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INTRODUCTION

Welcome to Issue 10(2) of the International Journal of Professional Science, published
by the Scientific Public Organization “Professional Science” in Nizhny Novgorod. This issue
brings together ten articles by students, graduate students, postdoctoral students, and
researchers from Russia, the FSU countries, Europe, and beyond, reflecting the ongoing
developments in modern science and the evolving structure of knowledge. We view the journal
as a platform that facilitates the exchange of advanced scientific achievements and practical
innovations, connecting the academic community with scientific practitioners.

This issue covers a diverse range of topics—from natural and engineering sciences to
socio-economic studies. Key themes highlighted in these articles include environmental and
sustainable development issues, innovative approaches in education, information technology,
biomedical advancements, and sociological research. The authors not only present their
research results but also offer fresh perspectives for further progress within their fields. This
issue aims to deepen the understanding of contemporary scientific challenges and foster the
growth of a research community that brings together professionals and emerging scholars.

We hope that the articles presented here will become a valuable resource for educators,
students, and anyone seeking to expand their scientific horizons.

Sincerely,

Krasnova N.

Editor-in-Chief

International Journal Of Professional Science
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ENERGY AND ENVIRONMENTAL

TECHNOLOGIES

UDC 620.9

Fedoryuk S.S., Shiryaev A.D. Training of personnel of the fuel and
energy complex of the Russian Federation using virtual reality

O6y4yeHne nepcoHana TonAMBHO-3HepreTn4eckoro komMmnnekca P® ¢ npumeHeHnem
BUPTYyasibHOM peanibHOCTN

Fedoruk Sofya Sergeevna,

Master's student at the Department of Heat Power Installations and Heat Engines,
St. Petersburg State University of Industrial Technologies and Design.

Higher School of Technology and Energy

Shiryaev Alexander Dmitrievich,

Assistant of the Department of Heat Power Installations and Heat Engines,

St. Petersburg State University of Industrial Technologies and Design.

Higher School of Technology and Energy

depopyk Cotbs CepreesHa,

MarunctpaHT Kadeapbl TenaoCMnoBbIX YCTAHOBOK M TEMNOBLIX ABUraTenen,
CaHkT-lNeTepbyprckunin rocyaapCTBEHHbIV YHUBEPCUTET NPOMbILLIEHHbBIX TEXHOOMIA 1 An3anHa.
BbicLuas Wwkona TeXHONOMMY 1 3HEPreTUKu

LLinpsies Anekcangp OmuTtpuesnd,

AccuncteHT Kadenpbl TennocnnosBbiX yCTAHOBOK U TEMOBLIX ABUraTenen,
CaHkT-lMeTepbyprckuini rocygapCTBEHHbIA YHUBEPCUTET MPOMbILLAEHHBLIX TEXHONOMMIA 1 An3aiHa.
BbicLUas Wwkona TEXHONOMMN N SHEPreTUKN

Abstract. This article discusses the possibility of introducing virtual reality (VR) technology in the training of
personnel in the energy sector, which can significantly improve the effectiveness of employee training, reduce injuries and
optimize production processes. The paper presents the advantages of VR systems, such as realistic simulations, scenario
training and the possibility of remote monitoring of equipment. Examples of successful VR applications in energy companies
of the Russian Federation are given, as well as the risks and problems associated with the integration of VR technologies are
considered.

Keywords: digitalization, education, energy, software, virtual reality, educational process, personnel.

Annomayua. B Odannoi cmamve paccmampubaemcs 603M0xHOCG BHeOpeHUA WeXHOAOUU BUPIYAALHOTL
peassocmu  (VR) 6 obyueHuu nepconasa 3sHepeemuueckoeo CeKkmopd, Um0 MOXen 3HAUUMEAbHO HoBbicumb
agppexmubrocms nodeomobku compyoHUKod, CHU3UML MPABMAMUIM U ONMUMUUPOBamb NPpou3BoocmberHble NPoyecch..
B pabome npubedens: npeumyuecnba VR-cucmem, maxue xax peasucmuymvle CUMYAAUUU, CUEHAPHbE MPeHUpobKu u
BosmoxHoCmb  YOaseHH020 MOHumopunea obopydobanus. IlpuBodsmca npumeps. ycnewnozo npumeneHus VR 6
sHepeemuteckux komnanuax Poccutickoi @edepayuu, a maxxe paccmampubaromes pucku u npobiemsl, c6asanHvie ¢
unmeepayueti VR-mexnosoeui.

KatoueBvie caoBa: yugppobusayus, obpasoBanue, sHepeemuxa, npoepammHoe obecneuenue, Bupmyasvrasn
PearbHOCHID, YyHeDHbLTL POUecc, NepcoHal.
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PeueH3eHT: MapTexa AnekcaHgp Hukonaesud — KaHOMAAT TEXHUYECKMX HaYK, AOLEHT.
HoueHT ®IrB0Y BO «PrAY-MCXA nm. K.A. Tummnpsasesa»

OHepreTnka saBnsietca @QyHoameHToMm ¢uHaHcoBon cTabuneHocTn Poccuinckonm
®defepauym M BO MHOMOM oOnpefensieT Nyt pasBuUTUA CTPaHbl B MOSIMTUYECKOW W
9KOHOMMYECKOWN chepax. TonnmBHO-3aHepreTndeckum komnnekc Poccuinckon depepaunn
BK/IOYAET B Cebs1 HE(PTAHYHO, ra30BYH0, YrOSIbHYIO 1 TOPMSHYO OTPaCcn, 3NEKTPOIHEPIETUKY
N TennocHabXXeHne, WUrpaeT KYeByd pofb B (popMMPOBaHMM [OXOO0B OO XKETHON
cuctemMbl Poccuiickon ®epgepaunn [1].

Mo paHHbIM Ha uonb 2024 roga, POCCUNCKON aHepreTnke Tpebyetcs He meHee 200-
300 Tbics4 pabOTHUKOB B rog, Npu X 06LWEN YNCNEHHOCTU B 2,7 MUNIMOHA Yenosek [2]. Ha
PbIHKE TpyAa aHepreTudeckon otpacnm Poccuiickon ®egepaunn HabniogaeTcs KagpoBsbli
rosioq, cywecTtsyeT 60JblUe BaKaHCUA, YeM crneumanicToB. Buue-npembep PO AnekcaHgp
Hosak coobwun: «B aHepreTtuke, Kak n nobon oTpacnu, cendac Hy>XHbl CreuuanucTbl, B
OCHOBHOM VH>XEHEPHO-TEXHUYECKUIA NePCOHan, Hy N, KOHEYHO, paboyune Kagpbl».

B nocnegHue  pecATunetTMa  NPOUCXOOUT  KOMMbOTEpuM3aums  TOMJSIMBHO-
SHepretTnyeckoro  kKomrnnekca  Poccuinickon  depepauum 1M yBenMYeHMe — Beca
NH(POPMALMNOHHbBIX TEXHONOrMn B 3Hepretuke. CerogHsAWHWMIA npouecc uudgposmsaunn
OXBaTbIiBaeT MHOXXECTBO acneKToB 0OLLECTBEHHOMO Nporpecca.

B cBA3n € TeM, YTO SHepreTnyeckas NPOMbILLAEHHOCTb — 3TO OHO N3 CaMbIX CITIOXXHbIX
N B TO XXE BPEMS BaXKHbIX HaNpasfeHWN, B HEN OTMEYaeTCs BblpaXkeHHas HexBaTKa
nepcoHana, CroCcOBHOro He TOJSIbKO BbIMOMHATL PAOOBble MPOLECCHhl, HO N NPOBOOUTL
PEMOHTHble paboTbl. O6yyeHVe B [AaHHOM HanpasfieHWM [OCTATOYHO 3aTpaTtHOE, HO
npobsiema B TOM, YTO 3HaHWUA, NOJIy4eHHble B Xode paboTbl C nevYaTtHbIMU MaTepuanamu, He
Oal0T TOro OnbiTa, KOTOPbIN HEOOXOAMM Ha MpPakTuKe. ISMEHUTbL CUTyauuto B SHEpreTuke
NO3BONAT TEXHOMOrMK BUPTYyanbHoin peanbHocTu (VR), npeactasnstowme cobom co3naHHbIN
WNO30PHBIA MUP, KOTOPbI BOCAPUHUMAETCS YY4aCTHUKOM MOCPEACTBOM 3PEHUsl, cnyxa u
apyrnx 4dyscte. B VR MOXHO uMnTMpoOBaTb He TOJSIbKO BO3OENCTBME Ha TE€ WIN WHblE
npegMeTbl, HO 1 OBpaTHYD peakuuio Ha 3TO BO3AencTeBue. Bce npouecchbl NpoTekakT B
pexume peanbHOro BpemeHwu. [ocTuraeTcs 3TO 3a CYET MPUMEHEHUS LUNEMOB, OYKOB,
cneunanbHOro nporpamMmmHoro obecnedeHns. [LOMONHUTENBHO MOryT UCMOJ1b30BaTbCS
KOHTPOJINIEPDI, KOTOPbIE AA0T BO3SMOXXHOCTb YE/IOBEKY B3aMMOAENCTBOBATL C BUPTYasibHbIMU
anemeHTamu [3].

YnpaeneHve kagpamm B chepe SHEPreTUKN OTNNYAETCA 0COObIMK TPeboBaHNAMN N3-
3a BaXHOCTU obecrnevyeHns 6e30MacHOCTU, CAOXKHOCTU TEXHOJSIOMMYECKNX MPOLIECCOB U
Heo6Xo4MMOCTK COBNMIOAEHNS CTPOrMx HOPMaTMBOB, MOMUMO 3TOro BOMpoC Aeduunta
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CreumannucToB BbICOKOW KBanudukauum, KOTOPbIA YaCTUYHO OOBACHSETCS HEeXBaTKON
COBPEMEHHOro obopynoBaHus gnst oby4yeHust nepcoHana. Idta npobnema HegocTaToYHON
NMOLArOTOBKU KaapoOB MOXET NPUBOAUTL K YBENYEHUIO 4YMCNa TEXHONOMMYECKUX OLUMOOK,
COBEpPLUAeMbIX COTPYOHUKaMN.

Vicnonb3oBaHne VR-TexHoONormm B cdepe IHEPreTukn OENCTBUTENBHO MOXET
CYLLECTBEHHO U3MEHUTL NOAX0L K OOYYEHMIO 1 NOBbLILWEHNIO KBanupukauum crneymnanncTos,
NO3BOJSIUT YMEHbLUUTb BPEMEHHbIE N (PMHAHCOBbIE 3aTpaTtbl Ha NOALEP)XaHME BbICOKOro
ypOBHS 6€30MacHOCTU, NPY 3TOM MOBbLICUB 3TOT CTAHOAPT MO CPaBHEHWUIO C KNAaCCUYEeCKNMU
nogxogamun. HeCKOSIbKO  KJHOYEBLIX aACMEKTOB, KOTOPble MOAYEPKUBAKOT Ba>KHOCTb
ncnonb3oBaHnsa VR-TexHonorum npmuseaeHsl Ha pucyHke 1.

VR-TexHOJIOTHH
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PucyHok 1. AcnekTbl ncrnosbsosaHusa VR-TexHonornm

O6y4yeHne n TpeHMpoBKa NepcoHana BKIO4YaET B cebs:

1. Cumynsunu;

VR no3BonsieT co3aatb peanucTuyHblie cuMynaunmn paboTbl ¢ 060pyooBaHNEM, HYTO
nomoraeT oby4arb COTPYAHNKOB 6e30nacHbIM 1 3 HEKTNBHLIM MeTOAaM paboThbl.

2. CueHapHble TPEHNPOBKMN.

CoTpyaHVKN MOryT MPaKTUKOBATbCA B PELUEHUN pPasfn4dHbIX CUTyauuid, BKO4Yas
aBapuUiHbIe, YTO NOBbLILWAET UX FOTOBHOCTb K peasibHbiM BbI30BaM.

Cnepyrowmm acnektom VR-TEXHONOrMin SBNAETCA BO3MOXXHOCTb MPOEKTUPOBAaTb U
nnaHnMpoBaThb:

1. Busyanusauunsi npoeKTos;

VHXXeHepbl M MNPOEKTUPOBLUMKM MOryT wucnonb3osatb VR gna sudyanusauyum
9HEPreTU4eCcKNX OOBLEKTOB €eLLe A0 UX CTPOUTENbCTBA, YTO NMOMOraeT BbIiBUTb BO3MOXXHbIE
npo6aemMbl 1 ONTUMU3NPOBAaTL NPOEKT.

2. AHann3 gaHHbIX.
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VR MOXET WHTErpypoBatbCs C AaHHbIMM O MNPOU3BOAUTENBHOCTM U COCTOSIHUM
obopynoBaHuga, NO3BOAAA crneynanicTam bonee ahpeKTUBHO aHaNM3NpPoBaTb N NPUHUMATb
peLleHuns.

MoHUTOPWHI 1 06Ccny>XKnBaHMe NPeacTaBnseT coboi:

1. YpaneHHbIn gocTyn;

Cneumannctbl MOryT ucnosb3osatb VR ang yganeHHOro MOHUTOPUHIra U QUarHOCTUKK
obopynoBaHus, 4YTO MO3BOJISET COKPATUTb BPEMSA MPOCTOS U MOBLICUTb 3P(PEKTUBHOCTL
obcny>XKmBaHus.

2. NHTepakTuBHbIE NHCTPYKLNN.

BupTyanbHas peanbHOCTb MOXET MPefocTaBisATb WHCTPYKUMW MO  PEMOHTY U
06CnNy>XMBaHMIO B peanibHOM BPEMEHN, YTO yNpoLlaeT paboTy TEXHUKOB.

BaxkHbiM acnekTom B VR-TexHOMorusx asnsetca 6e30nacHoCTb:

1. O6y4eHune nNo oxpaHe Tpyna;

VR-TPEHMHIM MOryT BKKOYaTb CLEHapun, CBA3aHHble C 6€30MacHOCTbLI0, NO3BOJISS
COTPYOHMKAM y4YuUTbCS pearnpoBaTtb Ha NOTEHUMANbHbIE YIrPO3bl B KOHTPONMPYEMOW Cpeae.

2. OueHka pucKos.

BupTyanbHble CUMYASLUN MOTYT NOMOYb B OLIEHKE PUCKOB U TECTUPOBaHNN Pa3fINYHbIX
cTparerui.

Mommmo 6e30MacHOCTM Henb3s 3abblBaTb MNP0 MNCUXONOMMYECKYHO MOArOTOBKY.
O6yyeHne B VR MOXXET NOMO4Yb COTPYAHMKAM CMPaBASTbLCSA C NCUXOIOMMYECKMIN acnekTamim
paboTbl B YCNOBUAX CTPECCA, YTO OCOBEHHO akTyaslbHO B aBapUinHbIX CUTYauunsaX.

Mpn BHegpeHun HOBOro 060pPyAOBaHUA, €ro W3yYeHue TakXKe MNpPOoBOAMTCS C
NPUMEHEHNEM BUPTYasIbHON peanibHOCTU. ITO 6onee ah(pekTUBHO ANS NepcoHana, Tak Kak
BCE 3MIEMEHTbI OHW BUAAT BU3yaNnbHO, 1 6e30nacHoO Aana camoro o6opyaoBaHus, Tak Kak
HEBEPHOE [OBWKEHME paboTHMKa MOXXET NPMBECTU K MNOSOMKe arperata. Hanpumep,
cneynannucTy NoCTynaeT coobLLUeHre O HENCNPaBHOCTN B KOHKPETHOM y3ne. ELle oo Toro, Kkak
NPUCTYNUTL K paboTte, OH MOXET nocpeactsomM VR undyuntb 06beKT, co3paTb CLeHapuin
HENCNpPaBHOCTU U BblBpaTb CrNocobbl pelweHns npobnembl. B coyeTaHun ¢ JOMOSIHEHHON
peanbHOCTbIO, KOorga Cco3faHHas KapTUHKA HaknaabiBaeTCs Ha  peanbHbli  00BLEeKT
NOCPEACTBOM pPaHee YCTaHOBJIEHHbIX KamMep W MOOWbHbIX YCTPOWCTB, MOXHO Aaxke
PYKOBOOUTL PEMOHTHbIMK paboTamMun yaaneHHo.

Ons oueHkn 3PPEKTUBHOCTU MNPUMEHEHNSA BUPTYaslbHOW peanibHOCTU B cdepe
SHepreTnkn 6bina paccmotpeHa [TAO  «TTK-1». KomnaHuss sBRseTcs  BenyLm
NPON3BOANTENEM JNEKTPUYECKON W TennoBon 3sHeprum B CeBepo-3anagHoOM pernoHe
Poccun, koTopas 06beanHseT 52 aneKTpocTaHumn B YeTbipex cybbekTax PO [4].

International journal of Professional Science
Ne10(2) — 2024


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

Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published-
https://creativecommons.org/licenses/by/4.0/deed.ru|

bbin npoBegeH aHanu3 cTparterMm UMdppoBON TpaHchopmaumn oparHusauumn, B
KOTOPOW NPOUCXOOUT aKTUBHOE BHELPEHME LN POBBIX PELLEHNI B pa3HOO6pa3Hble acneKTbl
peaTtenbHocTU. B yacTtHoCTK, 6bInn nccnepoBaHbl TP LUGPOBbIE CUCTEMBI, NPUMEHSEMbIE
Ans oby4eHns n pa3BuTUA nepcoHana:

1. Uncpposasa cucrtema «MOHUTOPUHI 3HaHWA NepcoHana», KoTopasa HarnpasfieHa Ha
ynydweHne npogeccnoHanbHbIX HaBbIKOB OMNepaTUBHOrO MepcoHana, nogaep kaHune
aKTyanbHbIX 3HaHUW cpeau COTPYOHMKOB M MUHUMU3AUMIO Ynucia MHUMOEHTOB, Bbi3BaHHbIX
YyenoBevYeckuM akTopom;

2. Unpposas cncrtema oueHkn «KPI», paspaboTaHHas 415 MOHUTOPUHIA 1 yyyLIEeHNs
NPON3BOANTESIBHOCTU PabOTHNKOB, NX NPOMECCUOHANBHOIO Pa3BUTUA U OTCEXUBAHUSA UX
JOCTUMXXKEHWUIA;

3. MynetmegninHaa  nnatgopma  «Energy TV», npegHasHayeHHas  ond
pacnpoCcTpaHeHns BaXKHON MHpOopMaumm cpegu nogpasneneHnin KoOMnaHnuy, HanoMuHaHms o
HOpMax OXpaHbl TpyAa 1 NpoBefeHNs QUCTaHUMOHHBIX TPaHCNAUMA 00y4aroLwmx MaTepmanos.

Ba)xHO OTMETUTb, YTO NPY BHEAPEHNN TaKMX TEXHONIOMMIN HEOBXOAUMO YUUTbIBATb OMbIT
KaK OTEYECTBEHHbIX, TaK 1 3apyBexXHbIX KOMMaHWA.

Ha pgaHHbI MOMEHT Ha MeXAyHapoOHOM pbiHKe paspabotymkoB VR obecnedeHns
NPUCYTCTBYET BHYyLLAOLLEE KOIMYECTBO KOMNaHin. PaccMoTpumMm He0O6X0aMMOCTb BHEOQPEHNS
BUPTYasibHbIX TEXHOMOMMA C TOYKU 3peHus paspaboTumka. Kak coobuiaer KomnaHus
VRMADA, sBngwowasncsa paspaboTynkom nporpamMmmMHOro obecneyeHns ons npegnpusatuii
pasnn4yHbix obnacTtenr, (QyHKUUM [EMOHCTpauuM W nokasa Mno3BONAIOT BUPTyabHOWN
peanbHOCTU urpaTtb KIKYEBYIO pPOSib B COBEPLUEHCTBOBAHWM OOy4YeHUs paboTHMKOB
9HEpPreTM4ECKOro CekKTopa, penas aT1o oby4veHne noBTopsieMbiM, 6onee 6e30MnacHbIM U
pasBMBaOLLMMCS ANS  YAOBNETBOPEHUA NOTpebHOCTENn 6u3Heca C  NPOBEPEHHbIMA
pesynetatamn: Ha 40% yBennuMBaeTCa MNPOU3BOOUTENBHOCTL npeanpusaTtusa; Ha 70%
CHWXaeTcsa TpaBMaTu3M Ha Npou3BoacTse [5].

