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AHHOTALUUA

BBepeHue. CoBpeMeHHas CTpouTenbHas nnowaaka 4acto xapakrepusyetcst npuMmeHennem TUIM/BIM-TexHonorui B kade-
CTBe arneMeHTa nepexoaa k undpobiM ABoviHukam (L) ctpoutenbHoro o6vekta. Co3ganve LI nogpasymeBaeT yyactue
BCEeX creuman1cToB, obnactb AeATeNbHOCTU KOTOPbIX BXOAUT B CTPOUTENBHO-TEXHOMOMMYECKUIA NPOLIeCC, BKMOYas crneum-
anuncToB Mo cpefAcTBam MexaHusaumu ctpoutenbcTtea. O63op nybrnvkaumin pa3Horo ypoBHsi MOKa3blBaeT akTyanbHOCTb Mo-
CTaBMEeHHOW 3aaayn.

MaTepuansi n Mmetoabl. [Ins peLleHyst NOCTaBNEHHON 3a4aqun By3 AOMMKEH MMETb PECYpChbl 1 NIOACKUE, U MaTepuanbHble
ans obecnevyeHns NOAroTOBKM TakMX CreLuanmMcToB-MexXaHUKOB, KOTOpble MOTYT y4acTBoBaTh B co3gaHum LI ctpouTens-
Horo o6bekTa; L[] cTpoutenbHbIX MalumH, MEXaHM3MOB U 060pyAoBaHNs; B NPUMEHEHUN TexHornoruii LI npu npoekTupo-
BaHWUW, KOHCTPYMPOBAHWK, NPOU3BOACTBE, UCTbITaHUW, SKCMyaTauun U yTunm3aumm CTpouTenbHbIX MallnH, MEXaHU3MOB
1 obopynoBaHusi. [MokasaHa peanbHOCTb peLLeHUst 3a4ayuy NoaroToBKM CreumanvMcToB-MexaHUMKoB B 0bnactu 1 LmgpoBbIX
TexHonorun, u L. MNpueoaartcs npumepbl npumeHeHns LI B psge oTpacnen NpoMbILLNIEHHOCTU C COOTBETCTBYHOLLEN Noa-
rOTOBKOM CNeLmManucToB B TakMx By3ax, kak, Hanpumep, CI6My, MIrTY « CTAHKUH», MI'TY nm. H.3. BaymaHna. lNMogobHas
NOATrOTOBKA MO CTPOUTENbHBLIM crieunanbHocTaM Begetcsa u B HAY MITCY.

Pesynbratbl. B HAY MI'CY npwu paspaboTke npoekTa HOBOM OCHOBHOWM 06pa3oBaTenbHON NporpamMmmbl BbiCLLETO 0Opa3oBa-
HUs no crneumanbHocTh 23.05.01 6bina gobaeneHa aucumnivHa « OCHOBbI CO3aaHus LMGPOBOro ABOMHMNKA CTPOUTENbHbIX
MaLUVH 1 060pyAoBaHUSA».

BbiBoAbl. B kayecTBe OCHOBHbIX MONIOXEHWUIA MpeAnaraeTcs AOMNOMHUTL y4ebHble NiaHbl NOArOTOBKM KaapoB MO crewuu-
anbHOCTN «Ha3eMHble TPaHCNOPTHO-TEXHOMNOMMYECKNE CPEACTBa» KOMNeTeHLMsaMY B ccpepe cosganus LiL; BBecTn ancum-
nnvHy «LlndpoBble ABOMHMKM NOABEMHO-TPAHCMOPTHbLIX, CTPOUTESbHBIX, JOPOXHbLIX CPEACTB U 060PYA0BAHUS» UK UHYHO,
oTpaatoLLyto NpodUbHOCTL BbiMycKatoLlen kadeapbl, peanuaytoLlen obpas3oBaTenbHyo NporpaMmy.

KIOYEBBIE CITOBA: cTpouTenbHbIi 0ObEKT, CTpouTenbHas MallumHa, UdpoBoi ABOVHUK, HOBOE B NMOATOTOBKE CreLu-
anncToB-MexaHUKoOB
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ABSTRACT

Introduction. The modern construction site is often characterised by the application of BIM technologies as part of the tran-
sition to digital twins of the construction project. The creation of digital twins implies the participation of all specialists, whose
field of activity is included in the construction and technological process, including specialists in construction mechanization
means. The review of publications of different levels shows the relevance of the task.

Materials and methods. To solve this problem, the university should have both human and material resources to ensure
the training of such mechanical specialists who can participate in the creation of digital twins of the construction object; in
the creation of digital twins of construction machines, mechanisms and equipment; in the application of digital twin technolo-
gies in the design, construction, production, testing, operation and disposal of construction machines, mechanisms and
equipment. The paper shows the reality of solving the problem of training specialists in mechanics in the field of both digital
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technologies and digital twins. Examples of application of digital twins in a number of industries are given with the appropri-
ate training of specialists in such universities as, for example, SPbPU, MSUT “STANKIN”, BMSTU. Also, similar training in
construction specialties is carried out in MGSU.

Results. The discipline “Fundamentals of creating a digital twin of construction machines and equipment” was added in NRU
MGSU during the development of the project of a new basic educational programme of higher education in the specialty
23.05.01.

Conclusions. As the main provisions, it is proposed to supplement the curricula of personnel training in the specialty “Land
transport and technological means” with competencies in the field of creating digital twins; introduce the discipline “Digital
twins of handling, construction, road facilities and equipment” or another discipline that reflects the profile of the graduating
department implementing the educational programme.

KEYWORDS: building object, construction machine, digital twin, new in the training of mechanical specialists

FOR CITATION: Plavelsky E.P., Gustov D.Yu., Skel V.I., Agarkov A.M. New training of mechanical specialists for the
construction industry. Stroitel’stvo: nauka i obrazovanie [Construction: Science and Education]. 2023; 13(3):6. URL: http://

nso-journal.ru. DOI: 10.22227/2305-5502.2023.3.6

Corresponding author: Vladimir |. Skel, skelvi@mgsu.ru.

BBEJAEHUE

Ha coBpeMeHHOI CTpOUTENBHON MIIOIANKE C all-
qutuBHbIMHA, TUUM/BIM TeXHOJIOTHSIMU MHOTOKPATHO
BO3pacTaeT pojib WH)KEHEpa-MEXaHWKa. JTO CBA3aHO
HE TOJIBKO C TTO00POM M DKCIUTyaTalliell COOTBETCTBY-
IOIIMX MallMH W MEXaHW3MOB, BKJIIOYAsi, HAIpUMEp,
3D-npuHTEPHI, HO U yYacTHEM B CO3/IaHMU HOBBIX WH-
HOBAIIMOHHBIX MAIllMH U MEXaHH3MOB COBPEMEHHBIMU
MeronaMu. Bee 310 moapaszymeBaeT npuMeHeHHe -
poBbix TexHonoruii (IIT), ocoGeHHO TpU CO3TaHUHU
uudposeix nBoitHuKoB (I1/1, Digital Twin — DT) 065b-
€KTa He TOJIBKO MPOTPAMMHUCTAMH, HO U C TIPUBIICUCHH-
€M TEXHOJIOTOB, JIOTUCTOB, SKOHOMHCTOB, CTPOUTEIb-
HBIX MaT€pPHAJIOBEAOB H T.1.

Taknm oOpazoMm, TpeOyeTcs MOATOTOBKa CIICIH-
ANUCTOB  (MHXKEHEPOB-MEXaHUKOB), KOTOpPhIE MOTYT
Ha HOBOM COBPEMEHHOM YPOBHE INPOBOANUTH PabOTHI
Ha Bcex oramax jkuzHeHHoro mukia (OKI) TexHukn
¢ npumeHenueM L[T. K takum stanam oTHOCSATCS Ipo-
€KTHPOBAHUE, TIPOU3BOACTBO, DKCILUTyaTaIUsl 1 PEMOHT
MOABEMHO-TPAHCIOPTHBIX, CTPOUTENBHBIX, TOPOKHBIX
cpexnctB u obopynosaHus. HoBblil ypoBeHb KacaeTcs
B ToM yucie u texHonoruit LI/] [1]. Mcnons3oBanue
[/l mozBoisier pemath Hay4HO-HMCCIIEIOBATEIbCKNUE,
MPOEKTHO-KOHCTPYKTOPCKHE, MPOM3BOACTBEHHO-TEX-
HOJIOTUYECKHE W OpraHM3alMOHHO-YIPABICHUECKHE
3aJa4d B OOJIACTH CTPOUTEIHHOTO MAIIMHOCTPOCHHMS
Kak gacTu npuMeHseMbix LT B cTponuTtenbHOM o0macTu
C noJyueHneM Hanbombiero agdekra. Jlanasle 3anaun
HanpasJeHbl B KOHEYHOM CYETE Ha TOIYIEHHE OIPOM-
HOTO0 SKOHOMU4ecKoro ddekra. IMeHHO OITOMY MU-
pOBBIE JIUEPHI OM3HECA BKIABIBAIOT B MCCIICIOBAHNE
u co3nanue /], Bkarouas BIOXKEHHS U B COOTBETCTBY-
fo1ee o0ydeHwue.

[udpoBble TBOHHWKH, MOSBUBIINCHE B Hadaie
XXI B. [2], B mocnenHee BpeMs MIPOYHO 3aHUMAIOT ITy-
onmukanronHoe mone [ 18], 9To moka3bpIBacT pa3BUTHE
U aKTyaJIbHOCTh PACCMaTPHUBAEMOM TEMBI B Pa3INIHbIX
o0IacTax, Mo KpaliHeW Mepe MaTepHaIbHOU IesTeb-
HOCTH YeJIOBeKa.

Oupma Gartner JaBHO 3aHUMaeTCs WH(pOpMAaIn-
OHHBIMU TEXHOJOTMSMHU U, Hampumep, Ha 2022 r. my-

OJIMKyeT MpPOTHO3 Ha NPOpBIBHBIE TexHojornu Hype
Cycle for Emerging Technologies'. MHorue aBTopbI
nyonukanuii o LIJ] npuBonst kpusyto pupmsr Gartner
(puc. 1)%. OHa JIEMOHCTPHUPYET 3TAIlBl PA3BUTHS MPO-
PBIBHBIX TEXHOJIOTHI: TEXHOJOIrMYecKas ujesi, 4pes-
MEpHBIE OXHMJAHUS Pa3BUTUS U NPUMEHEHHs] HOBOU
nzaeu, n30aBiIeHNe OT WUIIO3MH ImyTeM Oojee peau-
CTUYHOW OLIEHKH IUIFOCOB M MHHYCOB OT BHEIPEHMS
HOBOM nzaeu, paboTa HaJ MaKCHMaJIbHBIM yMEHbBIICHHU-
€M BBIABJICHHBIX HEIOCTATKOB, JTall MONy4YeHHUs (pac-
MIPOCTPAHEHHsI) MOJIMKUTEILHOTO P deKTa, B MEPBYIO
odyepenb SKOHOMHYECKOTo. B Hambombpmieil cremeHn
9KOHOMUYECKUI S(PQEKT IMOoay4alT Te, KTO paHblIe
JPYTHX OLEHWUI ¥ BHEJPWI HOBYIO HJIEI0, XOTS TEPBO-
MIPOXO/IIIaM BCEIzia TPYJHO, 0COOCHHO C YUETOM IIepBO-
Ha4YaJbHOTO BIOKEHHMS KarluTaja.

MATEPHAJIBI U METO/JbI

D¢ dexTruBHAS peanu3aiys MOATOTOBKH CIICIH-
AACTOB JOCTOWHOTO YPOBHS BO3MOXKHA TOJBKO B yC-
JIOBUSIX CJIIOBAHMS TUCLUILIMH (M WX COAEpIKaHUs)
OCHOBHOH MpOo(hecCHOHANBHON 00pa30oBaTeIbEHON PO-
TpaMMBI B pyciie OOIINX TEHJCHIMH Pa3BUTHUS MHUPO-
BOM IIPOMBIIUIEHHOCTH, 3aKJIIOYAIOIIUXCSI B CKBO3HOM
I POBU3AIIIH.

Yemseepmas npomviuinennas peeonioyus. B Ha-
CTOsILIIeE BpPEMsI B MUPOBOW MCTOPUU Pa3BUTHUS IIPO-
MBIIIUIEHHOCTH TIPOXOJUT OYEPEIHON YETBEPTHIA PEBO-
JIIOIIMOHHBIN TTEPUO, IPU KOTOPOM HAET HHTCHCHUBHOE
pa3BUTHE TEXHUK, TEXHOJIOTHH U T.1T., IPHUBO/AIICE K 3HA-
YUTEIFHOMY 3KOHOMHUYECKOMY pocTy. Pa3BuBaromasics
YCTBEPTAasA NPOMBINIJICHHAA PEBOJIIONHNA XapaKTECPU3Y-
eTCs HayKOEMKOCTBIO, MYTBTHINCIUATIINHAPHOCTBIO,

" Emerging technologies for 2022 fit into three main themes:
evolving/expanding immersive experiences, accelerated artifi-
cial intelligence automation, and optimized technologist deliv-
ery. URL: https://www.gartner.com/en/articles/what-s-new-in-
the-2022-gartner-hype-cycle-for-emerging-technologies

2 Kpusas T'apraepa. Kak OLEHHTH BO3MOKHOCTH TEXHOJIOTH-
4yeckux MHHOBauwi s 6usHeca. URL: https://blog.bitobe.ru/
article/krivaya-gartnera/
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B BUJIE METOOJIOTHIA

BBICOKHH yPOBEHb KACTOMH3AIMU

DopManu3arys yCHeHoro onbITa
®a3a UHTEHCUBHOTO pOCTa
HCTIOTF30BAHKS TEXHOJIOTHH:
20-30 % 1ueneBoii ayTUTOpUI
MPUHSUTA UHHOBAIIUIO

TpeTbe MOKOJIEHHE MPO/IYKTA,

Bropoe mokosieHre npoayKra,

JT0OaBIICHIE CEPBUCOB

3a0bIBaTh el1e

Bpemst ———>

[Tnaro
MPOJYKTUBHOCTH

CxJ1I0H
MPOCBEIEHHS

Puc. 1. Ilepuons! pa3BuTUs NepCcreKTUBHBIX uael no Gartner

KOHBEpTeHINEH W CHHEPTHeH, MIPPOBBIMHU IIIaTPOp-
Mamu u OonpmMMu naHHbIMH (Smart Big Date), U
(MCKyCCTBEHHBIN HHTEIUIEKT — UHTEJUICKTYyaJIbHBIE ITO-
MorHukH), Smart Design & Smart Manufacturing® [3].
K aToMy Hy»®)HO 100aBUTH TOT 00JbINOM 3 deKT, B mep-
BYIO OY€pe/ib 110 KaYeCTBY M CKOPOCTH CO37[aHUSI HOBOH
TEXHUKU, KOTOPbIII NOTy4aeTcst OT COBMEILECHHS 3TAllOB
HCCIICIOBaHUS, KOHCTPYHUPOBAHUSA M NPOEKTUPOBAHUSA
Ha OCHOBE YIOMSIHYTBIX BBIIIE€ KOHBEPTE€HIINU U CHHEP-
run. K nepedrcieHHbIM XapaKTepUCTHKAM CIIEAYEeT J10-
0aBUTh M APYrue COCTABIAIONIME LU(PPOBU3ALMHU, Ha-
npumep HenpoMbinuieHHbIH ([0T) M mpOMBITIIICHHBIH
untepHer Bemed (IIoT), uto B mmaHe crpouTenpHON
orpaciu Oonee akTyaspHO. Takke BaKHO M TO, YTO
npu co3nanuu L[/l onHOBpEMEHHO MOJTy4aeTcs U HEKO-
TOPBIN 3a7en Ha Oymymiee, Kak «MOOOYHBIN» MPOTYKT
co3maHust U(POBBIX IBOHHUKOB.

