaumm KOMMbIOTEPHOro 3peHnst U nHTepHeta Bewen (loT). CeTn Kamep M AaTYMKOB,
ynpaensiemble anroputMamu W, B peanbHOM BPEMEHU aHanM3upyrT OOCTaHOBKY B
TOProBom 3asne. KnoyeBoe NpuUMeEHeHne - aBToMaTU4eCKUA MOHUTOPUHI NosioK. Cuctema,
nogobHas HeyCbINHOMY KOHTPOJSIEPY, MFHOBEHHO Pacno3HaeT MyCcTble MeCcTa, HapyLlleHWus
BblKNagkn (HECOOTBETCTBUE MaHOrpPammMme), nepenyTaHHble LEHHUKU WU HU3KUA OCTaToOK
ToBapa. DTO MO3BOJISIET HE NPOCTO ONepaTUBHO MOMOJIHATL 3anachkl, HO N aBTOMaTUYECKN
ONTUMN3NPOBATb JIOTUCTUKY U  MepYaHOam3uHr, CYLIEeCTBEHHO CHWKasa BUSHWE
YesloBeYeCcKoro haktopa 1 NoTepun OT HepauNoOHaNIbHON BbIKIAOKW.

3. becloBHbIN OMnbIT: OT Kaccbl K ¢opmaty «npocto ymam» (Just Walk Out)
KynbMuHaupen umdpposusaumm (pusn4eckoro puteinna CTaHOBUTCA co3faHne abCcontoTHO
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6eCLUOBHOIO KIIMEHTCKOrO ONbITa, FAe Npouecc onatbl CTAaHOBUTCS HEBUOUMbIM. TEXHONOMMN
Kaccup-necc (cashier-less), nMoHepom KoTopbix ctan Amazon Go, HabupalT ob6opoThl. B
Takux marasmHax nokynartesib NPOCTO BXOOUT, 6EPET HY)XHble ToBapbl U yxoauT. CucTtema,
06beanHALWAss KOMMNbIOTEPHOE 3PeHne, OaTYMKM Ha MNOSKax W CNoXHble Al-anroputMmel,
aBTOMaTUYECKN UAEHTUDUUMPYET KaxKAbl B3ATbIN U BO3BPALLEHHbIN Ha MeCTO TOoBap,
dhopMnpysa rHanNbHbIA YeK U CNUCbIBaA CPeacTsBa C NPUBA3AHHONO akKayHTa. dTOT TpeH[,
KapAnHasnbHO CoKpalliaeT oyepenn, MUHUMU3NPYET HEOOXOOUMOCTb B Kaccupax u co3faér
NPUHLUMNWANBHO HOBbLIN CTaHAApPT yaobcTBa, CTMpas rpaHuubl Mexxay OHAamH- 1 odnanH-
nokynkowu [9].

Putenn 2025 roga okasblBaeTca B NapagokcanbHON, HO onpepensiowen cutyaumn. C
OAHOWN CTOPOHbI, TEXHONOMMYECKNA UMMNepPaTUB NpPenenbHO ACEH: UCKYCCTBEHHbIN UHTENNEKT
n 6onbluMe AaHHble Mepewn n3 paspsga KOHKYPEHTHbIX MPEVMMYLLECTB B KaTeropuro
obA3aTeNibHbIX YCNOBUN O1s1 BbbDKMBaHUA OusHeca. C Opyron CTOPOHbI, Kak rnokasbiBaeT
nccnepoBaHne, Mexay 3TuMm 6e3rpaHNyHbIM TEXHONOMMYECKUM NOTEHLMANOM N PEaSIbHOCTLIO
6onbWNHCTBA KOMMNAHUN NexXnT rnybokas nponactb. OCHOBHbLIM 6apbePOM CTAHOBUTCS YXKe
He JOCTYN K CaMnM TEXHOJIOMMAM, KOTOPbIE NOAAEPXKMBAKTCA rOCYyAapCTBOM N pasBMBalOTCS
Ha NoKasnbHbIX 06NaYHbIX NnaTtdopmMax, a KpUTUYeCKNin AeuunT BHYTPEHHEN FTOTOBHOCTU -
HefOCTaTOK LM(PPOBOM 3penocT NPOLECCOB, YNPaBAeHYeCKOro BUAEHUA N, YTO OCOBEHHO
Ba)XXHO, KBaMMUUNPOBAHHbBIX KagpoB, CMOCOOHbIX 3TU TEXHONOrMM BHEOPSATb U
ncnonb3oBaThb.