O6patM BHUMaHME HA MHEHME OTEYECTBEHHbIX pPa3paboTymMkoB. KomnaHus
«[1porpam/lab» paspabartbiBaeT y4yebHOe BUPTYyasibHOE 060pyaoOBaHME O/ QHEPreTU4EeCKON
NPOMBILWNEHHOCTU. BupTyanbHble TpeHaepbl NO3BONSAT NPOBOAUTL HavanbHoe oby4eHne
Nno ynpasfieHNo NPOU3BOACTBEHHLIMU NHCTPYMEHTaMW, @ Tak>XXe MOBbIWAaTh KBanngukaumo
TEKYLLUMX CneunanucToB KOMMNaHuu.

BupTyanbHbli  y4ebHbIA  KOMMMEKC COCTOUT U3  (uamyeckoro o6opyaoBaHus,
pa3paboTaHHOro NPOrpaMMHOro ob6ecneyveHnsi 1 PyKOBOACTBA MO MCMNONb30BaHuio [6].

Ha pgaHHbIn MOMEHT «Ky36aCcCKuini MEXXOTPACNEBON LIEHTP OXpaHbl Tpyaa» peann3osan
PS4 NPOEKTOB:
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1. «Paspabotka o6pasoBaTtenbHOM BUAEOUH(OPMaAUMOHHON nnatgopMbl  ANns
PasBUTUA M KOHTPONS KOMMETEHTHOCTM MNEpPcoHana B COOTBETCTBUM C TpeboBaHUSMU
6e3onacHOCTY TpyAa C UCMOb30BaHNEM BUPTYaNbHOW PeasibHOCTU»;

2. «Pa3pabotka nnarcdopmeHHoro pewenns ProExpVR ons co3pmaHust TpeHakepos
BUPTYaNbHOW peasibHOCTU C Lenbilo 06ydeHns metogam 6e30nacHOro BbINnofHeHUsS paboT Ha
OMacHbIX NMPOU3BOACTBEHHbBIX 00beKTax, OCYLLECTBASIOWNX A06bl4Y NONE3HbIX NCKOMNaeMbIX
NMoa3eMHbIM CrIOCOO0M>».

KoMnaHns oOTMe4YaeT BbICOKYK pPe3ySibTaTUBHOCTb OOy4eHMss C NPUMEHEeHUeM
NMMEPCUBHOWN peasibHOCTU, a UMEHHO YPOBEHb KOMMETEHTHOCTY pacTeT Ha 83%, N3Y4YeHHbI
MaTepuan CoxpaHseTcs B Nnamatn 6onee Yyem Ha 3 roga, ypoBEHb peasibHOro TpasmaTtuama
napaet B 2,5 pasa 3a 3 roga [7].

OpHako, roBopsi O NPeuMyLLEeCcTBax, Henb3s WrHOPMPOBATb PUCKW, CBA3aHHble C
NHTerpauynein TpeHaxxepoB B NPOU3BOACTBEHHbIE NpouecChl. K HAM OTHOCATCHA TeXHU4YeCcKune
cbomn n Henonapgkn B pabote VR-060pyaoBaHns, KOTOpPbIE MOMYT NPMBECTU K MOTEPE OAaHHbIX
N HapyweHnio paboTbl 0byyaroLmx NporpamMm, a TakXkKe PUCK YTEYKN KOHMAEHUMANbHON
NHopMauumn BO BpemMs ncnonb3osanns VR-TpeHaXkepoB 1 OrpaHn4eHnst B UX NPUMEHEHNN
[8]. MNMpwn BHepgpeHun VR-TpeHaxepoB MOryT BO3HUKHYTb MPOONEMbl, Cpean KOTOPbIX
CNIOXXHOCTb Ka4eCTBEHHOW OUEHKN ux 3P@PEKTUBHOCTU. Ha paHHbI MOMEHT Hambonee
O6BEKTUBHBIM MOAXOAOM K OLEHKE SABMSETCA UCMNONb30BaHWE CUCTEMbl, OCHOBAHHOW Ha
YeTbIPEX YPOBHAX (CM. PUCYHOK 2).

IloBenenne

OOy4enue

Peaknms

PucyHok 2. Cuctema oueHku ncrnosib3osaHnsa VR-TpeHaxxepoB

YpoBeHb «Peakuusi» OTpakaeT MHEHWEe YYaCcTHUKOB O TpeHuHre. [lo3uTnBHOE
BOCMPUATUE He rapaHTUPYyeT 0by4eHne, HO HEraTUBHOE OTHOLLEHNE MOXKET CTaTb CEPbE3HbIM
NPensTCTBUEM.
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Ha ypoBHe «O6y4eHne» OUEeHUBAETCA OUHAMMKA YBENMYEHUS 3HAHUA U Yy4LIEHNS
HaBbIKOB, KOTOPbIE CNeayeT N3MEPATb Kak A0, Tak 1 NOCNE TPEHUHra.

YpoBeHb «[loBefeHne» aHanM3npyeT M3MEHeHWs B MNOBeAeHuu, npousolwlefline B
pesynbTaTte y4acTusa B TPEHUHre. [Ans yCnewHoro SMeHeHNs gUHaAMnKN HeobxogumMo, YTobbI
oby4yaeMblil XOTeNl MEHATbCH, 3Has, YTO U Kak genaTtb. TakKe BaXeH NOLAepXUBarOLLNNA
pabounn KNMMart, KOTOPbIN CNOCOBCTBYET WU3MEHEHUSIM MNOcCne 06y4yeHusl, U Hanuyue
BO3HArpaxkgeHui 3a NPOAEMOHCTPUPOBaAHHbIE M3MeHeHnsa. Cos3gaHve nNpasBUSIbHOro
paboyero Knmmara 3aBUCUT He TOJSIbKO OT npouecca 06y4yeHusi, HO U OT APYrnx 4YnIeHoB
KOMaHbl 1 HENOCPEACTBEHHOIrO PYKOBOOUTENS.

YpoBeHb «/ITor» ABNsieTca cambiM CNOXXHbIM AN1S OLLEHKU, TaK Kak OH HanpsiMyto BMSieT
Ha 9KOHOMUYECKYIO 3(P(PEKTUBHOCTb U OOCTUXKEHNE Lenein Ha ypoBHE opraHu3aumn.

YpoBHn 1 n 2 nerye nameputb cpasy nocne obyyYeHusa B BMPTyanbHOW peanbHOCTH,
Torga Kak ypoBHu 3 n 4 TpebyoT 6onee CnoxxHbiXx namepeHuin. OnpegeneHne BNSHUS
00y4eHnsa Ha 6e30NacHOCTb, HAAEXHOCTb U AKOHOMUYECKYH 3(PEKTUBHOCTL NPEANPUATIS
TpebyeT HabnopeHns 3a COTpyAHMKaMK Mocie KX BO3BpalleHus B pabodyto cpepy. Ha
NCNOSIb30BaHNE 3HaHWUMA W HaBbIKOB, MOJIYYEHHbIX BO BpemMs O0OyYeHWsi, MOryT BIUSTb
MHO>XECTBO OpYyrmx (hakToOpoB.

Takum o6pasom, BHegpeHne VR-TEXHONOrMA B OOYYEHUN HA SHEPreTUHECKmX
KOMMJIEKCAX MOXXET MNPUBECTU K 3HAYUTESIbHbIM YNYYLWIEHUSIM B KayecTBe MOAroTOBKU
cneunannucToB N a@EKTUBHOCTU paboTbl, @ TakXe OTKPbIBAET HOBble BO3MOXHOCTU O
ONTUMM3auUMN NPOU3BOLACTBEHHbLIX MPOLECCOB, MOBbILWEHNS 3(PHEKTUBHOCTN N YyYLLEHNS
6e3onacHOCTN TpyAa COTPYOHUKOB.
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Abstract. The article examines the specific features of Finland's environmental policy. Innovative greening methods
include CO2 utilization in cement production, robotic plastic recycling, the use of its substitutes from secondary raw
materials for packaging production, and the creation of carbon-neutral food based on biotechnology. The emphasis is on the
need for environmental education of the population and support for its initiatives to ensure sustainable development.
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Aunomayua. B cmamve paccmampubatomes  ocobennocmu  3kosoeuteckon nosumukyu DPuuaanouu. K
UHHOBAYUOHHBIM Memodam 3xos0eusayuu omuocames ymuauzayus CO, 6 yemenmuom npousboocmbe, pobomusupobannas
nepepabomxa NAACMUKA, UCN0Ab308anUe e20 3ameHumenetl U3 B1moputHoe0 colpbs 044 npousbodcmba ynaxobiu, cosoanue
YeAepoOHO-HellmpasbHoll nuuu Ha ocHobe buomexHosoeutl. Akuyenm Oeidemcs HA HeoOXOOUMOCL IK0A0SUHUECKO20
npocBewjenus HaceseHus u no00epKAHUSA e20 UHUKUamub no obecneweruto ycmouuubozo paséumus.

KaroueBuie caoBa: Ixonoeuneckasn nosumuka Puuaanouu, skos02ureckue uHHoBayuu, nepepadomxa niacmuKa,
yeaepooHo-Hetmparvaa nuwa, ymuaudayus CO2 6 yemenmuom npousboocmbe

PeueH3eHT: MapTexa AnekcaHgp Hukonaesud — KaHOUAAT TEXHUYECKNX HAyK, OAOLEHT.
LDoueHnt ®IrE0Y BO «PIrAY-MCXA um. K.A. Tumnpssesa»

B ®OuHNaHOMM  9KONOMMYECKYD  MNOMAUTUKY  yCTaHaBAMBAeT W OCYLWECTBRSET
MVHUCTEPCTBO OKpYyXXatoLlen cpebl BO rnaese ¢ Kaem MiokksHeHOM. B HacTosiLee Bpems,
OUHNAHONA CTaNKNBAETCA C MHOXXECTBOM 3KOJIOMMYECKNX NPOBSAEM, OT PELLUEHNS KOTOPbIX
3aBucuT Bronorndeckoe pasHoobpasne, 340pOBbe rpakaaH N KayvyecTBO XKU3HU ByayLumx
MOKONIEHU.

OcHoBHbIMN Npob6neMamMmn oKpy>karowern cpefpl PHAAHONUN ABNAIOTCA: 3arpsas3HeHne
BO3OyxXxa B TrYCTOHacCenéHHblX ropofax, 3arpsisHeHue BOL arpoxmmumkaramu. YTpata
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NPVBbIYHBIX MECT OBUTaHUs OTpuuaTENbHO CKas3biBAaeTCA Ha OUKOWM npupode wn
6uopasHoobpasnn. Takke PUHNSHAWSA, KaK U OCTaslbHble CTPaHbl, pelwaeT rnobanbHble
9KONOrnM4yeckne npobnemMbl: 3arpsAsHEHME MMPOBOrO OKeaHa nnacTMKoM, KOTopoe
HENOCPEACTBEHHO BANSAET Ha MOPCKYK nopy u dayHy, BblIOPOChbl MapHUKOBbLIX ra3os,
KOTOpble MPUBOOAT K rfobanbHOMY MOTEMAEHMIO, a TakK >Xe NpobnemMmy 3aBMCMMOCTU OT
HEBO306HOBNSIEMbIX IHEPIrETUHECKNX PECYPCOB.

CTtparternto, KOTOPYKO MUHUCTEPCTBO OKpy>Kawowein cpedbl OUHASHAMM NPOBOLUT,
MO>XHO pas3fenvTb Ha TPW HanpaBieHus:

1. 3popoBas oKpyXxaroLas cpefa 1 npupogHoe pasHoobpasue.

OTO HanpasfieHMe nogpasyMeBaeT OCYLWECTBfIEHNE [OENCTBUA, HanpabBfieHHbIX Ha
COKpaLLeHne 3KOJIOMrMYEeCKNX PUCKOB, X BbISIBNIEHNE, N AafibHeNLee yCTpaHeHne. Takxxe oHa
BKJIIOYAET B Ccebs akofornsaunio bantnnckoro Mopsi, a UMEHHO: aKTUBHYK peannsauumto
uenenn XenbCMHCKOM KOMUCCUU (MeXHauMoHanbHasi KOMUCCUS MO 3aliMte MOPCKOW cpefpbl
Bantuinckoro mMops) OCywecTBNseMble BMECTE C [LOENCTBUAMM, MOAOEPXUBAOLLMMUN
YCTOMYMBOE COCTOSIHNE pevHOro 6accenHa.

2. YrnepopgHo-HenTpassbHas UMKNn4YHas aKOHOMUKaA.

B ®uHNsHOMM KONMYECTBO BbIGPOCOB MapHMKOBLIX ra30B y>Ke coKpalleHo Ha 70% no
cpaBHeHWIO C nokazatenammu 3a 1990 rog, HO MONUTMKA MUHUCTEPCTBA LOCTATOYHO
ambuunosHa B pocTxeHun [Mapukckux cornaweHuin. M1 k 2050 rogy, no cnosam
npencraBuTenel MUHUCTEPCTBA OKPY>XatoLLen cpeabl, nokasareny COKpalleHusi BbIGpoCoB
pocturHyT 80-95%. o 2022 ropga PuHNSHAMS Npuaep>xuBanacb CpegHecpO4YHOro nnaHa
KIMMaTUYECKOM NONUTUKK, HanpaBIEHHOrO Ha COKpaLLEeHME BbIOPOCOB NapHUKOBbIX ra3oB ”
(hbTOPMPOBAHHbLIX YrNEBOAOPOAOB OT TPAHCMNOPTA, >XWUINLWLHO-KOMMYHANIbHOrO CEeKTopa,
NPOM3BOACTBA N arpoCeKTOoPa, a Takxke 6onee TwarebHbIi KOHTPOJIb U MOHUTOPWHT.

[MpuMeHeHe KpaTKOCPO4YHOM 1 [OAFOCPOYHON NOMUTUKN MO YMEHbBLUEHNIO BbIBPOCOB
NNacTUKOBbIX OTXOOOB (Tak Ha3blBaemasd mMniacTukoBasi [AOPOXKHas KapTa) O3HayaeTr
COKpalLleHne nnaacTUKOBOro Mycopa B OKPY)XXalLLEeN cpefe M BbI3BAHHOIMO MiaCTUKOBbLIMU
oTxXogamu Bpeaa, YXo4 OT UsnnwHero notpebneHnsa npoaykToB 13 nnactuka, NpoaBMKeHNe
BO3MOXXHOCTEN nepepabaTbiBaTb MAAacTUK, 3amMeHa MPOU3BOACTB HOBOrO njactvka u3
NcKoMaeMbIx MaTepuanoB Ha nepepabaTbiBaeMbll NAACTUK UM HA NPou3BoacTBa 13 6onee
yCTOM4YMBOro marepmana. B HacToawmin MoMeHT PuHAsHAMA nnaHupyeT poctnydb 39%-ro
CHWXEHS BbIBPOCOB NNacTnKoBbiX 0Txonos K 2030 rogy.

3. YcTonunsoe ropofckoe passutue.

PasBuTre ropogos Npo4YHO NPUBA3AHO K akTy O 3eMJIENOSIb30BaHUN N CTPOUTENLCTBE,
pecdopmMe, NPMHUMAKOLWEN BO BHUMaHME WU3MEHEHUS KaMmaTa W MNOCTPOEHUE LUMKINYHOWN
9KOHOMUKW. B pesynbrate ypbaHuU3MpOBaHHble panoHbl PUHASHOUN OEMOHCTPUPYIOT
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yctondmsoe passutne. B TO e Bpemsa PuUHASHOMS CTPEMUTCA K TOMY, 4YTOObI
OOMOCTPOUTENBHbIE PELLEHNS NEPECEKANNCL C NMOTPEBHOCTAMM pPasHbIX FPYNn HaCEeNeHs.
MoaToMy pasnuyHble BUObl XXWUbSA OOCTYMHbI Ha PbIHKE, NOALEPXXKA >XUNULHLIX Lenen
rocyaapcTBOM obecnedmnBaeT afeKBaTHYIO LLEHOBYHO MOSINTUKY.

Bnarogapsi nonutnke MnHUcTepcTea PUHNAHOUM NPU3HAETCS MUPOBLIM COOBLLECTBOM
Kak OOVH U3 «3efieHbIX» NMMOEPOB B MEXOYHAPOOHbIX CpaBHEHUsX. CTOUT OTMETUTb TaKXe,
YTO MUHUCTEPCTBO CTapaeTca NogOepXMBaTb WHULMATUBLI rpaxkgaH Mo ynyylleHno
oKpy>atowen cpepl. MHorne rHHbI C FOHOro BO3pacTa 0CO3HAKT BaXXHOCTb NepepadboTKu
nnactTMka n ACHO BUOAT Yrpo3dy rnobanbHOro noTensieHnsl, a KOoloccasbHble BIOXKEHUS B
pasBuUTME YenoBeYecKoro kanutana pgenart PuHASHOMKIO OOHMM U3 NUOepoB B cdepe
WHHOBAaLMOHHbIX METOA0B aKonorndaumm. OgHUM N3 TakKux NHHOBAaLMOHHbBIX METOLOB MOXHO
cyMTaTh NPOU3BOACTBO YrNepOaHO-HENTPANbHOro 6eToHa.

LlemeHTHasa oTpacnb oTBedaeT 3a 8% BbIOPOCOB YrNeKMUCnoro rasa B atMmocdepy u
HENOCPEACTBEHHO BANSAET Ha rnobanbHOE W3MEHEHME MUPOBOro Knumara. BcemupHas
accoumauma npoussoguTenen 6eToHa M uemMeHTa ob6si3ana BCEX YYaCTHUKOB 3TON
opraHmsaunm OoCTUYb HYNEBOrO YPOBHS BbIOPOCOB B aTOM cdepe K 2050 roay, 4To aenaet
pa3paboTKy MHHOBaUun B cdhepe Npom3BOACTBA «3ENEHOro 6eTOHa» NPUOLINBHBIM, Tak Kak
PbIHOK 3TOr0 NPOAYKTa CTPEMUTENBHO PACTET M NOKaA YTO HUKEM He 3aHAT.

PuHCKMe nabopatopun akTUBHO CTPEMATCA pa3paboTaTb HOBble TEXHONOMMYecKue
peLleHns B 3TON aKTMBHO pa3BuBaroLLencs cepe.

LleHTp TexHn4ecknx nccneposaHnin GuHnangmn VT T npegnaraet MHOXXECTBO PeLLeHni
B 9TOM 06nacTtu, Hanpumep, METOA4 MuHepanu3aumn yrnepopa: Ccrnocob 3akoyeHus
YrNEKUCNOro rasa B 3areBeppgeBarowmin 6eToH. EBponerickad accouuaums TEXHOSOMNA 1
nccneposannin (EARTO) ypocTtomna [aHHYO TEXHOSIOMMKO MO MNPOU3BOACTBY YrfiepopHO-
HeraTMBHOIO LileMeHTa NepBbiIM MECTOM B HOMUHALMN «OXKNOAEMbIA MOTEHLMaN».

B mapTte 2024 roga nepBbii KOMMEPYECKUA NPOoayKT n3 6eToHa, B KoTopom 40%
LeMeHTa 3aMeHEeHO Ha MnHepanu3oBaHHbln CO2, NOCTYNNA Ha PbLIHOK U cevac AOCTYMNeH K
npogaxe. NMNockonbKy 6onblias ueHa 6eToHa - 9TO 3aTpaTbl Ha LEMEHT, TO NMPOu3BOACTBO
3enéHoro 6eToHa, B KOTopom 40% LemMeHTa 3aMEHEHO YIrNEKNCbIM ra3oM, CTaHOBUTCSA 6onee
OEeLEBbIM.

[anbHenwee pasBuTME OTpacnM NpPOM3BOACTBA 3€NEHOro 6GeToHa MNOoTeHuuanbHO
NOMOXXET CHU3UTb BbIBPOCHI YrEKMCOro rasa B atmocdepy Ha 8%.