Cymectsyer nporpamma «llngdposas sxoHOMHKA
Poccuiickoii ®@epepaunuun», yTBEpKIAeHHass Pacnops-
sxenueMm IIpaBurenscrea PD 28.07.2017 Ne 1632-p,
10 KOTOPOHM pa3paboTaHO CeMb JIOPOKHBIX KapT B Ha-
npasnernn L[T. CormacHo 3TO# mporpaMMe, YHHUBEp-
CUTEThl YYaCTBYIOT B €€ OCyLIeCTBICHUU. B TOM ke
pycie B MUpe pa3paboTaHbl U pa3padbaThIBAlOTCSI HOBBIE
1aT(OPMEBI, B TOM YUCIe U Ut coznanus LI/1.

[MonsiTre «unpoBoit ABOMHUK» MOIPOOHO Ompe-
neneHo B padore [2]. LudpoBoit ABOWHUK MpeaCcTaB-
asieT co0oi M(pPOBYIO MOAENb, BKJIIOYAIONIYIO MHO-

3 Boposukos A. Jlexuust «DopmupoBanue nU(GpoBOH Mpo-
MBILIJICHHOCTH Ha OCHOBE LU(POBBIX ABOMHMKOBY». URL:
https://ok.ru/video/1798025381131
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KECTBO COCTABISIFONINX M OTINYAIOIIYIOCS OT APYTHX
mozneneit, Hapumep THUM u BIM, teM, uto no3BosseT
YIPaBIATE U3EJIHEM C BBICOKOH CTETIEHBIO a/IeKBaTHO-
CTH, 3TO OYEHb BAXXHO Ha BceM mpoTsvkeHnu ero JKI|
OT MPOEKTUPOBAHUS IO YTUIHU3ALIUY.

LudpoBsie TBOWHUKHN yXKe TTPUMEHSIIOTCS B BEIY-
IIUX OTPACISX MPOMBIIUICHHOCTH: TPAHCIIOPTHOM Ma-
HITMHOCTPOCHUH, CYyIOCTPOCHNUH, aTOMHOIl SHEepreTHke,
a’POKOCMHUYECKOH MPOMBINUIEHHOCTH U Tak jgaiee [1],
BKJIFOUAsI M CTPOUTENbCTBO?. PaspaboraH mepBblii cTaH-
mapt o LI — T'OCT P 57700.37-2021 «Kommbrotep-
HBIC MOJIeJI ¥ MojienpoBanue. L{ndpospie MBOHHUKN
nzznenui. OOIKe MONOKEHUs», BCTYNHBIIMNA B CHITY
B 2022 1. DTOT CTaHIApPT pacmpoCTpaHACTCsS Ha H3/e-
JIUS MAIIMHOCTPOEHUS M HEMOCPEACTBEHHO Kacaer-
CSl CPEICTB MEXaHM3AIlMHM CTPOUTEIHCTBA, HAIPUMED,
B YaCTH MPOBE/ICHNS BUPTYaIbHBIX UCTIBITAHHH.

MO)XHO OTMETHUTB, UTO UJIesI BKIIIOUEHHSI B 00pa3o-
BaTENbHBIN MPOIECC TOATOTOBKHU CIIEIHATIICTOB-MEXa-
HUKOB IT0 CTPOUTEIBHBIM MalIMHAM U 000pYI0BaHHIO
nucturuivHel o 1] mosiBuitack mocie omyOInKoBaHMs
T'OCT P 57700.37-2021, obmieHus ¢ MpOU3BOTUTEIIS-
MH CTPOHUTENBHBIX MAIlIMH U MEXaHHYECKOTO 000pyI0-
BaHUS Ha MpodeccHOHANBHBIX BBICTaBKax B MocCKBe,
OOIICHHUS ¢ COTPYIHUKAMH JTa0OpaTOpHi MO CepTHdH-
KallUU CTPOUTEIBHOIN TEXHUKH, a TAK¥KE MOCIIE MOsIBIIE-
HUSI B MTHTEPHETE MHOKECTBA ITyOIMKAINHA, CBA3aHHBIX
C 4ETBEPTOH MPOMBIIIUIEHHON peBomonueil. B pesyns-

4 LugppoBoii IBOMHKK 3aHKs: KAK TEXHOJIOTHSI IIPUMEHSCTCSI
B crpoutensctBe. URL: https://digital-build.ru/czifrovoj-dvo-
jnik-zdaniya-kak-tehnologiya-primenyaetsya-v-stroitelstve/
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HporH03np0Ba}me HA OCHOBE YHC/JICHHOI'0 MOAC/IMPOBAHUS H3IIeJIHﬁ, npoueccoB U pecypcos,
a TaK’Ke MX B3auMO/JelCcTBHSI B BHPTYaJIbHOM MHDp€

OO0patHast CBA3b MEXIy dTanaMH KCILUTyaTalluy U pa3padoTKu
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PeansHoe

PeannsHOE 791 (1[5

MIPOU3BOACTBO

OOHOBIICHNUS BCTPOSHHOTO NPOrPAMMHOTO 00eCIeueH s

Puc. 2. Ludposuzanms mpon3BoaCTBa MOAPA3yMEBaET CKBO3HYIO HHTETPAIIUIO BCEX YPOBHEH POU3BOJCTBA

Tare aBTOPBI BBISICHUIIN, 4TO IIpU co3aanuu L1/] cneuna-
JIUCTBI 110 CO3/IaHUIO MaTeMaTHYECKNUX, UMUTAIIHOHHBIX
U IPYTUX BUIOB MOJENEH 4aCTO He MOTYT MPEICTaBUTh
00BEMHYI0O KapTHHY MOJCIHPYEMOro OOBEKTa U MM
Ha TIOMOIIb TOJDKHBI IPUNATH CIICIIHATNCTHI-MEXaHUKH,
IyOOKO 3HAMOIINE U PAa3OUPAIOIINECs B CTPOUTEIBHBIX
MalIMHaxX, MEXaHu3Max 1 000py/I0BaHHH.

Cerojns cymecTByeT MHOTO HHpopMmaruu o LT,
ckBO3HbIM LT ¥ T.1. U, KaK JJOrHYeCcKOe MPOIOIKEHHE,
L. B xagecTBe mpumepa cieiaeM CCBUIIKY Ha 0030p
pabot [2]. Ilo cymiectBy, nuppoBOl TBOMHUK — 3TO
nudpoBasi MoeIb 00bEKTa, HO UMEIOIAsi MHOTO 0CO-
6ennocreii. B ocHoBHoMm I1J] memsar Ha NBOWHUK me-
Tamu (AJIEMEHTA); ABOMHHK m3nenus (cOOpKH), coCTo-
SIIIET0 M3 ABOMHMKOB J€Taseil; IBOMHUK 0ObEKTa Kak
cHCTeMbl (MallMHBI), COCTOSIIIEH M3 (YHKIMOHAIBEHO
CBSI3aHHBIX W3/ICIHI-COOPOK; BOWHUK TIpoOIecca, Co-
CTOSIIIMI M3 BCEX COCTABJIAIOUINX KOHKPETHOTO TeX-
HOJIOTHUYECKOT0 Ipolecca oTpaciad. B ompeneneHHOM
cMbIcie npuBeneHHoe neneHue LJ[ ycnoBHO B cBoei
TEPMHUHOJIOTMHU U 3]I€Ch HE OXBaTHIBAET BCE UX BHJIbI,
HO JIaeT TPEICTaBICHHEe 0 MHOTOOOpa3Uy BO3MOKHBIX
BapuaHTOB. Ha puc. 2 nana cxema cBs3M M Iepexopa
OT LU(POBOH MOJEIHN K pealbHOMY OOBEKTY MpPHU CO3-
naaum LIJT°.

Conepxkanue puc. 2 B pa3sHON HHTepHIpeTanuu
MPUBOJUTCSI BO MHOTHX HMHTEPHET-ITyOIHKAIUSIXS.
Onu, ecnu kacarorcst [/, mepeducisaioT BO3ZMOKHBIE
TIOJIOKUTENbHBIE d(PQEKTH NpH UX BHeApeHuu. lIpu-
MEHHUTENBHO K CTPOUTENBHOM 0Tpaciu ¢ noMoibro L]
MOYKHO pellaTh 3aJa4ll OTHOCUTEIBHO IO0CTOBEPHOTO
MIPOTHO3UPOBAHUS 00BEMOB CTPOUTEIHHOTO MTPOU3BO-
CTBa KOHKPETHOTO OOBEKTa MPU PeabHO MMEFOIHXCS
MaTepHaJIbHBIX, TPYAOBHIX, (PHHAHCOBBIX U MPHPOIHBIX
pecypcax; MpOrHO3upoBaHUs 3(P(HEKTUBHOCTH IMPH-

> HMudposuzanus npousoactsa. URL: https://raytec.pro/ser-
vices/tsifrovizatsiya-proizvodstva/

¢ Digitalization Changes Everything. URL: https://oneplm.
com/oneplm-industry/

MEHEHHS (BBO/Ia) HOBBIX CTPOMUTENBHBIX TEXHOJOTHIA;
ONTHMU3AIMH TPUMCHEHUS CpPEACTB MEXaHU3aINH
CTPOHUTENHCTBA KAaK 110 HOMEHKJIAType, TaK U 110 BCEMY
KOMIUTEKCY MAIlliH W MEXaHW3MOB, HCOOXOIUMBIX IS
OCYIIICCTBIICHUS CTPOUTEIBHON TEXHOJIOIMH TaHHOTO
00BEKTa; MPOTHO3UPOBAHHUSA W aHAIM3a BO3MOKHOTO
MOSIBJICHUSI OTKA30B COCTABJISIOIIAX OOBEKTa IO OT-
JETBHBIM DJIEMEHTaM U 00BEKTa B IIEJIOM; ONTHMAJIh-
HOTO PEIICHUS YIPABICHYCCKUX 3a7a4 Pa3HOro poja
u ypoBHsl. [lepeunciiennsle 3agauun ¢ nomoubto LI/ pe-
marTces 0oJee KaYECTBEHHO U B 00JI€€ KOPOTKHE CPOKH
(10 pa3HBIM HHTEPHET-OIIEHKAM BBIMTPHIII 10 BPEMEHU
MOXET OBITh B HECKOJIBKO pa3).

CBsi3b TUPPOBOH MOJCITH C HU3NICCKHM OOBCK-
ToM mipu nepexone k /] TexHuueckoil cuctembl WU
OTJICJILHOMY €€ DIIEMEHTY MOKET OBITh OoJice TITyOuH-
HAasl, YeM IIPEJCTAaBICHO Ha PUC. 2 U OTMCAHO BBIIIC.

Obpasoseamenvras rkouyenyusi 4.0. Yerepras
TIPOMBITIIJICHHAS PEBOJIFOLNS BBIHY)KIA€T MPUMEHSTH
HOBBIC TIONXOIbI K IOJArOTOBKE CICIIMATHCTOB: IIO-
SIBUJIACh 0Opa3oBarenbHas koHuennus 4.0, onucanHasi,
HampumMmep, B padote [4]. DTa KOHIEMIUS BO MHOTOM
cBsizaHa ¢ nupoBHU3aIell SIKOHOMHUKH, POU3BO/ICTBA,
oOpaszoBanusi. He ocraHaBmuBasCh Ha TIPEABLIYIINX
NepuosiaXx pPa3BUTHsI 00pa30BaHMUS, YTO MOXKET ObITh
OTJCIBPHON TEMOH, OTMETHM 4epThl oOpa3oBaHus 4.0.
B coBpemeHHOe 00pa3oBaHHE BKJIOYEHBI BOIMPOCHI
CaMOCTOSATENEHOTO OOYYEHHUS W BBHIONHCHHUS HCCIIe-
JIOBaTEIbCKUX PabOT. McToOYHUKOM MH(OPMAIK CTa
HE TOJBKO TPENoAaBaTesb, HO U B OONBIION CTEICHH
WHTEPHET, WH()OPMAIIMOHHBIC TEXHOJOTHH, BKIIFOYAsS
NMN. BricTpoe BHEAPEHUE B IPOU3BOJACTBO HOBBIX TEX-
HOJIOTHI TpeOyeT CBOCBPEMEHHOW MOATOTOBKH COOT-
BETCTBYIOMUX crieninanucToB. B 2020 . Ha ocHOBe aHa-
JIU3a OTKPBITHIX MCTOYHHUKOB OBLTH BBIICIICHBI TOI-15
UU(POBBIX TEXHOJOTMH C YPOBHEM 3HAUUMOCTHU
(B ckoOKax) KaKk OTHOCHUTEIbHAsI BCTPEYaeMOCTh B Mac-
CHBE HCTOYHHUKOB: MPOMBIIUICHHBIC PoOoThl (1), mc-
KyccTBeHHBIH nHTEINEKT (0,86), MammHHOE 00ydeHHe
(0,68), nudposoe npororunuposanue (0,56), ceHco-
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puka (0,42), 6ecipoBoanas cesisb WLAN, PAN, RFID
(0,30), Omokueitn (0,21), Gonpmue manubie (0,20),
BHUPTyalibHass ® JOTONHEHHas peanbHOCTh (0,12),
ToBap kKak ycmyra (Product-as-a-Servis, 0,09), xom-
netoreproe 3penue (0,03), cmapr-konTpaktel (0,03),
npoMbinuieHHbIH uHTepHET Bemied (0,03), mudpooit
npoitauk (0,02), ymusie ¢padpuxu (0,01)” (MoxHO OT-
METUTB, 4T0 B 2022 1. MupoBOil pbiHOK LI/ B iporHose
Ha 2025-2026 rr. yxe oueHuBaics nopsiaka $50 mupn).
YTO-TO M3 TIEPEUNCIICHHOTO YK€ TPOYHO BOIILIO B MPO-
W3BOJICTBEHHYIO JKH3Hb, HAlpUMeEp IPOMBIIUICHHbIC
poboTel U MammHHOE (UK(ppPOBOE) 3pEHUE, HO U OHH
TOXKE€ MEHSIIOTCS TI0 CBOMM BO3MOXKHOCTSIM M 00Ma-
CTAM TNPHMEHEHUs; JPYroe WHTEHCHBHO BHEIPSETCS
Ha TpaHCIopTe, B JOOBIBAIOLIECH MPOMBIIUICHHOCTH
n T.1. EcrecTBeHHO, 4TO Takas KapTHHA MPUMEHEHHMS
HoBbIX LIT M mHCTpyMeHTOB moTpeOOBasia BBEICHHMS
B y4eOHBIH ITPOLIECC COOTBETCTBYIOMINX TEM U HAIpaB-
JICHUH 110 BCeM 00pa3oBaTesibHBIM ITPOrpaMmam.