KnioyeBon BOMPOC ANs puTeinia CMeLLaeTca C «4YTO BHegpATb?» Ha «Kak
TpaHchopMupoBaTbCa?». [lepCnekTUBHbIE TPEHObl - WHTESIEKTyaslbHble aCCUCTEHTHI,
«yYMHble» MarasvHbl 1 6eCLIOBHbIA ONbIT - YKasbiBAKOT NyTb: Oyayllee 3a aBTOHOMHbIMU,
rMOKUMN CUCTEMaMN, KOTOPbIE KOMMEHCUPYIOT HEXBATKY YEeNOBEYECKNX PEeCypCOB 3a CHET
NHTEeNNIeKTa anroputMoB. Ycrex B HOBOW peanbHOCTW OyaeT onpefensitbCA He CTOJIbKO
pasMepoM MHBECTUUMA B COMT, CKOJIbKO CMOCOOHOCTbIO KOMMaHUM K OOHOBPEMEHHOMN
TpaHchopMaumm Ha TPEX YPOBHAX: BHEOPEHUID KOHKPETHbIX WI-pelwieHuin, maclutabHomy
PasBUTUIO LUMPPOBLIX KOMMETEHUUA KOMaHAbl U (POPMUPOBAHUIO KyNbTypbl, B KOTOPOWN
peLleHnst NPYHMMAKTCA Ha OCHOBE AaHHbIX, a HE MHTYULNN.
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KUBEPOKOHOMUWKA N 9KOHOMWKA NAHHbIX

YK 377

LLlaBenkoBa B.B. 9koHoMunyeckasa ap(peKTMBHOCTb akcenepaumOHHbIX
mopgenen STEM-ob6pasoBanus: lNpeogoneHue kagposoro gedpuuura 4yepes
UHTeHcndukaumio obyveHus 3D-nNpoeKTMpoBaHnio

Economic Efficiency of Accelerated STEM Education Models: Mitigating Workforce
Shortages through Intensified 3D Design Training
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Annomayua B cmamve uccaedyemcs npobaema pacmyujeeo paspuiba mexoy cnpocom BbicoKomexHoA0UUHbLX
CexmopoB SKOHOMUKU HA UHIKEHEePHble KAOPbL U MmeMnamu ux nodeomobku. A6mop npediaeaem koHyenyuw0 «uHmeHcubHo2o
STEM-obyuenus», ocnobannyio Ha abmopckoi memoouxe yckopentoeo ocboenus 3D-npoexmupobanus. IlpoBeden anarus
Bausmus ckopocmu nodeomoBku cneyuasucmod Ha maxposkonomudeckue noxasamesu u ROI wacmmuix xomnanuil.
Hoxasano, umo cokpaujenue obpasoBamenvnoeo yuxia Abasemcsa ka04ebbiM Pakmopom CHUNKEHUA AAbMEPHAUBHbIX
usdepixex 6 ycaoBuax uembepmon npoMwluAeHHOU peBoAOYUU.

Katouebvre caoBa: STEM, 3D-npoexmupoBanue, uesofeueckuil kanuman, skoHomuka obpasobanus, Vnoycmpus
4.0, xpubas obyuerus.

Abstract This article examines the widening gap between the escalating demand for engineering talent in high-tech
economic sectors and the current pace of professional preparation. The author introduces the concept of "Intensive STEM
Learning," underpinned by a proprietary methodology for the accelerated mastery of 3D design and engineering. The study
analyzes the impact of workforce readiness speed on macroeconomic indicators and the Return on Investment (ROI) for private
enterprises. It is demonstrated that compressing the educational cycle serves as a critical factor in reducing opportunity costs
within the context of the Fourth Industrial Revolution.

Keywords: STEM, 3D Design, Human Capital, Economics of Education, Industry 4.0, Learning Curve.

