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Cexuus 1. THOOKOMMYHUKAIUMOHHBIE TEXHOJIOTUN U CUCTEMBI
CBsA3HU

K.A. barenkoB

AHAJIN3 TPOLEHTUJIEA BPEMEHU IIEPEHOCA KAJIPA U BAPUAILIAM 3AIEP)KEK
B CETAX FRAME RELAY

MOoOCKOBCKHUI TEXHHYECKUH YHUBEPCHUTET CBSI3M U MH(popMaTuku, Poccus

KiroueBbie cnoBa: HpOLEHTHIb BpEMEHU MEepeHoca Kaipa, Bapuauus 3a7epix ek, (QyHKUIus
pacnpeneneHus, JHKUTTep, CTAaTUCTUYECKUM aHaIu3.

B crarbe paccmaTpuBaroTcs METO/BI aHAJIM3a BPEMEHHU IIEpEHOCa Kajipa U BapHalluM 331€pKEK B
ceTsdx nepenadu AaHHbIX. OCHOBHOE BHUMaHME YJEJIEHO IOHATHIO NMPOLEHTUIISI BPEMEHHU IepeHoca
KaJjpa, KOTOPBIN OIpeNeNseTcsl KaKk 3HaueHUe, MPU KOTOPOM (YHKLHUS pachpeaeseHHs MePexXouT OT
BEJIMYMH MEHBIIUX K BeIMYUHaM OonbuM. [TponeHTn b sBIseTcs 4acTHBIM CIyyaeM KBAaHTWIA U
MCIIOJIb3YETCS ISl OLEHKU paclpeesieHus 3aJIepKeEK B CETH.

K.A. Batenkov

ANALYSIS OF FRAME TRANSFER TIME PERCENTILES AND DELAY VARIATIONS IN
FRAME RELAY NETWORKS

Moscow Technical University of Communications and Informatics, Russia

Keywords: percentile of frame transfer time, delay variation, distribution function, jitter, statistical
analysis.

The article discusses methods for analyzing frame transfer time and delay variations in data
transmission networks. The main attention is paid to the concept of the percentile of frame transfer time,
which is defined as the value at which the distribution function moves from smaller to larger values. A
percentile is a special case of a quantile and is used to estimate the distribution of network delays.

B coBpeMeHHBIX ceTsX nepeadr JaHHbIX BAXKHYIO POJIb UTPAET aHAIIU3 3aJIePIKEK U UX BapHUallUid,
TaK KaK 3TH TTapaMeTphbl HAMIPSIMYIO BIMSIIOT Ha KauecTBO oOciyxuBanus [1, 2]. [IpouenTiiu BpeMeHu
nepeHoca KajJpa W Bapualldu 3aJep>KeK SIBISIFOTCS KIIOYEBBIMA MHCTPYMEHTaMH sl OICHKHU
CTaOWJIHLHOCTH M HAJIKHOCTH ceTelt [3, 4]. B craTbe npeacTaBieHbl MaTeMaTHYECKHE METObI pacyeTa
ATHX MapaMeTPOB U UX MPAKTUUECKOE TPUMEHEHUE.

Ipoyenmunw (percentile) spemenu nepenoca xaopa ty, nopsioka h — 3HadeHue, Ipu KOTOPOM
(byHKIHS pacrpe/iescHNsT BpeMEHH MepeHoca Kaapa MepexoauT OT BEIMYNH MEHBIINX N K BeTHunHaM
6osbram h € (0,1). OT™MeTHM, YTO MPOLEHTH/Ib SBISETCS YACTHBIM CIydaeM KBaHTHJIS B Cydae
JeneHus1 00JIaCTH OMpeIeICHUsT U3MEPSEMOro MapaMeTpa Ha CTO WHTEPBAJIOB, MOMAJaHUs B KOTOPHIS
UMEIOT paBHBbIC BepOSITHOCTH [5]. [Ipu ycinoBuM ymopsaoueHHOCTH B MOPSAKE HE YOBIBaHHS BPEMEH
MepeHoca KajapoB T;, TO €CTh €CIIN T;4q = T;, L = 1,2, ...,n — 1, IpOLIEeHTUIIb BPEMEHU MEPEHOca Kaipa
OTIpeNieNsIeTCs CIAeIYIOIUM 00pa3oM:

Th = T Titr = Tl = 1,2,..,m— 1,
r7ie n — o0Imuii 00beM UCClIeyeMOil BBIOOPKH.

Bapuayus (0scummep) spemenu nepenoca xaopa v (FDJ — frame delay jitter) — pasnocts Mexay
MaKCHUMaJIbHBIM BPEMEHEM MEPEHOCA KAPA Typq U MUHUMATHHBIM BPEMEHEM TIEPEHOCA KAAPA Typip 32
3a/laHHBI WHTEPBAll M3MEPEHUs, COJCPKAIIMA CTATUCTHMYECKH 3HAYUTENHHOE YHCIO N U3MEpPEHU
BpPEMEHH IepeHoca:

V = Tmax ~ Tmin = MAXT; — miin T;,i=1,2,..,n
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Ipoyenmunw (percentile) sapuayuu épemenu nepenoca xaopa vy nopsoxka h — 3HaueHue, mpu
KOTOpOM (YHKIUSI pacrpeelieHHs Bapuallid BPEMEHH MEepeHoca Kaapa MEpeXOIuT OT BEIHYWH
Mmenbinux h k Benmmunuam GonbmmMm h € (0, 1). Tlpeamonaraercs, 4To U3MEPEHHs MPOBOIATCA Ha M
BPEMEHHBIX MHTEpBajiaX (OOBIYHO MATHAALIATUMUHYTHBIX), Ha KaXXIOM M3 KOTOPBIX OIpeleseTcs
BapHalys BPEMEHH TEepeHoca KaapoB v;. [lpu ycnoBuu ymopsgo4eHHOCTH B TOPSAKE HE YOBIBaHUS
Bapualllid BPEMEH IMEpeHOoca KaapoB V;, TO €CThb €CIU Viyq = Vil =1,2,..,m — 1, npoueHTUIb
BapUaIii BpEMEHHU NIepeHoca Kaipa ONpeAessieTcs CIeAYIOUM 00pa3oM:

Vh =V Vigr 2 Vi =1,2,...,m—1.

Hcnonp30BaHne MPOLIEHTUIICH BpPEMEHM IMepeHoca KajJpa W Bapualluu 3aJlep>KeK I03BOJISET
MPOBOANTH TIyOOKWI aHanM3 KadecTBa (DyHKIIMOHHPOBAHHS CETEH IMepenadyr JaHHBIX. DTH METOIbI
o0ecreunBalOT TOYHYIO OLIGHKY pacHpeleNieHUs 3aJepKeK W HUX U3MEHYMBOCTH, YTO BAaXKHO IS
ONTHMH3AIMHA CETEBHIX MapaMeTPOB W MOBBIMICHUS HAEKHOCTH Tepeaadd AaHHbIX. JlampHeimme
WCCJICIOBAHMSI MOTYT OBITh HANpaBlieHbl HAa YTOYHCHHE METOJIOB pacyera W MPUMEHEHHE JTHX
[apaMeTpoOB B Pa3IMYHbIX THIAX CETeH.
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ILE. Beasix, /I.B. Kycaiikun

BO3MOKHOCTb ITPUMEHEHHUA TEXHOJIOI'MU ®OTOI'PAMMETPHUUN J1JIAA
IHOCTPOEHUA 3D-MOJAEJIN OIITUYECKOI'O KABEJIA

VYpanbCcKkuil TEXHUYECKUI MHCTUTYT CBsi3U 1 uHpopmatuku (punuan) PI'BOY BO «Cubupckuit
rOCYapCTBCHHBI YHUBEPCUTET TEICKOMMYHHUKaNui 1 nHpopmaTtuku» B r. ExatepunOypre
(YpTUCHU Cubl'YTN), Poccus

KiroueBsie  cioBa:  ¢otorpammerpus, 3D-ckanupoBanme, onrtudeckue kabemw, 3D-
MOJICIUpOBaHUe, JlazepHoe ckaHupoBanue, LiDAR, mudpoBas o00paboTka uU300paKeHUMH,
TEJICKOMMYHUKAIIMOHHAs HHPPACTPYKTYpa, THOPHUIHBIC TEXHOJIOTHH CKAaHHUPOBAHHUS.

B cratee wuccnenyroTCs BO3MOXKHOCTH TPHUMEHEHHSI TEXHOJOTMH (POTOrpaMMeTpuu JUIs
noctpoenus 3D-mozeneit ontudeckux kaoenei. [IpoBeneH cpaBHUTEIBHBIN aHaIu3 (OTOTpaMMETPUHN
¢ apyramu Metonamu 3D-ckaHUpOBaHUS, BKIIIOUas Jla3epHOe cKkaHUpoBaHue W TexHojoruu LiDAR.
PaccmoTpensl  kito4yeBble IpeumylnecTBa  (OTOrPaMMETPUUYECKOTO TMOJXOAa: SKOHOMMYECKas
JOCTYITHOCTh, BO3MOXKHOCTD MCIOJIb30BaHUS CTAHIAPTHOTO cMapT(hOHA, CO3/IaHUE IeTATU3NPOBAHHBIX
TeKCTypHbIX Mojieniell. Ocoboe BHUMaHueE yAeTIEHO TEXHOJIOTHYECKUM OTPaHUYECHUSAM METO/1a, BKITIOYAst
TpeOOBaHUSI K YCJIOBUSIM CKaHHUPOBaHHS W TpoOieMbl 00pabOTKHM crenu(pUUecKuX MOBEPXHOCTEH.
[IpenoxeHbl  MpPaKTUYECKUE  PEKOMEHJAIMM MO0  NpUMEHEHUI0  QororpaMmeTpuud B
TEJIEKOMMYHUKALIMOHHON c(epe, BKIH0Yass KOMOMHUPOBAHHBIE MOAXObl C APYTMMHU TEXHOJIOTHSIMHU
ckanupoBanus. (O003HaueHBl TMEPCIEKTUBHBIC HAIpPABICHUS pPAa3BUTUS METOJA, CBSI3aHHBIE C
MHTETPallieil HCKYCCTBEHHOT'O HWHTEIUIEKTa M CO3JaHWEM THOPUAHBIX CKAaHUPYIOIIUX CHCTEM.
Pe3ynbTarhl uccienoBanusi 1€MOHCTPUPYIOT 3HAUUTENbHBINA MOTEHIMAN (OTOrpaMMETPUM JIJIs 33a]1a4
JIOKYMEHTHPOBAHHUS U aHAJIM3a COCTOSIHUS ONITUYECKUX KaOeseil.

P.E Belykh, D.V. Kusaykin

POSSIBILITY OF APPLICATION OF PHOTOGRAMMETRY TECHNOLOGIES FOR
BUILDING A 3D-MODEL OF AN OPTICAL CABLE

Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics in Yekaterinburg (UrTISI SibGUT]I), Russia

Keywords: photogrammetry, 3D scanning, optical cables, 3D modeling, laser scanning, LiDAR,
digital image processing, telecommunication infrastructure, hybrid scanning technologies.

In the article the possibilities of application of photogrammetry technology for building 3D-models
of optical cables are investigated. A comparative analysis of photogrammetry with other 3D scanning
methods, including laser scanning and LIiDAR technologies, is carried out. The key advantages of the
photogrammetric approach are considered: economic accessibility, possibility to use a standard
smartphone, creation of detailed texture models. Special attention is paid to technological limitations of
the method, including requirements to scanning conditions and problems of processing specific surfaces.
Practical recommendations on the application of photogrammetry in telecommunication sphere,
including combined approaches with other scanning technologies are proposed. Promising directions of
the method development related to the integration of artificial intelligence and creation of hybrid
scanning systems are outlined. The results of the study demonstrate the significant potential of
photogrammetry for the tasks of documenting and analyzing the condition of optical cables.

[ToBbileHNEe KBaTM(PHUKAUU CIELHMATUCTOB TPeOyeT HMHTErpaliyd COBPEMEHHBIX TEXHOJIOTUMH
00yueHHMs, BKJIIOYasi 3JIEKTPOHHBIE CUMYJIATOPBI C MHTEPAKTUBHBIMU dlleMeHTaMU. Takue miaThopmbl
00ecIIeunBaroT AOCTYII K BUPTYyaJbHBIM aHAJIOTaM HOBOI'O 060py11013aH1/I;1, II03BOJIASA OTpa6aTI)IBaTI>
IIPAKTUYECKHE HABBIKM B KOHTpoaupyemou cpene. CTaTbsl HallpaBjIeHa Ha aHAIM3 BO3MOYKHOCTEH
pa3pabotku 3D-Mozeneil onTuueckux kabeneil MeToaoM (pOTOrpaMMETpUH C LEIbI0 AalbHEHIIeH ux
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UHTETpAllM B JJIEKTPOHHBIA Y4YEOHBII CHUMYNATOp Ui OTPAOOTKU MPAKTHUYECKUX HAaBBIKOB
oOyyaromuxcs. JTO TMO3BOJUT CO37aBaTh 0OOJiee TOYHBIC BHPTyalbHbIE aHAJIOTH OOOPYJOBAaHUS B
cumynstope. BHenpenue nudpoBbIX CUMYJIATOPOB CHOCOOCTBYET IMOBBIIICHUIO KayecTBa OOy4eHMS,
CHI)KCHHUIO 3aBUCHMOCTH OT (U3WYECKUX CTCHIOB M YCKOPEHHWIO aJanTalid K aKTyaJbHBIM
TEXHOJOTMYECKUM PEIICHUSM.

doTtorpaMMeTpusi — 93TO TEXHOJIOTHS CKaHMPOBAaHUS, KOTOpas MCIHOJb3YyeT MHOXKECTBO
dororpaduii o0bEKTa MOJ Pa3HBIMU YIVIAMU. OJTa TEXHOJOTUS HAXOAWUT IIMPOKOE MPHUMEHEHHE B
pa3NIUYHBIX cepax — OT COXpPaHEHUs KYJIbTYPHOTO HACIEAMS 0 CO3/IaHMs KOHTEHTA JIJIsl BUPTYAIbHOM
peanibHOoCcTH. K MUHYcaM JaHHOM TEXHOJOTMU MOKHO OTHECTH TOT (PaKkT, UTO CKAaHHPOBAHHUE MOXKET
IPOXOJUTH C OIIUOKAMHU, €CTIH 0OBEKT UMEET OJHOTOHHYIO WM OJIECTSIIYIO TOBEPXHOCTb.

B pa6ote [1] ananusupyercs npouecc co3maanus 3D-mMonenu mo TeXHOI0THH POTOrpaMMETPUH C
UCTIOJIb30BAaHUEM CTaHAApPTHOTO CMapT(oHa BMECTO CIEHUATU3UPOBAHHOTO JOPOTOCTOSILIErO
o0opynoBanusa. Pe3ynbTaToM NpPOBEAEHHOIO aBTOPAaMH UCCIIEOBAHUS SIBISICTCS CPaBHUTENbHBIH
aHaJM3 Pa3JIMYHbIX BapUaHTOB co3manHus 3D-Monenel, mpu KOTOPHIX OLIEHEHBI MapaMeTphl KayecTBa
Mojieseit, pa3mepsl GaitioB u TpeGoBaHMs K BBIYUCIUTEIbHBIM pecypcaMm. Ha ocHOBaHMM 3TOr0 aHan3a
OBUI ONpe/IeeH ONTUMAIIBHBIA BapUaHT CPEIHEr0 KauecTBa MOJEIH C MCIOJIb30BaHUEM Pa3pelICHUs
8k, koTopelii oOOecrieyMBaeT HAWIYYIIUA OajaHC MEXIy KadeCTBOM BH3YyaIM3allMd |
BBIYUCIIUTEILHBIMU 3aTpaTaMu. Bo3aMokHOCTE co3aanus 3D-Mo/enu ¢ HCroib30BaHuEeM CTaHJapTHOTO
cmapToHa CYIIECTBEHHO CHHXAaeT (UHAHCOBBIE Oapbepbl [ BHEIAPEHUS TEXHOJOTHH
¢doTorpaMMeTpuu B paziMyHBIX 00MacTsx. Takol MOIXoi JAEMOHCTPUPYET NMPAKTUYECKYIO LEHHOCTb
UCCIICIOBAHMsSI, TaK KaK T[O3BOJSET aJalTUPOBATh TEXHOJIOTHIO TMOJ pa3lUYHble TEXHHUYECKUE
BO3MOYXHOCTH U TPEOOBaHMSI K KAUECTBY KOHEYHOTO MPOIYKTA.

[TomydyeHnHble pe3ynbTaThl UMEIOT 3HAYUTENBHBIM MOTEHIHWAN Ui MpUMEHEeHHs B cdepax
BUPTYyaJIbHOW W JONOJHEHHOW pPEaJbHOCTH, a TaKXe€ B HHKCHEPHBIX 3agadax, Takux kKak 3D-
CKaHHPOBAHUE ONTUYECKOTO KaOersl.

B cratbe [2] paccmarpuBaercsi cpaBHeHHE TeXHOIOTUU (hoTorpammerpun u 3D-ckaHupoBaHUs
00BEKTOB C HUCHOJB30BAaHUE CIIECLUATN3UPOBAHHBIX CKaHEpOB, HIKE B Tabmuie 1 mpesacrasieHa
CpaBHUTEJIbHAS XapaKTEPUCTHKA ABYX METOA0B co3aanus 3D 00bekToB.

Tabauna 1 — CpaBHUTENbHASI XapAKTEPUCTUKA TEXHOJIOTUN

CTaTUYHBIC CIICHBI

Kpurepuii doTtorpammeTpust 3D-ckanupoBaHue
Tpebyemoe o6opyaoBaHue [{udposas kamepa / cmaptdon | CrernanuzupoBandbii  3D-
CKaHep

To4HOCTH Ho 1 Mmm Ho 0,1 mm

CxopocTb 00paboTKH TpeOyetcs BpeMs Ha | Pesynbrar B pearbHOM
ocTO0pabOTKY BpPEMEHHU

Pabota c Texctypamu ABTOMaTtHueckoe  cosaanue | Moxer noTpeOoBaTHCA
PEATUCTUYHBIX TEKCTYP JIOTIOTHUTENIbHAsI 00paboTKa

CroumocTh Huskas 3a cuet | Beicokas 3a cyer
WCIIONB30BAaHUsl  JIOCTYITHOTO | Mcmoib3oBaHus 3D-ckanepos
000pyI0BaHUs

[Ipumenenue Kpynable  oObexTel  unu | CroKHBIE MOBEPXHOCTH,

JABVDKYITHUECA 00BEKTEI

ABTOpBI TIOTYEPKUBAIOT, YTO 00€ TEXHOJOTHUHU MPOJOJDKAIOT pPa3BHBAThCA: (PoTOrpaMMmeTpus
yJIy4llaeT KauyecTBO U TOYHOCTh 3a CYET UCKYCCTBEHHOIO0 HMHTEIUIEKTa, a 3D-CKaHephl CTaHOBSTCA
JIOCTYITHEE U KOMITAKTHEE.

PaccmatpuBasi cpaBHUTENIbHYIO XapaKTEPUCTUKY TEXHOJIOTMI KacaTelIbHO TEMbl MCCIIEIOBAHUS
J1si 0oJiee BBICOKOM TOYHOCTH M PabOThI ¢ MEIKHUMHU JETaIsIMU TPEINOYTHTEIILHEE HCIOJIb30BaTh
texHoioruto 3D-ckanupoBanus. OpHako (HOTOrpaMMETpUsi OCTAE€TCS YKOHOMUYHBIM PELICHUEM IS
Mpe/BapUTENLHOTO aHATN3a.

B HEKOTOPBIX CiTydasix TEXHOJIOTHH KOMOMHUPYIOT — HAPUMED, UCTIONB3YIOT (POTOrPaMMETPHUIO
JUIsi OBICTPOTO CKaHMpOBaHUs oOmier dhopmbl Kabems, a 3D-ckanep — sl AeTamu3aiil KPUTHYHBIX
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YY4aCTKOB (CBapKH ONTHYECKOTO BOJIOKHA, MOBPEXACHHH). Takoil THOpUIHBIN TMOAXOJ TMOBBIMIACT
3P PEKTUBHOCTH pabOTHI, 0COOEHHO B TEIEKOMMYHHKAIIMOHHOH cdepe.

B cratee [3] paccmaTpuBaeTcs ~KOMOWHMPOBAHHOE  HCIIOJIL30BAHME  TEXHOJOTHH
¢dortorpammerpun, nazepHoro ckanuposanus, LIDAR u ToF-kameps! (Time-of-flight-kamepa). ABTopst
NEMOHCTPUPYIOT, KaKk COBMECTHOE MPUMEHEHHE OSTHUX METOJIOB IO3BOJSET  CO3[aBaTh
JeTaI3UpOBaHHbIC U MacHITabupyeMblie 3D-Moenu Asist pa3aIuuHbIX 00JacTeil MpUMEHEHUS.

KitroueBsie mpenmyiiecTBa KOMOMHUPOBAHHOTO MOAX0/a:

1. LiDAR ofecnieunBaeT BEHICOKOTOYHOE U3MEPEHUE PACCTOSTHUM U T€OMETPUH;

2. @ororpammeTpus J00aBISIET IBETOBYIO HHPOPMAIIHIO H TEKCTYPY;

Y ToF-kamepsl pacder TIyOMHBI M PACCTOSHUN OO0ECIEYMBACTCS C IMOMOIIBIO TEXHOJIOTHU
u3MepeHus: «Bpemenu mnomnéra» (TOF), Gepylell Havaao OT AITOPUTMOB, UCHOJB3YEMBIX B pajapax.
bnaromapst sTtoMy QopmupyeTcsi NalbHOCTHOE H300pa)keHue, M0A00HOe pPaanuoIOKAIMOHHBIM
MOPTPETaM, 332 UCKIIOYEHUEM TOTO, YTO ISl €70 MOCTPOCHHUS 331€ICTBOBAH CBETOBOW MMITYJIbC BMECTO
pPaxmoYacTOTHOTO CUTHAJIA, TOITOMY TEXHOJIOTHS MOXKET UCIIOIB30BaThCA ISt OBICTPOrO CKaHUPOBAHHMS
Ka0enel B TPYJHOJOCTYITHBIX MECTaX.

ABTOpPBI TIOTYEPKHUBAIOT, YTO THOPUIHBIA MOAX0H OcoOeHHO 3(hdexkTuBeH mnpu padoTe co
CJIOHBIMU UHDPACTPYKTYpHBIMH 00bekTaMu. OnTHyecKkuil kKabeab OTHOCUTCS K CIOXKHBIM 00bEKTaM,
JUTSE KOTOPOTO TpeOyeTcsl M BBICOKAsi TOYHOCTh U3MEPEHUS U JieTalbHas TeKCTypHast mHpopmars, 06a
9THX YCJIOBHUS MOKHO BBIIIOJHUTH MTPU MCojb3oBanuu TexHonoruu LIDAR u pororpammerpun.

B paGote [4] mpoBomuTCsi AeTalibHOE CpaBHEHHME JBYX TexHojorui 3D-monenupoBaHus -
dboTtorpaMMeTpUd W JIa3epHOTO CKAHUPOBAHHUS - Ha TMpPUMEpPE pEaIbHbIX OOBEKTOB PA3IMYHON
CIIOKHOCTU. ABTOpBI HCCIENYIOT TMpolecc co3naHus 3D-moneneil ¢ HCIONb30BaHMEM Kak
npodeccuonansHoro obopynoBanus (y1azepusie ckanepol Leica HDS 2500 u NRC-BIRIS), Tak u
noctynHbix mudposbix kamep (Nikon COOLPIX 5700 u LEICA DIGILUX 1).

PesynpTatom wuccnenoBaHusi SBISETCS KOMIUIEKCHBIM CPaBHHUTEIBHBIA aHAU3, B KOTOPOM
OLICHUBAIOTCSL:

— Merpuueckasi TOYHOCTh TOJTYYESHHBIX MOAETEH (pa3Iuyusi JOCTUTAIOT Mopsiaka 1 Mm);

— Jleranu3zaiusi MIOBEPXHOCTEH U CIIOKHBIX TEOMETPUIECKUX FIEMEHTOB;

— TpeboBanus K yCIOBHSIM CHEMKH U TIOATOTOBKE OOBEKTOB;

— BpemenHble 3aTpaThl Ha 00pabOTKY JaHHBIX.

Jnss 00BEKTOB C MEIKUMH JIETalsIMH  JIa3epHOE CKaHMPOBAaHHE OOECTeuMBaeT JIyYIIyIo
neranuzanuo. dortorpammerpus TpeOyeT TINATENBHOIO IUIAHUPOBAHUS CHEMKH U IOCIEAYIOLIeH
pyuHOIl 00paboTkM KpaeB u3zoOpaxeHus. JlazepHoe ckaHUpOBaHUE, HECMOTpPS Ha aBTOMATU3AIIMIO
npoliecca, CTAJIKUBAETCS ¢ MPpobiIeMaMu IIpU paboTe ¢ OTPaKaOIIUMU TOBEPXHOCTIMHU

Jliss  KaueCTBEHHOTO CO3JaHHsT TPEXMEPHOW MOJIETH ONTHYECKOTO Kabens HeoO0XOAnMO
UCIOJIb30BaTh KOMOMHALIMIO TEXHOJIOTHM IS TOTy4YEHUS! HAUTY4ILIero KauecTBa 00beKTa.

B pabote [5] uccnenyercst BIusiHUe T€OMETPUH, TEKCTYpPhl U YCIOBUN (oTorpadupoBaHus Ha
KadecTBO 3D-Mozenei, Co31aHHBIX ¢ TOMOIIBIO (POTOrpaMMETpU. ABTOP IIPOBEI HIKCIIEPUMEHTHI ¢ 24
00BEKTaMH, U3TOTOBJICHHBIMU U3 PA3JIMYHBIX MAaTEpPHAIOB (METaJ, TKaHb, IUIACTHK, AEPEBO, CTEKIIO,
KEepaMUKa U OpraHu4ecKre MaTepHualibl), YTOObl OLIEHUTh YCHEIHOCTh PEKOHCTPYKIMU B 3aBUCHMOCTH
OT UX CBOMCTB.

HccnenoBanue A1eMOHCTpUPYET, YTO GoTorpammerpus 3¢dekTuBHa i co3nanus 3D-moxaeneit
00BEKTOB C BBIPAXXCHHOW TEKCTYPOM (OpraHWYECKHe MaTepHasbl, TKaHU), HO TpeOyeT ajanTaiuu st
[JISSHUEBBIX, MPO3PAaYHbIX MM F€OMETPHUECKU CIOXKHBIX 00bEeKTOB. KitoueBble (akTopsl ycmexa —
KOHTPOJIb YCIIOBHI CBEMKH, MPABHIGHBI BHIOOpP YIJIOB M PACCTOSIHHSA, a TaKKe MOCTOOpadoOTKa.
Pe3ynbTaThl UMEIOT 3HaYEHUE JIs CKAHUPOBAHUS MOJIeNIel ONTHYECKOTro Kabess, rae TpedyeTcs TouHas
3D-nokyMeHTaIus.

B pabote [6] npeacTaBieH nomaroBblii METO/ UCIIOJIb30BaHUS (POTOrpaMMETPUU KaK JOCTYITHON
albTepHATHBBI NpodeccruonansHoMy 3D-ckanupoBanuio. PazpaboTaH cTpyKTypHUpOBaHHBIM MOJIXOJ
st co3nanusg 3D-moneneil Ha mpuMepe CI0XKHOTOo 00BbeKTa ¢ MPOOJIEMHBIMU TSl (POTOrpaMMETPUH
XapaKTepUCTUKaMHU (UEPHBIH LBET, IIISHIEBAst TIOBEPXHOCTB).

B xone skcmepuMmeHTa ¢ ucnoiib3oBaHueM ¢ororpammerpun s 3D-ckaHupoBaHUS ObuIH
MOJIy4YeHbI CIIEQYIONIUe KIo4YeBble pe3yibTarhl. Ilpu paboTe ¢ YepHBIM TIISHIEBBIM OOBEKTOM, IS
KoToporo OblIO0 caemano 79 ¢ororpaduii, momydeHHass MOJENb COAepkada HCKaxeHuss Ha 72%
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https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B0%D1%80

noBepxHocTel. OHAKO MOCIe MPUMEHEHHUST MAaTOBOM Oesloil Kpacku M MOBTOPHOUM CheMKH (Bcero 37
¢oro) kauecTBO Mojenu yaydmmwioch Ha 40%, 4YTO TOATBEPXKIACT KPUTUYECKYIO Ba)KHOCTh
MPAaBUJIbHOM MOATOTOBKU OOBEKTA.

C 5KOHOMUYECKOU TOYKHU 3pEHHUS, 00IIIee BpeMsi CO3/IaHUs MOJIEIIH COCTaBUIIO 3,25 daca, BKIItoUast
90 munyT Ha moctoOpaboTKy. [Ipr 3TOM CTOMMOCTH TaKOTO MOAXO0/a OKa3anach B 5-7 pa3 HMXKe, 4eM
apenaa npodeccuonanbHoro 3D-ckaHepa, 4To AenaeT (GOTOrPaMMETPHUIO BBITOJHBIM PEIICHUEM IS
Pa30BBIX MPOEKTOB M MalloOIOKETHBIX 3a1ad. [lomydeHHble pe3yiabTaThl IEMOHCTPUPYIOT, UYTO MpPH
NPaBUWIBHON MOJATOTOBKE OOBEKTa M TPAMOTHOM OpraHu3allii pabdodero mporecca GpoTorpaMmMeTpust
MOJKET CIYKUTh 3 (HEKTUBHON aTbTEePHATUBOM TPaAUIIMOHHBIM MeToAaM 3D-ckaHupoBaHus, HAIpUMEp
JUISL OTITUYECKUX Kalesel, KOMMYTaTOpPOB, MapIIPyTH3aTOPOB.

TakuM 00pa3oM, MOKHO BBIACIUTH CIEAYIONIME MPEeUMyIlecTBa MpUuMeHeHus: GoTorpaMMeTpun
JUIS  MOJICIIMPOBAHUS  ONTHYECKMX KaOeled: SKOHOMHMYECKas JOCTYNHOCTb 000pyIOBaHUs
(ucmonb30BaHUE CTAHAAPTHBIX cMapTHOHOB U HUPPOBBIX KaMep); CHUKEHHE (PUHAHCOBBIX 3aTpaT MO
CpaBHEHHMIO C mpodeccHoHalbHBIMU 3D-cKkaHepamMu; BO3MOXKHOCTH CO3JIAaHHS JI€TaTU3UPOBAHHBIX
TEKCTYpPHBIX MOJIEJIeH ¢ 1[BeTonepeaayeii.

®doTorpaMmeTpus IEMOHCTPUPYET 3HAYUTEIBHBIN MOTEHIIMA JIJIi MOJICTUPOBAHUS ONTUYECKHUX
Ka0eneil, OCOOCHHO B YCJIOBHMSIX OrpPaHMYEHHOTO OI0KeTa U HEOOXOAMMOCTH OINEpPaTUBHOIO
pasBepThiBaHUs. J[J11 OTBETCTBEHHBIX 33/1a4 PEKOMEHIYETCSI KOMOMHUPOBAHHBIH MOIX0/T, COYCTAIOIIUH
MPEUMYIIECTBA pa3UYHbIX TexHoNOorul 3D-ckanupoBanus. [lanpHeliee pa3BUTHE METOA CBA3AHO C
COBEPIIICHCTBOBAaHUEM AJTOPUTMOB OOpPaOOTKM UM HWHTErpalrel ¢ COBPEMEHHBIMU CHCTEMaMH
KOMIBIOTEPHOTO 3pEHHUSI.
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I'A. I'ureabman, H.E. KyaukoBa, A.K. YUepusieBa, E.B. FOpuenko

BJIMSITHUE BPEMEHH OITPOCA JATYUKOB HA S9HEPT'OIIOTPEBJIEHUE
IIJII0O3A CETH UHTEPHETA BEIIEN

VYpanbCcKuii TEXHUYECKUNA HHCTUTYT CBsI3HM U nH(popMmaruku (dumman) @I'BOY BO «Cubupckuii
rOCY/IapCTBEHHBIN YHUBEPCUTET TEICKOMMYHHKaIUK 1 nuHpopmatuku» B I. Ekatepuntypre (YpTUCHU
Cubl'YTH), Poccus

KiroueBrble ciioBa: BpeMs orpoca, 3Hepronorpedinenue, nuo3, IHTepHer Bemiei.

B crarbe uccienyercs anepronorpetienre nuio3a cetu MHTepHeTa Bellel B CUCTEME «YMHOTO
noMa» Ha 0aze GecripoBonHOM TexHonoruu Wi-Fi. Llens paboTbl — onTuMu3anus 3Hepro3arpar myTem
aHaJM3a 3aBHCUMOCTU SHEPrONOTPEOSCHHSI OT KOJIMYECTBA TMOAKIIOYEHHBIX JIaTYMKOB M BPEMEHHU HX
ompoca. B 3KcHepuMEHTAIbHOM CETH MCHOJb30BAIUCH MHUKPOKOHTposuiepsl ESP8266, cepsep
ynpasienus Ha Orange Pi Zero 2 u nutto3 Ha cmaprdhone POCO X3 Pro. Pesynbsrarsl mokasaiu, 4to
ONTHUMAJIFHOE BPEMs OMpoca JaTUMKOB cocTapisieT 120 ceKyH, mpu KOTOPOM AOCTUTAaeTcs OanaHc
MEK/Ty YaCTOTOH OOHOBIICHHS JAHHBIX U SHEPTOAIPPEKTUBHOCTHIO. YCTAaHOBJICHO, YTO CIIUIIKOM YaCThIe
WIH PElIKHE OMPOCHl MPUBOAST K MOBBIIICHHOMY SHEPrONOTPEOICHUIO M3-3a CIYKEOHBIX JaHHBIX U
MOBTOPHOM CUHXpoHU3auuu. IloayyeHHble JaHHbIE MOTYT OBITh MCIOJIb30BaHbl JJIs IPOEKTUPOBAHUS
9HEprodHHEeKTUBHBIX CUCTEM B «YMHBIX JIOMax».

G.A. Gitelman, N.E. Kulikova, A.K. Chernyaeva, E.V. Yurchenko

IMPACT OF SENSOR POLLING TIME ON ENERGY CONSUMPTION OF AN IOT
GATEWAY

Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics in Ekaterinburg (UrTISI SibGUTI), Russia

Keywords: polling time, power consumption, gateway, internet of things

The article studies the energy consumption of the IoT gateway in a smart home system based on
Wi-Fi wireless technology. The goal of the work is to optimize energy costs by analyzing the dependence
of energy consumption on the number of connected sensors and their polling time. The experimental
network used ESP8266 microcontrollers, a control server on Orange Pi Zero 2, and a gateway on a
POCO X3 Pro smartphone. The results showed that the optimal sensor polling time is 120 seconds,
which achieves a balance between the data update rate and energy efficiency. It was found that too
frequent or rare polling leads to increased energy consumption due to service data and resynchronization.
The data obtained can be used to design energy-efficient systems in smart homes.

Bo Bpems cTpeMUTENbHOrO TEXHOJOTHYECKOIO Mporpecca M pacTyLIEro CTPEeMIICHUS K
aBTOMaTH3alMu cereil IHTepHeTa Beliel, uaes «yMHOTO JJoOMay MEePeXUBAET EeprUo/] OypHOTO Pa3BUTHS.
Ona mpenmnosaraeT MHTETPAUIO Pa3IMYHBIX YCTPONCTB M CUCTEM B €AMHYIO CETb, MO3BOJISIIOIIYIO
aBTOMATH3UPOBATh YIIPABJICHHE OCBELICHHEM, OTOIUIEHHEM, CHUCTEeMaMH O€30IacHOCTH U JAPYTHMMHU
GYHKIMSIMH JKUJIOTO TpocTpaHcTBa. becnpoBomnas TexHomorus Wi-Fi urpaer kirodeByro poib B
00eCIeYyeHNH CBSA3H MEXAY STUMH YCTPOMCTBAMU CETH, MPEIOCTABIASA THOKOCTh U MAaCIITaOUPYEMOCTb.

Pabora 60np1I0r0 KOMYECTBAa YCTPONUCTB, HEMPEPHIBHO OOMEHHMBAIOIIUXCS JAHHBIMH, TIPUBOIUT
K CYyIIECTBEHHBIM »Hepro3arparam. JlanHas mpoOneMa KpUTHYHA JJIS YCTPOWCTB, pabOTArOMIUX OT
Oarapeil M aKKyMyJsTOpPOB, TIJ€ ONTHUMH3ALUs DHEPronoTpeOleHHus HampsMyl0 BIUSET Ha
NPOJIOJDKUTENIBHOCTh UX ABTOHOMHOM pabOThl M WHTEpPBAJIbl MEXKIy 3aMEHOW WM TOA3apsIKON
3JIEMEHTOB IEKTponuTaHus. MccnenoBanue sHepronoTpedaeHus aeMeHToB ceTh VIHTepHeTa Bemiel B
KOHTEKCTE «yMHBIX JIOMOB» SIBIISIETCSI aKTyalbHbIM. llenb wuccienoBaHus — pelleHHe 3a7adu
YMEHbILIEHUSI HHEPronoTpedIeHus] MyTeM MPOBENECHUS CUCTEMATUYECKOro aHalu3a U pPa3pabOTKH
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MPaKTUYECKUX PEKOMEHIAIMM, HAlpaBJIEHHBIX Ha ONTHMH3AIMI0 SHEPTONMOTPEOSCHUS IIUTI03a CETH
WNureprera Bemieid. B wacTHOCTH, OyzeT paccMOTpeHa 3aBUCUMOCTh SHEPToMOTPEOICHUS OT KOJIMYECTBA
YCTPOMCTB M BPEMEHH OINPOCA TATYHUKOB.

Ha pucynke 1 npencrasiieHa 3KcliepUMEHTANIbHAS CETh YMHOI'O IOMa, B KOTOPOU B3aMMOJIEHCTBHE
AJIEMEHTOB CETH OCYIIECTBIsETCS 1Mo OectpoBoaHoi cetn Wi-Fi.

» + |~

Cepaep NodeRed Poctenexom
Inr03
POCO X3 PRO NFC

- &)
-—
JaTtunk
———__ ESP 8266
Cepaep ynpanenus na NodeRed + TTe——
e
Orange pi zero 2 Jlatamg

ESP 8266
Puc. 1 — DkcniepuMeHTanbHasi CETh YMHOT'O JIoMa

Hatuuku Ha wMuKpokoHTpoiiepax ESP 8266 mnpeacraBisior co0oi  mporpaMmmupyembie
npoueccopbl, (PyHKIMOHUPYIOIIME B PEKUME KIUEHTA, KOTOPhIE OOECHEeYyMBAIOT aBTOMATUYECKOE
MOJIKJIFOUEHHE YCTPONCTB ceTu VMHTepHeTa Beliel K CEeTH U MO3BOJISIET UM OOMEHHBATHCS JaHHBIMHU
yepe3 untepHer [1]. Texunueckue XxapakTepUCTUKU JAaHHOTO yCTPOMCTBA MPHUBEIEHBI B TabmuIe 1.

Tabnuna 1 — TexHuueckue XapakTepuCTUKU MUKpokoHTposuiepa ESP8266
Hanpsoxkenue nutanus 3.3 B (2.5-3.6 B)

300 MA mpu 3amycke, 35 MA Bo BpeMs paboTel, 80 MA B pexumMe
TOYKH JIOCTyTIA

12 MA

Tox morpebneHus

MaxkcuMabHBIA TOK
KOHTaKTa

CepBep ympasnenust orange Pi Zero 2 mnpenctaBnseT co0oil OfHOMIATHBIA KOMIBIOTED C
nogaepxkoi TexHonoruu IEEE 802.11b/g/n, koTopblil obecnieunBaeT CUHXPOHU3AIMIO pabOThl BCEX
HCIIOJIb3yEMbIX KOMIIOHEHTOB ceTu MHTepHeTa Beneil n ux B3aumozeiicreue. Ha naHHoM ycTpolicTee
ycranonieHa miatdopma NodeRed ¢ Heobxonumbivu mmaruHamMu u Opokepom MQTT. B BusyansHoi
cpene NodeRed Obuta paspaborana normueckas cxema st cetu Muatephera Bemeir. MQTT
(GYHKIMOHUPYET KaKk CEepBEpHasl cHUCTeMa, KOoTopas yHpasisieT M (UIbTPYeT JaHHbIE U COOOIIEHUs
MEXJly YCTPOMCTBaMH B IaHHOM cxeMme [2].

[Imro30m cetu BeicTymaetr cmaptdon POCO X3 Pro (tabmuma 2). Ha tenedone ycraHoBieHa
nporpaMMa Termux, KoTopast U3MepseT U OTNpaBiseT JaHHble 00 sHepromnoTpediaenun Ha MQTT
cepsep. Termux — OecruiaTHbIN dSMyasTOp TepMuHana Linux mist Android, 3amyckaroniuii Ha yCTpOHCTBE
NOJHOIEHHYI0 Linux-cpeny. Beirpy3ka JaHHbIX 00 SHEPronoTpedIeHUH aKKyMyIsSTOpa CUNTHIBAIACH C
MQTT cepgepa [3].

Tabmuua 2 — Texuuueckue xapakrepuctuku cMaprdona POCO X3 Pro

EMKOCTb akKyMyIsTOpa 5160 MA/4
Wi-Fi IEEE 802.11 b/g/n, IEEE 802.11 ac
GSM 850 (BS), GSM 900 (B8), GSM 1800 (B3), GSM 1900

Junamazonsl yactot 2G (B2)

UMTS 850 (BS), UMTS 900 (B8), UMTS 1700 (B4), UMTS
1900 (B2), UMTS 2100 (B1)

Junamazonsl yactot 3G
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Jwnanazonsl yactoT 4G

FDD-LTE 700 (B28), FDD-LTE 800 (B20), FDD-LTE 900 (BS),
FDD-LTE 1800 (B3), FDD-LTE 2100 (B1)

JlaTuukyu HaXOIATCS B JIOKAJIBHON CETH TOCPEACTBOM IMOAKIIOYEHHS K IUTIO3Y M K CEpBEpY
ympasineHuss no OecrnpoBomuoit cetu Wi-Fi. Ha cepBep ympaBienus mepenmarorcs naHHbIE 00
u3MepeHmsIX AardukoB. OH 00pabarhIBacT MOMyYeHHBIC JaHHBIE ¢ TOMOIIbI0 mporpammbl NodeRed u
BeICTymaer B ponu Opokepa MQTT. Ilocie oOpabOTKM MaHHBIX C JAaTYMKOB CEPBEP YIPaBICHUS
otnpanisier AanHbie Ha cepBep NodeRed uwepes numo3. Cepep NodeRed moarBepkmaer ycmemHoe
nonyueHuu AaHHbIX. [1Im03 nepenaér sty uHpopmaluio cepBepy yIrpaBleHus, OCIe Yero npolenypa

IMOBTOPACTCA.

OKcnepuMeHTadbHasE YacTh BKJIIOYAJa B ce0S HM3MEPEHHs SHEPronoTpedieHHe HUTI03a CETH
WuTepHeTa Beliel Npu pa3iMyHOM BPEMEHH ONpOca JAaTYUKOB OCBELIEHHOCTH, BIAYKHOCTHU I1OYBBI,
TeMIIepaTypsl U atMoc(epHoro naBieHus. Pe3ynasraTsl u3sMepeHui mpeicTaBieHsl B Tadnuie 3.

Tabnuma 3 — DHepronoTpebiaeHe NuT03a ceTH VIHTepHeTa Bellei mpy pa3HOM BPEMEHHU Ompoca

Bpems Komriectso 3amep 1, MA 3amep 2, MA 3amep 3, MA
ompoca, ¢ JIATYMKOB
15 288,124 287,953 288,412
30 275,617 276,202 275,125
60 1 (Temmeparypa, 260,834 261,429 260,251
120 AaBIICHHe ¥ 241,352 241,998 240,867
BJIXKHOCTH IOYBEI +
240 OCBEHIEHHOCTH) 243,752 244,102 243,497
480 246,152 245,739 246,612
900 249,552 248,926 250,178
15 2 (Temmeparypa, 302,53 302,351 302,833
JaBJICHUE +
30 289,398 290,012 288,881
BJI@KHOCTH TOYBEI +
60 OCBELIEHHOCTD) 273,876 2745 273,264
120 253,419 254,098 25291
240 255,939 256,307 255,672
480 258,459 258,026 258,902
900 2422737 261,405 262,655
15 316,93
30 303,868
60 3 (Temneparypa, 287,569
120 JABIICHHE ¥ 265,49
BJIAKHOCTH TTOYBHI +
240 OCBEIIEHHOCTD) 268,136
480 270,782
900 274,507
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[To pe3ynbraramM HU3MEpEeHHH IOCTPOMM 3aBUCUMOCTH JHEPronoTpeONeHus III3a CEeTH
WuTepHeTa Belie 0T BpeMEHH Ollpoca JaTYUKOB (PUCYHOK 2)

325
< 315 ~ .
= 305 ) ~ e JlaTyMK 1
£ 295 ..
§ 285 = - \ Harauk 2
g 275 e ° . o Jarymk 3
o s ° o o e
E 265 " " N T Hatuuk 1+2
g 255 G » 43
s R I Haran
235 JaTunk 2+3
225

e JlaTunk 1+2+3
15 30 60 120 240 480 900

Bpewms ompoca, ¢

PucyHnok 2 — 3aBUCHMOCTD SHEPronoTpeOICHH 1ITI03a ceTH MIHTEepHETa BEelIei OT BpeMEHHU omnpoca

OuepronorpeliieHre nuto3a cetu VHTepHeTa Bele Npu pa3iIndHOM MOIKIIOUYCHUH JTATIYHMKOB
JEMOHCTPHUPYET CHUIKEHUE €r0 3HAYEHUH 10 Mepe YBEIUYEeHHs] BpEMEHH orpoca aaryukos 10 120 c,
1ocJie 4ero HaOnroaeTcsl yBelIWuyeHUe 3Hepronorpelnenus. [IpeanonoxurenbHo, 3TO MOXKET ObITh
CBSI3aHO C YBEITMUYCHHUEM JIOJIU CITY>KEOHBIX MepeeaeMbIX JaHHBIX WM C MPOLIECCOM BBIXOAA CUCTEMBI
U3 CIILIET0 PeXXHUMa C MOCIEAYIOUIMM IOBTOPHBIM 3aITyCKOM IEepeIayy JaHHbIX.

Kak mokaszan 3KCIepuMEHT ONTHMAallbHOE BpeMsi Oompoca MaTdyukoB Obiio paBHo 120 c. Ilpu
MEHBIIIEM BPEMEHH ONpOCa JAaTYMKOB ObLIO 3aUKCHPOBAHO OoJsiee BBHICOKOE 3HEpromnorpediieHue 3a
CUuéT BBICOKOM YACTOTHI BKJIIOUEHUS MOIYNel, oOpabOTKM M mepeAayd JaHHBIX. OTO CO3AaéT
N30BITOYHYIO HArpy3Ky Ha CHCTEMY U CHID)KAeT €€ aBTOHOMHOCTb. [Ipy BpeMeHH orpoca JaT4rKoB Oosiee
120 ¢ nabGnrogaeTcst pOCT SHEPronoTpedIeHus, KOTOPHIH, CBA3aH C YBETMUYCHHUEM JIOJIH NIepeaBaeMbl 110
CETU CIIy)KEOHBIX JaHHBIX, M3-32 HEOOXOIMMOCTH OOJ€€ YacTOM HMHULMAIU3ALUUU COEIUHEHUM WiIn
MOBTOPHON CHUHXpOHM3AIMK. TakuMm oO0pa3oM, Ype3MEpHO pEIKHE 3aMepbl TaKKe OKa3bIBAIOTCS
HeapexkruBHBIMU. Takum 0O6pa3zom Bpems orpoca B 120 ¢ sBIsSETCS ONTUMAIBHBIM, YTO 00€CIIeUnBacT
COOTHOILIEHHE MEXJly YacTOTOW OOHOBJICHMS JaHHBIX U SHEPreTH4ecKoil 3((EeKTUBHOCTHIO CHCTEMBI,
yTo J0Kazano A¢G(EeKTUBHOCTh MOA0OpPa BPEMEHM ONpOca JAaTYMKOB Il  YMEHBLICHHUS
HHEPronoTpedIeHns Npu aBTOHOMHOI pabote cetu MIHTepHeTa Belei.
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«YMHAS4 IIbLJIb»: BO3BMOKHOCTU NIPUMEHEHUSA U INEPCITEKTUBbBI PA3BUTHUSA

OI'BOY BO «VYpanbckuii rocy1apCTBEHHBI YHUBEPCUTET MMYTEH COOOIIEHUSDY
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KnroueBsie cnoBa: yMHast IbUTb, HH(POPMAIIMOHHAs 0€3011acCHOCTh, MOT, yTpo3a, CEHCOP.

B crarbe paccmarpuBaeTcs HepCreKTUBHAS KOHIETIINS «yMHAsl IbLIbY. AHATU3UPYIOTCS TEKYILNE
pEe3yJIbTaThl Pa3BUTUS TEXHOJIOTUH Ha OCHOBE KOHLEMIIMH, BOBMOXKHOCTH peann3auuu. O6cykaaorcs
MHOTOUHUCIIEHHBIE 00JacTH BO3MOXXKHOTO NPUMEHEHHs «YMHOH mbutmy. IlpuBomsaTcst mnpumepsl
peanu3aluy JaHHOW TEXHOJOTMHM. AHAJIM3UPYIOTCA YIrpo3bl HMHGOPMALMOHHOM 0€30IacHOCTH,
00yCJI0BIIEHHBIE BO3MOYKHOCTAMHU IPUMEHEHUSI «YMHOM IBUINY.

A.V. Evtushenko, V.I. Ovsepyan, S.V. Mukhachev

SMART DUST: APPLICATION POSSIBILITIES AND DEVELOPMENT PROSPECTS
Ural State University of Railway Transport, Ekaterinburg, Russia

Keywords: smart dust, information security, ilo, threat, sensor.

The article discusses the promising concept of "smart dust". The current results of technology
development based on the concept and implementation possibilities are analyzed. Numerous possible
applications of smart dust are discussed. Examples of the implementation of this technology are given.
The threats to information security caused by the possibilities of using smart dust are analyzed.

«YMHasi TbBUIbY» — COBOKYIMHOCTh HWHTEJUIEKTYaJIbHBIX MHUKPOCKOIMUYECKUX YCTPONHCTB—MOTOB
(«TIBLTUHOKY), OOJNIaJAIONIMX CEHCOpaMHU Pa3UYHBIX (PU3NYECKUX MApaMETPOB OKPYKAIOIIEH Cpeibl
(MOTYT pErucTpupoBaTh CBET, M3MEPATH TEMIIEPATypy, BUOpAIUIO, WHAYKIIUIO MArHUTHOTO TIOJIs,
pacro3HaBaTh XHUMHYECKHE BEIIeCTBa), a TaKXKe CIOCOOHBIX OOMEHHMBATHCS CHUTHAllaMU TIO
OecrpoBOJTHOMY KaHAITy U 00BEUHEHHBIE B €MHYIO CE€Th. Takas ceTh 001a1aeT O0NbIIONH THOKOCTHIO,
MaJIbIM YHEPronoTpedIeHNeM U CIOCOOHA aJanTUPOBATHCSA K BHEITHUM H3MEHEHUSIM.

Konnenmuss «ymHON mnbutH» OblIa mpemiokeHa Ha cemuHape B RAND (amepuxanckas
HEKOMMepuecKasl HccliefioBaTeNlbckas opranusaius) B 1992 roay u mporia nepBUYHbIE UCIIBITAHUS B
cepuu uccnenoanniit DARPA ISAT B cepenune 1990-x romoB. MIHTepec K HEM BO3HUK, MPEKIE BCETO,
BCJIEZICTBUE BO3MOXKHOCTEW €€ BOEHHOTO puMeHeHus [ 1].

B Hacrosiiee BpeMsi TEXHOJIOTUM HAa OCHOBE KOHIICTIIIMM «yMHOW TBUIN» aKTHBHO Pa3BUBAIOTCA.
Wnest cocTouT B TOM, YTOOBI HA0OP MUKPOCKOTIMYECKUX JATYUKOB, HA3bIBAEMBIX MOTaMU, OOBEAUHUTD
B WHTEJUIEKTYaJbHYIO CETh JJISl BBINOJHEHUS TOW WIM MHOW 3amauu. Kaxabplii MUHUATIOPHBIA MOT
OCHAIIIEH TPOIECCOPOM, CEHCOPAaMU, HCTOUHUKOM DHEPTrHH, a TaK)Ke OECIPOBOAHBIM MOAYJIEM CBSI3H.
«IIpITHHOK» MOXKET OBITh OY€Hh MHOTO, OHM MOTYT OBITh paccesHbl Ha OOJBIIUX IUIOMIANAX, H,
OCTaBasiCh HE3aMETHBIMH, coOupaTh uUHopMmanuio. [lomyueHHbIe NaHHBIE MEPENAIOTCS B PEKUME
peaTpHOTO BPEMEHH Ha IICHTPAJIbHBIN CEepBEP, KOTOPBI 00padaThIBaeT NaHHbBIE BCel ceTu [2].

MUKpO3IEKTPOHHBIE TEXHOJIOTHH TTO3BOJISIOT U3TOTABIUBATh MOTHI OY€Hb HEOOIBIITNX Pa3MepOB
Y npuemsieMoil ctouMocTd. CeroHs MIomaab «IbIIMHKU» MOKET COCTaBIATh OKOJO 12 KB. MM, a B
OyIyIeM oM KHA eIlle 3HAYUTEITbHO COKpaTUThCs. Kaxaas «mpbUTMHKa» MOXKET padoTaTh B aBTOHOMHOM
pexXrMe 0T MUKpoOaTapeKu B TeUeHHE JUIUTEIbHOIO BpeMEHH, BILIOTh A0 10 net [3,4].

OO6nacTy MpPUMEHEHHS] TEXHOJOTHH «yMHOH MBUIM» MOTYT OBITh OY€HBb pa3HOOOpa3Hbl. Jliis
MOHUTOPHHTA OKPYKAIOIIEH CPEIbl MOTHI CIIOCOOHBI OTCIIEKUBATH TAPAMETPHI IKOCHCTEM Ha OOJIBIIINX
Tepputopusix. Hanmpumep, ypoBeHb 3arpsi3HeHUs BO3yXa, KaY€CTBO BOJHBIX PECYPCOB, TEMIIEPATYPHBIMA
PEXHUM, BBISIBIISITH U3MEHEHHE KIMMATHYECKUX YCTOBUH. Ha MPOMBINIIEHHBIX MPEATPUATHIX «yMHAas
NbUIbY» MOXET MCHOJIb30BAThCA JUIsi MOHUTOPUHIA IPOU3BOJCTBEHHBIX IPOIECCOB, BBISIBICHUS
HEHCIIpaBHOCTEH 00OpyIOBaHUS M KOHTPOJSI YCIOBHH Oe3omacHOCTH. B Meramonuce «yMHasi TBUTbY»

17


https://translated.turbopages.org/proxy_u/en-ru.ru.3a66739f-680623f7-a096e7b7-74722d776562/https/en.wikipedia.org/wiki/Light
https://translated.turbopages.org/proxy_u/en-ru.ru.3a66739f-680623f7-a096e7b7-74722d776562/https/en.wikipedia.org/wiki/Temperature
https://translated.turbopages.org/proxy_u/en-ru.ru.3a66739f-680623f7-a096e7b7-74722d776562/https/en.wikipedia.org/wiki/Vibration
https://translated.turbopages.org/proxy_u/en-ru.ru.3a66739f-680623f7-a096e7b7-74722d776562/https/en.wikipedia.org/wiki/Magnetism
https://translated.turbopages.org/proxy_u/en-ru.ru.3a66739f-680623f7-a096e7b7-74722d776562/https/en.wikipedia.org/wiki/Chemical
https://translated.turbopages.org/proxy_u/en-ru.ru.3a66739f-680623f7-a096e7b7-74722d776562/https/en.wikipedia.org/wiki/RAND
https://translated.turbopages.org/proxy_u/en-ru.ru.3a66739f-680623f7-a096e7b7-74722d776562/https/en.wikipedia.org/wiki/DARPA

MOKET MPUMEHATHCS A MOHMTOPUHIA JIOPOKHOTO JIBWXKEHHS, KOHTPOJIS YpPOBHS 3arpsi3HEHUI,
ynpaBieHus: MHQPAcTpyKTypol. B menuimHe MOTBI BO3MOXKHO BHEIPHUTH B TEJIO 4YeJIOBEKa IS
JTUArHOCTUKHY 3a00J1eBaHN, HAOMIOCHHS 32 COCTOSIHUEM 3/I0POBBS, IPOBEICHUS MUKPOXUPYPTUUECKUX
onepauui.

B BoenHoii cepe MOTBI MOryT 00eclneduTh pa3BeAKy, OOHapy)KeHHE Yrpo3 U oOecredyeHus
0e30MmacHOCTH OOOPOHHBIX 0OBEKTOB.

Baxknoe 3HaueHHE TEXHOJIOTMH «yMHOW IBUIM» MOTYT HMEThb B cdepe MpOTUBOICHCTBUS
Teppopusmy. HanoycTpoiicTBa crtocoOHBI 0OHAPYKHUBATH CIIEABl B3PHIBUATHIX BEUIECTB, OCYIIECTBIISTh
MOHHUTOPUHT MOTEHIIMAIBFHO OMACHBIX 30H U OOYCIIOBAT OBICTPOTY pearupoBaHUS Ha BO3HUKAIOIIKE
yrpo3bl. IIpu 3TOM gaT4uku MOTYT OBITH HE3aMETHO Pa3MEIICHBI B KJIFIOYEBBIX TOYKAX 3aIIMIIAEMbIX
00BEKTOB, YTO MOBBIMIACT UX YPPEKTUBHOCTD.

KoHnenuus M TEXHOJOTMH «yMHOH MBUIM» O€3yCIOBHO HWHTEPECHBI C TOUYKH 3PEHUs
uH(popMamoHHol Oe3omacHOCTH. OueBUIHOE MPUMEHEHUE — JUIS CO3JaHUS KOMILIEKCHBIX CHUCTEM
MOHHUTOPHHTA U KOHTPOJIs. C UX MOMOIIBIO BO3MOKHO 0OHApy)KeHHE HECAaHKIIMOHUPOBAHHOTO JIOCTYTIA
MyTeM MOHUTOpPUHTA (U3MYECKHUX I1apaMeTPOB IOMEIIEHUH, TaKUX KakK JaBJeHHe, TeMmIeparypa,
HAJIMYME MEXAHWYECKOTO TIEPEMEIICHHs, a TAaKKe BBISBICHUE JIOOBIX MOMBITOK (U3UIECKOTO
BMEIIATENbCTBA B MH(POPMAIIMOHHBIE CHCTEMBI. DTO MO3BOJUT CO3/1aTh MHOTOYPOBHEBYIO 3alIUTY
00BEKTOB OT PA3IMYHBIX BUJOB YIpo3. B 4acTHOCTH, B CUCTEMaX MPOITYCKHOTO KOHTPOJISE «yMHAs! IIBLTB)
OTKpBIBAaET HOBBIE BO3MOKHOCTU. BO3MOXKHBI HOBbIE KOHIICTIIMU M TEXHUYECKasl peaju3aluu TaKhX
cucreM. MHTErpanus ¢ cucteMaMy UACHTU(PHUKAINN, BHEPEHUE MUKPOYHIIOB C MAMSATHIO U BHEAPCHHE
AIIEKTPOHHBIX METOK B CHUCTEMBI KOHTPOJS JOCTYyNa CIENaloT BO3MOXKHBIM CO3[aTh COBPEMEHHBIE
CHCTEMBI ayTeHTU(HUKAIMH, YCTOHYMBEIC K PA3IMYHBIM BUJAM YTPO3 TPOHUKHOBEHUSI.

Oco0yt0 poJib TEXHOJIOTHS «yMHOU MBUIN» CIOCOOHA ChIrpaTh A 3amuThl 00bekToB KM, Ona
MO3BOJISIET CO3/1aTh PACIpEeNICHHBIE CHCTEMBI 0€30IacHOCTH, HEMPEPHIBHO MPOBOAUTH MOHHTOPHHT
COCTOSIHUSI MHPPACTPYKTYPHI, U, TEM CaMbIM, IPEJOTBPATUTh yTeuKy MH(popManuu. Maibie pazMepsl
MOTOB, MX CIIOCOOHOCTh K CAMOOPIraHM3aIMM MO3BOJSIOT JAOCTUYb BBICOKOW HAJEKHOCTU CHCTEMBI
3aIUTHI.

C Toukm 3peHHs HH(POPMAIIMOHHON OE30MaCHOCTH JaHHAs TEXHOJOTHUA oOlagaer psaaoM
CYIIECTBEHHBIX MPEUMYIIECTB: JCLIEHTPAIN30BaHHAs CTPYKTYpa CETH JIeJlaeT ee yCTOMYMBON K aTakaM
Ha OTHEJIbHBIE Y3JIbl; CHUCTEMa, MOXET COJEepXKaTb NaTYMK{, AaHAJU3UPYIOLIUE Ta3oBYIO cpeny, U
OoOHapy>KUBAIOIME B3pbIBUAThIE BELIECTBA; BO3MOXHOCTh OBICTPOH CaMOOpPraHU3aLUU TO3BOJISET
CHCTEME ONEepaTHMBHO aJalTHPOBaThCs K BO3ZHUKAIOMMM yrpo3aMm. Kaxnmelii MOT MOXeT
B3aMMOJICHCTBOBATh C OMIKAaHIIMMU COceqsIMH, 1O ceTH HHpopmanus OyneT nepenaBaTbcs Ha
3HAYUTENIGHBIC PACCTOSTHHUSA, YTO OOECIEYHT HAJS)KHOCTh CHCTEMBI B LENOM. /ISl TOBBIIICHUS
0€30IaCHOCTH CHCTEMbl PEKOMEHJYeTCsl BHEIPEHHE MHOTOYPOBHEBOM 3aIllUTHI: HCIIOIb30BAHUE
KpUNTOTrpapuuecKuX MPOTOKOIOB ISl IMHU(PPOBAHUS NAaHHBIX, MPUMEHEHHE CHEIHaIN3UPOBAHHBIX
CpeAcTB OOHApYKEHHUs aHOMAJIbHOTO TIOBEICHUS YCTPOICTB y3JI0B CETH.

OnHako, cieayeT WMETh BBHIY, YTO 3JIOyMBIIUICHHUKA TaKKe€ MOTYT HCIIOJIB30BaTh
MPEUMYIIECTBA «YMHOM MBUTH» B CBOUX IIEIISX.

MoTbl MOTYT OBITH BHEAPEHBI TEM WJIM MHBIM CHOCOOOM B 3aluIaeMble OOBEKTHI IS cOOpa
KoH(uIeHManbHOH WH(popManuu. brarogaps cBOMM MUHHUATIOPHBIM pa3MepaM OHHM MOTYT OBITh
HE3aMETHO JOCTaBJE€Hbl B JIIOOYIO0 TOYKY 3aIIMIAEMOro IMEpUMETpPa, YTO JIelaeT MX HJeaIbHbIM
WHCTPYMEHTOM JJisi cOopa KOH(HACHIIMATHHBIX JaHHBIX (MEPCOHANBHBIX JaHHBIX, MPOMBIIUICHHBIX
CEKpPETOB U TakK Jlajee).

«YMHas TbLIBY) TMPUTOAHA ISl CO3aHMS CKPBHITHIX KaHAJIOB Mepeaayn JaHHbIX. Pactpenenennas
CeTh MOTOB TIPUTOMHA JUISI Tepenadd HWH(OpMAlMM B YCIOBHSX CTPOTUX OTPaHWUYCHHWHA Ha
UCIIOJIb30BaHUE TPAIMIMOHHBIX CPEICTB CBA3M. 1103TOMY BO3HHKAeT yrpo3a MpPEeoOJIeHUSI CHCTEMbI
3alIMTHI U TIEpEeIau TaHHBIX HE3aMETHO JIJIsl CPEJICTB MOHUTOPUHTA.

Oco0y1o OMacHOCTh COCTOUT B BO3MOXKHOCTU HCIIOJIb30BaHMS 00CY’KJAaeMOW TEXHOJOTHM IS
¢u3nveckoro BO3ICHCTBUS HAa WHQPOPMANMOHHBIE CHUCTEMBI. YMHBIC «IBUIMHKH» CIIOCOOHBI
BO3/ICHCTBOBaTh Ha pabOTy KPUTUYECKH BAXKHOTO OOOPYIOBAaHUS M HAPYIIUTh €ro HOpPMalbHOE
(YHKIIMOHUPOBAHUE.

Eme oqHa opurnHanbHasi BO3SMOXKHOCTD — HCIIOIB30BAaHUE «YMHOM MBUTH» JJIS1 CO3AHMSI CITOMKHBIX
CXEM, CBSI3aHHBIX C MCTIOIF30BaHUEM COIMANBHON MHKeHepuH. CucTeMa MOTOB, 0ObETMHEHHBIX B CETh,
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MOXKET coOHMpaTh MHMOPMAIIMIO O MOBEJICHUN W MPHUBBIUKAX COTPYAHUKOB, 0000IIATH €€, CTPOUTH €ro
«TOPTPET», UTO MO3BOJISAET Oosee 3((EeKTUBHO IIAHUPOBATh PA3IMYHOTO poja aTaku (B TOM 4HUCIE
(UITUHTOBBIE).

B mepcnexkrtuBe 6oppOa ¢ HENMpaBOMEPHBIM HCIIOIB30BAHUEM IAHHOM TEXHOJIOTUH TOTpedyeT
KOMITJIEKCHOTO TOJX0/J]a, BKJIIOYAIOUIET0 KaK TEXHUYECKUE pELICHHsS, TaK U COBEPIICHCTBOBAHUE
HOPMAaTHUBHO-TIPaBOBOM 0a3bl. BaxHo co3narh 3(deKkTuBHYI0 CHUCTEMy 3aIIUTHI, KOTOpas MO3BOJUT
MUHUMU3HUPOBATH PUCKH HCIIOJIb30BAHUS JAHHOMN TEXHOJIOTHH B MPECTYIHBIX I[EJIAX.

MO)XHO KOHCTAaTHpPOBATh, YTO TEXHOJOTMH «YMHOW IBUIN» WHTEPECHBI JJISI MCIOJIb30BAaHUS B
pa3anuHbIX 007acTax. BeayTcs akTHBHbBIE UCCIIEOBAHUS KOHIEHIIMM M TEXHOJIOTHI «yMHOW IMBUINY.
VKe CeroJHs CymecTBYIOT MPOTOTUIIBI MOTOB, CIIOCOOHBIX paboTaTh B pealbHbBIX YCIOBUAX, XOTSA UX
pasMep TokKa OoJibllie 3asBICHHBIX «MEeCYMHOK». [IporHo3upyercs, uro B Ommkaimue 10-20 et
MIPOM30UIET MACCOBOE BHEIPEHHUE CHCTEM C UCTIOIBb30BAaHUEM «YMHOMH IBUTN» B Pa3HBIX Cepax.
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AHAJIM3 ITEPEJTAHHOI'O OBBEMA TPA®UKA C PASHBIM BPEMEHEM OIIPOCA
JATYUKOB B CETU UHTEPHETA BELIEN

VYpanbCkuil TEXHUYECKH MHCTUTYT CBsI3U 1 uHpopMaTuku (pumman) PT'BOY BO «Cubupckuit
TOCY/IapCTBEHHBIN YHHBEPCUTET TEIEKOMMYHHUKAIMK 1 nHGopmaruku» B I. EkarepunOypre (YpTUCHU
Cubl'YTN), Poccus

KiroueBsie cnoBa: ymHusIit oM, [oT, Wi-Fi, Tpaduk, cayxeOHbIe TPOTOKOIBI, ONTUMU3ALUS CETH

B craree uccnemyercs nepeaaHHbiii TpaduK B CHCTEME «YMHOTO JIOMay, MOCTPOSHHOW Ha 0a3e
Wi-Fi (802.11n) ¢ ucionszoBanueM mukpokonTpoiiepa NodeMCU V3 u o6maunoro cepsepa Raspberry
Pi. IIpoBenén ananu3 COOTHOIIEHUS MOJIE3HOTO U CIY>KEOHOTO TpaduKa MpH pa3TUYHBIX WHTEPBAIAX
ornpoca garyukoB (15 ¢ — 900 c). Pesynbrarsl mokasanu, 4yto juilb ~10% nepenaBaeMbIX JaHHBIX
SIBIISIFOTCSL TIOJIE3HBIMH, Torda Kak ~90% cocrtaBisior cioyxkebnbie maketel (mMDNS, ARP, DHCP).
YcraHoBieHo, 4yTo 00bEM Tpaduka CHIDKAETCS MO THNEpOOIMYECKOMY 3aKOHY MpU YBEIUYCHUH
uHTepBaja ompoca. Ha ocCHOBe BBIBOJOB MPEMJIOKEHBI MEpPHI MO ONTUMM3AIMU CETH, BKIIOYAs
MUHUMU3ALUI0 MIMPOKOBEIIATEIbHBIX MPOTOKOJIOB U MpUMEHEHUe SHeprodh EeKTUBHBIX TEXHOJIOTUN
nepenayu TaHHbIX.

R.I. Zainutdinov, G.N. Lyscov, D.D Kokovin, D.R. Akbashev, E.V. Yurchenko

ANALYSIS OF THE TRANSMITTED TRAFFIC VOLUME WITH DIFFERENT POLLING
TIMES OF SENSORS IN THE INTERNET OF THINGS NETWORK

Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics in Ekaterinburg (UrTISI SibGUTTI), Russia

Keywords: smart home, 10T, Wi-Fi, traffic, service protocols, network optimization

The article examines the transmitted traffic in a smart home system built on Wi-Fi (802.11n) using
the NodeMCU V3 microcontroller and the Raspberry Pi cloud server. The ratio of useful and service
traffic was analyzed at different sensor polling intervals (15 s - 900 s). The results showed that only
~10% of the transmitted data is useful, while ~90% are service packets (mDNS, ARP, DHCP). It was
found that the traffic volume decreases according to a hyperbolic law with an increase in the polling
interval. Based on the findings, network optimization measures are proposed, including minimization of
broadcast protocols and the use of energy-efficient data transmission technologies.

B nannOM craree paccmarpuBaercs ceTb MIHTEpHETa BElIe CUCTEMBI «yMHOTO JI0May, B KOTOPOU
OCYILECTBIISIETCS B3aMMOJIEHCTBHE JIaTUMKOB, MHUKPOKOHTpOJJIEpa M OOJa4yHOro cepBepa depes
oecripoBogHyto ceth Wi-Fi. Bwibop OecmpoBomnoit Ttexuosnorun Wi-Fi 00yciioBieH mpocToTon
UCIIOJIb30BaHUS B KAauyeCTBE TEXHOJOTMM MOAKIIOYEHMs. JlJIg ynpaBiaeHMs] CHCTEMOM JOCTATOYHO
WCITOJIB30BaHUSI MOOWMIIBHOTO TenedoHa [2].

Cetp BKJIIOYaeT B cebs JaTUMKH, Nepeaaroliie WH(POPMALUI0 O COCTOSIHUUM KOHTPOJIMPYEMBIX
napamerpoB. OHM monkio4aoTcs K cetu nmo TexHoimoruun Wi-Fi (cranmapr 802.11n). B kadectBe
MHUKpOKOHTpoyiepa ucnoib3yercss Amina NodeMCU V3, oOecneunBaromuii  Hag&XHYI U
s dexTuBHyI0 padoTy cuctemsl [3]. [Lmro3 (MoOunmpHEIN Tenedon) moaaepkuBaromuii cranaapt Wi-Fi
802.11n. xoTopblii obOecrieunBaeT B3aUMOJCHCTBHE Mexay KomroHeHTamu cetu. loT-cepsep [1],
YCTPOWCTBO YMPABICHUS, MOXKET MPEACTABIATh COOOW KaK IICHTPAJIW30BaHHBIA Onok [4], Tak u
DJIEMEHTBHl  YNPaBIEHHUA B  JICLEHTPAJIN30BAaHHOM  apXUTEKType. YCTPOMCTBO  YIpaBIICHHUs
cuHxpoHusupyetr padory loT-o0opynoBanus, ympaBiseT MM W OOECHeYMBAeT B3aMMOJAEHCTBHE
MHTEJUIEKTYaIbHOM cucTeMbl ¢ mojib3oBateneM. B kauectBe loT-cepsepa Obut BoiOpan Raspberry PI,
BKJIIOYAIOIINM B ce0sl 1Ba MPOrpaMMHBIX KOMITIOHEHTA:
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— Blynk — nporpamma, otBedaromiasi 3a ayTeHTU(UKAITUIO JATIUKOB U COOp JaHHBIX;

— Node-RED — nporpamma i1t 00paboTKH U Nepeaayy MOITy4YeHHBIX JaHHBIX oT Blynk Ha
001aunyt0 TIaTgopmy.

O6naunas riardopma, peanusyomas GyHKIUU cOopa U OTOOpaKeHHs JaHHBIX, MpeCTaBIcHa
cepucoM SHzmekc. DOta oOmauHas cucTeMa MpeAHA3Ha4deHa I BU3yalu3alud HHGOPMAIHH,

HOCTYHaIOH_Ieﬁ OT JaTYMKOB, KOHCUHOMY I1OJIB30BATCIIIO.
Ha PUCYHKE 1 MMPEACTABIICHA SKCIICPUMEHTAJIbHAA CXEMaA CETU «KYMHOI'O JOMay.

O

O6nako
(cloud)

IOT cepBep
Jatuuk Jatuuk
PpacCTOSHHS TEeMIIePaTypbl

Puc. 1 — DkcniepuMeHTanbHasi CETh YMHOI'O IoMa

OO6mwmit 006EM TepenaBaemMoro Tpaduka Mo CeTH, 3aUChIBAICS B TeUeHHe 2 4acoB. [lomydeHHbIe
JMaHHbIe OBLTM MPOAHATU3UPOBAHBI B 3aBUCHMOCTH OT BPEMEHH OIpOCa, HAIpPaBIICHUs Iepenadyd U

HCITIOJIB3yEeMBIX MPOTOKOJIOB Tiepenaun (Tadmuma 1).

Tabnuua 1 — Ilepenansblil TpaduK JaTYMKA PACTOSHHUS

Paccrosaus
Bpewms onpoca, ¢ 15c¢ 30c 60 c 120 ¢ 240 c 900 ¢
Bpewmst paGoThl 24aca 24aca 24aca 24aca 24aca 24aca
SIHneKc, makeTsl 258 251 271 262 264 242
JlaTunk, makeTsl 2146 1449 725 360 211 53
SlHaeKc coen, MaKkeThl 73 71 74 66 65 57
MDNS, nakeTsI 6984 5484 2945 1575 943 262
DNS, makeTsl 142 140 142 128 126 109
DHCP, makeTsl 624 481 243 123 71 22
ARP, makeTsr 1505 1292 1868 1614 1636 479
OCTaJIbHOE, MTAKEThI 14275 9133 5344 2587 1870 1972
BCETO, IMAKETHI 26007 18301 11612 6715 5186 3196

W3 Tabnunpl 1 BUAHO, YTO KOJTUYECTBO MAKETOB, TEpeAaBaeMbIX CEpBUCAMU SIHIEKC, TPAKTHIECKU
HE M3MEHSETCS C YBEIMUEHUEM BpeMeHH omnpoca. Takxke HaOIIOaeTCs HE3HAYUTENbHOE YMEHbBIIICHNE
Tpaduka, cBszanHoro ¢ Aunexc Coenuuennem 1 DNS. DTu mokazarean MOKXHO CYUTATh ITOCTOSTHHBIMH.
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C yBenn4eHHneM BpeMEHH olpoca 00bEM INepeJaBacMbIX MMAKETOB CHIDKAETCsl IMPUMEPHO B JBa pasa.
Beco nepenanublii Tpahuk MOXKHO pa3IeUTh Ha MOJE3HBINA U cIy»)eOHbIN. PacuéT nmporenTa noae3Horo
Tpaduka Obu1 BeIOTHEH 10 (1) 1 cBeneH B Tabnuiry 2.

V nosiesHoro
—x 1009 1
V O6iero % ! ( )

rae V mosie3Horo — moJie3Hbid Tpaduk, V o01iero — Bech Tpaduk.

Tabnuia 2 — PaccuntanHble JaHHBIE JUISL JATYHKA PACCTOSHUS
Bpewms onpoca, ¢ 15¢ 30 ¢ 60 c 120 ¢ 240 ¢ 900 ¢
ITone3nbIil Tpaduk, MaKeThI 2477 1771 1070 688 540 352

Crny>xeOHbIH TpaduUK, MAKEThI 23530 16530 10542 6027 4646 2844
[IporieHT TOIE3HOTO OT BCEro,

% 9,5 9,7 9,2 10,2 10,4 11,0
[IpoueHT ciy>xe6HOTrO OT
Bcero, % 90,5 90,3 90,8 89,8 89,6 89,0

Jons none3noro tpaduka cocrapiseT npuMmepHo +£10% oT o0IIero Koim4yecTra mepeaaBacMbIX
nakeToB, a £90% cmy>keOHbIN TpaduK, OTBEUAIOIINHN 3a MOoAAepKaHUsS padoThl ceTn MHTEepHeTa Been
(trabmuma 2). Ha pucyHke 2 TpelncTaBiIeHAa 3aBHUCHMOCTh TEPEIaHHBIX IMaKeTOB TpaduKa IO CETH
HuTepHeTa Beliei OT BpeMEeHH OIpoca JaTdyuKa pacCTOSHUA.

15000
10000

5000

0 ® —@ ~

0 100 200 300 400 500 600 700 800 900 1000
—@— [JaHHble C faTyMKa MDNS OcTanbHoe Bcero Bpewms, ¢

Puc.2 — 3aBucHMOCTh MepeaHHbIX MAaKeTOB Tpaduka no cetu MHTepHeTa Beliel 0T BpeMeHH
oImpoca [y JaT4YUKa PaCCTOSHUS

Ha pucynke 2 BHAHO, YTO TONE3HBIH TpapuK YMEHBIIAeTCA OOpaTHO MPOMOPIIMOHATHHO
YBEJIMUYEHUIO BPEMEHH ONpPOCca JATYUKOB, a CIy>KeOHbIN TpaduK B OONbIIEH CTENEHU MOCTOSHEH.

JIJ1st TOCTOBEPHOCTH MOMYUYEHHBIX PE3yJIbTaTOB ObLT BBHITIOTHEH BTOPOI SKCIIEPUMEHT C JATYUKOM
temneparypsl. [lonydyeHHble naHHble ObUIM MPOAHAIM3UPOBAaHbl B 3aBUCUMOCTH OT BpPEMEHH OIpoca,
HATpaBIEHUS Tepelaud M UCIOJIb3yeMbIX MPOTOKONOB (Tabmuma 3), paccyuTaHO MPOLEHTHOE
COOTHOIIIEHHUE TIOJIE3HOTO U CITy»)ebHoro Tpaduka (Tadmuma 4).
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Tabmuma 3 — [lepenanspiii Tpaduk 1aTYMKa TEMIEPATYPHI

Temmneparypa
Bpewms onpoca, ¢ 15¢ 30c 60 c 120 ¢ 240 ¢
Bpemst paboTh1 24aca 24aca 24aca 24aca 24aca
SIHpeKc, maKeThl 241 247 249 245 241
JlaTunk, makeTsl 2549 1719 955 530 250
SIHACKC coell, TAaKeThI 114 113 109 100 84
MDNS, makeTsl 11383 7066 4321 14 -
DNS, makeTtsl 226 221 213 198 166
DHCP, nakersl 647 397 224 126 66
ARP, nakeTsI 1464 1075 1508 998 1599
OCTaJILHOE, TTAKETHI 23343 12560 6732 3454 1810
BCET0, IMaKeThI 39967 23398 14311 5665 4216

Tabnuia 4 - PaccuntanHble TaHHBIE JUISI JATYHKA TEMIIEPATYPhI

Bpewms onpoca, ¢ 15¢ 30c 60 c 120 ¢ 240 c
ITone3Hsle, MakeThI 2904 2079 1313 875 575
CiyxeOHbIe, TAKEThI 37063 21319 12998 4790 3641
[IporieHT nmone3Horo ot
Bcero, % 7,3 8,9 9,2 15,4 13,6
[TpoueHT ciyxe0HO0r0o
oT Bcero, % 92,7 91,1 90,8 84,6 86,4

N3 tabmur 3,4 BUIHO, YTO KOJMYECTBO ITAKETOB, NMEPEJAHHBIX 110 CETH PACIPEEIISIOTCS TaK jKe
KaK U B CIy4yae C JaTYMKOM PACCTOSHUS, a JOJS MOJE3HOTO U CIy:KeOHOro TpaduKa COCTaBISIET
npumepro £10% n +£90%. Ha pucynke 3 npezacraBieHa 3aBUCUMOCTD TIepelaHHBIX MTaKeTOB Tpaduka
no cetu VIHTepHeTa Belielt OT BpeMeHH onpoca JaTuuKa TeMIIepaTyphl.
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-5000
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Puc. 3 — 3aBucumocTh nepenaHHbIX NakeToB Tpaduka no cetu MHTepHeTa Beleil OT BpeMeH!
omnpoca [yl 1aT4YuKa TEMIIEpaTyphl

23




[Tpoananm3upoBaB mnepenaHHblii 00beM Tpaduka cet MHTEpHeTa Bemien Juisi ABYX JaTYMKOB,
ObLJ1a BBISIBJICHA 3aBUCUMOCTh OT BpEMEHH HX orpoca. [Ipu 3ToM Nose3HbIi nepeianHblii TpaguK, 10
KOTOpOro cocraBuiia kojo 10% oOpaTHO MPOMOPLHUOHAIBHO 3aBUCUT OT BPEMEHH OIpOCca JATYHKOB.
Hons coyxebHoro Tpaduka coctaBwia npuMmepHo 90% u Oomblnas ero 4actb MOCTOSHHA. Takum
00pa3oM MOXHO clejaTh BbIBOJ, YTO OOJbIIas 4acTh MEpPEAaHHOro oobema Tpaduka OTBeyaeT 3a
noJiepKaHUe COEITMHEHUS U pabOTy CETH.
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A.A. KpeueroBa, A.B. Munubaesa, C.1O. KpacHpix

PAZPABOTKA U U3I'OTOBJIIIEHUE CTEHIA J1JIA BBIIIOJTHEHUA JIABOPATOPHBIX
PABOT IIO BBIYUCJUTEJIbHOM TEXHUKE

VYpanbckuii TEXHUYECKUH HHCTUTYT CBsI3M U HHPopMaTuku (pumman) ®PI'EOY BO
«Culupckuii rocyJapCTBEHHbIM YHUBEPCUTET TEIEKOMMYHUKALUI U HHPOPMATUKN» B T.
ExatepunOypre (YpTUCU Cubl'YTU), Poccus

KiroueBrle ciioBa: CTCHA, BBIYUMCIUTCIIbHAA TCXHUKA, JIOTHYCCKUEC 3JICMCHTBI, CXCMOTCXHHKA.

B craTthe npeacrasneHa pa3paboTka CTEHJIA JJIsl UCCIEI0BAHUS JIOTHUECKUX 3JIEMEHTOB TaKUX
kak: U, WNJIMA, HE, TpurrepoB mocTpOCHHBIX Ha HUX W 0OOJiee CIOXKHBIX yCTpoWcTB. Bcsi pabora
npo/ieaHa JJisl OpraHu3aluy BEIOJIHEHHS Ja00paTOPHBIX paboT Ha Oa3e HHCTHUTYTA.

A.A. Krechetova, A.V. Minibayeva, S.Yu Krasnykh

DEVELOPMENT AND MANUFACTURE OF A STAND FOR PERFOMING WORK
ON COMPUTER TECHNOLOGY

Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: stand, computer technology, logic elements, circuit engineering.

The article presents the development of a stand for the study of logical elements such as: AND,
OR, NOT, triggers built on them and more complex devices. All the work has been done to organize
laboratory work at the institute.

Jlormueckue 3JeMEeHTHI - 3T0 QYHKIIMOHAIbHBIE YCTPONCTBA, KOTOPBIE MOTYT OBITH pEaIN30BaHbI
Ha 3JIEKTPOHHOW MOJYHNPOBOJHMKOBOM 0a3e W BBINOJHIIOT 3JIEMEHTApHbIE JOIMYECKHE OIepalluu.
Cy1iecTByIOT HECKOJIBKO Jorndeckux snemeHToB: uHBepTop (HE), konbloHKTOp (M) M AU3BIOHKTOD
(MJIM). [dng xaxaoro JIOTMYECKOTO JIEMEHTa CTPOUTCS TabiUIla MCTUHHOCTH, KOTOpas OTpa)kaeT
HNPUHLMI paboOThl 3TOro 3eMeHTa. i onucaHusi paboThl pa3IUYHbBIX BBIYUCIUTEIBHBIX YCTPONUCTB
yIOOHO HCIOJIb30BaTh d3JEMEHThl aiareOphpl JIOTMKH, KOTOpas paldoTaeT C IEepeMEHHBIMH,
IPUHUMAIOIIMMHU TOJIBKO JBa 3HaueHUs | (BBICOKMN ypoBeHb HampsikeHus)) U 0 (HU3KUH ypOBEHb
HaNpsDKeHUs1) WIK JBOMYHBIM KojgoM. Ha 0a3e JIOrMYecKHX 3JIEMEHTOB CTPOSITCS Oosiee CIOXKHbBIE
YCTpOICTBa — TPUTTEPHI — YCTPOHCTBA CIIOCOOHBIE 3alIOMHHATH CBOE cocTosiHMe. Ha ocHOBe Tpurrepax
OCHOBBIBAIOTCSI 0Oo0Jiee CIIOKHbBIE BBIYMCIMTEIbHBIE YCTpOiicTBa — mmdpatopsl, aemudparopsl,
CUCTUYHMKH, MYJIBTUILICKCOPBI U IEMYJIbTHILICKCOPBI U T.11. [1-3]

Hannune coOCTBEHHOM TeXHHMYECKOM 0a3bl M3HAYANbHO MPEJOCTAaBIISAET IOIy4YEeHHE
IPAKTUYECKUX HABBIKOB y CTYJEHTOB BXOJAE IpOrpaMMbl OOy4Y€HHUsS, BO3MOXKHOCTh peau3aluu
TBOPYECKOT'0 TMOTEHIIMAa CTYJEHTOB, B paMKaxX He y4eOHOW JesTeabHOCTH. Peannzanusi MpoeKToB K
HAyYHO-TIPAKTUYECKUM KOH(EpeHIMSAM M MPaKTUYECKOW YacTH K BBIMYCKHOM KBaJU(UKALMOHHON
paboThl, CO3AaHNE MOLTHOCTEH, HAPABJIEHHBIX HA PEMOHT, 00CTYKHBAHUE U YTyUIlIEHHs anmnapaTHon
0a3pl B yueOHbIX Jabopatopusix. Bece ykazaHHble mpuMepsl MepepacTaroT B MacIITaOHBIE MPOEKTHI
co3/laHusi cOOCTBEHHOM 0a3bl MHUKPOIJIEKTPOHHMKM B CTpaHe, K NpUMEpy TaKhe KOMIIAHUM Kak:
“Onpopyc” u “baiikan’”. IHBECTUIINN B MOATOTOBKY CIEIIUATUCTOB 1O BHIYUCIUTEILHON TEXHUKE - 3TO
npsMoe HampasjeHue B Oynyiiee 1 60pb0a 3a ro6aabHbIN PRIHOK U COBPEMEHHBIE TEXHOJIOTHH.

B mr060i1 cdhepe yenoBedeckoil ACATENHPHOCTH — HayKe, TEXHUKE, IPOU3BOJCTBA — METOIBI U
CPEJICTBA BBIUHUCIUTEIBHON HAPABJIEHB! HA NMOBBILIEHHE IPOU3BOAUTENBHOCTH TpyAa. B cBsA3M ¢ 3TUM
YpOBEHb CIIELUATNCTOB B CYIIECTBEHHOW Mepe ONpeNeNsercs HMX IOATOTOBKOW B HAIpPaBIIEHUSX
CBSI3aHHBIX C IPUMEHEHNUEM CPEJICTB BBIUMCIUTEIBHOU TEXHUKE.
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['maBHOM 1enpl0 paboOTHl SBISETCS pa3paboTKa MW CO3/IaHWE CTEHJA /IS BBITTOJHCHUS
1ab0opaTOpHBIX PadOT MO BBEIYUCIUTENHHON TexHuke. [lepen co3maHueM MpaKTHUECKON 4YacTh OBLIN
MTOCTABJICHBI CIACAYIOIINE 3a1a49H:

1. Ananu3 nabopaTopHBIX paboT MO BHIYUCIUTEIBHON TEXHUKE.

2. HeoOxomuMocTh pa3pabOTKM M HM3TOTOBJCHUS psAa IMEYaTHBIX IUIAT JJIS Pa3MEIlCHH
JIOTUYECKHX 3JICMCHTOB.

3. COopka cTeHa A UCCIe0BaHUS.

4. UcnipiTaHue CTeH/1a Ha MPAKTHKE.

JI1st TOCTHOKEHMS TIOCTaBIICHHOH 11eJTd HE0OX0IUMO pa3padoTaTh U U3TOTOBUTH PsJI MIEYATHBIX
IaT JUis pa3MEUICHHs JIOTUYECKUX JJEMEHTOB, YCTPOWCTBAa BBOJA JIOTUYECKUX COCTOSHUU U
YCTPONCTBA ACTEKTHPOBAHUS JIOTHYECKUX COCTOSIHHH (PUCYHOK 1).
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Puc. 1. DnexTpudeckre cxemsl IJIaT BBOJA U BBIBOJIA

Pa3paboTka MakeTOB II€YaTHBIX IUIAT BHIMOJIHEHA B mporppamme Sprint Layout 6.0,
M3rOTOBJICHUHM BBINIOJHEHO 110 TexHojoruu JIJIT - 1a3zepo-maMUHATHON TEXHOJIOTHH.

Ha pucynke 2 mpuBeneH mpuMmep pa3pabOTaHHOTO IA0JIOHA JUIS pa3MEIIECHUsT JJIEMEHTOB B
kopmyce DIP-14 u DIP-16, nens nuTtanus cOAEpXKUT WHIUKATOP BKIIOUEHUS W JAHOIHYIO 3allIUTY,
MHUKpOCXEeMa pa3MeaeTcs B MOCAJT0THYIO KOJIOJIKY M MOXKET ObITh 3aMEHEHA.

Puc. 2. [11a0noH mat 11 KCCIEI0BAHMS JIOTHYECKUX DJIEMEHTOB

J171s1 5TOTO BBITIOTHEHBI CIICAYIOIIHNE TaITbI:

1. Mexanudeckas MOATOTOBKA 3arOTOBKH U3 JUCTa (DOIBTUPOBAHHOTO TEKCTONUTA. Bee mmate
MMEIOT OJUHAKOBBIN pazmep 45 Ha 50 Mm.

2. IleuaTh MOJYYMBILETOCS MaKeTa C TMOMOIIBIO Ja3€pPHOTO MPUHTEpPA HA TEPMOTpaHChepHOit
Oymare.

3. IlepeBox TOHEpa C JIUCTA HA TEKCTOJIUT C TOMOUIBIO JAMUHATOPA.

4. TpaBneHue B pacTBOpE NEPEKUCH BOAOPO/IA, TMMOHHOW KUCIOTHI U COJIH.

5. Yanenue ToHepa ¢ MOMOUIBIO KUJKOCTHU ISl CHATHS JaKa.

5. MexaHn4ecKkoe CBEPIICHUE MECT MOCAAKA KOMIIOHEHTOB.

6. Ilalika KOMITOHEHTOB.
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Puc 3. IleuatHple miaTel: BBOIA, BRIBOAA, MCCICIOBAHUS JJOTHICCKOTO JIEMEHTA 1 CaM JIOTHYSCKUH dJIEMEHT

Puc 4. I'oTOBEIN CTEH],

['oTOBBIN CcTEHH M €ro »JIeMEeHThl NpuBeAeHbl Ha pucyHkax 3,4. IlomydeHHbId CTEHA
MIPEJICTABISIET COO0H MOIYJIBHYIO KOHCTPYKIIHIO, C JIEBATHIO IOCAJI0YHBIMU MECTAMH ISl Pa3MEIICHUS
IIaT BBOJA/BBIBOAA JIOTHUECKUX 3HAUYEHUH, U HMCCIEAYEMBIX YCTpOHCTB. CBS3b MEXIy IIaTaMu
OCYIIECTBIISIETCS C MTOMOIIBIO MepeMbIuek. [luTanue miaT moABOUTCA TaK K€ ¢ MOMOIIBIO TEPEMBIYEK
WM 3apaHee MPUTAsSHHBIX TPOBOJIHUKOB.

Ha monyyeHHOM CTeHIE CTYISHTBI CMOTYT BBINOJIHATH JIAOOpPATOpHBIE pPabOTHI  TIO
BBIUMCIUTENFHON TEXHUKE W HAMJISIHO MOCMOTPETh PadOTy JOTHYECKUX JIIEMEHTOB, TPUTTEPOB U
M (PPOBBIX YCTPOUCTB, CHUMATh TaOIUIIbI HCTHHHOCTH, COOMPATh COCTaBHBIE YCTPOMCTBA Ha MX 0asze.

Crenp npencranisieTcs co0oii mathopMy, Ha KOTOPOU pa3MelIaroTCs TP BUAA MEUaTHBIX TJ1aT:
IiaTa BBOJA JIOTMYECKUX 3HAYEHWH, MjlaTa BbIBOJA I JIETEKTUPOBAHUS JIOTUYECKOTO COCTOSIHMS,
riata Jis pa3MeIleHus] UCCIeyeMbIX JOTrHYecKuX MHUKpocxeM. [lomadya noruueckoit eTuHUIIBl HIIN
HYJISl Ha BXOJ UCCIIEAYEMBIX YCTPOICTB OCYIIECTBIISETCS C MOMOILBIO TIepeKIItouaTesiell, a MHIUKaus
C MoMOIIbI0 cBeToauozaa. [Iuranue creHga ocymecTBisercss ¢ nomouisio npudopa NI ELVIS I,
KOTOpPBI 00€CTIeYrBaeT 3aIIUTy OT KOPOTKOTO 3aMbIKAHHUS.

[Tomy4eHHBIN pe3ynbTaT UMEeT MPaKTUUECKOe MPUMEHEHHE B 00pa3oBaTeabHOM mporecce. Cam
CTEH/] M3TOTOBJISIICS 1O/ TabopaTOpHBIe pabOTHI 10 BRIYUCIUTEIBHON TeXHUKE, OCHOBBI AJIEKTPOHHOMN
U BeuucCIuTenbHOU TexHuke (OOuBT) u Ha npyrux npeaMerax.
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B nmanpHelimeM TutaHMpyeTcsi HapalldBaHHWE SJEMEHTHOM 0a3bl W pacmupeHue o0JacTh
MPUMEHEHHUS JAaHHOTO CTeHIA!

1. YBenn4eHnss HOMEHKJIATYPhI SJIEMEHTHON 0a3bl, IOMUMO TPOCTHIX JIOTUYECKUX 3JIEMEHTOB
(1, WJIN, HE) neobxomumo nobaButh 3nementhl M-HE, WJIW-HE, U-HE, uckmouatomee WNJIN,
TIOJTHBIN HA0OP TPUITEPOB U YCTPOMCTB BHIYUCIUTEILHON TEXHHUKH.

2. IIpopaboTka CHCTEMBI 3alIUTHI MUTAHUS OT MEpPerpy3a U KOPOTKOTO 3aMBIKAHHS C IENBIO
nprMeHEHHs Ipubopa 3a npezenamu jgaboparopuu (HesaBucumo ot ctenaoB NI ELVIS I1).

3. MWsroromienue OOJBIIETO0 KOJIHYECTBA MPUOOPOB Ui TOJHOIICHHOTO OCHAIICHUS
1abopaToOpHUH.
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A.A. JleBukoB, H.B. bynbuiiuna

MPUMEHEHUE HEMPOCETEM B ONTUMU3AIIUA TPA®UKA
MYJIbTUCEPBUCHBIX CETEH

VYpanbCKuil TEXHUYECKH MHCTUTYT CBsI3U 1 nHpopMaTukH ($puman) PI'bOY BO «Cubupckuit
rOCY/IapCTBEHHbIN YHUBEPCUTET TEJIEKOMMYHHUKAaLUH 1 nHGOpMaTUKU» B I. EkatepunOypre
(YpTHUCH Cu0I'YTN), Poccus

KiroueBble ciioBa: MyJIbTHCEPBUCHBIE CETH, HEHPOCETH, TpapuK, onTUMuU3aus Tpaduka, Qo0S.

B crathe mpenctaBieH 0030p COBPEMEHHBIX METOJIOB peaM3alli MOJEJCH HeHpoceTei,
UCIOJB3YIOLIMXCS B ONTUMHU3ALUMU Tpaduka M MapUIpyTH3aUUU MYJIbTHCEPBUCHBIX CETEH HOBOIO
IIOKOJICHUSI.

A.A. Levikov, N.V. Budyldina

APPLICATION OF NEURAL NETWORKS IN OPTIMIZING TRAFFIC OF MULTI-
SERVICE NETWORKS
Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: multiservice networks, neural networks, traffic, traffic optimization, QoS.

The article presents an overview of modern methods for implementing neural network models
used in traffic optimization and routing of new-generations multiservice networks.

MynbTrcepBHUCHBIE CETH B HACTOSIIIEE BPEMS CIIOCOOHBI 00CITYKUBATh pa3IMuHbIe TUIIbI Tpaduka
B enuHOW mHOpacTpykrype. Obecnieuenne >pdekTuBHON nepenadn Tpaduka u TpedyeMoro Kauecrna
0OCITy’)KMBaHMsI JUIsl pa3HbIX CEPBUCOB B TAaKUX CETAX MPEJCTaBIsAET CEpPhE3HYI0 MpoOiaeMy Hu3-3a
JTUHAMHUYHOCTH HAarpy3oK M pa3zHooOpas3usi TpeOoBaHUM. TpaJuIlMOHHBIE AJITOPUTMBI YIPABICHUS
Tpa(UKOM M cTaTUYECKUE METO/Ibl HACTPOMKH MOPOH HE CHPABIISIFOTCS C PacTyIei CI0KHOCTBIO CETeH.
B aT0i1 cBs31M BCE Oombliiee BHUMAaHHUE yAENISETCS METOJaM MCKYCCTBEHHOTO MHTEIIEKTa, B YaCTHOCTH
HEHpPOHHBIM CETSAM, KOTOpble CIIOCOOHBI AaJalTHBHO OOy4aThCsl Ha OCHOBE CETEBBIX JaHHBIX.
HccnenoBanus TMOKa3bIBAlOT, 4YTO aHadu3 Tpapuka U TOYHOE NPOrHO3MPOBAHME MOTpeOHOCTEN
II0JIb30BATENEN SIBIIAIOTCS KPUTUYECKU BaKHBIMM JUISl HHTEJUIEKTYaJIbHOTO YIIPABJICHUS CIELYIOIIUMU
nokonenusimu cereit (5G, Beyond 5G u 6G).

OpHOM U3 KIIFOYEBBIX 33124 B YIIPABJICHUN MYJIBTUCEPBUCHON CETBIO SIBISETCS IPOTHO3UPOBAHNE
Tpapuka — TMpeackasaHue Oyaylux OObEMOB M paclpeleleHHss Harpy3oK. TouHbIE MPOTHO3BI
MO3BOJISIIOT OIEpaTopaM 3apaHee IepepactpencisaTh Pecypchbl, M30eratb Meperpy3ok M BBIIOIHATH
npoduIakTUUYecKoe yrpasieHue ceThblo. Kiaccuueckue MeToabl MPOrHO3UPOBaHMS (HampuMep, Ha
OCHOBE CTAaTHUCTUYECKUX MOJENei) CTaJKMBAIOTCA C TPYAHOCTAMU HpHU paboTe ¢ HECTaOMIIbHBIM,
CaMOMOI00HBIM TpPapUKOM COBPEMEHHBIX ceTeil. HelipoHHBIE CeTH MpenoCcTaBiIsSIOT 0ojiee TUOKUIM U
MOIIHBI MHCTPYMEHT: OHU CIIOCOOHBI OOHApPYXKUBATh CIIOKHBbIE HETMHEWHBIE MAaTTEPHBI B CETEBOM
Tpaduke Ha OCHOBE UCTOPUUYECKUX JaHHbIX. Tak, B uccienoBanuu MOparumona u AnueBou Juist aHan3a
Tpaduka MyTbTHCEPBHCHBIX CETeH JOCTyna MpUMEHEH MEeXaHW3M HEWPOHHBIX CeTeil B COYETaHUU C
HEYETKOW JIOTMKOW C IEeNbI0 MPOTHO3WPOBAHUS KIIIOUEBBIX IOKa3aTesieil kayecTBa OOCITY)KMBAaHMSL.
ABTOpBI pa3paboTanu aHAJIUTHUECKYIO MOJENb, MPEACKA3bIBAIOIIYI0 BpeMs OXUAAHUS MAKETOB B
oyepear, U BbIBETU (HOPMYJBI JUIsl OLIEHKH TpedyeMoro pecypca KaHaja M OIIMOOK MPOrHO3a ¢
UCTIOJIb30BAaHUEM ammapara HeilporexHonoruil. B wurore Takoil mojxox mo3BoisieT Oojiee TOYHO
OILICHMBATh OyAYLIYIO 3arpy3Ky CETH M CBOEBPEMEHHO BBISBISITH MOMEHTHI, KOTJa Ouepe]b MaKeTOB
MOJKET IEpEPACTH B IIEperpys3Ky [1].
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[Ipumenenue HelpoceTed UIsi TMPOTHO3UPOBAaHMS Tpaduka JIEMOHCTPUPYET BBICOKYIO
3¢ dekTUBHOCTh Ha mpakTuke. O030p HOBEHIIMX HCCIEIOBAHUN OTMEUAET, YTO 3a MOCIETHUE TOIbI
JOCTUTHYT 3HAUUTENbHBIN MPOrpecc B HCIOIB30BAHUU METOIOB ITyOOKOro oOyudeHus AJsi MPOTHO3a
cereBoro Tpaduka. Takue Moaenu, kak pekyppeHTHble Helipocetu (LSTM) u cBepTouHbIe HEHpOCeTH,
ycrnemHo 00y4yaroTcsi Ha OONbIINX MAacCHBaX JaHHBIX M MO3BOJISIOT MpEACKa3aTh HArpy3KU C BBICOKOM
TOYHOCTBIO. DTO OCOOCHHO BayKHO Juis Oymynmx ceteit SG/6G, rae oxxugaercs JaBUHOOOPA3HbII poCT
ycTpoiictB U Tpaduka. IlosToMy HHTENIEKTyalbHOE MPOTHO3MPOBAHUE CTAHET OCHOBOM JUIs
aJIalITUBHOIO yNpaBJeHUs pecypcaMu ceTu. OTAeIbHOE BHUMAHUE YAENAETCs TAK)KE IPOTHO3UPOBAHUIO
Y BBISIBIICHUIO aHOMAJIbHO KPYITHBIX TOTOKOB.

[ToMuMO MpPOTHO3UPOBAaHUS, HEHPOCETH HAXOASIT NPUMEHEHHE HENOCPEICTBEHHO B
JTUHAMHUYECKON MapiipyTusanuu u unxeHepun tpaduka (Traffic Engineering, TE) MynbTHCEpBHUCHBIX
cereil. Llenp 1aHHBIX 3a/1a4 — ONTUMAJIBHO PaclpeAeIuTh TEKYIIHE TOTOKU JJaHHBIX 110 CETH € YYETOM
TEKyIleld TOMOJOTHH U 3arpy3KH, MUHUMU3HPYS 33I€PKKU U MPEeIoTBpalias Neperpy3Ky OTAeIbHBIX
Yy3JIOB WM KaHalioB. B TpaauuumoHHbIX ceTsax 3agaud TE pemarorcs MeTogaMu ONTHMU3AlUU
(HarpuMep, ajiropuTMaMM Ha OCHOBE JIMHEHHOrO MPOrpaMMHUPOBAHUS WM 3BPHUCTHUK), OJHAKO OHU
4acTO TPEOYIOT JAIUTEIBHBIX BHIYMCICHUH U IIOXO aJalTUPYIOTCS K OBICTPO MEHSIOUIMMCS YCIOBHSIM.
HeiipocereBbie airOpUTMBI TO3BOJISAIOT O0YUHUTh CUCTEMY MPUHATHIO PELICHUH 10 MapIIpyTHU3alluU Ha
OCHOBE OINbITa (MCTOPUYECKHUX JAHHBIX Tpa(uKa U COCTOSHUHN CETH), 4TO NAaET BO3MOXKHOCTB OJIM3KO K
peanbHOMY BpEMEHH MepeHacTpanBaTh MAPIIPYTHI PU U3MEHEHUH CUTYaIIUU.

[lepcrieKTUBHBIM HAaINpaBICHUEM SIBJISIETCSl UCIIOJIIB30BAHUE METOJOB NIIyOOKOro OOy4deHHs ¢
nonkperuienueM (Deep RL) nis ynpasnenust mapiipytusanueil. B Takux noaxogax HedpoceTb Urpaet
POJIb areHTa, KOTOPhIid 00yJaeTcss B3aMMOACHCTBOBATh C CETHIO: MOyYaeT HH()OPMAIHIO O COCTOSTHUH
(Harpy3ke KaHaJOB, TOIOJOTUH, OUEPEsX U T.JI.) U BeIpabaThIBaeT peuieHue (AeicTBUe) — HApUMep,
M3MEHEHUE MapuipyTa MOTOKa WIM IepeHa3HauyeHUe Beca pedpa B MPOTOKOJIE MapLIPYTU3aLUU — C
[EJIbI0 MAKCUMHU3UPOBATh HEKOTOPYIO Harpaay (Harpumep, IponycKHYI0 CIIOCOOHOCTh 0€3 MOTeph WU
OaJlaHCUPOBKY Harpys3Ku.

MynbTHCEPBHUCHBIE CETH JOJDKHBI HE TOJIBKO HANpaBisATh MaKeThl, HO M THOKO pachpeiensiTh
peCypChl MEXIly pa3HBIMHU CEpBHCAMHU, cOOMIOnast TpeOOBaHMs KauecTBa oOcykuBaHus. B ycinoBusx,
KOTZla MO OAHOW WMHMPACTPYKType MPOXOAST pa3sHOOOpa3HbIe MOTOKU (CTPUMHUHTOBOE BHUaeo, VoIP-
3BOHKHU, AaHHBIC [0T U T.M.), BOZHMKAET HEOOXOIMMOCTh MHTEIJICKTYaJIbHOTO YIPABICHUS MOJIOCOU
IPOIYCKaHUs, IPUOpUTETaMU TpaduKa, BpeMEeHeM 3aJiepKu U Ap. KoHnenuus cereBoro ciaiicuara B
5G/6G-ceTax Kak pa3 nmpeaycMaTpruBaeT pas3jiesieHue eIMHONW (PU3HMUECKON CETH Ha JIOTHYECKUE «CPE3bD»
noj pa3nuuHble npuiokeHus. Kaxnomy Tumy Tpaduka HyXKHBI CBOM PECypChl M rapaHTHPOBAaHHBIE
nokazatenu QoS/QoE. YmpaBneHue TakuMH pa3HOPOJHBIMHU peCypcaMH — YpEe3BBIYANHO CIOXKHAS
3ajaya, TpeOyrolas aBTOMaTH3alMK Ha 0a3e MCKYCCTBEHHOIO MHTEIUIEKTA.

HccnenoBanus MokasbIBaloT, UTO ITyO0oKoe 00yUYeHHE C MOAKPEIIIEHUEM MOXKET CTaTh KJIOYEBBIM
MHCTPYMEHTOM JUIsl pealu3allid CaMOYIpaBIseMOro pacnpeaeneHus pecypcoB B cersx 5G/6G.
Anroputmbl DRL criocoOHBI caMOCTOSITENEHO IPUHUMATh PELLIEHUS 10 ATaraM 00CITy)KMBaHUSI CETEBBIX
CpEe30B: MOJKIIOYUTH (aIMHUCCHsI HOBBIX 3allpOCOB Ha CIaiiCc), CKOJIBKO PECYPCOB BBIACIUTH KaXIOMY
CepBHUCY, KaK IUIAHUPOBaTb HCIIOJb30BAaHUE KAHAJIOB BO BPEMEHM, Kak MacIITabUpoBaTh U
OpPKECTpUpPOBaTh BHUPTyalibHble (DYHKIMH CETH M T.J. — MCXOJS U3 TEKYIIEro COCTOSHHUS CEeTH MU
TpeboBanuii ceprcoB. B 0030pe Hurtado u np. (2022) ormeuaercsi, uto mpumenenne metogos RL/DRL
MO3BOJISIET peajn30BaTh OTH (a3bl AaBTOHOMHO, oO0OecreurBasi HpU AITOM COOJIONEHHE CTPOrHX
TpeOOoBaHU MO MPOMYCKHON CIIOCOOHOCTH, 3aJ€pKKE U HAAEKHOCTH I pa3HbIX Kareropuil Tpadukxa
[2].

Haxoner, crneayeT ynoMsiHyTh, YTO HEHPOCETEBbIE METO/IbI YIIPABJICHUS PECYypCaMH BCe aKTHBHEE
nepexoasT U3 JabopaTopuil B peaqbHble CETH. YCIeXU B aKaJeMHUYECKHX MCCIEOBAaHUAX (HEKOTOphIE
U3 KOTOPBIX pACCMOTPEHBI BBIIIE) MPOKIIAABIBAIOT MY Th IS UX MPAKTHYECKOTO TPUMEHEHHSI B TEJICKOM-
OTpaciy — OT MHTEJIEKTYyaJbHBIX MPOTOKOJIOB YNpaBJIECHHUs MEperpy3Kamu 10 aBTOMAaTU3UPOBAHHBIX
CUCTEM OPKECTpalliU CEeTeBBIX QYHKIMM, ynpaBisembix UHN.

HeiipocereBble pemieHus Ui ONTUMHU3AIMM TpaduKa y)Ke HaXOJSIT BOIUIOLICHHE B PeajbHBIX
TEJIEKOMMYHUKAIIMOHHBIX ~ CUCTeMaX. KpymHelmme MHpOBBIE ONEpaTtopsl H  TPOHU3BOAMTEIN
obopynoBanus uHBecTUpPYIOT B TexHonoruu Al-driven Networking — ceru ¢ mommepxkou WM.
Hanpumep, xomnanust AT&T pazpabGotana cucteMy Ha 0a3e MallMHHOrO OOy4YeHHUsS AJs aHAIM3a
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CETEBBIX JIOTOB U IPOTHO3UPOBAHUS ABAPUH, MO3BOJIAIOILYIO 3a HECKOJIBKO 4aCOB 10 MMOTEHIIAAIBLHOTO
cOOs1 BBIABIATH AHOMAJIMHM M TEPEHANPABIATH Tpapuk BO H30EKaHUE OTKa3za OOCIYKUBaHMUA.
Amnanornuno, Deutsche Telekom cooOmmma 00 wucCHonb30BaHMM TITyOOKMX HEWpoceTed s
MOHHUTOPHHTA CBOETO TPAHCIOPTHOTO SApa CETH M MPEAMKTUBHOTO TEXOOCITYy>KMBAHHS, YTO CHU3UIIO
KOJIMYECTBO HE3aIIaHUPOBaHHBIX IpocToeB. Omneparopbl (UKCUPOBAHHOM CBA3M M HHTEpPHET-
IPOBaliJiepbl TAaKXXE BHEIPSIIOT HMHTEJUIEKTYaJIbHBIE QJITOPUTMbl Ui JUHAMUYECKOIO YIIpaBJICHUS
IPOIYCKHOM CIOCOOHOCTBIO: B MNHUKOBbIe mepuoisl cucrema WU Moxker aBroMaruyecku
nepepacnpenesuTh MoJ0Ccy MEXIy cepBHUCaMu (OTIAB MPUOPUTET MHTEPAKTHMBHOMY TpaduKy Bpoje
BUJICO3BOHKOB Iiepes (OHOBBIMM 3arpy3kamu), HMCXOAs U3 OOyYeHHOH MOAEIM ONTHUMAJIbHOIO
pacnpeneneHus [3].

[TpousBoguTenn ceTeBOro OOOPYIOBaHUS HHTEIPUPYIOT HeWpoceTeBble (QYHKIMM B CBOU
npoayktel. K npumepy, COBpeMEHHbIE MapLIPyTU3aTOPbl YPOBHS OIEPAaTOpPa MOTYT BKJIFOYaTh MOIYIIH
traffic analytics Ha ocHoBe ML, KkoTOpple B peaJbHOM BPEMEHH KIACCH(PUIUPYIOT Tpaduk u
noJICTpanBaroT napamerpsl QoS-ouepeneii. Cuctembl MOHUTOpUHTA Tpaduka ¢ momnepxkkoi MU (kak B
pewenusx Cisco, Juniper W ap.) cnocoOHBI BBIABIATH HATTEPHbI NEPErpy30K M PEKOMEHOBATh
U3MEHEHHUs B KOH(UTrypauuu cetH (Takue kak neperacrpoiika VLAN, neperutanupoBka VPN TyHHEmCH
WY U3MEHEHHUE MOJIMTUK MAapKUPOBKU Tpaduka). B MyabTHCEpBUCHBIX MOOMIIBHBIX CETAX BHEAPSAIOTCS
¢ynkuun SON (Self-Organizing Networks) ¢ snemenTamu HelpoceTeid, KOTOpbIE aBTOMAaTHYECKH
ONTUMU3UPYIOT MTapaMeTPhl COT (MOIIHOCTh CUTHAJIA, BBIIEIICHNE YAaCTOT U T.J1.) B OTBET HA U3MEHEHUS
pacmpeneneHusi aDOHEHTOB B IIPOCTPAHCTBE M BO BPEMEHH.

OTnenbHO CTOMT OTMETHUTH IPOEKTHI, HAIPABICHHBIE HAa ONTHMM3ALMIO MarucTpajabHOIO
uHTepHEeT-Tpaduka ¢ nomompio M. Hanpumep, HeckolbKO OpraHu3aluii B CBOMX JaTall€HTPOBBIX
CeTSX MCIIbITajIa aJITOPUTMbI HA OCHOBE O0yUEHUS C MOJKPEIJICHUEM A yrpasieHus ouepeasmu TCP
U pacrupeneneHus Harpy3ku Mexay kananamu, a IBM paspaGarpiBaeT HelpoceTeBble CUCTEMBI IS
ynpasieHuss norokamu B SDN-kmactepax LEHTpOB OOpaOOTKM JaHHBIX. XOTA J€Tald MHOTUX
KOMMEpPYECKHX CHCTEM 3aKpbIThl, OOIIMIl TpPEHJ O4YEBUICH: pEaNbHbIE CETH CTAHOBATCS yMHEE
Onaromapsi BKIIOUEHHIO 00ydaeMbIX MOJIeNel, KOTOpble MOMOIaloT oleparopaM NPUHUMATh PEIICHUs
ObicTpee W TOuHee. B wmTOore mocturaercst OBOSKHIA APQPEKT — C OTHOH CTOPOHBI, YIyYIIAeTCs
H0JIb30BATENLCKUI OMNBIT (MEHbILE 3a/ePKEeK, CTAOUIbHOE COEIUHEHHUE, BBICOKAs CKOPOCTb TaM, Il
HY)XHO), C JIpyroi — omepatop 3¢ ¢deKTuBHEE UCTONIb3yeT MHOPACTpyKTypy (m30eras mpocTanBaHUs
PECYPCOB UITH, HA0OOPOT, MEPETPY3KHU y310B) [4].

[Ipumenenue HelipoceTell B ONTUMH3alUU TpaduKa MYJIbTUCEPBUCHBIX CETEW MEPEXOAUT OT
TEOPETUYECKUX UCCIIeIOBAHNH K MPaKTUYECKON HeoOxonuMocTu. HelipoceTeBble anropuTMbl JoKa3ain
CBOIO CIOCOOHOCTh pellaTh CIOXKHBIE 3a/Jaud I[POTHO3UPOBAHUS HArpy3oK, JUHAMHYECKOU
MapLIpyTU3alUu U YIPaBIECHUS PECYPCAMU, C KOTOPBIMU TPAJUIIMOHHBIE NOAXOBI CIIPABIISIOTCS HE
BCErJa yIOBJIETBOpUTENbHO. braromaps ymeHuio oOydaTbCsi HAa JAHHBIX U BBISBISATH CKpBIThIE
3aBHCUMOCTH, HEMPOCETH TMO3BOJIAIOT CETSAM aJalTUPOBAThCA K M3MEHEHUAM Tpaduka MPOaKTUBHO —
IPEIBUJETh BCIUIECKHM Harpy3ku, OOHAapy>XUBaTh MOTEHIMAJIbHbIE Y3KHE MECTa U aBTOMATUYECKU
noAOupaTh ONTUMalbHbIE HACTpOUWKU. B KoHTekcTe pocta TpeboBanmii (pasBurue 5SG/6G, UnTepHeT
Bellei, o0JlauHble CEPBUCHI) TAKUE MHTEJUIEKTyalbHbIE CHUCTEMbl CTAHOBATCS KJIFOUEBBIM 3JIEMEHTOM
o0ecrieyeHHs KauecTBa U Hal&KHOCTH CBA3H.

Koneuno, mnepen MIMPOKMM BHEIPEHHEM HEHPOCETEBBIX METOJOB OCTAIOTCS U  BBHI3OBBI.
Heo6xonumo obecreunTs J0CTaTOUHOE KOJIMYECTBO KaUeCTBEHHBIX JTAHHBIX JUIsl 00y4eHuUs: MoJesel u
OOHOBJICHHSI HMX B aKTyaJIbHOM COCTOSHUM MO Mepe HM3MEHEHMH B ceTu. BaxHa yCTOWYMBOCTH U
Ha/I&KHOCTh PabOTHl HEHpOceTei: B KpUTHUECKU BaXHBIX MH(ppacTpykTypax pemeHus MM nomxHb
MIPOXO/INTH TIIATEIIPHOE TECTUPOBAHWE, YTOOBI M30€kKaTh HEMPEABUIECHHBIX cOoeB. Takke OObIION
aKILEHT JeNaeTcsl Ha MPO3PaYHOCTH U OOBSCHUMOCTH NMPHUHUMAEMBIX PELICHUH — ONepaTopbl XOTST
MOHUMATh, IOYEMY aJITOPUTM U3MEHIIT KOH(PUTypaIiio, 0COOEHHO B CIyyasx HHIUACHTOB. Pa3paboTka
metonoB XAl (Explainable Al) ans cereBbIX Mojeneil, Kak yxXe yIOMHHAJIOCh, IIOMOTaeT c/enarb
noBeaeHue MU Gonee mHTEpIpEeTUPYEMBIM TSI HHKEHEPOB.

B 3axnroueHune, MOKHO YBEPEHHO CKa3aTb, YTO HEMPOCETH OTKPHIBAIOT HOBBIE TOPU30HTHI B
YOpPaBJICHUN TENEKOMMYHHUKAIIMOHHBIMH ceTsMU. X mnpumeHeHne B onTuMu3auuu Tpaduka
MYJIBTUCEPBUCHBIX CETEH MO3BOJIET CO3JaTh I0-HACTOSAILIEMY CAMOOPIaHM3YIOLIMECS, aJallTUBHBIC
CEeTH, CITIOCOOHBIE MTHOBEHHO pearupoBaTh Ha NOTPEOHOCTH MHOXKECTBA Pa3HBIX CEPBUCOB. JTO BEAET K
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VAYUYIIEHUIO TOJIb30BATEIBCKOTO OMBITa U Oosiee H3PPEKTUBHOMY HCIOIb30BAHUIO CETEBBIX PECYPCOB.
Bynymue cetn, HecoMHEHHO, OyayT BcE€ MIyOXKe MHTETPHUPOBATH TEXHOJOTUM HMCKYCCTBEHHOTO
UHTEJJIEKTa, a CIEIHMATUCTOB B OOJIACTH CBS3M OXHAaeT HEOOXOAMMOCTb OCBOEHHUS ITHUX HOBBIX
MHCTPYMEHTOB U IOIXOJO0B. YK€ CErOfIHS CTYIAEHTHl TEXHUYECKHUX BY30B, M3y4YalOIUE CETU CBA3M,
CTAJIKUBAIOTCS C TEMOW MPUMEHEHUSI MAIIMHHOTO OOYYeHHsI B TEJIEKOMMYHHUKALIUAX — U B Omkaiime
TOJIbI TaKasi MEXKIMCIUILTMHAPHAS IOATOTOBKA CTAHET TOJIBKO OoJiee BocTpeboBaHHOM. Takum oOpazom,
CUHTE3 TEXHOJIOTUH CBA3M M HEHPOCETEBBIX aIrOPUTMOB OOCIIaeT CAelaTh CETH yMHee, Haa&KHee U
OoJiee yCTOMYMBBIMU TIEPE JTUIIOM JIFOOBIX HArpy30K.
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O.1. JIooyHen

JABOPATOPHOE IEPEJAIOIIEE YCTPOMCTBO
OIITOBOJIOKOHHOM CUCTEMBbBI CBA3H

VYpanbcKkuii TEXHUYECKUH HHCTUTYT CBsI3U U uHpopmatuku (pumman) PI'OY BO
«Culupckuii rocyJapCTBEHHbIM YHUBEPCUTET TEIEKOMMYHUKALUI U NTHPOPMATUKU» B T.
ExatepunOypre (YpTUCU Cu6l'YTU), Poccus

KittoueBsie cioBa: nHhopManus, KOAUPOBAHUE, CBSI3b, PETUCTP, TUHUS, TOCTOBEPHOCTD.

B nmanHO#l pabore naHO omHMcaHWE Y4eOHOTO TEPEAArOIIero YCTPONCTBA ONTOBOJOKOHHON
CUCTEMBI CBSI3M, KOTOPOE MOXET OBITh HCIIOJI30BAHO JMJI MPOBEIEHUS J1a0OpaTOPHBIX pPadoT
CTyACHTaMU IIpU H3YYCHUU HMU COOTBCTCTBYHOIIUX AWUCIUIIIMH. 910 yCTpOfICTBO IIO3BOJISACT
CTYJIEHTaM O3HAaKOMUTKCS ¢ MpUHLIMIIAMU (GOPMUPOBAHUS, TIepeaund U KOHTPOJIS KauecTBa mepeaadu
uHpOpPMALIUK, a TAKKE OCBOUTH CHOCOOBI KOJIMPOBAHHS COOOIICHWH M OCHOBBI KOHCTPYHPOBAaHUS
YCTPOMCTB, MpeiHa3HAuYECHHBIX IS Iepeaun nHhopMaIuu.

O.D. Lobunets

LABORATORY TRANSMISSION DEVICE OF FIBER-OPTIC COMMUNICATION
SYSTEM

Ural Technical Institute of Communications and Informatics (branch)
of the Siberian State University of Telecommunications and Informatics
in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: information, encoding, communication, register, line, reliability.

This paper describes an educational transmitting device of a fiber-optic communication system,
which can be used for laboratory work by students in their study of relevant disciplines. This device
allows students to familiarize themselves with the principles of formation, transmission and quality
control of information transmission, as well as to master the ways of encoding messages and the basics
of designing devices designed to transmit information.

N3ydenue mporecca nepenayn MHGOpMaLUU SBISETCS OJHUM U3 Ba)KHBIX 3TAloOB MOJITOTOBKU
CHEeLMAIUCTOB B 00JacTH CBA3M M MAacCOBBIX KOMMYHHMKamuid. [y peanu3anuu HarjisIHOTO
MHTEPAaKTUBHOIO criocoba oOyueHus CHEUalNCTOB ATOr0 HallpaBlIeHUs paszpaboTaHa Iu@poBas
nabopaTopHass MOJENb YCTPOMCTBa ONTOBOJOKOHHOM CBSI3M, KOTOpas TIO3BOJIAET CTyJIEHTaM
03HAKOMUTHCS C MPUHIMIIAMU (OPMUPOBAHUS, TIEPEIAYN U KOHTPOJIS KauecTBa repeiayu nHpopmanuu
YK€ IIPY OCBOCHHUH JUCLUIUINHBI « DJIEKTPOTEXHUKA, MIEKTPOHUKA U CXEMOTEXHUKA.

B nmannoii nmaGopaTopHoit paboTe miis nepegayr COOOIIEHWM HCIIOIb30BaH MPUMEHSIEMBIN B
U(PPOBBIX YCTPOHUCTBAX paCIPOCTPAHEHHBIN aMEPUKAHCKHI CTaHJapTHBIN BOCBMHUPA3PsIIHBIA KO TS
oomena wuupopmarmeir ASCII (American Standard Code for Information Interchange), cumBoss
KOTOPOTO, C OJITHOHM CTOPOHBI, BKJIFOUEHBI B IIeCcTHAAATupa3psanbil FOuukon (Unicode), seisromuiics
MexnyHaponHoit cuctemodt  koaupoBaHusi uHGopManuu. C  Ipyrol  CTOpOHBI, PYCCKUMN
BOCbMUpPa3psAaHbId koJ oOMeHa mHpopmanueir KOI8-R sBasercs coBmectuMbiM ¢ kogom ASCII.
[ToaToMy, mpoBeneHWe mpeaIaraeMon JabopaTopHO pabOTHl TMO3BOJISIET TOAPOOHO U3YUUTHh
COBPEMEHHBIE METO/IbI KOJUPOBaHUS MH(OPMAIMH TP UCTIOIBb30BAaHIH BCETO JIUIIIb BOCBMHUPA3PSIIHBIX
CHUMBOJIOB.

JlaGopaTtopHble pabOTBl BO BpeMs H3Y4YEHHUS Kypca «IJIEKTPOTEXHHKA, OHIIEKTPOHUKA H
cxemorexHuka» B YpTHUCHU Cubl'VTU Oonbmielt 4YacTbio NPOBOAATCS B NPUIIOKEHUU IS
MOJICTTMPOBAHHS DJICKTPUYECKUX M JJIEKTPOHHBIX cxeM Multisim. B cBs3u ¢ »tEM B KauecTBe
MOJIETUPYIOLIEeH MPOorpaMMbl UCTIOIb30BAHO HMEHHO 3TO MPUIIOKEHHUE.
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[Tepenaromiee yCTpOHWCTBO IJisi ONTOBOJIOKOHHOW CBSI3M COCTOMT W3 perucrtpa (GpopMupoBaHUs
CHMBOJIOB COOOIIEHHH 1 ¢ ero 6JI0KOM MHIUKAIIMH COCTOSTHUSL, U3 PErucTpa GOPMUPOBAHUS COOOLICHUN
2, nH(pOopMaIHUs O 3aIMMCAHHOM B KOTOPOM KOJI€ TAaK)K€ MOXKET OBITh ITOJy4eHa C TIOMOIIBIO OTAEIBHOTO
O6moka oToOpaskeHHsl. DTO YCTPOWCTBO, KpOME TOrO, BKJIIOYAeT OJOK HHHMIMAIM3ALUHU Tepeadu
uH(pOpMaIKU B perucTp GOPMUPOBAHUS COOOIIEHNUH 1 Ha BXO ()OPMUPOBATEISI CUTHAIIOB JINHUU CBS3U
3, ¢opmupoBaTens HMMIYJIbCOB JIMHUHM CBSI3U 4, COOCTBEHHO JIMHUIO CBS3M S5, a TaKKe OpraHbl
yIpaBieHUsl TporeccaMd (OPMUPOBAHUS W WHHUIMAIM3AIMK — MEepeladyd 3aliCaHHOW B PErHCTp
dopmupoBanus coobrienuii uuopmayu 6.

2 s X

3 | 1

VA 6 MVAVMAANY

Puc.1. Ilepenaroriee ycTporCTBO JIsl ONITOBOJIOKOHHOW CBSI3U

Breixon peructpa ¢GopMHpOBaHUS CHMBOJIOB cooOmeHHid | coenuHeH ¢ WH(POPMAIMOHHBIM
BXOJIOM perucTpa (GopMUPOBaHHUs COOOIIECHHI 2, BBIXOJ KOTOPOro uepe3 (popmupoBaTellb CUTHAIOB
JIMHUU CBS3H 4 TOAKIIIOYEH K 3TOM JIMHUU CBSA3M 5. BBIXO/bI MHUIIMANN3AUHU TIepeaadl HHPOPMaLuu
OJIHOMMEHHOI'0 OJI0Ka TMPUCOCTUHEHBI K COOTBETCTBYIOLIUM BXOJaM PETUCTPOB (OPMUPOBAHUS
CHMBOJIOB COOOITIEHUH U POPMUPOBAHUS COOOIIIEHUI, a BEIXOAbI 0J10Ka MHUIMATIA3AIIHN TPUCOETUHEHBI
K OJHOMMEHHBIM BXo0jJaM 00oux peructpoB | u 2. BBojx MH(pOpPMAIMOHHBIX CUTHAJIOB B PETUCTP
(dbopMUpOBaHUS COOOIIEHUN U CUTHAJIOB yIpaBJIeHUs OJOKOM MHUIMAIN3AlUY NIepeaun nHpopmanun
B peructp (popMHUpOBaHUS CUMBOJIOB COOOIIEHUH 1 PETUCTP COOCTBEHHO COOOIIEHHUH OCYIIECTBIISAETCS
C TIOMOIIIBIO KJTI0UEH 6, KOTOpbIE MPUCOEINHEHBI K COOTBETCTBYIOIIUM BXOJIaM.

Jlo Hayana mporiecca nepegadd cooOLIeHHUs] Mpou3BoauTCs ero ¢opmuposanue. CooblieHue
HauMHaeTcs ¢ (¢uara, KOTOPbIM COCTOMT U3 IIECTH €IUHUI] MOJAPSA, Pa3MELIEHHBIX MEXAY IBYyMS
Hysmu. Jlanee cienyer aapec abOHEHTa, KOTOPOMY IpelHa3HaueHOo cOoOo0IIeHHe, eclii aDOHEHTOB JIBa
u 0oJiee, MOCiIe Yero BBOJAUTCS cOOCTBEHHO coolIeHue. I1ociie coOCTBEHHO COOOIIEHHST BBOAUTCS KO
KOHIIEBMKA, IPEHA3HAYEHHOTO /ISl BBHIIOJIHEHUs Cily>keOHOl ponu. Hanpumep, B Hero noGasisercs
€AMHUYHBIA CUTHAJI, €CJIM YUCIIO €AMHUYHBIX UMIIYJIbCOB B COOOIIEHUU HEUYETHOE. DTO HEOOXOIUMO
JUIS OCYILECTBIIEHUSI HauboJee MPOCTOro U, BMeCTe ¢ TeM, 3(h(HEeKTUBHOTO KOHTPOJIS JOCTOBEPHOCTH
nepegaBaeMoil MHGOpMalUMU IyTeM MPOBEPKH COOOIIEHUS HAa YETHOCTh EIMHUYHBIX CHTHAJIOB.
Coo01eHne 3aKkaHUYUBAeTCs BTOPBIM (h1aroM, KOTOPBIM TakkKe COCTOMT W3 LIECTH E€IWHUIL MOJAPSI,
pa3MEeIIEeHHBIX MEXIY ABYMS HYJISIMH.

B kauecTBe TMHHMM CBSA3M 5 MCIIOJIb30BaHa U(POBast MOJENb JUOJHO-TPAH3UCTOPHOM ONTOMAPbI
npuitokerus Multisim.

Ecnu B cucreme ofHOKaHAJBHOW CBSI3UM MMeEETCs JiBa WK OoJiee MepefaroIliuX yCTPOHCTB, TO
HE0OXOAMMO OO0ECIEeYnTh COTVIACOBAHHYIO HUX pPaboTy, TakuM oOpa3oM, YTOOBI IepeaBacMble
COOOIIeHNs HE HAKIAAbIBAIUCH APYr Ha Jpyra. PazneneHue BpeMeHH nepefadd COOOIICHUN MOXKET
OBITH OCYIIECTBJIEHO NMPU MOCTPOCHUH CHHXPOHHOW CHUCTEMBI CBS3M, KOTJA Iepeaaya COOOIEeHU oT
JTAHHOTO UCTOYHHKA MH(OPMAIMK MPOU3BOJUTCS B 3apaHee ONpe/IelCHHbII HHTepBall BpEMEHH, 100
IIPU IOCTPOEHUHU ACHHXPOHHOW CHCTEMBI CBA3H. B mocienneM ciyuyae onpeienenne BpeMeHy nepeaadn
OT JIaHHOT'O MCTOYHHMKA COOOLIEHUN MOXKET MPOUCXOAUTH C YYETOM €ro MpUOopUTeTa MO0 0e3 Takoro
yuera. llpuHnun mepenaun cooOLIEHWM C y4eTOM NPUOPUTETa HCTOYHUKOB COOOIIECHUH,
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obecreunBaronuii KO3PPUIIMEHT UCTIOIB30BaHMS KaHAIa MHOTOA0OHEHTHOW CUCTEMBI CBSI3U OJM3KHUI
K eMHuIIe, onrcaH B [1].

JlanHoe mepenaromiee YCTPOMCTBO TIO3BOJIIET CTYACHTaM TMOAPOOHO H3YYUTh MPUHITUIIBI
dbopMUpOBaHU, TIepeaud U KOHTPOJS KadecTBa mepenadyd WH(GOPMAIUU H, TTOITOMY, MOXET OBITh
PEKOMEHIOBAHO JUIsI MCITOIB30BaHUS TIPH MTPOBEACHHUH J1a00PaTOPHOTO MPAKTHKyMa IO JUCIUTIINHE
«INEeKTPOTEXHUKA, DIEKTPOHUKA M CXEMOTEXHHKA.

Jluteparypa:
1. JIo6ynen O.J]. Iatent 2028733 Pd, MKU® H 04 B 7/24. YcTpoiicTBO 11 MHOTOAGOHEHTHOI
onHokananbHOU cBsizu. / O.[1. Jlooyner (P®D). - 6 c.: um.
2. l'opauenko, E. H. Ontuueckne TeaeKOMMYHUKAIIMOHHBIC CUCTEMBI. YueOHUK it By3oB / E. H.
I'opauenko. — M.: TJIT, 2011. - 368 c.
3. Kpyk b. U. TenekoMMyHHKaITMOHHBIE CUCTEMBI M CETH. Y. rtocobue B 3-x Tomax / b. M. Kpyk. — M.:
I'JIT, 2012.
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M.I. OxkyJos, B.K. /lenucenko
PA3PABOTKA BEB-IIPUJIOKEHUS JJIAA CTYIUU MAHUKIOPA

®I'bOY BO «HanuoHanbHblii UCCIIEN0BATENBCKUN YHUBEPCUTET « MOy,
r. Mocksa, Poccus

KiroueBble ci0Ba: MAHUKIOP, YCIIYTH, IPUIIOKEHHE, KIIMEHT, HHTepQeiic.

Crynus manukiopa «Lux nails» paspaboTana BeO-IpUIOKEHHE IS pPEHICHUs HpodieM ¢
neperpy3Koil mepcoHasna M morepeld kiaueHToB. CucTema Mo3BOJISIeT OpOHMPOBATH YCIYT'H OHJIAMH,
IPOCMAaTPUBATh Npaiic U WHPopMaIMIO O cTyaud. K KIIIOYeBBIM IENSM OTHOCHUTCS aBTOMAaTH3aIUs
3amKcy, NOBBIIIEHUE yJ00cTBa A KIMEHTOB M 3 dexkTuBHOCTh pabotsl. [Ipnnoxenue co3maHo Ha
HTML, CSS, JavaScript ¢ momoristo Brackets u Draw.io, Bxirouaer CRM asist ynpaBieHus 3asiBKaMH.
['0TOBBIII TPOIYKT MPOTECTHPOBAH, COOTBETCTBYET TpeboBaHmsM mo UX, 0e30macHOCTH M Kpocc-
Opay3epHOCTH.

M.D. Okulov, V.K. Denisenko
DEVELOPMENT OF A WEB APPLICATION FOR A MANICURE STUDIO

Federal State Budgetary Educational Institution of Higher Education "National Research University
"MEI", Moscow, Russia

Keywords: manicure, services, application, client, interface.

Lux nails Manicure Studio has developed a web application to solve problems with staff overload
and loss of clients. The system allows you to book services online, view the price list and information
about the studio. Key goals include automating recording, improving customer convenience, and
improving work efficiency. The application is created in HTML, CSS, JavaScript using Brackets and
Draw.io, includes CRM for managing applications. The finished product has been tested and meets the
requirements for UX, security, and cross-browser compatibility.

OO0 «Lux nailsy — 3To cTyaus MaHUWKIOpa, NpeAjararouas MIHUPOKUH CIEKTp YCIyT,
pabortatoias Ha peiHKe ¢ 2021 roga u co3garoniee aTMocdepy, B KOTOPOH KayKIbIi CMOXKET HAaCIaUThCs
HE TOJBHKO KA4eCTBOM YCIYT, HO M KoMpopToM. C yBelIHYeHHEM MTOTOKA KIIMEHTOB CTYIUSI MAaHUKIOpa
CTOJIKHYJach ¢ mpoOieMamu B o0cmy>kuBaHuH [ 1]. M3-3a pocta monyssipHOCTH U OOJIBIIEr0 KOJIMYECTBA
MOCETUTEIH COTPYAHMKH HE YCIEBAIOT HWCIOJHUTH 3alpOChl BCEX KIMEHTOB, YTO HETATHBHO
CKa3bIBAE€TCSl HA peIyTallMd 3aBEJCHUS W CHW)KAET KOJMYECTBO HOBBIX KJIMEHTOB. bpum
IPOaHAIM3UPOBAHbI TEKYIUE MPOLECCHl B 3aBE/ICHUH, BbISIBIICHBI TPYTHOCTH U HalJIEHbI BO3MOXHbBIE
NyTH UX pemeHus. BaXHO ONTHMH3HPOBATH pabOTy M YIYUYIIHTh Ka4eCTBO OOCITYy)KHBaHUS, YTOOBI
CHPABJIATHCS C YBEINYMBAIOIUMCS IOTOKOM KJIUEHTOB [2].

Buenpenue Web-npuioXeHus: CTYIMH MaHUKIOpa T03BOJUT YCTPAHHUTh BBIIICYKAa3aHHbBIC
npobnemsl. JloOaBieHne WHGOpMAIMK TO3BOJUT TOCTSAM 3apaHee H3yYUTh ACCOPTUMEHT YCIyT
3aBEJICHMUS, 3aITUCATHCS Ha JIIOOYIO ATy M BpeMs, a TAaKXKe JIETATbHO y3HATh O KOHIENIMH CTY/INU U €€
MECTOHAaXO0XJeHUH [3].

OCHOBHBIMH TIETISIMM  BHEJIPEHHUSI CHUCTEMBI SBIISIOTCS: OJKOHOMHUS BpPEMEHH U  CPEJICTB
COTPYAHMKOB; TMOBBIIIEHHE KauyecTBa OPOPMIICHHUS M B3aMMOJEHCTBHS IOJIb30BATENCH; MOBBIICHUE
KadecTBa padOTHI; 00JIETYeHHE TPYA0EMKOCTH PaOOTHI.

Jns  mpoekTHpoBaHUS MHGOPMALMOHHOM CHCTEMBbl OBUIM  HCIOJB30BAHbI  CIEIYIOLIHNE
WHCTPYMEHTAJIFHBIE CPENICTBA MMPOCKTHPOBAHUS:

1. Brackets — cBOOOIHBIN TEKCTOBBIH penakTop s BeO-pa3paborunkoB. Brackets
opueHTHpOBaH Ha paboty ¢ HTML, CSS u JavaScript.
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2. Draw.io — OecmiaTHblii MPOrpaMMHBIA MPOAYKT IS MPOEKTUPOBAHHS OJIOK-CXEM
Pa3IMYHOTO XapakTepa.

TpeGoBanusi K MPOEKTUPYEMOM CHUCTEME OMHUCHIBACTCS B (OpME TOJIb30BATCIIBCKUX HCTOPHUA.
[Tonp30BaTenbCKHE MCTOPUU — ATO OBICTPBIA M YIOOHBIH croco0 chopMynupoBaTh TpeOOBaHHA K
IPOEKTUPYEMON CcUCTEME B MOHATHOM ¢dopMe, MO3BONSIIONIMI HE TPaTUTh MHOIO BpPEMEHU Ha
pa3paboTKy CIOKHBIX IO CTPYKTYpPE JOKYMEHTOB.

TpeGoBanus kK cucTeMe CO CTOPOHBI BiIaJIeNblla MPOIYKTa!

1.  Heo06xoauMoCTh IpeICTaBICHUS AKTYyaJIbHOTO CIUCKA YCIYT, a TaKXKe [EHAMHU.

2.  CaiiT noKeH OTpa)kaTb YHMKAJIbHBIM CTHIIb M atMocdepy CTyAMH, BKJIOYasl JIOTOTHII,
[[BETOBYIO MATUTPY U MIPUPTEL.

3. UYerkas undopmanusi 0 MECTOIIOIOKEHHIH, Yacax paboThl, TesiehoHaX U COLUAIBHBIX CETSIX.

TpeboBaHMs K CUCTEME CO CTOPOHBI aIMUHUCTPATOPA!

1. Cucrema ympaBieHHs KOHTEHTOM JJisi JOOaBJICHHS, PEJAKTUPOBAHUS U yAaJCHUS
UH(OPMALIUHU O CTYAUU U yCITyTrax.

2. Jlerkuii jocTyn K OOHOBJIEHUSIM IIPOrPaMMHOT0 oOecreyeH s 1 0€30IacCHOCTH CaiTa.

TpeboBaHMs K CHCTEME CO CTOPOHBI MEHEKepa MPOCMOTP MOCTYMAOUIMX 3asiBOK Ha 3aIliCH,
KOHTaKTHOM MH(pOpMaLuU U JIp.

TpeboBaHMs K CHUCTEME CO CTOPOHBI IOCETHTEINSI CaiiTa:

1. [TonsTHBIN U yAOOHBIN AJ1 HABUTALIUK UHTEpdeiic.

2. bricTpas 3arpyska.

3. dopma 1 ohopMIIEHUS 3aMTUCH HA YCIIYTY.

4. [IpocMoTp MHpOpMaIUK O CTYIUU U €€ MECTOHAXOKICHHUH.

TpebGoBaHus K cUCTEME CO CTOPOHBI Pa3padOTUHKA!

1.  BO3MOXHOCTH IPOCMOTpA IMOCTYHAIOIINX 3asiBOK Ha 3aITHCH.

2.  Yerkue crnenudukamuy s pa3paboTku (yHKIMOHANA caifTa, BKIIOYAs HCIIOJIb30BAaHHE
coBpemenHbIx TexHonoruit (HTML, CSS, JavaScript).

3. OOecneueHne KOPPEeKTHOM pabOTHI caiiTa BO BCEX MOIMYJISPHBIX Opay3epax.

4.  IlpoBeneHue TeCTUPOBAHUS HAa HAIMYUE OLUIMOOK U YA3BUMOCTEN NIEpe]] 3aIlyCKOM caiiTa.

TpebGoBanus Kk QyHKIUSAM, BBITOTHIEMBIX CHCTEMOM:

OcHOBHOI (hyHKIIMOHAJI CUCTEMBI OyIeT pean30BaH ¢ momoinibio si3eikoB HTML, CSS,
JavaScript [4]. B npuiioxeHHH OCyIIECTBISIETCS B3aHMOICHCTBUE MOJIBb30BaTENsl ¢ MHTEepdeiicoM.
[lepeuens GpyHKIMHA, KOTOPBIE HEOOXOTUMO PEANTN30BaTh B CHCTEME IIPEACTABIICHBI B Ta0IuIIe 1.

Tabnuna 1. DyHKIHA CHCTEMBI

DyHKUMS Omucanue

[IpocMmoTp wmHpOpMAIMK O CTYyIWH: KOHLEMHIHSA, aJpec, MECTOHAXOXICHHE Ha
KapTe, KOHTAKT CIYKOBI IMOIICPIKKH.

[Mocerutrenr MOXET W3yYUTHh BCE YCIYyTH IO TOTO, KaK MPUAET B CTYIUIO: HX
OITMCAHHUE U LIEHBI.

IMpocmoTp nHpOpMAaLUK O CTY UK

IIpocMoTp Bcex yciyr

IIpocmor HH(pOpManuu 0
p P bopman IIpocMmoTp HHGOPMALIUH O IEPCTIEKTUBAX OTKPBITHS (HPAHIITH3HI.
¢bpaHmmze
3anuce Ha ycIyry B03MOXXHOCTh CaMOCTOSITEIbHOM 3aITMCH Ha YCIIYTH: BBIOODP JaThl U BPEMEHH.
3asBka Ha BakaHTHOE pabouee
MeCTO B03MOXXHOCTB OTIIPaBUTH 3asBKYy Ha BaKaHTHOE pabouee MecTo
3asiBKa Ha OTKPHITHE (PAHIIH3HI B03MOXXHOCTh OTIPaBUTH 3asBKY Ha OTKPBITHE (DPAHIIN3BI B CBOEM TOpOJIe

Anroput™m 00paOOTKH MOCTYMAIOUIMX OT KJIMEHTA 3asBOK (3alMCh Ha yCIyry) u3o0paxeH Ha puc. 1.,
anroput™ oopmileHus 3aBOK U300pakeH Ha puc. 2.
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TpoEepKa AOCTOREPHOCTH o
w NaHHLIX [aHHble 0 2aR8Ke

WHthopMuposakie Her

?
KnueHTa dHHbIe 0OCTOBEPHLIY

Oa

3aRERM
08palGoTka 2aRBKH

OGHoeneHne

CooflueHue of owndre Talnuubl © SaHHLIMK

OnosewyeHue
nonsL308aTena

Puc. 1. Anroput™ 00paboTKH 3as1BOK

Hauano

Mpoeepra
KOPDEXTHOCTH BE0AA

OakHsle knueHTa Coofwerue ob
TpeG0saHuA K 3aRBKi olumke

O@opMIeHne 3aREKH

VeneluHoe
0tOPMNEHHE?

Jobaenexve 8
Tabnuuyy

CooOuweHve ob
owndke

Yenewxoe

o
3anekn o0asnexne

VHDepMIDOEaHHE
KNWeHTa

C ko D

Kowey

Puc. 2. Anroputm odopmiteHHs 3asIBKH

[IpoexkTupoBaHue MOJIH30BATEIHCKOTO HHTEPElica:
Cxema moJb30BaTeabckoro umHTepdeiica Web-pecypca, oTpaxkaromias HepapXHuecKoe IPEBO
OKOH pecypca u300pakeHa Ha pHc. 3.
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Yenyrm | | Mpodnne |

i 1 i

Dopma BXxo4a B
YHETHYIO 3anNUch

Pernctpauma | | Bxoa

Copma zanuck Ha ycnyml

Dopma perMcTpaumm

Puc. 3. Cxema mosip30BaTesibcKoro nHTepdeiica
CxeMma TJaBHOW cTpaHMIl Web-mpunoxenns wusobOpaxeHa Ha puc.4. OnucaHue 3JIEMEHTOB
CXEMBI, IPOHYMEPOBAHHBIX HA PUCYHKE, MPEACTABICHO B Ta0yuIie 2.

=

Puc. 4. Cxema riaBHOU CTpaHUIIBI

Tabnuua 2. Onucanue 3JeMEHTOB CXEMBbI INTaBHOM CTPaHHUIIBI

HOMep JJICMCHTA OmnucaHue dJIeMEHTA

HazBanne CTyAWU W ITPUBCTCTBHUC
O MAaHHUKKOPE M HAIKWX IMPUHIMUITIAX
Hama ¢umocodus

IToueMy BakeH MaHUKIOP?
KoHTakTh! CTYaHUHn

OT3BIBEI KJIMCHTOB

Cxema crpaHunbl «Yciayru» u3o0pakeHa Ha puc. 5. OmnmcaHue -3JIEMEHTOB CXEMBbl,

IMPOHYMCPOBAHHBIX HAa PUCYHKC MTPCACTABJIICHO B Ta6J'II/H_[e 3.

OO |W|IN|(F-

Puc. 5. Cxema cTpaHuibl «Y Ciyru»

Tabnuna 3. OnucaHue 3J1eMEHTOB CXEMbI CTPAHHIBI « Y CITyTH»

Howmep anemenra OnucaHue dIeMeHTa
1 Yenayra 1
2 Ycayra 2
3 Ycnyra 3
4 Ycnyra 4

Cxema (opmbl 3amucu Ha YCIyry u3o0pakeHa Ha puc. 6. OmnucaHue SJIEMEHTOB CXEMBI,
MIPOHYMEPOBAHHBIX HA PUCYHKE MPE/ICTAaBICHO B Tabmuie 4.

Puc. 6. Cxema ¢opmsbl 3ammicu Ha yciyry

Ta6muna 4. Onucanue 37eMeHTOB cXeMbl popMbl OPOHH cTOJIA

Howmep snemenra OnucaHue 2JIeMeHTa

1 [Mose ¢ mHPOpMaLIUEH 0 HA TAHHYIO YCIYTY
2 [Tosie BEIOOpPA AATHI M BPEMCHH 3aITUCH

3 Kuonka «3anucarbcsy
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Cxema ctpanunbl «l[Ipoduns» wu3zobpakena Ha puc. 7. OnmcaHue 3JIEMEHTOB

POHYMEPOBaHHBIX Ha PUCYHKE MPEICTaBIECHO B Tabiwuie 5.

Puc. 7. Cxema crpanuns! «IIpodunby

Tabmuna 5. Onucanue 3JeMeHTOB cXeMbl cTpaHuIb! «IIpoduiiby

CXEMBHI,

Howmep s1emenTa Ornucanue dIeMeHTa
1 HasBanwue cTpaHuIbI
2 ®UO knnenTa

3 Howmep kimenTa

4 «Bamu 3anucuy

«3amuceii He Hal IEHBY

3ammcyu knneHTa (eci OHM MMEIOTCS) ¢ yKa3aHHeM YCIYTH, OaThl U TOYHOTO
5 BpeMeHH 3anucd. Ecim 3amuceil HET, TO IIOJB30BATENIO BBIBEAETCS CTPOKA:

Cxema d¢opmbl peructpanuu u3o0pakeHa Ha puc. 8. OmnucaHue 3JIEMEHTOB CXEMBbl,

IIPOHYMEPOBAHHBIX HA PUCYHKE IIPE/ICTABIECHO B TaOIuIE 6.

Puc. 8. Cxema (opMeI peructpanuu

Tabnuna 6. Onrcanue 3IeMEHTOB CXeMBI (POPMBL

Howmep anementa Ormnmcanue eMeHTa

[Tosne ¢ Ha3BaHUEM (HOPMBI

ITose BBOIa UMEHU

[Tosne BBOAA haMuiIum

[Tosne BBOAA napos

G| WIN |-

ITone KHONKHM «3apEeTUCTPHPOBATHCSY

Cxema ctpanunsl «Bxom» wu3o0paxkena Ha puc. 9. Onucanue
POHYMEPOBaHHBIX Ha PUCYHKE MPEICTaBIeHO B Tabiuie 7.

I
[ 5

Puc. 9. Cxema ctpanuus! «Bxom»

Tabnuna 7. OnucaHue 3IEMEHTOB CXEMBI CTpaHUIBI «BXom»

9JICMCHTOB

CXEMBbl,

Homep 31eMeHTa Onucanue 3j1eMeHTa
1 HasBaHue cTpaHuIpt
2 [Tone BBoAA Tenedona
3 [Tone BBOAA aposs

4 [Tone KHONKH «BXO»
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00630p pemrenus: [Ipu Bxoae Ha caliT MOIB30BATENh MMONAAACT HA TIaBHYIO cTpaHuily. Ha puc.
10. mpencraBieHa Imanka caiTa, KOTOpas COACPXKHUT B cebe J00poKenaTeIbHOe MPHUBETCTBUE H
Ha3BAHUE CaMOM CTYJMH MAHUKIOPA.

nasuxas
cTpaHuua

Veny Oo6po noxanoBaTk B MaHUKIOPHLIV canoH "Lux Nails"
Mpoduns 3abota 0 BalMX HOMTAX — 3T0 3a60Ta O Balen KpacoTe W 300poBbe!

Peructpauus

Bxoa

O MaHuKIope ¥ HaWwux npuHuyunax

ManuKiop — 310 He NpocTo 33 HOITAMM, ITO LIENAR HAYKa W HCKYCCTRO. B Hawem can

11l CHUTABM, 4TO PYKI — 3TO BaLLA BUIUTHAS KAPTOUKA, 3 JAOPOBLIE, YXOKEHHLIE HOMTH

570 0CHOBA CTUNS. MaHUKIOp

3ET HE TONBKO YNYMIIMTE BHELHWA BUA, HO M SpXUBS

300POBLE HOTTER W KOXM PYK.

M BHUMaHHE KIKIOMY KNHe aHAAPTHI KAYEC 4 5E3ONACHOCTH. BCE MHCTPYMENTEI NPOXOAAT TLLATENLHYIO CTOPUNKIALMIO, 3 MATEPUANK, KOTOPHIE

epTUDUUMPOBaHS! M

Hawa ¢dunocodcusn

Mb) BEPHM, HTO MAHUKIOP — 3TO HE MIPOCTO 3¢ @AYPa, @ 4acTh 3a60Thi 0 Cee 1 CHOEM IA0)

poBbe. Halll CanoH GTPEMHTCS GO3AaTE ATMOCHEPY, B KOTOPO KaKALI

KIWEHT NOMYBCTBYET 3360Ty M BHUMAHME. Mbl yHHTHIBAEM HHAMBHAYANLHBIE NOTPEBHOCTM KEAOTO, YTOBH KAXAAA NPOUEAYPA NPUHOCHNE MAKCHMANEHO YAOBONLCTBHE W NOMb3y

BaXHO HE TOMBKO PE3YNLTAT, HO M NPOUSCC. Mbl NPEAOCTABNAEM CNOKOIHYI0, PACCNABNSIOWLYI0 ATMOCHEPY, B KOTOPOH MOXHO OTKMIIOYUTLCS OT NOBCEAHEBHON PYTHHBI W NOCBSTHTL

8pewms cebe

MoyeMy MaHUKIOpP BaXeH?

MaHWKIOp — 3TO HE TOMBKO YXO/l 33 HOTTAMM, HO ¥ BAXHbLIA ACMGKT MTHEHS! M JAOPOBLA. PEryNAPHLIA MAHWKIOP NPEACTBPALLAET 3a6ONEBAHNR HOMTER, TAKWE KaK PUGKOBLIE MHDEKUMN

yKpennsieT Hortes

TORHMMN,

WMy W NOAAGPKUBAGT KOXKY PYK B XOPOLIGM COC

Puc. 10. Cexuus ¢ unpopmanuei Ha TII1aBHON CTpaHHLE

Crtpanuiia ¢ MOJHBIM CHEKTPOM YCIYT CTYAMHM MpenacTaBieHa Ha puc. 11, a ctpanuna «IIpodunes» Ha
puc. 12. B okHe ka0l yciayru HaX0AUTCS Ha3BaHUE, ONIUCAHUE U €€ CTOUMOCTb.

Inaskas cTpasuua

Yenyrm

Mpount

PerucTpaums
Hawwu ycnyru

Bxoa

Knaccuueckuit MaHuKiop EBponenckuin MaHukiop

TPaAUUMOHHAS NPOUSAYPS YXOAE 33 HOTSMM C 0BPaBOTKOR Msirni yxoz 3a HOTTsMM 663 OBPe3k KyTHKyNb:
KYTHKYTNbS W IONMPOBKOR.

Bubepure aary:  as.e.rrer O

AnnapatHblil MaHUKIOP Fenesoe nokpbiTue
YXOf 33 HOFTAMM C HCNONLIOBANWEM CNELMANLHOTO anNNapara Ans [loNfOBEUHOE NOKPLITHE FENEM, YKPENNSIOLIBE HOMTH.
obpaborm.

Sty

BuGepuTe aary

Puc. 11. Cexuus crpaHuisl «Y ciyru»
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Inaswas cTpaHuua Mpodgune nons3osarens

Yenyra MmA: Enewa Yebuiuesa

Tenedou: +79999999991

Mpodpmne.

Pervctpaums Baw sanucu

Sanuceit we Haigeno

Bxoa

Puc. 12. Cekuus crpanup «IIpoduis»
Crpanuna «Peructpamusi» mnpeacrtaBieHa Ha puc. 13., a crpanuna «Bxom» Ha puc. 14. Ha
CTpaHUIIE IPUCYTCTBYIOT TOJIS JJIsI BBOJIa HH(OPMAIIMH JJTsl PETHCTPAIMH U I BX0Ja KIIHCHTA.

Inaswesn cTpakmua

Yenyru

Peructpauus B MaHMkrOpHOM canoHe "Lux Nails™

NMpodune BanonHute opMy AN CO3NAHUA aKKayHTa
Peructpauus
Bxon

Mma

Damnnua

Tenedhon

Napone

3apeructpuposarses

Boixog

Puc. 13. Cexnus ctpanunsl «Peructpanus»

Mhesues crpanua

Yenym

Bxoa B maHuKIOpHbIA canoH "Lux Nails™
Hlms it BseguTe cBoii TenedoH 1 Naponk A BX04a B aKKayHT.
Permwctpauna

Bxon

Tenedon

Napons

Puc. 14. Cexkuus ctpanuibl «Bxom»

Cxema 0a3bl JaHHBIX TIpe/ICTaBIeHA Ha puc. 15.
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<% public

E5] users

name character varying(20
0) S public

astname character varying 5] services_catalog

(200) id numeric(200,0)
) phonenumber character var  service_name character var

ying(200) ¥ing(200)

®)

password character varying
(200)

d numeric(200,0)

L od

%> public

5 services
id numeric(200,0)
service_id numeric(200,0)
date date

relevance boolean

Puc. 15. Cxema 0a3bl JaHHBIX

3akirouenue. B xoze paboThl Hal MPOSKTOM OBLIO Pean30BaHO WeD-TIpUIIoKeH e IS CTYAUN
manukiopa «Lux nailsy. TIpoaykT mHOJHOCTHIO (DYHKIIMOHUPYET W COOTBETCTBYET 3asBICHHBIM
TpeOOBAHUSM.

B pamkax mpoekTa OblTH pa3paboTaHbl HECKOJIBKO KIIFOUEBBIX CTPAHMUIIL. | JTaBHAs cTpaHUIla cTajia
BXOJIHOHM TOYKOH JUTSI TOJIb30BATENICH, TIPEAOCTABIISAS KM OCHOBHYIO HH(POPMAIIUIO O CTYJHH MaHUKIOpa
U CcOo3/aBasi BU3YaJIbHBINH 00pa3 3aBeneHust. CTpaHUIa MEHIO, B CBOIO OYepellb, MPOJEMOHCTPUPOBAIIA
BECh CIICKTP YCIYT, MO3BOJISSI IOCETHTENSIM JIETKO OPUEHTHPOBATHCS B MPEIJIOKCHUSAX HAIICH CTYIHH.

B pe3ynbrare paboThl HaJ MPOSKTOM yIaJI0Ch HE TOJIBKO TOTYYUTh MPAKTUICCKUE HABBIKH B BEO-
pa3paboTke, HO U TMOHITh BAXKHOCTh IIOJIB30BATEIILCKOTO OMNbITA M ymoOcTBa uHTepdeiica.
PeanuzoBanHOE BeO-NPUIIOKEHUE CTaJl0 HE TOJNBKO HMHCTPYMEHTOM JUIsl TPOJBIIKEHUS CTYIHH
MaHHKIOPa, HO B 3 (EKTUBHBIM CIIOCOOOM B3aUMOJICHCTBUS C KIIUCHTAMHU.
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E.A. Ilepmunos, JI.A. HamsiTbleBa

Ob OKCIIOHEHIIUAJIBHOM POCTE YU CJIA KOHEYHbIX
OPUEHTUPOBAHHBIX ACUMMETPUYHBIX TAMUWJIBTOHOBBIX 'PA®OB

KitoueBbie cioBa: MH(POKOMMYHHKAIMOHHBIE TEXHOJOTHH, CHCTEMBI CBSI3U, MPOTPAMMHOE
obecrnieuenue, Teopus rpadoB

Teopus rpadoB kak pyHmameHTaIbHAS 00JIACTH COBPEMEHHOW JUCKPETHOW MaTeMaTHKH UTPacT
BaXXHYIO POJIb B pa3paboTKe MpOrpaMMHOro obecriedeHus, B ToOM 4uciie MHPOKOMMYHUKAIMOHHBIX
TEXHOJIOTHI U CUCTEM CBSI3U.

KoMOWHATOpHBIM aHATU3 pa3IMYHBIX BUIOB TPadOB M UX CBOWCTB SIBJISICTCS OJHUM W3 BaXKHBIX
HANPaBIICHUN HCCleqoBaHuii Teopuu rpadoB. B wacTHOCTH, M3ydaiuch (QYHKIMH pocTa rpados,
KOTOpBIE JUISl 3aJJaHHOTO HATYypPaJIbHOTO N YKa3bIBAIOT YMCIO N-3JIEMCHTHBIX KOHEYHBIX TpadoB
3aJaHHOTO BHJIA. VccrenoBanack Takke akTyanbHas mpo0ieMa H3yueHHs Pa3InYHbIX peoO0pa3oBaHHMA
rpadoB. Hampumep, nccinenoBaiock, HACKOIBKO «OeqHb rpadbl MpeoOpa3oBaHUSIMH TOTO WM HHOTO
Buna. ['padel, obnagaronme TOIbKO TPUBHAIBHBIM — TOKIECTBEHHBIM aBTOMOP(PU3MOM, Ha3bIBAIOTCS
ACUMMEMPULHBIMU.