B HacToswmii  MOMEHT OCTPO CTOMT 3apada pobuTbCs  He  yrnepogHom
OTPULATENBHOCTN, a XOTSA Obl YrNEPOAHON HENTPanbHOCTU. V1 ¢ 3TOM 3apadvernt NpekpacHo
MOXXET CNpaBUTbLCA MHHOBALMOHHAA TEXHONOMMS NPON3BOACTBA TOMAMBA U3 YNaBIMBaeMoOro
n3 armocdepbl CO2. Tak HasbiBaeMblii npouecc «Power-to-X» - 310 npeobpasoBaHue
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9NEKTPOIHEPIUN, MONYHEHHON HA BOSOBHOBSEMbIX NCTOYHNKAX, B aflbTEPHATUBHYIO (hOpMY,
KOTOpas MOXET ObiTb MCMOAb30BaHa MNO3AHEE M KOTOPYK JNerye XpaHuTb, HanpuMmep,
CUHTETMYeCcKoe Tonmeo. Cnocob nosyYyeHnss Takoro TonavMea — 3TO pas3fesieHne MOSIEKYN
Bogbl H20 Ha kmncnopop 1 Bogopopn NyTEM anekTponu3a. A 3aTtemM NoJSlyYeHHbI BOOAOPOA
COEQUNHSIETCA C YrNEKNCbIM ra3oM, A00bITbIM N3 BO34yXa, Y NOMyYaeTcs TONMBO A4S MaLLVH
1N CaMONETOB. XOTHA TEXHOMOrnsa un 6oina paspaboraHa Hemeukon pupmont Sunfire, PUHNAHOMSA
aKTMBHO gopabartbiBaeT 3Ty TEXHOOMMIO, BEAb OHA MOXKET 0Ka3aTbCs KH4YEBbIM CMOCO60M
OOCTWXKEHUS Lenn ctaTb YriepogHo-HenTpanbHbiM rocygapctsom K 2035 rogy.

HecmoTpss Ha TO, 4TO pPOANHOW YrnepoAHO-HEWTPasbHOrO TOrMBa SBJSIETCHA
lepmanus, B OuHnaHoum paspabotany cnocob nonyveHns nuwm mns yrnepopa. baktepum
«NOOKaPMNBAKOT» YINEKUCbIM ra3oM U NUTATESNbHbIMY BELLECTBAMU TakKUMK Kak: asoT,
Kanbuui, dochop n Kanun. ST BakTepun pasMHOXKAKTCA U BpoOAT, nocne 4Yero
MUKPOOPraHn3Mbl BbICbIXalOT 1 NPeBpaLLaloTCs B MOPOLLOK (ero Ha3sanm «ConenH»), KOTopbIn
ABNSAETCA CbedobHbIM U cogepXUT MHoro 6enka. [pon3BOACTBOM [AHHOW MNPOAYKLMM
3aHMMaeTca (uHcKas KomnaHusa «Solar Foods». 25% BbIGPOCOB MNapHMKOBLIX ra30B
NPUXOOUTCS Ha MPOLOBOSILCTBEHHBLIN CEKTOP, W OaHHbIA Cnoco6 NOTeHUManbHO MOXET
COKpaTUTb KOJSIMYECTBO, U, KOHEYHO XXe, NOSIOXKUTENIbHO CKaXKETCS Ha OKpYy>KaloLlen cpege.
OpHako ecTb Macca NpensaTCTBUIA:

- 6onbLumMHCTBOM noTpebutenen ConenH MOXET BbITb BCTPEYEH HEraTuBHO, Tak cam
NPUHUMN efpl U3 BO34yXa, CAMNWKOM BblGMBaeTCs OT TPaaUUMOHHONO MOHMMAaHWUS MU B
4YenoBevYeCKoM OBLLECTBE;

- HEBO3MOXHO ob6ecneynTb NPOAOBOJSILCTBMEM, OCHOBbIBAACb Wb Ha 6enke un3
BbICOXLWINX BaKTepuin, y KaxKOgoro 4efioBeka wnHavsuayasbHble NOTPEGHOCTU B MNUTaHUW,
BUTaMuHax W.T.4.;

- OAHHbIN NPOAYKT HE N3YYeH, OOHAKO Y)Xe OOCTYMNEH Ha PbIHKE.

C ppyron cTtopoHbl, ConenH pellaeTr MHOXECTBO Npob6seM B MNpPOOOBOSIbCTBEHHOM
chepe, C KOTOPbIMUN HEeNOBEYECTBO CTANKNBAETCH B HACTOALLMNA MOMEHT:

- Hynesoe Konn4ecTBO BbIGPOCOB NapPHUKOBbIX ra30B

- OTcyTCTBME 3TUYECKNX NPOBEM, CBA3AHHbBIX CO CTPaSAHNSAMU XXUBOTHbIX.

HanaxxeHHoe npoussoactso ConemHa MOXET caenartb ero ropasgo  pellesne
TPagLUMOHHON MULLM 1 NMOMOXET PELLNTb HE TONIbKO NPOBeMbl OKpY>KaroLLen cpeabl, HO 1
npobnemy rosoga B COBPEMEHHOM MUPE.

KapTtodenb, nonaswuii B EBpony B XVI Beke, Takxe Obll BCTPEYEH HEratmBHO,
ocobeHHOo B Poccuiickon nmnepumn (KpectbsiHekne 6yHTbl 1834 n 1840-1844 ronos cBsi3aHHbIE
C NPUHY>XOEHVEM BblpallnBaHna KapTomerns), HO Tak UM nHave kapTodgesb ctan NpoayKToM,
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6€e3 KOTOPOro HEBO3MOXXHO MPEACTaBUTb COBPEMEHHYIO KYXHIO, U MOBCEAHEBHYIO >XU3Hb,
BO3MOXXHO, 1 ConeunH XOéTt BceobLiee Nnpu3HaHme.

Moppepxka pasBUTMS  WHHOBAUWIA, CBSA3aHHbIX C  COKpaweHuem BblIGpOCOB
NapHUKOBbLIX ra3oB B atMocdepy B PUHAAHOUM - 3TO OfHA M3 OCHOB WX YCTOMYMBOrO
passuTusa. BbIXxog Ha PbIHOK YyrnepogHo-oTpuuaTtenbHOro 6eTOHa, a TakXe YrnepoaHo-
HEeNTPanbHOW NULLM N CUHTETUYECKOIro TOMNAMBA O3HA4aEeT, YTO Y PUHAAHOMY €CTb NoTeHunan
CTaTb He TOJNIbKO Yr1IepO4HO-OTPULATENBHBIM FOCYAAaPCTBOM, HO 1 NPUBHECTM BKag B 60pbby
YyenoseyecTsa C rnobasnibHbIM NOTEMNNEHNEM.

B ®uHNaHoun ecTb MHTEPECHbIE NHHOBAaLUMN TakXe B cdepe COoKpalleHUs MyCOPHbIX
otxopoB. ®uHckas komnaHua DURAT ¢ 1990 roga 3aHnmMaeTcs nponu3BoaCTBOM NPOOyKLuK,
30% KOTOpOW COCTOUT U3 nepepaboTaHHOroO nnacTuka. ITO rOBOPUT O TOM, YTO KypC Ha
COKpaLleHne NnacTuKOBbIX OTX0A0B B PUHAAHOUM YCTAHOBMIEH HEMHOMO paHblUe OPYrnx
pa3BuTbix cTpaH. Cenyac PuHNaHOMS - 3TO CTpaHa, B KOTOPOM nogasBndwolias 4acTtb
HaceneHusi 3HAeT, Kakon Bpen HECET NNacTuK ONsa OKpYy>KaroLlen cpenpl, COpTUpoBKa Mycopa
cTana ansa HaceneHus NpuBbIMHOM NPaKTUKON. B HacTosawmin MoMeHT B PuHnsHanm 25% Bcex
NNacTUKOBbIX OTXOAO0B UAyT Ha NepepaboTKy.

C KaxkgbIM OHEM MYCOpPHbIX OTXOAOB B MUPE CTaHOBUTCS BCE 6onblue. Mo pasHbiM
nopcyétam K 2050 rogy B MMPOBOM OKeaHe nnactuka éyget 6onblue, 4em pblbbl. NogobHas
cuUTyaumsi HECET yrpody bruopasHoobpasunio, 300POBbLI0 NAEN. BbINTY N3 NONOXKEHUA MOXET
NOMOYb pasfesibHbIi cOop Mycopa, bnarogapsa KOTOPOMY MOXXHO MCMOSIb30BaTb MYyCOPHbIE
OTXOAbl MOBTOPHO.

B 2022 ropy amepukaHckas kKommnaHusi Terex BblKynuna QUHCKYD KOMMaHWIO
Zenrobotics, npou3BogsAwyd pPO60TU3NPOBAHHYIO TEXHUKY OIS COPTUPOBKM MYCOPHbIX
OTXOQOB C MPMMEHEHMEM UNCKYCCTBEHHOro nHtennekra. MNpogykuus Zenrobotics cnocobHa
COPTUPOBAaTb MYCOPHbIE OTXOAbl Pa3HbIX KATErOPWIA, B TOM YMCIE, N NNACTUK C TOYHOCTbLIO [0
99,9% 1 NO3BONSIET MUHUMN3NPOBATL YEIOBEYECKOE Yy4acTue B CIOXKHOM U OMacHOM Ot
300p0Bbsi NPOLECCE COPTUPOBKN MYCOPHbIX OTXOLOB, a TakXe CNoCOOCTBYET CO34aHUIO
BTOPUYHOW NepepaboTK HOBOIrO NOKOEHMS.

MycopocopTnpoBo4HbI poboT Fast Picker — 6bicTpenwmnin poboT, 3a0eCTBOBaHHbIN
B nepepaboTke, COPTUPYET NNACTUK, BOSIOKHA N METaIbl C NOMOLLBIO MOLLHOMO BaKyyMHOIO
3axBara.

Bonbwune Hagexabl BO3naraioT Ha UCMNOSIb30BaHWe ansTepHaTnB Nnactuky. Ha gonto
nnacTtuka npuxoantcs okono 70 % Bcero mycopa B bantuinckom mope y 6eperos @PuHnaHounN,
N 3HaA4YMTENbHAA 4YacTb 3TOr0 Mycopa - ynakoBo4Has npoayKuusi. MMoaTomy OCTpoO cTouT
BOMpPOC O 6uopasnaraemoi aneTepHaTuBe NNacTuky. B ®uHASHOUM eCTb MHHOBALMOHHOE
pelweHne pgaHHonm npobnembl — Paptic. M0 HEKOTOPbLIM OLEHKaM, OH CYMTaeTCA Nyudllen
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anbTEPHATUBON NAAcTMKy B 061acTy ynakoBKW. [laHHbli maTtepuan MOXET BbITb MOBTOPHO
ncnosib30BaH 6onee OecsaTn pas, a Takxke A ero NPon3BOACTBA HE HY>KHO CO34aBaTb HOBYHO
NHMPPACTPYKTYPY, MNOCKOSIbKY €ro MOXXHO MpPOM3BOAUTL Ha YXe uMerowmxcs 6ymaro
nepepabaTtbiBaOLLMX IMHUAX. DKONOMMYECKM NPEUMYLLIECTBOM AaHHOIO NpoayKra B cdepe
yNakoBku - ero 6uopasnaraemMocTb, a TakXe YHUBEePCaslbHOCTb. XO3SNCTBEHHbIE CYMKWU,
ynakoBKa NPOAYKTOB MUTaHUS, KOHBEPTbl MU MHOMOe ApYyroe MOXET 6biTb M3roTOBAEHO U3
Paptic, 4TOo penaet ero ogHMM U3 caMbiX YCTOMYMBBLIX NPOAYKTOB B ®PuHnaHamn. OH
NOTEHLUMaNbHO CMOCOBEH 3aMEeHUTb BbIWEYNOMSHYTbIE NPOAYKThl YNakKoBKN U3 NEPBUYHOIO
CbIpbS.

Takum 06pa3oMm, WHHOBALUMOHHbIE MeToAbl 60pbbbl C MNNACTUKOBbLIMK OTXOOAMM
paspabatbiBaloTCA U BHEAPATCS B OUHAAHOUKN, NOMOrasi roCyAapCTBy CTaHOBUTLCA Gonee
YCTOMYMBBIM, & TaK)Xe COXpaHATb BuopasHoobpasre n NoaaepXnBaTb 300P0OBbE HACENEHNS.

Mopoep>xka n passuTne MHALNATUB HaCeNeHNs, OrPOMHbIE BIOXKEHWS B YESTOBEYECKUI
KanuTasn, pasBuUThE 3KOJSIOMMYECKON MPAMOTHOCTU Y HaceneHnst C IoHOro Bo3pacTa - 3TO TO,
YTO OAET MOoYBY [O11 BO3HMKHOBEHUSI MHHOBauuin B (bMHCKOM 0OLLecTBe, obecne4ymBaeT
YCTOMYNBOE PasBUTME N LNKINYHYIO SKOHOMUKY. BHeapsas nHHosaumm, ®UHASHOMS yny4dliaeT
COCTOSIHME OKpY>KatoLLel cpeabl, a Takxke obecnevnBaeT 340POBbE HACENEHUS, YTO OTHACTU
npegonpegensieT nuaupyowme no3vumm GUHNAHOMW, OLeHNBaeMble BCEMUPHbIM UHAEKCOM
CYaCTbsl U MHOEKCOM 3KONOrn4eckom addekTmeHoCcTU. Bce aTo roBoput 06 yCnewHocTu
9KOJIOMMYECKON NOANTUKMK, MPOBOANMOMN MPaBUTESIbCTBOM.
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MapkocsiH 3apyn CamBenoBHa

Ko>xesHukos Butanuin Bnagumuposiny

YepHbix EkaTepuHa AnekceesHa

LLletnHnHa Hapexxpa AnekcaHgpoBHa

acCcUCTeHTbI Kadepbl ynpasneHns B 34paBooXpaHeHnin

BopoHexXcKui rocyaapCTBeHHbIN MegnuuHCcKuinm yHneepcuteT uMm. H.H. BypaeHko
lNonoB AnekcaHgp AHapeesuy

AccuCTeHT kadepbl rocnuTansHOM Tepannn N SHOOKPUHOIOr N

BopoHexXckunin rocygapcTBEHHbIN MeaULIMHCKUIA yHUBepcUTeT M. H.H. BypaeHko

Abstract. The normative legal requlation of Informed voluntary consent is regulated by Federal Law 323 "On the
Basics of protecting the health of citizens in the Russian Federation" Article 19, paragraph 9, which says that the patient has
the right to compensation for harm caused to health when providing him with medical care [1]. By Order of the Ministry of
Health of the Russian Federation No. 785 "On approval of requirements for the organization and conduct of internal quality
control and safety of medical activities" the task is to ensure and assess compliance with the rights of citizens in the field of
health protection in the implementation of medical activities.

Keywords: informed voluntary consent; patient, treatment; state of health.

Annomayua.  Hopmamubno-npaBoboe  peeyaupobanue  VngpopmupoBannoeo  006poboavioeo  coesacus,
peeyaupyemca @3 323 «O6 ocnobax oxparvl 300poBua epaxdan 6 Poccutickoi Pedepayuu» cmamva 19 nynxm 9, 6 xomopom
HANUCAHO YMO, nayueHm umeem npago Ha 6osmeujerue Bpeda, npuuUHeHH020 300p06bi0 NPU OKA3AHUL eMY MeOUYUHCKOT
nomowyu [1]. Ilpuxasom M3 P® Ne 785 «O6 ymBepxoenuu mpeboBanuil x opeanusayuu u npobedenuto BHymperHezo
KOHMpoAs KauecmBa u besonacHocmu MeOuyuHcKkoi OesmesvHocmu» 3adauetl: obecnevenue 1 oyenxa cobawdenus npab
epaxxoan 6 cghepe oxparvl 300pobua npu ocyujecmbaeHuU MeOUYUHCKOL 0eAmeAbHOCTIU.

KaroueBuie caoBa: ungpopmupobarroe 000pobosvHoe coesaciie; nayuenin, 1enenue; cocmostie 300poBos.
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PeueH3eHT: KynavyeHko MapuHa lNeTpoBHa - kaHanaaT negarorn4ecknx Hayk, OOLEHT,
OOoUeHT Kadeapbl ncuxonorun n negarorvku. ®re0yY BO «OpnoBckum rocygapCTBEHHbIN
yHusepcuteT nmeHn N. C. TypreHesa»

BeepeHne. HopmaTtnsHo-npasoBoe perynuposaHue WHpopmMmmnposaHHOro
pobposonbHOro cornacug, perynmpyetca 3 323 «O6 ocHOoBax OXpaHbl 300P0Bbs MrpaXkaaH
B Poccuinckon ®epepaumn» ctatbss 19 NyHKT 9, B KOTOPOM HanNMUCaHO YTO, NaumeHT NMeeT
npaBo Ha BO3MELLEHNE Bpena, NPUYNHEHHOro 300POBLI0 NPU OKasaHun eMy MeAMNLUHCKOWN
nomowm. lMpukazom M3 PO Ne 785 «O6 yTBEpXAeHUM TpeboBaHW K opraHm3aumm u
NPOBEAEHNID  BHYTPEHHErO KOHTPONSA KadectBa W 6e30MacHOCTU  MeAULMHCKOM
[eATeNbHOCTU» 3apjadeini: obecneyeHne N OueHKa COOMIAeHMA npas rpaxpgaH B cdepe
OXpaHbl 300POBbS MPU OCYLLECTBAEHNN MEQNLNHCKON OeATENbHOCTN.

Llenbio paboTbl ABNSETCA JOHECTU MHMOPMALMIO 00 Bpayven U NauMeHToB O BaXKHOCTU
nognucaHms  MHMOPMUPOBAHHONO [OOPOBOSIBHOrO cornacus, TakK Kak MpaBusibHO
OPOPMJIEHHbIN JOKYMEHT MOXET 06e30MacuTb Kak Bpaya, Tak 1 naumneHTa.

Matepuanbl n METOLAbI: MEOULVNHCKME OOKYMEHTAUUN, NCTOPUHECKUA aHaNN3,KOHTEHT-
aHann3 MeguLMHCKON AOKYMEHTaumMn 1 ourumnanbHbiX MHHPOPMaUNOHHBIX UCTOYHUKOB.

Mopsgok odopMneHns NMHPOPMUPOBAHHOIO AO06POBONBHOMO COrNMacus: nauyneHThbl
paoT MOC B cOOTBETCTBMM C NPOLEnYpPOI, ECNN NPOBOAATCS LOMNONHUTENBHbBIE NPOLEenypbl 1
B/UAblI NedveHunsa, Tpebyowmne OTAENbHOrO Ccorfiacus, CyLllecTByeT eaMHoobpasHasd cxema
pokymeHtnpoBaHua WOC. Tak xe B WOC, ykasbiBalOTCA Nuua, KOTOPbIM B MHTEpecax
naumeHTa MoxeT 6bITb NpefaHa nHopMaLmsa 0 COCTOSHUN ero 340PO0Bbs, B TOM Y/C/Ee NOocne
cMepTu.

[Ona Bpa4ven BaXXHO NpuU3HaTb, YTO UH(OPMaUUA U BO3MOXHOCTU, KOTOPbIMU Bpay
JennTcsa € nauveHtaMmm B rnpouecce WMH(POPMUPOBAHHOIO COrjacus, 4acto SBASIOTCH
OTPaXeHNeM COBCTBEHHbIX LEHHOCTEN, NMPUOPUTETOB M KYNbTypbl Bpada, U OHW He Bcerpa
coBMnagatoT C LEHHOCTAMM, MPUOPUTETAMUN N KYJIbTYPOW NaumeHTOoB. [aumeHT v Bpad Ao/KHbI
NPVHUMaTb COBMECTHOE PELLEHME, TaK Kak 3TO OPUEHTUPOBAHO Ha UHAMBMAYaNbHbIA NOAXO4
Ha nauymeHTa.

VIHdopMupoBaHHOEe cornacue

OTO MpaKTUYECKOEe MPUMEHEHME MNPUHUMNA OWNOSTUKM YBaXKEHUS aBTOHOMUU U
camoonpefeneHns naumeHTa, a TakXKe 3aKOHHOro npaBa naumeHTa Ha (U3NYECKYHo
HENPUKOCHOBEHHOCTb

Bpaun HecyT aTuyeckne 06s3atenscTsa B OTHOLEHUN MHPOPMUPOBAHHOIO COracus.

YBaXKeHVe K aBTOHOMUM NaumneHTa ABNAETCS OOHUM U3 YeTbIPEX CTONNOB MEQULVNHCKON
9TUKN, OCHOBAHHOW Ha Criedylowwmx MpuHUUNnax-asTOHOMNUA, Munocepgue, Hernpu4nHeHue
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Bpena, cnpasennmBoCTb. lNpuyem, yBaXkeHne K aBTOHOMUM NauMeHTa CYUTAETCS «MepBbIM
cpeav paBHbIX» U3 3TUX YeTbIpex NpuHUMNax.

