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INTRODUCTION

Issue No. 10(2) of the International Journal of Professional Science brings together
interdisciplinary research and applied developments that address contemporary challenges
and practical needs in the scientific and industrial environment. The articles presented cover
a wide range of topics, from engineering applications and technological solutions to
environmental issues, geology, mathematics, and management. This comprehensive
collection of materials allows us to explore the connections between theoretical approaches
and their implementation in industrial, transportation, and socioeconomic contexts.

The "Engineering Applications" section opens with the study "Phish Busters," dedicated
to the development of a simulation game for recognizing social engineering methods—a topic
relevant to the cybersecurity of organizations and educational programs. In the "Environment
and Ecology" section, articles examine specific audit risks in northern regions and the
implementation of occupational health and safety management systems in the manufacturing
industry, emphasizing the importance of sustainable and safe industrial development. The
"Geology and Geophysics" section offers a methodology for identifying oil and gas potential
zones based on the analysis of subduction geodynamic processes, relevant for exploration
and resource planning.

In the Mathematics section, a publication on the fundamental role of numbers
emphasizes the importance of basic theoretical concepts for the development of applied
disciplines and educational programs. The "Scientific Methods and Technologies" topics
touch on the impact of government measures on the startup environment and modern
approaches to teaching engineering design using computer-aided design systems, which is
important for developing a competitive workforce and technological infrastructure. The
"Technological Developments" section showcases practical innovations: the use of unmanned
aerial vehicles for high-precision topographic surveying, an analysis of the efficiency of hybrid
water supply systems, research into mandatory access control principles, and mobile
technological modules for flexible automated lines. The issue concludes with an applied paper
in the field of transport and mobility—a method for optimizing train formation operations at a
loading station, aimed at increasing the efficiency of logistics processes. The purpose of this
issue is to present both fundamental and applied research that contributes to the development
of professional science and practical solutions in industry, energy, ecology, and education. We
hope that the materials in this issue will provide ideas for further interdisciplinary research,
innovation, and the improvement of professional practices.

Sincerely,

Krasnova N.

Editor-in-Chief

International Journal Of Professional Science

International journal of Professional Science,
Ne10(2) - 2025
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ENGINEERING APPLICATIONS

UDC 37.016:004.056.5

Budshchev I.S. «Phish Busters»: developing a game-trainer for
recognizing social engineering
«Phish Busters»: pagpaboTka nrpbl-TpeHaXkepa aisa pacno3HaBaHUsa coumnanbHON
NHXXeHepun

Budushchev lvan Sergeevich,
pupil, 8th “B” grade, MBEI SGE SCHOOL No. 38,
Ozersk, Chelyabinsk region, Russia

Scientific adviser: Kravchuk S., Candidate in Art History, Head of the Arctic Design Laboratory,
Ural Federal University named after the First President of Russia B.N. Yeltsin

Bynywes NeaH Cepreesuy,

y4eHuK 8 «B» knacca, MBOY COLLl Ne38 r. O3epcka HenabuHckon obi.

Hayu4HbI pykosBogutens

Kpasuyk C.I%, K. nCKycCTBOBEOEHUSA, 3aBeayoLwasa nabopatopnen apKTUYeCKoro an3ainna,
Ypanbckuin chepepasnbHbii yHUBepcuteT nmeHn nepsoro lNpeanpeHta Poccnn B.H. EnbunHa

Abstract. The project aims to improve teenagers’ digital literacy by creating an interactive, quiz-style trainer that
teaches recognition of social engineering in gaming environments. Its relevance is grounded in an analysis of global cyber-
threat data for 2015-2024, which shows social engineering leading by frequency and impact in Russia. Using “vibe-coding”
techniques, we built a prototype simulator in Roblox Studio to practice spotting fraudulent communication scenarios. A
before-and-after evaluation recorded an increase in correct answers by 47% in the proportion of correct answers relative to
baseline and a reduction in missed phishing cases to 0. The project demonstrates the effectiveness of gamification for teaching
cybersecurity skills.

Keywords: social engineering, digital literacy, gamification, Roblox, cybersecurity

Annomayusa. Ilpoexm nanpabaen Ha nobviuienue yuppobol 2pamomuocmu nodpocmkol uepes cosdarue
unmepakmubHoeo mpenaxepa (uepbl-BuKmopuHsl), 00yuauje0 pacno3Habanuio coyualbHoul umHxeHepuu 8 uepoboii cpede.
ObocHoBanuem akmyaisbHocmu paspabomku NOCAYXKUA AHAAU3 OAHHbIX 0 MUpobuix kubepyeposax 3a 2015-2024 ee.,
noxasabuiutl npeobiadanue COUUANLHOT UHXKeHepUuu Mo uacmome u Havocumomy yuepdy 6 Poccuu. C nomouyvto
UHCHpYyMeHmob «6anb-xodunea» paspaboman npomomun-cumysamop 6 Roblox Studio, npednasnauentuiii 045 ompabomxu
HAaBbIK06 pacnosHabanua MoueHHuueckux cyenapued xommynuxayuu. Oyenka s¢pgpexmubrocmu npousbedena ¢ NOMOUbIO0
mecma «00 U nocae», ¢ 3agpukcupoBantsim pocmom 004u npabuivHuix ombemob Ha 47 % omHocumesvHO UCX00H020 YpobHA
U CHUXEHUeM 41LcAa A0XKHBIX 00Bepuil 00 HYAA. [Ipoexm demoncmpupyem 3pgpexmubrocmy eedmudpukayuu K o0yueHuio
HaBoikam kubepbesonacHocmu.

KatoueBvie caoBa: coyuarvnas — uwrxenepusa, yugppobas  epamomuocmy,  eeimucpukayus,  Roblox,
KubepbesonacHocmb

PeueH3eHT: MapTexa AnekcaHap Hukonaeesny — KaHaMOaT TEXHUHYECKNX HAyK, OAOLEHT.
HoueHT ®IB0Y BO «PTAY-MCXA um. K.A. Tumnpssesar»

BeBepeHue: aktyanbHOCTb U 060CHOBaHME nNpobnemel
CoBpeMeHHble MOAPOCTKN ABAAKOTCSA OAHOM N3 Hanbosnee akTUBHbIX U, Kak CneacTeue,
YA3BUMbIX MPYMM nonb3oBaTenen B ugposoM Mmpe. B nx noBcegHEBHOM »XXU3HN NOCTOSIHHO
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NPUCYTCTBYIOT 3/IEMEHTbI N UHCTPYMEHTbI OHNTaNH-Cpeapl: coumnasnbHble CETN, MECCEHKEPHI,
a TakXXe OHNanH-urpbl N oKonourposble coobwecTsa [1], [2]. B To BpeMsa kKak 60AbLLUMHCTBO
obpasoBaTesibHbIX MNporpaMMm Mo KubepbesonacHOCTN COCPeAoTOHEHbl Ha TEXHUYECKUX
acrnekrax (Hanpumep, Ha TOM, YTO TakKoe «UU(POBON cnep» WUAN Kak co3faTb HaOeXHbIN
naponb) [3], coBpeMeHHble KnbepaTaki BCE Yalle NCNoSb3YyHT YenoBedeckun gaktop [1], [2].
3N0OYMbILLNEHHNKWN HE B3/1aMbIBaAOT TEXHUYECKNE CUCTEMbI, OHM OOMaHbIBAKOT Nosib30BaTesNen,
3anyrmeas yaaneHueM y4eTHOW 3anucu, npegnaras «becnnatHble» GOHYCbl UAN yyYacTue B
«BbIFOAHbIX>» PO3bIrpbILLAX.

OCOBeHHOCTbIO aTak, HanpasfeHHbIX Ha NOAPOCTKOB, SIBASETCHA TO, YTO coumanbHas
NH>XXeHepua 3ecb npuobpetaeT crneundunyeckne opmbl, KOTopble B OONbLUNHCTBE CryYaeB
YCKONb3atoT OT BHUMaHUA B3POCbIX. B X OCHOBE — XxapakTepHble 1 3TOW cpefpl UHTEPECHI,
Takne Kak >XenaHue noslyynTb «xanssy» UM OOMeHATbCA peoknMn npegMeTamn B OHNamH-
urpax. OTO NPUBOAUT K CEpPbe3HbIM MOCNEACTBUAM: KpaXKe MepCOHaNbHbIX AaHHbIX,
aKKayHTOB, MCMOMb30BaHNIO JINYHBIX KOMMBIOTEPOB N MOOWSIBbHBIX YCTPONCTB B MPECTYMHbIX
uensix. HecmoTps Ha TO, YTO (PMHAHCOBBLIN YLWEPO OT TakuUX aTak HeCONOCTaBUMO MEHbLLE
noTepb OT AENCTBUN MOLLEHHUKOB BO «B3POC/IOM CEKTOPE», BAXKHO YYECTb, YTO CEMOOHSALLHME
NOOpPOCTKN — 3TO 3aBTpallHWe B3pPOChble, ONA KOTOPbIX LMppPoBas cpepda yxe sBAseTCS
HEOTbEMJIEMON YacTbio WX XXU3HW. [10STOMY HaBbIK/ LMUMPOBOM rPaMOTHOCTU U YMeHue
pacnosHaBaTb YNOBKN COLMANIbHON MHXEHEPUN Heobxoommo hopMmnpoBaTh YXXe B PaHHEM
BO3pacrTe.

Ckonbko BpemMeHN 0eTun NpoBOoAAT B UHTEPHETE

Boibopka: pogutenu, 2023 roa

3-6 net 7-10 net 11-14 net 15-17 net

MouTK BCE Bpems

3-4 yaca B OeHb

1-2 yaca B oeHb

ExepnHeBHO
He Bonblue Yaca

. He kaxaplii neHb

PebéHok coscem
. HE NOMb3yeTCH UHTEPHETOM /
3aTPYAHSIOCh OTBETUTL

PucyHok 1. CKONbKO BpeMeHN OEeTU NPOBOAAT B MHTEPHETE. ICTOYHIKK: [1, C. 4]

International journal of Professional Science 7
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Llenb n 3apgaum npoekra

Llenb npoekTta: pazpaboTaTb MAPOTOTUN WHTEPAKTUBHOMO WHCTPYMEHTa, KOTOPbIA
Hay4YnT rMOAPOCTKOB 3PPEKTUBHO pacrosHasaTb KIOYEBblIE MPU3HAKM CcoumasibHON
NHXXEeHepU B NPUBLIYHON UM LIN(POBOI cpeae U MOHNMaTb TEXHNYECKE NOCNEACTBUSA CBOUX
OencTBun.

3afayn npoekTa:

1. Hanmmm wn npoaHanu3mpoBaTb peasibHble KEeNCbl COUManbHON WHXXEHEPUU,
XapakTepHble 018 PYCCKOA3bIYHbIX NMPOBbLIX COOBLLECTB (Ha2 OCHOBE CKPUHLLOTOB, MYyOANYHBIX
OT4eTOB N Pa3bopos).

2. Ha ocHoBe cobpaHHbIX KeNCOoB pa3paboTaTb MHTEPAKTUBHbIN NPOTOTUMN-CUMYNSATOP,
NPefocTaBNALLNA MITHOBEHHYKO 06paTHYIO CBA3b U Pa3bsCHEHNS.

3. OueHnTtb 3(PPeKTUBHOCTL pas3paboTaHHOrO TpeHaxepa MyTeM nNpPOBeAeHUs
TECTUPOBaAHNSA «A0 1 Nocne» cpean NpeacTtaBuTenein Leneson rpynmnol.

AHann3 n o630p cyuecTByloLen nHdpopmaLmm

AKTYyanbHOCTb MpPOEeKTa MOATBEPXKAAETCA CTATUCTUYECKUMMU LAHHbIMM O MOBEAEHUN
OeTen N NoApOCTKOB B CeTU. 1o AaHHbLIM 0THETOB «Jlabopatopun Kacnepckoro», B 2023 roay
67% peTen perynapHo nrpanm B MObusbHble NN BUAEOUTPbI, a NOSIOBMHA U3 HUX NpOoBOAWa
3a Urpamm He MeHee 4aca B fAeHb [1]. OTuM undpbl yKasbiBalOT Ha BbICOKUM YPOBEHb
NOrpy>XeHns Leneson aygutopumn B UrpPoBYO cpeny.

YpoBeHb Yyrpo3 Takxke pacteT. B 2024 rogy 4ucno noOnbITOK arak Ha
HeCOBEPLUEHHONIETHUX rerMepoB yBenuunnocb Ha 30% Mo cpaBHeHWO C npegpiayLwmm
nonyrognem. Mo gaHHbIM 3KcnepToB, 6onee 132 ThbiCAY OETEN-UMPOKOB CTanu >XepTBamu
dpuwnHra 1 ckama 4epes nonynspHble Urpbl, rAe MOLLUEHHUKM YaCcTO MAaCKUPYHTCA MOA
UrpoBble OOMOSHEHUSA uUnn «becnnatHble GOHYyCbl» [2]. MOMUMO UrpOBLIX YrpPO3, TakXe
OTMeYaeTcs pocT KubepnpectynHocTn. CornacHo gaHHeim MB[ P®, ¢ 2020 no 2023 rog
4Yncno KMbepnpecTynsieHnin, COBEPLLEHHbLIX HECOBEPLLUEHHONETHUMI, BBIPOCIO B 74 pa3sa. OTu
hakTbl MOAYEPKMBAIOT, YTO AETU M MNOOPOCTKN HEe TONbKO CTAHOBATCH >XepTBamMu, HO U
BOBJIEKAIOTCS B NPECTYMHbIE CXEMbI, YaCTO MOA NpensioromM fierkoro 3apaboTka [4].

AHanus gaHHbIX 0 Knbepyrposax (2015-2024 rr.)

[Morpy>xeHune B TeMaTuUKy NpoeKTa Havyanochk ¢ aHanmnaa gataceta «Global Cybersecurity
Threats 2015-2024», goCcTynHOro Ha nnatgopme MalumHHoro oby4veHnsa Kaggle [5].

Ctatnctnyeckuin aHannsa 3000 3anucen No3BoNUN caenatb cnenyolme BbiBOAbI:

e [nobGasnbHble TeHAeHUMN: B MUpPe NO Tunam artak JOMUHUPYIOT (PULLIMHE 1©

BbIMOraTenbCTBO, YTO FOBOPUT O MOMNYNAPHOCTN METOAO0B, OCHOBaHHbIX Ha ObMaHe

YyenoBeka (coumanbHbIin UHXXUHUPUHE unn SE).
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o Poccuinckuin cpes: Poccna exogut B Ton-10 cTpaH Mupa no abconoTHoMy yulepby oT
SE-atak, onepexas [ecATkn gpyrnx rocygapcts. 3a nepuog 2015-2024 rr. n3-3a
AaHHoro Tuna atak Poccus notepsna 6onee 1,76 mnpa gonnapos — 310 6onbLue, Yem
OT OpYyrux yasBUMOCTEN, YTO NOAYEPKMBAET Pa3pyLUMTESIbHOCTb 3TOr0 Hanpas/eHUs U
aKTyaslbHOCTb €ro pacrno3HaBaHus 1 nNpeaynpexneHns.

e [loyemy 91O onacHo: SE-aTakm HanpaeneHbl He Ha TEeXHWKY W NpOorpamMmMHoe
obecneveHne, a Ha nogen: Npexxae BCero Ha MNCUxXosiorMyeckn yassumble rpynnbl —
LWKONbHUKOB, CTYOEHTOB, MEHCUOHEPOB, popuTenen. [lpu 3TOM 3afencTBoBaHbI
npuBbIYHbIE U Ge3onacHble Ha NepBbl B3rNS4 KaHanbl — TenedoH, noyTa, CoLCeTH,
MecceHmKepbl. U xxepTBaMmy CTaHOBATCA OObIYHbIE MONIb30BAaTENMN, HE MOArOTOBJIEHHbIE
K TaKM CLieHapusiM.

OcHoBHas 4acTtb

KoHuenunsa n metogonormsa npoekta

B ocHoBe npoeKTa — NpMHUMN NPaKTUKO-OPUEHTUPOBAHHOIo 0by4yeHns, korga BMecTo
CKYYHOW Teopuu Monb30BaTensaM npenfaraeTca >XUBOW ONbIT, UMUTUPYIOLWNA peasibHble
cutyayum [6]. Cam npoekT npenctaBnseTr CcoboN WHTEPaKTUBHBLIA  CUMYNSATOP-KBU3
(BUKTOPUHY), coCTOAWMA N3 Habopa KapToYeK C peasbHbIMM npumMepamu GULINHIA U3
PYCCKOSI3bIMHHOMO CErMeHTa OHManH-Urp.

MexaHnam oby4deHuns BKIIKOYAET cneayowme artanbi:

1. lNMonb3oBaTento NoKasbIBaeTCa KapToyka C N300pa)keHMeM MoTeHUManbHO OnacHoro
COoOOBLLEeHNsa nnn canTa.

2. lNonb3oBarenb 3a orpaHn4eHHoe Bpems npUHUMaeT peLueHve 06
onacHocTu/6e3onacHOCTM cuTyauuun.

3. Cpasy nocne Bblibopa OTBETa MNOMbL3OBATENO MPefoCTaBnseTcsa obpaTHas CBA3b C
NpPaBubHbIM OTBETOM U KPaATKUM MEPEYUCTIEHNEM MNPU3HAKOB ObMaHa («KpacCHbIX
cpnaros») unu, HAO6OPOT, OTCYTCTBUS PUCKA.

PaspaboTka npotoTuna-tpeHaxepa B Roblox Studio

Paspabotka npototmna Benacb B cpege Roblox Studio. 9Tta nnargopma o4eHb
nonynsipHa cpegu nogpoCcTKOB, YTO obecnevnBaeT NPsIMON OOCTYN K LEeneBon ayguTopun.
Taxk>xe Roblox Studio npegocTtaBnsieT NpoCTble MHCTPYMEHTbI, MO3BOMIAIOLLME ObICTPO CO3a4aTb
3afyMaHHbI  NpoToTUN  6e3 HeoOXOAMMOCTU lyOOKOrO 3HaHWUSl CIHOXHbIX  S3bIKOB
nporpamMmmMmnpoBanus. NMpoToTnn npencTasnseT cobom NPOCTON KBUS-TPEHAXKEP C KOOOM Ha
Aa3blke Lua (Puc. 1).
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ChbIrpartb CHOBa

PucyHok 1. CneBa HanpaBo: KapToyKa C 3aaHneM, npaBusibHbIA OTBET C pa3bopom;
BHU3Y: 9KpaH NTOroB MO OKOHYaHUN NrpPbl.

MeToapl

Npes npoekTa BO3HMKIA M3 JIMYHOIO OMbiTa aBTOpa, CTOSIKHYBLUEroCsi C yfloBKamu
MOLLUEHHNKOB B cpefe OHNamH-urp. B npouecce paboTbl Hag NPOEKTOM TPaauUMOHHbIE
MeToabl UccnegoBaHns (U3yYeHNe WCTOYHUKOB, OMy6/MKOBaHHbIX B OTKPbITOM AOCTYMeE)
CoYeTaNNCh C NCMONb30BAHNEM NHCTPYMEHTOB NCKYCCTBEHHOIO NHTENNEKTA.

Cratuctndeckas obpaboTka AaHHbIX U3 paraceta W pe3ynbTaToB 3KCMepuMeHTa C
hoKyc-rpynnon npoussoguiiace C nomMowpo Asblikoson mopgenn (LLM) ChatGPT o3 nu
nHctpymeHta Data Analyst. lNporpammHbIii Kog Ons NpPOTOTMNA-KBM3a CO3[aBasics C
NCNONb30BaHNEM KOMOMHaUUM pasnnmyHbiX LLM-uHCTpymMeHTOB, BKao4dasa Perplexity,
ChatGPT 5 Thinking n Cursor. Takon nogxopg, no3sonuia He 6e3ayMHO aenermposaTtb paboTy, a
OCMbIC/IEHHO uKccnepoBaTb BO3MOXHOCTM W pns  pelweHns wuccnegoBatenbCKUX U
TEXHMYECKUX 3agady. ABTOpP COBMECTHO C Hay4dyHbIM pykoBoguTenem nogbupan wn
KOppeKTnpoBan NPOMNTHI, CaMOCTOATENBHO nposogun n OOKYMEHTMpoOBan
nccnegoBaTelbCKNUA - 3KCMEPUMEHT, 4YTO  OEMOHCTPUPYET ryboKoe MorpyxeHne B
METOAONOMMI0 CO34aHNs Hay4YHOro NpPoeKTa.
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lMnaH paboTbl N0 CO30aHUNIO UTPbI
KOHTEHT ana urpbl-cumynsitopa b1l CO6paH N3 OTKPbITbIX UCTOYHUKOB, TaKNX Kak YaTbl
NrPOBbIX COOBLECTB N TEMATUYECKME rPynmnbl B COLMaNbHbIX CETSX.
Bbinn y4TeHbl cnegyowme pucku:
e Bce ckpuHwoTel 6b1M coenaHbl B 6e3onacHon Beb-cpege.
e CCbINKM N3 NPUMEPOB HE OTKPLIBAINCH U HE 3anyCcKanuchb.
e Bce JINYHblE OAaHHble n nceBOoOHUMbI nosnb3oBaTenemn Obinn
AHOHUMN3NPOBaHbI/U3MEHEHBI 151 0becnevyeHnss KOHPUOEHUNANBHOCTN.

MeTtoauka oueHkn apHeKTUBHOCTHU

Ona npoeepkn oby4arouwlero addekta npoekta 6bina paspaboTaHa chneumanbHas
MeToAMKa OLEeHKWN, OCHOBaHHas Ha «TecTe po/nocne» ¢ (QOKyc-rpynnon n3 9 4enosek,
npegcTaBnTenein Leneson aygutopumn (onncaHne akcnepumMmeHTa n gatacet B [punoxeHun 1).

1. [MpenoBaputenbHoe TecTUpoBaHWe («Oo0»): [pynne y4YacTHUMKOB npepfiaraeTcs
NPOWTK TEeCT, COCTOSALMIA M3 6 BOMPOCOB, MOXOXWUX (HO He WOEHTUYHbIX) Ha BOMPOCHI
TpeHaxepa.

2. [MpoxoxaeHne TpeHaxkepa: Y4aCTHUKN NPOXOAAT MHTEPAKTUBHbIA CUMYNSTOP.

3. NToroBoe TecTupoBaHue («nocne»): YYaCTHUKM MOBTOPHO  MPOXOAST
aHanorn4Hbln TeCT U3 6 BOMPOCOB (OTANYHBIX OT TecTa «[4o0» W OT WUrpbl), NOCne 4ero
pe3ynbTaTbl CPaBHUBAKTCS C NEPBUYHBIMM.

Pesynbrathbl aKCnepumeHTa

[Mony4yeHHble pe3ynsTaThl NPOAEMOHCTPUPOBAN BbIPaXXEHHbIN oby4atowmin pdexT
(Tabnuua 1): cpegHuin 6ann okyc-rpynnbl Belpoc ¢ 4,1 U3 6 Ha NpeaBapuUTeNIbHOM TecTe [0
6,0 13 6 Ha UTOroBOM, T.€. BCE YHACTHUKN BEPHO pPeLnnin Bce 6 HOBbIX 3afaHUN «Mocse».
KpuTunyeckn BaxkHble oLNOKK (MPONYCKN CiyYaes (PULLNHIA) NOSIHOCTLIO MCHYE3U, NPU 3TOM
«JIOXKHbIX TPEeBOr» He NpubaBUAOCh: U YYBCTBUTESIBHOCTb K (PULLMHIY, U TOYHOCTb €ro
pacnosHaBaHua pgocturnm 100%. Ha aTtane npoxoxaeHus TpeHakepa CPepHAs TOYHOCTb
cocTtaBuna 83% npu ecTeCTBEHHOM pa3bpoce No y4acTHUKaM, YTO FOBOPUT O peasiMcTUYHOM
CNIOXKHOCTWN KeWcoB; Mocsie NpocMoTpa pa3bopoB HaBblkKM Cpaldy MEPEHeC/IMCb Ha HOBble
npumepsbl. [JononHuTeneHO Habnoaanocb HeboNbLIOe YCKOPEHWE MPUHATUSA pPeLUeHU:
cpefHee BpeMs OTBeTa B TecTax cokpatunocb npumepHo ¢ 10,5 po 10,0 cekyHp npwu
coxpaHeHun numuta B 15 cekyHpn. [poBepka Ha Hecny4YanHOCTb NPUPOCTa nokasana, 4To
ynydweHne obbsACHAETCA UMEHHO TPEHUPOBKONW, a He yaadein. B cymme 3TO O3Ha4aeT, yYTo
TpeHaxkep NMOMOoraeT He TOJIbKO pacno3HaBaTb MOLUEHHUYECKMe cueHapuu, HO 1 fenatb 3TO
OTHOCMUTENIbHO CMOKOMHO M BbICTPO, NPU 3TOM He nyTas 6e30nacHble N onacHble CUTyauun.
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Tabnuya 1
CsopgHasa Tabnuua pesynstaToB. [MosscHeHWs: /6 — BepHbIX U3 6; C — cpefHee BpeMs oTBeTa
(cek). 3HaKn A — NPUPOCT/N3MEHEHME «NOCHE — OO».

| b || pnos | wrrase |nocnese| a6ammm | po,c |[mocnec| ac |
[PO1 | 5 | 5 | 6 | +1 | 102 || 93 | -09 |
P02 | 1 | 5 | 6 | +5 | 120 || 107 | -13 |
P03 | 4 | 6 I 6 | +2 | 102 || 107 | +05 |
P04 | 4 | 3 | 6 | +2 I 93 || 97 | +04 |
P05 | 4 | 6 | 6 | +2 | 98 | 100 | +02 |
P06 | 4 | 3 | 6 | +2 | 102 | 97 | -05 |
P07 | 4 | 6 | 6 | +2 | 108 || 100 | -08 |
P08 | 6 | 6 I 6 I 0 | 103 || 97 | -06 |
P09 | 5 | 5 | 6 | +1 | 115 || 100 | 15 |
Cpepree|| 41 | 50 | 60 || +19 || 105 | 100 | -05 |

lMepcneKkTuBbl passuTusa NpPoeKTa

B panbHenwem nnaHupyeTcs:

- YAy4YWNTb NONb30BaTENBbCKUI UHTEP(ENC, paclumpuTb Habop Kencos (B TOM 4ucne
YCNOBHO «MOXOXXWNe Ha (PULLKHT, HO 6e30nacHble» CUTyauumn) 1 BBECTU YPOBHU CITIOXKHOCTU C
apjanTtauunen nog urpoka;

- MPOBECTN «OTNIOXKEHHbIN TeCT» Yyepes 1,5-2 Hegenu, 4Tobbl NPOBEPUTL YCTONYNBOCTb
NOMYYEHHbIX 3HAHWUI;

- paspaboTaTb cneunanbHbll PEXUM s yuuTtenen, raoe byoet aBToMmaTnyeckunin cobop
pe3ynbTaTtoB B Tabnvuy 1 BO3MOXKHOCTb 9KCNOpTa OTHYETOB;

- pacwmpuTb BO3MOXXHOCTU AN UrpoOKoB: 60f5iee peanUCTUYHbIE KapTO4KU C
3a0aHNAMMN (CKPUHLLIOTBI «peasibHbIX» CUTyauun), OTCRexunBaHne nporpecca, OOCTUXKEHNNA,
agantauun 3agaHnini - (OTCRneXmBaHUE W3MEHEHUN NPaKTUK WHTEPHET-MOLLEHHNYECTBA),
nopaep>xka MOGUNbHbIX YCTPONCTB U Mnp.

3akn4yeHne n BbIBOAbI

[MpoeKT «Phish Busters» — 3T0 nonbiTKa akTyanbHOro noaxona K 06y4eHuo NoApoOCTKOB
HaBblkaM Knbepbe3onacHoOCTM C NCMONb30BaHEM UrPOBOI NnaTgopmel. B xoge npoekTa 6bin
CO34aH NUHCTPYMEHT, AoKa3aBLUMiA CBOK 3(P(PEKTUBHOCTD.

OcHOBHbIe BbIBOABI:

e CoumnanbHasa MHXeHepus ABASETCA OAHOW U3 OCHOBHbIX Yrpo3 OfS MOLAPOCTKOB, U

TekyLme obpasoBaTefibHble METOANKN HEAOCTATOYHO 3 (EKTUBHLI B 6opbbe C He.
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o [emundukaums B opmarte WUrpoBOro CUMyNATOpa-kBM3a AokKaszana CBO
9(P(PEKTUBHOCTL B MOBbIWEHNM OCO3HAHHOCTM U HaBbIKOB pacro3HaBaHus
MOLLIEHHUYECKNX CXEM.

e PagpabotaHHbin npototun  wurpbl B Roblox Studio npepgctaBnser cobon
MacLuTabupyemoe peLleHne, B KOTOpoe MOXXHO A06aBnsATb HOBblE KENCHI U CLeHapuu,
NoaAepXXueas TeM CaMbliM €ro akTyaslbHOCTb.

[Mony4yeHHble pe3ynbTaThl MO YAYYLWEHUIO HaBbIKOB pacrno3HaBaHns MOLLEHHMYecTBa
NOATBEP>KOAt0T BbICOKYIO NMPaKTUYECKYIO LIEHHOCTb NPOoeKTa 1 ero noteHuman onas LWupokKoro
BHegpeHus B obpasoBaTesibHbIi NpoLecc.
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ENVIRONMENT AND ECOLOGY
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Arno V.V,, Kolesnichenko E.P., Semykin E.S., Dolbin I.D.
Assessment of the impact of climate change in the North-East on
the deformation of engineering structures
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ApHo BepoHuka BnagnmuposHa

KangupaT TexHMYecKkux Hayk, goueHT kadenpbl feonorum n ropHoro gena ®re0Y BO Cesepo-
BocTouHbI rocyaapCTBeHHbIV YHUBEpPCUTET, . MarapaH

KonecHnyeHnko Esa lNaBnoBHa,

CtyneHTKa 3 Kypca

HanpasBAeHns NOAIrOTOBKUN «[OCYAapCTBEHHbIN Y MyHULUMNANbHbBIA ayguT»
BLUTA MI'Y um. M.B. JlomoHocoBa, .MockBa

CewmblknH EBreHmnin Cepreesuy,

Crapwuin npenopgasatenb Kadenpbl [leonorum n ropHoro gena ®Irb0OY BO Ceepo-BocTouHbIN
rocyfapCTBEHHbIN YHUBEpPCUTET, . MarapaH

Hon6uH VBaH OmuTtpuesny,

CtyneHT 3 Kypca

[MonuTeXHNYECKNn NHCTUTYT

PIrb0Y BO «CeBepo-BocTo4HbIN rOCyAapCTBEHHbIV YHUBEPCUTET

Abstract. The article presents a comprehensive analysis of the impact of climate change on the stability and
deformation of engineering structures in the North-Eastern region of Russia. The study uses climate data from the Russian
Hydrometeorological Center for the period 2016-2025, which includes air temperatures, precipitation levels, and soil freezing
depths. A statistical analysis is conducted to estimate the average values, variance, standard deviation, and coefficient of
variation. A correlation matrix is used to identify the relationships between climate parameters and the magnitude of
deformation. Based on these data, a multiple regression model with cross-validation was constructed. The results show a
steady increase in average annual temperatures, an increase in precipitation, and a decrease in frost depth, which is associated
with an increase in deformation of engineering structures. The graphical representation of the data demonstrates the dynamics
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of changes and the need for adaptive monitoring.

Keywords: The study contributes to understanding the climate impact on engineering infrastructure and
developing measures to improve its sustainability.

Annomayua. B cmamve npedcmabien xomnaekcuviil aHAAU3 BAUAHUA KAUMAMUHECKUX USMEHEHUU Ha
yemonmubocms  u Oeghopmayuu  umxeHepHux  coopyxenuti 6 peeuone CeBepo-Bocmoka Poccuu. VcenoavsoBarv
raumamuyeckue oannsie Tuopomemyenmpa Poccuu 3a nepuod 2016-2025 20006, 6xaouatroujue memnepamyps. 6030yxa,
KoAunecmBo ocaokob u eayobury npomepsanus epynmob. ITpofeden cmamucmuyeckutl AHAAU3 C OUEHKOTL CPEOHUX SHAUEHUT,
oucnepcuu, cmanoapmHo20 OmKAOHeHus U kodpgpuyuenmol Bapuayuu. Vcnoas306ana koppessyuoHHas Mampuya o4
Bvisbaenus B3aumocBaseii Mexoy KAUMAMUUECKUMY napamempamu u Beauvunotl depopmayuii. Ha ocrobe smux 0anHbix
nocmpoeHa Mooeab MHOXecmBeHHoll peepeccuts ¢ Kkpocc-Barudayueri. Pesyavmamsl noxasviBarom ycmonuuboe nobviuienie
cpedHe20006bLx memnepamyp, ybeauenie 0caokob u cHu)eHe 2AYOUHbL NPOMeP3AHUA, 4o cBA3aHO ¢ pocmom Oedpopmayuil
UHKeHepHbLX coopyxenutl. I'paghuneckoe npedcmabienie 0aHHBIX OeMOHCHPUPYem OUHAMUKY USMEHEeHUTL U HeodX00UMOCHb
adanmubroeo monumopunea. Mccaedobarue cnocobcmbyem NOHUMAHUIO KAUMAMUYeckoeo 6030eticmbus HA UHKeHePHYIO
uHgpacmpyxkmypy u paspabonixe mep 045 noBuitieHUs eé ycmouuubocmu.

KaroueBote caoBa: wiumamuueckue usmenenus, O0epOpMayuy, UHKeHepHbie COOPYXKeHUs, Ycmouuubocme,
2eo0e3utecKue cemu, peepeccuoHHvlll anaius, monumopune, CeBepo-ocmox Poccuu, mepsroma.

PeueHseHT: CarntoB Pamunb ®apratoBud, KaHANOAT TEXHUYECKUX HAYK, OOLEHT,
3amecTuTeslb gupeKTopa no Hay4yHon padbote B OO0 «Hay4yHo-nccnegosaTebCKUm n
NPOEKTHbIN MHCTUTYT 9KOIOrMYecknx npobnem», r. OpeHbypr

BsepneHue.

PernoH CeBepo-BocTOoKa Poccum xapakTepusyeTcsi CYpPOBbIMU  KAUMATUYECKUMU
YCNOBUAMU, NOABEPXKEHHBIMU 3HAYUTESIbHBIM U3MEHEHUAM M3-3a 106a1bHOro NOTENEHNS U
aHoOMannin NOroAaHbIX PEXMMOB. YBeNn4eHne CpepHerogoBon Temnepartypbl, Mogudukaums
0CagKoB U Ce30HHble KonebaHus TemnepaTypbl BbI3bIBAOT HapyleHWe YCTOMYMBOCTU
FPYHTOB, YTO HEMATUBHO CKa3blBAETCSH HA re0fe3UYECKNX CETAX N MHXXEHEPHBIX COOPY>KEHUSX.
Llenb uccnepoBaHus — OUEHUTb BAUSAHWE KAMMATUYECKMX (DakTOpOB Ha pedopmauunn
NHXXEHEPHbIX OOBEKTOB pPernoHa Ais NoBbILEHNA TOYHOCTU MOHUTOPUHra U 6e30nacHOCTU
akecnnyatauum [3-7]

Metogbl. [Ona aHannsa MCNonb30BaHbl KIMMaTUYecKne pAaHHble [napomMeTueHTpa
Poccun 3a nepmopn 2015-2025 ropoB, BKAYaa TemnepaTypbl, Ocagku W rmayouHy
npoMep3aHnsa rpyHToB. [lpMMeHANncb MeTogbl MaTteMaTu4ecKoro MoOeMpOoOBaHUSA
pgecopMmaunin - ¢ y4eTOM CE30HHbIX KonebaHunm TemnepaTtypbl W FEOTEXHUYECKUX
XapakTePUCTUK FPYHTOB. CTaTUCTUYECKUA aHann3 BK/IKOYaN OMMCATENbHYK CTaTUCTUKY U
MHOIOMEPHbIA PErPECCUOHHBIN aHanM3 C UCMOJSIb30BaHNEM METOAOB KpOoCC-Banupaumm u
OLEHKM KadecTBa mogenn (koadhpuumeHT getepmnHaumm, MAE, RMSE) [8-11].

Hedopmaumn mMogenmpoBasinCb MaTeMaTU4eCKM C YYETOM CE30HHbIX WU3MEHEHUN
TemnepaTtypsbl (bopmyna 1):
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D; =Dy + A-sin(wt+ @) +kt+e€ (1)

roe D, — pedopmMaunsi B MOMEHT t, D, — HavanbHoe cMelleHne, A — amnantyaa
KonebaHunin, w — UUKInYecKasa 4actoTta, ¢ — pasoBbl cOoBur, k — KO3 DULNEHT TpeHaa, €
— cTOoXacTnyeckas omobka.

[MpoBeneH cTatucTuyecknin aHanna (popmysbl 2—-3) 1 MHOTOMEPHbBIN PErpecCUOHHbIN
aHann3 (popmyna 4) ¢ Kpocc-sanupauuen [6, 10-13].

CpepHee 3Ha4veHNe (MaTemMaTnyecKoe oXXuagaHme):

n
2%
i=1

roe X; — oTAesnbHble HabNAeHUS, n — YUCNO HABNOAEHU.
[ncnepcns n ctaHaapTHOE OTKJIOHEHME:

n
1 _
$2 = 2 (X; = X)2,S = /52
i=1

X =

3| e

n—1

dopmyrna MHOroMepHOro perpecCuoHHOro aHannsa
Mopenb MHOXXeCTBEHHOW JINHENHOW perpeccuu:

Y =B+ B1X1 + BoXo o+ BpXp + £ 4)
roe
Y — 3aBucumas nepemeHHas (Hanpumep, BennydnHa gedopmasmm),
X; — HesaBMCUMble MNepemeHHble (Hampumep, Temrepartypa, ocafgKku, rybuHa
npoMep3aHuns),

f; — KO3(hhMLMEHTBI perpeccum, oTpaxatowne BimsHme hakTopos,

& — cnyyanHas ownbka,

P — 4YUCNO (PaKTOPOB.