PeueH3eHT: MapTexa Anekcangp Hukonaesud — KaHOnOaT TEXHUYECKNX HAYK, OOLEHT.
OIreQY BO «PFAY-MCXA nm. KA. Tummnpsisesa»

1. BBepeHune

B ycnosusx rnobansHon ungposnaumm n nepexopa K MHgyctpum 4.0 (Industry 4.0),
NHXXEHEepHOoe MPOEKTUPOBaHNe cTano yHAaMeHTOM MPOn3BOACTBEHHOM ueno4vkn. OgHako
TPaguUMOHHbIE aKagemMunyeckne LUMKIbl NoAroToBKN (4 - 6 neT) BCTynatT B NPOTMBOpeYne C
OVNHaMNKON TEXHONOrMYECKOro OBHOBNEHUS, KOTOpPasi B CEKTOPE BbICOKOTEXHOOMMYHOIO
npoussopacTea coctasnseT 1.5 - 2 roga.
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BosHukaeT peHOMEeH «HaBbIKOBOIro rosiofa», rae aeduumt crneumannucTos B obnactu
CAD/CAM/CAE cTaHOBUTCA CUCTEMHbLIM OrpaHuU4YeHneM A9 9KOHOMUYECKOro pocta. B
AaHHoOW paboTe paccmaTpmBaeTCcs METOAOSIONMS YCKOPEHHOW MOArOTOBKM WHXXEHepOoB-
NPOEKTNPOBLLMKOB Kak MHCTPYMEHT MOBbILLEHNSA onepaunoHHON apeKTUBHOCTN Br3Heca 1
rocygapcTsa.

2. TeopeTnyeckasn 6asa: SKOHOMNKA BPEMEHU 1 YeNl0BEYECKOro Kanurana

CornacHo koHuenuun LFS (Labor Force Specialization), ueHHOCTb cneuynanucTta
onpepenseTcs He TONbKO ryOuHOM 3HaHWIA, HO 1 BDEMEHEM ero BCTYMNNEHNs B NPOAYKTUBHbIN
LK.

ABTOpCcKas mMeToguka Gasupyetcs Ha mogenu «Cxkatoro obydeHusi» (Compressed
Learning Model). OHa npepgnonaraeT AEKOMMO3NLUMIO CIIOXKHbBIX MHXXEHEepPHbIX 3afad Ha
naTTepHbl N MUCNOMb30BaHNe asroOpUTMOB KOFHUTMBHOIMO MOLENNPOBaHUSA, YTO MO3BOSSET
COKPaTUTb KOFHUTUBHYH Harpy3Ky npm ocsoeHun cnoxxHoro MO gna 3D-gusainHa.

3. MatemaTnyeckoe 060CHOBaHME 3KOHOMUYECKON 3P PEeKTUBHOCTU

[okaxeMm, 4To yckopeHue oby4veHnsa (Time-to-Market gna cneumanucTa) cospaet
KOJIOCCANbHYIO 3KOHOMUYECKYIO PasHuLy 3a CYET CJIOKHOro npoueHTa U OTCYTCTBUSA
npocTtoes. llcrnonbdyem GOpMysly 4YUCTOM NPUBESEHHOW CTOMMOCTM 4eloBeYeCKOoro
Kanutana (Net Present Value of Human Capital - NPVHC).

3.1. Matematuyeckas mogenb: ®opmyna NPV yenoBeyeckoro kanutana

Mol 6ygem cpaBHMBaTh e TpaekTopun: TpaanumoHHyio (T) n AKcenepaunoHHyio (A).

NPV = R =G

L (1+0)¢
lpe:
R; — poxopf, reHepunpyeMblil CNeunanucTomM B rop, t.