OpHo u3 ompenenenuit ynusepcutera 4.0 mpu-
BomuT A.U. bopoBkoB: «4.0 — YHUBEPCHUTET, CIIOCO0-
HBI pemath MpoOJIEMbI-BBI30BBI COBPEMEHHOH Mpo-
MBIIIJIEHHOCTH 34 CYET W3MEHEHMs KOHIIENTa CaMOn
NPOMBIIIJICHHOCTH, TPHU TOMOLIM CMEUICHHs IEHTpa
TSDKECTH B CTOPOHY IMPOEKTUPOBAHUS, TJe Ha JTare
MIPOEKTUPOBAHMS 3aKJIabIBAIOTCSI BCE MapaMeTpsl Oy-
nyuieit KoHCTpyKIuu»®. IMEIoTes U IpyTHe ompeere-
HUSI, HO CMBICJI KOHIIETIIINN yHUBepcuTeTa 4.0 cBouTCes
k npumenenuio [T B obpasoBanuu, B nepeaade ooy-
YaloUMMCsl OM3HEC-HABBIKOB, MEPEX0/l K WH/IMBHIya-
mu3anun o0ydeHus. Bee 310 nMeeT 1enbio BOOPYKUTh
OyIyIIMX CIEUAINCTOB TAKUMU 3HAHUSAMH, YMECHUSIMA
1 HaBBIKAMHU, KOTOPBIE ITO3BOJIUIN ObI UM BIIUTHCS B CO-
BPEMEHHBII IIPOU3BOJACTBEHHBIN IIPOLIECC IPAKTHYE-
CKH 0e3 JIONOJIHUTENBHOTO KOPIIOPATHBHOTO O0yUeHHMS
WIN P MUHUMAJIBHOW aJanTaliid HOBOTO CIECIIHAIIH-
CTa K YCJIOBHSIM KOHKPETHOI KOpIIOpanum.

Pa3pabotky 00pa3oBaTeNbHBIX MPOTPaMM BEIyT
HE TOJIBKO MperojaBaTey U oOydaeMble, HO M MpO-
(eccronanbHOE COOOIIECTBO Uepe3 MpodeccHoHaIb-
HBIE CTaHJAPTHI, IPAKTUKHN U obecriedenue. [1pu sTom
JOJDKHO OBITh COBPEMEHHOE M JJOCTYITHOE ITPOTPaMM-
Hoe obecredeHHe B BHJE 4Yalle BCEro CHEHHAU3M-
POBaHHBIX TMPOrPaMMHBIX IUIATHOPM Uit CO3AaHUS
IU(pOBOro MpoaykTa. MHBIMH CIIOBaMH, BY3 JIOJDKCH
HUMETB PECYPCHI U JIIOACKNE, U MaTepralibHbIC JUIst 00ec-
TICYEHNS] TIOJITOTOBKN TAaKHWX CIIEIMAINCTOB, KOTOpPBIE
MOTyT ydacTBoBaTb B cosfanuu LIJ] crpoutenbHOro
00bexTa; B coznanuy L[] crponTebHBIX MaIlluH, Mexa-
HU3MOB M 00OpPY/IOBaHUS; B IPUMEHEHNUH TEXHOJIOTHI
/I mpu mpoeKkTHpOBaHMY, KOHCTPYHPOBAHNH, MTPOH3-
BOJICTBE, HCIBITAHWH, SKCIUTyaTallid W YTHIA3ALUN
CTPOUTEJIBHBIX MAIIMH, MEXaHH3MOB M 000PYIOBaHHSI.

7 Ton-15 1upoBbIX TexHOIOTHH B ipombinuieHHOCTH. URL:
https://issek.hse.ru/news/494926896.html

8 boposkos A.M. Uro taxoe yuusepcuret 4.0. URL: https://
www.youtube.com/watch?v=31kIW4WqCDw
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Taxko#t moxo Mpernoiaraet OnpeAcICHHY0 THOKOCTh
B (OpMHPOBAaHUH PAOOYHMX MPOTPaAMM JIHUCITUILIHH,
OTIPEICIIAIONINX OCHOBHYIO 0OpPa30BaTeIbHYIO IIPO-
rpammy. Bece 310 TpeOyeT HOBOTO MBIIUICHHS OT BCEX
YYaCTHHKOB 00pPa30BaTEIBHOTO IpPOIEcca: CTYACHTA,
TIperoaaBaresis, pyKOBOANUTENICH By3a.

[IporpeccuBHOE HOBOE HE MOXKET OBICTPO (OTHO-
CUTETHHO) 3aBJIaJeTh yMaMH BCEX YYaCTHHUKOB IIPO-
mecca TPOMBIIUICHHON peBomonnu. OgHAKO B Hau-
OOJIBIIICH CTEICHH BBIUTPACT TOT, KTO CMOXKCT PaHbIIC
JIPYTUX HE TOJNBKO BOCHPUHSTH 3TO HOBOE, HO U ITIPH-
CTYIHUTh K aKTHBHOMY €TO BHEAPEHHUIO. JTO, KaK To-
BOPSAT, TpeOyeT KOMIUICKCHOTO TOAXO0Ma, B KOTOPHIA
BXOIIUT HE TOJIIKO HOBOE MaTepHabHOE, B YACTHOCTH
MIporpaMMHOE 00ECTIeYeHNE, HO U, KaK CKa3aHO BHIIIE,
HOBBIC MTOJIXO/IBI B 00pa3oBanu. [IpuueM HOBbIC METO-
II6I 00y4YeHHST HeOOXOAUMBI KaK JJISl TOATOTOBKH CIICITH-
QINCTOB, TaK W JJIS TIOATOTOBKHM TIpEToaBaTeseii, Ha-
CTaBHUKOB, TpeHepoB [5]. [locnennee uuTepecHo ere
M TE€M, YTO MCTOYHHKOM 00pa30BaTEeIhbHOTO KOHTCHTA
1 TSI CTYACHTA, U IS IPETIOJaBaTelis 3a4acTyi0 MOTYT
OBITh OJIHU U TC K€ UH(OPMAIOHHBIC Pecypchl (MH-
TepHEeT-pecypchl). MaccoBast 1enieBast IeperoaroToBKa
npenogaBaresneil u 00meoOpa3oBaTeIbHON, U BBICIICH
IIKOJIBI, KaK IMOKAa3bIBACT OIBIT, HC BCEIa YCICBACT
32 HOBBIMH TPEOOBaHUSIMH.

B mocrnennee BpeMsi MHOTO IHCKyCCHII 00 wc-
KYCCTBEHHOM HHTEJUICKTE B 00pa30BaHUH, €ro JTOCTO-
WHCTBaX W HemocratkaxX. Eciu oTOpocuTh KpaifHue
MHEHUs, TO MOKHO KOHCTaTupoBartb, 4to MM B 00Opa-
30BaHHUU yXKE CYNICCTBYET U MTHOPHPOBATh ATOT (paKT
KOHTPIIPOAYKTUBHO. MOKHO TIPOBECTH aHAJOTHIO
C MIPOMBIIIJICHHBIMUA POOOTaMH, KOTOPBIX MHOTHE BHA-
yajie BCTpevaiu B MThIKK. OJTHAKO B TIOJTHOM COOTBET-
CTBHH C KPUBBIMHU Pa3BUTHS HOBBIX UJCH (TEXHOJIOTHIA)
¢upmer Gartner (puc. 1) mepBsie pagy>KHbIE TIPEATIONO-
JKCHUSI CMCHHJIMICh PCATbHOCTBIO: POOOTHI HE BCCCHIIh-
HBl U Y HAX UMEETCS MHOTO OIpaHMYCHHA, 0COOCHHO
C Y4ETOM 3KOHOMHMUYECKOH COCTABIISIIOLIEH UX CO3MaHUs
U DKCIUTyaTallnu.

Uckycemeennviii  unmennekm 6 00pazosanuul.
MoxHo ckazath, 4To M B 00pazoBaHuM MOKa erie
uniet cede ontumanbHoe MecTo. K peasbHBIM TOCTO-
WHCTBAaM €Tr0 MOYKHO OTHECTH OCBOOOXKIICHHE CTYJCHTA
1 IIpeToiaBaTenis OT pyTHHHOU padoTel. Hampumep, ms
CTYJICHTa CETONHS 3TO OPOPMIICHUEC YSPTEIKEH 10 Tpe-
OOBaHMSIM COOTBETCTBYIOIINX CTaHIAPTOB, CO3JaHHE
TUIIOBOM MaTeMaTUYeCKOM MOJENU JeTalu; I Tpe-
MoJIaBaTelisi — IMPOBEPKa OINPEICICHHOTO THIA y4eo-
HBIX pabOT M KOHTPOJIEHBIX TECTOB. [IpakTH4ecKuii,
HO OOJBIIE JHIIb TEOPETUICCKHUNA, UTOT MPUMEHEHHS
texHosoruit U — 310 0CBOOOXKICHHE OT IIa0IOHHOM
paboTHI: OCBOOOXKIACTCS BpEeMs sl TBOPYECKOU, Ha-
MIpUMep MPOCKTHOM, pabOThI M CTY[ACHTA, U Ipernoja-
Baressi. Baxnoii ocobenHoctsio N, HanpumMep B Bujie
HEHPOHHBIX CETeH, SIBISCTCS BO3MOXKHOCTh UX 00yde-
HUS 1 CaMOOOyUYEHHSI, M, COOTBETCTBEHHO, HAXOXK/ICHHE
0oJiee COBPEMCHHBIX BO3MOXKHBIX IMPOCKTHBIX peIe-
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Hull. OHAKO B JAHHOM CIy4ae MOXKHO OTMETHTbH BaX-
HEHIIyIo pojib mpernonaBareisi B 0Oy4eHHH CTY/EHTa
BapUaHTHOMY (DOPMYJIMPOBAHMIO 3aja4d, TPEOyromen
peueHysl, ¢ y4eTOM OIPaHUYECHUM, UMEIOIIUXCS B pe-
ANbHBIX YCIIOBHSIX; B OIIGHKE aJIeKBaTHOCTH Mpejarae-
MBIX CEThIO PEIICHHUH 1 IPU HEOOXOTUMOCTH KOPPEKTH-
POBKE TepBOHAYAIBHBIX (POPMYIHPOBOK. DTO yMEHHE
(dbopMynupoBaTh 3aj1auy M OLEHHBATH MOJyYyaeMble
pelieHust BaxHO npu coznanuu L[] mamme wim mexa-
HU3MOB CITCIIHATUCTAMU-MEXaHUKAMH B KOMITJICKCHOM
opurage [T-cnennanncToB M CIEIIUATUCTOB JIPYTOTO
PO IS, YIaCTBYIOIINX B MMPOCKTE.

Eme onna obmacts mpumenenus M B obpa3oa-
HUU — UCTIOJIb30BaHHE CUMYIATOPOB. [1o Ha3HAYeHMIO
pa3IMYaroT pa3Hble CUMYISTOpEL. Hampumep, cumMyos-
U (PU3UIECKHUX TIPOIECCOB TPH Pa3paboTKe HOBBIX
W3JeNNi, CUMYISIUS Ha OCHOBE HU(PPOBOW MOMICITH
Pa3HBIX BHJOB UCTIBITAHUN TIPOIYKIIUHU, UTPOBAsT CHMY-
nsnus B oOpaszoBanHuy u jp. [9]. Muorne oOyuarormue
CHUMYJIATOPbI OCHOBAHbI Ha BUPTYaJbHOW M JIOTIOJHEH-
HOH peanbHOCTH. Takue CUMYIATOPBI MOTYT paborarh
B BUPTYaJIbHOM M PEAJbHOM IPOCTPAHCTBE U B peajlb-
HOM BPEMEHH, YTO IIMPOKO IPUMEHSIETCSI B TAKUX 00-
JIACTSIX, B KOTOPHIX OOy4eHHE CBSI3aHO C OOJIBIINMHU
MaTepHaIbHBIMU 3aTpaTaMU, C PUCKOM TPABMUPOBAHUS
Wi axe rubeny orneparopa u T.1. B kauectse npume-
pa MOKHO MPHUBECTH MPUMEHEHHE TaKUX TPEHaXKEPOB
B TPAHCIOPTHOM OTpPAaciiy, OCOOCHHO aBHAI[MOHHOM;
B aTOMHOM M XMMHUYECKOW MPOMBIIIJIEHHOCTH; B MEJIU-
UHE U Jp. B 001acTu CTpOUTENBHOTO MAITMHOCTPOE-
HUS CUMYIATOPBI-TPEHAKEPhI UCTIONB3YIOT B 00yUeHHH
yIOpaBICHHEM TEXHOJIOTHYECKHMHU TIPOLECCaMHU, IHa-
THOCTHPOBAHUHU MAIlIWH U MEXaHU3MOB, TPHOOPETCHIH
HABBIKOB pabOTHI OMEpaTopoB MAaIllWH, MEXaHH3MOB
u obopynoBanus. Ha xadenpe MexaHm3anuy 1 aBTOMa-
TH3anuu cTpouTensHbIX Mammma HUY MI'CY npume-
HSIOT UMUTATOPBI il OOyUYCHHsI CIICLUATINCTOB pea-
THPOBAHUIO HA BO3HUKHOBEHME Pa3HOTO poja OTKa30B,
BO3HMKAIOIUX IPU HaNaJgKe M SKCIUTyaTallud Iacca-
YKHPCKHX U TPY30BBIX JIU(PTOB.

B COBPEMCHHOM MUPE MHOTHC NEPBOHAYAIBLHBLIC
n(poBbIE «KMHCTPYMEHTBD) MEHSIIOT WM PACUIUPSIOT
CBOIO OOJIaCTh Ha3HA4YCHHUsS, Hampumep OJNOKUeHH —
pacrpeneneHHbIi peecTp. TexHoI0rHs OJIOKUYCHHA yxKEe
MIPUMEHSETCS B IIKOJIFHOM M BYy30BCKOM 0Opa30BaHUM,
1 TIEPCTIEKTUBHI €€ JabHEHIIEeT0 HCIIOIb30BAHUS YBE-
nnuuBatoTcs. Ilo cBoell cTpykType pacmpeznesieHHas
peaNbHOCTh CTAHOBUTCS BCe Oonee 0OBEMHON M JI0-
CTYIHOH TIPH OIPEIEeNICHHBIX YCIOBUSAX MPAKTHUCCKU
Be3Jle, UMb OBl OBLTO COOTBETCTBYIOIIEE 000PyIOBa-
HUe (KOMITBIOTEp, HOYTOYK, rajker). OCHOBHBIMH Xa-
pPaKTepUCTUKAMHU OJOKYCHHA SBISIOTCS JIEIICHTPAIH-
3anus U 0e30MacHOCTh, OTKPHITOCTD W MIPO3PAYHOCTD,
HEU3MCHHOCTh W JIoBepue U Ap. Kak cienctBue 3THX
CBOWCTB, OJIOKYCHH ynoOCeH s XpaHESHUS MOMTUHHBIX
JIOKYMEHTOB: TUILIOMOB, ME€PCOHAIBHBIX JOKYMEHTOB

% JlaGoparopuslii crenn «Mmurais audra ¢ yCTPOHCTBOM
ynpasnenus cepun YJI (YKII) UJI-YII u cepuu LLIYJIM».

U JIOCTIKCHUH OOydaromuxcs M COTPYJHHUKOB (Tpe-
Toj1aBaresieii), HayYHbIX JOCTIDKCHUH M IyOIMKaIui
W T.IL; JUIS WACHTH(UKAINU CTYJICHTAa M JIPYTHX CO-
TPYAHUKOB B PA3HBIX TOJIPA3ACICHHUSIX CBOETO U APYTUX
BY30B; I MIOBCEMECTHOM JOCTYNHOCTH OHJIAHH-KYp-
COB, OCOOEHHO HOBBIX aBTOPCKHX; U MHOTOE APYIoe€.
B kadectBe nmpumepa NPUMEHEHHUS U MEPCIEKTUB pas-
BUTHSI TEXHOJIOTHH OJIOKYCHHA B 00pa30BaHUU MPHUBEC-
JICM CCBUJIKH Ha jaBe padots [10, 11].