LUenb wuHMoOpMMpoBaHHOro cornacus-npegoctaBnTb  NaumeHTam  MHdopmaumio,
KOTOpas Heobxoouma W BaXkKHa L1891 MNPUHATUS UMK peleHns ( BKIoYas PUCKN U
npenMyLlecTsa NPUHATUS UM OTKa3a OT PEKOMEHAOBAHHOMO fleYEHNsl), a TakXKXe MOMOYb
nayneHTam onpeaennTb Hanay4LWwmnin NiaH AencTBUS Ons oKa3aHus UM MeOuLUMHCKON MOMOLLN.

COBMECTHOE MPUHATNE PELLEHUI - OPUEHTUPOBAHHDIN Ha NauMeHTa MHAMBUAYabHbIN
NoOxXo4 K npoueccy WHPOPMUPOBAHHONO Ccornacus, KOTOpbIM BKKYaeT o6CyXaeHue
NPEeUMyLLEeCTB U PUCKOB [AOCTYMHbIX BApWaHTOB JIeYEHUS B KOHTEKCTE LEHHOCTen u
NPUOPUTETOB NMaLMEHTOB.

ApekBaTHOCTb UHpOpMaLK

Camblini BbICOKWIA 3TUYECKUA CTaHOaApPT afeKBaTHOCTU KIMHUYECKON uHbopmMaumm
TpebyeT, 4YTOObl OOBLEM W CNOXHOCTb WHMOPMaUMM COOTBETCTBOBaNM MNOTPEBGHOCTAM
nayneHTa n cnocobHOCTN NauneHTa NoOHMMaTb 3Ty NHMOopMaLIo.

[MpaBoBOI CTaHAAPT afeKBaTHOCTM O6bEMA KIIMHNYECKON NH(OPMaLNN NN KOHTEHTA,
NPEAOCTaBASEMOro NauneHTy B NpoLecce NonyYeHns NHPOPMUPOBAHHOIO COrnacus, MoXeT
BapbUpPOBaTbLCS.

MpeumyLecTsa MHHPOPMUPOBAHHOIO COrfacus

1. 3awmTa npaB naumeHTa Ha camoonpeneneHne

2. BoBneveHne nayneHTa B 3a60Ty O 340POBbLE.

3. YnyyleHne OTHOLEHUI MeXAY BpayoM 1 NaUNEHTOM.

4. MNoowpeHne Bpayen K TwaTenbHOMY N3y4eHNI0 OCOBEHHOCTEN COCTOSIHNA 300P0BbS
nayuneHTa.

5. YMeHblueHne HeyaoBNETBOPEHHOCTU M CYAEOHbIX TsHXKO6 Npu BOSHUKHOBEHWU
OCNO>XHEHU.

Bupgbl cornacun

1. SIBHOe cornacme-korga nauMeHT HanpsiMyto CoobLLAaeT O CBOEM MOSIOXKUTENbHOM 1
sABHOM cornacum pady. O6bl4HO 3TO fgenaeTcs B NMUCbMEHHON (hopMe, ero Tak Xe MOXHO
nogaep>atb YCTHbIM OO6LLeHMEM C Bpa4voM. BbipaxkeHHoe cornacue He OrpaHu4eHo no
BPEMEHU, eC/n NOJIb30BaTeSlb HE OT30BET CBOE cornacue.

2. [llopgpasymeBaemMoe cornacve-spad MOXET MNpPeanosioKnUTb, YTO NauMeHT
COrnacuTcs, NCXoasa U3 NpensioXXeHNs, YTO HU OOUH Pa3yMHbIN YENOBEK HE OTKaXKETCHA OT
npouenypbl B 9Tux ob6CTOATENBCTBAX. TpygHee [okasaTb, YemM SBHOE corfacue,
nogpasymMeBaeMoe cornacme npoucxoamT Yepes AENCTBUE Unn NOBEAEHME NauneHTa, a He
4yepes NpsiMoe 0bLLeHne NOCPEACTBOM CIOB.
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3. CypporaTHoe peLLeHne NrPaeT BaXKHYO PoJib, KOrga COCTOsSHME nauneHTa Tpebyer
WHTEHCUBHOWN Tepanuu, KOTopas BPEMEHHO CHMXKAeT CNOCOOHOCTb NauMeHTa NpUHUMAaTb
peweHne (cT. 20 ®3 323 «O6 ocHOBax OXpaHbl 300P0Bbs rpaxkaaH Pd».

MomMnumMo MHpOPMMPOBaHHOIO [OBPOBOMIBHONO cornacus ectb UHMOPMUPOBAHHbIN
OTKas.

- nauueHTy [ommkHa O6biTb 06bsiCHEHA HEO6XOOMMOCTb JleYeHUsi, B TOM 4ucne
06CY>XAEHbI PUCKN N NPEUMYLLECTBA JIEYEHUS, albTEPHATMBbI JIEYEHNIO, @ TaKXe PUCKMK U
BO3MO>XHbI€ MOCNEACTBNSA O0TKa3a OT PEKOMEHAOBAHHOMO SIeYeHs

- MNCbMEHHbIN OTKa3

- MPUYMHBI (ECNN TaKOBbIE UMEIKDTCH), YKa3aHHble NaUNEHTOM A1 OTKasa.

MaumeHTbl MOryT OTO3BaTb CBOE cornacue B 060 MOMEHT BO BPEMS NpoLenypsbl, 1
3aTeM Bpay OO/PKEH HayaTb O6CYy>XXOEHMEe HOBOro WH(OPMUPOBAHHOIO cornacus (unu
NH(POPMNPOBAHHOIO 0TKa3a)

BbiBOObI: nonyyeHns nHOOPMMPOBaHHOE [O0OPOBOSIbLHOE cornacue OgHOBPEMEHHO
SABMSIOTCA W cobGniogeHne OCHOBoOMonarawwmx npas  nauveHta, u  obecnedveHue
6e30nacHOCTN fieyalLlero Bpada n MeguLMHCKON opraHmM3aunmn, okasbiBatoLen MeguUMHCKYHO
ycnyry.

Yacto naumeHTbl MOCMEe XMPYPrn4eckoro BmewaTtensctea (B TOM  4ucne
CTOMATOJSIONMYECKOro) HE MOMHSAT, YTO MUX NPEeaynpeXgatdT O BOSMOXKHbIX OCNOXXHEHUAX B
cny4ae oOTKasza OT BMeWaTenbCTBa, U B WX AOO0KYMEHTauMsX HeT 3anucerl O TaKux
npegynpeXxaeHnsax.
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Abstract. The article presents an analysis of effective B2B (business-to-business) marketing strategies employed in
the United States for attracting target clients and establishing long-term partnership relations. The specific features of the
B2B market, key factors influencing organizational success, and modern tools for promoting goods and services are examined.
Particular attention is devoted to the significance of communication personalization, the role of content marketing, and the
integration of advanced digital technologies in the B2B segment to enhance competitiveness. The critical importance of
forming trust-based relationships with clients and a strategic focus on long-term cooperation is emphasized as the foundation
for stable development and business growth in a dynamic market environment.

Keywords: B2B (business-to-business) marketing, target customers, long-term partnerships, marketing strategies,
United States.

PeueHseHT: NyykoBa Onbra CepreesHa — kKaHaNOAT 9KOHOMUYECKNX HayK. [oueHT
kadenpbl NnpuknagHon nHpopmatukn. ro0y BO «PIrAY — MCXA nvenn KA. Tummnpssesa»

Introduction

B2B (business-to-business) marketing plays a crucial role in the development of
business and the formation of sustainable partnerships between companies. In the United
States, one of the largest and most developed B2B markets in the world, the effective
application of marketing strategies is the key to success in attracting target customers and
building long-term cooperation.

The relevance of the research topic is due to the growing competition in the United
States B2B market and the need for effective marketing strategies to attract and retain
customers. The purpose of this article is to analyze the features of the United States B2B
market and identify effective strategies for attracting target customers and forming long-term
partnerships. To achieve this goal, the following research areas have been identified:
considering the specifics of the United States B2B market, to study the key success factors
and promotion tools, and to highlight the role of personalization, content marketing, and digital
technologies in the B2B segment.
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Main part. Features of the B2B market in the United States

According to research, the volume of B2B e-commerce sales in the United States in
2022 amounted to $1,84 trillion [1], and the total volume of the B2B marketing market is
estimated at $26,7 billion as of 2023 (fig. 1).

26 4
244
22 4

20 4

(Billions $)

T 1 L) T T T
2018 2019 2020 2021 2022 2023

Figure 1. Dynamics of the marketing market in the United States 2018-2023 [2]

The United States B2B market is characterized by high competition and a focus on
building long-term relationships with customers. One of the key features is the lengthy sales
cycle, which can take several months or years. This is due to the complexity of products, high
contract costs, and the need to agree on terms between multiple decision-makers. For
example, Boeing, one of the largest manufacturers of aviation equipment, may negotiate the
supply of aircraft for several years before concluding a contract with an airline.

Another important characteristic of the United States B2B market is a high degree of
personalization. Customers expect an individual approach and solutions tailored to their
specific needs [3]. Companies strive to deeply understand their customers, their business
objectives, and pain points in order to offer them the most relevant products and services.
Personalization of communications, customization of offers, and the provision of additional
value are key success factors in the American B2B market.

ROI (Return On Investment) orientation is also a distinctive feature of the American
B2B market. Buyers make decisions based on an assessment of the return on investment and
the long-term benefits of cooperation. According to a survey conducted by the Association of
National Advertisers (ANA), 85% of B2B buyers in the United States consider ROI a key factor
when choosing a supplier [4]. For example, when selling industrial equipment, General Electric
focuses on reducing operating costs and increasing production efficiency for its customers.
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Demonstration of specific indicators of economic efficiency and examples of successful
implementations are powerful arguments in favor of choosing a particular supplier.

The importance of digital technologies in the B2B market is steadily increasing. Online
channels have become integral tools for communication and sales in the B2B sector.
According to a report by McKinsey & Company, 70-80% of B2B buyers in the United States
prefer digital methods of interaction with suppliers (table 1).

Table 1
Preferences of B2B buyers in the United States in digital interaction channels [5]
. Share of B2B buyers Change in preferences compared
Interaction channel who prefer the channel to the pre-pandemic period

Online catalogs and supplier sites 70% +11%

Video conferencing and webinars 53% +23%

Online chat on the supplier's website 41% +15%

Mobile applications for interaction with

the supplier 30% +8%

Companies invest in the development of digital platforms that provide a seamless
customer experience and automate marketing processes. For example, the implementation of
e-commerce systems, chatbots, and virtual assistants allows for accelerating the ordering
process, providing customers with prompt support, and personalizing interactions.

The application of advanced technologies, such as artificial intelligence (Al) and
machine learning (ML), opens up new opportunities for optimizing business processes and
making data-driven decisions. For instance, the use of Al for monitoring and optimizing IT
infrastructure unveils new economic prospects for implementing predictive analytics in the
operational activities of enterprises [6]. Analyzing big data on customer behavior and
preferences enables the creation of more targeted marketing campaigns and the offering of
personalized solutions.

Another important feature of the United States B2B market is the high significance of
a company's brand and reputation. Having a strong brand associated with quality, reliability,
and expertise is an essential factor in customer trust and loyalty. Companies invest in
marketing communications, PR, and loyalty programs to strengthen their brand and build long-
term relationships with customers.

For example, Caterpillar, one of the leading manufacturers of specialized equipment,
actively promotes its brand through sponsorship of sports events, social initiatives, and
educational programs for equipment operators. Such activities not only increase brand
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awareness but also demonstrate the company's commitment to its customers and the industry
as a whole.

Thus, the United States B2B market is characterized by high competition, a focus on
personalization and customer-centricity, as well as the active adoption of digital technologies.
Companies that take these features into account and adapt their strategies to market needs
have a greater chance of success in attracting and retaining customers, as well as building
long-term partnerships.

Effective B2B marketing strategies

Companies are increasingly focusing on personalization and segmentation to gain a
deeper understanding of their target customers and to apply an individualized approach in
marketing communications. Audience segmentation enables the creation of targeted
campaigns and the provision of relevant content for each customer group. According to
Adobe's report, companies that prioritize personalization and the enhancement of customer
experience are more likely to outperform competitors and achieve business objectives [7]. For
example, Cisco Systems utilizes a personalized approach in its marketing campaigns,
considering the industry specifics and business size of its clients. Creating informative and
useful materials within the framework of content marketing, such as blog posts, white papers,
and case studies, helps attract potential customers, demonstrate the company's expertise,
and foster trust. According to a report by the Content Marketing Institute, 91% of B2B
marketers in the United States use content marketing to achieve their goals [8]. HubSpot, a
developer of software for marketing and sales, actively uses content marketing by publishing
educational articles, research, and webinars for its target audience.

The strategic approach of Account-Based Marketing (ABM) involves concentrating
marketing and sales efforts on the most valuable and promising customers. ABM allows
building deep relationships, providing customized solutions, and accelerating the sales cycle.
Salesforce, a leader in CRM systems, successfully applies ABM to work with large corporate
clients, providing them with personalized solutions and services.

Another strategy for attracting target clients and building long-term partnerships is the
use of digital technologies and marketing automation. Tools such as CRM systems,
marketing automation, and predictive analytics help personalize customer interactions,
optimize resources, and increase communication efficiency. Oracle, one of the largest
providers of business software, offers comprehensive solutions for marketing automation and
customer experience management.

Companies focus not only on attracting new customers but also on retaining and
developing existing partnerships. Long-term cooperation allows increasing the customer
lifecycle, generating repeat sales, and receiving recommendations. General Electric actively
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develops loyalty programs and provides its customers with additional services, such as staff
training and technical support, to strengthen long-term partnerships.

Challenges and prospects for B2B marketing development in the United States

Despite significant potential, B2B marketing in the United States faces a number of
challenges. One of them is the need to adapt strategies to the specifics and complexities of
individual regions of the country. Launching new services and building partnerships in complex
regions of the United States requires considering local peculiarities and careful planning [9].
Companies need to conduct detailed market analysis, take into account cultural differences,
and adapt their offerings to the needs of customers in each region.

Another challenge is the growing competition in the United States B2B market. The
emergence of new players and the development of technologies force companies to
constantly improve their marketing strategies and seek innovative ways to attract and retain
customers. Under these conditions, the ability of companies to quickly adapt to market
changes and offer unique value to their customers becomes particularly important.

The prospects for the development of B2B marketing in the United States are
associated with the further implementation of digital technologies and the personalization of
customer experience. The use of Al, ML, and big data will allow companies to better
understand the needs of their customers and provide them with relevant offers at the right
time. The development of omnichannel strategies and the integration of online and offline
communication channels will also contribute to strengthening relationships with customers
and increasing the effectiveness of marketing campaigns.

In addition, the importance of social responsibility and sustainable development in
B2B marketing is expected to grow. Companies that demonstrate commitment to ethical
principles and make a positive contribution to society and the environment will have a
competitive advantage and win customer loyalty. Investments in «green» technologies,
support for social initiatives, and transparency in conducting business will become important
success factors in the B2B marketing of the future.

Conclusion

B2B marketing in the United States requires the application of effective strategies to
attract target customers and form long-term partnerships. The key success factors are
personalization, content marketing, ABM, the use of digital technologies, and a focus on long-
term cooperation. Companies that adapt their marketing approaches to the specifics of the
B2B market and customer needs have the greatest chances of success in building strong
partnerships.

American B2B companies, such as Boeing, General Electric, Cisco Systems, HubSpot,
Salesforce, and Oracle, demonstrate the successful application of various marketing
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strategies to attract and retain customers. Their experience can serve as an example for other
market players seeking to strengthen their positions and build long-term partnerships with
customers.

Further research in the field of B2B marketing in the United States can be aimed at
studying new trends and technologies, such as the use of Al and ML for the personalization of
marketing communications, as well as analyzing the effectiveness of various strategies
depending on industry specifics and business size. An important direction is also the study of
the impact of social responsibility and sustainable development on the success of B2B
marketing in the long term.
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Abstract. The article discusses the main characteristics of industrial noise, as well as the method of measuring noise
at the workplaces of the machining shop at the milling processing site of the branch of |[SC "UEC" VMZ Salyut.

Keywords: noise, measurement, machining, workshop, production, characteristics, vertical CNC milling machine

Annomayus. B cmamve paccmompenst 0CHOBHbIE Xapaxmepucmuxy npousbodcmbeHHbix wiymob, a marke Memoouxa
UsMepeHus wyma Ha pabouux mecmax mexanoobpabamvibaroujeeo yexa Ha yuacmke gppeseproi odpabomku guiuara AO
«OIIK» «BM3 «Caatom».

KuaoueBvie caoBa: wymv, usmepenue, mexanoobpadbamuvibatowut, yex, npousbodcmbo, Xapaxkmepucmuxi,
Bepmuxkarvro-gopesepuiti cmanox ¢ YITY

PeueH3eHT: Toponues Bacunnin BnagnmmpoBuny - kKaHanaaT TEXHUYECKNX HayK, OOLEHT.
OreQy BO «PrAY-MCXA nm. KA. Tnumupssesa»

LLlymOmM HasbiBalOTCA 3BYyKOBble KonebaHus pasnnyHOM WMHTEHCMBHOCTU W YacTOThl,
OKasblBalLWMX BpPeOHOe WM onacHoe BO3OelcTBMe Ha opraHu3m 4enoseka. CambiMu
pacnpoCTPaHEHHbIMM NPOSABNEHNSMN BO3AENCTBMS lwyma Ha paboTHMKa
MaLUMHOCTPOUTESNIBHOrO  NPEeanpuUATUS  SABASIOTCA:  CHUWKEHME pasbopymBOCTU  peyn,
YTOMJISEMOCTb M CHUXXEHME MPOU3BOAUTENBHOCTN TPyAa, NOSBNIEHME LUYMOBOW NaToNoru
(Tyroyxoctw) [1-6].

B cBsA3M C yBenM4eHMEM MPOM3BOACTBEHHbIX MOLUHOCTEN, KONMNYEeCTBa CPEACTB
TEXHONIOMMYECKOrO OCHALLEHMS (METanNoOpPeXyLmx CTaHKOB) Ha yvacTke pe3epHo
obpaboTkn mexaHoobpabatbiBatowero yexa AO «O[K» «BM3 «CantoT» 3agada 60pbbbl C
NPON3BOACTBEHHbIM LLYMOM OCTaETCS akTyanbHOW. B cTaTbe aBTOpamMm pacCMOTPEH OAVH U3
Ccnocob60B MOBbILLEHNA 3PHEKTUBHOCTN OLIEHKN MEXAHMYECKOrO LyMa 3a CYET BHEOPEHMS
METOANKN N3MEPEHNS.

Mo npupoae BO3HMKHOBEHMSI MPOU3BOLCTBEHHbIA LUYM MOXHO pasgenntb  Ha
MEXaHN4YeCKNin, adpoaNHaAMUYECKNIA, TMOPABANYECKNA, SNEKTPOMArHUTHbIN (puc. 1).
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PI/ICYHOK 1- KJ'IaCCI/ICbI/IKaLI,I/IFl npon3BoACTBEHHbIX LLUYMOB Mo npnpoae BO3SHNKHOBEHNA

CornacHo npusegeHHomy B CI1 51.13330.2011 onpepeneHnio AonyCTUMbIA YPOBEHb
Wwyma npeactasnsieT coboM «ypOBEHb, KOTOPbLIN He BbI3bIBAET Y Ye/I0BEKA 3HAYUTESIBHOMO

6ecnokoncTea

COCTOSIHMS
LLYMY>.

HopMupyembiMu napameTpamm NOCTOSHHOIO LWyma Ha pabo4ymx MecTax SABAATCA:

- ypoBHM 3ByKoBoro pgassieHuss Le, b, B OKTaBHbIX nojfilocax Cco
cpenHereomeTpuyeckummn yactotamm 31,5; 63; 125; 250; 500; 1000; 2000; 4000; 8000 [y,
onpegensiemble No opmyre:

N CYLLECTBEHHbIX W3MEHEeHUN nokasatenen QYHKUNOHANbHOro
cucTem N aHannu3aTopoB  ero OpraHm3ma, 4yBCTBUTESIbHbIX K

Lpo=20IgP/Po, 0B,
roe P — cpepHee kBagpatnyeckoe 3HavyeHne 3ByKOBOrO JaBfeHns B ornpenesieHHon nonoce
yacToT, lMa; Po = 2 ¢ 10™° Na — ncxogHoe 3Ha4eHve 3BYKOBOro AaBJIeHNs B BO3OYXE;

- ypoBeHb 38yka La, oBA, onpegensiembii No opmyne:

La= 20Ig Pa/Po,
roe Pa — cpepHee KBagpaTnyeckoe 3HavYeHne 3ByKOBOIO OABMIEHMS C YHETOM KOPPEKLUNN «Ax
Lwymomepa, lMa.