Kpocc-Banupaumus

[nsa oueHKn yCTOMYMBOCT MOAENN N €€ CroCOBHOCTU K 0006LLEHNIO NpUMeHSAeTCS k-
KpaTHas Kpocc-Banupauusi, rnpu KOTOpOW [aHHble pa3buBaroTcs Ha k paBHbIX 4YacTen.
MooyepegHo k — 1 yacTern mcnonb3yroTcs Ans obyyeHusi, ogHa — AN TeCTUPOBaHUS.
ToroBas meTpnka — cpepgHee 3Ha4yeHune rno Bcem pasbunenHnam [1-2, 15-17].

Pesynbtatsl. B pesynbraTte CTaTUCTUYECKOrO aHanusa n uccnegoBaHns HabnogeHun
nedopMaunini - MHXEHEPHbIX COOPY>XEHUN npencTtasfeH OOOBOWEHHBIN 0030p [[aHHbIX,
OTPaXEéHHbIX B Tabnuuax 3-6. Tabnuua 3 [EMOHCTPUPYET WUCXOOHblE KIMMaTU4Yeckune
napameTpsbl (TeMnepaTtypa, ocagku, rmybnHy npomep3aaHus) B TedeHmne 2016-2025 rogos, 4To
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cny>xut 6ason

and

OLIEHKM

BHELLUHNX

BO3OENCTBUN Ha

FPYHTOBblIE  OCHOBaHWUA.
CTtatuctndeckne nokasartenu, NpuBefEHHble B Tabnuue 4, nokasblBalT BapuabenbHOCTb
AaHHbIX 1 MOATBEPXKAAKT HaIN4YME 3HAYNMbIX CE3OHHbIX U A0SIFTOCPOYHBIX TEHOEHLUMN.

Tabnuya 1.
Knumatunyeckue nokasatenn Cesepo-BocTtoka Poccun go 2025
MNapameTtp 2016 | 2017 2025"
Temnepartypa (°C) -12.3 | -11.8 -9.2
Ocagku (Mm) 450 | 480 560
Mmy6uHa npomep3sanHns (cm) | 140 138 120
Tabnuua 2.
KoppensaunoHHasa matpuua (PyCCKUn/aHrmnncKum)
Temnepatypa Ocapkun Mmy6uHa Oedopmavmu
(Temperature) (Precipitation) npomep3sanHna (Frost | (Deformations)
Depth)
Temnepatypa 1 0.46 -0.97 -0.63
(Temperature)
Ocagku (Precipitation) | 0.46 1 -0.45 0.15
Mmy6uHa -0.97 -0.45 1 0.63
npomep3anHns  (Frost
Depth)
Dedopmauun -0.63 0.15 0.63 1
(Deformations)
Tabnuuya 3.

VcxogHble gaHHble HabnogeHunin no mepsnote (2016-2025)

log | Temnepatypa (°C) | Ocagku (Mm) | TnybuHa npomep3anus (cm)
2016 | -12.3 450 140
2017 | -11.8 480 138
2018 | -11.2 470 136
2019 | -11.5 490 135
2020 | -10.9 510 132
2021 | -10.7 520 130
2022 | -10.2 530 128
2023 | -9.9 540 125
2024 | -9.5 550 123
2025 | -9.2 560 120

MorpewHoCTb NSMepPEeHNn (CTaHaapTHas ownbKa) paccynTbiBaeTCs Kak g-na.5:
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1 n
= D; — D)2,
1=

roe:
e (¢ — CTaHpapTHas owunbka,
e D; — oTAenbHble N3MepPeHUs,
e D — cpefHee 3HauYeHne U3MepeHui,
e 1 — YNCNO HabNOEHNIA.

Tabnuua 4.
CTaTuctn4eckme nokasartesnm N OTKIIOHEHUS NO KINMaTUYECKUM AaHHbIM
[MokasaTtenb Temnepartypa (°C) | Ocagkn (Mm) | y6buHa npomep3saHns (CMm)
CpegHee (Mean) -10.86 519 131.2
Owncnepcus (Variance) 0.85 231.56 59.07
CtaHgapTtHOe oTKnoHeHune (Std Dev) | 0.92 15.22 7.69
KoadduuneHT Bapunauum (CV, %) 8.46 2.93 5.86

Ha ocHoBe AaHHbIX NO cpegHeroqoBon Temrnepartype pernoHa pocta ot 0,7 po 1,8 °C,
YBEMNYEHUID CYMMapHbIX ocagkoB Ha 5-60%, W Ce30HHbIM KonebaHusM  rnyOuHbI
npoMep3aHnsa NPOBOANNIOCH NOCTPOEHNE Mogenu perpeccumn [14-17].

N3 Tabnuupl 1 BngHO, 4to B nepuog ¢ 2016 no 2025 rog B pernoHe HabnwopgarTcs
YCTON4MBbIE USMEHEHNSA KNMaTUYeCcKux napameTtpoB. CpegHerogoBas temnepartypa nmMeet
TEHAEHUMIO K MNOCTENEHHOMY MOBLILWEHNO, YTO MNPUBOOUT K CHXKawoLWencs rnybuHe
npomep3aHuns rpyHToB. OOQHOBPEMEHHO PACTET KO/IMYECTBO MOAOBbIX OCaAKOB, YTO BAUSIET HA
BIAXKHOCTb N MEXaHUYeCKne CBOWCTBA FPyHTa. OTU [aHHble CO3[al0T NPEeAnoCbiKU LS
N3MEHEHNSA reoTEXHUYECKUX YCNOBUN TEPPUTOPUN, YTO HeOoOXOAMMO yuuTbiBaTb MpU
MOHUTOPMHIE N MNPOrHO3NPOBaHUN CTaOWUIBHOCTU reofe3nyecknx ceTterl U MHXEHEPHbIX
coopy>eHun [13-15]. HarnspgHoe npepncrtaBneHve 3TUX TEHAEHUMA U UX B3anMOCBA3N
OTPaXXeHO Ha rpadukax U3MeHeHus Temnepartypbl, 0OCagkoB U ryObuHbl NpoMep3aHnsa 3a
yKasaHHbI nepuog, (puc.1,2,3).

TpeHn cpegHemecsa4HoOW Temnepatypbl Bo3gyxa (2016-2025 rr.) nokasbiBaeT
YCTONYMBOE W 3HA4UTENbHOE noTenneHne pernoHa (puc.1). TemnepaTypa noBbILWAETCS
NPakTUYeCKn HenpepbiBHO, YTO coBnagaeT C rnobasbHbIMU TEHOEHUMAMN KIMMaTUYEeCKOro
N3MEHEHUNS N COMPOBOXAAETCH YMEHbLLEHNEM rNYyOrHbI NPOMeP3aHnsA MPyHTOB [6-8].
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PucyHok 1. TpeHp cpeanmecsyHon Temnepatypbl Bo3ayxa (2016-2025)

[JuHamuKa rogoBOro KonuMyecTsa OCafKOB 3a 3TOT XKe Mepuof XapakKTepusyeTcs
NOCTENeHHbIM yBenndeHnem (puc.2). PoCT ocapgkoB yBenM4MBaeT BNAXKHOCTb MOYBbI U
CNOCOBCTBYET N3MEHEHNIO (PNINKO-MEXAHNYECKNX CBOMNCTB MPYHTOB, YTO B Pe3ysbTaTe MOXeT
NPUBOOUTL K YCUNEHNIO AedopMaunoHHbIX npoueccos [6-8, 17].
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PucyHok 2. [JuHamuka rogoBoro koandectsa ocagkos (2016-2025)
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TpeHn rmybuHbl NPOMepP3aHns rpyHTa AEMOHCTPUPYET COKpalleHne MpoMep3fioro
CI0s1, YTO CBA3AHO U C MOTENIEHNEM, U UBMEHEHNEM pPeXXMa ocaaKos (puc.3).

CokpauweHune rybuHbl NpoMep3aHnsa ocnabnsaer MOPO3HOEe My4YeHue, HO Npu 3TOM
MOXET yXyALwaTb CNOCOBHOCTb MPyHTa YAEPXMBATb CTPYKTYPHYIO MPOYHOCTb, YTO TpebyeT
OOMNOSIHUTENBHOIO KOHTPOSIS MHXXEHEPHbIX OO LEKTOB.
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PucyHok 3. TpeHnp rnybuHbl npomep3anHuna (2016-2025)

[aHHble no geopmMmaumsim COOpY>XEHUN UNNKOCTPUPYIOT NOCTEMEHHOE YBENMNYEHNE KaK
BEPTUKASIbHbIX, TAK U FOPU30HTaNIbHbIX CMELLEHUI B MUIIMMETPAX, YTO CBUOETENLCTBYET O
BAINAHNN KJIMMATUYECKUX U3MEHEHNIN HA UHXKEHEPHYIO NH(PPACTPYKTYPY pernoHa [5-7].

MpuynHbl gecopmMaumin, BKINOYaa CE30HHOE TasgsHUE U N3MEHEHNS BNAXXHOCTU MOYBbI, U
BPEMS MPOSIBNEHUA COBUIOB (aKTUMBM3aUMsi B BECEHHe-NETHUN nepuopn), TwaTenbHO
3admKcupoBaHbl B npumMedaHnsax (puc.4).

ST rpadukn nNog4EPKMBaOT HEOBXOOUMOCTb KOMMJIEKCHOrO MOHUTOPUHra LS
CBOEBPEMEHHOIO BbISBSIEHMA PUCKOB M pas3paboTky afanTMBHbIX Mep no ctabunusaumn
NHXXEHEPHBIX COOPYXXEHUI B YCNOBUAX ObICTPO MeHsowerocs kKnmmara CeBepo-BOCTOKA
Poccun [6,16].

AHanns nokasasn ycTon4mBoe NoBbILWEHNE CcpeaHeroqoBon TemnepaTypbl Ha 1,5-2 °C u
yBennyeHne aMnanTyabl CE30HHbIX KonebaHui, a TakKe pOCT CyMMapHbIX ocagkos Ha 5-60%
3a wuccnegyembin nepuop. KoppensunmoHHas maTpuua npogeMOHCTpupoBana CuibHble
B3aMMOCBSA3U MexXxay TeMnepatypon, rmy6bnHon npomMmepsaHnsa n gedopmaumsimu.
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[MOCTPOEHHbIE PErPECCUOHHbIE MOOENN BbIABUN CTATUCTUYECKN 3HAYUMOE BIINSHWNE
BCeX (pakTopoB, NpuyeM TemMnepaTypa nMmena MakcumasnbHbli BKnag B gedopmauun. NporHos
nokasan ropgosoe yBenuyeHne pedopmauun nopspgka 0,5 MM, 4to TpebyeT afanTUBHOMO
MOHUTOPVIHIA N UH>XXEHEPHbIX Mep.

BepTukanbHble CMeLLEeHWNs UHKEHePHbIX COopYXKeHuiA (MM) FOpW30HTaNbHble CMeLLLEHUS UHKEHEPHbIX COOpYKeHUi (MM)
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PucyHok 4. CMeLLeHNst MHXEHEPHbIX COOPY>KEHUI

ObcyxpeHvne. 3aMeTHO POCT Temnepatypbl W OCaAKoB, COMPOBOXAAKLNIACA
YMEHbLUEHNEM TNYyOUHbI NPOMEP3aHUs, YTO KOpPpenMpyeT C yBenndeHnem paecopmaumii.
Mopenb nopTBepXAaeT HeobXoAMMOCTb MHTErpaumm KanMaTUYecKmx napamMeTpoB Ofis
NPOrHO3a PUCKOB 1 KOPPEKTUPOBOK.

3aknodeHne. VlccnegoBaHne [EMOHCTPUPYET KPUTUYECKYHD POJSb  KIMMAaTUYECKNX
N3MEHEHNN B OUHaMUKe [edopMaunini MHXEHEPHbIX COOPYXXEHUN pernoHa. BHepgpeHune
afanTuBHbIX METOOOB MOHUTOPUHIA C YYETOM KMMATUYECKMX (aKTOPOB MO3BONSAET
NOBbICUTb TOYHOCTb EOOAE3UYECKUX USMEPEHUN W  CrocoOCTBYET  YCTOMYUBOCTU
NHPPACTPYKTYPbl B YCNOBUAX MEHSAOLWEroca knumarta. bygywme uccnegoBaHnsa LOMKHbI
(hOKyCUpOBaTbCA Ha PasBUTUN UHTENSIEKTYasIbHbIX CUCTEM MPOrHO3a M aBTOMaTU4YEeCKOro
pearvpoBaHna ons 3aHeKTUBHOMO yripaBieHns pUckamu.
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Abstract. In the 215t century, the traditional goals of business management are being renewed. In the last century,
the goals of producing results at the lowest cost, in the shortest time, and in the most efficient manner were dominant, while
in the new century, the goals of production that does not have a negative impact on the environment and is healthy and safe
have been set. In other words, the traditional model of cost, time, and quality has been changed to a new model by adding the
concepts of Environment, Occupational Health, and Safety.

According to Henrik's theory, there are statistics that for every 300 dangerous incidents, there are 29 minor injuries
and 1 fatality. However, a total of 3,321 dangerous incidents were recorded in Mongolia from 2016 to 2024, of which 509
employees lost their lives and 761 employees suffered serious injuries. If we simply calculate the statistical figures from
Henrik's theory, there are 11 deaths and 73 injuries for every 300 dangerous incidents in our country.

Keywords. Occupational health and safety, international standards, requirements, hazards, risks.

PeueH3eHT: MapTexa AnekcaHap Hukonaesn4 — KaHaMOaT TEXHUYECKNX HAyK, OAOLEHT.
HoueHT OIrBOY BO «PTAY-MCXA nm. KA. Tumnpsazesa»

I. INTRODUCTION

Objective: To introduce an occupational health and safety management system in the
manufacturing sector.

Materials and Methods: An analysis of laws, legal acts, standards, and research materials
in force in Mongolia was conducted.

In the development of Mongolia, the position of high-risk sectors such as mining,
construction, and energy has increased, and their social responsibility, risks, injuries, and
dangerous incidents have begun to attract widespread attention from citizens to the head of
state. In this day and age, the processing industry is also a sector that deserves attention.

The Government of Mongolia, in collaboration with the Ministry of Food, Agriculture and
Light Industry and the Food and Agriculture Organization of the United Nations, has been
implementing good occupational safety and health practices in the processing industry, mainly
in the leather, wool and cashmere processing sector, since March 2018. As a result, projects
and programs are being implemented to protect workers from potential accidents and create
opportunities for the production of value-added final products from livestock-based raw
materials and export them in accordance with international standards. In this sector, where
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there is a lack of professional training for OHS specialists, it is commendable that the
establishment of an OHS branch committee under the Ministry of Food, Agriculture and Light
Industry will continue to plan and implement OHS issues in the leather, wool and cashmere
processing industry at the policy level.

Because.

Although industrial accidents and acute poisoning are more common in the mining and
construction sectors, the number of accidents in processing plants has begun to attract
attention in recent years. As large mining companies and enterprises pay more attention to
occupational safety, industrial accidents are relatively decreasing. The accident rate in 2024
decreased by 39 cases compared to the previous 4 years, and by 70 cases in 2018-2023. Also,
3,078 new cases of occupational diseases were diagnosed between 2006-2013 and 425 cases
in 2014-2022, indicating the effective implementation of the HEMAB management system in
the sector.

However, the number of accidents in the manufacturing sector is on the rise. In Mongolia,
a total of 120 industrial accidents and acute poisonings have been recorded in the
manufacturing sector over the past 3 years, resulting in 9 deaths.

Il. THEORETICAL OVERVIEW

Occupational Health and Safety

Every organization has a responsibility to ensure the occupational health and safety of its
employees and all participants in its activities. Some legal documents state that this
responsibility includes activities to protect and promote the physical and mental health of
employees. For example::

e |t refers to comprehensive risk protection activities aimed at maintaining human working
capacity and health and creating healthy and safe conditions during work. / Law on OHS/

¢ Being healthy means not only physical health issues, but also the perfect state of mental
and social health. / WHO Declaration/

Ensuring occupational health and safety within the legal framework is a pressing issue
today.

Today, enterprises in Mongolia comply with legal documents such as 8 laws, nearly 200
standards, orders, decisions, rules, regulations, and instructions of the Minister of Labor and
Social Security and sector ministers regarding OHS.
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Number of standards, by sector
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Wood Technology I 180
Construction G 561
Roads I 151
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Source: Mongolia with Standards Program
Figure 1: Standards in force in Mongolia

There are a total of 5853 standards in Mongolia, and when comparing the data with the
standards implemented in other countries, the following results were obtained. These include:

e Internationally recognized ISO 23010 standard
¢ China has 180,000 standards

e Germany has 30,000 standards

¢ Russia has 35,000 standards

e Mongolia has 5,853 standards, which shows a lack of product, service and operational

control in our country.

Standards and Quality and Safety

International trade agreements are being concluded because the quality and safety of
products and services supplied to the markets of developed countries around the world is
determined by the system of standards, technical regulations, conformity assessment, and
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control mechanisms related to the product. Today, ISO standards are used as the primary
criteria in more than 160 countries around the world.

According to the study, only 31.3% of our country's MNS standards comply with ISO
standards.

Table 1
National Standard Level Quantitative Indicators
National standard level
MNS 4022
MNS ISO 1163
MNS EN 45
MNS CAC 102 1831 or 31 ?o/o ISI cogsistgnt VIVIth
many national and regiona
MNS ASTM 133 standards.
MNS AASHTO 71
MNS IEC 90
Other 228
Total 5853

Source: Mongolia with Standards Program

The OHS situation in Mongolian manufacturing is characterized by high risks, weak
management systems, and a lack of a safety culture.

Although international projects, ISO standards, and government training measures have been
introduced in recent years, systematic implementation at the small and medium-sized
enterprise level is still insufficient, and employees' safe working environments are still not fully
protected.

Ill. RESEARCH SECTION

Mongolian processing industries are rich in raw materials, but weak domestic processing
capabilities, technology, financing, and market penetration hinder the production of high-value-
added products; the solution lies in policies focused on cluster/sector support, infrastructure
improvement, standardization, and training of specialists. According to the results of the World
Bank study, Mongolia’s economic growth is largely dependent on mining. Mongolia’s economic
growth is largely driven by mining and related consumption and investment, which has not
provided a consistent and independent boost to the growth of manufacturing.

Manufacturing accounts for a relatively small share of total domestic production, and
exports are mostly in the form of primary raw materials. In recent years, research reports have
highlighted the dominance of manufacturing, including animal products and food, leather,
textiles, light manufacturing transactions, and low-value-added exports.
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The following are common barriers to the development of processing industries in
Mongolia. These include: technical and technological backwardness, lack of investment
(secure financing), skills/expertise shortages, logistics/energy costs/burdens, environmental
and regulatory issues, and safety policies. These hinder the ability of factories to expand, import
substitution, and absorb high export costs.

SMEs are key players, but growth has been slow. This is because these organizations are
often small, have outdated technology, and have limited market information and guarantees,
which slows development. Despite government support and policies, studies have noted that
implementation and the institutional environment need to be improved.

The leather, textile, and meat/food processing industries have high export potential and
sufficient raw material resources, but lack quality, technical configuration, and marketing for
medium/high-end production (advanced leather processing, market-oriented branding, and
standardization). In this regard, the UNDP leather research emphasizes the sector’s
infrastructure and value-added capacity.

Industrial Competitiveness Analysis (UNIDO) — common conclusion: export products are
often low-tech, export diversification is low, and innovation and FDI activities are lacking, so
competitiveness needs to be increased.

The number of enterprises and organizations operating in the manufacturing sector is
shown in Figure 2.

By sub-sector as of 2024

| | \ Electricity, gas production,
water supply
—» 419

Mining and quarrying
industry
» 1290
Processing industry
6314

Source: Industry Survey

Figure 2: Enterprise Survey

As of 2024, there were 187.1 thousand registered business entities operating in our
country, of which 8,000 or 8.5 percent were operating in the industrial sector. 78.7 percent of
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the businesses operating in the industrial sector were operating in the manufacturing
sectoProcessing plantr.
Number of industrial accidents registered in Mongolia

340
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240
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® Number of registered accidents

Source: Researcher’s elaboration

Figure 3: Accident survey /national level/

Number of industrial accidents
An industrial accident is considered to be an injury or death to an employee due to
exposure to production factors during the performance of their duties.
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0
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= Mining ®Processing Plant Construction

Source: Researcher’s elaboration
Figure 4: Accident statistics /by sector/

In our country, the mining, construction, and energy sectors are currently considered to
be the most risky. Based on the industrial accident statistics recorded in the manufacturing
sector nationwide, it can be seen that workplace occupational health and safety (OHS) in this
sector is one of the most important issues.
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Total manufacturing production
The total production of the industrial sector reached 30.1 trillion tugriks in 2024, with the
mining and quarrying sector accounting for 57.5 percent of the total production, and the
processing industry accounting for 32.8 percent. The processing industry accounted for 24.9
percent of the total production in 2015, which increased by 7.9 percentage points to 32.8
percent in 2024, indicating that the production of this sector is likely to continue to grow.
 Total manufacturing activity by sector:
» Food production: 51.3%
« Leather, leather products, textiles, and clothing production 10.4%
 Other other manufacturing 38.3%

Introduction of the HEMAB management system in the processing industry

There are 3 organizations accredited and certified by the National Accreditation Body of
Mongolia according to the MNS ISO 17021 standard, and those organizations have the right to
conduct certification according to the management system standard throughout Mongolia
within the scope of their accreditation. Also, since 2016, foreign certification bodies have begun
to conduct certification activities through enterprises operating in Mongolia. To date, there are
very few registered enterprises that have been certified by national and foreign accreditation
bodies through the introduction of the HEMAB system.

ISO standards are voluntary, meaning that businesses and organizations choose to
implement them. Our country's policy is to support the increase in exports of value-added final
products from the manufacturing sector, which makes it necessary to introduce and implement
this standard in the sector.

Status of Implementation of Occupational Health and Safety Management System
Standards in Mongolia

General situation of OSH in the processing industry. The processing industry (leather,
food, construction materials, textiles, wood processing, etc.) is considered one of the sectors
with the highest risk of accidents and occupational diseases. According to the 2023
“Occupational Safety Report” of the National Labor Organization, about 30-35% of all
occupational accidents occur in the processing industry.

The most risky sub-sectors are:

 Leather and wool processing (chemical exposure, respiratory exposure)

» Food and meat processing (cuts, slips, cold exposure)

« Wood and building materials production (dust exposure, heavy equipment
accidents)

The main OHS risks in the processing industry can be summarized as follows:

1.Weak OH&S management system

International journal of Professional Science
Ne10(2) - 2025

30


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

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

. There is no formal OH&S management, standards and regulations at the
SME level.
. OHa&S training, risk assessment and internal control are inconsistent.
. Very few factories have implemented international safety standards such
as I1ISO 45001.
2.Chemical and biological risks
. Although chemicals such as chromium, sulfur and formaldehyde are widely
used in leather and wool industries, there is a lack of protective equipment and
inadequate ventilation.
. Some studies indicate that 40-60% of workers do not regularly use
protective clothing, gloves and masks.
3.0ccupational diseases
. Respiratory, hearing, and skin diseases caused by chemical exposure,
dust, and noise are common.
. There is a lack of health screening, monitoring, and information — many
factories do not conduct annual health screenings for employees.
4.Weak supervision in local industrial zones
. There is a shortage of inspectors from the General Directorate of
Occupational Safety and Health at the aimag and soum levels, small factories operate
at the “garage level,” and accident records are lacking.
. Even when safety violations are detected, fines are low and accountability
is weak.

The enterprises that have implemented the OHSMS management system standards are
shown in Figure 6, categorized by field of activity. These organizations have been certified by
the following professional organizations. These include:

International journal of Professional Science

» 11 organizations certified by the Australia-New Zealand Accreditation Authority
+ 25 organizations of the nationally accredited “SFCS” LLC

+ 6 organizations of “Moncertf” LLC

+ 3 organizations certified by the French “Afnor” group
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Figure 6: Certified Organization Survey

When interviewing management, supervisory staff, and managers at all levels of the
organization, they say that "Safety" is important. However, when asked about the work you and
your organization are doing to ensure safety, they say that our organization and sector are less
risky than industries such as mining, construction, and energy, so they give instructions and

warnings saying "Ensure your safety."

If we look at the problem more closely, the system of the high-risk sector itself has created
a foundation for mandatory compliance with safety.

Accidents and deaths do not come suddenly. This is not a concept that nothing can be
done, but a concept that every business entity, organization, and employee should
systematically and continuously do a good job in performing their work.

Table 2

Summary of the OHS situation in the processing plant (as of 2024)

Indicator Condition / Research Results

Key Issues

Directions for Improvement

1. General OHS
management

70-80% of SMEs do not have a
formal OHS program

Weak regulatory
oversight and
management system

Phased introduction of ISO
45001, MNS 5002:2016
standards

2. Occupational
accident rate

~30-35% of all occupational
accidents occur in processing
plants

Violation of safety
regulations, weak
equipment protection

Regularization of safety
training and risk assessment

Chromium, sulfur, and
formaldehyde are widely used
in leather and wool industries

3. Chemical use

Poor ventilation, lack
of protective
equipment

Implementation of chemical
management procedures
and MNS standards

4. Use of 40-60% of workers do not Lack of OHS culture, | Create a system of
protective regularly use protective clothing | weak control incentives and penalties for
equipment and equipment employers
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Indicator Condition / Research Results Key Issues Directions for Improvement
5. Health About 50% of factories do not Lack of health records | Introduce an electronic
surveillance and conduct annual inspections and information registration system and
examination legalize preventive

examinations

6. Occupational

Respiratory, hearing, and skin

Dust, noise, chemical

Introduce ventilation and

Agency at the aimag and
district levels

diseases diseases are common exposure noise reduction technologies
7. Monitoring and | Insufficient supervision of the Small local industries | Increase the number of local
enforcement State Environmental Protection | are out of control inspectors, electronic

monitoring system

8. OHS training
and culture

60% of employees do not
receive regular training

Weak OHS awareness

Implement a combined
system of continuous
training and monitoring

9. Good practices

Large factories (“Gobi”, “APU”,
“Darkhan Leather”) have
started implementing ISO
45001

Limited scope

Dissemination of successful
cases, exchange of
experiences between
sectors

10. International
support

ILO, UNIDO, Switch-Asia
projects are being implemented

Short duration of
projects and low
sustainability

Develop policies to integrate
project results into the
national system

Source: Researcher’s elaboration

The level of OHS in Mongolian processing industries is high, with weak system controls

and a culture of protection not fully developed.

issues:

market access costs and increase export competitiveness.

[Il.CONCLUSION
To develop its processing industry, Mongolia needs to pay attention to the following

Focus on high value-added clusters — focus on deep leather processing,
meat/food processing, clean-tech food production, and value-added light industries.
Improve infrastructure, logistics, and energy security — this will reduce

Implement policies that focus on SME financing, technical assistance, and
standardization — export standards, certification, quality control, technology transfer,
and human resource development are needed.
Shift to green and sustainable production — introducing low-waste,
energy/water-saving technologies will improve long-termm competitiveness.

The ISO 45001:2018 system standard is a concept, guideline, method, and methodology

that integrates the best practices of humanity in the past, accepted by more than 160 countries,
and a guide to human well-being and happiness. Therefore, we need to introduce and
implement it in our activities without distinguishing between high risk and low risk.
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In order to supply Mongolian raw materials, products and services to countries around
the world, it is important to introduce the OHS management system in the processing industry.
Therefore, processing industries need to improve their management and increase the value of
educated and healthy workers.

There is a need to integrate OHS into economic sector policies by aligning them with
sector development policies, SME support, standardization, and training programs.
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GEOLOGY AND GEOPHYSICS

UDC 550.311

Gavrilov S.V., Kharitonov A.L. Determination of the geographical
location of hydrocarbon-promising zones based on the analysis of
subduction geodynamic processes

OnpepeneHne reorpayeckoro MeECTOpPacmnofioXXeHNs1 YrNIeBO[OPOA-NePCNeKTUBHbIX 30H Ha
OCHOBE aHanun3a cy6yKLNOHHbIX reOANHaAMMUYECKUX NPOLLECCOB

Gavrilov Sergei Viadilenovich,

Doctor of physical and mathematical sciences, Main scientist of the laboratory 102,
Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences
Kharitonov Andrey Leonidovich,

Candidate of physical and mathematical sciences, Leading scientist of the Main
Earth’s magnetic field laboratory, Pushkov Institute of Terrestrial Magnetism,
lonosphere and Radio Waves Propagation of the Russian Academy of Sciences
laBpunos Cepreinn BnagnneHosuny,

OOKTOP (hU3NKO-MaTEMaTNHECKUX HayK, MMaBHbIA HAay4HbIN COTPYAHNK nabopaTtopumn
102, NHcTuTyT dhmsukm 3emnm nm. O.HO. LLimnara PAH

XaputoHoB AHgpen JleoHngosmny,

KaHaupaaT GU3NKo-MaTemMaTnyYecKux Hayk, BegyLUmin Hay4YHbl COTPYOHNK
naéoparopuu rmaBHOro MarHUTHOro Nons 3emnn, VIHCTUTYT 3eMHOro MarHeTu3ma,
noHocdepbl 1 pacnpocTpaHeHnsa paguososH umM.H.B.INywkosa

Abstract. The aim of the study is to consider the effect of the subduction regime on the formation of heat flow, which
is associated with a high water content in the mantle wedge in the Pakistani segment of the subduction zone due to the
squeezing of water by seismicity from the rocks of the subducting Arabian Plate. The research method is the modeling of
dissipative heat generation and convective removal of dissipative heat to the daytime surface. This shows that, taking into
account the non-Newtonian rheology of the medium and phase transitions in the mantle, the water content in the Pakistani
part of the mantle wedge is increased by 0.5 wt%, the activation energy is lower by 45 k] mol-1, and the maximum anomalous
heat flow is 102 km farther from the deepwater trough than in the Iranian part of the subduction zone. As a result, the viscosity
in the mantle wedge and the power of dissipative heat release decrease, and the abnormal heat flow in the rear of the Pakistani
part of the trench decreases. It can be concluded that as a result of geodynamic research and analysis of the heat flow in the
Pakistani part of the Makran subduction zone, it is less than in the Iranian part of this zone by ~8%. At the same time, the
rate of subduction of the Arabian Plate, on the contrary, is 1.5 times higher (and the angle of subduction is slightly lower) in
the Pakistani segment. At first glance, this paradoxical distribution of the heat flow anomaly is associated with various
subduction regimes: smooth aseismic sliding occurs in the Iranian part, and strong earthquakes with a period of about102
years are observed in the Pakistani part.

Keywords: geodynamic studies, Macran tectonic zone, mantle wedge, angle and rate of subduction, hydrocarbon
deposits.

Annomayusa. Llerv uccredobanus — paccmompems Bauanue pexuma cyboykyuu Ha popmupobarue menioboeo
nomoxka, Komopoe c6s3aro ¢ 004vuUM colepranuem 600bt 6 ManmutiHoM kaure 8 Ilaxucmanckom ceemerme 30Hbl CYyOOY kYUY
Beaedcmbue Bvixkumanus ceticMuuHocmysio 600b U3 nopod cyboyyupyoweil Apabuiickoi naumesi. Memod uccaedobanus -
MmoleaupoBanue Ouccunamubuoeo meniobvideseHus U konbexmubHoeo BviHoca Ouccunamubuoeo menia k OHeBHOU
noBepxtocmu. Dmo noxasvibaem, umo ¢ yuemom HeHvIOMoHOBCKOU peosoeuts cpedvi U asobuix nepexodof 8 manmuu 8
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Iaxucmancxorl uacmu MAHMUIH020 KAUHA codepranue 600t nobuiuiero Ha 0.5 BecoBuix %, sHepeus axmubayuu Huxe HA ~
45 wrxmoavl, a MakcuMyMm aHOMAaAbHOe0 menio6oeo nomoka Ha ~ 102 km dasvuie om eaybokoboOHoe0 seaoba, uem 6
Wpancxoi wacmu 30mu cy00ykyuu. B pesyasvmame 6asxocmv 6 MAHMUGHOM KAUHE U MOWHOC® OUCCUNAMUBHOEO
mena06vi0eseHUA YMEHbULAMICA, U AHOMAAbHBLE en0601l nomok 8 mulay Iaxucmanckoi uacmu xea06a nadaem. MoxHo
3aKAI04UMD, UMO 6 pe3yavmanme 2e00UHAMUYECK020 ucciedobanus u anaiusa meniobozo nomoka 6 Ilaxucmanckoi uacmu
30HbL cyO0yKkyuu Maxpan, umo on Menvuie, wem 68 Mpancxoi uacmu amoii 30Hst Ha ~ 8 %. Ilpu smom cxopocms cyOO0yKkyuU
ApaButickoni naumol, nanpomub, 6 1.5 pasa boavute (a yeos cyboykyuu Heckoavko Menvuse) 6 Ilaxucmanckom ceemenme.
Taxoe Ha nepBuiil 632150 napadokcasvHoe pacnpedeserie AHOMAAUU 111106020 NOMOKA CBA3AHO C PASAUHHBIMU PeKUMAMU
cyooyxyuu: 8 Mparncxon uacmu npoucxodum niabHoe aceticMuuroe ckoavkerue, a 8 [lakucmarckon Haba100aomca cuibHble
semaempscenua ¢ nepuodom ~102 sem.

KaroueBuie croBa: eecoounamuueckue uccaedobanus, mexkmonuveckas 30ua Maxpan, Manmutinsii KAuH, yeos u
ckopocmb cyboyKkyU, MecropoxoeHus yeae6000po0os.

PeueH3eHT: MapTexa AnekcaHgp Hukonaeesny — KaHAMOAT TEXHUHYECKNX HAyK, OAOLEHT.
HoueHT OIrBOY BO «PTAY-MCXA nm. KA. Tumnpsazesa»

BBepeHue

Ony6nukoBaHbl nnaHbl npasutenscTea Poccuiickon ®epepaunn (PP) o cospgaHun
rnobanbHOro  TPaHCMNOPTHOro  Kopugopa yresogopogoB  (YB)  «Ceep-tOr»  u3
HedTEra3oHOCHbIX PernoHoB TaTtapcTaHa, bawkopTtocTtaHa, 3anagHon Cubupu B CTpaHbl
rnobanbHOro tora Yyepes Tepputoputo MipaHa. B cBasn ¢ atTumn nnaHamu npasutensctea PO
aBTopamn  ctaTbl  OblM  Npou3BedeHbl  pPernoHasibHble  reosloro-reounsnyeckne
nccnepnosaHna Ha tore MipaHa v lNakncrtana B 3oHe MakpaH, KOTopble MOKasbIBatoT, HTO B 3TOM
pernoHe MoryT OblTb HanMAeHbl 3HAYUTESIbHbIE MeCTOpOXAeHNA YB. BT MecTopoXXaeHus
MOFYT CIY>XUTb OJ19 OOMOMHUTENBbHOrO NOMOSIHEHNSA POCCUNCKNX TPAHCMOPTHbIX MOCTaBoK YB
NN B cllydae BO3SHNKHOBEHUSI HEKOTOPbLIX NPO6sieM C 3afiep)XKamMu TPaHCNopTUPOBKN YB 13
P® B gpyrue ctpaHbl. 30Ha nuTocdepHon cybaykumm MakpaH nMeeT NpakTUYecKn LWNPOTHOe
npocTtupaHue. OHa pacnonoxXkeHa y ro>XHoro nobepexoes VipaHa n NakuctaHa n yHuKanbHa B
TOM, 4YTO CKOPOCTU CyOAyKuMM OKeaHNYecKon 4acTu ApaBUNCKON NUTOCHEPHON MNAnTbI
pasnnyHbl No 06enM CTOPOHaM JEBOCTOPOHHEro TEKTOHUYEeCKOro pasfioMa 30HHEe CO
CMeLUeHMeM TO TMPOCTUPaHMIO, pPacrofIOKEeHHOro BAONb MepuavaHa Ha 59.5°E, wu
pasgensowero 3oHy cybaykumm MakpaH Ha asBe yactu. Ha VpaHckon (3anagHon) yactu
NogoABUraHne NPoVNCXoauT co CKopocTbio 20.4 MM -rog~', a Ha MakncTaHCKON (BOCTOYHOWM —
CO CKOPOCThI0 32.6 MM-roa~', mpuyem Ha VMpaHcKoit YacTu xenoba, npouecc cybayKumm naet
B pPEeXuMe acelnCMMYHOro CKOJIbXXeHusi, a Ha [lakuctaHckon yactm - B Xxofe
nociefoBaTeflbHOCTU CUJTbHBIX 3EMETPACEHUI, NOCNeaHee U3 KOTOPbIX (C MarHNTygon My =
8.1) nponzowno 27 Hosabpa 1945 ropa. MNMpegplaywime CunbHble 3EMAETPACEHNS CNYHYUNUCH Ha
MakncTtaHckon Yactn xenoba MakpaH B 1851 rogy (3anagHee 30HbI 3emneTpsiceHns 1945
roga) n B 1765 rogy (BOCTOYHEE 3TOM 30HbI), Tak YTO B HacTosLee BpeMs Ha [MakncTaHCKom
yacTu xenoba MakpaH, No-BMAMMOMY, NOArOTOB/IEHO OYEPEAHOE CUNBHOE 3eMJIETPSICEHNE.
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CornacHo [1], pacnpepeneHne (OKYCOB 3eMNeTpPACEeHUn no rmybuHe cesepHee 272 N
CBUAOETENbCTBYET, YTO CPEeAHUN yron cybaykKunm coctaenseT ~ 262, a u3 puc. 3 aToi ctatbin
[1] BugHO, 4TO ceBepHee WMpPOThl ~ 292N yron cybaykumn B =~ 24°. [pexxHne faHHble 06
OTPaXXEHHbIX CENCMUYECKUX CUrHanax UHTEPNPETUPOBANINCE Kak CBUOETENLCTBA B MNOSb3Y
KpaiHe nonoron cybaykumm, NnponucxogaLlen nog yrnom g ~ 22 — 32 oo rmy6bnH B HECKOJSIBKO
OECATKOB KNIOMETPOB [1], 0gHaKo 3TOT BbIBOA MOXHO OTHECTM TOMbKO K HErlyboKom yacTu
cyboyuupytowero 6noka.