Eme onHOl BO3MOXXHOCTBIO TpOpHIBA B 00pa-
30BaHUM SIBIISIIOTCS TEXHOJOTMH OONBIIMX JAaHHBIX
(Big Data). Texaomoruu OONBIINX JAaHHBIX MO3BOJISIOT
OIIEpUPOBATh MEPCOHAIBHBIMY JJAHHBIMHU B 9acTH CO0-
CTBEHHO TEPCOHAIBHBIX JaHHBIX CTYJCHTOB U TIPEIO-
JaBaTeliel, yCreXxoB B Pa3HbIX 001acTAX JeSTEIIbHOCTH,
MIPE/ANOYTEHHSIX B BBHIOOpE y4eOHOro KOHTEHTa W T.II.,
BKJIIOYass TPOTHO3MPOBAHME JaJIbHEHIIEH JesTelb-
HOCTH OOYyYaroIMXcs M MX HACTAaBHHKOB, HAlpHMeEp
B paMKax MHTEPECOB By3a; BO3MOXKHOCTH O€30I1acHO-
CTH M aIMUHUCTPUPOBaHUs B By3e [12].

Kaxk m3BecTHO, O0osbIINE JAHHBIE XaPAKTECPU3YIOT-
Csl HECKOJIBKUMHU TIPU3HAKaMH, HAPUMEpP «IISITBIO V»
(puc. 3'): o6bem (Volume) — rtepabaiitel u Oosee;
ckopocth (Velocity) — yBenndenue oObema HHGPOP-
Maliy B T€OMETPUYECKON HpPOrpeccuu, 4To Tpelyer
mporpamMM OBICTPOH 00paOOTKH WM aHaNW3a aHHBIX;
pasHoobpasue (Variety) — gaHHBIE MOTYT OBITH TIpe-
CTaBJICHBI B Pa3HOOOpasHOW (Gopme u (popmarax; 10-
cToBepHOCTh (Veracity) — TOYHOCTh M TOCTOBEPHOCTh
MOJTyueHHsl JaHHbIX; leHHOoCcTh (Value) — BakHOCTB
nHpOpPMALUK JJIsl TOW MM MHOM OTPAC U T.II.

IlenrocTh

bonsinne
JTaHHBIE

JocTto-
BEPHOCTH

Puc. 3. [Ipusnaku bonbiiue nanxbie

MoxHO m00aBHTB: OBICTPO pacTymmii 00BeM
JAHHBIX CBsi3aH C TpadUKOM OOJAYHBIX BBIYHCIIC-
uuii, 10T/IIoT (Internet of Things/Industrial Internet
of Things — uHTEpHET BeIEH/ITPOMBILIICHHBIA WH-
TEpHET Belieil), MOOMJIBHBIM TPAapUKOM U T.JI.; BBICO-

10 Data Science: The 5 V’s of Big Data. URL: https://medium.
com/analytics-vidhya/the-5-vs-of-big-data-2758bfcc51d
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Puc. 4. IIporeccs! ¥ MHCTPYMEHTHI aHAITN3a OOJBIINX JAHHBIX

Kasg CKOPOCTb, C KOTOPOW JaHHBIC HAKAIUIMBAIOTCS,
B OCHOBHOM CBSI3aHA C MHTCPHETOM BEIICH, MOOWIIb-
HBIMA JTaHHBIMH, COIHAIEHBIMU CETSIMH U T.1I.; Pa3HO-
o0Opasue JaHHBIX CBS3aHO CO CTPYKTYpHUPOBAaHHBIMH,
MOy -CTPYKTYPUPOBAHHBIMUA U HECTPYKTYPUPOBAHHEI-
MU TaHHBIM H3-32 Pa3HBIX UCTOYHHUKOB JAHHBIX, T€HE-
PUPYEMBIX JIOABMU WM MAaIIMHAMH; JOCTOBEPHOCTH
OTHOCHUTCS K OOCCIICYCHUIO Ka4eCTBa/ICIOCTHOCTH/
JIOCTOBEPHOCTH/TOYHOCTH JAHHBIX, TaK KaK OHU COOH-
paroTcsi U3 HECKOJBKMX MCTOYHHUKOB, TO HEOOXOIMMO
MPOBEPATh TOYHOCTh HH(MOpPMAIIUHU, TPEKIE YEeM HC-
MTOJIb30BaTh €€ NANbIIe; IIEHHOCTh OTHOCHTCS K TOMY,
HACKOJIBKO TIOJIE3HBI CBEJCHHUS TSI IPUHATHUS PEIICHUH
(Hy>)KHO W3BJICYb IICHHOCTh M3 OOJIBIIHMX JAaHHBIX, MC-
TTOJTB3YS HAUIEKAIYIO AHAIUTHKY ).

Baxneiiiast uwacth Big Data B TexHM4YeckoM
BYy3€ — BO3MOXKHOCTh Ha OCHOBE aHaJI3a OOJIBIIIHX JTaH-
HBIX BBIOpaTh, CO3/1aTh WM YTOYHHUTH MPOSKTUPYEMYIO
TEXHHUYECKYI0 KOHCTPYKIIMIO; 3TO TOTEHIHAN MPEACKa-
3aHUsI TIOBE/ICHHUS, HAIPUMEP, MEXaHUICCKOH CHCTEMEI,
CO3MaHHOU TIPHU KYpPCOBOM MPOCKTUPOBAHUH WM TIPH
pa3paboTke BBITYCKHON KBaJIM(HUKAIIMOHHOW PadOTHI.
Kak n3BecTHO, 11000€ POCKTHPOBAHHE MHOTOBAPUAHT-
HO U BO3MOXKHOCTh YBHIIETH OTIAJICHHBIEC TOCICACTBHS
NPUHATBIX KOHCTPYKTUBHBIX PELICHUM, 10 KpanlHEeil
Mepe, BechMa 3aMaHurBa. TakuM 00pazoM, Oe3 aHam3a
OONBIIMX JaHHBIX PEHICHHE YIIOMSHYTHIX 33/1a4 3aTPya-
HUTEIILHO WM TpeOyeT MHOro BpeMeHH. Pazinuaror
YeThIPEC BUA aHAM3a: OIMUCATCIBHBIHN, (YUKCUPYFOIIUIA
CITyYUBINYIOCS CHUTYAIHIO; AUATHOCTHYCCKUMA, Omperie-
JIIOLUM PUYUHBI CIIY4YMBLLIETOCS; IPEIUKTUBHBIH, T.€.
Mpe/ICKa3aTeIbHbI MM TMPOTHO3HBIN, BBIMTOTHIEMbII
HA OCHOBE MAaTeMAaTHYeCKOH CTATUCTHUKHU, MOJCIHPOBA-
HUsI, MaIMHHOTO 00yuenust, MU u T.x.

s aHanm3a OONBIIMX JaHHBIX, OCOOCHHO MpHU
MTOBTOPSIIOIINXCS 3a/1adaX, XapaKTepHBIX, HarpuMep,
JUTSL BBICIICH (JIF00OM) HIKOJIBI, BEPOSITHO MPHUMCHCHHE
Data Mining ¢ BO3MOXXHOCTBIO MalllMHHOTO OOyYeHUS,
mryookoro ooydenus u M. Nmerores u apyrue Bo3-
MOXKHOCTH (ITPOTpaMMbl) MAaIIMHU3UPOBATh aHAIN3
OOJIBIIMX NTAHHBIX JIUIS PCIICHHS PAa3HOTO pona 3aaad
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OT ONHCATEeNIFHBIX JI0 MPOTHO3HBIX. HekoTopoe mpen-
cTaBJeHUEe 00 aHaiM3e OONBIIMX JAHHBIX TPHBEACHO
B pabore'!, Ha puc. 4 TOKa3aHBI TCXHUKA U METOIbI
aHanu3a, npuMeHsiemMbie K Big Data'?.

Eme onHOIt HOBOH TexHONIOTHEH, MpUMeHseMOoil
B oOpaszoBanuu, siisiercss BuptyanbHas (VR) u no-
nmonHenHas (DR) peamsHocTH. U Ta, n apyras TexHO-
JIOTMW WCIIONB3YIOTCS JJIsl BCEX BHAOB OOpa3oBaHUS.
JI1s IKOBHOTO 00pa30BaHuUs BBIITYCKAETCs JIaKe CIie-
UaIM3UpOBaHHOE obOopynoBanue. [Ipumenenune VR
u DR B m1kose uMeeT MHOI'O JOCTOMHCTB JIJISI CO3JIaHUS
Yy UIKOJFHUKOB MOTHBAIIMHA K W3yYCHHIO TyMaHHUTap-
HBIX JAUCIUIUINH ¥ TUCIMIDINH TOYHBIX HayK. Ho »TH
K€ TEXHOJIOTHM MPUMCHHMBI U B BBICIICH IKoie'?,
HO Ha HECKOJIBKO JIpyroM ypoBHE. CyIIecTBYIOT CHMY-
JISITOPBI U TPEHAKEPHl HA OCHOBE BUPTYaIIbHOM pealib-
HOCTH, TO3BOJISIIOIIME MONTYYUTh MPOdecCHoHaIbHbIC
HaBbIkK 4. [IpH 5TOM HCTIOIB3YIOTCS TEXHOIOTHH HHTE-
PaKTUBHOTO OOYyUYEHHMSI, UTPOBOTO U IPYTUX COITYTCTBY-
tomx 3D-e-learning KOMITBIOTEPHBIX MPOrPaMMHBIX
KOMILIeKcOB. Jlist 3TOro, Kpome MporpaMMHOro ode-
CIieueHus, MOTpedyeTcs ele, HampuMep, UMETh KOM-
TUIEKT OYKOB BHPTYATbHON PEaTbHOCTH.

Hugposvie Osouinuky. DTUM TIEPCUUCICHHEM
HE 3aKaHYMBAETCSl XapaKTepUCTHUKA YHUBEPCHTETA
4.0. OnHako yKa3zaHHbIE TEXHOJIOTMH, TIPUMEHSEMbIE
B BBICIIEH IIKOJIE, B TOM WM MHOM Mepe y4acTBYIOT
B CO3MaHUU M HCIONb30BaHUU L[, AmanTupys OIIbIT,
TIOJTYYCHHBIH B IPYTHX OTPACIISAX, MOYKHO TIEPEUUCIUTh

' Big Data Analytics: How it works, tools, and real-life ap-
plications. URL: https://www.altexsoft.com/blog/big-data-
analytics-explained/

12 Bonbiune nanubie (Big Data). URL: https://www.tadviser.
ru/index.php/Crares:bonsme _nannsie (Big Data)?amp;act
ion=edit&amp;section=6

13 Berth win He 661Th? VR 11 AR B cdepe obpazosammst. URL:
https://virtre.ru/articles/augmented-reality/byt-ili-ne-byt-vr-i-
ar-v-sfere-obrazovaniya.html

4 Knszeea I' B. BupryanbHasi peajbHOCTh M TPO(ECCHOHATb-
HbIE TEXHOJIOTMH BU3yAJIH3aLMH.
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OCHOBHBIE MTyHKTHI co3fanust LI/l cTpouTenbHbIX U J10-
POKHBIX MalIMH W 00OpYHOBaHUS'S: CO3/MaHUE ajieK-
BaTHBIX MaTeMaTHYeCKUX MOJAENEH U AIIEKTPOHHBIX
JIOKYMCHTOB, OITHCHIBAIOIINX TTOBEACHUE 00beKTa (Me-
XaHW3Ma, MaIlIuHBI, 000PYI0BaHMSI, TEXHOJIOTHIECKOTO
nporiecca). OcHoBHBbIe TpeumymiectBa [IJ] mOmKHBI
3aKJIa/IbIBAThCS HA dTare pa3paboTKu U3IeNns U ajee
Ha dTamnax MPOW3BOJCTBA W AKCIUTyaTanuu. M Ha Kax-
JIOM JTare CO3Jal0TCs MU(PPOBBIE MOJECIH C BBICOKOM
CTETIEHBIO COOTBETCTBUS PEaJbHBIM OOBEKTaM H TPO-
neccam. Co3manue MoJeneil yIUTHIBaeT CTPYKTYPHYIO
CXeMY W TeOMETPHUIO0 KOHCTPYKIINU MAIlIWHBI, €€ KHHE-
MaTHYECKUE W TUHAMHYECKUE 3aBUCHMOCTH; (PH3HKO-
MEXaHMYECKHEe CBOWMCTBA MCIIONB3YEMBIX MaTepPHAaIOB
(KOHCTPYKIIMOHHBIX, SKCILTyaTaIllHOHHBIX, 3AIIUTHBIX);
mapaMeTphl, XapaKTepU3yoIe Oe30macHOCTh IKC-
IDTyaTaliyl MaIluHBl (TIPOYHOCTH ASIIEMEHTOB U KOH-
CTPYKLMU B LEJIOM, YCTOWYMBOCTb OT OINPOKH]IbIBA-
HUS, BHOPOOE30ITaCHOCTh OIIepaTopa, IPrOHOMUICCKIE
Y CaHWTapHBIC TPCOOBAHUS, SKOJOTHYHOCTh MAIIHHEI,
ee HKCIUlyaTallud U YTWIM3alHUU U JIp.). YUET BCEro
TEPEUMCIIEHHOTO OMUCHIBAETCS CUCTEMON HETMHEHHBIX
MU pepeHINaTbHBIX YPaBHCHUM, PEIIACMBIX YHCIICH-
HbIMH MeTofamMu. HenmmHelHOCTh ypaBHEHUH CBsI3aHa,
B MIEPBYIO OUe€pe/lb, CO MHOTUMHU OTpaHUYCHUSIMH, Ha-
MpUMep MO CBOMCTBAM MaTepUasioB, KUHEMaTHKE BO3-
MOYKHOTO JIBFDKCHHS, paboucii 30He MaIlIMHBI U Jp. DTU
cucteMbl AU(GEPEeHINATBHBIX YPAaBHEHUH JTOJDKHBI
AyTEHTHYHO OIUCHIBATh JMHAMHUYECKOE TIOBEJACHHE
MAaIlIMHBI U 0053aHbI COCTABNIATHCS MEXaHUKAMU U Ma-
TeMaTHKaMu B pabOTOCIIOCOOHOM TaHAEeMe, 4YTO elle
pa3 000CHOBBIBACT HEOOXOAUMOCTH COOTBETCTBYIOLICH
TOATOTOBKH M MEXaHUKOB, M MaTEMaTHKOB.

31ech MOYKHO 3aMETHTb, YTO MaTEMATHIECKOE MO-
JETNPOBAHNE CTPOUTENBHBIX MAIIMH U 000PyIOBaHUS
MaBHO TPUMEHSETCS TpPU WCCICTOBAHUU THHAMHKH
CTPOHTENBFHBIX MAIllWH C LENBI0 ONMpPEICICHUS Harpy-
30K B DJIEMEHTaX KOHCTPYKIIWU W B TIIABHBIX MEXaHM3-
MaX CTPOUTEIHHBIX MAIIMH B IEPEXOTHBIX PEKAMaX
paboThI; HaliICHHbIC TUHAMAYECCKIE HArpy3KH T03BO-
JISUTH BBITTOJTHUTP pacyeT Ha MIPOYHOCTH AJIEMEHTOB KOH-
CTPYKLHU WJIM MEXaHU3MOB MAaIIUH C YYETOM pEeXHMa
paboTHI (KCTaTH, ONpeIeIICHAE PEabHOTO PEeXIMa pa-
OOTBI HA CTAJUU MPOCKTHPOBAHUS MAIIUHBI SBISICTCS
OTJICTILHON Ba)KHOH 3aJ/1aycil); TakiKe MaTeMaTH4eCKoe
MOJIETIUPOBAaHUE TO3BOJISIO ONPEJEIUTh BO BpeMe-
HU TPOTEKaHUE JIMHAMUYECKHUX IpoleccoB. [loaTomy
HMMEIOIIHICS OMBIT IIHU(PPOBOrO MOJCIMPOBAHUS HEOO-
XOIUMO PACIIUPUTh PEIICHUEM JIOTIOTHUTEIBHO TeX
3a/1a4, KOTopble cTaBsaTcs npu co3nanuu /] B koHkper-
HBIX YCIIOBUSIX CO3JaHUSI CTPOUTENBHBIX, JOPOKHBIX,
MOABEMHO-TPAHCIIOPTHBIX MAaIIMH U 000pYIOBaHUS
C TOM WM WHOM CTEIEHBIO JeTaIu3allid B 3aBUCHUMO-
CTHU OT MOCTaBJICHHBIX 1IeJiel U 3a1a4. To ecTh B CTPO-
UTeNbHOU oTpaciu co3aanue L{J] mammH, MexaHu3MOB
U TEXHOJOTHYECKUX TPOIECCOB ¢ HUMH HAYUHAETCS

'S Ponb 111(poBOro 1BOMHUKA B COBPEMEHHOM MAIIHHOCTPO-
ernu. URL: http://rosacademtrans.ru/cifrovoi_dvoinik/

U MPOUCXOIUT HE HA MYCTOM MECTE, a C MCIOIb30Ba-
HHEM COOTBETCTBYIOIIECTO MUCCIICIOBATEILCKOTO OIIBITA.