OueHka NOCTOSHHOrO LWyMa Ha COOTBETCTBME NPEnenbHO AO0MYCTUMbIM YPOBHAM
OOJDKHA MPOBOAMTLCS Kak MO YPOBHSM 3BYKOBOrO [aBfIEHMS, TakK M MO YPOBHIO 3BYKA,
KOTOpblE NpuBeaeHbl B Tabnvue 1.

HopmMupyembiMu napameTpamm HENOCTOSHHOIO LWyMa Ha pabo4vnx MecTax ABNATCSA:
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— OKBUBAJIEHTHBIV (110 SHEPI M) YPOBEHbL 3BYKa HEMOCTOSIHHOMO LyMa — YPOBEHb 3BYyKa
NOCTOSAHHOIO LLUMPOKOMOJSIOCHOIO LLYMa, KOTOPbIA UMEET Takoe XKe CpefHee KBagpaTtnieckoe
3BYKOBOE [aBJfieHne, YTO U [AaHHbIA HENOCTOSAHHbLIN WYM B TeYeHue 3aaHHOro uHTepsana
BpeMeHu, obA;

— MaKCUMAaJIbHBIVI YPOBEHB 3BYyKa. NSt KONEBNIOLWEroca BO BPEMEHN U NPEPLIBUCTOIO
wyma B ABA; ans nmnynbcHoro wyma — B gbA1.

OueHKa HEenoOCTOAHHOMO LWymMa Ha COOTBETCTBME NPeAeNlbHO AOMYCTUMbIM YPOBHAM
OO0/MKHa NPOBOANTLCS KaK MO 3KBUBANIEHTHOMY, TaK U N0 MakCUMasnbHOMY YPOBHSIM 3ByKa (B
OBA vnn pbA1).

MpenenbHO JonycTMble YPOBHU OOKHbI B cooTBeTCcTBUM ¢ TOCT 12.1.003 1 CanllnH
2.2.4/2.1.8.10-32-2002 npvHMMaTbLCS:

— 0N TOHANBHOIO N UMMYNBCHOrO Wyma Ha 5 g5 (4BA) MeHbLue 3Ha4YeHV, yKa3aHHbIX
B Tabnuue 1;

— ON8 Wwyma, co3[aBaeMoro B MOMELLEHUAX YCTaHOBKaMW KOHOMLMOHUPOBaHUA
BO34yXa, BEHTUNAUUM U BO3QYLIHOro otonneHnsa, — Ha 5 gb (abA) MeHbLue daKTUyeckKnx
YPOBHEN LWyMa B 3TUX NOMELLEHUSIX, eCN NocnefHNe He NPEBbLILA0T 3HAYEeHUN, YKa3aHHbIX
B Tabnmue 1.

Mpu yposHe wyma Bbiwe 80 b ctaHOBUTCA TPyOHO pas3roBapuBaTb, YPOBEHb LUyMa
120 b BbI3bIBaeT owyuweHne gaesneHns B ywax, npu 130-140 gpb wym cospaet 6onesoe
owyuieHne, npu 160 gb v BbilWe NponcxoanT MexaHN4YeCKoe NoBpeXXaeHe OpraHoB cryxa u
BHYTPEHHNX OpraHoB, Npu ypoBHAX nopsagka 180 ob HaumHaloT paspyliartbcs MeTanandeckune
coeanHeHns (3aknenoyHble U CcBapo4Hble WBbl). MakcumanbHbIi YpOBEHb 3ByKa AN
KONeBNIOLLErOCA U NPEPLIBUCTONO WyMa He foskeH npesbiwaTtb 110 abA, a ona uMnynbCHOro
wyma — 125 gbA. 3anpewaeTca gaxxe KpatkoBpeMeHHOe npebbiBaHNE B 30HaX C YPOBHEM
3ByKa MM ypoBHEM 3BYKOBOroO [aBneHus B Noboi okTaBHoM nonoce cebiwe 135 gbA (ob)
[7,9,11,13].
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Tabnuua 1
[lonycTumbie ypOBHM 3BYKOBOIO OaBIEHNS, yPOBHN 3BYKa Ha pabo4vnx MecTtax, B
NPON3BOACTBEHHbIX MOMELLEHUAX N HA TEPPUTOPUN NPEanPUATUS

YpoBeHb 3BYKOBOro AasnieHus, Ab, B OKTaBHbIX Nofocax YpoBeHy
CO cpegHereoMeTpuyeckmMn Yactotamu, Iy, 3ByKa

Pabo4ne mecTta

63 125 250 500 | 1000 | 2000 | 4000 | 5000| obA

MNomelleHns KOH- 71 61 54 49 45 42 40 38 | 50
CTPYKTOPCKNX 6t0po0,
nabopartopuin gns
06paboTkmM
3KCNEPUMEHTASTBbHbIX
OaHHbIX

MomeLleHuns 79 70 68 58 55 52 50 49 |60
ynpasneHus, pabo4ve
KOMHaThI

NomeweHuns 94 87 82 78 75 73 71 70 | 80
nabopaTopuii Ans
npoBeaeHNs
3KCMNEPUMEHTASTBbHbIX
paboT

MocTosiHHbIE paboyne 99 92 86 83 80 78 76 74 | 80
MecTa 1 pabouyne 30Hbl
B NPOnN3BOACTBEHHbIX
NMOMeELLEHUNAX N Ha
TeppuTopun
npegnpuaTAin

Mpn o6paboTke u3genuin Ha BepTuKanbHo-pesepHoM cTaHke ¢ YIY MA-655
BO3HUKAKOT MeEXaHN4eckKne WyMbl. [puynHbl MX MNOSABMAEHUSA Ccrepylowme: Hanuydve B
MeXaHn3Max MHEPLMOHHbIX BO3MYLLAIOLMX CWUJ, BO3HUKAKOLMX WU3-3a OBVKEHUs OeTanen
MeXxaHn3ma C NepeMEHHbIMIN YCKOPEHMAMU; COyaapeHne aeTanemn B COYNEHEHNSX BCNEACTBME
Hen3be>XHbIX 3a30P0B; TPEHNE B COYNIEHEHNSIX AeTanein MexaHn3mMoB; yaapHble NPOLEeCChl 1
psg gpyrux. [8,12,14]

JonyCcTuMble WyMOBbIE  XapPaKTEPUCTUKM  METANNOPEXYLUNX CTaHKOB OTAESIbHO
pernameHTupytoTCaMexrocyaapcTeeHHbIM ctaHgapTom FOCT 12.2.107-85.
V3amepeHne wyma Ha paboumx mectax mexaHoobpabaTtbiBalLero uexa Ha y4acTke

hpesepHon 06paboTkm NPOBOAUIOCH MO METOANKE n3mepeHnin (M) akBuBaneHTHOro ypoBHS
3ByKa Ha paboyemM MecTe Ha OCHoBe cTpaterum paboden onepauumn MU MNKD-14-011 ¢
nameHeHnem Ne 1 ot 09.02.2018 [10].
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HacTtoswmin gokyMeHT pasdpaboTtaH B cooteeTcTBun ¢ NOCT P 8.563-09 MeTtogukn
BbinonHeHns uamepexHnn, FOCT P 54500.1-2011/PykoBoactBo MCO/MBK 98-1:2009
HeonpepeneHHoCTb n3mepeHnsa. HYactob 1. BBegeHne B pyKOBOACTBO NO HEONPELENEHHOCTH
nameperus, FOCT P 54500.3-2011/Pykosogcteo MCO/M3BK 98-1:2008 HeonpeneneHHOCTb
n3mepeHuns. Hactb 3. PyKOBOACTBO MO BbIPaXXEHUIO HeonpeneneHHoCTn namepenusi, PMIC 91-
2009 CoBMeCTHOe  MCMOSIb30BaHWE  MOHATUM  «MOrPELHOCTb  U3MEPEHUs» U
«HeonpeneneHHoCTb namepeHus». ObLme NPUHLUNGI.

MeTognka npuMeHuMa AN KOHTPOSSA wWymMa Ha paboyemM MecTe B MOMELLEHUN
NPEANPUATUA 1 Ha TEPPUTOPUN U NpPedHa3HavyeHa Ofs UCMNONb30BaHUSA WCMbITaTeNbHbIMN
nabopaTopusMn 1 LLEHTPaMI, BbIMONHAOLLMMN NHCTPYMEHTaSIbHbI KOHTPOSIb YPOBHEN LWyMa
C LeSIblo MMrMeHNYeCKOn OLLEHKN N CrieunanbHOM OLEHKM YCNOBUIA TRyAA.

Obwme cBeperHust:

. N3mepsiemas BennymHa: KOPPEKTMPOBaHHbIE MO A 3KBUBANEHTHbIE YPOBHM
3ByKa Ha pabo4yem mecTe.
. [nana3oHbl namepeHns:

- ¢ mukp. 14 mB/MNa: 30-151 / 33-150 gbA (3aBucut ot CU);
- ¢ MuKp. 50 mB/Ma: 18-140/ 22-139 gbA (3asucut ot CI).
. [MokazaTenn To4HOCTU:
- MorpewHocTb n3mepeHna B KT: +0,7 ob (6e3 umnynbcos), +1,1 b (npu Hanu4un
NMMYJbCOB).
- PacwmperHas HeonpepeneHHOCTb Y3 Ha PM He npeBbiwaeT 30b6.
lMocnenoBaTeNnbHOCTb N3MEPEHWIA:

. Pabo4yto cmeHy pa3buBaloT Ha HECKOMBLKO onepaumi Nnm TeXHONOrMYECKNX
LMKNoB N3BEeCTHON npPoOoJIKNTENIbHOCTN.

. Onsa kaxxpon pabodert onepaumm NPoOBOAAT CEPUO OOHOKPATHBIX
namepeHnn LAT.

. PaccunTbiBaloT 3KBMBANEHTHbIN YPOBEHb 3BYyKa KaXK4OM onepawmn.

. PaccuntbiBaloT 9KBUBaNEHTHbIV YPOBEHb 3BYKa Ha pabo4emM MecTe U

OLEHOYHbI YPOBEHb.
lMpoBeaeHne N3MepeHuIi:
. KT — B MecTe pacnosioXXeHns rofiosbl UM PSAOM C YXOM.
. OpHokpaTHble namepenns LAT cornacHo PO.
- Cepusi n3 He MeHee 3 namepeHuii (cymmapHo He MeHee 10% NpoaoIKUTENBHOCTH
onepauun).
- MakcumanbeHbIn pasbpoc B cepun 3 ob.
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- OnnTensHOCTb OOHOKP. U3MEPEHUSt HE MeHee 5 MuH oo ctabunusauun LAT (+/-0,2a0b 3a
10c).
. NpaeHTndnkaums nMnynbCHOro 1 (nun) TOHanbHOro wyma.

TOYHOCTb M3MEPEHNI SKBUBASIEHTHOIO YPOBHSA 3BYKA B KOHTPOJSIbHOM TO4YKe pabouyen
30HbI NO paHHom MW  xapakTepusdyeTcs abCOoNOTHOM MNOrpewwHoCTbio. MorpelwHocTb
N3MEPEHNSA 3KBMBANIEHTHOrO YPOBHA 3BYyKA B KOHTPOJSIbHOM TO4YKe no pgaHHom MU He
npesbiwaeT +/- 0,7 gb ana wyma, He cogep Kallero KOpOoTKMX nMmnynbcos, n +/- 1,1 pb ons
Lyma, COCTOSLLEro U3 UMnyJsibCoB ASIUTENbHOCTLIO OT 5 Ao 100 mc.

TOYHOCTb U3MEPEHUSA SKBMBAIEHTHOIO YPOBHS 3BYyKa Ha pabovem mecTe no gaHHon MU
XapakTepusyeTcs pacLMpPEeHHOW HeonpeneneHHOCTbIo npu  KoadduumeHte oxsaTta 2,
COOTBETCTBYIOLLErO YPOBHIO goBepus 95%. PaclumpeHHas HeonpeneneHHOCTb N3MepeHns
9KBMBANIEHTHOrO YPOBHA 3BYyKa Ha paboyem mecTte no gaHHon MW He npesbiwaeT 3,0 ab.
YKaszaHHble  nokasatennm  TOYHOCTM  YCTaHOBJSIEHbI N3  NpPennosioXXeHus, YTO
NPOAOMKUTESNIBHOCTb KaXKAOW TEXHOIOMMYECKOWN onepaunm B Te4eHne pabo4eri CMeHbl TOYHO
onpegesnieHa Ha OCHOBaHUM aHanNn3a TEXHONOMM4YeCKoro npotecca.

Mpn BbINONHEHUN N3MEPEHNIN Ha pabo4ynx MecTax MexaHoobOpabaTbiBalOLLEro Luexa Ha
ydyacTke pesepHon 06paboTKM NPUMEHSNNCE Chefylwme Cpeactsa  U3MEPEHUa u
BCMoMoraTesibHble yCTponcTBa (Tabn. 2).

Tabnvya 2
CpepncTtea u3MepeHns U CBeLEHUSA O rOCYAapPCTBEHHOWN NPOBEPKE

HanmeHoBaHve cpencts 3aBopackon | CBuaeTenbCcTBO MorpeLwu- 3Ha4veHus
N3MepEHN HOMEpP O NpoBepkKe HocTb CU napamMmeTpoB
cpencTs cpencTs OKpY>KatoLLEen

HavnmeHo- Tun n3mepe- N3MepeHIni, cpegabl B
BaHue (Mopenb) HUS NMPOBEPEHO [0 COOTBETCTBUM C

pabo4mmm

YCNOBUSIMM
aKcnyatauum

npumeHsiembix CU

LLlymomep- OKTABA- A 092030 Ne C-I'YL/25- 0,7 nbA OT1-10 po +40°C po
BUBPOMETP 110A 01- 90% npwu +40°C
aHanmsartop 2024/127326092 (6e3 KoHpeHcaTa).
criekTpa 0o 24.01.2025

OT1 86 oo 108 kla
(oT 645 po 810 Mm
pT.CT)
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HanmeHoBaHne cpencts 3aBsopackon | CBuaeTenbCcTBO MorpeLu- 3Ha4veHus
N3MepeHuli HOMeEp O NpoBepKe HocTb CU napameTpoB
cpencTs cpencTs OKpY>KatoLLEen
HanmeHo- Tun nsmepe- N3MEPEHUIA, cpenbl B
BaHue (Mopenb) HUS NPOBEPEHO A0 COOTBETCTBUN C
pabounmm
YCNOBUSIMM
aKcnyaraumm
npumeHsiembix CU
Nameputenb MeTteockon- | 38612 Ne 207/20- +0,2 °C, Ycnosus
napameTpoB M 09315n po akcnnyarauum
MUKpOKnmaTa 02.11.2025 +3%, N3MepUTESbHO-
C LLapOBbIM VNHOMKATOPHOI O
TEPMOMETPOM +(0,05+0,05V) | Gnoka:
(cchepa m/c
BepHoHa) o1 20 po +55 °C;
o1 3 0o 90 %.
Ycnosus
akcnnyarauum
CEHCOMETPUNYECKOIO
wyna:
oT 40 po 85 °C;
oT9 0097 %
LHanbHomep Mettro 00019123 Ne C-MA/28-01- | +1,5 mm OT0 po +40 °C
NasepHbIn Control 60 2024/127303391
po 27.01.2025
Kannbpatop CAL 200 10169 Ne C-T/27-01- +0,1 pb Ot -10 po +50°C;
aKyCTUYeCKNiA 2024/127160946
[0 26.01.2025 OT1 1% po 90% (6e3
KOHAeHcaTa);
650-1080 mb6ap (oT
487,5 no 810 mm
pT.CT.)

YcnoBusa okpyxxarwowen cpegpl
N3MepPEHNn NpeacTasneHbl B Tabnuue 3.
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Tabnuua 3

YcnoBus OKpy>XatoLLel cpeabl Ha pabodnx Mectax MexaHoobpabaTbiBaloLEero Lexa Ha

y4acTke ppesepHoin 06paboTKu

HanmeHoBaHus paboyeit 30HbI

MapameTpbl OKpyXKatoLlern cpedbl Npy nNpoBeneHun
nU3MepeHui

Llex

Temnepartypa Bo3gyxa: 19,1 °C
ATmocdepHoe gasneHue: 756 MM pT.cT.
OTHOCuKTENBbHAs BAAXXHOCTbL Bo3ayxa: 34 %

MexaHunyeckuii yHacTok pesepHon 06paboTku

Temnepatypa sBo3gyxa: 18,2 °C
AtmocdepHoe gasneHune: 730 mm pT.CT.
OTHocuTenbHas BnaXkHoCcTb Bosayxa: 40 %

MpepenbHO gonyctumble yposHu (MAY) wyma ycTaHOBAEHbI B COOTBETCTBUM C:
1. CanllnH 1.2.3685-21 [1].

2. MW MNK®-14-010 [3].

OTHeceHue ycnosui Tpyaa Ha pabovyeM MecTe K Kraccam (nogknaccam) ycnosum Tpyaa
OCYLLECTBSIETCA B COOTBETCTBMM C nNyHKTamun 34-38 n lMpunoxeHnem Ne 11 K MeToguke
npoBefeHns CouManbHOW OUEeHKW ycnosun Tpyaa, senswowenca lNpunoxeHnem Ne 1 K
Mpukalzy MuHncTepcTBa Tpyaa v coumanbHomn 3awmTsl Poccuiickon @egepauum ot 24 aHBaps
2014 Ne 33H [2, 3].
PesynbTaThl namepeHun (gata nposegeHne namepenHnin 05.08.2024) wyma Ha paboymx
MecTax y4dactka pesepHoin 06paboTkn MmexaHoobpabaTbiBaloLEro Lexa Ha NpuBeaeHbl B

Tabn. 4.
Tabnuua 4
Peaynbtatbl nsmepeHunin
Ne OKBUBaNEHTHbI
n/ " ypoBeHb
Mpogomxntens nn | Pesynerar
n HanmeHoBaHue hakTopa, -HOCTb BpZ'\;eHH Yy bl sByKa
VICTO‘-IHVIKI,/I ;A'\;angHnMpmoseneHm B%SL.?éeI-IMMCMTBg% B XapaKTep a NIMEPEHNA | o ool pab.
P pas. nc-Tnka CMEHbI 8u.
CMEHbI 84. B)
(Ab) (Ab)

1. | Wym: BeinosiHeHne BCeX BUAOB 12,5% HenocTtos | 80 83,9 83,4

paboT Ha pabounx mecTax HHbINA —

konebénio- 82,7

NcTouHuk: MNpounssoacTeeHHOE Lninca Bo

obopynosaHue (uex) BpEMeHU 83,5
2. | lym: BeinosHeHMEe BCeX BMAOB 75,0% HenocTtos | 80 78,8 79,1

paboT Ha pabounx mecTax HHbI —

konebnio- 79,7
McTo4Hnk: NponssoacTBeHHOE Lninca Bo
obopynoBaHne (MexaHN4YecKuii BPEMEHN 78,9

Yy4aCTOK)

International journal of Professional Science
Ne10(2) — 2024

39



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

Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published-
https://creativecommons.org/licenses/by/4.0/deed.ru|

3akJo4eHne 0 COOTBETCTBUN TPeboBaHNAM:

3HaudeHne nokazatens 1 (tabnuua 4) npesbilaeT HopMy. VICTOYHMKOM LWyma no gaHHoOMy
nokasaTento SABNSAETCSA CNecapHbI y4acTOK, HAa KOTOPOM MPOU3BOOUTCA 3a4NCTKa CBapPHbIX
LWBOB MNOC/E CBapOYHbIX onepauun. [JaHHbI y4aCcTOK FPaHuMYuUT C y4acTKOM (hpe3epHOoro
obopypoBaHusA. 3arpyska CnecapHoro y4acTtka HeaHaudutenbHas, nopsgka 20%, wym
HEMNOCTOSIHHbIN, KONEOMIOLWNACA BO BPEMEHN, NMPOOO/MKUTENBHOCTL Bo3aencTaus 12,5% ot
8-4yacoBon pabo4elt CMeHbl, 3KBMBaNEHTHbIN ypoBeHb 3Byka 83,4 gb. CornacHo KapTte
cneynanbHON OLEHKM YCNOBUA TPyAa, Ha AaHHOW y4acTke npumeHeH 3.1 knacc (noaknacc)
ycnosun Tpyga. [15] MNpwv BbINOAHEHUN paboT paboTHUKK CNEeCapHOro y4acTka UCMOb3YIOT
cpeacTea uHamsuayanbHon 3awmnTbl (CU3).