B [2] npeacTaBneHbl cBeAeHNss O pacnosiokeHHon Ha ~ 332N napannenbHon 30He
cybaykuum MakpaH 2D-30He aHOMasibHOro MOBbLILWEHHOrO TEMJIOBOro MOTOKAa C OHEBHON
NOBEPXHOCTU. MakcMMyM TennoBoro notoka ~ 67 MBT-M 2 pacnonoxeH B Tbily 3anagHoim
(MpaHckon) yacTtn xenoba MakpaH, a nodagn BocTo4vHOM ([lakucTaHkon) 4actTn >xkenoba
aHOMasinsi TenJI0BOro NOTOKa MeHee ~ 63 MBT - M 2. [MonepeyHblit pa3mep 30HbI aHOMaJIbHOMO
TennoBoro nortoka coctaesnseT ~ 200 KM, N NPouUCXOXXOeHWe 3TON 30Hbl, MNO-BUOUMOMY,
CBA3aHO C 2D KOHBEKTMBHbIM MOTOKOM B MaHTUAHOM KJ/IMHE, BOCXOAALMM K MoAoLwlBe
HacTunawowen EBpoasnarckomn nntocdepbl U NOKaNIYIOLLMM BbIHOC ANCCUNATUBHOIO Tenna.
B [3], nokasbiBaeTcs, 4TO 2D KOHBEKUMS B MaHTUAHOM KJIMHE, PacCYMTaHHas C y4eTOM
ANCCnNaTMBHOIO TENOBLIAENEHNSA, HEHBIOTOHOBCKOW PEOSIOrMmM MaHTUN 1 BANAHUA (pa30BbIX
nepexopos Ha rnybnHax 410 KM 1 660 KM, EeNCTBUTENBHO 06ecneyYnBaEeT BbLIHOC Pa3orpeToro
MaHTUNHOrO MaTepunana KOHBEKTMBHbLIM MOTOKOM LnpuHon ~ 200 KM Ha pacctosHum ~ 500
KM K ceBepy OT xenoba MakpaH. rge n HabnogaeTcsa 30Ha aHOMasibHOro TEMI0BOrO MNOTOKA.
KOHBEKTUBHbBIA MOTOK U3 MaHTUN MOXXET BbIHOCUTb K MOBEPXHOCTU 3eMin MaHTUHble
yrneBogopoabpl U MeTananyeckmne (xenesocogepxkawime) pygel. B [2] oTMevaeTcs, 4TO
NOBEPXHOCTHbIN TEMIOBON MOTOK SABASETCA BaXXHbIM yKasaTenem Hanndmsa B Hegpax 3emiu
YrneBoAopOAHbIX pPe3epByapoB N MepCrneKTUBHbIX UCTOYHUKOB MUHepasibHbIX PEeCypCOoB.
MeHbLINIA TENNIOBON MOTOK, BEPOATHO, OOBACHAETCS NPEPLIBUCTBIM PEXNMOM CybayKuun B
BocTO4YHON ([MakmcTtaHCcKon) YacTn xenoba MakpaH, W, Kak cnegcteme, 6of5iee BbICOKUM
cofepXXaHnemM KpucTanan3aumoHHON BoAbl B MaHTUMHOM KnnHe. CornacHo [4] cogep>kaHune
BOObl B MaHTUNHOM KIIMHE, BbDKMMAEMOW U3 norpyXxawowerocs nutocdepHoro 650Ka,
[OCTaTO4HO BEJINKO, 1 MOXKET JOCTUraTbh HECKOMNbKIMX BECOBbIX NPOLEHTOB. Bcneactaune aToro
B MaHTUMHbIX KJIMHBbAX OOMWHUPYET OUCIOKAUMOHHAA HEHbIOTOHOBCKAas Mon3yyecTb, npu
KOTOpON KO3(PUUMEHT 3(PDEKTUBHON BAIKOCTU OBPATHO MNPOMOPUMOHANEH CTEeNneHHOMN
PYHKUMKN KOHUEHTpaunn Boabl Cw 1 YMEHbLUAETCSA € yBenmyeHnem Cy. B [4] ykasbiBaeTcs, 4TO
Hannyne BOAbl B MaAHTUAHOM K/MHE MPOBOUMPYET CENCMUYHOCTb Yepe3 MeXaHU3M
HEeYyCTOM4YMBOCTU, HO UMEeeTCA N obpaTHasa CBA3b CENCMNYHOCTU N COOEPXaHUsA BOAbl Yepes
MeXaHn3M «BCTPSAXMBaHUSA» cybayuupyowero 65oka n 6onee akTUBHOINO BbDKUMaHUSA BOAbI.
B cuny aToro BA3KOCTb B MAaHTUMNHOM KJIMHE Haf NNTOCepHbIM 6/10KOM, CybayLmpyowmnm B

International journal of Professional Science

38
Ne10(2) — 2025


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

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

NPEPbLIBUCTOM peXnme B XoOe MNocnenoBaTesibHOCTU 3eMETPSACEHUIN MOHMXKAETCHA, Kpome
TOro, C POCTOM cofep>XaHus Bofbl (T.€. YBENMYEHMEM BNAXXHOCTU MaTepuana MaHTUNHOro
KJINHA) CHWKAETCs 3Heprus akTmpauumn, 4YTo ewe 0Oonee YyMeHblaeT BA3KOCTb M,
cnepoBaTesibHO, YMEHbLUAETCA AWCCUMATMBHOE TennoBblaeneHne B MaHTun. CoBMECTHOe
OEeNCcTBME 3TUX NPUYNH NOHMKAET aHOMasbHbIN TEMNSIOBON NMOTOK C OHEBHOW MOBEPXHOCTW.
OnncaHHbIN MeXaHU3M MOHMXKEHUS TEMNJSIOBOro MNOTOKA B Thifly 30HbI Cy6AyKuuK, B KOTOPOMN
NPONCXOOAT 3EMNETPACEHUS, anbTepHaTMBEH onMcaHHOMy B [5], roe, Ha OcHoBe
MOAENNPOBAHUSA HanNpPsS>XEeHHOro COCTOSHMA B 30HEe TpeHus cybayuupylowero 6noka c
HacTunarowen nIMTocepoin NoKasbiBaeTCA, YTO (PPUKUMNOHHOE TEMNOoBbIOENIEHNE B 30HEe
TPEHUSA MEHbLLIE B Clly4ae NPepbIBUCTOrO pexxmuma cybayKuum, 1, B CUIY 3TOro TENSIOBOM NOTOK
ANCCUNATUBHOIO NPOUCXOXAEHNS YMEHbLUAETCA.

MeToapl

[eognHamMnyeckas Mofeflb MaHTUAHONoO KJMHa BHavane Oblna MNocTpoeHa Aans
WpaHckon 4acTtn 30Hbl cybaykuum MakpaH, B KOTOPOW WMeeT MecTO acerCMUYHoe
CKOMbXXeHne. HoBn3Ha npegnaraemon B AaHHOW cTaTbe METOOUKWN Mreosioro-reopnanyeckoro
MOOENNPOBaHNA CBA3aHa C HEM, YTO MpU pacyeTax cpasy MPUHNMAETCH HEHbIOTOHOBCKAas
peonorus cpeabl B MAHTUAHOM KJIMHE, MOCKOJbKY BbICOKOE Cofep)XaHne BoAbl, MOCTyNaroLLen
B MaHTUMHbIA KINH K3 cybaoyuupyrowero 6noka, KapouHanbHO MOHMKAET 3(P(PEKTUBHYIO
BSA3KOCTb M NPUBOOUT K OOMUHUPOBAHUIO ONCAOKAUNOHHOIO pexkuma nonsyyectu. Opyrnm
CYLLECTBEHHbIM OT/IMYMEM MOAEeNN, npegiaraeMol B HacTosien paboTe, ABNSETCA yyeT
ANccnnaTMBHOIO TENJIOBbIAENIEHNS B MAaHTUNHOM KIIMHE elle npexpae, YeM paccyuTbiBaeTcs
KOHBEKTVBHbI MEXaHU3M BblHOCA Ternna K OHEBHOW MOBEPXHOCTU 3eMin, N O BIUSHUU
pexnma cybaykumm (aCENCMUYHBIA  UAN  MPEPLIBUCTBIN  PEXNMbI) Ha (opMUpoBaHne
aHoManMn MNOBEPXHOCTHOro TENJIOBOro MOTOKa OKas3blBaeTCs BO3MOXHbIM CyAuTb MO
BEJIMYNHE MOLLHOCTU ANCCUNATUBHOIO TEMNOBbIAENEHMS.

MNpepnonaras, 4to B 3anagHoin (MpaHckon) 4acTh 30HbI MakpaH npoucxoauT
acencMmnYHas cyoaykums, npuMemM Moaesib MaHTUMHOMO KNIMHA B 3TOM 30HE, PaCCYUTbIBAEMYHO
npu ycrnoBuMu PaBHOMEPHOro nopasBuraHns ApaBUNCKOW NNTOCKEpHON NanTbl, T.e. Bygem
cunTaTb, YTO CybayKUMs MPOUCXOAUT He B MNpouecce MpepbiBUCTOrO OBUXEHUS B Xoae
nocnefoBaTeNlbHOCTM  CWJIbHbIX — 3eMJIETPSCEHU, a  KBasupaBHOMepHO.  Takoe
npegnosioXXeHne, OCHOBbIBaKOLLEeeCa Ha faHHbIX B [1], MOXeET ObITb CyLIEeCTBEHHbIM AN
060CHOBaHNA NCNONb3YEMbIX B MOLENN MPAHNYHBIX YC/IOBUIA NPUUNaHns BA3KOro BelecTsa
MaHTUAHOIO K/MHa KakK K nofowBe HacTunawwen nmtocdepbl, Tak U K MOBEPXHOCTU
cybayumpytowen ApaBunckonm nutocgepHonm nauTbl. [pn NpepbIBUCTOM (CKa4KOOBpasHOM)
pexnmve cybaykuum martepuan HEHbOTOHOBCKOW BS3KOW >KMAKOCTW, MOOENUpPYoLLEN
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MaHTUHBIA KIWH, MOXXET NPOCKanb3biBaTh BAOSb MPaHUL, C MTOCHEepPHbIMA NanTamMmn ns-3a
NOBbILLEHNA CKOpOCTeN aedopMauny B MAHTUMHOM KiHe BONN3WN STUX FPaHunL, U rpaHn4yHoe
yCnoBve MNpuannaHus MOXXeT HapywaTtbca. B kKadecTtBe mogenn TepMOMEXaHU4eCKOoro
COCTOSAAHUSA MAHTUNHOIO KnMHa Mexay nopowson EBpoasmnatckon nntocepHon nanTbl, Ha
KOTOPOW HaxoguTcs ThiioBas 3oHa 3anagHomn (MpaHckomn) yacTtu 30Hbl cybaykumm MakpaH n
NOBEPXHOCTLIO OKEaHN4YEeCKON YacTn ApaBuNCKON NUToCEepHON NanTbl, NOAoABUraloLLENCS
nopg nobepexobe VpaHa nopg yrnom B co CKOpOCTbo V, npumemM Mofesnb, NosydYaemyo npu
6eckoHeyHoM vncne MpaHaTnsa (Pr—oo) B npnbnmxeHnn ByccruHecka n3 cuctemMbl BYMEPHbIX
6e3pa3mMepHbIX YpaBHEHNA MMAPOAMHAMUKK 0N DYHKUMKN TOKa v U TeMmnepatypbl T [6]:
(6222 = oM@z — Py + 402 x2w =RaTx— Ra®19 410 — Rg (660) [, (660) ()
OiT = AT =y Tx + yxTz + (Di/Ra)x (ti?/2n) + Q. )
30ecb 1 — 6e3pa3mepHbInt KOIPDULMEHT OUHAMNYECKON BA3KOCTU, CUMBOS O U UHAEKCHI
O3Ha4aroT YacTHblE NPOU3BOAHbIE MO KoopAUHATaM X (FOPU3OHTasNbHOW), Z (BEPTUKANbHON) 1
BpemeHn t, A — onepatop flannaca, I'*10 p 160 — o6bemHble monu TsXKenoi dasbl Ha
hazosbix Nepexopax Ha rnybuHax 410 km n 660 KM, KOMMOHEHTbI cKopocTh Vi 1 V; cBs3aHbl
C PyHKUMEN TOKa KakK
Vi=vyz Vz ==y, 3)
a 6espasmepHble yncna Panes Ra, dasosble Ra®10, Ra®89 y opuccmunaTtneHoe DiecTb
Ra = apgd?3Ts /(fy) = 5.55x108, Ra®19 = §p#10gd3 /(%) = 6.6x108,

Ra©80 = 55680 gd 3 /(fy) = 8.5x108, Di=apg/cp = 0.165, 4)
roe o = 3x107° K-' - koadhpuumeHT Tennosoro paclumpenus, p = 3.3x10% krm= — NNoTHOCTL
MaHTUN, g — YCKOPEHNe CUMbl TSXKeCTH, Cp= 1.2x10% [k - kr'-K™' — ypgenbHasa TennoemMkocTb
npun NOCTOSAHHOM paseneHnn, T1 = 1950 K — TemnepaTtypa OCHOBaHUA MNepexofqHON 3OHbI
MaHTUn (M3M) Ha rmybuHe 660 KM, CHNTAIOWENCA HUXKHEN rpaHnLEn MogenbHon obnactn, Q
= 6.25x10* MBTM?3 - 06beMHass MOLLHOCTb TernsioBblOeNeHNs B KOPe, Tik — TEH30P BA3KUX
Hanps>keHuiA, d = 660 KM — BepTUKanbHbI pasMep MogenbHol obnactu, 1 = 108 Ma - ¢ -
MacLUTabHbIN  MHOXUTENb BA3kocTM, x = 1 MM - c' - KkoadhduumeHT
TemnepatyponposogHocTh, dp*19 = 0.07p 1 §p®80) = 0.09p — ckaykn NAOTHOCTU Ha Ha30BbIX
nepexopax Ha mybuHax 410 km n 660 kM. B bopmynax (1), (2) macwTabHbIMU MHOXUTENSAMN
ANSi BPeMEeHN t, HanpPsKeHNI Tik U PYHKLUMI TOKa y CITy>KaT COOTBETCTBEHHO BESIMYNHLI d 2y~
1, fix-d? u y. XoTta B [7] ykasblBaeTcsl, 4TO Ha ry6uHax 6onee ~ 200 KM B MaHTUM 3eMnu
OOMUHMPYET ANPPYINOHHBIM  MEXaHU3M MNOoN3yyvyecTn, U KO3IPPUUNEHT BASKOCTU 1
COOTBETCTBYET HbIOTOHOBCKOW pPeosiormn cpepbl, B MaHTUAHOM K/IMHE W3-3a BbICOKOMN
KOHUeHTpaunn Bogpl, BbDKMMaemon u3 cybgyumpyrowero 6noka, npeobnagaer
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ANCIIOKaLUVOHHAA MOoN3yyecTb, BCEACTBME Yero KOIMPMUUMEHT BA3KOCTU 3aBUCUT KakK OT
KOHUeHTpauun Bogbl Cyw Tak N OT BASKUX HanNpPs>XeHUn Tk, OT TemnepaTtypbl T 1
NIUTOCTATNYECKOro AaeneHuns p. B atom cnyyae popmyna ansi BA3KOCTU 3anncbiBaeTcs B BUAE

n = RAC Wt~ ) x(h/b)"xexp[(E +pV)/RT], (5)
rae, cornacHo [8], ans «BnaxHoro» onueuHa n=3, r=1.2, m=0, 1 = (1i?) "2, E = 480 K[KxMOsib
1,V = 11x10% mmPxmonis™, A = 102 ¢ 'x(MMa)™, Cw >10"% ans BRaxHoro onvBrHa — BecoBast
pons soapl (B %). Mpu Cw = 102 ¢ yyeToM

T = ANP[(Wzz = Wx)?/2 + 2y] 6)
6e3pa3mepHas BA3KOCTb, HOpMMpoBaHHas Ha 1 = 10'8 [Ma - ¢ ecTb
1N = (5 (Wzrwx)? + 2yxP] 73 xexp{[10.0 + 5.0(1 — 21/ T}. (7)

roe T - 6e3pa3mepHas Temneparypa, a 6e3pas3mepHas koopgnHaTta z, HopMnpoBaHHasi Ha d
= 650 KM, OTCHNTBIBAETCSA BBEPX OT OCHOBaHUA N3M (ocb x HanpasfieHa No HUXKHEN rpaHuue
M3M npotus cybaykummn). OTHOLLEHNE CTOPOH MOAENBHON 06nacT NPUMeEM paBHbIM 1:2.25,
Tak 4To Npv cybayKumm No guaroHann MmogenbHon obnactn yron cybaykunm cocTtasuT 3 = 24°,
a pacyeTHaa ckopocTb V=20 mmrog' B egvHuuax y-d ~' pasHa V = 0.416-10%, Te. B
ApaBunckon nutocgepHon naute, cybayumpytowen B VipaHckuin cerMeHT »enoba MakpaH,
ee KOMMoHeHTbl Vx= — 0.380-10%° n V= — 0.170-103. MNoayepKHeM, 4TO B Ge3pa3mMepHOM
paBeHcTBe (7) KOHUeHTpauusa Boabl Cyw =102 Bec. %, a Npu paccmaTpuBaeMbIX B MOAENN
BenmumHax Cw = 1 BecoBbIX % 6e3pa3mepHast BA3KOCTb yMeHbluaeTcs B 3981 pas, T.e. B 1036
pasa.

Cnepgys [9], npumem dasosble dyHKumn T'" B Buge (HanomHUM, YTO OCb Z 3[€eChb
HanpaefeHa BBEPX, MO3TOMY 3HaKN U3MEHEHDI):

' = vx{1 = th[(z - ZY(T))/wW}, ZN(T) = zo® = YO [T = To"/pg, (8)
roe  ZNT) - rny6buHa l-ro dasosoro nepexopa, zo" n To» - ycpemHeHHble rny6uHa wu
TeMnepartypa asoBoro nepexona, y*19 = 3 MMaxK~" n y660 = —3 M[MaxK~' — HaknoHblI KPUBbIX
¢asosoro pasHoBecusi, W — xapakTepHas wnpuHa I-ro pasosoro nepexoga To*1% =1800 K,
To®09 =1950 K - cpegHue TemnepaTypbl hasoBbIxX Nepexoaos. TenoTsbl ha3oBbix Nepexonos,
Kak B [9], Tak 1 B (hopmyne (2) He y4nUTbIBaAIOTCA BBUAY HECYLLECTBEHHOCTU B Clly4ae pa3sBuUTomn
KOHBeKUMn. V13 hopmynbl (8) nonyyaem:

O = — % (Wpgwh)xch?{[z — z" + YT - To"/pgl/ W< Ty, (©)]

OTKyAa BUAHO, 4TO (hazoBsblii nepexof ¢ Y > 0 ycunusaet KoHBekuwmio (Mpu | = 410), a hasoBbIi

nepexof ¢ Y < 0 (npu | = 660) — ocnabnsiet. B 6espasmepHom Buge 2% = 0.38, 2,60 =0,
w=0.05, y*10 =2 55x109, y1660 = -2 55x10° , To*19 = 0.92, To680) =1, n B hopmyne (1)

Lx ==1%8p" v0/(p Radwih)x ch=?{[z — zoW+y5p" (T-ToM)/pRa")/ whyx Ty (10)
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B KavecTBe rpaHuyHbIX YCNOBUN MPUHATBI U30TEPMUYHOCTb FOPUIOHTAsNbHbLIX W
BepTUKasIbHbIX MPaHnL, YCrnoBus NPUANNAHNA N HEMPOHULAEMOCTU rpaHuL, (KPOMe «OKOH»
BHeApeHNs 1 BbIXxoga cybayumpylowen nanTbl, B KOTOPbIX 3adaHa CKOPOCTb CcybayKumn, u
NPOHNLAEMOCTM YAANIEHHOM OT 30Hbl CYOOYKLMY rpaHnLbl NoA NPsiMbIM YoM, 61IM3KUM K yriy
BbIXOA4A BbIHY>XAEHHOrO0 MaHTUAHOrO MNOTOKa Npu nonoron cybgykuummn). BenuymHa Q B
dopmyne (2) oTnn4Ha OT HYNS B KOHTUHEHTa/IbHON 1 OKeaHN4YeCKOoW Kope MOLLHOCTbIO 40 KM
N 7 KM COOTBETCTBEHHO. HavanbHasa Temnepatypa BepTUKasbHbIX MPaHuL, NpUHSATa No Moaenu
OXJNaXXOeHnsa nonynpocTpaHcTBa B TedeHne 1 mapg.sieT onsa EBpoasmatckon nutochepHom
nanTbl 1 100 MAH.1eT gns ApaBuInCKON NNTOCKHEPHON NAUTHI.

B mMopenn paccuuTtbiBaeTcsa pacnpegeneHne o6bemMHON MOLWHOCTU ANCCUNATUBHOIO
TennoeblgeneHns %(ti)’>xn~!, koTopoe cornacHo copmyne (6) B 6Ges3pa3mepHOM BuAe
3anncbiBaeTcs Kak

Wiaiss = %a(ti)>xn™" = 2nx[ % (Wzz = Wxd® + 2(yxd’], (11)
n Ona  nepexoga K pasmepHonm Gopme OOBbEMHON MOLLHOCTM  AUCCUMaTUBHOMO
TennoBbIAENEHNA NCNONb3YEeTCA KOIPULMEHT
(Fiy-d?Pxi™! = 0.53x1071* MBT>M3, (12)
Ha KOTOpPbIN [O/MKHA ObiTb YMHOXXEHa 6e3pa3mMmepHasi BenmymHa B ypasHeHun (11).

Pesynbrathl uccnegoBaHusi
Pe3ynbraTbl YNCEHHOrO MOLENNPOBaHNS KBa3NCTaUNOHAPHOrO TEPMOMEXaHNYECKOro
COCTOSIHUA BEPXHEN MaHTUM B MaHTUMHOM KMHE VIpaHCKOro cermMeHTa 30Hbl Cy6ayKuumm
MakpaH npencTasneHbl Ha puc. 1.
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PacCTOAHME, Ky
5:

22 20 18 16 14 12 18 08 06 04 02 08 X
accT

" '22 20 L8 16 14 12 10 08 06 04 02 00 -

22 20 18 16 14 12 10 08 06 04 02 00 -x
. Paccroamme, 1w
1 0. 132 264 396 528 660, 792 924,

T T2 20 18 16 14 12 10 08 06 04 02 00 -X

PucyHok 1. (1) — pacnpegeneHne temnepaTtypbl B IpaHCKOM CErMEHTE MaHTUNHOIO KMHa
30HbI cybayKuun MakpaH 6e3 yyeTta ahheKToB BA3KON guUccunaunm N KOHBEKLMN.
N3oTepmbl nokasaHbl ¢ nHTepBanom 0.05; (2) — pacnpepeneHne 6espa3mepHomn
HEBO3MYLLIEHHON (DYHKLUMM TOKa B MaHTUW Haf, cyoayumpytoLen ApaBunckon namton 6es
y4yeTa a(p(peKTOB BA3KON ANCCUNaALNN U KOHBEKLNN. JINHMK TOKA NOKa3aHbl C UHTEPBAIoM 5;
[unaroHanbHble SKBUONCTAHTHbIE IMHUM TOKa COOTBETCTBYIOT XKECTKON CybayumpyoLLlen
nauTe, BbIHY>XXAEHHbIE TedeHus (A) n (B) nHoyumpytoTcs cyoayumnpyowen namton 1, otT4acTu,
KOHBEKT/BHbIM MEXaHU3MOM. PacCTosiHMe OTCHMTLIBAETCA B MEPUOVNOHASIBHOM HanpasfieHnu
OT pacnonoxeHHoro npu 292N «KpaesBoro yrna» MaHTUAHOro KnnHa; (3) —
KBasuncTaunoHapHoe pacnpegeneHne 6e3pa3MmepHoin (PyHKLUMN Toka B VIpaHCKOM cermeHTe
MaHTUAHOIO KNNHa, COBMELLEHHOE C pacnpeneneHneMm o6beMHom MoLWHOCTU Waiss
ANCCUNaTBHOIO TEMOBbIAENEHNS, yKa3aHHbIM cTpenkamu (1), (2), (3); (4) -
KBasuncTaunoHapHoe pacnpegeneHne 6e3pa3MmepHoin (PyHKLUMN Toka B VIpaHCKOM cermeHTe
MaHTUAHOIO KNNHA C Y4eTOM PasBUTON KOHBEKUMN. BEKTOP q yKasbiBaeT 30HY aHOMaJIbHOro
TEMNAO0BOro NOToKa, NOABOANMOIro KOHBEKTUBHBIM MEXaHU3MOM OT 061acT MakKCManbHOro
anccnnatneHoro tennosblgeneHns Waiss K GHEBHOW MOBEPXHOCTN.

YpaBHeHus (1)-(2) nHterpupoBanicb No BpemMeHn Metogom PyHre-KyTta 3-ro nopsigka
n Ha ceTke 104x104 no NPOCTPaHCTBEHHbIM KOOpANHATAM METOAOM KOHEYHbIX 3J/IEMEHTOB.
Ha puc. 1 o6osHaveHnamun (1)—(2) nokasaHbl pacnpeneneHnsa ctaumoHapHbiX 6e3pasmMepHbIX
Temnepatypbl U PYHKLUUKN ToKa 6e3 yyeTa KOHBEKTUBHOW HEYCTONYNBOCTU U ANCCUNATUBHOIO
TennosblgeneHns. NpsaMonMHenHble guaroHanbHble JIMHUKM ToKa Ha puc. 1(2) COoTBETCTBYIOT
cybayumpytowen ApaBunckom nutocdepHon naute, a TedeHus (A) un (B) vHAayumpoBaHbl
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norpy>xarowmmcsa nmtocgepHsiM 610KkoM ApaBuiickon nutocepHon namtel. Ha puc. 1(3)
ctpenkamun (1), (2), (3) B wun30nnHMAX nokasaHa 6e3pasmepHads oObeMHas MOLLUHOCTb
anccnnatneHoro  TennosblgeneHnss  Waiss B MaHTUMHOM  KNUHe.  TennoBblaeneHue
COCPEefoTO4EHO B 30HE TPeHus cybpyuumpylowlero 6s0Kka n BCTPEYHOro UHAYLUMPOBaHHOIO
noTtoka (A) Ha puc. 1(2). TonwmHa aTol 30Hbl Ad ~ 102 kKM, a MakcumanbHaa 6e3pasmepHast
MOLLHOCTb TennoBsblaeneHus ~ 9x10° (B paamepHoM Buae, cornacHo dopmynbl (12), nonyyaem
Waiss max ~ 5x107* MBTxM3). Ecnn B KadecTse rpy6oii OLeHKM aHOMasibHOro TEM0BOro NoToKa
AQ C OHEBHOWN NOBEPXHOCTU NPUHATL (6€3 y4eTa KOHBEKTUBHOIO MEXaHM3Ma TensionepeHoca)
AQ = AdxWoiss max, TO nony4nTcs Aq ~ 50 MBTxM™2, T.e. BefM4MHa nopsigka Habnogaemoro
TennoBoro notoka. Ha puc. 1(4) npuBeageHa 6e3pasmepHasa PyHKLMA TOKa, COOTBETCTBYOLLANA
KBa3WCTALUMOHAPHOW KOHBEKLMW, MPOUCXOAsWeili CO CcKopocTelo ~ 1 wmxrog' n
KaHanMsupylowen  Tennonepegady  OT  30Hbl  MakCUMajbHOro  AMCCUNATUBHOMO
TENNOBbIAENEHNS K 30HE, YKa3aHHOW BEKTOPOM @ Ha paccTossiHumn ~ 500 kv oT rny6oKoBOgHOro
»xenoba MakpaH Ha Tepputopumn VipaHa. Ha aTom paccTosaHun gencTeBuTenbHO HabnogaeTcs
napannenbHas xenoby 2D 30Ha NOBLILLEHHOMO TEMJIOBOrO NOTOKA Ha HEBHOW NOBEPXHOCTN.

[ns nepBoHavanbHOWM OLIEHKM TOr0O, HACKOJIbKO XapaKTePUCTUKN TEPMOMEXaHNYECKOro
COCTOSIHUA MaHTUAHOro KnnHa B [lakmcTaHCKoOM 4acTtu xenoba MakpaH oTan4aroTcs oT
XapaKTEPUCTUK, OTHOCAWMXCA K VIpaHCKon 4actu >kenoba, npumMem napameTpbl cpenpl
PaBHbIMU UX CPEeOHUM 3HAYEHNSAM, T.e. yCPeOHEHHbIM MO ropU30HTaNIbHOMY N BEPTUKASIBHOMY
pasmepam o6nacTn MakCUMasbHOro OUCCUNATUBHOIO TEnnoBblaeneHus. B atom cnydaer
MOXXHO CHUTaTb, YTO KO3I(PUUNEHT BA3KOCTU n, Temrepatypa T, BA3KOe HanpshkeHne t =
nV-d~' (V - ckopocTb cy6aykumn, d — BepTUKasbHbI pa3mep paccmaTpuBaemoli 06nacTtu
Ma@HTUAHOIO KJIMHA) ABASKOTCA KOHCTaHTamu. [lpu 3TOM 3aBUCUMMOCTb KO3 umumeHTa
BA3KOCTWN OT TeMrepaTtypbl, KOHLUEHTpauM Bogbl U OpYruxX napamMeTpoB cpepl y4UTbiBaeTCs
YCPEOHEHO, T.€. MHOXMUTENW, BXOAAWME B PEONOrMYECKUN 3aKOH BS3KOCTU, CHUTAKOTCSA
PaBHbIMU UX CPEAHNM 3Ha4YeHUAM. 10 cpaBHEHUIO ¢ VIpaHCKOM YacTbio MaHTUMHOIO KNnHa, B
[MakucTtaHCKOM ero 4acTu KOHUEeHTpauusi BoObl MOBbIWAETCSA BCeACTBME CBA3U
CEeNCMUYHOCTY C Hann4ynem Bodbl, a BenmduHbl T, t2-n~! 4OMKHbI BbITb YMeHbLLEHbI Ha ~ 8%,
T.€. HacTONIbKO, HACKOJIbKO TernJioBoW MOTOK, Habnogaembit B Thiny [MakuctaHCKoOW 4acTu
»Xenoba MeHbLUEe HabngaemMoro B Ty MipaHckom YacTu xxenoba. Kak BUaHO 13 AanbHenwenm
OLEHKU, yBenn4eHne KoHueHTpauumn soabl Cw BANSET Ha TEMOBOWN NOTOK NPENMYLLECTBEHHO
yepes3 YMeHblUeHMe 3JHeprun akTusBauuwn cpefpl, a He Harnpsmyl, No3TOMy B KayecTBe
nepBoHavyanbHOW OLEHKM copep)XaHus Bodbl B [1akKMCTaHCKOM 4acTW MaHTUWHOMO KivHa
npumem BennymHy Cw = 1.5 Bec. %, T.e. Ha 0.5 Bec. % 6onble, Yem B MpaHckonm vactn. C
y4eTom popmyibl (5) ANA AUCIOKALMOHHON BA3SKOCTN B [1aKMCTaHCKON YacTu 30HbI CyOayKLnn
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pPacCcMOTPUM BENTNYMHY
n 3 V2-d? = (1/(2A(Cw)))exp((H- 3E)/R(T - 3T), (13)
roe H — sHTanbnus aktmeaummn, a SE 1 & T— NonoXUTeNbHble BeNMYNHbI BO3MYLLEHN SHEprin
aKTuBaUMn 1 cpepgHen TemnepaTypbl N0 CpaBHEHUIO C VIpaHCKOM 4YacTbio 30HbI Cy6ayKumn.
Tak Kak n-V2-d™? (guccunaTnueBHOe TennoBblaeneHne) JOMKHO ObiTb YMEHbLLEHO Ha 8%, TO, C
y4eToM Toro, 4to V2-d? B MakncTaHcKol YacTu »xenoba Boiwe B 2.25 pasa, Yem B VpaHcKoli
(ckopocTb cybpykumn B [MaknctaHckon 4actu Bbille B 1.5 pasa), cpegHuin KoapduumneHTt
BA3KOCTN OKasblBaeTcsl MeHblle 2.43 pasza, a nesas 4actb (13) B 6.4 pasza MeHble B
MaknCcTaHCKOM 4YacTu 30HbI cyoyKuun. Mostomy BenuuuHa exp((H- SE)/R(T - &T) B
MaK1CTaHCKOM YacTu 30HbI CyOAYKLMN MeHbLUE, YeM B VpaHckoii yactu exp(H/RT) B 14.67
pas. lMNMpuHumaa 3T = 0.08T, T.e 4YTO CpegHUN «TemMnepaTypHbli POH» Ha 8% HWXe B
MakncTaHCKOM YacTy 30HbI cy6ayKumn, HaxoauMm, 4To npu T= 1700 K okasbiBaeTcs SE = 43.6
Kk-Mons 1. QTOT Npumep NoKasbiBaET, YTO MOHVKEHME ONCCUNATMBHOIO TEMIOBOMO NMOTOKa
N3 MaHTUMNHOIO KNMHA MOXXET OnpefensaTbCs He CaMnM YBENUYEHVEM codep>XaHus Boabl, a
CBA3aHHbIM C HUM MOHWKEHVEM SHEPIUN akTuBaunun. XOTH, TOYHbIX (POPMYS, ONUCHIBAKOLLNX
YMEHbLLUEHNe SHePrun akTusauumn npu ysenndyeHnn Cy He CyLLeCTBYET (O YeM yKa3biBaeTCs B
[4] Ha €.274, roe roBOPUTCS, YTO SHEPrUs akTUBauMmn E npuHuMaeT nvllb ABa 3Ha4YeHUs: OgHO
— 01 CYyXUX Mopof 1 Apyroe, MeHbLUee, — 01 BNaXKHbIX), NpeacTaBnseTcs BrosHe pas3yMHbIM
HageHHOe YMeHbLUEHVE SHeprum akTusauum Ha ~ 8% — 9% npu yBennyeHnn KoOHLEeHTpaumm
Bogbl Ha 0.5 Bec. %, yMeHbLUeHUN TEennoBOro Motoka Ha 8% W yBenMYEeHUM CKOPOCTU
cybaykumm B 1.5 pasa B [MakncTaHCKOM 4acTn 30HbI Cy6QyKuMmM No cpaBHEHMUIO C VIpaHCKOM.
MpuHumas gna MNMNakmcTaHCKoM YacTu 30Hbl MakpaH CKopocTb cybayKkummn pasHom 32.6
Mm-ron~! (6espasmepHble KOMMOHEHTbI CKOPOCTY ApaBUInCKO NUTocepHol nauTbl V, = —

0.620-10% n ¥, = -0.280-10%), yron cy6ayKuum npubnmsnTesibHO TakuM Xe, Kak B VpaHckoi

4acTu 30HbI CY6AYKUMN, SHepruo aktuBaumn B (7) E= 440 k[]pkxmons"' n Cy = 1.5 Bec. %,
Haxogum n3 gopmyn (1) — (2) MmogenbHble pacnpeaeneHns TepMoMEXaHNYECKUX NapamMeTpoB
BEPXHEN MaHTUK, MOKa3aHHbIE Ha pUC. 2.
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PaccToAHME, kv
396. 528

T T T = T y T T T
22 20 18 1.6 14 1.2 1.0 0.8 0.6 0.4 0.2 X Y

¢ Paccrosinme, xu
o 132 264 396, 528 660 792, 924,
i L 0 : ¢ 2 h ¢ : :

i ? 0. 132, 264 660, 792, 924.

N T [4 132, 264. 396, 528. 660. 792. 924.
1 L s I r ! L h ! \ i

PucyHok 2. (1) — pacnpepgeneHune TeMnepatypsbl B [1akMCTaHCKOM CermMeHTe MaHTUNHOIO
K/IMHa 30HbI cybaykumn MakpaH 6e3 yyeTa a(p(peKTOB BA3KOWN ANCCcunaummn n KOHBEKLUMN.
N3oTepmbl nokasaHbl ¢ nHTepsanom 0.05; (2) — pacnpeneneHne 6e3pasmMmepHon
HEBO3MYLLIEHHON (PYHKLMM TOKa B MaHTUK Hapg, cyoayumpyroLein ApaBnincKon ImtocpepHom
nnuTon 6e3 yyeta a(pheKTOB BASKOM anUcCcUnaunmn n KoHBekumn. JInH1M Toka nokasaHbl C
NHTepBanoMm 5. [inaroHasbHble 3KBUOUCTAHTHbIE JIMHUN TOKa COOTBETCTBYHIOT XXECTKOM
cybayumpytoLwen nanTe, BelHy>XAeHHble TedeHns (A) 1 (B) nHoyumpyroTca cybayumpytowein
MNTON U, OTHACTN, KOHBEKTUBHBIM MEXaHU3MOM. PacCcTosiHue oTCHUTbIBAETCS B
MepUAMOHaNIbHOM HanpaBieHUn OT pacnonoXXeHHoro npu 292N «KpaeBoro yrna»
MaHTUNHOIO KJINHA; (3) — KBasncTauMoHapHoe pacnpeneneHne 6e3pasmepHoin QyHKUUN ToKa
B [1aKNCTAaHCKOM CermMeHTe MaHTUNHOrO KiIMHa, COBMELLIEHHOE C pacrpeaeneHnem
06beMHON MoLHOCTU Waiss AMCCMNATUBHOMO TENIOBbIAENEHNS, YKa3aHHbIM cTpenkamu (1),
(2), (3); (4) — kBazucTauMoHapHoe pacnpenenenne 6espasmepHon QyHKLUUN TOKa B
[MTakncTtaHCKOM CermMeHTe MaHTUMHOIMO K/IMHA C YY4eTOM Pas3BUTON KOHBeKunn. BekTop q
yKasblBaeT 30Hy aHOMaJIbHOro TEMJIOBOro MNOTOKA, NOABOANMOIro KOHBEKTUBHBIM
MeXaHn3MoM OT 061acT MakKCManbHOro auccunaTneHoro TennoeblgeneHns Waiss K
OHEBHOWN NOBEPXHOCTMW.