Hudposoii ABOHHHUK HyXHaeTcs B WHPOPMALUU
0 TIPOM3BOAUTEILHOCTH, PaOOTOCIIOCOOHOCTH, TEX-
HUYECKOM OOCITY)KUBAHUU H T.JI., KOTOpas IMOCTyHaeT
ot natuukoB [ 13]. Eme Ha aTane co3nanus TEXHAYECKO-
ro 00BbEKTa OMPEACIIIOTCS MECTa YCTAHOBKHU JaTYNKOB
IIoT cucremsl, napopmupyronmx /] o dhuzmgeckom
COCTOSIHUM MAaIIMHBI. BBIOOp MECT yCTaHOBKM JaTdH-
KOB, CIIOCOOHBIX HH(GOPMHUPOBATH O KH3HCHHO BAYKHOM
COCTOSTHUH 3JIEMEHTOB KOHCTPYKIIMY ¥ MAIITUHBI, a TaK-
KE XapaKTepU3YIONNX TEKYIIHe SKOHOMUYECKHE I0-
KaszaTemnu, SIBISETCS BaKHEHIIEH U OTBETCTBEHHEUIIECH
3amadeil sl MaTeMaTHKOB, MEXaHHUKOB, SKOHOMHCTOB
1 T.J. OTO MEPEUNCICHNE MOKHO TPOIOIKHUTH C O4e-
BHUJIHON HCOOXOMUMOCTBIO COBMECTHOU padOThI Mare-
MATHKOB U MEXAaHUKOB, a BEPOSITHO M APYTHX CIICIHA-
JINCTOB, NpH aJiekBaTHOM co3nanuu [{J] crpoutenbHoOn
TexHUKU. [IprueM moj MeXxaHUKaMH, MaTeMaTHKaMH
1 T.IL., KaK TIPaBUIIO, CICAyeT NIOHUMATh HE OT/ICIbHEIC
MIEPCOHATINH, a COOTBETCTBYIOIINE pPabodne TpPYIIIBI
CIEIUAIUCTOB.

OxuIaeMble «TUBUACHIBD) OT pa3paOOTKH U IPH-
meHeHus LI/l MOryT u He ompaBIaThCsl HE TOJBKO I10-
TOMY, 4TO IIU(POBAs MOJCIh HEaJCKBaTHA PCATbLHOMY
00BEKTY, HO U TTIOTOMY, 4T0 y VI B €ro mmpokoM ImoHH-
MaHHH CYIIECTBYIOT ONIpeesieHHbIe TpodieMbl. K HiM,
HATpUMEp, OTHOCSATCS: HEHaJIexkKHast pabora uHpopMma-
[UOHHBIX JTAaTYNKOB, YCTAHOBIICHHBIX B KPUTHYCCKUX
MecTaxX MaIlliHBI; BEIOOpP HE B TE€X MECTaX yCTAaHOBKH
JATYMKOB WJIM HCBO3MOXXHOCTh UX YCTAHOBKH B HYX-
HOM MECTe; HEeTTOJHAsI WIIM HCKaKeHHAs, TOCTYTIA0MIast
OT JTaTYMKOB, HHPOPMAIUS, U JPyTHE IPOOIEMBI, CBS-
3aHHBIC C MHTEPHETOM Beliei. Takxke cpeau mpoodiaem
MOXKHO yKa3aTh HEaJeKBaTHBIM alTOpUTM 00pabOTKH
JAHHBIX, TOCTYMAOMNX OT JAaTYHUKOB; OTPAHUYCHHYIO
WM YPE3MEPHYIO MOAPOOHOCTh MOCTPOCHHOM ITU(PO-
BOM MOJENH, CBSI3aHHYIO C (hopManu3aiueil 3amaaum;
HEHpPOHHBIE CETH, YaCTO MCIONb3yeMbIe I MPOrHO3a
BO BPCMCHHU IMOBCIICHHUS MAIIUHBI, MOT'YT OINUOATHCS,
X0Ts ¢ (hOpMabHON TOYKH 3pEHUS MPUHATOE HEHPOH-
HOH ceThio perieHne nmpasmibHoe. [IpoOieMbl mpume-
HSCMBIX IU(PPOBBIX HHCTPYMECHTOB MOKHO MPOJOJI-
KUTH (IPUMEpPHl aBapwii MOXKHO HAWTH B HHTCPHETE
JUTS BO3AYIITHOTO ¥ HA3€MHOTO TPAHCIOPTA), HO BaYKHO
UMETh O HUX MPEICTaBICHUE U YUUTHIBATh MPU CO3/Ia-
aHuu [1J]. B HacTosmiee BpeMs pa3paOaThIBAIOTCS CTaH-
JapTHl B pacCMaTpUBaeMOil HaMH 00IacTH I OTpaHU-
YeHUS U(GPOBBIX Pa3pabOTOK C IENIBI0 YMBIILICHHOTO
WIA HEYMBIIUICHHOTO MPUYMHEHUS BpeEla YeJIOBEKY,
€ro JUCKPUMHHAIIUN WIH HEOOBEKTHBHOM OICHKH Je-
sATeNbHOCTH. K cokaleHuto, Moka yrnoMsHyThbIe CTaH-
JapThl MaJIO 3aTParWBaIOT MPOU3BOACTBEHHYIO cepy,
XOTs pabOTHI BEAYTCS W HEKOTOPHIE HOPMAaTHUBHBIC JI0-
KYMCHTBI YK€ OIyONHUKOBaHBI. [T100abHO MOXKHO OT-
METHTh, 4TO eme B 2017 T. 3HAMCHHUTHIA OpUTAHCKHHA
yaeHblif CTUBeH XOKHUHT MPEIBUIEHT, YTO NCKYCCTBEH-
HBI MHTCIUICKT JUIS YEJIOBEUCCTBA MOXET OBITh Kak
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CTNOMTENbCTB!
HayKa v 06pa3oBaH

E.I. lNMnaeensckut, 4.F0. N'ycmos, B.U. Ckenb, A.M. Aeapkoe

BEJIMYANIIUM JOOPOM, TaK M BEIWYaNIIeH mpoOiemMoii,
BKJIIOUAst THOEINE YeltoBeuecTna'®.

B psine By3oB Poccun (Hanmpumep, CIIOITY, MI'TY
«CTAHKUH», MITY wum. H.D. baymana, HUTY
MUCHC u ap.) MHAPOKO UCTIONH3YIOTCSI HOBEIE ITOIXO/IBI
B IIPEMNOaBaHUM JUCIUIUINH, 00€CTIEYeHHBIX HEOOX0I1-
MBIMH ITPOTPAMMHBIMU MTPOYKTaMH (Jalie Bcero B cde-
pe TEXHOIOTHH MAaIIMHOCTPOCHUS, SKOHOMHUKH U Me-
memkmenta) [1]. B cdepe crpoutensctea HUY MI'CY
pa3padoTtai mporpaMMbl ¥ BHEJPUIT TUCIUILTHHEL, 00e-
cneunBarome npuMeHerue THUM/BIM-texaomoruit
Ha OCHOBE MH(MOPMAIMOHHBIX MOJIETICH, KOTOpPhIE CBs3a-
HBI ¥ IMEIOT MHOTO 00IIIeTro ¢ Borpocamu co3nanus [1/1,
HO Bce e ommyarorcs or aux'”'1® [6, 7]; 8 HUY MI'CY
CYIIIECTBYET JOMOIHUTEILHOE 00pa3oBaHKe ¢ 00yUCHH-
eM TUM-TexHONOTUsIM B CTPOUTEIBCTBE.

Otmertnm, gto mpumenenue /] B cTpoutensHOI
OTpaciiv MoJpa3yMeBaeT U BKIIOUEHUE B CTPOUTEIHHO-
TEXHOJIOTMUECKHUI MpoliecC COOTBETCTBYIOIIEH CTpPO-
WUTENFHONW TEXHHKH, OOOPYIOBAaHUS M CPEACTB MAaJlOH
MexaHu3anuu. Takas cutyarus TpeOyeT OT CIeIHraIm-
CTOB B 00JIaCTH CTPOUTEIBHBIX MAIIWH U 000pyIOBa-
HUS UMETh KomneTeHnun B obmactu LT Boobmie, n L]
B yacTHOCTH. Jleno B ToM, uTo nipu co3ganuu LI/] neii-
CTBYIOIIETO CTPOHUTEIBHOTO O0BEKTa (MM YacTH €ro)
KaK MHOTO(AKTOPHOTO €INHOTO KOMIUIEKCa HEOOXOIH-
MO Y4acTHE€ BCEX CIELIMAIUCTOB, B TOW UM UHOU Mepe
YYaCTBYIOIIMX B MOJHOM LIMKJIE CO3JAHUS «U3ACIUSD
OT 3aJaHUS HAa MPOCKTHPOBAHHE W JO IIOJIHOTO FC-
yepnaHus ero pecypca. Ilpu 3Tom Bce ydacTByIOLIHe
CIICIUAINCThI, BKJIOYas CIEHHUATUCTOB-MEXaHUKOB,
JOJDKHBI «KTOBOPHUTEY» HAa OTHOM s3bIKe. IHaYe «JaHHbIC
HaAXOAATCA B pa3HBIX “KOJOAIAX”’, KOTOpPhIE HE CBSI3aHBI
MeXIy co0Oii: pa3HbIc 0a3bl JaHHBIX, pa3HbIC (popMma-
TBI, pa3Hasi CTPYKTypa DAHHBIX, pa3sHas METOMOJOTHS
WX MoJydeHus...» [7].

B o0nactu CTPOHTENBHBIX, ITOPOXKHBIX, KOMMY-
HAJBHBIX, IMOJBEMHO-TPAHCTIOPTHBIX MAIIMH H Me-
XaHUUYECKOTO 00O0pYIOBaHMS YK€ BEAyTCS pa3padboT-
K TI0 CO3JIaHMI0 OTJIEIbHBIX cocTaBisronmx [IJ1,
B 9aCTHOCTH, B 00TACTH MaTeMaTn9IecKoro, MG poBoro
¥ UMUTAMOHHOTO MonienupoBanus. B 2021 r. B UucTH-
TyTe MalllMHOBeAeHUs uM. A.A. briaronpaBoBa co3aHa
nmabopatopusi MH(PPOBBIX METOIOB YIIPABICHUS KH3-
HEHHBIM ITUKIIOM H3EUH MaIlHHOCTPOEHHS, KOTOpast
pa3BUBaeT HayuyHOE HaNpaBJeHHE, CBSI3aHHOE C MPOEK-

16 CtuBeH XOKHMHI YBHZIEN B HCKYCCTBCHHOM HHTEIUICKTE
yrpo3y rubemu uenosedectBa. URL: https://www.forbes.ru/
tehnologii/343535-stiven-hoking-uvidel-v-iskusstvennom-
intellekte-ugrozu-gibeli-chelovechestva

7 udpoBoit MBOWHMK 3MaHUSI — HOBBIA JTal B Pa3BUTHH
cTpoutenbHbIXx TexHonormid. URL: https://bim-info.ru/arti-
cles/tsifrovoy-dvoynik-zdaniya-novyy-etap-v-razvitii-stroit-
elnykh-tekhnologiy/

18 [IudpoBoii ABOWHUK 31aHUS: KAK TEXHOJIOTHS IIPUMEHSCTCSE
B ctpoutenscrBe. URL: https://digital-build.ru/czifrovoj-dvo-
jnik-zdaniya-kak-tehnologiya-primenyaetsya-v-stroitelstve/
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TUPOBAHUEM KOHCTPYKIIHA, pa3pabOTKON HOBBIX MaTe-
pHAIOB U METOJOB JHATHOCTUPOBAHUS M HCIBITAHHS
KOHCTPYKTHBHBIX JJICMEHTOB, y3JIOB, arperaros, Ma-
IIMH U 000pYJIOBaHMs B OOJACTH MAIIMHOCTPOCHUS,
B 00JIACTh MHTEPECOB 3TOM JIA0OPATOPHA BXOAHT H CO3-
nanue /] MammmH cTpouTebHON OTpaciiy.

Kaxk u3BecTHO, co3zanue mozeneil Booouie 1 Ma-
TEMAaTUYEeCKHUX, B YACTHOCTH, TIPECIICAYET IIeIb UCCIIe-
JIOBaHHSI CBOWCTB PEATBbHBIX (PU3UIECKUX OOBEKTOB,
KOTOpBIC MOTYT €IIl¢ HE CYIIECTBOBATh, a TOJIBKO ILIa-
HUPYIOTCS K IIPOU3BOICTBY. Takast BO3MOXKHOCTB OTIpe-
JIeNIIeT OTPOMHBIA SKOHOMHYECKHN 3P QEKT, momyJdae-
MBI OT MOJICTUPOBAHUS OYIYIIErO M3ICIUS: ONIUOKH
B TIPOCKTE HAa HAYaJbHBIX CTAIMSIX MOTYT IPUBECTH
K KOJIOCCAJIBHBIM 3aTparaM MPH UX JTUKBUIAINH Ha yXKe
M3TOTOBJICHHOW MaluHe. B ¢Bsi3u ¢ 3TUM 3Tam co3ia-
HUS MOJICJTH SIBJISICTCSI OYCHB BaXKHBIM.