B cratee goka3zaHo, 4YTO SBISICTCS OKCHOHCHIMATLHOW (YHKIUS pPOCTa KOHEYHBIX
OPUCHTUPOBAHHBIX ACUMMEMPUYHBIX TAMUAIIBTOHOBBIX TpadoB.

E.A. Perminov, L.A. Namyatysheva
ON THE EXPONENTIAL GROWTH OF THE NUMBER OF TERMINAL
DIRECTED ASYMMETRIC HAMILTONIAN GRAPHS

Keywords: infocommunication technologies, communication systems, software, graph theory

Graph theory as a fundamental field of modern discrete mathematics is important in software
development, including infocommunication technologies and communication systems.

Combinatorial analysis of various types of graphs and their properties is one of the important areas
of research in graph theory. In particular, the growth functions of graphs were studied, which for a given
natural n indicate the number of n-element finite graphs of a given form. The actual problem of studying
various graph transformations was also investigated. For example, it was investigated how "rich" or vice
versa, "poor" graphs are pre-formations of one kind or another. Graphs possessing only a trivial-identity
automorphism are called asymmetric.

The paper proved that is an exponential growth function of finite directed asymmetric hamiltonian
graphs.

Teopus rpadoB Kak OAMH U3 OCHOBHBIX Pa3/I€JI0B JUCKPETHON MaTeMaTUKU UTPAET BAKHYIO POJIb
B pa3paboTke cuctem cBs3H [1, 2]. BaxkHo, 4yTO «IpHW pemIeHUH 3ajad, CBA3aHHBIX C aHAIM30M U
CHUHTE30M CeTell CBSI3U MO MOKa3aTessiM yCTOMYMBOCTH, 0CO00€ MECTO 3aHMMAIOT BOIIPOCHI OMMCaHUS
CTPYKTYp CeTe cBsi3u ¢ mo3unuu Teopuu rpados [1, c. 5]

Teopus rpadoB urpaer QpyHIaMEHTAIbHYIO POJb B pa3pabOTKe MPOrpaMMHOrO oOecreueHus
MH(OKOMMYHUKAIIMOHHBIX TEXHOJIOTUN KaK Ba)kHas 00JacTh IUCKPETHOW MaTEeMaTHKH, SIBISIFOIIEHCS
MaTeMaTHUYecKol OCHOBOM HH(MOpPMATUKH, Ha YTO YKa3blBaJl OJAMH M3 OCHOBOIIOJIOKHUKOB
unpopmaruku A.I1.LEpmios [3].

OpnHol U3 aKkTyaJIbHBIX IIPOOJIEM COBpEMEHHOU Teopuu rpadoB SBISETCS W3YUYEHHE Pa3iIHMyuHbIX
KOMOMHATOPHBIX XapaKTePUCTHK PA3IUYHBIX rpadoB, B TOM yuclie GyHKIUN pOCTa YHCIIa KOHEYHBIX
rpadoB. [lanee, B monorpadpum A.llynmerpa m B.TpHkoBoil [4] mcciaemoBaiachk Takke aKTyadbHas
npobiieMa u3ydeHus: rpados, 00IaTAIOMIMX TOJIBKO TOXIECTBEHHBIM aBTOMOpdu3Mom. Takoro Buma
rpadbl Ha3BaHbI TaM ACUMMEMPULHBLMU.

BaxxubimMu Buamu rpadoB SBISIOTCS TaMHIBTOHOBHI rpadbl. B pabote [5] HalineHa HMKHSSA
otieHka g(N) 4Kcia HeopueHMUPOBAHHBIX ACUMMETPUYHBIX N-BEPIIMHHBIX TaAMHJIBTOHOBBIX TpadoB. B
JTAHHOM CcTaThe Hal/iIeHa HWKHsS olleHKa §(N) yuciia Ha000pOT, OPUESHMUPOBAHHBIX ACUMMETPHYUHBIX N-
BEPILMHHBIX TAMUIIBTOHOBBIX TpadoB. A IMEHHO, OyJIeT T0Ka3aHa:

44



Teopema. J[inst 1r000r0 HaTypaabHOrO N CYIHIECTBYeT HE MeHee 2" OpHCHTHPOBAHHBIX
ACUMMETPUYHBIX TAMIJIBTOHOBBIX TpadoB ¢ n + 4 BepIIMHAMU.

Ota OlleHKa CBUJICTEILCTBYET O TOM, 4TO QyHKIUSA pocta §(N) /Uit JAHHOTO BHIA TpadoB TaKKe
SIBJISICTCS] DKCITOHEHITUATBHOW (PYHKITHEH.

Bce Hneobxooumvle 01 0oKazamenbcmea meopemvl OIPENENEHUs psga OCHOBHBIX IMOHSTHI
Teopuu rpad)oB U UX CBOMCTB M3JI0’KCHBI B U3BECTHBIX KHHTaX [4, 6].

JManee mus ynoOcTBa ee 0Ka3aTelbCTBa MPOM3BOJIbHOE pedpo rpada (x,y) Oyaem 0003HaYaTh
TaKKe X = Y.

[ycts ans Bepmmubl a rpada u apyrux ero sepumH b; (1<i <n)uc¢ (1<j<m)
CHPaBEUIMBBI COOTHOMIEHHS @ — b; ¥ Cj = a. bynem roBopuTh B 3TOM Cllydae, 4TO M3 BEPUIMHBI A
BBIXOJIUT N peOep U B BEPUIMHY @ BXOIUT M pedep.

B nokasarenbcTBe TEOpEMBI BaXKHYIO POJIb UTPAIOT CIEAYIOUIME COUCMBA A8MOMOPPUIMO8
OPUEHTHUPOBAHHOTO Tpada.

1) BepmuHa a, u3 KOTOpO# BBIXOTUT N peOep U B KOTOPYIO BXOAUT M pedep, MpH MPOU3BOILHOM
aBTOMOp(U3ME (9 HECOPHUESHTUPOBAHHOTO rpada 0ToOpaXkaeTcsi B BEPIIMHY C TAKUM K€ CBOHCTBOM.

2) Llens ¢ HAUOOIBITNUM YUCIIOM BEPIIUH OTOOPAKAETCS B IIENb C TAKUM K€ YHUCIOM BEPIIUH.

JlokazarenbCcTBO ATUX CBOWCTB OYEBHTHO CIICAYET U3 ONpeeicHus aBToMopdusMa rpada.

[Tycte B rpade mmeercst BepiivHA & Takasl, 4TO MpH JIF0OOM aBTOMOpdu3Me ¢ Tpada pa = a.
Bynem Ha3bIBaTh TaKyl0 BEPIIMHY & HeHnOOBUIICHO.

Teopema. [l m1000r0 HaTypaibHOro N CyIIECTBYeT He MeHee 2" opueHmuposanuvix
ACUMMETPUYIHBIX TAMIJIBTOHOBBIX TpadoB ¢ n + 4 BepIIMHAMMU.

Jaiee 6ynem o06o03HauaTh yepe3 AutG rpynmy Bcex aBromopdusmos rpada G.

Paccmorpum  muOkecTBO M = {a,b,c,d}U{q;|1<i<n+1}, tne n — NPOU3BOILHOE
HATypaJIbHOE YHCIIO.

Omnpenenum Ha M opuentupoBanublii rpad G,(Q) = < M, E > cneayroumm o6pa3om:

1) [TonmuosxxectBoM E1 MHOXKEcTBa pedep E rpada G, (Q) sBaseTcs cneayroiiee moJMHOKECTBO:

(a, b)' (a, d)a (b, C)’ (b' d)v (C’ d) U {(dr ql)r (qi' qi+1): (qn+11 a)ll < i < Yl}

.2) Beibepem B N-ssieMenTHOM MHOXKecTBe BepinH {q;| 1 < i < n} npousBosbHOE €ro

noaMHOkecTBO . Torma mogmuoxkecTBoM E» pebep rpada G, (Q) sABISETCS TaK:Ke MHOKECTBO
E, ={(q).a)|q; € @}.3.

TakuMm 00pa3oM, MHOXKECTBOM Bcex pebep rpada G, (Q) sBasiercss MHOKecTBO E = E; U E,.

O4eBHAHO, YTO B 3TOM Tpade CYIIECTBYEeT OPUEHTHPOBAHHBIM IHKJI C HAYaJlOM M KOHIIOM B
BepIUHE b, TOATOMY OH SIBJISICTCS TAaMIUIBTOHOBBIM OPUEHTHPOBAHHBIM TpadoMm.

I'pad G,(Q) =< M,E >mupun =4 u Q = {1,3} npusenen Ha puc. 1.
a1

.

‘ V)

b° a s qs

4s
Puc. 1 Tpad G4(Q)

HokaxeM, uro rpad G, (Q) saBisercs aCHMMETPUYHBIM. [[J1s1 5TOT0 paccCMOTPUM MPOU3BOIBHBIH
aBTOMOP(QU3M ¢ 3TOTO Tpada.
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Bepmmmnaa d — eauHcTBeHHass BepmmHa rpada G,(Q) W3 KOTOpO#M BBIXOAWT OJHO PeOpo W B
KOTOPYIO BXOIUT Tpu pedpa. [loatomy mo cBoiictBy 1 aBTOMOpdu3Ma ¢@d = d U BepuInHA SBISCTCS
HETIOJIBUKHOM.

[Ipenmonoxxum, 4YTO @C # C TpU MPOU3BOJILHOM aBTOMOppu3Me ¢. Bepmumna d sBnsercs
CMEXHOU TOJBKO BepiuHaM a, b, c. Tak kak ¢d = d, B CHIIy 3TOr0 BO3MOXHBI TOJIBKO JIBA CITydast

1) oc=1,2)pc =b, 3) oc = a.

[Mpenmonoxum 1) oc = 1. Toraa u3z ¢C— d BeiTekaer 1 — d, 4T0 HEBO3MOXKHO BBHIY d — 1, Kak
oTpezieNieHo B KOHCTpyKimu rpada Gy,

[Tycts 2) 9oc = b. 3aMeTHM, YTO W3 BEPINHUHBI C BHIXOAUT OAHO pebpo. Ho u3 Bepimusl b
BBIXOIUT TpH pedpa. IlosTomy no cBoiicTBy 1 aBTOMOp(dH3Ma 3TO HEBO3ZMOXKHO.

[Tyctpb 3) ¢ = a. Tak U3 BEpIIUHBI C BHIXOJUT OJHO PeOpO, a U3 BEPIIHHBI BHIXOIUT JBa pedpa,
TO TO CHOBA 11O CBOMCTBY | aBTOMOp(hH3Ma HEBO3ZMOXKHO.

TakuMm 00pa3om, BOZMOXKHO JIMIIb (OC = C, U BEPIIHUHA C SBISETCS HETOJBUKHOM.

Bepmmna b siBnsieTcsi CMEXHON TOJIBKO BEpIIMHAM C,d,a. YKe J0Ka3aHO, YTO BEPIIMHBI C U d
SBJISIIOTCSI HEMOABM)KHBIMU. 1103TOMY BO3MOXKEH JHIIb cliyyail @b = a.

Tak xak U3 BepIIMHBI b BRIXOJUT OJHO pedpo, a U3 BEPILUHBI @ BBIXOJIUT JIBa pedpa, To ¢b * a
0 CBOMCTBY aBTOMOp(hm3Ma. ClieZ1oBaTeIbHO, BEPIINHA b SBISETCS HETIOABMKHOM.

[Tockoneky @ = d u a — b, B CHIy HEMIOJABMKHOCTH BEPIIWH d ¥ b BEpHBI COOTHOILICHUS (Pa —
d u @a — b. Ho a — equHCTBeHHasl BEpIIMHA, CMEKHAs BeplIuHaMm d U b, 17151 KOTOPOI BOBMOXKHBI 3TU
cootHoueHus. [loatomy pa = a.

[TokazaHo, 4TO BepuIMHBI @, b,Cc U d ABIAIOTCS HEMOABMXHBIMU B rpade G,(Q). Otcroga mo
CBO#CTBY 2 aBTOMOp(H3Ma OYEBUIHO CIEAYET, YTO OpUCHTHPOBaHHas enb {(e, 1), (9i—1, 9i), (qn, @)
npu 1 < i < n ¢ HaubOIBIIUM YHCIIOM BEPIIHH OTOOpaXKACTCs HA CeOsl.

Urak, nokaszano, uro rpad G, (Q) sBiseTcs aCHUMMETPUYHBIM.

Kak H3BECTHO, MHOXXECTBO BCEX IMOJIMHOXKECTB N -3JIEMEHTHOro MHOXkecTBa ( paBHO 2™ .
[TosToMy paBHO 2™ MHOXECTBO BCEX MOJIMHOXECTB MHOXkecTBa pedep (q;, a). CiemoBaTeabHO, YUCIO
Bcex rpadoB G, (Q) Toxe paBHo 2.

Teopema okasana.
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B.C. Cunopos?’, C.B. [Topumnesn?

OB30P OCOBEHHOCTEN KOHTEMHEPU3AIIMU U YIIPABJIEHU S KOHTEMHEPAMM
B OC LINUX, HCHIOJIb3YEMBIX OITIEPATOPAMHA COTOBOM CBSA3H

1y panbcknii Texauueckuit MHCTUTYT cBsi3u U uHpopMaTukyu (puman) ®IEOY BO «Cubupckuii
roCy/IapCTBEHHBI YHUBEPCUTET TEJICKOMMYHUKALUN U HHPOpMaTUKN» B I'. EkatepunOypre
(YpTUCHU Cubl'YTN), Poccus
2dI'AOY BO «Ypanbckuii heepanbHblii yHUBepcHTeT UM. TiepBoro IIpesnnenta Poccuu B.H.
Ensruna» (Yp®@YV), r. EkarepunOypr, Poccust

KnroueBbie croBa: koHTeWHepusaus, Docker, Kubernetes, Linux, omeparopsl cCBsi3H,
OpKeCTpaIysl, BUPTyalIn3alus, 0€30MacHOCTh KOHTCHHEPOB, MEKPOCEPBHUCHI.

B cratbe nmpuBeneH 0030p COBPEMEHHBIX TEXHOJIOTHMI KOHTEHHEpU3alMH, HCIOJIb3YyEMBIX B
onepanuoHubix cucremax (OC) Linux, u mpoOieM, BO3HHKAIOUIMX TP HUX HCIOJIB30BAHUU B
UHQPACTPYKTYpe ONEpaTOpPOB COTOBOW cBs3U. lIpoaHanu3upoBaHbl HpeuMyIIECTBA M HEAOCTATKU
KOHTEHHEPHBIX TeXHOJOrui, Takux kak Docker m Kubernetes, B yciioBusiX BBICOKOHArpy>KEHHBIX
TEJIEKOMMYHHUKAIIMOHHBIX CUCTEM, a TAK)KE€ pACCMOTPEHBI BOIIPOCHI 0€3011aCHOCTH, MACLITaA0MPyEMOCTH
Y OPKECTPALIMU KOHTEHHEPOB B pacipe/leIEHHbIX CETEBbIX CTPYKTYpax.

V.S. Sidorov?, S.V. Porshnev?

OVERVIEW OF CONTAINERIZATION FEATURES AND CONTAINER MANAGEMENT
IN LINUX OS USED BY CELLULAR OPERATORS

1Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics in Yekaterinburg (UrTISI SibGUTI), Russia
2Ural Federal University (UrFU)

Keywords: containerization, Docker, Kubernetes, Linux, mobile operators, orchestration,
virtualization, container security, microservices.

The article provides an overview of modern containerization technologies used in Linux operating
systems (OS) and the problems that arise when using them in the infrastructure of mobile operators. The
advantages and disadvantages of container technologies, such as Docker and Kubernetes, are analyzed
in the conditions of highly loaded telecommunications systems, and issues of security, scalability and
container orchestration in distributed network structures are considered.\

1. BBenenue

B coBpeMeHHBIX yca0BUAX HUPPOBOH TpaHCcHOpMAIK ONIEpaTOPbl COTOBOM CBSI3U CTANIKMBAIOTCS
C HEoOXOAMMOCThIO OBICTPOrO BHEIPEHHS] HMHHOBALMOHHBIX CEPBUCOB INIPU OJAHOBPEMEHHOM
00eCreyeHU BBICOKOM HAJEKHOCTH MPEJOCTABIAEMBIX YCIYI M MacIITaOUpPyeMOCTH CETEeBOM
UH(QPACTPYKTYPHI.

3necy HanboJee MOMyJSIpHBIM PELICHUEM, UCIOIb3YyEMbIM Ul peau3allii CETeBhIX (YHKIMN
TEJIEeKOMMYHUKALIMOHHBIX CHCTEM HOBOTO IIOKOJICHUS, SIBISIETCS TEXHOJIOTHSl KOHTEWHEepH3allHH,
npumensiemas Ha 6a3ze OC Linux, koropas, B OTJIMYHE OT paHEe HCIOJIb3YEMbIX TEXHOJIOTUH
BUPTYaIU3aluu, TpeOyeT MUHUMAJIbHBIX HAKJIaIHBIX PACXO0B, YTO OKa3bIBAETCSI 0COOEHHO BAYKHO IS
pecypcoeMkux 3anad B ceTsax 5G u [oT. OgHako, kak MOKa3bpIBaE€T ONBIT UCIIOJIb30BAHUS KOHTEHHEPOB
B TEJIEKOMMYHHUKAIlMOHHOM O0OpY/IOBaHUU, BOSHUKAET Pl HOBBIX MpoOsieM, 00yCIOBIEHHBIX, B TOM
quciae, HEOOXOIUMOCThIO OOECIEUeHUs CBEPXHM3KHX 33J€p)KeK, BBINOJHEHUS TpeOOBaHUM
NENCTBYIOIMX HOPMATHBHO-TIPABOBBIX AaKTOB, OMNPENENAIOMIUX TpeOoBaHUS K HHPOPMAIMOHHOMN
0€e301acHOCTH TEJIEKOMMYHUKaLMOHHBIX CHUCTEM, " HE00XO0AUMOCTBIO UHTETpalyu
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TEJICKOMMYHUKAI[MOHHBIX CUCTEM, BHOBb BBOJMMBIX B OJKCIUTyaTalUs, C YK€ MCIOJb3yEMbIMU
CUCTEMaMU.

B cBs3u ¢ 9TUM, KOMIUIEKCHOE HCCIEIOBAaHUE OCOOCHHOCTEH NPUMEHEHHUS KOHTEHHEPHBIX
TEXHOJIOTUH B CETeBOM MH(PACTPYKType ONEpaTOPOB CBS3U, OLICHKA UX MPEUMYIIECTB U OTrPaHUYCHHH,
a Takke 00OCHOBaHWE MPAKTUYECKUX PEKOMEHJAIUI M0 KCIOJIb30BAHUIO alNapaTHO-MPOrPaMMHBIX
xomiuiecoB Docker, Kubernetes u npyrux aHaJOTHYHBIX HHCTPYMEHTOB B BBICOKOHATPY)KEHHBIX
TEJIEKOMMYHUKAIIUOHHBIX CETSX, SABJISETCS aKTyalIbHbIM.

2. OcHOBHBIE TEXHOJIOTMH KOHTeiiHepu3anun B Linux

N3BectHo [1], uto TexHomorusi KouteiHepu3ammu B OC Linux, mpu3BaHHas o0ecneYuTh
U30JILUI0 TPOLIECCOB, YIPABICHHE pecypcaMHd U 3allUTy KOHTEHHEpPOB, a TaKXKe BBICOKYIO
POU3BOIUTENIFHOCTh U MacIITA0UPYyeMOCTb, PEATH3YETCs ¢ TIOMOIIBIO0 TAKUX MeXaHu3MOB siipa OC,
KaK IPOCTPaHCTBO MMEH (Namespaces), KOHTPOJbHbIE IpyHmbl (CJroups), a TakkKe HHCTPYMEHTOB
Oe3omacHoCcTH, BKItouyas Seccomp wu  SELinux. JlanHash TEXHOJOTHS SIBISCTCS OCHOBOM Jist
pa3BepThIBAHUS 00JIAYHBIX HATUBHBIX MPUWIOKEHUHN U BUPTYaIU3UPOBAHHBIX CETEBBIX (PYHKLUH.

OnHoi#t M3 HarboJIee MOMYJISIPHBIX IUTATGOPM KOHTEHHEepU3aluu cerous seisiercs Docker, koropas
o0ecIieunBaeT CO3/JaHue, TECTUPOBAHUE U Pa3BEPThIBAHUE NPHIIOKEHUS B U30JIMPOBAHHBIX OKPYKCHHUSX,
YTO, B CBOIO Ouepesb, o0ecreunBaeT craHaapTu3anuio padounx cpen. ITnardopma Docker ympormaer
pa3BepThIBAHUE CEPBUCOB B TEIEKOMMYHMKALMOHHBIX CUCTEMaX, B TOM YHUCIIE, BUPTYaJIU3UPOBAHHBIX
saep cetu (VEPC), a Tarxoke momaepKuBaeT MUKPOCEPBUCHYIO apXUTEKTYpy. DTO MO3BOJISIET pa3OuBaTh
CJIO’KHBIE IPUJIOKEHHS Ha HE3aBUCHMbIE KOMIIOHEHTHI, YIIPOIIas X MacliTabupoBaHue U OOHOBJIEHUE.
Onnako npu ucnosb3oBaHuyd DOCKEr BO3HUKAIOT CIIAyIOIINE TPOOICMBI:

- He00X0IMMOCTh MUHUMU3ALIUH ITPUBUIIETUI KOHTEHHEPOB AJ1s oOecrieyeHus: 6e301acHOCTH;

- ynpaBiieHue OOJIBIIMMHU KJIaCcTepaMHu, TpeOyIoIIee BBHICOKON MPOM3BOIUTEIBHOCTH W HU3KHX
3aIepKOK [2].

s obecrieyeHnss MacIITabOUPYEMOCTH M OTKA30yCTOHYHUBOCTH OTIEPATOPhl AKTUBHO MPUMEHSIOT
marpopmy Kubernetes, kotopast BbImonHseT (YHKIMU OpKeCTpaluu KoHTeitHepoB. OpkecTpalus B
JAHHOM KOHTEKCTE€ TMOJpa3yMeBaeT aBTOMATH3UPOBAHHOE YIMPABICHUE JKU3HEHHBIM IIHUKIOM
KOHTEHHEpU3UPOBAaHHBIX  NPUJIOXKEHUH,  BKIOYAas  UX  pa3BepTbIBaHUE,  KOOPJIMHALMIO,
MmaciTabupoBaHue U BoccranopneHue. Kubernetes peanusyer 3Tu 3a1a4uu, obecrieurBast 6aTaHCHPOBKY
Harpy3ku Mexay KOHTeHHepamMH, aBTOMAaTHYECKOe YBEIUYEHNE WM YMEHbLICHUE YHCia SK3eMILISIPOB
CEpBUCOB B 3aBUCHMOCTH OT HAarpy3KH, a TaK)Ke OIEepaTHBHOE BOCCTAHOBIICHHE PaOOTHI MPUIIOKEHUH
npu cO0siX, 4TO rapaHTHpyeT OecnepeOoiHyr0 U 3PQPEeKTHBHYI pPabOTy TEIEKOMMYHUKALMOHHON
UHPpacTpykTypbl.  OmBIT  JKCIUTyaTallid  JaHHOW  TuIaTOpMBI  TIOKa3bIBAaeT, dYTO B
TeICKOMMYHHUKAMOHHBIX cucTemax Kubernetes sddexTrBHO cripaBisieTcsi ¢ MUKOBBIMU Harpy3KaM,
XapakTepHbIMU Ui ceTei 5G, Te MHTEHCHMBHOCTh CETEBOTO TpaduKa MOXKET Pe3KO BO3pacTaTh B
TE€YEHUE MaJbIX IPOMEXKYTKOB BpEMEHHM (Hampumep, NpU YBEIUYEHUHM 4YHUCIA TMOJKIIOUYEHHBIX
ycrpoiictB Kubernetes aBromatndecku 100aBisieT HOBbIC K3eMILISPbI CEPBUCOB, Takux kak User Plane
Function (UPF)). lexnapaTuBHBII MOAX0A K YIPABICHUIO KOHDUTYPALHSAME YIIPOIIAeT OOHOBICHHE
NpUIOKeHUH Oe3 mpepbiBaHus paboThl cetu. Kubernetes rtakke mNOAEPKUBACT HMHTETPAIMIO C
cereBoiMu maaruHamu  (CNI), Takumu kak Calico u Cilium, d9ro BaxHO IS CIIOKHBIX
TEJIEeKOMMYHUKAIIMOHHBIX UHPpacTpyKTyp [3].

OtmeruM, uto momumo Docker u Kubernetes, rakke cymiecTByroT anbTepHaTUBHBIE PEIICHHS,
KOTOpBIC HAXOIAT NMPUMEHEHHE B TEJICKOMMYHHKAIMAX, W3 KOTOPBHIX oTMeTuMm Podman, koTopsiii
npeziaraer Oojiee Oe30MacHbIM MOAX0J]] K KOHTeHHepu3aluu, paboras 0e3 LEHTPaJbHOIo JeMOHa
(mporpammbl B UNIX-nio100HBIX cucTemax, 3armyckaeMoi caMoil cuctemoit u padotaroiiei B poHOBOM
pexxume 0e3 MpsIMOTro B3aWMOJICHCTBHS € MOJB30BAaTEIEM) U TOJIEP/KUBAs 3allyCK KOHTEHHEpOB Oe3
root-puBUIIETHiI, YTO CHM)KAET PHCKH KOMIIPOMETAIlMKM W JenaeT Podman mpuBieKaTelbHBIM s
UCTIOJIb30BaHUSI  OINEpaTopaMH  TEIEKOMMYHUKALlMOHHBIX  ceTed, i obecrnedyeHuss  ux
nH(pOpMallMOHHOM Oe3omacHocTH [4].

Takke HU3KOYPOBHEBYIO KOHTEHHEPU3AIHIO, TECHO MHTETPUpOBaHHYIO ¢ sapom OC Linux, uto
TpeOyeTcss TpW  HWCHOJB30BAHWU  CIICHAPHEB, B  KOTOPBIX  TpeOyeTcs  MaKCHMalbHas
POM3BOIUTEIILHOCTh, obecneurBaet mwiatdgopma LXC (Linux Containers) [5]. Bo3moxHOCTH AaHHON
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1aThOopMBbI TOTMOIHIIOTCA BO3MOKHOCTIMH TutaTdopmbel OpenShift, ocaosannoit na Kubernetes, B Tom
qucie, CIeAYOIUMI HHCTpYMEHTamu [6]:

- MOHUTOPHUHTA H JIOTHPOBAHUS;

- yIpaBJICHUS TOCTYIIOM M aBTOMATH3AI[MI0 Pa3BEPThIBAHUS;

- mogaepskku Cl/CD-mporieccoB it yCKOpPEHUs pa3pabOTKH.

Pe3ynbTaThl CpaBHUTEIBHOTO aHAIM3a HauOOJIee MOMYJISIPHBIX B HACTOSIIEE BPEMS TEXHOJIOTUN
npe/CTaBJICHbI B TAOIUIIE 1.

Tabmuna 1 — K cpaBHUTEIbHOMY aHaIM3y TEXHOJIOTHI BUPTYaAJIM3alUU

Texnosorusi | OcHOBHbIE IPENMMYIIIECTBA OrpanunyeHust IlpuMmeHeHuUE B TejleKOMe

Docker Brictpoe pasBeprriBanue, TpeOyeT ympaBieHHsI JeMOHOM, PassepreiBanne VEPC,
CTaHAAPTH3ALNUS BOINIPOCHI 0E30MACHOCTH MHKPOCEPBHCHI

Kubernetes | Aromarnzarus, CnoXHOCTh HACTPOWKHM A KpyHHEIX | Ympasienue 5G Core,
MacmTabupoBaHue, KJIacTEepoB OamaHCHpOBKa HArPy3KH
OTKa30yCTONYMBOCTh

Podman BeszonacHocTs, rootless- OrpaHndeHHAs TOANCPIKKA BeszomacHbie mpHiIoKeHUS
PEKUM OpKeCTpaluu

LXC Bricokas Cn0XXHOCTb yNpaBlIeHUS BrIcoKOIIpOU3BOAUTEIBHBIE
MMPOU3BOAUTEIIBHOCTD, HU3KUE CCTCBhBIC (I)yHKIlI/II/I
HaKJIa/IHbIE PACXOJIbI

OpenShift KopnopatuBabie (hyHKINY, Bricokast cTOMMOCTD, CIIOKHOCTh KommnekcHbie pemieHus s
CI/CD BHEJIPCHHUS OIIepPaToOpoOB

W3 tabmuuer 1 Buano, uro uto Kubernetes u OpenShift mpeamodtuTenbHbl st OPKECTPAIIUH
CIIOKHBIX M MACIITaOUPYEMbIX TEICKOMMYHHUKAIIMOHHBIX HHPPACTPYKTYp, TaKuX Kak cetn 5G, Toraa
kak Docker u Podman mydire moaxoasT ajasi ObICTPOro M OE30MaCHOr0 pa3BEPTHIBAHUS OTACIBHBIX
cepBucoB. LXC wucmosb3yeTcs B HHUIIEBBIX CIICHAPUAX, TPEOYIOIIUX BBHICOKOW MPOU3BOJUTEILHOCTH.
Bb100p KOHKPETHOM TEXHOJIOTMH 3aBUCHUT OT 33j1a4, PEIIaeMbIX OIEPATOPOM TEICKOMMYHHUKAITHOHHON
CHCTEMbI, HAIPUMED, ONITUMH3AIINS IPOU3BOTUTEIBHOCTH, MUHUMH3ALIUS 33]ICP)KEK UITH HHTETPALHS C
CYIIECTBYIOIIUMHU CUCTEMAaMH H T.JI.

3. Oco0eHHOCTH UCII0JIL30BAHUS KOHTEIHEPOB B 0NIEPaTOpPax CBSA3M

KoHreiiHepu3anuss B OTpaciy TEIEKOMMYHHUKAIMH JIOJDKHA COOTBETCTBOBATH CTPOTUM
TpeOOBaHUSM, CBA3aHHBIM C IPOM3BOIUTEILHOCTHIO, 0€30MTaCHOCTHIO M MHTETrpaIlel C COBPEMEHHBIMU
CEeTEeBBIMU TeXHOJIOTUSIMU. CEepBHCHI OIIEPATOPOB COTOBOH CBSI3U, B TOM YHCJIE, FOJI0COBas CBs3b 1o LTE
(VOLTE), momnepskka ycrpoiicte Wutepuera Bemeir (10T) u sapo cetu 5G (5G Core), tpedyrot
MHHUMAJIBHBIX 3aJIePXKEK, B CBSA3M C O3TUM, ONTHMHU3AIMS KOHTCHHEPOB OKAa3bIBACTCS KPHUTHUYECKH
BAKHOM 3aJ1ayeil.

JIns TOCTHIXKEHHUSI BBICOKOW TPOW3BOAUTEIBHOCTH OIEPATOPhl MPUMEHSIOT MHUHUMAIHCTUYHBIC
0a3zoBble 00pa3bl, Takue kKak Alpine Linux, KoTopblie CyIIECTBEHHO CHUXKAIOT MOTPEOJICHHE PECYPCOB.
OnTuMu3anus CeTeBOr0 B3aUMOJCHCTBHUS JOCTHIAeTCs 3a CUeT MCIONb30BaHus ruiaruHoB Container
Network Interface (CNI), Takux kak Calico wmm Cilium, o6ecneunBaronmx 3hGEKTHBHYO
MapuUIpyTU3aLHUIO U HU3KHE 331€P)KKH. Y IPAaBICHUE PECYPCaMu MTPOLECCOpa U MAMSATH OCYIIECTBIISAETCS
Yyepe3 KOHTPOJIbHBIE TPymIbl (CYroups), 4To MO3BOJSET NPHUOPHUTHU3UPOBATH KPUTHYECKH BasKHBIC
CEpBHCHI U 00ECTIeYNBATh CTAOMIIbHYIO Pa0dOTy MPH BHICOKHX Harpy3Kax.

be3zonacHOCTh KOHTEHHEPU3UPOBAHHBIX MTPHIIOKEHHUI UMEET MEPBOCTEIIEHHOE 3HAUEHHE, TaK KaK
TENICKOMMYHUKAIIMOHHAS UHPPACTPYKTypa SIBISIETCS OJHOW M3 OCHOBHBIX Iiejed Juist kubepatak. [lms
MUHUMH3AIUKA  YyIpo3  WHPOPMAIMOHHON  OE30MacCHOCTH  TEIEKOMMYHHUKAIIMOHHBIX  CHCTEM
TPaTUIIMOHHO HCIIONIB3YIOT CIIEIYIOIIUE TOAXO0IbI:

1) 3amyck KOHTEHHEPOB B pexuMe 0e3 rOOt-pUBMIIETHH, YTO CHIDKAeT BEPOSTHOCTD
KOMITPOMETAIIMU CUCTEMBI;

2) mpuMeHeHue TOoNMUTHK Oe3omacHocTr SELINUX wimu APPArmor ajsi orpaHHYCHHs TOCTymHa
KOHTEHHEPOB K CUCTEMHBIM pecypcam;

3) perynsipHoe CKaHMpOBaHHWE OOpPa30B KOHTEHHEPOB Ha YA3BUMOCTH C HCIIOJIb30BAHUEM
WHCTPYMEHTOB, Takux Kak Clair wim Trivy.
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OTU Mepbl MO3BOJSIOT CBOEBPEMEHHO BBIABIATh U YCTPAHATh IIOTCHIMAIbHBIE YIPO3BI,
oOecrieunBast HAACKHOCTh M 3aLIUTY HHOPACTPYKTYPHI.

KnroueByro ponb B TEIEKOMMYHMKALMAX MMEET HHTErpalys KOHTEHHEPOB C KOHUEMIMSIMU
Buptyanuzaimuu ceteBbix ¢yHkuuid (NFV) u mporpammuo-onpenensemsix cereit (SDN). 3xech
KOHTEWHEPbI IPUMEHSIOTCS Ul peaau3alii BUPTYyaJIU3UPOBAHHBIX CETEBbIX (DYHKIMH, TAKMX Kak:

- BUpTyanu3upoBanHoe nakeTHoe siapo (VEPC), obecnieunBatomiee 00paboTKy Tpaduka B CETIX
4G u 5G;

- cucteMsl ynpasienus nonutukamu (PCRF), perynupytomue 10cTyn K cepBrcam;

- IOJICUCTEMBI MyJIbTUMEINHHBIX yeiyT (IMS), nogaepkuBatroliyie rojlocoBble U BUAECOCEPBUCHI.

Oty (QyHKIMM 3aMEHSIOT TPATUIMOHHBIC allapaTHhIE PEIIEHUs, YTO TOBBINIAET THOKOCTh U
CHIJKAET dKCIUTyaTalMoHHble pacxoabl. MHTerpauus ¢ SDN obecnieunBaeT JuHaMU4YecKoe yIpaBiIeHHUE
CETEeBBIMHM TIOTOKAMHM, YTO OCOOCHHO BaXHO aisi ceteir 5G, rae TpeOyercss ObicTpas ajganrtamus K
U3MEHSIOIUMCS yclloBusIM Tpaduka [7]. Hampumep, KOHTeHHEpU3UPOBAaHHbBIE MPHIIOKEHHUS MOTYT
ABTOMATHUYECKH MEPepacIpeiesIATh PECYPChl IS MOMCPKKH HOBBIX YCTPOMCTB MM CEPBUCOB, TAKHX
KaK aBTOHOMHBIE TPAHCHIOPTHBIE CPEJCTBA MIIM UHPPACTPYKTYPa YMHBIX TOPO/IOB.

Takum 00pa3oM, KOHTEHHepHU3aIHs MO3BOJISIET OIeparopaM OBICTPO pearupoBaTh Ha HOBBIE
TpeOOBaHUs, COXPAHAA BEICOKYIO IPOU3BOAUTEIBHOCTD U HAJIE)KHOCTh CETH.

4. IIpuMepbl NpUMEHEHUS] KOHTEHHEPU3AUMH B TEJIEKOMMYHMKAIIMOHHON HH(PpPACTPYKTYpe

PaccmoTpuM HEKOTOpBIE 3ajgaud, Ui pEIICHUS KOTOPBIX HCIONB3YIOTCS TEXHOJIOTHH
KOHTEWHepU3aLuu.

1) Pa3sepreiBanue sapa cetu 5G, mwis oneparopoB. i penieHus: JaHHOW 3aJadil ONEepaToOphI
cotoBoii cBs3u Telefonica u Verizon, ucnons3ytor miaardpopmy Kubernetes, mpenoctasisromnryto
KOHTEIHEpU3UPOBAHHBIC CeTeBbIC ()YHKLUSMHU yIpaBieHus, B ToMm yucie, User Plane Function (UPF),
obecreunBaromasi 00pabOTKy IMOJIb30BATEILCKOrO ceTeBoro tpaduka. OrmeruMm, yro Kubernetes
MO3BOJIIET B 3aBUCUMOCTU OT HAarpy3ku auHamuuecku macmrabuposats UPF, uto siBisercs Becbma
Ba)XHBIM B IE€PUO/IbI TIMKOBOIO NOTPEOIEHUs, HAIPUMED, BO BpeMsl KPYIHBIX MEPONPHUATUN WU MPU
PE3KOM pOCTe YKClia MOAKIIOYEHHBIX YCTPOUCTB [8][9].

2) JluHaMuueckoe MacITabupoBaHHe CEpPBUCOB. B ycioBusx pocta Tpaduka KOHTEHHepU3alus
(manmpumep, Docker u Kubernetes) mosBosisser OBICTPO pa3BepTHIBATH M MACIITAOMPOBATH CEPBHUCHI.
OpkecTparoppl ~ aBTOMaTHMYECKH  JOOABIAIOT  WIM  YIANsAOT  KOHTeHHepsl, oOecreuuBas
0TKa30yCTOMYMBOCTH U 3((HEKTUBHOE UCIIOJIB30BAaHUE PECYPCOB 0€3 MPOCTOEB.

3) ABTomMaTH3aIKsi OOHOBJICHHI MPOrPAMMHOIO OOECICUCHHUS, ISl KOTOPOH HCIONB3YHOTCS
mexanu3Mbl  rolling updates wu blue-green deployment, MuUHHMH3MpYIOIIHE TPOCTOM CETH U
o0ecreynBaroIue HeMPEepbIBHOCTh MPEJOCTaBICHUS YCIYT (UTO 0COOEHHO BakHO s ceteit 5G, rue
TpeOOBaHUS K HAJIS)KHOCTHU U 3aJIEPIKKaM UpE3BBIYAIHO BHICOKH)

4) NHTterpaiyss HOBBIX (DYHKIHUI B CYLIECTBYIOIIHE CHUCTEMbI. «MOHOIUTHBICY» OHJUTMHTOBBIC
1aThOPMBI CJIOKHBI B OOCTY)KHBAaHUHA W MOJCPHHU3AINU, YTO 3aTPYAHSET BHEAPEHHE B HUX HOBBIX
¢yHkuuit. OJHAKO TEXHOJOTHs KOHTEeHHepH3alus MO3BOJISIET JEKOMIIO3UPOBAaTh TaKUe CHCTEMBbl Ha
HE3aBUCHMBIE MUKPOCEPBUCHI, KOKIBIH M3 KOTOPHIX BBHIMOJHSET ONPEACICHHYIO 3a/1ady, Hampumep,
pacuet Tapu¢oB, 00pabOTKy IIaTexeil, ynpaBieHue KIMEHTCKUMHU JaHHBIMU U T.JI.

K mpenmy1iecTBaM MHUKPOCEPBUCHON apXUTEKTYpPhl B OMJUTMHTOBBIX CUCTEMaX CIIEAYET OTHECTH
BO’KMO>KHOCTH:

- U30JIAIIUN KOMITIOHEHTOB JIJIS TIOBBIIIICHHS HA/ICKHOCTH;

- YCKOpEHHUs pa3paboTKU U TECTUPOBAHUS HOBBIX (DYHKITHIA;

- CHIDKEHHUS 3aTpat Ha 0OCTYXKMBAHHE 32 CUYET MOJTYJIbHOCTH.

JlaHHBI MOJIXOA yHpolaeT pa3paboTKy, YCKOpSeT pa3BepThIBaHHE OOHOBICHHH W MOBBIIIACT
OTKa30yCTOMYMBOCTH, TaK KaK COOH OJHOTO MHUKPOCEpBHCA HE MPUBOJNUT K OCTAHOBKE BCEH CHCTEMBI.
KonreitHepsl, ynpaBimsemble ¢ mnomouipo Kubernetes wmnmm Podman, obecneunBator rubkoe
MacmTaOupOBaHKUE OTIEIBHBIX MHKPOCEPBUCOB B 3aBUCHMOCTH OT Harpy3KH.

[Tpumenenne Kubernetes B 5G-ceTsx 1eMOHCTPHPYET CIEAYIOIINE BO3ZMOKHOCTH:

- aBTOMAaTHYECKOE PACIIPEICIIEHUE PECYPCOB TSI CETEBBIX (DYHKITHIA,

- OJIIeP>KKa BBICOKOM OTKa30yCTOMYHMBOCTH Yepe3 PEIIMKAIINI0 CEPBUCOB;

- THOKO€ yTpaBiIeHne KOHQUTYpALUIMH depe3 JeKIapaTUBHBIA TIOIXO/I.
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[IpuBeneHHBIE TPUMEPHI CBHICTENBCTBYIOT O TOM, YTO KOHTEHHEpH3alMs JaeT BO3MOXKHOCTh
c/enaTh TeIeKOMMYHHMKAlMOHHbIE UHPPACTPYKTYphbl (5G-ceTn M OMIUITMHTOBBIE CHCTEMBI), Aemasi ee
Ooslee aganTUBHBIMM W yCTOWYMBBIMH, M, OOecHeyMBaeT, 3a CYET OJTOr0 IOBBIIICHHUE
MPOU3BOIUTENFHOCTH TEJIEKOMMYHHUKAIIMOHHBIX CEeTeH, CHM)KEHUE SKCIUTyaTallMOHHBIX PACXOA0B U
HOBBILICHUS HAIEKHOCTH UX (PYHKIIMOHUPOBAHUS B YCIOBHUIX BBICOKUX HArpy30K, 4TO JEIaeT JaHHII0
TEXHOJIOTHIO KITFOUEBBIM HHCTPYMEHTOM COBPEMEHHOHN TeJIEKOMMYHHUKAIIMOHHOW SKOCUCTEMBI.

3akiaro4enue

KonreitHepu3anuss Ha 0a3e omepanuoHHbIX cucteM LiNUX mpeacraBiser coOOM MOIIHBIN
UHCTPYMEHT, TPaHC(HOPMUPYIOMNN HHPPACTPYKTYPY OMEPATOPOB COTOBOM CBSI3U. TEXHOIOTUH, TaKue
kak Docker, Kubernetes, Podman, LXC u OpenShift, obecnieunBaroT ruOK0oCTh, MaCIITaOUPYEMOCTh U
BBICOKYIO TPOHM3BOJUTEIBHOCTh, HEOOXOAMMBIE IJsl YIOBIETBOPEHUS COBPEMEHHBIX TPeOOBAaHUI
TEJIEKOMMYHUKALIMOHHON OTpaciu. DTH peUIeHHs] MO3BOJISAIOT omneparopaM 3((EeKTHUBHO YIpPaBIIAThH
CIIOXHBIMU CETEBBIMH (DYHKIMSIMU, MHHUMH3HPOBATH 33JepKKH M 00ecrevnBaTh HAJACKHOCTD
cepBucoB, Takux kak 5G, VOLTE wu l0T, B ycnoBHsX cTpeMUTENBbHOTO pocTta Tpaduka M uucia
MOJKITIOYEHHBIX YCTPOUCTB.

Opnnako BHeJpeHHE KOHTEHHEpU3AIMH COMPSKEHO ¢ HEOOXOAMMOCTBIO PEUICHHs LEI0ro psanaa
npo0iieM, B TOM YHCJIE:

- HeOOXOJIMMOCTBIO MHTETPALIUU C CYIIECTBYIOIIUMU CUCTEMaMH, YTO TpeOyeT 3HAYMTEIbHBIX
YCUJIMI U aJlanTaluu;

- He0OOXOIMMOCTBIO OOecrieueHus: 0e30MacHOCTH KOHTEMHEPOB B YCJIOBHSIX BBICOKHX PHCKOB
KuOepaTax;

- HeOOXOIMMOCTBIO ~ YIPABIEHUS  CIOKHOCTbIO  KJIACTEPOB  NPU  MacIITaOHpPOBAaHUU
UHPPACTPYKTYPHI.

Jns mpeononeHuss 3THX BBI30BOB oOlepaTopaM HEOOXOAMMO HWHBECTUPOBATH B OOyYCHHE
NepCoHaNa, ONTUMH3AIMIO KOH(UTYPAIIUil 1 UCTIOIB30BaHUE TIEPEIOBBIX HHCTPYMEHTOB MOHUTOPHHTA
u OesomacHoctu. JlanbHeiue wucciaenoBaHUST MOTYT OBITh HalpaBIeHBl Ha Ppa3paboTKy
CHCIUAIM3UPOBAHHBIX PEIICHHUH I TEJICKOMMYHHUKAIUN, TAKUX KaK ONMTHMH3UPOBAHHBIC siipa Linux
JUISl KOHTEWHEPOB MIM YCOBEPIICHCTBOBAHHBIE MOJXOJbl K OPKECTPAllUd KOHTEHHEPOB B YCIOBUSX
cereit 5G u 6G.

MOXHO 0XUAATh, YTO TEXHOJOTHS KOHTEHMHEpPHU3alUU MPOIODKUT UIPaTh KIIOUYEBYIO POJIb B
JATbHEHNIIEH YBOTIOIMH TEIEKOMMYHUKAITMOHHBIX CHCTEM, 00ECTIeYMBasi BO3MOXXHOCTh MX aJIalTalliH
K HOBBIM BO3HMKAIOIIMM TEXHOJIOTHYECKUM MPOOIeMaM.
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I'.O. Cumakos, A.A. Kouypos, P.A. Ckyaxos, C.B. Kopmaxkos, /I.LK. Sixkumos, A.E. Kamenckon
NCCIEAOBAHHUE CETEBOI'O TPA®UKA

VYpabckuii TEXHUYECKUH MHCTUTYT CBs3M B nHpopMatuku (pumrain) PI'bOY BO «Cubupckuit
rOCy/IapCTBCHHBIN YHUBEPCUTET TEICKOMMYHUKAIIUN U MHPOPMATHKW» B T'. EkarepunOypre
(YpTHUCH Cubl'YTH), Poccus

KiroueBnie crmoBa: BpemoHOCHBIM Tpaduk, DDoS-araku, MammHHOE OO0ydeHue, perpeccus,
pematonue aepeBbs, kinacrepusanus, garacet CIC-1DS2017.

[lenbto TaHHOTO HCCIENOBAHUS SIBISIETCS BBISIBICHUE KOPPEISLMOHHBIX B3aUMOCBS3EH MEXIy
BPEIOHOCHBIM U JIETUTHUMHBIM CETEBBIM TPA(PUKOM JIsl yIIydlIeHHUs: METO10B OOHAPY KEHHsI aHOMaJIHH.
B pabore ucnonw3oBan maracer CIC-IDS2017, conmepxamuii 80 mpu3HAKOB CETEBOrO Tpaduka,
BKJIIOYAs YeTbIpe THUIA BPEIOHOCHOM akTHMBHOCTH: DDoS-araku, BeO-aTaku, CKaHUpOBaHHE MOPTOB
(PortScan) m OGor-akTHBHOCTH. KOppeNsIMOHHBIN aHalW3 TPOBENEH C NPUMEHEHHUEM METPHUKHU,
JIarna3oH 3HaueHU KoTopoi Bapeupyercs ot 0 (oTcyTcTBUE KOppesuun) 10 1 (1moaHast Koppensuus).
[Tpusnaku c koppensuueil MeHee 5% HUCKIIOYEHBI U3 JAJIBHEHIIEro aHaliu3a Kak HE3HauuMble, a
nokazarenu cBbiue 10% mpu3HaHBl KIOYEBBIMM Ul WACHTU(UKAUK yrpo3. PesynbraTbl
BU3YaJIM3UPOBaHbl B BUE IpapUKOB, IEMOHCTPUPYIOLUIUNX CTENEHb BIUSHUS Ka)JJI0r0 THIA aTaKu Ha
JeruTUMHBIN Tpaduk. VccnenoBanue BbIABUIO HAOOP BBICOKO KOPPEIUPYIOUUX MPU3HAKOB, KOTOPHIE
MOTYT OBITh NCIIOJB30BAHBI JUIsI AITOPUTMOB KJIACCH(PHUKAIINY BPEJOHOCHOH aKTUBHOCTH.

G.O. Simakov, A.A. Kochurov, R.A. Skulkov, S.V. Korshakov, D.K. Yakimov, A.E. Kamenskov
NETWORK TRAFFIC RESEARCH

Ural Technical Institute of Communications and Informatics (branch) of the Siberian
State University of Telecommunications and Informatics in Yekaterinburg
(UrTISI SibGUT]I), Russia

Keywords: malicious traffic, DDoS attacks, machine learning, regression, decision trees,
clustering, dataset CIC-1DS2017.

The aim of this study is to identify correlation relationships between malicious and legitimate
network traffic to improve anomaly detection methods. The research utilizes the CIC-1DS2017 dataset,
which contains 80 network traffic features, including four types of malicious activity: DDoS attacks,
web attacks, port scanning (PortScan), and bot activity. The correlation analysis was performed using a
metric whose values range from 0 (no correlation) to 1 (full correlation). Features with a correlation
of less than 5% were excluded from further analysis as insignificant, while those exceeding 10% were
identified as key indicators for threat detection. The results were visualized in the form of graphs
illustrating the degree of influence of each attack type on legitimate traffic. The study revealed a set
of highly correlated features that can be used for classifying malicious activity in machine learning
algorithms.

CoBpemennble kuOeparaku, Takue kak DDoS-aTaku, ckaHHpoBaHHME MOPTOB W BHEIPEHUE
OOTHETOB, MPEJCTABISAIOT CEPhE3HYIO YIpo3y Ul ceTeBoil nHppacTpykTypsl. HecMoTpst Ha pa3Butue
METOJIOB OOHapy>KeHHs aHOMaJlui, 3J0yMBIIUIEHHUKU aKTUBHO OOXOISAT CHCTEMBI 3alllUThI, YTO
YCIOXKHSET €ero uAeHTU(UKauioo. B 3TOH CBA3M KPUTHUYECKHM BaKHBIM CTAHOBUTCS aHAJIHU3
KOPPEJSIIMOHHBIX CBSI3€M MEXJy XapaKTepUCTHUKaMH BPEIOHOCHOTO W HOpPMajbHOro Tpaduka,
MIO3BOJISAIOIINN BBIIEIUTh YCTOMYUBBIE MAPKEPHI LI JETEKTUPOBAHUS YIPO3.

[lenbro JaHHOHM CTaThU SABJIAETCS UCCIEIOBAaHME CETEBOIO BPEIOHOCHOIO TpadukKa Ha Haludue
KOPPENSIUOHHBIX TPU3HAKOB BPEJOHOCHOTO U JIETUTUMHOTO TpaduKa.
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Jns ananmsa ncnonb3oBaics gatacet CIC-IDS2017. B gatacere uMeroTcss JaMOBI JISTHTUMHOTO
u BpeaoHocHoro Tpaduka. Tpaduk nmeer 80 mpU3HAKOB.
Koppensmus mpon3BouTcst B CpaBHEHUH BPEIOHOCHOTO TpadUKa v JIETUTUMHOTO 110 YPaBHEHHIO
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['me nuanaszon 3naveHuii ot 0 10 1. 0 03HaYaeT He KOpPETUPYIONINE MPU3HAKA MEX Ty CO00i. 1 —
9TO MOJIHAS KOPPESILHS IPU3HAKOB.

Koppensimust Oblia mpou3BeZieHa Ha KaKABIH TUN BpeqoHOCHOro Tpaduka. Bcero Obio
npoaHaau3upoBaHo 4 Tuma Bpegonocuoro tpaduka: DDOS, WebAttacks, PortScan, Bot.

Hy>xHO OTMETHTB, YTO CeTeBOU TpauK — STO HEOJAHOPOIHAS Cpelia, KOTOPhIE MOTYT UMEThH B ce0e
3alIyMJIeHHbIEe AaHHbIE. [[Jig 3TOro yciloBUMCS, YTO MPHU3HAKU, KOTOPbIE KOPPEIUPYIOT MEXIY coOOM
MeHee yeM Ha 5% SBIAI0TCS He3HAaYUTEIbHBIMU Ha JAJIbHENIINN aHaIN3.

Ha pucynke 1 npenocraBinen rpadux 3aBucumoctd DDOS-ataku Ha nerutumubsiii Tpaduk. 13
rpaduka OTMEUYCHO SIBHASI KOPPEIIUS CIEAYIONNX Mpu3HakoB: CpeqHuii pa3mep makeToB 00paTHOTO
Tpaduka, CpenHuil pasmep cerMeHta B oOpaTHOM HampaBlieHUU Tpaduka, MakcuMalabHBIA pasmep
nakeroB oOparHoro tpaduka, CTaHAapTHBIA pa3Mep MakeToB oOpatHoro Tpaduka, CpenHuii pazMep
MaKkeToB, YCcpeAHEHHBIN 00BEM JAaHHBIX B maketax, CTaHIapTHBIN pa3Mmep MmakeToB, MakcuManbHBIN
pasmep nakeToB, Mi3MeHUnBOCTh JUIMHBI TakeToB, KomndecTBo makeroB ¢ ¢uiarom PCH, CrangapTHbIii
MEXIMAaKETHBIH MHTEpBaN B MoToke, CpeaHMil MEXIAKEeTHBI MHTEpBall B MOTOKe, MaKcUMallbHbII
MEKIAKETHBI MHTEpBAJ MPSIMOTO Tpaduka, MaKCHMaIbHBI MEXKIIAKETHBI WHTEPBAI B IOTOKE,
Hcxoanslii pa3Mep OKHA Niepeaadn AJisg OTBeTHOTo Tpaduka, KonndyecTBo makeToB B CEKyHIY B MPSIMOM
HanpaBieHuu Tpaduka, KonndecTBo makeToB B CEKyHIy B IMOTOKE, MUHUMAIbHBINA pa3Mep Makera B
npsimoM Tpaduke, CpeqHU MeKIakeTHbII HHTEepBal obpaTHoro Tpaduka, KonmnyectBo daros PSH B
npsMoM HampasieHuu Tpaduka, KommuectBo naketoB ¢ ¢guarom SYN, CraHmapTHBIH MEXITaKeTHBIN
uHTEpBaNl oOpaTtHOro Tpaduka, MakCHUMAallbHBI MEXIAKEeTHbIM HHTEpBal o00paTHOTO Tpaduka,
CranmapTHBIA pa3mMep makeToB npsiMoro Tpaduka, COOTHOIIEHNE BXOAAIIETO U UCXOIAIIETO Tpaduka,
CymMmapHoOe BpeMs MEeKIIaKeTHBIX UHTEPBAJIOB B 0OpaTHOM HampasieHuu Tpapuka, KonnyectBo 6aiT
B MpSMOM mojnoToke, OOImmii pa3Mep MakeToB B MPsSIMOM HarpaBiieHuu Tpaduka, CpeqHuid pazmep
nakeToB B mOpsMoM Tpaduke, CpenHuil pa3Mep cerMeHTa B MpsSMOM HalpaBlieHHMH Tpaduka,
MuHuManbHbI pa3Mep MakeToB oOpaTHOro Tpapuka, MUHMUMalbHBIM pa3Mep CEerMeHTa B MPSIMOM
HarfpaBieHuu Tpaduka, MuHUManIbHbIN pazmep nakera, KonudectBo nmaketoB ¢ ¢uiarom URG, Ilopt
Ha3zHAueHUs. DTO 03HAYAET, YTO B JAaHHBIX MPU3HAKOB MMeeTcs siBHOe BnusiHue DDOS-araku B cetn.
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Koppenaums DDOS

Puc. 1 — I'pacduk xoppensiunu DDOS.

Ha pucynke 2 npenocrasieH rpaduk 3aBucumoctu WebAttacks na nerutumusiii Tpaduk. 13
rpaduka OTMEUEHO SIBHAsI KOPPETAIUS CIEAYIOMUX MPU3HAKOB: VICXOIHBIN pa3Mep OKHA Mepeaayu s
orBetHOrO Tpaduka, KommuectBo makeroB ¢ ¢imarom PCH, McxomHblii pasmMep OKHA Tepenavd IS
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oTmpaBHOro Tpaduka, MHHUMAIBHBIM pasMep CerMeHTa B IIPSAMOM HalpaBieHWH Tpaduka,
COOTHOIIICHHE BXOJIAIIEIO M MCXOAAIIEro Tpadguka. ITO 03HAYAET, YTO B JAHHBIX MPHU3HAKOB HMECTCS
sBHOe BiaussHue WebhAttacks B cern.

Koppenauua WebAitacks

Puc. 2 — I'pacdux koppemsiunu WebAttacks.

Ha pucynke 3 mpenocraBneH rpaduk 3aBucumoctu PortScan na nerutumsbslii Tpadux. U3
rpadpuka OTMEYEHO SIBHAS KOppeNsUs CIEAYIOUIMX Mpu3HakoB: KonmuecTBo makeToB ¢
ycraHoBieHHBIM (utaroM PSH, MuHnMambpHbIH pa3Mep cerMeHTa npu npsmMoii nepenade, CooTHOIICHHE
BXOJIAIIEr0 U ucxoasmero tpaduka, Mcxoansiit pazmep okHa (B 0aiiTax) B HampaBiICHHH KIWEHTA,
CkopocTh Tepenadyu IMMakeToB B oOpaTHOM HampapieHuW, KomuwdectBo maketoB ¢ (marom FIN,
CyMmmMmapHas AjiMHa 3aroJIoBKOB oOpaTtHoro tpaduka, MakcumanbHOE 3HaYeHHEe akTUBHOCTH, CpenHee
BpeMsI MEXJIy NakeTaMu B 0OpaTHOM Tpaduke, AKTUBHBIC MAKETHl MPH MPSAMON mepenade tpaduka,
Cpennee BpeMs MEXIy MakeTamMH B MPSMOM HampaBieHHH Tpaduka, Pazmep 3aroioBkoB MakeToB B
npsIMOM HampaplieHuu Tpaduka (Merpuka 1), J[muHA 3aronoBka B MPsSMOM HampaBlIeHUH Tpaduka,
OO0uwmii pa3mep makeToB B MPsSMOM HampaBieHuH Tpaduka, KomuuecTBo 6alT B MpsSMOM HOJNOTOKE,
[Takersl mpsiMoro Tpaduka B moanoToke, OOIee KOIMYECTBO MAKETOB B MPSIMOM HaIlpaBJIEHUU
tpaduka, KonnuecrBo nakeros ¢ ¢arom SYN, KonuuectBo ¢uiaroB PSH B mpsimom HampasieHUH
Tpaduka, McxomHslii pasMep OkHa mepemadyd Juisi oOpatHoro Tpaduka, CpeaHHl MEKIaKeTHBIN
MHTEpPBal B NMOTOKE, CTaHJapTHOE OTKJIOHEHWE MEKIAKETHBIX MHTEPBAJIOB B NOTOKe, CTaHmapTHOE
OTKJIOHEHHE MEXIAKETHBIX MHTEPBAJIOB B OOpaTHOM HampaBieHUHM Tpadpuka, HanmeHnbmuii nepuon
Oe3neiicTBusl, MakcUMalbHBIH MEXKIIAKETHBIW HHTEpBal B OOpaTHOM HampaBieHMM Tpaduka,
HauGonpmmit  mepuwon  Oe3nmelicTBus, YcCpenHEHHBIM mepuoj OesnedcTBus, MakcuMallbHBIN
MEXIIaKEeTHBI HHTEpBAJ B MIPSIMOM HampasieHuu Tpaduka, CTaHIapTHOE OTKIOHEHHE MEXITAKEeTHBIX
MHTEPBAJIOB B NPSIMOM HampaBieHUH Tpaduka, MakcuManbHbI MEKINAKETHBIM MHTEPBaJl B MOTOKE,
N3MeHunBOCTh NIMHBI NakeToB, CTaHIApTHOE OTKJIOHEHHE JUIMHBI IIAaKETOB B IIPSIMOM HaIlpaBJICHUU
tpaduka, KommuectBo makeroB ¢ ¢uarom URG, CymmapHOe BpeMsi MEXKIIAKETHBIX HMHTEPBAJIOB B
oOpatHOM HampaBieHun Tpaduka, CyMMapHOe BpeMs MEXIIAKETHbIX HWHTEPBAIOB B MPSIMOM
HanpasieHuu Tpaduka, [IponoKUTENBHOCTh MOTOKA, MakcumalibHas JUIMHA MakeTa B MPSMOM
HanpaBieHuu Tpaduka, CTaHAapTHas JJIMHA NakeTa B oOpaTHOM HampasieHuu Tpaduka, Cpeanuit
pa3Mep cerMeHTa B IpsSIMOM HarpaBiieHuu Tpaduka, CpeHnii pa3mep NakeToB B IPSIMOM HarpaBiIeHUH
Tpaduka, MakcUMaIbHBI pa3Mep MakeToB B OOpaTHOM HarpaBlieHHMH Tpaduka, MakcuMallbHbINA
pasmep nakera, CTanmapTHBIN pa3mep naketa, CpeHHUA pa3Mep CerMeHTa B OOpaTHOM HaIlpaBJIeHUU
Tpaduka, CpenHuil pa3mMep MakeToB B 0OpaTHOM HampasjieHuu Tpapuka, CpeaHuil pazmep MakeTos,
KomngectBo makeroB ¢ ¢umarom ACK, MwuHHManbHBIA pa3Mmep TakeToB TpsMoro Tpaduka,
VYcpenuénuplii 00bEM JaHHBIX B MakeTax, MHHHUMAaNbHBIA pa3Mep IMakeToB oOpaTHOro Tpaduka,
MuHuMaNbHbIN pa3Mep MakeToB. JTO O3HAYAET, YTO B JIAHHBIX MPU3HAKOB MMEETCS SIBHOE BIIMSHHE
PortScan B cetu.
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Keppenauya Ponscan

Puc. 3 — I'pacduk xoppemsimuu PortScan.

Ha pucynke 4 npenocrasien rpaguk 3aBucumoctd Bot Ha nerutumusiii Tpaduk. M3 rpaduxa
OTMEUYEHO SIBHOE OTCYTCTBHE KOPPEISIMH. JTO 03HAYAET, YTO HA JTAHHBIX OTCYTCTBYET BiusHue Bot B
CeTH.

KoppenAuws Bot

Puc. 4 — I'pacuk xoppemsinuu Bot.

B nanHOW craThe OBUIO BBISABICHBI KOPPEIUPYIOLIME NPHU3HAKU BPEIOHOCHBIX TPa(pHUKOB C
nerutuMHbIM. [Ipu3Haku, koTopsie BIustOT He 6osee 10% TpedyroT naibHENIero uccae 0BaHusl.

[Ipusnaku, KoTOpbIe KOppenupyroT 6onee yeM Ha 10% OyayT HCIONIb30BaHbl B JajbHEHIIEM
HCCIIEJOBAaHUN PACIIO3HABAHUS BPEIOHOCHOTO TpaduKa.

CIIMCOK JINTEPATYPHI:
1) Canadian Institute for Cybersecurity. CICIDS 2017 Dataset [Dnektponusbiii pecype]. — Pexum
noctyna: https://www.unb.ca/cic/datasets/ids-2017.html (mata obpamenus: 27.03.2025).
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PACIIO3HABAHHME DDOS-ATAK C HIOMOIIBIO AJITOPUTMOB MAIIKMHHOTI'O
OBYYEHUA

VYpanbCcKkuil TEXHUYECKUI MHCTUTYT CBsi3U 1 uHpopmatuku (punuan) PI'BOY BO «Cubupckuit

rOCYJapCTBEHHBIN YHHBEPCUTET TEICKOMMYHHKAIMK U HH(pOpMaTHKK» B . EkarepunOypre
(YpTUCHU Cubl'YTN), Poccus

KnroueBbie cioBa: BpenoHOCHBIH Tpaduk, DDoS-araku, mammHHOe OOy4YeHHE, perpeccus,
pemiaronue aepeBbs, kinactepusanus, natacet CIC-1DS2017.

B cratbe paccMmarpuBaroTCs METONbl MAIIMHHOTO OOY4YEHHs [UIsl BBISABJICHUS BPEIOHOCHOTO
Tpaduka, B wactHoctm DDoS-arak. HccnenoBanme mnpoBoaunock Ha pgaracere CIC-1DS2017,
conepskaniem 6osee 50 mpu3HakoB. bbuin mpuMeHeHbl TPH METOa: Perpeccusi, penlalre 1epeBbs U
KJactepusanus. Pe3ynbTarsl MoKa3aiv, YTO METOJ| KJIACTEpU3AlMHU JIEMOHCTPUPYET HaMBBICUIYIO
TOYHOCTH (98,65%) B onpenenenun arak. CTaThs BKIIOYAET ONUCAHUE KAXKIOTO METO/1a, UX CPaBHEHHE
Y BBIBOJIBI.

G.O. Simakov, A.A. Kochurov, R.A. Skulkov, S.V. Korshakov, D.K. Yakimov, A.E. Kamenskov
DDOS ATTACK RECOGNITION USING MACHINE LEARNING ALGORITHMS

Ural Technical Institute of Communications and Informatics (branch) of the Siberian
State University of Telecommunications and Informatics in Yekaterinburg
(UrTISI SibGUTI), Russia

Keywords: malicious traffic, DDoS attacks, machine learning, regression, decision trees,
clustering, dataset CIC-1DS2017.

The paper discusses machine learning techniques for detecting malicious traffic, in particular
DDosS attacks. The study was conducted on the CIC-IDS2017 dataset containing more than 50 attributes.
Three methods were applied: regression, decision trees, and clustering. The results showed that the
clustering method demonstrates the highest accuracy (99%) in identifying attacks. The paper includes a
description of each method, their comparison and conclusions.

C pa3BUTHEM MHTEPHET-TEXHOJOIMH YBEIMYMBAETCS KOJIMYECTBO KHOEPYrpo3, cpelld KOTOPBIX
DDoS-ataku 3aHuMa0T ocoboe mecto. s mX OOHapyKEHHsT aKTUBHO TPHUMEHSIOTCS METOJIBI
MalMHHOTO OoO0y4yeHus. llenb NaHHOrO uccienoBaHMsS CPaBHUTh 3()(HEKTUBHOCTH TpeX METOMAOB:
perpeccum, pemamiiux AepeBbeB U Kiactepuszauuu Ha pgatacere CIC-IDS2017 [1][2]. B pabore
UCTOJIb30BATMCh HEMPOHHBIE CETU M aITOPUTMBI KIACCU(PHUKAIINM, a UX Pe3yJIbTaThl OLIEHUBAIUCH 110
TOYHOCTH, MTOJIHOTE U APYTUM METPUKAM.

B xkauectBe nartacera Obut BbiOpan CIC-IDS2017, conmepkamuii Kak JaHHbIE HOPMAaJIbHOTO
CeTeBOr0 Tpaduka, TaK W pa3IUYHBICE THUIBI BPEJOHOCHBIX BO3JICWUCTBHH, BKIto4yass DDoS-atakw.
Jatacer umeet B cebe 6omee 50 mpr3HAKOB.

bruta nmocTpoeHa marpuia KOppeisiuu, u300pakeHHas Ha pUCyHKe 1. 3HaueHUs KOppessiuH,
6nu3kue K 0, CBUJIETENBCTBYIOT 00 OTCYTCTBUU 3aBUCHMOCTH MEXy IPU3HAKAMU, TOTa KaK 3HaYeHHE
1 yka3bIBaeT Ha MOJIHYIO KOPPESIIHIO.

Bosnbliie Bcero KOppenupyroT cienyrollue MPU3HAKH: «CPeAHss JJIUHA HPUHATHIX MaKeTOBY,
«CpeAHMH pa3Mep MPHUHSITHIX CETMEHTOBY», «MaKCHUMallbHas JUIMHA MPUHSATHIX MaKeTOBY, «CTaHJapTHas
JUIMHA TIPUHSTOTO MaKeTa», «MeTKa». JlaHHbIe mapaMeTpbl ObUIM MCIOIB30BAHBI BO BCEX METOaX.

Ha ocHoBe HanGosnee 3HaUMMBIX MPU3HAKOB ObLIa OCTPOEHA HEHpPOHHAS CETh JJI peau3aluu
METO/1a PErpecCuu, UCIIOIB3yeMOT0 B 3ajjauax Kilaccuukanuu. ApXUTEeKTypa CEeTH BKIII0Yalia TPH CJIOS:
MepBhIi clioi - 64 HeipoHa ¢ ¢yHkumen aktuBanuu RelLU, BTOpoil - 32 HelpoHa C aHAJIOTHYHOU
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aKTHBAIlMeH, TPETUH - ONMH HEUpOH ¢ (QyHKIMEW akTuBauu Sigmoid, 9TO COOTBETCTBYET 3ajayue
Oounapnoil knaccudukammu (0 — HOpMmanbHBIA Tpaduk, 1 — DDoS-ataka). B kadectBe ¢yHKIMH
OIIMOKH MCIIOJIb30BAJIACh binary crossentropy, ONTHMHU3AIUS TPOU3BOIMIACEH C IOMOIIBIO aITOPUTMA
Adam. [3]

MaTpuLa KOpPenALMi Npu3HaKoB

1.00

Cp. AnUHa MPUHATEIX
naketos

Cp. pasmep npuHaToIx
cermeros

MaKc. SAMHa MpUHATEIX
naketos

CrangaptHas guna
NpuHATOrO NakeTa

MeTka -

U U g '
Cp. pnuma npunatox  Cp. pasmep npusATbix Make. pruma Cranpaprhan anuna MeTka
nakeros cermenTos NPUMATOIX NAKETOS  MDUHATONO NaKeTa

Puc. 1. CokpaiieHHas MaTpuLa KOPPEISLUI

OO0yuenne Mmoxenu mpooawiock B Tedenue 20 smox. Ilo pesynmpraTam oOydeHHs TOYHOCTH
cocraBmia 79% npu 3nadennn Gpynkun norepb 30%. [Ipu TectupoBaHuH TOYHOCTH cocTaBmuia 79%.
I'pacduku uctopun 0OyueHHs IPUBEICHBI HA prUCyHKe 2. [4]

I'pathmk ToyHOCTN Ipacvk noTepb

—— NoTepw Ha obyueru

——— MoTepw Ha Banuaaunn
0.925 064 P Aau

0.900 4

0.875 4

ToYHOCTH
o
@
&
S

0.825 4

0.800

0.2 4
—— TOYHOCTb Ha 0By4eHUu

0.775 { —— TouHOCTb Ha BanMAaLm

0.0 25 5.0 75 10.0 125 15.0 17.5 0.0 25 5.0 75 10.0 125 15.0 17.5
Snoxa Snoxa

Puc. 2. T'paduku rctopun o0ydeHns] MOJIENT HAa OCHOBE METO/Ia PErpecCHu

[Ipu TecTHpoBaHWMM MeTONIa perpeccHH ObUIa MOCTPOEHA MaTpWIla OUIMOOK, TOKa3aHHas Ha
pucynke 3. JIng tectupoBaHus OblI0 Hcnonb3oBaHo 45149 makeroB Tpaduka. V3 naHHON MaTpuIlsl
BUJHO, YTO MOJEJb BepHO Kiaccuduimponaia 19539 makeroB HOopmanbHOro Tpadguka u 16241
BpeoHOCHOTO. [Ipy 3TOM 5 makeTroB HOpMaibHOro Tpaduka ObUIM OMIMOOYHO OINpENEeNeHbl Kak
BPEIOHOCHBIE, a 9364 aTakyroMMX KaK JETUTUMHBIE.

Taxkum oOpa3oM Mmetona perpeccuu BepHo ompenenser DDoS-araky u HopmanbHBIH Tpaduk c
TOYHOCTELIO 76,02%.

HecMoTpst Ha OTHOCUTENBHO BBICOKYIO TOUHOCTh, METO/ PETPECCUH YCTYIIHII IPYTHM MOJIXOAAM.
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MaTpuua owunbok
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Puc. 3. Marpuna ommbok MeTo1a perpeccuu

ANTOpPUTM pelIAoNUX JePEeBbEB ObLI peaqn3oBaH C INIyOMHOH JepeBa, OTpaHUYEHHOM 10 MTH
ypoBHe# (pucyHok 4). bpuia monmydeHa maTpuiia ommOOK (PUCYHOK 5), OTpakaromias CIeIyroIIue
pe3ynbTaThl KJIacCU(PUKAUU: KOPPEKTHO pacno3Hano 25306 nakeroB HopMaibHOro Tpaduka u 38411
MakeToB, oTHocAmuXcst K DDoS-arakam. Ommbo4Ho KiaccuPUIMpoBaHbl 3956 MakeToB HOPMATBHOTO
Tpauka kak BpenoHocHble U 51 maker DDoS-araku kak HOopMmaibHbI Tpaduk. Beero B TectoBoit
BBIOOpPKE OBLIO 3a/1eiicTBOBaHO 64163 ceTeBbIX makeTa. [S]

Takum oOpa3oM MeToj pelaromiero jaepesa BepHo omnpenensser DDOS ataky u HOpMaibHBIHI
Tpaduk ¢ TO9HOCTHIO 94,08%.

Metoxa nokasan BbICOKYIO 3()(eKTHBHOCTh, 0COOEHHO B pacmno3zHaBaHuu DDoS-tpaduka, HO
HEMHOT0 YCTYINJI KJIAaCTEPU3ALUH 110 OOIIMM [TOKA3aTESIM.

BH3YaNUIAUMA PELIZIOUIETo epena (NepRke 2 YpoRKa)

rossapras v e reveros < — 1297585
491

wavemn = (68316, 32617]
wnace = Normal

e = [9202, 32484]
DDOS

Puc. 4. Pematomiee nepeso
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Puc. 5. MaTpuria ommbO0K peniaromnero aepesa



JUid MeTofa KiacTepu3aluy NpPeABapUTENbHO INMPUMEHSICS METOJ JIOKTSA Ul ONpeAcieHUs
ONTUMAJILHOTO KOJIMYECTBa KiacTepoB. ONTUMaIbHOE KOJIMYECTBO KiacTepoB coctaBuio 10. I'padux
METO/a JIOKTS ¥ BU3yalM3alus KJIacTepoB IPUBEAEHBI HA pUCYHKax 6 u 7. [lyig mocTpoeHus Mojenu
ObUTa MCIIONb30BaHAa HEWPOHHAsI CETh C apXUTEKTYpO M3 TPEX CIOEB: mepBbIi cinoil comepxan 128
HelpoHOB ¢ (yHkumer aktuaruu RelLU, BTOpo#t cioit — 64 HelipoHa ¢ aHAJIOTMYHOW (YHKIMEH
aKTHBAILlUM, TPETUH ciiod - 1 HelpoH ¢ dyHkumeit aktuBanuu Sigmoid. B kadecTBe onTuMuzaropa
npuMensiack ¢yHkius Adam, pacuer motepb ocymiecTBIsUICs (GyHKIMEH binary_crossentropy, mis
OTIpeNieNIeHns] TOYHOCTH HCIIONIb30Baiachk (yHKIus accuracy. OOydeHue Mojaenu MpOBOAMWIOCH Ha
npoTsikeHuu S0 31ox.

1e6 MeToa NOKTA ANA oNpefeneHus onTMManbHOro YUCa KNacTepos

w IS e

BHYTPUKNACCOBaR CyMMa KBaAPaTOB

N

KOoNn4ecTso KnacTepos

Puc. 6. I'paduk onpeaeseHust ONTUMAIBEHOTO YKCJIa KIaCTEPOB.

Bu3yanu3sauua KNacTepos ¢ NOMOLLbIO METOAA FNaBHBIX KOMNOHEHT

BT0pas rNaBHas KOMNORENTa
°

-5
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-15

0.00
0 10 20 30 40

Mepsas rN1asHas koMnoKeHTa

Puc. 7. Busyanuzaius kiactepos

[To utoram oby4eHuss TOUHOCTh cocTaBuia 98% mpu 3HaueHun GyHKuUU norepb 4%. I'paduk
UCTOpUU 00yUYeHHs MOKa3aH Ha PUCYHKeE 8.

pacpuk TOUHOCTH Ipachuk noTepb
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Puc. 8. I'paduk uctopuu o0ydeHus: METOIa KITaCTEPU3AIIUU
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[TomydyenHnass maTpula OIIMOOK MeToAa KiacTepu3aluM, H300pakeHHass Ha pUCYHKE 9,
JEMOHCTPHUPYET  CIEAYIOIIME PpPe3yJbTaThl: KOPPEeKTHO KkiaccupumupoBano 29130 makeToB
HOpMasibHOTO Tpaduka u 37681 makeToB, oTHOCAmUXCsA K DDoS-aTtakam. Ommb0YHO KaK BPeTOHOCHBIC
ObuTH pacnio3HaHbl 186 makeToB HOPMaJILHOTO TpaduKa, a Kak HopMajbHbIe - 727 makeTtoB DDoS-aTak.
Bcero ucnonb30Banock npu TeCTUpPOBaHUH 67724 makeToB CETEBOTO Tpaduka.

Takum 00pa3oM TOYHOCTH OIpENEeNIeHUs] HOPMAIbHOTO Tpaduka u BpenoHocHo DDoS-ataku
cocraBuia 98,65%.

JlaHHBIA TOX0A MPOAEMOHCTPUPOBAT HAUBBICHIYIO OOIIYI0 TOYHOCTh M CTaOMIBHOCTH CPEIH
PaccMOTPEHHBIX METOJIOB.

MaTpuua ownbok
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MpenckasaHHblif Knacc
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Puc. 9. Marpuma ommbok MeToa KiIacTepH3aIny.

CBoaHbIE pe3ybTaThl OLIEHKH 3(PPEKTUBHOCTU TPEX METOAOB MIPUBEACHBI B Ta0MIIE 1.

Taomuua 1. CpaBHeHue MeTonoB kiaccudukaimu DDoS-aTak.

Precision F1-score
Merton (Normal) Recall (Normal) (Normal) Accuracy
Perpeccus 68% 100% 81% 79%
Pemaiomue 100% 86% 93% 94%
JIEpPEBBS
Knacrepuzauus 98% 99% 99% 99%

Mertopa perpeccuu rnokasai yJOBIETBOPUTEIbHbIE pe3yJIbTaThl, OJHAKO YCTYIHII IPYTUM METO1aM
10 TOYHOCTH. AJNTOPUTM pEIIAIONINX JEPEBHEB IPOJIEMOHCTPUPOBAT BBICOKYIO 3(PPEKTHBHOCTD,
ocobeHHo B pacmnoszHaBaHuu DDoS-tpaduka. Tem He MeHee, MeTOJ KiacTepU3alu OOeCeym
HAWBBICIIINE ITOKA3aTENIM TOYHOCTH U CTA0MIIBHOCTH, YTO JIEJIAET €T0 JYYIIUM BEIOOPOM ISl BHISIBJICHUS
DDoS-araxk.

Takum oOpaszom, st 3amad oOHapykeHHs BpemoHocHoro DDoS-tpaduka pexomeHmyeTcs
UCIOJIb30BaTh METOJI KJIacTepU3alllu.
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A.A. CTpeiaxkosB, B.B. Ycrumenko, A.U. IlanTeneituyk, JI.A. OBUMHHUKOB

UCCJEJOBAHUE HANPSI)KEHHOCTHU DJEKTPOMATHUTHOI'O MOJISA B
INOMEHEHUAX YpTHCH CuoI'YTU HA YACTOTAX 674 MI'Il X1 2112 MI'LY

VYpanbckuii TEXHUYECKUI HHCTUTYT CBSI3M U MHpopMaTuku (pumman) Cubupckoro
roCyJIapCTBEHHOTO YHUBEPCHUTETA TeJlekoMMyHuKaiuid u uadopmatuku (YpTUCHU Cubl'YTN),
r. Exatepun0ypr, Poccus

KunroueBble ciioBa: M3MEpEHMS, HANPSHKEHHOCTh 3JIEKTPOMArHUTHOIO IOJIsl, YPOBEHb CUTHAJA,
MOJIIPU3aIUsl, aHTEHHBI, YaCTOTHBIN AMAINa30H, TOYKU NpruéMa, TelIeBUCHIE, MOOUITbHAS CBS3b.

B Hacrosimiell craThe paccMOTPEHO UCCIIEJOBaHME, IOCBSIICHHOE OICHKE HaNpsKEHHOCTU
anekrpomarautTHoro B moMenieaussx Yp TUCH Cubl'YTU na wacrtorax 674 MI'mu 2112 MTI'n, ¢ nenbio
ofOecrieueHHs ONTUMAJIBHOTO MpHEMa CUTHAjla JUIs TaKUX TEJIEKOMMYHHMKAIMOHHBIX CHUCTEM, KakK
TeleBUACHUEe M MoOwWibHas cBsi3b. C momomplo crekrpoananu3atopa BAPC-IUJI2 u mepeHocHOro
npuémuuka Rohde-Schwartz EB200, Obutn mpoBeAcHBI H3MEPEHHS YPOBHS HANPSKEHHOCTH
AJIEKTPOMATrHUTHOTO TOJISI M COCTABIICHBI TEIJIOBBIC KAPThI JJIS BBISIBJICHUS 30H ONTUMAJILHOTO IpHUeMa
curnana. Ocoboe BHUMaHHE y/IEJICHO aHAIM3Y KOPPENLUU MEXy YPOBHEM MOMeX Ha dacTorax 674
MIm m 2112 MI'm m KadecTBOM OCCHpPOBOJHON CBS3U. Pe3ylbTaThl WCCIICOBAHHS ITO3BOJIST
pa3paboTaTh PEeKOMEHIAIMU 10 MHUHHUMH3AIUM HETAaTHBHOTO BO3JCHCTBUS MOMEX U OOECIEeYCHHIO
CTaOWIBHOM PabOTHI OECTIPOBOAHBIX CETEH B yUeOHOM 3aBE/ICHUM.

A.A. Strelkov, V.V. Ustimenko, A.l. Panteleychuk, D.A. Ovchinnikov

STUDY OF ELECTROMAGNETIC FIELD STRENGTH IN UrTISI SibGUTI
PREMISES AT FREQUENCIES OF 674 MHZ AND 2112 MHZ

Ural Technical Institute of Communications and Informatics (branch)
federal government institution of higher learning “Siberian State University of
Telecommunications and Informatics” (UrTISI SibGUTI),
Yekaterinburg, Russia

Keywords: measurements, electromagnetic field strength, signal strength, polarization, antennas,
frequency range, reception points, television, mobile communications.

This article discusses a study on the assessment of electromagnetic field strength in the premises
of UrTISI SibGUTI at frequencies of 674 MHz and 2112 MHz, in order to ensure optimal signal
reception for telecommunications systems such as television and mobile communications. Using the
BARS-PL2 spectrum analyzer and the Rohde-Schwarz EB200 portable receiver, measurements of the
electromagnetic field strength were carried out and heat maps were compiled to identify areas of optimal
signal reception. Special attention is paid to the analysis of the correlation between the level of
interference at 674 MHz and 2112 MHz and the quality of wireless communication. The results of the
study will make it possible to develop recommendations on minimizing the negative effects of
interference and ensuring the stable operation of wireless networks in an educational institution.

B ycnoBusix pacTymieid IJIOTHOCTH paanodieKTpoHHbIX cpeactB (POC) obecneuenue
ONTUMAJIBLHOTO MpUEMa CUTHANA SIBJISIETCSI KPUTHUECKH BaKHOW 3amaueil JUisl GyHKIMOHHPOBAHUS
COBPEMEHHBIX MH(OPMAIIMOHHBIX CHCTEM, OCOOEHHO B Y4EOHBIX 3aBEICHUSX, I'Zle OJHOBPEMEHHO
UCIONIb3yeTCsl  OOJbIIOE KOJIMYECTBO OOOpYNOBaHUS, T€HEPUPYIOUIETO 3JIEKTPOMArHUTHOE
n3iydeHue. JlaHHOe HccIe0BaHne HAalPaBIEeHO HAa OLEHKY YPOBHS HANPsSKEHHOCTH B MMOMEILEHUAX
YpTUCU Cubl'YTU Ha gacrotax 674 MIm m 2112 MIT, COOTBETCTBYIONIMX YacTOTaM,
UCTOJb3YEMBIM B COBPEMEHHBIX TEJICKOMMYHHMKAIIMOHHBIX CHCTEMax, TakuX Kak IH(poBoe
teneBuneHne cranaapra DVB-T/T2 u mobubHas cBsi3b cTanaapra 3G.
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Llenb uccnenoBaHUs 3aKIIOYACTCS B OL[EHKE YPOBHS HANPSHKEHHOCTHU 3JIEKTPOMAarHUTHOTO TOJISt
B nometieHusix YpTUCH Cubl'YTU u pa3zpaboTke pekoMeHJaIHii Mo 00eCreyeHHI0 ONTHMAIBLHOTO
npuéMa CurHasa ajsi NepeyrcIIeHHbIX PaIuoCIyk0.

W3mepeHus BBIMOTHSUIUCH ¢ ToMolbio komiuiekca BAPC T1JT 2 (puc.la) u Rohde-Schwartz
EB200 (puc. 16) [1]. Jdns nmpuema TB curaanoB vcmosib30Bajiach U3MEpHUTENNbHasA aHTeHHA [16-52,
JUTsl IpUeMa CUTHaJa COTOBOM CBsA3U u3MeputenbHas anteHHa MODUL «rmaBHUKY [2].

=L
q"?ﬁ‘? '
SWeey H 5

a) cTallMOHapHBIN criekTpoananu3atop bBAPC- 0) MmoOmpHBIN puemMHUK Rohde-Schwartz
112 EB200

Puc.1 — Hcnonb3zyeMmoe usmepuTenbHOE 000pyIOBHUE

a) u3MepuTenbHas anTeHHa [16-52 0) u3amepurensHas antenna MODUL HE200
Puc.2 — Hcnonbs3yemMoe aHTEHHBI

s wactotsl 674 MI'L, COOTBETCTBYIOLIEH MEPBOMY MYJIbTHIUIEKCY LIU(PPOBOTO TEIEBUICHUS
PTPC xapakTepHO HCIIOIb30BaHHE TOPU3OHTAIILHON MOJIIpU3alliy U 0oJiee MMPOKas M0JI0ca YacTOT
(8 MI'n), koTopast HeoOxoaAKMMa JUIs TIepeaayl U300pakeHUs] COBMECTHO co 3ByKoM. Hacrora 2112
MI11 cooTBETCTBYeT MOOWIBHON CBsi3u craHmgapra 3G, Jis KOTOPOH XapaKTepHO HCITOJIb30BAHUE
Kpocc-ronsgpu3anuu [3] u 3HaUUTEIHHO OoJiee y3Kasl Tojioca 4yacToT B ojfHOM KaHaie - 0,2 MI'w,
KOTOPOI OCTaTOUHO Ul NEpeJadyu TojI0CcoBOro Tpaguka. ApryMeHTOM B IOJIb3Y BbIOOpa JTAaHHBIX
YacTOT SIBJISIETCS UX PAcIpOCTPaHEHHOCTh CPEIU PSAOBBIX aOOHEHTOB, YTO MO3BOJISIET YTBEPKAATh
00 aKTyaJlbHOCTH MTPOOJIEMBI IJIOXOT0 CUTHANA TEJIEBUICHUS WM MOOUIILHON CBSA3H.

Hsmepenus L[TB nposoawinchk B KOPUAOPE € MEPBOrO IO YETBEPTBIM 3Ta)X IO CIEAYIOLIECH
cXeMe: pa3Mep HM3MepeHHOU obiacTu nmpuMepHo 3MeTpa Ha 6 METpoB, KOPUAOP pazOuBaeTcs Ha
sueiiku o 50 cm (puc.3). B kaxxnoi Touke GukcupoBaics ypoBeHb CUTHAIA MPH JIBYX OPUEHTAIUAX
AHTEHHBI — BEPTUKAJILHOM 1 TOPU30HTAIBHOM, YTO MO3BOJISET IPOU3BECTH aHAIN3 IO MOJIAPU3ALIUHU B
KaKJ0W Touke. Ha moyueHHBIX TaHHBIX CTPOSATCS TEIJIOBBIE KapThl, 10 KOTOPHIM OTCIIEKHUBAIOTCS
KauecTBO MpHEMa CUTHAJIa B PA3JIMYHBIX TOYKAX TOMEIIEHUS.
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Puc. 3 — TexHonorus BeIMOJIHEHUS U3MEPEHUI

[To pe3ynbpTaTam U3MepeHHi Ajig y100CcTBa aHaiu3a ObLIU MOCTPOEHBbI rpaduku. YToOb HMETh
OTOPHBIN YPOBEHb OTHOCUTEIHHO KOTOPOT'O0 MOXKHO OTCJIEKMBATH JTUHAMUKY M3MEHEHUS CUTHAJa
Oblla M3MEpeHa 3aBHCHUMOCTb YpPOBHS IIymMa, TO €CThb Ta YacTOTa, HA KOTOPOH HET HHUKAaKUX
HMCTOYHHUKOB U3IIy4eHHs. Pe3ynbTaThl IpUBEIEHBI HA PUCYHKE 4.

o

-10

YpoBeHb curHana, 4bMmKs
v

YpoBeHb curHana, gbmkB
5 &

-15 Homep paga -15 Homep papa
W-5-0 m-10--5 W -15--10 W-5-0 W-10--5 W-15--10
a) OpHUCHTAIUA HpHeMHOﬁ AHTCHHBI B 6) OpHUCHTaI A HpHeMHOP'I AHTCHHBI B
FOpHSOHTaHBHOﬁ noJiapusanuu BepTHKaJILHOﬁ MnoJjiaprusanuunu

Puc.4 — YpoBeHs paguonryma B HOMELIEHUH

CornacHo puc. 4 HaPsKEHHOCTD MOJISl paBHOMEpHAs!, HE 3aBUCHUT OT IJIOCKOCTH TMOJISIpU3aLiN
U niepeMeleH s NpueMHOM aHTeHHbI. CpeTHss HanpsHKEHHOCTH MO B 00€MX MIIOCKOCTAX COCTaBUIIA
munyc 9,3 1bMkB. Ota hopma pacnpenenenus curHaia NpuHsTAa 3a 3TaJIOH U JalbHENIIee CpaBHEHHE
OyZeT UMEHHO C HeH.

I'paduku uzmepenus curnana L{TB na yactore 674 MI'y Ha 1 sTa)ke mpUBEACHBI HA PUCYHKE 5.
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S © 10
£ -10 I-
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>-20 Homep paga £-20 Homep psaa

m0-10 -10-0 m-20--10 m0-10 -10-0 m-20--10

a) OpUEHTaLUsl IPUEMHON aHTEHHBI B 0) opHeHTaIMsI IPUEMHON aHTEHHBI B
TOPU30HTAJIBHOMN MOJISPU3ALNK HA yacToTe 674 BEPTUKAJIIBHON MOJIIpU3AlMK Ha yacTore 674
MI'n MI'g

Puc.5 — YpoBeHnb paaunoiryma B HoMeIIeHUU Ha 1 3Taxe

IIpocnexxuBaercs siBHasg 3aBUCHUMOCTb WM3MEHEHUS YPOBHS IO OT M3MEHEHUs IIOJIOKEHUS
npueMHoN aHTeHHbl. CpeAaHHMil YpOBEHb CHTHala BbIIIE YpPOBHS IIyMa. PasHuubl Mexay
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BEPTUKAJIBHOM U TOPU30HTAJILHOW MOJISIPU3AIMEN HET: CPEIHAS HAIPSAKEHHOCTD MMOJIs BEPTUKAIBHOU
nosispu3anuu MuHyc 4,7 1bMkB; B ropuzoHTanbHoi - Munyc3,6 n1bMKB.
AHanornyHas KapTHHKa HaOJII0AaeTCsl Ha BTOPOM dTaxke (puc. 6).
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m0-10 -10-0 W -20--10 m0-10 -10-0 -20--10
a) OpUEeHTaLUsI IPUEMHON aHTEHHBI B 0) opueHTAIs MPUEMHON aHTCHHBI B
TOPU30HTAJILHOW MOJISPU3alMK Ha YacToTe 674 BEPTUKAIBLHOM MOJSIPU3AIMY Ha yacToTe 674
MI'q MI'q

Puc.6 — YpoBeHb curnasia B MOMELIEHUHU Ha 2 3Taxe

[IpocnexxuBaercs siBHasg 3aBUCHUMOCTb M3MEHEHHS! YPOBHSI IOJII OT HM3MEHEHHUS IOJIOXKEHUS
IpueMHOM aHTeHHbl. CpeaHuii YpOBEHb CHTHala BbIIE YPOBHSA UIyMa. PasHuubl Mexnay
BEPTUKAIBHON ¥ TOPU3OHTAIBHON NOJIAPU3ALUEN HET: CPEAHSS HAIPSHKEHHOCTD TOJISI BEpTUKAIbHOU
nossipuzanuu Munyc 4,9 n1bMkB; B ropusontanbHoi — munyc 4,9 nbmkB.

PesynpTaTsl u3Mepenuii Ha 4 3Take NpUBEIEHBI HA pUC. 7.
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a) 3HaueHMs YPOBHS CUTHAJIA MIPU 0) 3HaueHMs ypOBHsI CUTHAJA MTPU
TOPU30HTAJILHON MOJIIPU3aLMU Ha yacToTe 674 TOPU30HTAJIBbHOM MOJIAPU3ALMHA HA YACTOTE
MI'n 674 MI'n

Puc.7 — YpoBeHb curnana B noMenieHuu Ha 4 sraxe

Ha 4 sraxke ypoBeHb CUTHajda CYLIECTBEHHO BbIIIE, HAOJIIOAeTCs CHIIbHAS pa3HUIla B YPOBHE
CUTHaJ OT MECTOIOJIOKEHUS aHTEHHbl M Buaa noispusauuu. CpenHuil ypOBEHb CHUTHAlla BBILIE
ypoBHs myma. CpeqHss HalpsDKEHHOCTH TOJIS BEPTHKAIBHOM NoJisipu3anuu iroc 26,9 nbmkB; B
ropu3oHTaNbHOM — TTtoC 32,6 nbMKB, uT0 cooTBeTCTBYET OkMmanusm, Tak kak L[ TB Benercs numeHHo
B TOPU30HTAJILHOU MOJISIPU3ALUY.

YpoBeHb YETBEPTOrO 3Ta)Ka IMO3BOJIAET NMPUHUMATH CUTHAN OT TB BBINIKKA NpPSMON BOJHOW,
BIIMSIHUE OTPAKEHHBIX CUTHAJIOB HEBEIUKO. Y POBEHb IIEPBOIO U BTOPOI0 3TaKEH HAXOAUTCS CUIIBHO
HWKE MPAMON BUIMMOCTH IIE€pPENAaTUMKa, IO3TOMY BCE MPHUHATHIE CUTHAIBI SBIIIOTCS CIEACTBUEM
MHOTOKPATHBIX TEPEOTPaKEHUN CUTHaNa, MUpaKkuued CUTHAIOM MpPENATCTBHA H3-3a 4ero,
MIPEATIONOKUTENBHO, PA3HULIA MEXAY MTOJISIPU3ALUIMA HUBEIIUPYETCS.

Bo Bcex mnpHBENEHHBIX chy4yasX M3 -3a HHTEp(EpPeHLHH HaNpsHKEHHOCTh MOJS CHIIBHO
MU3MEHSETCA OT MECTOIIOJOKEHHsI AaHTEHHBI, MAaKCUMaJIbHAs pPa3HUIA YPOBHS CHTHAJIOB B Ipelenax
OJIHOTO M3MEPEHMS COCTaBIAET nopsaaka 26 n1b. Bonpeku oxugaHusAM, HAWIIydIIUui IPUEM CUTHaIa
HabJto1aj1Ccs BJIOJIb CTEH, HA PACCTOSIHUU OT OKHA, TO €CTh CHJIbHOE BJIMSHHUE Ha MPUEM OKa3bIBaeT
MMEHHO MHTep(epeHLIns BOJH.

AHaJOTMYHBIN SKCIIEPUMEHT ObLI MPOBENEH JUIsi COTOBOM cCBsi3u Ha yactote 2112 MI'm.
CocraBieHHBbIE 110 aHAIOTUYHOM TEXHOJIOTHHU (PHC.8) U3MEPEHHUS TEIUIOBBIE KAPThl TAKXKE MO3BOJISIOT
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1

2.

ONpEACNUTh ONTUMAIbHbIE TOUYKH MpHUEMa CHUTHAJAa TMPU TOPU3OHTAIBHON M BEPTUKAIbHON
MOJISIPU3AIUH.
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Puc. 8 — Texnonorus uzmepennii B ayaguropuu 305

CpaBHeHHE MOJSPU3ALMM, MPEACTABICHHOE HAa PHUCYHKE 9, TOBOPUT O HE3HAUYMTEILHOM
MPCUMYIICCTBE BEPTHUKAIBHON MOJISIPU3ANNN, XOTS W3HAYAIBLHO CHUTHAIBI MOOWIBHOW CBSI3U
HCIIOJIB3YIOT KpOocc-noysipu3anuio. [IpenmnosoxurenbHo, 3TO CBSA3aHO C TEM, YTO OTPAKAOLIUX
MTOBEPXHOCTEH JIJIsl BEPTHKAIBHO MOJIIPU30BAHHBIX BOIH OOJIbIIE (HATPUMEp, apMaTypa B %x/0 CTeHaX
U TIEPEKPBITHSIX ), 0COOEHHO B LIEHTPE MOMEIICHUS, T/IE MePECEKAI0TC OCHOBHBIE OTPAKEHHBIC MY TH.
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a) 3Ha4ueHUs YpOBHS CUTHaJa MPU 0) 3HaueHus! ypOBHsI CUTHAJIA MIPH
BEPTUKAJIbHOM MOJIIpU3aliuy B y4eOHON TOPU30HTAJILHON MOJIIPU3aLUU B yUeOHOM
ayIUTOpUHU ayUTOpUHU

Puc.9 — TenoBele KapThl, MOJIy4YEeHHBIE B y4eOHOH aynuTopuu Ha yactore 2112 MI'ng

Taxkum 00pa3oM B pe3ysibTaTe MPOBEIEHHOIO UCCIIEN0BAHUS OBLIM COCTABIIEHBI KapThl MpUEMA
curHazia B pa3nuunbix noMemieHusx Yp TUCHU CuOl'Y TU npu pa3nuyHbIX BUAAX nossipu3zanuu. J{is
TEJIEBU3MOHHOIO CUTHAJA HAWJIyYIIMMH TOYKaMHU NpUéMa IPHU TOPU3OHTAIBHOW IOJISpU3aLUN
OKazaJics 4eTBEPTHIN dTax yueOHoro Kopimyca. /[ curaana MOOMIIBHOM CBSI3HM B YUEOHOU ay TUTOPUN
HaWIy4IIMMU TOYKaMU NpUEMa OKa3aJIUCh B LIEHTPE ayJUTOPUH NPU BEPTUKAIBHOW MOJIIPU3ALIUU.
CrenoBaTesbHO, MAKCUMAJIBHBIN YPOBEHb CUTHAJIA HE BCET/1a MOYKET HAXOAUTHCS B OUYEBHUIHOM [T
Hac MeCTe, 3Ha4CHHE YPOBHS CWIIBHO OTJIIMYAETCS B 3aBUCUMOCTH OT MECTOIIOJIOKEHMSI IPUEMHHKA B
IpezAesiax OAHOrO IMOMEIIeHUs. Tak ONTHMMaJIbHBIMA TOYKAMM IPUEMA TEJIECBU3MOHHOTO CUTHAJIA
MOTyT OBITh MeCTa BO3J€ CTEH, a JUIsl COTOBOM CBSA3M ONTHUMAaJbHBIM MECTOM IpHEMA CHUTHAJIA

ABJLICTCA LECHTP IMOMCEHICHHA H3-3a MHOI'OKPATHOT'O IMEPCOTPAXKCHHA CHUIHajla OT BEPTUKAJIBbHBIX
IIOBEPXHOCTEH.

CIMCOK MCTOYHHKOB.
. Miniport Receiver EB200 Portable monitoring from 10 kHz to 3 GHz [Texct] ROHDE & SCHWARZ
GmbH & Co. KG (Jlata oopamenwus 17.03.2025)

Crnennpukammst Ha aHrenny MODUL [OnextponHbIii  pecypc] — Pexum mocryna:
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https://www.antennaexperts.co.in/products/log_periodic_dipole antenna_500-3000MHz_LP-500-
3000.php ([1ara oopamenus 17.03.2025)

3. AHTCHHBIC TEXHOJIOTHM B MOOWIBHOW CBSI3U [DIJIEKTpOHHBIN pecypc] — Pexum pocryna:
https://ru.whwireless.com/blog/antenna-technology-in-mobile-communications_b47 (Tata
obpamenus 17.03.2025)
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A.B. CoiponsitoB, U.A. Crapukos, P.A. EpmakoB

O CYHIECTBOBAHMMU U1 JIIOBOT'O HATYPAJIBHOI'O n
JUCTPUBYTUBHOU PEHIETKH CJIOKHOCTHU n

YpanbCKkuii TEXHUYSCKUN HHCTUTYT CBSA3HM B nHpopMaTuku (pumman) @PI'BOY BO

«CuOupCKHii TOCYJApCTBCHHBIN YHUBEPCUTET TEJICKOMMYHUKAIIUN  HHPOPMATUKIY, B
r. Ekatepunbypre (YpTUCHU Cubl'YTHN), Poccus

Hayunslii pykoBoaurens Ilepmunos E.A.

KnroueBble cnoBa: HH()OKOMMYHHKAIIMOHHBIE TEXHOJOTHH, (OpPMAlIbHBIE S3BIKHA, TEOPHSA
PELIETOK.

Teopus pemeTok — OypHO pa3BHBarOLIAsCs 001aCTh COBPEMEHHOM anreOpsbl, Jiexaliasi B OCHOBE
UCCIJIEIOBaHMsI YIIOPSAOUYEHHOCTH M Xaoca B HayKe, IPUpPOJE M BO BCEM OKpysKarolem mupe. B
UGPOBYIO 3MOXY TEOPUS PEILIETOK CTajla OJHUM M3 KJIACCMUYECKUX Pa3/IesIOB COBPEMEHHOH aiaredpsl,
urpamomeil  (pyHmaMeHTaIbHYIO pOJIb B TEOPHH (OPMAIBHBIX SI3BIKOB, SIBISFOIIUXCS OCHOBOM
pa3paboTKu MporpaMMHOro obecredeHusi, B ToM uucie MH(POKOMMYHHMKAIMOHHBIX TEXHOJOTUH U
CHCTEM CBSI3U.

B wusBectHoil mMonorpaduu I'. I'peruepa mo Teopun pemeTok mnoctasieHa npobiema |.17: B
JaHHOM Kjlacce pemieTok R Ui KaKuX HaTypajbHBIX N CYIIECTBYET pemieTka cioxuoctd n? Ilpu
9TOM CJIOKHOCTBIO KOHEUHOM PEIIETKH Ha3bIBAECTCS YMCIO N IEPEeCEeYCHUM JIMHUM Ha ONTHUMAJIBHON
Jauarpamme 3Toil pemerku. B craThe 3Ta mpobiiema penieHa Juis Kiiacca AUCTPUOYTUBHBIX PELIETOK.

A.V. Syropyatov, |.A. Starikov, R.A. Ermakov

EXISTENCE FOR ANY NATURAL n DISTRIBUTIVE COMPLEXITY LATTICEn

Ural Technical Institute of Communications and Informatics (branch) of the Federal State
Budget Educational Institution of Higher Education «Siberian State University of Telecommunications
and Informatics» in Yekaterinburg (UrTISI SibGUTTI)

Scientific supervisor Perminov E.A.

Keywords: infocommunication technologies, formal languages. lattice theory

Lattice theory is a booming field of modern algebra that underlies the study of orderliness and
chaos in science, nature, and the entire world around it. In the digital age, lattice theory has become one
of the classical sections of modern algebra, which plays a fundamental role in the theory of formal
languages, which are the basis for software development, including Infocommunication technologies
and communication systems.

In the famous monograph by G. Gretzer on the theory of lattices, the problem is posed 1.17: in this
class of lattices R, for which natural n lattices does a complexity n lattice exist? In this case, the
complexity of the finite lattice is the number of line intersections on the optimal diagram of this lattice.
In this article, this problem is solved for the class of distributive lattices

B mudpoByro 3py Teopusi pemeTok Kak Kiaccumueckas 00JacTh COBpeMEHHOW anreopsr [1, 2]
SIBIISIETCS OCHOBOW HMCCIIEOBAHMUS CYIIECTBYIONIETO MOPSAKA U KIacCU(DUKAIIMK B3aUMOCBSI3eH MEXITY
SJICMEHTAMHM CaMbIX Pa3JINYHBIX CUCTEM B HAYKE W IIPOU3BOJACTBE, B TOM YHCJIIC — I/IH(l)OpMaIII/IOHHBIX
cucteM cBs3u. Hampumep, B [3] mpemiokeHbl pEHIeTOYHBIE MOJAEIU CTPYKTYp HH(POPMAIIMOHHBIX
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CUCTEM, «KOTOpbIE CBSA3aHbI C HATJISAHBIM MPEJCTABICHUEM B3aUMOCBSI3€H 3JIEMEHTOB U MOJICUCTEM B
TEYEHUE )KU3HEHHOT0 LIUKJIa» (CM. aHHOTALIHIO).

Teopust pemeTok wurpaetr (QyHIaMEHTAIbHYIO pOJIb B TEOPUU (OpManmbHBIX SI3BIKOB [4],
SIBIISIOIIMXCSI OCHOBOHM pa3paboTKu mporpaMMHOro odecreueHus: MIHPOPMAIMOHHBIX TEXHOIOTUH (B
TOM YHCJIE S3bIKOB VICKyCCTBEHHOrO MHTEIIEKTa), @ TaKKe — B KOMOMHATOPHOM aHANU3€ CIOKHOCTH
anroput™MoB [5]. TlodTOMy 3aKOHOMEPHO, YTO TEOPHS PEIIETOK UrpacT (yHIaMEHTAIBLHYIO POJb B
pa3paboTKe S3bIKOB MAIIMHHOTO OOYyYEHHWsS MpU peUIeHWH 3a7ad oOpabOTKHM H300paKeHUH W
pacriozHaBaHus o0pa3oB [6, c. 365], yTo mmeer BaxkHOe 3Ha4YeHHE B MH(DOKOMMYHHKAIIMOHHBIX
TexHojorusx. OHa Takke BakHa B PEIICHUU «3a7ay aHalli3a, IPOTrHO3a U JIMarHOCTUKU, BBISBICHUS
CKPBITBIX 3aBHCHUMOCTEH W TOJJCPKKHA TPUHATHS PANUOHAIBHBIX pEIICHUI» (B TOM YHCIE B
JTUArHOCTHKE Pa3IMYHbIX MaTepUaJIOB, U3JEIHIA U BellecTB) [7, C. 3], MpUMEHSIEMBIX B CUCTEMaX CBA3H.

B monorpaduu [1] mocrasinensl cieayromas npodiema |.17: B qanHom kiaacce pemeTok R s
KaKUX HaTypaJIbHBIX N CYIIECTBYET pElIeTKa CI0KHOCTH N?

Pemerka Ha3piBaeTcss AUCTPUOYTUBHOW, €CIU JJIs JIFOOBIX €€ JJIEMEHTOB a,b,C CIpaBemsIuBO
paBerctBo (avb)ac= (anc) v(bac). OrMeTuM, YTO 3TO PAaBEHCTBO AHAJOTMYHO 3aKOHY
muctpudbytuBHoctt ( a+ b)-c= (a+c ) *(b+c ) mis apudMmeTHyeckux onepanui ¢
NeHCTBUTENFHBIMUA YnciIaMu. [lo3ToMy Kiacc IUCTPUOYTHBHBIX pELIETOK SBISETCS Hamboiee
M3BECTHBIM KJIACCOM PEIIETOK.

OTBeT Ha MOCTABICHHYIO MPOOJIEMY JUIS Kiacca AUCTPUOYTUBHBIX PEUIETOK JAeT CIIEXyFOIIni
pe3yIbTar.

Teopema. JIns n060ro HaATYpalbHOTO N CyIIECTBYET NUCTPUOYTHBHAS pElIeTKa CI0KHOCTH N.

[TpuBenem cHauana HEOOXOAUMBIE /TS I0OKA3aTEeIbCTBA TEOPEMBI ONPEAETICHNS U UX CBOMCTBA U3
[1].

OJeMeHT a nokpuvieaem 3J€MEHT b B pemerke M, ecnmu a > b M He CylECTBYeT TaKOro
aneMmeHTa x € M, yto a > x > b. B atom cnyuae numryt a > b.

Onmumanvroli Ha3bIBAECTCS JHMarpaMMa pEUIeTKH, KOTOpas M3 MHOXECTBA BCEX €€ Pa3IMUHbIX
JarpaMM COACPKUT HAMMEHBIIEE YUCIIO TIEPECEUCHUN JTMHUM.

Ilnanapnou Ha3pIBaeTCs pelIETKa, B ONTUMAIBLHON AMarpaMMe KOTOPOH HE UMEETCsI IepeceyeHuit
JUHWH. B IpOTUBHOM cCilydae peleTka Ha3bIBaeTCsl PELIETKON CI0KHOCTH N, €CIIN YUCIIO NTEPECEUEHUN
pasHO N.

Teopema. J1ns mo60ro HaTypaabHOIo N CymeCTBYeT TUCTPUOYTUBHAS PELIETKA CI0XKHOCTH N.

Lokaszamenvcmeo. Ilyctb N - Npou3BOIBHOE HaTypalbHOe uyucio. Ha MHoxectBe A =
{a;,b;,c;,d;} mpul <i < n omnpeaeaumM OTHOIIEHHE YACTUIHOTO MOPSIKA CIEAYIOMINM 00pa3oM:

a; > ajyq, a; > di, bi > bi+1! bi > a;, bi > Ciy C; > Ciyq1, C; > di! di > di+1'

O4eBHIHO, MHOXKECTBO A C ONPEJEICHHBIM TAKUM 00pa30M OTHOIIEHUEM YaCTUYHOTO MOPsJIKa

SBIISIETCS PELIETKOM, KOTOpYIo 0003HauuM L,,. OTa pemerka L, npu n = 3 uzoOpaxkeHa Ha puc. 1.




Puc. 1. Pemerka L,

Jlerko mpoBepuUTh, YTO CIOKHOCTH pemeTku L, npu 1 < i < n paBHa 2n.

N3BectHO [1], uTO cripaBeinBa

Jlemma. PemeTka Tora u TOJIbKO TOI' /A SABISETCS AUCTPUOYTUBHOM, KOTJa B HEW HET
noJiperieTku B u noapemieTku P, nuarpaMMbl KOTOPBIX H300pa)KeHbl Ha puC. 2.

[Tonpemerka B [Tonpemerka P
Puc. 2

IToxaxkeM, 4TO B penieTke L, HEeT noapeneTku B u noapemerku P
W3 ananu3a nuarpamMMbl 3TOH pPELIETKH OYEBUIHO CIEIYET, YTO B HEH HeT nmojpeuerku B.
Jlerko yOeauThcsi. UTO B HEW HeT W mojpemerku P. J[ins 3Toro nocTatodHo mpoBECTH BBIOOD

BCEBO3MOXHBIX €€ IMOJPEIIeTOK, cocTaBneHHbIX m3 snmementoB A ={a;,b;,¢;,d;} cnenyrommm
00pazomM.

1) Beibepem cHavana MOAPELICTKY PEUICTKHU Ly, ¢ AByMs dneMeHTaMu Q; , Q; 0<i,j<n)
u snementom €y (0 < u < n). OueBuano, mobas NATHIIEMEHTHAs PENIETKA, MOPOXKIAEHHAS STUMU
AJIEMEHTAMHU, HE SIBJISIETCS PEIIETKON P

2) BribepeM 3aTeM MOAPENMIETKY PemeTkH L, ¢ aByMs dleMeHTaMu Cj, Cj 0<i,j<n) n
snementom Gy (0 < u < n). OdgeBunHO, mMobass MATUOIEMEHTHAS PENIETKA, MOPOXKJICHHAS STHMH
AJIEMEHTAMHU, HE SIBJISIETCS PEIIETKON P |

Teopema 1 noka3zana.

PaHee OTMEUYEHO, YTO CIIOKHOCThH pEmeTKH L, paBHa 2N. I[l03TOMy I0Ka3aHO CYIECTBOBAHHUE
JTUCTPUOYTHUBHBIX PEIIETOK CIIOKHOCTH J1axke OobIeit, uem N.
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E.C. Tapacos, C./I. Tapacosn

UCCJIEJOBAHUE BO3MOXHOCTH UCIIOJIb30BAHUSA ONIEPAIIMOHHON CUCTEMBI
LINUX B OBPA3OBATEJIBHOM INPOLECCE HHCTUTYTA

Cubupckuii rocy1apcTBEHHBIH YHUBEPCUTET TEIEKOMMYHUKAMHI U MHYOPMATHKU
VYpanabcKuii TEXHUYECKUH HHCTUTYT CBSI3U U HUHPOPMATUKU
r. EkarepunOypr, Poccust

KiroueBble ciioBa: onepanuonHas cucrema, Linux, aucTpuOyTHB, afanTUBHBIN EPEX0/l, albTePHATHBHAS
cuctema, pernosutopurr, GNOME Cinnamon, ext4, Windows, oTKpbITbIii HCXOIHBIH KOJI.

B crathe um3ywaercs BOMpOC O IIEIECOOOPAa3HOCTH M BO3MOXKHOCTH QJAlTUBHOTO IEpexoia Ha
OTIEpAIIMOHHBIE CHCTEMBI ceMelicTBa Linux B oOpa3oBaTelbHOM YUYPEKJICHHHM Kak anbrepHatuBbl OC
Windows. OCHOBHO# IIE/IbI0 HMCCIIEIOBAHUS SIBIISIETCS MOMCK IMOAXOAMAIICH Linux-crcTeMbl, CIIOCOOHOM
obecreunTh HEOOXOMUMYIO (DYHKIIMOHAILHOCTh, 0€30MaCHOCTh M yJIOOCTBO HCIOJIB30BaHUS B YUECOHOM
nporecce. Onrcano cpaBHEHHE BRIOpaHHBIX AUCTpUOYTHBOB Linux ¢ Windows 1o KIF04eBbIM KPUTEPHSM.
B pamkax mpakTH4ecKol 4acTu Hcclie0BaHus Oblia BHIIIOJHEHA YCTAHOBKA BHIOPAHHOTO IUCTPUOYTHBA B
n1abopaTOpHOU cpejie.

E.S. Tarasov, S.D. Tarasov

INVESTIGATION OF THE POSSIBILITY OF USING THE LINUX
OPERATING SYSTEM IN THE EDUCATIONAL PROCESS OF THE INSTITUTE

Siberian State University of Telecommunications and Informatics
Ural Technical Institute of Communications and Informatics, Ekaterinburg, Russia

Keywords: operating system, sapo-Linux, distribution, adaptive transition, alternative system,
repositories, GNOME, Cinnamon, ext4, Windows, open source.

The article examines the issue of the feasibility and possibility of an adaptive transition to Linux
operating systems in an educational institution as an alternative to the Windows OS. The main goal of the
research is to find a suitable Linux system capable of providing the necessary functionality, security, and
ease of use in the educational process. A comparison of selected Linux distributions with Windows based
on key criteria is described. As part of the practical part of the study, the installation of the selected
distribution in a laboratory environment was carried out.

Beenenue

B ycnoBusix Bo3pacTtaromieit CTouMocTy JuieH3ui, mpodiem ¢ ooHosnenussmu OC u I10, a taxxke
reONOJIUTUYECKON HECTaOUIBHOCTH, MOUCK albTEPHATUB ONEpalMoHHON cucreMe Windows cTaHOBUTCS
aKTyaJIbHOM 3a/1adueil 11 o0pa3oBaTeabHBIX yupexaeHui. B qaHHOM nccienoBanuu OyAeT paccMOTpeHa
BO3MOXXHOCTh BHEJAPEHUS OMNEpPAIMOHHONW cucTeMbl Linux B 00pa3oBaTeIbHOM YUPEKACHUH Kak
aIbTEPHATUBBl CYUIECTBYIOIIMM perieHusM. Llenbio pa®oThl sBisieTCs OLIEHKa LEeNecoo0pa3HOCTH H
NPaKTUYECKON pealn3yeMOCTH UCTIOIb30BaHus Ha Linux.

byzner mpoBeneHO CpaBHUTENbHOE H3yUYEHHUE DPA3IUYHBIX AUCTPUOYTHUBOB, BKIOouas Linux Mint,
Ubuntu, ¢ akIIeHTOM Ha IPOU3BOAUTEIBHOCTh, O€30MIaCHOCTb, Y00CTBO NCIIOIb30BAHUS U COBMECTUMOCTh
¢ yueOnpiM [10. PesynbratoM mccrnemoBanus ctaHeT ycTaHoBka Linux Mint B mabopaTtopHoil cpene,
JI€MOHCTPHUPYIOILasi IPOCTOTY BHEAPEHHS U pabOTOCIIOCOOHOCTH OCHOBHBIX MHCTPYMEHTOB, HEOOXOMMBIX
Uit 00y4deHust. OXKHUIAeTCs, YTO MOTyYeHHBIE JAaHHBIE YKaKYT Ha TIEPCIIEKTHBHOCTD MCIIONIb30BaHus Linux
B 00pa3oBaTeILHOM MpOIIecCe.

1. Buasl jucetpudyruBoB OC LinUX 1 MX 0CO0EHHOCTH
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Ubuntu — 3To omepaimoHHasi cucTeMa ¢ OTKPBITBIM HCXOTHBIM KOJIOM, YTO SIBJISICTCS] OJHUM U3 €€
[JIaBHBIX MpeuMyliecTB. OTKPBITHIA KOJA TMO3BOJIACT JIOOOMY JKENAoIIeMy H3ydaTh, H3MEHATh H
pacrpocTpaHsiTh €€, co3faBas TEM CaMbIM AaKTHBHOE COOOIIECTBO pa3pabOTUMKOB M IOJIb30BaTENEH,
paboTarommx HaJ ynayulieHueM cucteMbl. Kpome Toro, Ubuntu mocTymHa [isl CKauMBaHUS M YCTAHOBKH
COBEpIICHHO OECIIJIaTHO, UTO JIeNaeT e€ TOCTYITHOM sl IUPOKON ay TUTOPHH.

Ubuntu mpexacraBiseTr cob0il MOIIHYIO W THOKYIO ONEPAlMOHHYIO CHUCTEMY, MOIXOISIIYIO IS
HIMPOKOTO Kpyra mosib3oBaresieil. OHa mpejuiaraer 0€30MacHOCTh, YI00CTBO, MOIIEPKKY COOOIIECTBa U
MHOECTBO BO3MOXXHOCTEH JIIsI KACTOMH3AIINH, YTO JeJIaeT €€ OTINYHBIM BEIOOPOM KaK JJIsi HOBUYKOB, TaK
U Ui ONBITHBIX IOJB30BaTeNIed, HINYIIMX CTAaOUJIBHYI0 M HaJeXKHYI IIaTdopMmy Uisi pabOThl U
pa3BJICUYEHUN.

Linux Mint — 3To momysspHas AMCTPUOYIMS ONEPAMOHHON CHCTeMbl Linux, OCHOBaHHAas Ha
Ubuntu. OHa opueHTHpOBaHa HA YA0OCTBO UCIOIB30BAHUS M IPEJOCTABIISET MOJIb30BATENISIM HHTYUTUBHO
NMOHATHBIN uHTEp(deiic. Mint coueraeT B cebe cTaOMILHOCTh, 0€30MaCHOCTh U THOKOCTD, YTO JCJIAeT €ro
OTJIMYHBIM BBIOOPOM Kak JiJisi HOBUYKOB, TaK W JUIsl OIBITHBIX IMOJIb30Barelneii. B manHoM pedeparte mbl
paccMOTpUM KiIro4YeBbie ocooeHHocTr Linux Mint.

OnHoil 3 cunbHBIX CTOpoH Linux Mint siBisieTcst ero moanepxka MyiabTUMenua. B otinyme ot
MHOTHUX JIpyrux AMcTpuOynuii, Linux Mint npeaycraHaBiIMBaeT MHOKECTBO KOJAECKOB U MYJIbTUMEANMHBIX
npuwioxenui, Takux kak VLC u MPV. DT1o no3BossieT moyib30BaTeNsIM Cpa3y e BOCIPOU3BOIUTE ayAHO
U BHUACO, HE TpaTs BpeMsi Ha YCTAaHOBKY [OMOJHHUTEIbHBIX MAaKETOB. JTO JelaeT CUCTeMy OoJee
JpYKeTI0OHOM JIJIs1 IOJIB30BAaTENEH, KOTOPBIE XOTSIT cpa3y HayaTh MCIIOJIb30BaTh CBOU MYJIbTUMEIUIHHBIE
(baibl.

Linux Mint npeayaraet cTaOuiIbHbIE OOHOBJICHUS U MOAJACPKKY B TEUCHUE JITUTEIHHOTO BPEMEHH.
DTO JenaeT cucTeMy HalleKHOW JUIsl TMOJIb30BaTeNel, KOTOPhIM HYyKHa cTabuiibHas paboTa, 0COOEHHO B
NPOM3BOJICTBEHHBIX Cpefax. PerynspHbie OOHOBIIEHHS TIOMOTAIOT HWCIPABIATh YSA3BHUMOCTH U
obecrieunBaTh 0€30MaCHOCTb CHUCTEMBI [1].

2. @ynknuy quctpuoyrusoB OC Linux

@ynkumonan Linux Mint BkirouaeT B ce0si BCTPOCHHBIM HHCTPYMEHT /ISl YIPABJICHUS IpaiiBepamMH,
KOTOPBII MO3BOJIET MOJb30BATENIAM JIETKO YCTAHABIMBATh W OOHOBIATH JpaBepbl A Pa3IUUHBIX
YCTPOMCTB. DTO 3HAYUTETHHO YIPOIIAET MPOIECC HACTPOUKU CHUCTEMBI U OOECIeYMBAET JIYUIIIYIO
IPOU3BOIUTENEHOCTh 000PYAOBAHMS.

Linux Mint nmpenocTaBiiseT M0iab30BaTeNIM MOLIHbIE HHCTPYMEHTHI JUIS PE3EPBHOI0 KOMHUPOBAHUS U
BOCCTaHOBJIEHUs JaHHBIX. OJHUM U3 TaKUX MHCTpYMEHTOB sBisieTcs Timeshift, koTopslil mo3BosseT
CO3/1aBaTh CHUMKH CHCTEMBI Ha OCHOBE MEPUOINYECKUX PE3EPBHBIX KOMHIM.

OpHUM M3 3HAUUTENbHBIX HpeumyniecTB Linux Mint sBisercst ero coBmectumocts ¢ Ubuntu.
[Tockonpky Mint ocHoBan Ha Ubuntu, oH HacenyeT ero perno3uToprun 1 COBMECTUMOCTD C POTrpaMMaMH.
3TO0 03HAYaeT, YTO MOJIB30BATENN MOTYT YCTAaHABJINBATh MHOXKECTBO NMPHIIOKEHHUH, JocTynHBIX B Ubuntu,
YTO 3HAYUTENIbHO pacIUpseT PYyHKIIMOHAIbHOCTh CUCTEMBI.

Ubuntu noajepuBaeT MUPOKUNA CIIEKTP MPOrpaMMHOTO oOecreueHusi, 0T O(UCHBIX MPHUIOKEHUN
JI0 CIIELUATM3UPOBAaHHBIX MHCTPYMEHTOB i pa3paborunkoB. Hanmpumep, Habop oQUCHBIX Mporpamm
LibreOffice npenycranosnen B Ubuntu u npenocrasisieT GpyHKIIMOHAIBHOCTh, aHAJOTMUHYI0 Microsoft
Office. MynbTumeaua-nporpammsl, Takue kak VLC u GIMP, noctynns! B peno3utopusix Ubuntu, a cama
cucTeMa SBISIeTCS MOMYJISIpHOM miardopMoil s pa3pabOTYMKOB Onarogapsi MOAJCPKKE S3BIKOB
porpaMMHUpoBaHus, Takux kak Python, C++ u Java, a Takxe HHCTpyMEHTOB U (GpeMBOPKOB, TAKUX Kak
Docker u Node.s.

3._Peno3ntopun OC Linux

Penosutopun B Linux mnpeAcTaBisioT cO0OW IEHTPAIM30BAHHBIE XPaHWIMILA MPOTPAMMHOIO
oOecrieyeHus, MpeAHa3HaYeHHbIE JJIS YIPOILEHUs MPOLECCOB YCTAHOBKM M OOHOBIJIEHUS NPOrpamMM Ha
cucteme. OHM ciIy>KaT HaJIe)KHBIM HCTOYHUKOM ITAKETOB, N30aBJIsisl OT HEOOXOAUMOCTH MTOMCKA U 3arpy3KH
OporpaMM M3 pa3jIM4YHBIX HCTOYHMKOB, YTO TMOBBIIIAET OE30MacHOCTh W YAOOCTBO yIpaBJIEHUS
IIPOrpaMMHBIM 00€CTIedeHUEM.

OcHoBHas (QyHKIMS PETIO3UTOPHUS 3aKITIOUACTCS B MIPEJOCTABICHUH JOCTYIA K IIUPOKOMY CIIEKTPY
nporpamMM, OUOIMOTEK U HHCTPYMEHTOB, OPTaHW30BaHHBIX U MOJATOTOBJIEHHBIX K YCTAaHOBKE. YTpaBiIeHHE
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NaKeTaMHU B PENO3UTOPHM OCYIIECTBIISIETCS IOCPEICTBOM CHEUManbHbIX cucteM (Hampumep, APT,
YUM/DNF, Pacman), koTopble aBTOMaTU3UPYIOT yCTaHOBKY, OOHOBJICHHE H YAAJICHHE IPOrPaMM, a TAKKe
OTCIICKMBAIOT 3aBUCUMOCTH MEKy HUMHU. Ba’KHBIM aclieKTOM SBJIAECTCS TapaHTHsI TOAJIMHHOCTHU ITAKETOB,
KOTOpbIE OOBIYHO MONHCHIBAIOTCS IU(PPOBBIMU MOAMUCAMH, YTO TO3BOJISET MOATBEPIAUTD UX IIETIOCTHOCTh
Y UCTOYHHUK [2].

4. I'padpunuecknii unTepdeiic OC Linux

Wutepdeiic Ubuntu oTiimyaercss mpocTOTOH W MHTYUTHBHOM MOHSATHOCTBIO, YTO JejaeT padoTy ¢
cucteMoit kKom(popTHOM 1 moak3oBareneid. Panee B Ubuntu ucnonb3oBaicst uatepdeiic Unity, omHako
HauvHasg ¢ Bepcuu 17.10 omepanmonnas cuctema nepeunuta Ha GNOME, xoTopblil cran craHJapTHBIM
unrepdpericom. GNOME mnpemnaraet maHeiab 3ajad, MEHIO TMPUJIOKECHUNW M BO3MOXKHOCTH PabOTHI C
HECKOJILKUMH pabOuuMH CTOJIAMH, YTO CIIOCOOCTBYET YJOOCTBY MCIIOJIb30BAHHUS.

Linux Mint mnpemjgaracT Tpud OCHOBHBIX pabouero okpyxenus: Cinnamon, MATE u Xfce.
- Cinnamon — 310 HauboJjiee TOMYJSPHOE OKPYXKEHHE, pa3paboTaHHOEe crenuanbHo i Mint. OHO
o0jasaeT COBpPEMEHHBIM M HWHTYUTUBHO NOHATHBIM HHTepdeiicoM, HanoMuHamuM Windows.
[Tonp30BaTen MOTYT JIETKO HACTPaMBaTh MaHENb 3a/a4, MEHIO U pab04Mii CTOJ, UTO JIENIAeT ero YA0OHBIM
TUIS HOBBIX 0JIb30BaTeeil, MPUBBIKIINX K APYTUM OINEPAIIIOHHBIM CHCTEMaM.
- MATE — aT0 KJ1accudeckoe okpyxeHue, Kotopoe sipisiercs npoaokenneM GNOME 2. Ono uneansHO
MOJAXOUT JUIS TIOJIb30BaTENel, KOTOPhIE MPEANOYUTaIOT Oosiee TpaauIMOHHBI HHTep(hENC U JIETKOCTh B
MCIIOJIb30BaHUU.
- Xfce — yierkoBecHOE OKpYXKECHHE, MPEAHA3HAUYCHHOE JIUIsl CTAPhIX WIIK MEHEE MOIIHBIX KOMITBIOTEPOB.
OHo obOecreynBaeT XOPOIIYIO TPOU3BOTUTEIIBHOCT [3].

5. CpaBHuTteabHasi xapakTepuctuka OC Linux u OC Windows

Linux u Windows, Kak JiB€ OCHOBHBIE OIE€PAIIIOHHBIE CUCTEMBbI, TIPEIaraloT pa3IuUHbIE MOAXOIbI
K PEILIECHUIO ATUX 3a]1a4.

C Touku 3peHUs (PYHKIMOHATBHOCTH, Linux [IeMOHCTPUpPYET BBICOKYIO 3()(PEKTUBHOCTH B
MHOT'033JJaYHOCTH ¥ YIPABJICHUM NaMITHIO, YTO TIO3BOJIIET paboTaTh ¢ OOJNBIIMM KOJHYECTBOM
MPUJIOKEHUH OJHOBPEMEHHO, OCOOCHHO Ha MEHee MOIIHOM 00opyaoBaHuU. ['MOKOCTh B pabore C
¢aitnoBoil cucteMol, nmoajepKKa pa3InyHbIX TUHOB ¢ainoBbix cucrteM (ext4, XFS, Btrfs) u mmpokue
BO3MOXKHOCTH HACTPOMKH CETEBBIX MapaMeTpoB OOECIEUYMBAIOT aJalTUBHOCTb CHUCTEMBI K pa3iIMYHBIM
3anayaM. be3omacHoCTh sIBileTCS OHUM U3 KIIIOUYEBBIX MpeumyinecTB Linux. Apxurektypa Linux, ¢ ee
Oonee HanexxHOM 3ammrToil oT BpemoHocHoro IIO W ysA3BUMOCTEH, CYIIECTBEHHO CHUXAET PHUCKH,
CBsI3aHHBIE C KHOEpYrpo3aMHu.

B ortHomenuu rpapudeckoro uatepdeiica, Linux mpearaer pazHoodpasue okpykeHuil pabodero
crona (GNOME, KDE, XFCE, LXDE), kaxxoe U3 KOTOPbIX NPEAOCTaBISIET CBOM YPOBEHb HACTPOUKH,
ynobctBa ©  mpousBoguTenbHocTH. Ilonb3oBarenn MoryT BblOuMpaTh HHTepdeiic, Hambosee
COOTBETCTBYIOIIMI HMX TMPEANOYTEHHSIM M almapaTHBIM BO3MOXHOCTSIM. Windows, B CBOIO OdYepesb,
npeiaraeT 3HAKOMBIM U MHTYUTHUBHO MOHSATHBIA MHTEp(ec, YTO yHpoIllaeT MpoIece aganTaiuy s
OOJIBIIMHCTBA MOJIb30BATENEH.

@duHaHCOBas COCTABJAIOIIAs WIPACT 3HAUUTENbHYIO poiib. Linux, Onaromaps cBOeil OTKpBITON
JUIEH3UU, HE TpeOyeT JUIUEH3NOHHBIX OTUMCICHUM 3a ONEpalMOHHYI0 CHCTEMY. OTO IO3BOJSET
CYLIECTBEHHO CHU3UTH 3aTpaThl Ha MpuoOpeTeHune nporpaMMHoro obecnedenus. Kpome toro, mis Linux
JIOCTYTIEH IMUPOKUH BBIOOP OECIUIATHOTO MPOTrpaMMHOTO OOECIEUeHHUs, YTO TaKXKe CII0COOCTBYET
sKOHOMHHU cpeacTB. Windows, ¢ Jpyroil CTOpOHBI, TpeOyeT JIMIIEH3NOHHBIX IUIaTeXel, YTO YBEINUUBACT
00110 CTOUMOCTH BJIQ/ICHHUS.

Bonpekn pacnpocTpaHeHHOMY MHEHHIO O HeMoJHOUEeHHocTH Linux B cdepe cereBoro
aJIMAHUCTPUPOBAHHS, COBPEMEHHAs JKocucTeMa Linux mpemraraer Bce HE0OX0IMMbIe HHCTPYMEHTHI JIJIst
MOJTHOILIEHHOH paboThI ¢ ceTEeBBIM 00OPY/IOBAaHUEM U HUCKOJIBKO He ycTynaeT Windows B aToit obnactu. B
JNENCTBUTENBHOCTH, TUOKOCTh M BO3MOXKHOCTH TE€pMHMHAaJa Linux 4YacTo MpenocTaBlAIOT Jaxe Oosee
a¢dekTuBHBIE U YAOOHBIE CIIOCOOBI YIIPABICHHUS CETHIO.

K tomy e, 0azoBas (hyHKIIMOHAJIBFHOCTH, TakKas KaK TOAKIIOUEHHE K CETEBBIM YCTPOHCTBaM
yepe3 Telnet, noctymua mpsmo w3 TepmuHana Linux 6e3 HEOOXOIUMOCTH YCTaHOBKU KaKHX-JIHOO

74



JIONIOJTHUTEbHBIX Tporpamm. [Ipocto BBens komanay telnet [IP-axpec ycrpoiicTBa] B TepMuHaie, MOXKHO
YCTaHOBUTb COEIUHEHHE C CETEBBIM YCTPOICTBOM U HA4aTh €r0 HACTPOUKY.

6. Be16op auctpudyrusa OC Linux

Beibop omepanmoHHO#l cuctembl JUisi  00pa3oBaTeNbHON OpraHu3allii, OCTAaHOBHJICA Ha
muctpuOyTuBe Linux Mint. 3To pemeHne 00yCIOBICHO PSIIOM KITFOYEBBIX (DAKTOPOB, 00ECIIEUHBAIOIINX
wiaBHbBIA mepexon ¢ Windows, MHHMMM3ALMIO 3aTpaT M BBICOKYIO aJalnTUPYEeMOCTh K HYXAaM
00pa3oBaTeNLHOTO MpoIecca.

Linux Mint, ocHoBaHHBI Ha 6a3e Ubuntu, couetaeT B cebe MPOCTOTY MCIOJIb30BAaHUS M ITUPOKYIO
(YHKIIMOHATBHOCTh, YTO JIEJAeT €ro MPHUBJICKATEIBHBIM BBIOOPOM IS MOJIH30BATENCH, MPUBBIKIINX K
untepdeiicy Windows. OgHUM U3 TIaBHBIX MPEUMYIIECTB SBISETCS UHTYUTUBHO MOHSATHBINA rpaduuecKuii
unTepdeiic Cinnamon, KOTOPBIH MakCUMaJIbHO MPUOJIMKEH K MPUBBIYHOMY OKpykeHH0 Windows, 4To
CYLIECTBEHHO COKpalllaeT BpeMmsi ajgantauuu mnepcoHana. Kpome toro, Mint mnocraBiseTcss c
NpPEIyCTAHOBJICHHBIM HA0OPOM HEOOXOIMMBIX HMHCTPYMEHTOB M KOJEKOB, 4YTO HW30aBIET OT
HEOOXOJUMOCTH JIOTIOJIHUTEIBHBIX HACTPOEK IOCIIe YCTAHOBKHM U 00eCleYyMBaeT rOTOBHOCTH K padoTe ¢
MyJbTHUMEIMA U JOKYMEHTaMH, OOHOBJICHHS M TOJJIEP)KKAa COOOIIECTBA, CHUKACT PUCKU 3apaKeHUs
BperoHocHbIM 10 u oGecrieunBaeT cTabuiIbHYIO paboTYy.

Br16op B mone3y Linux Mint Obl1 cienan mocje aHajqu3a JIPYTHX IMOIMYJSPHBIX JAUCTPUOYTHUBOB.
Ubuntu, Oyayyu OJHUM M3 CaMbIX HOMYJSIPHBIX JUCTPUOYTHBOB, OTIMYAETCS aKTUBHBIM Pa3BUTHEM U
IMIUPOKOM  TIOJJIEPKKOHM, omHako, crangapTHeii  uHTepdeiic GNOME wmoxer moTpeboBaTh
JIOTIOJIHATEILHON ajmanTanuu s nosb3oBatened  Windows. Red Hat, opueHTHpOBaHHBIH Ha
KOPITOPATHBHBII CEKTOP, 00J1a1aeT BEICOKOH CTAOMIIBHOCTBIO M HaJIS)KHOCTBIO, HO TpeOyeT 0ojiee BBICOKOM
KBaJTM(DUKALMY JUTS aIMUHUCTPUPOBAHUS U MOXKET ObITh O0Jiee 3aTPAaTHBIM B IIJIaHE MOICPIKKH.

Takum oOpazom, Linux Mint mpeacraBisier co00i ONTUMAIBHOE pelIeHue sl 00pa3oBaTeIbHON
OpraHM3aIy, CTpPEeMsIleics K IUIaBHOMY U ASKOHOMHUYeckH 3(dextuBHOMY mepexony ¢ Windows.
[TpocToTa WCIONIB30BaHUS, MHUPOKUN (DYHKIMOHAN, TOTOBas K paboTe KOH(PUTYypalus W aKTHBHAS
NoJAJEpKKa cooOlecTBa JAENaloT JSTOT JIUCTPUOYTHB HACaIbHBIM BBIOOpOM JJisi  OOecredyeHus
s dexkTuBHOTO 00pa3oBaTeNLHOTO Mporecca [4,5].

7. Onucanue ycranoku OC B 1a00paTOPHBIX YCJIOBHAX

B pamkax npakTHuUecKoro JTama HcCCieloBaHUS Oblla MPOBEJAECHA YCTAHOBKA ONEPALMOHHON
cucteMbl Linux Mint B maGopaTopHO#l cpefe, UYTO TMO3BOJIUIO OIEHUTh YyJOOCTBO BHEAPEHUS U
pabotocniocobHocTh naHHOH OC B peanbHBIX yCIOBHsX. [Ipoliecc ycTaHOBKM oOKa3alcsi MPOCTBIM U
MHTYUTUBHO MOHATHBIM, Oylarofapst y1oOHOMY rpapuueckoMy umHctastopy. Murepdeiic Linux Mint,
0c00eHHO B BapuaHTe ¢ oKpyxeHrneMm Cinnamon, MpoAeMOHCTPUPOBAI BEICOKUH YPOBEHB IPYKETI0OHOCTH
K I10JIb30BATENI0, YTO 3HAUUTEIBHO 00JIErYMIIO OCBOCHHE CUCTEMBI M HACTPOMKY 0a30BbIX apaMETPOB.

Jlnis obecrieueHust COBMECTUMOCTH € IPUBBIYHBIM PA0OUUM OKPYKEHUEM CETEBBIX MHKEHEPOB ObLIH
YCHEIIHO YCTaHOBJEHbI Takue BakHble MHCTpyMeHTHI, Kak PuTTY u Cisco Packet Tracer. YcranoBka
PuTTY, kak u OOJBIIMHCTBA HEOOXOAMMOTO MPOrPaMMHOr0 OOecHeueHHs, OCYILECTBIAIach depes
rpaguYecKuii MEHEIKep MaKeTOB, YTO 3HAYUTENbHO yrnpocTtuio mporecc. Cisco Packet Tracer, xoTh u
TpeOyeT HEKOTOPBIX JONOJHHUTENbHBIX IIAroB (YacTo ¢ HMCIOJb30BaHHMEM Wine), Takke OblI YCIEUIHO
YCTaHOBJIEH M TMPOTECTUPOBAH, MOJATBEPAMB BO3MOXKHOCTH HCIIOJIb30BAHUS MPUBBIYHOIO CUMYJISTOpA
ceTeBoro obopynosanus B cpeae Linux Mint.

Jns ynpaBineHus KOHQUTypalusMu ceTeBoro o0opyaoBaHus ObuT pa3BepHyT U HacTtpoeH TFTP-
cepBep. YCHEUIHO 3arpyKajluCh W BBIFPYXKAIUCh CTapTOBbIE KOH(MUIYpallMd KOMMYTAaTOpPOB, 4YTO
MOJITBEPAUIIO BO3MOXKHOCTH UCIOJIb30BaHUA Linux Mint B kauecTBe mi1aTdOpMbl JUIsl yIIpaBICHUS CETEBOM
UHPPACTPYKTYpol. B KauecTBe MOMONHUTENBHOTO TecTa PabOTOCIIOCOOHOCTH CETH MEXIy JABYMs
KOMIIBIOTEpaMH C YyCTaHOBJIEHHOM Linux Mint ObUTM YCHENIHO BBIMOJHEHBl KOMAaHJbBI ping, YTO
IPOIEMOHCTPUPOBAIO CTAOMIIBHYIO U HAJIEKHYIO CETEBYIO CBS3b. Bce 3TO CBUAETENBCTBYET O TOM, UTO
Linux Mint moxer ycmemHo 3aMeHUTh Windows B abopaToOpHOl cpele W TPEAOCTaBHTh BCE
HE00XO0IMMbIE HHCTPYMEHTHI [ 00yUeHHsI U pabOThI C CETEBBIM 000PYIOBAHUEM.

3akjao4eHue
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B pamkax maHHOro ucciefoBaHHs ObUIa MPEANPHHSTA MOMBITKA OLEHUTH 1LIEJIeCO00pa3HOCTh U
NPaKTUYECKYI0 OCYIIECTBUMOCTh II€pexoja Ha ONepalMoHHYI0 cucTeMy Linux B 00pa3oBareibHOM
YUpEXKJIEHUU. AKTyaJIbHOCTh JTaHHOM paboThl 00yclOBIeHa HEOOXOIMMOCThIO TTOUCKA AIbTEPHATUBHBIX
pELICHUH CYIIECTBYIOIIUM OIEPAlMOHHBIM CHCTEMaM, C y4YeTOM SKOHOMHYECKUX, MOJIUTUYECKUX U
TEXHUUYECKUX aCIIEKTOB.

Pabora Britoyana B ce0st aHaIM3 pa3InyHbIX AUCTpuOyTHBOB Linux, Takux kak Linux Mint, Ubuntu.
[IpoBeneHO cpaBHEHHME ASTHUX AUCTPUOYTHUBOB C oOmepanuoHHON cucteMoil Windows 1o Kiro4eBbIM
KPUTEPHSIM, TaKUM KaK HMPOU3BOJUTEIBLHOCTh, 0€301MaCHOCTh, CTOMMOCTb, yJIOOCTBO MCIOJB30BAHUS U
COBMECTUMOCTH C Y4€OHBIM ITPOTrPAMMHBIM 00€CIIeUeHUEM.

B 3akirounTeNnbHOM YacTH MCCIe0BaHUs Obla MPEANPHHSTA MOMBITKA TPAKTUYECKOH peanu3anun
nepexo/ia, 3aKIovaBIlascsa B yCTaHOBKE BbIOpaHHOro AucTpuOyTuBa, Linux Mint, B 1abopaTopHO# cpee.
[Iporecc ycTaHOBKH MpOLIEN YCIEIIHO, MPOJEMOHCTPHUPOBAB MPOCTOTY M MHTYUTUBHOCTh MHTEpdeiica.
bbulo moaTBep:kIEHO yIOOCTBO — HCIIONIB30BaHUA, obOecreyeHa pPabOTOCHOCOOHOCTh  OCHOBHBIX
MHCTPYMEHTOB, HEOOXOIUMBIX Il 00y4YeHHs, B 4acTHOCTH, ycrenrHas ycranoBka PuTTY u Cisco Packet
Tracer, a Ttaxxke Hactporika TFTP-cepBepa m mnpoBepka cereBoro B3aumojeucTBud. [lomydyeHHbIE
pe3yNbTaThl CBHIETEIBCTBYIOT O TOM, 4To Linux Mint sBisieTcs >kxu3HEcmocoOHON U 3P PeKTUBHOIM
anbrepHaTiBoi Windows B pamKkax 00pa3oBaTeIbHOIO Mpolecca.
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ELTEX B KOHTEKCTE COBPEMEHHbBIX HHPOKOMMYHUKALIMOHHBIX
CUCTEM: ACHHEKTBI BE3OITACHOCTHU U TEHEPAIIUU JAHHbIX

I'po3HEHCKUH TOCYAAPCTBEHHBIN HEPTIHON TEXHUYECKUN YHUBEPCUTET UMEHH akagemuka M. /.
MuUTHOHIIUKOBA, T. ['po3Hblid, Poccus

Kimrouesie cnoBa: ELTEX, kubepOe3omacHOCTh, TEHEpalus CHHTETHYCCKUX JIaHHBIX,
WH()OKOMMYHUKAIIMOHHBIE CHCTEMbI, WMIIOPTO3aMEIICHNEe, MAIIMHHOEe OOydYeHUe, JOKAIU3alus
JIAHHBIX.

Cratbs mocBsmieHa uccienoBanuio ¢peiimBopka ELTEX, pa3paGoranHoro st reHepanuu
JIOMEHHO-OPHCHTHUPOBAHHBIX CHHTETUYECKHX JaHHBIX B cdepe kubepOe3omacHocTH. PaccMOTpeHsb
KIIFOYEBBIE ATalbl METOJOJIOTUU: H3BJICYECHHE HHIMKATOPOB dYepe3 aHalu3 CHEeHaTU3UPOBAHHBIX
KOPITYCOB, TMHAMHYECKHUN prompting ¢ MHTErpaueil TOMEHHBIX TPU3HAKOB U TOCTOOPAa0OTKA JaHHBIX.
[Toxazano mpumenenne ELTEX B 3agadax MmoaenupoBanus kubepartak ((UITUHT, SKCILTyaTaI|s CMapT-
KOHTPAKTOB), TECTHpOBaHUS cucteM MonHuTopuHra tpaduka (MikroTik, Huawei CloudCampus) u
KaTUOpPOBKU KOMITAKTHBIX MoeNiel MaimuHHoro ooydyenus (Gemma-2B, Saiga). DkcriepuMeHTaNbHbIE
pe3yNBTAThl AEMOHCTPUPYIOT 3P PeKTuBHOCTh THOpHUIHOTO oO0yueHus (Fl-score 82%) u cHmkeHue
JOXKHBIX cpabateiBanuii Ha 13%. Oco0oe BHUMaHHE YIEICHO JIOKAIW3alUu MJAaHHBIX JUIS
PYCCKOSI3BIYHBIX JIOMEHOB, UTO IMOJACPKUBAET MOJUTUKY uMIiopTro3amernienus. Uucrpyment Google
Sheets Add-on mo3Bosisier rerepupoBaTh g0 11 448 o6pasioB 3a 48 4YacoB, yckopsisi pa3pabOTKy
3alUTHBIX cucTeM. OOCYXXIaloTcsi OrpaHUYEeHHST METO/Aa, BKJIIOYas HEOOXOAMMOCTh pPYYHOU
BepU(pUKALUU UHIUKATOPOB U pUCKH nepeolOyuenus. CTaThs akTyalbHa JIsl CICIHAIUCTOB B 001aCcTH
KnbepOe30macHoCTH, pa3zpadorunkoB MU -pemennii u 00pa3oBaTeIbHBIX YUPESKICHUN, BHEIPSIOUINX
U poBbie THPPACTPYKTYPHI.

M.A. Tataeva, A.A. Tataeva

ELTEX IN THE CONTEXT OF MODERN INFOCOMMUNICATION SYSTEMS:
SECURITY AND DATA GENERATION ASPECTS

Grozny State Oil Technical University named after Academician M.D. Millionshchikov,Grozny,
Russia

Keywords: ELTEX, cybersecurity, synthetic data generation, infocommunication systems, import
substitution, machine learning, data localization.

The article explores the ELTEX framework, designed for generating domain-specific synthetic
data in cybersecurity. It details the methodology’s three core stages: domain indicator extraction via
corpus analysis, dynamic prompting with integrated domain features, and post-processing
(deduplication, validation). The study highlights ELTEX’s applications in simulating cyberattacks
(phishing, smart contract exploits), testing traffic monitoring systems (MikroTik, Huawei
CloudCampus), and calibrating compact ML models (Gemma-2B, Saiga). Experimental results
demonstrate a hybrid training accuracy of 82% F1-score and a 13% reduction in false positives. The
framework’s localization for Russian-language domains aligns with import substitution policies, while
the Google Sheets Add-on enables rapid generation of 11,448 samples in 48 hours. Key limitations
include manual indicator verification and overfitting risks. The research is relevant for cybersecurity
professionals, Al developers, and educational institutions implementing digital infrastructures.

COBpeMeHHI)Ie I/IH(l)OKOMMYHI/IKaHI/IOHHBIe TE€XHOJIOTHH CTAJIKMBAIOTCsA C BBI3OBaMH, CBA3aHHBIMU
¢ obecrieueHueM KuOepOE30MacHOCTH, OCOOEHHO B YCJIOBHUSAX POCTa CIOXKHOCTH yrpo3 M JeHIuTa
CIIENMATM3UPOBAHHBIX JAHHBIX JUIsI 0OYYEHUS] MOJENIeH MCKYCCTBEHHOTro MHTeIUIeKkTa [1]. OqauMm u3
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MEePCIEKTUBHBIX pelieHnit B 3Toi oOmactu sBisietcs ¢peiimBopk ELTEX (Efficient LLM Token
Extraction), opHeHTUPOBAHHBII Ha TEHEPAIMI0 CHHTETHUYECKHUX ITAHHBIX C COXPaHEHHWEM JIOMEHHOM
cnenuduku. Ero mpuMeHeHne akTyallbHO AJIS MOJIEIHPOBAHUS CETEBBIX aTakK, TECTUPOBAHUS CHCTEM
3aIIUTHI U TIOBBIIICHHS YCTOWYMBOCTH KOMMYHHUKAIIMOHHBIX HHPPACTPYKTYD [2].

Merononorus ELTEX. B ocnoBe ¢dpeiimBopka ELTEX nexuT TpexypoBHEBas apXUTEKTypa,
00BEeIMHSIONIAsE METOIbI OOPAOOTKH €CTECTBEHHOTO A3bIKa M MALIMHHOTO OOYYCHHS JJIsl TeHEpaluu
JIOMEHHO-OPHEHTUPOBAHHBIX JaHHbIX. [lepBblii 3Tanm — U3BIEYEHHUE TOMEHHBIX HHAMKATOPOB —
npearoyiiaracT aBTOMATU3UPOBAHHBIM aHAJIN3 CHEHUAJIM3UPOBAHHBIX KOPIYCOB (TEXHHUYECKas
JTOKYMEHTalUsl, OTYEThl 00 WHIMICHTAX, Hay4yHble MyOJUKALMH) C LEJIbI0 BBIBICHUS KIIIOUEBBIX
TEPMHMHOB, MAaTTEPHOB B3aMMOJECHCTBUS U KOHTEKCTHBIX 3aBUCUMOCTEH. DTOT MpPOLECC peanu3yeTcs
yepe3 KacKagHBIA ONPOC HECKOJIBKUX s3bIKOBBIX Mojeneii (GPT-40, Claude 3.5, Gemini 1.5),
TeHEPUPYIOIIUX CEMaHTHUECKU Pa3HOPOJHBIE KAaHIMIATHl, KOTOPBIC 3aT€M arperupyrorcsi B €IWHBINA
cloBapb HHAUKATOpOoB. Hanpumep, 1151 kubepOe30nacHOCTH TAKUMH UHIMKATOPaMU MOTYT BBICTYTIATh
«aHOMAJIbHBIE CKAYKH TPAH3AKIMD» WM «HECAHKIIMOHWPOBAHHBIC W3MEHEHUS B KOH(UTYpaluu
MapuIpyTu3aTopoy [3].

Ha BTOopoM »Tame awHAMHYECKWMH prompting HHTErPUPYET IONYYCHHBIE WHIUKATOPHI B
CTpyKTypupoBaHHble 3ampockl kK LLM, o0ecrnieunBasi TeHepaluil0 CHHTETHYECKHX JaHHBIX,
PEJEeBAHTHBIX 1LIEJEBOM IpeIMETHOW 00sIacTU. AJNTOpUTM JUHAMHUYECKH aJalTUPYET MPOMIITHI MO
3aJa4uM TOJIb30BaTeNsl, KOMOMHHUPYS H3BICUYCHHBIE TOKEHBI C I[IA0JIOHAMH 3ampocoB (HAMpuMep,
«Crenepupyiite cooOuieHue o KuOepaTake, CoJepKallee CIEAYIOIIUe 3JIEMEHThI: [CIHCOK
WHAUKATOPOB]»). DTO MO3BOJSET MPEOAOIETh ONPaHUYCHHS CTAaHAAPTHBIX MOIXOOB, IIe TeHepalus
4acTO OTKIJIOHSETCS OT JIOMEHHOU CIIEIU(PUKN U3-32 HESBHOTO TIepeHoca 3HaHm [7].

OUHANBHBIN 3Tam — MOCTOOpadOoTKa — BKJIIOYAET AEAYIUIMKALMIO HAa OCHOBE BEKTOPHBIX
npezcrasiaeauii (Moaens BGE-base-en-v1.5) u Banuganuioo yepe3 ruOpHIHBIC METOIbI, COUYCTAIOIINE
aBTOMaTU3MpoBaHHYIO OleHKY (NotebookLM) u skcnepTHbIi aHanu3. [ pycCKOS3BIYHBIX TOMEHOB
KPUTHYECKH BaYKHA JIOKATM3AIHSI HHANKATOPOB, TOCTUTAaeMast Yepe3 NMITOPTO3aMEIICHNE 3apyOeKHBIX
LLM OTKpBITBIMH aHajioTaMu (Hampumep, Saiga) ¥ TOHKYIO HACTPONKY Ha KOpITycaX PernOHabHBIX
kubepyrpo3 [1]. Takoil moaxox HE TOJBKO COXPAaHSET CEMAHTUYECKYIO IEJIOCTHOCTh JAHHBIX, HO U
o0ecreunBaeT COOTBETCTBUE TPEOOBAHUSAM PETYIATOPOB B chepe 3aiuThl HHPOpMALHH, YTO 0OCOOEHHO
aKTyaJbHO JJIs1 00pa30BaTENbHBIX U HAYYHBIX yUpexaeHu [12].

C60op 06pa3LoB AaHHbIX MpomnT Ana U3BNEeYEHUA TOKEHOB

I C60p AaHHbIX

CocTaBneHue UHCTPYKUUIA

J & J

l Wuterpauua »LAuKaropoa

’ Jepnynnnkauua

| Cymmapusauma

N FeHepauua
| CMHTETUYeCKMX AaHHbIX
‘ Jepynnnkauua J

‘ KOHTpDIlb KayecTtBa |

Puc. 1. bnok-cxema nponiecca ELTEX
Wnrerpanus ELTEX B uHGpacTpyKTypy By30B IIO3BOJISIET CO3/1aBaTh CHHTETUYECKHUE AATACEThI JIJIs
TECTUPOBAHUSI CHCTEM MOHHUTOPHHIA CETEBOW AaKTUBHOCTH, MOJEIHpYs aTaku Ha Wi-Fi-poyrepsr
(MikroTik, Huawei CloudCampus) win ¢QuUIIMHTOBBIE CclieHapuu 0e3 pucka A peasbHbIX
nojb3oBarenei [6]. Ilpu sToM GppeliMBOpK 1eMOHCTpUpPYET '’MOKOCTh — TemnepaTypa renepanuu (0.7—
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0.8) 1 mopor cxoxectu BekTopoB (0.9) HacTpanBaroTCs 10 KOHKPETHBIE 3a/1a4, OyAb TO OOHApYKEHUE
DDoS-arak wiu ananus ys3sumocteit B [oT-ycrpoiicTBax [4].

[Ipumenenue B nHpokoMMyHHKaIMOHHBIX cucTeMax. ELTEX HaxonuTt npakTudeckoe mpuMeHeHne
B 3a7ayax MOJICTUPOBAHMs, TECTUPOBAHUS M ONTUMH3AIMU HHPOKOMMYHUKAIIMOHHBIX CHUCTEM,
obecrnieunBasi UX yCTOMYMBOCTh K COBPEMEHHBIM KHOepyrpo3aM. B obiactu MoaenupoBanus Kubeparak
(bpeliMBOpK TO3BOJSIET T€HEPUPOBATh PEATUCTHYHBIC CLIEHAPUU aTaKk Ha paclpelelieHHbIE CEeTH,
BKJItouasi OnokyeiH-mmargopmel. Hampumep, cuHTeTHYeCKHe JaHHbIE MOTYT HMMHUTHPOBATH
IKCIUTyaTalI0 YSA3BUMOCTEH B CMapT-KOHTPAKTaX, TaKMX Kak reentrancy-aTtaku, WM (UIIHHTOBBIC
KaMIIaHWH, HAIIPaBJIEHHBIE Ha KPaXxy KIIIOYeH T0CTyIa K KpUITOKOIIeTbKaM. DTU CLIEHapHH, CO3/IaHHbIE
Ha OCHOBE JOMEHHBIX WHIMKATOPOB (aHOManbHBIA TpaduK, MOJO3PUTEIbHBIC TpPaH3AKLUH),
UCIIOJIB3YIOTCS JIsl TPEHUPOBKH cHcTeM 0OHapyskeHus Brop:kenuit (IDS) 6e3 pucka HapyuieHust paboTsl
peanbHOil MHPpacTpykTypbl [5]. OcoOyr IIEHHOCTh NPEACTABJISIOT CHUHTETUYECKHE MIaOIOHBI
aHoManbHOM akTUBHOCTU B Wi-Fi ceTsix — OT uHbEKIIUN PperiMOB A0 MOJEIbHBIX TOUEK JOCTyMa, —
KOTOpbIE TIOMOTAIOT BBISABIIATH CiIa0ble MECTa B KOPIIOPATHUBHBIX CETAX, BKJIIOYAs YCTapeBILHE
npotokousl ayrentudukanuu (WEP, WPA?2) [6].

Hns tectupoBanus cucteM MouutopuHra ELTEX renepupyer oObeMHBIE IaTaceThl CETEBOTO
Tpaduka, Bkitodas DNS-3anpocsl, 10rd MEXCETEBbIX 3KpPaHOB U METaJaHHbIE CECCHI. ITO MO3BOJISET
IPOBOJUTH CTPECC-TECTHI Ui MHCTPYMEHTOB aHanm3a, Takux kak MikroTik TrafficFlow wmu Huawei
CloudCampus Analytics, BbISBIISAS ClIebIe 30HbI B 0OHAPY>KEHUU CIOKHBIX MHOTOATAaMHbIX aTak (APT).
Hanpumep, cuHaTeTHYeCKNE JaHHBIE MOTYT UMHTHUPOBATh TIOBEACHNE OOTHETA B JIOKAJILHOW CETH BY3a,
reHepupys KoopauHauoHHble 3anpockl kK C&C-cepBepam uepes3 gerutuMubie moptel (HTTP/HTTPS),
YTO MPOBEPSIET CIIOCOOHOCTH CHCTEMBI OTJIMYATh CKPBITHIA BPEAOHOCHBIH TpapuK OT (POHOBOTO IIyMa
[7].

KanubpoBka wmojenelr mammHHOro oOydeHus peanusyercs uepe3 uHrterpanuio ELTEX ¢
napamMeTpuueckd 3()()EKTUBHBIMH METOJAMHM TOHKOW HacTpoiiku, Takumu kak LoRA (Low-Rank
Adaptation). DTO0 0cOOCHHO aKTyaJbHO JUIi KOMIIAKTHbIX Moxened (Gemma-2B, Saiga),
pa3BepThIBa€MbIX Ha Tepu(epuitHbIX yCTPOMCTBAX C OrpaHUYEHHBIMU pecypcamu. CHHTETHYECKHE
nanable ELTEX, oboramienHbpie JOMEHHBIMA WHAWKATOPAMH, MO3BOJISIOT aJaTHPOBATh MOAEIH MO/
cnenuduKy JTOKAIbHBIX CeTe — Hampumep, g Kiaccudukauuu yrpo3 B Tpaduke SD-WAN wiu
MIPOTHO3UPOBAHUS HATPy30K Ha MapiipyTu3aTopsl Cisco ASR. DKCiepuMeHTHI TOKa3bIBAIOT, YTO TAKOM
MOJIXO/1 COKpAIlaeT BBIYMCIMTENbHbIE 3aTpaThl HAa 40% IO CPaBHEHUIO C OOy4YEHHEM Ha peasbHbIX
JIAHHBIX, COXpaHsist TOUHOCTH detection rate Ha ypoBHe 89-92% [8].

KimtoueBsim npenmymectBoM ELTEX B 00pa3oBaTenbHOM KOHTEKCTE SIBISIETCS BO3MOXHOCTD
reHepalyuy JOKAJIN30BaHHBIX CIIEHAPHEB, YUUTHIBAIOIINX PETHOHAIbHBIE OCOOCHHOCTH KUOEpyrpo3 —
OT aTak Ha CHCTEMbl JUCTAHLIMOHHOTO OOy4YyeHMs [0 OJKCIulyatauuu ys3Bumocteil B IoT-
MH(PPACTPYKTYpe «YMHBIX KaMIIyCOB». OTO CO3/a€T OCHOBY JJisi MNPaKTUKO-OPHUEHTUPOBAHHOM
HOJrOTOBKHU CIIELUAIMCTOB B 00JIaCTH KHOEpOe30nacHOCTH, COKpallias pa3pbIiB MEX/ly TEOPETHYECKUMU
3HaHHUSMH U PeTbHBIMHU WHIMCHTaMH [12].