C; — 3aTtpaTbl Ha 06y4YeHNe N Coaep)XaHne B rog, t.

i — CTaBka AMCKOHTMpoBaHus (Bo3bMeM 10% wnm 0.1, kak cTtaHgapT pns
OLIEHKN PUCKOB B 06pasoBaTesibHbIX UHBECTULNSX).

t — BPEMEHHON nepunog (rogbl).
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3.2. cxopHble aaHHble Ans pac4yeta
3aTtpaTbl Ha MOAroTOBKY WHXXeHepa cpepHero 3BeHa (Mechanical Designer) B
MeXXOYyHapOAHOM CEerMeHTe:
CpepnHuii goxop uHxxeHepa (R): $80,000 B rog.
CtoumocTb 06y4eHus (C): $20,000 (TpagmumoHHo) vs $12,000 (MHTeHcuB).
Cpok obyyeHus: 4 ropga (TpaguumoHHO) vs 1 rop (ABTOpCKas yCKOpeHHas
mMeToauka LLlaBenkosoin B.).
CueHnapun A: TpagmumoHHoe oby4yeHue (4 ropa)
° Nopgpl 1 - 4: Joxopa = $0. 3atpatsl = $5,000/roga.

° lNop 5: CneynanucT BbIXxognuT Ha paboTy.
CueHnapun b: ABTopckas ycKopeHHasa metoguka LllaBenkosown B. (1 rop)

° Mop 1: Ooxop = $0. 3atpatbl = $12,000.

° Mop 2: CneunanncT BbIXoguT Ha paboTy.
3.3. CpaBHUTESNbHbIN pacyeT Ha FOPU3oHTe 5 neTt
PacueT ana CueHapusa A (TpaguuMOHHbIN):

CyMmmMunpyemMm OUCKOHTUPOBaHHbIE 3aTpaThbl 3a 4 roga u goxop 3a 5-n rog,

3atparsl (PV): = 5000 , 5000 , 5000 4 —5000 . _ 415,849

1.11 1.12 1.13 1.14

80000
1 ~ $49,674

WTtoro NPV (5 ner): 49,674 - 15,849 = $33,825
Pacuet pna CueHapua b (ABTopckas ycKopeHHaa metoguka LllaBenkoson B.):
3A€eCb NHXEHeEP HavyMHaeT 3apabaTtbiBaTb y>Ke CO 2-ro roga.

Hdoxop B 5-11 roa;:

3aTparsl (PV): _11%10100 ~ —$10,909
Loxop (rogpl 2-5):
e Top2: 222~ $66,115
. lNop 3: 8‘;%"’ ~ $60,105
. lop 4: 8‘;2" ~ $54,641
e Top5: 252~ $49,674

Utoro NPV (5 neT): (66,115 + 60,105 + 54,641 + 49,674) — 10,909 = $219,626

CpaBHNTENbHBIA aHaNM3 NoKasblBaeT, YTO NPUMEHEHNE akcenepaumoHHON METOANKN

STEM-o6pa3oBaHus yBenn4yMBaeT UUCTYKO MPUBEOEHHYID CTOMMOCTb Ye/10BEeYEeCKOro
KanuTana 6onee 4yem B 6.5 pas Ha naTuneTHem oTpeske ($219,626 npotue $33,825).
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3.4. OcHoBHble aparnBepbl 3(pPPEKTUBHOCTHU:

JlnkBnpgauus «YMyLLEHHON BbIrobl»: OKOHOMMKA nonyyaetr $240,000
pononHuTeneHoro goxopa (3 roga paboTbl), KOTOPbLIA NPU TPAAMLMOHHOM Noaxoae TepseTcs
B npouecce 3aTaHyToro obyyeHus.

Ad ekt paHHero crtaprta: bnarogaps ANCKOHTMPOBaHMIO, Aonnap, 3apaboTaHHbI BO
BTOPOW rof, CTOUT 3HA4YUTESIbHO AOPOXe Aosnapa, 3apaboTaHHOro B MATHIN.

OntuMunzauma  OlOgKEeTHbIX  annokauun: HecmoTpa Ha  6onee  BbICOKYHO
WHTEHCUBHOCTb (M, BO3MOXHO, CTOMMOCTb eOVHUYHOro MOofyns), COKpalleHne oobLuiero
BPEMEHN MPUCYTCTBUSA CTyAeHTa B 00pa3oBaTesibHOM CUCTEME CHUXKAEeT Harpysky Ha

NHPACTPYKTYPY.