B 3aBucuMoOcCTH OT IIOCTABIEHHBIX LIEJEH U pella-
EMBIX 3aJ1ad BapUAHTHI Pa3HOOOPA3HBIX MOJCICH, MPH-
TOIHBIX [UTS PEabHOTO IMTPOCKTUPOBAHS, IIPOM3BOICTBA
1 9KCIUTyaTalliyl OuYeHb MHOT00Opa3Hbl. Hampumep, s
CTPOUTEIBHOTO MAIIMHOCTPOCHUS MOXKHO COCTaBHTh
OIMMCATEeIHFHYI0 MOZENb, 00YJaIONIyI0, UMHTAIIHOHHYIO,
ONTHMHU3AIIMOHHYI0 M KOMIUIEKCHYIO; KpOME TOTO,
MOJICTIH MOTYT OBITh CTATUUCCKUMU M JTUHAMUYCCKUMHU
C pa3HOU CTETCHBI0 a0CcTpakiuy. TakKe MO MOTYT
OBITh WACATBHBIMA M (OPMATILHBIMH, C Pa3HOM CTere-
HBIO IPUOTMKECHUSI K PEalIbHOCTHU; ICTCPMUHUPOBAHHBI-
MH U CTOXaCTHYECKHMH U T.JI., BKITFOUAs] KOMIUICKCHYIO
MOZIeTTh CO MHOTWMH TIpu3HaKkamu. [IpakTika momenu-
POBaHMs MMOKA3BIBACT, YTO CO3JAHUE MOJICIH, 0COOCHHO
MIPUHIMITIATIFHO HOBOW (MHHOBAI[MOHHOW) MAIIUHEI,
4aCcTO HOCUT MHTYHTUBHBIA XapakTep 1 3aBUCHUT OT MPO-
(hecCHOHANBHBIX Ka4eCTB aBTOpPa MOJCIH. DTa mpodec-
CHOHAJIbHAS] HHTYUIINS CIICIIHAINCTa-MEXaHUKa JJOJDKHA
3aKJIaJIIBaThCS €Ille B By3e, HCIIOJIB3YS BCE COCTABIIS-
IOIIME CBOEBPEMEHHO aKTYaJIM3MPOBAHHOW OCHOBHOM
podeccHoHATBFHOI 00pa30BaTeIbHON IIPOTPAMMBIL.

YromsHyTas BBIIIE MHOTOBAPHAHTHOCTH MPOCKTH-
POBaHHS TEXHUYCCKOTO M3/ICIIHSI KACACTCsl M BO3MOXKHO-
CTeH MPEANPHUATHS IO U3TOTOBJICHUIO AJIEMEHTOB TOTO
m3nenus. TexHosorust cozmanust 11J] mo3Bosser 1mOO
YUUTBIBATh BOBMOKHOCTH 3TOTO MPEANPHUSATHS (CTAaHOY-
HBII TIApK, KBAIU(HUKAIWS paOOTHHKOB, IPUMEHSICMEIC
MIPOM3BOJICTBEHHBIC TEXHOJIOTHH, MaTepHalbHBIE pe-
CypChI), MO0 BBIOpATh TPEIIPHUITHE C YUETOM BCETO
MePEYNCICHHOr0. YTOOBI HCIONB30BaTh ITH BO3MOXK-
Hoctu LIJ1, Hy>Ha pazHOOOpa3Has HHGOPMAIH O Ipe-
NPUATUSIX  TpeOyeMoro TpoQwis U B HEOOXOAUMOM
Buze. [lepednciieHre HCTOYHHKOB MHOTOBAPHAHTHOCTH
MOYXHO MHOTOKPATHO MPOIODKUTH C TOH JIMIIH IETIBIO,
Ja0BbI TOKa3aTh HEOOXOMUMOCTh HAYYHUTh OYIyIIEro CIie-
OUAICTa-MEXaHWKa HE TOJBKO MPO(eCcCHOHATHHBIM
CTCIHUATIBHBIM «MEXaHUYECKUM» 3HAHHAM, YMEHHAM
Y HaBbIKaM, HO U BO3MO)KHOCTH TPUMCHCHHS HX TPH
MOJICTIMPOBAHNH MAIIIUH, co31aBast B komanze [[/].

Takum ob6pazom, mo creruanbHoCcTH «HazemHbIe
TPAHCIOPTHO-TEXHOJOTHYCCKUE CPEICTBA»  CIICIH-



O HOBOVJ MOArOTOBKE CreLnarnucToB-MeXaHUKOB ANST CTpOMTe/\bHOI:I oTpacan

C. 108-129

amuzauuu  «IlogbeMHO-TpaHCTIOPTHBIE, CTPOUTENb-
Hbl€, JIOPOXKHBIE CpEACTBA U OOOPYAOBaHUE» JaBHO
BO3ZHHUKJIA HEOOXOIUMOCTh B OOYYEHHH HOBEHIINM
TEXHOJIOTHSIM TIPOSKTHUPOBAHUS, IPOU3BOJICTBA, IKC-
IDTyaTaluy U yTHIH3AHN CTPOUTEIHHBIX MAIITIH U Me-
xaHu3MoB. OCcHOBOM peanu3anuu 3tux dtanos XKL ma-
LIMHBI JOJDKHBI OBITh MAallMHOYMTAeMble 0e3 y4acTHs
yenoBeka SMART-cTanmapThl, B3aMMOJCHCTBYIONIHE
C MaTeMaTHYeCKONH MOJIETBIO U 33JaI0IIIe BUPTYaIbHO
TpeOyemble peKUMBI UCTIFITAHUNA U KOHTPOJHPYIOIITHEC
u peructpupytouue neicteus /1, a Takxe pe3ynbra-
TBI BUPTYaJIbHBIX UCTIBITAHUN. 1] TIOIrOTOBIICHHBIH cIie-
LUATCT-MEXaHUK JJOJDKEH pa30rparhCs B IEPEUHCIICH-
HBIX 33/1a4aX M Ha PaBHBIX C JPYTUMH CTICIHATUCTAMU
y4acTBOBaTh B CO34aHUM U dKcIutyarauuu L1,

Hcnonb3yst HAKOIUIEHHBIN B CTPOUTEIBHON U ApY-
THX OTPACIISAX OBIT CO3MaHus U npuMeHenus L1/], He-
CMOTpS Ha CIOKHOCTH 3aJla4M, MOXKHO ITI0JIy4aTh Bpe-
MEHHBIE, PECYpPCHBIE, IPOEKTHBIE, TPOU3BOACTBEHHEIE,
SKOJIOTHYECKHE M B UTOTE KOHKYPEHTHO IKOHOMMHYE-
CKHe TpenMmymiecTBa. Hamisaaple mpuMepsl mepedrnc-
JICHHBIX CIIOKHOCTEH CO3MaHWS U JOCTOMHCTB IpUMe-
wenust L[] mpusenensr B padore [1].

[ToaroroBka CreUAINCTOB-MEXaHUKOB B CTpPO-
UTEIBHOW OTpaciM yKe BO3MO)KHA Ha 0a3e MMErole-
rocsi W TOSBJICHHS HOBOI'O OTEUECTBEHHOIo codTa:
Hanpumep, BeHmop OOO «HanocodT paspaboTkar»
(nanoCAD) mpezyiaraeT MHOTO MofyIeit, Bkimtodast 3D,
«Pactp» u «Mexanuka»'® [8].

Jlns crieruanucTa-MexaHUKa UMeeTCs MHOTO TpH-
KJIAaJHbIX 3aga4 B oOmactu mpumenenus LUJ] [14-26]
TEMH KOMaHJIaMH, O KOTOPBIX MIIa peds Bbime. Hampu-
Mep, UCTBITaHus TpOayKmu. Ilo cranmapty? pasim-
qaroT Ooinee 40 BHIOB WCIBITAHUN TEXHHUKH, BKITFOYAsS
CepTU(HKAIMOHHBIE, YTO OYEHb BYKHO C YUETOM TEXHH-
YeCKOro periaMeHTa TAMOXKEHHOI'0 COI03a B YaCTH CTPO-
uTenpHBIX MamuH. Kpome toro, I1J] mo3BomnstoT mpous-
BOJHUTH PEMOHT MAIUHBI TI0 MOTPEOHOCTH, MCIIONB3YS
JMMAarHOCTUYECKHE NaHHBIC, TONydaeMble OT COOTBET-
CTBYIOIIUX JaTuiKoB. EcTh U Apyrue 3amaun.

PE3VYJIBTATBI

VYunteiBasg orMeuenHoe, B HUY MI'CY npu pas-
paboTKe MPOEKTa HOBOM OCHOBHOW 00pa30BaTEIBHOM
HPOrpaMMBbI BBICILIETO 00pa30BaHusl O CHEHUAIBHOCTH:
23.05.01 HaszemHBIe TpPaHCHOPTHO-TEXHOIOTHUECKHUE
cpenctBa (crieranm3arys «IloxseMHO-TpaHCTIOPTHEIE,
CTpOUTETBHBIC, IOPOKHBIE CPENICTBA U 00OPYIOBAHIE))
B TIOPSIIKE SKCIIEPUMEHTA B <«IUCHUIUTHHBEI (MOIYITH)
1o BBIOOPY» B «4acTH, (popMuUpyeMOl Y4aCTHHKAMU
00pa3oBaTeIbHBIX OTHOIICHHID», ObLIa 100aBJICHA JTUC-

1 Periennss HOBOrO BpeMeHH. OTe4ecTBEHHBIH COPT —
ot CAIlPa no mudposoro neoiinuka. URL: https://ardexpert.
ru/article/24694

2 TOCT 16504-81. Cucrema rocyapCTBEHHBIX UCIIBITAHUI
NpoAyKUKMK. VICHBITaHU W KOHTPOJIb KaueCTBa MPOLYKLHUH.
OCHOBHBIC TEPMUHbI 1 OIPEIETICHHUSL.

murumHa «OCHOBBI CO3/IaHMSI IIM(POBOTO JIBOMHHKA
CTPOMTENIBHBIX MAlllMH W 00OpYIOBaHHs. 3a JAaHHOU
JMCIMIUTMHON OBUIM  3aKpEeIUICHBl  TPO(EeCCHOHAIIb-
ueie kommereHiun [IK-2 «CrocoOHOCTh pa3padaThl-
BaThb W aHAJIM3HPOBATH KOHCTPYKTHBHBIE PEIICHHS Ma-
IIMH U OTAEIBHBIX Y3JIOB HA CTAaJUsIX HPOU3BOJCTBA,
MOJIEPHU3AIIMM M PEMOHTA IOJbEMHO-TPAHCIIOPTHBIX,
CTPOMTEIIBHBIX, JIOPOXKHBIX CPEICTB U 0OOPYTOBAHHUSD)
n I1K-3 «CnocobHocTh pa3pabarbiBaTh ¢ HCIIOIB30Ba-
HUEM UH()OPMAIMOHHBIX TEXHOJIOTUI KOHCTPYKTOPCKO-
TEXHUYECKYIO JOKYMEHTALIUIO [Tl IPOU3BOJICTBA HOBBIX
WIM MOJICPHU3UPYEMBIX 00pa3lOB IMOJABEMHO-TPAHC-
TIOPTHBIX, CTPOUTEIBHBIX, JTOPOYKHBIX CPEICTB U 000pY-
noBanus. L{udpoBoil BeKTOp pa3BUTHS BBINICO3HAYCH-
HBIX KOMIIETEHIMH JacT BO3MOKHOCTH BBIMTYCKHUKAM
HUY MI'CY anantupoBatbcsi B HH)OPMAIIMOHHON Cpe-
JIc OpraHu3anuii, pa3padaThIBAOIINX U MIPOU3BOMISIINX
CTPOUTEIIbHBIC MAIIIMHBI U 000PY/IOBaHHUE.

3AKJIIOYEHHUE

Ha ocHOBaHMM OTMEYEHHOTO MOXKHO CIIeaTh Clie-
JYIOLHE BBIBOABI M IPHUBECTU PEKOMEHIALIUH.

AXTyanu3upoBaHHbIC Y4eOHbBIC TUIAHBI TTOJTOTOB-
KU KaJpoB M0 crienuaibHocTH «HazeMHble TpaHCIop-
THO-TEXHOJIOTHYECKUE CPEACTBa» JOJDKHBI OBITH J0-
MOJIHEHBI KOMITETEHIMSIMU B cdepe coznanus LT

B mucnuruimaax, GOpMHUPYOLIMX YHHBEPCAIbHBIC
3HaHus U ymenus («udopmarukay, «HadeprarenbHast
TeOMETpHsl, MHKCHEPHAsi U KOMIIbIOTEPHAs rpadukay,
«MaremaTnyeckoe MOJCINPOBAHUE», «YPaBHEHMS
MaTeMaTH4eckoil GU3UKIm» U T.IL O PEIICHHI0 00pa-
30BaTCJIHOM OpPraHU3alin), HeOOXOAUMO BBECTH HIIH
YCUITUTh paszfeibl: «UHuCleHHOe pelieHHe JIMHEHHBIX
U HEIWHEHHBIX IU((depeHIMANBHBIX  YpaBHEHUID»,
«OCHOBBI HMCKYCCTBEHHOTO HHTEIUIEKTa», «OCHOBBI
paboThl ¢ OONBIIMMHU JAaHHBIMNY, «OCHOBBI CO3MAHUS
3D-monenu» u apyrue, GopMupyromme y Oymyiiero
CIICIAAITICTa KOMIIETCHIIMH, HEOOXOOUMBIE JUIS yda-
ctust B co3ganuu LI/ mogpeMHO-TpaHCIIOPTHBIX, CTPO-
UTENBHBIX, JOPOKHBIX CPEICTB H 000PYIOBaHHSI.

B npodeccnoHanbHbIX JUCHUILTHHAX HEOOXOAUMO
BBECTH WM 00JIee NIMPOKO W aKLEHTUPOBAHO HCIIONb-
30BaTh COBPEMCHHBIC MOHATHUS aJTUTHBHBIX M CKBO3HBIX
TEXHOJIOTHH, IIM(pPOBHU3ALUHN [TPOU3BOACTBA U JIP.

C 11eJIpI0 TIOBBIIICHHS Ka4eCTBA ITOrOTOBKH CIIe-
LHAJIMCTOB MEPCIICKTUBHBIM SIBJSIETCS CO3AaHHE «00b-
SIMHCHHOH IUCUMIUIMHBD, B KOTOPOH OCYIIECTBIIS-
eTcst rpynmoBas (0ObeOMHEHHAs) MpOeKTHas pabora
CTYIICHTOB, OOy4YarOLIMXCs M0 Pa3HbIM HAIpaBICHUSIM
MOATOTOBKH, IMOJ PYKOBOJICTBOM HECKOJIBKHX pPa3HO-
npodUIbHBIX  MpenonxaBaresicii  (IPeInoYTHTEIBLHO
NPAKTUKYIOMMX PeCTaBUTENICH OTpaCin).

B o0nactyt cTpouTENnbHBIX, OABEMHO-TPAHCIIOPT-
HBIX, JIOPOXKHBIX CPEICTB H 000PYIOBAHHS CYIIECTBYET
MHOI0 NPHUKIAIHBIX 3a1a4 Uil npuMenenus LIJI, Ha-
YHUHAs OT POCKTUPOBAHMUS, H3TOTOBIICHUSI, CePTU(DHKA-
LMK M JI0 SKCIUTyaTallli U YTHIN3aLHH.
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INTRODUCTION

On a modern construction site with additive, TIM/
BIM technologies, the role of the mechanical engineer
increases manifold. This involves not only the selection
and operation of appropriate machines and mechanisms,
including, for example, 3D printers, but also participation
in the creation of new innovative machines and mecha-
nisms using modern methods. This implies the applica-
tion of digital technologies, especially in the creation of
digital twins of the object by not only programmers, but
also involving technologists, logisticians, economists,
construction material scientists and so on.

Thus, it is necessary to train specialists (mechanical
engineers) who can carry out work at a new modern level
at all stages of the life cycle of machinery with the use
of digital technologies. These stages include design, pro-
duction, operation and repair of lifting, transport, con-
struction, road vehicles and equipment. At the same time,
the new level concerns, among other things, digital twin
technologies [1]. The application of digital twins allows
solving research, design, production and technological,
organizational and management tasks in the field of con-
struction engineering as part of the applied digital tech-
nologies in the construction field with the greatest effect.

All these tasks are ultimately aimed at obtaining a huge
economic effect. This is why global business leaders are
investing in the research and creation of digital twins, in-
cluding investments in relevant training.

Digital doubles, having appeared at the beginning
of the 21st century [2], have recently firmly occupied
the publication field [1-8], which shows the develop-
ment and relevance of this topic in various fields, at
least in material human activities.