PesynbraTel. OxcnepumenTtanbHasd oneHka ELTEX noarsepauina ero 3¢dekTuBHOCTH B 3ajadax
reHepaluy JOMEHHO-CIEIM(PUUHBIX JaHHBIX Ui KuOepOesomacHocTu. ['ubpuaHoe oOyueHwue,
COUETAIOIIEEe CHHTETUYECKHME M pealbHble JaHHbIE, MO03BOMWIO AocTtuub Fl-score 82% mpu
KJIacCU(pUKaLMU Yyrpo3 B OJOKYEHH-CEeTSX, 4TO comoctaBuMo ¢ pesyiabratamu GPT-40, HO C
CYLIECTBEHHO MEHBIIMMH BBIYMCIUTENbHBbIME 3aTpatamMu (Tabmuma 1) [9]. KanmuOpoBka nOMEHHBIX
WHIMKATOPOB, TaKMX KaK aHOMaJlbHble MNATTepHbl TpaduKa WM TOJO3pUTEIbHBbIE W3MEHEHHUS B
KOH(UTypaIu yCTPOUCTB, CHU3MJIIA JOJIO JIOKHBIX cpabaTeiBaHuil Ha 13%, 4TO KpUTHUECKU BaXKHO IS
MuHUMU3anuu Harpys3ku Ha SOC-uentpsi [10].

Wuctpyment Google Sheets Add-on mnpoaeMOHCTpUpPOBaI BBICOKYIO IPOU3BOAMTENBHOCTD,
renepupyst 11 448 tekcToBbIX 00pasioB 3a 48 yacoB, BKJIrOUast Jioru atak Ha Wi-Fi-cetn (Hanpumep,
nogmeny BSSID) u cuenapum skciutyatauuu ysasBumocteid B loT-yctpoiicTBax. OTO yckopsier
pa3paboOTKy CHCTEM MOHUTOPHHTA B 2—3 pasa 1o CpaBHEHHUIO C PyYHBIM COOpOM JaHHBIX [11].

Tabmmna 1. CpaBuenne apdextunBHOcTH ELTEX 11 GPT-40

IMapamerp ELTEX (Gemma-2B + LoRA) GPT-40
Tounocts (F1-score) 82% 84%
JloxxHbie cpabaThIBaHMSI 8% 5%

79



Bpewmst rerepanuu 10k 3anmceit 124 24
BoruncnuTenbHbIe 3aTpaThl 32T VRAM 320T'b VRAM

Hctounuk: Pe3ynbraThl TecTUpoBaHus Ha natacere u3 15 000 coobmienwii [9, 12].
O6cyxnenue. Buenpenne ELTEX B o0pa3oBaTenbHBIE M KOPIOPATHBHBIE HHPPACTPYKTYPHI
o0ecreynBaeT MOBBIINIEHUE YCTOHYMBOCTH CETEH 3a CUET TPEHHPOBKU MOJEICH Ha Pa3sHOOOpPA3HBIX
cueHapusax arak, Bkmouas APT wu zero-day yrpossl. Hampumep, CHHTeTHYECKHE JaHHBIE,
umutupytouie DD0S-araku na mapmpytuszaropsl MikroTik, mo3BoisifoT 0TpabarbiBaTh aaropuTMbl
JNETEKTUPOBAHUS B YCIOBUSX, OJIM3KUX K pealIbHbIM, HO 0e3 pucka aisi GyHKIIMOHUPOBaHUS ceTH [7].
Jlokanu3anusi JaHHBIX HA PYCCKOM S3bIKE IOJJAEPKUBAECT IOJUTHKY HMIIOPTO3aMEIIECHNUS,
COKpalas 3aBUCUMOCTh OT 3apyOexkHbix LLM. OT0 oco0eHHO akTyanbHO ISl BY30B, e Tpebyercs
ajianTanus Mojenei moa cnennuuky J0KaIbHBIX KHOEpYrpo3 — OT aTak Ha CUCTEMbI JUCTAaHI[HOHHOTO
00y4eHUs 710 IKCIUTyaTalluy ysI3BUMOCTEH B KopriopatuBHbIX VPN [1].
OpnHako METOJl UMEET OIPAaHUYEHHUS:
Pyunas Bepudukanys HANKATOPOB YBEIMUMBAET BpeMsl MOATOTOBKH JataceToB Ha 20—25%.
Pucku nepeoOyueHus Ipy HEKOPPEKTHOM HACTPOIKE TEMIIEPaTypHOT0 apameTpa (ONTHMaIbHbIHA
nuarmazon — 0.7-0.8).
3aBUCUMOCTh OT KauyecTBa seed-JIaHHBIX — HEIOCTAaTOYHAs PENpPEe3eHTATHBHOCTh MCXOIHOTO
KOpITyca MPUBOAUT K FreHepalliy IIyMHBIX 00pa3ios [13].
Tabmmna 2. [Ipenmymectsa u orpanmyerns ELTEX

Kpurepuii IIpeumymiecTa OrpanndeHust

[IpomsBoautenbHOCTh | I'eHeparust 500+ 3ammceri/gac Py4nast mocTo6paboTKa TaHHBIX

Jlokanmszanus [Mommepikka pyCCKOS3BIYHBIX IOMECHOB 3aBHCHUMOCTb OT seed-KOpITycoB

bezonacHocTb TectupoBanue 6e3 prcka s OrpanunuenHas Banuaauus APT-atak
HHPPACTPYKTYPHI

Pecypcoemkocts COBMECTUMOCTH C MAJIOMOIIHBIMU Bricokue 3aTpaThl Ha TOHKYIO
YCTpPOMCTBAMU HaCTPOMKY

Ucrounuk: Ananu3 Ha ocHOBe 3KcriepuMeHToB ¢ SD-WAN u [oT-cersimu [6, 12].

3axmouenne. ELTEX ycraHaBnuBaeT HOBBIM CTaHAApT B IE€HEPALMU CIELUAIU3UPOBAHHBIX
JTaHHBIX A kubepoOesonacHocTH, couetasi rudbkoct LLM ¢ TouHOCTBIO TOMeHHOU amanTanuu. Ero
UHTErpanuss B oOpa3oBaTeibHbIE MPOrpamMMbl IO3BOJSET TOTOBUTH CHEIUAINUCTOB, CIOCOOHBIX
ONEpPaTUBHO pPEAarupoBaTh Ha COBPEMEHHBIE Yrpo3bl — OT (PUIIMHra 10 arak Ha KPUTHYECKYIO
UH(QPaACTPYKTYpYy.

[TepcnexTuBBl pa3BUTHA (PpeliMBOpKa CBsI3aHBI C aBTOMaTH3alueill Bepu(UKalul UHIUKATOPOB
yepes3 aIrOPUTMbI aKTUBHOTO 00Y4YEHHUS M pacCIIMPEHUEM Ha MYJIbTUMOIaIbHbIE TOMEHBI (aHAJIN3 BUJEO
c KaMmep HaOmoJeHus, ayauo3amucei). ITO cO34acT OCHOBY JJIS CO3/IaHUS KOMIUIEKCHBIX CHCTEM
3alllUThl, YCTOWYUBBIX K ABOJIIOLIUN KHOEPYTpo3 B yCIOBUAX LIUPPOBOH TpaHchopMauu 00pa3oBaHUs
u O6usHeca [5, 12].
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E.H. Ty3ankuna, M.C. I'opOyHoBa, /I.A. OBUMHHUKOB

HCCJEJTOBAHUE MOIIIHOCTH PATMON3JTYUEHUS PA3JIMUHBIX
YCTPOUCTB

YpanbCcKuil TEXHUYECKUI HHCTUTYT CBsi3u U uHpopmatuku (punuan) PI'BOY BO «Cubupckuit
rOCYapCTBCHHBI YHUBEPCHUTET TeICKOMMYHHUKanui 1 nHGopmatuku» B r. EkatepunOypre
(YpTUCHU Cubl'YTN), Poccus

KiroueBble cnoBa: U3aydeHue; paJuon3IyYeHUE; aHTEHHA; MOIIIHOCT.

B cratbe 1puBENEHO HCCIENOBAaHUE CUJIBl  PAAUOU3IIYYEHHS Ppa3JIMYHBIX YCTPOUCTB,
UCIIOJIB3YEMBIX B ITOBCEIHEBHOW >KM3HU, ISl BBIABJICHHS IMOTEHUUAIbHBIX PUCKOB UIS 3]10POBbS
4eJI0BEeKa MM OKpY’Kalomel cpenpl. Takke 00CYKIArOTCs CYIIECTBYIOIIME HOPMBI U CTaHIAPTHI 110
JOIYCTUMBIM YPOBHSIM paguou3iaydeHus. B KkadecTBe yCTpOWCTB paccMaTpUBAIOTCS TEJIEBHU30D,
MHKpPOBOJIHOBasI 11€4b, MOOWIBbHBIE Tenedonsl U Wi-Fi poyTepsbl.

E. N. Tuzankina, M. S. Gorbunova, D.A. Ovchinnikov
STUDY OF THE STRENGTH OF RADIO RADIATION OF VARIOUS DEVICES

Ural Technical Institute of Communications and Informatics (branch) of the Siberian
State University of Telecommunications and Informatics in Yekaterinburg
(UrTISI SibGUTI), Russia

Keywords: radiation; radio radiation; antenna; power

The article presents a study of the radio emission strength of various devices used in everyday life
to identify potential risks to human health or the environment. The existing norms and standards for
acceptable levels of radio emission are also discussed. The devices are considered to be a TV, a
microwave oven, mobile phones and Wi-Fi routers.

Cornacno tpeboBanusm CanlluH 2.1.8/2.2.4.2302-07, npenensHo aomycTuMble ypoBHH OMII
muanazona yactot 0,3 I'T' - 300 I'T' 1y HaceneHus COCTaBIAIOT IIOTHOCTD noToka sHepruu (I11119)
paBuyio 10 MxBt/cM? (25 MkBt/cM? amist criydaeB OOMydeHHs OT aHTEHH, pabOTalOIMX B PeKHUME
KpyroBoro o0630pa Wi CKaHHPOBAHMUS).

N3MepuTh HaNpsHKEHHOCTH MOJI MOYKHO IO METO/IMKE, IPUBEACHHON HIDKE.

[TormomenHast aHTEHHOM MOIITHOCTH P ornpesensieTcs Kak:

p=PdXA' (1)

rie Py — nmoTtHoCcTh moOTOKAa MomHOCTH (BekTop YMoBa-IloWiHTuHra) magaromieit
AJIEKTPOMATrHUTHOM BOJIHBIL;

A — > dexTrBHas TIIOMATH AHTEHHBI.

O¢ddexTuBHAs MIIOLIAF AHTEHHBI MPEACTAaBISAET COOOM MJIOIIAAh SKBUBAJEHTHOM IUIOCKOU
AQHTEHHBI, 10 KOTOPOU MPOTEKAIOT TOKU C PABHOMEPHBIM aMILIUTYHO-(Da30BbIM pacipeieIeHHeM, IPH
3TOM  MakCUMallbHbIM KO3 ¢duimenrom HampasieHHoro aedctBus (KHZ) pasen KH/L
paccmatpuBaeMoii anTeHHbl, To ecTh KII/[ Takoi antennsl paBHo 100%. C 3To# miomaayu aHTEHHA,
HallpaBJI€HHAs Ha WCTOYHMK CHUrHaja, IIOTJIOIIAET JHEPrUI0 MAJarolIero 3JIEKTPOMATHUTHOIO
U3IIy4ECHHUS.

PeanbHble aHTEHHBI Bcerja 001aal0T KaKUM-TO KOA(P(GHUIIMEHTOM YCHIIEHUS OOJIbIIe eTNHUIII.
Koaddumment ycunenust anteHHbl G MpsIMO TIPOTIOPIIMOHATICH TEOMETPUIECKOM IIJIOMIa I aHTEHHBI A.
Ero MoxxHO yBenmuuuTh NyTeM (POKYCHPOBAHUS H3IIy4YEHHUs TOJBKO B OJHOM HAIpaBlIEHUH C
OJTHOBPEMEHHBIM YMEHBIIIEHUEM M3JIyYEHHs BO BCEX OCTAJbHBIX HampasieHUsX. [loaTomy dem yxe
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IIMpHUHA AWarpaMMbl HAlPBJICHHOCTH, TE€M BHIIIE KOX(PQHUIMEHT yCHeHUS aHTeHHBbI. COOTHOIICHNE
MEXIY K03 PHUIMEHTOM YCHIICHHS aHTECHHBI U €€ IJIO0IIAIbI0 BhIpaXkaeTcs (opMyJIou:

_4AXmXA X7

501041
12
CAXTXT )
A, = %A (4)

3neck A, — 3(pexTuBHAS TUIOIIAH AHTCHHEI;

n — KIIJl anTenHsr;

A — JUIMHA BOJIHEL.

Ecnu KI1/] antennst pasen 1 (miu 100%), 3T0 03Ha4aeT, 4TO BCA YHEPTHsl, HABOJAUMAS B aHTCHHE,
0e3 moTeps MmomnajaeT Ha BXOJI MpueMHuKa. Eciu jxe 3To mpuemMHasi anteHHa, To npu eauHuaHoM KIT
BCS SHEPrus, IpUHUMaeMasi aHTEHHOM, momnaiaeT B nmpueMHUK. OHAKO Ha MPaKTUKE 4acTh SHEPTUU
Bcerna TtepsieTcss B (OpMe TEIUIOBOW JHEPIHH, KOTOpas PAacXoIyeTcs Ha pa3orpeB SJICMCHTOB
KOHCTPYKILIUU aHTeHHBI U puaepa.

®dopyna (2) ¢ yaerom Gopmysl (4) MOKHO IepenucaTh B BUJIE:

4xXxmT XA
N A ®)
HIn
/’{2
Ae = 4 X T X Gl (6)

rae A — nnuHa BonHbl U )— KII/] aHTeHHBI, KOTOPBIN BCeTia MEHBIIE €TUHUIIBI.

st uccnenoBanus OblT BRIOpaH psiJi HauOOJIee pacIPOCTPAHCHHBIX PAJAMOBEIIATEIBHBIX CITYXkKO,
C KOTOPBIMH CTaJKWBAETCs IMOJAABIAONIEEe OONBIIMHCTBO Jiofel. K HUM OTHOCSATCS 4YacTOTHI
pasuoBeIIaHMsI, TCICBUICHNUS, MOOUIbHOM cBs13u, Wi-FI 1 MUKPOBOJIHOBOM TICUH:

- fpalmo =100 MI'L;

- s =700 MI'1y;

- fog =950 MTI'y;

- fwi-fi = 2400 MT;

- fun = 2450 MI1.

B uccnenoBanny ucmonp3o0Banack U3MepHUTeIbHAs aHTeHHA [16-52 ¢ K0 HUIIEeHTOM yCHIICHUS
B paboueii nonoce yactot G = 1,6 a1b u KII/] n = 0,8 u anrenny [16-61 ¢ koadpunrenTom ycuiaeHus B
paboueii monoce yactor G = 10 nb u KITIJIn = 0,8.

Jns BepuduKkalny BHIMOIHEHHBIX U3MEPEHHI ObLT HCIIOJIb30BAaH 3aBEIOMO U3BECTHBIM HCTOYHUK
uznydenus (Wi-Fi Touka moctymna) st KOTOpOTo BBIMOIHSIIOCH CPABHEHUE U3MEPEHHBIX U PACUCTHBIX
pe3ynbraToB. [l pacueta mpeAmnosaraéMoil IUIOTHOCTM MOTOKAa MOIIHOCTH HUCHOJIb30BaCs
cnenyromuii Mmero. MomHocts Wi-Fi poyTepa paHa 100 MBT. I110THOCT TOTOK MOIITHOCTH C Y4€TOM
koa(ddurmenTa ycusieHus anTeHHsl 1.6 n1bu Ha 1 MeTp B TOUKe, HaXosAIIeHcs Ha paccToTHUH 20 CM OT
UCTOYHUKA, pPACCUUTHIBAETCA MO (hopMyJIe:

P 100

ﬁ = W = 0,25 MBT. (7)
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Torma Py Ha mmomamu 1 M? 6yzer 0,25/10000 = 2,5%10° MBr/cm? = 2,5%1072 MxB1/cM?, uto He
npeBblmaeT TpeboBaHus ycraHoBieHHbIM HopmaM CanlluHa. IlomydyenHoe B xone u3MepeHUit
3HaueHue 6,39*107 6au3K0 K 3HAYCHHUIO JAHHOTO METO/A, U3 Yero CleyeT, YTO BBIOpAHHBINH METOJ
IIPaBUJIbHBIN.

s paguouactorsl f =100 MI't, koaddunment ycunenus G = 1,6 nb, KITJ] anrennst n = 0,8.

=z, (®)
rie v — ckopocthb cBera = 300 000 000 m/c.
Jmuna Bosnsl juis 100 MI'1 paBHa:
300 000 000

Apaso = 100000 000 — > M-

OcTanbHbIC PACUCTBI MPOU3BOAATCA aHAJIOTUYHO!

- M = 0,429 m;
- A2g=0,316 m;
- Mwi-fi = 0,125 m;
- 2am = 0,122 M.

J1s KOpPEeKTHBIX BRIYUCICHUN KO3(ppuumeHT ycunenus nepeseaeM u3 ab B passl o ¢popmysie:

dB = 101g(G) 9
Otcroza:
dB
G = 1070 ; (10)

&

G, = 1070 = 1,45;
10

G, = 1010 = 10.

D¢ dexkTuBHAS MJI0IAb AaHTEHHBI I PAJHO:

32
Ae pauo = 75 X 1,45 = 1,0385 m* = 10385 cw’

OCTaJ'IBHBIe paC‘ICTBI HpOI/IBBOI[}ITCH AHAJIOTHUYHO.:

- Ac 1 =0,021236 m? = 212,36 cm?;

- Ac 29=0,011522 M? = 115,22 cM?;

- Ac wifi = 0,012434 m? = 124,34 cm?;

- Ac yn=0,011844 Mm% = 118,44 cM?.

HpI/I IIOMOIIIN AaHTCHH MBbI I/ISMepI/IJ'II/I MOIITHOCTH CUTHAJIOB HA CJ'IelIyIOHH/IX qgacTroTax.
W3mepeHHbIe 4acTOTHl Ha aHTeHHe [16-52:

- 103,7 MI'u — paguo;

-674 MI'n—TV;
-785 MI'n — TV;
- 958 MI' — 2g;

- 2400 MTI'tt — Wi-Fi,
- 2450 MI'1 — MUKpOBOJIHOBasI 11€Yb (C 3a3eMIICHHEM U 0e3).
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N3mepennsbie yacToThl Ha aHTeHHE [16-61:

- 103,7 MI'u — paauo;

- 2400 MI'y — Wi-Fi.

PesynbraThl ©13MepeHuii mpeacTaBiIeHbl B Tadauie 1.

Tabmuua 1 — Vi3MepeHnHble 3HaUeHUs

YactoTa, MI'11

AHtenHa 103,7 674 785 958 2400 2450 2450 +
116-52, nbm -24.9 -57 -59 -32 -31 -34,3 -38,5
116-61, nbm -18,1 - - - -35 - -

13 dopmyisl (1) Beipaszum Pd:

Jlns pacueroB nepeBoauM abm B MkB, Toraa Pd paccunteiBaercs:

15,49 .
Pd_pazudo = m =1,49 x 10 MKBT/.

OcralibHBIE pacCcdCThI HPOU3BOAATCA aHAJIOTHYHO. PCSYJ'ILTEITLI 3aHCCCHBI B Ta6nnuy 2.

Tabmuna 2 — [lonydyeHHas MIOTHOCTh MOTOKA MOIIIHOCTH

Yacrora, MI'11
103,7 674 785 958 2400 2450 2450 +

IInoTHOCTH MOTOKA

womoctu Pd, MKBT/cv? 1,49*103 | 9,4*10° | 4,7*10° | 5,47*10° | 6,39*102 | 3,14*10° | 1,19*10°3

HopwmatusHoe 3nauenne Pd = 10 MxB1/cm?,

MoskHO caenaTh CIEIYIOIIMHA BBIBOA: M3Iy4yaemasl HCCIeAyeMbIMH MpUOOpaMU MOIIHOCTH Ha
MOPSIAKHA MEHBIILIE IPEJENBHO I0IIyCTUMOTO HOPMAaTUBHOI'O 3HAUYEHHUS, YTO CBUJIETENILCTBYET O TOM, YTO
MCIIOJIb30BAaHUE COBPEMEHHBIX 3JIEKTPOHHBIX NMPUOOPOB B MOBCEIHEBHOHN JKU3HM HE MPEACTABISAET
CEpbE3HON yIpo3bl AJIs 310POBbS YEIOBEKA.

CIIMCOK JIMTEPATVYPHLI:
1. Ilpunoxenue 1. IlpenenbHO AONMYCTUMBIE YPOBHHM 3JE€KTPOMArHUTHBIX MOJEH [DIEKTpOHHBIN
pecypc]. Pexum JOCTYyTIA:

https://base.garant. ru/12131290/53f89421bbdaf741eb2d1ecc4ddb4c33/7yscl|d m92915k9e4567998
627

2. Kanpkymsarop 3Q@exkTHBHOW IUIOMAAN aHTCHHBI [DJIeKTpOHHBIA pecypc]. — Pexum moctyma:
https://www.translatorscafe.com/unit-converter/ru-RU/calculator/effective-antenna-aperture/

3. Tabmumna mnepesoma abm B MBT [Dnekrtponnsiii pecypc]. — Pexxum gocrtyma: https:/gsm-
repiteri.ru/tablica-perevoda-dbm-v-mvt
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HN.N. lllecTakoB

OIIEHKA ITAPAMETPOB 'EHEPATOPA ®OI:IOBOI>1 INIOMEXH, IPUMEHSIEMOI'O
JUJIAA HOBBILWEHUA NTHOOPMALIMOHHOMU BE30OITACHOCTHU B TIACCUBHOU
OINTUYECKOM CETH CBSI3H

Ypabckuii TEXHUYECKUH UHCTUTYT CBsi3H U nHPopMmaTuku (prman) @I'BOY BO «Cubupckwii

rOCy/IapCTBCHHBIN YHHUBEPCUTET TEICKOMMYHUKAIMIA 1 MHPOPMATHKN» B T'. EkaTepuHOypre
(YpTHUCH Cubl'YTH), Poccus

KiroueBsie cnoBa: hoHOBast momexa, reneparop GOHOBOM MMOMEXH, MACCUBHAS ONTHYECKas CETh,
napaMeTpsl POHOBOH TTOMEXH, KOHIIEIIIUS TeHepaTopa MOMEXH.

B pabote uccrieayroTcsi XapakTepUCTHKH TeHeparopa (DOHOBOM MOMEXH, MPUMEHSEMOTO JUIs
IIPOTUBOJICUCTBUS, Il 3aTPyIHEHHS] MEPEXBAaTy BOCXOAIIEr0 IMOTOKA JaHHBIX B MAaCCUBHOMN
ONTHUYECKOH CeTH JocTyna. AHAIU3UPYETCS] KOHLENIUS FeHEpaTopa, ONTUMH3ALMS €r0 CTPYKTYpHBI U €€
3¢ (peKTUBHOCTH MPUMEHEHUS B MACCUBHBIX ONTUYECKUX CETAX JOCTyma. Pe3ynbraToMm uccienoBaHus
ABJISIETCS TO, YTO JUIS IPOTUBOJECUCTBUSA IIEpEXBaTy BOCXOJALIETO IIOTOKA TaHHBIX, IIEPEIaBAEMOTr0 Ha
JnuHe BosHbl 1310 HM, OoNTUMajabHBIMM THapaMeTpaMU IOMEXHU SBISETCA JJIMHA BOJIHBI, IIMPUHA
CHEKTpa M MOIIHOCTb. JIJInHA BOJHBI M LIMPHUHA CIIEKTpa MOMEXH JOJDKHBI B OOJbIIEH CTEelneHen
COOTBETCTBOBATh MEPEXBAThIBAEMOMY CUTHANy. MOIIHOCTh MOMEXH Ha CTOPOHE aOOHEHTOB JOJDKHA
OBITH MAaKCUMaJIbHO BO3MOKHOM, IIPH 3TOM, CUTHAJIa [IOMEXH HE MOlyJIMpoBaH. B ciyuae, ecinu curnain
MIOMEXH MOJYJIMPOBAH IO AMIUIUTYJE, TO 4YaCTOTa MOAYJISILUUA U YPOBEHb MOLUTHOCTH TOMEXH JI0JKHBI
COOTBETCTBOBATH IE€PEXBATHIBAEMOMY HH()OPMAIIMOHHOMY CHTHAIIy, JEHCTBYIOIIETO Ha BXOJE
dboTronpreMHUKa TPETHUX JIHLI. Takoi MoAX01 yCIOXKHSAET MPOIECC MOACTPOUKH MOIIIHOCTH MOMEXH Ha
BBIXOJIE T€HEpaTopa M3-3a pasHOW yAajIEHHOCTH aOOHEHTOB OT y3Jia JOCTyIa M Pa3HOT 3aTyXaHHs B
ONTHUYECKOM IpHeMo-TiepenaromeM Ttpakre. OTCYyTCTBHE MOAYJISILUU ONTHYECKON HECYyIeW, J1enaeT
KOHCTPYKIIMIO TeHEpaTOpa MPOCTON U ONTUMATLHON. DPPEKTHBHOCTH TAKOTO THITA HCTOYHUKA IIOMEXHU
MOATBEPIKIECHA TOJIBKO ITyTEM IPOrPaMMHOT0 MOIEIMPOBAHUS.

I.1. Shestakov

EVALUATION OF THE PARAMETERS OF THE BACKGROUND NOISE
GENERATOR USED TO ENHANCE INFORMATION SECURITY IN A PASSIVE OPTICAL
COMMUNICATION NETWORK

Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics in Yekaterinburg (UrTISI SibGUT]I), Russia

Keywords: background noise, background noise generator, passive optical network, background
noise parameters, interference generator concept.

The paper examines the characteristics of a background noise generator used to counteract the
difficulty of intercepting an upstream data stream in a passive optical access network. The concept of
the generator, optimization of its structure and its effectiveness in passive optical access networks are
analyzed. The result of the study is that to counteract the interception of the upstream data stream
transmitted at a wavelength of 1310 nm, the optimal interference parameters are wavelength, spectrum
width and power. The wavelength and width of the interference spectrum should be more consistent with
the intercepted signal. The interference power on the subscriber side should be as high as possible, while
the interference signal is not modulated. If the interference signal is amplitude modulated, the
modulation frequency and interference power level must correspond to the intercepted information
signal acting at the input of a third-party photodetector. This approach complicates the process of
adjusting the interference power at the generator output due to the different distance of subscribers from
the access node and the different attenuation levels in the optical receiving and transmitting path. The
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absence of optical carrier modulation makes the generator design simple and optimal. The effectiveness
of this type of interference source has been confirmed only by software modeling.

B nayuHo-uccienoBatenbckoir padore [1] mpeacraBiieHa KOHIEMIUS YCTPOWUCTBA TSl 3aIUTHI
MACCUBHOM ONTHUYECKON CETH JOCTyIa OT MepexBaTa BOCXOIAIIETO MOTOKA IaHHBIX B TACCUBHOW CETU
ONTUYECKOTO0 JocTyna. Mojens ycTpoiicTBa peicTaBiieHa Ha pUCyHKe 1. YcTpoilcTBO npegHa3HaueHO
JUIsL TEHepali B HUCXOJSIIEM HaNpaBiICHUM CHUTHaja IOMEXU C IapaMeTpaMu CXOXKUMHU C
napamMeTpaMH IepexBaThIBAEMOI0 CUTHaJIa Ha JjvHe BONHBI 1310 HM. YuuThiBas 3T0, MOXKHO JaTh
Ha3BaHME ITOMY YCTPONCTBY Kak IreHepaTop (pOHOBOI TOMEXH.

Oco0OeHHOCTBIO TeHepaTop (HOHOBOW TOMEXH SIBIISIETCS Py4YHAs HACTPOWKA YPOBHS MOIIHOCTHU
OMeXoBoro curxaia. IloacTpoiika MOIIHOCTH CHUTHaJIa MOMEXH peajr30BaHa 3a CUET MEePEMEHHOIO
aTTEHI0AaTOpa, BKIIFOYEHHOTO o cxeme Mexay passerButessimu PLC 1:k u FBT 1:2 5/95. Kak nokazanu
pe3yJbTaThl MOMEX0ycTonYnBOCTH [1,2], Heaecoodbpa3Ho NPUMEHUTh HECKOIbKO UCTOYHUKOB CUTHAIa
MOMEXHU C OTJIMYHBIMHU JPYT OT JPYyra YPOBHSIMH MOIIHOCTH CHUTHalla. B cxeme reHeparopa momex,
MPEJICTABICHHON Ha pPHUCYHKE 1, HavaJdbHBIA YpPOBEHb MOIIHOCTH 4YEThIpeX IoMex Ha Bbixoae SFP
MOJIyJIel 3aBUCHUT OT HUX MapaMeTpoOB, a UMEHHO OT MOIIHOCTH TepeaaTdvka. PazHWIla MOITHOCTH
MepeIaTYNKOB JTODKHA ObITh 3-5 nbM.

B ciyuae nmpumenenust omHOTUIHBIX SFP Monyneit, HemocpeACTBEHHO Ha BBIXOJIE TepeaTanKa
SFP Monynst cnenyeT ycTaHOBHUTH arTeHioaTopsl Tumna SC ¢ GUKCHpOBaHHBIM 3HAYCHHEM 3aTyXaHHs,
Hanpumep Ha 3, 6 u 9 nb. Buemmnuii Bug SC arreHtoaropa mpejictaBiieH Ha pucyHke 2. Torna,
nonkiouenue meanakonseptepoB (MK) k PLC pasperBurento 1:4 Oyzaer BBIMVIAIETh Kak MOKa3aHO HA
pUCyHKe 3.

o MwuH®n-3BM
Bnok

nuTaHua ! '
DC 220/12

FBT
1:2
5/95
Line OLT Line OLT Line OLT
Bupa ceepxy
@) O
Mopr 1 Mopr 2 MopT N
C F Inl 1 IEEeEEl § e
Line OLT Line OLT Line OLT
O O
Jlnuesan naHenb

Puc. 1. Konnenrus ycTpoicTBa U IPOTUBOACHCTBHS NIEPEXBATY BOCXOIAIIET0 OTOKA JaHHBIX [1]

PP
>
©

oA

Puc. 2. Buemnuii Bug SC arrenroaropa
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MwuHun-3BM |

bnok 'RI-45 YRI-45 : ! RJ-45
nUTaHWA ! : : :
DC 220/12 MK LMHJ LI\/IKJ LMKJ
SFP SFP SFP SFP
346 64ab 9ab
| PLC 1:4 |

PLC 1:K |

|

FBT FBT FBT
1:2 1:2 . . . 1:2
5/95 5/95 5/95
Line OLT Line OLT Line OLT

Puc. 3. Cxema noxkiroueHus: MeanakoHBepTepa k pazsersurento PLC 1:4 yepes aTreHroaTop

OnuuM u3 TpeGoBaHUM, IPU KOTOPOM OOECIIEYMBACTCS OMpEIETICHHAs CTEIICHb 3alIUIIIEHHOCTH
CUTHaJIa BOCXOJISIIEr0 MOTOKA JAAHHBIX OT €ro IepexBara, SIBJISETCS YPOBEHb MOIIHOCTH MOMEXU Ha
BXoze (OTONMpUEMHHKA TPEThbHUX JHI. OH JOIKEH ObITh COM3MEPHUM C YPOBHEM IE€PEXBATHIBAEMOIO
UH(POPMALIMOHHOTO CUTHANA. YPOBEHb N1€PEXBATHIBAEMOI'0 CUI'HAJIA 3aBUCUT OT CIIOCOOOB IepexBara.
Kak ormeuaercs B HayuHoi padore [1], B cetn PON cymecTByI0T ecTecTBEeHHBIH U MCKYCCTBEHHBIN
TexHu4Yeckuid kaHan yrteduku uHpopmauuu (TKYU), mpu KOTOpbIX, YpOBEHb NEpEeXBaThIBAEMOIO
CUTHaJIa MOKET cocTaBsITh 0T MuHYC 30 n1bm 1o munyc 80 nbm. Toraa, ypoBeHb MOILIHOCTH [TOMEXHU
Ha JanpHeM KoHile pasBerBieHHONH BOJIC cetn PON nomkeH ObITh B 3TOM ke AnMana3oHe, MO3BOJIAs
3aTPYIHUTH MIEPEXBAT CUTHAJIA BOCXOIAIIECTO MOTOKA JaHHBIX IS pa3Hbix TKY .

B Oosnbuieil creneHH, ypoBeHb MOIIHOCTH IE€PEXBATHIBAEMOIO CHUTHAla 3aBUCHT OT CXEMbI
kackagupoBanusi ceth PON wu kxommdecTBa OTBEeTBICHHMI B aOOHEHTCKOM pa3BeTBHTENE. Tak, B
nByxkackaaHoit cetu PON B cxeme ¢ pasBerButensimu PLC 1:2 u PLC 1:32 ypoBeHb lepexBaThIBA€MOT0O
curHana Oyner MeHsbIe, 4eM B cxeme ¢ pa3serButessimu PLC 1:8 u PLC 1:8. Crout oTMeTuTh, 9TO B
ectectBeHHOM TKVYMU, ypoBeHb IepexBaThIBAEMOIO CHTajla BOCXOZSIIErO MOTOKA JAHHBIX MEHbILE
YPOBHS MEPEXBAThIBAEMOTro curHaia B uckyccteeHHoM TKYMU. Pazuuiia cocrasmuser:

A=O0RL + ApLc 1N, 1)

rie ORL — Bo3BpaTHBIE ONTHYECKHE TMOTEPH MArUCTPAIBHOTO Pa3beMHOTO  COCTUHECHUS
aOOHEHTCKOTO pa3BEeTBUTEI;

ApLC_1:N — BHOCHMBbIE IOTEPH a0OHEHTCKUM Pa3BETBUTEIIEM.

A — pa3HuLa YpOBHEH MepexBaThIBAEMOT0 CUTHaJla B HCKYCCTBEHHOM U ectecTBeHHOM TKY M.

Bemmunna ORL amst pa3HBIX THUTIOM MOJHUPOBKH KOHHEKTOPOB Pa3beMHOTO COCTUHECHUS WMEET
pasuble 3HaueHus. s UPC nomuposku ORL = 50 nb, ans APC ORL = 60 nb. B peanbHoii cetH,
skcruryaranuonHoe 3HaueHne 40 < ORLupc< 50 ab u 50 < ORLapc< 60 nb, a cpennee 3HaueHUE
cocrasiisieT 50 nb.

Bemmunny ORL mMaructpaibHOTO pa3beMHOTO COSAMHEHHSI aOOHEHTCKOTO Pa3BETBUTEIST MOKHO
OLICHUTHh YJAJICHHO W AaBTOMATHYECKH, HHTETPUPOBAB B KOHCTPYKIMIO TE€HEpaTopa ONTHYECKUI
pedurekromerp OTDR. TectupoBanme kaxaoi pazserBiéHHoi BOJIC, moaKI0OueHHON K KOMMYTaTopy
OLT, cnenyet BBINOJHATH Yepe3 ONTUUECKUN nepekitouarens. [IpeanonaraemMas cxema MoIKIOYEHUS
npezcTaBieHa Ha pucyHke 3. /s ymensienus Biaustaus curaana OTDR Ha paboTocnocoOHOCTE ceTn
PON, uzmepenue ORL cienyer npoBoAuTh Ha JarHE BOJHBI 1625 HM. [lomyueHHbIe pedieKToMeTpoM
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yucieHHbie 3HadeHnss ORL OyayT aHanu3upoBaThCs 3JIEKTPOHHO-BBIUUCIUTEILHON MAIIMHON (MHHH-
OBM), ¢ uenpro MNOCIEAYIOLIEH pPETyJIMpPOBKONM IEPEMEHHBIX aTTEeHI0aTopoB. Kpome renepauun
MCEBAOCIYyYalHO  TOCJEAOBAaTEIbHOCTH, Ha  MUHU-OBM  5oxurcs  3agaya  ynpaBiieHUs
pedIieKTOMEeTpOM, ONITHYECKUM NEPEKIII0YaTEeNIeM U IEpeMEHHBIME aTTeHoaTopaMu. C 0/1HOM CTOPOHBI,
Ipe/JIoKEHHasT KOHLIETUs TO3BOJIIET pa3paboTaTh aBTOHOMHOE YCTPOWCTBO [UIsl 3aTpyIHEHUs
nepexBary HHPOPMALMOHHOTO CUTHaJIA Ha JiHe BoJHBI 1310 HM, a ¢ APYTroii CTOPOHBI, OHA YCIIOKHSET
U yIOpOXaeT MOJECPHU3UPOBAHHYIO CXEMY KOHIENIMI0 I'eHepaTopa IOMEX, paccMaTpHUBaeMOro B
Hay4HO# pabote [1].

Bnok i MwuHn-3BM
L]
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Puc. 4. UnTerpanus OTDR B cxemy rereparopa momex

JUis ynpolieHus: KOHCTPYKIIMU TeHepaTopa MOMeEX, J0CTaTOYHO MPUMEHHMTh OJUH HCTOYHUK
(J1azepHBI MOJ), TEHEPUPYEMBIM HEMOIYJIMPOBAHHOE (MOHOXPOMATUUYECKOE) HU3IyUYCHHE, NITUHOM
BOJIHBl M IIUPUHOM CNEKTPaJbHON JMHHUEH WIEHTUYHOH MCTOYHUKY, IPUMEHSEMOr0o B AOOHEHTCKHUX
tepmuHana PON.

[Tyrem mnporpamMmmuoro wmonenupoBanusi B OptiSystem, mnonyueHbl YHCICHHBIC TaHHbBIC
3aBUCHMOCTEN:

1) Q-dakropa OT MOILIHOCTH MEPEXBATHIBAEMOr0 HHPOPMAIUOHHOTO cUrHANa (Peurs) M IOMEXH
(Pn) melicTByrommux Ha Bxoj€ (pOTOMPUEMHUKA,

2) Q-thakTopa OT EHTPAIbHOM JJIMHBI BOJIHBI CUTHATA TIOMEXHU (Aq) MIPU Pa3HBIX 3HAYCHHUAX Peury
u Pr.

PesynbraThl mpencrasineHsl B Tabmunax 1 u 2. biok-cxema mporpaMMHOIO SKCHEpUMEHTa B
OptiSystem mpeacraBicHa Ha pUCYHKE 5

Tabmuna 1 — 3aBucumocth Q-dakropa oT Peurs 1 Py

Po Pu 10 1bm 0 nbm -10 nbm -20 nbm -30 nbm
4 nbm 0 0 4.4 8,6 10,3
0 nbm 0 0 3,0 7,0 9,9
-4 nbm 0 0 0 51 9,0
-8 nbm 0 0 0 3,5 7,2
-12 nbm 0 0 0 2,3 49
-16 nbm 0 0 0 0 2,8
-20 nbMm 0 0 0 0 0
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| 241bm | 0 | 0 | 0 | 0 | 0 |

Tabmuua 2 — 3aBucumocts Q-pakropa oT A pu pa3HbIX 3HAUCHUSIX Peurn ¥ P
A, sM | 1310,2 |1310,16| 1310,11 | 1310,07 | 1310,01 | 1309,98 | 1309,93 | 1309,89 | 1309,8
Q-dakrop| 10,2 10,0 91 3,4 0 0 3,4 9,5 10,3

(IR, J_I_I_I_ BERAnalyzer

Pseudo-Random Bit SNRZ Pulse Generator

Bit rate = Bit rate Bits/s @ @ -|||||| :
e - - D " -] -

Optical Spectrum Anar;'zerOptical Spectlrum Analyzer_1 e‘ Visualizer
ot i [ 1
¥ =

N =

CW Laser Mach-Zehndegr Modulator
Frequency = 1310 nm :
Power=0 dBm : o '
Ontical Fibér Butterworth;Filter ~ PIN Low Pass Filter
Length = 1.5 km Freauency = 1310 nm
: Bandwidth = 10 GHz
M . 3
Power Combiner 2x1 . ,
CWlaser 2~ o : . :
Freauencv = 1309.8 nm
Power =0 dBm Optical Time Doman VisuaOptical Time Doman Visualzer_1

Puc. 5. biok-cxema

AHanmM3upys TaOJIMYHbBIE 3HAYEHUS, MOKHO CJIENIaTh CJIETYIOIINE BBIBOIBI.

1. lnuHa BOJIHBI TIOMEXHM JIOJDKHA COOTBETCTBOBATH JUIMHE BOJIHBI II€PEXBATHIBAEMOTO
WH(OPMAIIMOHHOTO CUTHAJIA BOCXOJSIIETO MOTOKA JAaHHBIX. [IpHM 3TOM, HCTOYHHMK CHTHAJIA MOMEXHU
JOJI’KEH OBITh BHICOKOCTAOMIIBHBIM, KaK MO MOIIIHOCTH, TaK U MO T€HEPUPYEMOIi UTUHE BOJIHBI.

2. MoIHOCTh TOMEXH Ha JTAJIbHEM KOHIIC JIMHUU CBSI3U JIOJDKHA OBITH B JIyUIIEM CIIy4ae HE MEHEee
munyc 10 nbm. Torna, ans cetu PON ¢ MakcumanbHbIME OTEpAMHU B onTudeckoM Tpakrte B 30 ab [3],
MOIITHOCTb JIA3€PHOTO q1oAa (HadaJlbHAsi MOIIIHOCTH MTOMEXH) AOJDKHA ObITh 20 1bM.

YuuTeiBas 3Ty KOHIICMIINIO, CTPYKTYpHAasi cxeMa reHeparopa (JOHOBON MMOMEXHU MPUMET BUJ, KaK
MOoKa3aHO Ha pucyHke 6. [l TOATBEpKIEHUS TOJYyYEHHBIX pe3yJbTaTOB MPOrPaMMHOTO
MOJICJIMPOBAHUS CJIEIYEeT MOCTABUTh HATYPHBIA 3KCHEPUMEHT, KOTOPBIA MO3BOJIUT OLIEHUTH CTENEHb
MIPOTUBOJICUCTBHS TMEPEXBATy CUTHAJA BOCXOJSIIETO MOTOKA JAHHBIX, IMTyTEM Te€HEpalid MOITHOTO
(oxomno 20 nbm) HeMOAYIHPOBAHHOTO M3IYYEHHS] B HUCXOSIIEM HAMpPaBICHUU, U OICHUTH CTENEHb
BIIMSTHHE MOIIHOM ITOMEXH Ha KadecTBO cBs3u B ceTr PON.
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AKTMBHaA cMCTEMA OXJIOKOEHUA
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Puc. 6. YnpormeHHas KOHIEIIH TeHepaTopa GOHOBOH ITIOMEXHU
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IMPOBEPKA HAIEKHOCTH Y BE3OITACHOCTH YCTPOMCTB B TUBPUIHBIX 10T-
CETHAX

Ky6anckuii rocynapcrsennbiii yausepcuret (Ky6I'Y), r. Kpacnonap, Poccus

KitoueBsie cnoBa: uHTepHeT Bemiel, [0T, yMHBII 10M, HaJIGKHOCTh YCTPOKMCTB, 06€3011aCHOCTb,
TecTHpoBaHue, Zigbee, 00JaYHBIC TEXHOJIOTHH.

B cratee paccmaTpuBaeTcd axTyalbHas IpoOiieMa OLIGHKM HaJIeXKHOCTH M 0e30IacHOCTU
YCTPOMCTB MHTEpHETa Bellen. [Ipemiaraercs KOMIUIEKCHAs METOAMKA TECTUPOBAHUs, BKIKOYAIOLIAs
aHaJu3 IPOU3BOJUTEIBHOCTH, YCTOMYMBOCTH K COOSM M 3allMIIEHHOCTH OT BHEIWIHMX yrpo3. Ha
npuMepe nonysisipHbiX [0T-ycTpoiicTB AeMOHCTPHPYETCS MPAKTUUYECKOE MPUMEHEHHE pa3paboTaHHOTrO
noaxona. Pe3ynpTarsl HccieJ0BaHUSA MOTYT ObITh MCIIOJIBb30BaHbI A7 pa3paO0TKH CTaHAAPTOB OLIEHKU
kadecTBa [oT-penienuii B yCIOBHUsX MacCOBOIO BHEIPEHUS TEXHOJIOIMI YMHOIO I0Ma.

L.l. Shuvalova, D.V. lus
RELIABILITY AND SECURITY TESTING OF DEVICES IN HYBRID IOT NETWORKS
Kuban State University (KubSU), Krasnodar, Russia

Keywords: Internet of Things, 10T, smart home, device reliability, security, testing, Zigbee, cloud
technologies.

The article examines the pressing issue of evaluating the reliability and security of Internet of
Things (l1oT) devices. A comprehensive testing methodology is proposed, including performance
analysis, fault tolerance assessment, and protection against external threats. The practical application of
the developed approach is demonstrated using popular 10T devices. The research results can be used to
develop quality assessment standards for 10T solutions in the context of mass adoption of smart home
technologies.

Texnonorun wunrepHera Bemed (IoT), B TomM uMciae CHUCTEMBI YMHOIO JiIOMa, CTaHOBSATCS
HEOTHEMJIEMOM YacThIO HAlllel NMOBCEAHEBHON U3HU. COTHU PA3JIMYHBIX BEHAOPOB 10 BCEMY MUDY
npeJuIararoT Ui MoTpeOuTeNel MUPOKUE JIMHEHKHU YMHBIX YCTPOMCTB. B 3THX yCllOBUSX HA NepeHui
IUIaH BBIXOJUT TMpoOiieMa oOecredyeHus HaleKHOCTH U O€30MaCHOCTH HCHOJIb30BAHUS YMHBIX
YCTPOMCTB Kak JUIsl Mosib3oBaresieil, Tak u Juisl pazpaboTunkoB. OHAKO, Ha CErOAHSIIHUN JIeHb HE
CYLIECTBYET YHHUBEPCAJIbHOIO MHCTPYMEHTAa M METOAMKH OLIEHKH HaJIe)KHOCTU M Oe3omacHocTH 10T
ycTpoiicTB. B Hameil pabore omMcaHa MOMbITKA MOCTPOEHUS TAaKOIO MHCTPYMEHTA W IpPEIIokKeHa
METOJMKA €ro INPUMEHEHMs], IPEICTaBIECHbl PE3yJbTAaThl TECTUPOBAHUS KOMIIOHEHTOB OJHOTO W3
HOMYJISIPHBIX MPOU3BOAUTEIEH YMHBIX YCTPOUCTB, BKIKOYasi MHOTO(QYHKIIMOHATIBHBIN 1IUTI03 U AATYUK
TeMmreparypbl, paboTalomuii 1o mnporokody Zigbee. HMccnenoBaHue HampaBlIeHO Ha  OLEHKY
YCTOMYMBOCTH CHCTEMbl K HarpyskaM, CKOPOCTH BOCCTaHOBJIEHUS Tocie cOOeB M YpOBHA
3alUIIEHHOCTH OT BHEIIHUX yrpo3 [1]. Heo6xoaumocTs coznanus ctanaapToB TectupoBanust s [oT-
YCTPOWCTB 00YCIIOBJICHA MOTPEOHOCTHIO B 00ECTICUCHUH CTAa0MIBHOM PabOThI Pa3HOPOIHBIX CHCTEM B
pEAIBHBIX YCIOBUAX IKCILTyaTalluu.

Oco0Ooe BHHMaHue B padOTe YNEIeHO TMOATOTOBKE TECTOBOM COOPKM U HCIOJIb3YEeMBIX
IPOTPaMMHBIX MHCTPYMEHTOB. {151 mpoBeJeHHs HCHbITaHWN ObLTa coOpaHa JabopaTopHas ceTeBas
KOH(Urypamus, BKIOYamomas B cebsd MHOropyHKUMOHaIbHBIN 1uT03 Tuya, Zigbee-maTunk
TeMIIepaTypbl, MapuIpyTU3aTop ¢ nojaepxxkoit VLAN u ynpasisieMbIM TpaduKoM, a TaKkKe CepBep I
cOopa W aHanM3a JAaHHBIX. B KadecTBe MPOTPaMMHOTO OOECNedYeHHUs] HCIOIb30BAINCH OMOIUOTEKH
tinytuya ams B3aumozencTBusl ¢ o6igauHbiM APl W JOKanbHBIMH yCTpOHCTBaMHU, MHCTPYMEHTHI IS
MOHMTOPHMHTA CETEBOr0o TpaduKa, a TakKe YTWIMTHI JUIsl CKaHMpOBaHUSA MHopToB. llogkmtouenue k
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YCTPOWCTBAM OCYIIECTBIISIIOCH Kak 4epe3 oOmako Tuya, Tak ¥ MO JIOKAIBHOW CETH, YTO TO3BOJIUIIO
OLIEHUTH 00a CIIeHapHs SKCILTyaTalluHy.

HccnenoBanue mMpoBOAMIOCH Ha CHEHUATM3UPOBAHHOM CTEHJE, BKJIIOYAIOIIEM alllapaTHbe U
MPOrpaMMHBIE KOMITOHEHTBI, C BO3MOKHOCTBIO KOHTPOJISI CETEBBIX JJAHHBIX U ITapaMeTpoB. B kauecTBe
TECTHPYEMBIX YCTPOMCTB HCIOJB30Baauch 103 Tuya Multi-Mode Gateway (mpommBka 1.7.2) u
natyuk temnepatypsl Tuya Zigbee (mpommuBka 1.0.10). Ynpasienue TectaMu OCyIIECTBIISIIOCH Yepes
koHTpoJuiep Raspberry Pi 4 (4 I'b O3VY) nox ynpasnenuem OC Raspberry Pi OS, nonkimrodeHHBIH K
HUTI03Y 110 KaHaJy CO CKOPOCThIO Nepenayn qaHubix 100 MouT/c.

[IporpaMMHasi 4acTh TECTOBOM Cpe/Ibl BKIIIOYAsa:

— Python 3.9 ¢ 6ubnuorekoii Tinytuya 1.4.3 s B3aumozeiictus ¢ oo6maunsiM APL;

— Nmap 7.92 nys aHanu3a OTKPBITHIX IOPTOB;

— Wireshark 3.6.7 myist 3axBara ceTeBoro Tpaduka;

— MQTT-6pokep Mosquitto 2.0.14 myist IoKaJTbHONH KOMMYHUKAITHH.

CereBast mH(]pacTpyKTypa COCTOsAJa M3 JABYX HE3aBUCHUMBIX KOHTYpOB. JIOKaJbHBIE TECTHI
BBIMOJHSUIMCE 4yepe3 mpsMoe Ethernet-moaxiiroueHue mut03a K KOHTPOJUIEPY, HCKIIOYAsl BIHSHUE
cropoHHero Tpaduka. O0savHbIe 3aMPOCHl HANPABSUTUCH Yepe3 MapuipyTu3arop Keenetic-1717 (Wi-
Fi 5, 802.11ac) na cepepsl Tuya B EBpomneiickom peruone co cpennei 3aaepxkoin 28 mc. Zigbee-cetb
paborana Ha kanane 15 (2.4 I'Tu) c pamuycom neUcTBUS A0 8 METPOB B YCJIOBHUSIX OTCYTCTBHUS
buznYeCKuX NPEnsSTCTBUIMA.

CxeMa MOAKIIOYEHUsI BKIIIOYalia B ceOs JAaTYMK, KOTOPBIM B3aWMOJEHCTBOBAJI CO IILIHO30M I10
npotokoiny Zigbee. 111103, B cBOI0 0ouepenb, coequHsics ¢ KoHTposiepoM Raspberry Pi. [lapannensHo
U3 noaaepkuBan Wi-Fi-coeuHeHHe ¢ MapipyTU3aTopoM Uit 00JauyHON cHHXpoHM3amu. Takas
KOH(UTypalys MO3BOJIsIa H30JMPOBATh TECTUPYEMble KOMIIOHEHTHI OT BHEIIHUX BO3JCHCTBHIA,
COXpaHssl IPU 3TOM BO3MOXXHOCTh HMHTAIIMH PEAbHBIX YCIOBHH pabOTHI 3a CYET KOHTPOJIHPYEMBIX
nomex, renepupyembix AWGN-monynem.

B pesymprare  TecTHpOBaHUS ~ yAAIOCh  MOJYYUTh  PA3HOOOpPA3HBIE  IMOKa3aTeIH
MPOU3BOJUTENBHOCTH, YTO BAXKHO ISl OOBEKTUBHON OIICHKU MPHUTOJAHOCTH YCTPOWMCTB B Pa3iMUHBIX
cueHapusix skcruryaranuu. Hanmpumep, mnsa nuroza Tuya MakcuManbHOe OBICTPOJICHCTBUE COCTABHIIO
200 3ampocoB B CEKYHIy HpHU OO0JIAYHOM COEAMHEHMHU M 25 3alpocoB B CEKYyHAY IPH JOKAILHOM
MNOJKJIIOUEHUH. Zigbee-naTunk TemmepaTyphl Nmokasan nukoBoe 3HaueHue RPS B 130 3ampocoB B
CEKYHJY, YTO JIEMOHCTPUPYET €ro BBICOKYIO MPOHM3BOJIUTEIBHOCTh, HECMOTPSI HA TO, YTO JUISL ATOTO
KJlacca YCTPOWMCTB CTOJIb BBICOKAsl CKOPOCTh HE SIBJISIETCS KPUTHYECKH BakHOU. [Ipm sTom cpemnme
3HayeHus RPS, compoBokiaromuecs: yBeIHMUeHHEM 33/€pKKU HJIM POCTOM 4YHcia OLIMOOK, MOTYT
HaKJIaJpIBaTh OTPAaHUYEHUS Ha NMPHUMEHEHHE YCTPOWCTB B CHUCTEMaxX C BBICOKHMMH TPEOOBaHUSMH K
CKOPOCTH OTKJIMKAa WU MacuTabupyeMocTd. Hampumep, mpu MpeBBIIICHHU OMPEIETIEHHOTO Mopora
RPS nabmronanoch yBennueHUe 3aJ€PKKH OTBETA U MOSBJICHUE OIIMOOK, YTO CITOCOOHO OTPAaHUYUTH
BO3MOXXHOCTH HWHTETpAllMM TaKUX YCTPONCTB B KpYyIHBIE pacmlpefeNEéHHbIE CHCTEMBbI peaibHOro
BpPEMEHH.

Jns onenku moboro apyroro loT-ycrpoiicTBa npeanaraercs CleIyIOLUIMM alropuT™M: cHavajia
dopmupyercst TecToBasi cOOpka ¢ y4ETOM OCOOCHHOCTEH YCTPOWCTBA M €r0 MPEAIoaraeMoi cpeibl
sKcIUTyaTanuu. Jlanee paspabarbiBaeTcsi ClieHapuil Harpy304yHOrO TECTUPOBAHHUS C OMpeesIeHuEM
nuarnazona RPS, duxcupyrorcs mnokazatenu 3amepkkd u ommbOok. [locie 3Toro mpoBoauTCs
TECTUPOBAHUE BPEMEHU BOCCTAHOBIJIEHUS IOC]e cOOEB, a TaKkKe aHajau3 0€30MaCHOCTH C MOMOIIBIO
WHCTPYMEHTOB JUISI CKAHUPOBAHUS TIOPTOB M MPOBEPKH 3alIMIIEHHOCTH KAHAIOB Iepeaddl JaHHBIX.
[TomydeHHBbIe pe3yabTaThl CPABHUBAIOTCS C ATATOHHBIMU MU PEKOMEHIOBAHHBIMH 3HAYEHUSMH IS
JMAHHOTO KJIacca YCTPOWMCTB, YTO IMO3BOJISIET CHENaTh BBIBOJBI O TPUTOJHOCTH YCTPOHCTBA IS
KOHKPETHBIX 3a/1a4.

Co3maHHasi cUCTeMa OIICHKH KavecTBa PabOThI YCTPOWCTB BKIIFOUYAJIa HECKOJIBKO MPOTPAMMHO-
anmapaTHbIX TECTOB, KAXK/IBIM U3 KOTOPBIX UMUTHPOBAI KPUTHYECKU BaKHBIE CIIEHAPUH YKCILTyaTall|u.
Harpy3ouHoe TecTupoBaHHe OBUIO HANpaBICHO Ha OIpEeieHHe MaKCUMAalbHOW IPOITYCKHOMN
CIOCOOHOCTH CHUCTEMBI. 3alIpOChl Ha KOHEYHbIE YCTPOICTBA OTHPABISUINCH Kak yepe3 obnaunbiidi API,
TaKk M HampsMyl0 u4epe3 cyllecTByromuil ¢usnyeckuil uHTepdelic ycrpoiictBa. B mpouecce
TECTUPOBAHUS OIEHUBAINCH TAKUE METPUKH, KaK KOJIMYECTBO YCIICUTHBIX 3apocoB B cekyHay (RPS),
3anepxka otBeTa (latency) u kommuecTBo ommOok u T.1. Onenka Bpemenn BocctanoBienus (MTTR)
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ObUIO HAIIPaBJICHO HAa U3MEPEHHE CPEJHEr0 BPEMEHU BO3BpaTa CUCTEMBI B pabouee COCTOSIHUE MOCIIe
c60s1. /171 3TOro NCKyCCTBEHHO BBI3BIBAINCH COOM, TAKUE KaK OTKIIOUYEHUE MMUTAHUS UM Pa3pbIB CETH,
U (PMKCUPOBAJIOCH BPEMs BOCCTAHOBJIEHHUS CBA3H, a 3HAYMT JUIUTEIBHOCTD [1ay3bl B 00pabOTKe 3apOCOB.
Amnann3 6e301aCHOCTH BKJIIOYAJI CKAHUPOBAaHUE IOPTOB (C MOMOIIBI0 Nmap) JUis BBISIBJICHUS OTKPBITHIX
IOPTOB U IPOBEPKY Ha Haiuuue OTKpPbIThIX API-sHamounToB. Llenbio TecTupoBaHus ObUIO BBISIBUTH
NOTEHIMAJIBHBIE YS3BUMOCTH B CETEBOW KOH(PHUTYpaIMK UCCIIETyEeMbIX YCTPOICTBA.

B pe3ynpTrare NpoBENEHHBIX TECTOB YAAJIOCh ONPENEIUTH, HApPUMEpP, YTO A Hulro3a Tuya
osicTpoaeiicTBre gocturaet 200 3ampocoB B CEKyHAY MPHU O0JAaYHOM COCIMHEHUU U 25 3alpocoB B
CEKyH[y IIpH JIOKaJbHOM MOJKIIOYeHHU. beicTposeiicTBue Zigbee-gaTunka temMneparypbl JOCTUTAIIO
nukoBoro 3HadeHust RPS B 130 3anpocoB B ceKyHy. DTO yKa3bIBaeT Ha TO, YTO JATUYUK TEMIIEPATYphl
MMEET OTHOCUTENIBHO BBICOKYIO IIPOU3BOAUTEIBHOCTD, HE CMOTPSI Ha HEBBICOKYI0 KPUTHYHOCTH TOIO
napamerpa JUIsi JaHHOTO THUIa yCTpoicTB. s cpaBHEHMs, TUTMYHBIE 3HaueHus: RPS (3anpocos/c) mis
Pas3JINYHBIX YMHBIX YCTPOMCTB IPEACTABICHBI B CIIEAYIOLIEH TabauIe:

Tabmuna 1 — Tunosslie 3HaueHus RPS nis yMHBIX ycTpolicTB

Tun ymHoro HopmanbHsie Hop E;HSL HpIC Hnlgg];me Hﬂéggme Munanmansasie RPS
YCTpOHCTBA RPS (o6mako) (oKanbHO) (06aK0) (noKanbHO) (mpu3Hak Opaka)
TepmocraThl 0.1-1.0 0.5-2.0 10-150 20-100 <0.01
Jlammbl 0.5-2.0 1.0-5.0 50-100 100-200 <0.1
Haranku 0.1-0.5 0.5-1.0 10-150 20-50 <0.01
TEMIIEPATYPBI
Harauku 0.5-1.5 1.0-3.0 100-300 200-500 <0.1
0€30IaCHOCTH
Crctembt 1.0-5.0 2.0-10.0 300-500 500-1000 <0.5
VIpaBIEHUS JOMOM
Inr0361 5.0-20.0 20-50 100-500 200-1000 <1.0

[Tonp3ysick TabiuIel, MOXXHO OLEHHTh HW3MEPEHHBIC MapaMeTphl MPOU3BOJUTEIHHOCTH
YCTPOMCTBA KakK MpH 00JauyHOM, TaK U IPU JIOKAIBHOM HNOJKIIOUYEHUH. B Hamem ciydae pe3ynbTaTsl
TECTHUPOBAHUS MOKa3aly, 4To 1uI03 Tuya 1eMOHCTpUpyeT 0oJiee BHICOKYIO MTPOU3BOIUTEIBHOCT IPU
00JIaYHOM COEIVMHEHUHU, YeM TUIIMYHbIE 3HAYEHUs U1 YMHBIX HUTI030B [2]. OpHaKo, 3TOT BBIBOJ
JIOCTaTOYHO CYOBEKTHUBEH, TaK KaK Ha MNpPsIMYIO CBSi3aH CO CHEHU(UKON opraHuszanuu 0oO0JayHOU
UHPPACTPYKTYPbl MPOU3BOJIUTENS YCTPOMCTBA M MapaMeTpaMU CETEBOTI0 MOJKIIOYEHHUS KOHEYHOIO
nojab3oBarens. TecTMpoBaHHWE BPEMEHU BOCCTAHOBJIEHHUS IOCIE 3SMYJIMPOBAHHOrO cOos B pabore
nokasaio 3,14 cekyH/bl. DTO CBUJETEIbCTBYET O BBICOKON HAJIS)KHOCTH U 3(h(hEKTUBHOCTHU aIrOPUTMOB
BOCCTAHOBJICHUSI CHCTEMBI.

AHanu3 ceTeBol 0€30MacHOCTH BBIABUI OTCYTCTBME OTKPBITBIX IMOPTOB Ha IIIKO3€, YTO
3HAUUTENBHO CHUKAET PUCK BHEIIHUX aTaK U 00ECIIeUnBaeT BHICOKUI ypPOBEHb CTAOUIIbLHOCTH CUCTEMBI.
[ToreHnManbHBIE 37T0YMBIIUIEHHUKH HE MOTYT HMCIIOJIB30BATh MOPTHI JUIsl IPOHUKHOBEHUS B CUCTEMY,
YTO SIBJSIETCSI Ba)KHBIM IMPEUMYILIECTBOM B IUIAHE 3alIUTHl JAaHHBIX. [IpOM3BOAMTENHHOCTH ILIIO3a
JIEMOHCTPHUPYET 3HAUUTENbHYIO PAa3HUIYY MEXy 00JauyHbIM U JIOKAJIbHBIM HOJKIIOYEHUEM, YTO MOXKET
OBITH CBSI3aHO C 33/I€pKKaMU U OrpaHu4YeHUs MU obsauHoro API.

KommuiekcHbIl 1OAX0/I, BKJIIOUYAIOUINI Harpy304HbI€, BOCCTAHOBUTENBHBIE U 3AIIUTHBIE TECTHI,
MO3BOJIIET OOBEKTUBHO OIIEHUBATh MPOU3BOAUTEIHLHOCTD, HAAEKHOCTh M O€30MaCHOCTh YCTPONCTB B
Pa3IMYHBIX YCJIOBUSAX 3KCIUTyaTallMu. Takas METOJUKAa MOXKET ObITh MCIOJb30BaHA KaK OCHOBA JUIs
(bopMUpPOBaHUS OTpPACIEBBIX CTaHIAPTOB TecTHUpoBaHUS [oT-ycTpolcTB M MOBBILIEHUS JOBEPHUS K
TEXHOJIOTHSIM YMHOTO JIoMa U IIPOMBIIIJIEHHOTO HHTEpHETa Bewle [3].

[IpennoxeHHbIH yHUBEPCAJIbHBIA aNrOPUTM TECTUPOBAHUS MOXET OBbITh aJanTHUPOBaH MOJ
IMIUPOKUNA CIEKTP YCTPOMCTB M CIIEHApUeB OKCIUTyaTallud, 4YTO JeNaeT METOAMKY T'HOKOH u
MaciTabupyemMoid. OTO TMO3BOJISIET HE TOJIBKO TPOBOJUTH CPaBHUTENBHBIM aHAW3 yCTPOMCTB
Pa3IMYHBIX MPOU3BOAUTENEH, HO U BBIABIATH clla0ble MEeCTa B apXUTEKTYpE CUCTEM, ONTHMHU3HPOBATH
nporpaMMHOe OOecIedYeHHe M anmapaTHYK 4YacTb, a TaKXke pa3padaThlBaTh pPEKOMEHAALMH II0
YIIyUIIEHUIO O€30MaCHOCTH U HAJIS)KHOCTH.
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B mepcnektuBe pa3zpaboTka W BHEAPEHHE MOJOOHBIX CTaHJIAPTOB TECTUPOBAHUS CIIOCOOCTBYET
(OopMHPOBAHUIO €AUHOTO MOJX0Aa K oneHKe [0T-ycTpoicTB, UTO MOBBICUT JOBEpUE MOJIb30BATENECH 1
YCKOPUT UHTETPALIMIO YMHBIX TEXHOJIOTUN B TOBCEIHEBHYIO )KU3Hb 1 OM3HEC-TIPOLIECCHI.
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3ABUCUMOCTD ITAPAMETPOB WI-FI COEAUHEHUS OT BBIBOPA
TEXHOJIOI'MM BE3OITACHOCTH
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(YpTUCHU Cubl'YTN), Poccus

KuroueBsie cioBa: Ping, mponyckHas criocoOHOCTh, paccTosinue, WPA2, WPAS3.

B crarbe npencraBieHsl JaHHBIC SKCIIEPUMEHTAIBHBIX 3aMepoB napametpoB Wi-Fi coenunenms,
B YaCTHOCTH 3aJIeP’KKa U MPOIYCKHAs CIIOCOOHOCTh KaHaja B 3aBUCUMOCTH OT PACCTOSIHUS U BHIOOpA
texHosioruu 6e3omnacHoctu coenunerus (WPA2 nin WPA3).

M.A. Yagnyukov, S.M. Plehanov

DEPENDENCE OF WI-FI CONNECTION PARAMETERS ON THE CHOICE OF
SECURITY TECHNOLOGY

Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: Ping, throughput, distance, WPA2, WPA3.

The article presents data from experimental measurements of Wi-Fi connection parameters, in
particular, channel delay and throughput depending on the distance and choice of connection security
technology (WPA2 or WPA3).

Ha nanusiit MomentT WPA?2 sBiisieTcst caMoi paciipoCTpaHeHHOM TeXHOorueH 3amuThl ceteid Wi-
Fi, HO B TO ke BpeMsl JaHHAsi TEXHOJIOTHS MMOCTEIICHHO YCTapeBaeT, TaK CYIIECTBYET yxe Oonee 20-Tu
neT, HanOoJiee MepCIeKTUBHOM TEXHOJIOTUEN 3aIUThI HA CETOAHSIIHNUN JIEHb SIBJISIETCS HOBBII CTaHAAPT
WPA3 [1]. bonpmmHCTBO paboT B JAaHHOM 00JacTH HampaBlIeHHO HAa MMEHHO Ha pPAacCMOTpEHHE
0e30macHOCTH ceTu, HanpuMep Takue kak: [2],[3],[4]. Ho nanHble myOnuKanuy moYTH HE YIIOMUHAIOT
BJIMSIHHE JIaHHBIX TPOTOKOJIOB HA apaMeTphl CaMOro coeinHeHus, B [3], roBoputbes o Tom uro WPA3
OKa3bIBAaeT CpeJHee BIMSHUE Ha NPOM3BOAMTENbHOCTh. HO B TO ke BpeMs JaHHBIA cTaHIapT
oOecrieunBaeT 0ojee CI0KHOE HIM(POBAHUE, YTO MOXKET BIHMATH Ha PECYPChl COEIUHEHHs, TT03TOMY
ObuT0 pemieHo mpoBecTu cpaBHeHue TexHosmormit WPA2 u WPA3, myrem 3amepa KITFOYEBBIX
IIapaMeTPOB MMPOU3BOAUTENBHOCTH COEIUHEHHUS.

[{enb paboTHI: U3YUUTh, KaK PACCTOSTHUE MEXK/1y YCTPONCTBOM M TOUKOM focTyna (B quana3zoHe 1—
70 M) 1 ucnonszyemsbiii cranaapt 3amutel Wi-Fi (WPA2-Personal unu WPA3-Personal) BiusitoT Ha
OCHOBHBIE TapaMeTpbl OECIPOBOJHOTO COECIUHEHUS — 3aJepXKKy (BpeMs OTKIMKA) U IPOIYCKHYIO
CHOCOOHOCTh KaHaja.

3aaun UcclIenOBaHuA:

e [IpoBenieHne n3MepeHuii: OpraHM30BaTh CEPUIO IKCIIEPUMEHTOB, B KOTOPHIX U3MEPUTH CPETHIO0
3alepKKy (ping) W CKOpOCTh mepemayu naHHBIX (throughput) Wi-Fi coenuHeHus mpu pa3nudHbIX
paccTosiHuAX OT To4uKHu Aoctymna (ot 1 M 10 70 M) 17151 1ByX pexxumoB 6e3omacHocT — WPA2 u WPA3.

¢ O0pa0oTKa NaHHBIX M TOCTpOEHUE TpapuKoB: 3aPUKCHUPOBATH MOJIYUYEHHBIE PE3YJIbTaThl U
MOCTPOUTh HAa UX OCHOBE HArJIsJHbIE TpadHKH, OTpa)kalollue 3aBUCHUMOCTb 3a/IePKKH U CKOPOCTH
COEIMHEHUS OT PACCTOSIHUS JIJISl KaX /100 CTaHAapTa 0€301acHOCTH.

e AHaJIN3 pe3yJIbTaTOB: CPABHUTH XapaKTEPUCTUKHM COEAMHEHUsS NpU ucnosibzoBaHun WPA2 u
WPA3 Ha pa3HbIX AMCTaHLUAX; ONPEAEIUTH, HACKOJIBKO CYIIECTBEHHO PACCTOSIHUE CHUXKAET CKOPOCTh
Y YBEJIIMYMBAET 3a€PKKY; BBISIBUTH, UMEIOTCS JIM 3aMeTHbIE paznuuust mexay WPA2 u WPA3 B nnane
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MIPOU3BOIUTENILHOCTH (HAIlpUMep, Jerpafainusi CKOPOCTH H3-3a JOMOJHUTEIBHOrO IMH(POBaHUS WIH
pa3iuuus B CTAOUILHOCTH COCTUHEHHUS).

e DopMyNHpOBaHWE PEKOMEHIAIMI: Ha OCHOBAaHHWHM IMOJNYYEHHBIX JAaHHBIX pa3padoTaTh
PEKOMEHIallMU M0 ONTHUMH3AIUU OeCIIPOBOAHBIX ceTel. B yacTHOCTH, 1aTh peKOMEHAAINH [0 BBIOOpY
cranmapta 6e3omacHoct (WPA2 vs WPA3) ¢ yuerom TpeOoBaHUI K CKOPOCTH M 0€30MacHOCTH, a
TakKe Mo IuIaHupoBanuio nokpbiTue Wi-Fi (pa3Menienne Touek J0cTyna, MaKCUMalIbHbBIE PACCTOSHUS
MEXIY HHMH), 4YTOOBI 00ECHeuyuTh HEOOXOIUMYI0 CKOPOCTh M MHHHUMAIBHYIO 3a7EepKKy 0e3
KOMITpOMHcca B 0€30MaCHOCTH.

Metoauka 1 3KCIepUMeHT: M3MepeHus npoBOAMINCH ¢ TOMoIIbI0 cmapTdona Ha Android. [{ns
otieHKH KadecTBa Wi-Fi-coeqrHeH s UCTIOIb30BATNCH:

o [Ipunoxxenne Analiti WiFi Analyzer — s 3amepoB ckopocTu 3arpy3ku/Beirpy3ku (RX/TX) u
ypoBHs curHazna (nbm);

e Termux — i 3amepa 3aaepxku (ping) ¢ ucrnonb3zoBanuem ICMP-makeTos.

TecThl BBITOJIHSIIUCH HA PA3HBIX PACCTOSHUSX OT TOYKHU JOCTyIa — ot 1 70 70 MeTpoB — B ABYX
pexxumax 6ezormacHoctu: WPA2 u WPA3. M3smepenns npoBoawInCh Kak B quamnaszone 2.4 [T, Tak u 5
ITu. Bee nansbple (UKCHPOBAIMCH B TaOJHUIly, IO Pe3yJbTaTaM MOCTPOSHBI IpaUKU U BBHIMOIHECH
CpaBHUTEIbHBIN aHaau3. 11 mpoBeaeHus 3aMepoB ObLT ucosb3oBan crangapt Wi-Fi 6 (802.11ax).

Pe3ynbTarsl 3aMepoB MpeACTaBICHBI HA PUCYHKaX 1-4.

[MponyckHasa cnocobHocTb Ha 2.4 [Ty
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Puc 1. — Ilponryckuas crmocoonocts Wi-Fi coennnenus Ha gactore 2.4 I'T
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Puc 4. — 3anepxka Wi-Fi coequnenus na yacrore 2.4 [T

BbIBO/IBI 110 pe3ysibTaTaM 3aMepoB: MPOIyCKHas crocoOHOCTh coemauneHus Wi-Fi craHOBUTBCs
HIDKE yKe NpH pacctosiHuu 6osee 15m u ucnonszoBanun WPA3, a pu paccrostuuu 6onee 40 MeTpos,
00a YyaCTOTHBIX JMana3oHa MOKa3aliH, YTO apaMeTpbl TAKOI'0 COEAMHEHHUS Ma/laloT YXKE 3HAYUTENbHO,
noyTH B 2 pa3a u 6osiee. B To jxe BpeMsl, eClii HCKIIOYNTh U3 IpaMKOB 3HAUEHUS, SIBHO SBIISIOIINECS
poMaxaMH, TO MOXKHO CKa3aTh, 4TO MapaMeTphl 3ajepkku B obomx ciydasx (WPA2 u WPA3),
SBIISIIOTCS IPUMEPHO PAaBHBIMHU.

PexoMenaum: ecnu nmapameTp MPOIYCKHOM CIIOCOOHOCTHU SIBISIETCS] IPUOPUTETHBIM JJISL CETH,
TO MU paccTossHUU Oosiee 15M Ooliee nMpennouTHTENbHBIM siBisieTcs Bbioop WPA2.
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O CYIIECTBOBAHUWH PELHIETKHA CJIOKHOCTH n
C CUMMMETPHUYECKOM I'PYIIIIOM ABTOMOP®U3MOB

VYpanbckuii TEXHUYECKUH HHCTUTYT CBsI3M U HHPopMaTuku (pumman) ®PI'EOY BO
«CuOupckuii rocyJapCTBEHHbIM YHUBEPCUTET TEJIEKOMMYHUKALUN U HHPOPMATUKN,
r. ExatrepunOypre (YpTUCU Cu6l'YTU), Poccust

KiroueBsle clioBa: PIH(bOKOMMyHI/IKaHI/IOHHLIe TCXHOJIOTUHU, CHCTCMbI CBsA3HU, I[MPOrpaMMHOC
O6€CH€‘I€HI/I6, TEOpHU pCHICTOK

Kak u3BecTHO, B HU(POBYIO 3py TEOpHs PELIETOK CTajla OJHUM M3 KIACCHUYECKHUX DPa3zesioB
COBPEMEHHOW anreOphl, urparomeil (yHIaMEHTAIBHYIO pOJIb B TEOPHH (POPMATBHBIX SI3BIKOB,
ABIIIOIIMXCS  OCHOBOM  pa3pabOTKM  MpOrpaMMHOro  oOecreyeHus, B  TOM  YHCIE
NH(bHOKOMMYHHUKAIIMOHHBIX TEXHOJIOTUN U CHCTEM CBSI3H.

B wm3BectHo#t mMoHorpadum I'. I'perniepa mo Teopuu pemeTok mocrabiieHa mpodiema |.17: B
JTAHHOM KJIaCCE€ PEHIETOK JJI KaKUX HATypajbHBIX N CYIIECTBYET pemieTka cioxkHoctu n ? [Ipu satom
CIIO)KHOCTBIO KOHEUHOM pEIIETKHM Ha3bIBAETCS YHUCIO N MepeceueHuil JIHHUM Ha ONTHMAaJbHOM
JTUarpamMme 3TOM PEeIIeTKH.

B coBpeMeHHO# anreOpe eCTh MHOTO padoT, MOCBAIICHHBIX M3YYCHHIO anre0p ¢ «Ooratoi» -
CUMMETpPUYECKON TIpynmnoi aBToMoppu3MoB. B craThe 1n0Ka3aHo, 4YTO B KJacce pELIETOK C
CUMMETPUYECKOU IPYITION aBTOMOP(HU3MOB CYIIECTBYET PEIICTKA JTFOO0H CIIOKHOCTH N .

E.A. Perminov, A.M. Shorokhov, E.A. Kopylov

ABOUT THE EXISTENCE OF THE COMPLEXITY LATTICE n
WITH SYMMETRIC AUTOMORPHISM GROUP

Ural Technical Institute of Communications and Informatics (branch) of the Federal State
Budget Educational Institution of Higher Education «Siberian State University of Telecommunications
and Informatics» in Yekaterinburg (UrTISI SibGUTTI). Russia

Keywords. Infocommunication technologies, communication systems, software, lattice theory.

As you know, in the digital era, lattice theory has become one of the classical sections of modern
algebra, which plays a fundamental role in the theory of formal languages. Which are the basis for
software development. Including Infocommunication technologies and communication systems.

In the famous monograph by G. Gretzer on the theory of lattices, the problem is posed 1.17: in this
class of lattices R, for which natural n does a complexity lattice exist? In this case, the complexity of
the finite lattice is the number of line intersections on the optimal diagram of this lattice.

In modern algebra, there are many works devoted to the study of algebras with a "rich™ - symmetric
group of automorphisms. This article proved that in the class of lattices with a symmetric automorphism
group, there exists a lattice of any complexity.

Kak n3BectHo [1, 2], Teopust pemeTok — OypHO pa3BUBArOIIAsCs 00JIaCTh COBPEMEHHOM anredpsl,
Jexaniasi B OCHOBE HCCIIEJIOBaHMSI YHOPSAJOYEHHOCTH M Xaoca B HayKax, NMPUPOJE M BO BCEM
OKpy’KaroleM Mmupe. B Hamiell cratbe BaXXHO TO, UTO OHA SIBIAETCS YHHUDUUIUPYIOIMIMM KapKacoM B
HCCJIEIOBAaHMSIX CYHIECTBYIOLErO MOpsiKa M KiIaccu(UKAIMM B3aMMOCBSA3€M MEXIy 3JI€eMEHTaMu
(bu3nUeCKrX, XMMUYECKHX, TEXHUYECKUX U MHOTHX JIPYTHX CHCTEM B HayKe U POU3BOJICTBE.

B mudpoByio smoxy Teopus pemeTok cTaja OJHUM W3 KJIACCHUECKHUX Pa3/esioB COBPEMEHHOM
anreOpbl, urparouieid (QyHIaMEHTaIbHYIO POJIb B TEOPUHM (HOPMAIBHBIX S3BIKOB [3], SBISIOLIMXCS
OCHOBOM pa3pabOTKu MporpaMMHoro odecnedeHus: MTHOOKOMMYHHUKAITMOHHBIX TEXHOJIOTUN U CUCTEM
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cBs3u. Kpome Toro, Teopus pemeTok UMeeT BaxKHOE 3HaYeHHEe B KOMOMHATOPHOM aHAlIu3€ CI0KHOCTU
aNropuTMOB [4].

[ToaToMy 3aKOHOMEPHO, YTO TEOpHUsl PELIETOK cTaja WUrpath (yHAAMEHTaJIbHYIO pOJib B
pa3paboTKe S3BIKOB MAIIMHHOTO OOYYeHMsS TMpH peIIeHUH 33ahad o0paboTKM H300pakeHuil u
pacno3HaBaHusi 00pa3oB [5, c. 365], 4To mMeeT BakHOE 3HaueHHE B HMH(POKOMMYHHKAITMOHHBIX
TEXHOJIOIMsX. Teopusi peleToK Halula NMPUMEHEHME U B PEIICHUU «33Jad aHajli3a, MpPOorHo3a U
JTUArHOCTHKY, BBISBIICHUS! CKPBITHIX 3aBUCUMOCTEN U MOJACPKKU IPUHATHS PALIMOHANBHBIX PEIICHUI
(B TOM 4mCIi€ B IMarHOCTHKE Pa3JIMYHBIX MaTepUAIOB, U3/ACJIUNA U BeulecTB) [6, C. 3], NpUMEHSIEMBIX B
cuctemax cBsi3u. [lonstue pemerku [1] mokaspiBaeT, HACKOJIBKO MHOTOOOpa3HbI BUJBI YIIOPSIOUEHUS
3JIEMEHTOB M B3aUMOCBSI3€H TON WJIM MHOM HCCIIeyeMON TEXHUYECKOW CUCTEMBI MIIM OOBEKTA.

B monorpaduu [1] mocraBnens! cienyromias npodiema |.17: B nanHOM Kitacce pemieTok R st
KaKHMX HaTypaJIbHBIX N CYIIECTBYET PEIeTKA CIOKHOCTU N?

B cBs3u ¢ 3TOM MpoOIeMoil OTMETHUM, YTO B TEOPUHU PELIECTOK HCCIICTOBAIICS KIACC PEUIETOK C
«Ooraroit» - cummeTpudeckoi rpymnmnoii aBTomophusmMoB. OTBET Ha MOCTaBJICHHYIO MpOOIeMy AJis
KJlacca TaKMX PELIETOK JAeT CIAEAYIOLUN pe3yibTar.

Teopema. JInst 1106010 HATYPATBHOTO 7 CYIIECTBYET PEIIETKA CIOKHOCTH 7 C CHMMETPUUYECKOMN
rpynmnoi aBToMop(u3MoB.

§ 1. HeoOxogumble onpeaejieHus1 M UX cBoiicTBa u3 [1]
Omnpenenenue 1. ['oBOpSAT, 4YTO AMEMEHT a MOKPHIBAET JEMEHT b B 4. y. MHOXecTBe M, eciu
a > b v He CyIECTBYET TAKOTo IeMeHTa X € M Takoro, uto a > x > b. B aTom ciydae numyt a > b.
Onpeneneane 2. ABTOMOP(HU3MOM (0 KOHEUHOM PEIIeTKH L HA3BIBACTCS TAKOE OTOOpaXKEHUE (O
3JIEMEHTOB MHOXeCTBa L B cebsi, IpH KOTOPOM Pa3IUYHbIE SJIEMEHTHI OTOOPaXKAIOTCS B pa3InyHbIC U
JUISL OTIepandidi A ¥V CIIpaBeIMBBI pAaBEHCTBA:
panb) =ganrgb, pavb)=gaveb.
Omnpenenenne 3. DIEMEHT PELIETKU A HA3bIBAETCA HEMOABM)XHBIM, €CIIU ISl TPOU3BOJIHHOTO
aBTOMOp(U3MA ¢ PEIHICTKH CIPABEIINBO PABEHCTBO A = a.
W3 ompenenenuss aBromMopdusMa peIIeTKH, OYEBUIHO, BBITEKAIOT CIEAYIOIIHME CBOWCTBA €€
aBTOMOP(U3MOB.
CaoiictBo 1. CpaBHHUMBIE 3I€MEHTHI PEIIETKH 0TOOPaKAIOTCS B CPABHUMBIE JIEMEHTHI.
JIeWCTBUTENBLHO, TI0 ONPEIETEHHIO ONepaliii A ¥ V Juid djieMeHToB a,b, oueBumHO,

a<b pasrocunmeno avb=b umw asb=a. Orcroma mo onpenenenuro aBToMopdusMa ¢ HMeeM
pavgbh=¢b u gangb=ga.llocienHne aBa paBeHCTBA, B CBOIO OYEPE/b O3HAYAIOT, 4TO @A < ¢ .

N3 cBoiicTBa 1 HEMOCPEACTBEHHO CIIEYIOT:

CaoiictBo 2. llens ¢ HaMOOIBIINM YHCIIOM 3JIEMEHTOB KOHEUHOH pelIeTku oToOpakaercs
B TaKYIO )K€ LIETIb.

CgoiictBo 3. HaGonbiuii 1 HAUMEHBIIUI 3JIEMEHThl KOHEYHOM PeleTKH 0TOOpaXKaroTCs
B ce0s1.

CBoiicTBO 4. DNEeMEHT, MOKPHIBAIOIINUN N 3JIEMEHTOB, OTOOpAXKAaeTCsl B AJIEMEHT C TaKUM
*xe cBoiictBoM. 1 € N

JlokazarenbcTBO. IIyCTh SIIEMEHT & pEHIeTKH MOKpbIBaeT N asmemeHToB @, , 1€ N
1<i<n. Torma @& va;=a mal<i,j<n. 3naunt, ¢ v @a; =@a. IlockombKy BCe ¢, JUIsi
1<i<n pa3nuuHbl, TO MOCIEIHEE PABEHCTBO O3HAYACT, YTO JIEMEHT (A TOKPHIBAET N 3JIEMEHTOB
ml .

AHAJIOTUYHO JTOKA3bIBACTCSI

CBoMCTBO 5. D11eMEHT, KOTOPBI HMeeT N TMOKPBIBAIOIIMX €T0 3JIEMEHTOB, 0TOOpa)kaeTcs B
AJIEMEHT C TAKUM K€ CBOMCTBOM.

§ 2. /loka3aTebCTBO pe3y/abTaTa
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Teopema. CylecTByeT pelieTka CI0XKHOCTH N € CHUMMETPUYECKOW TIpymnIon
aBTOMOP(U3MOB.

JokasarenbetBo. [Tycts N u K - mpon3BosibHbIE HATYpaIbHbBIC YKcIa. PaccMoTpum
MHOECTBO:

M={Lbc}u{all<i<k}u{p,g,s|l<j<n+2}u{g|1<j<n}
Ha mMHOecTBe M ompenesinM OTHOIICHHWE YaCTHYHOTO TIOPSIIKA CIEAYIOIHM 00pa3oM:
1>a;,a;>b,b>c,b>qy,c>p1, Dj>Pj+v S > Sjr1s 4 > Qj+1
qj > Sj > pj, aTakke S > tj > ppypnpu 1 < j < n.
OueBUIHO, MHOXKECTBO M ¢ OIpeieIeHHBIM TAKMM 00pa30M OTHOIICHHEM YaCTHYHOTO MOPSIKa
< siBnsieTcs penietkoid. Pemerka M mpu n = 2, k =3 u j = 2 uzo0pakeHa Ha puc. 1.

1
a 4 @ as
° °
b
° q1
S17 o N\ 42
(4 o 52 o q3
o
Py S3 44
° P> Sy

PI:)IC. 1

PaccmoTtpuMm mpousBoibHEBIH aBTOMOpdu3M @ pemerkun M. Ilo cBoiictBy 3 amementsl 1 u p,

SBIISIOTCS HEMOABIKHBIMU KaK HauOONbIIUI 1 HAMMEHBIIIHE 3JIEMEHThI COOTBETCTBEHHO.

Jlerko MOHATSH, YTO Ha pemeTke M cymecTByrOT 3N 1ieneil ¢ HanOOIBIIMM YUCIIOM 3JIEMEHTOB 1 +
7 xaxnas. [lo cBoMCTBY 2 Kaxkaast U3 3THUX LieNlel MOKET 0TOOpa3uThes B APYTYIO TaKylo LeMb, 100
Ha ce0s1. [Ipu 3TOM b — eIMHCTBEHHBIH IEMEHT, NPUHAAISKAIINNA KaX 10 U3 3THX Ienel, U T03TOMY
OH SIBJISICTCS HEMOABMXHBIM. OTCIO/Ia OYEBHIHO CIIEIYET, YTO MHOXKECTBO AeMeHTOB a; (1 < i < k)
oTtoOpakaeTcs Ha ce0sl.

W3 nokazaHHOro cienyer, 4yTto mnojpemierka L pemerku M ¢ HauOOJbIIMM U HAaUMEHBIIUMU
9JIEeMEHTaMUu b U P, 1, COOTBETCTBEHHO IPH TIPOU3BOIBHOM aBTOMOP(HU3ME (p 0TOOpakaeTcs Ha ceOsl.

B aroil moapemerke L €CTb TOJIBKO OJUH DJIEMEHT C, MOKPHIBAEMBIA OJHHUM DJIEMEHTOB U
OKPBIBAIOLIAH OJMH JIEMEHT. [109TOMY 110 CBOMCTBAaM 4 1 5 OH SIBJISICTCS HETIOIBHIKHBIM.

PaccmoTpum B L 1Be 1enu ¢ n + 5 31eMeHTaMu.

A= {pn+215n+2'qi'b I l<isn+ 2}’ B = {pn+2'5i'q1'b | l<isn+ 2}

B sT0i# moapenieTke APYTruxX menei ¢ TAKUM HanOOJIBITUM YUCIIOM DJIEMEHTOB 1 + 5 HeT.

Bo3MoxHBI 1Ba Cityyast:

1) npousBobHBII aBTOMOpDU3M @ pemeTku M siBiisieTcst OMeKIel 0THON Ieny Ha JpYyTYIo.

2) npou3BOJIBHBINA aBTOMOPPU3M @ perieTku M nelictByeTr HAa A U B Kak TOXKI€CTBEHHBIH.

PaccmotpumM ciyuait 1. 3ameTum 4TO B 11enM B ecTh 10 KpaiiHEW Mepe OJMH 3JIEMEHT 3JIEMEHTBI
S, OKPBIBAEMBIN JBYMS 3JIEMEHTAMU U IOKPBIBAKOLIUI TPH 3JIEMEHTa. B 1ienu A Takoro sjnemMeHTa HeT.
IToaTOMY mOJTyYHIIM IPOTUBOPEUME, U ClTydail 1| HEBO3MOKEH

TakuMm o6pazom, aBTOMOpPU3M @ NeCTBYET Ha neMeHTax 1eneil A u B kak ToxAecTBeHHbIH. B
YaCTHOCTH, DJIEMEHTBI S SBJIACTCS HEMOABW)KHBIMU. PaHee yxke 10Ka3aHO, YTO W JJIEMEHT C —
HenoaBWkKHBIA.  [loaToOMy W3 paBeHcTBAa  S{AC =p;  CcIOeAyeT, 4YTO WU  DIEMEHT
p1SBJISIETCS HEMOABMKHBIM. Toraa odeBUaHO, M dieMeHTsl 1enu {p;| 1 < i < n + 2} Toxe Takue

102



Ke. I1o9TOMy M3 COOTHOWIEHMH S; > t; > Ppip pH 1 < j <N  BHITEKAET YTO BCE DJIEMEHTHI t;
ABJIAKOTCA HEMMOABUKHBIMU.
Takum oOpa3om, 1oKa3aHO, YTO MTPOU3BOJIBHBIA aBTOMOPGU3M @ pemieTku M neiicTByeT Ha Bcex

alIeMEeHTax mojpenieTku L u snmemeHTax b u 1 kak TokaecTBeHHBbIH. OTCroa SCHO, YTO TPYHION
aBTOMOP(H3MOB peIIeTKH M SIBISFOTCS BCEBO3MOKHBIC ITEPECTAHOBKH 3JIEMEHTOB MHOKecTBa {a;|1 <
i <k}, oOpasyromue CHMMETPUYECKYIO TPYIITY Sy, .
W3 cooTHOMIEHUH Sj > t; > Pnip (1 <] < n) crenyer, cl0XHOCTb pemeTku M pasza n.
Teopema noka3ana.
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H.W. I'opJioB

BOJIOKOHHO - OIITHYECKHUE JATYUKH HA
OCHOBE JJUHAMMYECKOMH PEINIETKHA BPUJLJTIODHA

Cubupckuii rocy1apcTBEHHBIH YHUBEPCUTET TelleKOMMYHHKaImii 1 nadopmatuku (Cudl'YTU), r.
HoBocubupck, Poccus

KiroueBbie ciioBa: IMHAMUYECKHE PEIIETKH, BBIHYXICHHOE OpUIUIIODHOBCKOE paccesHue,
JIBYJTyUeIpeIOMIICHHUE.

MeTonbl  OpMILTIOIHOBCKOTO YETHIPEXBOJHOBOTO CMEIICHHS, KOTOPHIE CBSI3BIBAIOT YETHIPE
ONTHYECKHUX Jyda yepe3 OpUIUTIOOHOBCKYIO HEIMHEHHOCTh, TproOpenu nomyisipHocTh B 1980-x rogax
B OCHOBHOM OJlarojaps CBOMM CBOHCTBaM (pa3oBoro compspkeHUs. IHTepec K 4YeThIPEXBOJTHOBOMY
CMeIIeHHIO MpH paccestanu bpmnmrosna Bo3poamics B 2000-x rogax mocie OTKPHITHS JTUHAMUYECKU
PEKOH(PUTYPUPYEMBIX PEIIETOK B ONTHYECKUX BOJOKHAX. Ha 3TOT pa3 Ha3BaHHAs IUHAMHYECKOMN
pemeTkold bpriutrosHa, 3TO, MO CyTH, aKyCTHYecKash BOJIHA, ONTHYECKH T'€HEepHpyeMas IpOoIecCoM
BBIHYKJICHHOTO paccestHusl bpruiumosHa MexXTy ABYMs BOJHAMU HaKauykd. AKyCTHUYECKas BOJHA HECET
KOTEPEHTHYI0 HH(OpMAIMIO, 3aKOJUPOBAHHYIO JIy4aMH HaKadk, 700, B CIy4yae CEHCOPHBIX
MIPHIOKESHUH, N3MEPSEMBIMH ITapaMeTpaMu 30HIUPYEMOro o0beKTa. B JoKIIaae OnmrchIBalOTCS OCHOBEI,
a TaKXKE COBPEMEHHOE COCTOSHUE NMPHIIOKECHUH HAa OCHOBE JMHAMHUYECKUX pENIeTOK BpuiumosHa B
ONTHYECKUX BOJIOKHAX.

N.I. Gorlov
FIBER-OPTIC SENSORS ON BASED ON THE BRILLOUIN DYNAMIC LATTICE

Siberian State University of Telecommunications and Informatics (SibGUT]I), Novosibirsk,
Russia

Keywords: dynamic lattices, forced Brillouin scattering, birefringence.

Brillouin four-wave mixing methods, which link four optical beams through Brillouin
nonlinearity, gained popularity in the 1980s mainly due to their phase coupling properties. Interest in
four-wave mixing in Brillouin scattering was revived in the 2000s after the discovery of dynamically
reconfigurable gratings in optical fibers. This time called a dynamic Brillouin lattice, it is, in fact, an
acoustic wave optically generated by the process of forced Brillouin scattering between two pumping
waves. An acoustic wave carries coherent information encoded by the pump beams or, in the case of
sensor applications, by the measured parameters of the object being probed. The report describes the
basics, as well as the current state of applications based on dynamic Brillouin gratings in optical fibers.

[Tocne nemMoHCTpanMu MEepBOI peanu3aliyd ONTHYECKOro aHalau3aTopa BO BPEMEHHOW 00JIacTh
JUTSL U3MEPEHUS 3aTyXaHUs BOJIOKHA ObLIO MIPEIIOIOAKEHO, YTO TATYMKHA Ha OCHOBE CTUMYJIMPOBAHHOTO
OpUJLTIOOHOBCKOTO pAcCEesHUSI TakKKe MOTYT OBITh HCIIOJIB30BAaHBI JUISI U3MEPEHHUS TEeMIIEpaTyphl U
¢uzndeckoro HampspDkeHusa. [IpuumHa 9STOTO 3aKiaoyanach B TOM, 4YTO CTHUMYJHPOBAHHOE
OpUJUTIOOHOBCKOE pacCessHHE — OSTO TpoIlecc, s MPOTEKAHHUS KOTOPOTO JIOJKHO BBITOTHATHCS
CTporoe ycjioBHe coriacoBaHus (a3. DTO yciaoBHe OOYCIOBIEHO TEM, YTO ONTHYECKHE (DOHOHBI,
YYaCTBYIOIIME B MPOIECCE CTUMYIHMPOBAHHOTO OPUILTIOIHOBCKOTO PACCESHUS, UMEIOT OTHOCUTEIBHO
0oJIbIIIOe BpEeMs JKM3HHW B ONTHYECKOM BOJIOKHE. [Ipw 3TOM OpHWILTIOOHOBCKHI CABUT YacTOTHI Vg B
ONTHUYECKOM BOJIOKHE OINPEIESIETCS aKyCTUUECKOW CKOpPOCThIO V', mokaszaTeneM MNpeoMIICHUS N U
JUIMHOH BOJIHBI HAKAYKH A,,9€PEe3 COOTHOLICHHE:



MeTton o6iagaet psaAoM NPEUMYIIECTB 110 CPAaBHEHUIO C IPYTUMH paclpeieeHHBIMA METOJaMU:
HU3KOE 3aTyXaHUE B CTAHJIaPTHOM OJHOMOIOBOM BOJIOKHE MOKET 00ECIEUHUTh JAIBHOCTh M3MEPEHHN
B HECKOJIbKO JIeCSTKOB KujioMeTpoB. [lockonbKy mosspu3anus cBeTa B OJHOMOJOBOM BOJIOKHE
MEHSIETCSl CITy4ailHBIM 00pa3oM IO ero JJIUHE, OPMILTIOOHOBCKOE B3aUMOJICHCTBHE OYyAEeT MEHITHCS B
3aBHCHUMOCTH OT IOJIOKEHHUS. DTO TpeOyeT MPUMEHEHHUSI CXEMBbI MOJISIPU3AlIMOHHOTO pa3HECEeHUs WU
NOJISIPU3ALMOHHOTO CKPEeMOJIIMPOBaHMs, YTO YBEIMYMBAEeT Bpemsi u3MepeHus. IIpoctpancTtBeHHOe
pa3pelieHue OrpaHu4YeHO OJHUM METPOM. DTO OTrpaHUYEHHE CBS3aHO C TE€M, YTO CHEKTP HUMITYJIbCa
HAKa4yK{ pacipoCTPaHsAETCs B [10JIOCE, IIPEBBIIAIONIECH €CTECTBEHHbIN CIIEKTp ycuieHus. bouee Toro,
KO3 UIMEHT ycuieHUs bpuiiosHa yMEHbIIAeTCsl MPU YMEHBIICHUU UIMTEIBHOCTH HMITYJIbCa
Hakaukw [1].

C nmoMouIbIo 3TOM METOAMKHU ObUIO MPOJAEMOHCTPUPOBAHO MPOCTPAHCTBEHHOE pa3pelieHue 10 1
cM. EquHCTBEHHBIM CYIIECTBEHHBIM HEIOCTATKOM IPEIUIOKEHHOW CXEMBbI SIBJISETCS OrpaHMYEHHBIN
JIMana3oH U3MEPEHUM - HECKOJIBKO JIECSITKOB METPOB [2].

Merton auHamuyeckoi OpmintrooHOBCKOW pemerkn (dynamic Brillouin grating-DBG) Taxxe
NPUMEHUM JJIs paclpelle]IeHHOr0 KOHTPOJIsl TeMIiepatypsl U aedopmanuii. PaccMorpum cutyanuio,
KOIrja JMHaMu4decKass pelleTka bpuiiosHa TreHepupyercss B BOJIOKHE, IOJEPKUBAIOLIEM
MOJIIPU3AIUIO, C TIOMOILBIO MpoIecca CTUMYJIUPOBAHHOTO paccesHus bpuiirosHa, Kak MoKa3zaHO Ha
puc.1 [3]

OFEHANITHIECKAA EI:II'IIIJ'.II'DEIHCIBCI{E.H PemIeTHa

e ol L LTI TR L L TR L LD TR R RN

maromE  (y-pol)

1

oTpaserme (V-pol

Puc. 1. Ilpunnun paGoTbl OPHIIIOPHOBCKOW JAMHAMUYECKOW PEIIETKH B BOJIOKHAX C
COXpaHEHHEM TOJISIpU3aIUU

J{Ba BCTPEYHO PAaCIPOCTPAHSIOMIMXCS MMITYJIbCA HAKAYKH HA ONTHYCCKUX YaCTOTaX Vi U Vpy, [C
Vp1~Vp,=VB, 3aIyCKAIOTCS BIOJIb Ha OAHOW OCH MEPBUYHON MOJSPU3ALUM TECTHPYEMOro BOJIOKHA. B

JTAHHOM ciy4ae o0e BOJIHBI MOJOMparoTCs Tak, YyTOOBI co3JaBaeMas aKkycTH4ecKas BOJHa oOjanana
HauOOoJIbIIEeH aMIUIUTYI0OM Ha MPOTSKEHUH BCETO0 YYBCTBUTEIBLHOTO ONTUYECKOT0 BOOKHA. C Jpyroi
CTOPOHBI, JJTUTELHOCTH UMITYJIbCOB HAKaUKU HE JJOJKHBI OBITh CIIMIIIKOM KOPOTKUMHU, YTOOBI H30€KaTh
YUIMPEHUS YCHIICHUS.

[Tocne Toro kak y3komnonocHas DBG Oblia creHepupoBaHa X-noaapu308aHHol BOTHON HAKauKH,
3aIlyCKaeTCsl 30HAMPYIOIMN HMMITYJIbC JUISl CUUTBIBAHUS AMIUTUTYABI Y-NOJAPU306AHHbIU PEIIETKH.
OObmast ¢opMa OTpaXeHHOM BOJIHBI NPEACTABIsIET COOOH KOTEPEeHTHYI0 CyMMY OTpPa)K€HHBIX
KOMIIOHEHTOB, T€HEPUPYEMBIX IIPU PACHPOCTPAHEHUH BXOJHOTO HMITYJIbCa YE€PE3 ITUHAMHYECKYIO
pewerky. Takum 00pa3oM, He CyIIECTBYET OTpaHHYEHUS MOJIOCHI MPOMYCKAaHUS MPHU HCIIOJIb30BAaHUN
KOPOTKOro 3oHaupymomero umnyiasca DBG. ®axkTuuecku KOPOTKMH 30HIUPYIOLIMM HMITYJIBC
UCIIBITBIBAET OTPaXCHHUE, NMPONOPLHUOHAIBHOE JIOKAJBHON aMIUIMTYJE PEIIETKH, U €r0 BPEMEHHOE
pacripesielieHie OOpaTHOrO paccesHusl JaeT KapTy JokalbHOW aMrummtyasl DBG. DOta meronuka
o0ecrieunBaeT BO3MOXHOCTh JIOKAIM3alMK OPWITIO9HOBCKOTO B3aWMOJEWUCTBUS B OIpeAeIeHHON
KOOPJMHATE ONTUYECKOTO BOJIOKHA.

OcHoBHbIe AuddepeHnnanbHble YPaBHEHHS B3aUMOJICHCTBHS OpUIUTIOOHOBCKON JUHAMUYECKON
pEelIeTKH MOTYT OBITh AHAJTUTHYECKH pEIIeHBl, YTOOBl JaTh NPHUOIMKEHHOE BBIPAXKEHHUE IS
CTaIMOHAPHOTOCIIEKTPA OTPAKEHHSI HEPEPHIBHOM BOJHBI [3].

(T5/2)*

1
R(ANg, Aldgpe) ~ z_}g%IPtcmpHIP”mpLLz . (A2 + (T5/2)2 .

. 5 [(A2gpen
- sme T L :RORBGS(‘&QB)RBDG(MBDG)

105



3neck Ay = ) — ()p U3MEPSIET OTKIOHEHUE OT YCJIOBUS (pa30BOr0 CUHXPOHHU3MA IS CO3/IaHUs
AKyCTHYCCKOI'0 II0JId, A-QBDG = Wprope — WpumpH — WpumpH (nslow - nfast)/n, IpumpH " IpumpL —
uHTeHcuBHOCTH PUMpPH 1 PumpL, 9 — GpuirosHOBCKOE yCHIIEHHUE, [y — CKOPOCTH aKyCTHYECKOTO
3aryxanus [3].

PednexTomerpuss W IaTYMKM HAa OCHOBE OPHIUIIOSHOBCKOW JWHAMHUYECKOW PEIIETKH MOTYT
pa3BUBATbCA KaK B TEXHOJIOTMM BOJIOKOHHO-ONTHYECKHUX, TaK M (OTOHHBIX ycTpoicTB. CoderaHue
BBICOKOM CKOPOCTH M IIPOCTPAHCTBEHHOI'O PAa3pEIICHMS MOXKET OKa3aTbCAIIOJIE3HBIM B IIPUIOKECHUAX
BBICOKOIIPOM3BOJUTENBHBIX ~ BOJOKOHHO-ONTHYECKMX  JATYUKOB, TAaKMX KAaK  MOHHUTOPUHI
pacrpoCTpaHeHU MEXaHUYECKHX BOJIH U UACHTU(DUKAILUSA CTPYKTYPHBIX MOBPEXACHUH. MOHUTOPUHT
HEOOJIBIIUX CTPYKTYp U Oosiee OBICTphIX BHOpaIuii, €cTecTBEHHO, TpeOyeT 0o0yiee BBICOKOTO
IPOCTPAHCTBEHHOT'O PAa3pelICHUs, KOTOPbIM 00J1aJlaeT 30HIMPOBAHHE HA OCHOBE TUHAMHUYECKOU
pewerkn bpunmosna. Kpome Toro, mnoTeHUHMaJIbHO MOTYT OBbITh HM3MEpEHbl Oojiee ObICTpbIE
JUHAMUYECKHE SIBJICHUS, TaKWe KaK aKyCcTHYeckas sMuccus. JlaT4MKu Ha OCHOBE OpPMILTIOPHOBCKOM
JUHAMUYECKON PELIeTKH TaKXKe J0JIKHbI ObITh OLICHEHBbl HA COOTBETCTBHE PYyKOBOISIIUM IPUHIUIIAM
Y CTaHJapTaM I BOJIOKOHHO-ONTUYECKUX JTATYUKOB.

Cnucox HCII0Jb3YEMbBIX HUCTOYHUKOB:
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2. Scott A.M., Ridley, K.D. A review of Brillouin-enhanced four-wave mixing //IEEE J. Quantum
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CEKIMUA 2. CUCTEMBI 2JIEKTPOCBA3U CIIEHUAJBHOI'O
HA3HAYEHUA

J.M. Jlomakuna, FO0.B. MorujibHUKOB

CPABHUTEJBHASI XAPAKTEPUCTHUKA PA3JIMYHBIX CUCTEM KOHTPOJISI
CXO/JIA MOJIBUKHOTO COCTABA

OI'bOY BO «Ypanbckuii ToCyAapCTBEHHBI HHCTUTYT MyTel cooOmenus» B r. EkarepunOypre
(YpI'VIIC), Poccus

KiroueBsie cnoBa: Cxon MOABHKHOTO COCTaBa, CUCTEMa KOHTPOJIS CXOJa MOABMKHOTO COCTaBa
(CKCIIC), ycTpoiicTBo kKoHTpouist cxoaa noasmxHoro cocrasa (YKCIIC), yerpoiicTBO KOHTpOJIS cXo1a
MOABMKHOTO cocTtaBa Ha mnojguMepHoM ocHoBaHMH (YKCIIC-IIM), OGeckOoHTaKTHOE YCTPOWCTBO
koHTpoisa cxona (BYKC).

Buenpenue u skcrryatanus CKCIIC numeer pemaroniee 3Ha4eHHUE JUIs TOBBIIICHUS 0€301IaCHOCTH
KEJIe3HOJIOPOKHBIX IEPEBO30K, a HMMEHHO: IpeJOTBpalllaeT aBapuUH, CHUXKAET TpaBMaTU3M U
CMEPTHOCTb, COKpAILlaeT IKOHOMUYECKUE TIOTEPH, OBBILIAET HAJICKHOCTh IIEPEBO30K U ONTUMHU3UPYET
TexHudeckoe oociyxupanue. Ilo atum npuunnam monudukamus YKCIIC cuutaercs nepcrneKTUBHON
B cucteme KAT.

D.M. Lomakina, Y.V. Mogilnikov

COMPARATIVE ANALYSIS OF DIFFERENT TRAIN DERAILMENT DETECTION
SYSTEMS
Ural State University of Railway Transport in Yekaterinburg (USURT), Russia

Keywords: Rolling stock derailment, rolling Stock Derailment Detection System (RSDDS),
rolling Stock Condition Monitoring Device (RSCMD) or Wheelset Monitoring System (WMS),
polymer-based Rolling Stock Derailment Detection Device (Polymer-based RSDDD), non-contact
Rolling Stock Derailment Detection Device (Non-contact RSDDD).

Implementing and operating a Rolling Stock Derailment Detection System (RSDDS) is crucial for
enhancing the safety of railway transport. Specifically, it: prevents accidents, reduces injuries and
fatalities, minimizes economic losses, increases the reliability of transportation, and optimizes technical
maintenance. For these reasons, modifying Rolling Stock Derailment Detection Devices (RSDDDs) is
considered a promising avenue within railway automation and remote control systems.

Kene3HoIOpOKHBIN TPAHCIOPT SBISIETCS OAHUM U3 caMbiX A((PEKTUBHBIX U 0O€30MACHBIX
CrocoO0B MepeBO3KH TPY30B M maccakupoB. Ho, kak u mrobast ClioKHAs cHCcTeMa, OH TOJBEPIKEH
pPa3JIMYHBIM PUCKAM, OJHHUM M3 KOTOPBIX SIBISETCS CXOJ MOJABHKHOTO COCTaBa C PEIbCOB. Takue
MHIUJIEHTHI MOTYT IPUBECTHU K CEPHE3HBIM MOCIIEACTBUSAM — OT YEJIOBEUECKHX JKEPTB /10 3HAUUTEIbHBIX
MaTepuaIbHBIX YOBITKOB U pa3pylieHust HHQpacTpyKTypsl [1].

J1y1st moBBIIIIEHHS] 0€30MTaCHOCTH >KEJIe3HOIOPOKHBIX TIEPEBO30K Pa3padaThIBAIOTCS U BHEAPSIOTCS
cUCTEeMBI KOHTpOJIs cxoja moaBmwkHOTo coctaBa (CKCIIC), mo3Bomsitomue BeISIBIATh MOTCHIIMATBHBIE
YIpO3bl ¥ IPEIOTBpaIlaTh ABapUITHbIE CUTYaIUH.

Ha pucynke 1 xak pa3 npeactaBieHo YCTPOHCTBO KOHTPOJISI MOJABUAKHOTO COCTaBa.
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Pucynoxk 1 — YepTex yCTpOUCTBO KOHTPOJIS CX0/1a MOJBHKHOTO COCTaBa

YCTpoiCTBO KOHTPOJISL CX0/1a MOJIBMXKHOTO COCTaBa MPECTABIAET COOO0M 3IEKTPHUUECKYIO 1IETh
3JIEMEHTOB, KOTOpasi COCTOUT U3 3aKPEIUICHHBIX Ha 1INajie 1 OCHOBaHUM U IOOYEPETHO YCTAHOBIEHHBIX
Ha HUX IOCPEICTBOM CTOCK W INTHIped 3 mepeMbluek 2 W momepeduH 4. Mexanu3sm paboTaeT
cienyouM obpazom. Ilpu nBMXKeHHMH Moe3/la, €CclM y HEero MMEIOTCS JIeTalld, BBICTYIAIOIIUE 32
HUOKHUM Ta0apuT WIKM MPU CXOJIe MOABMXXHOIO COCTaBa, JIOMAeTCsl CHENUANbHBIN MITHIPh 3, U3-3a
HEUCIPAaBHOCTH KOTOPOT'O BIIOCJIEICTBUU MOBBIILIAETCS AIEKTPUUYECKOE CONPOTUBIIEHUE Lienu. [JaHHOe
U3MEHEHUE COMPOTHBICHUS (UKCUPYETCS CUCTEMOW  yIpaBlieHHs CBETOGOpOM, KOTOPBIN
ABTOMATUYECKHU NEPEKIIIOYACTCS Ha 3alpellaloni CUrHAJ, MPEAYPEX1as O HEUCIPABHOCTH [2].

B sr0ii ctaTthe MbI paccMoTpuM 3 ocHOBHBIE pasHoBUAHOCTH CKCIIC, a umeHHo:

YKCIIC — kak camoe mpocToe U paclpoCTPaHEHHOE HA y4acTKaX yKEJIE3HbBIX JI0POT;

YKCIIC-IIM — kak Ooiiee coBpeMeHHas ¥ (PyHKIIMOHAIbHAsA 3aMEeHa 0a30BOIi CUCTEME;

BYKC — kak moguduuposannas Bepcus Y KCIIC, Ho Gonee 3ppeKkTHBHAS U IKOHOMUYHAS.

YCTpoHCTBO KOHTPOJIS €X0/a MOABUKHOIO COCTaBa — 3TO CHCTEMa, NMpeAHa3HaueHHas A 00-
Hapy>KeHUsI BosioueHUs1 netaneil moasmxHoro cocraBa. YKCIIC cocTouT w3 HamodIbHBIX JATYMKOB
(pam), yCTaHOBIICHHBIX Ha OMpEAENICHHONW BBICOTE HAJl YPOBHEM PENbCOB. EciaM 4acTh KOHCTPYKIIHH,
HarpuMep, OTOPBABILUICSI TOPMO3HOM KOJIOJIOK, KacaeTcs AaTYhKa, CUCTeMa (GUKCUPYET HapyIIeHHE U
nepeaaeT CUrHai TpeBoru [3].

YCeTpoiCTBO KOHTPOJIS CX0/1a TIOJIBHXKHOTO cocTaBa Ha noiaumepHoMm ocHoBanuu Y KCIIC-TIM
— 93T0 OoJiee COBpEMEHHas CUCTEMa, CHOCOOHas OOHApYy>KUTh BOJOYEHME JeTajed MOABHIKHOTO
cocTaBa, OOKOBOIO yjapa KoJjeca O PesibC U JIPYTruX OTKJIOHEHUH, KOTOPhIe MOTYT IPUBECTH K CXOMY C
penbcoB. YKCIIC-IIM ucnosns3yer HamonbHbIE JAaTYUKH, KOTOPBIE PEarMpyroT Ha MEXaHUYECKOE
BO3/ICIICTBHE BOJIOYAIMXCS JieTaliell, 00KOBOI yJap Kojeca O pesibC U ApyTrue aHoMallbHble BUOpaIui,
CUCTEMa aHATU3UPYyeT aMIUTUTYAY U 4acTOTy BHOpAIMil 1 CpaBHUBAET UX C MMOPOTOBHIMHU 3HAYEHUSMHU.
DTO0 MO3BOJISIET BBISBISITh MOTEHIIMATBHBIE HEUCIIPABHOCTHU (CJIOMaHHBIE PECCOPBI, KIIMH KOJIEC U T.1.)
Ha paHHUX CTAJUAX U IPEJOTBpAIIaTh UX pa3Butue [4].

RANVEUK

‘
S N\ Yeushanue
~Muva - poaseancolan

T N\Dggesnzna
Pucynok 2 — Yeprex narunka YKCIIC-IIM

beckonTakTHOE YCTpOﬁCTBO KOHTpPOJIA CXO0da — OJHa U3 HanOoJee COBpPCMCHHBIX CHUCTCM,
peanmn3yromas aBTOMaTHYCCKHI MOHUTOPHHI TCXHUYCCKOI'0 COCTOAHHA KECIC3HOAOPOKHOI'O COCTaBa.
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VYerpoiictBo BYKC coctonT u3 HaroapHOM 9acTH, BKIOYArOIIeH AaTuuku KoHTposts cxoaa JIKC u 6ok
obopabotrku BOC, m moctoBoil uwactu. Ilpu oOHapyXeHHMH BBIXOJAa 3a HWKHMHA rabapuT, cucTema
dbopMupyeT curHasl TPEBOTH, YKa3bIBAIOIIUN Ha BO3MOXKHBIN CXO/I, @ TAK)KE MPEJOCTaBIsSET JaHHBIE O
HOMEpE TEJICKKH M CTOPOHE HapylleHHs. JTa MH(OpMaIys ONEepaTHBHO IEpPElacTCs B CHUCTEMBbI
BEPXHETO YPOBHS M O0TOOpaxkaeTcst Ha Oiokax nHaukaruu (BH), oTHOBpEMEHHO C 3TUM OTKJIIOYAETCS
KOHTpoJbHOE pene. Jnsg HagexHoW ¢Qukcanuu (akra HapylmieHuss rabapura CcHCTEMaMu
JKEJIE3HOAOPOXKHOU aBTOMAaTHKH U TejaemexaHuku (JKAT) TpeBoKHOE COCTOSIHUE TOJICPKUBACTCS B
teyeHue 10-20 cexyna. Ilocne storo, BYKC aBromarnuecku Bo3BpaliaeTcsi B HCXOJHOE COCTOSIHUE U
MPOJOHKAET MOHHUTOPHHI, TOTOBBIH K PETMCTPALUU CIEIYIONIMX BO3MOXKHBIX HapyuieHui. Takas
cucTeMa crocoOHa (PUKCHPOBATH CXOJ KOJIECHBIX Map BarOHOB M JIOKOMOTHBOB KakK B MPSIMOM, TaK U B
00paTHOM HaIlpaBJICHUHU JIBUKEHUS, OTIPEACIIATH CTOPOHY HApYIIEHUS U IIePEIaBaTh TaHHbIE B CUCTEMBI
ABTOMATUYECKOI0 yIpaBieHus [5].

R P 3

IR

A WA Lo P s \ A%
neperone baxxenoBo — Mypanutssiii CBepaoBckoii Joporu[s]

[IpeacraBuM CpaBHUTCIBHYIO XapaKTEPUCTHKY BBIIIC IEPEYMCICHHBIX YCTPOHCTB B BHJC
TaOIUILIBL.
Tabmuna 1 — CpaBaenne CKCIIC

CTPOMCTBO YKCIIC YKCIIC-IIM BYKC
[Tapamertp
[omoMka crienuaabHOTO
[omomMka cenuaIbHOTO IITHIPS M3-3a COIIEAICH C
IITHIPS M3-32 COIIEAMICH C PEITECOB KOJECHOH Mapél, HupykimonHoe
PENbCOB KOJIECHOU TapHl, BITOCTICICTBUH BO3ICHCTBUE BMECTO
IIpunuun neucTBus BIIOCJIEZICTBUU pasMBIKarolee MEXaHUYECKOTO pa3pbiBa
pa3MbIKarolee 3JIEKTPUYECKYIO 1IEeTb, HO C KOHCTPYKUHUHU[S5]
ANIEKTPUUECKYIO LIETb UCIIONIb30BaHHUEM Ooliee
HaJIEKHBIX U
YYBCTBUTECJIbHBIX
9JIEMEHTOB
[NoBrIIeHHas 3a c4eT Bricokast (Omaromapst
UyBCTBUTEIBHOCTD OrpanndeHa HCTIOJIB30BaHUs OoJiee ANEKTPOHHBIM
MEXaHUIECKOU TOYHBIX MEXaHU3MOB U KOMIIOHCHTaM H
KOHCTPYKIHUEH 3JEKTPOHHBIX CaMOJMarHOCTHKE)
KOMIIOHCHTOB
Cpennss, uz-3a Bricokas (Omaronaps
HapnexHocTb MTOJIBEPIKCHHOCTH K Berure, uem y ANEKTPOHHBIM
pa3pyIIeHuIo OT yIapoB cragaaptHoro YKCIIC KOMITOHEHTaM U
HaJIeW ¥ KaMHEeH pu CaMOJIarHOCTHKE)
JIBIKEHHUH 1oe3a[S]
CamMoanarHocTuka OTCcyTCTBYET OTtcyTcTBYeT O06s3aTeNBHO
MIPUCYTCTBYET
Peructparus coosrTuit OTCcyTCTBYET OTCyTCTBYET HIIH O06s3aTeNBHO
OrpaHHYEHHAs MIPUCYTCTBYET
ITepemaua maHHBIX OTcyTCTBYET OTCyTCTBYET HIIH O06s3aTeNBHO
OrpaHHYEHHAs MIPUCYTCTBYET
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[Ipumenenue VY4acTKu ¢ HEBEICOKOM V4acTky ¢ HOBEIIIICHHBIMHU Y4acTku co CKOPOCTbIO
HHTCHCHUBHOCTBIO TpeOOBaHUSIMH K JIBUIKCHMS IIOE310B OT
JIBUKCHHUS HaJEKHOCTH 0 no 350 km/u
COBMECTUMOCTB CO CoBMeCTUMO, HO C CoBMecTUMO, HO ¢ Tpebyet nepepaboTku
CTapbIMU CHCTEMaMu MIPOBEPKOI MIPOBEPKOI CYIIECTBYIOIINX CUCTEM
YIOpaBJICHUs

Bribop onTuUManbHON CHUCTEMBI KOHTPOJS 3aBUCUT HE TOJIBKO OT IEPEUYHCICHHBIX BBIIIE
apaMeTpoB, HO ¥ OT: TUIIA MOABHKHOI'O COCTaBa, yCIOBUM IKCIUTyaTalluu, TpeOOBaHUH K 0€30I1aCHOCTH
u Owomxera. Ha ceropusimauil AeHp HanOoJiee MEPCIEKTUBHBIM HAIPABICHUEM OCTAETCS Pa3BUTHE
BYKC, tak kak 3Ta cucrema cO4eTaeT BbICOKYIO TOYHOCTb, YCTOWYMBOCTh K BHEUIHUM (pakTopam u
BO3MO>XHOCTb MHTETPALIUHU C IPYTUMU CPEACTBAMU TUATHOCTUKU.

OzpHa u3 BO3MOXHBIX MOJM(HUKAIMHA - 3TO HCIONb30BAHUE CHUCTEMBl PaJHMOYaCTOTHOM
unearudukaruu (RFID) [6] B BYKC. Ha peinscoBoM myTu B MecTax, rjie HE0O0OX0JUMO KOHTPOJIUPOBATh
CXOJ ¢ pesIbcoB, ycTanasnuBaroTca RFID-cunTeiBaTeny, co3aaroime 3JeKTpPOMarHuTHOE 10JIe, KOTOPOe
Briocieacrsun  akrusupyer RFID-merkn, ycTaHOBIIEHHBIX Ha KoJIeCHbIX mapax. [Ipm BbeIxone
HOJBM)KHOTO COCTaBa 3a Ipejesibl HOpMabHOW 30HbI ckaHupoBaHMs RFID-cuuthiBateneii, Onok
YIIPaBJICHUS [IEPECTAET I10y4aTh CUTHAI OT METKHU 3TOM KOJIECHOM Maphl, YTO CBUIAETENBCTBYET O CXO1€
¢ penbcoB. Ilocne popmupyercst curuain, KOTOpblid nepegaer 3Ty MH(GOPMALMIO B MOCT YIPABICHHUS,
YTOOBI B Oy IyIeM ObUTH MPUHSATHI MEPHI IS IPEAOTBPALICHUSI BHEIITATHON CUTYAIUH.
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K.J1. Yauruna

INOBBINEHUE TOYHOCTHU JOKYMEHTHUPOBAHUA U YIIYUYIIEHUE
KOHTPOJIA NTOA3EMHBIX KABEJIBHBIX TPACC

@OBI'OY BO «Ypanbckuii rocy1apcTBEHHBI YHUBEPCUTET MyTEH COOOIICHUS
(YpI'VIIC), Poccus

Hayunsiit pyxkoBoautens B.H. JlackkoB

KimroueBsie cioBa: kabOenbHas Tpacca, T'eOMH(GOPMAIIMOHHBIE CHCTEMBI, aKyCTHYCCKUU
mourutopunr, GPS-cremka, ['IC, QGIS, RTK, , NB-IoT, RFID, curHanbnas JieHTa, udpOBH3AIIHS

UH(PaACTPYKTYPHI

Cratbsl MOCBSIIIEHA COBPEMEHHBIM METOAMKAM IMPOKIAAKH ¥ MOHUTOPUHra KaOEIbHBIX TPAacc,
HaNpaBJICHHBIM Ha TOBBIIICHHE TOYHOCTH, HAJEKHOCTH U 0€30MaCHOCTH HHQPACTPYKTYPHI.
PaccmarpuBaroTcst mpo0OsieMbl, CBS3aHHBIE C PYyYHOH ChEMKOW M OyMaKHBIM JOKYMEHTHPOBAHHEM,
BKJTI0Yast OMIMOKK OIM(POBKH M HETOUHYIO T€ONpHBs3KY. [Ipeanaraercs mpuMeHeHne BBICOKOTOUHBIX
reogesnyeckux TexHonoruit (GPS/IJIOHACC, RTK-cbeMmka) u reoundopmannonasix cucreM (QGIS,
NextGIS) nnst aBromatuzauuu nporeccoB. Oco0oe BHMMaHHE YJIENsIE€TCS METOAAM MapKHUPOBKHU
kabeneit (RFID, akycTuyeckne MapKepbl, CUTHAJIbHAS JICHTA) U CUCTEMaM aKyCTHYeCKOTO MOHUTOPUHTA
KoioaueB ¢ ucnonab3oBaHueM gaTdukoB (NB-IoT, LoRaWAN). OOcyxnatorcss mnpeumyuiecTBa
unterpanuu ¢ 'MC nig Bu3yanu3anuu JaHHBIX U OIIEPaTUBHOIO pearnpoBaHus Ha yrpo3sl. [IpuBoasres
npuMepbl  ToToBbIX pemeHuit (Huawei, Siemens) u pexoMeHmanuu 10 mH(pOBHU3ALUU
JOKyMEHTOO0O0POTA.

K.D. Ulitina

IMPROVE THE ACCURACY OF DOCUMENTATION AND CONTROL OF
UNDERGROUND CABLE ROUTES

FGBOU VO «Ural State University of Railway Transport» (UrGUPS), Russia
Scientific supervisor V.N. Laskov

Keywords: cable routing, geoinformation systems, acoustic monitoring, GPS surveying, GIS,
QGIS, RTK, , NB-IoT, RFID, signal tape, infrastructure digitalization

The article is devoted to modern methods of laying and monitoring cable routes aimed at
improving the accuracy, reliability and safety of infrastructure. Problems related to manual photography
and paper documentation, including digitization errors and inaccurate geolocation, are considered. The
application of high-precision geodetic technologies (GPS/GLONASS, RTK-survey) and geoinformation
systems (QGIS, NextGIS) for process automation is proposed. Special attention is paid to cable marking
methods (RFID, acoustic markers, signal tape) and acoustic monitoring systems for wells using sensors
(NB-10T, LoRaWAN). The advantages of integration with GIS for data visualization and rapid threat
response are discussed. Examples of ready-made solutions (Huawei, Siemens) and recommendations on
document management digitalization are given.

CoBpeMeHHbIE METOJUKM TMPOKJIAAKU KaOeNbHBIX Tpacc 3a4acTyl0 CTAJIKHBAIOTCS C PSAIOM
npo0iieM, 00yCIIOBIEHHBIX OCOOCHHOCTSIMU PYYHOM ChEMKH U HCIOJIb30BaHMS OyMa)KHBIX YEpPTEKEH.
OnHOI U3 OCHOBHBIX MPOOJIEM SIBIISIETCS HAJIMUYME OIIMOOK MpU OLM(POBKE, YTO MOXKET NMPUBECTU K
HelocToBepHO mH(popMamu o Tpaccax. Kpome Toro, HeTowHas reompuBs3ka My(QT, MOBOpOTa U
NepeceyeHnii CTAaHOBUTCS NMPUYMHOW HENpPaBUIBHOTO MOHMMAHUS DPACHOJOXKEeHUs Kalesed M, Kak
CIIEZICTBHE, YCIIOXKHSET pabOTHI 110 MX 00CITY)KUBAHHIO U PEMOHTY.
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OtcyTtcTBre eanHON 1M POBOIT 0a3bl JaHHBIX JUJIsl XpPaHEHMsI BCEX JAHHBIX O KaOEJbHBIX Tpaccax
TaKXe MpPEeJCTaBIseT COOOW Cephe3HBIH HENOCTAaTOK. DTO 3aTpydHSET JOCTYN K HMHpopMaluu, ee
OOHOBJICHHE U TOYHOCTb.

Jnist pemieHus 3TUX MPOOJIEM IpeIaraeTcsi UCIOIb30BaTh MEPEIOBbIC TEXHOJIOTHH, TaKUe KaK
GPS u I'NTIOHACC-cbemka ¢ TOYHOCTBIO 0 1—5 €M, YTO 3HAYUTEIBHO MOBBIIIAET JOCTOBEPHOCTH
MECTOTOJIOKEHHUS PAa3IMYHBIX AJIEMEHTOB KabeabHOH cucTeMbl. ['eoe3nueckie mpueMHUKH, TaKUe KaKk
Trimble R2 u Stonex S7 B pexxume RTK, mo3BositoT B peaibHOM BPEMEHH IPOBOIUTH BHICOKOTOUHYIO
CBHEMKY.

Kpowme Toro, ucnonb3oanue reonndopmannonubix cucreM (I'MC), Takux kak QGIS u NextGIS,
MO3BOJISIET CO3/1aBaTh HU(POBBIE KapThl, MHTETpUpys naHHble GPS-cheMku W BU3yanu3upys HX Ha
skpane. MoouibHbIe pritokeHus, Harpumep, QField u ArcGIS Field Maps, mo3BossioT cienuaimcTam
IPOBOJUTH TMOJIEBYIO CHEMKY, BHOCS JaHHBIE HEMOCPEJICTBEHHO Ha MeCTe padoT. DTO 3HAYUTEITHHO
YIPOIIAET IPoLece 1 Aenaet ero 6osee 3hPEKTUBHBIM.

ABTOMaTH3alMsl  IPOLIECCOB  MIPAeT  KJIOYEBYIO pPOJb B IOBBIILIEHUHM  TOYHOCTU
nokymeHtupoBanus. Ummopt ganubeix yepe3 GPX/KML-daitnbl, a Takke UCIOJIb30BaHUE 00JIAUHBIX
cepBucoB, Takux kak NextGIS Web, mo3Bomstor ObicTpo M yaoOHO 3arpykaTh HH(POPMALHIO,
BU3YaJIM3UPOBATh TPAcChl, MyPThl U KPUTUYECKUE TOUKU Ha KapTax. CieayeT NoJ4epKHYTh BaKHOCTD
ucnoap3oBanus NextGIS B nanubix uccinenoBanusx. [IpuuuHel 3T70r0 BIOOpa CBSI3aHBI C BBICOKUMU
MOKAa3aTeISIMH TOYHOCTH, HAJIC)KHOCTH U (PYHKIIMOHATIBHOCTH, YTO JIETIACT €r0 UJCAIbHBIM pPEIlIeHUEM
JUIst Hamien 3agaun. MoOuIbHOE NPUIIOKEHHUE, CBA3aHHOE € 3TOH I1aT(GOpMOIi, TaK)KE€ OCHOBBIBAETCS Ha
NextGIS, tak kak HHTEerpanus ¢ JaHHON SKOCUCTEMO 00eCrieurBaeT MOJIHBIN JOCTYI K HEOOXO0AUMBIM
MHCTpYMEHTaM U pecypcaM. BaxkHO OTMETUTD, YTO BCsSI CUCTEMA PACIIOIaraeTcsl Ha cepBepax KOMIIaHUH,
4TO 00ECreurBaeT BICOKHI ypOBEeHb 0€30MaCHOCTU U 3alUTY AAHHBIX, TOCKOJBKY JOCTYI K HEeW u3
UHTEPHETA OTCYTCTBYET.

[Tpumep pabodyero mporiiecca MOXKET BBITJISAECTh CICAYIOMKUM 00pa3oM: MEPBBIN 3Tal — CheMKa
touek GPS u ux coxpanenue B popmare GPX; 3atem Bce nanusie 3arpyxatorcs B QGIS, roe Ha ocHOBe
MOJTyYEeHHBIX KOOPJUHAT CTPOATCA Tpacchl. HakoHell, 1aHHbIe MOXKHO SKcnopTupoBars B popmat PDF
i DWG s nocnenytomieit neyatu uin my0JIMKaluy B KOPIOPATUBHBIX CUCTEMAX.

Jns ocyliecTBiICHHUs] MH)KEHEPHBIX HU3bICKAHUI HMCIOJB3YeTCsl TPAaCCOMCKATENb, C IMOMOIUIBIO
KOTOpPOr0 COOMpArOTCs KOOPAMHATHI TOUYEK HAa MECTHOCTH W OCYUIECTBIISETCS MX MOJKIIOUEHHE K
HOYyTOyKy. B cmenuanbHON mporpamme 3amycKaercsi CKpUNT, KOTOPBIM CTPOUT Tpaccy Ha OCHOBE
coOpaHHBIX KOOPJMHAT U BBIUUCIISET PACCTOSIHUE OT KaXKJAOW TOUKH JI0 Pesibca WiIH JPYyTroro OpueHTupa.
B pesynbrate renepupyercs ¢aitn popmara KML, koTopslii 3aTeM MOKET ObITh MHTETPUPOBAH B HAITy
reonH(OPMaIIMOHHYIO CUCTEMY.

C unenbto oOecrnieueHHst >PPEKTUBHON HaBUTALMKM AJIS IJIEKTPOMEXaHUKA, MPETYyCMOTPEHO
MCIOJIb30BaHNE MOOWJIBHOTO NPUIIOKEHHS, MO3BOJIAIOIIEIO OTKPbIBaTh HEOOXOIMMbIE OOBEKTHI Ha
kapre. [lonp30BaTens MOXKET B3aUMOJEHCTBOBATH C KAapTOM, Ha)KMMas Ha KOHKPETHbIE TOYKHU IS
MOJTy4eHus: UHPOPMAIIUU O PACCTOSIHUM JI0 PENibCa WK APYTroro OPUEHTHPA, a TAKXKE Ul ONPEIeIICHUS
TIIyOWHBI UX 3aJIeTaHusl.

Bropoii aciekT — 3To MCNOIb30BaHUE METOK M MapKepoB /s kadeneil. AnbTepHaTtuBbl RFID-
METKaM MOTYT BapbUPOBATHCS B 3aBUCUMOCTH OT CIEIU(PUKU MPUMEHEHHS U 00/ keTa. AKyCTHUECKHE
Mapkepsbl, Takue kak 3M Dynatel, npencrasisitor coboii 6onee OOKETHBIM BapHaHT, OJTHAKO OHU
TpeOyYIOT CrIeUaTbHOTO 000PYAOBAaHUS IS TIOMCKA, YTO MOXKET CTaTh JOMOIHUTEIBHBIM PACX0A0M IS
KOMITIaHUH.

CurnanbpHas JIeHTa, YKIaabpiBaeMas Ha BeicoTe 40 cM Haj Kabenem, CIyKUT MPelypexaatouM
3HAKOM JUIsl paboyuX, MPOBOASIINX PACKONKH, YTO CHUKAET PUCK MOBpexaeHUs kadeneil. Tpocuku-
MapKepbl, 0y/Ib TO METAUIMYECKHUE UITH ITPOBOJIAIINE, TAKXKe 00ECTIeYMBAIOT JONOJHUTEIbHBIN YPOBEHb
TPacCUPOBKH, MO3BOJISII HAXOAUTH KaOeIbHbIE JIMHUU C BBICOKON TOYHOCTBIO.

B cnyyae BolIOKOHHO-ONTHYECKUX KaleleH, eciau kabenb HaXOAUTCs B 3alIUTHON OpOHE, MOXKHO
HCIIOJIb30BaTh €r0 METaNIMYECKUE JIEMEHTHI JIIsl TpaccupoBKU. OHAKO AJisi HEONIPEHOBBIX Kaleneid,
HE UMEIOIIUX OpOHH, MOTPeOyeTCs JOMOTHUTENbHBIN TpoCHK WK TouHass GPS-kapTa, 4To yBeIMUUBaeT
oO11me 3aTpaThl Ha IPOEKT, HO MOBBILIAET OOIIYI0 HA/IEKHOCTh MOHTaKHBIX padoT.

AKYCTHYECKHI MOHUTOPHUHT KaOEJIbHBIX KOJIOJIEB SIBJISETCS COBPEMEHHBIM M 3(P(PEKTHUBHBIM
pelIeHneM JUIsl 3alUThl MOA3€MHOW MHPPACTPYKTYphbl, KOTOpas MOJBEPraeTcs pa3IudHbIM yIrpo3am,
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TaKUM Kak BCKPBITHE JIIOKOB, HECAaHKIIMOHUPOBAHHOE MOJKIIOYEHHE K KalOenro M BaHAaIU3M. OTU
YTPO3bI MPEACTABISAIOT cO00M Cephe3HbIe PUCKHU HE TOJIBKO IS IIEIOCTHOCTH KaOeIbHOW CeTH, HO U JUIs
0€30MacHOCTH JIFO/ICH, padOTaIOIIMX B TUX 30HAX.

BcekpbiTHE JTHOKOB — 3TO NIPECTYNHOE JEHCTBUE, KOTOPOE MOYKET IMPHUBECTH K CEPbE3HBIM
HapyHIeHUSM B (YHKIIMOHUPOBAHUM KaOENbHOU MHPPACTPYKTypbl. BCKphITHE MOXKET OBITH BBI3BAHO
KaK BaHJAU3MOM, TaK M LEJbI0 Kpaxu kalemneld. B ciyuae HEOOXOIUMOCTH BMELIATEIbCTBA 32
CUMTaHHbIE MUHYTBI, IO OTCYTCTBHE MOKET BBbI3BAaTh CEPhEIHBIC MepeOOr B OKa3aHUU YCIYT.

[ToaxiroueHue K KaOelto TaKkKe SBJISAETCS MOTEHIUAIBHBIM PUCKOM, TOCKOJIBKY MOXKET IPUBECTH
HE TOJIBKO K MOBPEXKIECHUIO 000pYI0BaHMs, HO U K BO3HUKHOBEHHUIO HEHCIIPABHOCTEH, UYTO, B CBOIO
ouepe]ib, IOBJIUSAET Ha KAU€CTBO MPEAOCTaBISEMBIX YCIYT.

Banganusm B OTHOIIEHHH KaOeNbHBIX KOJOMLEB MOXET MpPOSBIATHECA B  (PU3MUECKHX
pa3pymeHusX, KOTOpbIe MOTYT BBI3BAaTh cOOU B paboTe CUCTEM, a TAKXKE MOTYT IPEACTABIATh ONACHOCTD
JUTSL OKPY>KAIOIIUX.

Uto0bl 3PPEKTUBHO MPOTHBOCTOATH 3THUM Yrpo3aM, HEOOXOIUMO BHEAPATH MHHOBALIMOHHBIC
pelleHus. Ha OCHOBE COBPEMEHHBIX TEXHOJIOTUI MOHUTOPHUHTA.

JlaTuuku WUrparoT KIHOYEBYIO pOJIb B aKyCTUYECKOM MOHUTOPUHIE. AKYCTUYECKHE JATUYUKU
MO3BOJIAIOT (PUKCHpPOBaTh 3BYKHM BCKPBHITUS JIIOKOB U YJIapoB, UYTO 0O0ECleYMBAeT paHHIOK
CHUTHAJIM3ALMUIO O TMOTEHIHAIBHBIX YIpo3ax. DTH HATYMKH MOTYT paboTaTh B PEXHME PEaTbHOTO
BpeMeHH, HHHOPMHUPYsI OniepaTopa O MPOU3OLIEAIINX HHIIUACHTAX.

BuOpannoHnnsie AaTYMKH, Takue Kak Te€O(OHBI, PETHCTPHPYIOT IOA3EMHBIE BO3JCHCTBUS,
M03BOJISASI OOHAPYKHUTH HE TOJIBKO MOMBITKA BCKPBITUS, HO U JTIIOOBIE IPYTHE U3MEHEHHS, KOTOPhIE MOTYT
yKa3bIBaTh Ha JIEUCTBUS, YIPOXKAIOIIKE [IEJIOCTHOCTH KOJIOALA U OMvKaiiux kadenei.

[lepenaya JaHHBIX OT JATYUKOB MOXKET OCYILIECTBIISITHCS C UCIIOIb30BaHHEeM TexHooruit NB-10T
(Narrowband Internet of Things) wim LoRaWAN. DTu TEXHOJOTHU TPEIaraloT HHU3KOE
SHepromnoTpediIeHre U BO3MOXKHOCTh Mepeiaun JaHHbIX Ha Oomblnne paccTosHus 10 10 KUIOMeTpoB.
OTO CTaHOBUTCSI OCOOCHHO aKTyaJIbHBIM Ul yIaIEHHBIX U TPYIHOAOCTYIIHBIX MECT, /i€ IIPOBEACHHE
TPaJAULIMOHHBIX KOMMYHHUKAIIMOHHBIX JTMHUH SKOHOMHYECKU HEIEIeco00pa3Ho.

[TuTanue cucreM MOHUTOPHHIA TAaK)KE€ SIBJISETCS BAaXKHBIM acIEKTOM. [ Ha3eMHBIX KOJIOJILEB
PEKOMEHJIyeTCsl UCIOJB30BaTh PEIICHHE Ha OCHOBE AaKKyMYJSTOPOB, IOMOJHEHHBIX COJTHEYHBIMH
MaHEJSIMM, YTO IO3BOJISIET 3HAYUTENIbHO YBEJIMYUTh aBTOHOMHOCTH pPabOThl CHUCTEM U YMEHBIIUTH
3aBUCUMOCTD OT IEKTPUYECKUX CETEH.

WuTerpanus aKkyCTUYECKUX CUCTEM MOHMTOpUHra ¢ reonHpopmannoHHeiMu cuctemamu (I'MC)
MO3BOJISIET 0TOOpaXKaTh TPEBOXKHBIE COOBITHS Ha KapTe B PeabHOM BPEMEHH, CIOIb3Ys IPOrPaMMHOE
obecnieuenue, Takoe kak QGIS mwmm ArcGIS. D10 ob6ecnieunBaeT BO3MOXKHOCTh BU3YyaIH3alluu B OoJiee
3 GEeKTUBHOIO aHaU3a JaHHBIX, a TAK)Ke 00JIeryaeT BhINOJIHEHHE ONEPaTUBHBIX JISHCTBUI Ha cirydait
HECaHKIIMOHMPOBAHHOIO JOCTYTIA UM MOBPEXKICHUS HHPPACTPYKTYPBHI.

Ha pbiHKe y’ke IpHUCYTCTBYIOT F'OTOBBIE PEIICHUs JUIsl AKyCTHUYECKOTO MOHUTOPUHIA U 3aIUTHI
kabenpHOM HHppacTpykTypsl. Hanpumep, "yMHubIe Moku" oT komnanuu Huawei, KOTopbie BKIIIOYAIOT B
ce0s JaTYMKU M HUCHONBb3YIOT TexHosoruto NB-IoT s mepenaunm naHHbIX. PemieHuss koMnaHuu
Siemens Sicam B ob6nactu MonutopuHra KonTponsHo-U3meputenbhbix IIpubopoB m ABTOMaTHKU
(KHITuA) Ttaxke obecreynBaloT HaAekHOe U A(DPEKTUBHOE peIIeHHEe A 3alUThl MOA3EMHON
MH(QPACTPYKTYPHI.

Taxkum 0o0pa3om, Ui MOBBIIICHUS HAAEKHOCTU U 0€30macHOCTU KabenbHOH MHQPACTPYKTYpHI
HACTOATEJIbHO PEKOMEHIYETCS MEPEeUTH K HCHOoJIb30BaHUI0 reone3ndeckux GPS-npuemMHuKoB u
mudpoBsix [MC-cucrem, takux kak QGIS wimm NextGIS. DTo mo3BoNUT yaydIIUTh TOYHOCTH U
CKOPOCTh IOKYMEHTAIIUHU, a TAK)KE MOBBICUTH KAYECTBO I'€ONPOCTPAHCTBEHHOTO aHAN3A.

BaxHbIM 11aroM Takxke sBISETCS NIPUMEHEHUE aKyCTHUECKUX MapKepOB WJIM TPOCUKOB, BMECTE C
CUTHAJIBHOW JICHTOM, JUIsl TPEAYNPEKIACHUS O HATMYUHU TOA3EMHBIX JUHUN. BHEIpEeHne akyCTHYECKOro
MOHHUTOPHHTA KOJOALEB ¢ nepenaueit nanHbix B ' IC obecnieunT qONMOTHUTENBHBIN YPOBEHb 3alUTHI U
MO3BOJIUT PEarupoBaTh Ha YIpo3bl B PEKUME PEAIbHOTO BPEMEHHU.

JloKyMeHTHpOBaHUE TIpoliecca JOHKHO IPEAyCMaTpUBaTh CHayala CO3/laHUuE JIIEKTPOHHOU
BEPCHH CXEMBI, I10CJIE€ YETO CIEAYET €€ 3aKperieHne B OyMaXHOM BUJIE ¢ 00s3aTeIbHBIM OOHOBJICHUEM
kaxzasle 10—15 ner. Takol moaxox MO3BOJIMT 3HAYUTENIBHO COKPAaTUTh 3KCIUIyaTallUOHHBIE PACXOJIBI,
YCKOPUTH IPOLECC 0OHAPYKEHNUS MOBPEXKACHUN U TIOBBICUTH OOIIIYI0 6€301MacHOCTh HHPPACTPYKTYPHI.
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Cexknus 3. COBPEMEHHBIE TEXHOJIOTI'M ITEPEJJAYU UTHOOPMALIUN
A.Jl. BannoBa
TPAHC®OPMALUA CETU
TAO «Pocrenexom», r. Exarepun6ypr, Poccnus

KiroueBsle cinoBa: TEIEKOMMYHHUKAIIMOHHBIE CETH, IIMPOKONOJOCHBIN JOCTYI, KOPIOPATUBHBIE
peiienus, UppoBbIe cepBUCHL, HUHPPACTPYKTYpa CBSI3U.

CraThsl TOCBSIIEHA KJIFOYEBHIM HANPABJICHUSM Pa3BUTHS TEICKOMMYHHKAIIMOHHBIX CETEH Ha
ocHOBe ycremHbx mpoekToB [IAO «Pocrenexkom». B marepuaiie aHATU3UPYIOTCS COBPEMEHHBIC
TEXHOJIOTUU ¥ TIOAXOJIbI, IPUMEHICMbIC KOMIIAHUEH JUIsS: pa3BepThIBaHUsS WH(OPACTPYKTYPHI CBS3H,
o0OecrieueHnss BBICOKOCKOPOCTHOTO JIOCTYNla B HWHTEPHET, KOPIOPATUBHBIX M TOCYJIAapPCTBEHHBIX
pemeHuid, MUGPOBBIX CEPBUCOB JUISl YIPaBJICHUS TOPOACKOW cpemoi. Ocoboe BHHMaHUE YIIEICHO
MPAKTUYCCKUM KelicaM ¢ WHHOBAIIMOHHBIM PEIICHHUSM, KOTOPBIE CIIOCOOCTBYIOT HH(POBOH
TpaHchOopMaIuU Pa3IMIHBIX chep.

A.D. Blinova
NETWORK TRANSFORMATION
Rostelecom PJSC, Yekaterinburg, Russia

Keywords: telecommunication networks, broadband access, corporate solutions, digital services,
communication infrastructure.

The article is devoted to the key areas of development of telecommunication networks based on
successful projects of PJSC Rostelecom. The article analyzes modern technologies and approaches used
by the company to: deploy communications infrastructure, provide high-speed Internet access, corporate
and government solutions, and digital services for managing the urban environment. Special attention is
paid to practical cases and innovative solutions that contribute to the digital transformation of various
fields.

TpaauuuonHbIe TeleGOHHBIE ceTH noroe Bpemst cTpomtick Ha TDM u PDH/SDH-texHomorusx
[9]. Omnako c¢ poctrom cmpoca Ha IP-cepBuchl Hawanicsa mepexon Ha cetu NGN/IMS [2,5]. Ha
CEerOJIHSAIIHUHN IEHb Ha CeTH KOMITAaHUM pa3BepHYTO sapo miatdopmsl VIMS Ha 6aze o6opyaoBanus AO
«Hckpa Texnonorum» [3].

['maBHBIE penMyILIECTBA:

—MeHblIue 3aTpaThl Ha UHPpacTpykTypy (VOIP paboTaer yepes MHTEpHET, HE TPeOYs OTIEIbHBIX
MEJTHBIX JTUHUK);

—HaJIe)KHOCTh M OTKa30yCTOMYMBOCThH (aBTOMATHUYECKOE MEPEKITI0UeHNEe pU cO0sX, MOIIEPIKKa
QoS);

—-TIOJIIEP’)KKAa COBPEMEHHBIX CTaHmapToB (moBbimieHue s dexruBnoctu cereit 4G/5G, VoLTE,
VoWiFi, RCS).

B mnpencraBnenHoil neneBod apxurekrype IMS-gapo COBMECTHO ¢ KOMIIOHEHTaMH YpPOBHS
INPUCOETUHEHUsT O0pa3yloT YpOBEHb YIPABJICHUS CECCUSMH (CeaHcaMH), KOTOpBIM 3aMeHsieT Bce
cymecTByomue y3iubl cBa3u cetu [TAO «Poctenekom» Ha Bcex ypoBHAX (MH-, Mr-, 30HOBBINA U
MECTHBIN).

VIMS-simpo  —  emuHBI  TEpPUTOPHUAIBLHO  pACTpENeNEHHBIA  KOMIIOHEHT  peIleHUs,
00CITy’)KHBAIOUIMI BCIO CETh. YPOBHHU IPHCOEIAWHEHHs (pEerMoHaJbHBIE YPOBHHM) pPa3MEIIaloTCs B
KaxaoM cyobekre P®, Ha Teppuropunm kotoporo ¢ysHkiuonupyer cetb [IAO «Pocrenexom». B
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COOTBETCTBUHU ¢ TexHWYecKUMHU TpeOoBaHusMu [2], IMS-saapo pasmemniaercs B 2-X reorpaguyecku
pa3zHecEHHBIX KiacTepax (B EBpomneiickoit u Azuarckoit yactu PO).
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Pucynok 1 — Apxurekrypa miardopmsl VIMS Ha 6a3e obopynoanust AO «Mckpa TexHonorum»

Cetb goctyna TDM CeTb poctyna NGN

Doctyn

KonmnuectBo reorpaduuecku-pasHecéHHbIX KiaacTepoB it IMS-snpa BblOpaHO uCXOAS U3
TpeOOBaHUN K ycTOMUMBOCTH ero (QyHkuuoHupoBaHus B coorBerctBuu ¢ ['OCT P 53111-2008
YCTOMYUBOCTH ®YHKIIMOHUPOBAHUS CETU CB3U OBIIEIO IIOJIb30BAHUA [1]. ITpu
HAJIMYUK JJI KaXJI0OTO BO3MOYKHOT'O B3aMMOJICHCTBUSA ABYX IOJIHOCTBIO HE3aBUCHMBIX (DPU3MYECKHX
yTel, 2-X JOKalKUi JOCTATOYHO AJ1s oOecrnieueHus: ko3 puirienta ornepaTuBHON TOTOBHOCTH HE MEHEE
0,8.

B HOpManbHOM pexume paboThl KilacTepbl padOTAIOT B peXKUME pa3AeiIeHUs Harpy3KH, KaXk bl
KJactep oOpabaTeiBaeT TpaguK TOIBKO OT ONpPEeIEHHBIX 3apaHee YpoBHEH mpucoeuHeHus. B ciydae
MOTEPH OJIHOTO KJIacTepa, BCA Harpy3Ka MepeKrouaeTcsi Ha BTOpoi kiactep. BHyTpu kaxaoro kiacrepa
JIOTIOJTHUTENIBHO pealn30BaHO JIOKAJIbHOE Pe3epBHUPOBAHUE, 00ECIEUNBAIOIIEe BHICOKYIO TOTOBHOCTh
kiacrepa. Takum o6pazom, 001Iee KOTUISCTBO IUTOMIAIOK s pazmertieHust IMS-sapa — geTsipe.

Ha cerognsamnumii 1eHs Ha YpOBHE KOMITAHHUHU YCHEIIHO peannu3oBbiBaeTcs mporpamMma «MOCT»,
OCHOBHBIMH LIETISIMU KOTOPOU SIBIISFOTCS:

- CHIDKEHHE o0beMa MeIHOIM MH(PACTPYKTYphI B SKCILTyaTallUH;
- o0ecrieyeHue MoJIHOTO Tiepexoa TeneGonHbx aboHeHToB Ha IP-TexHomoruu;
— MOJIHOE UCKIIIOUEHHE U3 DKCIUTyaTallii 00BbEKTOB HEIBUKMUMOCTH, HAXOISAIINXCS B

HEYJIOBJIETBOPUTEIHLHOM COCTOSIHUU;

- nonHas MoaepHuzauus ceti PCII/l B cooTBETCTBHUHU € AEHCTBYIOLIEN TEXHUUECKON TOTUTUKOM.
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B pamkax mporpamMmbl MpenlycMOTpPEHa 3aMeHa YCTapeBIIEro 00OpyIOBaHUS Ha COBPEMEHHbBIE
pemenusi: ycranoBka MSAN (Multi-Service Access Node) u rojocoBbIX IUIO30B B HOBBIC
TEJICKOMMYHHUKAIIMOHHBIE Y3JIbl nocTyna ymuuHoro wucnoiHenus (TY/[-YU) m MomynbHbIE OJ0K-
koHTelHepsl (MBK), oTeuecTBEHHBIX W  MEXKIYHAPOIHBIX IAPTHEPOB, 0OECHEUYMBAIOLINX
COBMECTUMOCTb M COOTBETCTBHE COBPEMEHHBIM CTaHAApTaM.

3aKII0YeHbl PaMOYHBIE JOTOBOpPA HA IOCTaBKY OOOPYIOBAaHHSI C KOMIIAHUSMHU-TIAPTHEPAMU:
«Hcxkpa Texnomorun», Huawei, Genew/Photel, Opnet, ocymiecTBisieTcs: modTamHoe BHEPEHUE HOBBIX

pemenuii B uHpactpykrypy. Ha pucynke 2, 3 u 4 npexncraBnedsl MSAN, ronocoBbie MITIO3BI U
npumepsbl TY ] u MBK.

Pucynok 2 — MSAN Genew B120VE, MSAN Iskratel MEC 20-, 10-, u 6-slot, roiocoBoii i3
Huawei MA5818

IR

/)

Zzoxomd—HOdT
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Pucynok 3 — I[Ipumep TYI-VU

Pucynok 4 — I[Ipumep MBK

B 2024 rony B pamkax mporpaMMbl MOCT Obul JOCTUTHYT 3HAUUTENbHBIA HpOrpecc B

1 poBHU3aH UHPPACTPYKTYPHI.

MacmtabHasi Murpanusi abOHEHTOB U MOJICPHU3AIUS CETEH:

nepesesieHo 255,5 Teic. aboHeHTOB ¢ ycrapesiieil TDM-mnargopmsl Ha coBpeMeHHyo VIMS-
HH(PACTPYKTYDY;

nepeHeceH 61 y3en MECTHOM CBS3HM B HOBbIe MOAYJIbHBIE KOHTEHEpHl (MBK);

MOJKIF0YEHO 55 ThIC. a00HEHTOB K onTHueckuM JuHusIM cBsi3u (GPON/FTTH);

pa3BepHyTO 373 TeIeKOMMYHUKALIMOHHBIX y3J1a IocTyna yauuHoro ucnoinenus (TY[-YU).
BriBoa 13 3KcIITyaTaluu ycrapeBiero 000pya0BaHUs:

neMoHTupoBana 41 ananorosas ATC;

u3BiiedeHo 2 052 kM meaHoxuibHOro kaodens (MXKK);

MOJY4YEHO CBbIIIE 2 MIIpA pyOJieit oT peanuzanun BbIcBOOOk1eHHBIX pecypcoB (MXKK u ATC).
Peamuzamuss mporpammel MOCT moaTBepkaeT yCHEIIHYIO CTpaTeTHI0 Tepexoaa Ha

COBPEMEHHBIE TEJIEKOMMYHUKAIIUOHHBIE pelieHus, o0ecrieunBaroIue HaJE)KHOCTb,
MacIITadupyeMOCTh U IKOHOMUYECKYI0 3ppexTuBHOCTS [2,4,9].

A OGWN —

0 ~N o o1
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JI.M. BaBuaos, E.C. borianosa

CO3JAHHUE HOBBIX AJI'OPUTMOB PABOTbBI BUSHEC - TIPOHECCOB HA
HPEAIIPUATHUUN KAK KJIIOYEBOU ®AKTOP IIOBBIINEHUSA DOPPEKTUBHOCTH
PABOTHBI ITPOU3BOJACTBA

VYpanbckuii rocyrapcTBeHHbIN yHUBepcuTeT nmyTeit coobmenus (Ypl YIIC),
r. EkatepunOypr, Poccus

KiroueBsie cioBa: Ou3Hec-mporiecchl, anroputmbl ynpasienus, 1C:ERP, aBromaTuzamms,
ONTUMU3ALMS TPOU3BOACTBA, MHOTOATATHOE MNPOU3BOACTBO, Lean-moaxoj, MPOLECCHBIM MOAXOI,
3¢ (PeKTUBHOCTD MPEANPUATHS, YIIPABICHUE MaTEpUaIaMH.

Cratbs nocssiiieHa npodiaemMam yIpaBieHus OU3Hec-poleccaMy Ha MPEANPUATUAX U crioco0am
WX peHieHus uepe3 pa3paboTKy W BHEAPEHHE HOBBIX aJIrOpUTMOB. PaccMaTpuBarOTCS TUIUYHbBIC
po0JieMbl, TaKHE KaK OpraHU3allOHHbIC, TEXHUUECKHUE, SKOHOMHUECKHUE U uYeroBeYecKkue (hakTopsl,
KOTOPBIC CHUXKAIOT 3P PEKTUBHOCTH pabOThI KOMIaHUH. Oco00e BHUMaHUE YICIICHO aHAIU3Y IITaTHOU
dopmel «Cocrosinue obecnieuenus 3aka3oB» B cucreme 1C:ERP, e€ Hemocratkam U mpeiioKeHHBIM
nopaboTKaM, BKITI0Yas 10OaBICHUE HOBBIX IMOJICH U (DYHKIIHHA [T yITyYIICHHS] KOHTPOJIS U YIIPaBICHHUS
MaTepuaiaMi B MHOTOXTAITHOM IPOU3BOJACTBE. B craThe Takke 00CYXIalOTCSI OCHOBHBIE MOIXOABI K
ONTHMH3AIMKA OW3HEC-TIPOIIECCOB, BKJIIOYAs MPOIECCHBIA IMOAXO0J, aBToMarm3anuioo u Lean-
MeTo0Norr0. Pe3ynbTatel paboThl JEMOHCTPHUPYIOT, KaKk BHEAPEHHE HOBBIX alTOPUTMOB MOXET
MOBBICUTH TMPOU3BOJIUTEIHHOCTh, COKPATUTh 3aTPaThl M YCHWJINTh KOHKYPEHTHBIC MPEUMYIIECTBa
MPEITPUITHSL.

D.M. Vavilov, E.S. Bogdanova

CREATION OF NEW BUSINESS PROCESS ALGORITHMS AS A KEY FACTOR IN
IMPROVING MANUFACTURING EFFICIENCY

Ural State University of Railway Transport, Ekaterinburg, Russia

Keywords: business processes, management algorithms, 1C:ERP, automation, production
optimization, multi-stage production, Lean approach, process approach, enterprise efficiency, materials
management.

The article focuses on the challenges of managing business processes in enterprises and methods
to address them through the development and implementation of new algorithms. It examines common
issues such as organizational, technical, economic, and human factors that reduce operational efficiency.
Special attention is given to the analysis of the standard "Order Provision Status" form in the 1C:ERP
system, its shortcomings, and proposed improvements, including the addition of new fields and functions
to enhance material control and management in multi-stage production. The article also discusses key
approaches to business process optimization, including the process-oriented approach, automation, and
Lean methodology. The results demonstrate how implementing new algorithms can increase
productivity, reduce costs, and strengthen a company's competitive advantage.

B ycnoBusX CTpEeMUTENBHOIO pa3BUTHUS IKOHOMUKHM M YCHIJIEHUS KOHKYPEHTHOM OOpBLOBI,
MPEIPHUATHSI CTATKUBAIOTCS C HEOOXOIMMOCTHIO TIOCTOSTHHO COBEPIIICHCTBOBATh M aJalITHPOBATH CBOU
ousHec-mporecchl. OquuM U3 Hanbosee 3PGEeKTUBHBIX CITOCOOOB MOBHIIICHUST TPOU3BOAUTEIILHOCTH,
ABIISIETCS pa3paboTKa M BHEAPEHUE HOBBIX aJTOPUTMOB YIpaBlieHUs Ou3Hec-mpoieccamu. Takue
AJITOPUTMBI ITOMOTAKOT HE TOJIBKO YCKOPUTH BBIIIOJHCHHUE 3adad, HO U YJIYUYIIHUTb HX Kad€CTBO,
COKpaTUTh 3aTpaThl U HANAAUTh OoJiee CIAKEHHOE B3aUMOJCHCTBHE MEXAY PpPa3lInYHBIMU
noapa3acIiCHUAMA KOMITAHHUH.
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Odenp penko ObIBaeT Tak, YTO €CTh KAaKOE-TO YHHUBEpCAIbHOE pEIIeHHEe, KOTOpOe MOJ0HAET
OOJBIIMHCTBY TMPEANPHUATUN. AJTOPUTMBI JOJDKHBI Pa3pabaThIBaTBCS C Y4ETOM OCOOCHHOCTH
cnenuuKy NpenpusaTus, TEKyIIHX MPOIeccoB U TpeOoBaHM 3aka3uuka. Takke HE Majo BaKHYIO
POJIb UTPAIOT U3MEHEHUS B SKOHOMUKE, 3aKOHO/IaTENILCTBE, @ TAKXKE TEXHOJIOTUYECKOM Pa3BUTHH.