MOLLHOCTb ANCCUNATUBHOIO TEMNJIOBbIAENIEHNS 1 COOTBETCTBYHOLLMIA TEMNOBOWN MNOTOK B
MakucTtaHckom YacTn xenoba Ha ~ 5-10% MeHbLUe, YeM B VIpaHCKOI YacTu, a nokanmaauus
KOHBEKTUBHOIO TEMJSIOBOIrO NOTOKA, BbIHOCSILLLErO AMCCcUnaTUBHOE TEMJI0 U3 MAaHTUIMHOIO KJIHA
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K OHEBHOI NMOBEPXHOCTU caBuraeTcst Ha ~ 102 KM fanblue Brilybb KOHTVHEHTA MO CPaBHEHMIO
C puc. 2. HanpeHHas mopgefnbHas BenMYMHa YMEHbLUEHUSI MOLLHOCTU AMCCUNaTUBHOMO
TENNOBbIAENEHNSA N CBA3AHHOIO C HUM CHVKEHNSA aHOMasIbHOIrO TEMJI0BOrO NOTOKAa C AHEBHOMN
NOBEPXHOCTU YOOBNETBOPUTENIBHO COOTBETCTBYET AaHHbIM HabnogeHun B [2].

3akJioyeHne

[Mpegnonaras, 4TO MakCUMyM TEMJI0OBOro NoToka q Ha Tepputopuun lpaHa Bo3HNKaeT
Ha KOHBEKTMBHbIM TeYeHVWEM, BOCXOASALIMM K 30He aHOMasibHOro TersjoBOro rnotoka Ha
NpaHckom nnato Ha wnpote ~339N [2], n pasMep KOHBEKTUBHON AYENKN PaBEH XapakKTepHOMn
LUMNPUHE 30Hbl MOBLILWEHHOrO TEenJjioBOro MOTOKa, MOXHO OUEHUTb pa3Mep KOHBEKTUBHOMN
a4enku ~ 200 km. [Npu 3TOM TPYyOHO paccynTaTb TEPMUYECKOE COCTOsIHME MorpyXkaroLencs
NANTbI, HACTUNAKOLWEN NAUTbI N MHAYLMPOBAHHOIO BO3BPAaTHOro noTtoka. [lonaras BHavyane B
ypaBHeHusax (1)-(2) Ra—0, Di=0, T.e. yunTbiBasi TOfIbKO TEMONPOBOAHOCTb, aABEKUMIO Tenna
n acppekTbl Hha3oBbIX NEPEXOOOB, U UHTErPUpPYa 3HaveHnsa popmyn (1)-(2) npu V=20 mm B rog,
ana ipaHckom 4acTu 30HbI cy6ayKumm, NoayyYM KBasncTaumoHapHble 6e3pasmepHble T = Tr
n v, n3obpaxkeHHble Ha puc. 1(1-2), roe nsotepmol Ha puc. 1(1) nokasaHbl ¢ HTepsanom 0.05,
a JIMHUKN ToKa — ¢ nHTepsanom 5. 13 puc. 1(2) BugHo, 4TO BO3BPATHbIA NOTOK, MHAYLUPYETCS
B BUAE OBYX PaCMONOXXEHHbIX OOVUH Hapn, OpYyruM Buxpemn «A» n «B», BEPXHUA N3 KOTOPbIX
(BuXpb «A» ¢ y>0) BpalLlaeTcsa No YacoBOW CTPesiKe, a HYXHUM («B» ¢ y<0) — npoTne Yacosou
CTpenkun. Buxpb «A» BbI3bIBAETCA B MAHTUAHOM KJIMHE OTHACTU BbIHY>KOEHHbIM Cy6ayKumen
BUXpeM «B», a o0T4acTu KOHBEKTMBHbIM MEXaHU3MOM, KOTOPbIA Hesb3si MOSIHOCTbLIO
NCKJITIOUYNTb, TaK Kak B YypaBHeHUsAX (1)—(2) uncno Panes He MOXXET ObITb NOSIOXKEHO B TOYHOCTU
pPaBHbIM HYMIO (Tak Kak 4yucno Panes ctouT B ypaBHeHUU (2) B 3HameHaTtene). V3 puc. 1(2)
BUOHO, YTO B 30HE «TPEHUs» NHOYUNPOBAHHOIO Te4deHus «A» u cybayumpyrowen nanThl,
OBVDKYLLMXCA HABCTPeYy ApYr OpYry, BEIMK rpaAneHT CKOPOCTH (T.e. CKOPOCTb Aedopmauuny),
Gnarogaps 4emy JOKanu3yeTcss 30Ha [OMCCUMATUBHOMO TErJOBbIAENEeHNUS N BO3MOXXHA
NHMUMaLMS BOCXOASALLEro MoToKa KOHBEKTMBHOrO Buxps Kapura. Ha puc. 1(3) nokasaHa
6espa3mMepHas MOLHOCTb AnccunaTneHoro TennosblgeneHns Waiss B ypasHeHuu (11). Mukpo-
BUXPU B 30HE TpeHusi TedeHns (A) o cybaoyumpyrowyo ApaBUNCKYO NIUTOCKEPHYIO NANTY
OOBACHAITCA HEYCTOMYMBOCTBIO TUMA TaHreHumasnbHOro paspbiBa, MPUYEM BUAOHO, 4TO
KOHBEKTMBHbIN BUXPb (A) OTpbIBaeT OT cybayumpyrowen ApaBUnCKon NUTOCHEPHON MANTHI
NOBEPXHOCTHbIN CMON MOLWHOCTBLIO ~ 30 KM. HEBO3MYLLEHHOE KOHBEKLMEN COCTOSIHNE Ha pUC.
1(1-2) BO3HUKaeT 3a 6e3pasmepHoe Bpems t = 0.23x1072.

Monaras 6e3pa3mepHble NnapamMeTpbl B ypaBHeHUsAX (1)—-(2) cornacHo gopmyne (4), T.e.
BKJIOYast a(ppeKTbl Anccunaumm n KOHBEKUMN, N MHTErpupysa napameTpbl ypasHeHuin (1)—(2),
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HaxoduM, 4YTO B Cflyd4ae HeHbIOTOHOBCKOW peoniorun npy Cw = 1 BeC. % BbIHY>XOEHHbIV
MaHTUNHBLIN NOTOK Hapg cybayuupyrowein ApaBUNCKON NUTOCKEPHON NAMTON  3a
6espasmepHoe Bpemsi ~ 0.33x10° (B pasmepHom Buge ~ 3x10* se1) paspyluaercs
KOHBEKUMEN, KoTopasi, Mo AOCTVKEHUN CTaauu pasBUTON KOHBEKUUW, MPUHUMAeET  BUA,
n3obpaxkeHHbIn Ha puc. 1(4). BugHo, 4YTO BUXPEBbLIE NIMHUKM TOKA, NOKa3aHHblE C MHTEPBAJIOM
~ 1.0x10°, peincTBUTENBHO COOTBETCTBYIOT OAHOW AOMUHUPYHOLLE KOHBEKTMBHOW SYelike,
BO30yXkaatowenca npyn ckopoctn cybaykumm V=20 mm/rog. Pasmep KOHBEKTMBHOW SYENKU
6nM30K K HabnogaemMor MnornepeyHon MPOTSXKEHHOCTU aHomanui TernsjioBOro MnoToka Ha
MpaHckom nnato Ha wupote ~ 332N. PacnonoXeHne KOHBEKTUBHOW SYENKU HA PacCTOAHUN
0Koso 500 KM OT «OCTPUSA» MAaHTUAHOIO KNUHA NPUGN3NTENBHO COOTBETCTBYET 42 Mo Jonrote
Mexay wmpoTton 292N, npu KOTOPOR yron cybaykumm pesko Bo3pacTaeT Ao 242, 1 LWmMpoTon
~ 332N, Ha KOTOpON pacrofioXkeHa 30Ha MOBbILEHHOrO TEMIOBOro nMoToka. [ycToTa NuHui
TOKa COOTBETCTBYET CKOPOCTU KOHBEKTUBHbLIX ABUXKEHW 6onee ~ 1 mxrog .

CnepyeT OTMETUTb, YTO TeYEHNE, NHOYLUMPYEMOE B MAHTUNHOM KIIMHE cybayumpyroLein
ApaBunckon nNTochepHOn MANTbl HE BO3MYLLEHHOE KOHBEKUMEN, COCTOUT W3 [OBYX
pacnosioXKeHHbIX OOHO Haf ApYrnMm TedeHui, 06o3HaveHHbIX kak A u B (puc. 1(1) n puc. 2(1))
TONMbKO B Cjlydae HEHbIOTOHOBCKOW pPeonormn MaHTuM, U WNMEHHO B 3TOM Chy4aeT
hopMMpyeTCs NoKaIM30BaHHas 30Ha TPEHUs B 06/1aCTU KOHTaKTa BCTPEYHOro teveHnsa (A) n
cybayumpytowen ApaBuUnckon nutocdepHonm nanTel. B 3TON 30HEe BENMKO AnccunatuBHOE
TennoBblgeneHne, nNopoXaawLlee BOCXOOAWMNA KOHBEKTUBHbBIA  MOTOK  (MOKa3aHHbIN
BekTOopamn q Ha puc. 1(4), puc. 2(4)). Kpome Tenna, 3TOT MOTOK MOXET BbIHOCUTb K
NOBEPXHOCTU 3eMn MeTalIN4eckKne pyabl U cnocobcTBoBaTb (QOPMUPOBAHUIO 3aNnexXen
xenesa n gpyrux MeTassios.

B NakncTaHcKom 4acTn 30Hbl cyoayKummn MakpaH aHoMasibHbIn TeNSI0BOW MOTOK B Thily
30HbI CYOAYKUNN MOXET ObITb MOHMXEH B CPaBHEHUN C VIpaHCKOM YacTblO 30HbI CyO6ayKunn
BCNeacTBME NOBbILWEHUSA copep>XaHus Bogpl 8o 1.5 Bec. % 1 yMeHbLUEHNSA SHEPrn aKTUBaLmm
Ha 45 k/x-Monb™ ' no cpaBHeHUMo ¢ VpaHckoi YacTblo. CUnTaeTcsl OGLLUENPUHATBLIM, YTO C
POCTOM «BfI@XKHOCTW» Cpedbl 3HEePrnsa akTuBauumy cnararowwmx nopop YMEHbLUAETCs, XOTS
hopMys, CBA3bIBAIOLLNX SHEPrnio akTuBauMuM C KOHUEHTpauuen BOObl He CYLEeCTBYET.
PaccuntaHHas aBTopamMn mMaTematnyeckas Mogenb ryOUHHOrO CTPOEHNS 30HbI CyOayKLMK
MakpaH nokKasblBaeT, HaCKOMIbKO MO Ben4MHe aHOMasibHOro TernsioBOro rnoTokKa MOXXHO
OUEHUTb YMEHbLUEHNEe 3SHeprunm axkTuBauunm C POCTOM COOEpP)XaHusi BoAbl B MOPOBOM
NPOCTPaHCTBE MOPHbIX NOPO 3TOro pernoHa. NogbeM KOHBEKTUBHOIO MOTOKa, BOCXOASALLIEr0O
N3 MaHTUNHOIO K/IMHA B HanpasneHn K HEBHOW NOBEPXHOCTU, MOXET BbIHOCUTb (anBeSINHT)
MaHTuiHble YB-reodniongbl B BepxXHME C/IOM OCafo4YHOro Cnosi 3eMHON KOpbl U
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cnocobcTBoBaTh (popMMPOBaHMID HedTe- ra30HOCHOIo panoHa Ha tore VpaHa B obnacTax
MOBLILLEHHOIO TEMJIOBOro NMNOTOKA B COOTBETCTBMM C TEOPETUYECKMMU uccneposaHuamm [10;
11].
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Abstract. This article examines the fundamental role of numbers in the formation and development of mathematical
knowledge. It analyzes the historical evolution of the concept of number, from simple means of counting and measurement in
ancient civilizations to modern abstract numerical systems. Particular attention is paid to the philosophical understanding
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systems are considered.

Keywords: number, mathematics, number theory, philosophy of mathematics, numerical systems, cryptography,
analysis, infinity, abstraction, structure of knowledge.

Annomayua. B cmamve paccmampubaemcs gynoamenmarvHas poav uucea 8 cmanobienuu u pasbumuu
MAMeMAMu4eckoeo 3HAHUA. AHAAUSUPYemcs UCMOpunecKkas 3604104 NOHAMUA YUCAA — OWL HPOCHbIX cpedcmb cuema u
usmepenus 6 opeBuux yubuiusayuax 0o cobpementvix abcmpaxmuix uuciobvix cucmem. Ocoboe BHumanue yoeasemces
husocogpckomy OCMbiCAEHUI0 HUCAA 6 AHMUYHOU U COBPEeMEHHOT MbLCAU, 4 MAKXKe e20 CMpYKmMypHou GyHxyuu 6
mamemamuxe - om aseebpvl U anaiusa 00 meopuu Beposmuocmen u cmamucmuxu. IloduepxuBaemcs sHauenue uuces 6
COBpeMeHHbBIX HAYKAX — Kpunmoepaduu, BviuuciumessHoll mamemamuke, gpusuke, uHpopmamuxe u uUcKyccmbeHHoM
unmeanexme. Paccmampubaromes nepcnexmubel 0asvHeiuieeo paséumus uucaoBbix cuceM.

KaroueBvte caoBa: uucro, mamemamuxa, meopus uuced, PuAocOPus MAMeMamuxu, 4uciobvie CUcmemsl,
Kpunmozpacpus, anaius, beckoHeuHocmy, AbCMpaKyus, cmpyKmypa sHaHus.

PeueHzeHT: CarntoB Pamnnb ®apratoBuy, KaHOMAAT TEXHNYECKUX HayK, OOLEHT,
3amMecTuTesNlb AnpeKTopa no Hay4Hon pabote B OO0 «Hay4yHO-uccnegosaTenbCKum m
NPOEKTHbIN UHCTUTYT 3KONIOrMYecKnx npobnem», r. OpeHbypr

MaTemaTnka BO BCe BpeEMeHa BOCMPUHMManacb Kak Hayka O cTporux copmax,
abCTpaKTHbIX CTPYKTYypax N 3akOHOMepHOCTsX. OfHako, B OCHOBE 3TOMO OrPOMHOM0 U
MHOFOrpaHHOro 3gaHns Bcerga CTos10 NpPoCcToe, HO PyHAAMEHTaNIbHOE MOHATUAE — «4UCTIO».
CHa4ana oHO BO3HWKIIO KaK CPeACTBO cyeTa U U3MEPEHUS, KaK NPaKTUY4ECKNIA NHCTPYMEHT
AN XO3ANCTBEHHOW AeSATESNIbHOCTUN, TOProB/n U 3emnenenusi. Ho nocteneHHo, ¢ Te4eHneM
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BPEMEHN, YNCSIO NPEBPAaTUIOCh B YHUBEPCAJIbHYIO KaTeropuio MbIlEeHUs, NO3BOJSIMBLUYIO
YyenoBe4veCTBY MOCTPOUTL LIENIOCTHYKO CUCTEMY 3HaHWSA, BbIXOASLLYIO [aneKo 3a rnpegenbl
YTUNNTAPHBIX HYXXA,.

Yucna conpoBOXOAKOT pPa3BUTME YesIOBEYECKON UMBUAU3aUMN Ha NPOTSXXKEHUU
ToicadeneTnin. OT NepBbiXx 3apyboOK Ha KOCTAX, (PUKCUPYIOLWMX KOAMYecTBO [OObIHM, A0
COBPEMEHHbIX (POPMasibHbIX TEOPUN MHOXKECTB N BECKOHEYHOCTU — Kaxkaoe paclunmpeHue
NMOHATUS YMCNa OTKPbIBASIO HOBblE FTOPU30HTLI A1 HAyKu 1 onnocoumn.

VcTopus matemaTnkm nokasblBaeT, YTO UMEHHO pacLUMpeHne 4YMCrioBOro annapara
CTaHOBWJIOCb OTNPaBHOM TOYKOM A1 (POPMUPOBaHNS HOBbIX PasfesioB 3HaHWUSA: OTKpbITME
oTpuuaTenbHbIX YMcen NPUBENO K yriybneHnto anrebpbl, BBEAEHNE KOMMIEKCHbIX YNCenN — K
pPasBUTUIO aHann3a, a NoHATME TPaHCMUHUTHBLIX YUCen U3MEHWUIO CaMO MNpeacTaB/ieHne o
MaTemMaTn4eckom 6eCKOHEYHOCTH.

dunocodbl TakxKe yaensanu 4yicny ocoboe mecto. [na MNudparopa «BCE eCTb YNCNO»,
ona MNnatoHa 4Yicna npuHagnexann Mupy naen, a ons KaHta oHu 6b1mn anpruopHon hopmMon
nosHaHuna. B XX Beke ANCKyccun BOKPYr NpUpogbl Yicna nopoanan uenble HanpasfieHns B
dunocodpumn MatemMaTMkm — OT opmMann3ma Ao UHTYNUMOHU3Ma. Takum obpasom, 4ucno
OKasasioCcb He TOJIbKO MaTeMaTU4YeCKMM MOHATUEM, HO U (PUNoCoOdPCKON KaTeropuen,
NMetoLLe OTHOLLIEHME K BOMPOCY O NpUpoAe 3HaHUSA N peasibHOCTH.

CerogHsa ponb Yncen He orpaHNYNBaETCS JINLWb «A3bIKOM MaTeMaTuku». OHU nexaT B
OCHOBE BbIYNCANTENBHON TEXHUKU, LN(PPOBLIX TEXHONOMIA, KpUnTorpapumn, MogennmpoBaHns
pU3NYECKNX NPOLECCOB N UCKYCCTBEHHOIO MHTeNekTa. MoXHO yTBepXXaaTb, YTO UMEHHO
yncna obecneymBaloT eQUHCTBO €CTECTBEHHbIX U TOYHbIX HayK, npeBpawas maremMaTuky B
YHUBEPCanbHbIA MHCTPYMEHT ONUCaHNA Mupa.

HaTypanbHble yucna n nx posib B oOpMMpOBaHUM MOHATUS KOIMYecTBa

HaTypanbHble 4ncna - nepBble U camMble O4YEeBUAHbIE 4YNCNA, KOTOpblE YesloBeK
ocMbicnun. OHM CBsI3aHbl C uUAaeelt «CKOMbKO?», TO eCTb C OnpeaeneHMeM MOLLHOCTU
KOHEYHbIX MHOXECTB. VIcnonb3oBaHWe HaTypanbHbIX 4YUCEeNl MO3BOSIMIO  YeNIoBEKY
CUCTEMATU3NPOBATbL OKPY)XawLWmii MUP, pasfensTb ero Ha OTAeflbHble npeaMeTbl U
o6beanHATL UX B rpynnbl. TakuMm o6pa3oM, YMCIIO CTano WUHCTPYMEHTOM MO3HaHUS, a He
TONbKO NPaKTU4YECKNM CPeACTBOM cYeTa.

NHTepecHO, 4TO Ha paHHUX CTagusix PasBUTUS KyNbTypbl pasHble Hapoabl UMesnu
pasfinyHble CUCTEMbI YACNOBbIX 0603HaYeHWI 1 faxke pasHble npeaensbl cyeta. Hanpuwvep, y
HEKOTOPbIX MfIEMEH OTCYTCTBOBa/IM C/IoBa ANs Yncen, 6onbumnx TPEX UM NSTU, U BCe, YTO
BbIXOOQWIO 3a 3TOT npepfen, 0603Hayanocb cnoBoM «MHOro»[10]. MNocTeneHHoe pasButne
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YNCNOBbLIX CUCTEM, MOSABJSIEHNE HYNA U MO3ULMOHHOIrO MpPUHUMNA 3annucn cTano OOHUM U3
BENMYaNLINX OOCTUXKEHNI YeNnoBEYECKON MbICIIN.

[Mepexon OT MPaKTUYECKOro cyeTa K OCMbIC/IEHHOW paboTe C 4yucnamm MNOosOoXKNI
Havyano apugpmMmeTnke. Yxxe B [peBHem BaBunoHe v Erunte cyuwectBoBanu npasuna
CNOXXEHUSA, BblHUTAHNS, YMHOXEHUSA U AENEHNSA, KOTOPbIE MPUMEHANINCE NMPY CTPOUTESIbCTBE,
aCTPOHOMUYECKNX HabMIOOEHNSX U B XO3ANCTBEHHbIX pacyeTax. OgHaKo UMEHHO aHTU4YHas
peuns BnepBble npespaTuna paboTy C yucnamn B NpegMeT TEOPEeTUYECKOro U3yYeHus.
Mndparopenupl BUAENN B YUCNE YHUBEPCA/bHbIA MPUHUMN YCTPOWCTBa Mupa, a EBknung B
cBoux «Havanax» cucteMaTMsnpoBasn 3HaHUs O CBOMCTBax YuCes, BKJOYast NpocTble Yicna
N OennuMocCTb([5].

ApucmMmeTka cTana nepBo MaTteMaTU4eCKoOW OUCUUMANHOW, B KOTOpon Oblno
OCO3HaHOo, 4YTO Yncna obnagaT CO6CTBEHHOM JTOMMKON 1 3aKOHOMEPHOCTAMMN, HE CBOANMbIMU
K MpakTuyeckKnm onepaumsMm. TakK BO3HMKA MOeA 4ucna Kak abCTpaKTHOro obbekTa,
CYLLECTBYIOLLErO HE3ABNCHMO OT KOHKPETHbIX BELLEN.

Hapsgy ¢ apnpmMeTnkon BaXkHytO poSib Cbirpano namepenuve. Ons Toro 4tobbl genntb
3eMJt0, CTPOUTb 34aHUA UM ONPefenaTb TPaeKTopun HebGeCHbIX Ten, HeobxoamMmo 6blS1o
yMeTb paboTaTb He TOJIbKO C LeSIbIMU YACNaMU, HO 1 C ApOo6saMU. DTO NPUBESNO K NMOSIBIEHUIO
pauMoHabHbIX YMUCEN, KOTOPbIE PACLUMPUIN FOPUSOHTLI apUPMETUKM U NOLATrOTOBUN NOYBY
A5 nocnegywmx MaTeMaTnYeCcKnX OTKPbITUN.

3mepeHne ctano MCTOYHMKOM MEPBLIX MaTteMaTUYeCKux Kpus3ncoB. Tak, OTKpbITUe
nppaynoHanbHbIX Yucen (HanpuMmep, AAVHbl QuaroHanu Keagpara co CTOPOHOIN 1) nocTasBuio
nop, COMHEHNE YHUBEPCANbHOCTb HAaTypasibHOro 1 paumoHasibHOro cyeta. Ho MMeHHo aTa
TPYAHOCTb CTUMyNMpoOBana AanbHeilee pasBuUTME MaTemMaTukn, yrnybmB e€ CBA3b C
dunocoduen.

NcTopuryeckas aBonoumsi NMOHATUS Yncna

MoHsATUE YMcna He ABNSIeTCA CTaTUYHbIM — OHO (hOPMMPOBANOCh U BUOOU3MEHSIOCh Ha
MPOTSXKEHNMN ThiCSYENEeTUIA, PaCLLUMPSISICb MO MEPEe TOro, Kak 4YenoBe4eCTBO CTaNKMBanoCh C
HOBbLIMM 3afa4amy NO3HaHMSA U NPakTUKKU. icTopua matemaTukn CBUAETENbCTBYET: BCAKMNA
pas, Korga CyLIecTBYIOLLEro YMC/IOBOrO annapaTa CTaHOBUIOCb HEAOCTaTOYHO, JIHOAU
n3o6peTany HoBble (OPMbI YNCES, YTO OTKPLIBAIO MyTb K CO34aHUI0 HOBbLIX Pa3nesioB HayKu.

MepBble pa3BUTble CUCTEMbI YMCEN BO3HUKIM B OPEBHUX UmBMAn3aumsx. LLlymepbl v
BaBW/IOHSIHE UCMONb30BasIM LLUECTUAECATEPUYHYIO CUCTEMY, OTFONOCKN KOTOPOW A0 CUX Nop
COXpaHWNNCb B OENEeHMN 4Yaca Ha MUHYTbl U Kpyra Ha rpagycbl. ErvntsHe npumeHsinm
OECATUYHYIO HEMO3WLUMOHHYI0 CUCTEMY, YOOOHy [Ans 3anucu OonblUMX YuUcesn, HOo
FPOMOS3AKYI0 A1S1 BblMUCNEHWIA. [JpeBHNE UHANALBI CAeNnany NpopbIiB, BBEASA CUMBOJ HYNS U
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NO3NLUNOHHBIN NPUHLUUMN 3anucu YnUcesn, 4YTO CTano Benmyanwmm n3obpeTeHnem B UCTopun
MmatemaTukun[13]. ViIMeHHO 3Ta cuctema nerna B OCHOBY COBPEMEHHOW AECATUYHON 3annCu.

B aHTn4HOM "peuun matemaTtrka npuobpena TeopeTnyeckun xapakrep. MNudaropenubl
cunTann, YTo «BCE eCTb YNCO», N NPEeACTaBNANN MUP KaK rapMOHMIO, OCHOBaHHYIO Ha LenbIX
N OPOOHBbIX OTHOWeEHUAX[5]. OgHaKo OTKPbITME MPPauUMOHasibHbIX YUCes, NPUNUCbIBAEMOE
y4yeHukam [Mndparopa, ctano wokom. OKasanocb, YTO CYLUECTBYIOT BeJIN4YMHbI, KOTOpble
Henb3s BblPasnTb B BUAE OTHOLUEHUS LefbIX 4Yucesi, Hanpumep, AuaroHasnb Ksagpara co
CTOPOHOI 1 paBHa /2. DTOT haKT NoaopBan Uaet O TOM, YTO BCE B MUPE MOXHO CBECTU K
paumoHanbHbIM OTHOLLEHUSM.

MppaunoHanbHble 4ucna npueenM K HeoOXOAMMOCTU MepecMoTpa B3rnsaoB Ha
HenpepbIBHOCTb U U3MEPEHNe, a Takxke K pasBUTUI0O reoMeTpmudeckoro nopgxopa. ViMeHHo
Yepes KpU3nc NppaumoHanbHOCTN MaTeMaTtiika Bbillfia Ha HOBbIV YPOBEHb abCcTpakumn.

[onroe Bpems oTpuuaTesibHble Yncna He NPU3HaBaNCb «MCTUHHBIMW» Yncnamu. Ons
aHTUYHbIX MaTtemMaTnkoB K UIOCOMOB OHW MpPeacTaBNAINCh abCypOHbIMU: KaK MOXET
CyLLecTBOBaTb «MeHbLle Hudero»? OpHako npakTndeckas HeobxXxoguMoCTb — OCOOEHHO B
TOProefie U aCTPOHOMUN — NOCTENEHHO npuBena K ux nNpuHaTuio. B Kutae otpruyatenbHble
yncna NCrnosb3oBannCh yxe B | ThicayeneTn oo H.3., a B EBpone oHn nonyyunun npusHaHne
nvwb B 3anoxy BospoxxaeHns[7].

Ewwé 6onee pagukanbHbIM LLAroM CTasno NosiBNEHNE KOMMIEKCHbIX Ynucen. ViaHavyanbHo
OHW BO3HUKNN B PELLUEHNN KBaAPaTHbIX N KyOUYECKUX YpaBHEHUI, KOrga Npuxoguniock 6patb
KOPHM N3 oTpuuartenbHbiX Benn4dnH. B XVI Beke Takme «BoobGparkaemble» Yncna cHnTanancb
Kypbé€soM. Jlnwb B XVII-XVIII Bekax, 6narogapsa pabotam P. Bombennu, P. OekapTta, JI.
Ainnepa un K. ®@. Naycca, cTano siCHO, YTO KOMIMJIEKCHbIE Ynucna obnapatoT 6oraTton CTPyKTypom
N OrPOMHbIM MOTEHLMNANOM.

KoMnnekcHass nfaocKoCTb (MSIOCKOCTb ApraHa) no3soauna BU3Yyanu3mpoBaTb 3TU
yncna, a opmyna Innepa ceasana ux ¢ TPUrOHOMETPUEN N AKCMOHEHTON. DTO CTaNo OOHUM
N3 BENNYaNLLMX OTKPLITUIA MaTEMATUKN, KOTOPOE OTKPLIIO NYTb K PasBUTUIO aHann3a, Teopun
DYHKLUNIN 1 COBPEMEHHON OU3UKN.

XIX Bek 03HaMeHoBasICsi HOBbIM 3TanoMm — hopmManusauuen n abcrtpakumen ymcna.
"eopr KaHTOp co3gan TeOpU0 MHOXXECTB U BBES NOHATNE TPAHCUHUTHBIX YNCES, TEM CaMbIM
paspabotaB cTporyio Teoputdo 6eckoHeyHocTu[1]. Ero mgem npousBenn pesBoaOLMIO B
MaTemMaTukKe, HO BbI3BasiM OXKECTOYEHHbIE (PUTOCOdCKMEe Cnopbl.

B TO xe BpemMsi NosABUINCH HOBbIE YACIOBbIE CUCTEMbI — KBATEPHUOHDI (Y. [aMUNbTOH),
OKTOHMOHbI W Apyrne runepKoOMMIIEKCHbIE KOHCTPYKUMN. 3TN OOBEKTbl paclumnpsnu
NPUBbLIYHOE MOHMMaHWe 4ucna, CBA3blBas ero C anrebpanyeckuMm n reoMeTpuyecKumm

CTPYKTYypaMmu.
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B XX Beke OblM OTKpPbITHI pP-aguveckne 4ucna, croppeasibHble 4Yucna, a Takxe
YNCNOBble CUCTEMbI, UCMOMb3yeMble B Teopuu Mopgenen n noruke. Kaxpoe HoBoe
pacLUMpeHne NOHATUS YMCa POXXAAN0Ch N3 KOHKPETHbIX NPo6sieM MaTemMaTuku 1 pu3nku, HO
0KasblBasioCb MNOAOTBOPHbLIM A5 BCEN HayKWN.

®dunocodckoe OCMbICIEHNE Yncna

C camoro 3apoXXgeHnss MateMaTuUKM YUCIO HE OrpaHnYMBanocCh NUWb NPaKTUYECKUM
3HaYeHneM. OHO Bcerga BbI3blBaso UHTEpec GuUIoCco(oB Kak KaTeropus, no3sBonsaoLlas
OCMbIC/IUTb MOPSAAOK, FAPMOHUIO U caMy CTPYKTYpYy OblTus. B pasHble 3anoxu noHumaHue
yncna MEHSNOCb — OT MUCTUYECKOrO CUMBOJS1IA U YHMBEPCAsIbHOro npuHUMna ycTponcTea
MUpa [o CTporo hopMann3oBaHHOrO O6BHEKTA, CYLLECTBYHIOLLErO B paMKax akCUoMaTUYeCKnX
CuUcTem.

Mndarop n ero wKona cynutann, YTo «BCE eCTb YnCcNo»[5]. [nsa HUX Ynucna He NpPocTo
BblpaXkanu KOANYEeCTBO, HO SBAS/INCH CYLHOCTbKO BELLEN, CKPbITOM OCHOBOW Mupa. OHn
CBA3bIBAIN FAPMOHUIO MY3bIK/ C YACIOBLIMA OTHOLLEHUSMUW, & reoOMeTpu4eckne urypbl — ¢
NPOCTbIMA 4Yucnamu. Takum o06pa3oM, 4YUCAO BOCMPUHUMANOCL Kak MeTaduanyeckas
peanbHOCTb.

[naToH B cBOEN hnunocodun NOMeCTU Ynucna B MUp naen — ocobyto cepy BeUHbIX U1
Hen3MeHHbIX cylHocTen. Mo NnaTtoHy, MmaTemaTnyeckne o6beKTbl CYLLECTBYIOT HE3ABUCNMO
OT 4YenoBeKa, a MaTeMaTunka — 3TO NyTb K MOCTVXKEHUIO naeanbHOro. B npoTMBONONOXKHOCTb
9TOMy ApUCTOTENIb paccMaTpuBas Yncna Kak pesynbrar abCcTpakumn: OHU He CyLLEeCTBYIOT
camu no cebe, a BbIOENAOTCA YMOM U3 peasibHbIX BeLLen[8].

AHTUYHBIE ANCKYCCUM  3allOXXWUN  OCHOBY BCEX nocnenyrwmx $unocogCckmx
NHTepnpeTaunin Yncna: ogHN CYATaNM ero CaMoCTOATESIbHOM peasnibHOCThLIO, Apyrue — nnLlb
NPOAYKTOM Ye/TI0BEYECKOrO MbILLIEHNS.

B CpepHue Beka 4icno cBasbiBanm ¢ 60)XXKECTBEHHbIM NOPAAKOM. ABryCTuUH ABpenni
nucan, 4to bor cozgan mup «no 4ncny, mepe n Becy»[11]. B cxonactnyeckon dpunocodpum
4ncna YacTo TPAKTOBaSINCh KaK CBUAETENBCTBO BOXKECTBEHHOW FapMOHNN.

B Hosoe Bpemsa npobnema uncna npuobpena 6onee CTpPOrni paumoHasbHbIN
xapakTep. NoTdhpng J1lenbHuu, oanH N3 cosgaTenen MaTtemMaTU4eCKon NOruku, BUAEN B Yncnax
YHUBEpcanbHbIn A3blK Haykn. OH MeyTan o «characteristica universalis» — yHuBepcanbHon
CUMBOJIMYECKON CUCTEME, B KOTOPOI Yncna urpanm 6bl LEHTPasbHYIO POJSib.

MmMmaHnynn KaHT B cBoen «KpuUTMKe YMCTOro pasyma» yTBepxkgas, YTO YMCcfo — 3TO
chopma anpuopHoOro cosepLaHns BpemMeHu. 1o ero MHeHUto, YenloBEK CNOCOBEH onepupoBaTh
yncnamy He NMOTOMY, YTO OHWU CYLLECTBYIOT «Belamm camm no cebe», a NOTOMY, YTO OHU
YKOPEHEHbI B CTPYKTypax 4enoBedeckoro pasymall7]. KaHToBcKaa TpaKToBKa 4ucna
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cbnuanna matemaTuky C 3rnMCTEMOJSIOrMENn 1 okKasana OrpoOMHOe BivsiHMe Ha hunocopuio
Haykun XIX-XX BeKOB.

XIX-XX Beka 0O3HamMeHOBasnMCb akTUBHbIMW CcropamMn O cTaTyce MaTemMaTU4ecKux
OBBEKTOB. DTN ANCKYCCUN 3aTPOHYIN N NMPUpoRy Yncern.

- «MaTemaTn4ecKnii NNaTOHN3M» YTBEPXXAAET, YTO YMCa CYLECTBYIOT HE3ABUCMO OT
yefsioBeka B 0COOON «OOBLEKTMBHOM» peasibHOCTW, a MaTemMaTuka b OTKpbIBaeT ux
CBOWCTBA. JTOM TOYKN 3pPEeHNs NPUAEPXMBAIUCb MHOMMe BblAaloWMecs MaTemMaTuKu,
BktoYvasa Kypta Négens.

-  «HoMmHanu3m» OTpuuaeT CamMoOCTOATENIbHOE CYLUeCTBOBaHWE YUCEesN: OHMU
paccMaTpuBarTCa NUWb Kak yAOOHble CUMBOJbI WM UMEHA, UCMOJfIb3yeMble B ONUCaHUK
Mupa.

- «®opmanuam» (dasug [MnbbepT) NOHMMAaET 4Yucna Kak 31eMeHTbl (PopMasibHbIX
CUCTEM, MNOOYUHALIMXCA akCcMoMaMm U npasBufnaMm BbiBoga. B Takom nogxope Het
HeobXxoOMMOCTN 3a4aBaTbCs BOMPOCOM 00 «OO6bEKTUBHOM CYLLECTBOBaHUN» YNCNa: BaXKHO
JLWb, YTO OHO KOPPEKTHO ONpefensieTcsa B paMmkax MmaTtemMaTnyeckom TEOpUN.

- «/IHTynumoHnam» (JléntueH bpayap) cBA3bIBAET 4ucna C OeATeNbHOCTbIO
YyenioBeyeckoro pasyma. C aTor No3numn YNCNIO CYLLECTBYET TOJIbKO MOCTOJSbKY, MOCKOMbKY
Mbl MOXKEM €ro NoCTPOUTb B CBOEM MbILLIEHNN.

CTpyKTypHas posib 4yacen B MatemaTtuke

Ecnu Ha paHHMX 3Tanax pasBuTUA MaTtemMaTuky Yncna BOCMPUHMMAINCh NUWb Kak
CPeacTBO cyeTa U WU3MEPEHUsi, TO TMOCTENEHHO OHW CTanM paccMaTpuBaTbCA Kak
byHAAMEHTANbHbBIA 3MIEMEHT, NieXXalWMini B OCHOBaHUM MPaKTUYECKN BCEX MaTeEMaTUY4ECKUX
CTPYKTYpP. Yncna obpasyroT cBoeoOpasHbIil «<kapKac» MaTeMaTUKN: Yepes HUX onpenensieTcs
nornka anrebpamyecknx onepauun, QOPMUPYIOTCA reoMeTpuUYeckmne npeacTaBieHuns,
CTPOATCS aHaNMNTUYECKNE METOAbI, ONUCHLIBAOTCA BEPOATHOCTHbLIE MOLENN N CTATUCTUYECKNE
3aKOHOMEPHOCTMW.

Anrebpa Bblpocna ns apudMeTNKN, HO Y)Ke B aHTUYHbIE BPEMEHA CTaslo 04EBUAHO, YTO
onepauumn ¢ Yncnamm MOXXHo obobuwate n gopmann3osbiBaTb. BHavyane anrebpa nsyvana
YPaBHEHMA C YMCNOBbIMU KO3bduUuneHTamn, a 3aTeM crtana paccMmatpueBaTb abCTpakTHble
CTPYKTYpPbl, TaKne Kak rpynrbl, KOAbLa 1 Nons.