Gartner has long been involved in informa-
tion technology and, for example, for 2022 publishes
a forecast for breakthrough technologies Hype Cycle
for Emerging Technologies'. Many authors of publica-
tions on digital twins cite the Gartner curve (Fig. 1)% It
shows the stages of development of breakthrough tech-
nologies: technological idea, excessive expectations of

" Emerging technologies for 2022 fit into three main themes:
evolving/expanding immersive experiences, accelerated
artificial intelligence automation, and optimised technolo-
gist delivery. URL: https://www.gartner.com/en/articles/
what-s-new-in-the-2022-gartner-hype-cycle-for-emerging-
technologieswww.gartner.com/en/articles/what-s-new-in-the-
2022-gartner-hype-cycle-for-emerging-technologies

2 URL: https://blog.bitobe.ru/article/krivaya-gartnera/
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Fig. 1. Development periods of promising ideas according to Gartner

development and application of the new idea, getting
rid of illusions through a more realistic assessment of
the pros and cons of implementing the new idea, work-
ing to minimize the identified disadvantages and, fi-
nally, the stage of obtaining (spreading) a positive ef-
fect, and, first of all, economic. To the greatest extent,
the economic effect is received by those who evaluated
and implemented the new idea before others, although
it is always difficult for pioneers, especially taking into
account the initial investment of capital.

MATERIALS AND METHODS

Effective implementation of training of specialists
of a worthy level is possible only in the conditions of
following the disciplines (and their content) of the ba-
sic professional educational programme in line with
the general trends in the development of the global in-
dustry, consisting in end-to-end digitalization.

Fourth Industrial Revolution. The world’s indus-
trial history is currently undergoing another fourth
revolutionary period, with intensive development of
techniques, technologies, etc., leading to significant
economic growth. The developing fourth industrial
revolution is characterized by knowledge intensive,
multidisciplinary, convergence and synergy, digital
platforms and big data (Smart Big Date), Al (Artificial
Intelligence — intelligent assistants), Smart Design &
Smart Manufacturing® [3]. It is important to add

3 Borovikov A. Lecture “Formation of digital industry based
on digital twins”. URL: https://ok.ru/video/1798025381131
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the great effect, first of all, on the quality and speed
of creating new technology, which is obtained from
combining the stages of research, construction and de-
sign on the basis of the above-mentioned convergence
and synergy. In addition to the above characteristics,
other components of digitalization should also be
added, such as the non-industrial (IoT) and industrial
Internet of Things (IIoT), which is more relevant in
terms of the construction industry. It is also important
that the creation of digital twins also provides some
future-proofing as a by-product of the creation of digi-
tal twins.

There is a programme ‘“Digital Economy of
the Russian Federation”, approved by the Government
of the Russian Federation on 28.07.2017 No. 1632-r,
under which seven roadmaps in the direction of digi-
tal technologies have been developed. Under this pro-
gramme, universities participate in its implementation.
In the same vein, new platforms have been and are be-
ing developed worldwide, including for the creation of
digital twins.

The concept of “digital twin” is defined in detail
in [2]. A digital twin is a digital model that includes
many components and differs from other models, such
as TIM and BIM, in that it allows the product to be
managed with a high degree of adequacy, which is very
important, throughout its life cycle from design to dis-
posal.

Digital twins (DT, Digital Twin) are already used
in leading industries: transport engineering, shipbuild-
ing, nuclear power, acrospace and so on [1], including
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Forecasting based on numerical modelling of products, processes and resources
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Fig. 2. Digitalization of production implies end-to-end integration of all levels of production

already construction®. The first standard on digital twins
has been developed — GOST R 57700.37-2021 “Com-
puter models and modelling. Digital twins of products.
General provisions”, which will come into force in
2022. This standard applies to mechanical engineering
products and already directly relates to construction
mechanization equipment, for example, in terms of vir-
tual testing.

It can be noted that the idea of including the dis-
cipline on digital twins in the educational process of
training of mechanical specialists in construction ma-
chinery and equipment appeared after the publication
of GOST R 57700.37-2021, communication with
manufacturers of construction machinery and mechani-
cal equipment at professional exhibitions in Moscow,
communication with employees of laboratories for cer-
tification of construction equipment, as well as after
the appearance on the Internet of many publications re-
lated to the fourth industrial revolution. As a result, we
found out that when creating digital twins, specialists
in creating mathematical, simulation and other types of
models are often unable to present a volumetric picture
of the modelled object, and they need to be assisted by
mechanical specialists who have a deep knowledge and
understanding of construction machines, mechanisms
and equipment.

Today there is a lot of information on digital tech-
nologies, end-to-end digital technologies, etc., and, as
a logical continuation, digital twins. As an example, let
us refer to the review of works [2]. In essence, a digital
twin is a digital model of an object, but with many peculi-
arities. Basically, digital twins are divided into a part (el-
ement) twin; a product (assembly) twin consisting of part
twins; an object twin as a system (machine) consisting of
functionally related products-assemblies; a process twin
consisting of all components of a specific technological

4 Digital twin of a building: how the technology is being applied
in construction. URL: https://digital-build.ru/czifrovoj-dvojnik-
zdaniya-kak-tehnologiya-primenyaetsya-v-stroitelstve/

process of an industry. In a certain sense, the given divi-
sion of digital twins is conditional in its terminology and
here does not cover all their types, but gives an idea of
the variety of possible variants. Fig. 2 shows the scheme
of connection and transition from a digital model to a real
object when creating a digital twin’.

The contents of Fig. 2 are given in different inter-
pretations in many Internet publications®. If they refer
to digital twins, they list the possible positive effects of
implementing digital twins. As applied to the construc-
tion industry with the help of digital twins it is possible
to solve the problems of relatively reliable forecasting
of volumes of construction production of a particular
object with actually available material, labour, financial
and natural resources; forecasting of efficiency of appli-
cation (commissioning) of new construction technolo-
gies; optimization of application of construction mecha-
nization means both by nomenclature and by the whole
complex of machines and mechanisms necessary for
implementation of construction technology of a given
object; forecasting of the volume of construction pro-
duction of a particular object; forecasting of the volume
of construction production of a particular object with
actually available material, labour, financial and natural
resources. The listed tasks with the help of digital twins
are solved more qualitatively and in shorter terms (ac-
cording to different Internet estimates the time gain can
be several times).

The connection of a digital model with a physical
object when moving to a digital twin of a technical sys-
tem or even a separate element of it may be even more
profound than is presented in Fig. 2 and described above.

Educational Concept 4.0. The fourth industrial
revolution forces to apply new approaches to the train-
ing of specialists: the educational concept 4.0, de-

° Digitalization of production. URL: https://raytec.pro/ser-
vices/tsifrovizatsiya-proizvodstva/

¢ Digitalization Changes Everything. URL: https://oneplm.
com/oneplm-industry/
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scribed, for example, in [4], has appeared. This concept
is largely associated with the digitalization of the econ-
omy, production, and education. Without dwelling on
the previous periods of education development, which
can be a separate topic, let us note the features of educa-
tion 4.0. The issues of independent learning and research
work are included in modern education. The source of
information is not only the teacher, but also, to a large
extent, the Internet, information technologies, includ-
ing artificial intelligence. The rapid introduction of new
technologies into production requires timely training
of relevant specialists. In 2020, based on the analysis
of open sources, the top 15 digital technologies were
identified with the level of significance (in brackets) as
the relative occurrence in the array of sources: industrial
robots (1), artificial intelligence (0.86), machine learn-
ing (0.68), digital prototyping (0.56), sensorics (0.42),
WLAN, PAN, RFID (0.30), blockchain (0.21), big data
(0.20), virtual and augmented reality (0.12), product-as-
a-service (Product-as-a-Service; 0.09), computer vi-
sion (0.03), smart contracts (0.03), industrial internet of
things (0.03), digital twin (0.02), smart factories (0.01)’
(it may be noted that as early as 2022. the global mar-
ket for digital twins in the forecast for 2025-2026 was
already estimated at around $50bn). Some of the above
have already entered the production life, for example,
industrial robots and machine (digital) vision, but they
are also changing in their capabilities and areas of ap-
plication; others are already being intensively imple-
mented in transport, mining and so on. Naturally, such
a picture of the application of new digital technologies
and tools required the introduction of relevant topics
and directions in the educational process in all educa-
tional programmes.

One of the definitions of University 4.0 is given by
A.IL. Borovkov: “4.0 is a university capable of solving
the challenges of modern industry by changing the con-
cept of industry itself, by shifting the centre of gravity
towards design, where all the parameters of the future
design are laid down at the design stage™®. There are
other definitions, but the meaning of the University
4.0 concept comes down to the application of digital
technologies in education, the transfer of business skills
to students, and the transition to individualization of
learning. All this is aimed at equipping future special-
ists with such knowledge, skills and abilities that would
allow them to enter the modern production process
practically without additional corporate training or with
minimal adaptation of a new specialist to the conditions
of a particular corporation.

The development of educational programmes
is not only led by teachers and learners, but also by
the professional community through professional

"Top 15 digital technologies in industry. URL: https:/issek.
hse.ru/news/494926896.html

$ Borovkov A.l. What is University 4.0. URL: https://www.
youtube.com/watch?v=31kIW4WqCDw
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standards, practices and provision. At the same time,
there should be modern and accessible software in
the form of, most often, specialized software platforms
for creating digital products. In other words, the univer-
sity should have both human and material resources to
ensure the training of such specialists who can partici-
pate in the creation of digital twins of the construction
object; in the creation of digital twins of construc-
tion machines, mechanisms and equipment; in the ap-
plication of digital twin technologies in the design, con-
struction, production, testing, operation and disposal
of construction machines, mechanisms and equipment.
This approach requires a certain flexibility in the for-
mation of work programmes of disciplines that define
the basic educational programme. All this requires new
thinking from all participants of the educational pro-
cess: student, teacher, university managers.

The progressive new cannot quickly (relatively)
capture the minds of all participants in the industrial
revolution process. However, the one who will benefit
the most is the one who can first not only perceive this
new thing, but also start to actively implement it. This,
as they say, requires an integrated approach, which in-
cludes not only new material, in particular software, but
also, as mentioned above, new approaches in education.
In addition, new methods of education are required both
for training specialists and for training teachers, men-
tors, coaches [5]. The latter is also interesting because
the source of educational content for both students and
teachers can often be the same information resources (In-
ternet resources). Mass targeted retraining of teachers of
both general and higher education, as experience shows,
does not always keep up with the new requirements.

Recently there has been a lot of discussion about
artificial intelligence in education, its advantages and
disadvantages. If we put aside extreme opinions, we can
state that artificial intelligence in education already ex-
ists and it is counterproductive to ignore this fact. One
can draw an analogy with industrial robots, which many
people initially met in a flinch. However, in full accord-
ance with Gartner’s curves of new ideas (technologies)
(Fig. 1), the first happy assumptions have been replaced
by reality: robots are not omnipotent and have many
limitations, especially considering the economic com-
ponent of their creation and operation.

Artificial intelligence in education. It can be said
that artificial intelligence in education is still looking
for its optimal place. Its real advantages include freeing
students and teachers from routine work. For example,
for a student today it is the execution of drawings ac-
cording to the requirements of the relevant standards,
the creation of a typical mathematical model of a part;
for a teacher it is the verification of a certain type of
educational work and control tests. The practical, but
more only theoretical, result of the application of ar-
tificial intelligence technologies is the liberation from
template work: time is freed up for creative, for exam-
ple, project work of both the student and the teacher.
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An important feature of artificial intelligence, for ex-
ample, in the form of neural networks is the possibil-
ity of their training and self-learning, and, accordingly,
finding more modern possible design solutions. How-
ever, in this case we can note the crucial role of the in-
structor in teaching the student to formulate the prob-
lem requiring solution in a variant way, taking into
account the constraints available in real-life conditions;
in assessing the adequacy of the solutions proposed by
the network and, if necessary, adjusting the initial for-
mulations. This ability to formulate the problem and
evaluate the resulting solutions is very important when
creating digital twins of machines or mechanisms by
mechanical specialists in an integrated team of IT and
other specialists involved in the project.

Another area of application of artificial intelligence
in education is the use of simulators. Different simula-
tors are distinguished by their purpose. For example,
simulation of physical processes in the development of
new products, simulation based on a digital model of
different types of product testing, game simulation in
education and others [9]. Many training simulators are
based on virtual and augmented reality. Such simulators
can operate in virtual and real space and in real time,
which is widely used in such areas in which training
is associated with large material costs, with the risk of
injury or even death of the operator and so on. Exam-
ples include the use of such simulators in the transport
industry, especially aviation; in the nuclear and chemi-
cal industries; in medicine and others. In the field of
construction, engineering simulators-trainers are used
in training in technological processes management, in
diagnostics of machines and mechanisms, in acquisi-
tion of skills of operators of machines, mechanisms and
equipment. At the Department of Mechanization and
Automation of Construction Machinery of the National
Research University MGSU, simulators’ are used to
train specialists to respond to various types of failures
occurring during the adjustment and operation of pas-
senger and freight lifts.

In today’s world, many of the original digital
“tools” are changing or expanding their purpose, such
as blockchain, a distributed ledger. Blockchain tech-
nology is already used in school and university edu-
cation and the prospects for its further application are
only increasing. By its structure, distributed reality is
becoming more and more voluminous and is available
under certain conditions almost everywhere, as long as
there is the appropriate equipment (computer, laptop,
gadget). The main characteristics of blockchain are de-
centralization and security, openness and transparency,
immutability and trust, and others. As a consequence of
these properties, blockchain is convenient for storing
authentic documents: diplomas, personal documents
and achievements of students and staff (teachers), sci-
entific achievements and publications and the like; con-

? Laboratory stand “Simulation of a lift with control device of
UL (UKL) series IL-UL and SHULM series”.

venient for student and other staff identification in dif-
ferent departments of their own and other universities;
ubiquitous availability of online courses, especially
new author’s courses; and much more. As an example
of the application and prospects of blockchain technol-
ogy development in education, we refer to two papers
[10, 11].

Another opportunity for breakthrough in education
is Big Data technologies. Big Data technologies allow
to operate with personal data in terms of personal data
of students and teachers, as well as about successes in
different areas of activity, preferences in the choice of
educational content and so on, including prediction of
future activities of students and their tutors, for exam-
ple, within the interests of the university; security and
administration capabilities in the university [12].

As is known, big data is characterized by several
attributes, for example, the “five V” (Fig. 3'°): Vol-
ume — terabytes and more; Velocity — the volume
of information increases exponentially, which requires
programs for fast data processing and analysis; Vari-
ety — data can be presented in a variety of forms and
formats; Veracity — the accuracy and reliability of data
acquisition; Value — the importance of information for
a particular industry and the like.

Veracity

Fig. 3. Big Data attributes

We can add: the rapidly growing amount of data
is related to cloud computing traffic, IoT/IIoT (Internet
of Things/Industrial Internet of Things), mobile traf-
fic, etc.; the high speed at which data is accumulated
is mainly related to Internet of Things, mobile data, so-
cial media, etc.; data diversity is related to structured,
semi-structured and unstructured data due to different
data sources generated by humans or machines; trust-
worthiness refers to ensuring quality/integrity/validity/
accuracy/precision. Data diversity is related to struc-
tured, semi-structured and unstructured data due to

10 Data Science: The 5 V's of Big Data. URL: https://medium.
com/analytics-vidhya/the-5-vs-of-big-data-2758bfcc51d
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Fig. 4. Big Data analysis processes and tools

different sources of data generated by humans or ma-
chines; validity refers to ensuring the quality/integrity/
validity/accuracy of data, since data is collected from
multiple sources, it is necessary to check the accuracy
of the data before using it further; value refers to how
useful the data is for decision making (we need to ex-
tract value from big data using proper analytics).