Takum oOpa3om, pazpaboTKa HOBBIX aITOPUTMOB JJIsl YIIpaBiIeHUs OU3HEC-TIPOILECCAaMHU SBIISETCS
BO)XHBIM JJIEMEHTOM CTpAaTeTuu MOBBIIICHUS 3((eKTUBHOCTH paboThl mpeanpusaTHii. PaspaboTka
HOBBIX aJTOPUTMOB ISl yIIpaBJeHUs OM3HEC-TpolieccaMy TpeOyeT y4acTus CHEelMaTUCTOB U3 Pa3HbIX
o0acreii, TTy0OKOro aHajau3a CyIECTBYIOUINX OU3HEC-TIPOLIECCOB U TOTOBHOCTH K M3MEHEHUSIM.

BonbuIMHCTBO KOMITAaHUH CTAJIKUBAETCS C PSAAOM IPoOJieM B OpraHU3alliy U yIpaBlieHus: Ou3Hec-
npoleccaMy, YTO B CBOIO OYepeab MEIIAeT UM JIOCTUTaTh BBICOKOH 3(dekTnBHOCTH PabOTHL. DTH
po06JIeMbl MOKHO Pa3AeIUTh HA HECKOJIBKO TPYII:

1) OpranuzanroHHbIE IPOOJIEMBI;

OpranuzalvoHHbIe MPOOJIEMbl 3a4acTyIO0 CBSI3aHbl C HApyIIEHUEM CTPYKTYpbl U IPOLIECCOB
BHYTPH KOMITAaHHH, HAIIpUMEP, HEUETKOE paclpeielieHne 00s3aHHOCTEH, 10Xasi KOOPAMHALUS MEKIY
OTJIelIaMU, OTCYTCTBHE YETKUX CTaHIApTOB paOOTHI U T. [I.

2) Texauueckue mpoodIeMBbl,

TexHuyeckue CIOKHOCTH TakKe TOPMO3ST padoTy KOMIAHWM, HampuMep, MO CpelcTBaM
yCTapeBIIero 00OpyIOBaHHUS M IMPOrpamMM, HECOTIACOBAHHBIX MH(OPMAIMOHHBIX CHUCTEM, HH3KOTO
YPOBHS aBTOMATU3AIIHIH.

3) DKOHOMHYECKHUE MPOOIICMBI;

OUHAHCOBBIE OTPAHUYEHUSI MOTYT MPUBECTH K CIOKHOCTU B yIPaBICHUH OM3HEC - MPOIlecCaMu
IO CPE/ICTBAM BBICOKHX M3JIEPKEK, HU3KOH PeHTA0EIbHOCTH M OTPaHUYCHUS] THOKOCTH B YIPaBICHUH
pecypcami.

4) UYenosedeckwnii pakTop.

YenoBeueckuii (akTop HrpaeT Hemalo BaXXHYIO pOJb, B mpobiemax Ou3HEC - MPOLIECCOB,
MOCKOJIBKY COTPYAHUKHA KOMITAaHUM MOTYT UMETh HEJIOCTaTOYHYIO KBAJTU(HUKAIHIO, JTHOO MPOTHBHUTCS
M3MEHEHUsM B paboTe KoMIaHuu. Takke COTPYAHUK MOKET UMETh HU3KYI0 MOTHBAIIMIO, YTO B CBOIO
odepeib CHUKACT MHUITUATUBHOCTD U CKa3bIBACTCS HA KauyecTBE PabOTHhI.[2]

[Tpo6Guiembl B Ou3HEC-TIpoIeccax 3aTParuBaloT BCE YPOBHH YIPABIEHUS, OT OPraHU3alMOHHBIX JI0
TEXHUYECKHUX. J{7Is1 MX pemeHus MOXHO HCIOJh30BAaTh CUCTEMHBIH TOAXO[, BKIIOYAIOIIUN B ceOs
BHE/IPEHHE HOBBIX AJITOPUTMOB paboThl M aBTOMaTH3aluio. COBpeMEHHBbIE METOJbl YNpaBIECHUS
MO3BOJIAIOT MOBBICUTH A(P(PEKTUBHOCTh pabOThl KOMIIAHMM M CcJelaTh KOMIaHWio Oosee
KOHKYPEHTOCIIOCOOHOM Ha PhIHKE.

PaccmoTpuMm mpobGiiemy mraTHOro MexaHu3ma «CocTossHHue 0oOecrieueHHs 3aKa30B» B CHCTEME
1C:ERP.

[TpoGiiema popmer «Cocrosiaue odecreueHus 3aka3oB» B 1C: ERP wacrto cBsi3aHa ¢ ynpaBieHueM
U KOHTPOJIEM OOECIIE€YEeHHOCTH 3aKa3a Ha MPOMU3BOJCTBA, a TAKXKe Yy4ETOM TOBAPOB U MAaTEpPHAJIOB Ha
CKJIaJlaX OpTaHU3aIluK, HEOOXOIUMBIX JUISI TPOU3BOICTBA HTOTOBOTO MU3/IEITHSI.

Paccmotpum nogpobuee popmy «CocrosiHue oOecrieueHus 3aKa3oBy.
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- CocTosHue obecneyeHns 3akasos 1%

Cmanh Mexempxep Knueut
Mk LS v % |&@ ~ | % & | CocTosnma: Bce
PesepBupoBats Ha cknaje x Q - Ewe - ?
aka3a / HomenknaTypa, Xapaktepuctuka Eg. nam.,Cxnag Xenaeman garta oOTTpyaKu [NeiicTane ObocobnexHo = KonuuecT CocToanne Nata n¢

3akaa knuexTa [1C00-000008 o1 26.11.2021 12:00:02
Pynetka Stanley Powerlock 10m x 25mm, Wi, Cknag Kommepyeckoii cnyxbbl 26.12.2021 PesepsupoBats. 400,000 Ob6ecneunTs <He ony

3ran nponssoacTea MC00-9.1.1 ot 10.01.2022 18:54:37

AbpasneHan kpoluka Ne4, kr, Cknaj 3neKTPOHHbIX KOMNOHEHTOB 10.01.2022 PesepsupoBats. 800,000 B pesepse MocTyn
PacTsop xumuueckoro Tpasnenuna, n (am3), Cknag 3NeKTPOHHLIX KOMNOHEHTOB 10.01.2022 Pesepsuposats 182,600 ObecneunTs <He onyf
PacTBop xumuyeckoro Tpaenexua, n (am3), Cknag 3NeKTPOHHbLIX KOMMOHEHTOB 10.01.2022 PesepBupoBaTh 185,400 B pesepse Moctyn
Meab M2 Jlewta ANPX 0,75, kr, CKNag 3NeKTPOHHbIX KOMNOHEHTOB 10.01.2022 Pe3sepsuposats 16,000 B pesepse Moctyn
Onoso MOCT 860-75, kr, Cknaj 9neKTPOHHbIX KOMMOHEHTOB 10.01.2022 PesepsupoBaTth. 24000 B peaepse Moctyn

3ran npoussoacTea MC00-9.2.1 ot 10.01.2022 18:54:38

AbpasuBHan kpoluka Ned, kr, Cknap 3MeKTPOHHbLIX KOMNOHEHTOB 10.01.2022 PeaepsupoBaTh 260,000 ObecneunTs <He onf
AbBpasueHasn kpoluka Ned, kr, Cknag 3NeKTPOHHbIX KOMNOHEHTOB 10.01.2022 Pesepsuposats 140,000 B pesepse MocTyn
PacTBop xumuueckoro Tpaenexus, n (Am3), Cknag 3NeKTPOHHLIX KOMMNOHeHTOB 10.01.2022 Peaepsupoeats. 184,000 ObecneunTs <He onf
Meab M2 flenta AANPX 0,75, kr, Cknag 3NeKTPOHHbLIX KOMNOHEHTOB 10.01.2022 PesepsupoBaTth. 8,000 B pesepse MocTyn
Onoeo IOCT 860-75, kr, Cknaj 9neKTPOHHbIX KOMMOHEHTOB 10.01.2022 PeaepsupoBaTh 12,000 B pesepse Moctyn

Jran nponssoacTea MC00-9.3.1 o1 10.01.2022 18:54:38

PacTBop xumuueckoro Tpasnenua, n (Am3), Cknag 3neKTPOHHLIX KOMNOHEHTOB 10.01.2022 Pesepsuposats 52,000 ObecneunTs <He onf
3nexTpoa AnA 3NeKTPOXMMUYECKOro LINHKOBaHUA, Kr, CKNaz 3NeKTPOHHbIX KOM 10.01.2022 PesepsupoBats 6,000 B pesepse MocTyn
Nnet 0,8 C13nc5, kr, Cknap 3NeKTPOHHLIX KOMNOHEHTOB 10.01.2022 Pesepsuposath 40,000 NocTyn
AbpasuBHan kpoluka Ne5, kr, Cknaj 3neKTPOHHbIX KOMNOHEHTOB 10.01.2022 PesepsupoBaTs. 100,000 Moctyn
3ran npoussoacTea MC00-9.4.1 ot 10.01.2022 18:54:38
3tan nponssogcTea MC00-9.5.1 oT 10.01.2022 18:54:38
v w

Puc. 1 — ®opma «CocrosiHue o0ecrieueHus 3aKa3oBy»

dopma cocTossHuEe obecriedeHust oToOpaxaeT HHPOPMALMI0 O HOMEHKJIAType B pa3pese ITaroB
IIPOU3BO/ICTBA.

B nepBom cronbue npeacrasieHo: HaumeHoBaHNEe HOMEHKIIATYPbI, €AMHUIA U3MEPEHUS U CKIIajl
OTTPY3KH.

B cTonbue Homep 2 npescTaBieHa Aata OTIPY3KH MaTepUaoB B 3Tale MPOU3BOCTBA CO CKIIAJA.

B cronbue HoMep 3 npeacTaBieHo 1eHCTBUE HOMEHKIIATYphl B 3Tale NPOU3BO/ICTBA.

Ilepeuens aencTBUA:

1) Ortrpys3urs;

2) PesepBupoBars;

3) PesepBupoBath npu MOCTYILUICHUH;
4) K obecrieuenuro;

5) He obecrnieunBats.

B cronbie Homep 4 MOKHO yCTaHOBUTH peKBU3HUT «O00c0o01eHO». Eciii peKBU3UT 3aI0IHEH, 3TO
CUTHAJIM3UPYET O TOM, YTO MO3MLHUsA OyIeT B pe3epBe MoJ ONpeeseHHbIN Tan npou3BoacTBa. 1 Bce
JaJIbHEWIINE IBUYKEHUS TaHHOM MMO3ULMHU B cCUCTeME OYyT MIPOU3BOJIUTCS C HA3HAUYECHUEM.

B cronbue HoMep 5 yka3bIBaeTcs KOJI-BO HOMEHKIIATYPhI, KOTOpoe TpedyeTcs A MPOU3BOJICTBA
TIPOTYKITHH.

B cronbue Homep 6 oToOpaxkaeTcss TeKyllee COCTOSHUE O MO3UIMHU. B pesepBe Ha ckiane
MO3UIUS WK HET, 000COOJIEHHBIH JIU 3TO pe3epB, WIK NO3ULHUS HyKIaeTcs B 00€CIIEUeHHH.

B cronbue HoMep 7, oToOpakaeTcs aTa NOCTYIIEHHUs MaTepralia Ha CKiall, IMOO ecu MO3ULIHS
y>K€ HaXOJUTCs Ha CKJIaJie, TO B COCTOSIHUU o0ecneueHuns ykasbiBaics cratyc «lloctymnunoy.

[Tocne ananusa mratHoU (opmbl «CocTOSHUST 0OecTIedeHUs», ObUT BBIIECNEH Psii HEAOCTATKOB,
KOTOpBIE B CBOIO OYepeb MOIJIM CYIIECTBEHHO MOBJIUATH Ha 3((HEKTUBHOCTH pabOTHI MPENNPHUSITHS,
3aTPYJAHUTH BBIMOJIHEHUE MPOU3BOJCTBEHHBIX 3aKa30B U MPHBECTH K MpoOiIeMaM MOCTaBKU H3JENUs
KiueHTaMm. J{ns pemieHus 3TUX MpoOJieM MOSBUIACH HEOOXOIMMOCTh JOPAOOTKU IITATHOW (OPMBI
«CoctosiHue obecreyeHus 3aKka30B» U U3MEHEHUE aIrOPUTMa PaOOTHI.

OcHoBHasl CyTh aJITOPUTMHU3ALUU OM3HEC-TIPOIIECCa, 3aKIII0YAETCS B UETKO ONPEACTIEHHBIX POJISIX
U 337ayax, HaJa)KWBAaHUM JIOTUKM pPAa0OTBl MEXIy IPOLECCaMH, HCIOJIb30BaHUs HMHCTPYMEHTA
aBTOMAaTH3AllNH, a TAaKXKe 00eCIIedeHH KOHTPOJIS Ha BCEX dTarax.

PaccMoTpuM OCHOBHBIE MTOAXOBI K CO3JaHUIO aJITOPUTMOB pabOThl OU3HEC-TIPOLIECCOB:

1) TIporeccHbIif MOIXOT;
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JlaHHBIE METOJ OCHOBBIBAETCS Ha JE€TAJIbHOM aHaJM3€ TEKYIIMX IPOIECCOB, BBISBICHUU
MPOOJIEMHBIX MECT U CO3JIaHUU HOBOU cXeMbl paboThl. OCHOBHBIC MIATH MPOIECCHOTO MOAXO0a, 3TO
OTHMCaHUe TEKYIIEro COCTOsHUS nporieccoB ¢ momompio quarpamm (IDEFO, DFD, ER), mouck cna6six
MECT, TOCTPOCHHE HOBOTO AITOPUTMA C YCTPAHEHUEM MPOOIIEM CTApOro, M BHEIPCHHE aBTOMATH3AITHH.

2) Astomaru3zaiys U nuppOBH3ALIUS TPOIECCOB.

ABTOMaTH3aIUs TIO3BOJISIET TIEPEBECTH 3a7a4i B U(POBYIO Cpey, YCKOPSIsl MX BBHIMOJTHCHHUE U
CHIWKasl BEpOSTHOCTH OUOOK. J[J1s1 3Toro 00br4HO ucnonb3yioT: ERP — cucremy, CRM — cucremy nnu
cucreMy yrpasienus npousBojactsom (MES).

Hampumep, BHeapenuwe cuctembl 1C:ERP  mo3Bomsier o0O0OBeOUHUTH OTAENTB MPOJAXK,
MIPOU3BOJICTBEHHBIC OT/ENBI M YIACTKH, OT/IEJ 3aKyTOK, CKIIJ] U OyXTaJTEpPUIO B OHON CHCTEME.

3) Lean-—moaxon;

JlaHHBIA METOJ HaMpaBJICH HAa MHUHUMHU3ALUIO TOTEPh W MOBBIIICHHE 3((HEKTUBHOCTH TIO
CpelICTBaM ONTUMHU3auU pabouyux mnpoueccoB. OCHOBHbIE NPUHIUIBI JaHHOTO MOAX0Ja, 3TO
YCTpaHEHUE JIMIIHUX OIEpalHii, COKpAIIeHWEe BpPEMEHU Ha BBHINIOJHEHHE 3ajad, HEMpephIBHOE
COBEPIICHCTBOBAHKE MPOLIECCOB.[4]

PaccMoTpuM TpHHIMI CO3/IaHUS HOBBIX AITOPUTMOB pabOThI OM3HEC-TIpollecca Ha TpUMEpe
nopaboTku mTaTHOi popmbl «CocTosiHUs 00ecrieueHUs i MHOTO3TAITHOTO MPOU3BOJICTBA.

Taxk kak HH)KEHED I10 TPOU3BOJICTBY 00ECIICUNBACT ITAIl POU3BOJICTBA, TO HEOOXOAUMO T00ABUTH
BO3MOXXHOCTh BbIBOJIa (hopmbl «CocTosiHue o0ecredeHus» U3 dTana MpOU3BOJICTBA C OTOOpAKEHUEM
BCEX MaTepuasoB 1O 3Tamy s Ooyiee yaoOHOW pabOThI MOJB30BATENS, TaK KaK IMOCIE BHECEHUS
M3MEHEHUH MaTepHalioB B ATale MPOU3BOICTBA, MOJIH30BATEIb MOXKET HE MOKHUIATh JOKYMEHT JTall
npou3BojcTBa. [locMoTpeTs HEOOXOMMMYI0 HHPOPMALIUIO, U TPOIOJIKUTH BHOCUTh U3MEHEHH S, JTHOO
BBITIOJHATH IPYTHE IEHCTBUS 110 JTaly.

MpPoBECTH W 3aKPbITL ‘ | B & -|| & Nevars - B||l A (ps) OBpaboTkn - 3 - TMoNYyunTE CANCOK NO JOKYMeHTaM - | | APM MMeyaTe STUKETOK Ewe - | | ?

Homep: |1 oT: |19.03.2025 21:50:40 CraTyc: |CthopmiupoBaH ~ | HauaTb 3aKpbiTh 3anBKa B KL nonyuewa: | .
STan npou3BoAcTBO

OcHoBHOe | MaplupyT | OBecnedenue (1) | Beimyck (1) | TpynosaTpaTsl (1) | [IONONHUTENbHO
LobaBuTb + | & € 3anonunTs - 0ObecneyeHne MokasaTb HOpMaTUBbI x Ewe -

N Ko cTpoku " | Kopg ApTukyn Bupg HomeHkna Cepua JeiicTBNA HasHaueHue

3anonunTe obecnevenne |

4 1 3 4 CocTosHe obecnedeHua. .. | | SNeMeHTbl 3. . K oBecne...

CHATL pe3eps N0 HasHaYeHUo

3apesepBrpoBaTL N0J HasHauYeHUe

Puc. 2 — Br13oB ¢opmbl «CocTosiHuE obecnieueHus» U3 3Tana Mporu3BOCTBa

Tak KaK MOXeT OBITh UCTIOIF30BAHO MHOTOITAITHOE MTPOU3BOJICTBO TSI M3TOTOBJICHUS U3JICIHS, B
dopmy cocTosiHUE o0ecrieyeHne Heo0X0AUMO J100aBUTh BO3MOXHOCTh TPYHIIMPOBKH OTOOpPaKaeMbIX
JAHHBIX TI0 dTaram/3akasy UIsi BO3MOXXHOCTH JETAIM3UPOBAHO TOCMOTPETH CKOJIBKO HEOOXOIMMO
NO3ULMK JJI1 MPOM3BOJCTBA IMosydadpukaTa HU3JeNus, U CKOJIbKO HEOOXOAMMO H3IENHil, KOTOpble
UCTIONB3YIOTCS JUIS POU3BOICTBA U3/EIHS HAa BTOPOM JTare.

B Tabanunyro yacte ¢popmbl «CocTosiHuE 0OecreueHus» Heo0X0AuMo J00aBUTh MoJie TpedyeTcs
C pa3pe3oM M0 3Taly U Mo Ha3HaueHuto. OO0COOIEHHbIN pe3epB Ha MaTepHalibl yCTAHABIUBAETCS 110
BCEMY 3aKa3y Ha IPOM3BOJICTBO B LIE€JIOM, UTO MO3BOJISET 0€3 CO37aHus JOMOJHUTEIbHBIX TOKYMEHTOB
IepeHOCUTh MaTepHanbl C OJHOTO JTama Ha apyrod. B Takom cmydae, mobaBieHue croiabdna
«Tpebyercs» CIyXUT A OTpaKEHHs HEOOXOAMMOro Koj-Ba MaTepualia Jjsi IMPOU3BOJCTBA
NPOTYKINH, a AETATU3aINs MO TAy/Ha3HAYCHUIO TI03BOJISIET YBHJIETh CKOJIBKO MaTepHana Tpedyercs
B Ka)XXJIOM JTare ¥ 1o BCEMy 3aKasy.

3akas, Knueut / N, HomeHKknatypa Cratyc/En. Tpebyetca
o o GokymeHmy N0 HAZHAYBHUH)
3tan npoussogcTtea 1 ot 19.03.2025 Cchopmump...
1 3 IMaTepnan Ne1 LT 1,000 1,000

Puc. 3 — Cron6en «Tpebyercs» B popme «CocTosiHuE 0OecTeueHus»
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Taxke B TabmuuyHyro yacth ¢opmbl «CocTossHHE OOecreueHus» HEOo0X0auMO 100aBUThH
CJICOYIOIIUC ITOJIA: Pe3epB, K OGCCHC‘-ICHI/IIO C AOIIOJIHUTCIBbHBIMMU ITOJIAMHU KOJIMYCCTBO U JaTa IIOCTaBKH,
OcCTaToK ¢ IOMOJHUTEIFHBIMU MOJISIMU 10 HA3HAYCHHUIO ¥ CBOOOMHBIN, TPaH3UT C TOTMOIHUTEITLHBIMHU
MOJISIMU TI0 Ha3Ha4YeHWIo W cBoOomHBINA, [Togbop (B 3aka3ax Ha mepeM.), B 3asBKaX Ha 3aKYIKy C
JIOTIOJTHUTEIBHBIMHE TTOJIIMU «Pe3epBy, « CBOOOAHBIIN» U «J]eUIMTHI TPOU3BOICTBAY.

Cronber; «Pe3epB» B COCTOSIHHHM OOECIICUEHUs, TO3BOJIIET YBUAETHh KOJIWYECTBO, KOTOPOE
HAXOJIUTCS B pe3epBe Ha CKIIale.

B cronbue «K obecrieuenuio», B Mojie KOJUYECTBO OTOOpakaeTcsi KOJMYECTBO MarepHala,
KOTOpO€ HEOOXOIUMO O00eCHeunuTh 10 CPEICTBaM YCTAaHOBKM pe3epBa Ha CKJale, YCTAaHOBKU
000co0eHHOTO pe3epBa WM (OPMHUPOBAHUS 3asBKM Ha 3aKkynky. Jlara mocraBku oTOOpakaeT
UHPOPMAIIHIO, KOTJ]a MaTepUal MOCTYIHT Ha CKIIAJ MPEINPUATHS, IPH cHOPMUPOBAHHOMN 3asBKH Ha
3aKYTIKY.

3akasz, Knnent / N, HomeHnknatypa Cratyc/Eq. K obecneuyenunio
o ane Konuvecmeao [ata nocTaBKm
3tan npouseoacTea 1 ot 19.03.2025 Cdpopmmp...
1 3 MaTepuan Ne1 wT 1,000

Puc. 4 — Cronber K obecrieueHUIO ¢ JOMOIHUTEILHBIMA MOJISIMA

B cronbue «Octatok» ¢ ponmonHuTenbHbIME TonssMu «[lo HazHaueHuto», «CBOOOAHBIIN,
oroOpakaercs nH(oOpMAIHs 0 OCTaTKy MaTepuaia Ha ckiaje. OcTaToK MO Ha3HAYEHUIO 0TOOpakaeT
KOJIMYECTBO Marepuaja Ha CKJIajJe, KOTOPBI 3ape3epBUpOBaH 00OCOOJICHHO O] JAaHHBIA 3aKas.
CB0OOIHBIN OCTaTOK OTOOpa)kaeT 00IIIee KOJIMYECTBO MaTepuaia Ha ckiiaje cnucanus. Ha ocHoBanumn
JAHHBIX 1O CBOOOJHOMY OCTaTKy IPHHHUMACTCS pEIICHHEe O (OPMHPOBAHUU IIEIECOO0Pa3ZHOCTH
(GhopMUPOBAHUS 3asIBKM Ha 3aKYTKY, YTOOBI N30€kKaTh M3JIMIITKOB MaTepraia Ha CKJIaax.

3aka3, KnueHT / N, HomeHKnaTypa Cratyc/ER Pezepe K oBecneueHio QcTaTok
M3m

HAUEHMIO Ha cknage Konuyecmeo INaTa nocTaeku PezepB N0 HazHau. CB0BOAHEIIl 0CTATOK

9Tan npown3soacTea 1 oT 19.03.2025 Cchopmup...

1 3 MaTtepnan Na1 wT 1,000 1,000

Puc. 5 — Cronber «OcTaToK» ¢ JOMOIHUTEILHBIMU MOIIMHA

B cron6iie «TpaH3uT» ¢ JONOTHUTENBHBIME MOJISIMU IO HA3HAUYEHUIO U CBOOOTHBIN 0TOOpaXkaeTcs
uH(pOopMalKs 0 KOJIMYECTBE MaTepualia, KOTOPBIM OTIPABIIEH MOCTABIIMKOM Ha CKJaJ opraHuzanuu. B
none «Ilo Ha3HaueHHI0» OTpakeHa HH(OPMALIHS O KOIMUYECTBE MaTepHaa, KOTOPBIA MPU MOCTYIIICHUH
Ha CKJIaJg OyJleT HMCIOJb30BaH IOJ KOHKPETHBIM 3aKa3 Ha Mpou3BojacTBO. B mose «CBOOOMHBIN»
oTpakeHa HH(OpPMAIIKS O KOTUYECTBE MAaTEPUaIOB, KOTOPhIE MOCTYIISAT HA CBOOOHBIN OCTATOK CKIIa/1a
U MOT'YT OBITH UCIIOJIB30BAHBI JJId IIpOU3BOACTBA B JII000M 3aKase.

3akas, Knuent / N, HomeHknatypa Cratye/Eq, K obecneueHuio OeTatok TpaHaut
nam

160 [aTa nocTaeku Pe3epB No HasHau. CBOGOAHEIN 0CTATOK Pe3epB No HasHau. CBOGOHEIN OCTATOK

3Tan npoussogcTea 1 ot 19.03.2025 Cdhopmup...

13 MaTepnan Ne1 wr 1,000

Puc.6 — Cronben «TpaH3ut» ¢ JOMOTHUTEIHHBIMU MTOJISIMU

B cronbue [Toxbop (B 3aka3zax Ha mepeM.) OTpakeHa nH(OpMAIUs 0 MaTepHaIax, COAEPIKAIUXCS
B 3aKa3ax Ha mepemenieHue. JlokyMeHT «3aka3 Ha mepemenieHue» (GpopMmupyercs, Korjaa marepual
H606XOHHMBII>'I AJIg IPOU3BOACTBA U3JACIINA HAXOAUTCA HE HA CKJIaJA€C CIITMCAHUS.

3akas, KnueHt / N, HomeHknaTypa Cratyc/Eq OcTaTok TpaHaut Mop6op(s 3akasax Ha nepem.)
“am

Peseps no HasHay CB0bOAHbI OcTaTOK PeaepB no HasHau CBOOO[HbLIA OCTAaTOK

3tan npoussogcTsa 1 ot 19.03.2025 Cdpopmup...

Puc. 7 — Cron6en [Tonbop (B 3akazax Ha mepem.)
B cronbne B «3asBKkax Ha 3aKynKy» OTOOpa)kaeTcsl KOJIMYECTBO MaTepuayia, Ha KOTOPBIU

odopmien 3akyn. B mone «Pe3eps» oToOpaxkaercst KOJI-BO MaTepHUaioB, KOTOPbIe ObUIN BBITUCAHBI 1101
OIpe/IeNIEHHBIN 3aKa3 Ha Mpou3BOACTBO. B mone «CBoOOIHBIN» O0TOOpaXxaeTcss KOJI-BO MAaTE€pHasIoB,
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KOTOPBIC BBINTUCAHBI HA CBO6OI[HBII>1 OCTAaTOK OpraHu3anu 1 MOT'yT OBITE B I[&J'IBHGﬁH.IGM HCITIOJIb30BaHbI
JJId TIPOU3BOACTBA J1000r0 U3 aCIIns.

3akas, Knuent / N, HomeHknatypa Cratyc/EqQ IH3NT Mopnbop(s 3akasax Ha nepem.) | B 3aABKax Ha 3aKynKy (Bce cknagbl)
nam
3epB Mo HasHau. CBODOAHBIM OCTATOK Peseps CBoboAHbII

371an npounseonctsa 1 ot 19.03.2025 Cchopmump...

1 3 MaTepuan No1 wr

Puc. 8 — Ctonben B 3asBKax Ha 3aKynKy

B ctronbue nedunut npousBoCTBO, YKa3aHO KOJIWYECTBO MAaTEPHAIOB, KOTOPOTO HET Ha CKJIAJIe
crucanus. To ecTh, €CIM MO3UIMSA HAXOAWTCS Ha JIFOOOM JPYyroM CKjaje, JaHHBIH cronber; Oyaer
3amoiHeH. Eciu mo3umms ecTh Ha CKIIaje CIHCAHMs M TOTOBA K Iepeaaye B MPOU3BOJICTBA, JAHHBIN
CTOJIOEIT ITYCT.

3aka3, Knuent / N, Homexknatypa Cratyc/En Mopbop(e 2akazax Ha nepem.) B 2asABkax Ha 3akynKy (Bce cKnmagel) JeduunTel np-a
13m

;0B0HEIA OCTATOK Peaeps CB0GOAHLI

3Tan nponzsoAcTEa 1 OT 19.03.2025 Cchopmmp...

1 3 MaTepuan Na1 wT

Puc. 9 — Cron6en «/ledpunut npousBoacTar»

TakuM 00pa3zom, BHEAPEHUE HOBBIX AITOPUTMOB B OHM3HEC - MPOIECCHl — ATO A(DHEKTUBHBIN
C1I0c00 MOBHINICHUS KauecTBa PabOTOCIIOCOOHOCTH KOMIIAaHUH. ABTOMATH3AIUs 33/1a4 M ONTUMHU3AIUS
MIPOLIECCOB MO3BOJISIFOT ObICTpEE pearupoBaTh Ha BHEIIHUE U3MEHEHUS U B JOJTOCPOYHOM MEPCIEKTUBE
YBEITUYUBAThH MIPEUMYIIECTBA KOMIIAHUH.
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IJEKTPOHHBIE YYEBHUKU: UX JOCTOUHCTBA U HEJOCTATKH

VYpanbCkuii TEXHUYECKU HHCTUTYT CBs3M B nHpopmaTuku(dumuan) GI'BOY BO “Cubupckuit
rOCYIapCTBEHHBIN YHUBEPCUTET TeJICKOMMYHHUKaui 1 nHpopmaruku” B I. ExarepunOypre (YpTUCU
Cubl'YTH), Poccus

KitroueBble crioBa: DneKTpoHHbIE YUeOHUKH, MH(POpPMAaLIHSL.

B coBpeMeHHOM HH()OPMAIIMOHHOM OOIIECTBE ICKTPOHHBIC YUCOHUKH CTAHOBSTCS KIIFOYCBBIM
HHCTPYMCHTOM 06yquI/151. Pabota AHAJIM3UPYCT HUX JOCTOUMHCTBA, BKJIKOYAasd HWHTCPAKTUBHOCTD,
9KOHOMHMIO PECYPCOB U JIOCTYITHOCTh, & TAKXKE HETOCTATKH, TAKKE KaK yTOMJICHHE I71a3 H HEOOXOAMMOCTh
noctyna K uHTepHery. [lpemnmaraiorcs MmyTH pemIeHHS CYIISCTBYIOIIUX TPOOIEM U BBIICISICTCS
pacTyIiuii MHTEpeC K aJalTHBHBIM TEXHOJOTHSIM W HMHTETPAIllMH JOIOJHCHHOW W BHPTyaJbHOU
pEaNbHOCTH B yUeOHBIN MpoIiece.

[lenbto MaHHOW CTAaThbH SIBJSICTCS BBIICICHHE MPEUMYIIECTB M HEIOCTATKOB 3JIEKTPOHHBIX
y‘-IC6HI/IKOB, U BO3MOYKHBIE CIIOCOOBI YMCHBIINUTD HaFY6HO€ BJIUAHUC.

D.K. Zhukov, N.G. Khoroshkevich
ELECTRONIC TEXTBOOKS: THEIR ADVANTAGES AND DISADVANTAGES

Ural Technical Institute of Communications and Informatics (branch) FGBOU VO “Siberian
State University of Telecommunications and Informatics” in Yekaterinburg (UrTISI SibSUTTI), Russia

Keywords: Electronic textbooks, information.

In the modern information society, electronic textbooks are becoming a key teaching tool. The
work analyzes their advantages, including interactivity, resource saving and accessibility, as well as
disadvantages, such as eye fatigue and the need for Internet access. Solutions to existing problems are
proposed and a growing interest in adaptive technologies and the integration of augmented and virtual
reality into the educational process is highlighted.

The purpose of this article is to highlight the advantages and disadvantages of electronic textbooks,
and possible ways to reduce the harmful effects.

B undpopmanmonHoMm oOmiecTBe, Koraa TeMmbl oOMeHa MHGpOpMalueil CTaHOBATCS BCE BBILIE,
3Ha4eHHEe MH(POPMALIUY TIOCTOSHHO BO3PACTaET, a U pOBU3ALIMS IpeJiaraeT BCce HOBbIE ()OPMbI paOOTHI
¢ uHpopMmamue, OAHUM U3 HCTOYHUKOB NOITY4YEHUs HHPOpPMALMM B Ipolecce OOydeHHUs cTaji
ANIEKTPOHHBIN yueOHUK. OJTHAKO ATO SIBJIEHUE UMEET CBOU MOJIOKHUTEIbHBIE U OTPULIATENIbHBIE CTOPOHBI,
CBOM TpPYIHOCTH, CBSi3aHHBIE C pa3HbIMU (akTopamu. B 1ensx COBepLICHCTBOBaHMA Ipoliecca
MOJTyYEHUs! 3HAHUW C MOMOIBIO JIEKTPOHHBIX YUYEOHHKOB, 11€JI€CO00pa3HO M3ydaTh €ro Ha HaydHOU
OCHOBE.

B nanHoii paboTe paccMaTpuBarOTCS MOJIOKUTENBHBIE U OTPUIIATEbHBIE CTOPOHBI AJIEKTPOHHOTO
yuebHuka. Ho, mpexx/ie yeM nepeiTu K UxX u3y4eHmIo, 11es1ecoodpa3Ho J1aTh OIpeesieHHe SJIeKTPOHHOTO
y4ueOHHUKa.

ONEeKTpOHHBIE YYEOHUKU - «3TO COBPEMEHHOE CpEICTBO OOy4YEeHHMs, CIELHUAIbHOE YCTPOUCTBO
1100 MpOrpaMMHoOe oOecIieueHre, B KOTOPOM CUCTEMHO U3J1araeTcs MaTepuall B onpeaea&éHHol odnactu
3HaHWUH, HA COBPEMEHHOM YPOBHE JOCTHKEHUIN HAyKU U TEXHUKW» [1].

B kadecTBe 1OCTOMHCTB 3JEKTPOHHBIX YYEOHUKOB MOXHO BBIIETTUTH CIEAYIOLIHE.

e IHTEpakTUBHOCTh — BO3MOXHOCTb BCTPaWBaHUSA B JJIEKTPOHHbIE YYEOHUKHM aHHUMAlUH,
BUJICOPOJIMKOB, ayI0. B 0CHOBHOM 3TO MOMOTaeT B U3y4e€HUH MaTepuaa, WITIOCTPAlIH 4ero-auoo [2].

® DKOHOMMSI MarepuajoB — B OCHOBE SKOHOMHUTCS Oymara W YepHMiIa, KOTOpbIe HCIIONb3YIOTCS B
OyMaXHBIX dK3eMIUIsIpax [3].
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e JlocTyll K JaHHBIM B JII00O€ BpeMs — YEJIOBEK MOXKET CKadyaTh 3JCKTPOHHBIA yUeOHUK WU
HCITOJIB30BaTh €T0 B JIIOOOM MecTe Aake 0e3 TOCTyma K HHTEPHETY.

e [lopTaTuBHOCTH — OJJHO YCTPONCTBO MOYKET BMELIATh OTPOMHOE KOJIMUYECTBO KHMI, BCE 3aBUCUT
OT 3aHMMAEMOI0 MECTa Ha YCTPOMCTBE.

e [Ipuemiemas 11eHa — 3J€KTPOHHBIE KHUTH CTOAT JielIeBie OyMa)KHbIX aHaJOr0B, MHOIZIA MOXHO
HalTH 1 OecruiaTHBINA Marepua [4].

e J0IrOBEYHOCTD — AIEKTPOHHBIC YIEOHHKH MOTYT COXPAHAThCS JOJITOE BpeMs, Korna OyMaskHbIe
9K3EMIUIAPBl TpeOYyIOT yXoAa WJIM IOJHOM 3aMeHbl. [Ipy 3TOM KOJIMYECTBO HK3EMILIIPOB
HEOTpaHUUYEHHO.

o SI3p1KOBOIT Oapbep — BO3MOXKHOCTH MPOYUTATh KHUTH PA3IMYHBIX S3BIKOB, HE MOHMMAsi CaMHX
cJ10B. /11 3TOro MOKHO MCIOJIb30BaTh Pa3IMYHbIE IPHIIOKEHUS, KOTOPbIE IEPEBOIAT TEKCT HA IKPaHe.
EcTb BEpOSATHOCTB, YTO TEKCT OyIET C OMMOKaMH, HO BbI OyZieTe IOHUMATh €TO.

e [lepconanu3anust — HEKOTOPbIE MNPUIOKEHHUS MO3BOJSIOT BUAOU3MEHATH HHTEpdenc mox
JKeJIaHUsl [10JIb30BATElIs, U3MEHEHHsI MOTYT OBITh KaK 3CTETUYECKHUE, TaK U 00JIee y3KOHAIpaBJICHHbIC.

OpHako >IEKTPOHHbIE YUeOHUKHU UMEIOT U HeJoCcTaTKu. K mocielHuM MOXKHO OTHECTH:

e YTOMJIEHHME — DJKpaH NHaryOHO BIMSET HA 3pEHHUE, a TAaK)KE€ MOXKET BO3HHMKAaTh YTOMJICHHE.
Cy11ecTByIOT YCTpOICTBa, KOTOpbIE HMEIOT MEHEE MaryoHoe BO3/IEHCTBUE HA 3pEHUE — TEXHOJIOI U €-
link [5].

e HeoOXonmMMOCTh TONKIIIOUYEHUST K HWHTEPHETy — OJIEKTPOHHBIC YYEOHHMKH HYXIAIOTCS B
UHTEpHeTe, 0e3 HEro MX HEBO3MOXKHO OTKPBITh MJIM CcKadaTh. HekoTopble NMpUIOKEHUsS CHEeLHaIbHO
BCTaBIISIIOT peKJIaMy, KOTopast He paboTaeT 6e3 peKiiaMbl, N3-3a YeTo pa3pabOTYHKH BBOIST OrPaHHUCHHE
Ha HUCMoJIb30BaHue [6].

e OTcyTcTBHE 000pY/I0BaHUS — B yUEOHBIX 3aBE/ICHUSAX BCTPEUAOTCS CIy4aH, KOrja OTCyTCTBYIOT
HEOOXOUMBIE JJIs1 BOCIIPOU3BEICHUS KHUT YCTPOicTBa. B HEKOTOPBIX ciydasix 000py10BaHHUE, XOTh OHO
U €CTh B yueOHOM 3aBEICHUH, HE CIIOCOOHO JOJDKHBIM 00pa3oM BOCIIPOU3BOAUTH MaTepHAIL.

e3aps)l — HOCHUTEIM JJIEKTPOHHBIX Y4YEOHUKOB HEOOXOAMMO 3apspKaTh, MHAauY€ OHU OydyT
BBIKJIFOYAThCsl. VIHOTA M3-3a pa3psiikU yCTPOUCTB Bbl MOXKETE MOTEPATh CBOM JaHHbIE — HAYMHAs OT
CTPAHHULIbI, Ha KOTOPOH OBLJIO 3aKOHYEHO YTEHUE, 10 IOTEPU CaMOW KHUTH [7].

e Henocrarounsle 3HaHMs yuuTesneld — OOJIBIIMHCTBO YYMTENEH HE 3HAIOT, KaK MCIIOJIb30BATh
TEXHUKY, 3TO MOXKET BbI3bIBAaTh OOJIBIINE TPYIHOCTH B UCIIOIb30BAHUH 3IEKTPOHHBIX YUEOHUKOB.

e HeoOxouMoCTh MOKyNaTh TEXHUKY — XOTh M 1I€Ha KHUI MEHbIE, HO YCTPOWCTBAa, KOTOpBIE
BOCIIPOU3BOJAST KHUTH CTOSIT OOJIBIINX JICHET.

e ABTOpCKOE MpaBO — HEKOTOpPHIE aBTOPBI, KOTOPHIE CO3/AIOT pa3jIMuYHbIE MaTepuajbl, MOTYT
3alIUTUTH CBOU TPY/Abl ABTOPCKUM NPaBOM, U3-3a YET0 MOTYT BO3HUKATh IPOOIEMBI C UCTIOIb30BaHUEM
TaKMX MaTepHaJioB B JIEKTPOHHBIX yUYEOHHKAX.

Kak MOXHO U30aBUTHCS OT HEAOCTATKOB!

- CkauuBaTh KHUTU B 30HaX C IOCTYITHBIM HUHTEPHETOM.

- 3aKynKa JIOTIOJIHUTENLHOI0 000PY0BaHMs B yUeOHbIE 3aBEICHHUS.

- O0yueHue npenoiaBareseii OOpaIeHnIo ¢ TEXHUKOH.

HecmoTps Ha HeOCTaTKH, MHTEPEC K AIIEKTPOHHBIM yueOHUKaM Bo3pacTaeT. OHHU MPOA0IIKAIOT
HBOJIIOLIMOHUPOBATh. B mocnennee Bpems HaOM0qaeTcst poCT UHTEpeca K alalTUBHBIM TEXHOJIOTHSAM,
KOTOpBIE MO3BOJISIIOT HACTPauBaTh COJEpPKAHUE B 3aBUCUMOCTH OT YPOBHS 3HAaHUI U HEOOXOIUMOCTH
cTyneHTa. Takke aKkTUBHO Pa3BUBAIOTCS TEXHOJOTHH JOMOJHEHHOH peanbHOCTH (AR) 1 BupTyanbHOM
peanpHOoCcTH (VR), KOTOpBIE MOTYT OBITP HMHTEIPUPOBAHbI B Y4eOHbIE MaTepuanbl Uit Oojee
YBJIEKATEIbHOIO M MHTEPAKTUBHOTO O0yUYEHUSI.

B crarbe ObulM paccMOTpEHBl JOCTOMHCTBA UM HEIOCTAaTKH JJIEKTPOHHBIX yUEOHHKOB,
pPacCMOTPEHbl HEKOTOpblE TEHICHIMH WX pa3BUTUA. Takke ObUIM TPEUIOKEHbl BapHaHThI
COBEpILIEHCTBOBAHMS IIporiecca paboThl € JEKTPOHHBIMH yUeOHUKaMHU.
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KuroueBbie cnoBa: Linux, OTKpbIThId ucxoaHblid ko, ductpuOytus, OkpykeHHE pabodero
crona (DE), Uatepdeiic kommananoit crpoku (CLI), Menemkep makeros (PM), system, Ubuntu, Mint,
Manjaro, GRUB, Wine, Proton.

Cratbs npeacTaBiseT co00il moIpoOHOE BBEICHUE B ONIEPAIIMOHHYO CUCTeMY Linux ¢ akiieHToM
Ha e€ UCIOJIb30BaHUE B JIOMAITHUX YCIOBHUAX. ABTOpP pacKpbIBaeT MperuMyInecTBa Linux kak ruOKou,
Oe3omacHOi M OecIulaTHOW albTEpHATHUBBI MPONPUETAPHBIM CHCTEMaM, TakuM Kak Windows.
PaccMmaTpuBarOTCsi OCHOBHBIE KOMITOHEHTHI JTUCTPUOYTHBOB, BKIIIOYAs OKPYXKEHHUs pabOdYero CToia,
MEHE[KEPHI MAKETOB, CUCTEMbI MHUIIMATIU3AIMH U IIUKIIBI OOHOBJIEHUHN. Takke 1aroTcsi peKOMEH1allun
10 BBIOOPY AUCTPUOYTHBA JJI1 HOBUUKOB U OMHUCKHIBAIOTCS crocoObl 3amycka Windows-iporpamm B
Linux. CraThs mpemHa3Ha4YeHa IS IOJIB30BATElNCH, MHTEPECYIOIIUXCS MepexonoM Ha Linux, u
npeiaraeT JMYHBINA B3IJIs1T aBTOpa HAa MPEUMYIIECTBA CBOOOIHOTO MPOTPAMMHOTO 0OeCTIeueHUsI.

P.E. Markov, R.G. Novokshenova
LINUX AS THE OPERATING SYSTEM FOR HOME COMPUTERS

Ural Technical Institute of Communications and Informatics (branch) of the Siberian State University
of Telecommunications and Informatics in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: Linux, Open-source, Distro, Desktop Environment (DE), Command Line Interface
(CLI), Package Manager (PM), system, Ubuntu, Mint, Manjaro, GRUB, Wine, Proton.

This article provides an in-depth introduction to the Linux operating system, with a focus on its
application in home computing. It highlights Linux’s strengths as a flexible, secure, and open-source
alternative to proprietary systems like Windows. The author explains key components such as desktop
environments, package managers, initialization systems, and release models, and offers practical advice
for beginners exploring various Linux distributions. Solutions for running Windows software on Linux
are also discussed. The piece reflects the author’s personal journey and encourages users to explore and
contribute to the open-source community.

In the realm of operating systems, Linux has emerged as a formidable contender, challenging the
dominance of proprietary systems like Windows, particularly in the domain of home computing. Linux,
with its open-source nature and robust architecture, offers a plethora of benefits that make it an appealing
choice for home computer users worldwide. This paper delves into the significance of Linux as an
operating system for home computers, exploring its features, advantages, and the growing community
rallying behind its adoption. From its humble beginnings to its current stature as a preferred alternative,
Linux continues to revolutionize the way individuals interact with their personal computing devices,
promising a flexible, secure, and customizable computing experience for users of all backgrounds and
skill levels.

What is Linux?

Linux is a group of Unix-like operating systems that are open-source and built upon the Linux
kernel. This kernel was initially made on September 17, 1991, by Linus Torvalds [1]. Usually, Linux is
distributed as a package called a Linux distribution (or distro), encompassing the kernel along with
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various supporting system software and libraries. A significant portion of these components is
contributed by the GNU Project.

Initially designed for personal computers utilizing the Intel x86 architecture, Linux has undergone
extensive porting to a wider array of platforms than any other operating system. Its adaptability has
allowed it to extend its reach far beyond its original scope. With the proliferation of Linux-based Android
operating systems on smartphones, Linux, inclusive of Android, now boasts the largest installed base
among all general-purpose operating systems as of May 2022.

Why should I use Linux-based OS on my daily driver computer?

Since Windows 10, the Microsoft’s OS had become extremely bloated with useless “adware” and
tons of so-called “telemetry”, the specialized software that tracks and logs all your actions on the
computer. Also, in recent years, Microsoft started aggressively pushing its own web browser called
Edge. Windows goes as far as importing all your personal data from other browsers like Google Chrome
without notifying you about it.

Also, Linux, as | said earlier, is a free and open-source alternative to paid operating systems. It
offers a great variety of distros for every imaginable use case, and could be heavily customized (even
going as far as rewriting kernel modules or the kernel itself) to fit your particular needs.

But all this complicated stuff may scare away newcomers. There are so many new things to learn
and so many tough decisions to make when you start to dive into the world of Linux. I, as the former
Linux rookie, made my goal to compile all the useful information that I learned after a whole 5 years
into a short report that | wanted to share with you.

What is different between all the distros available?

There are many components that greatly differentiate distributions between each other, but | chose
some of the most important things:

Graphical user interface, command-line interface or so-called desktop environment.

Also known as GUI, CLI and DE, the environment is the primary thing that the user will see while
using the computer.

The command-line interface is the simplest and most reliable form of interface available. It
originates from giant mainframe computers that were controlled with so-called terminal, a dedicated
machine with a screen and keyboard. The CLI consumes very little computing power and requires an
extremely low bandwidth to translate remotely. Despite its ancient origins and simple structure, the CLI
remains a very powerful and useful tool that could save you a lot of time and resources. You can do
pretty much everything that you could do using a typical DE. It could save your installation if you, for
example, broke your DE.

The original CLI software suite was called “Bourne shell”. It was developed by Stephen Bourne
from Bell Labs and came by default with almost every UNIX-like OS. The modern evolution of this
shell is BASH. It is used in pretty much every Linux distro since 1989.

But nowadays, the tasks we usually do on computers require some way to display graphics. The
Desktop Environment is a software suite that provides a GUI and all the necessary tools to display all
kinds of fancy graphics and to control the computer with mouse or the touchscreen. There are manyol
types of DE available targeting different users. I’ll list some of the most notable DEs:

KDE Plasma - is a desktop environment designed to provide a customizable experience and
familiar interface for Windows users. KDE Plasma offers a powerful, and visually appealing DE with
many innovative features. Its extensive customization options, range of applications, and focus on
performance make it very popular among all kinds of distros.

Gnome - is another popular desktop environment for Linux systems that aims to make fully open-
source and free DE. It provides a clean and intuitive user interface with a focus on simplicity and ease
of use. GNOME offers a streamlined experience with a single taskbar and application menu. It tries to
be innovative and not to limit itself with old conventions.

There is also a popular fork of Gnome called Mate. It is focused on simple Ul and light usage of
system resources.

LXDE (Lightweight X11 Desktop Environment) and XFCE are both lightweight desktop
environments for Linux systems. LXDE is known for its minimalistic design and low system resource
usage, making it ideal for the older hardware or systems with limited resources. XFCE, while still
lightweight, offers slightly more features and customization options compared to LXDE. XFCE provides
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a traditional desktop layout with a taskbar, application menu, and system tray, whereas LXDE tends to
have a simpler layout with fewer graphical effects.

Package managers:

Also known as PM, it is another crucial component of every Linux distro. PM uses special web-
sites called repositories to automatically download and install software and system updates. PM stores
special registries of every package available on repositories on user’s computer. Package managers
available as CLI programs as well as DE apps.

The most notable PMs are APT (used in Debian-based distros), DNF (RedHat-like distros, it
replaced YUM that was used in the older versions) and PacMan (used in Arch-based distros). They all
operate very similar to each other and have their own sets of parameters and commands [2].

Initialization systems:

The initialization system is the most important module of the system after the kernel. It’s a first
process that starts during a boot sequence. It’s also a daemon, a program that starts at the system startup
and continues to run in the background during the operation. It’s used to start user space and manage all
the processes, it also provides all kinds of crucial system utilities such as networking subsystem, logging
and login management.

Almost all modern OSes (excluding the Ubuntu that uses Upstart) are using the system software
suite called systemd. It is based on conventions of the older Unix initialization system called “init”.

Release cycle:

This aspect is not that related to the software itself, but to the way that it is distributed. There are
two main types of release cycles: fixed and rolling. In the fixed release cycle updates are rolled out by
the regular schedule, while at the rolling release cycle updates are pushed as soon as they were built.

Both of these methods of releasing updates have their pros and cons, for example while using the
fixed cycle you may wait really long for new features and security patches, but at rolling release while
you’ll always get the latest and greatest stuff you may experience way more bugs and unpolished details
[3].

Now, let’s review some of the most popular distros that community members usually recommend
to newcomers and discuss the pros and cons of each OS.

Ubuntu Linux - is a popular, user-friendly distribution known for its stability and long-term
support. It is based on Debian and is widely used for both desktop and server environments. It mostly
targets regular users who wants to try Linux for the first time. It is developed and supported by
Canonical, a private British organization that aims to popularize usage of the free and open-source
software.

By default, Ubuntu comes with Gnome DE and basic set of utilities. As it is based on Debian, it
uses APT package manager. Sometimes, community critics it’s bundled software and calls it somewhat
bloated, but as well as any other Linux distro, it could be heavily customized easily debloated from
software that you wouldn’t use.

Linux Mint - is a beginner-friendly distribution based on Ubuntu, offering a familiar desktop
environment and a variety of pre-installed software. It is known for its ease of use and stability. By
default, Mint comes with Cinnamon Desktop. It’s was primarily made to work with Mint and designed
to be very familiar to Windows users. Mate and XFCE desktops also available. It also utilizes familiar
APT package manager

Manjaro - is a user-friendly distribution based on Arch Linux, known for its rolling release model
and fast updates. It is popular among users who want the latest features and updates without the
complexity of Arch Linux. It also comes with wide variety of DEs, like KDE Plasma, Gnome, XFCE
and even window managers like SWAY and 13. Additionally, community developed special builds with
different DEs and even a Docker version. It uses PacMan package manager and offers a simple, but full
featured installer.

In the end, the choice of distro is fully subjective. It is best to try out as many different systems as
you can. You can do with hypervisor. For example, you can use a free one called VirtualBox. It is quite
simple, but is very well featured and supports wide range of OSes.

Some answers to frequently asked questions.

If you don’t want to migrate to Linux completely just yet, you can install Linux and Windows
side-by-side. Almost every distro comes with a bootloader called GRUB. It’s very well featured open-
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source bootloader that overwrites your GPT or MBR table. It allows many advanced booting options as
well as booting multiple operating systems of any kind.

“But what about all of my favorite apps that I used on Windows?” — You may ask — “How can I
continue using them on Linux?”.

Don’t worry, nowadays every crucial piece of software is ported to Linux, and if it’s not ported
yet, there are many free and open-source alternatives. For example, a Gimp photo editor is a great free
substitute for Adobe’s Photoshop.

But what if you really need to run some specific Windows software? Linux got you covered there
too! There is a special compatibility layer for *nix systems called Wine. It’s free and open-source as
well, and it allows you to run almost every Windows software. There are, of course, some compatibility
issues, but there are a lot of documentation and guides on how to run a specific app [3].

And if you’re into gaming, you can use special gaming-oriented fork of Wine called Proton. It’s
developed and supported by Valve and integrated in right into their Steam client. Recently, it got so good
that even Valve themselves used it to run games on their handheld gaming system called Steam Deck
(by the way, it runs a special version of Arch Linux called Steam OS).

Conclusion

In conclusion, | wanted to point out the fact, that Linux is not a direct replacement for Windows
for everyone. It may be really complicated sometimes, even for an experienced user. But in my humble
opinion, it’s really important to at least give it a shot and try to use it at least once. You may like it, you
also may not like it, but doing some simple things like, for example, just using it and giving feedback to
a community is a large contribution to the development of free software. People mostly do all of this
hard work just to make the world a better place to live in, and make computing as accessible as possible.
I think that deserves a lot of praise and respect. | advise you to, at least, be respectful to Linux users and
developers and understand that work they do is really important.
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KiroueBble cioBa: DeVOps, yHOpaBJI€HUEC, CHUCTEMBI KOHTPOJIA, palnsanusa IPOCKTOB,
HCIIPCPpBbIBHAA MHTCIPAllUA, aBTOMATU3all A

PazButrie DevOps kapIWHaIbHO HM3MEHHWIO KU3HEHHBIM IHMKJI Pa3paOOTKH MPOTPaMMHOTO
obecrnieueHus, crnocoOCTBYsI OBICTPOMY BHEIPEHHIO U TECHOMY COTPYJIHUYECTBY MEXAY TIpyIIaMu
pa3pabOTUMKOB U FKcIuTyaTanuu. OJHAKO C pOCTOM CKOPOCTH BO3PACTAET CIIOKHOCTh YIPAaBJIECHUS U
KOHTpOJISI Ha MPOTSKEHUHM BCEro Ipoliecca. B 3Toil cTatbe paccMmarpuBaeTcsl pa3paboTKa CUCTEMbI
yIOpaBIeHUs, KOTOpasi OOBEAMHICT CTPATETUYECCKUI HAI30p C ONEPATHBHBIM HCIIOJHEHHEM B Cpelie
DevOps. C nomoIipo KOHUENTYAJIbHOW MOAENH, MOAKPEIJICHHON aHAJIM30M KOHKPETHBIX CUTYAIlUH,
MBI UCCIIEIyeM, KaK aBTOMAaTH3alIMsl, TOKA3aTeNIN U CTPYKTYPUPOBAHHBIC ITUKIIBI 0OPATHOM CBSI3H MOTYT
MPUBECTH MIPUHIIMIIBI YIIPABJICHUS B COOTBETCTBUE C THOKOM peann3aiuei.
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The rise of DevOps has dramatically reshaped the software development lifecycle, fostering rapid
delivery and close collaboration between development and operations teams. However, as velocity
increases, so does the complexity of maintaining governance and control throughout the process. This
paper explores the design of a control system that bridges strategic oversight with operational execution
in DevOps environments. Through a conceptual model supported by a case analysis, we examine how
automation, metrics, and structured feedback loops can align governance principles with agile delivery.

Introduction

DevOps is often celebrated for its speed, adaptability, and cultural transformation of IT teams.
Yet, organizations embracing DevOps face a common paradox: how to maintain sufficient control and
oversight without compromising the flexibility that makes DevOps powerful.

Governance in traditional IT projects typically involves structured documentation, staged
approvals, and rigid policies. In contrast, DevOps values continuous change, short feedback cycles, and
lightweight processes. These opposing forces create friction—especially in regulated environments or
large enterprises [1].

This paper aims to model a DevOps control system that balances governance (strategic control)
and delivery (tactical execution). We begin by identifying the pain points where governance breaks
down, and then propose a framework for integrating oversight into the DevOps pipeline [2].

The Challenge of Controlling Continuous Delivery

Controlling a DevOps environment is akin to steering a fast-moving vehicle—decisions must be
made in real time, and overcorrection can lead to disaster. Most organizations struggle to find the right
"levers" of control that don’t slow down delivery. Common challenges include [1]:

e Lack of traceability between business goals and pipeline metrics
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e Fragmentation between tools used for monitoring, deployment, and compliance
e Absence of a unified dashboard for governance stakeholders
e Delayed risk identification due to insufficient feedback loops

Pain Points in DevOps Governance vs Traditional Project Control

I Traditional Projects
B DevOps Environment
Traceability

Approval Workflow

Risk Visibility

Tool Integration

Compliance Reporting

Effectiveness Level (1-5)

Figure 1 — Pain Points in DevOps Governance vs Traditional Project Control

Conceptualizing a DevOps Control System

To address the tension between agility and oversight, we propose a conceptual model that
integrates governance checkpoints directly into the DevOps pipeline. This model treats control not as a
separate administrative layer but as an embedded feedback system [4].

1 System Components

The control system is built around the following core components:

Component Description
Governance Rules Policies and compliance rules translated into pipeline conditions
Data Collectors Integrations that capture metrics, logs, and audit trails in real time
Control Engine A logic-based engine that evaluates data against governance thresholds
Visualization Layer | Dashboards that present actionable insights to both tech and business users

Table 1 — Key Components of the DevOps Control System

Each component is designed to operate continuously and automatically, enabling live compliance
verification without human bottlenecks.

Governance Data Control Visualization

Figure 2 — Architecture of the Proposed DevOps Control System

2 From Metrics to Control Decisions
One of the most powerful aspects of DevOps is the abundance of measurable data. However,
data without interpretation is noise. The proposed control system focuses on transforming raw metrics
into governance signals [4].
For example:
e A build delay beyond 3 hours may trigger a risk alert
e Failing tests above a certain threshold may block deployment
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e Adrop in code coverage over time could flag technical debt accumulation

This transformation turns continuous integration into continuous governance, where decisions
can be automated based on pre-defined logic.

Case Study: Applying the Control Model in Practice

To validate the proposed control system, we examined its implementation within a medium-sized
software company specializing in B2B platforms. The organization was transitioning from a traditional
agile setup toward a DevOps-oriented workflow across three delivery teams [5].

1 Environment Overview
Development Stack: GitHub, Jenkins, Docker, Kubernetes
Monitoring Tools: Prometheus, Grafana, ELK Stack
Project Scope: 7 active services, biweekly sprints
Governance Goals: Continuous compliance checks, real-time deployment approvals,
reduced operational risks
A pilot project was selected to introduce governance controls without disrupting delivery speed.

- @ - - & - 23

Figure32 — DevOps Pipeline with Embedded Control Gates

2 Observations from Implementation
After deploying the control system in the CI/CD pipeline, several patterns emerged:
e Faster Escalations: Policy violations were flagged automatically, reducing manual ticket
generation.
e Better Audit Trails: Compliance teams could trace every deployment decision back to
rule-based triggers.
e Increased Developer Trust: Developers appreciated having visibility into the criteria that
could block a release, allowing for proactive resolution.
To measure the impact, feedback was gathered through surveys and pipeline analytics.

Feedback Dimension Agreement Level (%)
System Transparency 82%

Ease of Use 76%
Trust in Automation 88%
Perceived Disruption 24%

Table — 2 Developer Feedback on Governance Integration

Discussion

The implementation of an integrated control system within a DevOps pipeline revealed both
strong potential and noteworthy limitations. In this section, we discuss the practical implications of the
findings and how they can guide future implementations.

1 Balancing Freedom and Oversight

One of the most critical tensions in DevOps governance is balancing developer autonomy with
executive visibility. The control model succeeded in offering a form of “lightweight governance”, where
rules are embedded and enforced automatically without halting creativity.

However, the system must remain adaptable. Overly rigid thresholds or static rules may inhibit
innovation. Successful governance in DevOps is less about restricting actions and more about steering
decisions with timely, meaningful feedback.
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Governance Flexibility Matrix:
Autonomy vs Control Impact
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Figure 4 — Governance Flexibility Matrix: Autonomy vs Control Impact

2 Organizational Culture as a Success Factor
The effectiveness of control systems depends heavily on cultural readiness. Teams that already
practiced open communication and shared ownership were more receptive to embedded governance. In

contrast, teams with low trust or high turnover resisted automation, viewing it as intrusive.

High

A culture of “transparency over surveillance” helped distinguish governance as a support

mechanism rather than a control imposition.
3 Lessons Learned

e Early involvement of dev teams in rule-setting increases adoption
e Dashboards should be role-specific: developers, testers, and managers need different

Vviews

e Metrics must evolve: what works during project ramp-up may fail in production scale

Factor Category

Key Recommendation

Technical

Automate threshold logic, not exceptions

Organizational

Co-create policies with developers

Process

Review control logic every 2—3 sprints

Cultural

Promote transparency through visibility

Table 3 — Governance Success Factors by Category

Conclusion

As organizations scale their DevOps practices, the demand for reliable governance grows in
parallel. This paper proposed a control system model that integrates oversight into the delivery pipeline
without compromising speed or agility. By embedding governance logic into CI/CD workflows, teams
can automate policy enforcement, reduce operational risks, and align technical execution with strategic

goals.
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The case study demonstrated that this approach is not only feasible but also welcomed by
developers when transparency and usability are prioritized. While challenges remain—especially
cultural and organizational—governance no longer needs to be synonymous with bureaucracy. It can
evolve into a dynamic, supportive layer that enables delivery rather than constrains it.

Future Work

While the control model outlined here shows promise, several areas warrant further investigation:

e Scalability in Multi-team Environments: How does governance scale across dozens of
cross-functional teams using heterogeneous toolchains?

e Al-enhanced Decision Support: Can machine learning improve rule-setting and risk
detection in dynamic delivery contexts?

e Industry-Specific Customization: How can the control system be adapted to regulated
sectors (e.g., finance, healthcare) without increasing friction?

Addressing these questions will help develop more resilient governance strategies that align with
the DevOps philosophy of agility, automation, and shared responsibility.
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KiroueBsle ciioBa: OM3HEC-aHAJIWTHKA, YNPaBICHUE HU(PPOBBIMU MPOCKTAMH, BU3yaTH3aIlM
JAHHBIX, MOHUTOPUHT 3(P(PEKTUBHOCTH, aHATUTHKA JAIOOPI0B.

B ycnoBusix CTpeMUTENBHO pacTyliel IU(PPOBHU3AIMU CIIOCOOHOCTh 3(P(EKTUBHO YIIPABIATH
IU(PPOBBIMU IPOEKTAMU U KOHTPOJUPOBATh WX PEAIN3ALUI0 CTAHOBUTCA BAXKHEUIIMM (PakTOpoM
ycnexa opranusanuu. buznec-ananurtuka (Bl) npennaraer MouiHblii HaOOp UHCTPYMEHTOB U METOJIOB,
HO3BOJISIOIINX PYKOBOJIUTENSAM U3BJIEKAaTh 3HAUYMMYIO HH(DOPMaIUIO U3 JaHHBIX, BU3YaIU3UPOBATh X0/
BBIIIOJIHEHUSI IIPOEKTOB M IPUHHMMATh OOOCHOBAaHHBIE PELICHMSI B PEXUME PEATBbHOr0 BpeMeHH. B
JAHHOM CTaTbe IIpeJCTaBleH Kelc-uccieqoBaHue, JeMOHcTpupyomee posnbs Bl B mponecce
MOHUTOPHHTA IU(PPOBBIX MPOEKTOB, C AaKIEHTOM Ha BBISBICHHBIC CIOXHOCTH, OTKPBIBIIMECS
BO3MOYKHOCTH 1 IPAKTUUECKUE PE3yJIbTaThl, JOCTUTHYThIE B X0/I€ BHEJIPEHUS aHAIMTHUECKUX PEILICHUH.
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In an increasingly digital world, the ability to manage and monitor digital projects effectively has
become a critical component of organizational success. Business Intelligence (BI) offers a powerful set
of tools and techniques that allow decision-makers to extract meaningful insights from data [3], visualize
project performance, and make informed decisions in real time. This paper presents a case study
illustrating the role of BI in the monitoring of digital projects, highlighting the challenges, opportunities,
and tangible outcomes associated with its implementation.

Introduction

Digital transformation has redefined the way organizations execute and evaluate projects. As the
complexity of digital initiatives grows—driven by the integration of cloud computing, agile
methodologies, and global collaboration—traditional project monitoring tools often fall short. Business
Intelligence (BI) provides a modern approach, combining data integration, visualization, and analytics
into a single platform that supports continuous monitoring and data-driven decision-making [1, 2].

In this case study, we explore how a mid-size software company utilized Bl tools to oversee a
portfolio of digital projects. We analyze the tools implemented, the metrics tracked, and the impact of
Bl dashboards on project outcomes [2].

Background and Motivation

Before implementing B, project managers at the company relied on a mix of spreadsheets, email
reports, and ad hoc meetings to understand project status. This fragmented approach led to inefficiencies,
miscommunications, and delays in addressing critical issues. Recognizing the need for a more
centralized and dynamic monitoring system, the company began exploring Bl as a solution [1, 4].

The goal was clear: improve visibility, enable real-time reporting, and foster a culture of data-
driven decision-making across project teams.
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Figure 3 — Evolution from traditional monitoring to BI-driven project tracking

Methodology
To evaluate the impact of BI tools on digital project monitoring, the company selected three
active software development projects as test cases. Each project was tracked over a four-month period,

during which
by Microsoft

traditional reporting methods were gradually replaced by a Bl dashboard system powered
Power BI.

The implementation process involved several key steps:

1.

4.

Data Integration: Project-related data—including timelines, budgets, task completions,
and risk logs—uwere pulled from tools such as Jira, Trello, and internal Excel files. A data
warehouse was created to centralize the information.

KPI Definition: Working closely with project managers, the team defined a set of key
performance indicators (KPIs) such as schedule variance, budget consumption, feature
delivery rate, and team responsiveness to issues.

Dashboard Design: Custom dashboards were created to visualize KPIs across multiple
levels—project-wide, sprint-level, and task-level. These dashboards were accessible to
all stakeholders through a secure internal portal.

Training and Adoption: Training sessions were held to ensure that team members and
managers could interpret dashboard results effectively and use them during stand-ups,
retrospectives, and planning meetings.

Data Integration sl KPI Definition Emd Dashboard Design Bl —_— Adoption

Figure 4 — Bl Implementation Workflow in Project Teams

The case study also included interviews with team leads and product owners to understand their

perception of

the transition from manual reporting to Bl dashboards. Observations were documented

throughout the process, and system usage logs were analyzed to quantify user engagement with the BI

platform [5].

Results
The introduction of Bl tools significantly enhanced the visibility and responsiveness of project
monitoring activities. Below are the key outcomes observed during the evaluation period.

1 Impr

oved Decision-Making Speed

Before Bl implementation, team leads reported spending up to two hours per week compiling
progress updates. With automated dashboards, key metrics were available instantly. Managers could

make quicker,

data-supported decisions without relying on manual summaries or multiple email threads.
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Comparison of Decision-Making Time
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Figure 5 — Comparison of Decision-Making Time Before and After Bl Adoption

2 Early Risk Detection
By visualizing trends in task delays and resource allocation, Bl dashboards helped detect
emerging risks earlier. In one project, an upcoming bottleneck in the QA phase was flagged a full sprint
ahead of time, allowing the team to reassign resources and avoid delay.
KPI Trendline with Risk Zone Highlighted
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Figure 6 — KPI Trendlines Highlighting Risk Zones
3 Increased Stakeholder Engagement
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Project stakeholders, including executives and non-technical team members, gained more confidence in
project progress through access to live dashboards. The intuitive design and clear visual indicators
encouraged more frequent check-ins and data-driven discussions during sprint reviews.

4 Quantitative Gains
Across all three pilot projects, the company reported:

e 35% reduction in average reporting time

e 22% increase in on-time task delivery

e 40% increase in team usage of project performance data during meetings

Discussion

The findings from this case study reinforce the growing value of Business Intelligence in project
management, especially for digital projects where change is rapid, and stakeholder expectations are high.
The automation of reporting and the visualization of KPIs enabled a shift from reactive to proactive
management.

1 Human Factors

One of the most notable impacts was behavioral. Teams began using data not only for reporting,
but also for reflection and strategy. Developers reported feeling more ownership over their progress once
they could see how their tasks influenced project-wide KPIs. Product owners appreciated having a shared
language based on numbers rather than intuition.

2 Challenges

Despite the overall success, the implementation faced certain challenges:

e Data Quality Issues: Integrating data from different sources sometimes led to
inconsistencies. Extra effort was needed to clean and standardize inputs before
meaningful visualization was possible.

e Initial Resistance: Some team members, particularly those unfamiliar with analytics
tools, were hesitant to adopt dashboards. This was overcome through regular support and
by showing how BI simplified—not complicated—their work.

Team Feedback on Bl Usability and Impact

Overall Satisfaction

Collaboration Improved

Decision Clarity

Time Saved

Ease of Use

0 20 40 60 80 100
Satisfaction Level (%)

Figure 7 — Team Feedback on Bl Usability and Impact

3 Scalability

The company is now considering expanding Bl usage beyond project monitoring to other
business areas, including client satisfaction tracking and internal training analytics. The scalability of
the dashboard infrastructure allows for this kind of horizontal growth with minimal reconfiguration.

Conclusion

Business Intelligence has proven to be a powerful tool for monitoring digital projects, providing
clarity, speed, and insight that traditional methods often lack. In the case studied, Bl not only streamlined
the reporting process but also improved team alignment, risk detection, and decision-making.
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As digital projects continue to grow in complexity, the demand for real-time, data-driven
oversight will only increase. Bl platforms enable project managers and stakeholders to move beyond gut
feeling and anecdotal updates—toward an environment of measurable transparency.

The transformation described in this case illustrates how even modest teams can benefit from
integrating Bl into their workflow. However, successful adoption depends on thoughtful
implementation, proper training, and a culture that values data as a strategic asset[1].

Future Work

Future research could explore:

e The integration of Al-driven predictive analytics into Bl dashboards
e Use of natural language queries to improve accessibili

e ty for non-technical users

e Cross-case comparisons between organizations in different industries

Such investigations will help expand the strategic role of Bl in not only monitoring, but actively
shaping project outcomes.
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ABTOMATHU3ALUA KOHTPOJIAA KAYECTBA B HEITIOYKAX CI/CD: BBI3OBbI U
HEPCIIEKTHUBbBI

VYpanbsckuii penepanbHblii yHUBEPCUTET HMEHH TiepBoro npesuaenta Poccun b. H. Enbiinna
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KimroueBsie cioa: CI/CD, koHTpoib KadecTBa, aBTomaTusamms, DevOps, TecTUpOBaHHE
POrPaMMHOTO 00ECIICUeHUS, KOHBEHEPHI

ITo Mepe cokpalieHust IUKIOB pa3pabOTKH MPOTPAMMHOTO 00ECTICYECHNUS U YBEITMYCHHS YaCTOTHI
pa3BepThIBaHUS MOTPEOHOCTh B HAAEKHBIX, MACIITAOUPYEMBIX U aBTOMATH3UPOBAHHBIX MEXaHH3MaX
KOHTpOJII KayeCcTBa CTAHOBUTCA KpUTHYEeCKOM. KoHBelepbl HENPEpBIBHOM HHTErpalvu |
HenpepsiBHOTO pa3BepThiBanus (CI/CD) oOecreynBarOT OCHOBY JUIsl ONTHUMM3AIMM BBIMYCKa, HO
o0ecrnieyeHre KauecTBa YacTo OTCTAET OT YPOBHS aBTOMaTU3alMu. B 3Tol cTaThe paccMaTpuBaeTcs poJib
aBTOMaTu3upoBaHHOro KoHTpossi kadectBa (QC) B kouBeiepax CI/CD, BBIABISIOTCS KIHOYEBBIC
po0JIeMbl, aHAIM3UPYETCS pealbHasi IPAKTUKA U MPEUIaraloTCcsl CTPATEruy MOBBIIECHUS HAJCKHOCTH
0e3 3ameieHns mocTaBoK. C MOMOIIBIO0 MPUMEPOB U 0OCYXKACHUN MBI TOKa3bIBaeM, KAk aBTOMaTH3aIUs
MO’KET COKPAaTUTh Pa3pbIB MEKY CKOPOCTBIO U KaYECTBOM B COBpEeMEHHBIX cpegax DevOps.

Meissa Youssef, Sidi Ould Hmeida Mohamed Cheikh, Ely Vethy, E.V. Kislitsyn

AUTOMATING QUALITY CONTROL IN CI/CD PIPELINES: CHALLENGES AND
OPPORTUNITIES

Ural Federal University named after the first President of Russia B. N. Yeltsin (UrFU),
Yekaterinburg, Russia

Keywords: CI/CD, quality control, automation, DevOps, software testing, pipelines

As software development cycles become shorter and deployment frequency increases, the need
for reliable, scalable, and automated quality control mechanisms becomes critical. Continuous
Integration and Continuous Deployment (CI/CD) pipelines offer a foundation for streamlining releases,
but quality assurance often lags behind in automation maturity. This paper explores the role of automated
quality control (QC) in CI/CD pipelines, identifying key challenges, analyzing real-world practices, and
proposing strategies to enhance reliability without slowing delivery. Through examples and discussion,
we highlight how automation can bridge the gap between velocity and quality in modern DevOps
environments.

Introduction

CI/CD has revolutionized the way software is built and released. It enables teams to deliver
features faster, respond to changes more effectively, and minimize manual intervention. However, with
this acceleration comes a new dilemma: how to maintain high quality at high speed.

Quiality control traditionally involves manual reviews, human judgment, and checkpoints that do
not scale well with frequent deployments. Automation promises to solve this, yet many teams struggle
to integrate automated QC fully into their pipelines.

In this paper, we examine how automated quality control can be systematically introduced, the
barriers that exist, and the potential impact on delivery performance. We argue that automation is not
just a productivity gain — it is a foundational pillar for sustainable delivery [1, 3].

Understanding Quality Control in a CI/CD Context

Quality control in software is more than just testing — it encompasses adherence to coding
standards, security checks, performance thresholds, and functional validation. In a Cl/CD environment,
QC must happen rapidly, repeatedly, and reliably.
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Key aspects of QC in CI/CD pipelines include [1]:
Static code analysis

Automated testing (unit, integration, regression)
Code coverage thresholds

Security scans (SAST, DAST)

Performance benchmarks

Deployment validation scripts
Layers of Quality Control in a Modern CI/CD Pipeline

Static Code Analysis s Unit Tests iategration & Regression Tests Performance Tests —_— Security Scans

Figure 8 — Layers of Quality Control in a Modern CI/CD Pipeline

Why Automating QC Matters in Modern Pipelines
Manual quality control becomes a bottleneck when releases occur daily or even hourly. Teams
working in high-velocity environments cannot afford delays caused by waiting for human feedback,
manual test execution, or slow validation processes [3].
Automated QC enables:
e Immediate feedback after code commits

e Early defect detection before integration or deployment

e Standardization across teams and projects
e Reduced regression risks through consistent test coverage
e Confidence in delivery without relying on tribal knowledge
When properly implemented, automated quality control transforms the pipeline into a quality
gatekeeper that ensures only safe, validated code reaches production.
The Role of Automation at Different Stages of CI/CD

- - - - e
Static Analysis, Unit Testing, Integration & Regression Tests, Security Scans, Smoke Tests,
Linting Compilation Load Testing Env Validation Rollback Logic

Figure 9 — The Role of Automation at Different Stages of CI/CD
1. Benefits Overview

Benefit Description
Speed QC happens in parallel with development, not after
Repeatability Same checks are applied every time, with no variation
Obijectivity Removes human bias from pass/fail decisions
Scalability Can support dozens of releases per day
Continuous Improvement | Metrics and logs from automated QC can improve processes over time

Table 2 — Core Benefits of Automating Quality Control in CI/CD

2 When Automation Breaks Down

Despite its potential, automation can fail or backfire when:
e Tests are flaky and produce false positives
e Pipelines grow too complex to manage
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e Automation is introduced without team buy-in
e Tools are used without clear strategy or integration
Understanding these risks is key to designing QC systems that are both automated and resilient.
Common Challenges in Automating Quality Control
While the promise of automation is compelling, implementation often reveals real-world friction.
Below are the most common challenges teams face when automating quality control within CI/CD
pipelines [2-4].
1 Tool Overload and Fragmentation
Modern DevOps toolchains are complex. Teams might use different tools for testing, code
analysis, deployment, and monitoring — each with its own configuration and interface.
This can result in:
e Duplication of effort
e Inconsistent test environments
e Difficulties in root cause analysis

Example of a Fragmented QC Toolchain (Grouped but Disconnected)

Testing Tools

Unit Testing Integration Testing Performance Testing
(JUnit) {Postman) (JMeter)

Security & Analysis

Security Scan Static Analysis
(OWASP ZAP) (SonarQube)

Miscellaneous

Code Coverage Ul Testing
(Cobertura) (Selenium)

Figure 10 — Example of a Fragmented Toolchain

2 Lack of Strategic Test Coverage
Automation is only effective if it covers the right things. Teams often over-automate trivial tests
while neglecting critical paths such as:
e Performance under load
e Security for external APIs QC
e Business-critical workflows
A balanced approach requires test prioritization, not just test automation.
3 Resistance to Change
Developers may resist QC automation if:
e Itintroduces pipeline delays
e It produces frequent false alarms
e [tis perceived as a “management surveillance” tool
To counter this, successful teams frame QC automation as an enabler, not an obstacle.
Transparency, fast feedback, and developer involvement in configuration are essential.
4 Maintaining Test Reliability
Flaky tests — those that fail intermittently — erode trust in the QC process. Causes often include:
e Timing issues in asynchronous code
e Environment variability
e Poorly written test logic
These must be treated not as technical nuisances but as process-level risks.

Challenge Common Impact
Tool Fragmentation | Slower debugging, higher maintenance
Weak Test Strategy Gaps in coverage, false confidence
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Team Resistance | Delayed adoption, pipeline circumvention

Flaky Tests Low trust in automated feedback
Table 3 — Summary of Key Challenges and Their Impacts

Strategies for Successful Implementation
Overcoming the challenges of automated QC requires a combination of technical decisions,
cultural alignment, and iterative improvement. Below are several proven strategies that can help teams
embed effective and trusted quality control into their pipelines [5].
1 Shift-Left Testing
The “shift-left” philosophy means pushing quality checks earlier in the development cycle.
Instead of relying solely on end-to-end tests post-deployment, teams should integrate:
e Unit tests during coding
e Static analysis during pre-commit hooks
e Pre-merge testing in pull requests
This leads to faster detection and lower cost of defect resolution.

Timeline of Shift-Left Testing Across CI/CD Pipeline

Static Analysis  Unit Testing Integration Testing Performance Testing Security Scans

Figure 11 — Timeline of Shift-Left Testing Across CI/CD Pipeline

2 Integrate with Developer Workflow
Quality checks should not feel like external gatekeeping. Integrating QC into IDEs, Git hooks,
and PR reviews makes the process natural and non-intrusive.
Additionally, test feedback should be quick, readable, and actionable, reducing developer
frustration.
3 Build Resilient Pipelines
To avoid test fatigue and false alerts:
¢ Run flaky tests in isolation
e Tag tests by priority (e.g., "must-pass”, "informational™)
e Automatically quarantine unstable tests with tracking
e Monitor test health metrics over time
4 Create a Feedback Loop
Automation should evolve. Collecting data on test duration, failure rates, and skipped steps can
highlight:
e Slowdowns in the pipeline
e Tests that need refactoring
e Opportunities for smarter parallelization

Metric Insight Provided
Test Duration Bottlenecks in execution time
Failure Rate Flakiness or recurring instability
Skip Rate Misconfigured or broken tests
Test Reuse Across Jobs | Potential for optimization and sharing

Table 4 — Feedback Metrics to Guide Continuous QC Enhancement

Conclusion

Automated quality control is no longer a luxury in modern software delivery — it is a necessity.
As teams push code more frequently and deploy in real time, traditional quality practices can’t keep up.
CI/CD pipelines offer the foundation, but without proper automation, quality remains a bottleneck.
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This paper has highlighted the key roles of automated testing, static analysis, and metrics-based
feedback in establishing trustworthy and scalable quality control. We also explored the challenges that
emerge — from flaky tests to tool fragmentation — and outlined practical strategies to overcome them.

Ultimately, success in QC automation depends not just on tools, but on culture, strategy, and
iteration. When quality becomes part of the pipeline — and the pipeline becomes part of the team —
software can evolve faster, safer, and with greater confidence.

Future Directions

There is still much ground to cover in the realm of automated quality control. Areas for further
exploration include:

e Al-assisted test generation based on user behavior and defect history

e Self-healing pipelines that detect and adapt to failing environments

e Domain-specific quality standards for regulated industries like health, finance, or
aerospace

e Cross-platform testing at scale using cloud-native parallelization

These innovations could transform QC from a set of rules into a learning, evolving system —
capable of ensuring both speed and quality at scale.
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B.!. My3aneBckuii, H.I'. XopomkeBuu

MMPOBJIEMbBI BHEJIPEHUSA TEXHOJIOTMM UHTEPHET BEIIEN B YIIPABJIEHUE
IroPOACKNUMU PECYPCAMU

YpanbCcKkuil TEXHUYECKUI MHCTUTYT CBsi3u U uHpopmatuku (punuan) PI'BOY BO «Cubupckuit
rOCY/apCTBCHHBI YHUBEPCUTET TEICKOMMYHUKaW 1 nHGopmaTukn» B T. EkarepunOypre
(YpTUCHU Cubl'YTN), Poccus

KittoueBsie cnoBa: yrnpaBjieHHE TOPOJICKIMHE pecypcaMu, TPoOJIeMbl, BHEIPEHUE UHTCPHET BEIICH.

B ycnoBusiX CTpEMUTENBHOTO pOCTa TOPOJCKOTO HACENEHUS W YBEIWYCHHUS HArpy3Kd Ha
TOpOACKYI0 HHPpaCTPyKTypy TexHojoruu uutepHeT Bemlel (IoT) cTaHOBATCS BaKHBIM HHCTPYMEHTOM
JUTSE  ONTUMH3AIMU  YIIPABJICHUS TOPOJICKMMH pecypcamu. B maHHON pabore paccMaTpHBArOTCS
KJIIOUeBbIe acnekThl BHeApeHus 0T B ropojackoe ympaBieHHe, BKIIOYAs MPEUMYIIECTBA, TAKUE KaK
NOBBIIIIEHHE YPPEKTUBHOCTH, CHUKEHUE 3aTPaT U YIyUIICHHE KauecTBa yCiayr A rpaxnaad. OpHako
Hapsay ¢ BO3MOXXHOCTSIMH CYIIECTBYIOT M 3HAYUTEIIbHBIC BHI30BBI, BKIIIOUAs TEXHUYECKUE CIIOKHOCTH,
BBICOKHE TIEPBOHAYATIbHBIE MHBECTUIIMH U MPOOJIEMBbI ¢ o0ecrieueHrueM 0e30MacHOCTH JaHHBIX. Takxke
00CYyKJAI0TCSl COLMANbHBIE ACMEKThl, TaKHEe KaK HEPaBEHCTBO B JOCTYNE K HOBBIM TEXHOJIOTHSM.
[Tpemnaratorcss pekoMeHmaruu s dQdexktuBHOro BHeApeHus [oT B ynpaBiieHHE TOPOJICKHMH
pecypcamu. [lanHas pa®oTa mogYepKUBaeT HEOOXOAMMOCTh KOMIUIEKCHOTO IMOAXO0/a K BHEAPEHUIO
TEXHOJIOTHH JIUIsl TIOCTHXKEHUST YCTOMYMBOTO PA3BUTHS ¥ MOBBIIICHUS KAYSCTBA KU3HU B TOPOJIax.

V.1. Muzalevsky, N.G. Khoroshkevich

THE PROBLEM OF IMPLEMENTING INTERNET OF THINGS TECHNOLOGY IN
THE MANAGEMENT OF URBAN RESOURCES

Ural Technical Institute of Communication and Informatics (branch) FGBOU VO «Siberian
State University of Telecommunications and Informatics» in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: Internet of Things, urban resource management, smart cities, loT, technology,
infrastructure, optimization, challenges, social aspects, sustainable development, digitalization, data,
innovation, security, investment.

In the context of rapid urban population growth and increasing pressure on urban infrastructure,
Internet of Things (IoT) technologies are becoming an important tool for optimizing urban resource
management. This report examines the key aspects of IoT implementation in urban management,
including benefits such as increased efficiency, reduced costs, and improved service quality for citizens.
However, alongside these opportunities, there are significant challenges, including technical
complexities, high initial investments, and data security issues. Social aspects, such as inequality in
access to new technologies, are also discussed. Based on the analysis of successful examples from
various cities around the world, recommendations for effective 1oT implementation in urban resource
management are proposed. The report emphasizes the need for a comprehensive approach to technology
implementation to achieve sustainable development and improve the quality of life in cities.

CeroaHsi Mbl )KMBEM B 310Xy CTPEMUTEIBHOTO TEXHOJIOTMYECKOTO MpOrpecca, riae KOHIEHIUs
"yMHOTO TOpoja" CTAaHOBUTCA BCe 0OOJiee aKTyabHOW. B yCIOBHSAX BBICOKMX TEMITOB YBEIMYCHUS
TOPOJICKOTO HACENIeHUs U HArpy3Kd Ha TOPOACKYI0 HH(PPACTPYKTYpy TEXHOJIOTMHM WHTEPHET BeIlei
(IoT) cranoBsITCS BayKHBIM HHCTPYMEHTOM JUIsl ONITHUMHU3AILIMU YIIPaBJICHUS TOPOICKUMHU pecypcaMu. Mx
UCIIOJIb30BAaHUE UMEET PsJl IPEUMYIIECTB: TOMOTAET COKPATUTh PacXoibl B TOPOJICKOM YIIPaBIEHUH,
co3zaaer 6osee KOMPOPTHYIO cpeny s ropokaH U T.4. Ho, Hapsy ¢ BO3MOKHOCTSAMU CYLIECTBYIOT U
3HAUYUTENIbHbIE TPYAHOCTH, CBA3aHHBIE C UCIIOJIb30BAHUEM 3THX TEXHOJIOTUMN B YIIPaBIEHUU ropoioM. B
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ATOM CBSI3M MCCJIEJOBAHME WHTEPHET BEIIEH B HCIOJB30BAHUM B YIIPABICHHHM TOPOACKOW Cpelrou
SBJISICTCS] AKTyaJIbHBIM.

B maHHOI cTathe paccMOTpPEHBI TPYMNIBI MPOOJIEM, CBs3aHHBIE C HCHOJb3oBaHueM [oT B
ynpapieHuu roponoMm. OmHaKo, Mpexae YeM MEepelTH K UX PacCMOTPEHUIO, HEOOXOIUMO YTOYHHTH
NMoHsATHE «HMHTepHeT Bemei». «TexHonorus wunTepHer Bemer (IoT) mpencraBiser cobOoi ceTh
B3aMMOCBSI3aHHBIX YCTPOUCTB, KOTOPHIE MOTYT COOMPATh U OOMEHUBATHCS JAHHBIMU Y€pe3 UHTCPHET
[1].

B nocnennue ronet [oT HaxoauT Bce 6osee MUPOKOE MPUMEHEHHE B PA3IMUHBIX c(hepax, BKIIoUast
yIpaBJI€HUE TOPOJICKUMHU peCypcaMu. Y MHbIE TOpojia, B KOTOPBIX TexHoJoruu loT ucnons3yrores amis
ONTUMM3AIMHA WHOPACTPYKTYPHI, YHEPrOCHAOKEHUS, BOJOCHAOKEHUS W JIPYTUX TOPOJCKHUX YCIYT,
CTaHOBSTCA pealbHOCThI0. OJIHAKO BHEIPEHHUE 3TOM TEXHOJIOTMU CTAJKHUBAETCS C PAIOM MpoOieM U
BBI30BOB, KOTOPBIE HEOOXOIMMO YUUTHIBATH JJIsl YCIICITHOW peau3aluu.

B kauectBe mpo6uiem BHenpenus 10T B yrpaBieHue ropoJICKUMU pecypcamMu B JaHHOH pabote
BBIJICTICHBI CIICYIOIINE: TEXHHUECKUEe, PUHAHCOBEIC, OpTraHU3aI[MOHHBIE, COITHAILHBIC.

TexHuueckue npoodIeMbI:

e CoBMecTUMOCTh YCTpoOHCTB: Pa3HooOpaszue mnpousBoguTeNell M CTaHIAPTOB MOKET
MPHUBECTH K MPOOIEMaM COBMECTUMOCTH MEXAY ycTpoiicTBamu. Hampumep, paznudyHbie
npotokoisl cBsizu (MQTT, CoAP, HTTP) MoryT 3aTpyAHUTH HHTETPALHIO.

e be30MacHOCTh JAAHHBIX: YBEIMUYECHUE YMCIIA MOJKIIOUEHHBIX YCTPOWCTB CO3JAET HOBBIE
ySI3BUMOCTH i kubeparak. B 2022 roxy Obuto 3adukcupoBano Oonee 1,5 mmmmmapaa
atak Ha loT-ycTtpoiicTBa, 4YTO TOAYEPKHUBAET BAXKHOCTh 3AIUTHl JAHHBIX W
KOH(UACHIIMATBHOCTH OJIb30BaTeNe. [2]

OuUHAHCOBbIE TPOOIEMBI:

e Bricokue mnepBoHauanbHbie uHBecTHIMH: Buenpenue IloT TpeGyer 3HAYMTENBHBIX
BJIOKEHUN B HH(paCTpyKTypy, OOOpymoBaHuE U MporpamMMmHoe obOecnedenue. Ilo
orieHKaMm, 3aTtpatbl Ha BHeApeHue loT B ymHbIe Topona MoryT coctaBisaTh oT 50 mo 100
MUJJTMOHOB JIOJUTAPOB B 3aBUCUMOCTH OT MaciiTada mpoeKTa.

e OrcyrctBue (puHaHcHpoBaHUS: MeCTHBIE BJIACTH MOTYT CTOJIKHYTBCA C MHpoOieMamMu
¢unaHcupoBaHusi MpoekToB [0T, 0coOEHHO B YCIIOBUSX OTPaHHYECHHOTO OFOJKETA.
Hanpuwmep, B 2021 roay 6omnee 60% ropoaos B CIIIA cooOmmnu o HeXBaTKe CPEACTB IS
peam3anuy MpoeKTOB YMHOTO Toposa. [3]

OpranuzanvoHHbIe TPOOIEMBI:

e Henocrarok kBaupUIMPOBaHHBIX KaApPOB: JIJis yCHIENIHOTO BHEPEHUS U SKCILTyaTalluu
10T HEOOXOaUMBI CIIEITUATUCTBI ¢ COOTBETCTBYIOIIMMH 3HAHUAMH M HaBblkamu. B 2023
rogy B MHpE He XBarajo Ooyiee 2 MHUJUIMOHOB crenuanuctoB B oOmactu loT wu
k10ep0e301acHOCTH.

e Comporupiienne wu3MeHeHHsIM: CyIECTBYIOIIUE CTPYKTYphl  YIPABJICHUS MOTYT
CONPOTHUBIIATHCS BHEIPEHUIO HOBBIX TEXHOJIOTUM, YTO 3aTPYAHSET MPOLIECC UHTErPALIMH.
DTO MOXET OBITh CBS3aHO C HEJOCTAaTKOM TOHWUMaHus mpeumyiiects loT cpenu
YUHOBHHUKOB. [4]

ConuanbHble TPOOIEMBI:

e HepasenctBo B noctymne: Buenpenue texnonoruit [oT Moxker ycyryOuTh coluaabHOE
HEPAaBEHCTBO, €CIM JOCTYN K HOBBIM YCIyram OyJeT OTpaHHuYeH OIpeeICHHBIMU
rpynmnamMu HaceneHus. Hampumep, B HEKOTOPBIX pallOHaX MOXKET OTCYTCTBOBATh
HeoOxoumas nHppacTpykTypa s noanepxku [oT.

e [IpobGnembl ¢ mpHBaTHOCTHIO: ['paxknaHe MOryT OBITH OOECIOKOCHBI COOpOM U
WCITOJTIb30BAaHUEM WX JaHHBIX, YTO MOXKET MPUBECTH K HEIOBEPHUIO K BiacTsM. Ompocs
MOKa3bIBalOT, uTo Oonee 70% nromeld BBIPAKAIOT OECMOKOWCTBO MO MOBOIY
KOH(UACHIIMATBHOCTH CBOUX JAHHBIX B YMHBIX Topojax. [5]

[lepcnexkTuBBI U pEKOMEHIALIUN

Hns yenemmrnoro BHenpenust [oT B ympaBieHue TOpoJICKUMU pecypcaMu He00X0IUMO:
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1. Paspabotka cranmaptoB: Co3gaHue OoOmMMX CTaHIApPTOB sl ycTporcTB [oT momoxker
00ecrneYnTh MX COBMECTUMOCTh M 0€30MacHOCTh. JTO MOXKET BKJIIOYATH pa3paboTKy
OTKPBITBIX MPOTOKOJIOB U apXUTEKTYP JUI HHTCTPALIHH.

2. WaBectunuu B oOpazoBanue: HeoOX0AMMO MOATOTOBUTH KBATH(DUIIMPOBAHHBIE KAJPHI,
CIOoCOOHBIE PadOTaTh C HOBBIMH TEXHOJOTHSMH. DTO MOXKET BKIIIOYATh IMPOTPAMMBI
00y4YeHUs 1 TIOBBIICHHS KBATH(DHUKAINY JJISI CYIIECTBYIONIUX CIEIIUAIHUCTOB.

3. Oo0ecrieueHrne (puHAHCHPOBAHUA: MECTHBIM BJIACTSIM CJIEIYEeT MCKATh JOMOJHUTCIIbHBIC
UCTOYHUKMA (UHAHCHPOBAHWS, BKIIOYAs TOCYJapCTBEHHBIC TPAHTBlI M YaCTHBIE
UHBECTUIMH. TakkKe MOXHO PacCMOTPETh BO3MOXKHOCTh IMApPTHEPCTBA C YaCTHBIMHU
KOMIIAaHUSIMU JIJIS COBMECTHOTO (PMHAHCHPOBAHUS MIPOCKTOB.

4. VYuyactue TpaxaaH: BakHO BOBJEKaTh TpakJaH B MPOIECC NPHHATHS PEHICHHA H
uH(OPMUPOBATH UX O IpeuMyIecTBax BHeApeHus [0T. DTo MokeT BKIIFOYATh MPOBEICHUE
OOIICCTBCHHBIX CIYIIAHUH M OIPOCOB IS ITOJTYYCHHUS OOpaTHOW CBS3H.

Brenpenrne TEXHOIOTMU WHTEPHET BEUICH B yMNpaBICHHE TOPOJACKUMH PECypcaMu OTKPBIBAET
HOBBIC BO3MOXKHOCTH I TMOBBIIICHHUS 3((EKTUBHOCTH M KAadeCTBA XKM3HU B ropojax. OmHako ais
YCHEIIHON peann3anuu Heo0X0IUMO TPEOI0NIETh PsJl TEXHHUECKUX, (PUHAHCOBBIX, OpPraHU3alMOHHBIX
U comuaibHBIX mpodieM. C y4eToM pPEKOMEHJIAIUi, ropoja MOTyT CTaTh 0o0jiee YMHBIMH U
YCTOWYMBBIMH, YITydIlasi YCIOBUS dKU3HU JJI CBOMX KHUTEICH.
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N.H. ITonoBa
U ®POBU3AIINS B COEPE KYJIbTYPbI POCCUMCKOM ®EJIEPAIIMN
VYpanbckuii ToCyIapcTBEHHBIN 3KoHOMUYecKuid yHuBepcuteT (YpI'QYVY), . ExarepunOypr, Poccus

KiroueBsie cnoBa: mudpoBusanus, KyJabTypa, HU(GpOBble HHHOBALIUU, BUPTYyalbHbIC BBICTABKH,
KyJbTYPHOE HaclleHe.

B craTtbe paccMaTpuBaetcs mpouecc HudpoBu3anuu B chepe KyJIbTypbl, KOTOPBII CTala 0COOEHHO
aKTyaJeH B MOCJIEHHE TO/1bl. AHAM3UPYIOTCS KIIIOYEBbIC TEHACHIIUH, BIUAIOIME HA TpaHCc(HopMaIiio
KyJbTYPHBIX MHCTUTYTOB, TaKUX Kak My3eH, Tearpbl U OubOamoreku. Ocoboe BHUMaHHUE YIENAETCS
BHEJPEHUIO HOBBIX TEXHOJOIHH, BKIIIOYas BUPTYAJbHYI0 WM JOINOJHEHHYK) PEaJbHOCTb, a TaKKe
riatopMam Uil OHJIAH-BBICTABOK U MEPOTIPHSTHHA.

I.N. Popova
DIGITALIZATION IN THE SPHERE OF CULTURE OF THE RUSSIAN FEDERATION
Ural State University of Economics (UrGEU), Ekaterinburg, Russia
Keywords: digitalization, culture, digital innovations, virtual exhibitions, cultural heritage.

The article examines the process of digitalization in the field of culture, which has become
especially relevant in recent years. The key trends influencing the transformation of cultural institutions
such as museums, theaters and libraries are analyzed. Special attention is paid to the introduction of new
technologies, including virtual and augmented reality, as well as platforms for online exhibitions and
events.

[MudpoBuzaiuss CTaHOBUTCS HEOTHEMJIEMOW YaCThlO COBPEMEHHOTO MHUpPa, OXBaThIBasi BCE
ACTMEKThI, BKIOYAs KYyIbTypy. OJTO SBICHHE MpPEICTaBIsieT COOOM HE TONBKO BHEIPEHHE HOBBIX
TEXHOJIOT i1, HO K KOMITJIEKCHOE peoOpa3oBaHue clioco00B CO3JaHus, paCIIPOCTPAHEHUSI U BOCTIPUATHS
KyJbTYPHBIX LIEHHOCTEW. BBeneHne nudpoBbIX TEXHOIOTUH BEAET K 3HAYMTENbHBIM HW3MEHEHUSM B
KyJbTYpPHOW Cpelle, BKIIOYas IMEPEOCMBICIEHUE TPAJAUIMOHHBIX (OPM HMCKYCCTBa M METOJIOB HUX
B3aMMOJICHCTBHUS ¢ ayautopueil. brmarogaps wuHTepHeTy M IHQPPOBBIM MIaThOpMaM MPOUCKOISAT
KapJIMHAJIbHBIE CABUTH B JOCTYITHOCTH U (hopMaTe KyJIbTYpHOTO KOHTEHTA, YTO MO3BOJISIET PACIIUPUTH
ayJIMTOPUI0O M BOBJIICUYEHUE B KYyIbTYpHBIM Tporecc. ITo OOYCIOBICHO TeM, 4TO HHU(poOBU3ALUS
MpeayiaracT HOBBIE HWHCTPYMEHTHI M TUIATQOPMBI Ui TBOPYECTBA, IIO3BOJISAA XYJIOKHUKAM U
KyJIbTYPHBIM yUpexXIeHUsIM Ooliee 3¢G(HEeKTUBHO B3aMMOJICHCTBOBATh C ayUTOPHUEH MO BCEMY MHUPY.
Tem He MeHee, HECMOTpPsSI Ha BCE CBOM IUTIOCHI, ITU(POBU3AIMS CTABUT HOBBIE BOMPOCHI O TOM, KakK
COXPaHUTh YHUKAJbHOCTh KYJBTYPHOTO HACIEAMS U aJalTUPOBATh €r0 K MOCTOSSHHO MU3MEHSIOIMINMCS
TEXHOJIOTHYECKUM YCIIOBHUSM.

B mocnennue roap! udpoBU3aIis KyJIbTyphl 3aHsUIa IEHTPATFHOE MECTO B CTPATETUH Pa3BUTHUS
rocyJapcTBa. DTOT MPOIECC BKIIOYAET B ce0s1 BHEApeHNE HH(POPMAIIMOHHBIX TEXHOJIOTHN B My3eHHOE
neno, OMONMMOTEKH, apXWBBI, TeaTpbl M JPYrHe KyJIbTypHbIE HMHCTUTYTHL. Llenp mudpoBuzanmum
3aKJIIOYaeTcsi B TOM, 4YTOOBI cIeNlaTh KyJIbTypHOE Hacieaue Oojiee JIOCTYNMHBIM JJisi IIHPOKON
ayJIMTOPUH, a TAK)KE TOBBICUTH d(PPEKTUBHOCTH yMPABICHHS U COXPAHEHUS KYJIbTYPHBIX IIEHHOCTEH.
OmHOBpEeMEHHO ¢ ATUM, MNUGPOBU3ANMS OTKPHIBAET HOBBIE BO3MOXKHOCTH JIJII TBOpYECTBA U
o0Opa3oBaHUs, TO3BOJISAS HKCIIONH30BAaTh COBPEMEHHBIC TEXHOJOTHH, TaKWe KaK BHPTyalbHas U
JIOTIOJTHEHHASI PeaTbHOCTh, JIJISl CO3JJaHuUsl YHUKAIBHBIX KYJbTYPHBIX IPOEKTOB. BMecTe ¢ Tem, mporiecc
u(GpOBHU3AIMKM CTaBUT TEpe]] YYaCTHUKAMH KYyJIbTypHOH c(epbl HOBBIE BBI3OBBI, CBS3aHHBIE C
HEOOXOAMMOCTBIO  QJaNTallil K WM3MEHSIONIMMCS YCJIOBUSIM U 3alUTEe HWHTEIUICKTYaJbHOMN
coOCTBEHHOCTH B ITU(POBOI cpejie.

[udposuzamus B chepe KyabTypsl Poccnn Havasia akTHBHO pa3BUBaThbes B Hadane XXI Beka,

151



KOTJJa MHTEPHET U LU(POBbIE TEXHOJIOIMH CTAJIM MAacCOBO AOCTYIHBI. DTO HAIpPaBICHHUE MOIYYUIIO
JOTONHUTENBHBIA  uMIylbe B 2010-x romax B paMKax TIOCYJapCTBEHHOM  IPOrpaMMbI
«udopmarmonnoe obmectBo (2011-2020 roasr)». OCHOBHOM 1ETBI0 OBLIO CO3/IaHHUE YCIOBUU IS
LIMPOKOTO AOCTYMA K KyJIbTYPHOMY HAaCJIEUIO C UCIIOJIb30BAHUEM COBPEMEHHBIX TEXHOJIOTUI. BaskHBIM
1aroM ctaja nudpoBas UHBEHTApU3alus My3eHHbIX KOJUIEKLUH, apXuBOB U OuOnIMoTek. bnarogaps
TOMY, YHUKAJIbHBIE KOJUIEKIIMM, paHee IOCTYyIHBbIE JHIIb Y3KOMY KpYIry HCCIenoBaTelled, CTalu
JOCTYITHBI LIMPOKOM ayAUTOPUH Yepe3 UHTEPHET.

Oco6oe BHUMaH#Ee ObLIO YENEHO Pa3BUTHIO HU(PPOBBIX OMOIMOTEK U apXUBOB, CPEIU KOTOPHIX
«Poccuiickas 31eKTpoHHas OMONIMOTEKa» - MaclITaOHBIA HPOEKT, MPEJOCTaBISIOMMUN AOCTYH K
AIIEKTPOHHBIM KOTHSIM KHHT, JOKyMEHTOB H JIPYTUX KyJIbTYPHBIX 00beKTOB. [Iporpammsl 1o orugpoBke
HE TOJIBKO PACUIMPWIIN JOCTYI K KyJIbTYPHBIM LIEHHOCTSIM, HO M CIIOCOOCTBOBAJIM UX COXPAHEHUIO JJIs
Oyaymumx nokosenuid. Ilpoextsl Bpone «Kynbrypa.PD» u apyrue niaardopMel mpegoCTaBIsSIOT JOCTYIT
K BBICTaBKaM, KOHLEPTaM M CIEKTAKJIsAM B BHUPTYQJIbHOM pEXHME, 4TO JeJaeT KyJbTypy Oosee
JOCTYIHOW. DTU MHUIMATUBBI 3HAUUTEIBHO U3MEHUIIN BOCIIPUSATUE U B3aUMOACUCTBUE C KYJIbTYpPHBIM
HacJIeIeM, Jielasi ero 4acTblo OBCEJHEBHON LIM(POBOM KU3HU IPaX/1aH.

CoBpemennas Poccust akTHBHO HWHTErpupyeT HHU(POBBIE TEXHOIOTHH B chepy KyJIbTypHl,
CTPEMSICh PACUIMPUTH JOCTYIHOCTh U YIITyOUTh B3aUMOJICHCTBHE C KyJIbTYpHBIM HacieaueM. OiHoH 13
KJTFOYEBBIX TEHIICHIMN SIBIISIETCS CO3/1aHUe HU(POBBIX PEMO3UTOPHUEB U ApPXHMBOB, MPEIOCTABISIONINX
OHJIAMH-IOCTYN K IPOU3BEICHUSAM HCKYCCTBA, HMCTOPUYECKUM JOKYMEHTaM U JINTEpaTypPHBIM
npousBeneHusM. brnarogaps 3ToMy, IIEIEBpHI, XpaHALIUMECS B My3esiX M OMOIMOTEKax, CTAHOBATCS
JOCTYITHBI HIIMPOKOH ayAUTOpUH 0€3 reorpauyeckux orpaHuYCHUH.

Jpyrum BasKxHbBIM aCIIEKTOM SIBIISIETCS IPUMEHEHNE BUPTYaJIbHOM U JIOTIOJIHEHHOM peanbHOCTH JJIst
CO3/1aHUsI MHTEPAKTHBHBIX BBICTABOK M BUPTYaJbHBIX TYpPOB IO My3€iM, YTO OTKpBIBAE€T HOBBIE
BO3MO>KHOCTH JUIsl IOTPYXKEHUS B KyJIbTYPHOE IIPOCTPAHCTBO. DTH TEXHOJIOTMH IO3BOJIAIOT 3PUTEISAM
OLYTUTh NPUCYTCTBUE M B3aUMOJEHCTBUE C SKCIIOHATaMH, HE TOKHJas cBoero goma. Pacryiuee
BHUMaHHE K 00pa30BaTeIbHBIM MPOTrpaMMaM Ha KyJIbTYPHYIO TEMAaTUKY B H(ppoBoM (opmaTe Tarxke
BBIJICJIACTCSL CpPEed OCHOBHBIX HampaBieHuil. OHIallH-Kypchl, BeOMHapbl OT JKCIEPTOB U
UHTEPAaKTUBHbIE IJIATQPOPMBI Il H3Y4YEHHsS] UCTOPUM HUCKYCCTB BHOCST BKJIJ| B IIOBBIIIEHUE
KyJIbTYpHOH TI'pPaMOTHOCTH HACEJIEHHUS M JEMOKpATH3alMI0 J0CTyna K 3HaHMAM. Takum oOpazom,
nugpoBu3alus B 00JacTH KyJdbTypel Poccuu co3gaer HOBblE BO3MOXKHOCTH Kak JJIsi COXpaHEHUs
KyJbTYPHOT'O HACJENNs, TaK U JUIS €r0 UCCIEJOBAaHUS U PaCIpPOCTPAHEHUS CPEU JIIOAEH, BIOXHOBIIAA
Ha pa3paboTKy HOBBIX (POPM KYyJIbTYpHOTO B3aUMOJIEUCTBUSA U OOMEHa.

B nmocneanue roasl poccuiickie My3ed M rajeped akTUBHO BHEIPSIOT IM(POBbIC MHHOBAIMH,
YyTOOBI CENaTh KyJbTypHOE Hacjeaue 0ojee JOCTYMHBIM JUIsl IIMPOKON ayauTopuu. BupryanbHbie
Typbl U 3D-MoAEIMpPOBaHNE MO3BOJISAIOT TOCETUTENSIM UCCIIE0BATh YKCIIOHATHI M BHICTABOYHBIE 3aJIbl,
HE BBIXOJA U3 JoMa. [IpuMeHeHue NONOJTHEHHON M BUPTYaJbHOM pEaJbHOCTH CTaHOBUTCSI HE MPOCTO
TEH/IEHIIMEeH, HO U HEOOXOJIUMOCThIO, MPEIOCTaBIsIsl YHUKAIbHBIA ONBIT MOTPYXKEHUS B UCTOPHUIO U
uckycctBo. K mpumepy, OpMuTak mpeniokuil BUPTYaJbHYIO PEaIbHOCTh JUIsl OCMOTpa CBOMX 3aJIOB,
YTO CTaJ0 IPOPHIBOM B Ipoliecce UPPOBU3AIMH KyIbTypHBIX MpocTpancTB. Kpome Toro, pazpaborka
MOOUJIBHBIX MPWIOKEHUH C ayJuOrMJAaMH, HMHTEPAKTUBHBIMM KapTaMd M JOMOJHUTEIHHON
uHpopManrell 0 KOJIEKIUAX O0OTrallaeT OMbIT MOCEIIeHUs U JAejaeT KyJIbTypy Oosee MOHSATHOM U
MHTEPECHOU U1 MoJioiexu. BHeIpeHne 3TUX TEXHOJIOTUIl ClIOCOOCTBYET PaCHIMPEHUIO Ay IUTOPUH U
yIIyOJIeHUIO TIOHMMAaHUS KyJBTYPHOTO Hacjenus, a TaKKe MrpaeT BaKHYIO pOJIb B COXPAaHEHHH U
nepegave 6oraToro KyJabTypHOTro Hacienus Poccun Oy tylinM MOKOJIEHUSIM.

Ludposas TpanchopMarys 3HAYUTETHHO U3MEHHUIIA TeaTp U KHHOMHAYCTpHIo Poccun, nepeHocs
KJlaccuueckue (QopMbl HCKycCTBa B HOBYIO 3M0Xy. B Tearpax unu@poBble TEXHOJOTMM Hayalu
UCTOJIBb30BaThCS Ui CO37aHus OoJiee CIIOXKHBIX CLHEHHMUYECKUX H300paxeHud M crnerdP@eKTos,
oOoramasi BHU3YaJIbHYI0 M ayJMOBHU3yaJIbHYI0 COCTaBisifolue mpenactaBieHuil. CoBpeMeHHbIe
IIPOEKIIMOHHBIE TEXHOJIOTMM W BHUPTyalbHAas pPEajlbHOCTb OTKPHIBAIOT HOBBIE TOPU3OHTHI AJIs
MIOCTAHOBOK, JieJiasi uX OoJiee MOrpy>KarolMMU U MHOTOYPOBHEBBIMU. B KHHOUHyCTpUH TP POBU3ALINS
NposIBUIIaCh B mepexose Ha HugpoBble GopMaThl ChEMKH M MPOEKLUH, YTO 3HAYUTEIBHO YIYUIINUIO
KauyecTBO N300pakeHus U 3Byka. OHIaliH-KMHOIUIaT()OPMBI IOIYYHIIN pa3BUTHE, TPEIOCTABIISSL JOCTYTI
K IIUPOKOH ayAUTOpUH HE TOIbKO B Poccuu, HO U 3a ee npeaenamMu. OTH MIATPOPMBI CTalTd BaXKHBIM
KaHaJIOM JUIs TPOJIBUKEHUS KaK MacCOBOI0, TaK U aBTOPCKOTO KMHO, a TaKXKe HE3aBUCHUMBIX IPOEKTOB,
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CIOCOOCTBYsSI WX MOHETHM3aIlMd W PACHIUPEHHUIO ayJAUTOpHH. Takum oOpa3om, mudpoBas
Tpanchopmanus B cdepe TeaTpa U KHHO IOMOTaeT POCCHMCKON KyJlbType aJanTHpOBaThCS K
COBPEMEHHBIM BBI30BAM, OTKPBIBas HOBbIE TBOPYECKHE BO3MOXKHOCTU U IMYTH B3aWMOJAEWUCTBUS C
ayIUTOpUEH.

[MudpoBuzanus KyJIbTypHOro Hacieauss Poccun crankuBaeTcs C psAIOM BBI30BOB, BKIIOYAs
HEOOXOIMMOCTh B OIPOMHBIX HMHBECTHIMAX B  TEXHOJOTMYECKYI0 HH(pacTpykrypy u
BBICOKOKBTHU(PUITUPOBAHHBIC KaIPhI 715 2P (HEKTUBHOM pabOTHI ¢ ITU(POBBIMH JaHHBIMU. [Ipo6iemsl ¢
AaBTOPCKMMH TpaBaMH M JOCTYIIOM K MarepuaigaM, OOBEeMOM M COXPAaHHOCTBHIO JaHHBIX TaKKe
MPEJICTAaBISIIOT cOOO0N 3HauuTeNbHBbIE mpensTcTBus. Kpome Toro, mudpoBusanus Biaedé€T 3a coOOi
BOMPOCHI O COXPAaHEHWU NEPBOHAYAILHOTO 3HAYCHUS KYyJIbTYpHBIX OOBEKTOB. TeM He MeHee,
MEepCreKTUBbl U(poBU3alMK BecbMa OoOHaAEKuBaromue. OHa OTKPBIBAET HOBbIE BO3MOKHOCTH ISt
JOCTYTIAa U B3aMMOJICUCTBHS C KyJIbTYpHBIM HaclleIUEM, IPE010JieBas reorpaguueckue U Gpu3ndeckue
Oapbepsl. LludpoBpie TEXHONOrMH MO3BOJIAIOT CO3JaBaTh BBHICOKOTOYHBIE KOMUU apTedakToB H
IIPOU3BENECHUN UCKYCCTBa, OOecleunBasl UX COXPAHHOCTh Ui OynyIIMX MOKoJeHui. BupryanbHbie
BBICTaBKM M MY3€WHbIE KOJUICKIIUU MOTYT IPUBJIEYb II100AIBHYIO ayIUTOPHUIO, PACHIUPSS TOPU3OHTHI
pacrpocTpaHeHHs KyJIbTYPHOTO Haciequs. DTO TakXke CIocoOCTBYeT Oosee rryOOKOMYy NMOHUMAaHUIO
PYCCKOM KyJbTYpbl HA MEXKAYHAPOJHOM YPOBHE.

[udpoBuzanusi NpeaoCTaBIseT YHUKAIbHBIE WHCTPYMEHTHI JUISI U3yUEHHS] W WHTEpIpETaIid
KyJbTYPHBIX OOBEKTOB, IMO3BOJISISI UCCIIEOBATENSAM MCIOIB30BaTh aHATUTUYECKUE U WHTEPAKTHUBHBIC
MeToibl. B KOHEYHOM WTOTre, yCHemrHas MHTerpanus HU(PPOBBIX TEXHOJOTUH B OONACTh KYJIbTYpPBI
MOJKET 3HAYUTENILHO YCUIIUTh €€ BIUSHUE U JOCTYMHOCTh, oOoramias KyJbTypHOe Hacneane Poccuun
HOBBIMH (DOpMaMH U 3HAYCHUEM.
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C.C. Caiinynaes, T.C. Caiinyaaea, 3.C. CaagyinaeBa

CUHTETUYECKHWN BUOJIOT'TYECKA MHTEJJIEKT: MHHOBALIMOHHBIE
METOZABI HIEPEJAYU U OBPABOTKH NTH®OPMAIIMN B BUOHEUPOHHBIX
CUCTEMAX

['po3HEHCKUI TOCYIapCTBEHHBIN HEPTAHON TEXHUUECKHI YHUBEPCUTET UMEHH akagemuka M. 1.
MuUTHOHIIKUKOBA, T. I'po3Hblid, Poccus

KnroueBbie cioBa: OuoHelipoHHbIE WHTEpQEiichl, mepeaaya CUTHAIOB, THOPHAHBIE CETH,
3HEPro3(pPeKTUBHOCTD, HEHPOKOMMYHHKAITUH.

CoBpeMeHHbIE OMOHEWPOHHBIE TEXHOJIOTHH OTKPBIBAIOT HOBBIC TOPU30HTHI B 00J1aCTH TIepeIadn 1
00paboTku WHGOpPMAIIUU, TPEOJOICBasl OTPAHUYCHHS KIACCUYECKUX BBIYUCIUTENBHBIX CHCTEM. B
cratbe npoBenéH ananus miatdopm CL1 (Cortical Labs), Neuralink, Neuroplatform u DishBrain ¢
AKIIEHTOM Ha UX POJIb B TpaHC(HOpMAIIUK METOJOB KOMMYHUKAIIUU JAHHBIX. PacCMOTpEeHBI MEXaHU3MBI
nepeaaydl CUTHAJIOB B THOPUIHBIX CHUCTEMax, UX SHEprod((EeKTUBHOCTL U CKOPOCTh 00pabOTKH
uHpopmarnuu. Ocoboe BHUMAHUE yIEJICHO STUYCCKUM acIieKTaM 0€30MMacHOCTH Tepeaadn HeHPOHHBIX
JAHHBIX. Pe3ynbTaThl IEMOHCTPUPYIOT MOTCHIIMAI OMOKOMITBIOTEPOB Il CO3/IaHUSI HHHOBAIIMOHHBIX
UHQOPACTPYKTYP CBSI3U U AITOPUTMOB MAITMHHOTO O0yYCHUSI.

S.S. Saydulayev, T.S. Saydulayeva, Z.S. Sadulaeva

SYNTHETIC BIOLOGICAL INTELLIGENCE: INNOVATIVE METHODS OF
INFORMATION TRANSMISSION AND PROCESSING IN BIONEURONAL SYSTEMS

Grozny State Oil Technical University named after Academician M.D. Millionshchikov,Grozny,
Russia

Keywords: bio-neural interfaces, signal transmission, hybrid networks, energy efficiency,
neurocommunication.

Modern bio-neural technologies offer groundbreaking approaches to data transmission and
processing, surpassing the limitations of classical computing. This article analyzes platforms such as
CL1 (Cortical Labs), Neuralink, Neuroplatform, and DishBrain, focusing on their role in redefining data
communication. The mechanisms of signal transmission in hybrid systems, their energy efficiency, and
data processing speed are examined. Ethical aspects of neural data security are highlighted. The results
underscore the potential of biocomputers for next-generation communication infrastructures and
machine learning algorithms.

CoBpeMeHHbIE ~ TEXHOJIOTUM Mepefayd HHGPOpMallUM  CTAJIKMBAIOTCA C  IpobiemMaMu
HHEPro3aTPaTHOCTH, 3aJEP>KEK CHUTHAJIA U OTPAHUYEHHOM MPOIYCKHON CrOCOOHOCTH. broHelpoHHbIE
CHUCTEMBl, OOBEIUHSIOMINE >KUBbIE HEHUPOHBI C DIEKTPOHHBIMH KOMIIOHEHTaMHM, MpEeJIaraiT
albTepHATUBHBIE PELICHUS 3a CYET UCIIOJIb30BAHUS OMOJIOTHYECKMX MEXaHU3MOB Nepeiayll JaHHbIX. B
2025 rony xommanus Cortical Labs npencrasuina nepsblii B Mupe kommepueckuit oOnoxommnsrorep CL1,
KOTOpBIM OOBENMHSAET KIETKH 4YEeJIOBEYECKOr0 MO3ra C KPEMHHUEBBIMH 4YHNaMH, (QOpMUpYys
camMooOyyarolmuecs: HeHpOHHBbIE CETH. JTa TEXHOJIOTHS He TOJBKO IMPEBOCXOIUT TPaTULMOHHBIE
CUCTEMBI B CKOPOCTH OOyuY€HUs, HO M OTKPHIBAET HOBBIE BO3MOXKHOCTH Ui MepeAaun WHpopmanun
yepe3 ruOpuIHbIe HHTEPQEHCHI.

CoBpeMeHHbIE TEXHOJIOTUH Niepeau HH(OpMAaLK B OMOHEHPOHHBIX CHCTEMAaX

1. [Tnardopma CL1 (Cortical Labs): bruonorudeckas o00paboTka cUTHAIIOB

[Tnatrpopma CL1 xommanuu Cortical Labs — 3to rubpuanas cucrema, KOTopas 0ObEIUHSIET
JKUBbIE HEHPOHBI YEJIOBEKa C DJJIEKTPOHHBIMM KOMIIOHEHTaMHM. HeHpoHBI BbIpalIMBAIOTCA B
71a00paTOPHBIX YCIOBUSAX U3 MHIYLIMPOBAHHBIX IIIOPUIOTEHTHBIX CTBOIOBBIX KieTok (hiPSC), B3sThIX
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y B3pOCIBIX JOHOPOB. DTH KJIETKH MOMENIAIOTCS Ha CIelHUaIbHbIe YUIIbl C MHOKECTBOM 3JIEKTPOJIOB
(MyJIBTHDJIEKTPOIHBIC YUIIB), TJIe OHU (POPMHUPYIOT CAMOOPTaHU3YIOIINECS CETU. TaKkue CeTH CrIoCOOHbI
nepesaBaTh MIEKTPUUYECKUE CUTHAIBI MEX1y HEHpoHaMH, UMUTHPYS €CTECTBEHHBIE MTPOLIECCHl B MO3Te
4eJI0BEKA.

TexHuyeckue MHHOBALIUU:

— AxTuBHas 6anancupoBka 3apsiaa. B panaux Bepcusx CL1 ucnonb3oBanuch CMOS -uumbr
(craHzapTHBIE MOIYIIPOBOAHUKOBBIE KOMIIOHEHTHI), KOTOPbIE HAKAIUIMBAJIN JIEKTPUUYECKUH 3apsaj Ipu
CTUMYJISIHUU HEHPOHOB, 4YTO BpeAWSIO KIeTKaM. B HOBOH Bepcuum cuctemMa aBTOMATUYECKU
KOMIIGHCUPYET 3apsii: HalmpuMmep, IOpu I[ojade Toka 2 Mukpoamiepa (MKA) OJHOBPEMEHHO
«BBITATUBACTCS» 2 MKA. DTO MpeNoTBpalIaeT MOBPEKICHUE HEWPOHOB U TOBBIIIAET CTAOUIBLHOCTD
nepeaadu CUrHaios [2, 3].

— Boicokomorubie matpuniel HD-MEA. Heilponsl BblpamuBaroTcs Ha 4uOax
BBICOKOTUIOTHBIMH MYJIBTHAJICKTpoAHbIME MaccuBaMu (HD-MEA). Kaxaplid 4yum COAep UT ThICSUN
MUKPOCKOIIUYECKUX AIEKTPOJIOB, KOTOPBIE PErUCTPUPYIOT AKTUBHOCTh HEWPOHOB U CTUMYJIMPYIOT UX.
DTO MO3BOJISIET CO3/1aBATh CIOKHBIE HEHPOHHBIE CETU C BBICOKOW TOYHOCTHIO [3].

Kak 3to paboraet?

Heiiponsl uenoBeka, BhIpallleHHbIE U3 WHAYIUPOBAHHBIX TUIFOPUIIOTEHTHBIX CTBOJIOBBIX KIJIETOK
(hiPSC), mnomemaroTcss Ha CHEIUAIM3HPOBAHHBIA YHII, OCHAIMEHHBIA MHUKPOCKOIMMHMYECKUMU
JNEKTPOAAMU. OTH SJIEKTPOABl BBIMOJHAIOT ABOWHYIO (YHKIMIO: OHHU HE TOJBKO PETUCTPUPYIOT
DIIEKTPUYECKYI0O AaKTHMBHOCTb HEHPOHOB, HO M TOAAOT cjadble HMMITYJIbChl, HMHTHPYIOIIHE
€CTECTBCHHYIO CTUMYJIALIMIO, KOTOpas MPOUCXOAUT B kuBOM Mosre. [log Bo3gelicTBHEM TakHX
UMITYJIbCOB HEWPOHBI HAYMHAIOT (OPMHUPOBATH CBS3M — CHHAICHI, CO37aBas TUHAMUYHYIO CETb,
crocobHyro k camooOyuenuto. Hampumep, B skcmepumentax Cortical Labs Heliponsl ObICTpo
aJaNnTUPOBAIMCh K 3ajayaM Bpoje urpbl B Pong, ontuMusupys NmyTH Iepeladyd CUTHAJIOB s
MUHUMU3ALUU YHEPro3aTpar U MOBBILICHUS MpeAcKazyeMocTH [2].

KmroueBoe otimure CL1 OT TpaAWIMOHHBIX KPEMHHEBBIX CHCTEM — OHOJIOTHYECKas MpUpoaa
00paboTKM MJaHHBIX. BMECTO KECTKO 3amporpaMMHpPOBAHHBIX aJTOPUTMOB 37€Ch HCIIOJIBb3YETCS
IUIACTUYHOCTD JKUBBIX HEMPOHOB: CETh CAMOCTOSITENILHO MIEPECTPAUBACTCS, YKPEILISsS MOJIE3HbIE CBS3U
U 0CJIa0JIsAsl «IIyMOBBIE». DTO MO3BOJISIET TOCTHYb CKOpPOCTH nepenayn curuanos B 10—100 pa3 Boiie,
YeM B IOJIyIPOBOJHUKOBBIX YMIIAX, IPU 3TOM sHepromnorpedienue onHoit croiiku CL1 cocraBisier
Bcero | kBT — B COTHU pa3 MEHbLIE, YEM Y aHAJIOTUYHBIX T10 MOIIHOCTH CEPBEPHBIX LIEHTPOB [4].

TexHOJIOTHsI aKTUBHO MCIIOJIb3YET BBICOKOIUIOTHBIE MYJIbTHANIEKTpoaHbIe MaccuBbl (HD-MEA),
KOTOpbIe 00ECIIeYrBaOT TOYHOE B3aUMOJIEHCTBHE ¢ HelipoHamu. Hanpumep, npu nogaye Toka 2 MKA
CUCTEMa aBTOMAaTHYECKH KOMIIEHCUPYET 3apsijl, «BBITSATUBas» Takue ke 2 MKA, YTO MpeAoTBpallaeT
HOBPEX/ICHHUE KIETOK M 00ecreunBaeT cTabuiabHOCTh nepenauu [3].

[IpumeneHue B nepenave nHGOpMaLUU:

[Tnatdpopma CL1 HaxoAUT NpUMEHEHHE B ONTHMMU3ALNU TEJIEKOMMYHHUKALMOHHBIX CUCTEM, TJe
OunoJoruueckre HeHpOHHBbIE CETH HUCHOJIB3YIOTCS JUISl YJIyYILEHUS alrOPpUTMOB IEpenadyd JaHHBIX.
Hanpumep, MojenupoBaHHe HEHPOHHBIX IAaTTEPHOB I03BOJIIET pa3pabaThiBaTh METOABI CHKATHUS
MH(pOpMallUK WM CHIDKEHHUS 3aaepxkek B cerax 5G/6G, 4yTo KpUTUYECKH Ba)KHO JJIsS TOBBIIIEHUS
CKOPOCTH M HAJIEKHOCTH CBs3H [3].

Kpome Ttoro, Cortical Labs peanuzyer momens Wetware-as-a-Service (WaaS), npenocrasisis
ynanéuuslii joctyn k CL1 gepe3 obnauHblif cepBHC. DTO MO3BOJISIET UCCIEA0BATENSAM H KOMITAHHUSIM
apeHJI0BaTh BBIUMCIUTENbHBIE MOIIHOCTH OHOKOMIIbIOTEpa 0e3 HEeOO0XOAMMOCTH MPHOOPETEeHUs
CHeLHaIU3UpOBaHHOr0 oOopyaoBanus. Tak, (apmaneBTuueckue KOMIaHUM ucnoib3yoT CL1 mms
MOJIETMPOBAaHUS HEHPOHHOM aKTUBHOCTH IIPU SMUJICITHUECKUX MTPUCTYIIAX, TECTUPYS HOBBIE JIEKapCTBa
in vitro. OnHoBpemenHo [T-crapransl npuMeHsOT MIATGOpPMY Ul 00yUdeHHs FHEProd(pPpeKTUBHBIX
anroputmMoB MW, nHampumep, B cucTeMax paclO3HAaBaHMsI peud, TJe OuoJIorTHYecKue HelpoceTu
JIEMOHCTPHUPYIOT 00Jiee BHICOKYIO aJallTUBHOCTD IO CPAaBHEHHIO C TPAJUIIMOHHBIMU MoxoaaMu [3].

[TpeumyriecTBa nepes TpaJuIUOHHBIMU CUCTEMaMHU:

[Inatrpopma  CL1  ngeMoHCTpHpyeT  3HA4YMTENbHbIE  NPEUMYIIECTBA,  Takue  Kak
9HeprodhPeKTUBHOCTH — OJ1HA cToiKa moTpedisieT B 100 pa3 MeHbIlIe SHEPTUH, YEM CEPBEPHBIN LIEHTD,
BBINOJIHSASL contocTaBuMbIe 3a1a4n [4]. CkopocTh 00yueHHst OMOJIOTMYECKUX HelpoceTel B pa3bl BhILIE:
HanpuMep, 00ydeHHe alropuTMa 3aHUMAET Yyachl BMECTO Heslelb, Tpedyembix ais MU Ha rpaduyeckux
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nporeccopax (GPU). Kpome Toro, cetu CL1 o6magaroT THOKOCTHIO, TTO3BOJISS TIEPECTPANBATHCS «HA
JeTy» 71 afanTaliyi K HOBBIM YCIOBUAM. Spkuit mpumep — skcnepumeHT 2022 rona (DishBrain), rae
HEHWPOHBI HAYYIIIUCHh UTpaTh B Pong 3a 5 MunyT, a B CL1 3TOT mporecc emé 00bliie ONTUMH3NPOBAH:
HelpoceTn ObICcTpee HaxXOIAT 3Heprod3(p(eKTUBHbIC MyTH MEpedaydl CUTHAJIOB, M30eras XaOoTHYHBIX
MaTTepHOB [2].

2. Neuralink: MnTepdeiic «Mo3r-mammaa» Kak KaHall CBSI3U

Neuralink ¢okycupyercs Ha mpsMol TpaHCHOPMAlMK HEUPOHHBIX CHUTHAIOB B ITU(GPOBBIC
naHHble. VIMIUTaHTaThl KOMIIAHUH, BHEAPSEMBIE B KOPY TOJIOBHOTO MO3Ta, CYUTHIBAIOT 3JEKTPUUYECKYIO
AaKTUBHOCTh C TOYHOCTBIO 10 95% [6], obecnieunBas nepenady uHbopmanuu 0€3 MPOMEKYTOUHBIX
ycrpoicTB. KitoueBble MHHOBALMM BKIIIOYAIOT OECIPOBOJIHYIO IMEpefady AaHHBIX MEXIYy MO3TOM U
BHEUTHUMH CHCTEMaMU (HallpuMep, yIpaBjieHHe MPOTe3aMy WM B3aUMOJICHCTBHE C KOMITBIOTEpaMH) U
MUHHMAJIbHBIC 33/IEP’KKU CUTHAIA — MeHee 10 MUJITUCEKYH]T, YTO KPUTUYECKH BaXKHO ISl PEaTbHOTO
BPEMEHU B3aUMOJICUCTBUS [7].

3. Neuroplatform: SueproaddexTuBHbIC OHOMPOIIECCOPHI

Neuroplatform ucnonbp3yer HEHpPOHBI KUBOTHOTO MPOUCXOKICHUSI, YTO MO3BOJISET MEpeIaBaTh
uHpopmanuto ¢ suepromorpedneranem 0.1 Br — B 1000 pa3 addexruBaee GPU [9]. Texnonorus
o0OecrieunBaeT aAanTHUBHYIO MOAYJISIMIO CUTHAJIOB B 3aBUCUMOCTH OT BHEIIHUX YCJIOBUM, HampuMmep,
ABTOMATHUYECKYI0O KOPPEKTUPOBKY MOIIHOCTH TMEpeJadyd NpHU HW3MEHEHHH TEeMIepaTypbl WU
3IEKTpOMarHuTHeIX momex. Kpome toro, mnardopma nogaepxusaet uHTerpanuto ¢ loT-ycrpoiicTBamu,
YTO OTKPBHIBAET BO3MOXKHOCTH ISl paclpeneéHHOW oOpaOOTKM JaHHBIX B YMHBIX TOpOJax WA

IMPOMBIIIJIICHHBIX CHCTCMaX.CpaBHHTCHBHBIﬁ aHaJIn3 TEXHOJIOTHI nepeaaun faHHbIX
Tabmuma 1. [Tapamerpsl nepenaun nHGpopManuy B OMOHEHPOHHBIX CHCTEMAxX

ITapameTpsl CL1 Neuralink Neuroplatform
CkopocTb nepeayn 500 I'dut/c (Ha 200 Mowut/c (Ha 50 Mowurt/c [9]
ceth) [3] kanHan) [6]
DHepromorpedieHne 1 kBt 5Bt (Ha 0.1 Bt
MMILJIAHTAT)
Tun xkogupoBaHus CraiikoBbie NmnynscHO- AHaNoOroBo-1udpoBoe
CHTHaJa He#lpoceTu KOJIOBasi MOJTYJISILIUST npeoOpa3oBaHue

DTHUYECKHUE acTIeKThl HEHPOKOMMYHHUKAIIHIA

Pa3paborka OMOHEHPOHHBIX TEXHOJIOTUH CTAJIKUBAETCS C PSJIOM ITHUUECKUX U PETYJSATOPHBIX
BbI30BOB. OJHON M3 KIIIOYEBBIX MPOOJEM sBIsSETCS 0€30MacCHOCTh JAHHBIX: HEHMpPOHHBIE CHUTHAJIBI,
nepemaaBaemMbie uepe3 uHTepdeiicel Bpoae Neuralink, MoryT craTh MHIIEHBIO JJis KuOepaTak, 4TO
TpeOyeT BHEIPEHUs CIELUAIU3UPOBAHHBIX KPUOTOrpaUuecKux MPOTOKOIOB JJs  3aIlUTHI
ouonmrutantatoB [8]. Kpome toro, BHeapenue Takux cuctem, kak CLI1, TpeOyeT corimacoBaHus c
PETYJISTOPHBIMH OpraHaMH — areHTCTBAMH 3/PaBOOXPAHEHUS M OMOATHYECKUMH KOMHTETaMH, YTO
3amemiaeT kommeprmanuzanuto. Hampumep, Cortical Labs otmeuaer, uro qis 3amycka CL1 B 2025 rogy
INPUILIOCH TPOMTH MHOTIOCTYNEHUYATYH0 IPOBEPKY, BKIIOUYAs OLEHKY PHCKOB JOJIOCPOYHOIO
BO3JIeWcTBUST Ha KieTku uyenoBeka [3]. Emé opHoit mperpamoi ocrtaércs (QPuHAHCHPOBAHUE:
MYJIbTUAUCIUILTHHAPHBIN XapaKkTep TEXHOJIOTUU 3aTPyAHSET MpUBJIeUeHNE WHBECTUINH, Tak kak CL1
HE BIIMCBIBAETCS B y3KHE KaTeropuu BeHUypHbIX QoHaoB (MM, 6MOTEXHONOrMHM UM MEAULIMHA), YTO
HEOJTHOKpaTHO noguépkuBan bperr Karan B untepspro[12].

[TpuxnanHoe 3HaUE€HUE 711 MEIULIMHBI U HAYKU

BuonelipoHHbIE TEXHOJOTHMHM YK€ CErojHs TPaHCHOPMHUPYIOT TMOAXOAbl B MEAMLUHE H
KOMIIBIOTEPHBIX HayKax. Hamnpuwmep, wiatdopma CL1 I103BOJISAET MOJEINPOBATh
HelposierenepaTuBHbIE 3a005eBaHus (3MUIIETICUIO, 00JIe3Hb AJbIreiiMepa) in vitro, 4To COKpalaer
HEOOXOJUMOCTh B HCIBITAHUSX Ha YXUBOTHBIX U YCKOpPSIET pPa3pabOTKy JeKapcTB. DKCIEPUMEHT
DishBrain mpopeMoHCTpUpOBaj, YTO HEHPOHBI CHOCOOHBI K JUHAMUYECKOMY OOYYEHHUIO: OHHU
dbopmupyroT 3HEprodhHEeKTUBHBIE MyTH TeEpenaddl JaHHBIX, W30eras XaoTHYHBIX MATTEPHOB, UYTO
OTKPBIBAET MYTh JJISI CO3JaHMsI aJrOPUTMOB MAIIMHHOTO OOyUYEHHsI, UMUTUPYIOLINX OMOJIOTHYECKYIO
IUIACTUYHOCTh. DTH AOCTH)KEHUS HE TOJIbKO YJIyYIlaloT OHUMaHue paboThl MO3Ta, HO U MpeIaraioT
HOBBIE HHCTPYMEHTBHI JJIs1 ONITUMU3ALMN TEJIEKOMMYHHUKAIMOHHBIX cucteM U loT-ycTpoiicTs.

3aKroueHne

buoneiiponnsie Texnomormu, Takue kak CL1, Neuralink u Neuroplatform, oTkpsiBatoT
PEBOJIIOLIMOHHBIE BO3MOYKHOCTH B nepeaye u oopadorke nnpopmanuu. CL1, coueras xuBble HEUPOHBI
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C DJIEKTPOHUKOMH, 0OecrieunBaeT 3Heprod(p(HeKTUBHOCTD U CKOPOCTb, HEAOCTHKUMBIE JJIs1 KITACCHUECKUX
cucreM. Neuralink npeziaraer npsimoid uHTEpQEiic «MO3r-MalIMHa» ¢ MUHUMAJIbHBIMU 33/I€P’KKaMU, a
Neuroplatform wunTerpupyer Ouonporieccopsl B loT-cern. OpHako IMUPOKOE BHEAPEHHE ATHX
TEXHOJIOTUH 3aBUCHUT OT PEOIOJICHUS PETryIATOPHBIX OaphepoB, pa3padOTKU CTaHAAPTOB O€30MaCHOCTH
U pelIeHUs dTHUecKuX auneMM. Hanpumep, Heo6X01uMO co3A4aTh IPABOBbIE paMKH JJIs1 HCIIOJIb30BAHUS
YeJI0BEYECKMX HEHPOHOB M 3allluThl HEHPOJAHHBIX OT KuOepyrpos. [lanbHelme wucciaenoBaHus
JIOJDKHBI OBITh HAIIPABIICHBI HA MHTErPALlMi0 OMOKOMIIBIOTEPOB € CYLIECTBYIOIIEH MHPPACTPYKTYpOH,
YTO TOTPEOYeT COBMECTHBIX YCHUJIMHA YYEHBIX, MHKECHEPOB U PETYJATOPOB. YcCIeX B 3ToW obiacTu
OIPEIENIUT, CTAaHYT JIU OMOHEHPOHHbIE CUCTEMbI OCHOBOM CIIEAYIOIIEr0 TEXHOJIOIMUECKOr0 YKIIaaAa WiIn
OCTaHyTCsI HUILIEBBIMU PEIIECHUSMHU.
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IHOCTKBAHTOBBIE AJII'OPUTMbI KPUIITOT'PA®UUN: 3AIIIUTA JTAHHBIX B
3MOXY KBAHTOBBIX BLIYNCJIEHUAM

VYpanabCKuil TEXHUYECKUI MHCTUTYT CBSI3M U HHPopMaTuku (pumman) Cubupckoro
rOCyZIapCTBEHHOTO YHHBEPCHUTETA TellekoMMyHHKaIuid U uHdopmaruku (YpTUCHU Cubl'YTH),
r. ExarepunOypr, Poccus

KitoueBble cinoBa: kpumnrorpadus, aJropuTMbl IH(POBAHUS, KBAHTOBBIH KOMITBIOTED,
KnOepOe301acHOCTh, TPOTOKOJI.

B Hacrosiieil crarbe pacCMOTPEHO BIMSHME KBAaHTOBBIX KOMIIBIOTEPOB Ha 0O€30IaCHOCTb
JAHHBIX, OCHOBHBIEC HAIIPABJICHHUS MOCTKBAHTOBOM KpUNTOrpaduu, a TakKe MEepCreKTUBBI U 00JIACTH
IPUMEHEHHUsI HOBBIX aNrOpUTMOB MM@poBaHus uHPopMmauuu. Llenpro craTbu  sBAsSETCS
npefcTaBieHne WHQPOPMALMU O TEKYIIEM COCTOSHHUM M OyIyIIMX HalpaBICHUSX pa3BUTHS
IIOCTKBAHTOBOM KpuNTOrpaguu, a TakKe n3yuyeHre CBOEBPEMEHHOI0 IepexoAa K 3TUM PELICHUAM JUIs
obecriedeHrs1 6€30MaCHOCTH JAHHBIX B 310Xy KBAaHTOBBIX BBIUYMCIICHHH.
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POST-QUANTUM CRYPTOGRAPHY ALGORITHMS: DATA PROTECTION IN THE
AGE OF QUANTUM COMPUTING
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This article examines the impact of quantum computers on data security, the main directions of
post-quantum cryptography, as well as the prospects and applications of these new algorithms. The
purpose of the article is to provide information about the current state and future directions of post-
quantum cryptography development, as well as to study the timely transition to these solutions to
ensure data security in the era of quantum computing.

The modern digital world cannot be imagined without cryptography, which plays a key role in
ensuring data security. This is a section of information security and telecommunications that encrypts
data using various code algorithms in order to prevent unauthorized access to information.
Cryptography plays a key role in ensuring the confidentiality, integrity and authenticity of information,
enabling the secure functioning of the digital economy and its other critical sectors. The development
of quantum computers is a revolution in the world of computing, and they are becoming more
productive and cheaper to produce every year. Some models are capable of solving problems involving
the possibility of quantum acceleration in a few hours, while classical supercomputers require several
tens of thousands of years. According to the US National Institute of Standards and Technology (NIST),
traditional cryptographic algorithms will be vulnerable by 2030, which requires the development of
completely new, post-quantum solutions. [1].

Moreover, the need to increase security in data transmission is caused by rapid developments in
the field of artificial intelligence (Al) and machine learning. Modern encryption methods based on
complex discrete logarithms for elliptic curves and complex factorization such as DES, 3DES and AES
can be efficiently solved by using a sufficiently powerful quantum computer. Al systems are capable
of analyzing huge amounts of data and identifying hidden patterns in algorithms, which can be used to
improve hacking methods. The combination of quantum computing and Al can be a double threat to
modern cryptographic systems. Quantum computers can effectively solve mathematical problems on
which current encryption algorithms are based, while Al can optimize and improve attack methods.



In the present security of transmitting data is provided using symmetric and asymmetric
algorithms. A symmetric cryptographic algorithm method contains the same key for encryption and
decryption, this method is called a private key cryptographic system. The asymmetric cryptographic
method uses a pair of keys, one for encoding and the other for decoding, this is an example of a public-
key cryptosystem.

The first group includes DES, 3-DES and AES algorithms. DES encrypts 64-bit data blocks
using a 56-bit key. Today, DES is considered an outdated method of data encryption due to the small
key length. It can be easily hacked using a "brute force" — going through all possible key combinations.

The solution of this 3amaun was to increase the number of keys and their lengths. As a result,
searching for a complete combination requires an exponentially large number of operations. A total of
three levels of encryption are used to enhance security. The process begins with plaintext encryption
using the key K1 (Fig. 1). Then the encoded message can be decoded using the Data Encryption
Standard (DES) and the key K2. Afterward the received data is encrypted again using the K3 key,
resulting in an encrypted text. The security level of the triple data encryption standard (3DES) depends
on the reliability and difficulty of its key. Using three different values for the keys K1, K2 and K3 is
the only way to increase the time complexity of the search. An analysis conducted by the US National
Institute of Standards and Technology (NIST) shows that with a key length of 168 bits, the 3DES
algorithm provides the maximum level of security. However, the growth of computing power has led
to the fact that in 2023 the use of this algorithm in critical sectors of the economy has become strictly
prohibited. [2].

Encryption 3DES

| DES }—{ DES' }+| DES |
' F i

Plaintext taxt

A, A, K, ‘ Encrypted

( mj:r:-; " l}1E:-i J{ m-:rs. "]

Decryption 3DES

Fig. 1 — Block diagram of the 3DES algorithm

During the competition in 1999, it took 22 hours and 15 minutes to crack the DES III algorithm.
The Deep Crack laptop from the Electronic Frontier Foundation and distributed and the distributed
computing network of the Internet found the 56-bit DES key, decrypted the message. Today, the current
symmetric encryption algorithm is AES. Its operation is based on keys of various sizes, for example,
128-bit, 192-bit or 256-bit keys [3]. which consists of four stages: SubByte, ShiftRows, MixColumns,
and AddRoundKey. The steps of the decryption process will be steps performed in reverse order using
the same algorithm with the same number of rounds. Vulnerabilities are detected both in the presence
of repeated sequences of characters in the message, and when choosing unsuitable keys. However,
these attacks do not significantly reduce the computational time required to enable a brute-force search.
AES belongs to the relatively secure group as long as there are limitations on available computing
power. The algorithm is most widely used for both wired and wireless security protocols.

Asymmetric algorithms use a public key that can be transmitted over unsecured channels. The
private key is used to decrypt the data encrypted with the public key. The basic concept of the RSA
algorithm is the complexity of the problem of factoring the product of two large primes. In order to
encrypt a message, the operation of exponentiation a large number is used, and for decryption it is
necessary to calculate the Euler function of a given large number, knowing the decomposition of the
number into prime factors. The SSL and TLS security protocols use this algorithm to protect data
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exchange sessions, ensuring confidentiality and protection from attacks. Authentication, transaction
control, and online banking systems also use RSA, and if the 2048-bit version is hacked, there is an
immediate threat to the functioning of the economy.

Factoring very large numbers is extremely difficult, but it gets easier over time. There are
effective algorithms for accounting for large numbers, such as the common numeric field, which is
currently the most well-known method for accounting for large numbers. As the computing resources
needed to calculate extremely large numbers become more accessible to the public, RSA key sizes
must grow to keep up with them. Because of this, RSA has rather slow encryption and decryption
speeds, making it impossible to encrypt large messages, especially on mobile devices. Instead, RSA is
commonly used for key exchange and digital signatures, where the actual data is encrypted using
symmetric encryption algorithms with shorter session keys.

Elliptic curve encryption is defined by the equation y*> = x> + ax + b, where a and b are constants,
and the curve is defined in a finite field. These curves are horizontally symmetrical. When displayed
on the x-axis, both sides are the same, as is the mirror image.

In addition, any non-vertical straight line drawn through an elliptical curve will always cross the
curve in no more than three places. In the example below, these points are shown as P, Q, and R (Fig.
2). The security of elliptic curve encryption is based on the complexity of solving the elliptic curve
discrete logarithm problem. If a point P on the curve and a scalar k are given, then it is difficult to
determine a point Q such that Q = kP.

Fig. 2 — The elliptic curve problem

However, in the case of factorization, quantum computers are able to crack these algorithms by
calculating the value of Q. The digital economy must make the transition to completely new security
algorithms. Lattice cryptography is based on the complexity of solving certain mathematical problems
related to lattices, which are regular infinite arrays of points in a multidimensional space. The main
idea is that finding the closest lattice point to a given point outside the lattice (the closest vector
problem, CVP), or finding the shortest non-zero vector in the lattice (the shortest vector problem, SVP),
turns out to be computationally very difficult given a sufficiently large lattice dimension. Cryptographic
schemes are built in such a way that breaking the cipher requires solving one of these tasks, which
means it provides protection with existing computing power.

Multivariate cryptography uses the complexity of solving systems of multidimensional
polynomial equations. The main point of this algorithm is to create a system of equations that is easy
to solve only by knowing the secret key. This method is the basis for digital encryption and document
signing. An attacker trying to carry out a hack is faced with the problem of solving a system where the
number of variables and the complexity of equations are purposefully chosen so as to exceed the
capabilities of modern computational methods. Multivariate cryptography is interesting because its
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durability is not based on the same mathematical principles as traditional algorithms, and it is
considered one of the promising algorithms for information security.

Thus, the first to switch to post-quantum algorithms should be carried out by government
agencies that protect state secrets, the defense sector, as well as the banking sector of the economy.
Medical and research organizations storing biometric data also need to be considered in the program
for the transition to a new level of data security. However, there are problems with hardware and
software compatibility, and large-scale infrastructure modernization, professional development,
development of new standards and protocols, as well as work in international cooperation are needed.
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3BOJIIOLMSI BECITPOBOJHBIX TEXHOJIOT'UI: OT WI-FI 10 6G

VYpanbCkuii TEXHUYECKUM MHCTUTYT cBsi3H U nHpopmaruku (humuan)DI'BOY BO «Cubupckuit
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KiroueBrle ciioBa: 6CCHpOBOI[HBIe TEXHOJIOTHUH, CBA3b, UHTCPHCT.

B nocnennue necaruneTusi 6ecipoBOIHBIE TEXHOJIOTUU CTAIM OAHUM U3 KIIIOYEBBIX (haKTOPOB
pa3BUTUS THPPOBON IKOHOMUKH M TpaHC(HOPMAIMA KOMMYHUKAIMOHHBIX CHCTEM. DBOJIOLHUS OT
nepBbIx ctanaapToB Wi-Fi 10 coBpeMeHHBIX MOOUIIBHBIX ceTell maToro mnokoseHus (5G) oTKpbIBaeT
HOBBIE BO3MOXKHOCTH [JIsl MHHOBAIIMM, MOBBIIICHUSI CKOPOCTH IEpeAadyd JAaHHBIX W PACIIUPEHUs
cheppl TpUMEHEHHUsT OecrpoBOMHOM cBsi3u. Pa3Burme TexHonorui, Takux kak Wi-Fi 6 u
MepcreKTUBHBIA 6G, MO3BOJSET CO3/1aBaTh OoJiee HAEKHBIC, OBICTPHIE M UHTEIUICKTYalbHBIC CETH,
CHocOOHBIE TOePKUBATH MaccoBOE BHeApeHue MuTepHera Beliei, yMHbIX TOPOJOB U aBTOHOMHBIX
CUCTeM. becnpoBOJHBIC TEXHOJOTHMH HE TOJBKO O0ECIeYUBAIOT YIAOOCTBO M MOOUIBLHOCTH
M0JIb30BaTeNC, HO M BIUSIOT HAa CTPYKTYpYy HMH(OPMALMOHHBIX MOTOKOB, apXUTEKTYpYy CeTed H
MOAXObl K YIPABJICHUIO JAHHBIMH. B YCIOBUSAX CTPEMUTEIBLHOTO TEXHOJIOTMYECKOTO IMporpecca u
r100anu3alnuy BOSHUKAET HEOOXOIUMOCTh aJIaliTallii 00pa30BaTENIbHBIX MPOrpaMM U HOBBIIICHHUS
KBATM(DHUKAIMK CIICIUAIACTOB, pabOTAIONIMX B O0JACTH TEICKOMMYHHKAIIMH W WH(OPMAIIMOHHBIX
TeXHOJoruil. B naHHOW cTaThe paccMaTpUBAaeTCs HCTOPUSI pa3BUTHsI OECIIPOBOAHBIX TEXHOJOTHUH,
KJIFOUEBBIE STallbl UX DBOJIOLMH M TEpCreKTuBbl BHeApeHus: 6G. Oco0oe BHUMaHHE YJEIsSeTCs
aHaAJIM3Y TEXHUUYECKUX XapaKTePUCTUK HOBBIX CTaHJAPTOB, BEI30BAM U BO3MOKHOCTSIM, KOTOPbIE OHH
OTKPBIBAIOT JIJIs 9KOHOMUKH U OOIIECTBA B 11€7I0M. Takke 00Cy>K1at0TCsl BOIPOCHI TOJITOTOBKHU KaJPOB
Y pOJIb MHHOBAIMI B 00€CTIeYeHNH YCTOMYUBOTO pa3BUTHsI LU(DPOBOK HHPPACTPYKTYPHIL.

A.A. Tokmakov, L.N. Evdakova
EVOLUTION OF WIRELESS TECHNOLOGIES: FROM WI-FI TO 6G

Ural Technical Institute of Communications and Informatics (branch)
FGBOU VO «Siberian State University of Telecommunications and Informatics» in
Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: wireless technologies, communication, Internet.

In recent decades, wireless technologies have become one of the key factors in the development
of the digital economy and the transformation of communication systems. The evolution from the first
Wi-Fi standards to today's fifth generation (5G) mobile networks opens new opportunities for
innovation, higher data rates and broader applications of wireless communications. Advances in
technologies such as Wi-Fi 6 and the promising 6G are enabling more reliable, faster and smarter
networks that can support the mass adoption of the Internet of Things, smart cities and autonomous
systems. Wireless technologies not only provide convenience and mobility to users, but also influence
the structure of information flows, network architecture, and data management approaches. In the
context of rapid technological progress and globalization, there is a need to adapt educational programs
and professional development of specialists working in the field of telecommunications and
information technology. This article reviews the history of wireless technologies development, key
stages of their evolution and prospects of 6G implementation. Special attention is paid to the analysis
of technical characteristics of new standards, challenges and opportunities they open for the economy
and society as a whole. The issues of personnel training and the role of innovation in ensuring
sustainable development of digital infrastructure are also discussed.
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[Iyte pa3BuTHa OECHpPOBOAHBIX CeTe Hawaics B KoHme XIX Beka ¢ HW300peTeHHs
paguotenerpada IlomoBa, KOTOpHI oOecTieunBa Mepeaady CUTHAJIOB Ha OONBIIME pAacCTOSHUS 0e3
MIPOBOJIOB, HO TOJIBKO B BUIE a30yku Mop3e. B Hayame XX Beka nmpoun3oruia neppasi paauoTPaHCISIUs
rojoca, 4To CTajao TeXHU4ecKoi peBoonneid. B 1920-x rogax MaccoBoe paciipoCTpaHEHUE MOy YHIIN
paauoceT, a mociie BTopoil MuUpoBOl BOIHBI pa3BUTHE YCKOPWIOCH Oyarojnapsi KOCMHUYECKUM
TexHonorusM. B 1980-x romax mosiIBUIIMCH TIEpBBIE CTaHAAPTHI MOOMIIbHOM cBsi3H 1G, a B 1997 rony
ObLT pa3paboran nepsseiid crangapT Wi-Fi 802.11, monoxuBimmii Hauano 0€CIpOBOIHBIM JIOKATLHBIM
cetsim. C tex mop Wi-Fi 1 MOOWIIBHEIE ceTH IBOONUOHUPOBAIH Yepe3 nmokosenus 2G, 3G, 4G u 5G,
3HAUUTENIBHO YBEJINYMBAs CKOPOCTh, HA/IEKHOCTh U BO3MOYKHOCTH CBsI3U. B HacTos1iee BpeMst BegyTcs
pa3pabotku 6G, KOTOpbIE 00CIIAIOT PEBOJIIOLIMOHHBIE U3MEHEHUSI B CKOPOCTH NEpeAayd JaHHBIX H
MHTErpaly UCKYyCCTBEHHOIO MHTEJUIEKTA JUIsl YIPABIEHUS CETSMHM.

M. I'TMHHUKOB OTMEYaeT, YTO pa3BUTHE OECHPOBOAHBIX JIOKAJIbHBIX ceTeil B Poccum moka
HAaXOJUTCs HA HAYaJIbHOM CTauy, HO NIEPCIIEKTUBBI CBA3AHBI C PACIIMPEHUEM UCIIOIb30BaHUS HOBBIX
YaCTOTHBIX JIMAINA30HOB, TakuX Kak 5 [T, KOTOpbIe MOTYT CTaTh KaTaIM3aTOPOM It OypHOTO pocTa
pbIHKa OecripoBogHOro jocryna. OH MOJYEPKUBACT, YTO IOSABICHHWE HOBBIX CBOOOJHBIX YacTOT
II03BOJIUT YBEJIUYUTH CKOPOCTb IIEPEIAUM JAHHBIX U YIYUIIUTh KAUE€CTBO CBSI3U, YTO B UTOTE CEPHE3HO
MIOJICTETHET Pa3BUTHE OECIIPOBOIHBIX TEXHOJIOTUI B CTpaHe.

Jlpyrue crienuaircTsl BEICISIOT, YTO JallbHEHIIee pa3BUTHE OECITPOBOIHBIX TEXHOJIOTHIA Oy 1eT
CBSI3aHO C BHEJJPEHUEM HOBBIX CTaHApTOB, TakUX Kak Wi-Fi 7 u 5G, kotopsle obecnieyaT 3HaUUTEIbHO
0oJ1ee BEICOKYIO IPOIYCKHYIO CIIOCOOHOCTh, HAJISKHOCTh U 0€30MaCHOCTh COSAMHEHU. DTO MO3BOJIHT
pacIIpUTh BO3MOKHOCTH JUIsl YMHBIX FOpozioB, IHTepHeTa Bemiel ¥ MpOMBIIUIEHHBIX TPUIIOKEHUH,
rze 0ecrpoBOJHBIE CETH CTaHYT OCHOBOH 1M (poBoil Tpanchopmaruu u Uamycrpun.

Taxkum 06pa3oM, MHEHHE SKCIEPTOB CBOAUTCS K TOMY, UTO OECIIPOBOAHBIE TEXHOJIOTUU UMEIOT
OTPOMHBIM MOTEHIMAN Ul Pa3BUTHS, OCOOCHHO IMpPH YCIOBUM PACIIMPEHHUS YaCTOTHOIO CIEKTpa,
MHTETpaluy ¢ HOBBIMM CTaHJApTaMM M aKTHMBHOM BHEIPEHUU B pa3iinyHble c(epbl SKOHOMHUKU U
ITIOBCETHEBHOM KU3HH.

B pabote E. Ky3HernoBoii ormeuaercs, 4To pa3BUTHE OECHPOBOJHBIX TEXHOJOTHH SBIISETCS
HEOTHhEMJIEMON 4YacThio IH(POBOH TpaHchopmanuu coBpeMeHHOro odmiectBa. [lo e€ MHeHHIO,
KJIIOYEBBIM (DAKTOPOM YCHELIHOI'O BHEIPEHUSI HOBBIX CTaHJIapTOB, TAKUX Kak 6G, cTaHEeT MHTErpaLus
HCKYCCTBEHHOI'O HMHTEJUIEKTa W MAIIMHHOrO OOy4YeHHUs s ONTHUMH3ALUU YIPaBIEHUS CETAMU U
obecrieyeHus: BbICOKON HajexxHocTH cBsi3u. E. Kys3HenoBa momuyepkuBaer, 4yto 6G OTKpOET HOBBIE
TOPU30HTHI JUISl NPUJIOKEHUA C KPUTHYECKM HH3KOM 3aJE€PKKOW M CBEPXBBICOKOM IPOITYCKHOU
CIOCOOHOCTBIO, UYTO TO3BOJIUT PEAIM30BaTh MPOEKThI B OOJIACTH TEJIEMEIUIMHBI, BUPTYAJIbHOW U
JIOTIOJIHEHHOM pealbHOCTH, a TakXe aBTOHOMHBIX TPAaHCHOPTHBIX cucteM. OHa Takke oOpaiaer
BHUMaHME Ha BaKHOCTh Pa3BUTHs HH(PACTPYKTYPHI U CTaHAAPTU3ALINY,

BecripoBoiHbIE cETH CTAHOBATCS BCEe 00Jie€ JTOCTYNMHBIMH M 3KOHOMMUYECKH BBITOJIHBIMH, UTO
CIOCOOCTBYET MX IIMPOKOMY BHEJIPEHHUIO B PA3IMUHBIX chepax — OT KOPHOPATUBHOIO CEKTOpa JI0
MPOMBIIITIEHHOCTH U VIHTepHeTa Bemield. DKCrepThl OTMEYAIOT, YTO COBPEMEHHBIE CTaHIapThl, TAKHE
kak Wi-Fi 6 u rexnonoruu LPWAN (nanpumep, LoRa u NB-IoT), o6ecnieunBaroT BEICOKYIO CKOPOCTb,
HAJEKHOCTb M 3HEprod((HEeKTUBHOCTh, YTO OTKPHIBAET HOBBIE BO3MOXHOCTH [UIsl LHU(PPOBOI
TpaHchopMallMd ¥ aBTOMaTu3aluM mpoueccoB [1]. Bmecte ¢ teMm, pazsutue 5G u Oynymero 6G
TpeOyeT 3HAUUTENbHBIX UHBECTUIMM U CTaHJapTU3allUU, a UX MAacCOBOE BHeApeHue Oy/eT 3aBUCETh
OT peajJbHbIX OM3HEC-MOTpeOHOCTEN M TOTOBHOCTH MH(pacTpyKTypbl. becnpoBoiHbIE TEXHOJIOTHH
TaK)Ke IOMOTalOT pellaTh aKTyaJbHbIE MPOOJIEMBbI, TAKHE KaK AePUINUT KaApOB, CHUXKAas TPyA03aTpaThl
Ha MOHTaX M 00CITy)KMBaHUE CUCTEM.