Yucna npu 9TOM BbLICTYNAKT «CTPOUTENbHBIM MaTepuanom» anrebpbl. HaTtypanbHble
yncna OPMUPYIOT OCHOBY apuMeTukn, uenble 4ucna p[dalvT npuMep  Kosbua,
paunoHanbHble, OENCTBUTENbHbIE U KOMMJIEKCHblE — npuMep nonen. bonee cnoxxHble
CUCTEMbI, TaKNe Kak KBaTEPHUOHbI WM p-afuyecKne Yucna, paclumpsroT npegcrasieHne o
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TOM, YTO MOXET CUMTaTbCA «4UCNomM». B anrebpe MMEHHO 4MCNOBble MHOXECTBa 3aAalT
nepBUYHbIE NPUMEpPbI CTPYKTYP, HA OCHOBE KOTOPbIX (POPMYNNPYIOTCS OOLLME 3aKOHBbI.

MHOXecTBa 4ucen — HaTypasbHble, Uenble, pauvoHasibHble, AENCTBUTESbHbIE U
KOMIMJIEKCHbIE — BbICTPANBAKOTCA B NOCNe0BaTelbHOCTb PaCLUMPEHNA, KaXKaoe U3 KOTOPbIX
npeofoneBaeT OrpaHWYeHHOCTb Mpegpiaywero. 3TO pPas3BUTWE OTPa)kaeT He TOJIbKO
NCTOPUYECKUIA MPOLIECC, HO M JIOMMYECKYD HEeobxXxoaMMOoCTb — 4TOObl onucbiBatb Gonee
LUNPOKNI KPYr 3aaad, TpebyoTcs HOBbIE YACOBblE OOBLEKTDI.

- HaTypaJibHble YMCria CBA3aHbl C MOHATUEM CYETa;

- Liefible Yncna BKIKYaKT oTpuuaTtesibHble BEINYMHDI;

- pauymoHasbHble Yucna obecrneynsaloT BO3MOXXHOCTb APOOHOro AeneHuns;

- DeNcTBUTENbHbIE YCNa BBOOAT HEMPEPbLIBHOCTb M MO3BOMAIOT paboTatb C AIMHaAMU
N nnaowaasamu;

- KOMMJIEKCHbIE 4uCna [AalT 3aBepLIEHHOCTb anrebpbl — Nboe MHOroYsieHHoe
YypaBHEHNe UMeET peLLeHe B 3TOM MHOXECTBe.

Kaxxpoe HoBOe pacluMpeHne He NPOCTOo «406aBnseT» HOBblE YNCNa, HO N OTKPbIBAET
HOBble 06/1aCTN MaTeMaTUKK: Teopus Yucen, anrebpanyeckas reomeTpus, MyHKUNOHASIbHbIN
aHann3 n MHorve gpyrne gUCUUnanHbl CTPOATCA BOKPYI U3YYEHNS YUCTIOBbIX CTPYKTYP.

BBeneHne 4ncnoBbix KoopavHaT B reOMeTPUIO0 CTano HacToswen pesonounen. PeHe
[ekapT nokasan, 4To reomeTpu4eckne puUrypbl MOXXHO OMNMUCLIBATb YPaBHEHUAMU, FOe Yucna
UrpatoT posib KoopauHaT u KoappuumMeHToB. OTO 06beanHUNo anrebpy u reomMeTpuio B
€AVHOEe HanpasB/ieHne — aHaIMTUYECKYH FrEOMETPUIO.

B maTtemaTtunyeckoMm aHanmse 4yucna npuobpetaroT ewe bonee rnybokoe 3Ha4yeHue.
MoHaATNA npepena, MPOU3BOOHOM W WHTErpana HEBO3MOXHO copmynupoBatb 6e3
OENCTBUTESNbHBIX YMCEN U UX CBOWCTB, CBA3AHHbLIX C HEMPEPLIBHOCTBIO U MAOTHOCTLIO[12].
KoMnnekcHbIn aHanus, B CBOKO oO4Yepedb, WUCMONb3YeT KOMMJIEKCHbIE 4Yucna, Mo3BOJSs
onucblBaTb Takne SABNEHUs, KOTOPbIE HEQOCTMXXUMbI CPEACTBaMU TOSIbKO AENCTBUTETbHOMN
apuPMETNKMN.

Kak BNgHO, 4ncna siBASAIOTCA CBAS3YIOLMM 3BEHOM Mexay abCTpakTHon anrebpon u
reoOMeTPUYECKNM MbILLNIEHMEM, 0BecneydnBas LeNOCTHOCTb MaTeEMaTUYECKOWN KapTUHBbI.

Teopus BEpOATHOCTEN OCHOBAHA Ha YMCIIOBbIX MOAENAX CRy4yanHOCTU. BepoAaTHOCTb
BblpaxxaeTcsa 4ncnom ot 0 o 1, U MMEHHO 3Ta KOMIMYEeCTBEHHas Mepa Mo3BosisieT CTPOoro
paccyxpaTb O Chy4YalHblX cobbITusAX[16]. Be3 4ncnoBon wuHTepnpeTauun MOHATUE
BEPOATHOCTN OCTaBanoch 6bl PuIocodckon abCecTpakumen.

Ctatnctuka, B CBOK o4epenpb, UCMOoJb3yeT Yucna s onucaHna 3akOHOMEPHOCTEN B
Maccusax faHHbIX[7]. CpegHve BenuynHbl, aucnepcumn, KoaguumeHTbl Koppenaumm — BCE
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9TO YUCNOBbIE XapakTEPUCTUKK, KOTOPble MpeBpaLlalT XaoTudecknme Habopbl (hakToB B
OCMBbICJIEHHbIE BbIBOAbI.

Yucna B [aHHOM cCry4ae BbIMOSHAT POSib MHCTPYMEHTA OOBLEKTUBU3ALMK: OHU
NO3BONAOT OMNMNChIBaTb BEPOSATHOCTHbIE MPOLECCHI HE HA YPOBHE CYOBbEKTUBHbLIX OLEHOK, a B
hopmMe CTPOrmx MateMaTn4eCKnux 3aKOHOB.

Bo BCcex NpuaoxXKeHnax MaTteMaTUKN K HayKe U TEXHUKE YNCa UrparoT KIH0YEBYHO POSib.
YpaBHeHnss U3NKK, MOLENN SKOHOMUKW, anropuTMbl MHPOPMATUKK BbipaXkaldTCA 4epes
4YMCNoBble COOTHOLWEHMSA. [Jaxke Tam, roe ucnonb3yrTcsa 6onee abCTpakTHble CTPYKTYPbI,
KOHEYHbIM pe3ynbTaToOM YacTo ABSIETCA HYACNOBOE NPeAcKa3aHne Um YNCOBOW PacHET.

Yucna npespawlaloT abCTpakTHbIE TEOPUN B UHCTPYMEHT, KOTOPbIN MOXXHO MPUMEHUTb
Ha npakTnke. bes 4ncnoBbIX BbIYUCAEHUA HEBO3MOXXHO OblNo Obl MOCTPOUTL MOCTHI,
paccunTaTb TPAEKTOPUM KOCMWYECKUX annapaTtoB WA MOAENNPOBaTb KMMaTUYeckue
N3MEHEHNA.

Yucna n coBpeMeHHble HanpasfieHUs1 HayKu

B anoxy undppoBbIX TEXHOMOINMA YACNO OKOHYaTesNbHO YTBEPOWMSIOCH Kak
YHUBEPCANbHbIA A3blIK HAyKuU W TeXHWKW. Ecnu paHblle OHO 6bl0 B MNepBYyKD o4vepenb
OBBLEKTOM TEOPETUYECKUX PACCY)KOEHUA N NHCTPYMEHTOM [N PeLleHNsa MpakTU4EeCKNX
3agady, TO CerofHs 4uCriO MPOHU3bIBAET BCE COBPEMEHHble Hay4Hble HarnpasBfieHUsa: OT
dpyHOamMeHTanbHOM u3nkn 1 kpuntorpadum o OGnonHgpopmMaTUKM U NCKYCCTBEHHOMO
NHTEeNneKTa.

OpHon U3 cambixX ApPKUX obnacTten, rae yncna npnobpenn HeOXXNOgaHHOE NMpUKIagHoe
3Ha4veHune, aBnseTca kpuntorpadgusa. CoBpeMeHHbIE METOAbI 3aLUTbl UHOPMAaLMK OCHOBaHbI
Ha Teopuwn Yncesn — B HaCTHOCTU, HA CBOMCTBAxX MNPOCTbIX YNCEeN N TPYAHOCTU (haKkTopusaumm
6onblunx uenblx Yncen[14].

Anroput™M RSA, nexawmin B OCHOBE WHTEPHET-6e30MacHOCTU, WCNONb3yeT
npomussefeHnsa 60MbLUNX NPOCTbIX YNCEN, Pa3sIOXKEHNE KOTOPbIX HA MHOXUTENN 3aHUMaeT
KoJloccalibHble BblMUCIUTENbHbIE pecypcbl. PassuTtre Kpuntorpadgum nokasano, 4To «4nuctas
MaTemMaTnka», CUYMTaBLUAsACA paHee [afiekon OT NPakTUKK, Ha fefnle UMeeT KIYeBoe
3HaYeHue ansa KnbepbesonacHOCTU U LNGPOBON 3KOHOMUKNA.

CoBpeMeHHble Hay4Hble NCCNeaoBaHNA HEBO3MOXXHO MpPeacTaBuTb 6e3 YMCEHHbIX
mMeTofoB. OuddepeHunansHble ypaBHEHUs, ONTUMU3aUNOHHbIE 3afa4n, MOOENN CIIOXKHbIX
CUCTEM Yalle BCEro He WMEKOT TOYHbIX aHaJIMTUYECKUX peLlleHnin, U Ons UX peLlueHns
NPUMEHSAIOTCA NPUBNANKEHHbIE BbIYMCIEHUS.

HucneHHble MeToAbl MO3BOASAIOT NPOrHO3NPOBaTh KMMaT, MOAenMpoBaTh rnoseaeHvne
MaTtepuanoB, pacCcyuTbiBaTb aspOuHaMUKy neTaTefibHblX annapatosB[9]. 3Aaecb 4ucno
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BbICTYNaeT He TOJSIbKO KaK OOBLEeKT BbIYMCMEHUA, HO U KakK CPeAcTBO annpokcumauun
HernpepbIBHbIX MpoLeccoB. be3 yncen HeBO3MOXXHO ObINo Obl pasBuUTUE CYNEPKOMIMbIOTEPOB,
MalUMHHOIO OBYYEeHUs1 U BbIYUCAUTENIbHBIX OKCMEPUMEHTOB, KOTOpPble MOCTENEHHO
CTaHOBATCH paBHOMPaBHbIM UHCTPYMEHTOM HayKu Hapsify C TeOpuen 1 OrbITOM.

®dunsmka Bcerga bbina TeCHO CBfi3aHa C yucnamu, HO B XX BeKe 3Ta CBA3b cTana
OCOBEHHO rny6oKoMn.

- B Teopun 0THOCUTENBHOCTM YNCNa BblpaXkatoT METPUKIK MPOCTPaHCTBa-BPEMEHN, rae
reoMeTpuyecKue BesmvmHbl NprodpeTatoT (pyHAaAMEHTasIbHoe U3NYECKOEe 3HaYEHNeE.

- B KBaHTOBOW MexaHuKe 4Yncrna NrparoT Posib BEPOATHOCTEN N COBCTBEHHbIX 3HAaYEHNI
orneparopos, onpeaensowmx BO3MOXHbIE COCTOSAHUA MUKPOYacTuL,

- B cTtatnctnyeckonm pusvke 4nMcnoBble MeTOObl OMUCHIBAIOT MOBefdeHWe CUCTEM C
OrPOMHbLIM KOSIMYECTBOM 3NIEMEHTOB, rAe OTAeNbHble OOBLEKTbl TEepslT 3HadeHune, a
CTaTUCTUYECKME 3aKOHOMEPHOCTN BbIXOAAT Ha MEepPBbIN MaH.

Yncna B (pn3MKe He TOMbKO «OMUCbIBalOT» pPeasibHOCTb, HO N (POPMUPYIOT camy
CTPYKTYpYy Teopuii[18]. MOXHO ckasdaTb, YTO COBPEMEHHAsA (pn3nkKa B 3HAYUTENBHON Mepe
npencTasnseT cobon «nepeBof NPUPoAbl Ha A3bIK YNCE».

2pa undpoBbIX TEXHOMOMIN CBA3aHa C NpeacTaBneHneM nHgopmaumm B BUAE Yncern.
KomMmnbloTep — 9TO MawwuHa, paboTtawwas ¢ ABOUYHOW CUCTEMOW 4ucen, raoe nwobas
nHopmauusa (TEKCT, n3obpaxkeHne, 3BYK) KOOUPYETCS NOCNenoBaTeNbHOCTAMU Hynen un
eanHnL,

B mawunHHOM O6yYeHUn N UCKYCCTBEHHOM WHTENNEKTE 4Yucna urparT ewe bonee
yHOAMEHTasNbHYO POJib. HENpOHHblE ceTn 00y4alTCs Ha YMCNOBbLIX [aHHbIX, BECOBble
KOa(hpuUMeHTbl NpeacTaBnsaloT cobor 4ucna, a anropuTMbl ONTUMU3auun paboTatoT C
YyncnoBbiMKU  PYHKUMAMKU noTepb. [axe Takue «HemaTemMaTuyeckume» 3agadyun, Kak
pacno3HaBaHne 06pa3oB NN reHepauns TeKcTa, CBOOATCA K YNCIIOBbIM Ornepaunsim BbICOKON
CITO>XKHOCTW.

Mpepenbl n NnepcneKkTUBbI PasBUTUS NOHATUA Yucna

NcTtopusa matemaTukm CBUOETENLCTBYET: BCSAKUM pas, Korga CyLeCcTBYOLWEro
4YMCIOBOIro annapara OKasblBasioCb HEJOCTATOYHO, NOABASAINCH HOBbIE (POPMbI Yncen. SToT
NPoLEeCcC He 3aBepPLUEH N cerogHa — Ha pybexxe XX-XX| BEKOB BOSHUKIIN YNCIOBbIE CUCTEMBI,
KOTOpble pPacLNPAOT Hawe MOHUMaHne Kak OeCKOHEYHOCTW, TaK W HenpepbiBHOCTMU,
OTKpbIBasa nepcnekTnebl onsa yayuien Hayku.

OQHUM 13 3HA4YMTENbHbIX OTKPBLITUA CTanu p-aguyveckue 4ucna, NPensioKeHHble B
Hadane XX Beka KypTom [eHcenem. OTU 4ucna BO3HUKIM Kak anibTepHaTuBa MpuBbIYHbIM
BELLECTBEHHbIM YMCMlaM W OKa3a/UCb YpPe3Bbl4aNHO MOJSIE3HBIMA B TEOPUN YuCEN U
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anrebpanyeckon reomeTpumn. P-aguyeckue yncna no3BonsAT paccMmatpusaTb apudPMeTuKy
Nop, HbIM «YrIOM 3PEHNSA», aHaNM3NPOBaTb AEMMOCTb U CTPYKTYPbI, KOTOPbIE HE NOAAaKTCA
TPagUUMOHHBIM METOOAM.

[>koH KoHBeln BO BTOpON nosioBuHe XX BeKa BBES MOHATUE ClOppeasibHbIX Yucen —
CUCTEeMbI, BKJIOHaKoLen B cebsi BCe N3BECTHbIE YMCIIOBbIE MHOXECTBA U BbIXOAALLEN JANEeKO
3a ux npepgenbl. CloppeasnbHble Yicna cogepxaTt 6eCKOHeYHO 6onbLure 1 6ECKOHEYHO Manble
9N1eMeHTbl, o00pas3ysa eguHoe uenoe, B KOTOPOM OOBLeOVHAITCA OeACTBUTESbHbIE,
opavHanbHble U TPaHCHUHUTHBIE BENNYNHBLI[15].

B martematnyeckom aHanuse un nornke BCE Oosfbliee BHUMaHWE MNpUBEKaT
NHPUHNTESNMATTbHBIE YCNA, NPUMEHSEMbIE B HECTaHAAPTHOM aHannse (Abpaxam POBGUHCOH,
1960-e rofgpbl). DTK Yncna No3BonsT paboTatb ¢ 6ECKOHEYHO MasnbiMN BennymHamu bonee
CTPOro, 4eM 3TO [eNnanochb B KlacCu4eckoM ncumncneHnn JlenbHmuya n HetotoHa.

Yucna BCE valle BOCNPUMHMMAKTCA He TONMbKO KakK CpeacTtBo  onMcaHus
KOJSINYECTBEHHbIX XapakTEPUCTUK, HO U KaK YHUBEPCAasbHbIA A3bIK, MNO3BONASKOLLMNA
06beanHATb PasnnyHble Hay4YHble AUCUNMINHBI.

- B ¢husmke ymcna BblpaXkaroT 3aKOHbl MPUPOAbl B BUAE MaTeMaTUYECKUX YPaBHEHWIA.

- B nH(phopmaTtuke uncna kognpytoT ntobyto nHopMaumo — OT reHETUYECKOro Koga oo
BNOEOMOTOKA.

- B 6uonornn yucnoeble Mogenn MO3BOMSAOT OMUCLIBATL CIIOXKHbIE CUCTEMbI — OT
aKocucTem go paboTbl Mo3ra.

MO>XHO cKa3aTb, YTO YMCna CTAHOBATCS CBOEro poga «0bLMM 3HaMeHaTenemM» Hayku,
obecneynBas e€ egnHCTBO. B aTOM cMbIcne nepcnekTnson Gyayuwiero ABnsieTcs cosgaHue
MEXOUCUMMAVHAPHBIX Teopuin, rae 4ucna OyayT wurpatb He BCNOMOraTesibHyk, a
NHTErpaTuUBHYO POJib.

OgHUM 13 Npeaenos pasBUTUS MNOHATUS Yncnia ocTaétca npobnema 6beckoHeyHocTU. C
AHTUYHbIX BPEMEH NOON NbITAMCb OCMBIC/IUTL GECKOHEYHOE, U MMEHHO 4ucna crtanu
OCHOBHbIM NHCTPYMEHTOM 3TOro npouecca.

B XIX Beke leopr KaHTOop nokasan, 4To O6eCKOHEYHOCTb UMEET UepapXuyecKyro
CTPYKTYPY — CYLIECTBYIOT pasHble «ypOBHW» OGECKOHEYHOCTU, BblpaXKawlmMecs 4Yepes
TpaHCUHNTHBIE Ynucna[15]. Ero Teopus MHOXXECTB n3MeHuna NpeacTaBieHne 0 MatemMaTuke
N Bbl3Basia OXKECTOYEHHbIE hMNocodCKNE ANCKYCCUMN.

CerogHsa BOnNpoc 0 6eCKOHEYHOCTN BHOBb BbIXOOUT Ha MEPBbLIA NfaH — B CBA3U C
KOCMOJIOrMYECKUMIN TEOPUAMUN, KBAHTOBON (DU3NKOM M npobsieMmamn KOHTUHyymMa. Hmicna B
9TUX OUCKYCCUAX OKa3blBAlOTCA HE TOJSIbKO MaTteMaTUyeCKUM OOBLEKTOM, HO U CNOCO6OM
OCMBbICJIEHMS MPaHNL, YeNOBEYECKOro NO3HaHS.
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3akJo4yeHne

PaccmoTpeHne wuctopun, unocopmum u COBPEMEHHOINO COCTOSHUSA MaTeMaTuKu
NO3BONIAET cAenatb OYEBUAHBLIN BbIBOL: YUCO SABNAETCA LUEHTPasibHbIM 3f1IEMEHTOM, 6e3
KOTOPOro HEBO3MOXXHO NPeAcTaBUTb cebe H1N caMy MaTeMaTuKy, HU €€ NPUIOXKEHUS B HayKe
n TexHuke. OT nepBbIX 3apyOOK Ha KOCTAX A0 CAOXKHENLWNX abCTPaKTHbIX KOHCTPYKLUMIA XX-
XXI BEKOB MyTb 4MCNa — 3TO MyTb YEIOBEYECKOWN MbIC/IN OT KOHKPETHOIO K YHUBEPCASIbHOMY,
OT NPaKTU4ECKOro K TEOPETUYECKOMY, OT IOKASIbHOro K 6€CKOHEYHOMY.

Yucna ctanm NnepsbIiM LLAroM YenoBeyecTBa Ha NyTU K abcTpakuuun. VIMEHHO Yyepes HUX
YenoBeK Hay4duscs BblOENATb 3aKOHOMEPHOCTU B OKPYXXalLem Mupe, CTPOUTb CUCTEMY
n3mMepeHuin n popmMann3oBbiBaTb Npouecchl. VIcTopuyeckoe passutne NOHATUS Yucna — OT
HaTypanbHbIX N pPaunoHasibHbIX A0 KOMMAEKCHbIX U TPAHCHUHUTHBIX — MOKa3blBaeT, 4YTO
Kaxxgas HoBas vncnoas hopmMa poxkganacb U3 Kpusnuca CTapon n oTKpbiBasa NnepcnekTuBbl
ONS AanbHENLWero passuTnsa Hayku.

dunocodckoe OCMbICNEHNE Yncna yriaybuno noHMmMaHme ero ponu. Ona aHTU4YHbIX
MbICAUTENEeNn 4ucna ObinM CyWwHOCTbIO Mupa; Ansa ¢gunocogoB HoBoro BpemMeHu -
WHCTPYMEHTOM pasyma; ANS COBPEMEHHbIX KO duaocopumn MarteMaTukm — OObeKTOM
BEYHbIX ANCKYCCUA O peanibHOCTU N abcTpakumn. ST pasHble B3rnsgbl AEMOHCTPUPYIOT
YHUBEPCANBbHOCTb 4MCMa Kak KaTeropun, COEOUHSIOLEN OHTOJSIOMMIo, 3NUCTEMOSIOTNIO
JIOrUKY.

B cTpyKkType matemMaTuku 4mcna BbINOAHAKT (pyHKUno dyHoameHTa. OHM nexxat B
OCHOBe anrebpbl U aHannsa, CBA3bIBAT FEOMETPUID U apuPMETUKy, (GOPMUPYIOT A3bIK
TEOPUN BEPOATHOCTEN W CTATUCTUKU. B COBpPEMEHHBbIX HayKax 4ucna CTaHOBATCSA
YHUBepcCanbHbiM CnocoboM npencTtaBneHns n obpaboTKu MHpopMaunn: OHWU YynpaBAsOT
anropMTMamMm MawnHHOro obyyeHus, 3afatoT 3aKOHbl PU3MKKU, oNpeaenstT 6e30nacHOCTb
LMcpoBOro Mmpa.

B TO ke Bpems pasBuTHE NOHATUA Yncna npogosmkaeTcs. P-aguyeckue, cloppeasbHble,
NHPUHUTESMMASIBHBIE YCa U OPYre HOBble CUCTEMbI MOKa3bIBatOT, YTO MOTEHUMan 3TON
KaTteropun ewé He ucyepnaH. bonee TOro, MMEHHO 4ucna OTKPbIBAOT BO3MOXXHOCTb
NOCTPOEHNA MEXOUCUMMIMHAPHBLIX  MoAenen, OO6beAMHSIWNX €eCTECTBEHHbIE HAaYKM,
NHopMaTUKy, PUNOCODUIO N JaxKe ryMaHUTapHOe 3HaHue.

Taknm 06pasom, 4Yncna MOXXKHO paccMaTpuBaTb Kak CBOEro poaa «reHETUYECKNIA Koo
HayKn: OHM MNPOHM3bIBAOT BCE YPOBHU MaTemMaTU4ecKoro 3HaHus, obecnevvBatoT ero
€OVHCTBO W CnyXaT CBA3YWWUM 3BEHOM Mexay abcTpakumen ©n  npakTUKOMN.
®OyHaaMeHTanbHasi pofib YMcen 3akiyaeTcss B TOM, YTO OHM MpeBpawaloT MaTtemaTuky B
YH/BEpPCanbHbIN A3blK ONNCaHNs PeasibHOCTN N OQHOBPEMEHHO CTAHOBATCA UHCTPYMEHTOM €€
npeobpasoBaHus.
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B 3aksoyeHne HeobxogyMo OTMETUTb, YTO YUCO — 3TO He TONbKO MHCTPYMEHT cyeTa ”
N3MEPEHNSI, HO N CUMBOJT BECKOHEYHOIrO CTPEMSIEHNST YEIOBEYECKOrO padyMa K NMO3HaHUo.
MIMeHHO NO3TOMY ero pasBuTMe NPOQOHKAETCS, U MOXKHO YTBEpPXAaTb, YTO ByayLiee HayKu
BO MHOrom ByfeT 3aBUCETb OT TOrO, Kak Mbl 6yieM MOHUMATb U MCMONb30BaTh YCa B HOBbIX
KOHTEKCTax.
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1. Introduction

The term “startup” implies the beginning of something, and its exact definition remains
controversial in the scientific literature. Startups are showing strong economic influence
around the world, with Microsoft, YouTube and, more recently, artificial intelligence platforms
such as Cappasity as prime examples. The Russian startup ecosystem developed in a similar
way in the 2000s, creating successful companies such as Yandex and Ozon. Currently, there
are about 700 technology startups operating in the country. This study examines startup
ecosystems as complex networks of interconnected components that support enterprises
from conception to scale, emphasizing the crucial role of systematic government intervention
in the development of sustainable innovation ecosystems.
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2. Materials and methods

It is often thanks to startups that the world is changing, due to their ability to solve
difficult problems and offer promising innovations in relation to problems.

However, the path from an idea to a thriving company also entails certain risks. In most
cases, these difficulties are too much for a private entrepreneur. In this regard, it becomes
necessary to involve government structures in order to create favorable conditions in this area.

First of all, government measures should be aimed at increasing cooperation between
the main participants of startup ecosystems.

Such participants include:

1. Actors are entities that carry out activities aimed at other persons. For example,
startups themselves, investors, mentors, and others.

2. Infrastructure elements - facilities that ensure the development and functioning of
the spheres. This category includes accelerators, which are programs or companies that help
startups grow quickly, coworking spaces, which are workspaces for people who are not
involved in joint projects, etc [3, p. 119].

Thus, the strategy of public policy should be aimed at maintaining ecosystems for their
natural emergence and scaling.,

Similar to the concept of “startup”, the term “financing mechanism”, which is the key
in this work, is characterized by the lack of a clear definition.

The definition presented in economic dictionaries has become most widespread in the
scientific literature: “A financing mechanism is an integral part of an economic mechanism, a
set of financial incentives, levers, tools, forms and methods of regulating economic processes
and relations. The financing mechanism includes, first and foremost, prices, taxes, duties,
benefits, fines, sanctions, subsidies, subsidies, interest on bank loans and deposits, discount
rates, duties” [4, p. 43].

In economically developed countries, there is a wide range of financial instruments
designed to support innovative companies, in particular, startups.

Further, this study translates a systematic analytical approach combining comparative
analysis of international cases and the methodology of literature review. For example, the rise
of venture capital investment in Israel is closely linked to the government's Yozma initiative,
which was launched in 1993. As part of this program, the government has allocated about
$100 million for the formation of the first venture capital funds, and has also introduced a
system of tax preferences to attract foreign investors [1, p. 1].

The next area of startup support is the formation of infrastructural elements:
technoparks, clusters and innovative scientific and technological centers. As an example,
Singapore should be mentioned, where a complex for startups has been created — One-north,
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combining the Biopolis biomedical park, the Fusionopolis IT park and the Mediapolis media
cluster [7, p. 2].

In the UK, the SEIS (Seed Enterprise Investment Scheme) program is effectively
functioning, providing tax benefits to individual investors who invest in new companies at the
initial financing stage, thereby demonstrating another type of government support — tax
incentives.

Estonia's experience in creating an E-Residency program and a startup visa is
recognized as a benchmark in the field of creating a digital business environment for non-
residents. The support mechanism for this program is a special visa program [8, p. 513].

Government support impact mechanisms are also being implemented within the
Russian Federation, for example through the National Technology Initiative project or the
Innovation Assistance Fun [6, p. 6].

The analytical framework uses the principles of systems theory - integrity,
interdependence, and adaptability — to evaluate ecosystem performance. Methodological rigor
is maintained through multiple data sources and a systematic comparison of financial
instruments in different jurisdictions.

3. Results and discussion

The analysis identifies three main vectors of government influence: direct financing
mechanisms, infrastructure development, and the regulatory framework. Russian grant
programs demonstrate effectiveness, as evidenced, for example, by a 27% increase in AGBIS
revenue after receiving a government grant of 20 million rubles [5, p. 3]. Comparison with other
countries also shows differences in approaches: while France and Brazil focus on credit
financing, the Israeli Yozma program has successfully catalyzed venture capital through
government co-investments, in Russia there is limited development of business angel
financing (only 1% of total investments in 2020) [9, p. 6].

Infrastructure analysis reveals the growing role of accelerators and incubators as co-
owners, not just sponsors. International examples demonstrate the effectiveness of integrated
infrastructure approaches. At the same time, new models such as crowdfunding platforms
represent innovative approaches to regulation [2, p. 4].

The study reveals significant structural problems in the Russian startup ecosystem.
Among them are institutional fragmentation, which creates duplication and complicates
navigation for entrepreneurs; regional concentration of resources in Moscow and several large
centers, which limits development nationwide. In addition, there is a chronic shortage of labor,
despite educational initiatives such as the Digital Economy program.
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4. Conclusion

The results confirm that the creation of successful ecosystems requires the joint
application of financial, infrastructural and regulatory mechanisms adapted to national
conditions. Isolated support measures turn out to be less effective than integrated approaches
that cover all components of the ecosystem at the same time.

The future development of the ecosystem depends on the digitalization of interaction
between government and business, strengthening regional specialization and strengthening
international cooperation within the developing global value chains. The study highlights that
systematic, adaptive approaches based on continuous performance monitoring provide the
most sustainable results in the development of the startup ecosystem.
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Abstract. This article addresses the methodological transformation of the engineering design education process in
the context of the Fourth Industrial Revolution (Industry 4.0) and the rapid evolution of Computer-Aided Design (CAD)
systems. The study's relevance is driven by the necessity of cultivating key digital competencies and skills in Generative
Design among future engineers. An analysis of modern pedagogical concepts is presented, including Project-Based Learning
(PBL), immersive learning, and adaptive testing. For the first time, the integration of Artificial Intelligence (AI) and
Virtual/Augmented Reality (VR/AR) technologies into CAD teaching methodologies is discussed to enhance students'
cognitive engagement and optimize the educational process. The paper also discusses empirical results of pilot implementation,
challenges in adopting new methods within engineering education, and prospects for developing Personalized Educational
Trajectories (PETs).

Keywords: engineering education, CAD systems, project-based learning, artificial intelligence, virtual reality,
immersive learning, digital competencies.

Annomayua. B cmamve paccmampubaemca memodosoeutieckas mpancgopmayus npoyecca o0yueHus cnmyoennod
urKeHepHoMYy npoexmupobanuto 6 xonmekcme UemBepmou npomwiusennon  pebosoyuu  (Muoycmpuu 4.0) u
cmpemumenstoeo pasbumus CAD-cucmem (Computer-Aided Design). AxmyassHocms uccaedobanus o0yciobaena
Heobxo0umMocmyio opmupobanua y 0yoyujux urxenepol xaouebvix yugpobvix komnemenyutl u Habvikob pabomo. ¢
eenepamububim ousainom (Generative Design). IlpedcmaBaen anaius cobpemennvix hnedaeoeuueckux KOHYenyuti —
npoexmuo-opuenmupobarnoeo odyuenus (Project-Based Learning, PBL), ummepcubroeo obyuenus u adanmubrozo
mecmupobanus. BnepBvie  obcyxdaemcs  unmeepayus  mexuosoeui  uckyccmbennoeo unmessexma (MU)  u
Gupmyaavroti/Oonosnennon  peasviocmu (VR/AR) 6 memoduxy mnpenooabanus CAD-cucmem 044 noBviuieHus
KoeHUmubHou Bobaeuennocmu  odyualowuxca u cobepuiencmbobanus  obpasobamenvrozo npoyecca. Obcyxoaromcs
SMnUputeckue pesyAvmams. NUAOMHO0 BHeOpeHus, npobAembl UMNAEMEHMAUUU HOBbX Memodo8 6 uHieHepHOM
obpasoBanuu u nepcnexmubol pazbumus nepconasusupobantsix obpasoBamervrvix mpaexmoput ([1OT).

Katouebvre caoba: umxenepnoe obpasobarnue, CAD-cucmembv, npoexmHo-opueHmupobantoe obyueHie,
ucKyccmbeHHolll uHmensekm, BUpMyalsHas peasbHOCHy, UMMepcubHoe obyuenue, yugpoboie KoMNEmeHyUL.

PeueH3eHT: MapTexa AnekcaHap Hukonaesn4 — KaHaMOaT TEXHUHYECKNX HayK, OAOLEHT.
HoueHT ®IB0Y BO «PTAY-MCXA um. K.A. Tumnpssesar»
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[MogroToBKa  BbICOKOKBaNIMMPUUMPOBAHHBIX  WHXEHEPHbIX  KagpoB  sIBNSieTCS
cTpaTerndeckom sapaden B ycnoBuax rnobanbHoin umdposmusaummn npoussoactsa. CAD-
cuctembl (AutoCAD, SolidWorks, CATIA, Siemens NX, Fusion 360) ctann MHTerpanbHOWn
OCHOBOW COBPEMEHHOINO WHXXEHEPHOro MPOEKTUPOBaHUSA. TpaguumMoHHas MeToauka,
hoKycupyroLWasacs Ha nocnefoBatesibHOM U3YYEHUUM WHCTPYMEHTapuUss M BbINOJSIHEHUN
CTaHOAPTU3UPOBAHHbIX YepTexxen, AEMOHCTPUPYET CHUXKEHNE MOTUBAUUK CTYAEHTOB U He
COOTBETCTBYET peasibHbIM NPOU3BOACTBEHHBIM 3anpocaM. ITO TpebyeT akCUONOrm4ecKoro
nepecMoTpa NOAXo[0B K 06yYEHNIO.

Llenb nccneposaHus — TeopeTn4ecKn OOOCHOBATb U SMMUPUYECKN NOATBEPAUTb
9P PEKTUBHOCTb COBPEMEHHBIX MOAXOO0B, OCHOBaHHbIX Ha uWHTerpauun VN un VR/AR, B
0ByYeHNN NHXXEHEPHOMY MPOEKTUPOBAHNIO C Ncnonb3oBaHnem CAD-cuctem.

HayyHaa HOBM3HA 3ak/o4vaeTcsd B MNPedsIoKeHUN KOHUenTyasbHOM  Mopenu
obpasoBaTenibHOro npolecca, NUHTErpUpYyoLLen:

1. [MpoekTHyto meToponoruto (PBL) kak ocHoOBY.

2. NW-accuctmpoBaHne ansa asTomMatnsauum pyTUHHBIX 3TanosB U NepcoHanm3aummn
obyyeHuns.

3. NmmepcnBHoe o06ydeHne (VR/AR) pna  pasButuss  NPOCTPaHCTBEHHOrO

MbILLTEHNA N HAaBbIKOB MPOTOTUNMNPOBAaHUA.

1. MeToponornyeckasi 6asa u coBpeMeHHble negarorm4eckue KoHuenuum
1.1. NpoekTHO-OpueHTuposaHHoe O6y4eHue (PBL)
PBL BbICTYynaeT KA4YeBbIM OUAAKTUHECKUM UHCTPYMEHTOM, NO3BOASIOWNM NEPENTN
OT PEernpoAyKTUBHOIrO K NMPOZYyKTUBHOMY 06y4eHnto. BMeCcTo co3aaHnsa abCcTpakTHbIX geTanen,
CTYOEHTbl pelarT KOMMEKCHblIE, OTKPbITbIE WHXXEHEPHblE 3afayn, MakCUMasnbHO
NPUBANXKEHHBIE K peanibHOMY NPON3BOACTBY.

Kputepuii TpagvumoHHbIA noaxon, Nopxon Ha ocHoBe PBL + CAD
Lenb BbinosiHeHne  4veptexxa  no | MNMpoekTupoBaHne yHKUMOHAIbHOrO NPOAYKTa (opoHa,
3apaHus OCT/ISO. MeXaHn3ma, OCHaCTKMW).
Ponb VcnonHutens. [unsanHep, aHanUTUK, KOMaHAHbIV UIPOK.
CTyAeHTa
®dokyc CooTBeTCcTBUE cTaHgapTam | PaboTocnocobHOCTb mopenn, 3KOHOMMYeECKas
OLeHKN odhopMIIeHusI. 3P HEKTUBHOCTb, NHHOBALIMOHHOCTb.

1.2. NHTerpaumsa UckyccteeHHoro NHtennekra (M) B CAD-KoMneTeHuumn
CoBpemMeHHble CAD-cuctembl Bko4YarT yHkumn WA, Takne Kak reHepaTuBHbINA
AM3arH, aHanua3 TOorosiorMM 1 aBTOMaTM4yecKoe pacrnos3HaBaHue 3anemMeHToB. OO6y4eHue
OOJHKHO (hOKyCMpoBaTbCA Ha ncnonb3osaHun NI Kak KOrHUTUBHOMO aCCUCTEHTa:
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. YckopeHne pabotel: W pgna  aBTomMatm3auum  PyTUHHBIX  onepauui
(onpepeneHvne pa3mepos, yaaneHne N3bbiTOYHbIX 3/IeMEHTOB, NPOBEpKa CBA3EN).

. Ontumnzaums: MNprnmeHeHne anropntmos N gna aHanmsa acknsa 1 nosyyeHus
ONTUMU3NPOBAHHBIX MPOEKTHbLIX PeLleHnn (Hanpumep, CHKEHWe Macchbl petanu npu
COXpPaHeHUn NPOYHOCTH).

1.3. UmmepcusHoe O6yyeHune ¢ ncnonbsosaHnem VR/AR
BuptyanbHas peanbHocTb (VR) 1 pgononHeHHas peanbHocTb (AR) npepnaratoT
KayeCTBEHHO HOBbLI YPOBEHb B3aUMOOENCTBUA C UMPPOBLIMA MOAENsMU, pasBuBas
NPOCTPaHCTBEHHOE MbILLIEHNEe — KJIKOYEBOW HaBbIK NHXKeHepa.
. VR-cpepgbl: [103BONAIOT CTyaeHTaMm "norpy3nTtbca” B Mogenb B MmacwTabe 1:1,
NpoBOANTL BUPTYasIbHYKO COOPKY/PasbopKy CNOXKHbLIX MEXaHU3MOB W TeCTUpOBaHue
NPOTOTUMNOB.