The most important part of Big Data in a techni-
cal university is the possibility to select, create or refine
a projected technical design on the basis of Big Data
analysis; it is the potential to predict the behaviour of,
for example, a mechanical system created during course
design or during the development of a final qualifica-
tion work. As we know, any design is multivariate and
the ability to see the remote consequences of the design
decisions made is at least very tempting. Thus, without
analyzing big data the solution of the mentioned tasks
is difficult or time-consuming. There are four types of
analysis: descriptive type, which fixes the situation that
happened; diagnostic type, which determines the caus-
es of what happened; predictive type, i.e. predictive or
forecasting, performed on the basis of mathematical
statistics, modelling, machine learning, artificial intel-
ligence and so on.

To analyse big data, especially for repetitive tasks,
typical, for example, for higher (any) school, it is likely
to apply Data Mining with the possibility of machine
learning, deep learning and artificial intelligence. There
are other possibilities (programmes) to machine ana-
lyse big data to solve different kinds of problems from
descriptive to predictive. Some insight into big data
analysis is given in'' and Fig. 4 shows the analysis tech-
niques and methods applied to Big Data'?.

Another new technology used in education is virtual
reality (VR) and augmented reality (AR). Both technolo-

' Big Data Analytics: How It Works, Tools, and Real-Life
Applications. URL: https://www.altexsoft.com/blog/big-data-
analytics-explained/

12Big Data. URL: https://www.tadviser.ru/index.php/Crarbs:
Bombime mannbie (Big Data)?amp;action=edit&amp;section=6
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gies are used for all types of education. Even special-
ized equipment is being produced for school education.
The use of VR and AR in school has many advantages
for motivating students to study humanities and science
disciplines. But the same technologies are also applica-
ble in higher education'®, but on a slightly different level.
There are simulators and simulators based on virtual re-
ality, allowing to obtain professional skills'*. This uses
technologies of interactive learning, gaming and other
related 3D e-learning computer software systems. For
this, in addition to software, it will be necessary to have,
for example, a set of virtual reality glasses.

Digital twins. The characterization of Universi-
ty 4.0 does not end with this enumeration. However,
the listed technologies used in higher education are in-
volved to some extent in the creation and use of digital
twins. Adapting the experience gained in other indus-
tries, it is possible, for example, to list the main points of
creating digital twins of construction and road machin-
ery and equipment®: creation of adequate mathemati-
cal models and electronic documents describing the be-
haviour of the object (mechanism, machine, equipment,
technological process). The main advantages of the dig-
ital twin should be laid down already at the stage of
product development and further at the stages of pro-
duction and operation. In addition, at each stage digital
models with a high degree of correspondence to real
objects and processes are created. Creation of models
takes into account the structural scheme and geom-
etry of the machine design, its kinematic and dynamic
dependencies; physical and mechanical properties of
the materials used (structural, operational, protective);
parameters characterizing the safety of machine opera-

13 To be or not to be? VR and AR in education. URL: https://
virtre.ru/articles/augmented-reality/byt-ili-ne-byt-vr-i-ar-v-
sfere-obrazovaniya.html

4 Knyazeva G.V. Virtual Reality and Professional Visualiza-
tion Technologies.

15 The role of the digital twin in modern engineering. URL:
http://rosacademtrans.ru/cifrovoi_dvoinik/



New training of mechanical specialists for the construction industry

P. 108-129

tion (strength of elements and the structure as a whole,
stability against tipping, vibration safety of the opera-
tor, ergonomic and sanitary requirements, environmen-
tal friendliness of the machine itself, its operation and
disposal, etc.). Taking into account all of the above is
described by a system of nonlinear differential equa-
tions solved by numerical methods. Nonlinearity of
the equations is connected, first of all, with many re-
strictions, for example, on the properties of materials,
on the kinematics of possible motion, on the working
area of the machine and others. These systems of dif-
ferential equations must authentically describe the dy-
namic behaviour of the machine and must be prepared
by mechanics and mathematicians in a workable tan-
dem, which once again justifies the need for appropriate
training of both mechanics and mathematicians.

It can be noted here that mathematical modelling of
construction machines and equipment has long been used
in the study of the dynamics of construction machines in
order to determine the loads in the structural elements
and in the main mechanisms of construction machines in
transient modes of operation; the found dynamic loads
allowed to perform strength calculations of structural el-
ements or mechanisms of machines taking into account
the mode of operation (by the way, the determination of
the real mode of operation at the stage of machine design
is a separate important task); also mathematical model-
ling of construction machines and equipment is used in
the study of the dynamics of construction machines in
order to determine the loads in the structural elements
and in the main mechanisms of construction machines
in transient modes of operation. Therefore, the available
experience of digital modelling should be extended by
solving additionally those tasks that are set when cre-
ating a digital twin in specific conditions of creation of
construction, road, lifting and transport machines and
equipment with this or that degree of detail depending
on the goals and objectives. That is, in the construction
industry, the creation of digital twins of machines, mech-
anisms and technological processes with them does not
start and takes place from scratch, but with the use of
relevant research experience.

The digital twin needs information about per-
formance, operability, maintenance and so on, which
comes from sensors [13]. Even at the stage of technical
object creation, the installation locations of IIoT system
sensors that inform the digital twin about the physical
state of the machine are determined. The choice of in-
stallation locations for sensors capable of informing
about the vital state of structural elements and the ma-
chine itself, as well as characterizing the current eco-
nomic indicators is the most important and responsible
task for mathematicians, mechanics, economists and so
on. This enumeration can be continued with the obvious
need for mathematicians and mechanics, and probably
other specialists as well, to work together in the ade-
quate creation of a digital twin of construction machin-
ery. Moreover, mechanics, mathematicians and so on,

as a rule, should be understood not as individual per-
sons, but as appropriate working groups of specialists.

The expected “dividends” from the develop-
ment and application of digital twins may not be justi-
fied not only because the digital model is inadequate to
the real object, but also because artificial intelligence in
its broadest sense has certain problems. These include,
for example: unreliable operation of information sensors
installed in critical areas of the machine; wrong sensor
locations or inability to install sensors in the right place;
incomplete or distorted information coming from sen-
sors, and other problems associated with the Internet of
Things. Other problems include inadequate algorithms
for processing sensor data; limited or excessive detail
of the digital model built, related to the formalization
of the problem; neural networks often used to predict
the behaviour of the machine over time may be wrong,
although from a formal point of view the decision made
by the neural network is correct. The problems of the dig-
ital tools used can be continued (examples of accidents
can be found on the internet for air and ground transport),
but it is important to be aware of them and take them
into account when creating digital twins. Standards are
currently being developed in the field we are considering
to limit digital designs to intentionally or unintentionally
harm, discriminate against, or bias human performance.
Unfortunately, so far the mentioned standards have little
impact on the production sphere, although work is under-
way and some normative documents have already been
published. Globally, it can be noted that back in 2017,
the famous British scientist Stephen Hawking foresaw
that artificial intelligence for humanity could be both
the greatest good and the greatest problem, including
the demise of humanity'®.

A number of Russian universities (e.g., SPbPU,
MSUT “STANKIN”, Bauman Moscow State Techni-
cal University, NUST MISIS and others) widely use
new approaches in teaching disciplines provided with
the necessary software products (most often in the field
of mechanical engineering technology, economics and
management) [1]. In the field of construction, NRU
MGSU has developed programmes and introduced dis-
ciplines providing the application of TIM/BIM technol-
ogies based on information models, which are related
and have much in common with the issues of creat-
ing digital twins, but still differ from them!'” 8 [6, 7];

16 Stephen Hawking saw artificial intelligence as a threat to hu-
manity's demise. URL: https://www.forbes.ru/tehnologii/343535-
stiven-hoking-uvidel-v-iskusstvennom-intellekte-ugrozu-gibeli-
chelovechestva

7 Digital twin of a building — a new stage in the develop-
ment of building technologies. URL: https://bim-info.ru/arti-
cles/tsifrovoy-dvoynik-zdaniya-novyy-etap-v-razvitii-stroit-
elnykh-tekhnologiy/

18 Digital twin of a building: how the technology is being applied
in construction. URL: https://digital-build.ru/czifrovoj-dvojnik-
zdaniya-kak-tehnologiya-primenyaetsya-v-stroitelstve/
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in NRU MGSU there is additional education with train-
ing in TIM technologies in construction.

It should be noted that the application of digital
twins in the construction industry also implies the in-
clusion of appropriate construction machinery, equip-
ment and small mechanization tools in the construction
process. This situation requires specialists in the field of
construction machinery and equipment to have compe-
tences in the field of digital technologies in general and
in the field of digital twins in particular. The point is that
when creating a digital twin of an existing construction
object (or a part of it) as a multifactor unified complex,
it is necessary to involve all specialists in one way or
another involved in the full cycle of creating the “prod-
uct” from the design task to the complete exhaustion of
its resource. In this case, all participating specialists, in-
cluding mechanical specialists, must “speak” the same
language. Otherwise, “Data are in different «wells» that
are not connected with each other: different databases,
different formats, different data structure, different
methodology of their obtaining...” [7].

In the field of construction, road, municipal, lift-
ing, transport machines, and mechanical equipment, de-
velopments are already underway to create individual
components of digital twins, in particular in the field
of mathematical, digital and simulation modelling. In
2021 at the Blagonravov Institute of Machine Building
Science, FSBI of Science. A.A. Blagonravov Institute
of Mechanical Engineering named after A.A. Blagonra-
vov established the laboratory “Digital methods of life
cycle management of mechanical engineering prod-
ucts”, which develops the scientific direction related to
the design of structures, development of new materials
and methods of diagnostics and testing of structural el-
ements, units, assemblies, machines and equipment in
the field of mechanical engineering; the area of interest
of this laboratory includes the creation of digital twins
of machines in the construction industry.

As is known, the creation of models in general and
mathematical models, in particular, pursues the goal of
studying the properties of real physical objects, which
may not even exist yet, but are only planned for produc-
tion. This possibility determines a huge economic effect
obtained from modelling of the future product: errors
in the design at the initial stages can lead to huge costs
when they are eliminated on the already manufactured
machine. In this regard, the stage of model creation is
very important.

Depending on the goals and tasks to be solved,
the options of various models suitable for actual design,
production and operation are very diverse. For exam-
ple, a descriptive, training, simulation, optimization or
complex model can be created for construction engi-
neering; in addition, models can be static and dynamic
with different degrees of abstraction. In addition, mod-
els can be ideal and formal, with different degrees of ap-
proximation to reality; deterministic and stochastic and
so on, including a complex model with many features.
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The practice of modelling shows that the creation of
a model, especially a fundamentally new (innovative)
machine, is often intuitive and depends on the profes-
sional qualities of the author of the model. This pro-
fessional intuition of a specialist-mechanic should be
laid down in the university using all components of
the timely updated basic professional educational pro-
gramme.

The above-mentioned multivariate design of
a technical product also concerns the capabilities of
the enterprise for manufacturing the elements of this
product. The technology of digital twins creation al-
lows either to take into account the capabilities of this
enterprise (machine park, qualification of employees,
applied production technologies, material resources), or
to choose an enterprise taking into account all the above
mentioned. In order to use these possibilities of digital
twins, you need a variety of information about enter-
prises of the required profile and in the required form.
The enumeration of sources of multivariability can be
continued many times with the only purpose to show
the necessity to teach the future specialist-mechanic
not only professional special “mechanical” knowledge,
skills and abilities, but also the possibility of their ap-
plication in the modelling of machines, creating digital
twins in a team.

Thus, in the specialty “Land transport and tech-
nological means” of specialization “Lifting and trans-
port, construction, road vehicles and equipment” there
has long been a need for training in the latest tech-
nologies of design, production, operation and disposal
of construction machines and mechanisms. The basis
for the implementation of these stages of the machine
life cycle should be machine-readable without human
participation (SMART) standards that interact with
the mathematical model and set virtually required test
modes and control and record the actions of the digital
twin, as well as the results of virtual tests. Moreover,
a trained specialist-mechanic should understand these
tasks and participate equally with other specialists in
the creation and operation of digital twins.

Using the experience accumulated in the construc-
tion and other industries in the creation and application
of digital twins, despite the complexity of the task, it
is possible to obtain time, resource, design, production,
environmental and, ultimately, competitive and eco-
nomic advantages. Clear examples of the listed difficul-
ties of creation and advantages of digital twins applica-
tion are given in [1].

Training of mechanical specialists in the construc-
tion industry is already possible on the basis of existing
and new domestic software: for example, the vendor
LLC “Nanosoft Development” (nanoCAD) offers many
modules including 3D, “Raster” and “Mechanics™" [8].

For the mechanical engineer, there are many ap-
plications in the field of digital twin [14-26] by those

19 Solutions of the new time. Domestic software — from CAD
to digital twin. URL: https://ardexpert.ru/article/24694
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commands discussed above. For example, product test-
ing. According to the standard® distinguish more than
40 types of tests of machinery, including certification
tests, which is very important in view of the technical
regulations of the Customs Union in terms of construc-
tion machinery. In addition, digital twins allow the ma-
chine to be repaired on demand, using diagnostic data
obtained from the relevant sensors. There are other
tasks as well.

RESULTS

Taking into account the above-mentioned, in NRU
MGSU during the development of the project of the new
basic educational programme of higher education in
the specialty: 23.05.01 Land transport and technological
vehicles (specialization: Lifting and transporting, con-
struction, road vehicles and equipment) in the order of
experiment in the “disciplines (modules) of choice” in
the “part formed by the participants of educational rela-
tions”, the discipline “Basics of creating a digital twin
of construction machinery and equipment” was added.
This discipline was assigned professional competences
PC-2 “Ability to develop and analyse design solutions of
machines and individual units at the stages of production,
modernization and repair of lifting-transport, construc-
tion, road vehicles and equipment” and PC-3 “Ability to
develop with the use of information technologies design
and technical documentation for the production of new or
upgraded samples of lifting-transport, construction, road
vehicles and equipment”. The digital vector of develop-
ment of the above competences will allow graduates of
NRU MGSU to adapt in the information environment of
organizations that develop and produce construction ma-
chinery and equipment.

2 GOST 16504-81. System of state testing of products. Test-
ing and quality control of products. Basic terms and definitions.

CONCLUSIONS

Conclusions and recommendations can be made
on the basis of what has been noted.

The updated curricula of training in the specialty
“Land transport and technological vehicles” should be
supplemented with competences in the sphere of digital
twin creation.

In the disciplines that form universal knowledge
and skills (“Informatics”, “Descriptive geometry, en-
gineering and computer graphics”, ‘“Mathematical
modelling” “Equations of mathematical physics”, etc.
by the decision of the educational organization), it is
necessary to introduce or strengthen the sections: “Nu-
merical solution of linear and non-linear differential
equations”, “Fundamentals of artificial intelligence”,
“Fundamentals of working with big data”, “Fundamen-
tals of 3D model creation”, etc., forming in the future
specialist the competences necessary for participation
in the creation of digital twins of lifting, transport, con-
struction, road vehicles and equipment.

Modern concepts of additive and end-to-end tech-
nologies, digitalization of production, etc. should be
introduced or more widely and accentuated in profes-
sional disciplines.

In order to improve the quality of specialist
training, it is promising to create a “united disci-
pline” in which group (united) project work of stu-
dents studying in different areas of training is carried
out under the guidance of several multidisciplinary
teachers (preferably practicing representatives of
the industry).

In the field of construction, material handling,
road vehicles and equipment, there are many ap-
plications for the use of digital twins, ranging from
design, manufacturing, certification to operation and
disposal.
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