MiamepeHne nokasatensa 2 npoBOOWIOCb HEMOCPEACTBEHHO Ha paboyvyeM MecTe
CTAHOYHMKA Ha BeEPTUKANIbHO-(PPE3EPHOM CTaHKe MexaHoobpabaTbiBalowero uexa.
3HadeHns nokasatens 2 HaxogsaTcs B HopMme (Tabnuua 4). 3arpy3ka hpe3epHoro y4acrtka
coctaBndaet 80%, NpoaomMKNTENBHOCTL BO3aencTems 75% oT 8-4acoBon pabodent CMEHbI,
9KBMBaANEHTHbIN ypoBeHb 3ByKa 79,1 gb. CornacHo KapTe crneunanbHOM OLEHKN YCOBUM
Tpyda, Ha AaHHOW y4acTKe MpUMeEHeH 2 knacc (nogknacc) ycnosum tpyga. [15] Pabo4ne
(dbpesepoBLmKM) Npu BbiNoNHEHUN paboT CU3 He ncnonbaytoT.

Tak Kak no NaaHNPOBKE Liexa CRnecapHblil Y4acTOK, MPaHNYnUT C Yy4acTKOM (hbpesepHom
06paboTKN PEKOMEHOAUMAMN K CHVDKEHUIO LUyMa Ha MyTU ero pacnpoCTpaHeHUs MoryT
CNY>XUTb: UCMOIb30BaHNE KOXXYXOB, 3KPAHOB; YCTaHOBKa 3BYKOM3OJIMPYIOLLNX MEPEropogoK
MeXOy CTaHKaMu U MNOMELLEHUSMU; pa3MeLLeHne Ha MNOTONKE N BEPXHUX 4YacTsaX CTeH
NOMELLIEHMIA 3BYKOMOr/IOLLAKLLNX 06NNLIOBOK.
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Abstract. Technologies of multifactor authentication (MFA), which combine multiple identification factors, provide
effective protection of data against unauthorized access. This article examines the development of MFA and its impact on
enhancing the security level of information systems. The main focus is on modern MFA methods, including biometrics,
tokens, and one-time passwords, as well as their integration into corporate and user systems. The risks and vulnerabilities
associated with MFA implementation are also discussed. The necessity for further research aimed at improving the user
experience and increasing the resilience of MFA technologies against cyberattacks and privacy threats is emphasized.

Keywords: multifactor authentication (MFA), information security, cyber threats, biometrics, tokens, one-time
passwords.

Introduction

In the context of the rapid development of technologies and the constant rise of cyber
threats, the security of information systems has become a top priority for organizations and
individual users. Traditional authentication methods that rely solely on passwords often fail to
provide the necessary level of protection.

Multifactor authentication (MFA) is a method of confirming a user's identity that requires
the presentation of more than one factor for access to a system or service. This method offers
an effective solution to this problem by combining several means of verifying a user's identity,
such as knowledge (e.g., passwords), possession (tokens or mobile devices), and biometric
data (fingerprints, facial recognition). This significantly enhances security and complicates
unauthorized access to systems.

However, the implementation of MFA is associated with certain challenges, such as the
need for additional investments, integration complexities, and potential inconveniences for
users. The aim of this research is to analyze the development of MFA technologies and their
impact on the security of information systems, as well as to identify existing issues and
possible directions for further research in this area.
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Main part. Core concepts and principles of MFA

As previously mentioned, MFA is a method of confirming a user's identity that requires
the presentation of one or more factors for access to a system. The main factors can be
divided into three categories [1]. One of the most common factors is something the user
knows - this can be a password, PIN code, or answer to a security question. This factor is
traditionally the most vulnerable, as passwords can be stolen through phishing, data leaks,
and other methods.

There is also a factor that represents something the user possesses - this can be a
physical device, such as a mobile phone, token, or smart card. The user needs to have this
device during authentication, which adds an additional level of security.

Another method of MFA involves something that is the user. This includes biometric
data such as fingerprints, facial recognition, or iris recognition. Biometric methods provide a
high level of security since they are unique to each individual.

The principle behind MFA is that, for successful authentication, the user must go
through several levels of verification. This creates a multilayered defense, which significantly
complicates the task for intruders. For example, even if a user's password is stolen, access to
the system will be hindered without the second factor.

Among the most common solutions based on MFA are one-time passwords (OTP) -
passwords generated on the user's device, sent via SMS or email, and valid only for a limited
time. They reduce the risk of compromising account credentials, as even if an intruder gains
access to the password, they will not be able to use the OTP, which expires quickly. There are
also tokens and smart cards — devices that require the user's physical presence. For instance,
RSA tokens or YubiKey can be used in conjunction with a password. This significantly
complicates the task for intruders, as they cannot gain access remotely [2].

The development of MFA can be divided into several stages. In the early 2000s, the
focus was on passwords as the sole means of authentication. However, with the rise in
cyberattacks and data leaks, the need for more secure methods became evident. During this
time, technologies such as one-time passwords and tokens began to emerge.

According to a report by the FIDO Alliance [3], there has been a significant increase in
the use of biometric methods from 2010 to 2017. This is attributed to improvements in
technology and the availability of devices capable of performing biometric authentication

(fig.1).
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Figure 1. The ratio of different authentication methods from 2010 to 2017 [3]

Current trends in information security are leading organizations to increasingly favor
comprehensive solutions that incorporate multiple authentication methods. For example,
contextual authentication, which takes into account the user's location, device type, and
access time, is becoming more popular.

Moreover, the rise of mobile devices and cloud services is driving demand for solutions
that ensure data security without compromising the user experience [4]. This creates a need
for the development of more user-friendly and intuitive interfaces for authentication.

The impact of MFA on the security of information systems

Technologies MFA significantly enhance the security of account credentials and
systems. However, some authentication methods have their vulnerabilities that can be
exploited by malicious actors. For example, the transmission of one-time passwords (OTP)
via SMS is susceptible to man-in-the-middle (MITM) attacks and interception. According to
guidance from the Cybersecurity and Infrastructure Security Agency (CISA), SMS and voice
calls are not recommended as secondary factors due to the vulnerabilities of communication
protocols [5]. The report also emphasizes that even with MFA in place, phishing attacks can
be used to trick users into providing a second form of authentication.

Social engineering remains one of the most effective methods for bypassing MFA.
Attackers can employ phishing techniques or fake confirmation requests to deceive users into
providing additional data. For instance, in cases involving push notifications, users sometimes
automatically approve requests without verifying their authenticity, which attackers can
exploit [6].

Incorporating biometric data into authentication systems introduces a distinct set of
risks due to the unique and permanent nature of this information. In cases of a biometric data
breach, the consequences can be far more severe and lasting than with other forms of
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authentication, such as passwords. Unlike a password, which can be reset or changed in
response to a security compromise, biometric data — such as fingerprints, facial recognition,
or iris patterns — are intrinsic and unalterable attributes of an individual. This limitation creates
a long-term vulnerability, as compromised biometric data cannot be «reset» in the traditional
sense, leaving affected users at perpetual risk of identity misuse. Consequently, while
biometrics offer a high level of security, the potential for irreversible impact in the event of a
leak necessitates additional safeguards and secure handling protocols for these sensitive
identifiers.

The use of MFA based on hardware tokens and biometrics requires protection at both
the device and software levels. Recent studies show that vulnerabilities can arise in the devices
themselves, such as in tokens or biometric authentication devices, necessitating constant
software updates and monitoring for potential threats. To better understand the strengths and
weaknesses of various authentication approaches, the following table 1 provides a detailed
comparison of authentication mechanisms for personal devices and online resources.

Table 1
Comparison of authentication mechanisms for personal devices and online resources [7]
Criterion Personal devices Online resources

Types of | Password, biometrics, PIN, token. Password, one-time code (OTP),

authentication biometrics, push notifications.

factors

Ease of use High for biometrics and PIN; moderate | High for push notifications; moderate for
for passwords. OTP and passwords.

Security level High with biometrics; moderate with | High  with  two-factor authentication;
PINs and passwords. moderate with passwords.

Susceptibility to | Physical access can simplify a breach. Phishing, MITM attacks for passwords and

attacks one-time codes.

Advantages Fast access, no reliance on network | Enables remote authentication, user-
connection. friendly.

Disadvantages Risk of device loss; vulnerability in case | Potential compromise via phishing and data
of data theft. interception.

Frequency of | Not required for biometrics; necessary | Regular updates to enhance security.

updates for passwords.

Examples of | Touch ID, Face ID, PIN codes, physical | Two-factor authentication, OTP, push

Solutions tokens (YubiKey). notifications.

Although MFA significantly enhances security, it is important to remember that it is not
a universal solution. To maximize its effectiveness, organizations should implement additional
security measures alongside MFA, such as regular monitoring of authentication logs to detect
any unusual login patterns. Policies for prompt response to security incidents, including
immediate revocation of compromised credentials, are also essential. Moreover, integrating
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MFA with other protective technologies, like secure access gateways and encryption, can help
further protect sensitive data.

Prospects for the development of MFA in the context of digital transformation

The rapid digital transformation across various industries has created new challenges
and opportunities for enhancing the security of information systems. MFA is increasingly
recognized as a critical component in building secure digital infrastructures, and its future
development promises to address both security demands and usability challenges within this
evolving landscape [8].

One of the primary trends in MFA development is the shift towards passwordless
authentication. Traditional password-based methods, long vulnerable to brute-force attacks,
phishing, and poor management, are gradually being replaced by solutions that use biometric
verification, device-based identification, and cryptographic keys. These innovations streamline
the authentication process while effectively reducing risks related to password misuse and
theft. With entities like the FIDO Alliance promoting standards for passwordless technologies,
these methods are anticipated to gain traction, particularly in sectors requiring high security,
such as finance, healthcare, and government.

Artificial Intelligence (Al) and Machine Learning (ML) are playing an increasingly central
role in MFA, enhancing adaptability through what is known as adaptive authentication. By
evaluating contextual data — such as user behavior, device location, and network conditions —
Al-driven MFA systems can analyze patterns and detect anomalies to adjust authentication
requirements based on perceived risk. This approach not only strengthens security but also
maintains a user-friendly experience, particularly valuable in detecting sophisticated threats
and dynamically adapting to diverse user environments.

Biometric authentication is also advancing rapidly, with new technologies such as
voice and gait recognition emerging alongside more traditional methods like facial
recognition, fingerprint scanning, and iris recognition. Multi-biometric systems, which combine
two or more biometric factors, offer higher accuracy and security by overcoming the limitations
of a single biometric modality. These advancements address existing challenges, such as
privacy concerns and spoofing vulnerabilities, through secure encryption, dedicated storage,
and enhanced liveness detection, potentially expanding biometric applications across a range
of sectors.

In addition to biometric innovation, blockchain technology offers promising potential
for decentralized MFA solutions. Blockchain’s distributed ledger can store identity verification
data in a secure and transparent manner, removing reliance on a central authority and
significantly reducing the risk of single points of failure. Decentralized authentication systems
built on blockchain could enhance user privacy while providing a tamper-proof method of
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verifying identities across multiple platforms. This development may also facilitate
interoperability across different MFA systems, laying the groundwork for a unified digital
identity infrastructure. However, to realize the full potential of blockchain-based
authentication, efforts toward standardization and collaboration will be essential.

The development of MFA technologies also includes a stronger focus on user-centric
security, particularly as the demand for intuitive, accessible security solutions grows. Usability
remains a critical factor for the adoption of MFA, especially in the consumer sector, where
users may resist overly complex authentication procedures. Future developments are likely to
prioritize streamlined experiences, minimizing authentication steps while integrating MFA
directly into user devices and applications. For instance, wearable devices and continuous
biometrics may provide seamless verification throughout a session, enhancing both security
and user convenience.

As digital threats evolve, hybrid MFA systems that combine different authentication
factors offer increased flexibility and a more adaptive security model. This approach allows
organizations to implement customized security protocols tailored to varying levels of risk,
user preferences, and specific situations, thereby ensuring both security and scalability.
Hybrid MFA systems that incorporate both on-premises and cloud-based elements are well-
suited for organizations with diverse security needs, enabling modular architectures that can
adapt to emerging threats.

Conclusion

The development of MFA technologies significantly impacts the enhancement of
information systems' security. MFA provides reliable data protection by combining several
identification factors, thereby making unauthorized access more difficult. Although the
implementation of multi-factor authentication requires additional investments and may present
some challenges for users, its advantages significantly outweigh potential drawbacks.

Analysis of existing solutions has shown that a combination of different authentication
factors, including one-time passwords, biometric data, and tokens, provides layered security.
However, to counter the growing cyber threats, organizations must not only utilize MFA but
also implement comprehensive security measures, such as regular software updates and user
training. In conclusion, it can be noted that multi-factor authentication continues to evolve,
and further research in this area will focus on improving and enhancing the user experience
without compromising security.
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Abstract. The issue of radio measurement is a hot topic, as the quality of a deployed or planned network affects the
ability of subscribers to make calls, send text messages and use the mobile internet. To solve these problems, measurement
systems have been developed that can help telecom operators or industry enterprises to solve the necessary problems. This
paper presents the development of a measurement device to address the issues of mobile network coverage quality, and
subsequently to assess the quality of services provided.

Keywords: cellular communication, measurements, communication quality, SIMCOM, signal levels
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C 2019 ropa BenyTcs paboTbl N0 pa3paboTke MakKeTOB AN UBMEPEHUSA NMapameTpoB
ceten cotoBon cBsa3n. B pabote [1] 6bin npeactaBneH ogvH U3 NEPBbIX MPOTOTUMNOB, B
KOTOPOM OMucCaHbl 00Las CTPYKTypHasi CXema U3MEPUTENBHOrO YCTPOWCTBa U Cnocobbl
nogk4veHna pagnomopynsa. lNpuBegeHa CpaBHUTENbHASA XapakTepuUCTUKa pPassinyHbIX
paguomoaynen n mogynen ob6pabotkn nHpopmaumm. Ha ocHoBe NoMyYeHHbIX AaHHbIX 6bI10
NPUHATO pelleHne paspaboTaTb YCTPOMCTBO Ha 6ase MuKpokommnbroTepa Raspberry Pi 3
Model n pagnomopyns SIMCom SIM7600E-H.

Cnepgylowpm  aTtanoMm cTtana paspaboTka nporpaMmMmHOro obecnedvyeHuss LS
abOHEHTCKUX TEPMUHASIOB MO, yNpaBieHnem ornepaumoHHon cuctembl Android. B pabotax
[2-3] npeacTtaBneHa cpaBHUTENbHAs XapakTepPUCTUKA WU3MEPUTENbHbBIX KOMMIEKCOB U
onucaHa cobcTBeHHas paspabotka. OgHako npu anpobauun NporpamMHOro obecneyeHus
Oblnn  BbIABAEHbI NPOBSAEMbI, KOTOPbIE MOryT MOBAWATbL Ha TOYHOCTb MOSy4aeMbIX
pe3ynbTaToB.

C y4éToM [OBYX peanuM30BaHHbIX MNPOTOTUNOB OblIO  MNPUHATO  peLueHne
YCOBEPLUEHCTBOBATL BapuaHT aHanu3atopa CeTel COTOBOW CBA3M Ha  OCHOBe
MUKpoKomnbioTepa Raspberry Pi 3 Model.

CTpyKTypHas cxema, nokasaHHas Ha puUcyHke 1, comoep>XuUT o6LumMe 3NEMEHTbl C
paboTon [2], HO BMECTO OAHOro pagnomMoayns 6bii0 PELLEHO NCMOMb30BaTh HECKOIBKO. JTO
pelleHne No3BONUT COKpaTuTb O6bEM paboTbl M BPEMS Ha MNPOBEOEHNE WU3MEPEHWUA Mo
nccnegyemomy mMapLlipyTty. Hanpumep, B Makete MoryT ObiTb 3a4eCTBOBaHblI TP MOOEMA,
paboTatowme B cet LTE, HO NOAKNIOYEHHbIE K PasnnyHbIM orepaTopamM CBA3MW.

Mogembl SIMCom SIM7600E-H nopgkniodeHbl kK USB-xaby, KOTOpbIi NO3BONSET
ncnonb3oBaTb A0 wWwectn mogemoB. Cegbmor nopT xaba MCNonNb3yeTcs LS Pe3epBHOro
NUTaHNA CEHCOPHOro akpaHa. B3anmopencteue ¢ Mogemamu ocyllecTBiaseTcs vepesd AT-
KOMaHAbl, OMNMCaHHble B AOKyMeHTauun [4]. DnekTponuTaHme 06ecneymBaeTCA BHELLHUM
aKKyMynsaTopoM éMKOCTbIO 50 000 MA*y.

Kopnyc maketa 6bin1 HaneyaTaH Ha 3D-npuHTepe, ero rabapuTbl COCTaBnsAlT
280x170x240 mM. NMOCKONBKY NCMOBb3YIOTCA HECKOIbKO MOLEMOB, aHTEHHbIE BbIXOOpbl Obln
pasMeLleHbl C Pas3HOCOM B YeTBEPTb AJIMHbI BOSHbL. [ns ynpaeBneHus yCTPONCTBOM
ncnonbadyetcs 7-arnmMoBbin ceHcopHbI IPS/TN AIDA64 XKK-gucnnen, NpUKPennéHHbIA K
nepenHen 4YacTn yCTPONCTBa.
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kapTa

BHELWHMIA akkyMynsTop

PucyHok 1. CTpyKTypHas cxema pa3paboTaHHOro N3MepUTENBHOIO YCTPONCTBA

MporpammHas YyacTb MakeTa Obina paspaboTaHa Ha sa3bike C++ B cpege Qt Creator.
B kadecTBe aTanoHa (yHKuuoHana BbibpaHa nporpamma gnsi aboOHEHTCKMX TepMUHAanOB,
KOTOpas BbIBOAUT NMapamMeTpbl COTOBOW CETW, 3anuCbiBaeT Nor-ansbl 1 NO3BONASET MEHSATb
NPEAnoYTUTESNIbHYIO CeTb. bbinn peanudosaHbl cnepytowme dyHkumn: GeoPositioninfo,
ModemControl n SearchSerialPort. Bnok-cxema nporpaMmmbl NPeAcTaBfieHa Ha PUCYHKe 2.

« SearchSerialPort otBevaetT 3a NOUCK AOCTYMHbIX CEPUNHBIX MOPTOB, CBA3AHHbLIX C
MOoOeMOoM, 1 npoBepky moaemos no IMEI.

e ModemControl ynpasnser mopgemom, otnpaenseT AT-komaHgbl, obpabaTtbiBaeT
oTBETbI 1 paboTaeT ¢ ceccuen GPS. B HacTosiLee BpeMs MCNONb3YTCA KOMaHap! ANns
nonyyeHnss nHpopmauum O cotax, Bbibopa NpennoYTUTENbHON CETU U YacTOTHOMO
AnanasoHa 1 CoBEPLLEHNS 3BOHKA.

o GeoPositioninfo obecneunsaer paboty ¢ GPS, 4yteHne n 06paboTKy AaHHbIX O
MECTOMOIOXKEHUN.

Ona dukcaumm napameTpoB CETU COTOBOW CBA3U Oblfl peann3oBaH (PyHKUMOHAN
3anucu nor-gannos B hopmate CSV.
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PucyHok 2. Bnok-cxema paspaboTaHHOro NporpaMmMHOro obecneyeHns

VIHTepdenc ycTponctesa COCTOUT U3 OAHOro MH(OPMALMOHHONO OKHa, B KOTOPOM
oTobpaxkaeTcs hyHKUMoHan nporpamMmbl. Ha pucyHke 3 npegcraeBfiieH OCHOBHOe pabouyee
OKHO NporpamMmbl C ABYMS akKTUBHbIMU MogeMaMn. PeannsoBaHbl KHOMNKN 01151 HA4ana 3anucu
nor-cpannos, CMeHbl TuMa CETU W BbIKMKOYEHUA YycTpoicTtea. [lpn cMeHe Tuna ceTtu
OTKPbIBAETCA OTOENbHOE OKHO ANS Bblbopa MOAEMA, HA KOTOPOM HEOBXOAMMO WU3MEHUTb
HacTpouKku. MNprumep nHTepernca ons CMeHbl HACTPOEK MofeMa NpeacTaBfieH Ha PUCYHKe 4.