4. AHanu3 AaHHbIX N pe3ynbTaThl

OKcnepuMeHTasbHble JaHHble, NOAYyYEeHHbIE B Xo4e anpobaunmn aBTOPCKON METOANKN,
OEMOHCTPUPYIOT crieaytoLme nokasaTenu:

1. CHuxeHue OGapbepa Bxopa: Bpemsi OT «HyneBOro ypoBHS» OO CO3[4aHus
cnoXkHom c6opo4Hon eanHubl (6onee 100 pgeTanein) cokpaTuUioch B cpegHeM Ha 65%.

2. OKOHOMUSI pecypcoB: CHmKeHMe 3aTpaTr Ha NOAroTOBKY OOHOro Kagpa
cocTtasnseT o 40% 3a cyeT onTuMM3aunn y4ebHbIX 4acoB 1 (hoKyca Ha NPUKIaaHbIX Kencax.

3. Ka4yecTBO npoektupoBaHua: NpruMeHeHne CTaHOapTU3NPOBaHHbIX aBTOPCKUX
anropnuTMOB MNPOEKTMPOBAHUSA CHU3WAO KOAMYeCTBO oWwMNOOK Ha 12% no cpaBHEHUIO C
KOHTPOJIbHOW rpynnoi, o6y4aBLUEeNCcsa No KNacCU4eCcKom nporpamMme.

Tabnuua 1.
CpaBHeHne 3KOHOMUYECKOWN OTAAuM pasfimyHbiX Mofgenen obyyeHus
[NokasaTenb TpapgnumoHHas ABTOpCKas metogmka  (Intensive
wKona STEM)
Bpems okynaemoctu nusectuumin (PBP) | 3.5 roga 1.2 ropga
Bknap B po6asneHHyo ctoumocTb (rog | 0 (o6yveHue) +$45,000
1) (npoekTHas paboTa)
A[anTMBHOCTL K HOBOMY cTeky 10O Hwnzkas Bbicokas

5. YHuBepcanbHOCTb W MacwTabupyemMocTb: Kpocc-oTpacneBon aHanms
NPUMEHEHNS1 METOOUKN

MpennoXxxeHHaa Mopesnb UMEET BbICOKYKO CTerneHb MacwTabupyemoctn. B ycnosusix
rnobanbHOro pblHKa Tpyaa, roe mHxeHepbl n3 CLUA, EBponbl 1 A3um KOHKYpUpPYHOT 3a
CKOPOCTb WHHOBaUW, BHeOpeHue «ObICTPbIX 06pasoBaTesibHbIX TPEKOB» CTaHOBUTCA
cTpaTermnyecKnm NpPenMyLLLEeCTBOM.
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mbkocTb aBTopckon MeTogukn STEM-00yyeHnss no3BONSET UHTErpuvpoBaTtbh
KBanMUUMpoOBaHHble Kagpbl B 3KOCUCTEMbl MNPeanpuaThii pasnnyHoro macwraba - oT
cTapTanoB [0 TPaHCHauuMOHasbHbIX  Kopriopauui. YckopeHHoe  obyyeHne  3D-
NPOEKTUPOBaHNIO  MO3BONSAET TpaHCchopMMpoBaTb 0OpasoBaTeflbHyld CUCTEMY €3
«[OrOHSAIOLLEN» B «OMEepexXaroLLyo».

5.1. udpdepeHumaumsa no macwtaby busHeca

o Manbin n cpegHun 6usHec: [Ona HeOGONbLUNX VUHXWUHUPWUHIOBbLIX KOMMaHUN ”
On3anH-6lopo  BpeMsA MOArOTOBKM  COTPYOHMKA SABNAETCA  KPUTUYECKUM  (hakTOpOM
BbDKVBaHUSA. YCKOPeHHOe obyyeHne no3BoNsSeT COKpaTUTb nepuom «Hernpon3BoauTeNbHOro
HaiMa», Korga HOBbIA COTPYAHWK MNOTPebnseT pecypchl, He co3paBas NpPoAyKT. 3ITO
obecneymBaeT BbICOKYHKO JIMKBUAHOCTb Masioro GusHeca B YCNOBUAX ObICTPO MEHSOLLMXCSA
3aKasos.