[Ipn anann3e MIFOCOB U MUHYCOB COBPEMEHHBIX CTaHAAPTOB 5SG M MepCcrneKTUBHBIX 6G BaXXHO
YUUTBIBaTh HE TOJBKO UX TEXHOJIOTMUECKHE BO3MOXKHOCTH, HO U CYILECTBYIOIINE OTPaHUYEHUS.

5G npuHeco 3HaYUTENbHBIH pOCT CKOpOCTU nepeaaun AaHHbIX (1o 10 ['Out/c), yBenuueHue
MPOMYCKHOM CIOCOOHOCTH M MUHUMAJIBHYIO 33JIePKKY, UTO TIO3BOJIMIIO Pa3BUBATH HOBBIE CEPBUCH —
OT YMHBIX TOPOJOB JI0 AaBTOHOMHOIO TpaHCHOPTA. TEXHONOTHs MOJAECPKUBAET MAacCOBOE
MOJIKJIIOYEHUE YCTPOHCTB U oOecreunBaeT 0osee HaJle)KHYIO CBsI3b JJaKe NP BBHICOKOM Harpyske Ha
ceTb. Bmecte ¢ Tem, BHenpeHue 5G TpeOyeT cepbe3HbIX MHBECTHLMNA B MHPPACTPYKTYPY, 3aKYIKY
HOBOT'0 000pPYJIOBaHUSI U MOJICPHU3AIMIO MPOLIECCOB, YTO OCOOEHHO CII0KHO JJIS1 MAJIOTO U CPETHETO
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ousHeca [2]. Kpome Toro, BeIcOKHE 4acTOThI SG MI0OX0 MPOXOAST CKBO3b MPETATCTBUSA, YTO IPHUBOIUT
K HEOOXOJMMOCTH YCTaHOBKHM OOJBIIOrO yHcia 0a30BBIX CTAaHUUH M aHTEHH, a TAKXKE BBI3BIBACT
BOIIPOCHI O TMOBOJY BHM3YaJIbHOTO 3arpsi3HEHUs TOpOJOB U 3HepromorpebieHus yctpoiictB. K
MHUHYCaM TaKXe OTHOCAT ObICTPBIN U3HOC aKKYMYJIITOPOB, IIOTEHIUAIBHBIE PUCKHU JIJIsI O€3011aCHOCTH
U KOHOUICHIMATBLHOCTU JAaHHBIX, a TaKXe HEJOCTAaTOYHO pa3BUTYI0 HHGPACTPYKTYpy B psie
PETHOHOB.

6G, 1o mporuo3am, o0ecrneuuT TepabuTHbIE CKOPOCTH Mepeiadul JaHHBIX, CYOMUILTUCEKYHAHYIO
3aJIep’)KKY U MaccoBO€ IMOJAKIIOUYEHUE YCTPOMCTB, YTO OTKPOET IyTh K HOBBIM IPHJIOKEHUSM — OT
rojorpa(uueckoro TEJENPUCYTCTBUSA O UHTErpaliid MCKYCCTBEHHOI'O WHTEIJICKTa B yIpaBICHHUE
cerssmu. K npenmyiectBam 6G OTHOCAT HE TOJIBKO CBEPXOBICTPYIO CBS3b U MTHOBEHHYIO HHTETPALIUIO
¢bu3nyecKkrx, MUPPOBBIX U YEIIOBEUECKUX CUCTEM, HO U CHH)KEHUE IHEPronoTpeOIeHus], MOBBIIICHHE
0€30MaCHOCTH M IPUBATHOCTH, @ TaKXe€ BO3MOXXHOCTb PabOThl B TEPareploBOM JAMANa30HE, YTO
paciupsieT 30Hy MOKPBITHS BIUIOTH IO MOJBOJHBIX M KOCMHUYECKHX 00bekToB. OmHako 6G Takxke
CTAJIKMBAETCS C PSAAOM TEXHUYECKHUX CIIO)KHOCTEH: BBICOKME NTOTEPU CUTHAJIA IIPU PacpOCTPAaHEHUU
PaZMOBOJIH, MOJIEKYJISIPHOE IOTJIONIEHUE, CIOXHOCTh almaparypbl U OTCYTCTBHUE YHUBEPCAJIbHBIX
CTaHJApTOB Ha OJTane BHeApeHus. Passutne 6G morpeOyer emie OONBIIUX BIOXKEHUH B
UH(PaACTPYKTYpy U Hay4yHbIE HCCIEAOBaHUs, a TaKKe PELICHUS HOBBIX 3a]a4 MO CTaHAAPTU3ALUU U
COBMECTHMOCTH 000pYIOBaHUSI.
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AJITOPUTMU3ALNUA U PABPABOTKA BEB-UHCTPYMEHTA JIA
IMPOI'HO3NPOBAHMSA COLHUAJIBHO-O9KOHOMMNYECKHUX U OBPA3OBATEJIBHBIX
IMPOLOECCOB

VYpanbckuii penepanbHbId yHUBEpCUTET, T. ExatepunOypr, Poccus

KiroueBrie cnosa: IMPOIrHO3UPOBAHUC, BC6-I/IHCTp}IMeHT, MOACIUPOBAHHUE COLHMAJIBHO-
O9KOHOMHYCCKHX ITPOLECCCOB, O6pa30BaTeJILHBIC nponecChbl, MAIMMHHOC OGy‘ICHI/IC

B crarpe mpeacraBineHa MoayabHas aNropuTMUUeckas miargopma, peaan3oBaHHas B popmare
BEO-NPUIIOKEHUS, TIPeHA3HAUYEHHAS JIJIsl IPOTHO3UPOBAHUS KIIFOUEBBIX COLIMATbHO-3KOHOMUYECKUX U
oOpa3oBarenbHbIX Moka3areneil. CucreMa codeTaeT STambl HNPeABAPUTEIBHON 00pabOTKU JAHHBIX,
oOydeHHE HECKOJbKHMX MoOjelied, BKiIrouas juHelHyro perpeccuto, ARIMA, Random Forest u
XGBoost, a Takyke THTYUTUBHO MOHATHBIA HHTep(deiic Ha 6aze Flask u Streamlit. [Tons3oBarenu 6e3
HABBIKOB IMPOTrPAMMUPOBAHUSI MOTYT 3arpykaThb pervoHajibHble HAOOPHl JAAHHBIX, BBHIOMpATh MU
AaBTOMATHUYECKU ONPEACIATh HauOosee MOAXOASIINN aJTOPUTM M TOJYy4aTh Pe3yJbTaThl B BHUJE
WHTEPAKTUBHBIX TpadukoB M TaOMMuyHBIX OTY€TOB. Ha mpumepe aHanmm3a JOecsATH JE€T JAaHHBIX IO
YHCICHHOCTH y4aumxcst CBEpUIOBCKOM 00JacTh MOKa3aHo, 4To miardopma 00ecreunBaeT TOUHOCTb
nporHo3oB ¢ RMSE wmenee 3 % u xosddunuentom aerepmunanuu R? csoime 0,95. [lo oT3piBam
MUWIOTHBIX TOJb30BaTesaei, (PyHKIMOHAN CIEHApHOTO aHaju3a W BU3yaJM3allUd CYyIECTBEHHO
oOnerdaer npuHATHE 000CHOBAHHBIX pelleHul B cepe 00pa30oBaTeIbHOrO IIAHUPOBAHHUS.

Sidi Ould Hmeida Mohamed Cheikh, Meissa Youssef, A.A. Tarasyev

ALGORITHMIC FRAMEWORK AND WEB-BASED TOOL FOR FORECASTING
SOCIO-ECONOMIC AND EDUCATIONAL PROCESSES

Ural Federal University, Yekaterinburg, Russia
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This paper introduces a modular algorithmic framework implemented as a web application for
forecasting key socio-economic and educational indicators. The system integrates data preprocessing,
training of multiple predictive models—including linear regression, ARIMA, Random Forest, and
XGBoost—and an intuitive interface built with Flask and Streamlit. Users without programming
expertise can upload regional datasets, select or automatically determine the optimal algorithm, and
obtain results through interactive charts and tabular reports. A case study using ten years of student
enrollment data from Sverdlovsk Oblast demonstrates high forecast accuracy, with an RMSE below 3
% and an R? above 0.95. Pilot user feedback confirms that the scenario-analysis and visualization
capabilities greatly facilitate evidence-based decision-making in educational planning.

1. Introduction

Accurate forecasting of socio-economic and educational processes has become indispensable for
effective public administration and institutional governance. As demographic shifts, technological
advances, and evolving labor market demands reshape societies, educational systems require forward-
looking tools to guide policy decisions, allocate resources, and anticipate future skill gaps. Traditional
approaches, such as linear regression and ARIMA, have long been used to model time series in these
domains; however, their reliance on linear assumptions often limits their ability to capture complex,
multivariate relationships and nonlinear trends that characterize real-world data [1].

Recent developments in machine learning have significantly enhanced forecasting capabilities.
Ensemble methods like Random Forest regression provide robustness against overfitting and adeptly
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model interactions among multiple predictors, while gradient boosting frameworks such as XGBoost
excel at handling large, heterogeneous datasets with high predictive accuracy [2][3]. Neural network
architectures further extend these advantages by learning intricate patterns, though they may require
more extensive tuning and computational resources.

Despite these algorithmic advances, a persistent barrier remains: most sophisticated forecasting
tools are confined to coding environments and demand specialized expertise, restricting their use by
policymakers, educational administrators, and regional planners. To bridge this gap, the present study
introduces a modular, algorithmically driven forecasting framework wrapped within a user-friendly
web application. This platform enables non-technical users to upload regional datasets, select or
automatically determine the most suitable model, and visualize forecasts through interactive
dashboards. By democratizing access to advanced predictive methods, the system supports data-
informed decision-making across multiple levels of educational and socio-economic planning.

The system architecture, depicted in Fig. 1, illustrates the flow of information from data ingestion
through preprocessing, model execution, database storage, and front-end visualization. Each
component is designed for scalability and interoperability, allowing the platform to adapt to varied
regional contexts and forecasting scenarios. The remainder of this paper details the methodological
foundations, implementation strategy, and a case study demonstrating the tool’s effectiveness in
forecasting school enrollment trends in the Sverdlovsk region of Russia.

Fig. 1 System Architecture of the Web-Based Forecasting Tool

odeling Engine \Web Server Visualization

DL ErEE A chine Learning) ask/Streamlit) & Dashboard

Database
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Fig. 1.— System Architecture of the Web-Based Forecasting Tool

2. Methodological Approach

The methodological core of this study comprises three integrated stages: data acquisition and
preprocessing, algorithmic modeling, and web application development. These stages collectively
ensure that advanced forecasting methods are both analytically rigorous and practically accessible.

Data for the forecasting engine were sourced from the Russian Federal State Statistics Service
(Rosstat) and the Ministry of Education, encompassing annual records from 2012 to 2022 on variables
such as total student enrollment, number of schools, teacher counts, graduation rates, regional GDP,
and youth unemployment rates. Initial preprocessing involved the imputation of missing values,
standardization of numerical scales, and transformation of categorical attributes into numerical
encodings. Following best practices in time-series feature engineering, derived metrics—such as year-
over-year growth rates and student-to-teacher ratios—were created to enhance model sensitivity to
structural changes [4].

The system incorporates multiple forecasting algorithms to balance interpretability and
predictive power. Linear regression serves as a transparent baseline, allowing stakeholders to
understand variable contributions explicitly. For univariate temporal trends, the ARIMA model was
implemented using the Box—Jenkins methodology, which effectively captures autocorrelation and
seasonal effects [5]. To address nonlinearities and multivariate dependencies, Random Forest
regression—known for its ensemble averaging and robustness—and XGBoost—recognized for
efficient gradient boosting—were employed. Each model was trained on historical data and evaluated
using time-aware cross-validation to prevent lookahead bias. Model performance was assessed through

166



root mean squared error (RMSE), mean absolute error (MAE), and R-squared metrics, ensuring
comprehensive evaluation of both error magnitude and explanatory power.

The forecasting engine was encapsulated in a Python-based backend powered by Flask, exposing
RESTful endpoints for data upload, model training, and prediction retrieval. The machine learning
workflows utilized Scikit-learn for regression tasks, Statsmodels for ARIMA, and XGBoost’s Python
API for gradient boosting. A PostgreSQL database managed data storage and prediction archives, while
the frontend interface—built with Streamlit—rendered interactive dashboards, data upload widgets,
and visualization components. This architecture allows users to interactively select models, view real-
time performance metrics, and download forecast results without any programming effort.

File Upload Model Forecast

Panel Selection Visualization

Fig. 2.— User Interface of the Forecasting Tool

With this methodological framework in place, the next section presents a case study applying the
tool to forecast educational enrollment in Sverdlovsk Oblast, evaluating both predictive accuracy and
user experience.

3. Case Study: Forecasting Educational Enrollment in Sverdlovsk Oblast

To demonstrate the practical utility of the proposed tool, we conducted a case study on annual
school enrollment data from Sverdlovsk Oblast covering the period 2012-2022. These data were
obtained from Rosstat’s regional education statistics and supplemented by Ministry of Education
reports on teacher counts and graduation rates [6]. Following the preprocessing steps described earlier,
the dataset included derived features such as year-over-year enrollment growth and student-to-teacher
ratios, which have been shown to improve forecast accuracy in educational time-series modeling [7].

The forecasting pipeline ingested the cleaned dataset and automatically evaluated four candidate
models—Ilinear regression, ARIMA, Random Forest, and XGBoost—using a rolling-origin validation
approach. This method trains models on data up to year ¢ and tests on ¢ + I, thereby preserving the
temporal order and preventing information leakage [8]. Across ten rolling folds, ensemble methods
outperformed classical models, with Random Forest yielding the lowest average RMSE of 2.8%

relative to actual enrollment figures.
Fig. 3 Forecasted vs. Actual Enrollment (2012-2025)
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Fig. 3.— Forecast vs. Actual Enrollment (2012-2025)
Upon selecting Random Forest as the optimal algorithm, the tool generated point forecasts and
95% prediction intervals for the next three years. These projections indicated a modest increase in
enrollment, consistent with demographic projections published by the regional planning department
[9]. The ability to overlay multiple scenarios—such as varying assumptions about migration or funding
changes—within the same dashboard proved particularly valuable for end users seeking to explore
“what-if” analyses without programming effort.
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Variable Mean Median Min Max
Enrollment (000s) 122.3 120.0 100.0 140.0
Teachers (000s) 5.1 5.0 4.5 5.6
Schools 552.0 550.0 530.0 575.0
Graduation Rate (%) 86.2 86.0 80.0 90.0
Regional GDP (billions RUB) 1520.0 1520.0 1400.0 1600.0

Table 1. — Summary Statistics and Forecast Accuracy

Feedback from a pilot group of ten regional education officials confirmed that the tool’s interface
and visualizations facilitated rapid interpretation of complex model outputs. Participants highlighted
that the scenario-testing feature enabled them to compare alternative policy options in real time, a
capability seldom available in traditional spreadsheet-based workflows.

4. Results and Discussion

The case study results underscore both the analytical strength and practical usability of the web-
based forecasting system. Quantitatively, the Random Forest model achieved an R? of 0.96, indicating
that over 95% of enrollment variance was explained by the model across the test period. This level of
accuracy aligns with recent studies in educational data mining, which report R? values between 0.90
and 0.98 when employing ensemble methods on similar datasets [10].

Qualitatively, the system’s design addresses key limitations identified in earlier implementations
of forecasting tools in the public sector. By abstracting away code-level details and presenting results
through an intuitive dashboard, the platform democratizes access to sophisticated predictive analytics.
Users without statistical training were able to generate forecasts, review performance metrics, and
adjust model parameters simply by interacting with graphical controls. This ease of use contrasts
sharply with conventional practice, where policy analysts must rely on data scientists or IT specialists
to produce even basic trend estimates.

Nevertheless, the study also revealed areas for further enhancement. The tool currently requires
manual uploading of CSV files, which may disrupt real-time monitoring in rapidly changing contexts.
Integrating live data streams via APIs—such as the Federal Open Data portal—would ensure that
forecasts are always based on the most recent information [11]. Moreover, while the system
successfully handled regional-level data, scaling to national forecasts may necessitate optimizing
database queries and parallelizing model training to maintain responsiveness.

In summary, the case study demonstrates that embedding advanced machine learning models
within a user-friendly web application can substantially improve both the accuracy and accessibility of
socio-economic and educational forecasting. The next section presents concluding remarks and
outlines directions for future work.

5. Conclusion

This study has presented a comprehensive, modular framework for forecasting socio-economic
and educational processes, integrating advanced machine learning models within a user-friendly web
application. By sourcing longitudinal data from Rosstat and the Ministry of Education and enriching it
through careful preprocessing and feature engineering, the system was able to harness both classical
and ensemble forecasting techniques—specifically linear regression, ARIMA, Random Forest, and
XGBoost—to produce accurate, interpretable projections of school enrollment trends.

The case study on Sverdlovsk Oblast demonstrated the tool’s capacity to select the optimal model
automatically and deliver forecasts with high precision, achieving an R? of 0.96 and an RMSE of less
than 3% relative to actual values. User feedback confirmed that the interactive dashboards and
scenario-testing capabilities greatly enhance decision-making, enabling policymakers and educational
administrators to explore “what-if”’ scenarios without programming expertise.

Despite these successes, the current implementation relies on manual data uploads and is
optimized for regional datasets. Future work will focus on integrating live data streams via open data
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APIs, extending the system to support national-level forecasting, and enhancing computational
efficiency for large-scale applications. Incorporating additional models, such as recurrent neural
networks for sequential data and Bayesian approaches for uncertainty quantification, could further
improve predictive performance and user trust.

By democratizing access to sophisticated forecasting methods through a web-based interface,
this work contributes to the field of digital governance and organizational systems management,
offering a scalable solution for evidence-based planning in the education sector and beyond.
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HUHTEJJVIEKTYAJIBHAS BEB-IIJIAT®OPMA JJISAA ITPOI'HO3UPOBAHUA
OBPA3BOBATEJIbHOM JTUHAMHUKHU B PETUOHAX POCCHUHA
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KiroueBbie ciioBa: HMHTEIUIGKTyallbHas IUIaTGOpMa; IMPOrHO3UPOBaHKE; O0Opa3oBaTeibHas
JTMHAMUKA; BEO-UHCTPYMEHT; KOTHUTUBHBIC TEXHOJIOTHU

B crarbe mpencraBieHa pa3paboTka HHTEIUIEKTYaJIbHOW BeO-1IaropMbl, OOBEIUHSIONICH
KOTHUTUBHBIC METOJAbI U MAIIIMHHOC OGy‘-IGHI/Ie UL aHalin3da U NpOTrHO3UPOBAHUA O6pa3OBaTeHBHBIX
TPEHJIOB HAa pernoHajgbHOM ypoBHe Poccuu. Cucrema ucmonb3yer cOOp W arperaiui OTKPBITHIX
JaHHBbIX, 06pa60TKy CCTCCTBCHHOI'O A3bIKa JII AQHHOTUPOBAHHA HOPMATHUBHBLIX HOOKYMCHTOB H
BU3YaITM3aIMIO PE3yJIbTaTOB Yepe3 HHTEPAKTHBHBIC naniOopabl. [IMI0THOE TeCTHpOBaHUE HA TaHHBIX
CeepmioBckoit oomactu (2010-2022) moaTBepAUIIO BRICOKYIO TOUHOCTH Mojeneid (R? = 0,93-0,97) u
MOJIOXKUTENIBHBIC  OT3bIBBI  IOJIb30BAaTENIed O THOKOCTH CIeHapHOro aHamusa. [lmardopma
npeHa3HaYeHa Il UCIOJIb30BAHUSI OpraHaMU yNpaBlIeHUs 00pa30BaHHEM U HMCCIIEI0BATEIbCKUMHU
LEHTPaMH.
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This paper describes the development of an intelligent web platform that integrates cognitive
computing and machine learning to analyze and forecast educational trends at the regional level in
Russia. The system aggregates open datasets, applies natural language processing to annotate policy
documents, and presents results via interactive dashboards. Pilot testing on Sverdlovsk Oblast data
(2010-2022) demonstrated high model accuracy (R? = 0.93-0.97) and user approval for flexible
scenario analysis. The platform is intended for educational authorities and research institutions.

1. Introduction

Educational policy and planning at the regional level require tools capable of synthesizing
heterogeneous data sources and capturing the effects of policy changes, demographic shifts, and
economic fluctuations on learning outcomes. Traditional forecasting systems for education often rely
solely on structured statistical inputs and fail to account for qualitative factors embedded in policy
documents, stakeholder reports, and research literature. Recent advances in cognitive computing,
particularly natural language processing (NLP), offer new opportunities for enriching quantitative
models with semantic insights extracted from unstructured text [1]. By combining NLP with machine
learning, it is possible to build forecasting platforms that both quantify historical trends and interpret
evolving educational policies.

In Russia, regional educational authorities publish annual reports, strategic roadmaps, and
normative acts that contain prognostic statements and performance targets. However, manually
extracting relevant indicators from these documents is time-consuming and prone to oversight. An
intelligent web platform can automate this extraction, tagging key policy measures—such as class size
regulations, teacher qualification requirements, and funding allocations—and integrating them as
explanatory variables in predictive models. Research in educational data mining has shown that
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enriching numerical datasets with text-derived features improves forecast accuracy and supports
scenario testing in real-time [2].

This paper presents the architecture and implementation of such a platform. It ingests structured
data from Rosstat and the Ministry of Education alongside unstructured text from regional policy
documents. The NLP component uses topic modeling and named-entity recognition to annotate policy
measures, while the machine learning core employs ensemble methods (Random Forest, XGBoost) to
forecast enrollment, graduation rates, and resource needs. An interactive dashboard built with Streamlit
allows users to adjust policy parameters—such as proposed budget increases or revised teacher—student
ratios—and immediately observe the projected impacts on educational indicators.

Pilot deployment in Sverdlovsk Oblast (2010-2022) demonstrated that the inclusion of text-
derived features raised model R? from 0.88 (using only numerical data) to between 0.93 and 0.97,
depending on the target variable. User testing with regional administrators confirmed that the
platform’s scenario-analysis tools enhanced understanding of policy levers and facilitated stakeholder
discussions. The following sections detail the system design (Section 2), the NLP and forecasting
methodologies (Section 3), the case study results (Section 4), and conclusions with recommendations
for scaling and integration (Section 5).

2. System Design and Data Integration

The architecture of the intelligent web platform is founded on a dual-pipeline approach that
ingests both structured statistical data and unstructured policy documents, merging them into a unified
forecasting environment. Structured inputs—such as annual enrollment figures, graduation rates, and
teacher counts—are obtained via API calls to Rosstat and the Ministry of Education’s open data portals.
Unstructured sources, including regional strategic roadmaps, normative acts, and annual reports, are
harvested through automated web crawlers and converted into a standardized text corpus. During
ingestion, documents are timestamped and tagged with metadata (e.g., issuing body, document type),
ensuring that temporal context is preserved when features are extracted.

Once collected, structured data undergo a series of preprocessing steps, beginning with
consistency checks on units and formats, followed by imputation of missing values using time-series
interpolation. Categorical variables—such as school type or funding categories—are encoded using
one-hot schemes to facilitate model consumption. Concurrently, the text corpus is processed through a
natural language pipeline that includes tokenization, lemmatization, and stop-word removal, as
recommended in educational text analytics literature [3]. The cleaned text is then subjected to topic
modeling via Latent Dirichlet Allocation (LDA) to uncover prevalent themes within policy documents,
while named-entity recognition (NER) identifies references to budget allocations, class size
regulations, and teacher qualification standards. These extracted indicators are quantified and appended
as time-aligned explanatory variables to the structured dataset.

The integrated dataset, combining numerical and text-derived features, is stored in a relational
database schema designed for fast retrieval. The platform’s backend, implemented in Python and
interfacing with PostgreSQL, provides RESTful endpoints for both data querying and forecast
execution. An orchestration layer coordinates batch updates of new documents and scheduled
retraining of models, allowing the system to incorporate fresh policy measures and statistical releases
automatically. Figure 1 illustrates this dual-pipeline architecture, showing data flow from source
acquisition and text processing through to feature fusion and model-ready storage.
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Fig.1 Dual-Pipeline System Architecture
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Fig. 1. — Dual-Pipeline System Architecture

3. NLP and Forecasting Methodologies

At the core of the platform lies a hybrid modeling approach that leverages both machine learning
and cognitive computing techniques. The NLP component transforms policy text into quantitative
features by applying LDA to identify latent topics—such as “funding increases,” “infrastructure
development,” or “teacher training programs”—and scoring each document by topic prevalence. NER
further extracts numeric values, for example, percent changes in budget lines or mandated class size
limits, which are normalized and aligned to the corresponding academic year. Empirical studies have
demonstrated that enriching time-series datasets with such semantic indicators can improve forecast
accuracy by up to 10 percent [4].

The forecasting module then ingests this enriched dataset, combining traditional predictors with
text-derived variables. A Random Forest regressor is selected as the primary algorithm due to its
capacity to model complex interactions without extensive parameter tuning [2]. In parallel, an
XGBoost model is trained to capture subtle nonlinearities in the expanded feature space. Both models
are evaluated using a rolling-window cross-validation scheme to preserve the temporal ordering of
observations and to prevent information leakage [5]. Key performance metrics—root mean squared
error (RMSE), mean absolute percentage error (MAPE), and the coefficient of determination (R?)—
are computed for each model variant, with and without text features, to quantify the contribution of the
cognitive layer.

The system also automates hyperparameter optimization through randomized search, enabling
regular updates to the model as new data arrive. Forecast outputs include point estimates and 95 percent
prediction intervals, which are stored in the database and surfaced via the web interface. Users can
activate a scenario-analysis mode, adjusting input values for policy measures—such as increasing per-
student funding or reducing maximum class sizes—and immediately observing the projected impact
on enrollment and graduation rates. Figure 2 provides a wireframe of this interactive dashboard, while
Table 2 compares model performance with and without the inclusion of text-derived features.

Fig. 2 Scenario-Analysis Dashboard Wireframe
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| Scenario Comparison

Fig. 2. — Scenario-Analysis Dashboard Wireframe
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Model Feature Set RMSE (%) | MAPE (%) | R?
Random Forest Numerical only 4.2 5.4 0.88
Random Forest + Text features 2.9 3.1 0.95
XGBoost Numerical only 4.8 5.8 0.87
XGBoost + Text features 33 3.5 0.93

Table 1. — Model Performance With vs. Without Text Features

In summary, by merging cognitive text analysis with ensemble forecasting, the platform oftfers a
novel tool that not only predicts educational trends with high accuracy but also contextualizes them
within the framework of evolving policy measures, thereby supporting more informed and transparent
decision-making.

4. Pilot Deployment and Experimental Results

A pilot deployment of the intelligent web platform was conducted with educational authorities in
Sverdlovsk Oblast to assess both predictive performance and usability under real-world conditions.
The platform was populated with structured data from 2010 through 2022, including student enrollment
figures, teacher counts, graduation rates, and regional GDP, alongside a corpus of ten years’ worth of
policy documents. During the pilot, regional administrators used the dashboard to generate forecasts
for enrollment and graduation rates under varying policy scenarios, such as a 10 % increase in per-
student funding or a reduction in maximum class size by two students per classroom.

Quantitative evaluation showed that the inclusion of NLP-derived features improved forecast
accuracy substantially. For example, the Random Forest model trained on numerical data alone
achieved an R* of 0.88 and an RMSE of 4.2 %, whereas the same model augmented with topic
prevalence scores and extracted policy variables reached an R? of 0.95 and an RMSE of 2.9 % [4][5].
Similar gains were observed with XGBoost, where MAPE decreased from 5.4 % to 3.1 % when text
features were incorporated. These results confirm that semantic information extracted from
unstructured policy texts provides significant explanatory power beyond traditional statistical inputs.

Feedback from ten pilot users indicated high satisfaction with the platform’s interactive features.
Participants reported that the scenario-analysis sliders, which allow adjustments to key policy levers,
enabled them to explore “what-if” questions rapidly and collaboratively in stakeholder meetings.
Several officials noted that the ability to visualize the projected impact of proposed budget changes on
both enrollment and graduation rates facilitated more transparent discussions with regional legislators
and school administrators. Some users suggested extending the platform to include forecasting of
vocational training enrollment and to integrate geospatial visualizations for sub-regional analysis.

Despite these successes, pilot participants also identified areas for improvement. Real-time
synchronization with live data sources—rather than periodic manual updates—was deemed a high
priority, as was the ability to export model outputs in formats compatible with existing regional
reporting systems. Additionally, users expressed interest in a mobile-friendly version of the dashboard
to support on-the-go consultations.

5. Conclusion and Future Work

This paper has described the design, implementation, and pilot evaluation of an intelligent web
platform that integrates cognitive computing and machine learning to forecast educational trends at the
regional level. By combining structured statistical inputs with semantic features derived from policy
documents, the system achieves higher predictive accuracy than models based solely on numerical
data. Pilot results in Sverdlovsk Oblast demonstrated an R? improvement from 0.88 to 0.95 and a
substantial reduction in RMSE and MAPE, validating the added value of the cognitive layer.

The platform’s user-friendly dashboard facilitates non-technical stakeholders in exploring
multiple policy scenarios, promoting evidence-based decision-making and enhancing transparency in
educational planning. Feedback from regional administrators has guided a roadmap for future
enhancements, including live data integration, mobile support, and expanded forecasting domains such
as vocational and adult education.
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Future work will focus on automating data ingestion via open-data APIs, extending the NLP
pipeline to handle multimedia policy content (e.g., video transcripts), and implementing geospatial
forecasting capabilities. Additionally, we plan to conduct a broader multi-regional study to validate the
platform’s scalability and to refine the NLP feature extraction for diverse linguistic and policy contexts.
Ultimately, this work contributes a replicable template for digital governance tools that bridge
theoretical advances in forecasting with practical policy-making needs.
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KOITHUTUBHOE MOJIEJIMPOBAHUE U TIPOEKTUPOBAHUE UHTEP®EMNCA
CHUCTEMBI MTPOrTHO3HOM NOJAEPKKHU COLIMATIBHO-9KOHOMUYECKHX
PEILIEHU
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KiroueBble cil0oBa: KOTHMTUBHOE MOJAECIUPOBAaHUE; IPOTHO3HAS AHANUTHKA; IIOAJEPIKKA
MIPUHATHUS PEIICHUI; YeTOBeK-MallIMHHBIA HHTEpQeiic; BU3yaabHas aHAIUTHKA

B paborte mnpemioxkeH KOHIENTYaldbHBI W TMPOrPAaMMHBIM KapKac CHCTEMBl MPOTHO3HOM
MOAJICP/KKH COLIMATbHO-OKOHOMHUYECKUX PEIICHUH, OCHOBAaHHBI HA KOTHUTUBHOM MOJICTTMPOBAHUM U
OPUEHTUPOBAHHBIM HAa HMHTETPALUIO C TMOJIH30BATCILCKUMU HHTEpQEiicaMi HOBOTO ITOKOJICHHUSI.
KorautuBHBIE KapThl TPUMEHSIOTCS 111 (hOpPMaTTA3aIUU SKCTIEPTHBIX IPEICTABIICHUN O B3aMMOCBSI3SIX
MEXIy SKOHOMHUYECKHMMH U COIMAJIbHBIMU HWHIMKATOPAMHU, a QJITOPUTMbI MAIIUHHOTO OOydYeHHUS
YTOYHSIOT ¥ KaJuOpyIOT BeCOBbIE KOX(PQPHUIIMEHTHI Ha OCHOBE HCTOPUYECKUX JaHHBIX. [IpoekT
uHTepdeiica mpeaycMaTpruBaeT BU3YAIH3AIMIO CIICHAPUEB, HHTEPAKTUBHOE W3MEHEHUE MapaMeTpoOB
MOJIEIM W MTHOBEHHOE OOHOBJIICHME TPOrHO30B. [IWJIOTHOE WCClieOBaHWE Ha JaHHBIX
MyHununanurera Cepanockoir obmactu (2010-2022) mokasano, 4TO0 COBMEIICHHE KOTHUTHBHBIX
KapT C rpaJueHTHBIM OYyCTUHIOM CHIKAeT CPETHEKBAIPATUUYHYIO OIIMOKY MPOTrHO30B Ha 18 % 1Mo
CPaBHEHUIO C TPAAUIIMOHHBIMU PETPECCHOHHBIMU METOJIAMHU.
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This paper proposes a conceptual and software framework for a decision-support system that
combines cognitive modeling with modern interface design to deliver predictive insights for socio-
economic planning. Cognitive maps formalize expert knowledge on interdependencies among social
and economic indicators, while machine-learning algorithms calibrate map weights using historical
data. The interface design emphasizes scenario visualization, allowing users to manipulate model
parameters and receive real-time forecast updates. A pilot study on a municipal dataset from Sverdlovsk
Oblast (2010-2022) shows that integrating cognitive maps with gradient boosting reduces root-mean-
square forecasting error by 18 % compared with traditional regression approaches.

1. Introduction

Effective socio-economic governance increasingly relies on decision-support systems that blend
quantitative rigor with human interpretability. Traditional econometric models, while valuable for trend
estimation, often struggle to represent the nuanced causal beliefs held by domain experts, particularly
when those beliefs involve feedback loops or intangible social factors [1]. Cognitive modeling—
specifically the use of cognitive maps—addresses this gap by encoding expert assumptions as directed
graphs whose edges capture hypothesized causal influence and whose weights reflect perceived
magnitude [2]. When such maps are calibrated against empirical data via machine-learning techniques,
they offer a hybrid forecasting engine that retains explanatory transparency while achieving
competitive predictive accuracy.

Concurrently, advances in human—computer interaction research demonstrate that decision
quality improves when users can iteratively explore scenarios in visually intuitive environments [3].
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Interfaces that allow policy makers to adjust model parameters and immediately observe projected
outcomes foster a deeper understanding of system dynamics and increase trust in algorithmic
recommendations. Yet many existing analytical dashboards expose only black-box outputs, limiting
stakeholders to passive consumption of forecasts without insight into underlying causal structures.

The present study unites these two research streams. We introduce a cognitive-map-based
forecasting workflow enhanced by gradient-boosting calibration and embed it within a user-centred
interface that supports scenario exploration. Figure 1 outlines the proposed architecture: expert-elicited
cognitive maps feed an analytics core that combines structural causal weights with data-driven
adjustments, while the interface layer renders interactive diagrams and projection charts. A municipal-
level case study illustrates the approach, demonstrating performance gains and qualitative benefits in
policy workshops.

Fig. 1 Architecture Linking Cognitive Maps, ML Calibration, and Interface
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Fig. 1.— Architecture linking cognitive maps, machine-learning calibration, and
interactive interface

The remainder of the article is organised as follows. Section 2 details the elicitation of cognitive
maps and the machine-learning procedure for weight calibration. Section 3 describes the interface
design principles and implementation. Section 4 presents experimental results from the pilot
deployment, including quantitative accuracy metrics and user feedback. Section 5 concludes with
implications for large-scale adoption and future research directions.

2. Cognitive-Map Construction and Calibration Methodology

The development of the forecasting core commences with the elicitation of expert knowledge in
the form of a cognitive map. Domain specialists from the municipal planning department were invited
to articulate perceived causal links among key socio-economic indicators, including average household
income, unemployment, secondary-school enrolment, migration balance, and municipal investment
expenditure. Each relationship was expressed qualitatively—either positive or negative—and assigned
an initial strength on a five-point scale. These inputs were transcribed into an adjacency matrix,
effectively creating a directed, weighted graph that encodes the collective mental model of local
decision-makers [4].

Although expert judgments provide valuable structure, raw weights often deviate from empirical
signal strengths. To reconcile subjective beliefs with historical evidence, we employed a two-step
calibration. First, the cognitive map was simulated in a linear state-space form to generate baseline
forecasts of each indicator. Second, residual errors between baseline projections and observed values
(2010-2018) served as training data for a gradient-boosting regressor, which learned corrective
functions for each node while preserving the original graph topology. This hybrid calibration aligns
with recent research showing that boosting methods can refine causal-graph weights without eroding
interpretability [5].

Formally, let A denote the n x n adjacency matrix of expert weights and x; the state vector of
indicators at time ¢. The baseline forecast follows x¢1 = 6(A - X,), where o(+) is a bounded activation
function ensuring numerical stability. The gradient-boosting component then estimates an additive
correction g(x;) such that the final prediction becomes X¢1 = 6(A - x;) + g(Xy).
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Formula 1 Baseline Cognitive-Map Propagation

Xt+1 = O(AX;)

Formula 1. — Hybrid cognitive-map forecast with boosting correction

Calibration employed a rolling-window approach with a three-year training horizon and one-year
test horizon to respect temporal causality. Performance was assessed via root-mean-square error
(RMSE) and symmetric mean absolute percentage error (SMAPE). Across all indicators, the hybrid
model reduced RMSE by an average of 18 % relative to an ordinary least-squares benchmark and by
12 % relative to a pure gradient-boosting model lacking explicit causal structure. These findings
corroborate earlier claims that combining expert graphs with data-driven refinement yields superior
generalisation, especially under regime shifts where historical patterns alone may mislead forecasts

[6].

Model Variant RMSE (%) sMAPE (%)
Expert cognitive map (uncalibrated) 6.9 6.5
Gradient-boosting only (no causal map) 53 5.0
Hybrid cognitive map + boosting 4.7 4.2

Table 1. - RMSE and SsMAPE for baseline, boosting-only, and hybrid models

3. Interface Design and Visual Analytics

Translating analytical power into actionable insight demands an interface that exposes model
logic while remaining approachable for non-technical officials. The system prototype was implemented
as a single-page web application using the React framework and D3-based visual components. At its
core lies a dynamic cognitive-map canvas where nodes represent indicators and edge thickness conveys
calibrated influence weights; hovering over an edge reveals historical error profiles, thereby linking
qualitative intuition with quantitative validation [7].

Adjacent to the map, a scenario panel allows users to modify indicator values or edge weights by
direct manipulation. For example, planners can raise anticipated investment expenditure by two
percentage points, triggering an immediate recomputation of downstream variables through the hybrid
model. Resulting trajectories are plotted in an overlaid time-series chart, with colour-coded confidence
bands derived from ensemble variance. Usability testing with twelve municipal staff indicated that such
immediate feedback fostered deeper engagement and more nuanced policy discussions than traditional
static reports.

The interface further incorporates an explainability module that decomposes forecast changes
into contributions from individual causal paths. Adapted from Shapley value principles, this
decomposition helps users trace how a policy lever—say, increased teacher training funds—propagates
through the map to affect unemployment or migration. Consistent with cognitive-fit theory in
information systems research, participants reported higher trust in forecasts when causal pathways
were made explicit [8].

Technically, the front-end communicates with a Python Flask API that exposes endpoints for
model inference and scenario evaluation. Forecast results and user-defined scenarios are cached in a
PostgreSQL database to enable session persistence and collaborative review. Figure 2 sketches the
main interface regions: the cognitive-map canvas, the scenario-editing sidebar, and the multi-indicator
forecast panel.
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Fig. 2 Interactive Interface Layout
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Fig. 2. - Interactive interface showing cognitive map, scenario controls, and forecast
visualisation

Collectively, the design aligns with modern principles of visual analytics, leveraging interactive
graphics to bridge the gap between complex modelling and practitioner intuition. The next section
reports empirical results from the pilot deployment, including accuracy gains and qualitative feedback
on decision-making efficacy.

4. Pilot Deployment and Evaluation

The prototype system was deployed in early 2025 within the Department of Socio-Economic
Development of a mid-sized municipality in Sverdlovsk Oblast. Historical series for five core
indicators—household income, unemployment, secondary-school enrolment, net migration, and
municipal investment—were fed into the calibrated cognitive-map model, while a panel of seven senior
analysts and planners served as pilot users. Over a six-week period the group conducted twelve scenario
sessions focused on the forthcoming three-year budget cycle, adjusting inputs such as planned
infrastructure spending and projected migration incentives. Model forecasts were exported
automatically after each session, archived for comparison with subsequent sessions, and later assessed
against provisional 2024 outcomes.

Quantitatively, the hybrid cognitive-map model produced an average RMSE of 4.7 % across the
five indicators over the validation window 2019-2022, outperforming the boosting-only baseline at 5.3
% and the expert-only baseline at 6.9 %. The largest gain appeared in net-migration forecasts, where
explicit causal links between investment and migration captured policy-driven inflection points that
purely statistical trends missed [9]. Table 2 summarises these results, indicating both absolute and
relative error reductions. Confidence-band coverage remained close to the nominal 95 % level,
suggesting that the ensemble variance estimates provide reasonable uncertainty bounds.

Indicator / Model Expert-only Boosting-only Hybrid
Household income 5.8 4.9 4.3
Unemployment rate 7.0 5.8 4.9
Secondary-school enrolment 6.2 54 4.6
Net migration balance 9.1 6.8 54
Municipal investment 6.5 4.7 4.2

Table 2. — Model-accuracy comparison (RMSE %) for five indicators, 2019-2022

Beyond numeric accuracy, the study evaluated decision quality using a structured questionnaire
adapted from the Technology Acceptance Model and the Decision-Making Satisfaction Scale.
Participants reported a 22 % improvement in perceived situational awareness and a 17 % reduction in
time spent reconciling conflicting projections relative to their legacy spreadsheet workflow. Interview
transcripts highlighted two interface elements as especially valuable: first, the live propagation of
parameter changes through the cognitive map, which clarified indirect effects; second, the Shapley-
based explanation panels that revealed how individual edges contributed to forecast shifts. One policy
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analyst noted that the tool “turned abstract assumptions into concrete, shareable visuals,” enabling
more productive negotiations with finance colleagues.

Figure 3 illustrates a typical scenario exploration session. The baseline projection anticipates a
gradual decline in unemployment, but when users simulate a modest cut in capital expenditure—offset
by higher social-service funding—the model reveals a lagged rise in net migration outflows, ultimately
reversing unemployment gains. This type of non-intuitive feedback loop, easily surfaced in the visual
interface, was cited by stakeholders as a compelling argument for maintaining investment levels despite
short-term budget pressure.

Fig. 3 Scenario Comparison: Unemployment Trajectory

Baseline
Reduced Investment Scenario

v o o [l o
w o [N) B =)

Unemployment Rate (%)

wn
o

5.4

2021 2022 7023 2024 2025 2026
Year

Fig. 3. — Scenario comparison showing baseline versus adjusted investment path and
resulting unemployment-migration dynamics

While pilot feedback was largely positive, two limitations emerged. First, the manual
transcription of expert cognitive maps proved labour-intensive; future releases will incorporate semi-
automated text-analysis to suggest candidate links based on policy documents. Second, users requested
the option to export scenario dashboards directly into their official reporting templates, a feature that
will require tighter integration with the municipality’s document-management system.

5. Conclusion

This study has demonstrated that embedding cognitive maps within a machine-learning
calibration framework, coupled with an interactive visual interface, can enhance both the accuracy and
interpretability of socio-economic forecasts. Empirical results from a municipal deployment show
meaningful error reductions—most notably an 18 % RMSE decrease when compared with regression
models lacking causal structure—and qualitative gains in decision-making efficiency. By enabling
stakeholders to manipulate policy levers and immediately visualise downstream effects, the system
aligns analytical rigour with the cognitive processes of human decision-makers.

Future work will automate cognitive-map extraction using natural-language parsing of strategic
plans, extend the indicator set to include environmental metrics, and deploy the platform across
multiple municipalities to evaluate scalability. Additionally, integrating real-time data feeds and report-
export functions will address user requests identified during the pilot. Ultimately, this research
contributes to the emerging field of cognitively informed predictive analytics, offering a replicable
blueprint for decision-support systems that balance expert insight with data-driven calibration.
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ONTUMM3ALIMA MOAYJISIHUU B BECIIPOBOJTHOM CBSI3U C ITIOMOLIBIO
HEWPOHHBIX CETEHA

Ypansckuii penepanbHbiii yHHBepcUTeT nMeHH nieporo [Ipesuaenra Poccun b. H. Enbninna
(Yp@YV), r. ExarepunOypr, Poccust

KiroueBrle cioBa: HeﬁpOHHBIe CCTHU, CXEMBbI MOAYJISAINU, 6CCHp0BO,I[HaH CBA3b, OIITUMU3AlIUA
CHUIHaja, CKOpPOCTHb nepeaadyun JaHHBIX.

B crarbe paccmaTpuBaeTcCs NPUMEHEHUE HEMPOHHBIX CETEW JIsI ONTUMHU3ALMU METOJO0B
MOJYJISIIUM B cUCTeMax OecnpoBogHON cBs3u. C yyeToM pacTylIero crupoca Ha o0beMbl eperadu
JAHHBIX, aJJalITUBHAS MOAYJIALIUS UTPAET KIIOUEBYIO POJIb B oOecriedeHnr 3P PeKTUBHOM 1 HaIeKHOM
cBs3U. [IpencraBieHsl SKCIEpUMEHTAIIBHBIE PE3YJIbTAThl CPABHEHUS TPAJULIMOHHBIX 1 OCHOBAHHBIX HA
HEHUpPOCEeTSAX CTpaTeruii MOIYJIALIMM 110 IIOKAa3aTeNIIM BEPOSITHOCTH OLIMOKM M CHEKTPaJIbHOM
sbdextuBHOCTH. MccnenoBaHue 1OKa3bIBa€T 3HAUUTENIBHOE YIyYIICHME aJalTHUBHOCTH MU
MIPOU3BOIUTENILHOCTH MIPH UCIOJIB30BAHUU MOETICH IITyO00KOro 00yUeHHS.
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COMMUNICATION SYSTEMS
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This paper explores the application of neural networks to optimize modulation techniques in
wireless communication systems. As demand for data transmission increases, adaptive modulation
plays a crucial role in achieving efficient and robust communication. We present experimental results
comparing traditional and neural network-based modulation strategies in terms of bit error rate (BER)
and spectral efficiency. The research demonstrates significant gains in adaptability and performance
using deep learning models.

Introduction

The explosive growth of mobile devices and wireless services has spurred the need for more
efficient transmission techniques. Modulation—the process of varying a carrier signal to transmit
data—is at the core of these communication systems. Conventional modulation schemes such as QAM
and PSK are widely used, but lack adaptability under varying channel conditions. Neural networks
offer a promising solution by learning optimal modulation patterns from data. As wireless technology
evolves, the complexity of transmission environments also increases. Traditional modulation
techniques are often designed for average-case scenarios and cannot quickly adapt to fluctuating
conditions. This is where machine learning, particularly neural networks, can contribute significantly
by learning from real-time data and dynamically adjusting transmission parameters. Such
advancements could dramatically enhance the reliability and throughput of future wireless systems,
including 5G and beyond.

Methodology

Our approach involved training a convolutional neural network (CNN) to recognize optimal
modulation parameters under different signal-to-noise ratios (SNR). Training data was generated using
simulation tools, which produced labeled signal samples across various channel conditions. The neural
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network was trained to minimize BER while maximizing throughput. The CNN architecture consisted
of multiple convolutional and pooling layers followed by dense layers that output optimized
modulation parameters. The training process used a mean squared error loss function and was
optimized using the Adam optimizer. Hyperparameters were tuned based on validation performance.
We also implemented dropout to reduce overfitting and batch normalization to stabilize learning.

Convolutional
Neural Network

Modulation v Optimized
Scheme Modulation
Data Loss Parameters
Function T
v
[ Optimizer ]—

Figure 1 — Neural Network Training Setup

Network Architecture and Training Overview

The neural network architecture used in this study is a convolutional neural network (CNN)
designed to process modulated signal samples. It consists of two convolutional layers with ReLU
activations, each followed by max-pooling layers to reduce spatial dimensions. The convolutional
backbone is followed by two fully connected layers that output the predicted modulation configuration
suitable for current channel conditions. This architecture enables the network to automatically extract
relevant signal features for accurate modulation decisions.

The model was trained using supervised learning on synthetic data generated through simulation.
Input features were signal samples under different SNR values, while labels represented optimal
modulation parameters. We used the Adam optimizer with a learning rate of 0.001 and the mean
squared error (MSE) loss function. Early stopping was employed to avoid overfitting, and the dataset
was split into 80% training and 20% validation.

Below is the training curve demonstrating convergence behavior over epochs.

I'raining Loss Curve

This figure illustrates the architecture and workflow used to train the CNN for modulation
parameter optimization.
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HN-Based Conventional

Figure 2 — BER Comparison Between Conventional and NN-based Modulation
This graph presents a comparison between bit error rates under varying SNR for conventional
and neural network-based modulation.

Results and Discussion
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Figure 3 - Adsptive Modulation Scheme Visualization

Figure 3 - Adaptive Modulation Scheme Visualization

This figure shows how the modulation scheme changes dynamically with channel quality in a
neural network-based system.

Results show that the neural network-modulated signals maintained lower BER under dynamic
channel conditions compared to conventional methods. Additionally, the system adapts modulation
order based on real-time channel feedback, improving robustness. Furthermore, the adaptive behavior
of the model was consistent across simulations involving Rayleigh and Rician fading channels. Our
analysis indicates a 25% improvement in spectral efficiency and a 15% reduction in BER at low SNR
conditions. These improvements demonstrate the potential of data-driven modulation in real-time
communication scenarios.

Neural networks can effectively optimize modulation strategies in wireless systems. They offer
dynamic adaptability and improved performance metrics. Future work will explore integrating
reinforcement learning for even more responsive adaptation to network conditions. Moreover, the study
highlights the importance of incorporating Al into communication infrastructure. By enabling systems
to self-optimize, we pave the way for more autonomous and resilient wireless networks. This approach
aligns well with the goals of next-generation networks, which prioritize flexibility, low latency, and
high reliability.
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BJUSHUE HAMATHUYEHHOCTH PEJILCOB HA YCTPOHUCTBA
KEJE3HOJOPOXHOMU ABTOMATUKH TEJJEMEXAHUKHA U CBSI3H.
KO3PUUTUBHAS CHUJIA
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KiroueBrple cnoBa: HAMarHM4EHHOCTh PECIbLCOB, yCTpOfICTBa )K€H€3HOI[OpO)KHOI>'I ABTOMATHUKH,
TCIICMCXaHUKa, CBA3b, KOSpPUUTHBHAA CHJIA, OCTAaTOYHAasd HAMAarHM4€HHOCTb, MArHUTHBLIC ITOMCXH,
QJICKTPOMArHUTHBIC IIOMEXHU, MCTOAbI CHMKCHUA BIIUMAHUA HAMAIrHUYCHHOCTH.

B HaHHOﬁ CTAaTbC paCCMATPUBAIOTCA OCHOBHBLIC ACIICKThHI BJIIMAHUA HAMArHM4CHHOCTU PCJILCOB
Ha YCTPOHCTBA aBTOMATHKH, TEJICMEXaHWKH M CBS3H, POJIb KOIPUUTHUBHON CWIIBI B OOeCICUCHHUH
HAJC)KHOU pabOThI KEIE3HOIOPOKHON HHPPACTPYKTYPHI.
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THE IMPACT OF RAIL MAGNETIZATION ON RAILWAY AUTOMATION,
TELEMECHANICS, AND COMMUNICATION DEVICES. COERCIVE FORCE.

Ural State University of Railway Transport, Yekaterinburg (USURT), Russia
Scientife supervisor: Y.V. Mogilnikov

Keywords: rail magnetization, railway automation devices, telemechanics, communication,
coercive force, remanent magnetization, magnetic interference, electromagnetic interference, methods
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This article examines the main aspects of the impact of rail magnetization on automation,
telemechanics, and communication devices, as well as the role of coercive force in ensuring the reliable
operation of railway infrastructure.

HamarHMueHHOCTh pelabCOB — 3TO MarHUTHOE COCTOSIHME JKEJIE3HOJOPOKHBIX ITyTel, KOTOPOE
MO>KET BO3HHKATh I10J BO3JEHCTBUEM pA3JIMYHBIX (AKTOPOB, TAKUX KaK HAJIWYHME MarHUTHBIX
MaTEpHAJIOB B PEIbCaX, BIUSHUE BHEIIHUX MAarHUTHBIX MTOJIEH UM OCTaTOYHAs HAMarHWYeHHOCTh OT
MPeNbIIyIIMX MarHUTHBIX B3aWMOJAEWCTBUM, OTO NPUBOAUT K CO3JaHMIO MAarHUTHBIX ISITEH Ha
penbcax, KOTOpbIe BIUSIOT Ha pab0Ty MPUEMHBIX KaTylIeK JOKOMOTUBHBIX YCTPOUCTB G€30M1aCHOCTH
U MOXET BbI3BaTh HMCKa)KCHHE IOJIE3HOTO CUTHaja W NMPUBECTHM K HEBEPHOW pacHIM(ppoBKe Koaa
JIOKOMOTUBHBIMHU yCTpoiicTBamu Ge3zomacHocTH [1].
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Puc. 1. Oxkcmuryaranusi NpUEeMHOM KATYIIKH B YCJI0BHAX MUHUMAJIBLHOH M MAKCHMAJIBHO
JAOIYCTUMOM MOJABECKH C y4eTOM NAPa3UTHOI0 MATHUTHOIO 1OJIAL.

MarauTHble IOMEXHU OT YCTPONCTB BEPXHETO CTPOCHUSI IIyTH U 3JIEKTPOMArHUTHbHIE IOMEXH OT
CHJIOBBIX TATOBBIX JIEMEHTOB JJOKOMOTHBOB TaKKe MOTYT BJIUATH Ha pabOTy MPHUEMHBIX KaTyIlIeK. DTH
MIOMEXH MOTYT TPUBOJIUTH K KPAaTKOBPEMEHHBIM COOSIM B pabOTe YCTPOMCTB aBTOMATHUYECKOM
nokoMmoTuBHOM curHanu3zauuu (AJICH), uyto, B CBOIO ouepenb, OTpaxkaeTcs Ha O€30IMacHOCTHU
[IEPEBO30YHOTO IMPOLIECCa.

[Inetu-yiMHHOMEPBI, HaXOJAIIMECS BHYTPU KOJEM W Ha KOHLAX IINal, TaKkKe MOTYT UMETb
OCTAaTOYHYK) HAMAarHMYE€HHOCTb. OTH 3JEMEHThl MOTYT CO3/aBaTh JIONOJIHUTEJIbHbIE MarHUTHbBIC
IIOMEXH, KOTOPbIE BIMSIIOT Ha pabOTy IPUEMHBIX KAaTYyIIIEK.

CymectByeT croco0d oOHapy:KeHHs H3JIOMOB M ACPEKTOB B pPENbCax C HCIOIb30BAHHEM
MarHUTHOTO TIOJISL, 00pa3yIoIIero OOpaTHBIN TATOBBIM TOK AIEKTPOBO3a. JlaTUNKH, yCTaHOBJICHHBIE HA
TEJIeXKKE 3JIEKTPOBO3a HaJ pelIbCaMH, U3MEPSIOT MarHUTHOE ToJe, a AuddepeHnanbHbIi yCUIUTEb
oOpa0aThIBaeT CUTHAJIBI, BBISBIISISI HU3MEHEHUS, CBA3aHHbIE C JedekTaMu. Pe3ynbraThl (UKCUpYIOTCS
IIPOMBIIIJIEHHBIM KOMIIBIOTEPOM JIJISl JAJIBHEHMILIEr0 aHAIN3a. DTO MO3BOJISAET YMEHBIINTH KOJTHMYECTBO
HaMarHWYUBAOIINX AJIEMEHTOB M MOBBICUTh TOYHOCTh OOHapyx eHus [2].

KospuutuBHasg cuna — 3TO Mepa CONPOTHBJICHMs Marepuaina pasmarHndyuBaHuio. OHa
OTpesieNIsieT, HaCKOJIbKO JIETKO WJIM TPYAHO MOXHO YCTPaHUTh OCTaTOYHYK HamMarHu4eHHocTh Ha
pucyHke | u3o0paxeH rpaduk HaNpsHKEHHOCTH BHELIHETO MAarHUTHOTO TOJs, HEOOXOIMMOE s
MIOJIHOTO pa3MarHUYMBaHUs (EPPOMATHUTHOTO BEIIECTBA. . BbICOKast KOAPLMTHUBHAS CHJIa O3HAUAET,
YTO MaTepUal COXpaHAET HAMATHUYEHHOCTD JIaXKe I10CIIE yAaJeHUs BHEIIHENO MarHUTHOT'O TIOJIS, YTO
MO>KET IMPUBECTH K IJTUTEIILHOMY BO3/I€MCTBUIO MAarHUTHBIX IIOMEX Ha yCTPOMCTBA JKEIE3HOI0POKHON
aBTOMaTuKH, TenemexaHuku u csizu QKATC) [3].
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Puc. 2. I'papuk KO3PUMTHBHOMH CHJIBI.

Jlnst CHMDKEHHMSI BIMSHUSL OCTaTOYHOM HAMarHMYEHHOCTH pesbcoB Ha ycrpoiictBa JKATC
HEOOXOUMO YYHMTHIBATh KOIPIUTHBHYIO CHUIy MaTepuaia peiabCOB IMPU HMX IPOU3BOJICTBE H
3KcIuTyatauuu. MCnosib30BaHME MAaTEpUAIOB C HU3KOM KOSPUMTHUBHOM CHJIOM MOXKET IOMOYb
YMEHBIIUTh OCTATOUYHYIO HAMAarHUUYEHHOCTD U, CJIEA0BATENIbHO, CHU3UTh BIMSHUE MATHUTHBIX TTIOMEX
Ha paboTy NpUEMHBIX KaTylek [4].

JInsi MUHMMM3aUUU BIIMSHUS HAMarHUYEHHOCTH PEIbCOB MOXHO HMCIOJIb30BaTh CIEAYIOIINE
MeToJibI [5,6]:

1. Ucnonbs30BaHue MaTepuaioB C BBICOKOW KOIPLUUTHUBHON cuiioi: [IpuMeHeHune penbcoB U3
MAaTEPHAJIOB C BBICOKOM KO3PLMTUBHOW CHIIOW MOYKET YMEHBIIUTh BEPOATHOCTh UX HAMAarHUYUBaHUA.

2. DKpaHUpOBaHUE: Y CTaHOBKA MAarHUTHBIX SKPAHOB BOKPYT PEIbCOBBIX LENENH MOKET CHU3UTD
BO3JEHCTBUE NAPA3UTHBIX MATHUTHBIX MOJICH.

3. Perynspuoe TexHuuyeckoe oOciyxuBanue: [lepuonnyeckas npoBepka U pazMarHUYKMBaHUE
PEIBCOB MOMOTYT NOAAECPKUBATH UX B ONITUMAJIbHOM COCTOSIHHH.

4. MopepHu3zanusi KpOHIUTEWHA NPUEMHOM KATyLIKHU: Y COBEPIICHCTBOBAHUE KPEIICHUS
MPUEMHOMN KATYIIKHU MO3BOJIUT PETYIUPOBATh BBICOTY €€ MOJIBECA OTHOCUTEIBHO TOJOBKH PENIbCa U
TE€M CaMbIM BBIBECTH M3 ITOMEXOBOIO MOJS. ITO MOMOKET COKPATUTh MOTEPIO MOJE3HOTO KOJOBOIO
CUTHAaJIa MIPU MPOXOKICHUHU JIOKOMOTUBOM KPUBOM.

5. Hcnonp3oBaHUE SKCIEPUMEHTAIbHOrO muieida s peryJlupoBaHHsl BHICOTHI MOJBECa
MPUEMHBIX KaTyIIeK: DKCHEPUMEHTAIBHBIA MIICH( — 3TO UCHBITaTeNIbHAS PEIbCcoBas IeTb, Ha
KOTOPOl  MPOM3BOAMUTCS PETyJIUPOBKA MOPOTOBOTO 3HAYEHUS cpabaThIBaHHs MPUEMHOTO
JIOKOMOTHUBHOTO yCTPONCTBA. DTO TMO3BOJSET OOECIEYUTh MPHUEM YCTOWYMBOTO TOJIE3HOTO KOAa U
CHU3WTbH BIMSHUE MAarHUTHBIX TOMEX.

6. Kpernnenue kaTymku Ha pamy Telexku: KpersieHue npueMHON KaTylIKu Ha pamMy TEIeKKH
BMECTO paMbl Ky30Ba JJOKOMOTHBA MMO3BOJIHUT MOBBICUTH YCTOMYMBOCTH MpHeMa KOJ0BOH KOMOWHAIIUN
MPY MPOXO0KICHUU JJOKOMOTUBOM KPUBOM.

7. YBenuueHue ypoBHs MOPOrOBOM UYBCTBUTEIBHOCTH IIPUEMHOM allapaTrypbl JOKOMOTHBA
MOXET MMOMOYb CHU3UTH BIMSHHE MATHUTHBIX MMOMEX M 00CCIECYUTh YCTOMYHMBBIM MPUEM TOJIE3HOTO
KOJIa.

8. 3ameHa KaTyIIeK Tumna Ha 00Jiee COBPEMEHHBIE, YTO MO3BOJISIET CHU3UTh BIUSHUE MAarHUTHBIX
noMex Ha paboty ycrpoiicts AJICH.

HamaranueHHOCTh penbCcoOB MPEACTABISIET CO00M 3HAYMMBIN (AaKTOp, BIMSIONMN Ha paboTy
YCTPOMCTB KEJNE3HOIOPOKHOW aBTOMATUKH, TEJIEMEXAHUKU U CBs3U. [loHMMaHue 3TOro ABIEHUSA U
HCMOJIb30BAHUE MAaTEPUATIOB C BBICOKOM KOAPIMTUBHOM CHJIOW, a TAaKXKE€ NMPUMEHEHUE METOH0B
SKpPaHUPOBAHUS U PETYISIPHOTO TEXHHUUYECKOTO OOCTY)KMBaHUS, MOTYT CYIIECTBEHHO TOBBICUTH
HaJIeKHOCTh M CTAOUITLHOCTH PaOOTHI KEIE3HOAOPOKHOU HHPPACTPYKTYPHI.
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Cexmus 4. OBPA3OBAHUE U DKOHOMMKA JAHHBIX: CHUHEPT'USA IS
POCTA

A. A6oaypamutos!, A.T. Asxnéexona’

CUHEPI'USI UTH®OPMAIIMOHHBIX TEXHOJIOTAM U SKOJIOT'MYECKOI'O
MAPKETHHT A B JJOCTUXKEHUH YCTOMYUBOI' O PA3BUTHUS

! Munnomatnyeckas akagemus MUJ] Keipreickoit Pecry6mku
M. K. Jlukambaesa, r.bumnikek, Keipreizcran
2Omckwuii I'ocynapersennsiii Yausepenter (Oml'Y), r. Om, Keipreizcran

KitoueBbie cioBa: cunepreruyeckue 3¢G(eKTsl, YCTOWYMBOE MOTPEOUTENHCKOE MOBEICHUE,
9KOJIOTHUECKUN MAapKETHHT, TJI00ATBHBIC YKOJIOTUYCCKUE BBI3OBBI, d3PPEKTUBHOCTh IKOJIOTHUECKHUX
peLICHHUIA.

B cratee «CuHeprus HH(MOPMALMOHHBIX TEXHOJOIMM M HSKOJOTMYECKOr0 MapKEeTHUHIa B
JOCTH)KEHUH YCTOMUMBOTO PA3BUTHS» HCCIIETYETCS B3aUMOACHCTBIE HH(OPMAIIMOHHBIX TEXHOJIOTHMA
1 9KOJIOTMYECKOT'0 MAPKETHHIa KAK HHCTPYMEHTa YCTOWYMBOIO pa3BUTHUS. AHAIM3UPYIOTCS CIIOCOOBI,
C TIOMOIIBI0 KOTOPBIX IU(PPOBHU3AIMS MOXKET MOBBICUTH 3PPEKTUBHOCTD IKOJIOTMUECKIX WHUIIMATUB
U CHU3WUTHb HETaTMBHOE BO3JIEHCTBUE Ha OKpYyXkarouyro cpeay. IIpuBonsarcs mpumepsl yCHEIIHBIX
IIPaKTUK U PEKOMEHAALNH AJIs1 OM3HECa U TOCCTPYKTYP IO MHTErpallii TEXHOJIOTUI B 3KOJIOTHYECKHE
crpareruu. [loquepkuBaercs HEOOX0IUMOCTh KOMIUIEKCHOTO MTO/IX0/Ia K YCTOMUHMBOMY pa3BUTHIO.

A. Abdurashitov!, A.T. Azhibekova?

SYNERGY OF INFORMATION TECHNOLOGIES AND ENVIRONMENTAL
MARKETING IN ACHIEVING SUSTAINABLE DEVELOPMENT

!Diplomatic Academy of the Ministry of Foreign Affairs
of the Kyrgyz Republic. K. Dikambaev, c. Bishkek, Kyrgyzstan
2Osh State University (OshSU), r. Osh, Kyrgyzstan

Keywords: synergistic effects, sustainable consumer behavior, ecological marketing, global
environmental challenges, effectiveness of ecological solutions.

The article "Synergy of Information Technologies and Ecological Marketing in Achieving
Sustainable Development™ explores the interaction between information technologies and ecological
marketing as a tool for sustainable development. It analyzes how digitalization can enhance the
effectiveness of environmental initiatives and reduce negative impacts on the environment. Successful
practice examples and recommendations for businesses and government structures on integrating
technologies into ecological strategies are provided. The necessity of a comprehensive approach to
sustainable development is emphasized.

VYcroitunBoe pa3BUTHE — 3TO OajaHC HKOJOTMUYECKUX, SKOHOMUYECKHX U COLHUAIBHBIX
aCMeKTOB, HANpaBJICHHBIA HA YJOBJIETBOPEHUE TEKYLIMX MOTpeOHOocTel Oe3 ymepOa it Oyaynux
nokonenuit. HWupopmannonnsie texHomoruu (MT) U dSKoNOrMUECKHid MapKETUHT CO3JAr0T
cuHepretTuueckuid 3¢ ¢dekt, nosbimas 3PpQPeKTUBHOCTh dKojoruueckux pemeHuit. UT mo3Bossior
aHAJIN3UPOBaTh JAHHBIE JUI1 OLIEHKH DJKOJOTMYECKOW CHUTyallMM, a AKOJOTWYECKUN MapKETHHT
(dbopMUpYyeT OTBETCTBEHHOE MOTPEOUTENHCKOE TMOBEIEHUE U CTUMYJIHMPYET CIPOC HA SKOJIOTHYECKH
YHUCThIE MPOAYKTHL. AKTYalbHOCTh TE€MBbl CBSi3aHA C HEOOXOAMMOCTBIO HMHTETpAllUU YCTOWYHMBBIX
MpaKkTUK B OW3HEC W 00mecTBO Ha (oHE TIOOATHHBIX IKOJOTHYECKHUX BBI3OBOB. JlaHHAs CTaThs
aHAJIM3UPYET CYLIECTBYIOIIME MOAXOAbl K B3auMoaencTBHio MT M 5KOIOrMueckoro MapKeTHHra,
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BBIIENAS KJIIOYEBbIE MPAKTMKM W PEKOMEHJAMKM [ PEIIeHUs SKOJOTMYECKUX IpoOieMm.
PaccMoTpeHs! mpuMephl X CUHEPTHH, A TAKXKE BBI30BbI U IIEPCIIEKTUBBI JAIbHENUIIETO PA3BUTHSI.

WNHpopMallMOHHbIE TEXHOJIOTMH M SKOJIOTMYECKMH MAapKeTHHI HUIpaloT KIIYEBYIO DPOJIb B
JTOCTH)KEHUH YCTOHYMBOTO pa3BUTHUS, TpaHCHOpMHUpPYs OH3HEC-TIpoIecChl M B3aUMOACHUCTBUE C
kaueHTaMud. OHHM TO3BOJIIOT CcOOMpaTh W aHalIM3MPOBATh OosblIME OOBEMbI JaHHBIX, YTO
crocoOcTByeT Oosiee TIIyOOKOMY MOHUMAHHUIO MOTPEOUTETHCKUX MPEANOYTCHUNH U IKOJIOTUISCKUX
TpennoB. Buenpenue UT B ycroiiunBoe pa3BUTHE MPOSBIISETCS B HECKOJIBKUX actekrax [1]:

- CoBpeMeHHbIE TEXHOJIOTMM KapAMHAJIBHO HM3MEHSIOT IOAXOJ K YNPaBICHUIO JaHHBIMU,
IIPEJOCTaBIIAS KOMIIAHUSIM HOBBbIE BO3MOXKHOCTH Ul 3(PPEKTHBHOTO HCIIOJIB30BAaHUS PECYPCOB U
COKpaIlleHUs] OTXOMOB. B wacTHOCTH, 00nauHble BBIYMCICHHA W OOJBIINE JaHHBIE CTAHOBSTCS
KJIIOYEBBIMM MHCTPYMEHTAaMU B 3TOM Iporecce. OHM HE TOJBKO YIPOIIAIOT JOCTYI K HEOOXO0AUMOM
nH(pOpMaINH, HO ¥ CIOCOOCTBYIOT 00Jiee TOYHOMY aHAINU3Y JAaHHBIX, YTO, B CBOIO O4Y€PE/lb, TO3BOJISET
IIPUHUMATh 000CHOBaHHbIE penieHus. OHUM U3 APKUX IPUMEPOB TAKUX PELIECHUH SBIISIOTCSA CUCTEMBI
ynpasienusi pecypcamu (ERP). DTu cucremMbl HMHTErpupyrOT pas3iddHble OW3HEC-TIPOIECCHl U
o0ecrneuynBarOT eIUHbIA NOTOK MH(POPMALIUU, YTO CIIOCOOCTBYET ONTHMMM3ALUU ITPOU3BOICTBEHHBIX
nporeccoB. B pezynprare kommanuu MoryT 6osiee 3¢ppeKTUBHO pacpeessiTh CBOM PECYPChI, UTO HE
TOJIBKO IIOBBIIAET MX IPOU3BOAUTEIBHOCTh, HO M CHW)KAeT HEraTUBHOE BO3JCHCTBUE Ha
OKpyXarolyro cpeny. Takum oOpa3oM, NPUMEHEHUE COBPEMEHHBIX TEXHOJOTMH B YIPaBICHUU
JAHHBIMU OTKPBIBAET HOBBIE TOPU3OHTHI JUIsl YCTOMUMBOrO pa3BUTHs OM3HECA U SKOJIOTUH,

- Untepuer Bewieit (1oT) npencrasiser co0oi peBOIOLMOHHYIO KOHIIETIIHIO, B pAMKaX KOTOPO
pa3uyHbIe YCTPOICTBA, MOAKIIOYEHHBIE K HHTEPHETY, CIOCOOHBI COOMpaTh U MepelaBaTh JaHHbIE O
cBOeM (DYHKIIMOHHUPOBAHHUU. DTH YCTPOICTBA (PUKCUPYIOT HHPOPMALIHIO O IOTPEOICHUHN PECYpPCOB U
YPOBHE 3HEpro3arpar, 4To, B CBOIO O4epe/ib, IPEJOCTaBIIACT KOMIIAHUAM LEHHYIO HH(POPMALUIO JUIs
aHasiinza. COOp TakUX JaHHBIX MO3BOJISIET IIIy0)Ke MOHATh, KaK UMEHHO HCIOJIb3YIOTCS PECYpChl, U
BBISIBUTh BO3MOXKHOCTHU JUIsl MOBBIIEHUS UX 3(deKTHBHOCTH. AHamU3 NOJy4YeHHOH HH(OpMaruu
OTKpBbIBACT HOBbIE TOPU3OHTHI Il ONTHUMM3ALMU IPOLIECCOB, YTO BEJAET K Ooyiee pasyMHOMY U
Oepe’KHOMY HCIOJIb30BAHUIO pecypcoB. B pesynbraTe opranuzanuu MOryT HE TOJIbKO CHU3UTh CBOU
9KCIUTyaTallMOHHBIE PacXo/bl, HO U BHECTH 3HAUMTENbHBIN BKJIaJ] B 3aIIUTYy OKPY’KaIOLIEH Cpenbl.
Takum o6pa3zom, npumeHeHue TexHojaorui 1oT cTaHOBUTCS BaXKHBIM IIArOM Ha MYTH K CO3/IaHUIO
Oomee ycTOWYMBBIX U J(PPEKTHBHBIX OHM3HEC-MOJENEH, CIOCOOCTBYIOIINX PAMOHATIHLHOMY
PacxoJI0BaHUIO PECYPCOB;

- Nutepuer Bemei (IoT) npencrasisier co0oi TEXHOJOTHIO, MO3BOJSIONIYIO Pa3IMUHBIM
yCTpPOMCTBaM, MOJKIIOUYEHHBIM K CETH, aBTOMaTMYeCKHM OOMEHUBaThCs MH(popMmalueid u codbuparb
JaHHBIE B PEXXUME pealbHOro BpeMeHHW. biarogaps 3ToMy MOMKHO MOJy4yaTh TOYHBIE CBEIEHUS O
pacxojie PHEPTUU U HCIOJIb30BAaHUM PA3IMYHBIX PECYpPCOB. AHAIN3 COOPAaHHBIX JaHHBIX IOMOTraeT
BBISIBJIATH HEAI((DEKTUBHBIE MPOIIECCHI, ONTUMHU3HPOBATh MOTpeOsIeHHe U pa3padaThiBaTh PELICHMUS,
HaIlpaBJICHHbIE HAa CHW)KCHHME U3IEPKEK M PALMOHAIBHOE pAaclpelesieHue SHEPropecypcos.
Buenpenne Takux TEXHOJOTHH CIIOCOOCTBYET MOBBILIEHUIO 00IeH 3((EKTUBHOCTH CHUCTEM,
CHIDKEHHIO ITOTEPh U CO3JIaHHI0 0oJiee yCTOMUMBON U KOJIOrMYHON MH(PACTPYKTYPHI.

- NudopmanrioHHble TEXHOJIOTHM WIParOT KIIOYEBYIO POJb B PA3BUTUM KOMMYHUKALIUU U
00pa3oBaTeNbHBIX MPOLECCOB, OCOOEHHO B BONPOCAX, CBS3aHHBIX C YCTOMYMBBIM pa3BUTHEM.
CoBpeMeHnHbie 1U(PpoBbIE TIATHOPMBI U OHJIAWH-PECYPCHl JENar0T JOCTYN K WHpopmaiuu Oolee
OBICTPBIM M yJIOOHBIM, YTO TIO3BOJSIET KOMIIAHUSM HE TOJIBKO IIOBBIIIATh OCBEJOMJIEHHOCTb
COTPYJIHHUKOB, HO U aKTMBHO BOBJIEKaTh UX B 3KOJOTMYECKHE MHUIMATUBBL. biaromaps pasinuyuHbIM
MHTEPaKTHUBHBIM KypcaMm, BeOMHapaM U CHEeNHaIM3HpPOBAHHBIM IpOrpaMMaM KOPHOPATUBHOTO
oOydeHuss (OpPMUPYIOTCSI HOBBIE IMOAXOJbl K OTBETCTBEHHOMY MOTPEOJICHUIO M BHEIPEHUIO
9KOJIOTUYECKH YUCTHIX MPAKTHUK [2].

Hcnonb3oBaHrne HUQPPOBBIX KaHAIOB CBSI3M IOMOTaeT OpraHU3alUsM JIOHOCHUTH /10 CBOHUX
KJIMEHTOB IIECHHOCTH YCTOMUMBOI'O Pa3BUTHS, PaCcCKa3blBasi O BHEAPSAEMBIX SKOJIOTMUYECKUX PEILIEHUSIX
U TpU3bIBasi K OCO3HAHHOMY BBIOOpPY TOBapoB U ycnyr. Pa3BuTHe TEXHOJIOTHH CIIOCOOCTBYET OoJee
OTKPBITOMY B3aUMOJICHCTBHIO MEXay OWU3HECOM M TNOTpeOHuTeIsIMH, (HOPMUPYS OTBETCTBEHHOE
OTHOIIEHHE K OKpY’Kalollell cpeie M MOAJEp:KUBasi MHUIIMATUBBI, HAIlPaBJIICHHbIE HAa CHUXXEHHE
HEraTUBHOIO BO3JeHCTBUA Ha mnpupogy. CoBpeMeHHBIH MHp TpeOyeT >(PQPEeKTHBHBIX peIIeHUM,
HaIpaBJIEHHBIX Ha CHIDKEHHWE HEraTHBHOIO BO3JIEHCTBUS Ha OKpyXkaroulyro cpeay. OaHum wu3

190



KIIIOUEBBIX  (DaKTOPOB, CHOCOOCTBYIOLIUX JOCTHXKEHUIO YCTOHYMBOIO pPa3BUTHUS, SBISETCS
o0beuHeHne noTeHIrana nHpopmarmonnsix TexHogorui (UT) u skonornvyeckoro mapkerunra. Mx
CUHEPIUsl IO3BOJIAET BHEAPITh WHHOBALIMOHHBIE CTPATErMH, HAINPABICHHBIE Ha pPalUOHAIBHOE
UCTIOJb30BAHUE PECYpPCOB, TIOBBIIMICHHE OCBEIOMJICHHOCTH MOTpeOuTeNneil M MpOJBHKEHHUE
9KOJIOTMYECKH YHUCTBIX TOBApOB U yCIyr. Takoe B3aMMOAEHMCTBHE CIIOCOOCTBYET HE TOJBKO
MHUHHMMH3ALHUN KOJIOTHYECKOr0 CJIe/1a, HO U MOBBIIICHUIO0 KOHKYPEHTOCITOCOOHOCTH KOMITAHHM 32 CUET
BHEJPEHHUS MEPEIOBBIX TEXHOJIOTUNA U (OPMUPOBAHUS YCTONUYUBOIO MOTPEOUTETHCKOTO MOBEICHUS.
WudopmanroHHble TEXHOJIOTHH BBICTYNAIOT B KAYECTBE MOIIHOTO MHCTPYMEHTA, CIIOCOOCTBYIOLIETO
ONTHMHU3AIMU TIPOIIECCOB B Pa3NUYHbIX cdepax sKoHOMUKH. OHM oOecrneunBaroT cOOp U aHAIU3
JAHHBIX, AaBTOMATH3AllMI0 OW3HEC-TIPOLIECCOB, a TaKXe YIy4lIaloT KOMMYHHUKAIIMIO MEXIy
KOMITaHUSIMU U IOTpeOuTeNnsiMu. B KOHTEKCTE yCTOMUMBOTO pa3BUTHSI HHGOPMAITMOHHBIE TEXHOJIOTHH
(UT) wrparorT KIIOYEBBIC POJH, BKJIIOYAass cOOp M OOpabOTKY IaHHBIX, ONTHMH3AIUI0 OW3HEC-
IIPOLIECCOB U MOBBIIICHUE YKOJIOTMYECKON 0CBEAOMIEHHOCTU. COBpEMEHHBIE TEXHOJIOTHH, TAKUE KaK
Nurepuer Bemei (IoT) u uckyccrBeHHblit nHTEIEKT (Al), TO3BOJIIIOT MOHUTOPHUTH TOTpeOICHHE
pECYpPCOB M aHANU3UpOBaTh UX 3(G(HEKTUBHOCTH, YTO CIOCOOCTBYET BBISIBICHHIO CIAOBIX MECT B
cucTeMax YIpaBlICHHUs pecypcaMu U pa3paboTKe cTpareruid mo ux ontumusanuu. Ludposuzanms
IIPOM3BOJICTBA U JIOTUCTUKH CHUKAET YHEpro3arpaTbl © MUHUMHU3HUPYET OTXOJbI, UTO JeaeT Ou3Hec
0osiee HKOJIOTUYECKA OPUEHTHPOBAHHBIM MU SKOHOMHUYECKH 3¢ ¢dextuBHBIM. Kpome TOro, oHmaiiH-
mw1aTGopmMbl, MOOWIIbHBIE MPUIIOKEHUS U COLHUAIbHBIE CETH CIHOCOOCTBYIOT PAacCIpOCTPAHEHUIO
MH(OPMAIMY O TIPUHITUIIAX YCTONYUBOTO PA3BUTHS U DKOJIOTUYECKOW OTBETCTBEHHOCTH, TIPHUBIICKAS
BHHUMaHHE OOIIECTBEHHOCTH K aKTyaJbHBbIM SKOJIOIMYECKUM IIpobiieMam [3].

DKOJOTrM4EeCKUM MapKETUHT IMPENCTABISAET COOON CTpaTeruio MpOABHKEHUS TOBAPOB U YCIIYT,
HaIlpaBJIEHHYI0 Ha MUHHUMHU3ALMI0 HETaTUBHOI'O BO3JIEUCTBUS Ha OKpPYXalollylo cpeay. B ycrnoBusix
COBPEMEHHOCTH, KOrJa BOIPOCHl YCTOMYMBOIO Ppa3BUTHS CTAHOBSTCS Bce Oo0jiee aKTyalbHBIMH,
KIIFOUEBBIMHU 33[a4aMU 3TOM KOHIICTIIIUY CTAaHOBATCS (DOPMHUpPOBaHHE CIPOCA Ha IKOJIIOTUYECKU YUCTHIE
MIPOJYKTHI, pa3BUTHE KOPIOPATUBHON COLMAIbHON OTBETCTBEHHOCTH M BOBJICUEHUE NOTpeOUTENEH B
MPOLIECC OCO3HAHHOTO MOTpedieHus. Vcmonp3oBaHUe «3€J€HOT0» OpeHAMHra U 3KO-MapKUPOBKHU
MIOMOTAeT MPHUBJICYh BHUMAHUE K YCTOWYMBBHIM TOBapaM, a BHEIAPEHHE SKOJOTUYECKHX WHUIIMATHB
MOBBIIIAET PEIYTALUI0 KOMIIAHWM M JIOBEPUE CO CTOPOHBI KIMEHTOB. CHHEpPrusi 3KOJIOTMYECKOIro
MapKeTHUHTa U HMHQPOPMAIMOHHBIX TEXHOJIOTHH OTKPHIBAET HOBBIC TOPU3OHTHI JIA YIpaBICHUS
MPUPOJHBIMU PECypcaMU M Pa3BUTHs yCTOMUMBBIX OusHec-mozeneit. [ludpoas tpanchopmarus,
OCHOBaHHasl Ha aHaJn3€ OOJBIIMX JAaHHBIX M MCKYCCTBEHHOM HHTEJUIEKTE, MO3BOJIIET KOMITAHUIM
JAy4lle TOHUMAaTh TOTPEOUTENbCKOE TOBEACHHE U BHEIPSITh CTpPATeTHH, CIOCOOCTBYIOIIHME
O0CO3HAaHHOMY IIPOU3BOJICTBY M TOTpeOieHnt0. COBEpIIIEeHCTBOBAHNE OHJIAMH-TIIAT(HOPM U MOOUITBHBIX
MIPUIIOKEHUH TaeT BO3MOKHOCTh MH(OPMHUPOBATH MOTPEOUTENEH O BIUSHUHU UX BEIOOpA HA SKOJIOTHIO,
YTO, B CBOK OYepe/b, CIOCOOCTBYET MPUHATHIO 00Jiee OTBETCTBEHHBIX PELIEHUIl. ABTOMaTHU3AIMs
MPOILIECCOB U BHEAPEHUE «YMHBIX» TEXHOJIOTMI MMOMOTAIOT COKPATUTh HCIIOIB30BAHUE PECYPCOB U
MUHUMU3HUPOBATh OTXO/Ibl, 3HAUYUTEIILHO CHUYKAsi HETaTUBHOE BO3/ICHCTBUE HA OKPYKAIOIIYIO CPEIy
[4].

Cuneprus UHQOPMAIMOHHBIX TEXHOJIOTHI U SKOJOTHYECKOTO MAPKETUHTA SBJISIETCS HE TTPOCTO
WHCTPYMEHTOM JOCTU)KE€HUS YCTOMYMBOIO Pa3BUTHUSA, a CTPATETMUYECKH Ba)KHBIM HAINPABICHUEM,
o0ecrneunBaroIIMM rapMOHUYHOE B3aUMOJEHCTBHE SKOHOMUKH, 3KOJIOTUH U o01iecTBa. BzaumocBs3b
3THUX JBYX C(ep OTKPHIBAET HOBBIE BO3MOXHOCTH ISl PEIIEHUS TII00AIbHBIX 9KOJIOTHYECKHUX MPobieMm,
MO3BOJISAST OJTHOBPEMEHHO TMOBBICUTh 3(PPEKTUBHOCTh OM3HECA W MHUHUMHU3MPOBATH HETATHUBHOE
BIIUSIHUE HA OKpYyXkaroinyto cpeny. CoBpeMeHHBbIe IUGPOBBIE TEXHOJIOTHU HE TOJBKO MOMOTAlOT
OTCJIKUBATh M aHAIM3UPOBATH SKOJIOTMUECKHE MTOKa3aTeNd, HO M aKTUBHO BIUAIOT Ha (GOpMHUpOBaHHE
OCO3HAaHHOTO TMOTpeOIeHUs, Jeas HSKOJOTHYECKYI0 OTBETCTBEHHOCTh HEOTHEMJIEMOH YacTbio
SKOHOMUYECKON nearenbHOCTH. PasButne WT-cdepsl cmocoOCTBYET MOBBINICHHIO MPO3PAYHOCTH
OKOJIOTHUECKUX HWHUIMATHB, MPEIOCTaBIsAs OW3HECY M TOTPEOUTENSIM TOCTyH K JOCTOBEPHOI
nH(OpMaLIUY O BIUSHUM MPOAYKIUHU U YCIYT HAa OKPYXAIOIIYI0 cpeay. ITo BeET K (popMHUpOBaHHIO
0ojiee CTPOTUX HKOJOTMUECKUX CTAaHAAPTOB U MOTHBAIMU KOMIIAHUN K BHEIPEHHUIO YCTOMYMBBHIX
peleHnid. DKOJIOTUYECKUH MapKeTUHT, B CBOIO OYepe/b, IOMOTaeT MPHUBJIEKaTh BHUMAaHUE K 3TUM
WHUIMATHBAM, IPOJIBUTASI IKOJIOTUYECKU OE30MacHbIe TOBAPHI M YCIYTH, a TAK)KE CO371aBasi KyJIbTypy
OTBETCTBEHHOTo moTrpedinenus. bnarogaps rpamotHomy coueranuto WT-MHCTpYMEHTOB W
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MapKETUHTOBBIX CTPATETHid, KOMITAHUU MOTYT HE TOJBKO CHU3WUTH CBOW 3aTpPaThl HA PECYPCHI, HO H
YCUJIUTH JIOBEpHUE CO CTOPOHBI MOTpedutenedd, ¢GopMHupys MO3UTHUBHBIA uMHIK. Kpome Toro,
WCIIOJIh30BaHUE TIEPEIOBBIX TEXHOIOTHHI, TAKMX KaK HCKYCCTBEHHBI WHTEIUICKT, OOJBIINE TaHHBIC 1
aBTOMaTH3alMA MIPOLECCOB, TO3BOJISIET OM3HECY MOBBIIIATH CBOIO AP (PEKTUBHOCTh, MUHUMH3HPOBAThH
OTXOJIbl, CHIYKATh YPOBEHb 3arpsI3HEHUS U YIIyUIIIaTh CACTEMBbI YIIPABICHHS PECYpPCaMu. ITO OCOOCHHO
Ba)XHO B YCIIOBHSIX HApaCTAIOMIMX KIMMATHYECKUX BBI30BOB U HEOOXOJMMOCTH OBICTPOTO MEepexona
Ha YCTOHYMBBIC MOJICJIN TIPOU3BOJICTBA U TIOTPEOJICHHUS.

Takum oOpa3om, 0ObeTUHEHNE HHPOPMAITMOHHBIX TEXHOJIOTHIA U KOJIOTHYECKOT0 MAapKETHHTA
SIBIISICTCS KITFOUEBBIM (haKTOPOM ISl IOCTPOCHUSI OTBETCTBEHHOM U pecypcocOeperaronieii SKOHOMHKH,
OPHEHTHUPOBAHHON Ha JIONTOCPOYHOE pa3BUTHE. B Oyaymiem mx cuneprusi Oyzner urparb Bcé Oonee
3HAYMMYIO POJIb B ()OPMHPOBAHUHU DKOJOTHYECKH YCTOMYMBOTO OOIIECTBA, TNie OM3HEC, MPUPOJA H
NOTPeOUTENN CMOTYT B3aUMOJICHICTBOBATh B TAPMOHHH, O0ecTieunBas OaJaHC MEKIY IKOHOMHYECKIM
POCTOM U COXpaHEHHEM IPHPOIHBIX PECYPCOB. ITO HE MPOCTO CTpaTerHYecKas HEOOXOAUMOCTh, a
HEM30EKHBIN IIar Ha MyTH K YCTOWYMBOMY Pa3BUTHIO U MPOIBETaHUIO Bcero obmiectBa. CuHeprus
MH(POPMAIIMOHHBIX TEXHOJIOTUH W JKOJIOTUYECKOTO MApKETHHTA TAK)KE WTPACT PEHIAIONIYI0 POJIb B
JIOCTIDKEHUH  yCcTOW4YMBOrO  pa3BuTHA. CoBpeMeHHBbIE UUQPOBBIE  PEIICHUS  IO3BOJSIOT
ONITUMHU3UPOBATh IPOU3BOJICTBO, MHHHMMH3HMPOBAaTh BO3JICHCTBHE Ha OKPYXAIIYK Cpeny Hu
(dhopMHpOBaTh OCO3HAHHOE MOTPEOJICHNE Cpeid HaceleHusl. B3anMoaelicTBre STUX IBYX HAIPaBICHHMA
CIIOCOOCTBYET CO3JIaHHIO DKOJIOTUYECKA OPHEHTHPOBAHHOW 3KOHOMHKH, CIIOCOOHOW 0O0ECIeYHTh
0ajaHc MeXIy dKOHOMHYECKHMM POCTOM M COXpPAaHEHHWEM NPUPOIHBIX pecypcoB. JlaHHBIN aHaTU3
MOTYEPKUBACT BAXHOCTh OOBEAMHEHUSI MHHOBAIIMOHHBIX TEXHOJOTHIA U MapKETHHIOBBIX CTpATETHil
JUIL TOCTIDKEHHsI TIIOOANBHBIX IIeNiell yCTOHYMBOrO pa3BUTHS W (OPMHUPOBAHUS OTBETCTBEHHOTO
MOJIX0/1a K UCTIOJIb30BaHUIO MIPUPOIHBIX PECYPCOB.
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BPE/I Y1 I10J1b3A MOGHWJIBHBIX IPUJIOXKEHUM JIJIsI ®PUTHECA B
JOMAHNIHUX YCJIOBUAX

VYpanbCKuil TEXHUYECKUH MHCTUTYT CBSI3U M MHPOpMaTuKu (punmuain) genepanbHOTo
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«CubupckHii TOCYyJapCTBEHHBIN YHUBEPCUTET TEJICKOMMYHUKALUN 1 HHPOPMATUKUY B T.
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KitoueBble cioBa: (puTHEC, MOOMIIbHBIE IPUIIOKEHNUS, TPEHUPOBKH, MOTHUBAIM, 0€3011aCHOCTD,
TPEHUHT, PUTHEC-TIPOrPAMMBEI.

B nmaHHOW cTaThe aHaNMM3MpYeTCs BIUSHHE MOOWIBHBIX MPHIOKEHUHA a1 (uTHeca Ha
TPEHUPOBKH B JOMAIIHUX YCIOBHUSX, pPAacCMaTPHBAIOTCS HMX IPEUMYIIECTBA W HEJOCTATKU.
OcBemaroTcsi Takue AacmleKThl, KaK JOCTYHMHOCTb M YJOOCTBO HCIIOJIIB30BAaHUS NPUIIOKECHUH, UX
CIIOCOOHOCThH TIpeyIaraTh IEPCOHATM3UPOBAHHBIE MPOTPAaMMbl TPEHHUPOBOK, a TaKXKe pOJb B
MOJICP)KKE MOTHBAIMH. PaccMaTpuBaroTCsl pUCKH, CBA3aHHBIE C OTCYTCTBHEM HHIMBUAYAIBHOTO
KOHTPOJII ¥ BO3MOXKHBIMU TICHXOJIOTUMECKUMHU Neperpy3kaMu, M JaloTCs PEKOMEHJAINH 10
0e30MacCHOMY  HCIOJIB30BAHUIO TpHiIoKeHHW. [lomyepkuBaeTcs BaKHOCTh KOMOWHHPOBAHUS
BUPTYaIbHBIX TPEHUPOBOK C pEATbHBIMH 3aHATHSIMHU JUIl JOCTHIXKCHUS JIyYIIMX pE3yJbTaTOB B
dutHECE.

M.A. Abrashov, A.S. Bugrov

HARM AND BENEFITS OF MOBILE APPS FOR FITNESS AT HOME

Ural Technical Institute of Communications and Informatics (branch) of the Federal State
Budgetary Educational Institution of Higher Education «Siberian State University of
Telecommunications and Informatics» in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: fitness, mobile apps, training, motivation, safety, control, health, exercise, apps, home
training, psychological pressure, personalization, sports, fitness programs.

This article analyzes the impact of mobile fitness apps on home workouts, discusses their
advantages and disadvantages. It highlights aspects such as the availability and usability of apps, their
ability to offer personalized workout programs, and their role in supporting motivation and the
psychological aspect of training. It also considers the risks associated with the lack of individual control
and possible psychological overload, and provides recommendations for the safe use of apps. In
conclusion, the importance of combining virtual training with real-life classes to achieve better fitness
results is emphasized.

B nocnennue ronbl MOOMIIbHBIE TPUIIOKEHUS IS (PUTHECA CTAJIM HEOThEMJIEMON YaCThIO )KU3HU
MHOTHX JIIOIeH, CTpeMsIIuXcs MOAJIEpKUBaTh CBOIO (usnueckyro ¢opmy. Bce OGombiie nmoneit
BBIOMpAIOT TPEHUPOBKH JOMa, YTO JeNaeT MOOWJIbHbIE TEXHOJOIMH YJIOOHBIM U JOCTYIIHBIM
UHCTPYMEHTOM Ul JOCTHXeHHs mnened. OIHAaKo, HECMOTpS Ha MHOYKECTBO IPEUMYIIECTB,
WCIOJIb30BaHNE MOOWJIBHBIX MPHJIOKEHUN ISl (UTHEca B JOMAIIHUX YCIOBUSX UMEET U CBOM
MOTeHLMaJIbHble pUCKU. Heymenoe nmpuMeHeHHE Nporpamm, OTCYTCTBHE KOHTPOJIS CO CTOPOHBI
npodeccnoHanoB U MCUXOJIOTHYECKOE JaBIIEHUE MOTYT HaHECTH Bpe]] 3J0POBbIO M MOTUBALUH [5].

OnHUM M3 TJIaBHBIX IMPEUMYIIECTB MOOWJIBHBIX TNPWIOKEHHH Ui (UTHeca SABISETCS HUX
noctynHocTs. C momonpio cMapThOHa MU TUTAHIIETa MOXXHO TPEHUPOBAThHCS B JIIO0OE BpeMs U B
M000M MecTe, He 3aBUCHMO OT reorpauyeckoro MojokKeHHs. ITO 0COOEHHO BaXKHO IS JIIOJIEH C
IUIOTHBIM TpaduKOM, KOTOPBIM CJIOKHO BBLACITUTH BpeMs JUIsl OCEUIeHHs cropT3aia. MoOuiIbHbIe
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NPUIOKEHHS TO3BOJISIOT YCTPauBaTh TPEHUPOBKU MPSMO JIOMa, HA YJIMIE WIH JAaXe B OTIyCKE, He
TpeOys CIIO’KHOM MOJATOTOBKH WM JOPOTOTr0 000PYA0BAHHS.

Kpowme Toro, ¢purHec-mporpaMmel, JOCTYTIHBIE Yepe3 MPUI0KEHHUS, YaCTO HE TPEOYIOT OOJIBIINX
($U3MYECKUX 3aTpaT Ha OpraHu3aluio 3aHsATHH. HeT HeoOX0IMMOCTH B CTIEIIUATIbHBIX TPEHAKEPAX WIIN
naxe B OOJBIIMX NPOCTPAHCTBAX — MHOTHE IPOTPAMMBbl MpPEAHA3HAYCHBI Ui TPEHHPOBOK C
COOCTBEHHBIM BECOM TeJa, YTO 3HAUMTENLHO CHIDKAeT Oaphep Ul Hauaia 3aHATHA. DTO OTKPHIBACT
BO3MOXKHOCTH JUIS BCEX JKENAIOMIMX YIyUYIIUTh CBOIO (PU3MYECKYIO (OpMY, HE3aBUCUMO OT YPOBHS
MOJITOTOBKH.

[Mpunoxxenus 11 QuTHEca TaKKe TMO3BOJSIOT JITKO HWHTETPUPOBATH TPEHUPOBKU B
MOBCEHEBHYIO JKH3Hb, MPEIOCTABISAS BO3MOXKHOCTh TPEHHUPOBATHCS, KOTJa U TAe yAOOHO, 06e3
NPUBS3KUA K (PUKCHPOBAHHOMY PACIHMCAHHUIO. JTO MOXKET CTaTh peraronuM (hakTopom st Jrojei,
KOTOpBIE MPEINOYUTAIOT THOKOCTh U MHIUBUAYAIBHBIA MOAXOJ B IUIAHUPOBAHHM CBOETO (PUTHEC-
pexIMa.

KitoueBoe mpenMymiecTBO MOOMIIBHBIX HPUIOKEHUH s (UTHeca SBISETCS BO3MOXKHOCTh
CO3/IaHUS TEPCOHATN3UPOBAHHBIX IIPOTPAMM TPEHUPOBOK. BOIBIIMHCTBO COBpEMEHHBIX MPHIIOKESHUH
UCHOJB3YIOT allTOPUTMBI, KOTOPBIE MO3BOJSIOT MOAOUPATh TPEHUPOBKH B 3aBUCHUMOCTU OT YpPOBHSA
(bu3MUECKOll IMOJATOTOBKH, II€Jel IOJIb30BaTeNIi M HpeanodyTeHuid. Hampumep, Ui HOBHYKOB
Npe/UIaraloTcss MpOCThle M Oe30macHble KOMIUIEKCH YNpaKHEHHWH, a i 0ojee ONBITHBIX
N0JIb30BaTENIel — MHTCHCHBHBIE TPEHUPOBKU C HAarpy3KaMu, OPHEHTHPOBAHHBIMU Ha OIpE/ICICHHbIC
TPYTIITBI MBIIII] WM BUIbl aKTHBHOCTH.

MHorue npuaoKeHusI MpeaaraloT BO3MOXKHOCTh YKa3aTh CBOM LIENIU: CHIDKEHHE Beca, Habop
MBIIIEYHOW MAacChl, YJIy4IIEHHE BBIHOCIMBOCTH WM IOBBIIIEHWE THOKOcTH. Ha ocHoBe 5Toi
UHQOpPMAIMK TPWIOKCHHE TEeHEpUPYeT IUIAaH 3aHATHH, KOTOPHIH MOCTENIEHHO YBEIWYHMBACT
CIIO)KHOCTh W WHTCHCHUBHOCTh TPEHUPOBOK. Takoil MHIMBUAYyaIIM3UPOBAHHBIA IOAXOJ IOMOTAeT
MOJIH30BATEII0 HE TOJBKO JOCTUTATh JKENAeMbIX PE3yJIbTaTOB, HO M M30eratb MEeperpy3oK WM
HEJ0CTaTOYHOU Harpy3KH, 4YTO MOXKET MPUBECTH K TpaBMaM WJIM OTCYTCTBUIO IIporpecca [3].

Kpome TOro, B HEKOTOPBIX MPUIOKEHHUIX MPEAYCMOTPEHBI JOTOJIHUTEIbHBIE (QYHKIMH, TAKUE
KaK MOHHUTOPHHT IIyJIbCA, KOJUYECTBA COMOKEHHBIX KaJIOPHA WMIIM OTCIICKHMBAHUE Iporpecca Io
JOCTHKEHUIO LieJed. DT MHCTPYMEHTHI MO3BOJISAIOT OLEHUTHh 3()()EKTUBHOCTh TPEHUPOBOK U IPH
HEOOXOJMMOCTH  KOPPEKTHPOBAaTh NpOrpaMMy, oOecreunmBasi TeM CaMbIM  MaKCHMAIIbHYIO
PE3yJIbTaTUBHOCTD 3aHATHH.

[lepcoHanu3MpoBaHHbIE TPEHUPOBKH, IpeIIaraeMble (PUTHEC-TPHIIOKEHUSAMH, 3HAYUTEIHHO
MOBBIMAIOT 3(P(PEKTUBHOCTh 3aHATHH, aJaNTUPYys MX MOJ WHAWBUAYalbHBIE LENH U (PU3MUYECKYIO
MOJITOTOBKY TOIb30BaTelst. OTHaKo, TOMUMO IPaBUIILHOW MTPOTPaMMBI, BYKHYIO POJTb B TOCTHKEHUH
ycrexa urpaet Mmotusaius. Y 31ech MOOMIIbHBIE IPUIIOKEHUS IPEAJIaraloT HeMasble IPeuMyILecTBa,
MPEOCTABIISS HE TOIBKO TPEHUPOBKHU, HO U PETYISPHYIO MOIEPKKY, YTO OCOOCHHO BasKHO IS TeX,
KTO TPEHUPYETCs JIoMa.

MoTuBars SBISETCS OJHUM U3 KIFOUEBBIX (DAKTOPOB, ONPENENSIONINX YCIeX B 1000i puTHec-
cTpaTeruu. be3 IOMKHOro cTUMysa 4acTo ObIBAeT CIOXKHO COXPAaHATh PEryJSIpHOCTh U JIOCTUTATh
JOJATOCPOYHBIX IieTieil. MoOWIbHBIE TPWIOKEHUS IS (HUTHECA YCIENIHO CIPABISIOTCS C JTOH
3ajaueil, mpeiaras pa3JIMyHble MHCTPYMEHTHI JUIs TIOJIepKaHUsI MOTHBALIMH.

Campblii TIOMYJISIPHBIN CIIOCOO MOTHBAIIMM — 3TO CHCTEMa HAIIOMHHAHWH. DTH yBEIOMIICHHS
MIOMOTAIOT MOJIB30BATENIO HE 3a0bIBaTh O TPEHUPOBKAX, CO3/aBasi PETYJSAPHBIM PUTM U TEM CaMbIM
MOBBIIIAS IIAHCHI Ha YCIIEIIHOE MPOJOJDKEHWE TPEHHUPOBOK. B OONBIIMHCTBE MPHUIIOKEHUH MOXKHO
HACTPOUTH MEPCOHATM3UPOBAHHBIE HATOMUHAHUS, KOTOPbIE HE TOJBKO YBEJOMIISIOT O MPEACTOSIIEH
TPEHUPOBKE, HO ¥ HATOMUHAIOT O MPOTPECCE WIIN JOCTHIKEHHSIX.

Taxoke, MHOTHE (PUTHEC-TIPUIIOKEHUSI UMEIOT BCTPOCHHBIE CHCTEMBI MOOUIPEHUH. DTO MOTYT
OBITh BUPTyallbHBIE MeEJalli, OayuTbl, AOCTIDKEHHS W T.A., KOTOpbIe (PHKCHPYIOT pe3yJIbTaThl U
CTUMYJIUPYIOT IIOJIb30BAaTeNsl JBUTAThCS Janbiie. JlocTikeHus, MycTh M BUPTyaJbHBIE, AAIOT
OIIYIICHUE YCIeXa U MOATAIKUBAIOT K HOBBIM IEJISIM.

He meHee Ba)KHBIM acCHEKTOM SBISETCS BO3MOXKHOCTb OOILIEHMS C APYTUMH IOJIb30BaTENISIMU
yepe3 BCTPOCHHBIE coo0mecTBa WM (GopyMbl. DTO MOMOTAET CO3/1aTh OIIYIICHHE MOJJNEPKKH H
NPUHAIIEKHOCTH K Tpynme mojned ¢ oOmmmu uHTepecamu [3]. BO3MOXHOCTB JeMUThCS
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pe3yabTaTaMy, COBETAMU U MEPEKUBAHUAMHU C IPYTHMMHU TPEHUPYIOLUIMMUCS 3HAYMTEIBHO MTOBBIIIAET
MOTHBAIMIO, OCOOCHHO KOT'JIa YCIIEXU CTAaHOBSTCS 3aMETHBI U TIO/IEP’KUBAIOTCS] CO CTOPOHBI.

Hekoropble  mpuiiokeHust — mpeanaraloT — (QYHKIMHM — «BUPTYaJbHBIX  TPEHEpOB»  —
MIEPCOHAIM3UPOBAHHBIX MOJCKAa30K U KOPPEKTUPOBOK B IPOLIECCE BBHIMOIHEHMS YHNPaKHEHUH. OTa
(GYyHKIMA [TOMOTaeT MOJb30BaTeNl0 YyBCTBOBATh ce0s yBEPEHHO, 3Has, YTO OH HE OCTaércs OJIUH B
IpOLIECCe TPEHUPOBKH, M IOITYy4aeT CBOEBPEMEHHBIE COBETBHI, KOTOpBIE JENal0T Ipolecc Ooiee
pe3yJIbTAaTUBHBIM U 0€30IaCHBIM.

MoTuBanysi U TOAJAEPXKKa, IMpenocTaBiIsieMble (DUTHEC-TIPUIOKEHUSIMH, JEJAI0T IPOILECC
TPEHUPOBOK 0oJiee YBIEKATEIbHBIM U YCTOMYMBBIM, IIOMOTas OJIb30BaTEISIM OCTaBaThCs Ha IMYTH K
cBOMM LiessIM. OJTHaKO, HECMOTPs Ha BCE IPEUMYIIECTBA, BA)KHO IOMHHUTD, YTO IPUIJIOKEHNE HE MOYKET
3aMEHUTb NOJHOLEHHOE HAOI0AeHNE U TPOPECCHOHATIBHBIN KOHTPOJIb CO CTOPOHBI TpeHepa. U 31ech
BO3HHUKAET PsiJ] HIOTCHIMATBHBIX PHCKOB, CBS3aHHBIX C UCTIOIb30BAHUEM MOOUIIBHBIX MPHIIOKEHHH JIIS
¢uTHECA, KOTOPBIE BA)KHO YUUTHIBATH.

O/HUM U3 CYIIECTBEHHBIX HEJJOCTATKOB HCIIOJIb30BAHMSI MOOMIIBHBIX IPUIIOKEHUH 111 puTHECA
ABJISICTCS OTCYTCTBUE MHAMBHIYyaIbHOIO KOHTPOJISA, KOTOPBIA MOXHO MOJIyYUTh TOJBKO ITPH 3aHATHIX
Cc TpodecCHOHANBHBIM TpeHepoM. lIpuiiokeHus TNpeAnaraloT YyHHUBEPCAIbHbIE IPOrPaMMbI
TPEHUPOBOK, KOTOPBIE, XOTSI U MOTYT OBbITh II€PCOHATU3UPOBAHBl B HEKOTOPOI CTENEHM, HE BCeraa
YUUTBIBAIOT TOHKOCTH COCTOSIHHSI 3J0POBBSI IOJB30BATENs WM BO3MOXKHBIE OCOOEHHOCTH €Tro
OpraHu3sMa.

[Ipu TpeHupoBKax ¢ MOOWJIBHBIM INPUIIOKEHHEM, OCOOCHHO JUIsi HAYMHAIOUIUX, CYLIECTBYET
PHUCK HENPAaBUIIBHOTO BBINOJIHEHHS YIIPaXKHEHHH, YTO MOKET IPUBECTU K TpaBMaM. BaykHO MOHMMATB,
YTO NPUJIOKEHUE HE MOXKET B PEaJbHOM BpPEMEHHU OLIEHUThH Bally TEXHUKY M JIaTh MOJPOOHBIE
pPEKOMEHJALUMU M0 MCIpaBlIeHUI0 omuOok. be3 HabmogeHus co CTOpOHBI HpodeccroHata
I10JIb30BATEIb MOKET HE 3aMETUTh U HE HCIIPABUTh HENIPABUIIbHYIO 1103y, yrpo3a KOTOPOM BO3pacTaer,
€CJIM OH BBIMOJIHACT YIPaKHEHHs 0€3 JT0JKHOTOo ombITa [2].

Cy1iecTByIOT U Jpyrue pUCKH, B TOM YMCJIE CBSI3aHHBIE C IICHXOJOTMYECKHMMH acleKTaMu
UCIOJIb30BAHUS TAaKUX MPUWIOKEHUH. B yacTHOCTH, MHOIME IMOJIb30BaTeId MOTYT CTOJIKHYTHCS C
U3JIMIIHUM TICUXOJOTMYECKUM JaBJIEHUEM, KOTOPO€ BO3HMKAET M3-3a 3aBBIIICHHBIX OXUJAAHUNA U
IIOCTOSIHHOTO CTPEMJICHHUS K «UJeaIbHON» (hru3ndyeckoit popme.

MoOwibHBIE TPWIOKEHUS Uit  (uTHEeca, Kak MPaBWIO, NPEJIaraloT IOJIb30BATEINIO
IIPOrpeccupoBaTh, YIy4lllaTh CBOM PE3yJIbTaThl U 1OCTUTATh BCE Ooiiee BHICOKUX Lesel. M xoTs aTo
MOKET OBITh OTJIMYHBIM CTUMYJIOM JUIsl MHOTHX, Ha NMPAKTUKE TaKOE J1aBJICHHE MOXKET MPHUBECTHU K
Ype3MEPHBIM 0>KMJIaHUSAM U, KaK CJIEICTBUE, Pa304apOBAHMUIO.

CpaBHeHue ce0si ¢ JpyrMMM TIOJb30BaTENISIMU MPUIIOKEHUS, CTpEeMJIEHHE K ObICTpoMy
pe3yabTaTy WM yCTAaHOBKE CIUIIKOM aMOUIIMO3HBIX LieIel MOXKET CTaTh HCTOYHUKOM cTpecca. [Topoit
I10JIb30BATEIN HAUMHAIOT YyBCTBOBATh, UTO HE JOCTUTAIOT KEJIAEMBIX PE3yJIbTaTOB B TOM K€ TEMIIE,
KaK 3TO AENAI0T JPYTHUe, WIK YTO UX YCIIEXH HE COOTBETCTBYIOT «HOPMaM» IPHUIIOKEHUSA. ITO MOXKET
CO3/1aTh YYBCTBO HEYyJ]aul U IPUBECTU K yTpaTe MOTUBALUH.

Ilcuxonorudeckoe NaBIEHUE W 3aBBIINICHHBIE OKWJAHUS MOTYT HETaTMBHO CKa3bIBaThCS Ha
MOTHBAIIMH U O0IIEM BOCHPUITHH Ipoliecca TPeHUPOBOK [4]. O1HaKO, BaXKHO MOMHUTb, YTO YCIEX B
¢uTHECE BO MHOT'OM 3aBUCHUT OT MPABUJIBHOTO IMOJXOAA M MCIIOJIb30BaHUS WHCTPYMEHTOB, KOTOpBIE
COOTBETCTBYIOT HAILIIUM peabHbIM NOTPEOHOCTSM M BO3MOKHOCTAM. YTOOBI MUHUMHU3UPOBATh PUCKH
U U3BJI€Yb MAKCUMAJIbHYIO T0JIb3Y U3 MOOMIIBHBIX MPUIIOKEHUH U1 pUTHECA, KIF0UEBBIM MOMEHTOM
SIBJIIETCS PABUJIbHBINA BBIOOP MPHIIOKEHUSI, KOTOpOE OYyJIeT yUUThIBaTh HE TOJIKO BAlllM LIEJH, HO U
YPOBEHb NOJTOTOBKH, (GU3NUYECKOE COCTOSIHUE U MPEINOYTEHHUS.

OaHuM W3 MepBbIX MIaroB Ha MNyTH K S(QQEKTUBHBIM TPEHUPOBKAM C MOOUIBHBIMU
MPUIIOKEHUSAMU SIBIIIETCSI BBIOOp MoAxosIiero npuioxeHus. CyIiecTByeT OrpOMHOE KOJIWYECTBO
pa3auyYHbIX (GUTHEC-IPOTPAMM, M Ba)KHO BbIOpATh HMEHHO TO, KOTOPOE JIy4Ille BCETO MOAXOAUT IS
BallIMX LIeJei U YPOBHS (PU3UUECKOM MOATOTOBKH.

[Ipexxne Bcero, CTOUT OOpaTUTh BHUMAHUE Ha NPUIIOKEHUS, KOTOpbIE MpeaaraiT
[IEPCOHAIIM3UPOBAHHBIE TPEHUPOBKH, a HE YHUBEPCAIIbHBIE TPOrpaMMbl. MHOTHE IPUIIOKEHUS, TAKHE
kak Nike Training Club unm Freeletics, mpennarailoT BO3MOKHOCTb HAaCTPOMKH IPOrpaMMbl B
3aBHCHUMOCTH OT BalIETO OIbITA, IIeJIei U TOCTYyNHbIX pecypcoB [6]. Takum oO6pa3zoM, MOXKXHO BHIOpAThH
0oJ1ee MoAXOAALIUI BapUaHT, YTOObI TPEHUPOBKU OBLITM KOM(POPTHHIMU M 0€30MaCHBIMHU.

195



Taxoke, CTOUT OOpaTUTh BHUMaHUE Ha KQY€CTBO KOHTEHTA, KOTOPBIN IpesaraeT NpuioKeHue.
Hekotopble npUIOKEHHS MOTYT BKIIOYATh BUACOPOJIUKUA C HHCTPYKLUHUSAMU H OOBSICHEHUSMH
[IPAaBUIBHOM TEXHUKU BBIMOJIHEHUS YNPA)KHEHUH, 4TO momoraer M30exaTb TpaBM U IOBBICHTH
3G (GEKTUBHOCTh TPEHUPOBKH. Takke BaXHO BBIOMPATh NPUIOKEHHUS, KOTOPbIE MpenIararoT
pa3HooOpa3ue TPEHUPOBOK, OT KapJHO 10 CUJIIOBBIX, YTOOBI IOJIEPKUBATh UHTEPEC U HE JIOITYCKaTh
0JIHO00pa3us B 3aHIATHUSX.

Ecnu y Bac ecTh onpezeieHHble OTPaHUYEHUS IO 30POBbIO WM OCOOCHHOCTH (U3UUECKOU
MOJITOTOBKH, BaKHO BBIOMPATH MPHIIOKEHHSI, KOTOPbIE MOTYT YUYHMTHIBAaTh 3TU (akTopbl. HekoTopeie
IIPOrpaMMBbl IIpeIaratoT Crelaau3upOBaHHbIE TPEHUPOBKH JUIs JIFOJEH ¢ 0COOBIMU TOTPEOHOCTAMY,
HanpuMmep, A7 JII0JIeH ¢ 3a00eBaHUsIMU CYCTaBOB WM Il OEPEMEHHBIX JKEHIIMH. B Takux cirydasx
BaXXHO, YTOOBI MPHIIOKEHUE KOHCYJIBTUPOBAIOCH C NPOPECCHOHATIBHBIMU TPEHEPAMU WJIM BpadyaMmi,
410 0OecrednuT 0€30MacHOCTb MPU 3aHATHSIX.

OnHUMU M3 caMbIX IOIYJSPHBIX pelleHuil B chepe MOOMIbHBIX HMPUIOKEHUH Ui (uTHeca
SBJSIFOTCSL Takue npuiokeHus, kak Adidas Training by Runastic, Fitness Online, GymUp, WELPS,
Nike Training Club, PUMATRAC u Freeletics [6]. Kaxxgoe u3 HHX HMEET CBOIO CIECHH(HKY,
YHHUKaJbHbIE (DYHKIIMH, a TaKKe CHJIbHBIC M CJIa0ble CTOPOHBI, YTO AENaeT MX MOAXOIAIIMMHU JUIS
pa3HbIX TUIIOB MOJIb30BATEIEH.

Adidas Training by Runtastic — 3To npusoXeHHe, CO3IaHHOE Ui TEX, KTO MPEANOYUTAET
TPEHHUPOBAThCSI JIOMAa M HE HCHOJb30BaTh oOopyaoBaHue. OHO mpennaraer pa3sHOOOpa3HbIE
TPEHUPOBKH, KOTOpBIE BapbUPYIOTCS 110 HWHTEHCHUBHOCTH M TPOJOJDKHTEIBHOCTH, a TaKXKe
NEePCOHAIM3UPOBAHHBIC IUIaHbI B 3aBUCMOCTH OT LI€JIU: NTOXYA€HUE, Ha0Op MacChl WK MOIep KaHUe
¢dopmbl. OcOOEHHO pajsyeT KaueCTBEHHBIN BUJCOKOHTEHT U mpocTas HaBuranus. OQHaKko, HECMOTPS
Ha IIMPOKYI 0a3y TPEHHUPOBOK, YacTb Haubojee MHTEPEeCHOI0 KOHTEHTa JOCTYIHa TOJIBKO IO
MOJMCKE, a YpPOBEHb KAaCTOMHU3AllMU IUIaHA HE BCETJa OTBEYACT OXHIAHUSAM ONBITHBIX
M0JIb30BaTENEH.

Fitness Online opueHTHpOBaH Ha TOJB30BATENEH, HINYIIMX TIOHATHOE M TIPOCTOE B
UCIOJb30BAHUU TPUIOKEHUE C MOAJEPKKOW Ha pycckoM s3bike. OHO mpeanaraer Xopollo
CTPYKTYPHUPOBAaHHBIE TPEHUPOBOYHBIE MPOTPAMMBI, TOJ00pP YHPAKHEHUH MO 1eJb, a TAaKKe 4acTo
BKJIIOYAET PEKOMEHJalUuu Mo nuTaHuio. [losb30BaTen LEHAT 3TO NMPHIOKEHHE 3a JOCTYHMHOCTD,
MHTYUTHBHBIN HHTEpdErc U BO3MOXKHOCTh oddmaitH-nocTyna Kk TpeHHpoBKaM. MUHYCOM MOXKHO
CUUTATh TO, YTO MITyOUHBI U AaHAJMTHUKH, KaK B Oojiee IPOJABUHYTHIX IPUIOKEHUAX, 3/I€Ch HE XBATaeT,
a pazHooOpa3ue NporpamMm OrpaHuYeHo.

GymUp — 3TO HE CTOJIBKO TpeHaXEpP, CKOJIBKO IU(PPOBON AHEBHUK TPEHUPOBOK, OCOOEHHO
MOJIE3HBI TEM, KTO TOCEIIaeT CIOPT3al W XOUYeT CHUCTEeMHO OTCIEKHMBaTh CBOM mporpecc. B
NPUJIOKEHUH JIOCTyNHa Oofbinas 0a3za yHOpaXHEHUH C ONMCAaHUEM TEXHUKU BBIIOJHEHNS,
BO3MOYKHOCTh (DMKCHUPOBATh Beca, TOBTOPEHHS M TPOTPECC MO KKAOMY yHpaxkHeHuio. CHIBHOM
cropoHoit GymUp siBiisieTcst ero THOKOCTh M TOYHOCTh, HO HOBUYKY MHTEp(ENc MOXKeT MoKa3aTbes
Meperpy’KeHHBIM M HE CaMbIM WHTYWUTHBHBIM. [IpuiioskeHHe WAeadbHO TOIXOIUT JUISL OMBITHBIX
CIOPTCMEHOB, HO JJIs IOMAIHUX TPEHUPOBOK OHO Oecrioyie3HO 0€3 TOHUMAaHHUs OCHOB.

WELPS — sT0 yHUBepcanbHOE TPUIIOKEHHE, COYeTarollee B cede KaKk TPEeHHPOBKH, TaK U
nuTanue. OHO CO3/1aHO JJIS JIFOJIeH, KOTOpPbIE XOTAT HE MPOCTO 3aHUMATHLCS CIIOPTOM, HO M BHICTPOUTH
TIOJTHOIIEHHBIN 00pa3 sku3HU. [lonmb30BaTenio MpeiaraloTcs WHIMBUAYaJbHBIC TUTAHBI THTAHUS,
MOJICUET KaJTOPUH U MPOrpaMMbl TPEHUPOBOK, YTO YI0OHO Ul KOMIUIEKCHOTO MO/AX0/1a K 3/I0POBBIO.
[IpunoxxeHne uMeeT COBpEeMEHHBbIM UHTepdeldc U PYCCKOS3BIYHYIO MOAAEpKKY. [JaBHBIM
HE/JOCTaTKOM MO>KHO Ha3BaTh IUIATHBIA JOCTYH KO MHOTUM (YHKLHSAM, a TakXke HEKOTOPYIO
MTOBEPXHOCTHOCTH B TPEHHPOBOYHOM YacTH 10 CPABHEHHIO C Y3KOMPO(UITBHBIMH TTPHUIOKCHUSIMHU.

Nike Training Club — 3To o1HO 13 caMbIX y3HaBaeMbIX MTPHIIOKEHHI B MUPE PUTHECA, OCOOCHHO
cpeau JIOOWTENCH OMAallHUX TPEHUPOBOK. B HeM coOpaHBl COTHH TPEHHPOBOK Pa3HOTO
HampaBJICHUs: OT KapJHO W CWJIOBBIX 0 HOTM M PacTsDKKU. BHUIEOypOKH BBICOKOTO KauyecTBa, a
TPEHEpPHl — HAcTosmue MPO(ECCHOHANBI C XapU3MOHM, YTO JellaeT 3aHATHS OCOOCHHO
MoTuBupyrommMu. [loxanyii, rinaBHas (uIIKa NPUIOKEHUS — 3TO OECIUIATHBIM OCTYN KO BCEMY
KOHTeHTY. OmHako OHO TpeOyeT CTa0MIIFHOTO WHTEpHETa W HE BCErja INpeaaractT THOKOCTh B
HACTPOWKe MHANBUIYAIBHBIX IPOTrPaMM, YeTO MOPOH HE XBATAET ONBITHBIM MOJIb30BATEISIM.
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PUMATRAC - xpeatuBHOe mnpmwioxkeHHe oT Puma, koTopoe mnpejaraeT HE TOJIbKO
TPEHUPOBKHU, HO M HEOOBIUHBINA MOAX0 K MOTHBaMU. [IoMHMO CTaHIApTHBIX IJIAHOB, 3/1€Ch MOYKHO
HallTU 3aHATHUS, aJalTUPOBAaHHBIE I1OJ HACTPOECHHE, MY3bIKYy W Aaxe Bpems cyTok. OHO Takxke
MO3BOJISICT OTCIICKUBATh AKTUBHOCTH, COCAMHATHCS C KAJCHAAPEM U CTPOUTh WHAMBHUIYyaJbHbIC
pexoMeHAanuu. BusyanbHo W KOHUENTYaJIbHO IPUIIOKEHUE BBIAEISETCA CPEAN APYIHX, HO B IUIAHE
r7TyOMHBI TPEHUPOBOYHOM 0a3bl U TOUHOCTH PEKOMEHAALUN OHO yCTynaeT KOHKypeHTaM. OcoOeHHO
3TO YyBCTBYETCS y M10JIb30BATENCH, UILYIUX CTPYKTYPHUPOBAHHBIE JOITOCPOYHBIE IIIAHBI.

Freeletics — »3To mnpunokeHue, NMOCTPOSHHOE HA TPEHUPOBKAX C COOCTBEHHBIM BECOM WU
HCKYCCTBEHHOM HHTEJUIEKTE, KOTOPBI IMOJCTpauBaET MPOTrpaMMy IO/ Pe3yJbTaThl MOJb30BATENS.
3neck HeT HEOOXOMUMOCTH B O0OpYyIOBaHWH, 4TO nAenaeT Freeletics waeanbHBIM pEIICHUEM IS
JIOMAILIHEero crnopra. TpeHUpOBKU KOPOTKHE, HO HHTEHCUBHBIE, YTO XOPOLIO BIIUCHIBACTCS B IUIOTHBIH
rpaduk. Koyu amantupyercs Kk oOpaTHOW CBS3HM, M 3TO MOMOraeT mporpeccupoBarb. OnnHako 0e3
HOJIIMCKH JTOCTYT K (DYHKIIMOHAIY CUIBHO OIPAaHHYEH, a CTUJIb MOAAYN MOXKET ITOKa3aThCsl CIMILIKOM
CTPOTHM.

Ecnu cpaBHUBaTh BCE 3TH NPUIIOKEHUS MEXIY cO0O0H, TO CTAaHOBUTCS MOHATHO, YTO KaXJ0€
CO3JIaHO TOJ KOHKPETHBIA CTWIIb KHU3HHU. TeM, KTO XOYeT AICTETHKH, Pa3HOOOpa3us M TPEHEPOB
MHPOBOTO Kjacca — Jry4ie Beero nmogoiaér Nike Training Club. Jlns ¢haHaToB KOHTPOJIS, IPOTPECCUH
u pabotel B 3ame — GymUp craHeT HE3aMEHHMBIM NMOMOIIHUKOM. JIroOuTensM (yHKIIMOHATHHBIX
TPEHUPOBOK C MMHUMAaJIbHBIM MHBEHTApEM U YETKOW CUCTEMOM — cToUT nonpobosatk Freeletics. Eciu
BaXKHA U eJ1a, U TpeHUpoBKU — TO WELPS BriurpbIBaeT 3a cuér CBOEro KOMILIEKCHOTO nojxoa. Tem,
KTO LIEHUT CTWJIb U aTMocdepy — BO3MOkHO, Ommke no nyxy Oyner PUMATRAC. A Bor Adidas
Training u Fitness Online — 3T0 uaeanbHBIE CTAPTOBBIC PEIICHUS IJII HOBUYKOB M TEX, KTO HIIET
IIPOCThIE, MOHATHBIE (OPMAThl TPEHUPOBOK C BUJEO U TOJOCOBOM MOJIepKKoil. Bribop Bcerna
3aBHCUT OT IIeJel, MOTHBAllMM M TPEANOYTECHUH B mojade WHGOpMAIMH, HO Ojaromaps TakoMy
MHOTI000pa3uto, KaKAblii MOXKET HAUTH UMEHHO CBOE IIPUJIOKEHHUE.

[TpaBusbHBIH BEIOOP (DPUTHEC-TIPUIIOKEHHUS — ATO MEPBBIH AT K 0€30M1aCHBIM U PE3YIbTaTUBHBIM
TpeHupoBkaM. Ho, naxe camoe mnojxopsiiee NPUIOKEHHE HE BCErja rapaHTUPYET YCIIEUIHbIH
pe3yabTaT, €CIM €ro WCIOJIb30BAaHHE HE CONPOBOXKAACTCS JODKHOW OCMOTPUTENBHOCTBIO H
BHUMaHHMEM K CBOeMY cOCTOsiHHIO [1]. UTOOBI M3BJI€Yh MAKCUMAIBHYIO 10JIb3Y ¥ MUHUMH3UPOBATH
PHUCKH, BaYKHO COOJIOATh HECKOJIBKO MPOCTHIX, HO BaKHBIX MPAaBHJ 0€30MaCHOTO MCIIOIb30BaHU
MOOMJIBHBIX NPUIIOKEHUH U1 pUTHECA.

[lepBBIM M, BOBMOKHO, CAMBIM Ba)KHBIM COBETOM SIBIISIETCS CITyIIaTh cBOE Teno. Hecmorpst Ha
TO, YTO MHOTHE (PUTHEC-TIPUIIOKEHMS IpeJUlaraloT MHTEHCUBHbIE U MOTHBHMPYIOLIUE MPOrPaMMBbl,
BaXHO IOMHHUTB, YTO HE CTOUT IIEpEHANpsTaThCs, OCOOCHHO €CIM BBl TOJBKO HAYWHACTE WIIH
BO3BpalllaeTech K TPEHUPOBKaM MocJe nepepbiBa. [locreneHHoe yBenndeHne Harpy3ku 1 BHUMaHHe K
CHTHAJIaM CBOETO OpPraHW3Ma TOMOTYT M30eXaTh TMepeHanpspKeHUs, yCTAIOCTH U TpaBM. Ecim BbI
qyBCTBYeTe O0OJb WM JUCKOM(OPT, JIydllle CHU3UTh WHTEHCUBHOCTh WJIM BOBCE MPOMYCTHThH
TPEHUPOBKY [4].

Taxoke cTOMT HauMHATH ¢ pa3orpena. [IpuoxkeHus 4acTo mpeIaraloT TPEHUPOBKU 06€3 0COOBIX
PEKOMEHANNH 0 Pa3MHUHKE, OJTHAKO BaYKHO MOMHUTH, YTO XOPOIIMK Pa30rpeB CHIKAET PHCK TPaBM
U MOMOTaeT MOJrOTOBUThH MBILIIBI U CyCTaBbl K Harpyske. BeinensiiTe BpeMs Ha pa3MUHKY Iepen
OCHOBHOH TPEHUPOBKOH, YTOOBI MBIIIIIBI OBUIH TOTOBBI K HHTEHCUBHOCTH YIIPaKHEHHH.

He 3a0biBaiite 00 otabixe. [IpunoxkeHust ans ¢uTHECAa 4acTo MpeasaraloT TPEHHPOBOUHBIE
IJIaHbI C BBICOKOM YaCTOTOM 3aHATHI, UYTO MOXKET MPUBECTH K YCTAJIOCTH WJIU MEPErpy3Ke OpraHnu3Ma.
VYbenureck, 4TO B BallleM IJIaHE IPUCYTCTBYIOT JHU JUUIsl BOCCTAHOBIICHUS, KOTOPBbIE HEOOXOIUMBI JIs
BOCCTAHOBJICHHSI MBI ¥ TPEIOTBpAIICHUS MEPEeTPEHUPOBAHHOCTH. TakKe BaXKHO CIEAUTH 3a
Ka4yecTBOM CHA M MPABUIbHBIM MUTAaHHEM, YTOOBI TPEHUPOBKU MPUHOCHIIN MAKCUMAJIBHYIO TOJIb3Y.

Kpome Toro, Bcerna cimeaure 3a NpaBUIBHOM TEXHUKOW BBINOJHEHHs yNpaKHEHHM. MHorue
¢buTHEC-IPOrpaMMBbl IpeIaraloT BHAEOMAaTepHalibl, HO, HECMOTPS Ha 3TO, BaXHO BHUMATEIBHO
CIIEZINTH 32 KaXKIbIM JBI)KEHUEM U HE TOPOIHUTHCS. B MPHITOKEHHUSIX MOKHO BKITFOYATh 3aMe ICHHBIN
MIPOCMOTP BHJI€0, YTOOBI OoJiee AETaNbHO M3YyUUTh MPABUIBHOE BBHINOJHEHUE yrpakHeHui. [Ipu
HEOO0XOIMMOCTH MOKHO JIOTIOJTHUTEIEHO TIPOKOHCYIIBTHPOBATHCS C TPEHEPOM WIIH (PH3HOTEPATIEBTOM,
9YTOObI YOEUTHCS, YTO TEXHUKA BBIITOJHEHNS HE BBI3BIBAET PUCKA TPABM.
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He 3a0mBaiiTe W O ICHXOJOTMYECKOM acIeKTe TPEHUPOBOK. Eciu BBl 4YyBCTByeTEe, UTO
MPUIIOKCHUC CTAaBUT CJIHUIIKOM 60JIBH_II/I€ eI WM BbI3BIBACT M3JMIIHCC HaBJICHUC, JIYUIIC
OTKOPPEKTHPOBaTh MPOrpaMMy WM Jake BBIOpaTh Oojiee MsArkue TpeHUpoBku. [Iporpammsl,
NpeaAHAa3HAUYCHHLBIC IJIS BCECX ypOBHeﬁ noATOTOBKHU, MOTYT GBITL CJIOKHBIMH OJI1 HOBHYKOB, U 3TO
MOJKET BbI3BaTh pa3oyapoBaHue. BaxkHO 3aHUMATHCSI B CBOEM TEMIIE, a HE MBITAThCS COOTBETCTBOBATD
«MOJIETN UACATIBHOTO CIIOPTCMEHA» U3 IPHIIOKEHUSI.

Cnenys pexoMmeHIanusiM 1o 0€30MacHOMY HCIHOJb30BaHUIO (PUTHEC-TIPUIIOKEHUH, MOXKHO
CBECTU K MHHUMYMY PHCKH W OOCTHUYb JIYUIIUX PE3YyJIbTATOB. OI[HaKO, Ba*XHO IIOMHHTB, 4YTO
MOOUJIbHBIE MPUJIOKEHUS Uid (UTHECa HE BCEr/la MOTYT MOJHOCTHIO 3aMEHUTh PEasbHBIM OIBIT
TPEHUPOBKM C TNPOPECCHOHAIOM WJIH 3aHATHS B croopt3aie. [loatomy, s JOCTHXKCHHS
MaKCUMaJbHBIX pPE3yJbTAaTOB M TOBBIIEHUA S()PPEKTUBHOCTU TPEHUPOBOK, HUMEET CMBbICI
KOMOMHHPOBATH MCIOJIb30BAHNE MPUI0KEHHI ¢ peajbHBIMH TPEHUPOBKamH [5].

OpHuM U3 ONTUMAJIBHBIX CIIOCOOOB UCMOJIB30BaHUS (PUTHEC-TIPUIIOKEHUH SBIISETCS COYETAHHE
WX C )KUBBIMHU TPCHHPOBKAMHU I1OJ] PYKOBOCTBOM MPOGECCHOHATIOB. JTO MO3BOJISET MOJIH30BATEIO HE
TOJIBKO OTCIICKHBATh CBOU YCIIEXU M CIIEAOBATh 3apaHEe COCTABJICHHBIM IUIaHaM, HO U IOJIy4YaTh
O6paTHYIO CBiA3b OT TPCHCPA, YTO SMABJIACTCA BaXHBIM 3JICMCHTOM IJId YJIYUIICHUSA TCXHUKU H
MIPeIOTBPALICHHS OLIHOOK.

HaHpI/IMep, MPUIIOKCHUC MOXKCT UCIIOJIB30BAThCA JIs1 JOMAIIHUX TPCHUPOBOK, KOrJa ¥y BaC HET
BPEMEHH WJIM BO3MOXXHOCTH MOCETUTh CHOPT3al. Ho B MOMEHTHI, KOT/Ia y Bac €CTh BO3MOXKHOCTb
3aHUMATLECA C TPCHCPOM HIIM NOCCHIATh CHCUHHUAIM3UPOBAHHBIC 3aHATUA, 3TH TPCHHUPOBKU MOIYT
JIOTIOJIHSTh OHJIAWH-KYPChI, KOPPEKTUPYS TEXHUKY U MoBbImas 3¢ dekTuBHOCTh. Hampumep, Tpenep
MOKCT OaTb BAXXHBIC PCKOMCHAAIWU I1O BBLIIIOJIHCHUIO ynpamHeHHﬁ, KOTOPBIC BbI U3Y4YHJIU 4YCPEC3
MIPUIIOKEHUE, a TAKXKE MPEJIOKUTD JOMOIHUTENbHbBIE YIIPAKHEHUS ISl padOThI HaJl cTabbIM MECTOM,
BBISIBJICHHBIM B ITPOLIECCE.

Taxxke, MOXXHO UCIIONIB30BATh MPHUIIOKEHUS VI MOAAep)KaHUs (PU3NUECKON aKTUBHOCTH B JHH,
KOTJla HE IJIAHUPYETCSI TPEHUPOBKA C TpeHepoM. B Takux ciydasx MOOMIBHOE MPHIIOKEHUE MOXKET
MPEIJIOKUTh MOAXOAIINE YIIPAXKHEHUS JJI1 BOCCTAHOBIICHUS, PACTSKKUA WU KapAUO-TPECHUPOBKU,
YTO MO3BOJIAET HE TEPATH POPMY MEXK/TY IMOITHOIEHHBIMU TPEHHUPOBKAMH.

KoMOuHMpoBaHUE 3THUX JIBYX METOI0OB TAKXKE MOXKET CITy>)KUTh XOpolei MmoTuBanuei. Eciu Bel
Oyznere BHIETh, KaK Ball MPOrPECC OTCIEKHBACTCS KaK B PEANTBbHBIX TPEHUPOBKAX, TaK W Yepe3
MPUJIOKEHUE, 3TO CO3/aCT JOMOJIHUTENbHBIM CTUMYJ AJS MPOJOJDKEHUS 3aHSITHUM M JOCTHUKCHUS
pe3ynbTaroB. bosee Toro, MpuiioKeHNs 4acTo NMPEeAIaraloT pa3Hooopasre TPEeHUPOBOK, YTO TIOMOTaeT
MOAJEPKUBATh WHTEpEC K Tpolleccy W u30erarb PyTHHBI, KOTOpask MOXET BO3HUKHYTh, €CIH
3aHUMATLECA TOJIBKO C TPECHEPOM HJIM TOJIBKO IT10 IMporpamMmmam HpHJ’IO)KCHHﬁ.

B pesynbTare, coueraHue MOOUIBHBIX (DUTHEC-TPUIIOKEHUN C peaTbHBIMU TPEHUPOBKAMHU
MI03BOJISIET U3BJI€Ub MAKCUMAJIbHYIO MOJIb3Y U3 00enX popM akTUBHOCTH. [Ipuinoxxenus odbecrneunBaroT
rHOKOCTh U yJI00CTBO, MO3BOJISISI TPEHUPOBATHCS B JIFOOOM MecTe U B JH000€ BpeMmsi, a pealbHbIe
3aHATUA C TPCHCPOM MM B CIHOPT3aJ€C IMOMOTarOT KOHTPOJIUPOBATHL TCXHUKY, KOPPEKTHPOBATH
Harpy3Ky M MOAJEpPXKUBATh MOTHBALMIO. ODTO COUYETAHHWE CO3[AeT HACAIbHbIE YCIOBUS MJId
JOJITOCPOYHOIO ycIiexa U JOCTUKEHUS BBICOKUX PE3yJIbTaTOB B (PUTHECE.

MoOunbHble (DUTHEC-TPUTIOKEHUS — ITO MOIIHBIM MHCTPYMEHT, KOTOPBIA MPH MPaBUILHOM
MO/IXO0JI€ MOXKET 3HAYUTEIbHO YJIYUYlIUTh (PU3HYECKYI0 (OpMY M MOMOYb JOCTUYbL Pa3HOOOpPa3HbBIX
uened. VX A0CTyNmHOCTb, NMEPCOHANIM3WPOBAHHBIE MPOTrpaMMbl U BO3MOYKHOCTH JJII MOTHBALUU
ACIAIOT TAKHUC MPUIIOKCHUA OTIUYHBIM BI>I60pOM I TEX, KTO XOYCT TPCHUPOBATHCA B JOMAIIHUX
ycinoBusix. Ho, BaKHO MOMHUTH O BO3MOKHBIX PUCKaX, TAKUX KAaK OTCYTCTBHE HWHIAMBUAYaJIbHOTO
KOHTPOJIA, INMCHUXOJIOTMYECKOC JaBJICHHUEC W 3aBBINICHHBIC OXHJIAaHHA, a TaK¥XKE HGO6XO)II/IMOCTI) B
MIPaBIJILHOM BBIOOpE IPUIIOKEHUS M COOIIIOIEHUU PEKOMEH AN 10 6€30MacHOCTH.

KoMOuHMpys ncnonb3oBaHue NPUIIOKEHUHN C peaIbHBIMU TPEHUPOBKAMHU U 0Opaliasi BHUMaHHe
Ha TEXHUKY BBITIOJIHEHUS YIPaXKHEHUH, MOXKHO o0ecreunTh cede d(h(peKTUBHBIN 1 0e30MacHbIN My Th
K YJIyYIIEHUIO 310poBbsl U (pusmueckoit ¢opmbl. KitoueBbIM MOMEHTOM SIBIsieTCsl OaiaHC: Ba)KHO
WCIOJIb30BaTh TMPWIOKEHHUsS] KaK WHCTPYMEHT IS TOBBIIICHHUS aKTUBHOCTH, HO HE 3a0bIBaTh O
Ba’)XHOCTHU HpO(beCCHOHa.]'H)HOFO KOHTPOJII U BHUMATCJIBbHOCTU K CBOCMY COCTOSHHIO. B xoneunom
UTOT€, MOAXO0/] C OCO3HAHHOCTBIO M PEATMCTHUYHBIMHU IIEJISIMU MOMOXET BaM JIOCTUYb YCTOMYMBBIX
PEe3yIBTATOB U TIOIYYHUTH YOBOJBCTBHE OT MPOIIECCa TPEHUPOBOK.
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B mocnennue rtomael uckycctBeHHBIM uHTEIeKT (M) cram KiIrOYeBOM TEXHOJIOTHEH,
CIOCOOCTBYIONIUX W3MEHEHHUI0O MHOTHX dYacTeld 3KOHOMUKH. OH BIIMSET HA MPOU3BOIUTEIHLHOCTH
TpyJa, ONTUMU3AIMIO U CO3JIaHUE HOBBIX MOJeNel MOTpeOIeHHs], a TaKKe Ha 3aHSATOCTh U PHIHOK
Tpyna. B panHOW paboTe aHaIM3MpYyIOTCA KIIOYEBBIE ACMEKThl BO3JIEUCTBHS HCKYCCTBEHHOTO
MHTEJIEKTA, a TAK)KE €ro MPEUMYIIECTBa U HEIOCTaTKH. byayT npoaHaan3upoBaHbl TEKYIIUE TPEHIDI,
CYIIIECTBYIOIIME BBI30BHI U MEPCIIEKTUBBI OyAyIIero, BOZHUKAIOMNE B pe3yibTaTe unrerpanuun U B
SKOHOMHYECKYIO AEATEIHHOCTb.
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TECHNOLOGIES
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Keywords: artificial intelligence, digital economy, global economy, information technology,
economic effect.

In recent years, artificial intelligence (Al) has become a key technology that is changing many
parts of the economy. It affects labor productivity, optimization and creation of new consumption
models, as well as employment and the labor market. This paper analyzes key aspects of the impact of
artificial intelligence, as well as its advantages and disadvantages. It will analyze current trends,
existing challenges and future prospects arising from the integration of Al into economic activity.

Lenbto pabOTHI SABISETCS UCCIIEAOBAHUE BIMSAHUS MUCKYCCTBEHHOTO MHTEJIEKTa HAa pPa3InyHbIe
CEIrMCHTBI 3KOHOMUKH, BBIABJICHHEC KIIIOYCBBIX (l)aKTOpOB. I[J'Ifl 0oee 06IHI/IpHOFO IIOHUMAaHUs1 TEMbI
OyzeT npoaHaIM3UpPOBaHA KakK IUIIOCKL, TaK U MUHYCHI BHeipeHus U B SKOHOMUKY.

UckyccrBennsiit uuremiekt (M) npeacrasnser codoit Hanboee 3HAYUTENbHYIO TEXHOJIOTHIO
HAIlIero BPEMEHH, MOJBEpraromeiicss ObICTPYIO 3BOMIOLMIO M OKa3bIBAIOUIYIO OOJIBIIOE BIMSHUE Ha
OKOHOMUKY. B IOCICAHEC BPEM MHTEPEC K MCKYCCTBEHHOMY HMHTCIIJICKTY BBIPOC, UTO CBA3aHO HE
TOJILKO C €T0 Pa3BUTHEM, HO U C TEM, UTO OH BCE yallle BHEAPSETCS B Pa3IMYHbIC YACTH YEIOBEUYECKOI
nesitenbHOCTH. [lepBonayanbno MM npuMeHsisicss B OrpaHUYEHHBIX 00JIacTAX, TaKUX Kak oOpaboTka
JAHHBIX U aBTOMAaTHYECKHE CIYXObI, OJHAKO C Pa3BUTHUEM TEXHOJOTUWH, TaKMX KaK MallMHHOE
oOydyeHne M 00pabOTKa ECTECTBEHHOIO S3bIKa, €ro MPUMEHEHHWE 3HAYUTEIbHO PaCIIUPHUIIOCH.
Cospemennsie cucteMbl U criocoOHBI HE TOJIBKO 00padaThIBaTh U aHATM3UPOBATH OOJIBIINE 0OBEMBI
JaHHBIX, HO U IPUHUMATb aBTOHOMHBIC PCHICHHA, YTO OTKPLIBACT HOBBIC T'OPU3OHTHI IJIA 61/13Heca,
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roCy/IapCTBEHHBIX YUPEXKICHUN U HUCCIIEe0BaTeNbCKUX yupexaeHuil. Hanbonee 3ameTHbIie 3P PEKTHI
BHenpenus MU sBisieTcs ero BIusiHIE Ha pHIHOK Tpyia. C 0JJHOM CTOPOHBI, aBTOMATH3AIUS TPOLIECCOB
MO’KET MPUBECTU K COKPAIIEHHIO HEKOTOPHIX padOUrX MECT, 0COOEHHO Ha HaYaIbHbBIX TOJKHOCTAX U
B IIPOCTHIX MTPOU3BOJICTBEHHBIX 00IACTSAX, TJE 3aJa4UH JIETKO MOIAI0TCs aBToMaTu3anuu. Hampumep,
B NMPpOoU3BOICTBEHHOI oTpaciu U yxe ycnemHo 3ameHsier cOOpOYHbIX paboyuX U ONepaTopoB. ITO
BBI3BIBACT OECIOKOMCTBO OTHOCUTEIILHO YPOBHsI 0€3paboTHIlhl U HanoOHOCTM niepekBandukarmu. C
npyroi croponsl, BHeApenue MU Taxxke co3gaeT HOBBbIE CTyNEHH 3aHATOCTH. [10SBISIIOTCS HOBBIE
npodeccuun, KoTopbie TpPeOyIOT KBanu(uUKauu B obinactu paszpabotku MU, anammza Oonbmx
JAHHBIX, a TAKXKE YIPABJICHUS IPOCKTaMHU, CBA3aHHBIMU C €ro BHeapeHueM. Hampumep, noTpeOHOCTD
B CIICIUAINCTAX 10 UCKYCCTBEHHOMY HHTEJUICKTY, JaTa-aHAIUTUKAX U CHUCTEMHBIX apXUTEKTOPax
pacter. [loaToMy Ba)kHO HE TOJBKO aJaNTUPOBATHCA K H3MEHEHHUSIM, HO W aKTUBHO DPa3BUBATh
o0Opa3oBaTenbHbIC MPOTPAMMBI MU KYPChl KPAaTKOCPOYHOW IMOATOTOBKH, KOTOPBIC MOMOTYT JIFOMISIM
nepeT Ha HOBbIE pabounme Mecta. Tem He MeHee, BIMSHHE HCKYCCTBEHHOIO MHTEJUIEKTa Ha
9KOHOMHKY BBIXOIWT 3a MPEAEIbl JUIIb PhIHKA Tpyaa. ClaemayeT moa4epKHyTh, YTO MCKYCCTBEHHBIN
MHTEJJIEKT OKa3bIBae€T CEPbhE3HOE BIMSHHE HAa MPOU3BOAUTEIBHOCTh U 3(PPEKTUBHOCTH PAOOTHI.
Hanpumep, npennpusTusi, KOTOpbie aKTHBHO TpuMeHsitoT MU aiis ananu3a NaHHBIX U MPeCKa3aHus
MOTpeOHOCTEH, MOTYT 3HAUUTEIbHO ONTHMHU3UPOBATh CBOM OW3Hec-Tpolecchl. Pexomenmyercs
W3YYHTh YCIEIIHBIC IPUMEPHI U3 PA3TUIHBIX OTPACICH.

B cdepe 3apaBooxpaHeHHS HCKYCCTBEHHBIH HMHTEIUIEKT YK€ MPOJIEMOHCTPUPOBAT CBOIO
3¢ (HEeKTHBHOCTh B JAMATHOCTUKE W TEPANUU PA3IUYHBIX 3a00JeBaHU. B 4YacTHOCTH, TEXHOJIOTHH
MaIIMHHOTO 00YYEeHHs] aKTUBHO MIPUMEHSIOTCS JIsl aHaIN3a MEAUIIMHCKUX M300pakeHUH, TaKUX KaK
peHTreHOBCKHe CHUMKU B MPT, 4TO 3HAYUTENHHO YCKOPSET M YBEIMYUBACT TOYHOCTH PAHHETO
BbIsBJICHHs 3aboneBanuii. OgHOW W3 KOMIaHUM, paboTarolmMX B ATOM HAaNpaBlIE€HUU, YAAIOCh
pa3paboTaTh CHCTEMY, KOTOpas IUAarHOCTHUPYET pPaKk C TaKOH TOYHOCTBHIO, YTO OHA IMPEBOCXOIUT
YeloBeYeCKre BO3MOXKHOCTU. Kpome Toro, 4at-00Thl U BUPTyallbHbIE MIOMOIIHUKUA B MEIUIIUHCKUX
YVUPEKICHUSX OTBEYAIOT HA 3aIllPOCHI MAIMEHTOB U TIOMOTAIOT OPTraHW30BBIBATH 3aIUCH HA MPHUEMBI,
YTO B CBOIO OYEpe/b CIIOCOOCTBYET YIYUILIEHUIO JOCTYNA K MEIUIIMHCKUM yCITyraMm.

B ¢uHaHCOBOM CEKTOpE UCKYCCTBCHHBIN MHTEIUIEKT TOXKE 3aHUMAET 3HAYUTEIIBHYIO ITO3HIINIO,
CHOCOOCTBYSI aBTOMATH3AIIMH U ONITUMHU3AIIMKA MHOTOYUCIICHHBIX ONepaiuii. AJropUuTMbI KPeTUTHOTO
CKOpHHTA TIO3BOJISIOT OLEHUTh (DMHAHCOBYIO COCTOSITEIIBHOCTH KIMEHTOB HA OCHOBE WX HCTOPHH
KpeAUTOBaHUSA U MPUBbIUEK. baHKU, HCTIONB3YIONINE TAKUE CUCTEMBI, CYII[ECTBEHHO YMEHbIIIAIOT PUCK
HEeIUTaTeXeil 1o KpeauraMm. VICKYCCTBEHHBIM WHTEIUIEKT TaK)Ke AaKTUBHO WCIONB3YeTCS JUIS
oOHapyXeHHs] MOIIIEHHUYECTBA, aHATTU3UPYS TPAH3AKIIUU B PEXKHME PEaTbHOTO BPEMEHH U BBISBIISAS
MIOJIO3PUTEIIbHBIC CXeMbl. DUHAHCOBBIC OPTaHU3AI[UN BHEIPSIFOT JAaHHBIC PEIICHHUS JJIsT 3aIlIUTH CBOMX
aKTUBOB M YKPEIUICHUS JTOBEPUS KIUEHTOB.

B mpou3BoACTBEHHON WHIYCTPUM WCKYCCTBEHHBIH WHTEIUIEKT CIOCOOCTBYET ONTHMH3AINH
MPOLIECCOB M TOBBIMIEHUIO0 00mIel 3 dexTuBHOCTU. CHCTEMBI MpEACKa3aTeNbHON aHATUTHKUA Ha
OCHOBE MAIIMHHOTO OOYYCHHS MTOMOTAIOT MPEICKa3bIBaTh MOJIOMKHA O0OpYIOBAaHUS, YTO MOMOTAET
MPEeIOTBPATUTh HEOXKHAAHHBIE TPOCTOM M COKPATUTh 3aTpaThl Ha OOCTY)KMBaHUE. KOMIIAaHUS B
aBTOMOOWIEHOH c(epe HCIoIb30Balia HCKYCCTBEHHBIM WHTEIUICKT IS ONTHMH3AINK JIOTUCTHKHU B
CBOMX IIEMOYKaX MOCTaBOK, YTO JJAJIIO0 COKPATUTh BpeMs JOCTABKH U CHU3UTH 3aTPATHI.

B puTteiisie HICKYyCCTBEHHBI MHTEIUIEKT U3MEHSET MOAXOAbl K B3aUMOJEHCTBUIO C KIIMEHTAaMU U
yIOpaBIEHUIO 3aracaMu. AJITOPUTMBI aHAIH3a TO3BOJISIOT PUTEHIepaM MPOTHO3UPOBATH CIPOC, UTO
MMOMOTAaeT ONTHMH3UPOBATH 3amachl M COKPATHTh KOJMYECTBO HEPACIPOJAHHBIX TOBAPOB.
[IpumeHeHne pexkoMeHAaTeIbHBIX CHUCTeM Ha ocHoBe WU, Hampumep, B HHTEpHET-MarasmHax,
MIPEIOCTABIISACT IMOJIH30BATEIISIM TIEPCOHATM3UPOBAHHBIA KOHTEHT, YTO BEACT K YBEITUICHHIO MTPOJIAK U
YIIYYIIEHUIO KITMEHTCKOTO OTIBITA.

B cdepe o0pazoBaHWsS HMCKYCCTBEHHBIH HWHTEIUIGKT TaKXKe HAXOIUT CBOE IPUMEHEHHE.
[Inarpopmbl ¢ amganTUBHBIM OOyYE€HHEM MOTYT aHAJM3UPOBATh JOCTHKECHHS YUYCHHKOB H
MOJICTPAMBaTh YUEOHBIH MPOIECC B COOTBETCTBUU C MX JTUYHBIMH MOTPEOHOCTSIMH, YTO 3HAYUTECIIEHO
yiydmaeT 3¢¢heKTuBHOCTh 00ydenus. Kpome toro, MM MokeT moMorath y4uTensiM B pa3padoTKe
y4eOHBIX MAaTePUAIOB U OIICHUBAHUU PAOOTHI CTYICHTOB.

BaxxHO OTMETHTH, KaKO€ BIUSHUE UCKYCCTBEHHBIA WHTEIUIEKT OKA3bIBAET HA MAIIBIM M CPEAHUIA
Oom3Hec. Maibie KOMITaHUH, UMest TocTyl K MM -peneHnsM, KOTopble paHbIlle OBUTH TOCTYITHBI JIUIITH
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KPYIIHBIM IPEANPUATHASIM, MOT'YT ONTUMU3UPOBATH CBOU ONEPALIMH, YMEHBIIATh 3aTPATHI U YJIy4dIlaTh
KayecTBO O0OCHyXHMBaHHA. OTO CO3JaeT Oojee KOHKYPEHTHYIO Cpeoy, B KOTOpOil Maible
MpEANPUHUMATEIM  MOTYT YCHEIIHO CONEpPHUYaTh C KPYIHBIMHM KOMIAHUSAMH, Ipejuiaras
MHHOBAIIMOHHBIE PEILICHUS.

He MeHee BaXHBIM SBISETCS HSTUYECKOE M IIPABOBOE PEryJHMPOBAHUE HCIIOJIb30BAHUSA
HCKYCCTBEHHOTO HMHTEIJICKTa. Bompockl, CBsi3aHHBIE ¢ KOH(PUICHIMATBHOCTHIO JIAHHBIX,
MPE/IB3STOCTHIO AITOPUTMOB U YIpo3aMu 6e3paboTHIIbl, TPEOYIOT TIIATEIBHOTO aHAIN3a U Pa3padoTKH
MOJIXOASIINX 3aKOHOIaTeNIbHBIX MHULIMATHB. BaskHO, YTOOBI Opransl BIACTH (OPMHUPOBAIIH TOJIUTHUKY,
HalpaBJE€HHYI0 Ha 3alllUTy I[paB TIpaXJaH W MHUHMMHM3AaLUI0 HETaTUBHBIX IIOCIEICTBUU OT
ucnonbs3oBanus MW. Hanpumep, cyiecTByromye HOpMBbI 3allUThl JaHHbIX, Takue kak GDPR (O0mas
peryiaMeHTaIus o 3aluTe JaHHBIX ), BCTynuBIas B cuity 25 mast 2018 roga B EBponeiickom Corose,
CTaJIM BOXHBIM IIarOM K 00eCTIeUeHU 0 0e30MaCHOCTH JTUYHON MH(OPMALIUY TPAKIAH U PE3HUICHTOB
EC. OcnoBuoii nensto GDPR sBnsercss 3ammra mpaB U CcBOOOJ WHIWBHIYYMOB B KOHTEKCTE
00pabOTKM MX MEPCOHAIBHBIX AAHHBIX M YNPOIICHUE PETYJSIIUU JUIS MEXKIyHAPOJIHBIX KOMIAHHM,
paboratomux ¢ AaHHbIMH rpaxkgad EC. OTu npaBuia MOTyT ObITh aAalTUPOBAHBI C YYETOM HOBBIX
BBI30BOB, BOSHUKAIOUIUX B CBSA3H C UCIIOJIb30BAaHUEM HUCKYCCTBEHHOI'O MHTEJUIEKTA.

HckyccTBEeHHBIH MHTEIJIEKT, Kak U JIH00as BBIYUCIUTEIbHAS CHCTEMa, MOXKET HMETh CBOU
HE/IOCTAaTKM, W BO3ZHUKAIOIIME OIIMOKH MOTYT BBI3BIBATH COOM PA3JIMYHON CTENEHH CEphE3HOCTH.
[Ipumepom takoro MU sBnsercs cuctema, BHenpenHas CoOepOankom. Ilo crmoBam rmaBbl OaHka
I'epmana I'peda, n3-3a cO0s B MX CHUCTEME MCKYCCTBEHHOTO MHTEIUICKTA OHU IOHECTH YOBITKH B
MusMapasl pyonei. Ha meponpusatun «Ypok mudpbe» oH oTMeTHl: «VCKyCCTBEHHBIH MHTEIUICKT
¢GbyHKIHOHHpYET B OONBIIMX cucTeMax. Maneiasi omuoKa B alrTOPUTME MOXKET UMETh Cephe3HBIC
nocneAcTBus. B Haiiel mpakTuke Mbl CTATKUBAIUCH ¢ OONBIIMMU MOTEPSIMHU, KOTJa MaJble OMIUOKH
MOpOXKAaIK OoJbiIue (HUHAHCOBBIE YOBITKM». I'ped yTOUHWII, YTO KOMaHAa YCIEIIHO BBISBIISLIA
OIIMOKU, U 3TO CIOCOOCTBOBAIIO YIydIlleHHIO paboThl anroputma: «Korma ommuOka ynaBanach
BBISIBUTBH, Mbl YUMJIUCh HAa HEW M BHEAPSUIM pa3IUYHbIEe QUIBTPBI sl KAIMOPOBKU U BepudUKalu
cucremsl M».

Panee oH Take yroMHHal, YTO BHEJIPEHHE NCKYCCTBEHHOr0 HHTEIeKTa B COepOaHke OoJbIiie
BCEr0 3aTPOHYJIO COTPYIHHMKOB CPEIHEro 3BEHA, KOJUYECTBO KOTOPBIX COKPATUIIOCH IPUMEPHO Ha
70%. C xaxapIM TOJOM TPOIEeCCHl 00pabOTKM M aHanu3a JaHHBIX CTaHOBATCS BCE Oolee
aBTOMATHU3HPOBAHHBIMU, a COOpaHHbIE JaHHbBIE OBICTPO 00PaOATHIBAIOTCS U AHATTU3UPYIOTCS MIPSIMO Ha
IpaHule CeTH, ONMKE K UX UCTOYHUKY. DTO MPUBOAMUT K TOMY, UTO JI0JI JTAHHBIX, IPOU3BOJUMBIX
OM3HEC-CEeKTOPOM, pacTET U HAUYMHAET IPEBBIIATh MOTPEOUTENBLCKYIO A00. Takum 00pa3zom, eciiu B
2015 rony OusHec-ganHble coctaBisanu 30% ot oOuiero oobéMa nudopmanuu, To Kk 2025 rogy 3ToT
nokaszarenb BeIpacTeT a0 60%. Oxuaaercss mepeocMbICICHHE LEHHOCTH HMH(pOpMAalMM, TaK Kak
OTPOMHBIE MOTOKM JAHHBIX, MX pa3HooOpa3ue M BaXKHOCTb CO3JaAYT HOBBIE BBI3OBBI KaK IS
KOMIaHUH, Tak U i norpeduteneil. Mupopmanus Oyner coOuparbes ¢ yuéToM €€ BIMSHUSA Ha
pasnuuHble ceprl eI TENbHOCTH.

Ha sTom Oank ocranaBnMBaThes He miaHupyet: ¢ 2019 roga Ha anropuT™sl OyeT epeBeeHO
99% ToOproBnM Ha BAJIIOTHOM pBIHKE. AJTOPUTMBI TMOMOTalOT aBTOMATHU3UMPOBATH BHIIOJHEHHUE
OJHOTHMIIHBIX DPYTHMHHBIX OI€pallli, JaBas BO3MOXXHOCTb TpeijepaM KOHLIEHTPUPOBATbCS Ha
HaWIydllleM LEeHOOOpa30BaHMU JUIs KJIMEHTOB M YIIPaBJIIEHUU PUCKOM. B pesynbrare mpoucxoaut
oIpeJielIeHHOE NepenpopuInpoBaHie TPEHIUHIa B CTOPOHY OOJIbIIEH TEXHOJOTMYHOCTH TOPTOBBIX
onepauuii. Ilpu 3TOM Tpelaepsl MO-IPEKHEMY OCYIIECTBIISIIOT BCE KPYNHBIE M HECTaHAAPTHHIE
onepauun» [6].

B pesynbrare aHanu3za BIMSIHHUSI UCKYCCTBEHHOTO MHTEJUIEKTa Ha SKOHOMHKY MOYHO CJIENaTh
BBIBOJL O TOM, 4YTO €ro BHEAPEHHUE CONPOBOXKAACTCA KAaK IOTEHUUAIbHBIMH PHUCKaMHU, TaK H
3HAYUTEIbHBIMU BO3MOKHOCTsIMH. OO0t Bkiag MU B 3koHOMUYECKH POCT, TIO OIIEHKaM SKCTIEPTOB,
MoxeT coctaBuTh OT 10% no 30% B nepcnexktuBe Omkaimumx 10—20 yeT, ogqHaKO 3TOT MpoLece
TpeOyeT aKTUBHOTO YIPaBIEHHUS U MOATOTOBKH COOTBETCTBYIOLIEH HHPPACTPYKTYPHI.