. AR-TexHonornn: Vicnonb3yloTca [N HanoXeHus uugpoBon Mopenn Ha
peanbHoe obopyaoBaHne B nabopatopuin, 4YTO yy4dllaeT BU3yannsawumo AonyCKOB 1 MOCaAoK
N yCTPaHAET HEOOBXOAMMOCTb OPOrOCTOALLErO (PU3NYECKOrO MaKETUPOBAHNS.

2. NN Kak MHCTPYMEHT NepcoHaansauymm u asTomaTm3auum B npenogasaHnu
2.1. ApantuBHoe obyyeHue n M1
NN mMoxeT OblTb  UCMONb3OBaH O  CO34aHUS  MEePCOHaNN3MpPOBaHHON
obpasoBatenbHon TpaekTopun (MOT), 4TO KPUTUYECKN BaXKHO ON19 CTYOEHTOB C pa3HbiM
YPOBHEM Ha4asbHOW NOArOTOBKU.
MexaHnam paboThl:

1. HOwnarHocTtuka: N-anroputm aHanusnpyeT CKOPOCTb BbINOSIHEHUS 3afaHun u
Tnnbl owmnbok ctyaeHTa B CAD-cpepe.
2. ApanTtaumsa: Ha ocHoBe aHann3a reHepupyroTca MHAMBMAyanbHble oby4vatoLme

MOAYN NN NOACKA3KN (Hanpumep, YCUIEHHOe NMOBTOPEHne paboTbl C CONPSIXKEHUSMN UK
NOBEPXHOCTHLIM MOAENINPOBAHNEM).

3. ABTOMaTU3NPOBaHHasa obpatHasa cBasb: NN aHanusnpyet 3D-mMopens CTyaeHTa
(NpoBepsAs reoOMeTPUYECKYID KOPPEKTHOCTb UM cobnmogeHne T3) u  npepoctasBnseT
MrHOBEHHblEe pEKOMeHAaUNN No UCMpPaBfIeHNIO, CHUXKas Harpys3Ky Ha rnpenopasartens.

Ona oueHkn 3dHEKTUBHOCTN HOBbLIX MNOAXOA0B OblNO0 NpoBeAeHO MNUOTHOE
nccnepgoBaHne Ha oByx rpynnax ctygeHToB (n=60, ~30 4YenoBek B rpynne), M3y4asLumnx Mogy b
"COOpOYHbIE HYepTEXM 1 crneundmrkaummn'.
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Tabnuya 1

CpaBHuTenbHas oueHka apekTmBHocTn 0byyeHus (MnnoTHoe nccnenoBaHne)

MNokasaTtenb TpaguumoHHaa rpynna JKcnepuMeHTasnbHas rpynna PasHuua

(nekuynn + ctaHpapTHble (PBL + VR-c6opka + NN- (%)
3apaHus) npoBepKa)

CpepHui 6ann no | 72.5+4.1 86.2+3.5 118.9%

UTOrOBOMY MPOEKTY

CKopocTb BbinosiHeHust | 15.8 12.4 121.5%

(nHanbHOro NpoekTa (4acobl)

NHpekc BOBJIe4eHHOCTHN | 6.1 8.5 139.3%

(onpoc) (no wkane 1-10)

KonunyectBo owmbok B | 4.3 1.8 158.1%

cHOpPOYHBbIX CBA3AX (CpeaHee

Ha NPOEKT)

BoiBoa: BHepgpeHne PBL ¢ ncnonesosaHnem VR gna TpeHuposku cbopkn u A ons
MIHOBEHHON OOpaTHON CBA3W 3HAYUTESIbHO YJydlIaeT akageMUYeckue pesynbrarthl,
coKpawlaeT BpeMsa paboTbl 1 MOBbILLAET BOBNEYEHHOCTb CTYOEHTOB.

3. lNpobnemMbl UMNIEMEHTaUUN U NEPCNEKTUBLI Pa3BUTUS
3.1. Bbi30oBblI BHEgpeHus

BHeOpeHne onucaHHbIX MOOXOOO0B COMPSXKEHO C PSAOOM UHAPPACTPYKTYPHbIX U
KagpoBbIX Npobnem:

. TexHu4eckoe ocHalleHue: Bbicokas ctonmocTb VR-060opyaoBaHus, nuueH3nm
Ha npodgeccnoHansHoe CAD-INMO ¢ NN-pyHKuMamMK, a Takke TpeboBaHMe K BbICOKOMN
BbIYMCIUTESNIbHON MOLLHOCTY Y4EOHbIX KOMMbIOTEPOB.

. KagpoBass ~ nogrotoBka: Hepoctatok  npenopasatenein,  BRagerowmx
aKTyasibHbIMW 3HaHUAMW B 0O6NacTn reHepatuBHOro amsanHa, VR-nHTerpaumm n metogamm
nporpamMmMnpoBaHus ans Hactponkn NN-nHctpymeHToB.

. MeToan4yeckoe yctapeBaHue: CTpeMUTENbHOE Pas3BUTME TEXHONOMNn TpebyeT
NOCTOSAHHOrO OBHOBJIEHMS Y4EeOHBIX NSIAaHOB U ANOAKTUYECKNX MaTepuasios.

3.2. Ctparternyeckue nepcneKkTmBbl
[na npeogoneHns BbI3OBOB HEOOXOOUM CUCTEMHBIV MOAXOA:

1. dopmnpoBaHne obpasoBaTeflbHbIX KOHCOPUMYMOB: TeCHoe COTPYyAHUYECTBO
MexXay By3amu, MPOMBbILLSIEHHBIMU NpegnpuaTnamMmn n paspabotyukamm MO ans cosgaHus
COBMECTHbIX 06pasoBaTesibHbIX LLIEeHTPOB 1 06ecneveHns CTaXXNPOBOK NpenogasaTtenei.
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2. Mopgynspusaunsa nporpamm: Paspabotka rmbkux, MoayfbHbIX Yy4ebHbIX
nporpamm, rno3sBoNALLMX ObICTPO NHTerpmupoBaTb HoBble CAD-dyHKUnKn n TexHonorum (MA,
AR/VR) 6e3 nosHom nepecTponkn Kypca.

3. PasButne oOTKpbITbIX ObpasoBaTesibHbIX pecypcoB: Co3gaHne 6a3 AaHHbIX
peanbHbIX WHXEHEPHbIX MNPOEKTOB W BUPTyasibHbIX JlabopaTopHbIX paboT Ha OCHOBE
OTKPbITOro Kofa 1 obnayHbIx nnatgopmM.

3akJioyeHne

WccnepoBaHne  nogTBepXKpaeT, 4TO  TpaguumoHHas  napagurma  oby4eHus
NHXXEHEPHOMY TMPOEKTUPOBAaHUIO [O/MKHA OblTb 3aMeHeHa Ha WHTErpupoBaHHYHo,
TEXHOMOrMYECKN HacbIWeHHY0 Moaenb. Metoq PBL, gononHeHHbIn NIN-accnctuposaHmnem u
nMmmepcusHbiMn TexHonoruamn (VR/AR), aensetca Hanbonee apdeKTBHbIM NOAXOA0M ANS
NOArOTOBKU MHXXEHEPOB, KOHKYPEHTOCMOCOOHbIX B ycnosuax Vingyctpun 4.0. 3T nogxoapl
obecrneymBaloT MOBbILLIEHNE Ka4yecTBa MPOEKTUPOBAHUSA, CHWXKEHMe 4ucna owunbok u
hOpPMUPYIOT Y CTYOAEHTOB KPUTUYECKUN Ba>KHbIE HAaBbIKW LIMPPOBOro B3anMoaenCTBUS.
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ApHo BepoHuka BnagummnposHa
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BocTouHbIN rocygapcTBeHHbIN YyHMBepcuTeT, r. MaragaH
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BocTo4HbIN rocyaapCTBEHHbIN YHUBEPCUTET, . MaragaH
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[MonuTexHMYeCcKnn MHCTUTYT

PIrb0Y BO «CeBepo-BocTouHbIN rOCYAapCTBEHHbIV YHUBEPCUTET

Abstract. The article is devoted to the analysis of the use of unmanned aerial vehicles (UAVs) in topographic
surveying of hard-to-reach territories. The technologies of data collection using UA Vs, their advantages in terms of efficiency,
accuracy and reduction of costs for field work are considered. Methods of data processing automation and integration into
geoinformation systems are presented. The economic and technological effects of the implementation of this technology in the
conditions of Russian practice are analyzed.

Keywords: unmanned aerial vehicles, topographic surveying, automation, geodesy, hard-to-reach areas, cost
reduction.
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Annomayua. Cmamosa noc6aujena aHaiusy npumenenus becnuiommuix semamesvhvix annapamof (BIUVIA) 6
monoepagpuyeckoil  ceeMke mpyoHodocmynHux meppumopui. Paccmampubatomca  mexuosoeuu cbopa OaHHBIX C
ucnoavsoBaruem BITJIA, ux npeumyuecmba 6 onepamubrocmu, mMOUHOCU U CHUXEHUU 3ampam Ha noaeBvle pabombl.
Ilpedcmabaenst memodv: abmomamusayuu obpabomku OaHHBIX U UHMeepayuu 6 eeOUHPOPMAYUOHHbIE CUCITIEMBL.
AHaiusupyomcs IKOHoMUMeCKUe U mexHoi02udeckue ghgpexmul Bredpenus 3moiu mexnosoeuu 6 ycaoBusx poccuiickorl
NpaKmuxu.

KaroueBovie caoBa: Oecnusommvie semamervhvle Annapamsl, mMono2papuyueckas Cceemxd, A6MoMamusayis,
2e00e3us, MmpyoHo00CHY nHble PAloHbl, CHUKEHIe 3ampanm

PeueH3eHT: Toponues Bacunuin BnagnuMmpoBuy - KaHANOAT TEXHUYECKNX HaYK, OOLEHT.
Oreoy BO «PTAY-MCXA nm. KA. Tumnpsazesa»

BeepeHve. Tonorpaguyeckas cbeMka TPagUUVMOHHO SABASETCA TPYAOEMKOWN U
JOpOorocTosiLen npouenypon, OcCcobeHHO B TPYAHOAOCTYMHbIX panvioHax C CIIOXKHbIM
penbeoM N kKaMmaTtudeckummn ycnosusmn. C BHegpeHnem 6ecrnunoTHbIX neTaTesibHbIX
annapatoB (BINJ1A) nosBunacb BO3MOXXHOCTb CYLLECTBEHHO MOBLICUTL 3(PPEKTUBHOCTb
npoesegeHna reogeamyecknx paboT. BIJTA BbINOAHAIOT BbICOKOTOYHYIO a3pO(OTOCHEMKY,
nos3soniaa cobupartb feTanbHble NPOCTPaHCTBEHHblE [AaHHble 3a 3HA4UTEeSIbHO MeHbluee
BPeMs 1 C MeHbLUMMY 3aTpaTaMmn PecypcoB MO CPaBHEHUIO C TPAAULMOHHLIMU MeToAamn [4-
6].

MeTtoabi

iccnepoBaHne OCHOBaHO Ha aHanu3e onbiTa NPOBeAeHUs CbeMOK C MPUMEHEHNEM
Tpex mogenein pgpoHoB ¢ cuctemamm RTK m PPK. l3mepeHbl napameTpbl TOYHOCTU
(cpepHekBagpaTudeckas owmnbka — CKO), BpeMsi NoneBblX N KamepasbHbIX pabdoT u
(buHaHcoBble 3aTpaTbl. ABTOMATM3MpPOBaHHass obpaboTka BbINOHEHA C NMOMoLUb Agisoft
Metashape n Pix4Dmapper [1-3].

Pesynbtatel

[na oueHkn ToyHOCTU N appekTnBHOCTU NnpumMmeHeHnsa BIJ1A ¢ cuctemamn RTK/PPK
B BbICOKOTOYHON TOMorpau4eckon CbeMKe Oblin MpoBefeHbl pacyeTbl OCHOBHbIX
napamMeTpoB: cpegHekBagpaTndeckon owmnbkm (CKO) no3mumoHnpoBaHns, BPEMEHN NOEBLIX
N KaMepasbHbIX paboT, a Takxke MHaHCOoBbIX 3aTpar.

1. ToyHOCTbL Nno3nunoHnpoBaHua CpegHekBagpaTnyeckas owmnbka o paccynTbiBanacb
no ¢popmyne 1:
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N

o= %Z (x; — W)?

i=1

roe:

X; — N3MEPEHHOE 3HAYEHNE KOOPONHATbI (-1 TOYKWY;

U — UCTUHHOE W/N 3TaNIOHHOE 3HaYeHne KoopanHaThl;

N — 4ncno nsMepeHni.

Ha npaktnke pgna cuctem RTK pocturaetcs TOYHOCTb MOSULUMOHUPOBAHUS B
FOPU3OHTaNbHON MMOCKOCTU Ha YPOBHE 1—2 CM, YTO MNOATBEPXAAETCA HaLMMU
N3MepeHnsiMn: cpepHss o, = 1.4 cm, g, = 1.6 CM, g, = 2.3 cM. [Ina PPK 3Ha4YeHns HaxopaTcs
B CXOXXEM AmanasoHe C BO3MOXXHOCTbIO 6onee rmbkon obpaboTkn gaHHbIx [9-11].

2. BpemeHHble nokasatenmBpems noneBbix paboT Ty q U KamepanbHbIX Pa0oT Tyffice
OLEHMBANINCb KaK CYMMapHOe BpeMs, 3aTpayeHHOe Ha cOop AaHHbIX U nX obpaboTky
dopmyna 2.

O6bLee BpeMsi CbEMKU:

Ttotat = Trieta + Toffice @)

Hanpumep, npn cbemke yvacTtka nnaowaasto 500 ra no TpagnumoHHoOn Metoguke Tiorar
COCTaBNANO OKOso 45 gHen, Torga Kak ¢ npumeHeHnem bBINJ1A mogenn B — okono 11 gHen,
YTO AaeT COKpaLleHne BPeMEHN NoYTn B 4 pasa.

3. ®uHaHcoBble 3aTpaTtbl CymmapHble 3atpatbl Ciptq; Ha BbINOMHEHNE CbLEMKU
paccunTbIBaNMCb Kak CymMMa 3aTpat Ha nosiesble paboTbl Crieq, KaMepasbHyto 00paboTKy

Coffice V AMOPTU3ALMNIO 060PYAOBAHUA Cogyipment P-N2A.3:

Ctotal = Cfield + Coffice + Cequipment (3)
Hawwu pacyeTbl NoKasbiBalT, YTO NpPU TPaaUUMOHHON ChbeMKe 3aTpaTtbl Ha Y4acTOK B
500 ra gocturanu nopsgka 1,2 mnH py6., Toraa Kak npu ncnonb3osaHun BIMNJ1A — okono 400-
450 TbiC. py6. DKOHOMUSA cocTaBuna fo 65%, 4To CBA3aHO C COKpaLLEeHMEM BPEMEH NONEBbIX
paboT, yMeHbLUEHNEM YUCIEHHOCTM NMepcoHana v rnoBbilLeHneM onepaTnBHOCTU 06paboTKu
OaHHbIX.
4. Ob6paboTtka paHHbIX ¢ mncnonb3oBaHnem RTK/PPK TexHonorns RTK nossonsieT
CKOPPEKTMPOBaTb KOOPANHATLI B peasibHOM BPEMEHU, YTO (POpMarsibHO 3anucbiBaeTcs Kak (-
na.4:

Peorrectea(t) = Prover(t) + AP(2) )
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rae Pryper (t) — McxogHasa nos3nymnsa posepa (gpoHa), AP(t) — nonpaska, Bbl4UCNEHHas
6a30BOW CTaHUMeEN Mo CNyTHUKOBbIM curHanam. [pun aToM CBA3b MexXay APOHOM 1 6a30B0OM
CTaHumen omKHa 6blTb HENPEpPbIBHON.

B cnyyae PPK 6asoBas ctaHuus n poBep 3anucbiBaloT HeobpaboTaHHble AaHHble, a
KOppeKLUMs BbINOMHAETCA nocTobpaboTkon p-na 5:

Peorrectea(t) = INterp(Ppgse (t), Prover (1)) ©)
roe interp — uvHTEPNONAUMS MeXXOY BPEMEHHbIMU METKamu C MUCMosb30BaHNEM
CUHXPOHM3auumn rno spemenu [7-10].

Taknm obpasom, npumeHeHne RTK/PPK nossonsetr obecneyntb CaHTUMETPOBYHO
TOYHOCTb MeonpPUBA3KN C MUHUMAsTbHbIMK OLLMOKaMN N BbICOKON HaAEXXHOCTbLIO B CJIOXHbIX
ycnosusx [5, 8-11].

[aHHble pacyeTbl U PopMysbl NOOKPENAIT IMNUPUYECKMe pesdynbtatbl Tabnuy n
rpaukoB, OEMOHCTPUPYIOLNX CYLLECTBEHHOE MNOBbIWEHNE KadecTBa U 3P(PEKTUBHOCTU
Tonorpagunyeckon CbeMKn C NPUMEHEHNEM COBPEMEHHbIX BECMUAIOTHBLIX TEXHONOTNIA.

CoBpeMeHHble MeToAbl aHanM3a no3BONAIT He TOJSIbKO BU3Yyanu3npoBaTb OCHOBHbIE
TEHOEHUUN W pas3fmyuns, HO U rnybxe MOHATb B3aMMOCBA3U MeXAOy WuccnegyembiMin
napameTpamn. B Hawem cny4dae, Tabnuupl 1 n 2, otobpaxarwwue s3aTpatbl U BPEMEHHbIE
nokasaTesivm No pas3fnyHbIM MOAENAM OPOHOB, Cy>KaT OCHOBOW A/151 OLLEeHKU 3(P(PEKTUBHOCTU
NCNOMb30BaHNs aBTOMaTU3NPOBAHHbIX CUCTEM B Tonorpaduyeckon cbemke [13-17].

Tabnuua 1.
CpaBHuTenbHble xapaktepuctuku BINJIA gns ceemkn (2025)
MapameTtp Mopgenb A (DJI Mopenb B (SenseFly Mopenb C (DJI
Phantom 4 RTK) eBee X) M300 RTK)
TOYHOCTb reonpuBA3KN, CM 1.5 2.0 1.0
MakcumanbHoe Bpemsi noaeTa 30 myH 50 MuH 45 MyH
Mnowanb cbeMKu 3a peic, ra 50 200 120
CpefHAs CKOpOCTb MOSEBbIX 60 180 150
pabort, ra/4ac
3aTpaTbl Ha nonesble paboThl, 4 3 5
TbiC. py6./ra

AHannaupysa gaHHble, NpegcTaBfeHHble B Tabnuuax, BugHo, 4to mogenn ¢ RTK/PPK
CUCTEMaMN 3HAYUTENIbHO MPEBOCXOAAT TPaAAUUNOHHbIE MEeToAbl MO TOYHOCTUM U CKOPOCTU
BbINOMHEHNS paboT, YTO NOATBEPKAAETCS rpadmkaMmn CHUKEHNA BpeMeHn 1 3aTtpart (puc.1,2)
[3, 15-17].
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Bpemsi n 3aTtpaTbl Ha Tonorpagu4eckyto CbeMKY

(obnactb 500 ra, TPYOHOAOCTYNHbLIN penbed)

Tabnuua 2.

MeTtop Bpems nonesbix paboT, | Bpemsa kamepanbHbix pabot, | Obwme 3aTtparthl, TbiC.
[Hen nHen py6.
TpaouumnoHHbie 20 25 1200
(HaseMHbI€)
BINJ1A, mogens B 4 7 400
BIJ1A, mogens C 5 8 450

45 -

40 -

35 4

30

254

OBuwee spema (OHK)

20 +

15 4

10 +

T
TpagWUMOHHBIE

BEMAA Mopens B

BIMNAA Mopene C

PucyHok 1. luHamMrka BpemeHn Tornorpapuyeckon CbeMkum

3TN rpadvkn NNNKCTPUPYIOT AUHAMKKY YAYYLIEHWIA U NOAYEPKMBalOT NpenMyLLecTsa

aBTomMartmn3auunun,

OVCTaHUMOHHOIO 30HANPOBaHUS
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1200

1200 4

1000 +

800 +

600

3aTpaTol, Toic. py6.

400 A

200 A

TpaoWUWOHHbIE BIMJIA Monens B BMAA Mopens C

PucyHok 2. 9koHoMuA 3atpat ¢ ncnosnb3osaHuem BIJ1A, Teic. py6.

O6cy»xaeHne

Vcnonb3osaHue BIJ1A no3BonseT CoKpaTtuTb BPEMS BbIMOSHEHNS TONOrpagn4eCcKon
CbEMKMU B TPYAHOOOCTYMNHbIX panoHax Ha 50-70%), obecne4ynsasi Npy 3TOM TOYHOCTb AaHHbIX
0o 1-2 cm 6narogapst RTK/PPK-cnctemam.

ABTOMatmsaumsi 0o6paboTKM  [aHHbIX C  MOMOLUBK  Cheunanu3vpoBaHHOro
nporpammMmHoro obecnedeHuns (Agisoft Metashape, Pix4Dmapper) CcHuxaeT Bpems
kKamepasnbHbIX paboT o 30% OT TpaauUMOHHbIX 3aTpart [7, 12-14].

SOKOHOMUYECKNN ahcpeKT ncnonbaosaHus BIMJIA BblpaxxaeTca B COKpalleHun 3aTpat
Ha nonesble paboTbl Ao 25-30% 3a cYEeT MUHMMU3AUMN KOMYECTBA HA3EeMHbIX CbEMOK U
YMEHbLUEHNS 3aTpaTt Ha TPaHCNOPT 1 NepcoHan.

VHTerpauns nony4YeHHbIX AaHHbIX B FEOUH(OPMAaUNOHHbIE CUCTEMblI MO3BONSAET
onepaTuBHO CTPOUTb LNGPOBbLIE MOAENN MECTHOCTMU, UCMONB30BaTb UX AN NPOEKTUPOBAHNSA
NHPPACTPYKTYPbl 1 MOHUTOPUHIa gegopmaunii [8, 16-17].

lMpumeHeHne BI1J1A BO3MOXXHO B pasfinyHbIX MOrogHbIX U CE30HHbIX YCNOBUSX, YTO
3HAYUTENBHO pacLUNPSAET BO3MOXKHOCTU reofe3nyecKnx n3blCKaHui.
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Pe3ynbTaTbl NOATBEPXAAKT, YTO OGECNUNOTHbIE TEXHONOMMN KapOAuHaNbHO MEHSOT
nogxon K Tonorpauyeckon CbeEMKE, OCOOEHHO Ha CHOXHbIX W  TPYAHOAOCTYMHbIX
TeppuTopuax. Bblcokas TOYHOCTb M ONepaTUBHOCTb cOopa AaHHbIX, a TakXe CHWKEeHue
N3OEepPXXeK penarwT 3Ty TEXHONOrM MNpUBAEKaTeNbHON [N LUMPOKOro MNPUMEHEHUs B
CTpouTenbCcTBe, [[OO6bIBaOWEN MNPOMbLILWAEHHOCTU U FOCYAApPCTBEHHOM  KapjacTpe.
AKTyanbHON SABNAETCA 3agada Bblbopa ONTUMaNbHOro obopyAoBaHUA W MPOrpPamMMHOro
obecneyeHnss B 3aBUCUMOCTM OT crneundukn paboT. Heobxogumo Takxe passuBaTb
NOAroTOBKY CNeuMasncToB U TEXHNYECKYIO Nogaep KKy aKkcnnyaTaumn BIrJ1A.

3ak/iro4eHne

MpumeHeHne BIUJIA  pgna  BbICOKOTOYHOM — TOonorpapuyeckom  CbEMKU B
TPYOHOOOCTYMHbIX PaioHax 3Ha4YUTENIbHO NOBbIWaET 3P HEKTUBHOCTb reofae3nyecknx pabor,
obecrneymBas COKpalweHMe BpPEMEHU W 3aTpaTr nMpu BbICOKOM KayecTBe [aHHbIX.
ABTOMaTU3auus cbopa n obpaboTkm MHGpopMauMn cnocobCTBYET UHTErpaunn reogesun B
COBpPEMEHHble UU(pPOBbIE TEXHOMOMMN ynpasneHna Tepputopuen. BHeppenne BIJIA
ABNSETCA MEPCMNEKTMBHLIM HarnpasfeHWEM pPas3BUTUS OTpacan, Tpebdywmm AanbHenwero
nccnegoBaHna 1 aganTtauumn K yCnoBrUSAM POCCUACKNX PEMMOHOB.
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YepepHnyeHko Banepus CepreesHa,

MarnctpaHT Kadegpbl TensocnoBbiX yCTAaHOBOK U TEMOBbLIX ABUraTtenen,
CaHkT-lNeTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET NPOMbILLNEHHbBIX TEXHOIOMMI U An3aiiHa.
Bbicluas wkona TeXHONOrMn N 3HEepPreTnkin

Kawees Kupunn Onerosuny,

MarnctpaHT Kadegpbl TenaocnnoBbiX YCTAaHOBOK U TEMOBbLIX ABUraTenen,
CaHkT-lNeTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET NPOMbILLNEHHbBIX TEXHOIOMMI U An3aiHa.
Bbicluas wKona TeXHONOrnn N 3HEPreTukin

LLiInpses Anekcangp Omutpuresud,

AccucTeHT kadegpbl TennocnnosBbiX YCTAaHOBOK 1 TEMJIOBLIX ABUraTENEN,
CaHkT-lNeTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET NPOMbILLNEHHbBIX TEXHOIOMMI U An3aiHa.
Bbiclias wkona TeXHONOrnn N 3HEPreTUKn

Abstract. The article provides a comprehensive analysis of the effectiveness of hybrid hot water supply systems due
to the simultaneous operation of open and closed consumer connection schemes. The requlatory changes that led to this
situation and their impact on the technical and economic characteristics of the systems are being investigated. The
disadvantages and advantages of closed and open heat supply schemes are considered in detail. The results of the study make
it possible to identify optimal approaches to the operation and development of hot water supply systems in the context of
existing legislative requirements and technical restrictions.

Keywords: centralized heat supply, hot water supply, open heat supply system, individual heat point, closed heat
supply system, ZuluThermo, thermal power plant.

Annomayua. B cmamve npobodumcs xomnaexcHbili aHaius sgpgexmubHocmu eubpUOHbIX ClcHeM 20psauezo
BodocHabsxeHus, 00Yca0B81eHHbIX O00HOBpeMeHHbIM (DYHKUUOHUPOBAHUEM OMKPbIMbIX U 3AKPBIMBIX CXeM NOOKAIOHeHUS
nompedumenetl. Vccaedyromes HopmamubHeie UsMeHeHUs, Komopsie npubes k OAHHOU cumyayuu, u ux Bausuue Ha
MeXHUK0-IKOHOMUYeCKUe XaApaKkmepucmuxu cucmem. lemaivHo paccmampuBatomcs Hedocmamku u npeumyujecmba
3AKPHUINBLX U OMKPLINbIX CXeM meniocHabxenus. Pesysvmamuot uccaredoBanus nosbossiom Buiabums onmumasvHole 100x00b.
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K skcnayamayuu U pasbumuio cucmem eopaueeo B000cHaAbNeHUA 6 YcA0BuAX cyuectByouwux 3aK0HOO0AMeAbHbIX
mpeboBaniil U MexHUUeCKUX 0epaHU4eHUT.

KaroueBvie caoBa: yenmpasusobannoe meniocHabxenue, eopauee 600ocHabxeHue, OMKpbimas cucmema
menaocHabxenus, UHOUBUOYAAbHBIL —mMena060ti  nyHkm, 3akpuimas  cucmema menaocHaOxenus,  ZuluThermo,
MeNnA024eKmpoyeHmpans.

PeueH3eHT: Toponues Bacunuin BnagnuMmpoBuy - KaHANOAT TEXHUYECKNX HaYK, OOLEHT.
Oreoy BO «PTAY-MCXA nm. KA. Tumnpsazesa»

B psioe HaceneHHbix NyHKTOB Poccuinickon ®epepaunn OOMUHUPYET MNPUMEHEHUE
OTKPbITbIX CUCTEM TennocHabxeHus. Bcnenctene BBegeHns depepasibHOrO 3akKoHa OT
27.07.2010 r. Ne 190-®3 «O TennocHabxeHnn» ¢ 2013 roga 66110 3anpeLleHo NOAKYEHNE
notpebutenenm K OTKPbITLIM cuUcTeMaMm ropsiyero BogocHabxeHua (MBC) ¢ otbopom
TensioHocuTens B KavecTtse nctodHnka NBC. Tem He MeHee, ¢ 1 aHBapsa 2022 roga yTpaTtun
cuny NyHKT gaHHoro ®epepanbHOro 3aKoHa, pernamMmeHTUpYoLWMiA 3anpeT Ha UCNosb30BaHne
OTKPbITbIX cnuctem BC, npu aTOM ycTaHaBAMBaoLWmin 065a3aTefIbHOCTb MNOAKIIIOHYEHNSA HOBbIX
noTpebuTenein no 3akpbiTon cxeme. B pesynbTaTe CrnoXxunacb cutyaumsi OogHOBPEMEHHOIO
PYHKLUNOHNPOBAHNA Kak OTKPbITbIX, TaK U 3aKpbITbix cuctem MBC [1].

[MpumeHeHne 3akpbITbix cuctem BC, HeCMOTPSA Ha 3akoHopaTeNbHble NPeannucaHns,
COMPSXKEHO C PAOOM TEXHUHYECKNX N SKOHOMUYECKUX OrPaHUNYEHNIA:

1. dopmMnpoBaHne MNHepasnbHbIX OTIOXKEHWU;

icnonb3oBaHne BOAONPOBOAHON BOAbI C NOBbILLEHHBIM COAEPXXAHNEM PACTBOPEHHbIX
COMEN B 3aKPbITbIX CUCTEMAX, OCHALLEHHbIX NACTUHYaTBIMN TENNO0OMEHHNKaMN, NPUBOOUT
K WHTEHCMBHOMY 0OCafKoobpa3oBaHWIO (HakuMnn) Ha MOBEPXHOCTAX TernsoobMmeHa. 3TO
CHUXXaeT a(h(peKTUBHOCTL Tensonepenadn n Tpebyet Nnepnognyeckon O4NCTKU, yBenmyinsas
aKcnyaTaunoHHbIE pacxoabl.

2. TEXHONOrM4YeckKmne 1 3KOHOMNYECKME acneKThbl.

akcnayaTaumsa 3akpbITbix cucteM BC xapakTepnsyeTcsi NOBLILLEHHOW CIOXXHOCTbLIO
MOHTa)ka MHauBMAyanbHbIX Tennosbix NyHKTOB (ATI1), 4TO BReyeT 3a cobon 3Ha4YUTENbHbIE
KanuTasnbHble 3aTpaTbl Ha NpMobpeTeHne COOTBETCTBYIOLWEro obopynosaHus. Kpome Toro,
HEeoOXOAMMOCTb NMPOBEAEHNSA PErYNAPHbIX Npoueayp OYUCTKM TensnooOMeEHHbIX annapaToB
yBeNn4MBaeT aKCnyaTaunoHHble pacxoabl.

MpenmywectBa OTKPbITbIX cxeM BC (N0 cpaBHEHUIO C 3aKpbITbiIMU) 3aKNI04YaETCH B
cnepgyoLem:

1. ahpekTNBHOE NCMNONMBL30OBaHNE 3HEPIrOPECYPCOB;

OTKpbITble CXeMbl NMO3BOAIAIOT YTUIN3NPOBATb HU3KOMOTeHUManbHoe oTpaboTasluee
Tenno TennoanekTpoueHTpanen (TOL) ona npepBapuTenbHOro Harpeea CeTeBOW BOAbI,
nogasaemMoin Ha Hy>xapl [BC.
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2. CHWXeHMne aKcnyaTaumoHHbIX Ppacxofos;

[Mpy ncnonb3oBaHNN OTKPLITbIX CXeM yMeHbLuaeTca ctommocTb UTIT n noBblwaeTcs
aKcnyaTaunoHHbIN PECYPC NIoKasbHbIX Y3510B cuctemsl [[BC, 4TO 06yCnoBnieHo ynpoLeHnem
KOHCTPYKLMN U MEHbLINMN TPeboBaHNAMM K TENI00OMEHHOMY 000pYyAOBaHNIO.

3. noTeHuman ansa ogHOTPYOHbIX CUCTEM.

CywectByeT BO3MOXHOCTb MPUMEHEHUSI  OOHOTPYOHbIX  KOHUrypauuin  ons
9(PPEKTMBHOro TPAH3UTHOrO TPaHCMOPTUPOBAHUS TEMJIOHOCUTENS, YTO MOXXET YNpPOCTUTb
rMAPaBNYECKYH CXEMY U CHU3UTb MaTePUasoeMKOCTb.

Hapsgy c npenmywectsamn, MpUMEHeHNe OTKpbITbIX cuctem [BC Takxe
XapakTepusyeTcsl PSAOM CYLLECTBEHHbIX HEAOCTATKOB:

1. yBennyeHne 3atpart Ha BOAONOAroTOBKY;

[MpMeHeHne OTKPbITbIX CUCTEM COMPSXXEeHO C BO3pacTaHWeM CTOMMOCTU WU
YCNOXXHEHNEM NPOLLECCOB CUCTEM BOAONOAroTOBKM Ha TALL, HanpaBneHHbIX Ha obecneyeHne
KayecTBa TEMNSIOHOCUTENS, NOAABAEMOro NOTPeBUTENAM.

2. npobnemsbl C rngpaBnnyeckon CTabubHOCTbLIO;

[MogKnoYeHne oTonuTesibHbIX NPUOOPOB K TEMSIOBOW CETUM MO 3aBUCUMOW CXEME B
paMkKax OTKPbITbIX CUCTEM MOXET nNpuUBOAUTbL K TMAPaBANYECKON HECTabubHOCTH,
NPOABNAOLLENCA B HEPAaBHOMEPHOCTU pacnpepeneHus TennoHocutens. [aHHas npobnema
MOXKET OblTb MUHMMN3UPOBAaHa MyTEM WCMOMb30BaHNSA HE3aBNCUMOWN CXEMbl MOAKIKYEHNS
TENnnonoTpebnsaloWwmMx YCTAaHOBOK, 4TO, OfHako, Bfe4YeT 3a CcoboW  YyCNOXHEeHune
rMOpaBINyeCcKom CXEMbI.

3. ycuneHne TpeboBaHnin K KOHTPOJO KadecTBa TENSIOHOCUTENS;

TpebyeTcss yvalleHMe W©  YCNOXHeHVMe npoueayp MOHUTOPUHra  KayecTsa
TENOHOCUTENA AN NPefoTBPaLLleHUs HeraTUBHbIX MOCNeacTBui Onsa notpebutenen wm
obopypnosBaHus [2].

4. aKcnyaTaunoHHbIe CITOXKHOCTU, OBYCNOBMIEHHbIE HEPABHOMEPHOCTLIO Pacxona;

HectabuneHocTb  pacxoga Bogpl B obpaTtHom  TpybornpoBoge  cos3paeT
DOMNONIHNTESNIbHbIE  CNIOXKHOCTM B MNpOUEecce aKcryataumn, 3aTpygHsas noaaepXxaHue
3afaHHbIX NapamMeTpPoB CUCTEMBI.

5. 3aTpyOHEHHbIN NOUCK yTeYeK.

HecTtabunbHbll pacxoq BoAbl B OOpaTHOM JIMHUW 3aTPyAHAET noKanusauuio MecT
HEnJIOTHOCTEN B TENIONPOBOAax, YTO MOXET MpPUBOANTb K 3HAYUTESIbHbIM TErMAOBbIM
NOTEPSIM N YBENMYEHUIO pacxoga TenoHOCUTENS.

Mpn NogKIOYeHNN HOBbIX 34aHWMMA MO 3akpbiTon cxeme BC K OTKpbITON cucteme
TENIOCHabXEHNA BO3HNKAET «CMELLIAaHHAasA» CXema, KoTopasi UMeeT HEKOTOPbIE HeJOCTaTKM.
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Mpn skcnnyaTtaumm B Tennble Mecsubl OTOMUTENbHONO Ce30Ha A1 «CMeLUaHHON»
CUCTEMbI TensocHabXXeHns TpebyeTca bonee BbicOKas TeMnepartypa CETEBON BOAbI, YEM Npu
paboTe c OTKpbITbIMA cuctemamun BC n3-3a TemnepaTypHOro Harnopa B nogorpeBaTensx
BC B TennoBbIx NnyHKTax [3]. O6blMHO TemMnepaTypHbI Hanop B NogorpesaTensax TenaoBbIX
NYHKTOB NMpuHumaroT 5-10°C.

B cBolO ou4epenpb yBennyeHWe TemnepaTtypbl CETEBONW BOAbl B MNofaloLem
TpybonpoBoae TpebyeT yBenmyeHUs fasreHus oTbopHoro napa Ha TOLU. [aHHbin acnekT
NPUBOANT K CHIDKEHUIO MOLLUHOCTA napoBon TypOuHbl. [Onsa obecneveHna Tpebyemon
9NEKTPUYECKON MOLLHOCTU Npu paboTe Ha «CMELIaHHOW» cucTeMe noTpebyeTcs yBennynTb
pacxopa Tonnmsea Ha TIOL [4].

Kpome TOro, noBbllWEHNE TeMnepaTypHOM CpPes3Ku 3UMon, Heobxogumoe Ons
«CMELUaHHOM» CUCTEMbI TensocHabXeHusi, npuBegeT K MNOBbLIWEHNIO aBapuUMHOCTU
N3HOLLEHHbIX TEMN0MNPOBOAOB OTKPLITON CUCTEMbI TEMSTIOCHAOXKEHNS.