Takxe, peannu3oBaHa BO3MO>XHOCTb COBepLUAaTb 3BOHKWN C OMNpefesieHHoro Moaema,
ONS OLLEHKM KavecTBa CEeTU B CCedyeMblX MapLupyTax, OAHAKO AaHHas (PyHKUUA HaxoanTcs
B pa3paboTKe N NOCTEMNEHHO OTIAXKNBAETCS.
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Bpema/CkopocTb//laTa
21.10.2024 0.00 km/u 21:16:06
KoopavHatsi
latitude: 60.0526629667 longitude: 30.4350789000
Modem 1 Modem 4
Network Type: LTE; Status: Online; Network Type: LTE; Status: Online;
MCC_MNC: 250-01; Cell ID: 52041474; MCC_MNC: 250-02; Cell ID: 120404111;
TAC: 0x45CB; PCI: 190; TAC: Ox1EAOQ; PCI: 233;
Band: EUTRAN-BAND7; EARFCN: 3200; Band: EUTRAN-BAND7; EARFCN: 3048;
BW: Uplink: 3; Downlink: 3; BW: Uplink: 5; Downlink: 5;
RSSI: -50.5; RSRP: -83.8; RSSI: -55.3; RSRP: -86.5;
RSRQ: -16.3; SNR: 15 RSRQ: -11.3; SNR: 14
HauaTb 3aBepLnTb =
[T03BOHUTL HacTpouku Bbixog
3anncb BbI30B

PucyHok 3. OCHOBHOE OKHO NporpaMmbl

Buibepute Mmogem:
Mogem 1 v

Beibepute pexum cetu:

ABTOMaTUYECKNIA v
Buibop Band
GSM n WCDMA LTE FDD LTE TDD (noka nycTo)
GSM DCS 1800 (7 6ur) EUTRAN BAND 1 (0 6uT)

GSM EGSM 900 (8 6uT) EUTRAN BAND 3 (2 6ur)

EUTRAN BAND 7 (6 6uT)
MpUMeHnTL

Mo ymonuyaHu

PucyHok 4. MeHo CMeHbI pexxnma ceTu 1 Bblbopa 4acTOTHOro gmnanasoHa

3aknounTenbHbiIM  3TanoM  pas3paboTknm MakeTa CTano TecTUpoBaHue ero
dpyHKUMOHana B peanbHbiX ycnosusax. [locne nogayn nutaHus HaYMHaeTCs MHUUManusauus
nporpamMMHOro obecnedveHns, ganee NPOUCXoauT onpefeneHne 3aaencTBOBaHHbIX MOPTOB.
Ecnn nopTbl HaingeHbl, nHoOpMauns HadnHaeT oTobpaxkaTbCs Ha aKpaHe. Ha pucyHke 5
npencrtaBneH cCobpaHHbI MaKeT.
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PucyHok 5. CobpaHHbIn MakeT aHanm3aropa ceTeil pagnocBasu

Ha paHHOM aTane utorom paboTbl KOMMEKCa ABnAseTca hopMmpoBaHne nor-gamna
C 3anucbio BCEeW MoJlydeHHon uHpopmMaumn ¢ mogemos. [lpumep uTorosoro nor-ganna
NnpPmMBELEH Ha PUCYHKe 6.

Band Bandwidntis MHz  Earfen Uaden Adfcn UL MHz DLMHz PGl PSG BNC BIIC RS3dBm RSRPdBm RICRdBm RSRQ AB SHR B
EUTRAN-BAND7 Uplink: 5 Qowmlink: 5 2850- - - - 202- - - -48-79.3 - -11.3 13

EUTRAN-BAND7 Uplipk: 5 Downlink: 5 2850- - - - 202- - - -47.3 -79.2 - 117 13
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- - - -46.8 -78.2 - 111 12
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- - - -44.9 -76.3 . 112 15
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- - - -44.9 -76.3 - -11.2 15
EUTRAN-BAND7 Uplink: 5 Dowmlink: 5 2850- . - - 202- - - -44.9 -76.3 - -11.2 15
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- - - -44.9 -76.3 - -11.2 15
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- - - -33.7 -63.7 - -10.8 19
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- - - 332 -65.9 - -12 17
EUTRAN-BAND7 Uplink: 5 Downlipk: 5 2850- - - - 202- - - -42.9 148 - 111 15
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - i " 202- - - -48 -79- 114 12
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- | [ 486 806 - 127 9
EUTRAN-BAND7 Uplink: 5 Downlipk: 5 2850- - - - 202- - - -46.4 779 - 114 12
EUTRAN-BAND7 Uplink: 5 Downlipk: 5 2850- - - - 202- - - -44.7 -76.4 - 116 11
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- - - -46.9 -78.8 - 116 12
EUTRAN-BAND7 Uplink: 5 Downlipk: 5 2850- - - - 202- - - -49.4 -80.7 - -12.1 12
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- - - -48.8 -81.8 . -13 13
EUTRAN-BAND7 Uplink: 5 Qowmlink: 5 2850- - - - 202- - - -46.9 -80.6 - 134 11
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- - - -48-80.9 - -13 12
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850~ - - - 202- - - -50.2 -82- -13.2 9
EUTRAN-BAND7 Uplink: 5 Downlink: 5 2850- - - - 202- - - 503 832 - 127 10
EUTRAN-BAND7 Uplipk: 5 Downlink: 5 2850- - - - 202- - - 475 -80.2 - 127 11
EUTRAN-BAND7 Uplink: 5 Downlink' 5 2850- - i - 202- - - 487 -80.7 - 122 11
ELITRDAN_QANNDT |1 inlink & Noanlinks & 208N _ - . e N - L ATR -an A - 124 n

PucyHok 6. lNpumep ntorosoro nor-ganna
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Takum ob6pa3om, NOCTaBNeHHas LeNb 6bl1a 4OCTUrHYTa 1 HOBbI MakeT aHanu3aTopa
CeTeln pagnocBaA3n He TOSIbKO 061agaeT PyHKUMAMMN HE YCTynatoLMM NpenbiayLLmMm BEPCUSIM,
HO 1 obnagaeT onpeaeneHHbIM NPenMyLLLECTBaMI.
e OTOOPaKeHne JaHHbIX O MPUHMMAEMBbIX CUrHanax;
e OTOBpaxeHne nHpopmauumn o6 obcnyxusaroLen 6a3oBON CTaHUUK;
e V3MEHEeHne NPeanoYTUTENIbHOMO TMNa CeTH;
e VI3MEHEeHne NPeanoYTUTENIbHOrO YaCTOTHOIO Anana3oHa;
e peanu3auyunsi BOSMOXXHOCTU COBEPLLEHMNSI 3BOHKOB;
e 1ICMOJIb30BaHNE OQHOBPEMEHHO A0 6 MOOEMOB C Pa3/IMYHbIMK HACTPONKaMu;
e 3anncb noJjlydaemon nHdpopmMaumm B peasbHOM BPEMEHUN U COXPaHEHME B 6agdy
AaHHbIX C NocneayoLen BO3MOXXHOCTbIO peaakTUpOBaHNSA 1 aHann3a Bcex
aKTUBHbLIM MOEMOB;

Hay4Hast ctaTbs nogroToBfieHa B paMKax MNPUKIagHbIX HayYHbIX WUCCNenoBaHWin
CneryT, peructpayunoHHbin Homep 1023031600087-9-2.2.4;2.2.5;2.2.6;1.2.1;2.2.3 B ETVICY
HNOKTP.
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KayHoB AHgpeln Bnagmmmnposind,

Crapwwin npenogasatenb kadenpbl becnposoaHbix TexHonorum n Cnuctem,
CreryT vm. npod. M.A. BoH4-BpyeBunya

Mpaconos AnekcaHgp AnekcaHopoBuY,
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Conos OmuTpuin AnekcaHgpoBuy,

Mpenopasatent kadegpbl becnpoBoaHbix TexHonornn n Cncrem,

CreryT vm. npod. M.A. BoHu-BpyeBunya

Abstract. The article considers solutions for radio measurements, their capabilities and functionality. Two
software products were developed on the basis of the conducted research: one for measurements and data recording of cellular
networks, the second - for post-analysis of the results. The paper also presents the results of testing of devices based on
SIMCom SIM7600E-H modems and Samsung S23 Ultra phone, which provides access to a larger number of radio channel
parameters. The accuracy of GPS coordinates and signal quality parameters such as RSSI, RSRP, RSRQ and SNR between
the two devices were compared. Both devices showed comparable accuracy in signal strength measurements. The main focus
is on analyzing the acceptable error, which varies depending on the parameter and measurement conditions, and the
importance of signal quality assessment in determining network coverage.

Keywords: radio measurements, cellular, measurements, LTE, SIM7600E-H, signal quality

Annomayusa. B cmamve paccmompens. peuienus 041 npoBedeHus paduousmepenutl, ux BosMoxHocmu U
pynxyuonasr. Ha ocnoBe npobedennvix uccaedobanuti Obiau paspabomansi 06a npoepamMmHblx npooykma: o0uH 044
usMepeHuil U 3anucu OaHHwuIX cemeil comoBoil cBa3u, Bmopoll — 044 nocm-aHasusa pesyavmamoB. B pabome maioxe
npedcmabenst pesyavmans. mecmupobarus ycmpoiicmb Ha ocoBe modemob SIMCom SIM7600E-H u meaeghora Samsung
523 Ultra, xomopuiii obecneuubaem docmyn K boavuemy uucay napamempol paduokanaaa. [Tpobedero cpaBrenue mourocmu
GPS-xoopounam u napamempob xauecméa cuenaia, maxux kax RSSI, RSRP, RSRQ u SNR, mexdy 06ymsa ycmporicmbamu.
Oba ycmpoiicmBa npodemorcmpupoBaiy conocmabumyio mouHocms usmeperutl ypobusa cuenara. OcHobHOU akyeHm coeiam
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HA AHAAU3 00NYCMUMOT N0epewHOCU, Komopas Bapvupyemcs 6 3a6ucumocmu om napamempa u Yciobuii usmepenui, a
Maoke Ha BaXcHOCb OUeHKU KauecmBa cueHaa 04 onpedeieH s NoKpbulnus cemu.
KatoueBuie caoba: paduousmeperusa, comobas cbasv, usmepenuii, LTE, SIM7600E-H, kauecmbo cuenara

PeueH3zeHT: Toponues Bacunnin BnagmmmnpoBmy - kKaHaNOaT TEXHUYECKNX HayK, OOLEHT.
Ore0y BO «PrAY-MCXA um. KA. Tumnpsasesa»

B pabotax [1-4] paccMOTpeHbl pelleHnss Ans NPOBEeneHUs pagnon3MepeHunn, nx
BO3MOXXHOCTN 1 (pyHKUMoHan. Ha ocHoBe aTux uccnegoBaHuin 6bi1o padpaboTaHo gsa
nporpamMMHbIX o6ecneyeHns: Nepeoe — A1 NPOBEAEHNSA PAONON3MEPEHNIA U 3annucn B NOr-
hann nepBUYHbIX MNapamMeTpoB CeTell COTOBOM CBA3W, BTOPOe — AN MNOCT-aHann3a
NOMYyYEHHbIX AaHHbIX [5-6]. NMporpamMmmHble NPOAyKTbl fopabaTbiBanCb, B HUX [06aBNANUCH
HOBble (PYHKLMW, OAHaKOo npu anpobaunn Obinn BbiBAIEHbI HEAOCTATKN N OrPaHNYEHUS.

B pabote [7] 6bm npoaHanu3npoBaHbl PasnnyHble abOHEHTCKME TEpMUHanbl, Ha
KOTOpPbIX NPOBOAMIOCH TECTUPOBaHME NPOorpaMMHOro obecneveHus. B xoge nccnegosaHns
ObI10 BbISBNEHO, 4YTO OOMBLLUMHCTBO TEPMUHANIOB He NPefoCTaBfseT [OCTYn KO BCEN
NHOpPMaLUN O CETU, YTO MOXKET MOBMUATb Ha pedyfbTaTbl n3MepeHuin. B kavecTse BbiBOOa
Oblna NpennoXxxeHa paspaboTka CO6CTBEHHOrO N3MEPUTENBHONO MakeTa Ha OCHOBE MOAEMOB
SIMCom Wireless Solutions mogenn SIM7600E-H. 9T mogembl nopoep>kmBaroT BcCe
Heobxogumble anana3oHbl YacToT: LTE-FDD, LTE-TDD, HSPA+, UMTS, EDGE, GPRS n GSM,
aHanorm4Ho aboHEHTCKNM TepMUHaaMm.

PaspaboTaHHbil MakeT OyaeT cpaBHuBaTbCcsa C TeneoHom Samsung S23 Ultra,
NMOCKOJMbKY, KakK MokasaHo B paboTe [7], AaHHbIin TenedOH npenocTaBnseT AocTyn K
OONbLUMHCTBY MapamMeTpoB paguokaHana, 3a WCKYEHMEM HeKoTopbiX. Kpome Toro,
Bbl6paHHbI aBOHEHTCKUIN TepMMHAN ocHalwéH Ynncetom Qualcomm Snapdragon 8 Gen 2.
Mopgem SIM7600E-H nocTtpoeH Ha 6a3e npoueccopa ARM Cortex-A7 1.3GHz, Takxe oT
Qualcomm. JaHHble ycnosus No3BoNAT 060CHOBAHHO CpaBHUBATL ABa YCTPONCTBA.

[nsa cpaBHeHMs makeTa Ha 6a3e MogemMoB M aBOHEHTCKOro TepMUHana Heob6xoanmo
peann3oBatb MUHUMaNbHbIN (YHKUMOHAN, CYLLEeCTBYOWNA B TEKyLWeM MNporpaMmmMHOM
obecneyeHnn: BbIBOA YPOBHEN curHanos, WHgopmauuto o6 obcnyxusawowen 6a3oBoWn
CTaHuuu1, Noy4YeHne KoopanHar, 3anuchk or-annos 1 nepektoyeHme npeanoyTUTeNbHOro
TMna cetn. YacTtb 3TOro yHKUMOHana peanu3oBaHa C nomowbio  AT-komaHg,
NpenocTaBfieHHbIX B AOKyMeHTauun [8]. Pa3paboTaHHbil (PyHKUMOHAN nNpeacTaBneH B
Tabnuue 1, roe nprBefeHa cpaBHUTENbHAA XapakKTepucTrKa nojlydaeMblX napameTpos.
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Tabnuua 1

CpaBHUTeNbHasA xapakTepucTka MakeTa 1 abOHEeHTCKOro TepMuHarna

MapameTp PaspaboTaHHbIi Samsung S23 Ultra
MakeT
Lonrota Ectb Ectb
LLnpoTa EcTb Ectb
Onepatop Het EcTb
Tun cetu EcTb Ectb
MCC Ectb EcTb
MNC EcTb EcTb
dynnekc i Ectb
TAC/LAC EcTtb Ectb
CID Ectb Ectb
eNB Het EcTb
Band EcTb Ectb
YacToTa Het EcTb
Monoca Ectb Ectb
AbconoTHas Ectb Ectb
yactoTa
PCI Ectb Ectb
PSC EcTtb Ectb
RNC Ectb
BSIC = EcTb
RSSI EcTtb Ectb
RSRP EcTtb Ectb
RSRQ Ectb Ectb
SNR Ectb Ectb
Ec/No Ectb EcTb
BER Ectb Ectb
CQl
TA Hert

B paspaboTaHHOM MaKeTe OTCYTCTBYIOT KOMaHApl AN OnpeaeneHns ncnosib3yemoro
oneparopa, pgynnekca, eNB un yacTtoT. DT napamMeTpbl MOXHO BbIYUCAUTE MYTEM
nepepacyéra n3 gpyrmx nosyyvaembix gaHHblx. B ctatee [9] OHU Gbin KnaccupuunpoBaHbl
Kak rncesnonpsamble napameTpbl, KOTOPbIE ONPeaenaTCca Ha OCHOBE NePBUYHbIX. [NapameTpbl
RNC n BSIC HEBO3MO>XHO NOAy4nTb C NOMOLLbI0 AT-KoMaHg,
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[ns cpaBHEHWSI NOMYyYEHHbIX NapaMeTpoB 6bi BbibpaH MapLpyT B ropoae MypuHo,
npencTaBneHHbll Ha pucyHke 1, obwen gnnHon 456 meTpos. VamepeHus npoBOgunnCh B
ceTu LTE B Te4deHne HeECKOMbKUX OHEN 15 NONYyYEHNA YyCPeoHEHHbIX 3HAYEHU.

Q Hauano mapwypyra

PucyHok 7. Vlccnegyembii MmapLupyT

O6a yctponctea wucnonb3ytoT GPS, Tak Kak B nor-anfne K KaxOon TouKe
PUKCMPYIOTCSH 3HAYEHMS CETEN COTOBOM CBA3U. TOYKM (PUKCUPYIOTCA Kaxkable 5 meTpoB. [ns
NepBOro CpaBHEHNS OBYX YCTPONCTB ObIfIO PELLEHO OLEHUTb NOrpPeLHOCTb nonyyeHns GPS-
koopguHat. OTHOCUTENBHO MPAMOro MapwpyTta Obl10  paccyYUTaHO  OTKJIOHEHME.
CpepoHekBagpaTn4eckass MNOrpewwHoCTb A1 KOOpAWHAT, MNOMYyYeHHbIX C abOHEHTCKOro
TepMuHana, coctaeuna 6,56 m, a gns paspabartbiBaemoro maketa — 6,33 m. Ha pucyHke 2
npeacTasneH rpaduk, oTobpakatoLwmii OTKIOHEHNS OT MapLUpyTa.
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PucyHok 8. OTKNoOHeHe KoopanHaT OT MapLupyTa

N3 cpaBHeHNs rpakoB OTK/IOHEHWI OBYX MapLUPYTOB MOXHO CAenaTb HECKOJIbKO
BbIBO[OB:

o AT (CnHSAS NUMHKUSA) NOKa3biBaeT CTabWbHbIE OTKIOHEHMS OT MapLupyTa C HEKOTOPbIMM
HebONMbLWNMM BapuauusiMn, B CPEOHEM YOEPXXMBAsiICb OKOJIO 5 METpOB M AocTuras
MakcrnMyma OKosio 15 MeTpoB. ITO yKasblBaeT Ha BbICOKYK TOYHOCTb U3MEPEHUI s
OAHHOr0 MapLlpyTa, C HE3Ha4yMTENbHbIMM KOoNebaHnaMu B npepenax LgornyCTUMbIX
NorpeLHocTen;

e MakeT (KpacHasi JvHWS) TakXe [MOKa3blBaeT aHanornvHble pesdynbratbl, C
OTKIOHEHUAMUN, BNNSKUMN K 3HAYEHNIO B 5 METPOB, N C MakKCMYMOM, 4yTb HWXe 14
METPOB. [JaHHble MakeTa COOTBETCTBYOT MapLUPYTY C TON XXe CTEMEHBIO TOYHOCTHN, KakK
N faHHble AT, YTO yKa3biBaeT Ha XOpoLlee COOTBETCTBME MapLLPYTY U CTabuibHOCTb
N3MepPEHNIA.

O6a Habopa AaHHbIX AEMOHCTPUPYIOT CTabuNbHOE OTK/IOHEHME OT MapLupyTa B
npenenax 5-15 MeTpoB, YTO NOATBEPXOAET BbICOKYIO TOYHOCTb U HAOEXXHOCTb KoopauHar.
Hebonbwimne konebaHms Ha MNPOTSXKEHUM MapLUpyTa HE3HA4YMTENbHbl U HE NPMBOAAT K
CYLLECTBEHHOMY WU3MEHEHN0 B 0OWeM KadecTBe [faHHbIX. [Ona notpebutensckux GPS-
YCTPOWCTB, TaKNUX Kak HaBuratopbl B TefiepoHax 1 aBTOMOOUNAX, CTaHAapTHasA NOrpeLLIHOCTb
coCTaBndeT OKoJio 5-10 MeTpoB Mpu mpeanbHbIX YCNoOBUAX, 6€3 Kakux-mbo BHELUHUX
KOPPEKTMPOBOK. DTO CBA3AHO C OrPaHNUYEHHON TOYHOCTBIO CaMUX CMYTHUKOBbIX CUFHAN0B U
BAINAHNEM OKpYXalLlen cpedbl, Takux Kak OObeKTbl FOPOACKOW WHPPACTPYKTYpPHbI,
NOACTMNAKOLLLIAs MOBEPXHOCTb MM METEOPONIOrn4eckmne ycnosusi. B 60nbLWNHCTBE ObITOBLIX
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NPUNOXKEHUI Takasi MOrpelHOCTb CYMTAETCs MNPUEMSIEMON, MOCKOJSbKY OHa b
He3Ha4YUTENbHO BANSAET Ha 3a4adn HaBuraumm n obuwero moHutopuHra [10].