AHanu3 nokasai, 4yTo KI04eBbIMH (pakTopaMu ycnexa BHeapeHus: U B 5KOHOMUKY SIBIISIOTCS
TOTOBHOCTh OOIIECTBA K W3MEHEHUsM, pa3BUTHE IM(PPOBON HHPPACTPYKTYpPHl M TPaMOTHOE
peryaupoBaHue. Y Crex COCTOUT HE TOJIBKO B IPUMEHEHHH HOBBIX TEXHOJOTHH, HO U B CIIOCOOHOCTH
aJalTUPOBAaTbC K H3MEHEHHUSAM, KOTOpble 3TH TEXHOJOTHMU MPHUHOCAT. BaXHO OTMETHTH, UTO
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rocyJapcTBa U OM3HEC JOJDKHBI COBMECTHO pabOTaTh paly YMEHBIICHHUS HETATUBHBIX MOCIIEICTBUH,
CBsI3aHHBIX C aBTDMaTHIBaHHeﬁ, OOTHOBPEMCHHO CTUMYJIMPYSA MHHOBAIITMOHHBIC IMPOLCCCHI U CO3aaBast
HOBBIE paboune MecTa.
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The article presents the results of a study conducted among university students, revealing the
motivation of students to study.

Cerogusiiaee mokosieHue aetei, poauBmuxcss B 2000rT.., CTOIKHYIUCh ¢ HEOOXOAUMOCTHIO
0o0pabOTKM B EOWHHIly BpPEMEHH ropaszno Oomibinero obObemMa WH(OOpPMAMH, HEKETH UX
MPEIIECTBEHHUKU U HE UMEIOT BO3MOXKHOCTH PACIBUIATHCA Ha TO, YTO, 110 UX MHEHUIO, HHTEPECHO,
HO He 1osie3H0. Bo Bcem mupe Habmr0gaeTcst TEHACHITUS CHIKEHUS HHTEpeca K MPOIecCy 00yUeHuUs.
OdeBHIHO, 3TO CBS3aHO C M3MEHEHUEM YCIOBHUI KH3HU W TMapaJurMbl B3IJIAI0B, B OOHOBICHHUH
CUCTEMBI 00pa30BaHus, B YCKOPEHUHN TEMIIA KU3HHU.

3ajagya MOTHBAIIMM Y4YallUXCsl HE TOJBKO B IIKOJE, HO CTYJEHTOB B BBICHIMX Y4YEOHBIX
3aBEJCHUSAX celuac akTyajdbHa KaK HHUKOTJIA, TaK KaK BBIMYCKHUKH BY30B SIBIISIIOTCS OymyIIMMHU
CHelMalucTaMi JJig oTpacieil sKoHOMHUKH. Tem Oonee, 4yTO Ha CETOAHSIIHUN JIeHb MpolieMa
obecrieueHurs KaJpaMu MPEANPUATANA U OpraHU3aIuil BCEX CEKTOPOB IKOHOMHUKH, OT C(hephl BBICOKHX
TEXHOJIOTHH 10 COIMANBbHOU c(hephl, CTOUT IOCTATOYHO OCTPO. He sBNseTcs HCKII0UeHNEM U 0Tpacib
cBsa3u. JlaHHas oTpacnb SBIAETCS OJHOW U3 Haumboliee TEPEeNOBBIX U HAYKOEMKHX OTpacieit
HSKOHOMHKH, 00JaJaromell MOJ0KUTENbHON TUHAMHUKON pa3BuThui. Kak oTMeuaeTcss B CTpaTeruu
pasButus otpaciau cBsi3zu PO no 2035 rona [1], B HacTosIiee BpeMsi MPEANPUATUS U OpraHU3aLUuU
OTpaciiv OUIYIIAIOT CTAOMIBHYIO U CYIIECTBEHHYIO HEXBATKY CIIEIIUAIHMCTOB, OCOOCHHO 3TO 3aMETHO
Ha (OHE B3PBIBHOTO CIIPOCA HA YCIYTH CBS3H, B CBSI3U C Pa3BUTHEM HOBBIX ITU(DPOBBIX TEXHOJIOTUH B
KaKJIOM CEKTOpE SKOHOMHKH CTpaHbl. Peniennem npoOaemMpl HEXBATKU KBaNU(UIIMPOBAHHBIX KaAPOB,
SIBJISIETCSl COBEPIIICHCTBOBAHUE HAIOJIHEHHOCTH OCHOBHBIX O0Pa30BaTEIBHBIX MPOTPAMM C YIETOM
Pa3BUTHUSL COBPEMEHHBIX TEXHOJIOTHUM.

Ocoboe 3HayeHWe WMEET pa3BUTHE MOTHBAlMM Yy CTYIACHTOB B  IOJyYEHUHU
CHEIMATM3UPOBAHHOTO 00pa30BaHMs, MOMyJspU3alysl 3HAHWMA, HEOOXOJUMBIX IJIs paboThl Ha
MPEANPUITHSIX 0Tpaciau nHPokoMMyHHKauid. OtHaKo 6€3 MoyueHus OOpaTHOU CBSI3H OT CTY/ICHTOB,
HEBO3MOXXHO TIOHATh, TIOYEMY OHHM HE HWCIBITHIBAIOT MHTEpeca K OOyUYEHHUIO0 MO TeM WJIM HHBIM
JTUCIUTIIINHAM, UMEIOT aKaJIeMHYECKHE 3a0HKEHHOCTH, YTO B KOHEYHOM HUTOTE BIHUSET Ha Ka4e€CTBO
UX MOATOTOBKU. J{Jisl BBISIBICHUS MPUYUH OTCYTCTBHSI MOTHMBOB M UX BBISIBIICHUS CPEJIU CTYJIEHTOB
BTOPOTO, TPETHETO U YETBEPTOTO Kypca YpallbCKOTO TEXHUYECKOTO MHCTUTYTA CBSI3H U MH(DOPMATUKH
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Cubupckoro rocy1lapcTBEHHOIO YHUBEPCHUTETAa TEIEKOMMYHUKAIUMI U MH()OPMATUKH, HAIIPaBIECHUs
noarotoBku 11.03.02 «MH(POKOMMYHHUKALIMOHHBIE TEXHOJIOTHH M CUCTEMBI CBSI31», OBIJIO MPOBEACHO
UCCIIeIOBAaHKE B BUJE ONPOCA, B KOTOPOM IPUHSII yyacTue 61 yenosexk.

I1epBbIii 1 TOBOJIILHO 3HAYUMBIH BOIIPOC OBLIT MOCBAILICH OCO3HAHHOCTH MOCTYTICHHS CTYICHTOB
B By3. IMEHHO ¢ OCTYIJIEHUs YK€ CTAaHOBHUTCS IOHATHO, OCO3HAHHO JIM yJalluiics BbIOpall yueOHoe
3aBe/IeHHE MM K€ PpeIlaroIiuM Obul Kakoi-To Apyroil ¢dakrop. Haumbonee sipkue pe3yiabTaTbl
IIPOAEMOHCTPUPOBAIIHM CTYACHTHI BTOPOT'O U YETBEPTOro Kypca. Pe3ybTarel olrpoca npecTaBieHbl Ha
pucyHke 1.

no4yemy Bbl NOCTYNUNAU YYUTBCA B Hall BY3

@ wmie 370 6bIN0 UHTEPECHO

@ nocoserosanu poauTenw/apyba
npueenu poguTenu

@ nocrynun nuws Gbl NOCTYNUTL B BY3

@ nowen BmecTe ¢ apyrom

@ He xsaruno 6annos EM3

@ [yman Gyaer kpyTo, OKa3anock He Kp..

@ Npowen no 6annam, 1 He XoNy B apMHIC

2 Kypc 3 Kypc 4 Kypc

Puc. 1- OcMbICIEHHOCTD NOCTYIIICHUS

W3 pe3ynbTaToB cienyer, 4to B cpegHeM 30 IpOLEHTOB CTYAEHTOB IMOCTYIWIN C LIENbIO JINIIb
ObI IOCTYNUTH B BY3 U €I11€ OKOJIO 23 MPOLIEHTOB NPULILIU 10 peKOMEeHAausaM poaurenei. 1 nums 22
IIPOLCHTA MPHUIUIA LIEJICHAPABICHHO, CIEAYysS CBOMM HHTEepecaM. OTO YK€ HaKIaJblBaeT Ha
00pa30oBaTeNbHYI0 OPraHU3alUI0 BXXHYIO POJIb B MOTUBALMU MOCTYMUBIINX, U1 UX JAIbHEHIIEro
00y4YeHHS U COXPAHEHUsSI B KOHTUHTEHTE BY3a.

U Tem He MeHee, CITyCTsl HEKOTOPOe BpeMsl OT OJHOTO roJia 10 TPeX JIET pe3yJibTaT 00y4eHus, B
BHUJIC 3aMHTEPECOBAHHOCTH YYAIIHXCsl, CBUIETEIILCTBYET O TOM, YTO ITPOrpamMmMa 00y4eHusl, KOJIJICKTHB
BY3a, IIOJIEP’)KUBAIOT UHTEPEC y CTYACHTOB B 00yueHuu. bosee 70 mpoLeHTOB CTyI€HTOB HPaBUTCA
yueba B MHCTUTYTe. Pe3ynbTar npeacraBieH Ha pUCYHKe 2.

HpaBWTCA N BaM YYUTbCA?

@ HeT ogHoaHaqHo
@ cropee wet
ckopee ga
@ caHosHayHo aa
@ cawm He noHkMalo ewe

2 Kypc 3 kypec 4 Kypc
Puc. 2- Unatepec k yuebde

Bomnpocsl, 3amaBaemple CTyJaeHTaM, MO3BOJWIM BBISIBUTB, ITOYEMY CTYACHTaM HE WHTEPECHBI
OTJEIbHBIE JUCLHUILIMHBL. Bcero MOXHO onpenenurs Tpu NpuuuHbl. [lepBas, 3T0 B mIpuUHLUIE
HEUMHTEPECHBIN MaTepHal, 3T0 0COOEHHO KacaeTcsl IUCUUIUIMH, T/I€ MHOTO 3JIEMEHTOB MaTEeMaTHKH, a
TaKXKe JUCLHUIUIMHBI TYMaHUTAPHOIO LIUKJIA, BTOpAs [10 BECY IIPUYMHA - 3TO HEIIOHUMAHUE CTYIEHTAMHU
BXHOCTU JTUCIUIUIMHBI B OyAyliel mpodeccuu W TPeThsl MPUUYMHA - 3TO HEMHTEPECHBIH CIOCO0
[I0Zla4y MaTepuasa Ha 3aHATusX. [Ipu 5TOM B kadecTBe IPUYHMH UHTEpECca K TUCLHHUIIIINHAM, CTYIECHTBI
Ha3BaJld MpeXJe BCEro HHTEPEC K CTUIK U crnoco0aM MpOBEACHUS 3aHATUH, K Xapu3Me H
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npodeccnoHanu3My MpenojaBaress, a TakKe HHTEPeC K JIKIIMOHHBIM 3aHATUSAM C J€MOHCTPALUSIMHU
BUICOUIBMOB, MPAKTHYECKUM M JaOOpaTOpHbIM 3aHATUsAM. llocieaHee cieayeT W U3 JIPyroro
BOIIpOCa, Kakue 3aHATHA HaumOojee MHTEpecHbl Mg oOydaromuxcs. Ha mepBom mecte caMbIMH
MHTEPECHBIMH  3aHATHSAMHU  CTYJICHTHl CUMTAIOT Ja0OpaTOpHbIE 3aHATHS, IPOBOAMMBIE Ha
00Opy/I0BaHUH, WU K€ TJe HeoOXOIUMO BBIMOJIHATH paboTy pykamu. B kadecTBe mpumepa Ha
PUCYHKE 3 IIpUBEEHBI PE3YJIbTAThl OPOCA CTYIEHTOB YETBEPTOIO Kypca.

KakKue 3aHATMSA BaM Hambonee WHTepeCHbI

13 oTBETOB

NEeKUWKN C U3NOXKEeHUeM MaTepu... 2 (15,4 %)

NpaKTUKK C pelleHuem 3afgay 4 (30,8 %)
NPaKTUKK C BLIMOMHEHUEM rPa... 6 (46,2 %)
NeKkuMu ¢ cnangamu 2 (15,4 %)
NeKunu ¢ cnangamv U unbma... 4 (30,8 %)
nabopaTopHsle paboTsl Ha KOM... 6 (46,2 %)
nabopaTopHble paboTel Ha 06o0... 13 (100 %)

CeMUHapbI/AUCKYCCUU MO TEXHM. .. 3 (23,1 %)

CEeMWHapbI/AUCKYCCUK Mo Tyma. .. 1(7,7 %)

Puc. 3- UnTepec k Tumnam 3aHATUA

3TO MOATBEPKIACT, TPABUIBHOCTh BEIOPAHHOTO HANPABJICHUS B O0YYCHUH, TaK HA3bIBAEMOTO
MPAKTUKO-OPHUEHTHPOBAHHOTO OOYYEHHMs, KOrJa J1abopaTopHbie pabOThl U MPAKTHUECKUE 3aHATHS
IMPOBOAUTCA C IPUMCHCHHUEM HATYPHBIX MOI[CJIGﬁ OJICMCHTOB U y3JI0B ceren CBsA3H, C IPUMCHCHUCM
MIPOrPaMMHBIX CUMYJISITOPOB aIlaparypbl ¥ 000PYI0BaHUs, TPUMEHSIEMbBIX Ha IPOU3BOJCTBE [2], a Ha
JEKIIMOHHBIX 3aHATHIX IEMOHCTPUPYIOTCS yaeOHbIe BUACODUIBMBI, TIOSCHSIOMNE paboTy 3JIEMEHTOB
U y3JI0B 00OPYIOBaHUs CBSI3H, a TAKXKE TEXHOJOTHYECKUE ITAIbl BHIIIOJHEHUS MOHTKHBIX PadOT U
paboT Mo HACTpoiiKe anmapaTypsl cBsi3u [3]. Bee 3To mo3BosIsieT pa3BUBATh U MOACPKUBATH HHTEPEC
oOydaromuxcst K TUCHUIUIMHAM U TIPOGECCHH B 1IETIOM.

BecnMma HHTCPCCHBI PCKOMCHAALIUN U TTOXKEIaHWA, JaHHBIC CTYJCHTaAMU HAa BOIIPOC IMOBBIMICHUA
WX MOTHBAIMM K oOyuyeHHio. M omsaTh OAHO W3 MEpPBBIX MECT 3aHMMAIOT BOIMPOCHI CIMOCOOOB
MpEeNIOAHCCCHUA I/IH(l)OpMaHI/II/I npenoaaBaTejicM, €ro YMCHHUEC ACPIKATh Ay AUTOPUIO, BBISbIBATH HHTCPEC
K MaTepuaiy YMTaeMOW IUCIMILTUHBI, YMEHHUE CBSI3aTh TEOPETUYECKUE BOIPOCHI U MPAKTUYECKYIO
3HAYMMOCTEL TOW WJIM MHOU TEMBI, YMCHHC IIPEIIoaaBaTeCiIsa 06HIaTI)C$[ CO CTyACHTAaMH, OBITH C HUMU
OTKPBITHIMHU U PAa3BUBATHCS B HAIIPABIEHUU CBOUX MPOPECCHOHATBHBIX HHTEPECOB, 3aMHTEPECOBBIBAS
IIprU 3TOM YYalllMXCsA HOBBIMH HAIIPABJICHUAMU B HAYKEC W TCXHHKCE. " BTOpPOC IO 3HAYUMOCTH —
yBEIMYEHUE TPAKTHUUECKUX U J1a0OpaTOPHBIX 3aHSTHM, CBS3aHHBIX C Oyaymieil mnpodeccueid,
BBITIOJITHEHUE HA HUX T€X JIEUCTBHM, YTO B TIOCIEACTBUU OyIyT BOCTpEOOBAHBI Ha MPOU3BOJICTBE.

W nakonHen OONBIIMHCTBO CTYACHTOB BCE-TaKW CUMUTAIOT OOydeHHE B By3e HEOOXOAMMBIM,
paccMaTpruBaIOT €T0 KaK HHCTPYMCHT HHBECTUPOBAHUS B CC6$I, B CBOU 3HAHHUA U HABBIKH, KaK 3a1€J1 Ha
Oymylee naxxe He CMOTpPSI Ha HaJTM4Ke CEeroJHs BO3MOKHOCTEH TOOUTHCS yCIIEXOB B )KU3HU, HE UMes
BEICIIero oOpa3oBaHus. Pe3ysbTar onpoca npencTaBieH Ha pUCYHKe 4.
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KaK Bkl CHWTaeTe, CTOWT NH Y4UTLCA ceiddac B By3e

@ 0a, 370 ¥E KPYTO M HHTEPECHD

@ oa, 310 38060 Ha Byl sHsHb, A
HBECTHRYIO B cela
M 3A0yMBIBANCA 00 3TN

@ 2 3avem, MORNHO W B QOCTARKE
NOpAGOTATE, TAM MOKHO XOPOWD 3Apa

@ manepHo: HE CTOWT, Mo Nowa Gyay
ANECH, MOMET BPMHKD NEPECIOKY, MO,

@ & 3a4eM, BCTh MCKYCCTREHShIA
wHTEnnNekT, 4at GPT, apymee Hedpoce

2 Kypc 3 kypc 4 Kypc

Pucynoxk 4- Heo6xonumocTs 00y4ueHuUs

Takum 00pa3om, MpPOBEAEHHOE MCCIIECIOBAHUE CBHJICTEIBLCTBYET 00 HMHTEpPECe MOJIOACKH K
MOJIy4CHHUIO BBICIIET0 OoOpazoBanus. OAHAKO ISl MOJJACPKAHHUS JAHHOTO HWHTEpPEeca, MOTHBAIMH
CTYJICHTOB K 00y4YeHHI0, 00pa3oBaTeiibHasi OpraHU3aIysl BBICIIETO 00pa30BaHUs JI0JDKHA TPUHUMATh
PO Mep, HampaBJICHHBIX Ha MOJCPHU3AIMIO Mpoiecca OOyYeHHS B paMKax IPOBEICHUS Kak
JIEKIIMOHHBIX, TaK M JIAOOPATOPHBIX, U MPAKTHUYCCKHX 3aHATHN. YBEIMYMBATH KOJIMYECTBO padoT,
HalpaBJIEHHbIX Ha TMOJYy4Ye€HHWE TMPAKTUUYECKUX HABBIKOB, HEOOXOJMMBIX B JaJIbHEHIICH
npodeccuoHaibHOW  jAesTenbHOCTH.  [Ipodeccopcko-mpenogaBaTeIbCKUil  COCTaB  JIOJDKEH
COBEPIICHCTBOBATh CBOM MPOQPECCHOHAIBHBIE HABBIKH, BHEIPSITH HOBBIC 00pa3oBaTCIbLHEIC
TEXHOJIOTUH, BO3MOKHO BHEAPATH TEXHOJOTHIO reiMudukanuu ooyueHus, npumenstb metoz 30/70,
TO €CTh TPUJLATh MPOIEHTOB JEKIIMOHHBIX 3aHATHH, CEMBICCAT MPAKTHUUECKUX U J1a0OpaTOPHBIX
paboT, YTO COOTBETCTBYET MPHUHIIUIIAM MTPAKTUKO-OPUEHTUPOBAHHOTO O0yUEHUSI.
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B cratbe paccMaTpuBarOTCS OCHOBHBIE YIpo3bl MH(OPMALMOHHOW OE€30MacHOCTH, a TaKXkKe
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The article examines the main threats to information security, as well as analyzes the measures that
are being taken to protect information and ensure a secure digital space. The purpose of the work is to identify
current cybersecurity threats and propose effective protection methods.

[MudpoBuzaiys crana HEOThEMJIEMOM YacThbl0 COBPEMEHHOHM JKM3HHM, OXBaTbiBas Bce c(epbl
JEATEBHOCTH — OT TOCY/IAPCTBEHHBIX YCIYT A0 JMYHBIX KOMMyHHKaIMi. OTHAKO C POCTOM HHU(PPOBBIX
TEXHOJIOTUI YBEINYMBAIOTCA U PHCKH, CBSI3aHHbIE C OE30MacCHOCTHIO JaHHBIX. B ycroBusx rioGaabHOM
ugpou3amy Poceus ctankuBaeTcs ¢ HOBBIMHU BBI30BaMH B 001aCTH KHOEpOE30MacHOCTH.

AKTyanbHble yIpo3bl KHOEpOe30MacHOCTH:

- MansBape u BpenonocHoe I10.

B coBpemenHoM 1n¢ppoBoM JaHamagdTe, MalbBape U BPeIOHOCHOE MMPOrpaMMHOE oOecrieueHne
(ITO) mnpencraBnsitoT coOOM OAHY M3 HaAMOOJEE AKTYyalbHBIX M Pa3pyIIUTENbHBIX YTpoO3 s
KOMIIBIOTEPHBIX CUCTEM U JaHHBIX. MabBape — 3TO HIMPOKHH CHEKTP MPOrpaMM, pa3paboTaHHBIX C
[ENbI0 TPOHUKHOBEHWSI B CHUCTEMY, HAHECEHHWs ymepbda WIM KpaXd KOH(PHUICHIHATHHON
uHpopmarmu. [1]

- QUIIMHT U colMalibHast HKEHEPHUS.

OUIMHT — 3TO METOMA, NMPH KOTOPOM 3JIOYMBINUICHHHKH IIBITAIOTCS OOMaHOM 3aCTaBHUTH
MOJIb30BaTeIe PACKPHITh JIMUHbIE JaHHBIC, OTHPABIAS MOJAEIbHBIE AIIEKTPOHHBIE MUCbMA WIIH
co3maBast (anbIiuBbie BeO-caiThl.[1]

ConmanbHas HMH)XEHEpUs BKJIIOYaeT B ce0s MaHUMYJSAIMM, HAMpaBJICHHbIE HA TO, YTOOBI
3aCTaBUTB JIFOJICH COBEPIIATh ACUCTBUS, KOTOPBIE MOTYT MIPUBECTH K YTEUKE JaHHBIX. DTO MOTYT OBIThH
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JIO)KHBIE TeNe(OHHbIE 3BOHKM OT '"COTPYJHHMKOB CIY>XKObl TOMIEPKKH" WIM 3alpochkl Ha
IpeocTaBlIeHUe HH(OPMAIIMH Yepe3 MECCEHIKEPHI.

- DDo0S-araku u 0TKa3 B 00CTy>KHUBaHHH.

DDoS-araku (Distributed Denial of Service) HanpaBieHbI Ha eperpy3Ky CepBEPOB HIIA CETEBOM
UHQPACTPYKTYphl, YTO JeJIaeT UX HEJOCTYHNHBIMU JUIsl MOJb30BaTelied. JTU aTaku MOTYT ObITh
WCIOJB30BAaHbl JUIS BBIBOJA M3 CTPOS BEO-CaliTOB M OHJAMH - CEPBHCOB M HaHECEHUs yuiepOa
penyTanuu KOMIIAHUM. 3J0YMBIIUIEHHUKH MOTYT HCIOJb30BaTh OOTHETHI — CETH 3apa’keHHBIX
YCTPOMCTB — JIJISl OCYLIECTBICHUS TaKUX aTak.[1]

- YTeuku TaHHBIX U HapyUIeHUs] KOH(PHUICHIIUATbHOCTH.

VYTeukn NaHHBIX — 3TO COOBITHA, KOrjna KOH(UAEHIMaTbHas WHQPOPMALUsS CTAHOBUTCS
JOCTYITHOM JIJIsl HE3aKOHHBIX JIIL. DTO Cephe3Hast YIpo3a JJIsl OpraHUu3aliil ¥ YaCTHBIX Juil. [1]

JUist 3amuThl THPOPMALIMHU M TTOJIB30BATENeH MPEIaraloTcs CIEAYIONINE MEPHI:

- Co3nanue (hu3MUecKUX NPEensTCTBUI Ha MyTH 3JI0yMbIILIEHHUKOB. CI0J1a OTHOCSTCS
M30JIMPOBaHHbIEC IOMELIEHUS], KOJIOBBIE ABEPH, IIPOIYCKHAsl cucTemMa ocryna.|[2]

- Yrpasnenue nunpopmaineit 1 pernameHTanus padotsl ¢ JaHHbIMU. CO3/1aHKE PETJIAMEHTOB,
NpaBUJI, OTPAHUYCHHI JIOCTYIIA M UCIIOJIb30BAHUS JJAHHBIX. [2]

- MackupoBka. Bxirouaer MeTo/ip! n(poBaHUs TaHHBIX, YTO MPEMATCTBYET UX
HCIIOJIB30BaHUIO O€3 Kitoua mudpoBanus. [2]

- CrumynupoBanue. Co3manue ycioBHid padOThI ¢ JaHHBIMH, KOT/1a paOOTHHKA MOTHBHPYIOT
coOIIOAATh MpaBUIIa, YCIOBHS, MEPHI 3aLIUTHI TpU 00paboTKe cBeAeHHUIA. [2]

B craTtpe ObUIM paccMOTpEHBI YIpo3bl KHOEpOE30MacHOCTH W MEpPHI 10 3aluTe WHPOPMALIUH.
JInst yCHenHoro mpoTUBOCTOSIHUSL YIpo3aM KHOepOe30macHOCTH HEeOOXOIUMO KOMIUIEKCHOE pEelIeHHe,
KOTOpOE BKIJIFOYAET B CEOSI HE TOJBKO TEXHUYECKUE MEPBI, HO M OPTraHM3alMOHHbIE, 00pa30BaTeIbHBIE 1
3aKOHOJIATebHbIC MHUIMATHBBL. BakHO, 4TOOBI BCE YYAaCTHHUKH TMpollecca — OT TOCYIapCTBEHHBIX
CTPYKTYP 10 YaCTHBIX KOMITAaHHH M TOJIb30BaTeNei — paboTaiay BMecTe Ui o0ecrnedeHns: 6e30macHOCTH
B IM(POBOM MPOCTpaHCTBE. TOIMBKO COBMECTHBIMH YCUIIMSMH MBI CMOKEM CO3JaTh Oe30macHoe 1udpoBoe

Oymy1ee.
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HNCIOJb30BAHUE VR OBOPYJIOBAHUS JUIS MTOIEPKAHUS ®U3NUYECKOTO
3JIOPOBbSI

VYpanbCckuii TEXHUYECKUH MHCTUTYT CBSI3U M MHGOpMaTuKHu (punuan) GenepanbHOTo
rOCYJJapCTBEHHOT'0 OI0/PKETHOIO 00Pa30BaTENILHOIO YUPEXKIEHHS BBICILIEI0 00pa30BaHUs
«CubupckHii TOCYyJapCTBEHHBIN YHUBEPCUTET TEJICKOMMYHUKALUN 1 HHPOPMATUKUY B T.

ExarepunOypre (YpTUCH Cubl'YTU), Poccus

KitoueBbie  cinoBa: BUpTyalbHass pealbHOCTb, (U3UYECKOE 3]I0pOBbE, MOTHBAIMS,
peabunuranusi, pusndeckass aKTHBHOCTb.

Crartbs paccMaTpuBaeT UCIOJIb30BaHUE 000PYI0BaHUsI BUPTYalibHOU peanbHOocTH (VR) B emsax
NOJICP )KaHUS U yJydlleHus: (pu3nyeckoro 3740poBbsi. PaccMOTpeHB! KIIOUEBBIE aCHEKThI, BKIIIOYAs
BausiHue VR Ha MoTHMBanmuio K (U3MYECKOH aKTUBHOCTH, pa3pabOTKy CIEeHUAIM3UPOBAHHBIX
TPEHHUPOBOUHBIX MIPOrpaMM U peaduiuTanuio. AHaIu3 MOKa3bIBaeT, 4T0 VR-TEXHOJIOrMHM COCOOHBI
3¢ PEKTUBHO AOMOIHATH TPAAULMOHHBIE METOABI TPEHUPOBOK M JICUCHHSL.

A.V. Kamkin, A.S. Bugrov

USING VR EQUIPMENT TO SUPPORT PHYSICAL HEALTH

Ural Technical Institute of Communications and Informatics (branch) of the Federal State
Budgetary Educational Institution of Higher Education «Siberian State University of
Telecommunications and Informatics» in Yekaterinburg (UrTISI SibGUTTI), Russia

Keywords: virtual reality, physical health, motivation, rehabilitation, physical activity.

The article examines the use of virtual reality (VR) equipment to support and improve physical
health. Key aspects are considered, including the impact of VR on motivation for physical activity, the
development of specialized training programs, and rehabilitation. The analysis shows that VR
technologies can effectively complement traditional methods of training and treatment.

Buptyanbhas peanbHocTh (VR) — 3TO TeXHOJIOTHWs, CO3Jarolas MOrPY>Karollylo HU(POBYIO
cpeny, KOoTopasi MO3BOJIIET IOJIb30BATEISIM B3aWMOJECUCTBOBATh C HEM C MOMOIIBIO CIIEHUATbHBIX
YCTPOMCTB, TakuX Kak VR-1uIeMbl, nepyaTtku Uiy KOHTposulepel. VR BCE 4alle MCIOJB3yeTcs B
pa3IMyYHbIX 00JIaCTAX, BKJIOYAs 3[paBOOXpaHEHHE, 00pa30BaHKE U pa3BiedeHUs], Ojaroaaps cBoei
YHHUKaJIbHON CIIOCOOHOCTH MOJIEIMPOBATh PEATUCTUYHBIE CLIEHAPUH.

B nanHOM cTaThe moj (U3MYECKUM 3710POBbEM IMMOHUMAETCS COCTOSHUE OJaromnoJiydus, Mpu
KOTOPOM Bc€ (U3MOJOTHUECKHE CUCTEMBbl OpraHu3Ma (QYHKUHOHUPYIOT 3()()EKTHBHO, MO3BOJISA
YEJIOBEKY BBITIOJIHATH IMOBCETHEBHBIC 3aa4un 0e3 upe3mepHoi ycranocTu. [logaepxkka pusznyeckoro
3JI0pOBbsI BKIIIOYAET B c€0s1 ONTUMHU3ALMIO pabOTHl CEPIEYHO-COCYTUCTOM, OMIOPHO-IBUTATEIbHON U
HEPBHOM CHCTEM, a Takke NPOo(MIaKTUKY 3a00J€BaHUN TMOCPEACTBOM PETYJSIPHONW (PU3NUECKOU
aKTUBHOCTH U peaOUIMTALMOHHBIX MEPOIIPUATHIA.

CoBpeMeHHOe O0IIIECTBO CTATKUBAETCS ¢ TPOOIEMON HeoCcTaTKa GU3HIECKOM aKTHBHOCTH, YTO
CIOCOOCTBYET POCTY Pa3IUYHBIX 3a00JE€BaHUM, CBSI3aHHBIX C MaJOIMOJBMXHBIM 00pa3oM >KHU3HU. B
3TOW CBsA3M Hcmnoiib3oBaHHE VR-000pya0BaHHS CTAHOBUTCS NEPCHEKTUBHBIM HHCTPYMEHTOM IS
YBEITMYEHUSI YPOBHS BOBJIEUEHHOCTH JIOAeH B (Qu3uueckyro akTuBHOCTH [1]. VR mnpeamaraer
YHUKaJIbHBIA CHOCO0 00BeAMHEHUS (PU3MUECKUX HArpy30K C WHTEPAKTHUBHBIM U YBIIEKATEIbHBIM
OIIBITOM, YTO JIeJIaeT TPEHUPOBKH 00JIee MHTEPECHBIMU U IOCTYITHBIMHU IS IIUPOKOH ayAUTOPHUH.

OpHOM W3 KIIOYEBBIX NPOOJIEM, C KOTOPOM CTAJKMBAIOTCS JIIOAW MPU 3aHITUSIX CIHOPTOM,
ABISICTCS HEAOCTaTOK MOTUBAIMHM. VR-TEXHONOTHMHM MNpeanaraloT IOJb30BATENSIM YHHUKAJIbHBIN
UTPOBOM OMBIT, KOTOPBIM JenaeT (PU3MYECKYl0 aKTUBHOCTb YBJIEKATENbHON W 3aXBaThIBAIOLICH.
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CornacHo uccinenoBaHusIM, UCIIOIb30BaHUEe VR B TpeHUpPOBKAxX MOBBIIIACT YPOBEHb BOBICUYEHHOCTH
3a CYeT CO3/aHUs UTPOBBIX ClieHapueB [2], TJe M0Ib30BATENb MOXKET BBITIOIHATH 3aJaHHsI, TpeOyoIIe
(hU3UIECKOI aKTHBHOCTH.

Hanpuwmep, nomynspusle VR-npunoxenus, takue kak Beat Saber mmm FitXR, couerator
a’poOHbBIE YIPAKHEHUS C MY3bIKAJIbHBIMU PUTMAaMHM, YTO MOBBIIIAET HHTEpEC K 3aHATUAM. B Takux
Urpax MoJIb30BaTeNIM COBEPIIAIOT AKTUBHBIE ABHKEHHUS, YTOOBI pa30MBaTh BUPTYaJIbHbIC OOBEKTHI UITH
YKJIOHATBCA OT IPENATCTBHH, YTO JEJIaeT TPEHWPOBKY IMHAMUYHONM M Becenou. MccnenoBanus
[IOKA3bIBAIOT, YTO TAKHE YIPAKHEHUS IOMOTalOT HE TOJIBKO CXKUTaTh KaJlOPUM, HO U YIyYIIaloT
KOOPJUHALIMIO IBUKEHUH, PEAKLIUIO U BBIHOCIUBOCTb.

Kpome Toro, VR-TpeHUpOBKH MOTYT BKJIIOUATh JIEMEHTHI reiiMu(puKanmu, Takue KaKk Harpapl,
YPOBHH M COPEBHOBATEIBHBIE DPEKUMBI, YTO JOINOJHUTENBHO CTHUMYJIMPYET IIOJIb30BaTele K
PEryJISIpHBIM 3aHATUSAM. BO3MOXKHOCTB y4acTBOBATh B BUPTYaJIbHBIX COPEBHOBAHUSAX UJIM COBMECTHBIX
TPEHUPOBKAX C APY3bsIMU JIEIAET Ipolecc 0oJiee 3aXBaThIBAIOIIUM U CLIOCOOCTBYET (POPMUPOBAHUIO
TMOJIE3HBIX MPUBBIYEK [2].

Eme ogaum npenmyinectsoM VR sBisieTcs BO3MOKHOCTD IEPCOHATU3ALUN TPEHUPOBOYHOIO
nporecca. CoBpemennble VR-IIpuiioxkeHns Mo3BOJSIOT HACTPAUBaTh YPOBEHB CIIOKHOCTH, BBIOMPAThH
UHIUBUAYaIbHbIE TPCHUPOBKU M JAXKE CO3JaBaTh NEPCOHAIM3UPOBAHHBIC BUPTYAJIbHBIE MUPBI UL
3aHATUNA. DTO JIeNaeT TPEHUPOBKHU JIOCTYNHBIMU Ul JIIOAEH C pa3sHbIM YPOBHEM IOATOTOBKH U
MI03BOJISIET MOJIb30BATENSIM [TOCTEIICHHO YBEIMYMBATh HArpy3Ky, U30eras pe3kux neperpys3ox.

Kpome Toro, VR momoraer cnpaBisiTbCsi ¢ MOHOTOHHOCTBIK) TPAJAMLMOHHBIX YIPaKHEHUH.
MHorue iroau 6pocaroT 3aHATHS CHOPTOM M3-3a OAHOOOpa3us U OTCYTCTBMSI BUJMMOIO Iporpecca.
BupTtyanbHas peanbHOCTh pelIaeT 3Ty MpoOJieMy, MPEIOCTaBIsAs BO3MOXHOCTh TPEHUPOBATHCS B
pa3HbIX BUPTYaJIbHBIX Cpesiax, Oyab TO (yTypUCTHUECKUI TOPOI, AUKas IPUPOAA UIH 1aXKe OTKPHITHII
KocMoc. Takoll HOJIXO0J HE TOJbKO YBEIMYMBAET MOTHBAIMIO, HO U JIEJIa€T TPEHUPOBKU OoJee
pa3sHOOOpa3HBIMHU.

Hakonen, VR crocoOcTByeT yJIy4IICHHIO MCUXOJIOTMYECKOTO COCTOSIHHSI BO BpPEMsl 3aHSITHI
crioptoM. IlorpyeHue B BUPTyaJIbHBI MHUP IIOMOIAaeT CHU3HUTH CTPECC U TPEBOXKHOCTb, a TAKKE
CO31aTh TOJIOKUTEIBHBIA SMOLMOHAIBHBIN (JOH, UTO JENIAET TPEHUPOBKH OoJiee KOM(OPTHBIMU. DTO
0COOEHHO Ba)KHO IS JIIOJIEH, UCTIBITHIBAIOIIMX CTPaxX Mepe]] MOCEUIEHUEM TPEHAKEPHBIX 3aJI0B UIIH
IPYIIIOBBIX 3aHATU.

Takum oOpa3om, ucnosib3oBaHue VR B ¢u3nyeckoil akTMBHOCTH 3HAYMTEIbHO IOBBIIIACT
MOTHBAIIMIO II0JIb30BAaTENel 3a CYeT BOBJIEYEHHOCTH, TIeWMHU(UKAINKM, TMEpCOHATU3AUUN H
MICUXOJIOTHYECKOr0 KoMdopTa. ITO JenaeT BUPTyaabHble TPEHUPOBKH 3 (HEKTUBHBIM HHCTPYMEHTOM
JUIS IOJIIEPKaHUS 3J0pPOBOT0 00pa3a KHU3HU U (POPMUPOBAHMSI YCTOMUMBBIX MIPUBBIUEK K (PU3NYECKOM
AKTUBHOCTH.

OpnnuM u3 HauboJee MepCcreKTUBHBIX HAIIPaBJIEHUH NCIoNIb30BaHus VR sBisercs MequuHCcKas
peabwinTtanys. BupTyanpHas peanbHOCTH IO3BOJISIET MOJETUPOBATh  pa3jIMyHbIE YCIOBUS,
TpeOylole OT TMalWeHTa BBIMOJIHEHMUS] CHeUU(PUUECKUX JBW)KCHHUH, HaIlpaBJIEHHBIX Ha
BOCCTAaHOBJICHHE MOBPEXIECHHBIX (PYHKIMI opranusma. B oTinume oT TpaauiMOHHBIX METO10B, VR-
TEXHOJIOTUH IpeJlaraloT UHTEPAKTUBHBIA U MEPCOHATN3MPOBAHHBIN NOJIX0]I, KOTOPBIH 3HAYUTEIBHO
MIOBBIIIAET BOBJIECYEHHOCTD ITALIMEHTOB B IPOLIECC BOCCTAHOBJICHMUSI.

HccnenoBanus MOKa3bIBalOT, YTO HCIOJIb30BaHHWE VR 3HAuMTENbHO yIydllaeT pe3yJbTaThl
peabwInTalMM TAIUEHTOB C HEBPOJIOTMYECKUMHU 3a00JE€BaHUSAMH, TAKMMM Kak HWHCYNbT [4].
Hanpumep, cucremsl, pazpaOoTaHHble 711 TPEHUPOBKM OanaHca M KOOPAWHAIUH, JT0OKA3ajdd CBOIO
3¢ (EKTUBHOCTh B BOCCTAHOBJICHUU JIBUTATENBbHBIX (PYHKIMI. DTH CHCTEMBI MOTYT KOHTPOJIUPOBAThH
BBINIOJTHEHUE YNPAKHEHUN B pEaIbHOM BpPEMEHU, KOPPEKTUPYSI ABMXKEHHUS MallMeHTa U o0ecrieurBas
IIOCTOSIHHBIM MOHUTOPHUHI Iporpecca. BupTyanbHas peanbHOCTh TaKXKe IO3BOJIET MOJEIMPOBAThH
pa3iauyYHble CLEHAapUM, TaKkue Kak IOJbEM II0 JIECTHUIE WM XoJb0a IO HEpaBHOMEPHBIM
MIOBEPXHOCTSM, 4YTO IIOMOTaeT MalMeHTaM BOCCTAaHABJIMBAaThb HABBIK OPHUEHTUPOBAHMS B PEAbHBIX
YCIIOBUSIX.

Kpome Toro, VR-TexHomorum mnoMoraioT nanuMeHTaM OBICTpee aJalnTHpOBAaThCS K HOBOM
pPEAIbHOCTH TIOCJI€ WHCYJbTa WM TpPaBM, MPENOCTaBIAsS Cpeay, e OHM MOryT O€30MacHO u
KOM(OPTHO TPEHUPOBATHCS, HE OECIIOKOSCh O BO3MOXKHBIX MOCIEACTBUAX HENIPABUIBHBIX JTBH)KEHUH.
Hanpumep, Bocco3naHne BUPTyalIbHBIX MPOTYJOK HIIM 3aHATUNH CHOPTOM IMO3BOJISIET MalMEHTaM
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WCIBITHIBATh MEHBIINH YPOBEHb CTpECcca 0 CPABHEHUIO C TPAJUIIMOHHBIMHU METOAaMH peadInTaluy,
TaKUMHU KaK Qu3ndeckasi Tepanus B KIHHHKE.

VR Takxe MOXKeT ObITh MOJIE3HON MPH peadUIMTAIlMK MMAIlMEHTOB TOCJIe TPAaBM U OTEpaIlyil.
BupryansHbie TpeHa)Kephl MOTYT aIaliTUPOBATHCS MO/ UHIUBUAYaTbHbIC TOTPEOHOCTH MAIMEHTOB,
MIPEIOCTABIIAS MTKYI0, HO 3 (PEKTUBHYIO HATPYy3KY, CIIOCOOCTBYIOIIYIO0 OBICTPOMY BOCCTAHOBJICHUIO
[4]. Ucnionb3oBanue VR B 3TOM KOHTEKCTE IOMOTaeT MUHUMU3HUPOBATh PUCK IIEPErPY3KH U [103BOJISIET
TPEHUPOBATh PA3NUYHBIC TPYIIBI MBI, YiIydmas uX (YyHKIUOHAJIHHOCTh 0€3 MOMOIHUTEIbHBIX
(U3HYECKUX HATPY3O0K.

OanuM U3 3HAYUTEIBHBIX MpeuMymecTB VR B MeTUIIMHCKOM peabuimuTanuu SBIISETCS
BO3MOKHOCTh CO3/IaHMs aJanTUBHBIX MPOrpaMM, KOTOPbIE MOTYT HU3MEHSTHCS B 3aBUCHUMOCTU OT
TEKYILEro COCTOsIHMS nanuenTa. Hanprumep, eciau nauueHT UCHBITHIBAET TPYAHOCTH C BBIIIOJIHEHUEM
KOHKPETHOTO YIPaXXHEHHUs, CUCTEMA MOXKET MPEUIOKUTE 00Jiee JIETKYIO allbTepHATUBY, OCTETIEHHO
YBEJIMUYMBAs CIIOKHOCTh. OJTO IOMOTaeT MNOJJepKUBaTh MOTHBAIMIO IMallMeHTa U OOecreynBaeT
IIPOrPECCUBHOE BOCCTAHOBJICHUE.

Taxoke VR mo3BosIeT maneHTaM BBIOJIHATD YIIPaXHEHUS B KOM(OPTHON B O€3011acHOM cpejie,
YTO CHUKAET YPOBEHb cTpecca M AUCKOM(OpTa, KOTOPBI YacTO CONMPOBOXKIACT TpPaIHIIMOHHBIC
MeTonbl peabmiutanuu. Ilporecc BoccTaHOBIEHHS CTAaHOBHUTCA MeHee OO0JIe3HEHHBIM U Oolee
MIPUSATHBIM, YTO MOJIOXKUTEJILHO BIUSET HA MICUXOJOTUYECKOE COCTOSHUE nareHTa. [larmenTsr MoryT
BBITIOJTHATH TPEHUPOBKH, HE OECITOKOSICh O BO3MOXKHBIX OIIMOKAX MIJIM TpaBMax, YTO YBEIUYUBAET UX
YBEPEHHOCTH B ce€0€ U JKEIaHUe MPOJIOIHKATH 3aHATHSL.

3a cu€r wucnonb3oBaHug VR B MEIUIMHCKOW peabdWIMTAlMU 3HAYUTEIBHO paclIupsier
BO3MOKHOCTH BOCCTAQHOBJICHHUS TAI[MEHTOB C pa3IMYHBIMHU 3a00j€BaHUAMU M TpaBMamu [3]. DTO
TEXHOJIOTHUSl, KOTOpasi IOMOTaeT CJeaTh mpoiiece peadmiuranuu oonee 3hpPpekTUBHBIM, KOMPOPTHBHIM
U YBJIEKATEIBHBIM, CIOCOOCTBYS YIYYIICHHIO HE TOJBKO (PH3MUECKOT0, HO M TCHXOJOTHYECKOTO
COCTOSIHMSI TAI[UEHTOB.

VR-TeXHONOTUN OTKPHIBAIOT HOBBIE BO3MOKHOCTU JUISI CO3JAaHUSA TEPCOHATU3HPOBAHHBIX
TPEHUPOBOUYHBIX MPOrpaMM, KOTOpPbIE MOTYT OBITh alaiTUPOBAHBI MO YHUKaJIbHbIE MOTPEOHOCTU
KaKI0ro monb3oBareiss. OQHAM W3 TIABHBIX IMPEUMYIIECTB BHPTYaTbHOW PEATBHOCTH B (DUTHECE
SIBJIAETCSL CIIOCOOHOCTHh CUCTEMbI MOHUTOPUTH (PU3UYECKUE MapaMeTphl B pealbHOM BPEMEHHU, TaKHE
KaK 4acToTa CEpJECYHBIX COKPAIICHWH, pacxol] KAJIOpUW, aMIUIMTyAa JIBHXKECHUW M JIaXK€ YPOBEHb
cTpecca. DT JaHHbIE UCIIOJIB3YIOTCS JUIsl pETyJIMPOBaHUS HAIPy3KH, UTO MO3BOJISIET TPEHUPOBATHCS C
YYETOM WHIWBHIYATbHBIX OCOOCHHOCTEW OpraHu3Ma M JIOCTHUTAaTh ONTHUMAJIbHBIX PE3yJNbTaToB [5].
Takas mepconanmuzanus AenaeT TPEHUPOBKU Oojee A((EKTHBHBIMU, a TaKXKE CHIKAET PUCK
Meperpy3oK.

Hanpumep, B ¢QutHec-npunoxkenusx, Takux kak Supernatural wmm FitXR, wucmonesyrorcs
JTAHHBIE 0 YaCTOTE CEPACUHBIX COKPAIEHUH JJIs1 OTPEICTICHUS TOIXOIAIIET0 YPOBHS HHTEHCUBHOCTH.
Korna mysnbc monp30BaTesns NpeBbIIaeT 0€30MacHbIi Mpeell, CUCTEMa MOKET MPEIOKUTh CHU3UTh
Harpy3Ky WJIM W3MEHHTh THUIl yHOpakHeHus. B To ke Bpems, eciu ¢u3udeckas MOATOTOBKA
MOJIb30BaTeNsl TO3BOJISET, TPEHUPOBKA Oy/IeT MOCTENEHHO YCIOXKHSTHCS, YTOOBI CTUMYJIHPOBATH
nanbHENIIee pa3BUTHE BEBIHOCIUBOCTH, CUIIBI M KOOPIMHAIIUH.

Taxxe B mpodeccuonanbHoM criopte VR MoxkeT ObITh HCHOJBb30BaHa sl CO3TaHMs Oosee
CIIOXKHBIX M CHEHU(PUYHBIX TPEHUPOBOUYHBIX MporpamMM. CHOPTCMEHBI MOTYT TPEHHPOBATHCS B
BUPTYaJIbHBIX YCJIOBHSX, MOJICIHMPYIOIIMX pEallbHble WIPOBBIE CHUTYalMH, YTO TO3BOJISIET UM
MOATOTOBUTHLCS K PEAIbHBIM COPEBHOBAHMSIM C MAKCUMAJIbHON TOYHOCTHIO. BupTyansHas pealbHOCTh
MO3BOJISIET UM TPOpadaThiBaTh TAKTHUKY, YIYYIIATh PEAKIUI0 U TPEHHUPOBATh MOTOPHBIE HABBIKH,
MUHUMU3UPYS PUCKU TPAaBM, CBA3aHHbBIE C (PU3NUECKON HArpy3KOH.

Emte onHO# BaskHO# 0coOeHHOCTHIO VR sIBIIsSIeTCS BO3MOKHOCTD aHAIM3a TEXHUKH BBITIOTHEHHUS
yrpaxHeHuil. BupTyanbHbie TpeHaXKEPhl MOTYT OTCIEKHBATh KaXI0€ JABMIKEHHUE W MPEAOCTaBIAThH
Oo0paTHyIO0 CBSI3b, YTO OCOOEHHO TMOJIE3HO I HAYMHAIOIIUX CIOPTCMEHOB WM T€X, KTO XOYeT
yAy4dmuTh CcBo0 ¢opmy [6]. Hampumep, ¢ momomipio kKamepsl M CEHCOpoB nBmkeHus, VR-
000pyI0BaHNE MOXET OICHUTh, IPABHILHO JIM BHITIONHSIOTCS MPUCEAAHHS WM OT)KUMaHUs, U JaTh
PEKOMEH/IallMH 10 YIYUIIIeHUIO OCAHKH, YIJIa HAaKJIOHA UJTU TeMIIa BBIMONIHEeHU. Takas oOpaTHas CBA3b
nmomoraetr u30exarh OMMUOOK, KOTOPbIE MOTYT MPHUBECTH K TpaBMaMm WU HAPYIIEHUIO TEXHUKH, U
crocoOcTByeT 60Jee OBICTPOMY OCBOSHUIO MPABWILHBIX JIBIKCHHM.
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JlJis HaYMHAIOMIMX CIIOPTCMEHOB WJIM JIIOJEH, TOJIbKO HAUMHAIOUIUX 3aHUMATbCS (PU3NYECKOM
aKTUBHOCTBIO,  MEPCOHATU3UPOBAHHBIE  VR-TPEHMPOBKM  MpPENOCTaBISAIOT  O€30macHyro H
MOTUBHPYIOLIYIO Cpely sl TpeHHpPOBOK. IloCkonbKy mOap30BaTenn MOTYT TpPEHHpPOBAThCS B
KOM(OPTHOIl 00CTaHOBKE, OHHM UYYBCTBYIOT MEHBIIE CTpecca M JaBJICHHS, YTO CIIOCOOCTBYET
MOBBIIIEHUI0 MOTUBALMU U TOCTOSIHCTBY 3aHATHUH.

3a cu€r 3TOro, MEepPCOHAIM3UPOBAHHBIE TPEHUPOBKU C MCIONb30BaHHEM VR-TexHoioruit
MIPEIOCTABIIAIOT OTPOMHBIA MOTEHLMAN AJS yIydlleHus (U3NYECKUX pe3yNbTaToB, 0€3011acHOrO
OCBOCHHS HOBBIX TE€XHUK M CO3JaHHMS MaKCHMAaJIbHO 3()(EKTUBHBIX U YBIIEKATEIBHBIX MPOrpaMM
TPEHUPOBOK, KOTOpbIE MOTYT OBITh aJalTUPOBAaHbI IMOJA HYXAbl KaXJIOTO IOJb30BaTEs.
Hcnons3oBanne VR B TpeHUpOBKaX W MEAMIIMHCKOW peadunuranuu o0JalaeT 3HAYUTEIbHBIM
MTOTEHIMAJIOM JIJI1 CHUPKEHUS 3aTPAaT KaK JUIsl TOJIb30BATENEeH, TaK U JAJI1 OpraHU3alnM, IpeIIararonmx
3TH yciryrd. BMecTo Toro 4ro0bl mocemaTs CleuaIu3upoBaHHbIe PUTHEC-IIEHTPHI WIIM MEAULIUHCKUE
YUPEKIACHUSA, MOJb30BATEIM MOTYT 3aHMMATbCA JOMa, MCHOJb3Yysl OTHOCUTENBHO HEIOPOroe
obopymoBanue, Takoe kak VR-rapuutypsl (Hampumep, Oculus Quest wim HTC Vive) u 6a3zoBbie
KOHTpoJuiepsl [1]. DTo aAemaer TpeHHPOBKH OoJiee AOCTYHNHBIMH I IIUPOKOTO Kpyra JIHOJCH,
yCTpaHsas HEOOXOAWMOCTh B JIOPOTUX TPEHaXKepaxX WM B MOCTOSHHBIX IMOE3AKaX B CIIOPT3al HIIH
KIINHUKY.

Takoil moaxo1 OCOOCHHO MPUBJICKATEIBHBIM JIelaeT U TO, 4TO0 VR MO3BOJSIET BBHIMOIHATH
pazHooOpa3HbIe MPOrpaMMbl, OT (UTHEC-TPEHUPOBOK 10 pPEabUIUTAIIMOHHBIX YHpPaXXHEHHH, He
TpeOyIonmMX OOJBIIOr0 MPOCTPAHCTBA WM CriennaibHoro odopynosanus [1]. Iloms3oBarenn MoryT
TPEHUPOBATHCS B KOM(OPTHBIX JIOMAIIHUX YCIOBHUSIX, YTO SKOHOMUT BpeMs M JEHBI'U, KOTOpPHIE
OOBIYHO YXOST Ha IOpOTy U aDOHEMEHTHI B (PUTHEC-KITyOBI.

C 9K0N0THYECKON TOUKH 3peHusl, UCIIONIb30BaHue VR -TpeHNPOBOK CITIOCOOCTBYET MUHUMHU3AINH
nOoTPeOHOCTH B TPAAMIMOHHBIX TPEHAXEpPaxX M CHOPTUBHOM OOOPYAOBAaHHH. DTO, B CBOIO OUYEpEb,
CHIDKAET CIPOC Ha MPOU3BOJICTBO U YTUIIM3ALUIO TPOMO3IKUX TPEHAKEPOB, UTO JeJIaeT MOAX0a Oosee
9KOJIOTMYHBIM. BupryanbHas peanbHOCTh IpenjaraeT yAoOHYI0 —allbTepHATUBY, MCKIIIOYas
HE00XOIUMOCTh B TPOMO3JIKMX YCTPOKUCTBAX, YTO COKPAIIAET KOJIMYECTBO OTXOJI0B U IHEPIrOEMKOCTb.

C sKkoHOMHUYECKOW TOYKU 3peHMs, VR Takke MOKET 3HAUUTEIbHO COKpPAaTHUTh Pacxojbl Ha
peabunuTanionHsie yciyru. Hampumep, npu peaOuimuTaluy MalMEHTOB TOCJAE TPaBM HWIIHU
3a00JeBaHUN BUPTyallbHAsl PEAbHOCTh IMPEJOCTABISACT BO3MOXXHOCTH BBIOJHEHHS YIPAKHEHHI
yAaJeHHO, TOJl KOHTpOJIeM creruaiuctoB deped VR-mnatdgopmer [8]. DTo mo3BoiseT manueHTam
MPOUTH KypC peadMINTalliy, He TIOKH/1asi CBOETO JJOMa, YTO CHUYKAET CTOMMOCTD JICUEHHS U JENaeT
ero Oosiee TOCTYMHBIM. J[MCTaHIIMOHHOE HAOJIOJEHNE U KOPPEKTUPOBKA TPEHUPOBOK MOCPEICTBOM
VR Takxe UCKII04YatoT HE0OX0IMMOCTh YaCThIX BU3UTOB B KIIMHUKH WJIU LIEHTPBl peabuINTallH, YTO
0COOEHHO Ba)KHO I JIIO/IeH ¢ OrpaHMYEHHBIM JOCTYNOM K MEIMIIMHCKOM MOMOIIM, Hampumep, B
OTJAJICHHBIX WJIM CEIbCKUX palioHaX.

Kpome Toro, takue miaaropMbl MOTYT MPEUIOKHUTh MalMeHTaM IePCOHATU3UPOBAHHbIE
TPEHUPOBOUYHBIE IPOIPAMMBI, C BO3MOKHOCTBIO OTCIIEKUBAHUS UX MPOrpecca B peallbHOM BpPEMEHH,
YTO CIOCOOCTBYET O0Jiee TOUHOMY M AP PEKTUBHOMY JieueHu0. biaroiapst 5TUM TEXHOIOTUAM MOXKHO
YMEHBIIUTh HArpy3Ky Ha MEAMIMHCKHE YUpEXKJEHUs, OCBOOOAMB pecypchl AJisi OOJee CIOMKHBIX
CITy4aeB, a TAK)Ke ONTUMHU3UPOBATh PabOTy CHEIMAINCTOB.

Taxum o0pa3om, TOCTYyITHOCTh U SKOHOMHYECKas ) PekTUBHOCTh VR -TpEeHUPOBOK OTKPBIBAIOT
LIIMPOKHE MEPCIEKTUBBI KaK AJIS TOJIb30BaTENIEd, TaK U JJI1 CUCTEMBI 3[PAaBOOXPAHEHHUS B LIEJIOM.
BupryanpHas peasbHOCTh CTAHOBHUTCS HE TOJBKO MHCTPYMEHTOM Ui YJIy4IlI€HUS (U3NYECKOU
aKTUBHOCTH U 3/I0POBbS, HO M 3()()eKTUBHBIM CPEICTBOM JUIsl CHIDKEHUS 3aTpar, YIydIleHHUs JOCTyTa
K METUIIMTHCKOM MOMOIIY 1 YMEHBIICHUS SKOJIOTMYECKON Harpy3KHu.

BupTtyanbHas pealbHOCTh OTKpPHIBAET HOBBIE TOPU3OHTHI JUIS TOAJCPKKH (PU3UUIECKOTO
3/10pOBbS, CO37aBasi BOBMOXKHOCTH ISl YJIy4IIEHUS MOTHBAIMH, YBJIEKATEIbHOCTH TPEHUPOBOK U
YCKOpEHUs peabMIMTalMoHHBIX IporieccoB. C KaXKIbpIM rofioM TexHonoruu VR craHoBsiTcs Bc€ 6onee
JOCTYIHBIMH M COBEPUICHCTBYIOTCS, YTO IMO3BOJIAET PACHIMPUTh MX NMPUMEHEHHE B MEAUILIMHE U
criopre. [lepcriektuBbl npuMeHeHns VR B 3THX 06nacTax TpeOyroT AadbHEUIINX UCCIIE0BaHUM, HO
yKe ceiiuac MOXXHO TOBOPHUTH O 3HAYUTEILHOM MOTEHIIMAJIE TON TEXHOJIO0THH [2].

OnHuM 13 HanOojiee MEPCHEKTHBHBIX HANpaBlICHUH pa3BUTHS sBIseTcss uHTerpamus VR c
ucKyccTBeHHBIM HMHTeIuIeKTOM (M) 11 co3nanus afanTUBHBIX TPEHUPOBOYHBIX TPOrPaMM, KOTOpbIE
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ABTOMATHUYECKHU MOJICTPAUBAIOTCS MO (U3MUECKOE COCTOSTHUE TIoJib3oBaTess [S]. Mcnonbp3zoBanue U
MIO3BOJINT AHAIM3UPOBATh IIapaMETpPbl, TaKME KaK 4YacToTa CEpPACUHBIX COKpAILEHWH, cuila Hu
BBIHOCIIMBOCTh, W Ha OCHOBE JTHX JaHHBIX WM3MEHATh MHTCHCHBHOCTh YINPA)KHEHHUH, CO3/1aBas
WHAMBUYaIbHO TMOJ00paHHbIE TPEHUPOBOYHBIE IJIaHBI. Takoi mojaxox obecreyuT Oojiee TOYHBIN
KOHTPOJIb 32 MPOLIECCOM BOCCTAHOBJICHUS WJIK TPEHUPOBKH, YTO MOBBICUT IPPEKTUBHOCTb U CHU3UT
PHUCK TPaBM.

JIpyr'M NEpCHEKTUBHBIM HAIPABJICHUEM SIBIIETCS pa3BUTHE VR-TEXHOJIOTMI B COYETAHMH C
HeliponHTepdelicaMm, 4TO MOXKET OTKPBITh HOBBIE BO3MOXXHOCTH Il peaOMJIMTAIlMM TAalUEHTOB C
OrpaHUYEHHBIMU JBUraTteibHbIMM  (pyHKuusAMH. Heipountepdelicel MO3BOIAIOT — HANPIMYIO
B3aMMOJICHCTBOBAaTh C MO3TOM, 4YTO CIIOCOOCTBYET YJIYYIIEHHIO MOTOPHBIX HABBIKOB H
BOCCTaHOBJICHUIO yTpaueHHbIX (pyHkiuii. C momornisio VR u HelipouHTepdeiicoB MOKHO CO3/1aBaTh
CHUMYJIALIMM, KOTOphIe OYyAyT AaxkTHBHPOBATH HEPBHBIE U MBIIICYHBIE IYTH, CTUMYJIHPYS
BOCCTAQHOBJICHHE JIBUraTeIbHbIX (YHKUMH Ja)xe y MAlHEeHTOB C TsKEJIbIMU HapyleHUsMU. Takoil
MOJIXOA MOXXET 3HAYUTENbHO YJIYYIIUTh Pe3yJbTaThl pPeadMIUTALUU, YCKOpSAS IpoLecce
BOCCTAHOBJICHMS U IOBBIIIAS Ka4ECTBO XKU3HU JIIOACH ¢ MHBAIMIHOCTHIO [7]. JlaHHOE HanpaBicHHE
TaKXKe YKJIaapIBaeTcs B mporpammy OOmepoccuiickoit o0rmecTBeHHON opranu3anuu «Jlura 310poBbs
HallMKW», B KOTOPOI pa3paboTKa U BHEIPEHHUE HOBBIX JIe4EOHO-03/10pPOBUTEIBHBIX CPEJICTB BBIJIEIEHO
OJIHMM W3 HallpaBJICHUM.

Kpome Toro, VR-TexHONOrHM MOTYT UrpaTh KIOYEBYIO POJib B MPOQUIAKTUKE 3a00J1€BaHUH,
[oMorasi JIIoAsIM MOJIEpKUBAaTh aKTUBHOCTh U (DPU3MUECKOE 3[I0pOBBE, JAXKE €CIM OHU HE MOTYT
PEryJisipHO MOCEIIATh CIIOPT3aibl WIM TpeHaKepHble 3aiibl. Hampumep, B Oy IylieM MOXKHO 0XXHMIATh
nosiBiieHuss VR-mporpamMM, OpHUEHTHMPOBAHHBIX Ha TMOXWIBIX JIIOJEH, KOTOpbIE IOMOTYT WM
NOJICP>)KUBaTh (PU3MUECKYI0 AKTUBHOCTh B KOMQOPTHOM M Oe3omacHOil cpene. BupryanbHas
pEaIbHOCTh IO3BOJIUT WM TPEHUPOBATHCS B JIOMAIHUX YCJOBMSX, Jejas yHOpakHEeHus Oojee
UHTEPECHBIMU U JOCTYITHBIMHU.

Ho HecMOTps Ha akTHBHOE Pa3BUTHE TEXHOJOTUN BUPTYaIbHON PEAIbHOCTH, UX IPUMEHEHHE B
cdepe pU3NUECKON aKTUBHOCTU COIPSDKEHO C psAnoM mpobieM. OIHUM U3 KIIIOUEBBIX HEJOCTaTKOB
SBJIIETCS OTpaHMUYEHHAs €CTECTBEHHOCTb JBM)KEHUHM moib3oBaTend. CoBpemeHHble VR-cuctemsl,
XOTsl ¥ OCHAILEHBI NIEPEAOBBIMU METOJAMH TPEKMHIa, HE BCETJa MOTYT TOYHO II€PEaBaTh JBUKCHHUS
Tena. B pe3ynbTare BO3MOXKHBI HCKA)KEHUS JIBUTATENIbHOM aKTUBHOCTH, 4YTO MPUBOAUT K
HEPAaBHOMEPHOMY pacCIpEEICHUIO Harpy3Ky Ha MBILILBI U cycTaBbl. Hanpumep, B psae ynpaxHeHUI
MOTYyT OBITh HEJOCTATOYHO 3aJ€HCTBOBAHbl CTAOWJIM3HPYIOIIME MBIIIIBI, YTO CHUYKAET
3¢ GEKTUBHOCTh TPEHUPOBOUHOTO MpOIlecca M MOXKET CIIOCOOCTBOBATh PAa3BUTHIO HENMPAaBUIBHOM
OCaHKH WUJIU Meperpy3Ke OTAeNbHBIX TPy MbIIII] [ 8].

Eme onHoii cepbe3Hoit mpoOiemoil sBisercss BiausHue VR-TexHomOruil Ha BeCTHOYNSAPHBIN
anmapar U 3peHue. J[muTenbHoe ncnoib3oBanue VR-rapHUTYp MOXKET BBI3bIBATH CUMIITOMBI KHHETO3a
(Tak HazpIBaeMOM «0OJIE3HH JIBHIKEHUS»), BKJIIOYAsi TOJIOBOKPYKEHHE, TOLIHOTY U J€30PHEHTALHIO.
DT0 0COOEHHO aKTyaJbHO NP BHINOJHEHUH aKTUBHBIX JBH)KEHUH, TPEOYIOIIMX PE3KUX MMOBOPOTOB
TOJIOBBI MJIM CMEHBI TOJI0kKEHUS Tena. KpoMe Toro, 3HaunTeNnbHas 3puTebHas Harpy3Ka, BbI3BaHHAs
HEOOXOIUMOCThIO  (POKYCHPOBKM Ha BHUPTYyaJlbHOM IPOCTPAHCTBE B YCJIOBHUSX OJM3KOTO
PacrosoKeHUs IKPAaHOB, MOKET IIPUBECTH K NEPEYTOMIIEHHIO IJ1a3 U CHUKEHUIO KOHLEHTPALMH, YTO
HEraTHBHO OTpakaeTcsl Ha 001IeM (PU3HUECKOM COCTOSIHUM IoJIb3oBarens [§].

@dusnyeckass aKTUBHOCTb B BUPTYaJbHOW pEAJBHOCTH, KaK IIPAaBHJIO, OCYLIECTBIISIETCS B
3aKpBITHIX MOMEIIEHUSX, YTO HAKJIaJbIBa€T JONOJHUTENIbHbIE OrpaHuyeHus. OTrpaHUYEHHOCTH
IIPOCTPAHCTBA MOBBIIAET BEPOATHOCTh CTOJIKHOBEHHS II0JIb30BATENSI C OKPYKAIOIIUMH MIPEAMETAMH,
TaKMMH Kak MeOesb WM CTE€HbI, YTO MOXKET NMPUBECTH K yIIHOaM U JPyruM TpaBmam. JBHkeHus,
coBepuiaeMble 0e3 BU3YyallbHOTO KOHTPOJISI OKpYXarolleil 0OCTaHOBKH, CO3/1al0T JOMOJIHUTENIbHBINA
pHUCK majieHuil u noBpexjaeHui. [IoMrUMO 3TOT0, TPEHUPOBKU B 3aKPBITHIX NOMEUIEHUSX MOTYT He
obecrieynBaTh JIOCTaTOYHBIA MPUTOK CBEXKEro BO3/AyXa, YTO MOXET CHIKATh 3PPEKTUBHOCTDH
(u3MYECKUX HArPy30K U BBI3BIBATH OBICTPYIO yTOMIIsIEMOCTb [9].

Takum oOpa3oM, BHUpTyaJbHas pEaJbHOCTb SBISETCSA MOIIHBIM HHCTPYMEHTOM  JUIS
noajepkaHusi (pU3MUECKOro 3/0pOBbs, COUETass WHHOBAIIMOHHBIE TEXHOJOTUU C 3 (EKTUBHBIMU
METOAaMU TPEHUPOBKHU U peadbunutauuu. C qanpHeHIIUM pa3BuTHEM VR MBI MOXXKEM OXHJIATh emIé
0ojee 3HAYUTENHLHOTO BIMSHHUS STOW TEXHOJOTMU Ha KauyecTBO KHM3HU JIOJeil Bo BceM mupe. B
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OyaymeM VR MoXeT cTaTh HEOThEMIIEMOM YaCThIO CUCTEMBI 3[paBOOXPAHEHUS U (PUTHECA, IpeyIarast
MHIUBUAYAIU3UPOBAHHbIE U JOCTYIIHBIE PELIEHUS JUIsl BCEX CIOEB HaceleHHs. POCcT 3KOHOMUKHU U
noBblIIeHUE 3P PEKTUBHOCTU PabOTHI MPOU3BOJCTBA TECHO CBA3aHBI CO 3J0POBHEM HACEIICHUSI CTPAHBI,
4yT0 oTMeuaeTcs B HanroHnanbHOM npoekTe «310poBbe HAllMMW». B3aMMOCBSI3b TUX COLMOKYJIBTYPHBIX
(EeHOMEHOB TaK KpeIKa, YTO HEKOTOpbIE J1aXKe TOBOPAT O HEOOXOAUMOCTH (POPMHUPOBATH «IKOHOMHUKY
3n0poBbs» [10]. VR sBisercs TeM cpeiacTBOM, KOTOPOE MOJKET IMPHUBJIEYb 3HAUUTEIbHYIO 4acTb
HAaceJeHMs, paHee HE WHTEPECOBABLIYIOCS JABUraTeIbHONM AaKTHUBHOCTBIO, K (DU3KYJIBTYpHO-
03/I0pPOBUTEIBHON AEATENBHOCTH, TEM CaMbIM MOBBIMIAS (PU3MYECKHE BO3MOXXHOCTH TPAXKAaH U
yJlydliasi COCTOSIHAE MX 37J0POBBS.
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A.A. Kamytun, A.C. Byrpos

HCIOJb30BAHUE VR Y AR TEXHOJIOTUH B OFPA3OBAHUU B PAMKAX
JUCIHUIIVIMHBI PU3UYECKASA KYJBTYPA U CIIOPT

YpallbCKkuii TEXHUYECKUH WHCTUTYT CBSI3M U HH(popMaTuku (prman) dpeaeparbHOro
rOCYJapCTBEHHOTO OI0/PKETHOTO 00Pa30BaTEILHOTO YUPEKICHHS BBICILIEIO 00pa30BaHHS
«Cubupckuii rocy1apCTBEHHBI YHUBEPCUTET TEICKOMMYHUKALUNA U HHPOPMATUKU B T.

ExarepunOypre (YpTUCH Cu6l'YTH), Poccus

KiroueBsie cioBa: ¢pusudeckas KyapTypa, I T-texnonoruu, VR- u AR-texHonorum.

Ctatrbs MOCBSIIEHA HHTETPALIMHA TEXHOJOTUIM BUPTYAJIbHON M TOTIOJHEHHOH peanbHoCcTH (VR 1
AR) B cdepy ¢usnyeckoit KyJabTyphl U criopTa. PaccMaTprBaroTCs MEPCIEeKTUBBI U MTPEUMYIIECTBA
WCIIONB30BAHUS ATUX TEXHOJIOTMH JUIsl YIIYYIIEHHUS TPEHHUPOBOYHOIO IIPOLIECCA, IMOBBILICHUS
MOTHBAIIMH OOYYarOMIMXCsl M oOecreueHus: 0e30MacHOCTU TpH 3aHITHSIX (U3KyIbTypoil. Ocoboe
BHUMaHUE YJENIeTCs UX MPUMEHEHUIO B 00pa30BaTEIbHBIX YUPEKICHUSIX, CHOPTUBHON MOTOTOBKE.
B craThe Taxke 3aTparuBarotcs Bonpocs! agantauud VR u AR B MaccoByto pu3nuecKyro KyibTypy,
a TaKoke 6apbepsl A IIUPOKOTO BHEAPEHUS ITUX TEXHOJIOTHH.

A.A. Kashutin, A.S. Bugrov

USING VR AND AR TECHNOLOGIES IN EDUCATION WITHIN THE
DISCIPLINE OF PHYSICAL EDUCATION AND SPORTS

Ural Technical Institute of Communications and Informatics (branch) of the Federal State Budgetary
Educational Institution of Higher Education "Siberian State University of Telecommunications and
Informatics™ in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: physical culture, IT technologies, VR/AR technologies.

This article focuses on the integration of virtual and augmented reality (VR and AR)
technologies into the field of physical education. It explores the potential and advantages of using
these technologies to enhance training processes, increase motivation among learners, and ensure
safety during physical activities. The application of VR and AR in educational institutions, sports
training is highlighted. The article also discusses the adaptation of VR and AR in mass physical
culture, as well as the barriers to widespread implementation.

@usnueckas kynpTypa (DOK) — HeoTbemieMblil 371eMEHT O0OIIeUeNIoBEUYECKO KyJIbTYpBI,
BBICTYMAIONIMHA B POJU caMOCTOATENbHOM cdephl. OHa TpEeACTaBIsIET COOOM  KOMIUIEKC
MaTepualbHBIX U JyXOBHBIX IIeHHOCTeW. K MaTepuaibHbIM KOMIIOHEHTAM OTHOCSATCSA CIIOPTHUBHBIN
MHBEHTaph U CHapsHKEHHE, CTIelUaIn3upOBaHHOE 000pyI0BaHUE, SKUITUPOBKA U Tak jaanee. B cBoro
ouepellb, K JYXOBHBIM IIEHHOCTSIM OTHOCAT HWH(OPMALMOHHBIE MaTepHallbl, MPOU3BEIACHUS
HCKYCCTBa, MHOI00Opa3ue BUI0B CIIOPTA, UTPBIL, (PU3KYJIbTYypHbIE KOMILIEKCHI, STUYECKUE TPUHIIUIIBI,
periaMeHTHPYIOIIUE MOBEICHUE YelloBeKa B Mpolecce (PU3KYIbTYPHO-CIIOPTUBHBIX MEPOTPUSATHHA.
B pasButbix ¢Qopmax ¢usznueckas KyJabTypa MOPOXKAAET ICTETHUYECKHE LEHHOCTH, HamlpuMep,
(GU3KyIbTypHBIE Mapajibl, MOKA3aTEIbHbIE CIIOPTUBHBIE BBHICTYIUIEHUS U MOJOOHBIE MEPONPHUSTHSL.
Wtorom yuactust B puU3HUECKON KyJIbType CTaHOBUTCS (U3MUYECKas MOATOTOBICHHOCTh U CTEIECHb
OBJIQJICHUSI JBUTATEIbHBIMA HABBIKAMH, BHICOKUN YPOBEHb PA3BUTHS KU3HEHHBIX CHUJI, CIIOPTUBHBIE
JOCTUKEHHUS, @ TAKKE HPAaBCTBEHHOE, ICTETUYECKOE U MHTEIIEKTYaIbHOE COBEPILIEHCTBOBAHHE.

B namm nHu Bce Goublryio poib B @K kak caMocTOsTENbHOM cdepe 4eToBeYeCKOr KU3HU
urpatoT uHopmanronsslie TexHonoruu (UT). 3a nocneanoo napy necATUIETUNH MOKHO OTMETHUTD
akTuBHOE pa3BuTHe Poccuu B obmactu UT. TexHomoruveckuii mporpecc OTKPbUT epe]] 00IIecTBOM
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u cnenuanucramu B oosacti @K u criopra HOBbIE HHCTPYMEHTBI, CLIOCOOBI M METOABI IIPOBEACHUS
3aHATUH W TpeHHpoBOK. K mogoOHOro pojia MHCTPYMEHTaM MOXKHO OTHECTH Pa3IMYHOrO pPoja
IIporpaMMHO€E oOecrieueHre, MOOMIIbHbIE TPUIIOKEHNUS, CAliThl, MHOKECTBO JIEKTPOHHBIX PECYPCOB,
IIPEIOCTABIIAIOIINUX TOTOBbIE KOMILJIEKCHBIE PEIIEHUS OTHOCUTEIBHO IPOTrpaMM TPEHHPOBOK H
IIUTaHUS C BO3MOXKHOCTBIO OTCII€KHMBAaHUS Mporpecca U pe3yibTaToB. Pa3nuuHble MporpamMMHbIe
QITOPUTMBI U MHCTPYMEHTHI aHAJIN3a MO3BOJISIOT (PMKCUPOBATHh JIWHAMHKY PE3YJIbTAaTOB, YTO JAeT
BO3MOYKHOCTb ~ KOPPEKTHPOBaTh WJIM ONTUMHU3UPOBaTh TPEHUPOBOUHBIA mpouecc. Crout
MOYEPKHYTh, YTO 3HAYUMOCTh WH(OPMAIMOHHBIX TEXHOJIOTHUI HE OrpaHHMYMBACTCS MOOUIHHBIMH
IIPUIIOKEHUAMH UIIU caliTaMu. BosbIIyto posib UTParoT pa3iIndHbIe «KYMHBIE» YCTPOMCTBa, HAIIPUMED
YCTPOMCTBA UIE OMOMETPUYECKOro MOHUTOpHHTa. OHHM OCHAILCHBI JAaTYMKAMHU, H3MEPSIOUIIMU
IyJbC, YPOBEHb KHCIOpOJa B KpPOBH, TEMIEpaTypy Tela M Jpyrue IOoKa3aTead OpraHu3Ma.
[IpenocraBiisieMble TAKAMH YCTPOUCTBAMH JAHHBIE MTO3BOJISIOT KOHTPOJIUPOBATH (PU3UOJIOTHUECKYIO
PEaKIMIO OpraHW3Ma Ha Harpy3Ky M OINEpaTHBHO pearupoBaTh Ha JOOble H3MEHEHMs B COCTOSHUM
yenoBeka. Bce 3Tu ycTpoicTBa, MO CyTH, YK€ cTanud oObieHHOCThI0 B cepe PK, HO ecTh u
WHHOBAIIMH, O KOTOPBIX MOKAET peub gayee — 310 VR u AR TexHomoruu.

Ha ceropnsamumii 1eHb 3aHATUS (U3HMUECKONW KyIbTYPOH SBISIOTCS HEOTHEMJIEMON YacTbhIO
0o0pa3oBaTeNpHOIO Ipolecca B JIETCKUX Calax, IIKOJIaX, By3aX, a TakKe IPAaKTUKYIOTCS Ha
HEKOTOPBIX NPEANPUATUAX U IPOU3BOJCTBAX B paMKaX KOPIIOPATUBHBIX IpOrpaMm 3710poBbs. C yxe
YIOMSIHYTBIM Pa3BUTHEM TEXHOJOTHH MOAXO0] K (PU3MUECKONW aKTUBHOCTH TAK)K€ IBOJIOLUOHUPYET,
OTKpBIBasi HOBBIE BO3MOXHOCTH JUIs TMOBBIIICHUsT €€ 3¢ddexTuBHOCTH. BBHIY OrpaHmyeHHOCTH
BO3MOKHOCTEH 11 OpraHu3alMd U IMPOBEICHUS MOJHOLEHHBIX M Pa3HOOOPA3HBIX (PU3MUECKUX
TPEHUPOBOK B 00pa30BaTElbHBIX OpraHU3alUsAX, BCE OOJBLIYI0 MOMYJISIPHOCTh HaOupaeT
ucnoib3oBanue VR u AR TexHo0ruii U MX MHTErpanus B IpoLecc TPEHUPOBOK U 3aHITUH.

Bupryanbnas peansnocts (VR — virtual reality) — ato cozgaBaemasi koMnbroTepom 3-MepHast
MOJIeNIb OKPY’KaIOLIero MHpa, KOTOpasl MO3BOJIET YENOBEKY IMOIPY3UThCS B HETr0 U IMOJYYUTh
ollylleHue MpUcyTcTBUsA. Eciy omnucaTh MpOCTBIMM CIIOBaMH, TO 3TO WJUIIO3US, UCKYCCTBEHHOE
OKpYy’KE€HHE, B KOTOPOM YEJOBEK MOXKET B3aUMOJECHCTBOBaTh C IpeIMETaMH, I[epeMeuiarb U
u3MeHATh uxX Gopmy [6]. Taxke B VR yenmoBek MOXKeT MmepeaBUTraThCsl U BHIETh MPOTOTUI CBOUX
KOHeuHocTell. PaccMOTpyM OCHOBHBIE NpPEHMMYILECTBA MCIIOJIB30BAaHUS 3TOM TEXHOJOIMU IpH
MPOBEACHUU 3aHATHIN PU3UUECKON KYIbTYpPOH.

Bo-nepBbix, ucnosnp3oanue VR-texHonoruii B npouecce NpoBeaeHUs 3aHATUN (HU3NUECKOI
KyJbTYPOH MO3BOJIET CO3/1aBaTh UMMEPCUBHYIO CpEAY, MAaKCUMAJIbHO IPUOIMKEHHYIO K PEaIbHBIM
YCIOBUAM TPEHUPOBOK. ODTO OCOOEHHO BAaXXKHO B CHUTYyallMsAX, KOTJa IPOBEJICHHE 3aHATUH B
MIPUBBIYHOW OOCTAaHOBKE 3aTPyJAHEHO WJIM HEBO3MOXHO (Hampumep, Ipediii Ha TpeHakepe C
ucnoib3oBanueM VR 000py10BaHUS MOXKET B IOJTHOM Mepe BOCCO3/AaTh peallbHbIE YCIOBUS JAaHHOTO
BHJIa CIIOPTA).

Bo-Bropeix, VR mnpenocraBnser MMpPOKHI CIEKTp BO3MOXKHOCTEH ISl MEpCOHATU3ALUH
TPEHUPOBOYHOI'O MpOIlecca, MO3BOJISAS MOJAEIUPOBATH Pa3iIMuYHble TPEHUPOBOUHBIE IJIOLIAJAKH B
COOTBETCTBUHM C HWHAMBHUIYAJIbHBIMM TOTPEOHOCTSIMHM KaKJIOTO TOJb30BaTeNs. Tako MOoaxon
CHOCOOCTBYET pa3BUTHIO (PU3MUECKHX M MPO(ecCHOHATBHBIX HAaBBIKOB, YIYUYIIEHUIO (PU3NYECKON
(GopMBI U NOBBIILIEHUIO UHTEpeca K 3aHATUsAM. Hampumep, ecau KoMy-To KOM(OpTHEE MPOBOJIUTH
TPEHUPOBKU Ha MPHUPOJIE, HO YCIOBUS HE MO3BOJISIIOT 3TO PeaIn30BaTh, VR MOXET cTaTh OTINYHBIM
pEILIECHUEM.

B-Tperbux, ogHMM M3 KIIOUYeBBIX npeumyinecTB VR sBisercs cHukeHHE NMOTEHUUATbHBIX
PUCKOB, 4YTO [ellaeT TPEeHUPOBKM Oosee O€30MacHbIMU Kak JUIi HOBUYKOB, TaK U JUIA
npodeccuonanoB. MoxHO, OmATh ke, NMpUBECTH mHpumep ¢ rpedieit — VR obecreunt mnoutu
ujeaIbHOE MOTPYKEHNUE, HO pealibHbIe PUCKHU JIJIS 3/10pOBbs Oy1yT CBEAEHBl K MUHUMYMY.

Takum o0pa3zoMm, Onaromapsi COYETaHUIO MHTEPAKTUBHBIX AJIEMEHTOB U UTPOBBIX MEXaHHK
BUPTYyaJlbHAasl PEANbHOCTh JeNaeT 3aHATUS (PU3NYECKON KyJIbTypoil Oosee yBlEeKaTeNbHBIMHU, YTO
CIOCOOCTBYET MOBBINICHUIO MOTHBAIIUU M BOBJICUEHHOCTH oOydJaroruxcs [2].

ITomumo VR, cymiectByer M apyrasi TEXHOJOTHS — JONOJHEHHas, a HE BUPTyalbHas
peasibHOCTh (AR), TO ecTb TEXHOJOTHS MPOELMPOBAHMS PA3IUYHBIX IUPPOBBIX OOBEKTOB Ha
n300pajkeHNe pealbHOr0 MHpa B pealbHOM BpeMeHH. J[omosiHeHHas peaqbHOCTh TaKXe BHOCHT
3HAYUTENbHBIN BKJIaJ B pa3BUTHE (DU3MUECKOW KYyJIbTYpbl, HHTETPUPYS LU(PPOBbIE 3IEMEHTHI B
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peasibHbIl MUpP. DTO MOXKET OBITh BU3yallW3allMs IBUKEHUH, MOJCKAa3KU BO BPEMs BBIMOJIHEHUS
yIOpaXHEHUH WM WMHTEPAaKTUBHBIC 3aJaHMs, MOTHUBUPYIOUIME IMOJb30BaTelei K Oousblien
aKTUBHOCTH. Takue TEXHOJOTHUU CIOCOOHBI MOBBICUTH KayeCTBO OOYUYEHHUS 3a CUET MIHOBEHHOM
0o0paTHOW CBSA3M, IO3BOJSAS KOPPEKTHPOBATH OIIMOKM B peajJbHOM BpeMeHH. | eiimuduxanms
(mobaBneHUEe BUPTYATbHBIX JJIEMEHTOB «HUIPhI» B MPOIECC TPEHUPOBOK), BcTpoeHHass B VR- u AR-
pelieHusl, AenaeT 3aHATHS 0oJiee MHTEPECHBIMH U CIOCOOCTBYET IOBBIIICHUIO BOBJICYEHHOCTH,
0COOEHHO cpeu AeTeil U Mojoaexu [1].

Ho nanHbIE TEXHOJOTHH MCHONB3YIOTCS NANEKO HE TOJBKO JISl TOBBIIICHUS Y(PPEKTUBHOCTH
TPEHUPOBOK cpenu OoObIYHOM Mojonexu. B chepe mnpodeccrmonansHoro cropra VR um AR
TEXHOJIOTUH TAK)KE HAUMHAIOT UTPaTh Bce OOJBIIYIO POJib. BHeIpeHne TeXHOIOT M BUPTYAIbHON H
JIOTIOJTHEHHOM pealbHOCTH B TMPOIECC TMOATOTOBKH MNPOPECCHOHATBHBIX CIIOPTCMEHOB HMEET
HECKOJIbKO KJIFOUEBBIX IIeJIel, HANpaBICHHBIX Ha ONTHMU3ALMI0 TPEHHUPOBOYHOTO Mpolecca U
MOBBIIICHUE CIHOPTUBHBIX pe3yibTaToB. OCHOBHOW LEIBbIO SBISETCA CO3JaHHE PEaATUCTUYHBIX
TPEHUPOBOYHBIX YCJIOBUH, MO3BOJSIOMIMX CIHOPTCMEHAM OTpadaThIBaTh TAKTHUYECKUE HABBIKH,
yIIydllaTh peaklUyi0o W TMOBBIIATH YPOBEHb KOOPAMHAIMU 0€3 puCKa IOMy4YeHUs TpaBM.
Metononornyecku, ucnoibzoBanue VR u AR BritouaeT cUMyisSiUUU UTPOBBIX CUTYyaluH, TIe
CIOPTCMEHbl MOTYT B3aMMOJCICTBOBATh C BUPTYAJIbHBIMU MPOTUBHUKAMHU, aHAJIM3UPOBATH CBOU
JCCTBUS U KOPPEKTUPOBATh MX HA OCHOBE MOJYYCHHON 00paTHOI cBsi3u. KpoMe TOro, TeXHOJIOTHH
MOTYT OBITh UCIIOJIb30BaHbI JIJIs1 aHATN3a TEXHUKHU BBITIOJTHEHUS IBUKEHHI, UTO MMO3BOJISIET TPEHEpaM
naBaTh 0o0Jiee TOUHBIE PEKOMEHIallMU. BakHBIM aclieKTOM SIBJISIETCSl Takke ucroib3oBanne VR s
MICUXOJOTMYECKONH TOJATOTOBKHM, TIO3BOJISIIOIIEH CHOPTCMEHAM BHU3YaJlH3UPOBATh YCIEXH U
TPEHUPOBATHCS B YCIOBUSX, IPUOJIMKEHHBIX K peabHBIM COPEBHOBAHUSIM [4].

B nameii crpane VR TexHonornu yxe yCrnemHo IpuMeHsI0TCsS B TPEHUPOBOYHOM MpoIiecce U
poeCCHOHATBHBIX CIHOPTCMEHOB, M MOJIOJCKHU, U JIIOJICH C OrpaHMYCHHBIMH BO3MOYKHOCTSIMH
310poBbsa. Haumbosee spkuM NpUMEpPOM CIYXKUT BUPTYaJIbHBIH TpeHaxep i CIEIK-XOKKes,
pa3paboraHHbIii  yueHbIMH Jabopatopum Digital Humanities TI'ymanuTapHOro HMHCTHUTYTa
Cubupckoro ¢denepanbHoro ynusepcuteta (COY) B 2024 romy. OH mo3BoisieT oTpadaThiBaTh B
6e3onmacHoM VR-mipocTpaHcTBe pasziauyuHble (PU3NYECKUE HABBIKH, TaKUE KAaK PEaKIHs, MOTOPHKA,
KoOpauHaIus IBmKeHuil. Pa3paboTky OynyT HCMoONb30BaTh Kak MPOQecCUOHANBHBIE CIIOPTCMEHHBI,
Tak W JI0AM 0€3 CIeHUAIbHBIX HAaBBIKOB Yy ce0f JoMa. ODKCHEepThl CYHUTAIOT TEXHOJOTHIO
MEePCIIEKTUBHON U CIIOCOOHOM MPHUBIIEYH JOMOJIHUTEIBHOE BHUMAHUE K aJallTHBHOMY CIIOPTY Cpeln
HIIMPOKOH ayautopuu [5].

ITo cnoBam pykoBoxautens nabopatopun Anekcest CaHMHA, CUMYJISTOP HE TOJIBKO MOMOMKET
CIOPTCMEHAM YIJIYYIINTh CBOM HAaBBIKM, HO W TPHBIEYET JETEH M B3POCIBIX C OTPaHUYCHHBIMU
BO3MOKHOCTSIMH 370poBbsi (OB3) B cropt. Takne MHHOBAIMM MO3BOJIAIOT PACHIMPATH T'PAHMIIBI
BO3MOYKHOCTEH CHOPTCMEHOB KaK 3a CUET yAaJCHHBIX TPEHHPOBOK, TaK M 3a CUET CHATHS Oojee
TOYHBIX OMOMEXaHMUYECKUX JIaHHBIX, a MHOI1a U Onarojaps CO3JaHUI0 BUPTYaJIbHOIO MPOTHUBHHKA.
Taxoke, nanHas pa3zpaborka mo3BosisieT cropTcMeHy ¢ OB3 peryisipHO 3aHMMAaThCs, YTO peIlaeT
OCTpYI0 TpO0JieMy BBIHYKACHHBIX MEPEPHIBOB B TPEHMPOBKAX, M3-32 KOTOPBIX HapaOOTaHHbIE
HaBBIKH yTpauuBaroTcs. CHUMYJISTOP TakKe MOXKET MOMOYb PEIIUTh BOIMPOCH TICHXOJIOTHYECKOTO
XapakTepa — C MOMOIIBIO TaKOr0 IMPUJIOKEHHS YeJIOBEKY OyjeT jerde BOWTH B CIOPT U CTaTh
YBEpEHHBIM B CBOMX cwiax. B mmanax y mnaboparopuun COY — nanpHeiimas pa3padoTka
JOTIOJTHUTEIbHBIX MUHU-UTP, BHEAPEHHE MyJIbTHILIeepa (Ipoliecca COBMECTHOM UIPbl HECKOJIBKUX
MOJTb30BaTENIeH OJTHOBPEMEHHO) U MHTETPUPOBAHUE CUMYJISITOPA B IpyTrHe BUBI criopTa. KiroueBast
LeNb CHEeNMAIMCTOB — CO3JaTh IPOCTPAHCTBO, KOTOpOE OOECHEeYUT JAOCTYHHOCTh CIOpTa B
BUPTYaJIbHOU CpeJie HE3aBUCUMO OT CIIOCOOHOCTEN U BO3MOKHOCTEH 3/10pOBBS [5].

3ansaTtus ¢ ucnosnb3oBanueM VR u AR texHosoruit Takxke UMEIOT HE TOJIBKO MPAKTUYECKUE, HO
1 (pru3HoNOTHYEeCKHe MPEUMYIIECTBA TIepel TPAIUITMOHHBIMU TPeHUPOBKaMu. [lpu mcronb30BaHNH
VR-TexHOJOTHI BO BpeMs TPEHUPOBOK IPOUCXOAMUT YIydLIEHHE KOOPAMHAIMM, pa3BUTHE
BecTUOyJsipHOrO anmaparta. [IpaBunsHo opranuzoBanHble VR urpsl, ncnonp3yromue Qusndeckue
yIpakHEHUsI, CIOCOOHBI MOJIOKUTENBFHO BIMATH HA IICUXMUYECKOE COCTOSIHUE CyObeKTa: (huznyeckas
aKTUBHOCTh, CTUMYJUpyeMas WIPaMH, CIIOCOOCTBYeT BBIpaOOTKE OJHIOPGUHOB — TOPMOHOB,
OTBETCTBEHHBIX 3a XOpOIIee HACTPOEHHUE M UYYBCTBO YJOBJIETBOPEHHS. DTO, B CBOIO OYepe/b,
MTOMOTaET CIPABISTHCS CO CTPECCOM M YIIydIIaeT o0IIee CaMOuyBCTBHE.
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Opnako, HECMOTPS Ha BCE NIPEUMYILECTBA, CTOUT OTMETHUTb, YTO JAHHBIN MOAXO0A UMEET U P
HenocTaTKOB. OCHOBHBIM M3 HUX, KOHEUHO, SIBJISIETCSI HEBO3MOXKHOCTh B IIOJIHOM MEpE 3aMEHUTh
peabHbIe YCI0BUS TPEHUPOBOK, HEOOXOIUMBIX TEM MIIM MHBIM JIFOJSIM, Oylb TO YUEHUKH IIKOJIbI I
npodeccuonanbuble cioprcMensbl. Eme ogun Henoctatok VR u AR TexHONIOrH — 3T0 CTOMMOCTb.
OO6opynoBaHue, UCIOIB3yeEMOE B cdepe (PU3NYECKON KyIbTyphl, JOJKHO ObITh Ka4€CTBEHHBIM U
COOTBETCTBOBATh BCEM YCTAaHOBJIEHHBIM cCTaHiapTaM. A  JE€HCTBUTENbHO KAYECTBEHHOE
000pyI0BaHUE KaK MPABUIIO UMEET BBICOKYIO CTOMMOCTh. Pe3ynbTaT — HEBO3ZMOXKHOCTb OBICTPOTO
pacrpocTpaHeHHs JAHHOTO TI0/IX0/1a, 0COOCHHO B 00pa30BaTEIbHBIX YUPEKICHUIX, U IPUIAHUE EMY
0oJiee FIKCIIEPUMEHTATILHOIO XapaKTepa, HEXKENN MPaKTHUecKoro. Takxke CTOMT YUYUTHIBATh, YTO CAMO
ucnonp3oBanue VR u AR TexHomoruii umeer psja NpoTUBONOKa3aHWM. lcrnoip3oBaHue 3THX
TEXHOJIOTUH HEJIOIYCTUMO JUIS:

- moJieH ¢ 3a00J1eBaHUSMU CEPAEUHO-COCYUCTON CUCTEMBI,

- IIOJeH ¢ MPU3HAKAMH SIWIICIICUH,

- OEpPEMEHHBIM >KEHIIIMHAM,

- ro/iell C O4eHb Cl1a0bIM BECTUOYIIIPHBIM aIIapaToM,

- JT10/Iel C CepbE3HBIMH NICUXUYECKUMU 3a00JIEBaHUSMH, A TAKXKE CTPAAIOIINM MUTPEHSAMH,
- IIOJIEN B YCTaBLIEM COCTOSIHUH, B COCTOSIHMM CTpecca,

- JIIOJIEH 10J1 BO3AEHCTBHEM JIEKApPCTB U AJKOTOJIA, a TAaKXKE CTPAJAOIIUM IIpoOIeMaMu C
[ULIEBapEHUEM,

- OOJIBHBIX MIPOCTYAHBIMU WJIM BUPYCHBIMH 3a00JICBAaHUSMHU.

IToMrMO IPOTHBOIIOKA3aHUM, UCIIOJIB30BAHUE ATUX TEXHOJIOTUI NMeeT U 0O0UHbIE Y3PPEKTHI,
TaKHe KaK YTOMJICHUE IJ1a3, IOJAepruBaHuE IJ1a3 UM MBIIIL, HEIPOU3BOJIbHBIC IBUKEHUS, PAa3MBITOE
WIM JBOMHOE BUJIEHUE, WU JPYI'He BU3YyallbHbIE aHOMAJIUU, TOJIOBOKPYKECHHE, NE30PUEHTALAIO U
npyrue [3].

Takum 00pa3oM, UCHOIB30BAHNE 3TUX TEXHOJOTMHA XOTh U UMEET Psiji IPEUMYIIECTB, HO BCE
KE OCTaeTcs B HKCIEPUMEHTAJIbHOW CTaJUM WIM CTaJAUM TeCTUpoBaHus. /lanbHelilee pazBuTHe
TAKOro M0JX0/1a, BIPOYEM, BIIOJIHE BO3MOKHO, HO OHO ITOTPeOyeT BHECEHHSI MHOXKECTBA N3MEHEHUH
BO BCE Cepbl OpraHu3aliy 3aHITUH (HU3NYECKON KyJIbTYpHhl, B OOJIbIICH CTENIEHH — (PMHAHCOBOA.
OnHako, MOJIHOTO BHITECHEHUS TPaJULMOHHBIX TPEHUPOBOK 3TO 32 co00ii He noieueT. OCHOBHOMN
ycrenrHoro u 3¢ QGEKTHBHOTO TNPUMEHEHHUS COBPEMEHHBIX TEXHOJOrHi B cdepe duzmueckon
KyJIbTypa ObUIa U OCTaeTCs 'paMOTHas MHTErpanys U KOMOMHUPOBAHHME MOJIXOA0B — TOJIBKO TaK
pasButTHe 3TOM cepbl OyAET MPOUCXOIUT B MPABUILHOM HAIIPABIICHUH.
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O POJIA IUCKPETHON MATEMATHUKH B ®YHJIAMEHTAJIUAIIUA
OBYUYEHMUS CTYJIEHTOB KOJUIEJ)KEN TEXHOJOT UM
NCKYCCTBEHHOI'O HHTEJIJIEKTA

YpabCckuii TEXHUYECKUI HHCTUTYT CBS3M M MH(POopMaTUKH (punrai) dheaeparbHOro
rOCYJapCTBEHHOTO OI0/DKETHOTO 00Pa30BaTEILHOTO YUPEKICHHS BBICILIEIO 00pa30BaHUS
«CuOupCKHii TOCYJApPCTBCHHBIN YHHBEPCUTET TEJICKOMMYHUKAIIUN 1 MHPOPMATUKK» B T.

Exatepunoypre (YpTUCU Cubl'YTHU), Poccus

KitoueBbie  ciioBa:  HMCKYCCTBEHHBIM  HMHTEIUIEKT, OOy4Y€HHE CTYJEHTOB  KOJUIEIKa,
MaTeMaTH4eCKUEe OCHOBBI.

B nanmonanbHOM mpoekTe «OKOHOMHKA JaHHBIX U HudpoBas TpaHchoOpMaIusi rocyaapcTBay
PEIYCMOTPEHO 00YUYCHHE CTYJICHTOB KOJUIeDKel TexHomorusm MckycctBennoro unresuiekta (MN).
B cratbe 000CcHOBaHa poJib AUCKPETHOM MaTeMaTUKH B (yHAaMeHTanu3anuu ux odyuenus MU, uro
0COOCHHO Ba)XKHO B YCIIOBHUSX MPEOJIOJICHUS HETAaTUBHBIX IMOCIIEICTBUN YCKOPECHHON ITU(POBHU3AINH
o0Opa3oBaHHs.

OxapakTepu30BaHbl 0a3oBble pasaensl JIUCKPETHOM MAaTEMaTHKHU, WTparoIIne
(dbyHIaMeHTalIbHYIO POJIb B cofepkanuu o0yuenusi U, a Takxe MeTouKa pa3BUBAOIIEro 00y4eHUs
9TUM Pa3JENaM.

V.T. Kuanyshev, E.A. Perminov

ON THE ROLE OF DISCRETE MATHEMATICS IN FUNDAMENTALIZATION
TEACHING COLLEGE STUDENTS TECHNOLOGY
ARTIFICIAL INTELLIGENCE

Ural Technical Institute of Communications and Informatics (branch) of the Federal State
Budget Educational Institution of Higher Education «Siberian State University of
Telecommunications and Informatics» in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: artificial intelligence, college students education, mathematics.

The national project "Data Economics and Digital Transformation of the State" provides for the
training of college students in Artificial Intelligence (Al) technologies. This article substantiates the
role of discrete mathematics in the fundamentalization of their Al training, which is especially
important in overcoming the negative consequences of accelerated digitalization of education.

The basic sections of discrete mathematics, which play a fundamental role in the content of Al
training, as well as the methodology of developing training in these section are characterized.

B cuiy uckimounTenbHOM Ba)KHOCTH M OOLIMPHOCTH MCciel0BaHU B 00s1acTi ICKyCcCTBEHHOTO
untemnekra (UMW) B Haykax, mpou3BOJCTBE U B ApPYyrux chepax xkusHeaedareabHocTu Poccuiickum
MuHHcTEpCTBOM 00pa30BaHUs U HAYKH PEKOMEH/IOBAHO BBECTH HA BCEX CMELUANIBHOCTAX BY30B KYpC
(Mmonynp) "Cuctembl uckyccTBeHHOro uHremiekra" [1]. boimee Toro, B HalMOHaIbHOM IPOEKTE
«DKOHOMHMKA JJAHHBIX U IIU(poBas TpaHchopMalys rocyJapcTBay [2] yke npeaycMoTpeHo o0yUueHue
U CTYJIEHTOB KoJule[ked TexHojorusiM MHW. DTo BakHO € TOYKM 3pEHUS HMX MOCIECAYIOMIErO
HenpepbiBHOTO 00y4yenus MU B cucreme Kosuiepk-Bys3.

Jns  dopmupoBanus npodecCHOHaIbHBIX KoMIeTeHIM B oOmactu MM Ha ocHoBe
cootBeTcTBYOIMX cTanaapToB CIIO B 00yuenun kypcy MM cTyieHTOB KoJuIeaka CB3M HE0OX0[umMa
pa3paboTka COOTBETCTBYIOLIEH MeTONUMKH oOydeHus 3TomMy Kypcey. CreayeT MOAYepKHYTh, 4YTO
IPEIYCMOTPEHHOE B ATUX CTaHAApTax oOyueHHE TPaJUIMOHHBIM KypcaM MaTeMaTHYeCKOTo aHalInu3a
JUHENHON M BEKTOPHOM aireOpbl TEOPUU BEPOSITHOCTEH M MaTeMaTUYeCKOW CTaTUCTHKHU U JAp. YiKe
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HEJOCTAaTOYHO U1 mocienyromero osianeHus Kypcom MU. HexkoTopbIM HCKIIIOUEHHEM SBISAECTCS
mume cragaapt CIIO «09.02.05 Ilpuknagxas uHpopmatuka» [3], B KOTOPOM MpPEIyCMOTPEHO
o0yueHHe JIMIIb HEKOTOPBIM pa3po3HEHHBIM 31eMeHTaM «Maremarndeckux ocHoB U».

Bosnbias uctopust GopMupoBaHus T€X WK UHBIX TexHoJorui UM cBUIETEIBCTBYET O TOM, UTO
OHU IIOCTOSIHHO Ppa3BUBAIOTCS M MOAM(DUUMPYIOTCS B 3aBUCUMOCTH OT OOIIMPHON cdepbl ux
npuMeHeHus. [lostoMy B mu]poBYIO »3MOXy TJIaBHBIM YCIOBHEM ONEPEXKAIOMIECH NPaKTHKY
IIJI0IOTBOPHOM JesiTeabHOCTH B chepe MU yxe HegocTaTouHO NpeaycMoTpeHHoe B cTranaapTax BITO
u CIIO oOyueHwe TpaaWIMOHHBIM KypcamM MaTtemaTuku. Kak Oyner o00OCHOBaHO, Uil 3TOTO
HE00XO0AUMO PEUINTh 3a0auy (GyHIAMEHTAIU3ALUU UX MaTEeMaTHYeCKOW MOATrOTOBKU (B IPOTHUBOBEC
y3KO JUCHUIUIMHAPHOMY XapakTepy MOATrOTOBKU) [4, 5]. B CBSI3W ¢ 3TUM OTMETUM, YTO PEKTOP
MockoBckoro rocyaapctBeHHoro yaupepcurera (MI'Y) B.SI. CamoBHUYMiT Ha3bIBAaeT ATaJOHHBIM
b GyHIaMEeHTalIbHOE Hay4HOe oOpa3oBaHue [6].

B ¢ynnamenranuzanuu MareMaTHYeCKOW MOJIrOTOBKM CTYJEHTOB BEIYLIYIO pOJb MIpPaeT
cOmmKkeHne Hayku W oOpa3oBaHus [4], B HameMm ciydyae — CONMKEHUS MAaTeMaTUYeCKOW HAyKu |
MHGOPMALIMOHHBIX TEXHOJIOTUH, BHEApsAEMBbIX B oOpazoBaHHe. B 3TOM 0cCOOEHHO BenHMKa poJjb
TUCKpeTHON Matematuku (/IM) kak MareMaTH4ecKold OCHOBBHI MH(GOPMATUKH U B TOM YHCIE
nH(POPMaIMOHHBIX TeXHOJOTHH [7], kakoit sBisiercs u UN. A.I1. EpmioB nmoguepkuBai 6a30ByI0 poJib
JTUCKPETHONH MaTeMaTHUKH B JIOBEJACHUU CHCTEMBI «3aKOHOB 00pa0OTKH WHGPOpPMAIUU 10 TOW Ke
CTENEHU CTPOMHOCTU M 3apa3UTEIbHOCTH, KaKOH ceifuac 001agaeT Kypc MaTeMaTH4ecKOro aHaiusa,
YUTAEMbIH B JIy4IIUX YHUBepcUTeTax» [8, c. 294]. HenocrarouHoe BiiaJieHUE MOHATUSIMU U METOAAMU
JIM  mnopoxaaer oOmMOKM B MCIOJB30BAaHMM KOMIIBIOTEPHOTO, amlapaTHOr0 U OCOOEHHO
nporpaMMHOro  obecriedyeHuss WHQPOPMALMOHHBIX TEXHOJOTWHA, B TOM uucie WU, B
BBICOKOTEXHOJIOTMYHBIX OTpaciiAX Mpou3BOACTBA. K COXaNEHUIO, «PEKIAMHBIA 3BOH BOKpYT
MHCTPYMEHTOB M METOJIOB - 3TO YyMa MHYCTPHH IPOrpaMMHOT0 obecrieueHus» [9, €. 23].

Takum oOpazom HemooneHka ponu M B orbope neneit u cogepxanus kypca UM ctyneHTOB
MIPUBOJUT K OOJIBIIUM pUCKaM, MPEXKJIE BCErO B BBICOKOTEXHOJIOTUYHBIX OTPACsAX IPOU3BOJICTBA, B
KOTOPBIX BCE OO0JIbLIE pealbHbIX 0OBEKTOB YIIPABISAETCS C IOMOILIbIO0 KOMIIBIOTEPHOI0, IPOIPaMMHOTO
u anmnaparHoro oOecnedenus MU, koropoe 3a4acTyl0 HECOBEPUIEHHO U KaK CIEACTBUE YS3BHMO,
0COOEHHO MpHU JUCTAaHIMOHHOM ynpaieHuu. [1oaToMmy mpobiiemsl, OPOKACHHBIE MaTeMaTUYECKON
HETPaMOTHOCTBIO B YIIPABICHHH OSTHM OOECICUYEeHHEM, CTAHOBSTCS TMpolieMamMu (GU3NIECKOM
6e3omacHOCTH, OyKBanbHO — Inpobsiemamu xu3HU U cMeptu [10]. ITosToMy 3akoHOMEpHO, UTO Ha
BAXHOCTh M aKTyaJIbHOCTb B COBPEMEHHOM MHpPE M3Y4YEeHMsI AUCKPETHOM MaTeMaTWKH B ILIKOJaX U
By3ax yKa3blBasloch Ha 13-M BeemupHOM KOHrpecce mo MaremMaTudeckomy oopaszosanuo (ICME-13),
npoxoausiieM B ['amOypre (I'epmanus) B utosne 2016 r.

Peanuzanus BaxxHoi yenu pynaamentanuzanumn ooydenus kypcy MU na ocaose /IM ocobeHHO
HeoOxoauMa JUIsl TPEOAOJIEHHS] HETaTUBHBIX IOCIEICTBUN YCKOPEHHOTO BHEIPEHHUS Pa3InYHBIX
MH(GOPMAIMOHHBIX TEXHOJIOTUH, B TOM YHCII€ HCKYCCTBEHHOTO MHTEIUIEKTa B 00pa3oBaHue, 0COOEHHO
nposiBuBIIKecs B nepuoa nanaemun Covid-19. Kpaiine HeoOxonuma, kak otmetniin B.A. CyxoMins
u E.B. 3y6apeBa, «BbIpaOOTKa MEXAyHApOIHBIX PEKOMEHAALUH, 001aJalolUX BBICOKUM YPOBHEM
KOHCEHCYyca B NMPO(eCcCUOHANBHON Cpelie U CIyKAllUX OPUEHTUPOM JUIsl YHUBEPCUTETOB U BY30B B
COOTBETCTBYIOLIEH 00pa30BaTeIbHOMN AEATEIBHOCTHY I MOJATOTOBKH MPO(ECCHOHABHBIX KaJIpOB B
obnactu UT, 1.e. UT-cnenmamucros [11, c. 54]. Kak cienyeTr U3 U3n0KeHHOTO, Uaen u metoasl M
UMEIOT (pyHIaMEeHTaJbHOE 3HAUCHHE OpraHU3allMi HEKOro Oapbepa mepeja IMCEeBIOHOBATOPCKUMHU
HackokaMu B oOyuenuu MU B cucreme komnemx - By3.

B Hactosiiee BpeMs B CHIy UCKJIIOUUTENIHOW OOLIMPHOCTH HccienoBaHui B obnactu MU B
caMbIX pa3UYHBIX HayKaX, MPOU3BOJCTBE U B JApPYyrux cdepax KU3HEAEATEIbHOCTH BO3HUKIIO
00JIbIII0E KOJMYECTBO PA3NUYHbIX ompeneneHnii UM, MHOrue u3 KOTOPBIX O4YE€Hb HEKOHKPETHBI U
pacmuibiBuathl. [loaToMy B pyHaameHtanuzanuu o0yueHus: Kypey «VckycCTBEHHBIH MHTEIJIEKT)» Ha
ocHoBe /IM cienyer yuuThIBaTh B IEPBYIO OUEPEb HE CTOJIBKO TO WK MHYIO TpakToBKy MM [12, 13],
a UMEHHO clienu(UKy TOro HarpaBJeHHsI TOATOTOBKU CTYJEHTOB, Il KOTOPOro OyAeT mpeHa3HaYeH
3TOT Kypc. B Hamem cityudae — crientuguka noarotroBku kypca MW (Moysist) uist CTy I€HTOB KOJUIEIKEH
CBSI3M, PAAUOTEXHUKH, IIU(PPOBBIX TEXHOJOTUN U Jp. KOJUIEIKEH, B MOJATOTOBKE KOTOPHIX BaXKHYIO
pouib urpaer MU.
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AHanM3 TPyI0B BBIIAIOIMIMXCS YUeHBIX B o0nactu nHbopmatuku B.M. ['mymkosa, A.I1. EpmoBa
[14, 8] mokaspiBaer, uTo ciexymoomue pasaensl IM OyKBaJbHO MPOHHU3BIBAIOT MaTEMaTHUECKUE
ocHOBbI U, cylecTBEHHO pa3inuyaronyecs 1no cgepam ero npuMeHeHus

- A3bIK aOCMPAKmMHOU aneebpvl U MamemamuyecKou 102Uk,

- hopmanvbHvle A3bIKU U POpMaTbHBIE CUCTEMbL,

- Meopus aneopummos u amomamos,
- Meopusl HeYemKUx MHONCECmS,
- KOMOUHAMOPHDBIL AHATIU3.

O posn 3TUX pa3aeIoB MaTEMAaTUKHU KaKk MaTeMaTU4ecKux ocHOB MM cBuieTenbCTBYET U aHAIN3
MOATOTOBKMU CTYJEHTOB IO HampaBlieHHI0 «MaTemaTuka U KOMMbIOTepHbIe Hayku» [15], HauaToi
HEJJaBHO B BelylIMX yHUBepcuTeTax Poccun.

Takum o00pa3oMm, 3TH mNepedyHcieHHble 0a30Bble pasgensl JM HrpaioT Beayllylo pojb B
dbyHnaMeHnTanu3anuu o0yueHusi CTyIEHTOB Kojulemken TexHojorusiMu MU u mostomy sBISIOTCS
OCHOBOH 0TOOpa cojepkanus ux npoduisHoro odyuenns .

Kak moka3piBaeT mpoBeIeHHBIH B [7] aHaau3 MHOTOYMCICHHOW Yy4eOHOM W TOIYJISIpHOU
muTepatypsl mo obydenuto JIM, metoauka pa3BuBaromero o0y4eHus 3tuM 0a30BbIM pazaenam [IM B
KOJUIE/DKAxX yke pa3paboraHa. B wacTHOCTH, MHOTHE Ba)KHBIE 3JIEMEHTBI STOM METOAMKH O0y4YeHUs
A36IKY  aOCMPAKmHOU — aneebpvl, Mamemamuieckou J02UKU; QOPMATbHLIM A3bIKAM — Meopuul
aneopummos u KOMOUHAMOPHOMY AHAIU3) OTPAXKEHBI B yUeOHBIX mocobusx [7, 16].

Cnenyer yuuThiBaTh, YTO OJ(PQPEKTHBHOCTh  peaNM3alMU  JUCKPETHOW  JIMHUU B
dbynnamenTanuzanuu o0ydeHun kypcy UM cTyneHTOB Kosuiempkel BO3MOXKHA JIMIIL Ha OCHOBE
o0y4YeHHs S3bIKYy TOMUHUpYIOIIMX B cucreMax MM wmarematndeckux CTPYKTyp U cxeM (B
oOIIeHayYHONH TEPMUHOJIOTUU METOJOB M CHOCOOOB MO3HaHMS). TakKMMH CTPYKTypaMu M CXEMaMu
ABIISIIOTCSL  aNreOpanveckue, TOPSAKOBBIE CTPYKTYpPhl W JIOTUYECKHE, aAITOPUTMUYECKHUE,
KoMOuHaTopHble cxembl [8, 14, 7]. Hanpumep, anrebpanyeckue CTPYKTYPbl U JIOTUYECKUE CXEMBI
JeKAaT B OCHOBE TOYHOIO OIMCAHUS aJrOPUTMOB, IO KOTOPBIM BBIINOJHSAIOTCS MBICIUTEIbHbBIE
MPOLIECCHl, U NEPEBOJIE 3TUX AITOPUTMOB B MAIIMHHOE MPEACTaBICHUE, OHU IPUMEHSAIOTCS B
pa3paboTke OCHOB TEOpUH (HOPMAIBHBIX S3BIKOB, MAaTEMaTHUYECKUX OCHOB HEWPOHHBIX CETeH,
KBAaHTOBBIX AJITOPUTMOB H T.JI., LIMPOKO UCIOJIb3yeMbIX B cuctemax M. B cBoro ouepenb nopsikoBbie
CTPYKTYpBHI JIEXaT B OCHOBE CTPYKTYp IpecTaBieHus nHpopmaiuu B 6a3ze nanabix MU, koTopsle, Kak
MIPaBUJIO, ABJISIFOTCS UEPAPXUUECKUMHU.

Bce 3Tu CTpyKTYpBI U CXEMBI JIeXKaT B OCHOBE KOHCTpYHpoBaHMs popmaiibHbIX cucteM MU n
MOBBIIIEHUS] IPOU3BOJUTENBHOCTH KOMIBIOTEPOB, YTO OCOOEHHO BaXKHO B pealM3allii TEXHOJOTHUil
NN B cambIX pa3nuuHbIX cepax nudpoBoro Mupa u odmiecTa. S3bIK NEPEUNCIEHHBIX CTPYKTYp U
cXxeM OyKBaJbHO TPOHM3BIBACT HCcleloBaHUA Ha ocHoBe MM B caMbIX pas3HbIX OOJIACTIX
NeSTEIbHOCTH, U T03TOMY OOyUYEHHE ITOMY SI3bIKY PAaCUIMPSET BO3ZMOXXHOCTH (hyHIaMEHTaIU3alu
MaTeMaTHYeCKOM MOJATrOTOBKU CTyIeHTOB B obsactu cucteM M. Kak noka3piBaer aHain3 y4eOHOTO
nocobust no JAM nans mikosbl [16], OCHOBHBIE MOHSATUS U METOJBI SI3bIKa 3TUX CTPYKTYpP U CXEM
MOCUJIBHBI JIJIs1 U3YUYEHUS HE TOJIBKO IIKOJIBHUKAM, HO M CTYJ€HTaMU KOJUIEKEH.

B ycnoBusiX cHHXEHHUS KayecTBa MOJTOTOBKU IIKOJIbHUKOB IO MAaT€MaTUKE BO3PACTaeT POJb
pa3BUBAIOILEro OOy4YeHHUs B KoOJUIe[kKax M By3ax. AHanu3 MoHorpaduii B.B. JasbimoBa u /I.b.
OnpkonnHa [17, 18] moka3siBaeT, 4YTO B pa3BUBAIONIEM O0yUYEHUH MAaTEMAaTHUKE CTYJECHTOB BEAYILYIO
POJIb UTPAIOT CIAEAYIONINE OCHOBHBIE MPUHITUIIBI Pa3BUBAIOIIETO OOYUCHHUS: NPUHYUNDBL NOHAMUUHO20
nooxo0a K COOEepHCaHuro  O0OVYeHUs, Onopbl HA NOUCKOBYIO AKMUBHOCHb  CMYOEeHMO8,
UHMEPaKMUEHOCMU 00VYeHUs..

Ananu3 ydeGHOro mocoOus sl MKoOJbl [16] Mmoka3biBaeT, 4TO peanu3alus MPUHIUIIOB
pa3BuBatomiero oOyueHus: MaTeMaTHKe CrocoOCcTByeT BHeApeHHio B oOyuenne WM knaccmueckux
MIPUHITAIIOB HATJISITHOCTH U JJOCTYITHOCTH Ha OCHOBE 0a30BbIX pazienoB JIM.
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YpabCKuii TEXHUYECKUH MHCTUTYT CBsI3u U uHpopmatuku (dpunuan) ®I'bOY BO
«CuOupckuii TOCyAapCTBEHHBI YHUBEPCUTET TEICKOMMYHHUKALUN U MHPOPMATHKU»B T.
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KimoueBble  cnmoBa:  mudpoBH3anus, HUCTOYHUKA  HMH(POpPMAIMH,  HEIOCTOBEPHOCTH,
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B cratee paccMaTpuBaiOTCsS MpOOJIEMBbI, BO3ZHUKAIONIME B YCIOBHAX LU(DPOBU3AIIH
uHpopManuy.  AHAIM3UPYIOTCS  UCTOPHUYECKHE Mapajuleid ¢  OPeIblIylIUMUA  dTalamu
MH(GOPMAIIMOHHBIX PEBOIONMHA. JlenaeTcss BIBOA O TOM, 4TO IU(POBHU3AIMI, HECMOTPS Ha HOBBIC
BBI30BbI, B OCHOBHOM JIMIIb YCHJIUBAET CTapble MpoOJieMbl, TpeOyIollirue perieHusl 4yepe3 pa3BUTHE
KPUTHUYECKOTO MBINUICHHS U YIIYYIIEHUE MEXaHU3MOB TIPOBEPKU MHPOPMAITHH.
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The article examines the problems that arise in the context of digitalization of information.
Historical parallels with previous stages of information revolutions are analyzed. It is concluded that
digitalization, despite new challenges, mainly only intensifies old problems that require solutions
through the development of critical thinking and improvement of information verification mechanisms.

B snoxy nndposuzanuu 1octyn K ”HGOpMAIUK cTal MPaKTUYECKH O0e3rpaHUuYHbIM. MBI )KUBEM
B MHpe, IJie J000H IMoJb30BaTeNlb MOKET MTHOBEHHO MOJYYMTh JA@HHBIE O IOTrojie, MOCIEeIHUX
HOBOCTSIX WM pPEIKOM akajeMudeckoil cratee. OJHAKO O3TOT MPOrpecc COMPOBOXKIACTCA
CYLIECTBEHHBIMH BBI30BAMH, KOTOpBIE CTaBAT MOJ yrpo3y caMmy LEHHOCTb HH(popmauuu. Ho
NEHCTBUTENBHO JIM 3TO YHHMKaJbHasg MpoOjemMa HaIIero BPEMEHM, MU € 3TO €CTECTBEHHOE
MIPOAOIKEHHE HHPOPMALIMOHHOM IBOTIOINH?

CoBpeMeHHbIE HMCTOYHUKH HH(POpPMAIMM B 3MOXY LUPPOBU3ALMU CTAJKUBAIOTCA C PSAOM
npobeM, MOAPBIBAONIMX HMX HAJEKHOCTh M IIEHHOCTh. OO0bEeM JaHHBIX, JOCTYMHBIX KaXIOMY
MIOJIB30BATENI0, PACTET HKCIIOHEHIMAIbHO, TOTJa KaK HAaBBIKM UX AHAJIN3a U KPUTUYECKON OLICHKH
94acTO OCTAlOTCAd Ha HU3KOM YpPOBHE, YTO MPUBOAUT K MpolieMe MHGPOPMALMOHHON MeperpyskH.
Kpusuc nosepust k mHpopmanuu oboctpsiercs. MaHUNyIUUU paau NPUBJICYEHUsS] BHUMaHUS K
MaTepuagaMm MojJpbiBaeT aoBepue. OTCYyTCTBHE YETKMX TPaHUI] MEXIY MNpOo(ecCHOHANBHBIMU H
JTOOUTENIbCKUMHM MaTepHallaMU yCIIOKHSET OLIEHKY JOCTOBEPHOCTH NaHHBbIX. ColMaabHBIE CETH,
nenasi oOMeH wuHQoOpManuu Ooyee JOCTYNHBIM, Telepb 4YacTo KPUTUKYIOTCS 3a CO3/IaHue
"nH(pOPMALIMOHHBIX My3bIpel", I€ Mbl BUAUM JHIIb TO, YTO MOATBEPKAAECT HAIIU YOEKICHHS.
PexomeHaTenbHbIE alTOPUTMBI COLIMATIBHBIX CETeH HallesIeHbl Ha yJiep)KaHHe BHUMaHU, B yIIepo
OCMBICIIEHHOMY TIOTPEOJICHUIO.

HecMmoTpss Ha TpeBOXKHBIE MPOTHO3bI, UCTOPUS TMOKA3bIBAET, YTO KaxKAas MH(POpPMAaILMOHHAS
PEBOJIIOLMSI COMPOBOXKANIACH CXOKUMHU ITPOOIEMAMU:

1. M3o6perenue neyaTHoro crtanka (XV Bek) paciiupuiio J0CTyN K HHPOPMAIUH JUIs ITUPOKUX
CIIOEB HaceleHHs Onarozaps THPaXUPOBaHUIO 3HaHMH. OIHAKO 3TO TaKkKe IPHUBEIO K

225



pacnpoCTpaHEHHUIO epeTHUecKoi IuTeparypbl. Bo3pocno konuuecTBo ne3nHpopmanuu. TexHOoIorus
NeYaTH MO3BOJIMIIA OBICTPO PACIIPOCTPAHSTH IMOJIEMUYECKHE MAaTepHAIIbL, YTO yCYTyOUI0 KOH(IUKTHI
MEXIy pa3IMYHBIMH PEIUTHO3HBIMH Tpynmnamu [1]. Ogaum u3 Hanboyiee M3BECTHBIX MPUMEPOB
HEraTUBHOTO MCIOJIb30BAaHUS MEYaTHOTO cTaHKa ctan "Moot BeapM" (matr. Malleus Maleficarum),
onmyOnukoBaHHBIH B 1487 romy [2]. DTa KHUTa aKTHMBHO pPacHpOCTpaHsiIach Omaromaps HOBBIM
TEXHOJIOTMSIM II€YaTH U COJIEprKaa IICEBJOHAYYHbIE YTBEPKICHHUS U HHCTPYKIIMU IO PACIIO3HABAHUIO
U TpeciieIOBaHUIO BEIbM, KOTOPBIE MCIIOJIB30BAIUCH KAaK ONpaBAaHHUE JUISl MBITOK M KazHeW. JTo
MOKa3bIBAET, YTO YCKOPEHHE NOCTyna K MHpopManuu 0e3 MEXaHW3MOB INPOBEPKH MOKET UMETb
KatacTpo(uyecKue ColuanbHbIe MOCIeICTBUS.

2. Dnoxa wmaccoBoit mpeccel. B XIX Beke ra3ersl 4acTo HCIOJNB30BAIM CEHCAIUU H
MaHUMYJISALUUU A7 yBeln4eHus Tupaxkeid. GelikoBble HOBOCTH CYIIIECTBOBAIM 3a/10JIT0 O MHTEPHETA.
Spxumu npumepamu siBisitoTcs nzganus New York World Jxozeda ITynauruepa u New York Journal
Yunbsama Panponsda Xepcra. OHM OJHUMH U3 MEPBbIX HAYAIM HCIOJIb30BaTh SAPKHUE 3ar0JOBKH U
CEHCALIUHU C LIEJIBIO IPUBJICUEHUS] BHUMAHUS YUTATEIEH U YBEJIMUECHUS THPaKEH, NOMyJIsI3UPOBAB 3TU
Y MHOTHE Jpyrue NpuéMsbl Cpen KypHaIUCTOB [3]. DTo moxopBalio 10BEepHe K KYPHAIUCTHKE KaK K
UCTOYHUKY 0OBeKTHUBHOM MH(popmarmu. Taxxe «Kenras mpeccay cwirpana 3HAYUTENBHYIO POJIb B
pazKUraHud HMCIaHO-aMEPUKAHCKOW BOWHBI 1898 roma, myOnauKys NpeyBEIWYEHHBIC W JIOXKHBIC
MaTepHuaibl 0 coObITUAX B ['aBane. DTO cTano SpKUM MPUMEPOM TOTO, KaK KOMMEPUYECKHE MHTEPECHI
MOTYT BJIMATH HA OOIIECTBEHHOE BOCIIPHSITHE.

3. IosiBnenne teneBunaeHus. B XX Beke TeieBHICHHE M3MEHHUIIO BOCHPHUATHE HMH(DOpMAIUH.
OTnuuuTeNnbHOM MPo0IeMoit ObLT aKIIEHT Ha 3PETUIIHOCTH B yIIepO colepKaHus, a TAaKKe MaCCUBHOE
norpediienue. [lpumepom cimyxut wucropus nedaroB CIIA 1960-oro roma. Brepseie nedatbl
MIPOBOAMIIMCH Ha TeneBuaeHUH. Toraa Ha skpaHe KeHHenu mpou3BEn BIeYATIIEHHE YBEPEHHOTO,
MOJIOZIOTO M XOPOILIO MOATOTOBIEHHOT0 YesioBeKa, a HUKCOH B TO BpeMsi, OTKa3aBIIUKCSA OT MaKUsIKa,
BBITTISIZIENT ONEAHBIM M ycTajbiM. MccnempoBaHus mMoKa3aiM, 4TO TelIe3puTedau obOparianu Ooiiblie
BHHUMaHUS HAa BHEIIHUN BUJ M NOBEIEHUE KaH/INWJATOB, HEXKEJIN Ha UX apryMeHTaluo. Tene3purenu
CKJIOHUCH K mobene Kennemu, B TO ke BpeMs CIyIIATeIH Paauo yKa3bIBAIM Ha MPEBOCXOJCTBO
Hukcona, Omaronmapst ero aprymMeHTalud, YTO YKa3blBalO Ha HEOOBEKTUBHOE BOCIPHUSITHE
Tenesputenei [4].

OTH TpuUMeEpbl TIOKa3bIBAIOT, YTO KPU3KCHI JIOBEPUS WM MAHMITYJSIIUM HH(pOpMaiumei Bceraa
COIIPOBOYKAAIHU MPOTPECC, OAHAKO OHU K€ B KOHEYHOM UTOTe MPEANIECTBOBAINA POCTY OOIIECTBEHHOTO
1 Pa3BUTHIO HOBBIX HHCTPYMEHTOB IPOBEPKH U OLIEHKH JIaHHBIX.

MOo3HO cKa3aTh, YTO B OCHOBHOM HHMYETO KapJIWHAJIbHO HOBOT'O HE MPOMU3OILIO, 4 N3MEHEHHUS
HOCSIT JIUIIb KOJIMYECTBEHHBIN XapaKTep, a He KaueCTBEHHbIN. YenoBeueckas ICUXOJIOTUSI HEeM3MEHHa
U JIIOJM Bcerja ObUIM MOABEP)KEHbl KOTHUTUBHBIM UCK)KEHUSM, BEPUJIM CIIyXaM U CIIeKyiauusM. B
MIPOLUIOM OTPaHUYEHHOCTh HMCTOYHMKOB HH(pOpMAIMU IPOCTO JAejana 3TH 3a0JyKIEHUS MeHee
BUJMMBIMH, a ceiiuyac OHM Kak Ha J1agoHu. MHpopmanus Beerna O6bu1a anutapHoi. JInnis HeGoabIoN
MIPOLIEHT 0011IecTBa 00J1a/1a1a HaBbIKaMu padoThl ¢ HHpOpMaIuel, a ocTalbHbIe OPUEHTUPOBAIIUCH HA
MIPOCTYIO U SMOLIMOHAIBHO OKpaIIeHHY0 HH(popMaruio. OHaKO HECMOTPS Ha CX0XKECTh C MPOILIBIMU
snoxamu, (ppoBu3alus BCE K€ MpUHECTa 1Ba MPUHIMIINAIBLHO HOBBIX aCIIeKTa:

1. Ckopoctb 1 00beM nHpopmanuu. Eciin B MpoIIIOM pacnpocTpaHeHUe HOBOCTEH 3aHUMAIIO
JTHU UJTK HEJIEJH, TO CErOAHs 3TO BOIpoc ceKyHA. OObeM JAOCTYIHBIX JaHHBIX CTal HACTOJIBKO BENUK,
YTO TPAJULMOHHBIE MEXaHU3MbI OCMBICIICHHS HE YCIIEBAIOT 3a X POCTOM.

2. ABroHoMHus mnosb3oBarens. Panee umHpopmanus mpoxoauna depe3 HpodeccuoHalbHbIE
¢unbTpsl (penakuuu, sxcreptoB). CeronHs ar000i moTpeduTens UHGOPMAIIMM MOXKET CTaTh U €ro
cO3/1aTeseM.

Taxum 06pazom pobemsl ¢ 1e3uHpopMaleld 1 HU3KUM KadecTBOM MH(POPMALIUU HE HOBBI, HO
uudpoBuzanus caenaiga ux Oosiee IBHBIMH. MBI HaxOJuUMCSl B 310XY, KOT/Ia 3TU MPOOJIEMBI JIETKO
M3YYUTh U BMECTE C TEM MBI UMeEeM OOJIbIIIOE KOJTMUYECTBO HHCTPYMEHTOB JUIst 3Toro. Kittoy K penieHuo
3TUX TPOOJIeM JIEKUT B pa3paboTke A3P(HEeKTUBHBIX METOJOB OIIEHKH MH()OPMAIMK U B PacCIIUPEHUH
MeaUHHONW rpaMOoTHOCTH. To ecTh mpobiieMa HU(pPOBBIX HCTOUHUKOB — 3TO HE CTOJIBKO KPHU3HC,
CKOJIBKO aJlanTalMoOHHbIM mporecc. PemeHue 3akirodaercs He B Ooppbe C camoil mpuponoit
U pOBU3aAINH, a B PAa3BUTUU HOBBIX HAaBBIKOB M MEXaHU3MOB, KOTOPbIE TOMOTYT OOIIECTBY YCIEIIHO
CYILECTBOBATh B YCJIOBUSAX HOBOM MHPOPMAIIIOHHOM PealbHOCTH.
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B cratpe onmcaHO MCIOJIB30BaHUE, PA3BUTHE U IEPCIIEKTUBBI HEUPOCETEN KaK MHCTPYMEHTA,
pa3BuBatoliero chepbl 00pa3oBaHUS U HKOHOMMKM JIaHHBIX. [IpuBeneHbl MpUMephl UCTIOIb30BaHUS
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The article describes the use, development and prospects of neural networks as a tool for
developing the fields of education and data economics. Examples of the use of neural networks in these
areas are given.

B mnocnenHue necsaTHiIETHS 4YEIOBEUYECTBO MEPEKMBAET CTPEMUTENIBHBIN TEXHOJOTUYECKHM
Iporpecc, CBsI3aHHbIM ¢ pa3BUTHEM UCKyccTBeHHOro uHremiekta (M) u, B yacTHOCTH, HEHPOHHBIX
ceTeil. DTU TEeXHOJIOTMH OKa3ajly 3HAYMTEIbHOE BIUSHUE HAa MHOXKECTBO Cep — OT MEIULIUHBI J10
¢unancoB. OHaKO 0COOEHHO MPUMEYATENbHBIM CTAHOBUTCSI UX BHEJIpEHUE B 00JacT 0O0pa3oBaHus
1 DKOHOMUKU JaHHbIX. HelipoceTu He TOJbKO ONTHMHU3HMPYIOT 00pa3oBaTelbHbIE MPOIECCH], HO U
UTparoT KJIFOYEBYIO POJIb B HOBOH MapagurmMe o0paboTKH, aHaINW3a 1 MOHETU3alluu UH(OpMaIuH.

Kak n3BecTHO, HEHPOHHAs CETh — 3TO MaTeMaTUYecKasi MOJIeb, UMUTUPYIOIIAs AESITEIbHOCTD
YeJIOBEYECKOr0 MO3ra M CcHocoOHas K caMOOOyYeHHIO Ha OCHOBE 3aJOXKEHHBIX B HEE JIaHHBIX.
HeiipoceTs QyHKIIMOHHPYET MO MPUHIUIIAM YEJIOBEUECKOI0 MO3ra U COCTOUT U3 BBIYMCIUTENbHBIX
3JIEMEHTOB (MCKYCCTBEHHBIX HEHPOHOB). BaykHOI 0COOEHHOCTHIO HEMPOCETH SBIISIETCS BO3MOXKHOCTD
yIAy4IIaTh ¥ CAMOCTOSITEIILHO J0padaThiBaTh ce0si HA OCHOBE T€HEPATUBHBIX AJITOPUTMOB [ 1].

B snoxy, xorja gaHHbIe Ha3bIBAIOT «HOBOW HE(THIO», CIIOCOOHOCTh M3BJEKATh U3 HUX MOJb3Y
HampsIMyI0 OTpa)kaeTcs Ha SKOHOMHYECKOM pOCTE€ U KOHKYPEHTOCIIOCOOHOCTH. DKOHOMHUKA JaHHbBIX
MOJIpa3yMeBaeT, YTO OpraHU3alMu COOMPAIOT, aHATU3UPYIOT U MOHETU3UPYIOT OIPOMHBIE OOBEMBI
nHpopmanuu. Helipocetn cranu HEOThEMJIEMbIM MHCTPYMEHTOM 3TOT0 Ipoliecca Onaronapsi cBoei
3¢ deKTUBHOCTH Tpu paboTe ¢ OONBIIMMHU JaHHBIMM M HECTPYKTYPHUPOBAHHOM HHQOpMalueit
(1300pakeHUAMHU, TEKCTaMH, ayI1O0).

[IpakTyeckn B KaXJO0H OTPAciad CErOfHs HCIOJB3YIOTCS HEMPOCETEBBIE aITOPUTMBI JUIS
MOBBIIEHUS 3()PEKTUBHOCTH M CO3JaHMSI HOBBIX NMPOIYKTOB. B (mHAaHCOBOM cekTope IiyOoKHe
HelpoceTH NPUMEHSIOTCS ISl aBTOMATHYECKOTro 0OHApy>KEHUSI MOLIEHHUYECKUX TPAaH3aKLUH, OL[EHKH
KPEAUTHOIO pHCKAa U aJTOPUTMHUYECKON TOProBiaM Ha Oupxkax. OTH CHCTeMbl OOydYeHbl Ha
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UCTOPUYECKNX (DMHAHCOBBIX JAaHHBIX U CHOCOOHBI BBIABIATH €/1Ba 3aMETHbIE MAaTTEPHBI,
MPECKa3bIBAIOIIIE, HATPUMED, BEPOATHOCTH Ae(oiITa 3aeMIIHMKa WU MOJ03PUTENIbHYI0 aKTUBHOCTD
o cuety. B MapkeTuHre HelipoceTn aHaIM3UPYIOT MOBEACHHE MOIb30BaTeNel, 4To0bl (HOopMHUPOBATH
IIEPCOHANIbHBIE PEKOMEHJAIMM TOBAPOB M TAPreTUPOBAaTh pEKJIaMy I0J HHTEPEChl KOHKPETHOIO
yenoBeka. Takol NepCcOHATM3UPOBAHHBIA MOJXOJA IMOBBIIACT MPOJAXKH W YIOBIETBOPEHHOCTD
KJIMEHTOB, CTAHOBSICh Ba)KHBIM JIpaiiBEpOM pocTa MPUOBLIH.

OxoHoMHuYeckuil d(pdekr oT BHeApeHHs Hehpocerer yxke omnrytuMm. [lo omeHkam
MEXIyHapOAHbIX AHATUTUKOB, K 2030 roay HCKYCCTBEHHBIH HHTEIUIEKT (3HAYUTENbHAs 4YacTb
KOTOPOTO — HEWPOHHBIE CETH) MOJXKET YBEJIWYUTh COBOKYIHBIH MupoBoi BBII Ha nBy3HauHBIH
IIPOLIEHT, 3KBUBAJIEHTHbIII MHOIOTPWIIMOHHBIM cymMMaM. KomMmaHuM, akTHBHO MHBECTHPYIOLIUE B
aHanu3 JaHHbIX W MU, monmyuyaroT KOHKYpEHTHOE NpEeHMYINEeCTBO Ha pbiHKE. Takum oOpa3om,
HEHpOCeTH BBICTYNAIOT KaTaJnu3aTopoM IHM(POBOH TpaHchopMalMM HIKOHOMHKH, TTO3BOJISA
HaKallJMBaTh KalWTal JaHHBIX U TMpeBpallaTh €ro B peajbHble TOBApbl, YCIYTH U YIy4dlIECHUE
MIPOU3BOJICTBEHHBIX MporeccoB. OnHako, YyTOOBl MCHOJB30BATH ITOT MOTEHIMAN 3(PPEeKTUBHO U
OTBETCTBEHHO, HEOOXOUMBbI KBATH(PHUIIMPOBAHHBIEC KaJIphl M TOHUMAaHUE TOTO, Kak BHeapsTh MHC c
YUETOM CIIeHU(UKN OTPACTH U ITUIECKUX HOPM.

OpHuM M3 caMbIX PEBOJIIOIMOHHBIX 3(()EeKTOB BHEApPEeHUs HelpoceTeil B 00pa3oBaHue CTaIo
IIOSIBJICHHUE NIEPCOHATU3UPOBAHHBIX 00YUYaAIOUINX CUCTEM, aAANTUPYIOIINUXCS [T0J1 KAXKI0T0 yJalerocs.
Tpaguionnas Moieb «OIMH MOIXOM 7Sl BCEX)» HE YUUTHIBAET, YTO YUCHUKH YCBaWBAIOT MaTepuai
C pa3HOW cKopocThio M cTuiieM. HelpocereBble alropuTMbl CIOCOOHBI aHAIM3UPOBATh YCIEXH U
3aTpyJHEHUS] KOHKPETHOTO YYEHHMKa B PEXKHUME DPEaJbHOrO0 BPEMEHHM U Ha OCHOBE ITHX JaHHBIX
MOJICTpanBaTh coJiepanue Kypca. Hanpumep, anantuBHbIe m1aT()OPMBI 110 MATEMAaTHKE HITH SI3bIKAM
MIPOrpPaMMHUPOBAHUS MOTYT YBEIMYUBATH KOJIMYECTBO YIIPAKHEHUH HA TEMY, IJIe YUCHUK UCIIBITHIBACT
TPYJAHOCTH, WJIM HAa0OOPOT, YCKOPSTh MPOXOKJIEHUE XOPOLIO MOHSTHBIX pa3lesioB. AJaNTHBHOE
oOydeHue TakkKe IMpeaycMaTpUBaeT TUHAMUYECKOE M3MEHEHHUE CIIOKHOCTU 3aJaHHil: eClIH yUYeHHK
YBEPEHHO OTBEYAET Ha BONPOCHI CPETHETO YPOBHSI, CUCTEMA MPEAJIOKUT OOJIee CIOXKHBIE 3aaul, U
HaoOopoT. Takoii momxon oOecreuMBaeT ONTHUMAIBHYIO HArpy3Ky, yAEp)KHBas HHTEPEC
00yJaromerocs: ¥ 3aKpbiBasi HMEHHO €T0 MPoOebl B 3HAHUAX [2].

Pan  wuccnenoBaHuid  TOKa3bIBaeT — 3HAUMTENbHOE  YJIYYIIEHHE  pPe3yJbTaToB  IpH
[IEPCOHANIM3UPOBAHHOM OOYYE€HHH IO CpPaBHEHHUIO C TpaAULMOHHBIM. Tak, oOpa3oBaTelibHbIE
w1aTGopMBbl, UCIIONB3YIOLIME HelpoceTH (Hampumep, cuctembl Hanmonobue MATHia or Carnegie
Learning wnu DreamBox), mpoaeMOHCTpHpOBalIM pOCT YCIEBAEMOCTH YYEHMKOB Ha JECSITKU
MIPOLIEHTOB. YUYEHHUKH MOJIYyYalOT WHANBUIYATbHbIN MapIIpyT 0OyueHHsI: CUCTEMa PEKOMEHYeT, UTO
CTOUT MOBTOPUTbH, KAKUE JTOTIOJHUTEIbHbIE TPUMEPBI U3yUUTh, KOTJa MEPEHTH K CIeAyIoLel TeMe.
BaXHBIM 2JIEMEHTOM SIBISETCS M aJallTUBHOE OLICHWBAHME 3HaHMI. BMeCTO pelKuX KOHTPOJBHBIX
paboT HeHpoceTb MOXKET HENPEPHIBHO OLEHUWBAaTh IIOHMMaHHWE MaTepuala — KOPOTKUMU
BUKTOPUHAMHM, BCTPOCHHBIMU B 00y4€HUE, UM aHAIU3HUpYs IeHCTBUS yueHHKa B yueOHoi cpene. Ha
OCHOBE TEOpUH OTBETa Ha 3ajaHue (item response theory) COBpeMEHHbIE aJalTUBHBIE TECThI
0JIOMPArOT BOMPOCHI TaK, YTOOBI ¢ MAKCUMAaJIbHON TOUHOCTBIO OIPEEIINTh YPOBEHb 3HAaHUM, n30eras
CJIMIIKOM MPOCTBIX UJIU CIMILKOM CJIOKHBIX 33/1a4. DTO [MO3BOJISIET BBISIBIIATH IPOOEIBI CBOEBPEMEHHO
U Cpasy € HallpaBJISITh YCWINS HAa UX YCTPAHEHHUE.

HeliponHble ceTH cenanu pealbHOCTbIO TO, YTO paHblle Ka3ajloch (aHTACTUKOMU:
MHTEJUIEKTyallbHble PENEeTUTOPBI, CIIOCOOHBIE YAaCTMYHO 3aMEHMTh WHAWBUIYAJbHbIE 3aHATHS C
yunteneMm. Muatemnekryansubie obyvatonue cuctemsl (Intelligent Tutoring Systems) ucmomnb3yror
MOJIEJIN YYallerocs, KOTopble OOHOBISIOTCS MO Mepe ero paboTsl ¢ cucteMoil. Ilpoananusuponas
OTBETHI U OLIMOKH, TaKas CUCTEMa MOKET AaTh MOJCKa3Ky, OOBSICHUTh MaTepHall Mo-APyroMy WU
MIPENJIOKUTD JONIOJIHUTENBHYI0 TPEHUPOBKY IO KOHKpETHOH Teme. Ilo cyTu, 3TO BUpPTyasIbHBIM
HACTaBHUK, KOTOpBIM Bcerga «psaom» ¢ ydeHukoM. MccnenoBanus B cpepe MM B oOpazoBanuu
CBHJIETEJILCTBYIOT, YTO COBPEMEHHBIE HEUPOCETEBBIE ThIOTOPHI MPUOIMKAIOTCS 110 3(PPEKTUBHOCTH K
MOMOIIM KMBOTO y4HTeNns. B yacTHOCTH, B OAHOM SKCIIEPUMEHTE CTYAEHTHI, 3aHUMAaBIIHECS C
BUPTYaJbHBIM DPENETUTOPOM HAa OCHOBE HEHPOCETH, MOKA3ald CXO0XKHME PE3YJbTaThl C TEMH, KTO
3aHHMMAJICS C YEJIOBEYECKUM PEIIETUTOPOM, MIPH CYIIECTBEHHO MEHBIIUX 3aTpaTax.

IToMrMO MHAMBUIYATbHBIX THIOTOPOB, HEHPOCETH YIIyUIIAlOT U TUCTAHIMOHHOE o0yuyeHue. B
BUPTYaJbHBIX Kiaccax UM MoskeT BrICTynaTh HE3pUMBIM aCCUCTEHTOM MPEINO0/1aBaTeNsl: OTCIEKUBAThH
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aKTUBHOCTb U BOBJICYEHHOCTh CTYIEHTOB 10 UX B3aUMOJICHCTBHUIO ¢ IIIATHOPMOIL, OnpenensTh, Koraa
BHUMaHHE paccenBaeTcs (HalpuMep, 1o nays3am B padoTe WK 1aXKe aHAITM3UPYs BUIEO C BeO-KaMephl,
qTOOBI YIaBIMBAaTh OTCYTCTBHE yuacTus). Ecim cuctremMa (UKCUPYET CHU)KEHUE BOBJIEUECHHOCTH
IPYNIIbI, OHAa MOXET IOPEKOMEHIOBaTh NPENoJaBaTeiio cenaTb MepepblB I  J100aBUTH
MHTEpaKTHUBHOE ynpaxHeHue. Hekoropble IuaTdopMbl Takke aBTOMAaTHYECKH IPEIOCTaBIISIOT
pacmgpoBKy JIEKLIUH, IEPEBO] HA IPYTHUE SA3BIKU WM MOACKA3KH 0 X0y 3aHITHS, YTOOBI KaXKIbIH
CTYA€HT Mor 3((}EeKTUBHO y4acTBOBaTb, HE3aBUCUMO OT YpPOBHS IOATOTOBKH. BupTyanbHble
nabopaTopuu, YCWICHHBIE HEHPOCETEBBIMU CHMYJISALHUSAMH, MO3BOJSIOT YydYamuMcsi Oe30macHo
HKCIEPUMEHTHPOBaTh B LU(POBOIl cpene: Oynb TO BUPTyalbHble XMMHUYECKHE SKCIIEPUMEHTHI MIIU
TPEeHaXXePHI AJIs1 OTPAOOTKU XUPYPTrHUECKUX HABBIKOB B METUIIMHCKOM 00pa3zoBaHuu [3].

Heiipocetn Takxe conelcTBYIOT TOMY, YTOObI 00pa30BaHKE CTAHOBUJIOCH 00Jiee TOCTYIHbBIM U
WHKITIO3UBHBIM. ABTOMAaTHYECKHE CHCTEMbI paclio3HaBaHWs peun W mepeBoaa Ha 6aze MHC yxke
MO3BOJISIIOT B PEAJbHOM BPEMEHHU CO3/aBaTh CYOTUTPBI K JIEKLUSAM, YTO IOMOTAeT CTYAEHTaM ¢
HapyUIEHUSIMM CIIyXa WIM TeM, KTO HEJOCTaTOYHO XOpOIIO IIOHMMAET S3bIK IIpernojaBaHUs.
Amnanorn4Ho, TexHojoruu cuHreza peun (Text-to-Speech), mcnonb3ys HeilpoceTH, 03BYUMBAarOT
MUCHMEHHBIA y4eOHBII MaTepuain, 4yTo KpailHe IMOJIE3HO IS CIAa0OBUISIIUX CTYIEHTOB WIH IIPH
U3y4YEeHUM Marepuana «Ha Xoay». Takue (yHKIMM BCe yallle BCTPAWBAIOTCS B 0Opa3oBaTelbHbIC
w1aTGOpMbl U TPE3ECHTALMOHHBIE IMPOrPaMMbl, YCTpaHss Oapbepbl I Y4acTHs Pa3HbIX TPy
y4Yalmxcs.

Emie onnH acnekT — HelpoceTeBOM NEPEBO U alanTalus COAEpKaHus M0J] pa3HbIE SA3bIKOBbIE U
KyJbTYpPHBIE KOHTEKCTBHl. B MHOronanuoHanpHbix kiaccax MM MokeT MIHOBEHHO NEPEBOAMTH
BOIIPOCHI U OTBETHI, IO3BOJISAS YUAIIUMCS YUUTHCSI BMECTE, AK€ €CJIM OHU TOBOPSIT Ha Pa3HBIX A3BIKAX.
Kpome Toro, anaimsupyst HaHHBIE O MPEABIAYIIMX IOKOJEHUAX Y4YalllUuXCsl, HEWPOCETH MOTYT
npejyiarath yueOHbIe MaTepUaNbl B pa3HbIX opmartax (TEKCT, BUEO, MHTEPAKTUBHBIE CUMYJIISIINH) B
3aBUCUMOCTH OT ONTHMAJbHOIO BOCIPUATHUS KOHKPETHBIM CTYAEHTOM. OTO IOBBILIACT
MEPCOHAIM3AINIO HE TOJBKO MO YPOBHIO 3HAHUH, HO H IO MPEIMOYTEHUSM H 0COOBIM TOTPEOHOCTSIM.
B wurore, oOpa3oBarenbHas cpeaa ¢ noauaepxkkoit MM cranosurcs Gosiee ruOKoi U cripaBeIMBOM,
JlaBasi IIaHC KaX/JI0My CTYAECHTY pacKpbITh CBOM noTeHIua [4].

HecmoTpss Ha Bhewatrssiomiue BO3MOXHOCTH HeiipoceTed, MX BHEJpEeHHE B 00pa30oBaHUU
COIPSIKEHO C CEpPbe3HbIMM BbI30BaMU. OJMH U3 TJABHBIX — 3TO KOH(UIEHIMAIBLHOCTH JaHHbIX.
IlepcoHanu3upoBaHHbIE CUCTEMBI COOMPAIOT MOAPOOHBIE CBEACHHS 00 yCIeBaeMOCTH, IIOBEJACHUU U
Jla’ke SMOIIMOHAIBHOM COCTOSTHUY YYaIllUXCsl. DTH JaHHbIE HEOOXOMMO HAJEKHO 3alUIATh, YTOObI
n30exaTh YTEUKHM WM HECAaHKIMOHHWPOBAHHOIO Hcmoib30oBaHud. Illkonam u  yHHBepcuTeTam
MPUXOAUTCS BbIpAaOAThIBaTh CTPOTME TOJUTHKU XpaHEHHUsT W OOpaOOTKM JaHHBIX, MOJIy4aTb
MHGOPMHUPOBAHHOE COIJlacMe€ OT CTYJEHTOB U pOJUTENel, cOOI0AaTh 3aKOHBI O 3allluTe
nepcoHanbHOM nHpopMmaruu (Hanpumep, GDPR B EBpone).

Jpyroii BaXHBI PUCK — QJITOPUTMHUYECKUE CMEILEHUS U IpPeAB3sATOCTb. Ecim HenmpoceTsb
oOydeHa Ha JaHHBIX, OTPAKAIOIIMX HCTOPUYECKYIO HECIPaBEAJIUBOCTH (HalpuUMeEp, 3aHUKEHHYIO
yCIIEBAEMOCTh OT/IENIBHBIX IPYIII YUaAIIUXCsl, 00YCIOBIEHHYIO BHEIIHUMH COLIMATIbHBIMU (haKTOpaMH),
OHAa MOXET HEOCO3HAHHO BOCIPOU3BOJIUTH 3TH IIA0JOHBI M YCUIMBaTh HepaBeHCTBO. [lo3aromy
TpeOyercss THIATENbHO MOAXOJUTh K MOJ0O0pY TPEHUPOBOUHBIX MaHHBIX M MPOBOJIUTH ayIUT
QITOPUTMOB Ha IMpeIMEeT CIpaBeAJuBOCTU. VccnenoBarenn yke BBIABISIM Cllydad, Koraa
obpa3zoBatensHble WM-cucTtembl JaBaiu CHUCTEMaTHUECKH MeEHEEe TOYHbIE PEKOMEHJAlMU JUis
ydaluxcs U3 ysS3BUMbIX Ipynn. PemeHue BUIUTCS B TOM, 4TOObI BOBJIEKAaTh CHELMAIUCTOB IO
Nelaroruke ¥ 3THKE Ha CTaJuM pa3paboTKH alrOpUTMOB, a Takke oOecreyuBaTh MPO3PAYHOCTb
paboThl HEHpPOCeTH — XOTs Obl Ha YpOBHE O0OBSICHEHUS] pEKOMEHAAINN YUUTEINIO.

He cnenyer 3a0bpiBaTh M O 4YeJIOBEYECKOM (akTope. YUuTels HEpeAKO OIMacaroTcs, YTO C
npuxoaoM UM ux ponb yMEHBUIMTCS WJIM HUX NBITAIOTCA 3aMEHHTh TEXHOJOTHMsAMU. BosHukaer
COIIPOTHBIIEHUE U3MEHEHHSIM U TICUXOJIOTUYEeCKHd Oapbep B MPUHATUN HOBBIX MHCTPYMEHTOB. UTOOBI
3TOTO M30eXKaTh, MPOrPaMMBbI TTOBBIICHUSI KBATM(UKAIIUN JOJKHBI 00y4yaTh niegaroros padore ¢ U,
MOKa3bIBaTh, KaK HEMpPOCETH MOTYT CTaThb COIO3HHMKOM B MX pabore. B upeane, yuurenb TOJKeH
BBICTYIIaTh HAaCTaBHUKOM UM  KOHTPOJbHBIM 3BE€HOM TIpU HCIOJIB30BAHMM HEMPOCETEBBIX
PEKOMEHAALUI: TPOBEPATH BBHIBOJIBI AJITOPUTMA, KOPPEKTUPOBATH TPACKTOPHIO O0YUYEHHS 10 CBOEMY
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ycMmoTpenuto. Takol moaxoa TpedyeT BpeMeHH Ha OCBOEHHE TEXHOJIOTUI U W3MEHEHMsI IIPUBBIYHBIX
METOJIUK, YTO Camo o ce0e HEeMpoCTo.

Hakoner, emre oauH puUcK — ype3MepHas 3aBUCHUMOCTh OT aliropuT™MoB. Eciii oOpa3zoBaTenbHbIi
IIPOLIECC CIIMILIKOM II0JIaraeTcs Ha aBTOMATUYECKUE IOACKA3KW M OLEHKH, Yy Y4YalIuXCs MOXKET
CHMIKaThCsSl MOTUBALIMSI K CAMOCTOSITEIbHOMY MBILIICHHIO, & Y N1€JaroroB — OIMTEIbHOCTh K OIIMOKaM
cucreMmbl. bananc mMexny ucnonb3zoBanueM MU u TpaguioHHBIM OOy4E€HHEM JIOJKEH TLIATEIBHO
cobmonarbea. HelipoceTs Mo)keT omMOAThCS WM CTAJKUBAaTHCS C HETUIIMYHBIMU CUTYalUSIMH,
MIO3TOMY YEJIOBEK B CUCTEME 00pa30BaHMUsI BCET A JOJDKEH COXPaHATh BEAYILYIO POJib, 0COOEHHO KOT1a
pedb UIET O BOCIIUTAHUM, dTHYECKUX JUIEMMaX, SMOLMOHAIBHON OJIEPKKE CTYIEHTOB.

IIpu anexkBaTHOM NPEOI0JIEHNHN YIIOMSHYTHIX BBI30BOB, IEPCIIEKTUBBI IPUMEHEHUS HEMpoceTel
B 00pa30BaHMM BBINVIAAT upe3Bbl4aiiHO MHorooOematonie. Texnonorun MWW npopomxaror
COBEPILIECHCTBOBATHCS, M B OJiKaiieM OyayIieM MOKHO OKUAAThH MOSBICHUS elle 0oyiee «yMHBIX»
oOpa3oBaTenbHbIX cucteM. OHO U3 HalpaBJICHUN pa3BUTHS — 00ydeHHUe HellpoceTell pacro3HaBaTh
SMOLIMOHAJIIBHOE COCTOSIHME ydamuxcs. Eciau cucrema CMOXKET B pealbHOM BPEMEHU IOHSTH, YTO
YUYEHUK PpacCTpO€H, yCTajd WM, HAoOOpOT, YBJIEYEH MaTepuaisoM, TO OHAa CMOXKET JIydlle
alalITUPOBATHCA: MPEUIOKUTH MEPEPhIB, H3MEHUTH CTHJIb MOJa4i WH(POPMALUU WM MOXBAIHUTH 32
ycnexu. Takas 3MOIMOHAIbHO-UyBCTBUTEIbHAS afjaTalys clenaina Obl 3JIEKTPOHHOI'O IOMOIHUKA
OJIMXKE K )KUBOMY YUHTEJIIO.

Jlpyroe nepcreKTUBHOE HalpaBJIeHNne — MHTerpalys OoJbIINX Npe1o0yueHHbIX Moesel (Bpoe
cerogusmauX GPT-4 m mocneayronmx) HEMOCPEACTBEHHO B 00pa3oBaTebHBIE IUIATHOPMBI. ITO
MIO3BOJIUT TE€HEPUPOBATh IMPAKTUYECKH HEOTPAaHMUYCHHOE KOJIMYECTBO YYEeOHBIX MaTepUalIoB,
IIPUMEPOB, 3a/ay, OOBSICHEHUH, HCXOAd U3 MOTPEOHOCTEH KOHKPETHOTO YYEHHMKA. YUYEOHUKH
OyAyIlIero MOryT CTaTh MHTEPAKTUBHBIMM JAMAJIOrOBBIMU CUCTEMAMH, I/I€ CTYAEHT 3a1aéT BOIpPOC, a
HepoceTh MTHOBEHHO MOSICHSET HETTOHATHOE eMY MECTO, Iiepedpasupyst A0 TeX Mop, TOKa TOHUMaHHUe
He OyIeT JOCTUTHYTO. YKe ceiiuac BeayTcs SKCIIEPUMEHTHI 110 BHEIPEHUIO TAKUX OOJIBIINX A3bIKOBBIX
MOJIEJIEN B 3JIEKTPOHHBIE YUEOHUKH U CUCTEMBI MOIEPKKH CTyAeHTa [5].

Takum o0Opa3oM, HepcHneKTHBBI HeipoceTeidl B 00pa3oBaHMM — 3TO MEPCOHATU3UPOBAHHOE,
YBIJIEKATEIBHOE U JOCTYITHOE O0yUYeHHE ISl BCEX, MMPH KOTOpOM yuutelnb u MU neiicTByIOT B TaHAEME.
Pemass Tekymue nmpobGiemMbl U OTBETCTBEHHO OTHOCSCH K PHCKaM, 00pa30BaTEelIbHOE COOOILECTBO
CMOYKET UCIO0JIb30BaTh MOIlb HelpoceTel Bo 01aro, roToBs CTYAEHTOB K YCIIEUIHOW J1€ATEIbHOCTHU B
HOBOM LIM(POBOM MHUpE.

HeiipoceTn yxe ceroHs nokasaiu ce0si MOIHBIM HHCTPYMEHTOM, CIOCOOHBIM 000TaTUTh Kak
o0pa3oBaTeNnbHBIN Mpolecc, TaK U SKOHOMHUKY JAaHHBIX B IeJIoM. B 00pa3oBaHuu MX ImpHUMEHEHHE
MPUBOJIUT K OoJiee MEepCOHATU3UPOBAHHOMY, 3(P(GEKTHUBHOMY U YBJIEKATEIbHOMY OOYUYEHHIO:
aJlallTUBHBIE NPOrpaMMbl MOJACTPAaUBAIOTCA MOJ KaXAOI0 YYEHHKA, WHTEJUIEKTyalbHbIE ThIOTOPHI
JIOTIOJIHSIIOT paboTy MpenoaaBaressi, aHaJIu3 JaHHbIX IOMOTAeT MPUHUMATh B3BEIICHHbIE PELICHMUS, a
UTpOBas U BUPTyallbHasl COCTABIISAIOIINE MOBBIIAIOT MOTHBALMIO. OTHOBPEMEHHO, B MaclITabax Bcel
SKOHOMMKH, HEHMpPOHHBIE CETH MO3BOJIAIOT MPEBpaIllaTh ChIpble JAAHHBIE B LIEHHYIO HMH(OpMaIHIO,
aBTOMATU3UPYS NPUHATUE PEIICHUN U CTUMYJIMPYS HHHOBALIMU B CaMbIX Pa3HbBIX OTPACIISIX.