. KpynHble nHaycTpuanbHble xonauHru: B macwtabax Kopriopauuii MeToamka
No3BOSISIET NPOBOAUTL ObICTPYIO PECTPYKTYPU3aLMIO LenblX AenapTaMeHToB Npu nepexope
Ha HOBblE TEXHOJIOrMYeCKNe penbCbl (HanpuMep, Npu BHeOPEHUN reHepaTBHOIro An3anHa um
aaaNTUBHBIX TEXHONOMMN), MUHUMU3UPYS MPOCTON NMPOU3BOACTBEHHbIX JINHUNA.

5.2. OTpacneBble HanpaBieHUs NPUMEHEHNA

BHeapeHne nHTeHcnBHOro obyyeHuns 3D-NpoeKTUPOBaHUIO reHepupyeT fo6aBNeHHY
CTOMMOCTb B CliefyoLLMX KSTHOYEBbIX CEKTOPAaX:

1. AspokocMunyecKkasi nPOMbBILLIIEHHOCTb: [1POEKTUPOBaHME CNOXXHbIX Y3J/1I0B C
BbICOK/MW TPEOOBaHNSAMIN K TOYHOCTW 1N ONTUMU3aLMKM Beca (TONosiorn4yeckas onTumMmsaums).
2. BuomegnumHckas nHxeHepua: CosgaHne KaCTOMU3UPOBAHHbBIX MMMIAHTOB U

NpoTe30B Ha OcHoBe faHHbIX KT/MPT, roe CKOpoCTb MOAENNPOBAHNA HaANPSMYKO BANSIET Ha
CPOKW OKasaHus MeauLMHCKOWN MOMOLLMN.

3. OHepreTnka N HedTerasosbln CeKToOp: PaspaboTka undpoBbIX OBOMHUKOB
obopyaoBaHusa o NPOrHO3MPOBaHNSA N3HOCA Y ONTUMN3ALUN PEMOHTHbIX LIK/IOB.
4. MoTpebutenbckasa 3NEKTPOHUKA W MNPOMBILWIEHHbIN OU3alH: YCKopeHue

LuuKna npoToTUNUPOBaHNA, NO3BONSAIOLWEE COKPaTUTh nokasartenb Time-to-Market Ha 30 -
50%.

5. ApXuUTEKTypa n CTpouTenbCTBO: [Nepexopn OT NNOCKNUX YepTexen K 00beMHOMY
NH(POPMALNOHHOMY MOAENUPOBAHUIO 3A2HUIN, YTO CHUXKAET PUCK KOJUN3UIA NPU MOHTaXe
NHXXEHEPHbIX CUCTEM.

5.3. O ekT cuHeprun

MeToguka hopMnpyeT YHUBEPCASIbHBIN «TEXHUYECKNA A3blK» (Design Intent), KoTopsblit
no3BonseT creunmannucty O6eCLUOBHO nepexoauTb MexXay oTpacnamu. ITO MOBbIWaeT
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MOOUNBHOCTL TPYAOBbLIX PECYPCOB N YCTOMYMBOCTb 3KOHOMUKW K OTPACSIEBbIM LUOKAM:
NHXXeHep, OOYyYeHHbI MO WHTEHCMBHOM nMporpamMme B cdepe aBTonpomMa, MOXET B
KpaTyanme CpPOoKW afanTupoBaTb HaBblKM A5 paboTbl B CEKTOpPEe POBOTOTEXHUKU WK
3e/1IeHON 3HEePreTuKNn.

6. 3aknoyeHune

ViccnepoBaHne noatBep)XpaeT, YTo UHTeHcudunkauna STEM-obpasoBaHusa aBnsieTcs
9(PPEKTUBHLIM OTBETOM Ha Ka[pOBble Bbi30Bbl COBPEMEHHON 3KOHOMUKW. ABTOpCKas
MeToamka obydeHnsa 3D-NPOeKTUPOBAHNIO HE TONTbKO COKpaLLaeT aeduunT cneunannucToB, HO
n obecrneynBaeT 3HAYNTENBbHbBIN AKOHOMUYECKUI 3PGEKT 3a CHET ONTUMU3AUNN XKNSHEHHOIO
LMKna NOAroTOBKU NPOgeCcCMOHaIbHbIX KOMMETEHLMINA.
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