Mony4yeHHble faHHble 0 norpewHocTax GPS nokasbiBatoT, HTO TOYHOCTb BapbUpPYETCS
B 3aBUCUMOCTM OT ycnoBuin. OgHako ANsi KOMMIEKCHOW OLEHKU MOKPbITUS CETU BadKHO
y4nTbiBaTb NapamMeTpbl kadectsa curHana: RSRP, SNR, RSSI, 1 RSRQ, koTtopble no3sonsatoT
aHanNM3npoBaTb, HACKONbKO CTabWUbHONW SBASIETCA CBA3b B PAa3/IMYHbIX YCNOBUSIX W
HACKOJIbKO BbICOKOE KayecTBO MepegasaemMoro curHana. Ha pucyHkax 3, 4, 5 n 6
NnpPeacTasBfeHbl pesyfibTaTbl U3AMEPEHNN NapaMEeTPOB KadeCcTBa CUrHana COOTBETCTBEHHO Ha
abOHEHTCKOM TepMuHane n paspabartbiBaeMOM MakeTe.
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PucyHok 9. CpaBHeHune 3Ha4veHnin RSRP

RSRP:
o [lna nepsoro maplupyTa (cuHuin rpacguk): -82.62 dBm.

« [lnga BTOpPOro mapLupyTa (KpacHbii rpaduk): -81.79 dBm.
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SNR:
e [lepBbit MmapwpyT: -2.17 dB.
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PucyHok 11. CpaBHeHue 3Ha4eHuin RSSI
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RSSI:
e [lepBbin mapwpyT: -51.40 dBm.
o BTtopon mapwpyT: -44.82 dBm.
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PucyHok 12. CpaBHeHue 3HaqeHnn RSRQ

RSRQ:
« [nsa nepsoro mapuwpyTa: -14.62 dB.
o [lnsa BTOporo mapwpyTa: -16.83 dB.

B ycnoBusax oTCyTCTBUS 3TANIOHHOINO YCTPOWCTBA ON1S KannbpoBky 1 BepudmrKauumn
AaHHbIX, aHanu3 OOMyCTUMOW MOrpeLuHOCTN U3MEepPEeHUn UrpaeT Ki4YeByo posb. [daHHoe
nccnepoBaHne HaueneHo Ha OLEHKY napaMeTpoB YPOBHS cUrHana M KadecTsa CBA3M OBYX
YCTPOWCTB, KOTOpPble pacCcMaTpuBalOTCs KakK KOHTPOJIbHble B MpoLecce W3MEpPEHNs.
OcHoBHbiMM nokazaTtenamu cny>kat RSSI, RSRP, RSRQ n SNR, onucbiBatowme ypoBeHb
curHana, ero ycTom4meoCTb 1 4acTOTYy.

OTHOCUTENBHO KaXXAoro W3 MNapamMeTpoB MOXHO MNPEASIoKUTbL — cnegyrowime
OONYyCTUMbIE 3HaYeHUs1 MOrpeLLUHOCTN, UCXOOA U3 aHaNUTUYECKUX OaHHbIX U Pe3ysibTaToB
nccneposaHns. MNMorpewHoOCTb U3BMEPEHUIA CBA3M 3a4acTyo He UMEET CTPOrnx HOpPMaTnBOB,
TaKk KaK KayeCTBO MW3MEPEHUI MOABEPXKEHO BAUSHUIO (aKTOPOB BHELLUHEW cpeabl ”
TEXHNYECKMX XapakTepucTuk yctponctea. Onmpascb Ha OOLWEnpuUHATbIE HOPMaTUBbl U
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YYUTbIBAA NPaKTUYECKOE NPUMEHEHNE, B JAHHOM MCcneoBaHumn 6bianM NPUHATBLI Crneayoume
OONyCKWN:

e [1nsa ypoBHs curHana — o 10%: 3HaveHne norpewHocTn gns RSSI n RSRP ocTtaetcs
B pamMKax gonyctumoro (puc. 3, puc. 4), 4To NOATBEP>XOAAETCA 6/IM30CTLIO0 CPEAHNX
3HAYEHUN N CPaBHUTENBHO HNU3KUMKU genbTamu (o 6.6 obm gna RSSI, po 1 abm gns
RSRP).

e [1na kayectBa curHana — go 20%: napametpbl RSRQ n SNR 6onee 4yBCTBUTENbHbI K
BHELHUM LWyMaM U UHTEPMEPEHLUMNAM, YTO MOXET YBENN4YMBATb PaACXOXAEHME.
PesynbTaTbl aHann3a nokasanm OTHOCUTENbHYO norpewwHocTb ansd RSRQ B npegenax
14% (puc. 5), 4TO Takxe HaxoguTcsi B gonycTumbix npegenax. OgHako gns SNR
OTMEYEHO 3HAYNTENbHOE OTKIIOHEHME B 468% (puc. 6), 4TO CBA3AHO C HU3KUM CPEQHUM
3Ha4veHnem Ha yctpounctee "AT" 1 NOOBEPXKEHHOCTLIO LLyMaM.

CpepHune 3Ha4veHnss RSSI n RSRP anst 06oux yCTPONCTB OCTalOTCA CTabUbHBIMU W
NnoKasbIBalT OTKNOHEHUS B npegenax AonycTuMon norpewHocTu. [JaHHble NoATBEPXAAKoT,
4yTo 0b6a YCTPOWCTBa HAOEXHO (PUKCUPYIOT YPOBEHb CUrHana, No3BOMAA CyAUTb O €ro
ycTon4msocTn. Bbicokaa oTHocuTeNbHas norpewwHocTb ana SNR cBssaHa ¢ TeXHUYeCKMU
xapakTtepuctukammn yctponctea "AT", 4TO NpMBOOUT K 3HAYUTESIbHbIM KOonebaHusm npw
HU3KUX 3HAYEHNAX NapameTpa. OTO yKasbIiBAET HA YyBCTBUTENIbHOCTb K LUyMaMm, U faHHbIE MO
SNR cnegyeT y4nTbiBaTb OCTOPOXKHO MPW OTCYTCTBUM 3TANIOHHOIO YCTPONCTBA.

AHann3 gaHHbIX 060MX YCTPOWCTB MoKasan CXOXXue pes3ynbTaTbl AN1d napameTpoB
RSSI n RSRP, nogreBep>kgasa ctabunibHOCTb YPOBHS CUrHana v ero 4onycTuMyto NorpeLHocTb
B pamkax 10%. Ona RSRQ ponyctmo oTknoHeHue fo 20% 13-3a ero 4yBCTBUTENBbHOCTU K
BHELLHMM (haKTopaMm, YTO TakXe NOATBEPXXAEHO pe3ynbTataMmun nccneposanHnsa. Nokasarenb
SNR Tpebyer 0CO60ro BHUMaHUS: BbICOKAst MOrPELHOCTb OOBACHAETCS HU3KUMU
3HA4YEeHMAMN 1 OOMbLUMM KOMMYECTBOM LWIYMOB, YTO AENaeT ero MeHee HageXHbiM 6e3
OOMNOSNIHUTENBHON KanMbpoBKU 1 BEPUDMKaLN.

Hay4Hass ctaTba NoOroToBfieHa B paMKax MNPUKIagHbiX HayYHbIX WUCCNenoBaHuin
CneryT, pernctpauunoHHbin Homep 1023031600087-9-2.2.4;2.2.5;2.2.6;1.2.1;2.2.3 B ETVICY
HNOKTP.
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Abstract. This paper examines the role of artificial intelligence (Al) in risk management on stock markets. The focus
is on key Al methods and technologies such as machine learning (ML), neural networks, deep learning, algorithmic trading,
and big data analytics, which enable the prediction of market fluctuations, the assessment of volatility, and the reduction of
potential financial risks. It analyzes ML models, including linear regression, random forest, recurrent neural networks, and
others, as well as their practical application for stock price prediction and risk minimization.

Keywords: artificial intelligence (Al), stock markets, risk management, predictive models, algorithmic trading, big
data, machine learning (ML), volatility.

PeueHseHT: Ny4koBa Onbra CepreeBHa — KaHOMAAT 9KOHOMUYECKUX HayK. [oueHT
kadeapbl npyknagHon nHgpopmatukn. Pre0y BO «PIrAY — MCXA nvern K.A. Tumnpsnsesa»

1. Introduction

Artificial intelligence (Al) transforms numerous industries, and its application in the
financial sector, particularly in stock market risk management, becomes increasingly
prominent. Stock markets are inherently volatile, influenced by a complex array of factors,
including economic conditions, investor sentiment, geopolitical events, and technological
disruptions. Traditionally, managing risks in such an environment required the expertise of
financial analysts and the use of statistical models. The rise of Al introduces new
methodologies that allow for the rapid analysis of vast amounts of data and offers predictive
insights and automated decision-making tools that surpass human capabilities.

Systems powered on Al in stock markets are now capable of analyzing both structured
and unstructured data, including financial statements, market reports, social media trends,
and even global news events, to predict market movements and assess risks with a high
degree of accuracy. Machine learning models, neural networks, and deep learning techniques
are leveraged to continuously adapt and improve these predictions based on historical and
real-time data. Algorithmic trading, driven by Al, has also gained traction as it automates
trading strategies to minimize risks and maximize profits. The goal of this paper — to explore
the role of Al in enhancing risk management strategies on stock markets.

2. Main part. Analysis of methods and technologies of Al in risk management

The application of Al in stock market risk assessment involves various advanced
methods and technologies that empower analysts and investors to predict, monitor, and
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mitigate risks. These methods go beyond traditional statistical approaches, leveraging vast
amounts of structured and unstructured data to generate insights in real time[1]. The
integration of diverse technologies is important for enhancing the efficiency of economic
institutions and operations, as it enables more accurate decision-making and optimizes
performance in a rapidly changing financial landscape [2].

Machine learning (ML) is at the core of Al applications in stock market risk
management. ML algorithms allow systems to automatically learn from historical data,
improving their predictions without explicit human intervention. In risk management, ML
models analyze massive datasets from various sources, such as price history, financial
statements, and market sentiment, to identify patterns and anomalies. Two prominent types
of ML used in stock markets are supervised learning and unsupervised learning.

o Supervised learning algorithms are trained on labeled datasets, where input data
(e.g., past stock prices) is linked to known outcomes (e.g., stock movements). These models
are used for predictive tasks such as forecasting price trends, assessing market volatility, and
calculating risk exposure.

o Unsupervised learning identifies hidden patterns in unlabeled data, making it
useful for anomaly detection and clustering. It helps detect unusual market behaviors, such as
irregular trading volumes or sudden shifts in market sentiment, that may signal risk [3].

These models continuously evolve and learn from both historical data and real-time
market movements to provide increasingly accurate risk assessments. The growth in the share
of ML, along with natural language processing (NLP), which is also a popular tool, indicates a
steady and significant increase in the use and investment in these technologies (fig. 1).
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Figure 1. Worldwide market size of ML and deep learning technologies, billion dollars [4]
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An Al technology that enables machines to interpret and process human language is
NLP. In stock market risk management, NLP is primarily used to extract insights from
unstructured data sources such as news articles, financial reports, social media, and
regulatory filings. These algorithms can automatically scan news headlines and assess their
potential impact on stock prices. By analyzing the tone, frequency, and relevance of the news,
NLP models can gauge market sentiment and identify possible risks. Such models can track
social media trends to detect shifts in investor sentiment, such as increased negative
discussions about a particular stock, which may suggest an upcoming sell-off.

Deep learning (DL), a subset of ML, utilizes neural networks to analyze and process
vast amounts of data with multiple layers of abstraction. It is especially useful for tasks that
involve large, complex datasets such as high-frequency trading, financial news analysis, or
social media sentiment tracking (fig. 2).

Sentiment

Classification

8 Entity Extraction [§

Translation

Topic Modelling
Documents

Dense Embeddings Hidden Layers Output Units

Figure 2. DL scheme

In stock markets, DL models can recognize intricate patterns and correlations across
numerous data points, helping investors identify hidden risks and opportunities. A DL model
can analyze millions of data points related to economic indicators, geopolitical events, and
market fluctuations to predict downturns or surges in asset prices.

Predictive analytics encompasses a wide range of Al techniques aimed at forecasting
future outcomes based on historical and real-time data. It is a critical component of risk
management on stock markets, where anticipation of market movements, price fluctuations,
and volatility is key to mitigating risks (fig. 3).

International journal of Professional Science

68
Ne10(2) — 2024


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

Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published-
https://creativecommons.org/licenses/by/4.0/deed.ru|

Sense & Respond Predict & Act

Descriptive & Predictive &

Diagnostic Prescriptive

Optimization

Modeling What is the best thing

/ that could happen?
Generic
Predictive
Analytics
Ad Hoc Reports ~ What will happen?

&0lap

Competitive Advantage

Standard
Reports
Cleaned ; o
Raw Data Why did it happen?
Data

What happened?

Analytics Maturity

Figure 3. Predictive analytics scheme

Predictive models are built using ML, deep learning, and statistical methods, offering
insights into future stock price trends, potential market crashes, and economic downturns.
These models take into account various factors, including historical price data,
macroeconomic indicators, and market sentiment, to generate probabilistic risk forecasts.

Algorithmic trading, also known as «algo-trading», uses Al-powered algorithms to
execute trades at high speeds based on predefined criteria. These algorithms are designed to
analyze real-time market data, identify favorable trading opportunities, and make decisions in
milliseconds. Al-based algorithms are capable of making complex, high-frequency trades
while simultaneously minimizing risks and maximizing returns. Al-powered algorithmic trading
systems excel in risk management by dynamically adjusting their trading strategies in
response to real-time market changes.

Big data analytics refers to the use of Al techniques to process and analyze massive
volumes of data that exceed the capacity of traditional systems. In stock market risk
management, big data plays a pivotal role in uncovering patterns and trends that may not be
visible through traditional data analysis. Al technologies, particularly in combination with big
data, enable the processing of diverse data types, including market transactions, news events,
financial reports, and even sentiment analysis from social media. By integrating these sources,
Al systems can offer a more comprehensive risk assessment, helping investors identify both
long-term risks and short-term opportunities.

The combination of Al methods and technologies, including ML, deep learning, NLP,
predictive analytics, algorithmic trading, and big data analytics, has revolutionized risk
management in stock markets. These tools allow for more accurate predictions, faster
response times, and better decision-making in the face of market volatility. As Al continues to
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evolve, its role in managing financial risks is likely to expand, offering even more sophisticated
and reliable solutions for investors and financial institutions.

3. Analysis of ML models performance for risk management in stock markets

Models based on ML have become essential tools for risk management in stock
markets due to their ability to analyze large datasets, recognize patterns, and make accurate
predictions. These models enable investors and analysts to assess market risks more
effectively by using historical data, real-time information, and sophisticated algorithms to
identify trends and potential threats.

Linear Regression (LR) is one of the simplest statistical models used in stock market
prediction. It attempts to model the relationship between a dependent variable (e.g., stock
prices) and one or more independent variables (e.g., time, economic factors) by fitting a linear
equation to observed data.

Random Forest (RF) is an ensemble learning method that builds multiple decision trees
and merges them together to create a more accurate and stable prediction. It reduces
overfitting and increases accuracy. It is used to analyze large datasets with multiple variables,
such as stock prices, trading volume, and economic indicators. It is highly effective for feature
selection, portfolio optimization, and risk assessment by predicting stock performance based
on historical and current data [5].

Neural networks (NN), especially deep learning models, are highly flexible and capable
of capturing complex patterns in financial data. They consist of layers of artificial neurons that
mimic the structure of the human brain, making them well-suited for tasks such as stock price
prediction, sentiment analysis, and volatility forecasting. In risk management, NN are often
used to model non-linear relationships between various market indicators, such as stock
prices, trading volumes, and economic variables. A 2023 study conducted a comparative
assessment of the accuracy of LR and NN for American corporate stocks in February 2023 [6].
It was shown that NN had higher accuracy in predicting prices compared to LR, demonstrating
its high effectiveness in evaluating stock market metrics (table 1).

Table 1
The predicted stock prices for Microsoft, Amazon, and Google on February 29, 2023, by the
LR and NN, and the average percent errors

Company Linear Neural Network Actual price Linear Neural
Regression Regression Network
error error
Microsoft $250,10 $250,76 $250,76 0,54% 0,29%
Amazon $93,76 $93,80 $93,87 0,62% 0,47%
Google $89,75 $89,85 $90,16 1,83% 1,38%
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There are several types of NN models. Recurrent Neural Networks (RNN) are a class
of neural networks specifically designed for processing sequences of data. They are
particularly effective when dealing with time-series data, as they have the ability to remember
previous inputs and use them in their decision-making process. They are used for predicting
stock prices because of their ability to learn from historical stock price data over time.
Convolutional Neural Networks (CNN) are mostly known for their use in image processing,
but they can also be applied to time-series data like stock prices. By focusing on patterns and
structures within data, CNN can efficiently extract key features.

Gradient Boosting Machine (GBM) is an ensemble learning technique that builds
models sequentially, with each model trying to correct the errors of its predecessor. It focuses
on minimizing errors, making it a powerful method for predictions. Gaussian Naive Bayes
(GNB) is a classification model based on Bayes' Theorem, assuming that the features follow
a Gaussian (normal) distribution. It is efficient but may not always perform well with highly
correlated features or non-Gaussian data. Bernoulli Naive Bayes (BNB) is another Naive
Bayes variant that works with binary/Boolean features. It is useful for datasets where the
features are binary but may not capture relationships as effectively as other models.

Support Vector Machines (SVM) are supervised learning models used for classification
and regression tasks. In the context of stock market predictions, SVM are primarily employed
to classify stocks based on their risk levels, movements (upward or downward), or other
financial characteristics. SVM are widely used for their ability to handle both linear and non-
linear data, making them useful in classifying market trends. According to 2024 research [7],
SVM is the most cited and studied model for assessing stock market risk, appearing in 25 %
of all related studies. The effectiveness of SVM is demonstrated by a study conducted in
2021 [8], which examined the performance of various ML models. The highest accuracy was
observed in SVM, followed by LR and RF (fig. 4).

0,800 0,755
0,727 0,727 '
0,684 0,709 g4

%700 0,6340.644, 551
0,600}
0,500}
0,400/
0,300}
0,200

0,100

0,000

LR GNB BNB DT RF KNN SVM XGB ANN

Figure 4. Accuracy performance of various ML models
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Models based on ML offer a wide range of tools for stock market risk management,
from simple linear regression to complex neural networks and reinforcement learning systems.
Investors and financial institutions can make more informed decisions, anticipate financial risk,
and develop strategies to mitigate potential losses with the implementation of these models.

4. Conclusion

The incorporation of Al into stock market risk management significantly changes how
investors and financial institutions address uncertainty and handle market volatility. By
leveraging advanced ML models, such as linear regression, support vector machines, random
forests, and deep learning architectures, Al systems can process vast amounts of data, identify
hidden patterns, and generate accurate predictions that help mitigate risks. These Al-driven
models provide investors with powerful tools to make informed decisions, automate trading
strategies, and optimize portfolios in real-time.
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CONCLUSION

As we conclude Issue 10(2) of the International Journal of Professional Science, we
acknowledge the significant contributions of the authors whose research forms the core of this
edition. These ten articles represent not only current achievements across various scientific
fields but also underscore the necessity of international cooperation and the sharing of best
practices. Each article adds unique insights to the scientific discourse, whether through new
methods in environmental research, the integration of modern technology in educational
processes, or social studies aimed at improving quality of life.

We express our sincere gratitude to all authors who prepared these articles, as well as to
the reviewers whose objective evaluations ensured the high scientific standards of the journal.
We hope the materials presented here will inspire further research and the practical application
of new knowledge.

In closing, we invite our readers to engage in the discussion of the presented ideas and
to participate actively in building an international scientific community dedicated to addressing
global challenges together.

Warm regards,

Krasnova N.

Editor-in-Chief

International Journal Of Professional Science
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