[NoBbILLEeHVE TeMMnepaTypbl B NogatoLLen MMHUM NPUBEAET K MNOBbLILLEHMIO TeMMNepaTypsbl
B 0BpaTHOM NIMHUN TEMSIOCETU N, COOTBETCTBEHHO, K HEoOXoauMocTn otbupatb nap 6onee
BbICOKOro gaeneHuns Ha TOL, ana nogorpesa ceteBon BoAbl. OOHUM N3 BO3MOXXHbIX peLLeHI
ABNSETCA YCTAHOBKA B 3A4aHUSX [AOMNOSHUTENbHBIX TEnn00OMEHHbIX annapaTtoB Ans
npeasapuTenbHOro nogorpesa sogonposogHon sogpl Ha 10°C.

MmopaBnuyeckne pexxnMbl TEMOBbLIX CETEN, paboTarowmx N0 OTKPbITON N 3aKpbITON
cuctemam TensiocHabXXeHns pasnuyaroTcs. B «CMellaHHbIX» cuctemax TerniocHabXeHns
MOryT nosiBUTCSA npo6nemsl CUHXPOHM3auunn aBTOMAaTU3NPOBAHHbIX "
HeaBTOMaTMU3NPOBaHHbIX TEMNOBbLIX MYHKTOB [5].

Ona n3yyeHnss paboTbl «CMeLLaHHbIX» CUCTEM TernsocHabXeHUs, a UMEeHHO aHannaa
rMApPaBANYeCKUX PEXXMMOB B Tennorngpasnnyeckoin mogenun ZuluThermo cpepabl ZuluGIS [6],
B KayeCcTBe MecCTa pacnosfioXKeHNs TENNOBLIX ceTen Obina BblbpaHa JIeHnHrpaackast obnactb
P®. TemnepaTypHbI rpaduk cuctembl TennocHabxxenns — 110/70°C. CpaBHeHNe OTKPbITOMN,
3aKpbITO N «CMeLLaHHon» cnuctem [BC npoBognnock Ans 3UMHEro pexxuma. Temnepatypa
Boabl B nogarowen nuHnn — 93°C, Temnepartypa B 06paTtHOM IMHUN 3aBuUcuT OT cxembl 'BC.
Bbinn 3apgaHbl napameTpsbl ona cxem BC:

1. oTKkpbIiTas cxema BC ¢ aneBaTOpHbIM NPUCOEOMHEHNEM CUCTEMbl OTOMEHUS
(pncyHok 1);
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PucyHok 1. lNbe3omeTpuyeckuii rpaduk gnst cxemol Nel

2. «CMelaHHas» cuctema BC ¢ ogHocTyneH4atbiM nogorpesom Bofabl BC: 75%
noTpebuTtenen NOAKKYEHbI MO OTKPbLITON cxeme, 25% no 3akpbITOM CXeme, cuctema
OTOMJIEHNA NPUCOeANHEHA NO 3N1eBATOPHON CXeme (PUCYHOK 2);
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PucyHok 2. lNee3omeTpuyeckuii rpaduk gnst cxembol Ne2

3. «cMmewaHHasa» cuctema NBC ¢ ogHocTyneHvatbiM nogorpesoMm Bogbl BC: 50%
noTpebuTenen NOAKKYEHbl MO OTKPbITON cxeme, 50% no 3akpbITOM CXeme, cuctema
OTOMNJSIEHNA NPUCOEANHEHA MO 31EBATOPHON CXemMe (PUCYHOK 3);
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PucyHok 3. lNee3omeTpuyeckuit rpadpuk ons cxembol Ne3
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4. «cMewaHHas» cuctema BC ¢ ogHocTyneH4atbiM nogorpesom Bofabl MBC: 25%
noTpebuTenen NOAK/KYEHbI MO OTKPbLITON cxeMe, 75% no 3aKpbITOM Cxeme, cuctema
OTOMJIEHNA NPUCOEANHEHA NO 31IEBATOPHON CXeMe (PUCYHOK 4);

9
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PucyHok 4. lNee3omeTpuyeckuit rpaduk ons cxembol Ned

5. sakpbiTaa cuctema 'BC ¢ ogHocTyneH4YaTbiM nogorpesoM Bofgbl BC, cuctema
OTOMJIEHNA NPUCoeaNHeHa No 3N1eBaTOPHON Cxeme (PUCYHOK 5).
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PucyHok 5. lNee3omeTpuyeckuit rpaduk gns cxembol Neb

6. «cMewaHHasa» cuctema 'BC ¢ gByxctyneH4aTtbiM nogorpesom Bogapl BC: 75%
noTpebuTenen NOAKKYEHbI MO OTKPbLITON cxeme, 25% no 3akpbITOM CXeme, cuctema
OTOMJIEHNA NPUCOEANHEHA MO 9N1EBATOPHON CXeMe (PUCYHOK 6);

)

to &

# ¢ b g )
o

N e

Hanop,

PucyHok 6. Nbe3omeTpuyeckun rpaduk ons cxembol Ne6
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7. «cMewwaHHasa» cuctema BC ¢ gByxcTyneH4aTbiM nogorpesom Boabl BC: 50%
noTpebuTenen NOAK/KYEHbl MO OTKPbITON cxeMe, 50% no 3akpbITOM Cxeme, cucTema
OTOMJIEHNSA NPUCOEANHEHA MO 9N1EBATOPHON CXeMe (PUCYHOK 7);
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PucyHok 7. lNee3omeTpuyeckuii rpaduk ons cxemol Ne7

8. «cMewaHHas» cuctema BC c aByxcTyneH4atbiM nogorpesom Boabl BC: 25%
noTpebuTenen NOAKIKYEHbI MO OTKPbLITON cxeme, 75% no 3aKpbITOM CXeme, cuctema
OTOMJSIEHNA NPUCOEANHEHA MO 9N1EBATOPHON CXeMe (PUCYHOK 8);
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PucyHok 8. Nbe3omeTpuyeckuit rpaduk ons cxembol Ne8

9. 3akpbiTasa cuctema 'BC ¢ gByxcTtyneH4atbiM nogorpesomM Bogapl BC, cuctema
OTONMIEHNA NPUCOEANHEHA MO 371IEBATOPHON CXEME (PUCYHOK 9).
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PucyHok 9. lNee3omeTpudeckuit rpadmnk gns cxembl Ne9

PeaynbTaTbl pacyeTa Mogenen cuctemMm TensocHabxeHnsa ona pas3nnydHblx cxem BC
npencTasneHsl B Tabnuue 1.
Tabnuua 1
PeaynbTaThbl pacyeta cxem TennocHab)XeHus

Cxema cucTtembl TensiocHab>xeHns
Ne1 Ne2 Ne3 Ne4 Ne5 Ne6 Ne7 Ne8 Ne9

NokasaTtenb

YHucno ctyneHen
nogorpesa B 3aKpbITON - 1 1 1 1 2 2 2 2
cucteme 'BC
LDonsa notpebutenen,
MOAKJ/TIOYEHHbIX MO 1,00 0,75 0,50 0,25 0,00 0,75 0,50 0,25 0,00
oTKpbITON cxeme BC, %
LDonsa notpebutenen,
MOAKNKOYEHHbIX MO 0,00 0,25 0,50 0,75 1,00 0,25 0,50 0,75 1,00
3akpbiTon cxeme BC, %
Pacnonaraembii Hanop, M 64,9 74,8 85,0 92,5 102,0 69,0 66,1 64,4 62,3
Temnepatypa obpaTHoOW
ceTeBo Bofbl, °C 52,8 52,3 52,0 51,7 51,4 50,6 48,6 46,8 44,7
Pacxop B nopgatoLem
Tenaonposofe, M3/
Pacxop B o6paTHOM
Tenaonposofe, M3/
Pacxog nognutkun gns
KoMneHcauun otbopa 108,5 83,8 55,5 28,6 0,0 83,1 55,4 28,6 0,0
BC, m3/4
O6Lwmn pacxon NoannTKN
TEMNNOCETU C YHETOM 130,8 | 106,0 78,0 51,0 22,0 108,0 77,0 51,0 22,0
yTeyek, m3/y

827,4 | 855,0 | 887,0 | 917,0 | 950,0 | 800,0 | 781,0 | 764,0 | 742,0

696,6 | 749,0 | 809,0 | 866,0 | 928,0 | 692,0 | 704,0 | 713,0 | 720,0

[MprMeHeHe ogHOCTyneHYaTon cxembl nogorpesa 'BC npuBoguT K CyLLLECTBEHHOMY
yBEINYEHNIO pacnofiaraemMoro Harmopa Ha HaCOCHbIX arperatax, a TakXe K MOBbILEHUIO
TemnepaTtypbl CeTeBOW BoAbl B obpaTtHOM TpybornpoBode TensoBoM cCeTu. ITO, B CBOK
oyependp, Bne4YeT 3a COOOM POCT NOTPEONeHUA 3NEeKTPOIHeprun, Heobxoammon Ans
TPaHCMOPTUPOBKM TEMNOHOCUTENSA, U YBENUYEHNE pacxopa Tonnvea Ha TOL, Bcneactsue
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TEPMUYECKON Harpysku B obpatHoW maructpann [7]. B TO >Xe Bpemsi, BHegpeHue
OBYXCTyneH4yaTon 3akpblTo cxemMbl 'BC nossonseT appeKTMBHO HUBENMPOBaTL NPO6eEMbI,
CBsi3aHHble C NOBbILLEHHOWN TemMnepaTypor 06paTHON MHUM 1 N30bITOYHBLIM pacronaraeMbiM
HanopoM. OgHaKo, BHegpeHre OONONHUTENbHbIX TENI00OMEHHbIX annapaTos, He0OXOANMbIX
ONA peanusaunn aHHON cxeMbl, TPebyeT 3HaUNTENbHbIX KanuTasbHbIX UHBECTULMIA.
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Konovalov G.G. Analysis of the principles of mandatory access
control in modern information systems

AHanM3 NPUHLMNOB MaHAaTHOrO KOHTPOJIA JoCTyna
B COBPEMEHHbIX NH(OPMALMOHHBIX CUCTEMax

Konovalov G.G.,

student

Volgograd State University

KoHoBanos I'.I".,

CTYAEHT

Bonrorpagckuii rocyaapCTBEHHbIN YHUBEPCUTET

Abstract. This article examines the theoretical foundations and practical aspects of mandatory access control
(MAC). It analyzes the key principles of the mandatory model and compares it with other access control models —
discretionary, role-based, and attribute-based. It also addresses the implementation of mandatory access control in modern
operating systems (SELinux, Astra Linux), as well as corporate and cloud infrastructures. The advantages and disadvantages
of MAC are identified, and future development directions are outlined.

Keywords: information security, access control, mandatory access control, discretionary model, role-based model,
attribute-based access control, hybrid models, information security.

Annomayusa. B cmamve paccmompenst meopemuteckue 0CHOBbL U NpaKmuteckie ACHeKnbl MAHOATNHO20 KOHIPOAS
docmyna (MKII). [Ipoanasusupobarsl ocHoBHble NPUHYUNL MAHOAMHOT MoOeau, npoBedero cpabuernue MKII ¢ opyeumu
MoOeAaMU pasepanuvenus npad — ouckpeyuonHow, poseboi u ampubymubroi. Yoeieno Bnumarue Bonpocam peasusayuu
ManoamHozo koHmpoaa 6 cobpementvix onepayuonnsix cucmemax (SELinux, Astra Linux), a maxxe kopnopamubuuix u
001auHbIX uHGpacmpykmypax. Buiabaens: npeumyujecmba u nedocmamuu MKII u 00603Hauenbl HANpabaeHus e2o paséumus.

KaroueBovie caoba: ungopmayuonnas be3onacHocms, KOHMpoAs 0ocmynd, MAaHOAMHwIl KOHMpoAb docmynd,
OucKkpeyuoHHas Mooead, poaebas Mooeab, ampubymubHbLil KOHMPoAy, eUdpUOHble MOOeAl, 3auUMaA UHPOPMAYUL.

PeueHzeHT: Toponues Bacunuin BnagnMmposuy - KaHANOAT TEXHUYECKNX HaYK, OOLEHT.
Ore0yY BO «PTAY-MCXA nm. KA. Tumnpsazesa»

B ycnosumsax ObicTpOro passutus UUAPOBLIX  TEXHOAOMMA U LUMPOKOro
pacnpocTpaHeHNs MHPOPMALMOHHBIX CUCTEM OCOBEHHO aKTyaslbHbIMU CTAHOBATCSA BONPOCHI
3aWmnTbl AaHHbIX. OpraHumsauum, Kak roCyAapCTBEHHble, TaK U YacTHble, eXeOHEBHO
obpabatbiBaloT Gonblime 0O0beMbl KOHMUAEHUMANbHOM UWHpOpMauuu, YyTedyka Wunu
HECaHKLUMNOHNPOBAaHHbIE N3MEHEHNS KOTOPOW MOrYT NPUBECTU K CEePbe3HbIM (PUHAHCOBLIM,
penyTaunoHHbIM 1 MpaBoBbiM nocnegcTensaM. OOHNM U3 KIKOYEBbLIX acnekToB obecrnevyeHus
NH(OPMaLMOHHON 6e30MacHOCTN ABASIETCA OpraHn3auus HafgeXXHOro KOHTPOSs [OCTyna,
KOTOpPbIV MO3BONSET OrpaHMyYnBaTh B3aNMOAENCTBME NoSib30BaTeNen C pecypcamm CUCTEMBI
B COOTBETCTBUM C YCTAHOBEHHBIMY NOUTUKAMN 6€30MacHOCTN.
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B wuHpopmMaumoHHon 6e30MacHOCTM BbIOENAKT HECKONIbKO OCHOBHbIX Mogenemn
KOHTPONSA [OCTyna: AUCKPEUMOHHY, MaHdaTHYl0, PoneByto U atpubyTnsHyo. MaHpaTHbI
KoHTponb poctyna (MK[) 3aHumaeT ocoboe MecTo cpeu HUX, Tak Kak obecneymBaeT
BbICOKUI YPOBEHb 3almnTbl MHPOpMauumn 6Gnarogaps LEHTParM30BaHHOMY YMNpaBneHuo
npasaMmn [ocTyna W CTPOroMy COGMAOAeHM0 3afaHHbIX npasun. B oTnnuve ot
ONCKPEeLnOoHHOro nogxoaa, rae snagenel oobekra MOXET CaMOCTOATENbHO YCTaHaBMBaTb
NONNTMKY AOCTyna, NPU MaHOATHOM KOHTPOJie BCe peLleHMsi MPUHUMAalOTCA Ha OCHOBE
3apaHee onpefeneHHblX MeTOK 6e30nacHOCTM U YPOBHEeW [ornycKa, 4TO WCKoYaeT
NPON3BOJIbHbIE U3MEHEHMSA NPaB NONb30BaTENSAMM.

TeopeTuyeckne oCHOBbl MaHOATHOIO KOHTPOAS AoCTyna

KoHTponb [JocTyna sBASEeTCA OOHMM W3 KI0YEBbIX MEXaHU3MoB obecrneyeHus
NHOpMaLVOHHOM 6e3onacHocCTH, HarnpaBfeHHbIM Ha npenoTepalleHne
HECaHKLUMOHNPOBAHHOMO A0CTYNa K AaHHbIM U pecypcaM cucTemsbl. B obLiem Buae KOHTPOsb
AocTyna npeacTtasnseT cobon npouecc naeHTurkaumm, aytTeHTudmnkaumm n asTopusaumm
CyOBEKTOB, >XXenawwmx MnofydnTb JOCTYN K oObekTam cuctembl. Cpegu CyLecTBYOLWMX
MoAenen pasrpaHn4yeHnss npae [ocTyna ocoboe MecTo 3aHMMaeT MaHOaTHbI KOHTPOSb
poctyna (MKL), XxapakTepusylwuncsa CTPOrMM UEeHTPaSIM30BaHHbIM YNpaBfieHeEM W
HEBO3MO>XHOCTbBIO U3BMEHEHUS NONUTUK 6e30NacHOCTM NOb30BaTENSAMU.

MaHpgaTHbIn KOHTpOSIb pgoctyna (Mandatory Access Control, MAC) ocHoBaH Ha
KOHUEeNUMn Knaccugukaumm cybbekToB U OOBbEKTOB MO YPOBHAM KOHMUAEHUMANBHOCTA U
ponycka. PeweHne o npepocTtaBfieHMM AO0CTyna MNPUHUMAETCs CUCTEMOM Ha OCHOBaHWUN
CpaBHeHNs1 METOK 6e30nNacHOCTM — KaXXaas CyLHOCTb (nonb3osaTesb, npouecc, gann, 6asa
AaHHbIX U T.4.) UMeeT OnpeaenéHHbIN YPOBEHb CEKPETHOCTU, a B3aMOAENCTBME MEXAY HUMN
[ornyckaeTca TONMbKO Mnpu cobnogeHun 3afaHHbix npasua[b]. Takum obpaszom, MK
NUCKJIIOYAaeT BO3MOXHOCTb MPOU3BOJSIBHOrO  M3MEHEHMS NOAUTUK  6e30nacHoOCTn U
obecneymBaeT BbICOKUI YPOBEHb AOBEPUSA K MEXAHU3MY pasrpaHn4yeHnst 4ocTyna.

OcHoBHas ngest MaHOATHOrO KOHTPONA 3aKJIl04aeTCa B TOM, YTO NpaBa CyObeKkToB Ha
JOCTyn K OObekTaM OnpeaensTCa  LUEeHTPanM30BaHHOM MOAUTUKON 6e30onacHocTy,
YCTaHOBJIEHHON agMUHUCTPATOPOM cucTeMbl[2]. [onb3oBaTtenn He MOryT CaMOCTOSATENIbHO
nepepasaTtb UM U3MEHATb CBOWM MNpaBa AocTyna, 4to otamdaeT MK OoT OMCKPEeuMOHHOro
nopxona, OCHOBaHHOIO Ha YCMOTPEHUN BRagenbLa pecypca.

KoHuenums MaHOaTHOro KOHTpONA [ocTtyna 3apogunacb B 1970-1980-x rogax B
pamKax uccnegoBaHui, MpPoBOaUMbIX B OOOPOHHOM W rocygapcTteeHHon cdepe CLLA.
OcHoBononaralowum  ctann  paboTbl, OnNUCbIBalOWME  MHOMOYPOBHEBble  MOAenu
6e3onacHoCTM — B YacTHocTU, mogenb benna-Jlallagynel (Bell-LaPadula), paspaboTtaHHas B
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1975 ropy[8]. 3ta  Mopgenb  dopmanusoBana  MNPUHUMMbLI  NpefoTBpalleHus
HEeCaHKLUNOHNPOBAHHOIO PacKpbITUS MHOopMaum 1 BBOAUA ABa KNKOYEBbIX Npasuna:

- «He yntatb BBepx» (No Read Up) — CyOBbEKT HE MOXKET noslyyaTb AOCTYMN K OOBbEKTY C
6onee BbICOK/M YPOBHEM CEKPETHOCTU;

- «He 3anucbiBaTb BHU3» (No Write Down) — CyObeKT He MOXXEeT 3anucbiBaTb
NHopMaUUIo B 0OBbEKT C 60siee HU3KUM YPOBHEM CEKPETHOCTU, YTOObI n3bexxaTb yTe4yku
OaHHbIX.

Mo3gHee Ha OCHOBE 3TUX UWAEN MOABWINCH MOLENN, OPUEHTUPOBAaHHblE Ha
LEeNIOCTHOCTb AaHHbIX, Hanpumep mopenb buba (Biba Model), a Takxke KOMOUHNPOBaHHbIE
CXEMbl, NPUMEHSEMbIE B OMEPaLMOHHbIX CUCTEMAX NMOBbLILLIEHHON 6e30MacHOCTN.

B oTeyecTBeHHON nMpakTuKe (OPMUPOBAHME KOHUEMNUMA MaHOATHOMO KOHTPONs
JocTyna npoucxoouno napasnnienbHo C pasBuTueM HopMaTUBHON 6a3bl B 061acCTn 3alumThbl
rocygapCTBEHHON TalHbl U KOHpuaeHUnanbHon nHpopmauun. B Poccun npunHumnel MKL,
3aKpenseHbl B psge HOpMaTuBHbIX AOKYMeHTOB, BKtodas OCT P 50922-2006, TOCT P
NCO/MOK 15408 wu TpeboBaHna OCTOK Poccunm K MNOCTPOEHUIO  3alUULLEHHBIX
aBTOMAaTMU3UPOBaHHbIX cuctem[11].

MaHOaTHbI KOHTPONb JocTyna 6asnpyeTtcss Ha HECKONbKUX (yHAAMEHTaNbHbIX
npuHUmMnax, obecnevmsaroLmX ero HaaE>XXHOCTb N HEMNPOTUBOPEYNBOCTb:

1. LleHTpanusoBaHHOEe yrnpasfieHne AocTynoM. Bce pelleHnst 0 npeaocTasneHnn unm
OrpaHMyeHun [aocTyna MPUHUMAKTCA B COOTBETCTBUM C  noGanbHON  NOAUTUKOM
6e3onacHoOCTN, 3a0aHHON aAMUHNCTPATOPOM CUCTEMBI.

2. HEBO3MOXXHOCTb M3MEHEHNs MONUTUK nonb3osaTenamn. Nonb3osBaTtenn He MoryT
CaMOCTOATESIbHO U3MEHATb NpaBa AocTyrna K OO0bekTaM, AaXKe €CnM OHU SABAAKTCS UX
Bnagenbuamu.

3. Knaccudpukauma cybbekToB U 00bekToB. KaxkaoMy cybbekTy u  0ObekTy
NPUCBanBaEeTCA YPOBEHb CEKPETHOCTU (Hanpumep, «KOHMUOEHUMANbHO», «CEKPETHO»,
«COBEPLUEHHO CEKPETHO») N KaTeropus gonycka.

4. MNpuHUMN conocTaBneHNa METOK 6e3onacHOCTU. [JOCTyn paspeLluaeTcs TONbKO npu
COBMageHUn Unn OOMUHUPOBAHUM METKM 6e30nacHOCTU cybbeKTa Hag METKoON obbeKkTa B
COOTBETCTBUUN C YCTAHOBIEHHbIMWN NPaBuiaMun.

5. MpuHUMN MUHUMabHBIX NPUBUNErNn. Kaxxabl CyOBeKT noy4aeT TONbKO Te npasa,
KOTOpble HEOBXOAUMBI ANS BbINOSIHEHMSA ero (PYHKLUMI, YTO CHUKAET PUCK 3110ynoTpebneHun
N yTEeYeK.

Takas cTporas popmannzdauna genaet MK ocobeHHO ahdeKTUBHLIM B CUCTEMAX, FAe
TpebyeTcs BblCOKasa CTeNeHb JOBEPUSA U 3alLMTa KPUTUYECKU BaXKHBIX OAHHBIX — B BOEHHbIX,
rocyAapCTBEHHbIX U KOPNOPaTUBHbLIX UH(PaCTPYKTypax.
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[MpaBoBOE N TEXHNYECKOE perynmpoBaHne MaHaaTHOrO KOHTPoia goctyna B Poccunn n
3a pybe>xxoM OCHOBbIBaAETCHA Ha psifie CTaHOAPTOB 1 PYKOBOAALLNX AOKYMEHTOB. K OCHOBHbIM
MeXXAyHapoaHbIM HOpMaTteam OTHocATCA[16]:

- ISO/IEC 15408 - w™MexayHapoOHbIi  CTaHOapT OueHKn  6Ge3onacHoCTU
NHOPMALMOHHbBIX TEXHOSOMMIA, ONUCLIBAKOLLNA TPeOOBaHNA K MEXaHU3MaM pasrpaHnYeHns
[ocTyna;

- Trusted Computer System Evaluation Criteria (TCSEC, «OpaH>keBas KHUra») — nepsbIit
cuctemHbln ctaHgapT CLUA, onpenenvBlUnii KNaccCbl 3aWULLEHHBIX CUCTEM U 3a5TI0XKUBLUUN
ocHoBbl MK/,

B Poccunckon ®epepaumn npumeHsoTca[9):

- OCT P 50922-2006 «3awmTta nHdopmauyumn. OCHOBHbIE TEPMUHbLI N ONpPeaenNeHns»;

- pykosogsawme pokymeHTbl OCTOK Poccun, pernameHTupylowme TpeboBaHuA K
cucTemMam 3awWwmTbl MHopMauuu;

- TOCT P MNCO/M3K 27001-2012 - cTaHgapT ynpasnieHns WH(OPMaLMOHHOMN
6e30nacHOCTbIO.

ST HOPMaTMBHble OOKYMEHTbl yCTaHaBAMBalT oOLWmMe MPUHUMMbLI Knaccudpukaumm
OaHHbIX, pasrpaHuyeHns goctyna v ynpaeneHuss 6e30nacHOCTbIO, obecrneynBas eguHyto
OCHOBY [J/11 peanu3aumm MaHAaTHbIX MEXaHU3MOB B COBPEMEHHbIX WH(OPMaLNOHHbIX
cucrtemax.

CpaBHUTENbHLIN aHaNN3 Moaenen KOHTpoA focTyna

OnckpeunoHHbIn KoHTponb goctyna (DAC)

OunckpeunoHHbll KoHTponb pocTtyna (Discretionary Access Control, DAC) siBnsieTcs

OfHOMW M3 Hambonee paHHUX W PacnpPOCTPaHEHHbIX MOAesnen pasrpaHuYeHusi npas B
NHOPMaAUUOHHBIX cuctemax. Ero cyTb 3aknwyaeTcss B TOM, 4YTO Brageney, obbekTta
(Hanpumep, anna, 6a3bl AaHHBLIX WM pPecypca) CaMOCTOATENIbHO OonpefensieT, Kakue
CcybbeKTbl (nofsib3oBaTenn WM MNPOLECCHl) MOryT MNOAYyYUTb AOCTYN K OOBLEKTY U Kakue
onepauun UM paspeLleHoO BbINONHATb.
DAC peanusyeTtcsa 4epes cnnckn KoHTpona goctyna (Access Control Lists, ACL) nnn matpuubl
npae A[OCTyna, rAe KaXAoMy MONb30BaTENiO COMOCTaBNAeTCA Habop paspeLlléHHbIX
nenctemn. ITOT nopxopn obecneymBaeT MMMOKOCTb M yoobCTBO agMUHUCTPUPOBAHWS,
OCOBEHHO B HEBONBLUNX U ANHAMNYHBLIX CUCTEMaX, rae TpeboBaHUsA K 6e30MacHOCTU He CTOSb
Ba>KHbl.

Cnaboin  CTOPOHOM  OUCKPEUMOHHON  MoJenn  SBRAsieTCs  YA3BMMOCTb K
HeCaHKLUMOHNPOBAHHOMY pacnpoCTpaHeHunto aoctyna. [lonb3oBartesb, NOAy4MBLUNIA NpaBa Ha
0OBEKT, MOXET NepeaaTtb UX APYroMy CyObeKTy, YTO 3aTPYOHAET KOHTPOJIb 1 CO3AAET PUCK
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yTe4ykun KoHpugeHumanbHon nHpopmaumn. Kpome toro, DAC naoxo nogxoguT AN CUCTEM,
roe TpebyeTcs CcTporas mepapxus [OCTyna, LEeHTPasM30BaHHOE YMpaBfieHMe U BbICOKas
CTeneHb JoBepusi, HanpUMep B BOEHHbIX UM FOCYAAPCTBEHHbIX CTPYKTYpax.

Ponesoin koHTposnb goctyna (RBAC)

Ponesas mopgenb (Role-Based Access Control, RBAC) 6bina paspabotaHa B 1990-e
rogbl kak 6onee ynpaensemMasa n Maclwtabvpyemas anbtepHaTBa ONCKPELMOHHON MOOENN.
B RBAC npaBa pgocTyna HasHayalOTCA He uHAMBUAYasbHbIM MOSIb30BaTENSAM, a POSAM,
Kaxkgasi U3 KOTOPbIX OTpaXkaeT COBOKYMHOCTb (DYHKUMA N 0BA3aHHOCTEN B OpraHu3auumu.
Monb3oBaTenb Nony4aeT AOCTYN K pecypcam, CTaB YIeHOM ONpenenéHHon poan, Hanpumep
agMUHUCTPATOopP, aHannTuK, byxrantep un 1.4,

[MpenmyLecTBOM pPOMEBOro Noaxopa SABNASETCHA YNPOLWEHHOEe aAMWHUCTPUPOBAaHNUE:
NP WU3MEHEHUN OBA3aHHOCTEN COTPYyOHUKA [AOCTAaTOYHO W3MEHUTb €ero pofib, a He
nepecMaTpusaTb BCe uHanBuayanbHble npasa. Kpome toro, RBAC xopowo macwtabupyeTtcs
N NoaxXoomMT [NS KOPMNOPaTUBHLIX CUCTEM C OOSbLUMM KOMNYECTBOM MOsb3oBaTenen u
pa3HoobpasnemM 6sHec-nNpPoLEeCcCoB.

Tem He MeHee, poneBOM KOHTPOSb AOCTyNa He Bcerga obecrnedvvsBaeT OOCTATOYHYHO
rMBKOCTb Npu paboTe C KOHTEKCTHO-3aBUCUMbIMA YCIOBUAMU. Hanpumep, OH He y4nTbiBaeT
aTpunbyTbl cpenbl (BPeEMS, MECTOMNOSIOXKEHNE, YCTPONCTBO), YTO OrpaHNYMBaeT BO3MOXXHOCTU
afanTMBHOMO ynpasneHns 6e30MacHOCTbIO.

ATpnbyTNBHLIN KOHTPOb gocTtyna (ABAC)

ATpnbyTuBHBIN KOHTpPONb poctyna (Attribute-Based Access Control, ABAC)
npepcTaesnseT coboi Hanbonee COBPEMEHHYIO M MOKYIO Mofesflb, B KOTOPOW PeLUeHUs O
npenocTaBfeHNn [OCTyna MNPUHUMAKTCA Ha OCHOBaHUM Habopa aTpubyToB CyObLEKTOB,
0OBEKTOB N OKpYXXaroLen cpefbl. ATpnbytamm MOryT BbICTyNnaTb AOHKHOCTb MOSb30BaTenNs,
TMN ycTponcTea, |P-agpec, BpemMsi CYTOK, YPOBEHb Yrpo3sbl, noanTtnka 6e3omnacHoOCTH
opraHnsauuun n gpyrmve napameTpsbl.

naBHbiIM NpeumywecteoMm ABAC aBNsSeTCAa OUHaMUYHOCTb WM KOHTEKCTYaslbHOCTb
NPUHATUA pelweHnin. CuctemMa MOXXEeT aBTOMaTUYeCKU afanTupoBaTb MNpaBa AocTyna B
3aBUCUMOCTM OT Tekywmx ycnosumn, obecneymBass OGanaHC Mexngy YynobcTtBoM W
6esonacHocTblo. Takasa mofenb ocobeHHO BOcTpeboBaHa B 06nayHbIX U pacnpenenéHHbIX
cpepax, roe hmkcnpoBaHHbIe POAM 1 NpaBa OKasblBalOTCSA HEQOCTATOYHO MMOKNMMU.

ATpnBYTMBHbIN Nogxod TPebyeT CNOXXHON MH(PPACTPYKTYPbI yNpaBneHns NoAnTNKamMm
6e30MacHOCTA U BbICOKOWN BbIYUCUTENBHOW Harpy3kn, 0COBEHHO npu 60NbLLIOM KOIN4ecTBe
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nonb3oBartenemn n pecypcos. Kpome Toro, n3bbliToyHas rmbKoCTb MOXXET MPUBECTU K OLLMOKam
B KOHUrypauum n HapyLeHno NpUHLMNA MUHUManNbHbIX NPUBUErN.

Tabnuua 1
CpaBHUTENBHLIN aHanNn3 MoAenen KOHTpPoNA focTyna
Kputepuin DAC RBAC ABAC MAC
'mMbKocTb Bbicokas, HO | YMepeHHas, ypobHa | MakcrmanbHas, Huskas, Tak Kak
ynpasneHus corpsxkeHa  C | B cTaTnyHbIX | obecnevymsaeT noamTrKa
PUCKOM MOTEPU | OpraHn3aLNoOHHbIX OVHaMNYECKYHO 6e3onacHoOCTU
KOHTpOS. CTPYKTYypax. apganrtaumio hrKcmposaHa "
NOSINTUIK. Hens3mMeHHa
NnoJsIb30BaTENIEM.
YpoBeHb MuHUManeHbIA, CpegHuin, Bbicokuin npu | MakcumansHo
6e3onacHoOCTU n3-3a obecne4nBaeTcs KOPPEKTHOM BbICOKWA, 3a CYET
BO3MOXXHOCTU LEeHTPann3oBaHHbIM | HACTPOKe LeHTPann3oBaHHOro
JenervposaHns | ynpasfieHNeMm NOSINTUIK. KOHTPOSIA 1 CTPOrnx
npas. PONsSMU. npaswn.
MacwwtabupyemocTtb | OrpaHnyeHHas, Bbicokasi, xopowo | Bbeicokas, OrpaHunyeHHas, ns-3a
njoxo MOAXoAuT | aganTupyeTcs K | ocobeHHO ONS | CNOXXHOCTK
ans KPYMHbIX | KOPrNopaTuBHbIM obnayHbIx n | knaccudukauum n
opraHusauuin. cucTemam. rMépuaHbIX cped. | aaMUHUCTPUPOBaHNS.
O6nactn MepcoHanbHble | KoprnopaTtuBHble Ob6nayHble n | FocypapcTBeHHbIe,
NPYMEHeHNS " fokanbHble | ceTm 1 Bu3Hec- | pacnpefenéHHble | BOEHHble n
CUCTEMBI. CUCTEMBI. NH(OPMALMOHHBIE | KPUTUYECKN BaXKHblE
CUCTEMBI. 0B6BbEKTHI.
MpenmywecTtBa MpocToTa, LleHTpanusoBaHHoe | MBKOCTD, CTtporas
rMbKOCTb yrnpasfieHue, afanTUBHOCTb, thopmanmsauus,
Ha3HavyeHus. MacLLTabupyeMOoCTb. | KOHTEKCTHOCTb. BbICOKas 3alyura.
HepocTtaTku Puck yTedek, | OrpaHnyeHHas Cno>xxHocTb JKecTKOCTb, BbICOKas
JenermpoBaHne | KOHTEKCTHOCTb. peanusauuu, TPYOOEMKOCTb
npas. Harpyska. agMVHUCTPUPOBAaHUS.
MecTo n ponb MK/, B rubpuaHbIX MOOENAX KOHTPOMS JOCTyna
CoBpeMeHHble  TeHOeHUMN UMHGPOPMAaLMOHHON 6e30nacHOCTN  OEMOHCTPUPYIOT

NoCTyfnar O TOM, YTO HM OfHA W3 KNACCUYECKUX MOAENEN He MOXXET B MOJSIHON Mepe
yOOBNETBOPUTL BCeM TpeboBaHusM — TMOKOCTW, y[o6CTBY aAMUHUCTPUPOBAHUS U
MaKCUMasbHOM 3aWUWEHHOCTU. B CBA3M C 3TUM aKTUBHO NPUMEHSATCA rmbpuaHble
noaxodbl, CoYeTaroLwme NPenMyLLECTBA HECKONBKMX MOLENEN.

Hanbonee pacnpocTpaHEHHbIM sBASETCA KOMOuHMpoBaHHbIM noaxon MAC+RBAC,
npu KOTOPOM MaHpaTHasi NoNnTNKa onpepenseT obwme npasuna 6e3onacHocTn, a posnesas
MOAesNb UCMONAb3YeTCa ONA AeTanbHOro ynpasBfeHus npaBamMy Nnofb3oBaTefiel B pamMKax
YCTaHOBJIEHHbIX OrpaHn4yeHnin. Takon nogxoq NPUMEHSETCA B 3alULLEHHbBIX OnepaunoHHbIX
cuctemax (SELinux, Astra Linux), roe maHaaTtHble MexaHu3Mmbl obecrneymBalroT U30NAUMNK0
NPOLIECCOB, a PoJieBble — ONPeAensioT PYHKUMOHAsNbHbIE NOTHOMO4MA Nonb3osaTtenen(13].

B nocnegHue rogpl Takxe passuBaeTca wuHTerpauus MKL ¢ aTpubyTuBHbLIM
ynpasneHnem (MAC+ABAC). 3To no3BonsieT peanu3oBaTb AUHAMUYECKME MONINTUKN
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6e30MacHOCTN, y4YUTbiBalOLWME KOHTEKCT AOCTyrna, HO COXPaHSoLWMe CTPOryro nepapxuio
[onyckoB. Takme peleHnss OCOOeHHO akTyanbHbl ONna  rmbpugHbix 1 0bnadvHbIX
NHPPACTPYKTYP, B KOTOPbIX TpebyeTcs covYeTaHne [OBEPEHHOro LEeHTPann3oBaHHOMo
KOHTPONA N afanTMBHON peakun Ha USMEHSIIOLLIMECS YCIOBUS.

Mpo6nembl N HanpaBneHNAa pPa3BUTUS MaHOATHOIO KOHTPOJIS A0CTyna

HecMOTps Ha BbICOKUI YPOBEHb 3aLUMLLEHHOCTU, MaHAaTHbI KOHTPOsb goctyna (MKL)
NMeeT P CYLLUEeCTBEHHbIX HeQOCTaTKOB, NPEenATCTBYIOLWNX ero LWMPOKOMY MPUMEHEHUIO B
ONHAMUYHBLIX U pacnpeaenérHbiX MH(OPMAaUNOHHbLIX cucTemMax. [NnaBHbIM HefoOCTaTKOM
SABNSIETCA XXECTKOCTb NOSIUTUKM 6e30MacHOCTN, KOTopas 3afaéTcs LEeHTPaIn30BaHHO N He
NOANIEXXUT U3MEHEHUIO MONIb30BaTENSAMMU.

Kpome Toro, agmumHuctpuposaHne MK, B KpynHbIX opraHudauusax ¢ 60nbwmnm
KONMYECTBOM Mofib30oBaTesieil 1 06 bEKTOB TPebyeT BbICOKON KBanudukaumm cneunanmcTos n
3HauYUTENbHbIX TpygosaTtpart. [na kaxxgoro cybbekta n obbekTa HEOOXoAMMO OonpeaennTb
YPOBEHb KOHMUOEHUMANbHOCTN U Kateropum ponycka. [lpn 6onblwon MHPPacTpyKType
opraHusauumn 3To CTaHOBUTCH pecypco3aTpaTHbIM MPoLEeCcCoM.