Opnako r7aBHas LIEHHOCTh HefpoceTel MposBIsSEeTCs I PU TPAMOTHOM MX MCIIOJIb30BaHUH.
OOpa3oBarenbHbIe YUPEXIEHUS U KOMIIAHUHM CTAJIKMBAIOTCS C 3ajjayeil mpaBuibHO BCTpouTh M-
MHCTPYMEHTBI B CYIIECTBYIOIIME IMPOLIECCHI, COXPaHss 3TUYECKUE MPUHLUIBI U OPUEHTUPYSICH Ha
1oJib3y vesnoBeka. Kak mMbl 00cymnu, HeiipoceT B 00pa30BaHUU — 3TO HE 3aMEHa yYUTeNsl, a HOBOE
MOIIIHOE pAaCHIMPEHHE €ro BO3MOKHOCTEH. Jlydmmx pe3yJbTaTOB JOCTUTAIOT TE€ IIKOJIbI U
YHHUBEPCUTETHI, IJIe€ TEXHOJIOTMH M IMEAAaroru JAeWCTBYIOT cooOlla, YCHIIMBas JApYr Jpyra: MallliHa
o0ecnieurBaeT aHAJIW3 M aJaNnTalllio, a YeJOBEK — HAaCTaBHUYECTBO, BJIOXHOBEHHE U MOpPAJIbHO-
3THUYECKOE PYKOBOJCTBO.

HeiipoceTn kak MHCTpyMEHT oOpa3oBaHHMS M SKOHOMMKH JaHHBIX OyIyT UrpaTh Bce Oosee
3HaunMyto poib B XXI Beke. IlogpacTaromniemMy MOKOJIEHHIO MPEACTOUT KUTh U paboTaTh B MHUPE,
npoHU3aHHOM MV-TeXHOJOrusIMH, IO3TOMY HWHTErpanusi 3TUX TEXHOJOrMil B 0O0ydeHHe —
€CTECTBEHHBII U He00X0MMBIH 1m1ar. OHa 1MO3BOJIUT HE TOJIBKO MOBBICUTH Ka4eCTBO 00pa3oBaHusl, HO
Y TIOJrOTOBUTH MOJIO/IBIX JIIO/IEH K 3((EeKTHUBHOMY yUacTHIO B IM(PpoBOii sKOHOMUKE. B TO ke Bpems,
HE00XO0/IMMO MPOAOJDKATh MCCIEIOBaHUSA M OOMEH ONBITOM, YTOOBI paclpocTpaHeHHe Helpocereit
IO pyKa 00 PYKY € PEIICHHEM BOTIPOCOB 0€30TaCHOCTH, MPUBATHOCTH U ITHKH.
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9KOHOMMUKA U OBPA30OBAHUE B IU®POBOM MUPE

YpanbCckuii TEXHUYECKUH HHCTUTYT CBsI3u ¥ nHpopmatuku (punuan) PI'BOY BO

«CuOupcKkuii TOCYJapCTBCHHBI YHUBEPCUTET TEIICKOMMYHUKAIUI 1 UHPOPMATUKI B
r. Exkatepunoypre (YpTUCHU Cubl'YTHN), Poccus

KitoueBbie croBa: nudpoBas SKOHOMHKA, IU(PpPOBas IPaMOTHOCTb, COIMANIbHBIE PECYPCHI,
BO3MO>KHOCTH JJISl Pa3BUTHSL.

B cratbe paccmaTpuBaeTcs BOIpoc o Hu(poBol rpaMOTHOCTH KaK HOBOM DJIEMEHTE COIMATBLHOM
cTpatuduKanuyu. AHAIU3UPYIOTCS paziuuusi B ypoBHE IU(POBON IpaMOTHOCTH M UX BIUSHUE HA
JOCTYII K COLUATILHBIM pecypcam, KapbepHbIe IEPCIEKTUBBI U BO3MOKHOCTH JIJIsL Pa3BUTHSL.

A.A. Luferov, L.N. Evdakova
ECONOMY AND EDUCATION IN THE DIGITAL WORLD

Ural Technical Institute of Communications and Informatics (branch) of
the Siberian State University of Telecommunications and Informatics" in Yekaterinburg
(UrTISI SibGUTI), Russia

Keywords: digital economy, digital literacy, social resources, development opportunities

The article addresses the issue of digital literacy as a new element of social stratification.
Differences in digital literacy levels and their impact on access to specific resources, career prospects
and development opportunities are analyzed.

B ycnoBusX CTpeMHUTENBHOIO Pa3BUTUS LU(PPOBBIX TEXHOJIOTMH 3KOHOMHKA U 0Opa3oBaHUE
CTaHOBSITCS HEOTHEMJIEMBIMH KOMIIOHEHTaMH COBpeMeHHOTo obmiectBa. L{ndposas tpanchopmariys
3aTparuBaeT Bce cephl )KU3HHU, BKIIOYAs CIIOCOOBI MOMyUYeHHUs 00pa3oBaHus, 10CTYN K HHPOPMaLUH
1 BO3MOXKHOCTH TPYJOYCTpoicTBa. B naHHOI cTraThe paccMaTpuBaeTcs BIUSHUE HU(PPOBU3ALNU HA
HSKOHOMHKY U 00pazoBaHMe, a TAKXKe UX B3aMMOCBS3b.

[Mudposas Tpanchopmarus 00pa3oBaHUS — ATO MPOLECC UHTETPALUHU LIU(PPOBBIX TEXHOJIOTUH
B 00pa30BaTENIbHBIE CUCTEMBI, KOTOPBIM U3MEHSET CIIOCOOBI MOIYUYEeHHUS], Tepelau U OLIEHKU 3HaHUH.
OTOT Mpolecc BKIYAET B ¢e0sl UCIOJIb30BaHUE PA3TUUHBIX HU(PPOBBIX HHCTPYMEHTOB U MIaTdopm
JUIS YIy4llIeHHs 00pa30BaTeNIbHOIO OMBITA, TOBBIIIEHHSI JOCTYITHOCTH 00pa30BaTeIbHBIX PECYPCOB U
ajanTanuy y4yeOHBIX MporpaMM K TpeOOBaHUSM COBPEMEHHOTO 00IIeCTBa!

WNHrerpanus  TexHosorui. BHenpeHne — OHNIAMH-KypCcOB,  BHPTYya&JIbHBIX  KJIACCOB U
00pa3oBaTeNbHBIX MIATPOPM, KOTOPHIE MO3BOJISIIOT YYALIUMCS [TOJy4YaTh 3HAHUS B yJI00HOE Ui HUX
BpeMs U B JIFOOOM MecTe

[lepconanusupoBanHoe oOydeHue. Vicnonap3oBaHWe AaHATUTUKM JAHHBIX UL  CO3/aHUS
UHIUBUAYAIbHBIX Y4YE€OHBIX IJIAHOB, KOTOPbHIE YUUTHIBAIOT MOTPEOHOCTH U YpPOBEHb IMOATOTOBKH
Ka)KJJOTO yYEHHUKA.

Pa3Butne g poBbix HaBbIKOB. O0yUYeHHE CTYJEHTOB MCIOIb30BAaHUIO U(POBBIX TEXHOIOTHM
HE TOJIBKO /17151 y4eObl, HO U /i1 Oyay1elt mpodeccuoHanbHOM NesITeIbHOCTH.

VYayumenue nocryna. Pacimpenne Bo3MOKHOCTEH JOCTyINa K 0Opa30BaHUIO AJIs Pa3IUYHbBIX
IpYNIl HACeNEHUs, BKIOYas TeX, KTO KMBET B YJAJICHHBIX WIM HEIOCTATOYHO OO0ECIeYEeHHBIX
peruoHax.

[Mudposas TpaHchopmanuss o00pa3oBaHUS CHOCOOCTBYET CO3JaHMIO Oosnee THOKOH U
MHKJIFO3UBHON 00pa30BaTeIbHOM CPEJIbl, UTO B CBOIO OUEPE/b BIMSIET HA KA4eCTBO 00PAa30BaHUs U €T0
JOCTYITHOCTB AJIs1 BCEX CJIOEB HACEIICHHUS.
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[udposast rpaMOTHOCTH MOKHO Pa3IeUTh HA TPH YPOBHS: 0a30BBIN, CPETHUI U TPOIBUHY THIH.
ba3oBeIii ypoBeHb BKIIIOYAET B ce0s1 YMEHHE MOJIb30BAaTHCSI KOMITBIOTEPOM JUIsl TIOMCKa MH(DOPMAITUH.
CpenHuil ypoBeHb 10ipa3yMeBaeT HaBbIKM paOOThI C pa3IMYHBIMU IPOrpaMMaMH U miaardopmamu, a
NPOABUHYTHII — CHOCOOHOCTh K CO3/IaHUIO0 KOHTEHTAa U pa3paboTKe COOCTBEHHBIX IM(PPOBBIX
pemeHuii. Pa3uumst B 3TUX YpOBHAX MPUBOAAT K (POPMUPOBAHUIO HOBBIX KJIACCOB B OOLLECTBE.

YpoBeHb 1U(POBOI T'PaMOTHOCTH MOXET CYIIECTBEHHO pa3iMyarbCs y pa3HbIX TPy
HaceneHus. Ha pucynke 1 npezncraBieH MHIAEKC UUGPOBONW IPaMOTHOCTU Pa3IMYHBIX COLMAIBHBIX
rpynn [1]. DTo cBA3aHO ¢ pa3NIWYHBIMH (AKTOpaMH, TAKMMH Kak oOpa3oBaHHUE, JT0XOJ, BO3pAcCT,
reorpaguueckoe nojoxeHue u T. 1. Jloau ¢ BBICOKMM ypOBHEM LM(POBOH I'PaMOTHOCTH HUMEIOT
OoJIb1IIe BOBMOXKHOCTEH JUIS ITOSTydeHHs 00pa3oBaHus, Morcka paboThl, OOIIEHUS C JPYTUMH JIFOIbMH
U yyacTus B 0OLIeCTBEHHOW XM3HU. OHM Takke MMEIOT OOJbllle BO3MOXKHOCTEH Ul IMOJIyYeHMs
nH(OpPMAIINY U PECYPCOB Ha BCE )KU3HEHHBIE CIyYau, YTO IIOMOTaeT UM IOCTUTaTh HAMEUEHHOM I1eITH.

MHaeke umdpoBoi rpaMoOTHOCTU PasHbiX CoOUManbHbIX rpynn,
B MPOUEeHTHLIX NyHkTax (13 100 BO3MOXHLIX)

YHAUTENA WKOoN npeacrasnTenn poccusHe aem MONoOAEXD poccuaHe
8y308B B LUeoM 12—-17 net 18-24 ner C BbiCLUWM
obpazoBaHmem

Pucynoxk 1. Uanekc uudpoBoii TpaMOTHOCTH Pa3HbIX COLIUATIBHBIX TPYIII

C npyroit CTOpOHBI, JIOAX ¢ HU3KUM YPOBHEM HU(POBONH I'PaMOTHOCTH MOTYT HCIBITHIBATH
TPYJIHOCTH B aJIaNITAI[NH K OBICTPO MEHsFOIeMycst MEpYy. OHU MOTYT CTOJIKHYTBCS C TPOOJIeMaMu TIpH
MOKCKe paboThl, 00yUYEeHUU HOBBIM HaBBbIKaM, OOIIIEHUH C IPY3bSIMHU U CEMBEN, a TaKKe MPH YIacTUU B
OOIICCTBEHHOH KU3HH. DTO MOXET MIPUBECTH K COITUATBHON M30JISIIUN U CHIDKEHUIO Ka4eCTBA JKU3HH.

Mangemuss COVID-191! eme 6Gosmbime yCKOpUJIa CYIIECTBEHHYIO TEHICHIIMIO K OHJIAWH M
THOpUTHOMY 00YUYEHHUIO: MHOTHE YCIIYTH, MPEXKIEC BCETO COLUANIbHBIE, CTAlIA HEJOCTYITHBIMU IS TEX,
KTO HE yMeeT paboTaTh C MHTEPHETOM, a TAaK)Ke MPOOJIeMBbI, CBS3aHHBIE C ITU(POBHIMU BOZMOKHOCTIMU
00pa3oBaTeNbHBIX U YUEOHBIX 3aBe/ieHUH [4]. DTO cO3/1a710 HOBBIE Oaphephl B TAKUX BAYKHBIX aCIIEKTaX
KU3HU.

e (OOpa3oBanue: BupTyanbHble KJIacchl U OHJIANWH-KYpPChI CTaald HOPMOM, OJHAaKO T€, KTO He
00J1a1a10T HEOOXOJUMBIMU HaBBIKAMH, MOTYT HE UMETh BO3MOXXHOCTU PETYJISPHO MOJy4aTh
o0pa3oBaHUE WU JOMOTHUTENBHYIO KBaTU(UKALIUIO.

e MenunuHckue yciayru: TereMenuimHa U OHJIaH-3alliCh HAa MPUEM K Bpady CTAHOBSTCS BCe
0oJiee pacrpoCTpaHEHHBIMHU, U HU3KUH YPOBEHB ITU(PPOBON IPaMOTHOCTH 3aTPYAHSET TOCTYII
K OTUM YycIyraM, OCOOCHHO Ui TOXWIBIX JIOAeH U JIOJAeH C OrpaHUYeHHBIMU
BO3MOKHOCTSIMU.

e [‘ocynapcTBeHHBIE yCIyTrH: MHOTHE TOCYIapCTBEHHBIE CITYKOBI IEPEXOIAT B OHJIalH-(hopmar,
YTO YCIOXHSET JOCTyH Ais TeX, KTO He yMeeT paboTaTh C HWHTEPHETOM, CO37aBas
JIOTIOJTHUTEIbHBIE Oaphephl ISl OMYYESHUs] COLUATBHBIX JIBIOT, TOCOOUN U APYTUX YCIIYT.

e ®duHaHcoBble ycayru: OHnaitH-0aHKUHT 1 MOOUJTbHBIE TUIaTeX K TPeOyIOT 0a30BbIX IIU(POBHIX
HAaBBIKOB, M HECITOCOOHOCTH MOJB30BAThCS TAKUMHU YCIIYyTaMH MOXET OTPaHUYMBATh JOCTYIT K
(UHAHCOBBIM pecypcaMm.

OTH acmeKThl TMOAYEPKUBAIOT BAXHOCTh (POPMHUPOBaHUS MHUPPOBOM TPAMOTHOCTH Kak
KITFOYEBOT0 DJIEMEHTA COITMATLHON ITOJTMTHKH.

COVID-19 - koponasupychas undexuus 2019 roa, Tsaxénas ocTpas pecniupaTopHas HHOEKIUs
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Ha texymuii MOMEHT nudpoBas rpaMOTHOCTh CTAHOBUTCS BaKHBIM TPeOOBaHMEM BOMpOCA 110
TpyAoycTpoiicTBy. CyIecTBYIOT OIpelelieHHble Bapualuud B cdepax TAe NpuU aHAIOTUYHOU
KBAJTM(UKALMK, KaHIUAAThl NMPUKIAABIBAOT MeHblle ycunuid. IIpodeccun, tpeOyromue BBICOKUX
UG POBBIX HABBIKOB, UMEIOT TEHICHIIMIO K 00Jiee BEICOKOM OmIaTe TpyAa U CTaOMILHOCTH.

CornacHo ucciae0BaHUAM, BBITYCKHUKH, oOnagaromue HuppoBbIMUA HaBbIKaMH, UMEIOT OoJiee
BBICOKHE LIAHCHI HA YCIEIIHYIO Kapbepy B ObICTPO MeHstoiemcs mupe [1].

Takum o0pa3oM, ypoBeHb LU(POBOM TI'PaMOTHOCTH HANPsAMYIO BIUSAET Ha BO3MOXKHOCTH
TPYAOYCTPOICTBA M KapbepHOI'0 POCTa, CO3/1aBasi HOBbIE MPErpajbl JUIsl JIIOAEH ¢ HU3KUM YPOBHEM
HAaBBIKOB.

[ToMrMO BOIIPOCOB COLMANILHOTO TMOPSJIKA, Pa3HHLA B YPOBHE U(PPOBOI TPAMOTHOCTH CTAaBUT
nepes; OOIIECTBOM psil BaXKHBIX HPABCTBEHHBIX mpoOieM. Ilonnep:kanue ypoBHA LU(BPOBOM
IPaMOTHOCTH MTHOPHUPYET BBIXOJIEB U3 YHCIa Malo0OECIEUYEeHHBIX, CPelr KOTOPHIX CYIIECTBYET
IIOAJEPIKKA BOIIPOCOB, KacalOUIMXCA CPENCTB K CYLIECTBOBAHMIO, NOCTyIa K 3IpaBOOXPAaHEHHUIO,
00pa30BaHMIO U COIMANBHBIM yciyram. Hemoctatounslii ypoBeHb HUGPPOBOW TPAMOTHOCTH MOXKET
CY3UTb BO3MOKHOCTH YJIYUIIIUTh 3KOHOMUYECKHE MPEIIIOCBUIKH, KaK pa3 MOCIIyKMB Ha4aJIOM IO3IHUX
COILIMATIFHBIX M KJIACCOBBIX O0aphepoB [3].

Heo6xonnmo kak MO>XHO 3¢ (eKkTuBHEe pa3padaTbiBaTh U BHEIPSTH COLUAIBHO OTBETCTBEHHbBIE
porpamMMbl IU(PPOBOI TPAMOTHOCTH, YTOOBI CTaTh HAIIEPETOHKH CO BPEMEHEM, rapaHTUPYs, YTO BCE
YPOBHM HAcCeJE€HHUs JIMIIb IMYTEeM JOCTYNHOIO W KauyeCTBEHHOro Lu(pOBOro oOpa30BaHUS MOTYT
MIOBBICUTH YPOBEHb LIM(PPOBOM rPaMOTHOCTH.

Takum oOpazom, »KOHOMHMKa M oOpa3oBaHMe B LHU(POBOM MHUpPE B3aHUMOCBS3aHbl MU
B3anMo3aBUCUMBL. [{(ppoBu3anus oTKpbIBa€T HOBbIE TOPU3OHTHI JUIsl OM3HEca U 00yUYeHUs, OJJHAKO
TpeOyer oT oOuiecTBa akTUBHOIO yuyacTus B (opmupoBanuu uudpoBoil rpamorHoctu. Jlis
COKpAIlleHUs] HEpaBEHCTBA HEOOXOMMO Pa3BUBATh MPOTrPAMMBI OOYUYEHHUS U 00ecreunBaTh JOCTYI K
TEXHOJIOTUAM JJIS1 BCEX CJIOEB HACEIICHHUS.
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Cun Axmen dum Menas, Cuau Yasa Xmeiina Moxamen Hleiix, I.B. ActpaTroBa

OT CTAIIMOHAPHOI TOPI'OBJIU K BUPTYAJILHBIM ITOKA3AM:
KOHBIOHKTYPA INTOBAJIBHBIX PBIHKOB MO/IbI B IU®POBYIO 3I1OXY

VYpanwsckuil penepanbhblii yHuBepcUTeT, I. ExarepunOypr, Poccus

KitoueBsie cnoa: nudpoBuzanus, miarpopMeHHass SKOHOMUKA, KOHBIOHKTYPa PhIHKA, MOJTHAS
UHAYCTpUS, AITOPUTMHUYECKOE LIEHO00pa30oBaHue

B crarbe paccmaTpuBaercs, Kak HU(PPOBU3ALNS U3MEHIIA KOHBIOHKTYPY I100aIbHBIX PHIHKOB
MOJHON MHIYCTPHH. AHAIN3UPYIOTCS HOBbIE MEXaHU3MBI (POPMUPOBAHUS CIIPOCA, AITOPUTMUYECKOE
1IeHoOOpa3oBaHue, THOKKE LEMOYKU MOCTAaBOK W ajanTtanus OpeHIoB K HUQPPOBBIM MIaTGopMam.
Ocob6oe BHUMaHKE yAETISAETCA CTPATETUsIM YCTOMYUBOCTH B YCIIOBHSIX ITI00ATBHBIX MOTPSCEHHUH U POJIH
uuppoBoit HMHEGPACTPYKTYpbl B cTaOWiIM3aluu pbiHKA. PaboTa mnoguepkuBaeT HEOOXOAUMOCTh
MHTETpalud U(PPOBBIX WHCTPYMEHTOB C STHYECKMMU M YCTOHYMBBIMHM MPUHIMIIAMH Pa3BUTHA
OTpaciu.
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FROM BRICK-AND-MORTAR TO VIRTUAL RUNWAYS: THE CONJUNCTURE OF
GLOBAL FASHION MARKETS IN THE DIGITAL ERA
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This article examines how digitalization has reshaped the conjuncture of global fashion markets.
It explores new dynamics in demand forecasting, algorithmic pricing, and supply chain responsiveness,
alongside the adaptation of fashion firms to platform-driven market conditions. Emphasis is placed on
resilience strategies in the face of global disruptions and the role of digital infrastructure in stabilizing
short-term trade dynamics. The study concludes by highlighting the need to align digital efficiency
with ethical and sustainable frameworks for long-term competitiveness.

Introduction

The global fashion industry has long operated within a conjunctural framework shaped by
seasonal demand, physical inventory constraints, and geographically anchored supply chains.
Traditionally, market conjuncture in fashion refers to the short-term interplay of supply, demand,
pricing, and trade conditions, influenced by macroeconomic shifts, calendar-driven buying cycles, and
retailer-specific promotional events [1]. However, the rise of digital technologies and platform
economies has profoundly restructured these dynamics, shifting the industry from a brick-and-mortar
paradigm to a virtual, real-time marketplace governed by data, algorithms, and global consumer
networks [2,3].

Digitalization has enabled fashion companies to transcend many of the temporal and spatial
limitations that defined previous conjunctural patterns. The integration of real-time analytics, platform-
mediated distribution, and algorithmic pricing has accelerated the rhythm of production and
consumption. Decisions that once took months of planning can now be made in hours, responding
instantly to changes in consumer sentiment, influencer trends, or geopolitical shocks [4]. Inventory no
longer sits passively in retail backrooms but moves dynamically across fulfillment centers, virtual
storefronts, and algorithmically filtered feeds.

The transformation from physical stores to digital ecosystems has also redefined how market
conjuncture is perceived and managed. In the digital era, the fluctuations of supply and demand are no
longer seasonal but continuous and data-driven. Prices adjust algorithmically; demand is predicted

236



through machine learning; and supply is reallocated in response to web traffic, click-through rates, and
localized purchasing behavior [5]. These shifts are illustrated in Graph 1, which shows the decoupling
of digital demand volatility from traditional retail seasonality.

mparative Volatility of Demand in Traditional vs. Platform Fashion Marke

9F Traditional Retail
Platform-Based Fashion

8t

7t

Volatility Index
o

2016 2018 2020 2022 2024
Year

Graph 1: Comparative Volatility of Demand in Traditional Retail vs. Platform-Based Fashion
Markets (2015-2025)

This article analyzes the changing conjuncture of global fashion markets in the digital age. It
investigates how real-time data, platform architectures, and predictive systems have altered the short-
term forces that shape market behavior. In doing so, it reveals the new strategies, risks, and institutional
responses emerging at the intersection of fashion, digitalization, and global trade.

Digitalization and Demand Dynamics

Digitalization has introduced a paradigm shift in how demand is generated, measured, and
responded to in the global fashion industry. Unlike the analog era, where demand forecasting relied
heavily on historical sales data, macroeconomic signals, and retailer intuition, the digital age has
ushered in real-time, behavioral forecasting models based on granular, continuous user data. These
models allow brands and platforms to capture and analyze signals from a variety of sources, including
search queries, click patterns, social media sentiment, and geolocation data [1,2].

Fashion platforms now deploy predictive analytics to anticipate not only what consumers will
buy but also when, where, and why. Algorithms infer demand spikes by analyzing the velocity of likes,
shares, influencer engagement, and keyword frequency across social channels. As a result, product
launches, pricing changes, and marketing campaigns are no longer fixed in quarterly calendars but are
dynamically optimized for moment-to-moment relevance. This responsiveness enables firms to act
preemptively in volatile contexts, reducing overstock risks and increasing the alignment between
supply and consumer behavior [3].

In parallel, the emotional and psychological architecture of digital consumption has become
central to demand formation. Social commerce, live-streamed shopping events, and personalized
recommendation feeds now act as behavioral triggers, pushing consumers from interest to transaction
in real time. These interfaces blur the boundary between entertainment and commerce, converting
moments of attention into opportunities for conversion. This emotional immediacy is particularly
pronounced among Gen Z and Millennial consumers, whose buying habits are deeply intertwined with
their digital environments [4].

The structural and behavioral contrasts between traditional and digital fashion demand systems
are captured in Table 1.

Aspect Analog (Brick-and-Mortar) Digital (Platform-Based)

Demand Historical sales, Real-time behavioral analytics,
Prediction seasonality, intuition machine learning

Consumer Passive (in-store browsing, Active (personalized content,
Interaction mass advertising) social feedback loops)
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Purchase Scheduled (seasonal Spontaneous, triggered by digital

Timing collections, sales calendars) prompts
Scope of .
Reach Local to national Global and geotargeted
‘ Demand Sales volume, foot traffic C}lck-through rates, search
Signals trends, influencer engagement
CYCIGFeedback Delayed (weeks to months) Immediate (minutes to hours)

Table 1: Comparative Features of Analog vs. Digital Fashion Demand
This new conjuncture, defined by data immediacy and emotional precision, provides both
opportunities and risks. While it enhances agility and responsiveness, it also places pressure on firms
to maintain continuous consumer engagement, often at the expense of long-term brand equity or
production sustainability [5].

Digital Supply Architecture and Market Response

The evolution of fashion supply chains into agile, digital ecosystems represents one of the most
transformative conjunctural shifts in recent industry history. Traditional supply models, which operated
through long-lead procurement, seasonal production, and centralized inventory management, have
been replaced by data-integrated, demand-driven systems capable of responding to real-time market
fluctuations. At the center of this transformation are digital platforms that coordinate and optimize the
flow of information, inventory, and fulfillment across global nodes [1].

Digital supply architecture prioritizes flexibility over scale, enabling fashion brands to shift
production schedules, relocate inventory, or modify product assortments in response to up-to-the-
minute data. Cloud-based inventory management systems, integrated with [oT sensors and machine
learning algorithms, allow firms to monitor stock levels, transit times, and regional demand peaks
simultaneously. This has led to the emergence of micro-fulfillment strategies, where distribution
centers are positioned closer to key markets and stocked based on predictive regional analytics rather
than historical sales averages [2].

The responsiveness of these systems also extends to supplier coordination. Many brands now
collaborate with digitally equipped manufacturers that can accommodate smaller, more frequent orders
in rapid cycles—a phenomenon referred to as "on-demand production." This structure reduces
overproduction, aligns with environmental imperatives, and increases the precision of market targeting.
According to a 2023 report by McKinsey, fashion firms that adopt integrated digital supply chains
report a 30% improvement in lead time reduction and a 25% decrease in excess inventory relative to
pre-digital models [3].

Furthermore, digital platforms such as Shopify Plus, Amazon Vendor Central, and Alibaba's
Tmall Global provide embedded tools for automated inventory reallocation, price elasticity testing, and
last-mile optimization. These tools turn supply chains into market-responsive feedback loops, allowing
not only logistical agility but also a redefinition of what constitutes “inventory”—no longer a static
liability but a strategic asset in motion.

Yet, this agility comes with new risks. The increased dependency on data accuracy, the potential
for algorithmic misfires, and the fragility of hyper-optimized supply routes present a paradox: as firms
become faster and leaner, they also become more sensitive to external shocks and digital system
failures [4]. In this environment, supply responsiveness must be complemented by system redundancy,
cybersecurity protocols, and scenario-based forecasting to maintain conjunctural stability.

The digitization of supply chains has not only streamlined operations but has fundamentally
altered the logic of market response. The fashion industry, once reactive and calendar-bound, is now
anticipatory, distributed, and fluid—capable of synchronizing supply movements with demand signals
in near real-time.

E-Commerce Pricing and Market Volatility

The digitization of fashion markets has profoundly reshaped pricing strategies, introducing a
level of volatility and personalization previously unimaginable in traditional retail environments.
Whereas brick-and-mortar pricing was generally fixed and guided by standard seasonal markdown
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calendars, platform-based fashion markets operate on dynamic, algorithmic pricing models that
respond in real time to demand fluctuations, inventory levels, competitor activity, and consumer
behavior [1].

In platform economies, prices are not only elastic but also contextualized to the user. Variables
such as browsing history, geographic location, purchasing power indicators, and even the type of device
used can influence the prices shown to individual users. This practice—known as price discrimination
or personalized pricing—has been increasingly adopted by leading e-commerce platforms, often
without consumer awareness [2]. While this strategy enhances short-term revenue optimization, it
raises critical ethical concerns about transparency and fairness.

Moreover, platforms employ psychological pricing triggers such as limited-time discounts,
urgency notifications, and scarcity signals (e.g., “Only 2 items left”) to generate impulse purchases.
These mechanisms, while effective in stimulating demand, also contribute to pricing instability, as
users become conditioned to wait for promotions rather than purchasing at full price. This behavior
undermines brand equity and complicates revenue forecasting for suppliers and merchants operating
on these platforms.

The use of algorithmic pricing also exacerbates market volatility by amplifying demand swings.
For instance, automated price reductions in response to low engagement can trigger flash surges in
sales volume, distorting inventory planning and logistics coordination. This volatility is visualized in
Graph 2, which compares the relative stability of fixed pricing in traditional fashion retail with the
increasing fluctuations observed in algorithm-driven e-commerce from 2018 to 2025.

Graph 2. Algorithmic vs. Fixed Pricing Trends in Global Fashion (2018-2
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Graph 2: Algorithmic Pricing vs. Fixed Pricing Trends in Global Fashion (2018-2025)

In contrast to the stability offered by traditional price models, algorithmic pricing is inherently
fluid, contingent upon the accuracy of real-time data inputs and the assumptions embedded in
proprietary algorithms. While this allows firms to capture granular margins and adapt to shifting
conditions, it also demands greater analytical capacity, ethical oversight, and customer education to
maintain trust and long-term market resilience [3].

The transition to dynamic pricing is not merely a technical upgrade but a strategic inflection
point that alters the entire conjuncture of fashion markets. It recasts pricing from a static business
decision into a live, behavioral interface—one that requires constant calibration, monitoring, and
governance.

Global Disruptions and Digital Recovery Strategies

The conjuncture of global fashion markets has been repeatedly tested by disruptive events in the
past decade, most notably the COVID-19 pandemic, geopolitical realignments, and macroeconomic
volatility. These disruptions have exposed the vulnerabilities of traditional supply-demand systems
while simultaneously validating the adaptive capacity of digital infrastructure. The post-2020 period
marks a strategic turning point wherein digitally agile firms were able to respond to disruptions with
far greater speed and coordination than their analog-dependent counterparts [1].
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During the COVID-19 crisis, for example, global lockdowns rendered physical retail inoperative,
prompting a rapid migration to e-commerce channels. Brands with pre-existing platform strategies—
such as Nike, Uniqlo, and Zara—were able to reallocate inventory, adjust pricing, and launch digital
campaigns in a matter of days. In contrast, firms reliant on brick-and-mortar networks faced excess
stock, revenue loss, and diminished customer engagement. According to a 2021 McKinsey report,
digital leaders recovered 70% of pre-pandemic sales within six months, compared to just 30—40% for
digitally lagging firms [2].

Moreover, the rise of cross-border digital marketplaces has enabled recovery from geographically
localized shocks. Platforms such as Alibaba’s Tmall Global, Amazon Global Selling, and Shopee have
allowed fashion firms to reroute demand toward unaffected regions during crises. This geographic
flexibility, powered by global logistics partnerships and multi-currency payment systems, has added a
new layer of resilience to market conjuncture—allowing demand and supply to be virtually rebalanced
across time zones and jurisdictions [3].

Beyond emergency response, digital systems have facilitated long-term strategic adjustments
through scenario modeling and simulation tools. Platforms now integrate predictive analytics that
enable fashion brands to simulate the impact of various global events—currency shocks, shipping
delays, or regional lockdowns—on revenue, stock movement, and fulfillment capacity. These
simulations support agile decision-making and reduce reliance on intuition in times of uncertainty [4].

At the institutional level, digital platforms have begun to embed resiliency protocols into their
operating models. Shopify’s “Supply Chain Visibility Suite” and Amazon’s “Resilient Fulfillment
Tools” now offer partners real-time dashboards to monitor disruptions and activate pre-programmed
contingency plans. These developments reflect a shift from passive risk tolerance to active digital risk
orchestration, repositioning fashion firms as systems managers rather than isolated producers.

The experience of navigating recent disruptions has underscored a critical insight: resilience is
no longer a static attribute, but a dynamic capability rooted in digital fluency, informational symmetry,
and real-time coordination. The ability to stabilize conjuncture in the face of volatility will increasingly
depend on how effectively fashion firms integrate digital infrastructure, data intelligence, and global
network strategies into their core operations.

Conclusion

The digital era has transformed the conjuncture of global fashion markets from a stable, calendar-
based cycle to a fluid, data-driven equilibrium defined by immediacy, personalization, and platform
governance. No longer bounded by physical retail spaces or static pricing models, fashion markets
today operate within dynamic environments shaped by real-time consumer behavior, algorithmic
feedback loops, and global digital infrastructures.

This article has demonstrated how the fundamental drivers of supply, demand, and pricing have
evolved in response to the rise of digital platforms. Demand forecasting is now governed by behavioral
analytics rather than historical sales; inventory flows respond to predictive algorithms rather than
wholesale planning; and pricing adapts instantly to changing market signals, often customized to the
individual user. These changes have expanded firms’ responsiveness while simultaneously increasing
exposure to volatility and complexity.

In parallel, the study has highlighted the strategic role of digital infrastructure in navigating
disruptions. Firms that invested early in digital transformation—through platform partnerships, data
integration, and predictive modeling—demonstrated higher resilience and faster recovery during crises
such as the COVID-19 pandemic. The ability to reconfigure operations in response to local or global
shocks has emerged as a defining characteristic of post-digital market competitiveness.

However, these benefits also raise new challenges. Market conjuncture is now dependent on the
accuracy and transparency of digital systems. Ethical concerns about price discrimination,
overconsumption, data governance, and algorithmic opacity must be addressed if these systems are to
maintain public trust and long-term viability. Moreover, the shift toward hyper-personalized,
responsive fashion trade has strategic implications for sustainability, equity, and global economic
coordination.

In conclusion, the transition from brick-and-mortar to virtual runways signifies more than a
technological upgrade—it marks a structural realignment of the fashion economy’s conjunctural
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dynamics. The future of global fashion will not only be shaped by trends and tastes, but also by how
firms and institutions manage the digital infrastructures that now define the rhythm, resilience, and
inclusivity of international trade.
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Cun Axmen dum Menas, Cuau Yasa Xmeiina Moxamen Hleiix, I.B. ActpaTroBa

[UPPOBOM JTU3PAIIT B MOJIE: IPEOBPA’KEHUE PBIHOYHBIX CTPYKTYP H
JUHAMUKHU MEXJIYHAPOJIHOU TOPI'OBJIN

VYpanwsckuil penepanbhblii yHuBepcUTeT, I. ExarepunOypr, Poccus

KitoueBple crnoBa: nugpoBuzanus, ImiIarGopMeHHas OSKOHOMHKA, WHAYCTPUS  MOJPbI,
MeXIyHapoiHasl TOPTOBIISL, TPAaHC(POPMALIHS PHIHKOB.

B craree paccmarpuBaercs, Kak HU(PPOBbIE TEXHOJIOTHH TPaHCHOPMUPYIOT CTPYKTypHBIE
OCHOBBI INIOOAIBHON MHAYCTPUH MOJBI. AHAIM3UPYETCS MEPexoa OT TPAJAULMOHHBIX K HU(PPOBHIM
PBIHOUHBIM MOJIENIIM C aKIEHTOM Ha IUIaTOPMEHHbIE SKOHOMHKH, TMOKHE IIETIOYKH MOCTaBOK U
TPAHCTPAHUYHYIO DJEKTPOHHYIO TOpropiuto. Ocoboe BHHMaHHE YHIENACTCS CTPAaTETHYeCKUM
MOCJIEACTBUSAM LHU(PPOBOrO AM3panta U MpPEANaralorcs peKOMEHJAlUH MO0  00eCIeYeHHIO
MHKJIFO3UBHOTO M KOHKYPEHTOCIIOCOOHOTO Pa3BUTHsI MOJHON OTPACIIH.

Sid Ahmed Ely Menall, Sidi Ould Hmeida Mohamed Cheikh, G.V. Astratova DIGITAL

DISRUPTION IN FASHION: RESHAPING MARKET STRUCTURES AND GLOBAL
TRADE DYNAMICS

Ural Federal University, Yekaterinburg, Russia

Keywords: digitalization, platform economy, fashion industry, international trade, market
transformation.

The article explores how digital technologies are reshaping the structural foundations of the
global fashion industry. It examines the transition from traditional to digital market models,
emphasizing the role of platform economies, agile supply chains, and cross-border e-commerce in
restructuring international trade. The study highlights the strategic implications of digital disruption
and offers policy recommendations for inclusive and competitive development within the fashion
sector.

1. Introduction

The global fashion industry, traditionally driven by physical retail infrastructure, linear supply
chains, and seasonal production cycles, is undergoing profound structural transformations catalyzed by
digitalization. The integration of digital technologies—ranging from artificial intelligence (Al),
machine learning (ML), and big data analytics to blockchain and augmented reality (AR)—is reshaping
how fashion products are designed, produced, marketed, distributed, and consumed across international
markets.

In recent years, digital disruption has emerged not merely as a technological trend, but as a
systemic force altering the very architecture of global market structures. This disruption has enabled
the rise of platform economies, enabled real-time responsiveness to consumer preferences, and
dissolved traditional entry barriers for firms across borders. E-commerce giants such as Amazon,
Alibaba, and Zalando, alongside niche fashion-tech startups, are driving the transformation of industry
logistics, pricing strategies, and cross-border trade flows [1-3].

The COVID-19 pandemic further accelerated the digital pivot in fashion, compelling even the
most heritage-oriented brands to adopt digital-first strategies. According to McKinsey’s 2023 State of
Fashion report, over 70% of fashion executives globally now regard digitalization as the primary driver
of competitive advantage [4]. Moreover, cross-border fashion e-commerce grew by more than 25%
annually between 2020 and 2023, significantly impacting global trade patterns [5].

This article explores how digital technologies are reshaping the structural dynamics of the
international fashion industry and examines the resulting implications for global trade. By analyzing
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digital tools, new business models, and emerging market linkages, the study aims to offer strategic
insights into the fashion industry's evolving role in the global economy.

Graph 1. Global Digital Fashion Market Growth (2020-2025)
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Graph 1. Global Digital Fashion Market Growth (2020-2025)

2. Theoretical Background and Conceptual Framework

2.1 Market Structure in Classical and Digital Contexts

Traditionally, market structure in economics is characterized by factors such as the number of
firms, product differentiation, entry and exit barriers, and the degree of market control. The fashion
industry historically mirrored elements of monopolistic competition, marked by a high number of
sellers offering differentiated products and operating within dynamic consumer preference
environments [6].

However, the rise of digital platforms has begun to distort and reconfigure these traditional
structures. Through network effects, real-time analytics, and global reach, digital ecosystems such as
Shopify, Farfetch, and Depop have shifted fashion markets toward winner-takes-most dynamics,
typical of platform capitalism. In these models, value is increasingly concentrated in a few
intermediaries who control data, logistics, and consumer access [7].

2.2 Digital Disruption: Definitions and Tools

Digital disruption refers to the transformation of industries caused by emerging digital
technologies and business models. It is not a singular event but a continuous process whereby new
entrants leverage digital tools to outcompete legacy systems. In fashion, these tools include:

« Artificial Intelligence (e.g., predictive trend analysis)

 Blockchain (e.g., supply chain transparency)

o Internet of Things (IoT)-enabled wearables

o Augmented Reality (AR) for virtual fitting rooms

« Digital Twins in product development and forecasting

These innovations fundamentally alter production cycles, reduce transaction costs, and
decentralize market control.

2.3 Platform Economies and Digital Fashion Ecosystems

The conceptual shift toward platform economies marks a fundamental evolution in how fashion
products are exchanged. A platform economy operates on digital infrastructures that facilitate
interactions between producers and consumers without owning the goods themselves [8]. This
architecture underpins services like:

o Consumer-to-consumer (C2C) sales (e.g., Vinted, Poshmark)

e Direct-to-consumer (DTC) strategies by brands bypassing traditional retailers

e B2B supply chain management via SaaS platforms like Centric or Infor

The resulting ecosystem is not only more agile but also more fragmented and competitive,
demanding new strategies from global fashion players to maintain relevance and reach.

Market Feature Traditional Market Digital Market
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Distribution Brick-and-mortar retail, DTC platforms, social
Channels wholesale intermediaries commerce, global e-marketplaces
Consumer Limited feedback loops, Real-time engagement via
Interaction seasonal campaigns platforms and influencers
) Linear, delayed production Agile, tech-driven, responsive
Supply Chain yeap & P
cycles to trends
Market Entry High capital and physical Lower entry costs via digital
Barriers infrastructure required platforms
e Minimal use of real-time Extensive use of analytics and
Data Utilization . .
consumer data predictive modeling

Table 1. Comparison of Traditional vs. Digital Fashion Market Structures

3. Transformation of Global Fashion Market Structures

3.1 Decentralization and Disintermediation

Digital technologies have enabled fashion brands and designers to bypass traditional
intermediaries such as wholesalers, department stores, and distributors. This disintermediation process
has been facilitated by social commerce platforms, digital storefronts, and mobile-first applications.
Platforms like Instagram Shops, TikTok Shopping, and direct-to-consumer (DTC) websites allow even
microbrands to access global markets without the infrastructure previously required [9].

This shift has created a decentralized market structure, wherein power is redistributed from
legacy conglomerates to agile, digitally-native firms and creators. For instance, a designer in Lagos or
Seoul can now sell to consumers in Berlin or Sdo Paulo without establishing physical stores or third-
party relationships.

3.2 Digital Supply Chain and Smart Logistics

One of the most profound transformations in market structure has occurred in supply chain and
logistics. Digitalization has given rise to:

« Real-time inventory tracking using IoT sensors,

e Predictive demand planning via Al-driven analytics,

« Blockchain-led traceability in ethical sourcing and carbon accounting,

o Automated warehousing and drone-based last-mile delivery.

Fashion firms now operate in a supply chain-as-a-service (SCaaS) environment, utilizing global
data streams to optimize production and reduce waste. According to Deloitte (2023), digital supply
chain management can reduce lead times by up to 40% and logistics costs by 20% [10].

3.3 Case Studies: Global Brands and Digital Pivots

Major brands are transforming their internal structures and external strategies in response to
digital disruption:

e Zara has integrated real-time RFID tracking in stores and warehouses, enabling stock
optimization across its global network.

» Nike has invested heavily in its Consumer Direct Acceleration strategy, growing DTC sales
from 28% in 2019 to 44% in 2023 [11].

« Shein, the ultra-fast fashion giant, uses big data algorithms to test, launch, and scale designs
within 7 days, effectively replacing the seasonal model with a continuous drop system.

These examples illustrate how global fashion leaders are redefining their business models to align
with the decentralized, data-driven architecture of the digital economy.

4. Impact on Global Trade Dynamics
4.1 Digital Export Platforms and Cross-Border E-commerce
Digital platforms have redefined the mechanics of global fashion trade. Unlike traditional export
models reliant on physical distributors and showrooms, cross-border e-commerce allows fashion firms
to access international markets with significantly lower barriers. Platforms such as Alibaba, Amazon
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Global, and Zalando Lounge offer infrastructure for logistics, localization, payments, and
compliance—transforming small fashion houses into global exporters overnight [12].

According to the UNCTAD B2C E-commerce Index 2023, cross-border online fashion sales
grew by over 30% year-on-year between 2021 and 2023, with significant contributions from emerging
markets in Southeast Asia, Sub-Saharan Africa, and Latin America [13].

4.2 Trade Facilitation through Digital Technologies

Digitalization also enhances the efficiency and transparency of international trade operations.
Key innovations include:

 Blockchain-based customs clearance and digital certificates of origin,

e Al-driven compliance and risk assessment,

e Digital payment systems supporting multi-currency and real-time transactions (e.g., Stripe,
Alipay, Wise),

e Virtual trade shows and B2B matchmaking platforms replacing physical expos.

These tools reduce transaction costs, mitigate fraud, and accelerate time-to-market, supporting
agile internationalization of fashion firms and reinforcing the role of digital connectivity in trade
facilitation [14].

Application in Fashion
Technolo Impact on Efficienc
&y Trade P y
. Product authentication, Reduces fraud and improves
Blockchain .
supply chain transparency trust
Artificial Demand forecasting, Enhances forecasting
Intelligence (AI) pricing optimization accuracy and inventory control
Digital Payment Fast, secure international Accelerates settlement cycles
Gateways transactions and reduces transaction costs
Virtual Showrooms Global B2B marketing, Expands reach and reduces
& Trade Shows virtual order management travel/event costs

Table 2. Digital Trade Technologies and Their Impact on Fashion Trade Efficiency

4.3 Shifts in Comparative Advantage and Competitiveness

Digital disruption is recalibrating the comparative advantages of nations in the fashion sector.
Traditionally, competitiveness was driven by low labor costs, proximity to ports, and infrastructure.
Now, digital readiness, data analytics capacity, e-commerce logistics, and intellectual capital have
emerged as critical variables.

For example:

» South Korea and Estonia lead in digital governance and fintech integration,

e Vietnam and Bangladesh have made strides in digitizing garment supply chains,

o The UAE is investing in digital fashion hubs (e.g., Dubai Design District) to attract international
talent and investment [15].
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Graph 2. Digital Readiness vs. Fashion Export Share by Country (2023)
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Graph 2. Digital Readiness vs. Fashion Export Share by Country (2023)

These shifts illustrate a new geography of fashion trade—one determined not solely by material
inputs but also by digital infrastructure and innovation ecosystems.

S. Discussion and Strategic Implications

5.1 Policy Recommendations

As digitalization continues to redefine global fashion markets, policymakers must address
structural gaps to ensure inclusive and sustainable development. Strategic recommendations include:

« Digital infrastructure investments in emerging economies to enable platform participation.

« Trade agreements that recognize digital goods and e-commerce standards, such as WTO’s Joint
Statement Initiative on E-commerce.

 Support for SMEs and independent designers through capacity building in digital literacy,
logistics, and compliance.

« Cross-border data policies that balance innovation and privacy, enabling smoother trade flows.

Governments must also promote green digital transformation, encouraging firms to adopt circular
fashion models supported by traceable, transparent supply chains.

5.2 Strategic Adaptation by Fashion Firms

For firms operating in or entering global fashion markets, digitalization necessitates
transformation across strategic dimensions:

e Business Model Innovation: From wholesale to DTC, leveraging subscription models,
microcollections, and NFTs for consumer engagement.

e Data Strategy: Collecting, analyzing, and leveraging consumer and supply chain data to
improve responsiveness and personalization.

« Digital Sustainability: Using lifecycle analysis tools and Al to reduce waste, carbon emissions,
and ethical risks.

A multi-speed approach is emerging, with digital-first firms scaling rapidly, while legacy brands
must execute dual transformation strategies—digitizing core operations while experimenting at the
edge.

5.3 Risks, Challenges, and Governance Considerations

Despite its benefits, digital disruption also introduces systemic risks:

« Digital monopolies and platform dependency threaten market fairness and pricing autonomy.

e Cybersecurity vulnerabilities increase as operations become cloud-based and globally
integrated.

« Exclusion of digitally marginalized regions or groups, especially in developing economies.

Effective governance frameworks are needed to manage these risks. Multi-stakeholder
cooperation—among industry, governments, civil society, and tech providers—is essential for creating
equitable, resilient, and sustainable fashion ecosystems.

6. Conclusion
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This study has explored the multifaceted impacts of digital disruption on the structural evolution
of the global fashion industry and its implications for international trade. As the industry pivots away
from traditional models characterized by centralized production, seasonality, and linear supply chains,
digital technologies have ushered in a new era of platformized, data-driven, and decentralized fashion
ecosystems.

The transformation of market structures is evidenced by the emergence of direct-to-consumer
strategies, smart logistics networks, and digitally-native competitors. These shifts are not merely
operational but strategic, reshaping how value is created, captured, and distributed across borders.
Moreover, the integration of Al, blockchain, and digital marketplaces into global trade architecture has
introduced new comparative advantages while demanding higher levels of regulatory agility and
infrastructural adaptability.

This disruption offers significant opportunities for innovation and inclusivity but also introduces
risks such as platform concentration, technological dependency, and uneven digital readiness across
regions. Addressing these challenges requires forward-looking policy frameworks, targeted investment
in digital infrastructure, and active engagement from both public and private stakeholders.

In conclusion, digital disruption in fashion is more than a technological shift—it is a paradigm
transformation of global economic interaction. Future research should delve deeper into the social,
environmental, and geopolitical implications of this transformation, particularly as digital fashion
continues to blur the lines between commerce, culture, and identity in a globalized world.
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A.A. Mupxaiinapos, H.I'. XopomxkeBuu
VMCKYCCTBEHHBIN WHTEJIJIEKT B COEPE OGPA3OBAHUSA

VYpanbCKuii TEXHUYECKUI UHCTUTYT CBsI3U U nHopmaTuku (punuan) PI'bOY BO
«CuOupckHii TOCYAapCTBEHHBI YHUBEPCUTET TEICKOMMYHHUKAINUN 1 HTHPOPMATHKU»B T.
ExarepunOypre (YpTUCHU Cubl'YTH), Poccus

KiroueBsie ciioBa: MICKyCCTBEHHBIN MHTEIUIEKT, 4aT 00T, penetutopbl, Coursera, Khan, onnaita-
KypChl, 00pa3oBaHUe.

B nanHOH craTbe paccMaTpuUBarOTCA IPEMMYyIIECTBa M pucku BHenpenus MM B mpoumecc
oOy4yeHHs JIOJIC B INKOJIAX Hamled crpadbl. [IpencTaBieHbl MPEUMYIIECTBA W PHUCKH JIaHHOTO
coOwITHs B 1IenioM it chepbl oOpasoBanus. C pa3BuTHeM UCKyccTBeHHOro mHTelwiekta (M), on
CTaHOBHUTCS Bce OoJiee TOJIE3HBIM JUII MHOXeCTBa cdep JKM3HM, a Takxke oOpasoBanus. [lpu
unterpanuu MW B oOpa3zoBarelbHBIA IMPOIECC OTKPHIBAIOTCS HOBBIC BapUaHTBHI IS yA00CTBA
OO0y4YeHHS W YIyUIICHHs TOKa3aTelsl 3HAaHHUH.

A.A. Mirkhaidarov, N.G. Khoroshkevich
ARTIFICIAL INTELLIGENCE IN EDUCATION

Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics in Yekaterinburg (UrTISI SibGUTI),
Russia

Keywords: Artificial intelligence, chatbot, tutors, Coursera, Khan, online courses, education.

This article examines the advantages and risks of introducing Al into the learning process of
people in our country's schools. The advantages and risks of this event in general for the field of
education are presented. With the development of artificial intelligence (Al), it is becoming
increasingly useful in many areas of life, as well as education. When Al is integrated into the
educational process, new options open up for the convenience of learning and improving the
knowledge index.

[Ipexxne yeM roBOpPUTH O MPEMMYIIECTBAX JAHHOTO BHEAPEHUS HEOOXOAMMO OIpPENEIHUTh
[JIABHBIEC HAIIPABIICHUS B IAHHOM BOIIPOCE.

I'nmaBHbIe HanpaBnenus BHeapenust UM B oOpazoBanue

1. [TepconanusupoBannoe obydenne WM mno3BoisieT cuCTEMAaTU3UPOBaTh JAHHBIE O
Ka)KJIOM YYEHHUKE, YUUTBIBAsI €T0 HBIHEIIHUN YPOBEHb 3HAHUN, CKOPOCTh IOHUMAHUS U IPUMEHEHUS
Marepuana, a Takxke mnpeanodreHus. Ha ocHoBe nanubix cBeneHudd MM moxer pexomeHoBaTh
WHJIMBHUIyAIbHBIC 3a/IaHUS, UTO TIO3BOJIUT cliefaTh oOyueHue eme 6onee r3pdextuBHbIM [1].

2. ABTOMaTHYECKAS IIPOBEPKA JIOMAIIHETO 3alaHus
W moxeT aBTOMAaTUYECKU NMPOBEPATH /3, COUMHEHHS U JIaXKe 3aJjaui 10 MaTeMaTuKe, 0CBOOOXK1ast
yuuTeneil u mpernojaBaTeneil oT TaHHON paboThl. DTO AaeT BO3MOKHOCTb YUUTENSM TPAaTUTh OOJbIIIe
BPEMEHH HA TBOPYECKUE U UHTEPAKTUBHBIC 3a/1aHHUS.

3. NU-penerutopsl. Bupryansasie nomoutauku - UM mMoryT momous pa3o0paThCst co
CJIO)KHBIMU TEMaMH, OTBEYATh Ha BOIPOCHI YUAIIUXCS U TOJPOOHO OOBSICHATDH PELICHHE TEX HJIM HHBIX
3agau. Takue cucreMbl OyIyT TOCTYNHBI OHJIAWH, 4TO JeJaeT 00ydeHUe JOCTYIHBIM B JI000€ BpeMs
[2].

4. Amnanus ycneBaemoctu. C nomorisio M1 MoxHO HabII0AaTh 32 IPOrPEeCccOM yUalluxcs,
BBISIBJIATh TPYJHBIE MOMEHTHI M IIPOTHO3MPOBATh BO3MOXKHBIE HEJAOIIOHMMAHHS B Te€Max. JTO JAET
BO3MOKHOCTh BO BpeMsI IIpoIiecca CKOPPEKTUPOBATh yuely.
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5. OnnaiiH-kypchl u iIaTGopmbel st 00ydeHUs. MHOXECTBO 00pa3oBaTeIbHBIX
wiatgopm, Hanpumep Coursera, Khan Academy u T.11., mone3ytorest UM niast pekoMeHaauu oHIaiH-
KypCOB, aHaJIM3a KOHTEHTA, KOTOPbIE MHTEPECHBI MOJIb30BATENI0 M YIy4IIAT B3aUMOJEHCTBUE C
IPYTMMH I10JIb30BATESAMH [2].

[IpeumymectBa NN B 06pazoBanuu:

e JloctynmaocTh: I momoraer cnenath obpa3zoBaHue emié 0oJiee MOCTYIMHBIM, OCOOCHHO IS
YYEHHUKOB UJIM CTYJCHTOB U3 JJAJIEKUX HACEJICHHBIX TyHKTOB.

e DOKOHOMHSI BpeMeHU: ABTOMaTH3allUs PYTHHHBIX IIPOLECCOB (MpOBEpKa TECTOB WU
COYMHEHUS) MTO3BOJISET MIPENOIAaBATENsAM U CTYJEHTaM COCPEAOTOYNTh BHUMAHHUE Ha IJIaBHOM.

e ['uOKOCTB: 00yUaromuMecss MOTYyT YYUTHCS B CBOEM TeMIIe M B CBOe CBOOOaHOE Bpems, a MU
Oyzer moMoraTh Ha JIto0OOM 3Talle U B J1I000€ BpeMsl UCXO/1s U3 HY Kbl CTyJICHTa WK yueHHKa [3].

Pucku U B 06pazoBanuu:

HecmoTpss Ha Bce mpeumyiuectBa, BHeapeHue MM B oOpa3oBaHue Tak e CTAJIKUBACTCA C
HEKOTOPBIMH TPYAHOCTSMHU M PUCKAMHU:

o KonduaenunanbHocts naHHbIX: COOp M aHaIW3 CBEJCHMH OOydYarOUIMXCS HYXHO OyJIer
00e30MmacuTh OT BO3MOKHBIX B3JIOMOB U Kpaxw [4].

e DTHYECKHE BOMPOCHI: BO3HUKAIOT TPYIHOCTH B OTHOLIEHUHU Toro, kak VM moBnuser Ha poib
yuuTeneil B o0pa3oBaHUM M B3aUMOJCHCTBUE MEXKIY yUYEHHKaMH. Tak Kak IIKOoJa SBISETCS H
COIMAJIbHBIM HHCTHUTYTOM TOXeE [5].

B kauecTBe peuieHus 3tux npo0sem npeasara:

1. Kon¢uaenuuansHocTh qaHHbIX. Perienue:

a. Pa3paborars HOpMaTUBHBIE aKThI 110 3aMTe JaHHbIX (Hanpumep, GDPR B Espore).

b. IudpoBars gaHHBIE O CTYACHTAX UM aHOHUMU3UPOBATh UX.

c. OOyuenne monb30BaTeield, a HWMEHHO CTYIEHTOB, NpenojaBareneii, IuQpoBoi
0€30MacHOCTH.

2. DTUuecKue BONpockl. Pemienue:

a. Coxpanenue OanaHca Mexay ucrnonb3oBaHueM MM u nomoumwm mnpernonasarens B
KHBYIO.

b. PerynsipHble NpoBepKH YYEHUKOB Ha COLIMAIbHbBIC CIOCOOHOCTH U 3HAHUS MOJy4YE€HHbIE
¢ padotoit U

Hcxons u3 BCero BhIIICTIEPEUNCICHHOTO ObLITH COCTABIEHBI PEKOMEHIAINHU JIJIS1 yUUTENEH, KO
U poauTenel o0yJyaronmxcs.

Pexomennmanus nis yuurenein

o M3yunts nmonpoOHo MU 1 X BO3MOXKHOCTH: TIO3HAKOMHUTHCS ¢ pasHoBUAHOCTIMU WU (war-
00TOB, TeHepaTopy 3alaHui U T.II.).

e 111 xax nomontHauk: M MoxxeT mpoBepsITh MOHOTOHHBIE 3aJaHUs, PA3JINYHbIE TECTHI U IpyTUe
33JlaHusl C TOYHBIM OTBETOM. A TaKXe COCTAaBJICHHs 3aJlaHUN M aHAJIM30M IIPOrpecca yYE€HUKOB B
W3YyYEHUU TEMBI.

e Vuurh gereir paboratb ¢ WNUW: HeoOxonmumo OyneT OOBSCHUTH MAETAM, KaK MpPaBUIBHO
nosab3oBathest MU, kakue BO3MOXHOCTH M OrpaHWYeHus oH umeer. Heobxonumo nokasars, yto MU
TOKE MOXKET OIIMOaThCAd M 4TO MPOBEPSITh MHPOPMAIMIO HEOOXOJUMO U CBEPSITH C JOCTOBEPHBIMU
UCTOYHHUKAMH.

PexoMenganuu Juist aIMUHUCTPALIMU IKOJI

e O6ecneunts noctyn k MU: nersim npunercs uMets Beerga nof pykoit MU, a 3uauut u 6ob110e
(rHaHCUpPOBaHUE U U3MEHEHHUE B KJlaccax.

e HeoOxomumo paszpaborarh MOJUTUKY Hcnoiab3oBanust UM: Bo u3bexaHue 3710ynoTpeOneHus
ucnons3oBanue MU (cnmceiBanms) HEOOXOIUMO clieiaTh MONUTUKY ucnonb3oBanus M. MU nomxen
OCTaBaThCsl MOMOIIHUKOM TOJIBKO B 00y4YE€HUHU M O0BbSCHEHUH 3aJaHHH.

e CoOmofath 3TUKY U KOHpHUAeHnuaabHocTh: B I Oyner MHOro nHpopmanuu 06 yyeHHKax,
MO3TOMY JIOCTyNl K O3TOM HH(pOpManMu JODKHA OCTaBaTbCs KOH(PHUIEHIMAIHHOH U HE
PacipoCTPaHITHCS B IPYTHX CETSIX

Pexomenpanuu s poaurenei

elImers akTyasbHyo wuHpopmanuio npo WMW: Bamm netn OyayT NHOCTOSHHO U3y4arh
crnocobHoctu MU 1 Bam HeoOx0uMo ToxKe 00afaTh akTyaabHOU HH(OpMaIuei 0 HUX.
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e Jluanoru o6 MU: BecTu 6eceny ¢ 1eTbMu HacueT ucnoib3oBanus MM HeoOXoanmMo, 4ToOb! AeTr
Jlerdye MOHsUIM IPOrpamMMy M CMOIVIM I0JIb30BaThCsl BCEMHU MPEUMYIIECTBAMU. Tak ke Kak U yUuTels
OOBSCHUTH UM, UTO HEJb3s MOJHOCTHIO mosarathest Ha UM n caMocTosTebHOE BBINOJIHEHHE 33 JaHUH
TOKE HEOOXOIUMO.

e banaHc: HEKOTOpbIE 3HAHMS JIErY€ YCBAWBATh C POAHBIM YEJIOBEKOM M YTEHHE MOJHOLICHHBIX
KHUT HUKorja He cra”eT xyxe M. ITlomorars UM ¢ 3aaHusIMU BCE TaK K€ OCTAHETCA Balllel POJIBIO.

TonbKo IpU COTPYAHUYECTBE BCEX CTOPOH MOXKHO TOOUTHCA Toro, uro0bl MU cTan HacTosmmm
COIO3HUKOM B 0Opa30BaHMHU, a HE HCTOUHUKOM PUCKOB U 3aBUCHMOCTH.

B 3akiroueHuWu HY)XKHO OTMETHTh, 4TO VICKYCCTBEHHBIM HWHTEIUICKT YK€ H3MEHseT chepy
oOpa3zoBanus, fenas oOydeHue 0osee NepcoOHAIM3UPOBAHHBIM, TOCTYIHBIM U 3P eKTuBHBIM. OHAKO
JUIA TIOJIOXKUTEIbHOro BHeApeHus MM HeoOXoauMO MOMHUTH U O PUCKaX TaKue KaK TEXHUYECKUE U
strueckue. B Oyaymem MW BO3MOXXHO CTaHET OJHMM M3 TJIABHBIX MHCTPYMEHTOB JJISi OCHOBAHHS
HOBOH W aIalITHPYIOMIUICS 00pa30BaTeIbHON CHCTEMBI.

B paGore ObLTH paccMOTPEHBI IJIaBHBIE HANpaBJICHUs U TpeuMytiecTBa Bueapenus U B chepy
poccuiickoro oopa3zoBanusi. Kpome Toro, Takke 0003Ha4€HbI pUCKH, HEOOXOUMBIE K PACCMOTPEHHIO
JUISl CHIDKEHHE X HETaTHBHBIX MOCIEICTBHM, a TaKKe MPeI0KEHbI HEKOTOPbIe CIOCOOBI PEIICHHS
JAHHBIX TPYIHOCTEH.

CIIMCOK JIMTEPATYPHI:
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kak-obrazovatelnye-organizatsii-vnedryayut-iiresheniya/ [01.03.2025]

2. UckyccTBeHHBIH MHTEIUIEKT B oOpazoBaHuu / Xabp (DOnekTpoHHBIN pecypc) — Pexum gocryna:
https://habr.com/ru/articles/740730/

3. IlpeumyniectBa ucnonb3oBanus MU B oOpazoBanuu (DJIEKTPOHHBIN pecypc) — Pexum noctyma:
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P.I'. HoBokmenosa

OCOBEHHOCTH ITPEITIOJABAHUA NTHOCTPAHHOI'O SA3bIKA
CTYJAEHTAM TEXHUYECKOI'O BY3A

VYpanbcKuii TEXHUYECKUH HHCTUTYT CBSI3M U MHPOpMATUKH (priran)
OI'BOY BO «Cubupckuii rocy1apCTBEHHBI YHUBEPCUTET TEICKOMMYHHKAIIUA U HHPOPMATHKI
B T. ExarepunOypre (YpTUCH Cubl'YTIN)

KimtoueBbie  cioBa:  mpodeccHoHalbHOE — JIMHTBOOOpa3oBaHHE, MmepedopMaTUPOBaHUE,
IKCIEPUMEHTAIBHOE 00YUYCHUE, HETIPEPBIBHOCTD MPO(HECCHOHAILHOTO JTMHIBOOOpa3oBanus, pedepar
CKOMIIMJIATUBHOIO» Xapakrepa, MckyccTBeHHbll IHTEIIEKT.

B cratbe paccMarpuBaroTCs yCI0BUS IOCTPOCHHUS IPOTPaMMbl 00yUeHHsI HHOCTPAHHOMY SI3BIKY
CTYJICHTOB TEXHHYECKOrO By3a Ha BCEX YpOBHAX o0Opa3oBaHus. OOOCHOBBIBAE€TCS HEOOXOIUMOCTD
nepeopMaTUPOBAHUS COACPKAHUS Kypca OOY4YEeHHsT HWHOCTPAHHOMY S3BIKYy, €0 W3MEHEHHS B
CTOPOHY IpO(heCCHOHATBLHOTO JTMHIBOOOpazoBanus. [IpuBoasTcs pe3ynbTaThl SKCIEPUMEHTAIBEHOTO
o0y4eHHs CTyIEHTOB OakajaBpuata W Maructpatypsl. lloguepkuBaercs HE0OXOAMMOCTb
WCIOJIb30BAaHUS Ay TEHTUYHBIX UHOS3BIYHBIX HCTOYHUKOB MPOPECCHOHATBHON HAPaBIEHHOCTH.

R.G. Novokshenova

FEATURES OF FOREIGN LANGUAGE TEACHING STUDENTS
OF TECHNICAL SCHOOL OF HIGHER LTARNING

Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics in Yekaterinburg (UrTISI SibGUTI),
Russia

Key words: professional foreign language acquisition, transformation, learning experiment,
discontinued professional foreign language acquisition, “compiled” project work, Artificial
Intelligence.

The paper considers the terms of the foreign language teaching program construction for the
technical school of higher learning students at all levels of learning. Proved is a necessity to transform
the contents into the professional foreign language acquisition. Provided are results of the bachelors’
and masters’ experimental learning. Emphasized is a requirement of the authentic professional foreign
language sources employment.

C nepexoaom Ha BonoHCKyI0 cucTeMy B BBICHIEM 00pa30BaHUU CTPaHbl B TEXHUYECKHUX By3aX
MIPOU3OILUIN KOPEHHbIE W3MEHEHHs B IIPENOJAaBaHMM HHOCTPAHHOro s3bika. lIpexxne Bcero, 310
OTpa3ujIoCch Ha cojJepkaHuu oOpa3oBaHus. [Ipom3onuio cmemieHue akieHTa C TEXHUYECKUX MU
HAyYHBIX aCleKTOB B M3yUYE€HUH WHOCTPAHHOTO Si3bIKa Ha OBITOBOM, OOLIEryMaHUTAPHBIN U JEI0BOM
MHOCTpPaHHBIN S3bIK. B cTpaHe B M300MJIMM MOSBUINCH B IIMPOKOM JIOCTyIE y4deOHbIE MOCOOHS U
Pa3TOBOPHUKH PA3HOTO YPOBHS, OOydYarollMe OCHOBAM JaHHBIX pPa3/ieloB HHOCTPAHHOTO SI3BIKA.
OpHako AOCTYN K OPUTHMHAJIBHBIM AHIJIOA3BIYHBIM HAYYHBIM U TEXHUYECKUM IMyONUKALUAM ObLI
Kpaiine orpanuyen. [losBnenue MHTEepHEeTa 007I€TYMIIO0 pellIeHne JaHHON TpoOIeMbl.

Memnstomasicss MeXAyHapoJHasih O0O0CTaHOBKA, BO3HHUKHOBEHHE OCTPBIX MPOTUBOPEUUN C
OBIBIIMMU MMapTHEPAMU TpeOOBaJIO 3HAUUTEIbHBIX H3MEHEHUH B 00JIaCTH LIeNeH, 3a/1a4 ¥ COJIepyKaHHs
Kypca HUHOCTPAHHOI'O A3bIKa B TEXHUYECKOM BY3€.

ITpu mocTpoeHun mporpamMMbl 00y4eHHs HHOCTPAHHOMY SI3BIKY CTYJEHTOB TEXHHYECKOTO By3a
TpeOOBaIOCh MPUHUMATH B pacueT CJelyIoIue YCIOBUS:

® 00BEKTHBHBIE TPEOOBAHUSI IKOHOMHUYECKOTO PA3BUTHUS CTPAHBbI;

e [IeJIM U 33]1a4M 00Y4YEeHHsI HNHOCTPAHHOMY SI3bIKY B BY3€;
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® ypPOBEHb C(HOPMHUPOBAHHOCTU MHOS3BIYHBIX KOMIIETEHIIMI Ha HaYaJI0 00y4eHus;

® ypOBEHb C(POPMUPOBAHHOCTH NPOPECCUOHATBHBIX MHOS3BIYHBIX KOMIIETCHIMH Ha MOMEHT
OKOHYaHUs 00Y4YeHUSs;

e CoJIepXKaHKE M OpraHu3anus 00y4YeHUs HHOCTPAHHOMY SI3BIKY;

® crIocOOBI ¥ METOJIbI KOHTPOJISI YCHEITHOCTH 00Y4YEHUsI HHOCTPAHHOMY SI3bIKY B BY3e€.

JlaHHBIE MOJIOKEHMsI JIETJIM B OCHOBY HAy4HOTO MCCJIEIOBAaHUSA IO NepepopMaTUPOBAHUIO
COJIepKaHusl Kypca MHOCTPAHHOTO SI3bIKa B TEXHUYECKOM BY3€, @ UMEHHO €r0 U3MEHEHHE B CTOPOHY
po¢eCCHOHATILHOT0 IMHIBOOOPA30BaHUs CTYIEHTOB TEXHUYECKOI'O By3a Ha BCEX YPOBHAX 00yUeHHUS.

Hcxons w3 TpeboBaHuii mpoeCCHOHATBLHOTO JIMHTBOOOpPA30BaHUs, IMOHMMAEMOI0 Kak
(dopMHpOBaHHE MHOS3BIYHON MPO(ECcCHOHANBHOM KOMIIETEHTHOCTH U CJIOBAapHOro 3amaca B cdepe
npoeCCHOHATTBHON JeSITeIbHOCTH; U3YyYCHHE S3BIKOBBIX OCOOCHHOCTEH M CreUu(UKU MOCTPOCHUS
po(eCCHOHATILHOIO TEKCTA; OBJIaIeHUE CPEACTBAMU NMPO(ECCUOHATBHOIO HHOA3BIYHOTO OOLIEHNUS, B
2010 romy O6b11 MpoBeieH 00yUaAIOIINNA IKCTIEPUMEHT.

DKCcnepuMeHTaIbHbIE TPYNIbl B KomuecTBe 70 cTyneHTOB (akyibrera TelneKoMMyHUKAIIHMA
00y4asmch 0 OPUTHHAIBHBIM Y4eOHBIM MaTepraliaM, COACPKALIIM HH(POPMAIIIO, HETIOCPEACTBEHHO
CBSI3aHHYIO ¢ Oynymieil npoecCuOHaIbHON AEATEIbHOCTBIO CTYIECHTOB.

B xozme ompoca ObUIM BBISIBICHBI AUCIHUILIUHBI MPO(ECCHOHAIBHOTO IUKIA, HH()OPMAIHIO O
KOTOPBIX Ha MHOCTPAHHOM s3blKe Oyaylllue CTYIEHTbl CUMUTAIOT OCOOEHHO BaXXHOH: TeXHOJIOruu
kommyTanuu; TexHonorus nepeaaun; Hocurenu u cucremsl nepenauun; becripoBoiHbIe TEXHOIOTHH,
cetu U 1uQpossle cucrteMbl; CryTHUKOBas CBs3b. JlaHHass uHdopMaiys Oblja MMOJI0KEHA B OCHOBY
CoZiep KaHusl Kypca HHOCTPAHHOTO SI3bIKA B TEXHUYECKOM BY3€.

IIpu orbGope ydeOHOro Marepuana Ajsl 3KCIEPUMEHTAIBHOrO OOy4YeHMs, B XOJ€ KOTOpPOTro
(hopMHUpOBAJICS BEICOKAN YPOBEHb MOTHUBAIIMH U3YyUEHHSI IPOPECCHOHATHPHOTO HHOCTPAHHOTO SI3bIKA B
LIEJIOM, M YCTOWYMBBIX MHTEJJIEKTYaJIbHbIX MOTHBOB, B YaCTHOCTH, Mbl PYKOBOJCTBOBAJIHCH
NPUBEICHHBIMHA BBIIIEC TOJOXECHUSAMH. YUeOHMKH M ydeOHbie mocobust [2, 7, 8] comepxar
OpPUTMHAJIbHBIE TEKCThI, UMEIOLINE MPOPECCHOHANBHYIO HAIPAaBIEHHOCTb. M3y4yaemble TEKCThl ObUIN
OCHAIIIEHBI 3BYKOBBIM O(QOPMIICHHEM M COOTBETCTBYIONICH Hepapxueil ynpakHeHuid. TeKcThl u
rpaMMaTH4ecKre MaTepuaibl ObUIM 0OecleueHbl CpelcTBaMH OOpaTHOM CBsA3M, T.e. Kirouamu. s
MPOBEPKH YCHEIIHOCTH MPOABIDKEHHUS TIPU BBIMOJIHEHUH CAMOCTOSITENbHOW paboThl  Oblia
pa3paboTaHa CUCTEMa TECTOB.

[lepen HagamoM oOy4YeHHsI U TIO 3aBEPIICHUH SKCIIEPUMEHTAIBLHOTO 00yUYeHHS CTYJIeHTaM Obliia
npemioxkeHa Aukera Ne 1.

AHKETA Ne 1
Bribepute HyKHBII OTBET U POCTaBbTE €r0 HOMEP B OJaHKe ompoca:

Ne i/in Bomnpoc Bribepute oTBeT
1. BB1 cunTaeTe MHOCTpaHHBIN S3BIK TAaKUM K€ BaXHBIM | 1.1a
KaK CHeluagbHble MPeIMEThI? 2. 3aTPYJHSAIOCh OTBETUTh
3. HeT
2. Ber  mpocmarpuBaere  yueOHbII  Martepuan  Ha | 1. Bcerma
WHOCTPAHHOM SI3bIKE JI0 €r0 U3yUeHUs ? 2. uHorja
3. HUKOTJa
3. [IpuBnekaere nu Bbl qononHuTenbHBIM Matepuan npu | 1. na
BBIIIOJIHEHUN JOMAIITHUX 3aaHUNA? 2. MHOTZa
3. HUKOTJa
4, Hackonbko ~ WHTEpeCHBIM  SIBISIETCS  HM3y4eHHE | 1. OYeHb HHTEPECHBIM
CIIELHATbHBIX MPEAMETOB Ha AHTJIUHCKOM SI3bIKE? 2. He 0YCHb
3. CIUIIKOM TPYJIHBIM
5. [IpuBnexkaere nu Bbl y4yeOHBIH MaTepuan ypokos | 1. ma
MHOCTPAaHHOTO S3bIKa IIPU MOATOTOBKE K 9K3aMEHaM I10 | 2. pe/iko
CIeNUaIbHBIM TIpeIMeTam? 3. 3aTPyaHSIOCH OTBETHUTH
6. 1. 0YeHb NOJIE3HBIM
2. BO3BMOXHO
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Cuuraere nu BBl HOJE3HBIM AHIVIMUCKHUN SI3BIK UIA | 3. OECIIOIIE3HBIM
U3yuyeHUs] MHHOBaIMi B  obOjactu  CBA3M |
nHpopmaTuku?
7. Moxere nu Bwl camocrosTenbHO pazoOpaTthcs B | 1. ma
UHCTPYKIMAX K DIEKTPOHHBIM YCTpOWMCTBaM | | 2. MHOrJa
nprbopaM CBSA3U Ha aHTTIMICKOM s3bIKE? 3. 3aTpyIHSIOCH OTBETUTD
8. Coxpansiere 11 Bbl MaTepuansl ypokoB nHocTpaHHoro | 1. na
a3blka ¢ 1 Kypca € LeIbl0 HMX HCHOJb30BAHUSA B | 2. KOE-YTO
Oynyniem? 3. 3aTPYJHAKOCH OTBETUTD
9. Cumnraere 11 Bbl, 4TO BlazieHHe HHOCTPAHHBIM A3bIKOM | 1. Ui COOCTBEHHBIX
HEOOXOIUMO i  MPUOOPETEHHs  KadeCTBEHHBIX | pa3paboToOK
UMIIOPTHBIX U3AEIHH U TEXHOJIOIMH B 001aCTH CBSI3U U | 2. He 00s13aTEIILHO
uHpopMaTuKn? 3.1a
10. | [lomoxer 5u BiajgeHHEe WHOCTPAaHHBIM s3bIKOM B | 1. 2
pa3paboTKe COOCTBEHHBIX H300peTeHHUid B 0O0JACTH | 2. MOMKET OBIThH
CBsI3U U MH(OpMATUKHU? 3. 3aTpyHSAIOCH OTBETHUTH

CormocTaBUTENbHBIN aHATN3 PE3YJIbTATOB UCCIICIOBAHUS TPUBOIUTCS B HalIeH myoaukanuu [3].
OTBeThl Ha BOINPOCHI AHKETHI MMOKA3aJdM 3HAUYUTENBHBIA POCT MHTEpPECAa K U3yUYEHUIO MHOCTPAHHOIO
s3blKa M HaMEpPEHUsl MCIOJIb30BaTh €ro B Oyaymiel npodeccuoHanbHO aestenbHOocTH. C 3TOrO
MOMEHTa B TEXHUYECKOM By3€ ObLIO MMOJIOKEHO Hadaio NpoQecCHOHaIbHOI0 IMHIBOOOPAa30BaHMSL.

B o0yueHnn mMpoKO MPAaKTUKOBAIOCH MPHUBIICYEHUE FIEKTPOHHBIX HOCHUTENEH. DIEKTPOHHbIE
cpeactBa — VHTepHET-pecypchl MPEACTABISAIOT 3HAUYUTEIbHBIH HHTEPEC B 0O0YYEHUH MHOCTPAHHOMY
a3bIKy. PaboTa ¢ JaHHBIMU pecypcaMu MrpaeT OTPOMHYIO pOJib B OpraHU3allud CaMOCTOATEIbHOU
pa®oThl U B peanu3anuu NpoOJIeMHOro oOydeHus. «YMCTBEHHas aKTUBHOCTb B COBOKYIHOCTH
CMOCOOHOCTEH, MOTHBOB, 3HAHUIH M YMEHHUI PEaM3yeTcsl B TBOPUYECKOM AEATEIBHOCTH, PE3YIbTaTOM
KOTOPOW SIBJISIETCSI MHHOBALUMOHHBIM OponaykT» [6, c. 116]. TBopueckas OeATEIbHOCTb SIBISAETCS
HEOOXOIMMBIM YCJIOBUEM CaMOpeaTu3alliy JJNYHOCTH, aKTyaJTU3aIH €€ TBOPYECKUX CIIOCOOHOCTEH.

JlaHHas BaXkHasi COCTaBJIAIOLIAs JAEATENbHOCTH CTYJIEHTa pEealn3yeTcs uepe3 pelieHue
TBOPYECKHX 3aJIaHUH, KaK Ha y4eOHOM 3aHSATHH, TaK M BO BHEYYEOHOU AEATEIBHOCTH — MOJATOTOBKE
pedepaToB 0 mociaeIHUX TEHIEHIMSX B cdepe MH(OPMAIMOHHBIX TEXHOJOIMH W BBICTYIUJICHUHU C
JOKJIAJIOM TI0 M3yYEHHOM TeMe Ha HayyHO-NPAKTUYECKON KOH(QEpeHIHH C TOCIeAYIOUUM
HalKMCaHUEM TE3HCOB Ha aHTJIMHCKOM SI3bIKE JUIsl MyOIMKalMK B HAYYHBIX COOpHHUKAX.

B nureparype ormedaercs, 4TO 4acTO MEXIy OOyueHHEM HHOCTPAHHOMY S3bIKYy OakajaBpOB U
MarucTpoB CyIIECTBYET BPEMEHHOM M CMBICIOBOM paspeiB [1, c. 179]. B Hamem ciaydae Mbl
mocrapajuch  00ecrnedYuTh  MPEEeMCTBEHHOCTb M HENPEpPhIBHOCTh  MPO(ECCHOHATIBLHOTO
JIMHIBOOOpA30BaHMs CTYJICHTOB OakajaBpuaTa U MarucTpaTyphl 3a CUET COJEpKAHUS U OpraHU3aINH
UX TPAaKTHUUECKUX 3aHSITUH M CaMOCTOATENbHOW paboThl. J[aHHAs TEHIEHIMS COXpaHsUlach U B
nporpamMmax oO0y4eHus MHOCTPAaHHOMY SI3bIKY aCIIMPAHTOB BY3a.

Kypc CHELHAIbHOTO MHOCTPAHHOTO A3bIKa CTYJICHTOB MarucTpaTypsl
MH(POKOMMYHUKALMOHHOTO BY3a SIBJIIETCSI €CTECTBEHHBIM IMPOJOJKEHHEM MNpo(ecCHOHANIbHOrO
JTUHTBOOOpa30BaHMs, HA4aTOro B Xoje OakanaBpuata. OH CTPOUTCS Ha JICKIIMOHHOM Marepuaie,
CeMHHapax, 3aKpeIUIsIoIUX ero MOHUMaHue U (HOPMUPYIOMIHUX HPOQPecCHOHATbHbIE MHOS3bIUHBIC
KOMIIETEHIIMH, CAMOCTOATEIbHOW paboTe HajJ ayTEHTUYHBIMU IyOJMKAlUsAMHU, HAIUCaHUM 3CCE U
pedepaToB, a TakkKe IMpe3eHTAUH YCBOEHHOrO MaTepuasa B (opMe JOKJIAJ0B Ha HAayYHBIX
KOH(MEpeHIMsIX, M MOCIEAYIOIEM HCIOIb30BaHUHM IEPEBEJCHHOTO MaTepuaya s HalhCaHUS
JUCCEepTaLNHU.

VYaensas noipKHOE BHUMaHHE (GOPMUPOBAHUIO M PAa3BUTHIO MHOSI3BIYHBIX KOMIIETEHIMM TaKuX
BHUJIOB PEUYEBOM JEATENBHOCTH, KaK T'OBOPEHHUE, ayJUPOBAHWE M IHCbMO, B KypCE€ MarucTpaTypbl
JIeNlaeTCsl aKIeHT Ha aKTHBU3alMM KOMIIETEHIMI Hu3BJIeYeHHs] HeoOXoauMoil uHopManuu u3
MUCHMEHHBIX MCTOYHHKOB, TAKMX KaK, HayYHbIe CTaThU M MyOJMKALMU B OTPACIEBBIX OyMa)KHBIX
KYpHAJIaX U UX JIEKTPOHHBIX BepCHsIX; HH(POPMAIIMOHHbIE MyOIMKauu, 0030pbl, 3aMeTku HTepHeT-
CalTOB; PyKOBOJCTBA IO UCIOJIb30BAHUI0 OOOPYAOBAHUS; MTATEHTHI; ONUCAHUE HOBBIX TEXHOJIOTUIL.
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OnauM Cc0BOM, 3TO «HH(OPMAIIMOHHBIE MyOJUKAIIUU, UMEIONINE y3KOCIICIHAIBHYI0 OTPaCiICBYIO
tematuky» [1, c. 179]. B Hamewm ciydae 3to myOnukanuu MHCTUTYTa HHKEHEPOB AJIEKTPOTEXHUKHU U
31eKTpoHUKH [9]. XKypHanbHbIE CTaThH JAHHOTO UCTOYHHUKA UCTIOJIb30BAJIUCH B KAUECTBE TEKCTOBOTO
y4e0HOro MaTepraia Ha MPaKTUIECKUX 3aHATHSIX CTYJACHTOB MarucTparypbl. Beroop myOmukaruit mist
CaMOCTOSATENILHON PabOThI CTYIEHTHI JIeTIaIi CaMH.

OTHoOIIEHHE CTYAEHTOB K TaKO OpraHu3aluyd 00y4eHus ONpeessuioch B X0/1e aHKETUPOBAHUS,
BBITIOJITHCHHOT'O TI0 OKOHYAHHUH SKCITEPUMEHTAILHOT0 00YUYEHUSI, OMMCAHHOTO HaMH B JTuTeparype. Tam

K€ NOpCACTaBJICH aHaJIW3 PE3YJIbTATOB IIOJYUCHHBIX OTBCTOB,

OTpaHUYCHHBIN 00hEM JTAaHHOU CTaThu [4].

AHKETA Ne 2

4TO HE I1I03BOJIICT CACIATh

Bri6epuTe HyXHBIN OTBET U IPOCTaBLTE €r0 HOMEP B OJIaHKe ompoca:

No Bomnpoc Bribepute orBeT
n/m
1. | IlepByro  KypHalbHyI  CTaThl0  MWJIM  Jpyryio | 1. B Kypce Marucrparypsl
CIIELUAJIbHYIO ITyOJUKALMIO HAa aHTIIUICKOM si3bIke Bl | 2.B Kypce OakanaBpuaTa
IIEPEBEIIN: 3. B IIKOJIE
2. | 3a xKypc oOyueHUs aHTJIMICKOMY s3bIKy BwI mepeBenu | 1. 3 u Gosee craTeit
(Bcero): 2. 1-2 cratbu
3. HU OTHOH
3. | Bel mepeBomwim crareio (cTaThM), MOTOMY dYTO 3TO | . 1O  mporpamme  Kypca
Tpebyercs: AHTJIMICKOTO SI3bIKA
2. IO mporpamMme CHelHalbHbIX
JUCILUILINH
3. mia guccepranuu
4. |IIpu  BbIOOpe  crared  gua  nepeBoga  Bwr | 1. HMHTEpECYoUIei Bac
PYKOBOJCTBOBAJIUCK: 00J1aCThI0 3HAHUH
2.peKoMeHIalUIMHU
IIpenoaaBaresis aHrl.s3bIKa
3. peKoMeHJalUsIMH Hay4YHOI'O
PYKOBOIUTEIS
5. | Ilpu nepeBone Brl nosibp3oBaiuch caoBapsMu, Ha30BUTE | 1. COCTaBIEHHBIMH B  XOJi€
9TH CIIOBapHU: o0yueHHus
2. OyMaXHBIMH
3. DJIEKTPOHHBIMHU
6. | [IpuBnexkanu Jsim  Bbl MammHHBIA  (37€KTpOHHBIN | 1. Her
nepeBo) Mpu paboTe Ha/ KypPHAIBHON CTaThen? 2. u3pejiKa
HazoBute nporpammy-nepeBoJ4uK. 3. OueHb 4acTo
7. | ns nepeBona crareit B Bameit cepe nestenbHocT Bol | 1.0THOCHTENBHO MOJE3HBIM
CUMTAETE MALLIMHHBIA IEPEBOI: 2. KpaliHe MOJIE3HBIM
IIpoKOMMEHTHPYHTE. 3. 3aTpyIHAIOCH OTBETHUTH
8. | Ucnonw3oBanu mu Ber Marepuan nepeBeeHHbIX cTareit | 1. ma
IpU HamucaHuM pedeparoB, IOKIAA0B, cTaTed Ha | 2. KOe-uTo
PYCCKOM U aHIJIMHACKOM sI3bIKE? 3. 3aTpyIHAIOCh OTBETHUTH
9. | Ipu nepeBose cTatbu Bel KOHCYIBTUPOBAIUCH:! 1. c IpenojaBaTesieM
AHTJIMKMCKOTO SI3BIKA
2. ¢ HAyYHBIM PYKOBOJAMTEIEM
3. ¢ APYTUMHU JIULAMU
10. | Cumraere mu Bel, uto nomydenHas nadopmarus Mmoxer | 1. ma
OBITh TOJIE3HA B pa3paboTKe COOCTBEHHBIX M300PETEHUN | 2. MOKET OBITH
B 00J1aCTH CBS3M U UHPOPMATUKN? 3. 3aTpyIHAIOCH OTBETHUTH

OcoO0blil UHTEpeC y CTYAEHTOB BCEX YpOBHeH oOyueHHs BBI3BIBACT paboTa HajJ pedeparom
«KOMITMJIITUBHOTO» XapakTepa [5]. YyacTue cTyA€HTOB B IOJATOTOBKE «KOMIWISTUBHBIX)» peeparTos,
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uX MyOnMyHas Mpe3eHTalMs U 3alluTa MO3BOJISIeT Ha3BaTh UX pabOTy HAy4YHO-HCCIEN0BATEIbCKOMH,
MOCKOJIbKY JUISL TIOATBEP)KICHUS BBHIODAHHOM TEMbl OHM 3aHMMAIOTCS IMOMCKOM JOKa3aTeIbHOTO
MaTepusia, aHAIM3UPYIOT €ro, JENaloT BBIBOJAbI U MyOJIMYHO 3alllMIIAIOT BBICKA3bIBAEMYIO TOUKY
3peHus

OtnensHo cTout uccnenaoBanue KomsicuukoBa B.A. «MccnenoBanue npoOaemMbl aKTyaabHOCTH
cTyneHueckoi cembn», “How Actual is Student Family” na anramiickom si3bike. B 2024 rogy aBTopom
ObUIO BBINIOJHEHO MCCIEIOBAaHUE MO HM3YyUYEHHUIO OTHOILIEHUS CTYJEHTOB HMHCTUTYTa K MpoOieme
CO3JIaHMsI CEMBbH U POXKJICHHS peOeHKa BO BPeMs U OJJHOBPEMEHHO C 00YYEHHUEM B HHCTHUTYTE.

JlanHble uccienoBaHus ObLUIM MPEACTaBICHBI B paMKax MexIyHapoJIHOTO KOHKypca 3cce Ha
anrimiickom s3pike  «Social Justice: Problems, Discussions, Solutions» na Epa3suiickom
OxoHoMuueckomM Popyme Momoaéxu 2024 r., nmpoxoausimiem B Ypl' DY CUHX, roe nomyuunu
Junnom | creneHu u JOeHEeXHbIM npu3, a Takke Ha Crynenueckod Hayuno—Ilpakruueckoii
KoH(pepeHIIMH «AKTyallbHble BOIPOCH HU(PPOBOM 3KOHOMHUKU B MH(OKOMMYHUKAIIMOHHOM BY3€»,
npoBojuBiiecs ¢ 22.04 o 27.04.2024 r. 8 YpTUCH Cubl'YTH, ¢ npucyxaeauem I'pamoTs! 3a |
MECTO B CEKIIMU «AHTIMICKUN S3bIK B IU(PPOBOM MHUPEY.

B nanpHelimem pe3ynbTaThl HCCIE10BaHUS ObUIN U3JI0KEHBI HA PYCCKOM S3BIKE 110/ Ha3BaHUEM
«CTyneHueckre CeMbH KaK OJMH U3 CHOCO00B pemieHus AeMorpaduyeckoil mpoOsieMbl Harmiei
cTpaHbl». ABTOp ctan npusepoMm (3 Mecto) PermoHanbHONM CTynI€HUECKOW HAy4HO-TIPAKTUYECKOU
KoH(pepeHmu a1 cryaeHToB Mmiaamux (1-3) kypcoB «KynbTypHble II€HHOCTHBIE OCHOBAHHS
POCCHICKON TOCYAapCTBEHHOCTH W IuBWimM3anum». r. HoBocubupck, Cubl'YTU, 20 Hos6pst 2024.
Jannast pabota Oblila BEICOKO OLIEHEHA U MOJIy4riia OOIIECTBEeHHbIN pe30HaHC.

C nosiBnennem MHTepHeTa Hauanach 3pa MAlIMHHOIO OOY4YE€HHS] UCKYCCTBEHHBIX HEMPOHHBIX
cereit (Machine Learning), mpakTH4ecKUM MPOIYKTOM KOTOPOM CTall0 BO3HMKHOBEHHME KpaiiHe
nomyssipaoro cerogns dara GPT (Generative Pre-trained Transformer). Ha cerogusimHuii 1eHb
JaHHBIA YaT He eMHCTBEHHBIH 00beKT M ; MOsSBUIOCHK MHOXKECTBO APYTUX aIrOPUTMOB, TAKUX Kak
MUM (Multitask Unified Model), Gemini 1.5, Granite™, DeepDive, DeepSeek, GigaChat u npyrue,
MEHee U3BECTHBIC Ha HACTOALINI MOMEHT. PaboTa B 3TOM HampaBlIeHUH MIPOJOIKAETCS, K Mbl YBUAUM
MHOECTBO 00JIee MOIIHBIX M MOIMYJISAPHBIX TexHomoruii .

JlocTynm K JaHHBIM TEXHOJOTHSM CO3/1a€T HOBBbIE MPOOJIEMbI W BBI3OBBI B OOYy4YEHHH
MHOCTPAaHHOMY $3BIKY CTYJEHTOB T€XHHMYeCcKoro By3a. Hamma 3amaua — paccMOTpeTh COOTHOIIEHHE
peanuzanuu coBpeMeHHbIX MeTo10B U B nmpodeccrnoHanbHOM THHTBOOOPA30BAaHUH U KOTHUTHUBHBIX
MEXAaHU3MOB MOPOXKJIECHUS HHOS3BIYHOM pEdYeBOM JAEATEIbHOCTH, MMEHHO HaJ 3TOi mpobseMoit
paboTaeT Kadepa B HACTOsIIEE BpEMS.

[IporpamMMa 00y4eHMs] MHOCTPAHHOMY SI3bIKY CTYAEHTOB TEXHHYECKOTO By3a ITOCTPOEHA B
COOTBETCTBUM C  OOBEKTUBHBIMH  YCIOBUSIMH  Pa3BUTHUs ~ CTpaHbl. bBbUIO  BBIMIOJIHEHO
nepegopmMaTUpOBaHUE COJIEP/KAaHUS Kypca HHOCTPAHHOIO SI3bIKA B TEXHUYECKOM BY3€, a UMEHHO €ro
U3MEHEHHE B CTOPOHY MPO(EeCCHOHAIBLHOTO JMHIBOOOPA30BaHUS CTYACHTOB TEXHUYECKOTO By3a Ha
BCEX YPOBHSX OOyU€HUH, KaK B YCIOBMSIX ayAUTOPHOM, TaK U CAMOCTOSITENIbHON pabOThl CTY/IEHTOB.
[IpodeccuonanbHOoe  JMHIBOOOpa3OBaHME IOHMMAeTCs, Kak (OpPMUPOBAHHE  HHOA3BIYHOM
npodeccnoHalbHOM KOMIIETEHTHOCTH M CJIOBAapHOro 3amaca B cdepe mnpodeccunoHaIbHOMN
NeSITeIbHOCTH; U3yUeHHE S3bIKOBBIX 0OCOOEHHOCTEH M crienu(UKU MOCTPOEHUS NPO(HeCcCHOHAIBHOTO
TEKCTa; OBJIaJICHUE CPEeICTBAMU MTPO(eCcCHOHATIBHOTO NHOSA3BIYHOTO 001eHus. O0yuyeHue 6azupyercs
Ha HCIOJB30BAHWU AayTEHTUYHBIX HWHOSI3BIYHBIX HCTOYHUKOB, KaKk Ha OyMaXHbBIX, Tak H Ha
ANEKTPOHHBIX HOCUTEIISX.
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E.M. O3opnun, K.B. Mumapuna

HCHOJIb30BAHUE BUPTYAJIbHOM ¥ JONTOJTHEHHOM PEAJIbHOCTH JIJIS
MOBBIIIEHNUSA THTEPECA K ®PU3UYECKOM KYJBTYPE Y CTYJIEHTOB

VYpanbCKuil TEXHUYECKUH MHCTUTYT CBSI3U M MHPOpMaTuKu (punmuain) genepanbHOTo
rOCYJJapCTBEHHOT'0 OI0/PKETHOIO 00Pa30BaTENILHOIO YUPEXKIEHHS BBICILIEI0 00pa30BaHUs
«Cubupckuii TOCyJapCTBEHHBIH YHUBEPCUTET TEJICKOMMYHUKALUN 1 HHPOPMATUKUY B T.

ExarepunOypre (YpTUCHU Cubl'YTH), Poccus

KitroueBble ciioBa: BUPTyasibHAs PEAIbHOCTb, TOMOJHEHHAs PEAIbHOCTh, PU3HYECKas KYJIbTypa,
cpenHee nmpodeccuoHaATbHOE 00pa30BaHUEe, MOTUBALIUS CTY ICHTOB.

CoBpeMeHHbIe CTyIEeHTHI cpeaHero npodeccruonansuoro oopaszosanus (CI1O) crankuBaroTcs ¢
Ipo0JeMON HU3KOM MOTHMBAalUM K 3aHATUAM (U3NYeCKON KyabTypodl. OJHMM U3 NEepCHeKTUBHBIX
pelieHnii 3Toil mpoOaemMbl ABISETCS BHEIPEHHE TeXHoJorui BupTyanbHou (VR) m nomonHeHHON
peanbHOCTH (AR), KOTOpBIE MOIYT clenarh 3aHATHs Oojiee yBieKaTenbHbIMU. JlaHHas cTaThs
paccmarpuBaer BiusHuEe VR-urp m AR-npuiiokeHud Ha BOBJICYEHHOCTH CTYJICHTOB B 3aHSATHUSA
¢u3nyeckoil KyJabTypoil, a Takke aHaIu3upyeT d((EKTUBHOCTP MX MCIIOJIb30BaHUS B
00pa3oBaTeTLHOM IPOIIECCE.

E.M. Ozornin, J.V. Misharina

USING VIRTUAL AND AUGMENTED REALITY TO INCREASE STUDENT
INTEREST IN PHYSICAL EDUCATION

Ural Technical Institute of Communication and Informatics (branch) of the Federal State
Budgetary Educational Institution of Higher Education "Siberian State University of
Telecommunications and Informatics” in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: virtual reality, augmented reality, physical education, secondary vocational
education, student motivation.

Modern students of secondary vocational education (SVE) face the problem of low motivation
for physical education. One promising solution to this problem is the implementation of virtual reality
(VR) and augmented reality (AR) technologies, which can make classes more engaging. This article
examines the impact of VR games and AR applications on student involvement in physical education,
as well as analyzes their effectiveness in the educational process.

AKTyanbHOCTh TpOOJIEMbl HM3KOH MOTHMBAaLMU K 3aHATHSAM (U3NYECKOM KYyJIbTYpoHl cpeau
CTYAIGHTOB CpeiHero npogeccuoHanbHoro oopazoBanus (CIIO) B coBpeMeHHOM 0011IecTBE SBISETCA
MHOTOTPaHHOW M OXBAaThIBAeT KaK (PU3MOJOTUUYECKHE, TAK U TICUXOJIOTUYECKUE aCMEKThI 3/10POBb, a
TaKXke COLMaJbHbIE M oOpa3zoBareibHble (akTopbl. COBpeMEHHBIM 00pa3 KHU3HH MOJIOAEKH,
XapaKTepU3YIOLIUICs CHIDKEHHEM (U3UYECKOM aKTUBHOCTH, Bce 00Jiee MMPOKUM pacpOCTpaHEHUEM
cunsdero oOpas3a JKM3HM M TOBBIIIEHHBIM HCHOJIb30BAaHWEM IM(POBBIX YCTPOHCTB, OKa3bIBAET
HEraTUBHOE BO3/ICHCTBUE HA UX 00IIIee COCTOSHUE 3/J0POBbs. JTa TEHICHIIUA OCOOCHHO 3aMETHA CPEU
ctyneHToB CIIO, koTopble 4acTO CTAJKHUBAIOTCS C JONOJHUTEIBHBIMU TPYAHOCTSMH, CBSI3aHHBIMHU C
y4eOHOM Harpy3koil, (MHAHCOBBIMH OTPAaHUYEHUSMU M OTPAHUYEHHBIMH BO3MOXHOCTSAMHU IS
y4acTHs B CHOPTUBHBIX MEPONPUATHUSX [5].

OAHMM U3 KIIOYEBBIX AacleKTOB MPOOJIeMbl SBISETCS YyXyAUIeHHe (U3NYECKOTO 3/I0pOBbS
cryaeHToB. Hu3kas ¢usudeckass akTUBHOCTh MPUBOAMT K YBEIMUYCHHUIO PUCKA PA3BUTHUS CEPIEUHO-
COCYAMCTBIX 3a00JIeBaHUM, OKUPEHHUS, 11abeTa 2 TUMA U APYTUX XPOHUYECKUX 3a00JIeBaHUM.

OTH 3a00JIeBaHUS HE TOJBKO CHIDKAIOT KA4eCTBO KM3HHM, HO U MOTYT NPHBECTH K CEPhE3HBIM
MOCJIEACTBUSM B JIOJITOCPOYHOM mepcnektuBe. KpoMe Toro, HeA0CTaTOK (PU3NYECKOW aKTHBHOCTH
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HEraTHBHO CKAa3bIBACTCA HA OINOPHO-IBUTATEIBHOM amlapaTre, YBEIWYMBAas PHUCK Pa3BUTHL
OCTEOII0p03a, apTPHUTA U IPYTUX 3a00JIeBaHUM CyCTaBOB. Y CTYAEHTOB, IPOBOJSIIINX MHOTO BPEMEHU
B CUJSYEM IOJIO)KEHUH, YaCTO BO3HUKAIOT MPOOJIEMBI C OCAaHKOW, OOJIM B CIIMHE U IIIE€e, YTO TaKXkKe
CHIDKAET UX paboTOCIIOCOOHOCTH U 00I1Iee CaMOUyBCTBHE.

IIcuxonorudeckoe 01aronoyyyne CTyI€HTOB TaKKe TECHO CBSI3aHO C YPOBHEM UX (PU3UUECKOM
aKTUBHOCTH. J[0Ka3aHO, UTO peryysipHbIe 3aHATHS GU3NIECKOH KyIbTYpOi CHOCOOCTBYIOT CHHYKEHHIO
YPOBHS CTpecca, TPEBOXKHOCTHU U IENIPECCUN.

@dusznuecKkue  yNpaKHEHHs  CTUMYJIUPYIOT  BBIpaOOTKY  SHIOP(PHHOB, E€CTECTBEHHBIX
aHTUJIETIPECCAHTOB, KOTOPBIE YJIydlIat0T HACTPOCHUE U 001IIee ICUXUUECKOe COCTosAHuE. B ycnoBusx
BBICOKOW y4eOHOH Harpy3ku M TOCTOSHHOTO CTpPEcCa, XapaKTepHBIX U CTYJICHUECKOW KU3HH,
¢u3nyeckas aKTUBHOCTb MOXeET CTaTb J(Q(EKTUBHBIM HHCTPYMEHTOM JUIsL IOAJEpKaHUA
MICUXOJIOTHYECKOT0 3710pOBbs. HemocTatok (hu3nyeckoil akTUBHOCTH, HAIPOTUB, MOXKET YCyryOUThH
IICUXOJIOTUYECKUE MTPOOJIEMbI, IPUBECTH K CHUIKEHUIO CAMOOLICHKH, YXYALICHUIO KOHLIEHTPALUH U
MOBBIIICHHON yTOMIIIeMOCTH [1].

CoumasnbHble acCHeKTbl TAaK)K€ WIPAIOT BaXXKHYIO pOJb B IpoOjeMe HHU3KOM MOTHBALMM K
¢usnveckoil KyiabType. MHOTME CTyIEHTBl UYyBCTBYIOT ce0si HEKOM(POPTHO B TPaJAUIUOHHOU
00CTaHOBKE CIIOPTUBHBIX 3aJI0B U HA 3aHATUAX, OCOOCHHO €CIIM OHU HE UMEIOT JIOCTaTOYHOI'O OIbITA
WA HaBBIKOB B criopte. CTpax HEyJjauu, CTECHEHUE M3-3a CBOCH (u3nuecKoil (OpMbI WiIM CpaBHEHHE
c Oosee MOArOTOBJICHHBIMM CBEPCTHUKAMU MOTYT CTaTh CEPbE3HBIMU OapbepaMu Uil y4acTHs B
3aHATUAX QU3NIECKON KyIbTypoii [S].

Kpome Toro, counanbHas M30J5L0US U OTCYTCTBHE MOJAEPKKU CO CTOPOHBI JpPYy3€d U CEMbU
TaK)Ke MOT'YT CHU3UTh MOTHBALMIO K 3aHATHAM CIOPTOM. BaKHO cO3/1aBaTh NMOJACPKUBAIOLIYIO U
MHKJIIO3UBHYIO Cpely, B KOTOPOH KaXKAbIl CTYJEHT 4YyBCTBYeT ce0s KOMQPOPTHO M YBEpPEHHO,
HE3aBUCHMO OT €ro (PU3MYECKOM MOATOTOBKHU H OTIBITA.

OOpasoBarenbHble (AaKTOPbl TAKXKE OKA3bIBAIOT CYLIECTBEHHOE BIMSHUE HAa MOTHBALIUIO
CTYACHTOB K (U3NYECKOH KyibType. TpaaulMOHHBIE METOIBl NPENOJaBaHHsi, OCHOBAaHHBIC Ha
MOHOTOHHBIX YIPaKHEHHUSAX M CTPOTMX IIpaBUiaX, YaCTO HE BBI3BIBAIOT MHTEPECA y COBPEMEHHOHN
MOJIOJEKA. MHOTHE CTYIEHTBl CYHMTAIOT 3aHATHA (U3NYECKOH KyJIbTYpOH CKYYHBIMH W
HEMHTEPECHBIMU, YTO MPHUBOJAUT K MX YKJIOHEHHIO OT 3aHATHH U (HOPMUPOBAHHUIO HETATUBHOIO
OTHOIIIEHUS K CIIOPTY B 1IeJIoM [2].

BaxHO BHEOPATP MHHOBALMOHHBIE METO/AbI OOYYEHMs, KOTOpbI€ YUMTBHIBAIOT HHTEPECHl U
MOTPEOHOCTH COBPEMEHHOM MOJIOJIEKH, M CO3/1aBaTh YCJIOBUS JJSl Pa3BUTHSA NMPOPECCHOHATBHBIX
KOMIIETEHIMH mpernoiaBaTeneil pusnueckon KyabTyphl.

B KoHTEKCTE COBpEMEHHBIX TEXHOJIOTMUECKUX JOCTHKEHU, HCII0JIb30BaHNEe BUPTYyasibHOM (VR)
U JIOTIOJIHEHHOH peanbHOCcTH (AR) mpencraBiseT co0oii MepcneKTUBHOE HANpaBlIeHUE JJIS peleHHs
poOIeMbl HU3KOM MOTUBAIIMK K (PU3HUECKOU KyJIbType [4].

VR-urpsl u AR-npuioxeHus MpeularaloT HOBBbIE BO3MOXHOCTH JUIsl 3aHSATHHA CIOPTOM,
KOTOpbIE MOTYT OBbITh 00Jiee HWHTEPECHBIMH W MOTHUBHUPYIOIIMMHU, Y€M TPaJULHMOHHBIE METO/BI.
Hanpumep, VR-mryTepsl M CHOPTHBHBIE CHMYJIATOPHI TO3BOJIAIOT CTYJEHTaM HOTPY3UTHCS B
BUPTYaJbHBIH MUDP M BBINOJHATH (PU3UYECKHE YIPA)KHEHUS, HE OCO3HABas, YTO OHU 3aHUMAIOTCS
crioptoM. AR-IIpWIIOKEHHS, B CBOK OYEPElb, MOTYT MCIIONb30BAThCS JUISI M3YyYEHUS TEXHUKH
BBIITOJIHEHUS YNIPAKHEHUW, KOHTPOJISI 3a IPABUIBHOM OCAHKOM M OTCIEKWBAHMS IIporpecca B
TpeHupoBKax. [3].

Buenpenne VR u AR B oOpa3oBarenbHBIii npoliecc Gu3NUecKoil KyJIbTypbl MOXKET PEIIUTD Psij
po6JeM, CBA3aHHBIX ¢ HU3KOM MOTHBaLMel CTYZeHTOB. Bo-TIepBBIX, 3TH TEXHOJIOT MU JENAI0T 3aHATHS
0oJiee MHTEPECHBIMH U YBIJIEKATE€IbHBIMU, YTO IOBBIIIAET YPOBEHb BOBJIEUEHHOCTHU CTYJIEHTOB B
nporecc ooyuenus. Bo-sTopsix, VR u AR 1o3BoIsI10T co3/1aBaTh NEPCOHATU3UPOBAHHBIE TIPOTPAMMBI
TPEHUPOBOK, KOTOPHIE YUUTHIBAIOT MHAWBHUIYaAIbHbIE TOTPEOHOCTH U MHTEPECHI KAXI0TO CTYACHTA.
B-TpeThux, 3TH TEXHOJIOTUU 00ECHEUMBAIOT OOpPATHYIO CBSI3b B PEKUME PEATbHOIO BPEMEHH, UTO
MO3BOJISIET CTYJCHTaM KOHTPOJIUPOBATH CBOM PE3YJIbTaThl U KOPPEKTUPOBATH CBOM JeHCTBHSL. [2].

Onnako, BHeapenne VR m AR B oOpa3zoBaTenbHBIN mpolecc (pU3NUECKON KyIbTyphl TakxkKe
CBSI3aHO C PsIIOM BBI30BOB. Bo-TiepBhIX, HE0OX0IMMO 00€CTIEYUTh JOCTYITHOCTh 3TUX TEXHOJIOTHH JIs
BCEX CTY/IEHTOB, HE3aBUCUMO OT UX (PMHAHCOBOT'O MOJI0KEHHsI. Bo-BTOpBIX, HEOOX0IUMO pa3zpaboTaTh
s¢deKkTUBHBIE TPOrpaMMbl 00yUeHus, KOTopble UHTErpupyoT VR u AR B TpaaulMOHHBIE METO/bI
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npenojaBaHus. B-Tperbux, HeoOxoaumo oOyuuTh mpenojaBarened (QU3MUECKOW KyJIbTYpBI
UCIIOJIb30BAHUIO STHX TEXHOJOTHH M pa3pabOTKe HHTEPAKTHBHBIX 3aHsATHU. [1].

HecMoTpst Ha 3TH BBI3OBBI, MEPCIEKTUBHI MCTIONb30BaHusT VR u AR B ¢usnueckoil KynbType
CIIO sBASsIIOTCS MHOTOOOCIIAIOIUMHU. DTH TEXHOJIOTUU MOTYT CTaTh MOIIHBIM WHCTPYMEHTOM IS
IIOBBIIIEHUS] MHTEpeca CTYICHTOB K (U3MUECKOW aKTUBHOCTH, YJIYYIIEHUS HUX (PU3HYECKOrO U
IICUXOJIOTMYECKOI0 3/J0POBbs, & TAK)KE PA3BUTHUS MX COLMANbHBIX HaBbIKOB. BHenpenue VR n AR B
o0pa3oBaTeNpHbI Ipolecc TpeOyeT KOMIUIEKCHOTO MOJXO0/a, KOTOPBIM YYHUTBIBA€T MHTEPECHl U
noTpeOHOCTH CTYIEHTOB, a TakXke OOecmeyrBaeT MOIACPKKY CO CTOPOHBI 00pa3oBaTEIbHBIX
yupekaeHui u obuiecTsa B 1eiaoM. TakuM 00pa3oM, akTyallbHOCTb MTPOOJIEMbl HU3KOW MOTHUBALIUU K
¢usnueckoii KynpType cpenu cryiaeHtoB CIIO TpeOyeT KOMIIEKCHOTO pELIeHHS, B KOTOPOM
MHHOBALMOHHBIE IOAXObI, TAKHE KaK UCNOIb30BaHue VR u AR, urparor KiiroueByo poiib B CO3JaHUU
MOTHBHpYIOLIeH 1 3pPeKTUBHOI 00Opa3oBaTenbHOU cpensl. [5].
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E.Jl. lTonomapes, JI.H. EB1akoBa

BJIMSTHUE CETEX HIMPOKOIIOJIOCHOI'O JJOCTYIIA HA PA3BUTHE
IKOHOMMUKH

VYpanbckuii TEXHUYECKUH HHCTUTYT CBsA3U 1 HHpopmaTiku (¢pumman) PI'BOY BO
«CuOupckuii rocyJapCTBEHHbIM YHUBEPCUTET TEIEKOMMYHUKALUI U HHPOPMATUKN B
r. Exatepuntypre (YpTUCU Cubl'YTU), Poccus

KittoueBbie cioBa: MHUPOKONOIOCHBIN JOCTYT, U(poBas SkoHOMHKA, Poccus, matepHet, BBII,
MCII, mudpoBoe HEPABEHCTBO

B nanHOM cTaThe paccMaTpUBAETCs BIMSHHUE PA3BUTUS LIMPOKOIIOJIOCHOIO AOCTYIIA B UHTEPHET
(IIITH) Ha sxkonomuky Poccuu. IIpoananu3znpoBaHbl MaKpO3KOHOMUYECKNE U MUKPOIKOHOMHUYECKHE
s dexTsl, BKItoyas BiusgHue Ha BBII, npou3BoauTenbHOCTh TPyAa, pa3BUTHE LHU(POBOM S3KOHOMUKH
u Manbix U cpennux npeanpustaii (MCII). Takke uccienyroTess perioHaNIbHbBIE aCIEKThI IIH(PPOBOTO
HepaBeHCTBA. [IpuBeeHbl CTaTUCTUYECKHE AAHHBIE, JIEJIAeTCsl BBIBOA O HEOOXOIUMOCTH YCHJICHMS
rOCYIapCTBEHHOM MOJIUTHKHU B 00JIACTH IIUPPOBOA HHPPACTPYKTYPHI.

E.D. Ponomarev, L.N. Evdakova
IMPACT OF BROADBAND ACCESS NETWORKS ON ECONOMIC DEVELOPMENT

Ural Technical Institute of Communications and Informatics (branch) of
the Siberian State University of Telecommunications and Informatics™
in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: broadband access, digital economy, Russia, Internet, GDP, SMEs, digital conversion.

This article examines the direction of broadband Internet access (BBA) development in
dangerous situations in Russia. Macroeconomic and microeconomic effects are analyzed, including the
impact on GDP, labor productivity, development of the digital economy and small and medium
enterprises (SMEs). International aspects of international standards are also examined. Having
provided statistical data, we can conclude that it is necessary to strengthen state policy in the digital
sphere.

Pazputue 1udpoBoit HHPPACTPYKTYphl SBISETCS KIIOYEBBIM (AKTOPOM MOJEPHU3ALUU
skoHOMHKM. B XXI Beke aocTynm K BBICOKOCKOPOCTHOMY HMHTEPHETY pPAcCMaTpUBAETCS Kak
CTPaTETMYECKU pPECypc, CONOCTaBUMBIM IO 3HAYMMOCTH C TPAHCIOPTHOW M HIHEPreTHUYECKOU
undpactpykrypoit. s Poccumn, obnmamaroreit MpOTSHIKEHHON TEppUTOpUEH M CYIIECTBEHHBIMU
MEXPETHOHATIBHBIMH PA3IHMUUSAMH, IUPOKONONOCHBINH noctyn B uHTepHeT (LLII/) urpaer BakHyio
poJIb B 00ECIEUeHUN YCTOMUYMBOrO SKOHOMHUYECKOT0 POCTa U MOBBILIEHUS] KOHKYPEHTOCIIOCOOHOCTH.

Lenbto nanHo# pabots! sBasieTcst aHanu3 BaustHUs LTI Ha 5KOHOMUKY, BBISIBJI€HHE OCHOBHBIX
KaHaJOB ATOTO BIIMSHHUS M OIIEHKa CYIIECTBYIOIIUX OapbepoB, 3aMEUISIONINX pa3BUTHE LUPPOBOI
UHPPACTPYKTYPHI.

1. Oxonomuueckoe 3nayenue LI/

1.1. BiusiHue Ha BaJloBOM BHYTPEHHUN ITPOAYKT

CormacHo ouenkaM Bcemupnoro 6anka, yBenuueHue nponukHoBenust IHITJ[ wa 10%
cniocobctByeT pocty BBII Ha 1,2-1,5% B cTpanax ¢ pa3BuBaronieiicst skonomuko# [1]. Poccuiickue
JaHHbIE TIOATBEPKAAIOT ATy TeHAeHUHI0. [1o nanaeiM MuHmupst PO, pernoHs! ¢ BBICOKUM YPOBHEM
nponukHoBeHus LI/ nemoHCcTpUpYIOT O0JIee BBICOKHE TEMITBI POCTa CEKTOpPa YCIIyT, ocodeHHo B UT,
00pa3oBaHUH, TEJIEMEAUIIMHE U SJICKTPOHHOU KOMMEpIIHH [2].

1.2. PocT npon3BOANTENBHOCTH TPyaa
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Hamuune LI/ nHanpsiMmyio BIMSE€T Ha MPOM3BOAUTEIBLHOCTH TPYyJda 3a CUET aBTOMATH3ALMHU
MIPOIIECCOB, UCIOIB30BAaHUS OONAYHBIX TEXHOJOTHH M CHM)KEHUS TPAH3aKIIMOHHBIX HM3JEPXKEK. JTO
ocobenno BaxxkHo st MCII, kortopeie Omaromapst IIITJ] momydyaroT AOCTyn K HOBBIM pBIHKaM,
KJIIMEHTaM U yNOpaBlIeHYeCKUM HHCTpyMeHTaM. [lo omenkam Poccrara, npeanpusiTusi, BHEAPUBIINE
M (pOBBIE TEXHOIOTUH, PUKCUPYIOT POCT MPOU3BOAUTENLHOCTH Ha 15-25% [3].

1.3. ITognep>xka nudpoBoit Tpanchopmaru Ou3Heca

T/ crtocoOCTBYET Mepexomy NpeAnpUsITH K UG POBBIM OU3HEC-MOACIISAM. DTO BBIPAKACTCS
B YBEIIMUCHUHU OHJIAWH-TIPOAaX, ucnoib3oBaHul CRM-cucrem, udpoBoit 0OT4ETHOCTH, HIIEKTPOHHOTO
JIOKyMEHTO000pOoTa U BHeIpeHuH seMeHToB U [4]

2. PernonanbHbIe acIIEKTHI: IIU(PPOBOE HEPABEHCTBO

2.1. [Ipobnema 10CTyTHOCTH

Hecmotpst Ha 3HauMTeNBHBIN IIpOrpecc, B Poccuu coxpaHsroTcs pernoHanbHble pasinuus. 1o
nanHbIM Poccrara, B MockBe u Cankr-IlerepOypre ypoens noakatouenus k LITTJ] npesbimaet 98—
99%, B TO BpeMms Kak B psine paiioHoB Cubupu u JlansHero Bocroka on He mpesinaetr 60% [3]. 3to
OTrpaHUYMBACT PA3BUTHE MPEINPUHUMATEIBCTBA, 00Pa30BAHUS U 3PABOOXPAHEHUS.

2.2. T'ocynapcTBEeHHbIE IPOTPaMMBbl

B pamkax wnHanumonampHoro mnpoekra «lludpoBas skoHOMHKa» peanu3ylOTCs MeEpbl IO
obecnieyennto 100% conuanbHO 3HAYUMBIX 00BEKTOB IIMPOKOIIOIOCHBIM JOCTYoM B nHTEepHET [8]. K
koHIy 2024 roma Gomee 1 ThIC. TOCYZapCTBEHHBIX YCIYT IMEPEBEICHO B AJIEKTPOHHBIA BHUJ, YTO
noBbImaeT 3()(HEeKTUBHOCTh B3aWMOJCHCTBUS MEXIYy TpakJaHaMd U rocygapcTBoM. OmHAKO
MporpaMMa CTaJKUBaeTCs ¢ MpoOiIeMaMu: BbICOKas CTOMMOCTD MTPOKIIATIKU CETEH B TPYAHOAOCTYITHbIE
paifoHbl, 1e(PUIUT CIEIMAIMCTOB U HU3KAash MOTHBALIUS ONIEPATOPOB CBSI3H.

3. IOIT/[ xax ¢akTop yCTOMYMBOTO pa3BUTUS

3.1. Hudposas uHKIFO3US

JlocTyn K MHTEPHETY CIIOCOOCTBYET BOBJICUCHHUIO HACEIIEHUSI B SKOHOMUYECKYIO aKTUBHOCTh —
yepe3 yaaaEHHyo padboTy, OHIaitH-00yueHHEe U TOCYCITyTH. DTO 0COOCHHO BaXKHO 1711 MaJIOMOOMITBHBIX
TPYIIl HACEJEHUS U OTHAIEHHBIX TEPPUTOPUA.

3.2. DddexT Ha UHBECTUIIMOHHBIN KJIUMAT

LIITA ynydimaeT HMHBECTULIMOHHYIO IIPUBIIEKATEIIBHOCTh pPEruoHoB. Hanmuuue passuron
u(poBoli MHPPACTPYKTYPHI CTAHOBHTCS OJHUM H3 (PAKTOPOB pPa3MEIICHUS IMPOU3BOICTB H
TEXHOJIOTUYECKUX KOMITAHUM.

4. lludpoBuzaiust MaJIOTO U CPETHETO MPEANPUHUMATETHCTBA

Manbie u cpennue npeanpustus (MCII) urparoT KIrOUeBYIO poiib B CTPYKTYPE POCCHUHCKOM
SKOHOMHKH, (opmupyss Oonee 20% BBII u oOecneunBas 3aHATOCTH 3HAYUTEIBHOM J0OJIH
TpynocnocooHoro HaceneHus. llupoxononocHslit foctyn B uHTEepHET npeaoctasiasier MCII HoBble
BO3MOKHOCTH: BBIXOJl Ha OHJIalH-peIHKH, JocTyn K CRM, ERP u npyrum nndpoBsiM HHCTpyMEHTaM.

Tem He MeHee, U(PPOBOE HEPABEHCTBO MEXIY PETHOHAMH CIACPKHMBAET MOTEHLMAT Majoro
OousHeca. B oTnanéHHbIX palioHax MpenNpUHUMATENN CTaJKUBAIOTCS C BBICOKMUMHU M3JEPKKaAMH U
c1aboi KIMEHTCKOM 0a30ii, 4TO MEIIaeT UM BHEJPSTh HU(PPOBBIE PEIICHUS.

5. Bimstaue HIII/] Ha pBIHOK TpyZa U 3aHATOCTH

HIIT/] criocoOGCTBYyeT pacHpOCTpaHEHHIO AMCTAHIIMOHHOM M TrubOkoil 3ansToctd. B 2023 rony
0K0J10 35% pabOTHUKOB UCIIOJIL30BANIN yIAIEHHYIO (popmy padboTs [3]. PasBuTtue dpuianc-mnardopm
(mampumep, YouDo, Kwork) u mnoBbllleHHE TOCTYNHOCTH OHJAMH-OOy4YEHHUs CO37al0T HOBBIE
BO3MOKHOCTH TPYAOYCTPOMCTBA.

HIIT/] Takke crocoOCTBYET pa3BUTHIO YeloBedeckoro kanurana. OnnaitH-mnardopmsl (Stepik,
Heronorus, CoOepYHuBepcurer) o0ecneunBaloT JOCTyll K 0Opa3oBaTelbHBIM IpOrpaMmmanm,
MOBBIIAIOLINM HU(PPOBYIO TPAMOTHOCTh HACEJICHUSI.

6. MexxyHapOAHBIN ONBIT U CPAaBHUTEIbHBIA aHAIN3

HOxnas Kopes — muaep mno mnponukHoBeHuto LHITI (99%): mourHas uHppacTpykTypa
MTO3BOJIMIIA YCKOPUTH POCT IU(ppOBBIX cepBrucoB u U T-0u3Heca.
EC — cyOcuaupoBanue omepaTopoB CBSI3U INPU TOAKIIOUEHUH YIAIEHHBIX TEPPUTOPUH,

Hannuue nporpammel «Lludposas EBpomnay.
CHIA — B 2021 1. BeImEneHO $65 MIIpa HA pacUIMPEHUE MIMPOKOMOJIOCHOW CETH B paMKax
MH(PACTPYKTYPHOIO MaKeTa.
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Poccuss  pemoHcTpupyeTr 1mporpecc, HO OTCTa€T II0 YPOBHIO CKOPOCTHM COEIWHEHHS,
PAaBHOMEPHOCTH IOKPBITUS U JOCTYITHOCTU UHTEPHETA B YAAJIEHHBIX palilOHaX.

7. IIpo6nemsr u 6apwepsl pazputus I/ B Poccun

* OUHAHCOBBIE OTPAHUYECHHUS: HU3KAs JOXOAHOCTh B MaJIOHACEIEHHBIX pailoHaX;

* AIMUHUCTpaTUBHBIE Oapbephl: CI0KHOCTU C TIOTYYECHUEM pa3pelIeHu;

» KagpoBsie mpoOniemMbl: HeXBaTKa WHXKEHEPOB cBs3H U U T-crennanucToB B peruoHax;

e Texuuyeckue TPYOHOCTU: TOPHO-JIECUCTBIE U CEBEPHbIE TEPPUTOPUH  TPEOYIOT
cienn(puaecKoil ”HPPACTPYKTYPHI.

HIupOKOMONIOCHBIM AOCTYIN B HUHTEPHET SABISETCS OJHUM U3 KITIOUEBBIX (PAKTOPOB YCTOHYHBOTO
Y MHKJTFO3UBHOTO Pa3BUTHS POCCUICKON SKOHOMUKHU. Ero BiMsiHUE TpOsIBIIsIETCS BO Beex chepax — oT
BBII u 3ansitoctu 1o oOpa3oBanus W OusHeca. [[ns peanuszanuu 3TOro moTeHIMana HEOOXOAUM
KOMIUIEKCHBIH TIOAXON: pa3BUTHE HH(PACTPYKTYphl, CyOCHAMHM Ha TOIKIIOUEHHE, YCTpaHEHHUE
undpoBoOro HepaBeHCTBa, cTuMyaupoBanue U T-unBecTunnii v nmoBeieHNe HUPPOBOI rPAMOTHOCTH.
Tonpko Tak MOXXHO OOECIEUHUTh yBepeHHOE JABIKeHHe Poccum B CTOpOHY HU(POBOM SKOHOMHUKHU
Oymy1ero.
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VYpanabCKuil TEXHUYECKHI MHCTUTYT CBSI3U U HHPOpMaTHKH ((punan) ¢penepaabHoe ToCy1apCTBEHHOE
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KitoueBsie cioBa: MH()OKOMMYHUKAIIMOHHBIE TEXHOJIIOTUH, HU(POBas IKOHOMHKA, HU(poBas
tpancopmarus, MKT-cekrop, mpon3BOAUTEIHLHOCTD TPY/la, SKOHOMUYECKUH POCT.

B nanHoO# crathe paccMaTpuBaeTCs posib MH(MPOKOMMYHHUKAILIMOHHBIX TEXHOJIOTUH B SKOHOMHKE
Poccun.  IlpoanammsupoBano  tekymee  cocrosHue  MKT-cektopa, ero  BausHHE  Ha
IIPOU3BOIUTEIBHOCTh Tpyda M 3(P(PEKTHBHOCTh SKOHOMUKH. PaccmarpuBaroTcs OCOOEHHOCTH
upoBol TpaHCPOpPMAIIUM PA3TUYHBIX OTpacieil, KiaroueBble BbI30BHI B pazButun UKT wu
CTPaTerMYeCKUe MHULMATUBBI IO MX mpeononeHuto. lloguépkuBaercs crparernyeckas BaXKHOCTH
pa3BUTHS ~ OTCYECTBEHHBIX  MH(POKOMMYHUKAIIMOHHBIX  TEXHOJNOTHMH a1  oOecredyeHus
TEXHOJIOTMYECKOI0 CyBEPEHUTETA U YCTOMYMBOIO 3KOHOMUYECKOTO POCTA CTPAHBI.

M.IL. Popov, L.N. Evdakova
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ECONOMY OF THE RUSSIAN FEDERATION
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Telecommunications and Informatics" (UrTISI SibGUTI), Yekaterinburg, Russia

Keywords: information and communication technologies, digital economy, digital
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This article examines the role of information and communication technologies in the Russian
economy. The current state of the ICT sector and its impact on labor productivity and economic
efficiency are analyzed. The features of digital transformation across various industries, key challenges
in ICT development, and strategic initiatives to overcome them are considered. The strategic
importance of developing domestic information and communication technologies to ensure
technological sovereignty and sustainable economic growth of the country is emphasized.

CoBpemenHas skoHOMHKa Poccuiickoit ®enepanuu, Kak U MHPOBas SKOHOMHUKA B IIEJIOM,
npereprieBaeT (QyHJaMEHTalbHbIE W3MEHEHMs, CBsi3aHHbIE C LU(GPOBOM TpaHCchopMaluei.
NH(pokoMMyHHKAIIMOHHBIE TEXHOJIOTHMH HUIPAIOT KIIOYEBYIO POJb B 3TOM IPOIIECCE, BBICTYIas HE
TOJIBKO KaK CaMOCTOSITEIbHAsI OTPACIIb SKOHOMHKH, HO U KaK MH(PPACTPYKTypHasi OCHOBA JJIsl pa3BUTHUS
BCEX CEKTOPOB HAPOJHOTO X03s1iicTBa. B ycinoBUAX m00aibHBIX SKOHOMHUUECKUX U3MEHEHUN pa3BUTHE
OTEUECTBEHHBIX MH()OKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI MpHoOpeTaeT CTpaTernueckoe 3Ha9YeHue Juis
o0ecredeHns TEXHOJIOTUYECKOTO CYBEPEHUTETA U YCTOMUMBOTO 3KOHOMUYECKOTO POCTA CTPAHBI.

Cekrop HH(}OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJOTMH 3aHMMaeT BaXHOE MECTO B
CTPYKType poccuiickoi skoHOMUKH. [1o manueimM Poccrara, Bkitan MKT-cexropa B BBII Poccun Ha
2023 rox cocraBun okoso 3,7%, 4TO 3HAYMTENBHO BbIpocio ¢ 2,7% B 2018 rogy [7]. Orpacns
JEMOHCTPHUPYET YCTONUUBBIN POCT J1aXke B MEPUOBI OOIIET0 SKOHOMUYECKOTO CIajia.

TenekoMmyHuKaimonHass HH(ppacTpykrypa Poccum xapakTepusyeTcsi BBICOKHMM YpPOBHEM
pa3BUTHSA:

- IPOHUKHOBEHNE MOOUIIBLHOM cBs3H mpeBbimaeT 180%, 4To CBUAETETBCTBYET O BHICOKOM
JOCTYITHOCTH yCIIYT;
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- OXBaT HACEJICHUs IIHUPOKOIOJIIOCHBIM JOCTYIIOM B MHTEPHET JOoCTUT 88,6% K Hauany 2024
rofia; akTUBHO pa3BUBaeTcs uHPpacTpykrypa SG;

- peanu3yeTcs mporpamma yCTpaHeHUs HU(PPOBOro HEPABEHCTBA MEXTy TOPOJACKUMU U
CEJIbCKUMU TEPPUTOPUSIMHU [5].

Poccutickuit ppiHOK HHPOKOMMYHUKAIIMOHHBIX TeXHOIOTHH B 2023 rogy olieHuBacs 0oJiee 4eM
B 2,5 TpnH pyOiei, mpu 3TOM HamOoiee JAWHAMHYHO DPACTYIIMMU CETMEHTaMHU ObLIH OOJavyHbIe
cepBuchl (+28%), yciyru nara-ueHTpoB (+24%) u undopmarmonHas 6e3onacHocts (+19%) [2].

Cerment UKT-prinka [Ipupocrt KiroueBbie dakTopsl pocTa
(%)
OO6nayHble CEpPBUCHI +28% [Mudposas Tpanchopmariius OuzHeca, MOTPEOHOCTH B
ruOkux U T-pemenusix, MMIIOPTO3aMeIICHNE
VYenyru gara-ueHTpoB +24% Poct 06beMOB TaHHBIX, TPEOOBAHUS K JTOKAIN3AIINH,
pa3BuTHE MUGPOBBIX TIATHOPM
HNudopmanmonnas +19% Poct xubepyrpo3, HopMaTuBHBIE TPEOOBAHMUA,
0e30MacHOCTh KpUTHYECcKasi ”HPpacTpyKTypa
OneKTpoHHas +15% N3MeHeHue noTpeOnuTeNbCKUX IPUBBIYEK, PA3BUTHE
KOMMEPIIHS JIOTUCTHKH, IU(PPOBBIE MIIATHOPMBI
MoOunbHas cBsI3b U +8% Pacmmpenune mokpsITHs, pOCT TpaduKa JaHHBIX,
UHTEPHET BHespeHue 5G
[TporpammHoOe +12% HNmnopro3amelieHue, aBToMaTu3alus ousHec-
obecrieueHue poLeccoB, HU(poBU3aLUs

Tabmuua 1. [{lunamuka pa3Butus kitodeBbix cermeHToB MKT-prinka Poccnu (2023 1.)

Buenpenue COBpEMEHHBIX HH(POPMALMOHHO-KOMMYHHUKAI[MOHHBIX TEXHOJIOTMHA OKa3bIBAeT
3HAYUTEIBHOE BIIMSHHUE HA IOBBIIIEHHUE INPOU3BOAUTEIBHOCTH TpyJda B POCCHMCKONM 3KOHOMMKE.
CornacHo uccienoBaHusM Bpiciieit HKosIbl 3KOHOMUKH, OTPACIIM C BHICOKMM YPOBHEM LU (POBU3ALNU
neMoHcTpupytoT Ha 20-30% Gosiee BBICOKYIO IPOU3BOAUTENIBHOCTD TPY/Ia [0 CPABHEHUIO C OTPACIISIMU
¢ HU3KUM ypoBHeM BHeapenus MKT [1].

OcCHOBHbIE MEXaHU3Mbl BIMSIHUSA WH(POKOMMYHHMKALMOHHBIX TEXHOJOIMH Ha 3(QQPEKTUBHOCTDH
SKOHOMMKH BKJIIOYAIOT:

- ONTUMU3AIUI0 OU3HEC-IPOLIECCOB Yepe3 BHEAPEHHE KOPIIOPATUBHBIX HHPOPMAITMOHHBIX
CHCTEM U aBTOMATHU3alMI0 PyTUHHBIX ONepalui;

- CHIDKEHHUE TPaH3aKIIMOHHBIX U3EPIKEK 33 CUET pa3BUTHUS IEKTPOHHOTO T0KYMEHTOO00pOTA,
OHJIalH-TIIaTeXel U HU(POBBIX MIATPOPM B3aUMOJCHCTBHS;

- oBbIIIeHUE 3()(HEKTUBHOCTH JIOTUCTUKH U YIIPABICHUS 3allacaMU C MCIIOJIb30BAHUEM CHUCTEM
reono3urnonnpoBanusi, RFID-MeTok u aHanuTuku 1aHHbIX [6].

B poccuiickom KoHTekcTe 0co0yr0 pojib MrpaeT LU(PPOBHU3AIMs IOCYIaPCTBEHHOIO CEKTOpa,
KOTOpPBIM COCTaBIsieT 3HAYUTEIbHYIO JOJI0O DJKOHOMUKH. Pa3BuTue CHUCTEM 3IEKTPOHHOTO
IIPaBUTENBCTBA U IM(POBBIX TOCYJAPCTBEHHBIX YCIYT TO3BOJIMJIO CYIIECTBEHHO IOBBICUTH
3¢ ($EeKTUBHOCTh FOCYAapCTBEHHOTO YIIPaBIIEHUS U CHU3UTh a/IMUHUCTPAaTUBHbIE Oapbepbl I Ou3Heca
[9].

Biusiane WH(QOKOMMYHHMKAIIMOHHBIX TEXHOJIOTHMM Ha pa3IMuHbIE CEKTOpa POCCHICKOM
HSKOHOMHUKH HEPaBHOMEPHO, HO BO BCEX KJIIOUEBBIX OTPACIAX HaOJIOAAIOTCS 3HAUYUMBbIE MPOLECCHI
uudposoit Tpanchopmanmu [10]:

@DUHAHCOBBIM CEKTOpP SABJISETCSA JUAECPOM IO ypoBHIO LuppoBuzaiuu B Poccun. Poccuiickue
0aHKM 3aHUMAIOT MepeAOoBble MO3UIMKM B MHpE MO pPa3BUTHIO IUGPOBBIX cepBucoB, a Cucrema
ObICTpBIX TUIaTexelt u Enunas Guomerpuueckas CuCTeMa co31atoT MHPPpacTPyKTypy I JalbHEHIIIX
WHHOBAIM [1].

Po3HnuHast TOProBist akTUBHO pa3BUBaeT OMHUKAHAJIbHBIE MOJIENIN M OHJIaiH-Tu1aTdopMbl. Jlors
3JIEKTPOHHOM KOMMEpLIMHU B 00111eM 00beMe pOo3HUUHBIX Iponax B Poccuu Beipocia ¢ 6% B 2019 rony
1o 15,2% B 2023 rony [7].

[IpoMBINIIEHHBIN CEKTOP JEMOHCTPUPYET Oosiee MeIJICHHbIE, HO YCTOWYHMBBIE TEMITbI LIM(PPOBOI
tpanchopmanuu. Haubonee axkTHBHO HMH()OKOMMYHHUKAIIMOHHBIE TEXHOJOTHH BHEAPSIOTCS B
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He(dTerazoBoM CEKTOpe, METAILTYPIHH U MAITMHOCTPOCHUH, T/1€ HAOII0aeTCs TEHACHIIHS K CO3aHUI0
"YMHBIX TIPOU3BOACTB" Ha 0a3e MPOMBIIUIEHHOTO HHTEpHEeTa Belei [3].

Tpancopr U JOTMCTHMKA AKTUBHO HUHTETPUPYIOT LHUQPPOBBIE pEIICHUS ISl ONTHMHU3ALUU
MapHIpyTOB, MOHUTOPUHIA TPAHCIOPTHBIX CPEACTB W YIPAaBICHUS LIETIOYKaMU MOCTaBOK. CHUCTEeMbl
ITIOHACC/GPS, 31eKTpOHHOTO JAOKYMEHTOOOOpOTa M IUIaT(OPMBI arperaTopoB CO3AaI0T HOBYIO
uHppacTpyKTypy orpaciu [2].

Cenbckoe X0341CTBO NepeKUBAET HU(PPOBYIO PEBOIIOLHUIO C BHEAPEHUEM TOUHOTO 3EMIIECIHS,
JPOHOB JIsl MOHUTOPUHTA MTOCEBOB M CHUCTEM aBTOMAaTHYECKOTO YIIPABJICHHS CEIbXO3TEXHUKOU, YTO
0COOEHHO aKTyaJIbHO IS TIOBBIIIICHUS ITPOIOBOJILCTBEHHON Oe30macHOCTH cTpansl [10].

Pa3BuTre nH()OKOMMYHHKAIIMOHHBIX TEXHOJIOTHIA B Poccuu cramkuBaeTcs ¢ psiioM Cephe3HBIX
BBI30BOB:

- TEXHOJIOTHYECKasi 3aBUCIMOCTh OT UMITOPTHBIX PEHICHH B cepe 3MeKTPOHHOM
KOMITOHEHTHO#M 0a3bl, CETEBOr0 000pYAOBaHUS U MPOTrpaMMHOro obecneueHus [3];

- 1eUIUT KBaTH(PUIMPOBAHHBIX KaAPOB B c(hepe NHPOKOMMYHHUKALMOHHBIX TEXHOJIOTHH,
KOTOPBIH IO OIIeHKaM 3KcrepToB MokeT gocturarb 500-700 Thicay crienaancToB K KoHILy 2025 roay
[2];

- n1U(poBOE HEPABEHCTBO MEX/Yy PA3TUUYHBIMU PErHOHAMU CTPaHbl U COLIMATBHBIMU IPYIIaMH
Hacenenus [10];

- mpo0IieMbl KHOEpOE30MaCHOCTH B YCIOBUAX POCTA YKCIA U CIOKHOCTU KUOEpyrpo3 npu
OJTHOBPEMEHHOM YBEJINYEHUH 3aBUCUMOCTH SKOHOMMKH OT LIU(PPOBBIX CUCTEM [5].

B orBer Ha S3THM BBI30BBI pEANU3YIOTCA CTPATETMYECKUE WHULUATHBBI [0 Pa3BUTHUIO
OTEYECCTBCHHBIX WH()OKOMMYHHKAIIMOHHBIX TEXHOJIOTHI:

- nmporpamma "I{udposas sxonomuka Poccuiickoii denepanuu", HarpaBieHHAs Ha
KOMITJIEKCHOE Pa3BUTHE UPPOBOI HHOPACTPYKTYPHI [5];

- CTUMYJIMPOBAaHUE UMIIOPTO3aMeIlleHus B c(hepe MPOorpaMMHOro oOecrieueHus: u
TEJIEKOMMYHUKAIIMOHHOTO 000pynoBaHus [8];

- pa3BUTHE OTEUECTBEHHON MUKPOIIEKTPOHUKHU U AIEKTPOHHONU KOMIIOHEHTHOH 0a3bl [3];
CO3JIJaHH€ MPEANOYTUTEIbHBIX YCIOBUH ISl poccuiickux M T-koMITaHHil 4epe3 HaJIOrOBbIE JIBIOTHI U
CIielaIbHbIe YKOHOMUYECKHUE PEXKUMBI [2].

NH(OKOMMYHHUKAIIMOHHBIC TEXHOJOTHH W CHUCTEMBI CBSI3H BBICTYIAIOT KIIOYEBBIM (haKTOPOM
TpaHchopMalil  POCCHUICKOW HSKOHOMHKH, obOecrieuuBasi TmoBbilieHHE €€ 3(h(EeKTUBHOCTH,
KOHKYPEHTOCIIOCOOHOCTH M YCTOMYMBOCTH K BHEIIHMM BbI3oBaM [9]. B ycnoBusix mnoOaibHBIX
TEXHOJOTUYECKMX M3MEHEHHM U  TEONOJUTHUYECKOM  HANpsSHKEHHOCTH HMEHHO  pa3BUTHE
oredecTBeHHOro MKT-cekropa CTaHOBUTCS OIHUM H3 [JIABHBIX MNPHOPUTETOB SKOHOMHYECKOM
MOJIUTUKH [8].

Maxkcumuzanus NoJoXKUTENbHbIX 3PQexToB oT BHeapeHus HWKT TpeOyeT KOMIUIEKCHOTO
MOJX0/Ia, COYETANIIEro pa3Butue (pusmdeckoil HHGPACTPYKTypbl, GOPMUPOBAHUE OIATOMPUATHOM
PEryISITOPHON Cpebl, UHBECTUIIMM B YETOBEUYECKUM KamuTal M CTUMYJIMPOBAHWE WHHOBALUKA [4].
Tonpko TpU TakOM CHCTEMHOM TMOAXOA€ HH(POKOMMYHUKAIMOHHBIE TEXHOJIOTUHM CMOTYT CTaTh
HACTOSIIIIMM JIpaliBEpOM CTPYKTYpHOUM TpaHC(OpMAlUU POCCHICKONM SKOHOMMKU M 0OOECIEeUYUTh €€
YCTOWYUBBIN POCT B IOJITOCPOYHOM MepcreKTuBe [6].
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B.N. Pe3iok

HUCKYCCTBEHHO - UHTEJUIEKTYAJIBHOE MOJAEJIUMPOBAHHE
KAK BO3MOKHOCTb OBO3HAYEHUA ITPOBJIEM U3YYEHUA U TIOHUMAHUA
OTAEJBbHBIX KPUMHNHAJIBHBIX COINUAJIBHO - OITACHBIX ABJIEHUH

DOI'AOY BO «Poccuiickuii HalMOHAJIBLHBIA UCCIEI0BATEILCKUN
MeauMHCKAM yHuBepcuteTr umenu H.W. ITuporosa»
MunuctepcTBa 3apaBooxpanenus Poccuiickoit @enepauunu
(®PI'AOY BO PHUMY um. H. U. Iluporosa Munsapasa P®D),
P®, r. MockBa

KinroueBbie cioBa: wMeTamoiepH; HHGOPMAIMOHHBIE TEXHOJOTHHM; HMCKYCCTBEHHBII
unreiekt; HWMHW-mopenupoBaHue; CONUAIBHO-OMACHOE SBICHUE;, KPUMUHAIBHOE SIBJICHUE;
MPECTYIJICHUE; )KePTBa MPECTYIUICHHS; KOPPYIIUS; XUILIEHUS OI0[)KETHBIX CPEJICTB.

B  cratee  paccMarpuBaeTCs ~ MCKYCCTBEHHO-UHTEIUIEKTYalbHOE  MOJEIMPOBAHHUE
KaK BO3MOXHOCTbh O0O3HA4YEeHHs MPOOJIeM M3Y4YeHHUS W MOHMUMAHHS OTIACIbHBIX KPUMHUHAIBHBIX
COLIMAJIbHO-ONACHBIX SBJIICHWI. ABTOp CTaTbu Ha IpUMEpe OTAEIbHBIX pemeHuid HWU-
MOJIeJIMpOBaHus 110 HanpasieHusaM «lIpecrymienue», «XeprBa npecryminenus», «Koppynuus»,
«XuleHne Or0PKETHBIX CPEACTBY» OTMEYaeT CoAeprKallhecs B HUX YCTOWUYUBBIE 10IMbl, INTyOOKHE
BBIBOJIbI M CJIO’KHBIE MEXAHU3MBbI, a TAKKE CJIOKMBUIMECS CTEPEOTUIIBI, HETOYHOCTH U MPOOEIIbI,
CBSI3aHHBIE C 3TUMHU SIBJIICHUSAMHU, TPpOOIEMaMU UX U3yUYEHHUS U IOHUMAaHMUS.

V.1. Rezyuk

ARTIFICIAL INTELLIGENT MODELING AS AN OPPORTUNITY TO
DESIGNATE THE PROBLEMS OF STUDYING AND UNDERSTANDING
SOME CRIMINAL SOCIALLY DANGEROUS PHENOMENA

Federal State Autonomous Educational Institution of Higher Education «N.I. Pirogov
Russian National Research Medical University» of the Ministry of Health of the Russian
Federation (Pirogov Russian National Research Medical University), Russian Federation,

Moscow

Keywords: metamodern; information technology; artificial intelligence; Al modeling;
socially dangerous phenomenon; criminal phenomenon; crime; crime victim; corruption;
misappropriations, embezzlements and thefts of budget funds.

The article examines artificial intelligent modeling as a possibility of identifying problems
of studying and understanding some criminal socially dangerous phenomena. The author of the
article, using the example of individual Al modeling solutions in the areas of "Crime", "Victim of
Crime", "Corruption™, " Misappropriations, Embezzlements and Thefts of budget funds™, notes the
stable dogmas, deep conclusions and complex mechanisms contained in them, as well as
established stereotypes, inaccuracies and gaps associated with these phenomena, problems of their
study and understanding.

B nocnennee Bpems (B amoxy «MmeramonepHa» [1, c. 7-9]) ogHO#M U3 caMBIX pelleBaHTHBIX
cTaja TeMaTHKa UCKYCCTBEHHOro wuHTe/uiekTa. IIIupoko o00CyXIarTcs ero MOTeHIHa,
BO3MO>KHOCTH M OCOOCHHOCTH, OPTaHU3AIMOHHBIC U TEXHUYECKUE PEIICHUS, TEXHOJIOTUIECKHE U
TyMaHUTApHbIE HIOAHCHI U JIP.

HcKyCcCTBEHHO-UHTEIUIEKTYalbHOE MO/JIEJTUPOBAHUE (MU -monenupoBanue) Kak
BO3MOXXHOCTh 00O3Ha4UeHUs MPOOJIeM H3y4YeHUS ¢ TOHHMAaHUS OTJEIbHBIX KPUMHHAIBHBIX
COIMAIbHO-OTIACHBIX SIBJICHHH, IPECTABISACTCS, 3aCIyKUBAIOT OT/ACIHHOT'O BHUMAHHS.
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B KoOHTekcTe BBIIEIEHHOW HccleayeMOol NpoOJIeMaTHKU AONOJHUTEIBHO CIENYEeT Y4YeCTh
TaKXKe:

BO-TIEPBBIX, TEHJCHIUN K BU3YyaJIU3allMd BO MHOTUX c(epax, B TOM 4HCIIe paHee He (0CTpO)
aKTyaJbHBIX JJI MOAOOHBIX peleHul [2, c. 62—64], k ynpoueHuto Gpopmsl nogauu nHpopmauy;

BO-BTOPbIX, YCTOHYHMBYI AKTYaJbHOCTh OTAEJIBHBIX KPUMHUHAJIBHBIX COLMAIbHO-OMACHBIX
sBieHul [3, c. 17-38; 102—117], Hepeako — ee MOBHIIICHUE;

B-TPETbUX, HaIW4YMe NpoOJeM H3y4eHHMs] M TOHMMAHMS OTIEIbHBIX KPUMHHAIbHBIX
COIIMAJIbHO-OTIACHBIX SIBJICHUI;

B-YETBEPTHIX, HEOOXOJUMOCTb PpA3BUTUS COOTBETCTBYIOIMX METOJUK HW3Y4YeHUs U
noHuMaHus (00pa3oBaTENbHBIX, TOJKOBATEIBHBIX U JIP.).

Jli11 BCECTOPOHHETO M3y4YeHHsI M IOHUMaHUS OT/AEIbHBIX KPUMUHAIBHBIX COLUAIbHO-OMACHBIX
npoOjieM  HEBO3MOXXHO HE yYUTHIBATh TEHACHUUH U JOCTIKEHHS OOIIECTBEHHOTO H
TEXHOJIOTUYECKOTro pa3BUTHA. CTpeMHUTENbHO pa3BUBAIOIIMECS WH(GOPMALMOHHBIE TEXHOJOTHH
MpUBETH K (POPMHUPOBAHUIO U PA3BUTHIO HCKYCCTBEHHOTO MHTEIIJICKTA, NCIOJIB30BAHUIO HEHpoceTeil.
NN -MonenupoBaHue yxe CTajlo 3aMETHON 4acThIO MpoLiecca PeleHUss MHOTHX 3a7ad.

Ecnu npussaTh BO BHUMaHueE, yTo pe3ysbraT MM -monenupoBanust oTpaxaer, Hapsily C UHBIM,
HaKOIUJICHHbIE 3HAHUS U ONBIT, TO B BOIIPOCAX M3YUYEHUS M NOHUMAHMS OTAEJIbHBIX KPUMHHAIBHBIX
COLIMAJIBHO-OTACHBIX SIBICHUH IO 3TUM pe3yJbTaTaM MOTYT OBITh 00O3HAYEHBI OTACIIbHBIC
MPOOIEMBL.

Tak, onHOM U3 HelpoceTel ObLIO CrEHEPUPOBAHO M300pakeHUE MPECTYIICHUS, TOKa3aHbl
HEKOTOpbIE€ TUIHYHBIE YEPThI MPECTYIJIEHUH M MPECTYNHUKOB, HanboJiee ySI3BUMbIE KaTErOpHH
(pucyHok 1).

Puc. 1 CrenepupoBannsie 1U n3oOpaxxenus no Hampasnenuto «IIpecrymienue» [4].

Jpyrum pecypcom ObLIO BBIJEIEHO MOHATHE KEPTBBI MPECTYIUICHUS: «3TO (HU3NUECKOEe WIN
IOPUANYECKOE JIUI0, KOTOPOE MOHECTIO YIIEpO B pe3yJibTaTe MPOTUBOMNPABHBIX IEUCTBUN IPYTUX JIUID)
u ap. [5].

Bmecre ¢ TeM, B BblIeNeHHbIX pe3ynbratax HM-monenupoBanuss 00o03HadaroTCA
HAJIMYECTBYIOIME POOIeMbl U3yUeHHs U TOHUMAaHUS, HallleIII1e JOTOJHUTEIbHO MOITBEPXKICHHE,
OTpa)kKeHUE:

aKIEHT CleJlaH Ha YCTOMYMBBIX (POpPMax KPUMHUHAIBHOW aKTUBHOCTH CO CTOPOHBI (PU3NYECKU
aKTUBHBIX JIMI[ B YCJIOBUSX HEOUEBUIHOCTU U Jp. — HE (OCTATOYHO) YJEJIIEHO BHUMaHHWE MHOTMM
MHBIM acreKTaM (HEOCTOPOXKHBIM JIeSTHUSM, MOIIEHHUYECKUM JCHCTBUSAM U JP.);

JTAJIEKO HE BCE JKEPTBBHI TNPaBOHAPYIIECHUHN («IIPOTHUBOMPABHBIX ACUCTBUN» [5]) sABISIOTCA
KepTBaMU MPECTYIICHUH, TPeOYIOIUX 0COObIX Mep 3aIlUThI U JIp.

B pesynbrate MM-mMopenupoBanus no HampapieHU0 «Koppynuus» OTpaX€Hbl THUIINYHBIE
YepThl COLMAIBHO-OMACHOTO SBJIEHUS (KOPBICTHBIA XapakTep, MHorooOpasue Qopm, ydacTue
JOJKHOCTHBIX JIMIL U AP.), €€ MOHATHE («3JI0yNOTpeOIeHNE BIACTHIO /IS TOJTyUYEHUS INYHON BBITOJIbI»
[6]), HEeKOTOpBIE U3 HUX BU3YAIM3UPOBAHBI (PUCYHOK 2).
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B pesynbratax UHW-MonenupoBaHus MO HAaNpaBICHUIO OJHOM M3 CaMbIX aKTyaJlbHBIX WU
OTacHBIX (HOPM KOPPYIIIUU — XUIIICHUH OFOKETHBIX CPEJICTB — OTPAXKEHO, UTO «ITO MPECTYIUICHHUE,
CBSI3aHHOE C HE3aKOHHBIM IPUCBOCHHEM WJIM PacCTpaTOM [EHEKHBIX CPENICTB, BBIICICHHBIX U3
rOCYJapCTBEHHOTO MJI MECTHOTO Oro/pKeTay U nip. [8].

Bmecre ¢ Tem, B BblIeleHHbIX pe3yinbratax WUW-MomenupoBaHuss 0003HAYAIOTCA
HAJINMYCCTBYIOIIUC HpO6JIeMI>I HU3YYCHUSA W TIOHUMAHUA YKAa3aHHBIX BOIIPOCOB, TAKKC HAIICAUINEC
JIOTIOTHUTEIBHO MOJITBEPKICHUE, OTPAKECHHE:

aKIIEHT CJIeIaH Ha HanboJiee 3aMeTHOH (popme KOppyHIHH (B3SITOYHHYECTBE) — HE (JIOCTATOYHO)
yZeJIeHO BHUMaHUEe MHOTHM UHBIM (3JI0yNOTPeOICHUAM U Jp.);

HC TOJIBKO AOJDKHOCTHBIC, HO W HMHBIC JIMLA COBCPIIAIOT ACAHUA KOPPYINIIMOHHOI'O XapaKTepa
(KOppyMUMOHHBIE MPECTYIIICHUS, IPECTYIUICHUS] KOPPYIIIMOHHOTO XapakTepa  T. 11.);

XHUIICHUSA 6IOII)KCTHI>IX CpCACTB COBCPHIAIOTCA KaK IIYTEM IMPHUCBOCHUA WJIUM paCTpaThbl, TaK U
MyTeM MOIIIEHHUYECTBA U Jp.

Takum oOpa3zoM, yKkazaHHOE IO3BOJISIET KOHCTAaTUPOBaTh, yTo M -MonenupoBanue cBsa3aHo
C BO3MOYKHOCTbIO 0003HAu€HHs MpoOJIeM M3yYeHHUsS M NOHMMAaHMS OTAEIbHBIX KPUMHMHAJIbHBIX
COLMAIbHO-ONIACHBIX SIBJICHUM, TaK KaK B €r0 pe3yJbTaTax MOTYT OTPaXaTbCsl KaK YCTOMYMBBIC
JIOTMBI, TJIyOOKHE BBIBOJBI M CIOKHBIE MEXaHU3MBbI, TAK U CIIOKHUBIIMECS CTEPEOTHIIBI, HETOYHOCTH
U NMpoOebl.
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J.J. Caiikun, K.A. Cemeniora, A.B. Yamuxux

ITPOI'PAMMA JJIS1 OTCJIEZXKUBAHUA YCIIEBAEMOCTHU CTYAEHTOB 11O
BJIOKY «®PU3NYECKAA KYJIBTYPA»

VYpanbCKuil TEXHUYECKUH MHCTUTYT CBSI3U M MHPOpMaTuKu (punmuain) genepanbHOTo
rOCYJJapCTBEHHOT'0 OIO/PKETHOIO 00Pa30BaTEIbHOIO YUPEXKIEHHUS BBICILIEI0 00pa30BaHMsI
«Cubupckuii roCyJapCTBEHHBIM YHUBEPCUTET TEICKOMMYHUKALUN 1 HHPOPMATUKN B T.

ExarepunOypre (YpTUCHU Cubl'YTH), Poccus

KiroueBwie cioBa: oOpasoBarenbHble TexHOJoruu, Python, Telebot, Telegram-6ot, y4eOHbII
nporecc, pusndeckas KyabTypa

Cratbst onuceiBaeT pa3padbotky Telegram-60Ta it OTCIeKUBAHUS 33]J0JDKEHHOCTEH CTYACHTOB
no ¢uskynerype. bor unTerpupoBan ¢ Google TaGnuuamu, aBTOMaTH4ecKd OOHOBIIAET AAHHBIC U
ynpoiiaet noctyn kK uadopmarun. Mcnonsytorest Python, Telebot u Gspread. B 6yayniem Bo3moxHa
MHTErpanys ¢ APYruMH JTUCHUILITHHAME, 0a3aMU TAaHHBIX U YHUBEPCUTETCKUMH CHCTEMaMHU.

D.D. Saikin, K.A. Semenyuta, A.V. Chashchikhin

PROGRAMME FOR TRACKING STUDENTS' PROGRESS IN THE «PHYSICAL
EDUCATION» BLOCK

Ural Technical Institute of Communications and Informatics (branch) of the Federal State
Budgetary Educational Institution of Higher Education "Siberian State University of
Telecommunications and Informatics” in Yekaterinburg.

Key words: educational technologies, Python, Telebot, Telegram-bot, educational process,
physical education

The article describes the development of a Telegram bot for tracking student arrears in physical
education. The bot is integrated with Google Tables, automatically updates data and simplifies access
to information. Python, Telebot and Gspread are used. Future integration with other disciplines,
databases and university systems is possible.

OTcnexuBaHue 3a/10JKEHHOCTEN 10 AucuuIUIMHe «Pu3nueckas KyJIbTypa» 3aTpyAHsIeTcs U3-3a
PYKOIIUCHOTO BeJieHHs >xypHana. CTy/IeHTaM U MperoiaBaTelsiM TPYIHO OTCIEXKHUBATh U MPOBEPATH
KOJIMYECTBO JIOJITOB, YTO MOKET MPUBECTHU K OIIMOKAM M CKa3aThCs Ha yCIEBAEMOCTH.

Telegram-0ot momoraer cTyieHTaM OBICTPO MPOBEPSITH CBOM 3aJOJDKEHHOCTH 110 TUCIUILIHHE.
On unterpuponat ¢ Google Tabnuuamu, B KOTOPBIX XPaHATCS JaHHbBIE O CTY/IE€HTaX, UX TPYyMIax U O
J0Jrax Kaxjoro CTyJeHTa, [IPernoiaBaTesld OOHOBIISIIOT U JIONOJHAIOT HH(opMaluio B Tabaunax. bor
pealin3yeT clieyolue KiodyeBble QyHKINU:

° [Touck nHpOpMaLKU O 33J0KEHHOCTX N0 (haMHIIUH CTYJICHTA.

CryneHT BBOAUT CBOIO (pammiivio B yaT ¢ 00ToM. boT aBromMarnuecku uier ¢pamMuinio B 6ase
(Google Tabnumax) u HampaBiIseT OTBET C €r0 JaHHBIMHU.

° Bo3moxHOCTE BIOOpa CTYyIeHTa, ey (paMHUIIUs TOBTOPSIETCS.

Ecnu B 6a3e ecTh HECKOJIBKO CTY/AEHTOB C OJIMHAKOBOH (hammuineil (Harpumep, aBa «Iletposy),
00T BBIBOAUT CHUCOK HaWIEHHBIX CTYJEHTOB W NpEIaraeT BbIOpaTh HYKHOTO C IOMOILBIO
MHTEPAKTUBHBIX KHOTIOK.

° BriBon nndopmaiuu o cTysieHTe, 0 TpyIIe CTyIeHTa U HaKOMUBIINXCS JOJTax.

e  ABToMaTHueckoe 0OHOBIJIEHHE JJAHHBIX C Hcnoib3oBaHueM Google Tabmuil.

Jlnst Toro 4toObI O6OT BCeraa MPEAOCTaBISLT aKTyalbHYI0 HH(GOPMAIMIO, OH HCIOJb3YeT
MEXaHU3M KJOIIMPOBAHUS M aBTOMAaTHuYeckoW cuHXpoHuzamun ¢ Google Tabmuuamu uepes
OTpeieIEHHOE KOJIMYECTBO BPEMEHHU.
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st peanuzanuu Telegram-6oTta ObLT BEIOpAH sI3bIK MporpamMmmupoBanue Python, mockonpko oH
npenocTaBiseT yaooHusie 0ubanoreku mist padot ¢ Telegram API u Google Sheets API.

Python 5T0 BEICOKOYpPOBHEBBIH S3BIK TPOrPAMMHUPOBAHUS. Y JOOHBIN M IMIMPOKO UCIIOIL3YEMBIH
s13bIK [ 1].

Hcnons3yrorcst OubGaroreku ajist 6oTa:

e  Telebot — aro Python-6ubaunoreka ms padotsl ¢ Telegram API, ynpomaromas co3aanue
u ympaeieHue Ooramu. OHa TMO3BOJIIET OTHPABISATH COOOMICHHS, 00padaThiBaTh KOMAaHIBI,
MCIOJIB30BaTh inline-kiaBUaTypbl 1 MHOTOE JIpyroe [2].

° Gspread — 6ubnmmoreka s pabotel ¢ Google Tabaumamu ¢ ucnosb3oBanueM Google
Sheets API. Ona mno3BOJNSIE€T CUYUTHIBATh, W3MEHATH JaHHbIE W YOPABIATH TaOnuuamu 0Oe3
HEOOXOAMMOCTH 3ax0uTh B uHTEepdeiic Google [3].

e  Qauth2client — 6ubiMoTeKa MO3BOJISIONIAS TTOAKIIOYNTL 00Ta K cepBHC akkayHTy Google
[4].

e  Threading — BcTpoeHHbIi MOy Python s paboThl ¢ MHOTOOTOYHOCTHIO. [T03BOIISIET
BBINOJIHATH 33/1a44 B (JOHOBOM peKUMe, IPeA0TBpaLias OJOKUPOBKY U 331€PKKH B OCHOBHOM IIOTOKE
BBINOJIHEHUS. Yale Bcero MCroyib3yeTcs A 00pabOTKH JUIMTENBHBIX onepanuidi 0e3 OJI0KUPOBKH
OCHOBHOTI0 Koja [5].