Ewé ogHom npobnemon ABnseTca orpaHn4yeHHass COBMECTUMOCTb C COBPEMEHHbBIMIN
cepBucaMn U1 MNPUIOKEHUAMN, KOTOpPblE YacTo WCMNONL3YIT ANHAMUYECKNE CXEMbI
pasrpaHndeHnss gocTyna (Hanpumep, B MUKPOCEPBUCHBIX apXUTEKTypax WM o6nayHbIX
nnatgopmax). MKL wn3HavyanbHO NPOEKTUPOBANCA LN CTATUYECKUX, W30SIMPOBAHHbBIX
CUCTEM, NO3TOMY €ro NPsIMoe NPUMEHEHNE B MOPUOHLIX UMK BUPTYanu3npoBaHHbIX cpeaax
TpebyeT cepbe3HOon Moanukauunn.

TakKe MOXXHO OTMETUTb HU3KYKD TMOKOCTb MpU ynpaBfeHUN BPEMEHHBIMU WA
KOHTEKCTHbIMW npaBaMn poctyna. Knaccudeckasa mogenb MK He y4uTbiBaeT Takue
aTpubyTMBHblIE MapaMeTpbl, Kak BPEMSI CYTOK, MeCTOMOJSIOXKEHWe, COCTOsiHUEe CeTu Wau
KOHTEKCT 3afayn. OTO orpaHnymBaeT €€ 3a(PpPeKTUBHOCTb B COBPEMEHHbBIX YCNOBUAX
NCNoNb30BaHus, Korga 6e3onacHOCTb BCE Yalle Jo/mKHa ObiTb aaanTUBHOI.

CoBpeMeHHble uUcCcnefoBaHns U NpakTudeckne paspaboTky HanpasfeHbl Ha
NoBbILWEHNE TMOKOCTU N NHTENNEKTYaNbHOCTU MaHAaTHbIX CUCTEM. Hanmbonee 3Ha4MMbIMK
Hanpas/ieHNAMY Pa3BUTUS MOXKHO CHUTATb criegyoLme:

1. KombuHnposaHne MK[, ¢ gpyrumm mopensamum KOHTpons goctyna. B nocnegHme
rogbl akTUBHO pasBuBalOTCA rmbpugHble Mogenu, obbeAuHAKLWME MpenMyLLecTsa
MaHpaTHoro, ponesoro u atpubytmsHoro nogxomos (MAC + RBAC + ABAC). Takas
NHTerpauus no3BonsieT OOHOBPEMEHHO COXPaHATb CTPOryto uepapxuto 6e3onacHocTn u
YUUTbIBaTb KOHTEKCT AOCTYNa, YTO OCOBEHHO BaXXHO ANs rbpuaHbIX 1 061ayHbIX CUCTEM.
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2. ApantuBHble Mogenn 6e3onacHocTu. BHeppeHne npuHUMNOB afanTUBHOM
6e3onacHocTu (Adaptive Security) npegnonaraeT NCNofib30BaHNE KOHTEKCTHbLIX (hakKToOpOB
ANHaMmnyecknx nommTtuk. B Takux cuctemax MK cTaHOBUTCA 4YacTbio Oosiee LUMPOKOWA
apXUTEKTYpbl, FOe pelleHns O JOCTyne NPUHUMAKOTCS C Y4ETOM TeKyLLEero YpoBHS pucKa U
nosefeHns rnosib3oBartens.

3. [llpyMeHeHue UCKYCCTBEHHOrO  WHTEeleKTa M MaluMHHOro  oBy4eHus.
NHTennekTyanbHble anropnTMbl MOryT NCNOJBL30BAaTLCA 4J19 aBTOMaTN3aumm Knaccupukaumm
OaHHbIX N ornpegeneHns ypoBHeW [ocTyna. Hanpumep, cuctemMa MOXeT CaMOCTOATENIbHO
npuceanBaTb METKM 6€30MacHOCTM OKYMEHTAM Ha OCHOBE UX COOEP>KNUMOIrO UK BbISBAATb
aHoManMn B [OeWCTBUAX MoNb3oBaTenen, CUrHanmMsnpys O BO3MOXHbIX HapyLUeHUAX
MaHOaTHOW NOJINTUKW.

4. NHTerpaums ¢ KoHuenumen Zero Trust. MNpuHUMn «Hynesoro pgosepusi» (Zero Trust)
npegnonaraeT NOCTOSAHHYIO NPOBEPKY MNOASIMHHOCTN CYyOBbEKTOB N [OBEPEHHOCTU PECYPCOB.
MKL, Kak cTporasa un oopmanmsoBaHHass MOAe b, €CTECTBEHHO BMNCLIBAETCA B apXUTEKTYPY
Zero Trust, obGecne4nBasi OCHOBY [/ MHOIMOYPOBHEBOIO KOHTPOMSA U MUHAMU3ALNN
npuBUIErnn.

5. PasButne KnBGEpMMMYHHbIX cucTeM. KoHuenuuss KnbepuMMyHUTETa, akKTUBHO
pasBuBaemas B Poccun (Hanpumep, B nnatgopme KasperskyOS), npegnonaraeT NOCTPoOeHne
CUCTEM, YCTOMYMBBIX K atakam no onpegeneHuto. B Takux apxutektypax MKL, ssnsetca
KJIIOYEBBIM 3/IEMEHTOM, Ob6ecrneynBarowmnM U30NALUMIKD KOMMOHEHTOB 1 NpefoTBpaLLaowmm
pacnpoCcTpaHeHne BPEAOHOCHbIX BO3OENCTBUN BHYTPU CUCTEMBI.

3aknioyeHne

B pamkax nccnepoBaHusi Mbl paCCMOTPENN TEOPUIO N NPaKTUKY MaHOATHOrO KOHTPOS
poctyna (MKL) kKak Ba)XHOro afieMeHTa 3awuTbl UMHGopMauuun. AHanna nokasas, 4To
MaHaaTtHasi Mofenb — 9TO BCE ewé HaaéXHblh N opmManibHO OOBOCHOBaHHbI CNoOco6
pasrpaHnYnTb npaeBa [OoCTyna, KOTOpbIi obecneymBaeT BbICOKYK CTeEneHb [O0Bepus U
YCTONYNBOCTN CUCTEM K Yyrpo3am.

OcHoBHble npuHUMnbl MK/ — 3TO UeHTpanu3oBaHHOEe yrnpaBneHne OCTYnoM, 3anpeT
NoJSIb30BaTENAM MEHSATb HACTPOMKU, YETKOE pasfeneHmne CyOobekToB 1 OOBHEKTOB MO YPOBHAM
CEKPETHOCTM 1 NCMNOSIb30BaHNE METOK 6e30MacHOCTU. DTN OCOBEHHOCTY AenarT MaHAATHbIN
KOHTPOMb  nogxogsawum  gns  cuTyauun, rge BaXHO — cobnogatb  MOMAUTUKY
KOH(UOEHUMANbHOCTN N LEeSIOCTHOCTU AaHHbIX, HanpuMep, B rocyaapCTBEHHbIX, BOEHHbIX U
KPYMHbIX KOMMNaHUSIX.

Mpn atom y MKL ecTb M HemocTaTKM — CJIOXKHas HacTpouka W yrnpasiieHue,
HefJoCTaTo4YHass IMOKOCTb B MEHSAWUXCA YCNOBUSAX W TPYOHOCTU C WHTerpaumen c
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COBPEMEHHbIMU NPUNTOXKEHUAMU. DTN NPOBEMbI CTaHOBATCSA OCOOEHHO 3aMeTHbIMU cenyac,
Korga cuctemMbl 6€30MacHOCTN OOMKHbLI BbICTPO aaanTupoBaThes, ObITb MaclUTabupyemMbiMin
N YYNTbIBaTb KOHTEKCT.

CpaBHuTenbHbIN aHanu3 ¢ gpyrummn mogensmmu (DAC, RBAC n ABAC) nokasan, 4to y
KaXkOon eCTb CBOW MIOCbl U MUHYCbl. MaHaaTHas Mopenb fydlwe BCero 3awuuiaeT, HO
ycTynaetr B rmbkoctm un ypobcTtBe ynpaeneHusa. [1odToMy HeobxoaMmo KCnonb30BaTb
KOMOUHMpoOBaHHble nogxopdbl, codvetawwme MKLO ¢ anemeHtamn RBAC u ABAC. Takune
MoLenn nomoralT HanmTu 6GanaHC MexXxpy CTporon 6e30MacHOCTbIO U BO3MOXXHOCTbLHO
afanTupoBaTbCs K USMEHEHNSAM.

B 6yoywem MK/, 6ygeT passBuBaTbCs B CTOPOHY aBTOMaTuU3auumn ynpasnieHnsa MeTkamu
6e30MacHOCTI, WCMONb30BaHNSA WCKYCCTBEHHOIO WHTESIEKTa ANS aHanm3a KOHTEeKCTa
JOCTyna n co3gaHus aganTuMBHbIX MOSUTUK 6e30nMacHOCTU. TakXke BaXKHO UCMNOofb30BaTb
KN6EPUMMYHHbBIE CUCTEMBI, B KOTOPbIX MaHOATHbIE MEXaHU3Mbl UrpatT KIKYEBYIO POSb B
N30MALMN KOMMOHEHTOB 1 NpefoTBpaLLeH pacnpoCTPaHeHUs yrpos.

B 3akno4eHne HeobxoanMMo OTMETUTb, YTO MaHAATHbIA KOHTPOJIb JOCTYNa, HECMOTPS
Ha CBOK KOHCEPBATMBHOCTb, OCTAETCA BaXHOW YacTblo apXUTEKTYPbl HAAEXHbIX
BbIYNCIUTENBbHBIX CUCTEM. Ero passutne B CTOPOHY KOMOUHMPOBAHHbLIX U MHTENNEKTYaNnbHbIX
MoAenen NOMOXeT YNyylWuTb 3awmTy nHdopmaumm n obecnednts HeOO6XoaNMbIN YPOBEHD
6e3onacHocTu.
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Abstract. A scheme for organizing flexible automated production using mobile process and transport modules is
proposed. Mobile process modules are equipped with the equipment and tools necessary for changing the shape or state of the
subject of labor. Mobile process modules can move autonomously on a flat surface and be integrated into automated production
lines without human intervention. This feature of the modules enables the organization of continuous production in
aggressive environmental conditions. Eliminating the human factor reduces production risks, decreases the cost of developing
residential infrastructure, and shortens project implementation time.
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Introduction

The initial stage of developing new territories begins with creating conditions for
comfortable living and safe work. These conditions can be achieved through the construction
of a series of shelters that protect workers and equipment from the negative impacts of the
external environment, such as solar radiation, high and low temperatures, dust, moisture, etc.

However, constructing such shelters in unfavorable environmental conditions poses
high risks for personnel, who will be forced to work on unprepared sites in unfavorable
conditions. This circumstance makes the problem of reducing production risks in unfavorable
environmental conditions urgent. It is necessary to minimize the use of manual and
mechanized labor at protected sites and operations. The use of automated machines and
robots [1, 2] in the initial stages of territorial development projects will reduce the time and
cost of preparatory work.

Materials and Methods

The objective of this study is to develop a model for constructing automated
production lines operating in aggressive natural environments. This goal is achieved through
scientific observation, abstraction, and modeling. The theoretical foundation of the study is
based on the work of Russian and international scientists in the field of industrial engineering.
The information base for the study is based on open publications in scientific journals and the
media.
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Result

The project for the development of territories and facilities includes the following
stages:

¢ development of a scientific and production base;

¢ preparation of infrastructure;

¢ organization of work to achieve project objectives.

The first two stages will require a significant amount of building materials for the
construction of the base and infrastructure. The primary materials for the base are building
blocks of various shapes and sizes. Building blocks can be imported from the mainland or
manufactured from local raw materials. Transporting building materials to hard-to-reach areas
can significantly increase the timeframe and cost of the entire project. If the technology for
producing blocks from local raw materials is available, mass production of these products can
be established near the construction site.

The problem is that organizing the production of building materials will require the
involvement of workers and specialists, who will be forced to work in hazardous environmental
conditions.

To organize production, it is proposed to use transport and technological modules
that form an automated line for the production of building blocks.

Transport robots are self-propelled platforms equipped with manipulators for handling
loads. Currently, there are many different types of transport robots that can be used in the
technological process.

What is new is the design of the technological module, which is a set of equipment for
changing the shape or state of an object (subject of labor) and a transport device such as a
belt conveyor, located in one housing (Figure 1).
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Figure 1. Process Module

The scheme (Figure 1) shows:
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1 - process module;

2 - subject of labor (workpiece);

3 - movable supports;

4 - conveyor belt;

5 - process equipment.

The module can be equipped with various process equipment and tools: a microwave
emitter, a laser, a welding torch, milling cutters, drills, etc.

A new technical solution is that the conveyor belt can be used both to transport
workpieces and to autonomously move the process module itself. The process module can
use the conveyor for its own movement if the supports are folded (position A). Or it can move
the workpiece when the supports are fully extended and the process module body is in
position B.

The process module can maneuver by extending one of its supports during movement
(Figure 2).

/Support
down fixing

Figure 2. Maneuvering diagram for a mobile autonomous process module.

Figure 2 shows the scheme of the possible maneuvering of a process module. When
one movable support is extended in the transport position, a moment is created that rotates
the module around the support.

Such process modules can move autonomously, dock with each other, and thus form
automated lines depending on the technological process regulations (Figure 3).
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Figure 3. Scheme of Flexible Automatic Line

Figure 3 shows a diagram of an automated line consisting of autonomous process
modules.

Process modules can be replaced or removed from the automated line as needed.
Depending on the raw materials used, the production technology may change. In this case, a
new process module will need to be replaced or added to the line. Such situations also arise
during a change in technology or a module failure.

The flexible automated line [3, 4, 5] is equipped with process modules, transport
robots, and a power station capable of generating and transmitting electricity wirelessly over
short distances. The transport robots and process modules are equipped with batteries and
solar panels, which provide autonomous operation for a specified period.

Discussion

The use of autonomous process modules and transport robots of various
configurations will significantly reduce the initial development time of the production process
and reduce the costs of creating comfortable conditions for personnel.

Organizing production in remote locations requires the use of workers who must
install, configure, and operate process equipment. For construction workers to function
normally, comfortable working and living conditions must be created from the outset [6], which
requires significant investment of time, energy, and material resources. Comfortable
conditions include living quarters equipped with sleeping areas, a kitchen, relaxation areas, a
restroom, water supply, sewerage, heating, air conditioning, ventilation, and other equipment.
[7]

Production facilities must also be equipped in accordance with labor protection and
safety standards, which requires corresponding costs.

When calculating the economic impact of implementing the proposed automation
tools, the reduction of human error risks should be taken into account [8].
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Conclusion

In unfavorable or aggressive natural environments, the use of human labor presents a
serious organizational challenge. The use of mobile autonomous process modules and
transport robots in automated production lines offers the potential to significantly reduce
project implementation time. The economic benefit lies in the reduced costs of providing
housing and production infrastructure for workers. Flexible automated production facilities can
be located in areas unsuitable for human habitation. This will reduce the industrial and
transport burden on permanently populated areas.

The proposed approach to organizing the automated production of building materials
and products from local raw materials will significantly reduce the costs of developing planets
and other sites.
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Abstract. In recent years, the Government of Mongolia has planned and implemented measures to increase the
extraction, export, and import volumes of mining products, accelerate industrialization, establish additional energy sources,
and improve railway transportation operations. To enhance the efficiency of railway transport processes, this work analyzes
the optimal organization of wagon loading according to train marshalling plans at freight yards and explores ways to improve
the coordination of shunting operations. The study applies process management theory, with a focus on cargo flow
optimization, to assess the feasibility of introducing new loading technologies at Zamyn-Uud station. Using historical data,
the study determined the number of incoming containers, the distribution of destination terminals, and the waiting times
until unloading sidings were cleared. Based on these parameters, a simulation model was developed in Python. Simulation
results indicate that marshalling trains according to the FIFO principle and zone-based allocation optimizes shunting
operations, improves utilization of unloading fronts, and significantly reduces both waiting times and total operational costs.
The data-driven simulation approach provides a practical method for enhancing container transport organization by rail,
increasing yard capacity utilization, and effectively implementing process management approaches in loading and unloading
operations.

Keywords: Yard, Container, Loading and Unloading, Terminal, Cost
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Introduction

Global trends in the transport sector increasingly prioritize environmental sustainability,
and under the framework of the “Green Transition,” it has become essential to reduce road
congestion, reduce greenhouse gas emissions, develop efficient logistics systems, and shift
cargo transport from road to rail, thus positioning rail freight as a key component and
prompting developed countries to emphasize the railway sector in their transport policies. As
noted by Bianca Pascariu (2025), the increasing importance of rail freight is making it an
integral part of the transport system. Ulaanbaatar Railway Joint Venture Company (UBTZ JVC),
which occupies a key position in the social and economic sector of Mongolia, has experienced
growing demand for railway transport in recent years. While the company transported
approximately 21-22 million tons of cargo annually during 2014-2017, this volume increased
steadily, reaching 33.4 million tons in 2024.
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Figure 1. Proportion of freight Traffic transported by rail

The proportion of rail freight transport volume by type of traffic, averaged over 2015-
2024, shows that inbound cargo accounted for 73.3% (1,606 thousand tons), outbound cargo
for 105.9% (5,972.4 thousand tons), domestic traffic for 37.8% (3,492.4 thousand tons), and
transit cargo for 153.1% (3,205.6 thousand tons), respectively (Figure 1). Although railway
companies should be prepared to meet the growing demand for freight transport, most
privately owned branch lines have limited track capacity and inadequate loading and
unloading equipment, resulting in operational difficulties such as a shortage of shunting
locomotives, frequent locomotive failures, and an inability to fully meet freight orders.
Therefore, it is essential to load wagons at freight yards in accordance with train marshalling
plans, organize shunting operations efficiently, improve workflow coordination, and implement
new technologies, with the implementation of these measures based on the theoretical
principles. Frederick Winslow Taylor (1911), in his principles of scientific management,
emphasized that production processes should be planned and organized scientifically, with
work optimized according to labor schedules, time standards, and supervision. Henri Fayol
(1916) outlined the management principles applicable to any companies, encompassing
processes such as planning, organizing, leading, coordinating, and controlling. Other relevant
approaches include eliminating non-value-added steps and reducing waste, waiting times,
and unnecessary movements to enhance process efficiency (James P. Womack, Daniel T.
Jones, & Roos, 1990); fundamentally redesigning business processes through the use of
technology to significantly improve cost, time, and quality (Michael Hammer, James Champy,
1993); and applying movement management theories to develop efficient and well-
coordinated process systems (D. May, 1994). The quality and efficiency of railway transport
services directly depend on factors such as freight transportation time, promptness, and
reliability. Timely delivery in line with customer expectations not only determines service
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quality but also serves as an important factor in the competitiveness of the sector. For
Mongolia, the majority of cargo arriving from China at Zamyn-Uud station consists of
containerized freight, construction materials, and other goods. Most imported and domestic
cargo is transported in containers and handled at stations equipped with rail connections,
customs-controlled areas, and open spaces suitable for container operations. At Zamyn-Uud
station, the Transshipment Units and the Logistics Center carry out operations such as
transferring cargo arriving by truck from the China onto wagons; receiving cargo and
containers arriving in narrow-gauge wagons for domestic and international transport;
transshipment; unloading and delivery; preparation of accompanying transport documents;
accounting and reporting; and weighing and shunting via broad-gauge, narrow-gauge, or road
vehicles.

| Transshipment Division of Zamyn-Uud Station |

Loading and Unloading Section -1 | | Loading and Unloading Section-2 | ‘ Loading and Unloading Section-3 | | Logistics Center }

| [ |

- Transships cargo arriving from
the PRC in  narrow-gauge
covered and open wagons onto
broad-gauge wagons by manual
and mechanized methods.

- Receives cargo arriving by road
from the PRC for domestic
transportation.

- To transship cargo arnving from the
People’s Republic of China in
narrow-gauge covered and flat
wagons, as well as containerized
shipments, onto broad-gauge wagons,;
to transship containers arriving by
road onto wagons or frucks; to
receive and load machinery and

Receiving, loading, unloading, a
nd issuing cargo arriving by roa
d (truck) from the PRC for dom
estic and international transport
aton.

Receiving, loading, and unloadi
ng bulk export cargo for domest
ic transportation.

Transloads cargo and container
shipments arriving from the
PRC on narrow-gauge wagons
onto broad-gauge wagons or
trucks, and receives, loads,
secures, unloads, and issues
machinery and equipment for
transport on open-top rolling

equipment onto open rolling stock stock (ZHB).
and secure them for transport.To
transship cargo into privately owned
wagons of the Russian Federation,
and in the absence of wagons, to store | ©
the cargo in designated vyards or
warehouses.

Voo ()
S (N CHL .

S |

Source: Developed by the researcher
Figure 2. Transshipment Division of Zamyn-Uud Station

Within the Transshipment Division, Yards 1, 2, and 3 handle operations such as
transferring cargo from narrow-gauge covered or flat wagons and container shipments onto
broad-gauge wagons; transferring containers arriving by truck onto wagons or trucks;
receiving and loading technical equipment and machinery onto open rolling stock; securing,
unloading, issuing, and storing cargo; preparing transport and accompanying documents;
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handling financial issues; reporting; and overall organization of these operations
(Technological Regulations of Zamyn-Uud Station, 2025).

The 2nd workshop of the Transshipment Division handles operations such as
transferring imported containers from narrow-gauge wagons to broad-gauge wagons using a
self-propelled container loader; if wagons are unavailable, containers are first unloaded onto
the designated yard and then loaded onto broad-gauge wagons. The yard has a capacity of
272 containers of 40 feet and 80 containers of 20 feet. Additionally, transfers from narrow-
gauge covered wagons to broad-gauge wagons are also performed manually (Figure 3).
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Figure 3. Container Yard of Workshop 2 at the Transshipment Division

At the loading and unloading 2nd workshop yard of the Transshipment Unit, imported
containers with cargo are loaded from the container storage yard onto wagons by cargo
handlers (Figure 4.) according to the import container consolidation plan.

2025.03.27 Second Shift Imported Container Report
302007 | 302008 | 302024 302011 | 302025 | 302005 | 302023

C‘;"“’“"‘ | PR || P || v | | metars | 200 || S0 || et |t ot || ettt ||, B2, || sttt | Stmm ||t || e [|giotms]| ma
ype Size MCh | /Tuushin /Progress | /Erin . N /Amgalan
Express | Impex | Import Trading | sion/ Trans/ | MChu/
Area 11 27 12 1 1 33 0 1 12 8 0 6 0 0 0 0 0 122
40 Log 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wagon 2 2 5 32 16 4 0 0 11 1 0 4 0 4 0 0 0 77
Huiir 13 29 17 33 27 37 0 1 23 9 0 10 0 4 0 0 0 199
Area 22 9 4 0 4 2 0 0 2 2 2 13 0 0 0 0 0 58
20 Log 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
‘Wagon 12 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14
Total 34 11 4 0 4 2 0 0 2 2 2 13 0 0 0 0 0 72
Total 47 40 21 33 31 39 0 1 25 11 2 23 0 4 0 0 0 271
302007 | 302008 | 302024 302011 | 302025 | 302005 | 302023
Container Type 722/]:“5 30200§ /Mongol | /Material | /Technic 302009 302910 /Nomin |/Interdeci| /Mongol | /Tolgoit 809 Sainshand Yeruu | Darkhan | Erdenet |Sukhbaatar| Total
MCh | /Tuushin /Progress | /Erin . N /Amgalan
Express | Impex | Import Trading | sion/ Trans/ | MChu/
40 0 0 0 0 0 1 0 0 0 0 0 4 0 0 2 0 0 7
20 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5
Total 5 0 0 0 0 1 0 0 0 0 0 4 0 0 2 0 0 0

Source: Developed by the researcher
Figure 4. Import Container Consolidation
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At UBTZ JVC stations, there are 12 companies with open, rail-connected, customs-
controlled loading and unloading yards for container transportation operations. More than 300
companies without their own loading and unloading areas receive cargo at these authorized
yards. Containers arriving by narrow-gauge wagons or trucks are loaded onto wagons
according to the branch line owner’s code (e.g., 302007, 302001), grouped by the month and
year of arrival and the branch line of unloading (Figure 4).

In process management theory based on cargo flow optimization (Business Process
Optimization, Logistics Flow Management), the “First In, First Out” (FIFO) principle forms the
foundation for logistics efficiency, balanced resource utilization, and fair service. When this
principle is not followed, it adversely affects the supply chain by causing delays, reducing yard
efficiency, and creating bottlenecks and backlogs. (Zajac, 2021) Therefore, an analysis was
conducted on the loading sequence of containers received in June 2024 to examine whether
the “First In — First Out” (FIFO) principle was being followed (Table 1).

Table 1.
Loading Sequence of Imported Containers arrived at Yard 2 of the Transshipment Division
Name of] ) Arrival Date
% Branch Line Name
?\c‘i‘;”ﬁ Code 37 | 1w 2w 3wl 4dw| S| 6l Tdw| STl 9w| 100 | (20w 13Jn| 4Dl 1SR 16Jw| 17-Jen| 18Jw| 19-Ten| 20un| 20-Jun| 22-Fun| 23-Jun| 24-Fun| 25-Jun| 26-Ten| 27-Jun| 28-Jun| 29-Jun| 30-Jun
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The results of the study show that of the 1,790 containers received, 202 containers (9.7 %)
were not loaded in the order of their arrival by year, month, and day, with each container
remaining on average 4.8 days. Meanwhile, containers that arrived later were loaded first.

Methodology

The broad-gauge railway track of the 2nd workshop container yard of the Transshipment
Division has a capacity of 24 wagons. After loading is completed on all wagons, pulling them
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to the yard track and rearranging empty wagons takes at least 30 minutes. During this time,
selecting containers by their date of arrival using a reach stacker takes about 1.5 minutes per
container, allowing for up to 20 containers to be sorted. Therefore, failure to sort containers
according to their arrival date results in increased delivery time for some containers and
negatively affects the overall efficiency of the transportation process. This situation arises due
to inadequate organization of the loading process, the absence of an appropriate mechanism
for determining and monitoring the loading sequence, and leads to longer delivery times,
reduced customer satisfaction, and inefficient utilization of the container yard capacity. Here,
it is advisable to organize the container loading sequence in an optimal manner as illustrated
in Figure 5.

Since this issue in loading organization may not only occur within the current month but
may also affect subsequent operations, it is necessary to conduct a systematic analysis and
take the following measures:

- Developing a FIFO-based algorithm that records each container’s arrival date, location,
and status to automatically determine the loading sequence, and designing a software
(system module) that enables automatic registration of container data;

- Organizing loading operations through algorithmic and operational planning methods
based on information about destination stations, receiving sidings, unloading front
capacity, and zoning, and systematically implementing and automating the “First In-
First Out” (FIFO) principle;

- Minimizing decision-making dependency on human factors and establishing a data-
driven management system;

- Formulating a cargo prioritization policy and developing a mechanism for early
identification of urgent or time-sensitive cargo requiring prompt delivery;

- Introducing performance evaluation criteria (KPI) for measuring loading efficiency,
compliance with loading sequence, and customer satisfaction, and integrating these
indicators into the incentive system.
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Source: Developed by the researcher
Figure 5. Diagram of the process for unloading import containers in the yard and loading
them onto wagons

By implementing these measures step by step, it will be possible to optimize the container
loading and delivery time, improve the quality of services provided to customers, and increase
the efficiency of the utilization of the railway loading yard. In addition, by automating the
loading decision-making process, a study and analysis were conducted to assess the potential
reduction in shunting operations for sorting wagons on unloading station sidings and the
resulting efficiency gains. The analysis was based on June 2024 data for 1,781 import
containers unloaded at 12 terminals of the main stations, including Amgalan, Ulaanbaatar, and
Tolgoit, along the Ulaanbaatar railway line (Table 2). Based on historical data, the total number
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of incoming containers, the distribution of containers destined for each terminal (Figure 6), the
waiting time before the sidings are cleared for unloading, and the estimated cost savings after
simulating the optimal allocation of containers during loading onto wagons by reach stacker
at Zamyn-Uud station were calculated. (Table 4)

Table 2.
Number of containers dispatched from Zamyn-Uud in June 2024.

No. Terminal Branch line code Number of containers Percent
1 UB MCh 722 237 13.3071
2 Tuushin 302006 213 11.9596
3 Mongol Express 302007 153 8.59068
4 Material Impex 302008 194 10.8928
5 Progress 302009 128 7.18697
6 Erin 302010 3 0.16844
7 Technic Import 302024 484 271757
8 Amgalan 809 263 14.767
9 Interdecision 302025 40 2.24593
10 Mongol Trans 302005 55 3.08815
11 Tolgoit MCh 302023 0
12 Nomin Trading 302011 11 0.61763

Total 1781

A histogram was created showing the distribution of waiting times during the unloading

of containers from wagons by crane at the receiving station sidings, as well as the additional
time spent while waiting for the unloading front on the sidings to be cleared (Figure 5).
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Figure 6. Histogram showing the distribution of waiting times, including idle times on sidings
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At Zamyn-Uud station, the cost of using the container handling mechanism (Kalmar) for
loading and unloading on wagons is presented in Table 3. The cost of one hour of shunting
operation at the unloading station for separating containers due to improper classification was
calculated as 210,368 MNT. Without considering the capacity of the container yard or
unloading track, the cost of waiting for the siding to be cleared when loading containers in
bulk for a single receiver was estimated at 900 MNT per wagon per hour, or 20,000 MNT per
wagon per day.

Table 3.
Hourly operation cost of the Kalmar (reach stacker)
Loading/Unloading TTITZLLC UBTZ JVC
Mechaniérgst Hourly Purpose Cost/MNT Purpose Cost/MNT
Summer oL diesel/ | 47100 | 24L diesel | 75360
Kalmar 3,140
Winter 18L diesel 56520 25L diesel 78500
Kalmar driver hourly rate 17919 15000
Total 74439 93500

The following methods were used to optimize the allocation of the decision-making
function:
- Random: Allocating containers in a random mannetr;

- Controlled: Allocating containers with a 0.7 probability that consecutive
containers are assigned to the same terminal;

- Smart: Allocating containers at Zamyn-Uud based on their arrival date (“First In-
First Out”) and their designated receiving terminal, ensuring that the allocation does not
exceed the capacity of each terminal.

Results

By optimally organizing train assembly and loading operations at Zamyn-Uud station,
taking into account destination stations, receiving sidings, unloading front capacity, and
zoning, it is possible to assemble trains accurately following the “First In- First Out” (FIFO)
principle, ensuring that containers arriving first are loaded first. This approach reduces the
number of shunting operations required to position wagons on the sidings at the unloading
station, thereby lowering related costs. Furthermore, the waiting time of loaded wagons for
the unloading front to be cleared is shortened, decreasing waiting-related expenses.

To evaluate these effects, a simulation was developed in Python using the following
functions:
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- generate_containers: Creating containers with terminal allocations based on a
probability distribution;

- generate_trains: Generating empty trains for cargo loading

- train_to_terminal_sequence: Analyzing the sequence of train allocations to
terminals and implementing this process in code;

- count_transitions_load_containers_to_trains: Calculating the number of
transitions when loading containers onto trains, with results presented in Table 4.

Table 4
Comparison of total costs across container loading alternatives

Kalmar Cost of sorting - ) .
Operation for unloading Waiting Time Delivery Total Cost | Savings
- Cost Cost
Cost sidings
Random | 25,712,500 96,332,250 1,078,260 100,957,500 | 224,080,510
’(*7‘33/3' 37,248,062 36,317,750 1,108,082 90,311,550 | 164,985,444
Optimized | 50,692,583 10,955,000 1,333,733 64,491,000 | 127,472,316 23%

Monthly savings = 37,513,128 MNT
Annual savings = 450,157,536 MNT

By optimally marshalling trains at the loading station, the total cost can be minimized
to approximately 127 million MNT. Compared with the Random allocation scenario, this
reduces costs by about 97 million MNT, and compared with the Actual (70%) scenario, by
about 38 million MNT, achieving a total savings of 23%.

To verify the accuracy of the Python-based total cost savings calculations, a simulation
was conducted using the “Train Switch Optimizer” program, which confirmed the results.
The “Train Switch Optimizer” software system is designed to optimize container flow in railway
cargo operations and improve the efficiency of shunting operations. The program operates
through the following stages:

1. Data Input: The program utilizes primary information such as the number of
containers, destination terminals, arrival time, and loading/unloading conditions. It also
accounts for the number of wagons per train (40-55 containers) and the capacity of each
terminal. Cost data include indicators for loading, unloading, waiting time, and delivery
expenses.

2. Allocation Algorithm: Several decision-making methods are applied when
allocating containers to wagons and terminals:

-Random allocation: Assigning containers in a completely random manner;
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- Controlled allocation: Allocating containers with a 0.7 probability of being directed
consecutively to the same terminal;

-Smart allocation: Optimally allocating containers based on arrival time (“First In- First
Out”), designated unloading terminal, and terminal capacity constraints.

3. Simulation and Calculation: The program simulates container flow according to the
selected algorithm and calculates metrics such as average delay time, terminal utilization
rate, shunting efficiency, time reduction percentage, total cost, and potential savings.

4. Dashboard: The results are visualized in a dashboard format, using charts and tables.
This provides a comprehensive view of terminal capacity utilization, daily throughput,
average waiting time, total costs, and efficiency trends.

5. Decision-making: Based on the analysis, management can determine which allocation
method (Random, Controlled, or Smart) yields the lowest cost, the greatest time savings,
and the highest shunting efficiency, thereby supporting optimal decision-making.

The Train Switch Optimizer is a decision support system aimed at enhancing the
management of railway container transportation by simulating container flows based on input
data, selecting the most efficient allocation scenario, calculating performance metrics, and
visualizing the results.

In accordance with the Government of Mongolia’s 2024-2028 Action Program, the
“Vision-2050” long-term development strategy, the “New Revival Policy”, and the Master Plan
for Ulaanbaatar City’s development through 2030, a new railway branch line is planned along
the Bagakhangai-Khushgiin Khundii corridor, alongside the establishment of economic free
zones, industrial zones, and transport-logistics hubs (B. Tamir, A. Baldandorj, 2025).
Relocating these terminals to the Khushgiin Khundii transport-logistics center is projected to
handle an anticipated import cargo volume of 3.5-20 million tons, effectively preventing an
estimated 316-1,800 large trucks per day from entering Ulaanbaatar’s urban traffic (B.
Delgersaikhan, 2025).
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Security

Container loading and unloading yard
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Figure 7. Layout of the transport-logistics center in Khushgiin Khundii

Within the framework of the above policies, the establishment of a new economic free
zone, industrial zone, and transport-logistics hub along the Bagakhangai—Khushgiin Khundii
corridor, together with the commissioning of a centralized terminal consolidating
Ulaanbaatar’s existing terminals, enables loaded containers from Zamyn-Uud station to be
optimally allocated for loading according to the sequence of transport and logistics
organizations shown in Figure 7 using the Train Switch Optimizer program. This approach
ensures correct train composition, streamlines loading and unloading operations at the
terminal, increases the utilization and productivity of equipment-particularly Kalmar cranes-
and reduces operational costs, thereby delivering direct economic benefits.

Implementing new technology in loading operations is a key step to enhancing railway
efficiency, safety, and productivity. At the same time, potential risks must be anticipated and
appropriate mitigation measures planned. Risk analysis identifies internal and external factors
that could affect both the transition process and daily operations, and determines strategies
to minimize their impact.

During system implementation, operational risks such as workflow disruptions,
employee resistance, and challenges in system integration may arise (Figure 8).
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The new system should be introduced in phases, supported by comprehensive
measures such as employee training and preparation of backup procedures. Operational risks,
including equipment malfunctions, adverse weather, and regulatory changes, should be
foreseen in advance. Establishing flexible management and maintenance systems, and
planning in advance the measures to be taken in case of unexpected situations, is important.

Conclusion

By optimally planning loading operations according to the destination station, the
zoning of receiving sidings, and the capacity of unloading tracks, arranging the sidings by
coding, and improving the transshipment technology at Zamyn-Uud station, it becomes
possible to enhance the utilization of shunting locomotives at the station and reduce idle time
and rearrangement periods for local wagons.

By properly marshalling trains at the loading station, total costs can be reduced to
approximately 127 million MNT, saving around 97 million MNT compared to the Random case
and 38 million MNT compared to the actual case, achieving a 23% overall cost reduction.
These results demonstrate that proper train marshalling is an effective strategy for improving
railway shunting efficiency and reducing operational expenses.

Based on the research analysis, implementing the optimization has proven to be highly
efficient in terms of finance, operations, risk management, and competitiveness, while being
easy to manage and feasible to execute. Therefore, further expanding and applying this
optimization solution represents an important step in contributing significant value to the
development of the sector.

Introducing new technology into shunting operations is a vital measure to enhance
railway efficiency, safety, and productivity. However, it is essential to anticipate potential risks
that may arise and to plan appropriate management measures in advance. Risk analysis plays
a key role in identifying internal and external factors that could affect both the transition
process and daily operations, as well as in determining appropriate measures to reduce
adverse effects.
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CONCLUSION

Issue No. 10(2) of the International Journal of Professional Science showcases a diversity
of scientific approaches and practical developments aimed at solving modern technical,
environmental, and management challenges. The combination of research on cybersecurity,
occupational safety, geodynamic analysis, methodological foundations of mathematics, start-
up support, modernization of engineering education, and the implementation of technological
solutions highlights the need for a comprehensive approach to the development of
professional activity.

The presented articles demonstrate that effective solutions require not only specialized
knowledge but also the integration of data, methods, and practices from various fields—from
digital simulators and drone surveys to water supply management systems and optimization
of transport operations. Of particular importance are studies aimed at improving the safety
and sustainability of industrial processes, as well as training qualified personnel capable of
implementing modern engineering and information technologies.

We thank the authors for their contributions and hope that the materials in this issue will
serve as practical guidance for specialists, researchers, and project managers, as well as a
source of ideas for further scientific research and interdisciplinary collaboration.
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