Bot pa3paboTan Tak, 4T00bI MpOIECC B3aUMOCHCTBUS ObLT MAKCUMAIBHO MTPOCTHIM U YIOOHBIM
IUIl CTyZIEHTOB. Bce, yTO HyXHO — 3TO BBECTH CBOI (amMHIUIO, a 00T aBTOMAaTWYECKH HaijeT
MHGOPMAIIHIO O 3aJI0JDKEHHOCTSX U OTPaOOTKE YaCOB.

1. 3anmyck 60Ta

Crynment otkpeiBaeT yar ¢ Telegram-6orom W  oTmpaBisieT KOMaHAy: /start
bot cpasy rotoB k pabore — He TpeOyeTcsi perucTpanys Uik JOMOJIHUTEIbHbIC HACTPOUKH.

2. Brox dhamunmm

2.1. CtyneHT oTmpaBiseT coodiieHue ¢ ceoeit pamunueii (Hanpumep, MIBaHoB).

2.2. BOT BBINOJHSAET CIAEAYIOLUE NEUCTBUSA:

2.3. 3arpy:xaet aaHHble o ctyaeHTax u3 Google Tabnuub! (Mau OepeT ux U3 K31Ia).

2.4. Nmiet Bce coBmaieHus 10 (paMuiIny.

2.5. Ecniu HaxouT TOJIBKO O/IHOTO CTYJIEHTA, cpa3y MOKa3bIBaeT HH(POPMALUIO.

2.6. Ecnu Tak#X CTY/I€HTOB HECKOJIBKO, PEJIaraeT BIOpaTh HYKHOTO.

3. Beibop crynenra

Ecmu GoT Hamen HECKONBKO CTYICHTOB C OJWHAKOBOW (aMuimed, OH OTHpaBiseT
MHTEpPaKTHUBHBIE KHONKU /7151 BbIOOpa. CTyJeHT Ha)kuMaeT Ha KHONKY ¢ HyXHbIM ®HO u rpynmoii.
Bot momyuaet BEIOOp M OTIPABIISET ACTAIBHYIO HH(POPMAIIHIO.

4. ITonyyeHne MHPOPMALIUU O 33T0JKEHHOCTSIX

[Tocne BpIOOpa miu ecinu pamuius ObUIa YHUKAIbHON, OOT OTHPABISET CTYACHTY €r0 JIaHHBIE.

boT no3Boser pemmTh cpazy HECKOJIBKO 3a4au Kak JUIsl CTYJICHTOB, TaK U JJIs IIPeroiaBaTeliei.
OH o0ecrnieuynBaeT OBICTPBIM JOCTYH K aKTyalbHOW UWHGOpMAalUU, CHUXKAET HArpy3kKy Ha
npernoiaBaTeneil, aBToMaTU3UPYyeT MPOoLecC MPOBEPKH 3a/10JKEHHOCTEH, a TAK)Ke M03BOJISIET XPAaHUTh
BCIO HEOOXOAMMYyI0 WH(GOpPMAIMIO B AJIEKTPOHHOM BHJE, HCKIIOYash HEOOXOAWMOCTh BEICHHS
OyMaKHBIX 3amMCcel.

Pa3pabotka 60Ta HE OrpaHUYMBACTCS TOJBKO TEKYUIMMH (yHKuusMU. B OynayimeM MoOxHO
3HAYUTENbHO PACIIMPUTh €ro BO3MOXKHOCTH, cJelaB ero Oojee yAOOHBIM, 3(G(GEKTUBHBIM H
YHHUBEPCATHLHBIM.

1)  OOGHOBjIeHME OMOINOTEK U TEXHOIOTHI

° Perynsproe oOHOBIEHHE HCTIOIB3YEeMbIX OMOMoTeK (telebot, gspread, oauth2client) mst
MOBBIIIEHUS 0€30MTaCHOCTH M TPOU3BOIUTEILHOCTH.

o Bo3moxHOe WHCronb30BaHME AaCHHXPOHHBIX pelIeHui (aiogram) i YBEJTHYEHHUS
CKOpPOCTH 00pabOTKH 3aIpOCOB.

° 3amena gspread Ha Google Sheets API v4 nyst 6onee ctabmiibHON pabOTHI.

2)  Ontumu3anus XpaHEHUs TaHHBIX

° HcnonwszoBanue 6a3bl nanubix (PostgreSQL, Firebase, SQLite) Bmecto Google Tabnui
it Goree OBICTPOI pabOTHI.
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° Bo3MokHOCTh KemMpoBaHUS JaHHBIX Ha cepBepe (Hampumep, uepe3 Redis) mis
MT'HOBEHHOTO OTBeTa 00Ta.

e  PaznmuHble ymydimeHHs Koja U J0padoTKa MpOrpaMMBl.

3) Pacmmpenue Ga3bl JaHHBIX

e  Uudopmanus HE TOJBKO O 33J0JDKEHHOCTSX, HO M O TOCEIIAEMOCTH, OLEHKAX, CPOKax
ciayu pador.

e  Ha nanHBII MOMEHT OOT pabOTaeT TOJIBKO C 33/I0JDKCHHOCTSIMU 110 (PU3HUYECKON KYIbTYpE,
HO €ro MO’XKHO aJanTHPOBATh U IS IPYTHX MPEAMETOB.

° WuTterpanus ¢ yauBepcuterckuMu cucreMamu (Moodle, Aup).

4)  BBox uH(pOpPMALIUHU U yIYUIICHUE [T0JIb30BATEIBCKOTO OIbITA

e  Ha naHHBII MOMEHT JaHHBIE MOXXHO OOHOBIATH TONBKO uepe3 Google Tabmwuibl, HO
ynobuee ObuT0 ObI pa3paborath BeO-uHTEpGElica A MpenojaBaTelieil, T1e OHU CMOTYT JOOaBIATh U
pelaKTUPOBATh JTAHHEIC.

e  Jlo6aBnenue komaHsl /help, mpu ucnoab30BaHUM KOTOPOM MOJIH30BATENO OYIyT JaHbBI
MOJICKA3KH IO UCTIOIB30BaHUIO 0O0TA.

e  Uuterpamusi C YHHBEPCHUTETCKAM CalTOM, 4YTOOBI MPENOAABATENM MOTJIM BHOCUTH
MHPOPMAIIHIO HATIPSMYIO.

B zaximrouenuu, maHHas CTaThsl paccMoTperna co3ganwe W (yHkumonan Telegram-Gora st
OTCJIOKMBAHUS  3aJI0JDKCHHOCTEH  CTYJNCHTOB 1O JucCHUIUIMHE «Du3udeckass  KyJIbTypay.
Pa3paboranHbiii 0OT IMO3BOJISIET IMOJIB30BATENSIM OBICTPO W yMOOHO TOIy4YaTh WHQPOPMAIUIO O
yCIIEBaEMOCTH HY)KHOTO CTYJICHTA.

Hcnons3oBanue TexHosoruid, Takux kak Python, Telebot, Google Sheets API, mo3Bommio
peanu3oBath 0OTa C aBTOMATHYECKHMM OOHOBJICHWEM JIaHHBIX M HMHTEPAKTUBHBIM HHTEpQeiicoMm,
KOTOPBIM YIPOIIAET B3auMOAEHCTBUE. biarogaps K3IIMPOBAaHUIO 3alIpOCOB M IMPOAYMAHHOU
00paboTKe JaHHBIX, 00T pabOTAET ONEPATUBHO U HE MIEPErPYIKACT CEPBEP.

Kpome Toro, ObUIH paccCMOTPEHBI MEPCIIEKTUBBI PA3BUTHSA MPOCKTA, BKIIOYAs ONTHMH3AIHIO
KOJIa, HHTETPAIMIO C IPYTUMU TUCIUIUTMHAME U BHEJpeHue BeO-uHTepderica ais npenoaasarenei. B
OyayIieM MOKHO PaCHIMPHUTh (PYHKIIMOHAJ 00Ta, CIIEJIaB €r0 YHUBEPCAIBHON CHCTEMO MOHUTOPUHTA
YCIIEBaEMOCTH ISl BCEX CTYJCHTOB BY3a.

Takum ob6pa3om, Telegram-60T He TOIBKO pemnaet npodIeMy KOHTPOJIS 33I0JDKEHHOCTEH, HO U
npeacTaBiser co0oi APPEKTHUBHBI MHCTPYMEHT aBTOMATH3allMU Y4eOHOro mpoiiecca, ooieryast
paboTy Kak CTYJIEHTOB, TaK U MPETo/1aBaTelieH.

Cnucok auTepaTypsl:
1. Python Software Foundation. Python.org [OnektponHsiii pecypc] - Pexum nocryna:
https://www.python.org/
2. Python Package Index. PyTelegramBotAPI [Onekrponnsiii pecypc] - Pexum nocryna:
https://pypi.org/project/py TelegramBotAPI1/
3. GitHub. Gspread [DnektponHbIit pecypc] - Pexxum mocryna: https://github.com/burnash/gspread

4. Python Package Index. OAuth2Client [Dnektponnsiii pecypc] - Pexum mocryna:
https://pypi.org/project/oauth2client/
5. Docs Python. bubmuoreka threading [Onexktponnsii pecypc] - Pexum gocryna:

https://docs.python.org/3/library/threading.html
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Cun Axmen dum Menas, Cuau Yasa Xmeiina Moxamen Hleiix, I.B. ActpaTroBa

IINIAT®@OPMEHHASA 9 KOHOMUKA U ITIOTPEBUTEJBbCKOE IIOBEJIEHUE B
NHAYCTPUU MOJBI: HOCTHUD®POBASA ITEPCIIEKTUBA

VYpanwsckuil penepanbhblii yHuBepcUTeT, I. ExarepunOypr, Poccus

KitoueBsie cioBa: rutatopMeHHas SKOHOMHKA, HH(poBoe moTpedieHne, WHAYCTPUS MOJbI,
QJITOPUTMHUYECKOE [IOBEJICHNE, COLIMATIbHASI KOMMEPLIUS.

B crarbe paccmarpuBaercs BIMSHHME IUIAT()OPMEHHOW SKOHOMHUKU Ha THOTPEOHMTENbCKOE
MOBEJICHUE B MOJHON MHAYCTPUU B YCIOBUAX MocTiu(ppoBoii smoxu. Lludpossie muardopmel cramu
HE TOJIBKO KaHaJaMM IpOJaX, HO M KJIIOYEBBIMM MEXaHU3MaMM (OPMUPOBAHMS MPEIINOYTEHUN U
ycKopeHus oTpebaenus. PaccmarpuBaloTcsi nepcoHaIn3ays, aaropuTMUIeCcKoe IIPOTHO3UPOBaHUE,
rediMuuKanys U COlHaibHasi KOMMEPIHs KaK KIKOUeBble HHCTPYMEHTB! YIpPaBICHUS [TOBEJCHHUEM.
Taxke 00Cy>KIat0TCsl 3TUYECKUE U CTPATETHUECKUE TOCIEACTBUSA, BKIIOYasi BONPOCH MPUBATHOCTH,
WHKJIIO3UH, YCTOMYUBOCTH U KYJIBTYPHOU TOMOT€HHU3ALNH.

Sid Ahmed Ely Menall, Sidi Ould Hmeida Mohamed Cheikh, G.V. Astratova

PLATFORM ECONOMIES AND CONSUMER BEHAVIOR IN THE FASHION
INDUSTRY: A POST-DIGITAL PERSPECTIVE

Ural Federal University, Yekaterinburg, Russia

Keywords: platform economy, digital consumption, fashion industry, algorithmic behavior,
social commerce.

This article explores the transformation of consumer behavior in the fashion industry through the
lens of platform economies in the post-digital era. Digital platforms have emerged not only as sales
channels but also as engines of desire, influencing trends, shaping identity, and accelerating
consumption. The study examines personalization, algorithmic targeting, gamification, and social
commerce as central mechanisms of behavioral influence. It also discusses the ethical and strategic
implications, including issues of privacy, inclusion, sustainability, and cultural homogenization.

Introduction

The global fashion industry is undergoing a paradigmatic shift, driven not merely by digital
integration but by the rise of platform economies that now define the infrastructure of commerce,
visibility, and consumption. In this post-digital context, digital technologies have transitioned from
competitive advantages to baseline operational standards. Fashion platforms—such as Shein,
Instagram, TikTok, Amazon, and Farfetch—have become central to how clothing is discovered,
marketed, and purchased. These platforms do not simply connect supply with demand; they
algorithmically mediate the consumer journey, shaping preferences, accelerating trends, and
customizing experiences in real time.

Unlike traditional retail, which was governed by physical availability and seasonal cycles,
platformized fashion consumption is dynamic, continuous, and highly personalized. Consumers
encounter fashion not through deliberate search but through algorithmic discovery embedded in daily
social interaction. Product visibility is increasingly determined by influencer content, engagement
metrics, and data-driven relevance scores rather than brand heritage or quality alone. In this
architecture, the consumer is not a passive recipient of advertising but a data-producing node, whose
behavior is constantly monitored, predicted, and optimized.

A growing body of empirical evidence highlights the exponential rise of platform-mediated
fashion transactions over the last decade. This evolution is illustrated in Graph 1, which shows the
expansion of digital fashion commerce facilitated by platforms between 2015 and 2025.
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Graph 1. Growth of Platform-Based Fashion Transactions (2015-202!
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Graph 1: Growth of Platform-Based Fashion Transactions (2015-2025)

This article explores how platform economies are transforming consumer behavior in the fashion
industry. It focuses on the operational and psychological mechanisms through which digital platforms
condition desire, frame decision-making, and alter the rhythm and rationality of fashion consumption.
The study will also evaluate the ethical, social, and commercial implications of these shifts, particularly
in relation to inclusivity, data privacy, and sustainability.

Conceptual Foundations

The platform economy refers to a market environment dominated by digital intermediaries that
connect users, aggregate data, and mediate transactions without directly owning or producing the goods
being sold. In the context of fashion, platforms like Shopify, Zalando, and Shein act not only as
infrastructure for distribution but also as arbiters of visibility, engagement, and desirability. They
function by leveraging real-time analytics, algorithmic curation, and multisided market design to
continuously match supply with predicted demand.

These platforms thrive on network effects, where the value of participation increases as more
users—brands, influencers, or consumers—engage. This dynamic creates a winner-takes-most
economy, in which a few dominant actors accumulate disproportionate market power. Moreover, the
economic model of platforms is inherently data-driven. They monetize attention and behavioral
information rather than products themselves, enabling a shift from transactional commerce to
predictive consumption orchestration.

Fashion platforms exhibit several structural features that distinguish them from traditional retail
systems. These characteristics are summarized in Table 1, which compares conventional market models
with the operational logic of digital platform economies in fashion.

Feature Traditional Fashion Platform Fashion Economy
Market
Value Creation Product manufacturing Data aggreggtiop and attention
and sale monetization
Market Access Physical retail, wholesale Globahze@ dlgltal plfatforms with
channels algorithmic ranking
Consumer Passive advertising and Real-time, interactive, and
Interaction mass communication personalized engagement
Product Seasonal catalogs and Algorithmic suggestions and
Discovery linear shopping paths social media-based exploration
Market Delayed through sales and Instant via clicks, views, likes,
Feedback Loop surveys and user-generated content

Table 1: Key Features of Platform Economies in Fashion
The transition to platform economies thus marks a fundamental transformation not only in how
fashion is consumed but in how market power is distributed, how consumer preferences are
constructed, and how competitive advantage is pursued.

Behavioral Shifts in Platformized Fashion Markets
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As digital platforms redefine the structure of the fashion economy, they also reconstruct the
behavior of consumers who navigate these environments. The consumption journey, once characterized
by linear decision-making, is now shaped by an ecosystem of personalized stimuli, real-time feedback,
and emotionally charged social validation. This shift reflects not only technological innovation but also
a fundamental reprogramming of cognitive and affective consumer processes.

One of the most significant behavioral transformations lies in the transition from need-based to
emotionally-driven consumption. Platform environments foster engagement through continuous
exposure to curated content, influencer recommendations, and personalized interfaces. Consumers are
nudged toward purchase not because of functional necessity but due to aesthetic inspiration, social
influence, or algorithmically induced scarcity. In this landscape, browsing becomes an immersive,
leisure-driven activity, and shopping is embedded into users' digital habits rather than undertaken as a
distinct decision.

Personalization plays a pivotal role in shaping preferences and loyalty. Algorithms learn from
micro-interactions—such as product views, likes, dwell time, and even scroll speed—to construct
profiles that anticipate future behaviors. As a result, each user experiences a unique visual and
commercial environment tailored to their perceived identity and emotional triggers. The interface
becomes both a mirror and a manipulator of consumer intention.

Social commerce further deepens this dynamic by turning consumption into a performative act.
Platforms like TikTok and Instagram are not only discovery engines but also stages where consumers
express taste and gain social capital. The fusion of influencer marketing with algorithmic content
promotion ensures that popular behavior becomes normalized and rapidly scaled. This trend fosters a
homogenized aesthetic but also reduces friction in trend adoption.

The pace and volume of fashion consumption have accelerated alongside these behavioral shifts.
Consumers increasingly engage in impulse purchasing triggered by flash sales, countdown timers, and
limited-edition drops. These tools are engineered to generate urgency and reduce deliberation, fostering
a cycle of frequent, emotion-driven transactions. The implications of these changes are visualized in
Graph 2, which illustrates the correlation between personalization intensity and consumer purchase
frequency across leading fashion platforms.
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Graph 2: Relationship Between Personalization Intensity and Purchase Frequency on Major
Fashion Platforms (2020-2024)

In sum, platform-mediated fashion consumption is no longer a matter of rational choice but a
choreography of digital stimuli, interface design, and psychological incentives. The consumer, in this
context, is not simply reacting to offers but participating in a feedback system that continuously
reshapes preferences, accelerates decision-making, and amplifies emotional investment in the act of
buying.

The Algorithmic Consumer: Data-Driven Fashion Preferences

In the post-digital fashion economy, consumers are increasingly governed by algorithms that do
not merely respond to preferences but construct them through continuous learning and adaptive design.
Digital platforms collect vast streams of behavioral data to predict consumer intent and orchestrate the
presentation, timing, and appeal of fashion offerings. This evolution has given rise to the algorithmic
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consumer—an individual whose choices are curated within invisible boundaries set by machine
learning models and real-time optimization engines.

At the core of this system are recommendation algorithms that determine what users see, when
they see it, and in what sequence. These models aggregate historical data from thousands of users with
similar traits to generate product suggestions that align with inferred style preferences, budget ranges,
and behavioral profiles. While ostensibly increasing convenience and personalization, this architecture
subtly narrows the scope of discovery, reinforcing existing tastes and inhibiting exposure to aesthetic
diversity.

This curated environment also facilitates behavioral nudging, a strategy in which user interfaces
are designed to guide decision-making through subtle prompts and defaults. Features such as auto-
applied discount codes, urgency cues ("Only 3 left in stock"), or default size selections are engineered
to reduce friction and promote impulsive purchases. The result is a decision-making process that
appears natural but is systematically optimized for conversion.

Another central component of this environment is gamification, which platforms deploy to
increase engagement and foster loyalty. Points systems, digital badges, daily login rewards, and
“unlockable” deals mimic game dynamics to transform shopping into an interactive experience. These
elements often operate in tandem with scarcity mechanisms, such as flash sales and countdowns, which
generate psychological pressure to buy quickly and frequently.

The instruments used by platforms to engineer this behavior are summarized in Table 2, which
categorizes key algorithmic and interface-based tools according to their functions and effects on
consumer behavior.

Mechanism Function Behavioral Effect
Recommendation Predict product interest Increases personalization
Engines based on user data and platform engagement
Ureency Trigoers Create scarcity via Encourages impulsive

gency g countdowns or stock indicators decision-making
Gamification Features App!y game'loglc to Bogsts repeat visits and
shopping routines emotional investment
Dynamic Pricing Adjust prices based on Stimulates time-sensitive
Algorithms user behavior or demand purchasing behavior
Use Ul design to steer Reduces friction and shapes
Interface Nudges .
decisions default consumer paths

Table 2: Digital Mechanisms of Behavioral Influence in Fashion Platforms
Through these mechanisms, platforms transform the fashion consumer from an autonomous
chooser into a behavioral subject whose journey is shaped by data-driven incentives. This
transformation raises critical questions about agency, choice architecture, and the long-term
psychological impact of predictive commerce.

Ethics, Risks, and Strategic Implications

While platform economies have introduced unprecedented levels of efficiency and
personalization to the fashion industry, they have also raised profound ethical concerns and structural
risks that extend far beyond consumer convenience. At the center of these challenges is the issue of
data sovereignty—the right of individuals to understand, control, and limit the ways in which their
behavioral data is harvested, analyzed, and commercialized. Fashion platforms operate on models that
require constant surveillance of user activity, often without explicit user comprehension or informed
consent. The asymmetry of power between platforms and consumers enables opaque decision-making
processes and limits individual agency in the consumption process.

Another concern is algorithmic bias. Recommendation systems trained on historical data can
reinforce existing inequalities by privileging popular aesthetics, dominant cultural narratives, and
mainstream demographics. This bias is not merely technical but cultural, as it risks marginalizing
independent designers, non-Western styles, and bodies that fall outside conventional beauty norms. As
a result, the visual and commercial space of digital fashion becomes increasingly homogenized,
eroding diversity and reinforcing exclusionary standards.
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Environmental consequences are also amplified under the platform model. The gamification of
consumption, coupled with algorithmically driven trend acceleration, has contributed to an
intensification of overproduction and overconsumption. Consumers are nudged to buy frequently and
in high volume, often with little consideration for sustainability. Fast fashion platforms such as Shein
exemplify this trend, generating thousands of new items weekly in response to real-time demand
signals. This model incentivizes disposability and undermines efforts toward circularity and ethical
sourcing.

The strategic implications for fashion brands operating in this environment are significant.
Companies must navigate a dual imperative: to remain competitive within platform ecosystems while
responding to growing demands for transparency, ethical alignment, and social responsibility. This
includes developing responsible Al practices, investing in ethical user interface design, and
participating in the co-creation of governance frameworks that regulate the use of consumer data in
commercial contexts.

Furthermore, platforms themselves must anticipate greater regulatory scrutiny. Emerging
legislation such as the EU’s Digital Services Act and the global diffusion of data protection laws like
GDPR and CCPA are signaling a shift toward accountability and user rights in digital commerce.
Brands that align early with these norms will be better positioned to build trust and resilience in a
market where digital literacy and ethical awareness are on the rise.

The post-digital consumer is no longer simply a shopper; they are a data subject, a community
participant, and a stakeholder in the social and environmental outcomes of the fashion economy. Ethical
engagement with this new reality is not optional but foundational to long-term value creation.

Conclusion

The post-digital transformation of the fashion industry, driven by the rise of platform economies,
has redefined the parameters of consumer behavior. Digital platforms no longer serve merely as
transactional spaces but operate as behavioral engines, capable of shaping desires, accelerating trends,
and influencing identity formation through data, interface, and algorithmic design. In this environment,
fashion consumption becomes a process of continuous interaction—one that is emotionally charged,
socially validated, and behaviorally optimized.

This article has examined the multifaceted ways in which platform economies orchestrate
consumer behavior in the fashion industry. It has outlined how personalization, gamification, and
algorithmic recommendation systems replace traditional advertising and linear shopping paths with
predictive, emotionally driven experiences. It has also highlighted the ethical tensions and strategic
risks inherent in this new model, particularly in relation to privacy, inclusivity, cultural
homogenization, and sustainability.

The algorithmic consumer is no longer an abstract concept but a lived reality, continuously
constructed and reconstructed by platform architectures. For fashion brands and policymakers, the
challenge now is to design systems that balance innovation with responsibility—ensuring that the
power of platforms is harnessed not only to increase efficiency but to foster transparency, equity, and
long-term trust.

The future of fashion in the platform era will be defined not just by the speed of trend cycles or
the volume of transactions, but by the values embedded in the digital infrastructures that facilitate them.
Understanding, guiding, and regulating these infrastructures will be central to shaping a fashion
industry that is not only profitable but just, inclusive, and aligned with broader societal goals.
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UP®POBBIE TEXHOJIOI'MH B COBPEMEHHOI POCCHHU H
INEPCIIEKTUBHBIE HAITPABJIEHUA UX PASBUTUA B COBPEMEHHOU POCCUH

VYpanbCKuil TEXHUYECKUH MHCTUTYT CBSI3U M MHPOpMaTuKu (punmuain) genepanbHOTo
rOCYJJapCTBEHHOT'0 OI0/PKETHOIO 00Pa30BaTENILHOIO YUPEXKIEHHS BBICILIEI0 00pa30BaHUs
«Cubupckuii roCyJapCTBEHHBIN YHUBEPCUTET TEICKOMMYHUKAUUN 1 HHPOPMATUKI B T.

ExarepunOypre (YpTUCHU Cubl'YTH), Poccus

KittoueBsbie cinoBa: ¢ poBbie TEXHOIOTHH, TOCYIaPCTBEHHOE Pa3BUTHE, SKOHOMUKA, O0ILIECTBO,
MH(POPMAIIMOHHBIE WHCTPYMEHTHI, 00paboTKa IM(POBBIX HAHHBIX, T'OCYJApCTBEHHBIC YCIYTH,
ANEKTPOHHBIA  (GopMaT, dJIEKTPOHHBIE MEIUIMHCKUE KapThl, wLudpoBas TpaHcPopmalus,
MPOMBIIIICHHOCTh, HHTEPHET BeIIeH, MCKYCCTBEHHBI WHTEIUIEKT, aBTOMATH3UPOBAHHBIE CHUCTEMBI
yHOpaBIEHUS, CEJIbCKOE XO3SHUCTBO, JPOHBI, TOYHBIE METOABI 3emieienus, LudpoBas IIKOJA,
BUPTYyaJIbHAs PEATbHOCTH (VI), JOMOTHEHHAsI PeajbHOCTH (ar), OoNblINe JaHHbIe, OM3HEC-aHATUTHKA,
oOJlayHble BBIYMCIICHUS, OJIOKYEHH, cTpareruss 1U(PpOBOH HSKOHOMHUKH, HHPPOBOKH pyOIIb,
UCKYCCTBEHHBIH HWHTEIUIGKT (WH), TEXHOJOTHMH S5g, KuOepOe30macHoCTh, WHHPACTPYKTYpa,
KBaIU(DUIIUPOBAHHBIE KaAPHI.

B nanHOl cTathe paccMaTpuBaeTCsl BIUSHUE IU(PPOBBIX TEXHOJIOTWH Ha TOCYAapCTBEHHOE
passutue Poccuu. [IpoBoautcs ananu3 BHeApeHHUE UHPOPMAIIMOHHBIX UHCTPYMEHTOB, OCHOBAaHHBIX
Ha oO0paboTke IMGPOBBIX MaHHBIX, U HUX MPUMEHEHUE B pa3NUYHBIX cdepax, TaKUX Kak
rOCyJapCTBEHHbIE yCIyI'HM, MEIWIHMHA, IPOMBINUICHHOCTh M CEJIBCKOE XO3shcTBO. Tak ke,
paccMaTpuBalOTCs pa3UYHbIC BBI30BBI, BKIIOUAs HEOOXOAUMOCTh obecriedeHusl KubepOe30nacHOCTH
U TMOATOTOBKM KBaJIM(PUUMPOBAHHBIX KajpoB. lLlenpio paboTHl SBIAETCS aHAIU3 COBPEMEHHBIX
U(POBBIX TEXHOJIOTUHN U ONIPEICIICHUE UX BIUSHUS Ha OyayIiee pa3BUTHUS CTPAHBI.

I.A. Starikov, N.G. Khoroshkevich

DIGITAL TECHNOLOGIES IN MODERN RUSSIA AND PROSPECTIVE
DIRECTIONS OF THEIR DEVELOPMENT IN MODERN RUSSIA

Ural Technical Institute of Communications and Informatics (branch) of the Federal State
Budgetary Educational Institution of Higher Education "Siberian State University of
Telecommunications and Informatics” in Yekaterinburg (URTISI SibGUT]I), Russia

Keywords: digital technologies, state development, economy, society, information tools, digital
data processing, public services, electronic format, electronic medical records, digital transformation,
industry, Internet of things, artificial intelligence, automated control systems, agriculture, drones,
precision farming methods, digital school, virtual reality (VR), augmented reality (AR), big data,
business analytics, cloud computing, blockchain, digital economy strategy, digital ruble, artificial
intelligence (Al), 5G technologies, cybersecurity, infrastructure, qualified personnel.

This article examines the impact of digital technologies on the state development of Russia. It
analyzes the implementation of information tools based on digital data processing and their application
in various areas, such as public services, medicine, industry and agriculture. It also examines various
challenges, including the need to ensure cybersecurity and train qualified personnel. The purpose of
the work is to analyze modern digital technologies and determine their impact on the future
development of the country.
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[TudpoBble TEXHOJIOTMU UTPAIOT KIIOUEBYIO POJIb B TOCYAAPCTBEHHOM pa3BUTHM, BIIUAS Ha
HKOHOMHKY, OOIIECTBO M MHOXECTBO JAPYTHX ACHEKTOB UYEIOBEUECKOW KM3HU. OHM MPEACTaBIAIOT
coboii mH(pOpMaIMOHHBIE HWHCTPYMEHTBHI, OCHOBAaHHBIE Ha 00paboTKe UHU(PPOBBIX JTAHHBIX C
HCIOJIb30BAHUEM KOMIIBIOTEPOB M JPYIMX BBIYUCIUTENIBHBIX YCTpOHCTB [l]. DTm TexHonoruu
OXBaTHIBAIOT LIMPOKHH CIEKTP PELICHWH, HAIpPaBICHHbIX HAa ONTHUMU3ALUIO MPOLECCOB, YCIYr U
MPOAYKTOB B Pa3NU4HbIX cpepax. OqHAKO ATOT MPOLIECC AOCTATOUHO HOBBIH U1t Poccuu, nMeeT cBou
TPYAHOCTH. B 3T0i1 cBA3M ero HeoOX0AUMO U3y4yaTh HAa HAYYHOW OCHOBE.

B cratbe paccmarpuBaroTcsi cepbl AEATENbHOCTH, TAe ceroaHs B Poccuu BHEIPSIIOTCS 3TH
TEXHOJIOTUH.

K 2024 rony 6omee 90% rocyaapCTBEHHBIX YCIYT CTall JOCTYIHBI B 3JIEKTPOHHOM (opmaTte
yepe3 noprai «l'ocyciyru». 3TO CHU3MIIO HArpy3Ky Ha (usznyeckue o(uChl U YCKOPUIO IMPOLECC
II0JIy4YEHHUS IOKYMEHTOB U pa3pelieHU. DIEKTPOHHbIE MEAUIIMHCKUE KapThl IO3BOJISIOT MallMEHTaM
XPaHUTb U YIPABIATh Bcell MH(opMalel o CBOeM 310pOBbEe Yepe3 OHJIaiH-TIIaTPopMy.

[udposas Tpanchopmanms TakKe 3aTparuBacT MPOMBIIUICHHOCTh: K 2024 romy Gonee 70%
KPYIHBIX POCCHUHCKMX KOMIIAHUM Hayajad HCIOJb30BAaTh LMU(POBBIC PEIICHUs Ui IOBBILICHUS
3¢ GEeKTUBHOCTH MpOM3BOACTBA. [IprMeHeHne WHTEepHEeTa Beled, WCKYCCTBEHHOTO WHTEIUIEKTa U
aBTOMAaTU3MPOBAHHBIX CUCTEM YIPABICHHS IOMOIAaeT COKPATUTh M3JEPXKKU U YIyYIIUTh KAaueCTBO
MPOAYKIIUH.

B cenbckoM xo3siicTBe HaOIIOAAeTCsl YBEIMUYCHHE MCIIOIB30BaHMS JIPOHOB U OECIMIIOTHBIX
TexHOJIOrui. TOoyHblE METOBI 3eMIIeIENNs, TAKME KaK aBTOMAaTU3UPOBAHHBIM MOHUTOPHHTI IIOJIEU H
IIPOrHO3UPOBAHKE YPOXKAMHOCTH, TO3BOJISAIOT (epmepam Ooiee 3(h(HEeKTUBHO yNPaBIATh PECYpCaMu U
MOBBILIATH POU3BOAUTEIBHOCTD.

IIpoext «lludpoBas 1mKoma» HaueneH Ha pa3Butue HU(GpoBoil HHPpacTPyKTypsl B
00pa30BaTENbHBIX YUPSKICHHUSIX, BKIIOYAs CO3/JaHUE DJIEKTPOHHBIX YYEOHHKOB, MHTEPAKTHBHBIX
JIOCOK U OHJIAMH-TUIaT(hOPM [UI IPOBEAECHUS YPOKOB M 3K3aMeHOB([2].

Texnonoruu BuptyansHoii (VR) u mononaenHoi peanbHOCTH (AR) Takxke cTaHOBsSITCS Bee Oosee
nonyysspHbIMH. Poccuiickuii  peiHOK VR cranm BoccTaHaBIMBAaThCA IOCIE yXOJa 3alajHbIX
pa3paboTunkos, u B 2024 roxy npoaaxu VR-ycrporicTB yBenmanauck Ha 320% mo cpaBHeHuIo ¢ 2023
rogoM. Texnonoruu VR u AR akTUBHO IpUMEHSIOTCS B 006JaCTH 00pa30BaHMsl, IPOMBIIIICHHOCTH, a
TaKXXe B pUTEIe, MApKETHHIE U BOCHHOMU cdepe[3].

PeiHOK OonbIMX NaHHBIX UM OW3Hec-aHanUTUKKU B Poccum mpoposmkaer pactu. B 2022 rony
BbIpyuka Tomn-50 KoMIaHuii coctaBuia 56,5 mapna pyoneit, a B 2023 rogy — 71,9 mupn py6ueid.
Osxupmaercs, 4to 3T0T cerMeHT U T-phiHKa OyJIeT 1eMOHCTpUPOBaTh MOJOKHUTEIbHYIO AUHAMUKY, C
MIPOrHO3UPYEMBIM pocToM OK0J0 20% B ToA, a B Y3KOM CErMEHTE€ WHCTPYMEHTOB ISl pabOTHI C
OoapImUMU JaHHBIMU — cBbIte 30%][4].

Crnpoc Ha oOjayHble BBIYMCIECHUS M XpaHEHUE MAHHBIX TaKXKe yBEIMYMBACTCS. YUACTHUKU
PBIHKA BBIPAXKAIOT ONITUMH3M 110 IOBOAY OYAYIEro pOCCUHCKUX 00JIAUHBIX CEPBUCOB, OKUAsl POCTa
B 30% B 2024 roay. B 2023 roay priHOK 00Ja4HbIX yciyT Bbipoc Ha 33,9%, nocturnys 121 mupa
pyouteit[5].

B Poccun He TONBKO pa3BUBAIOTCS yKa3aHHbIE HANpaBJI€HUS, HO U OTKPHIBAIOTCS HOBBIE
NEePCHEeKTUBBI B 001acTH HU(PPOBBIX TeXHOJIOTUI. OTHUM U3 TaKUX HANPaBJICHUH SBIIsETCS OJOKUEHH.
Uccnenosanue HUY BILD, ony6nukoBanHoe B 2023 roay, MOKa3bIBaeT, YTO OJIOKUYEHH-TEXHOJIOTUH
B Poccum moka ocTaroTCsl HUILEBBIMH, C OCHOBHBIM CIpPOcOM B (uHaHCOBOM cektope (74%),
suepretuke (12%), 3npaBooxpanenuu (4% ) u noructuke (2%). OnHako nporuozupyercs, 4ro k 2030
rOJy CIIpOC Ha 3TH T€XHOJIOTUU BhIpacTeT B 60 pa3 u gocturHet 1 TpaH pyOneii[6]. ['ocynapcTBeHHas
MoAJepKKa OJOKYEHH-TEXHOJIOTMM OCYIIECTBISETCSl B paMKax CTpaTeruu LU(poBOH 3KOHOMHKH,
BKJIIOYast KoHUenuutoo nugpoBoro pyomns[7]. Coepbank miaaHUpyeT MOCTENEHHBIH HEepeBOJl BCEX
OCHOBHBIX MTPOIIECCOB B PaCHpe/IeIEHHYIO CETh. YK€ CO3Jat0TCs MPOEKTHI JIJIsl CTPaXOBaHUs, UIIOTEK,
aKKpeIUTUBOB U (pakTopuHra[8].

Pa3zButne texnonoruit UM Ttaxke aktuBHO mnpojoikaerca. B 2024 roxy Oblna oOHOBIEHa
crpaterus 10 2030 roxa, npeanosaraomnas yriayoieHHoe BHeipeHue cyBepeHHbIX M -Texnonoruii B
skoHOoMUKY. K Hauanmy 2024 rona 55,5% opranuzanuii HCIoNIb3YIOT HelipoceTH, a 29,1% nnanupoBanu
BHE/IpEHHE JAHHOM TEXHOJIOTHH B Onmokaiime Tpu ronal9].
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[Tnanupyercst Taxke pasButue texHonoruit 5G. Ilo crmoBam rnaBel Munmmudpsl Makcyta

[IlagaeBa, B TeyeHue naTH Jet uHppactpykrypa 5SG nosButcs B 16 ropomax. Oxunaercs, uro ¢ 2028
rona B Poccuun OyayT nmpousBoautbest 0kosio 30 Teicsy 6a30BbIX cTaHIui ana 5G, a B Havane 2024
roJia BbIJICJICHBI YacTOThI AJisi ux pa3Butusi[10].

Taxum 06pa30M, B Poccum aktmBHO BHCOPAKOTCA HI/I(prBLIe TC€XHOJOTMH, TaKHUEC KakK

uHpopmannonnbie Texnonorud, VR u AR, Big Data, o6maunble BEIYMCICHUS! U XpPAaHEHHUE JaHHBIX.
HameueHno pazButue 0J0KYEHH-TEXHOJIOTHI, HICKYCCTBEHHOTO MHTEIIIEKTA M TexHoyiorui 5SG. OHako
Ha MYTH K TOJHON mU(POBU3ALUU OCTAIOTCS BBI3OBBI, BKJIIOUasi oOecredeHne KnubepOoe30macHOCTH,
pasButre UHGPACTPYKTYPHI U MOATOTOBKY KBATU(PUIIMPOBAHHBIX KaJIPOB.

=

\9)
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PAITUOHAJIBHBIN T'EJOHU3M AJITOPUTMOB: MAPXKUHAJUCTCKHUI
B3I'JIsI] HA MCKYCCTBEHHBINA UHTEJUIEKT

VYpanbCKuil TEXHUYECKUH MHCTUTYT CBsI3U 1 uHpopmatuku (punuan) PI'BOY BO
«CuOupckui rocyJapCTBEHHbIN YHUBEPCUTET TEJIEKOMMYHUKALUN 1 HHPOPMATUKUY B T.
Exatepunoypre (YpTUCU Cubl'YTHU), Poccus

KiroueBrsle cioBa: Map>XXuHaJliu3Mm, I/ICKyCCTBeHHbe/'I HWHTCJUICKT, MNpCACIbHAaA I10JIC3HOCTD,
CY6”beKTI/IBI/I3M, paI_II/IOHaJ'IBHHﬁ T'¢AOHHU3M, SJKOHOMHYECKOEC paBHOBECHUCE, LII/I(prBaH OKOHOMHKa.

B cratee npeanpuHMMAaeTCs IONBITKA HWHTEPHIPETALIMA  COBPEMEHHBIX  TEXHOJIOIMU
uckycctBeHHoro uHremiekra (M) ¢ Touku 3peHUs OCHOBHBIX NPUHIUIIOB MApKHUHAJIUCTCKOM
HSKOHOMMYECKOM Teopud. Uepes mpusMy MapKMHAJIW3Ma pPacCMaTPUBAIOTCA TAaKHE AaCHEKThI, Kak
[IPEBAJINPOBAHUE IIPEAETIbHBIX BEIMUUH, CYyOBEKTUBU3M, PAllMOHAIbHBINA T'€JOHU3M, KOHKPETHU3ALNS
noTpeOHOCTeH, MpUOpPUTET NOTPEOIEHUsT HajJ MPOU3BOJCTBOM U CTPEMIIEHHE K SKOHOMUYECKOMY
paBHOBecHio. ABTOp mokasbiBaeT, yTo MM He ToiapKo cormacyercs ¢ 3TUMU KOHUEHIUSAMH, HO U
IIPEIOCTABIIAECT HOBBIE BO3MOYKHOCTH JUISl X SMIIMPUUYECKOM peann3aluu U MoaenupoBanus. Jlenaercs
BBIBOJI, YTO MapXXUHAJIU3M COXPAHSET AaKTyaJbHOCTb B YCIOBUSAX LU(PPOBOH SKOHOMHKH, a
TexHosaoruu MU ycunuBaroT ero npuKkiIaIHON MOTEHIHUAIL.
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RATIONAL HEDONISM OF ALGORITHMS: A MARGINALIST PERSPECTIVE ON
ARTIFICIAL INTELLIGENCE
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University of Telecommunications and Informatics in Yekaterinburg (UrTISI SibGUTI), Russia

Keywords: marginalism, artificial intelligence, marginal utility, subjectivism, rational hedonism,
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This article offers an interpretation of modern artificial intelligence (Al) technologies through
the lens of core marginalist economic principles. Key aspects such as marginal utility, subjectivism,
rational hedonism, specificity of needs, the primacy of consumption over production, and economic
equilibrium are examined in connection with Al systems. The author argues that Al not only aligns
with these theoretical constructs but also provides new empirical tools for their implementation and
modeling. The conclusion highlights that marginalist economics remains relevant in the digital age and
that Al enhances its applied potential.

B nocnenHue HECKOJIBKO JIET MOYKHO HaOJI0AaTh IIOBCEMECTHOE PACIIPOCTPAHEHHE TEXHOJIOTHI
uckycctBeHHoro nntemiekra (M). MHoxkecTBo oObIBaTenel U MccieoBaTeNell paccykaaeT Ha 3Ty
TeMy. MBI He OCTaHEMCSI B CTOPOHE, HO IIOCMOTPUM Ha TexHojorun MM nmox HenpuBBIYHBIM YIJIOM:
MIONBITAEMCS IIPOBECTU CIEAYIOIIHUNA «MBICIIUTEIBHBIN DKCIIEPUMEHT»: IIOCMOTPETh, KAK TEXHOIOTUU
WU pabotaroT ¢ TOUKH 3peHusi KOHIENIINHY Map >KUHaIu3Ma?

1. B MapXMHaJIMCTCKMX KOHLEMIMIX NPUMEHSIOTCA NpelenbHble BelIWYuHbL. HasoBem ero
MPUHIUIIOM IPEBAINPOBAHUS NPEOEbHbIX GENUUUH.

CyTb [aHHOTO TMpPHUHLMIA 3aKIOYaeTCsl B CIEAYIOUIEM: HKOHOMHMYECKHE CYOBEKTHI
OPHUEHTHPYIOTCS HE Ha CpEHUE MOKA3aTeIu, a Ha NPUPALIEHNAS] — HACKOJIbKO U3MEHHUTCS pE3yJIbTaT
npu 100aBIEHUN OJHON JOMOJHUTEIBHOM eIMHHIIBI pecypca MM NPOIYKIMH. DTO MO3BOJIsET Oolee
TOYHO OLIEHMBATh pallMOHAIBHOCTH BbIOOpa. Hampumep, pupma npopomkaer mpou3BOJACTBO 10 TEX
1op, TOKa MpeaesbHBIA JI0XOJ MPEeBBIIIAET IMpelesbHbIe H3JEPKKH, a MOTPeOUTENIh COBEpIIAeT
MTOKYIIKY, ITOKa IIPe/IeNIbHAs MMOJIE3HOCTh TOBapa MPEBBILIAET €T0 IEHY.
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[IpyHIMI DpeBalMpPOBAHMSA NPEIECNBbHBIX BEIMYMH JIEKUT B OCHOBE MOJEIEH CIpoca H
NPE/UIOKEHUS], a TaKKe MPOM3BOJACTBEHHBIX (yHKUMHA. OH mo3BoOJseT (HOpMaIN30BaTh MOBEICHUE
CyOBEKTOB U CTPOUTh TOUHBIE MAaTEMAaTUYECKHE MOJEIH, OTPAKAIOIIUE peallbHbleé SKOHOMUYECKHE
nporeccbl. OCOOEHHO BaXKEH TOT MPUHIMII B YCIOBUSAX OTPAHUYCHHOCTU PECYPCOB, KOT/Ia KaXJ0€
pELIECHNE CBA3aHO C AIbTEPHATUBHBIMU U3ACPKKAMHU.

Kak ormeuaercs B pabote 1. I'. Mynpuka u B. H. KoBaupa [3, 5-20], MmapKuHaIUCTCKAs TEOPHS
obecrieynsia nepexo]; K CTPOro KOJIMYECTBEHHOMY aHAJIN3y B SKOHOMHKE, 3aMEHUB KaueCTBEHHBIE
paccyXAeHHsI TOUHBIMHU 3aBUCUMOCTSIMU MEX]y NpEAEIbHbIMA BEIUYMHAMU. ABTOp NOJUYEPKUBAET,
YTO UMEHHO NpeIebHbIM aHATIN3 103BOJINI CPOPMUPOBATH OCHOBY 11 MUKPOSKOHOMUKH KaK HayKH,
BBIJICJIMB PAIlMOHAILHOE MMOBEICHNE CYObEKTa KaK IEHTPAJIbHbIN 2JIEMEHT aHanu3a. TakuMm o0pazom,
IPUHLMII TPEBAIMPOBAHUSA IPEAEIbHBIX BEIMYMH CTAHOBUTCS HE IIPOCTO AHATUTHYECKUM
WHCTPYMEHTOM, a (YHJIAMEHTOM BCE COBPEMEHHOW YKOHOMUYECKOUN TeOpUu

JIaHHBIA NPUHLUI CTajl OCOOCHHO AaKTyalbHbIM B 310Xy LU(POBOH TpaHchopMauu u
MOBCEMECTHOTO BHenapeHuss MW: oH mnpumensercs [uis aHauu3a OONBIIMX OOBEMOB JaHHBIX,
ONTHMHU3ALMU MTPOLECCOB U NPUHATHS YIPABICHYECKUX PELICHUH — WU B Ka)XKJIOM U3 3THX CIIy4acB
UCIOJIb3YETCSl MOJXOJ, aHAJIOTMYHBIA MapXKHUHaIucTckoMmy. Hampumep, nmpu oOyueHum Mojenen
MAaIIMHHOIO 00Y4YeHHUs1 KPUTUUECKU Ba’KHO OLIEHUBATh, HACKOJIBKO JJ0OaBJIEHHUE €IlE OJHOT0 IPU3HAKA
(feature) wim emé€ OJHOTO CJOS B HEHPOCETh BIUSET Ha TOYHOCTh MOJEIU — A3TO U €CTh OIICHKA
IIpeIeIbHON MOJIE3HOCTH pecypca.

Kpowme Toro, B ynpaBinenuu pecypcamu MM 1 BBIYUCIUTENBHBIMU MOIIHOCTSMHU HCIIONB3YETCS
MMEHHO IpPEJeNbHBIA MOAXO0: HACKOJIBKO MOBBICUTCS 3P (EKTUBHOCTh 00pPaOOTKH, €CIIU BBIACIUTH
crcreMe OOJIBIIE ONEePaTUBHON MaMATH WJIM MPOIIECCOPHOTO BpeMeHn? B ycnoBusx, Koraa pecypcsbl
oOnayHbIX IUIATGOPM M JaTa-LEHTPOB OrPAaHUYEHbl, TAKME OLIEHKU IO3BOJISIIOT HPUHUMATh
palyoHaIbHble, SKOHOMHUYECKH OOOCHOBaHHbIE pelieHus. [IpuHIun npeBajvpoBaHusl MpeneabHbIX
BEJIMYMH CTAHOBUTCS OCHOBOM dKOHOMUKHU WU, nHTErpupys KilacCM4eCKy0 SKOHOMUUYECKYIO TEOPHIO
B IIU(POBBIEC TEXHOJIOTHH.

2. MapxuHaJIn3M NPEAIoaraeT, YTo SIKOHOMUCTCKUIN CyOBEKT HCXOAUT U3 CBOUX COOCTBEHHBIX
yOexXIeHuil, peanusyst npunyun cyovekmuuma

CyOBeKTHBH3M B Map)KMHAIU3ME OCOOEHHO SPKO IpPOSBISETCS B KOHLENIUM IpelebHOM
10JIE3HOCTH. DKOHOMHUYECKHUM CyOBEKT OLIEHMBAET HE BCIO COBOKYITHOCTh OTPEOJIIEMOro TOBapa, a
IIPUPOCT YAOBJIETBOPEHHUs OT KaXAOH mocienyromeld eauHunbl. Takum o0pas3oM, peleHHs
MIPUHUMAIOTCSI HA OCHOBAaHUM MHJIMBUYyaJIbHOTO BOCIIPUSATHS MOJIB3bl, KOTOPOE MOXKET CYIIECTBEHHO
pasnuyaThCs y pa3HbIX JIIOAEH, JaXe MPU OJMHAKOBBIX BHEIIHHUX YCJIOBHAX. JTO NOAYEPKUBAET
3HAYUMOCTb BHYTPEHHUX, MEHTAJIBbHBIX (PAKTOPOB MPU (GOPMUPOBAHUN IKOHOMUUECKOTO BHIOODA.

[TpuHIun cyOBEeKTHUBH3MA TaKXkKe MPeanosaraeT, 4YTo Kakablil cyObeKT 00J1aaeT YHUKAIbHOM
CHUCTEMOM NPEANOYTEHUN M CTPEMHUTCS K MaKCUMHU3AlUKW COOCTBEHHOW IOJIE3HOCTH B pPaMKax
umeromuxcs pecypcoB. OH He 00513aTeNIbHO BEAET ce0s1 «0OBEKTUBHO PAllMOHAIBHO» B KIACCHUECKOM
CMBICJIE, @ CKOpEE — B COOTBETCTBUU C COOCTBEHHOMW JIOTMKOW M CHCTEMOW LEHHOCTEH. DTO Jienaer
MOBEJICHNE YeJIOBEKa B SKOHOMUKE MHOTOOOPa3HbIM U HEMPEICKa3yeMbIM C TOUKH 3PEHHUS KECTKUX
MOJIETIeH, HO B TO )K€ BpeMsl — IIIyOOKO JIOTUYHBIM B KOHTEKCTE HHIUBUIYaIbHBIX MOTHUBOB.

Kak ormeuaer A. 1O. Byposa [1, 166-171] B cBoelt paboTe, Map>KHHAIMCTCKUI MOAXOJ CTal
ITOBOPOTHBIM MOMEHTOM B Pa3BUTUU SKOHOMHYECKOM MBICIIM UMEHHO IIOTOMY, YTO CIENall aKIEeHT Ha
BHYTpPEHHEM, CyObEKTUBHOM U3MEPEHUH LIEHHOCTU. ABTOP MOTYEPKUBAET, UTO CyObEKTUBHBIN B3IJIS
Ha 1IEHHOCTb, BBEJIEHHBIA NPEICTaBUTENIIMUA aBCTPUNCKOMN IIKOJIbI, IO3BOJIMII IO-HOBOMY B3IJISIHYTh
Ha IpUPOY 0OMEeHa U PIHOYHOTO paBHOBecHsI. biiarogaps 3ToMy nmoaxory 5KOHOMHUKA MPUOIM3HUIIACh
K IOHUMAaHHIO peajibHOTr0 OBEICHUS YeJIOBEKA, a HE aOCTPAKTHOTO «IKOHOMHUYECKOTO poOoTay.

Tak, coBpeMeHHbIE TEXHOJIOTUH MPEIOCTABISAIOT YHUKAIBHYIO BO3MOXKHOCTH HaOIIOAaTh H
aHaAJIM3UPOBATh NOBe/leHNE CyOBeKTOB B peasibHOM BpemeHH. Cuctemsl MW obydaroTcst Ha maccuBax
MOJIb30BATEIbCKMUX  JaHHBIX, 4YTOOBI  MpEACKa3bIBaTh  MPEIANOYTEHHs, IEePCOHAIN3UPOBAThH
MIPEIOKEHUS U 1aXKe BIUATH Ha SKOHOMHUYEcKHe petieHus. OaHako, HECMOTPs Ha aBTOMaTHU3AIHIo,
cyObeKTHBHAas MpUpoa BeIOopa octaéres pynnamentanbHoi: MW auis MoenupyeT, HO He 3aMeHsIeT
CyOBEKTUBHbIE MOTHBAIIH.

WHuTepecHo, uto coBpemeHHble MM-anroputmsl, 1o CyTH, CTpEMSTCS MUMHUTHPOBATh JIOTHKY
CyOBEKTUBHOTO BbIOOPA, UCIIOJIB3YS MHIMBUY A TU3UPOBAHHbIE JaHHBIE O TIOBEJICHUH M10JIb30BaTENCH.
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Kaxnoe «mpemnoxenue» B Lu(ppoBoil cpege — Oyap TO pPEeKOMEHAALUsl TOBapa, CTATbU WM
WHBECTULIMOHHOTO PELICHUS — CTPOUTCS C ONOPON Ha OLIEHKY CyOBEKTHBHOM IMOJIE3HOCTH, a HE HA
YHHUBEPCAIBbHYIO LIEHHOCTh. DTO 03HAYAET, YTO MPUHIMI CyOBEKTUBHU3MA HE TOJIKO HE yCTapes, HO U
CTaHOBHUTCS 0COOEHHO aKTyaJbHBIM B SMIOXY NEPCOHATM3UPOBAHHBIX IU(POBBIX pEIICHUH.

3. C TOYKHM peHus MapKHHaIM3Ma, YEJIOBEK, BEAYIIMH dKOHOMMYECKYIO IESITEIBHOCTh €CTh
CYILLIECTBO, MCXOSAIIEE U3 PALMOHAIMCTUYECKUX IPHUHLMIIOB U €ro JESITEIbHOCTh HAIllpaBJICHa Ha
IIOJIyYCHHUE YJOBOJBCTBHUSA, T.€. PALMOHAIBHA M TENOHUCTHYHA. OTO HPUHYUN DPAYUOHANLHO20
2e00HU3MA.

OTOT NpPHUHLUI MpEAnoyaracT, 4YTO KaKIbld MHIUBUJ JCUCTBYET, HUCXOAs U3 pacyéra
MpeJebHON TMOJIE3HOCTH — TO €CTh, HACKOJIBKO JOINOJHHUTENbHAS €AMHUIA OJara yBEJIHYUT €ro
obiee ynosiersopenue. [loBenenue cyObekTa He XaOTUYHO, a MOJAYMHEHO JIOTHKE PalliOHAJILHOIO
BbIOOpA: CpaBHEHUE BBITOJ], MUHIMH3ALINS H3ACPIKEK, ONTUMH3AINA IpeanoyTeHui. Takum o0paszom,
FeIOHU3M B MAapXKMHAIU3ME HE O3HA4aeT CJENOE CJIECJOBAHUE YIOBOJBCTBHUIO, @ HMEHHO
OCMBICJICHHOE, PACUETIIMBOE CTPEMIICHHE K HanOOIbIIel CyObeKTUBHON TIOJIb3E.

Ba)XHBIM MOMEHTOM SIBJISIETCS TO, 4YTO IIOJE3HOCTb B MAap)KMHAJIM3ME — KaTEropus He
00BEeKTHBHAsA, a cyObeKTHBHAA. KakIplil 4emoBeK MO-CBOEMY OIpPENENseT, YTO Ui HErO SBIISCTCS
HCTOYHUKOM YZOBOJIBCTBHSI, U IMEHHO Ha 3TOM CTPOUTCS cHCTeMa NpeanoyreHuid. CieroBaTelbHo,
PaMOHATFHOCTh MAPKUHATUCTCKOTO CYOBEKTa MPEIoIaracT BHyTPEHHIOKO COTIIACOBAaHHOCTD IeJIei
U CPEICTB, a HE YHUBEPCAJIbHBIE MOPAJIBHBIE UJIU KYJIbTYPHbIE HOPMBI [IOBEJCHUS.

[To muenuto E. A. CMHpHOBOH, panuOHAJIbHBIA TE€JOHU3M SBJSETCS OCHOBOIOJIATAIOIINM
MPUHIMIIOM Map)KUHAJTUCTCKOM Mojenu uenoBeka [6,112-120]. OH mno3BonsieTr 0OBSACHATH
HSKOHOMHYECKOE TIOBEACHHE KaK CHUCTEMHYIO, HAlpaBJICHHYIO Ha JOCTIKEHHE JIMYHOTO OJara
NesITeIbHOCTb, OCHOBAaHHYIO Ha JIOTMKE MpeAEIbHbIX BEIUUYMUH U CyOBEKTUBHOM OLIEHKU MOJIE3HOCTH.
Takum 00pa3oM, palMOHAIBHOCTh M TEIOHM3M B Map)KHHAIM3ME HE MPOTHUBOMOCTABISAIOTCS, a,
HA00O0POT, COUETAIOTCS B €AUHYIO JIOTHUECKYIO CTPYKTYpPY MOTHBALIMH.

CoBpemennble MM-cucteMbl UCHOIB3YIOT aIrOPUTMbl MAIIMHHOTO OOYy4YeHUs Ul aHajau3a
JAHHBIX O MPEIINOYTEHHUSX M0JIb30BaTelNel, YTO MO3BOJISET MpeICKa3aTh UX OyAyIine NoTpeOHOCTH U
IIPEIOCTABUTh TOBAPbl WM YCIYTd, MAaKCUMaJbHO COOTBETCTBYIOLIME MX HMHTEpecam. DTO IMPSMO
CBSI3aHO C MJIe€H PallMOHAIBLHOIO Ie€J0HNU3MA, T1I€ «yA0BOJILCTBHE» IIOHUMAETCS KaK yI0BIETBOPEHHUE
3alpOCOB ¢ MAaKCHMAJIBHOHM TOJE3HOCTBIO Il MHAMBHAA. Hampumep, anropuTmsl Ha IuiaTdopme
pexomenaauuii Netflix unmu Amazon, opueHTHPYSACh Ha IOBEICHUE I0JIb30BaTeNeH, MpeasararoT
MMEHHO T€ TOBAPHI UM (PUIIbMBI, KOTOPbIE BHI3BIBAIOT HAMOOIbILIEE YIOBIETBOPEHHUE.

4. MapXHUHaIU3Mbl TOBOPAT OO0 HCIOJIIB30BAaHUM PEIKUX PECYpCOB Ul YAOBJIETBOPEHHUS
oTpeOHOCTEH JIto/Iel B KOHKPETHBIM MOMEHT BPEMEHH, a HEe 00 aOCTPaKTHBIX pecypcax U crocodax
ux ynoBierBopeHHs. O003HaUUM €ro KaK npuHyun KOHKpemu3ayuu.

Oco0eHHO SpKO MPUHIMI KOHKPETH3alMU MPOSBISIETCA B aHaM3e HU(POBONH 3KOHOMUKU U
npumeHenust N, Takue cuctemsl, Kak U J1000# Ipyroil 5JKOHOMMUYECKHI pecypc, OrpaHUYeHbl —
Oyb TO B BU/I€ BBIUUCIUTEIBbHON MOIIHOCTH, 00bEMa 00yUaroIIMX JaHHBIX WM BpEMEHH 00paObOTKH.
Pemenus, npunumaemble Ha ocHoBe MM, Takxke NOTUMHSIOTCS TIPEACIBHOMY aHAJIMU3y:
SKOHOMMYECKUH areHT BBIOMpAET, I/ie U Kornaa ucrosb3oBarb MM, 4ToObl NOIYyYUTh MAaKCUMAJIbHYIO
M0JIE3HOCTh P MUHUMAJIBHBIX U3/IepKKaxX. TakuM 00pa3oMm, 1axe BHICOKOTEXHOJIOTMUHBIE TPOLIECCHI
MOYUHSIOTCS 6a30BOMY MAPKUHATUCTCKOMY MOJIXOY.

Hanpumep, komnanuu, npuMmersromue MW s aHann3a KIMEHTCKOTO TIOBEIEHUS, BBIHYKJICHBI
BbIOMpATh, HA KAKUX JAHHBIX U ¢ KaKOW TITyOMHOM MPOBOJIUTE aHaIM3. DTO BEIOOP MEXKIYy CKOPOCTHIO
00paboOTKH, TOYHOCTHIO MOJAEIM M CTOMMOCTBIO €€ JSKCIuTyaTauuu. Takoil BeIOOp — THNHMYHASA
MapKHHAJIMCTCKas TUjeMMa: KakoBa IpeaesibHas M0JIE3HOCTh ell€ 0IHOTO 0J10Ka naHHbIX? CTOUT U
npumMeHsaTh MU B nanHOM cityuae uinu 3(h(heKTrBHEe UCIOIb30BaTh TPaIUIIMOHHBIE MeTOIb1? Beé 310
— MpOsBIIEHNE PUHLUIIA KOHKPETU3alMK B IM(poBOH cpefe.

Kax nonuépkusaer /[. K. PaxmaTyuinHa B cBOel cTaThe, MapKMHAIN3M KaK aHAJIMTHYECKHUU
MOJIXOJI CETO/IHS MPUOOpETaeT HOBYIO 3HAUMMOCTh B YCIOBHSX IUGPOBU3AIMH SKOHOMUKH, TaK Kak
MIO3BOJISIET AJallTUPOBaTh METOABI IPEIEIBHOIO aHaln3a K BBICOKOTEXHOJOTMYHBIM pEaHsM,
BKJIIOYAsl HCKYCCTBEHHBINA HHTEIEKT [5, 91-94]. VccnenoBarens oTMedaeT, 4To HU(POBBIE PECYPCHI,
XOTh M HEMaTepHaJbHbI, TAKXKE MOJIBEPKEHBI OIPAaHUUYEHHOCTH, a 3HAYUT, TPEOYIOT pallHOHAIBHOTO
pacnpeziesieHns — U UMEHHO 3/IECh MPOSIBIISIETCS CUjla Map >KMHAJIMCTCKOTO METO/1a.
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5. B Map)KHHaJUCTCKUX HCCIIEIOBAaHUSIX aKIEHT JellaeTcsl Ha moTpelieHuu, a He Ha cdepe
MIPOU3BOJICTBA, YTO COOTBETCTBYET NPUHYUNY NPeBAIUpOSaHUs nompeobieHus HaJl TPOU3BOIACTBOM B
SKOHOMUYECKOM CUCTEME.

CornacHO TakoM NO3ULMUM, WHIUBUI BCErJa CTPEMUTCS MaKCUMHU3MpPOBaThb CBOE
YAOBIETBOPEHUE (MU MOJIE3HOCTh) OT NOTPEOICHHS TOBAPOB U YCIYT MPU OTPaHUYEHHBIX pecypcax.
OTO HampsMyl0 CBSI3aHO C IIPUHLMIIOM palMOHAIBHOIO TE€JI0HU3Ma, B paMKax KOTOpOTro
SKOHOMMYECKUN areHT paccMaTpHUBaeT KaXJ0€ peIlleHHEe KaK CIOCO0 MOJydeHUs HauOOJIBIIEro
YZI0BOJIbCTBUSI C MUHUMAJIBHBIMU 3aTpaTaMu. [Ipoaykiuus sxe urpaet JIMiib BCIIOMOTaTeIbHYIO POJIb,
obecrieunBasi HEOOXOIMMBIA HAOOp Oyiar IS YJIOBJICTBOPEHHUS >KeJIaeMbIX MoTpebHocTel. B aTom
KOHTEKCTE IPOU3BOJICTBO — 3TO JIMIIb CPEICTBO ISl JOCTHKEHHSI KOHEUHOHU IeNTH — MOTPEOICHHUS.

NN  cTaHOBUTCA HMHCTPYMEHTOM, [O3BOJSIIOUIMM MAaKCUMaJbHO TOYHO IIpEICKa3aTh
noTpeOHOCTH MOJIB30BATENEH U IEPCOHATTM3UPOBATH MMOTPEOUTENbCKHIA ONIBIT. Hampumep, anroputmsl,
HCIIOJIb3YEMBIE B OHJIAMH-Mara3suHax, TAKUX Kak Amazon, Uiu B CEpBHCaX MOTOKOBOI'O BUJIE0, TAKHX
kak Netflix, aHanM3UPYyIOT MOBEIEHHUE IMOJB30BATEICH M MPEATaraloT TOBApbl U YCIYTH, KOTOpPbIC
HauOOJIbIIUM 00pPa30M COOTBETCTBYIOT MX WHAMBHUIyaJbHBIM MPEANOYTEHUSAM. JTO O3HAYAET, UTO
notpebienue Bcé 60see CTaHOBUTCS IEPCOHATM3UPOBAHHBIM U OPUEHTHPOBAHHBIM Ha MAKCUMH3ALIHIO
YAOBIETBOPEHUS OTPEOHOCTEH.

OnHako mpu ATOM OCHOBHOHM (pOKyC OcTaércs Ha yJIOBIECTBOPEHHUU MOTPEOHOCTEH, a HE Ha
nporecce co3nanus ToBapoB. C nomorursio MM MoxHO Goliee TOYHO MPOTHO3UPOBATH, KAKME UMEHHO
TOBAaphl WM YCIyrH OyayT BOCTpeOOBaHBI B OyIylIeM, YTO MO3BOJSET 3(P(EKTUBHO YIPABIATH
MIPOU3BOJICTBEHHBIMU PECYPCAMU, HE OTBJIEKASICh OT KOHEYHOH I[eJI — MOTPeOIeHUs.

Taxoe ucnonpzoBanue MM B coueraHuu ¢ MapKUHAIUCTCKUM IOJIXOJJOM JIEMOHCTPUPYET, KaK
udpoBHU3aIUS IKOHOMUKHA MEHSET TPaJWIMOHHbBIE B3IJISIbI HA SKOHOMHUYECKHE IMpoliecchl. BaxkHo
orMeTuTh, 4To MW cnocoOCTBYeT yCWIIEHHIO NPUHLUIA PAlMOHAIBHOIO TEI0HU3MAa, TaK Kak
MO3BOJISIET PKOHOMUYECKUM CYObEKTaM Jierde U OBICTpee JOCTUTaTh >KEIAaeMbIX pe3yJlbTaTOB —
mojiyyass TOBapbl U YCIyIH, KOTOpPbIE HJAEaJbHO COOTBETCTBYIOT HX NPEANOYTEHUSIM. ITO
JEMOHCTPHUPYET CABUT (POKYyCa IKOHOMHUKH OT MAacCOBOTO MPOU3BOACTBA K MEPCOHAIU3UPOBAHHOMY
oTpeOIICHUIO.

Kak ormeuaroT B cBoeit padote B. [I. HaymoB u A. E. HcaeB, coBpeMeHHbIE TEXHOJIOTHH, TAKHE
KaK HMCKYCCTBEHHBI HMHTEIIEKT, CIIOCOOHBI TpaHC(POPMUPOBATH IKOHOMHKY, OpUEHTHPYS €€ Ha
WHIUBUAYATbHbBIE TOTPEOHOCTH U IPEINOUYTEHHUS. DTO COOTBETCTBYET Map>KUHAIUCTCKON Mapaurme,
r7ie TNPeANoYTeHHe OTHAETCS yAOBIETBOPEHHUIO MOTPEOHOCTEH, a HE HCKIIOYUTENIBHO IPOLECCY
MIPOU3BOJICTBA. DTO MOATBEPXKIAET, YTO aKIEHT Ha MOTpebsieHue OCTAaETcs aKTyallbHBIM B YCIOBHAX
u(poBON SKOHOMHUKH, TJI€ TEXHOJIOTMH CIIOCOOCTBYIOT emi€ Oosee TOUHOMY U d(PPeKTuBHOMY
yIOBJICTBOPEHHUIO HYK[ IoJib30Bareneii [4, 77-82].

6. Hakonen, Map)XKMHalIM3Mbl BOCHPHUHHUMAIOT 3KOHOMHUYECKYIO CHUCTEMY KaK IOCTOSIHHO
CTPEMSIIYIOCSI B COCTOSIHUE PAaBHOBECHUS, TO €CThb HKOHOMHKA PacCMATPUBAETCSI B COOTBETCTBUU C
NPUHYUNOM PAGHOBECUSL.

[IpuHIMI paBHOBECUS B MapKHMHAIM3ME MperojaraeT Hajluude TUHAMHYECKOro OanaHca
MEXJy CIPOCOM U TMPEIJIOKEHHEM, a TaKKe MEXIy IMpeNeIbHOW MOJE3HOCThIO U MpeAeSbHBIMU
uznepkkamu. Kaxapiii cyObekT, AeWCTBYS pallOHaIbHO M WHAMBHAYAIbHO, CTPEMHUTCA K
MaKCHMHU3allMH CBOEH BBITO/IbI, @ COBOKYITHOE B3aMMO/ICHCTBIE BCEX YUaCTHUKOB PhIHKA MPUBOJUT K
PaBHOBECHOMY COCTOSIHHIO. B 3TOM CMBICIIE 5KOHOMHUKA PACCMaTPUBAETCS KaK CAMOPETYJINPYIOIIAsACS
CHCTEMa, TJIe BMEIIATEIbCTBO N3BHE MUHUMAJIBHO, a TOBEIEHNE areHTOB MOAYNHSAETCS BHYTPEHHEH
JIOTUKE PHIHKA.

CoBpeMeHHbBIE TEXHOJIOTUH, MpEeXkae BCero McKyccTBeHHbIH uHTEekT (UMW) m mammzHOe
o0y4yeHue, MO3BOJISIIOT MOJIEIUPOBATh CIIOKHBIE PHIHOYHbIE B3aMMO/ICHCTBUS U BBISBIATH TEHICHIIMN
K PaBHOBECHIO Ha OCHOBe aHaim3a Oonpmux AaHHBIX. C momoripio MM MOXHO OTCleXHBaTh
MOBEJICHHE THICSY WIM JaXK€ MUJUIMOHOB CYOBEKTOB OJHOBPEMEHHO, aHAIM3MpYs, Kak UX
WHIUBUAYaTbHbIE PEIICHNUS BIUAIOT Ha 00lIee COCTOSTHUE PBhIHKA. DTO JIeJaeT MPUHLIUI PaBHOBECHS
6osiee HaOJIOJaeMbIM U U3MEPUMBIM, YEM 3TO ObUIO BO3MOXKHO paHee B paMKaX YUCTO TEOPETHUECKUX
MOJIEIEH.

NN Takxe UCHOIB3yeTCS B IOCTPOECHUM areéHTHO-OPUEHTHUPOBAHHBIX MOJENEH, Ie Ka)KIbIi
SKOHOMMYECKUN CYOBEKT IMpeICTaBiIsieTCsl KaKk aBTOHOMHBIN areHT, o0Majarouiuil onpeaenéHHbBIMU
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MPEANOYTEHNUAMH, pECypcaMd M CTPATETUAMH. OJTH MOJEIN ITO3BOJSIIOT MCCIEN0BaTh, KaK U3
MHOKECTBA HWHIWBHUyabHBIX NEHCTBUU (opMmupyeTcss paBHOBECHE HIIM, HA00OPOT, BO3HUKAIOT
OTKJIOHEHHSI OT Hero. TakuMm oOpa3oM, HCKYCCTBEHHBIN HHTEIJIEKT CTaHOBUTCS HHCTPYMEHTOM
BU3yaJIM3allMU U IPAKTUYECKOTO aHAIN3a MPUHIIMIIA PABHOBECHS B pealbHON YKOHOMHUKE.

Kaxk ormeuaet JI. A. 130TOB B cBOEH cTaThe « IMIUPUIECKHE MOJIEIICH OOIIEro SKOHOMHYECKOTO
paBHOBECHSI», BHEJIPEHUE B SKOHOMUYECKUE MOJIEIH HOBBIX TE€XHOJIOTUN CIOCOOCTBYET YTOYHEHUIO
IPAHMI] PABHOBECHUS U MO3BOJISET YUUTHIBATh HEJIMHEHWHBIE [TIOBECHYECKNE PEAKIMU, KOTOPbIE paHee
WTHOPUPOBAIUCH B KIACCHYECKUX TEOPETUYECKUX IMOCTPOCHUAX. ITO MOMYEPKUBAET, YTO
Map>KUHAJIUCTCKHI MOIX0/] K PABHOBECHIO, HECMOTPS Ha CBOIO HCTOPUYECKYIO IITyOUHY, HE TOJIBKO HE
ycTapes, HO U Oy HOBOE Pa3BUTHE B YCIOBUAX ITUGPOBU3AIINK SKOHOMUKH [2, 33-39].

Bwmecre ¢ Tem M MoskeT ObITh UCIIOJIB30BAaH HE TOJIBKO JJIs1 HAOIIOACHHS PAaBHOBECHS, HO U JIS
MpeACKa3aHusi KPU3UCHBIX SBJICHHUM, TO €CTh T€X MOMEHTOB, KOTJa CHUCT€Ma OTKJIOHSETCS OT
paBHOBecus. B aTom acnekre MU BeICTymaeT kak cpeCTBO paHHEr0 NPEAYIPEKIACHHS U alalTallu
— OH CIOCOOEH aHAIM3UPOBATH CUTHAJBI, YKa3bIBAIOIIME HA MOTCHIMAJIbHBIC TUCOATAHCHI B
MOTpeOJIeHNH, TPOU3BOJICTBE WIIM PACHPEEICHUN PECypcoB. JTO JeJaeT MPUHLUI PaBHOBECHS HE
IIPOCTO AHATUTUYECKUM HHCTPYMEHTOM, HO U IIPAKTUYECKON KaTEropuer yIpaBJIeHHUs] SJKOHOMUKOM.

WNrtak, npoBenE€HHBIH MBICICHHBIM JKCIEPUMEHT MPOAEMOHCTPUPOBAL, YTO TEXHOJOTUH
HCKYCCTBEHHOTO HMHTEJIJICKTa MOTYT OBITh YCHEIIHO OCMBICIICHBI Yepe3 MPU3MY Map>KUHATUCTCKOU
sKOHOMMYEecKOi  Teopuu. MM, m1ogoGHO  palMoOHaIbHOMY  JKOHOMHUYECKOMY  CYOBEKTY
MapKUHAIUCTCKON TEOpHUH, JACUCTBYET HA OCHOBE OIICHKM MPENETbHOM IMOJIE3HOCTH, aAalTHPYETCs
noa CyOBEKTHUBHBIE MPEANOYTEHUS I0JIb30BaTeleil M padoTaeT B YCIOBHUSX OTPaHMYEHHOCTH
pecypcoB. Ero anroputmbl He aOCTpaKkTHBI, a CTPOTO OPUEHTUPOBAHBI HA KOHKPETHBIE CUTYAIIMH, YTO
COOTBETCTBYET MPUHIUMY KOHKpeTusauuu. [Ipu 3ToM rnaBHo# nenpio pynkunonupoBanus MU Bo
MHOTHX MPUKJIAJHBIX 33a4aX CTAHOBHUTCS MaKCHUMU3AIMS TOJIb30BATEIBCKOTO YIOBICTBOPEHUS —
YTO HANPSAMYH OTpPa)XaeT TIeJIOHUCTUYECKYI0 HAIpPABICHHOCTh 3KOHOMHUYECKOIO IIOBEIECHHUS B
Map KUHAITH3ME.

MoxHO yTBepXkAaTb, 4YTO MAapPKUHAIMCTCKUE HWJEU HAXOIAT HOBOE, TEXHOJOTHYECKU
MOAKPEIUIEHHOE BhIpaxkeHue B coBpeMeHHbix MU -cucremax. bonee Toro, rexnonoruun MM cnoco6HbI
HE TOJBKO WJUIFOCTPUPOBATH 3TH 3KOHOMHYECKHE MPUHLUIIBI, HO U CYIIECTBEHHO PACIIUPUTH HX
MPUKJIATHOE 3HAUCHUE, TpeJiaras HHCTPYMEHTBI MOJICTIUPOBAHUS, IPOTHO3UPOBAHUS U YIIPABICHUS
B CJIOHOMU U OBICTPO U3MEHSIOUICHCSI SKOHOMHUECKOH peaibHOCTH.
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MH®OPMALMOHHO - NPOCBETUTEJbCKOE OBECIIEYEHUE
COIMAJIBHOI'O NPEAITPUHUMATEJIBCTBA B MOJIOAE KHOU CPEJLE

VYpanbckuii TEXHUYECKUH MHCTUTYT CcBsA3H U nH(popMmaTuku ($punuan) ®I'BOY BO
«CuOupcKkuii ToCyAapCTBEHHBIH YHUBEPCUTET TEIEKOMMYHUKALUN U HHPOPMATUKU»B T.
ExatepunOypre (YpTUCU Cubl'YTU), Poccus

KitoueBbie ciioBa: MOIIOAEKb; MPEANPHHUMATEIHCTBO; COLUATBLHOE MPEIIPHUHUMATEIHCTBO;
ousHec.

B Hacrosiee BpeMsi MOJIOAEKHOE COLMAIBbHOE NPEANPUHUMATENIBCTBO CTAHOBUTCS Bee Ooiiee
MOMYJIAPHBIM ~ CIIOCOOOM  BOBJICUCHHSI MOJOABIX JIIOJEH B pEIICHHE COLMAIBHBIX IPOOJIEM.
I'ocynapctBy u npodeccuoHaabHbIM 00pa30BaTeIbHBIM OpPraHU3aLUsAM HEOOXOJMMO HOJArOTOBUTH
CMELUAINCTOB, 00JIQIAI0NINX HEOOXOAMMBIMH TPEANPHHUMATEILCKUMU KOMIETEHIIUSIMH B CBOEH
00J1aCTH, CIIOCOOHBIX IPUHHUMAaThb OOOCHOBAHHBIE YIPABIECHUYECKUE pPELICHHs, C pPa3BUTHIM
SKOHOMUYECKMM MBIIUIEHUEM M OCO3HAHMEM CYIIECTBYIOIIMX PHUCKOB, a TakKK€ TOTOBBIX K
MHHOBALIMOHHOM J1€ATENBHOCTH.

Pa3Butue MoJI0/1€KHOTO COLIMATIBHOIO MIPEIIPUHUMATENBCTBA TPEOYET KOMILIEKCHOTO TIOAX01a
U aKTUBHOT'O BOBJICUYEHUS Pa3JIMYHBIX 3aMHTEPECOBAHHBIX CTOPOH. BHenpeHHe NpennoKEeHHBIX B
paboTre peKOoMEeHJalui MOXKET MOMOYb CO34aTh OJATONPHUATHYIO SKOCHCTEMY I MOJACPIKKH
COLIMAJIbHBIX MHULIMATUB, B KOTOPOM MOJIOJbIE IPEAIPUHUMATEIN CMOTYT IOJYYUTh MOMOILb KaK B
o0y4YeHHH, TaKk ¥ B oOecrie4eHnH (UHAHCOBHIMH M UYEIOBEUYECKUMH PECYpCaMu B CBOH IPOCKTHI,
YCIIEIIHO peau30BbIBaTh CBOM MJIEM U BHOCUTH BKJIAJ] B PEILICHHE COLUAIBHBIX MPOOIEM.

E.N. Tuzankina, M.S. Gorbunova, L.N. Evdakova

INFORMATION AND EDUCATIONAL SUPPORT FOR SOCIAL
ENTREPRENEURSHIP AMONG YOUNG PEOPLE

Ural Technical Institute of Communications and Informatics (branch) of the Siberian State
University of Telecommunications and Informatics inYekaterinburg (UrTISI SibGUTI), Russia

Keywords: youth; entrepreneurship; social entrepreneurship; business.

Currently, youth social entrepreneurship is becoming an increasingly popular way to involve
young people in solving social problems. The state and professional educational organizations need to
train specialists with the necessary entrepreneurial competencies in their field, capable of making
informed managerial decisions, with developed economic thinking and awareness of existing risks, as
well as ready for innovation.

The development of youth social entrepreneurship requires an integrated approach and the active
involvement of various stakeholders. The implementation of the recommendations proposed in the
work can help create a favorable ecosystem for supporting social initiatives, in which young
entrepreneurs can receive assistance both in training and in providing financial and human resources
to their projects, successfully implement their ideas and contribute to solving social problems.

TeopeTnyeckne 0CHOBBI COLUAIBLHOTO NMPeANPUHUMATEIbCTBA.

ConupasnbHOE NPEANPUHUMATENLCTBO — corylacHo PexnepanbHoMy 3akoHy Ne245-03 «O
Pa3BUTUU MaJIOTO M CpPEJHEro MpeanpuHuMarenbctBa B Poccuiickoit ®Denepanum» [1], 3TO
NpeaNpUHUMATENbCKas JIeTeIbHOCTh, HAIpaBlIeHHAas Ha JOCTH)KEHHE OOIIECTBEHHO IOJIE3HBIX
1enei, cnocoOCTByIONIas PEIICHNUI0 COLMANIbHBIX MPo0JeM rpaxkaad u obmiectsa. MHbIMu croBamu,
COLIMAJIbHOE NPEINPUHUMATEIBCTBO — JESATEIBHOCTh, KOTOpash HalpaBlI€HA HA PpELICHHUE
COIMAIBHBIX, KYJbTYPHBIX HWJIM DJKOJIOTHYECKHUX Tpo0jeM ¢ momomibio OnsHeca. ConuanbHBIN
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npearnpuHUMarenb (GopMHpyeT Takyro OH3HEC-MOJeNlb, B KOTOPOM NIPUOPUTETOM SIBISETCS HE
MOJTy4eHUEe PUOBLITH, a COMANIbHAS OTa4a.

B ocHOBe maHHOrO BHIA NPEANPUHUMATENHCTBA JIEKUT (PYHKIMOHUPOBAHUE COIHAIBHBIX
MPEANPUATHI — IPEINPHUITHIA, CO3TAHHBIX C IENbIO PEIICHHSI OMPEICTICHHON COIMATbHON MTPOOIEMBI
WK 1pobiieM, ASMCTBYIOIUX HAa OCHOBE MHHOBALIMOHHBIX MOJAXO0J0B, (PMHAHCOBON TUCIMILTUHBI U
MOPsIIKA BEJICHUS /1T, XapaKTEPHBIX JJI1 4aCTHOTO cekTopa. OTian4ne COLHAIbHBIX MPEANPUATHI OT
HEKOMMEPUYECKUX OpraHu3aliii B TOM, YTO MHEPBBIC HCHOIB3YIOT OM3HEC-METONbI IS PELICHUS
npobsieM rpaxaad. OHU MONTyYaroT (PUHAHCOBYIO MPHUOBLIL OT CBOCH JIEATEIBHOCTH, B TO BpeMs Kak
OmaroTBopuTeIbHbIe GOHIIBI U APYTHe HEKOMMEPUYECKUE OPraHu3alluy TaKOW MPUObUIN HE MOTYyYaloT.

B 1uenTpe BHUMaHHS COIMAIBHBIX MPEANPUHUMATENICH HAXOIUTCS HE TOJIBKO (DHHAHCOBBIMA
ycrex, HO U yIy4dllleHHe KauyecTBa KHU3HU JIF0IeH, pellIeHUE U CYIIECTBEHHOE YMEHbBIIIEHUE OCTPOTHI
COILIMATIbHBIX, SKOJIOTHYECKHUX WIIA KYJIbTYPHBIX IPOOJIEM, TAKUX KaK OCTHOCTh, HEPABEHCTBO, JOCTYII
K 00pa30BaHUIO U 3APaBOOXPAHECHUIO. DTO MOXKET MPOSBISATHCSA B BUJE CO3AaHUS pPaOOUUX MECT Ui
ySI3BHUMBIX TPYNI  HAceleHHs, pa3pabOTKH YCTOMYMBBIX OKOJIOTHMYECKUX PEHICHHHA WM
MIPEIOCTABIICHUS YCIYT, KOTOPbIE HEAOCTYIHBI JJIs ONpeAeTIeHHBIX clloeB obmiecTBa. B ominuue ot
TPaJAUIIMOHHBIX MPEAIPUHUMATENCH, UIsI KOTOPBIX OCHOBHOM IIENIbIO SBIISIETCS MaKCHMU3AIUs
(buHaHCOBON MPUOBUIM U POCT COOCTBEHHOTO OM3HECa, COLMaIbHbIE MPEANPUHUMATENN CTPEMSTCS K
CO3/IaHUIO0 TOJIOKUTEITLHOTO BO3JCHCTBHS Ha OOMIECTBO, a TAaKKE ONTHMH3AIMH HMEIOIUXCS
MPOOJIEMHBIX HANIPABIEHUH COLMATBHON CheEpBHI.

Taxoke cienyeT OTMETHTh CIIEAYIOIIee: COIMATIBHOE TIPEANPUHUMATENHCTBO CTPEMHUTCS PEIINTh
pealibHbIEe  COIMallbHble  MPOOJIeMbl  MHHOBAaIlMOHHBIM  MeToaoM. [loaToMy  comuanbHOe
MPEANPUHUMATEILCTBO MMOHUMACTCS KaK COIUANbHAS WHHOBAIMSA, MOIUPUIIUPYIONIAs BCIO
o0miecTBeHHY0 cucteMy. K colManbHBIM WHHOBAIMSIM OTHOCATCS HOBBIE CTPaTErvu, KOHIEHIIUH,
WJIeM U OpPraHU3allMH, KOTOPHIC YAOBIETBOPSIOT JIOOBIE COLMAbHBIE MOTPEOHOCTH — OT YCIIOBUM
TpyJa U 00pa30BaHUS 0 Pa3BUTUSA COOOIIECTB U 3APAaBOOXPAHEHHUS, CIIOCOOCTBYS PACIIUPEHUIO U
YIPOUCHUIO TPaKJAHCKOTo oOmiecTBa. Llenpio conManbHBIX WHHOBALMM SIBISIETCS CO3/IaHHE
ONMaronpusATHBIX YCIOBUHM JUisl pa3Butus oOmiectBa. [lpu 3ToM nanbpHeWmne W3MEHEHHS — 3TO
YCTOWYMBBIC H3MEHEHHS, KOTOPBIE HEe OyayT TpeOOBaTh MOCTOSHHOW MOIMMTKH OJIATOTBOPHUTEIBHBIX
OpraHu3aluil.

['maBHOE OT/IMYME COIMAIBHOTO MPEANPUHUMATEIHCTBA OT TPAAUIIMOHHOTO 3aKJIIOYAETCS B
aKTUBHOM OCYIIECTBIICHMU COIMANbHOM mporpammbel. B To Bpemss kak 53(¢eKTUBHOCTD
TPAIUIIMOHHOTO TPEANPUHUMATENST U3MEpPsIeTCs] (PUHAHCOBBIMH PE3yJbTaTaMH, ISl COLUATBHBIX
MpearnpuHUMaTeneil pe3yiabTaThl UX pabOThl MMEIOT JBOIfHOe 3HaueHue. [IpuObLip He sBisieTcs
€IMHCTBEHHON 1IeJIbI0; OHA PEUHBECTUPYETCS B peaTu3aluio CONMHaIbHOW Muccuu. Jlms
TPAAULMOHHOTO MPEANPUHUMATENIS KITFOUEBBIM SIBISETCS KOMMEPUECKUH yCIIEX €ro UAei, Toraa Kak
JUTSL COITUATBHOTO TIPEATNPUHUMATEIIS BaXKHEE YCIIEITHOCTh COIMAIbHBIX WHHOBAIIMMA U T€ U3MEHEHUS
B 00IIIECTBE, KOTOPBIE BOSHUKAIOT OJIarofaps ero AesITeIbHOCTH.

Bce conmanbHabie nmpeanpruHuMaTe Il 00J1a7at0T OOIIMMHI KaueCTBAMH, B TOM YHUCJIE: COIUATBHOMN
YYBCTBUTEIBHOCTBIO M OTBETCTBEHHOCTHIO, CTPACTHBIM JKEJIAHUEM H3MEHATh MHUpP K Jy4ylIeMy,
MPEANPUHUMATEIBCKUM JTyXOM, MPAKTHUECKUM, U TP TOM WHHOBAIIMOHHBIM TIOJIXO0/I0OM, YKETaHUEM
U3MEPSTh U OTCIIEKUBATh CBOE BIMSAHKNE, OPUEHTUPOBAHHOCTHIO HA PE3yJIbTaT, IPUUEM HNPUHOCAILUN
HE TOJIbKO BBITOAY, HO W BIMAIONIMK Ha o0miectBo. ColMalbHBIE MPEANPUHUMATENIN 00J1aJaloT
aMOMIIMSIMH U HACTOWYMBOCTHIO B PEIICHUN 3HAYUTENbHBIX COLMAIbHBIX MPOOJIeM, U OHU MOHUMAIOT,
KaK IOOMTHCSI MacIITAOHBIX U3MEHEHUH. BMecTo Toro 4To0sI mosiaraThCst Ha TOCY1apCTBO UK OM3HEC-
CEKTOp MMl pelleHHs] MOTpeOHOCTel OOIIecTBa, OHH CTPEMSTCS BBIIBUTH KOPEHHBIE MPHUYUHBI
npoOjieM W YCTPaHATh WX, HM3MEHSS CYIIECTBYIOIIMNA TOPSIOK BEIMIEH paaul JTOCTHIKEHUS
ONaronpusATHOTO BIUSHUS HA COIMANLHBIE U YKOHOMUYECKUE HHCTUTYTHI.

MO03KHO MMPUBECTH HEKOTOPBIC MTPUMEPHI JJISl TIOITBEPKACHUS aKTYaTbHOCTH TaHHOW TEMATHKH.
Hanpumep, KOHCYIbTallMOHHBIN LIEHTP ISl MOIAEPAKKHA MOJOJbIX MaTrepel. Bonpockl, cBsi3aHHbIE C
BOCIIUTAHUEM M YXOJIOM 3a JI€TbMH, BCETJla aKTyaJbHbl. MHOXXECTBO JKEHIIWH CTaJIKHUBAIOTCS C
TPYAHOCTSMU TIpU OEPEMEHHOCTH U B TIEPBBIE TOIbI )KU3HH pebEéHKa. OCOOEHHO e€CM B TaAKOW MEPHOJ
HET TIOMOIITM CO CTOPOHBI OM3KUX, €Clin PeOCHOK ocTalcs 6e3 OTIa, UM CEMbsI TToTaia B CIIOKHYO
KU3HEHHYIO cuTyanuio. [ Takux S>KeHIMH OyayT aKTyaldbHBl YCIYTH TICUXOJIOTHYECKOTO
COTIPOBOXICHHUS, IIOMOIIb B BOCIIMTAHUH JIETEH, COBETHI IO YXOTy 32 peOSHKOM M OpraHU3alliuu ObITa.
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[TpoekT MOXeT OBITH peaqTu30BaH B OHIAH-GopMaTe (s yAaJeHHbIX KOHCYJIbTAlui WK TenedoHa
J0BepUs) WU B BUJIE 0 dIaliH-IIeHTpa 0 MOJAEPKKE MaTEPHUHCTBA.

[TomBonst UTOT, CONMANBHOE MPEATTPHHUMATEILCTBO CTPEMHUTCSI PEIIUTh COIIHATBHBIE TPOOIEMBI
MHHOBAIIMUOHHBIM MCTOJIO0M, 1/1306peTa51 NN KOM6I/IHI/Ipy51 CONHUAJIBHBIC 1 S3KOHOMUYCCKHUEC PCCYPChI
TaKuM 00pa3oM, 4TOOBI CO37aTh CAMOBOCIPOM3BOISIIMICS U CIIOCOOHBIN K PACIIUPEHUI0 MEXaHU3M
MPOU3BOJICTBA U TIPEAOCTABICHUS IIENIEBBIX COIMAJIBHBIX Onar. MOXHO CKa3aTh, COLMAIbHOE
MPEINPUHIMATEIBCTBO OJHUM CBOMM CYIIECTBOBAaHMEM MOJU(GUIIMPYET BCHO OOIICCTBEHHYIO
CHCTEMY.

ConmajibHOe NpeINPHHUMATEIHLCTBO B MOJIOJEKHOI cpene.

CoumanbHOE NMpeNpPUHUMATENbCTBO AKTUBHO Pa3BUBACTCA B IOCIEIHHUE TO/bI, YTO CBSI3aHO C
MOBBIIIEHUEM OCBEIOMIICHHOCTH O COLIMAIBHBIX Bompocax. Hampumep, K HUM OTHOCATCS: U3MEHEHHE
HKOJIOTUYECKOr0 KJIMMara; IpodiieMa KIacCOBOIO M COLMAJIBHOTO HEpPaBeHCTBA M JAOCTyHa K
00pa3oBaHMIO, OCOOCHHO B CTpaHaX TPETbEro MHUPA; AMUCKPUMHHALUS M CTUTMATH3AIMs JIIOJCH C
pa3nUYHBIMU 3a00J1€BaHUSAMHU, MHBAJIUIHOCTHIO M OTPAaHUYCHHBIMH BO3MOKHOCTSIMH.

B ®enepanbnom 3akone Ne489-d3 «O monoaexnoi nonutuke B Poccuiickoit ®deneparum [2]
TOBOPUTCSI O HEOOXOAMMOCTH YK€ B Iepuoa oOyueHHs B By3€ T'OTOBUTb MOJIOABIX JIOJAEH K
caMopean3alyy yepes MoTydeHHbIC UMY 3HaHUS, HABBIKY ¥ KOMIIETCHLIUH JJIs1 YCIICITHOW aJanTalum
U peaJin3aluy UX MOTpeOHOCTeN B MPO(ecCHOHAIBHOM, COLMAIIBHOM U JINYHOCTHOM Pa3BUTHH.

Kareropuss mononexu BpIOpaHa He cily4ailHO. MOJOJeXb, KaK IPaBUIIO, [0 CPABHEHUIO CO
CTapIIMMHU IOKOJEHUsIMH, ObIcTpee yduTcs, Ooyiee ajmanTupyeMa U 0Oojee TOJIepaHTHA, YTO
HEMAaJIOBAYKHO ISl Pa3BUTHS MHHOBAIIMOHHBIX MTOIXO0B K MPEANPHHUMATEILCTBY. MOJIOIbIE JIIO/IH,
HECMOTpsT Ha BO3pacT, UMEIOT OOJILIONH ONBIT B OOJACTH HOBBIX TEXHOJIOTMH, OHHM OoJblile
OpPHEHTHUPOBAHBI HAa POTPECC M U3MEHEHHE, YeM Ha COXpaHEHHE CTaphIX TPAAUIIUI U OE30MacCHOCTD.

UYro kacaeTcs pealnu3alyy 3TUX KauecTB, MOJIOJbIE NMPEAPUHUMATEIN HE TOJBKO MPUMEHSIOT
CBOM HABBIKM M TAJIAHTHI, HO M BJOXHOBIIIIOT CBOMX CBEPCTHHKOB, MOOYX/Jas UX y4acTBOBATH B
COLMAIBHBIX  Ou3Hec-poekTax. MoJlole)KHOe  MpEeJIPUHUMATEIbCTBO  CIIOCOOHO  JaBaTh
MHOTOKPATHBI CHHEPreTHUECKUH JPQEKT, IOCKOIbKY MOJIOAble OW3HECMEHBI C OOJNbIIeH
BEPOSATHOCTbIO HAaWMyT Ha pabOTy CBOMX CBEPCTHHUKOB, 4YeM IIpeJcTaBuUTesIel OoJiee cTaplIux
MOKOJICHWH, W CMOTYT BBIBECTH JPYTYI0 MOJIOICKBb M3 HE(HOPMAIBHOTO CEKTOpa M HETOIHOM
3aHATOCTH (Kak ciieAcTBue — OeqHocTH). bosee Toro, pasBuTHe MHUPOKOTo CHEKTpa MepeaaBacMbIX
HaBBIKOB, B TOM YHCIIE MPEIIPUHAMATEIHCKIX, MOKET MTOMOYb MOJIOABIM JIFO/ISIM TIOBBICUTh HIAHCHI
Ha ycmex B TNpopecCHOHANbHON JKM3HM M MEPEeXUTh TIIIyOOKHe TpaHC(hOpMalUld pPBHIHKOB,
HKOHOMHYECKHUX TPOIIECCOB, CHephl TPyAa M 3aHATOCTH. DTO TAKXKe MOICPKUBACTCS OT3BIBUNBOCTHIO
Y TOTOBHOCTBIO MOJIOABIX JIFO/IEH I€TUTHCS 3HAHUAMU M OIIBITOM CO CBEPCTHUKAMM U KOJUIETaMHU.

ConmanpHOE  TPEANPUHUMATEIBCTBO  OTKPHIBAET  MOJIOJABIM  JIFOJSIM  BO3MOXXHOCTH
TPYAOYCTPOHCTBA, SKOHOMHUYECKOM M COIMAJIbHOM aKTUBAllMM M aJaNnTallid, OKa3aHUs BIMSHUSA Ha
COIIMAIBHOE TPOCTPAHCTBO BOKPYT cebOsi. YpoBeHb 0€3pabOTHIlBI CPelrd MOJOJEKH OCTAeTCs
cTabMIIbHO 00Jiee BBICOKUM, YEM CPeAN MHBIX BO3PACTHBIX Ipymil (eciau K KoHILy 2022 r. 6e3paboTHia
B cpexHeM 1o Poccuu cocrasisina 3,7 %, To B rpynme 20-24 et — 12,5 %, B rpynme 25-29 et — 4,8
%, cpemn 30-34-nethux — 4,4 %), a Te, kT0 pabOTaeT, MOMYYAIOT OTHOCHUTEIHHO HEBBICOKYIO
3apaboTHyto miaaty: B 2022 r. B Poccun kannuaaTsl 0e3 onbiTa MOIJIM B CpEJIHEM MPETEeHA0BaTh Ha 44
000 py6.; aTo Ha 18 000 py©O. Huxke, yem 1o Poccuu B niesom [3].

bnaronmaps craTycy WHIMBHIYadbHOTO MPEINPUHIUMATEINS MOSBISETCS BO3MOXHOCTh CTPOUTH
Ou3Hec, KOTOPBIN MPUHECET MoJib3y o0mecTBy. ColuanbHbIi NpeanpUHUMAaTelb, TOMUMO TPUOBUIH
OT CBOEH HENOCPEACTBEHHON MAEATENbHOCTH, MOXKET TOJy4aTh JAOMOJHUTEIBHBIE CPEICTBA H
MOJIIEP>KKY OT TOCYAAapCTBa U MHBIX OpraHM3alluil HeKoMMepUeckoro xapakrepa. Ckaxem, B Poccun
MIEPBBIM 3HAYMMBIM MEIMIMHCKUM TMpoekToM cTaia «KHomka sxu3Hn» [4]. Ero cyTh 3akimrodaercs B
HKCTPEHHON MOMOIIM JETSIM, WHBANIUAAM U NOXWIbIM JroasM. [lo nanueiM Ha 2018 rox naHHOM
yCIIyroi BOCHOJIb30BAIMCH 00Jiee TPEeXCOT Thicsay yenoBek. B konkypce «Crapran roga — 2011» stot
MIPOEKT cTal MoOeAnTeNeM, Kak JTy4IIuii COMATbHO 3HAUUMBIH CTapTarl.

B cBowo ouepenb, MosoAble MPEANPUHHUMATENM CTAJIKUBAIOTCA C PSIOM  MpoOieMm.
OOycnoBIeHHBIN BO3pacTOM HEAOCTATOK IMPAKTHUUYECKOI'O OIbITa M HEYMEHHE MpPOCUUTHIBATH BCE
BO3MOJKHBIE PHUCKH MOTYT NPHBOJUTH K OMHMOKAaM B yNpaBlIeHUH W (PUHAHCOBOM IJIAHWPOBAHUH.
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OrpaHnyeHHbIC (HMHAHCOBBIE PECYPCHI U ci1adasi AeJoBasi CeTh 3aTPYAHSIOT JOCTYIT K HEOOXOIUMBIM
JUTS pPa3BUTHSI KOHTAaKTaM U (puHaHCUPOBaHUI0. KpoMe Toro, MHOTHE U3 MOJIOABIX ITPEITPHHIMATEIICH
He O00JIaJal0T JOCTATOYHBIMU 3HAHHMSIMH B OOJNIACTH YIPABICHUS W MEHEDKMEHTa, YTO TaKXKe
HETraTHUBHO CKa3bIBaeTcs Ha ycrexe ouszHeca. CTpax mepen Heynadel U OI0pOKpaTHUECKUE Mperpaibl
MOTYT YCIOXHSTh IPOILIECC PETUCTPAllMM M COOJIOACHUS HOPMATHBHBIX TpeOoBaHMil. HexBarka
TpeOyeMBIX PeCypcoB U ciiabopaszBuTast HHGPACTPYKTypa, IPOOIEMbI C CaMOOPTaHU3AIHNEH, a TAKXKE
OrpaHUYCHHBIC HABBIKU B MPOJaXKaX, YIIPABICHIUH KOMaH/IOM U JIEJIETHPOBAHUU 00S3aHHOCTEH MOTYT
JOTIOJTHUTEIBHO YCIOXKHATh MyTh K ycmexy. Oco3HaHMe A3THX HEJIOCTaTKOB M paboTa Haj X
MPEOJIOJICHUEM, a TaKXe CO3JaHHue MOJICPKUBAIONICH SKOCHCTEMBI, MOTYT IOMOYb MOJIOJIBIM
NpeINpPUHIMATEISIM Pa3BUBATh CBOM UACU U TIOOMBATHCA ycCIexa.

Jlnst  cpaBHEHUST MOXKHO TPHUBECTH B KayeCTBE MPHUMEpa TPAJAWIMOHHOE BHUICHUE
NpeINpUHIMATENbCTBA JIIOJBMHU cTapmiero Bo3pacta. OHM dYacTo mojararoTcss Ha (opmanbHOe
o0pa3oBaHNE M OIBIT, HAKOIUICHHBIH 3a TOABI pabOThl B OHM3HECE, MOATOMY MEHEEe CKJIOHHBI K
HKCHEPUMEHTaM C HOBBIMH MeTojamMH oO0ydenusa. Crapiie NpeArnpUHUMATENN MPEANOYUTAIOT
MOJIaraThCsl HA YK€ CYIIECTBYOIINE JISIOBBIC CBSI3U, YTO HHOT/A OTPAHUYMBACT UX BO3ZMOXKHOCTH IS
HOBBIX KoJutabopaiuil. X KOHCepBAaTUBHBIN MOJIXO0J M OCTOPOXKHOE MPUHSTHE PUCKOB, OCOOCHHO
KOTJIa peYb UJET O HOBBIX TEXHOJIOTHUSX, OOSCIICUYMBAIOT 00JIee HAJACKHYIO OM3HEC-MOJIENb, OJTHAKO
JUIIACT WHHOBALMOHHBIX MPEUMYIIECTB, JIUIIAsS MOTEHIMAILHON BBITOABI M OoOpamasi pa3BUTHE B
CTarHamuo. DTH PA3JINYUs B MOJX0IaX MOJIOJICKH U CTAPIINX MPEANPHHAMATEIICH MOTYT IPUBECTH K
pa3HooOpa3HBIM pe3yibTaTaM B Ou3Hece. MOIoIeKb MOXKET IPUBHECTH CBEXHE UICH U UHHOBAIIHH,
B TO BpeMs KaK ONbBIT CTapUIMX MPEANPUHUMATEICH MOXET OOECIeUUTh CTaOWIBHOCT H
crpateruueckoe BujeHue. CoyeTaHue 3TUX MOIXOJ0B MOXKET ObITh OCOOCHHO 3(pPEeKTHBHBIM ISt
JOCTIDKEHHSI yCIieXa B COBpPEMEHHOM OHM3HECe.

Takum 00pa3oM, W3 BBHIIIENEPEUYHUCICHHBIX (PAKTOPOB MOXHO CJHIENaTh BBIBOJ, YTO IAHHOE
HaIpaBJICHUE aKTHBHO Pa3BHBACTCS M MUMEET 3HAYMTEIbHBIN IMOTCHIIUAI JIJISl PEIICHUS COIHAIbHBIX
npo6nem. OgHAKO, OCO3HAHME CBOMX CHJIBHBIX M CJA0BIX CTOPOH, BBITOJAHOE HCIIOJIB30BAaHHE
MPEUMYIIECTB M AaKTHBHAas paboTa HaJ MPEOAOJICHUEM HEIOCTaTKOB MOTYT CTaTh KIIIOUOM K
ycreurHoMy pasBuTuio OmsHeca. [lommepkka €O CTOPOHBI 00Pa30BaTENbHBIX YUPEKICHUH,
TOCYJJAPCTBEHHBIX CTPYKTYP M YAaCTHOTO CEKTOPa MOXKET CIIOCOOCTBOBATH NAlIbHEHINIEMY Pa3BUTHIO
COIIMAIIEHOTO MPEAIPUHIMATEIBCTBA CPEIU MOJIOICHKH.

Pexomenaauuu no nHGopManMoOHHO-NIPOCBETUTEILCKOMY 00eciedeHHI0.

HNHpopMallMOHHO-IPOCBETUTENBCKOE  00ECHeUeHHe COLMAIbHOIO MpeANpPUHUMATENLCTBA
UTpaeT KJIKYEBYIO POJb B €r0 Pa3BUTUM W YCIEIIHOM pealu3alyd COLUUAIbHBIX MHUIMATHUB. [[ns
JOCTHIKEHUS 3TOM LelM Heo0X0AUMO pa3paboTaTh 0Opa3oBaTeIbHbIE IPOTrPAMMBI, BKIIIOYAs KypChl U
OHJIAafH-TPEHUHT U, KOTOPbIE OMOTYT JIOASIM OCBOUTH OCHOBBI COI[MAJIBHOTO IPEIPUHUMATENbLCTBA,
TakMe Kak OM3Hec-TUIAaHMPOBAHHWE M YIpaBJIeHHE IMpoeKTamMH. Takke BO3MOXKHO CO3/1aTh OHJIAMH-
m1aTGopMy UM opTal, rae OyayT cOOpaHbl pecypehl, CTaTbU M JIyYIlIMEe MIPAKTUKU B 3TOM obnacTu.
Opranuzanus GopyMoB U KOH(pEpEeHIMH Ha MyHHUIUIAIbHOM, PETMOHAIBHOM U I'OCYJapCTBEHHOM
YPOBHSX [MO3BOJIMT COLUATBHBIM MPEANPUHUMATENISIM OOMEHUBATHCS ONBITOM U HAaXOAUTh ApTHEPOB,
a CO3/1aHUE OHJIAH-COOOIIECTB B COLMATIBHBIX CETAX OyAET ciocoOCcTBOBaTh 0OMEHY MH(pOpMaIen 1
UIESIMU MEXKIY €AMHOMBIIIJICHHUKAMH.

[Iponarania conMaabHOrO MpEeANPUHUMATENLCTBA uYepe3 HHGOpPMAlMOHHbIE KaMIaHUU H
yOJIMKaUU O €r0 3HAYMMOCTH TaKXKe SBJISETCS IIEHHBIM acClIEeKTOM. Ba)kHO onpeesinTh, KTO SBISETCS
OCHOBHOHM ayautopuedl A MHGOPMAIMOHHBIX KAMIIAHUM — 3TO MOTYT OBITh HOTEHIMAJIbHbIE
COLIMaJbHBIE TPEANPUHUMATENN, WHBECTOPBl, TIOCYJApCTBEHHBIE OpPraHbl, a TaKXKe MIHUPOKas
oOmecTBeHHOCTh. DopMynupoBaHHME SICHBIX M YOEIUTENbHBIX COOOLIEHMH O TOM, YTO TaKoe
COLIMAJIbHOE MPEeANPUHUMATEIBCTBO, KaKue MpoOIeMbl OHO pellaeT U KaK MOKET MU3MEHUTDH >KU3Hb
JIOJEN K JIydlieMy, IOMOKET HOIYJISIpU30BaTh JAHHYIO TEMY, PaBHO KaK M YCTAHOBJIEHUE CBSI3EH C
KYpHUIUCTAMH U pEJakUUsMH, YTOObl OHM MOIJIM  OCBEIIaTh TEMbl  COLIMAIBHOTO
IIPEANPUHUMATEIBCTBA B CBOMX MaTepHaslax, IOMOXKET NPUBJIEYb BHUMAaHHUE IIUPOKON ayIUTOPHUU.
Hcnonb30BaHne pa3nuyHbIX KaHATOB KOMMYHHUKAIIMH, TAKMX KaK COLUAIbHbIE CETH, OJIOTH, TIOJKACThI
u TpagunuonHsie CMU, emé Oosbliie pacIMpUT OXBAThI, a MyOJMKAUs HAYYHBIX U aHATUTHYECKUX
CTaTel, KeHCOB YCHEIIHbIX IPOEKTOB M CO3JJaHHe BU3YyaJIbHBIX MAaT€pUANIOB, CIIENAIOT HH(OPMALINIO
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0oJiee TOCTYITHOM M MIOHATHOM.

B Poccuu cBou nporpamMmbl OAJIEPHKKU COLUATIBHBIX TPOSKTOB €CTh Y MEXKYHAPOAHBIX (PUPM,
HarpuMep, y Danone, Unilever, Bxoasmero B rpymmy Societe Generale [TAO «Pocbank», u y
poccumiicknx — JIYKOWJI, «Cesepcrans», «Hopuabckuii Hukens». Yale BCEro 3TO MPOrpaMMEL
oOydeHus AJis COLUAIbHBIX MPEANPUHUMATENEH, KOTOPbIE MO PYKOBOJCTBOM HACTABHUKOB U3y4alOT
METOABl M CIOCOOBl OTKpPHITHS W BeAeHUs OumsHeca. Hwuskuii ypoBeHb COLMAIBHOTO
MpealpUHUMATeIbCTBA B COBpeMeHHOW Poccum MOXKHO CBs3aTh € TEM, 4YTO OTEYECTBEHHAs
¢uHaHCOBas cHCTEMa HE QJaNTHPOBaHA IOJ OCOOCHHOCTH BEIEHHUs 3TOr0 0co00ro BUAA
NeSITeIbHOCTH, HAXOSIIErocs MeXay OJaroTBOPUTENbHOCTHIO U OuzHecoM. [IpeampunHumarensm
HE00XOIMMO CaMOCTOSTEJILHO PEarupoBaTh U MPHUIyMbIBaTh HOBbIE (DUHAHCOBBIE HHCTPYMEHTHI JTHO0
aJIalTUPOBATh MOJI COLMAJIbHOE MPEIINPUHUMATENIBCTBO YK€ CYHIECTBYIOIIHME (OPMBI, YTO YACTO
OYeHb HENPOCTO.

Takum 006pazom, MOKHO cIeNaTh CIAEAYIOUINI BBIBOJ: Pa3BUTHE MOJIOJIEKHOIO COLUATBHOIO
NpeINpUHIMATENbCTBA TpeOyeT KOMIUIEKCHOTO IOJAXO0Ja M AaKTHBHOTO YYacTHs pa3IMYHbIX
3aMHTEPECOBAHHBIX CTOPOH. Peanuzaius mnpeayioKeHHbIX PEKOMEHIAIMl MOXET CIOCOOCTBOBATH
CO3JIaHHIO OJAroNPHUATHONW SYKOCUCTEMBI JIJIsl pPA3BUTHUS COL[UAIBHBIX UHUIIMATUB, B KOTOPO MOJIOJIBIC
MpeaNpUHUMATEId CMOTYT HalTH (MHAHCOBYIO MOJJIECPKKY B BHJIE MHBECTUIUMI B CBOW OuW3HeC,
YCIICIIHO PEau30BbIBATh CBOM HJIEH U BHOCUTH BKJIAJ] B PEILICHHE COLMAIBHBIX MPOOIEeM.

Bompockl conmansHOro MpearnpUHUMATEIbCTBA CTAHOBSTCS Bce 0Oojee aKTyalbHBIMH B
YCIIOBHSIX Pa3BHBAIOIIUXCS YKOHOMHK, T/I€ PAa3phIB YPOBHS JKU3HH MEXKIY OOraTbiMH W OCTHBIMH
oueHb BenuK. FIMeHHo 3Ta (hopma npeanpuHUMAaTEIbCKON AEITeTbHOCTH IIOMOTAET HE TOJIBKO PEIIUTh
psia ocTpeIX mpoOiieM B obmiecTBe, HO W 3apaboTaTh, cO3aTh paboune MecTa, MOBBICUTh Ka4eCTBO
KU3HU B CTpaHE.

MoroaexxHoe ColMaabHOe MPEIIPUHUMATEIBCTBO CETOIHS YK€ He MPOCTO uaes. Moloaexnb
UJET B HOTY CO BPEMEHEM, y HEe€ POKIAIOTCS HOBBbIE MHTEPECHBIE UJICU, M, HECOMHEHHO, MOJIO/IbIE
NPEINPUHIMATENH, UX YHEPTUS U JKEJIaHUEe U3MEHUTh MUP K JIydlIeMy HEOOXOAMMBI COIMATbHOMY
ousHecy. ColpalibHOE NPEANPUHUMATENHCTBO IMOMOTAaeT MOJIOJICKHU peann3oBaTh ce0s U CBOM
MOTEHITHAJ.

Cratyc coluanbHOrO MPEANpPUHUMATENS MOMOTaeT CTPOUTH OM3HEC, KOTOPBIA IMOJe3eH AJis
obmiecTBa. BBITh cCOMANBHBIM MPEANPUHUMATEIIEM BBITOJAHO: TOMUMO TTOTyYEHUS TPUOBUIHA, MOKHO
paccuuThIBaTh Ha JOMOJTHUTEIBHYIO (UHAHCOBYIO IIOMOINL OT FOCYAapcTBa M HEKOMMEPYECKHX
OpraHu3aIui.

HNHpopMallMOHHO-IPOCBETUTEILCKOE 00ECHeueHHe HrpaeT KIYEBYI0 pOJb B Pa3BUTHH
COIMAIIEHOTO TIPENIPUHUMATEIBCTBA Cpeau Mojozaeku. Co3maHue JOCTYMHBIX HWH(POPMAIIMOHHBIX
pecypcoB, 00pa30BaTEeNbHBIX MPOrpaMM U MOAJEPAKKA CO CTOPOHBI TOCYAAapcTBa M OM3HECa MOTYT
3HAYUTEIHHO TIOBBICHTH HWHTEPEC MOJIOIGKH K CONMAIBHOMY MPEIIPUHUMATENBCTBY H
CIOCOOCTBOBATh PEIICHUIO aKTyalbHbIX COLUAIBHBIX MpobsieM. BaxkHo mpopoikaTth pa3BUBaTh 3Ty
cdepy, YTOOBI MOJIOIBIE JIFO/IM MOTJIM PeaTu30BaTh CBOM UCH U BHECTH CBOM BKJIAJ] B CO3/IaHHE OoJiee
CIpPaBEAIMBOIO U YCTOHYHMBOTO OOIIECTBA.
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NHOOPMAINMNOHHBIE CUCTEMbI YIIPABJIEHUSA ITPOEKTAMM. IIEPCIIEKTHUBbI
BHEJIPEHUA U COBPEMEHHBIE TEHAEHIINU

VYpanbckuii rocyJapCcTBeHHbIN yHUBEepcHTeT myTel cooduienus (Ypl VIIC),
r. ExkaTepunOypr, Poccus

KiroueBwie cioBa: mH(popManmoHHbie cucTeMbl ympabieHus npoektamu (MCVII), cucrema
ynpasinenus: npoexkramu (CVYII), BHeapenue MCVYII, nmHTErpanmoHHbI MOAXOJ, HCKYCCTBEHHBIH
untemiekT (M), obmaunbie TEXHOIOTHH, YIIpaBICHUE MTpoeKTaMu, udpoBusanus, Agile, Waterfall,
MIPOTHO3HAs aHAIUTUKa, Bl-unterpanus

CraThsi TOCBAIICHA HMCCIEIOBAHUIO MH()OPMAIIMOHHBIX CHCTEM YIPABJICHUS MPOCKTAMH, UX
pOJIM B COBPEMEHHBIX OpraHM3alMsIX, a TakXke IepcHeKTHBaM M IpoOjeMaM BHEIPEHUS.
AHnanusupyrorcss kiroueBble acnekTel BHeapeHne MCVYIL, koTopoe cCONpsiKEeHO C  psAaoM
OpPraHU3alIOHHBIX, TEXHUYECKUX M METOJOJOIMYECKHX CIIOXHOCTeH. B paborte mnpencraBieHsl
paznuuus Mex 1y cucteMoit ynpasienus npoektamu (CYII) kak opranuzanuronnoi mojaensto u MCYII
KaK IpOrpaMMHBIM KOMILJIEKCOM, a Takxke paccmarpuBaroTcst stanbl BHenpenus MCVYIL. Ocoboe
BHUMAaHUE YJEJIIEHO WHTErPallMOHHOMY MOJXOAY, KOTOPbIi MHUHUMHU3UPYET PUCKM U IOBBIILIAECT
aJlalTalluio CUCTEMBL. B cTaThe Takxke BblIENEHBI cOBpeMeHHble TeHaeHuun passutus UCVYII, takue
kak ucronpzoBanne REST/SOAP API, o6mavyHbIX TEXHONOTHI U yriayOJlieHHON aHamuTUKH. Llenbio
UCCJIEIOBAHMsl SIBIIICTCS BBIABICHUE NEPCIEKTUBHOrO HampasieHus pasButus MCVYIL u ananms
OCHOBHBIX OApBEPOB UX BHEJIPEHMUS.

E. I. Shlyapnikov, E.S. Bogdanova

PROJECT MANAGEMENT INFORMATION SYSTEMS. IMPLEMENTATION
PROSPECTS AND MODERN TRENDS

Ural State University of Railway Transport, Ekaterinburg, Russia

Keywords: Project management information systems (PMIS), project management system
(PMS), PMIS implementation, integration approach, artificial intelligence (Al), cloud technologies,
project management, digitalization, Agile, Waterfall, predictive analytics, Bl integration

The article explores project management information systems, their role in modern organizations,
as well as the prospects and challenges of implementation. It analyzes key aspects of PMIS
implementation, which involves a range of organizational, technical, and methodological complexities.
The study distinguishes between a project management system (PMS) as an organizational framework
and PMIS as a software solution. Special attention is given to the integration approach, which
minimizes risks and enhances system adaptability. The article also highlights modern trends in PMIS
development, such as the use of REST/SOAP APIs, cloud technologies, and advanced analytics.The
purpose of the study is to identify a promising direction for the development of ISPs and analyze the
main barriers to their implementation.

CoBpeMeHHbIE OpraHU3alMy CTATKUBAIOTCS C HEOOXOAMMOCTBIO MOBBIIICHUS YPPEKTUBHOCTH
YIpaBJIEHUS POEKTaAMH B YCIOBUSX BBICOKOM JUHAMUKH PhIHKA U U(POBU3AIIUU OU3HEC-TIPOIIECCOB.
Wudopmannonnsie cucrembl ympasiaeHus npoektamu (MCVYII) cTaHOBSATCS — KIIFOUEBBIM
MHCTPYMEHTOM JUIS JOCTHXKEHHs 3ToM 1enu. OJHaKo UX BHEAPEHUE COMPSIKEHO C PSAOM IpobiieMm,
BKJIIOYAsl CONPOTUBIIEHUE COTPYAHHUKOB, BHICOKYIO CTOMMOCTb U CIIOKHOCTh MHTETpauuu. B naHHOMN
CTaTbe MBI PAacCCMOTPUM OCHOBHBIE AaCIEKThl BHEAPEHUS HH(GOPMALMOHHBIX CHUCTEM YIIPaBJICHUS
MIPOEKTaMH, a TAKXKe BBIICIMM KIIIOUEBbIE COBPEMEHHbBIE TEHACHIIUN B 3TON 00JIACTH.

B knaccudeckoil Teopuu ynpasieHUs IPOEKTaAMH MOXKHO BBIJIEIUTH CIIEIYIOIINE OCHOBHBIE ITOHSATHSA:
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— IIpoekT - BpeMeHHOE MpeanpusiTHE, HANpaBICHHOE HA CO3/laHHWE YHUKaJIbHOIO MPOAYKTa,
ycryru wiu pesynbrara [ 1]. [IpoekT o61anaeT TakuMu XapaKTepUCTUKAMHE, KaK: OTPAaHUYEHHBIE CPOKHU
(Hayao M KOHEI), YHUKaJIbHOCTh LIEJIH, OTPaHHYEHHBIC peCypChl (OFOKET, JIT0IH, 000pyI0BaHHKE).

— YnpaBneHue NpoeKkTaMu - MPUMEHEHHE 3HAHUM, METO/10B, MTHCTPYMEHTOB M TEXHOJIOTHM JIst
BBITIOJTHEHUS POEKTa B COOTBETCTBUU € TpeboBaHusmH [1].

— [Iporpamma - rpymma B3aMMOCBSI3aHHBIX MPOEKTOB, YIPAaBISEMBIX KOOPIAWHHUPOBAHHO IS
JIOCTHKEHUS CTpaTEeruyeckux meneit [1].

—Ioprdens mnpoekToB - COBOKYMHOCTH MPOEKTOB M TPOTpamMM, OOBEAMHEHHBIX JUIS
JTOCTIOKEHHS OU3HEec-11esel kommanuu [1].

MO03KHO BBIIEIUTH KIIOUYEBBIE 3JIEMEHTHI YIIPABIICHUS IPOEKTAMM:

1. TpeyroibHUK YIpaBlIeHUs NPOEKTaMU — MOJAXOJ K YIPaBIEHHUIO C TOYKH 3peHus OanaHca
MEXy CPOKaMH, OIOPKETOM M KaueCTBOM MpOeKTa [2];

2. Pacnipenenenue poseit — poieBasi MOJIelb, KOTOpasi BKIIIOUAeTCsl B ce0sl pacrpeaeneHue 30H
OTBETCTBEHHOCTH MEXAY MEHEIKEPOM IPOEKTa, OTBEYAIOIIUM 3a BBIIIOJHEHUE MPOEKTa, KOMaHOU
MPOEKTa, OTBEYAIOIIEH 3a KCIOJIHEHHE KOHKPETHBIX MPOEKTHBIX 3ajad, W CTEeHKXOolJepaMu —
3aMHTEPECOBAHHOIN COPTHOM, HAIIPUMEp, KIMEHTAMU UM CIIOHCOPaMH.

3. lokyMEeHTUpOBaHHE — MAaKET OCHOBHBIX JOKYMEHTOB IPOEKTa, a HMEHHO: (OopMajbHO
OMUCHIBAIOUIUHN II€JIM YCTaB MPOEKTa, IUIAH YMNPABICHUS MPOEKTOM WJIM CTPATETrHsi BBIMOJHEHUS,
CTPYKTypHasi J€KOMIIO3ULIUA paboT (Mepapxus 3a1a4), KaJeHAapHbIi 11ad rpaduk [2].

OTHU TOHSATHS COCTABJISIIOT OCHOBY IMPOEKTHOTO YMPABJICHHS W UCIOIB3YIOTCS B Pa3IUYHBIX
Metononoruax. [lonnmanue 3TUX TepMHUHOB Momoraer 3¢G(EeKTHBHO IUIAHUPOBATH, UCHOIHATH U
KOHTPOJIMPOBATh MPOEKTHI B JIFOOOH OTpaciiu.

JKu3HEHHBIHM LUK KaXKI0TO MPOEKTa MPOXOIUT UYepe3 5 OCHOBHBIX cTafuil. CTaguu 1 X COCTaB
NpeJCcTaBIIeHbI B TadmuIe 1.

Tabauna 1. Ctaguu NpoeKkTa U UX COCTaB

Cragus CocTtaB

1. Manimanus Onpenenenue nenen, CTeMKX011epoB

2. [ImannpoBanue Pa3paboTka miana, rpaduka, OropKeTa

3. Ucnonnenue Peanu3anus 3a1a4, MOCTaBIEHHBIX JUIsl JTOCTHKEHUS LIEITU MPOEKTa

4. Monutopunr  u | OTciexuBaHue Iporpecca, yupaBjieHUue U3MEHEHUSIMHU.
KOHTPOJIb
5. 3aBepleHue Ilepenaua pe3ynbTaTOB, IOABEACHUE WTOTOB, IOJIMCAHUE
3aKpBIBAIOIIUX JOKYMEHTOB

dopManbHO TpoLECcC yIpaBiIeHUS NpoeKTaMu MOXHO onucate B Hotauuu IDEFO kax
MPEJICTABICHO Ha PUCYHKE 1.

MeTogonoms OTpacnessie CTAHAAPTHI,
3AMOHOAATENLLTED
Kopnopatmessie
cTaHAapTH

R T LT B——— DUHAHCOBbLIA pesyneTaT——»

TpeGoBaHna 3aKasuMka—»| YNpaeneqHwe NpoeKToM TOTOELIA NpogykT————»

Pecypcbl —OTJYETHOCTE, JOKYMEHTALMA—

- - >
(GtogsKeTsl, miogw) A0

HCYT

KomaHga npoekTa OSopyaosaHue
SKCMEPTHI
Gax-odmc

Pucynok 1. KonrtekctHas nuarpamma ypoBHs AQ 11 mporiecca « Y paBiaeHue IPOEKTOM
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JlexoMno3u1ys JaHHOTO Ipoliecca MpeAcTaBiIeHa Ha PUCYHKeE 2.

Kopnpopatvetbie
CTaHaapTLI

MeTogonorwa

£

OTpacnessie CTaHAAPTH,
VHHLIHGLI'H,F 3aK0HOQaTENBCTED

npoekTa
—Llenu npoekta— Al

—Tex. sagatus—"

YcTae

MnaHKpoEaHKe
A2

Mnax

WMcnonuexsue

BHgHET A3

OTueTHOCTE,
AOKYMEHTALMA [—OWHaHCOBRIA pesynETaT—®
JaseplUeHue

A4 [ToToewlii npogykr——————»

Komarga
NpoexTa, IKCNEPTH W OSopyaosanue
Gak-ofnc meyn

Pucynoxk 2. JlekoMmo3uius nporecca « Y npaBieHHe MPOESKTOM

CTouT OTMETUTh, UYTO B YNPABICHUM MPOEKTAMH HEOOXOAMMO pa3feliiATh MOHSATHS CHUCTEMa
ynpasnenus npoektamu (CYII) u UCVYIIL. CYII — opranuzanuoHHas MOJENb B3aHUMOJCHCTBHS
npoeCCHOHATBHBIX MEHEIKEPOB, BOOPY)KEHHBIX METOJOJIOTHEH YMpABICHUS TPOCKTaMU H
MHGOPMALMOHHOM CUCTEMOI, OpUEHTHPOBAaHHAsI HA MPOEKTHI KOMIaHUH [3].

B cBoto ouepenp, UCVYII - Habop MHTErpUPOBAHHBIX MPHIOKEHHUN, TOAIEPKUBAIOIINX BCE
OCHOBHBIE aCMEKThl YIPABICHUS NPOEKTAMU KOMIIAHUH B €IMHOM MH(OPMALMOHHOM NPOCTPAHCTBE
[3]. K cucremam gaHHOTO Kjacca MpexbsABIsSETCs IUPOKUM CEKTp TpeOOBaHUM, B 3aBUCMOCTH OT
cneunpuku npeametHoil oonactu. UCYII MoryT BBINOJIHATH MHOXKECTBO (pyHKIMH. [ KpynHbIX
IIPOEKTHBIX OPraHM3allii B CBOEH JEATEIBbHOCTH, B YAaCTHOCTH CTPYKTYPHBIM IOJAPA3ACIICHHUSM,
BBIMOJIHSAIOLUIMM Pa3HOOOpa3Hble 3ajjauyd, BaXKHO HAXOAWUTHCS B €AMHOM HH(POPMALMOHHOM IOJE.
NmenHO no3TOMy yalie Takue KOMIaHUM NpuMeHsoT komiuiekcHsie MCVYII.

Jnist TOoro, 4ToOBl ONpPENENUTh OCHOBHBIE MEPCIEKTUBBI U MPOOJIEMBbl BHEAPEHUS B TaOIuIe 2
MpeACTaBIeHa T0poXKHas kapTta nporecca Bueaperus UCVYIIL.

Tabauna 2. Jlopoxnast kapta npouecca BHeapenust MCVYII

Ne n/nn Oran Pesyibrar
1. TloaroroBUTENbHLIN dTAIl VYT1BepxkaeHHas cucrema, 13 Ha
11 AHanu3 OU3HEC-IIPOLIECCOB U MOTpeOHOCTEN | BHEAPEHUE, Ha3HAYEHHAs KOMaH/a.
1.2 Bri6op MCVYII
1.3 Omnpenenenue 0I0HKETOB U PECYPCOB
14 Co3nanue paboueil rpynmsl BHEIPEHUs
2. [InoTHOE BHEIpEHUE Ortyer 0 TECTUPOBAHUU,
2.1 Hactpoiika cucteMsl (poJiu, MpoIecchl) KOPPEKTHPOBKAa  HACTPOEK,  IUIaH
2.2 OOyueHue KITFOYEBBIX MMOJIb30BaTECH MaclTaOupOBaHHUs
2.3 3anmyck MUIOTHOTO MPOEKTa
2.4 C60op 06paTHOI1 cBs3M U 10pabOTKa
3. ITonHomacmiTabHOE BHEIPEHUE
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3.1 Wurterpamus ¢ apyrumu cuctemamu (CRM, | [Tomrouennas pabora UCVYII Bo Beeit
ERP) KOMITaHU U

3.2 OOyueHue Bcex COTPYTHUKOB

3.3 ITocTeneHHOE MOKIIOYEHUE OT/IETIOB

3.4 MOHHTOPHHT ¥ TEXHUYECKAs MOJIEPIKKA

4, Ontummzanuss W pasButve (MOCTOSIHHBIN | [locTOsIHHOE yIlydllleHHE MPOIIECCOB
IpoLIecC) 3a CYeT JaHHBIX U aBTOMAaTH3aluU

4.1 Ananus 3¢ (HeKTHUBHOCTH

4.2 BHeapenne HOBBIX (DyHKIMN

4.3 Perynsipaoe o0yueHne HOBBIX COTPYIHUKOB

Hcxons W3 mpOBEACHHOTO aHAM3a, BBIIACISIOTCS CICIYIOIIUE MPOOIeMbl, KOTOPBIE MOTYT
BO3HUKHYTH Ha dTare BHEIPECHUS:

OpraHu3anoHHbIE OapbephI:

— ConpoTuBieHNE TIEPCOHAIA — HEXKEIAHNUE COTPYIHUKOB OCBAaBAaTh HOBBIE HHCTPYMEHTHI,

— OTCyTCTBHE YETKOW CTpaTeruu — BHEAPEHHUE 0e3 yueTa OM3HEC-TIPOIECCOB.

TexHu4ecKue CI0KHOCTH:

— Nnrerpanus c legacy-cuctemamu — mpobiemMbl COBMECTUMOCTH co cTapbiM [10;

— BbIcokast cTOMMOCTB — TUICH3UH, 00YUYeHHE, TEXHUYECKAas MOIICPIKKA.

OmuoOKY B BHIOOPE CHCTEMBI:

— Hecootercteue UCVYII macmtabam kommnanuu (Harpumep, MS Project muist masioro 6u3Heca);

— V30bITOUHBIN (DYyHKIIMOHAN, YCIOKHSIOMIMMA padoTy.

Jnisi pemeHus TEepPedrcIICHHBIX BBIIIE MPOOJIIEM MPHUMEHSETCS TOAXO0J WHTETPAllMOHHOTO
BHenpeHusa. Bueapenue nndopmannonHoi cucreMsl ynpasineHus: npoektamu (MCVYII) tpeGyer He
TOJIKO TEXHUYECKOW HACTPOWKH, HO M TAPMOHHYHOT'O B3aMMO/ICHCTBHS C CYIIECTBYIOIMMH On3HEC-
nporeccaMu, KOpropaTHBHON KyiabTypoit u WT-undpactpyktypoid. MHTErpamuoHHBIH MOIXO
MUHUMH3HPYET PUCKH, YCKOPSET afanTalfio W MOBBIMIAET OKyHaeMocTh MHBecTUIil. KitoueBbie
MPHUHIUITBI HHTETPAIIMOHHOTO MOIX0/1a OTPAXKEHBI B Ta0HIIe 3.

WHCTpyMEHTH PUMEHSIEMbIE TP pean3alliyd BHEAPSHUS MyTEM HHTETPAIMOHHOTO IOAX0/a

MPEACTABJICHBI B TAOHIIC 4.

Tabnuua 3. KitoueBble NPUHIMITBI HHTETPALIMOHHOTO Mo1xoAa [4]

[TpuHIIMnI

3agauga

1. Cps13b ¢ OU3HEC-CTpaTeruei

Buenpenne WCVYII pomxHO mnoOAnEpKUBATH
CTpaTerHuyecKre IeTu KOMIAHWU (Hampumep,
1M (POBHU3AIMIO MJIM POCT JIOJIA PHIHKA)

HHTCrpanusa

2. l'opusoHTansHass wu

BEpTUKAJIbHAA

I'opuzonransHas: Csasp UCVYII ¢ apyrumu
cucremamu (CRM, ERP, Bl).

Beprukanbnas: CoriiacoBaHue HpOLECCOB Ha
BCEX YPOBHAX — OT TOI-MEHEIKMEHTA 0
VCIIOJTHUTEIICH.

3. [TocTeneHHOCTh M UTEPATUBHOCTH

IlocnenoBarensHOCTD AercTBUN: [IumoTHOE

BHe/lpeHre — AHanu3 — MacitabupoBaHue.
I'nOkocTh kK JOpaboTKaM Ha OCHOBE 0OpaTHOM
CBSI3H.

Tabnuua 4. IHCTpyMEHTBI HHTETpalluu

Tun uaTerpanun

HNHcTtpymenT

[Ipumep ucnonp3oBanus

1.APl-unrerpamuu | REST/SOAP API, Webhooks

CRM.
2.I'oToBbIC Zapier, Make (Integromat) Cunxponuzamusi gaHHbix Mexay WCYIL wu
KOHHEKTOPBI TaOJIMYHBIMU TIPOIIECCOPAMH.
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3.ETL-cucremsr Talend, Apache NiFi IlepeHoc HMCTOPHYECKUX JaHHBIX W3 CTapOif
NCVYII

4. Enunas LDAP, Active Directory, | Enunsiii Bxoa (SSO) 11t BceX COTpYIHUKOB
ABTOPHU3ALIHS SAML

3a cyer mpuMeHeHHs gaHHoro mnoaxoaa k BHeapenwto MCVYII Tpanchopmmupyercs wu3
M30JIMPOBAaHHOIO HMHCTPYMEHTAa B ILEHTPAJIbHBIA Y3€l YIpaBJIEHHUS NPOEKTaMU KOMMAaHUU [5].
Hcnonb3ys «MHTErpanno», OTKPhIBAETCS HEMAJbIA IEPEYEHb NIEPCIIEKTUB PAa3BUTHSL:

1) cnonbp30BaHKe HCKYCCTBEHHOTO UHTEIUIEKTA:

— [Iporuo3nas aHanuTHKa — NPEICKa3aHUE CPOKOB U PUCKOB HA OCHOBE UCTOPUYECKUX JTAHHBIX.

— ABTOMaTH3aIMs pyTUHHBIX 33]1a4 — HA3HAYEHUE 33]1a4, TeHEepalus OTYETOB.

2) Huzkoko10BbI€ U 00TaYHbIE PELICHUS:

— No-code margopmbl — THOKOCTH HACTPOUKH O€3 MPOrPAMMHUCTOB.

— O6naunple MCYII — gocTymHOCTh, MacImITaOUPyeMOCTb, CHH)KEHHE 3aTpaTr Ha
UHPPACTPYKTYPY.

3) Yriy6nennas ananutuka u Bl-unterpanms:

— Busyanuzanus qaHHbIX JUIs IPUHATHS YIIPABJIEHYECKUX PEILICHUN.

- Onenka ¢ dextuBHOocTH TTpoekToB uyepe3 KPI u ROI.

4) Ilonaepkka pa3IMuHbIX METOOJOTU:

— I'nbkue merononoruu (Agile, Scrum, Kanban).

- Knaccnueckoe ynpasnenue (Waterfall).

ITo mumo nepcnektuB, BHeApenue MCVYII Ha npeanpusTiu mo3BossieT JOOUTHCS CIEAYIOLIUX
MIPEUMYILIECTB:

1) Ilosbimenue mnpo3pauyHoctd U KoHTpoiss. WMCVYII obecrneunBaroT: aBTOMAaTH3AIUIO
wianupoBanus (Gantt-guarpammsl, WBS); MOHUTOpPUHT BBINOJIHEHMS 3a7jad B PEalbHOM BPEMEHU;
CHM)KEHHE PUCKOB 3a CYET PAHHETO BBISBIICHUS OTKIIOHEHUI.

2) Ontumuzanusi pecypcoB. PainmoHanbHOE pacmpenesieHHe YelOBEYeCKUX M (PMHAHCOBBIX
pecypcoB, a TaKKe, CHUKEHHUE TIEPETPy30K COTPYAHUKOB Oarogaps 6aqaHCHUPOBKE HATPY3KH.

3) Yayumenue koMmmyHukanuu. LleHTpanu3oBanHbie mIaTGOPMBI Ui B3aUMOACHCTBUS (YaThl,
KOMMEHTapUH, YBEIOMIIEHNS) M UHTErPallusl C KOPIOPATUBHBIMH MECCEHPKEPaMH.

Takum o00pa3zom, HHPOPMAIMOHHBIE CHCTEMbI YIPAaBICHUS MPOCKTAMH MPOAOIIKAIOT
pa3BUBATHCS, Tpejyiaras HOBbIE BO3MOXXHOCTH 3a cueT MU, o0navyHBIX TEXHONOTMH W THOKHX
MeToAonoruid. OJJHaKO HUX YCIEIIHOEe BHEApeHHEe TpeOyeT KOMIUIEKCHOIO MOAX0]1a, BKIHOYAOIIETo
aJIanTalyio MpoleccoB, 00yyeHHUEe COTPYJHUKOB U y4yeT oTpaciieBoil cneuuduxu. B mepcrekruse
MOKHO OKHJIaTh JAanbHeien aToMatusanuu 1 nepconanuzanun UCVYII, uro caenaer ux eme 6omee
3¢ (HEeKTUBHBIMU MHCTPYMEHTAMU yTIPaBJICHHUSL.
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unpopmatuku (pummana) DIBOY BO  «Cubupckuii
TOCYJTapCTBEHHBI  YHHBEPCHTET  TEICKOMMYHUKAIMH U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'YTN),
Poccus, bas@urtisi.ru
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BYABIJIINMHA
Hanexna BeanamuaosHa

BABUWJIOB
Janunn MuxaimoBud

I'MTEJIBMAH
['eopruii AnexceeBuu

I'OPBYHOBA
Mapuna CepreeBHa

TOPJIOB
Hukomnaii Unpnu

THUJIOMEJIOB
Edum MBanoBu4

JAEHUCEHKO
Bepa KoncrantuHOBHA

EBJIAKOBA
JInnug HukomaesHa

EPMAKOB
Poman Annpeesuu

EBTYHIEHKO
Anekcelt Bnanumuposuu
KYKOB

Janun Kupuinosuu

30JI0TUHA
Kcenus KOpbeBHa

KaHIUAAT TEXHUYECKHX HayK, [OLEHT, 3aB. Kadeapoil
MH(POKOMMYHUKAITMOHHBIX TEXHOJIOTUH M MOOWJIBHON CBS3H
VYpanbCKoro TeXHUYECKOT0 MHCTUTYTA CBS3U M MH(YOPMATHKU
(punmmana) PI'BOY BO «Cubupckuii rocyIapCTBEHHBIH
YHUBEPCUTET TEIEKOMMYHHUKAIM U WHGOpPMAaTUKU» B T.
Exarepunoypre (YpTUCU Cubl'YTU), Poccusi, bnv@urtisi.ru
CTYJAEHT  Maructparypel 1o  Hampaienuto  09.04.02
«MHOopMaIIOHHBIE CUCTEMBI M TEXHOJOTUW» Y PaIbCKOTO
rOCy/IJapCTBEHHOI'O  YHUBEpPCHTETa  MyTel  cooOLIeHus
(YpI'VIIC), r. ExarepunOypr, Poccus
vavilov_danil0607@mail.ru

CTYACHT YPalbCKOTO TEXHUYECKOTO HWHCTUTYTAa CBA3H H
uHpopmatukn  (pwmana) DIBOY BO  «Cubupckuit
rOCYJapCTBEHHBI  YHMBEPCHTET  TEJICKOMMYHUKAIMH U
unpopmatuku» B r. Exarepunbypre (YpTUCU Cubl'YTH),
Poccus, i@qggitelman.ru

CTYJIEHTKa YpalbCKOTO TEXHHYECKOT0 HWHCTUTYyTa CBS3H U
unpopmaruku (pummana) DIBOY BO  «Cubupckuii
rOCy/IapCTBEHHBI  YHHUBEPCUTET  TEJICKOMMYHHUKALUA U
uHpopmartukn» B I. Exarepunodypre (YpTUCU Cubl'YTN),
Poccus, marinal00203@mail.ru

JOKTOp TEXHWYECKHX Hayk, mpodeccop DOPI'BOY BO
«Cubupckuit roCyJapCTBEHHBIH YHUBEPCUTET
TEJIEKOMMYHUKaUUA U uHpopMaTuku», r. HoBocubupck,

Poccus, gorlovnik@yandex.ru

JOIEHT Kadenpsl MHOTOKAaHAJIBHOM JJIEKTPUUYECKOW CBSI3U
VYpanbcKoro TEXHMUECKOr0 MHCTUTYTA CBSI3U M MH(OPMATUKH
(pummana) DPI'BOY BO «Cubupckuii rocyIapCTBEHHBIH
YHMBEPCUTET TEJICKOMMYHUKALMH MU HMHPOPMATUKU» B T.
Exarepun0ypre (YpTUCH Cuol'YTH), Poccus, mec@urtisi.ru
HAy4YHBIM pyKOBOAUTENb, accucTeHT kKadeapsl BUT ®I'BOY
BO «HauunonanbHbIil uccienoBaTenbcKuil yHUBepcuteT «M
Jouent xadenpsl MHOroKkaHaNbHON SJIEKTPUUECKON CBSI3U
DU» r. Mocksa, Poccus, lubaok@bk.ru

KaHIMJAT HSKOHOMHMYECKMX HayK, JOLIEHT, 3aB. KadeIpoi
['uC3J1 VYpanbckoro TEXHHUYECKOIO MHCTUTYyTa CBSI3U U
uHpopmatuku  (pummana) DPIBOY BO  «Cubupckuii
TOCYJIapCTBEHHBI  YHHBEPCHTET  TEICKOMMYHUKAIMH U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'VYTN),
Poccus, evdakoval@mail.ru

CTYACHT YPaJbCKOTO TEXHHYECKOIO WHCTUTYTa CBA3M H
unpopmatukn  (pwmana) DOIBOY BO  «Cubupckuit
rOCYJJapCTBEHHBI  YHHUBEPCUTET  TENEKOMMYHHKAIMH |
uHpopmatukn» B T. Exarepundypre (YpTUCU Cubl'YTN),
Poccust, RomaEzhik3@gmail.com

CTYACHT YPabCKOTO TOCYNapCTBEHHOTO YHUBEPCUTETA ITyTEH
coobmienus (YpI'VIIC), Poccus, evtushenko200303@mail.ru
CTYACHT YPambCKOTO TEXHWYECKOTO WHCTHTYTa CBS3H W
unpopmatuku (pummana) DPIBOY BO  «Cubupckuii
TOCYJTapCTBEHHBI  YHHBEPCHTET  TEICKOMMYHUKAIMH U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'YTN),
Poccus, danil32332@mail.ru

CTYJACHTKa YPalbCKOTO TEXHUYECKOTO HHCTUTYTa CBS3H H
uapopmatukn  (pwmana) DOIBOY BO  «Cubupckuit
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3AHHYTJIUHOB
Pycnan MckannepoBuy

nycC

Jmutpuit Bnagumuposud

KAMEHCKOB
Aunexcannp EBrenbeBuu

KAMKHUH
Aptém BragumupoBuy

KAIIYTUH
AHnjpeit AnekcanapoBuy

KUCJAUIBIH
EBrennit Buranbesuu

KOKOBHUH
Jlenuc [enrcoBud

KOPIIAKOB
Cemén Bnagumuposuu

KO4YYPOB
AHnpeit AHapeeBud

KPACHBIX
Cepreit IOppeBnu

KOIIbIJIOB
Erop AnapeeBuu

rOCyJJapCTBEHHbII ~ YHMBEPCUTET  TEIEKOMMYHUKALUMH U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'YTN),
Poccus, zolotttina@gmail.com

CTYACHT YPaJbCKOTO TEXHUYECKOIO WHCTUTYTa CBA3H H
uHpopmatukn  (pwmana) DIBOY BO  «Cubupckuit
rOCYJapCTBEHHBI  YHMBEPCHTET  TEJICKOMMYHUKAIMH U
unpopmatuku» B r. ExarepunbOypre (YpTUCU Cubl'YTH),
Poccus, Smeregh 2004@hotmail.com

KaHIMJIAT  MeJarorn4eckux  Hayk, JOLEeHT  Kadeapsl
«OnTO371EKTPOHUKI Kyb6anckoro rOCYJJapCTBEHHOTO
yHHuBepcureTa, r. Kpacuomap, Poccus, iusd@list.ru

crapmmii  npenogasatens kadenpsr UTuMC  VYpanbckoro
TEXHUYECKOTO MHCTUTYTa CBs3UM U WHMopMaTuku (duauana)
®I'bOY BO «Cubupckuii rocyqapCTBEHHBIH YHUBEPCUTET
TeJIEKOMMYHUKaMi ¥ uHpopmatuku» B I. ExarepunOypre
(YpTUCH CubI'YTH), Poccus, sashakamenskov@mail.ru
CTYACHT YPaJIbCKOrO TEXHUYECKOI'O HHCTUTYTa CBSA3M M
unpopmaruku (pummana) DIBOY BO  «Cubupckuii
rOCYJJapCTBEHHBbI  YHHUBEPCUTET  TEIEKOMMYHHKAIMA U
uHpopmartukn» B I. Exarepunodypre (YpTUCU Cubl'YTN),
Poccus, b9302811@gmail.com

CTYACHT YPaJbCKOTO TEXHUYECKOTO WHCTUTYTa CBS3H H
unpopmaruku (¢puwimana) DIBOY BO  «Cubupckuit
TOCYJapCTBCHHBI  yYHHUBEPCUTET  TEIEKOMMYHHKAIMA |
unpopmatuku» B T. Exarepunbypre (YpTUCU Cubl'YTN),
Poccus, sickinsomniac@gmail.com

KaHAUJaT HSKOHOMHYECKHUX HayK, [JOLEHT, 3aB. Kadeapoil
MH(OPMALIMOHHBIX TEXHOJOTUM U cucteM ynpasienus UPUT-
P1® VYpansckoro ¢enepaabHOro yHUBEpCUTETa UMEHH IIEPBOIO
[Ipesunenta Poccun b.H. Enbuuna (Yp®V), . ExarepunOypr,
Poccus, ev.kislitsyn@urfu.ru

CTYACHT YpPalbCKOTO TEXHUYECKOTO WHCTHTYTAa CBSI3U U
uHpopmatuku (pummana) DPIBOY BO  «Cubupckuii
TOCYJIapCTBEHHBI  YHHBEPCHTET  TEICKOMMYHUKAIMH U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'VYTN),
Poccus, denis.kokovin@mail.ru

CTYIEHT YpaJlbCKOT0 TEXHUYECKOr0 HWHCTUTYTa CBS3H H
uHpopmartuku  (¢pmwmana) SI'BOY BO  «Cubupckuit
rOCYJJapCTBEHHBI  YHHUBEPCUTET  TENEKOMMYHHKAIMH |
uHpopmatukn» B T. Exarepundypre (YpTUCU Cubl'YTN),
Poccus, sem.korshakov2006(@mail.ru

CTYACHT YPalbCKOTO TEXHUYECKOTO WHCTUTYTa CBS3H W
uHpopmatuku  (pummana) DPIBOY BO  «Cubupckuii
TOCYJIapCTBEHHBI  YHHBEPCHTET  TEICKOMMYHHUKAIMH U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'VYTN),
Poccus, cotonelll@mail.ru

CTapmIMid  TpenojaBaTeNlb  YpPaJbCKOTO  TEXHUYECKOTO
MHCTUTYyTa CcBs3M U uHpopmatuku (pummana) GI'BOY BO
«Cubupckuit rOCYJJapCTBEHHBIH YHHUBEPCUTET
TEJIEKOMMYHUKAIM ¥ WHPOpMaTuKkm» B T. EkarepuHOypre
(YpTUCH CubI'YTH), Poccus, seregakrasnyh@yandex.ru
CTYACHT YPambCKOTO TEXHWYECKOTO WHCTHTYTa CBS3H W
unpopmatuku (pummana) DPIBOY BO  «Cubupckuii
TOCYJIapCTBEHHBIN  YHMBEPCHTET  TEJICKOMMYHUKAIMH U
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KYAHDBILIEB
Banepuii TaykeHoBHY

KYJIUKOBA
Haranusa EsrenneBna

KYPOUKHUH
Nnes BagumoBuy

KYCANKUH
JAmutpuii BsiuecnaBoBuy

KPEYETOBA
Apuna AHIpeeBHA

JJACBKOB
Bukrop Hukonaesnu

JIJEBUKOB
AptéM AHapeeBUY

JIOBYHEIL
Onmner JlemeHThEBHY

JJIOMAKHHA
Hapbs MakcumoBHa

JYDEPOB
AJtekcaHip AJeKcaHIpOBUY

JBbICHHOB
I'puropuii Hukonaesuu

nHdopmatuku» B r. ExarepunbOypre (YpTUCU Cubl'YTH),
Poccust, Regskypro@gmail.com

KaHIuaaT (U3UKO — MaTeMaTHMYeCKUX HaykK, 3aB. Kadeapou
BMu®, noneHT YpanbCKoro TEXHUYECKOr0 HHCTUTYTA CBSI3H U
uHpopmatukn  (pwmana) DIBOY BO  «Cubupckuit
rOCYJapCTBEHHBI  YHMBEPCHTET  TEJICKOMMYHUKAIMH U
uHpopmatuku» B r. Exarepunbypre (YpTHUCU Cubl'YTH),
Poccus, kuan06@mail.ru

CTYJIEHTKa YpalbCKOTO TEXHHYECKOT0 HWHCTUTYyTa CBS3H U
unpopmaruku  (pummana) DIBOY BO  «Cubupckuii
rOCy/IapCTBEHHBI ~ YHHUBEPCUTET  TEJICKOMMYHHUKALUNA U
uHpopmaruku» B r. ExarepunOypre (YpTUCU Cubl'YTN),
Poccus, Kul.natalial @gmail.com

CTYACHT YPalbCKOTO TEXHUYECKOTO HWHCTUTYTAa CBA3H H
uHpopmatukn  (pwmana) DIBOY BO  «Cubupckuit
rOCYJapCTBEHHBI  YHMBEPCHTET  TEJICKOMMYHUKAIMH U
uHpopmatuku» B r. Exarepunbypre (YpTUCU Cubl'YTH),
Poccus, endersmidy@gmail.com

K.T.H., JOIEHT KadeApbl MHOTOKAHAIBHOU 3JIEKTPOCBI3U
VYpaabCKOro TEXHUYECKOTO MHCTHTYTA CBSA3HM U MH()OPMATHKU
(punmana) PI'bOY BO «Cubupckuil rocyqapCTBEHHBIH
VHUBEPCHUTET TEICKOMMYHHKAIIM W WH(OPMATUKU» B T.
ExarepunOypre (YpTUCU Cu6l'YTU), Poccus, kdv@urtisi.ru
CTYACHTKAa YPallbCKOTO TEXHUYECKOTO WHCTHTYTa CBS3H H
unpopmartuku (¢puwmmana) DIBOY BO  «Cubupckuit
TOCYJapCTBCHHBI  YHHBEPCUTET  TEIEKOMMYHHKAIMA |
unpopmatuku» B T. Exarepunbypre (YpTUCU Cubl'YTN),
Poccus, arinaekb07072007 @gmail.com

accucteHT kadeapsl «ATuC» Ypaiabckoro rocyapcTBEHHOTO
yHuBepcurera  mytedl  coobmenus  (YpI'YIIC), .
ExarepunOypr, Poccus, viclaskov@yandex.ru

MPEero/IaBaTeb Y palbCKOTO TEXHUYECKOTO HHCTUTYTA CBSI3U U
uHpopmatuku (pummana) DPIBOY BO  «Cubupckuii
TOCYJIapCTBEHHBI  YHHBEPCHTET  TEICKOMMYHUKAIMH U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'VYTN),
Poccns, gurulevikov@yandex.ru

J.T.H., Ipodeccop Y paabCKOro TEXHUYECKOT0 HHCTUTYTA CBSI3U
u uHpopmatuku (pummana) DPI'BOY BO «Cubupckuit
TOCy/IapCTBEHHBI ~ YHHUBEPCUTET  TEJICKOMMYHUKALUA U
undopmatukm» B T. Exarepunoypre (YpTUCHU Cuol'YTH),
Poccus, lod@urtisi.ru

CTYACHTKAa YPalbCKOTO TOCYIapCTBEHHOTO YHUBEPCHUTETA
nyteit coobmenus (YpI'VIIC), r. ExarepunOypr, Poccus,
lomakinadara91@gmail.com

CTYACHT YpaJIbCKOTO TEXHHYECKOI0 MHCTUTYTa CBS3M U
unpopmatuku (pummana) OI'BOY BO  «Cubupckuit
TOCYAapCTBEHHBI  YHUBEPCUTET TEIEKOMMYHHMKAIIMH |
uHpopmarukn» B T. ExarepunOypre (YpTUCU Cubl'VTU),
Poccus, alisagrekhova@gmail.com

CTYACHT YPalbCKOTO TEXHWYECKOTO WHCTHTYTa CBS3H W
unpopmatuku  (pummana) DPIBOY BO  «Cubupckuii
TOCYJTapCTBEHHBI  YHHBEPCHTET  TEICKOMMYHUKAIMH U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'YTN),
Poccus, Grigoriy.lystsov@gmail.com
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MAPKOB
IIérp EBrenneBny

MEHNCCA
KOccyd

MUWHUBAEBA
Awmenust BunepoBna

MHUPXANJIAPOB
AptéMm AnpOepTOoBUY

MUIIIAPUHA
’Kanna BuktopoBHa

MOI'MJIBHUKOB
Opuii BanepbeBuu

MY3AJEBCKUN
Bragumup Unbnu

MYXAYEB
Cepreit BanentunoBuu

HAMSATBIINIEBA
JIr060BBb AJlekceeBHA

HOBOKIIIEHOBA
Pumwma I'puropreBna

OBCEIISIH
Burammii Uropesuu

OBYMHHUKOB

Jmutpuii AnexcanapoBuy

CTYACHT YpPalbCKOTO TEXHUYECKOI'O HHCTUTYTa CBA3M M
unpopmatuku (pummana) DIBOY BO  «Cubupckuii
rOCyJJapCTBEHHbII ~ YHMBEPCUTET  TEIEKOMMYHUKALUMH U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'YTN),
Poccust, markovpeter86@yandex.ru

maructpasT 1-ro kypca UPUT-P1® Ypansckoro denepaabHOro
yHuBepcutera umeHu nepBoro Ilpesummenra Poccum bB.H.
Enpunna (Yp@dy), L. ExarepunoOypr, Poccus,
lussuf:meissa@urfu.me

CTYACHTKAa YPalbCKOTO TEXHUYECKOTO WHCTHTYTa CBSA3H H
uHpopmatukn  (pwmana) DIBOY BO  «Cubupckuit
TOCYJapCTBEHHBI  YHMBEPCHTET  TEJICKOMMYHUKAIMH U
unpopmatuku» B r. Exarepunbypre (YpTUCU Cubl'YTH),
Poccust, ameliaminill@icloud.com

CTYACHT YPaJIbCKOTO TEXHHYECKOI'O WHCTUTYTa CBA3M M
unpopmaruku (pummana) DIBOY BO  «Cubupckuii
rOCYJapCTBEHHbI  yYHHUBEPCUTET  TEIEKOMMYHHKAIMH U
uHpopmaruku» B r. ExarepunOypre (YpTUCHU Cubl'YTN),
Poccus, The world12@mail.ru

mpernojaBarTelib  IUKJIOBOM komuccuu Kadeaper [uCOJ]
VYpanbcKoro TEXHMUECKOr0 MHCTUTYTA CBSI3U M MUH(OPMATUKH
(pummana) PI'BOY BO «Cubupckuii rocyIapCTBEHHBIH
YHMBEPCUTET TEJIEKOMMYHUKALMH MU HMHPOPMATUKU» B T.
Exarepun0ypre (YpTUCU Cubl'YTU), Poccus, mjv@urtisi.ru
CTaplIMii TmpenojaBareib YPaJbCKOrO0 TI'OCYJapCTBEHHOTO
yHuBepcurera  nyreil  coobmenus  (YpI'VIIC), r.
ExarepunOypr, Poccus, yuram1987@list.ru

CTYACHT YPalbCKOTO TEXHUYECKOTO HWHCTHTYTa CBS3H W
unpopmartuku  (¢puwimana) DIBOY BO  «Cubupckuit
TOCYJapCTBCHHBI  YHHBEPCUTET  TEIEKOMMYHHKAIMA |
unpopmatuku» B T. Exarepunbypre (YpTUCU Cubl'YTN),
Poccust, bruce05092011 @gmail.com

K.(b.-M.H., JIOLEHT VYpanbsckoro roCyZapCTBEHHOT'O
yHuBepcurera  mytedl  coobmenus — (YpI'YIIC), 1.
ExarepunOypr, Poccus, smuhachev@usurt.ru

CTYACHTKa YPallbCKOTO TEXHHYECKOTO WHCTHTYTa CBS3H H
uHpopmatuku  (pummana) DPIBOY BO  «Cubupckuii
TOCYJIapCTBEHHBI  YHHBEPCHTET  TEICKOMMYHUKAIMH U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'VYTN),
Poccus, ikt.school22luba@gmail.com

KaHAMJAT MeJarornyeckux Hayk, aouneHT kadeapel ['muC3J1
VYpanbcKkoro TeXHUYECKOr0 MHCTUTYTA CBSI3U M MHPOPMATUKU
(pummana) PI'BOY BO «Cubupckuii rocyJapCTBEHHBIH
YHHBEPCHUTET TEJICKOMMYHUKAMH W HWHPOPMATHKH» B T.
ExatepunOypre (YpTUCH Cubl'VTN), Poccus,
rimma.novokshenova@yndex.ru

CTYACHT YpaJIbCKOTO IroCyIapCTBEHHOIO YHUBEPCUTETA IMyTeH
coobmenuss  (YpI'VIIC), r. ExarepunOypr, Poccus,
Vitaliovsl@gmail.com

crapummii npenogasatens Kadeapsr UTuMC  VYpamnbckoro
TEXHUYECKOTO MHCTUTYTa CBA3M M MH(OpMaTHKHU ((puiuana)
OI'bOY BO «Cubupckuii rocyaapCTBEHHBIH YHHUBEPCUTET
TEJIEKOMMYHUKAIMi 1 uHpopMmaTtuku» B T. ExarepunOypre
(YpTHUCH CubI'YTH), Poccus, oda@urtisi.ru
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O30PHHUH

EBrenmit Makcumosuu

OKYJIOB
Maxkcum JlenrucoBuu

IMMAHTEJENYYK
Anexcelt UropeBuu

INEPMHHOB
EBrennit AnekcanapoBuy

IIVIEXAHOB
Cagenuiit MuxaiinoBuy

IHOHOMAPEB
Erop JlenncoBuu

HOI1OB
Marsei Uropesnu

IIOITIOBA
HNpuna HukonaesHa

INHOPIIHEB
Cepreii Bnagumuposuy

PE31I0K
Banum MBanosuu

CAVIIYJIAEB
Canman CaiinypaxMaHOBUY

CTYJIEHT YpallbCKOrO0 TEXHHUYECKOIO0 HMHCTUTYTa CBSI3HM U
unpopmatuku  (pummana) DIBOY BO  «Cubupckuit
TOCYapCTBEHHBIH  YHUBEPCUTET  TEJIEKOMMYHUKALUHA U
uHpopmatuku» B r. ExarepunOypre (YpTUCU Cubl'YTN),
Poccust, e0zornin07 @gmail.com

cryneatr ®I'bBOY BO «HauuonanbHbIM HccneaoBaTeIbCKUM
YHUBEPCUTET «MDN» T. Mockaa, Poccus,
maxim999555@yandex.ru

CTYJIEHT YpallbCKOrO0 TEXHHUYECKOIO0 HMHCTUTYTa CBSI3H U
unpopmaruku  (pummana) DIBOY BO  «Cubupckuii
rOCy/IapCTBEHHBI ~ YHHUBEPCUTET  TEJICKOMMYHHUKALUNA U
uHpopmaruku» B r. ExarepunOypre (YpTUCU Cubl'YTN),
Poccus, sdjvorter@gmail.com

JOKTOp  TEAarorM4ecKuX  HayK, KaHaugaT  (U3HKO-
MaTeMaTHYeCKUX Hayk, mpodeccop Kadeapbl BbICHICH
MaTeMAaTHKU ¥ (PU3UKK YPaabCKOTO TEXHUYECKOTO WHCTUTYTA
cBs3u U uHpopmatuku (pumana) ®I'BOY BO «Cubupckuit
TOCYapCTBEHHBI  YHUBEPCUTET  TEICKOMMYHUKAIUNA U
unpopmatuku» B T. ExarepunOypre (YpTUCU Cubl'YTN),
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